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To my mother and my father, 

who taught me the value of knowledge 



H~story is always written wrong, and so always needs to be rewritten. 

-George Santayana 

You can't cross the sea merely by standing and staring at the water. 

-Rabindranath Tagore 
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This book is, in essence, sixteen years in the making. I first attempted to compile a histo- 
ry of the Soviet space program in 1982 when, encouraged by my mother. I put together a rough 
chronology of the main events. A decade later, while living on a couch in a college friend's 
apartment, I began writing what I thought would be a short history of the Soviet lunar landing 
program. The first draft was sixty-nine pages long. Late the following year, I decided to expand 
the topic to handle all early Soviet piloted exploration programs. That work eventually grew into 
what you are holding in your hand now. I wrote most of it from 1994 to 1997 in Northampton 
and Amherst, Massachusetts, and in Philadelphia. Pennsylvan~a, and completed the manuscript 
in December 1998. 

It would have been difficult, if not impossible, to write this book without the generous 
assistance of numerous individuals who have spent years and in some cases decades trying to 
understand and analyze the arcana of the former Soviet space program. Writing this book was 
as much an exploration into research as it was a long journey making new acquaintances and 
friends from all over the world. 

I am indebted to the staff at the NASA History Office-in particular to Lee Saegesser, Steve 
Garber. and Nadine Andreassen-for assisting me in my research despite their own busy sched- 
ules. Louise Alstork, Jonathan Friedman, Patricia Talbert, and John Edison Betts, Jr.. were espe- 
cially patient in proofreading the entire manuscript, making changes where necessary, and 
helping with the layout and final production. A most special note of gratitude to NASA Chief 
Historian Roger Launius, whose comments, encouragement, and guidance were indispensable 
to the completion of this book. This book would not have existed without his untiring support. 

Of  all the individuals who helped me with this book, I would particularly like to acknowl- 
edge the contributions of Peter Gorin, a recent Guggenheim Fellow at the Smithsonian's 
National Air and Space Museum. He generously shared notes, books, articles, comments, and 
his encyclopedic knowledge on any and every topic related to the Soviet space program. He also 
provided a lion's share of the illustrations and drawings used in this book. 

I would also mention U.S. Air Force Lt. Colonel William P. Barry. Our countless exchanges 
via e-mail or letters were invaluable to comlng to some understanding of the political and insti- 
tutional processes that drove the early Soviet space program. I would have found it virtually 
impossible to write this book without the use of his remarkable analyses of the institutional his- 
tory of the Soviet space program. 

Dwayne Day at the Space Policy Institute at The George Washington University was an 
invaluable source for recently declassified U.S. government documents relating to Soviet programs. 
His insightful comments allowed me to frame many of my arguments in a more cogent manner. 

My exchanges over e-mail with Bart Hendrickx and Mark Hillyer were essential to reexam- 
ining old events in a new light and eliminating many errors. Bart was very generous in sharing 
any materials that passed his way-a rare quality that set him apart from many other scholars 
in the field. Mark's vast knowledge about the sometimes mind-boggling and confusing histo- 
ries of Soviet-era design bureaus helped me with my own studies on this arcane topic. 

I want to give special thanks to T.A. Heppenheimer for his support throughout the project. 
His exhaustive knowledge of the history of space technology was useful in framing many of the 
main arguments of this work. 



lgor Lissov of VideoCosmos in Moscow warrants special mention. He graciously answered 
many of my questions. 

A very special thank you goes to Dennis Newkirk, the Russian aerospace analyst, for his 
never-ending efforts to provrde me with materials useful for my work. He was one of the first 
Soviet "space watchers" with whom I communicated, and it was partially because of his \ 
encouragement that I began writing this book in the f~rst place. i 

I would like to thank Glen Swanson, the founding editor of quest: The History of 
Spaceflight Magazine, for his constant material and moral support during the writing of this 
book. Glen also graciously shared his complete database of remarkable photographs, many of 
which I used in the book. 

j 
I would like to acknowledge the tireless contributions of the late Maxim Tarasenko for kind- 

ly facilitating my contacts with the RKK Energiya archivist Georgiy Vetrov. Maxim was one of 
the most brilliant space historians of his generation. and he will be sorely missed. 

A very special note of thanks goes to Sergey Voevodin of Kostroma. Russia, who was an 
excellent source of information on the Soviet cosmonaut team. 

Special thanks go out to Dr. Sergey Khrushchev, the late Dr. Georgiy Vetrov, and Dr. Gerbert 
Yefremov. all of whom graciously agreed to answer questions relating to the history of the 
Soviet space program and their own role in its early years. Their comments were invaluable in 
ferreting out details of previously hidden events in Soviet space history. 

In additton to those named above. I would like to acknowledge the following for not only 
providing me with Russian-language material and photographs but also in many cases for 

j 
answering detailed questions on various topics. They are: lgor Afanasyev, Vladimir Agapov, 
Michael Cassutt, Andrew Chaikin. Phillip Clark. James Harford. Christian Lardier. Jonathan 

i; 
C 

McDowell. Peter Pesavento, and Joel Powell. I would also like to thank the following for pro- 
v ~ d ~ n g  many of the diagrams or photographs for the work: R. F. Gibbons, Dietrich Haeseler, Don 
Pealer, Charles Vick. Mark Wade, David Woods, and Steven Zaloga. 

On a personal note. I would like to thank my mentor in Bangladesh. Fazlul Huq, and also 1 
Paul Thompson, Fred Ruppel, Inji, Sabina, Munmun. Kar~n Bell, Nadeem. Rahila, Bill Sparks, B 

Rika. Dave Parnell, Pat. Jacqueline, the late musician Greg Black, Becky (who inspires), Heather. B 

Karen Barth, jill, and Danny. Thanks to the amazing Mandar Jayawant in the hope that he will B 

one day forgive me for not sharing my lunch with him. Thanks also to Paul, Iggy. Kurt, and E 

Maynard. 
A very special thank you to Anoo for being her wonderful self and for being so interested. 
A very special note of love to my mother, who always told me that I could achieve any- r. 

H 

thing as long as I worked hard enough for it; to my father, who bought me my first encyclope- 
dia on spacefl~ght when I was twelve years old; to my sister Rochona, who endured years of 
my uncontrollable excitement over Soyuzes and Salyuts as an adolescent; and to her husband E 
David, who graciously offered me an abode in which I could finish the book. Finally, a special L 

thank you to Karen for being my best friend through all of this. I could not have written this 6 

book without her love and friendship. 



On the Internet one day. I came upon a discussion of the space dog Layka, launched into 
orbit by the Soviet Union in 1957. Some people believed that the dog had died when oxygen 
finally ran out in her cabin. Others had heard that an automatic injection of poison had put her 
to sleep. Still others had read somewhere that poor Layka had literally burned up in the atmos- 
phere when her capsule gradually fell to Earth. No one could point to a single source with any 
reasonable claim to authority on Layka's ultimate fate. The same news group carried a spirited 
discussion of U.S. space policy. The topic of choice was the heady period after the first Apollo 
Moon landing in 1969, In particular the political maneuvering behind the Nixon administra- 
tion's approval of the Space Shuttle in 1972. Instead of quibbling over historical events, the 
emphasis was clearly on interpretation-a problem that had more to do with analysis than sim- 
ply verifying the facts. The contrast between these two threads of conversation perfectly illus- 
trated both the challenges and the differences in writing histories of the Soviet and American 
space programs. In one case, we are still disputing elementary facts and sources. In the other. 
we are disputing interpretations of facts and sources. 

As astonishing as it may seem, the story of the Soviet space program, the world's first. has 
never been told in full. That is not to say that much has not been written on the topic. Western 
researchers during the 1970s and 1980s were able to interpret official exhortations in the Soviet 
press and discern some logic of the inner workings of the Soviet space program. All of these 
works had one major drawback: they were written at a time when the Soviets maintained very 
strict control over information, especially any that portrayed the space effort in a negative light. 
Many "facts"-that is, the raw skeleton of the story-were missing. All we had were accounts 
from the official Soviet media and rumor or speculation from unconfirmed sources-or a com- 
bination of both. Thus the range of issues that Western or even Soviet historians could address 
was severely limited.' 

Within Russian-language works, there are two relatively clear divisions in the historical 
record: those published before 1988, when the Soviet censorship apparatus consistently pre- 
vented an impartial representation of their efforts to explore space, and those published after, 
when the doors of the archives finally started opening up. The rupture was so great, it was as 
if everything written about the Soviet space program-and indeed almost every area of Soviet 
history-suddenly became obsolete by the turn of the 1990s. Entire programs, personalities. 
and even space missions of which we never knew all of a sudden came into focus, filling huge 
gaps in our understanding of the Soviet space effort during the Cold War. But it was not just 
a matter of filling in the blanks. The revisions and reassessments have been so pervasive that 
we could point to almost any event in the thirty-year span of the Soviet space and missile 

I For the best Western accounts of the Sov~et space program, see F. J Kr~eger. Behrnd theSputntks A Survey 
of Soviet Space Scrence (Wash~ngton. DC: Public Affalrs Press. 1958). Wll l~am Shelton, Soviet Space Exploration The 
F~rst Decade (New York. Wash~ngton Square Press. 1968): N~cholas Dan~loff. The Kremlin and the Cosmos (New York. 
Alfred A. Knopf, 1972): Peter Smolders. Sov~ets in Space (New York. Taplinger Publishing Co . 1973). Nicholas I. 
Johnson. Handbook of Sovret Manned Spaceflrght (San Diego: Un~velt. 1980).]ames E Oberg. Red Star In Orbit (New 
York: Random House. 1981); Phill~p Clark, The Sov~et Manned Space Program An lilustrated History ofthe Men, the 
Missions, and the Spacecrafl (New York: Or~on. 1988); Denn~s Newkrrk. Aimanac o/ Soviet Manned Space Flight 
(Houston: Gulf Publ~shing Co.. 1990): Steven] Zaloga. Target America The Sovret Unron and the Strategic Arms Race. 
1945-1964 (Novato. CA. Presid~o. 1993): James Harford. Korolev How One Man Masterminded the Sovret Drive to 
Beat America to the Moon (New York John Wlley & Sons. 1997) 



programs after World War II and find that our understanding of that singular occurrence has
changed irrevocably?

The recent disclosures have relevance far beyond the limited purview of Soviet space his-
tory. In the 1950s and 1960s, U,S. space policy to a large degree was a series of responses to

what the Soviets were doing--or at least what policymakers thought the Soviets were doing.
But despite its key role in shaping American space policy, there continues to be an abundance
of ignorance or misinformation on the Soviet program. Many erroneous conjectures on Soviet
space motives advanced by Western analysts during the Cold War have remained unques-
tioned by more recent scholars. Ultimately, any effort to make sense of the dynamics of space
exploration during the Cold War, no matter how well-intentioned, will fall short without tak-

ing account of the recent revelations from the Russian side. What may be possible now is to
take a second look not only at the Soviet space program, but also the LI.S. space program--
that is, to reconsider again humanity's first attempts to take leave of this planet.

Writing on a topic that has two dynamic parallel histories--one from the Cold War era and
one from the post-Cold War era--is, for obvious reasons, a difficult problem. First, there is the
challenge of creating context. One could easily lose the main thread of the story by annotating
every episode with interpretations from two different time periods--that is, this is how the event
was reported in the 1960s, and this is what really happened. I have tried as much as possible to

avoid the pitfalls of such an approach, but at the same time, I have also not tried to shirk from
the opportunity to contrast these two voices when they have served to embellish my story.

A second problem is one of identifying the right sources for the story. As much as possi-
ble, I have relied exclusively on Russian-language archival sources available in the post-1988
era. There are, however, several episodes in the narrative that warrant a wider historiographical
context. Because of the dual nature of the history of the Soviet space program, different play-
ers in the effort have continued to promote contradictory accounts of the same event. For
instance, Russian historians have never adequately addressed the use of German expertise in

the immediate postwar period. They have generally minimized the German role as extremely
peripheral. On the other side, the popular press in the West has had a tradition of dismissing
early Soviet successes as merely an extension of German work. Can these two positions be rec-
onciled in a scholarly treatise? In this case, the writing of history as an exercise in impartiality
is caught between what is a somewhat dubiously established paradigm of history in the West
and what is at best a history with missing chapters on the Soviet side. What I have tried to do
is to use recently declassified information to provide a newer perspective, but one that is not
necessarily divorced from the existing paradigms of yesteryears.

There are many such other cases in which Soviet space history has been artificially con-
strained between propaganda and speculation. This is one reason, I believe, that Soviet space
achievements have generally been marginalized in the West and mythologized at home. For
American historians, there is little debate on the holy grail of space history: it is the first land-
ing of American astronauts on the surface of the Moon in 1969. On that July night in 1969,
two men represented humanity's thirst for exploration, serving as ambassadors of the human

2, For the best recent Russian-language works, see Yu. g. Mozzhorin, et aL, eds., Dorogi u kosmos: I

(Moscow: MP,I, 1992): Yu. P,. Mozzhorin. et aL, eds.. Dorogi u kosmos. II (Moscow: Mgl, 1992): Yaroslav

Golovanov, Koroleu: [akty i mi[y (Moscow: Nauka. 1994): Yu. A. Mozzhorin. et al., eds., Nachalo kosmicheskoy ery,

uospominaniya veteranou raketno-kosmicheskoy tekhniki i kosmonavtiki: vypusk utoroy (Moscow: RNITsKD, 1994);

B. Ye. Chertok. Rakety i lyudi (Moscow: Mashinostroyeniye, 1994); B. Ye. Chertok. Rakety i lyudL hli Podlipki

Tyuratam (Moscow: Mashinostroyeniye. 1996): Yu. P. Semenov, ed.. Raketno-kosmicheskaya korporatsiya

"energiya" imeni S P Koroleua (Korolev: RKK EnergJya, named after S. P. Korolev, 1996): V, V. I:avorskiy and I. V.

Mescheryakov, eds, Voyenno-kosmicheskiye sily (uoenno-istorieheskiy trud): knigo l: kosmonoutika i uooruzhennyye

stly (Moscow: VKS, 1997); B. Ye, Chertok. Rakety i lyudi: goryaehiye dni kholodnoy uoyny (Moscow:

Mashinostroyeniye. 1997).
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race in our first visit to another celestial body. For most American historians, everything before 
was simply a prelude and everything after has been a disappointment. Historians in Russia see 
things much differently. It was, after all, the Soviet Union that launched the first handiwork of 
humankind into orbit around Earth in 1957-Sputnik, or "fellow traveler." Only four years later 
came the second big milestone: the Soviet Union sent the first human into space. Yuriy 
Gagarin. Here was another huge moment, like that of the Apollo landing eight years later: for 
the first time since human life emerged on this planet, one of us had broken through the atmos- 
phere that surrounds us and sped into the cosmos. But history has remembered Gagarin's short 
flight much differently. With the race to the Moon won, the American view of the Soviet space 
program changed dramatically: American historians remembered Sputnik and Gagarin not for 
their importance in human history, but only as catalysts for the decision to send humans to the 
Moon. There are works, too numerous to mention, on the repercussions of both Sputnik and 
Gagarin in the United States, but few on the historical meaning of these events divorced from 
geopolitics-as there was on Apollo. It is not surprising that this is so. Wi th  little film footage, 
paranoid secrecy, and no advance warning, the Soviets themselves were mostly responsible for 
consigning these events into that blurry historical limbo between propaganda and speculation. 
They eventually lost any claim to resonance that they might have had otherwise. 

The Soviet space program was, of course, not simply propaganda nor speculat~on. It 
emerged from the ashes of World War II, when with Stalin's blessing, a group of ambitious 
engineers began testing old German missiles from the desert near the Aral Sea. Wi th  the onset 
of the Cold War and the explosion of the first Soviet atomic bomb in 1949, these exper~ments 
with rockets gained a new urgency. Many considered rockets, especially long-range ballistic mls- 
siles, an ideal way to deliver deadly atomic bombs across continents. Throughout the 1950s. 
as missile designers made vast advances in rocket design. i t  became possible to consider 
options that had little direct military utility-ideas such as space travel. Spurred by a small 
handful of visionary engineers devoted to the cause of space exploration, the Soviets diverted 
a strand of their military rocketry program into a single project to launch a satellite into orbit. 
Conceived as an exercise in scientific research, Sputnik was meant to be a modest contribution 
to an international effort to study Earth and its surroundings. While its scientific dividends 
might have been anticipated, no one could have predicted its political repercussions. After the 
launch of Sputnik on October 4, 1957, in the public image, the Soviet Union moved from being 
a nation of obsolete agricultural machines to a great technological superpower. Gagarin's flight 
less than four years later eliminated any remaining doubts about Soviet prowess in space explo- 
ration. In both cases, the Americans had lagged behind badly. These two pivotal achievements 
led eventually to the race to the Moon-a race of epic proportions that culminated in the 
Apollo landing in 1969. A span of only eight years separated the resounding victory of Cagarin 
and the crushing humiliation by Apollo. So what happened? What kind of effort did the Soviets 
mount to compete with Apollo? And why did it fail? I have tried to answer these quest~ons by 
weaving together a record of the technical, political, and personal histories behind these three 
endeavors: the launch of Sputnik, the flight of Gagarin, and the challenge to Apollo. 

My goal was not to write a history simply because it had never been written before. 
Certainly, recording the facts is an important exercise, but that would limit the job to a simple 
chronology. There are several major questions of interpretation that still have to be answered. I 
have only tackled a few of these. 

The first major question has to do with discerning the institutional underpinnings of the 
Soviet space program. Given the new evidence, can we identify the primary constituencies that 
drove the effort? What kind of patterns of decision-making did they display? What interests 
were they serving? The record seems to indicate the importance of both individuals and insti- 
tutions, al l  of whom emerged to power not because of the space program, but because of its 
antecedent ballistic missile development effort. 



The second question addresses Soviet space technology. Our conventional understanding 
of Soviet space technology is generally framed in terms of obsolete products pushed through 
production-line processes that discourage major innovation. In the evolution of their early mis- 
sile and space programs, did the Soviets adhere to the idea of incremental advances, or were 
there technological leaps? Did the Soviets benefit from foreign expertise during these early 
years? More often than not, the answers to these questions do not conform to our entrenched 
notion of how the Soviets managed technology in the Cold War era.' 

Finally, why did the Soviets manage to beat the Americans in launching the first intercon- 
tinental ballistic missile, the first satellite, and the first human into space, but fail to beat the 
United States in landing the first person on the Moon? Was it simply because the last goal was 
significantly more challenging than the prevlous three? Or was ~t because, as was convention- 
ally thought for many years in the West. that the Soviets simply did not want to race the 
Americans to the Moon? The answers to these questions are not simple: personal, institution- 
al. political, and technological issues intersected in the complex schema of the Sov~et Moon 
program, leading it to its final ignominious failure in 1969. 

For this work. I have specifically focused on piloted space programs. In the first four chap- 
ters of this book, however, I delve into the origins of the Soviet long-range ballistic missile pro- 
gram and the events leading up to the launch of Sputnik. The following seven chapters cover the 
rise of the Soviet piloted space program under the tutelage of its founder, Sergey Pavlovich 
Korolev, ending with his premature death in 1966. The next seven chapters take the story up to 
1974, covering the Soviet loss in the Moon race under the direction of Korolev's successor. 
Vasiliy Pavlovich Mishin. Finally. ~n the remaining two chapters, I briefly tell the story after 1974. 

Note on Transliteration 

I have used a modified version of the standard used by the U.S. Board on Geographic 
Names preferred by the University of Chicago Press. The drawback of this system is that it is 
often phonetically inappropriate. For example, the letter " e "  is pronounced as "yo" in Russ~an. 
Thus "Korolev" should actually be pronounced as "Korolyov." There was one major exception 
to the Board of Geographic Names system: I have omitted the use of inverted commas (the 
"soft" and "hard" signs) within Russian words to reduce clutter in the text for those not famil- 
iar with the Russian language. 

One other note is that NASA's normal convention has been to spell the Soviet 
cosmodrome "Baikonur," with an " i "  instead of a "y." In this book, to be consistent with the 
rest of the transliteration, it is spelled "Baykonur." The reader will also find a difference ~n the 
spelling of some common first names, such as Sergei as Sergey and Yuri as Yuriy. 

3 For Western works on the h~story of Sovret technology see for example Ronald Arnann julian Cooper 
and R W Dav~es eds The Technologrcal leuel olSouiet Industry (New Haven CT Yale Un~versrty Press 1977) 
Kendall E Balles Technology and Socrety Under Stalrn Orrgrns of the Soulet lntellrgentsra 19/7-1941 (Princeton 
NJ Pr~nceton Unlvers~ty Press 1978) Ronald Amann and Jultan Cooper eds Industrial lnnouatron rn the Soucet 
Unlon (New Haven CT Yale Un~versrty Press 1982) Bruce Parrot Polrtccs and Technology in the Sovret Unron 
(Carnbr~dge MA MIT Press 1983) Matthew Evangel~sta How the United States and the Sov~et Unron Develop New 
Military Technologces (lthaca NY Cornell Unlvers~ty Press 1988) Loren R Graham What Haue We Learned About 
Science and Technology from the Russian Experience? (Stanford. CA Stanford Unrverslty Press 1998) 
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Origins 

The rocketry and space programs of the Soviet Union had the~r origins In the late 1800s 
with the farsighted and at times farfetched writings of a deaf, self-taught school teacher named 
Konstantin Eduardovlch Tsiolkovskiy Born in 1857 Tsiolkovsk~y had produced a serles of thlr 
ty small monographs In the late 1800s, culminating in his classic work "Exploration of the 
Universe with Rocket-Propelled Veh~cles," publ~shed in the May 1903 issue of the St 
Petersburg journal Nauchnoye obozren~ye (Sc~entlfic Revrew) In this and later works. 
Tsiolkovskiy elucidated his complex ideas on rocketry and space exploration, supporting most 
of his conceptions with complex mathematical analyses In his most revolutionary idea, he 
proposed that humans could hope to fly to very high altitudes and ultimately into outer space 
only by using liquid-propellant rockets One of his most Important conclusions was that a rock- 
et would be capable of carrying up a cargo of any size, and develop any speed desired, as long 
as the rocket was sufficiently large and the ratio of the mass of the propellant to the mass of 
the entire rocket was large enough-a relationship that is known as the Ts~olkovsk~y Equatlon ' 

Whlle some of h ~ s  work was clearly ~n the realm of fantasy, the breadth of his contribu- 
tlon to astronautics is astound~ng In his early work he wrote eloquently on such toplcs as 
multistage rockets high-energy liquid propellants such as liquid oxygen and liquid hydrogen. 
glant space statlons In Earth's orbit with food regeneration systems and the dangers of high 
temperatures on an object returning to Earth He even ~nvest~gated the idea of a spacesuit for 
activity in open space Tsiolkovskiy was a generation older than two other equally famous 
founders of theoretical and practical astronautics the American Robert H Coddard and the 
Rumanian Hermann Oberth All three, quite independently, pursued their extraordinary ideas 
on rocketry and space exploration but Tsiolkovskiy was perhaps a bit more pess~mistlc than 
his peers Unlike Goddard who launched the world's f~rst liquid propellant rocket in 1926 
Tsiolkovskiy was unable to bulld even a small rocket He apparently believed that few of his 
conceptions of the future would ever be brought to fruition 

I V P Clushko Development of Rocketry and Space Technology rn the USSR (Moscow Novosti Press 
Publish~ng House 1973) p 9 Evgeny Riabchikov Russians rn Space (Moscow Novosti Press Publ~shing House 
197 1 ) p 98 Nicholas Daniloff The Kremlin and the Cosmos (New York Alfred A Knopf 1972) p 17 The 1903 
publication was only the first part of the article When the journal was closed down with the May Issue Ts~olkovskry 
had to Walt until 191 1 to see the second part published In Vestnrk vozdukhoplavaniya 

2 For an English language summary of Ts~olkovskry s work see A A Blagonravov et a[ Soviet Rocketry 
Some Contributions to its H~story (Jerusalem Israel Program for Scientific Translat~ons 1966) pp 68-126 Daniloff 
The Kremlin and the Cosmos pp 13-1 7 



In the early part of the 1900s. Tsiolkovskiy's ideas received little if any attention as a result 
of both the extreme mathematical nature of his work and a general disinterest from the Czarist 
government. The Bolshevik Revolution in 191 7 seems to have aroused a modicum of interest 
in his ideas from the new Soviet leadership. This was partly to illustrate the Czarist govern- 
ment's lack of foresight, but also tied to new ideology: "In Communist theory, technological 
progress was virtually equivalent to the march of history."' The year after the Revolution. 
Tsiolkovskiy was elected a full member of the prestigious Russian Socialist Academy. Later in 
192 1 ,  he was granted a lifetime pension in honor of his groundbreaking scientific contributions 
on space exploration and r~cket ry .~  Given his strong support for the Revolution, the Soviet gov- 
ernment was only too eager to promote his writings. 

L 

In the Western historiography of the early history of astronautics. Tsiolkovskiy's name is 
the best known. But within Russia and later the Soviet Union, there were two other remarkable 

j 
visionaries who played as great a role in inspiring a new generation of young amateurs as the 
great Tsiolkovsk~y himself. One of these was Yuriy Vasilyevich Kondratyuk, a man who had a 

i 
I 

life as amazing as any figure in the history of Soviet rocketry. He was born Aieksandr 
lgnatyevich Shargey in 1897 in the Ukraine. Brilliant even in his childhood, he published his 
seminal works in his twenties and thirties, the first, Tyem, kto budet chitat chtoby stroyit (To 
Those Who Wil l  Read in Order to Build), in 19 19 and the second, Zauoyeuaniye mezhplanet- I 
nykh prostranstu (The Conquest of lnlerplanelary Space), in 1929. In these works. Shargey 
showed a remarkable grasp of problems in rocket dynamics and engineering. Unaware of I 

Tsiolkovskiy, he came to many of the same conclusions and extended the field of astronautics 
to new areas. Among the topics he described were minimum-energy spaceflight trajectories to 
other planets. the theory of multistage rockets, intermediate interplanetary sh~p refueling bases. 

I 
and the landing of probes on planets using atmospheric drag. One of his most famous contri- 
butions to the literature was the formulation of a mission profile for a lunar landing using two 
separate vehicles, a mother ship in lunar orbit, and a lander on the surface. When American 
astronauts landed on the Moon in 1969, they used very much the same idea.' 

Shargey's career was cut short by the strangest of circumstances. In 1916, he had been 
conscripted into the Army to fight on the Caucasus front in Turkey. After the Bolsheviks came 
to power in October 19 17. Shargey decided to leave the Army, but on his journey back home. 1 he was conscripted by the rebel White Army to fight the communists. He eventually deserted 
but was found by the White Army again in Kiev, where he joined their ranks briefly before 
deserting again. After the Revolution, he was in a difficult position. To the Whites, he was a 1 
habitual deserter. and to the Reds, he was an officer in the White Army-both sides wanted I ti 
him shot. To save his life, his stepmother sent him some documents of a man named Yuriy I 
Vasilyevich Kondratyuk, who was born in 1900 and died on March 1 ,  192 1, of tuberculosis. On 
August 15 of the same year, Shargey assumed his new identity and tried to lead an inconspic- 1 uous life, far from the public eye. Terrified of being found out, he did not join the amateur rock- ! etry groups of the Soviet Union in the 1920s and 1930s despite his lifelong passion for rocketry. c 
He died sometime in late February 1942 defending Moscow against the Nazis. His grave was 6 
never found." \I 

3 Walter McDougall the Heavens and the Earth A Political History of the Space Age (New York Basic 
Books 1985) p 27 

4 Danlloff The Kremlrn and the Cosmos 1972 p 19 Wrllram P Barry "The Mrsstle Des~gn Bureaux and 
Sov~et Plloted Space Pollcy 1953-1970 " Ph D them In Pol~t~cs Faculty of Soc~al Stud~es Unlverslty of Oxford 1996 

5 C V Petrov~ch ed The Soucet Encycloped~a of Space Fl~ght (Moscow Mrr Publ~shers 1969) pp 209- 10 
6 Valer~y Rodikov "Who Are You Englneer Kondratyuk?" (Engl~sh tltle) In V Shcherbakov ed Zagadki 

zuezdnykh ostrouou kniga pyataya (Moscow Molodaya gvardrya 1989) pp 36-53 



The third major figure of the period was Fridrikh Arturovich Tsander, born in 1887 in Riga, 
the capital of Latvia. By his late twenties. Tsander had but one aim: to acquire the necessary 
knowledge to make a journey into space. In 192 1, he gave a report at an inventors' conference 
on his pet project for an interplanetary aircraft. Three years later, he published his landmark work 
in the journal Tekhnika i zhizn (Technology and life) titled "Flight to Other Planets," in which 
he expounded on the design of rocket engines, calculations for interplanetary trajectories, and 
conceptions of safety systems. One of his favorite ideas was of a combined rocket-aircraft for 
takeoff from Earth, which would consume its own metallic wings as propellants after flight 
through the atmosphere. He amplified this and several other concepts in another book published 
in 1932 titled Problema poleta pri pomoshchi reaktiunykh apparatou (The Problem of Flight by 
Means of Reactive Vehicles). Perhaps Tsander's most famous contribution was his untiring pop- 
ularization of spaceflight in the late 1920s by lecturing on the topic across the Soviet Un~on.' 

The increased visibility of rocketry and space exploration in the public eye in the late 1920s, 
through exhibitions and special publications, were crucial to inspiring a new, younger genera- 
tion of Soviet engineers-those born this century, who would eventually direct the course of 
the world's first space program. This group of individuals came to prominence in the 1930s 
with the formation of small rocketry societies in Moscow and Leningrad dedicated to the design 
and construction of short-range liquid-fueled rockets. In many ways, the influence and power 
that these men wielded in their later years was far more imposing than the same possessed by 
their counterparts In the concurrent rocketry societies in the United States and Germany. This 
is, perhaps, one of the key distinctions in historical perspective in looking at the space programs 
of the United States and the Soviet Union. In the former, the pioneers were defined by their 
institutions, and in the latter, the pioneers were the institutions. 

In the Soviet Union, the most important of these individuals was Sergey Pavlovich Korolev, 
a former mechanical engineer who was to become the de facto head of the Soviet space pro- 
gram and remained so until his untimely death in 1966. It would not be an overstatement to 
say that without his guidance, administrative powers, and vision, the Soviet Union would not 
have become the foremost space-faring nation in the world in the late 1950s and early 1960s. 
Korolev was born on December 30. 1906, in the town of Zhitomir in the Ukraine.Wis natural 
parents were divorced when he was three years old, and the young Korolev was shuffled from 
city to city until his mother remarried. He did not attend school until he was fourteen, study- 
ing only at home with tutors. 

Korolev's first passionate interest was aeronautics, and from an early age, he read voracious- 
ly on the exploits of aviation pioneers throughout the world. At the age of seventeen, he joined 
a glider club in the town of Odessa and eventually became the leader of the aeronautics club 
there. In 1926, he enrolled in the Moscow Higher Technical School in the Department of 
Aerodynamics as an advanced student and for the first time came into contact with famous Soviet 
aeronautical designers such as Andrey N. Tupolev, who was a professor at the university. As part 
of his thesis work at the school, Korolev designed and built a full-scale glider that he later flight- 
tested: this and other glider projects were brought to fruition by 1930, and Korolev graduated in 
February of that year as an "aeromechanical engir~eer."~ Immediately following graduation, he was 
asked to begin work as an engineer at the V. P. Menzhinskiy Central Design Bureau headed by 
Chief Designer Dmitriy P. Grigorovich, where the work was far more ambitious than his modest 

7 Petrovlch ed The Souret Encyclopedra of Space FIrght p 468 
8 A P Romanov and V S Gubarev Konstruktory (Moscow Polltlcheskoy l~teratury 1989) p 16 Yaroslav 

Golovanov Serge1 Koroleu The Apprentrceshrp of a Space Proneer (Moscow Mir Publ~shers 1975) p 23 The date 
of h ~ s  birth ~n the "new" Cregorian calendar adopted following the Great October Revolut~on 1s January I2 1907 

9 Golovanov Serger Koroleu pp 135-36 170 Romanov and Cubarev Konstruktory pp 3 1-33 Among 
h ~ s  graduating class was the later chlef designer of a~rcraft and mlss~les Semyon A Lavochk~n 



gliders. There, he was part of an engine design group working on a new heavy bomber named 
the TB-5. Within five months, he was finally transferred to the prestigious Central 
Aerohydrodynamics Institute (known as "TsAGI" in its Russian abbreviation) in Moscow. By all 
accounts, he was considered a promising aeronautical engineer and by that time had authored 
several articles on aviation, gliders, and light aircraft." 

It was during this period that Korolev for the first time became seriously enamored with 
the possibilities of space exploration and rocketry. He had maintained a fairly cursory interest 
in space travel since the late 1920s as a result of several well-publicized exhibitions in the Soviet 
Union that showcased the works of Coddard, Oberth. Tsiolkovskiy, and Kondratyuk. Korolev's 
overriding passion during the late 1920s was, however, aeronautics, and it seems that he was 
not "converted" until he had contact with several resourceful engineers employed at TsAGl in 
1930. Among these individuals was the forty-four-year-old Tsander. By that time, Tsander had 
unsuccessfully requested the government to support his rocketry experiments, but such practi- 
cal efforts evoked little interest from the leadership." In December, Tsander posted an adver- 
tisement in the Moscow newspaper Vechernyaya moskua calling for responses from those 
interested in "interplanetary communications." a euphemism for space travel." Many of the 
150 people who responded met several times in early 193 1 under Tsander's direction to discuss 
the possibility of establishing an amateur group to focus on the practical aspects of rocketry 
and space exploration. The early meetings led to the formation, on July 18. 193 1 ,  of the so- 
called Bureau for the Investigation of Reactive Engines and Reactive Flight. By early September. 
the society's name was changed to the Group for the Investigation of Reactive Englnes and 
Reactive Flight (better known by its Russian acronym "GIRD").1' Korolev joined forces with 
Tsander at this t~me, impressed by Tsander's claim that he could build a rocket engine. The 
young Korolev had the germ of an idea to combine a rocket engine with a glider and create a 
high-altitude aircraft. 

Tsander's group at GlRD was formally under the jurisdiction of the voluntary Society for the 
Promotion of Defense. Aviation. and Chemical Production (or "Osoaviakhim"), a governmen- 
tal entity that sponsored amateur and premilitary activities among Soviet youth in such areas 
as gliding, auto racing, hot-air balloons, and glider construction. The Moscow branch of GlRD 
was only the first of many groups interested in rocketry that sprouted in the ensuing months 
in such cities as Arkhangelsk. Baku, Bryansk. Kharkov, Leningrad. Novocherkassk, and Tiflis. By 
June 1932. Osoaviakhim had formalized a relationship with the Moscow GlRD (also called the 
Central GIRD) that set the stage for modest amounts of financial support for their activities. 
Under Tsander's leadership, the Moscow GlRD was particularly successful in its early incarna- 
tion and conducted public lectures and courses and even published a number of books on rock- 
etry. Along with these promotion efforts. Tsander and Korolev were also interested in practical 
work in the building of rockets and were able to work overtime on their experiments In a small 
wine cellar on Sadovo-Spasskiy Street in M o ~ c o w . ~  

10 Aleksandr Romanov Koroleu (Moscow Molodaya gvardiya 1996) pp 88 89 The works of the Central 
Deslgn Bureau and TsACI were actually merged at the time 
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The original members of the GIRD team are shown here in 1932 Top center is Yurry Pobedonostseu. 
whi le bottom center is Sergey Koroleu On the extreme right rs f r~dr rkh Tsander. 

the space visionary who founded the group. (frles of Asif Siddiqr) 

Among the other early members of ClRD were Mikhail Klavdiyevich Tikhonravov, who was 
thirty-one years old, and Yuriy Aleksandrovich Pobedonostsev, only twenty-four, both of whose 
contributions to the early achievements of the Soviet rocketry and space programs would be 
invaluable. Although they were not officially supported by the Soviet government, the engi- 
neers and technicians at ClRD were infected by an unusually vivid sense of enthusiasm and 
optimism. In part~cular, Korolev's whole life had begun to revolve around ideas of rocketry and 
astronautics, and there were many discussions during GIRD'S early days of sending rockets into 
space and landing people on Mars. One of the more common inspiring phrases of the engi- 
neers was reportedly: "To Mars! To Mars! Onward to Mars!" This was a phrase that Tsander 
would use to greet his fellow workers. He had even named his two children Merkuriy 
("Mercury") and Astra." The economic situation in the Soviet Union at the time, however, 
necessitated that their interests in rocketry and aeronautics would have to be financed by them- 
selves. These limitations, although considerable, did not cause much hesitation on their part. 
and the group often sold family valuables to finance their private endeavors. They usually 
labored in their spare time, and the fact that there was no obvious profit in such work was not 
an issue of great concern. Unlike Tsander, who had little interest in acquiring leadership skills. 
Korolev was a natural focus of the group, and in addition to his increasing technical expertise. 
he developed sharp managerial and administrative skills-assets that would serve him well in 
his later days. He had become completely absorbed in the idea of spaceflight by this time. It 
was a dream that he would never abandon. 

I S  R~abch~kov Russrans in Space p 106 Yaroslav Golovanov Koroleu fakty r rnify (Moscow Nauka 
1994). p 132 



On May 1. 1932. Korolev replaced the ailing Tsander as the formal leader of the GlRD orga- 
nization, and simultaneously four different divisions were formed to further optimize their rock- 
etry efforts-groups led by Tsander, Tikhonravov. Pobedonostsev, and Korolev himself. Most of 
their efforts were focused on the development of low-thrust liquid-propellant engines for small 
handmade rockets and gliders.'Wnder Korolev's leadership, the work at GlRD also took a sig- 
nificant turn as he began to extract larger amounts of funding to pay ClRD members and obtain 
better equipment for building rockets and gliders. He also encouraged strict professionalism 
among all the workers and quickly became known among larger circles as not only a bright engi- 
neer but also an efficient organizer. Just three months following Korolev's appointment, the 
Soviet government's Directorate of Military Inventions began financing some of the organiza- 
tion's work, although the group still remained subordinate to the amateur Osoaviakhim." The 
work at the organization finally culminated in the late summer of 1933 with the first launches 
of what would eventually be the first Soviet liquid-propellant rocket. Designated the 09, the 
2.2-meter-tall vehicle had been designed by a team under Tikhonravov. Powered by jellled petro- 
leum burning in liquid oxygen, the rocket was loaded up in a truck and taken to the Nakhabino 
firing range outside of Moscow for its first launch on August I 1 ,  1933. This attempt and a sec- 
ond one on August 13 were failures, but a third try on the 17th went down in history. After a 
precariously slow liftoff, the rocket reached a modest altitude of about 400 meters during thir- 
teen seconds of flight.'"n a moment of exhilaration, Korolev authored a short article for the 
GlRD news flyer: 

The first Soviet liquid-propellant rocket has been launched. The day of August 17 will 
undoubtedly be a memorable day in the life o f  GIRD, and from this moment Soviet rockets 
should start flying above the Union o f  Republics. . . . Soviet rockets must conquer space!" 

Although it was the first resounding success for GIRD, the organization's spiritual guide 
was not present to witness the event. Tsander had been suffering from exhaustion caused by 
overwork, and some of his associates had forced him to take a vacation. On the journey to a 
health spa, Tsander contracted typhus and collapsed. He died without regaining consciousness 
on the morning of March 28, 1933." In one sense. Tsander's death presaged the end of an era 
of amateur Sov~et rocketry. Within months, Korolev and his associates would find themselves 
in the employ of the Soviet government. 

The Soviet military had actually sanctioned the formation of a small government rocketry 
research laboratory in Moscow on March 1. 192 1 ,  to conduct work on "rocket projectiles."" 
Unlike the ClRD efforts, however, all the research at this laboratory was dedicated to the devel- 
opment of solid-fuel rocket engines for artillery. This group, headed by a chemical engineer 
named Nikolay I. Tikhomirov, was moved to Leningrad in June 1928 and renamed the Gas 
Dynamics Laboratory (GDL) of the Military Scientific Research Commission. The following year, 
in May 1929, a special group (the "Second Section"), headed by a young engineer named 
Valentin Petrovich Glushko, had been brought into GDL to specifically conduct research on 
electric rocket engines.l Born on August 20. 1906. Glushko had converted to space exploration 

16 The main work at GlRD prlor to March 1932 was the development of the OR I and OR 2 rocket englnes 
for use w ~ t h  an expermental gl~der named the BlCH I I See Vetrov 5 P Korolev i kosmonavrika p 46 
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early through his voracious readings of the 
works of Jules Verne-so much so that at the 
age of fifteen, he had written a letter to 
Tsiolkovskiy." Just three years later in July 1924, 
only eighteen years old, he had published an 
article in the popular press titled "Conquest of 
the Moon by the Earth." Even more impressive- 
ly, in 1926, Glushko authored a work titled 
"Extraterrestrial Station" in the journal Nauka i 
tekhnika (Science and Techn~logy).'~ A soft-spo- 
ken individual with somewhat of a stern disposi- 
tion, Clushko no doubt saw a chance at realizing 
his dream of space exploration as an engineer for 
GDL. Recognizing his exceptional technical capa- 
bilities, the leaders of CDL had redirected 
Glushko in 193 1 to start work on liquid-propel- 
lant rocket engines for military applications. 

By 193 I .  there were two major independent 
rocketry organizations in the Soviet Union- 
one active in the design of rockets (GIRD) and 
the other focused On rocket engines (GDL)  The GIRD team is shown here in  1933 feeding i l qu~d  

this time, the two groups began devel- oxygen lo [he "09," the first Sovre[ /rquid-prope//an/ 
oping informal contacts with each other and rocket From left to right are Sergey Koroleu. Nikolay 
began negotiations to explore the possibility of Yefrernou, and Yuriy Pobedonosiseu 

coordinating their work. Following a long and (files of A s ~ f  Siddiqi) 

elaborate series of discussions, aided by strong 
lobbying from Marshal Mikhail I. Tukhachevskiy, the Deputy People's Commissar for the Army 
and Navy, GIRD and GDL were consolidated into one organization in the fall of 1933. The offi- 
cial decree (no. 01 13) from the Revolutionary Military Council was issued on September 21, 
1933, and called for the formation of the Reactive Scientific-Research Institute (RNII)." 
Tukhachevskiy appointed Ivan T. Kleymenov, the former head of the now defunct GDL, to serve 
as the new RNll's first director. Korolev, no longer an amateur rocketeer, was appointed 
Kleymenov's deputy. 

Tukhachevskiy had originally envisioned RNll as a breeding ground for advanced liquid- 
and solid-propellant missiles for use by the artillery sector, but this idea faced some resistance 
from higher placed military leaders. Uninterested in the future prospects of rockets, the military 
refused to let Tukhachevskiy have jurisdiction over the new institute. Instead, a little over a 
month after its formation, on October 3 1 .  RNll placed under the jurisdiction of the People's 
Commissariat of Heavy Industry, the "ministry" responsible for production of several major 
ground-based weapons.'"t the same time, there was a clash between Kleymenov and Korolev 

23 Romanov and Gubarev. Konstruktory, p. 274. The letter was dated September 26. 1923 Tsiolkovsk~y 
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over the thematic direction of the institute. The former was not a rocketry specialist; it was well 
known that he had a poor understanding of the field in general, believing that the institute's 
most urgent mandate should be the creation of solid-propellant artillery shells. When Korolev 
disagreed, Kleymenov demoted him to the section chief on winged missiles.?' It was a change in 
jobs that probably saved Korolev's life in later years. A former CDL veteran and accompl~shed 
solid-propellant engineer named Ceorgiy E. Langemak was tapped to fill Korolev's old position. 
To the latter's disappointment, some of the more interesting projects, such as the development 
of liquid-propellant rocket-powered aircraft, were dropped from the institute agenda at the time.'" 

A second reorganization was enacted by Kleymenov in May 1935 as RNll was divided into 
four major sectors emphasizing solid-propellant missiles, solid-propellant takeoff accelerators 
for military aircraft, launch installations for solid-propellant rockets, and liquid-propellant mis- 
siles." Korolev's primary interest was the development of rocket gliders, but this area of focus 
seems to have rapidly diminished in terms of its value in the eyes of the RNll leadership. 
Korolev himself initially worked on several high-altitude rockets before he found himself lead- 
ing efforts on a number of promising long-range winged missiles for milltary applications. 
Glushko and Tikhonravov undertook most of the work on liquid-propellant engines, and 
although some of these engines found use on gliders and missiles, most were never Installed 
on any work~ng designs. 

Unhappy with the work at RNII, Marshal Tukhachevskiy sanctioned the establishment, in 
August 1935, of a separate organization in the General Staff's Chief Artillery Directorate, des- 
ignated Design Bureau No. 7, to focus exclusively on liquid oxygen missiles-an area of 
research that the RNll leadership had neglected.'" The original goal of creating a centralized 
rocketry research organization gradually became subsumed under conflicts resulting from clash- 
es between the proponents of solid propellants and liquid propellants. Earlier, on the seventy- 
fifth anniversary of Tsiolkovskiy's birth, several speakers from the USSR Academy of Sc~ences 
mocked the great visionary's ideas as impractical and of little use. The conflict was exacerbat- 
ed by the opin~ons of former CDL researchers at RNll who continued to view the amateur GIRD 
veterans as "crackpots" without any connection to reality.' After Tsiolkovskiy's death in 1935, 

27 Vetrov 5 P Koroleu i kosrnonauttka p 77 
28 Yu B~ryukov 'L~fe Asp~r~ng to Htgher Coals (on the 90th Birthday of 5 P Korolev)' (Engl~sh title) 

Nouostr kosmonautiki I (January I - I 2  1997) 63-67 
29 Lard~er LAstronauttque Sovtetique pp 3 1-34 
30 Glushko Development 01 Rocketry and Space Technology p 19 Barry "The M~ssile Des~gn Bureaux ' 

Des~gn Bureau No 7 (KB 7)  was pr~marily composed of englneers who had "defected" from RNll Later histories of the 
early Soviet rocketry program dismtssed the efforts of KB 7 as a failure but in truth the activ~ties at t h ~ s  bureau were quite 
successful gtven the circumstances Led by former RNll engineers L K Korneyev and A I Polyarn~y 
KB 7 developed a series of ~ncreas~ngly complex rockets for explor~ng hrgh altitudes One of these although never 
launched was the R 05 one of the f~rst Sov~et rockets des~gned exclus~vely for tnvestigat~ons of the upper atmosphere 
Spec~al Instruments were developed by the Opt~cs lnstttute and the Chref Ceophys~cal Observatory for th~s rocket KB 7 
also desrgned several complex gu~dance and gyroscope systems some of them as soph~sttcated as those developed at 
RNll A second independent effort was cont~nued by amateur englneers of the former GIRD who had elected not to be 
part of the governmental RNll Solid propellant missiles such as the VR 3 and the TR 3 were developed under the lead 
ersh~p of I A Merkulov rn the React~on Sect~on of the Stratospher~c Commrttee of Osoav~akhim The latter organization 
also developed some of the f~rst ramjet englnes for rocket appl~cations Both these efforts however were d~scontinued 
by the late 1930s KB 7 itself was dissolved in 1939 following a dects~on by the Artillery Directorate that Itquid propel 
lant miss~le research was not a useful avenue of m~l~tary research See Clushko The Development of Rocketry and Space 
Technology p 19, the author writes that KB 7 "failed to produce the des~red results " See also I A Merkulov 
"Organizatton and Results of the Work of the Ftrst Scientif~c Centers for Rocket Technology In the USSR " in Freder~ck 
I Ordway Ill ed H~story o i  Rocketry and Aslronautlcs Vol 9 (San D~ego CA Arner~can Astronaut~cal Soc~ety 1989) 
pp 70 72-73 Lardier LAstronautlque Sovlettque pp 39 4 1-43 Rtabch~kov Russians in Space pp 128-29 

31 For an excellent summary and analys~s of the events at RNll In the 1930s see Barry "The Missile 
Design Bureaux " 



interest in rocketry, let alone space travel, very visibly declined as the Soviet government began 
to slowly withdraw from its earlier support for such technologies. 

Despite the organizational discord in RNII, there was a significant amount of research on 
rocketry conducted during that period. Korolev himself made a presentation at the All-Union 
Conference on Stratospheric Studies in Leningrad in March and April 1934, calling for the devel- 
opment of scientific instruments for high-altitude rockets to study the upper atmosphere." In 
December, Korolev authored a slim volume titled Raketnyy polet v stratosfere (Missile Flight Into 
the Stratosphere), in which he considered for the first time the launch of humans to high alti- 
tudes. He conceded that given the current state of Soviet technology, such a plan might be 
somewhat premature. The following year, Korolev. Glushko. Tikhonravov, Pobedonostsev, and 
other engineers at RNll actively participated in a Moscow workshop, the All-Union Conference 
on the Uses of Rocket-Propelled Craft for the Exploration of the Stratosphere, dedicated com- 
pletely to the possibilities of high-altitude science using powerful rockets." 

Korolev was personally involved in the design of several missiles for military applications 
beginning in the mid- 1930s. These initially included high-altitude missiles but progressively 
encompassed the design and construction of winged missiles.'Work on the latter rockets was 
used as the basis for the development of one of the first practical rocket plane designs in the 
Soviet Union, designated the RP-3 18. Conceived in July 1936, intensive static engine firings 
were conducted in late 1937 and early 1938 in preparation for the first flight. which Korolev 
intended to make himself." Clushko and Tikhonravov at the same time worked independently 
on other projects, the former developing at least fifty dlfferent low-thrust nitric-acid-based rock- 
et engines for a variety of applicat~ons. Many of these units had relatively high-performance 
characteristics, with thrust levels as high as 600 kilograms. Thus, although the original goals of 
Korolev, Glushko, and Tsander had been put to the side for the time being, it is clear that the 
work at RNll was not only productive but also extremely important in terms of the later achieve- 
ments of the Soviet rocketry program. Apart from the purely technological advancements and 
the mastery of important practical processes, the years at RNll also gave the young engineers 
their first active involvement in issues of organization and management. Although the political 
and social inst~tutions under which they worked under were obviously vastly dlfferent, the work 
at RNll in many ways parallels that of the Germans and the Americans with their own amateur 
rocketry societies, which also attracted the interest of their respective governments. However, 
while all three independent early rocketry efforts in the late 1930s had to address the impend- 
ing war, only one was to face the full brunt of the government's attack on its own people. 
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The Purges 

All Soviet-era histories of early rocketry programs came to an abrupt end in 1937 when 
Stalin's Great Purges reached its zenith. The purges had a profound effect, not only on the sci- 
entific community but also on almost every other sector of Soviet society. Directed by the secret 
police-the People's Commissariat for Internal Affairs (NKVD)-and by Soviet leader I. V. 
Stalin's personal vision of suspicion, paranoia, and complete terrorization, the purges effective- 
ly decimated a whole generation of the Soviet Union's best engineers, writers, politicians, mil- 
itary officers, academics, and scientists. No one was safe at the time, however tenuous their 
ties to ideological trappings; people were picked up off the street for completely arbitrary rea- 
sons and never seen again. Not surprisingly, a feeling of paranoia crept into almost every level 
of society, fed by the suspicion and mistrust, as millions faced the threat of possible execution 
or internment in labor camps. "Informing" on an associate became less a compromise of one's 
value system than simply a means to live through the torture of NKVD agents. 

RNll had been renamed the Scientific Research Institute No. 3 (Nll-3) on January 2 .  1937." 
Within a year after that reorganization, the engineers of the institute were left with little doubt 
that their safety was no longer assured. The first effective indication that their luck had run out 
came in the late spring of 1937. The NKVD suddenly arrested Marshal Tukhachevskiy, the early 
patron of Nll-3 and one of the more brilliant strategists of the Soviet military. on May 2 2 ,  1937. 
Recently appointed the commander of the Volga Military District, Tukhachevskiy was charged 
with having been part of an "anti-Soviet Trotskiyite conspiracy."" Interrogated and beaten sav- 
agely along with several other "accomplices" during the ensuing days, Tukhachevskiy was sen- 
tenced to death after a short trial. His sentence was carried out on June 12. Executed along with 
him were his mother, sister, and two brothers. Almost overnight, the name Tukhachevskiy 
became a dreaded word, and association with his name was a sure method of attracting suspi- 
cion. The marshal's links to Nll-3 were not passed over by the NKVD, and the secret pol~ce 
seemingly put the entire group under surveillance, allegedly through the services of an ambitious 
communications specialist named Andrey G. Kostikov. Having joined Nll-3 in 1934, Kostikov 
eventually became the prime motivator of the purges at the institute on behalf of the NKVD. 
Working with Clushko and others on liquid-propellant engines, Kostikov rose quickly through 
the ranks of NII-3; by mid-November 1937, he had become deputy director of the inst~tute. 

Kostikov's ascendance to power was preceded by the arrest of former N11-3 Director 
Kleymenov on the night of November 2  on charges of being a member of an anti-Soviet 
Trotskyite organization that had been part of a trade delegation to germ an^.'^ W ~ t h i n  days. 
Kleymenov's deputy Langernak was also arrested. Despite intense torture, the former refused to 
confess to any of the charges: Langemak, on the other hand, believing that he had a chance to 
save his life, broke under duress, and he confessed that Clushko had also been a member of 
the secret organization. Both were executed after signing false charges-Kleymenov on January 
10. 1938. and Langemak the day after. Kostikov, meanwhile, continued to support the NKVD 
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in their senseless vendetta, having provided fabricated evidence for the arrest of the two exe- 
cuted RNll  leader^.'^ 

Kleymenov and Langemak were the first of many to pay a dear price because of their ten- 
uous links to Tukhachevskiy. By the end of 1937, the NKVD had a statement denouncing 
Korolev and Clushko as "wreckers" of the rocket group-a statement probably extracted from 
Kleyrnenov and Langemak. This led to an expanded meeting on February 13. 1938. of the 
Scientific and Technical Council of the institute. One of the items on the agenda was the "den- 
igration of the personality" of rocket engine designer G l u ~ h k o . ~ ~  He was charged with main- 
taining connections with "enemies of the people," disclosing military secrets, and avoiding 
public work. Officially, his accusers included Kleymenov and Langemak. On February 20, a sec- 
ond meeting was held, again to present more "evidence" against Clushko. All of Clushko's col- 
leagues, save one, denounced him: Korolev was not present at this meeting. A resolution was 
adopted to the effect that Glushko was "unreliable," and a few days later, on March 23, 1938. 
he was arrested on charges of being an "enemy of the p e ~ p l e . " ~ '  

Following Glushko's arrest, the focus shifted to Korolev, certainly the leading Nll-3 engineer 
at the time.42 Korolev himself publicly stated that he could not believe that Glushko had inten- 
tionally been involved in "wrecking" activities, only to arouse suspicions against him. At the 
time. Korolev was directing tests of Object 2 12, a winged surface-to-air missile, but these had 
to be temporarily suspended following a head injury on May 29. 1938, that left him hospitalized 
for a few  week^.^' The NKVD, however, moved ahead with their agenda, and after several weeks 
of deliberations, on June 20, they formally denounced Korolev on charges of being a member of 
an anti-Soviet organization. The final piece of "evidence" against Korolev was a letter signed by 
four senior engineers at the institute denouncing Korolev of various disruptive activities." The 
NKVD proffered five separate charges, including an accusation that Korolev had destroyed the 
RP-3 18 rocket-plane, even though at the time it sat quite intact in the hangar of the institute's 
headquarters. The denunciation also stated that both Korolev and Glushko had been "responsi- 
ble for all errors, omissions, mistakes, and disruptions at the test stands."45 Exactly a week later, 
on June 27. 1938. Korolev, barely recovered from his accident. was arrested and taken to the 
Lubyanka prison.46 By all accounts. Korolev sincerely believed that h ~ s  conviction and arrest was 
a bureaucratic mistake; it seems, however. that his distraught mother, Mariya N. Balanina, had 
realized the gravity of the situation and sent at least three letters addressed to Stalin himself 
pleading her son's innocence and expressing grave concern for his health.4' 

39. The new d~rector of Nll-3. B. N. Slonirner, and the new deputy d~rector. Kostlkov. were formally appoint- 
ed to their new posittons less than two weeks after Kleyrnenov's arrest. See Golovanov, Korolev, p 235. 
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Korolev was interrogated twice during this period. The first time he denied all charges. During 
the second occasion, after severe torture and beating, he "confessed" and signed a document 
~mplicating himself in the charges. Kostikov had also personally written a letter to the NKVD In 
July documenting Korolev's "anti-Soviet character." Combined with the false accusations from 
Kleymenov. Langemak, and Clushko, Korolev did not have to wait very long. On September 27. 
the Military Collegium of the USSR Supreme Court, under Vasiliy V. Ulrikh, sentenced Korolev to 
ten years in a "correctional labor camp." with a "deprivation of all rights" for five years and the 
confiscation of all personal pr~perty.~' The second part of the sentence was merely a euphemism 
for hard labor at one of the many slave labor camps located throughout the Soviet Union: Korolev 
was to be sent to the Kolyma Arctic death camp at the Maldyak gold mine near Nagayev Bay in 
Siberia.?' Korolev later said of the accusations against him: 

During the inuestigation of my case, I could not proue or explain anything because there 
was no investigation in the proper sense of the word. I was bluntly accused ofsabotaging 
research in new technology. I could not imagine a more absurd and incredible charge 
because the deuelopment of this new technology was the cause of my life and the work I 
loved."' 

Until his transfer to the labor camps. Korolev continued to make efforts to obtain a retrial. I 

Put away at the Novocherkasskiy Prison in southern Russia, he wrote to Stalin himself in February 
1939, pleading his innocence against the false charges." 

These letters most likely never reached Stalin's eyes and not surprisingly had little effect on 
Korolev's fate. There were, however. two factors that rntersected in 1938-39 that saved Korolev's I 

life. Soon after his imprisonment, a close friend of Korolev's, famed pilot Valentina S. 
Grizodubova. had joined forces with another famous Soviet aviator. Mikhail M. Cromov, and 1 
Korolev's own mother to author a letter to the Central Committee of the Communist Party 
requesting a review of Korolev's case.52 The statement apparently reached the office of Nikolay I. 
Yezhov, the chairman of the NKVD. Although Yezhov was abruptly arrested in November 1938. 
his successor. Lavrentiy P. Beriya, happened to have a particular interest in the Korolev case. Beriya 
would eventually make h ~ s  reputation as one of the cruelest perpetrators of state terror in the 
Soviet Union. but when he assumed his new role in January 1939, he was more interested in cul- 
tivating an Image of himself as a humane and fair person. After Beriya's appointment, prosecutor 
Ulrikh himself wrote to the NKVD to protest Korolev's original sentence. Prompted by the lobby- 
ing of Supreme Soviet members Crizodubova and Gromov. Beriya was convinced that Korolev 
was a good example to display his "humanity." Thus, at a special meeting of the Plenum of the 
High Court on June 13. 1939, the NKVD agreed to Ulrikh's protest and signed an order changing 
Korolev's offrcial charge from a "member of an anti-Soviet counter-revolutionary organization" to 
the less serrous "saboteur of military technology" and requested a new trial." 
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Unfortunately for Korolev, it was too late. Less than two weeks prior to the new order, on 
June I, he had already started his journey to the Kolyma camp.'4 He traveled by rail in an over- 
crowded cattle car across the Ural and Baykal mountain ranges before being transported in the 
hold of a ship along with hundreds of other prisoners across the Sea of Okhotsk. Korolev arrived 
at Kolyma in August 1939. Given the conditions at the camp, it would have been surprising if 
he ever believed he would leave it alive. He worked as an Earth digger in a gold mine off the 
Kolyma River for the ensuing months. It was well known even at the time that of all labor camps 
of the CULag system. Kolyrna was the most brutal and cruel." During operations throughout 
World War II, the camp claimed the lives of between 2 and 3 million people. Most of the deaths 
were from overwork, famine, cruelty from the guards, and the harsh Arctic climate. In the first 
months. Korolev was so brutally treated that he was left with a huge scar on his head and lost 
half his teeth from scurvy. He also had the misfortune of arriving at Kolyma during one of the 
worst winters in its entire history of operations. Despite the inhuman conditions at Kolyma, 
Korolev continued to make efforts to deny his guilt. In a letter dated October 15, he wrote to the 
Soviet Union's chief procurator demanding his immediate return to Moscow.'Vddressed to 
Andrey Yu. Vyshinskiy, the powerful lawyer and diplomat who was personally responsible for 
sending thousands to their deaths. Korolev wrote. "I have been foully slandered by the institute 
director. Kleymenov, his deputy. Langemak, and engineer Clushko."" He was apparently 
unaware that Kleymenov and Langemak had been executed.'" 

Clushko meanwhile had been sentenced in absentia to eight years in prison on August IS, 
1939, during a special session of the NKVD. They sent him to a prison for scientists and engi- 
neers in Tushino near Moscow, part of a larger network of prisons that specifically held the sci- 
entific intelligentsia of the country." The inmates referred to such prisons as sharashka, a word 
deriving from the Russian slang expression meaning a "sinister enterprise based on bluff or 
deceit."" Of the other major individuals at N11-3, both Tikhonravov and Pobedonostsev. for rea- 
sons unclear, escaped hardship, and they remained behind to work at a revamped Nll-3. In 
November 1937. the institute had been transferred to the Commissariat for Ammunitions, the 
"ministry" responsible for the production of a variety of artillery weapons systems." This 
change also presaged a major thematic restructuring in the direction of work at Nll-3 as 
Kostikov was appointed director of the institute in late 1939. Most of the post-purge efforts a t  
Nll-3 were focused on the development of launch equipment and solid-fuel missiles for use by 
the artillery forces. Some work on earlier projects, such as Korolev's 212 missile and the 
RP-3 18 rocket-plane, was allowed to continue, but it is clear that there was a significant turn 
in research at the institute-one that effectively stilted many years of fruitful work. 
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Beriya's change-of-heart in 1939 prompted officials to search out Korolev in the camps. After 
what must certainly have been the most torturous period of his life, in December 1939, the 
starved Korolev was located a t  Kolyma and put on a train back to Moscow. Of the 600 individ- 
uals who had been at the camp when Korolev had arrived, only 200 remained alive when he left. 
In Khabarovsk in the Soviet far east, he received medical attention for the first time and eventu- 
ally ended up in Moscow on March 2, 1940, incarcerated in cell number 66 at the notorious , 
Butyrskly Prison, one of the more physically and psychologically degrading facilities of the I 
GULag system." Soon after, the NKVD, under Beriya's watchful eye, undertook an investigation I 

into Korolev's case, which concluded on May 28. 1940. The secret police handed down its sen- I 

tence more than a month later on July 10, effectively sealing Korolev's fate for several years: the 
official sentence stated the Korolev would be "deprived of his freedoms" for the next eight 

i 
years." Although the verdict saved him from another trip to the death camps, it was another ! 
cruel blow for Korolev. Once again, he wrote several letters to Stalin. Beriya, and the chief procu- I 

rator in the following m ~ n t h s . ~  It was clear that he was not w~ll ing to give up on his plight. 
Whlle his lobbying efforts may not have had an effect on his imprisonment, an unrelated I 

event at the time would eventually save Korolev from the trials of the Butyrskiy Prison. Famous 
Soviet aircraft designer Andrey N. Tupolev had also been incarcerated during the purges in 
October 1937. He had been sent off first to Moscow's dreaded Lubyanka Prison and then soon i 
to the slightly "better" Butyrskiy facllity also in Moscow." Perhaps because of the ~mpending 
war effort. Stalin apparently took a personal Interest in those who had worked or studied under i 
Tupolev. Stalin ordered Tupolev to prepare a list of individuals who could be useful for work in 
support of the aeronautical industries. One of those on the list of twenty-five was Korolev, who 
had studied under Tupolev as a young college student." Thus in September 1940. Korolev was 

I 
transferred from Butyrskiy to a newly formed aviation design bureau located in Stakhanov vil- 
lage near Moscow under Tupolev's nominal command. The facility remained under the direct 
control of the 4th Special Department (for new technology) of the NKVD." Officially des~g- 
nated the Central Design Bureau No. 29 (TsKB-29). the plant was another of the sharashka 
system, with all the engineers serving as prisoners of the Soviet state. The inmates were housed 
in a special prison with barracks and were guarded at all times. One of those who was also 
incarcerated at TsKB-29 recalled his own arrival at the sharashka: a 

W e  were taken to the dininn room . . . heads turned to our direction, sudden exclama- - 
tlons, people ran to us. There were so many well-known, friendly faces. At the tables we 
can see A. N. Tupolev, V: M. Petliakov. V M. Myasishcheu. I.  C;. Neman. 5. P Korolev. 
A. I Putilov, V: A. Chizheuskiy. A. M. Cheremukhin. D. 5. Makarov, N. I .  Vazenkov- 
the elite, the cream of Russian aircraft technology. . . . It was impossible to conceive that 
they had all been arrested, and they were all prisoners-this meant a catastrophe for 
Soulet a~iat ion!~'  
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Prisoners of War 

The beginning of World War II was an unexpected blow for the Soviet Union. The German 
invaders advanced rapidly over Soviet territory toward the major cities of the nation. While the 
Great Purges had been a tragic setback for Sov~et rocketry, the war provided an unexpected set- 
ting for the organization of sporadic and disparate rocketry efforts that trained and gave expe- 
rience to a new generation of engineers weaned on wartime conditions. In the initial per~od of 
the war, none of the efforts were directed toward anything more than modest solid-fuel rock- 
ets for use on either aircraft or as short-range artillery weapons. 

For Korolev, the work at TsKB-29 was a far cry from his earlier goals. The primary thematic 
work of the group was the quick fruition of project 103 to build a military bomber designated the 
Tu-2." The bomber eventually went into operation in October 1942, and it was then that the 
NKVD acted on Korolev's repeated requests to be transferred to work on rocket engines. In 
November. Korolev was moved to a special design bureau working at Aviation Plant No. 16 in 
Kazan." This facility was also part of the NKVD prlson system and effectively operated by the 
secret police. It comprised several subordinate teams working on different problems. By coinci- 
dence, one of these groups. Design Bureau No. 2, was headed by none other than Korolev's for- 
mer Nll-3 associate Glushko. The latter had spent the immediate prewar years in Tushino working 
for ramjet specialist Boris S. Stechkin before being moved to Kazan in 1940. The primary goal at 
the design bureau in Kazan was to develop auxiliary liquid-propellant rocket engines to assist in 
the takeoff phases of a variety of propeller-driven aircraft. Korolev himself was appointed chief of 
Group No. 5 in charge of reactive units in January 1943." Thus. about five years after his arrest. 
Korolev eventually found his way back into the design of I~quid-propellant rocket engines, although 
clearly it was not with the same goals in mind as RNll or GIRD had proposed years before. 

While few personal details are available of Korolev's time at the Kolyma mines, his years 
at the Tupolev prison and at Plant No. 16 in Kazan have been better documented. The first 
impressions of those who saw Korolev after he first arr~ved to work for Tupolev were not 
encouraging. Another prisoner recalled: 

He [Korolev] looked terrible He was emaciated and exhausted. Tupolev showed a lot of 
care in his relationship with Koroleu which we couid not understand. Apparently, he 
valued qualities of Koroleu that we did not notice at the time. He was industrious, 
responsible, and had an interest in creative solutions." 

The NKVD never really relinquished their hold on Korolev. Legend has it that their agents 
told Korolev, upon arrival at the Tupolev sharashka, that "our country doesn't need your fire- 
works. Or maybe you're making rockets for an attempt on the life on our leader?"" There are 
reports that Korolev was "absolutely firm, never disguising his contempt for the regime."'" 
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Professor Georgiy A. Ozerov, a Soviet engineer who knew Korolev in the sharashka, described 
hlm as " a  cynic and a pessimist who took the gloomiest view of the future." One of Tupolev's 
deputles also recalled later that Korolev's favorite phrase in prison was "we will all vanlsh with- 
out a trace.".' Apparently, he was very contemptuous of the regime and fully expected to be 
shot. Others say that Korolev never doubted the "honesty and sense of justice" of Stalin.'"hls 
is partly borne out by his letters addressed to Stalin from both Kolyma and the Butyrsk~y Prison. 
It seems that only after the denunciations by Khrushchev in 1956 did Korolev reallze the mag- 
nitude of Stalin's ruthlessness during the purges. A fellow prisoner of Korolev's at the NKVD 
prison. Esfir M. Rachevskaya, relayed one particularly touching anecdote. She recalled later how 
one day the radio was playing Aram Khachaturyan's violin concerto: 

I felt homesick. I wanted to be back home, in Moscow. with my family and friends. Tears 
ran down my cheeks, and I looked round to see Koroleu standing beside me with tears 
in his eyes too. After looking at him, I began to cry most bitterly. He went back into the 
office. and when I returned, he was sitting at his desk absorbed in his work." 

The Presidium of the Supreme Soviet, no doubt on orders from the NKVD, signed an offi- 
cial order (protocol no. 18) on July 27. 1944. officially releasing both Glushko and Korolev from 
confinement." They were among a group of thirty-five engineers freed at the time, clted for 
their "contribution in bullding aircraft jet boosters."" The effects of the decree went into effect 
on August 10, but ~t IS clear that given the wartime conditions and the continuing threatening 
nature of the NKVD, little changed In either of their Ilves. In fact, both Korolev and Glushko 
still officially remained convicts of the Soviet state because their original sentences were not 
overturned. With thelr release, Clushko's group. Design Bureau No. 2 of Plant No. 16, was offi- 
clally moved from under the jurisdiction of the NKVD to the aviation industry and renamed the 
Special Design Bureau for Special Engines (OKB-SD)." Clushko was appointed the chief design- 
er and Korolev his deputy. The irony of Korolev's position as Clushko's deputy was not lost on 
either as the~r positions had been effectively reversed from the days of RNll in the 1930s. 

Still focused more on avlatlon applications than pure rocketry, all of the work at this loca- 
tion was dedicated to the use of liquid-propellant rocket englnes, such as the RD- I KhZ. RD-2. 
and RD-3. on Soviet fighter planes designed by Lavochkin. Sukhoy, and Yakovlev.Vn his new 
state of "freedom" and as the deputy chief designer of OKB-SD. Korolev apparently made an 
attempt to Interest the leaders of the aviation Industry in long-range missiles. On October 14. 
1944. just over two months after his release, he submitted a report to F~rst Deputy People's 
Commissar of Aviat~on Industry Petr V. Dementyev on the possibility of developing two long- 
range misslles fueled by solid propellants. Both of these, the unguided ballistic D- I and the 
wlnged gulded D-2, used elements of a prewar missile named the 21 7, which had been the 
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focus of work at Nll-3. The proposed ranges of the vehicles were, respectively, sixty and a half 
kilometers and 1 15 kilometers." The missiles had capabilities comparable to the German A-4 
but were obviously derived from different antecedents. In a clear indication of Korolev's long- 
dormant dreams, he even proposed using the D-2 for "manned flight." 

In submitting a later report on the D - I  and D-2 in December 1944. Korolev laid down a 
specific timetable for the development of the two vehicles, emphasizing their military utility. 
Korolev did not understate the required leap of technology and management required for such 
a project, adding that: "The tasks we face are immense and the altitudes we want to reach are 
such as our predecessors and teachers of the pioneer days . . . could only dream. . . . " "  As the 
war raced to a close In early 1945. Korolev was allowed to work on a second version of the 
D- I ID-2 project draft, although much if not all the work at the OKB-SD remained focused on 
rocket accelerators for airplanes. It seems that the leadership of the aviation industry had little 
interest in involving itself in the development of ballistic missiles. an attitude that eventually 
put the early postwar Soviet efforts in rocketry firmly in the hands of a resourceful group of 
artillery people. 

The work at OKB-SD may have given refuge to a beleaguered Korolev, but the most impor- 
tant Soviet liquid-propellant rocketry research was carrled out elsewhere, in a new institute 
formed in 1944 by combining the efforts of two other aeronautical and rocketry organizations. 
The first of these was Kostikov's Nll-3, which during the early part of the war developed mis- 
siles for the famous Katyusha system to which most Russian historians continue to refer In 
almost mythical terms." On July 15. 1942, the aviation industry took control of Nll-3 at the 
same time that Kost~kov's rising star reached its zenith. Having gained innumerable honors in 
h ~ s  rise to power. Kostikov was suddenly arrested on March 15. 1944, on charges of deceiving 
the Soviet government and Stalin personally in connection with a rocket plane project." By this 
time, aviation industry leaders had formulated a plan to merge Nll-3, now renamed the State 
Institute for Reactive Technology, with a second organization. 

This second entity had been formed in Moscow in the mid- 1930s as a small aircraft design 
bureau under the leadership of Viktor F. Bolkhovitinov. After relocating in 1937 to Kazan. two 
years later, the group settled down at Khirnki as the Speclal Deslgn Bureau of Plant No. 293 .  By 
1944, the team, made up mostly of young talented engineers, had developed one of the first 
Soviet rocket planes, the Bl- I ,  and they were moving on to more advanced  design^."^ Among 
this group were Aleksandr Ya. Bereznyak, Konstantin D. Bushuyev. Boris Ye. Chertok. Aleksey 
M. Isayev. Mikhail V. Melnikov. Vasiliy P. Mishin, and Arvld V. Pallo-individuals who would 
all eventually play critical roles in the emergence of the Soviet space program in the 1950s and 
1960s. To consolidate scarce resources during the war, the av~ation industry signed a merger 
decis~on on May 29.  1944, which effectively united the old Nll-3 and Bolkhovitinov's team into 
a new institute designated Scientific Research Institute No. I (NII-I)." Maj. General Petr I. 
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Fedorov, the former deputy director of a major research institute in the Soviet Air Force, was 
appointed the first director of NII- I ,  with Bolkhovitinov as his deputy. Fedorov established at 
least five sections ~n the new institute, three of which were exclusively dedicated to the devel- 
opment of liquid-propellant rocket engines for use on military aircraft. Although the thematic 
direction of the work at the new NII- l was little different from that of its component organiza- 
tions. the unification served as a means to bring some order into the somewhat chaotic rock- 
etry efforts during World War II. 

Raketa 

The Soviet leadership in 1944 had no Interest in creating a program for the development of 
ballistic missiles in support of the war effort. Despite this lack of enthusiasm for indigenous 
efforts, there was considerable interest in acquiring and studying concurrent German rocket 
technology. Without a doubt, the most technologically sophisticated and advanced rocketry 
program during the war existed in neither the United States nor the Soviet Union. but at 
Peenemijnde in Germany under the administrative leadership of General Walter Dornberger. 
Wi th  the young Wernher von Braun as the technical head of operations, Dornberger's group of 
highly talented Individuals had, by the end of the war, developed one of the most feared 
weapons of World War II, the A-4 ballistic missile. More commonly known as the V-2, or 
"vengeance weapon." in German, the A-4 performed its first successful launch on October 3. 
1942, after three failures in March, June, and August of the same year. With a maximum range 
of about 300 kilometers and a capability to reach altitudes of close to ninety kilometers, the 
A-4 was produced in the thousands by slave labor in the latter part of the war as almost a last- 
gasp attempt by the Nazis to turn the inevitable course of the war. A second weapon, the 
Fieseler Fi-103 "flying bomb." also known as the V -I ,  was part of this intense German cam- 
paign to numb Great Britain into submission. Although casualties were relatively low compared 
to aerial bombing, the specter of the two missiles produced an unimaginable sense of terror 
among the mostly civilian victims. 

In a letter dated July 13. 1944, British Prime Minister Winston Churchill personally 
requested Stalin's cooperation in locating and retrieving A-4 and Fi- 103 production materials 
that the Germans were leaving behind with their retreat." Churchill's prime concern was that 
British intelligence officers be allowed to inspect and examine any captured A-4 components 
from the experimental missile station at Debica near Krakow in Poland, which, by July 1944. 
was only about fifty kilometers from the Soviet frontlines. As they began their retreat in mid- 
1944, the Germans had, however, done a fairly good job of destroying all possible remnants 
of their research. 

Stalin ordered the formation of a secret expeditionary group of Soviet speclalists to lnvesti- 
gate the remains at Debica. People's Commissar of Aviation Industry Aleksey I. Shakhurin tapped 
the Nil- l organization to help set up an advance team. Under the watchful eye of the NKVD. 
on August 5 .  Maj. General Fedorov led a small group of NII- l engineers, including Korolev's old 
RNll associates Tikhonravov and Pobedonostsev, to Debica! Initially, the Soviet team collected 
some interesting parts, such as an A-4 combustion chamber and parts of propellant tanks, before 
allowing British teams to enter a week later to conduct their own investigations. Highly accurate 
aerial maps prepared by the latter were instrumental in locating more fallen A-4 debris from test 
firings that the Germans had conducted. Recovered parts from the missile were soon loaded into 
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Li-2 transport aircraft and returned to Moscow under tight NKVD security. Upon return to 
Moscow, with the exception of NII- I Director Fedorov and Deputy Director Bolkhovitinov, almost 
all the employees of NII- I were kept in the dark about the entire operation. Eventually, the NKVD 
loosened some of their restrictions, and Bolkhovitinov was ordered to establish a very small 
group of talented engineers to study the engineering aspects of the A-4. This section of A-4 
researchers was given the top-secret designation Raketa. the Russian word for "missile," and 
included RNll veterans Tikhonravov and Pobedonostsev. Plant No. 293 alumni Bereznyak, 
Bushuyev. Chertok. Isayev, and Mishin, and newcomers Nikolay A. Pilyugin and Leonid A. 
Voskresenskiy.'" 

Possibly the youngest of the group was Vasiliy Pavlovich Mishin, a specialist in control sys- 
tems who, twenty years later, would lead the Soviet program to land a cosmonaut on the 
Moon. He was born on January 5. 1917, in the village of Byualino not far from Moscow. His 
brother and sister died in childhood, and his family disintegrated soon after. The young Mishin 
was raised by his grandfather because his father had been jailed for several years for not inform- 
ing on a person who had told a joke about Stalin. After his father's release. Mishin moved to 
Moscow and qualified as one of the lucky entrants into the prestigious Moscow Aviation 
Institute in 1935. He was 18 at the time and apparently considered a very bright student. There, 
Mishin did his prediploma work under the aircraft designer Bolkhovitinov. Passionately in love 
with flying, Mishin was also well known as one of the first pilots in the Soviet Union to mas- 
ter a "self-starting" piloting technique without outside assistance. Later in 1940, he was called 
up for work at Bolkhovitinov's Plant No. 293 and took part in the development of the one of 
the world's first rocket-powered airplanes, the BI-1, which flew successfully in 1942.' Mishin 
was one of many of Bolkhovitinov's engineers transferred to NII- l in early 1944, and after the 
A-4 fragments were recovered in August, he became one of the leading members of the group. 
Equipped with a very assertive personality, he was instrumental in extracting important infor- 
mation on the workings of the German missile from the few scraps that were recovered. 
Because of his father's "suspect" background. Mishin was apparently considered somewhat of 
a state risk and was not allowed to travel anywhere without permission. 

The primary goals of the 1944 recovery operations were to determine whether the possi- 
bility existed of creating an analog of the A-4 weapon in Soviet industry. It seems that the eval- 
uation team was actually organized on two different levels. While the Raketa group at NII- I 
was kept busy with a technical investigation of the recovered remains, a second group was 
tapped to advise Stalin and the Soviet leadership on the possible uses of such weapons-that 
is, their utility in wartime conditions. This process was the catalyst for introducing a second 
group of individuals, the artillery officers, who would play a very significant role in the future 
development and operation of the Soviet space program. 

In the late summer of 1944, the Chief of Staff of the Third Army's Katyusha Rocket 
Launcher Unit Operations Group. Major Georgiy A. Tyulin, was recalled from his duties for a 
top secret a~signment.~' A thirty-year-old officer serving in the Chief Artillery Directorate. Tyulin 
had studied at the aerodynamics laboratory at Moscow State University in the late 1930s and, 
since 1941. had been one of the leading experts in handling rocket operations. His reassign- 
ment led him to a top secret scientific and technical division headed by a Lt. Colonel Anatoliy 
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I. Semenov, under whose leadership he was to study captured German Fi- 103 and A-4 missiles. 
The entire effort was coordinated by the Communist Party through the auspices of Maj. General 
Lev M. Gaydukov, a member of the Military Council of the Mortar Guards Unit and simultane- 
ously chief of the Party Central Committee's department for artillery  affair^.^' 

It is not clear whether the NII- l  Raketa group had any significant personal Interaction with 
artillery officers Tyulin or Semenov, but clearly their individual findings were coordinated. 
According to Tyulin, he was to "thoroughly study models of German field rocket artillery, large 
quantities of which were available at the captured ammunition depots, and to prepare propos- 
als on developing future rocket systems."'" In studying the Fi-103 cruise missile. Tyulin was evi- 
dently not impressed with its wartime capabilities and concluded that it would not be 
worthwhile to engage in immediately developing a replica of the vehlcle. His reasoning may 
have stemmed from its slow speed and vulnerability to anti-aircraft defenses. On the other 
hand. it seems Tyulin had been far more impressed with the A-4. On developing some vision 
of future military strategy, Tyulin's assessments may have been limited by the minuscule knowl- 
edge about the A-4 available to the Soviets at the time. At one early meeting with h ~ s  superior. 
he was asked what his group had learned about the missile: Tyulin recalled saying that "we 
know practically nothing about the [A-41 misslie except that it flies.""' By late 1944. Semenov 
and Tyulin prepared a recommendation for Maj. General Gaydukov that called for heightened 
efforts to capture as much 0 -4  materials as possible; they strongly emphasized the Importance 
of such weapons for the artillery sector in wartime conditions. 

In the NII- l  Raketa group. work on reconstituting the A-4 progressed slowly at first but 
began to pick up pace by the end of 1944. Engineer lsayev later recalled that: 

In the summer of 1944 a pile of bent steel, broken glass, electrical cabie, and battered 
housrng, filled with electronic devices. was brought into the conference room of our 
tnstitute. . . . For the next two months the conference room became a laboratory where 
designers reconstructed the Hitlerite "wonder weapon" from broken pieces of sheet 
metal, aluminum. and electron tubes. . . q 6  

Mishin added: "We quickly traced out from the pieces the layout of the rockets and the 
pneumatic systems, and calculated trajectories; our mathematician, Yuriy Konovalov, was out- 
standing in this task."'i What the Soviets extrapolated from the recovered debris stunned the 
members of the Raketa group. The capabilities of the A-4 were far in advance of any missile 
produced or even planned by the Soviets during the war. Swallowing their collective pride, in 
two months. Raketa head Bolkhovitinov was able to produce a lengthy report on the~r findings 
and submitted it officially to his bosses. Commissar of the Aviation Industry Shakhurin and his 
First Deputy Dementyev.'~olkhovitinov's recommendations were clear: efforts should be made 
to reconst~tute and recreate the German A-4 missile, while at the same time creating a mod- 
ernized version for the military. Unfortunately for those at NII- l  and the aviation industry in 
general, nether Shakhurin nor Dementyev were particularly interested in putting resources into 
developing missiles. Both apparently were perfectly happy to let the People's Commissariat of 
Ammunitions do that job. given that the latter sector had manufactured the literally thousands 
of solid-fuel Katyushas that the Soviets had used to terrorize the Nazis. Shakhurin did not make 
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the decision blindly. He apparently called together a meeting of the most prominent Soviet avi- 
ation designers, such as Tupolev. Yakovlev, Mikoyan, and Lavochkin, to hear their recommen- 
dations on the issue. Not surprisingly, none believed that rockets had any utility as military 
weapons in the near future: fighters and bombers would do fine for Shakhurin dissolved 
the Raketa team in November and put them back into their earlier work. This decision was 
apparently taken very hard by Bolkhovitinov's team, and he. "at his own risk," instructed 
Mishin to continue calculations on the A-4 missile based on the analysis of recovered parts.'" 

There was a short resurgence of interest in early 1945, when information was received at 
the institute that additional pieces had been located at Debica. To investigate, a second team. 
this one headed by NII-l Director Maj. General Fedorov, left Moscow on February 7, 1945. 
Unfortunately, over Kiev, the aircraft lost control and crashed, killing all twelve crew members 
and passengers on board. Mishin was supposed to be on the flight, but at the last minute Soviet 
security officials did not allow him to board the aircraft, replacing him with engineer Aleksey 
A. Borovkov. The secret police believed that he would be a security risk because his father had 
an unfavorable prison record.'" 

Shakhurin's rejection of the possible uses of the A-4 missile in late 1944 eventually had sig- 
nificant repercussions for the institutional backdrop of the Soviet space program. Twenty years 
in the future, the Soviet Air Force would pay the price for Shakhurin and Dementyev's decision 
to stay out of missiles. While not interested in the A-4. Shakhurin was, however, much more 
attracted to the capabilities of the Fi- 103 cruise missile. Perhaps because of its physical similar- 
ity to aircraft, Shakhurin and Dementyev believed that this weapon held greater promise. This 
interest in the cruise missile helped start the third wartime rocketry effort, other than Glushko's 
OKB-SD and Bolkhovitinov's NII- I-one to reproduce the German Fi- 103. The job went to a 
brilliant thirty-year-old mathematician named Vladimir Nikolayev~ch Chelomey, whose later role 
as one of the powerhouses of the Soviet space program would be the stuff of legends. 

Born on June 30, 1914, in the small Ukrainian town of Sedlets, Chelomey graduated from 
the Kiev Aviation lnstitute in 1937-the same institute at which Korolev had studied in the 
mid- 1920s. He was an exceptionally gifted student. As an undergraduate. Chelomey published 
his first textbook on vector analysis, and in 1938 alone, he published fourteen articles on math- 
ematics in the official journal of the Kiev Aviation Institute. In 1939, he defended his master's 
dissertation at the lnstitute of Mathematics at Kiev. Based on his remarkable intellectual gifts. 
Chelomey was selected as one of fifty of the most promising students in the Soviet Union and 
entered a special postgraduate program soon after. By 1941, he was a sector chief at the P. I. 
Baranov Central lnstitute of Aviation Engine Building and began some fairly important work on 
the development of pulse-jet engines-research that in many ways paralleled that of the 
Germans on the Fi-103 missile. Unaware of the German work. Chelomey had proposed the 
development of a pulse-jet cruise missile in 1943, but his idea had been rejected at the time. 
Later in 1944. Stalin had called in Shakhur~n and Air Force Commander-in-Chief Marshal 
Aleksandr A. Novikov and ordered them to start a crash program to develop an analog of the 
German missile. On the night of June 13, 1944, at a meetlng of the State Committee for War 
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attended by Shakhurin and Novikov, Stalin signed an order for Chelomey to proceed with work 
on creating a long-range winged missile using a pulse-jet engine." Chelomey received all  the 
facilities he needed, on October 19, he was officially appointed chief designer at Plant No. 5 1 
of a design bureau that had been headed by the recently killed famous aviation deslgner Nikolay 
N. P~l ikarpov. '~~ 

It seems Chelomey that had enacted a very accelerated program and went through ten dif- 
ferent design configurations before settling on a missile that was quite similar to the German 
Fi- 103. Designated the IOX. Chelomey directed sixty-three launches of the m~ssile between 
March and August 1945." Air-launched from the Pe-8 bomber, the tests produced modest 
results. and there was little hope that the missile could be used actively in battle during the 
waning days of the war. In March 1945, Chelomey was summoned to the presence of Stalin 
and Beriya to discuss the future of the missile. In a moment of tension, Beriya bluntly asked 
Chelorney whether he had appropriated the design of the IOX from the German Fi- 103. 
Chelorney replied. " I  obv~ously could not have borrowed their ideas. Whether the Germans 
[stole] my ideas is a question for you. Lavrentiy Pavlovich."" It was a typically fearless response 
from Chelomey, and such ambition and assertiveness would eventually posit him as one of the 
major players in the early Soviet space program. As for the IOX missile, in the end it d ~ d  not 
produce very encouraging results. although Chelorney continued to pursue the work by upgrad- 
ing the performance characteristics of the rocket. Meanwhile, by late 1945, the Soviets had cap- 
tured the remains of the German Fi- 103, and the Fi- 103's clear superiority to the IOX may have 
prompted Chelomey to rethlnk his future  plan^."^ 

Chelomey's work at OKB-5 I was the third major Soviet rocketry effort during the war. It 
seems that all three groups-Nll-I, OKB-SD, and OKB-5 1-worked fairly independently of 
each other, despite the fact that from 1944, al l  were employed by the same "m~nistry." the 
People's Commissariat of Aviatlon Industry. Clearly none of the design bureaus conducted any 
major work on long-range ballistic missiles, the necessary prerequisite to the early space pro- 
gram. It would, in fact, take firsthand experience with the remains of the German rocketry pro- 
gram in the immediate postwar years to finally integrate and produce the first dedicated ballistic 
missile program in the Soviet Union. By 1945, however, each of the major players in that pro- 
gram had served their apprenticeship. For Korolev, and the rest of the aeronautical engineers In 
particular, despite severe obstacles and setbacks such as the Purges and the war itself, a solid 
training ground in the 1930s and 1940s had produced a number of bright and sharp ~ndividu- 
als-all equipped to handle postwar challenges. If the rocket societies of the 1930s can be 
called the schools of apprenticeship for Korolev. Glushko, Tikhonravov and others, then the 
years 1945 and 1946 were to be their baptism from isolated technicians into pragmatic sclen- 
tists, who would eventually have the industrial might of the nation behind them. 
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At the end of World War I I  in May 1945, the Soviet Union was in almost total ruins. No 
other nation in the world was as devastated and crippled by the war. Approximately 27 million 
Soviet people lay dead by the end of 1945. In addition, with as many as 1,700 of the nation's 
cities destroyed, the industrial ~nfrastructure was stretched to the limit. Half the housing in the 
country that had existed at the beginning of the war was no longer standing, and the produc- 
tivity of the agricultural sector was close to famine proportions. To add hardship to the lives 
of ordinary Soviet citizens, the internal repression that had reached its peak in the late 1930s 
did not disappear after the end of the war. The millions who expected the end of hostilities 
with Germany to presage an era of societal order were to be very disappointed. In the imme- 
diate postwar years, the combined cruelty of Stalin and Beriya reached inhuman proportions. 
as wave after wave of Soviet citizens continued to disappear into the depths of the GULag 
system 

Given these distressing conditions, one would expect that an interest in such an esoteric 
idea as rocketry would have receded from the minds of engineers. In most Soviet accounts of 
postwar rocketry, however, descriptions abound in a peculiar sense of patr~otism and sense of 
purpose that are difficult to explain. Filtering out what is obvious propagandistic prose, there 
is a clear subtext of "the mission." not among the bureaucrats and Communist Party officials, 
but among the young engineers themselves, most, if not all, of whom had already passed 
through immense hardships at the hands of both Hitler and Stalin. Some of this feel~ng is clear- 
ly attributable to the nature of the relentless aggression of the Nazis against Soviet citizens and 
the obv~ous wish to preclude such attacks on the Soviet Union ever again. But this patriot~sm. 
if it can be termed such, was also steeped in contradiction for the military scientist in the 
postwar Soviet Union. While one was actively pursuing science in the name of defending one's 
native land from attack, one was also implicitly maintaining the status quo of societal oppres- 
sion that kept the country's paranoid leaders safe in their offices in the Kremlin. And com- 
pounding all else was fear. As there is a subtext of patriotism in descriptions of postwar 
rocketry, there is also a sense of almost mortal fear of the activities of Stalin and Beriya. It was 
this combined fear of the country's leaders and love of the country itself that provided the con- 
text within which the young aeronautical engineers of the 1930s and 1940s began slowly to 
regroup and start anew in 1945. 
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In Germany 

As the war in Europe ended in the late spring of 1945, all of the major allied powers began 
quickly to investigate and exploit the advances in German military technology. Even before the 
conclusive end of hostilities, the major rocketry centers of Peenemunde and Nordhausen had 
become prime targets for intelligence services. In the case of the Soviet Union, Stalin may have 
played a role in diverting troops first toward Peenemunde rather than Berlin in the last few 
months of the war. Precisely five days after Adolf Hitler's suicide in Berlin, on May 5. 1945, an 
infantry unit led by a Major Anatoliy Vavilov from the Second Belorussian Front took control of 
Peenemiinde. The place was evidently deserted, and Vavilov faced little or no resistance.' Later. 
when Soviet forces occupied the A-4 plant at Nordhausen, the soldiers found the remains of 
thousands of concentration camp prisoners who had been forced to manufacture A-4s during 
the last days of the war.' 

For Soviet officials who had been expecting a treasure trove of important information on the 
German rocketry program. the situation was indeed disappointing. As the Soviets would later 
learn, almost all the major German engineers working on the A-4 program had willingly surren- 
dered to American military forces. In particular, Wernher von Braun, perhaps the most talented 
and powerful engineer among the Germans. had begun making plans for such a move well 
before the end of the war. As early as January 1945, von Braun and others had commenced 
preparations to relocate to a region that had a high probability of being occupied by U.S. forces.' 
By early May, they were securely in the hands of the U.S. Army. They did not come empty hand- 
ed. Apart from the 525 odd individuals who constituted the elite of the rocketry team. they also 
carried documentation on rockets spanning thirteen years. Earlier in April. U.S. forces had also 
stumbled into the giant A-4 plant at Nordhausen. Alongside the stacked bodies of hundreds of 
murdered camp slaves were scores of missiles in various stages of assembly. Within days, parts 
for at least 100 A-4 missiles were packed and shipped back into the U.S. zone before the arrival 
of Soviet forces.' A major portion of what could not be taken back in the given time was sim- 
ply destroyed. Soviet leaders who had expectantly awaited capture of this most precious war 
booty were in some cases stunned by the efficiency and swiftness with which these weapons 
were taken from under their noses. Stalin was reportedly quoted as saying: 

This is absolutely intolerable. W e  defeated the Nazi armies: we occupied Berlin and 
Peenemunde; but the Americans got the rocket engineers. What  could be more reuoitlng 
and more inexcusable? How and why was this allowed to happen? 

The Soviet effort to capture both German missile technology and expertise in the last days 
of the war seems to have been rather disorganized. There was clearly interest from a var~ety of 
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sectors in the A-4 and the Fi- 103, but at least In the first few months of Soviet operations in 
occupied German territory, these activities were not well coordinated or clearly defined. The 
Soviet Air Force had much incentive to gather information on these missiles, and the 
Commissariat of the Aviation Industry tapped its subordinate NII- l as a source for engineering 
knowledge to support initial Air Force missions into newly captured territory. This was an obvi- 
ous choice because many of the NII- l engineers who had worked in the defunct Raketa group 
in 1944 had a rud~mentary knowledge of some of the A-4's systems. Soviet artillery, primarily 
represented by the Mortar Guards Unit and the Chief Artillery Directorate, also had more than 
a cursory Interest in German rocketry, and it seems that there was some degree of overlapping 
duties if not outright conflict between the needs of the Air Force and the needs of the Red Army 
Artillery in this matter 

Artillery officers viewed these advanced liquid-propellant missiles as merely extensions of 
the small Katyusha rockets that had been used so successfully during the war, and thus they 
were reluctant to share jurisdiction over missiles. In addition, the recommendations of the com- 
mission under Semenov and Tyulin in late 1944 clearly played a major role in the artillery 
branch's interest in these weapons. While the artillery and aviation sectors originally had 
autonomous and perhaps conflicting goals and duties, at the lower levels, there seems to have 
been a significant amount of interdependence. Most of the artillery officers had little or no 
expertise in missile technology and relied heavily on the interpretations of the young aviation 
engineers from NII-1. Furthermore, the latter group realized early on that their own bosses 
would not be very supportive of expending time and money to study German missiles. The 
engineers from NII- l  thus developed important relationships with powerful artillery officers 
who not only were far more favorable to the exploitation of German rocket technology, but who 
also saw missile weapons in general as potent tools of war. 

One of the first teams to enter Germany to investigate German missiles was established in 
early May under the leadership of Maj. General Andrey I. Sokolov, who at the time was the 
deputy chief of the Mortar Guards Unit. He tapped Lt. Colonel Georgiy A. Tyulin to be part of 
the initial teams into Germany, presumably because Tyulin was familiar with both the Fi- 103 
and A-4 mlsslles. On May 24, the first group flew from Moscow to Berlin to begin the organi- 
zation of an inspection team. Artillery officers on board included Lt. Colonel Anatoliy I. 
Semenov and Colonel Aleksandr G.  Mrykin, both from the Chief Artillery Directorate, who were 
there to make assessments on production and procurement.' The group was rounded out by 
several aeronautical engineers who had been asked to assist the artillery officers on technical 
issues during their field operations in Germany. The latter group included a number of NII-l 
employees, including Aleksey M. Isayev, the leading rocket engine specialist at NII-I, and Arvid 
V. Pallo, a pre-Purge associate of Korolev's from Nll-3." 

Flying first into Berlin, Sokolov and Tyulin's team slowly made their way to Peenemijnde 
by the end of May. The scene that awaited them at the famous rocketry center was not encour- 
aging. Not only was the place almost completely deserted by Germans, but there was almost 
nothing left behind to claim for the Soviet side. What still remained had been destroyed by the 
fleeing Germans or the Americans prior to the Soviet Army's capture of the launch site.' For 
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several days, Sokolov's team literally scoured through piles of garbage attempting to make some 
sense of what might have existed at Peenemunde. According to Tyulin: 

The test beds, the laboratory buildings, the shops of the experimental plant and the 
launching equipment o f  the [A-41 were depressing to look at. The bombing of Hillers 
missile citadel . . . had attained its goal. The full-scale production plants in the vicinity 
of Nordhausen created the same impression. "' 

Equally disappointing for the Soviets was the fact that of al l  the Germans captured at the site. 
none were key officials in the development of either the Fi-103, the A-4, or any of the other many 
tactical missiles created during the war. As the inspection team members interrogated the remain- 
ing Germans through May and June. it was increasingly clear that not one was an expert in any 
field, although many did have extensive technical experience in manufacturing shops and plants. 

On June I, another group of Soviet engineers and officers, the latter from the Air Force. 
arrived at Peenemijnde. Among this team was Boris Ye. Chertok, a thirty-three-year-old guid- 
ance systems engineer who had worked in the Raketa group at NII- I in 1944." At Peenemiinde, 

A rare photo showrng artillery Colonel Georgiy Tyulin ([eft) and Sergey Koroleu rn Germany in 1946 during the 
A 4 missile recovery operatrons Tyul~n would rise swiflly rn later years becoming one o/ the most important 
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Chertok took a leading role in making impartial assessments of leftover German remains. The 
preliminary impressions resulting from the combined inspection of the artillery and Air Force 
groups at Peenemunde in May and June had repercussions not only on the perceived level of 
German missile technology, but they also reflected poorly on the accomplishments of the 
Soviets themselves. By the end of the war, the most powerful operational Soviet rocket engine 
had a thrust of one and a half tons, The A-4, meanwhile, had used an engine with a thrust of 
twenty-seven tons-a staggering gap, especially when one considers the roughly comparable 
activities of the rocketry groups in the 1930s in both Germany and the Soviet Union. The 
Soviets did not have a single program for the development of a long-range ballistic missile. 
Tyulin had no doubt as to the reasons for the lag: 

In Germany we realized that i f  there were no arrests, we would have reached a very 
high technical level as early as the late thirties. As a result o f  repressions in the army 
and the scientific community, the development o f  our rocketry had stopped at powder 
rockets, and only when our leaders learned about the "V" rockets, Stalin took an inter- 
est in rocketry. '' 

Despite the apparent weaknesses in Soviet expertise, officials were quick to emphasize that 
there was also reason to feel somewhat positive. Following the initial survey of German tech- 
nology, a member of the Air Force evaluation team recalled that: 

. . . so far as theories and projects were concerned, the Soviet rocket scientists and engi- 
neers appeared to be, basically, as advanced, as inventive and as clever as their 
German counterparts; but in putting these theories into practical technology we turned 
out to be miles behind the Germans.!' 

Among the more curious finds at Peenemiinde was a German edition of a book by 
Tsiolkovskiy on rocketry and spaceflight. To the surprise of the Soviets, almost every page of 
the monograph was embellished by von Braun's comments and notes. Elsewhere in the 
archives of the Nazi Air Ministry, the Soviets were even more surprised to find detailed draw- 
ings of a missile designed by Tikhonravov during the late 1930s at Nll-3, during a time when 
all such work was classified." There was no apparent explanation of how the information made 
its way into German hands. 

Chertok and the others arrived at the Mittelwerk plant in Nordhausen on July 14 and imme- 
diately began to create some sense of order out of the chaotic state at the factory. The visiting 
Soviets were without doubt much more impressed by the facilities at Mittelwerk than those at 
Peenemunde. The plant was built into the side of a mountain, with two three-and-a-half- 
kilometer-length galleries, allowing entire trains to enter the facility. Here, the Soviet team dis- 
covered several A-4s in various stages of assembly, and team members carefully documented 
all available findings for later analysis and study. German technicians who had remained behind 
at Mittelwerk shocked the Soviet occupiers by stating that production levels at the facility had 
remained at peak levels until almost the end of May. Approximately thirty-five complete mis- 
siles were apparently being turned out every day that month." Having collated the preliminary 
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information on the plant, the inspection group moved to Bleicherode on July 18 and set up 
shop at the Villa Franka, which had served as von Braun's home during the latter days of the 
A-4 effort. By this point, the Soviet group had managed to gather together about 200 Cerman 
technicians who had worked on missiles during the war. There still seems to have been efforts. 
both overt and covert, to capture some of the more important individuals in the A-4 program. 
in particular von Braun. A Cerman engineer related to U.S. authorities on August 15: 

I had been for several days in [the] Russian occupied zone around Bleicherode to pick 
up my baggage, which had been left there. At this occasion I spoke to an old collabo- 
rator. . . . He told me that the Russians intended to develop a big rocket for a normal 
range o f  3,000 miles and that they are needing specialists with knowledge of  the theo- 
r y  offlight mechanics and control equipment. He told me that the Russians set big prices 
for getting over to Russian area Prof. V Braun and Dr Steinhoff ' 

None of these efforts met with success, although several members of the inspection commission 
continued to travel to the U S. occupation zone to make offers to middle-level engineers. 

At Bleicherode, the engineers on the Soviet inspection team settled down with the~r Infor- 
mation and were given permission to establish a jo~nt Soviet-German centralized coordination 
center not only for the further collection of information, but also to attempt to reestablish pro- 
duction of the A-4 at the Mittelwerk plant as soon as possible. The Soviet mil~tary adm~nistra- 
t ~ o n  in Germany named it the Institute Rabe, for "raketenbau und entwicklung," which was 
German for rocket manufacture and development." Major Chertok was named the co-leader of 
the institute along with a German engineer named Gunther Rozenplenter. NII- l veteran lsayev 
was appointed to handle all propuls~on issues. 

Upon the formation of the lnstitute Rabe, a veritable flow of Soviet aeronautical engineers 
from NII-l and elsewhere began to converge first in Berlin and then at Bleicherode. On July 25. 
Yuriy A. Pobedonostsev, Korolev's old GIRD associate, arrived in Germany, quickly becom~ng 
one of the leading engineers in the A-4 restoration operation." major influx of technically 
competent Soviet engineers occurred in early August. This group was sent to Germany under 
extremely strict secrecy, far more than had been subjected to the earher team in May. All the 
individuals In the new group had been summoned the day prior to their departure to a Party 
Central Committee department and were only told that they were to leave for Germany the next 
day as members of a secret Special Technical Commission. None were told the goal of the mis- 
sion, and all were given military ranks on the spot to preclude questions from the other Allies 
on the role of civilians in the occupied zones. Flying aboard the Li-2 aircraft on August 9.  1945, 
were Yevgeniy Ya. Boguslavskiy. Vasiliy P. Mishin, Nikolay A. Pilyugin. Viktor A. Rudnltsk~y, 
Mlkhail 5. Ryazanskiy, and less well-known engineers Bakurin. Floreyskiy, and Goryunov." Both 
M~shin and Pilyugin were well acquainted with the A-4's basic elements, having worked on the 
examination of parts recovered at NII- l in 1944. Upon his arrival at Rabe, Pilyugin. an expert 
on guidance systems, was appointed the first deputy chief of the institute. Further arrivals later 
In August represented a var~ety of fields in rocketry, such as liquid-propulsion rocket engines. 
guldance systems, control systems, gyroscopes, launch facilities, and flight test~ng. The tech- 
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nical expertise of the lnstitute Rabe swelled as individuals such as Vladimir P. Barmln. 
Aleksandr Ya. Bereznyak. Vasiliy S. Budnik. Semyon G. Chizhikov. Vasiliy I. Kharchev. Nikolay 
M. Kurllo. Viktor I. Kuznetsov. Yevgeniy M. Tsetsior. and Leonid A. Voskresenskiy converged at 
the former German rocketry centers in August 1945.'" 

While these engineers were essentially part of the technical aspect of the operations, the 
artillery sector began to take control over many of the higher decision-making levels. Based on 
information received in Moscow through the summer, in August, the commander of the Mortar 
Guards Unit. Maj. General Nikolay N. Kuznetsov, established a central command for rocketry 
operations in Berlin to serve as the nerve center of the Special Technical Commission (OTK in 
its Russian abbreviation).' As the first head of OTK. Kuznetsov explained to all those involved 
that the lnstitute Rabe and all subsidiary work on restoring A-4 operatlons would now be under 
the command of the artillery sector. specifically the Chief Artillery Directorate. It was under- 
stood by the members of OTK that the question of which "ministry" would take over missile 
production was still being debated, a result of vacillation on the part of the aviation sector on 
its role in ballistic missile development. 

Kuznetsov's boss back in Moscow, Maj. General Lev M. Gaydukov, apparently was a vig- 
orous advocate for moving the whole sector to the armaments industry, whlch had produced 
the solid-propellant Katyushas during the war. Gaydukov himself visited Nordhausen in August 
to make a personal assessment of the work of the 284-strong team in Germany. Gaydukov and 
Kuznetsov appointed the young Lt. Colonel Tyulin as a deputy chief of OTK to be stationed at 
Berlin to direct and coordinate field operations of all the aviation engineers. Former NII- IlRaketa 
and GIRD member Pobedonostsev served as the top engineering coordinator of OTK. By this 
time, the field of operations in Germany comprised: the Zentralwerke, an assembly plant locat- 
ed at an old A-4 repair depot at Klein Bodungen: the lnstitute Rabe under Chertok and Pilyug~n, 
whose duties were focused on reconstructing the A-4 guidance systems; and the propulsion 
test stands at Lehesten, where Pallo and lsayev were in the process of cataloguing information 
on rocket engines." 

Perhaps one of the more successful phases of the early work in Germany was carried out at 
Lehesten. Located close to Nordhausen in southern Thuringia. OTK engineers lsayev and Pallo 
had essentially taken over control of the facility in the early summer of 1945 in the interest of 
restoring "normal" levels of testing, which was understood to be more than thirty firings per day. 
In July, Pallo became the chief of static testing at about the same time that the Soviets uncov- 
ered one of the more significant treasures, a set of more than fifty brand new tested and certi- 
fied combustion chambers in an underground depot at Lehesten.:' In addition, the Sovlets 
discovered fifteen completely undamaged railway cars containing a plethora of equipment, some 
of which were also cars used for transporting the A-4 missiles and propellant to various sites. 

In their operatlons in Germany, the Soviets were assisted by German engineers and tech- 
nicians at every site. While the Soviets early on conceded that the best and brightest from the 
Peenemiinde team were in the hands of the Americans, they did not shirk from using the ser- 
vices of those who remained as much as possible. In addition, every effort was made to "cap- 
ture" more technically adept Germans. In the early fall of 1945, the Soviets started a dedicated 
program, designated Operation Ost, to explore the possibility of adding more capable Germans 
to the servlces of OTK. Led by lnstitute Rabe head Chertok, these efforts were partially 

20 Chertok Rakety i lyudr pp 12 1-22 124 The asslgned mil~tary ranks of some of these engineers were 
Barmln (Colonel) Chertok (Major) Isayev (Lt Colonel) Kuznetsov (Colonel) M ~ s h ~ n  (Lt Colonel) Pallo (Major) 
P~lyugin (Colonel) Pobedonostsev (Colonel) Ryazanskiy (Colonel) and Voskresenskly (Lt Colonel) 

2 1 /bid pp 123-24 Mozzhorln et ai eds Dorogi u kosmos 11 pp 75-76 
22 Mozzhorin et a1 eds Dorogc u kosmos I p I 3 7  
23 Chertok Rakety I lyudr pp 155-56 



successful. He coordinated several trips by the Burgomeister of Bleicherode, who crossed the 
Werra River into U.S.-captured territory to make offers to Germans at Witzenhausen. One of 
those who responded favorably was Helmut Grottrup, the former assistant to the director of the 
Guidance. Control, and Telemetry Laboratory at Peenemijnde, who made at least two secret 
trips into Soviet-controlled territory to discuss his future. In mid-September of 1945, Grottrup 
and his family finally moved permanently to the Institute Rabe at Bleicherode, adding a very 
significant asset to the capabilities of OTK.'4 Grottrup's reasons for siding with the Soviets had 
evidently less to do with political affiliations than his reluctance to leave Germany. Others who 
eventually put their lot with the Soviets included aerodynarniclst Dr. Werner Albring, design 
engineer Josef Blass, guidance and control expert Dr. Johannes Hoch, gyroscope and theoreti- 
cal mechanics specialist Dr. Kurt Magnus, propellants chemist Dr. Franz Mathes, propulsion 
specialist Dr. Joachim Umpfenbach, and ballistics expert Dr. Waldemar Wolff." While none of 
them had played any major roles in the development of the A - 4  or any of the other m~sslles 
developed by the Peenemunde team, their services were indispensable to the Soviets In mas- 
tering construction, production, and testing operations. 

OTK was augmented by two further and certainly more important additions in September 
1 9 4 5 .  Maj. General Gaydukov, the Communist Party's representative for OTK and the head of 
all A - 4  recovery operations in Germany, was apparently very conscious of the need for quali- 
fied engineers to be In Germany to participate in the work of the commission. He also hap- 
pened to be aware of the rich hrstory of rocketry in the Sov~et Union, including the activities at 
GIRD and Nll-3 in the 1930s. In the late summer of 1945, Gaydukov prepared a list of aero- 
nautical engineers who he believed would be great assets to the OTK effort in Germany but 
who had all been incarcerated in the late 1930s as a result of the Great Purges.'"t was a cal- 
culated move on Gaydukov's part, but it worked. Two of the names on the list given to Stalln 
himself were Sergey P. Korolev and Valentin P. Glushko. 

Korolev had been working at OKB-SD since July 1944 in Khimki on a variety of rocket 
englnes to ass~st fighter planes In taking off. An effort to interest the avration industry in long- 
range m~ssiles did not produce fruit." In late August, both Glushko and Korolev were finally dis- 
charged from work at OKB-SD, the latter immediately returning to Moscow to see his wife 
Ksen~ya and daughter Natalya, whom he had not seen since 1940. It was his first real taste of 
freedom in more than seven years. The holiday with his family proved to be unusually short. In 
early September. Korolev was summoned to the Commissariat of Armaments in Moscow and 
informed of the work of scientists and engineers in Germany working on restoring A-4 pro- 
duction: he was immediately assigned to join that effort.'3ummar1ly glven the military rank of 
Lt. Colonel. Korolev flew via Warsaw into Berlin on September 8 and was received by 
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FIRST STEPS

Lt. Colonel Tyulin. By this time, the latter, in addition to his duties as a deputy head of OTK,

was also the head of the new Institute Berlin, established to gather and analyze all available

documentation on German missiles in one place. 2_Glushko, given the rank of colonel, arrived

in Berlin at this time, although he did not fly in with Korolev.

The addition of both Korolev and Glushko to OTK added very significantly to the exper-

tise of the investigation team in Germany. They were undoubtedly two of the brightest and

most experienced engineers in the field of rocketry in the Soviet Union, and the majority of the

other members of the team were well acquainted with their work in the 1930s. In late

September, after a few weeks familiarizing himself with the nerve center of operations at the

Institute Berlin, Korolev was taken to the Institute Rabe in Bleicherode. Characteristically, he

did not waste much time, and within days, he began to take a leading part in the operations of

OTK. One of his first actions was to establish a special subgroup of the commission, desig-

nated Vystrel ("Shot"), specifically for studying and learning the preparations for launching the

A-4. He appointed two of the former Nil-I veterans, Voskresenskiy and Rudnitskiy, as leading
members of the team to gather and sift through all available documentation. Glushko mean-

while was sent to Lehesten to oversee work on A-4 engines. Isayev and Pallo, both of whom
had been instrumental in laying a solid base for future work at the site, were ordered to return

back to Moscow, and all the work at the plant was taken over by Glushko and his deputy Vitally
L. Shabranskiy2 °

The actual search for documentation turned out to be somewhat harder than anticipated.

For example, in the fall of 1945, rumor reached the Institute Berlin that a railway truck loaded

with missile drawings that were to have been sent to Austria by the fleeing Germans had been

captured by Czechoslovak insurgents near Prague. Mishin, being one of the most well

acquainted with the design of the A-4 rocket, immediately left for Prague to investigate the mat-
ter. In the Czech capital, he was able to locate an A-4 production coordination office, which

had directed the supply of parts from scores of companies in Austria, Hungary, Poland, and

Czechoslovakia during the war. Despite this obviously significant prize, he was still unable to

locate the mysterious train. After pleas to the British administration officials nearby fell on deaf

ears, he was able to use some "unorthodox measures" to finally locate and secure all the mis-

sile documentation. It seems that OTK engineer Bereznyak's sister Mariya, who had been

imprisoned in a concentration camp by the Germans, played a major but still unknown role in
the find2'

Korolev and Glushko both assumed relatively important roles in the work of OTK by late
1945, and there clearly seems to have been an implicit recognition in the abilities of both indi-

viduals by the leadership. Both were highly talented and professional engineers with formida-

ble theoretical and practical backgrounds in missile and aviation technology. In addition,

Korolev had a tremendous ability for administrative and managerial tasks. At least in the initial

stages of cooperation, he was very cooperative with all the German engineers, no doubt helped

by his fluency in the German language. Glushko, on the other hand, while probably a better
engineer, was less successful in dealing with either the Germans or his subordinates. He was a

perfectionist and insisted on being involved in every last detail of the work of his assistants. In
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addition, it seems that he had little appreciation or tolerance for any of the German work from 
the Peenemunde team." It was perhaps the cumulative effect of their different approaches to 
the work in Germany that eventually resulted in the effective reversal of their roles during the 
war. It was increasingly clear by the end of 1945 that of all the engineers working for OTK. 
Korolev was the one to watch. 

Durlng their time in Germany, on only one occasion did either Korolev or Glushko come 
into contact with U.S. or British forces. In early October 1945, the three Western powers con- 
ducted a series of preliminary firings of the A-4 from Cuxhaven on the North Sea shore. For the 
third launching on October 15. Soviet representatives were invited to witness the launch. Five 
officials were sent on behalf of the Soviet side. Lt. General Sokolov, who led the inltial teams 
into Peenemunde. Lt. Colonel Tyulin. Pobedonostsev. Glushko, and Korolev. Despite much 
"arm waving and shouting," Korolev was not allowed into the launch-viewing area by U.S. Maj. 
General Alexander M. Cameron. chief of the Air Defense Division, Supreme Headquarters. 
Allied Expeditionary Force. Korolev was escorted outside the compound and had to view the 
launch from a much farther distance. Later that day, he was also prohibited from viewlng the 
assembly and checkout area despite angry complaints. Pobedonostsev, for his part, spoke 
briefly with one of the German observers, a Lieutenant Hochmuth, casually telling him that he 
was aware that the A-4 material from Mittelwerk was going to White Sands in New Mexlco- 
a piece of information that was supposed to be top secret at the time. Pobedonostsev also com- 
plained of having "a hell of a time" at Nordhausen because the U.S. side had "cleaned the 
place out." He offered the Allies a tour of Nordhausen ~f the U.S. side would reciprocate with 
a similar offer to show White Sands to the Soviets. The U.S. Army refused the offer, although 
~t seems that the Allies would definitely have been in a position to gain much more, because 
White Sands at the time was essentially barren." The Soviet team returned from Cuxhaven to 
their side of Germany with little concrete information. The time ahead was to be critical for lay- 
Ing the groundwork for their own launchings. 

Research on the A-4 was only a part of the overall work of the engineers in Germany. A 
significant portion of the occupation was focused toward capturing a myriad of other types of 
military technology, such as fighters, bombers, and tanks. In the case of missiles, OTK had 
groups working on acquiring knowledge on such surface-to-air German missiles as the 
Schmetterling. Typhoon, and Wasserfall. Perhaps the most interesting of these areas of inves- 
tigatlon was a theoretical study from August 1944 authored by Viennese engineers Dr. Eugen 
Sanger and Dr. Irene Bredt of the Ainbring firm Deutsche Luftfahrtforschung, titled "Uber Einen 
Raketenantriebe Fernbomber" ( "On a Rocket Propulsion Engine for Long-Range Bombers"). 
The Nazis had evidently published only 100 copies of the study. Sanger and Bredt foresaw the 
use of a 100-ton single-stage piloted rocket-aircraft for dropping 300-kilogram bombs over 
transcontinental ranges. The vehicle. also called the "antipodal bomber." was des~gned to be 
launched from a sled, reaching a maximum velocity of six kilometers per second and a maxi- 
mum altitude of more than 160 kilometers. Sanger and Bredt theorized that following launch, 
the spaceship would dip into the atmosphere at a shallow angle and skip once again back into 
space-a process that would be repeated several times until, during one of the dips, the ship 
would drop a bomb over the desired target." The Luftwaffe had initially supported the project. 
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encouraged by the assertion that the bomber would be capable of reaching New York City. Little 
work on the bomber was carried out by the Germans, however, as the war ground to a halt. 
During the exploratory work of Soviet engineers in Germany, lsayev had initially discovered the 
document at Peenemiinde in May 1945. The capabilities of the antipodal bomber had appar- 
ently startled the Soviets, and news had even reached Stalin's ears. It seems that hrs interest 
was serious enough for him to appoint a special group from the Air Force to investigate the 
issue." 

The months of indecision on the part of the av~ation sector 0.1 the issue of developing 
long-range ballistic missiles finally came to a resolution. In November 1945, a representative 
from the Central Committee of the Communist Party arrived in Berlin to inform the leaders of 
OTK that while the Party leadership was satisfied with the work of the commission, efforts in 
Germany would cease in early 1946, until a final decision on which industrial sector to allocate 
the work had been The representative also announced that Maj. General Gaydukov 
would take over the position as chairman of OTK, replacing the indisposed Maj. General 
Kuznetsov, who was recovering from an automobile accident in late September. Gaydukov's 
appointment was propitious for he was not only one of the most vigorous supporters of the 
valuable work in Gerrnany, but he had also personally given Stalin the list including Korolev's 
name that had added the latter's valuable talents to the work of OTK. 

Gaydukov inherited the honor of making perhaps one of the most important policy deci- 
sions in the early history of the Soviet rocketry and space programs. Stalin had given him the 
responsibility of selecting a "ministry" to oversee the missile effort in Germany. There were 
three choices: the Comm~ssariat of the Aviation Industry, the Commrssariat of Ammunitions, 
or the Commissar~at of Armaments." Gaydukov first offered the role to People's Commissar of 
the Aviation Industry Aleksey I. Shakhurin, but the latter was not impressed. Similar to his ear- 
lier dec~sions in 1944, Shakhurin saw no future in missiles and continued to believe in the pos- 
sibilities of rocket-powered aircraft. Shakhurin's rejection had grave implicatrons for OTK 
because most of the engineers of the commission were still officially under the employ of the 
aviation sector.'Veople's Commissar of Ammunitions Boris L. Vannikov was interested. but 
Stalin unexpectedly tapped him to oversee administrative aspects of the atom bomb project. 
For Gaydukov, this left one remaining choice, the Commissariat of Armaments, headed by a 
thirty-seven-year-old former mechanical engineer who would go on to play one of the most cru- 
cial roles in the history of the Soviet space program. Dmitriy Fedorovich Ustinov." 

Ustinov was born on October 30. 1908. in Samara. and he graduated from the Leningrad 
Military Mechanical Institute as a mechanical engineer in 1934. By 1938. he was the director 
of the Bolzhevik Arms Factory, one of the most important armaments facilities in the Soviet 
Union. Certainly, his quick rise to this prominent position was partly because of the massive 
toll of the Purges in the late 1930s, which resulted in much of the original and more experi- 
enced industrial hierarchy being decimated. The lack of qualified individuals at the beginning 
of the war prompted Stalin to pick the thirty-two-year-old Ustinov as the People's Commissar 
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of the Armaments in 194 1. The inexperienced 
~ndustrialist was responsible for the design and 
production of a host of Soviet ground and tac- 
tical weaponry. Ustinov did not disappoint 
Stalin, and it was clear by the end of the war 
that he had done an outstanding job marshal- 
ing the resources of the state to produce huge 
amounts of ammunitions. Younger than both 
Korolev and Glushko. Ustinov was well 
respected in the government and seems to 
have managed to somehow remain outside of 
ongoing political intrigues that inevitably land- 
ed many a bureaucrat in the GULag. Prior to 
finalizing the arrangement of transferring all 
Soviet ballistic missile efforts to the 
Commissariat of Armaments, Stalin and 
Gaydukov had Ustinov send his deputy. Vasiliy 
M. Ryabikov, to Germany to personally assess 
the level of work at Berlin, Nordhausen, 
Lehesten, and elsewhere. It was a short visit, 
but it was pivotal for the landmark decisions 
of 1946. 

Mlnrster of Armaments Dm~trry Ustrnou shown here 
rn the 1940s was the prrncrpal industrral orchrtect o\ 
the Souret ball~strc missile program In uarious posts 

he remalned the manager of the mrssrle and space 
programs during a perrod spannrng almost forty 

years (copyright Steven Zaloga) 

The work of OTK continued in early 1946 with two clear goals: the restoration of wartime 
production of A-4 missiles and the accomplishment of the first postwar launches of these mis- 
siles from German soil. As Korolev assumed more of a p~votal role in the work of the commis- 
sion, plans were falling into place for testing a series of A-4 vehicles in 1946 in coordination 
with the scores of German engineers who had either been captured or voluntarily aligned them- 
selves with the Soviets. These plans had evidently originated from suggestions from Korolev fol- 
lowing his viewing of the Allied A-4 launches at Cuxhaven in October 1945. He himself 
received official recognition for his work in Germany in February, when he was briefly recalled 
to Moscow and promoted to the rank of colonel-the same as such other prornlnent engineers 
of OTK as Pobedonostsev, Clushko, and Pilyugin." During the visit, he also met with Georgiy 
M. Malenkov. Stalin's right-hand man, and reported on the general state of OTK's investiga- 
tions. Arriving back in Berlin in early March. Korolev was in an unusually cheerful mood, no 
doubt because he had been told back in Moscow that his name was one of those under con- 
sideration as possible engineering head of a central organization for the design of Soviet ballis- 
tic  missile^.^' Soon after Korolev's return to Germany. Gaydukov officially announced that all of 
OTK's operations would now be further coordinated by the new Institute Nordhausen, which 
would replace the old Institute Rabe. He also revealed that he himself had been appointed the 
director of the institute and that Korolev would now be the first deputy director and chief 
engineer.'? 
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The reorganization in March 1946 led to the formal establishment of the following divi- 
sions of OTK. all led by the lnstitute Nordhausen: 

Plant No. I (also known as the Design Bureau Olimpiya) at Sommerda, about fifty kilome- 
ters east of Leipzig, set up at the premises of the Rheinmetall-Borzig firm and headed initial- 
ly by Budnik and then by Mishin, for the collating of all technical documentation on the A-4 
Plant No. 2 (also known as the Montania Plant) at Lehesten, designated for the assembly. 
production, and testing of all rocket engines and headed by Glushko and Shabranskiy 
Plant No. 3 (also known as Zentralwerke) at Klein Bodungen, for pilot production of A-4s 
and headed by Kurilo 
Plant No. 4 at Sonderhausen, for the preparation of A-4 guidance systems and other elec- 
trical equipment, staffed by those who were formerly at the lnstitute Rabe, including 
Boguslavskiy, Chertok, Pilyugin, and Ryazanskiy 
The Schparkasse group, headed initially by Mishin and then by Lt. Colonel Tyulin and 
staffed by several artillery officers, for theoretical problems, including ballistics 
A special Soviet-German bureau, headed by the German Grottrup, which was given the task 
of preparing a detailed history of the A-4 development program with a focus on guidance 
systems, radiotechnical elements, and the selection of propellants 
The Vystrel group, headed by Voskresenskiy and Rudnitskiy and including lnstitute Berlin 
Chief Engineer Barmin, for mastering launch and testing procedures4' 

The primary goal of the entire operation was to restore production of the A-4 missiles suf- 
fic~ently to manufacture several dozen of the vehicles for flight testing. This goal gradually 
became the primary objective for OTK in Germany as Korolev delegated the responsibility for 
launch operations to Voskresenskiy. The German engineers under Grottrup were indispensable 
in this effort, filling in gaps in the information whenever there were problems. In addition. 
because of the geographically scattered nature of the original wartime German production facil- 
ities for the A-4s. many of the parts for the missiles were no longer available, because the man- 
ufacturing entities now resided in either Brltish or U.S. territory. Resourceful Germans under 
Grottrup were, however, able to obtain many components from the Allies by bartering with 
food, tobacco. or alcohol." The sights of abandon and wreckage at Peenemiinde and 
Nordhausen in the early summer of 1945 had prompted feelings of pessimism among Soviet 
officials and engineers. Yet, only a year later, the commission was close to assembling a limit- 
ed number of full-scale A-4 missiles from Mittelwerk. 

Cooperation between the Germans and the Soviets was for the most part harmonious and 
to a degree a function of the Soviet engineer who had responsibility for a particular area. For 
example, rocket engine firings at Lehesten were evidently conducted at first under the direction 
of Dr. Urnpfenbach, but were taken over by Glushko once the exact processes had been mas- 
tered. While the intensity of the joint activities between the Soviets and the Germans may have 
varied, the work of OTK did for the first time bring together scores of Soviet engineers and rnll- 
itary officers under a single umbrella organization. Almost all of the major chief designers of 
the Soviet space program up until the late 1980s were members of this comrnlssion in Germany. 
an astonishing historical precedent that has no parallel in the U.S. space program. Many of the 
Soviet individuals in fact made their first acquaintance with each other in Germany in the imme- 
diate postwar period. 
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The pivotal nature of the work in Germany in 1945-46 eventually gave rise to the important 
question of the elaboration of a national agenda with respect to ballistic missiles. The quest~on 
of defending the territory of the Soviet Union after a devastating war was clearly on the minds 
of Soviet leaders. At the end of World War II, the Soviet Union may have had the most power- 
ful land force in the world, but this power had suddenly become secondary following the events 
of August 1945. With the destruction of Hiroshima and Nagasaki by atomic bombs, the Un~ted 
States had revealed its absolute military superiority over any other country in the world. For Stalin 
in particular, this was unacceptable. While work on the development of nuclear weapons had 
been conducted dur~ng the war, the bombings inJapan prompted Stalin to move this work to an 
urgent footing. Just eighteen days after Potsdam and fourteen days after Hiroshima, on August 
20. 1945, a secret decree of the Central Committee and the Council of Ministers called for the 
formation of the Special Committee on the Atomic Bomb to direct and coordinate al l  efforts on 
the rapid development of operational nuclear weapons." This committee was headed by secret 
police head Beriya h~mself, and its work was kept concealed even from some members of the 
Politburo. Acutely aware that having a nuclear weapon was only one-half of the solution, efforts 
were simultaneously focused on a delivery system for these explosives. Taking a cue from the 
magnificent American 8-29 bomber, the Soviet leadership began to explore the poss~bility of cre- 
ating analogous aircraft for the delivery of nuclear weapons. This effort was in fact taken to 
patholog~cal extremes w ~ t h  the construction of carbon copies of a captured 8-29 in the postwar 
years.'Wnwilling to rule out even the most unlikely of propositions, it also seems that Stalin had 
been keenly interested in missiles as weapons of war. The impressive performance of the German 
A-4 undoubtedly attracted his attentions, and the possibility of using such vehicles with nuclear 
weapons was not an avenue of research he was about to ignore. 

On March 18, 1946 at the first session of the Supreme Soviet of the USSR, the rubber- 
stamp parliament of the country, a decree was adopted recommending the development of new 
technologies as part of the Soviet Union's rebuilding. In particular, the decree clearly called for 
"efforts towards ensurlng further increases in the defensive capabilities of the USSR and ensur- 
ing the equ~pping of the armed forces of the Soviet Union with the latest military te~hnology.' '~' 
This first decree set the stage for an official visit by a comm~ssion of high industrial and mili- 
tary leaders to Germany to investigate and assess the work of OTK. The chairman of the visit- 
ing comrniss~on was Marshal Nikolay D. Yakovlev, the commander of the Chief Art~llery 
Directorate, the military organ that had legal control over most of the artillery officers w ~ t h ~ n  
OTK. Other members were: the Commander-in-Chief of Artillery Forces of the Red Army. 
Nikolay N. Voronov: the current Chief of Staff of the Southern Forces Group of the Red Army. 
Col. General Mitrofan I. Nedelin; and People's Comm~ssar of Armaments Ustinov, the defense 
~ndustrial~st appointed by Stalin to lead the new rocketry sector in the Soviet Union.'Wedelin. 
at the tlrne forty-three years old, was one of the br~ghtest and most accomplished officers in 
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the artillery sector and had extensive experience in using the solid-fuel Katyusha rockets in 
wartime conditions. 

The commission's visit in May 1946 was instrumental in introducing the role of the defense 
industrialist, the third major player in the Soviet space program after the aviation engineers and 
artillery experts. Represented by such individuals as Ustinov and Ryabikov, these defense indus- 
trialists would lay their indelible stamp on the rocketry and space sector, molding its activities 
for the next forty years. Ustinov met Korolev for the first time on this trip and was apparently 
very impressed with the latter's capabilities. It may have been during this visit that representa- 
tives of the commission first informed Korolev that he would be appointed chief designer of all 
long-range missile de~elopment.~~ OTK Chairman Maj. General Gaydukov's high evaluation of 
Korolev's work clearly played a critical role in this decision. Korolev himself chose his principal 
deputy, a man who would figure prominently in the Soviet reach for the Moon. In early 1946. 
after his short trip to Moscow, Korolev had asked OTK engineer Mishin if he would agree to 
serve with him back in the Soviet Union. Mishin had declined, at first choosing to return to 
spend time with his wife and two daughters. Following the May 1946 visit by the Yakovlev com- 
mission. Korolev made a second offer, asking Mishin to head a joint Soviet-German design 
bureau as his deputy, the goal of which would be to create a complete set of technical blue- 
prints for the A-4 based on the drawings captured in Czechoslovakia. By this time. Mishin's 
family was with him in Germany, and he agreed.'O As the head of Plant No. I at Sommerda. 
Mishin assumed one of the leading roles in OTK, and as later events would attest, he clearly 
impressed Korolev with his assertive nature. 

Upon the completion of the Yakovlev commission's short visit in May, the members pre- 
pared what would become without doubt the most important decree in the history of the 
Soviet rocketry and space programs. This decree, the Council of Ministers decree no. 101 7-  
41 9ss, titled "Questions of Reactive Armaments." was formally signed into law by Stalin on 
May 13. 1946. The primary effect of the decree was to establish a coordinated governmental 
mechanism for handling the issue of ballistic and cruise miss~les." First and foremost, Stalin 
sanctioned the formation of a top-secret nine-member Special Committee for Reactive 
Technology, much like the one for the atomic bomb. The Soviet leader's chotce for chairman of 
the new committee was somewhat of a surprise: Ceorgiy M. Malenkov, forty-four, who had 
headed the secret Counc~l on Radar sinceJune 1943, but who had very little experience in deal- 
ing with any rocketry or artillery matters.i2 More curiously, it seems that Malenkov had not been 
one of the major power brokers in the postwar Stalin leadership, such as Beriya. Molotov, or 
Voroshilov. As future events would attest, he would eventually become a leading player in 
upper echelons of the Kremlin. although it would at best be an extremely uneven career ahead. 
A natural choice for one of the two deputy chairmen of the committee was the thirty-seven- 
year-old Ustinov, who concurrently served as the head of the Commissariat of Armaments. In 
1946, the Commissariat of Armaments was reorganized as part of a general restructuring in the 
Soviet defense industry, absorbing the military production of the wartime Commissariats 
(Munitions. Mortars. Medium Machine Building, and Tank Industry), and redesignated the new 
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Ministry of Armaments." The other deputy chairman of the committee was lvan G. Zubovich. 
forty-five, an expert in electronics who until his new appointment had served as the First 
Deputy People's Commissar of the Electronics Industry. 

Of the other members, certainly the most important was lvan A. Serov, forty. the Deputy 
Minister of Internal Security and Beriya's right-hand man. Gwen the pervasive influence of the 
state security apparatus in every level of Soviet society and government, it seems that Serov may 
have actually been the most influential, if not powerful, member of the special committee, serv- 
ing as Beriya's direct contact on missile issues. Beriya at the time personally kept tabs on the 
much more important atomic bomb development effort, and i t  IS very unlikely that he would 
have allowed someone such as Malenkov to have oversight over the rocketry sector. Although 
official governmental documents of this period give little hint of Beriya's control over both the 
nuclear and rocketry sectors, personal recollections of participants and observers of the early 
Soviet rocketry program give a different view, emphasizing the direct control that both Beriya 
and Serov exercised over the missile sector, despite the apparent lack of any formal institution- 
a l  me~hanism.'~ The only military person on the committee was Marshal Yakovlev, who had 
headed the visiting commission to Germany in May 1946." 

In addition to giving the special committee jurisdiction for overseeing all ballistic and cruise 
missile efforts, the decree had several other important repercussions. The document specifical- 
ly called for scientific research and test work, dedicated to the reproduction of the German 
A-4 guided ballistic missile and the Wasserfall surface-to-air missile, using Soviet materials ~n 
the period 1946-48. It appointed Ustinov's Ministry of Armaments as the leading industrial 
sector to manufacture these vehicles. Several other ministries were tapped to develop and pro- 
duce such important parts as guidance systems (Ministry of Electronics Industries), gyroscopes 
(Ministry of Ship Building Industries), liquid propellants (Ministry of Chemical Industries). 
rocket engines (Ministry of Aviation Industries), and launch complexes (Ministry of Machine 
Building and Instrument Building).'" 

Given the fact that the Ministry of Armaments was responsible for developing a variety of 
weapons systems, a special subsection of the ministry, the Seventh Chief Directorate, was 
established to handle all ballistic missile research. Ustinov appointed one of his wartime lieu- 
tenants, Sergey I. Vetoshkin, forty, to head this directorate." In the interest of providing a large 
facility from whlch to direct ballistic missile development, the special commlttee set aside a fac- 
tory in Kaliningrad, the M. I. Kalinin Plant No. 88, which had originally been founded in 1866 
in St. Petersburg but was transferred to the suburbs of Moscow in 19 18. '~hroughout the war. 
the factory had been used for manufacturing artillery weapons and tanks. By an order from 
Ustrnov on May 16, the plant was turned over to form the base of operations for the new 
Scientific Research Institute No. 88, the central entity in the Soviet Union working on the devel- 
opment of long-range ballistic missiles. Known more commonly as Nll-88 (pronounced 
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"nee-88'0, all long-range rocketry for the next 
ten years was directed from this institution. Maj. 
General Lev R. Gonor, the forty-year-old wartime 
head of the famous Barrikady Plant at 
Stalingrad, was appointed director of Nll-88 on 
August 16. 1946.'" 

At the same time. the primary client for 
these weapons, the Ministry of Armed Forces. 
established the Fourth Directorate within its 
Chief Artillery Directorate. This directorate was 
heretofore used as the branch of the armed 
forces handling all procurement, test~ng, opera- 
tions, specifications requests, and basic research 
issues dealing with long-range ballistic missiles. 
The first chief of the directorate was thirty-five- 
year-old Maj. General Sokolov, who had led the 
initial inspection teams into Peenemiinde the 
previous year. Maj. General Gaydukov, the chair- 
man of OTK back in Germany, would serve as 
Sokolov's deputy." In june. Sokolov and 
Gavdukov were instrumental in creatine the 
Scinti f ic Research Institute No, 4 (NII-4)\ith- Ma,- General Leu Gonor was the first director of the 

/amous Nll-88 institute, which was the focus of all in the Fourth Directorate to investigate "the early long-range ballistic missile development in the 
development of methods of testing, acceptance. Soviet Union j/i/es of Peter (;orin) 
storage and combat application of missile 
weaponry."" Known secretly as "unit 25840" and located at Bolshevo near Moscow, the first 
director of the institute was Lt. General Aleksey I. Nesterenko, thirty-eight, yet another of the 
Katyusha veterans from World War II. Nesterenko was evidently picked for the post in part 
because of a definitive scholarly work on m~ssile-artillery operations during the war. 

The Fourth Directorate was also tasked with two other jobs: proposing a site from which 
the A-4 and other missiles could be tested and forming a unit of troops specifically for acquir- 
ing expertise in preparing and launching these large rockets. For the latter goal, on August 15. 
1946, the so-called Special Purpose Brigade of the Supreme High Command Reserve was cre- 
ated within the Fourth Directorate to master the required expertise to use the A-4 ballistic mis- 
siles for training and wartime situations. Maj. General Aleksandr F. Tveretskiy, an officer who 
had served with the ubiquitous Lt. Colonel Tyulin, was appointed the brigade's first comman- 
der. Tveretskiy was a curious choice for the post: he had been excluded from membership in 
the Communist Party because of an incident during the war. When in a rage, he had shot his 
personal chauffeur. The core brigade was established at Sonderhausen in Germany, where they 
were sent to first study all available technical documentation on the A-4 to have a thorough 
knowledge of its capabilities and operational characteristics. Korolev, Pilyugin. and other senior 
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engineers of OTK were instrumental in coordinating all work with the brigade troops, some of 
whom later became full-time engineers with different design bureaus. For the most part, the 
brigade, composed of officers from the Mortar Guards Unit, Artillery, Air Force, and Navy, trav- 
eled to and from the major A-4 locations in Germany, learning operating and handling tech- 
niques from both the Soviet Vystrel group and the Germans themselve~.@~ 

The May 1946 decree also had important repercussions for the work In Germany. The writ- 
ing clearly stressed the need to completely master aspects of design, production, and testing of 
the major German missiles, such as the A-4. Wasserfall, Rheintochter, and Schmetterling. A for- 
mal plan of action for further work in Germany was requested on the basis of a visit by Ustinov. 
Yakovlev, and others in the coming weeks. Most importantly, the decree formally stated that the 
work of OTK in Germany would end in late 1946 with the transfer of al l  German and Soviet 
personnel to Soviet territory, primarily to Nll-88. At the time, the Special Committee for 
Reactive Technology concealed this order from the Germans and many of the Soviet engineers 
working in OTK. Originally, since about late 1945, a major portion of the work in Germany had 
been focused toward conducting a similar operation to the one the Allies had conducted at 
Cuxhaven, but by the spring of 1946, all such efforts were discontinued in anticipation of the 
move to Kaliningrad.'' 

It is clear both from the language of the decree and concurrent events that the entire oper- 
ation was subsumed under a cover of secrecy. This was no doubt partly a result of Beriya's con- 
trol of the sector but also stemmed from the ultimately military nature of the program. Even at 
this early point, the ultimate purpose of the Soviet effort in Germany was far from clear to the 
Allies. who were in some cases only kilometers away from the Soviets. 

In early August 1946, members of the Special Committee for Reactive Technology official- 
ly visited Germany to make a second assessment of the A-4 effort. Arriving at Bleicherode were 
Marshal Yakovlev, Ustinov. Gonor. Vetoshkin, and two new members of the committee. One of 
them was Georgiy N. Pashkov, thirty-five, the chief of the rocket technology sector (the "2nd 
Department") at Gosplan, who had been recently appointed to this new position to serve as a 
senior advisor to the Communist Party on rocketry management issues." It was evidently clear 
to most of the hosts at the Institute Nordhausen that Ustinov and Pashkov were both the most 
powerful and influential members of the visiting commission. On August 9.  Ustinov officially 
appointed the thirty-eight-year-old Korolev as the new "chief designer" of all long-range Soviet 
ballistic missiles, to dispense his duties as the head of a special department in Nll-88.@' 
Korolev's selection for this important position did not come without resistance. Given his time 
as a Kolyma inmate and the fact that he was for all intents and purposes still an "enemy of the 
state." there were many in the upper Communist Party ranks who were unwilling to allow him 
to play such an important role in a top-secret national security program. The first choice to head 
ballistic missile development was in fact another OTK engineer named Yevgeniy V. 
Sinilshchikov, whose main focus had been work on the German Wasserfall surface-to-air mis- 
siles." It IS clear, however, that Ustinov was quite impressed by Korolev's work in Germany, and 
the recommendation from Gaydukov no doubt sealed his appointment. One of the new chief 

62 Tyulin. "The 'Seven'": Sergeyev, ed., Khronrka osnounykh sobytry. p 5 ,  Holloway. Stalrn and the Bomb. 
p 457. Maksimov. ed . Raketnyye uoyska strategicheskogo naznacheniya. p. 38 

63 Tyulin, "The 'Seven'": Sergeyev. ed.. Khron~ka osnounykh sobytiy, p. 231 
64 Chertok. Rakety i lyudi, pp. 171-73 By his own account, Pashkov was appointed in "March or April 

of 1946." See Mozzhorrn, el a / ,  eds , Dorogr v kosmos 11. p. 57. The other vtsiting member was N I Vorontsov, a 
deputy minister of the Cornrnunicatrons Equ~pment Industry 

65 Tyulin. "The 'Seven' " Order No. 83-K called for: "The Appointment of Comrade Sergey Pavlovich 
Korolev as Ch~ef Destgner of 'Article No I '  at the Nll-88." "Artlcle No I "  was the R I  missile 

66 Konovalov. "From Germany-To Kapusttn Yar." 



- 

F I R S T  S T E P S  

designer's first decisions was to appoint Mishin, then only twenty-nine years old, as his "first 
deputy," a common Russian term for "first among the deputies." On the same day as Korolev's 
new appointment, Mishin and several others from OTK flew back to Moscow to lay the ground- 
work for "transferring the set of scientific and technical documentation on the [A-41 rocket into 
Russian."" Mishin served as acting head of the ballistic missiles department at Kaliningrad until 
Korolev's return from Germany. 

For Korolev, his quick reemergence from obscurity and hardship was a vindication of sorts. 
although it hardly compensated for the trials of the GULag. Most recent accounts do suggest. 
however, that he had a very positive attitude about life during his stay in Germany. In May 
1946, a few months prior to his new appointment, his wife and daughter had arrived in 
Germany to visit him, staying through the summer. Korolev rellshed his newfound freedom, 
and he tried to make his tour in Germany a holiday of sorts. Between work schedules, he would 
take the time to dr~ve around the countryside with his family in a state-sanctioned Opel auto- 
mobile." By this time, his reputation and the idiosyncrasies of his personality had made a great 
impression on the other members of the Soviet team. Later accounts from his subordinates and 
peers consistently underline his excellent managerial skills and his insistent emphasis on per- 
sonal responsibility. Over the years. the latter aspect of his character, while assuming almost 
mythical proportions, also fostered a genuine feeling of professional workmanship among the 
engineers in his department. His strong personality and stubborn character also generated fear. 
not often unfounded. An engineer working under him later recalled that "Korolev was never 
lenient. He was harsh and hot-tempered. All of us who worked at his design office knew that 
he was merciless when he saw someone being careless or inattentive."" At the same time, he 
was also known as being extremely kind and giving. Most recollections suggest that he had no 
hesitation in sharing or giving credit to those who actually deserved it-a precedent that he 
established during these initial months in Germany during the postwar period. As the weeks 
wore on, there was almost unanimous belief among Soviet engineers that Korolev was the best 
man for the job. 

New Organizations 

The efforts in Germany in 1946 eventually began to split into two different paths. The first 
of these roads was the cooperative Soviet-German work to prepare several A-4s from parts that 
had been recovered at Nordhausen and elsewhere. By mid- 1946, it was clear that only about a 
dozen A-4 articles could be produced given the relatively meager leftovers discovered. To 
extend the potential of using these vehicles both as training missiles and as formal armaments 
of the armed forces. Korolev at the time was ordered to commence work on a Soviet copy of 
the A-4, designated the R - l . ' V h e  primary difference between the two vehicles was a 
redesigned tail and instrument compartment to increase the range of the Soviet version. 
Engineers also used a modified guidance and control system designed not only to nominally 
increase operational characteristics of the vehicle but also to adhere to production processes in 
Soviet industry. It was clear, however, to Korolev and the other leading engineers of OTK that 
creating a Soviet copy of the A-4 would only serve as an interim measure. In fact. Korolev had 
very little enthusiasm for working on the R- I project, and this issue may have caused some fric- 
tion with his superiors. Even at that early stage, he had some major reservations about the 
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limited capabilities and cumbersome operational characteristics of the A-4 rocket, and he con- 
sidered merely duplicating the missile a waste of time. Prompted by these considerations, in 
early 1946 at Sonderhausen. Mishin and Budnik had begun early work on an uprated A-4 with 
a range more than twice as much as its predecessor-that is. 600 kilometers. By the second 
half of 1946. Korolev and Glushko had already performed " a  critical analysis of the missile."" 
Designated the R-2 (and K- I by British intelligence), the new missile was essentially a stretched 
A-4 with a new engine designed under Glushko. 

It seems that there had been some major German input into these early R-2 studies. In the 
summer of 1946, Gaydukov had asked the Germans to suggest technical improvements to the 
A-4 by mid-September. The Germans under Grottrup submitted about 150 recommendations. 
most of them based on ideas that had been considered by the original Peenemiinde team dur- 
ing the war. The Soviet side accepted only half of the list and asked that the rest be studied in 
more detail prior to a resubmittal. According to the recollections of German engineers, it seems 
that Korolev had made "as little use as he could of the Germans at Zentralwerke."" Despite the 
coolness in terms of collaboration, the Germans themselves were apparently very ~mpressed 
with Korolev's professionalism and courtesy. The latter was reportedly sympathetic to the needs 
of the German engineers; on one occasion. Korolev himself helped rebuff the Soviet secret 
police's attempts to harass Grottrup's secretary. 

For the Germans, the underly~ng fear that they would be taken back to the Soviet Union 
was confirmed in October 1946. On the 21st. Grottrup and several of the leading Germans 
attended a meeting on possible improvements to the A-4. There was a party for the attendees 
afterwards, which was rudely interrupted at 4:00 a.m. when the Soviets began their massive 
operation to transport about 6,000 Germans from various technical industries to the USSR. 
Each individual was handed a document containing the following passage: 

As the works in which you are employed are being transferred to the USSR, you and your 
entire family will have to be ready to leave for the USSR. You and your family will 
entrain in passenger coaches. The freight car is available for your household chattels. 
Soldiers will assist you in loading. You will receive a new contract after your arrival in 
the USSR. Conditions under the contract will be the same as apply to skilled workers in 
the USSR. For the time being, your contract will be to work in the Soviet Union for five 
years. You will be provided with food and clothing for the journey which you must 
expect to last three or four weeks." 

The entire operation was prepared and coordinated by Ivan A. Serov, the Deputy 
Commissioner of the Soviet Military Administration in Germany and Beriya's polnt man in the 
rocketry program. Some engineers, even from the Soviet side, expressed reservations about tak- 
ing the Germans wholesale back to the USSR. Korolev himself reportedly remarked that "we 
[the Soviets] must have a little more self-re~pect."'~ In the end, the words of Beriya and Serov 
were final. In the months preceding the transfer. Serov had requested from Gaydukov a list of 
the most capable German rocketry spec~alists. Gaydukov returned with 152 names, all of whom. 
including their families (a total of 495 people), boarded trains for the Soviet Union on 
October 22 and 23. 
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By the time the Germans arrived in Moscow, a vast network of institutions was forming 
around the nerve center of Nll-88 at Kaliningrad, about sixteen kilometers north of Moscow. 
The institute itself. headed by Maj. General Gonor, was divided into three formal structural 
units: 

A specialized design bureau to design long-range ballistic missiles 
A scientific branch with subdepartments for materials science, stress, aerodynamics. 
engines, fuels, control, testing, and telemetry 
An experimental plant to manufacture the missiles" 

The design bureau was headed by Karl I. Tritko, who had formerly served as the chief engi- 
neer of the Barrikady Plant during the war. Tritko was assigned jurisdiction over at least eight 
departments in the design bureau, each focusing on a particular thematic direction. As the new 
chief designer of long-range ballistic miss~les. Korolev headed Department No. 3 ,  tasked initially 
with restoring A-4 prod~ct ion. '~ Vasiliy P. Mishin served as Korolev's first deputy, while two 
other engineers, Vasiliy S. Budnik and Leonid A. Voskresenskiy, also served as deputies. 
Konstantin D. Bushuyev, who would go on to direct the Soviet portion of the Apollo-Soyuz 
Test Project, joined in November 1946 and served as head of the planning sector of the 
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department responsible for all long-range projects." Many of the other engineers who were 
employed at Department No. 3 went on to head their own design bureaus as chief designers 
of the Soviet space program in the 1960s and 1970s. Among the major individuals who jolned 
in 1946-47 were Refat F. Appazov. Viktor F. Gladkiy. Aleksandr 5. Kasho. Vyecheslav M. 
Kovtunenko. Dmitrly I. Kozlov. Sergey S. Kryukov, Svyastoslav S. Lavrov. Arkadiy I. Ostashev. 
Ivan 5. Prudnikov. Yevgeniy V. Shabarov, and Georgiy 5. Vetrov. At the time of its formation. 
this department employed sixty engineers, fifty-five technicians, and twenty-five workers.'Vhe 
successor organization to this small section is known today as the Energiya-Rocket Space 
Corporation ("RKK Energiya"). 

The scientific branch of Nll-88 was headed officially by the new chief engineer of the insti- 
tute, Yuriy A. Pobedonostsev, who was Korolev's prewar colleague from the ClRD and 
Nll-3 days." Pobedonostsev oversaw at least five separate departments that focused on speclf- 
IC engineering areas in support of actual design work at the design bureau. Boris Ye. Chertok. 
the head of department U for guidance systems, served as Pobedonostsev's immediate 
deputy." There was clearly a visible trend in hiring those who had performed admirably in 
Germany to important positions in the Nll-88 hierarchy, as evidenced by the new posts for not 
only Korolev, but also Mishin. Pobedonostsev, and Chertok. In spite of Korolev's appointment 
as chief designer, he was, however, still buried under several levels of the bureaucratic chain. 
Offic~ally, he was responsible to Chief Engineer Pobedonostsev and then to Nll-88 Director 
Gonor, which naturally set limits as to his influence in institute decisions. These multiple lev- 
els of leadership proved to be difficult for Korolev to adjust to, given that back ~n Germany he 
had essentially assumed a coordinating role for the entire recovery operation by mid-1 946. 

The living conditions for those at Nll-88 in 1946 were not very conduc~ve to comfort. Even 
the more senior engineers had to live in "communal apartments" because of the lack of hous- 
ing. At least half of the employees of the specialized design bureau were in fact on a waiting 
list for a single room for their families. Most of the workers simply lived in overcrowded barracks 
and tents, working often through weekends in hastily constructed hangars and "auxiliary struc- 
tures" at an experimental airfield, which had been given to the institute upon its formation." 
Instead of working tables, the engineers used equipment boxes for drawings. Manufacturing 
buildings were in poor conditions. with leaking roofs and puddles on the floor after ra~nstorrns. 
One engineer remembers that "the heating didn't work, so it was colder inside the shops than 
outside."" Disease was widespread, and hospital facilities were severely lacking. In addition to 
their primary job of missile engineering and development, a l l  the engineers had to participate 
in the building of work facilities, test installations, and even housing. Additional duties involved 
gardening and assisting the kolkhozes they sponsored. During 1946. at least 1.832 people quit 
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the institute, while the volume of work was always increasing. It was a pace and level of labor 
that were quite unusual for civilians, even given the poor postwar economic conditions in the 
Soviet Union. Most of the engineers were in their late twent~es or early thirties, fresh from grad- 
uation, although in time Korolev managed to recruit some of his old prewar colleagues from 
Nll-3 and even GIRD. 

The transfer of the Germans in late 1946 significantly augmented the work at Nll-88. On 
arrival in Moscow on October 28, the 150 or so German rocketry specialists were split into two 
groups. One group ended up at the new NII-88 Branch No. I on Gorodomlya Island In Lake 
Seliger, about 240 kilometers northwest of Moscow-a remote location that had been witness 
to some of the most bitter fighting between the Soviets and the Cermans. Needless to say, the 
locals were not very welcoming to the Germans." Dr. Waldemar Wolff and Josef Blass were 
appo~nted the German chiefs of the group. The more fortunate of the Germans were transferred 
to the northeastern section of Moscow to facilitate easier and direct collaboration with engi- 
neers at Nll-88 in Kaliningrad. Eventually, however, the latter group dispersed; many were 
assigned to various industrial ministries. It became clearer to the "guests" that the only 
Germans the Soviets planned to use as a group were the ones at Gorodomlya. The Germans 
were to focus on six major themes: 

Consultation on creating a Soviet verslon of the A-4 
Work on "organizational schemes" 
Research in improving the A-4 main engine 
Development of a 100-ton thrust engine 
Assistance in the "layout" of plant production rooms 
Preparation of rocket assembly using German componentsa4 

Living conditions for the Germans depended greatly on their relative importance and the~r 
education. Grottrup's family, for example, was housed in a six-room villa outs~de of Moscow 
that had formerly been occupied by a member of the Council of Ministers, and they were pro- 
vided with a chauffeured BMW automobile. Others were housed according to a system based 
on the number of members in their families and their academic seniority. The latter criterion in 
fact determined their pay scales. Those with the equivalent of a Ph.D. degree, such as Magnus. 
Schmidt, and Umpfenbach, were paid 6.000 rubles a month. Those with engineering diplomas. 
such as Grottrup and Schwartz. were paid 4.500 rubles. The rest received 4,000 rubles a month. 
By comparison, most of the Soviet engineers themselves were paid much less. Korolev as a 
ch~ef designer and head of a department was paid 6.000 rubles a month. Nll-88 Chief Engineer 
Pobedonostsev earned 5.000 rubles, while Korolev's first deputy Mishin was paid only 
2.500 rubles a month." Most other Soviet engineers were paid much less. 

While Nll-88 was the primary institute responsible for the design and development of long- 
range rockets, it was by no means the only one. Unlike the small-scale vehicles developed by 
GIRD and Nll-3 in the 1930s. missiles on the scale of the A-4 used systems that were vastly 

83 Ordway and Sharpe The Rocket Team p 325 The German 'guests' at Branch No I were put under 
the direct command of F C Sukhomlinov from the M~nistry of Armaments replaced soon after by P I Maloletov 
who had formerly headed the NII 88 exper~mental plant See Chertok Rakety I iyudr p 195 Another source sug 
gests that the f~rst director of Branch No I was V D Kurganov 

84 P Bork and G A Sadovoj "On  the H~story of Rocketry Developed in the U S S R ~n the First Years After 
the Second World War (The Partic~pat~on of German Spec~al~sts the Development of Soviet M~ss~le Technology in 
the Early Post War Per~od) ' in J D Hunley ed History o/ Rocketry and Astronaul~cs Vol 19 (San Diego CA 
Univelt 1997) pp 143-52 

85 Chertok Rakety i lyudr pp 196-97 Ordway and Sharpe The Rocket Team p 325 



more complicated. In particular, the guidance systems, engines, and launch platforms were areas 
for wh~ch Nll-88 was forced to collaborate with a number of other important institutes spread 
across the Soviet defense industry. As with the Ministry of Armaments and its 
Nll-88, other design organizations were under the command of other m~nistries. On July 3, 
1946, the Ministry of the Aviation lndustry established the Special Design Bureau No. 456 
(OKB-456) at its former Aviation Plant No. 84 in Khimki for the design. development. and pro- 
duction of high-performance rocket engines. Headed by Chief Designer Glushko, the infrastruc- 
ture and materials at the new design bureau had been transferred wholesale from the Lehesten 
plant in Germany. Glushko was also able to assemble about 150 of his old colleagues from the 
wartime days at OKB-SD." Much of the effort at OKB-456 was focused toward testing existing 
A-4 main engines and facilitating the manufacture of its Soviet-made version, the RD- 100. 

Guidance and control systems for long-range missiles were handled by several enterprises 
spread across the Soviet defense industry. The Scientific Research lnstitute No. 885 (Nll-885). 
under Director Nikolay D. Maksimov in the Ministry of the Communicatrons Equipment Industry. 
was tasked with the design and development of all autonomous guidance systems, radio control 
systems, and radiotelemetry systems." Mikhail S. Ryazanskiy, thirty-seven, was appointed the 
chief designer of radio control systems for all Soviet ballistic missiles, while simultaneously serv- 
ing as the chief engineer of the institute. With a background in developing radar instruments for 
naval systems. Ryazanskiy had worked at Nll-20 until hrs arrival in Germany. In early 1947. 
N~kolay A. Pilyug~n. thirty-eight, a veteran of the NII-IIRaketa effort. was named Ryazanskiy's 
principal deputy for autonomous guidance systems as the chief of the Automation Department." 
Both these men had played major roles in the work in Germany and would have a significant influ- 
ence over future events in both the rocketry and space programs of the Soviet Union. 

The development of all-command gyroscope instruments for the long-range ballistic mis- 
siles was entrusted to Scientific Research lnstitute No. 10 (Nll-10). in the Ministry of the 
Shipbuilding lndustry, under new Chief Designer Viktor I. Kuznetsov, who was thirty-three. 
With a background in designing gyroscope instruments during the war. Kuznetsov had also 
worked in Germany in 1945-46 and based much of his subsequent efforts on the results of t h~s  
research. The clearly important job of designing launch pads and associated equipment for the 
missiles was assigned to the State Union Design Bureau of Special Machine Building (CSKB 
SpetsMash), w~thin the Ministry of Machine and Instrument Building. The appointed ch~ef 
designer was Vladimir P. Barmin, thirty-seven, who had headed the production of the Katyusha 
missile launch containers throughout the entire period of the war at the famous Kompressor 
Plant In Moscow."' During 1945-46, Barmin had also served as chief engrneer of the lnstitute 
Berlin in Germany. 
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This still from a late-1940s-era film shows the original members of the famous Council of Chiel Desrgners 
Starting second from left are Ch~ef Designers Vladimir Barmin. Mikhail Ryazansk~y. Sergey Koroleu. Viktor 
Kuznetsov, Nikolay P~lyugin (standing), and Valentin Glushko At the far left IS Borrs Chertok, who was a 

deputy ch~ef engineer responsible for guidance systems at NII 88. (copyright Chr~stlan lardier) 

Korolev. Glushko. Ryazanskiy, Pilyugin. Kuznetsov, and Barmin each represented the pri- 
mary areas of development for long-range ballistic missiles. By the last few months in Germany 
in late 1946, the six had in fact begun to have informal meetings to coordinate overall program 
goals. After the major organizational changes in 1946-47, they continued these informal con- 
tacts. As the programs for missile development began to assume greater levels of complexity, 
Korolev developed the idea of forming a "Council of Chief Designers" consisting of the six lead- 
ing chief designers. Established sometime in November 1947, the council was an informal and 
separate entity from the institutes and design bureaus and eventually assumed engineering con- 
trol over much of the early development of the Soviet space program. 

The original council consisted of Korolev (who was the chairman responsible for overall 
design). Glushko (rocket engines). Barmin (launch equipment). Kuznetsov (gyroscopes), 
Pilyugin (autonomous guidance systems), and Ryazanskiy (radio control systems).'' One of its 
outstanding advantages was that it circumvented the normal chain of command in the indus- 
try and facilitated swifter and more efficient work. The standard hierarchy in the new missile 
industry meant that a particular design bureau or institute would be responsible to the specif- 
ic ministry that had jurisdiction over it. The new council, however, managed to bring together 
individuals who were officially employed by several different ministries. This was clearly a nov- 
elty in the very central~zed approach of the Soviet defense industry and illustrated Korolev's 
early pragmatism and originality in the search for more efficient work. 

Apart from the central six organizations involved in the missile sector, there were at least 
two other major entities that played very significant roles in the formation of the space program. 
The first was NII- I ,  the institute that had served as a training ground for so many of the engi- 
neers who had ended up under Korolev. On November 29,  1946, a major reorganization in the 
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institute was enacted as Mstislav Vsevolodovich Keldysh, a thirty-five-year-old mathematician. 
was appointed the new director. 

Keldysh was born on February 10, 19 1 1 ,  in Riga. Latvia. His passion for mathematics was 
reinforced by his mentor, the famous Nikolay Luzin, who educated a generation of brilliant 
Soviet rnathematlcians. To Luzin's disappointment. Keldysh was more interested in applied 
fields rather than theory and ended up with a research position at the prestigious N. Ye. 
Zhukovskiy Central Aerohydrodynamics Institute (or TsACI). His record was outstanding. In 
1938, at the age of twenty-seven, he single-handedly found a solution to "flutter." the sharp 
increase in vibrations beyond critical flight velocity, after which aircraft would tend to simply 
fall apart. Later, by the end of the war, Keldysh tackled another difficult problem by discovering 
a way to avoid "shimmy." a phenomenon discovered by U.S. engineers that caused the front 
wheel of three-wheeled aircraft to oscillate from left to right upon landing. Keldysh's writings 
encompassed an astoundingly vast range of scientific areas, including aerodynamics, pure 
mathematical theory, hydromechanics, vibrations and oscillation, and thermal excitations of 
sounds. Based on these accomplishments, in 1946, the USSR Academy of Sciences elected the 
twenty-five-year-old Keldysh to be an Academician, possibly one of the youngest men ever to 
have such an h o n ~ r . ~ '  

The primary goal of the reorgantzed Nll- I, still under the jurisdiction of the Ministry of the 
Av~atlon Industry, was to examine the Sanger-Bredt antipodal bomber proposal for potential use 
as an "intercontinental rocket-plane."" A second major theme at the institute was basic research 
on aerodynamics, ballistics, rocket, and ramjet engines. Several divisions were established with- 
in the institute to study these problems, ~ncluding an aeronautical design bureau headed by for- 
mer Raketa head Viktor F. Bolkhovitinov and three engine design bureaus. Aleksey M. Isayev. 
the engineer who had been one of the first Soviets to enter Peenemiinde in the spring of 1945, 
led the first of these engine design bureaus. He had returned from Germany to the Soviet Un~on 
In September 1945 to resume his work at Nil-1 following a productive period at the Lehesten 
plant. By all accounts, lsayev was one of the most talented rocket engine designers In the coun- 
try at the time. and it is more than likely that there was some level of rlvalry between Clushko 
and lsayev at this early stage. Leonid S. Dushkin, tapped to head the second engine des~gn 
bureau, also focused on rocket engines, while Mark M. Bondaryuk, appointed to the third 
bureau, led the development of ramjet engines for the Sanger-Bredt bomber. All three were to 
eventually develop propulsion systems for long-range strategic missiles. 

Besides Nll-88 and NII-I, Nll-4 was the third organization with a major role in the early post- 
war rocketry sector. Unlike all the other research institutes and design bureaus. Nll-4 was part of the 
Ministry of Armed Forces, the primary client for ballistic missiles. Formed at the same time as 
Nll-88, one of those who had ended up at Nll-4 was Mikhail K. Tikhonravov, Korolev's old collab- 
orator from GIRD and the designer of the first Soviet liquid-propellant rocket. Tikhonravov had served 
at NII-l throughout the war and had spent a short time as part of the inspection commission in 
Germany, but he was apparently not deeply involved in its activities. Instead, he took part in research 
on the first postwar Soviet missile dedicated to scientific purposes. 

In 1943, the P. N. Lebedev Physical Institute of the USSR Academy of Sciences (FIAN) pro- 
posed the development of a rocket designed to reach an altitude of forty kilometers to conduct 
research on cosrnlc rays. In April of the following year, while Tikhonravov was still at 
Ni l -I ,  he establ~shed a group under Pavel I. lvanov to develop a missile to satisfy these require- 
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ments. A plan for an eighty-seven-kilogram rocket was finished in two months and formally pre- 
sented to FlAN in December 1944. The design combined several RS-132 solid-propellant 
Katyusha rockets together into a four-meter-long three-stage vehicle. The rocket was capable of 
lifting a mass of instruments (just under fifteen k~lograms) to an altitude of forty kilometers." 
Interrupted by Tikhonravov's short stint in Cermany, the plan to construct the rocket took 
longer than expected, but finally in June 1946. T~khonravov's team and Sergey N.  Vernov, a sci- 
entist at the Lebedev Physical Institute who had developed the experiments, assembled in 
Leningrad to launch the so-called VR-2 IO.'Vhe first rocket exploded because of a faulty com- 
bustion chamber, the second also failed, and the third, although launched without problems. 
did not reach the desired altitude. The program was canceled at that point, and Vernov even- 
tually took his experiments to a more well-equipped team, one under Korolev at Nll-88. 

As for Tikhonravov, when NII-I was reorganized in November 1946, his group of twenty- 
three individuals from Branch No. I was transferred wholesale to the new military Nll-4 in 
Bolshevo, participating in basic research on the application of long-range missiles for the USSR 
Ministry of Armed Forces. Staffed and headed mostly by artillery officers, it seems that 
Tikhonravov's group had been somewhat of an anomaly at the institute given their background 
in aeronautical engineering. Others who ended up at Nll-4 included veterans of operations in 
Germany, such as Lt. Colonel Tyulin, who would also play a very significant role in the early 
days of the Soviet space program. 

The R- l and the Antipodal Bomber 

Korolev finally returned to the Soviet Union in February 1947, formally taking over his 
duties as chief designer and chief of Department No. 3 at the Nll-88 Specialized Design Bureau. 
By the time of his return, the investigations in Germany had yielded a massive thirteen-volume 
work authored by engineers at OTK titled "Collection of Materials for the Study of Captured 
Reactive Technology."'' The Soviet authors were surprisingly cautious in their assessments of 
the level of advancements achieved by the Germans. While acknowledging significant accom- 
plishments on the part of the Peenemijnde team. the study also emphasized the limitations of 
the A-4. These shortcomings included the overall design of the frame of the missile, the design 
of the propellant tanks, and the warhead container. The authors did. however, recognize that 
they had much to learn in the field of guidance system de~elopment."~ 

Despite the limitations of the A-4, the Soviet leadership was keen to move ahead with 
launches of the native-built version of the missile, the R- I ,  to acquaint Soviet industry with the 
process of manufacturing and operating a long-range missile. Korolev himself was looking 
ahead to the much more powerful R-2 rocket based on the earlier work of Mishin and Budnik 
in Cermany. In January 1947, in an official request to the government, he had proposed the 
immediate commencement of work on the latter vehicle. In response, the government declined 
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to approve work on the R-2 and instead opted for a conservative approach focused on the 
R- Much of the technical details of the R-2 remained in the realm of conjecture at the time, 
and the project would face a rather circuitous route to formal approval from the Soviet govern- 
ment. As for the R-l itself. in a letter to the overseeing Special Committee for Reactive 
Technology. Korolev cautioned that the "creation of the native R- I missile is not [simply a mat- 
ter] of copying German technology and substituting their materials with [Soviet]  material^."^^ In 
other words, it was a note of warning to Soviet leaders that the path to creating such a large 
missile. given existing conditions, would take the marshaling of a substantial amount of 
resources. The letter from Korolev prompted the establishment of specific schedule, beginning 
with launches of the A-4 and then leading into flights of the R- I. Finally, he also called for start- 
ing the formal process to create a launch test site for flying the A-4 and R- I missiles. 

In design and appearance, the R-l was a near copy of the German A-4 missile. The 
14.65-meter-long vehicle consisted of four primary elements: the tail assembly, the propellant 
compartment, an equipment section, and the warhead. The maximum body diameter was 
1.65 meters. The lower part of the propellant section incorporated an oxidizer tank container. 
which carried approximately five tons of liquid oxygen. An insulated feed line was routed from 
the top tank for four tons of ethyl alcohol. Both containers were self-supporting, separate from 
the outer shell of the missile, and covered by heat insulation made of glass wool. The twenty- 
five-ton-thrust RD- 100 engine was installed at the base of the rocket with a large turbopump 
assembly. The equipment section was situated on top of the propellant tanks and contained 
the guidance system with control and gyroscopic instruments. During fltght, the system would 
control the air rudder at the rear of four large fins at the base of the rocket via servomotors. The 
explosive warhead was inserted into the nose cone, which itself was attached to the main body 
of the missile." The total mass of the rocket was about thirteen and a half tons, approximate- 
ly nine and two-tenths tons of which was propellant. The maximum flight range was about 
270 kilometers, slightly higher than the A-4. 

Although Korolev himself was the managerial leader of the project, he also contributed 
extensively to technical aspects of development. Other engineers closely involved in the effort 
at Korolev's Department No. 3 were Mishin. Abramov. Budnik, Bushuyev, Lavrov, Okhapkin, 
and Voskresenskiy. The development of the missile also brought into the forefront the opera- 
tions of the Council of Chief Designers. While the Germans were not involved in any decision- 
making, they did, however, closely participate in assisting their "hosts" in facilitating the road 
to the f~rst Soviet tests. For example. German guidance experts at Gorodomlya Island built a 
simulator for missile trajectories in a month's time, which was sent to Nil-88 at Kaliningrad. In 
addition, a team of twenty German propulsion experts was dispatched to OKB-456 to work 
with Glushko, although the latter was evidently uninterested in using their talents. The 
Germans were forced to return to Nll-88 soon.'W 

At this time, in early 1947. the Soviet leadership had yet to formulate a specific agenda for 
the new missile industry. Much of the effort in the defense industries was in fact focused on 
developing the first atomic bomb. A means of delivery, while important, was still clearly sec- 
ondary. Without a clear idea of what system to pursue for delivery, Soviet Communist Party 
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leaders-and in particular Stalin himself-were particularly interested in the old German 
Sanger-Bredt idea. NII- l engineer lsayev had discovered some documents on this German inter- 
continental bomber project in May 1945 at Peenemunde; at that time, the projected capabili- 
ties of the piloted vehicle had astounded the Soviets.'" The need for a 100-ton-thrust rocket 
engine in the vehicle no doubt gave pause to any hopes of an early development of the bomber. 
But caught amid the period's appropriation of German technology, the Soviets were not willing 
to discard even the most outlandish ideas from their German opponents. A copy of the report 
was first turned over to NII- l Deputy Director Bolkhovitinov in 1945. The following year, he 
authored a preliminary study of the vehicle titled "Survey of Captured Technology." which was 
in fact published in a slim volume by the Ministry of Armed Forces.'" Initial Soviet assessments 
of the plan were not encouraging: Bolkhovitinov's deputy Genrikh N. Abramovich, evaluating 
the proposal, speculated that it would take another decade before the Soviet Union could bring 
the project to fruition. This pessimistic view does not seem to have affected the aviation sec- 
tor's interest, and soon after Academician Keldysh's appointment as director of NII-I in 
November 1946, much of the work at the institute was devoted to the Sanger-Bredt problem. 
In a document prepared on April 3 .  1947, Keldysh for the first time discussed the necessary 
technical and industr~al requirements for creating a 100-ton-thrust engine to power an aircraft.'@' 

As Keldysh began research work at NII-l on the bomber, in the spring of 1947, scientists 
and engineers briefed Stalin on the work on the vehicle. By some accounts. the Soviet leader 
was unusually enamored of the Sanger-Bredt concept, and he may have in fact been personal- 
ly instrumental in pushing for an analog Soviet project to produce the intercontinental bomber 
as a delivery system for nuclear weapons.'" Several important officials, including representa- 
tives from the Soviet Air Force, the Ministry of the Aviation Industry, and the Ministry of 
Armaments, were on hand to discuss the project with Stalin in mid-April. Unconfirmed reports 
suggest that there were guarded attempts to caution the Soviet leader about drawbacks in the 
design's technical details, but that these attempts did not change Stalin's mind. A commission 
was allegedly established under Col. General Serov, the first deputy chairman of the state secu- 
rity apparatus, to seriously investigate the program.'" The Sanger-Bredt commission, if it exist- 
ed at all, may have been an adjunct to the more important Special Committee for Reactive 
Technology, which had been renamed Special Committee No. 2 by June 1 947.'Ob 

Stalin's support notwithstanding, Soviet scientists were not too favorable in their opinion 
of the piloted antipodal bomber plan. The initial impressions of both Keldysh and Abramovich 
were not encouraging. Both believed that the project could not be brought to fruition in a short 
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Soviet Antipodal Bomber (1 947) 

Length 28 meters (92 feet) 
Wingspan 15 meters (50 feet) 
Propulsion RDKS-100 100 ton thrust liquid rocket 
Sustainer 2 x RNll wing-tip ramjets 
Weight 100 tons 

The Souiet uersron 01 the Sanger Bredt antipodal bomber shown here as it was concerved in 1947 by the 
NII i instrtute headed by Academician Mstislau Keldysh The rocket plane would haue been launched from 

a specral catapult (copyright Steven Zaloga) 

time period given the relatively large leap in technology required. The governmental pressure 
was, however, insistent enough for Keldysh to write a lengthy report on the bomber in 1947, 
titled "On Power Plants for a Stratospheric High-Speed Aircraft.'' which examined in detail the 
necessary requirements for the creation of an experimental system." The report, prepared 
under Keldysh's direct~on at NII-I, described a vehicle clearly reminiscent of the original Sanger- 
Bredt concept. 

The 100-ton winged spacecraft was twenty-eight meters long, with a total wingspan of fif- 
teen meters, and it had a full operational flying range of 12,000 kilometers. The basic vehicle 
was equipped with three engines, two ramjet units at the tips of the wings, and one tradition- 
al liquid-propellant rocket engine at the rear end of the fuselage. As envisioned in the 1947 
report, the bomber would be piloted by a single crew member in a special hermetically sealed 
cockpit at the front of the vehicle. In one of the more original schemes of the plan, the bomber 
would be launched using a special "catapult" equipped with at least five 100-ton-thrust liquid- 
propellant rocket engines to impart a total thrust of 500 to 600 tons. for about ten to twelve 
seconds, accelerat~ng the vehicle to a velocity of about 500 meters per second. At this point. 
the huge ramjets at the wingtips would fire, working until the vehicle reached an altitude of 
twenty kilometers, then the main 100-ton-thrust engine at the rear of the bomber would ignite 
to literally "launch" the bomber into the upper reaches of the atmosphere. A nominal mission 
would have the bomber fly several "dip-and-skip" trajectories into the atmosphere before reach- 
ing the final target." 

107 A chapter from the report has been publ~shed as M V Keldysh. "On Power Plants for a Stratospher~c 
H~gh-Speed A~rcraft" (English t ~ t l e )  ~n Avduyevskiy and Eneyev, eds M V Keldysh pp 22- 34 

108 ibtd 



Active research on the ambitious project began in I947 under Keldysh's guidance. Apart 
from playing the overall role of coordinating work on the project. NII- l  also contracted one of 
its own subdepartments to develop the kerosene-liquid oxygen rocket engine for the catapult 
and the bomber itself. Leonid S. Dushkin, an engineer who had been an associate of Korolev's 
in the 1930s, was appointed to lead a team to develop the main engine, designated the 
RDKS- 100. Given the fact that the most powerful Soviet liquid-propellant engine in existence 
at the time had a thrust of only twenty-five tons, it was quite an ambitious undertaking for 
Dushkin. NII- l  also at the time commenced an extensive series of experiments, having estab- 
lished laboratories for gas dynamics, combustion, heat exchange, physical methods of mea- 
surement, on-board automatic instruments, and a special ground test stand for very high-thrust 
rocket engines.09 Research on the two giant ramjet engines was tasked to the Central Institute 
for Aviation Motor Building in Moscow-an institution that had perhaps the most extensive 
experience in the Soviet Union in the design of such engines. The actual models would be built 
in-house at NII-l under Bondaryuk. 

Soviet officials also briefly attempted to involve the Germans in the work on the antipodal 
bomber. In October 1947. Nll-88 Chief Engineer Pobedonostsev forwarded a copy of the orig- 
inal Sanger-Bredt report to the Germans at Gorodomlya. Given the earlier negative assessments 
from Keldysh and Abramovich, it is not surprising that the Germans had much the same 
impressions of the proposal. Several major problems were found with the project, including 
Sanger's claim that the mass ratio of the vehicle would be 0.1. In addition, the Germans pos- 
tulated that each "skip" into the atmosphere would result in unforeseen gravity loads on the 
lone pilot and the wing structure, which were not accounted for in the design. They also found 
problems with the required exhaust velocity, reentry, and choice of a catapult-sled for launch- 
ing the vehicle."Wespite the German recommendations. Keldysh and his engineers continued 
work on this project. In his 1947 report. Keldysh was remarkably optimistic, suggesting that 
based on NII- 1's calculations, "it would be possible to create a combined propulsion unit with 
liquid rocket engines and supersonic [ramjets] ensuring a range of I2 thousand kilometers for 
the rocket plane.""' Research at the institute focused on those areas in which there were inher- 
ent weaknesses in Soviet technology, such as the development of high-temperature resistant 
metals and high-thrust propulsion systems. Such was the interest in the bomber that Stalin 
reportedly dispatched an Air Force officer name Grigor~y A. Tokaty-Tokayev in 1948 to kidnap 
Dr. Sanger, who was at the time living in France. Unfortunately for the Soviet leader. Tokaty- 
Tokayev took the opportunity to defect to the West, thus providing a key source for inforrna- 
tion on the Soviet antipodal bomber effort." 

Kapustin Yar 

Korolev's February 1947 letter to Special Committee No. 2 accelerated the process to select 
a missile test site for testing the A-4 and R- I rockets. The committee, in cooperation with the 
General Staff of the USSR Ministry of Armed Forces, had initially settled on a location on the 
Azov shore, with launch routes taking the missiles over the Don steppes toward Stalingrad. 
Ukrainian Communist Party First Secretary Nikita S. Khrushchev was evidently opposed to such 
a move because of the possibility of "resettling" a large amount of people from the Ukraine. 
Khrushchev took the matter directly to Stalin, who asked Beriya to look elsewhere." On July 
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27, 1947, from nine other choices, the committee selected a desolate area ninety kilometers 
southeast of the town of Volgograd on the banks of the Akhtuba River, a tributary of the Volga. 
Officially designated State Central Range No. 4 (GTsP-4), the place was informally called 
Kapustin Yar and covered a ninety-six-by-seventy-two-kilometer stretch of desert land. The 
name came from a legend that described a robber named Kapustin who had found refuge in 
the small village. The primary motivations for selecting Kapustin Yar were its remoteness from 
populated areas, its closeness to established railway tracks, and its proxrmity to the major 
industrial center of Volgograd. In addition, the railroad from Stalingrad to Kapustin Yar did not 
go through a single population center, thus isolating the new project from curious citizens. 
Apart from selecting a site, the July decree also formalized two other issues. The first launches 
of German and Soviet-built A-4 missiles were set for the period September-October 1947. 
Furthermore. Lt. General Vasiliy I. Voznyuk, a forty-year-old artillery officer who like many oth- 
ers in the new rocketry sector had participated in the operation of the Katyushas during the 
war, was appointed the first commander of the range.'I4 

The construction of the modest launch facilities at the desolate area began at the height of 
summer in late July and early August 1947. The conditions were terrible, as Voznyuk later recalled: 

Barren steppes. A little vermouth. Thorn bushes, occasionally some wolf's milk. Little 
water. Transport alter transport arriving with construction workeris] who  had become 
famous for their efforts during the . . . war. Transports and materiel and equipment 
arrived. Families arrived. Where were they to be housed? As it turned out in tents and. 
at best, in small settlements located along a small stream whose water had too high a 
salt content to be used for drinking water. Sand, gravel, and bricks for building, water 
and food for personnel had to be brought in.'" 

Some of the engineers from Nll-88 and elsewhere were housed in special trains that served 
a multipurpose role. Most had live in tents or in the village houses of the local inhabitants. who 
were none too pleased with this sudden intrusion into their lives. The temperature in summer 
was as high as forty degrees Centigrade, while in winter it was known to drop to as low as 
minus thirty degrees. Although spring did bring a temporary respite from the extreme weather 
conditions, the workers then had to coDe with deadly snakes and tarant~1as.I'~ Necessities. 
such as water, food, clothing. and shelte;, were not byCany means taken for granted, and there 
were several fatalities. 

In antic~pation of the first launches in the fall, Soviet and German engineers, artillery offi- 
cers, defense industrialists, secret police representatives, and Communrst Party officials poured 
into Kapustin Yar and were housed in rail cars and tents. Korolev and several of his leading 
deputies arrived in early October at the same time as a number of notable dignitaries. These 
included Chief of Chief Artillery Directorate Marshal Yakovlev, Minister of Armaments Ustinov. 
Chief of the Seventh Chief Directorate Vetoshkin, and Deputy Minister of State Security Serov.!: 
For the series of launches, the Soviet government set up a temporary administrative body called 
a "State Commission." whose members were the leading officials involved in the tests. Entlties 
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similar to the State Commission for A-4 Launches were quite common in the Soviet defense 
industry, existing only temporarily to certify each stage of testing of a new weapons system, 
such as tanks, aircraft, and rockets. By bringing together individuals from different institutional 
boundaries, governmental agencies could make more effective assessments of the capabilities 
and limitations of weapons. Eventually, decades later, the same principle would come into use 
in the Soviet space program. 

Marshal Yakovlev, the head of the Chief Artillery Directorate, was a natural choice for the 
post of chairman of the State Commission for A-4 Launches. Officially, his deputies were 
Ustinov and Serov, although in actuality, much like the policy-making Special Committee 
No. 2. Serov probably played a pivotal role in the new commission's operations.'Wumerous 
German engineers, including Grottrup. Hoch, Klippel. Magnus. Meier, and Munnich, also trav- 
eled to Kapustin Yar in early fall to serve as coordinators for the launches, although they were 
not official members of the State Commission. They were well acquainted with most of the 
equipment at the range because a large amount of it had been directly collected at Lehesten and 
Peenemunde. The actual launch "pad" itself was served by special railcar built under the guid- 
ance of Grottrup in Kaliningrad. A "consultant" group of Germans for launch operations was 
headed by Fritz Viebach. Apart from the Germans, a small active Soviet launch group was also 
established to directly conduct the tests.'" A total of about 2.200 personnel were present for 
these historic launches at Kapustin Yar. 

There were two different series of A-4s prepared for launch, each comprising nine rockets. 
The first, designated "series N," had been built by the Germans at the Klein Bodungen plant 
and tested horizontally at Mittelwerk. The "series T"  consisted of those built and assembled 
using primar~ly German and some Soviet parts at Nll-88 plant at Kaliningrad, near Moscow. The 
first launch of an A-4 missile from Soviet soil took place at 1047 hours Moscow Time on 
October 18. 1947, more than a year after the first U.S. A-4 test. The series T rocket lifted off 
successfully, and as a result of clear weather, viewers saw the rocket for a few minutes. The 
A-4 impacted some 206.7 kilometers from the launch point, a distance of thirty kilometers to the 
"left" of its intended target point.20 Initially unaware of the guidance system failure, there was 
almost pandemonium at the launch site when it was announced that the missile had flown the 
full intended range. Ustinov held Korolev in a bear hug and engaged in a celebratory dance with 
him. Korolev and Grottrup also hugged each other in congratulations." The second launch on 
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October 20, also of a series T vehicle, was more of a disappointment. During the active part of 
the trajectory. the missile deviated sharply to the left and disappeared into the clouds. After a 
few seconds, an announcement came over the speakers, with some element of humor, that the 
missile had "fallen in the region of Saratov." a densely populated region."' 

The State Commission immediately met, and Serov asked that all efforts be made to ascer- 
tain the possibility that the A-4 had indeed landed at Saratov. Because the request came from 
Serov, the rocket builders took the order correctly as a veiled threat to their jobs. Eventually, after 
tense minutes, investigators discovered that the rocket had actually landed not in Saratov, but 
elsewhere, about 180 kilometers from the intended target. Ustinov immediately dec~ded to con- 
sult German specialists on the problem. Two of them. Magnus and Hoch, were instrumental in 
determining the cause of the guidance failure, allowing the tests to proceed. The last A-4s. the 
tenth and eleventh missiles, were successfully launched the same day. November 13, complet- 
ing the historic first long-range ballistic missile launches in the Soviet Union. Of the total 
launched, five were built at Nordhausen and six at Nll-88. The record of tests showed that all 
were launched successfully, although only five reached their designated targets.I2' 

These first A-4 tests were also important for facilitating the first high-altitude scientific 
research in the Soviet Union. Scientists at the P. N. Lebedev Physical Institute of the USSR 
Academy of Sciences had been disappointed when the postwar VR-2 I0 project had failed to 
produce any fruitful results. Aware of the R-l effort at Nll-88. Sergey N. Vernov, the nuclear 
physicist at the institute, was instrumental in trying to create a rapport between sc~entists and 
the engineers at Nll-88, including Korolev. As a result, in 1948, the spec~al Comrniss~on for the 
Study of Stratosphere, whose work had been on hold during the war, was revived. Academy 
President Sergey I. Vavilov met formally with Korolev that year to discuss a plan of operations 
for allowing scientists to design payloads for the R- l missiles. By the fall of 1947, a modest 
experiment regime involving the study of cosmic rays had been prepared. The nose sect~on of 
a few A-4s were equipped with an ionization chamber and a gas discharge counter with appro- 
priate shielding; the main equipment section of the missile was modified to hold electronic 
instruments for the amplification, conversion, and coding of signals, which were all connected 
using a cable with antennae at the rear of the rocket. The actual cosmic ray detectors were 
attached between the rear fins of the A-4.I2Vhe total scientific payload mass was about 
500 kilograms. The first of three of these "scientific" launches was conducted on November 2 
in the presence of Dr. Vernov, the chief experimenter and at the time the deputy director of the 
Scientific Research Institute for Nuclear Physics. The missile reached an altitude of eighty kilo- 
meters. providing about three minutes of good data."' 

The launches at Kapustin Yar in 1947 were clearly significant events in the history of the 
Soviet rocketry and space program. Having recovered only a handful of A-4s from the wreckage 
left behind by the Peenemijnde group, it was a tribute to both the Soviet and German engineers 
involved that full-scale launches of these rockets, most of them successful, were resumed in 
such a short period after the end of the war. Unlike the U.S. military, which was able to cap- 
ture 100 A-4s. the Soviets suffered from the limitation of having recovered approximately one- 
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fifth of that number. Given the vast number of A-4s that were brought to the White Sands 
Proving Ground in New Mexico, the U.S. Army rapidly launched twenty-five of them in rapid 
succession in 1946 under the first phase of Project her me^."^ Assessing and identifying weak- 
nesses in the A-4 design, the military was able to capitalize on the early tests and move on to 
more advanced programs. The Soviets, on the other hand, limited by the number of A-4s they 
could launch, simply opted to create their own homemade version, the R-I. Thus, the results 
of recovery operations by the Soviet Union and the United States in Germany in 1945 had a 
direct effect on the nature of immediate postwar rocketry efforts. 

The Debate Over the R-2 

Korolev supported the 600-kilometer-range R-2 missile project throughout 1947, but that 
project seems to have faced many delays from various sources. Initially proposed as early as 
January 1947, Stalin did not seem too keen on the project, given that the A-4s had yet to fly at 
the time. A meeting of the Scientific-Technical Council of Nll-88 was held on April 25 to 28. 
1947, at Kaliningrad in the presence of Minister of Armaments Ustinov. This allowed Korolev 
to formally "defend" the R-2 draft project." 

The R-2 missile was a significant advance over the German-based predecessor. The basic 
external structure of the R-2 was somewhat reminiscent of the A-4, but the new missile had a 
range twice that of the R- I. The corresponding increase of dry mass was only about 500 kilo- 
grams, while the increase in length was about two and a half meters. Korolev's engineers incor- 
porated at least four major innovations into the vehicle to achieve the given performance. One 
of the two propellant tanks of the missile, the one carrying ethyl alcohol, was incorporated as 
an integral part of the overall structure of the rocket, often called a "monocoque" design. 
Engineers had to learn to master the complex thermal processes on the exterior of the vehicle 
because of such a scheme, which itself contributed to changing internal pressure in the tank. 
A monocoque design for the liquid oxygen tank was deemed too complex because of the uncer- 
tainties in its behavior in flight, although research was already ongoing on the means to incor- 
porate such practices in succeeding designs. The second major design improvement was the 
use of a separable warhead, making it possible to have a much lighter rocket body, because ther- 
mal insulation would prove to be unnecessary for the main body after the separation of the war- 
head and the missile. This problem posed one of the greater challenges for Soviet engineers and 
required research on coordinating the separation of the two parts, elements of the trajectories, 
precise knowledge of engine performance, and stabilization of the nose section following sep- 
aration. The R-2 also had a much improved guidance system, developed in cooperation with 
groups under Chertok. Pilyugin. Ryazanskiy, and Kuznetsov, which would allow increased tar- 
geting accuracy and also provide easier access during prelaunch operations to decrease the time 
required for preparing launches. Finally, the missile would use an uprated version of the R- 1's 
RD- 100. designated the RD- I 0  I ,  with a thrust of thirty-five tons, and developed at OKB-456 
under Chief Designer Glushko. The new engine was achieved by increasing the concentration 
of ethyl alcohol and raising combustion pres~ure.~ 'Vh i le  the total length of the new missile 
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was 17.65 meters, the maximum body diameter was the same as the R- 1 ,  1.65 meters. The total 
fueled mass was fifteen and a half tons. 

The engineers froze the basic design elements of the R-2 plan by April 1947. Although the 
technical improvements were theoretically sound, the engineers did face serious problems trans- 
lating their plans into reality. Among the major factors were the severe lack of raw materials and 
the absence of many important industries, such as advanced metallurgy, which had to be built 
from scratch. The industrial infrastructure for manufacturing the myriad of parts was almost 
nonexistent at the time, and engineers often had to scrounge through their own possessions for 
items such as springs and screws. The issue of quality control would also become a very impor- 
tant issue given the expenses associated with losing complete m~ssiles because of faulty assem- 
bly. Finally. the Soviets were forced for the first time to create ground testing infrastructure for 
testing key elements of the missile prior to launches. One of the first dedicated engine testing 
facilities was established in July 1947 as Branch No. 2 of Nll-88, about seventeen kilometers I 

north of Zagorsk near Moscow, initially under the leadership of Gleb M. Tabakov."' The R-1's 
RD- 100 was the first engine fired on static stands at the branch, while units for surface-to-air 1 
missiles developed at the Nll-88 were also among those tested during 1947-48. 

i 
i 

The development of the R-2 missile ran into serious problems soon after the April meet- 
ing. On June 4, 1947. Nll-88 Director Maj. General Gonor hosted another meeting to discuss 

t 
the long-range goals of the German specialists affiliated with the institute. At the meeting. 1 
Grottrup, the leading German rocketry specialist in the Soviet Union, proposed the development 1 
of a new missile designated the G- I (later to be confusingly called the R- 10) as a successor pro- 
ject to the R-I. Not surprisingly, there was a much resistance on the part of Soviet engineers to 
any German proposal that was competitive with the~r own plans. In this case, the G-I, with a 

i 
range of 600 kilometers. had capabilities and design elements very similar to Korolev's R-2. The 
latter was particularly stubborn in his opposition to the G- I plan. One of his closest associates, 
Nll-88 Deputy Chief Engineer Chertok, later recalled that Korolev's resistance was based more 
on personal reasons than any technical considerations. Having suffered through the humiliation 
of the Great Purges, he had watched the Soviet rocketry effort crumble while the Germans had 
advanced swiftly with their ambitlous A-4s. His hostility to the Germans and their designs in 

I 
part contributed to his vigorous opposition to creating the R-I copy of the A-4, a matter that I 

! 
resulted in significant friction with Minister of Armaments Ustinov."The industrial leaders of 
the missile industry, in the person of not only Ustinov, but also Ryabikov, Vetoshkin, and oth- 
ers, were evidently in favor of allowing the German engineers a free reign in their design pro- 
jects. This high level of support was crucial in ensuring that Grottrup's team could accelerate 
their work on the G- I after theJune meeting. To the dismay of Soviet engineers, relevant depart- 

I 
1 

ments at the institute were subordinated to the Germans to assist them in their calculations in 
the ensuing months. It is quite likely that Korolev's engineers investigated the design charac- 
teristics of many of the German design characteristics for the G- I for their relevance to the R-2 1 
project, but ultimately the "German diversion" seems to have siphoned off resources for work 
on the Soviet R-2 missile, delaying its overall progress. 

I 

A preliminary draft plan for the German G- I was discussed at a meeting of the Scientific- 
Technical Council of Nll-88 on September 25, 1947. Present were the Germans Grottrup. 
Umpfenbach. Hoch, Albring, Anders. Wolff, and Sheffer, along with Chief of the Seventh Chief 
Directorate of the Ministry of Armaments Vetoshkin and Nll-88 Chief Engineer 
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Pobedonostsev." Korolev himself was not in attendance, but he was represented by two of his 
deputies. Mishin and Bushuyev. The design that the Grottrup team presented to the leadership 
of the institute had a number of similarities to the Soviet R-2, including the use of a separate 
payload section for the warhead and the 600-kilometer range for the missile. There were also 
major differences between the two vehicles. Both the liquid oxygen and ethyl alcohol tanks on 
the G- I had a monocoque structure made of very thin aluminum or steel, unlike the R-2, which 
only had one monocoque tank. The Germans increased engine thrust to thirty-two tons by 
adopting innovative methods for regulating propellant flow rates. A mass saving of about 
180 kilograms was achieved by dispensing with the high-test peroxide generator in favor of 
using gases diverted from the combustion chamber to turn the turbopumps. The guidance and 
control systems for the G- I were also relocated at the base of the missile in contrast to the for- 
ward end on the A-4. Finally, the guidance system would use a then-sophisticated method 
known as "beam-riding." which essentially transferred a major portion of such systems to 
ground stations, thus saving mass on the rocket itself. The missile looked similar to the A-4. 
with a length of 14.3 meters and a total mass of 18.6 tons. According to Grottrup, the new 
design would allow vastly increased targeting precision, a much shorter launch preparation 
time, and twice as much range compared with the A-4. The payload mass would also rise from 
the A-4's 0.74 tons to a new peak of 0.95 tons." 

Grottrup made a very persuasive case to the Nll-88 leadership. and he asked for formal 
approval of the G- I project, shrewdly proposing that both the R-2 and the G-l be allowed to 
proceed in parallel and completely independently of each other. Many of the Soviet engineers 
predictably put up resistance. Mishin, one of the authors of the Soviet R-2, argued that the 
institute had two possible roads: exploiting the current technology available and developing a 
missile (the R-2). which had a real possibility of being created In a short time, or developing a 
rocket (the G- I ) ,  which would necessitate a radical restructuring of the existing Soviet test~ng 
and manufacturing base."' In its final decision, the council of the inst~tute, while mentioning 
the several attributes of the G- I, declined to approve a full-scale program to develop the G- I .  
instead asking that Grottrup's group present a formal and complete "draft plan" for the missile 
at a following ~neeting."~ It was evidently a means to delay decisive action on the German pro- 
ject and, in an overall sense, a policy on the use of Cerman expertise in the rocketry industry 
in the Soviet Union. The decision pleased no one and clearly indicated that the leadership of 
the Ministry of Armaments, in particular Ustinov and Vetoshkin, were at odds with the engi- 
neers in their view on the use of Cerman engineers in the Soviet missile program. The matter 
was obviously a very sensitive issue. While most Soviet officials were reluctant to use German 
expertise, many were amenable to compromise on the issue to accelerate the development of 
ballistic missile technology in the Soviet Union. Formally establishing a mechanism for doing 
this was much harder. Korolev could clearly not be expected to work under Grottrup, while if 
the roles were reversed. Korolev would no doubt exclude Grottrup's group from all work. A third 
alternative was equally unpromising: allowing two parallel and ~ndependent development pro- 
jects, which was well outside the capacity of funding at the Ministry of Armaments. 
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Immediately after the September 1947 meeting, the Germans were given a temporary lift; 
there was a subtle shift in favor of their G- I plan. It was to be a relatively short time to cele- 
brate victory. Although the Germans spent the better part of 1948 working on the G- I project. 
there were some unexpected institutional changes. Beginning in the early months of the year, 
the Soviets began relocating all of the remaining Germans to Gorodomlya Island in Lake Seliger. 
Grottrup himself left Moscow to join Nll-88's Branch No. I in February. By May, almost all of 
the Germans had departed the main institute offices at Kaliningrad, and few were ever to visit 
again. The Germans also later reported that their pay rates were significantly reduced. In addi- 
tion, Grottrup's position in the German hierarchy was called into doubt by a combination of 
Soviet hostility and internal struggle among the Germans themselves. The pace of work on the 
C- l  dramatically decreased in 1948, as Grottrup began to raise formal complaints with his 
Soviet bosses, arguing that only a few of the planned experiments on the project had been 
allowed to proceed." 

The Germans may have lost their access to Kaliningrad, but this did not accelerate a final 
definitive decision between the Soviet R-2 and the German G- I. Korolev's long battle over the 
R-2 had actually begun more than a year before when he had taken the matter to Stalin him- 
self. On April 14, 1947, he was escorted into the Kremlin to meet the Soviet leader in person 
for the first time. '"ver the years. Korolev gave wildly contradictory accounts of that meeting. 
In a rare interview with a Soviet journalist in 1963, he remembered: 

I had been given the assignment to report to Stalin about the development o f  the new rock- 
et. . . He listened silently at first, hardly taking his pipe out of his mouth. Sometimes he 
interrupted me, asking terse questions. I can't recount all the details. . . . I had a short . . . 

synopsis report which I was not allowed to take with myself. Stalin replied with a greet- 
ing but did not offer h ~ s  hand Stalin was outwardly restrained. I could not tell whether he 
approved of what I was saying or not. [He] said "no" enough times that these "no's" 
became the law for the moment. These were the conditions [of the meeting]." 

1 
In a letter to his wife written after Stalin's death in 1953, Korolev recalled that he was very I 

nervous at the meeting, which was attended by many others, including Minister of Armaments 
Ustinov. Stalin apparently paced around his office during the entire hour, asking many pointed 
and pertinent questions about the state of the missile program."Wne of those attending was 
Korolev's first deputy. Vasiliy P. Mishin, who remembers: 

I 
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I can remember that [Stalin] walked around the room smoking his pipe, breaking papy- 
rosi [cigarettes] and putting tobacco in. There were about a hundred people there-mar- 
shals, ministers, officials of the Party. It was in the building of the Central Committee 
and the subject was liquid rockets. Stalin was a strong supporter of their development. 
The U.S. had naval bases in Europe. owned the A-bomb. They didn't really need the 
ICBM. They could reach the USSR with bombers."" 

The Soviet leader asked Korolev about his impressions on the comparative uses of rockets ver- 
sus bombers in wartime situations. to which Korolev summarized the possible advantages of the 
former. After the end of the meeting, Korolev, on request from Stalin, wrote up a short report on 
the spot on the rockets-versus-bombers discussion and departed.I4The influence of Korolev's 
report is still open to interpretation. The chief designer himself recalled somewhat ambiguously: 

This meeting played its positive role. Apparently Stalin and his military advisers seemed 
to understand that the first experiments at designing jet aircraft. artillery units, and other 
things could in the future produce far-reach~ng posltiue re~u l ts . '~ '  

One of Korolev's goals at the meeting had evidently been to convince Stalin of the need to 
move ahead with the longer range R-2 missile. The Soviet leader declined to approve such a 
strategy, electing to maintain focus on the Soviet copy of the German A-4 missile. It would be 
exactly a year before the Council of Min~sters formally adopted a decree on the future of the 
missile program. Dated April 14. 1948, the resolution called for the development, testing, and 
use of the R- l  missile in the Soviet Union. The same document sanctioned "scientific and 
experimental work" for the eventual creation of the 600-kilometer-range R-2 rniss~le.'~' 

Stalin's decision no doubt gave some impetus to Korolev's arguments against the G- I .  The 
continuing battle between the German and Soviet proposals continued throughout the year as 
the Germans prepared a huge and detailed draft plan for the their missile. The conflict between 
the R-2 and the G- I ,  however, took a h~atus in the fall of 1948 as Soviet engineers once again 
trekked to the steppes at Kapustin Yar for the very first launches of a Soviet-made long-range 
ballistic missile. Unlike the earlier A-4 tests in 1947, this time none of the Germans were invit- 
ed, a clear indication of their isolation from the mainstream Soviet program. The test program 
for the R- I envisaged two separate series of launches, the first consisting of about a dozen vehi- 
cles primarily to verify the correctness of the newly introduced industrial design and manufac- 
turing methods in the Soviet Union. The second series, to consist of about twenty missiles. 
would be flown to increase reliability and eliminate defects that would show up in the first 
series.I4' The construction of the first flight articles began in May 1948. While the missiles were 
officially referred to as R- I, in al l  technical documentation, the vehicle was designated "prod- 
uct 8KI I . "  a style of nomenclature, using a number-letter-number system, that would be con- 
tinued into the space era. 

The State Commission for testing the R- l  missiles was chaired by Chief of the Seventh 
Chief Directorate of the Ministry of Armaments Vetoshkin. His deputy on the commission was 
Maj. General Sokolov, the head of the Fourth Directorate of the Chief Artillery Directorate, who 
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was responsible for the hundreds of artillery personnel involved in the program. Korolev was 
the only engineer who was a formal member of the commission, although the five other indi- 
viduals in the Council of Chief Designers served as technical advisors.'" The first two launch 
attempts in mid-September had to be postponed because of equipment failures. The third vehi- 
cle, the first to get off the launch pad, flew into the skies on September 17, but suffered a major 
control systems fa i l~re. '~ '  Almost immediately following liftoff, the R- I veered fifty-one degrees 
off its main trajectory, flew nearly horizontal to the ground, and landed only ten kilometers 
from the launch site. The engineers apparently quickly determined the cause of the malfunc- 
tion, for a second R- I was launched soon after. This one also failed, this time because of a mal- 
function in an oxygen valve in the engine's combustion chamber. The R- l finally lifted off on 
~ t s  first successful flight on October 10, 1948, traveling a full range of 288 kilometers and attain- 
~ n g  a top velocity of 1,530 kilometers per second. A second partially successful launch took 
place three days later. After these tests, Ustinov and Marshals Yakovlev and Voronov arrived at 
Kapustin Yar as observers, lending an unusual importance to the tests."Vs with the A-4 
launches in 1947, agents from the state security apparatus sent by Col. General Serov were on 
hand at the testing ground, providing a general feeling of uneasiness to all the proceedings. 
Weather was also a problem and at least one of the launches, on November I ,  had to be post- 
poned because of heavy fog. In addition, a technician was killed while checking a newly 
designed gangway to the missile. The final R- I vehicle was launched on November 5. the n~n th  
successful flight out of twelve launche~.~ '  

The nine launches that were deemed successful were classified on the basis of the achieved 
range, about 3 0 0  kilometers on each flight. The accuracy of the missiles, however, left much to 
be desired. Only one of the vehicles impacted in the designated sixteen-by-eight-kilometer tar- 
get area, raising serious concerns about the missile's possible use in battle. The poor record of 
the launches instigated a minor altercation between Ustinov and Marshal Yakovlev, represent- 
ing different Interests of the Sov~et g~vernment . '~Vhe latter, speaking for those that would 
eventually use the missile as a weapon, was not pleased about the outcome of the launches. I t  
was a debate that would continue for several years until the Soviet missile finally outgrew its 
connection to the German A-4 missile. In retrospect, these launches comprised a critical peri- 
od In the development of the future Soviet rniss~le and space industry; many new technolog~es 
were introduced in the production process. New techniques, such as those for the manufacture 
of large sheets of special magnesium steels and magnesium alloys, and new types of cables. 
relays and sensors, and materials-handling machinery were developed for the R- I .  In addition, 
the Ministry of Armaments concurrently created assembl~es for the storage and transporting of 
liquid oxygen with refueling equipment, and it also developed new methods for weld~ng and 
protective coatings for the R - l  warheads.'"' These industries, a total of thirty-five Scientific 
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F I R S T  S T E P S  

Research Institutes, and eighteen manufacturing plants later facilitated the relatively quick and 
efficient production of larger and more powerful missiles. 

Korolev and his engineers returned from Kapustin Yar to Kaliningrad in time to hear the 
revised report by the German engineers on their G- I study. On December 18. 1948, the mem- 
bers of the Scientific-Technical Council of Nll-88 gathered to make a final decision on the 
German proposal. Sitting in for the absent Nll-88 director was Maj. General Aleksey 5. 
Spiridinov, an artillery officer who had hitherto served as a liaison contact between the 
Germans and the Soviets. The entire German "high command," including Grottrup, Albring, 
Blass. Hoch, Muller, Rudolf, Umpfenbach, and Wolff, were in attendance. Representing the 
Soviet assessment team were Bushuyev, Isayev, and Lapshin from Nll-88 and Chief Designer 
Glushko from OKB-456. Once again. Korolev was absent, perhaps to preclude the Germans 
from acquiring information on the real power behind the ballistic missile program. In his report. 
Grottrup announced that his group, over the course of the past year, had managed to increase 
the design range of the G- I from 600 kilometers to 8 10 kilometers and had also dramatically 
increased targeting accuracy. Dr. Hoch, the author of the new guidance system, also expound- 
ed on the advantages of the new redesigned missile. After a long and sometimes acrimonious 
session, punctuated for the first time by a discussion of the political implications of using 
German expertise, the council formally terminated the parallel approach of work on the R-2 and 
the G- I, which had been continuing for close to two years by then. Instead, taking what was 
considered "decisive" action, the institute leadership did not approve creation of the G-I. 
although Spiridinov explained that the Germans would be allowed to continue work on their 
coveted missile."" 

It was an extremely significant decision that had a profound effect on the role of the German 
group on the further development of long-range ballistic missiles in the Soviet Union. The 
Germans continued to work on several more major rocketry projects, but none played as major 
a role in Soviet planning as the G-1. Work on that effort was continued into 1949 as Grottrup's 
group focused on structural aspects and the Doppler radio system of the missile.'" By then, how- 
ever, it was increasingly clear that the future did not hold much promise. As the Germans set- 
tled into studying further missile projects in the ensuing years, each one raised hopes that the 
Soviet side would finally give them the green light to create their first rocket in metal. 

Stratonauts and Multistage Rockets 

Mikhail K. Tikhonravov, the man who had designed the first Soviet liquid-propellant rock- 
et, the 09, had, as with many of the other engineers of Nll-3, moved from project to project. 
first because of the Purges and then as a result of the war. After Korolev's arrest in 1938, the 
two did not work together in any capacity, and their efforts moved in different paths. The older 
of the two-he was forty-five years old at the end of the war-Tikhonravov had established a 
group at NII- 1's Branch No. 2 during the last years of the war to develop a solid-propellant rock- 
et for sc~entific experiments. When this project, the VR-2 10, failed to yield any positive results. 
he threw his lot into a much more ambitious plan, one with which he had been toying since 
at least the late 1930s. 

In early 1945, Tikhonravov brought together a group of engineers at the ~nstitute to work 
on a design for developing a high-altitude rocket for carrying two passengers to an altitude of 
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190 kilometers." Designated the VR- 190 proposal, it was the very first concrete project in the 
Soviet Union for launching humans into space. Tikhonravov's plan envisioned the use of a 
modified A-4 rocket with a recoverable nose cone containing a pressurized cockpit for carrying 
two "stratonauts."" The passengers would remain ~n an upright position in the capsule from 
launch until touchdown in two custom-made couches. Tikhonravov formulated four primary 
goals for the project: 

To conduct research on the effects of the temporary weightlessness on humans during free- 
fall 
To carry out investigations on shifts in the center of gravity in the cabin and the movement 
of the center of gravity subsequent to the separation of the nose cone from the main rocket 
To acquire information on the density, pressure, and temperature of the upper atmosphere 
To test the operational reliability of instruments for separation, descent, stabilization, and 
landing of the cockpit 

Tikhonravov even went so far as to contract out the development of the special two- 
passenger cabin for the VR- 190 to a designer. A. V. Afanasyev, at OKB- 1 15, an organization led 
by the famous Soviet aviation designer Aleksandr S. Yakovlev. Work on a parachute 
system for the recovery capsule began simultaneously in May 1946. 

Many of the design aspects of the VR- 190 were remarkably advanced for the time. In his 
conception of the spacecraft. Tikhonravov proposed the use of the following: 

A parachute system for returning to Earth 
A braklng rocket engine for soft landing the cabin on the ground 
A system using explosive bolts to separate the cabin from the launcher 
A special probe extended downward beneath the cabin to serve as a sensor to trigger the 
soft-landing engines 
A pressurized cockpit with fully equipped life-support systems. thus bypassing the need for a 
catapult or ejection seats 

* A system of low-thrust attitude control engines to maneuver the vehicle during its vertical 
trajectory beyond the atmosphere 

Remarkably, all SIX of these design elements would be adopted for Soviet piloted spacecraft by 
the early 1960s. More impressively. Tikhonravov proposed the use of an "arched" protective 
heat shield, a design not unlike the one used today on the Soyuz spacecraft.'"" 

Not wanting his idea to languish from a lack of interest. Tikhonravov tried to elicit interest 
from authorities all the way at the top of the Soviet leadership. In June 1946, he and his deputy. 
Nikolay C. Chernyshov, authored a letter to Stalin on the VR-190: 

152 T h ~ s  group Included N C Chernyshov V N Calkovskly P I lvanov A F Krutov C M Moskalenko 
and V A Shtokolov 

153 V N Galkovskly and C M Moskalenko 'The VR 190 Project-/? Step In the Road to the Creat~on of 
Space Sh~ps' (Engl~sh t~t le) 17 istori~ avlatsii I kosrnonautiki 42 (1980) 28-30 Yevgen~y Ryabchlkov A Russlan 
Story In One Moment Sputn~k Became Part of the Vocabulary of Mankind The Beglnnlng of the Space Era 
Revealed' (Engl~sh tltle) Ogonek 40 (October 3-10 1987) 1-3 Stache Soviet Rockets pp 257-58 

154 lbrd 



Dear Comrade Stalin! W e  have developed a plan for 
a high-altitude Soviet rocket for lifting two humans 
and scientific apparatus to an altitude of 190 kilome- 
ters. The plan is based on using equipment from the 
captured V-2 missile, and allows for realization in the 
shortest time . . . for returning, the cabin has load- 
bearing parachutes. [and] a braking unit in the form 
o f  [liquid propellant rocket engines], installed togeth- 
er with its propellant tanks at the base of the cabin. 
. . . The practical realization of the project would be 
possible, given the creation of the required condi- 
tions, in close to a years time! . . ."' 

At the same time, Tikhonravov also collated his group's 
research and presented the results to the Collegium of the 
Ministry of the Aviation Industry, the supervising authority 
over NII-I. Reactions from both Stalin and the ministry were 
remarkably positive. The bureaucrats all nodded with approval 
at the plan and gave the project " a  positive review and recom- 
mendation." while Stalin himself wrote back that "the propos- 
al is interesting-please examine for its rea l i~a t i on . "~ '~  
Unfortunately, it seems that bureaucratic gridlock ktlled the 
effort. Because of " a  number of organizational difficulties," the 
Ministry of the Aviation Industry never set about funding the 
idea, and Tikhonravov's report ended up in the ministry's 
library "gathering dust.""' One can imagine aviation minster 
Shakhurin's views on piloted spaceflight given his complete A drawing of the VR-190, the very 

and total noninterest in rocketry in general. ftrst Soulet conceptton 01 a piloted 

In late 1 946. N I I 1 was reorganized to carry out dedicated 
c o ~ ~ ~ ~ ~ ~ ~ y i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u o u  

work on the Sanger-Bredt antipodal bomber, and consequent- at NI,.l 1945, the VR-190 
ly Tikhonravov's group at its Branch NO. 2 was transferred out carry two rrstratonautst* 
to another military institute, Nll-4, at which scientific research strapped in an upright position on a 

was geared completely for purposes of defense. Nll-4 itself was 2oo-kiiorneter "hop" Into the upper 

soon brought under the umbrella of a new entity, the USSR tnno;a~l;;h;o;~;en;Za,,, 
Academy of Artillery Sciences. Established on October I I, later used in the 1960s-era 
1946. this academy, under Lt. General Anatoliy A. Blagonravov, spacecraft, such as voskhod and 
was formed to provide an institutional setting for educating a Soyuz 

new generation of artillery experts in the technical theories of (fiies of Asif Stddiqt) 

long-range ballistic missiles."Vor the Tikhonravov group, work 
at Nll-4 was initially focused on other unrelated areas, and they were forced to follow up engi- 
neering work on the VR- 190 plan in their own spare time."q Surprisingly, it seems that this first 
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piloted space effort had not been coordinated with Nll-88 and in particular Korolev's group. 
The two had evidently discussed the project in mid- 1945, but Korolev was clearly engaged in 
more earthly pursuits at the t~me, and he was not about to set off on a somewhat farfetched 
adventure only one year after his release from confinement. In addition, Korolev was a little 
more hesitant than Tikhonravov in believing that piloted spaceflight would be facilitated by bal- 
listic missiles. Given Korolev's interest in rocket-powered airplanes, this is not so surprising. 
From the early 1930s on, he had preferred the rocket airplane as a means to explore the upper 
atmosphere. I t  was only in the immediate postwar years that there was a fundamental shift in 
his strategy, perhaps prompted by the successes of the German A-4 missile. 

The changes with NII-l and NII-4 slowed down the VR-190 project, and by early 1947, 
much of the early momentum had been lost. That same year, Tikhonravov withdrew from work 
on the project, and the program was delegated to a different subdivision in the institute. 
Redesignated a "rocket probe" and given a "different tenor." the VR-190 plan was pursued fur- 
ther by others, and in 1948, a preliminary plan for the project was presented for tentative 
approval by the Scientific-Technical Council of Nll-4.'" The council allowed further work on the 
project with one modification-the launch of humans in the plan was dropped in favor of using 

i 

dogs. The following year, the institute finally terminated the project, possibly motivated by 
Korolev's own plans to modify the R- l  into a missile for scientific purposes. Thus ended the i 
first serious investigations in the Soviet Union in the interest of piloted spaceflight. The issue 
would not be taken up again for several years. I 

Tikhonravov's move to a new sector of Nll-4 in 1947 (the "first sector") as a deputy direc- 
tor of institute precipitated a second major first for the Soviet rocketry program: serlous inves- 
tigations into the possibility of designing very powerful ballistic missiles that could be used to i 
potentially launch artificial satellites. The same year, on September 16, he established a small i 

group under Pavel I. lvanov at the institute to conduct research on the development of multi- 1 
stage rockets. Although not specifically stated as such, the rationale for conducting the study, 1 

at least on Tikhonravov's part, was to develop a satellite launch vehicle in the near future using 
available Soviet technology. The responsibility of exploring the details of various possible con- 

I 
figurations of multistage long-range ballistic missiles was assigned to Vladimir A. Shtokolov 
and lgor M. Yatsunskiy, two young engineers in Tikhonravov's employ who had both worked 
on the VR-190. In December 1947, the group produced a preliminary report, which ~ncluded 
analyses of several different variants of so-called "composite" missiles, in which stages would 
be discarded following the depletion of propellant, the overall mass of the booster would be 
lightened, and consequently velocity would be increased.'" 

Utilizing the ground-breaking theories of Tsiolkovskiy. Ivanov's group under Tikhonravov's 
direction studied two possible variants of combining stages into one multistage booster. The 
first was a "tandem" arrangement, with two stages attached success~vely, and the second was 
the "cluster" scheme, with various stages connected in parallel. Despite the apparent simplici- 
ty and elegance of the tandem scheme, the engineers saw at least two major drawbacks in that 
variant. First. Tikhonravov believed that the problems of developing a rocket engine to fire in 
vacuum, as would be required for a tandem configuration, might prove to be insurmountable 

I 
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in the coming years. Second, the extra length of a tandem arrangement of stages would also 
pose complicated manufacturing problems. These factors prompted Ivanov's group to focus on 
cluster-staged rockets in which al l  the stages would fire at liftoff. In such a design, the length 
of the missile would be much less than a tandem variant, in fact being equal to the longest 
rocket forming the cluster. Several variations of the cluster arrangement were studied, including 
one with identical boosters linked together and one with differently sized rockets connected 
together in parallel. A further design, called "missile complexes." envisioned the use of sever- 
al boosters connected together in parallel, each of them being a multistage vehicle itseIf.lb2 
Because of the absence of electronic computers, the team performed all the mathematical cal- 
culations by hand, although this apparently did not slow down the group's work. 

In December 1947. Tikhonravov produced a preliminary report on the topic, which speci- 
fied configurations and capabilities of both tandem- and cluster-type long-range missiles. In the 
following months. Shtokolov and Yatsunskiy carried out hundreds of calculations that began to 
show the advantages of the cluster scheme, which by this time was given the name "packet." 
In their work, the two engineers examined a broad range of topics, including the means to link 
up the various rockets in parallel, possible ways to separate the strap-ons, and also ballistics for 
the active part of the trajectory. In their formal documentation, the researchers made no men- 
tion of a satellite launch vehicle, although the work was clearly aimed at achieving orbital veloc- 
ity. Tikhonravov's engineers were not the only individuals at Nll-4 involved in space-related 
themes. The institute's deputy director for science, Maj. General Yakov B. Shor, focused on a 
traditional successively staged missile, while institute Director Maj. General Nesterenko. 
Chernyshov, and others were also participants in "discussions" on space  theme^.'^' 

In early 1948, despite the fact that the results of the study on packets were still somewhat 
preliminary, Tikhonravov orally presented a summary of the investigations to the Scientific- 
Technical Council of the institute.'" The reception of his proposal was divided. The less than 
supportive response did not deter Tikhonravov, and he decided to present the paper, now titled 
"Paths to Accomplishing Great Ranges by Firing Missiles," at the annual meeting of the 
Academy of Artillery Sciences, the overseeing authority over Nll-4. Despite Nesterenko's appar- 
ent support. Academy President Blagonravov was not easily convinced of the propitiousness of 
allowing a presentation of the paper. Fully aware of Tikhonravov's ideas of a satellite launch 
vehicle, Blagonravov told Tikhonravov: "The topic is interesting. But we cannot include your 
report. Nobody would understand why. . . . They would accuse us of getting involved in things 
we do not need to get involved in. . . . " ' "  Tikhonravov was not easily discouraged and request- 
ed a follow-up meeting with Blagonravov the next day. This time, the Blagonravov agreed to 
the request, warning Tikhonravov: "Be prepared-we will blush together."'6b 

On July 14. 1948, Tikhonravov read his report at the Academy of Artillery Sciences in the 
presence of a large group of prominent dignitaries from the military.'" Apart from Blagonravov 
and Nesterenko, Chief Designer Korolev was also present, on visit from Nll-88. The audience 
listened in pin-drop silence to Tikhonravov's speech "with tremendous attention" as he argued 
persuasively that the design of rockets capable of reaching very high altitudes and velocities was 
technologically feasible. Not surprisingly, the reaction of most of the audience was negative. 
One high-ranking military official reportedly said. "The institute must not have [had] much to 
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do and decided to switch to the realm of fantasy?"'" Korolev was one of the very few who 
reacted positively, telling Tikhonravov after his presentation: "We have some serious things to 
talk about. . . . " ' "  For Korolev, i t  was a small opening for his own nascent dreams of space 
exploration. As plans for new longer range missiles to follow the R-2 were beginning to emerge 
at Nll-88, Tikhonravov's bold report clearly served as a catalyst for combining the disparate 
efforts at the two different institutions. 

The political climate, and especially the fear of the secret police in the late Stalin era, no 
doubt also played a major role in any decision on the part of Tikhonravov or Korolev. Given the 
job of creating a long-range ballistic missile for the Soviet armed forces, Korolev was not about 
to jeopardize his job and perhaps even his life by making hasty diversions into what the secret 
police no doubt considered a pointless endeavor. In Tikhonravov's case, his work on packet- 
based long-range rockets was continued into the following year only to face near cancellation. 
For reasons still unclear, the leadership of Nll-4 disbanded Ivanov's subdivision in early 1949. 
Put into a difficult position. Tikhonravov entrusted one member of his team, Yatsunskiy, to per- 
severe with this theme.'"' The latter by this time was employed in a different sector of the insti- 
tute, thus considerably slowing down work on Tikhonravov's project because of institutional 
barriers. 

Despite the sudden shutdown of this important work, Tikhonravov's landmark July 1948 
speech served as a catalyst for intensive cooperation between himself and Korolev. The two had 
known each other since 1927. when they had met as young glider pilots, working together 
through the 1930s at GIRD and Nll-3. In the postwar years, although officially at two different 
organizations, they reestablished an informal but pivotal communication between each other. 
Prompted by the initial satellite launch vehicle studies at Nll-4, it seems that Korolev had decid- 
ed to take the matter in h ~ s  own hands and approach the Soviet leadership with a proposal to 
fund the launch of an artificial satellite in the near future. It was probably clear to him that nei- 
ther Blagonravov nor Nesterenko had the political clout to handle such a request, and he opted 
to instead appeal to Soviet leader Stalin himself. It was a risky decision to take, but clearly 
underlines Korolev's true interests. His group at Nll-88 may have been officially working on mil- 
itary rockets, but it is apparent from the many descriptions of Korolev's life in those years that 
he never lost sight of the ultimate objective of space explorat~on. As it turned out. 
Tikhonravov's early but amb~tious studies at Nll-4 on launch vehicles, artificial satellites. and 
human spaceflight laid the basis for unexpected opportunities of which Korolev would soon 
take advantage to realize his dream of space exploration. 
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CHAPTER THREE 

STALIN AND 

THE ROCKET 

The first long-range ballistic missile launches during 1947-48 served as watershed events in 
the early history of the Soviet rocketry program. Within three years of the end of the war, the 
Soviets had managed to establish a level of capability at least equivalent to wartime German 
accomplishments, while at the same time initiating ambitious studies on artificial satellites, 
launch vehicles, and even a short-lived program to lob humans on vertical trajectories. The prob- 
lems, both technical and institutional, remained paramount, but allowed the engineering faction. 
led primarily by Nll-88, to identify several useful avenues for further investigation. The ensuing 
years. between 1949 and 1953, would prove to be even more critical; research was focused on a 
number of important studies dedicated to advancing the capabilities of the A-+derived Soviet 
missiles. The rate of progress in the rocketry program was astonishing; by the end of that four- 
year period, the Soviets had almost completely left behind the German antecedents of their mis- 
sile program and moved into the realm of intercontinental ballistic missile (ICBM) development, 
effectively laying the foundat~on for the birth of the Soviet space program. 

Testing at Kapustin Yar 

The overriding motivation for the new Soviet ballistic missile program was obviously mili- 
tary, but over the years, a small but vigorous scientific element of high-altitude rocketry research 
began to emerge. Primarily because of the efforts of nuclear physicist Sergey N. Vernov. Deputy 
Director of the Scientific Research Institute for Nuclear Physics, the work of the Commission 
for the Study of the Stratosphere had been revived in the postwar years. To facilitate the design 
and development of instruments for flight on board A-4-derived missiles, 
Nll-88 Chief Designer Korolev met with USSR Academy of Sciences President Sergey I. Vavilov 
in 1949 to coordinate this effort. Following their consultations. Vavilov entrusted the organl- 
zational problems of this field of research to Academician Keldysh, who, in turn, used the exist- 
ing Stratosphere Commission to establish in late 1949 the new Commission for the 
Investigation of the Upper Atmosphere.' He appointed Academician Blagonravov, the President 
of the USSR Academy of Artillery Sciences, as this commission's chair and assigned to him all 
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duties concerning the coordination of a formal scientific offshoot of the Soviet ballistic missile 
program. By that time, under Korolev's leadership, Department No. 3 at Nll-88 had already 
begun the first tests of the new version of the R- I missile, designated the R- I A,' 

The modification effort to create the R-IA, led by Korolev's assistant Konstantin D. 
Bushuyev, was in many ways related to the work on the still-to-be-flown R-2 missile. In partic- 
ular, in 1949, a series of experimental R- I rockets was earmarked specifically to test the sepa- 
ration of the payload during flight. The first of these test missiles was launched into a ballistic 
trajectory from Kapustin Yar on May 7. 1949, equipped for the first tlme with a nonrecoverable 
nose cone container, as well as two simulated instrument packages, each with a mass of sixty- 
five kilograms mounted at the rear of the missile between the stabilizer fins.' At least three more 
of these R-I A tests were conducted in May under Korolev's direction, essentially confirming the 
basic design elements of the separating payload section. 

The first vehicle with actual scientific instruments was prepared for its first launch in the 
thrrd week of May. The Instruments designed to measure air pressure and air composition were 
developed at the Geophysical Institute of the Academy of Sciences (GeoFIAN) under the lead- 
ership of B. L. Dzerdzyevskiy and Ye. M. Reikhrudol. Vernov himself was involved in the test 
preparations. Just prior to launch, special glass containers were emptied of air, hermetically 
sealed, and installed in the payload packages. Following the launch of the R-IA missile and I 

engine cutoff, a mechanism would remove the containers from their host, followed by the ' 
breaking of the glass support, enabling air to enter the containers. This would be preceded by 

i 

the ejection of the complete packages from the rocket into a path ahead of the missile's trajec- 
tory so as not to collect air contaminated by the exhaust of the R- IA.  Newly developed para- 
chutes were then to bring the scientific instruments safely back to Earth.4 With the exception i of the design of the separable payload, the R- I A was not much different from the military R- I .  , 
The vehicle was just under fifteen meters in length and had a fueled mass of 13.9 10 kilograms. i 

The very first R-IA with operational scientific packages, officially designated FIAR-I, was 1 
launched into a vertical trajectory at 0440 hours local time on May 24. 1949.' The initial phas- 
es of the launch were successful, and the FIAR- I packages were ejected without problem, hav- 
ing reached an altitude of about 100 kilometers. Seventeen seconds following ejection, at which 
point the containers had dropped twenty kilometers in free flight, the parachute deployed on 
schedule, but the shock of its unfurling resulted in damage to the canopy. The landing was 
much harder than expected, and both the containers were deformed, thus terminating any hope 
of scientific data. An inspection of the recovered capsules showed, however, that the instru- 
ments had operated as planned. In the ensuing days, engineers quickly designed a modified 
parachute system, while improving the shock-absorption capabilities of the FIAR- I containers. 

2 The report on the "new" mrsslle was trtled "Plan for the V-IA Experimental Geophysical Misslle Wl th 
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A second launch, the last and sixth of the R-IA type, took place on May 28.b This time, the 
missile reached an altitude of 102 kilometers, and both containers were recovered without inci- 
dent. Unfortunately for the scientists from GeoFIAN, the measuring equipment worked poorly. 
thus affecting the quality of information gathered.' Clearly, the scientific results from the two 
launches were meager, but the overall outcome of the series was considered satisfactory. 
Korolev, summarizing the launches a few years later, recalled that: 

I )  W e  were able to experimentally show that i t  was possible to transport equipment for 
the investigation of the upper layers of the atmosphere by rocket to altitudes o f  100 kilo- 
meters, to eject the equipment-filled container, and to safely bring it  back to Earth; 2) i t  
was found that devices for measurement of the high temperature operated normally dur- 
ing ascent, ejection, and freefall; 3) for the first time it was possible to make direct mea- 
surements of air pressure at an altitude of approximately 100 kilometers and to take air 
samples. Despite the modest results o f  these first launches and numerous serious tech- 
nical and methodological deficiencies, as well as serious defects in equipment, these 
flights awoke the enthusiasm of all involved and awakened the interest o f  institutes and 
organizations o f  the USSR Academy of Sciences as well as of the industry." 

The launches of the R-IA missiles were only one of numerous rockets conducted at 
Kapustin Yar during that period. Perhaps the most important tests at the range were those of 
the second series of R- I  rockets, designed to incorporate improvements following the poor per- 
formance of the first series in late 1948. The initial manufacture of the basic frames of the sec- 
ond group of about twenty missiles had begun as early as August-September 1948 at the 
Nll-88 plant in Kaliningrad. The launches were carried out between September 10 and October 
23, 1949, once again under Korolev's leadership. In contrast to the first series, which had raised 
serious doubts among military commanders on the effectiveness of the missiles, these tests 
were far more successful and restored confidence in the new rocketry industry. Of the total of 
twenty missiles launched, seventeen reached their designated s~xteen- by eight-kilometer target 
area, while only two were complete  failure^.^ A third series of ten launches of the R-1, called 
the "P" series, was also apparently conducted soon after, with seven reaching the target.'" 

These launches were critical to the training of the first Soviet rocket troops, and the high 
number of manufactured rockets and test launches suggests an unusually important emphasis 
on improving the operational characteristics of the rocket as a weapon of war. The path to actu- 
a l  deployment in the armed forces proved to be longer than expected. It was a further year of 
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industrial and engineering efforts before a final order was issued on November 28. 1950, formally 
adopting the R- I missile as armament of the Soviet armed forces." The following month, a new 
division of soldiers, the 23rd Special Purpose Engineer Brigade of the Rocket Troops of the High 
Command, was formed at Kapustin Yar to receive the first operational batch of R-1 missiles as 
effective components of Soviet military power." The brigade, headed by Col. Mikhail G. Grigoryev. 
served as the original core of what would later become the famous USSR Strategic Missile Forces. 
Like many of the other artillery officers of the period, Crigoryev would go on to play a leading role 
in the Soviet space program as the first commander-in-chief of the Plesetsk launch site. 

At the time that the R-l was moving ahead with its own road to official deployment. 
Korolev was already advancing with work on his coveted R-2, which had faced such a hard road 
to approval. Coinciding with the second series of R-l test launches, he was on hand at 
Kapustin Yar to direct the first launches of an experimental version of the R-2, designated the 
R-2E. The purpose was to primarily test the flight results of a separable warhead container so 
important for the further improvement of characteristics of Soviet ballistic missiles. Wi th  an 
appearance very similar to the planned R-2, the R-2E was just under seventeen meters in length. 
about a half a meter shorter than its ultimate successor. The first of five of these exoerimental 
missiles lifted off from Kapustin Yar on September 25 .  1949, at the very same time t ia t  the sec- 
ond series of R- I tests was in progress." The warhead container tests were not completely suc- 
cessful. due to malfunctions in the automatic stabilization system at the time of separation. 
These problems were traced to the use of new and advanced gyro-stabilization systems devel- 
oped at NII- I 0  under Chief Designer Kuznetsov. The obstacles took a considerable time to over- 
come. The three successes did, however, instill sufficient confidence in Soviet capabilities to 
eliminate any doubt about terminating work on the German C- i concept, with which the R-2E 
shared many performance characteristics. 

The first full-scale launch of an R-2 took place on October 21. 1950, a full year after the 
R-2E tests. The attempt was a failure and prompted lengthy discussions, which ended up in 
conflicts between engineers responsible for the suspected malfunctioning part. Partly as a result 
of these discussions. Pilyugin later developed a special electronic dynamic modeling u n ~ t  to 
simulate "steering" effects on the R-2, based directly on the work of Dr. Hoch, one of the 
German engineers who ironically had no knowledge of the R-2 tests at the time. The second 
attempt on October 26 was a partial success and deposited the payload 600 kilometers from 
the launch site." The initial troubles with the missile, however, continued to worry the engi- 
neers, and the test series was extended far beyond the initial planned schedule. After one of 
the longest series of launches in recent memory, the final R-2 finally lifted off on December 20. 
It was also one of the most disappointing series, quite possibly, in the history of the Soviet bal- 
listic missile program. All twelve missiles launched failed to achieve their primary objectives: 
there were engine failures, gu~dance system malfunctions, and warhead trajectory errors. 

I I I D Sergeyev ed Khrontko osnounykh sobyt~y tstorit raketnykh uoysk strotegicheskogo naznacheniyo 
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tinued at Kapustin Yar Controlled wlnter launches In temperatures as low as minus twenty SIX degrees Centigrade 
were carr~ed out between January 29 and February 2 195 1 A further series occurred between June 13 and 27 195 1 
These launches had a 100 percent success rate in reach~ng the ass~gned targets 
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Despite the failures, the R-2 launches contributed significantly to the expertise and knowl- 
edge of long-range ballistic missiles. It was the first minor step forward from the German ori- 
gins of postwar Soviet ballistic missiles. The development of the R-2 missile also represented a 
marked level of maturation of the Soviet rocket-building industry. The effort to produce a repli- 
ca of the A-4, in the late 1940s, finally paid off in a swifter and more efficient exchange of infor- 
mation between engineers and production managers. At least twenty-four scientific research 
institutes and ninety industrial enterprises coordinated their efforts to produce the vehicle." 

With such an intenstve series of launches at Kapustin Yar, the range remained continually 
busy as hundreds of engineers, military officers, and secret police officials traveled to and from 
the site, all dealing with the major climactic hazards at GTsP-4. The winter of 1950 was particu- 
larly harsh as at least two meters of snow was deposited on the launch site. The following spring, 
personnel discovered the thawed body of a soldier who had been frozen to death. Searchers also 
found a herd of horses who had met the same fate. For the most part, sleeping quarters remained 
either tents or trucks: the concrete buildings were still in the process of constr~ction.'~ Roads 
were almost nonexistent at the time, while mail was interm~ttent at best. Recollections of the 
time all describe the area as one of the toughest and demanding for those involved. For the most- 
ly military personnel who were stationed there permanently, the majority of whom had survived 
the turmoil of World War II, it was another excursion into incredible hardship. 

The R-3 Missile 

The R- I and R-2 missiles served as the beginning point for Soviet postwar ballistic missile 
programs. Given the ultimate military needs of the Stalin leadership, both were, however, woe- 
fully inadequate. The need for a "transatlantic" missile had been formally tabled as early as 
1947, at a Kremlin meeting attended by Stalin and then chair of the Special Committee No. 2. 
Georgiy M. Malenkov. The latter was one of those who argued vociferously in favor of such mis- 
siles, and according to one recollection. "no limits were to be placed on available funding."" 
At the time, the focus was clearly div~ded between winged missiles, such as the Sanger-Bredt 
bomber, and traditional ballistic missiles, which were developed at the Nll-88. As a starting 
point to fulfill Stalin's request, in late 1947. Korolev had begun low-level studies to produce a 
ballistic missile with a range of 3,000 kilometers, over ten times more than the German A-4. 
Even the resident Germans at Kaliningrad and Gorodomlya were concerned with the relatively 
modest G- I with its range of 600 kilometers. The concept was evidently discussed at high lev- 
els within the Soviet government, for on April 14, 1948, the USSR Council of Ministers issued 
a decree sanctioning exploratory work on such a missile, designated the R-3 or "product 
8A67."I8 Over the following year and a half, a group of Korolev's engineers slowly established 
the design specifications of the missile and incorporated them into a twenty-volume technical 
document called a draft plan, co-authored by Korolev and completed in June 1949." The other 
principal authors were Korolev's first deputy Mishin and engineers Bushuyev. Kryukov. 
Okhapkin, and Svyatoslav S. Lavrov, a ballistics expert. 
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Unlike draft plans for other missiles, Korolev structured this particular work in such a way 
that it would serve as a reference work for future efforts in the design of long-range missiles. 
The first volume, titled "Principles and Methods of Designing a Missile of Great Range," was a 
282-page type-written document that was a detailed theoretical treatise on missile design that 
went far beyond the modest German-derived R- I and R-2  missile^.'^ While focusing loosely on 
the new R-3, it was also in essence a "how-to manual" for very long-range miss~les-that is, a 
solid reference work for future efforts that would eventually lead to the creation of the first 
Soviet ICBM. The report examined six specific areas of investigation: 

Research on flight characteristics of three variants of single and multistage long-range bal- 
listic missiles 
Preliminary research on flight characteristics of winged (or cruise) missiles with various 
types of separable winged warheads 
Research into the principles of separable warheads for long-range missiles 
Research on standard cruise missiles with separable winged warheads both with and w ~ t h -  
out sustainer rocket engines 
Preliminary research on the aerodynamic characteristics of crurse missiles 
The problems of dynamic flight of long-range cruise missiles" 

A major portion of the study was clearly focused on cruise missile concepts, perhaps 
indicative of Korolev's personal vision of rocketry, which for most of his life had been connected 
to winged rather than ballistic missiles. Stalin's own interest in cruise missiles may have also 
played a factor in the relative emphasis of the two competing roads, as evidenced by his con- 
tinuing support for the Sanger-Bredt concept. 

In terms of the future of Soviet rocketry, it was the portion dedicated to the ballistic mis- 
sile that had the most relevance. In examining the possible ballistic configurations. Korolev 
advanced three possible ballistic "composite" (BS) or mult~stage schemes for the next genera- 
tion of Soviet missiles: 

BS no. I envisioned a classic multistage vehicle with several stages connected together in 
tandem, each stage falling off as its propellant was exhausted. 
BS no. 2 examined the use of exterior fuel tanks, which would serve the engine on the core 
stage and be jettisoned following propellant depletion. 
BS no. 3, harking back to Tsiolkovskiy's theories, used a parallel arrangement of all the 
stages, all firing at liftoff, followed by discarding the strap-ons, after which the core would 
continue to fire as the "second stage."" 

Although the study was focused primarily on the creation of a 3,000-kilometer range mis- 
sile, throughout the document at key points, Korolev mentioned the possibility of designing an 
even more powerful rocket with an intercontinental range. In his introduction, he stated: 

20 An ed~ted verslon of this first volume has been published In Keldysh, ed.. Tuorcheskoye nasledrye 
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A range equal to 3,000 km can be viewed only as the first stage that makes it possible 
to solve certain problems envisaged in the requirement for the R-3. The costs and the 
whole complex o f  technical measures necessary for attaining the range o f  3.000 km are 
so great that i t  would be unacceptable to isolate this work from the prospects o f  further 
development. Therefore, for the following stage, for solving significantly greater tasks, a 
range on the order of 8.000 km was projected with an increased payload." 

In looking at future intercontinental range missiles. Korolev argued that the "most prospec- 
tive choice" was the cluster concept of BS no. 3, a decision that was to a great degree based 
on his friend Tikhonravov's studies on a satellite launch vehicle at Nll-4. Tikhonravov's work in 
1947-48 clearly pointed in the direction of what he called the "packet" scheme, a euphemism 
for using clusters of stages linked together in a parallel arrangement at liftoff. For many of the 
same reasons that Tikhonravov had rejected a successive-staged vehicle for the present time, 
Korolev himself had begun to accept that a packet scheme would allow for an easier creation 
of an ICBM. In conducting his studies, Korolev had also studied the German A-9/A- I 0  concept 
proposed initially at Peenemiinde during the war. That design used the A- I0 rocket as a first 
stage, which would boost the A-9 second stage, essentially a modified A-4, into an interconti- 
nental trajectory. The range was about 5,200  kilometer^.'^ Tikhonravov's original recommenda- 
tions for using a packet scheme precluded any serious work on the German plan. 

Assessing the level of Soviet technology, and in particular the envelope of high-thrust 
engine development, Korolev settled on a standard single-stage ballistic design scheme for the 
R-3, its classic cylindrical shape a distinct step away from the German A-4. On December 7, 
1949. Korolev formally presented the R-3 draft plan at a meeting of the Scientific-Technical 
Council of Nll-88. A specially established council of experts enthusiastically approved the full- 
scale development of the missile, emphasizing the "extraordinary" scale of the effort." 

The R-3 program was without doubt the largest and most expensive ballistic missile effort 
in the Soviet Union to date. The lead organization for the missile's design was Department No. 
3 of Nll-88's Specialized Design Bureau under Korolev. For the first time, there was significant 
cooperation with other organizations. including the Department of Applied Mathematics in the 
V. A. Steklov Mathematics Institute of the USSR Academy of Sciences. Led by the ubiquitous 
Keldysh, this small department had been established in 1944, and in 1948, it began serious sci- 
entific research into such areas as rocket dynamics and applied celest~al mechanics.'" 

There were two primary design features of the R-3 that represented deviations from 
A-4-derived Soviet ballistic missiles, such as the R- l and R-2. To reduce the lifting mass of 
postwar rockets. Korolev had partially incorporated the concept of load-bearing tanks into the 
R-2 missile, a configuration that allowed the propellant tanks themselves to serve as the main 
frame of the missile. On the R-2, only one tank, the one carrying ethyl alcohol was load bear- 
ing. With the R-3, engineers worked to develop a new missile in which both propellant tanks 
were load bearing. Second, engineers dispensed with the heavy and large stabilizing fins made 
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of graphite, which were a standard on the R-I and R-2 vehicles and significantly reduced lift- 
ing capacity." The fins were retained on the R-2 so as not to introduce too many changes into 
the original A-4 design, but during flight testing, they were responsible for unnecessary aero- 
dynamic resistance and stress on the missile. 

Technically speaking, there was a direct connection of lineage from the experimental R-2E 
mlssile to the new R-3 model. The R-2E had tested some new design features that would end 
up in the R-3, in particular the integral fuel tank and the separating warhead. These technical 
innovations had been largely responsible for the twofold increase in range of the R-2E over the 
R- I m~ssile. For the R-3. Korolev's engineers would need to make more departures from the 
German antecedents of postwar Soviet rocketry. Perhaps the most risky proposition of the 
whole venture was the design of the main engine for the rocket. Korolev's engineers switched 
from the tried and tested liquid oxygen-alcohol combination so preferred by the von Braun team 
to the more efficient liquid oxygen-kerosene pairing, which allowed an increase in specific 
impulse of about 20 percent. To reduce the risk of failure. Nll-88 contracted two different 
engine design teams to create the main 120-ton thrust engine for the R-3. These were Glushko's 
OKB-456 based at Khimki and a department at NII-l under Chief Designer Aleksandr P. 
Polyarniy, an old prewar associate of Korolev's from GIRD.'"ach group was to offer its own 
competitive design. In a direct link to the Soviet version of the Sanger-Bredt bomber, both these 
engines were also earmarked for use on the latter vehicle, a decision that no doubt reduced sig- 
nificant duplication of work. 

The Glushko engine, designated the RD- 1 10, was the very first high-thrust liquid oxygen 
engine to be designed under his direction during his twenty-year career. Traditionally. Glushko 
had been reluctant to use liquid oxygen because of technical obstacles related to vibration, and 
preferred nitrogen-based oxidizers. In his initial conception of the new engine. Glushko, unlike 
Korolev, did not choose to adopt any radically new design approach. Instead, he used the old 
A-4 engine combustion chamber and scaled it up to match the required performance charac- 
teristics needed for the R-3. Polyarniy evidently preferred to use an alternative approach for his 
D-2 engine. also with 120 tons of thrust. 

In looking at future variants of long-range missiles, Korolev's engineers had proposed the 
use of multistage rockets, but for the R-3's range of 3,000 kilometers, they believed that a sin- 
gle-stage missile would have significant advantages in mass and other parameters over a mul- 
tistage one. The R-3 design included the use of a separable warhead and a new 
aluminum-magnesium alloy as the main structural material. The propellant tanks would be 
pressurized with liquid gas vapor rather than compressed air, as had been the practice before. 
Engineers Improved the missile's mass efficiency by compacting its configuration as much as 
possible. They eliminated intertank structures with instrument sections and instead placed con- 
trol and service devices in previously unoccupied spaces at the rear section of the rocket. In 
addition, bolted joints were replaced by welded ones, and the engine's proportional length was 
reduced by increasing combustion chamber pressure and adopting a contoured nozzle." These 
were all significant innovations in the Soviet rocketry industry that in some cases served to give 
birth to new manufacturing technologies that would become common practice in the early 
Soviet space program 
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Soviet ballistic missile development between 1946 and 1956 The R 3 mcsstle was a signrficant leap in capabrlities 
from the German antecedents of the Sovret ballrstrc mrssile program Incorporating many new fechnical innova 
tions the R 3 would have a range of 3 000 kilometers ten trmes more than the German A 4 The missile was 

approved for development In December 1949 (copyright Peter Gorrn) 
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As with the engines. Korolev initially contracted the development of the R-3's guidance 
system to two competitive groups. A traditional autonomous system would be developed by 
Nll-885 under Chief Designers Ryazanskiy and Pilyugin, both of whom had worked on the 
R- I and R-2. A second team, under an ambitious and talented guidance specialist named Boris 
M. Konoplev at Nll-20 (for radio systems) and A. I. Charin at Nll-49 (for gyroscope units), was 
invited to participate for the first time in the ballistic missile program.'" 

The guidance system for the R-3 missile was selected using the extensive experience from 
the German designs on the A-4 and the successor Soviet modifications on the R- I and R-2 vehi- 
cles. The results of the A-4 flight test program had, in particular, allowed the testing of several 
different guidance systems, including an autonomous system developed by Chief Designer I 

Pilyugin, a German system for lateral radio control designated Hawaii-Viktoria, improved by 1 
Deputy Chief Designer Mikhail I. Borisenko, and a second German telemetry system called I 
Messina-I, reproduced by the Soviets under Deputy Chief Designer Yevgeniy Ya. Boguslavskiy. , 
All three individuals were prominent members of Nll-885, the leading missile guidance organi- I 
zation in the Soviet Union at the time. The tests with the A-4 and the R- I had also, however. 

i 
showed some limitations. Given the need to achieve increased accuracy in a very short time I 
period, it had become clear to some engineers that autonomous guidance and control systems ; 
did not offer a quick solution. With this in mind. Korolev turned to the short-term solution of 1 
using active gu~dance by remote control from the ground-that is, a purely rad~o-controlled ' 
guidance system. The Germans had already conducted research in this area (on the Hawaii- i 
Viktoria system), and Chief Designer Konoplev at Nll-20 was contracted to develop a new 
radio-controlled system for the R-3 designated Topaz." The Topaz project using "variable sys- 
tem architecture" was important for the Soviet missile industry in general because ~t established 
the groundwork for a new engineering discipline called radio ballistics. The decision to use the 1 
Topaz design was also significant for it was opposed by Chief Designer Pilyugin who by then 1 
had not only become Korolev's most important associate on guidance issues, but who was also 
firmly ~n favor of an autonomous system for the R-3. 

The R-3 missile, as envisioned in the December 1949 plan, was a single-stage rocket that 
was just over twenty-seven meters long with a base diameter just under three meters and made 
of a new aluminum-magnesium alloy. The total fueled launch mass was seventy-one tons. 
while sea-level launch thrust was about I20 tons. The vehicle was designed to lob a three-ton 
separable warhead a distance of 3,000 kilometers." Launches would be conducted from mobile 
platforms, much like those of the R- I and the R-2. Given its proposed range, the R-3 would be 
the first Soviet ballistic missile capable of reaching Great Britain and Japan. giving the Soviets 
their first true strategic missile. A stunning qualitative and quantitative leap over any previous 
missile in the Soviet Union, the new rocket project was a watershed milestone in the develop- 
ment of Soviet rocketry. To give some indication of Korolev's ambition, it may be instructive to 
note that in 1949, the Soviet copy of the German A-4 had yet to be declared operational by the 
Soviet armed forces, wh~le the R-3 had a flight range ten times more than that missile. 

Because the R-3 represented such a leap in capabilities for the new Soviet rocketry indus- 
try, the Scientific-Technical Council of Nll-88 recommended that some of the new technologies 
adopted for the R-3 be tested on a smaller experimental rocket known as the R-3A. The latter 
rocket, based in design on the much smaller R-2, used an integral oxygen tank as well as a fin- 
less rear section. Models of the experimental missile would also be used to prove out such inno- 
vations as high boiling oxidizers, high calorific fuel, and test technologies earmarked for future 
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rockets such as strap-on boosters and winged warheads. With the two basic improvements- 
that is, the integral tank and the omission of the rear rudders-the R-3A displayed sign~ficant- 
ly improved flight characteristics over its antecedent, the R-2. The missile had a mass of almost 
twenty-three and a half tons and main engine thrust of forty tons-values comparable to the 
R-2-but a range that was one and a half times more than the R-2, about 935 kilometers." 
Flight testing of the R-3A was planned for 195 1. with launches of the R-3 commencing in 1952 
or 1953 at the earliest. 

At about the same time that work on the R-3 was emerging as the primary thematic goal of 
Korolev's team, Academician Keldysh's team was winding down work on the Sanger-Bredt 
antipodal bomber. Since research on the program had begun in 1946, a variety of technical 
obstacles had plagued engineers. In 1948. Keldysh's NII-l was institutionally subordinated to 
the Central Institute of Aviation Motor Building (TslAM), one of the most prestigious Soviet sci- 
entific institutions, which focused research on aeronautical propulsion. As head of the TslAM 
section on ramjet engines, Keldysh continued to work on the Sanger-Bredt project, but by 1950, 
technological complexities, in particular with the propulsion systems, seem to have over- 
whelmed any attempt at a full-scale project. Keldysh instead redirected some of the team's work 
in December 1950 to a more modest automated intercontinental cruise missile-one that would 
use tried and tested technologies. He wrote in his report on the new conception that research 
had "confirmed the possibility and advisability of using in the capacity of launch accelerators. 
[RD-I001 engines from long-range missiles of the R-l type."j4 The vehicle could use the same 
launch facilities as those for the R- I. After initial launch by these engines, flight at altitude would 
be handled by a set of supersonic ramjet engines. The aircraft-cum-missile would be able to carry 
a three-ton warhead a distance of 6.000 to 7.000 kilometers. flying most of the way at an alti- 
tude of fifteen to twenty-five kilometers at speeds of 3,000 to 3.500 kilometers per hour. 

It seems that TslAM was conducting extensive research during this period on the develop- 
ment of ramjet engines for use on such intercontinental designs. Between 1947 and 1950. 
efforts at the institute encompassed work on a supersonic "diffuser." which was tested at the 
institute at velocities of up to Mach 4. In addtion, scientists built and tested an experimental 
combustion chamber for the ramjet engine at speeds reaching Mach 2.6. Such a motor, with a 
thrust of almost twenty-one tons, was also successfully tested at the institute simulating flight 
at an altitude of 8,000 meters. Georgiy I. Petrov, a brilliant scientist in his late thirties under the 
employ of Keldysh led most of these early groundbreaking studies. Awarded the USSR State 
Prize for his work on diffusers in 1949. two years later, Petrov was personally responsible for 
the design of the first Soviet aerodynamic wind tunnel capable of testing speeds of up to 
Mach lo." The work on ramjet engines was not without problems. Although Soviet scientists 
had a long history of ramjet development beginning the 1930s, the leap to supersonic speeds 
proved to be a very d~fficult transition. In a document from November 195 1 .  Keldysh lists a 
litany of technical obstacles that had plagued the supersonic ramjet program during 1948-5 1, 
including the inability to model the working processes of such engines on the ground and the 
problems in creating stabilization systems for combustion chambers." 
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The work on the Sanger-Bredt antipodal bomber in 1946 and 1950. and the subsequent 
research on ramjet engines and high-speed aerodynamics, had a profound impact on the future 
thematrc direction of the Soviet efforts to develop a transatlantic missile. The 1947 directive to 
develop such a vehicle led to two different but parallel options: a ballistic missile that would trav- 
el above the atmosphere for part of its trajectory and a winged cruise missile that would fly wrth- 
In the atmosphere during its entire flight. There was a considerable amount of emphasis on both 
fronts, and confidence in one road was often inversely proportional to the level of difficulties 
faced ~n the alternate path. By the turn of the decade. with the advent of the R-3, the overseers 
of the Soviet missile program, the omntpotent Special Committee No. 2, seem to have been 
favoring the ballistic missile option. Difficulties with the development of ramjet engines no doubt 
contributed to such a climate. At the same time. the ballistic R-3 was itself a risky endeavor. 
Looking to reduce risk, the Special Committee was unable to firmly decide in favor of one par- 
ticular approach for an intercontinental delivery system. For almost another decade, engineers 

and policy makers would continue to debate over the propitiousness of one optlon over the other. 

The End of the Road for the Germans 

The abortive C- l  missile effort did not instill much hope for the Germans at Gorodomlya. 
As far as they were concerned, the months of intensive effort on the project effectively turned 
out to be a waste of time when the program was terminated in 1949. By then. almost all the 
Germans had been transferred to Nll-88's Branch No. I at Gorodomlya in Lake Seliger, where the 
llving conditions continued to be a major obstacle to fruitful engineering work. More than two 
years after the formation of the branch, the Germans were still, for the most part, living in huts, 
wlth no effective sewage or sanitation systems. Morale was a serious problem among the group, 
compounded by bitter infighting among the Germans and problems of alcoholism and marital 
infidellty." Only on rare occasions were they allowed to leave the island to visit Moscow. Under 
these conditions, the group worked on a series of successor missile projects to the G-I, all of 
which were viewed very favorably by Crottrup's men as ways to divert their attentions from therr 
more earthly problems. Thls work was performed on request by their Sovret bosses: at no point 
were the Germans ~nformed of the ultimate fate of their efforts. 

The wlndlng down of work on the G I  was followed by work on the more capable G-2 (or 
R- 12) mlssrle. In 1948-49. a preliminary draft plan for the vehicle was developed that envl- 
sioned the use of a misslle with a range of 2.500 kilometers-far in excess of the C- I and in 
fact much closer to the Sovret R-3. The Germans designed a booster that incorporated a varia- 
t ~ o n  of the so-called cluster scheme. in which three engines would fire at liftoff and two of the 
engines would be jettisoned. A similar one-and-a-half-stage configuration was used many years 
later In the U.S. Atlas ICBM. The total launch thrust of the missile was 100 tons, achieved by 
using engines from the abandoned G-I missile. Some of the design elements incorporated into 
the vehicle ellcited much interest from the Soviet side. For example, the G-2 was the first 
post-A-4 mlssile that rejected the traditional use of gas vanes to steer the rocket. Such a con- 
cept was st111 a novelty for Korolev's engineers, and the Soviets themselves would not in fact 
completely dispense with the concept until development of their first ICBM in the mid- 1950s. 
Furthermore, the Germans introduced a means of regulating total thrust by using a peripheral 
group of three engines at the base of the rocket I20 degrees apart. A similar concept would later 
be used In the Soviet N I lunar booster in the 1 9 6 0 ~ . ' ~  Despite its technical advancements. work 
on the G-2 was shut down in 1949. 
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A third project during the same period served to marginally raise the spirits of the 
Germans. On April 4. 1949. Minister of Armaments Ustinov personally visited the 
Gorodomlya facility with a proposal to the Germans to design a missile that could carry a 
three-ton warhead a distance of 3,000 kilometers." The specifications were identical to those 
for the Soviet R-3 missile. and Ustinov's proposal was quite likely a means to augment the 
R-3 effort by absorbing as many technical innovations as poss~ble from all sources. This new 
German missile project, called the G-4 (or R- 14), reinvigorated the energies of Grottrup's team. 
which was given only three months to complete a preliminary draft plan on the missile. Gwen 
the circumstances, what they came up with was no less than astounding. 

The G-4 was a single-stage. cone-shaped, twenty-five-meter-long vehicle with a single 
100-ton-thrust engine. The Germans completely dispensed with fins and aerodynamic control 
surfaces and also incorporated a full monocoque structure. much like the Soviets did with the 
R-3. Perhaps the major difference with the R-3 was the G-4's use of the traditional combina- 
tion of liquid oxygen and alcohol-a combination that the Germans, both in the Soviet Union 
and the United States had favored over other mixtures. The main engine would have ~ t s  com- 
bustion chamber cooled by circulating alcohol through its walls, while the turbopumps for the 
propellants would be driven by hot gases "bootstrapped" from the combustion chamber of 
the main engine. For roll control, the Germans introduced the idea of using exhaust gases from 
the turbopumps diverted through a nozzle that could be swiveled. A similar scheme was in 
fact used in the 1950s on the U.S. Jupiter missile by von Braun's team. As was standard in all 
post-A-4 missiles, the warhead was to fly separately from the main body of the missile after 
a certain point in the trajectory. One of the most impressive elements of the G-4 design was 
the plan for a massive underground factory, des~gned by Heinz Jaffke and Anton Narr, from 
which the missiles could be bu~ l t  and launched. Systems were designed that could also extract 
oxygen from the air to manufacture liquid oxygen. 

On October 1 ,  1949, Ustinov sent Nll-88 Director Maj. General Gonor. Chief Engineer 
Pobedonostsev, and Chief Designer Korolev to Corodomlya to be briefed on the G-4 missile. 
I t  was a rare interaction between the latter and the Germans, and it was probably Korolev's 
last visit to the island. The Soviets returned to Kaliningrad with the product of the German 
team's work: the Germans themselves were given no explanation and heard little about the 
project ever agaln. Some minor redes~gn effort on the G-4 was continued until February 
1950, but by that time, a formal dec~sion on the R-3 had already been taken by Nll-88, and 
presumably the Soviets saw little use in having the Germans continue w ~ t h  their parallel pro- 
ject. It was another case of German expertise compromised by a variety of factors, includ- 
ing perhaps most importantly an unwillingness to properly make use of their contributions. 

Several more abortive projects came the way of the Gorodomlya group during the same 
period. The G-I M (or R-13) in the summer of 1949 involved a I.IO0-kilometer-range missile 
using the same frame as the G- I but with improved A-+type engines. The G-5 (or R- 15) effort 
led by Werner Albring was essentially a winged competitor to the ballistic G-4, at a time when 
the Sov~ets themselves were involved in intense debate over the utility of winged versus bal- 
listic configurations. A final project, designated the G-3, with an intercontinental range of 
8,000 to 10,000 kilometers and a payload of three to five tons, was also studied in 1949 and 
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1950, but details are still lacking. All these later projects were limited to their in~tial design. 
comprising only diagrams and main parameter  calculation^.^^ 

Work on the G-4 and G-5 projects coincided with a marked decrease ~n work among the 
Germans. In April 1950, the Ministry of Armaments formally decided to terminate further work 

! 
on long-range missiles at Branch No. I at Gorodomlya. Also, by order of the ministry, on March I 

29 of that year, all access to classified materials was denied to the Germans." Despite the order. 
the Soviets continued to ask advice on technical matters well into I95 1 ,  by which time Grottrup 
had been replaced as technical leader of the Germans by Johannes Hoch, who died soon after 
from appendicitis. Despite the poor living conditions at Gorodomlya, the Nll-88 leadership 
operated a well-maintained set of technical facilities at the island that were regularly used by 
the Soviets. In early 195 1 .  groups of young Soviet engineers migrated to Gorodomlya ostensi- I 

bly to be taught by the experienced Germans at these excellent facilities." It was the last time 
that the Soviets would make active use of German expertise in the postwar years. By this time. 
the Germans were spending most of their time playing sports, gardening, or reading available I 

technical monographs to pass the time. 
Already by August 1950, the Soviet government had decided to begin the repatriation of 

i 

the Germans back to the German Democratic Republic. The group of several hundred departed 
I 

Gorodomlya to return to their homeland in three waves, beginning rn December 195 1 and June 
1952. The last remaining eight German scientists, including Grottrup, were given permiss~on to I 

leave the Soviet Union on November 22, 1953. Within a week, they were all gone, ending the I 
I 

seven-year existence of Nll-88's Branch No. I. The few who remained were moved back to 
Moscow under a Dr. Faulstich, and they were provided good salar~es and five-year-long con- 

i 
tracts in industries unrelated to missile development. 

The fate of the Germans after their residency rn the Soviet Union was vaned. Grottrup 
returned at first to East Germany and then eventually to West Germany. Extensively interrogat- 
ed by U.S. intelligence servrces in Hamburg, he was offered a chance to move to the United 
States to work on the Army's ballistic missile program. His wife lrrngard, however, refused to 
ever leave Germany again. and U.S. authorities were reportedly not very pleased with the deci- 
sion. Grottrup remained in Germany until his death from cancer in 1980, while his wife 
authored a revealing memoir of their time at Kaliningrad and C~rodomlya.~' Dr. Waldemar 
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Wolf, one of the few who remained behind in the Soviet Union after 1953, lived in Moscow 
for many years before also returning to Germany. In his remaining years in the Soviet Union, he 
had no contact with the ballistic missile program. 

The almost eight years of involvement of the German scientists in the Soviet rocketry pro- 
gram clearly proved to be an essential catalyst to its further advancement. During the existence 
of the USSR. Soviet historians rarely, if ever, mentioned the use of German expertise in the post- 
war years, but the collaboration was real and extremely pivotal in furthering Soviet goals. 
German expertise was invaluable in 1945 and 1946 in setting up and restoring A-4 production 
in the Soviet Union in the form of the R- I. Without the help of the Germans, the Soviets-and 
in particular Nll-88-would have clearly lagged in their efforts, and it m~ght  even be argued that 
the twelve years from 1945 to the launch of the first Soviet artificial satellite would have been 
far longer. This is not to take away from the intrinsic talents and dedication of the Soviet 
Union's own scientists. In fact, a similar argument might be made for the launch of the 
American Explorer I in 1958. For the Soviets, their missile programs were in a state of total dis- 
array by the end of World War II. Decimated by the Purges and then World War II. Soviet 
achievements in misslle building paled in comparison to the products of the Peenernijnde 
group. Grottrup's team was indispensable in quickly transferring the database of German 
achievements to the Soviets, thus providing a strong foundation from which to proceed. Even 
in more specific areas, the Germans were instrumental in reducing the amount of time needed 
to attain an A-4 capability. For example. Grottrup was responsible for building the mobile 
launch trains for the A-4s. while Heinz Jaffke helped set up Nll-88's Branch No. 2 testing stands 
at Zagorsk. 

There are, however, key differences in the role of Germans in the United States versus that 
of those in the Soviet Union. The Germans in the Soviet Union never participated in the main- 
stream rocketry program. In fact, after the restoration of A-4 production and the G- I debacle. 
they worked completely independently and without much influence on Soviet plans. Not a sin- 
gle one of the German missiles designed in 1947 through 1950 was ever built. Following the 
significant events of 1946-47, the Germans essentially played a peripheral role, proposing a 
number of important technical innovations, only some of which were adopted by the Soviets. 
Compounding Korolev's personal resistance toward cooperation with the Germans was a much 
more imposing political ~mperative-one that was grounded in xenophobia and distrust. While 
some Soviet engineers may have realized the extremely important value of potential Cerman 
contributions to the rocketry program, there was never any concerted effort to make maximum 
use of Grottrup's team. 

Western historians have debated much on the role of the "German factor" in the postwar 
development of ballistic missiles in the Soviet Union. The most common interpretation has 
been one very generous to the Germans-that is, that they had a significant influence over 
early Soviet developments. One author, writing in 1995, argued: 

For years Soviet space leaders put down the contribution that captured Germans and 
their V-2 technology made to the Soviet ballistic missile and space programs. "Not sig- 
nificant, " they would say. "we got mostly the technicians. The Americans got von Braun 
and his top team. W e  sent our Germans back after a few years." That explanation is 
no longer the Party line. In fact, it is now acknowledged that German rocket technolo- 
gy was bedrock to the USSR, just as it was to the US.44 
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Such an argument conflates two clearly distinct issues: the use of recovered German tech- 
nology and the use of the actual German scientists. There is no doubt that the Soviet Union 
benefited from A-4 technology in developing its early ballistic missiles. There is compelling rea- 
son to belreve that the USSR might have floundered for years before moving ahead to such 
ambitious concepts as the R-3 had it not been for mastering the design and manufacturing 
technologies of the A-4 rocket. On the other hand, the available evidence suggests that Korolev 
and h ~ s  team made very little use of German expertise, at least after 1947. Their influence over 
the direction of the Soviet ballistic missile program was marginal at best. Thus, if the parame- 
ters of the debate are limited to "the Germans." their contribution to the rocketry program In 
the Soviet Union was far less than that in the United States. In purely technical terms, the gains 
to the Soviets were in such areas as the design of guidance systems and the test and launch 
equipment. Perhaps some of the more advanced managerial techniques among the Germans 
may also have found their ways into Soviet institutions. A CIA report, authored in 1960 and 
declassified in 1980, summed up the total German contribution: 

The German scientists made a uery ualuable contributlon to the Souiet missile pro- 
gram[:] however, it cannot be said that wlthout the Germans the Soviet Union would 
have had no significant missile program. . . . There is no doubt that i t  took the German 
wartime success with guided missiles to cause Stalin and his colleagues to devote large 
scale support to the Soviet effort in this field. Once this support was forthcomrng the use 
of German scientists permitted the Soviets to achieve results in a much shorter time than 
it would have taken them along but there is no reason to believe that the Soviets could 
not have eventually done the job by themselve~."~ 

Satellites 

One of the consistent themes running through most commentaries of Korolev's first years 
as a chief designer is an undeterred interest in space exploration. In the minds of most engi- 
neers in the rocketry sector, these dreams were tolerated as one of the many idiosyncrasies of 
h ~ s  character. At the time he first became acquainted with the Germans in 1945, when the 
Soviets had no long-range ballistic missiles, let alone intercontinental rockets, Korolev tried to 
stimulate work by telling the Germans about working together to reach the Moon. Such ideas 
were clearly anomalies and were not shared by most of the other leading designers. There were. 
in fact, many in the government who suspected that Korolev's "real" objective was space trav- 
el. and the development of weaponry for the Soviet defense forces was merely a "Trojan horse" 
for his Intentions. Given the paranoia and terror inflicted by the Soviet secret police at that time. 
Korolev was insightful enough to keep his hopes and plans to himself or his closest fr~ends. 

Mikhall K. Tikhonravov, at work at the Academy of Artillery Science's Nll-4 organization, 
may have been one of the few prominent engineers who shared Korolev's vision. W ~ t h  a repu- 
tation for indefatigable curiosity, Tikhonravov was an unusually talented man. In his free time. 
he painted oil landscapes, collected wood-eating beetles, and even studied the characteristics 
of Insects In flight, hoping to extract some insight lnto the dynamics of flying.""nterested for 
a long time in ascertaining the feasibility of launching an artificial satellite, the first steps in that 
direction had been taken in 1947, when he had initiated studies on possible configurations for 
a powerful multistage ballistic missile capable of reaching orbital velocity. For reasons still not 
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clear, his study group at the institute had been disbanded in early 1949. Only one person, lgor 
M. Yatsunskiy, was kept on by Tikhonravov to continue his explorations into possible configu- 
rations for the booster. In mid- 1949, Yatsunskiy finished a serles of calculations determining the 
relative mass of a three-stage rocket optimized with the specific goal of achieving orbital veloc- 
 it^.^' Upon seeing the computations, Tikhonravov requested that Yatsunskiy apply his work 
specifically to the missiles being developed currently at Nll-88 under Korolev-in particular, the 
still-to-be-built R-3. To coordinate the work more efficiently. Tikhonravov invited Korolev to 
meet him at Nll-4's premises at Bolshevo in July 1949. Korolev was clearly impressed with 
Yatsunskiy's work, which focused on a launch vehicle composed of three R-3 missiles attached 
in parallel like a "packet.""~eeing the report, Korolev encouraged Tikhonravov to prepare a for- 
mal report addressing the issue of launching a satellite to be presented at the next session of 
the Academy of Artillery Sciences. 

Boosted by Korolev's support. Tikhonravov reestablished a group to study packet-based 
satellite launch vehicles. The original group with A. V. Brykov. Ya. I. Koltunov. G. Yu. 
Maksimov, and I. N. Soldatova was set up in late 1949; it was augmented by G.  M Moskalenko 
and B. S. Razum~khin in 1950 and by I. K. Bazhinov and 0. V. Gurko in 195 I .  All were recent 
graduates of the N. E. Bauman Moscow Higher Technical School, where special advanced engi- 
neering courses on missile design, construction, and engineering had been instituted and 
taught by such luminaries of the Soviet ballistic missile program as Korolev ( 1947-49). Glushko 
( 1947-53). Tikhonravov ( 1947-52). Pobedonostsev. and others." The lectures themselves 
were surpris~ngly interconnected with actual developments within the Soviet rocketry industry. 
For example, Korolev's own lectures incorporated details of the R- I ,  R-2. and R-3 missiles, albeit 
with disguised designations. The courses from this time period were instrumental in train~ng a 
new generation of young engineers who would join major design bureaus and research insti- 
tutes and make important contributions to the Soviet space program. Thus, by the time that 
Brykov, Koltunov. Maks~mov, and the others joined Tikhonravov's team during 1949-51, they 
had sol~d training ~n actual and proposed Soviet ballist~c missiles, providing a key connection 
between Korolev's work at Nll-88 and Tikhonravov's efforts at Nll-4. 

The work of the original members of Tikhonravov's newly established group culminated in 
1950 with the authorship of what may have been the very first detailed Soviet exposition on 
the technical prospects and requirements of launching an artificial satellite of Earth. Titled "On 
the Possibility of Achieving First Cosmic Velocity and Creating an Artificial Satellite with the 
Aid of a Multi-Stage Missile Using the Current Level of Technology," the paper was formally 
presented by Tikhonravov at a special session of the Academy of Artillery Sciences on 
March 15. 1950." Along with many important military representatives, three engineers from 
Nll-88 were present to hear his speech: designer Korolev, his first deputy Mishin, and planning 
department chief Bushuyev. Technically based around the idea of using the R-3 missile, 
Tikhonravov deta~led a plan on using a packet-type multistage vehicle capable of launching a 
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small artificial satellite. Although he did not specifically mention a timetable, implicit in his 
words was the possibility of launching a satellite by the mid- 1950s if given the requisite sup- 
port. In an unexpected move, near the end of his monologue. Tikhonravov also raised the issue 
of launching humans into orbit in the near future using his proposed rocket. The reaction to 
this presentation was much more negative than the earlier session in 1948. Some in the audi- 
ence were outwardly hostile to Tikhonravov's ideas, others were silent, and many had sarcastic 
reacttons. Even Mishin himself expressed serious doubts of the technical feasibility of 
Tikhonravov's plan." There was. in fact, a running joke after the conference that Tikhonravov 
and a monkey. in each other's arms, would fly off to the Moon." Korolev was one of the few 
who unconditionally and publicly supported Tikhonravov's ideas. 

The March 1950 report precipitated a few extremely fruitful months for Tikhonravov's 
group. Each participant was given a separate assignment on the development of a Soviet satel- 
lite launch vehicle, with the goal of authoring a detailed and comprehensive study on the issue. 
They studied various configurations of clustered and tandem missiles and devised a special 
mathematical model for mass analysis based on firsthand information on the R-3 missile pro- 
vided by Korolev's own engineers. As a result of this work, Moskalenko subsequently authored 
Engineering Methods o f  Designing Missile Dynamics, while Maksimov completed a report on 
the ballrstic trajectories of an artific~al satellite launched by the booster. Advanced stud~es were 
also conducted on interorbital transfers and the deorbiting, reentry, and recovery of a satellite. 
In designing the launch vehicle, Tikhonravov favored a two-stage packet of three R-3s: calcula- 
tions showed that this configuration would be able to insert a fairly heavy satellite into orbit. 
The results of al l  of this work was collated into a massive work consisting of three volumes and 
published in late 1950. Tikhonravov's own March 1950 paper was also published in a scientif- 
ic journal in 195 1 .  Despite the voluminous amount of work, Tikhonravov's group was once 
again disbanded at this time." Although this second setback was temporary, the termination of 
the launch vehicle effort apparently was related to a number of institutional factors that clear- 
ly illustrated the tenuous support for scientific endeavors in a predominantly military industry. 

On August 29. 1949, the Soviet Union exploded its first atomic bomb In a desert south of 
Semipalatinsk in Kazakhstan.' The balance of power abruptly shifted between the two major 
powers. In the immediate postwar years. Stalin's first and foremost prior~ty was the creation of 
Soviet nuclear weapons. Although modest rockets were developed during the same period, the 
missrle industry itself did not have the same kind of political imperative as atomic bombs. 
Always holding a second place in the top-secret armaments industry, in 1949, a missile deliv- 
ery system finally began to receive a pronounced support, and this support was tied to the 
nuclear capab~lity. It was painfully clear, however, that the available or planned rockets in the 
Sov~et arsenal such as the R- I and R-2 were Inadequate to satisfy the needs of Soviet defense 
policy. Neither of these missiles had the capability to carry the heavy nuclear warheads avail- 
able at the time, nor were they part~cularly efficient in terms of preparations for launch and tar- 
geting Most critically, they had very short ranges and could only be useful in tactlcal battles In 
the European theater. Preparatory work on the R-3 program was ongoing at the time, although 
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even its 3.000-kilometer range was insufficient to cross the Atlantic and reach the shores of 
what the Soviets considered their number-one enemy. 

In this context, in late July 1949, less than a month prior to the first nuclear test, Stalin 
summoned the top leaders of the missile industry to the Kremlin for a briefing on the state of 
missile delivery systems. Representing the new rocketry industry were men from both the mis- 
sile industry and the artillery forces. Also present were Chief Designer Korolev and lgor V. 
Kurchatov, the famous nuclear physicist and scientific leader of the Soviet nuclear weapons pro- 
gram." As the meeting dragged on into the evening. Col. General Mitrofan I. Nedelin, who 
headed the Chief Artillery Directorate, and Marshal Nikolay N. Voronov, the chief of Artillery 
Forces, gave brief reports on the status of efforts to adopt the R- I as an armament for the Soviet 
Army. They were followed by Kurchatov, who reported on nuclear weapons development. 
Korolev was apparently a little nervous when it was his turn, but he explained to Stalin that the 
R-2 vehicle was almost ready for test launches. He specifically emphasized the advantages of 
the vehicle over the original German designs, no doubt knowing that Stalin desired something 
more capable of covering transatlantic distances. In a perhaps apocryphal account of the meet- 
ing, Stalin is alleged to have followed Korolev's report with the following tirade: 

W e  want long, durable peace. But Churchill, well he's warmonger number one. And 
Truman, he fears the Soviet land as the devil's own stench. They threaten us with atom- 
ic war. But we are not japan. That is why you, comrade Kurchatov, and you, comrade 
Ustinov, and you as well [turning to Korolev] must speed things up. Are there any more 
questions?'" 

With  the clear message that the political leadership was not happy with the rate of 
progress. Korolev and Nedelin departed together In silence. For Korolev, it was a double disap- 
pointment, for he had apparently intended to speak to Stalin about a "space rocket" capable of 
traveling the upper reaches of the atmosphere, eventually with humans on board. At the last 
minute, he omitted his notes on the subject, perhaps for fear that Stalin would see no interest 
in it. Assuming that Nedelin would be more receptive to it. Korolev br~efly told him about 
Tikhonravov's work at NII-4 and about the level of resistance it was facing from the general sci- 
entific community." 

Nedelin was not too receptive to Korolev's promotion of Tikhonravov's ideas, irritating 
Korolev and prompting him to argue even more forcefully. In the end. Nedelin effectively ended 
the conversation with a warning that no doubt did not fall on deaf ears: 

There's no need to be irritated. . . . The history of all this has been well known to me for 
a long time. You probably don't know this, but our higher Generals have called for the 
dismissal o f  Blagonrauov from his post as the President o f  the Academy o f  Artillery 
Sciences. Your name has also not been left 
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Korolev immediately grew gloomy, and the two eventually parted on an unresolved note. 
Nedelin's words were not only a warning about Korolev's position as chief designer, but also 
his life itself. The reign of Beriya's secret police had a few more years left to go, and it was with 
great care and tact that most of the engineers had to negotiate their activities through the 
innards of the military defense industry. Such was Beriya's logic that if one was not actively 
working to increase the defensive might of the Soviet Union, then one must be actively engaged 
in sabotaging it. 

Clearly. Korolev's plans for a satellite launch vehicle were not in the interests of either the 
military or the Communist Party at this point. The tenuousness of Korolev's own positron was 
demonstrated most acutely by a document authored by Nll-4 Director Maj. General Nesterenko 
sometime in 1950. Although he had supported Tikhonravov's early studies, for reasons still 
unknown. Nesterenko sent a letter drrectly to the Central Committee suggesting that the work 
being carried out by Korolev and his engineers at Nll-88 on developing A-4-based missiles was 
essentially a waste a time and resources. He supported his accusations based on the fact that 
the Germans. using untold materials, had produced about 1.500 of the A-4 missiles, making 
absolutely no difference to the ultimate outcome of the war. He added a number of criticisms 
of the A-4 missile itself, including its poor targeting accuracy. Given Nesterenko's important 
position, the letter might have had dire consequences, had it not been for Ustinov's efforts to 
"neutralize" the effects of the document." For Korolev, who somehow found out about the let- 
ter, this was unforgivable: it was a grudge he held agarnst Nesterenko to the end of hrs days. 

Whether this event had any influence on Korolev's curiously cool attitude toward Nll-4 is 
unclear, but in 1950, there were some dramatic changes at that institute. The same year. sev- 
eral scholars at Nll-4, including Nesterenko, were awarded the USSR State Prize in recognitron 
of their role in developing a system for soft-landing scientific apparatus from a hrgh-altitude 
missile using parachutes."Torolev was apparently displeased that Nll-4 had received such an 
honor when his own institute had yet to be recognized for its achievements. By pulling strings. 
he was able to signrf~cantly reduce such work at Nll-4. At the same time, cooperation between 
the rnstitute and other institut~ons in the military industry were dramatically curtailed. Several 
important people lost their jobs in this massive reshuffle. Nesterenko was dismissed from his 
post as Nll-4 director, whlle the president of the Academy of Artillery Sciences, Academician 
Blagonravov, was demoted to vice president at about the same time in December 1950." 

Whether Nedelin's warnings about the military's displeasure over Blagonravov's work or 
Korolev's own offensive against Nll-4 was a bigger factor in these dismissals is unclear. Many 
of the details of the incident still remain obscure. Given Blagonravov's visibly strong support for 
Tikhonravov's launch vehicle studies, it would seem completely irrational for Korolev to active- 
ly lobby for his removal. It is more likely that the changes at the institute were an unlikely and 
peculiar combination of Korolev's dislike of Nesterenko and the mllrtary's displeasure of 
Blagonravov. 
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Tikhonravov was the third person to feel the brunt of the changes. During " a  routine 
check." the Chief lnspectorate of the Ministry of Defense was surprised to find that Nll-4 was 
involving itself in "wholly non-military affairs in an initiatory fashion." The inspectors recom- 
mended that Tikhonravov's group be disbanded." Tikhonravov was demoted from his position 
as deputy director to that of a scientific consultant, a position one of his associates recalls as 
being like an "honorary banishment."" In the ensuing two years, he and his old staff contin- 
ued to conduct numerical investigations on different variations of multistage missiles and tra- 
jectories of artificial satellites, but the impetus that had driven the group from 1949 to 1950 
was lost because of these institutional changes. The early efforts of the group did, however, 
serve as an extremely important base from which the Soviet Union embarked on the creation 
of an ICBM capable of reaching orbital velocity. 

In a curious departure from the pervasive security regarding high-technology efforts, an 
article authored by Tikhonravov titled "Flight to the Moon" was published in the newspaper 
Pionerskaya pravda in October 1951." Prominently mentioning the works of Tsiolkovskiy. 
Tikhonravov adeptly descr~bed a two-person interplanetary spaceship of the future and the 
industrial and technological processes required to create it. He ended the short article, written 
for young readers, with a clear forecast of the future: "We do not have long to wait. We can 
assume that the bold dream of [Tsiolkovskiy] will be realized within the next I 0  to IS years. All 
of you will become witnesses to this. and some of you may even be participants in as yet 
unprecedented journeys."" In perhaps the very first reporting in the West of Soviet space plans, 
Tikhonravov's article apparently caused quite a stir. It was the subject of a prominent write-up 
in The New York Times two days after the original publication, which explained that: 

Dr. Ttkhonravov left no doubt that Soviet scientific development in the field ofjet propul- 
sion and rockets was advancing rapidly He suggested that this science in the Soviet 
Union had reached the level at least equaling if not exceeding that in Western co~n t r i es .~~  

It was a rare peek into the shrouded world of Soviet rocketry. The fact that Tikhonravov was 
allowed to write under his own name on a potentially sensitive topic indicates that the censors 
viewed the article as of no importance or relevance to national security. 

Organizational restructuring was not unique to Nll-4. Symptomatic of a broader evolution 
and maturity in the missile industry. Korolev's home inst~tute. Nll-88, was also the center of 
some dramatic changes. Since his appointment as chief designer of long-range ballistic missiles 
in 1946, Korolev had continually felt a certain sense of powerlessness in the Ministry of 
Armaments. At Kapustin Yar, as the technical director of the state commissions, his word was 
law, and deputy ministers, chiefs of directorates, and other chief designers would literally sub- 
ordinate themselves in the face of his incredibly assertive personality. On his return to 
Kaliningrad, however, he would come face to face with an overtly complex bureaucracy com- 
prising several layers in the cha~ns-of-command, which gave him very little in terms of legal and 
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institutional authority. He became another one of several chief designers, often with less min- 
isterial capacity than his other colleagues because he was officially the head of a department 
within a design bureau, while his contemporaries on the Council of Chief Designers all head- 
ed their own bureaus. 

For the most part. Korolev's predicament was a result of the institutional peculiarities of the 
armaments industry, which had essentially been modeled along the lines of the aviation sector. 
There was a four-step process in project implementation in the creation of aircraft: the scien- 
tific research institutes conducted the basic research on a weapon: the design bureaus carried 
out the engineering work: departments in the military subjected the particular vehicle through 
a thorough testing regime; and then the product would be declared operational and be formal- 
ly handed over to the Air Force. In the case of rockets. Korolev believed that such a chain-of- 
command was not optimal. On many occasions, he had attempted to convince Minister of 
Armaments Ustinov on the need for total control of the entire process from one centralized 
entity-that is, his own organization. Durtng one heated conversation. Korolev was particular- 
ly explicit: 

Dmitriy Fedorovich, you and your deputies are trying to make me a designer of just a 
missile. Not even a missile, but a very large automated cannon shell, to be more precise. 
Listen, if I work as the aircraft designers do, our whole business would collapse very 
soon. You need to understand: I have to be Chief Designer of the whole system. . . . 6 1  

The disillusionment expressed by both Korolev and his first deputy Mishin was com- 
pounded by the fact that the primary thematic direction at the institute was represented by 
Korolev's department. although its powers were officially limited to the level of that of the sev- 
eral other minor departments at Nll-88's Specialized Design Bureau. The bureau's Department 
No. 3 had clearly outgrown its original mandate by 1950. 

The first major change at the institute was precipitated by the departure in the autumn of 
1949 of Nll-88 Chief Engineer Yuriy A. Pobedonostsev. Ending his extremely fruitful participa- 
tion in the formation of the postwar ballistic missile programs, in May 1950, he was appoint- 
ed the rector at the Academy of Armaments Industry." It was the effective end of a twenty-year 
career, during which he had played major roles in GIRD, in Nll-3, on the recovery teams in 
Germany, and finally in Nll-88. In later years, he participated in the development of early Sov~et 
solid-propellant ICBMs at NII- 125. He was a professor at the Moscow Aviation Institute at the 
t~me of his death in 1973 at the age of 66. Following Pobedonostsev's resignation, in 1950, at 
the behest of Korolev. Minister Ustinov agreed to hold a meeting to discuss a complete restruc- 
turing of the institute. Attended by Korolev. Ustinov, institute Director Gonor, Chief Engineer 
Tritko (who had temporarily replaced Pobedonostsev), and his Deputy Chertok, the session was 
held at an all-night restaurant in Moscow, during which the men hammered out the details of 
the changes. Ustinov agreed to merge several sectors at Nll-88 that were dedicated to anti- 
aircraft missiles, partly because of their poor performance in the postwar years. At the same 
time. on April 26. 1950, a number of other departments at the institute were consolidated to 
create the new Special Design Bureau No. I (more commonly known as OKB- I )  of Nll-88. 
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Korolev was formally named the chief and chief designer of OKB- I, an organization dedicated 
exclusively to the development of long-range ballistic missiles." Ustinov formally named the 
thirty-three-year-old Mishin as Korolev's first deputy chief designer, who then was already 
famous for being a "generator of ideas." Vasiliy S .  Budnik, a thirty-seven-year-old engineer who 
was responsible for the missile production programs, was appointed the sole deputy chief 
designer." 

Ustinov enacted further changes in the overall leadership of the institute. Maj. General Lev 
R. Gonor, who had served as director of Nll-88 since its inception in 1946. was rel~eved of his 
duties in June 1950." A very opinionated and assertive individual, Gonor had continually 
clashed with both Korolev and Mishin in the previous years over a variety of technical and the- 
matic issues. There is no doubt that Korolev, with his unpredictable temper and aggressive 
nature, was responsible for most of these conflicts. Unable to accept subordination to a num- 
ber of officials such as Tritko, Gonor. Vetoshkin, Ryabikov, and Ustinov, the chief des~gner was 
prone to be resistant to any efforts originating from Conor. The artillery general also had the 
misfortune of being one of the very few high-ranking Jewish individuals in the rocketry indus- 
try. Although there is no evidence to suggest that anti-Semitism played any role in his dismissal, 
there was clearly a certain degree of prejudice wlth which he had to deal as director. Without 
Ustinov's strong support for his candidacy in 1946. Conor probably would not have been 
appointed director of such an important institution. Leaving Nll-88, Gonor moved to head an 
artillery plant in Krasnoyarsk. In January 1953, he and many others were arrested during the so- 
called "Doctors' Plot" and thrown into prison. Other missile men among the incarcerated were 
several officers from the Chief Artillery Directorate, including its former head Marshal Yakovlev. 
who had been instrumental in restoring A-4 production in the Soviet Union. Fortunately for 
those affected, Stalin died only two months later, and Gonor. Yakovlev, and the others were 
released. Formally rehabilitated, Gonor went on to become the chief of a branch at the Central 
Institute of Aviation Motor Building at Turayevo, near Moscow. He led a very successful career 
in the aviation industry, which was unexpectedly cut short by the development of gangrene in 
one of his limbs. He died on November 13. 1969. at the age of sixty-three." 

Gonor's replacement at the Nll-88 arrived in his office on August 18. 1950, in the person 
of Konstantin N. Rudnev, a thirty-nine-year-old graduate of the Tula Mechanics Institute. 
During the war, the soft-spoken Rudnev had served as director of a famous munitions plant. 
He was received by some apprehension by the engineers at Nll-88, but Rudnev's intelligence 
and modesty apparently soon won over most of the institute's employees. Much less stubborn 
than Gonor. Rudnev developed a good working relationship with Korolev, Mishin, and others. 
helped no doubt by his inexhaustible sense of humor. At the time of Rudnev's appointment. 
there were rumors abounding in the Ministry of Armaments that Korolev would not only head 
the new OKB-I but also be named the chief engineer of the entire institute. Fearful about allow- 
ing Korolev too much power at Nll-88, Minister Ust~nov instead invited Nll-885 Chief Designer 
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Mikhail S. Ryazanskiy to give up his engineering job developing radio-controlled gu~dance sys- 
tems to serve as chief engineer of Nll-88. It was a peculiar situation because originally 
Ryazanskiy had been one of Korolev's associates on the Council of Chief Designers. After his 
formal appointment in January 195 1 ,  he effectively served as Korolev's superior as the chief 
engineer and first deputy director of the institute." 

Dogs in Space 

It was Korolev himself who served as the 
chief driving force behind formulating a dedicat- 
ed plan to loft animals on short vertical flights 
into the upper atmosphere-a program that 
directly cleared the way to launch the first 
human being into orbit. As early as 1948. he 
began to informally consider ways of lifting 
human passengers into space using available 
technology. Inspired by U.S. programs using 
A-4 and Aerobee missiles for launching animals 
into space, Korolev mentioned his plans for 
human spaceflight to famous aviation designer 
Andrey N. Tupolev during a conversation in late 
1948." In response. Tupolev gave Korolev the 
name of Vladimir A. Yazdovskiy, a young physi- 
cian employed at the Air Force's Institute of 
Aviation Medicine in Moscow. 

The thirty-five-year-old Lt. Colonel 
Yazdovskiy had graduated from the Tashkent 
Medical lnst~tute before spending the war as an 
Army physician. Moving to aviation medicine 
after 1945, he evidently made quite a name for 
himself as a bright and resourceful researcher. In " 
January 1949. Korolev telephoned Yazdovskiy, 5ergey K@r@leu inluly 1954 1s with a dog lhatlusf 

returned to Earth after a lob to an altitude of 
introducing himself as a builder of "special 100 kilomeleis on on R ID sc~entilic rocket In 1951 
equipment" (lt was ''legal to make references to the Souret Union became [he lirst country to safely 
military weapons such as missiles over the recou,r a il,,ng organism alter a 111ghi rn space 
phone) and arranged a meeting at the (files 01 Asrf Siddiqr) 
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S T A L I N  A N D  T H E  R O C K E T  

Petrovsko-Razumovskiy Park near the Institute of Aviation Medicine. Korolev was direct with 
the young physician, informing him that: 

Andrey Nikolayevich [Tupolev] suggested I contact you about leading a biomedical pro- 
gram in preparation for future flights of spaceships. I would like you to lead this effort, 
since I don't know what's being done in this area nowadays and what has already been 
done. . . ." 

Yazdovskiy was resistant at first, but Korolev would not take no for an answer: "Oh, come 
on now Volodya. . . . What's in it for you in all that aviation medicine business? What I'm offer- 
ing you is far more challenging.'' Hearing that Yazdovskiy had never seen a launch of a rocket. 
Korolev replied. "Well, then, if you've seen it once, it'll stay with you for the rest of your life."'" 
Within a few days. Korolev personally arranged with the USSR Minister of Defense Aleksandr 
M. Vasiliyevskiy to have Yazdovskiy's current work transferred to others, and the physician was 
given a mandate to begin dedicated biomedical studies in preparation for putting a human into 
space at an unspecified time ~n the future. The short-term goals were to use small anlmals as 
test beds for gathering medical data on the effects of rocket flight on living organisms. 

The d~rector of the Institute of Aviation Mediclne, Ma). General Aleksey V. Pokrovskiy, ini- 
tially assigned a small group of physicians to work under Yazdovskiy, including Boris G. Buylov, 
Vitaliy I. Popov, and Aleksandr D. Seryapin. At the time, the literature in the Soviet Union on 
space medicine was almost nonexistent. Thus, the group began its efforts by studying transla- 
tions of American texts on the subject in detail and identifying the major areas of focus. In 
designing a payload module for a small animal to fly aboard a modified R- I missile. Yazdovskiy 
narrowed down three factors that would play important roles: the environment of vacuum. radi- 
ation, extreme temperatures, and meteorites in near-Earth space; the presence of parameters 
such as vibration, noise, and weightlessness during dynamic flight; and issues associated with 
the confinement of organisms in a very small space.': 

In studying these factors, the group also addressed the question of what type of animal to 
use on the launches. The candidates most appropriate for medical use were initially narrowed 
down to apes and dogs, but by late 1950, the group began to lean more toward the use of the 
latter. Apes were considered to be more difficult to dress and were more likely to get colds and 
other diseases. Furthermore, because they were more excitable than dogs, the doctors believed 
that they might, for example, bite off important sensors from their bodies. The decision to use 
dogs was formally approved at a meeting of important scientists and physicians at a special ses- 
sion organized by the Academy of Medical Sciences and the Academy of Sciences in December 
1950." Academician Blagonravov, who had just been relieved of h ~ s  post as president of the 
Academy of Artillery Sciences, was nominated and appointed chair of a state commission to 
oversee the actual biological launches. Several famous Soviet biomedicine specialists, such as 
Vladimir N. Chernigovskiy. Vasiliy V. Parin, and Norair M. Sisakyan, were also inducted as advl- 
sors to the commission, emphasizing the importance with which the scientific community 
viewed the program. 

The selection of dogs as test subjects commenced a search to establish criteria for partic- 
ular types of dogs. Starting with the rationale that the choice had to be satisfactory to both the 
rocketeers and the b~ologists. Yazdovskiy's group had to negotiate a number of major obstacles. 
At the outset, the doctors agreed that at least two dogs would have to be launched in a 

75  Ibtd . p. I 2 0  
76, lbid 
77. i b ~ d  pp. 122-24 
78 Golovanov. Korolev. pp. 545-46: Stache. Sourei Rockeis. p 2 12 



common container on each flight because the reaction of one animal would not provide objec- 
tive results, given the conditions on a particular launch and the peculiarities of the dog. With 
the constraint of only 0.28 cubic meters of volume, the dogs had to be relatively small and light. 
somewhere between six and seven kilograms. Experts in dog behavior were consulted, and they 
reported that small dogs were not compatible with each other, further narrowing the field. The 
subjects also had to have a high level of resistance and be easily trainable. In addition, the dogs 
had to have a white or brightly colored coat because the plan was to film the behavior of the 
animals during flight using a system of mirrors in the poor lighting conditions inside the cap- 
sule. Finally, only female dogs were considered because the special anti-gravity suit and sanita- 
tion equipment would pose complex problems in the case of males. The requirements were so 
stringent that at one point one of the "dog catchers" in exasperation told one of the physi- 
cians, "Perhaps you'd like them to also have blue eyes and howl in C major?"" 

Such aspects as the posture of the dogs in flight were carefully planned out prior to launch. 
Yazdovskiy's team used pairs of dogs in a special centrifuge with self-contained life support sys- 
tems to ascertain that a vertical posture would probably kill the animals because of the high 
rates of acceleration in the initial stages of flight. Equipment for monitoring the physiological 
behavior of the dogs was culled from a variety of sources, including a local milltary college and 
the Krasnogorsk Mechanical Optical Plant, which manufactured a camera capable of holding 
120 to 300 meters of film," 

At Korolev's department at Nil-88, the design of modified R- I missiles and a special con- 
tainer to carry the small animals had formally began on December 30. 1949, as part of a coor- 
dinated project to develop different variants of the rocket for scient~flc purposes. The chief of 
the planning sector at Korolev's section, Konstantin D. Bushuyev, was appointed to lead the 
team that would design two new modifications of the R- I, designated the R- I B and R- IV. The 
design of both the rockets and the payload evolved over 1950 and 195 1 ,  with significant inter- 
action between Yazdovskiy's group at the Institute of Aviatlon Medicine. Both visually and 
technically, the new missiles were markedly different from their predecessor. the R- I A missile. 
They incorporated many of the mechanisms developed for the R-2 ballistic missile and had a 
much more sleek appearance than the R- I A. Each missile was 17.55 meters in length with a 
base diameter of 2.56 meters, dimensions significantly exceeding the R-I  A.  Total liftoff mass 
was about 14.32 tons.' The total mass of the experimental payload of the vehicle was set at 
1.160 kilograms, of which 590 kilograms was the actual container carrying the dogs. 

Engineers under Bushuyev spent a significant amount of work designing a container that 
could be safely recovered. They modified the original nose cone separation mechanism from 
the R- IA  and raised the reliability of the parachute system during preflight tests. Auxiliary air 
brakes were introduced to decrease the rate of descent prior to the opening of the parachute, 
primarily to reduce deployment shock. The new rockets also incorporated improved telemetry 
systems because the most important aspect of the mission would be the data recorded during 
the flight. This in turn necessitated a more accurate orientation and stabilization system. The 
end result of the R- I BIR- I V  design program in 195 1 was the development of a standard nose 
cone payload section that could be used in a variety of configurations for different require- 
ments." In addition to the main payload container, the R-I  B carried two eighty-five-kilogram 
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scientific modules that were attached longitudinally to the sides of the main body of the mis- 
sile. These were designed by the Geophysical Institute of the USSR Academy of Sciences, and 
they contained a number of instruments for studying the upper atmosphere. The R- IV, identi- 
cal in all other respects, carried a large parachute system in place of the science modules to 
enable engineers to recover the 4,160-kilogram main body of the rocket. 

In mid-summer of 195 1 ,  the state commission, headed by Blagonravov. Yazdovskiy, and 
other representatives from the lnstitute of Aviation Medicine, and engineers from OKB- I, led 
by Korolev, converged at Kapustin Yar for the first Soviet attempt at launching a l~ving organ- 
ism into space. A total of nine dogs were selected to form the core pool, including Albina 
(Russian for White), Bobik. Dezik. Kozyavka (Gnat), Lisa. Malyshka (Little One), Smelaya 
(Bold), and Tsygan (Gypsy)." Yazdovskiy chose Dezik and Tsygan for the first flight, set forJuly 
22, 195 1. The launch, using an R- IV, was held during the early morning hours so the rocket 
would be illuminated by the Sun during the ascent portion. Preparations for the launch were 
conducted in a mood of unconcealed excitement and anxiety, and following Blagonravov's for- 
mal approval, the rocket finally lifted off in a roar amid the dust of Kapustin Yar, carrying its two 
canine passengers. During their flight, the animals reached a velocity of 4,200 kilometers per 
hour and an altitude of IOI kilometers, and they experienced four minutes of weightlessness 
Approximately 188 seconds following launch, the payload section separated from the main 
booster and went into freefall until it dropped to an altitude of six kilometers, at which time the 
parachute successfully deployed. Yazdovskiy had personally asked all the members of the state 
commission to remain at their viewing positions until the dogs had landed, but about twenty 
minutes following launch, a white parachute was visible in the sky, and everyone at the launch 
site rushed to their cars, driving off into the desert in a cloud of sand. At the landing site, the 
cabin hatch was hurriedly unscrewed, and both dogs were found barking and wagging their 
tails. Although Dezik was in perfect condition, Tsygan had apparently sustained a minor injury 
on her belly when the inner compartment had curved in upon The dogs were the first 
living organisms successfully recovered after a flight into space, coming two months before the 
United States achieved a similar feat. 

This first historical launch was followed by an unevenly successful program. The second 
of six total missiles. this one an R- I B, carried Dezik on her second flight with a new dog. Lisa, 
on July 29. Unfortunately, the pressure sensor used to trigger the parachute system had been 
damaged by vibration, and both dogs were killed upon impact on the steppes of Kapustin Yar. 
The on-board data recorders were, however, successfully salvaged." Korolev himself was appar- 
ently greatly grieved by the loss. The third launch almost did not go off. One of the dogs cho- 
sen for the flight. Smelaya, unexpectedly ran loose the day before launch, causing great 
consternation among the specialists that she had met her fate at the jaws of jackals. which were 
known to roam the area. Fortunately, the next morning. Smelaya returned to the launch site. 
quite safe, and the launch went off on time. Both dogs survived and were recovered success- 
fully. One of the dogs slated to fly on the sixth and final flight once again disappeared during 
a walk prior to launch. Yazdovskiy ordered Seryapin to search for a replacement, and the latter 
went to the local canteen and picked up one of the dogs that were known to frequent the place. 
making sure that she was suitable in size and temperament. With no previous documentation. 
Korolev opted to give her the name ZIB, the Russian acronym for "Substitute for Missing Dog 
Bobik." With minimal training, she and another dog were successfully launched on 
September 3 on a completely successful mission, reaching an altitude of 100 kilometers and 
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finishing the program." IF total, nine dogs were flown on six launches, three of them flying 
twice. 

Despite four dog fatalities, the results of the R- I BIR- I V launch program were en~ouraging.~' 
Data gathered on a four-channel recorder included information on fluctuations of skin tempera- 
ture and pulse and on cabin pressure and temperature. Film from the movie camera proved 
extremely useful in observing the behavior of the dogs in flight. In addit~on, before and after the 
missions, physicians obtained an electrocard~ogram, an x-ray of the thorax, conditional food 
reflexes, and data on body mass. The flights also introduced the first fully functioning life sup- 
port system for organisms in Soviet rocketry, consisting of a seven-liter globe filled with a mixture 
of 70 percent air and 30 percent oxygen. A soda lime cartridge was used to absorb exhaled car- 
bon dioxide. and a silica gel cartridge was used as a desiccant. Among nonbiomed~cal experi- 
ments, the launch of August 15 was the first time that Soviet instruments were used to study the 

I 
I 
I 

spectral compos~tion of solar shortwave radiation from an altitude of I00 kilometers."' For 
Blagonravov, the launches had one important result. After the second launch. when Dezik and 
Lisa had been killed. Blagonravov had decided that Tsygan, who had been Dezik's partner on the 
first flight, should not fly again. Instead, in early September, he took the lone dog back to Moscow 
and adopted her as his own. Tsygan lived to a great old age, and Blagonravov and the dog would 

i 
I 

often be seen walking the streets of Moscow. both clearly very much attached to each other." 
The vertical dog flights of 195 1 opened up the era of space biomedicine for the Soviet Union. 

I 
At the same time, there was also a significant expansion of the use of ballistic missiles for the 
study of the upper atmosphere. Under Academician Blagonravov's chairmanship, the 
Commission for the Investigation of the Upper Atmosphere subm~tted a formal report in 195 1 
describ~ng a full-scale program for high-altitude scientific research. Using available R- I -based mis- 
siles as a limit~ng factor, an eight-point program was put forth that encompassed the following: I 

Investigations on the chemical composition of air at high altitudes 
The determination of wind veloclty 
The development of methods for determining ionization density 
lnvestigations into the composition of primary cosmic radiation and its interaction with matter 
Spectral measurements of solar radiation 
Research on aerodynamics, boundary layer structures, and surface resistance 
Research on life functions of animals at high altitudes 
The development of integrated recovery systems"" 
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Rocket Date Rescue of Payload Rescue of FIAR- I Rescue of Dogs 
R I V  July 22 195 1 Yes Yes Yes 

R iB July 29 195 I no no no 
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R I V  August 19 1951 Yes no Yes 
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R I B  September 3 195 1 Yes Yes Yes 
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S T A L I N  A N D  T H E  R O C K E T  

Visits to the Kapustin Yar range were frequent for engineers at OKB- I. Although the launch- 
es of the R-IB and the R-IV were no doubt important for the scientific community, of much 
greater significance was the testing in support of the military ballistic missile program. An inten- 
sive effort had been expended in late 1950 during the first series of launches of the new 
R-2 missile. A second series, again directed by Korolev, was carried out between July 2 and 27, 
195 1 ,  at the same time that dogs were being lofted into space from the same site." Of the total 
of thirteen launches in the series, a remarkable twelve successfully reached their targets, finally 
allowing engineers to put the results of the dismal first series behlnd them. The Soviet armed 
forces formally adopted the R-2 missile as operational armament by an order dated November 
27. 195 1 -a decision that emphasized the overriding needs of the military to operate a battle- 
ready long-range ballistic missile system." The R-2 was, in fact, a vast improvement over the 
R- I -in particular, in areas such as ease of training and operation and the capabilities of its guid- 
ance system. With a range of 600 kilometers, it could reach twice as far as its predecessor. 
although it was still incapable of carrying the heavy nuclear weapons in existence at the time. 

Wi th  the adoption of both the R- I and the R-2 missiles in the armed forces, the oversee- 
ing Special Committee No. 2 addressed the need for establishing a new production facility for 
manufacturing the vehicles in quantity. After much discussion, the committee decided on May 
9, 195 1 ,  to transfer a large factory in the Ukraine, the Dnepropetrovsk Automobile Plant, to the 
jurisdiction of the Ministry of Armaments. Since July 1944, the plant had been manufacturing 
automobiles, tractors, and other heavy machinery-at first in support of the war effort, but later 
for civilian purposes. After its transfer, the facility was formally named the State Union Plant 
No. 586 in 1952. In the interest of coordinating all manufacturing work with OKB- I .  Korolev 
transferred one of his leading assistants. Deputy Chief Designer Budnik, to the newly reorga- 
nized plant on July 6. 195 1 .  Budnik, the very first of many of Korolev's proteges to become chief 
designers in their own right, was instrumental in leading all the engineering aspects of rnanu- 
facturing the R-I and R-2 mi~siles.~' Within twenty years, the plant at Dnepropetrovsk was to 
become the largest missile and space launch vehicle manufacturing facility in the entire world. 

Themes 

The R-3 project, begun in 1949, served as the starting point for preliminary studies into pos- 
sible configurations for the first Soviet ICBM. As Korolev emphasized in his draft plan for the 
R-3, the 3.000-kilometer-range missile was seen as a stepping stone to more ambitious rockets. 
Concurrent with the early work on the R-3 during 1949-50, engineers at Nll-88 were, in fact, 
engaged in formulating a long-range strategic plan for the institute-one that would dictate the 
general nature of work on Soviet long-range missiles for some time to come. By the end of 1950. 
this plan encompassed three specific areas of focus or "themes," as Soviet engineers called them: 

Theme N I called for the design of a new one-stage missile with a range of 3.000 kilometers. 
Theme N2 called for the creation of a missile using storable propellant components. 
Theme N3 focused on exploratory research in developing a Soviet ICBM. 
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The USSR Council of Ministers formally approved this new research program under the title 
"Complex Research and Determination of the Basic Flight-Tactical Characteristics of [Long- 
Range Ballistic Missiles]" by an official governmental decree dated December 4. 1950.'Yhief 
Designer Korolev was the overall scientific leader. 

The N I theme subsumed the already concurrent work on the ambitious R-3 missile, which was 
specifically geared toward two design innovations: the use of integral tanks for both propellants and 
the elimination of graphite rudders for guidance. Both of these were to be tested on the experi- 
mental R-3A missile. By 195 1 ,  Nll-88 had prepared "The Plan for the R-3A Experimental Missile 
With an Improved Range of Flight," the final technical document containing the workshop draw- 
ings for manufacturing the rocket. The flight testing of the missile was set to begin from Kapustin 
Yar in October I95 The schedule for the R-3 program, however, proved to be overly optimistic. 
Given the technological leap required for the R-3 program, it is not surprising that Soviet engineers 
ran headlong into some seemingly insurmountable problems, bringing the effort to an impasse 
within two years of the start of the project. One official historian of Nll-88 recalled later that: 

. . . serious stumbling blocks prevented the [R-31 engines jrom being developed in time- 
when it became clear that these prob[ems would lead to enormously delaying the pro- 
duction of the R-3 missile. Korolev was blamed for an unrealistic objective statement 
Critics said that a range of 1.000 km ought to have been assigned, and the rocket model 
should have been [progressively] evolved as it had been with the R-2 rocket. which had 
been advanced to a preset standard through a certain number of modifications."" 

For his part. Korolev, put the blame squarely on Clushko's shoulders, believing, with some 
validity, that Glushko had erred seriously by trying to scale up the old German A-4 engine to 
create the RD- I I0 engine for the R-3. 

Glushko's primary problem seems to have been due to the use of the new liquid oxygen 
(LOX) and kerosene combination. The new pairing, while being more efficient than the LOX- 
alcohol duo, resulted in a higher combustion chamber pressure, which meant that the walls of 
the chamber had to be thicker. This in turn would make the engine heavier. More damaging for 
the RD-I I0  were the problems in cooling the engine, the requirements for which were much 
more stringent than for the German A-4 engine. Cooling required thin combustion chamber 
walls, which would not stand up to the higher internal pressures. Put in a d~fficult position, 
Glushko had to resort to adopting an idea from another noted engine designer. Chief Designer 
Aleksey M. Isayev, who during his stint at NII- I in the mid-1940s had performed some ground- 
breaking research on high-thrust liquid propellant rocket engines. Isayev's idea, derived from 
work at the Gas Dynamics Laboratory and by the German scientist Sanger in the 1930s, was to 
use a so-called "integrated solder-welded" design, which had thin "ribs" around each com- 
bustion chamber to allow coolant to pass around the chamber. Such a design circumvented 
major cumulative problems of operations at high pressures, temperatures, and heat fluxes. 
while generating the required high specific  impulse^.^' 
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Clushko had evidently begun work on such a design by the late 1940s. In mid-1947, he 
tested a technology demonstrator with a thrust of seven tons and an initial gas pressure of sixty 
kilograms per square centimeter. A second experimental chamber, designated the KS-50, had a 
thrust of fifty kilograms. Used for testing with various propellant combinations. it was fired suc- 
cessfully for the first time on April 26 of the same year." While the new design was a positive 
step in Soviet rocket engine development, the goal of designing a single chamber LOX-kerosene 
engine with a ground thrust of 120 tons eventually proved to be "problematical" for Clushko's 
design bureau. Vibration-related explosions during testing continually delayed RD- I I 0  devel- 
opment, and there were reasons to believe that the overall project might be delayed by as much 
as two years. By 195 1 ,  a full four years after work on the RD- I I 0  had begun. Clushko had suc- 
cessfully carried out only hydraulic testing of its huge combustion chamber, the turbopump, 
the gas generator, and some subsystems. There had still been no integrated ground tests. By 
the end of the year. Clushko had temporarily suspended the continuing development of the 
RD-I 10. Work on the D-2 competitor engine (by Chief Designer Polyarniy at NII- I )  "was also 
unsuccessful, due to excessive innovations introduced into the pr~ jec t . "~ '  

The problems with the engines for the R-3 forced Korolev to completely reassess his prior- 
ities. Having promised the Soviet armed forces a 3,000-kilometer missile, he was unable to pro- 
vide anything more than the modest 600-kilometer-range R-2 rocket. In a typically shrewd 
move, in the spring of 1951, Korolev turned his attention to the experimental 900-kilometer- 
range R-3A missile, which was close to flight testing. Using the latter as a prototype, would it 
not be possible to marginally augment its systems and create a "new" missile with a range of 
about 1.200 kilometers? He set his engineers to work on the problem, and within months, by 
October 30. 195 1, they completed the draft plan for the new missile, designated the R-5. It 
would heretofore be known as the "first Soviet strategic rocket."" Given that, unlike the R-3, 
this strategic missile was the result of ~ncremental improvements in already existing Soviet rock- 
ets. Korolev and the military seemed to have had much more confidence in the new program 
than they did in the far too ambitious R-3. Because the development of the R-5 was performed 
as part of the original N I theme, there was no formal approval of the program from the Soviet 
government. An official USSR Council of Ministers decree on February 13. 1953, for the first 
time mentioned the rocket in a document that specified timetables for its test~ng." 

The R-5 missile incorporated many of the design characteristics originally earmarked for the 
R-3 and, as such, served as a harbinger of many new innovations in the evolution of Soviet 
rocket design. For example, engineers developed a new set of reinforced servo components and 
speedier operating servomotors for the small aerodynamic rudders to compensate for the reduc- 
tion in the size of the main stabilizing fins. The guidance system for the missile, developed at 
Nll-885 under Chief Designer Pilyugin, used longitudinal acceleration integrators, which 
allowed improved precision to time engine cutoff, thus improving targeting accuracy. A team at 
Nll-88 developed special thermal shielding for the warhead, which was expected to reenter the 
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upper layers of the atmosphere at a velocity of 3,000 meters per second, far in excess of any- 
thing previously built. Because both of the propellant tanks were integral components of the 
missile frame. the rocket had a markedly different appearance from the predecessor R- I and 
R-2 vehicles. There was a one-ton reduction in design mass compared to the R-2, with a con- 
current increase of 60 percent in the propellant mass. The propellant-to-mass ratio was thus 
increased from 4.2 to 6.6 in the new missile. The propulsion unit for the R-5 was the new 
RD- 103 engine. a modified variant of the RD- 10 1 used on the R-2. Developed by OKB-456 
under Glushko, the new single-chamber engine had a vacuum thrust of fifty-one tons, a 
60-percent increase over the earlier model. The performance parameters were at the upper lim- 
its then possible by the Soviets using LOX and alcohol. Unlike both the R-I and R-2 vehicles, 
the R-5 had a sleek completely cylindrical frame and a high aspect ratio of 12.5 (as compared 
with 10.7 for the R-2).'02 All of these factors aided in sign~f~cant improvements in the range of 
the missile, despite a generally similar overall size. The most advanced Soviet missile in exis- 
tence at the time. the R-5 was 20.74 meters in length and 1.66 meters in base diameter. Total 
liftoff mass was 28.57 tons. The initial requirements specified that the missile be able to carry 
a one-ton explosive a distance of 1,200 kilometers. 

In preparation for the first launch of the R-5 missile, Korolev flew out from Moscow on 
March 5. 1953. Arriving at Kapustin Yar, he was told that after almost thirty years of ruthless 
rule over the Soviet Union. Stalin had finally passed away in the Kremlin. It was a crushing blow 
for millions of Soviet citizens whose personal feelings on the Soviet leader withstood the test 
of the devastating Purges, the innumerable labor camps, and the breakdown of civil society. Still 
unaware of Stalin's personal role in the secret pol~ce's reign of terror, or perhaps unwilling to 
believe in it, the ensuing days were spent in shock at the uncertain prospects for the future of 
the Soviet Union. As a man wholly of his times. Korolev was one of those who mourned deeply 
over the death. In a series of letters to his wife in early March from the launch site. he wrote 
not only about his own personal loss, but also of the collective blow to the future of the Soviet 
nation.'"' As the future of the ballistic missile program was threatened by uncertainty, engineers 
from the various design bureaus and institutes continued to prepare for the first R-5 launch. 

The first launch was initially planned for March 13, but weather reports for that day 
described the threat of heavy cloud cover. prompting the commander of Kapustin Yar. Maj. 
General Voznyuk, to postpone the launch. As on other occasions. the weather reports eventu- 
ally turned out to be wrong, and Korolev directed the launch attempt on Sunday. March 15. ten 
days after Stalin's death. The rocket never reached its target, and the flight was deemed a fail- 
ure. By this time. Korolev had caught a bad cold, culminating in a severe fever, which raised the 
question of postponing further launches. Korolev managed to endure through to a second 
launch attempt on March 18, which also failed, but by then he was in dire need of profession- 
a l  medical treatment. He was put on the next train back for Moscow and was visited there by 
Minister of Armaments Ustinov. who found him haggard and sickly looking. Spiritually, he had 
also been dealt a personal loss from Stalin's death. Eventually, his health returned to normal, 
and Korolev immediately returned to Kapustin Yar in time for the third launch attempt on 
April 2 .  For the f~rst time, the missile successfully flew a nominal flight, thus signaling the intro- 
duction of a new generation of ballistic missiles in the Soviet arsenal. Despite minor failures, 
the first series of R-5 launches eventually ended formally on May 23,  1953, with the eighth 
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launch. A second series of seven launches occurred between October 30 and December 9. 
1953, also from Kapustin Yar. Of a total of fifteen missiles launched during the two series, only 
two vehicles failed to reach their final targets-an unprecedented level of success and a tribute 
to the rapidly accumulating engineering prowess of Soviet rocketry engineers.'" By the end of 
1953, a final test series, to debug modifications enacted as a result of the first launches, was 
set for the middle of 1954. 

The N I theme initially encompassed the R-3, then the R-3A, and finally the R-5. The N2 
theme, carried out during the very same period at OKB- I ,  resulted in a new and revolutionary 
area of research for the Soviet rocketry industry: the use of storable propellants. By the late 
1940s, armed forces officials were expressing concern over the limitations in using missiles pro- 
pelled by cryogenic or supercooled propellants. Because LOX had to be maintained at extreme- 
ly cold temperatures, if rockets such as the R-l or R-2 were left on the launch pad for long 
periods, then propellant would begin to boil off. This made handling the missiles an extreme- 
ly cumbersome and lengthy affair, as troops spent an inordinately long time in maintaining the 
missiles. To circumvent the problem. Korolev initiated theme N2 to develop a short-range tac- 
tical rocket with the performance characteristics of the modest R- I, but which used hypergolic 
(that is, self-igniting and storable) propellants. 

Chief Designer lsayev at NII- l originally conducted research in this field in the immed~ate 
postwar years. Isayev's group had studied a small eight-ton-thrust engine originally developed 
by German engineers for the Wasserfall surface-to-air missile. Work on developing a copy of 
the engine had begun in 1946 in support of the creation of a Soviet copy of the Wasserfall, des- 
ignated the R-101. Ground tests of the engine, in the beginning unsuccessful. had begun at 
NII-l premises in February 1948 under Isayev's direction. Unhappy with the state of support 
for rocket engine research at the institute, his entire twenty-two-person department was trans- 
ferred to Nll-88 by an order dated July I. 1948." Based in Kaliningrad, lsayev formally assumed 
the role of chief designer of Nll-88's Department No. 9. The switch from the aviation sector 
(wh~ch controlled NII-I) to the armaments sector (which controlled N11-88) clearly put Korolev 
and lsayev into close contact, uniting them for work on the N2 theme. Testing of the Wasserfall 
engine continued under the new institutional arrangements as lsayev designed a modified unit 
composed of four motors designated the U-2000. In August 1950, he carried out its first suc- 
cessful ground test firing.'" Although the R-IOI program was eventually terminated in 1950. 
the successful performance of Isayev's engine prompted Korolev to join forces to develop a 
modified version as part of the N2 theme. 

lsayev, forty-three years old in 195 1 ,  was one of the most talented engineers in the Soviet 
rocketry industry. His original claim to fame had been as one of the co-designers of the famous 
BI- l aircraft, one of the first Soviet rocket-planes, which had flown its first test flight in May 
1942. Through the war, he had continually set the standard for high-performance engines. 
Later, lsayev had been one of the first qualified engineers to scour through the remains of the 
A-4 facilities in Germany and had been instrumental in setting up initial production runs there. 
before handing that job over to the more powerful Glushko. While Isayev's appointment as the 
technical leader for storable engines was not a threat to Glushko, it was clearly a sign that 
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industrial leaders did not want to put their faith in one designer alone. Soon after the 1950 reor- 
ganization at Nll-88, in recognition of Isayev's work, his department was restructured into the 
Special Design Bureau No. 2 (OKB-2). 

The rocket that Korolev and lsayev built as part of the N2 theme, known as the R- I I, was 
built in a remarkably short time period. Its main engine was the 52.253, developed on the basis 
of the old German Wasserfall engine, which used nitric acjd and a kerosene derivative as pro- 
pellants. The missile was flown rn three series of tests from 1953 to 1955 and formally adopt- 
ed for operational use by the military on July 13, 1955.'" In time, the R- I I completely replaced 
the use of the R- I missiles in the Soviet Union. More significantly, for the first tlme, military 
commanders were alerted to the value of using hypergolic and storable propellants In missiles 
for combat applications instead of more high-energy components such as LOX. Isayev's expe- 
rience in using these propellants also contributed significantly to the future success of the 
Soviet space program. His OKB-2 would be assigned to develop spacecraft engines for the first 
Soviet piloted spacecraft. The R- I  I missile itself had an interesting future. It was extensively 
used in several modified versions in war conditions by many other nations, including Egypt dur- 
~ n g  the I973 war against Israel and Iraq during the Persian Gulf war in 1991. In its later incar- 
nations, it was given the general North Atlantic Treaty Organization (NATO) designation 
Scud-B." For Korolev, the development of the R- l  I seems to have been more of a diversion 
than anything else. As one historian noted. "he regarded it with a reserved coldness, realizing 
that the Army needed it and was waiting for it, and that he himself needed it in order to rein- 
force the positions of the OKB, but nothing more. " '"  Korolev's real dream was the creation of 
an ICBM-one that could reach orbital velocity-and ~t was theme N3 that focused on this 
particular issue. 

Designing the ICBM 

All three of the themes-N I ,  N2, and N3-were carried out simultaneously at three orga- 
nizations: Nll-88's OKB-I under Korolev, the Ministry of Defense's Nll-4 led by Nesterenko and 
later Chechulin, and the Department of Applied Mathematics of the V. A. Steklov Mathematics 
Institute (OPM MIAN) headed by Academician Keldysh. The N3 theme was officially called 
"Research on the Prospects of Creating [Long-Range Missiles] of Various Types With a Range 
Fl~ght of 5.000- 10.000 km with a Warhead with a Mass of I - I 0  Tons.""O Both winged and ball 
listic configurations were examined in the study. 

For the ballistic option, focused on the development of an ICBM, work was specifically 
geared toward creating a multistage missile using LOX and kerosene with a capability of 
carrying a payload of three to ftve tons over 7.000 kilometers. The starting point for the ICBM 
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effort was Tikhonravov's ground-breaking research at Nll-4, where he developed the so-called 
"packet" concept of clustering together several missiles into one unit. In examining the packet 
scheme. Tikhonravov's group had emerged with two particular variants: the "simple packet" 
and the "complex packet." The former, which was favored by Korolev, had independent systems 
for each separate strap-on; the boosters would only be connected mechanically. In the more 
sophisticated complex packet. supported by Tikhonravov, the boosters would not only be 
connected mechanically, but all systems, such as the propulsion and hydraulic elements, would 
be interconnected and function in conjunction with one another..' 

General mathematical calculations by Tikhonravov's group proved that the simple packet. 
despite its elegance, would be much heavier than the more sophisticated complex packet arrange- 
ment. Korolev, however, continued to support the simpler configuration, and the Nll-4 team 
prepared two reports in 195 1 on the variant, without making any attempt to optimize the design 
in search of improving ~ t s  mass characteristics. Tikhonravov was evidently so opposed to the 
simple packet that he declined to carry out this optimization for Korolev; instead, he continued 
to support the complex scheme. The minor rift created an obstacle for further research, and 
seeing a possible deadlock, Korolev requested Keldysh's team at the Department of Applied 
Mathematics to carry out the much-needed optimization. This department at the time was staffed 
by a group of young, recently graduated mathematicians who were only too eager to put their 
skills to work. Known informally asl'Keldysh's boys." they were led by twenty-eight-year-old 
Dmitriy Ye. Okhotsimskiy, alumnus of the N. Ye. Zhukovskiy Central Aerohydrodynamics Institute 
[TsAGI), and included, among others. Timur M. Eneyev, Sergey S. Kamynin, Vasiliy A. Sarychev. 
Calina P. Taratynova, and Vsevolod A. Yegorov, all of whom had been recruited to work in the 
relatively new field of misslle engineering.'" 

The young team's results were summarized in 1951 in a long report authored by Keldysh. 
Kamynin, and Okhotsimskiy titled "Ballistic Possibilities of Multistage Missiles." It examined a 
variety of configurations, including simple one-stage models and Tikhonravov's packet schemes. 
In inspecting the cluster scheme, the scientists carried out detailed comparisons using the R-2 
or R-3 missile as the basic block of each packet. The calculations proved that the R-2-based 
variant would not satisfy the necessary payload and range requirements. On the other hand, in 
the~r investigation of Korolev's favored simple packets of three or five R-3s. "Keldysh's boys" 
established that the latter could achieve the necessary velocity of 7.500 meters per second, close 
to orbital velocity. Subsequently, the men examined different configurations of packets in detail. 
including those with so-called "feeding packets," whereby propellants would pour from tank to 
tank, and those consisting of Independent tanks. In their synopsis, the authors concluded that 
a simple packet would indeed be the most efficient path of development, given the relatively 
minimal modifications required of a already existing "standard" missile such as the R-3. The 
development of such elements as guidance systems, the authors predicted, would be an easier 
proposition. While the report was mostly exploratory in nature, the scientists clearly stated that 
the most favored variant for an ICBM would be a two-stage missile using two strap-on boosters 
in the simple packet configuration. each based on the R-3, whose mass happened to be 
practically identical to more sophisticated configurations.'" 

I I I. Kantern~rov. " 15 July-40 Years From the Report " 
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The N3 studies carried out at Korolev's own OKB- I proved to have essentially similar 
results. On December 27. 195 1 ,  he formally presented the preliminary conclusions of the effort 
to the Scientific-Technical Council of Nll-88 as part of a report titled "Thesis Report on the 
Results of the Investigation of Prospective Development of a Long-Range Ballistic Missile.""" 
The scope of the investigation was extremely wide, and engineers at OKB- I explored a variety 
of different concepts, including single-stage and two-stage missiles. The latter included looking 
at tandem designs, strap-on or packet designs with the engines all firing simultaneously or 
sequentially, and feeding packets. They also studied missiles using multichamber engines, a first 
for Korolev's team, underlining an interest that would eventually play a major role in determin- 
ing the final look of the ICBM. Ballistics and performance characteristics of each rn~ssile were 
examined In detail in the report. In making his presentation in December 195 1 ,  Korolev was 
able to note that his engineers had compared the fight characteristics of six specific missile 
designs (Table I ). I 

The first design would require a very powerful engine, while the second used fluorine- 
based technology, both of which eliminated them as serious contenders for further research. 
The third option, a conventional tandem two-stage design, was also excluded from further 

the three packet variants consisted of a core and two strap-ons. The generic packet had the 

i 
research because it would require a second-stage engine capable of firing in a vacuum. Each of I 

I 
! strap-ons firing at liftoff. with the core igniting at altitude after strap-on propellant deplet~on. 

In the load-bearing packet, all the engines on the strap-ons and the core fired at liftoff. In the 
final configuration, propellants would be supplied to the core from tanks on the strap-ons. At 
altitude, the strap-ons would be jettisoned, leaving the core to fire as a single unit. ' 

i 
1 

Table I .  ICBM Design Flight Characteristics I 
Stage I Stage I1 I Range (km) Length Mass (t) Thrust (t) Thrust (t) 

I. Single-stage using 
LOX 5,000-7,000 46 325 500 (sl) - 

2. Single-stage using 
fluorine-based oxid~zer 7,000 

3. Two-stage tandem 7.000 39.7 l I0 170 (sl) 30 (v) 

4. Two-stage packet 7.000 1 7.4 121 2 x 93 (sl) 38 (v) 

5. Two-stage packet with 2 x 1 15 (sl) 
load-bearing tanks 7.000 16.5 128 1 x 34 (sl) 42 (v) 

6. Two-stage packet with 2 x 70 (sl) 
propellant feeding 7.000 16.5 117 I x 40 (sl) 50 (v) 

t i 4  The report is  reproduced in Keldysh ed Tuorcheskoye nasiedrye akademrka Sergeya Paulou~cha 
Koroleua pp 3 19-27 
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The fifth variant-a central booster with a thirty-four-ton-thrust engine combined with 
two strap-ons, each having a sea-level thrust of 115 tons-apparently had been the early 
favorite, primarily because it was literally the simplest packet configuration. A final recommen- 
dation was left to the future, apparently because of the uncertainty concerning engine devel- 
opment. Korolev cautioned in his report. "It must be noted that these investigations of ballistic 
and long-range missiles may only serve as a basis for the establishment of primary directions 
to be followed by detailed elaborations of def~nite projects and  proposal^.""^ 

One of the notable aspects of Nll-88's work on the N3 theme that distinguished it from 
OPM MIAN's work was over the R-3. By the end of I95 1 ,  the R-3 program was in deep trou- 
ble, and this was clearly reflected in Korolev's work on the N3 theme. Perhaps realizing that the 
ambitious R-3 might be too large a step to successfully overcome. Korolev's engineers used rel- 
atively smaller boosters as components of potential clustered missiles. OPM MIAN's work, on 
the other hand, used the R-3, although in some cases they studied packaging five boosters into 
one ICBM. As the N3 theme was winding down. Korolev and his deputies combined elements 
from both analyses-that is, they derived a new preliminary concept of an ICBM that had a 
core and four strap-ons instead of two. Instead of the R-3 as the basis for all the boosters, they 
introduced much smaller boosters, each having engines with thrusts in the range of fifty to sixty 
tons each. Ballistics analysis clearly showed that with less powerful strap-ons but with a high- 
er number of them, a missile could have the same if not better characteristics than that of an 
R-3-based rocket. The use of less powerful engines would also eliminate the bottleneck prob- 
lems of developing 120-ton-thrust engines such as the one for the R-3. As a result. Korolev's 
First Deputy Vasiliy P. Mishin, in consultation with a leading manager at the Ministry of 
Armaments, emerged with a revised plan for future Soviet development: terminate all work on 
the R-3 and proceed immediately to the creation of a new ICBM.?' 

Like the R-3 proposal itself, the idea to jump from the R-3 directly to the ICBM was unchar- 
acteristic of Soviet military practices because it necessitated a huge qualitative and quantitative 
leap in abilities. Officials in the Ministry of Armed Forces were, not surprisingly, resistant to the 
proposal. They had great hopes for the R-3 as the first Soviet strategic missile capable of hitting 
targets deep into Europe. Despite overwhelming resistance. Mishin managed to convince 
Korolev that Nll-88 should proceed directly to the ICBM instead of wasting more time on the 
R-3. Korolev, after "some doubts." finally agreed. Korolev and Mishin had two prominent sup- 
porters in the government: Minister of Armaments Dmitriy F. Ustinov and his Deputy Ivan G. 
Zubovich.Wespite a formidable array of doubters. Ustinov, Zubovich, and Korolev were able 
to persuade leading officials in the armed forces. in particular Col. General Nedelin, the armed 
forces' chief person for managing the procurement of new ballistic missiles, of the change in 
strategy. After "some hesitancy." Special Committee No. 2 adopted Korolev's proposal. Work 
on the R-3 program was abandoned in 1952. 

The N3 theme not only encompassed the development of ballistic missiles, but also inter- 
continental cruise missiles, known by Soviet engineers as "winged m~ssiles." By 1952, there 
was still no firm consensus on whether ballistic or cruise missiles would offer a more efficient 
mode of delivering nuclear weapons across intercontinental distances. Each variant had its own 
disadvantages and advantages, which were the subject of intense scrutiny during the N3 

1 16. /bid. p. 327. Stache, Soulet Rockets. p 287 
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research phase. In the case of cruise missiles, the less stringent requirements for structural ele- 
ments and power plants for cruise missiles and the extensive experience in aircraft construction 
prompted a serious look into a competitor program for the ICBM. Dedicated research on the 
issue had commenced on October 30. 1950, at Nll-88."' Like the ballistic missile, Korolev had 
settled on a two-stage configuration. Unlike the former, however, the cruise missile was to use 
a traditional rocket engine on the first stage and a supersonic ramjet engine on the winged sec- 
ond stage. The latter had an advantage over traditional rocket engines by having a simpler tech- 
nical construction and decreased mass, although it only operated within certain altitudes and 
velocities. Like concurrent American designs, such as the Navaho XSM-64 cruise missile, the 
Soviet vehicle was designed to travel its entire flight in the atmosphere, using the atmosphere 
itself as its oxidizer. 

Korolev personally summarized Nll-88's research on intercontinental cruise missiles as part 
of the N3 theme at a meeting of the Scientific-Technical Council of the institute on January 16, 
1952, about two weeks following the similar presentation on ICBMs. The report, titled "Thesis 1 
Report on the Results of Research on the Prospects of Developing a Long-Range Winged 

i 

Missile." comprised detailed analysis to determine the optimal configuration for a cruise mis- 1 
sile.I2" Korolev's engineers believed that the best design would be a two-stage cruise miss~le I 
with a mass of about ninety to 120 tons and a range of 8.000 kilometers. The first stage would 
accelerate the second stage to an altitude of fifteen to twenty kilometers and a velocity of 
900 meters per second-that is, in the window for ignition of the ramjet engines. The second 
stage would then fly at about Mach 3 in horizontal fashion to its target and deposit its war- 

1 
head. As with the ICBM conceptions, one of the primary problems was developing sufficient- 1 
ly powerful liquid-propellant rocket engines for the first stage. Nll-88's analysis indicated that 
engines with thrusts on the order of 100 to 165 tons would be required. Ramjet engine thrusts 
would be limited to eight to ten tons. Engineers also examined three different launch configu- 
rations for the cruise missile: horizontal launch, air launch, and vertical launch. Given time and 
technological limitations, the last configuration proved to be the best option. 

Gwen the leap in technology required to build an intercontinental cruise rn~ssile. Korolev 
proposed the development of an intermediate vehicle, the Experimental Winged Missile (EKR). 
a two-stage vehicle with an overall mass of just under six tons. The missile would have a flight 
range of a modest 900 to 1,300 kilometers. To reduce the time of development. engineers elect- 
ed to maximize already tested hardware on the vehicle. For example, the main engine of the 
f~rst stage would be the 52.253 engine from the short-range R- I I tactical missile. The thrust 
was just under eight tons. The second stage would use a single ramjet engine with a thrust of 
more than three tons."' The development of this particular engine benefited greatly from the 
considerable amount of research expended over the abandoned Sanger-Bredt proposal, as well 
as subsequent conceptions of intercontinental cruise missiles proposed at Keldysh's depart- 
ment at the Central Institute of Aviation Motor Building. The expansion of this department's 
role in the development of intercontinental cruise missiles prompted aviation industry officials 
to detach it from TslAM and reestablish the old NII-l as a separate entity on March 10. 1952. 
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with Keldysh as its director. The focus on ramjet engines was also underscored by the estab- 
lishment of the new OKB-670 in 1950 under Chief Des~gner Mark M. Bondaryuk, a former 
department head at NII-I, whose team had been conducting research to build the Sanger-Bredt 
ramjet. For Korolev's EKR. Bondaryuk was contracted to build the RD-040 ramjet."' Work on 
the EKR culminated with the signing of a five-volume draft plan for the vehicle on January 3 1 .  
1953, by Korolev, Keldysh, Bondaryuk, and Sergey A. Khristianovich, the Deputy Director of 
TsACI, who was one of the leading aeronautical scientists in the Soviet Union."' 

The complete work on the N3 theme was collated into a three-volume set published in 1952. 
The results indicated the most prospective directions for further research on the development of 
an intercontinental missile. Both industrial officials and engineers such as Korolev were unwilling 
to come out in favor of a ballistic approach as compared to a cruise missile option. There were 
intense discussions in late 1952 at various levels, within Special Committee No. 2, the Mtnistry 
of Armaments, the Ministry of Aviat~on Industries. Nll-88, and NII- I. Among other things, an 
ICBM would require the development of a new heat shield for its warhead to protect it during 
atmospheric reentry. In addition, engineers would have to design a complex guidance and con- 
trol system to accurately control the trajectory of the missile. On the other hand, with a cruise 
missile, one of the most challenging tasks would be the development of a star-sensing navigation 
system capable of operation during both day and night. The ICBM had the advantage of being 
invulnerable to defensive measures because it would be flying at altitudes of approximately 
1,000 kilometers and speeds of almost 25,000 kilometers per hour. The cruise missile would, how- 
ever, fly for several hours before reaching its target, at a relatively low altitude, making it vulnera- 
ble to defensive measures. Ultimately, the Soviet government opted to pursue both options, at 
least for the time, clearly hoping to mitigate the risk of failure if only one variant was pursued. 
Stalin himself took a personal interest in the matter. On February 13. 1953, less than a month 
prior to his death, he signed an official USSR Council of Ministers' decree that affected work on 
all long-range ballistic and cruise m~ssiles in the Soviet Union. The decision officially: 

Terminated work on the R-3 missile 
Stipulated a timetable for testing the R-5 strategic missile 
Terminated work on the N I ,  N2, and N3 themes 
Approved two new themes-the T I  and T2 

The T I  theme, called "Theoretical and Experimental Research on the Creation of a Two- 
Stage Ballistic Missile with a Range of 7-8 Thousand Kilometers." formally approved the devel- 
opment of a blueprint for a Soviet ICBM based on prior research. The T2 theme officially 
sanctioned initial groundwork for the creation of an intercontinental cruise missile-that is, it 
gave full approval to build the EKR to prove out new technologies for the program. The prime 
contractor for both vehicles would be Korolev's OKB-I at NII-88 based in Kaliningrad."' The 
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detailed design parameters and configuration of both rockets would be determined in the 
course of the ensuing two years. 

By the time that the T I  theme began in February 1953, Korolev's engineers had sharpened 
their conception of the ICBM to fit specific  requirement^.^' The missile would be a two-stage 
vehicle-that is. a core with strap-ons-capable of delivering a three-ton warhead to a distance 
of 7.000 to 8.000 kilometers. Overall launch mass and launch thrust would be 190 tons and 
270 tons, respectively. The design had a direct link to the most preferred variant that had 
emerged from the N3 studies between 1950 and 1953, but it was optimized to fit less power- 
ful engines and more strap-ons. The ICBM was had become a five-booster clustered missile 
with a central sustainer (called "Blok A " )  and four strap-on boosters (Bloks B. V. G, and D). 
All engines would fire simultaneously at liftoff; they would be separated at altitude, leaving the 
central one, serving as the second stage, firing until final cutoff. Each of the boosters would be 
equlpped with one single-chamber LOX-kerosene engine with a thrust of about fifty to s~xty 
tons. Apart from the number of strap-ons and the power of the engines, a third major design 
change from 1952 to 1953 was the shape of each booster. The configuration of the ICBM in 
the orlginal N3 studies owed much to the shape of the abandoned R-3 missile, which was a 
classically constructed sleek cylinder. The new design incorporated tapered boosters, similar to 
elongated cones and superficially similar to the German A-4. Engineers at OKB- I evidently grav- 
ltated to a conical shape for the strap-ons primarily because of the aerodynamic advantages 
over a standard cylindrical design. Furthermore, the size of the engines, the possibility of 
imparting additional thrust to the central sustainer, and the opportunity of decreasing tank wall 
thickness eventually prompted the engineers to drop the classic cylinder design.I2The end 
result was four conical-shaped boosters attached to a central element, which widened in its 
diameter to meet the apexes of each of the four cones. It was a decision that froze the config- 
uration of what would eventually become the world's most used launch vehicle. a design that 
remains Instantly recognizable today. 

Based on the N 3  studies. Korolev's engineers had explored the possibility of incorporating 
the capability of propellant transfer between the strap-on blocks, especially ~n cases of failure 
in one or more boosters, but they rejected this deslgn based on added complexities from the 
need for hydraulic connections between each strap-on. Instead, OKB- I developed the System 
for Synchronization and Simultaneous Emptying of Tanks to ensure that propellant flow from 
all the boosters was regulated on a common timeline. Guidance for the ICBM would be effect- 
ed by aerodynamic rudders and gas vanes placed in the engine outflow, a throwback to the 
pre-R-3 days.'" 

This first order of business for work on the new ICBM, called the R-6, was the engines. 
Korolev approached Chief Designer Glushko for the job, but he ran headlong into conflict. As 
one Russian historian wrote: 

Glushko refused. He was bothered first of all by the fact that Koroleu was violating the 
boundaries of his own profess~onal competence. Glushko felt that he himself knew what 
kind of engines the new rocket needed. The kind of engines that Koroleu was talking 
about had not been produced yet. Glushko was afraid of explosive detonations and 
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acoustic vibrations-the probability of their occurrence increasing with the size of the 
combustion chamber. But even if he wou[d have succeeded in producing such a [[iquid 
oxygen] engine, he didn't have the necessary test rigs on which he could test i t . '"  

Under severe pressure from not only Korolev. but other chief designers. Clushko eventual- 
ly agreed. In 1952, his design bureau, OKB-456, began developing two new LOX-kerosene 
engines, the RD- 105 and the RD- 106. Both designs used Chlef Designer Isayev's idea of the 
integrated solder-welded configuration, which had opened the door to more powerful single- 
chamber LOX engines. The RD- 105, with a thrust of fifty-five tons, was intended as propulsion 
for each of the four strap-ons of the ICBM, while the RD-106, with a thrust of fifty-three tons 
(65.8 tons In a vacuum). was earmarked for the central block.'" 

The initiation of work on the T I  and T2 themes in 1953 was an indication of a remarkable 
maturity in the Soviet long-range missile programs. From the modest beginnings of the 
300-kilometer-range R- I in 1948, within five years, the Soviets were moving headlong into pro- 
ducing weapons with ranges of 8.000 kilometers. The rate of progress was tremendous. char- 
acterized more by technological leaps in capability, contradicting the traditional Western view 
of Soviet technology advanc~ng incrementally over decades. Driven by strong personalities such 
as Korolev and Ustinov, the missile program also benefited from strong military support. By the 
mid- 1950s. Korolev would have yet one more major factor on his side: institutional disarray in 
the rocketry effort. which allowed him to take advantage of loopholes to divert a portion of the 
ICBM program to his own ends 

Korolev and the Party 

When Stalin d~ed In March 1953, it instigated the first change of leadership in the Soviet 
Union in more than thirty years. It seems that the major thrust of the rocketry program changed 
little as the succession to Stalin stabilized over the next few months. There is evidence, how- 
ever, to suggest that his successors had a less-than-clear understanding of the missile industry. 
especially in areas of policy, no doubt because the leadership of Nll-88 had reported directly to 
Stalin, often bypassing high Communist Party officials. Even Politburo member Ceorgiy M. 
Malenkov, appointed the chairman of the Special Committee No. 2 in 1946, was apparently 
uninvolved with details of the rocketry program.''"he management of the project remained 
firmly in the griphold of the Soviet intelligence services under the dreaded Beriya, who prolif- 
erated h ~ s  henchmen in all layers of the Ministry of Armaments and the Council of Ministers. 
Policy decisions adopted by Beriya or Stalin himself eventually trickled down via secret police 
operatives before Minister of Armaments Ustinov, under the watchful eye of Beriya, would tack- 
le the task of managing personnel and activities at the various institutes, design bureaus, and 
manufacturing plants. 

While Ustinov was in general " a  Party man." it seems that he was very protective of engi- 
neers such as Korolev and Clushko in cases in which Beriya's people became too threatening. 
For example, during the overtly anti-Semitic drive to arrest intellectuals in the last years of 
Stalin's life, several Jewish engineers in the rocketry program found their lives in jeopardy. One 
night. Ustinov telephoned Chief Designer Ryazanskiy and asked him to go for a walk with him 
in a nearby park Realizing the absurdity of such a request from a minister, Ryazanskiy was 
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quick to pick up that something was amiss. During the walk, Ustinov asked Ryazanskiy to 
Immediately send his Deputy Yevgeniy Ya. Boguslavskiy on a trip "anywhere."" When 
Ryazanskly objected to such an unusual order, Ustinov categorically demanded that 
Boguslavskiy be immediately sent away on a new mission. Ryazanskiy carried out the order. 
possibly saving his deputy from being a victim of Beriya's anti-Semitic pogrom. On another 
occasion in 1950, realizing that Beriya was targeting Jewish engineers at Nll-88. Ustinov 
demoted talented control systems engineer Boris Ye. Chertok to deflect attention away from 
him and thus preclude his arrest."' 

Upon Stalin's death, as Politburo members jockeyed to assume their niches of power, it was 
clear that the only ones who had significant knowledge of the rocketry program were the mid- 
dle managers, such as Ustinov and Vetoshkin, and of course the secret police. Thus. the upper 
echelons in the government were, by some accounts, bewildered to discover a vast institution- 
al apparatus for the development of ballistic missiles. An account from Politburo member Nikita 
S. Khrushchev provides a hint of the new leadership's problems: 

. . . while Stalin was alive he completely monopolized all decisions about our defenses. 
including-I'd even say especially those involving nuclear weapons and their delivery 
systems. W e  were sometimes present when such matters were discussed, but weren't 
allowed to ask questions. Therefore when Stalin died, we weren't really prepared to 
carry the burden on our shoulders. Our experience with Korolev is a case in point." 

In the weeks following Stalin's death, four major players emerged in the struggle to take 
over the leadership of the country: Beriya. Khrushchev. Malenkov, and Nikolay A. Bulganin, the 
newly appointed Minister of Armed Forces. Beriya, with the initial support of Malenkov, con- 
solidated his already immense power by combining the two national security services into one 
entity, the Ministry of Internal Affairs. Having effectively assumed personal control over all high- 
technology programs in the country, his reign lasted only weeks, and Khrushchev, wlth the sup- 
port of hlgh military leaders, eventually had him arrested on June 26, 1953."' Following a quick 
trial later ~n the year. Beriya was summarily executed by gunshot on December 23. His arrest 
precipitated the f~rst thaws in the Indiscriminate terror that had pervaded Soviet society since 
the formation of the USSR nearly forty years before. 

The confusion in the post-Stalin months prompted a major restructuring of advanced tech- 
nology industry such as nuclear and rocket weapons. Despite Beriya's ellrntnation from the 
scene, many of the managers of the nuclear weapons industry who had served under him, by 
default, ended up inheriting major roles in the rocketry program. The process was set off on July 
I ,  1953-five days after Beriya's arrest-when the Presidium (later the Politburo) created the 
new Ministry of Medium Machine Building based on the top-secret First Chief Directorate of 
the USSR Council of Ministers, the same entity that had managed the atomic weapons program 
since 1946 under Beriya's watchful eye. Vyecheslav A. Malyshev, a fifty-one-year-old former rail- 
road engineer, well known for his role in managing the production of tanks during the war, was 
appointed to head the ministry. Unlike other ministers in the Soviet government, however, 
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Malyshev was also appointed a deputy chairman of the Council of Ministers." A man aligned 
with the Malenkov axis in the Presidium. Malyshev was an extremely professional and intelli- 
gent individual who worked closely with Beriya on nuclear weapons development during the 
postwar years. As the top manager of the Soviet defense industry. Malyshev's appointment 
effectively made him the most influential arb~ter of defense sector management at the time. 

As head of the new ministry. Malyshev was responsible for the management of all three 
major top-secret weapons development programs in the Soviet Un~on: the atomic bomb, the 
air defense weapons, and the ballistic missile programs. The first two of these had been oper- 
ated via three "Chief Directorates" of the Council of Ministers reporting directly to Beriya. With 
the formation of the Ministry of Medium Machine Building, the First (for atomic weapons), the 
Second (for management of the raw material base for the uranium industry), and the Third (for 
air defense missiles) were united into one and subsumed under this one ministry."Vhe precise 
fate of the mysterious Special Committee No. 2, which had directed the ballistic missile pro- 
gram, is not clear-it may have been disbanded as early as 1949-but there is no doubt that 
the new Ministry of Medium Machine Building also had final oversight over the missile effort 
after 1953. Management of day-to-day activities remained under the purview of Ustinov at the 
Minjstry of Armaments. "' 

Malyshev was not a big supporter of Korolev. Unlike Ustinov, who may have listened with 
one ear to Korolev's interests in space exploration, Malyshev was a tried-and-true administrator. 
whose only goal was to produce weapons efficiently. There were, in fact, several occasions when 
Korolev and Malvshev went head to head. One Russian soace historian, Aleksandr P. Romanov. 
pieced together a perhaps apocryphal account of a spat bltween Korolev and Malyshev over the 
R-3. At a high-level meeting to discuss the missile, Korolev almost casually announced to the 
attendees that work on the R-3 should be terminated immediately to concentrate forces on going 
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directly to an ICBM. When Korolev finished. 
Malyshev looked at Korolev in bewilderment. 
unable to believe that the chief designer would 
dare to propose cancellation of a misslle that 
was crucial to the needs of the Soviet armed 
forces for the next few years. When some atten- 
dees accused Korolev of using the ICBM pro- 
gram as a means to advance his ideas of space 
exploration, the chief designer did not back 
down, pleading that what was needed was a 
technological leap rather than an incremental 
advance Malyshev, true to h ~ s  character, severe- 
ly berated Korolev in front of everyone, telling 
him that his proposal was out of the question. 
Visibly agitated. Korolev blurted out. "I  refuse. 
Vyecheslav Aleksandrovich [Malyshev]. I repeat: 
this is an ant[-state approach to this matter." 
Malyshev. not one for being intimidated, replied, 
"No!  Really? He refuses? . . . People are not irre- I 

placeable. Others can be found.""a With this 1 
I 

implicit threat on Korolev's position, there was a 1 

long moment of silence. Malyshev abruptly 
adjourned the meeting, saying that any more 1 

discussion on the issue was useless. Vyecheslau Malyshev. shown here in the early 1950s 
was the [irst manager o/ the entire Soulet m~/itary- j 

R -3 ,  was Just as rndustriai complex Frorrl 1953 to 1955, as Miniiler of 
Korolev had proposed. There 1s no record to Medium Machine Budding he oversaw the ilse the 
suggest why Malyshev eventually capitulated. hydrogen bomb and ICBM programs 

Perhaps Ustinov played a key role in convincing (copyright Steven Zaioga) 

Malyshev's boss Malenkov. Certainly Beriya's 
arrest may have prompted Korolev to take risks he mrght not have prevrously. Clearly, however. 
1953 was a pivotal year in Korolev's life Both Stalin's and Beriya's departures had profound 
effects on the activities of Soviet scientists. Although formal rehabilitation for Korolev's alleged 
crimes in the 1930s had yet to occur, the persistently dark cloud of unexpected terror had begun 
to move away. and this had a marked result on his mood. Still, given the institut~onal arrange- 
ments of a totalitarian system, the mind-set of the Beriya years took a long time to evaporate. 
The history of Korolev's incarceration, in fact, significantly affected his acquirement of power 
in the ballistic m~ssile program, as Communist Party officials continued to refra~n from sup- 
porting an individual who was strll officially a criminal of the state. Wi th  this handicap. Korolev 
was often forced to watch while less experienced engineers leapfrogged ahead. 

One particularly important event in this respect was the rise of a talented aeronautical engi- 
neer by the name of Mikhail Kuzmich Yangel, who would go on to become the preeminent 
designer of strategic ballistic missiles in the Soviet Union. Born in the Ukraine on October 25. 
19 1 I .  Yangel had served his apprenticeship in several major wartime aeronautical organizations 
led by famous des~gners such as Polikarpov, Mikoyan, and Myasishchev Someone in the "high- 
er leadershrp" had apparently been rmpressed with Yangel's actlvitles at the Academy of 
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Aviation Industry in the late 1940% recom- 
mending him to Ustinov for a big promotion 
into Nll-88. Despite Yangel's apparent lack of 
expertise in the area of guidance systems, in 
April 1950, Ustinov appointed Yangel chief of 
Department No. 5 ,  the sector responsible for 
the development of guidance systems at the 
institute."" Yangel was a strict Party man, hav- 
ing joined in the early 1930s. and combined 
with his great technical prowess, within a year. 
he advanced to the post of Deputy Chief 
Designer at OKB- I under Korolev. 

When Nll-88 Director Rudnev was unex- 
pectedly promoted to become a Deputy 
Minister of Armaments under Ustinov in May 
1952. Party officials conducted a search for a 
suitable candidate to serve as head of the insti- 
tute. It came as somewhat of a shock to most 
engineers when they were told that Yangel, and 
not Korolev, would assume the role as the direc- 
tor of Nll-88. Clearly. Yangel's Party credentials 
were a significant factor in the new a ~ ~ o i n t -  

and Korolev was put in the awlrward 
This photo of Chef Designer Mrkhail Yangel 1s from 

position having rep0rt an the mid 1960s. Although he started hrs career under 
who had been a subordinate for the previous Koroleu. Yan~el  euentually headed an independent 
two years. Both individuals had very strong per- mlsslle designbrganrzation in Dnepropetrousk rn the 
sonal;t;es, and their Ukralm, which produced some of the most rmportant 

other was far from smooth, result,ng in a very ~ M s  in the Souiet arsenal (flies of Peter Gorrnj 

strained and stressful working environment at 
the institute. They essentially avoided speaking to each other, and Korolev would often use h ~ s  
deputies, such as Mishin or Chertok, as interrned~aries.'"The stress was apparently too much. 
and on October 4. 1953. Yangel was demoted to the position of Chief Engineer of Nll-88.'" 
Although still officially superior to Korolev. Yangel was henceforth primarily ~nvolved in the pro- 
duction of missiles at the manufacturing plant in Dnepropetrovsk. 

The conflict between Korolev and Yangel also served to set the stage for the formation of 
a new organization, only the second apart from Nll-88 dedicated to the development of long- 
range ballistic missiles. The State Union Plant No. 586 at Dnepropetrovsk had originally been 
involved in the manufacture of older missiles. such as the R- I and the R-2, directed by Korolev's 
former protege. Chief Designer Budnik. Although the plant primarily handled production. 
Korolev let Budnik set up a small design department, officially subordinate to the former, to 
explore modifying existing missiles. The work resulted in the development of an improved R- I 
named the R- I M, distinguished by its new guidance system. At the same time. Budnik, jointly 
with engineers at Nll-88, set about on a more ambitious project to define the concept for a new 
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strategic ballistic missile named the R-12, or "product 8A63." which would use storable pro- 
pellants, have an autonomous guidance system, and be capable of a range of about 2,000 kilo- 
meters. The military was evidently interested in a missile that would have the modern design 
characterrstics of the R-5 but be as easy to store for long periods as the short-range tactical 
R- I I. Budnik was lucky to have a collaborator: Chief Designer Dominik D. Sevruk at Nll-88's 
OKB-3 had by this time begun work on h~gh-thrust engines using red fuming nitrlc acid and 
kerosene (storable components). Both Korolev and Clushko were lukewarm at best to the 
whole idea of the R-12, but on the insistence of the military, they began to take it seriously.'42 
On February 13. 1953, in the same decree sanctioning the ICBM's development, the Soviet gov- 
ernment formally transferred all draft plan work on the R-I2 from Nil-88 to Budnik's command 
in the Ukraine.I4' 

Because Budnik's design bureau was essentrally an entity focused on manufacturing, how- 
ever, it faced serious problems in funding and staffing.'" The problems at the factory opened 
the way for a solution to the conflict between Korolev and Yangel. In early 1954, Khrushchev 
instructed Minister Ustinov to draw up a plan to dilute Korolev's absolute monopoly in the 
rocket-building business. Ustinov emerged with a plan to create two completely independent 
groups, one in the Ukraine and one in the Urals. Korolev was called to a meeting to meet 
Khrushchev. who was then the First Secretary of the Communist Party, to discuss the issue. 
Korolev was naturally very resistant to competitors, and he suggested to Khrushchev that the 
most optimum plan would be to have centrally located design bureaus In the Moscow area and 
a number of branches spread across the Soviet Union. Khrushchev was adamantly opposed, 
instead arguing that the two new groups would be completely independent from OKB-l.'45 
Thus. Korolev finally ceded his monopoly, and the foundation was laid for the expansion of the 
missile and space industry. 

The first enterprise was the Experimental Design Bureau (OKB-586) formed at the plant in 
Dnepropetrovsk in the Ukraine by an order of the Council of Ministers dated April 10. 1954. Its 
mandate was to create a new generation of military ballistic missiles.'" Ust~nov offered the chief 
designer's job of the organization to Yangel, who accepted without any hesitation. The ambi- 
tious engineer had been interested for a while in heading his own design bureau and, like 
Korolev, had been unhappy with the situation at Nll-88. Yangel was officially named to head 
OKB-586 on July 9 and brought with him to Dnepropetrovsk a number of able engineers from 
Nll-88. With Budnik as his new first deputy. Yangel immediately dove into work on the R-I2 
missile, considered by the Soviet leadership to be a successor rocket to Korolev's R-5 Originally. 
Yangel's new m~ssile would have used an engine designed by Sevruk, who had started this 
research in the first place, but ended up collaborating with a much more powerful lndivldual. 
Chief Designer Clushko. Although Clushko had been uninterested at first ~n the 
R- 12. once the program gathered steam, he had Sevruk's work on the engine transferred to h ~ s  
own design bureau. Thus, along with the two engines for the ICBM, in 1952, he began work 
on a thlrd engine, the RD-2 I I, for the R-12. In contrast to the other two engines. the RD-2 I I 
would have a multichamber design wlth four identical combustion chambers fed by one tur- 
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bopump. Total thrust was about sixty-five tons.I4' The RD-2 I I would be Glushko's very first 
high-thrust liquid-propellant rocket engine using storable propellants, establishing a tradition in 
his design bureau that would have dramatic repercussions within ten years. 

The second independent branch was opened at Zlatoust in the Urals at the former plants 
number 66 and 385, which had up to that time specialized in the serial manufacture of early 
ballistic missiles. As part of Ustinov's master plan. Serial Design Bureau No. 385 (SKB-385) was 
restructured, and one of Korolev's youngest proteges, apparently at the recommendation of 
Korolev himself, was appointed the organization's chief designer on March I 1 ,  1 955.I4The thir- 
ty-year-old Viktor P. Makeyev was transferred from OKB- I to the new firm to lead the develop- 
ment of a new generation of tactical missiles. with ranges from 200 to 300 kilometers. His 
experience as the lead designer of the tactical R- I  I rocket no doubt played a major role in his 
appointment, and Makeyev's SKB-385 would soon inherit all naval rocketry development from 
Korolev's OKB-I, moving to become the premier developer of naval ICBMs in the world. 

The conflict with Yangel and the subsequent creation of two new and independent rocket 
design bureaus in the Soviet Union may have temporarily diluted Korolev's powers, but his 
influence, both on an official and a personal level, continued to grow slowly. This was clearly 
in no small part because of his change of heart over the issue of membership in the Communist 
Party of the Soviet Union. Of the major rocketry designers, he remained one of the few who 
never joined the Party. The problem was compounded by the resistance of many local Party 
leaders in recruiting a known and convicted "enemy of the state": Korolev, of course, had yet 
to be formally rehabilitated for his "crimes" of the 1930s. He attended classes at the 
Mitishtinskiy Evening University on Marxism-Leninism, finishing his coursework with distinc- 
tions in 1950. Unable to forget the toils of his past, he evidently remained unsure of whether 
to join the ranks of card-carrying communists. In 1952, at the prompting of several local Party 
officials at Kaliningrad. Korolev finally decided to begin the process of applying for member- 
ship. In March, he was accepted as a candidate member. The doubts about his "criminal" past 
were put to rest by a number of recommendations from associates such as Pobedonostsev and 
Kozlov. Perhaps ~nfluenced by Yangel's swift rise to the directorship of Nll-88. Korolev formal- 
ly applied for full membership of the Party in early June 1953, soon after his return from 
Kapustin Yar following a series of R-5 launches.'49 It was a critical moment in his career, for a 
rejection of his application would have surely necessitated his resignation as chief designer at 
Nll-88's OKB-I, effectively ending his career. Korolev had reason to worry because it was 
extremely unusual for a former prisoner to become a Party member. Fortunately, at a meeting 
at Kaliningrad the following month, he was finally accepted as a member of the Communist 
Party of the Soviet Union. 

The joining of the Party was an important factor in getting another distinction. The same 
year on October 23, Korolev and Chief Designer Glushko were elected two of approximately 
300 new Corresponding Members of the USSR Academy of Sciences, the second highest rank- 
ing honor for a scientist in the nation."' Being the only two engineers in the entire rocketry 
industry who were bestowed such an honor, it was a significant recognition of the power that 
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the two designers yielded. As members of the 
Department of Technical Sciences in the 
Academy. Korolev and Glushko not only gained 
wtdespread recognition for the first time, but 
also were privy to a few but important financial 
perks given to all Corresponding and Full 
Members of that organization. 

For Korolev, as the years passed, the work- 
load also increased, and he found less and less 
time for pleasure. Most of his personal time was 
spent with his second wife Nina P. Koroleva, 
whom he had married in May 1947 soon after 
she found work at Nll-88. While he frequently 
traveled to and from Kapustin Yar and 
Kaliningrad. Korolev and his wife and daughter 
were not allowed to leave the country for any 
reason. Although he continued to harbor ill 
feel~ngs toward many of the leaders of the 
Soviet government, it would be erroneous to 
suggest that he suppressed "anti-Soviet" feel- 
ings in the hopes of seeing his dreams of space 
travel emerge in reality. In fact, by all accounts. 
Korolev clearly had a strong and profound love 
for h ~ s  country, and his interest in creating such 
deadlv weaDons as ICBMs was more than lust a ChielDescaner Ser~ey Koroleu stands at !he K a ~ u s t i n  

byproduct bf hls love for space exploratloh He Yar flr& rangein 1953 rhe same year that he 

did often. however see the absurdity of being fl"lb'lolned the eommuntir Parry and was elected 
a Correspond~ng Member of the USSR Academy of 

involved In such sensit~ve technology programs Sc~ences (f~les 01 As(/ Siddrqr) 
In January 1953, dur~ng a sudden warm 

period in the weather, an area In the central 
USSR was flooded by melting ice. A miss~le depot in that region, storing tens of R-I m~ss~les 
for battle, was luckily saved from the flood because of the careful construction of storage build- 
ings. Unfortunately, the water entered thousands of subterranean mice burrows, and finding no 
other place to take shelter, the mice flocked to the missile depot by the thousands. As it hap- 
pened, the mice found the insulation w~ring of the numerous missiles to be quite edrble. When 
news of the tnc~dent found its way to the higher leadership, the artrllery command was furious 
and sent Maj. General Lev M. Gaydukov to the depot, where he relieved the local commander, 
a General Volkodav, on the spot for "criminal negligence."' Soon, hundreds of cats and repair- 
men were rushed to the depot to take care of the problem. When Korolev heard about the 
entire eprsode, he reportedly laughed himself to tears, much to the alarm of General Volkodav. 
who accused Korolev of building a missile with edible insulat~on. 

Famous physicist Academician Andrey D. Sakharov, who was one of the leading individu- 
als in advanced nuclear weapons research in the Soviet Union, has provided some revealing 
rnsights to Korolev's character. Sakharov, along with the nuclear physicist lgor V Kurchatov. 
met Korolev at the end of 1953 during a break from their work at the famous KB- I I, the prl- 
mary nuclear weapons design bureau In the USSR. According to Sakharov: 

I 5  I Golovanov. "Portra~t Gallery Underwater Thunder " 



Korolev was a brilliant engineer and organizer and a colorful personality who shared 
many o f  Kurchatov's qualities. . . . Korolev dreamed o f  the cosmos, and he clung to that 
dream throughout his youth and his stint with the famousjet Propulsion Research Group 
[GIRD]. He never believed, as so many did, that the rocket pioneer Konstantin 
Eiolkovsky was simply an impractical dreamer. Korolev also shared Kurchatov's rather 
crude sense o f  humor. Both took good care of their subordinates and colleagues and had 
a sure grasp o f  the practical, but Korolev was possibly a bit more cunning, ruthless, and 
cynical than Kurchatov. "' 

About the general work of Nll-88. Sakharov added: 

W e  had always thought our own work was conducted on a grand scale, but this was 
something o f  a different order. I was struck by the level o f  technical culture: hundreds of 
highly skilled professionals coordinated their work on fantastic objects they were pro- 
ducing, all in a quite matter-of-fact, efficient manner." 

Korolev's relationship with the post-Stal~n leadership stab~lized over time. Of the four major 
players, he had had cursory relationships with Beriya. Bulganin, and Malenkov. The latter two 
had headed the important Special Committee No. 2, but they had evidently remained outside 
the de facto loop o f  command over the missile program. Thus, with Ber~ya gone, the new lead- 
ersh~p was in the curious position of inheriting a massive and complex program of research that 
had been completely concealed from them. The fourth major power player. Khrushchev, had 
met the Korolev a few times during the Stalin regime, but they had never developed a person- 
al relationship at the time. Khrushchev's description of Korolev's first meeting with the new 
Party leadership is revealing: 

Not too long after Stalin's death, Korolyov came to the Politbureau [sic] meeting to 
report on his work. I don't want to exaggerate. but Id say we gawked at what he 
showed us as i f  we were a bunch of sheep seeing a new gate for the first time. When he 
showed us one of his rockets, we thought i t  looked like nothing but a huge cigar-shaped 
tube, and we didn't believe it could fly. Korolyov took us on a tour of the launching pad 
and tried to explain to us how the rocket worked. W e  were like peasants In a market- 
place. W e  walked around and around the rocket, touching it, tapping it  to see i f  it was 
sturdy enough-we did everything but lick it to see how it tasted."" 

Speaking of the new ICBM proposal, Khrushchev had unending praise for Korolev: 

W e  had absolute confidence in Comrade Korolyov [sic]. W e  believed him when he told 
us that his rocket would not fly,  but that it would travel 7.000 kilometers. When he 
expounded or defended ideas. you could see passion burning in his eyes, and his reports 
were always models of clarity. He had unlimited energy and determination, and he was 
a brilliant organizer. " 
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F~rsthand descriptions of his character describe someone who was capable of both outright 
belligerence and unexpected generosity-a man single-mindedly driven by the dream of space 
travel. Transcending any poss~ble cliche of the devoted scientist. Korolev was more than the 
sum of his attributes, a surprisingly humane and emotionally explosive person with both 
strengths and failings, but ultimately possessed of invaluable genius for managing his engl- 
neers. One military associate from the 1950s recalled that: 

Koroleu was not only a scientist and designer, but also a great organizer. He neuer hes- 
itated to take risks, but his risk-taking was always calculated. Sometimes he would take 
a decision which he intuitively knew to be wrong, but he still wanted to test i t  and try 
it out as i f  he needed to convince himself that it was truly wrong. He would steamrol( 
anything and anybody that tried to preuent him from making a decision which he 
deemed necessary and proper. Indeed, his main character trait was hls iron will. He was 
uery self-disciplined, resolute, certain about what he wanted, and intent on achieulng 
his goals at any cost."b 

Despite increased socialization wlth the upper leadership of the Kremlin, the cultured 
Korolev never overcame the deleterious effects of his time in prison. Anatoliy P. Abramov, an 
engineer at the design bureau, recalled many years later that Korolev: 

used to take hrs meals wrth hls deputres and assrstants, all slttrng around in a big table 
In the canteen Korolev had a good sense o f  humor and his presence neuer lntlm~ 
dated the others srtt~ng around the table He ate very qurckly payrng more attentron 
to answering questions than to the meal After fln~shrng the food on hrs plate he would 
wrpe rt clean with a plece of bread which he subsequently put In hls mouth He even 
scooped up crumbs and ate them The people around h ~ m  looked on with amazement 
unttl someone uolunteered that thls was a hab~t  he had developed during hrs years rn 

I 
prrson and in labor camps " 

I 
The successes of the early Soviet ballistic missile program did not, obviously, belong only 

to Korolev. Other engineers, artillery officers, and defense industry bureaucrats were instru- 
mental in the creation of the vast infrastructure that supported the development of the R-I, 
R-2, R-5, and R- I I missiles. But Korolev was the heart of that effort, the one who synthesized 
the ab~l~ties and talents of thousands. By 1953, he was poised to beg~n the most important 
phase of h ~ s  life. A man profoundly affected by the history of the Sov~et Union, he began to 
harness his own energies to affect the history of the world. 



Stalin's death in 1953 signaled the beg~nning of a new era in the history of the Soviet state. 
As with every other arena of Soviet life, the effects on the rocketry sector were not clear imme- 
diately. Given that Stalin himself had an unusually important role in approving or canceling 
weapons development projects, the new members of the Politburo were less than prepared to 
handle the institutional and operational challenges of the emerging long-range ballistic missile 
program. While Beriya, Bulganin. Khrushchev, and Malenkov had found themselves as the 
major power brokers In the post-Stalin leadership, one by one, three of them were eliminated 
from the p~cture in the ensuing years. Nikita Sergeyevich Khrushchev emerged as the most 
powerful and influential Communist Party leader in the country. Of the four individuals. 
Khrushchev was, however, the one person least familiar with the workings of the defense 
industry. His inexperience with the sector, combined with the necessity of revamping an insti- 
tutional structure set up in the Stalin days, seems to have set the stage for a great degree of 
flux and ambiguity in the chain of command in the missile programs during the four-year perl- 
od from 1953 to the first Sputnik launch in 1957. This amorphousness engendered a climate 
for facilitating the decision to develop and launch the first artificial satellite. 

Operation Baykal 

Through the end of 1953 and the beginning of 1954, specific requirements for the f~rst 
Soviet ICBM were established at Nll-88 during a series of important meetings, which finally 
brought together nuclear weapons and rockets to create a potent combination. The first step 
prior to using nuclear explosives on the ICBM was deployment of more modest rockets, such 
as the short-range R-I l and the medium-range R-5. It was during this period that Korolev's 
enterprise and the rest of the rocketeers for the first time came into contact with bureaucrats in 
the Ministry of Medium Machine Building, the individuals responsible for administrating the 
top-secret nuclear weapons program. Following the end of the Stalin and Beriya era, Minister 
Malyshev and his deputies from the Ministry of Medium Machine Building almost by default 
inherited jurisdiction over the missile effort-an unusual state of affairs prompted in part by the 
ignorance of many high Commun~st Party leaders on the nature of important military programs. 

The collaboration with the nuclear scientists began with an exploratory visit to Nll-88 on 
October 19. 1953, by representatives of the Ministry of Medium Machine Building, who met 
Nll-88 Chief Engineer Yangel to inquire about the basic parameters of the R-5 missile. Korolev 
was at the time in Kapustin Yar inaugurating the second series of R-5 testing, and upon hear- 
ing of the visit, he quickly flew back to Moscow in time for a formal visit by Malyshev to 



discuss the details of the operation.' What emerged from the meeting was an order to modify 
the two exist~ng missiles into their nuclear weapons variants. the R - I  I M and the R-5M.  The 
modificat~ons were to rely entirely around issues of reliability, stemming from the understand- 
able concern about putting atomic bombs on inefficient missiles. Given the generally poor per- 
formance of newly designed rockets, the pressure was on Korolev to satisfy requirements that 
were far beyond anything needed before. Close cooperation was called for with the scientists 
from the Arzamas- 16. who, by some accounts, often acted condescendingly to the engineers 

at OKB-I Having been the most coveted defense scientists in the Soviet Union, for the first 
tlme, the nuclear scientists were forced to submit to design requests from the rocketry indus- 
try. One OKB- l engineer recalled later: 

At the start of thrs work Sergey Pauloulch [Koroleu] gathered the project leaders to make 
a speech concerning the program T h ~ s  was a meetlng before the start of work with the 
[Ministry of Medium Machine Bulldlng] The first thfng he said was that we ought to be 
uery careful rn our actiurtles because they had been spollt due to publicity and 
considered themselues supercor to everybody else after developing the atom bomb 

S P Koroleu said that at least rn the beginning we should pander to them but pan ! 

der uery carefully such that In the end we would proue to them that we were in the dri 
uer s seat and they were merely passengers 

! 
Symptomat~c of many other rivalries between organizations within the defense industry, the friction 
between the nuclear and rocket scientists eventually came to a stalemate, but it was a conflict that 
served as a vehicle to dramatically increase the prominence and clout of the missile engineers. 

The Soviets conducted a third series of R-5 testing at Kapustin Yar between August 12. 

1954. and February 7. 1955, which verified initial concepts for moderniz~ng the base vehicle. 
These tests essentially cleared the way for the "nuclear" variant. which had a slated range of 
1.200 kilometers and a launch mass of just over twenty-eight and a half tons, slightly less than 
its predecessor.' Korolev himself inaugurated the grueling test series for the new R - 5 M  on 
January 20.  1955. Coordinating the work with the nuclear weapons engineers and scient~sts. 
OKB- I engineers slowly eliminated a variety of major technical problems during as many as sev- 
enteen launches from site 4N at Kapustin Yar, which lasted up to July 1955. Of the launches, 
only two deviated from their assigned trajectories: their flight was terminated uslng a specla1 
system that sw~tched off the engines in flight. Engineers also studied the impact of dummy 
steel warheads, which provided information on detonation devices.' Korolev was acutely aware 
of the importance of the work on the new missile, not only because it represented a new step 
for national defense as a whole, but precisely because of its relevance in consolidating the influ- 
ence and respect for the work at his organization. In many ways, it was the first crucial step 
that would make or break the latent aspirations of a future space program under his direction. 
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After four final certif~cation launches in January 1956, the Soviet government established a 
spec~al State Commission for testing the live nuclear-tipped missile; this organization was 
chaired by Pavel M. Zernov, under whose leadership the KB-I I firm had developed the first 
Soviet nuclear bomb.' The exercise was code-named Operation Baykal. The fateful day of the 
launch. February 2. 1956. Korolev, Voskresenskiy. Pilyugin, and nuclear weapons englneer 
Aleksandr P. Pavlov gathered at the command point about six kilometers from site 4N to watch 
the launch. Tension was high at the launch site because, for the first time during the Soviet 
rocketry program, a live atomic bomb was sitting on top of a rocket. Engineers undertook spe- 
cial measures in case the rocket deviated from its path. One of these included the establish- 
ment of the Missile Accident Command Post-that is, a group of engineers who would use 
their mathematical acumen in real time to distinguish a nominal trajectory from an unaccept- 
able de~ ia t ion .~  The launch went off without a problem. and the observers at the impact site 
were able to observe the effects of the spectacular nuclear explosion, telephoning back to 
Kapustin Yar: "We observed Baykai. ' I '  

For Korolev and his engineers at Nll-88, this was a watershed moment. The years of uncer- 
tainty and suspicion from military leaders evaporated in a flush of euphoria. Especially happy 
with the test and Nll-88's performance was Marshal Nedelin, at the time the Deputy Minister 
of Defense responsible for the procurement of all armaments. W i t h ~ n  days. Nll-88 was graced 
by a visit by the top Soviet leadership, including Presidium members such as Nikita S. 
Khrushchev, Nikolay A. Bulganin, Vyecheslav M. Molotov. Lazar M. Kaganovich, and Nikolay 
K. Kirichenko.Vt was an unprecedented honor, heretofore reserved only for the nuclear 
weapons scientists, which contrasted sharply with the treatment the institute had rece~ved in 
its first ten years of existence. As a mark of recognition of the rocketeers' remarkable work, a 
decree on April 20, 1956, awarded the highest civilian honor possible for a Soviet citizen, the 
Hero of Socialist Labor, to the entire Council of Chief Designers (Korolev. Glushko. Pilyugin. 
Ryazanskiy. Barmin, and Kuznetsov) and two other missile experts (Isayev and Korolev's First 
Deputy. Mishin).' Korolev's other employees-twenty of them, including Bushuyev, Chertok, 
Okhapkin. Voskresenskiy. Kryukov, and Makeyev-were awarded the less prestigious Order of 
Lenin. The R-5M missile itself was formally adopted as armament of the Soviet armed forces by 
an order dated June 2 1 ,  1956, serving as the first operational nuclear-tipped missile in the Soviet 
inventory." The improvement In the fortunes of Nll-88 and OKB- I was particularly signif~cant 
for Korolev's future space plans; for the first time slnce his appointment as chief des~gner in 
1946, he had direct access to the top individuals in the Soviet leadership, facilitating quicker 
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and often effective decision-making for projects that had elicited little or no interest from both 
Communist Party and government leaders during the preceding years. 

There was a clear level of flux in the policy and management of the Soviet missile programs 
in the years following 1953 and leading up to 1957, when Khrushchev conclusively consolidat- 
ed his power. The Special Committee No. 2, which in its various incarnations had supervised 
all policy decision-making since its inception in 1946, had ceased to exist as an independent 
entity in 1949. Later, the nuclear, missile, and air defense programs were all consolidated under 
Vyecheslav A. Malyshev within the Ministry of Medium Machine Building in 1953. This man- 
agerial setup lasted only two years before the Soviet leadership-that is, Malenkov and 
Khrushchev-decided to concentrate all missile industry supervision under one governmental 
entity that superseded ministerial jurisdiction. On April 14. 1955, the government created the 
"Special Committee for Armaments for the Army and Navy of the USSR Council of Ministers" 
by uniting several former departments from the Ministry of Medium Machine Building and sub- 
ordinating it directly to the USSR Council of Ministers. By December 1957, this same commit- 
tee would be renamed the Military-Industrial Commission (VPK), the infamous institution that 
managed the Soviet military-industrial complex through the entire Cold War. '  Officially, the role 
of VPK was "to transform the Party's weapons policy decisions into coordinated plans and 
assignments, and to ensure that those tasks were accomplished as directed."" As Khrushchev 
himself became the sole arbitrator of Party weapons policy by the late 1950s, VPK served as an 
implementation mechanism for his pet defense projects. Eventually, there would not be a single 
program in the entire defense sector, including the future space program, which would get off 
the ground without the signature of the chairman of VPK. 

Malyshev, having done much for the growth of the ballistic missile program, was not to be 
witness to the Soviet space program. When his "sponsor." Presidium member and chairman of 
the Council of Ministers Ceorgiy M. Malenkov, was demoted in February 1955, Malyshev's for- 
tunes took a dive. Within months, he lost his grip on power and was demoted to a relatively 
innocuous position. An ambitious and intelligent man, he was devastated by the course of 
events. He died within a year of acute leukemia." For Korolev. Malyshev's removal had positive 
implications. Never close to the chief designer, Malyshev had consistently opposed Korolev's 
grander plans for space exploration, perhaps suspecting in Korolev a penchant for idle dream- 
ing, whrch had no relevance to consolidating the defensive might of the Soviet Union. 

I l The new Spec~al Committee traced its ancestry back to the Third Chief Directorate of the USSR Council 
of Mln~sters establ~shed on February 3 195 1 to oversee the development of all Soviet short and long range mls 
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Malyshev's replacement as missile project 
coordinator was an unusual choice, but one 
who was evidently more sympathetic to  
Korolev: Vasiliy M. Ryabikov. The latter had by 
far one of the most unusual careers in the 
defense industry-and one whose full facet is 
still unexplained by declassified information. 
Ryabikov had served as Ustinov's First Deputy at 
the Ministry of Armaments until 195 1 ,  oversee- 
ing the work at Nll-88. In February 195 1 ,  he was 
appointed to lead the Third Chief Directorate of 
the USSR Council of Ministers, a top-secret 
body established among other things to develop 
the first Moscow air defense ~ys tem. '~  His sud- 
den rise to a position of such great importance 
after a stint as a deputy minister is inexplicably 
hidden among the minutes of Politburo meet- 
ings. From 1953 Ryabikov served briefly under 
Malyshev, overseeing Soviet missile programs 
before being tapped to be chairman of the new 
Special Committee in April 1955. It was a curi- 
ous position for him because he now served as Vasifry Ryabrkov shown here rn an officiai 
Ustinov's boss, whereas only a few years before, government portrart, headed the so-called "Special 

their roles were :" One' persuasive Comrnrftee of the Councrl of Mrnisters" from 1955 !o 

Western analysis of Ryabikov's precipitous rise 1957 As manager 01 the Soviet defense industry 
durlng that perlod, Ryablkou was the most 

suggests that R~abikOv was an ele- rmportant government offcciia responsrble for the genesrs 
ment in Beriya's control of top-Secret programs, of the Sputnik satellite program (files of Peter Gorin) 
and after the latter's fall, Malyshev and Ryabikov 
were among many who remained behrnd from the "Beriya group" to serve as a foil against 
Khrushchev's own overtures for a complete monopoly of power." 

Little is known about Ryabikov's personality or allegiances, although it has been suggest- 
ed that he was not a strong supporter of Korolev's plans." While he may not have been as sup- 
portive as Ustinov. Ryabikov was clearly an improvement over the much more traditional 
Malyshev, with whom Korolev had many a spat. Ryabikov's supervision over the implementa- 
tion of the missile program was facilitated by a number of deputies, including Georgiy N. 
Pashkov, a strict Party-line man, who, like Ryabikov, had a long history of involvement in the 
rocketry industry, both as a member of the Special Committee No. 2 and also in Gosplan, the 
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state economic planning organ. Ustinov, still the Minister of Defense Industries, which oversaw 
Nll-88 during this period, continued to maintain very close relationships with Korolev and 
other chief designers. There is no evidence to suggest that there was any friction between 
Ustinov and Ryabikov once their positions were reversed. An extremely valuable ally for 
Korolev. Ustinov was crucial in shielding and protecting Nll-88 from undesirable orders. 

During the mid-1950s. Korolev also benefited from changes In the military-in particular, 
the transfer of the important Nll-4 organization from the Academy of Artillery Sciences to the 
Fourth Directorate of the Chief Artillery Directorate, the latter being his primary client for mis- 
siles. Many military leaders saw this academy as a hostile environment, nurturing scientific 
dreamers such as Tikhonravov, but ironically it had become too ineffectual for Korolev's liking. 
After a tumultuous lifetime, the academy was eventually dissolved on April 23, 1953, and its 
subordinate Nll-4, which included T~khonravov's group, was transferred drrectly to the com- 
mand of the Fourth Directorate, renamed the Directorate of the Deputy Commander of Artillery." 
With direct access to a sympathetic directorate commander, Maj. General Andrey I. Sokolov, 
Tikhonravov was in a better position to reinforce the important work on artificial satellites car- 
ried out at Nll-4. There was a minor reshuffle durlng 1954-55, when Sokolov was fired from his 
post because of a Party "witch-hunt," but the resourceful artillery general struggled h ~ s  way back 
and was appointed to personally head Nll-4 in late 1955." An employee of Nll-4 noted later that 
"in connection with Sokolov's [appointment] there was a sharp reinforcement of work on space 
themes" at the institute, adding that the relationship with Nil-88 showed a significant improve- 
ment.'Vurthermore, the number of people in Tikhonravov's satellite and launch vehicle group 
increased dramatically following the change in Nll-4 leadership. Another change In favor of 
Korolev and Tikhonravov was the appointment of Marshal Nedelin in March 1955 to the new 
post of Deputy Mlnlster of Defense for Special Armaments and Reactive Technology.' Wlth a far 
more favorable attitude toward Korolev after the success of the R-5M. Nedelin was a key factor 
in Korolev's rise, given that the former had dlrect access to Khrushchev and the rest of the 
Presidium. Nedelin's new role was to direct the acquisition and integration of new armaments. 
Including ballistic missiles, into the Soviet armed forces. i f  a satellite were to lift off from Soviet 
soil. ~t would be Nedelin who would allow the use of a missile for such a project. 

All these changes, seemingly unrelated, each served to reinforce Korolev's standing in key 
areas. Without the support of these individuals, the first Soviet satellite would not have lifted 
off when it did. The dismissal of Malyshev, the new appointments of Ryabikov, Sokolov, and 
Nedelin. the transfer of Nil-4, and most of all the success of the R-5M were pivotal events. 
which came at a very opportune moment in the history of the Soviet ballistic missile program. 
While a decision on a space satellite was still months away, the pieces in the puzzle were final- 
ly beginn~ng to fall into place, as the fortunes of Korolev's group of engineers began to take a 
hlstorlc turn. The last and perhaps most important element of the plcture, the ICBM, was 
already in design The doors were beginning to open up. 
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Alternatives 

The T I  and T2 directives from February 1953 sanctioned design work to create intercontl- 
nental ballistic and cruise missiles, both to be created at Nll-88's OKB- I .  Increasingly by late 
1953, work on the T2 theme had begun to conflict with the heavy workload on ICBM devel- 
opment-that is, the T I  theme. Cruise missile development was effectively limited to the cre- 
ation of the short-range experimental EKR vehicle, although ~t was understood that the EKR 
would lead directly to a full-scale intercontinental project. By the end of 1953, Nll-88 had 
begun manufacturing various components of the EKR, while ground tests of OKB-670's ramjet 
engine were producing good results. A special commlsslon formed to monitor the EKR pro- 
gram's progress, which included Academicians Keldysh and Khristianovich, recommended at 
the time that the research results from the EKR had been so positive that they should move 
directly to an intercontinental missile instead of bu~ ld~ng the interlm missile." Similar to the 
abandonment of the R-3 and the jump to an ICBM. ~t was the second time that Soviet engi- 
neers and scientists dec~ded to forego an interim vehicle in favor of a direct leap to an inter- 
continental missile. Both Korolev and Keldysh were acutely aware that OKB- I alone would not 
be able to handle both tasks, and after some "anguished d~scussions." Korolev declded to let 
go of the cruise misslle option and have it transferred to other des~gn bureaus, specif~cally ones 
in the aviation industry whose extensive experience in developing long-range bombers would 
come in handy." For Korolev, this was in many ways the most v~sible manifestation that h ~ s  
thinking had irrevocably moved from winged missiles, his dream In the 1930s. to ballist~c mis- 
slles as a means to explore the upper atmosphere and outer space. 

Keldysh's NII-l had retained overall sclent~f~c supervision over the intercontinental cruise 
missile program, but the actual engineering tasks were distributed to two aviat~on design 
bureaus. both of which would eventually become two of the most Important organizations ~n 
the Soviet space program. Each would design and build its own intercontinental cruise mlssile. 
~n effect competing against each other to deliver a working model to the Soviet armed forces. 
In a unlquely Soviet version of "competitive markets." it was not odd for two design bureaus 
to be ass~gned projects simultaneously-programs that were geared toward roughly the same 
requirements. Both proposals would often reach the point of fllght testing under supervision of 
the primary client, the Ministry of Armed Forces (later the Ministry of Defense). Based on the 
results, the min~stry would choose one for full-scale production and integration into the armed 
forces. The decision to adopt not only was, of course, based on the performance of the given 
systems in their testing regime, but also was often a function of the level of cordiality between 
the given chief designers and the Soviet leadership. Because failure for a design bureau could 
qulte often mean the termination of its existence, engineers considered the development of 
high-stakes weapons such as cruise missiles very seriously. 

The organization p~cked to produce the first cruise missile was the Experimental Deslgn 
Bureau No. 301 (OKB-301), located at Khimki and headed by fifty-three-year-old Chief 
Designer Semyon A. Lavochkin, one of the most famous airplane designers in the Soviet Union. 
Established in July 1937, this design bureau had produced a number of fighter aircraft, such as 
the LaCG-3, La-5. La-5F. La-5FN. and La-7, which were used extensively during World War II. 
Later, Lavochkin led the development of several experimental jet aircraft. such as the La- 160, the 
first Soviet aircraft with swept-back wings, and the La- 176, the first Soviet aircraft to break the 
speed of sound. By the early 1950s. OKB-301 had branched out into missiles: its first 
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forays into the field included the V-300 missile for the Moscow air defense network, code- 
named Berkut, and the "201" ramjet-powered air-launched d r ~ n e . ' ~  

The second aviation organization tapped was the Experimental Design Bureau No. 23 
(OKB-23), a relatively new firm that had no prior experience in designing missiles. Instead, i t  
was undertaking important work on long-range bomber design. In the spring of 195 1 .  Stalin 
had called in Andrey A. Tupolev, the famous aviation patriarch and chief designer of the 
Moscow-based OKB- 156, to discuss the future of strategic intercontinental bombers. When 
asked to start work on a long-range jet-powered bomber, the old airplane designer firmly 
refused, arguing that Soviet technology was insufficiently advanced to handle such a task. The 
furious Stalin took the matter elsewhere and assigned the job to Vladimir M. Myasishchev, a 
forty-eight-year-old aeronautical engineer who happened to be Tupolev's son-in-law. 
Myasishchev's achievements up to 195 1 had been nothing to boast about. He had worked on 
various airplanes through World War II as a prisoner, first under Tupolev and later at the inde- 
pendent OKB-482, but none of them had been adopted for serial production. Perhaps seeing a 
chance to bring some "new blood" into strategic weapons development, Stalin s~gned an order 
on March 24, 1951, that gave Myasishchev a new organization. OKB-23, located at the leg- 
endary State Aviation Plant No. 23 in Fili. For his new team, the new chief designer gathered 
up more than 1.500 of the best Soviet aeronautical engineers from the Moscow Aviation 
Institute (TsAGI) and from his old prison days, transferring all of them to the Fill plant. 
Established on April 30. 19 16. in the center of Moscow, this plant had originally produced auto- 
mobiles but was restructured for aircraft production as early as 1927. The same plant is today 
known as the M. V. Khrunichev State Space Scientific-Production Center and is one of the pri- 
mary participants in the creation of the International Space Station." 

Both the Lavochkin and Myasishchev intercontinental cruise missiles shared common fea- 
tures with Korolev's never-built EKR. Both vehicles were two-stage missiles. The f~rst stages 
were powered by liquid propellant rocket engines, while the second stages were equipped with 
supersonic ramjets. The Lavochkin design, called the La-350 (or V-350), but better known by 
its nickname "Burya" (meaning "storm"), used a cluster of two long rocket boosters, which 
served as the first stage. One four-chamber S2.1 100 engine (later replaced by the lighter 
52.1 150) was installed on each of these boosters. generating a total thrust of 137.22 tons at 
launch This engine from the lsayev design bureau was almost identical to the engine used on 
the R- I I short-range tact~cal missile. The second cruise stage resembled a large aircraft with 
stubby swept wings at a 70-degree angle and conventional tail surfaces. The main ramjet was 
the RD-OI2U from the Bondaryuk design bureau. This engine had an average thrust of 7.65 to 
7.75 tons. The missile was a little less than twenty meters long and had an overall mass of 
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ninety-six tons. The La-350 would be capable of delivering a conventional atomic warhead with 
a mass of 2.19 tons over a maximum distance of 8.500  kilometer^.^^ 

The Myasishchev design, designated the M-40 or Buran (meaning "blizzard"), had a simi- 
lar conceptual configuration as its competitor, with the second stage mounted above the first 
stage like a cluster. The M-40, however, had a different mission than the La-350: it would carry 
a thermonuclear warhead with a mass of three and a half tons (that is, it had a capacity about 
one and a half times greater than the Lavochkin design). The first stage of the M-40 consisted 
of a cluster of four booster rockets, each with a single nitric acid-kerosene engine from the 
Clushko design bureau. Clushko's concurrent work on the RD-2 I I engine using these same pro- 
pellants for Yangel's R- 12 intermediate range ballistic missile came in handy for work on the M- 
40. In 1953. Clushko began work on the RD-2 12, a modified variant of the RD-2 I I, specifically 
for Myasishchev's new cruise missile. Testing of the original RD-2 I I in 1953, however, proved 
to be fraught with many setbacks. Ground testing of the RD-2 12 for the Buran was eventually 
never finished because of changes in the requirements for the cruise missile. In August 1956. 
Myasishchev's engineers recalculated the requirements for the first stage engine, calling for a 
22-percent increase in thrust from their original specifications. Thus. Clushko began developing 
a third engine, the RD-2 13, to fulfill this requirement for the Buran. Using these engines, the first 
stage of the M-40 had a total thrust of 220 tons at liftoff. The second stage used a single 
Bondaryuk RD-O18A ramjet with thrust of about ten and a half tons. One of Myasishchev's more 
orig~nal ideas was to use the M-40 as the basis for a rocket-plane-that is, one with a specially 
designed cockpit for a single pilot. The pilot would eject out of the vehicle prior to impact. The 
length of the overall vehicle was twenty-four meters, and the mass was 125 tons." 

The work on the cruise missiles was backed up by an immense investment in basic aero- 
nautical research focused primarily at Keldysh's NII-I-remnants of the considerable efforts 
expended on the Sanger-Bredt bomber. Each missile had two-part guidance systems, one based 
on ~nertial guidance using gyroscopic platforms and double integrating accelerometers for the 
early stage of flight and the second based on a celestial navigation system that introduced con- 
stant corrections to the trajectory during the cruise phase. Scientists at NII- I designed both sys- 
tems. The latter was based on years of research at Nll-88 under lzrael M. Lisovich, who perfected 
an operating system for use by both the Burya and Buran by 1953. The All-Union Institute for 
Aviation Materials (VIAM) and the N. E. Bauman Moscow Higher Technical School (MVTU) 
were tasked with the development of heat-resistant structural materials, such as titanium and 
high-strength stainless steel, which were indispensable for cruise miss~le operation, as well as 
the technology to weld them. The venerable TsAGl was responsible for setting the aerodynam- 
ic parameters for both missiles, in particular the delta wings and the vehicles' thin supersonic 
profiles. Although most Western accounts imply that Lavochkin and Myasishchev headed the 
programs, in truth Academician Keldysh served as the overall coordinator and manager for both 
of these important projects.'" 
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The crulse missile and ICBM options were two of three possible strategies for the Soviet 
search for an intercontinental nuclear delivery system. Given the existing technologies of the 
1940s and 1950s. it would have been surprisrng ~f the Soviet government had not also been 
exploring the possibility of using long-range strategic bombers for reachlng the contiguous 
United States. The first jet-engine bomber project for such a mission was Project 25, or "M."  
at Myasishchev's OKB-23. The aircraft flew ~ t s  f~rst mission as early as January 1953, less than 
two years after the program's initiation, and eventually emerged into the modified M-4 Molot 
bomber, better known by its NATO code-name "Bison-A," Although the bomber entered lim- 
ited production by late 1955, its operational characteristics (primarily range) fell far short of air t 
force requirements and, in fact, engendered widespread disenchantment among the military. A 1 
backup option was "Type 95." developed by Tupolev at OKB-156, which used turboprop 
instead of jet engines. The project was approved at the same tlme as Myasishchev's Project 25. 
When the airplane was accepted for service in August 1957 as the Tu-95, it was full of prob- 
lems. It would not be until the late 1950s when the modified Tu-95M fulfilled its origlnal long- 
range requirements. by which time the slow-moving alrcraft was already vulnerable to a host of 
American air defense weaponry." By the mid- I950s, the bomber option began to face serious 
competition as an effective intercontinental weapons delivery system The overwhelming 
advantages of missrles and the unprecedented breakthroughs in rocket propulsion technology 
in the early 1950s threatened to make bombers a memory of a bygone era. There was no more 
apt a symbol of this change in generations than the world's first ICBM. Korolev's R-7. 

The R-7 ICBM 

Orlglnal conceptions of the first Soviet ICBM as part of the TI theme described a missile 
w ~ t h  a launch mass of approximately 170 to 200 tons that was capable of delivering a nuclear 
explosive weighing three tons over a distance of 8.500 kilometers." This was compared to the 
warhead used on the R-5M that was just over one ton. These specificat~ons dramatically 
changed as a result of developments in the nuclear weapons sector. On August 12, 1953, the 
Soviet Union exploded its first thermonuclear device at Semipalatinsk, with a power twenty 
tlmes more than its first atomic bomb." The original ICBM specifications had been set based 
on earlier atomic bombs, but later, the Soviet leadership was eager to use a thermonuclear 
devlce on the rnlssile. As early as May 1953, there had been preliminary discussions on using 
the hydrogen bomb (H-bomb) on the ICBM, but a cementing of this positlon did not occur 
until later in the year. Andrey D. Sakharov. the brilliant physicist at KB-I I, played an unusual 
and crlt~cal role In the requirements for the ICBM. In late 1953. Minister of Medlum Machlne 
Building Malyshev had asked Sakharov to write a brief report on the "conception of a second 
generation [thermonuclear] devrce "L  Under pressure and in a hurry. Sakharov was rn a drfficult 
positlon. He later recalled. 
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I should have refused, pointing out that such things could not be decided in haste by a 
single scientist: they require more serious deliberation. But I had an idea which at the 
moment seemed promising (it later turned out to be neither very original nor success- 
ful). I had no one with whom to consult. I nevertheless wrote a report on the spot and 
gave it to Malyshev." 

Based on Sakharov's report. Malyshev had the basic parameters for the mass and volume 
constraints for a next-generation thermonuclear payload. Armed w ~ t h  this information. he soon 
arranged a meeting at Nll-88's OKB-I in October 1953 to discuss "future work." arriv~ng alone 
without any assistants. Malyshev was unusually cheerful and animated during the meeting, 
which was attended by Korolev's inner circle, including his First Deputy Mishin. The engineers 

were quick to suspect that everything was not well. Malyshev casually inquired about the lift- 
ing capability of the ICBM, to which Sergey S. Kryukov, one of its designers, announced "about 
3 tons." Malyshev firmly replied that the rocket must be able to lift six tons, at the very least 
five.'There was a brief moment of resistance from Korolev, but Malyshev would hear none of 
it. Later. Kryukov firmly told Korolev that this would simply not be possible given the current 
design of the missile. In the end, of course, the rocketry engineers capitulated, and they began 
a total overhaul of the design. 

The new chairman of the Council of Ministers. Malenkov, sealed the decision to increase 
the payload at two meetings of the Presidium in late November 1953. The first one was attend- 
ed not only by all the members of the Presidium, but also the key nuclear weapons scientists. 
including Sakharov. At this meeting, the attendees adopted an official Central Committee res- 
olution to develop and explode Sakharov's new device by 1955. The second meeting was 
attended by missile administrators (most likely Ustinov. Ryabikov, and Pashkov) and set the 
specifications for the new ICBM so that it could carry Sakharov's thermonuclear device. Based 
on Malyshev's advice, Malenkov set the payload mass capability of the new vehicle between 
just over five and a half and six tons. In an ironic epilogue to the redesign, the new Sakharov 
bomb was never built and was replaced by a concept that was completely different." However. 
Sakharov's quick and hasty report significantly influenced the design of the world's first 
ICBM-a rocket that in its modern variants continued to loft Russian cosmonauts to the Mir 
space station into the late 1990s. 

Work on the revised draft plan for the ICBM. by then named the R-7, or "product 8K7I." 
began in the fall of 1953, culminating in a major meeting in January 1954 attended by all the 
major chief and deputy chief designers to discuss the changes in the missile.'The biggest chal- 
lenge for Korolev's engineers was how to improve the lifting characteristics of the missile w ~ t h -  
out any major changes in layout, which might delay the program even further. The most 
important factor was clearly propulsion. Preliminary calculations showed that Clushko's single- 
chamber LOX-kerosene RD-I05 and RD-106 engines with thrust ranges of fifty to s~xty tons 
would prove inadequate for the task of lifting a five-and-a-half-ton payload. The engines them- 
selves were performing poorly dur~ng ground tests at OKB-456 because of burning ~nstabilities 
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in the combustion chambers, which led to high-frequency vibrat~ons. Glushko's introduct~on of 
ribbed combustion chamber walls for cooling helped alleviate heating problems, but the 
engines had reached the physical upper limits of thrust. A way out of this quandary was offered 
by yet another idea tested by Chief Designer lsayev at Nll-88. Using a single- 
chamber forty-ton-thrust engine, he had recently built and tested a multichamber engine that 
provlded a cumulative thrust much higher than its single component. With Isayev's results In 
hand, Clushko could combine four combustion chambers together, all fed by the same turbop- 
ump. Although the unstable burning problem remained, its effects were drastically reduced 
because of the low thrust of each chamber. The advantages were numerous. Not only were per- 
formance values improved, but there also were considerable savings in englne mass compared 
to the thrust levels achieved. Furthermore, given that the chambers were identical, research and 
development, construction, and testing were simplified to a great extent. The engines that 
emerged from this redesign were the RD-I07 and RD-108. One of each of the former, with a 
sea-level thrust of eighty-three tons, would be installed on the four lateral strap-ons. A s~ngle 
RD- 108 with a sea-level thrust of seventy-five tons was earmarked for the central core. In March 1 

I 

1954. Glushko named Yuriy D. Solovyev, an engineer at his design bureau, to lead the design i 
and construction of these engines." 1 

A second redesign was related to the problem of steering during flight after the strap-ons 1 
I 

had been discarded. The engineers had originally settled on uslng graphite steering rudders, 
such as those used on early missiles (for example, the German A-4), but further research proved 
that not only would they not tolerate high velocities and temperatures for long periods of time, 
they would deleter~ously affect the configuration at the base of the missile. Korolev's First 
Deputy M ~ s h ~ n  suggested the use of small steering engines firing off their own combustion 
chambers, which would be integrated into the main engines and use propellants diverted from 
the main turbopumps. Korolev had invited Glushko to develop these engines, but he refused 
outright, not only fearful of being diverted from his primary work on the main engines, but also 
because he believed that " i t  would be impossible to control a rocket by such thrusters."'" 
Mishin Instead facilitated the transfer of a group of young engineers led by Mikhail V. Melnikov 
from Keldysh's NII- l  to OKB-I for this project. Mishin's enthusiasm for the idea eventually 
resulted in the use of steering thrusters on not only the central block. but the four lateral blocks 
as well. Each lateral block had two verniers, whlle the central block had four, each with a thrust 
of two and a half tons, bringing the total number of combustion chambers firing at liftoff to 
thirty-two. In later years, when these vernier thrusters performed flawlessly. Glushko apparent- 
ly asked Korolev if he could take over production of the motors. Not only did Korolev allow 
this, but he did not mind when Glushko changed his thinking and began building the verniers 
hlmself, taking full credit for their early development." These vernier englnes had a remarkable 
history. They were used as the basis for upper stage engines for the Vostok. Soyuz, Molniya, 
N I. and Proton launch vehicles. 

The development of an effective guidance system for the R-7 was a major problem for engi- il 
neers. Because the missile would fly over a larger distance than any previous vehicle, an Iner- 

37  Peter Stache Sourel Rockets Fore~gn Technology Divls~on Translat~on FTD ID(RS)T 061 9 88 (from 
unnamed source) Wr~ght  Patterson Air Force Base Ohlo November 29 1988 pp 299-302 Thls IS a translat~on of 
Peter Stache Sowjellscher Raketen (Berl~n M~lltarverlad der DDR 1987) Also see Varfolorneyev 'Sov~et Rocketry 
that Conquered Space Part I " A Yu lshl~nsk~y ed Akademrk 5 P Koroleu uchenyy rnzhener cheiouek (Moscow 
Nauka 1986) p 270 V P M~shin ' Problems of the F~rst Fl~ght of a Man Into Space' (English t~t le) In Gagarrnskrye 
nauchnyye chtenrya po kosmonautrke I auratsrr (Moscow Nauka 199 I ) ,  p 2 1 

38 Vas~l~y P Mlsh~n " He Sa~d Here We Go1 " (Engl~sh t~t le) Aulatsrya I kosrnonaut~ka no 4 (Apr~l  
1991) 13-14 Chertok Rakety I lyudr pp 394-95 lshl~nskly ed Akadernrk 5 P Koroleu pp 208-09 

39 Mozrhorln el a1 eds Nachalo kosmccheskoy ery p 79 Korolev drew up the production ~nstruct~ons 
for the vernier thrusters on August 7 1954 See B~ryukov "Mater~als from the B~ograph~cal Chron~cles ' p 233 
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tial guidance system such as that installed on the German A-4 would be woefully inadequate
because of gross inaccuracies symptomatic of the technology of the time. Korolev proposed the

development of both radio and autonomous guidance systems for the first ICBM.4°Eventually,
the system chosenwas a combination of both. P,fter liftoff, a complex set of inertial guidance
systems would maintain angular stability, apparent velocity, and synchronization of propellant
consumption at nominal levels, At about twenty to thirty seconds prior to core engine cutoff,
the four small verniers on the central block would be fired into operation, after which the radio

control system would be switched on to manually control deviations from the desired trajecto-
ry.4' Both guidance systems were developed by Nll-885--the radio-controlled portions led by
Chief Designer Ryazanskiy and the inertial part led by Chief Designer Pilyugin. The develop-
ment of precisely calibrated gyroscopes for the instrumentation was the responsibility of Chief
Designer Kuznetsov of NII-IO. All three were original members of the Council of Chief

Designers.
The missile itself looked unlike anything created before. At launch, the four conical strap-

ons (Bloks B, V, G and D), eachjust over nineteen meters in length, surrounded the center ham-
merhead-shaped core (Blok I_), itself 26 meters long. The lateral boosters, each containing about

forty tons of propellant, tapered up to a point at the top and were connected by ball-and-
socket joints to the core at the apex and secured by tension bands at the bottom. With the four
strap-ons, the total base diameter was more than ten meters, and the total length of the missile
was thirty-three meters. The launch mass was 270 tons, of which about 247 tons was propel-
lant. At liftoff, the total thrust was 398 tons. After launch, at an altitude of fifty kilometers and
about I00 kilometers from the launch site, shortly prior to propellant cutoff, pyrotechnical
devices would loosen the tension bands at the base of the vehicle, which connected the four

exterior blocks to the core. With the four strap-ons still firing, albeit at much lower thrust by
then, the lateral blocks would by their natural force move away from the central block, rotating
upwards and away from the base, _qt a certain angle, the mountings at the apex of the four
blocks would automatically release. Oxygen valves would also automatically open to exert gen-
tle pressure on the strap-ons to move them independently away from the core. The core stage
(called the second stage by the Soviets) would continue to operate until reaching an altitude of
170 kilometers and a range of 700 kilometers, at which point engine cutoff would occur. For the

remaining portion of the flight, the payload would coast on a ballistic trajectory until reentry.4_
One of the most expensive and time-consuming aspects in the development of the R-? was

the design of a launch structure to accommodate the unwieldy looking missile. Originally, the
plan was to assemble the missile at the launch pad in a vertical position. At least three prelim-
inary designs for the launch pad, based on this option, were prepared between September and
December 19.54.4__qllthree plans used a single load-carrying platform with four circumferential
and central supports for the five boosters on the missile, restrained by a variety of weights,

levers, and spring mechanisms. All the plans, however, proved unwieldy because of concerns
about damaging the missile itself at takeoff. It was at this point that Mishin emerged with an
original idea for a launch pad. The conception involved assembling the booster horizontally in
a hangar and then transporting the rocket to the launch pad, where it would be raised into a
vertical position. At the pad, the R-7 would be suspended at "the waist" above its center of

40. Mozzhorin.etal, eds., i',lachalokosmieheskoyery,p. 282.
41. Var[olomeyev,"SovietRocketrythat ConqueredSpace:Part I"; Zalo@, TargetAmerica, p. 141:

B. Pokrovskiy,"ChiefDesignerof RadioControlSystems" (Englishtitle), Krylia rodinyno.4 (April 1989):44-45.
42. Stache,SovietRockets,pp. 296-98, 30?':Mozzhorin,et al., eds.,Naehalokosmicheskoyery,p. 74:

G.A. Kustova.ed.,Ot pervogoSputnikado "Energii"-"Burana"i "Mira" (Kaliningrad:RKKEnergiya,1994),p. 35.
OKB-I engineerS. P.Parmuzininventedthe ingeniousseparationmechanismfortheexteriorblocksof theR-7.

43. Mozzhorin,et aL,eds.,Naehalokosmieheskoyery,pp. I 16-17.
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gravity, about twenty meters from the base, by four identical and huge "petals." Chief Des~gner 
Barmin. who was responsible for the design of launch complexes, later recalled: 

The heavy rocket "hangs" on them [the "petals"] until its engines go into primary thrust 
mode. And then they pull away to the side simultaneously, and the gas blasts /rom all the 
operating engines exit in one large opening and escape the steppe through a spec~al con- 
crete c~nduit .~ '  

The petals would swing into motion not by any external hydraulic power, but by an inge- 
nious system of counterbalanced weights that worked because of gravity. The engineers nick- 
named the system Tyulpan ("tulip") because of the peeling nature of the petals at launch time. 
Each of the petals would contain work gantries and other systems required to fuel and test the 
rocket prior to launch. In late 1955, a commission headed by Academician Blagonravov, a 
mechanical engineer himself, reviewed this revolutronary idea. While generally supportive of 
the idea. the commission recommended that the system could be improved by making the 
petaled swing gantries work on hydraulics rather than by gravity. Korolev also weighed In w ~ t h  
the nongrav~tational opt~on. Barmin did not budge from h ~ s  position, arguing that there was no 
redundancy required for "God's powers." 
Korolev eventually gave in, but he added that 
"should anything go wrong, you will be liable 
with your I~fe."'" On September 22. 1955. the 
commrssion approved the launch pad complex 
for full-scale construction led by Barmin's CSKB 
SpetsMash organrzation.'Worolev did not need 
to have had any doubts. For more than forty 
years. Mishin's original conception has serviced 
the space program; rt was from the same type of 
launch pad that cosmonauts flew to the Mir 
space station from 1986 to 1999. 

In February 1954, the primary participants 
of the work on the R-7 finally agreed to the 
revised conception of the ICBM, clearing the 
way for governmental intervention. On May 20, 
1954, the USSR Council of Ministers issued an 
official decree calling for the development of the 
two-stage 8K71 R-7 ICBM. A second decree a 
month later on June 2 8  added clarifications to R-7 (en11 R - 7 ~  r ~ ~ 7 4 1  

the schedule for the development of the rocket. T.M mhkle MWlfled ICBM 
1%57 ? S O  

Flnally by order of Defense The ioviet R i /CBM The left diagram a the or~glnai 
lndustrles UstlnOv on July 6, the govern- uar~anl ofthe missile the 8K71 as 11 was //own ln 
ment elevated the development of the ICBM to 1957 The Iater operatconai version the R 7A or 
a level of "state importance "17 The same 8K74. is shown on the right (copyright Peter Corin) 
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month, on July 24. Nll-88's OKB-I completed the draft plan for the rocket, which spanned a 
total of fifteen volumes of technical documentation. Unwilling to commit to something that 
might prove to be a colossal waste of money, the Soviet government established an "Expert 
Commission" of independent scientists and englneers to study the draft plan and recommend 
a course of action. Headed by Academician Keldysh, this commission consisted of aeronauti- 
cal engineers, mathematicians, gas dynamics specialists, propulsion experts, and military offi- 
cers. Their evaluations were overwhelmingly positive, clearing the way for full-scale industrial 
work on the ICBM. On November 20. 1954. in an unusual move. the USSR Council of 
Ministers officially approved the draft plan for the R-7 mlssile-a decis~on that normally would 
have been left in the hands of engineers or ~cientists.~" 

The individuals who worked on the R-7 began to affectionately call the missile semerka, the 
Russian expression roughly equivalent to "old number seven." and it was a nickname that has 
remained with the vehicle for more than forty years. Although all  of the leading engineers at 
Nll-88's OKB-I, such as Bushuyev. Voskresenskiy, Okhapkln, Chertok, and Kryukov, were 
involved in its design, it was perhaps Mishin more than any other individual who shaped its 
look. Many years later, when a noted Soviet journalist asked numerous veterans of the organi- 
zation who besides Korolev contributed more to the emergence of the R-7, most replied, "This 
was, of course. Mishin's rocket."" Once the documentation and design had been completed. 
Korolev assigned one of his middle-level engineers. thirty-f~ve-year-old Dmitrly I. Kozlov, the 
man who had encouraged Korolev to join the Communist Party a few years earlier, to oversee 
its creation as the "lead designer" of the missile.'" Kozlov had already served in the same capac- 
ity for the R-5 missile. A total of 200 institutes and design bureaus within twenty-five ministries 
were engaged in the project, which, save for the development of nuclear weapons, was perhaps 
the largest military project undertaken in the Soviet Union up to that point. 

The May 1954 decree also specified at least two other items. The first was the off~cial 
assignment to develop intercontinental winged cruise missiles to design bureaus within the 
Ministry of Aviation Industry. Lavochkin's OKB-301 would design and develop the La-350 
Burya, while Myasishchev's OKB-23 would do the same for the M-40 Buran. Finally, the decree 
called for the selection of a new firing range for the R-7 ICBM." 

At the outset, the planners realized that the location and facilities at the State Central 
Range No. 4 at Kapustin Yar would be inadequate for the mammoth requirements of the new 
rocket. A major concern was the proximity of the Kapustin Yar s~te to radar stations operated 
by U.S. intelligence services in Turkey. In late 1953, Ustinov. Nedelin. Korolev, and other lead- 
ers of the rocketry industry had authored a letter to the USSR Council of Ministers containing 
the requirements for such a site. The following year. Nedelin appointed Maj. General Vasiliy I. 
Voznyuk, the commander of Kapustin Yar, to head a special commission to select an 
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alternative launch site. Perhaps to draw out an impartial verdict. Nedelin told Voznyuk that 
"you'll be the chief of the new test range, so make the selection to suit yo~rsel f . "~ '  Chief 
Designers Korolev, Barmin, and Ryazanskiy were the leading engineering representatives on the 
commission. Barmin was to advise on launch complex requirements, and Ryazanskiy was on 
hand to make recommendations on the placement of radio stations to control the R-7. 
Tikhonravov's team at Nll-4 also provided supplementary data for the selection. At the end of 
the year, the Voznyuk commission emerged with three competitive sltes: 

A location in the Yochkar-Orla region in Mordoviya (in the Mari region), where there were 
large clear spaces and room for more because of a vigorous lumber industry 
A location near Makhachkala (in Dagestan) on the shores of the Caspian Sea so discarded 
lower stages could fall into the sea 
The semi-arid Kzyl-Orda region (in the Kazakhstan Soviet Socialist Republ~c) near the Syr 
Darya River" 

One of the major requirements for the new site was that radio tracking stations be located 
on either side of the ICBM's trajectory, and this specification eventually eliminated the first two 
choices, leaving the Kazakhstan slte, which was formally selected by USSR Minister of Defense 
Georgiy K. Zhukov. Ironically, by the time that the Voznyuk comm~ssion finally decided on the 
site, the criterion for radio station placement, which had supported the Kazakhstan choice, was 
invalidated by some ground-breaking work by Chief Designers Ryazanskiy and Konoplev. The 
members of the commission were apparently too afraid of Zhukov to inform him that the rea- 
son for selecting Kazakhstan had been ne~tralized.'~ In the end, the commission touted six 
major advantages of the new site: 

It was far enough from Soviet borders to conduct work in secret. 
The weather was acceptable for launches during at least 300 days of the year. 
The presence of vast areas of desert nearby was useful for dropping stages. 
Radio guidance for the R-7 could be conducted by two stations, which could be con- 
structed 500 kilometers from the launch pad. 
The site was on the railway line between Moscow and Tashkent on the Syr-Darya River for 
bringing materials to the range. 
The s~te had the advantage of being located close to the equator, thus imparting the high- 
est possible velocity to airborne payloads." 

Marshal Nedelin assigned the mammoth task of directing the design, layout, and con- 
struction of the new launch range to the Chief Directorate of Special Construction of the USSR 
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Ministry of Defense. The primary task of coordinating the entire effort fell on the shoulders of

a fifty-one-year-old colonel named Georgiy M. Shubnikov. For architectural and structural exper-

tise, the Central Planning Institute No. 31 of the Ministry of Defense established a group under

the tutelage of army Lt. Colonel Aleksey/_. Nitochkin, who, like Shubnikov, was a veteran of

World War II when he had helped build military fortifications? _ It was these two individuals

who perhaps contributed more than anyone else in bringing the project to fruition during the

ensuing two years.

The USSR Council of Ministers signed a decree (no. 292-181), dated February 12, 1955,

that officially sanctioned the creation of a new launch range for the R-7 ICBM and subsequent

generations of new missiles in Kazakhstan. The decree authorized 586 soldiers and 325 blue-

and white-collar employees to be initially assigned to the test area, officially designated the

Scientific-Research and Testing Range No. 5 (NIIP-5). The first group of thirty blue-collar work-

ers, ted by a twenty-three-year-old lieutenant in the Soviet army, Igor I. Denezhkin, had already

arrived at the projected site exactly a month earlier, on January 12, to prepare for actual con-
struction workers? 7 Marshal Nedelin had an unusual choice for the commander of NIIP-5. He

was a man who had crossed Korolev's path in the early 1950s by authoring a letter critical of

the early ballistic missile effort to Beriya himself. Maj. General _qleksey I. Nesterenko, at the time

forty-eight years old, had been fired as director of NIl-4 in 1950 and spent the next four years

as a head of the "rocketry faculty" at the F. E. Dzherzhinskiy Military Academy in Moscow.

Perhaps his appointment was a not so subtle move to have a range commander who would not

capitulate in the face of Korolev's juggernaut personality,

Nesterenko arrived at NIIP-5 three months offer his formal appointment on March 19, 1955,

in the company of Nedelin himself. His first impressions of the place were not encouraging:

We flew into Dzhusaly, disembarked from the aircraft, and were instantly buffeted by a

hot wind, and with the temperature above 45 degrees [Centigrade] it was like walking

into a blazing furnace. When we arrived at the construction site, our hearts sank: there

was nothing but naked steppe, not a tree in sight, with only piles of sand and an assort-

ment of animals scattered across the countryside. '_

As inhospitable as Kapustin Yar was, those who transferred to NIIP-5 from the former test

range must have wondered whether they were not leaving one part of hell for another. The clos-

est town to the site was named Tyura-Tam, a small settlement of local Kazakhs, which prior to

1955 was "a couple of two-story houses for the railwaymen, a couple of dozen small mud-plas-

tered houses, and the tents of geologists prospecting for oil. ''_9 Tyura-Tam itself was an isolat-

ed railway stop on the important Moscow-Tashkent line: earlier in the century, a British mining

company had apparently ran a station not far northeast of the town. The tsars had also used

the location as a place of exile for undesirable citizens. In the late nineteenth century, Nikifor

Nikitin was banished here for "his seditious plans for a flight to the Moon." The judge
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apparently believed that work in the local copper mines would knock some sense lnto the 
hapless indivrdual."" 

Shubnikov. the chief engineer for the construction project, arrlved at Tyura-Tam on 
March 5 with a host of important individuals, including a "political commissar." The first cubic 
meter of concrete was poured in April in support of building a highway from the inltial troop set- 
tlement to the location of the actual launch pad. Finally, on May 5. 1955, the foundation stone 
was set at the living settlement at site 10, henceforth called Zarya, following which Shubnikov 
gave a short inspirational speech to the attendant workers and soldiers on the hard work still to 
be done within the following two years. A General Staff directive dated June 2 from the Min~stry 
of Defense called for the formation of a complex organizational structure at NllP-5, and ~t is this 
date that was henceforth commemorated as the birthday of the launch site." 

Under the coordination of Shubnikov. Nitochkin. Nesterenko. and Chief Designer Barmin. 
construction at NllP-5 was facilitated at an unusually accelerated pace. The first concrete hous- 
es at Zarya were finished by September 1955. At the time, a twenty-kilometer-long road due 
north from Zarya was marked out, which led to the actual location of the projected launch pad 
of the R-7 ICBM. The area was named site I, a designation that it still holds to this day. The i 
actual location of the launch pad was determrned by Nedelin's requirement that the fac~lity be 
located within thirty kilometers of the residential area, but out of vlsual range of any passing 

i 
trains." A network of railway lines, which connected the major areas of the range, primarily to I 
transport supplies and the rocket itself, was completed by early November. This work was by 
no means easy. As one veteran recalled many years later: 

A / /  the desert offered was a thin layer of clay which disintegrated into dust after a lorry 
had passed ouer it  a couple of tlmes. Deep dust-filled ruts were formed The lorries 
would grind to a halt in them. often scratching their chassis. A thick cloud of dust hung 
all ouer the area, filling nose, eyes and ears. Cars crawled at a snail's pace. The dust 
permeated food. bread and petrol and . . a cloud could be seen from a distance o f  
20 to 30  kilometer^.^" 

As at Kapustin Yar, the workers once again had to face a wide range of unpleasant tem- 
peratures. Although construction was started in mid- 1955 to take advantage of the long sum- 
mers, by the end of the year, the workers were treated to the reality of minus forty-two degrees 
Centigrade temperatures with winds of cyclone forces. Work in fact had to be abandoned on 
December 26 on a particularly harsh night, significantly delay~ng construction efforts. When 
the work resumed, it was primarily on a system of water pipes ~n preparation for building the 
actual launch pad in 1956. 

Although workers began initial construction of the foundation of the launch complex in 
August 1955, the pad was not the primary focus of the work at NllP-5 until early 1956. Between 
January and March of that year, about 15,000 cubic meters of earth were displaced per day at 
site I. This was in preparation for pouring concrete for the giant launch pad structure, which 
began on April 19 an hour before midnight in front of about 300 people who were present to 
witness the event." The 250-by-100-by-forty-five-meter launch platform took almost five 
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months to complete and used 30,000 cubic meters of concrete. Finally. on October 5. the work- 
ers completed the road and railway system from Zarya to site I. 

The engineers responsible for the design and construction of the launch pad were remark- 
ably cautious in their efforts, and prior to work at Tyura-Tam, they had expended a huge amount 
of effort to duplicate the entire structure at a plant in Leningrad to eliminate any potential 
defects. Every single element of the launch pad was constructed and assembled over a nineteen- 
meter-diameter pit in a special building at the Leningrad Metallurgical Plant, and a full-scale test 
version of the R-7 was installed in the facility and loaded with water instead of propellant to sim- 
ulate the expected loads." Not only was the missile tested for potential wind effects, but a spe- 
cial lifting beam was used to raise the 100-ton rocket off the "launch pad" at the plant to 
simulate a lrftoff and observe the dynamrcs of the launch. Yevgeniy V. Shabarov and Anatoliy P. 
Abramov, two engineers from OKB-I rn their mid-thirties. were tasked by Korolev to head the 
work at the plant, although. as was usual for Korolev, he kept close tabs on the work with daily 
reports. Notorious for exploding into rages of censure. Korolev did not spare any effort to make 
sure that the work remained on schedule. As Abramov wrote years later: 

Once we reported that a mistake had been committed on the j ob .  . . he [Korolev] react- 
ed furiously. verbally ground us into dust, called us imbeciles, and promised to have us 
dismissed. At first we were upset, but then we began to laugh hysterically to release our 
pent-up stress. It was not the first time that this had happened. Koroleu's diatribes were 
the stuff of legend, and he was a master at it; his eyes would flash, his words would 
destroy yours, he would threaten to send you home walking between the railway tracks. 
tell you to go work at the boiler shop or at the "wood-mill " But we all knew that these 
were just words. Nobody was dismissed, and no one took offense. And although peo- 
ple admitted to being afraid of him, they respected him just the same.b6 

For this and other work, both Abramov and Shabarov were rewarded well, and both in fact later 
went on to become key deputy chief designers at OKB- I. 

The tests at the Leningrad plant were conducted between May and August 1956, and much 
to the relief of the engineers, both from OKB- I and GSKB SpetsMash. they were al l  uniformly 
successful. The structure was then disassembled and shipped in October to Tyura-Tam for 
assembly at site I. Not far from this site, at site 2, a gigantic building designated the Assembly- 
Testing Building was constructed for assembly of the R-7. Wi th  dimensions of 
100 by fifty by twenty meters, it was one of the largest buildings in the world at the time, and 
it continues to serve as the primary assembly point for many R-7-derived launchers to this day. 
Preparations for the first launches were not limited to the Leningrad plant. The extensive test- 
ing stands at Nll-88's Branch No. 2 at Zagorsk served as the site of a number of important tests 
in support of the R-7. These included tests of propellant loading, booster separatron systems. 
and engine firings. Eng~neers built three static test stands for the core block, three for the strap- 
ons, and two for the complete R-7 at Zagorsk. The initial ground tests of the engines had begun 
as early as mid- 1955 in the form of experimental single-chamber versions of the main engines. 
A step-by-step process led to the use of two combined chambers and eventually full-scale four- 
chamber versions in January 1956. Within seven months, engineers were able to test-fire the 
full core block with the RD- 108 engine for periods of twenty seconds. This led up to firings sim- 
ulating a full cycle of flight. A major accident occurred at Zagorsk during a refueling exercise 
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when a feeding pipe supplying liquid oxygen to the central block broke because of "hydro- 
shock." An extensive series of repairs and a major redesign effort ensued to preclude such a 
dangerous in~ ident .~ '  

OKB- I engineers also launched a number of experimental missiles from Kapustin Yar dur- 
ing 1955-56 to test a variety of systems crucial to the operation of the R-7 miss~le. Original 
concepts of a radio control system for the ICBM were used on the R-2R missile during launch- 
es in January 1955." Later tests used modifications of the original R-5M missile by replacing the 
nuclear warhead with large instrumentation containers. Between May 15 and June 15. 1956. 
three of the R-5R missiles were launched, the very first Soviet ballistic missiles using radio guid- 
ance. The flights utilized a series of ground stations, which served as prototypes for statlons 
being constructed at NllP-5 in support of R-7 operations. The experiments also studied the 
effects of jet plumes on radio wave propagation. All the launches were successful.6q 

A second experimental missile, the M-SRD, also a modification of the R-5M, was launched 
I 

ln two separate series of five launches each between February and August 1956.'0These launch- 
es focused on perfecting three major systems in the R-7: a guidance system for the Adjustment 
of Apparent Velocity (RKS), a control system for Normal and Lateral Stabillzatlon (NS and BS). 
and an electro-mechanical system for the Simultaneous Emptying of Tanks (SOBIS), the last 1 

being a test for propellant feeding from the lateral blocks on the ICBM.' Once again, all the B 
launches were successful, and laying to rest a number of concerns that had troubled the R-7 
designers. 

As is true of any large-scale missile program, the work expended on supporting infrastruc- 
ture and supplementary systems far outweighed the actual amount of effort on the missile 
itself. Apart from the construction of the launch site at Tyura-Tam, the launches of experimen- 
tal missiles from Kapustin Yar, the testing of engines at Zagorsk, and the creation of a simulat- 
ed launch structure at Leningrad, there were numerous other elements that contributed 
significantly to the success of the program. These included the development of a nationwide 
ground telemetry system-a tracking and command network that was directed by the military 
Nll-4 entity under the management of institute Deputy Director Yuriy A. Mozzhorin. This thir- 
ty-five-year-old artillery forces colonel, as a result of his remarkable success in this particular 
job, earned himself a bright and powerful role in the future Soviet space program." From design- I! , 
ers to military officers to industrial administrators, the individuals who made noteworthy con- 
tributions to the creation and development of the R-7 would emerge quickly In important 
positions during the space era. There was, of course, no hint of a space program in I954 when 
work on the R-7 began, but within two years, the state of affairs took a dramatic turn-one 

I n 
ii 

that for the first time in htstory shifted the focus of much of the work of hundreds of organi- 
zations from building rockets to launching satellites into space. 1 y 

il 
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A Report on an Artificial Satellite of Earth 

Mikhail K. Tikhonravov's team at Nll-4 laid the conceptual foundation for concrete work 
on the first Soviet ICBM. At the same time, he had quietly begun research work on many of the 
scientific and technical questions associated with the development of artificial Earth satellites. 
By the time that work on the ICBM moved into high gear at Nll-88 in 1953. Tikhonravov's team 
members had already abandoned work on multistage rockets, instead shifting their thematic 
focus exclusively to research on satellites. One of the earliest was started in 1952, when the 
group studied methods of dissipating heat and cooling an object reentering Earth's atmosphere 
from orbit. Later, the Nll-4 group had continued to conduct "unofficial" research into satellites 
in general. and it produced three important memoranda in 1952-53 and early 1954. which 
answered a number of important questions required for the creation of a satellite: 

What kind of satellites could be launched by the early version of Korolev's R-71 
What kind of equipment could be placed in them? 
How were they to be controlled with special orientation systems? 
What problems could they solve, no doubt including both scientific and military goals?" 

At Korolev's prompting, Tikhonravov himself played an important role in moving his work 
to "official" status. Armed with two large sketchbooks, he made an appointment to meet 
Georgiy N. Pashkov, the missile department chief at the Ministry of Medium Machine Building. 
One of the books contained a huge number of clippings from the Western press with descrip- 
tions of American "plans" for artificial satellites. The other sketchbook contained detailed draw- 
ings and calculations proving that not only was such a launch within the grasp of Soviet 
technology, but that if given approval, any Soviet satellite would be ten times more heavy than 
an American one.'Vashkov was sufficiently impressed by Tikhonravov's presentation to tele- 
phone Marshal Aleksandr M. Vasiliyevskiy, the former Minister of Defense who was at the time 
a deputy in the ministry, to permit some modest but official support for T~khonravov's work. 
Subsequently, a two-year dedicated scientific research program on the creation of an artificial 
satellite was approved on September 16. 1953, the first official effort in the Soviet Union on 
such a topic.'' 

Tikhonravov's group, composed mostly of the same individuals who had participated in his 
earlier ICBM studies, such as Bazhinov, Maksimov, Soldatova, and Yatsunskiy, coordinated the 
satellite work closely with Korolev, although the two did not have any formal institutional con- 
nections. Korolev also consulted with Academician Keldysh to undertake parallel studies at his 
Department of Applied Mathematics of the V. A. Steklov Mathematics Institute. The same 
young scientists at the department who had provided much of the brain power for the design 
of the ICBM thus began a new effort to solve the problems involved in the "ballistic return of 
a space apparatus from Earth orbit and to show the possibility of using this method of 
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Mtkhatl Ttkhonrauous famous "satellite teamn shown here in a photo from 1970 It was during 1950-54 that 
these young men and women developed the first engrneerlng conceptrons of a Souiet Earth satellite Based on 
this important research Tikhonrauou authored a landmark report on artificial satellites rn 1954 that lard the 
groundwork for the early Souret space program Sitting from lei1 are Vladlmlr Galkouskiy Gleb Maksrrnou 
Lrdiya Soidatoua Ttkhonrauou and lgor Yatsunskiy Standlng from left to rrght are Grigorry Moskalenko 

Oleg Curko and lgor Bazhinou (\ties of Asrf Siddtqi) 

returning on piloted  flight^."'^ Although these studles were not intended to support actual 
launches, they were glant steps forward for Korolev and Tikhonravov, for they underscored that 
the climate for space research was becomlng more favorable. Tikhonravov's two-year research 
project consisted of a ten-point program to study the feasiblllty of launching artificial satellites. 
The ten topics studied were: 

Development of practical methods for computing optimal trajectories for inserting satellites 
into orbit 
Effects of external factors on lowering orbits of satellites 
Effects of incorrect orb~tal insertion on the operation of satellites 
Analysis of using solar energy on satellites 
Analysis of orienting satellites in orbit 
Preliminary conceptions of unorlented and oriented satellites 
Research on observing the motion of launch vehicles and satellites durlng orbital insertion 
and later 
Analysis of regulating heat within satellites 
Analysis of the dangers of meteorite impact on satellites in Earth orbit 
Analysis on the possibility of returning both automated and piloted capsules from Earth 
orbit, which included studies of trajectories, thermal protection, and so on,' 
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In late 1953. Korolev began to consolidate all the current work on space Issues. While in 
earlier years he may have been reluctant to formally request the Soviet government to sanction 
some kind of space project, three factors played into his hands by the end of the year. First, the 
removal of Stalin and Beriya from the political milieu earlier in 1953 allowed him to th~nk of 
proposing such ideas to the higher leadership without fear of reprisals. Second, his ICBM was 
finally beginning to take shape, and it was all but given that the Soviet government would 
enthusiastically approve that program. Without an ICBM, he would not be able to launch any 
satellite. Finally, the major expansion of work on satell~tes under Tikhonravov would support 
his cause with solid scientific research. In December 1953, when he was preparing the decree 
on approving work on the R-7, Korolev inserted the following lines into the text: 

W e  should organize at Nll-88 a scientific-research department with the goal o f  working 
on problems [together with the Academy of Sciences] o f  flights to altitudes o f  500 or 
more km, and also work on questions associated with the creation of an artificial satel- 
lite of the Earth and the study of interplanetary space with the aid o f  the [R-71.'" 

In the seven years he had been a chief designer, it was Korolev's very first formal request 
to the government on a matter related to spaceflight. Clearly, he still had some doubts. As one 
Russian historian recalled, while the draft of the decree "was making its way to the top," men- 
tion of the satelllte was crossed out.'" 

Knowlng that he could not go alone on this matter, in the following months. Korolev mar- 
shaled a vast amount of support for his satellite proposal, most significantly from the USSR 
Academy of Sclences. Korolev spoke with AcademicIan Keldysh on January 23. 1954, to sched- 
ule a meeting between the scientists at Nll-4 and the Department of Applied Mathematics, to 
coordinate the entire effort. Approximately two weeks later, on February 7. Korolev spoke for 
the first time to Minister of Defense Industries Ustinov on the satellite issue. "sounding his 
boss out" on a formal proposal. Ustinov was restrained but promised that he would review any 
document when it was on his desk. Korolev Immediately telephoned Tikhonravov and asked 
him to prepare a formal proposal to launch a Soviet satelllte. The document would be based on 
his team's extensive research work in 1953-54. Wl th  the "ball rolling." Tikhonravov and two 
of his princ~pal aldes. Yatsunskiy and Maksimov, prepared a rough draft, which was then passed 
on to Korolev, who consulted his principal deputies, Mishin and Bushuyev, to make amend- 
ments. Chief Deslgner Glushko, the only other "space fanatic" on the Council of Chief 
Designers, also offered comments. 

The activity led to a major meetlng on March 16 at the offices of Academician Keldysh at 
the Academy of Sciences. In attendance were scientists from the Department of Applied 
Mathematics and Nll-4, as well as renowned Soviet scientists, including Academician Petr L. 
Kapitsa, the nuclear physicist."' A draft version of the report was then typed up at the end of 
March, before Keldysh took the matter to Academy of Sclences President Aleksandr N. 
Nesmeyanov on Aprll 24. Nesmeyanov promised full academy support for the proposal, sig- 
nificantly bolstering Korolev's case. Final revisions of the typed document were carried out on 
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May 13 during a meeting with Korolev. Tikhonravov, and two of "Keldysh's boys," Timur M. 
Eneyev and Vsevolod A. Yegorov. Having a final draft in their hands, Korolev and Tikhonravov 
then attended a formal ceremony of the Presidium of the Academy of Sciences on May 25. 
hosted by President Nesmeyanov to draw official support from the academy. The three-hour 
meeting ended with a fully approved plan. As Tikhonravov wrote later in his personal journal: 
"All has been signed . . . one may say that the first stage is finished.'"' 

Concurrently with this activity at the academy, both Korolev and Tikhonravov had been 
busy convincing key officials in the military of the satellite idea. After all, there would be no 
satellite unless the military agreed to relinquish an ICBM for the job. Korolev had first 
approached Nll-4 Deputy Director Maj. General Georgiy A. Tyulin, his old friend from the 
Germany days. The latter was not, however, particularly enthusiastic, and Korolev only agitat- 
ed Tyulin more when he began to overtly pressure him to give his consent. Tikhonravov had 
more success; he successfully secured the support of Marshal Vasiliyevskiy, who, having read 
the report, wrote back with gusto: "Comrade Tikhonravov: If you have any problems, call me 
at any moment. . . . " "  Despite the rebuke from Tyulin, Korolev prepared three copies of 
Tikhonravov's report, each attached with a cover letter authored by himself and a set of trans- 
lations of articles on satellites published in the West. He sent a set of each, two days after the ! 
academy meeting on May 27. 1954. to Ryabikov (a Deputy Minister of Medium Machine : 
Building). Ustinov (the Minster of Defense Industries), and Pashkov (Ryabikov's department : 
chief in charge of missiles)." Only seven days had passed since the R-7 ICBM project had been 
formally approved by the government. Clearly. Korolev was not about to waste any time. 

Tikhanravov~s document, remarkable even in the present day, was a tour de force of fore- \ 
sight in the mid- 1950s. Classified top secret for thirty-seven years, it was finally published in 
its original form in 199 1 .  lust prior to the dissolution of the Soviet Union." The memorandum, 
titled "A Report on an Artificial Satellite of the Earth," began: 

At the present time there are real technological possibilities to achieve sufficient veloci- 
ty with the use of powerful rockets for the creation of an artificial satellite of the Earth. 
Most realistic and feasible in the shortest time is the creation of an artificial Earth satel- 
lite composed of automatic instruments which wi l l  have scientific apparatus on the 
exterior, carry out radio communications with the Earth, and circle the Earth at a dis- 
tance on the order of 170-1.1 10 kilometers from the surface. Such a capsule wi l l  be the 
Simplest Satellite." 

The complete report was divided into two broad thematic sections-one focused on 
immediate objectives of a space program and one focused on long-term goals. The immediate 
goals were to: 
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Create and launch the Simplest Satellite into Earth orbit 
Launch a human on a "vertical" trajectory into space 
Recover a portion of the Simplest Satellite from Earth orbit 

These three goals were to be carried out in parallel with each other and with the development 
of the R-7 ICBM, which would facilitate the implementation of the first objective. 

Throughout the document. Tikhonravov goes into unusual detail for a report aimed at gov- 
ernment bureaucrats, and one wonders, given the times, how much OF it Ustinov or the others 
truly comprehended. The description of the Simplest Satellite included explanations of its 
launch trajectory, the characteristics of various potential orbits, its albedo in the night sky, three 
different orientation systems, power sources, and on-board instrumentation. Interestingly. he 
mentioned that a "special cassette" with scientific data would be recovered; this presumably 
would be exposed film of Earth's surface. Furthermore, a 300-kilogram television system would 
be installed on the satellite for transmitting images of Earth. Acknowledging that the creation 
of an oriented satellite would be a complex task, Tikhonravov wrote that: 

in the event of the impossibility of a speedy solution [to installing an orientation system]. 
it would be agreeable to have an unoriented [satellite], since aside from its scientific 
importance. the launch of the first satell~te in our country would also have vast politi- 
cal ~ignificance.'~ 

The total mass of the vehicle was noted at 3.000 kilograms, composed of orientation sys- 
tems, power sources, communications systems, a television unit, a recoverable cassette. film. 
scientific apparatus, and a container for an animal. The animal container would be installed on 
later Simplest Satellites. 

The second section of the report addressed the launch of humans on vertical flights into 
space. Although particular rockets were not mentioned, it is likely that the reference was not to 
the R-7, but rather more modest missiles, such as the R-2 and R-5, in their scientific versions. 
Tikhonravov noted that these vertical launches would progress to true suborbital missions 
down range. Experience from the aviation industry would be used to design and construct 
appropriate cockpits for the single passenger. 

In the third section. Tikhonravov addressed the methods of returning either the complete 
satellite or a portion of it to Earth Both ballistic return and reentry with the a ~ d  of wings were 
detailed. The final section addressed future work: 

Creation of an "experimental satellite with humans" 
Creation of a "satellite-station" 
"[P]roblems of reaching the Moon"" 

It is clear throughout the entire document that Tikhonravov and Korolev's primary goal was 
to put one to two humans into Earth orbit aboard a satellite. In fact, at one point, the Simplest 
Satellite is described as "an apparatus without people." Orbital human spaceflight, according 
to the writing in the document, would be possible to accomplish in the nearest future based 
on the results of the three preliminary goals. The so-called "satellite-station" was merely an 
extension of piloted spaceflight: orbital assembly would be used as a means to create a large 
space station in Earth orbit crewed by specialists. The final long-term goal was the first-ever 
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officral mention in a Soviet document of plans to send spacecraft to the Moon. Although pilot- 
ed flight was not explicitly mentioned, Tikhonravov described a one-and-a-half-ton spacecraft 
capable of landing on the Moon and then returning to Earth by means of atmospheric braking. 
A three-stage "packet1'-type rocket with a liftoff mass of 650 tons could be used for this pur- 
pose: he acknowledged that engine performance would have to be increased significantly for 
such a mission. There was even mention of interplanetary flight, which would be possible after 
accomplishment of the lunar expedition. 

In the conclusion. Tikhonravov listed a number of goals of the complete program, focus- 
ing mostly on the scientific aspects, but noted that the creation of an artificial satellite would 
be of great importance to "defense." Korolev's attached letter was short and to the point: 

At your request, I am enclosing the memorandum of  Comrade M.  K. Tikhonrauou. " A  
Report on an Artificial Satellite o f  the Earth." and also forwarded materials from the 
U.S.A. on work being carried out in this field. The current development of [the R-71 
makes it possible for us to speak o f  the possibility of developing in the near future an 
artificral satellite. By reducing the mass o f  the payload somewhat, we will be able to 
achieue the final velocity of 8,000 m/s necessary for a satellite. The product-the satel- 
lite-may be developed on the basis o f  the new [R-71 being developed now, referred to 
above, but with major modifications to the latter. It seems to me that in the present t ~ m e  
there is the opportunity and expediency o f  organizing a scientific-research department 
[at Nll-881 for carrying out the initial exploratory work on a satellite and more detarled 
work on complex problems ~nuolued with this goal. I await your decision &8 

These two documents were the blueprints for the early days of the Soviet space program 
and stand testament to the vision of both Korolev and Tikhonravov. Most of the goals were 
eventually accomplished, although in 1954 none of the involved participants could foresee the 
eventual impact of the report. 

If Korolev's goal was to elicit a formal decree for his proposal. his appeal was not very suc- 
cessful. However, his request seems to have been passed on through various levels of the govern- 
ment and reached the office of defense industry chief Malyshev, officially the Minister of Med~um 
Machine Building. Prompted by Korolev's persuasive arguments. Malyshev, along with three other 
top defense industry officials. submitted a proposal to Soviet leader Malenkov asking permission 
to carry out "work on the scientific-theoretical questions associated with space flight."" No doubt 
interested in the military applications of Tikhonravov's satellite. Malenkov approved the sugges- 
tion. Armed with a modicum of support. Korolev commenced a modest research project at his 
design bureau, coordinated with Tikhonravov's own work at NII-4. Incredibly. as this research was 
taking place, the satellite issue remained divorced from further governmental involvement as 
Korolev was diverted to more important matters relating to the operation of the nuclear-tipped 
R-5M missile and. of course. the work on the R-7 ICBM. It was, however, the very first interven- 
tion by the Soviet government on an issue related to space exploration. 
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Work on an Artlflc~al Satellite of the Earth" (English title) ~n Keldysh ed Tvorcheskoye naslediye Akademika 
Sergeya Paulourcha Koroieua p 343 See also Raushenbakh ed . Materraly po istorri kosmrcheskogo p 209 
Yaroslav Golovanov 'The Beglnnlng of the Space Era" (Engllsh tltle) Pravda October 4 1987 p 3 A P Rornanov 
and V 5 Gubarev Konsirukiory (Moscow Polltlcheskoy literatury 1989) p 75 

89 Sernenov ed Raketno Kosmicheskaya Korporatsiya p 86 The co authors of the proposal were 8 L 
Vanri~kov (Flrst Deputy Minixter of Medium Mach~ne Build~ng) M V Khrunichev (Flrst Deputy Mlnlster of Medlurn 
Machlne Bullding) and K N Rudnev (Deputy Minister of Defense Industries) 



The lnternational Geophysical Year and the Soviet Satellite 

Korolev's satellite work may have continued at a leisurely pace through the mid- 1950s with 
lukewarm governmental support were it not for some surprising and well-publicized events out- 
side the Soviet Union. In the spring of 1950, a group of American scientists led by James A. Van 
Allen met in Silver Spring. Maryland, to d~scuss the possibility of an international scientific pro- 
gram to study the upper atmosphere and outer space via sounding rockets, balloons, and ground 
observations. Strong support from Western European scientists allowed the idea to expand into 
a worldwide program timed to coincide with a period of intense solar activity from July 1 .  1957. 
to December 31. 1957. The part~cipants named this perlod the international Geophysical Year 
(IGY) and created the Comite speciale de l'annee geophysique internationale (the "Special 
Committee for the lnternational Geophysical Year." or "CSACI") to establish an agenda for the 
program. Soviet representatives, including Academy of Sciences Vice-President Academician 
Ivan P. Bardin, served on CSAGI, but it does not seem that they had any significant contribution 
to its proceedings. In fact, the May 1954 deadline for submissions for part~cipating in the IGY 
passed without any word from Soviet authorities. At a subsequent meeting in Rome on October 
4. 1954, Soviet scientists silently witnessed the approval of a historic U.S.-sponsored plan to 
orbit artificial satellites during the IGY.'Vhe satellite proposal clearly surprised the Soviet dele- 
gation, and perhaps it had repercussions w~thin the USSR Academy of Sciences. In the fall of 
1954, the academy established the Interdepartmental Commission for the Coordination and 
Control of Work in the Field of Organization and Accomplishment of lnterplanetary 
Communications, a typically long-winded title that obscured its primary role-a forum for Soviet 
scientists to discuss space exploration in abstract terms, both in secret and in public." 

The existence of the commission was announced on Aprll 16, 1955, in an article in a 
Moscow evening newspaper. Academician Leonid I. Sedov, a relatively well-known gas dynam- 
ics expert, was listed as the chairman of the commission." Unlike the title of the body, the pri- 
mary duty of the commiss~on was stated with unusual explicitness: "One of the immediate 
tasks of the Commiss~on is to organize work concerning bullding an automatic laboratory for 
scientific research in space.""' In hindsight, it is clear that the commission, a part of the 
Astronomy Council in the USSR Academy of Sciences, had very little input or influence over 
de facto decision-making in the Soviet space program. Although one of its functions was to col- 
lect proposals from various scientists on possible scientific experiments that could be mount- 
ed on future satellites, its more important role was to allow Soviet scientists, but not designers. 
to discuss general space issues in a public forum. Sedov played a major role in this respect by 
appearing at numerous international conferences talking in very general terms on the future of 
space exploration. None of the commission's members had any direct connection or contact 
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with the missile and space program, although they were clearly aware of the broad nature of 
Korolev's work. It seems that the latter had little to do with the formation or work of the com- 
mission. He evidently attended one meeting in 1954 to inquire about the group's work.94 

While this Commission had little real authority. Chairman Sedov may have played a crucial 
role in connecting Korolev's satellite efforts with the IGY. The chain of events was set off on 
July 29. 1955, by U.S. President Dwight D. Eisenhower's Press Secretary James C. Hagerty, who 
announced at the White House that the United States would launch "small Earth-circling satel- 
lites" as part of its participation in the IGY." It was at this same time that the International 
Astronautical Federation was holding its Sixth International Astronautical Congress in 
Copenhagen. Denmark. Heading the Soviet delegation were Sedov and Kirill F. Ogorodnikov, the 
edltor of a respected astronomy journal in the USSR. The two were called into act~on by an 
announcement on August 2 by Fred C. Durant Ill, the president of this congress, who report- 
ed the Eisenhower administration's intentions of launching a satellite during the IGY. Not to be 
outdone. Sedov convened a press conference the same day at the Soviet Embassy in 
Copenhagen for about fifty journalists during, at which he announced, "In my opinion, it will I 

be possible to launch an artificial Earth satellite within the next two years." He added. "The 
realization of the Soviet project can be expected in the near future.""' 

It is quite unlikely that Sedov was speaking on his own authority. and he possibly had 
taken cues from highly placed Communist Party officials who were aware of the government's 
approval in August 1954 of exploratory research on space issues. Perhaps a Party or Academy 
of Sciences official back in Moscow had decreed that Durant's statement warranted a response 
from Sedov. Certainly, there had been much discussion on the possibility of Soviet satellites by 
that time, although no single project had received approval. What is known is that the two pro- 
nouncements, the one by the Eisenhower administration and the one by Sedov, were the sub- 
ject of relatively intense scrutiny by the press all over the world. This response seems to have 
been critical for Korolev. 

The May 1954 satellite proposal from Korolev and Tikhonravov had not elicited the kind of 
response rts authors had wanted. Despite the lukewarm reaction, both continued to appeal to 
various senior governmental officials. On January 18. 1955. Tikhonravov. with Korolev's agree- 
ment, sent a letter to Pashkov once again describing the possible uses of artificial satellites. By 
May. Tikhonravov, also with Korolev's supervision, prepared a series of documents on satellites, 
including a rough draft of a governmental decree, and he sent them to Pashkov, now a mem- 
ber of the new Special Committee, and Ustinov's Deputy Rudnev." There were also changes 
made to the or~ginal satellite document from 1954. On June 16, 1955, Tikhonravov and 
OKB-l engineer llya V. Lavrov finished their latest study on artificial satellites. Based on 
Tikhonravov's earlier work. the two suggested a reduced mass of 1.000 to 1.400 kilograms for 

94 Of the twenty seven commission members listed ~n 1957 only two individuals A A Blagonravov and 
D Ye Okhotsimsk~y were directly involved in the ballistic miss~le and space programs The former headed the 
Commissron for Upper Atmosphere Research of the Academy of Sciences which oversaw all scientif~c vertical 
launches The latter was one of the leading mathematicians at the Department of Applied Mathematrcs of the V A 
Steklov Mathematics Institute of the Academy of Sciences who was involved in the early desrgn of the R 7 ICBM 
See lshlinskiy ed Akademck 5 P Korolev p 453 

95 'Statement by James C Hagerty The White House July 29 1955 ' reproduced as Document 1 17 in 
john M Logsdon gen ed with Linda ] Lear Jannelle Warren Findley Ray A Williamson and Dwayne A Day 
Explorrng the Unknown Selected Documents in the History of the U 5 Crvil Space Program Volume I Organczcng 
for Exploratcon (Washington DC NASA SP 42 18) pp 200-01 Ezell and Ezeil The Partnership p 18 

96 Robert W Buchhe~m and the Staff of the Rand Corporation Space Handbook Astronautrcs and its 
Appi~cations (New York Random House 1959) p 277 "Wel l  Launch 1st Moon and B~gger Says Russ ' Los 
Angeles Exarncner August 3 1955 John H~llary "Soviets Planning Early Satellite ' New York Times August 3 1955 

97 Vetrov The Frrst Satellite ' 



the automated satellite. They also proposed the formation of a group of seventy to eighty peo- 
ple to carry out the task of designing and building the satellite and work on future piloted 
spacecraft (Korolev wrote in the margins: "Too many. 30-35 people."). Korolev, more attuned 
to the political reality of such a project, also added that "the creation of [a satellite] will have 
enormous political significance as evidence of the high development level of our country's 
technology."'" 

The process seems to have gained extra urgency with the Eisenhower admin~stration' 
announcement in late July. On August 8. Tikhonravov sent both Pashkov and Korolev a report 
titled "Basic Information on the Scientific Signif~cance of the Simplest Satellite and Proposed 
Costs." Finally, on August 27. Tikhonravov sent another report to Pashkov. Chief Designer 
Glushko, and Chief Designer Ryazanskiy on the technical details of the satellite." All this seemed 
to have had an effect. Pashkov asked his boss Ryabikov to hold a meeting of the powerful Special 
Committee to discuss the issue. Perhaps encouraged by the government's interest. Korolev 
decided to aim much higher than just a simple satellite. In a move that underscores Korolev's 
push for a space program, he had one of his sector chiefs at OKB- I, Yevgeniy F. Ryazanov, quick- 
ly prepare a technical report on the possibility of sending a probe to the Moon using modified 
versions of the R-7 ICBM. Ryazanov emerged with two different three-stage variants of the mis- 
sile, one using the traditional liquid oxygen-kerosene combination and the other using fluorine 
monoxide and ethyl amine propellant. The former would launch a probe weighing 400 kilograms, 
and the latter would have a probe of 800 to 1,000 kilograms. 

The meeting at the offices of the Spec~al Committee was held on August 30. 1955. In 
attendance, besides Committee Chairman Ryabikov, Korolev, and Keldysh, was an engineer 
named Colonel Aleksandr G. Mrykin. Marshal Nedelin's chief means of contact with the mis- 
sile design bureaus.'" At the meeting. Korolev spoke of both his satellites and lunar probes but 
ran into resistance from Mrykin. Notorlous for his legendary short temper and larger-than-life 
personality. Mrykin was not receptive to Korolev's old arguments of the possrbly great political 
importance of a Soviet satellite. The artillery officer told Korolev that only when the R-7 had 
completed its flight testing would they consider a satellite. Fortunately for Korolev, he had 
Keldysh's support, and that may have tipped the scales. While details of the deliberations 
remain extremely sketchy, it seems that Ryabikov approved the use of an R-7 ICBM for a mod- 
est satellite program. Lunar probes were considered too outlandish. There were probably two 
factors worklng in Korolev's favor: the possible use of a satellite for military purposes and the 
Eisenhower administration's announcement of an ICY satellite program. 

Armed with Ryabikov's approval. Korolev attended a second meeting the same day at the 
offices of the "chief scholarly secretary" of the Academy of Sciences, Gennadiy V. Topchiyev. 
Many other scientists and designers, including Keldysh. Tikhonravov, and Glushko, were pre- 
sent. Korolev reported to the distinguished assemblage that the Council of Chief Designers at 
a recent meeting had conducted a detailed examination of modifying the original R-7 into a 
vehicle capable of launching a satellite into orbit. No doubt, he also spoke of the government's 
interest on the matter. At the end of his speech, he made a formal call to build and launch a 
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series of satellites, including one with animals, into space, and he asked that the Academy of 
Sciences establish a formal commission to carry out this goal. Korolev had a specific timetable 
in mind. He told his assemblage, "As for the booster rocket, we hope to begin the first launch- 
es in April-July 1957 . . . before the start of the International Geophysical Year."" If Korolev's 
earlier Simplest Satellite plans had been timed for the indefinite future, the Eisenhower admin- 
istration's announcement in July 1955 completely changed the direction of Korolev's attack. 
Not only did it imbue Korolev's satellite proposal w ~ t h  a new sense of urgency, but it also gave 
him a specific timetable for which to aim. If the United States was planning to launch during 
the ICY. then the Soviets would launch one a few months before the beginning of the ICY. The 
attending scientists at the meeting accepted the new satellite proposal. At Korolev's recom- 
mendatlon, Keldysh was designated the chairman of the commission; Korolev and Tikhonravov 
were to serve as his deputies. 

The following day, on August 3 1 ,  a smaller group. including Korolev. Tikhonravov, and 
Keldysh, met to d~scuss some of the proposals for satellite instruments that many scientists had 
submitted to Sedov's commission during the past year. A few days later. Tikhonravov and 
Keldysh convened with some prominent Soviet scientific scholars to explain details of the satel- 
lite deslgn and how their instruments were being considered. Korolev himself approved a pre- i 
liminary scientific program in September 1955, which included the study of the ionosphere. 
cosmic rays. Earth's magnetic flelds, luminescence in the upper atmosphere, the Sun and its 
Influence on Earth, and other natural phenomena. The deta~led development of a scientific pro- 
gram was left in the hands of the two existing commissions of the Academy of Sciences head- 
ed by Blagonravov and Sedov." 

The approval by the Academy of Sciences to conduct a purely scientific research program 
accelerated matters considerably. In the ensuing months, several important meetings were 
held, both by Keldysh's commission and by the Council of Chief Designers, which elaborated 
on the details of the project. Between December 1955 and March 1956. Keldysh consulted a 
huge number of distinguished scholars to refine the scientific experiments package. They 
included numerous famous Soviet scientists, many of whose names were public knowledge. 
unlike those who were actually developing the spacecraft." It was a large-scale operation wlth 
a single coordinating mechanism, which, because of its "clv~lian" nature, had no precedent. 
Korolev himself was very conscious of the fact that officlal governmental approval had yet to 
be granted, which meant that a rocket for the project was still not available, but the magnitude 
of the Immediate tasks obscured that important issue for the time being. There were continu- 
ous problems with the program because many of those who were cooperating did not share 
Korolev's enthusiasm for the project. For a purely civilian endeavor, the wealth of institutes and 
deslgn bureaus with which he had to deal was also unprecedented. 

It took about four months for Ryabikov's spoken approval in August 1955 to translate into 
a formal decree of the Soviet government. As a purely scientific project managed by the 

101 lshl~nskly ed Akadernik S P Koroleu p 455 Colovanov Koroleu pp 523-24 Colovanov 'The 
Beginning of the Space Era " Others present at th~s  rneet~ng were M A Lavrent~yev and C A Skur~din 

102 lshlinskiy ed Akademrk S P Koroleu pp 455-56 Lard~er iAstronautrque Sovietrque p 107 
Colovanov 'The Beginning of the Space Era " Blagonravovs comrnlsslon was at the tlrne d~rectlng the sclent~f~c 
invest~gat~ons aboard suborb~tal rockets whlle Sedov's commlsslon had recently been establ~shed as a publ~c forum 
for Sov~et sc~entists to drscuss space exploratton 

103 These included atmospher~c spec~alists V I Krasovsk~y L V Kurnosovaya, and S N Vernov the 
young rnathematlcians from the Department of Appl~ed Mathematics T M Eneyev M L L~dov D Ye 
Okhotsimskry and V A Yegorov solar battery expert N S Lidorenko and the more famous Academlc~ans L A 
Arts~mov~ch V L C~nsburg A F loffe P L Kap~tsa. B P Konstantlnov and V A Koteln~kov See lshlrnsk~y ed 
Akaderntk S P Koroleu pp 446 456 Colovanov "The Beg~nn~ng of the Space Era " 



Academy of Sciences, it was not considered a 
top priority. In fact. Soviet government officials 
probably viewed the satellite project in much 
the same manner as they viewed the continuing 
series of scientific rocket flights into the upper 
atrnosphere-an effort that also used military 
missiles for civilian purposes. Such flights were 
relatively inexpensive, unobtrusive, and ignored 
by the political leadership. Consequently, the 
USSR Council of Ministers issued a decree (no. 
149-88ss) on January 30. 1956. calling for the 
creation of an unoriented artificial satellite. The 
document approved the launch of a satellite. 
designated "Object D," in 1957 in time for the 
ICY. As per Tikhonravov's previous computa- 
tions, the mass of the satellite was llmited to 
1.000 to 1.400 kilograms. of whlch 200 to 
300 kilograms would be scientific instruments. 
Apart from the Academy of Sciences, five indus- 
trial ministries would be involved in the project. 
The responsibility for preparing a draft plan for 
Object D fell on the shoulders of Sergey S. 
Kryukov, at the time a department chief at 

A model of the Object D satellrle shown suspended 
in a museum The 1 3  ton observatory carrred 
instruments /or the study of Earth s ionosphere 
magnetic lcelds radiation belts cosmic rays 
meteorords. and so /orth (copyr~ght Quest) 

OKB-I. Tikhonravov served as the "chief scien- 
tific consultant." I" At least two main points of the original report from 1954 were ignored: the 
Party squelched any hope that the satellite would have an orientation system or that it would 
carry a human. Although the text of the decree remains classified. other evidence hints that one 
of the stipulations of the document was to approve exploratory work on a milltary photo- 
reconnaissance satellite at Nll-4 based on the design of Object D."'  

At the time that the resolution was adopted. Korolev was at Kapustln Yar in preparation 
for the nuclear R-5M test, an experiment that was certainly far more important to the fortunes 
of OKB- I than the satellite project. It is apparent, however, that Korolev d ~ d  not want to con- 
sign his dreams of space exploration to a single decree, one among as many as 250 discussed 
per month by the Presid~um (later the Politburo). He wanted a direct verbal promise from the 
Soviet leadership on the satellite project, in particular from Khrushchev himself. His chance 
came in February 1956 during a high-level state visit to OKB-I. Khrushchev, escorted by the 
top Presidium members Bulganin. Molotov, and Pervukhin, as well as Minister Ustinov, were 
on hand to congratulate OKB-I on its recent success with the R-5M and also to review the 
progress on the R-7 ICBM p r o j e ~ t . ~ '  
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The visit, on the morning of February 27, was important for Khrushchev because it was his 
first direct exposure to the top-secret ballistic missile program-an effort that had essentially 
been run by a number of industrial bureaucrats since Stalin's death, out of view from Party lead- 
ers such as Khrushchev." During the visit, the delegation was escorted by Korolev and Nll-88 
Director Aleksey S. Spiridinov on a tour that culminated with a presentation of a full-scale 
model of the R-7 ICBM. The guests were apparently stunned into silence by the size of the vehi- 
cle. Like a good performer, Korolev waited a few seconds for the sight to sink in before giv~ng 
a brief presentation on the vehicle. Khrushchev simply beamed after the report, visibly 
impressed with the capabilities of the missile. 

Clushko then began an elaborate presentation, much different from Korolev's, filled with 
extraneous technical details "like he was talking to first course students at the neighboring 
forestry institute . . . rather than the higher l e a d e r ~ h i p . " ~ ~  Recognizing the pointlessness of a 
technical treatise. Korolev cut Clushko short, before summarizing with a succinct conclusion. 
After a short discussion on the R-7's capabilities, Korolev innocuously added. "Nikita 
Sergeyevich [Khrushchev], we want to introduce you to an application of our rockets for 
research into the upper layers of the atmosphere, and for experiments outside the atmos- 
phere."" The Soviet leader expressed polite interest, although it was clear by this time that 
most of the guests were becoming tired and bored with the proceedings. Undeterred, Korolev 
first showed them huge photographs of suborbital missiles that were used for biological and 
geophysical investigations. Detecting that his guests were in a hurry to leave, he quickly moved 
ahead and pointed everyone's attention to a display in a corner of the room of a model of an 
artificial satellite that had been created as part of the satellite program of the Academy of 
Sciences. Invoking the name of a legendary Soviet scientist. Korolev hurriedly explained that it 
was poss~ble to realize the dreams of Tsiolkovskiy with the use of the R-7 missile. Korolev 
pointed out that the United States had stepped up its satellite program, but that compared to 
the "skinny" U.S. launch vehicle, the Soviet R-7 could significantly outdo that project in terms 
of the mass of the satellite. In clos~ng, he added that the costs for such a project would be mea- 
ger, because the basic expense for the launcher was already allocated in the R-7 booster. 

Khrushchev began to exhibit some interest, and he asked Korolev if such a plan m~ght not 
harm the R-7 weapons research program, given that was the primary focus of work at Korolev's 
design bureau. Clearly oversimplifying the difficulties involved, Korolev shot back that unlike 
the United States, which was spending millions of dollars to develop a special rocket to launch 
a satellite, all the Soviets would have to do was replace the warhead with a satellite on the 
R-7. Khrushchev hesitated for a second, perhaps suspicious of Korolev's intentions, but 
answered back. "If the main task doesn't suffer, do i t . " ' ' "  

After more than two years of explicit lobbying, the artificial satellite project was a reality. 
And ~t owed its approval to Korolev more than anyone. Tikhonravov had provided the techni- 
cal expertise, and Keldysh had helped with his political clout, but it was finally Korolev's repeat- 
ed requests. letters. meetings, reports, and entreaties that finally forced the decision. Korolev 
also had a climate conducive to his needs. His standing among the military and industrial com- 
munity had evolved over the years from maverick engineer to genius manager. His successes 
with the series of ballistic missiles pleased both the military and industry. Also, it did not hurt 
that both of these sectors, by 1956, were populated by individuals who were sympathetic to 
the Korolev's unquenchable thirst for space exploration. Clearly, Korolev alone could not have 

107. Barry. "The Missile Design Bureaux." 
108. Khrushchev, Nikrta Khrushchev: tom I .  p 106. 
109 Ibrd . p. 109. 
110 lb rd .  p p  110-1 I For other brief descr~pt~ons of the February 1956 vlslt. see Ishlinskiy. ed . Akademrk 

5 P Koroleu. pp 3 19-20. 337-38. 



done it. Events outside his control-such as the Eisenhower administration's announcement, 
Sedov's press conference, the fall of the Beriya group in the nuclear weapons industry, and 
Khrushchev's rise to power-were pivotal events on the road to approval. But hindsight sug- 
gests that the Soviet space program was born on January 30, 1956, and without Korolev, i t  
would have never been conceived. 

From Object D to the Simple Satellite 

Object D (or D- I ) was so named because it would be the fifth type of payload to be car- 
ried on an R-7. Objects A, B, V, and C were designations for different nuclear warhead con- 
tainers.'" The satellite was a complex scientific laboratory, far more sophisticated than anything 
planned for launch in the world in 1956. While Kryukov's engineers depended greatly on 
Tikhonravov's early work on satellites, much of the actual design was a journey into uncharted 
territory for OKB- I .  There was little precedent for creating pressurized containers and instru- 
mentation for work in Earth orbit, while long-range communications systems had to be 
designed without the benefit of prior experience. The engineers were aware of the trajectory 
tracking and support capabilities for the R-7 missile, and this provided a context for determin- 
ing the levels of contact with the vehicle. The fact that the object would be out of contact with 
the ground for long per~ods of time (unlike sounding rockets) meant that new self-switching 
automated systems would have to be used. The selection of metals to construct the satellite 
also presented problems to the engineers because the effects of continuous exposure to the 
space environment were still in the realm of conjecture. The experiments and experience from 
sounding rocket tests provided a database for the final selection. 

On February 25. 1956, the Keldysh commission issued the technical requirements for 
building the satellite: detailed design work began on March 5. Tikhonravov's group at 
Nll-4 and Korolev's OKB- I at Nll-88 were the two most active participants in this process, but 
numerous other organizat~ons contributed to various elements of the complete satellite. By 
June 14. Korolev had finalized the necessary changes to the basic 8K7 I version of the R-7 ICBM 
to use it for a satellite launch. The new booster, designated "product 8A92," would incorpo- 
rate a number of major changes, including the use of uprated main engines, the deletion of the 
central radio package on the booster, and a new payload fairing replacing the one used for a 
nuclear warhead. A month later, at a meeting of chief designers on July 24. 1956. Korolev for- 
mally signed the initial draft plan for Object D. The document was co-signed by his senior asso- 
ciates Tikhonravov. Bushuyev. Okhapkin, and Voskresensk~y."' 

The intensive work on Object D was obviously not only project at OKB- I .  In fact, official- 
ly at least, i t  was an effort with very low priority, far behind the plethora of military work that 
Korolev oversaw during this period. These included the dozens of test launches of the strate- 
gic R-5M. the experimental M-5RD and R-5R missiles, and the world's first submarine-launched 
ballistic missile, the R- I I FM. He also directed draft plan work on an improved version of the 
nuclear R-5M, the experimental R-5R, the basic R- I I FM, and an underwater version of the same 
missile. He was the scientific leader for the enormous R-7 ICBM effort and the work on the 
short-range R- I I M,  both yet to fly. This was in addition to work on scientific missiles such as 
the R- I Ye, the R-SA, and of course Object D. There were also various conferences, meetings. 
and functions to attend. Given the magnitude of work at OKB- I, it was becoming cumbersome 

I I I Raushenbakh, ed , Materraly po rstori~ kosrn~cheskogo, p 209. A ,  B. V, G, and D are the f~rst flve let- 
ters of the Russ~an cyrlll~c alphabet. 

l I 2  Goiovanov. Koroleu, p 530: Ishlinsk~y, ed , Akademtk 5. P Korolev, p 446: Varfoiorneyev. "Sovlet 
Rocketry that Conquered Space. Part I " T~khonravov was offlc~ally an employee of Nll-4, but he was ternporarlly 
work~ng as the ch~ef consultant to Nll-88's OKB~ l 



to deal with OKB-I as a functional unit of Nil-88. Thus, by an order (no. 3 10) of the Ministry 
of Defense Industries, dated August 14. 1956. OKB- I became a separate and independent orga- 
nization within the ministry, with its own production plant and scientific research 
departments."' It took ten years for Korolev's small department at a research institute to evolve 
into an independent organization with thousands of employees-one that was the leading 
developer of long-range ballistic missiles in the Soviet Union, and the only one working on a 
space program. 

It was at the same time that four of Korolev's deputies were officially named deputy chief 
designers of the independent entity: Vasiliy P. Mishin (first deputy for planning-design work), 
Konstantin D. Bushuyev (deputy for planning). Sergey 0. Okhapkin (deputy for des~gn and 
documentation), and Leonid A.  Voskresenskiy (deputy for ground and flight-testing).," With 
the except~on of Korolev and Mishin. Bushuyev was the most powerful person at OKB-I. An 
exceptionally intelligent and learned individual, he had played a leading role in the development 
of every single ballistic missile at Nll-88, beginning wrth the R-2 rocket in the late 1950s. The 
forty-two-year-old engineer was OKB- 1's expert in the areas of project plann~ng, project para- 
meter selection, and computation and research work on aerodynamics. ballistics, stability, sur- 
face tension, and missile mass balance. Upon Bushuyev's new appointment as deputy at 
OKB-I, he ~nher~ted all the work on space themes at the design bureau. By 1961, hls sole 
responsibility was all of the space vehicle development, thus overseeing every single plloted 
space project through the 1960s and 1970s.' Bushuyev's new appointment had a second 
dimension. For almost two years, Korolev had been lobbying for a transfer of Tikhonravov's pro- 
ductive group at Nll-4 to OKB- I .  With the acceleration of work on Object D, the government 
finally agreed to the request, and on November 1 ,  1956. Tikhonravov and most of h ~ s  group of 
assistants were institutionally transferred to OKB- I ,  under Bushuyev's command, to comprlse 
the new Department No. 9 ded~cated to space themes."Vevgeniy F. Ryazanov was named 
Tikhonravov's deputy, while another assistant, llya V. Lavrov, was appointed to oversee the 
technical aspects of the Object D effort. 

By m~d-1956, the Object D project was beginning to fall significantly behind schedule. 
Some subcontractors were particularly lackadaisical in their assignments, and parts were often 
delivered that did not fit the original specifications. On September 14. Keldysh made a personal 
plea at a meeting of the Academy of Sciences Pres~dium for speedlng up work. invoking a threat 
all would understand: "we all want our satellite to fly earlier than the Americans." To com- 

113 Chertok Rakety I lyudr p 356 Colovanov Korolev p 464 'TsNIIMash-One of the Leading Space 
Branches' lshlinskiy ed Akademrk 5 P Koroleu p 446 Although the order was slgned in August 1956 it seems that the 
separatron was not enacted until September-October 1956 See Yu A Mozzhorin 'The Central Scientific Research 
Institute of Machlne Building-The Chief Center rn the Sovlet Rocket Space Industry' (English trtle) 17 rston~ aviatsri I kos 
monavt~kr 60 ( 1990) 20-40 

1 14 Chertok Rakety 1 lyudi p 356 All had already been officrally appo~nted deputy chref designers but they had 
been servrng in that capacity in NII 88s OKB I not the independent OKB I Mishin had been appornted in April 1950 
Okhapkrn in December 1952 Voskresenskiy in October 1953 and Bushuyev in 1954 Chertok also suggests that A P 
Abramov was one of those appointed as ch~ef designers in August 1956 but by Abrarnov s own account he was not pro 
rnoted to such a post until I966 By 1961 at least nrne other engrneers had been appointed deputy chief desrgners B Ye 
Chertok D I Kozlov S S Kryukov P I Meleshin M V Melnikov M F Reshetnev Ye V Shabarov M K Tikhonravov 
and P V T~ybrn 

1 15 5 5 Kryukov K D Bushuyev-Scholar Planner Technical Director of the Soyuz Apollo Program ' (English 
title) in B V Raushenbakh ed issledouan~ye tvorchestva osnouopolozhntkov kosmonautrkr I ee souromennyye problemy 
(Moscow Nauka 1989) p 41 M V Keldysh A A Dorodnrtsyn and 5 P Korolev 'On the Scientrfic Activities of K D 
Bushuyev' (English trtle) in Avduyevsk~y and Eneyev eds M V Keldysh pp 197-98 

I 16 lshlrnskiy ed Akademik 5 P Korolev p 447 Korolevs first request for transferrrng Tikhonravovs department 
was durrng a meeting wtth Ustinov on December 22 1954 He repeated the request to Nedelin on December 27 1955 

I 17 An edited version of Keldyshs speech has been published as M V Keldysh ' O n  Artificial Satellites of the 
Earth' (English title) in Avduyevskiy and Eneyev eds M V Keldysh pp 235-40 See also Golovanov Koroleu p 530 
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pensate for the volume of work. Korolev finalized a plan ten days later to divide the work into 
three var~ants of the basic Object D, each distinguished by the nature of its scientrfic appara- 
tus. He then signed an amended draft plan for the satellite on September 25. Its eight scient~f- 
ic goals were listed as: 

Measurement of atmospher~c density, pressure, and ion composition at altitudes between 
200 and 500 kilometers 
Research into solar corpuscular radiation 
Measurement of ion concentrations in the chosen orbit 
Measurement of inherent electrical charges 
Measurement of Earth's magnetic fields at altitudes of 200 to 500 kilometers 
Studies of cosmic rays 
Research into ultraviolet and x-ray portions of the solar spectrum 
Research into the possibility of ensuring the survival of an animal in orbit'" 

Although many of the specifics had changed, much of the basis for Object D was taken 
from the historic proposal for the Simplest Satell~te, which was submitted to the government in 
1954. At a special meeting on September 28. 1956, the Keldysh commission fully approved the 
draft plan, thus freezing the final design of the spacecraft.' " 

Tikhonravov's department had by this time emerged with three airtight desrgns of Object 
D. each with a roughly conical shape and a mass between 1.000 and 1.400 kilograms. The most 
favored version included a power supply system with solar and chemical batteries and used a 
special system of louvers on the exterior and fans on the interior for thermal regulation. There 
were also radio communications devices with multichannel capability for transmitting telemet- 
ric data and receiving ground commands. Three quarters of the mass of the object consisted of 
scientific instruments. In one of the three versions of Object D, engineers ensured the possi- 
bility of installing a small cockpit to carry a dog into orb i t . ' *Th~s cabin was a d~rect modifica- 
tion of capsules launched aboard the upper atmosphere sounding rockets throughout the 
1950s. Few details have been released on the biological version of Object D. although presum- 
ably the animal capsule inside the conical spacecraft was not recoverable, as specified in the 
original 1954 document. 

Events in the satellite program took an abrupt turn in the waning months of 1956. Actual 
test models of Object D, expected to be ready by October. remained unfinished. By early 
November. Korolev was suffering from great anxiety, no doubt compounded by his extraordi- 
narily busy plans, as he traveled from Kaliningrad to Kapustin Yar to Tyura-Tam to Molotovsk 
and back several times to oversee various projects." Part of this anxiety was from serious con- 
cerns that his project would be suddenly preempted with a satellite launch from the United 
States. In September 1956, the U.S. Army had launched a Jupiter C missrle from Patrick Air Force 
Base at Cape Canaveral. Florida. that could have launched a satellite into orbit if it had included 
a live third stage. Korolev mistakenly believed that it had been a secret attempt to launch a 

1 18 The complete text of the draft plan has been publ~shed as 5. P. Korolev, et a l .  "Thes~s Report on the 
Development of a Draft Plan for an A r t ~ f ~ c ~ a l  Satellite of the Earth" (Engl~sh t~tle). In Keldysh. ed . Tuorcheskoye 
nasledtye Akadern~ka Sergeya Paulouicha Koroleua. pp 362-68 

I 19 Ishlinsk~y. ed . Akademtk 5 P Korolev. p 447 The draft plan was approved by the Spec~al Cornm~ttee 
on September 30. 1956 

120 Yu Blryukov. "From the History of Space Sc~ence The Pr~ce of Decis~on-F~rst Place (The F~rst 
Satell~tes)" (Engl~sh title). Auratsrya i kosrnonavt~ka no. I 0  (October 1991): 37-39. 

I2  I Kalin~ngrad was the locat~on of O K B I ,  wh~le sea trials of the R- I I FM were carried out near Molotovsk 
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satellite.'_2 A second concern were the results of static testing of the R-7 engines on the ground.

Instead of the projected specific impulse of 309 to 3 IO seconds, the R-7 engines could not pro-

duce more than 304 seconds--too low for the heavy Object D satellite. He realized that perhaps

he was making this effort too complicated. Why not attempt to launch something simpler on

the first orbital attempt instead of a sophisticated one-and-a-half-ton scientific observatory?

At the end of November, Tikhonravov was perceptive enough to detect Korolev's anxiety

and verbalized it: "What if we make the satellite a little lighter? Thirty kilograms or so, or even

lighter? ..... Not one to sit still, Korolev immediately took action on the matter. On November

2.5, he ordered a young engineer at OKB-I, Nikolay A. Kutyrkin, to begin designing this new

smaller satellite. Another young man, Georgiy M. Grechko, set about calculating preliminary

ballistics on the launch. Politically, it was not all that easy. Keldysh was dead set against the

idea, which was not surprising because he had invested so much time and energy into Object

D. There were other engineers within OKB- I who were also not too enthused by the new plan.

All eventually ceded to the strong-willed Korolev. As insurance, Korolev decided not to depend

on dozens of other subcontractors. He made sure that the satellite would be designed and man-

ufactured completely within his own design bureau with the help of only two outside organi-

zations: the Scientific-Research Institute of Current Sources under Nikolay S. Lidorenko for the

design of the on-board batteries and NII-885 under Chief Designer Ryazanskiy for the radio
transmitters.

On January 5, 1957, Korolev sent a better describing his revised plan to the Special

Committee. He asked for permission to launch two small satellites, each with a mass of forty

to fifty kilograms, during the period of April-June 1957 immediately prior to the beginning of

the IGY. Once again, his thinking was simple: because the United States had plans for launch-

ing satellites during the IGY, he could ensure Soviet preeminence by launching one before the

start of the IGY. This plan would be contingent on the timetable for the R-7 program, which

Korolev admitted was behind schedule: the first launch of the missile was set for March 1957,
at the earliest. Each satellite would orbit Earth at altitudes of 225 to 500 kilometers and contain

a simple shortwave transmitter with a power source sufficient for ten days' operation. Korolev

did not obscure the reasons for the abrupt change in plans:

.. the United States is conducting very intensive plans fior launching an artificial Earth

satellite. The most well-known project under the name "Vanguard" uses a three-stage

missile.., the satellite proposed is a spherical container of 50 centimeters diameter and

a mass of approximately I0 kilograms. In September 1956, the U.S.Zt. attempted to

launch a three-stage missile with a satellite from Patrick Base in the state of Florida

which was kept secret, The _mericans [ailed to launch the satellite,., and the payload

flew about 3,000 miles or approximately 4,800 kilometers. This flight was then publi-

cized in the press as a national record. They emphasized that U.S. rockets can fly high-

er and farther than all the rockets in the world, including Soviet rockets. From separate

printed reports, it is known that the U.S.,zt. is preparing in the nearest months a new

attempt to launch an artificial Earth satellite and is willing to pay any price to achieve

this priority.'"4

122. The launch about which Kofolev was informed was a Jupiter C missile (no. RTV-I), which flew a dis-
tance of 5,300 kilometers on September20, 1956, during a _eentrytest. P_live third stage could have put a small
payload into orbit.

123. Golovanov. "The Beginning o| the SpaceEra": Golovanov, Koroleu.p. _532,
124, The complete text of Korolev's letter is reproduced asS. P,Korolev, "Proposalon the First Launch o[ an

Artificial Satellite of the Earth Beforethe Start of the International Geophysical Year" (English title), in Keldysh, ed.,
Tuorcheskoyenaslediye .,qkademiko SergeyaPaulouieha Koroleua, pp. 369-70.
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While Korolev's information on U.S. plans may have been in error. his instincts were not 
that far off. The United States could have launched a satellite by early 1957, but various insti- 
tutional and political obstacles precluded such an attempt. 

By January 25, 1957. Korolev had approved the initial design details of the satellite official- 
ly designated the Simple Satellite No. I (PS-I). It seems that his letter had adequately invoked 
the specter of U.S. eminence in the field of military technology: Special Committee Chalrman 
Ryabikov was evidently strongly in favor of the new plan. His support proved to be cruc~al. On 
February 15, the USSR Council of Ministers formally signed a decree (no. 171-83%) titled "On 
Measures to Carry out in the International Geophysical Year." agreeing to the new proposal."' 
The two new satellites. PS-l and PS-2, would weigh approximately 100 kilograms and be 
launched in April-May 1957, after one or two fully successful R-7 ICBM launches. Meanwhile. 
the Object D launch was pushed back to April 1958. Focused on a more modest objective. 
Korolev wasted little time. He qulckly sent out technical specifications for the initial satellite 
PS-I to the two subcontractors. In addition, the Experimental Design Bureau of the Moscow 
Power Institute under Chief Designer Aleksey F. Bogomolov modified its Tral telemetry system 
on the R-7 for use on the satellite l a~nch . "~  By this time, there was an impressive sight at the 
Tyura-Tam launch base: the first flight article of the magnificent R-7 was on the launch pad. 

The R-7 in Flight 

The R-7 launch program, as with any other important weapons project, was overseen 
through its test program under the guidance of a special State Commission, a temporary ad hoc 
body comprised of various representatives of the military, industry, and the design bureaus. 

The State Commission lor the Sputnik satelltte shown In 1957 Seated left to rrght are Ivan Bulycheu 
Grlgoriy Udarou Aleksandr Mrykrn Nikoiay Prlyugrn Mstislau Keldysh Vasrliy Mishrn Leontd Voskresenskry 

Vasihy Ryabtkou Mitrofan Nedelin Sergey Koroieu Konstantrn Rudneu Vaientin Glushko and Viadimrr Barmin 
Standrng left lo rrght are Aieksey Bogomolou Pauel Trubacheu Vrktor Kuznetsou Anatolty Vastlyeu 

Konstantin Bushuyeu Aleksandr Nosou Ivan Borisenko Aleksey Nesterenko Georgry Pashkou 
Mtkhatl Ryazanskry and Vtktor Kurbatou (/lies o /Asr /  Stddtqi) 

125. Semenov, ed., Raketno~Kosmicheskaya Korporatsrya. pp 88. 632. Ishl~nsk~y, ed . Akademik 5 P 
Korolev, p. 447. Other sources say that the decree was issued on February 7. 1957. See Vetrov, "The Frrst Satellite." 

126. Lardier. LRstronautrque Soutetrque. p. 108. Ishlinsk~y. ed., Akademik 5 P Koroieu, p. 447 Actual tests 
of the Instrument were conducted beginning May 5. 1957, in w h ~ c h  a helicopter was used t o  track the satell~te us~ng 
a 200-meter cable. The technical specifications for the PS-I  's radio transmitter were approved on February 15, 1957. 
the same day that the project was approved by the Soviet government. 



Unlike formal and permanent institutions such as the Special Committee or the Military- 
Industrial Commission. the State Commission would remain in existence only during the test- 
lng phase, and i t  would serve as the primary condu~t for communication with Party leaders. 
such as Khrushchev, on the state of the program. The USSR Council of Ministers-that is. 
Khrushchev and Bulganin-established a fourteen-member State Commission for the R-7 test 
series on August 3 1 ,  1956. Vasiliy M. Ryabikov, the powerful industrial bureaucrat who over- 
saw the entlre missile industry as chairman of the Special Committee for Armaments of the 
Army and Navy, was appointed to lead the body. Korolev was a deputy chairman and "techni- 
cal leader." The remainder consisted of three military representatives (Mrykin. Nedelin. and 
Nesterenko), five chief designers (Barmin, Glushko, Kuznetsov, Pilyug~n, and Ryazanskiy), and 
four men from the defense industry (Pashkov. Peresypkin. Udarov, and Vladimirskiy). Although 
they were not off~cial members of the commission, two scientists, Mstislav V. Keldysh and 
Aleksandr Yu. Ishlinskiy, participated in its proceedings."' 

The R-7 had run into some major delays in late 1956, primarily related to the work on the 
main engines. Although the first launch was originally planned for early 1957, it had been pro- 
gresslvely shifted to March of that year. Typical of large-scale endeavors, there were numerous 
subcontractor and management problems, all of which were addressed by the State 
Commission in late 1956. As Korolev reported in a letter to the government. "The preparatory 
operations for the first launch of the rocket are proceeding with significant difficulties and 
behind schedule. . .  he static tests of complete first and second stages at Zagorsk finally 
cleared the way for launch planning, and the first experimental model of the R-7, the 8K71SN. 
was transported from Leningrad and assembled at Tyura-Tam in December 1956 for placement 
on the launch pad and subsequent captive tests. The operation of the ground segment of the 
telemetry network was also glven a thorough checkout at the time, with the first telemetr~c con- 
tact between Tyura-Tam and Moscow established on December 27. The tracking, telemetry, and 
command network, officially called the Range Measurement Complex, comprised nlne Tayga 
stations located at various points between one and a half and 8 0 0  kilometers from the launch 
pad at site I, as well as six Kama stations placed between thirty-two and I 2 0  kilometers from 

127 Semenov ed Raketno Kosrnlcheskaya Korporatslya p 79 The offlclal positions of the members of the 
state commission for the R 7 were V M Ryablkov (Chairman of the Speclal Committee) S P Korolev (Chlef 
Designer of OKB I) A C Mrykrn (Flrst Deputy Chlef of the Directorate of the Chief of Reactive Armaments) M I 
Nedelln (Deputy Minister of Defense for React~ve Armaments) A I Nesterenko (Commander of NllP-5) V P 
Barmin (Chief Designer of CKSB SpetsMash) V P Clushko (Ch~ef Deslgner of OKB 456) V I Kuznetsov (Chlef 
Designer of Ni l  10) N A Pilyugin (Chief Designer of NII 885) M 5 Ryazanskiy (Ch~ef Designer and Director of 
N11 885) C N Pashkov (Deputy Chairman of the Speclal Committee) I T Peresypkin (M~n~ster  of 
Commun~cat~ons) C R Udarov (Deputy Mln~ster of Machine Bulldlng) and S M Vladlmirskiy (Deputy Minlster of 
Radio Techn~cal Industry) M V Keldysh was the Chlef of the Department of Applied Mathemat~cs o i  the V A 
Steklov Mathematics Institute of the Academy of Sclences and D~rector of NII I while A Yu lshl~nskiy was the 
Dlrector of the Moscow lnst~tute for Problems of Mechanics and ' Scientific Consultant' to NII 10 By the tlme that 
launches of the R 7 began in May 1957 several other men were involved wlth the work of the State Comm~sslon 
including I T Bulychev (Chlef of the Communicat~ons Directorate of the Mlnlstry of Defense) 1 S Konev (Flrst 
Deputy Min~ster of Defense) A A Makslmov (from the Directorate of the Ch~ef of React~ve Armaments) N D 
Psuitsev (blinlster of Commun~cations) K N Rudnev (Deputy Mlnlster of Defense Industries) and S P Sh~shkin 
(Chief Designer of KB I I )  See Council of Veterans of the Baykonur Cosmodrome Proryu u kosmos pp 10-1 1 
A A Maks~mov "Heat Water and Red Buttons or Rehearsal of the Historlc Launch' (English t~t ie) Zemlya I use 
lennaya no 5 (September-October 1990) 60-65 A A Maks~mov "The F~rst Launch From Baykonur (Engllsh 
tltle) Zernlya I uselennaya no I (January-February 199 1 ) 89-93 
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the target area in the Kamchatka peninsula in the eastern Soviet Union, about 6 . 5 0 0  kilometers 
from Tyura-Tam. " 

On March 4, 1957. Korolev signed the Technical Assignment No. I document. formally 
approving preparations for the launch. Through the remaining days of March and April, various 
members of the State Cornmiss~on flew into Tyura-Tam. Korolev, in the company of Ch~ef 
Designer Pilyugin, arrived on April 10, followed by Chairman Ryabikov six days later. On the 
way to the launch range, Korolev had told Pllyugin that he would not return until the missile 
had flown. The presence of high-ranking military officers Nedelin and Mrykin markedly 
increased the tension at the launch site, partly because of Mrykin's reputation for terrifying rep- 
rimands for those that were not doing their job well. Others remember the atmosphere as being 
festlve as a result of local troops being relocated to new barracks from their previous homes in 
railway cars. On Korolev's suggestion. officials carried out a complete dress rehearsal of the 
transportation from the Assembly-Testing Building at slte 2 to the launch pad at site I on May 
4."" At the pad itself, the missile was uprighted over the launch structure and held down by the 
pad's four "petals." After installation, engineers established electr~cal and pneumatic connec- 
tions with ground equipment. The entire rehearsal was uneventful, save for a humorous inci- 
dent involving Marshal Nedelin, who had decided to check whether the emergency alarm 
system for the launch site was ~n working order. When the appropriate alarm button was 
pressed, nothing happened. Fuming at the failure, Nedel~n vented with full force at englneer Lt. 
Colonel Aleksandr I. Nosov, the Deputy Commander of NllP-5 for Experimental-Test Work. 
Several members of the State Commission entered the command bunker, where they discov- 
ered that a young army sergeant on a cigarette break had left a particularly important swltch in 
the wrong position. Suddenly, the emergency alarm went off, and the fire squadron rushed to 
the site as part of the rehearsal and completely doused the bunker with an extinguisher. 
Needless to say, all the commission members, fully soaked by accident, were not too happy.'" 

On the afternoon of May 6 ,  the R-7 (product 8K7 I number M 1-5) was moved once again 
to the pad, this time escorted on foot by Ryabikov, Korolev. Nedelin, and others in a ceremo- 
nial and solemn act that would become common for future launches.'" Two days later, the State 
Commission formally met to set the first launch window between the 13th and 18th of the 
month. The only major problems were some communicat~ons difficulties with the center at the 
target site near the Klyuchevskhaya-Sopka volcano in Kamchatka. Controllers faced other major 
problems in the following days: there was a guidance system problem as a result of a loose 
screw on the I I th and a more serious electrical supply malfunction the following day during a 
rehearsal launch."' Having rectified these problems, the State Commission met on the night of 
the 14th to approve the first launch between 1400 and 1700 hours. Moscow Time, the follow- 
ing day.04 There were several reasons for the time slot selection. The launch time had to be dur- 
ing daylight hours for local optical tracking. The reentry over Kamchatka peninsula of the 

129. Council of Veterans of the Baykonur Cosmodrome. Proryu u kosmos. p. 90: Villain. ed . Barkonour. p 
55: Varfolomeyev. "Sovret Rocketry that Conquered Space. Part I " .  Mozzhor~n, el a l .  eds.. Nachalo kosrnrcheskoy 
ery p 57 Each station consisted of a set of buildings for equipment and staff accommodations The equipment was 
composed of telemetry, tracking, and time code receivers, which were powered by an rndependent power generator 
In the total Range Measurement Complex in early 1957. there were twelve Binokl tracking devices, e~ght lrtysh inter- 
ferometers. ten KT-50 cinetelescopes, two KST-80 movie telescopes. three c~netheodol~tes, and various other srnall- 
er instruments 

I30 Vrllain, ed.. Baikonour p. 27, Maksimov. "Heat. Water, and Red Buttons". Romanov. Koroieu, pp 
268-69: Lardier, i8stronautrque Souretrque p 92 

13 1 .  Mozzhorln, et a l .  eds.. Nachalo kosm~cheskoy ery, pp 134-35 
132. Colovanov. Koroieu, p 503. Artrcles M I -  l to M 1-4 were ground-test versions. 
133. Vlllaln, ed.. Baikonour, p 2 7 :  Maks~mov. "The F~rst Launch From Baykonur " 
134. Local time was three hours ahead of Moscow Time. 



dummy warhead had to be observed in the night sky. Finally. the launch had to occur as close 
to nighttime as possible so as to prevent observation by U.S. optlcal tracking stations. 

Fueling began on the R-7 at 0400 hours Moscow Time, on May 15, under the direction of 
Ceorgiy M. Crechko. a twenty-six-year-old engineer from OKB- I who would fly into space from 
the same site eighteen years later. The process was quite a grueling ordeal and something to 
which neither the artillery men nor the engineers particularly looked forward. The hardest part 
was handllng liquid oxygen (LOX), which was maintained at a temperature of minus 
190 degrees Centigrade. The oxidizer could not be pumped all at once into the missile because 
the sudden change in temperature would have caused undesirable structural changes in the 
missile. Thus, a little amount was transferred to wash and chill the tanks of the five boosters. 
Only after this could pad workers fill the missile with the bulk of the LOX. Even after complete 
fueling. the LOX hoses were kept attached to the rocket to continually compensate for the 
change to gaseous state of the LOX in the hot temperatures in Kazakhstan. The entire process 
of fueling for the in~tial variant took close to five hours."' 

Tensions were high during launch day, and there was a major altercation between Colonel 
Aleksandr A. Maksimov, the secretary of the State Commission, and Korolev, when the former 
detected a large oxygen leak at the base of the rocket. As more and more individuals began to 
congregate at the pad. Korolev lost his temper and began to demand to Chairman Ryabikov that I 

Maksimov be immediately taken off the   ad area for insubordination. The matter was eventually I 
I 

resolved when Korolev admitted that there was 
in fact a leak: he apologized in front of the entire 
commission to Maksimov. The leak was repaired 
quickly, and launch preparations continued."" 

The launch took place at 1901 hours 
Moscow Time on May 15. 1957. Deputy Chief 
Designer Voskresenskiy and Lt. Colonel Nosov 
supervised the launch sequence from a bunker 
3 0 0  meters from the pad.'" The launch pad's 
"petal" structure performed flawlessly, and the 
rocket l~fted gracefully into the sky. The expec- 
tatlons of the State Commission turned sour 
when incoming telemetry indicated that the 
engine in one of the strap-ons (Blok D) had cut 
off at Tt98 seconds. Engineers later discovered 
that the entire strap-on had broken away from 
the central core, following which the missile dis- 
integrated, with various parts landing as far 
away as 400 kilometers from the launch site. 
Chief Designer Bogomolov, responsible for the 
Tral telemetry system for the booster, had con- 
tinued to shout until almost 3 0 0  seconds that 
all was well because signals were still coming 
In, but Korolev intuitively knew that the rocket 
was going nowhere. "We wanted to surprise 

The first R-7 ICBM shown on the single launch pad 
at site I at Tyura-Tarn cn early 1957 Note the 
"tulip" launch structure around the base of the 

rocket Later operational models of the rocket had a 
different payload la~r ing (copyrcght Steven Zaloga) 
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the world, but the rocket is lying on the ground 300 kilometers from here," he was quoted as 
~ay ing . ' ' ~  An extensive investigation later revealed that a fuel leak in the Blok D engine's pump 
outlet, combined with the heat from the neighboring engines, had led to a fire that had literal- 
ly engulfed the booster almost from launch.'" 

Khrushchev was evidently disappointed by the result. Although he was keenly interested 
in the proceedings at Tyura-Tam. he was careful enough to let Ryabikov. Korolev, and Nedelin 
do their jobs without interference from the higher-ups. He only spoke to Korolev once prior to 
the launch. He told his son: "If there is any need, Korolev will call me, that's how we arranged 
it."140 On the evening of May 15, when the bad news was relayed to h ~ m .  Khrushchev was 
silent and pensive, recognizing that accidents were inevitable in such complex projects. The 
failure took a more serious toll with the engineers back in Kazakhstan. Korolev's deputy 
Voskresenskiy was severely ill immediately following the fa~lure, and Korolev sent him back to 
Moscow along with Chief Designers Barmin and P~lyugin. Most members of the State 
Commission also returned to their dut~es in Moscow until preparations could be made for a sec- 
ond attempt, leaving Korolev to direct the accident investigation and preparations for a second 
launch. The fifty-year-old Korolev was not in good health: he had a bad sore throat and had to 
take penicillin shots several times. His letters to his wife at the time were punctuated with mus- 
i n g ~  full of doubt and frustration: 

W h e n  things are going bad[y,  I have fewer "friends. " . . . My frame o f  mind is bad. I 
will not hide it, it is very difficult to get through our failures. . . . There is a state o f  alarm 
and worry. . . . I t  is a hot 55 degrees here.'ll 

The second R-7 vehicle, 8K7 I number M 1-6, arrived at the pad in earlylune after new heat- 
deflecting shields had been installed in the tail section of the missile. During a launch attempt 
on June 9, there was a sudden abort after the launch command-a problem traced to a nitro- 
gen valve that had remained in the closed position instead of open. The exact same thing 
occurred on another attempt the following day. A final attempt at launch on June I I also ended 
in a launch abort. Just after the abort, the entire area was drenched in a tropical rainstorm. 
which flooded the basement of several buildings, includ~ng the Assembly-Testing Building at 
site 2. Luckily, military personnel were able to save almost all of the valuable equipment, some 
simply by drying out in the Sun.42 

As the engineers pored over telemetry, they determined one of the causes for the abort rel- 
atively quickly: yet another valve was left in a wrong position. It was clear that OKB-I was to 
blame for the incorrect assembly, but Korolev tried every trick he could think of to obscure the 
fact that it was one of his employees who had made the egregious error. Although Korolev was 
magnanimous and fair in his technical evaluations. he was not, by any means, willing to take 
the blame when it was a case of his design bureau over another. His usual strategy in such sit- 
uations would be to either cloud the problem with double-talk or force Glushko or Pilyugin to 
admit to errors. If an accident commission had to be established to address the issue, he always 
sent either Mishin or Voskresenskiy to defend OKB-I, preferring to remain "above the 
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battle." This time, none of those tactics worked. Ryabikov was too smart for that, reading through 
the technical jargon that Korolev had used to obfuscate OKB-1's role in the valve failure. Ryabikov 
reportedly told Korolev. "What a cunning man you are. Sergey Pavlovich! So much stink about 
what might have been caused by others. and so much perfume for your own shit. . . . " "  

After an in-depth investigation, a third rocket, 8K7 I number M 1-7, was moved to the pad 
for launch at 1553 hours on july 12. This time, the missile lifted off into the sky to the cheers 
of observers. The euphoria evaporated when at T+33 seconds, all four strap-ons spuriously sep- 
arated from the core because of a rapid rotation around the longitudinal axis.'.' 

The days following this failure were the lowest point for Korolev and his assoc~ates. 
Suddenly, everything for which they had labored over three years had been put into doubt. 
There was severe criticism from higher officials and even talk of curtailing the entire program. 
For Korolev, the headaches were compounded by the cumulative delays of his Simple Satellite 
project. He had originally planned for an orbital launch before the beginning of the ICY. After a 
month into the IGY, the R-7 had not flown a successful mission. His dreams, his position, and 
his status were all in jeopardy, and this began to affect his temperament. In mid-June, he wrote 
to his wife. "Things are not going very well again," adding with a note of optimism. "Here. 
right here and now, we must strive for the solution we need!" By July, things began to deteri- 
orate. On the 8th. he wrote. "We are working very hard." but after the second launch failure. 
he wrote on the 23rd. "Things are very, very bad."" One of Korolev's biographers wrote in 
1987, "In all the postwar years, no days were more painful, difficult, or tense for Sergey I 

Pavlovich Korolev than those of that hot summer of I 9 5 7 . " " 9 t  this point, it seems that had i 

abandoned his old ways of pitting design bureau against design bureau and genuinely asked for 
cooperation Anatoliy A. Abramov, the senior designer at OKB- I responsible for launch corn- 

I 
plexes, later recalled: 

Now. I /  ever, was the time to despair, to lose faith in the whole program. Howeuer 5 P 
Koroleu's composure and the absence of  any attempt to find "scapegoats" made people 
realize that we had embarked on a new level o f  scientific-technical complexity where 
no one had gone before. To haue fallen into confusion or become mired in apportioning 
blame would haue destroyed the team, its unity and self-confidence. The wefght of 
responsibility resting on S.  P Koroleu's shoulders was enormous, especially when you 
consider [hat he had still not been formally rehabilitated [after his imprisonment] 
Arrest, prison and exile were still fresh in his mrnd. There were, moreover. certatn peo- 
ple gossiping beh~nd his back about the missile being conceptually flawed on the 
premise that the 32 parallel combustion chambers could never be made to operate 
simultaneously and reliably.I4' 

Another R-7. 8K7I  number M 1-8, was brought to the pad, this one lovingly prepared with 
the utmost care. The rocket successfully lifted off the pad at site I at I5  15 hours Moscow Time 
on August 2 I. I957 To the delight of the controllers, all the main engines, all the combustion 
chambers. the four strap-ons, the launch complex, and the hybrid guidance system-all of it- 
worked with clockwork precision. The missile and its payload flew 6.500 kilometers. and the 
warhead entered the atmosphere over the target point at Kamchatka. The only damper on the 
mission came when the specially constructed heat shield for the dummy warhead disintegrat- 
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ed at an altitude of ten kilometers because of excessive thermodynamic forces. Despite the 
unfortunate end, the R-7 had finally flown, vindicating the hopes of thousands of engineers 
who had invested so much in it. Korolev was so subsumed by euphoria that he stayed awake 
until three in the morning, speaking to his deputies and aides about the great possibilities that 
had opened up, about the future, and mostly about his artificial ~atel l i te.~ '  ,% for the missile. 
a quickly dispatched search party of approximately 500 men spent almost a whole week gath- 
ering the remains of the dummy warhead and its thermal coating. 

It was only after the search party returned that the State Commission wrote up an official 
communique on the launch-a statement that was published in the Soviet media. It was 
extremely unusual for Soviet authorities to publicize successes in any military field, and this 
particular anomaly can perhaps be explained by the fact that the press release was aimed as 
much at the United States as it was at Khrushchev's own opponents after the dangerous "Anti- 
Party Croup" had nearly wrested power from him during the summer of 1957. The comrnu- 
nique included the following: 

A few days ago a super-long-range, intercontinental multistage ballistic m~ssile was 
launched. The tests of the missile were successful: they fully confirmed the correctness 
of the calculations and the selected design. The flight of the missile took place at a very 
great, hitherto unattained, altitude. Covering an enormous distance in a short time, the 
missile hit the assigned region. The results obtained show that there is the possibility of 
launching missiles into any region of the terrestrial globe. The solution of the problem 
of creating intercontinental ballistic missiles will make it possible to reach remote 
regions without resorting to strategic aviation, which at the present time is vulnerable 
to modern means of antiaircraft defense. I q 9  

Clearly, it did not have the intended effect on the U.S. public or media, because, for the 
most part, little attention was given ~ t .  Those who did pay attention spoke only to dismiss the 
claim-a stance justified partly by the black hole of information on Soviet ballistic missiles in 
the open press. It would take thirty-eight more days before the entire world would take notice 
that a new age had arrived, heralded by that same ICBM. 

Sputnik 

Work on the S~mple Satellite PS- I had continued at an uneven pace since the development 
of the object began in November 1956. Between March and August 1957, engineers carried out 
computations to select and refine the trajectory of the launch vehlcle and the satellite during 
launch. These enormously complicated computations for the R-7 program were initially done 
by hand using electrical arithrometers and six-digit trigonometric tables. When more complex 
calculations were required, the engineers at OKB-I were offered the use of a "real" computer 
recently installed at the premises of the Department of Applied Mathematics at Keldysh's 
request. The gigantic machine filled up a huge room and may have been the fastest computer 
in the Soviet Union in the late 1950s; it could perform 10.000 operations per second, a remark- 
able capabil~ty for Sov~et computing machines of the time."" 
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Engineers, sc~entists, and military officers expended a major effort in creating a ground infra- 
structure to track and make contact not only with the PS-I, but also with the much more com- 
plex Object D, still awaiting launch in 1958. After fierce competition between the Academy of 
Sciences and Nll-4 in the Ministry of Defense for the contract to build the tracking, telemetry, and 
command network for the satellite, the latter establishment took on the job, in addition to its 
duties in connection with the R-7 tracking network."' This was the beginning of the creation of 
the so-called Command-Measurement Complex (KIK), which has served every single piloted. 
interplanetary, scientific, and military space mission from 1957 to the present time. Overseen by 
Nll-4 Deputy Director Mozzhorin. KIK initially comprised seven major stations spread all across 
the country at Tyura-Tam. Makat. Sary-Shagan. Yeniseysk. Iskhup, Yelizovo, and Klyuchi." All the 
tracking and telemetry data were relayed to a new Coordination-Computation Center, established 
at Nll-4's headquarters in Moscow in early 1957, under the command of Pavel A. Agadzhanov. 
who was personally responsible for overseeing the tracking of all satellites in the early space pro- 
gram. This center eventually became part of the larger KIK when the KIK command center was 
established on July 12. 1957.15' An analogous group was also stationed at Tyura-Tam to support 
the launch of satellites. Although Soviet sources suggest that the center and KIK were primar~ly 
designed and built to support operations of Object D, it is clear that the primary raison d'etre was 
to support future operations of military satellites. 

Work on the Simple Satellite seems to have slowed down somewhat during the intense 
preparations for the R-7 launch in the summer 1957. There were many debates on-the shape of 
the first satellite, with most senior OKB- I designers preferring a conical form because it fit well 
with the nose cone of the rocket. At a meeting early in the year, Korolev had a change-of-heart 
and suggested a metal sphere at least one meter in diameter."< There were six major guidelines 
followed in the construction of the PS- I : 

The satellite would have to be of maximum simplicity and reliability while keeping in mind 
that methods used for the spacecraft would be used in future projects. 
The body of the satellite would be spherical to determine atmospheric density In its path. 
The satellite would be equipped with radio equipment working on at least two wavelengths 
of sufficient power to be tracked by amateurs and to obtain data on the propagation of 
radio waves through the atmosphere. 
The antennas would be designed so as not to affect the intens~ty of the rad~o slgnals 
because of spinning. 
The power sources would comprise on-board chemical batteries, ensuring work for two to 
three weeks. 
The attachment of the satellite to the core stage would be designed in such a way as to 
rnin~mize the possibility of a separation failure. 
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The five primary scientific objectives of the mission were to: 

Test the method of placing an artificial satellite into Earth orbit 
Provide information on the density of the atmosphere by calculating its lifetime in orbit 
Test radio and optical methods of orbital tracking 
Determine the effects of radio wave propagation through the atmosphere 
Check principles of pressurization used on the satellite"' 

The satellite as i t  eventually emerged was a pressurized sphere, fifty-eight centimeters in 
diameter, made of an aluminum alloy. The sphere was constructed by combining two hemi- 
spherical casings together. The pressurized internal volume of the sphere was filled with nitro- 
gen at 1.3 atmospheres, which maintained an electro-chemical source of power (three 
silver-zinc batteries), two D-200 radio transmitters, a DTK-34 thermo-regulation system, a ven- 
tilation system, a communications system, temperature and pressure transmitters, and associ- 
ated wiring. The two radio transmitters operated at frequencies of 20.005 and 
40.002 megacycles at wavelengths of one and a half and seven and a half meters, respectively. 
The signals on both the frequencies were spurts lasting 0.2 to 0.6 seconds, and they carried 
information on the pressure and temperature inside the satellite. They provided the famous 
" beep-beep" sound to the transmissions. The antenna system comprised four rods, two with 
a length of 2.4 meters each and the remaining two with a length of 2.9 meters each, all of which 
would spring open into their unfurled position once the satellite was in orbit. Engineers had 
conducted tests of this radio system as early as May 5, 1957, using a helicopter and a ground 
station. The total mass of the satellite was 83.6 kilograms, of which fifty-one kilograms repre- 
sented the power source. The "lead designer" for the PS- I was Mikhail S. Khomyakov; Oleg G .  
lvanovskiy served as his dep~ ty . ' ' ~  

Korolev, of course, kept close tabs on the 
development of the PS- l  and continuously 
made sure that the spherical satellite was kept 
spotlessly clean and shiny, not only for its reflec- 
tive qualities, but also for its overall aesthetic 
beauty. On one occasion, he flew into a rage at 
a junior assembly shop worker for doing a poor 
job on the outer surface of a mock-up of the 
satellite. "This ball will be exhibited in muse- 
ums!." he shouted."' Deputy Chief Designer 
Bushuyev telephoned Korolev at Tyura-Tam on 
June 24 to inform him that he had just signed 
the document specifying the final configuration 
of the satellite. Actual construction took place 
in Aueust. The launch vehicle earmarked for the " 
satellite was a slightly uprated version of the 

The PS-1 satellite is shown here on a rigglng truck rn 
the assemb(y shop In the fall of 1957 as a technic~an 

basic 8K7 1 ICBM variant, renamed the 8K71 PS. puts linishrng touches on rt 
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The modifications included omitting the 300-kilogram radio package from the top of the core 
booster. changing the burn times of the main engines, removing a vibration measurement sys- 
tem, using a special nozzle system to separate the booster from the satellite installed at the top 
of the core stage, and installing a completely new payload shroud and container, which 
replaced the warhead configuration."Vhe length of the booster with the new shroud was 
29.167 meters, almost four meters shorter than the ICBM version. Because there was some 
doubt as to whether ground observers would be able to observe the tiny satellite in orbit. 
Korolev ensured that the central core of the launch vehicle was sufficiently reflective. 
Academician Vladimir A. Kotelnikov, the Director of the Institute of Radio-technology and 
Electronics at the Academy of Sciences, had one of his scientists develop an angular reflector 
for this purpose. which was installed on the booster core." 

Apart from competition from the United States. Korolev had to unexpectedly address a dif- 
ferent kind of threat at the time, one from withtn the Soviet Union in the person of Chief 
Des~gner Mikhail K. Yangel of OKB-586. In the first quarter of 1957. Yangel's design bureau at 
Dnepropetrovsk, on orders from Ustinov, had begun a study to explore the possibility of modi- 
fying its R- 12 intermediate-range ballistic missile for a satellite launch.'" The missile itself, fueled 
by storable hypergolic propellants, unlike the R-7, was the focus of a five-year-long development 
program, at first under Korolev's tutelage, but later transferred to Dnepropetrovsk. Prodded by 
the unending delays in the R-7 program. Yangel evaluated "the possibility of the immediate 
launch of a similar satellite [as Korolev's] using the simplest of booster rockets based on the 
strategic R- 12 missile."'" Although analysis proved that a hastily modified two-stage R- I2 could 
be used for th~s goal, it did not seem likely that a first launch could be carried out prior to either 
the R-7 or the Americans. To Korolev's relief, the plan was shelved. The R- 12 meanwhile began 
a successful flight test program on June 22, 1957, from Kapustin Yar, at the very same time that 
Korolev was watching his R-7s blow up in the air.'" Ironically. Yangel did end up using the R- 12 
as the basis for a satellite launch vehicle, but that would not be until the early 1960s. 

The Council of Ministers had formally approved the Simple Satellite program in February 
1957. W ~ t h  one R-7 success under his belt. Korolev needed final permission from the State 
Commission to proceed with an orbital launch. Despite the official governmental sanction, rt 
seems that this process was fraught with difficulty, suggesting that even at this late stage, there 
were individuals on the commission who were not interested in the satellite attempt. At a State 
Commission meeting soon after the August launch, Korolev formally asked for permission to 
launch a satellite if a second R-7 successfully flew in early September. For many of the mem- 
bers, while they were aware of the Object D project, the existence of the PS- I effort was a com- 

158 Varfolomeyev. "Soviet Rocketry that Conquered Space Part I " :  Keldysh, ed.. Tuorcheskoye naslediye 
Akadernika Sergeya Pavlouicha Koroleua. p. 365, Mozzhorin. et a / ,  eds . Nachalo kosrnicheskoy ery, pp 60-61 

159 Ishlinskiy, ed., Akademtk 5 P Koroleu. p. 459. The scientist in question was V M Vakhnin 
160. Pappo-Korystin, Platonov, and Pashchenko. Dnepropetrouskiy raketno-kosmrcheskiy tsentr, p 60: 5. N. 

Konyukhov and V A. Pashchenko. "History of Space Launch Vehicles Development." presented at the 46th 
International Astronautical Congress. IAA-95-IAA 2.2 09. Oslo. Norway. October 2-6. 1995 The range of the mis- 
s~le was about 2 000 kilometers. 

16 1 B~ryukov. "From the History of Space Science." Author's emphasis. Confusingly, Korolev's own OKB- I 
had also examined the possib~hty of a "light" alternative satell~te launch vehrcle to the R-7 In late 1957. a depart- 
ment at OKB-I had begun studyrng the possib~lity of a two-stage vehicle, the first using the R-5M and the second 
usrng the R-I I M, as a launcher. The study, finished on August 9. 1957, proved that th~s  multistage booster would 
not be able to launch a forty- to fifty-kilogram payload Into Earth orbit OKB-I also studied a possible satellite launch 
veh~cle usirlg simply the core of the R-7. See Sernenov, ed.. Raketno-Kosmrcheskaya Korporatsiya. p 6 I : Vetrov. "The 
First Satell~te": Afanasyev. R-12- Sandalovoye dereuo. pp. 17-18. 

162 Sergeyev. ed . Khrontka osnounykh sobytry rstorir, p 36. The series ended in December 1958. and the 
missile was declared operatronal on March 4. 1959. The U S. Department of Defense designat~on for the R- I2 was 
the 55-4. wh~le the North Atlantic Treaty Organization (NATO) later named the rnrssile "Sandal " 



plete surprise. Convincing the commission proved to be much harder than expected, and the 
meeting ended in fierce arguments and recriminations. Not easily turned away, Korolev tried 
again at a second session soon after, this time using a political ploy: " I  propose let us put the 
question of national priority in launching the world's first artificial Earth satellite to the 
Presidium of the Central Committee of the Communist Party. Let them settle i t . ""  It worked. 
None of the members wanted to take the blame for a potential miscalculation, and Korolev got 
what he wanted. A final document for launch. "The Program for Carrying out a Test Launch of 
a Simple Unoriented ISZ (Object PS) Using the Product 8K7I PS." was later signed by Ryabikov 
(Special Committee), Nedelin (Ministry of Defense), Ustinov (Ministry of Defense Industries), 
Kalmykov (Ministry of Radio-Technical Industry), and Nesmeyanov (Academy of Sciences)." 

The subsequent launch of the R-7 on September 7 was as successful as the one in August. 
and the missile. 8K7 I number M 1-9, flew across the Soviet Union before depositing its dummy 
warhead in Kamchatka. Like the previous time, the warhead container disintegrated." For the 
engineers workrng on the satellite, this was of minor significance. because the flight profile on 
the orbital mission would be different. In the summer. Korolev. Clushko, and the other chief 
designers had informally targeted the satellite launch for the 100th anniversary of Tsiolkovskiy's 
birth on September 17th, but achieving this date proved increasingly unrealistic. Instead of 
being at Tyura-Tam for a space launch on that day. Korolev and Clushko were both In atten- 
dance at the Pillard Hall of the Palace of Unions in Moscow for a special celebration of the great 
visionary's birthday. In a long speech to the distingu~shed audience. Korolev, whose real job 
was not revealed, predicted that "in the nearest future the first test launches of artificial satel- 
lites of the Earth with scientific goals w ~ l l  take place In the USSR and the USA.""  The audi- 
ence, of course, had little evidence to suspect that Korolev's pronouncement was not simply a 
vague prediction for an indefinite time. 

On September 20, Korolev was in Moscow for a meeting of the State Commission for the 
PS-I launch." Chairman Ryabikov, Marshal Nedelin. Korolev, and Keldysh were the principal 
participants, and they established October 6 as the launch's target date based on the pace of 
preparations. At the same meeting, they decided to publicly announce the launch of the PS-I 
after the completion of the first orbit. Ryabikov wrote up a communique to th~s  effect on 
September 23." The frequencies for tracking by amateurs had already been announced earher 
in the year in issues of the journal Radio, although details of the program had obviously been 
omitted. Korolev meanwhile flew into Tyura-Tam on September 29, staying in a small house 
close to the primary activity area near site 2. 
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The preparations for launching were for the most part uneventful, save for the last-minute 
replacement of one of the batteries on the flight version of the PS- I. Still apprehensive over a last- 
minute launch from the United States, Korolev abruptly proposed to the State Comm~ssion that 
the launch be brought forward two days. His concerns were apparently prompted by plans for a 
conference in Washington, D.C.. to be held in early October as part of ICY proceedings. 
According to Korolev's information, American delegates would present a paper titled "Satellite 
Over the Planet" on the 6th, the day of the PS-1's scheduled launch. He believed that the pre- 
sentation was timed to coincide with a hitherto unannounced launch attempt of a U.S. ~atel l i te.~'~ 
Local KGB representatives assured Korolev that this was not so, but Korolev was convinced that 
there would be a launch of an Army Jupiter C on that day. The State Commission buckled under 
Korolev's wishes and moved the PS- I launch forward by two days to the 4th; Korolev signed the 
final order for launch at four in the afternoon on the 2nd and sent it to Moscow for approval. '" 

The R-7,8K7I PS number M I-PS, was transported and installed on the launch pad ~n the early 
morning of October 3, escorted on foot by Korolev, Ryabikov, and other members of the State 
Commission. Fueling began the following morning at 0545 hours local time under Crechko's 
supervision. Korolev, although under pressure, remained cautious throughout the proceedings. 
He told his engineers. "Nobody will hurry us. If you have even the tiniest doubt, we will stop the 
testing and make the corrections on the satellite. There is still time. . . . " "  Most of the engineers, 
understandably enough, did not have time to ponder over the historical value or importance of 
the upcoming event. The PS-1's Deputy Designer lvanovskiy recalled, "Nobody back then was 
thinking about the magnitude of what was going on: everyone did his own job, living through its 
disappointments and joys." "' 

On the night of the 4th, huge flood lights illuminated the launch pad as the engineers in their 
blockhouse checked off the rocket's systems. In the command bunker, accompanying Korolev 
were some of the senlor members of the State Commission: Ryabikov, Keldysh. Glushko, and 
Pilyugin, as well as Deputy Chief Designer Voskresenskiy and Lt. Colonel Nosov, the two indi- 
viduals overseeing all launch operations. Both v~ewed the launch pad through periscopes as they 
gave the final orders. Boris 5. Chekunov, a young lieutenant in charge of pushing the launch but- 
ton, later recalled the final moments as the clock ticked past midnight local time: 

When only a few minutes remained until liftoff. Koroleu nodded to his deputy 
Voskresenskiy. The operators froze, awaiting the final order Aleksandr Nosov, the ch~ef 
of the launch control team, stood at the periscope. He could see the whole pad. "One 
minute to go!." he called." 

OKB- I senior engineer Shabarov, also in the bunker, adds: 

With the exception of the operators. everybody was standing. Only N. A. Pilyugin and 
S. P Korolev were allowed to sit down. The launch director [Nosov] began issuing com- 
mands. I kept an eye on S. P. Korolev. He seemed nervous although he tried to conceal it. 
He was carefully examining the readings o f  the various instruments without missing any 
nuance of our body language and tone o f  voice. I f  anybody raised their voice or showed 
signs of nervousness. Korolev was instantly on the alert to see what was going on. 
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The seconds counted down to zero, and Nosov shouted the command for liftoff. 
Chekunov immediately pressed the launch button. At exactly 2228 hours. 34 seconds. Moscow 
Time, the engines ignited, and the 272.830-kilogram booster lifted off the pad in a blaze of light 
and smoke. The five engines of the R-7 generated about 398 tons of thrust at launch. Although 
the rocket lifted off gracefully, there were problems. Delays in the firing of several engines could 
have easily resulted in a launch abort. Second, at Tt16 seconds, the Tank Emptying System 
malfunctioned, resulting in a higher than normal kerosene consumption. A turblne failure 
because of this resulted in main engine cutoff one second prior to the planned m ~ m e n t . " ~  
Separation from the core stage, however, occurred successfully at Tt324.5 seconds, and the 
83.6-kilogram PS- I successfully fell into a free-fall elliptical trajectory. The first human-made 
object had entered orbit around Earth. A new era had begun. 

With most State Commission members still In the bunker, engineers at Tyura-Tam awaited 
confirmation of orbit insert~on from the PS- I in a van set up about 800 meters from the launch 
pad. As a huge crowd waited outside the van, radio operator Vyecheslav I. Lappo, from Nil-885, 
who had personally designed the on-board transmitters, sat expectantly for the first signal. There 
was cheering once the Kamchatka station picked up signals from the satellite, but Korolev cut 
everybody off: "Hold off on the celebrations. The station people could be mistaken. Let's judge 
the signals for ourselves when the satellite comes back after its first orbit around the Earth." '" 

Eventually the distinct "beep-beep-beep" of the craft came in clearly over the radio waves, and 
the crowd began to celebrate. Chief Designer Ryazanskiy, who was at the van, ~mmediately tele- 
phoned Korolev in the bunker. The ballistics experts at the Coordination-Computation Center 
back In Moscow had determined that the satellite was in an orbit with a perigee of 228 kilome- 
ters and an apogee of 947 kilometers, the latter about eighty kilometers lower than planned 
because of the early engine cutoff. The inclination of the orbit to Earth's equator was 
65.6 degrees, while the orbital period was 96.1 7 m~nutes.'" Experts at the center had also deter- 
mined that the satellite was slowly losing altitude, but State Commission Chairman Ryabikov 
waited until the second orbit was over prior to telephoning the Soviet leader. 

According to conventional wisdom. Khrushchev's reaction to the launch was unusually 
subdued for an event of such magnitude, indicat~ng that he, like many others. did not imme- 
diately grasp the true propaganda effect of such a historic moment. He told the press: 

When the satellite was launched, they phoned me that the rocket had taken the right 
course and that the satellite was already revolving around the earth. I congratulated the 
entire group of engineers and technicians on this outstanding achievement and calmly 
went to bed.I7" 

Khrushchev's son, however, recalls that his father's reaction was a little more enthused. 
The older Khrushchev at the time was on visit to Kiev to discuss economic issues with the 
Ukrainian Party leadership. Around I I :00 p.m., these negotiations were interrupted by a tele- 
phone call. Khrushchev quietly took the call. then returned back to his discussions without say- 
ing anything. Eventually, as his son recalled, the news was too difficult to keep under wraps: 
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He finally couldn't resist saying [to the Ukrainian officials]: "I can tell you some uery 
pleasant and important news. Korolev just called (at this point he acqurred a secretive 
look). He's one of our missile designers. Remember not to mention his name-it's clas- 
sified. So. Koroleu has just reported that today, a little while ago, an artificial satellite 
of the Earth was launched. " ' "  

The Soviet leader was animated the rest of the evening, speaking in glowing terms about the 
new era of missiles, which could "demonstrate the advantages of socialism in actual practice" 
to the Americans. 

For the engineers and scientists responsible for the achievement. October 5 was a day like 
no other. Korolev's deputy Shabarov ordered the chief of the dispatch off~ce to hand out one 
teapot of alcohol to each man at the fir~ng range During the latter part of the day, there was a 
celebration in a small movie theater in Tyura-Tam; Ryabikov made a speech congratulating all, 
followed by Korolev and Keldysh. It was only later, after nightfall, that Korolev and a small 
group of h ~ s  co-workers took off in an 1 1 -  14 aircraft from Tyura-Tam to head for Moscow. Most 
were exhausted and slept through the flight, having spent the previous night without any rest. 
After takeoff, the pilot of the airplane, Tolya Yesenin, came out of the cockpit and bent over 
Korolev's seat to tell him that "the whole world was abuzz" with the launch. Korolev quickly 
got up and went into the pilot's cabin. Returning back to the passenger's area, he announced 
gleefully to everybody, "Well comrades, you can't imagine-the whole world I S  talking about 
our satellite," adding with a huge smile. "It  seems that we have caused quite a stir. . . . " " :  

On the morning of October 5 ,  the official Soviet news agency TASS released the commu- 
nique Ryabikov had authored. Published in the morning edition of Pravda, it was exceptional- 
ly low key and was not the headline of the day: 

For several years scientific research and experimental design work haue been conduct- 
ed in the Soviet Union on the creation of artificial satellites. As has already been report- 
ed in the press, the first launching[s] of the satellites rn the USSR were planned for 
realization In accordance wrth the scientific research program of the International 
Geophysical Year As a result of very intensive work by scientific research institutes and 
design bureaus the first artificial satellite in the world has been created. On October 4. 
19.57, this first satellite was successfully launched in the USSR. According to prelrminary 
data, the carrier rocket has imparted to the satellite the required orb~tal velocity of about 
8000 meters per second. At the present time the satellite is describing elliptical trajecto- 
ries around the earth, and its flight can be observed in the rays of the rising and setting 
sun with the aid of uery simple optical instruments (binoculars, telescopes, etc ) ' I  

The Soviet media did not ascribe a specific name for the satellite, generally referring to ~t 
as Sputnik, the Russian word for "satellite." often also loosely translated as "fellow traveler." 

As the med~a tumult over Sputnik began to mount in the West. the Soviet leadersh~p began 
to capltal~ze on the utter pandemonium pervading the discourse on the satellite in the United 
States. On October 9.  Prauda published a long report deta~ling the construction and design of 
the satellite." The parties responsible for this great deed were, of course, not named. Hav~ng 
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been Involved in the defense industry, the real job titles of the members of the Council of Chlef 
Designers had always remained secret, although Tikhonravov and others had freely published 
under their own names through the 1950s on top~cs of general interest. This suddenly changed 
as their names disappeared from official histories. Beginning with the launch of Sputnik, of the 
major contributors to the success of Sputnik. Korolev, Glushko, and Keldysh were referred in 
the open press as the Chief Designer of Rocket-Space Systems, the Chief Designer of Rocket 
Engines, and the Chief Theoretician of Cosmonautics, respectively. The fourth. Tikhonravov. 
did not even have a pseudonym for himself. 

The titles not only hid their identities, but also added an element of enigma to the men 
behind the world's first space program. New editions of histories of Soviet rocketry published 
prior to 1957 ceased to carry Korolev's name, and Soviet encyclopedias subsequently listed him 
as heading a laboratory in an unspecified "machine building" institute in the Soviet Union. 
Glushko, meanwhile. was said to be laboratory chief at the Moscow Institute of Mineral Fuels.83 
Korolev, certainly in recognition of the key role he played, was allowed to write in no less an 
important newspaper as Prauda, but under the pseudonym "Professor K. Sergeyev." His first 
article. titled "Research into Cosmic Space." was published on December 12. 1957. 
Khrushchev claimed at the time that as the years went by, "the photographs and names of 
these illustrious people will be made public." but that for the moment, "in order to ensure the 
country's security and the lives of these scientists, engineers. technicians, and other special- 
ists, we cannot yet make known their names or publish their photographs."'"-' 

As time went by, the publicity afforded the Soviet space program by its own media became 
uniquely perverse. One could read countless books and articles on the effort and not learn any- 
thing new about the program. Pages and pages would often be filled with supposedly amusing 
anecdotes about anonymous people without once mentioning a name, a date, a place, or an 
~nstitution. Although this state of events marginally improved by the end of the 1960s. there 
were four main elements of the veil of secrecy: plans for future space missions were never men- 
tioned; failures were omitted from historical discussion; the names of engineers and adminis- 
trators were not mentioned until they were deceased; and the military was never implicated in 
the operation of the space program. There were, of course, other corollaries, such as the vague- 
ness of details about spacecraft, missions, launching sites, funding, and administrative struc- 
ture, but by and large, these four elements dominated the reportage of the Soviet space program 
from its i n c e ~ t ~ o n  in 1957 

The chie'f designers toiling in anonymity not only had to have their work go unrecognized. 
but they were often the subject of ironic twists of fate. For example. Academician Sedov, the 
erstwhile chairman of the Commission for Interplanetary Communications, was allowed to 
publicly travel and speak prominently concerning the Soviet space program, presumably 
because he had no direct responsibility or connection with anything in the program. Korolev's 
engineers would. ~n fact, joke about the time Korolev invited Sedov to the launch pad at Tyura- 
Tam to see an R-7 with a satellite on it. Sedov surprised everyone by asking where exactly the 
satellite was on the rocket. Some, such as Academicians Blagonravov and Vernov, who had 
peripheral knowledge about the space program were allowed to talk, but as one Russian jour- 
nalist later wrote, they "were so ensriaredby what they had signed about not disclosing gov- 
ernmental secrets. that they uttered only banalities, and thus differed only slightly from the 
uninitiated [such as Sedov].""' 
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One can imagine how Korolev, Glushko, Pilyugin, Barmin, and Tikhonravov must have felt 
watching Sedov, Blagonravov, and others traveling across the world, giving speeches to 
awestruck audiences, who believed they were looking at the founders of the Soviet space pro- 
gram. Eventually, the secrecy was loosened, and the names were released. Of the six original 
chief designers whose names were classified top secret in 1957, all would eventually live to see 
their names in the press-except one, the founder and instigator of humankind's first step into 
the cosmos, Sergey Pavlovich Korolev. 



CHAPTER FIVE 

DESIGNING T H E  

FIRST SPACESHIP 

On October 4. 1957, in an imperceptible way, the course of human history changed. In the 
forty years following that singular event, it is easy to lose sight of the significance of Sputnik. 
For the first time in history, humans had managed to break free of Earth's atmosphere and loft 
a modest product of their handiwork into the heavens. There were. of course, more earthly con- 
siderations. The Soviet satellite served as a distinct milestone: it moved the Cold War into a 
new phase-one characterized by the very real possibility of Soviet dominance in the new 
arena of space, and thus, by extension, on Earth. With only a ball of metal, the Soviets had 
managed to achieve what they were unable to convey with decades of rhetoric on the virtues 
of socialism: that the USSR was a power with which to be reckoned. In this climate, the Soviet 
space program was much more than the sum of its parts. In reality, its parts were very far and 
few in between. Barring a few isolated proposals, there was, in fact, no Soviet space program 
in 1957. There were no long-range goals, no governing body for the space program, no finan- 
cial planning, no agenda, and no direction. Th~s suspension into limbo continued to exist for 
the next few years, hidden, of course, beneath the pages and pages of Soviet propaganda hail- 
ing the glorious benefits of a nationwide effort. 

The Immediate Aftermath 

The engineers at OKB-I could be forgiven for hoping for a respite from the relentless 
months of hard work in support of both the R-7 and the first Sputnik. At the time. Korolev 
allowed all his key deputies to take a short vacation-the first in many years-to rejuvenate 
their energies. First Deputy Chief Designer Mishin, Deputy Chief Designer Voskresenskiy, their 
assistants, and " a  group of the main workers" from the Design Bureau were sent off to the sea- 
side resort of Sochi.' Korolev, who returned to Moscow on October 5, elected not to take 
advantage of the break but instead began to play with an ambitious idea to sustain the suc- 
cesses of the new space program. After Korolev's return, Soviet leader Khrushchev immediate- 
ly called him to find out all the details of the Sputnik launch. During the conversation. 
Khrushchev asked casually whether Korolev could launch another satellite, possibly in time for 
the fortieth anniversary of the Great October Socialist Revolution on November 7. Without any 
hesitation. Korolev suggested that his team could launch a dog. Khrushchev was ecstatic about 
the Idea, stipulating only that the launch had to take place by the holiday. Korolev assured him 

I A. Tarasov. "Miss~ons In Dreams and Real~ty" (Engl~sh title). Prauda. October 20, 1989. p. 4 



they would do their best to make the deadline.' Khrushchev asked his "right-hand man." Frol 
R. Kozlov, to handle all logistical issues. The next day, the Central Committee held a meeting 
in Kozlov's presence, during which the six key chief designers agreed that to facilitate the 
launch in less than a month, the design of the spacecraft would have to be simplified as much 
as possible. Kozlov emphasized to Korolev that the launch would have to be in time for the 
holidays "without fall."' The official order for the launch was issued on October 12. 1957, eight 
days after the launch of the first Sputnik. 

Vacations were immediately cut short as Korolev ordered all his deputies back to 
Kaliningrad. They would have less than a month to bring the project to fruition. The optlons 
available to the engineers were slim: either prepare the biological version of the Object D satel- 
lite or create a completely new spacecraft. Because the former was still far from ready, they 
adopted a plan to make maximal use of the small PS-l structure used for the first satellite. 
OKB- l also had the advantage of a large database of experience ~n launching dogs and other 
animals on "vertical" trajectories into the upper atmosphere through the 1950s on modified 
versions of the R I ,  R-2, and R-5 missiles. Engineers took a container originally earmarked for [ 
the next launch of the "biological" R-2A missile and used it as a basis for the new satellite. 
whrch was designated Simple Satellite No. 2 (PS-2). Once again. Korolev used as few outside 

i 
organizations as possible. Chief Designer Semyon A. Alekseyev's Plant No. 9 1 8  at Tomilino, 
which specialized in high-altitude pressure suits, provided the suit for the dog, while the 

I 
Leningrad-based Biofizpribor Special Design Bureau was tasked to build a feeding trough for the 
animal. Both organizations had particrpated in the same capacity in the vertical dog launch pro- 
gram of the 1950s. The Experimental Design Bureau of the Moscow Power Institute under Chief 
Designer Aleksey F. Bogomolov prepared the modest Tral ("trawl") radio transmitters for the 
communication of telemetry on the vital slgns of the animal." slow-scan television system 
named Seliger was also built to transmit Images of the dog in space: it had a capability of 
200 lines per frame and ten frames per second. 

Technical operations on the construction of the PS-2 formally began on October 10. 1957, 

just six days after the launch of the first Sputnik. The satellite, as it emerged in the following 
days, was a small stubby cylindrical container for a single dog, which contained life support 
systems and instruments for monitoring the life signs of the dog and the internal atmosphere 
of the capsule. The life support system included a "regeneration unit" containing chemical 
compounds, which absorbed carbon dioxide and excess water vapor. The system was designed 
to operate automatically. No provision was made to return the dog from orbit because neither 
the technology nor the time was available to prepare for such a misslon. Doctors expected to 
put the anlmal to sleep with an automated injection of poison prlor to oxygen depletion ~n the 
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life support system. The cylindrical container was crowned by a spherical object, identical in 
design to the first Sputnik, which housed the radio-telemetry systems, thermal systems, and 
power sources. A few scientific instruments were attached externally near the top of the boost- 
er core. These were for investigations of solar radiation in the ultraviolet and x-ray regions of 
the spectrum and for the study of cosmic rays. The total mass of the payload was 508.3 kilo- 
grams, a significant leap from the modest PS- I .  Korolev's engineers designed the payload in 
such a way that it would remain attached to the central core of the R-7 booster throughout its 
time in orbit, thus enabling the satellite to use the same telemetry system as the rocket. This 
not only eliminated the development of a new telemetry system for the dog, but it would also 
help keep the temperature down in the dog container, a major concern for the designers. By 
October 18, a new R-7 ICBM for this next launch had been shipped to Tyura-Tam following a 
series of extensive tests at the assembly plant at Kaliningrad.' Korolev took an Aeroflot flight 
from Moscow eight days later, arriving back at the launch range via Tashkent. 

Originally, there was a pool of ten dogs to choose for the flight, all of them trained at the 
Air Force's Institute of Aviation Medicine for previous upper atmospheric vertical flights. From 
a final three of Albina. Layka, and Mukha, biomedicine specialist Academician Vasiliy V. Parin 
selected Layka ("barker") to have the honor of being the first living being to reach orbit. The 
choice was primarily based on the dog's even temperament. Air Force doctor Vladimir I. 
Yazdovskiy recalls: 

Layka was a wonderful dog. . . . quiet and very placid. Before the flight to the cos- 
modrome I once brought her home and showed her to the children. They played with 
her. I wanted to do something nice for the dog. She had only a very short time to live, 
you see,6 

Alblna, with two prior flight experiences, was named Layka's "double" for the mission. A 
group of six physicians, headed by Oleg G. Gazenko, assisted in an intensive training program 
for the three dogs In the days preceding the scheduled launch. Before flying to the launch site. 
Yazdovskiy and Cazenko operated on the two dogs. They attached wires connected to sensors 
to monitor respiration frequency over their ribs and under their skins. A portion of the carotid 
artery was also diverted into a piece of skin to record pulse and blood pre~sure.~ Layka was put 
in the satellite container at mid-day on October 3 1 ,  and by nighttime, the payload had been 
attached to the booster rocket. 8K7 I PS number M I  -2PS. Temperatures at Tyura-Tam were very 
cold at the time, and the container was heated via a special hose attached to an air conditioner 
during the preparations for launch. Yazdovskiy, the de facto head of all biomedical operations. 
asked two of his assistants to keep a constant watch on Layka through the stacking procedures. 
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The 8K71 PS booster lifted off on time at 
0530 hours. 42 seconds Moscow Time on 
November 3, 1957, from the pad at site I at 
Tyura-Tam.' Although the dog's pulse tripled 
during the launch phase, all vital signs were nor- 
mal. The PS-2 spacecraft, named the "Second 
Artificial Satellite" in the Soviet press, success- 
fully entered a 225- by 1,67 1 -kilometer orbit 
wtth an inclination of 65.3 degrees to the equa- 
tor. The satellite payload remained attached to 
the central block of the R-7 vehicle throughout 
its orbital flight. Total mass in orbit was about 
S IX  and a half tons, approximately one- 
thirteenth of which was the actual payload. 
Doctors monitoring Layka in the following days 
began to notice a significant rise in the internal 
temperature of the biological compartment. 
apparently a result of inefficiencies and mal- 
functions in the spacecraft's thermal control 
system. For almost the entire period of her 
flight. Layka suffered a modicum of discomfort 
because of these high temperatures. The poor 
dog finally succumbed to heat exhaustion on 
the fourth day of the mission on November 7. 
Later analysis on the ground based on incoming 
telemetry confirmed the suspicions of doctors 
that overheating had in fact caused her death." 

Sputn~k 2 IS shown with its unrque payload shroud 
at the launch pad a! Tyura Tam in November 1957 

Warm arr was pcped Into the capsule to keep the 
dog iayko comJortable amrd the freezing 

The Soviets revealed one striking piece of temperatures (flies 01 Peter Gorin) 

Information unrelated to Layka many years later. 
The scientific instruments on the PS-2 had performed without any problems for a week and had 
detected evidence for the existence of a radiation belt around Earth. Soviet scientists on the 
ground who studied the data were, however. "circumspect in their interpretations" of the infor- 
mation."' In the end, the first U.S. satellite. Explorer I ,  returned the same data a few months 
later, and the United States claimed one of the great discoveries of the early space age, the exis- 
tence of a continuous band of radiation belts around Earth. The PS-2 spacecraft finally decayed 
from orbit on Apr~l  14. 1958. with its deceased passenger, having contributed to another long 
line of "firsts" in the Soviet space program. 

8 Counc~l of Veterans of the Baykonur Cosrnodrome Proryu v kosmos (Moscow TOO 'Veles " 1994) 
p 176 Another source states that the launch was at 0722 hours Moscow Time See Yu P Sernenov ed Raketno 
Kosmicheskaya Korporats~ya "Energrya" rmenr 5 P Koroleua (Korolev RKK Energiya named after S P Korolev 
1996) p 92 

9 Yu A Mozzhor~n el a1 eds Dorogr v kosmos I (Moscow MA1 1992) p 60 Golovanov Korolev p 
5 5  1 Some reports have suggested that the temperature rrse was a result of the nonseparation of the central R 7 sus 
tatner from the payload See Biryukov "From the History of Space Science' K V Gerch~k ed Nezabyvayemyy 
Baykonur (Moscow lnterreg~onal Council of Veterans of the Baykonur Cosmodrome 1998) p 114 

I 0  Biryukov ' From the H~story of Space Sc~ence 



As the PS-2 was finding its way into the atmosphere, the engineers at OKB- I were finally 
completing preparations to launch Object D, which had originally been slated to be the first 
Soviet satellite. Having been usurped from its place by the smaller PS-I and PS-2 spacecraft. 
Object D was the last Soviet space project in existence at the time. The fact that government 
permission to allow work on Object D was not an endorsement for further space projects had 
become all  too apparent by early 1958. There was, of course, little suspicion or knowledge in 
the West that all the Sputnik launches were either one-off efforts or hastily put-together pro- 
jects resulting from the suggestions of a few anonymous men. In fact, the breadth and number 
of scientific instruments on board the spacecraft was literally a jolt to Western scientists. The 
1.327-kilogram observatory made out of aluminum alloy was the first Soviet spacecraft to carry 
a "command radio-link" device for the control of instrumentation in orbit. There were twelve 
scientific experiments on board for the measurement and detection of: 

Primary cosmic radiation intensity 
The nuclei of heavy elements in cosmic rays 
Micrometeorites 
Atmospheric pressure 
Ion composition in the atmosphere 
The concentration of positive ions 
The magnitude of electric charges 
The intensity of electrostatic and magnetic fields 
The intensity of corpuscular solar radiation 

The Tral multichannel telemetry system included a data recorder to store measurements out 
of the zone of communications visibility. Power was supplied by the first solar batteries used 
on a spacecraft, while internal temperature was controlied via circulating gaseous nitrogen. The 
useful payload of the sophisticated scientific observatory was 968 kilograms, and its scientific 
program was supported by a team of scientists from various disciplines, many of whom had 
been involved in mission planning since the project was approved in early 1956." 

Object D was launched by a modified R-7 ICBM named the 8A9I on April 27, 1958. The 
launch vehicle, however, broke up into pieces during the active portion of the trajectory at 
T+96.5 seconds because of resonant frequencies, thus destroying two and a half years' worth 
of labor." Luckily for the scientists. OKB-I had constructed an identical backup art~cle with the 
same instrument complement. This craft was rumored to have been the subject of some polit- 
ical maneuvering prior to launch. There was reportedly some doubt about the functioning capa- 
bilities of the Tral-D data recorder built by the Experimental Design Bureau of the Moscow 
Power Institute. Korolev, under pressure from Khrushchev to launch the satellite in time to 
show support for the Italian Communist Party in the Italian elections, may have taken a gam- 
ble and opted to launch without verifying the operation of the device in question." 

I I. Mishln and Raushenbakh. "The Scientific Legacy of Serge1 Korolev." pp 120-21: S L Nikolayev. "On 
the Work of M. K. Tikhonravov on the Creation of the First ISZ" (English title), Iz rstorii auiatsi~ I kosmonautrki 42 
(1 980) 5 1-61. The primary Investigators included Sh Sh. Dolginov, K. I. Gringauz. V G. Istomin. V I. Krassovskly. 
L. V. Kurnosova. V. G Kurt. Yu. I Logachev. S L. Mandelshcham. 1 .  5. Shlovskly. and S. N. Vernov. 

12. Mozzhorin, et al., eds.. Nachalo kosmicheskoy ery, p.  65: Blryukov. "From the Hlstory of Space 
Science." One source says that the fallure occurred at Tt88 seconds. See Timothy Varfolomeyev. "Soviet Rocketry 
that Conquered Space. Part I .  From First ICBM to Sputnlk Launcher." Spaceflight 37 (August 1995): 260-63. 

13 Roald Z. Sagdeev, The Maklng of a Souret Screntist. My Adventures in Nuclear Fusion and Space From 
Stalin to Star Wars (New York john Wiley G Sons. 1994). pp. 156-58 



The launch of the second Object D took place successfully on May 15, 1958, by means of 
another 8 A 9  1 booster. The spacecraft entered an Initial orblt of 1.88 1 by 2 2 6  kilometers at 
65.2 degrees inclination. The Soviet press referred to the spacecraft as the "Third Art~ficlal 
Satellite." later retroactively naming it "Sputnik 3." During its mission, ground controllers dis- 
covered that the data recorder did indeed fail, thus depriving scientists of information during 
periods when the satellite was not within communications view of ground stations. This had a 
repercussive effect on preventing scientists from confirming without doubt the existence of a 
radiation belt around Earth; there was simply no way to prove that the belt was continuous 
because of gaps in data. Desplte the serious failure, there were 100.000 telemetric measurements 
and 40.000 optical observations conducted unt~ l  communication was lost with the spacecraft i 
on June 3. 1958. The mission provided a substantial amount of scientific and technological data 
In various disciplines." Object D finally decayed from orbit on April 6.  1960, leaving behind the 
record of having been the first advanced scientific observatory launched into space. 

The launch of these three satellites, although isolated from any macro-level space program. 
helped in many ways cement the important roles of the chief designers in the Sov~et defense 

1 
industry. Although all Soviet press reports touted the achievements of the Sputniks as those of 
the Communist Party of the Soviet Union, it was increasingly clear within the leadership that 
the efforts of these designers also served an important propaganda and public relations role for 
the Soviet state. All of the major chief designers benefited from this state of affairs, both in a 
tangible and intangible sense. Korolev and Glushko, the two most powerful Ch~ef Designers, 
had the dlstinct~on of being the only ones labeled criminals of the state in their younger years. 
The fall of Berlya in I 9 5 3  and the subsequent denunciations by Khrushchev of Stalin's ruthless 
rule eventually set the stage for the formal "rehabilitation" for both. Glushko's original accusa- 
tlons had been corrected in October 1956, but it took much longer for Korolev, who had suf- 
fered much more. He had applied to the Soviet government in a letter dated May 30. 1955. to 
drop the five remaining criminal charges that still marred his record." It would be the summer 
of 1957 before he would receive a reply from the USSR Chief Military Procurator. The letter 
merely stated that at a meeting of the Military Collegium of the USSR Supreme Court on April 
18, 1957, the charges against him had been formally dropped. "due to the lack of any crimes. "I" 
Whlle Korolev tried to put the dark chapters in his life behind. Clushko was not as amenable. 
One of thelr associates later recalled: I 

. . . Koroleu had convinced himself that one should forget about Kolyma, prison. and all 
the rest. blot ~t out frorn memory and frorn the heart. Glushko [on the other hand] always 
remembered everyone and everything. He had saved many interesting documents. . . . I -  

Korolev was bestowed with a doctor of technical sciences degree, the Soviet equivalent of 
a Ph.D.. on June 29, 1957, even though he had not defended a dissertation.Vssentially an 
honorary title, it seems that Korolev did not use the title much in his writings. On December 
18 of the same year. as a result of the huge successes of the flrst two Sputniks, he along with 

14 /bid p 158 Christ~an Lard~er LAslronautrque Souietrque (Par18 Armand Col~n 1992) p 1 13 For a 
summary of the results from Sputn~k 3 see Nikolayev "On the Work of M K T~khonravov ' 

15 Th~s letter IS reproduced In full ~n N L An~s~mov and V G Oppokkov "lncrdent at NII 3 ' (Engl~sh 
title) Voyenno rstoricheskiy rhurnal no I I (November 1989) 65-71 

16 Romanov Korolev pp 269-70 
17 Col M Rebrov 'Spec~f~c Impulse" (Engl~sh tltle) Krasnayo zuezda August 26 1989 p 4 
18 Yu V B~ryukov 'Mater~als from the B~ographrcal Chronicles of Sergey Pavlovlch Korolev' (Engl~sh title) 

in B V Raushenbakh ed 17 rstorri souetskoy kosrnonautrk~ (Moscow Nauka 1983) p 238 He was off~cially 
awarded the degree by the 'High Cert~ficat~on Cornrn~ss~on' on October 26 1957 just twenty two days after the 
launch of the f~rst Sputnlk 
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several others, such as Chief Designers Barmin. Glushko. Kuznetsov, Pilyugin, and Ryazanskiy, 
Deputy Chief Designer Mishin, and Academician Keldysh, were named recipients of the Lenin 
Prize. Three of Korolev's key deputies-Bushuyev, Okhapkin, and Voskresenskiy-were 
bestowed the more prestig~ous Hero of Socialist Labor for the~r efforts." Perhaps the most cov- 
eted of all honors came to Korolev and Glushko on June 20, 1958, when both were elected full 
Academicians of the USSR Academy of Sciences and thus befit of the highest level of stature in 
the scientific community. In truth, neither was a real scientist, and the promotion clearly would 
not have been approved by the Soviet scientific community had it not been for the recent suc- 
cesses in space. There were in fact many within the Academy of Sciences who privately scoffed 
at the promotions, bemoaning the influence of selective standards and political expediency. 
Along with Korolev and Glushko, the remaining four from the Council of Chief Designers- 
Barmin. Kuznetsov, Pilyugin, and Ryazanskiy-were promoted to Correspond~ng Members. 
Korolev's First Deputy Mishin also joined their ranks, an indication of the remarkable faith and 
trust Korolev had in his right-hand man. Mishin was the only deputy bestowed this honor. 

The entry of the chief designers into the Academy of Sciences was extremely significant 
for the emerging space program because i t  provided a formal institutional setting from which 
to propose space projects outside of the conventional conduit of the defense industry." It also 
allowed the slow but visible separation of the space program from the missile program. 
although in 1958 this divis~on was admittedly somewhat indistinct given the lack of a plan for 
space exploration. Academician Keldysh, with connections to both the scientific community 
and the defense industry, was an indispensable ally to the space des~gners. A consummate sci- 
entist and mathematician of great repute. Keldysh. in some respects, legitimized the dreams 
and proposals of space exploration in the eyes of skept~cal Academy of Sciences leaders. 
Furthermore. Keldysh had far more influence with government and the Communist Party than 
any of the major designers, including Korolev and Glushko. Almost all of Keldysh's work in the 
1950s had been in support of defense projects, and even the military depended, to a great 
extent, on the talented mathernat~cians and scientists in h ~ s  employ at both the Department of 
Applied Mathematics and NII- I .  

There were also institutional changes in the Soviet government and Communist Party that 
entrenched the position of the chief designers. By 1957, after the so-called "Anti-Party Group 
Affair," the locus of power in the Soviet leadership shifted from the government to the Party. 
Those duties originally administered by the old Special Committee No. 2 in the 1940s eventu- 
ally ended up in the Secretariat of the Central Committee of the Communist Party. Leonid I. 
Brezhnev, a forty-four-year-old apparatchik from Dnepropetrovsk in the Ukraine was appointed 
a member of the Secretariat as a new Secretary of the Central Committee in June 1957, having 
served the Party in senior positions in Kazakhstan. Roughly analogous to the Western concept 
of a cabinet, the Secretariat itself was typically composed of about a dozen individuals with 
specific responsibilities overseeing almost every area of activity on behalf of the Party.' The 
members of the Secretariat provided the all-powerful Presidium (later the Politburo) with analy- 
sis and recomrnendat~ons. In many cases, the recommendations of the Secretariat member in 

19. I b i d ,  p. 239. The actual awards ceremony took place at the Kreml~n on December 30. 1957 See 
Romanov. Koroieu. p p  307-08. Colovanov. Korolev. p 55 1 .  Note that Korolev. the other ch~ef designers. Mishln. 
and Keldysh had already been awarded the Hero of Soc~al~st Labor in 1956 for the R-5M nuclear program Accord~ng 
to M ~ s h ~ n .  Korolev had requested that he [Mishin] receive a second Hero of Soc~alist Labor ~n December 1957. but 
was refused only at the "highest level." See Mozzhorin, et al.. eds.. Dorogi u kosmos I ,  pp. 

20. Willlam P Barry, "The M~ss~le Des~gn Bureaux and Sov~et Piloted Space Pol~cy. 1953-1974." draft of 
Unlvers~ty of Oxford Ph.D, d~ss.. 1995 

21 lb td ,  Peter Almqulst. Red forge. Soulet Mflitary Industry Since 1965 (New York Columbia University 
Press, 1990). p 20 



question were often pivotal in the final decision by the Presidium. After 1957. Brezhnev's port- 
folio in the Secretariat included "questions of the development of heavy industry and con- 
struction, the development and production of modern military technology and weapons, the 
equipment of the Armed Forces with them, and the development of cosmonautics" for the 
Central Committee and the Presidium." This new role carved out in 1957 remained in existence 
throughout the next thirty years, and the holder of this post essentially acted as the de facto 
policy head of the Soviet space program. Curiously, it seems that Brezhnev, the first appointee 
to this post, did not have a very prominent role in determining space policy because the most 
important decisions were made by Khrushchev himself. What was significant, however, was 
that both Khrushchev and Brezhnev were very strong supporters of the missile industry, and 
Khrushchev in particular had been dazzled by the early successes of the Sputniks, thus treat- 
ing a direct line from Korolev to Khrushchev on matters of future policy. 

As power shifted into the Party apparatus, some of the most important supporters of the 
missile chief designers gravitated to higher positions in the defense industry, thus cementing 
support for the new space program. In particular. the first to benefit from the changes was 
Dmitriy F. Ustinov. Korolev's old "patron" from the 1940s. In December 1957, Khrushchev reor- 
ganized the Special Committee for Armaments of the Army and Navy, which had overseen the 
ballistic missile program since 1955, and created the new Military-Industrial Commission (VPK) 
to manage the entire Soviet defense industry; he put Ustinov in charge of the new governmen- 
tal body. Staffed by the primary group of ministers In charge of the defense industry. VPK, after 
negotiation with the Soviet armed forces, managed the entire process of military procurement 
from research and development to production. On paper, its authority was limited to imple- 
mentation, but because employees of VPK were responsible for drafting Party Central 
Committee decrees, the commission's jurisdiction extended to policy formulation.:' Ustinov, in 
turn, made sure that the most important positions within the defense industry were occupied 
by individuals who owed their careers to him. In March 1958, Konstantin N. Rudnev became 
the new Chairman of the State Committee for Defense Technology, the "new" ministry over- 
seeing the ballistic missile and space effort. Essentially, the old Ministry of Defense industries 
with a new name, the State Committee had been created in January 1958 as part of a larger 
nationwide reform spurred by Khrushchev's goal to decentralize the Soviet economy. He set up 
a command system whereby "regional economic councils" (known in Russian as 
Sovnarkhozes) were established in key industrial cities such as Moscow. Leningrad. Corky, and 
S~erdolsk.'~ Research and development institutions in the former Ministry of Defense Industry. 
such as Nll-88 and OKB- I, were transferred at the time to the newly created State Committee. 

22 Arthurj Alexander "Decis~on Making In Soviet Weapons Procurement ' Adelphr Paper 14718 (Wlnter 
197819) 1-64 For a deta~led d~scuss~on of the role of the Secretar~at In the defense and space Industry see pp 
I I - I2  In the same source 

23 V Pappo Korystin V Platonov and V Pashchenko Dneprouskry rakelno kosrnicheskiy tsentr 
(Dnepropetrovsk PO YuMZIKBYu 1994) p 61 CIA D~rectorate of lntell~gence The Sovref Weapons Industry An 
Ouerurew Dl 86 lOOl6 (Arl~ngton VA Central Intelligence Agency 1986) p 14 VPK members in March 1958 
Included the following ' mlnlsters ' K N Rudnev (Defense Technology) P V Dementyev (Av~ation Technology) 
V D Kalmykov (Radio Technical Industry) and B Ye Butoma (Ship Build~ng) In add~tion V M Ryab~kov (Deputy 
Chairman RSFSR Council of Ministers) and M I Nedel~n (Deputy Mln~ster of Defense for React~ve Armaments) were 
also members The commission had one F~rst Deputy Chalrman (S I Vetoshkin) and two Deputy Cha~rmen 
(C N Pashkov and C A Titov) F~nally A N Shchuk~n a respected radar expert headed a "Scient~f~c Techn~cal 
Council ' wh~ch among other things approved new members of the commission 

24 john McDonnell "The Sov~et Defense Industry as a Pressure Croup " In M~chael McCw~re Ken Booth 
and john McDonnell eds Soviet Naval Policy Oblectrves and Constrarnls (Hallfax NS Centre for Fore~gn Pol~cy 
Stud~es 1975) p 90 Alexander C Korol Soviet Research and Development Its Organizatron Personnel and Funds 
(Cambridge MA The MIT Press 1965) p 17 
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The entire decentralization process had a 
repercussive effect of putting a greater share of 
the power over missile and space design and 
production into the hands of a new generation 
of bureaucrats, nurtured by Brezhnev and 
Ustinov, who were not located in Moscow."The 
forty-seven-year-old Rudnev himself had served 
as director of Nll-88 in the early 1950s and 
could be counted on to lend his support to 
Ustinov and Korolev at critical decision-making 
junctures. He was personally acquainted with all 
designers such as Korolev and Glushko and had 
also been a member of the State Commission 
for the R-7 launches. In his new position as the 
Chairman of the State Committee for Defense 
Technology, he was to play a much more 
"hands-on" role in the new space program. 
exceeding that of his predecessors. He was, in 
effect, the first industrial manager of the Soviet 
space program, akin to perhaps the role played by 
NASA administrators. By most recollections, he 
was very educated, accomplished, and sophisti- 
cated,althoughlittleisknownabouthisperson- K ~ n s t a n t i n R d n e u w a s C h ~ i r r n a n o f t h e S t ~ t e  
al life. An assoc~ate later described him as: Cornrnrttee for Defense Technology between 1958 

and 1961 In that post, he efiectiuely serued as the 
first adrninrstrator of the ernergrng Soviet space 

Unpretentious in his manner and attentiue program He had serued his apprenticeship in the 
to people, he I~stened with enviable early 1950s as Director of the famous Nll-88 instrtute 

patience to the opinions of opponents with- (fifes of Peter Gor~n) 

out putting them into a rigid provisional 
framework. In a difficult moment . . . 

he managed to relieve the tension with a 
joke and he was witty, but short-~poken.'~ 

On paper at least. Korolev reported through the Chairman of the State Comm~ttee for 
Defense Technology (Rudnev), to the Chairman of the Military-Industrial Commission 
(Ustinov), to the Secretariat member in charge of defense industrial matters (Brezhnev), and 
finally to Soviet leader Khrushchev himself. By all accounts, this chain of command, especial- 
ly in the case of new proposals, was merely a formality and rarely functioned as intended. 
Following the first launches of the R-7 and the Sputniks, Khrushchev regularly consulted with 
Korolev himself. The Council of Chief Designers seems not only to have exerted influence over 
programs that had been approved by Khrushchev, but also began to have some input into pro- 
gram commencements and approval. In particular, the council would often pass resolutions 
that were binding, albeit unofficially, for all the design bureaus and scientific-research institutes 

25.  McDonnell, "The Soviet Defense Industry as a Pressure Croup," p 116. One of those was an indiv~d- 
ual named 5. A Afanasyev, who was appointed to head the Lenrngrad Sounarkhoz in May 1958, having served h ~ s  
apprenticeship as a directorate chief in Ustlnov's minlstry in the 1950s Afanasyev's career would rise w ~ t h  Ustlnov's. 
and he was to play an important role in the space program in the years to come. 

26 Lt. Len. Ceorgiy Aleksandrovich Tyulln. "Task for the Future: Notes of the State Commission Chalrrnan" 
(Engl~sh tltle). Krasnaya zuezda. Aprll 2,  1988. p. 4. 



involved. But in the end, it was always a question of Khrushchev's general assent or dissent. 
While Ustinov or Rudnev could hammer out the details. Khrushchev had the last word. 

Fortunately for Korolev, the Soviet leader was clearly enamored of Korolev from 1956 
through 1958. The remarkable support Khrushchev extended to Korolev at the time depended 
to a great extent on his achievements in building and successfully launching the R-7 ICBM. But 
the origins of the Khrushchev-Korolev relationship date back to February 1956 dur~ng 
Khrushchev's first visit to OKB-I at Kaliningrad. As Khrushchev's son, one of those who 
accompanied the elder Khrushchev on that visit, later recalled, "The meeting with Korolev deci- 
sively influenced the thinking of my father. . . . After this visit father simply fell in love wlth 
Korolev, he was prepared to talk about him without end."" There were special perks to this 
change of heart, most notably demonstrated by allowing Korolev to call Khrushchev directly on 
matters, without having to go through "numerous bureaucratic obstacles."'" 

Whlle the propaganda-type effects of Sputnik were clearly a boon to the Soviet leadership. 
the first and foremost goal on the Presid~um's agenda was the achievement of strategic parity. 
Korolev had used the R-7 as a "Trojan horse" for his more outlandish dreams of space explo- 
ration, but he was also clever enough to know that the gains from the creation of the R-7 would 
not be unlimited. The next few years had Korolev toeing the fine line between appeasing those 
who wanted newer and better ICBMs and those who wanted the world to shudder ~n the face 
of Soviet accomplishments in space. In this sense. 1958 was a watershed year for Korolev and 
his associates on the Council of Chief Designers. The forces of institutions, politics, and per- 
sonalities were in place for them to gradually create a new space program out of pieces of the 
missile program. The Object D, PS- I ,  and PS-2 projects had been short-lived, one-off programs 
intended to take advantage of the availability of the new R-7 ICBM to gain a foothold ~ n t o  
space. It was now time to create a plan and a vision of a comprehensive program designed to 
put the Red Star firmly into space. 

"I Favor Orbital Flight!" 

Two themes stand out in all the proposals for artificial satellites sent to the government in the 
1950s by Korolev and Tikhonravov: automated missrons to the Moon and piloted flight into space. 
At every juncture, both engineers foresaw the two complementary projects as fundamental to the 
lnltial growth of the Soviet space program. Early Soviet conceptions for plloted spaceflight dated 
back to 1945-48, to Tlkhonravov's short-lived VR-I90 project for launching a human on a vertical 
flight to the upper reaches of the atmosphere. Later. when Korolev tasked doctors at the Air Force's 
Institute of Aviation Medicine in 1949 to develop systems to launch dogs into space, he viewed 
the effort only as a step to achreving the ultimate goal of human spaceflight." The first vertical 
launches with animals in 195 1 on the R- I B and R- I V  rockets were thus not isolated projects for 
OKB- I ,  but rather the first concrete step in a larger thematic direction of prloted space exploration. 
These biological flights were followed from 1954 to 1956 by launches on the uprated R- l D and 
R- I Ye "scientific" missiles, further variants of the basic military R- I rocket. 

The flight profile that engineers developed for the R-I  D launches was considerably differ- 
ent from that of the R- I B, and it clearly indicated a progression toward human as opposed to 
biological spaceflight. The rocket was launched to altitudes of 100 to I I 0  kilometers, at which 

27 Sergey Khrushchev Nikrta Khrushcheu kriz~sy I rakety vzglyad iznutri Lorn I (Moscow Novosti 
1994) p 112 

28 l b ~ d  p 104 
29 As early as 195 1 OKB I may have drawn up preliminary plans for a small capsule to carry a person on 

a high altitude vertical flight using the R I B  m~ssile which rtself was used for the early dog launches For a draw~ng 
of one of these concept~ons of the R I B see Lardier LAstronautique Souretrque p 244 
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point the dog cabin separated, going Into a free-fall unstabilized trajectory. The dog seated on 
the right of the cabin ejected at altitudes of seventy-eight to eighty-four kilometers and used a 
parachute for landing during the following six minutes. The second dog was ejected at altitudes 
of thirty-nine to forty-five kilometers. Unlike the earlier flights, engineers dispensed with a pres- 
sur~zed cabin for the dogs and instead equipped each animal with its own life-support system 
in the form of a spacesuit. The aviation Plant No. 9 18 at Tomilino developed a mask-free suit, 
which included the suit itself, a detachable plexiglass helmet, an oxygen supply system, and a 
retractable tray on top of an ejection trolley The last item carried the oxygen supply, the para- 
chute system, and the physiological measurement equipment. Like the previous launches, a 
movie camera with a five- to six-minute supply of film recorded the dogs' reactions during var- 
ious parts of the flight.jo The total mass of the payload was 1.5 16 kilograms. In addition to the 
dog container, the R- I D carried two 130-kilogram scientific experiments packages from the 
Geophysical Institute of the USSR Academy of Sciences (GeoFIAN).' A group of twelve dogs. 
includ~ng flight veterans Albina. Malyshka. Kozyavka, and Tsyganka, was assembled to train for 
the launches, undergorng rigorous simulations with spacesuits in the cramped cabin. 

The first R-l D missile lifted off on July 2, 1954, from Kapustin Yar with dogs Lisa and 
Ryzhik on board." As planned, the first dog ejected out at an alt~tude of ninety kilometers. 
while the second was cast off at forty-five kilometers. Only two further launches were con- 
ducted in the series, In July 1954, and although none of the launches were completely suc- 
cessful, the engineers and physicians moved ahead w ~ t h  the use of another "new" missile, the 
R- \Ye. The latter was distinguished from its predecessor by the addition of a heavier comple- 
ment of scientific experiments. including two 130-kilogram ejectable GeoFlAN strap-on con- 
tainers. One of these, the DK-2, included five smoke candles whose ignition mechanism 
operated at various altitudes to measure wind direction. Unlike the R-ID, the R-IYe main rock- 
et body was also equipped with a system for allowing the recovery of the entire 4,286-kilogram 
frame. Four huge parachutes would reduce the rate of descent from 635 meters per second to 
a bearable seven meters per second." The container for the dogs and the return profile remained 
exactly the same from the R-I D var~ant. The R- IYe series was inaugurated with an early morn- 
ing launch on January 25, 1955, carrying the dogs Albina and Tsyganka.'" Eng~neers carried out 

30 Yu A Mozzhorin et a1 eds Dorogi u kosmos 11 (Moscow MA1 1992) pp 130 32 137 M V 
Keldysh ed Tuorcheskoye nasiediye Akademtka Sergeya Paulaurcha Koroleua rzbrannyye trudy I dokurnenty 
(Moscow Nauka 1980) p 35 1 George E Wukelic ed Handbook of Souret Space Scrence Research (New York 
Gordon and Breach Sc~ence Publishers 1968) pp 18- 19 The ejection system for the dog container was developed 
by N M Rudn~y over a period of three years beginn~ng in Ianuary 195 1 

3 1 The primary scient~fic goals of these second series of vertical launches were ( I )  research into the phys 
~cal and chemical characteristics of air measurement of the aerodynamic characteristics at high veloc~ties and alti 
tudes and development of methods of determinrng the d~rect~on and velocity of the wind In the upper layers of the 
atmosphere (2 )  determination of the physical processes in the ionosphere and the density of ion~zation at altitudes 
of 100 kilometers and research into altitudes of the D ionization layer and the distribution of voltage at the poles 
and ( 3 )  research ~ n t o  the life activlt~es of animals associated with the lifting of rockets to great altitudes and testing 
of systems for the rescue of the animals and a system of rescue of a payload w ~ t h  instruments In addition the 
R I D  rocket was sa~d to be equipped with the STK apparatus and telerneasurement sensors for a special develop 
ment program See Keldysh ed Tuorcheskoye naslediye Akademrka p 542 

32 Biryukov Materials from the Biographical Chron~cles ' p 233 Lardier LAstronautrque Souielique p 
81 Mozzhorin et ai eds Dorogi u kosmos I/  pp 135-36 

33 Peter Stache Soucet Rockets Foreign Technology Division Translat~on FTD ID(RS)T 0619 88 (from 
unnamed source) Wr~ght  Patterson Air Force Base Dayton Ohio November 29 1988 p 2 19 Th~s is a translation 
of Peter Stache Sowjetcscher Rakelen (Berlin Militarverlad der DDR 1987) See also Keldysh ed Tuorcheskoye 
nasiediye Akademrka p 538 

34 Biryukov Materials from the B~ograph~cal Chronicles ' p 234 Evgeny Riabchikov Russrans rn Space 
(Moscow Novosti Press Publ~shing House 197 1 )  pp 14 1-42 



at least five more launches with dogs by June 1956, confirming the selection of the basic design 
elements of the systems for ensuring the life support and rescue of the dogs. 

The physicians involved in the program found that the test animals suffered no major 
changes in breathing and in the~r pulmonary and circulatory systems during the various phas- 
es of the flight. The failures in the R- I Ye program were apparently all associated with the res- 
cue of the main body; al l  attempts to recover the rocket body failed because of the failures of 
the parachutes to withstand the shock of deployment." Korolev, who summarized the results 
of the total of fifteen biological launches from 195 1 to 1955. at a Moscow conference in April 
1956. recalled that the series yielded "valuable, positive results" despite three major failures. He 
added. "The rockets met the numerous, highly complex, often vaguely formulated requirements 
constantly levied by our colleagues." '" 

The results from the R- 18. R- I D, and R- I Ye biological series of rockets were prec~sely what 
Korolev needed to move ahead w ~ t h  plans for human spaceflight. If the launch of an artificial 
satellite was his first overriding goal, then the launch of a human into space was without doubt 
the second important step to what he saw as fulfilling Ts~olkovskiy's original dreams of space 
exploration. It was during the R-I D launches with dogs in 1954 that the Soviet government 
received ~ t s  first request to engage in piloted spaceflight. Tikhonravov's landmark document on 
artificial satellites clearly detailed a plan for immediate vertical launches of humans to 100 to 
200 kilometers on existing rockets. A year later, in hrs annual report to the Academy o f  Sciences 
dated June 2 5 .  1955. Korolev wrote: 

[It is necessary to consider] the proposal to create a missile laboratory for the lifting of 
1-2 researchers to altitudes o f  100 kilometers and the development of a special system 
for the return o f  a laboratory with its crew to the Earth. The importance o f  such an 
experiment is huge not only from a scientific point of view, but also from the point of 
view of maintainrng the USSRi priority in native missile technology W e  know that if 
the necessary scientific and technological base for the accompl~shment of the goal is cre- 
ated, in 1956 we will be able to start such flights. W e  ought not to forget that work in 
this direction is being carried out very intensively in the U.S.A.'' 

In April 1956, at the All-Union Conference on Rocket Research into the Upper Layers of 
the Atmosphere, held under the aegis of the Academy of Sciences. Korolev responded to cr~ti- 
cisms of human spaceflight: 

There is the question as to whether or not vertical launches of a manned rocket. . . have 
any practicality for research . . . the effects o f  stress upon the human organism during 
rocket flight would not be for too long and would not be excessive even i f  the effects of 
acceleration would vary in terms of intensity as well as the direction of effect during var- 

35 Stache Sovret Rockets p 219 
36 A portion of the text of Korolevs speech has been publ~shed as S P Korolev "Research Into the Upper 

Layers of the Atmosphere W ~ t h  the Ald of Long-Range Missiles" (Engl~sh title), in Keldysh, ed Tvorcheskoye 
naslediye Akademtka pp 348-61 One failure was related to a malfunction In the power supply to the launch fac~l 
~ t y  during a launch while a second was caused by "a break In connect~on" that resulted ~n the "measuring head" 
separating prematurely during the ascent phase of the rocket See the same source p 354 Of  the three fallures two 
were ~n the R I Ye series and one was ~n the R- I B serles 

37 The complete text of Korolevs report to the Academy of Sciences has been publ~shed as S P Korolev 
'Account of Scientif~c Actlv~ties ~n 1954" (Engllsh title) in Keldysh ed Tuorcheskoye nasledrye Akadem~ka pp 
344-46 



ious phases of the flight. This would, of course, still be very unpleasant. Still, it can now 
be said with some certainty that overstress will not stand in the way of manned rocket 
flight. . . W e  feel that today prevailing difficulties can be overcome and manned rock- 
et flight implemented. This will mean an immense expansion of research possibilities. 
aside from the pure significance of such flights." 

Few in the audience were aware that OKB-I had already begun actual design work on a pilot- 
ed spaceship using scientific versions of the R- I and R-2 missiles. 

At a restricted session of the 125th anniversary of the N. E. Bauman Moscow Higher 
Technical School, tn September 1955, Korolev had presented his conceptions for vertical pilot- 
ed spaceflight He was remarkably forthright about his intentions: 

Our mission is to ensure that Soviet rockets fly hrgher and farther than has been accom- 
pl~shed anywhere else up until now. Our mission is to ensure that a Souiet man be the 
first to fly in a rocket. And our mission is to ensure that ~t is Soviet rockets and Soviet 
spaceships that are the first to master the limitless space of the cosmos.'" 

The initial exploratory work on the project was carried out between April 1955 and May 
1956 at OKB- I under the technical leadership of engineer Nikolay P. Belov. Parallel work on the 
theme was also undertaken by Tikhonravov at Nll-4. At a meeting in early 1956 to discuss the 
continuing vertical launches of dogs into space, Korolev proposed that dedicated work begin 
to replace dogs with humans. Enthusiastic to participate in this effort, a group of doctors at the 
Air Force's Institute o f  Av~ation Medicine had sent formal requests to Vladimir I. Yazdovskiy. 
the department chief at the Institute of Space Medicine, to be considered as test subjects for 
the suborbital launches.'" small team, including Abram M. Genin, Ivan I. Kasyan. Aleksandr 
D. Seryapin, and Yevgeniy M. Yuganov, was established in March 1956, although it seems that 
they did little actual training for space missions."' Having been closely involved in the develop- 
ment of the flight Instrumentation for the dog fl~ghts, these doctors were primarily engaged in 
the design of a capsule capable of carrying a human into space on a single-stage ballist~c 
missile. 

Belov's team at OKB- l considered a common cabin design that would carry a pilot as the 
payload in a scientific variant of the military R-2 ballistic missile. The passenger would sit in a 
reclining seat surrounded by instruments and a camera to film the pilot's own reactions to flight 
conditions. Although a singular cabin design was considered. Belov's team studied at least five 
different methods of returning the capsule to Earth. The first variant used a parachute system 
triggered at a low altitude in much the same way as was used on the R-IB shots in 195 I. 
Following separation from the main body of the rocket, the payload would deploy auxil~ary air 
brakes as well as stabil~zers to reduce deployment shock for the parachutes. Velocity would be 
reduced from 2,050 meters per second at the moment of separation from the rocket (forty kilo- 
meters) to 185 meters per second within forty-elght seconds and finally to just under one and 
a half meters per second at landing. Special thermal insulation would be developed for the air 
brakes. The second means of return used a reverse method. The point of separation from the 
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Beginning rn 1955 OKB 1 studied flue drfferent types o f  spacecraft for sending a prlot on  short hops rnto space on 
the R 271 mrssrle From top left to rrght are (A] capsule with return by parachute and arr brakes the latter also for 
stab~lizatron ( B )  capsule wrth return by parachute and solid propellant rocket engines (C) capsule wrth return by 
parachute stabrlizatron by rocket engrnes and air brakes and braking by arr brakes and by rocket engrnes during 

terminal phase (D) capsule equrpped with helicopter type rotors wrth rocket englnes on  the blade ends and 
( E j  spacecraft wrth wrngs for glidrng return wrth the aid o f  stabiirzatron engrnes Legend ( I )  capsule (2) equrpment 
(3) parachute system 34) brakrng and stabrlrzing surfaces (5)  posrtion stabrlrzrng nozzles (6)  rotor (7 )  wings and 

(8) braking engine (reproduced from Peter Stache Sowjet~scher Raketen (Berlrn Mrlitaruerlad der DDR 1987)) 
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main rocket body would be at a much higher altitude, but at a much lower velocity-that is, 
similar to the R-IYe biological rockets. Auxiliary brakes would further reduce the velocity of 
descent to prevent parachute failures. The third conception was different from anything yet 
built and used small rocket engines to ensure stable positioning during the descent portion. 
The capsule would also use improved and larger air brakes in the upper portion of the space- 
craft, as well as special brakes to reduce the landing shock for the passenger. This was an idea 
taken from Tikhonravov's VR- 190 piloted rocket project in the 1940s. 

The fourth and fifth variants for landing the capsule were perhaps the most ambitious and 
innovative. For the fourth system. OKB- I engineers completely dispensed with the problemat- 
ic parachutes, replacing them with seven-meter-diameter helicopter rotors fixed on the nose 
cone of the capsule. At the peak of its trajectory, the rotors would deploy and start moving in 
a circular motion by means of small rocket engines fixed to the tips. Stabilizat~on during the 
descent would be ensured by additional control nozzles on the capsule. Engines for soft- 
landing were also installed at the base of the return capsule. The rotor idea was a design to 
which Korolev himself returned many times in the next few years, refusing to abandon what 
he considered its elegance. While the first four variants of return were based on the premise of 
a directly vertical flight into the upper atmosphere up to 200 kilometers, the fifth envisioned a 
true ballistic flight downrange about 600 to 1,000 kilometers, but also with a ceiling of 200 kilo- 
meters. The primary reason for taking this approach was the increased time of weightless- 
ness-about fifteen minutes for the passenger. Korolev believed that such a ballistic suborb~tal 
flight could be accomplished without any problems ~f the return capsule was equipped with 
large delta-shaped wings. Stabilization and position control engines as well as aerodynamic 
rudders would aid during the descent of the pllot. Such a design would also lay the basis for 
the development of a supersonic transport vehicle capable of flying at velocities of 3.500 to 
7.000 kilometers per hour." 

All of these various models would be launched on a modification of the R-2 missile, the 
scientific R-2A rocket. The old R-I rocket, essentially a copy of the German A-4, had limited 
the range of investigations of the upper atmosphere to 100 kilometers. The introduction of the 
R-2 doubled this altitude, allowing the first investigations in what might be considered "true 
space." The draft plan for the R-2A rocket was completed in 1956 at OKB-I. The rocket, which 
was just under twenty meters long, would carry a payload weighing about 1.340 kilograms with 
two dogs as well as two 430-kilogram strap-on containers for scientific studies. The dog cap- 
sule itself had an internal volume of just under half a cubic meter and was in fact the proto- 
type of the cabin used on the second Sputnik to carry Layka Into orbit.43 For the first time. 
accommodation was made for the ingestion of food by the animals during flight. This third 
generation of dog capsule dispensed with the catapult mechan~sm used in the previous serles. 
Instead, the dogs, dressed in spacesuits, were strapped into separate chambers in a pressurized 
area in the nose cone. At the peak of the trajectory, the payload would separate and go into 
free fall. At five kilometers altitude, an improved recovery system with a series of three para- 
chutes would deploy:'" The design and development of the R-2A biological missile were carr~ed 

42 The deta~ls of all f~ve designs were included in Korolev's speech at the N. E Bauman Moscow Higher 
Techn~cal School in September 1955 and are summarized in Stache. Soulet Rockets. pp. 261-71 

43 Lardier, L'Astronautrque Souietrque, p 82 
44. Stache. Soutet Rockets, p 222, The following overall scientific goals were l~sted in the draft plan of the 

R-2A ( I )  research ~ n t o  the chem~cal composition of alr and measurement of alr pressure at altitudes of 150-200 k~lo-  
meters: (2) detection of solar ultrav~olet radlat~on In the Lyrnankovskiy hydrogen serles at 900-1 200 angstroms and 
photographing the surround~ng areas: (3) research lnto the possibilit~es of survival and life support for anlrnals I ~ f t -  
ed on the rockets to 200 k~lometers. (4) test~ng of systems for resculng the payload, and (5) determination of phys- 
~cal processes ~n the lonosphere and ion~zat~on dens~ty at alt~tudes of 150-200 kilometers. In add~tion, as In the R- J D 
program. the R~2A was sa~d to be equ~pped wlth the STK apparatus and telemeasurement sensors for a special devel- 
opment program See Keldysh, ed . Tvorcheskoye naslediye Akaderntka. p 546. 



out rn parallel with Korolev's studies on human rocket flight 
because both were to use the common R-2A rocket as a launch 
vehrcle 

The first R-2A was launched successfully on May 16. 1957. 
from Kapustin Yar the day after the first launch attempt of the 
R-7 ICBM The two dogs on board, Ryzhaya and Damka, experi- 
enced a long six minutes of microgravity before returning safely to 
Earth after reaching an altitude of 212 krlometers At least four 
more successful launches were carried out in the initial series, the 
last on September 9 4' It was less than two months later that the 
same container was used to carry Layka into Earth orbit These 
R-2A launches laid the groundwork for the prloted lobs into the 
atmosphere but by late 1957 rt seems that Korolev had been look- 
ing for other options One of the original reasons for rmmediately 
commencing a piloted vertical program was the belief that an 
orbital satellite with a human on board would only be possible as 
late as 1964-66 j W i t h  the advent of the R-7 ICBM. these projec- 
trons were drastically shortened by about five years As Belov's 
group at OKB-I continued work on crewed lobs lnto the atmos- 
phere. rt was increasrngly clear at least to Korolev, that the future 
lay elsewhere 

As wrth many of the new d~rections in the early Soviet space 
program, the most fruitful and groundbreakrng work emerged from 
Trkhonravovs resourceful group. whrch had recently been trans- 
ferred from Nll-4 to OKB-I On March 8 1957. Korolev consoli- 
dated the work under Tikhonravov and establrshed the new 
Department No 9. comprised of about thirty young engineers It 
was now the "plannrng department for development of space 
apparatus " That is. its focus was narrowed exclusively to space 
exploratron-a srgnificant event that In retrospect srgnaled the 
beginning of OKB- I s gravitatron from creating missiles to design- 
ing spacecraft In April, Tikhonravov facilitated some discussions 
among his team members about objectives on whrch they could 
focus Three basrc directions emerged This IS  one O/  the R 2A  mis 

siles thrrteen of which were 

Continuing work on Ob~ect D, wtth expansron of work on a launched between 1957 and 

satellite capable of observation 1960 Many of them carried 
biologrcal containers wrth 

Inrtiating work on a biological satellite capable of carrying dogs dogs to a l t r tudes as high as 
in orbit for more than a day 200 krlometers A similar 
Developing a capsule for vertical flights of humans to altitudes container was used to carry 

of 300-400 kilometers layka into orb11 on Sputnik 2 
For a brref perrod Koroieu 

also planned to use the R 2A 
At the same trme. Trkhonravov rdentified two future streams of ~,,,,h h ,er,rca 
work the development of a piloted orbrtal spaceship and the cre- hops into space 
at~on of automated lunar exploratron spacecraft (files of Asif Srddiqr) 

45 B~ryukov 'Materrals from the Brographrcal Chronrcles " p 238 Wukel~c ed Handbook of Souret 
Space Scrence Research p 10 

46 A Yu lshl~nskiy ed Akademik 5 P Koroleu Uchenry ~nzhener chelouek (Moscow Nauka 1986) p 506 
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Research on these topics had actually begun in November 1956, but it was consolidated 
in a document issued in April 1957, titled " A  Project Research Plan for the Creation of Manned 
Satellites and Automatic Spacecraft for Lunar E~ploration."~' Still classified, the report laid the 
groundwork for the early piloted space programs in the Soviet Union. 

This initial work in 1957 at OKB- I helped limit the parameters of the future design of a 
piloted orbital spaceship. Engineers found that the mass of such a satellite could be as high as 
three to four tons and possibly five tons if the R-7 was augmented by an appropriate upper 
stage. They also made advances in methods for computing parameters of the heat stream on 
the surface of "a simple" body returning into the atmosphere at hypersonic velocities. Research 
between September 1957 and January 1958 was instrumental in narrowing down such factors 
as the mass of thermal protection and temperature ranges for various types of reentry bodies. 
Finally, scientists at Keldysh's Department of Applied Mathematics confirmed that with a bal- 
listic reentry with zero lift, loads on a returning body would not exceed ten times the force of 
gravity.48 

Korolev and Tikhonravov may have been primarily interested in Tsiolkovskiy's ideal of space 
exploration, but OKB-l was still an organization funded by the Ministry of Defense. 
Tikhonravov's early work on piloted orbital spacecraft was in fact closely tied to goals more in 
line with those formulated by the military, a point strongly reflected in Tikhonravov's early con- 
ception for a satellite capable of "observation." Using the basic Object D frame as a starting 
point, in late 1956, Tikhonravov had begun work on two new variants of the satellite. Objects 
OD-I and the OD-2; the "OD" stood for "oriented D." The OD-I was a prototype of a mili- 
tary reconnaissance satellite with a passive orientation system, while the OD-2 was the proto- 
type of a biological version for dogs with an active orientation 

It seems that the OD- I reconnaissance satellite had the unofficial support of higher lead- 
ers, probably in the Ministry of Defense, although there was no formal approval for the work. 
Like most other early space projects, the momentum for the OD-l came not from above but 
from below. Korolev and Keldysh had both signed a letter dated April 12. 1957. to the Council 
of Ministers on accelerating work on the OD- I .  Later on July 2 ,  Korolev apparently sent anoth- 
er letter to the government requesting approval to develop a photo-reconnaissance satellite 
using the OD-I design.'"Little Information has been revealed on this early proposal. According 
to the design, the satellite was to use special recoverable film cassettes, which were designed 
by the Institute of Applied Geophysics of the Academy of Sciences. The S. I. Vavilov State 
Optical Institute, meanwhile, was tasked to develop the secret cameras for the spacecraft. The 
spacecraft itself consisted of two modules: a recoverable conical capsule carrying cameras and 
film and a large cylindrical instrumentation section with conical or spherical ends." 

47 Ibid.. p 447: B. V Raushenbakh, ed.. Materialy po rstorri kosmrcheskogo korablya "Vostok" (Moscow- 
Nauka. 1991 ), p 2 10: S S. Kostin. "Some Aspects of Plann~ng the 'Vostok' Space Ship" (English t~tle). Iz rslorii avi- 
atsir i kosrnonautiki 42 ( 1980): 62-66: Timothy Varfolomeyev. "Soviet Rocketry that Conquered Space. Part 3.  Lunar 
Launchlngs for Impact and Photography,'' Spacell~ght 38 (June 1996) 206-08: Semenov. ed.. Raketno- 
Kosrnrcheskaya Korporalsrya. p 105. 

48 Kostln. "Some Aspects of Plannlng the 'Vostok' Space Ship". Sernenov, ed., Raketno-Kosmrcheskaya 
Korporatsrya, p 105 

49 Raushenbakh, ed.. Materialy po istorri. p. 210. 
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5 1. Yurly M~khaylovlch Frurnkin. "Without the 'Secret' Stamp The Flrst Reconnaissance Satellite" (English 
trtle). Auiats~yo i kosmonautika no 3 (March 1993). 41-42, Yu M. Frurnkin. "Development of First Soviet 
Photoreconna~ssance Satell~te 'Zenit'" (Englrsh title). Prlroda no. 4 (April 1993) 72-78 



The OD-2 biological variant apparently had less support, even among the engineering lead- 
ers within the space program. But it seems that research on this dog satellite had generated a 
modicum of discussion at various levels on the utility on human spaceflight. There were inten- 
sive discussions at the level of the Council of Chief Designers through 1958 on whether to even 
attempt human orbital spaceflight or whether to simply continue the more modest program 
aimed at vertical attempts. Some rejected ideas for piloted spaceflight based on concerns about 
the dangers of stress, weightlessness, meteors, reentry, and even cost. Others, including a num- 
ber of chief designers on the council, believed that the optimal way would be to proceed at least 
initially with vertical hops to the upper atmosphere, as was being studied by Tikhonravov's 
team. A third faction within Korolev's OKB-I proposed true suborbital launches with flights 
about 1.000 kilometers downrange, such as those studied by Belov's group, arguing that the 
experience from these modest launches would be adequate for the moment. Although it seems 
that Korolev had vigorously favored the latter two options during the mid- 1950s, by 1958 his 
mood had become more ambitious and perhaps impatient. 

Korolev's ideas were opposed by a number of major figures in the new space program dur- 
ing a meeting at the Academy of Sciences attended by representatives of various design 
bureaus, scientific-research institutes, the military, and the aviation medicine sector. 
Academician Norair M. Sisakyan, a leading biomedicine specialist who had been involved in 
the dogs-in-space program, cautioned about the publicity afforded to a potentially fatal attempt 
to orbit a pilot. Arkadiy S. Tomilin, the Chief of the Seventh Chief Directorate in the State 
Committee for Defense Technology, also opposed an orbital attempt, calling Korolev a "science 
fiction writer."" Korolev did, however, have the key support of not only Keldysh and Glushko, 
but also Maj. General Aleksandr G. Mrykin. Marshal Nedelin's chief specialist on space and mis- 
sile issues and a very powerful figure in the military. Throughout 1958, these kinds of discus- 
sions were apparently quite common, but Korolev's headstrong support for orbital flight slowly 
emerged as a winner. As in the tremendous steps in the early evolution of the ICBM program, 
he believed that what was needed at that point were not incremental advances, but a s~gnifi- 
cant leap in capabilities. Referring to the more modest approaches advocated by some of his 
associates, he was reported to have said at one meeting: 

These are approaches with no future. We need spacecraft for flights around the Earth. 
Although gradual visits to space are effective, they are of no significance for science and for 
spaceflight. I favor orbital flight-we can achieve our goal without intermediate stages!" 

The Object K 

On the morning of February 15. 1958, Korolev called Tikhonravov into his office and 
tasked him to begin formal work on a piloted orbital spaceship." The vehicle would inherit the 
OD-2 designation originally kept for launching dogs into orbit. This project would continue In 
parallel with Belov's efforts to develop a suborbital piloted spacecraft. Tikhonravov appointed a 
talented thirty-two-year-old englneer in his department. Konstantin P. Feoktlstov, to lead the 
engineering aspects of the effort. A protege of Tikhonravov's, at the age of ten. Feoktistov was 
already making plans for exploring the Moon. In 1942, as a sixteen-year-old scout for Sovlet 

52 Romanov Koroleu pp 326-32 A P Rornanov and V S Gubarev Konstruktory (Moscow Polit~cheskoy 
literatury 1989), pp 3 12-1 7 Note that a completely garbled and censored account of thls rneet~ng was reproduced In 
A Romanov Spacecraft Designer (Moscow Novosti Press Agency Publishing House 1976) pp 38-42 Not only were 
the names disguised (Sisakyan becoming Stepnov and Tomllin becoming Koptelev) but conversations were so twlst 
ed beyond recognit~on. that in some cases the same person was having a conversatlon w ~ t h  hlmself in some passages1 
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54 Romanov Koroieu p 3 l l 
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partisan units during the Nazi invasion of the Voronezh region, he had been captured, shot. 
and left for dead. By a stroke of incred~ble luck, he had only been injured by the gunfire and 
waited until dark to crawl away to safety. In later years, he graduated from the N. E. Bauman 
Higher Technical School before finding work under Tikhonravov at Nll-4. As the Chief of the 
Group for Planning Piloted Space Apparatus, he oversaw twenty young engineers at OKB-I 
who began work In early 1958 on the design of a vehicle capable of carrying a human into 
orbit." 

Feoktistov's group began in March-April 1958 by addressing the problem of safely return- 
ing a capsule from orbit. In 1953. Timur M. Eneyev at Keldysh's Department of Applied 
Mathematics had conducted some of the earliest research on ballistic reentries of orbital vehi- 
cles. Eneyev's landmark work was used, in combination with theoretical work done the same 
year by Keldysh. Georgiy I. Petrov. Vsevolod S. Avduyevskiy, and others at NII-I, on the ther- 
mal characteristics of various materials for heat protection. The material eventually selected for 
the new spaceship was reinforced plastic of asbestos fabric.'During calculations for the thick- 
ness of this layer, one of the engineers. Konstantin 5. Shustin, had mistakenly erred by a fac- 
tor of two. Fortunately for the spaceship. Korolev had earlier demanded that the required 
thickness be multiplied by a factor of four for total safety (to fifty m~llimeters)." Feoktistov's 
group chose a simple balltstic means of reentry with no lifting surfaces. Many different landing 
systems were examined dur~ng this process, including Korolev's favorite helicopter rotor sys- 
tem. Korolev contacted the noted Soviet helicopter Chief Designer Mikhail L. Mil of 
OKB-329 on th~s Issue, but he was less than enthusiastic. Mil told one of his deputies: 

I simply don't want to get mixed up in this. just imagine: a man flies into space, makes 
a couple of /oops around the globe, the whole world applauds, and the superstar begins 
his return to the Earth and then-bang! Something happens to him. Who is to blame? 
We will be! No, we won't be taking part in this ~ndertaking.'~ 

Also considered was a huge umbrella-type brake for landing. All these exotic ideas were 
eventually abandoned, and by April 1958, the engineers adopted a simple parachute system. In 
addition, because of the large mass of heat protection, the engineers decided at an early stage 
to return only a portion of the spacecraft from orbit-that is, there would be a special "descent 
apparatus" that would carry the lone passenger. This compartment would be attached in orb~t 
to an instrument module. 

The next major problem was also resolved in Aprll and May: the shape of the descent appa- 
ratus capsule. Feoktistov's group examined several designs, including cones of different lengths 
and sizes, half spheres, and full spheres." The last shape was finally chosen for three major rea- 
sons: a sphere would not require complicated attitude control devices during reentry to maintain 
dynamic stability. A sphere also offered increased internal volume relative to surface area. Finally. 

55. Rex Hall. "Sov~et C~vilian Cosmonauts." in Michael Cassutt, ed , Who's Who in Space The 
internalronal Space Year Edrtion (New York: Macrnlllan, 1992), p. 291 The others In Feoktlstov's group were K S 
Shust~n. 0 V Surguchev. M 5 Florianskiy. C. Z Davletsh~n. V P Kurayev, Ye. N lornonosova, V C. Vartanyan 
(computat~ons). A A. Alirnov N I. Beresnev, L I. Dulnyev. A A Kochkln. V Ye Lyublnskly, 0. C Makarov, V. I 
Petrov. N. M Tereshenkova. D M Ego (layout scheme, deslgn elements, and so on). V C Suprun ( l~fe support sys- 
tems). V A. Yazdovskly (measurement). P V Flerov. and Ye N Tsererln (landlng system, program of experimental 
work). See Raushenbakh, ed.. Materialy po rstorir p 212 
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spheres would be subject to lower thermal stresses because of the increased surface area. The 
engineers were aware that a more complex shape such as a cone would reduce g-loads during 
reentry as well as allow for some control at landing, but Korolev understood that these advan- 
tages were relatively unimportant in the face of the primary limiting factor-time. The selection 
of the shape of the descent apparatus, which was assumed to be the most difficult task, was 
evidently a breakthrough in the entire design process, and it was at this point that Korolev pri- 
vately decided to propose and support the entire project at a governmental level.60 

In early June. Tikhonravov and Feoktistov summarized the research done so far for Korolev. 
eliciting the latter's full approval. There were subsequent discussions in the next months with 
leading specialists from various other divisions at OKB- I. Then the four men primarily respon- 
sible for the work-Korolev (Chief Designer of OKB-I), Bushuyev (Deputy Chief Designer of 
OKB-l for Space Technology), Tikhonravov (Chief of OKB- 1's Department No. 9). and 
Feoktistov (Group Chief for Piloted Space Apparatus)-prepared and signed a formal and pre- 
liminary report on the research on August 18. 1958. The document, titled "OKB- I Report. 
Materials on the Preliminary Work on the Problem of the Creation of an Earth Satellite with 
Humans on Board (Object OD-2)," was a nine-part thesis, plus an introduction and a conclu- 
sion, which included sections on: i 

Primary flight characteristics 
The layout scheme for Object OD-2 
The shape of the descent apparatus and problems of stability 
The composition of equipment, landing systems, and layout of the descent apparatus 
Heat protection of the descent apparatus 
Problems of heat cycles ~n orbit 
Control and orientation systems 
Tracking and comrnun~cations 
The program of exper~mental workb' 

The paper contained four different possible variants of the piloted OD-2, all with a similar two- 
compartment configuration: the conical "instrument section" and the spherical "descent apparatus." 
The latter was a classic sphere of about two and a half meters diameter, which served as the crew 
compartment as well as the reentry module for the single passenger. All the variants were equipped 
with a large ejection seat for the crewmember to use during the descent to Earth's surface. In three of 
the variants, a large conical-shaped pressurized compartment, the instrument section, which housed 
all the electronics and control systems for the spacecraft, crowned this descent apparatus sphere. The 
conical section was evidently derived from the main body of the Object D scientific satellite launched 
as Sputnik 3. which suggests a lineage all the way back to Tikhonravov's original 1954 document on 
space exploration. In the fourth variant, the instrument section was in the form of a torus at the base 
of the sphere. All four conceptions had a large engine-the "braking engine unitu-at the apex of 
the cones, to perform reentry burns. Depending on the variant, the length of the sphere-cone com- 
bination was about four and a half to six meters. The diameter of the combination on the pad for all 
the versions was just over two and a half meters. The mass of the descent apparatus was just over 
three tons."' 

60 lshllnskly ed Akademik 5 P Koroieu p 506 
61 A sl~ghtly edlted verslon of the document has been published as S P Korolev K D Bushuyev M K 
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Shown here are two conceptions of the Object OD-2 spacecraft, whrch was the lrrst design lor on orbitrng piloted 
shrp in the Soulet Union Dating from August 1958. the OD-2 design was changed by early 1959 rnto the shrp 

that was later named Vostok Both 01 these conceptrons incorporated a spherrcal return eapsuie lor the lone prlot. 
a layout that was retained for Vostok Note the conrca( rnstrument module on the right of each spacecraft. 

very much srrnrlar to the Object D satellrte launched as Sputntk 3 (reproduced from B V Raushenbakh, e d .  
Mater~aly po istorir kosm~cheskogo korablya "Vostok" (Moscow Nauka. 1991)) 

From the writing in the document, it seems that variant number one was the favored ver- 
sion, a five- to five-and-a-half-ton spacecraft capable of ten days crewed orbital spaceflight. To 
account for a failure in the braking engine unit. the engineers had calculated that a circular orbit 
at 250 kilometers would allow the descent apparatus to reenter by normal decay after ten days. 
which was the length of safe operation of the on-board life support system. After reentry, the 
single passenger would eject out from the spherical capsule at an altitude of eight to ten kilo- 
meters and land separately from the main spacecraft. Although provisions were taken in case 
of a water landing, the descent apparatus was designed to touch down on land because this 



would provide a modicum of secrecy to the entire operation and also simplified rescue and sur- 
vival procedures. Korolev had a strong dislike of parachute recovery systems, hence his prefer- 
ence for unusual methods of descent, but he agreed to a parachute system in this case because 
that would ensure a quicker design process. Ballistics calculations, however, proved that to 
ensure a soft-landing on Earth, parachutes of huge size as well as extra landing engines would 
be required. adding significant mass to the spacecraft. To circumvent the problem, the engi- 
neers decided to have the pilot eject at alt~tude. The descent apparatus would land separately. 

A seven-part program of testing was identified in the document: 

Static test~ng on the ground for verifying the thermal protection the englne unlt the life 
support system, the system of Internal thermo-regulation and the catapult system 
Alr testing of the catapult system in various condit~ons 
Rocket testing of the catapult system In various conditions with the aid of mannequins on I 

R-2 and R-5 rockets 
Ver~fication of the thermal coating in natural reentry condlt~ons 
The development of the spacecraft for carrylng dogs on ball~st~c trajector~es to 
130- 150 kilometers 
One or two launches of dogs Into 250-300-k~lometer orbits 
The launch of a human into a 250-300-k~lometer orbit 

According to the document. the engineers would not implement any design changes in the 
spacecraft following the automated flights because it would be difficult to predict the conse- 
quences of such actions on a crewed mission. If government approval was granted. Korolev 
envisioned a first piloted orbital launch by December 1960 at the earliest." 

Based on the August 1958 document. Korolev prepared an informat~on package on the 
course of work on the OD-2 and had it circulated on September 15, 1958, to the other mem- 
bers of the Council of Chief Designers-Glushko, Pilyugin. Barmin. Ryazanskiy, and 
Kuznetsov-as well as to other senior officials in the government." By this point, Korolev was 
faced with a dilemma: whether to focus on the reconnaissance satellite or the piloted space- 
ship. Continuing both programs simultaneously would tax the resources of his organization. 
thus perhaps delaying both efforts. Clearly, he preferred the piloted spaceship program, but that 
would posit him in the precarious position of ignoring the needs of the defense sector, a charge 
that was paramount to treason. Feoktistov recalls. "The battle In the OK5 (a fierce one!) went 
on for several months and Chlef Designers and other specialists from leading organizations who 
were to participate in this work were called in."" The real deciding factor, however, may have 
not been any internal consideration, but rather events thousands of kilometers from 
Kaliningrad, as the United States was beginning to take its first concrete steps toward piloted 
spaceflight. 

In August 1958. President Eisenhower assigned the yet-to-exist formal successor to the 
National Advisory Committee for Aeronautics to develop and carry out the "mission of manned 
spaceflight."" On October I, the National Aeronautics and Space Administration (NASA) for- 
mally came into existence and inherited that goal. Just six days later, NASA Administrator 
T. Kelth Glennan approved plans for a piloted satellite project, and the primary responsibility of 
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coordinating the program was delegated on November 5 to the Space Task Group based at the 
Langley Research Center in Virginia. headed by Robert R. Gilruth. Among the many luminaries 
of this resourceful group were Maxim A. Faget and Christopher C. Kraft. Jr., both of whom, along 
with C~lruth, would play some of the more pivotal roles in the early years of the U.S. civilian 
space program. The "human in space" project was officially designated "Mercury" on 
November 26, and by earlyJanuary 1959. McDonnell Aircraft Corporation's bid for designing and 
producing the vehicle was accepted from a list of ten c~mpanies.~' 

These events in the United States did not pass without notice. The formation of NASA and 
Glennan's push for a piloted space project may have been pivotal during a meeting of the 
Council of Chief Designers In November 1958. Presentations were made on the suborbital pro- 
gram, the orbital spaceship, and the reconnaissance satellite. The council decided to move 
ahead first with the development of a piloted orbital spaceship. Work on the development of 
an automated reconnaissance satellite was moved to a secondary priority, and all efforts on 
suborbital piloted space programs ceased at this point after a full three years of research." 

Armed with unanimous recommendations for orbital flight and no doubt using the events 
in the Mercury program as added weight, Korolev took his case to the Commun~st Party and 
the government. On January 5. 1959, the Central Committee of the Communist Party and the 
USSR Council of Ministers issued a decree (no. 22- loss) officially calling for biomedical prepa- 
rations for a human spaceflight project." This document, still classified, was the first govern- 
ment decree issued in support of a Soviet " human in space" program. Actual language for the 
specific development of a piloted spaceship was included in a second, more detailed decree 
(no. 569-264). which was adopted by the Soviet leadership on May 22. 1959." Interestingly. 
this second secret decree was primarily focused on the approval of an automated reconnais- 
sance satellite program, but Korolev, with the help of Keldysh and Rudnev, had managed to 
insert the following line at the end of the document: " .  . . and also a satellite designated for a 
flight of a human. "" 

The work on the OD-2 piloted spaceship was significantly accelerated as a result of these 
decrees. There were, however, at least two major design decisions prior to the signing of the 
final technical specifications for the spaceship. In the original conception of the OD-2, the 
instrument section was a large cone-shaped compartment fitted on the forward end of the 
spher~cal descent apparatus. In the interest of maintaining mass constraints, instrumentation 
would be designed that could be mounted on the exterior of the instrument section for work 
in vacuum. Although Feoktistov himself supported this approach, by early 1959. Korolev opted 
for a more conservative path-one in which all the systems on the instrument section were 
installed internally in a pressurized compartment. In his opinion, this would significantly cut 
down on the time needed to design and develop instruments capable of working in open 
space.'' The shape and configuration of the spacecraft also changed dramatically, with the 
instrument section now becoming a double-coned object fitted at the aft end of the sphere. 
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RADIO SET. TELEGRAPH KEY. 
COMMUNICATION ANTENNA 7 r A n l T U D E  CONTROL HANDGRIP 

WATER J SANITARY SYSTEM. 
SUPPLY ELECTRICAL POWER 

SUPILY SYSTEM I 
Jhrs IS the prloted variant of the Object K spacecraft that later was called Vostok The Vostok shtp consrsted 

of two basic modules a spherrcal reentry module ("descent apparatus") /or launch and recovery 01 the 
[one pilot and an rnstrument module ("instrument section") to carry the systems necessary /or 

flrght cmplementation (copyrrght Davtd R Woods) 

The second change had more long-range repercussions. Partly because of the operational 
limitations of a passive orientation system and partly to conserve resources, the original OD- I 
design for the reconnaissance satellite was abandoned. Instead. Korolev adopted the design 
of the biological OD-2 for the spy satellite." Thus, the OD-2 became a dual-role spacecraft 
for military reconnaissance and human spaceflight, a common ancestry that was one of the 
more famous aspects of the early Soviet space program. Both missions required the recovery 
of portions of the satellite as well as a high degree of reliable systems operation; the use of a 
common bus would dramatically reduce the effort and time expended on an already overbur- 
dened OKB- I. The idea to merge the two disparate programs may even have been a strategy on 
Korolev's part to gain approval for the human spaceflight effort by using a reconnaissance satel- 
lite cover. The piloted program seems to have had little support from higher leaders, and in early 
1958. it was still a very low-priority effort compared to the development of military ballistic 
missiles such as the R-7, the R-I  I M, the R- I I FM, and the orbital reconnaissance satellite. 

73 There are some lnconsistencres as to exactly when the two des~gns were unified. In publ~shing the 
famous August 1958 report on the OD-2, the edrtor notes: "Minimum cuts [in the publrcation of the report] relate 
to the automated option of the satellite-ship. In which large-size photo-apparatus for survey of the Earth's surface 
were to be placed instead of the prlot These options were later used as the bas~s of a separate program of develop- 
ment of the 'Zenrt' photographic research satellrte." See Raushenbakh, ed.. Materialy po istorii, p 212. Th~s rrnplies 
that the OD-2 design was already the bas~s for a common bus for both the piloted and reconnaissance satellite ver- 
s~ons by August 1958. The officlal h~story of OKB-I, however, states that the un~frcation occurred rn 1959 See 
Semenov, ed.. Raketno-Kosmrcheskaya Korporatsiya. p. 99. The 1959 date may refer to the unlflcation of the new 
design for the p~loted spaceship (eventually used on the Vostok), whrch was markedly drfferent from the OD-2. 



As a result of these changes, the designers dropped the original OD-2 designation and 
instead named the spacecraft "Object K." The "k" stood for korabl, the Russian word for 
"ship." Four different variants were postulated, the I K. 2K. 3K, and 4K. The first was earmarked 
as a common prototype for both the reconnaissance and piloted variants. The second and 
fourth were exclusively dedicated to photo-reconnaissance missions, while the third was 
designed for piloted spaceflight. 

Korolev approved the "complex plan for experimental work" on the piloted spaceship on 
March 17, 1959, which led to the completion of the draft plan of the Object I K the following 
month. Comprising "only a few tens of pages of text and sketches." it allowed the designers. 
instrument subcontractors, electricians, and test specialists to begin verifying the layout on 
mock-ups of the spacecraft.'" Partly to have a dedicated facility for producing the new space- 
craft, the Military-Industrial Commission institutionally transferred an old plant on the other 
side of Kaliningrad to OKB- I. During World War II, this plant and its associated Central 
Artillery Design Bureau had produced almost half the field guns in the Soviet Union, but as the 
missile age dawned in Russia, it was fast becoming an obsolete remnant of the past. By the 
mid-l950s, with a change of name to the Central Sc~entific-Research Institute No. 58 
(TsNll-58), the organization had started mass production of fast neutron nuclear reactors for 
the Soviet economy. When Korolev needed an extra plant to focus on the development of new 
solid-propellant ballistic missiles as well as the production of new spacecraft. Ustinov agreed 
to give the plant and its personnel wholesale to the chief designer. On July 3 .  1959, 
TsNll-58 was attached to OKB- I as its "Second Territory." Korolev's engineers soon arrived 
with their drawings of the Object K, cementing the old artillery plant's giant leap into the 
future." Deputy Chief Designer Bushuyev, the space systems chief at OKB- I.  was transferred to 
manage operations at the plant, overseeing the manufacture of all spacecraft at Korolev's enter- 
prise. The very first casings of the spherical descent apparatus rolled off the lines the following 
month. 

The Object K spacecraft, as it emerged in 1959, was a two-section spacecraft with a mass 
of approx~mately 4.73 tons in its crewed variant. Of this, the descent apparatus was 2.46 tons, 
while the instrument section was 2.27 tons. The engineers ~nformally called the descent appa- 
ratus sharik ("ball"). The overall length of the spacecraft without antennae was 4.4 meters. 
while the maximum diameter was 2.43 meters. 

The spherical descent apparatus, which had an internal volume of just over one and a half 
cubic meters, was a single-seat capsule covered completely with heat-resistant coating to pro- 
tect it during reentry. The thickness of the thermal coating varied between just over three and 
eleven centimeters, the latter on the side that would face the atmosphere during reentry. The 
two-and-three-tenths-meter-diameter capsule had three one-meter-diameter hatches, one for 
recovery parachutes, one for access to instrumentation, and one for entry and exit by the pilot. 
In addition, there were three portholes with refractory glass located on the module for the crew- 
person to carry out optical observations, two of which had controllable shutters to block out 
the Sun's rays. The bulk of the internal volume in the descent apparatus was taken by a large 

74. For the "complex plan for experimental work." see Biryukov. "Mater~als from the B~ographical 
Chronicles,'' p. 241. There is some confusion as to the date of complet~on of the IK  draft plan. One source says it 
was completed ~n Apr~l 1959 See Chertok, Rakety i lyudr, p. 423. Another source says late May 1959. See Ishlinsk~y. 
ed.. Akadernik 5. P Koroleu, p. 509. A third source says April 1960 See Sernenov, ed., Raketno-Kosrnicheskaya 
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ejection seat weighing 800 k~lograms placed at an angle to the horizontal; it contained 3 space- 
suit ventilation system, a catapult system. pyrotechnical devices. and parachute systems. The 
porthole directly forward of the pilot carried an optical device named Vzor ( "v~ew") ,  which 
would allow manual control over attitude. An instrument panel was located above the Vzor 
device, while there was a Topaz TV camera below it to provide internal views of the capsule 
during flight. The control panel had instrumentation for indicating air pressure, temperature, 
hum~d~ty  and composltlon, as well as pressure in the attltude control propellant tanks Controls 
on the panel would also allow the p~lot  to carry out manual operat~on of the retrof~re englne 
A small part~ally v~s~ble rotat~ng globe named Globus on the upper sect~on of the Instrument 
panel showed the p~lot  the spacecraft s locat~on over the surface of Earth The p~lot  s control 
st~ck a food container the alr regenerat~on system an electr~cal clock, a second Topaz TV cam- 
era for s~de vlews, a rad~o receiver, a sanltary system and electr~cal supply sources were locat- 
ed on the r~ght hand s~de of the large eject~on seat Telemetry un~ts and storage space for 
secondary equrpment were located underneath the seat 

ln~t~al ly Korolev had pressured Ch~ef Des~gner Ivan I Kartukov at OKB-81 In Moscow the 
leadrng des~gner of sol~d-propellant rocket accelerators for Sov~et tact~cal m~ss~les to des~gn a i 
full-scale launch escape system with a tower similar to Mercury's. Kartukov's design, I 
however, proved to be too heavy, and despite continuing pressure from Korolev. Kartukov 
refused to lighten his tower system, fearful that a less robust system would put the lives of 
pilots in danger. Korolev's engineers instead proposed using an ejection seat, which would 
serve as a means of escape in case of an emergency during launch up to the first forty seconds. i 
In the event that the launch parameters deviated from accepted levels, a command from ground 
controllers could blow the hatch on the descent apparatus and eject the pilot in his seat out of 
the capsule. Although unable to produce a workable launch escape system, OKB-81 did par- 
ticipate in designing the complex hatch system for the ejection seat. 

For internal atmosphere, Soviet biomedic~ne specialists selected a cabin pressure equivalent 
to 755-775 millimeters of mercury (mm Hg), or about one atmosphere, and a 7912 1 n~trogen- 
oxygen composition (essentially the same as Earth's surface). This was in contrast to early U.S. 
designs. which had a cabin pressure of 258 mm Hg, about one-third of an atmosphere, and a 
pure oxygen environment. For Soviet engineers, the cholce was driven by concerns for simplic- 
ity and shorter development time. While the oxygen-nitrogen system had the advantage of sig- 
nificantly lowering the danger from internal fires, unlike the American system, the p~ lo t  would. 
however, be exposed to the possibility of suffering from decompression in case the crewmem- 
ber had to switch life support from the spacecraft to his or her suit. For oxygen replenishment. 
the Soviets chose a "chemical bed" system based on alkali metal superoxides. wh~ch would 
release oxygen as ~t absorbed carbon dioxide. A cooling and dessication unit conslst~ng of a 
heat exchanger would ensure the required temperature and humidity In the cabin. Much of the 
technology for life support systems had come directly from the vertical flights of dogs into the 
upper atmosphere via modifications of the R-2 and R-5 missiles. 

Communicat~ons with the spacecraft would be maintained by several systems. These 
included the Signal ("signal") system on 19.995 megahertz for the transmission of simple 
telemetry. The carrier was on-off keyed, with the key rate equal to the pilot's pulse rate and the 
off duration being proportional to the crew member's chest width for respiratory measure- 
ments. The system also multiplexed parameters for the retrofire burn. A second system named 
Tral-PI would provide supplementary radio-telemetry capacity. For two-way voice communica- 
tions between the spaceship and the ground, the lone pilot would use the Zarya ("dawn") sys- 
tem on VHF and UHF. Ground controllers also wanted to have a relatively constant vldeo feed 
dur~ng the mission: th~s  was the job of the Tral-T system, which would transmit images from 
the two Topaz TV cameras aboard the ship. For the landing stages of the mission. there were 
the Peleng ("bear~ng") system comprising a shortwave beacon for position determination 
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during and after reentry and the Raduga ("rainbow") system for radio communications. Finally. 
there was the Rubin ("ruby") system for trajectory measurement during the flight. 

The pressurized instrument section was composed of two cone-shaped compartments 
with their blunt ends facing each other. Its primary role was to carry ~nstrumentat~on for ensur- 
ing piloted orbital flight. Made of an aluminum alloy, the main element of the module was a 
large engine for the retrorocket burn. Designated the Braking Engine Unit No. I (TDU- I ), ~t had 
a vacuum thrust of 1.6 14 tons and was fed by 280 kilograms of an amine-based fuel and nitrous 
oxide. Maximum burn time would be forty-five seconds. Internally, the module contained the 
following systems: instrumentation for guidance, control, and orientation; units for "command- 
logic control"; an electrical supply system: apparatus for radio communications; telemetry 
instrumentation; and a programmed logic clock. The exterior contained tanks for a nitrogen- 
based attitude control system that used a dual system with eight nozzles each with a thrust of 
one and a half kilograms each. Additional systems on the outside included a solar sensor, a 
radiative thermal regulation system using blinds, and several small spheres housing oxygen for 
use In cases of emergency by the pilot. Eleven antennae protruded from various locations on 
the instrument section. Of these, three were for the Signal system, four were for the Zarya 
system, two were for telemetry, and two were for "radio-link" commands. The entire section 
was not designed for recovery and was to burn up in the atmosphere following separation from 
the descent apparatus.'" 

The TDU- I would operate once during the mission. Prior to nominal reentry, the capsule 
would orient automatically by means of a solar sensor to al~gn it to correct attitude. A tradi- 
tional ballistic reentry would follow without any further attitude control. OKB- I engineers 
designed the sphere in such a way that the center of gravlty of the capsule was behind and 
below the pilot, thus ensuring the module would be in correct orientation to eject the 
crewmember in the seat at the correct angle. After reentry. at an altitude of approximately seven 
kilometers, bolts securing the pilot's hatch would sever explosively, blowing the cover away 
from the descending spacecraft. Just two seconds later, the crewmember and the couch would 
eject together with the aid of two powerful solid-propellant rockets, descending together to 
about four kilometers altitude, at which point the pilot would separate and land by parachute 
at a calculated impact velocity of five meters per second. 

Both the Soviets and the Americans, while driven by many of the same considerations in 
building the first piloted orbital spacecraft, devlated philosophically in one important area. 
Soviet engineers designed Object K with the goal that an entire mission, from launch to land- 
ing, could be carried out without the pilot touching a single control inside the ship. Whlle there 
was provision for a pilot to manually orient the vehicle and fire the retrorocket in case of an 
emergency. Soviet designers never considered the p~lot  on board anything more than a passen- 
ger. Although partly motivated by concerns about psychological stability of the pilot In outer 
space, this was primarily because it was not an aviation firm that was in the driver's seat, but 
rather OKB-I, which had only designed strategic ballistic missiles and a few high-altitude 
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cabins for dogs. While a number of aviation enterprises made very signlflcant contributions to 
the Object K effort, they worked as subcontractors to OKB- I. Furthermore, the heavy empha- 
sis on automation may have also been an issue of control and reliability-that IS, OKB-I engi- 
neers not only did not trust a pilot's capability to function adequately, but they also wanted to 
design the craft, fly it, and land it all on their own. Undue automation of piloted space vehi- 
cles was an issue that would dominate the design of all Soviet crewed space vehicles and, some 
would say, have a negative impact on the course of events in the 1960s. 

Activity in the Object K program intensified progressively through 1959. In late 1959, the 
first "boilerplate" spacecraft was delivered from the OKB-I plant. Feoktistov recalls that "it was 
an awesome sight" to finally witness the creation of his design team's handiwork." At the same 
time. Korolev assigned two of his most longtime associates, Petr V. Flerov and Arvid V. Pallo. 
to direct a series of landing tests of the descent apparatus to test out the critical parachute sys- 
tem. Flerov was quite possibly one of Korolev's most longstanding friends; they had met in the 
late 1920s when Korolev was flying gliders as a young man. For these drop tests, General 
Designer Oleg K. Antonov personally consigned a specially modified "pot-bellied" An- I 2  

aircraft to OKB- I. Flerov and Pallo took a number of shariks to a military airfield at Saryshagan 
near Lake Balkhash and dropped the capsules from altitudes of 8,000 to 10.500 meters. The pri- 
mary landing parachute itself, designed by the Scientific-Research Institute of the Parachute 
Landing Service, headed by Chief Designer Fedor D. Tkachev. had a maximum volume of 
330 cubic meters and allowed touchdown at ten meters per second.'Wf the five drop tests, 
one was an outright failure when the hatch failed to open, thus preventing seat ejection. The 
fifth and last sharik carrred dogs. Although the touchdown was successful. the capsule unex- 
pectedly rolled down the hills out of sight of rescuers. After a long search, Flerov and Pallo final- 
ly found the dogs "worn out but in one piece."" It was on April 10. 1960. that Flerov and Pallo 
returned from Saryshagan and reported back to Korolev that the parachute system was ready 
for flight. It was a critical milestone, which allowed him to make concrete plans for the first 
automated space missions of Object K. 

The spacesuit and ejection system were developed and designed by Chief Deslgner 
Alekseyev's Plant No. 918, which had gathered significant experience during the vertical dog 
fltghts. There was much debate about the utility of a pressurized spacesuit during an orbital 
mission. with OKB- I engineers believing that the redundant safety systems in the spacecraft 
would eliminate the need for a separate suit. Alekseyev, supported by several prominent bio- 
medicine specialists, believed exactly the opposite. Despite the fact that inclusion of a su~t 
would add more mass to the spacecraft. Korolev ultimately agreed to their demands and in mld- 
1960 decided to include a suit. Alekseyev's engineers eventually designed a suit. the SK- I Sokol 
("falcon"), which was completely autonomous from the spacecraft's air regeneration system. 
In case of depressurization, the suit could provide about four hours of backup support for a 
pilot. Of the eleven-and-a-half-kilogram mass of the suit, the helmet alone had a mass of just 
over three and a half kilograms. Tests of the new spacesuit and the ejection seat, both designed 
and built under Alekseyev, were carried out in July-September 1960 during elght drops from an 
11-28 aircraft. One of the participants was famous Soviet parachutist Petr I. Dolgov, who was 
ejected at an altitude of 7.000 meters from the ejection seat,8o 
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The life support system for the spacecraft 
was developed by OKB-124, headed by Chief 
Designer Grigoriy I. Voronin. At least fifteen full- 
scale tests of the system were conducted from 
1960 to 196 1 of durations between one and fif- 
teen days, confirming the basic design selection 
of the system." Once again, the experience with 
the dog flights proved to be crltlcal in terms of 
meeting the given timeframe. 

Korolev had originally envisioned the use of 
a powerful solid-propellant rocket engine for the 
retrorocket burn An initial contract for the 
job had been assigned to NII- 125, where anoth- 
er of his old prewar associates. Yuriy A. 
Pobedonostsev, was appointed to develop the 
engine. The contract stipulated a delivery by the 
first quarter of 1960. There was. however. much 
uncertainty with this effort, no doubt related to 
the poor state of advanced Soviet solid-propel- 
lant rocketry at the time. As insurance, Korolev's 
deputies Tikhonravov and Bushuyev recom- 
mended a parallel liquid-propellant effort." The 
obvious choice for designing such an engine Chref Designer Aleksey lsayeu w a s  responsible for 
would have been Glushko's organization, but he the design o /  the majority of rocket engines for 
was evidently not interested. As was often the spacecraft in  the Soviet space program. Hrs frrst b ig 

precedent in such cases, Korolev turned to one CO""aCt in the space field w a s  the desrgn o f  the 
Object K (or Vostok)  reentry frrrng engine, the 

of his most trusted associates, Chief Designer H i s  organ,zal ion, OKB.2, also desrgned 
Alekse~ lsayev of OKB-2. Clearly as talented and many other engcnes /or air defense and  long range 
resourceful as Glushko, Isayev, however, lacked bailistrc rnrssrIes (fifes of Peter Gor in j  

the former's unfettered amb~tlon. A quiet man 
with an overwhelming drive for work, lsayev had stood in Glushko's shadow through the 
1950s. although some of Isayev's original design schemes had been appropriated by Glushko 
for preliminary designs of the R-7 ICBM engines. Isayev's crowning achievement in the 1950s 
had been the development of an engine for the Soviet Union's first air defense missile, the 
V-300, for which in 1956 he received the Hero of Socialist Labor decoration, the USSR's high- 
est civilian award. 

Isayev's design bureau had nominally been part of the old Nll-88 but was separated into 
an independent organization, the new OKB-2, on January 16. 1959." Just one month later. 
when Korolev entrusted lsayev with the retrorocket engine for Object K, lsayev was said to have 
come back to his design bureau and calmly announced to his senior staff: "[Korolev] has pro- 
posed that we quickly carry out one small but very important work: returning a human from 
space to the Earth."" Through the ensuing months. Korolev met with lsayev several times, ask- 
ing him detailed questions on the development program for the TDU- I. but he never once rec- 
ommended changes, thus implicitly entrusting enormous faith ~n Isayev's abilities. Within just 
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seven months of receiving the task. Isayev's OKB-2 had begun ground test firings of the 
TDU- I engine. The tests began on the evening of September 27, 1959, under the direction of 
Isayev's Deputy Vladimir C. Yefremov, culminating in a major failure on the fifth test because 
of a valve design error. After new valves were installed, the next ten tests were without 
mishaps, removing any doubts as to the design of the engine. On April 25, 1960, lsayev report- 
ed back to Korolev that the engine for the first piloted orbital spaceship was ready. It was less 
than a month prior to the launch of the first automated verslon of Object K."' The solid- 
propellant engine was never built. 

The Object K program was the first large-scale project that opened the door to coopera- 
tion outside the design bureaus of the original members of the Council of Chief Designers. In 
fact, with the exception of Korolev's OKB- I. none of them had a major role in the design of the 
spacecraft. When Pilyugin's department at Nli-885 refused to take on the job. Korolev 
contracted a team at NII- l  to develop the Chayka ("seagull") attitude control system for 
the vehicle. This team was headed by a forty-three-year-old vibrations specialist named 
Boris V. Raushenbakh, who had been conducting research since 1955 on the "controlled 
motion of space apparatus."" By 1959, Raushenbakh's small team had created the flrst 
Soviet attitude control system for the Ye-2A lunar probe, one of which, Luna 3, became 
the first spacecraft to take pictures of  the far side of the Moon. Raushenbakh, a man of 
many talents, had led a remarkably interesting life and was one of the many in the space 
program who had known Korolev during his apprenticeship days at Nll-3 in the 1930s. He 
was also one of those who had been sent off to the GULag. In March 1942, he had been 
arrested by the secret police simply for possessing a German surname. Having survived 
time at a labor camp where as many as ten prisoners were dying per day, he later worked 
for a few years at Bolkhovitinov's famous design bureau before returning to Moscow as a 
"free" man In 1948. Given h ~ s  increased involvement with Korolev's projects, 
Raushenbakh's resourceful team was transferred wholesale from NII- l to Korolev's OKB- I 
on January 6 .  1960." 

Attitude control was one of the most important elements of the Object K spacecraft. 
not the least because of the necessity to orient the vehlcle in the correct direction to frre the 
main deorbit englne. Discussions on Object K's orientation system began in early 1959. 
Originally. Tikhonravov's team declded to simply use the Luna 3 system, which used the 
Moon as a point of reference to posit the vehicle In the correct attitude. This plan fell 
through when it became clear that the much brighter Sun would interfere with the light from 
the Moon. There were also potential complications caused by the different phases of the 
Moon as visible from Earth. By April-May 1959. OKB-I finally issued a report selecting solar 
orientation as the chosen mode for Object K. When the system operated, it would posit the 
spacecraft such that the axis of the main retrorocket's nozzle would be toward the Sun- 
that IS, the thrust would be directly in the direction away from the Sun. The biggest advan- 
tage of using the Sun was that optical sensors would not mistake the Sun for any other 
celestial body. For a nominal reentry, the Sun would have to be "ahead" of the spacecraft. 
in the sunrise phase, before its passage across the local zen~th. There were also two other 
systems of orientation on the spacecraft: an automatic system, which responded to Earth's 

85 Colovanov Koroieu p 614 In total the TDU I englne underwent e~ghteen stripped down f~r~ngs 
followed by s~xteen full scale ground f~r~ngs 

86 V P Legostayev '18 January-75 Years From the Birth of Sov~et Scholar and Des~gner B V 
Raushenbakh ( 19 15)'' (Engl~sh title) IZ istorti auiatslr r kosrnonauttki 64 ( 1  990) 4-7 

87 lbrd Semenov ed Raketno Kosm~cheskaya Korporats~ya p 633 Colovanov Koroieu pp 572-74 
W h ~ l e  Raushenbakh s department was respons~ble for overall des~gn the actual Gr~f  sensors for the att~tude control 
system were manufactured by the Central Des~gn Bureau No 598 (TsKB 598) 



infrared radiation and used a complex of sophisticated gyroscopic devices, and a manual 
system, which duplicated the solar system. For the latter, the pilot would use the Vzor opti- 
cal device and observe the Earth moving below the center of the instrument. This would 
allow the pilot to control horizontal direction or yaw. Uslng a circular mirror, the pilot could 
also control pitch and roll.88 

Given precedent, the radio and telemetry systems for the spacecraft would have been 
developed by Ryazanskiy at Nll-885, but his existing workload necessitated bringing in several 
other organizations. N11-695, under Chief Des~gner Yuriy S. Bykov, designed the Signal. Peleng. 
Zarya, and Raduga telemetry-communications systems, while the Experimental Design Bureau 
of the Moscow Power Institute, under Chief Designer Aleksey F. Bogomolov, developed the 
Rubin trajectory measurement system and the Tral-PI telemetry system." 

The original council members continued to provide systems for the launch vehicle: 
Glushko's OKB-456 provided engines; Nll-885 of Ryazanskiy and Pilyugin designed the control 
systems; Barmln's GSKB SpetsMash modified the launch complex; and Kuznetsov's Nll-944 
developed gyroscopes. The creation of a launcher proved to be a long and complicated process 
for the Council of Chief Designers. By early 1958, the two-stage R-7 in its "space" variants, the 
8K71 PS and the 8A91, could at best lift 1.400 kilograms into low-Earth orbit. To satisfy the 
immediate requirements of launching lunar probes and piloted spacecraft, an increase of three- 
fold over that weight was required. Proposals for building a new third stage for the basic R-7 
booster had been tabled in the summer of 1957, and soon after, designers began work on two 
unrelated upper stage engines, one at Korolev's OKB-l and one at Glushko's 
OKB-456."' By the end of 1957, the Council of Chief Designers had finalized plans for two new 
mod~fications of the R-7. the 8K72 and the 8K73 boosters. Both were to use the basic 8K71 
R-7 ICBM augmented up by different upper stages for launching lunar probes and reconnais- 
sance satellites. The Soviet government ratified the effort on March 20. 1958. 

At the center of the decision to develop two different launch vehicles was a minor rift 
between Chief Designers Korolev and Clushko-an altercation that in less than five years 
would evolve into the most acrimonious and infamous battle within the Soviet space program. 
When plans for the upper stage engines for the R-7 were originally drawn up in mid-1957. 
Korolev assumed that any new engine would be fueled by the same comb~nation of propellants 
as the booster proper-that is, liquid oxygen (LOX) and kerosene. Glushko, however, had been 
impressed by a new synthetic propellant named unsymmetrical dimethyl hydrazine (UDMH) 
developed for the first time In the Sovlet Union by the State lnstitute for Applied Chemistry. 
According to the institute's data, the new component promised higher energy characteristics 
than the tradltlonal LOX-kerosene combination. In a clear indication of his interests, in 1958. 
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Glushko began the development of four new engines using UDMH, three in combination with 
nitrogen-derived oxidizers and the fourth in combination with LOX. It was the latter engine, the 
RD- 109 with a vacuum thrust of just under ten and a half tons, which he intended to offer for 
use on the 8K73 lunar rocket. Korolev was not happy with this decision. His primary concern 
was time. and he strongly believed that Glushko would be unable to design, develop, and test 
the first Sov~et rocket engine for work in vacuum with a completely new propellant combina- 
tion by the deadline, which was late 1958. Despite entreaties to retain the LOX-kerosene com- 
bination. Glushko pursued work on the RD-I09 engine. In this case, Korolev proved to be right. 
The tests of the engine were not finished in 1958, nor were they in 1959. Then the Counc~l of 
Chief Designers formally abandoned any plans to develop the 8K73 lunar launch vehicle." 

Luckily for Korolev, there had been a second option, a small thrust engine (just over five 
tons) designated the RD-0105, developed in his own design bureau. Engineers under Mikhail 
V. Melnikov at the OKB- I had already created the small steering thrusters for the R-7 first-stage 
englnes. whose performance characteristics could be scaled to match those needed for an 
upper stage. Korolev, still needing a turbopump to complete the engine, was saved by the help 
of a new entrant to the space program. In 1957. he had been impressed by a report on the cre- 
ation of a new restartable LOX-kerosene rocket englne developed in Voronezh at an avlatlon 
design organization, the OKB- 154, headed by Chief Designer Semyon A. Kosberg." The fifty- 
four-year-old Kosberg had little interest in space or rocketry in general, content in his place in 
the aviation sector, but he was eventually swayed by Korolev's persuasive arguments to collab- 
orate wlth him on a new rocket engine capable of firing in vacuum. Thus, Korolev and Kosberg 
signed a memorandum of understanding at Kal~n~ngrad on February 10. 1958, which called for 
the delivery of the new RD-0105 engine in time for the first lunar probe launch attempts." The 
cooperation with an "outsider" was a slap in Clushko's face, but it worked in Korolev's favor. 
Combining a turbopump from Kosberg's organization with thrusters from Melnikov's group, the 
two design bureaus produced the RD-0105 engine in just nine months, ready for flight by 
August 1958. It was the first Soviet liquid-propellant rocket engine designed for use in vacuum. 

The 8K72 rocket was fired nine times between September 1958 and April 1960 for the auto- 
mated lunar probe program. Six of these launches were failures. The three successes were out- 
standing: the first probe to fly into solar orbit, the first human-made object to impact on 
another heavenly body. and the first probe to take pictures of the far side of the Moon. 
Calculations, however, proved that the lifting capacity of the 8K72, approximately four and a 
half tons into low-Earth orbit, would be just short of what was required for the piloted space- 
sh~p. Beginning in January 1959. Aleksandr S. Kasho, a senior engineer at OKB-I, thus led a 
team to modlfy the launcher to increase lifting capacity by 200 extra kilograms. A new upper 
stage engine was required. The original upper stage engine for the 8K72 had been a coopera- 
tive venture, but this time, Kosberg took the lone responsibility to improve the performance 
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characteristics of the engine, beginning work in September 1959. In the new version, the 
RD-0109 with a vacuum thrust of just over five and a half tons replaced the RD-0105 w ~ t h  a 
thrust of just over five tons.94 To denote the difference from the 8K72 booster, a "k"  was added 
to indicate use in the Object K program, thus becoming the 8K72K booster. This marginally 
modified launch vehicle had shorter burn times for all its stages, but compensated with the 
increased thrust of all engines, including the core. The total length with a new payload fairing 
for the piloted spaceship was more than thirty-eight meters, about five meters longer than the 
versions that launched the lunar spacecraft. 

The piloted portion of the Object K program was one of three post-Sputnik space projects 
to emerge in the Soviet Union. Along with the military reconnaissance satellite effort and the 
lunar probe program, it allowed the USSR to gain a foothold in the cosmos. The United States 
also engaged in similar efforts, but by the end of the 1950s. the American civilian space pro- 
gram had a singular organizational platform. NASA, and a long-range vision that was far more 
integrative than any in the Soviet space program. The chief designers, led by Korolev, endeav- 
ored to keep pace with the institutional changes in the United States, with a flurry of letters 
and memos directed to the Soviet leadership. By 1960, change would come on the Soviet side. 
but with mixed results. 
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CHAPTER SIX 

ORGAN~ZING FOR 

THE SPACE PROGRAM 

The piloted portion of Object K was afforded a modicum of priority by the Soviet defense 
industry in 1959 and 1960, but the lion's share of funding in the sector was still focused on 
the development of strategic offenswe systems, primarily long-range ballistic missiles. The 
Soviet space program, as distinct from the Soviet missile program, was still in its infancy, and 
it was a difficult transition, whlch was unknown or misunderstood in the West. A top-secret 
CIA-sponsored intelligence report in August 1959 noted that: 

There is no direct evidence on the priority assigned to the Soviet space program. From 
the launchings of the Sputniks, from statements by Soviet scientists and high govern- 
ment officials and from the fact that hardware was diverted from the high priority mis- 
sile program, we belleve the inference can be drawn that the Soviet space exploration 
program has been assigned a very high priority.' 

In 1959. there was. In fact, no official macro-level policy or prlority on the Soviet space pro- 
gram. The defense management enterprises and the Central Committee Defense lndustr~es 
Department, which had overseen ballistic missile development, were simply unprepared to 
make the transition from one to the other. 

Pleas for Order 

Engineering and scientific leaders such as Korolev. Keldysh, and Tikhonravov were serious- 
ly concerned about the lack of a coordinated policy on the Soviet space program. The launch of 
Sputnik in October 1957 prompted a flurry of discussions on the topic at the deslgner level. 
which eventually led these men to send a number of important letters and documents to the 
Soviet leadership. These appeals were formulated in two thematic directions-one aimed at 
establishing a management and industrial infrastructure to exclusively support a space program 
and the second aimed at establishing specific short- and long-range goals of such a program. 

The first salvo on the organization theme came less than two months after the launch of 
Layka into space. In a letter titled "On the Establishment of New Powerful Industry for the 
Investigation of Cosmic Space." dated December 30. 1957, Korolev and Keldysh addressed 
both topics. Following the writings of Tsiolkovskiy very closely, the two listed the primary goals 
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of a well-organized Soviet space program. These would be the development of oriented artifi- 
cial satellites, the use of solar energy as a power source, the creation of satellites for pho- 
tographing Earth's surface, the creation of space stations for extended use and the return of 
data from space, research on "a number of questions on orbiting the Moon." and "human 
flight across interplanetary ~ p a c e . " ~  To facilitate these goals, the authors called for the estab- 
lishment of new scientific-research institutes and design bureaus. As with many other letters of 
the time, it seems that the Soviet leadership did not respond favorably to the appeal. The first 
official governmental decree on the space program, on March 20. 1958, merely approved the 
automated lunar probe effort, without addressing any of the larger questions listed by Korolev 
and Keldysh.' 

During the summer of 1958. Korolev and Tikhonravov prepared a more detailed appraisal 
of the goals of the Soviet space program.This landmark document, also faithful to the 
Tsiolkovskiy vision, laid out the basis for much of the Soviet space effort during the 1960s. 
albeit with many delayed timeframes than originally proposed by its authors. Thematically, the 
letter was divided into four parts: 

Investigations using the R-7 and its three-stage modifications such as the 8K72 
Creation of new, more powerful launch vehicles 
lnvestigations using these new launch vehicles 
Basic scientific-research work for the development of interplanetary technology and search 
for newer achievements "in the road to the mastery of cosmic space." 

The authors listed investigations using the R-7 and its three-stage modifications as: 

Creation of artificial satellites capable of: 
a. Photography of Earth with recoverable film cassettes (1958-60) 
b. Unlimited lifetimes and periods of operation ( 196 1-65) 
c. Existing in highly elliptical orbits around Earth (196 1-65) 
Creat~on of apparatus for investigations of the Moon, including: 
a.  Ten to twenty-kilogram stations on the surface of the Moon (1958-6 1) 
b. Artificial lunar satellites for photography ( 1959-6 I )  
c. Satellites In elliptical orbit for circling the Moon and returning film cassettes back to 

Earth ( 1960-64) 
Creation of a piloted satellite with ballistic reentry in three stages (1 958-60): 
a. Development of heat protection for the return apparatus 
b. Creation of test apparatus for suborbital testing 
c. Creation of a piloted satellite for operation up to ten days 

2 Thls document has been reproduced rn full as M V Keldysh and 5 P Korolev ' O n  the Establishment 
of New Powerful Industry for the lnvestigat~on of Cosrnlc Space" (Engl~sh t~t le) In V 5 Avduyevsk~y and T M 
Eneyev eds M V Keldysh czbrannyye trudy raketnaya tekhnrka i kosmonavtcka (Moscow Nauka 1988) p 241 
The letter was sa~d to have been sent to "dlrect~ve organs " usually a euphem~sm for the USSR Counc~l of M~n~sters 
and the Central Comm~ttee 

3 Yu P Semenov ed Raketno Kosrnrcheskaya Korporats~ya "Energiya" men[ 5 P Koroleva (Korolev 
RKK Energ~ya named after S P Korolev 1996) p 93 

4 This document has been reproduced in full In two d~fference Sov~et sources See S Korolev and M 
T~khonravov ' Prel~m~nary Cons~derat~ons on the Prospects of the Mastery of Cosm~c Space" [English t~t le) in B V 
Raushenbakh ed Materialy po istor11 kosrnccheskogo korabl "uostok ' (Moscow Nauka 199 I )  pp 16- 19 See also 
S P Korolev and M K Tlkhonravov 'On the Prospects of Work on the Mastery of Cosmrc Space' (English tltle) 
In M V Keldysh ed Tuorcheskoye nasledcye Akadernika Sergeya Paulovicha Koroleua izbrannyye trudy 1 dvku 
menty [Moscow Nauka 1980) pp 405-08 



Creation of a piloted satellite with return via gliding (1 959-65) 
Research on opportunities for the exploration of Mars and Venus via automatic apparatus 
and returning to Earth's vicinity with photographic and other data ( 1959-6 1) 
Research on processes for bringing together two vehicles in orbit that would require pre- 
l~minary scientific work ( 1962-66) 

The second portion of the document addressed the development of new launch vehicles: 

Creation of a space booster with a payload of fifteen to twenty tons (ending in 1963 or 1964) 
Creation of ion and other engines for interplanetary flight and human flight to the Moon 
and nearest planets 

In the third portion. Korolev and Tikhonravov addressed the use of the new launch vehicles 
enunciated above: 

Creation of a piloted satellite with one or two humans to develop conditions for extended 
piloted spaceflight and the establishment of satellite stations (1 961 -65) 
Creation of a spaceship using ion engines for p~loted flight to the Moon and back to a sta- 
tion in Earth orbit ( 196 1-65) 
Creation of automated spacecraft for investigations of Mars and Venus and their return to 
near-Earth space for research on the surface of the planets and testing long-distance radio 
communications ( 1963-66) 
Creation of "artificial settlements" in space with the following goals: 
a. Creation of near-Earth stations. work starting in 1962, for: 

(i) Studying prolonged weightlessness, artificial gravity, and effects on plants. 
humans, and animals 

(ii) Studying the effects of radiation on vegetation and living organisms 
b. Creation of near-Earth stations, work starting in 1962, for: 

(i) Assembly of "interorbital" vehicles 
(ii) Creation of a space transportation system with Earth 
(iii) Reception of "interorbital" vehicles 

After accomplishing these objectives, the following two goals would be within reach: 

Flight of humans to Mars and Venus 
Flight of humans to the Moon and their return to Earth 
Construction of a continuously operating "station colony" on the Moon, on which pre- 
liminary work would begin in 1960 

The fourth and final part of the document discussed exploratory work that scientists would 
carry out as part of research and development programs: 

Research on rockets propelled by chemical and nuclear propellants for lofting large payloads 
to Earth orbit and to the Earth-orbital stations ( 1959-60) 
Research on ion, plasma, and similar types of engines for use on interorbital transport 
spacecraft ( 1959-60) 
Research on rendezvous in orbit leading to experimental verification ( 1958-6 1 ) 
Research on technologies for orbital assembly of a space station in Earth orbit, using rock- 
et stages as components of the station ( 1959-63) 



Research on closed-cycle life support systems and spacesuits ( 1960-65) 

Development of energy sources for Earth orbital stations and interorbital apparatus 
( 1958- 62) 

Research on radlo communications over very long distances ( 1959-65) 

In conclus~on, Korolev and Tikhonravov added that the llsted dates were preliminary and that 
there would undoubtedly be many other fields of scientific-research work that would accom- 
pany the enumerated goals. 

Several important thematic direct~ons emerge from closer Inspection of the docunlent. By 
early 1959, some of the more immediate goals were already part of ongoing programs. in par- 
ticular the automated lunar probes, the human spaceflight effort, and the military photo- 
reconnaissance program. As far a5 long-term objectives, Korolev and T~khonravov clearly give a 
nod to Ts~olkovskiy's early theories, wlth a continued emphasis on Earth-orbltal space statlons 
actlng as places of research as well as bases for the further exploratlon of space In addltlon. In 
thelr vlsion of the future plloted exploratlon of the planets is one of the central objectives Th~s 
particular theme would In fact domlnate much of the long term research at OKB- I durlng the 
following five years as the Soviet space program was In the mldst of expansion It 1s notewor- 
thy that for Korolev and T~khonravov, who had been raised on a dlet of Ts~olkovskiy and 
Tsander a plloted lunar landlng was not deemed Important enough for short-term consldera- 
tlon but Instead was consigned to second place after interplanetary mlsslons I 

Unllke many of Korolev's earlier letters to the government there IS noth~ng In the text in I 
I 

the document to suggest that the attainment of these goals would reap political dividends in a 
"space race" with the United States. The clear and well-thought out goals listed In the docu- 
ment were really the first concrete attempt by the designer faction to move ahead from  sola at- 
ed Sputniks and lunar probes to a rational and broad plan for the exploration of space. 

Korolev and Tikhonravov signed the document and sent it to the Military-Industrial 
Commission on July 5.  1958. It is now clear that a number of key proposals in the report were 
discussed at a very h~gh  level over the course of the following year, although the specifics st111 
remain classlfled Superficial details are available of a meeting In Moscow in February 1959 to 
discuss nuclear propulsion for spacecraft, but the nature of debates on the larger issue of the 
conceptron and policy of a civilian and military Soviet space program still remain shrouded in 
mystery.' What is apparent is that by the summer of 1959, one year after having sent their let- 
ter, there had not been a single decree on long-term goals from the Communist Party and gov- 
ernment. This lack of response may have been a catalyst for more action on Korolev's part. 

In the early summer of 1959, he put his resources together with AcademicIan Keldysh, cer- 
ta~nly much more influential and powerful than Tikhonravov, and fired off three documents in 
succession to the Soviet leadership. The first one. dated May 20.  1959, was a letter proposing 
the additlon to current plans of a project for designing an "apparatus for returning from orbit 
and landing on the Earth."' This was clearly in relatlon to the Object K program and referred 
primarily to the reconnaissance satellite with a few lines added on the piloted varlant. Two days 
later. a decree was passed on both projects. 

The second letter, sent only a week later on May 27, was much more comprehensive and 
exclusively addressed the immediacy of establishing formal institutional mechan~sms for the 
new Soviet space program. The central proposition of the ten-polnt plan was to separate the 
ballistic missile effort from the space program: 

5 The descript~on of the 1959 meeting in Moscow can be found in A P Romanov and V 5 Cubarev 
Konsfruktory (Moscow lzdatelstvo pol~t~cheskoy literatury 1989) pp 308- 10 

6 Yu V B~ryukov Materidis from the Biographical Chronicles of Sergey Pavlovich Korolev" (English title) ~n 
B V Rausbenbakh ed lz lstorii souetskoy kosmonautik~ (Moscow Nauka 1983) p 241 The letter remains classified 



At the present time, operations associated with the exploration o f  space are being con- 
ducted mainly by the same organizations that haue been developing long-range mis- 
siles. This is undoubtedly favorable for progress of these operations. But now, since the 
objectives and scope of space exploration earmarked for the nearest future haue become 
extremely broad, i t  is the r~ght time to inulte new forces and new organizations.' 

Specifically, the authors called for the creation of a Central Sc~entific-Research Institute for 
Interplanetary Research-a place where all future Soviet spacecraft would be designed. While 
Korolev's OKB- I would retain the job of designing and building more powerful space launch 
boosters, the institute would be separate from the missile industry and focus exclusively on cre- 
ating Earth-orbital satellites, piloted spaceships, and automated and piloted interplanetary vehi- 
cles. Korolev and Keldysh proposed that the new organization should be created on the basis 
of an exist~ng aviation design bureau whose prior commitments would be transferred else- 
where.x In the authors' vislon: 

This organization could become in the future a scientific center o f  space exploration on 
an international scale, bearing in mind that the Soviet Union has achieued the first use- 
ful results in the field. These results could be fruitfully developed and extended in the 
future in cooperation w ~ t h  the socialist countries." 

As part of a general restructuring of the missile and space sector, Korolev and Keldysh also 
called for the creation of seven other specialized institutes for ( I ) guidance and control systems. 
(2) long-range space communications, (3) radio-telemetry systems. (4) the development of 
power supply systems (including nuclear sources). (5) the design and manufacture of scientif- 
ic instruments for spacecraft. ( 6 )  biomedical research on humans and animals in space, and 
(7 )  planetary sciences. 

In ending their appeal. Korolev and Keldysh called for the creation of a management and 
directing mechanism, the Interdepartmental Scientific-Technical Council of the USSR Academy 
of Sciences headed by Keldysh, which would oversee the entire Soviet space effort. The closest 
thing to such an entity 11- the United States was perhaps the extinct National Advlsory 
Committee for Aeronautics, which had recently been succeeded and replaced by the National 
Aeronautics and Space Administration (NASA). Putting Keldysh's name as head of thls pro- 
posed council would clearly work in Korolev's favor, given Keldysh's clout with the upper eche- 
lons and his favorable support for Korolev's plans. There is nothing in the document to suggest. 
however, that Korolev would relinquish his influence over any new institution ded~cated to the 
development of space vehicles. This document from May 1959 can in fact be seen from one per- 
spective as a means to consolidate Korolev's hold on the emerging space program. At the same 
time, it was also a plea for order and rational thinking-that is, to separate the missile and space 
industries and establish a number of institutions exclusively ded~cated to space exploration. 

Korolev sent a third letter, still classified, to the government on July 13 of the same year 
"on considerations for the organization of work" on the space program."The requests were 
important elements ~n the pursuit of establishing a separate space program in the Soviet Union. 

7 The complete document w ~ t h  d~sguised des~gnat~ons has been reproduced as S P Korolev and M V 
Keldysh 'On  the Development of Scient~f~c Research and Exper~mental Design Work on the Mastery of Cosmic 
Space ' (Engl~sh t~t le) In Keldysh ed Tvorcheskoye naslediye Akademika pp 409- 12 

8 The av~atlon des~gn bureau 1s unnamed ~n the document but i t  was poss~bly OKB 256 headed by 
Ch~ef Designer P V  Tsyb~n who was an old associate of Korolevs from the late 1920s 

9 Korolev and Keldysh ' On the Development of Sc~entlf~c Research ' p 4 1 1 
10 B~ryukov "Materials from the Biograph~cal Chron~cles ' p 241 



and Korolev took advantage of his peaking Influence and power to propose some bold ideas. 
such as international cooperation, certainly a sensitive subject given the space sector's origins 
in the ICBM program. He had the support of sympathetic figures in powerful positions, such 
as Khrushchev. Ustinov. Rudnev, and Keldysh, patronage strong enough to quickly facilitate the 
launch of the first Sputniks, a series of launches in an automated lunar exploration program, 
and to gain the approval for a piloted satellite project. But this small window of opportunity did 
not last long. By 1959, a variety of factors had begun to erode the power of the Council of Chief 
Designers to force through a vigorous space program. The immediate response from the lead- 
ership to the series of letters in 1957 through 1959 remains unclear. When the government did 
take action on the space program, it ultimately fell far short of what Korolev and his associates 
desired. 

On December 10, 1959, the Central Committee and the USSR Council of Ministers issued 
the very first decree, number 1386-6 18, on a macro-level policy on the Soviet space program." 
Titled "On the Development of Research Into Cosmic Space." the decree was a modest first 1 
step in elaborating goals for the Soviet space program, albeit one with short-term goals. 
Evidently, only one of the May 1959 recommendations for institutional change proposed by 
Korolev and Keldysh was addressed in the decree: the document sanctioned the formation of 
the Interdepartmental Scientific-Technical Council for Space Research, an advisory body under 
the aegis of the Academy of Sciences to oversee thematic and project proposals on long-range 
space goals. Council members included senior officials from the design bureaus, inst~tutes, sci- 
entific community, and military. Two designers from OKB- I -Korolev and his "space" deputy, 
Bushuyev-officially became members of the council's Presidium on January 13. 1960." 

The formation of the council, however, did not satisfy Korolev and Keldysh's call for an 
industry-wide reorganization. Perhaps armaments people Ust~nov and Rudnev found Korolev's 
proposal to establish an organization in the aviation industry an anathema to their allegiances. 
The authors of the decree did, however, mention some of the points in the earlier July 1958 let- 
ter of Tikhonravov and Korolev. The government granted approval for the development of a 
four-stage variant of the R-7 for a series of automated missions to Mars, Venus, and the Moon. 
for piloted missions in the Object K spacecraft, and for exploratory studies on a heavy-lift 
booster. ' The Ministry of Defense, the primary funding conduit for the design bureau system. 
was simply not interested in supporting a flourishtng and long-range space program as outlined 
in the numerous letters to the leadership in the preceding two years. This clash over defense 
priorities was a theme that would grow much larger throughout the 1960s. but in 1959, rt was 
the first indication to Korolev and the remarning members of the Council of Chief Designers 
that an indigenous space program was going to have a painful b~rth.  What little funding was 
extracted would have to be continually justified on the basis of defensive needs, certainly a 
tricky proposition when one considers Korolev's ultimate goals of large space stations in Earth 
orbit servicing piloted interplanetary missions to Mars and Venus. 

Within the defense sector, during the latter part of the decade, there had been a noticeable 
shift in Soviet strategy shifting from dependence on long-range aviation to ICBMs. This major 

I I Raushenbakh ed Materialy po istori1 p 2 10 C Vetrov 'The Difficult Fate of the N I Rocket' (Engllsh 
t~t le) Nauka i zhrzn no 4 (Apr~l  1994) 78-80 K Lantratov ' Russia to Mars!' (Engl~sh t~t le) Nouosti kosrnonautlki 
20 (September 23-October 6 1996) 53-72 Ceorg~y Stepanovich Vetrov "Development of Heavy Launch Veh~cles 
in the USSR presented at the loth lnternat~onal Sympos~um on the H~story of Astronaut~cs and Aeronautics 
Moscow State Un~vers~ty Moscow Russ~a June 20-27 1995 

I2 B V Raushenbakh ed 5 P Koroleu i ego delo suet i tent u isforri kosrnonauttki izbrannyye frudy I 
dokumenty (Moscow Nauka 1998) pp 675-76 

13 Vetrov 'Development of Heavy Launch Vehicles' B Ye Chertok Rakety I lyudi F11i Podllpki Tyuratarn 
(Moscow hlashrnostroyen~ye 1996) p 425 Lantratov 'Russ~a to Mars1 ' 



shift, along with the advent of the R-7 ICBM and less powerful missiles from the Yangel design 
bureau, such as the R-I2 and the R-14, necessitated a revamping of the existing command 
structure in the procurement and operation of ballistic missiles. Throughout the 1950s. the 
Ministry of Defense's control and influence over ballistic missile development was effected 
through its subordinate Chief Artillery Directorate in a department called the Directorate of the 
Commander of Reactive Armaments. Early proposals from various factions in the summer of 
1959 addressed the anachron~stic nature of having new generations of ballistic missiles in the 
control of artillery forces. Khrushchev elected not to follow the example set by the United 
States, where the U.S. Air Force controlled strategic missiles. Despite some significant opposi- 
tion from within the Ministry of Defense. Khrushchev pushed through the formation of a new 
branch of the Soviet armed forces, the Missile Forces of Strategic Designation (RVSN), more 
commonly known as the Strategic Missile Forces. Signed into existence by a decree of the 
Communist Party and government on December 17, 1959, the Strategic Missile Forces inherit- 
ed the control of all ballistic miss~les in the Soviet U n i ~ n . . ~  

Marshal Nedelin, the fifty-seven-year-old military technocrat behind the successful missile 
buildup in the Soviet Union in the 1950s, was appointed the first Commander in Chief of the 
new service. Nedelin knew Korolev well. The latter regarded Nedelin very highly and was 
reported to have said that when it came to 
issues of quality control and delivery dates, 
Nedelin was a very principled and demanding 
customer." All activities carried out by the Chief 
Art~llery Directorate that were related to long- 
range missiles were transferred to the Strategic 
Missile Forces; by default, the Directorate of the 
Commander of Reactive Armaments also 
became a portion of the new Forces, thus bring- 
ing with it all its duties on operating space 
launch vehicles. Confusingly renamed the Chief 
Directorate of Reactive Armaments (GURVO). 
this growing department continued to handle all 
launch, tracking, and communications opera- 
tions for Soviet spacecraft under the tutelage of 
its chief, Lt. General Anatoliy I. Sernen~v.~  

This unprecedented degree of control over 
the Soviet space program consolidated the posi- 
tion of the Ministry of Defense to affect space 
policy for decades to come. In the late 1950s 
and early 1960s. l~aison with the space program 
was handled neither by Nedelin nor Semenov. 
but by two other officers in GURVO, both of 
whom would go on to play significant roles in 
policy formation and execution in the space 
program: Lt. General Aleksandr G.  Mrykin and 

Marshal Mctro/an Nedel~n was the frrst commander 
of the Soulet Strategrc Mrssrle Forces Through a long 
and distcngulshed career rn the 1940s and 19503 he 
had serued rn uanous capacrtres overseeing the pro 
curement o/ the firs1 long range balirstrc mrssrles into 

the Souret armed forces (files of Peter Gorrn) 

14 The decrees on the forrnat~on of the RVSN are reproduced ~n I D Sergeyev ed Khronrka osnounykh 
sobytiy rstorri raketnykh uoysk strategrcheskogo noznacheniya (Moscow TslPK 1994) pp 236-39 The Central 
Comm~ttee decree number was "Protocol No 254 " wh~le the Counc~l of Ministers decree number was I384 6 15 
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Maj. General Kerim A. Kerimov. The former was the First Deputy Commander of GURVO, while 
the latter was the head of GURVO's new Third Directorate. specially tasked to handle "client" 
operations related to launch vehicles, satellites, ground equipment, and command and control 
on behalf of the Strategic Missile Forces. This Third Directorate, created in September 1960, was 
the seed of the Russian Military Space Forces of the 1990s." Mrykin. a man with a larger-than- 
life personality rivaling Korolev himself, was legendary for his hard-headed nature and inflam- 
matory short temper-traits that terrified most officials who came into contact with him. He 
did, however, have close relationships with the members of the Council of Chief Des~gners. 
facilitating a relatively efficient mode of communication between the space and missile sectors. 

What was remarkable about all four men-Nedelin. Semenov, Mrykin, and Kerimov-was 
that all had been involved in missile programs as artillery officers, starting with visits to Germany 
In 1945 during the famous operation to study the A-4. The stranglehold of these artrllery veter- 
ans on the new Soviet space program was not transitory: artillery troops, later subsumed by the 
Strategic Missile Forces, launched every single Soviet missile and spacecraft, beg~nning with the 
first A-4 launches from Kapustin Yar in 1947 up to the end of 199 1 ,  when the USSR as an entity 
was formally dissolved. The ubiquity of the artillery men in the space program was not limlted to 
the Strategic Missile Forces. In 1959. art~llery veterans of the I945 German visit headed several 
important ~nstltutes in the industry, including Nll-4 and Nll-88 ' In the following years, they 
would also find positions in design bureaus and bureaucratic pos~t~ons in m~nrstries. This power- 
ful lobby would pose a significant threat to Korolev's ideas of a grand space program. 

Korolev in Trouble? 

The conflict over defense spending was not the only threat to Korolev's plans. In 1958 and 
1959, four different issues emerged in the discourse over the development of ballistic missiles. 
all of which involved Korolev. Although seemingly peripheral to the Soviet space program, the 
effects of these four factors were far reachtng: together, they had an unprecedented cumulative 
effect on the course of human space exploration programs in the Soviet Union in the 1960s. 

The primary competitor to Korolev's OKB-I in the field of ballistic missiles was 
OKB-586 headed by Chief Designer Mikhail K. Yangel. In 1954, Yangel had inherited Korolev's 
efforts with storable propellants, turning a modest program into a full-fledged competitor to 
Korolev's own design bureau. Yangel's organization had rapidly developed the R- 12 medium- 
range ballistic missile, which was formally declared operational on March 4, 1959.'' Encouraged 
by the success of Yangel's first missile, the development of a second more powerful missile, the 
R- 14. with a range of 4.500 kilometers, had been approved by the USSR Council of Ministers 
on July 2. 1958.'* Both the R-I2 and R-14 missiles used high-boiling storable components as 

17 Yu P Maksirnov ed Raketnyye uoyska strategrcheskogo naznacheniya voyenno lstoricheskiy trud 
(Moscow RVSN 1992) p 49 For a mention of the Third Directorate see B Ye Chertok Rokety t lyudr goryachrye 
dni khoiodnoy uoyny (Moscow Mashinostroyeniye 1997) p 154 See also V V Favorskiy and I V Meshcheryakov 
eds Voyenno kosmlcheskrye slly (voyenno rstoricheskry trud) kniga I kosmonautika t uooruzhennyye srly (Moscow 
Sankt Peterburgskoy tipografii no I VO Nauka 1997) pp 56-57 According to Kerlrnov he headed ' the directorate 
which handled the rnonitorlng of the plann~ng and manufacturing of space rockets and craft for flight in the auto 
niatlc operation versions ' See K lsrakov 'Breakthrough into the Unknown Today 1s Cosrnonautlcs Day (English 
title) Bakinskry rabochry April I2 1988 p 3 

18 By late 1959 NII 4 was headed by Ma] General A I Sokolov and NII 88 by Ma) General G A Tyulin 
both artillery officers 

19 Sergeyev ed Khrontka osnounykh sobyfry istorir p 36 The f~rst silo launch of the R I2 took place on 
August 3 I 1959 

20 V Pappo Korystin V Platonov and V Pashchenko Dneprouskry raketnokosmtcheskty lsentr 
(Dnepropetrovsk PO YuMZiKBYu 1994) p 61 



propellants, which had two major advantages over low-temperature cryogenic propellants such 
as liquid oxygen (LOX): they allowed missiles to be kept battle ready for long periods, and they 
permitted very quick preparations for launch. They also had some drawbacks; they were usual- 
ly extremely toxic, dangerous to handle, and corrosive to traditional propellant tanks. 
Historically, Korolev had always preferred cryogenic combinations, primarily because they 
offered high specific impulse ratings and lifting efficiency, important factors for space launch 
boosters but much less relevant for military missiles. The first Soviet ICBM, the R-7, used a LOX- 
kerosene combination, a relatively efficient combination for space launch operations, but a poor 
choice for battle-ready missiles. In the best case, the R-7s took eight to ten hours to fuel and 
too much effort to keep ready. If a launch were canceled, a missile had to be empt~ed at the pad 
within ten hours, a dangerous situation for a rocket designed to be the first element of a Soviet 
strategic missile force. As early as August 1956, the all-powerful Council of Defense of the 
Politburo had adopted a decision to accelerate work on ICBMs that did not use cryogenic 
propellants.'' 

Concerns about propellants were compounded by the steep costs of building launch pads 
for the bulky R-7. Originally. the Ministry of Defense had proposed approximately fifty pads all 
over the Soviet Union, but the astronomical costs of such an endeavor quickly squelched any 
such plans. The R-7 itself went through a troublesome test regime. The first series began on 
May 15, 1957. and ended on July 10. 1958. Engineers incorporated improvements to the ICBM 
over the following year and conducted a second series of eight launches between December 24. 
1958. and December 27. 1959." Problems with the R-7 were slowly eliminated during these 
intensive tests, and the m~ssile was officially declared an operational element of the Soviet 
armed forces on January 20. 1960. An improved version, the R-TA, with a lighter warhead and 
an all-inertial guidance system, became the standard version once it was declared operational 
in September of the same year." Although it was the world's first ICBM, the R-7A was at best 
a very poor element of the strategic rocket forces. The costs of building launch pads, their vis- 
ibility to overflying reconnaissance, the inordinate time to fuel the rocket, the use of cryogenic 
propellants, and the poor accuracy of the warhead were all reasons that prompted Khrushchev 
to drastically reduce plans to deploy the miss~le in large numbers. In the end, a total of four 
launch complexes were built, three of which were used as sites by strategic forces and the 
fourth for space launches.'" 

21 The Councll of Defense meet~ng may have been in response to a proposal from Ch~ef Des~gner V P 
Clushko on a new ICBM the R 8 which would have used storable propellants instead of cryogenic pairlngs Korolev 
was Informed of the Counc~l of Defense dec~s~on on October 16 1956 by Marshall M I Nedel~n See Raushenbakh 
ed 5 P Koroleu i ego delo pp 25 1 664-65 

22 Yu A Mozzhor~n et a1 eds Nachalo kosmrcheskoy ery uosporninanrya ueteranou raketno kosmich 
eskoy tekhnrki i kosmonautikr uypusk utoroy (Moscow RNlTsKD 1994) p 59 Of  the e~ght launches durlng the 
second serles seven were successful The f~rst series-produced R 7 was launched on February 17 1959 wh~le the 
first fully fueled operational R 7 was launched to the Pac~fic Ocean on October 22 1959 See Biryukov 'Materials 
from the Biograph~cal Chronicles ' pp 241-42 

23 Sergeyev ed Khronrka osnounykh sobytry cstorri p 37 The R 7A had a range of I2  000 k~lometers 
Author~zation for the project was granted on july 2 1958 the first launch was on December 23 1959 and flight 
testlng ended on July 7 1960 See Makslmov ed Raketnyye uoyska strategccheskogo p 4 7  

24 Of the four pads two were at the Sc~ent~f~c Research Test~ng Range No 5 (NIIP 5 )  at Tyura Tam at sltes 
I and 3 I Slte I was for the early space launches Construction of the latter was completed In late 1958 along w ~ t h  
~ t s  own integration bu~ ld~ng  at s~te 3 2  The remalnlng two pads were at a new slte ~n northern Russ~a near the town 
of Mirnyy at NllP 53 Ofllc~ally called the Object Angara the base was the srte of two pads the f~rst of whlch was 
flnished In 1959 (site 16) and the second of wh~ch  was f~n~shed In 1961 (site 4 1) It was these two latter pads that 
constituted the maln battle ready R 7 pads The flrst pad went on an alert status on December 15 1959 a month 
prior to the order declaring the R 7 operat~onal See also Ye B Volkov ed Mezhkonlinentalnyye ballrstrcheskiye 
rakety SSSR (RF) i SShA (Moscow RVSN ! 996) p 269 



The disappointment with the R-7 was a major blow to the limitless faith Khrushchev had 
placed on Korolev's abilities. It was the first of a number of factors that began to adversely affect 
the "open line" between the two, that had facilitated many of Korolev's early space plans. In 
May 1958, Khrushchev, at one of his many meetings with Korolev, had asked the chief design- 
er about the possibility of finding a more efficient solution to the ICBM problem than the R-7. 
To Khrushchev's queries on storable propellants such as nitrogen tetroxide, Korolev merely 
replied that it would be impossible to build an ICBM using such components, invoking the dif- 
ficulty of developing powerful engines using toxic components. Korolev's total insistence at 
uslng cryogenic propellants, no doubt stemming from hls vislons of space exploration prompt- 
ed him to propose a replacement for the R-7 a new mlsslle called the R-9 Cryogenic propel- 
lants would still fuel the mlsslle. Korolev promlsed to use hlgh-speed pumps for quick 
preparations durlng battle, as well as super-cooled LOX to extend the time it could be marn- 
tamed at fllght readiness In addition, the R-9 would only be half the mass of the cumbersome 
R-7 Khrushchev promlsed to thlnk about the proposal but In general remalned unsat~sfied with 
Korolev The Soviet leader conflded in his son that Korolev appeared to be keener on achlevlng ! 
space records than work on defense ' 

The day after the meetlng wlth Korolev Khrushchev called In Glushko The latter was a I 
strong believer 11- storable propellants. and Glushko had had problems with LOX for years. 
Beginning wlth his early work in 1930s. Glushko had consistently preferred storable propellants 
such as nitric acid, shying away from the vibration and combustion problems associated with 
more sophisticated cryogenic designs. Glushko told Khrushchev that an ICBM on storable pro- 
pellants was posslble to build and recommended Yangel as a potential contractor. He was par- 
tlcularly interested ~n a new combination of red fuming nitric acid and unsymmetrical dirnethyl 
hydrazine, which would offer a potentially easy fix to the missile storage problems. Khrushchev 
took advantage of the advice and met with Yangel soon after. The latter, while conceding that 
using tox~c propellants would be difficult, was completely amenable to the idea The notion of 
creating an ICBM at OKB-586 had been one of Yangel's ultimate goals for some tlme. After the 
Council of Defense recommendation on bullding noncryogenic ICBMs, on December 17. 1956, 
the USSR Council of Ministers approved exploratory work on a new missile at Yangel's organi- 
zation, called the R-16. Yangel received encouragement on his work when an independent 
panel approved the paper design of the missile in january 1958.'" 

Khrushchev's meeting with Yangel may have been pivotal in shifting "patronage" away 
from Korolev. Perhaps to be completely sure of any future action, he met with Korolev once 
again to hear his views on the propellant debate. Once again. Korolev repeated his views on 
what he considered "the devil's venom." Hearing that Khrushchev was cons~der~ng giving 
Yangel the contract for a new ICBM with storable propellants. Korolev made an uncharacteris- 
tic offer. As Khrushchev later remembered. Korolev told him: 

25 Sergey Khrushchev Ntk~ta Khrushcheu kririsy i rakeiy vzgiyad iznutri tom I (Moscow Novosti 
1994) pp 382-83 Note that there are contrad~ctory reports that Korolev f~rst proposed the R 9 ICBM idea to 
Khrushchev in September 1958 See Chertok Rakety I lyudc goryachlye dnl kholodnoy uoyny p 23 

26 Pappo-Korystln Platonov and Pashchenko Dneprouskiy raketno kosmrcheskly fsenlr p 61 The 
Council of Ministers decree in December 1956 approved the development of the R 16 ICBM for a f~rst launch by June 
1961 Work on the theoretical aspects dld not however beg~n until November 1957 after the initial serles of R 7 
launches The draft plan for the m~ssile was approved In January 1958 but clearly there was some unexpla~nable 
delay In the program 



I propose that you give this acid-fueled [that is. storable propellant] missile project to 
me. Besides that. I will also make an oxygen-fueled missile that will be capable of near- 
ly instantaneous action. This missile will not require any supplementary equipment, like 
those guidance stations that have to be located every five hundred kilometers along the 
mcssile's flight path." 

Khrushchev was resistant to such an idea, but Korolev was insistent. Finally, the Soviet 
leader cut Korolev off sharply, remindrng him that he was dealing with the Chairman of the 
USSR Council of Ministers. The meeting apparently had a profound effect on the close rela- 
tionshtp between Korolev and Khrushchev, as their previous rapport gradually began to cool. 
Korolev had to increasingly resort to normal institutional mechanisms to get his big space plans 
approved instead of taking them personally to Khrushchev. Thus he became more constrained 
by the wishes of Ustinov. Brezhnev, Nedelin, and others whose primary concern was defense. 
not space. Perhaps the only asset Korolev had on his side at the time was Khrushchev's inter- 
est in using the space program as a means to advance his prestige and power. This, of course. 
put Korolev in the difficult position of having to justify his projects not only in terms of their 
military utility. but also their appeal to the rmagination of the people of the world. 

There was a more damag~ng secondary effect. Some have speculated that when Korolev 
heard that Glushko had decided to cooperate with Yangel on the new R-16 ICBM, it was a move 
that Korolev could neither forgive nor forget. While Glushko had developed engines for Yangel's 
modest R- 12 and R- I 4  missiles. his support and involvement in a new competitive ICBM pro- 
ject of Yangel was apparently unforgivable. Glushko, having been in Korolev's shadow for 
decades, had been longing for independence and a way out from the series of troubling LOX 
engines he had been developing in diff~culty for Korolev. It has been suggested that it was also 
perhaps jealousy that drove Glushko to switch sides to Yangel-jealousy at Korolev's unprece- 
dented rise in twenty years, from GULag prisoner to preeminent space designer. It was Glushko. 
after a l l ,  who had written to Tsiolkovskiy as a young child and who had dreamed of space 
exploration when Korolev was still flying gliders at the local pilots club back in the Ukra~ne.'" 

The break between Korolev and Glushko was neither sudden nor permanent, at least not 
during the R-9 d~scussions. The f~rst cracks had begun to appear as early as 1954, during design 
work for the R-7, when Glushko had refused to desrgn verniers for the missile. The acrimony 
broke into open conflrct in the summer of 1957 during the sertes of R-7 launches, when there 
had been much f~nger-pointing about the causes of the failures. In one of his letters to his wife 
back in Moscow during that summer. Korolev provided a window rnto the relationship between 
the two giants of the Soviet space program: 

[Glushko] arrived today and to everyone's amazement (mine included!), using the dirti- 
est language and the crudest phrases, began telling us all that our work was utterly 
worthless-and this, just half an hour after he arrived This created a terrible impression 
on everyone. . . . His tirade, unfortunately, could not be considered criticism, certainly not 
friendly criticism, but simply mindless malice. 1 answered him calmly (you can imagine 
the nerves that that cost me!) and only criticized him for his intemperance and arro- 
gance. (Pilyugin] demanded that we sit down and analyze his behavior, but is that real- 
ly possible? If a person behaves in such a way but considers his own opinions "more 
intelligent than anyone else's in all issues without exception," then the only way that you 
can fight is with facts which refute all that he had blurted out.." 

27. N~kita S Khrushchev. Khrushcheu Remembers- The Glasnost Tapes (Boston. Little G Brown. 1990), p 
185. Author's emphasis. 

28. For this Ilne of ~nterpretation, see Khrushchev, Nikita Khrushcheu. pp. 382-83. 
29. Yaroslav Colovanov. Koroleu fakty i m ~ f y  (Moscow Nauka. 1994). p 708. 
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R-16 (8K64) R-9A (8K75) UR-200 (8K81) GR-1 (8K713) 

1961 1961 1963 1963 

The evolution o f  long-range ballistic missile development In the Sovret Union in the post-Sputnik era 
From the le/t are Yangel's R-16 (operatronal in 1961). Korolevs R-971 (1965). C h e l o m e y  UR-200 (canceled) 

and Koroleu's GR-I (canceled) (copyright Peter Gorrn) 

W ~ t h  therr unusually headstrong characters, their innate ambitions, and, perhaps most 
importantly, their differences over technical matters. it is not surprising that the two found 
themselves in serious conflict. The maturation of the m~ssile and space programs finally broke 
whatever semblance of friendship they had developed over the years. 

Yangel's R- 16 ICBM project was officially approved by an official governmental decree on 
August 28. 1958. It would be a two-stage intercontinental missile with both stages usrng 
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O R G A N I Z I N G  F O R  T H E  S P A C E  P R O G R A M  

engines from Glushko's OKB-456, fueled by storable propellants.'@ The road to approving work 
on Korolev's R-9 was fraught wlth more difficulty. In April 1958, under severe pressure from 
Korolev, the SIX original members of the Council of Chief Designers, including Glushko, sent an 
official letter to the Military-Industrial Comm~ssion with a proposal to initiate the formal devel- 
opment of Korolev's missile." Both Korolev and Glushko had motivations to cooperate on the 
new program-Korolev because Clushko essentially monopolized the development of high- 
thrust rocket engines in the Soviet Union, and Glushko because he was fearful of be~ng exclud- 
ed from a contract for a new ICBM project. By December of the same year, the two chref 
designers had agreed on the specifications for the two-stage missile." Within weeks. Korolev 
was having second thoughts on Glushko's involvement. On March 7. 1959 he sent another let- 
ter to Ustinov and Rudnev proposing the development of two variants of the ICBM-one with 
Glushko's engines, called the R-9A, and one with nitric acid-kerosene engines designed by 
Isayev's OKB-2, called the R-9V. The latter option emerged for two reasons: it would be 
Korolev's stab at making a storable propellant rocket, and it would be insurance against 
Glushko's failure to develop a cryogenic engine." The Soviet government declined to allocate 
resources for two versions of the rocket and, on May 13. 1959, issued an official decree approv- 
ing R-9 development with only Clushko's engines.'"The eighty-one-ton missile was to carry a 
two-ton warhead a full distance of 12.500 kilometers. Many of the performance characterist~cs 
of the R-9 were quite similar to the Martin Marietta Titan I ICBM, whose very existence was 
used by Korolev as justification for the R-9. 

The program proved to be a Pandora's box of problems for Korolev. Put on the defensive 
by the military. Korolev had to continually defend his creation to a less than enthusiastic client. 
whose officials were quickly losing any Interest In cryogenic ICBMs. OKB-I Flrst Deputy Chief 
Designer Mishin, who was the originator of the R-9 proposal, was instrumental In propping up 
Korolev's vehement opposition to storable propellants and enumerating the advantages of LOX. 
Mishin persistently supported LOX-based combinations and argued that given the resources, he 
could draw up technical plans to overcome the apparent deficiencies of LOX in the eyes of the 
military. He emerged with some remarkable technical solutions, including low-cost storage sys- 
tems and high-speed pumps, which may have saved the R-9 program." 

Glushko, meanwhile, ran into severe problems with his chosen engines. The R-9 flrst stage 
required an engine with a thrust of about 140 tons at sea level. This high thrust level was, 
however, far in excess of any engine he had ever produced in his thirty years as an engine 

30 Pappo-Korystin. Platonov, and Pashchenko. Dneprouskiy raketno-kosmrcheskiy tsentr, p. 62 The engines 
were the RD-218 for the f~rst stage and the RD~219 for the second stage The propellants were unsymmetrical d~methyl 
hydrazine and red fuming nitr~c acid for both engines Some sources state that government approval for the R-16 was 
granted on May 13. 1959-that 18. In the same decree approving Korolev's R-9 m~ss~le See, for example. Golovanov, 
Koroleu p 709 

3 1 .  Th~s document, dated Aprrl 18, 1958, has been published in abridged form as "On Prospective Developments 
of Oxygen Missiles." In Raushenbakh. ed.. 5. P Korolev r ego deio, pp 249-51. 

32 Clushko sent Korolev clar~f~cat~ons on performance ratings for his f~rst-stage englnes on December 9. 1958 
Korolev sent a subsequent letter to the government and other ch~ef designers on December 19. In it, he proposed a launch 
mass of seventy to seventy-f~ve tons and a range of 12,000 kilometers for the moblle miss~le. See Raushenbakh. ed . 5 P 
Koroleu I ego deio, p 671 Note that Glushko had also proposed a variant of the R-9. known as the R~9B. uslng storable 
propellants (nitric acid-unsymmetrical dimethyl hydrazine), but Korolev apparently never took the idea very seriously. 

33 Confusrngly. Korolev also lnv~ted Yangel to partlclpate In R-9V development. The R-9V would use four of 
OKB~2's englnes of forty tons thrust each on the f~rst stage. Yangel's OKB-586 would have responsib~l~ty for the general 
layout of the miss~le. See rbrd. pp 595. 672, 

34. 1 Afanasyev, "The Mysterious'Nine'" (English title), Auiatsiya r kosmonautika no 8 (August 1992) 34-35. 
35 For a summary of M~sh~n's role in the R-9 LOX debate, see Chertok, Rakety I lyud~ Fiir Podiipki Tyurafam. 

p. 21 7. Chertok. Rakeiy i lyudi. goryachrye dnr khoiodnoy uoyny pp 27-28; James Harford. Korolew How One Man 
Masterm~nded the Soviet Drrue to Beat Amerrca to the Moon (New York john W~ley & Sons. 1997). pp 1 14-19 



designer. An attempt to build a similar single-chamber engine in the early 1950s had ended in 
complete failure. The new engine, the RD-I I I, also ran ~ n t o  serious problems. Like the R-7 
engines, the new engine comprised four combustion chambers fed by the same turbopump. 
Unlike the earlier engines, however, the RD- I I I had much higher chamber pressures (eighty ver- 
sus sixty atmospheres), which. as it turned out, was the primary cause of high-frequency self-stim- 
ulated vibrations that tore the engines apart during ground tests.36 Anticipating precisely such a 
situation, Korolev, with the approval of some key members in the government. had invited a new 
engine design organization to usurp Glushko's monopoly in the Soviet missile program: OKB-276. 
headed by forty-seven-year-old designer Nikolay Dmitriyevich Kuznetsov. Perhaps the most 
famous aviation engine designer of the era, Kuznetsov started his career in 1943 when he joined 
the Klimov Design Bureau as a Deputy Chief Designer. working on engines for Yakovlev and 
Petlyakov's fighter aircraft. On April 17. 1946, the Soviet aviation industry established a new design 
bureau at Plant No. 2 at Kuybyshev, to develop new turbojet engines for postwar airplanes. Three 
years later, Kuznetsov, then only thirty-eight years old, was appointed its Chief Designer. His orga- 
nizat~on went from strength to strength, making engines for some of the most famous Soviet air- 
planes of the \ 950s. including the strategic Tu-95 bomber and the Tu- 1 14 passenger aircraft." 

Unlike some other aviation chief designers. Kuznetsov was not the slightest b ~ t  Interested 
in either the missile or the space industry. He had a well-established reputation as a des~gner 
of high-performance jet engines for Tupolev, Ilyushin, and Antonov, and he was not willing to 
jeopardize his standing by partaking in a high-risk endeavor in which he had no experience. But 
in the end, he was a victim of circumstance. By the late 1950s, the aviation sector as a whole 
was hit by hard times. As Khrushchev shifted his military strategy from aviation to missiles. 
numerous design enterprises found themselves without contracts to survive. In effect, the 
Soviet leader forced many of these organizations to make a radical shift in the~r design profiles. 
Kuznetsov was so resistant to shift his design bureau to the missile and space industry that he 
took the matter to Frol R. Kozlov. who was chairman of the Council of Ministers of the Russian 
Soviet Federated Socialist Republic. Kozlov and Kuznetsov enlisted the aid of Nikolay K. 
Kirichenko, possibly the most powerful man in the country after Khrushchev. However, the 
Soviet leader was not interested in Kuznetsov's arguments; he would have to shift to the rock- 
etry industry, and that was it.'" 

Kuznetsov played right into Korolev's dilemma over the R-9 program. In November 1959. 
Korolev, alarmed by the delays in Glushko's engine development program, wrote to Secretary 
of the Central Committee Leon~d Brezhnev, the nominal head of the Sov~et space and missile 
program."' His request was unambiguous; first, he wanted Glushko ejected from the R-9 

36 Chertok Rakety I lyudl goryach~ye d n ~  kholodnoy uoyny p 33 
37  A N Ponomarev Sovetskiye avcatsionnyye kosntruktory (Moscow Voyennoye izdatelstvo 1990) pp 

292-95 Kuznetsov was a Deputy Ch~ef Des~gner at the V Ya Kllmov Des~gn Bureau (OKB 26) from 1943 to 1946 and 
a Ch~ef Des~gner at the same organlzat~on from 1946 to 1949 He was appointed to his post as Plant No 2 Chief Deslgner 
~n 1949 See G P Sv~shchev ed Avrat51ya entsiklopedlya (Moscow Bolshaya Rosslyskaya ents~klopediya 1994) p 299 
In June 1953 Plant No 2 was renamed Plant No 276 at whlch time the deslgn bureau was named OKB 276 

38 Golovanov Koroleu pp 7 13- 14 Korolev had been acquainted wlth Kuznetsov slnce about 1956-57 when 
the latter had begun exploratory work on rocket englnes as part of the general red~rect~on of work at the f~rm See lgor 
Afanasyev 'N i Absolutely Secret" (Engl~sh t~t le j  Krylla rodiny no 9 (September 1993) 13- 16 Kuznetsov s early work 
on rocket englnes had been in cooperatlon with OKB 165 of Ch~ef Des~gner A M Lyulka another avlatlon englne enter 
prise whtch had redirected its efforts to develop~ng rocket englnes for the ball~st~c m~ss~le and space programs 

39 Th~s letter dated November 25 1959 has been reproduced In full as S P Korolev "Letter to L I Brezhnev 
on Reorgan~zatton of Work on ZhRDs' (English tttlej in Raushenbakh ed S P Korolev i ego delo pp 2&1-85 By 
October 14 1959 Korolev and Kuznetsov had fln~shed a draft plan for the new variant of the R 9 des~gnated the R 9M 
The four NK 9 first stage engines were from Kuznetsov s OKB 276 wh~le second stage engines would be from lsayev s 
OKB 2 



program. and second, he wanted to proceed 
using newcomer Kuznetsov's engines. Ustinov, 
the chairman of the Military-Industrial 
Commission, took a different view and support- 
ed Glushko's participation. Although Ustinov 
had for the most part been Korolev's supporter 
throughout the 1940s and 1950s. he was not. 
by any means, a bltnd ally of the latter. 
Ustinov's primary allegiance was to the military- 
industr~al complex, not to any part~cular design- 
er, and in 1959. Korolev's star in the missile 
industry was no longer rising. Under "strong 
pressure" from Glushko, Ustinov sided against 
Korolev: the latter would have to continue with 
Glushko's trouble-prone RD- I I I engine. 
Although ground tests for Kuznetsov's engines 
cont~nued for some time, this R-9 variant was 
never developed. Clushko, at least for the time 
being, maintained his monopoly over the 
design of high-thrust rocket engines in the 
Soviet U n i ~ n . ~ '  N~koloy Kuznetsou was the aviation desrgner based 

~h~ R-91~-  16 debacle in 1958 and 1959 'n Kuybysheu who ~olned forces with SerZe~ Koroieu 
in 1958 lo begin research on high-thrust cryogenrc 

four issues the the rocket engines lor ICBMs In later years. Kuznetsov 
Soviet space program. The first was wouid play a crctica! role In desrgnrng engines lor 
Khrushchev's loss of faith in Korolev as the best the N I .  the Sovret Moon rocket (files of Peter Gorrn) 

rocket builder in the Soviet Union; Yangel had 
taken that place. The second was Korolev and Mishin's full-fledged support of cryogenic pro- 
pellants over storable propellants for both ICBMs and space launch vehicles. The third was the 
split between Clushko and Korolev over propellant selection. The fourth was the entrance of 
the Kuznetsov organization into the fray as a possible alternative to Glushko's monopoly in 
high-thrust rocket engine development. These four factors set the stage for the catastrophic dis- 
sension among the leading designers of the Soviet space program during the 1960s. In 1959, 
of course, the cumulative consequences of these factors could not be known. Korolev was at 
the peak of his influence. He had a strong support system wi th~n the Communist Party, the 
government, the military, and the Academy of Sciences. And he was building the first Soviet 
spaceship designed to carry humans into orbit. But as Korolev's monopoly in the missile busi- 
ness began to erode, his leading role in the piloted space program was also challenged in the 
late 1950s by three additional organizations led by prominent aeronautical engineers. All of 
these chief designers were "outsiders" from the aviation industry, and they entered the foray 
without a history in the armaments sector like Korolev. One of these men would compete 
fiercely with Korolev for the next decade. 

40 Afanasyev, "The Mysterious 'Nine'": Sernenov, ed.. Raketno-Kosrnicheskaya Korporatsiya. pp. 121-23: 
Harford, Korolev. p. 114. As early as January 18. 1960. State Cornrnlttee for Defense Technology Chairman K N. 
Rudnev sent a letter to Korolev (with a copy to D. F. Ust~nov) ordering Korolev to proceed only w ~ t h  the Glushko 
vanant of the R-9. 



The Spaceplanes 

Most histories of the early Soviet space program mention one human-in-space project from 
the late 1950s and early 1960s, the Vostok program. which paralleled NASA's Project Mercury. 
Declassif~cations in the early 1990s clearly show that Vostok was only one side of a much larg- 
er effort in human spaceflight. As in the United States, military piloted space proposals had 
also interested the Sov~et government by the late 1950s. During this time, the aviatlon indus- 
try in the Soviet Union was facing its most severe challenge. A recent convert to the effective- 
ness of missiles. Khrushchev pushed through a number of reforms from 1957 to 1960, which 
effectively curtailed contracts for the majority of aviation design bureaus in the Soviet Union. 
Some organizations were even dissolved, and engineers were forced to look for work elsewhere. I 

Having made the decision in 1946 not to engage in missile design. the leaders of the State 
Committee for Aviation Technology faced the consequences of their actions a decade later." To 1 
sustain the well-being of their design bureaus. a number of chief designers from the aviation 

i 
industry were forced to offer proposals related to missiles. Kuznetsov's OKB-276 and Kosberg's 
OKB- 154. for example, joined with Korolev to work on his missiles and space launch vehicles. 
The Soviet Air Force, cognizant of the state of its reduced funding. also shifted its priorities to 
space issues at the time. A rare publlc showing of the Air Force's interest in such vehicles was 
illustrated in an article in its own daily newspaper, published soon after the launch of the first 
two Sputniks. The author, a V. Aleksandrov, described a "rocket-plane" capable of suborbital 
fl~ghts a t  speeds of 15.000 kilometers per hour and altitudes of 200 kilometers." At the same 
time, a secret Air Force panel in late 1958 examlned the primary thematic directions it should 
take during the following twenty-ftve years. Among other things, their report recommended 
two areas of further research: 

I 
An early stage with aircraft flying at 6.000 to 7,000 kilometers per hour and altitudes of 
eighty to 100 kilometers for research lnto aerodynamic heating and flight dynamics at high 
speeds and altitudes 
A later stage with velocity and altitude increased to more than Mach 10 and roo to 
150 kilometers, respectively." 

In its interest in spaceplanes, the Soviet Air Force also had help from the U.S. Air Force. 
The latter had been conducting studies on hypersonic vehicles for almost a decade, and a for- 
mal program, the Dyna-Soar project, was approved on October 10. 1957, less than a week after 
the launch of Sputnik. A three-step program was outlined, leading to the deployment of an 
orbital weapons The progress in the Dyna-Soar program may have been the final cat- 
alyst for simllar projects in the Soviet Union, the first of which was undertaken under fifty-two- 
year-old Pavel Vladimirovich Tsybin, an aeronautical engineer who had designed gliders in the 
late 1920s with Korolev. In the late 1940s. Tsybin had designed several high-speed "flying lab- 
oratories" that were powered by solld-propellant rocket engines. Based on this experience, on 

41 For a summary of the avlatlon versus rocketry debate In the Sov~et government In the late 1950s see 
Khiushchev Nikrta Khrushcheu pp 292-94 

42 V Aleksandrov "Rocket Plane the Alrcraft of the Future (English title) Souetskaya autatsrya 
December 1 1957 An Engl~sh translation of the arrlcle can be found ~n Soulet Writ~ngs on Earth Sateililes and Space 
Travel (Freeport NY Books for L~brarces Press 1958) pp 196-99 

43 V M Petrakov 'Two Projects of V M Myas~shchev ' Journal o/ the Brrtcsh lnterplanetary Soccety 47  
(September 1994) 347-54 

44 For a detailed exposltlon on the events leading to the dec~s~on on the Dyna Soar program see Roy F 
Houchtn II Why the Air Force Proposed the Dyna Soar X 20 Program ' quest The History of Spacefirght Magazine 
3 (Wlnter 1994) 5- 12 



May 23, 1955, the Ministry of Aviation Industry established OKB-256 at Podberiozye (later 
Dubna), with Tsybin as its Chief Designer, to design and develop a supersonic ramjet-powered 
strategic bomber named RS. By 1956, this ambitious undertaking had split into two variants. 
one an air-launched bomber, named 2RS, and the other a reconnaissance variant, called 3RS. 
Construction and managerial delays eventually prompted Tsybin to focus exclus~vely on the 
supersonic reconnaissance aircraft, renamed RSR, which was comparable to the American 
SR-71A ("Blackbird"). The Sovret government formally approved the project on August 3 1 .  
1956. Within three years, test pilots were flying experimental models of the RSR.4i 

OKB- I Chief Designer Korolev, still close to Tsybin. was aware of the latter's work and was 
particularly interested in the dynamlcs of the catapulted seat for the pilot, which Tsybin used 
on one of his "flying laboratories." the LL- I. At one of their meetings in 1958. Korolev asked 
Tsybin if he would be interested in conducting research on a reusable spacecraft that would 
return to Earth from space using liftlng surfaces-that is, a spaceplane. Korolev specifically 
wanted something that could fit under the R-7's payload shroud. Tsybin, aware of the Air 
Force's recommendat~ons and personally interested In the idea, agreed and established a group 
in his design bureau to study the problem.'" 

The predraft plan for this vehicle, the first true spaceplane in the Soviet space program, was 
signed by Tsybin on May 17. 1959, and resulted from at least a year's worth of research. The 
three-and-a-half-ton (at launch) spacecraft, called the Gliding Space Apparatus (PKA) in official 
documentation, was nine meters long and equipped with two large wings, which could be fold- 
ed upwards during certain portions of the mission. The fuselage itself was three meters wide and 
protected by a shield composed of two layers of thermal insulation, one with an organic srlicon 
compound and the second with ultra-fine fiber. The portions of the vehicle that were expected 
to be exposed to the greatest thermal stress-the forward portion of the shield and the leading 
edges of the horizontal control surfaces and rudders-were cooled by liquid Ilthium. 
Temperatures at these points were expected to reach as high as 1.200 degrees Centigrade, while 
other parts of the vehicle would be exposed to only 400 degrees. The two large wings were pro- 
tected from heat stress by folding upward, thus entering a "shadow" region. 

The main fuselage consisted of two pressurized compartments-a cabin for the single pilot 
and a compartment for instrumentation-both of which had additional thermal protection. The 
pilot's cabin had an ejection seat much like the LL- I and Korolev's Object K spacecraft, a con- 
trol panel, and additional support systems. The ejection seat had three different positions. 
depending on the phase of the mission: one for launch, one for work, and one for rest. The 
pilot would have viewrng access to the exterior through two side-mounted large windows and 
a smaller one for astro-navigation purposes. As in the Object K spacecraft, in case of a launch 
failure at altrtudes below I0 kilometers, the pilot could abandon the vehicle with the ejection 
seat. If a failure came later ~n the launch trajectory, the PKA would separate from the 8K72 
booster, unfold its wings. and land. The instrument compartment contained the equipment and 
systems required for orbital flight and reentry. 
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Propulsion was provided through a bi-level 
system. A suspended propulsion system in the 
fairing and adjacent to the main fuselage shield- 
ing used two primary engines, with a thrust of 
2.35 tons each, working on nitric acid and 
kerosene. One of these was the retrorocket, 
while the other was the "vernier." presumably 
for orbital corrections. The entire main propul- 
sion system with a mass of about 780 kilograms 
would be discarded once retrofire had ociurred I I 

at an altitude of ninety kilometers. A second Paver Tsyb in~  Gliding Space Apparatus ( P ~ J  was 

system of propulsion was a set of three-kilogram 'he Soviet llnion's first effort at designing a 
spaceplane its hinged wrngs were capable of 

thrust engines working On hydrogen peroxide 
attaining different angles for drfferent phases of 

for attitude control in orbit and for the descent. reentry. (copyrrght lgor Afanasyev) 
The nominal mission length for the PKA 

was only twenty-four to twenty-seven hours, after which the spacecraft would de-orbit. 
Following reentry, it would use its uniquely shaped fuselage to provide lift. At an altitude of 
twenty kilometers and a velocity of 500 to 600 meters per second, the two wings would unfurl 
to their full span of seven and a half meters; control would be provided by the hydrogen per- 
oxide thrusters throughout this phase. After a one-and-a-half-hour-long reentry, the 2.6-ton 
spacecraft would disembark on a runway at 180 to 200 kilometers per hour using bicycle-type 
ski landing gear, with the rear skis landing first.47 

Tsybin's engineers built models of the spacecraft, which Korolev nicknamed Lapotok (a 
sandal made of bark) because it resembled the shape of a sandal, and subjected them to wind 
tunnel tests at the Central Aerohydrodynamics lnstitute (TsAGI) at Zhukovskiy, the premier 
Soviet aeronautics research institution. The development of special materials for the PKA was 
undertaken at the Moscow-based All-Union Institute of Aviation Materials. Tsybin was also 
able to enlist several key Soviet aeronautical engineers into contribut~ng to the program. ~nclud- 
ing aerodynamicist Sergey A. Khristianovich, thermodynamic~st Vladimlr A. Kirillin, and 
mechanics specialist Vladim~r V. Struminskty, all famous academicians in the country." Despite 
the large amount of work, the program apparently never received the official sanction of the 
Soviet Party or government, and it may have been an effort pushed by the Air Force, then in 
search of a solution to difficult times. The Air Force never did see the PKA fly. By late 1959. 
Tsybin's engineers realized that the thermal protection problem was far more complex than had 
been anticipated. Tests in wind tunnels showed that the material of the special thermal shield- 
ing would have to be changed if the spacecraft was to endure thermal stress during reentry. 
Furthermore, the hinged sections of the wings were prone to retain heat within a "dead zone." 
These and other ~roblems ~ r o m ~ t e d  the effort's te r rn inat i~n.~~ 

There may have been jnstit"tiona1 problems, too. The downturn in the aviation industry 
led industrial leaders of the sector to close down a number of design bureaus; one of those was 
Tsybin's OKB-256. It is quite likely that poor research results in I959 also prompted the chair- 
man of the State Committee for Aviation Technology, Petr V. Dementyev, to suspend work on 
the RSR (later renamed the R-020) high-altitude reconnaissance plane, as military strategy was 
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evolving more toward space-based reconnaissance. Thus the OKB-256's primary reason for 
existence also disappeared. On October 1 ,  1959, the enterprise was subordinated to another 
much more famous aviation design bureau, OKB-23 headed by Vladimir M. Myasishchev. By 
agreement with Korolev, the complete database on the PKA was handed over to a third firm, 
Artem I. Mikoyan's OKB-155, the builder of the famous MiC jet fighters. Tsybin himself was 
caught in the center of this maze of changes. He eventually found a place in 196 1 at Korolev's 
design bureau as a deputy chief designer overseeing piloted space programs." 

The specialty of Myasishchev's OKB-23 was long-range bombers, but like other aviation 
design bureaus, it had begun to make overtures to the missile and space industry. One of its 
first forays into the long-range missile business was as part of the stiff competition with 
Semyon A. Lavochkin's OKB-301 to develop the first Soviet intercontinental cruise missile as 
an alternative to Korolev's R-7 ICBM. The two cruise missile projects, having officially begun in 
1954, had progressed at different paces, with the Lavochkin model. known as the La-350 Burya, 
taking an early lead. By 1955, OKB-301 had built and tested an operational model of the 
AN-2Sh astro-navigation system for the missile aboard a Tu- 16 bomber. Signals from the stel- 
lar sensors were transmitted to the plane's autopilot for more than four hours, enabling the air- 
craft to automatically correct deviations in its flight path to less than four kilometers accuracy. 
The follow~ng year, Lavochkin's engineers had finished construction of the first flight models of 
the two-stage cruise missile (at Plant No. 18 at Kuybyshev)." 

Launch attempts of the Burya commenced on August 1 .  1957, from the Air Force's test 
range at Vladimirovka in the Volga delta near Kapustin Yar, at exactly the same time when 
Korolev was testing his R-7 from Tyura-Tam. The initial series consisted of launches of only a 
live first stage and a ballast second cruise stage. The first three tests were complete failures; the 
missile was, in fact, completely destroyed on the second attempt on September I .  During a sec- 
ond phase of eight launch attempts beginning in March 1958, engineers studied the parameters 
of the boost stage prlor to the separation of the dummy second stage. Only one flight was suc- 
cessful. A subsequent phase of four launch attempts proved to be much more encouraging. On 
one of these launches, on April 19. 1959, the Burya performed without problems on a thirty- 
three-minute jaunt into the skies over a distance of nearly 1.800 kilometers." 

Despite the relatively encouraging results, the La-350 Burya was a victim of its times. With 
the advent of the ICBM, this cruise missile was an anachronism. Because of its low flight alti- 
tude, eighteen to twenty-three kilometers, it was extremely vulnerable to defensive measures. 
It also took far too long, more than two hours, to reach its target. By comparison, ICBMs could 
do the same job in minutes. The Soviet government was also concerned that work on the Burya 
would divert resources from OKB-30 1's primary project, the long-range Dal anti-aircraft missile 
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system for the city of Leningrad. On February 5. 1960, the Councd of Ministers and the Central 
Committee issued a decree (no. 138-48) formally terminating all work on the Burya missile. By 
this time, nineteen examples of the missile had been manufactured, five of which remained 
unflown. The fate of OKB-301 took a further dive on July 9.  1960, when its patriarch, General 
Designer Lavochkin, died unexpectedly of a heart attack during missile testing of the Dal at 
Sary-Shagan. His successor. Mikhail M. Pashinin, retained the r~ght to launch the remain~ng 
flightworthy models of the Burya. Three of the four launch attempts were spectacular. The last 
two in March and December 1960 were complete successes. Both missiles flew complete 6.500- 
kilometer flights to Kamchatka. All the remaining groundwork on the rnrssile was, however, 
destroyed." 

Myasishchev's competitive M-40 Buran fared even worse. Flight tests of the rnrssrle were 
slated to begin in August 1957, but there were innumerable delays in the project, most appar- 
ently because of Glushko's engines for the first stage. Two models of the Buran were apparently 
manufactured at the giant Plant No. 23 at Fili, but the spectacular success of R-7 ICBM sealed 
its fate. One month after the launch of the first Sputnik, the Soviet government canceled the 
Buran project without a single l a~nch . '~  It seems that the cancellation of the Buran did not deter 
Myasishchev. Although he had a plethora of advanced bomber projects at his design bureau by 
the late 1950s. unlike many other aviation designers, he was keen to diversify into the space 
and missile programs." Myasishchev and Korolev had known each other for decades and had 
in fact worked together in the very same incarceration facility as prisoners during the early part 
of World War I I .  Myasishchev had been arrested for belonging to an aviation delegation that 
had visited the United States in the late 1930s. The two cooperated on a number of warplanes 
at the time and remained on good terms during the next fifteen years. 

When Korolev was carrying out serious studies of human spaceflight on ballistic trajecto- 
ries in late 1957 after the launch of the first Sputnik. Myasishchev began looklng at designing 
a vehicle that could use aerodynamic surfaces during reentry. As with all aviation designers. 
Myasishchev had difficulty shifting his priorities to space. During a visit by Khrushchev to 
OKB-23 In August 1958. Myasishchev personally appealed for support to develop "rocket- 
plane" systems. Khrushchev replied. "Vladim~r Mikhaylovich [Myasishchev], you are engaged 
[in] large themes in the field of aviation. This is your field. But questions of rocket technology 
are for us to decide and to provlde."'Despite the negative response. Myasishchev's persever- 
ance eventually paid off, and thus emerged the second spaceplane program in the Soviet Union. 

OKB-23's reusable spaceplane project, which began in late 1957, was coordinated to a great 
degree with engineers at Korolev's OKB-I. Specifications of the R-7 ICBM were given to 
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Myasishchev's engineers, who determined the mass of a spaceplane (four and a half tons) as 
well as the optlmal orbit (400 kilometers). Like Tsybin's PKA, OKB-23 project was also support- 
ed by the Soviet Air Force as a counterpart to the American Dyna-Soar, and for a brlef period, 
there were actually two spaceplane projects in the USSR. Unlike Tsybin's brief stab at develop- 
Ing a hypersonic lifting body. it seems that Myasishchev's project was far more serious. 
Designated the M-48, the project was approved by the Soviet government and Communist Party 
in the same December 1959 resolution, which was the first macro-level policy statement on the 
Soviet space program. It thus became only the second fully sanctioned human spaceflight pro- 
ject in the Soviet Union. As with other efforts of such a scale, OKB-23 cooperated to a great 
degree with both OKB- I and other research institutions, such as Keldysh's NII-I, which had pio- 
neered research on high-altitude and high-speed aeronautics during the 1940s and 1950s, begin- 
ning with work on a Soviet version of the Sanger-Bredt antipodal bomber. OKB-23 also used its 
own rich database from the experience in designing the M-40 intercont~nental cruise missile. 
especially in the area of thermal shielding. In March 1960, a delegation from OKB-23 v~sited 
Korolev's facility in Kaliningrad to acquaint themselves with progress on the Object K program 
as well as to facilitate the transfer of important technological innovations." 

A governmental commission attached to the State Committee for Aviation Technology. the 
"ministry" overseeing the aviat~on industry, held a formal review of the project on Aprll 8. 1960. 
Present were many leading experts from various aeronautics disciplines, who presented recom- 
mendations on the design of the M-48 spacecraft. Among the competing proposals was the 
use of a helicopter-landing scheme for the vehicle with a rotor diameter of eight meters. Other 
more traditional ideas revolved around using retractable or fixed wings, the use of liquid metal 
cooling, and the possibility of ballistic reentry. There was apparently much dissension on the 
issue of selecting a singular variant for the spaceplane, given that different aerodynamicists and 
aeronautical engineers argued for the benefits of their respective schemes. In a move clearly 
emphasizing the program's political importance. Deputy Chairman of the State Committee 
Aleksandr A. Kobzarev underscored the necessity of quickly developing an effective counter- 
part to the Dyna-Soar. 

In the ensuing months, engineers proposed at least two major innovations in the develop- 
ment of the M-48. The thermal protect~on chosen for the vehicle was made of ultra-lightweight 
(for the time) ceramic foam characterized by its great fragility. Because it was necessary to have 
rigid wing surfaces. OKB-23 engineers chose to use thermal shielding in the form of tiles placed 
in layers with special adhesives. To ensure the safety of the shielding, they designed the ends 
of the tiles as conics and filled the spaces between them with quartz wadding impregnated 
with silicon resin. Tests of this configuration proved the soundness of t h~s  unusual design. A 
second innovation was the use of "electrodynamic analogs" to simulate behavior of the vehi- 
cle under different conditions. Thus the heat conductivity and thermal heat capaclty of the con- 
struction was replaced by resistors, capacitors, and other electrical components. Resistances 
and potential differences at various points in the circuit simulated flight conditions, providing 
key information without resorting to actual flight testlng. Engineers expended the most effort 
on the heat shielding, and they received several patents for the unique materials for different 
portions of the vehicle and the leading edge of the wings. At least 40 percent of the spacecraft 
was covered in special thermal protection. 

Between March and September 1960. Myasishchev's engineers carried out intensive 
research on the final conf~guration of the M-48, leading to two final variants-one with a sin- 
gle fin at the rear (mass of 3.5 to 4.1 tons) and one with two fins at the tips of the wings (mass 

57. lbtd 



of 3.6 to 4.5 tons). Although both spacecraft 
had similar performance characteristics, the for- 
mer spacecraft was slightly longer (9.4 meters) 
than the latter (9.0 meters). Effective wingspan 
for both was seven and a half meters. The two- 
fin design. the smaller of the two variants, had 
a smooth outer contour resembling the Dyna- 
Soar, while the single-fin variant harked back to 
the paneled exterior of early proposals from 
Myasishchev in 1957-58. Unlike Tsybin's PKA 
design, neither of Myasishchev's spaceplane 
variants used hinged wings that could change 
their dihedral angles. Both spacecraft carried a 
cramped crew capsule for a single spacesuited 
oilot and an eiection seat. The mass of the seat 
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Three different conceptions of Vladimir Myosishchevs 

M 48 spaceplane project Af fop is the single fin 
uarrant from 1958 to 1960 with a detachable ablative i 

and the pilot was llmlted to only 250 to leading front edge At lower left (in three viewxi is an 
"elongated fiying wrng" datrng from 1960 which was 

260 kilograms The overall mass of the Instru- considered one or the mosf promrsrng designs At ngh: 
mentation 600 and (in three views1 is one o i  the earlrest conceoiions of 
included systems for navigation control. com- ' the M-48 [rim ,957 to 1958, which wa; later ' 

munications, life support, electrical power, and abandoned (copyrrght Asrf Srddiqi) 

telemetry. Some parts of the apparatus for the 
M-48 were directly taken from Object K: these included the Chayka orientation system devel- 
oped by NII-l and the Zarya communications system developed by Nll-695. 

A nom~nal flight of the M-48 was to start on top of an 8K72 booster. In case of a booster 
malfunction, the pilot could eject from the stack at altitudes of up to eleven kilometers. After a 
daylong mission, the spacecraft would deorbit using a retrorocket engine with a thrust of 
1.6 tons. At an altitude of forty kilometers, the pilot would begin controlled descent with a pos- 
sible cross-range capability of 100 to 200 kilometers. The pilot would switch on a special tur- 
bojet engine at that point to provide final guidance. At an altitude of between f~ve and eight 
kilometers, the pilot would eject from the vehicle in the ejection seat and land separately by 
parachute. The M-48 would then land Independently at an alrfield on skids. These skids were 
fairly small. with a length of 1.2 meters and a width of 0.25 meter.'" 

The M-48 spaceplane was not the only visible manifestation of Myasishchev's intentions of 
making a name for himself in the new space program. There were other major space-related 
efforts at OKB-23, including the development of a conical descent capsule with a diameter of two 
and a half meters that had a truncated asymmetrical shape and steering jets for reentry. Tested 
successfully in wind tunnels, this was apparently meant for a future crewed space project. 

There was also a project to design a new powerful three-stage space launch booster desig- 
nated the M- I. The f~rst stage of the rocket would be a cluster of four parallel boosters. each 
wtth seven thirty-five-ton-thrust engines. The second stage would comprise four similar blocks 
and the third stage one block. Overall length was thirty-six meters. The 700-ton mass launch- 
er would be capable of orbiting a twenty-ton payload into low-Earth orbit, about four times as 
much as Korolev's modest 8K72 launcher." Unfortunately for Myasishchev, his bid for moving 
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from bombers to spacecraft ran headlong into the face of certainly one of the most dominant 
figures in the early Soviet space program, Vladimir Nikolayevich Chelomey. 

Enter Chelomey 

Chelomey, like Myasishchev and Tsybin, was from the aviation industry. In his early career 
as a chief designer, his primary focus was alr-launched anti-ship cruise missiles, a thematic 
direction he started by creating the first Soviet pulse-jet engine during World War II. By 1953. 
his design bureau. OKB-5 I ,  had produced a number of modifications of the German Fi- 103 "fly- 
ing bomb." These missiles, such as the IOX, the IOXN, the 14X, and the 16X, were tested with 
varying degrees of success at Kapustin Yar during the same years that Korolev was proving out 
his early rockets. Despite a modicum of success with the experimental research, none of them 
were ever accepted for operational use by the Soviet Air Force, not only because of technical 
limitations but also due to internal organizational conflicts within the military." Chelomey's run 
with the cruise missiles came to an abrupt end on February 19. 1953, just two weeks before 
Stalin's death. when the Soviet leader signed a decree (no. 533-27 1 )  disbanding Chelomey's 
design bureau. The reason was political intrigue. One of Chelomey's primary competitors was 
Artem I. Mikoyan's MiG design bureau. OKB-155, which was competing with Chelomey to 
build coastal defense missiles. Mikoyan had a powerful ally in Sergey L. Beriya, the son of the 
dreaded Lavrentiy P. Beriya, who was the chief engineer at the Moscow-based KB- I, which pro- 
duced the guidance systems for Mikoyan's KS-I Kometa missile. Mikoyan and Beriya were able 
to push through a decision terminating work on all therr competitors, including Chelomey." 
Mikoyan not only inherited Chelomey's plant, but a number of his designers and his database 
of research. 

Chelorney found a research position at Nll-642 in Moscow, but he was clearly restless for 
better things. Undeterred by the major setback, he found enough support within the Ministry 
of Aviation Industry to regroup twenty of hls former engineers on June 9. 1954, into a Special 
Design Croup (SKC) based at the Plant No. 500 in Tushino. The team quietly resumed work on 
the ground-launched IOXN, one of his most promising cruise missiles." Being an extremely 
ambitious man by nature, he was clearly not comfortable working on small projects. Unlike 
other designers of the era, he also considered himself more of a scientist than an engineer and 
was one of the few designers in the field who had the equivalent of a Ph.D. He had authored 
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dozens of papers and a number of textbooks on such toplcs as aerodynamics, the theory of 
pulse-jet engines, and the phenomenon of vibration. Within the scientific commun~ty, he was 
highly respected: as a designer at Kapustin Yar. he was just as prone to be engaged in solving 
complex mathematical arcana as directing a launch. In this respect, he was exactly the oppo- 
site of Korolev. who had always been a "hands-on" technical person with a talent for manag- 
ing. Chelomey, on the other hand, was a scientific prodigy of sorts, albeit with sometimes 
unrealistic but ambitious goals and less managerial skill than Korolev. Chelomey's gall and 
ambition continually surprised his closest colleagues, and the number of setbacks he would 
receive in his checkered career never once seemed to stunt his reach for resources and access 
to the top. 

Clearly at the nadir of his career in 1954. Chelomey drew up a proposal for a new naval 
cruise missile. He approached a top admiral in the Navy. Pavel G. Kotov, and convinced h ~ m  In 
a few hours that the Navy could not do without such a new and orig~nal weapon. By a stroke 
of fortune, the Ministry of Aviation Industry had also decided to establish a number of new 
des~gn bureaus to focus on naval projects. A panel of famous scientists from the Academy of 
Sciences, Including Keldysh, reviewed the naval cruise missile proposal and recommended it as i 
a prospective direct~on of research. Chelomey also had a more powerful backer. Khrushchev i 
recalled In his memoirs: 

One day [Chelomey] asked me for an appointment to show me a model of a new mis- 
sile he'd developed. He explained that i t  was a tactical missile like the German V-I f ly -  
ing bomb, but i t  had special features: the wings could be folded up, and it could fit into 
a long barrel. When i t  was fired, the wings spread so that it looked like an airplane. I 
thought that the comrade had come up with an original and useful idea. . . ." '  

There were some in the Ministry of Defense who opposed allowing Chelomey resources. 
but Khrushchev had the last word. In August 1955, Keldysh telephoned Chelorney and 
informed him that he had been assigned an empty tract of land with a tiny factory, the Reutov 
Mechanical Plant, located in the outskirts of Moscow. Here he would work on his pet design."" 
On Chelomey's personal request, much of his old database was returned to him from Mikoyan's 
design bureau. The group that Chelomey established there, by an official order on August 8, 
1955, would eventually become one of the largest defense enterprises in the Soviet Union, the 
Experimental Design Bureau No. 52 (0KB-52).b' 

Between 1955 and 1958. Chelorney focused all his energies on his new misslie, designat- 
ed the P-5. which was tested in the North Sea from Soviet Navy submarines He made an 
unprecedented and rapid rise from obscurity and by 1958 was vying for parity with the leading 
chief des~gners in the Soviet defense industry. His small design bureau had also expanded: a 
team of skilled engineers under Aleksandr D. Nadiradze was attached to OKB-52 in 
December 1957 to focus on solid-propellant missile research. The same Nadiradze would 
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decades later design one of the most potent missiles in the Soviet arsenal, the so-called SS-20.bb 
The P-5 missile itself had a m~xed future. It was meant to be the first nuclear-armed Soviet naval 
missile, a counterpart to the U.S. Navy's Regulus. Chelomey's rocket, however, was cumber- 
some to prepare for launch and had poor accuracy." Despite these weaknesses, the P-5 was 
declared operational on june 19, 1959, and Chelomey and a large number of his staff received 
~mportant state awards, including the prestigious Hero of Socialist Labor for Chelorney himself. 
Later on July 3. 1959, he was named the general designer of his organization, a title that was 
more prestigious than the more common chief designer, but one that only existed in the avia- 
tion industry. 

Apart from pure amb~tion and technical expertise, by this time Chelomey had a much more 
powerful ally. In March 1958. Khrushchev's son. Sergey Nikit~ch. joined the OKB-52 as a deputy 
chief of the department dedicated to guidance systems. By the younger Khrushchev's account. 
it had been his own decision to join Chelorney's design bureau, but it was obvious that 
Chelomey capitalized on the unexpected course of events. As one scientist in the space pro- 
gram later observed: 

. . . Chelomey was an absolute master at using their personal triangle for the aduance- 
ment of his ambitions. It is not that Chelomey got hints or requests from Nikita 
Khrushcheu to promote his son. The stories I heard gave the completely opposite sce- 
nario. I t  was Chelomey who had taken the initiative.'" 

Chelorney never hestated to shower the Sovlet leader w ~ t h  stones of h ~ s  son s great tech- 
n~cal expertlse The motlves of both the older Khrushchev and Chelomey contlnue to remaln 
obfuscated arnld plalntlve accusat~ons of nepotlsm and outr~ght jealousy In the eyes of other 
des~gners but one fact IS clear the Sov~et leader displayed a marked favorltlsm toward 
Chelomey by the late 1950s Whether thls was because of h ~ s  sons unlque posltlon or merely 
whlmslcal IS probably someth~ng that will never be known The older Khrushchev d ~ d  not hlde 
h ~ s  support of Chelomey At a major dlsplay of m~lltary weaponry held at Kapustln Yar as part 
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of the Operation Bereza in September 1958, Khrushchev made overt gestures in favor of 
Chelomey. As a participant recalled: " I  noticed that when Khrushchev visited our static display, 
he spent a large portion of his time-50 minutes-studying Chelomey's stands, whereas he 
only devoted I 0  minutes to the missiles designed by Korolev. Yangel, and others."" This was 
only six months after his son had joined OKB-52. 

Chelomey's ascendance into the upper echelon would not be of any significance for 
Korolev or Yangel were it not for Chelomey's one crucial decision in 1958-59 to expand his 
horizons. Having spent the previous four years engaged in designing short-range tactical mis- 
siles for the Soviet Navy. Chelorney was well aware that the real prestige lay elsewhere-that 
is. in designing ICBMs and spacecraft. One of his early stabs at these themes was an ambitious 
idea to extend the capabilities of his naval cruise missiles by combining the benefits of winged 
and ballistic rockets. The Central Committee and the Council of Ministers issued a formal 
decree on July 2. 1958, permitting initial work on the development of winged-ballistic missiles 
at OKB-52.'Wfter launch on a ballistic trajectory, the payload would reenter Earth's atmosphere 
in a capsule and release the winged missile, which, using its own wings and a jet engine, would 
guide its self-homing warhead, either conventional or nuclear, to its destination. The primary 
targets of these so-called "Aircraft Warheads" were evidently foreign battleships around the 
world. The slated range of the winged-ballistic missile was about 8,000 to 10.000 kilometers. 
It was during the research on this concept that Chelomey first expanded his reach from mrs- 
siles into the space arena-specifically, the development of launch vehicles and spacecraft. As 
early as July 1959, he presented some initial space-related concepts to the powerful Defense 
Council of the Presidium of the Central Committee. 

Based on the experience of developing cruise missiles and his exploratory composite 
winged-ball~stic research. Chelomey's engineers began to study a wide range of problems. 
Unlike Korolev's entry into the space program. Chelomey began thinking big from the start. As 
Khrushchev's son later recalled: 

[He] started with the most exotic: flight to the other planets. Chelomey fell for plasma 
engines. . . a spaceship untwisting itself In a spiral around the Earth until it would tear 
itself away from it  . . . [and then] lay on a trajectory to Mars or Venus. Another idea 
resembled a ship: a winged rocket in a container would be carried above the atmos- 
phere. do an intricate pirouette: diving into the stratosphere on wings and changing the 
trajectory. it would use supplementary engines to direct itself back into orbit. It would 
be able to fulfill missions of reconnaissance, photography, or carry out space-targeted 
bombings. But most of all Chelomey wanted to build a winged piloted ship. That would 
be highly maneuverable. He did not abandon the idea to the very last days of his life." 

OKB-52's overall entry into the Soviet space program began under two broad themes called 
Kosmoplan ("Space Glider") and Raketoplan ("Rocket Glider"). Research on both tacks began in 
1959. Admittedly, engineers used these names somewhat generically in the same way that Korolev's 
engineers named their first creations "space ships." In fact. Chelomey used the Kosmoplan and 
Raketoplan names precisely because they were different from Korolev's "space ships." to distinguish 
his own efforts from what he considered the pedestrian ways of Korolev's engineers. 
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In its initial conception, the Kosmoplan was an automated winged space vehicle designed 
to accomplish missions in deep space." The spacecraft would perform its mission in three dis- 
tinct phases: 

The Kosmoplan would be launched into a low-Earth orbit by existing or future launch vehicles. 
The Kosmoplan would slowly accelerate into a spiral trajectory around Earth using its own 
engines, and then accumulate sufficient speed to "shoot off" into a trajectory to the Moon. 
Mars, or Venus. 
After completing its mission, the Kosmoplan would return to Earth." 

It seems that Mars was a primary goal for the Kosmoplan. At the Red Planet, the space- 
craft would use special cameras and probing sensors to study the planetary phenomena. 
Chelomey's engineers conceptualized a very unique reentry profile for the spaceplane. Just 
before reaching Earth's atmosphere, a conical apparatus, shaped somewhat like a folded umbrel- 
la, would extend out from the vehicle. Once the Kosmoplan entered the upper atmosphere at 
a slight angle to the horizontal, this unfurled "umbrella" would shield the spacecraft proper 
from thermal stresses. After atmospheric reentry, at a velocity of Mach 2, the Kosmoplan would 
jettison the "umbrella." and the plane would swerve appropriately and finally land at an airport 
landing strip.I4 

From a general perspective, the Kosmoplan theme encompassed only lunar and interplan- 
etary flight, but confusingly, OKB-52 engineers also foresaw using the Kosmoplan in near-Earth 
space-that is, specifically, for missions in Earth orbit at altitudes of eighty-five to 105 kilome- 
ters for military reconnaissance missions. Thus, ultimately, Chelomey proposed two subclass- 
es of the Kosmoplan, one for deep space missions and one for near-Earth orb~tal flight. 
Missions would originally begin with automated flights and then lead to piloted missions, espe- 
cially in the near-Earth orbit variant. Ultimately, however, Chelomey's goal was a piloted expe- 
dition to Mars with a subsequent return and landing back on Earth. 

Functionally, the Kosmoplan was divided into two major sections: a compartment for 
engine units and a return compartment. Taking into consideration the requirement for acceler- 
ation out of Earth orbit as well as the needs for aerodynamic braking near the atmosphere from 
low-Earth orbit, the engineers examined several different possible engine units for both sub- 
classes of Kosmoplans. These included chemical liquid-propellant rocket engines, nuclear rock- 
et engines, and electric rocket engines. After intensive analysis, Chelomey's engineers 
concluded that electric rocket engines with a nuclear power source would be optimal for achiev- 
ing all of the possible goals of the Kosmoplan. The electric rocket engine would consist of 
mechanisms to convert a nuclear reactor's heat into electrical power, a plasma engine, and radi- 
ators to dissipate heat. The return compartment itself comprised a "braking containerN-that 
is, a narrow cylinder that unfurled into the umbrella-shaped thermal shield for controlled aero- 
dynamic reentry into Earth's atmosphere. Once the umbrella was discarded, the container 
would open up to reveal the spaceplane proper, an aircraft with folded delta wings, short In 
length but sharply swept back. The spaceplane would have its own turbojet engine for disem- 
barking on conventional runways. 

According to engineering analyses, the Kosmoplan design offered some significant advan- 
tages over standard ballistic spacecraft using chemical liquid-propellant rocket engines, such as 
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those designed at the Korolev design bureau. For example. Chelomey believed that the useful 
payload of the Kosmoplan for a mission to Mars would be as high as 15 percent of the initial 
spacecraft mass at low-Earth orbit. There was, of course, also the benefit of reusability by 
returning the most valuable portion of the entire system back to Earth." 

The Raketoplan was slightly less ambitious than the Kosmoplan, but it was still a far leap 
from Korolev's modest Object K effort. The primary goal of the Raketoplan project was to trans- 
port payloads and people over intercontinental distances by reusable space vehicles-that is, it 
was meant exclusively for use in near-Earth space. Unlike the Kosmoplan, however. Chelomey 
believed that the Raketoplan could serve as some kind of futuristic space weapons bomber. 
something much akin to the Sanger-Bredt concept of years before. The Raketoplans would be 
launched vertically on conventional rockets and then perform suborbital ballistic flights with 
aerodynamic braking, maneuvering, and then landing at airports with a set of turbojet engines 
and landing gear. In their initial studies. OKB-52 engineers studied two-stage Raketoplan sys- 
tems with both tandem and parallel staging. The second stage, the actual spaceplane, would 
fly the assigned mission, reaching velocities as high as eight kilometers per second. 

OKB-52 studied two basic types of Raketoplans in 1959 and I96 I, one for a range of 8.000 
kilometers and one for a range of 40,000 kilometers. The modest version would be launched 
from pads located at latitudes close to Moscow and then, by flying over the North Pole, would 
be able to land at airfields at latitudes close to Washington. D.C. If the spacecraft was launched 
from even higher latitudes, then points as south as Cape Canaveral would come into its range 
of landing. The longer range model would be able to launch off any point in the Soviet Union 
and fly over the South Pole and up to any point in the United States, evading the radar systems 
of the North American Air Defense Command (NORAD). After its mission, the Raketoplan 
would land anywhere in the Soviet Union. 

The two-stage design of the Raketoplan consisted of a winged first stage, which would 
return to a landing strip after it imparted sufficient velocity to the second stage. In one scenario, 
the single pilot in the first stage would use turbojet or ramjet engines fixed to the ends of the 
two wings to return to an airfield near the launch complex. The carrier aircraft had a range of 
600 kilometers. In a second conception, the first stage would simply be a heavy glider. After 
launching the spaceplane into the upper atmosphere, this glider would land at an airfield about 
600 to 800 kilometers from the launch pad. A special suspended jet engine installation would 
allow the first stage to return back to the launch area at subsonic speeds. The landing would 
be performed on wheels. 

The spaceplane, or second stage, of the Raketoplan represented a hybrid of a rocket and a 
supersonic jet plane. The vehicle included propellant tanks for the fuel and oxidizer. intertank 
compartments with systems for tank pressurization, and a tail compartment with a liquid- 
propellant rocket engine. There was a pressurized sealed cockpit for the pilot at the forward end 
of the ship. The sweptback wings were attached to the middle part of the main fuselage. The 
aft part of the spaceplane included a cruciform tail assembly and a turbojet engine next to the 
main liqurd-propellant rocket engine. Overall, given its primary mission of bombing enemy tar- 
gets. OKB-52 engineers believed that it had one major advantage over intermediate-range bal- 
listic missiles, such as Yangel's R-12 and R-14: the Raketoplan could maneuver in the 
atmosphere unlike missiles, which were preprogrammed with a trajectory prior to launch. No 
doubt, the fact that the Raketoplan system was completely reusable added to its attractiveness 
as a new weapon of the Soviet armed forces.", 
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These grand proposals from Chelomey 
would probably have sunk into obscurity, by 
1959, had it not been for Chelomey's support 
system within the Communist Party, the gov- 
ernment, and the military. First and foremost, he 
had access to Khrushchev personally on a regu- 
lar basis, on a par with Korolev's own influence 
with the Soviet leader. In the Party, he could 
count on lvan D. Serbin, the chief of the 
Defense Industries Department in the Central 
Committee, who served as somewhat of a 
watchdog within the defense sector, mak~ng 
sure that the Party's official policy was being 
carried out ~n "proper" ways. Serbin remains 
one of the least talked about individuals in the 
history of the Soviet space program. a situation 
that is completely disproportionate to the 
remarkable power he wielded over almost a 
quarter of a century. He was apparently a terri- 
fying figure to many, thus inheriting the nick- 
name "lvan the Terrible" during his tenure as lvan Serbrn was the chief of the Central Commrttee's 

Party apparatchik for the defense sector. Very Defense lndustrres Department from 1958 to 1981 
More commonly known as "Ivan the Terrible." little is known about his background: his biogra- 

he was the doctr,na[ watchdog for (he $ovre t  m15sl [e 
phies state that he began working in the and space programs, considerable 
innards of the Party in 1942, rising to his current over not only personnel changes. 
position in February 1958. He was forty-eight but aiso poircy (files of Peter Gonn) 

years old at the time.i' 
Within the government. Chelomey also had the strong unequivocal support of Petr V. 

Dementyev and Aleksandr A. Kobzarev, the chairman and deputy chairman, respectively, of the 
State Committee for Aviation Technology. Dementyev had been one of those who had decid- 
ed in 1945 to relinquish missiles to the armaments industry, but with Chelomey's strong reach 
for missiles and space, he no doubt saw Chelomey as a way out from the near-catastrophe that 
was facing the aviation sector. Chelomey also had very powerful enemies, primarily in the per- 
son of D m ~ t r ~ y  F. Ustinov, the chairman of the Military-Industrial Commission. Ustinov's initial 
dislike of Chelomey was understandable: Chelomey was coming from the aviation industry into 
the miss~le business, which had been dominated by people such as Korolev and Yangel who 
had been nurtured under Ustinov within the armaments industry. For Ustinov, this was an 
unacceptable intrusion into his affairs. During Khrushchev's reign in power, there was, howev- 
er, little Ustinov could do. Although he was the chairman of the Military-Industrial 
Commission-certainly one of the most powerful jobs in the Soviet defense industry-Ustinov 
had to answer to Serbin and ultimately to Khrushchev. It was a no-win situation. Chelorney, 
very much aware of the "Ustinov problem." completely bypassed normal institutional means 
and usually took his proposals straight to Khrushchev, thus ensuring that they would be given 
a fair look without an outright rejection from Ustinov.'" 
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Korolev himself was predictably protective of his domain. As Chelomey began to make 
inroads into the arena of space. Korolev was dismissive of his plans, calling them " a  circus" of 
ideas.' Sometime in 1959, soon after Korolev's successful lunar mission to the far slde of the 
Moon. Chelomey sent two of his leading deputies, Cerbert A. Yefremov and Valeriy Ye. 
Samoylov, to meet with Korolev to discuss his future plans. When the two explained that 
Chelomey was interested in multiple-use spacecraft as part of a complex system of orbital oper- 
ations, Korolev was aghast. According to Yefremov. Korolev replied at one point: "Why do we i 

need such a system at the present time? Right now all this is fantastic. In space right now it's ! 
necessary to solve [more specific] goals, for example like . . . photographing the far-side of the 
Moon.""' By Yefremov's account, it was apparently at that point that the discourse between the 
two designers started to degenerate into competition instead of cooperation. 

Chelomey, undeterred by Korolev's criticisms, took his complex plan for space exploration 
straight to the top at a meeting in early April 1960. The general designer had been eager to meet 

i 
with Khrushchev to discuss his plans for some time. During a short vacation in Cr~mea. 
Khrushchev took the opportunity to invite not only Chelomey, but also several important play- 
ers involved in the development of Soviet naval missiles." There were three main problems on 
the agenda: the next generation of naval cruise missiles, problems with gyroscopes rn naval I 
missiles, and the question of future anti-satellite systems. I 

I 
After discussions on naval missiles, Khrushchev allowed Chelomey to present h ~ s  plans for 

space. Chelorney came prepared with a plethora of charts and diagrams and began expound- 
Ing on a plan for a large-scale Earth-orbital complex made of space stations, winged reusable 

I I 
transport ships, communications satellites, cargo spacecraft, and huge orbital space factories. I The Raketoplan-Kosmoplan idea was at the crux of much of his presentation, and Chelomey I 
expounded clearly that one of the major problems of developing such systems would be ade- 1 

quate thermal protection, which would take years to perfect. This first segment was followed 
by his offerlng for a military space complex at the core of which was a battle station equipped 

i 
! 

with nuclear projectiles in revolving turrets. Khrushchev was apparently getting bored at this 
point by thrs overtly ambitlous plan. and Chelomey quickly changed the subject to more mod- 1 
est plans-in particular, a system for recovering hostile satellites from orbit for inspection. 

I 

! 
Once again, one of the central tenets of his plans was a winged vehicle with a large payload I 

bay for stowing captured satellites. Moving on, he described another space-based system for 
1 

interceptrng incoming ICBMs. probably the first-ever discussion at a high level in the Soviet 
Union on a strategic defense program paralleling the American "Star Wars" program of the 
1980s. Chelomey also presented conceptions of new automated space-based anti-satellite and 
ocean reconnaissance systems, the kind that would allow operational capability by 1962-63.'' 

1 
Chelomey finished his prepared speech and then asked Khrushchev for authority to devel- 

op his own space launch vehicle. Khrushchev's interest perked up when Chelorney explained 
that his space launcher would be designed In such a way that it could also be used as a new 
efficient ICBM. Since about 1958, the general designer had explored several conceptions of 1 
launch vehicles (such as the A-300) and ICBMs (such as the A-200) in preparation for thls 

i 

i 
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moment. The A-200 ICBM, later renamed the UR-200, was the center of Chelomey's propos- 
als. The rocket, in its space launch version, would have a payload capability of three to four tons 
to low-Earth orbit, putting it in a lighter class than concurrent Soviet launch vehicles such as 
Korolev's 8K72 and 8K72K boosters for the Object K program." In typical fashion. Chelorney 
elected not to use the traditional " R "  index normally reserved for al l  previous Soviet long-range 
missiles, but introduced the "UR" index, standing for "universal missile" in Russian This was 
a direct reference to his idea that such missiles would have dual use as space launch vehicles 
and ICBMs. The "200" was a rough estimate of the total launch mass of the new rocket. 

Chelomey wanted approval for the Raketoplan, the Kosmoplan, the UR-200, as well as two 
automated military systems, an anti-satellite system named "IS" ("Satellite Destroyer") and a 
radar ocean reconnaissance satellite system named "US" ("Guided Satellite"). There was also 
the question of the huge battle stations in orbit, but all of this no doubt overwhelmed 
Khrushchev. His son recalls that after hearing Chelomey's prognosis about war in space, all the 
attendees sat there "looking depressed [and] made no comment."" While Khrushchev decllned 
to approve the more ambitious and outlandish plans, the Soviet leader did see a point in forg- 
ing ahead with work on the UR-200 ICBM as a competitor to new missiles from the Korolev 
and Yangel design bureaus. He also evidently found the IS anti-satellite proposal worthy of fur- 
ther consideration. His son later wrote that at the end of the meeting. "Father began talking 
about how important the proposed program seemed to him. If war reached into space-he 
thought Chelomey's arguments were very convincing-then we must not allow ourselves to be 
caught unprepared."" Chelomey's boss. Chairman Dementyev, also piped in. cautiously sup- 
porting Chelomey's grand plans. 

All Chelorney needed were the resources to carry out his program. In an incredibly shrewd 
move, he took advantage of Khrushchev's favorable impressions and explained that to carry out 
such large-scale work, he would need some additional help, maybe another design bureau or a 
production plant. Playing on Khrushchev's anathema toward strategic aviation, this ploy 
worked. Dementyev suggested that there was Myasishchev's excellent design bureau in Fili with 
its adjacent production factory. Plant No. 23, which could be very useful for Chelomey. It was 
well known that Khrushchev had been unhappy for a while with the performance of 
Myasishchev's bombers. After a cursory discussion on the poor results of some of 
Myasishchev's products. Khrushchev told Dementyev to draw up the appropriate governmen- 
tal decree to transfer Myasishchev's design bureau and his plant, wholesale, to Chelorney. 
Thus, the April 1960 meeting was the effective death knell not only for Myasishchev's bombers. 
but also his radical spaceplane design, the M-48. 

In a strange irony. Myasishchev had been involved in a project to design a new ICBM with 
Chelomey. In 1958 and 1959. during the latter's initial exploratory studies for a new generation 
of missiles. Chelomey had signed a preliminary agreement with Myasishchev and another avi- 
ation designer, Pavel 0. Sukhoy of OKB-5 I ,  to develop a new two-stage ICBM for the Strategic 
Missile Forces. Myasishchev would build the first stage, while Sukhoy would be responsible for 
the second stage. Chelorney would build the warhead container. At some point In the autumn 
of 1960, ballistics reviews by Myasishchev's designers proved that there were fundamental 
flaws in the design subm~tted by Chelomey. At a meeting to discuss the issue. Myasishchev's 
deputies were critical of the proposal as a whole, which no doubt angered the proud Chelorney. 
As one of Myasishchev's engineers recalled: "After that meeting the fate of OKB-23, and 
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personally of V. M. Myasishchev was determined. Moreover, it was stated that Myasishchev 
was a jet expert but now, of necessity. [suddenly] a rocket e~per t . "~ '  

In Chelomey's view, Myasishchev had stepped over the line. It was, however, too late for 
him. On October 3 .  1960. by Central Committee and Council of Ministers decree no. 1057-434. 
Myasrshchev's design bureau was formally renamed OKB-52 Branch No. I ;  all his bomber pro- 
jects were terminated. His space projects, such as the M-48 spaceplane, the crew return cap- 
sule, and the M - l  launch vehicle, fared no better. Myasishchev was forced to stand by and 
witness as his entire database of research, accumulated over almost a decade. was handed out 
part and parcel to two other design organizations. Sukhoy's OKB-5 I and Tupolev's OKB- 156. 

I 
His personnel remained behind at the old design bureau haunts to wait for new orders from 
Chelomey." Myasishchev was apparently offered the luckless job of working under Chelomey 
as head of Branch No. I, but he refused and instead moved out of the whole deslgn business 
into pure science research as the new director of TsAGI, the most important aeronautics 
research institution in the Soviet Union." Chelomey meanwhile inherited a completely new 
organization, its excellent engineering staff, as well as one of the largest production facilities ~n 
the USSR, Myasishchev's Fili plant. While yet to make a concrete stab at the piloted space pro- I 
gram, Chelomey had left no doubt about the breadth of his ambitions. I 

The Big Space Plan 

Chelomey was not the only one thinkrng big at the time. All of the several long-range plans 
that Korolev had submitted to the government through 1959 required the development of huge 
and powerful launch vehicles to support large-scale space operations. Preliminary studies on 
heavy-lift launch vehicles began in the Soviet Union in 1956. In August of that year, Glushko 
had circulated a proposal to all the other major chief designers and to then-Minister of Defense 
Industries Ustinov about a new booster based on the R-7 design, but with each block having 
two 100-ton-thrust engines, thus havrng a total thrust of 1.000 tons. He had expected a pre- 
liminary paper project on the issue to have been completed by November of the following year. 
but work on the R-7 ICBM had precluded serious inquiry." Korolev had also inaugurated such 
studies at his own design bureau. The first mention of such a vehicle in OKB- I archives is dated 
September 14. 1956, and describes a vehicle with a launch mass of 1.000 tons. The question 
was once again discussed at a meeting of the Military-Industrial Commission on July 15, 1957. 
with the unanimous recommendation that future heavy-lift boosters not use the cluster con- 
figuration used on the R-7. The designers agreed that LOX should be used as oxidizer because 
it provided higher specific impulse than storable propellants.'Vhe issue was considered pre- 
mature at the tlme, but the commission approved further preliminary research on the toplc. 
OKB-I plans for 1959-60 also ment~oned a srmilar project, and in December 1959. the gov- 
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ernmental decree on the space program included a clause authorizing exploratory studies at 
OKB- I on the topic of heavy-lift boosters. 

The effort to determine the specifications for the next generation of Soviet launch vehicles 
was, in more than one way, intrinsically connected with the qualitative nature of the future of 
the Soviet space program. The December 1959 decree on space had hesitantly approved a num- 
ber of projects, but far less than what Korolev had been lobbying for. But between December 
1959 and mid- 1960, there was a remarkable turnaround in the manner in which the Soviet lead- 
ership viewed their space program. Soviet space h~storians themselves have been unable to 
clearly explaln the abrupt shift. One respected Russian space historian. Georgiy S. Vetrov, has 
suggested that the about-turn was prompted primarily by actlons not in the USSR, but by one 
individual in the United States. Democratic Senate Majority Leader Lyndon B. Johnson of Texas. 
Johnson had played a major role in the formation of NASA, and he continued to criticize the 
seemingly ineffectual act~ons of the Eisenhower administration through the years after Sputnlk. 
As chairman of the Senate Aeronautical and Space Sciences Committee, he had authored a 
memorandum on the use of the arena of space in the interest of national defense, which had 
alarmed the Soviets. In a statement typical of the period. Johnson told the Democratic Caucus 
in 1958 that: 

Control o f  space means control of the world. . . . There is something more important 
than the ultimate weapon. That is the ultimate position-the position of total control 
over Earth that lies in outer space . . and i f  there IS an ultimate position, then our 
national goal and the goal o f  all free men must be to win and hold that position." 

Later. In February 1960, Johnson had been primarily responsible for increasing the NASA 
budget request for the 1961 fiscal year by a figure of $168 million. Statements by Herbert F. 
York, the Director of Defense Research and Engineering at the Department of Defense, advo- 
cating a strong military component to the U.S. space program, were also evidently viewed with 
much alarm by the Soviets.'.' 

Prompted by NASA's long-range plans for space exploration. Khrushchev found a sudden 
interest in the Soviet space program. On January 2, 1960, he summoned the primary motivators 
of the space program-Korolev, Glushko, Keldysh, and Pllyugin-and unexpectedly asserted 
that Sov~et successes in space were no less important than military rockets. Korolev quoted 
Khrushchev's exact words the next day when he met with Keldysh, other chief designers, and 
all his principal deput~es: "Your affairs are not well. You should quickly aim for space. There's 
broad and all-out levels of work in the U.S.A. [in this field] and they'll be able to outstrip  US."^' 

During the following month, it was clear that the basic thematic direction of the Soviet 
space program was going to be military. Believing that pronouncements of Johnson and York 
were symptomatic of the m~litary nature of the U.S. space program, the Sov~et leadership want- 
ed to compensate for the overtly "civilian" nature of the December 1959 space plan. Thus, pro- 
posals were floated In early 1960 for a plethora of different military projects. As with the U.S. 
space program, most of the proposals were centered around the development of a heavy-lift 
launch vehicle. In a rush to receive approval in this window of opportunity, both Korolev and 
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Clushko offered up wildly differing proposals for heavy boosters. Unlike Korolev, who favored 
a qualitative leap in design, Clushko, in 1959 and 1960, had explored the possibility of using 
the R-9 ICBM as the basis for a heavy-lift launch vehicle. His conservative approach was to clus- 
ter together seven R-9s as the first stage and four as the second stage. The launch mass of the 
booster would be 1,500 tons. A subsequent version would replace the R-9's standard RD- I I I 
engines with more powerful ones and have a launch mass of 2,000 tons.94 In an April 1960 let- 
ter to Korolev on the proposal, Clushko ended on a dramatic note: " .  . . any other decision 
[other than proceeding with the R-9-based launcher] will strike a blow to the priority and pres- 
tige of Soviet attempts to conquer space. . . .'Iq' Korolev was not impressed, and he sent back 
an offic~al letter the following month evidently rejecting Glushko's proposal. 

For almost two months beginning early February 1960, Korolev ensconced himself with his 
leading deputy chief designers-Vasiliy P. Mishin, Sergey S. Kryukov, and Boris Ye. Chertok- 
to hammer out the details of a new "big space plan." Initially, the four explored a 1.600-ton 
booster with a nuclear engine as the second stage. This idea, although tempting, was tempered 
by the uncertainty about nuclear propulsion technology at the time.96 As a result of these stud- 
ies. the men enumerated three prel~minary operational goals for the new launch vehicle- 

* Defense-related projects in low-Earth orbit 
The creation of a global system of space-based communications and weather-forecasting 
satellites 
The exploration of the Moon and the inner planets" 

Although all the studies were carried out internally at OKB- I, the final recommendations of 
the group were apparently circulated to all the principal chief designers in March stating that 
OKB-I had finalized all the primary requirements and operational characteristics and missions 
of the new booster. This in~t~a l  proposal recommended using LOX propellants for all stages of 
the launch vehicle as well as nuclear, electric, and liquid hydrogen engines for the upper stages. 
Kryukov, responsible for assessing different configurations of a new launch vehicle, explored 
more conventional ideas of both longitudinal and transverse staging. The designers finally decid- 
ed to dispense with the old cluster scheme as in the R-7 ICBM and proposed a tandem three- 
stage design. Initially, they agreed on a very broad range of specifications: launch mass of 
1.000 to 2,000 tons and payload capability to low-Earth orbit of forty to eighty tons. Under pres- 
sure from Mishin, and with objections from Kryukov. Korolev agreed to invite other engine 
designers to part~cipate in developing the booster-in particular, Chief Designer Kuznetsov of 
OKB-276. who had made a failed bid to develop engines for Korolev's R-9 ICBM. Apart from 
boosters, the designers produced an extensive list of plans for the piloted space program, such 
as developing ships with electric engines and systems for orbital assembly. 
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O R G A N I Z I N G  F O R  T H E  S P A C E  P R O G R A M  

When Clushko first saw the plan, he immediately rejected Kuznetsov's participation in 
developing the booster and evidently made an aborted attempt at getting Yangel to offer a com- 
petitive proposal. Eventually, he changed his m ~ n d  and sided with the remaining council mem- 
bers.""~ early April, Korolev prepared a draft of his proposal in the form of an official Central 
Committee and Council of Ministers decree, which he sent to the Military-Industrial 
Commission with the agreement of eight chief designers. Within days, he decided to com- 
pletely revise his conceptions when he realized that his future in space would depend heavily 
on Chelomey's rising ambitions.99 Perhaps with knowledge of Chelomey's recent meeting with 
Khrushchev in Crirnea. Korolev ceded some of his monopoly over the new Soviet space pro- 
gram. In a revamped version of his draft decree, dated May 30. 1960, Korolev grudgingly includ- 
ed Chelomey's design bureau as a leading player in the piloted space effort. OKB- I retained its 
griphold on the development of a super heavy-lift launch vehicle. Korolev met with Khrushchev 
in early June 1960 to explain the booster proposal. He emphasized both its military utility as 
well as more grandiose plans for the exploration of the Moon. Mars, and Venus. The payload 
capability would be ten times more than any existing booster, and Korolev promised that the 
booster would be ready by 1963, if given the necessary resources. In a departure from common 
practices, Korolev named his new projected series of boosters, "N." denoting nosityel, the 
Russian word for "carrier." 

The Central Committee and the USSR Council of Ministers signed the "big space plan" 
into law on June 23, 1960. as decree number 715-296. Titled "On the Creation of Powerful 
Carrier-Rockets. Satellites. Space Ships and the Mastery of Cosmic Space in 1960-67." it was 
the blueprint for the Soviet space program in the 1960s.'" Although the actual decree remains 
classified, Korolev's original draft for the "big space plan" has been published; it seems that 
many, ~f not all, of the original points from Korolev's plan were enthusiastically approved by the 
Sovret Communist Party and government following Khrushchev's sudden about-turn on the 
space program. The draft itself remains a remarkable record of the stunning amb~tion of the 
early Soviet space program. The eleven-point decree had four major sections: 

Enumeration of the major thematic directions of work 
Enumeration of timeframes for future activities 
Robotic exploration 
Earth satellitesi0' 

The core of the plan was the OKB- I proposal to develop a series of heavy boosters to sup- 
port various military and civilian programs. Tailored to fit a var~ety of missions, a general upper 
payload limit of seventy to 100 tons to a 300-kilometer orbit was specified in the decree. Launch 
mass would vary between 1,000 to 2,000 tons. depending on the variant. Engineers would carry 
out initial planning and design work for the boosters during 1960-62, concurrent with research 
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on a new generation of chemical, nuclear, liquid hydrogen, and low-thrust electric rocket 
engines. In addition, the decree called for the development of new control, guidance, and com- 
munications systems, new launch complexes, ground command and control systems, anti-satel- 
lite battle systems, long-duration piloted spacecraft, and "systems for solving defense-related 
goals" by using navigation, geophysical. communications, and weather satellite systems. A large 
portion of the decree was clearly dedicated to military goals, reflecting the Soviet government's 
newfound interest in militarizing this new frontier. The decree called for the creation of a "mili- 
tary space station" not only for space-based reconnaissance but also full-fledged battles in 
space. Smaller "military satellite-ships" would conduct radar reconnaissance and have the capa- 
bility to inflict damage to both earthly and space-based targets. Korolev added a paragraph 
proposing that these new rocket boosters could also be used to "significantly promote the devel- 
opment of peaceful science and culture," including the creation of radro and telev~sion broad- 
casting. weather. navigation, astronomy, and geophysical satellite systems. 

The second portion of the document addressed specific projects. OKB- I l~sted speciflca- 
t~ons for its new generation of heavy-lift boosters. There would be two launch vehicles: 

Booster Timeframe Payload to Low-Earth Orbit Payload to the Moon 

N l (or I I A5 I )  1960-62 40-50 tons 
N 2  (or I IA52) 1963-67 60-80 tons 

10-20 tons 
20-40 tons 

The N 2  vehicle would use liqurd hydrogen, ions, plasma, and nuclear engines in its upper 
stages. These rockets would allow three new piloted projects to be implemented, a l l  also devel- 
oped by OKB- I : 

Project Designation and Coals (all would have crews of 
Description Period two to three cosmonauts) 

Object KS (piloted heavy Reconnaissance and anti-satellrte missions: would 
satellite ship) 1961 -63 also have a "civilian" variant 

Object KL (p~loted lunar shrp) 196 1-64 Circumlunar and lunar orbrtal rnlsslons 

Object KMV (piloted 
rnterplanetary ship) 1962-65 Circumplanetary miss~ons to Mars and Venus 

Among the projects addressed in the second portion of the decree were the development 
of robot~c probes to the Moon. Mars, and Venus and new uprated launch vehicles using the 
R-7 and R-9 ICBMs. Draft plans for both new launch vehicles would be ready by 1961, with 
flights inrtiated the following year. The third part called for the further development of the exist- 
ing Object K spacecraft in four versions: for piloted missions in 1960 and 196 1 ,  for automated 
photo reconnaissance from 196 1 to 1963, for scientific research in 1960 through 1962, and for 
rendezvous and dock~ng in orbit In 1961 through 1963. All would be launched by R-7-based 
launch vehicles. Korolev also Included a point on the development of a scientific satellite 
named Elektron to study Earth's radiation belts. Three subsections detailed new developments 
in small Earth-orbiting satellites for comrnunicatrons, meteorology, and scient~frc research grven 



to other organizations, such as Yangel's OKB-586."' All this was to be accomplished from 1960 
to 1967. with OKB-I as the primary contractor for most of the projects. 

In retrospect. it is clear that the decree was haxtily put together, wildly ambitious, and 
remarkably unrealistic. Attempting to take advantage of the favorable conditions that existed for 
a few months in 1960, the Council of Chief Designers proposed a macro-level plan that com- 
pletely ignored the limitations of national economlc resources as well as organ~zational barri- 
ers. The latter was of particular importance because few of the institutional changes 
recommended by Korolev and Keldysh, in their 1959 letter to the government, were addressed 
in the decree. The space program remained an arm of the defense industry, and its future course 
remained Intertwined in the needs, policies, and actlons of individuals whose first priority was 
much more earthly in nature. Thus, such grandiose goals as piioted flight to the Moon and 
planets, which had no obvious military utility, generated zero interest from the primary 
financiers of the space program, the Ministry of Defense. 

Like Korolev. Chelomey had also proposed a mix of "clv~lian" and military space programs. 
Government officials had evidently worked on the details of Chelomey's specific programs after 
the important April 1960 meeting with Khrushchev in Crimea: 

An automated Kosmoplan (Object K) would be developed for flight to the Moon. Mars. 
and Venus, capable of returning to Earth on a conventional runway. The spacecraft would 
use hlgh-energy liquid propellant, nuclear, plasma, and ion engines. Two variants were pro- 
jected, one with a mass of ten to twelve tons and a more advanced twenty-five-ton model 
for flight in 1965 or 1966. 
A draft plan would be completed by 1962 for a new space launch vehicle with a mass of 
600 tons for launching the Kosmoplan. 
A naval reconnaissance satellite (Object US) would be developed in 1962 through 1964 to 
aid in targeting Chelomey's P-6 anti-ship missile against U.S. naval assets. 
A Raketoplan (Object R) would be developed for Earth-orbital flights, capable of land~ng 
on any conventional airfield. The spacecraft would have a mass of ten to twelve tons and 
a flight range of 2.500 to 3.000 kilometers. The robotic variant would be ready by 1960 or 
1961, the p~loted variant between 1963 and 1965. and the milltary anti-satell~te varlant 
between 1 962 and 1 964.'"' 

These and other projects from Chelomey were the subject of a second decree (no. 7 15-295) 
issued on the very same day as Korolev's "big space plan." In Chelomey's case, the actual 
decree approved the creation of the piloted spaceplane, the Raketoplan, whose primary mission 
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was to conduct anti-satellite missions in Earth orbit.'" Additional decrees in October 1960 and 
March 196 1 dramatically bolstered Chelomey's presence in the Soviet space program by for- 
mally initiating his works on the "IS" robotic anti-satellite spacecraft system, the "US" naval 
reconnaissance system, and the U R - 2 0 0  ICBMlspace launch ~ehic le. '~ '  

Chelomey's overt pandering to military interests clearly played in his favor. Withln a span 
of less than a year. Chelomey had entered as a serious competitor to Korolev in almost every 
area of the space and mlssile programs-from ICBMs to piloted spacecraft, from interplanetary 
probes to military space systems. Chelomey's new empire was not llmited to future creations 
but also to more earthly assets, such as the absorption of the Myasishchev design bureau, 
OKB-23. and its associated Plant No. 23. in October 1960. At the same time. the June 1960 
decree also allocated huge amounts of funds to begin large-scale construction at OKB-52's 
premises at R e ~ t o v . ' ~ ~  

The climate of the Soviet space program changed dramatically in the course of the three 
years after the launch of the first Sputnik. From a few isolated projects In 1957. by 1960  it was 
poised to expand into a large-scale undertaking far in excess of what was planned in the United 
States at the time. The internal nature of power and influence had also evolved. Where Korolev 
once was the only player in the game, there was fragmentation and competition. In the 
Western sense of the word, competition had the connotation of a proactive plurality of opln- 
ions, which fostered creativity and efficiency. In the centralized and socialist Soviet system, 
w ~ t h  resources restricted by the needs of the defense sector. ~t gave rise to chaos. 

In 1957. Korolev had a singular vlsion of a Soviet space program moving across the great 
expanse. By 1960. Chelomey had made his entry with a plethora of competitive proposals. 
whlch in some cases were diametrically opposed to those of Korolev. Korolev's favored engine 
designer. Clushko, had arrived as a powerful force of his own, but estranged from his former 
friend. F~nally. Yangel had taken Korolev's place as the favorite missile designer, thus shifting 
allegiances in the military, the primary financiers of the space program. All this, of course, hap- 
pened behind a wall of secrecy. Only the best and the brightest were shown to the public. In 
that respect, the crowning achievement of the publ~c Soviet space program was still to come. 
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In the three years from 1958 to 1960, a continuous series of proposals and counterpro- 
posals set the stage for establishing policy directions for the new Soviet space program. If, at 
the time of the first Sputnik, the space program was a minor offshoot of the ballistic missile 
effort, then by 1960 it began to emerge as a separate field ready for exploitation and support. 
Because of its origins in the rocketry program, the military's involvement in the space effort 
continued to be pervasive. The piloted component of the Soviet space program had in fact risen 
hand-in-hand with the development of the first Soviet reconnaissance satellite. And when it 
came tlme to select volunteers for the first outbound voyages into space, it was once again the 
armed forces that served as a pool for qualified individuals. 

The Cosmonauts 

Discussions on the type of passengers to be used for the first orbital space missions began 
concurrently wlth the January 1959 decree calling for biomedical preparations for human space- 
flight. Four months later, representatives from the military, the science sector, and the deslgn 
bureaus met at the offices of the Academy of Sciences, under Vice-President Keldysh's super- 
vision, to discuss means and standards for selecting volunteers for the space missions. The 
attendees considered individuals from a variety of professional backgrounds, such as avration. 
the Soviet Navy, rocketry. and car racing. It was at the insistence of Air Force physicians that 
Keldysh approved a plan to narrow the pool to only qualified Air Force pilots. The doctors con- 
vincingly argued that Air Force training, which included exposure to hypoxia, high pressure, g- 
loads along various axes, and ejection seat experience, would all be relevant to training for 
space m~ssions.' One other factor may have also affected the decision to choose pilots. In April 
1959, NASA selected its first astronauts, all seven coming from aviation backgrounds in the 
American armed forces. 

The Soviet Air Force issued a document at the time, titled "Directive of the General Staff 
of the [Air Force] for the Selection of Cosmonauts." which entrusted a Deputy Commander-in- 
Chief of the Air Force. Col. Gen. Filipp A. Agaltsov, with the administrative duties to carry out 
the task. Agaltsov's job was made easier by the fact that the space mediclne group at the Air 
Force's lnstltute of Aviation Medicine had had a long history of involvement in the rocketry 
business. Led by the ubiquitous Lt. Col. Yazdovskly, this team developed basic and in~tial 
requirements for the candidates in coordination with OKB- I engineers. At an early meeting to 
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discuss these specifications. Chief Designer Korolev presented the specifications for the would- 
be "cosmonauts." The men, and only men were considered. were to be between twenty-flve 
and thirty years of age. no taller than 1.70 to 1.75 meters, and with a weight no more than sev- 
enty to seventy-two kilograms-all requirements sufficient to allow for accommodat~on in the 
small 3KA capsule, the piloted varlant of Object K. Korolev was candid about the skills of these 
would-be cosmonauts: 

A s  has been repeatedly demonstrated in our automated flights and those with anrmals 
on board, our technology is such that we do not require, as the American Mercury pro- 
ject does. that our early cosmonauts be highly skilled engineers. The American astro- 
nauts must help control the rocket systems at every stage o f  the flight..' 

While this was strictly not true, it was an indication of the depth to which automation was 
an intrinsic factor in the early Soviet piloted space program. During the entire selection phase. 
Korolev emphasized repeatedly that one of the primary criteria for the pilots would be the 
necessity to carry out precisely programmed functions-a requirement that in truth left the can- 
dldates with much less control than they would have had flying a simple aircraft. The final spec- 
ifications for the future cosmonauts were frozen by June 1959 in a document approved by three 
Air Force institutions-the Institute of Aviation Medicine. the Central Scientlflc-Research 
Aviation Hospital. and the Central Commission for Aviation Medicine-as well as the USSR 
Academy of Sciences and the USSR Academy of Medlcal Sciences.' 

Yazdovskiy's team at the lnstltute of Aviation Mediclne, being a large group of physicians 
with a variety of interests, had been organized into different departments for the selection 
process, with sections for general physiology, psychology, life support systems and hygiene. 
and the actual selection of candidates. Yazdovskiy appointed Nikolay N. Gurovskiy and 
Yevgeniy A. Karpov. two Alr Force physicians, to oversee the candidate selection process." 
Groups of doctors in pairs were then sent to a number of major A I ~  Force bases In the western 
Soviet Union. Doctors at the bases were also consulted on the issue, and by August, the selec- 
tion process had commenced with inspections through the records of more than 3,000 pilots. 
Most were eliminated at an early stage because of height, weight. and medical history. Grounds 
for exclusion. based on the last criterion, Included certain diseases such as chronlc bronchltls, 
anglna, predisposition to gastritis and colitis, renal and heptic colic. and pathological shifts in 
cardiac activity. The remaining pilots were then Interviewed beginning September 3 with ques- 
tions on their health, goals, moods. work, and quallty of life. Even at this point, none of the 
volunteers were aware of the nature of the mission, which was disguised under the euphemism 
of "special flights." Gurovskiy recalled later: 

The conversation [wtth the pliots] had nothing whatsoever to do with space. Some offi- 
cers had no idea what w e  were getting at and w h y  we had come, while others on the 
contrary got the point immediately and asked permission to consult with their family. 

2 Yevgen~ Karpov "Beg~nn~ngs " ~n V~ktor Mltroshenkov ed Pioneers of Space (Moscow Progress 
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W e  had to absolutely forbid this: i t  was a new, top-secret project, and the prospectus 
had to make the decislon himself, without outside assistance.' 

Just over 200 individuals passed this early screening and were then sent in groups of twen- 
ty for further testlng at the Central Scientific-Research Aviation Hospital in Moscow. Testing 
under the "Theme No. 6" program formally began on October 3. Scores of individuals dropped 
out of the race at this polnt as the resilience and will of the young Air Force pilots faltered in 
the face of the extremely demanding and rlgorous tests. Apart from further interviews, there 
were a number of physical tests. One involved sp~nning the pilot in a stationary seat to test the 
vestibular apparatus. Another subjected the volunteers to low pressure in a barometric cham- 
ber. A thlrd was a classical centrifuge to test high gravlty loads. It seems that original plans 
called for a small group of seven or eight pilots, but Korolev insisted on tripling this number 
because he wanted a group much larger than the NASA astronaut team. At the end of 1959, a 
team of doctors approved twenty men to serve as candidates for the first team of cosmonauts." 
They were told to return to their units to await further orders. 

On January 1 I. 1960. Sovret Air Force Commander-in-Ch~ef Marshal Konstantin A. 
Vershinin formally signed plans to establish a center exclus~vely dedicated to the training of the 
cosmonauts for the upcoming piloted flights. The directive called for the use of an old two- 
story building s~tuated on the premises of the M. V. Frunze Central Alrfield on Leninskly 
Prospekt in Moscow. Institutionally, the new center, officially called the Cosmonaut Training 
Center (TsPK), was subordinated to the Air Force's Institute of Av~ation Medicine. The thirty- 
eight-year-old Karpov. who had been Involved in cosmonaut selection, was appointed the first 
Director of TsPK by official order on February 24,'The initial staff at the facility numbered about 
250. Although the new center was nominally under the control of physicians, the Air Force 
General Staff ultimately exercised total supervision of all cosmonaut affairs via one high-rank- 
ing officer who would become one of the most prominent personalities in the h~story of the 
Soviet human space program, Nikolay Petrovich Kamanin. 

A lieutenant general in the Soviet Air Force. Karnanin was well known to the Soviet popu- 
lace even before the existence of the Sovlet space program. As a twenty-five-year-old pilot in 
February 1934, he had led a daring rescue mission to the Arctic to save the crewmembers of 
the ship Chelyushkin, who had been stranded on floating ice.Vor this particular act. Karnan~n 
had the distinction of being the very flrst Soviet cltizen bestowed with the "Hero of the Soviet 
Union" title, an honor reserved for great acts of bravery. By the late 1950s. Karnanin was serv- 
ing as the first deputy chairman of a voluntary youth organization dedicated to train~ng boys 
and glrls for future service in the armed forces. Clearly, his stature as a famous public aviator 
was crucial to his appointment because it seems that he had not been involved in any signifi- 
cant high-priority military projects in his entire career. He was relieved of hls previous duties at 
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the time and officially appointed the Deputy Chief of the Air Force's, General Staff for Combat 
Preparations. His duties included supervising the selection, training, and administration of the 
new cosmonauts and reporting dlrectly to the high command of the Air Force, including 
Commander-in-Chief Marshal Vershinin.' Although the junior Karpov officially headed the 
Cosmonaut Training Center, it was effectively the fifty-one-year-old Karnanln who controlled its 
most important activities. For the following ten years, no Soviet cosmonaut would get off the 
ground without his blessing. 

On February 25. Kamanin formally approved the final short list of twenty candidate cosmo- 
nauts selected by the end of 1959. These young men, along with seven others across the world. 
represented the first group of people to prepare for voyages into outer space. The twenty were: 

Senior Lieutenant Ivan N. Anikeyev (twenty-seven years old) 
Major Pavel I. Belyayev (thirty-four) 
Senior Lieutenant Valentin V. Bondarenko (twenty-three) 
Senior Lieutenant Valeriy F. Bykovskiy (twenty-five) 
Senior Lieutenant Valentin I. Filatev (thirty) 
Senior Lieutenant Yuriy A. Gagarin (twenty-five) 
Senior Lieutenant Viktor V. Gorbatko (twenty-five) 
Captaln Anatoliy Y. Kartashov (twenty-seven) 
Senior Lieutenant Yevgeniy V. Khrunov (twenty-six) 
Captain Engineer Vladimir M. Komarov (thirty-two) 
Lieutenant Aleksey A. Leonov (twenty-five) 
Senior L~eutenant Crigoriy C. Nelyubov (twenty-five) 
Senior Lieutenant Andrian G. Nikolayev (thlrty) 
Captain Pavel R. Popovich (twenty-nine) 
Senior Lleutenant Mars Z. Rafikov (twenty-six) 
Senior Lieutenant Georgiy S. Shonin (twenty-four) 
Senior Lieutenant German S. Titov (twenty-four) 
Senior Lieutenant Valentin S. Varlamov (twenty-five) 
Senior Lieutenant Boris V. Volynov (twenty-five) 
Senior Lieutenant Dmitriy A. Zaykin (twenty-seven)" 

Of the group, five had not met the age criteria of being between 25 and 30, but this con- 
d~tion was waived because of their performances in the selection procedures. Two in particu- 
lar. Belyayev and Komarov, were the most educated and experienced members of the team. 
having already graduated from Air Force academies. Because of the age restriction, none of the 
selected were test pilots, unlike some of their U.S. colleagues. Komarov had some experience 
as a test engineer flying new aircraft, but the most experienced pilot, Belyayev, had accrued 
only 900 hours of flying time. Others such as Gagarin had flown only 230 hours. Only one 
pilot, Popovrch, had flown what was then considered a high-performance aircraft, the MiG- 19." 
To a large extent, this was a direct result of the high degree of automation in Soviet piloted 
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The orrgrnal 1960 group of cosmonauts is shown rn a photo from May 1961 a1 the seastde port of Sochr The 
names of many of these men were considered sfate secrets for more than twenty five years Srttrng in front from 
left lo rrght Pauel Popourch Vrktor Gorbatko Yeugenry Khrunou Yuriy Gagarcn Chief Deslgner Sergey Koroleu 

his wrfe Nina Koroleua wrth Popourch's daughter Natasha Cosmonaut Trarnrng Center Drrector Yeugen~y 
Karpou parachute trarner Nrkolay Ntkrtrn and physrcran Yeugenry Fedorou Standrng the second row from left to 
rrght Aleksey Leonov Andrran Nrkolayeu Mars Rafikou Dmitriy Zaykin Borrs Volynou German Trtov Grcgorry 
Nelyubou Valeriy Bykouskry and Georgiy Shonin In the back from left fo rrght Valentrn Filatyeu Ivan Anikeyeu 

and Pauei Belyayeu Four cosmonauts were mrssrng from this photograph Anatolry Kartashou and Valentrn 
Varlamov had both been dropped from trarnrng because of injurres Valentrn Bondarenko died rn a trarnrng 

accident a Jew months before Vladrmrr Komarou was rndisposed The original photo was taken by I Snegrreu 
(/lies of Asrf Srddrqi) 

spaceships; there was simply no requirement for significant pilot~ng experience or skill at that 
point. The candidates had to be intelligent, comfortable with high-stress situations, and most 
of all physically fit. 

In late February 1960, twelve of the twenty selected cosmonaut candidates arrived for final 
medlcal tests at the Central Scientific-Research Av~ation Hospital. It was there on March 7 that 
Marshal Vershinin gave a welcome speech, which one witness characterized as "parting words 
prior to departure on a long, difficult journey."" The same day. Kamanin signed final orders offi- 
cially inducting them into the cosmonaut team and instructing them to return to their Air Force 
units, settle all pending matters, and then arrive at the new training center. Orders for the 
remaining eight trainees were signed between March 9 and June 17. 1960, after which all twen- 
ty were permanently stat~oned at the center." Training classes for the candidates began at 
0900 hours Moscow Time on March 14 with an introductory lecture from physic~an Yazdovskiy. 
During the initial four months, the training was evenly divided between a heavy emphasis on 
academic disciplines and general daily physical fitness regimes. The latter Included two hours 
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of intensive calisthenics per day initially conducted at the Central Army Stadium in Moscow. In 
later months, a dedicated exercise facility was built on the premises of the training center itself. 
To provide a distinct link between the spacecraft they would be flying and their training, three 
times a week. various engineers from OKB- I and other leading space firms served as part-time 
lecturers at the center, teaching classes covering rocket-space systems, space biomedicine, nav- 
igation, radio communications, geophysics, and astronomy.'" 

Parachute training, which prepared the cosmonaut-trainees for both emergency and nomi- 
nal mission events, was commenced on April 13, when most of the pilots were flown to the 
Saratov region near Engels to begin jumps from a converted An-2 aircraft. Wrthrn about six 
weeks, each had made approximately forty to fifty jumps. and became acclimated to landing on 
water and land, from high and low altitudes, and in nighttime conditions." At the same time. 
tralnee Bykovskiy became the first individual to undergo a fifteen-day-long test in the TBK-12 
anechoic chamber, beginning April 6, to simulate the effects of complete psychological isolation. 
Other medical testing included the use of the Khilov swing to test the vestibular apparatus, the 
Barani and Rotor rotating armcha~rs, a low-pressure barometric chamber to simulate altitudes of 
up to twelve kilometers, a centrifuge capable of inducing up to ten g's, and a thermal chamber 
to subject the trainees to temperatures up to seventy degrees Centigrade for one or two hours. 
Regular medical tests were administered before and after each exercise. Not surprrsingly, of all 
the training regimes, the cosmonauts were most resistant to the medical and endurance tests, 
and it apparently took much convincing for them to agree to subject themselves to the never- 
endlng series. To maintain their piloting skills, the trainees were allowed to fly MiG- I5UTI trarn- 
er a~rcraft under the supervision of Mark L. Callay, one of the most renowned test pilots rn the 
Soviet Union. on loan from the prestigious M. M. Gromov Flight-Research Institute at 
Zhukovskiy. Under Gallay's direction, the trainees flew parabolic trajectorres to simulate micro- 
gravity Tor periods up to thirty seconds in specially equipped Tu-104 aircraft.'" 

Because of the space lrmitations of the existing facilities for trarning, the Air Force tasked 
the staff at the new center to explore the possibility of moving to a location more amenable to 
the needs of cosmonaut training. Officers initially recommended two potential sites near 
Moscow: one at Balashikha and the other near the Tsiolkovskiy Rarlway Station at Shelkovo. 
After assessing the pros and cons. the Air Force decided to move the entire training program to 
the latter area because of its isolated location and large area. The proximity to several key facil- 
ities, ~nclud~ng OKB- I ,  a large housing complex, the Academy of Sc~ences, and the Monino air- 

field were also important factors in the selection. The staff of the training center and the 
cosmonauts formally relocated to the new location on June 29. 1960.' This new suburb of 
Moscow, about the thirty kilometers northeast of the capital city, was renamed Zelenyy 
("Green"). The location IS known. however, by its more recent name Zvezdniy Corodok 
("Starry Town" or "Star City"), the site where Russian cosmonauts and American astronauts 
trained during the 1990s and will be training in the early 2000s for flights to the Russian space 
station Mlr and the International Space Station.' 
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As the basic training for the trainees neared completion, a rudimentary spacecraft simulator 
named the TDK- I, the first of its kind in the Soviet Union, was built at the M. M. Gromov Flight- 
Research Institute to allow tra~ning in various mission modes.'" Because doctors believed that it 
would be inefficient to train all twenty men on one simulator at this early phase, Korolev. Karpov, 
and Kamanin recommended that the center staff select a core group of six pilots who would 
undergo accelerated train~ng. This group would carry out the first piloted flights, while the remain- 
ing fourteen would continue basic training and fly at a later time. Some such as Volynov, who 
was too broad-shouldered, and Shonin, who was too tall, were not considered for the primary 
group. Kornarov, who was clearly the strongest candidate, being an engineer and a capable pilot. 
would have been included on the team had it not been for a cardiac anomaly that doctors inad- 
vertently detected during a training exercise. The Air Force eventually drew up a short list of six 
names on May 30. 1960. Informally titled "The Vanguard Six." they were Gagarin, Kartashov. 
Nikolayev. Popovich. Titov, and Varlamov. To meet with them, Korolev visited the center for the 
first time on June 18." The cosmonauts had first learned of his existence only three months ear- 
lier. although even then he was simply referred to as the "chief designer" to conceal his identity. 
The Vanguard Six in turn repaid the honor wlth a visit to the OKB-I premises the following 
month, thus for the first time seeing the spacecraft they were destined to fly. 

The core group of six cosmonauts suffered their first casualties, both coincidentally In July 
1960, soon after moving to the new location at Z e l e n ~ .  On July 16, following a centrifuge test 
of up to eight g's at TsPK, physicians discovered a reddening of trainee Kartashov's spine. 
Subsequent centrifuge tests confirmed the original diagnosis of hemorrhages, which implied 
weaknesses in his blood vessels. An otherwise completely healthy person. Kartashov was imme- 
diately dropped from the Vanguard Six, although he remained at the center continuing basic train- 
ing with the other cosmonauts. Despite entreaties from his close friends, such as Titov. Kartashov 
was eventually dismissed from the team in April 1962 without having been assigned to any mis- 
sions. Little more than a week after Kartashov's acc~dent, on July 24, a second trainee from the 
inner six. Varlamov, was involved in a swimming acc~dent at the Medvezhly Lakes while swim- 
ming with two other pilots, Bykovskiy and Shonin. During a dive. Varlamov hit the bottom of the 
lake with his head and injured his spine. Following diagnosis. he was found to have a displaced 
cervical vertebra, which disqualified him from further training.'' Nelyubov and Bykovskiy, respec- 
tively, took the positions of Kartashov and Varlamov. Bykovskiy was apparently favored because 
of his slight appearance, low weight, and high tolerance for g-loads.." Thus by the end of July, six 
men were in line to compete for the grand prize of being the first Soviet citizen in space: Cagarln. 
Bykovskiy, Nelyubov. Nikolayev, Popovich, and Titov. If all went according to Korolev's plan, one 
of them would also have the distinction of being the first person In space. 
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Korabl-Sputni k 

The testing program for the frrst Soviet piloted spacecraft began in 1960. By that time, the 
ship was given an actual name: Vostok ("East"). By April, OKB-I engineers under Bushuyev 
and Tikhonravov had completed the draft plan for the first version, designated the I K (or 
Vostok I ) ,  essentially a "boilerplate" variant for testing the primary spacecraft systems in orbit. 
Also mentioned in the draft plan were the 2K (Vostok 2) and the 3K (Vostok 3).  The former 
would be the automated reconnaissance satellite, while the latter would be the actual piloted 
spaceship. There was considerable pressure to accelerate the Vostok 3 schedule, primarily 
because of the stream of news on Project Mercury. By the early summer of 1960, NASA offi- 
cials were expecting to fly the first suborbital piloted Mercury not before January 1961. Thls 
deadline marked an Informal target for OKB- I ; for Korolev in particular, it was absolutely imper- 
ative that the first piloted Vostok be in orbit prior to a suborbital Mercury. The "end of 1960" 
deadline was specified in an official document from the Soviet government. dated 
June 4.  1960, titled "On a Plan for the Mastery of Cosmic Space"; all test~ng for a piloted 
Vostok flight would be completed by December 1960." 

The testlng program to support the attainment of this goal involved not only launch~ng 
automated Vostok I and Vostok 3 capsules, but also firing a series of short-range missiles into 
the upper atmosphere to prove out various elements of the life support system and biological 
support instrumentation. While none of these lobs into space used the actual Vostok space- 
craft, the flights made an important contribution to the progress of the Vostok program as a 
whole. Most of these launches were announced publicly by the Soviet media as being exten- 
sions of the ICY scientific program of 1957-58. Two different types of missiles were used for 
these experiments. the R-2A and the R-5A, both "scientific" variants of military ballistic mis- 
siles. At least flve successful biological launches of the R-2A in 1957 were followed by six more 
from July 1959 to September 1960. all to altitudes of approximately 2 12 kilometers. Each car- 
ried two dogs.:4 A more advanced but less intensive program of launches was undertaken by 
the R-5A, which allowed the time in weightless conditions for the passenger dogs to be dou- 
bled. Four launches were carried out between February and October 1958, each carrytng two 
dogs to altitudes of about 470 kilometers, a world record for a single-stage ballistic missile. 

The success of the vertical launches of these missiles helped reinforce the confidence in 
the overall Vostok program. From a political standpoint, however, the piloted project was still 
in competition with more pressing military goals. Since late 1958. OKB-I had been concur- 
rently working on the parallel reconnaissance satellite effort designated Zenit. Although initial- 
ly there was implicit support to emphasize the piloted portion, by early 1960, perhaps prompted 
by the chang~ng strategic positions between the two superpowers, the Soviet government 
expressed increased impatience in the timetable for the surveillance project. At a meeting on 
January 9. 1960. Military-Industrial Comm~ssion Chairman Ustinov reminded the leaders of 
OKB-I that "there was no goal more important at the present time" than the reconnaissance 
program.:' The criticism was clearly aimed directly at Korolev's idealistic enthusiasm for piloted 
spaceflight, and it also underlined the growing rift between civilian and military goals in the 
Soviet space program. When the Council of Chief Designers had originally dec~ded in late 1958 
to bestow a higher priority to Vostok than Zenit, the Ministry of Defense was still 

23 Yu P Semenov ed Raketno Kosrnrcheskaya Korporatscya "Energlya" rmenr S P Koroleva (Korolev 
RKK Energlya named after S P Korolev 1996) p 109 
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relatively unsure of the requirement of space-based reconnaissance. That position had 
drastically changed In less than two years, possibly exacerbated by the launches of the U.S. spy 
satellite CORONA under the cover-name Discoverer. 

The Vostok program as a whole achleved a significant milestone in the early summer of 
1960, as the first flight-ready article was transported to Tyura-Tam for launch. Supervising the 
test program for Vostok was yet another ad hoe "State Commission," this one originally estab- 
lished to oversee the series of ongoing R-7A ICBM launches. Marshal Nedelin, the Comrnander- 
in-Chief of the Strategic Missile Forces, served as commission chairman, his presence 
underlining the unbridled influence of the military over a "civilian" project. 

The first Vostok I article readied for launch was a subvariant designated the I KP (or Vostok 
I P), with the "pH denoting that it was a simple ("prostoy") spacecraft not deslgned to be 
recovered from orbit. The spacecraft had no thermal shielding for the spherical descent appa- 
ratus and no life support system. Instead of the large ejection seat that would carry a pilot, the 
spacecraft carried a mock-up of the contraption to simulate the correct loads. Unlike later 
Vostok spacecraft, two solar panels shaped like semicircles were installed on a boom heading 
out forward from the descent apparatus. This system, designated Lueh ("ray"), would provide 
power to the spacecraft as an experiment to evaluate the effectiveness of solar power over 
chemical batteries.'"he primary goal of the mission was to test the basic elements of the ves- 
sel, in particular the complex Chayka orientation system, which would put the spacecraft in 
the proper attitude for reentry. Although the vehicle would burn up on reentry, telemetry data 
would indicate whether the spacecraft had been properly angled. Total spacecraft mass was 
4.540 kilograms. 

Engineers began arriving at Tyura-Tam on April 28. 1960. in preparation for the flight. 
which was planned for early May. There were numerous problems with the Chayka system that 
threatened to delay the mission. Engineers delivered a flight-ready system several days late and 
installed it on the spacecraft only on May 5 .  Continuing anomalies with the system forced 
Marshal Nedelin to reschedule the launch on May 15, exactly three years after the first R-7 
launch. It was an early morning launch with the Sun shlning brightly in the sky when the 8K72 
launch vehicle raced toward orbit with its Vostok I P payload. The vehicle successfully entered 
a 3 12- by 369-kilometer orbit at an inclination of sixty-five degrees. As soon as they received 
news of successful orbital insertion, the senior members of the State Commission gathered to 
draw up a communique for the Soviet press. There was some indecisiveness over what to call 
the vehicle in the open media; Korolev livened the discussion by suggesting the use of the word 
korabl (ship): "There are sea ships, river ships, air ships, and now there'll be space ships!"" 
Although the term "space ship" was used for the first time in the official TASS news agency 
announcement on the mission, the craft itself was simply designated Korabl-Sputnik ("satel- 
lite-ship"). There was no indication that the mission had any relevance to a piloted space effort. 

The flight, planned to last three or four days, proceeded wlthout incident, with successful 
tests of the electrical and power source systems. Reentry, the most critical juncture of the mis- 
sion, was scheduled for the early morning of May 19. Prior to the scheduled firing of the 
TDU-I engine, the control group at Tyura-Tam (Croup T) had detected anomalies in the pri- 
mary system of attitude control, which used the infrared sensor. Although the system as a 
whole seemed to be functioning fine, the sensor itself was not responding correctly. The Tyura- 
Tam team reported the problem to the control group at Moscow (Croup M), but the designer 

26 The solar panel system was designed by the All-Union Sc~ent~f~c-Research lnst~tute of Current Sources 
(VNIIT) headed by N S Lidorenko See Lard~er LAstronaut~que Sovielrque p 123 
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of the system, Boris V. Raushenbakh, refused to agree to Group T's recommendation to use the 
backup system of orientation. OKB- I Deputy Chief Designer Boris Ye. Chertok, who was the 
head of Group T, quickly called a meeting at Tyura-Tam and reached a consensus that the pri- 
mary system not be used, in favor of the still-operating solar-based Grif sensor. He then passed 
this recommendation on to Moscow. Although it seems that Korolev agreed with Chertok at 
flrst, he gave in after persuasive arguments by Keldysh and Raushenbakh to go ahead with the 
primary system. Unfortunately, on the sixty-fourth orbit, the primary system malfunctioned. 
and the fourteen thrusters working on compressed nitrogen (ten kilograms thrust each) insert- 
ed the spacecraft ~n the exact wrong attitude. The TDU- I retrorocket automatically flred on time 
at 0252 hours Moscow Time, but the spacecraft. instead of reentering the atmosphere, was 
boosted into a new high orbit of 307 by 690 kilometers. The descent apparatus eventually 
decayed more than five years later on October 15, 1965. Korolev, indignant at the control error. 
slapped reprimands on several of his engineers. including Vostok designer Feoktistov." 

After a short investigation of the malfunction. OKB- I opted to remove the infrared system 
from the Vostok 3A piloted varlant of the spacecraft. Those spacecraft would instead be 
equipped with two systems: a solar-based automatic system and a manual system us~ng Earth's 
horizon. The second Vostok I spacecraft readied for launch, while having the old set of orien- 
tation systems, was far more advanced than ~ t s  modest predecessor; it was equipped wlth an 
operat~onal life support system and a means of recovery. Two dogs. Chayka and Lislchka. were 
tralned to fly into orbit on board. Korolev was particularly fond of Lisichka, a feeling that was 
evidently mutual; the usually calm dog would invariably become animated when Korolev would 
v~sit during prelaunch operations. The two dogs were launched on July 28. 1960. but the mis- 
sion went awry right from the beginning. Just nineteen seconds after launch, the booster began 
" to fork to one side" as a result of a fire and a breakdown of the combustion chamber in one 
of the strap-on engines ( ~ n  Blok G). The inert strap-on broke away from the main vehicle, and 
the booster eventually exploded into pleces at Tt28.5 seconds. Although the descent appara- 
tus separated from the stack. the explosion killed both passengers." 

The accident forced serious consideration for testing a launch escape system on the 8K72 
booster. Tlkhonravov's department. responsible for the design of the spacecraft, proposed a 
system in late August that would ensure that any on-board cosmonaut would have the capa- 
blllty to abort the mission at four different stages of the ascent to orbit. The first forty seconds 
of the launch were considered the most dangerous portion, and in the case of a booster mal- 
function, the p~ lo t  would eject from the capsule via a catapult and land separately by para- 
chute.'The addition of a launch escape system as well as the change in orientation systems 
were unusual for a program whose flight testlng had already begun. The Vostok program indeed 
had the odd distinction of being perhaps the only piloted space program whose draft 
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plan-that is, the technical document specifying its design-continually evolved over the peri- 
od of the project.' This was no doubt attributable to the time constraints set in part by plans 
for Project Mercury. 

The next Vostok I mission was set to carry two new dogs. Belka and Strelka, into orbit. 
Along with the dogs, there were numerous other biological specimens. The pressurized cabin 
contained twelve mice, insects, plants, fungi. cultures, seeds of corn, wheat, peas, onions, 
microbes. strips of human skin, and other specimens. In addition, there were twenty-eight mice 
and two white rats outside the ejection seat, but within the descent apparatus. Two internal 
TV cameras. developed by Nll-380, would provide views of the dogs during the spaceflight. 
The spacecraft itself was fully equipped with a functioning catapult, a life support system, and 
parachutes. The launch, originally set for August 15, was delayed because of problems with an 
oxygen valve in the booster. but the dogs were finally sent on their way with a successful 
launch at 1 144 hours 6 seconds Moscow Time on August 19. Upon successfully entering its 
306- by 339-kilometer orbit at 64.96-degree inclination, the spacecraft was named the "Second 
Korabl-Sputnik." Total mass in orbit was about 4,600 kilograms. News of the launch was 
immediately relayed to the Hall of Columns during the minutes when judges were considering 
the sentence for American Francis Gary Powers, who was shot down by a Soviet 5-75 missile 
system in May of the previous year. 

Throughout the one-day mission, doctors continuously monitored the medical condition 
of the dogs while various parameters of the life support system were given a rigorous workout. 
Because there were two cameras aboard the spacecraft, Yazdovskiy's biomedical support group 
was able to observe the reactions of the dogs while in flight. The pictures coming back were 
not encouraging. Initially, the dogs appeared deathly still. and wlthout the incoming data 
stream on their life signs, it would have been impossible to tell if they were alive or not. Later 
they became more animated, but their movements seemed convulsive. Belka squirmed and 
finally vomited on the fourth orbit. Yazdovskiy silently watched the video and gloomily report- 
ed to the State Commission that a flight with a cosmonaut be limited to one orbit and no 
longer. There were slmply too many unknowns about the effects of weightlessness on the 
human organism." A number of scientific experiments were carried out during the mission, 
including those for the detection of cosmic rays and the monitoring of high-energy emissions 
in the ultraviolet and x-ray wave lengths. 

Telemetry showed that the infrared orientation system had failed once again. After a busy 
night verifying its capabilities, engineers recommended using the backup solar orientat~on sys- 
tem. The latter system performed without any anomalies on the spacecraft's eighteenth orbit, 
and the descent apparatus successfully entered Earth's atmosphere at the correct angle. The 
catapult system operated on schedule and ejected the cabin wlth the dogs in the mock-up of 
the ejection seat. The cabtn landed safely by parachute only ten kilometers from the designat- 
ed point of touchdown in the Orsk region in Kazakhstan after a one-day, two-hour spaceflight. 
Belka and Strelka thus became the first living beings recovered from orbit. The spacecraft itself 
was only the second object retrieved from orbit; the American Discoverer 13 had preempted 
Korabl-Sputnik 2 by nine days." Doctors found both dogs in good condition despite the 

3 1 The draft plan for the Vostok 3A spacecraft (the p~loted variant) was off~c~al ly completed on July 3 1 
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concerns during the mission. Extensive physiological tests proved that there had been no fun- 
damental changes in their health. 

This particular flight of the Vostok I spaceship was a watershed moment and verified 
almost all the primary elements of the spacecraft design. Korolev returned to Moscow on 
August 28 to hear reports from Deputy Chief Designer Bushuyev and Group Chief Feoktistov 
on the progress of the design of the Vostok 3A piloted variant. Very satisfied with the work 
done. Korolev, in coordination with the other leading chief designers involved in the program 
(Glushko. Ryazanskiy. Pilyugin. Barmin, Kuznetsov. Bogomolov. Isayev, Kosberg, Alekseyev. 
and Yazdovskiy), prepared a document titled "Basic Status of the Development and Preparation 
of the Object 3KA (The Piloted Space Ship 'Vostok-3A')," which included listings and descrip- 
tions of all the major systems on the spaceship as well as a cyclogram for a nominal flight with 1 
contingency plans for all possible fail~res.'~ ! 

The importance of the document. dated September 7, 1960. was not so much for its tech- 
1 

nlcal deta~ls. but because of the remarkable concern for safety of the pilot that comes through i 

in each section of the report. One section is completely devoted to enumerating the redun- I 
dancies and safety measures for each of the spacecraft's major systems, from the critical orien- 

1 
! 

tation systems to the tiny pyrotechnical cartridges on the ejection hatch. Finally, in what must 
have been Korolev's personal touch, the authors emphasized that previous management prac- 
tlces in the missile Industry would no longer hold for the Vostok project because failure was an 
unacceptable outcome. The complete Vostok system consisted of a six-unit three-stage launch 
vehicle with as many as thlrty-three thermally, statically, and dynamically loaded systems, such 
as turbopumps, for the rocket engines. The spacecraft itself consisted of 241 vacuum tubes, 

i I 
I 

more than 6.000 transistors. fifty-six electric motors. and about 800 relays and switches inter- 
connected by about fifteen kilometers of cable, in addition to 880 plug connectors having up 
to 850 contacts per connector. Clearly, the entire system could not be regarded as failure-proof. 
Here Korolev used his managerial technique to emphasize to each ch~ef designer. plant direc- 
tor, and military operations manager that the life of a cosmonaut depended on his or her part 
of the work. The chain of responsibility was delegated down to the lowest ranked worker in the 
assembly shop. The eleven s~gnatories of the document indirectly represented 123 organiza- 
tions, including thirty-six plants, that were participating in the project." 

The preparation of this document proved to be the catalyst for a state-level intervention in 
the program. Three days later, on September 10, the ten most powerful leaders in the Sovlet 1 defense industry (led by Ustinov) and the armed forces, along with the six original core mem- 
bers of the Council of Chief Designers, signed and sent a document on the Vostok program to 1 
the Central Committee of the Communist Party. Declassified finally in 199 1 ,  the letter for the 
first time formally set a timetable for accomplishing the first piloted spaceflight. It began: 

L 

The successful launch. space flight, and landing of  the spacecraft (the object "Vostok- I ") 
sheds new light on the dates for performing a piloted flight lnto cosmic space. An analy- 
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sis o f  the telemetric measurement data received during the flights of the "Vostok-I " sug- 
gests the possibility o f  creating normal living conditions for a human during space flight.'' 

The authors recommended that one or two further Vostok I flights be carried out in 
October-November 1960, followed by two automated missions of the Vostok 3A variant in 
November-December 1960. By December I ,  the cosmonauts training for their miss~on would be 
ready, and a full-scale piloted flight could be accomplished in a Vostok 3A in December, in time 
to beat a Mercury launch. Unlike all earlier Soviet space projects, the fact that this document was 
signed by ministerial heads rather than the standard deputy ministers clearly underlines the 
importance with which the Soviet leadership viewed the program. If in 1959 there was some hes- 
itation on the part of the government to fully commit to a piloted space program, by the end of 
1960, those concerns had no doubt been overridden by the imminent threat of Project Mercury. 
Having consistently taken the lead in the early space race, the Soviet Union was forced to make 
efforts to continuously maintain that preeminence. Despite the national priority in strategic mis- 
siles, space had become an arena not only for military applications but also simply national 
pride. In a sense, the chest-beating self-congratulatory euphoria that had followed the launches 
of Sputniks and Lunas pushed the Soviet government into maintaining the image of the new 
advanced Soviet state. It was a race that they had started and were in no position to call off. 

The petition by the sixteen leaders of the Soviet space program was received in the Central 
Committee of the Communist Party-that is, by Nikita S. Khrushchev and Frol R. Kozlov. Both 
approved the plan and issued a top-secret reply dated October I I ,  listing each of the minister- 
ial jurisd~ctions of the signatories: 

I .  The proposal o f  the USSR Council o f  Ministers State Committee of Defense Technology, 
the USSR Council o f  Ministers State Committee on Radio-Electronics, the USSR Ministry of 
Defense, the USSR Council of Ministers State Cornmittee for Ship Building, the USSR 
Council o f  Ministers State Committee for Aviation Technology, and the USSR Academy of 
Sciences, which has been examined and approved by the Commission of the Presidium of 
the USSR Council of Ministers for Military-Industrial Issues, on the preparation and launch 
o f  a spacecraft (the object "Vostok-3A") with a man on board in December of 1960, is 
approved, because it is a task of great importance." 

Thus the stage was set for the launch of the first human into space in the last month of 
1960. It was an ambitious timetable. There was no precedent for the rapid pace of the sched- 
ule-OKB-I had managed to conduct three launch attempts in three months in the summer of 
1960. and that rate would have to be almost doubled. The decision was clearly made after 

36 An edited version of t h ~ s  letter was publ~shed In V Belyanov L Moshkov Yu Murtn N Sobolev 
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exhaustive discussion, and there is no evidence to suggest that Korolev would have approved 
such a timetable if he did not th~nk ~t was realistic. The plans of the Soviet government were. 
however, suddenly and tragically thwarted by one of the worst-ever disasters in the history of 
rocketry, a dark reminder of the perils of the new technology at its disposal. 

Disaster and Delays 

On the evening of October 24. Korolev called OKB- l senior engineer Arkad~y I. Ostashev 
into his office to give him some important information. The chief designer had just received a 
call from Tyura-Tam on restricted communications lines from his Deputy Yevgeniy V. Shabarov 
concerning a major accident at the launch range In which Ostashev's older brother. Yevgeniy, 
had been i nvo l ved .~~ t i l i  unaware of the scale of the accident, Korolev immediately permitted 
the younger Ostashev to fly to the launch site. The magnitude and catastrophic nature of the 
accident only became clear to Korolev through the night as more and more reports arrived from 
both Tyura-Tam and indirect sources in Moscow. The disaster was beyond the comprehension 
of even the most darkest nightmares, and it involved a rocket designed not by Korolev, but by 
his rival. Chlef Designer Yangel. 

Offerlng up stiff competition to Korolev to design a new generation of ICBMs. Yangel had 
brought his first offering, the R-16, to the launch pad in mid-October for its first launch. After 
the relative fa~lure of Korolev's R-7 as an operational ICBM, there was a tremendous amount of 
Import focused on bringing Yangel's new R- 16 to operational status. It would finally give the 
Soviet Union an active and large-scale strategic deterrent backing up the Khrushchev's bluster 
and bragging about Soviet might. Days before the planned launch, the Soviet leader, in a speech 
at the United Nations, had boldly stated that strategic rockets were being produced in the 
Sovlet Union "like sausages from a machine." a claim that was clearly not true In the case of 
ICBMs." Numerous important officials were at Tyura-Tam to witness the first launch, including 
Strategic Missile Forces Commander-in-Chief Nedelin, who also chaired the State Commission 
for the R- 16. 

Fueled by storable. hypergolic, and highly toxic propellants, there had been much difficulty 
prlor to launch. especially in fuellng procedures, which caused great consternation at the site. 
The first launch was originally set for October 23, but a major propellant leak that evening forced 
a postponement to the next day. On the orders of the State Commission, all repairs to the mis- 
sile were carried out in a fully fueled state, creating a remarkably dangerous situation at the pad. 
The repalrs were successfully completed through the night, and all prelaunch operations pro- 
ceeded as planned until thirty minutes prior to the set launch tlme on October 24. At this point. 
there were st111 approximately 200 officers, engineers, and soldiers near the pad, including 
Marshal Nedelin. who scoffed at suggestions that he leave the pad area. "What's there to be 
afraid of? Am I not an officer?." he was reported to have asked.% By a fateful stroke of luck. 
Yangel himself was conv~nced to enter a safe bunker to smoke a last cigarette by Maj. General 
Aleksandr G. Mrykin. Nedelin's polnt man for missiles and space. Mrykin was apparently think- 
ing of qu~tting smoklng, and he had decided to smoke his last cigarette right then. It was at that 
moment, exactly thirty minutes prior to the scheduled launch. that the missile suddenly explod- 
ed on the pad, releasing an expanding inferno of destruction around the pad area. 
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This still from a frlm o l  the R 16 explosion shows the expandrng Jireball around the rnrssrle as pad workers 
desperateiy tried to Jiee the scene oJ the catastrophe Approxrmately 130 people perished as o result of the 

explosion many oJ whom were ident~fied only by medals on their jackets or rrngs on their lingers 
(copyrrght Rudy Inc via Quest magazrne) 

Within seconds, the rocket broke in half and fell on the pad, crushing any one who might 
have still been left alive. At that point, the fire and the heat increased in intensity as al l  the pro- 
pellants ignited in a crescendo. Some people were simply engulfed in the fire, while others who 
managed to run in a burn~ng state succumbed to the toxic gases w~thin m~nutes. Technicians 
remained hang~ng from the~r harness from special cranes as their bodies burned. Deputy 
Cha~rman of the State Committee of Defense Technology Lev A. Grishin, who had been stand- 
ing next to Nedelin, managed to jump over a h~gh  railing, run across the molten tarmac, and 
jump to the h~gh  gate of the ramp from a height of three and a half meters, breaking both legs 
in the process to reach safety. Tragically, he succumbed to his burns soon after he was taken 
to the hospital." As the temperature raged to around 3.000 degrees, people just simply melted 
in the firestorm, many being reduced to ashes. 

Through the ensulng days, workers began the gruesome task of identifying bodies. A spe- 
cial commission headed by Yangel was formed immediately to investigate the accident. The fail- 
ure had evidently occurred when the second stage of the R- 16 had spuriously started firing on 
the pad because of a control system failure, thus igniting the propellants in the f~rst stage. This 
control system, developed by the Kharkov-based OKB-692 ,  had lacked a circuit to block spuri- 
ous commands from reaching the second stage. It took fourteen hours of torment before the 

4 1 Gr~sh~n was still allve four days after the d~saster on October 28 At the t~me his Injuries were l~sted as 
'2nd 3rd and 4th degree burns on the face head neck left half of the thorax Open fracture rn both bones of rrght 
and le f t  sh~ns Left lower extrem~ty amputated from the m~ddle third of the shin " 



young Ostashev identified his brother. Nedelin himself was identified only by his Gold Star 
medal attached to his uniform. OKB-692 Chief Designer Boris M. Konoplev, the talented guid- 
ance systems engineer who was among the rising stars in the Soviet missile and space program. 
was identified by his height, having been one of the tallest men at the pad. All told. 126 indi- 
viduals died in the blast, including senior military officials. deputy chief designers, and numer- 
ous soldiers.42 The entire incident was kept under tight wraps, and Marshal Nedelin was said 
to have died in an aircraft accident, a piece of fiction that the Soviets officially maintained un t~ l  
early 1989. The prohibition on discussing the disaster among the survivors was not lifted until 
1990. thirty years following the traged~.~' 

The R- 16 disaster was a devastating blow to the Soviet missile program. Although it did 
not have any direct connection to the piloted space effort, there was clearly a repercussive delay 
on the Vostok program. Many of the same design organizations, such as OKB-456 (Glushko). 
Nll-944 (Kuznetsov), Nll-88 (Tyulin), and Nll-229 (Tabakov), had major contributions to both 
the R-16 and Vostok projects. Marshal Nedelin, apart from his role as Commander-in-Chief of 
the Strategic Missile Forces, had also chaired several important State Commissions, including 
Vostok, thus capping his fifteen-year-long role as one of the most important figures in the 
growth of the Soviet missile and space programs. KiriII S. Moskalenko, the fifty-eight-year-old 
Commander of the Moscow Military District, was brought in as the new commander of the 
Strategic Missile Forces. He had the unusual distinction of being one of the men to participate 
in NKVD Chairman Beriya's execution in December 1953. Konstantin N. Rudnev, forty-nine. 
the industrial leader of the space and missile program, took Nedelin's place as the chair of the 
State Commission for Vo~tok . '~  It was the peak of Rudnev's ten-year rise to influence as one of 
the top industrial managers in the Soviet Union. His first job in the rocketry effort had been as 
director of the famous Nll-88 in the early 1950s. 

It would be more than two weeks following the R-16 disaster that active work on the 
Vostok effort resumed again. By this time, it was clear that the original schedule for a piloted 
flight in December 1960 was unrealistic. In a letter dated November 10. Ust~nov. Keldysh, 
Korolev. Rudnev, and Moskalenko asked the Central Committee for formal permission to launch 
two Vostok I precursor craft prior to commencing testing of the piloted Vostok 3A ~ar iant .~ '  In 
the best-case scenario, a first piloted flight could not be carried out before late February 196 1. 
By this ttrne. NASA was also looking at the first suborbital flight in early spring. Thus, despite 
the delays associated with the R- 16 disaster and other technical problems, there was still a slim 
margin of safety in the new schedule. 

42 Chertok Rakety I lyudt p 397 There are st111 many d~screpancies In reports of the f~nal human toll of 
the R 16 d~saster ranglng from a lower limit of n~nety two to an upper l ~ m ~ t  of 165 By October 28 seventy four peo 
ple had beer1 ident~fied as dead A number of previously classifled tmportant documents related to the d~saster were 
publ~shed In 1994 These Included the ortg~nal communique sent by Yangel to Moscow m~nutes after the disaster a 
prelim~nary acc~dent report by the techn~cal commission on the day after the accident and ltsts of those who had 
been ~den t~ f~ed  (both deceased and Injured) by October 28 See I D Sergeyev ed Khrontka osnounykh sobytrye 
istorrr raketnykh uoysk strategicheskogo naznachenrya (Moscow TslPK 1994) pp 240-63 

43 There are numerous Russ~an language sources that descr~be the tnc~dent The ones primar~ly used In the 
above narrative were Averkov "Top Secret Explosion at Baykonur Cosmodrome" Col A Rad~onov "The T~me Has 
Come to Tell It Happened at Baykonur At the Ftrst Launch of the New Rocket How Marshall Nedelin Died The 
Memory of the L~v~ng '  (Engl~sh tttle) Krasnaya zuezda October 24 1990 p 2 A Bolot~n 'Slte Ten (Engl~sh 
title) Ogonek I 6  (Apr~l 15-22 1989) 10 14 For a recent Engl~sh language account of the R 16 d~saster see As~ f  
A Sidd~q~ Mournlng Star " quest 3 (Winter 1994) 38-47 

44 Zaloga Target America p 99 Chertok Rakety I lyudi p 41 1 
45 Th~s letter 18 reproduced In full but with disgu~sed des~gnat~ons as D F Ust~nov M V Keldysh S P 

Korolev K N Rudnev and K S Moskalenko ' O n  Launches of the Vostok A Korabl Sputnik' (English tltle) In 
V S Avduyevsk~y and T M Eneyev eds M V Keldysh tzbrannyye trudi raketnaya tekhntka I kosrnonaut~ka 
(Moscow Nauka 1988) pp 355-56 



Permission to launch the two Vostok I spacecraft, the fourth and fifth in the series, was 
granted almost immediately by the Central Committee, which allowed processing at the 
OKB-I plant and at Tyura-Tam to pick up speed. Both spacecraft were identical to the ship 
launched in August, save for the omission of the infrared orientation system that had been the 
source of so many problems on the previous m i~s ions .~Vhe  first one was launched without 
incident on December 1 .  1960, into an orbit exactly m~micking the one planned at the time for 
an actual piloted mission: I80 by 249 kilometers at a 64.95-degree inclination. Aboard the satel- 
lite, called the Third Korabl-Sputnik in the Soviet press, were two dogs. Pchelka and Mushka. 
Total mass In orbit was 4,563 kilograms. There was apparently improved biomedical instru- 
mentation on board, as well as a different set of instruments for cosmic and radiation studies. 

The flight went well, and there were twelve successful communications sessions for 
telemetry reception. After about twenty-four hours in orbit, on the seventeenth orbit, the main 
TDU- I engine was to fire to initiate reentry. Unfortunately, there was a malfunction in the sta- 
bilization system of the engine: the resulting firing was far shorter than had been planned. 
Although the spacecraft would still reenter, computations showed that the landing would over- 
shoot Soviet territory. The spacecraft made one and a half more orbits, after which the descent 
apparatus with the dogs separated from the rest of the vehicle. An additional communications 
session with the craft confirmed the failure of the TDU- I. At this point, a special and unusual 
system was called into operation-one that was installed to address this precise situation. 
During earlier mission planning, there had been much concern about the possibility of having 
a spacecraft land off course and on "foreign territory." Given the extreme secrecy and xeno- 
phobra of the miss~le and space programs, the only option for designers was to install a self- 
destruct system aboard the vehicle to destroy the "evidence" before recovery by non-Soviet 
parties. Designed by Nll-137, the system for the emergency explosion of the object was 
designed to detonate if the on-board g-sensor did not detect reentry at the assigned moment. 
Mercifully, such a system was only earmarked for the Vostok precursor missions and not for any 
actual piloted craft. In the case of Korabl-Sputnik 3, the system went into operation at the 
beginning of reentry and destroyed the spacecraft along with its hapless passengers." At the 
time, the Sov~et press merely announced that because of the incorrect attitude, the descent 
apparatus had burned up on reentry. 

The problem with TDU- I was identified quickly by "adopting means for ensuring normal 
work of the Braking Engine Unit." and the next Vostok I spacecraft was brought to the launch 
pad at site I in the third week of December. There was a slight change in the booster- 
spacecraft stack for this flight. All earlier Korabl-Sputnik missions had used the 8K72 launch 
vehicle also used for the Luna launches. This particular flight would be the first to use a slight- 
ly modified variant designated the 8K72K. which substituted the RD-0109 (just over five and a 
half tons) for the RD-0105 (just over five tons) as the third orbital insertion ~ t a g e . ~ V h e  nom- 
inally increased thrust would allow a slightly higher mass planned for the pilotedvariant. Thus. 
the fifth Vostok I spacecraft, carrying the dogs Kometa and Shutka, was sent on its way at 
1045 hours Moscow Time on December 22. 1960." The first two stages of the 8K72K booster 

46 Korolev 'On the State of the Experimental Work ' 

47 lbrd Chertok Rakety I lyudi pp 41 1-12 Although the system was not used on any piloted Vostok 
rnlsslon ~t was standard on all varlants of the Vostok spacecraft for reconnaissance mlsslons 

48 Varfolomeyev "Sovlet Rocketry that Conquered Space Part 3 " The flrst tests of the 8K72K varlant may 
have occurred earller There were two suborb~tal launches related to the R 7 (or R-7A) on July 5 and 7 1960 durlng 
whlch the payloads were deposited ~n the Paclflc See Lardler LAstronautrque Souretrque p I 2 2  A Chronology of 
Mlsslie and Astronaut~cal Euents prepared for the Committee on Sclence and Astronautrcs U S  House of 
Representatives 87th Cong 1st sess (Washington DC U 5 Government Prlntlng Offlce March 1961) p 119 

49 N P Kamanln Skrylry kosrnos knrga peruaya 1960-1963gg (Moscow lnfortekst IF 1995) p 9 Note 
that thls source suggests that the names of the dogs were Zhemchuzhnaya and Zhulka 



performed without fault, but the new third stage engine prematurely cut off at T+425 seconds 
because of the destruction of the gas generator in the engine. The emergency escape system 
went into operation. and the spacecraft successfully separated as its flight trajectory described 
an arc across the Soviet Union. The payload reached an altitude of 2 14 kilometers and landed 
about 3.500 kilometers downrange from the launch site in one of the most remote and inac- 
cessible areas of Siberia, in the region of the Podkamennaya Tunguska River close to the impact 
point of the famed Tunguska meteorite. By the late hours of December 22, rescue forces began 
to detect signals from the descent apparatus, and a search party led by Korolev's old friend. 
Arvid V. Pallo, was dispatched to try and locate the capsule. 

The rescue mission turned out to be one of the most harrowing episodes of the time. Once 
the rescue group was dropped at the general area of the landing site two days late on December 
24,  Pallo and his associates found themselves in waist-deep snow. By having aircraft fly in the 
drrect~on of the object, they managed to reach the capsule. Once the team found the spacecraft. 
they had to approach it with extreme care because the emergency explosive system was to auto- 
matically detonate the vehicle sixty hours after landing. By the time they reached the spacecraft, 
it had already been sixty hours, but the capsule had still not exploded, forcing them to disen- 
gage the explosive in minus-forty-degree Centigrade temperatures. They later discovered that the 
cabling in the explosive system had burned through, neutralizing the bomb. Although both 
hatches on the descent apparatus had been discarded, the ejection seat had remained within the 
spherical capsule instead of ejecting out with the dogs. Later investigation showed that during 
ejection, the seat had slammed into the side of the exit porthole and remained within the space- 
craft. Pallo and his deputy returned to the site the next day, and the dogs were f~nally taken out 
of the capsule, a little cold but alive, and flown to safety, arriving in Moscow on December 26 .  

Bringing the descent apparatus itself back to Moscow proved to be much more difficult as they 
used a variety of strategies to literally drag the capsule through kilometers of snow. At one point, 
Pallo's team had to terminate all rescue operations and spend the night in the middle of the ice 
and snow when the temperature dropped to minus sixty-two degrees Centigrade. It was the first 
week of January 196 1 before the vehicle finally arrived in Moscow.'Wespite Korolev's entreatres 
that the failure be announced in the Sovlet press, the State Commrssron vetoed the idea. 

An analys~s of the launch abort on December 22 showed that there were a number of major 
anomalies on the mlssion. Following the booster third-stage failure, the Vostok I craft was to 
separate rnto its component descent apparatus and rnstrument section modules. This never 
happened. The two capsules severed their connections only because of the thermal heating on 
reentering the atmosphere. Furthermore, the ejection seat was to have shot out of the capsule 
two and a half seconds after the hatch was jettisoned: on this mission, both events occurred 
simultaneously, causing the craft to deform from the shock of the failed ejection.' Then there 
was the fortuitous failure in the self-destruct system. All of these, for obvious reasons. were not 
encouraging. The Korabl-Sputnik program now had two major failures in a row. The State 
Commission's provisional date of February 196 1 for a piloted flight was no longer viable. At a 
meeting of the commission on January 5. 1961. Deputy Chief Designer Bushuyev laid out a 
schedule for the forthcoming months. As per earlier plans, the next two launches in the series 
were to be automated flights of the actual piloted variant, the Vostok 3A. The first would fly 
on February 5 and the second on February 15-20." Contingent upon their successes, the com- 
mission would approve a piloted mission. 

50 Mozzhor~n et a/ eds Dorogr v kosmos 11 pp 47 51 M Rebrov ' But Th~ngs Were L~ke [hat-Top 
Secret The Painful Fortune of the N I Project' (Engl~sh t~tle) Krasnaya Zuezda January 13 1990 p 4 

51 Kaman~n Skrytiy kosmos p 10 
5 2  lbrd p l l 



The Road to Vostok 

The training of the core group of six cosmonaut-trainees selected as a pool for the first 
piloted mission reached a turning point in January 1961. By that time, all six had finished final 
regimes in simulators lasting three days, as well as full-scale parachute and recovery training. 
Over two days in mid-January, the six-Captain Bykovskiy, Lieutenant Gagarin. Lieutenant 
Nelyubov, Capta~n Nikolayev. Captain Popovich, and Lieutenant Titov-took their final exams 
to assess their degree of readiness. A special interdepartmental commission under Lt. General 
Kamanin's supervision would review the results of the tests and recommend the most likely 
candidates for the very first missior~.~' On January 17, each candidate spent forty to fifty min- 
utes in a simulator at the M. M. Gromov Flight-Research Institute describing the operation of 
the spacecraft, its instruments, and various phases of a mission, after which the members of 
the commission asked specific questions. Particular attention was devoted to the operation of 
the TDU- I engine and spacecraft orientation, both of which had fa~led at various times in the 
previous Korabl-Sputnik missions. On the first day, Nikolayev, Popovich. Gagarin, and T~tov  
received grades of "excellent," while Bykovskiy and Nelyubov were given "very good" scores. 
The following day, the candidates took a written exam, which completed the program. The 
results were collated soon after, and the commission recommended the following order for 
using the trainees in flights: Gagarin. Titov. Nelyubov. Nikolayev. Bykovskiy, Popovich.'This 
particular series of tests helped narrow down the pool of cosmonauts for the first mission to 
the three best candidates: Gagarin. Titov, and Nelyubov. Although nontechnrcal factors such 
as psychological character~stics and ~deological issues would narrow the three men down to 
one for the very first mission, al l  three would travel to Tyura-Tam in a few months. 

Even at this early stage, the twenty-six-year-old Yuriy Gagarin seemed to be the clear 
favorite. He had come from working-class origins In the Smolensk region west of Moscow, grad- 
uating from secondary school in 1949. He spent the following few years in various technical 
institutes before joining the Orenburg Higher Air Force School in 1955. Until his selection as a 
cosmonaut-trainee, he had served as an active duty p~lot  at Zapolyarniy, north of the Arctic 
Circle. By all accounts, he was a very likable and intelligent Individual, and he had fortuitously 
made an extremely favorable impression on Korolev the f~rst time the cosmonauts had met the 
chief designer in mid- 1960. Although there has been a tendency to hero-worship the young 
man, even those less prone to hyperbole had nothing but positive things to say about him. 
Cosmonaut Khrunov later remembered that: 

Gagarin was extraordinarily focused, and when necessary, very demanding of himself 
and of others. Which is why I thmk that concentrating on that famous smile of his mrght 
miss the mark entirely and might even diminish the image of  who he really was." 

53 The members of the commission were Maj General A N Babiychuk (Chief of the Soviet Air Force 
Med~cal Service) Lt General V Ya Klokov (Institute of Aviation and Space Med~cine) V I Yazdovskiy (Institute of 
Aviation and Space Medicine) Colonel Ye A Karpov (Director of TsPK) Academician N M Sisakyan (Department 
of Biological Sciences of the USSR Academy of Sciences) K P Feokt~stov (OKB 1 )  S M Alekseyev (Chief Designer 
of Plant No 918) and M L Gallay (test pilot at the M M Crornov Flight Research Inst~tute) In addition Flight 
Research Institute Director N 5 Stroyev was present during the tests See Karnanin Skryt~y kosmos p 12 L N 
Karnanin ' A  Minute s Readiness Has Been Announced ' (English title) Znamya no 4 (Apr~l  1989) 134-46 

54 The remaining eleven active cosmonauts-Anikeyev Belyayev Filatyev Corbatko Khrunov Kornarov 
Leonov Rafikov Shonin. Volynov and Zaykin-took their test on April 4 1961 Out of a total possible of " 5  ' 
Kornarov and Leonov received 5+ Anikeyev Filatyev Shonin and Volynov received 5 and Belyayev Corbatko 
Khrunov and Rafikov recetved 4 See Golovanov Koroleu p 633 
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OKB-I engineer Raushenbakh recalls that "Gagarin would never try to ingratiate himself, 
nor was he ever insolent. He was born with an innate sense of tact." In an early evaluation of 
his personality dating from August 1960, when he was simply one of twenty men in training 
for a flight, a commission of Air Force doctors wrote with remarkable unambiguity of Cagann's 
pos~tive attributes: 1 i 

[Mjodest: embarrasses when his humor gets a little too racy: high degree o f  intellectual 
development evident in Yuriy: fantast~c memory; distinguishes himself from his col- 
leagues by his sharp and far-ranging sense o f  attention to his surroundings, a well- 
developed imagination; quick reactions; persevering, prepares himself painstakingly for 
his activities and training exercises; handles celestial mechanics and mathematical for- 
mulae with ease as well as excels in higher mathematics: does not feel constrained 
when he has to defend his point o f  view i f  he considers himself right; appears that he 
understands life better than a lot of h ~ s  friends.'" 

When the cosmonaut group had carried out an informal and anonymous survey to see 
whom among the cosmonaut group they would like to see fly first, all but three of the twenty 
named Gagar~n. Apart from his high qualifications, he also satisfied the Communist Party's 
unwritten criterion that the first Soviet person in space be from a completely Russian and work- 
~ng-class background. 

German Titov. twenty-five years old at the time, had grown up in the Kosikhinskiy District 
in Altay Territory before entering the Kacha Higher Air Force School in 1953. Following his grad- 
uation in 1957, he served as an active duty pilot in the Leningrad District. He struck many as 
being the most worldly and well read of the six, and he was noted for rebelling against what 
he called "silly questions" during the selection processes in 1959." The youngest of the six, he 
had performed excellently and without problems throughout the past year in tralning and was 
a close competitor of Gagarin. The last of the three, the twenty-six-year-old Grigoriy Nelyubov. 
was perhaps the most talented and qualified of the group of six. Raised in Crimea, he had grad- 
uated from the Yeisk Higher Air Force School in 1957 and served as a MiG-19 pilot with the 
Black Sea Fleet. Soon after selection as a cosmonaut, he had consistently demonstrated his 
expertise as one of the top members of the group of twenty. He also had influential supporters 
at OKB- I : Department Chief Raushenbakh was said to have supported Nelyubov's candidacy 
to be the first Soviet person in space. On the negative side. Nelyubov was also extremely out- 
spoken and individualistic. For Air Force overseer Kamanin, a diehard old-school Stalinist. 
Nelyubov's otherwise remarkable record in training was neutralized by his direct and critical 
nature. Gagarin, who was "quiet ~n character," was a far more suitable candidate from an ide- 
ological perspective.'" 

In terms of preparing for the f~rst Vostok mission, the training of cosmonauts was only the 
t ~ p  of the Iceberg of a mammoth undertaking. Tracking requirements for a piloted mission were 
a lot more stringent than for the modest Sputniks in the years before, and the military Nll-4 
institute was once again tasked with coordinat~ng the establishment of a network to support 
the new project. The original seven communications points spread out across the Soviet Union 
(at Tyura-Tam. Makat. Sary-Shagan. Yeniseysk. Iskhup, Yelizovo, and Klyuchi) to support the 
early satellite program were augmented by six new stations (at Leningrad. Simferopol. Tbilis. 

56 lbrd p 629 
57 Rex Hall. 'Soviet Air Force Cosmonauts " in Cassutt, ed Whos Who rn Space p 266 
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Kolpashevo, Ulan-Ude, and Moscow)." Although the Soviet Union stretched close to two and 
a half times more in width than the contiguous United States, there were clear limitations to 
monitor~ng space missions from a single landmass, especially given the heightened require- 
ments of a piloted mission. Perhaps reluctant to negotiate treaties as NASA did to station track- 
ing points on foreign soil, the Soviets instead resorted to fully equipped self-contained naval 
vessels stationed all over the world. The first generat~on of Soviet overseas tracking ships- 
Sibir. Suchan, Sakhalin, and Chukotka-were stationed originally to monltor ICBM nose cone 
impacts and later for mission-critical events of the Korabl-Sputniks. These ships were commis- 
sioned as part of the officially named Pacific Ocean Hydrographic Expedition No. 4. These were 
augmented in August 1960 by a newer second generation stationed in the Atlantic that were 
built specifically for the Vostok, lunar, and Interplanetary programs: Dolinsk. Ilichevsk, and 
Krasnodar. The duration of communications contact between each surface point and the orbit- 
ing spacecraft was limited to five to ten minutes, with an altitude envelope reaching out to 
1.500 to 2,000  kilometer^.^^ 

For the early piloted space missions. NASA opted to use a control center at the launch site 
at Cape Canaveral. While the Soviets maintained such a control point at Tyura-Tam, the nerve 
center for all the early piloted Soviet spaceflights was in the Bolshevo suburb of Moscow at the 
premises of the military Nll-4. It was here that the so-called Command-Measurement Complex 
Center was located, under direct control of the Strategic Missile Forces. The center was staffed 
primarily with officers from Nll-4 and headed from July 1959 by Colonel Andrey C. Karas, a vet- 
eran of the early Kapustin Yar launches. Ballistics and computational support during missions 
were provided by three different computation centers, each with its own operations group-one 
at Nll-4 and two in the Academy of Sciences. Although Karas was nominally the head of the 
entire Command-Measurement Complex, the day-to-day technical operations were handled by 
Colonel Amos A. Bolshoy, a military scientist who would play a prominent role in controlling all 
early Soviet p~loted missions by providing the State Commission with recommendations on mis- 
sion-critical events."he fact that this position, roughly analogous to the Western concept of a 
flight director, was occupied by a colonel in the Strategic Missile Forces was merely another 
symptom of the outgrowth of the Soviet space program from the ballistic missile effort. This was 
one of the reasons that until the 1970s, the Soviets steadfastly refused to identify the location 
of its primary control center for the early piloted space program. Apart from command and con- 
trol, the Soviet Air Force accepted the burden of organizing recovery forces for landing cosmo- 
nauts. The huge armada consisted of twenty-five aircraft (twenty 11-4s. three An- I Zs, and two 
Tu-95s) as well as ten helicopters. In addition, seven separate parachute teams were established 
to quickly reach a returned cosmonaut to provide firsthand medical support.b2 

59. Yu. A. Mozzhor~n. el a / .  eds , Nachalo kosmicheskoy ery. uospominaniya veteranov raketno-kosmich- 
eskoy tekhnrki I kosmonautiki vypusk vtoroy (Moscow RNlTsKD. 1994). p. 272. Each of these centers was called 
a Sc~entif~c-Measurement Point (NIP). and each had a separate number: NIP-I (Tyura-Tarn). NIP-2 (Makat). NIP-4 
(Yen~seysk). NIP-5 (abandoned In 1958). NIP-6 (Yel~zovo). NIP-7 (Tyura-Tam). NIP-8 (not built). NIP-9 (Leningrad), 
NIP-I0 (Simferopol). NIP-I2 (Kolpashevo). NIP-13 (Ulan-Ude). and NIP-14 (Moscow) 

60. lbrd pp. 265. 272-73. See also B A .  Pokrovsk~y. Kosrnos nachinayetsya na zernlye (Moscow. Patr~ot. 
1996). pp 341. 345-46. A fourth ship to the "second generat~on." Aksay, was added In September 1962. See also 
Lardier. LRstronautrque Sovietrque, pp. 122-23. 

61 Bolshoy was replaced by P A. Agadzhanov In the m~d-1960s See Pokrovsk~y. Kosmos nachinayetsya 
no rernlye, pp. 239, 365, "On the Sc~ent~f~c-Technical Act~vit~es of Yu. A Mozrhorln (On the 70th Year of His Birth)" 
(Engl~sh M e ) .  Iz istor~r auiatsri i kosmonavtlkr 60 (1990): 4- 1 I 

62. Lard~er. LAstronautrque Sovrelique. p 123: Karnanln. Skrytry kosmos. p 39 There were also apparent- 
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part of the parachute teams was B B Yegorov. later to be the f~rst physlc~an In space The commander of the search 
and rescue servlce was Air Force Lt. General A. I. Kutasln. 



Through January and February 196 1, there were intensive preparations for the launches of 
the remalnlng two Vostok precursor missions. Each of these spacecraft would be identical to 
the actual piloted vanant, save for the fact that each would carry a single dog into orbit. A life- 
size mannequin would be strapped into the main ejection seat, while the dog would be put in 
a container separate from the ejection mechanism. Unlike the previous dog flights, the m~ssions 
were to last a single orbit-that is. exactly the same as planned for the first human fl~ght. The 
preparations leading up to a piloted launch were not smooth by any means. At a meeting of 
the State Commission presided by Rudnev on February 2 2 ,  schedules were laid down for the 

1 
two preliminary miss~ons. The first Vostok 3A with a mannequin would be launched in the first 
days of March prior to completion of ground testing and the elimination of all defects in the 
model: the second Vostok 3A would reach orb~t  only after full-scale ground testing was com- 
pleted. The problems with the first spacecraft were limited to anomal~es in the life support and 
ejection systems, certainly important elements for a biological satellite." At a meet~ng on 
February 27. Chief Designers Semyon A. Alekseyev (Plant No. 9 1 8 )  and Grigoriy I. Voron~n 
(OKB- 124) .  responsible for the eject~on mechanism and life support systems, respectively. 
approved a detailed plan for testing these systems for the second Vostok 3A spacecraft. In par- 
ticular. Voronin had introduced a new air conditioning system, wh~ch had to undergo a com- 
plete thirteen-day test to simulate the contingency of having a cosmonaut ~n orbit for that 
length of time in case of retrorocket failure. 

On Fvlarch 2,  OKB- I Group Chief Feokt~stov and his ass~stant Oleg G. Makarov, both des- 
tined to be cosmonauts themselves ~n later years, prepared a detailed set of instructions for the 
pilot of the first mission, which included courses of actions for various stages of the mission 
as well as a number of different emergency situations. The two engineers took prov~sions to 
Include instructions for manually altering the attitude of the spacecraft in orbit and conducting 
a completely manual retrofire, both of wh~ch were not planned for execution during a nominal 
mission. The finished document was passed on to Korolev. Keldysh, Bushuyev, and 
Voskresenskiy, who all significantly shortened the list, arguing that dur~ng the f~rst mission, the 
pilot should not actively control any instrument on the spaceship. A vigorous fight was put up 
by Kamanin, test pilot Gallay. and physician Yazdovskiy, who argued that the cosmonauts were ,I 

extremely well trained and could be expected to perform any assigned tasks without problem. 
In the end, after a long d~scussion wlth AcademicIan Keldysh on the merits of human control 

1 
of a space veh~cle. Korolev and the others backed down, and the or~ginal lengthy set of instruc- B 
tions was formally approved. Although the first cosmonaut would have the choice of manual- ! 
ly controlling certain systems, all members of the State Commission were in agreement that the 
activities of the p~ lo t  should be as conservative as possible. The only concession to scientific 
research was the inclusion of dry seeds, drosophila, and lysogenic bacter~a as part of the pay- 
load for biomedical studies."" 

In early March 1961, several leading designers and high-ranking Strategic Missile Forces , 
officials left Moscow for the city of Leninsk near Tyura-Tam to direct the preparations for the 
two upcoming automated missions."' A total of thirty to forty days would be spent during this 1 
per~od at the launch site to test every system of the third spacecraft, the one that would carry 

I 
4 

a human, and its launch vehicle. By th~s  point, the first Vostok 3A was scheduled for March 9. ! 
and the second for late March at the earliest. The pressure was building on the Soviets as Project 
Mercury seemed to be close to a p~loted launch. The option to launch the first Vostok 3A with- [ 
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out the benefit of full-scale ground testing was clear evidence that OKB- I was not only trying 
to keep up with its own timetable, but aiming to outrun its chief rival thousands of kilometers 
away. Back in the United States, in mid-February. NASA's Space Task Group had recommend- 
ed moving ahead with a suborbital piloted mission on the next Mercury-Redstone attempt. In 
a last-minute move that seems pivotal in retrospect. Wernher von Braun, on the advice of his 
booster specialists, argued that an additional automated Redstone flight was necessary before 
certification for a human launch. Von Braun's recommendation was accepted, thus pushing the 
first launch of an astronaut from April 25 to early May.6h 

For Korolev, whose decades-old competition with von Braun was only exceeded by his 
intense urge to be first. this wlndow proved propitious. Korolev proposed to First Secretary 
Khrushchev that the first piloted mission could be launched in late April to coincide with the 
celebrations for May Day. The Soviet leader was, however, categorically against timing such a 
major space mission with a national holiday, no doubt concerned about the possibility of a cat- 
astrophic failure. Instead, Khrushchev asked Korolev to move the launch either forward or back- 
ward. Thus, the option was clear: the chief designer informally set the first piloted Vostok 
launch for mid-April. In a curious twist. Khrushchev himself announced on March 14 during 
an interview widely reported In the West: "The time is not far off when the first (Soviet) space- 
ship with a man on board will soar into  pace.''^' 

The first human-rated Vostok 3A spacecraft lifted off successfully at 0929 hours Moscow 
Time on March 9. I96 I ,  and entered a 183 5- by 248.8-kilometer orbit inclined at 64.93 degrees 
to the equator. The spacecraft was called the Fourth Korabl-Sputnik in the Soviet press. A small 
pressurized sphere in the spacecraft carried the dog Chernushka ("Blackie") together with forty 
wh~te and forty black mice, several guinea pigs, reptiles, plant seeds, human blood samples, 
human cancer cells, micro-organisms, bacteria, and fermentation samples. Unlike the previous 
dog flights. the main ejection seat was taken up by a life-sized mannequin (Ivan Ivanovich) 
fully dressed in a functional SK- I Sokol spacesuit. Additional mice, guinea pigs, microbes, and 
other biological specimens were placed in the mannequin's chest, stomach, thighs, and other 
parts of the "body."" This virtual menagerie of animals and plants was the subject of intensive 
biomedical experimentation during the single orbit flight. An unnamed designer of the Vostok 
later revealed an interesting aside to the mission: 

[T]he main purpose was to ensure reception o f  uoice transmissions from [the ship]. W e  
rejected a numerical countdown, fearing Western radio stations would monitor the 
human voice and raise a clamor throughout the world alleging that Russia has secretly 
put a man into orbit. A song also aroused objections because it would be said in the 
West that "the Russian" cosmonaut had lost his head and started singing! It was then 
decided to tape a popular Piatnitsky Russian choir, and when the dummy, clothed for 
purposes o f  decency in a white smock, suddenly sang like a choir, it was very funny." 

In rehearsal for the exact sequence of events on an actual piloted flight, the retrorocket 
TDU-I engine fired on time for just under forty-two and a half seconds. Almost ten seconds 
later, the instrument section separated from the descent apparatus, the latter making a ballistic 
reentry into the atmosphere. The mannequin was safely ejected out of the descent apparatus 
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after reentry, while the main capsule with the dog landed separately by parachute. The mission 
had lasted only one hour, forty-six minutes. The two objects from the spacecraft settled down 
about 260 kilometers northeast of Kuybyshev in the middle of a large open field covered by 
snow. There was apparently some delay in having an OKB- I representative get to the main cap- 
sule to neutralize the self-destruct system. The rescue team led by Lt. General Kamanin elect- 
ed to take the dog out of the capsule before the arrival of the OKB- I expert to prevent the dog 
from freezing to death." 

The unequivocal success of Korabl-Sputnik 4 was a clear boost to the fortunes of the 
Vostok program, which had lacked a completely trouble-free mission since August 1960. The 
euphoria over the flight was, however, marred to some extent by a tragedy that struck the cos- 
monaut team in the most unexpected of ways. On March 23, just two days before the launch 
of the last Vostok 3A precursor, cosmonaut-trainee Bondarenko was on the tenth day of a f ~ f -  
teen-day exercise in an isolation chamber at the premises of the Institute of Aviation and Space 
Medicine in Moscow. The chamber contained 50 percent oxygen at a reduced pressure to sim- 
ulate the atmosphere of a spaceship, and it was completely soundproof to test the effects of 
isolation. Upon completion of some medical tests at the conclusion of h ~ s  isolation period. 
Bondarenko removed the sensors attached to his body and with a cotton-wool pad soaked ~n 
alcohol cleaned the places where they had been attached. Without looking. he threw the cot- 
ton pad away, and the latter landed on the ring of a live electric hotplate. It immediately caught 
on fire, and the flame blazed up in the oxygen-rich atmosphere. At first, instead of ringing the 
alarm. Bondarenko tried to put the fire out himself, but his woolen traln~ng suit caught fire. The 
doctor on duty. Mikhail A. Novlkov, tried to open the door as soon as he became aware of the 
fire, but this operation took several minutes, by which time Bondarenko was completely burnt. 
As he was dragged out of the chamber, he reportedly kept repeating. "It was my fault, no one 
else is to blame."" 

The chief physician at the nearby hospital where Bondarenko was taken recalled later that 
the cosmonaut's "body was totally denuded of skin, the head of hair; there were no eyes in the 
face-everything had been burnt away. It was a total burn of the severest degree."" Bondarenko 
finally died at 1500 hours Moscow Tlme on March 23, eight hours following the accident, of 
shock resulting from burns. It was the very first death of a space trainee in the history of the 
space program. Just twenty-four years of age and the youngest trainee on the team. he was 
buried in h ~ s  b~rthplace of Kharkov, where his parents lived. His wife Anya and their son Sasha 
remained behind at Zelenyy, supported by a special pension as a result of a direct order from 
Minister of Defense Marshal Rodion Ya. Malinovskiy." News of the accident was completely sup- 
pressed in the interest of morale, especially considering that the first piloted Vostok mission was 
then scheduled in less than three weeks. It is not clear whether any of the other cosmonaut- 
trainees were told about the tragedy at the time, or several weeks later. As it happened, the acci- 
dent or even the existence of Bondarenko was not revealed until 1986 as part of a series of 
articles in the newspaper lzvestiya celebrating the twenty-fifth anniversary of the first piloted 
Vostok mission. 

Preparations for the last precursor mission continued with the Bondarenko tragedy firmly 
in mind. The six core cosmonauts flew to Tyura-Tam on M ~ , c h  I 7  to witness the prelaunch 
operations of the next Korabl-Sputnik, where they engaged in some last-minute training 
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exercises. The trainees completed a variety of tests, including a question-and-answer problem 
session with Korolev. There was a minor delay of the launch because of a problem with the on- 
board communications apparatus, but this proved to be unimportant. Launch operations were 
also halted briefly because of a failure in a sensor on the third stage of the booster, and on orders 
from Chief Designer Kosberg, workers rapidly replaced the unit. Prior to launch, controllers con- 
ducted communications tests between the blockhouse near the pad and the spacecraft to sim- 
ulate conditions on a crewed mission. Kamanin, Korolev, and cosmonaut trainee Popovich took 
turns testing the system. Popovich had been assigned to serve as the prime communicator dur- 
ing the launch, analogous to the "capcom" role in the U.S. space pr~gram. '~ 

The spacecraft, named the Fifth Korabl-Sputnik in the Soviet press, was successfully 
launched at 0854 hours Moscow Time on March 25. just two days after Bondarenko's death. 
The 4,695-kilogram vehicle carried another coterie of animals and biological samples, including 
the dog Zvezdochka ("Starlet") on a single-orbit mission. Orbital parameters were 178.1 by 
247 kilometers at a 64.9-degree inclination, close to what was slated for the piloted flight. The 
mission was uneventful, and all reentry procedures were conducted wlthout problems. As with 
several of the previous missions. the recovery of the an~mals and the mannequin was delayed 
by bad weather. The descent apparatus and the ejectton seat landed during a heavy snowstorm. 
causing diff~culties in locating the exact touchdown point. By the time that a group of engi- 
neers from Plant No. 918 reached the site, it had been twenty-four hours since the landing. 
After several hours traveling on horse-drawn sleighs over the one-and-a-half-meter-deep snow. 
the rescuers finally reached the descent apparatus with the dog, and they eventually found the 
mannequin in a nearby forest. The neighboring villagers were apparently very suspicious of the 
recovery teams, suspecting that they might do some harm to the "man" that had landed by 
parachute. The v~llagers finally retreated when they were shown conclusive proof that the 
"man" was indeed just a mannequin." Academy of Sciences Vice-President Aleksandr V. 
Topchiyev summarized the results of the five successful Korabl-Sputniks in a press conference 
in Moscow on March 28. In attendance were not only Soviet and foreign journalists, but also 
Gagarin, Titov, and other cosmonauts in the front row of the audience. No one, of course, had 
any knowledge that one of them was slated to fly in a spacecraft within days.7b 

The safe landing of Korabl-Sputnik 5 effectively cleared the way for the launch of the f~rst 
piloted Vostok spacecraft. For Korolev and Tikhonravov, this would be the apex of their long 
careers in rocketry. which began thtrty years before with the amateur GlRD team in a basement 
in Moscow. In a fitting move. Korolev invited some of the original GlRD veterans to his offices 
at Kaliningrad in March 1961, a month prior to the first scheduled piloted launch. It was a sur- 
prise reunion for the guests, punctuated by much reminiscing, although they had little idea of 
Korolev's real work because of its classified nature. Near the end of the conversation, Korolev. 
speaking of the fru~tful work at GIRD, added that "now we have come very far!" He invited the 
guests to a nearby assembly shop. Nikolay I. Yefremov, one of the GlRD veterans, later 
described the trip: 

When we walked into the spacious, well-lit shop, we immediately saw our long time 
dream. Sergey Paulouich [Koroleu] introduced it, literally introduced it as if it were a liu- 
ing thing, the beautiful rocket. Off to the side, on a special pedestal, we saw the cock- 
pit of the spacecraft prepared for manned flight. I t  was the "Vostok" spacecraft." 
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Even in the hectic days leading to the flrst Vostok flight, a llnk was underlined between the 
pioneering work in the 1930s and the Soviet space program of the 1960s. After thirty years of 
postulating and hypothesizing, the reality of human spaceflight was only a few days away. 

Gagarin in Orbit 

After the Korabl-Sputnlk 5 mission. Korolev returned to Moscow on the evening of March 
28. The following afternoon at a meeting of the State Cornm~ssion presided over by Chairman 
Rudnev. Korolev presented the results of the complete Vostok program and declared readiness 
to launch a human into orb~t  on the next Vostok 3A spacecraft."ater in the evening, the lead- 
ing members of the State Comm~ss~on met once again to draw up a formal document request- 
ing permission from the Communist Party to launch a human into space. For the first time. a 
high-ranking official from the Committee for State Security (KGB), its First Deputy Chairman, 
Petr I. Ivashutin, was present.'" The memorandum, addressed to the Central Committee and 
classified "Absolutely Secret," began: 

In accordance with the decree of the Central Committee of the KPSS and the USSR 
Council o f  Ministers o f  I I October 1960 on the preparation and launch of a space shrp 
with a human, all the necessary work on ensuring human flight rnto cosmrc space has 
been finrshed at the present tlme. . . . Two "Vostok-3A" satellite-ships haue been pre- 
pared for this purpose The first ship is at the [launch] range, and the second is being 
prepared for launch. Six cosmonauts are prepared for the flight. The satellite-ship with 
a human on board will be launched for one orbit around the Earth and will land on the 
territory of the Soviet Unron on a line running through Rostou-Kuybysheu-Perm."" 

A section of the document detailed contingency procedures In the case of unforeseen events: 

For the orbit chosen for the satellite-ship, in the euent that the ships system for landing on 
the Earth fails. the ship can descend by natural breaking in the atmosphere ouer the course 
o f  2-7 days, with a touchdown between latitudes of 65'' north and south. In the event of 
a forced landing in foreign territory or the rescue of the cosmonaut by a foreign ship. the 
cosmonaut has appropriate rnstructions. In addition to a ten day suppiy offood and water, 
the cosmonauts cabin is outfitted with a portable emergency supply of food and water that 
will last for 3 days, and also means of radio-communications and the "Peleng" transmit- 
ter whose signals can be used to determine the landing site o f  the cosmonaut. The satellrte- 
ship is not equipped wrth a system for emergency destruction of the Descent Apparatus." 

The Issue of installing a self-destruct system on the ship was discussed at length during 
the meeting. All those present, with the sole exception of KGB representative Ivashutin, strong- 
ly opposed includ~ng such a system on a piloted vehicle. lvashutin only backed down when all 
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the other members refused to go along. _"The State Commission also took pains to carefully detail

the manner of publicity given to the mission by the Soviet media. There was no attempt by the

members to obfuscate or lie about a potential failure, despite the almost paranoid secrecy of the

space program. Every attempt was made to give precedence to the safety of the cosmonaut over

other political considerations, such as having to admit failure:

We consider it advisable to publish the first TZtSS report immediately after the satellite-

ship enters orbit for the following reasons:

(a) if a rescue becomes necessary, it will facilitate rapid organization of a rescue:

(b) it precludes any foreign government declaring that the cosmonaut is a spy with

military goals.

If the satellite-ship does not enter orbit because of insufficient speed, it can land in the

ocean. In that case. we also consider it advisable to publish the TZtSS report, so as to

facilitate rescue of the cosmonaut. _

There had also been discussion for some time on what to actually call the spaceship in the

open press. One side proposed retaining the KorabI-Sputnik name for the mission, merely list-

ing it as the next in the series--that is, the Sixth KorabI-Sputnik. It was Tikhonravov who pas-

sionately argued that such a momentous mission not be referred to by such a generic

designation. Instead, he proposed disclosing the top-secret "Vostok" name in the TASS report. __

Korolev agreed, and the State Commission ratified this position. The memorandum from the
State Commission for Launch ended with the following: "We request permission to launch the

first Soviet satellite-ship with a human on board and approval for the preparation of planning the

TASS communiquds. ''_' The flight was set between and April I0 and 20. 1961. The document

was signed by Military-Industrial Commission Chairman Ustinov, State Commission Chairman

Rudnev, defense industry "ministers" Kalmykov. Dementyev. and Butoma, Academician

Keldysh, Strategic Missile Forces Commander Moskalenko. Air Force Commander Vershinin. Air

Force representative Kamanin. KGB representative Ivashutin, and Chief Designer Korolev, _
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The memorandum was formally addressed to the Central Committee of the Communist 
Party, whlch on paper was composed of a very large group of individuals. In practice, howev- 
er, especially in the case of such a high-priority project, only two individuals were involved in 
the final go-ahead: Nikita 5. Khrushchev and Frol R. Kozlov. The latter had inherited the top 
Communist Party position for the space. miss~le, and defense sectors in the Secretariat in July 
1960." From then on, as the member of the Party "cabinet" responsible for important policy 
decisions on the space program. Kozlov only had one person who could overrule his word. As 
the new Secretary of the Central Committee for defense and space, he helped define and rein- 
force a position that had been handled unevenly at best by his predecessor Leonid Brezhnev, 
who after Kozlov's promotion found himself in a largely ceremonial post. 

On April 3. three days following receipt of the State Commission memorandum, the fol- 
lowing "Strictly Secret" decree titled "On the Launch of the Space Satellite-Ship" was issued 
by the Presidium (later the Politburo) of the Central Committee: 

I. The proposal of Ustinov. Rudnev, Kalmykou. Dementyev. Butoma. Moskalenko. 
Vershinin. Keldysh. Ivashutin, and Koroleu on the launch o f a  satellite-ship "Vostok-3A" 
with a cosmonaut aboard is approved. 
2. The plans for TASS to announce the launch of the space ship with a cosmonaut 
aboard an Earth satellite is approved. and grants the Commission for Launch the right. 
if necessary, to introduce updates on the results o f  the launch and the Commission of  
the Presidium of the USSR Council of Ministers for Military-Industrial Issues, the right to 
publicize it? 

The actual TASS communiques were authored by the military Nll-4 under the supervision 
of institute Deputy Director Colonel Yuriy A. Mozzhorin. The preparation of the news report 
was a strangely surreal process, as remembered by Mozzhorin years later: 

In order not to lose time for writing and transmitting the necessary texts of the commu- 
niques to radio and television, these communiques were prepared at our institute. with 
the agreement of 8. P Koroleu and the leadership, and sent in advance to radio, televi- 
sion, and TASS in sealed envelopes. In the case that [the cosmonaut] successfully entered 
orbit, they would receive a signal authorizing them to open them, and write down the 
orbital parameters [which would be communicated) by telephone, and the information 
would then be publicized internationally. There were also two more packets of material 
with the above [envelope] . . . with . . . communiques for unfortunate [outcomes]. [The 
first one was] brief-in the event o f  death o f  the cosmonaut during insertion into orbit or 
at liftofl The second one was in case of not having reached orbit, but having landed in 
some foreign territory or in the equatorial regions of the world's oceans. This contained 
an appeal to all governments, in particular the government on whose territory the cos- 
monaut had landed, requesting them to render assistance for [his] search and ret~rn.~'  
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The official Communist Party approval for the launch may have been the last de facto step 
in getting a human into space, but technical problems with the Vostok spaceship continued to 
thwart the possibility of a launch on time. On March 24 .  OKB- 124, responsible for the life sup- 
port system, reported at a meeting of the State Commission that there were serious limitations 
in the air drylng unlts of the Vostok 3A spaceship. Long-duration tests on location at the 
Institute of Aviation and Space Medicine had proved that impregnated lignin in the system 
began to leak after absorbing a certain amount of moisture, result~ng in large amounts of brine 
forming inside the spacecraft. At a second meetlng on March 28. O K B - I 2 4  Chief Designer 
Voronin vehemently defended his system, claimlng that the lithium chloride would be harm- 
less to the cosmonaut. A competitive proposal by institute doctor Abram M. Genin to use a 
newer drying system on the vehicle was the subject of much debate.'" 

The problem with the life support system remained unresolved when Korolev flew Into 
Tyura-Tam from Moscow late on April 3. The six core cosmonauts arrived on the afternoon of 
April 5 as part of a group of three chartered ill 14 airplanes, followed by State Cornmlssion 
Chairmen Rudnev the following day. Leaving behind their wives back in Moscow, the cosmo- 
nauts were instructed to tell their spouses that the launch was set for April 14, three days later 
than actually intended-to reduce worry. The first meeting of the full State Commission at 
Tyura-Tam took place immediately after Rudnev's arrival, at 1 130 hours Moscow Time, at which 
point the primary issue of discussion was the life support system and the results of additional 
testing of the spacesuit and ejection system. Chief Designer Voronin reported, somewhat uncon- 
vincingly, that the suspect drying unit was completely ready for a contingency ten-day mission. 
Because an actual nominal flight was to last only an hour and a half, concerns were somewhat 
allayed: there would simply not be enough time for brine to form in the spacecraft." The com- 
mission also approved cosmonaut trainer Mark L. Gallay's proposal to have the cosmonaut can- 
didates conduct training sessions in the actual flight-ready spacecraft rather than a backup one. 
These tests were carried out on April 7 without incident by Gagarin and Titov. by then the pri- 
mary contenders for the flight. Nelyubov, the third candidate, was considered out of the running. 

The State Commission conclus~vely addressed the question of who would fly the first mis- 
sion at a meeting on April 8. Lt. General Kamanln, as overseer of the cosmonaut team, clearly 
had a major role in the selection. Both Gagarin and Titov had performed without fault during 
training, with Gagarin edging out Titov ~n the January 196 1 examinations. Although Gagarin 
was a marginal favorite. Kamanin apparently began to lean toward Titov in the final days lead- 
ing up to the launch. On April 5, he wrote in his personal journal: 

Both are excellent candidates, but in the last few days I hear more and more people 
speak out in favor of Titov and my personal confidence in him is growing too. . . . The 
only thing that keeps me from picking [Titou] is the need to have the stronger person for 
a [second] one day flight." 

While Kamanin himself may have been a key player in the selection, there has been much 
speculation in the West that the final choice was in fact made by "higher ups," as one would 
expect in a highly centralized society such as the Soviet Unlon. Days before the scheduled 
launch, photographs and biographies of Gagarin and Titov were evidently sent to the Defense 
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Department of the Central Committee, the curator of the space program. Each cand~date had 
two photos, one In civilian clothing and one in military attire. Here a number of Party appa- 
ratchiks mulled over their files and reported to Ivan D. Serbin. the feared head of the Defense 
Department. Serbin then showed the photographs to Kozlov, who in turn showed them to 1 
Khrushchev. Upon seeing the photos, the Soviet leader was reported to have said. "Both pairs i 
are excellent! Let them decide for themselves! ' I "  A noted Russian aerospace historian, Yaroslav I 

K. Golovanov, suggests that the only reason such a convoluted procedure was carried out was 
simply to allow the Party apparatchiks to be able to say that the decision had been made at the 

1 
! 

"highest level." 1 
In the end, at the State Commission meeting on April 8, Kamanin stood up and formally 

nominated Gagarin as the primary pilot and Titov as h ~ s  backup. Without much discussion, the 
commission approved the proposal and moved on to other last-minute logistical issues. It was 

I 
assumed that in the event Gagarin developed health problems prior to liftoff. Titov would take 
his place, wlth Nelyubov acting as his backup. The launch date was limited at the meeting to 
April I I or 12. Orbital parameters would be 180 by 230 kilometers, and the mission would last 

I 
a single orbit. There was some discussron on the idea of registering the missron as an absolute 
world record. In the interest of maintaining the ever-pervasive secrecy, some members of the 
commission, in particular Moskalenko and Keldysh. opposed having sports commlssloners 
~nvolved. In the end, the commission decided not to disclose the launch site or the type of 
launch vehicle, but to file documents with international organizations to establish a world 
record. Although the mission would be completely automated, commission members proposed 
giving the codes to unlock the manual orientation system for reentry in an envelope to the cos- 
monaut. In case of a failure of the automatic system, the cosmonaut would open the sealed 
envelope and activate the manual system."' The meeting ended with a decision to hold a last 
session. more as a formality, two days later. 

The following day. Kamanin invited Gagarin and Titov privately to his office and e 

announced to them that Gagarin was going to fly and that T~tov would serve as his backup. 
When asked years later how he felt. Tltov replied, "Why even ask! Painful or not-lt was at 
least unpleasant."" The two men relaxed the rest of the day as prelaunch procedures for the 

j 
8K72K booster continued at the Assembly-Testlng Building. Remarkably, Korolev and his prin- ; k 

cipal deputies Mishin and Chertok were at the same time involved in the first critical launch of 
the new R-9 ICBM from nearby site 5 1 .  It was an extremely high-prlority program for not only 
OKB- 1 itself but also the Soviet Union as a whole, and one wonders how hectic operations at 1 
Tyura-Tarn must have been during this second week of April 196 1 .'" The f~rst R-9 launch took F 

F 
place on April 9. just three days prior to Gagarin's slated launch from slte I. t 

The following day at I 100 hours, a large meeting of the State Commission took place at a 
site overlooking the banks of the majestic Syrdarya River. This session was simply a formalrty. 

j 
pr~marily for the Soviet press, but it was open to many curious workers who had not yet had a e 
glimpse of the cosmonauts. In attendance were seventy people, Including chief designers (such 
as Korolev. Clushko. Pilyugin. Barmin, Ryazanskiy. Kuznetsov. Isayev, Kosberg. Alekseyev. 
Voronin. Bykov, and Bogomolov). ministers. Air Force officers. Strategic Missile Forces officers, B 
and representatives from the Communist Party and the Academy of Sciences, as well as the six L 
core cosmonauts. Chief Designer Korolev, State Commission Chalrman Rudnev. Strategic E 
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Missile Forces Commander Moskalenko, and Cosmonaut Training Center Director Karpov all 
made short but dramatic presentations on the impending mission, followed by thank-you 
speeches by Gagarin. Titov, and Nelyubov. At the end. Kamanin singled out Cagarin to become 
the first human to go into space. The young cosmonaut gave an acceptance speech. which was 
cut short in the middle when a movie cameraman let it be known that his film had inadver- 
tently run out. Cagarin repeated his entire speech so that it could be recorded again." Earlier in 
the morning, the 8K72K booster had been moved to the pad at site I .  The launch was set for 
the morning of Apr~l  12. 1961. Engineers had calculated the exact launch time. 0907 hours 
Moscow Time, because it would afford the best solar ~llumination for the orlentation system's 
sensors somewhere over Africa right before retrofire. 

The day before the launch. OKB- I engineers Raushenbakh and Feoktistov briefed Cagarin 
and Titov for an hour and a half on various mission events. Raushenbakh recalled later that he 
was still having trouble coming to terms w ~ t h  the magnitude of what was going on: 

I looked at [Gagarin] and in my mind I understood that tomorrow this kid was going to 
awaken the whole world. But at the same time 1 just could not make myself believe that 
tomorrow something would happen which the world had not yet seen-that this First 
Lieutenant sitting in front of us would tomorrow become the symbol o f  a new epoch. I 
would start giving him instructions, such as, "Turn this on, don't forget to switch this 
on. "-all these normal, pedestrian, even boring remarks, and then I would become 
silent and some sort of internal imp would begin whispering to me. "This is all a bunch 
of crap. You know that noth~ng of this sort is going to happen tomorrow. "'" 

Be~ng at the center of everything, the cosmonauts were perhaps less conscious of their 
centrality in this vortex of events. Witnesses remember Gagarin smiling the whole day, happy 
that he had been chosen for the mission. The cosmonauts also vislted the pad to meet the 
young soldiers, officers, and sergeants who had worked on the rocket the past few days. It was 
a pragmatic managerial move-one that not only lifted morale among the lower rank workers. 
but also played a role in instilling a sense of responsibility, both among the cosmonauts and 
the work teams. Cagarin and Tltov were assigned to a special cottage near the pad area, which 
had previously been the late Marshal Nedelin's place of choice to stay at Tyura-Tam. That night. 
they had a l~ght meal with Lt. General Kamanin and were asleep by 2130 hours when Korolev 
quietly visited to check up on the two. Physicians attached sensors to both cosmonauts to 
monitor their vital systems during the night. In addition, unbeknown to both, special strain 
gauges were attached to their mattresses to monitor whether the trainees had had a fitful night 
of tossing and turn~ng." As it turned out, both men slept remarkably peacefully. 

Korolev did not sleep at all that night. Among the many worries on his mlnd, perhaps the 
most troubl~ng was the prospect that the rocket's third stage would fail during the ascent to 
orbit, depositing the Vostok spacecraft in the ocean near Cape Horn on the southern tip of 
Africa, an area infamous for its constant storms. The chief designer had demanded that there 
be a telemetry system in the launch bunker at Tyura-Tam to confirm that the third stage had 
worked as planned. If the engine worked nominally, the telemetry would print out a series of 
"fives" on tape; otherwise, there would be a series of "twos." Despite a l l  the precautions, a l l  
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the testing, and all the preparations, Korolev still had his doubts. One military officer recalled, 
"For some reason, it was just Cape Horn that would not give Korolev a moment's peace."" 

Prelaunch pad operations at site I began at 0300 hours on April 12. just before dawn, as 
controllers began taking their stations not only at Tyura-Tam, but all over the Soviet Union. A 
very brief readiness review meeting of the State Commission at 0600 hours ended with an "all 
prepared" conclusion, after which the members dispersed to various duties. Cagarin and T~tov 
themselves had been woken up half an hour earlier by Cosmonaut Training Center Director 
Karpov and presented with a bunch of early wild flowers, a gift from the woman who had pre- 
v~ously owned the cottage. After a short breakfast with food from a tube (meat paste, mar- 
malade, and coffee), a group of doctors led by Yazdovskiy, almost ten years after he had led the 
first historic flight of dogs from the deserts at Kapustin Yar, examined the cosmonauts. Two 
assistants helped Gagarin and Titov don their bulky Sokol spacesuits-first a pale blue pressur- 
ized suit, followed by a bright orange coverall. Titov was the first to suit up to prevent Cagarin 
from overheating because the suits depended on external power sources for the cool~ng fans, 
whlch were only on the transport bus. Within an hour of waking up, both cosmonauts were on 
the bus, accompanied by eleven other individuals, including cosmonauts Nelyubov and 
Nikolayev and two cameramen who recorded the entire trip. I '  The jaunt was short, and there 
was apparently much joking between Gagarin and the rest. Numerous photos of that short bus 
ride show a sometimes pensive Gagarin, seemingly unaffected at being at the center of th~s mas- 
sive undertaking. 

On arrival at the pad. Gagarin and Titov were greeted by Korolev. Keldysh. Karnanin, 
Moskalenko. State Commission Chairman Rudnev, and other officials. By all accounts. Korolev 
clearly looked fatigued and tired as he quietly watched Cagarin say his final goodbyes. As 
onlookers stood around, Cagarin turned to Rudnev and reported very briefly that he was ready 
for the mission. One of the more enduring myths of the flight was that before he took the ele- 
vator up to the top of the rocket, Gagarin made a farewell speech. Soviet-era journalists for years 
outdid each other by putting together and embellishing disjointed quotes from Gagarin with 
sugar-coated melodramatic flourishes, such as "I  was seized by a total lifting of all my sprrltu- 
al forces, with al l  of my being I heard the music of nature. . . . "  To this day, documentaries 
often play a tape of Cagarin speaking to the assembled crowd at the base of the booster, but 
this speech was in fact taped much earlier, in Moscow, when Gagar~n was essentially forced to 
utter a stream of banalities prepared by anonymous speechwriters. Similar speeches by Titov 
and Nelyubov were also taped." After last-minute embraces with Rudnev, Moskalenko, and 
Korolev, Cagarin was escorted to the service elevator, where he halted and waved excitedly one 
last time before the two-minute ride to the top. Titov was left behind, thus separating the 
futures of these two men-one into history and one into posterity. 

Vostok lead designer Oleg C. lvanovskiy helped Gagarin into the spacecraft, who switched 
on the radio communications system at 07 10 hours. For the next two hours, he chatted effu- 
sively with Korolev and "capcom" cosmonaut Popovich. Kamanin. Chief Designer Bykov, and 
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Commission Chairman Rudnev also took the mike 
on occasion to wish him well. The main command 
bunker, comprising several rooms, was walking 
distance from the actual launch pad. On the day of 
the launch, officials had set up a small table with a 
green tablecloth specifically for Korolev in the main 
room. Here there would be a two-way radio and a 
single red telephone for giving the password to cat- 
apult the cosmonaut in case of an emergency dur- 
ing the first forty seconds of the launch. Only three 
people knew the password: Korolev, his Deputy 
Leonid A. Voskresensk~y, and Colonel Anatoliy S. 
Kirillov, a Strategic Missile Forces officer who had 
recently been appointed to head the First 
Directorate at Tyura-Tam-that is, the division A penslue Yur~y Gagarrn is tn the bus on the way to 

responsible for launch operations. His predecessor the hunch pad on the morning olAprl1 12. 1961 

had been killed in the recent R- 16 disaster, F~~ Beh'nd him. seated, 1s his backup. German Tllou 
Sland~ng are cosmonauts Grigoriy Nelyubou and 

Voskresenskiy, it was the culmination of a long Nlka,ayeu ofAslf Sidd,qlj 
career as Korolev's deputy for flight testing. His 
exploits in testing the German A-4s at Kapustin Yar 
In the 1940s were by then part of legend. Apart from Korolev, Voskresenskiy, and Kirillov, the three 
men primarily responsible for directing the launch. others in the main room included Mark L. Gallay. 
the renowned Soviet test pilot who had assisted cosmonaut training. Korolev apparently allowed him 
to witness the launch, not for his piloting skills, but because Callay was an accomplished author- 
one who could chronicle the events for those who did not have the fortune to actually be present. 
Most of the members of the State Commission, as well as senior engineers such as Glushko and 
Feoktistov, were housed in a second room called the "guest room" of the bunker. In the th~rd room. 
Chief Designer Ryazanskiy served as head of telemetry systems.'" Gagarin's call sign was Kedr 
("Cedar"), while the ground call sign was Zarya-1 ("Dawn-I "),  most likely named as such because 
of the same designation of the primary voice communications system on Vostok. 

At 0750 hours, the hatch was closed, but one of the contacts indicated that ~t was not 
pressed down properly. Three engineers at the top of the rocket removed all thirty screws In the 
hatch and shut the hatch a second time when all the indicators were posit~ve. This action took 
almost an hour, and the technicians finally left the vicinity of the Vostok about thirty minutes 
prior to the scheduled launch. An excerpt from the communications from Kedr to Zarya-l 
shows that despite the risks involved, there were attempts to alleviate some of the tension: 

0814 hours 
Popovich: Yuriy, you're not getting bored there, are you? 
Gagarin: I f  there was some music. I could stand it a little better. 
Popovich: One minute. 

08 15 hours 
Koroleu: Station Zarya, this is Zarya I .  Fulfill Kedr's request. Give him some 

music, give him some music. 
Popovich: Did you read that? Zarya answers: We'll try to fulfill your request. let's 

have some music or 1'11 get bored. 

103 Others In the rnaln room included OKB-I englneer B A Dorofeyev Alr Force offrcer N P Kaman~n 
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08 1 7 hours 
Popovich: Well, how is it? Is there music? 
Gagarin: No music yet, but I hope there'll be some soon 
Korolev: Well, they gave you music, right? 
Gagarin: Not yet. 

08 19 hours 
Korolev: Of  course, that's the way musicians are: now they're here, now they're 

there, but they don't do anything very fast, as the saylng goes. Yuriy 
Alekseyevich. 

Gagarin: They gave me love songs.'04 

At T (launch) minus fifteen minutes. Gagarin put on his gloves and ten minutes later closed 
his helmet. The tower was taken away from the pad at the same time. By this time, the tension 
was clearly rising, and Korolev and Voskresenskiy both took tranquilizer pills to calm their hearts. 
The record of the 8K72K booster was not something that instilled confidence. Up to that time. 
there had been sixteen launches of the R-7 with the Blok Ye third-stage combination, which was 
to send Gagarin to orbit. Of those sixteen launches, six had failed because of faults in the R-7, 
wh~le two had failed because of the Blok Ye itself-that is, a success ratlo of exactly 50 percent. 
In the case of the seven Vostok spacecraft flown, two spacecraft had failed to reach orbit because 
of booster malfunctions, while two others had failed to complete their missions." For an 
endeavor that theoretically required a 100-percent guarantee of success, if the past record was 
any indication. the potential for an accident was significant on Gagarin's mission. 

While Korolev and Voskresenskiy may have needed to calm their selves down, Gagarin. 
removed in some way from the hubbub of activity at the pad, was as calm as ever: 

084 1 hours 
Kamanin: How do you read me? 
Gagarin: I read you well. How do you read me? 
Kamanin: Your pulse is 64, respiration 24. Everything is going normally. 
Gagarin: Roger. That means my heart is beating."" 

Gagarin's pulse rate reached an excited 157 beats per minute seconds before liftoff, 
although his tone remained completely calm. Finally. at exactly 0906 hours. 59.7 seconds on 
April 12, 196 1 ,  the Vostok spacecraft lifted off w ~ t h  its twenty-seven-year-old passenger. Senior 
Lieutenant Yuriy Alekseyevich Gagarin. His first exuberant words were: "We're Off!" 

Korolev, Voskresenskiy. and Kirillov had the abort codes in case the 8K72K booster did not 
achieve nominal performance, but the launch trajectory was on target. For the first few minutes 
after launch. Cagarin reported feeling the g-loads on him rise, but he gave no indication of any 
lack of comfort. In fact, he maintained his sense of humor: 
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0909 hours 
Korolev: Tplus  100. How do you feel? 
Gagarin: I feel fine. How about you?o8 

At T t  1 19 seconds, the four strap-on boosters of the base R-7 missile separated, allowing 
the center sustainer to continue to fire. The payload shroud separated from the Vostok space- 
ship exactly fifty seconds later as planned. At about five g's. Gagarln reported some difficulty 
in talking, saying that all the muscles in his face were drawn and strained. The g-load steadily 
increased until the central core of the launcher ceased to operate and was detached at Tt300 
seconds." Following the separation of the spent core and strap-ons, the RD-0109 upper stage 
engine ignited to accelerate the craft to orbital velocity. 

Korolev was literally shaking through all of this, having obsessed over the possible landing 
in the ocean south o f  Cape Horn if the upper stage failed. The incoming telemetry began to 
stream in a series of "fives." indicating all was fine. Then, suddenly, the numbers changed to 
a series of "threes." There were brief seconds of terror-a "two" was a malfunction, but what 
was a "three"? After a few agonrzing seconds, the numbers reverted back to "fives." Engineer 
Feoktistov remembers that "these interruptions, a few seconds in length, shortened the lives of 
the designers."-" 

During the powered leg of the flight. Cagarin's pulse reached a maximum of 150 beats per 
minute. Although Popovich was officrally the "capcom" for the mission. Korolev's excitement 
most likely got the better of him, and he took over communications personally for a good por- 
tion of the ascent to orbit, constantly asking Gagarin about his well being: 

09 10 hours 
Koro/ev: The fairing has been jettisoned, everything is normal. How do you feel? 
Gagarin: . . . Nose fairing jettisoned. . . . I see the Earth. The g-load is increasing 

somewhat. I feel excellent, in a good mood. 
Korolev: Good boy! Excellent! Everything is going well. 
Gagarin: I see the clouds. The landing site. . . . It's beautiful. What  beauty! How 

do you read me? 
Koroleu: W e  read you we l ,  continue the f/ight.'" 

Orbital insertion occurred finally at Tt676 seconds just after shutdown of the third-stage 
RD-0109 engine. For the first time in history, a human being had escaped the bonds of Earth's 
gravity and entered outer space. Initial orbital parameters for the Vostok spaceship were I75 by 
302 kilometers at a 65.07-degree inclination to the equator. The orbit was much higher than 
had been planned for the flrght; the apogee was about seventy kilometers over the planned alti- 
tude, indicating a less than stellar performance for the launch booster. When the parameters 
were reported back to Tyura-Tam from the flight control center at Nll-4 in Moscow, no doubt 
there was some anxiety because the higher orbit could have resulted in a longer mission given 
retrofire failure. 

Immediately after entering orbit. Gagarin reported that he was feeling excellent and vivid- 
ly described the images outside his porthole. In his secret postflight report, he recalled his feel- 
rngs of being the first human being to experience prolonged microgravity: 
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1 ate and drank normally, I could eat and drink. I noticed no physiological difficulties. 
The feeling of weightlessness was somewhat unfamiliar compared with Earth condi- 
tions. Here, you feel as i f  you were hanging in a horizontal position in straps. You feel 
as i f  you are suspended. Obviously. the tightly fitted suspension system presses upon the 
thorax. . . . Later I got used to it  and had no unpleasant sensations. I made entries into 
the logbook. reported, worked with the telegraph key. When I had meals. I also had 
water. I let the writing pad out o f  my hands and it floated together with the pencil in 
front of me. Then. when I had to write the next report. 1 took the pad, but the pencil 
wasn't where i t  had been. It had flown o f f  somewhere. The eye was secured to the pen- 
cll with a screw, but obviously they should have used glue or secured the pencil more 
tightly. The screw got loose and flew away. I closed up my journal and put it in my 
pocket. I t  wouldn't be any good anyway, because I had nothing to write w i t h . '  

Once the orbital parameters had been accurately determined, controllers at Nll-4 sent the 
numbers to news agencies in Moscow, instructing reporters to open their secret envelopes. 
Because of simple gross inefficiency, the Soviet news agency TASS was unable to announce the 
launch until almost an hour after Cagarin took off. Everyone back at Tyura-Tam was bewildered. I 

unsure as to why the news was not on the radio despite assurances that it would be so. Finally. i 
a full fifty-five minutes after launch, famous Soviet radio personality Yuriy 0.  Levitan announced: i 

The world's first satellite-ship "Vostok" with a human on board was launched into an 1 
orbit ubout the Earth from the Soviet Union. The pilot-cosmonaut of the spaceship satel- 
lite "Vostok" is a citizen o f  the Union of Soviet Socialist Republics. Major o f  Aviation i 
Yuriy Alekseyevich Gagarin. ' 

U.S. ~ntell~gence services were already cognizant of the mission prior to the announce- 
ment. An electron~c intelligence station rn Alaska had picked up transmlsslons from the space- 
craft, just twenty minutes after launch. Further real-time interceptions of communication 
th~rty-eight minutes later clearly showed a human moving inside the  pacec craft."^ 

Most of Cagarin's single orbit was spent observing the view through the porthole and the 
systems ~n the craft itself. No experiments were planned for the mission, and no anomalies were 
detected dur~ng his time in orbit. Because of physicians' concerns about the adverse effects of 
weightlessness on the psychology of the cosmonaut. precautions were taken to ensure that the 
cosmonaut could not control the spacecraft and endanger his life. A special six-digit code was 
programmed on a special "logic clock" to lock the controls on the ship; Cagarin was not told 
three of the missing digits. If the Vostok was to lose its ground command I~nk, then Cagarin 
could unseal a special envelope that contained the code ( 1  -2-5) and thus unlock the controls. 
Otherwise, all the flight actions took place automatically or were controlled by the ground. 

When contact with Zarya-l at Tyura-Tam was lost about seven mlnutes after launch. 
Cagarin maintained contact with Zarya-2 at Kolpashevo and Zarya-3 at Yel iz~vo.~" Prior to 
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retrofire, the Vostok ship was oriented to the correct attitude using the solar sensor system. 
resulting in three commands to fire the small thrusters. The TDU- I retrorocket system suc- 
cessfully fired at 1025 hours, and Gagarin noted the status of all the systems, recording his 
comments on a tape recorder because he was out of range of ground communications: 

The braking rocket fired for exactly 40 seconds. During that period, the following 
occurred. As soon as the braking rocket shut off, there was a sharp jolt, and the craft 
began to rotate around its axis at a very high velocity. The Earth passed in the "Vzor" 
from top right to bottom left. The rate o f  rotation was about 30 degrees per second, at 
least. I was an entire "corps de ballet ": head, then feet, head, then feet, rotating rapid- 
ly. Everything was spinning around. Now I see Africa (this happened over Africa), next 
the horizon, then the sky. I had barely enough time to cover myself to protect my eyes 
from the Sun's rays. I put my legs to the porthole, but didn't close the blinds."" 

Following the firing of the retrorocket engine, the large ~nstrument section of the vehicle 
was to separate from the spherical descent apparatus, with the latter descending into the upper 
layers of the atmosphere. It was precisely at this point that the only major malfunction occurred 
on the mission: 

I wondered what was going on and waited for the separation. There was no separation. 
I knew it was scheduled in 10 to 12 seconds after actuation of the retrorocket. When it  
was actuated, all the lights o f  the control board went out. I felt that more time had 
passed, but there was no separation. The light panel "landing- / " failed to go ou t .  ' 

The separation mechanism, comprising four metal strips that came together In a s~ngle 
lock, evidently released the two modules on time, but the compartments remained loosely con- 
nected by a few cables; the heavier descent apparatus remained below the lighter instrument 
section as the combined spacecraft reentered the atmosphere. Although the situation was of 
serious concern, it does not now seem that Gagarin's life was In jeopardy, as suggested by some 
Western analysts when this incident was finally revealed in 199 1 .  Gagarin, who was clearly cog- 
nizant of the situation, remained remarkably calm: 

. . . still no slgns of separation. The "corps de ballet" continues. I thought that some- 
thing had gone wrong. I checked the time on the watch. About two minutes had passed 
but there was no separation. I reported through the [high-frequency] communications 
channel that the [retrorocket] had worked normally. I estimated that I would be able to 
land normally anyway, because the distance to the Soviet Union was six thousand kilo- 
meters and the Soviet Union was about eight thousand kilometers long. That meant that 
I could land before the Soviet far east. So 1 decided not to make much ado about that. I 
used the telegraph key to transmit the "VN "  message meaning "all goes well. " , I "  

Separation finally occurred at 1035 hours, approximately ten minutes later than intended, 
saving the spacecraft from a dangerous tumbling reentry. Gagarin's description of a ballistic 
reentry, the first such in history, was vivid and full of illuminating details: 

1 16. Belyanov, et a/..  "Yur~y Gagarin's Star Voyage." p. 120. 
1 17. lbid 
1 18. lbid , pp 120-2 I.  
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This rs the mission profrle for Yuriy Gagarin's pioneering [lrghi into space. (copyr~ght R F Gtbbons) 

Suddenly a bright purple light appeared at the b l ~ n d  edges. The same purple light could 
be observed in the small opening of the right-hand porthole. I felt oscillations of the 
spaceship and burning of the coating. I don't know what caused the crackling sounds: 
whether it was the structure or because of the heat-resistant casing expanding as a 
result of the heat, but I heard crackling sounds. The frequency was approximately one 
crackling per minute. Generally. I felt the temperature was high. . . . Next the overloads 
began to rise gradually. The ball was constantly oscillating along all axes. As the load 
factor was reaching its peak. I could see the Sun. Its rays penetrated into the cabin 
through the porthole of hatch I and the right-hand porthole. By the reflected rays of the 
Sun I could tentatively determine how the spaceship was rotating. By the time the load 
factor reached its peak, the spaceship oscillations reduced to I5 degrees At that 
moment I felt that the load factor reached about log. There was a moment for about 



2 or 3 seconds when the instrument readings became blurred. My vision became 
somewhat greyish. I strained myself again. This worked, and everything assumed their 
proper places. ' I 9  

At an altitude of 7,000 meters, the main descent apparatus parachutes opened, and then 
hatch number one shot off from the capsule. Cagarin was shot out of the craft, still in his seat. 
just two seconds later. Looking down at the land, he immediately recognized that the region 
of landing was near the Volga River. He separated from his seat, and his personal parachute 
then opened. He recalled later: 

When I was parachute training, we had jumped many times over this very site. We had 
flown much here. I recognized the railroad, a railroad bridge over the river, and a long 
spit of land extending far into the Volga. I thought that was probably Saratov. I was 
landing in Saratov. I;' 

Ground control spent several minutes in tension following reentry, when communications 
were cut off. Soon after the command for retrofire occurred, Korolev telephoned Khrushchev. 
who was at the holiday resort at Pitsunda, telling him that "the parachute has opened, and he's 
landing. The spacecraft seems to be OK!" Khrushchev asked excitedly, "Is he alive? Is he send- 
ing signals? Is he alive? Is he alive? . . . " "  

Gagarin, very much alive, landed relat~vely softly in a f~eld next to a deep ravine at 
1055 hours, just one hour and forty-eight minutes following launch. The landing point was 
twenty-six kilometers southwest of the town of Engels in the Saratov region, close to the vil- 
lage of Smelovka. Immediately after landing, he had some trouble opening up the air valve in 
his spacesuit, and it took him six whole minutes of wrestling before he was able to breathe nat- 
ural air. His first concern was reporting that he was safe: 

I had to do something to send a message that I had landed normally. I climbed a small 
hill and saw a woman with a girl approaching me. She was about 800 meters away from 
me. I walked to her to ask where I could find a telephone. SO 1 was walking to her, when 
I saw that the woman was slowing down and the girl was going away from her and run- 
ning back. When / saw that. I began to wave my hands and shout: "I'm a friend. I'm 
Soviet!" She told me that I could use the telephone in the field camp. I asked the woman 
not to let anyone touch my parachute while I was going to the camp. As we approached 
the parachutes, we saw a group of men, about six all in all-tractor drivers and mechan- 
ics from the field camp. I got acquainted with them. I told them who I was. They said that 
news of the space flight was being transmitted at that moment over the radio. "' 

Eventually, rescue teams arrived and drove him to a military unit not far from Engels, where 
he received a telegram of congratulations from Khrushchev and reported officially by telephone 
to Air Force Commander-in-Chief Vershinin on having completed his ass~gned mission. 
Vershinin's deputy. Cot. General Agaltsov, was the first high-ranking space official to meet the 
cosmonaut, and after further cursory congratulatory phone calls from Khrushchev and Brezhnev. 
Cagarin was quickly escorted out to seclusion at Kuybyshev in the Zhiguli Hills on the Volga. 
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Back at Tyura-Tam, once news arrived that Gagarin was safe, the tenslons that had per- 
vaded the entire mission instantly dissipated. After a short meeting of the State Commission, 
champagne was passed around amid much mutual congratulations. Korolev was completely 
beside himself, laughing and smiling for the first time in days, excited and animated beyond 
what many of this colleagues had ever seen from him. The members of the commission flew 
to the landing site to inspect the descent apparatus; witnesses remember that Korolev could 
simply not take his eyes off the capsule, touching it and checking it all over. After the inspec- 
tion, they flew off to Kuybyshev to finally meet with Gagarin, who had just minutes before 
been promoted from a senior lieutenant directly to major. Upon seeing the Korolev. Gagarin 
reported quietly. "All's well, Sergey Pavlovich, things are just fine." According to one journal- 
1st. Korolev was so beside himself with the shock of euphoria that he was speechless: "[He] 
had no clue what to say or how to reply [to Gagarin]."" 

During the next morning, there was an official and final meeting of the ad hoc State 
Commission, during which Gagarin described his entlre flight in great detail, a narrative that 
was preserved on tape. Following the monologue, commission members asked him a serles of 
questions on various aspects of the flight. On April 19, Marshal Versh~nin formally presented 
the transcripts of both sessions to the Central Committee. Both were classified "Top Secret" 
and unavailable to researchers until 199 1. thirty years after the mi~s ion. "~  

Earlier on April 14, Gagarin returned to Vnukovo Airport in Moscow while thousands of 
onlookers cheered him on. A procession of scores of automobiles finally led the way to Red 
Square, where Khrushchev. Brezhnev. Kozlov, and other leaders of the Soviet state basked in 
the unqualified success of the first miss~on into space by a human. It was a moment unlike any 
other in Soviet history, quite possibly the absolute zenith of the more than forty years of Soviet 
achievements in space. Derided for years by the West for its backwards technology and anti- 
quated customs, the Soviet Union had abruptly taken one of the most important steps in the 
h~story of humankind, the first voyage of a human into space. It was a day full of hyperbole 
from thousands of people on the streets, but anything less would not have done just~ce to ~ t .  
Korolev, the chief architect of this achievement remained, as ever, anonymous among the mull 
titudes. He traveled several cars behind the leading motorcade in a nondescript vehicle, pre- 
vented from wearing his previous state awards on his lapel for fear that Western agents would 
suspect something. Such was the curious and perhaps sad legacy of a powerful and great 
nation, unencumbered by notions of political freedom. 

The flight of Yuriy A. Gagarin will undoubtedly remain one of the major m~lestones in not 
only the history of space exploration, but also the history of the human race itself. The fact 
that this accomplishment was successfully carried out by the Soviet Union, a country com- 
pletely devastated by war just sixteen years prior, makes the achievement even more impres- 
sive. Unl~ke the United States, the USSR had to begin from a position of tremendous 
disadvantage. Its industrial infrastructure had been ruined. and its technological capabilities 
were outdated at best. A good portion of its land had been devastated by war, and it had lost 
about 25 million citizens. Thus, comparisons of the uncannily close race between the two 
superpowers in the early years after Sputnik are in some ways flawed by the absence of con- 
text. in the crudest of terms, i t  was a devastated totalitarian society with old-fashioned 
machines competing against an intact and democratic one equipped with far better technolo- 
gy. Both exercised the political imperative to explore space, but it was the totalitarian state that 
overwhelmingly took the lead. 

123 Colovanov, Korolev, pp. 654-56 
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The Secret World 

In attempting to maintain a tight shroud of 
secrecy around the Vostok mission and the 
space program as a whole. Soviet officials went 
to great and sometimes ludicrous levels of effort. 
Having told the full story of his flight to the 
State Commission, Gagarin was later forced to 
partake in a gross obfuscation of the truth. To 
satisfy international standards for an aerospace 
record for a piloted orbital flight, the passenger 
was required to take off and land in the same 
vehicle. Gagarin, of course, parachuted out of 
his descent apparatus prior to touchdown. 
Soviet authorities went to great lengths to con- 
ceal this fact, in many cases forcing Gagarin to 
blatantly lie during various press conferences. 
The first conclusive admission came ten years 
later in 197 1 ,  by wh~ch time Gagarin's flight was 
widely accepted as an international record."' 
The press conferences themselves were exercis- 
es in control and secrecy. A transcript from The f~rst human rn space. Yuriy Gagarrn, seems very 

Gagarin's first postflight press conference illus- happy in this photo from 1961, taken soon alter his 

trates the sometimes comic aspects of Gagarin's historic mission (NASA photo) 

unenviable job: 

question: When were you told that you were the first candidate? 
Gagarin: I was told ~n good time that I was the first cosmonaut. 
question: You said yesterday that your fellow pilot-cosmonauts are prepared for 

another cosmic flight. How many are there? Are there more than a 
dozen? 

Gagarin: In accordance with the plan to conquer cosmic space, pilot-cosmonauts 
are be~ng trained in the country. I believe that there are more than 
enough to undertake important flights. . . . 

question: When will the next spaceflight take place? 
Gagarin: I think that our scientists and cosmonauts will undertake the next flight 

when it  is necessary.I2' 

As was typical during the aftermath of the first Sputnik launch. a number of important aca- 
demicians were used for elucidating some of the technical aspects of the mission, thus imply- 
ing that they were in some way connected to the facilitation of the m~ssion. The most 
prominent of these was Academician Anatoliy A. Blagonravov, whose official title was 
Academ~c Secretary of the Department of Technical Sciences of the USSR Academy of 
Sciences. The sixty-six-year-old machine sciences expert had some tenuous ties to the space 

125 To the knowledge of th~s  author, the f~rst rel~able conf~rmat~on that Cagar~n Indeed landed ~n h ~ s  cap 
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establishment, but his high-visibility trips to varlous congresses cemented the myth that he 
was in some manner one of the leaders of the entire effort. 

Forced to formally report a launch location for the Vostok spacecraft, the Soviets also cre- 
ated the fiction of a great new spaceport named "Baykonur." A few days following Gagarin's 
mission, a team led by Maj. General Kerimov. the head of the Third Directorate in the Chief 
Directorate of Reactive Armaments of the Missile Forces, prepared a document to submit to the 
International Astronautical Federation on the details of the mission. Prohibited from mention- 
ing Tyura-Tam. Kerimov and his assistants picked the small settlement of Baykonur. 370 k~lo- 
meters northeast of the actual launch site."' Although Western observers were quickly able to 
identify the real location with the aid of tracking data, the Soviets continued to ins~st on the 
Baykonur name for the launch area for close to thirty years. At first amused by the sudden fame 
of their native town, the inhabitants of the actual city of Baykonur tried to use the confusion 
over names to their own advantage. They put in orders for all sorts of scarce raw materials. such 
as cement and wood, to officials in Moscow, all of which they received in vast quant~ties. 
Moscow officials later stopped all such disbursements once they realized that they were the 
victims of a shrewd scam.""n a twist of which George Orwell would have been proud, the 
"Baykonur Cosmodrome" designation eventually came into accepted usage even among work- 
ers at Tyura-Tam. In 1996, the town of Leninsk was officially renamed Baykonur, the center of 
the Baykonur Cosmodrome. 

Gagarin's flight had a large-scale repercussive effect on the growing space industry. Awards 
and promotions were liberally handed out to numerous important individuals, while space as 
a component of the ballistic missile program began to acquire an independent character. By an 
order dated June 17. 1961, 6 , 9 3 8  men and women were honored with various awards. includ- 
ing a number with the Hero of Social~st Labor, the highest and most prestigious national civil- 
ian honor in the Soviet Un~on. Characteristically, the Soviet press only named seven of the 
almost 7,000, a l l  of them high officials in the Commun~st Party and government. The seven 
who were named for the Hero of Soc~alist Labor were Khrushchev (for the third time). Kozlov. 
Brezhnev. Ustinov (for the second time). Rudnev. Kalmykov, and Academician Keldysh (for the 
second time). Among those who remained unnamed. five of them were ch~ef designers receiv- 
ing the award for the second time. Korolev, Glushko, Barmin, Pilyugin, Kuznetsov, and Yangel 
were ~nv~ted to the Kremlin at a secret ceremony on June 20. :" 

Concurrent with the bestowal of these honors, a major reshuffle in the Soviet space indus- 
try took place. At the apex of these changes was the replacement of the chairman of the State 
Committee for Defense Technology, the "ministry" with control over the space program. The 
Soviet press announced on June 10. 1961, that Committee Chairman Konstantin N. Rudnev 
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had been released from his post and would chair the State Committee for the Coordination of 
Scientific Research. the "ministry" overseeing pure science in the Soviet Union. Rudnev, hav- 
ing played a leading role in facilitating the Vostok program, was in effect moved directly out of 
the so-called defense industry structure, thus relinquishing any further direct role in the space 
program. In an ironic twist, The New York Times reported his new appointment, suggesting 
that Rudnev had been appointed "coordinator of the Soviet Union's rocket and space pro- 
grams" when it was exactly the reverse."" Rudnev's vacat~ng of the defense technology post 
caused a row of individuals to move up, positing them as key players in the space program dur- 
ing the 1960s. Rudnev's own replacement was an unlikely choice, a forty-five-year-old former 
electrical engineer named Leonid V. Smirnov, who was without doubt the fastest rislng star 
within the Soviet defense industry. He had served for aiinost ten years as the director of the 
mammoth State Union Plant No. 586, where the USSR manufactured most of its ballistic mis- 
siles. In mid-1 959, during a visit to the plant site at Dnepropetrovsk in the Ukra~ne, Khrushchev 
had been unusually impressed with Smirnov's work. ' While this visit no doubt played a piv- 
otal role in his rapid promotion in the follow~ng years. Smlrnov also owed his every promotion 
to the powerful Ustinov, who had begun to populate various defense industry positions with 
his proteges, building a support system that played to his advantage for many years. 

Smirnov himself vacated the post of First Deputy Chairman of the State Committee for 
Defense Technology, thus allowing the promotion of Maj. General Georgiy A. Tyulin to fill that 
position." Tyulin had served as the director of the important Nll-88 from August 1959 untll his 
new appointment. One of the most ubiquitous persons in the hlstory of the Soviet space pro- 
gram, the artillery officer was reportedly a close supporter of Korolev's. The appointment of an 
art~llery officer to such a high position in the defense industry was clearly a strong indication of 
the artillery lobby's ambitions to domlnate the space program. Tyulin's appointment was, In fact. 
the first of many in which high-ranking artillery officers were moved from the Ministry of Defense 
directly to high managerial positions within the defense ~ndustry-that is, from the client sector 
to the design sector. Thls not only cemented their influence on both sides, but it prevented other 
armed services such as the Air Force from making inroads to control the space program. 

The second artillery officer to move from the client side to the design side was Colonel 
Yuriy A. Mozzhorin. the individual who had dlrected the development of the Sovlet ground- 
track~ng network In support of ICBMs and satellites. On the recommendation of both Korolev 
and Tyulln, Mozzhorin took over the latter's vacated post as director of Nll-88 on July 3 1 .  
1961."' During the years that Korolev's OKB-I had been subordinated to Nll-88 in the 1940s 
and 1950s, the ~nstitute had served as the de facto center of long-range ballistic missile devel- 
opments in the Soviet Union. This responsibility had been somewhat diluted after 1956, when 
OKB-I became an independent institution, because the locus of activity had moved from 
Nll-88 to OKB- I. As a research institute instead of a design bureau. however. Nll-88 continued 
basic research lnto many new technologies that were eventually used on space vehicles and 
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boosters. By the late 1950s. under Tyulin's 
command. the entity gradually established a 
mandate for focus on applied themes rather 
than pure science. At the time of Mozzhorin's 
appointment to the directorship post in 1961. 
Nll-88's agenda took a dramatic turn. No longer 
consigned exclusively to research and develop- 
ment efforts, the institute assumed a pivotal 
role in the forrnulatlon of Soviet space policy. 
An official decision of the government in 196 1 
designated Nll-88 as the "primary science insti- 
tution" in the Soviet space ~r0gram.I '~ The 
scope of responsibilities of Nll-88 were sum- 
marized by a Sov~et space historian using 
rhetor~cal questions: 

What rocket-space hardware is needed? 
Which areas need to be developed first? 
Which of the systems proposed by the 
chief designers need to be developed and 
which need to be refused?. . All that 
lwasl worked out . . . under the superut- Yurry Mozzhorin was the director o/ N11~88 from 
L 2 

slon of Yu A Mozzhonn " 1961 to 1990 During that period N l i  88 served as 
the "orimarv scientific institution" rn the Soviet 

space program Mozzhorrn was personally responsi 
Thus, the space chief designers were ble for rejectrng or recommending to the government 
not officially subordinate to Mozzhorln, by the dozens of proposals from various chiefdesrgners 
force of his new responsibilities, he would have (fries of Peter Gorinl 

the duty of recommending or rejecting proposals 
and then submitting them to the ministerial level. 

The mind-boggling confusion of hierarchy that was the Soviet space program in the 1960s 
was tempered only by the institutional loopholes that allowed design bureaus and chief design- 
ers to push their programs through informal channels. The research and development process 
in the Soviet space industry and in the defense industry as a whole originated in four possible 
ways, by: 

Having the military identify a need for a capability and forward a request called a "tactical- 
techn~cal requirement" to the ministry in question, in this case the State Committee for 
Defense Technology 
Having the chief designer of a particular design bureau propose a project in the form of a 
ten- to twenty-page "predraft plan" 
A combination of the first two-that is, having the chief designer cooperate with the mil- 
itary to develop a tactical-technical requirement simultaneously with a predraft plan 
A political imperative-that is, a direct~ve from the Communist Party '' 
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C A G A R I N  

In the case of the space program, it is now becoming clear that the second mode of oper- 
ation was the most prevalent-that is, the most powerful chief designers, principally Korolev, 
Chelomey, Glushko, and Yangel, essentially drove space policy with a plethora of proposals in 
the form of predraft plans. At this point, a number of similar bodies, called scientific-technical 
councils, would come into play to review the plans and recommend a particular approach. 

The number of scientific-technical counc~ls was another indication of the way in which 
checks and balances were instituted in the space program. There was usually such a council in 
each design bureau to review proposals, there was one in Nll-88, and there was one in the State 
Committee for Defense Technology. Within the military itself, there were at least three coun- 
cils with relevance to the space program-one in the Ministry of Defense General Staff head- 
ed at the tlme by artillery Col. General Nikolay N. Alekseyev, one in the Strategic Missile Forces 
headed during the 1960s by Maj. General Viktor P. Morozov, and one in Nll-4, which was 
responsible for devising the tactical-technical requirements. Finally, as the space program began 
to emerge as an independent entity from the ballistic missile effort, the government created a 
unique body called the Interdepartmental Scientific-Technical Council for Space Research with- 
in the USSR Academy of Sciences in 1958. " Headed by Academician Keldysh, who had 
assumed the position of academy president on May 19. 1961, soon after Gagarin's fl~ght. the 
council included representatives from the major space design bureaus and institutes, Nll-4, the 
Strategic Missile Forces, and the Soviet Air Force. In the case of actual spacecraft proposals, it 
was this council rather than the others that had the final say, usually after a review period by 
the other bodies. The presence of military officers on the academy's council ensured a strong 
military component in each "civilian" proposal. 

The result of the council review process was only a recommendation, albeit one that had 
the support of major players. The recommendation was then passed on to the ministry level. 
and eventually to the powerful Military-Industrial Commission headed by the all-watching 
Ustinov. Party support, indispensable for any program, was usually ensured by the appropriate 
chief designer prior to this point, usually with a meeting with Khrushchev or Kozlov. Given the 
sanction of Khrushchev or Kozlov, the project was formally approved by a joint decree of the 
USSR Council of Ministers and the Central Committee of the Communist Party The program 
then would be managed under Ustinov, who was something of a genius in working through 
the paper-logged Soviet system. A "draft plan" for the project-that is, a detailed technical 
document describing the vehicle and its characteristics-was prepared during the process. 
often before official approval, perhaps to elicit interest from the military. In many cases, the sci- 
entific-technical councils were used to screen draft plans from competing proposals before 
being passed on to the top. The draft plan served as the final document from which the design 
bureau, in cooperation with its plant, produced the first experimental models of the spacecraft 
or launch vehicle. 

The entire process of Soviet space policy was, of course, not derived from a formal hierar- 
chical process. Unlike other defense industries, the space program was driven to grow by the pow- 
ers of the leading chief designers. Thus, the approval or rejection of a project was often a function 
of the relationship that the chief designer had with key members of the Communist Party and 
government, in particular Khrushchev. Kozlov, and Ustinov. Even at that level, it was a complex 
process influenced by the fortunes of certain individuals. For example. Khrushchev strongly sup- 
ported both Chelomey and Korolev, while Ustinov was a "patron" of both Korolev and Glushko 
and hated Chelomey; Kozlov meanwhile had a marked aversion to Korolev. The story of the 
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Soviet space program was thus In many ways a story of interpersonal rivalries and political expe- 
diency. Clogged by a rigorous process of review and unending red tape, there were many worthy 
proposals that simply fell by the wayside as the fortunes of chlef designers rose and fell. 

The important chief designers were clearly Korolev, Glushko, Yangel, and Chelomey, but it 
would be an oversimplification to suggest that others had no say. For example, the other mem- 
bers of the orig~nal Council of Chief Designers, while not performing in the capacity of "pri- 
mary contractors" for space vehicles, could often derail or provide critical support to a project. 
In 196 1 ,  the Soviet government passed a decree defining the rights and status of the Council 
of Chief Designers, ensuring that the decisions of the body were binding to all the concerned 
ministries and agencies."These decisions were most likely related to operational actions, such 
as to force a subcontractor to deliver on time or to approve a particular launch, rather than actu- 
a l  policy. On purely technical issues, the council operated in a fairly democratic manner in the 
early years. For example, if a problem occurred in a given engineering area, a meeting of the 
council would be held at the particular design bureau that had specialty over the problem in 
question. Although Korolev presided over the meetings, the chief designer whose expertise 
covered the matter most appropriately resolved each disagreement in technical matters. Chlef 
Designer Barmin has recalled, however, that "we never, I should emphasize, never turned the 
council into a trade-union meeting of sorts. in which decision was made by a mechanical 
majority of  vote^."'^ Thus, the veto of Pilyugin or Barmin on a particular issue could bring a 
matter to a standstill regardless of whether Korolev or Glushko believed otherwise. 

This photo of the Councrl of Chtef Designers dates frorn 1959 durrng control of a Luna rnrssron to the Moon. From 
the left are Aleksey Bogornolov, M i k h a ~ l  Ryazanskiy. Ntkolay Pilyugin. Sergey Korolev. Valenttn CJushko. 

Vladtrnrr Barmin, and Vtktor Kuznetsov. Most reproductions of this picture have Bogornolov on the left cropped 
off because he was not one of the original members of the council frorn the 1940s. (frles of Asif Stddrqr) 

138 0 .  Konovalov, "Dash t o  the Stars" (Engl~sh t ~ t l e ) ,  Izvestrya. October I .  1987, p. 3: 0.  Konovalov. 
"Lessons of the F~rst Satell~te" (English t~ t l e ) .  Izvestiya. September 29. 1987. p 3 

139 Konovalov, "Lessons of the F~rst Satellite." 



In the original I 9 5 9  letter of Korolev and Keldysh to the government on organizing for the 
space program, they had laid out a number of potential options, all of which implied a formal 
separation of the space program from the ballistic missile program. The central tenet of their 
proposal was the formation of a dedicated scientific research institution focused exclusively on 
the exploration of space. By 196 1 ,  even after the euphoria surrounding Cagarin's flight, few of 
their proposals were implemented. The only visible manifestation that the Soviet leadership 
was interested in space as separate from military policy was the formation of the ad hoe 
Interdepartmental Scientific-Technical Council for Space Research within the Academy of 
Sciences. OKB-I, the most dominant space organization in the immediate post-Sputnik era. 
cont~nued to maintain its multitude of ballistic missile programs as its primary raison d'etre. 
Augmented by the addition of a number of subs~diaries and branches in the recent past. 
Korolev was overseeing about 15.000 employees in 1961, far more than any other design 
bureau in the field.I4O OKB- I also served as a tool for foreign policy. In August 1958, a group 
of senior engineers from the design bureau were sent to China, along with some R-2 missiles. 
to assist the Chinese ballistic missile program. Although the team returned to the Soviet Union 
in early 1960, the exchange was a significant boon to Chinese aspirations to develop a strate- 
gic force and to aid in the emergence of the future Chinese space program.I4' 

A Day in the Life 

Cagarin's flight had been a singular event in the planning of the Vostok program. Although 
there were orders for the manufacture of many more Vostok spacecraft, actual plans for subse- 
quent piloted missions were remarkably vague. Unlike the Mercury effort in the United States, 
the Soviet program essentially advanced in stops and starts. From the outside. all of the mis- 
sions, of course, seemed as if they were parts of a well-planned program, but in truth the mis- 
sions were formulated as the project advanced. Vague plans for the second piloted Vostok flight 
dated back to early 196 1, when conceptions were focused on a daylong mission. These ideas 
were the subject of vigorous discussion at the Sochi resort on the Black Sea in mid-May, where 
Korolev, his wife, all the cosmonauts, physicians. Air Force officers, and cosmonaut trainers 
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went on a well-earned vacation after Gagarin's mission. In the process of formulating plans for 
the following mission, discussions ended in a deadlock as Korolev insisted that the flight last 
a complete day. On the other side, Kamanin, the biomedicine specialists, and the cosmonauts 
themselves were inclined toward a more modest three- to four-orbit flight with a landing in 
eastern Soviet Union. Buoyed by the success of Gagarin, and unwilling to carry out what he 
saw as only an incremental advance, Korolev refused to back down. Unknown to anyone pre- 
sent at Sochi, Korolev was so sure that his one-day proposal would be approved that he had 
already summoned Deputy Chief Designer Bushuyev to Sochi to begin preparations for the 
longer plan.I4' 

The conflict eventually spilled over to the General Staff level within the Soviet Air Force. 
which had nominal control over the cosmonauts. Air Force Deputy Commander-in-Chief 
Agaltsov convened a meeting in June with some of the most prominent physicians in the space 
medicine field: Oleg G. Gazenko. Nikolay N. Gurovskiy, Norair M. Sisakyan. Vasiliy V. Parin. 
Vladimir I. Yazdovskiy. Yevgeniy M. Yuganov, and others. Also in attendance were the six core 
cosmonauts and Cosmonaut Training Center Director Karpov. All the physicians unanimously 
supported the triple-orbit (or five-hour) option; even Gagarin, who had recently been named 
the commander of the cosmonaut group, offered his full support. When Korolev heard the 
news, he was indignant. The matter was eventually taken to the ministerial level and decided 
by State Committee for Defense Technology Chairman Smirnov. Korolev had h ~ s  way: the mis- 
sion was planned for a full twenty-four hours and seventeen orbits."' 

Titov, Gagarin's backup for the first mission, was considered a natural choice for the flight. 
Said to have been a much more sophisticated and worldly person than the shy and uncompli- 
cated Gagarin, Titov was one of the most well-read and astute cosmonauts on the team, as 
adept as quoting Hemingway as he was in the technical arcana of rocketry. His individualistic 
streak lent itself to many a conflict with the cosmonaut physicians, who were as notorious in 
their search for problems to bar candidates from flight as the ones in the United States. In 
selecting Titov's own backup, the most l~kely choice would have been Nelyubov, but Titov 
apparently had been irritated by Nelyubov's constant wishes to move ahead in the cosmonaut 
roster. Kamanin dropped him from considerat~on and instead moved in Nikolayev as the back- 
up. This would be the first of many times that Nelyubov would be the center of a "personali- 
ty conflict." In early June 1961, a new State Commission, headed by Smirnov, convened to 
discuss details of the flight, tentatively approving Titov and Nikolayev as the likely candidates. 
The launch was provisionally set for August, only two months later.* 

Once all the parties agreed on the length of the mission, Keldysh, Korolev. Kaman~n, and 
Mozzhorin signed a detailed technical document on mission objectives on July 7. 1 961.14' The 
primary goal of the mission would be the accomplishment of an orbital piloted space mission 
lasting seventeen orbits with a landing on the start of the eighteenth. In addition, six specific 
objectives were listed: 
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Research on a human conducting extended flight in orbit and landing 
Verifying the possibility of accomplishing manual or~entatlon of the spacecraft and evalu- 
ating the possibility of return with the use of manual control 
Research on the working capabilities of a human in conditions of extended stay in a state 
of weightlessness 
Performing direct communications with ground points by the Zarya radio-telephone line 
The use of a film camera aboard the spacecraft by the pilot 
Observations vla the porthole with the aid of simple optical  instrument^^^ 

Various emergency modes of landing were also described in the document. 
The timing of the mission was the source of some unusual dynam~cs. In mid-July, 

Khrushchev had invited Korolev and a number of other prominent chief designers to meet with 
him during a vacation in Crimea. Korolev told the Soviet leader that a second Vostok mission was 
under preparation. At the end of the meeting. Khrushchev casually added that Titov's launch 
should occur no later than August 10." Korolev assured him that this would be so, although at 
the time he clearly had no understanding of why Khrushchev would make such an unusual 
request. Later. in mid-August, the reason was absolutely clear: the building of the Berlin Wall 
began on August 13, and Khrushchev had wanted to give the socialist world something of a moral 
boost at a time of great crisis.'" While it was not the first case in which Khrushchev had sug- 
gested a particular time for a specific launch, it was clearly the first occasion in which the launch 
of a mission was timed to play a major role in the implementation of Soviet foreign policy. 

There was some concern about the launch date because of heavy solar activity in m~d-July, 
but these storms abated soon after, and the flight was set to start on August 6. In much the 
same way as for the earlier flight, the cosmonauts arrived at Tyura-Tam a few days prior and 
were present at various State Commission meetings to review the course of launch prepara- 
tions. There was only a minor hitch during prelaunch operations when there was a leak in the 
core stage of the booster-a problem that was swiftly handled by Korolev's Deputy 
Voskresenskiy. On the morning of August 6, Titov and Nikolayev were taken by bus to the pad 
at site I. Again, formalities and farewell speeches were kept to a minimum. With an exclama- 
tory "She's off and running!." the twenty-five-year-old Major German S. Titov lifted off at 
0900 hours Moscow Time on top of a thundering 8K72K booster and headed straight for orbit 
from the steppes of Kazakhstan. Orbital insertion occurred without problem. Unlike Cagarin's 
flight, booster performance was nominal, and the spacecraft, renamed Vostok 2, reached its 
slated 178- by 257-kilometer orb~t Inclined at 64.93 degrees. Immediately after entering orbit, 
Titov began to feel disoriented. As he later described, he felt as he was flying upside down, as 
if he was turning In a somersault with his legs up. He recalled that he was in a "strange fog." 
unable to identify Earth from the sky or to read his instrument panel." Titov apparently tried 
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The State Commrssion for the Vostok 2 mission rs shown here before the launch of cosmonaut German Titou In 
the front row from the left are Academy of Sc~enees President Mstcslau Keldysh. State Commrssron Chairman 

Leonid Smirnou Chief Desrgner Sergey Koroleu. and Chref Designer Vladimir Barmrn. (copyright Christian lardler] 

moving sharply in his seat to clear his head, but the upside-down feelings remained. The 
unpleasant sensations continued to grow, and by the second orbit, he even briefly contem- 
plated asking permission to return to Earth. Aerospace medicine specialists had predicted such 
sensations for several years, based on research on the inner ear. Doctors believed that otoliths, 
minute bone concretions that press against the wall of the inner ear as a result of gravity and 
pass on information on posture, would not provide the same indications to the brain in micro- 
gravity, thus causing spatial disorientation. 

Doctors on the ground were aware of the situation on the spacecraft from pneumographic, 
electrocardiographic, and kinetocardiographic sensors on Titov, and on the third orbit, they 
inquired about his general physical and psychological condition. Titov, resistant to alarm peo- 
ple on the ground, reported, "Everything is in order." As per his preflight instructions, he decid- 
ed to take his first meal in space at the time of his sixth orbit, a three-course lunch in paste 
form delivered in tubes. Television pictures beamed to the ground showed Titov with his soup 
puree, liver pSte, and black currant jam in plastic dispensers. The cosmonaut, who was still reel- 
ing from feelings of nausea, elected not to eat much, and only squeezed some black currant 
juice into his mouth, which eventually made him vomit. Later, he also ate a small piece of bread 
and peas with added vitamins and drank some water. The meal was, however, extremely unap- 
petizing to the still-suffering cosmonaut, and he took the opportunity to rest for a short while 
before conducting experiments. manually firing the attitude control jets on the spacecraft. It 
was the first such experiment on a Soviet space veh~cle, and Titov encountered no problems 
during the two occasions he took over manual control, on the first and seventh orbits of his 
mission. He was scheduled to beg~n h ~ s  sleep period at the end of the seventh orbit, but as he 



later reported. "I was having a difficult time maintaining a sense of balance.""Wamanin 
recalled in his diaries that the scope of Titov's discomfort was fairly serious and included "ver- 
tigo, nausea, aches in the head and eyes, disorders of the vestibular system. [and] loss of 
appetite.""' At 18 15 hours, he passed over Moscow and reported. "Now I'm going to lie down 
and sleep. You can think what you want, but I'm going to ~leep. ' " '~ Sleep rules necessitated 
that his helmet visor be closed at all times, but Titov was feeling incredibly stuffy inside his hel- 
met, and feared that if he had to vomit, it might pose a hazard. He attached a piece of string 
to immediately jerk open the visor in case of an emergency while asleep. 

Except for two minor incidents of waking up (on the tenth and eleventh orbits). Titov rest- 
ed peacefully. He overslept by about thirty-five minutes, waking at 0237 hours on August 7 on 
his twelfth orbit. Contrary to most Western reports, the hapless cosmonaut felt just as worse 
after waking up: he still felt worn out and had a headache. He tried some cursory experiments. 
such as handwriting, opening and shutting his eyes, and testing coordination, and he was 
encouraged to observe that his reflexes were much better than during the first portion of the 
flight, although the "strange fog" was still with him. He also drank a little liquid chocolate, but 
immediately regurgitated what little food he had in his stomach. Having reached the nadir of 
his daylong excursion into space, for inexplicable reasons, at the end of his twelfth orbit. he 
suddenly began to feel better. With each passing minute, his outlook on the mission began to 
improve, and by the later orbits, he was completely functional and fully fit."' 

Among the experiments that he did manage to conduct included the use of the special 
Konuas movie camera to take a ten-minute-long movie of Earth's horizon when both entering 
and exiting from Earth's shadow. Despite a malfunctioning exposure meter. the results of the 
experiment were fairly impressive, and they were later published in the Soviet media amid much 
fanfare. He also used a special optical sight named Zritel, which provided magnifications of three 
to five times over the naked eye. Internal TV cameras were improved from Gagarin's mission. Of 
the two cameras, one had a resolution of 400 lines over the 100 lines on the first Vostok. Both 
had a capacity of ten pictures per second. Another difference with the Gagarin capsule was the 
use of a new cabin atmosphere regeneration system. There were no major technical anomalies 
during the orbital phase of the mission, although at one point the temperature apparently 
dropped to ten degrees Centigrade. Engineers later found that both the primary and backup cool- 
ing fans had been inadvertently turned on at launch, thus causing the cool temperatures." 

The reentry was as traumatic as the first Vostok mission. After retrofire. Titov heard a loud 
crack, indicating that the two compartments of the spacecraft had separated. Soon after, how- 
ever. he heard a light rapping sound and realized that the instrument section was still attached 
to the spherical descent apparatus by means of several straps. In a situation uncann~ly sirn~lar 
to Gagarin's return, the two wobbling modules reentered Earth's atmosphere, with the instru- 
ment section eventually burning up."' Titov ejected safely from his capsule and landed with- 
out further incident at 1018 hours near the village of Krasniy Kut in the Saratovskaya Oblast 
after a record flight of one day, one hour, a@ eleven minutes. 

The young cosmonaut was in a fit of euphoria after landing, and on the flight back to 
Kuybyshev for the postflight briefing, he talked excitedly of his flight. To the alarm of accorn- 
panying doctors, he opened up a beer and downed it quickly in complete violation of postflight 
codes. At the briefing. Titov was candid about al l  the problems he had encountered, describ- 
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ing in great detail his experience with motion sickness. None of this was, of course, reported 
publicly at the time. In later summaries of the mission. Soviet journalists downplayed the extent 
to which Titov had suffered from discomfort during the flight. It was said that Korolev himself 
had been greatly perturbed by Titov's experience. At the time, there was little unanimity in the 
causes of his sickness. Some physicians were inclined to attribute the problems to the length 
of the mission, others to Titov's particular physiological makeup. Clearly, it raised the concerns 
of both engineers and physicians on proceeding with longer missions. Titov himself suffered 
no permanent effects of his tribulations, and like Gagarin before him, he was sent off on a req- 
uisite world trip. a traveling advertisement for the Soviet Union. By the end of 1961. Gagarin 
and Titov, escorted by Kamanin, had visited Afghanistan, Brazil. Canada. Ceylon, Cuba. 
Czechoslovakia, India, Finland, Hungary, Iceland, and the United Kingdom, with many more 
countries to come in 1962. 

It seems that the trials of dealing with instant fame caught up with both these young men. 
They were both severely disciplined at a Communist Party meeting on November 14 for 
"acknowledged cases of excessive drinking, loose behavior towards women, and other offens- 
es.""6 In what seems to have been a case of womanizing, in mid-October, Gagarin jumped out 
of a window of a young woman's room at a resort when his wife came knocking. He sustained 
a severe injury on his forehead, which left him in a hospital for a while. All photos of the cos- 
monaut past that point show a deep scar over his left eye. Gagarin later explained to the Soviet 
press that he had fallen down while playing with his daughter, adding "it  will heal . . . before 
my next space flight. " ' '  

As the scars of the Soviet space program remained hidden, the public face was a massive 
propaganda juggernaut aimed at consolidating the image of the Communist Party. In 196 1 ,  the 
Soviets had reason to exult. They had launched two men into orbit, the second for a full day. 
opening the era of human spaceflight. On the other side, the United States had little reason to 
celebrate. The first American in space, thirty-eight-year-old Navy Lt. Commander Alan B. 
Shepard, ]r., was launched on May 5,  1961, in a Mercury spacecraft."Whereas Gagarin had 
flown a complete orbit, twenty-three days later, all NASA could manage was a fifteen-minute. 
twenty-two-second suborbital hop into space. A second similar flight in July by Major Virgil I. 
Crissom II was meager consolation. The Soviets had consistently preempted the United States 
in every major endeavor in space. and Khrushchev continued to take personal credit for the 
accomplishments. Soon after Titov's flight, and a week after the building of the Berlin Wall, the 
official Communist Party newspaper Prauda reported: 

[Khrushchev] participates in the discussion of al l  the most vital experiments, directs the 
development of the major directions of technical progress in the country, and the deter- 
mination of the basic directions and establishment of generally planned growth of space 
science and technology. In his able proposals, there is evidence again and again of the 
great conviction in the triumph of Soviet rocket technology. "' 

In contrast, at least in the eyes of the world, the U.S. space program had been lacking in strong 
leadership since the immediate aftermath of Sputnik. 
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NASA whlch was the most v~s~ble man1 
festat~on of the U S desrre to explore space had 
formulated a long-range plan by late 1959 
which among other goals called for "the 
manned exploratron of the moon and the near- 
by planets " A prel~m~nary target date for the 
F~rst launching In a program leading to manned 

circumltmar fl~ght and to [ a ]  permanent near 
earth stat~on" was 1965-67 while actual 
"manned fl~ght to the moon" was left to 
Beyond 1970 " Pres~dent E~senhower whlle 

very much cogn~zant that a vrgorods space race 
with the Union had emerged, was second cosmonaut German (right) appears 
unwilling to commit resources to win it a t  any with NASA astronautlohn Glenn and President john 
cost. This impasse changed dramatically by the Kennedy at the White House in 1962 The twenty 

early spring of 1961 as a new Democratic (rue-year-old Titou was the youngest person to euer 

president, john F, ~ ~ ~ ~ ~ d ~ ,  and a new NASA go into space-a record that slrll stands to thrs day I 
(files of Axi l  Siddiqi) 

Administrator. James E. Webb, took up their 1 
responsibilities. Spurred and shocked once again 

( 

by Cagarin's triumphant single-orbit mission. a flurry of activ~ty ensued, prompted by a mem- 
i 
I 

orandum on April 20 in which Kennedy asked Vice President Lyndon B. Johnson for recom- I 
mendations on activities in space that would provide "dramatic results" and a chance to beat I 
the Sovietsb After intensive discuss~on among representatives of NASA, the US. Department 1 
of Defense, members of Congress, ~ndustry, and academia. Johnson's report was formally 
accepted by Kennedy during a meeting on May 10, five days after Shepard's launch. The report 
included a call for an unprecedented acceleration of U.S. efforts to explore space, specifically 
"to pursue projects aimed at enhancing national prestige."" Based on this report. Kennedy 
declared a national objective for the U.S. space program at an unusual second "State of the 
Union" address to a joint session of Congress on May 2 5 .  1961. In perhaps the most impor- 
tant public policy statement ~n the h~story of U.S. space exploration, Kennedy told his audi- 
ence of a new nationwide program that would restore U.S. prestige: 

I believe that this nation should commit itself to achieving the goal, before this decade 
is out, of landing a man on the Moon and returning him safely to Earth. No single space 
project in this period will be so difficult or expensive to achieve." 
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16 1 John F Kennedy Memorandum for V~ce Pres~dent Apr1l2O 1961 publrshed as Document 1 1 1  6 in ibid 
1 423-24 

I61 James E Webb NASA Administrator and Robert 5 McNamara Secretary of Defense to the V~ce 
Pres~dent May 8 1961 w ~ t h  attached ' Recommendat~ons for Our National Space Program Changes Polrc~es 
Goals ' publ~shed as Document Ill 1 In tbrd 1 439-52 

163 U S Congress Senate Comm~ttee on Aeronautical and Space Sciences Documents on lnternalional 
Aspects of the Exploratron and Uses of Outer Space 1954-1962 88th Cong 1st sess 5 Doc 18 (Washrngton 
DC U S Government Pr~nting Office 1963) pp 202-04 



Kennedy's speech on May 25. 1961, was a declaration of a national objective; there was 
no explicit indication in the language that the United States would have to get to the Moon 
first, only that an American should stand on the Moon before January 1 .  1970. But implicit in 
his declaration was also a challenge-a challenge not only to "every scient~st, every engineer, 
every serviceman, every technician, contractor, and civil servant" to harness capabilities in this 
great endeavor. but also a challenge to the Soviet Union itself. 

From the Soviet perspective, this challenge was not perceived as such. From the beginning 
of the space era, the Soviets had been in the position to make the challenges, with the spectac- 
ular launches of a plethora of Sputniks. Lunas, and Vostoks. Given the rigorous secrecy that per- 
vaded their space efforts, it would have been unusual for them to announce these projects in 
advance. Every challenge was manifested in hardware, in launches, and in accomplishments. 
The speeches came afterwards. The Un~ted States, of course, also responded with hardware, but 
all of them-Vanguard. Explorer, and Mercury-paled in the eyes of the public to Soviet accom- 
pl~shments. Thus for the Soviet Union, on May 25. 1961, the dimensions of the space race 
changed little. Kennedy's speech was in fact not even widely reported in the Soviet media, and 
few in the space program took notice. 6' There were no major reassessments of Soviet goals and 
plans for space exploration. It was, after al l ,  only a speech, and in the mind of the Soviet citi- 
zen, speeches were better left to celebrate victories, not plans for victories. What was a momen- 
tous occasion in U.S. space policy thus passed without a response in the Soviet Union. The 
Soviets never guessed that regardless of Kennedy's own commitment to space exploration, the 
wheels of a mammoth and well-oiled machine had been set into motion-one that would even- 
tually humiliate the great Soviet space program of Sputnik and Vostok. 

164 Interv~ew. Ceorg~y Stepanovich Vetrov w ~ t h  the author. November 15. 1996. 
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There IS a tendency in the Western d~scourse on the Soviet space program to make repeat- 
ed allusions to "the Soviets." It was always the generic "Soviets" who decided on a particular 
goal or the "Soviets" who launched a satellite, while in the United States, one could comfort- 
ably write about NASAor the Department of Defense. In the face of pervasive secrecy, the inner 
workings of the program were as unknown as the secrets of the cosmos itself. It was as if there 
was a monolithic structure located in some far away place, an almost mythological quantity. 
which ran a program of gargantuan proportions. To a great degree, this myth has remained a 
fundamental characteristic of the Western writing on the history of the Soviet space program. 
some of it perhaps derived from the cultural divide in language, custom, and history that sep- 
arated the Soviet Union from the rest of the world during the Cold War. What this myth did 
was to obscure a story of fallible people seeped in battles that were all too human. It was never 
"the Soviets" who made decisions or launched Sputniks, nor was it one single person either. 
Like any other scientific endeavor, there were different individuals and institutions with varying 
motivations and histories vying for the same resources. And having reached the absolute zenith 
of its trajectory in 1961, the Soviet space program was now to face a different kind of battle- 
one among institutions and individuals. This battle irrevocably altered the course of the Soviet 
space program. 

Chelomey's Reach for Space 

The official government decrees in June 1960 were the green light for Vladimir Chelomey's 
grand entrance into the space program. Khrushchev, perhaps dazzled by Chelomey's sophisti- 
cated ways, or simply favoring his son's employer, continued to maintain his unabated support 
for OKB-52, which grew at an unprecedented pace. This expansion was also abetted by the 
economic depression in the aviation sector, as numerous design bureaus had to postpone or 
terminate projects. In fact, with the singular exception of OKB-52, all aviation design entities 
were forced to curb their efforts. Taking advantage of such an unusual situation. Chelomey lit- 
erally gobbled up organizations one after another. 

The first to come under the Chelomey umbrella was Myasishchev's former OKB-23, which 
had been attached to OKB-52 in October 1960 as the latter's Branch No. I. Production at its 
associated glant factory, the M. V. Khrunichev Machine Building Plant (ZIKh) located in the Fili 
suburb of Moscow, was now redirected toward manufacturing for Chelomey's various projects. 
A second factory. Plant No. 642 in Moscow, wh~ch briefly series-produced Chelomey's naval 
cruise missiles, was made the new Branch No. 2 in March 1963 under Deputy General Designer 



Vladimir M. Baryshev. The facility was used herein for designing ground equipment for various 
missiles and spacecraft operations. 

Another acquisition was more notable: OKB-30 1 headed by General Designer Semyon A. 
Lavochkin, one of the most renowned aviation organizations in the Soviet Union. The begin- 
ning of the decade was not a good time for this design bureau. In February 1960, the Soviet 
government canceled work on the La-350 Burya intercontinental cruise missile. Four months 
later. Lavochkin was dead of a heart attack. Chelomey took advantage of this weak posit~on. 
Within days of Lavochkin's death, he invited thirty of the senior-most engineers from OKB-301 
-the so-called "brain" of the organ~zation-to work for him in Reutov at his own design 
bureau. Among the relocated individuals was Naum S. Chernyakov, the lead designer for the 
Burya missile.and N. A. Kheyfits, a well-known pioneer of high-speed flight in the Soviet 
Union, who was no doubt an asset to Chelomey's burgeoning dreams of winged reusable space 
vehicles..' 

The former Lavochkin design bureau's fortunes continued to decline. In 1962, the Soviet 
military finally terminated the remaining work on the Dal air defense network for the city of 
Leningrad. w i t h  nowhere to go, OKB-301 finally succumbed to Chelomey's growing power. 
The Chief of the Defense Industries Department, Ivan D. Serbin, a powerful Chelomey sup- 
porter in the Central Committee, agreed to Chelomey's request to take over the entire design 
bureau. By an executive order dated December 18. 1962, the old Lavochkin bureau at Khimki 
became the new OKB-52 Branch No. 3.' 

These various absorptions allowed Chelomey to spread out all of his work from the central 
Reutov branch. With a larger number of engineers and more facilities, he was able to take on 
an incredibly wide range of military work that ran the gamut from naval cruise mlssiles to 
ICBMs to spacecraft. By the end of 1962, in terms of personnel. the OKB-52 empire was, in 
fact, far larger than Korolev's OKB-I. the founder of the Soviet space program." 

Chelomey's claims on the space program were to be effected in flve different thematic 
directions. These were the development of: 

I.  Plant No. 642 was the location of KB-2 between 1946 and 195 I and GSNllL642 between 1951 and 
1958. In 1958. CSNII-642 was closed down. and its plant was eventually tasked with producing Chelomey's P-25 
naval cruise m~ssile in 196 1 and 1962. The new OKB-52 Branch No. 2 was established at Plant No. 642 on the basis 
of a department for ground equipment for misslles and spacecraft transferred from OKB-52's Branch No I Thls 
department was transferred in March 1963 See M Tarasenko. "35 Years for the OKB 'Vympel"' (English title). 
Nouosti kosrnonautrki 8 (1998) 43-44, Aleksandr Shirokorad. "Rakety nad morem." Tekhnika i uooruzhenrye no 6 
(November-December 1997) 1-80. Christian Lardier. "70 Years of Soviet Ramjets." presented at the 48th 
lnternat~onal Astronautical Federation. IAA-97-IAA.2.3.03, Turin. Italy, October 6-10, 1997. 

2 Sergey Khrushchev Nrkito Khrushcheu kririsy i rakety uzglyad rrnutri tom 2 (Moscow: Novosti. 
1994). pp. 42-44, Yaroslav Golovanov. "The 'Burya' Which Did Not Break Out" (English title). Komsomolskaya 
prauda March 18. 1998. p. 3 .  Among the individuals transferred from OKB-301 were Acting General Designer N 5 
Chernyakov. Fedorov, Kheyfits. and Yefimov See also Mikhail Rudenko. "Designer Chelomey's Rocket Planes" 
(English title). Vozdushniy transport 47 (1995). 8-9. Note that in the last source. the transfer is incorrectly sard to 
have taken place in May 1958. 

3 Christran Lardier. 13stronautrque Souretique (Paris: Armand Colin. 1992). p 152 OKB-52 Deputy 
General Designer A I Eidls was appointed to head Branch No 3 at the time The branch was to aid In the devel- 
opment of the P-25 surface-launched anti-ship missile, the P-70 Ametist submarine-launched anti-ship missile, the 
"IS" anti-satellite, and the "US" ocean reconnaissance satellite programs. See 5. M. Canin and V I. Ivanovskiy, "The 
Multi-channel 'Dal' Anti-Aircraft Missile System of Great Range" (Englrsh title), Neuskry bastion no 1 ( 1998): 7-15: 
Sh~rokorad. "Rakety nad morem " 

4. There may have been a fourth addition to OKB-52 at the time. Nll-2, headed by V A. Dzhaparidze, was 
said to have been attached to Chelomey's design bureau sometime in the early 1960s See Andrey Tarasov. "Space 
Science of the Future: Selectron of Paths and Orbits" (English title). Prauda. May 17. 1990. p 3 In addition, the 
design bureau also had production affiliates at Dubna and Saratov See Cerbert Aleksandrovich Yefremov. "NPO 
Mashinostroyenlya is Moving Into the High-Technology Market" (English title). Vooruzheniye. politrka. konuersiya 
3(10) (1995) 31-37. 
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A series of new boosters to serve as ICBMs and space launch vehicles 
An automated anti-satellite system 
An automated ocean reconnaissance system 
Spaceplanes for the exploration of near-Earth space 
Spaceplanes for lunar and interplanetary space 

The centerpiece of his expanding move into the space sector was the first "theme." specif- 
ically the UR-200 ICBM, which the Soviet space leadership approved for preliminary develop- 
ment in June 1960. The Central Committee and the Council of Ministers issued supplementary 
decrees on its development on March 16 and August 1 .  196 1.' In a move no doubt intended to 
ensure full support for the UR-200 project. Chelomey offered up the booster first as a new gen- 
eration ICBM and then as a space launch vehicle. Chelomey, unlike Korolev, was also not rests- 
tant to using hypergolic storable propellants for the mtssile, thus pacifying powers in the 
Strategic Missile Forces who were initially alarmed by Chelomey's rapid encroachment into the 
missile business from the aviation sector. 

As Chelomey's reach expanded, he also farmed out his own projects to the OKB-52 
branches. While his leading deputies would rnainta~n overall design supervision of particular 
vehicles, detailed design work would be undertaken by engineers at the branches. In the case 
of the UR-200. Chelomey gave the project to his new Branch No. I at Fili; with Myasishchev 
now gone, the engineers there resigned themselves to Chelorney's new projects and. In fact. 
went on to produce some of the most important Soviet space vehicles. The UR-200, formerly 
called the R-200, was a two-stage vehicle with a total launch mass of 138 tons. Payload capa- 
bllity to low-Earth orbit was limited to four tons, making it somewhat of a light launch vehi- 
cle, which is exactly what Chelomey had in mind. Overall length was thirty-five meters with 
a base diameter of three meters. In its ICBM version, the missile would carry a single warhead 
ranging from five to fifteen megatons over 10.000-12.000 kilometers."nstead of Glushko's 
engines, which were standard for al l  long-range Soviet ballistic missiles, Chelorney contracted 
an aviation organizatlon. OKB- 154 headed by Chief Designer Semyon Kosberg, to design the 
new engines for the rocket. It was another step forward into the space business for Kosberg, 
whose first successful contribution to the Soviet space program was to design the upper stage 
engines for boosters that had launched the Lunas and Vostoks into orbit.' All the engines for 
the UR-200 used toxic components. specifically nitrogen tetroxide and unsymmetrical 
dimethyl hydrazine (UDMH)." 

5 1 Afanasyev ' 35 Years for the Proton RN' (English title) Nouostc kosrnonaut~kr 1-2 ( 1998) 45-48 
6 Mikhail Rudenko 'Designer Chelomey s Rocket Planes' (English title) Vozdushniy transport 48-49 

(1995) 8-9 A V Karpenko Ross!yskiye raketnoye oryzhiye 1943-1993gg (St Petersburg PIKA 1993) p 12 Ye 
B Volkov ed Mezhkontcnentalnyye ballisticheskiye rakety SSSR (RF) r SShA (Moscow RVSN 1996) p 322 

7 The UR 200 was powered by the RD 0202 engine on the first stage and the RD 0205 engine on the sec 
ond stage The RD 0202 itself was composed of three RD 0203 engines and one RD 0204 engine while the 
RD 0205 was composed of the RD 0206 sustainer and RD 0207 vernier Total first stage thrust was about 200 tons 
The development of these englnes began in March 1961 See Vladimir Rachuk Best Rocket Eng~nes from Voronezh ' 
Aerospacejournal no 6 (November December 1996) 30-33 Engines for Combat Missiles Russ~an Space Bulietcn 
4(3) (1997) 13-15 KB KhirnAutomatiki Stranitsy istorit lorn I (Voronezh KB KhimAvtomatiki 1995) pp 5 1-54 

8 Apart from use as a space launch vehicle and an ICBM the UR 200 was also the focus of two other 
proposals In July 1961 Chelomey offered up the missile as an orbital bombardment system that could drop nuclear 
warheads on enemy targets from orbit In this variant the missile would be called the Global M~ssile No  I (GR I )  
later in February 1962 a second proposal involved UR 200s equipped with guided ballistic warheads which would 
reenter from orbit and guide themselves with aerodynamic surfaces to U S naval ships that were seen as a threat to 
the Soviet Navy While work on both these proposals were undertaken to a prelim~nary stage l~ke many of 
Chelomey s projects they were never finished See Khrushchev Nrkrta Khrushcheu tom 2 pp 122 155 



The UR-200 was only the first step in 
Chelomey's plans for a series of new ICBMs and 
space launch vehicles. Planning at his design 
bureau showed that to meet Chelomey's more 
grand plans for space exploration, he would need 
a second booster that could lift as much as twen- 
ty tons into orbit. Possible payloads would 
include piloted spaceplanes, space stations, and 
large military payloads. In late 1960. concurrent 
with the addition of Branch No. I to OKB-52. 
Chelomey's deputies began prel~minary planning 
work on a new ICBM with a space booster that 
would have a capacity for launch~ng heavy pay- 
loads into Earth's orbit. This vehicle would even- 
tually emerge as one of the most important 
launch vehicles ever created in the Soviet space 
program, the Proton booster. Chelomey picked 
Pavel A. Ivensen, an old acquaintance of 
Korolev's from the late 1920s. to lead the project 
to develop the rocket. Ivensen, like Korolev, had 
been thrown into prison in the mid- 1930s, and he 
was rehabilitated only in 1956. In the late 1950s. 
he worked on high-speed reconnaissance Chief Designer Sem~on Kosberg designed numerous 

upper stage engines for Souret space launch uehicles aircraft at the Tsybin design bureau, but the con- He c(ose(y V,adimir Chelomey 
fusing series of changes in the aviation industry deue/oprng [ h e  U R - I O O  UR-200, and UR-so0 ICBMS 
led him first to the Myasishchev organization and (iiies of Peier Gortnj 
finally to work under Chelomey.' 

In Ivensen's preliminary research on the possible designs for the booster, he made maximal 
use of technology from the smaller UR-200 as well as Myasishchev's own abandoned M - l  
launch vehicle. The new rocket, designated UR-500 In design documentation, was planned 
from the very beginning as a two-stage ICBM and a three-stage space launch vehicle. At the 
time. Chelomey's engineers were closely watching the development of the American Titan I 
ICBM: rn many ways, the UR-500 was posited as a parallel development with similar capabili- i 
ties and equivalent possibilities for turning it into a heavy-lift launch vehicle. Ivensen's team 
studied a number of different possible designs for the first stage, including grouping together i 
four two-stage UR-200 rockets together with a third stage, that itself would be a modified 
UR-200 second stage.'What emerged by 1963 was an unusual plan to cluster six long cylin- 
drical propellant tanks around a central cylrndrical tank. Unlike parallel-staged vehicles in which I 
each strap-on was a self-contained unit, in the UR-500, the central cylinder would carry all the 

I 
I 

oxidizer while the tanks on the outside would carry the fuel. Thus, although it visually resem- 
bled a strap-on-type booster, the vehicle in fact had a standard tandem-type first stage with 
clustered tanks. There would be a single powerful engine at the base of each tank powered by i 

9 G Amiryants. "Ivensen's 'Chayka'" (Engl~sh title). Autatsiya t kosrnonauttka no. 4 (Apr~l  1990) 36-38. 
M Yakovenko. "The Subterranean. Earthly. and Heavenly Creations of Ivensen" (English t~t le). Nauka I zhtzn no 9 
(September 199 I): 20-27. 

I 
10. For descr~pt~ons of var~ous early conceptions of the UR-500, see Afanasyev, "35  Years for the 'Proton' RN " 
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nitrogen tetroxide and UDMH, the same high- 
boiling propellants as the smaller UR-ZOO.' The 
diameter of the central tank was limited to just 
above four meters; this was the maximum 
dimension that the Soviet railway system could 
accommodate for transportation from the man- 
ufacturing plant to the launch site. In its ICBM 
version, the UR-500 was designed to have a 
standard cylindrical second stage with four 
engines; a third stage would be added in the 
projected space launch vehicle version. Both 
these upper stages would have design 
antecedents in the smaller UR-200 ICBM. 

Chelomey's choice of storable propellants 
was clearly related to his plans to use the 
UR-500 as an ICBM. Such propellants, he 
believed, would also significantly simplify engine 
des~gn because the components would be 
hypergolic-that is, self-igniting. Having decid- 
ed on the basic design scheme and the choice of 
propellants, the next step was to choose a sub- 
contractor. In late 196 1, there was only one orga- 
nization in the Soviet Union designing extremely 
high-thrust rocket engines for ICBMs: Glushko's 
OKB-456. At the time. Chelomey was fortu- 
itously placed take advantage of the increas- This shows the original variants of the UR-200 and 
ing acrimony between Korolev and Glushko. UR-soo ICBMs as conceived by Vladrrnrr Chelorney 
which was beginning to incapacitate Korolev's in the early 1960s. (copyright Peter Gorrn) 

grander plans of space exploration. As the bick- 
ering between the two reached a critical point, Chelomey stepped in. In November 196 1 ,  he sent 
a group of three senior engineers from Branch No. I on a visit to Glushko's enterprise to explore 
the possibility of cooperating on the UR-500." Clushko took the chance, perhaps to prove to 
Korolev once again that he was not dependent on the latter for anything, and he signed an agree- 
ment to deliver to Chelomey the first-stage engines for the UR-500. In what may have been addi- 
tional ~nsult to Korolev. Glushko simply took the engines that he had offered for Korolev's giant 
N I booster, modified them a little bit, and offered them to Chelomey. With six similar RD-253 
engines firing at liftoff, the UR-500 missile would develop a total thrust of about 900 tons at 
launch, far in excess of any rocket in the world at the time." 

l I. V A Vyrodov. M. K Mishetyan, and V M. Petrakov. " I 6  July-25 Years From the Time of the Start of 
Operat~ons of the 'Proton' Rocket-Carrier" (Engl~sh t~tle). Iz istorii aviatsii r kosrnonautiki 64 ( 1993): 58-67: C 
Makslmov. "Space Fl~ght Support: The Proton Launch Veh~cle" (English title). Aviatslya I kosrnonavtika no. 8 
(August 1988) 40-41. In the early version of UR-500 rn~sslle, the f~rst stage had four powerful Clushko engines on 
the core and one girnbaled low-thrust Kosberg engine on each of four strap-ons. 

12 V Petrakov and I. Alanasyev. "'Proton' Passlonu (Engl~sh title), Auratsiya I kosmonavtrka no 4 (April 
1993). 10-12. Vyrodov. Mishetyan. and Petrakov. " 16 July-25 Years From the Time of the Start " The indiv~duals 
who visited were D. A. Polukh~n (Chief of the Complex lor Eng~ne Un~ts). V A Vyrodov (Lead Des~gner of the pro- 
ject), and C. D Derrnychev (Ch~ef of the Planning Department). 

13 Petrakov and Afanasyev. "'Proton' Pass~on" 



Glushko was taking a gamble in agreelng to produce these engines, the first "closed cycle" 
engines In the Soviet Union uslng storable propellants. Known in the West as "staged 
combustion cycle" engines. Glushko had had llttle luck with such motors since the failure of 
the RD- I I0 in the early 1950s. A technology demonstrator built at NII-l in 1958-59 Instilled 
growing confidence that the task could be accomplished. The relatively high-performance char- 
acteristics demanded by Chelomey's designers were principally because of the selection of the 
closed cycle scheme, which would allow extremely high chamber pressures to be derived with- 
out losses In spec~f~c impulse, thus adding sign~ficantly to performance. Glushko addressed th~s 
problem by installing the turbines for operating the fuel pumps inside the combustion cham- 
ber of the gas generator. During f~ring, the chamber would receive the full amount of oxidizer. 
but only a part of the fuel. This mixture would then burn in the preliminary combust~on cham- 

! 
ber at a relatively low temperature. thus driving the turbine. Later, the combustion gas would 
enter the main combustion chamber of the englne, where the remalnlng fuel would be added. 

I 
I 

The resulting reaction would be a total burning of the propellant components Wlth th~s 
layout, power used to drlve the turbines could be reduced to nonexistent levels, while com- 
bustion pressure would be dramatically Increased without losses of propellant. Finally, 
Glushko's feared combustion oscillations would be eliminated because of the extremely high 

I 
temperatures of burning.I4 For Sov~et engine design technology, this would be a new step for- 
ward; Chelorney, ever the ambitious scientist, took the idea and banked his future on it. 

I f 

For the upper stages. Chelomey contracted Kosberg once again. The englnes slated for the 
second and third stages of the UR-500 were, in fact, very similar to the ones earmarked for the 1 
first two stages of the smaller UR-200 booster." In effect, the larger UR-500 was slmply a new 1 
huge first stage with a thinner version of the UR-200 (albeit w ~ t h  modified engines) s~tting on 1 top of it. This sort of des~gn decision, whereby "each of [their] launch vehicles was supposed to 
become part of a more powerful one," was a conscious design strategy of the Chelomey peo- 
ple. who held the belief that incremental testing of components separately was a more pragmatic 
idea in the face of technological and manufactur~ng limitations of the Soviet defense ~ndustry." 
Thus, by extension, there were even preliminary plans at the time to use the UR-500 itself as the I 
upper stages of an even bigger booster, one to launch hundreds of tons into Earth's orbit. 

The development of the large UR-500 booster advanced very quickly along with work on 1 
I 

the UR-200 and Chelomey's first automated satellite projects, the "IS" anti-satellite system and 
the "US" naval reconnaissance system. During a meeting w ~ t h  Khrushchev in February 1962 at 
the vacation resort of Pitsunda, Chelomey for the first time acquainted the Soviet leader with 
the UR-500 proposal. In a perfect example of how chief designers went about "selling" the~r 
space projects to the Soviet leadership, Chelomey introduced the UR-500 not as a space launch I 

i 1 
I 
t 

14 Peter Stache Soucet Rockets Foreign Technology Dlvlslon Translation FTD ID(RS)T 0619 88 (from 
unnamed source) Wright Patterson Air Force Base Dayton Ohlo November 29 1988 p 405 This is a translation 
of Peter Stache Sowlefischer Raketen (Berlin M~lltarverlad der DDR 1987) 

I5 In the initial varlant of the UR 500 the second stage consisted of three RD 0208 englnes and one 
RD 0209 engine Each had a vacuum thrust of about sixty tons When the three stage variant of the UR 500 was 
Introduced new engines were used on the second stage three RD 0210 engines and one RD 02 I I engine For the 
three stage UR 500 (called UR 500K) the thud stage would be equipped wlth a single RD-0212 engine whlch con 
sisted of the prlrnary RD 02 13 engine and the RD 02 14 vernlers Total vacuum thrust would be sixty two tons See 
T Varfolomeyev 'Readers Letters On Rocket Engines from the KB of 5 A Kosberg and Carr~ers on Which They 
Were Installed ' (English title) Novosti kosmonautiki 26 (December 18-3 1 1993) 46-48 KB Kh~mAutomatrkr tom 
I pp 54-55 

16 The quote is from Dmitriy Khrapovitsk~y 'Absolutely Unclasslf~ed The Ground Waves of Space 
Polit~cs ' (English tltle) Soyuz I S  (Apr~l  1990) I5 



vehicle, but as a super-powerful ICBM named the CR-2. capable of launching warheads of thir- 
ty megatons at the enemy. The warhead would be launched into Earth orbit and eventually deor- 
bited at the appropriate time to reach the target. Military-Industrial Commission Chairman 
Ustinov, who loathed Chelomey, was categorically against the idea. In the end. Khrushchev, per- 
haps dazzled by the booster's military applications and persuaded by aviation "minister" 
Dementyev's arguments, agreed to the proposal, asking both Ustinov and Dementyev to draw 
up the necessary documents for moving ahead with the project." Less than three months later. 
on April 29, 1962, the Council of Min~sters and the Central Committee issued a decree formal- 
ly approving the UR-500 ICBM and space launch vehicle. W i t h i n  a month. Chelomey's engi- 
neers froze the final design scheme of the vehicle. The rocket, in its various models, would be 
ready In three years. While the principal design of the vehicle would be focused at Branch No. 
I, manufacturing would be undertaken at the giant M. V. Khrunichev Machine Building Plant. 
which was essentially at Chelomey's disposal by this time.'" 

The UR-200 and UR-500 boosters were only the means by which Chelomey intended to 
undertake his assault into space. The actual payloads would consist of a variety of different 
sized spacecraft for a wide array of goals. From Chelomey's own perspective, perhaps the most 
important projects he worked on during the early 1960s were his spaceplanes, subsumed under 
two different thematic directions, the Kosmoplan and the Raketoplan. The research on the 
Raketoplan-Kosmoplan theme was evidently conducted in a remarkably haphazard manner. 
Sergey N. Khrushchev, the Soviet leader's son who was the deputy chief of a department at 
OKB-52, recalled later Chelomey's idiosyncratic behavior regarding the Kosmoplan-Raketoplan 
themes: 

[He would say] "let's try to make the Kosmoplan using nuclear engines. " and then in two 
weeks there would be another idea, some [more] drawings, some [more] calculations. 
and then he would say that, "No, this is crazy, it 'll  never work, forget about it . . . let's 
try plasma [engines] and this time we'll f l y  to Mars!'" 

Irrespective of Chelomey's own whims, the project was real, and hardware was built. It 
would, in fact, not be an overstatement to say that of all Chelomey's space-related projects 
through his long career, the spaceplane work held the greatest emotional resonance for him. He 
would pursue this dream almost continuously unabated for close to a quarter of a century. 

Funding for preliminary research on the Kosmoplan-Raketoplan theme was approved in the 
same June 1960 government decree that accelerated the Soviet space program on a wide range 
of thematic directions." The degree of state commitment to these ambitious projects remains 
open to interpretation, but a few recollections suggest that it was significant. Georgiy N. 
Pashkov, a Deputy Chairman of the Military-Industrial Commission, recalled in 1989 that: 

17 Khrushchev. Nikita Khrushchev tom 2, pp. 157-58 
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. . . at the time 11960-611 a decision was taken that. in actuality, shifted the "firms" of 
S. l? Korolev and M. K. Yangel from primary to secondary roles. There appeared two 
projects which were given preference over all the others. According to the author of the 
idea [Chelomey]. the first apparatus was planned for ensuring flight in near-Earth space 
[the Raketoplan], and the second, flight from planet to planet [the Kosmoplan]. Both 
apparatus were to be furnished with appropriately shaped wings, and each would have 
the capability to land at any assigned airport. I was astonished the author was under- 
taking to prepare the project in three years. Naturally, on the orders of Nikita 
Sergeyeuich Khrushcheu, he was immediately allocated the means, and large projects in 
which major work had already been started were stripped [of their support]. In short. 
starting in 1961 our rocket-space industry began to be subsumed by confusion, which 
left us dearly stalled." 

Funding for the research was coming from the Ministry of Defense, in particular the Soviet 
I 

Air Force, which had watched two of its most promising spaceplane projects, from Tsybin and 
Myaslshchev. canceled one after another." The Air Force was banking on the success of the 
effort, perhaps seeing in the program its means to counter the dominance of the Strategic 
Missile Forces. As with most rn~lltary endeavors, dissension existed within the Alr Force on the 
idea Itself: some were more prone to ally themselves with Korolev's more traditional spacecraft 

I ! 
designs. arguing that there was a greater chance of success, while others were reluctant to let 
go of winged conceptions and thus put their support with Chel~mey.:~ At various points dur- 
ing the early 1960s, the Soviet Air Force issued "tactical-technical requirements." which were 
specifications for orbital vehicles to support Air Force objectives. For example, at a secret mili- 
tary conference in January 1962, the final recommendations included the development and cre- 
atlon of: 

An air-spaceplane with a flight altitude of sixty to 150 kilometers and an orbltal spaceplane 
w ~ t h  an altitude of 1.000 to 3.000 kilometers 
A carrier-aircraft for launching "air-to-space" and "space-to-air" spacecraft and rockets" 

Chelomey clearly catered his Raketoplan-Kosrnoplan research to such proposals, although 
it is apparent that there was never a clear consensus on the issue at the time even within the 
Air Force. While winged reusable vehicles were preferable, senior military strategists also had 
to address the possibility that such vehicles would not be a reality in the near future. 

There was an additional issue that factored into the military's intentions: the Soviet mili- 
tary closely followed the U.S. Air Force's X-20A Dyna-Soar spaceplane program. While some 
people considered Chelomey's Raketoplan research some sort of "raging fantasy," others In the 
General Staff could point out that the United States was conducting srmilar research. This is. 
In fact. what exactly happened on occasion. As the fate of the Dyna-Soar shifted up and down, 
the Ministry of Defense became less or more liberal with funding. According to some reports, 
funding for Chelomey's grand project periodically dwindled to zero as the wildly different news 
on U S, hyperson~c efforts filtered through to the General Staff in Moscow. One participant later 
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observed that "it created the impression that 
our work was directed not from Frunze Street, 
but rather from the Pentagon."'" 

As indicated in the younger Khrushchev's 
observations about Chelomey, the goals of the 
Soviet program evolved and changed almost as 
fast as the designs of the vehicles themselves. By 
January-February 196 1, the Kosmoplan theme 
encompassed automated and piloted missions 
to the Moon, Mars, and Venus, with the possi- 
bility of extended reconnaissance misslons in 
low-Earth orbit. This last type of mission was 
probably its selling point to the Air Force. 
Through 1959-6 1 ,  engineers had worked on 
numerous different designs of the Kosmoplan. 
but four of these offered the most promise: 

This is one concept~on o /  Vladimir Chelomeys idea 
of a robotic Kosrnopian to ursit Mars The design 

dates from the early 1960s (copyr~ght Asif Srddiqi. 
based on a drawing by lgor Afanasyeu) 

The automated AK- 1-7 would be for flights to Mars or Venus. The spaceplane would be 
launched into orbit by a three-stage variant of Korolev's R-7 ICBM. 
The automated AK- 1-300 would also be for flights to Mars or Venus. The A-300 booster, 
an early conception of a launcher developed at OKB-52, would launch this spaceplane. 
The automated AK-3-300 would be for both flights to the planets and miss~ons rn low- 
Earth orbit. Launch would be by the A-300 rocket. 
The piloted AK-4 spaceplane, studied in 196 1 ,  would be designed for carrying a single pilot 
into Earth orbit on the A-300 booster. The spaceplane would return from orbit in a special 
container, which would be discarded after atmospheric reentry at an altitude of twenty kilo- 
meters. The AK-4 would then glide 200 kilometers to a landing on an airstrip." 

Despite heavy research on the ambitious program, by 196 1 .  Chelomey's engineers were 
running into some major problems. Clearly, one of these obstacles was OKB-52's lack of expe- 
rience in operating any space vehicles, let alone piloted ones. A step to creating a winged space- 
plane for a flight to Mars proved to be a little too ambitious, given OKB-52's sole experience in 
developing a number of short-range naval cruise missiles. There were also purely technical 
issues, such as ensuring the reliabil~ty of the main spacecraft systems for such long-duratlon 
missions in conditions of vacuum, radiation, weightlessness. and so forth. One of the major 
problems was developing a nuclear power source, its proximity to the rest of the vehicle, and 
ensuring ~ t s  return back to Earth. 

Through 1961, OKB-52 prepared a predraft plan for the Kosmoplan project, which may 
have been examined by an ad hoe commission to assess its realistic prospects. Chelomey, 
apparently faced with the great technical and logistical difficulties of the effort, decided in 196 1 
to redirect the resources expended on the effort to more realistic proposals. These included the 
development of the "US" ocean reconnaissance satellite system, which would also use a 
nuclear power reactor during its missions in Earth's orbit. At the same t~me, Chelomey did not 
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completely abandon the Kosmoplan idea. 
Despite a significant reduction in work on this 
theme, engineers used the extensive research 
data base on the project, all on paper at that 
po~nt, to explore various further options for pilot- 
ed spacecraft to explore the Moon and Mars.'" 

Like the Kosmoplan theme. work on the 
Raketoplan project also advanced sw~ftly in 
1959-6 1 .  The program was originally conceived 
as a suborbital system for piloted missions. This is a modei of Chelomey's air-launched piloted 
including anti-satellite missions. photo-recon- Raketoplan for suborbital and orbital mlssrons for 

naissance, the identification of foreign satell~tes, the Force The was dispiayed an 

and even bombing runs over the United States.'" 
exhibition in the 1990s (copyr~ght Steven Zalogaj 

All the various models of the Raketoplan con- 
ceptualized by the end of 196 1 had common features in design, and they were given the name 
"SR" (for Suborbital Rocket-Glider). There were only variations in specific design components. 
such as the presence or absence of jet engines for the returning first stage, the poss~bility of 
having folding wings for the second stage, or using a "flying wing" or canard-type configura- ! 

t ~ o n  for both stages. Each particular design choice was closely tied to the stage arrangement of i 

the Raketoplan-that is, either tandem or parallel-and thus affected the overall takeoff mass I 

of the various conceptions. For example. one variant, the SR with a tandem arrangement of 1 
I 

stages, had an engine unit for the first stage that allowed it to return back to the launch area. 
In general, the Raketoplans had a launch mass of about 45 percent higher than the R-7 I 

launch mass, the most powerful Soviet booster of the per~od. Based on early research. OKB-52 
studied two major models of the Raketoplan, one for 8,000 kilometers range and the other for 
40.000 kilometers. In dimensions and appearance. both models were relatively similar. The pilot 
sat in the central port~on of the vehicle. The long-range version had three propellant tanks: a 
conical one with oxidizer at the forward end, a cylindrical one w ~ t h  fuel in the center, and 
another cylindrical one with oxidizer in the aft part of the fuselage. The short-range model had 
only two tanks: the conical one with oxidizer in the forward end of the spacecraft and a short 
cylinder with fuel in the aft end. Instead of the omitted third tank, the short-range spaceplane 
had a small passenger cabin for four to six seats. Engineers proposed that half-scale models of 
the Raketoplan could be launched on test flights to a range of 5,000 kilometers by Chief 
Designer Yangel's R- 14 intermediate-range ballistic missile or to a range of 18.000 kilometers by 
Chelomey's own yet-to-be-developed UR-200 ICBM. Actual full-scale models of the spaceplane 
second stage could use two-stage variants of the R-7 for flights to 40.000 kilometers. These 
models would have folded wings for the initial ascent. 

Given its ambitious nature, it is not surprising that Chelomey ran into serlous problems 
with the Raketoplan program, too. Because the system combined elements of two different 
vehicles-an airplane and a rocket-it also inherited the weaknesses of both. The system as a 
whole was extremely complex and was very large, requiring the development of high- 
performance liquid-propellant rocket engines, new construction materials, and miniaturized 
electronics-technologies that posed great challenges for Sovlet industry at the time. Like the 
Kosmoplan, the Raketoplan project also suffered from the limitations of OKB-52's experience 
~n the field of developing missile-space systems 
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An official decree of the Central Committee and the Council of Ministers, dated May 13. 
1961. and titled "On the Revision of Plans for Space Objects Towards Accomplishment of 
Goals of a Defense Nature." had a direct effect on both the Raketoplan and Kosmoplan pro- 
j e c t ~ . ' ~  As a result of this governmental decision, preliminary work on both themes was termi- 
nated. The news was not all bad. Apparently, people in the government and Communist Party 
believed that the research carried out on the Raketoplan theme had great prospects for future 
work. The decree authorized OKB-52 to use the accumulated research work to proceed on a 
new piloted variant of the Raketoplan for military missions in Earth's orbit and deep space.'' For 
Chelomey's fortunes in general, this particular decree was perhaps one of the more important 
ones in his career. A leading designer from Korolev's OKB- I later recalled: 

In May 1961, just ten [sic] days prior to President Kennedy's speech on the U.S. 
commitment to go to the Moon, the Soviet government issued another decree on space 
matters. It actually reversed the previous decree of june 1960. Funds were taken from 
OKB-I and transferred to the Chelomey design bureau. The same thing happened to sub- 
contractors o f  OKB-I: they were ordered to shift their efforts to support Chelomey." 

A significant amount of funding that had originally been allocated to Korolev was now 
shifted to Chelomey. The decree thus effectively killed the overtly far-reaching space program 
that Korolev proposed in the major June 1960 decree. Two factors played a role in this aston- 
lshing turnaround. The flrst was clearly Chelomey's continuing rise in prominence In the 
defense industry and his unmatched clout with Khrushchev. Second, there were the needs of 
the defense sector. W h ~ l e  Korolev was pursuing projects that were predominantly for explo- 
ration, Chelomey's programs, especially the Raketoplan, catered to a Ministry of Defense 
increasingly uneasy about the possibility of war expand~ng to space. 

In this cl~mate. Chelomey continued to pursue work on the Kosmoplan project, despite an 
official order suspending such efforts. The amount of work on both the Kosmoplan and 
Raketoplan in 1960-64 was, in fact, unprecedented and compared very favorably with space- 
related work at the Korolev design bureau. OKB-52 engineers built mini-dimension ballistic 
models of their spaceplanes for aerodynamic testlng in the wind tunnels at the Central 
Aerohydrodynamics Institute at Zhukovskiy, and they performed work on spacesuits for cos- 
monauts and catapults for rescuing cosmonauts during various phases of the mission. Other 
enterprises involved in the work included NII-I, Nll-88. KB-I. Nll-2, the M. M. Cromov Flight- 
Research Institute. the Institute of Aviation and Space Medicine, and the Central Institute of 
Aviation Motor Building." The pace of work was breathtaking. An engineer involved in the pro- 
gram later recalled, perhaps a little immodestly: 

The most amazing thing was how we tore ahead, skipping even the initial drafts, imme- 
diately going on to the working plans stage, and even with such a speed how we nev- 
ertheless created heat shielding for the vehicle which even today has no analog in the 
world with respect to rel~ability and practical feasibility.'" 

30 The decree 1s ment~oned ~n Yu. P Sernenov, ed . Raketno-Kosmtcheskaya Korporatsrya "Energiyo" rmeni 
5 P Koroleva (Korolev. RKK Energlya, named after S .  P Korolev. 1996). p 248. 

3 1 .  Afanasyev correspondence. November 28. 1997 
32. Bor~s Arkadyevich Dorofeyev, "History of the Development of the N ILL3 Moon Program" (Engllsh tltle), 

presented at the loth International Syrnposlum on the History of Astronautics and Aeronaut~cs. Moscow State 
Un~versity, Moscow. Russia. June 20-27. 1995. 

33. Rudenko. "Des~gner Chelomey's Rocket Planes." 48-49. 
34. Mikhail Rudenko. "'Star Wars'-H~story of the 'Death' of a Unique Spaceplane" (Engl~sh t~tle). Trud. 

August 26. 1993, p 6. 



All of this. of course. produced some tang~ble results. The work in late 1960 and early 196 1 
culminated In the creation of the first automated test bed called the MP-1 (the "MP" standing 
a little prematurely for "Maneuvering. Piloted"). Although engineers never finished a formal 
draft plan for the vehicle, the spacecraft was manufactured and ready for fl~ght by late 1961. 

The MP- I, developed primarily by the group of engineers transferred from the Lavochkin 
design bureau, was a small two-meter-length winged spacecraft with a mass of 1,750 kilograms. 
The vehlcle had adjustable braking panels in the form of an umbrella mounted at the rear to 
ensure proper braking during reentry into the atmosphere. Engineers also installed graph~te rud- 
ders on the vehicle for guidance, similar to those on outdated ballistic missiles. The test pro- 
gram for the vehicle included a single suborbital flight with ballistic maneuvering dur~ng 
descent Maximum altitude would be 405 kilometers. The spacecraft would lift off and fly 
downrange 1.760 kilometers before entering the atmosphere at a velocity of 3.760 meters per 
second. After the maneuvering phase, the vehicle would land 1.880 kilometers downrange from 
the launch site. Recovery would be effected by a three-level system of draw~ng, braking, and 
primary parachutes working at altitudes of e~ght to four kilometers, thus reducing vertical down- 
ward velocity to about ten meters per second."' Because Chelomey did not have any boosters 
ready for launch at the time, he signed an agreement with Yangel to obta~n an R- 12 rned~um- 
range ballistic missile for the MP- I test flight. 

The day before the launch, set for December 27. 1961, the younger Khrushchev received 
his graduate degree, and there was a private dinner party given by Chelomey at a Moscow 
restaurant. Khrushchev recalls that everyone was quite a bit drunk by the t~me they got on the 
plane that night and headed out to the launch range to direct the flight.'Wnlike all previous 
space-related launches, this one was to take place at the Air Defense Forces Test Range at 
Vladimirovka, just a few kilometers southeast of the Kapustin Yar site. Preparations proceeded 
without trouble the next morning amid heavy snowfall. The MP- I was mounted on top of the 
R-I 2, and ~t was clearly visible as a spaceplane from a distance. The rocket l~fted off success- 
fully from the pad at site I ,  and about forty minutes later, controllers received news that the 
vehicle had passed through the atmosphere and landed successfully by parachute." The launch 
was kept secret for more than thirty years, but it was a landmark in the history of space explo- 
ration. It was the world's first hypersonic flight of a lifting body during which aerodynamic 
forces were used to control the atmospheric phase of reentry. When engineers inspected the 
spacecraft the following day, they were elated to discover that the heat shielding was almost 
completely undamaged; unexpected burning had been primarily limited to connection points 
between the ailerons and the wings.'" 

The relative success of the MP-I flight no doubt added to the engineers' confidence that 
they were on the right track in their work. By 1963, engineers at OKB-52 had completed the draft 
plan for the Raketoplan project, which contained the deta~ls of four variants of such a vehlcle: 

A single-seat orbital anti-satellite spaceplane 
A single-seat orbital bomber of ground targets 
A seven-seat passenger ballistic spacecraft for intercontinental ranges 
A two-seat scientific spacecraft for circumlunar flight" 

35 Kirp~l and Okara, "Deslgner of Space Planes": M~khail Rudenko, "Deslgner Chelomey's Space Planes" 
(Engllsh t~tle). Vozdushn~y transport 5 1 ( 1995)' 8-9. Khrushchev lntervlew. 

36 Khrushchev lnterv~ew 
37. Rudenko, "'Star Wars'-History of the 'Death' of a Unique Spaceplane." 
38 Khrushchev interview. 
39. E-mall correspondence, lgor Afanasyev wlth the author. November 23. 1997 



L O O K I N G  T O  T H E  F U T U R E  

The first, second, and fourth vehicles would be launched by the UR-500 rocket, while the 
third would be launched by the UR-200. One of the more interesting elements of this modified 
Raketoplan theme was the piloted circumlunar mission. A number of Russ~an sources have sug- 
gested over the years that there was a firm state-level commitment to a piloted circumlunar pro- 
ject from as early as 1961." Other reliable sources are vehement that there was no such 
~ o m m i t m e n t . ~  It is more than likely, given the generally nonspecific nature of the entire 
Raketoplan-Kosmoplan effort, that the idea elicited only cursory interest from higher authori- 
ties, much like several of Korolev's piloted lunar plans of the period. Overwhelming evidence 
suggests that in the immediate years following Kennedy's speech, there were a litany of pro- 
posals from various chief and general designers to develop spacecraft to carry out piloted cir- 
cumlunar flight, but that none of these prompted any serious consideration from Khrushchev, 
Kozlov, Ustinov, or Smirnov. Perhaps Chelomey grasped on the idea of circumlunar flight after 
hearing of similar proposals from the Korolev design bureau during the 1962-63 period. Little 
is known about Chelomey's 1963 vintage circumlunar spacecraft. It was one of the "scientific" 
versions of the Raketoplan and had a low lift-to-drag ratio. The vehicle was apparently a wing- 

less spacecraft, capable of carrying one to two cosmonauts. that would carry out a ballistic 
reentry into Earth's atmosphere after flight around the Moon." Chelomey also continued work 
on the Kosmoplan theme at a low level from 196 1 through 1964. Although the scope of the 
research remains unclear, it probably included work on a vehicle called "K"  for automated f l~ght 
to the Moon. Mars. and Venus, followed by a return to a regular airport on Earth. 

Despite continuing problems. Chelomey's engineers obtained further data applicable to the 
Raketoplan-Kosmoplan theme from another actlve experiment in the early 1960s. In the frame- 
work of OKB-52's research on "aircraft warheads." the engineers developed a second hyper- 
sonic vehicle, the M-12, to test the technology for guided reentry into the atmosphere. 
Although the spacecraft was built specifically for the military warhead program, it served a dual 
purpose by continuing the research program begun by the first MP-I spaceplane launched in 
1961. The "conceptual design" of this veh~cle was completed in October 1962, and the ensu- 
ing months were spent building a flight-test article at the design bureau's plant." The M- 12 was 
similar in design to the MP- I, although the engineers finally dispensed with the umbrella- 
shaped braking panels and introduced new aerodynamic graphite rudders. The new vehicle was 
also equipped with on-board control systems far more complex than its predecessor. 

The only launch of the M- 12 model took place on March 2 I. 1963. from the same pad at 
site i at Vladimirovka where the MP-I had lifted off. The launch on another of Yangel's R- I2 
missiles was successful at 1440 hours Moscow Time, and the engineers had to wait fifty min- 
utes before they received news that the spacecraft had been destroyed upon reentry into the 
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atmosphere. The failure no doubt demoralized the design team, but they apparently received 
useful data via telemetry, which allowed them to make certain refinements to the spaceplane 
research and development process. The engineers later ascertained that the heat shield had not 
been sturdy enough to protect the vehicle because of a technical defect.44 

It seems that the Soviet Air Force, the chief sponsor of Chelomey's Raketoplan project, 
began to cool off on the effort by this tlme. This change of heart may have had much to do 
with the fate of the X-20A Dyna-Soar program In the United States. Prompted by a variety of 
reasons, principally Secretary of Defense Robert 5. McNamara's belief that the spaceplane had 
no effective military use, the Johnson administration announced the termination of the project 
on December 10. 1963." The Soviets themselves may have also seen the potential political and 
public relations cost of pursuing a space-based system, one of whose goals was nuclear 
weapons delivery. There were other Soviet Air Force concerns, primarily the long lead-time 
expected for the operational capability of such a system. In January 1963, the Air Force sent a 
number of high-rank~ng representatives to v~sit OKB-52 to discuss the Raketoplan project. 
Commenting on reports on the project's progress. Lt. General Kamanin wrote: 

[F]or the present it's not even on paper, although we've been assured that the Draft Plan 
[wiil be ready] by February. Chelomey has already had a long two years to work on this 
theme, and in january 1961 when we were there with the Commander-in-Chief-then 
he made many promises-but nothing that was promised has been carried out. The real 
space ships in the future 3-5 years will be Korolev's ships, and only his-all the rest are 
unlikely to advance outside the bounds of e~perirnentation.~~ 

Ironically, two of Chelomey's automated space projects may have contributed to the lack of 
Interest from the military. Both the "IS" anti-satellite and the "US" ocean reconnaissance pro- 
grams were geared toward many of the same objectives slated for the Raketoplan. Undoubtedly. 
automated systems were much cheaper. The question of whether one was more optimal than 
the other was one that would not be adequately answered for many years, but given the strong 
incl~nation of senior military personnel to support robotic versus piloted military systems, the 
fortunes of the Raketoplan did not look too bright. Through the overwhelming obstacles, both 
technical and polltical. Chelomey continued to doggedly pursue his pet project, fielding even 
more advanced versions of srngle-seat mrlitary fighters in space. 

Despite the setbacks. Chelomey was still at his peak at the time. If the June 1960 decree 
was meant to seal Korolev's preeminence as the leading space designer, the May 196 1 decree 
effectively reversed that trend. In search of "revisions" to the original decree, the Soviet 
Communist Party and government stepped back from the or~ginal grandiose plans of a massive 
Soviet space program heading outwards Into the solar system. The changed tenor of goals was 
now explicitly redirected to "goals of a defens~ve" nature-that is, anti-satellite weapons, recon- 
nalssance satellites, and orbital bombers. And who better to pick to lead these programs than 
someone who had not only been doing work on these topics for some time, but a designer 
whose r~sing star was abetted and protected by the Sovlet leader himself? Oddly enough, the 
revised decree was issued almost exactly a month after Cagarin's flight, a point in time one 
would suspect was the peak of power for Korolev. There were, however. simply too many forces 
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L O O K I N G  T O  T H E  F U T U R E  

This rare photo dating from the early 1970s shows Vladirnrr Chelomey wrth some of the leading screntrsts from 
the USSR Academy ofSciences In the foreground left to right are TsNllMash Deputy Drrector Vsevolod 

Audueuskiy political scientist Piotr Fedoseev General Designer Chelomey and Academy Presrdent Anatoly 
Aleksandrou In the immed~ate background the two men lacrng each other are Koroleus successor Vasilry Mish~n 

and nuclear weapons scientist Yeugenry Velikhov (/rles of Peter Gorln) 

working against Korolev and too few dramatlc victor~es such as the Gagarin flight to 
compensate. 

In 1963, the breadth of the projects at Chelomey's OKB-52 was staggering. The projects 
included three new ICBMs (UR-200. UR-500, and UR- 100). two orbital bombardment systems 
(GR-I and GR-2). two space launch vehicles (UR-200 and UR-500). a nationwide strategic 
defense system (Taran), an Earth-orbital spaceplane (Raketoplan), a lunar and interplanetary 
spaceplane (Kosmoplan), plans for an automated anti-satellite project (IS), and an automated 
naval reconnaissance program (US). This was In addition to his old work on as many as ten dif- 
ferent naval cruise missiles."' All this was from an organization whose sole contribution to the 
defense industry by 1959 was a single short-range cruise missile. On April 29. 1962. he was 
elected a full Academician, joining the select ranks of Keldysh. Korolev, and Glushko. His influ- 
ence in seemingly casual matters was also said to be without precedent. In a perhaps apocryphal 
story, a Soviet defector recalled years later that in the early 1960s. Chelomey wanted to bu~ld a 
dacha (a cottage) for his family in an area near Moscow where no buildings were allowed. He 
first appealed to the chairman of the Moscow Party Council to have the standard regulations 
waived in his case, but the chairman refused. Chelomey took the matter personally to 
Khrushchev. After hearing his story, the Soviet leader telephoned the chairman and told him. " I  
understand you have turned down comrade Chelomey's request. Aren't you forgetting you are 
an elected official?" Soon after, Chelomey was given his dacha.4R 

47 The naval crulse missiles Included the early P-5 and P-SD models, the P-6 and P-35 (both approved on 
August 17. 1956). the P-70 Ametist (approved on April 1 .  1959). the P-7 (approved on June 19. 1959). the P-35 
Redut (approved on August 16, 1960). the P-25 (approved on August 26 1960). and the P-I20 Malakh~t and 
P-500 Bazalt (both approved on February 28. 1963). All were anti-shrp m~ss~les, elther launched from submarines or 
surface sh~ps. See Shlrokorad. "Rakety nad rnorem " 

48 Andrew Cockburn. The Threat Inside the Sovret Mrlitary Machine (New York: Vlntage Books. 1984). 
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It is easy and far too simplistic to attribute this immense growth of the Chelomey empire to 
the personal whims of Khrushchev. The Soviet leader was not deeply involved in much of the 
decision-making in the space program, weighing in only for the most important projects or for 
macro-level policy statements. He may not even have been partial to Chelomey simply because 
his son worked for the general designer. It is clear, however, that those under Khrushchev who 
were responsible for important decisions, well aware of the younger Khrushchev's location in the 
space industry, would only be too happy to favor Chelomey. Thus, it was probably never a case 
of direct gratuitous support as many historians have claimed. It was more likely a case of the 
upper ranks in the space program, such as Serbin. Ustinov. Smirnov, and Dementyev, making 
decisions that they believed would put them on the Soviet leader's good side. 

In the two years since 196 1 ,  the entire climate of the Soviet space program had changed 
immensely as Kennedy's challenge began to finally infiltrate the stratum of the secret Soviet 
space program. The problem was no longer reaching the Moon, but reaching the Moon first. 
Having been mired for two years in various spaceplane projects, Chelomey, now certainly the 
most dominant designer in the Soviet space program, was not about lose out on this race. It 
was a race not only with the Americans, but, in a far more deleterious way, with his primary 
competitor and nemesis. Korolev. 

Rocket Engines on the Frontier 

The central goal of the comprehensive space plan issued by the government In June 1960 
was the development of a series of heavy-lift launch vehicles-specifically the N I and N2-to 
support a variety of future space projects. They were also to be OKB- 1's means to malntain ~ t s  
preeminent position as the domlnant Soviet space organization. The post-Sputnik euphoric cli- 
mate-when OKB- I Chief Designer Korolev was the toast of Party, military. and government 
leaders-was in its last breath. Despite the glowing successes of the Luna spacecraft and the 
flights of Gagarin and Titov, there was trouble on the horizon for Korolev's design bureau. The 
pressure was coming from all sides. Khrushchev had found in Yangel and Chelomey better alter- 
natives to the strong-headed Korolev. Both Yangel and Chelorney were more interested In gear- 
ing the~r products toward military needs than some abstract youthful dream. Chelomey had 
ascended literally from nowhere, threatening to run over any in his path. The military contin- 
ued to have problems with Korolev over his pathological insistence on using cryogenic propel- 
lants over storable ones. Finally. Korolev had broken ranks w ~ t h  his closest collaborator, 
Glushko, over a variety of technical issues related to engine design. 

As astonishing as it seems, mid- 196 1 ,  right after Gagarin's flight, was a time of great uncer- 
tainty for Korolev. In a revealing episode from the period, Korolev clearly let the stress show 
through. In late July 1961, Korolev met secretly with another beleaguered Chief Designer, 
Grlgorly V Kisunko of the KB- I deslgn bureau, which was responsible for designing the Soviet 
Union's flrst anti-ballistic missile system. to discuss the "attack' from Chelomey. Kisunko later 
recalled Korolev's words vividly: "Thrs is the second time they have tried to cross me out of 
Ilfe."" The two designers discussed writing a letter to other individuals in the Central 
Committee about Khrushchev's favoritism, but they decided to abandon the idea, perhaps so 
as not to risk their own careers. In this climate, the N I and N2 boosters were not simply the 
"next" of Korolev's projects, but his lifeline to maintaining singular domination of the space 
program Most of his grand plans from the June 1960 decree-the development of large pilot- 
ed space stations, piloted lunar space vehicles, and interplanetary ships-all rested on the fate 
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of these boosters. They assumed an increas~ngly symbolic and mythological proportion in his 
life, becoming literally "the last love of his life" as some of his biographers have claimed. 

The June 1960 decree specified that the draft plan for the first vehicle, the N I ,  would be 
completed by the end of 1962. With this date in mind. OKB-I issued a formal "technical 
assignment" on October 1 ,  1960, to four rocket engine design bureaus for the development of 
very h~gh-performance engines. All the engines would be closed cycle with high-pressure com- 
bustion chambers, high specific impulses, and relatively small mass. The subcontracting orga- 
nizations were Glushko's OKB-456 at Khimki. Isayev's OKB-2 at Kaliningrad. Kosberg's 
OKB- 154 at Voronezh, and Kuznetsov's OKB-276 at Kuybyshev." 

While Glushko. Isayev, and Kosberg had been involved in rocket englne design for ballis- 
tic missiles, it would be a relatively new field of work for Kuznetsov. He had become involved 
in the missile business in the late 1950s during the open conflict between Korolev and Glushko 
over the R-9 ICBM. When Kuznetsov's englnes were eventually rejected for a variant of the 
R-9, under pressure from OKB- I First Deputy Chief Designer Mishin. Korolev invited him to 
work on the N series boosters. The invitation was clearly related to Kuznetsov's preference for 
working with Korolev and Mishin's favored cryogenic combinat~ons as opposed to Glushko's 
storables. Kuznetsov's OKB-276 was also located very close to OKB- 1's subsidiary manufac- 
turing plant, the Progress Machine Building Plant in Kuybyshev. Despite Korolev's somewhat 
desperate act of inviting Kuznetsov to participate, Glushko was clearly far ahead of the game; 
he was already in the midst of developing a powerful serles of new engines for Yangel's ICBMs 
with storable propellants. Kuznetsov, on the other hand, would have to start from scratch.51 

At some point soon after, it seems that Kosberg's OKB- 154 dropped out from the running 
because of commitments to Chelomey's projects, to be replaced by another aviation engine 
design organization. OKB- 1 65." Headed by fifty-two-year-old General Designer Arkhip M. 
Lyulka, the design bureau, established in March 1946, had primarily designed turbojet engines 
for a varlety of Soviet military and civilian aircraft, remaining outside the mainstream of the mis- 
sile and space programs." Thus the four remaining designers-two from the aviation industry 
(Kuznetsov and Lyulka) and two from the armaments industry (Glushko and 1sayev)-signed 
an amended technical assignment document on March 1 .  1961." Somewhat comparable to the 
Western concept of a request for proposals, the technical assignment included specific recorn- 
mendations for particular areas for each designer on which to focus in creating the N I and N2 
boosters. Glushko and Kuznetsov were assigned to develop engines for the first three stages, 
while Lyulka and lsayev would focus on high-energy upper stages, as follows: 

50 lgor Afanasyev " N  I :  Absolutely Secret" (Engllsh t~t le), Krylya rodiny no 9 (September 1993) 13- 16. 
5 1 B Ye Chertok. Rakety i lyudi f11i Podiipki Tyuratarn (Moscow. Mashinostroyen~ye, 1996), pp 345-46 
52. Note that although Kosberg d ~ d  not sign the adjusted techn~cal assignment document, h ~ s  des~gn 

bureau d ~ d  produce a powerful 150-ton-thrust englne, the 8D4 I5K. In support of the N I program The propellants 
were l lqu~d oxygen and kerosene. See Varfolomeyev. "Readers Letters On Rocket Eng~nes " 

53 Lt -Col. 5 Vachayev. "From the Or~g~ns  of the Reactive Era" (Engl~sh t~tle). Auratsiya I kosmonautika 
no. 3 (March 1988). 31-32, S. P Kuvshinnikov. "23 March-75 Years From the Birth of A. M.  Lyulka (1908)" 
(Engl~sh title). Iz rsforii avialsli I kosrnonaut~kr 48 (1984) 87-95. Lyulka did. however, cooperate w ~ t h  Kuznetsov 
during the development of the NK-9 rocket englne for the abandoned R-9M m~ss~le In 1958-59 
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Propellant 
Designer Combination Thrust Stage on the N I 

Glushko LOX-UDM H 150 tons Stage I 
Glushko N,O,-UDMH 150 tons Stage I 
Glushko LOX-UDMH 180 tons Stage II 
Glushko N,O,-UDMH 150 tons Stage II 
Glushko Fluorine, etc. 20-25 tons Stage Ill 

Kuznetsov LOX-kerosene 150 tons Stage I 
Kuznetsov LOX- kerosene 45 tons Stage II 
Kuznetsov LOX- kerosene 45 tons Stage Ill 

Lyulka 
Lyulka 

lsayev 
lsayev 

LOX-LH, 
LOX-LH, 

40 tons Stage II 
40 tons Stage Ill 

LOX- kerosene Not ava~lable Stage II 
LOX-LH, 7.5 tons Stage Ill" 

Key. LOX = liquid oxygen; UDMH = unsymmetrical dimethyl hydrazine; N,O, = nitrogen tetrox- 
ide; and LH, = liquid hydrogen. 

The rationale behind Glushko's selection was obvious: his propellants were all geared 
toward dual use on military ICBMs as well as space launch vehicles, a strategy that makes per- 
fect sense given the economic exigencies of the day. Of the four first- and second-stage engines. 
the favored ones for the N boosters would be the two nitrogen tetroxide (N,O,)-UDMH 
engines, known as the RD-253 and RD-254, respectively. These were the first closed-cycle rock- 
et engines developed by Glushko.'@By the early 1960s. Glushko had all but abandoned liquid 
oxygen (LOX) because of problems associated with high-frequency oscillations. and the two 
proposals for LOX-based engines for the N l lN2 program seems to have been his last stab at 
LOX before focusing fully on storable propellants. The fluorine-based engine was more of a 
curiosity than anything else. Theoretically, fluorine-type rocket engines would offer high spec6 
ic impulses, but this remained to be proved in test conditions. 

The origins of Kuznetsov's engines were far more interesting. OKB-276's first foray into the 
development of high-thrust liquid-propellant rocket engines had been develop~ng the NK-9 
engine for the first stage of an abandoned variant of Korolev's R-9 ICBM, named the 
R-9M. The organization's extensive experience in designing aircraft engines was l~ttle use in this 
project, and to hasten development, there was significant cooperation with the rocket engine 
department at OKB-I. Foreseeing a possibly difficult time in engine development. Korolev 
allowed Kuznetsov's engineers to have full access to propulsion research data on one of 
OKB- 1's new upper stage engines." The R-9M missile was eventually never built because of 
severe pressure from Glushko, and Kuznetsov simply decided to use the same engine as a basis 

55 lbrd Semenov ed . Raketno Kosmrcheskaya Korporalscya p 262 
56 The less well known RD 254 is mentioned by journalist A Bolot~n In M Rudenko "The Moon Slips 

Away" (English title) Ekonorntka t zhczn 48 (November 1991) 19 
57 Korolev s engine was the Si 5400 and it served as the fourth stage engine for the 8K78 (or Molniya) 

booster used to launch the early Mars and Venus ~nterplanetary spacecraft See Semenov ed Raketno- 
Kosmicheskaya Korporatsiya p 123 



to design ones for the N I and N2. The forty-ton single-chamber NK-9 would serve as the foun- 
dat~on for different directrons of development. First. Kuznetsov's engineers would scale up its 
performance characteristics to produce an engine with a 150-ton thrust; second, they would 
produce high-altitude variants of the engine for use on the N 1's second and third stages. To 
shorten development periods, all three engines would retain basic design elements of Korolev's 
upper stage engine. 

High-energy engines for the upper stages-in part~cular those using liquid hydrogen (LH,) 
and LOX-were assigned for development to Lyulka and Isayev. In 1961, manufacturing of LH, 
for rocketry purposes in the Sovlet Union was almost nonexistent. Neither the technology nor 
the resources were available. It was well-known among most space enthusiasts, as far back as 
Tsiolkovskiy, that of all the chemical sources of propellants, the LH,-LOX combination was the 
most efficient; specific impulses were significantly higher w ~ t h  LH, than with either Glushko's 
storable components or the R-7's LOX-kerosene pairing. Unfortunately, LH, was also extremely 
difficult to manufacture, maintain, and use as propellant. The boiling temperature of LH, is 
-252.6 degrees Centigrade, necessitating refrigeration techniques well beyond the means of 
Soviet industry at the time. Despite these difficulties, the same belief ~n ~ t s  performance led the 
Advanced Research Projects Agency in the U.S. Department of Defense to issue a contract for 
the development of a LH,-LOX engine in late 1958.  This engine, wh~ch became part of the 
Centaur upper stage. was flown as early as May 1962.'" 

Korolev was without doubt the primary Instigator for a sim~lar effort In the Sov~et Unlon. 
One would have expected Glushko to support these efforts, but his hlstoric dislike of cryogenic 
propellants veered him away from committing to the design of a high-energy LH, stage. 
Glushko's opponents in fact like to quote one of hrs more infamous exhortations, authored in 
1935, when as a twenty-seven-year-old engineer he had written: "liquid oxygen is far from the 
best oxidizing agent, while liquid hydrogen will never be of any practical use in rocket equip- 
ment."" Korolev, with a much more solid faith in the capabil~t~es of LHI, flred off a letter to the 
government on April 8. 1960, in which he argued: 

OKB- I considers i t  extremely necessary to develop on a wide front of work the creation 
of an industrial base for the creation of liquid hydrogen, for work on methods of its stor- 
age and transportation and also the study of its characteristics and the operational char- 
acteristlcs of hydrogen, and preparation of recommendations for the design of special 
aggregates and fixtures for working with hydrogen." 

A draft plan on the use of LH,. "On the Possible Characteristics of Space Rockets Using 
Hydrogen," dated September 9, 1960, was also addressed to Keldysh, Glushko. Lyulka, and 
Academician Anatoliy P. Aleksandrov, the erstwhile Director of the Academy's Institute of 
Atomic Energy."esistance from Glushko may have played a significant part in downplaying 
the need for such work. Although preliminary work on LH, engines began at the lsayev and 
Lyulka design bureaus in 1960, these efforts had very little funding. In addition, the military, for 
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obvious reasons, had little interest in them. It was a strategic mistake that cost the Sovlet space 
program much in terms of capability and efficiency, but Korolev alone did not have the force to 
single-handedly create a new rndustry In the Soviet Union. Initial versions of the N I and N2 
rockets would have to rely on less efficient combinations 

Another area of advanced research was nuclear englnes a plpe-dream of sorts that had been 
bandled about by different designers through the postwar years Nuclear energy, of course, could 
theoretically provlde even hlgher speclflc rmpulses than LH, Whlle the best 
LH,-LOX rocket engrnes could be expected to have speclflc lmpulses In the range of 400 to 
450 seconds, nuclear englnes could potentially have values as hlgh as 800 to 1,000 seconds (wlth 
solid fuel) or even 2.000 to 5.000 seconds (with uranium compound plasmas)." Even prior to the 
launch of the flrst Sputnik, in 1955 and 1956, the advanced projects NII- I research institute, head- 
ed by the ubiquitous Keldysh, had initiated preliminary plans for nuclear propulsion development. 
Government intervention on the matter occurred on June 30. 1958, with the issuing of a top-level 
decree requesting a draft plan on a nuclear engine.'" Such a preliminary document was prepared 
and approved by Korolev on December 30. 1959. By 1960. at least six design bureaus and four 
scientific-research institutes were involved in the effort." As with numerous other advanced tech- 
nology programs, the United States and the Soviet Unron engaged in research almost simultane- 
ously. After discussions dating back to the mid- 1940s, the U.S. Department of Defense and the 
Atomic Energy Commission began such research efforts as Kiwi and NERVA at the same time.+5 

Applications for the use of nuclear engines were also studied vigorously at the time In 1959 
and 1960, the OKB- I proposed three new rockets-two space launch vehicles and an ICBM- 
that would use nuclear engines in some capacity. Engines would be provided by Glushko's OKB- 
456 and another design bureau, the OKB-670 headed by Chief Designer Mark M. Bondaryuk, a 
specialist 11- the development of ramjet engines. Bondaryuk had previously developed the 
engines for the abandoned Burya and Buran intercontinental cruise missiles in the 1950s. One 
of the space launch vehicles proposed, the YaKhR-2, had an unusual configuration: it looked just 
like the standard R-7 except it had six instead of four strap-ons. The core itself would be 
equipped with the nuclear engine. The other launcher tabled was a "super-rocket" with a llfting 
capacity of 150 tons to Earth orbrt and a launch mass of 2.000 tons. The second stage would 
use a powerful nuclear engine" None of these proposals were pursued with any seriousness 

after late 1960 as a result of ~ntenslve research, which proved that for immediate purposes. chem- 
ical sources of propulsron would be more fruitful. Many of the design bureaus In the nuclear pro- 
gram also lost interest. It would be the mid- 1960s before both nuclear and LH, engines received 
sufficient support to commence dedicated projects to develop such engines. 

62 Joseph R Wetch Alexey Ya Coldin Anatoly A Koroteev Alexander D Konopatov Vladimir A 
Pavshook Nlkolai N Ponornarev Stepnoy Vltaly F Sernyonov and Ivan Fedik ' Development of Nuclear Rocket 
Englnes In the USSR ' AIAAINASAIOAI Conference on Advanced SEl Technologies AlAA 9 1 3648 September 4-6 
199 1 A Koroteyev "From the Hlstory of Space Science The Scientific Research Institute of jet Propulsion (English 
tltle) Auialstya I kosmonauttka no 6 (November-December 1993) 39-4 1 

63 The tltle of the decree was ' O n  the Creation of Missiles with Engines on the Basls of Uslng Nuclear 
Energy ' See Sernenov ed Raketno Kosmrcheskaya Korporatsiya p 248 Leonid Kvasn~kov Anatoliy Kostylev and 
Vladirnir Maksimovskiy "Nuclear Rocket Englnes (Engllsh title) Vestnrk uordushnly flota no 6 Uune 1996) 53-55 
A high level meeting In February 1959 purportedly about nuclear propulsion research 1s described In Aleksandr 
Rornanov Korolev (Moscow Molodaya gvardiya 1996) pp 323-26 

64 The design bureaus were OKB 1 ( 5  P Korolev) OKB 165 (A M Lyulka) OKB 301 ( 5  A Lavochkin) 
OKB 23 ( V  M Myaslshchev) OKB 670 ( M  M Bondaryuk) and OKB 456 ( V  P Glushko) The lnstltutes were 
NII I ( M  V Keldysh) the P I Baranov Central Institute of Av~a t~on  Motor Bulldlng or TslAM the I V Kuichatov 
lnst~tute of Atomic Energy (A P Aleksandrov) and VNll  N M  See Kvasnikov Kostylev and Maksirnovskiy Nuclear 
Rocket Engines 

65 Ezell NASA Historical Data Book Volume I f  pp 482-83 
66 5emenov ed Raketno Kosrnrcheskaya Korporatsrya p 248 



L O O K I N G  T O  T H E  F U T U R E  

Korolev Versus Glushko: No Compromise 

In January 1961, a large meeting of chief deslgners, senior military officers, and defense 
industry representatives took place at Tyura-Tam, ostensibly to discuss the future of heavy-lift 
boosters in the Soviet Union. Glushko, as one of the leading chief designers in the space pro- 
gram, served as the ad hoe chairman of this meeting. The proceedings for the most part went 
remarkably smooth, with agreement on the principal design of the N I and N2, both of which 
would dispense with the old "cluster" design of the R-7 and instead use the structurally sim- 
pler "tandem" de~ ign.~ '  

Progress on the N series of boosters was dramatically affected by the May 1961 govern- 
ment decree that effectively gave Chelomey a dominant role in the space program. As recalled 
by a senior OKB- I engineer, "government authorization of the N I development was downsized 
to further paper studies."" A number of subcontractors for the N I, including Kosberg's design 
bureau, were ordered to redirect their efforts toward Chelomey's projects. Whereas in the ear- 
lier government order from i 960 the dates for completion of the project were 1960-63 (for the 
N I )  and 1963-67 (for the N2), the new decree pushed the timetable back further to 1962-65 
(for the N I) and 1963-70 (for the N2).b9 

The delays and uncertainties in the program no doubt negatively affected the Korolev- 
Glushko relationship over the issue of propellants. In July 196 1 ,  two weeks before Titov's day- 
long Vostok 2 mission, Korolev paid a personal visit to Glushko's design bureau at Khimki. 
intent on trying to convince the engine designer to consider the possibility of using cryogenic 
propellants. The conversation began calmly but quickly escalated into an accusative tone. 
Glushko, standing his ground with toxic storable propellants, called Korolev's ideas about 
designing the N I akin to "dilettant~sm."'~ He reminded Korolev of the infamous failure of the 
120-ton cryogenic engine for the R-3 program in the early 1950s. which had delayed the entire 
Soviet rocketry program. The problems with high-frequency oscillations in that LOX-kerosene 
engine had been simply too much to overcome. For his part. Korolev reminded Glushko of the 
1960 disaster involving the R- 16 ICBM, a rocket that used toxlc self-igniting propellants. The 
meeting ended without resolution, as rational arguments began to be increasingly couched in 
terms of personal attacks. It was symptomatic of many more meetings to come." 

The propellant issue came to a head in December 1961, when Glushko decided to take 
action. In an official letter to Korolev, he demanded that the N I be redesigned to be equipped 
with storable propellants, with N,O, Instead of LOX. As one Soviet space historian recalled, it 

67 Ceorgiy Stepanovich Vetrov. "Development of Heavy Launch Vehicles in the USSR," presented at the 
loth International Symposium on the History of Astronautics and Aeronautics A serious conflict occurred only 
when Glushko abruptly informed Korolev that contrary to their earl~er agreed-on technical assignment, he would 
develop engines of 100 tons thrust instead of 150 tons. Calling this a violation of their earlier agreement. Korolev 
argued that this was unacceptable because lower thrust engines would require a higher number of engines. The mat- 
ter was eventually left unresolved, as was the final choice of propellants for the boosters, which was a far more 
thorny issue between the two designers. 
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was "a sort of ultimatum."" Glushko claimed 
that he had "special authority" to make such a 
demand, apparently at the behest of 
Khrushchev himself. In retrospect. the timing of 
the letter goes a long way to explain Glushko's 
apparent "ultimatum." In November 196 1 .  a 
month before this letter, he had more or less 
committed to building the 150-ton storable pro- 
pellant engines for Chelomey's new UR-500 
booster. If he agreed to Korolev's demands on 
the N I engines, he would now have to design 
yet another similar 150-ton engine, only with 
LOX-kerosene-an effort that he reasonably 
considered a duplication and a waste of time. 
Combined with his earlier problems with LOX 
and the rnil~tary's fondness for storable propel- 
lants. from Clushko's point of vlew, there was 
simply no other ratlonal choice: he would stick 
with his RD-253 and RD-254 engines and pro- 
pose them for the N I and N2 boosters. 
Clushko's letter served to bring the debate to a 
standstill. Within days, the Soviet government 

There are almost no photos of Koroleu and Glushko 
together This is an extremely rare shot o/ the two 

giants of the 5ovret space program dating from 
around 1959 and taken at Tyura Tam 

established a commission, headed by Academy jfrles o l  Peter Gorin) 

of Sciences President Keldysh, to specifically 
look into the matter and make a formal recommendation on the propellant issue. The cornmis- 
sion meetlngs started out as acrimoniously as one would expect. Perhaps sensing that Keldysh 
would side with Korolev. Glushko, for the first tlme, openly quarreled with Keldysh. Clushko 
had reason to be defensive: by January 1962, after a visit to the Kuznetsov engine des~gn bureau 
in Kuybyshev, it was becoming clear that the commission was indeed favoring Korolev. 

The matter was finally taken to the "ministry" level with a series of intensive meetings 
between February 10 and 21. 1962. at the premises of the State Committee for Defense 
Technology in the Kremlin. Pres~ding was the State Committee Cha~rman Smirnov. who hav~ng 
been appointed to the position only nine months earlier was having to face a battle of gargan- 
tuan proportions. Apart from purely technical issues, i t  was clear that both Korolev and 
Glushko needed each other to move ahead on the N series boosters. If anything. Korolev need- 
ed Clushko far more than the reverse. It would be a significant rlsk for Korolev to build the cen- 
terpiece of the future Soviet space program without the help of the most successful englne 
builder in the Soviet Union. On the other hand, Glushko could possibly do without Korolev's 
N I ;  he had, after all, sided with Chelomey on his new UR-500 booster. and glven Chelomey's 
continuing rise to power, he could continue to ride on his coattails. The meetings at Smirnov's 
proved to be the breaking point for the conflict. On one particular occasion, the discussions 
degenerated into a shouting match of insults and personal attacks between the two. Korolev 
was ~nsistent that storable propellants were far too toxic and explosive When Korolev began 
talk~ng about "powder kegs." Glushko shot back. "Oh, I understand, you'd ideally like a steam 
enginel . . . So you want to fly In space but rernaln Mr. Clean?!".' Glushko began to invoke 
"state interests1'-that is, the m~litary's preference for storables-but Korolev would not hear 
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it. Yelling by this time. Korolev cut him off: "Listen, if you don't want to, then don't do it! We'll 
get by without you!"" Dead silence followed as even Smirnov refrained from saying anything. 
The deputies of both Korolev and Glushko quietly left the room, letting the two old men deal 
with each other's demons. 

The Propellant Commission, after these meetings, recommended the following pairs of pro- 
pellant for the N boosters, in order of their preference: LOX-kerosene. LOX-UDMH. and nitric 
ac~d-UDMH. For obvious reasons. Glushko was not happy with the decision, and as the intran- 
sigence of both designers came to the fore. " a  number of high-ranking officials" found them- 
selves trying to mediate the discord." Buoyed by the commission's decision and unwilling to 
compromise wlth Glushko, Korolev immediately began resorting to his contingency plans- 
that is, put his lot with the inexperienced Kuznetsov design bureau. Of the four engine design- 
ers contracted in the initial technical assignment, only Kuznetsov and Glushko had agreed to 
design the first- and second-stage engines. With Glushko out, there was simply no other 
choice. Despite the commission's decision, the future of his boosters was not guaranteed. 
Korolev had a number of major opponents in powerful positions to overcome before the 
N booster project was allowed to continue. His new R-9 ICBM had been performing poorly 
since test flights began in April 196 1 : this had deleterious effect on OKB- I 's relationship with 
important individuals in both the Communist Party and the military. The ascendance of Frol R. 
Kozlov as the Party leader of the space program was also a big stumbling block to Korolev's 
plans; Kozlov had consistently sided against Korolev at important junctures and may have been 
responsible for the May 1961 decree favoring Chelomey. Given that Kozlov was the most 
important decision-maker in the Soviet space program, the N program's fate depended to a 
great extent on Kozlov's assessment of the situation. 

In early 1962, immediately after the commission's recommendations, there was a major 
design change in the conception of the N I and N2 boosters. Korolev's engineers scrapped the 
original N I proposal (forty to fifty tons to low-Earth orbit) and renamed the more powerful N2 
proposal (fifty to eighty tons to low-Earth orbit) the "new" N I launch vehicle. The nominal 
payload capability was set at seventy-five tons, sufficient to allow the accomplishment of a vari- 
ety of long-term goals, including military missions and a piloted mission to Mars (the latter 
being one of the more favored future plans a t  OKB- I at the time).'Vt was clear to Korolev that 
a direct jump from the modest Vostok booster (about SIX tons) directly to the N I (seventy-five 
tons) would be a tremendous leap and a significant risk. Before receiving further funding and 
support to continue the project, he would not only have to justify the effort in terms of the 
needs of the defense industry, but he would also have to provide some kind of guarantees to 
the various reviewing scientific-technical councils that a leap from six tons to seventy-five tons 
would be feasible given the current state of Soviet rocket technology. Any argument in support 
of Korolev's position would no doubt also suffer from the fact that Glushko was no longer a 
willing participant in the endeavor. 

To ease the jump in payload capabilities, Korolev hatched a brilliant strategy. In 196 1 ,  when 
discussions on orbital weapons systems had first been discussed at high-level government 
meetings, OKB- I had also begun studying a similar project. Designated the Global M~ssile No. 
I (GR-I), the rocket would launch a 2.2-megaton warhead into a 150-kilometer orbit around 
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Earth. In case of hostilities, the warhead container would deorbit, reenter, and hit the "des~g- 
nated target."" In one sense, Korolev's GR-I proposal was meant to appease an increasingly 
restless military, who were disappointed with the erratic performance of the trouble-prone R-9. 
On the other hand. the missile would also serve as a perfect test bed for N 1 engine technolo- 
gy. The engine for the first stage of the GR- I, the NK-9, was the same one used for the aban- 
doned R-9M ICBM. The GR- 1's second stage would simply use a variant of the NK-9, named 
the NK-9V, whose only difference was that it was modified for altitude use. Both these engines 
were prototypes for engines for the first three stages of the giant N I. Finally, the third stage of 
GR-I would be equipped with the 8D726 engine, yet another prototype for an upper stage 
engine for the N I.'"ll the stages would use Korolev's favored LOX-kerosene combinat~on. As 
a proposal, it was perfect in all respects. The GR- I would fly dozens of test missions proving 
out important aspects of N I architecture: by the time that the N I would come on line In the 
mid- 1960s. all of its primary propulsion components would be tested and ready. The only hur- 
dle was the approval to undertake both projects." 

in early February 1962. Korolev received an invitation from Khrushchev to attend a meet- 
ing of the top-secret Council of Defense at the holiday resort of Pitsunda. The entire high com- 
mand of the Soviet defense industry, Communist Party, armed forces, and design bureaus were 
to attend." It would not be an overstatement to suggest that it was perhaps the single most 
important pollcy meeting in the early Soviet space program, as the three main space design- 
ers-Korolev. Chelomey, and Yangel-vied for a slice of the cosmos. To Korolev. ~t was clear 
that this would perhaps be his last opportunity to save the N I project. An endorsement from 
Khrushchev himself would remove a number of problematic obstacles, In particular the less- 
than-enthusiastic Kozlov. Each of the three designers arrived at Pitsunda in late February armed 
wlth beautifully illustrated posters of their respective proposals and projects, intent on coercing 
the minds of the most powerful in the Soviet state. The first day of the meeting. February 22. 
was dedicated to briefings by several naval commanders, ending with a presentation by 
Chelomey His performance was flawless. By the end, he had earned the green light to proceed 
with a new version of the UR-200 ICBM, as well as a completely new all-purpose ICBMIspace 
launch vehiclelorbital bombardment system, the famous UR-500. Because of time limitations. 
Korolev's speech was delayed to the skcond day 
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L O O K I N G  T O  T H E  F U T U R E  

In contrast to the smooth and sophisticated Chelomey. Korolev spoke in concise, choppy 
phrases. He showed his posters of the N I to the assemblage, briefly reviewing the work done 
since the June 1960 decree. Emphasizing the delays and problems with funding. he casually 
brought up the need to raise the payload capabil~ty of the vehicle from its current forty tons to 
seventy-five tons. Calculations had showed that forty tons would be simply insufficient for mis- 
sions to the Moon and the other planets. Two variants were conceptualized at that point: one 
with twenty-four 150-ton-thrust engines and one with a smaller number of 600-ton engines. 
All the engines would use LOX and kerosene, with the upper stages using LH,. Korolev appar- 
ently startled Khrushchev by saying that all these engines would be designed not by Glushko 
but by a new entrant to the space program. Kuznetsov. When asked why Glushko was not par- 
ticipating. Korolev was forthright, saying Glushko had refused to work on the engines and that 
he was also burdened by orders from Yangel and Chelomey. Amazingly, Glushko and Korolev 
began to argue vociferously in front of the distinguished assemblage, threatening to derail any 
notion of rationality. Khrushchev, silent all this time, cut them off, and instructed Ustinov to 
carefully assess Korolev's modified proposals and prepare recommendations." Korolev's pro- 
posal on the GR-I was brushed away, mainly at the behest of Central Committee Secretary 
Kozlov, who had been opposed to the idea all along. The continuing problems with Korolev's 
R-9 ICBM had put a wedge in the relationship between his design bureau and the Central 
Committee. 

Yangel spoke after Korolev and put a new twist on the entire situation. Yangel had always 
been somewhat of an "odd man out" in the Soviet space program. Although he had made 
quick progress in converting his old medium-range ballistic missiles, such as the R- 12 and the 
R- 14, into space launch vehicles, he had not expressed any explicit interest in the piloted space 
program. His primary domain was the development of Soviet ICBMs, and he seemed relatively 
content to limit his activities in the space arena to modest automated satellites for military pur- 
poses. Unlike Korolev's flashy Zenit reconnaissance satell~tes, Yangel's smaller spacecraft were 
for research on Earth's ionosphere, meteoroid concentration in Earth orbit, cosmic rays, and 
Earth's magnetic field-areas that had indirect application to military goals." At the meeting in 
Pitsunda. Yangel proposed a massive new ICBM (the R-36). yet another orbital bombardment 
system (the R-36-0). and a heavy-lift space launch vehicle (the R-56). The latter would have a 
launch mass of 1.400 tons and a lifting capability of forty tons to a 200-kilometer orbit, speci- 
fications remarkably similar to Korolev's original N I plan." Dazzled by the performance of 
Yangel's design bureau In the rapid development of new high-performance military systems, the 
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Soviet leadership, especially those in the Communist Party, were very receptive to the new pro- 
posals. All three of them were approved for further development. 

If Korolev had gone into the meeting with some hope of salvaging his beloved N I, those 
hopes must have sank to heretofore unseen depths with the issuance of a formal decree of the 
Central Committee of the Communist Party and the USSR Council of Ministers on April 16. 
1962, titled "On Important Work on Intercontinental Ballistic and Global Missiles and Rocket- 
Carriers for Space Objects." The decree specified that all work on the N I in 1962 should be 
limited to work on the draft plan with "necessary economic substantiation of the cost of its 
creation."" The slowdown in the project was clearly related to the conflict between Glushko 
and Korolev The decree specified that each of the different versions proposed-that is, the one 
with Glushko's engines versus the one with Kuznetsov's engines-be appraised in financial 
terms to come to a decision. While Korolev's lot was sinking, both Yangel and Chelomey 
gained significantly. The decree approved all three of Yangel's proposals, thus posit~ng the lat- 
ter's R-56 as a direct competitor to the N I, threatening to completely sink the entire N I pro- 
ject." A second decree in late April granted Chelomey the approval to move ahead with his 

I 
P~tsunda proposals. With two parallel orbital bombardment systems, Yangel's R-36-0 and 
Chelomey's UR-500, there was l~tt le need for a third one from Korolev. The OKB- I chief design- 
er had effectively left Pitsunda empty-handed. i 

The Keldysh Commission t 
S~nce the issuance of the June 1960 decree on approving prelim~nary work on N series 

boosters. OKB- I had been engaged in intensive study oriented to selecting a single design con- 
figuration for the vehicle. During the period 1960-62, a department at the design bureau stud- 
ied at least sixty different verslons of the booster, from multiple-component configurat~ons to 
monocoque designs, in both tandem and parallel configurations. Feasibility studies and analy- 
ses of each variant's advantages and disadvantages were considered during this phase. Early 
research had already resulted in the rejection of the parallel or strap-on configuration used on the 
R-7. Although there were advantages of that design in terms of manufacturing processes, trans- 
port, and assembly, the less than optimal mass characteristics as well as the existence of far too 
many pneumatic, hydraulic, and electrical connections would negate any of the favorable fac- 
tors. The configuration eventually selected was a three-stage tandem or successive-staged 
scheme w ~ t h  a seml-monocoque design. In a full monocoque design, the mainframe of the rock- 
et also served as the propellant tanks, thus allowing a number of significant mass savings. 

Perhaps the most unusual design characteristic of the chosen N I design was the use of 
giant spherical propellant tanks. These would be suspended within the main load-bearing outer 
frame of the rocket, held in place by the forces on them. Engineers theorized that at liftoff, air 
from the surrounding atmosphere would be ejected by the exhaust streams of the rocket 
engines into the internal space beneath the lower spherical tank. These exhaust gases would, 
in theory. form a huge jet engine, which would include the entire lower part of the first stage. 
Even without the standard expectation of "afterburning" of the rocket engine exhaust, the engi- 
neers believed that this phenomenon would provide a significant augmentation of rated thrust. 
The connections between the first and second as well as the second and third stages would be 
made up of huge networks of lattice structures, allowing gases to exit at the moment of "hot 
launch" of the next stage. In the interest of simplicity, the engineers completely dispensed w ~ t h  
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the idea of using gimbaled rocket engines on the rocket for yaw and pitch, and instead they 
opted to incorporate a system whereby opposing rocket engines on the stages would develop 
mismatched thrusts. Roll maneuvers would be carried out by small thrusters fed by gases divert- 
ed from the turbopump assemblies. 

In formulating a comprehensive economical and technical analysis of the final version, the 
engineers also addressed the issues of construction, transportation, and assembly of the rock- 
et. One of the major obstacles encountered was moving the vehicle from the manufacturing 
plant to the launch site at Tyura-Tam. Because the individual stages were expected to be huge, 
rail transportation was out of the question. Prel~m~nary options included designing the outer 
shell of the vehicle in such a way that it could be disassembled: similarly, the propellant tanks 
would be made of petal-shaped strips that would be assembled at Tyura-Tam. Clearly. there was 
a paramount need for a massive new assembly building at the launch site specifically built for 
the N I program-an associated cost that was factored into the preliminary pro~ections.~' 

Of the elements of the N I studied during this stage, perhaps the most important were the 
determination of the number of engines required for the first stage of the giant launch vehicle and 
their thrust. After extensive analysis of the possible options, OKB- I settled on using a large num- 
ber of medium-thrust engines instead of a small number of high-thrust engines, as NASA would 
do in the case of the Saturn V. OKB- 1's reasoning was justified by four factors: 

The development and manufacture of engines with thrust levels of 150 tons could be car- 
ried out with the current existing technical base without extensive remodeling or con- 
struction as would be required for larger engines of 600 to 900 tons thrust. 
Engines with thrusts of 150 tons used on the first stage could also be used on the second 
stage without significant modification, thus saving an entire level of development as would 
be required for more powerful engines. 
Because the reliab~lity and capacities of the engines would depend on the quantity of 
ground tests. greater reliability could be achieved with an equal expenditure for engines of 
smaller thrust over engines of larger thrust. 
With the use of a large number of engines, a failure of one or two engines would not pose 
a catastrophic risk to a mission, because the remaining engines could compensate for the 
failures." 

To address the last point, the engineers conceptualized a system known as the Engine 
Operation Control (KORD) system, which would have the capability to quickly switch off mal- 
functioning engines as well as units diametrically opposite to the suspect engine. In practice. 
this system turned out to be much more difficult to operate than was anticipated at the tlme. 

Korolev's engineers addressed the propellant issue in the final stages of the preliminary 
analysis. Perhaps to give this process a note of impartiality, this analysis was carried out not 
only at OKB-I, but also at other research institutions, such as Nll-4. It seems that cost- 
beneflt and technical analyses were conducted of two complete variants of the N I :  one with 
Korolev's favored LOX-kerosene combination and one with Glushko's N,O,-UDMH combina- 
tion. The analyses clearly proved that the latter was far inferior to the former in terms of oper- 
ational characterist~cs. The storable propellant variant would decrease the potential payload 
mass (while keeping the launch mass constant), lower specific impulse, increase propellant 
mass (because of higher elasticity of the components). and significantly increase the costs 
associated with the development of a large industrial base for storable components." All the 
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Thrs famous picture IS of the so called "Three K s "  of the Souret mrlitary rndustrral complex from far left are 
Sergey Koroleu from the mrssrle program lgor Kurchatou from the atomic bomb program and Mstislau Keldysh 
from the Academy of Sciences On the extreme rrght 1s Koroleus First Deputy Vasrlly Mrshin The photograph 
dates from luly 1959 when Koroleu Keldysh and Mrshrn visited Kurchatous rnstrtute (frles of Peter Gorrn) 

engines on the cryogenic variant were designed to be of the closed cycle type, allowing higher 
combustion pressure and better performance. Engineers chose such a scheme no doubt because 
both OKB- I and Kuznetsov's OKB-276 had experience with closed cycle units. in contrast, all 
of Glushko's aborted efforts at designing cryogenic engines in the 1950s and early 1960s had 
been of the open cycle type, better known in the West as "gas generator cycle" engines. 

The research and development effort leading to the preparation of the N I draft plan was not only 
carried out at OKB-I. At Korolev's ins~stence, a large number of other design bureaus and scientific- 
research inst~tutes were involved in the process "for reducing the number of critics we would run up 
against in subsequent work. That way, the component manufacturers would know that their ideas 
had been taken into consideration from the very beginning of the design process."" At OKB- I itself, 
the complete effort was directly overseen by Korolev and his immediate deputy, Vasiliy P. Mishin, both 
perhaps seelng the future of their design bureau ~n the project. For someone who was primarily a man- 
ager rather than an engineer at this point in his life, Korolev's personal contribution to the design of 
the N I was remarkably significant. For example, a set of notes to a deputy chief designer authored by 
Korolev on February 5,  1962, detailed recommendations and comments on a variety of issues, includ- 
ing launch mass, engines, payloads, manufacturing, assembly, welding of parts, propellants, storage 
facilities. and ground testing. In addition, he had detailed suggestions for how draw~ngs of various 
N I systems should be prepared, as well as standard managerial assignments on the pr~ject.~' 
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L O O K I N G  T O  T H E  F U T U R E  

The forty-five-year-old Mishin, officially OKB- 1's First Deputy Chief Designer for Planning- 
Design Work, was one of the most aggressive individuals in the design bureau's "high com- 
mand." An outspoken and assertive engineer, he had served as Korolev's right-hand man since 
the establishment of OKB- I as an entity in 1946. His particular engineering specialties were bal- 
listics, dynamics, aero-gas dynamics, and stress, but he oversaw almost every single program 
at the design bureau. By his own account, he was "groomed" by Korolev to be his successor. 
In fact, at every point in the history of the design bureau. Mishin was promoted or given awards 
together with Korolev. In 1961, after Gagarin's flight. Korolev had nominated Mishin for an 
unprecedented second Hero of Socialist Labor award, reserved only for chief designers: the pro- 
posal was ultimately rejected "at the highest level." and instead Mishln was conferred the less 
prestigious Order of Lenin." 

Mishin's own relationship with Korolev was dictated to a great extent by the idiosyncrasies of 
both personalities. Mlshin later recalled. "It should not be thought that just because I was Korolev's 
first deputy, this meant that I was both a very close friend and counselor. . . we would not speak 
for weeks because of some disagreement."" Both apparently agreed that they "would only sort out 
[their] differences in private with no witnesses in attendance."" While he was certainly one of the 
most creative engineers at the design bureau, he was endowed with less than stellar diplomatic tal- 
ents, putting him into confrontations on many occasions with various people. More passionate 
about the use of LOX on missiles and rockets than even Korolev. Mishin had continuously and vig- 
orously argued the oxidizer's use on the R-9 and the N I at every step of the way. Mishin's rela- 
tionship with Glushko was even worse than Korolev's, perhaps resulting from an incident in 1960 
when Glushko had insulted Mishin to his face in front of a group of leading designers amid a d~s- 
cussion on the merits of closed cycle versus open cycle LOX engines." If Korolev had any ~nclina- 
tion to compromise wlth Glushko on the propellant Issue, he was most likely swayed by Mishin, 
who was adamantly against capitulating to the powerful engine designer. 

Apart from Korolev and Mishin, the importance of the N I project in the framework of 
OKB- 1's long-range plans was demonstrated by the inclusion of no less than eight other deputy 
chief designers at the design bureau. They were to oversee vartous aspects of the destgn work: 
Konstantin D. Bushuyev and Sergey 5. Kryukov (planning and computational-theoretical work), 
Sergey 0 .  Okhapkin (design and strength). Boris Ye. Chertok (guidance systems). Mikhail V. 
Melnikov (rocket engines). Leonid A. Voskresenskiy and later Yakov I. Tregub (testing systems). 
Anatoliy P. Abramov (ground complexes), and the famous Mikhall K. Tikhonravov (general the- 
mattc research, continuing his pioneering work in the evolution of the Soviet space program)." 

Korolev signed the initial fifteen-volume draft plan for the N I on May 16, 1962,'Vhe draft 
plan for the related GR-I missile had already been completed and signed a month earher. The 
N I draft plan, as prepared at the time, included a detailed step-by-step plan for the program, 
encompassing different variants of the basic N I vehicle. In its basic configuration, the vehicle 
would be a three-stage (each known as Blok A. Blok B, and Blok V) rocket augmented by two 
upper stages (Blok C and Blok D). Perhaps responding to criticism on moving from the mod- 
est Vostok launcher to the giant N I, the May 1962 draft plan included proposals for three pro- 
gressively powerful launch vehicles-the N I. N I I, and N I I I -all sharing common elements. 
A fourth rocket, the GR- I, would test the remaining components of the N I 
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The N I I would use the second, third, and fourth stages of the N I ,  omitting the giant first 
stage. The N I I I would use only the third and fourth stages of the base N I and a third stage 
transferred from the second stage of the R-9A ICBM. There were two s~gnificant advantages to 
this plan. First, it would make the design and flight testing of the basic N I booster much more 
efficient by testing vital stages and instrumentation on smaller sized test articles. Second, it 
would introduce three new classes of launchers for satisfying very different mission require- 
ments. The GR-I orbital bombardment system would be almost the same as the proposed 
N I  I I :  the only difference would be the use of the N l ' s  critical fifth stage (Blok D) as the 
GR- 1's third stage. This particular stage, designed for use in vacuum conditions, was required 
to carry out multiple firings on the same mission: vigorous testing on the GR- I would qualify 
the engine for nominal operation on the base N I .  In effect, with such a progressive booster 
program, by the time the N I flew its first mission, all the stages, save the f~rst stage, would 
have already been tested and qualif~ed in flight conditions. The payload capabilities and launch 
masses of the three N series boosters would be: 

Payload Capability 
Booster Variant Stage Designations Launch Mass to Earth Orbit 

N I (or " I I A52") Blok A (Stage I ) 2.160 tons 75 tons 
Blok B (Stage 2) 
Blok V (Stage 3) 
Blok G (Stage 4) 
Blok D (Stage 5) 

N I I ( "  I IA53") Blok B (Stage I ) 700 tons 
Blok V (Stage 2) 
Blok C (Stage 3) 

N I  I I  ( " I  IA54") Blok V (Stage I ) 200 tons 
Blok G (Stage 2 )  
R-9A Blok B (Stage 3) 

20 tons 

5 tonsY' 

The proposed requested amount for the manufacture of the first ten rockets of the series was 
457 million rubles.oh 

A special "expert commiss~on" affiliated to the USSR Academy of Science examined the 
complete project materials on the N I project, spanning twenty-nine volumes and eight appen- 
dices, during an intensive series of meetings held between July 2 and 16, 1962. Members of the 
commission Included the leading chief designers, industrial representatives, military officers, 
scientists, and Party apparatchiks involved ~n the Soviet space program. Academician Mstislav 
V. Keldysh, the President of the Academy of Sciences, served as chairman. As one would 
expect, the primary issue of contention was the selection of propellants-a conflict that threat- 
ened to brlng the project to a complete standstill. Both Glushko and Korolev were allowed to 
make cases for their respective variants-the former with the N,O,-UDMH combination and 
the latter with the LOX-kerosene combination. Clushko supported his position with several 
argumentative points. He believed that: 
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The creation of very powerful LOX-based engines would be the source of paramount prob- 
lems because of such factors as intermittent combustion and the need to protect the com- 
bustion chamber and nozzle walls from overheating. His des~gn bureau had faced these 
problems in the development of several single-chamber LOX-kerosene engines (in particu- 
lar the RD- I I 0  and RD- I I I ) during the 1950s and 1960s. 
The creation of very powerful LOX-based engines would be plagued by high-frequency 
oscillations, which had served as significant obstacles in the development of the RD- 1 10 
and RD-I I I .  
The use of storable propellants, which produce steady combustion in the engine chamber 
at temperatures 280 to 580 degrees Centigrade lower than those with LOX, would allow 
for a quicker development phase. 
The use of hypergolic or self-igniting propellants would allow for a simpler engine design. 
The development of storable propellant engines for the N I would not necessitate signifi- 
cant additional resources on h ~ s  part-that is. take less time and money-because h ~ s  
design bureau was already developing similar englnes for Chelomey's boosters (in particu- 
lar the RD-253). 

Korolev countered each point based on the analysis conducted at his design bureau as well 
in other organizations. His belief was that: 

Glushko's concerns about the problems associated with the development of the LOX- 
kerosene engine were invalidated to a great degree because OKB- I was advocating the use 
of a closed cycle scheme for the design of the engines-a design that circumvented most, 
if not all. of the problems enumerated by Glushko. OKB- I and OKB-276 already had sig- 
nificant experience in the design of closed cycle rocket engines (with the 51.5400 and 
NK-9 engines). In his report. Korolev stressed that: 

Al l  arguments about the difficulty of deueloping oxygen-kerosene engines were based 
only on the experience of the OKB of Glushko of developing [liquid-propellant rocket 
engines] with an open scheme, in which the oxidizer (oxygen or nitrogen tetroxidej is 
delivered to the chamber in a liquid and cold state. It should be emphasized that the dif- 
ficulties to which the OKB of Glushko refer to have nothing to do with the engines hau- 
Ing been adopted for the NI  with a "closed" scheme, in which the oxidizing agent 
(oxygen) is deliuered to the chamber in a hot and gaseous state. . . .q '  

The use of storable propellants would significantly decrease the specific impulse of the 
engines, thus lowering payload mass. 
The use of storable propellants would significantly Increase the mass of the propellant 
tanks. 
The use of cryogenic propellants would be significantly less expensive than storable pro- 
pellants. In the case of the one-time capital expense for the development of the engines. 
the former would be two times less expensive: in the case of the components themselves. 
the cost of the former would be seven times less expensive. 
The use of storable propellants would dramatically increase the danger in working with the 
rocket not only because of the high toxicity of the propellants, but also because of their 
hypergolic characteristics. On this point. Korolev cautioned: 
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These components are self-igniting and toxic, which increases the potential of pressur- 
izing the components. Especially great is the danger to the seruice personnel at times of 
abnormal functioning of the aggregates and the 

The arguments went back and forth for days without much compromise, sometimes frac- 
turing the modicum of unity among the other chief designers. Eventually, the commission 
arrived at a consensus: it voted to recommend Korolev's LOX-kerosene variant, adding In its 
official report that the N I draft plan fulfilled "high scientific-technical standards" that had been 
originally demanded in the initial proposals." Glushko was aghast. Despite the decision, he 
insisted on a total revision of the N I plan, allowing for the use of N,O,-UDMH: he simply 
refused to make the LOX engines necessary for the project. Several other prominent chlef 
designers, including Barmin and Ryazanskly as well as Strategic Missile Forces Lt. General 
Mrykin, apparently made great efforts to mediate the issue by having Clushko participate in the 
project, but the two designers refused to work together. By default, the job to develop the N I 
engines ended up in the lap of Nikolay D. Kuznetsov of Kuybyshev. 

The July 1962 decision by the Keldysh Commission effectively fractured the space program 
into the Korolev and Glushko camps. destroying any semblance of unity that may have existed 
during the Sputnik days. Although the break between the two was over purely technical issues, 
the repercussions were far-reaching. the two giants of the Sov~et space program would not live 
to cooperate on another project. ~orolev had turned his back on the most powerful and suc- 
cessful rocket engine designer in the country, resorting to someone who had almost no exper;- 
ence in the field, while Clushko lost his role in what was to be the most expansive and greatest 
project in the history of the Soviet space program. In a sense, it was the end of the beginning 
of the dramatic road from Sputnik. Western observers did not even suspect the break between 
the two unt~ l  more than a quarter of a century later during the glasnost era. Over that twenty- 
five-year period, there was only one single hint of the discord, and it came from the pen of Nikita 
Khrushchev himself. In h ~ s  smuggled-out memoirs, published in 1974, he had written: 

The principal designer of the [R-71 booster was Koroleu's friend and collaborator. whose 
name I forget. The best booster rocket in the world won't make a broomstick fly. 50 while 
Koroleu designed the rocket, his colleague designed the engine. They made an excellent 
team Unfortunately. they split up later. I was very upset and did everything to patch up 
their friendship, but all my efforts were in vain.*' 

The troubled N I was conceived during an unexpected window of opportunity in 1960. Its 
path to birth was marred not only by the Korolev-Glushko battle, but also marked indifference 
from the Sovlet leadership. At the Pitsunda meeting in February 1962. Khrushchev had been 
remarkably ambivalent about the N I ,  instead forcing through a number of alternative propos- 
als from Yangel and Chelomey. There had been some cursory orders to continue "paper 
studies." which eventually resulted in the Keldysh Commission's positive appraisal of the effort 
in July. Despite the acrimony over the propellant issue, the commission's recommendations 
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clearly pushed the project into overdrive; within two months, the Soviet leadership was finally 
ready to glve the go-ahead. On September 24. 1962, the USSR Council of Ministers and the 
Central Committee of the Communist Party issued a joint decree (no. 1021-436). which 
approved full-scale work on the development of the N I booster, its component N I I and N I I I 
launch vehicles, and the CR- I orbital bombardment system. Beg~nning with the bold challenge 
to achieve "the goal of ensuring the leading position of the Soviet Union in the exploration of 
space." the decree called for work on the creation of the 2,200-ton booster with a lifting capa- 
bility of seventy-five tons to low-Earth orbit.'" In versions with upper stages using LH,, the 
booster would have lifting capacity of about ninety to 100 tons. The September 1962 decree 
enumerated a fairly ambitious program leading to the first launch of the N I in 1965.'M Although 
it would be the most powerful space launch vehicle ever built in the Soviet Union. it would still 
fall short of the baseline capability of the early version of the equally giant Saturn C-5, which 
was formally approved by NASA Headquarters on January 25, 1962.'05 

Literally hundreds of organizations were invited to participate in the N I program, notable 
only by the absence of Clushko's OKB-456. Korolev's OKB- I would serve as the primary con- 
tractor responsible for overall design. Its affiliate Branch No. 3, located at Kuybyshev and head- 
ed by Deputy Chief Designer Dmitriy I. Kozlov, was assigned to oversee manufacture and 
production at its adjacent Progress Plant. As in the postwar days of building modified A-4 mis- 
siles, the inertial guidance and radio control systems would be developed by Nll-885 under 
Chief Designers Pilyugin and Ryazanskiy, respectively. GSKB SpetsMash under Chief Designer 
Barmin would design and build a new large launch complex at Tyura-Tam specifically for N I 
operations. The development of the main rocket engines of the base N I variant were, of course. 
tasked to OKB-276 at Kuybyshev. Other major subcontractors included Nll-4 (for ground 
telemetry complexes); OKB- 12 (for propellant loading systems); Nll-88, the Central 
Aerohydrodynamics Institute, and NII- l (for aerodynamics research); the B. Ye. Paton Institute 
of Welding and NITI-40 (for manufacturing processes): and Nll-229 at Zagorsk (for ground 
testing of all components)." 

The Keldysh Commission and the subsequent governmental decree also addressed the 
problematic issue of transportation and assembly of the N I .  Because the entire rocket would 
not be transportable in one piece, the commission recommended further research on means to 
transport the rocket via air, sea, or land. OKB- 1's initial proposal was to manufacture the com- 
ponents of the rocket at the Progress Plant at Kuybyshev, assemble and test the entire rocket at 
the same location. disassemble the vehicle, and then transport the parts to Tyura-Tam. At the 
launch site, the parts would then be assembled and tested once again, which would be carried 
out horizontally in a massive assembly building near the pad area. There was apparently much 
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resistance to this idea because it involved the design and construct~on of a masslve new build- 
ing at Tyura-Tam dedicated exclusively for the N I. Studies in 1962-63 explored several alterna- 
tives, which included using a single dirigible with a lifting capacity of 250 tons or using two 
Katamaran-type connected dirigibles. Land transportation in the form of a major highway was 
also considered but dismissed by the Ministry of Defense because of the costs involved in 
building a 1.300-kilometer road from Kuybyshev and Tyura-Tam. Eventually, by mid-1 963, the 
military conceded their position and agreed on the original OKB-I proposal to transport the 
rocket part by part to the launch site and assemble it in a giant building. The giant spherical 
propellant tanks themselves would be manufactured in the form of flower petals, which could 
be assembled and disassembled as needed. O 7  

When the N I rocket was originally conceived in 1960. the issue of suitable payloads for 
the booster was left sufficiently vague so as to include a variety of m~ssions. In fact, unlike 
NASA's Saturn C-5 launch vehicle, the N I was never proposed as a rocket for a dedicated sin- 
gle mission such as a lunar landrng project. Conceptualized as "a universal launch vehicle," the 
series of decrees in 1960-62 was remarkably ambiguous as to its ultimate use, merely alluding 
to unspecified mil~tary, scientific, and interplanetary missions of the future Soviet space pro- 
gram. Korolev, clearly cognizant that the Ministry of Defense would be the primary funding 
conduit for the project, continually targeted the rocket for use on vague military projects. It was 
a "Trojan horse" strategy that had worked well for the R-7 ICBM, and like the R-7 effort, he del- 
icately phrased his requests so as not to alarm military officials into believing that funding the 
N I would siphon off resources from the huge strategic arms buildup in the 1960s. This trade- 
off between the scientific and military needs of the country, while symptomatic of the nuances 
of civilian-military relations in many other countries, was accentuated in the Soviet Union to a 
great extent by the inherent outgrowth of the space program from the ballistic missile effort. 

The or~ginal June 1960 decree had tasked the Ministry of Defense, in cooperation with the 
defense industry, to formulate a set of missions for the use of new spacecraft for exclusively 
military purposes. But space as a component of strategic military policy had clearly not emerged 
at such an early period: space simply did not "f i t  into then-existing notions of defense" in the 
Soviet Union. The Ministry of Defense tactical-technical requirement document for the N I had 
not been issued by 196 1 .  prompting Korolev to action. In a letter dated January 15. 196 1 ,  to 
Commander-in-Chief of the Strategic Missile Forces Marshal Moskalenko, Korolev reminded 
Moskalenko that no such document had been received by OKB- I. In a second letter slgned the 
same day, he addressed then-Chairman of the State Committee of Defense Technology 
Konstantin N. Rudnev: 

The In-depth study of the project plan and the discussions that were carried out with the 
leading chief designer-workers and a number of specialists and scholars leads to the con- 
clusion that all the enumerated space objects have military importance. [There are a num- 
ber of ways] to reach new standards in the sphere of rocket technology . . . necessary for 
the successful solution of the problems the defense industry faces nowadays. . . The cre- 
ation of the heavy carrier N I occupies a special place among these.'on 

Korolev added that the heavy booster could play important roles in the orbiting of heavy 
space stat~ons, which could provide ideal conditions for conducting space-based 
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reconnaissance, carrying out early warning missions for detecting launches of foreign strategic 
missiles and nuclear explosions, and determining levels of solar radiation. The military 
remained unusually uninterested in the N I through 1962. perhaps dazzled by concurrent pro- 
posals of Chelomey and Yangel, such as the UR-500 and the R-56. Perhaps the military slmply 
believed that the more modest payload capabilities of these latter two boosters would be suffl- 
cient to meet any possible demands of the Ministry of Defense. 

The july 1962 decision in favor of the N I by the Academy of Sciences did not help either. 
According to Korolev's First Deputy Mish~n, the "decision of the Academy of Sciences was sup- 
posed to define the objectives and produce a proposal for the development of space vehlcles to 
be inserted into space by [the N I ] . ""  The academy refrained from doing so, leaving the project 
in somewhat of a lurch. The final governmental decree in September of the same year also did 
not address the quest~on of specific payloads for the booster, merely referring to the catch-all 
"universal launcher" terminology. The dearth of suggestions from either the Ministry of Defense 
or the academy did not prevent a plethora of internal OKB-I studies on possible N I payloads. 
Much of these in the early 1960s were clearly focused on rnllitary applications and remain clas- 
sified amid the still-secret archives of the deslgn bureau. It is known, however. that thematical- 
ly speaking, these military spacecraft were geared toward exotic goals, such as anti-satellite and 
anti-ballistic missile defense, something of a precursor to the U.S. "Star Wars" program of twen- 
ty years later. According to one of the "fathers" of the N I. OKB- I Deputy Ch~ef Designer 
Kryukov, the N I was to launch into orbit multiple spacecraft as well as giant spacecraft "for 
accomplishing inspection, control and . . . means of destruction." ' While the details still remain 
obscure. i t  is clear that none of these studies of a military "Orbital Belt" were considered any- 
thing more than proposals: they remained consigned to paper, proposed only to ensure the sur- 
vlval of the N I project as an insurance policy to the primary financiers of the program. 

To Mars 

Beginning with Tsiolkovskiy in the early part of the century. Soviet space scientists had 
consistently targeted the planet Mars as the singular most important objective in plans to 
explore space. Piloted flight to Mars had figured prominently in the famous June 1960 decree 
on the Soviet space program; Korolev's draft of the decree includes mention of an Object KMV 
for sending cosmonauts around Mars and back to Earth again. Proposals for such missions 
remained on the forefront of the Soviet space program's agenda after Sputnik and Vostok, seem- 
ingly unaffected by President Kennedy's 1961 pronouncement on the challenge to reach the 
Moon prior to the end of the decade. To a great extent, it was Korolev's personal interest in 
Mars. perhaps motivated by the dreams of his idealistic youth spent poring over the works of 
Tsiolkovskiy. It had been a long thirty years since the late Fridrikh A. Tsander's "Onward to 
Mars!" exclamatlon. and now Korolev was in a position to make that call for arms a reality. 
Initial exploratory work on this issue began as early as 1959, when a group under Gleb Yu. 
Maksimov at OKB-I began toying with designs for a large interplanetary spaceship capable of 
flight to the other planets. Maksimov, a veteran of Tikhonravov's studies on artificial satellites 
in the early 1950s. was at the same time heading OKB- 1's work on automated lunar and inter- 
planetary stations. It was the research under Maksimov from 1959 to 1960 that may have been 
the primary reason for freezing the N I payload mass at seventy-five tons, which was sufficient 
for a piloted interplanetary spacecraft. 
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The research on an interplanetary spacecraft 
culminated in a proposal for a Heavy 
Interplanetary Ship (TMK), which was aimed at 
"rapid realization of the program with the 
resources at hand."" Maksimov's plan called for 
the N I to launch a seventy-five-ton payload into 
Earth orbit, composed of a transplanetary boost 
stage and a fifteen-ton spacecraft with a three- 
person crew. Because there was still much 
uncertainty concerning the reliability of the N I 
at the time, a second backup option involved the 
launch of an uncrewed TMK and its booster 
stage into Earth orbit by the NI. followed by 
delivery of the crew in a Vostok-type spaceship 
to the TMK. Following systems checkout in 
Earth orbit, the TMK would be sent on a trajec- 
tory toward Mars using a conventional LOX- 
kerosene acceleration stage, conduct a flyby of 
the planet, and then, using MartIan gravitation- 
al pull, fly back to near-Earth space. At that 
point, a detachable return apparatus with the 
crew would separate and land on Soviet territo- 
ry by means of parachute. 

On paper. the cyllndr~cal TMK had a length This is a model of the Heauy interplanetary 5hrp 

of about twenty meters and a maxrmum d~ame- V M K I  proposed ln the early 1960s to carry humans 
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ter of four meters The spacecraft had three main Mars On a rnuitryear long Irip A proposed 
Earth orbifal statlon dating from the same perrod 

compartments One for biological research One aiso used the same deign as this inlerpianetary 
for lnstrumentatron and a pressurized sectron spacecraft Note the docking nodes in the middie 
for the crew Their volumes were seventy twen- of the cylinder /or ursiting spacecraft Several 
ty-frve and twenty-frve cubic meters respective- 'floors are uisrble on the lower half o/ the rnodel 

ly The instrumentation compartment would (copyright Mark Wade) 

contarn a specrally shrelded radration shelter for 
the crew dur~ng peak periods of solar actlvlty as well as a "chlorella reactor" for generating the 
crew's food needs The spacecraft would be rotated around its axis through most of the two- i 

to three year-long mlsslon to generate art~flc~al gravrty Large solar panels would ensure a con 1 
stant power supply during the mlsslon The ~n l t~a l  technical design for thls concept~on of the 
TMK known as the TMK- I. was completed on October 12 196 1 ' 

Maksimov s group, up to then ~nvolved only ~n the design of automated spacecraft was an 
unusual cho~ce to des~gn such a complex spacecraft and thls seems to have rarsed the specter 
of competlt~on wlthln OKB- I The group of des~gners led by Feoktistov who had served as the 
ch~ef architects of the Vostok spacecraft and were afrard of berng left beh~nd by the Maksrmov 
group took it upon themselves to join the fray and began work "in an underground manner" 
w ~ t h  a plan to surprlse Korolev wlth the~r diligence Cur~ously both men reported to 
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Tikhonravov, who as Department No. 9 chief oversaw both the Maksimov and Feoktistov 
groups. On the evening of April 30. 1960, after a presentation by Maksimov on his TMK plans. 
Feoktistov unfurled the results of his own preliminary research. Korolev was apparently ecstat- 
ic that there was such ~nterest in Mars."' Feoktistov got the green light to move ahead on his 
proposal, which in all ways was far more ambitious than Maksimov's plan because it involved 
the landing of humans on the surface of Mars. 

The Feoktistov variant, also called the TMK. would be assembled in orbit vla two N I launch- 
es with seventy-five-ton payloads, making a grand total of 150 tons in Earth orbit. The linked- 
up spacecraft resembled a daisy flower with a compact seven-kilowatt nuclear reactor in the 
center and radiator-emitters serving as petals. The crew cabin was located at one end of the 
cylindrical stem. Primary propulsion would be performed by a set of low-thrust (seven and a half 
kilograms) electrical rocket engines working off a nuclear energy source. These engines were to 
fire slowly over a period of months as the TMK gathered enough speed to boost itself out of 
Earth orbit toward Mars. At the Red Planet, the entire spacecraft would enter orbit, followed by 
separation of the landing vehicle, which would alight on the surface. The landing vehicle itself 
was composed of five "platforms": one for the crew cabin and drilling equipment, one for a glid- 
er for conducting reconnaissance over the Martian surface, two rockets for returning the crew 
back into Martian orbit, and one for nuclear power sources. Over the course of one year, the 
mobile vehicle would move across the Martian surface carrying out scientific research while 
transmitting information back to the orbiting vehicle. A portion of the lander would then take 
off, dock with the orbiter, and then head back to circumterrestrial space with the aid of the same 
electrical rocket engines. The total mission for a ten-person crew would last three years.I4 

OKB- I expended a significant amount of effort on both these projects in the early 1960s. 
diverting resources especially to the development of electrical rocket engines working on 
nuclear energy, as well as the development of closed-loop life support systems. Electric rocket 
engines, which unlike regular liquid-propellant engines allow the working fluid to be accelerat- 
ed to discharge velocities, had been a focus of intenslve research since Glushko's pioneering 
work in the early 1930s. Post-Sputnik research work on such propulsion systems began anew 
at OKB- I in 1958 and were coordinated to a great extent on the plans for the TMK project. The 
design bureau, working hand-in-hand with the Physical-Power Institute at Obninsk, preferred 
using a nuclear power source for the englnes: the research was thus carried out in parallel with 
research on nuclear rocket engines. The preliminary studies conclusively proved that electrical 
rocket engines would significantly increase the performance characteristics of the TMK with 
regard to multiyear-long missions. The June 1960 decree on the Soviet space program approved 
a proposal by OKB- I to commence full-scale work on the electric engines, and by 1962-63, 
many institutes and design bureaus were involved in the project."' 
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1 14 lbrd, Semenov, ed.. Raketno-Kosmicheskaya Korporatslya, p 280. Alanasyev, "Unknown Spacecraft". 

lgor Afanasyev, "Plloted Flight to Mars . A Quarter Century Ago" (Engllsh tltle). Vestnik uozdushn~y [Iota no 7-8 
(1996) 103-05 There were different conceptions of the TMK lander proposal For example. one predraft plan fin- 
 shed ~n May 1966 consisted of a SIX-section TMK spacecraft These ~nciuded (I) an expeditron ship to carry the 
crew dur~ng the mlsslon. (2)  an orbltal complex with living and worklng compartments. (3) a descent apparatus for 
descending to the MartIan surface. (4) a return apparatus for carrying the crew from the surface back to the expedl~ 
tlon ship. (5) a return rocket for sendlng the return apparatus from the surface of Mars either lnto Martian orblt or 
on a trajectory back to Earth, and (6) a planetary station for piloted research on the Marttan surface. At least lour 
different mission proflles were considered for this ambitlous proposal, all uslng the N I. Raushenbakh, ed . S P 
Korolev I ego delo. pp. 633-34. 

1 15 Semenov, ed.. Rakefno-Kosmicheskaya Korporatsiya, p. 409; G V Petrovlch. ed., The Souret Encyclopedia 
ofSpace Flight (Moscow: Mir Publishers. 1969). 120. Among the other instltutlons lnvolved In the research on electrlc 
rocket englnes were NII-I. Nll-88. OKB-670, TsAGI. TslAM. IAE, VNIIEM. MAI, OKB-456. OKB-586. and OKB Zarya 



The research on electrical engines was a serious component of the TMK studies and, as 
one of Korolev's leading ballistics experts, Mikhail S. Florianskiy, recalled, critical in affecting the 
deslgn of the spaceship itself: 

The interplanetary ship was o f  the form resembling a rifle bullet with a hatch "at the 
head." I took part in the computations and showed Sergey Pavlovich [Korolev] that by 
using electric rocket engines of low thrust for movement to Mars, the launch mass to 
orbit could be possibly reduced to 125 tons. Then for approximately two years, the inter- 
planetary ship would fly around Mars with its crew o f  three people. . " 

By April 1963, OKB- I Deputy Ch~ef Designer Bushuyev was ready to present a report to 
the Council of Ch~ef Designers titled "On the TMK for the N I." which summarized all the pos- 
sible options for the interplanetary spaceship. The two most serious options considered at that 
point involved a massive 680-ton spaceship using chemical propellant engines assembled in 
Earth orb~t from ten N I launches and a seventy-five-ton spaceship launched on a single N I 
launch equlpped with electric rocket engines."' 

The question of developing ilfe support systems that could function autonomously for two 
to three years was the subject of serious attention. In 1962, Korolev created a special department 
at OKB- I under llya V. Lavrov to specifically design and develop a closed-cycle life support sys- 
tem designated the Scientific-Experimental Complex (NEK). For obvious reasons, existing life 
support systems based on nonrenewable resources of water, food, and air were not considered 
for the project. Lavrov opted not to use chemical sources for regenerating resources, turning 
instead to biological systems, which could replicate the closed ecological system of Earth on a 
micro level. To simplify the process of early research, only water and oxygen were considered 
essential for recycling. Some of the required water would be produced from moisture breathed 
into the internal atmosphere of the ship and purified by ion-exchange resins. Bodily wastes 
would provide the remaining portion using physio-chemical and biological processes. Oxygen 
would be regenerated from carbon dioxlde exhaled by the cosmonauts by using chiorella-type 
algae, the latter also being used to treat human waste. Food for the multiyear-long trip would be 
stored in freeze-dried form selected on the basis of calorific value and specific mass. Vegetables 
grown in special hydroponic greenhouses would augment the primary food rations, allowing the 
crew to economize in terms of food mass by 20 to 50 percent. Large external solar reflectors. 
instead of Internally generated light, would deliver sunlight to the greenhouses." 

Given the limited resources and funding available. Maksimov's Mars flyby design was con- 
sidered a more realistic proposition than Feoktistov's landlng expedition. Initial plans in the 
early 1960s forecast a circum-Martian flight as early as 1968-70. The landlng project, on the 
other hand. was considered a distant prospect, ready for realization perhaps in the early 1970s. 
Feoktistov himself recalled that although Korolev was well aware that the landing was not a 
realrst~c prospect of the near future, the thought of developing such a spacecraft "excited him 
t e r r ~ b l y . " ' V y  all accounts, he considered these seemingly fantastic proposals more 
engineering problems than unrealistic dreams, continually keeping close watch on the work of 

I 16 Golovanov Koroiev p 768 
1 17 Thls was evidently part of a larger report presented by Bushuyev on April 2 2  1963 to the Sc~ent~f~c 

Technical Counc~l of OKB I which was titled "Proposals on the Development of Space Objects on the Basis of the 
N I Carrier One early conceptlon of a Mars land~ng mlsslon envis~oned the use of twenty to twenty f~ve launches 
allow~ng for the assembly of a huge 1 630 ton spacesh~p In Earth orb~t A nom~nal Mars land~ng mlssion of this 
Martian P~loted Complex (MPK) would take two and a half years After a landing rnlsslon the crew would return to 
Earth in flfteen ton reentry module See Afanasyev 'Piloted Flight to Mars " 

118 Afanasyev 'Unknown Spacecraft" Colovanov Koroleu p 768 
1 19 Golovanov Koroleu p 768 



both Maksimov and Feoktistov. This is underlined to a great extent by a set of priceless notes 
in Korolev's own handwriting, which were declassified nearly twenty years after he had jotted 
them down in September 1962. He goes into detail on a variety of factors in the development 
of the TMK, including artificial gravity, life support systems, biological ~nvestigations, and so 
on. He also mentions a Heavy Orbital Station (TOS), which would have many design com- 
monalties with the TMK. As Korolev wrote, "maybe the Heavy Interplanetary Station will be 
the Heavy Orbital Station during the f~rst phase, thus contributing to the reliable debugging of 
all systems in the vicinity of the Earth, e.g. during one year." 'Ve ry  preliminary work on a 
unique variant of the TOS, specifically for military goals, had also begun at OKB- I by 1960. 
These objectives included reconnaissance, anti-satellite missions, the targeting of ground 
assets, and commun~cations. An initial predraft plan for this station was completed as early as 
May 3 .  1961. This concept may have eventually evolved into a huge four-story space station 
named Zuezda ("Star"), which was reportedly the focus of some research in the mid-1 960s."' 

Until much of the work at OKB-I was declassified in the late 1980s and early 1990s. the 
work on the TMK and the TOS, like many other projects, was consigned to the black hole of 
Soviet space history. But the program was very real, and it tied up a modicum of resources with- 
in OKB- I .  Although the N I was developed as "a universal launcher" in the early 1960s. barring 
unspecific military satellites, the primary payload of the giant booster was a piloted Martlan 
spaceship. In many ways, in that time period, the ambitions of the Soviet space program were 
much more far-reaching than NASA's seemingly dramatic road to the Moon. For the Soviets, and 
in particular Korolev, the Moon was certainly a worthy goal, but it was not the end-all of every- 
thing: it was merely an important step in the ultimate goal of sending cosmonauts to the sur- 
face of Mars. Thus, while President Kennedy's speech awoke a sleeping giant into action in the 
United States, the Soviets continued to persevere slowly but deliberately on their own road to 
Mars, first with Earth-orbital stations serving as bases and finally with interplanetary ships. It  
was a step-by-step plan that was remarkably faithful to half-century-old ideas of Tsiolkovskiy. If 
Korolev had his way, by the end of the 1960s, there would be a proliferating Soviet space pro- 
gram spreading through the solar system from giant stations in Earth orbit. These plans, of 
course, never came to fruition. The architects of the Soviet space program finally began to take 
notice of an awakened grant, and its gaze was not at Mars, but directed toward the Moon. 

Designing for a New Generation 

Plans for a new spacecraft to succeed the Vostok ship exlsted well before Gagar~n's historic 
launch. In 1958 and 1959, engineers at OKB-I considered various mission objectives of such a 
vehicle before settling on two primary goals that dominated the thlnking on plloted spacecraft 
for the ensuing half decade: circumlunar flight to the Moon and the mastering of rendezvous and 
docking that would eventually lead to the establishment of space stations in Earth orbit. The 
Moon itself figured prominently in OKB-1's plans for automatic research, but in the context of 
piloted exploration, it remained essentially a component of the design bureau's ultimate plans to 
reach Mars. While the salient details on exactly why a circumlunar project was targeted remain 

120 5 P Korolev "Notes on Heavy Interplanetary Shlps and Heavy Orb~tal Stat~ons (1962)" (Engl~sh t~t le) 
In M V Keldysh ed Tuorcheskoye naslediye Akademika Sergeya Pauiou~cha Koroleua ~zbronnyye trudy r doku 
menty (Moscow Nauka 1980) pp 450-56 

121 Golovanov Koroleu p 768 On several occasions Korolev proposed the use of the TOS for m ~ l ~ t a r y  
appl~cat~ons In a letter to the then Cha~rman of the State Comm~ttee for Defense Technology K N Rudnev dated 
January 15 1961 Korolev proposed launch~ng the TOS Into orb~t  to carry out m ~ l ~ t a r y  mlssions A f~fteen part trea 
t~se on the TOS was prepared by OKB-I at the time See S P Korolev "Letter to K N Rudnev on Plann~ng Work 
at OKB-I ~n 1961-62" (Engl~sh tltle) in Raushenbakh ed 5 P Koroleu r ego delo pp 3 16-19 621-23 



undisclosed, it is highly likely that the relative simplicity of such an effort was what attracted 
Korolev to begin work on this issue. In addition, cosmonauts successfully flying around the 
Moon would not only provide the space designers with valuable experience in a variety of tech- 
nical areas, but would also be a tremendously exciting public relations extravaganza prior to more 
substantial missions to Mars. Rendezvous and docking on the other hand were considered log- 
ical extensions of Soviet plans to gain a permanent foothold in space. All of Tsiolkovskiy's early 
plans clearly hint at orbital assembly in Earth orbit as a starting point to move further into the 
cosmos. There was another more earthly reason for mastering rendezvous and docking: the lack 
of powerful enough launch vehicles to accomplish the ambitious goals of OKB- I .  By 196 1 ,  the 
most powerful booster in the Soviet canon, the 8K78, could manage to send only a modest one 
and a half tons toward the Moon, while the 8K72K, which had launched Cagarin, could launch 
about just over four and a half tons into Earth orbit. With the larger N I still years away from 
flight, orbital assembly was the only avenue for piloted lunar exploration. 

These two considerations-circumlunar missions and orbital assembly-dominated the 
design of the first post-Vostok spacecraft. The choices and decisions engineers made from 1959 
to 1963 based on these requirements had a profound impact on the shape and look of the 
Soyuz spacecraft as it eventually emerged in the late 1960s. Initially, the engineers studied at 
least two different spacecraft, both of which were geared to Earth orbit. Work on the first, the I 

I 
Sever ("North"), began in April 1959. Initial plans envisioned a large spacious vehicle with 
room for three cosmonauts dressed in spacesuits. A second proposal emerged from Pavel V. 

i 
Tsybin, the man who had worked on the unfulfilled PKA spaceplane project. Tsybin's new idea 
encompassed a spacecraft capable of carrying seven cosmonauts, certainly a large leap from the 
modest Vostok."' His proposal was apparently rejected very early in the design process, and by 

i 
1959 and 1960, engineers were harnessing their energies in the development of the Sever 

i 
spacecraft, which became the focus of the second-generation Earth-orbital spacecraft. It was 
slated to fly its first mission by the second half of 1962."' A piloted spacecraft capable of lunar 
flight designated the " I L"  was also studied concurrently, sharing numerous design character- 
istics with the Sever. 

It was originally the famous Department No. 9 at OKB-I, with such luminaries as 
Tikhonravov and Feoktistov, that began studying the next generation of Sovret spacecraft. By 
1960, it had issued a "scientific-technical prospectus." proving that rendezvous and docking in 
orbit were realistic goals achievable in the near future. Based on this premise, in 1960 and 196 I. 
the department studied a number different variants of the Sever and I L ships, proposing that a 
circumlunar flight could be achieved by linking up several booster stages in Earth orbit to reach 
escape velocity in the direction of the Moon. By this time, the effort to a design new spaceship 
essentially took on a competitive character within OKB- I itself. Departments No. 9 and I I, 
headed by Tikhonravov and Vladimir F. Roshchin, respectively, proposed parallel design con- 
cepts of the new vehicle, while the development of lunar spacecraft as a whole was subordi- 
nated to Department No. 3 under Yakov P. Kolyako. This peculiar sort of competition in such 
a centralized command system was clearly contrary to all Western conceptions of the Soviet 
defense industry at the time. Most outside analysis attributed a simpler monolithic scientific 
infrastructure, which had no allowance for this almost Western notion of competitive ideas. 
The overall research was overseen by Deputy Chief Designers Bushuyev and Kryukov. 

The two most important areas of research during the design of the Sever and I L spacecraft 
were the identification of an optimal reentry profile and the selection of the shape of the 

122 Colovanov Korolev p 720 5 S Kost~n. "Some Aspects of Plann~ng the Vostok Space Sh~p" (English 
t~t le). Iz istorrl au~alsri i kosmonavtrkl 42 (1980) 62-66 

123 Kamanin Skryi iy  kosmos p 56 By May 1961 Korolev was planning the first Sever launch in the th~rd 
quarter of I962 



L O O K I N G  T O  T H E  F U T U R E  

spacecraft-factors that were clearly interdependent. In terms of the reentry and landing on 
Earth's surface, engineers considered two broad approaches: an aviation perspective using aero- 
dynamic surfaces and a missile perspective using a ballistic reentry with landing by parachutes. 
Beginning in 1960, the engineers under Bushuyev's supervision at the various departments 
studied three specific variants of the reentry capsule of the new spacecraft: 

One with large wings such as an aircraft from Department No. 9 (called the "canard" 
scheme) 
One for a simple ballistic reentry such as the Vostok spacecraft 
A hybrid version with a blunt nosecone, such as NASA's Mercury capsule, but with wings 
(called the "tail-less" configuration) 

Comparative analysis on the three different variants included studying their aerodynamic 
characteristics, types of trajectories, thermal protection, mass characteristics in relation to their 
chosen methods of landing, and the layout of ~nstrumentation. By 1961, winged designs were 
abandoned, because of the attendant problems with mass and heat protection, in favor of guid- 
ed or what the Soviets termed "glancing" reentries, which would allow significant reductions 
in stress as compared to direct ballistic profiles. 

Having narrowed the possibilities down. Roshchin's department carried out more detailed 
analysis on reentry profiles with special regard to reentry at high speeds following a flight 
around the Moon. Because the spacecraft would return from the Moon. the engineers dis- 
pensed with a special orbital braking rocket such as the one used on Vostok, saving valuable 
mass on the ship. Instead, they settled on a prof~le that called for a "double-dip" into the 
atmosphere to reduce both velocity and gravitational loads on the crew. In the first stage, the 
return capsule would graze off the upper atmosphere before entering again, by which time, the 
g-loads would have decreased significantly. The requirements showed that the spacecraft 
would have to have sufficient lift characteristics to allow the "double-dip" profile as well as per- 
mit a landing on Soviet soil following a travel down a 3,000- to 7.000-kilometer-long corr~dor 
from the south to the north of the planet. Gravitational loads would be limited to three to four 
g's, while landing could be achieved with a pluslminus fifty-kilometer error. 

For obvious reasons, the concerns over reentry profiles significantly affected the decisions 
over the shape of the reentry capsule. Apart from engineers within OKB- I ,  scientists at other 
institutions, including NII-I, the Central Aerohydrodynamics Institute, and Nll-88, were 
involved in this stage of research. They examined three different configurations: 

A so-called "segmented sphere" 
A "sphere with a needle" 
A "sliced sphere" 

Once again, the investigations focused on a comparative analysis of aerodynamic charac- 
teristics, determinations of optimal return trajectories, the selection of the structure itself, and 
requirements for thermal protection. The results of the research proved that from a technical 
perspective. the most rational choice from the criteria of mass and volume was Department No. 
I 1's segmented sphere with a displaced center of gravity in the transverse direction. By 1962. 
Roshchin's group had modified this idea into an asymmetrical segmented sphere, similar in 
shape to an automobile headlight, in which the length of the capsule was equal to the base 
diameter. Computations showed that such a design would increase lift during reentry, thus 
avoid~ng the pitfalls of direct ballistic return into the atmosphere. The Scientific-Technical 
Council of the OKB-I rejected a competitive variant from Department No. 9 of a 



semi-spherical capsule, and after approval by Korolev and Bushuyev, the "headlight" idea was 
adopted formally for the Sever spacecraft by 1962. 

Yet another important issue was the means of landing on Soviet soil. Water landings were 
apparently not considered at all, and all research focused on hard landings on Soviet soil. A 
plethora of proposals crowded the research on this issue. so much so that even after a final deci- 
sion on the landing was made in 1963, research on alternative versions continued up until 1966, 
a full five years after this work had begun. Korolev himself was apparently reluctant to continue 
using parachutes and instead tried to explore much more unusual approaches, as evidenced by 
his interest in helicopter-type landings for the Vostok spacecraft. Numerous organizations were 
involved in this stage of the research, including OKB-329 (on a subsonic rotor system). the 
Mozhayskiy Academy (hypersonic rotors). OKB-300 (fanjet engines). OKB-2 (liquid-propellant 
rocket engines), Plant No. 8 1 (solid-propellant rocket engines), NlEl PDS (controlled parachutes), 
Plant No. 918 (an ejection system as a reserve method), and NII RP (external inflatable shock- 
absorbing balloons). OKB-I itself studied the use of turbojet engines. The proposals from all 
these organizations, to a great degree, affected the deslgn of the spacecraft itself, and it was not 
until 1963 that Korolev approved the recommendation of Department No. I I to use a combina- 
tion parachute-reactive system with solid-propellant engines. The return capsule would deploy a 
series of parachutes during descent, followed by the firing of powerful solid-propellant rocket 
engines a few seconds prior to contact with the ground to lessen the shock of impact. 

The issue of rendezvous and docking in space, critical to any mission goals foreseen for the near 
future, was the subject of intensive research at Department No. 27 headed by Boris V. Raushenbakh, 
designer of the first Soviet space orientation systems. The overall work was supervised by Deputy 
Chief Designer Boris Ye. Chertok, one of the most senior veterans at OKB-I. The research, con- 
ducted between 1960 and 1963, divided the rendezvous phase of two Earth-orbiting spacecraft into 
two components: the long-range and the close-range portions. The former would depend to a great 
extent on putt~ng the spacecraft into an optimal trajectory at orbit insertion, based on composite 
ground measurements and computational models. Ground stations would compensate for errors by 
sending appropriate commands to the orbiting ship to perform the required orbital changes to bring 
the active spacecraft to its target. Theoretical calculations by engineers showed that with the exist- 
ing systems, the two spacecraft could be brought within a twenty five- by fifteen- by fifteen- 
kilometer volume in space with a relative velocity of plus or minus forty meters per second. 

For Raushenbakh's group, the more problematic portion of the rendezvous maneuver was the 
close-range approach. The "free trajectory" from launch was clearly not sufficient to allow two 
spacecraft to dock. In addition, ground measurements would not distinguish two vehicles at such 
high altitudes to ensure the required precision. Shipboard measurements were also ruled out 
because of the need for the presence of powerful and compact computing machines aboard the 
spacecraft, which were simply beyond the limits of Soviet miniaturization technology for the time. 
Raushenbakh's team developed a combination system using the so-called "parallel approach." in 
whrch a line of sight extending from the active to the passive spacecraft would be established for 
movement. A special on-board radar would then take over control of the spacecraft to bring the 
two spacecraft to docking. Four different institut~ons offered competitive proposals to design and 
build the radars. The two finalists were the Experimental Design Bureau of the Moscow Power 
Institute and NIl-648. After deta~led analysis, the former's Kontakt ("Contact") was rejected in 
favor of the latter's lgla ("Needle") in 1963. Raushenbakh's group at OKB-I developed the algo- 
rithms for the logic command instruments for the entire rendezvous and docking procedure. 

124 Sernenov ed Rakefno Kosrnrcheskaya Korporatsiya pp 162-65 The other two competitors ~n radar 
des~gn wele TsNll 108 whose deslgn was too heavy and TsKB Ceofizlka whlch proposed a laser opt~cal system 
See B Ye Chertok Rakefy I Iyud! goryachrye dni khoiodnoy voyny (Moscow Mash~nostroyeniye 1997) 
pp 395-96 
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Korolev's engineers finalized the configurations 
for both the Sever and l L spacecraft by early 1962. 
The Sever, slated only for Earth-orbital operations. 
was much larger than the Vostok spacecraft, although 
it, like the Vostok, was divided into two main sec- 
tions: a cylindrical instrument module and a headlight- 
shaped return capsule attached at the forward end of 
the spacecraft." The former would carry all the guid- 
ance and control systems, propulsion units, power 
sources, and propellant tanks. The latter would carry 
the crew and be equipped with life support systems 
and controls for the crew to guide the spacecraft. The 
IL  spacecraft. meant for lunar missions, had a more 
complicated configuratlon, prompted by the concerns 
of engineers who wanted to ensure comfortable condi- 
tions for a crew during a potentially weeklong circum- 
lunar mission. As early as 1960. Department No. I I 
had proposed the addition of adding a third pressur- 
ized module to the spacecraft, called the orbital mod- 
ule, which would allow cosmonauts more volume than 
the cramped quarters of the return capsule. A compet- 
itive proposal from Department No. 9 retained the old 
two-module configuration, with the crew remaining in 
the return capsule for the duration of the mission. Like 
many of the latter department's proposals, this conser- 
vative arrangement was rejected in favor of Department 
No. 11's Idea to use a third module. 

The placement of the new module as part of the 
I L spacecraft was the subject of much debate. Initial 
conceptions showed the return capsule at the top of 
the spacecraft, followed by the new orbital module 
below it between the other two compartments. The 
crew would be able to open a hatch in the heat shield 
at the base of the return capsule to move into the 
orbital module. The instrument module would remain 
at the base of the spacecraft and would not be acces- 
sible to the crew. Tests at the time proved that having 
a hatch in the heat shield was not an optimal arrangemt 

This is one conception of an early Earth 
orbiial statron datrng from 1962 A uisrtrng 
spacecraft called the Sever is shown docked 
to the statron at the bottom of the drawing 
The design of the Sever eventually euoiued 

into the future Soyuz spacecraft 
(copyright R F Grbbons based on a 

drawing by igor Afanasyev) 

2nt and raised all sorts of potential dan- 
gers for burn-through during reentry. The engineers eventually adopted a novel arrangement. 
with the orbital module at the very forward end of the spacecraft. A hatch at the apex of the 
return capsule would allow the crew to move forward into the cylindrical orbital module. '" 

125 The Sever has not been descr~bed ~n any detall in any Russ~an sources The above descrlpt~on 1s based 
on a draw~ng publ~shed in Afanasyev. "Unknown Spacecraft " 

126 There has been some speculation that the three-module design adopted for the I L  spacecraft was 
appropriated by OKB- I engineers from a publ~cly ava~lable study by U.S. defense contractor General Electr~c. Durlng 
1960. NASA. ~n planning for a post-Mercury spacecraft, had asked for proposals from several major aerospace c o m ~  
panies The concept submitted by General Electric on October 9. 1960, had a slm~lar configuratlon to the I L. In par- 
ticular w ~ t h  relation to the placement of the reentry module between the "rn~ss~on module" and the "propulsion 
module " See P 5. Clark and R F. Glbbons. "The Evolut~on of the Soyuz Programme," Thelournal of the Brrtish 
lnterpianetary Society 36 ( 1983) 434-52 



Thrs is the desrgn of the Vostok 7/11 complex lor a prloted crrcumlunar spacecraft The legend rs 
( 1 )  forward section of the I1 spacecraft (2) 11 Irving compartment (3) 11 descent apparatus 

( 4 )  solar panel (5 )  11 rnstrument compartment (6 7 and 8) three "rocket block" propulsion modules 
(9)  jett~tonable sectton of the frnal rocket stage. and (10) Vostok 7 spacecralt (copyright lgor Alanasyev) 

The I L design was also distrnguished from the Sever spacecraft in terms of several other 
aspects. The Instrument module was shaped like a cylindrical skirt, with two disk-shaped solar 
panels attached at the end of two booms to prov~de power-a first for a Soviet piloted space- 
craft. This instrument module was also equipped not only with a propulsion system, but also 
a docking system at the aft of the spacecraft. The return capsule itself harked back to early con- 
ceptions of segmented spheres and was shaped more like a cylinder than the later "automobile 
headlight" design adopted for the Sever. By 1962. when engineers finalized the design of the 
I L spacecraft deslgn, it had four separate sections from aft to fore: 

A cylindrical skirt-shaped instrument-aggregate compartment 
A segmented spherical descent apparatus 
A cylindrical living compartment 
A conical nose propulsion system"' 

The nose propulsion system was simply a small compartment at the forward end of the space- 
craft for carrying out attitude control during rendezvous and docking in Earth orbit. 

Elements of both the Sever and the I L spacecraft would eventually serve as the basis for 
the development of the famous Soyuz spacecraft, certainly the most important piloted space- 
craft of the Soviet space program. The final variants of both the I L and the Sever, as well as of 
the still-flying Vostok spacecraft, were part of an idea proposed by Korolev on January 26, 
1962, for a four-module fifteen- to twenty-five-ton "space train" ensuring circumlunar flight."" 
The first results of the research on this theme were summarized in a "scientific-technical 
prospectus" titled "Complex for the Assembly of Space Vehicles in Artificial Earth Satellite 

127 Afanasyev. "Unknown Spacecraft." 
128 Lardier, L'Astronautique Sovretique. p. 155 



Orbit," which was signed by Korolev on March 10, 1962."' The project as a whole was desig- 
nated Soyuz, the Russian word for "union." There were three different goals of the complex: 

The creation of an orbital piloted station for military missions 
The creation of piloted spaceships capable of circumlunar missions 
The creation of a global communications satellite system 

A nom~nal circumlunar mission would be achieved by assembling a series of rocket stages 
in Earth orbit into a multistage rocket that would boost the payload toward the Moon. The four 
major components of the complex were: 

A modified Vostok spacecraft designated the Vostok-7 
A "rocket block." three of which would be launched 
A jettisonable toroidal compartment attached to the base of each rocket block conta~ning 
rendezvous and docking instrumentation 
The primary payload, a I L spacecraft 

The Vostok-7 was a modified Vostok-3A spacecraft that had launched Cagarin. In contrast 
to Gagarin's spacecraft, the "new" vehicle would include rendezvous and docking gear, a multi- 
use primary propulsion system capable of orbital changes, and attitude control engines."" 
While these changes would increase mass by 1.100 to 1,300 kilograms. in all other respects. 
the spacecraft was similar in design configuration to the old Vostok-3A vehicle. The rocket 
blocks. 4.800 kilograms each, were simply short cylindrical modules capable of independent 
flight and equipped with englnes for work in vacuum." The Vostok-7 spacecraft, the rocket 
blocks, the I L vehicle, and the Sever spaceship would all be launched into orbit by means of 
improved versions of the old 8K72K booster equipped with a more powerful third stage."' 

A mission to perfect rendezvous and docking techniques would start with the launch of a 
Vostok-7 spacecraft with a single cosmonaut, designated a "pilot-assembler." At a designated 

129. Afanasyev. "Unknown Spacecraft." This document, in a censored version and with a different title, has 
been published as S P Korolev, "Proposal for the Creation of Means for Orbital Assembly" (English title). In 
Keldysh. ed.. Tvorcheskoye naslediye Akadernika. pp. 445-49 Note that Korolev sent a letter to the Military~ 
Industrial Commission, dated March 5. 1962. requesting permission to develop this complex; he enumerated sever- 
al mil~tary goals for the system. including reconnaissance and anti-satellite operations An abridged version of th~s 
letter has been reproduced a s  S P Korolev, "Proposal for Complex for the Assembly of Space Apparatus in an Earth 
Satellite Orbit (Theme 'Soyuz')" (English title). in Raushenbakh. ed . 5 P Koroleu i ego delo, pp. 359-60. 

130. The Vostok-7 would include the following systems in addit~on to the ones already existing on the Vostok- 
3A ( I )  apparatus for controlling rendezvous as part of the orientat~on and control system. (2) apparatus for search 
and targeting, (3) on-board radio systems; (4) the coordination englne system w ~ t h  eight engines and a reserve of 
propellant. (5) optical systems for observing rendezvous and docking, (6) a docking node with mechanical locks and 
electrical connect~ons: (7) apparatus to control mechanical and electrical connections. (8) and additional power 
sources The following systems would be modified from those on the or~ginal Vostok-3A: ( I )  orientation and control 
systems: (2) the cosmonaut's control panel; (3) the TV system: (4) the Zarya communlcatrons system, and (5) the 
retrorocket engine. See Korolev. "Proposal for the Creat~on of Means for Orbital Assembly" 

131 Each rocket block would have the following systems ( I )  engines. (2 )  armature for firing, controlling, 
and shutting down the engines: (3) propellant tanks. (4) systems for ensuring proper propellant flow: (5 )  gu~dance 
systems, and (6) mechanical systems for connecting with other spacecraft The jettisonable portion of each rocket 
block would include. ( I )  systems for coordinating the englnes: (2) orlentation systems: (3)  systems for measuring 
orbital parameters: (4) communications systems: (5) systems for search and targeting: (6) communications systems 
for work with other space sh~ps: (7) TV cameras. (8) lights for optical signals to other ships. (9) the Signal teleme- 
try system; (10) dock~ng nodes: ( I  I )  apparatus for controlling mechanical and electrical connections between the 
ships. ( I  2) thermo-regulation systems for the propellants, and ( I  3) power sources 

I32 This booster was the 8K7 I I .  



t~me when the spacecraft would pass over the launch slte, the first rocket block would be 
launched into a similar orbit. The pilot would then switch on the automatic system of 
approach, which would bring the Vostok-7 spacecraft to a distance of about five to ten kilo- 
meters from the rocket block. The second stage of rendezvous with the aid of radars would 
decrease the distance to 100 to 200 meters. After docking by manual control, the pilot would 
establish electrical and mechanical connections between the two vehicles, now with a total 
mass of eleven to twelve tons. The jettisonable torroidal section of the rocket block would then 
separate and be discarded, revealing a docking node on the opposite end of the cylinder-shaped 
block. The mission would continue with further launches of at least two more rocket blocks 
which would connect to the complex, creating a four-vehicle "space station." After performing 
some military experiments, the Vostok-7 spacecraft would separate from the first rocket block 
of the complex and return to Earth. 

In the case of a circumlunar mission, a fifth vehicle, the I L, would be launched with a crew 
of one to three cosmonauts and perform a docking at the end of the final rocket block by liter- 
ally backing into the complex. At thls point, the Vostok-7 spacecraft, its job done. would undock 
from the complex and return to Earth. The remaining rocket stages would f~re one by one, gain- 

ing sufficient velocity to boost the I L spacecraft and its crew on a simple circumlunar mission. 
The prospectus also described the launch of large 1.100- to 1,200-kilogram communica- 

tions satellites into geostationary orbit by means of the three similar rocket stages and the 
Vostok-7 spacecraft. In such a mrssion profile, the satellite would replace the I L as the prima- 
ry payload of the complex. Another mission mode proposed in the same document was the 
creation of a small piloted orbital station crewed by three cosmonauts. The station itself would 
consist of two units: a "living section" and a science-package unit. Four large d~sk-shaped solar 
panels on two booms would provide on-board power. The crew would travel to and from the 
station by means of the Sever spacecraft, equipped with the headlight-shaped guided reentry 
vehrcle. The primary objective of such a statton was apparently Earth observation, presumably 
for military purposes. A final mission for the complex would be in conjunction wrth the 5KM 
piloted mrlitary "space fighter."" 

Among the multitude of goals planned for the Vostok-7 complex, possibly the most rmpor- 
tant for Korolev was the piloted circumlunar mission, which had become somewhat of a pri- 
ority among Soviet space organizations at the time. General Designer Chelomey's OKB-52 was 
also exploring such missions with its own resources during the same period. Furthermore. in 
1962. Academic~an Keldysh's "brain center." at the Department of Applied Mathernatlcs of the 
V. A. Steklov Mathematics Institute of the Academy of Sciences, had just completed a detailed 
mathematical study on the techn~cal aspects of a piloted circumlunar mission with a particular 
focus on having the return capsule land on Soviet territory."" In documents dating back to 
January 1962. Korolev was already requesting the manufacture of eight Vostok-7 spacecraft 
specifically for the circumlunar mission, most likely set for the 1963-64 timeframe." 

The high priority on the accomplishment of a circumlunar mission as early as possible 
resulted In many of the odd design elements of the Vostok-711 L plan. Because there would be 
no heavy booster to carry out a single mission profile, Korolev opted instead to carry out a mul- 
titude of dockings in Earth orbit. The use of the Vostok spacecraft for such an ambitious 

133 Afanasyev "Unknown Spacecraft" Korolev "Proposal for the Creation of Means for Orb~tal Assembly ' 
134 Th~s report has been publ~shed as M V Keldysh M L L~dov A M Mikish and G I Taratynov "Flight 

Around the Moon With a Return to Earth and Landlng on the Territory of the Soviet Un~on"  (Engl~sh tltle) 11- V S 
Avduyevskiy and T M Eneyev eds M V Keldysh lzbrannyye trudy raketnaya tekhnika i kosmonautika (Moscow 
Nauka 1988) pp 422-57 
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mission, despite research on a next generation of spacecraft, was clear indication that the plan 
was somewhat of a hasty idea. Korolev, in fact, at one point even explored the possibility of 
using solid-propellant rocket engines, five of them, as propulsion for the rocket stages, but he 
was talked out of this idea by the combined persuasive efforts of Kryukov, the nominal head of 
the design project, and design engineer Feoktistov."" 

Regardless of the merits of the plan, a month after the Vostok-71 I L technical prospectus 
was issued, on April 16, 1962, the Soviet Communist Party and the government signed a decree 
on Korolev's Soyuz theme, apparently prompted by its military applications.'" Quite possibly, 
the circumlunar nature of the project was an added bonus for the leadership. The timing of the 
decree was clearly an anomaly; it was issued during a period when Chelomey was the domi- 
nant figure in the space program, and Korolev's star had dropped to its literal nadir. Judging by 
the subsequent events, it seems that the decree had little effect. Like much of Korolev's efforts 
during this period, the Party and government failed to back up a commitment w ~ t h  actual 
action. Despite the ambivalent repercussions of the decree, there was a marked shift in 
Korolev's strategy of piloted space explorat~on around the early summer of 1962. The compli- 
cated Vostok-711 L plan was put back on drawing boards for major changes in its weak points, 
especially the use of the Vostok spacecraft as part of a circumlunar mission. In addition, per- 
haps to focus limited resources on the circumlunar plan, the center of Korolev's Earth-orbital 
plans, the innovative Sever spacecraft, was completely abandoned. The experience in design- 
Ing both the Sever and the I L did, however, have a lasting influence on the shape of a famous 
Soviet spacecraft of the future. 

The Soyuz 

The redirection of OKB-I plans in mid- 1962 resulted in at least one positive outcome: the 
development of a more optimal second-generation spacecraft, much more advanced than the 
Vostok-7. By taking elements from the I L and the Sever spaceships, by late 1962, engineers at the 
design bureau emerged with a new spacecraft, simply called the Soyuz or "the product 7K." 
which would become the bas~s of Soviet piloted space exploration for the next thirty years. The 
engineers retained the three-module configuration of the I L, but they adopted the headlight- 
shaped return capsule and the cylindrical instrument module from the Sever. A significant alter- 
ation from both the I L and the Sever was the marked decrease in the size of the return capsule. 
Originally. Department No. I I had adopted a capsule with a diameter of 2 .2  meters (2.3 meters. 
including the thermal protection), but to decrease the overall mass of the spacecraft, Feoktistov 
proposed reducing the dimension down to two meters, thus creating very cramped conditions 
within the module. Upon being told of this proposal at a meeting, the unconvinced Korolev 
marked off an area in his office the size of the capsule and ordered one of the authors of the idea 
to spend the remaining time of the meeting in the area. Despite the discomfort, the engineer con- 
tinued to pursue the idea. Korolev finally caved in, and by late 1962, the size of the return cap- 
sule on the 7KlSoyuz was reduced to two meters. In retrospect, this decision proved to be 
"irrational" when, by 1968, an extra 200 kilograms had been shaved off the mass of the space- 
craft, thus no longer requiring the smaller dimension. But by that time, it was too late. The cos- 
monauts would have to endure the launch in relatively cramped conditions."" 

136. Golovanov. Korolev, pp, 720-2 1. 
137 Sernenov, ed.. Raketno-Kosmccheskaya Korporatsiya, p. 635. Note that th~s  source says that the title of 

decree was "On the Development of the 'Soyuz' Complex for P~loted Flight Around the Moon " Th~s 18 proba- 
bly an error See also Raushenbakh. ed . 5 P Korolev I ego delo. p 685 

138 Ishl~nsk~y, ed , Akademck 8 P Korolev, p 96: Semenov, ed.. Raketno-Kosmicheskaya Korporatsrya. 
p. 170. 



The use of multiple rendezvous and docking as part 
of a circumlunar mission was not abandoned. despite 
reservations from key engineers at OKB-I. One particu- 
larly insistent opponent of the plan was Deputy Chief 
Designer Leonid A. Voskresenskiy, one of Korolev's most 
trusted aides who had worked with him since World 
War II. Although he did not have any formal h~gher edu- 
cation. Voskresenskiy had earned his reputation by a 
seat-of-the-pants decision-making and a remarkable intu- 
itive capability, which had allowed him to earn the 
respect of OKB-l engineers. The deputy was simply 
against the idea of conducting four dockings in Earth 
orbit, rightly seeing in the profile immense possibilities 
for failure. The design bureau had begun the develop- 
ment of a complex docking system only in the summer 
of 1962, but the two engineers leading the project, Viktor 
P. Legostayev and Vladimir S. Syromyatnikov, ran into 
significant obstacles. As Syromyatnikov recalled: 

The Chief Designer was not satisfied either with 
the organization of the work, nor with its 
results. The designs turned out to be cumber- 
some. complex to control, and contained many 
separate mechanisms. Significant simplification 
and greater compactness was required. Only by 
the spring o f  1963 did the outline of  the future 
design for the docking assembly become clear: 
a moving pintle on an active spacecraft and an 
acceptor cone on the passive one.'" 

The delays in the development of a docking sys- 
tem, as well as the attendant obstacles of designing 
rendezvous systems, did not deter Korolev from adopt- 
ing yet another multiple docking plan for his coveted 
circumlunar mlssion. A "new" plan involving the two- 
person 7KISoyuz spacecraft, the 9K translunar injec- 
tlon rocket stage, and the I I K propellant tanker was 
finalized in a preliminary draft plan signed by Korolev 
on December 24, 1962, only months after the aban- 
donment of the earlier Vostok-711 L multiple docking 
scheme.'"Over opposition from some of his deputies. 
the final technical draft plan for the 7KISoyuz space- 
craft itself was signed by Korolev on March 7. 1963, 
thus committing OKB- I to forge ahead with the devel- 
opment of the ship as the center of its immediate goals 
of human spaceflight. 

The 7K9K I IK piloted c~rcumlunar complex 
emerged In 1963 as a successor to the 

Vostok 7/11 conception The Image here shows 
the 7K spacecraft docked to the 9K translunar 
injection stage which has been loaded w~th  
propellant by means of sewral I IK  orbital 

tankers The legend IS (1) and (7)jettisonabie 
cornpartmenlr (2) 7K aggregate compartment 
(3) 7K rnstrument compartment (4) 7K descent 

apparatus (5) 7K living compartment and (6) 9K 
rocket block Note the close resemblance of the 7K 
to the future Soyuz spacecraft (reproduced from 

M V Keidysh ed Twrcheskoye nasledlye 
Akadem~ka Sergeya Pavlovicha Korolem 

~zbrannyy trudy I dokumenty 
(Moscow Nauka 1980)) 
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L O O K I N G  T O  T H E  F U T U R E  

These internal design bureau deliberations in favor of the multiple docking circumlunar 
plan were aided to a large degree by external shows of support. The Interdepartmental 
Scientific-Technical Council on Space Research, the interagency forum composed of the most 
important chief designers, academicians, and military officers of the space program. for the first 
time addressed Korolev's 7KISoyuz spacecraft proposal at a meeting in early December 1962. 
Under the direct~on of Academician Keldysh, the council recommended the creation of an 
"expert commission" to examine the salient details of the program." This commission, with 
four subsections representing interests other than OKB- I, was able to suggest amendments to 
the technical design of the space complex during the ensuing few weeks.''' A second meet~ng 
of the council was held on March 20. 1963, once again presided by Keldysh to decide on the 
project, based on the expert commission's recommendations. Among those in attendance were 
Chelomey and Glushko, both erstwhile opponents of Korolev's own plans for space explo- 
ration.I4' In his speech at this meeting, Korolev expounded on the primary goals of the Soyuz 
project, mentioning both rendezvous and docking as well as piloted circumlunar missions. 
Keldysh, Chelomey, and Glushko spoke after Korolev and made approving comments on the 
proposal; not surprisingly. Chelomey and Clushko had some additional comments on the 
potential "of great difficulties in its realization." Despite their words of caution, Korolev had 
sufficient support to obta~n the full-fledged approval of the project, optimistically projecting the 
first test flight of the 7KISoyuz spacecraft by the summer of 1964. 

The council's unanimous decision in favor of Soyuz was, of course, not binding because nei- 
ther the Communist Party nor the government had issued a document in support of the new pro- 
posal. The recommendat~on did, however, have the effect of shoring up Korolev's relatively weak 
position in the space industry at the time. With continuing troubles with the N I. Korolev pinned 
his hopes at regaining a flash of his glory days on the Soyuz project. Less than two months after 
the council's meeting. on May 10. 1963. OKB-I issued a new "technical prospectus" titled 
"Assembly of Space Vehicles in Earth Satellite Orbit." which described in detail the 7K-9K-I I K. 
or the Soyuz complex, which was to take the first Soviet cosmonauts around the Moon.",' 

The center of these plans was the 7K or Soyuz spacecraft, a 7.7-meter-long three-module 
vehicle designed by meshing together the I L and the Sever ships. The three primary compo- 
nents from aft to fore were: 

The cylindrical instrument-aggregate compartment 
The headl~ght-shaped descent apparatus 
The cylindrical living compartment 

14 1 Kamanin, Skrytiy kosmos, pp. 19 1-92. Among those present at the meet~ng on December 6. 1962, were S 
P. Korolev (OKB- I ) ,  V N Chelomey (OKB-52). M. K. Yangel (OKB-586). A F Bogomolov (OKB MEI). V I. Kuznetsov 
(Nll-944). M. V. Keldysh (AN SSSR), A Yu. lshlinskiy (Nll-944). N .  M. Sisakyan (AN SSSR). A A. Blagonravov (AN 
SSSR). A. I. Sokolov (RVSN). K. A Kerimov (RVSN), N P Karnanin (WS) ,  and N N.  Alekseyev (MO NTK) 

142 One of the subsections was from the Air Force, which recommended three changes to the Soyuz space- 
craft the use of spacesuits at all t~mes for cosmonauts, the use of wings to provide aerodynamic I~ f t :  and the use of 
catapults for launch escape None of them were accepted by O K B I  See ib rd .  p 21 1 .  
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(OKB-124). N.  S Stroyev (LII). N. P. Karnanin (VVS). M P Odintsov (TsPK). V. I Yazdovsk~y (CNII AIKM), Ye. A. 
Karpov (TsKP). Yu. A Cagarin (TsPK). C S Titov (TsPK). A. I. Sokolov (Nl l-4). and N. N Yuryshev (RVSN). 
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5. P Korolev, "The 'Soyuz' Orbital Rocket Complex" (English title). in Keldysh, ed Tuorcheskoye naslediye 
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The instrument-aggregate compartment had four components analogous to successive 
"slrces" down the cylinder, none of whrch would permit access by crewmembers. These sub- 
compartments were from aft to fore: 

The jettrsonable orbital compartment in the form of a torus at the base of the spacecraft. 
which contained rendezvous instrumentation, radio systems to control its orbrt, apparatus 
for transmitting guidance commands, thermo-regulation systems, automatrc guidance sys- 
tems, and tracking systems 
The aggregate compartment, which carried the prlmary "approach-correction" englnes of 
the 7K vehicle, as well as attached solar batteries to serve as power sources 
The instrument compartment, the largest section of the cylinder, which contained the 
essential ~nstrumentation of the vehicle to ensure extended flight in space, including long- 
range radio apparatus, orientation and attitude control systems, radio-telemetric systems, 
primary thermo-regulation systems. power sources for the ship, programmable timer 
devices. on-board switching systems for controlling the automatic guidance systems, and 
sensors and "switchboard-relay apparatus" for trackrng 
The transfer compartment, which contained the attitude control engines on the exterior 
and their propellant tanks in the interior 

The descent apparatus was merely a smaller version of the headlight on the Sever, with life 
support systems. thermo-regulat~on systems, optical and TV systems for observation and guid- 
ance, control panels for the crew, radio communications systems, systems to guide the capsule 
in the atmosphere, and a parachute system for landing on Earth. Thermal protection at the base 
of the capsule would provide sufficient defense during high-speed reentry from lunar distances. 
The living compartment was the additional cylindrical module, with approximately the same 
diameter as the instrument-aggregate compartment, a little more than two meters. Thrs sectton 
would contain life support systems, elements of the thermo-regulation system, microphones 
and "dynamic" systems of communications, screntific instruments, and movie cameras. The 
cosmonauts could also use the compartment as an airlock for extravehicular activity. In addi- 
tion, the apex of the living compartment, and thus the whole spaceshrp, would have a large 
docking system for linking up with other spacecraft. The total mass of the 7KISoyuz ship was 
5.500 to 5.800 kilograms. 

The slngle rocket stage. designated the 9K, was designed to accelerate the 7KlSoyuz vehi- 
cle on a translunar trajectory. The 7.8-meter-long spaceship was shaped like a simple cylinder 
divided rnto two primary sections. the large 9KM rocket block and the smaller 9KN jettisonable 
compartment. The latter contained an orbit correction engine, control systems, and rendezvous 
instrumentation, as well as a docking node on one s~de, which would allow the transfer of pro- 
pellants from the tankers. The former carried the main translunar rocket engrne wrth a thrust of 
four and a half tons, as well as more instrumentation and a second docking node on the oppo- 
site end of the spacecraft. Launch mass was 5,700 kilograms. 

The final element of the complex was the 4.2-meter-long cylindrical tanker named the I I K. 
It had two major compartments, the I I KA for the oxidizer and the I I KB for the fuel. The 
remarning portion of the spacecraft consisted of attitude control engines, electronic instru- 
mentation for guidance, and a docking node. The total fueled mass was 6,100 kilograms. All 
the three components, the 7K, the 9K, and the I I K, would be launched by new three-stage 
versions of the R-7, designated the I IA55 and I IA56. 

The primary mission of the Soyuz complex, a piloted c~rcumlunar mission, would begin 
with the launch of the 9K rocket stage. The automated spacecraft would carry out the neces- 
sary changes to its orbit by means of its small orbit correction engine untll it had reached the 



desired orbital parameters. When the 9K passed over Tyura-Tam, the first I I K tanker would be 
launched into orbit carrying 4.1 55 kilograms of extra propellant. The initial orbital trajectory 
would posit the tanker within twenty kilometers of the 9K rocket block. If because of errors in 
orbital insertion the I I K module did not approach its parry to within a twenty-kilometer range. 
then the 9K block would carry out the necessary orbital adjustments to bring the two space- 
craft within twenty kilometers. Automatic radars on both spacecraft would then complete the 
final approach, and the 9K (active vehicle) would dock with the I IK (passive vehicle). The 
docking would be carried out on the aft end of the 9K (with the jettisonable compartment). 
After the transfer of propellants through linked lines across the docking node, the I I K tanker 
would separate and be discarded. 

At least three more tankers would be launched until the 9K was fully loaded with twenty- 
five tons of propellant. At this point. the 7KlSoyuz piloted ship would launch into orbit with 
its crew of two to three cosmonauts. The crew could either try manual or automatic docking; 
unlike the tankers, the 7KISoyuz would dock on the 9K rocket stage's forward end. The jetti- 
sonable compartment on the 9K would continue to carry out necessary orbital maneuvers fol- 
lowing docking. This compartment would then be discarded. finally revealing the powerful 
main engine of the 9K rocket block, which would then fire to boost the 7KiSoyuz. rear end first. 
toward the Moon. The 7KISoyuz propulsion system itself would be used for trajectory correc- 
tions during flight to and from the Moon. After return to the vicinity of Earth, the 7KISoyuz 
spacecraft would separate ~ n t o  its three component modules, with the descent apparatus mak- 
ing a controlled descent into the atmosphere, landing by parachute on Soviet territory.-" 

Mastering rendezvous and docking operations in Earth orbit may have been one of the pri- 
mary objectives of the Soyuz complex, but the incorporation of five consecutive dockings in 
Earth orbit to carry out a circumlunar mission was purely because of a lack of rocket-lifting 
power In the Soviet space program. The May 1963 document on the Soyuz complex thus 
emerged less as a technical exercise than from an inclination to promote a space project before 
the advent of the N I. It was a risky gamble-and one that evidently had the support of most 
of the major players in the space program, as evidenced by the interdepartmental Council's 
unanimous approval two months earlier. Contracts for the Soyuz complex were also handed 
out in 1963. In a move motivated by limited resources at OKB-I, Korolev signed agreements 
with two relatively new organizations that until then had zero involvement in the piloted space 
business. Both of them were led by proteges of Korolev: SKB-385 at Miass under Ch~ef Designer 
Viktor P. Makeyev to produce the important 9K acceleration block and OKB- I0 at Krasnoyarsk- 
26 under Chief Designer Mikhail F. Reshetnev to build the I I K tanker." Both Makeyev and 
Reshetnev had been key engineers at OKB- I in the 1950s, rising to senior positions in man- 
agement before being sent by Korolev to head independent organizations focusing on naval 
missiles and automated spacecraft, respectively. 

The agreements of Korolev with Makeyev and Reshetnev were symptomatic of the remark- 
able decentralization of the Soviet space industry that had taken place between 1960 and 1963. 
At that point, no longer only competing with the Americans. Soviet space designers found 
themselves in battles among themselves, with institutions rising and falling with the tides of 
political favoritism. Chelomey's dramatic entrance and support from Khrushchev had clearly 
put him In a much more powerful position than Korolev, but there was still one ~mportant fac- 
tor on which Korolev could count within the confines of the Soviet defense industry, and that 
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was prestige. It  was, after all, he who had launched Sputnik and then Cagarin. The Soyuz com- 
plex was partly an attempt to maintain that prestige in the near future, while the N I would take 
care of it in distant years. For the present time. in 1962 and 1963. Korolev's ace in the hole was 
still Vostok, and it was with the Vostok spacecraft that the Soviet space program continued to 
accrue its accolades from a vast and unsuspecting public all over the world. 



The Soviet space program was neither a high priority nor a central tool of Soviet state pol- 
icy. The spectacular achievements of the late 1950s and early 1960s were pushed by the chief 
designers, grudgingly approved by the Communist Party and government, and then used as 
propaganda vehicles by Soviet leaders for selling the virtues of the socialist system. Thus, while 
Communist Party functionaries eagerly extracted maximum political mileage from the Sputnik. 
Luna, and Vostok missions post facto, the political utility of these launches did not f~gure sig- 
nificantly into the original formulation of the flights. On the odd occasions when political con- 
siderations did enter into the equation, they were also instigated not by higher-ups in the 
decision chain, but rather the middle men involved in the space program. In the post-Gagarin 
period, many chief designers in fact offered up a variety of proposals to the leadership, all 
couched in terms of advancing the Soviet image across the world. One immediate example of 
such behavior was the launch of the first woman into space in 1963. Another was competing 
with the United States in the "race to the Moon." Both had little to do with a rational program 
of space exploration-and even less to do with scientific research. But both were symptomatic 
of the chaotic nature of the Soviet piloted space program during the 1960s. 

Twins in Space 

Because the Vostok program did not have any formal long-range program of missions. 
Soviet space officials planned flights based purely on the number of such vehicles that were 
rolling off OKB- 1's production plant in Kaliningrad. Immediately after Gagarin's flight. in May 
196 1 ,  there were orders for eighteen Vostok-type spacecraft, half of which were for piloted flight 
and the remainder being the reconnaissance satellite version.' To a great degree, future plans 
for piloted missions depended on Korolev's unwritten rule that each missron be a significant 
advance over the previous one. Thus, the two identical suborbital flights of astronauts Shepard 
and Grissom in 1961 would have been unthinkable in Soviet mission planning. Based on this 
somewhat unsound premise, in September 1961, one month after Titov's flight. Korolev pro- 
posed a triple-spacecraft j o~n t  flight in November: three Vostok spacecraft, each with a single 
cosmonaut, would be launched on three successive days. The first pilot would conduct a three- 
day mission, while the two others would be in space for two to three days. There would be one 
day during the joint mission when all three spacecraft would simultaneously be in space.' 

I N P Karnanin Skrytry kosmos knrga pervaya 1960-1963gg (Moscow lnfortekst IF 1995) p 56 
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Both Air Force representatives and the physicians in charge of biomed~cal preparations 
strongly opposed the plan. The latter were particularly concerned about unduly extending the 
duration of future missions after Titov's startlingly poor experience in August. By late October. 
after opposition from highly placed Air Force leaders, including Commander-in-Chlef Vershinin, 
Korolev limited the plan to two simultaneous launches of Vostok spacecraft. This more modest 
proposal was motivated by the limitations of the Soviet track~ng and rescue networks, which 
would have been put under significant strain for a triple-flight plan. On the matter of miss~on 
length. Korolev was less interested in compromise, and the issue remained unresolved with a 
month left to launch. The schedule was seriously interrupted in late October when the Soviet 
Party and government abruptly adopted a decision to focus all resources on the Zenit-2 recon- 
naissance satellite program instead of Vostok, clear ev~dence that the piloted space program was 
not only not a priority for decision makers, but in many ways was hindered by work on the recon- 
naissance effort. The crewed Vostok mission was delayed until January 1962 at the earliest. 

The cosmonauts themselves were put on continuous training regimes, ready to be able to 
undertake a mission within one month of the final order. In October, six cosmonauts- 
Bykovskiy. Komarov. Nelyubov. Nikolayev. Popovich, and Shonin-were assigned to train for 
the dual mission. All of them conducted three-day train~ng sessions in the new TDK-2 s~mula- 
tor delivered to the Cosmonaut Training Center at the time. The selection and training of cos- 
monauts took an ~nteresting turn at the end of 196 1 -one that was primarily driven by political 
considerations. In the summer of 196 1 .  I t .  General Nikolay Kamanin, the Air Force General Staff 
representative overseeing the cosmonaut group, somewhat abruptly emerged with the idea to 
send a woman into space on one of the following Vostok missions. He apparently attempted 
to get highly placed leaders, such as Korolev. Keldysh, and even USSR Minister of Defense 
Rodion Ya. Malinovskiy, interested in his idea, but they all were unan~mously opposed to the 
proposal.' On why the Soviet Union needed to send a woman into space. Kamanin wrote in 
his journal. 

I .  Women will definitely fly into space-thus it is better to begin training them for this kind 
of mission as soon as possible. 

2. Under no circumstances should an American become the first woman in space-this 
would be an insult to the patriotic feelings of Soviet women. 

3 The first Souiet cosmonaut will be as big an active advocate for communism as Gagarin 
and Titou turned out to be.' 

Desp~te the high degree of opposition he faced. Kamanin did not drop the idea; he claimed 
that he took the matter directly to Khrushchev, who approved the plan. Whether indeed he did 
do so continues to be a matter of debate, but clearly his lobbying produced results. On 
December 30. 196 1 ,  the Central Committee approved a plan to select sixty new cosmonauts for 
the Sov~et space program, including five women.' Although it seems that the plan to select the 
men was postponed indefinitely, physicians from the Air Force's lnstltute of Aviation and Space 
Medicine contacted aviatlon clubs from all over the country to prepare a master list of 

3 Yaroslav Colovanov Koroleu fakty I mrly (Moscow Nauka 1994) p 689 Chrlstlan Lardier 
LAstronautique Sovcetique (Parls Armand Colin 1992) p I 3 2  E mail correspondence Sergey Voevodin to the 
author January 30 1997 

4 Kamanin Skryt~y kosmos 1960-1963 p 62 Debra D Facktor and Valentina Ponomareva 'Women in 
the Early Sov~et Spaceflight Program " presented at a meetlng of the American Association for the Advancement of 
Slavic Studies Boston M A  November 14-17 1996 Bart Hendrickx 'The Kamanin Diaries 1960-1963 ' lournai of 
the British Interplanetary Society 50 (January 1997) 33-40 

5 Kamanin Skrytiy kosmos 1960-1963 pp 238-39 



400 women candidates. Women with significant aviation or parachuting experience were given 
preference over others, the latter qualification being especially important for ejecting from the 
Vostok capsule after reentry. Having cut the list down to fifty-eight candidates by January 1962, 
the women were subjected to an intensive battery of medical testing, including runs on cen- 
trifuges, pressure chambers, and vibration stands. A special Mandate Commission, which 
included Gagarin himself, narrowed the list down to three women at a meeting on March 3; the 
formal orders inducting them into the cosmonaut team were signed nine days later. Orders for 
an additional two women were signed on Apr~l 3. The five were: 

Tatyana D. Kuznetsova (twenty years old) 
Valentina L.  Ponomareva (twenty-eight) 
lrina B.  Solovyeva (twenty-four) 
Valentina V. Tereshkova (twenty-four) 
Zhanna D. Yerkina (twenty-two)" 

While they were not Air Force pilots, each had well-suited assets for competing to be the first 
Soviet woman in space. Solovyeva, an alumni of Ural University, had 900 parachute jumps to her 
credit, followed by Tereshkova with seventy-eight and Ponomareva with ten. Ponomareva was 
clearly the most accomplished pilot, with 320 hours to her credit accrued on PO-2 and Yak- 18 air- 
craft at her local sports club. She also had the distinction of having graduated from the prestigious 
Moscow Aviation Institute and having served as a scientist at the Department of Applied 
Mathematics of the USSR Academy of Sciences. Unw~ttingly, however. Ponomareva became the 
center of a controversy when Gagarin opposed her inclusion into the team because she was the 
only candidate who was a mother. Social stigma in the Soviet Union to mothers risking their lives 
in dangerous endeavors was significant enough for some vacillation on the issue. In the end, 
Academy of Sciences President Keldysh, who had encouraged her application in the first place. 
weighed in behind her, and her name was included in the final selection. One candidate. 
Tereshkova, did not have the academic honors to compete with the others, but had some other 
prized assets-for example, she had been an active member of the local Young Communist League 
near her home in the Yaroslav Region on the upper Volga.' As plans stood in early 1962, the 
women were to compete for a single seat on a Vostok mission during the latter part of the year. 

The women cosmonauts arrived at the Cosmonaut Training Center at Zelenyy near 
Moscow at a time of great uncertainty about the next Vostok mission. Many of the systems 
and resources used for the Vostok program were common to the military Zenit-2 project, and 
having declared the latter an immediate priority, dates for the former were continuously delayed. 
The first Zenit-2 was launched on December 1 1 ,  1961, but it failed to reach orbit because of a 
failure in the third stage of 8K72K booster, the same launch vehicle used for the Vostok mis- 
sions." second launch attempt in January 1962 had to be aborted at the last moment. Forced 
to conduct an examination of the booster problems. Korolev postponed the dual-Vostok launch 
again. There were also problems with both the parachutes and life support systems on the 
Vostok spacecraft, which had emerged during ground testing in early 1962, instilling doubt in 
the ab~l~ty  of the spacecraft to carry out missions safely. The somewhat lackadais~cal attitude 
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from the government on piloted space exploration was given a sudden jolt by news from the 
United States. Since January 23. NASA had been attempting to launch Major John H. Glenn, 
Jr., on the first U.S. piloted orbital spaceflight. Although the launch was delayed several times 
over the following weeks, al l  the preparations were carried out amid a torrent of media atten- 
tion, contrasting sharply with the extreme secrecy of the Soviet program. 

The publicity surrounding Glenn's Mercury launch had a dramatic effect. With curlous 
abruptness. Military-Industrial Commission Chairman Ustinov called Korolev on February 17, 
just three days before the NASA launch, and ordered the Vostok launch in mid-March. no doubt 
to take some of the steam out of the Mercury flight. Glenn's spectacular mission on February 
20 began the ball rolling in the Soviet Union. The day after. Lt. General Kamanin short-llsted a 
group of seven cosmonauts to begin intensive training for the dual-Vostok flight, with two fly- 
~ n g  and two serving as backups. Karnanin himself captured the haphazardness of the decision- 
making in his diary: 

I was unofficially notified (by Ustinov) that the next flight should take place around 
March 10-12. Apparently, after Glenn's flight. Khrushcheu demanded that our next 
piloted flight be brought forward. In order to fly around the lo-12th. we'll have to fly 
to the launch site on March 2-3. This is the style o f  our leadership. They've been doing 
nothing for almost half-a-year and now they ask us to prepare an extremely complex 
mission in just ten days time, the program o f  which has not even been agreed upon.9 

The seven cosmonauts-Bykovskiy. Komarov, Nelyubov, Nikolayev, Popovich. Shonin. 
and Volynov-began mission-specific training at the time, but the resources were simply 
unavailable to mount a mlsslon within thirty days. Month by month, the launch was again 
delayed as resources were tied up in the Zenit-2 program. At least two launches of the recon- 
naissance satellite were planned before Korolev could focus on the Vostok mission. The first of 
these finally occurred on April 26 with the successful orbital insertion of the first Soviet recon- 
naissance satellite. The second, using a slightly different model of the launch vehicle, was 
delayed several weeks and did not take place until June 1, 1962, from the launch pad at site I. 
the same pad planned for use on the Vostok flights. In this case, the rocket landed 300 meters 
from the launch site, while one of the strap-ons remained at the pad, seriously damaglng the 
structure as a result of a fire.@The response to Glenn's flight was hopelessly delayed as engi- 
neers estimated a month of repair work to bring the pad back to operational status. 

As with Titov's flight, the issue of the length of the two ensuing Vostok missions was the 
source of arguments that lasted months. Korolev was absolutely insistent that the first mission 
last three days and the second two days. This was in the face of the opinions from all the Alr 
Force physicians, the cosmonauts, Kamanin, Academy President Keldysh. Chairman of the 
State Committee for Defense Technology Smirnov, and top Air Force leaders, all of whom 
favored a more conservative one-day mission for each, prolonged to two days if everything went 
well. Korolev, in typical fashion. bulldozed his opinions over a period of weeks and, by the end 
of June, had persuaded almost all of the key leaders directing the Vostok program, including the 
leading biomedicine specialist Vladimir I. Yazdovskiy. The latter capitulated despite a formal 
document signed by the leading physicians on September 23. 1961, stating: "At the present 
tlme there is  no bas~s to plan the next space flight for more than one day. If during a day long 
flight the cosmonaut is in good physical health, then the flight can be prolonged, but not to 
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more than two days."' Kamanin refused to give in, but as the weeks wore on, he found him- 
self in a m~nority. 

At the first meeting of the ad hoe State Commission for Vostok on 16 July, the members 
set the dual Vostok launches for August 5- 10, 1962. The second spacecraft would be launched 
into orbit the day after the first. One of the primary goals of the mission was to launch the 
spacecraft in such a way that the two veh~cles would pass by each other in close proximity. 
Although a rendezvous was beyond the means of the modest Vostok spacecraft, such a mis- 
sion profile had an important application to long-range plans at OKB-I. One of the key ele- 
ments of the 7K-9K- I I K Soyuz circumlunar project was rendezvous in Earth orbit. The first part 
of the rendezvous, an approach to within twenty kilometers, would be achieved simply by the 
trajectory imparted to the spacecraft by the launch booster. This meant that the second space- 
craft would have to be launched at a specific time, to a specific inclination, and the cutoff 
velocity had to be perfectly timed to enter the designated orbit and orbital plane. The whole 
procedure was complicated by Earth's rotation; the "rendezvous" had to be based on compu- 
tations of the velocity at which Earth rotated the launch pad underneath the first overflying 
Vostok spaceship. According to the plan, the two spacecraft would pass by each other at a rel- 
atively far distance, continue their own missions, and then land simultaneously, the first Vostok 
after three days and the second after two days. On July 26, in a meeting at OKB- I, leading par- 
ticipants. including OKB- I Deputy Chief Designer Bushuyev, Department Chief Raushenbakh. 
Gagarin, and Cosmonaut Training Center Director Karpov, discussed the possibility of hav~ng 
the cosmonauts observe each other's spacecraft in orbit. Because of propellant limitations in 
the attitude control systems, they limited observations to two options for the first cosmonaut: 
viewing the upper stage of the 8K72K launcher after orbital insertion and detecting the launch 
of the second Vostok while flying over Tyura-Tam.'' Observations of each other's spacecraft 
were not ruled out, but this was not a primary mission goal. 

One safety concern that officials addressed in the weeks leading up to the launch of the 
Vostoks was nuclear radiation. On July 9, 1962, the United States detonated a nuclear warhead 
in space with the aid of a Thor missile over the Johnston Atoll in the Pacific Ocean. This gen- 
erated high amounts of radiation that scientists believed was trapped in Earth's magnetic f~elds. 
Alarmed by the possibility that such radiation might harm the cosmonauts, the State 
Commission depended on the investigations of two small automated satellites, Kosmos-3 and 
Kosmos-5, which had been launched earlier in the year. The latter, in particular, was used to 
assess the degree of potential danger to humans flying over the Pacific. Noted nuclear physi- 
cist Sergey N. Vernov reported at a commission meeting on July I6  that as long as the launch 
was three to five days after a U.S. explosion, there would be no real danger to the cosmonauts." 

After a final meeting of the State Commission presided over by Chairman Smirnov on 
July 30, the first participants, including the five cosmonauts training for the joint mission- 

I I Karnanin Skrytry kosmos 1960-1963 pp 125-26 A descrlptlon of a rneetlng on the Issue of rnlsslon 
length In March 1962 attended by S P Korolev K D Bushuyev M K Tlkhonravov 0 G Cazenko N P Karnanln 
and Ye A Karpov 18 described in Aleksandr Rornanov Korolev (Moscow Molodaya gvardiya 1996) pp 445-49 

I 2  Kamanln Skrytiy kosmos 1960-1963 pp 128-29 Wllllam Shelton Sovret Space Expioration The frrst 
Decade (New York Washington Square Press 1968) p 139 

13 V Pappo Korysttn V Platonov and V Pashchenko Dneprovskry raketno kosmrcheskry tsentr 
(Dnepropetrovsk PO YuMZIKBYu 1994) p 69 Karnanin Skrytry kosmos 1960-1963 p I 2 5  The summary report 
on the effects of Project Starflsh has been published as M V Keldysh "On Radiation as a Result of Hlgh Altltude 
Nuclear Explos~ons' (English title) In V S Avduyevskiy and T M Eneyev eds M V Keldysh izbrannyye trudy 
raketnaya tekhnrka I kosmonautrka (Moscow Nauka 1988) pp 459-60 Another source suggests that Kosrnos 7 
was also used for the same task See V P Clushko ed Kosmonautrka entsrklopedrya (Moscow Sovetskaya entslk 
lopedlya 1985) p 20 1 Kosrnos 3 and Kosrnos 5 were ' 2MS" class satellites launched on Aprll24 and May 28 1962 
respectively (nos I and 2) Kosmos 7 was a Zenit 2 reconnalssance satellite (no 4) launched on July 28 1962 



Bykovskiy. Komarov, Nikolayev. Popovich, and Volynov-began flying into Tyura-Tam on 
August 2. By the time Korolev and the other major chief designers arrived the following day, 
cosmonaut overseer Lt. General Kamanin was leaning toward Nikolayev and Popovich as the 
likely candidates for the two missions. One of the few bachelors in the cosmonaut team, the 
thirty-two-year-old Nikolayev began his career as a lumberjack before later joining the Soviet Air 
Force and receiving his pilot's wings in 1954. Possessed of a remarkably calm disposition, his 
completely unflappable manner in potentially life-threatening situations as both a pilot and a 
cosmonaut-trainee had guaranteed a place for him on such an early Vostok mission. The ebul- 
lient Popovich, also thirty-two, was Nikolayev's polar opposite in temperament. He had had a 
distinguished career in the Soviet Air Force before receiving the Order of the Red Star for an 
assignment in the Arctic. His wife Marina was one of the most accomplished women test pilots 
in the USSR." 

Training for Nikolayev. Popovich, and their three backup cosmonauts continued almost to 
the day of their scheduled launch, which was set for August 10- I I .  On August 4, the cosmo- 
nauts received instructions on how to orient their spacecraft for observations as well as for 
maintaining a smooth roll motion throughout the mission for equitable heating from the Sun's 
rays across the entire spacecraft. Veteran cosmonauts Gagarin and Titov were intensively 
involved in all premission operations, having jumped from being mere cosmonauts to being 
important members of the State Commission participating in all the key decisions regarding the 
flights. Gagarin arrived at Tyura-Tam on August 6, along with State Commission Chairman 
Smirnov, who presided over a prelaunch technical review meeting the same night. The formal 
"go-ahead" session of the commission was held on the night of August 7. It was at that point 
that Kamanin formally nominated N~kolayev and Popovich to fly the missions. Cosmonauts 
Bykovsk~y and Komarov were named their backups, while Volynov was named "reserve."" 
Among the speakers at the meeting was First Deputy Commander-in-Chief of the Soviet Air 
Force Marshal Sergey I. Rudenko, who In his two-minute speech twice referred to cosmonaut 
Popov~ch as "Popov." The faux pas, recorded on film at the time, was later excised no doubt 
to save both Popovich and Rudenko from embarrassment. Remarkably, Rudenko repeated his 
error at a subsequent commission meeting the following day. 

There were no major anomalies during the remaining days leading up to the first launch. 
On the morning of the liftoff, August I I. all the leading chief designers-Korolev. Alekseyev 
(ejection seat). Barmin (launch complex), Bogomolov (telemetry systems), Gusev (rad~o com- 
munications), lsayev (Vostok engine). Kosberg (upper stage engine). Kuznetsov (gyroscopes). 
Pilyugin (guidance systems for the booster), Tkachev (parachutes), and Voronin (life support 
systems)-met and declared their respective systems ready for flight.I6 

At 1130 hours Moscow Time, exactly as scheduled, the 8K72K booster lifted off with 
Captain Andrian G. Nikolayev aboard: his first words were "Full speed ahead! " "  Perhaps aware 
of the recent booster failures. Korolev was unusually nervous throughout the ascent phase of 
the flight as he held on tight to the red telephone with which he would give the vocal order to 
abort the mission in case of a booster failure. At Tt687 seconds, ground controllers breathed 
a sigh of relief as the spacecraft, renamed Vostok 3 ,  was successfully inserted into orbit. Initial 
orbital parameters were nominal: 180.7 by 234.6 kilometers at 64.98 degrees inclination to the 
equator. Approximately two hours into the mission, at the end of Nikolayev's first orbit, news 
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of the launch was reported to Khrushchev. Kozlov, and Ustinov back at the Kremlin. Kozlov 
called into launch control at Tyura-Tam, mistakenly promoting Nikolayev to lieutenant colonel 
instead of major before correcting himself. Throughout the mission, physicians on the ground 
kept a close watch on the cosmonaut's health to detect signs of the malaise that had afflicted 
Titov. A battery of sensors and instruments were attached to the cosmonaut's body, bringing in 
continuous telemetry; these included measurements for electrocardiograms, pneurnograms, elec- 
troencephalograms, skin-galvanic reactions, and electro-oculograms. To measure movements of 
the eyes, doctors had attached tiny silver electrodes at the outer corners of Nikolayev's eyes to 
record the biocurrents of the muscles of the eyeballs. Electrodes placed on the front and lower 
third of the cosmonaut's right shin detected sk~n-galvanic responses. As was standard, the 
spacecraft also carried samples of drosophila, dry seeds. lysogenic bacteria, and micros pore^.^ 
The telemetric information was augmented by a continuous stream of oral reports on appetite, 
adaptability to noise, vibrat~on, overstrain, and the ability to work and sleep. 

Nikolayev reported none of the problems that Titov had experienced. For the first time on 
a Vostok mission, a cosmonaut was allowed to unstrap himself from his seat to float freely in 
the zero gravity inside the cabin. Air Force physician Yazdovskiy had warned Nikolayev that he 
may experience nausea and drowsiness on h ~ s  sixth and seventh orbits.Yikolayev felt none 
and completed the "floating" experiment without any problems, bolstering Korolev's idea to 
have the mission last three days. During the m~ssion, Nikolayev also had specially prepared 
meals, which, for the first time, were not packed in tubes. 

Soviet leader Khrushchev spoke to Nikolayev from the ground control station of Slmferepol 
about four hours into the mission, visibly excited as Nikolayev smiled on TV from outer space. 
In a surprise move, on the spacecraft's seventh orbit, a little more than six hours after Irftoff. 
Soviet TV broadcast the first live pictures of Nikolayev. Viewers were able to see the cosmo- 
naut move his arms and head via the two cameras mounted in the cabin. In a politically moti- 
vated move, the U.S. embassy was handed a document during the early part of the mission 
stating: "The United States must refrain from carrying out any measures which could in any 
degree hinder the exploration of outer space for peaceful purposes or endanger the cosmonaut's 
life."'" It was an implicit reference to Project Starfish a month earlier, which had raised the pos- 
sibility of delaying the Vostok 3 mission. U.S. officials assured the Soviet government that there 
were no plans for such upper atmospheric explosions in the near future, wishing Nikolayev " a  
safe flight and a happy landing." 

Except for minor communications problems with the ground, Nikolayev's first day in space 
ended without incident: he went to sleep at 2200 hours. After a seven-hour nap, he awoke 
refreshed, awaiting the dramatic events of the new day. Activity at Tyura-Tam had continued at 
a feverish pitch following Nikolayev's launch. The pad at site I was cleaned out, and a new 
8K72K booster with a Vostok spacecraft was wheeled in for launch. Major Pavel R. Popovich was 
launched successfully at 1 102 hours, 33 seconds Moscow Time on August 12 into a 179.8- by 
236.7-kilometer orbit inclined at 64.95 degrees to the equator. His spacecraft was named 
Vostok 4 upon orbital insertion. It was the first time in the history of spaceflight that more than 
one piloted spacecraft, or indeed more than one human. had been in orbit. Vostok 3's ground 
track had passed directly over Tyura-Tam at the time, and ten minutes prior to Vostok 4's launch. 
Nikolayev had manually oriented his ship so as to observe the launch plumes on the ground. He 
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was, however, unable to see anything. The sur- 
prise of the second launch was without prece- 
dent. The press in the West was literally agog 
with the possibility that the two craft might link 
up in space. Western "experts" on the Soviet 
space program, such as the British astronomer 
Sir Bernard Lovell, helped dramatize the situation 
by pronouncements claiming that the flights of 
Vostok 3 and Vostok 4 were "the most remark- 
able development man has ever seen."" 

The two spacecraft were in very similar 
orbits and passed each other as 'lose cosmonaut pave/ popovich is shown ,n a 
as five kilometers on Vostok 4's first orbit. During picture during Vostok rnlssron August ,962 

a postflight conference, Popovich claimed that (files of Aslf Siddiqij 
he actually managed to see the other ship in 
orbit as "something like a very small moon."" I t  seems, however, that neither cosmonaut ever 
spotted the other's spacecraft in orbit. Gradually, the distance between the two ships increased 
over the day to approximately 850 kilometers. The experiment was clearly a boon to Korolev's 
plans to use the 7K-9K- I I K Soyuz complex for a circumlunar flight to the Moon because the lat- 
ter mission required a precision of about twenty kilometers upon orbital insertion. Popovich and 
Nikolayev followed precisely synchronized schedules, dining and sleeping at the same time. In 
contrast to the reticent Nikolayev. Popovich was far more animated and jocular during his TV 
transmissions, showing viewers floating pencils and logbooks inside his cabin. 

During the remainder of the miss~ons, both cosmonauts performed modest phys~cal exer- 
cises as well as sessions manually changing the attitude of their respective sh~ps. The men also 
regularly communicated with each other, although there was some amount of static and noise 
that hindered fruitful exchanges during the early part of the missions. The cosmonauts ate four 
meals a day consisting of meat cutlets, roast veal, fillet of chicken, pastries, special sweets, minia- 
ture loaves. sausages, dragees, and chocolate. They also conducted extensive visual and photo- 
graphic observations. Based on Titov's early experiments with movie-camera photography, both 
Nikolayev and Popovich used similar instruments. Nikolayev focused on imaging Earth's surface. 
while Popovich photographed Earth's horizon and terminator during several runs." 

Originally, the State Commission had approved Korolev's proposal that the Vostok 3 mls- 
sion last three days while the Vostok 4 fllght last two days. By the late hours of August 13, the 
night before their scheduled landing, most State Commission members were of the opinion that 
Nikolayev's flight could be prolonged to four days. Kamanin was once agaln the only major par- 
ticipant who resisted the proposal, raising some fairly serious issues. The temperature aboard 
the Vostok 3 ship had abruptly dropped from 2 7  to 13 degrees Centigrade on Nikolayev's twen- 
ty-n~nth orbit. Although the temperature had rema~ned static since then. Kamanin believed that 
the mission should be kept to its original three-day length to preclude negative effects on the 
cosmonaut's health. Because 13 degrees was still above the limit considered for aborting a mis- 
sion, and given that all other systems aboard the ship were perform~ng nominally, all the chief 

21 1b1d p 140 Kaman~n Skrytry kosrnos 1960-1963 p 149 
22 Soulet Space Programs 1962-65 Goals and Purposes Achlevernents Plans and Inlernatconal 

lmpi~cations prepared for the Commrttee on Aeronaut~cal and Space Sc~ences U 5 Senate 89th Cong 2d sess 
(Wash~ngtori DC U 5 Government Pr~nting Off~ce December 1966) pp 536-39 Reports differ as to the closest 
approach varylng from f~ve to SIX and a half kilometers 

23 Yu P Semenov ed . Raketno Kosrnicheskaya Korporatsiya "Energiya" rrneni 5 P Koroleua (Korolev 
RKK Energ~ya named after 5 P Korolev 1996) p 1 16 Catiand Manned Spacecraft p I20 



designers, including Korolev, Bogomolov. Kuznetsov. Alekseyev, and Pilyugin, voted to prolong 
the mission. In the end. Commission Chairman Smirnov had Cagarin personally ask Nikolayev's 
opinion on prolonging the mission. Although the brief communications session did not permit 
an informed decision on Nikolayev's part, he gladly agreed to the extension, saying that he felt 
"excellent. "24 

The State Commission finally decided to prolong the Vostok 3 mission to four days and the 
Vostok 4 flight to three days on the early morning of August 14, just hours prior to the originally 
scheduled return of both cosmonauts. Thus, if all went well, both men would land in the late 
morning of the following day within minutes of each other. During their last scheduled day in 
orbit. Nikolayev and Popovich conducted some more Earth observation sessions. Popovich car- 
ried out an experiment with a pressurized flask two-thirds full with water. If the flask was left 
undisturbed, he reported that all the air coalesced in the middle of the flask. Upon shaking the 
container. Popovich discovered that the air would scatter in hundreds of small bubbles, which 
eventually came together into a single large air bubble in the middle." In an experiment to repro- 
duce Titov's strange sensations. Nikolayev, on his fourth day in space, sharply turned his head 
from side to side repeatedly but felt no apparent discomfort. Popovich, on the other hand, expe- 
rienced "some abnormalities," although it was nothing on the level of Titov's sickness. 

On the night of August 14. Khrushchev and Kozlov telephoned Commission Chairman 
Smirnov and unexpectedly raised the issue of prolonging Popovich's flight another day to four 
days in the interest of not "offending" the cosmonaut. An unplanned meeting of the inner 
members of the State Commission-Smirnov, Korolev. Keldysh, Rudenko, Pilyugin, and 
Kamanin-was convened immediately to discuss the issue. Most of the members were in favor 
of extending Popovich's mission. Korolev hlmself was diplomatic: 

The goals having been completely fulfilled, we have already extended Nikolayeu's flight 
to four days, raising some risk. There's no reason to end Popouichi mission due to tech- 
nical or medical reasons, but I do not see any great gains in prolonging his flight. 
although I will not vote against such a decision.'" 

This time, not only Kamanin but also Cagarin, Bushuyev. Feoktistov and others opposed the 
proposal based on concerns about shifting landing zones as well as, incredibly, dropping tem- 
peratures in Vostok 4, which were down to eleven to twelve degrees Centigrade. This was just 
above the l im~ t  for safe conditions in the vehicle. Clearly under pressure to carry out the direc- 
tives of Khrushchev and Kozlov. Smirnov did not want to give in and asked Korolev to put the 
question to Popovich. As one would expect, Popovich replied that he was ready to fly for four 
days. Smirnov, perhaps relieved, telephoned Khrushchev on the State Commission's decision to 
prolong the flight, adding that Kamanin. Cagarin, and others had opposed the rec~mrnendation. 

All these plans fell to the wayside the following morning. August 15. During a regular meet- 
ing of the State Commiss~on, controllers reported that the temperature on Vostok 4 was down 
to I0  degrees Centigrade, below safe levels. and the humidity had decreased to 35 percent. 
Popovich reported that he was feel~ng well when he woke up, but he added. "The temperature 
and humidity are continuing to drop, and I've tried all necessary measures but the decline is 
continuing."" It was clear to most ground controllers that by Vostok 4's forty-eighth orbit, the 
safety of life support was threatened. At that point, Kamanin, Keldysh, and Rudenko demanded 
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that Popovich be brought back on the next pass over Soviet territory, which as it turned out was 
the very next orbit, the originally planned time for landing. Smirnov continued to insist that the 
flight be continued. These arguments became somewhat academic when Popovich reported 
that he was "observing a thunderstorm." Before the flight. Popovich had agreed to use a series 
of coded phrases to communicate any abnormalities durrng the flight. "Observing a thunder- 
storm" meant that he was suffering severe motion sickness. Not surprisingly. Popovrch's report 
caused great alarm on the ground, and controllers tried to confirm the report by asking how he 
was feeling. Popovich, realrzing his error in terminology, replied. "I'm feeling excellent. I 
observed a meteorological thunderstorm and lightning."'"oth Kamanin and Gagarin were 
skeptical of Popovich's second report, believing that the cosmonaut had overcompensated for 
his first call of distress, perhaps because of embarrassment. Controllers later discovered that 
Popovich had rn fact been observing a real thunderstorm over the Gulf of Mexico and that he 
was feeling perfectly fine. 

The "thunderstorm" issue sealed the matter of Popov~ch's landing on the forty-eighth 
orbit. Thus, both Vostok 3 and Vostok 4 fired their retrorockets within six minutes of each other 
in the late morning of August 15. Nikolayev landed by parachute after a three-day, twenty-two- 
hour, twenty-two-minute flight, during which he had circled Earth sixty-four times. Popovlch 
landed 200 kilometers away from his comrade after a two-day, twenty-two-hour, fifty-seven- 
minute flight and forty-eight orbits." It was a triumphant end to two missions that were, by all 
standards, spectacular achievements for the Soviet space program. Not only had ground ser- 
vices displayed the capability to rapidly launch piloted spacecraft in succession from the very 
same launch pad, but the entire ground tracking network had given an exemplary performance 
of its capabilities. Nikolayev, wrth his four-day mission, had also broken the previous world 
endurance record set by Titov a year before. By comparison, the longest U.S piloted space mis- 
sron at the tlme was a modest flve hours. The cosmonauts themselves were recovered in good 
health, although card~ovascular responses did not return to normal until seven to ten days after 
landing. Both men's good physical state was a significant reassuring factor after Titov's perfor- 
mance had thrown doubt rnto the possibility of long-duration missions. 

Nikolayev and Popovich, after thelr formal report to the State Commission on the evening 
of August 16, flew into Moscow two days later for a tumultuous reception at the Red Square 
hosted by Khrushchev, Kozlov. and others. In typical fashion, Soviet officials maximized the 
stunning effect of the dual-Vostok mission. At a press conference for the Moscow press on 
August 2 I attended by both Nikolayev and Popovich. Academy of Sciences President Keldysh 
announced quite melodramatically: 

The flights o f  Andrian Nikolayev and Pauel Popouich in the Vostoks 3 and 4 mark a 
new, notable stage on this road which brings us closer to the realization of interplane- 
tary flights. The group flight of the spaceships is o f  great significance for the develop- 
ment o f  interplanetary stations, for the creation o f  spaceships and for the conquest of 
interplanetary routes."' 

28 lbid. Golovanov. Koroleu. p. 686. 
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Such statements, backed up by the lack of detailed information on the Vostok missions, 
helped foster a climate of awe about the Soviet space program; many Westerners believed that 
the Soviets could have docked the two spacecraft with each other. Korolev's First Deputy Chief 
Designer Mishin commented many years later on the building of myths: 

The group flight . . . well, a day after launch, the first craft was over Baykonur. I f  the 
second craft were launched now with great precision, then they would turn out to be 
next to each other in space. And that i  what was done. . . . The craft turned out to be 
5 k~lometers from each other! Well, since, with all the secrecy, we didn't tell the whole 
truth, the Western experts. who hadn't figured it out, thought that our Vostok was 
already equipped with orbital approach equipment. As they say, a sleight o f  hand isn't 
any kind of fraud. It was more like our competitors deceived themselves all by their lone- 
some. Of course, we didn't shatter their illusions.'' 

Woman in Space 

The program of flights in the Vostok program remained indistinct throughout the life of the 
project. Proposals would be floated-many of them rejected, some considered for months- 
and then they were eventually laid to the wayside. A major reason for such disarray was partly 
because of the military's cool attitude toward the missions, partly because of the fact that sci- 
ence played very little role in mission planning, but mostly because the Soviet leadership was 
not very interested in establishing a coordinated plan. One additional factor may have been 
Korolev's health. For years, he had been in poor shape, plagued by a variety of physical ailments 
exacerbated to a great degree by his overstretched schedule. Working eighteen hours a day 
straight for several weeks on end was not anathema to him: he was an incurable workaholic 
with the need to have h ~ s  hand in the most trivial of matters in his giant organization. Soon 
after the Vostok 314 mission, he had been beset by intestinal bleeding, resulting in unbearable 
pain that had landed him in a hospital. After a long stay in the hospital, he was released on 
September 15 and was ordered to take a short vacation at the seaside resort of Sochi. True to 
his nature, he took his work there and spent hours on the phone or with visitors such as 
Kamanin and Yazdovskiy planning future Vostok missions." 

After the Nikolayev and Popovich missions, it was clear that the next Vostok mission 
would include a woman, but the clutter of proposals from various factions made pursuing a 
particular course of action impossible. Days after the successful Vostok 314 mission. Chairman 
of the State Committee for Defense Technology Leonid V. Smirnov. the "ministerial" head of 
the space program, was foreseeing a lone flight of a woman as early as late October 1962.  

Kamanin, on the other hand, believed that it would be more prudent to carry out the flight in 
March-April 1963 as part of a joint flight with men on one or two other spacecraft. The men 
would perform seven- to eight-day missions, while the woman would be in space for two to 
three days." Given the delays associated with previous missions, the March-April 1963 date 
proved to be much more realistic, although, by November, it was still not clear whether the 
female mission would be a solo or a group flight. 

The women themselves engaged in intensive training throughout 1962.  The program 
included time in centrifuges being subjected to loads as high as ten g's, weightlessness train- 
ing in Tu- 104 a~rcraft, regular physical exercises, flight training in MiG-I 5UTI trainers, water 
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survival techniques, and theoretical studies on astronomy, astronautics, and the Vostok space- 
craft itself. They also performed between seventy to eighty parachute jumps from 11-  14 aircraft 
to master the landing phase of a Vostok mission. To a great extent, the women's training was 
marked by different motivations than the earlier training of the men. While the men could 
count on later missions if passed over at first, no such luxury was afforded the women. Only 
one woman out of the five would make it into space, the rest most likely being consigned to a 
footnote in history. This singular fact was not lost upon the women themselves, and it char- 
acterized their interpersonal relationships with an unusual sense of competitiveness rather than 
any sense of unity.'" 

At the end of the training program, the youngest of the lot, twenty-one-year-old 
Kuznetsova, dropped out of the running, having performed poorly in the pressure chamber and 
the centrifuge. Ponomareva, the only scientist in the group, was a clear favorite based on her 
excellent health and theoretical performance. However, given the peculiar combination of sex- 
ism and political standards that was propagated by Kamanin, she was deemed to have 
"unsteady" morals. She was very Independent, self-assured, and probably much more accom- 
plished than some of the men-that is, completely unacceptable in Kamanin's mind. The other 
contender for first place, Tereshkova, on the other hand, was reticent, modest, and " a  model 
of good breeding. "" 

In late November 1962, four of the five women took their final exams; Kuznetsova was 
absent at the time because of poor health. The remaining four all received excellent grades and 
were awarded the military rank of junior lieutenant and were formally inducted as Air Force cos- 
monauts. Kamanin summarized their strengths and weaknesses in his journal on November 29: 

Ponomareva has the most thorough theoretical preparation and is more talented than 
the others-she exceeds all the rest in flight-but she needs a lot of reform. She I S  arro- 
gant, self-centered, exaggerates her abilities and does not stay away from drinking, 
smoking and taking walks (although she has a husband and four-year old son). 
Solovyeva is the most objective of all, more physically and morally sturdy, but she is a 
little closed off and is insufficiently active in social work. Tereshkoua-she is active in 
society, is especially well in appearance. makes use of her great authority among every- 
one who she knows. Yerkina has prepared less than well in technical and physical qual- 
ities, but she is persistently improving and undoubtedly she will be a rather good 
cosmonaut. W e  must first send Tereshkoua into space flight, and her double will be 
Solovyeua. . . Tereshkoua, she is a Gagarin in a skirt.jb 

Although the four women were ready for their flight, there was still much uncertainty about 
the mission. There was still no clear consensus on whether it would be a joint mission with a 
second Vostok, and if so, whether the second spacecraft would carry a man or a woman. There 
were also purely technical issues: Plant No. 918 had run into serious problems in designing a 
pressure suit specifically for women. As with many other flights, the Soviet Party and govern- 
ment proved unable or perhaps uninterested In setting a specific timetable by which all its sub- 
ordinate organizations could work. The two spacecraft for the proposed women's miss~ons had 
already been manufactured and almost ready for flight by mid- 1962, but the lack of action from 
the Mil~tary-Industrial Commission and the Central Comm~ttee kept them on the ground for 
another year. 
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The options available for the women's flights were discussed at a meeting at OKB- I in mid- 
January 1963. Three options were given serious consideration for the flight, then set for 
April-May: 

A single flight of a woman on a Vostok ship lasting one to three days 
A group flight of two ships with women, one launched a day after the other, and both land- 
ing on the same day 
A group flight with one ship carrying a man for five to seven days and one ship carrying a 
woman for three days 

The Air Force seemed to be leaning toward a group flight of two women, but these plans were 
thrown into flux by opposing institutional viewpoints. For example, at one point in late January, 
State Committee for Defense Technology Chairman Smirnov had expressed the opinion that 
only one spacecraft (3KA no. 7) be used for the women's flight. while the second one 
(3KA no. 8) be consigned as a museum piece. The implication was clearly that the female flight 
would be limited to a single ship and not a joint mission." 

Apart from OKB-I, the primary motivator in supporting the Vostok program was the Air 
Force. Having been completely kept out of the entire missile business by the armaments people 
in the Strategic Missile Forces, the Air Force, as the overseer of the cosmonauts, was taking steps 
to vigorously support piloted space activities. While it may have been purely an interservice rival- 
ry issue, the lobbying did produce results. Top Air Force leaders, including Commander-in-Chief 
Vershinin, were able to convince Ustinov and Smirnov of not sending a perfectly good space- 
craft sent to a museum. On March 18, several leading Air Force generals along with Korolev met 
with Secretary of the Central Committee for Defense and Space Fro1 R. Kozlov. On the question 
of the female m~ssion. Kozlov asked many questions, some pointed (Why is this necessary?) 
and some simply ignorant (Who among you is dec~ding to prepare the women?). It seems that 
the combined effort did produce results. On March 2 1 ,  the Central Committee formally decided 
to move ahead with a group flight with one woman and one man, thus quashing any plans for 
a double-woman mission. The flight was tentatively set for "no earlier than" August 1963. 
OKB- I also received formal approval to manufacture four addit~onal Vostok spacecraft by the end 
of 1963.'Thus, a whole seven months following the Nikolayev-Popovich flight, the Soviet lead- 
ership finally committed itself to the next Soviet piloted space mission. 

There was some adjustment to this plan when Korolev's engineers discovered that the 
design lifetime of both the slated spacecraft was to expire In May-June 1963, well before the 
August deadline. Korolev had asked his men to explore the possibility of extending "the shelf 
life" of the vehicles, but he was informed that this would not be possible. Thus, OKB-I was 
put in a bind: either launch the two spacecraft by June 15 or throw them out. The revised plan 
was passed up to the Military-Industrial Commission and the Central Committee. The latter, on 
April 29, formally approved carrying out the group flight earlier, in May-June of 1963. The first 
spaceship would carry a man into orbit for a full eight days, while the second would carry the 
first woman into space for two to three days. 

Cosmonauts Bykovskiy, Khrunov. Leonov, and Volynov were the four candidates for the 
male seat. Of the four. Bykovskiy and Volynov had been sporadically training for the possibili- 
ty of such a mission since September 1962, but dedicated preparation for the joint flight did 
not begin until mld-April 1963, just two months before the planned launch. Such an unusual- 
ly short preparation period, impossible In the case of NASA astronauts, was possible in the 
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Soviet Union because cosmonauts in training groups were in a continuous state of preparation 
for months prior to being assigned a particular flight. Through the month of May, the four went 
through an accelerated and compressed training program involving more parachute jumps. 
three- to four-daylong ground simulations, and tests on the centrifuge. Air Force officials 
expected that Bykovskiy and Volynov. the best trained of the four, would be ready for launch 
by May 30, while Khrunov and Leonov would be ready by June 15, just in time to make the 
mission." In a very telling comment in his journal. Kamanin wrote: 

Because o f  the squabbling between various departments, we make very poor use of our 
technical capabilities, hastily preparing flight programs, and doing a lot of other stupid 
things. A space mission, or to be more exact, its preparation should begin with giving 
the crew a flight program, but we are doing exactly the opposite: we first prepare the 
ships and their equipment and then tailor the crew's flight program to the ship's config- 
uration and equipment." 

The flight program of the ensuing two missions was very slm~lar to the Vostok 314 flight a year 
before. The length of seven to eight days for the first mission necessitated some changes in tim- 
ing: the only requirement was that the two spacecraft fly in space at the same time for at least one 
to two days. None of the earlier Vostok missions had included any serious scientif~c experiments. 
and ~t seems the scientific community had taken steps to include some observational research on 
the new mission. On May 17, 1963, Academy of Sciences President Keldysh submitted a formal 
document to the Council of Ministers suggesting experiments on the next Vostok missions. These 
dealt with the study of the brightness of Earth's atmosphere system, especially the horizon, the 
structure of the clouds, the light regime, and the transparency of the atmosphere by means of 
black-and-white and color photography with subsequent photometric observations. A program of 
research that included these experiments was apparently prepared for the next dual-Vostok flight, 
although ~t is not clear whether all the instrumentation was actually carried into ~ r b i t . ~ '  

The first meeting of the State Commission for Vostok took place on May 10. Presiding was 
a new commission chairman, forty-eight-year-old Artillery Lt. General Ceorgiy A. Tyulin, at the 
time the First Deputy Chairman of the State Committee for Defense Technology. His career w ~ t h  
the missile had begun in 1944 when, as a young lieutenant colonel, he had been tasked to 
study captured portions of the German A-4 missile. A close friend of Korolev's. Tyulin had petl- 
tioned several times to be transferred to OKB-l as an engineer, but these requests had been 
denied because his expertise was needed elsewhere. After the year in Germany in 1945-46, he 
had ended up at the military research and development Nll-4 organization d~recting the devel- 
opment of ground tracking stations for the R-7 ICBM and later sea-based tracking for space 
satellites. In August 1959. Tyulin was tapped to become director of the famous Nll-88. the for- 
mer "overseer" institute of Korolev's OKB-I. Within two years, both Ustinov and Korolev 
strongly supported Tyulin's nomination to enter the State Committee for Defense Technology. 
the "ministry" responsible for the space program. Tyul~n, more committed to scientific and 
engineering research, was reluctant to leave his job at Nll-88, but he agreed in June 1961 to 
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become the committee's First Deputy Chairman. Tyulin stayed with his new job, clearly gain- 
ing a foothold in the top levels of the space ind~stry.~ '  One of the most overlooked characters 
in the tapestry of the Soviet space program, he was also one of the most ubiquitous. 

Traditionally, the position of chairman of the ad hoe State Commission for Vostok was held 
by an individual with a "ministerial" rank; the appointment of Tyulin, who had a rank of first 
deputy "minister." was unexpected. Clearly, the Communist Party no longer viewed the project as 
sufficiently important as before. Under Tyulin's supervision, the State Commission met on May 10 
to discuss preparations for the flight. In attendance were all the principal participants preparing the 
woman flight, including both Korolev and Glushko. This was at the zenith of their flght over the 
N I propellants, and it is surprising that the two of them actually managed to sit in the same room 
and discuss a neutral project. Also present were several Strategic Missile Forces and Air Force offi- 
cers, chief designers, scientists from the Academy of Sciences, veteran cosmonauts, and Air Force 
physicians." The relevant chief designers reported that both spacecraft slated for the flight had 
been tested and all defective instruments replaced. Korolev in particular complained of the poor 
quality of the workmanship of a particular plant, which had produced twenty-eight defectlve parts. 

After the formal meeting, a smaller group provisionally agreed to set the two launches for 
June 3-5. The preliminary choice for the first mission was Bykovskiy, more than likely because 
he was the lightest of the men competing for the position: the Vostok spacecraft was already 
pushing the limit of the launch vehicle's capabilities with a variety of modifications. The deci- 
sion on the woman was a little more difficult. A year before, when the five women had come 
to Tyura-Tam to see the launches of Vostok 3 and Vostok 4. Korolev had clearly been pleased 
with Tereshkova and had even confided this to then-Director of the Cosmonaut Training Center 
Col. Yevgeniy A. Karpov. Before the weeks leading to launch, however, two clear factions had 
emerged In p~cking a single woman. On one side. Korolev, Karpov, Kamanin, and parachute 
training instructor Nikolay K. Nikitin strongly supported Tereshkova's candidacy. There were, 
however, powerful forces behind the clearly well-qualified Ponornareva: Institute of Aviation 
and Space Medicine Director Lt. General Yuvenaliy M. Volynkin; leading space medicine spe- 
cialist Vladimir I. Yazdovskiy, of the same institute; Academician Aleksandr Yu. Ishlinskiy, one 
of the most influential scientists in the space program; and, most important of all. Academy of 
Sciences President Keldysh. Cagarin, a powerful member of the State Comm~ssion, at first did 
not have an opinion on the Issue, but on being pressured insistently by Keldysh, he "rebelled" 
against Keldysh and sided against Ponomareva. At the meeting on May 10, the vote on 
Tereshkova versus Ponomareva was split again, but the tide began to turn against Ponornareva 
soon. Dur~ng a vlsit to the Cosmonaut Training Center on May 2 1 by Keldysh, Korolev, Mrykin. 
Rudenko, and others. Bykovskiy and Tereshkova were named the primary crewmembers of the 
two missions. According to former Cosmonaut Training Center Director Karpov, if Keldysh and 
physician Yazdovskiy had not been lobbying so intensely for Ponornareva, she would have been 
the first woman in space. At one point during his visit to the center, Korolev asked Ponomareva 
why she looked so sad. She simply answered. " I  am not sad, I'm simply serious, as a l~ays . "~ . '  
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On May 27, the members of the State Commission flew into Tyura-Tam to oversee the 
launch preparations for the two 8K72K boosters and their respective payloads. Various chief 
des~gners identified a number of significant failures during a meeting on May 3 1 ,  including prob- 
lems with communications and TV systems, which prompted some heated exchanges. Tyulin 
delayed the launches to June 7-10 to eliminate all the anomalies. The cosmonauts, primary 
members Bykovskiy and Tereshkova, as well as backups Volynov, Solovyeva, and Ponomareva. 
arrived from Moscow the following day with about thirty other prominent space program lead- 
ers. The complete State Commission for Vostok assembled on the morning of June 4 to discuss 
and finalize preparations for the historic missions. All systems were declared ready for launch, 
although the possibility of launching on June 7 was put in doubt by the chance of high winds 
at the launch site. A "ceremonial" version of the State Commission meeting was later held for 
the benefit of a small group of Soviet journalists who were flown into Tyura-Tam. Kamanin offi- 
cially nominated Bykovskiy for the eight-day flight of the first spacecraft, Vostok 5 .  His backup 
would be Volynov. Cosmonaut Tereshkova was nominated for the second mission, which would 
last between one and three days, based on the state of the cosmonaut and her spacecraft, 
Vostok 6. Solovyeva and Ponomareva would serve as backups for Tereshkova." 

Once again, so as to fool the Western tracking stations that would monitor voice com- 
munications, the State Commission drew up a short list of coded messages the cosmonauts 
could send to the ground. "Feeling excellent, the ship's equrpment is working excellently" 
would imply that there were no problems and that flight should continue. In place of "Feeling 
excellent," "Feeling well" would indicate that the cosmonaut had doubts about being able to 
fulfill the flight: "Feeling satisfactory" would mean that the flight had to be terminated imme- 
d~ately. The launch, set for June 8, had to be delayed by three to four days when a major prob- 
lem with the remote radio command system arose. This and other malfunctions in the guidance 
and communications systems were the subject of a long State Commission meeting on June 7. 
during which the institute chief responsible for the offending radio system, Chief Designer 
Armen S. Mnatsakanyan of Nll-648, explained that the failure in the system had occurred 
because of a single failed triode, a product of poor workmanship at the production plant.JThe 
first launch with Bykovskiy was rescheduled for June I I. Tereshkova would follow into orbit two 
days later. An alternate variant was for Tereshkova to launch into space five days after 
Bykovskiy. Thus, the two could return to Earth together after Bykovskiy's eight days in space. 

The delay proved to be only the first of many. On the night ofJune 10, Academy of Sciences 
President Keldysh, back in Moscow, sent a message to the State Commission In Tyura-Tam that 
solar activity had sharply increased, significantly raising radiation levels in the upper atmosphere. 
The commission decided to postpone the launch again. On the night of June I I. the solar activ- 
ity issue was discussed in depth: a solar storm had evidently broken out on June 8 and was 
expected to last between five and perhaps up to eight days. Astronomers predicted a possible 
peak the very next day. The launch was postponed again to June 14-1 5 at the earliest. 

Continually delaying the flight contributed to increased tensions at the launch site. Korolev 
had been seriously ill in recent weeks. He had a fever for several days and was diagnosed with 
inflamed lungs. He looked "pale and wane" to everyone, his voice hoarse from talking.' The 
stress on not only Korolev but also the other chief designers reached a breaking point on 
June 14, the day of the launch. At a last-minute, early-morning meetlng of the State 
Commission, the members recommended a launch at 0900 hours Moscow Time, based on 
reduced solar act~vity. Trouble began soon after Bykovskiy arrived at the pad and was helped 
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into the ship. Controllers reported that both of the ultra- 
shortwave transmitters on the Vostok ship were not functional. 
After a brief meeting, they decided to continue with the count- 
down and rely only on the short-wave transmitters for the mis- 
sion. A little later, a pin stuck in the ejection hatch forced a 
thirty-minute delay. Finally, at T-5 minutes, the indicator light 
on the control panel for the Blok Ye third stage of the booster 
refused to light up. The problem was traced to a failure in the 
gyroscope-instrumentation unit on the stage. Korolev's first 
response was to yell, "Where the hell's Kuznetsov?!"'' 

Chief Designer V~ktor I. Kuznetsov of Nll-944, one of the 
or~ginal members of the Council of Chief Designers, was ulti- 
mately responsible for all gyroscopes on Soviet space launch 
vehicles. Perhaps the least well-known member of the coun- ChlefDesigner Vlktor Kuznetsov was 
cil, he Was originally a naval engineer. In the late 1930~, he for the design of the gyro- 
had designed fire control stabilizers for the famous Kirov and scope ~nstrurnentation for Soviet 
Maksim Gorky cruisers in the late 1930s. In October I 940, rniss~les, launch vehicles. and space- 

Kuznetsov had been assigned to Germany during the brief 
c r ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ c ~ i ~ ~ ~ ~ ~ ~ ~ l  

period of the Stalin-Hitler pact. Once the Nazis attacked the Desrgners By the 1960s, h,s organIra. 
Soviet Union, Kuznetsov suffered through a dramatic trip Out tion, ~ll.944, had become the 
of Germany into Turkey and finally back to the Soviet Union. Scientrfrc-Research Jnstitute ofApp11ed 
After the war, he reluctantly joined the inspection teams into Mechanics (files of Peter Gorin) 

Cermany, where he met Korolev. Glushko, and other soon-to- 
be chief designers. Kuznetsov told his associates. "Somewhere, they are producing new ships. 
while I must mess around with the fascist [V-2].""In 1946. Special Committee No. 2 appoint- 
ed him chief designer of Nll-10, with the responsibility to create al l  gyroscope systems for 
Soviet long-range ballistic missiles. The tall, lanky chief designer was one of several men who 
had been spared a gory death during the R- 16 disaster in October 1960 because of their need 
to smoke last-minute cigarettes. After the accident, he had headed the technical commission 
investigating the disaster when he came into conflict with the "total incompetence" of Soviet 
leaders. Kuznetsov remembers: 

Brezhnev did not delve inlo the situation. He sat in his hotel room in his pajamas and 
constantly reminded /Kuznetsov]: "Moscow is waiting for the report. Don't dawdle over 
the details, just a few general conclusions-that is all . . . " " I  

Unlike the other members of the council. Kuznetsov was unusually reticent and quiet. 
Dressed perpetually in his leather jacket. he would always sit to one side of the room, rarely ever 
taking part in discussions during meetings of the State Commission." At the time of the 
Vostok 5 launch. Kuznetsov was fifty years old. 

With tempers flaring, Korolev and Kuznetsov began heatedly arguing in front of their 
colleagues about the failure, which had potentially devastating consequences. If Kuznetsov's 
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engineers did not fix the failure withln six hours, then the launch would have to be postponed 
for another day because of poor weather conditions during the landing opportunities for later 
launch windows. And if the launch was postponed, the 8K72K booster would have to be unfu- 
eled. taken back to the Assembly-Testing Building, and disassembled. In that case, the launch 
would have to be delayed to August. By August, the lifetime of the two Vostok spacecraft 
would have expired. Korolev and Kuznetsov thus had hours to make a decision that could 
potentially derail the piloted space program for another year. One of Kuznetsov's deputies final- 
ly reported that his engineers could replace the offending unit with a new one wlthin two to 
three hours. Kuznetsov, in consultation with Pilyugin and Ryazanskiy, decided to go with the 
plan. State Commission Chairman Tyulin opted to keep Bykovskiy in his capsule through this 
period as the repairs dragged on to a full six hours." 

As the final minutes clocked down to liftoff, the hopes for a successful launch seemed to 
be abruptly thwarted by indications in the ground bunker that the booster had not disengaged 
the cable connecting itself to the external power sources that fed the rocket during the entire 
countdown. With the seconds ticking away to launch. Korolev. Voskresenskiy, and Strategic 
Missile Forces launch operations chief Kirillov looked at each other in a moment of panic. In 
the handful of seconds remaining, they unanimously decided to launch. Although the launch- 
er was still plugged into the ground supply, power had evidently switched to on-board systems. 
At ignition. the cable simply tore off its sockets and fell to the wayside." 

Unaware of the drama, twenty-elght-year-old Major Valeriy F. Bykovskiy lifted off In his 
Vostok 5 spacecraft at 1458 hours. 58 seconds Moscow Time. His initial orbrtal parameters 
were 174.7 by 222.1 kilometers at 64.96 degrees inclination to the equator. The orbit achieved 
was slightly lower than anticipated. evidently because of the less-than-nominal performance by 
the third stage of the launch vehicle. Instead of the standard ten-day lifetime predicted for the 
other Vostok missions. Bykovskiy was given about eight days in space prior to natural decay. 
To maintain adequate safety margins, it was clear that Bykovskiy would not be able to stay in 
orbit for the seven to eight days originally planned. To the joy of ground controllers, the 
ultra-short-wave transmitters came back on line soon after orbital insertion. Bykovskiy was also 
able to observe the upper stage of the 8K72K booster moving away from him after orbital inser- 
tion. Soviet leader Khrushchev spoke to Bykovskiy, on a then-standard exchange of messages, 
on the fourth orbit. During his first two days, Bykovskiy carried out the usual flight program 
perfected over the previous Vostok missions, including checking and reporting on spacecraft 
parameters and h ~ s  own health and conducting Earth observations. During one orbit. he test- 
ed the manual orientation system, finding that the pressure in the nitrogen bottles had reduced 
to ten atmospheres pressure. Because at least f~ve atmospheres was required in case of manu- 
al orienting for reentry. Bykovskiy put the spacecraft in a thermal roll mode at one revolution 
per eight minutes. Later on his eighteenth orbit, he removed himself from his restraining straps 
and floated about in the relatively spacious capsule. TV transmissions cont~nued to send down 
an endless stream of video of Bykovskiy's antics.'" 

Through the first two days he spent alone in orb~t, as part of his Earth observations pro- 
gram. Bykovskiy used a special movie camera to take black-and-white pictures of the horizon. 
the Moon. and Earth. Unfortunately, one of the film cartridges remained stuck in his camera: 
he found another cassette to be empty of film! One of the few scientific experiments included 
noting the growth of peas and observing the behavior of liquids in m~crogravlty. The rest of h ~ s  
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time was divided between 
physiological research or 
more Earth observation 
The former program includ- 
ea modest calfsthen,cs and 
nottng the change of h ~ s  
vlslon in orbit with special 
binoculars (wh~ch he 
found d~fficult to use). As 
part of the latter program. 
Bykovsk y used optical 
instruments w ~ t h  special 
, , . r , .  . , r . ,  lignt rllrers to oDserve tartn - 

Here are three women cosmonauts at Tyura Tam prior lo the launch of and Sun's (which vostok 6 Left to right are Valenlrna Ponomareua backup irrno Solouyeuo 
he was unable see) As and prrme crewmember Valentina Tereshkoua Behrnd the women are State 
with the previous Vost0k Commrssron Charrman Georgiy Tyulrn (left) and Strategrc Missile Forces 
mlsslons, a large cornple- Commander-rn Chref Sergey Brryurou (ftles of As11 SrddiqrJ 

ment of biological speci- 
mens accompanied Bykovskiy: these included cancer cells, amnion and fibroblast cells, frog ova 
and sperm, drosophila insects, plants, air dried seeds, chlorella algae, and bacteria " 

As Bykovskiy finished up his second day in space, back on the ground. Tereshkova was 
preparing for her moment of fame. Late on june 15, a final meeting of the technical group of 
the State Commission had taken place: Tereshkova's launch was set for 1230 hours Moscow 
T~me the follow~ng day. Earlier, Commission Chairman Tyulin had received a message from 
Moscow announcing that in Tereshkova's launch communique, TOSS would announce that she 
was a civilian and not a military off~cer. By this time, only Tereshkova and Solovyeva were 
involved In actually preparing for the mission; third trainee Ponomareva was consigned to 
ground support functions. On the day of the launch. Tereshkova arrived at the pad in the late 
morning and was greeted by Korolev, Tyulin, and other members of the State Commission. This 
time, the prelaunch preparations were far more uneventful. Jr. Lieutenant Valentina V. 
Tereshkova, twenty-six. lifted off at 1229 hours, 52 seconds Moscow Tlme on June 16 in her 
Vostok 6 spacecraft. Within minutes, she had successfully entered orbit, thus becoming the 
first woman in space. Her initial orbital parameters were 180.9 by 231.1 kilometers at a 
64.95-degree inclination to the equator. The orbit of Vostok 6 was in an orbital plane about 
thirty degrees apart from that of Vostok 5, in contrast to the Vostok 314 combination when the 
second vehicle had been launched as the first was directly over Tyura-Tam. Because of the 
slightly different rnissron profile, the two new vehicles only approached each other twice for a 
few minutes every orbit.'" 

Throughout the world. Soviet news services poured forth a plethora of rhetoric linking the 
flight to the inevitable progress of socialism. While there were some Westerners who correct- 
ly identified the flight as an exercise in pure propaganda. most were further cowed by the 
breadth and ambition of the Soviet space program. As Kamanin had predicted two years before, 
the flight was a brilliant political success all over the world. 

Vostok 5 and Vostok 6 flew closest to each other immediately after launch, when they 
passed each other at a range of about five kilometers. Bykovskiy later reported that he had not 
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spotted Vostok 6, while Tereshkova thought she might have glimpsed Vostok 5. Like Bykovskiy. 
she did, however, view the third stage of the booster rocket. The two cosmonauts establrshed 
communications contact with each other by 1300 hours, and within three hours, Moscow TV 
was showing live shots of Tereshkova in her capsule. It seems that Tereshkova may have briefly 
suffered from the same affliction that marred Titov's flight two years before. The Soviets later 
reported that she: 

was not feeling so well on the first few orbits. The commission was even discussing the 
possibility of ending the flight of Vostok-6 ahead of schedule. [Tyulin] talked it over with 
Tereshkova by radio. She asked that the flight not be interrupted, said that she already 
felt better (that was later verified with the telemetry data), and assured the State 
Commission that she would carry out "everything that the program called for" and 
would do "everything as we were taught. "" 

On the morning of June 17, the technical group of the State Commission decided to cur- 
tail Bykovskiy's m~ssion down to five to SIX days because of his lower-than-nominal orbit. 
Unless there was an emergency. Tereshkova's flight would last the complete three days. Both 
cosmonauts reported feeling excellent through the day; communications between the two vehi- 
cles were maintained only in the first part of the day, apparently the last communicat~ons the 
two had during the remainder of the mission. On the morning of june 18. the State 
Commission finally decided on landing times for both cosmonauts: Bykovskiy would return on 
hrs erghty-second orbit at the end of hrs fifth day, with Tereshkova coming back on her forty- 
ninth orbit at the end of her third day. The former would set an absolute world endurance 
record, far surpassing the longest U.S. piloted space mission of the time.'Tereshkova contin- 
ued to report that she felt excellent, but TV transmissions on June 18 showed her tired and 
lookrng a little weak. Ground controllers were very disappointed when Tereshkova farled to per- 
form one of the major goals of her mrssion: manual orlentatron of her spacecraft. For reasons 
that are unclear. it seems that she had attempted to use the attitude control system but was 
unable to do so. This caused much anxiety on the ground because if the automatic system 
failed during reentry, Tereshkova would have to orient the ship manually. 

Kamanin ordered Gagarin, Titov. Nikolayev, and OKB- I Department Chief Raushenbakh to 
send up instructions to Tereshkova on manual orientation. On the morning of June 19, on her 
forty-fifth orbit. Tereshkova successfully carried out a twenty-minute experiment in manual ori- 
entation, keeping her vehicle in the correct attitude for reentry for a full fifteen minutes. Korolev 
and the other members of the State Commission were somewhat reassured by her performance, 
mitigating concern that she might not be able to orient the craft manually if needed for reen- 
try." Bykovskiy ra~sed somewhat of a scare a day earlier when he transmitted a message to the 
Khabarovsk ground station on short wave that "A t  9 hours 5 minutes there was the f~rst space 
knock."" This report was immediately passed on to Korolev and Tyulin, and there was lively 
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speculation on everything from meteor strikes to extraterrestrials. Soon, when ground control 
directly asked Bykovskiy about the incident, he replied that what he had said was that "there 
had been the first space stool," the Russian word for "stool" (stul) being mistaken for the word 
for "knock"" (stuk). Either way, i t  was a historic moment because it was the first time a human 
had had a bowel movement in space, another dubious first for the Soviet space program. 

The postflight reports by both cosmonauts were illuminating. Bykovskiy commented that 
he excitedly looked forward to the scheduled periods when he would float unstrapped inside 
his ship (which he did on the eighteenth, thirty-fourth, fift~eth, and sixty-sixth orbits). On one 
occasion, he floated for an entire orbit, although he found it difficult to orient himself when his 
eyes were closed. He also had some comments about instrument placement inside the Vostok 
cabin, suggesting that although the switches were accessible, the indicators were hard to read. 
In addition, the food rations were placed in a diff~cult position to access, and the medicine cab- 
inet was simply too far to reach without unfastening himself. His helmet also apparently 
weighed him down. Problems with the waste management system also cropped up during the 
last portion of his time in space. Despite these minor inconveniences, he claimed that he felt 
excellent throughout the mission. 

Tereshkova was more candid in her postflight report: 

I took movie films o f  cities. clouds, and the Moon . . . removing the film [from the cam- 
era] was very difficult. I didn't conduct any biological experiments-I was not able to 
reach the objects. The dosimeter remained at zero. The sanitary napkins moistened uery 
poorly and were too small. It's necessary to have something to clean teeth. I carried out 
observations with light-filters. The horizon was luminous over the poles. Over South 
America I observed a storm. At night the cities were defined very sharply. The Moon 
illuminated the Earth and the clouds uery beautifully. It was difficult to determine the 
constellations. I didn't observe the solar corona." 

She was very forthright about the conditions in the vehicle and the difficulties she had faced: 

On the first day I didn't feel the spacesuit. On the second day there was a nagging pain 
on my right knee and by the third day it had begun to worry me. The helmet bothered 
me pressing against my shoulder. . . [it also] pressed against my left ear. The sensor belt 
[around my head] did not disturb me. [However] the sensors themselves gave me itches 
and  headache^.^^ 

These experiences were more than likely a comment about the poor level of comfort afford- 
ed by the Vostok spacesuit than any bad experiences on Tereshkova's part. Throughout her 
reports from orbit and in her postflight report, she emphasized that she had felt well during her 
mission: 

Weightlessness did not arouse any unpleasant sensations. . . . The bread was dry and 
so I didn't eat it. The juice and the cutlet were pleasing. I threw up once but this was 
due to the food, and not to any vestibular di~order,~' 
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The order for flring the reentry engine on Vostok 6 was sent at 0939 hours, 40 seconds 
Moscow Time on June 19. Tension was high at the control center at Nll-4 near Moscow 
because Tereshkova had not reported on the proper work of the solar orientation system. In 
fact, for some inexplicable reason, she remained silent throughout the reentry, not reporting on 
the retrofiring or the separation of her spacecraft modules. She safely ejected from her capsule 
at six and a half kilometers altitude, but while she was parachuting down, in violat~on of the 
training procedures, she had looked up to the side of the parachute canopy at the upper line of 
the pressure suit's helmet, when a piece of metal hit her straight on the nose." She touched 
down without further incident after a two-day, twenty-two-hour, fifty-minute mission about 
620 kilometers northeast of the town of Karaganda in Kazakhstan. Bykovskiy's reentry was 
more eventful. As with Gagarin and Titov, his instrument compartment failed to separate on 
time from the spherical descent apparatus prior to reentry into the atmosphere. He recalled later 
that the separation was "disorderly." but the problem seems not have perturbed h ~ m  too much. 
He landed after a record-breaking four-day, twenty-three-hour, six-minute mission about three 
hours after Tereshkova and 800 kilometers away." 

Tereshkova's health during her mission has been the subject of much speculation for many 
years. with the more sensationalist stories suggesting she was completely sick when she landed.'" 
There were clearly two factors that played against her: she was unable to test the attitude control 
system when required and did not conduct any medical experiments. After touchdown, she had 
also apparently given all the remaining food in her capsule to the villagers who greeted her, com- 
pletely contrary to mission rules. This made it difficult for doctors to verify her assertion that she 
had eaten 60 percent of the food aboard the Vostok 6 spaceship during her three days In space. 
As physicians led by Yazdovskiy jumped to attribute a pitiful performance on her part. Tereshkova 
became defensive, claiming that she had felt well during the flight, although she had suffered from 
fatigue and lack of sleep. Yazdovskiy eventually wrote up a hypercritical report on Tereshkova's 
mental and physical state during the mission, stating that she had felt poorly on the th~rty-sec- 
ond and forty-second orbits, had vomited, had a poor appetite, and had "weak cardiac activity." 
All of this eventually reached Korolev's ears, and he invited the young cosmonaut on July I I to 
speak one-on-one about her flight. What they spoke about is not known, but Korolev was clear- 
ly displeased with her performance. Kamanin wrote later: " I  remember well all our troubles dur- 
ing the Tereshkova flight. There were many disruptions, and when Tereshkova finally landed. 
Korolev sa~d: 'If I ever get involved with broads again...'."" Korolev's First Deputy Mishin was even 
more extreme: "Tereshkova turned out to be at the edge of psychological stability. It would seem 
that her flight . . . should have discredited Khr~shchev. "~~ 

Part of this hostility toward Tereshkova was clearly because she was a woman. The stan- 
dards by which all the engineers, physicians, and military officers judged her performance were 
completely different than for the men. Titov, who had suffered severe motion sickness and was 
unable to do many of the tasks assigned to him during his mission, was never considered a 
pariah after his flight. Unlike Tereshkova, he was recycled into other space projects, and neither 
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Kamanin nor Korolev believed that he had failed their trust in him. Thus, while Tereshkova's 
flight was not an outright success, it was also by no means the complete failure as that seen 
by Kamanin and Korolev. At the time, of course, all this was talked about behind the curtain 
of the Soviet space propaganda machine. One of the most publicized aspects of Tereshkova's 
mission was that she had flown in space longer than all the six Mercury flights comb~ned, cer- 
tainly a fantastic achievement considering the political dimension of the "space race." 
Bykovskiy. for his part, had also claimed a new victory for the Soviet space program. Traveling 
a total distance of 3.325.957 kilometers during his flight. he had set an absolute world dura- 
tion record. For a single-crew spaceship. it is a record that still stands today, thirty-five years 
after his mission. 

At the time that Bykovskly and Tereshkova completed their flights, there were no approved 
plans for subsequent miss~ons in the Vostok series. Korolev was probably keen to discontinue 
the program and instead concentrate resources on flying the more advanced 7K-9K- I I K Soyuz 
complex and the N I booster projects. The flights in June 1963 were thus effectively the last in 
perhaps the most h~storically important Soviet piloted space project. Between 196 1 and 1963, 
despite growing political bickering. the Soviets had managed to launch the first human into 
space, conduct the first daylong flight, carry out the first "group flight." conduct the longest 
space mission to date, and launch the world's first woman into orbit. It was a stunnlng show 
of form for a nation whose technological capacity had been dismissed by many. 

Cosmonauts Under the Public Eye 

The publicity afforded to Tereshkova's historic mission was capped off by an even more sen- 
sational public relations extravaganza: Tereshkova's wedding to the "most eligible Russian bach- 
elor." Vostok 3 pilot Nikolayev. A few Russian historians have cynically suggested that their union 
was a public relations exercise, perhaps engineered by Cosmonaut Training Center Director 
Karpov or his boss Kamanin. This may have indeed been true. Although Nikolayev and 
Tereshkova were good friends, most accounts from the t~me suggest that the two were hardly 
close enough to be husband and wife." Regardless of their own feelings on the matter. the plans 
for marriage began to take a life of their own. In the first state-hosted wedding in Soviet history, 
Nikolayev and Tereshkova were married to each other on November 3. 1963, just four months fol- 
lowing the latter's spaceflight. Attendees included al l  the top leaders of the space program: 
Khrushchev. Mallnovsk~y. Biryuzov, Smirnov. Keldysh, Rudenko. Serbin, and others. In what must 
be considered the rarest of opportunities, both Korolev and Clushko were allowed to attend this 
most public of ceremonies at the Government Reception House. The names of neither were, of 
course, announced, nor were they allowed to sit close to Khrushchev or Tereshkova. Western cor- 
respondents who were also invited evidently discovered through informal conversation that the 
"chief designers" of the Soviet space program were in attendance. Within a week, a New York 
Times correspondent was able to file the following report: 

Reports circulating in Moscow's Western community last week have mentioned two 
rocket pioneers as likely key figures in the Soviet space program. Although the identities 
of the top screntists rn these jobs remain an official secret, a number of unofficial reports 
have been pointing to two academicians. Valentin P Glushko, a combustion engineer. 
and Sergei P Korolyov. a mechanical engineer. These reports cannot be confirmed from 
official sources. The leading figures in the Soviet space effort have been cloaked behind 
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such designations as Chief Designer and Chief Theoretician, which always appear in 
the Soviet press with capitalized initials. '' 

With the identification of Korolev and Clushko, one might have believed that the machi- 
nations of the enigmatic Soviet space program would become clearer to Western observers. But 
even U.S. intelligence services seemed to be having a difficult tlme in determining exactly who 
ran the Soviet space program-a question that no doubt often boggled those within the pro- 
gram itself. As late as April 1961. the Central Intelligence Agency was claiming that the Soviet 
space effort was directed by the "Interagency Commission for lnterplanetary Communications 
under the Astronomy Council of the Academy of Sciences," a body that had been publicized 
by the Soviet media in the mid- 1950s ostensibly to serve as a public forum for their participa- 
tion in the International Geophysical Year." 

In the early 1960s. the six cosmonauts who had flown in space were the most visible 
ambassadors of the Soviet space effort, and they were packed off to scores of countries. They 
were portrayed as flawless representatives of the socialist system at levels often approaching 
hero worship. Behind the veils of secrecy, they were, of course, as fallible as any other men and 
women. Trainee Major Rafikov was dismissed from the cosmonaut team on March 24, 1962. 
because of a variety of offenses, including womanizing and "gallivanting" in Moscow restau- 
rants, and so forth." Although Rafikov had requested that he be reinstated into the team after 
a few years, he never returned to cosmonaut training. 

A much more serious loss to the team occurred a year later on March 27, 1963, when three 
unflown cosmonauts-Nelyubov. Anikeyev, and Filatev-were returning to the training center 
at Zelenyy after dinner in Moscow. They had apparently been drinking and became involved in 
an altercation with a military patrol on a railway platform. Nelyubov threatened to go over the 
head of the offended officers if they filed a formal report against the three of them. Top officials 
at the Cosmonaut Training Center requested that the duty officer not file a report against the 
three, and the latter reluctantly agreed, provided that Nelyubov apologize for his behavior. 
Although Anikeyev and Filatev agreed to make amends, Nelyubov categorically refused. The 
offended duty officer filed a report against the three of them, and within a week, the top Alr 
Force leaders decided to d~smiss all three from the cosmonaut team. Their official dismissal 
orders were signed on April 17. Losing Nelyubov, one of the most qualified and brightest cos- 
monauts, was particularly hard to accept for the other pilots. He had served as Gagarin's sec- 
ond backup during the first Vostok mission, and he certainly would have gone on to fly one of 
the early Vostok flights had it not been for Kamanin's disapproval of his "individualistic" ways. 
There was some discussion among Kamanin and the cosmonauts in later months on bringing 
Nelyubov back into cosmonaut training, based on Nelyubov's performance at his new assign- 
ment in an Air Force unit in the Soviet far east. This never happened. It seems that Nelyubov 
suffered from a psychological crisis through the following years, as cosmonaut members junior 
to him started flying their space missions. By 1966, he was despondent. The final Air Force 
report ~n his name merely stated: "On Feb. 18, 1966, while in a state of drunkenness, he was 
killed by a passing train on a railroad bridge at lppolitovka station on the Far Eastern Railroad."" 
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He was thirty-one years old at the time. The other two-Filatev and Anikeyev-also did not 
resume cosmonaut training. Filatev returned to the Air Defense Forces before eventually becom- 
ing a teacher. He passed away on September 15, 1990, at the age of sixty. Anikeyev died two 
years later on August 8. 1992. at the age of fifty-seven. 

Of the cosmonauts who had flown, the most prominent was clearly Cagarin, but his tirne- 
consuming unofficial job as ambassador-at-large for the Soviet Union did not seem to be a role 
he particularly relished. In part because of his importance as a national monument. Air Force 
officials were incredibly reluctant to allow him to resume training for space missions. To keep 
him on the ground in a high-visibility position, in July 1963. Kamanin seriously considered 
offering Gagarin the job of director of the Cosmonaut Training Center. As one would suspect. 
Gagarin was not at all enthusiastic for a desk job and declined several times, despite pressure 
from the general. Later in the year, he finally buckled under continuing pressure that he become 
a deputy director at the center. Having been promoted from an Air Force major to a colonel in 
the space of two years. Gagarin was appointed Deputy Director for Flight and Space 
Preparations at the Cosmonaut Training Center on December 21, 1963.'"For the moment, his 
chances of making it back into space were nil. 

When Cagarin assumed his new job at the Cosmonaut Training Center, while he may not 
have been in flight training, there were plenty of others from which to choose. A brand new 
group of cosmonaut-trainees had in fact arrived at Zelenyy in 1963 to complete a yearlong train- 
ing program before assignment to future Vostok and Soyuz missions. While the first batch of 
twenty cosmonauts were young Air Force pilots with little h~gher education, the new group of 
f~fteen military officers all had higher degrees from a military academy or a civilian university. 
The selection was limited not only to pilots, but also to military engineers and navigators. 
adding significant expertise to the cosmonaut team from a wide variety of backgrounds. Of the 
group, eight were from the Air Force, four from the Strategic Missile Forces, two from the Air 
Defense Forces, and one from the Navy. The age limit on thls second group, raised to forty, 
meant that the new trainees were almost all older than the Gagarin group. Air Force 
Commander-in-Chief Vershinin signed orders formally inducting the fifteen men into the cos- 
monaut corps on January I I. 1963." The most qualified member of the group, thirty-five-year- 
old Alr Force Major Vladimir A. Shatalov, was appointed the informal leader of the group, as 
they conducted their preliminary training programs through the next twelve months. 

During the period 1960-63, the Cosmonaut Training Center itself grew at a rapid pace on 
the promise of a vast and expansive piloted space program of the future. While originally the 
cosmonauts conducted training sessions at simulators on the premises of the Air Force's 
Institute of Aviation and Space Medicine or at specific design bureaus, by the mid- 1960s they 
no longer needed to leave the center. Buildings around the original complex were annexed as 
at least seven new devices were added: a Treadmill Facility and an Ontokinetic Drum in 1960. 
the Rotor three-stage rotating cab and a Rocking Platform in 196 1 ,  a Shielded Room and a Hot 
Room in 1962. and an Anechoic Chamber in 1963. A specially equipped Tu-104L flying labo- 
ratory was cons~gned to the center in 1961 for flying parabolic trajectories to simulate short 
periods of weightlessness. Although most of the original cosmonaut-trainees were Air Force 
pilots, they had refrained from dedicated air training until 1963, when a top Air Force test pilot. 
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Vladimir S. Seregin, was tapped to head an air squadron specifically for the cosmonauts. Money 
was also apportioned for an athletic stadium, a large swimming pool, a huge housing complex. 
and even a restricted-access train station for employees and cosmonauts commuting from 
Moscow.'' The center employed 600 people by 1963. 

Until 1963, the Institute of Av~ation and Space Medicine provided all the ground and flight 
medical support to the piloted space program. Officially, the Cosmonaut Training Center was 
subordinate to th~s institute. By 1962, however, the center had clearly outgrown its or~g~nal 
mandate as a temporary training ground for cosmonauts, evolving into the Sov~et Air Force's 
primary means to maintain some control over the Soviet space program. On April 10. 1962, the 
center became a separate and official entity, no longer subordinate to the lnstitute of Aviation 
and Space Medicine." In addition, underlying the growing importance of space exploration to 
a newly interested Air Force, the service introduced the new post of First Deputy Chief for Space 
of the General Staff. As the first holder of this ranking, I t .  General Kamanin would continue to 
be the primary overseer of all activities related to cosmonaut training and the plann~ng of pilot- 
ed mace activities on behalf of the Air Force. 

These changes had the one negative effect of lim~trng the influence of the lnstitute of 
Aviation and Space Med~cine. Its diminished authority was tempered by ~ t s  critical say over 
every single aspect of space biomedicine in the Soviet space program, but even this function 
began to slip out of its hands by late 1963. The Ministry of Health, yet another party of the 
Soviet government eager to covet for itself a place in the Soviet space program, heavily lobbied 
through the year to bring all space biomedicine research under its wings, thereby leaving the 
Air Force institute without a mandate. The Air Force could only helplessly watch as the min- 
istry's request was parlayed through the right political corridors during the summer of 1963. On 
October 26. 1963, a new entity, the lnstitute for Biomedical Problems (IMBP), was established 
in the Third Chief Directorate of the Min~strv of Health.'Vhe idea to establish a dedicated 
space biomedicine ent~ty was not new; as earl; as May 1959. Korolev and Keldysh had written 
to the government on the need for such an institution. In many ways, the formation of the new 
institute was a delayed, but nonetheless concrete response to that important letter. The new 
Institute itself was established by joining together several subdivisions from the Air Force's old 
lnstitute of Aviation and Space Medicine, thus neutralizing much of the agenda of the latter. 
As many military physicians migrated to the new institute, the Air Force entity lost its all-impor- 
tant place in the pantheon of Soviet space exploration. Having been involved in space bio- 
medical research since 1949. after 1963. it faded into the background. 

The new IMBP became the first civilian institut~on in the Soviet Union dedicated to the 
study of the physiolog~cal effects of space exploration. It eventually became responsible for all 
Soviet medical and biological support for human spaceflight, Including providing ground sup- 
port to piloted missions, planning and carrying out space biology experiments in space, select- 
ing and training cosmonauts, and developing various generations of life support systems. 
Andrey V. Lebedinskiy, sixty-two, a student of the famous Soviet scientist Pavlov, was appoint- 
ed to head the new institution. Among its eventual employees were all the progenitors of the 
space biomedicine field in the Sov~et Union-Oleg G. Gazenko. Abram M. Genin, N~kolay N. 
Gurovskiy, and Vasiliy V. Parin-all of whom served as visible ambassadors to the Sov~et space 
program at conferences throughout the world in the 1960s. It continued to play the same role 
for the Mlr space station ~ n t o  the late 1990s 
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Fighting in the Military 

Supervision over biological research in the space program was only one facet of the control 
that the Air Force relinquished during this period. As the space program gained strength in the 
early 1960s, there was a vigorous battle within different armed services within the Ministry of 
Defense to gain operational control over the space program. The so-called "artillerymen" had 
inherited the role of primary clients of the ballistic missile program in 1946, consolidating their 
position through the 1950s with the strong arm of the late Marshal Nedelin. Their position was 
entrenched in 1959 with the formation of the Strategic Missile Forces, which through its Chief 
Directorate of Reactive Armaments served as the prlmary financiers of all missile weapons. With 
the emergence of the space program, the Strategic Missile Forces widened their agenda to the new 
area, forming new departments within the Chief Directorate dedicated to space. Key Strategic 
Missile Forces personnel were also sprinkled throughout the space industry at various levels, influ- 
encing every aspect of the space program, including such key programs as the N I and Soyuz. 

The early 1960s proved a difficult time for the Soviet military as a whole. As the famous 
Soviet physicist Andrey D. Sakharov later wrote, "Khrushchev appeared anxious to limit the 
resources invested in military technology and [wanted to] concentrate on the most effective 
programs."" These attempts to "curb military expenditures and to demilitarize the economy 
. . . provoked resistance in the armed forces." The one service that benefited from the restruc- 
turing was the Strategic Missile Forces, which threw all their resources into the development of 
new ICBMs. Space as a component of military policy was only barely emerging at the time, and 
the Strategic Missile Forces were remarkably uninterested in the piloted space program, seeing 
the Vostok. Soyuz, and N I projects as a colossal waste of money. These programs were fund- 
ed and supported only grudgingly by the two Strateg~c Missile Forces Commanders-in-Chief 
during the 1960-63 period: Marshals Kirill S. Moskalenko and Sergey S. Biryuzov. Their opln- 
ions were bolstered significantly by USSR Minister of Defense Rodion Ya. Malinovskiy and his 
Deputy Andrey A. Grechko, both of whom on more than one occasion took the opportunity to 
rail at the "uselessness" of the piloted space program. 

The Air Force stepped in and tried to take advantage of this vacuum. Through the early 
1960s it vigorously attempted to establish for itself what it saw as its rightful pos~tion as the 
leader of Soviet piloted cosmonautics. All its proposals were aimed at the use of cosmonauts for 
military purposes-ideas that were discussed at a number of conferences dedicated solely to the 
military applications of pilqted spaceflight. Although Air Force leaders such as Commander-~n- 
Chief Marshal Vershinin supported Chelomey's Kosmoplan-Raketoplan approach, they were also 
of the opin~on that immediate goals could be achieved by modifying the Vostok spacecraft. 
Korolev was in a difficult position over this conflict. Un t~ l  1960. OKB- I had almost no contact 
w ~ t h  the Air Force. Through the development of varlous ballistic missiles in the 1940s and 1950s. 
it had been the artillerymen who had worked closely with Korolev's engineers. They had devel- 
oped close relationships, and among Korolev's engineers at least, there was a definite allegiance 
with the Strategic Missile Forces stemming from these long friendships But it was the Air Force 
pushing piloted human spaceflight. while the Strategic Missile Forces were remarkably uninter- 
ested in spaceflight in Korolev clearly had to negotiate the matter delicately because he 
did not want to alienate either side. On several occasions in 1962-63, he promised the Air Force 
that he would convince Malinovskiy and even Khrushchev on the need to have the Air Force 
fully take over the Vostok program. At the same time, he continued to promise the Strategic 
Missile Forces that he could produce better ICBMs for them." 
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The core of Air Force proposals, beginning in late 1961, addressed the issue of ordering the 
construction of ten Vostok spacecraft specifically to fly military missions. In September 1962. 
cosmonauts Nikolayev and Popovich, fresh off their joint flight during the summer, were asked 
to report to the scientific-technical council of the Ministry of Defense's General Staff on the 
possible uses of the Vostok spacecraft for military purposes. Issues such as reconnaissance. 
interception, and attack-that is, those things analogous to maneuvers of a f~ghter aircraft- 
were on the agenda. The cosmonauts suggested that while the Vostok spacecraft could be used 
for piloted reconnaissance, newer vehicles would be needed for interception and attack. But Air 
Force leaders such as Vershinin had to ultimately clear their proposals with Malinovskiy. 
Grechko, and General Staff Chief Marshal Matvey V. Zakharov, and none seemed to have any 
inkllng to pursue the idea. Lt. General Karnanin recalled: 

After an hour . . . I was once again convinced o f  the utter callousness o f  our military 
leadership. Grechko, and then Malinovskiy twice refused to order the "Vostoks." The 
General Staff's [Scientific-Technical Committee] and Zakharov. altered our document. 
asking the Minister to order 4 "Vostoks. " Malinovskiy refused, declaring literally the fol- 
lowing: "The Vostok' ship does not haue any military importance, and we w~ l l  not 
accept i t  into armaments or order i t .  . . . "" 

Somewhat dramatically. Kamanin added: 

History repeats itself: exactly 50 years ago, the Tsar generals evaluated the military 
applications o f  aircraft in the same exemplary fashion. Malinovskiy. Grechko, and 
Zakharou let pass the possibility for the creation o f  the first miIitary space power. . . .s2  

As was customary in the Soviet space program, this was not the final word on the issue. 
It seems that Marshal Zakharov had a change of heart, and on November 9, 1962, the Air Force 
finally issued a proposal on new Vostok missions in support of the Air Force. These were to 
include: 

Ordering ten new Vostok spacecraft 
Equipping the Vostok for milltary applications, such as reconnaissance, interception, and attack 
Carrying out two military missions In 1963. one with a man in orbit for eleven to twelve 
days and another with a dog for thirty days 
Launching ships with dogs to extremely high orbits 
Carrying out special experiments, including landing by manual orlentation, landing w~thin 
the ship, depressurization of the sh~p in space, and so onn1 

The persistent lobbying by highly placed Air Force representatives'eventually produced a 
compromise result. On February 8. 1963, the Military-Industrial Commission issued a formal 
decree (no. 24), signed by its Chairman Ustinov, calling for fu tur~ Vostok missions for bio- 
medical research. As part of this plan, four Vostok spacecraft, down from the ten requested by 
the Air Force, would be constructed by OKB- I within the first half of 1963. Ustinov also called 
for a formal report ~n two weeks' time on the possibility of augmenting the falrly rudimentary 
capab~llt~es of the Vostok spacecraft. In a month's time, all the major players in the space pro- 



gram-the State Committee for Defense Technology, the Ministry of Defense, and the Academy 
of Sciences-were to submit to the Military-Industrial Commission a report on " a program of 
work on the mastery of cosmic space with the aid of piloted space objects in the next two 
years, which would ensure the absolute primacy of the USSR in this d i r e c t i ~ n . " ~ ~  A Central 
Committee decree the following day. February 9, gave the decision a forceful measure." Fighting 
over limited resources, the Chelomey camp, in the person of State Committee for Aviation 
Technology Chairman Dementyev, immediately protested the decision, invoking "other impor- 
tant goalsu-those presumably worked on by Chelomey-but it seems the Air Force had 
invested sufficient support into the decree to neutralize the opposition. 

The approval of the plan to build four new Vostok spacecraft, supported by both OKB- I and 
the Air Force, accelerated the planning for post-woman-flight missions during the 1963-64 peri- 
od. As Air Force plans stood in February 1963, three of the new vehicles would be used for flights 
of single cosmonauts on flights lasting up to six to ten days. The fourth would carry a dog on a 
thirty-day mission. All four, Vostoks 7, 8. 9, and 10, would be equipped with experiments sup- 
plied by the Air Force. Korolev addressed the salient points of this plan in a report to the Central 
Committee on March 2 1 as part of a larger discussion on the future of the Soviet piloted space 
program. Knowing full well that he would find no allies within the Strategic Missile Forces, 
Korolev tried to rush headlong into an alliance with the Air Force by suggesting that all functions 
related to the preparation and accomplishment of Vostok flights be transferred to the Air Force. 

The Air Force's insistence on assuming a lead role in the piloted space program came at a 
time when the Soviet space program finally began to assume an independent character. While 
the Strategic Missile Forces may not have been particularly interested in financing human space 
projects, they were not exactly amenable to giving up control over space program operations 
inherited by default in the late 1950s. The question of who controls space program opera- 
tions-that is, launches, command, control, communications, military space forces, and most 
importantly finances-was an issue that pit the Air Force and the Strategic Missile Forces in a 
vicious interservice battle within the Ministry of Defense during 1963-64. At risk lay the future 
of Korolev's grand vision of Soviet human exploration: the Strategic Missile Forces would half- 
heartedly support it and in most cases oppose it, while the Air Force could be counted on to 
give its full support. 

On March 28. 1963. Marshal Biryuzov, the new chief of the USSR Ministry of Defense 
General Staff, signed a decree (no. 2 16888) calling for the formation of a commission to dis- 
cuss the military future of the 3KA variant of the Vostok spacecraft, implicitly addressing the 
issue of control between the Strategic Missile Forces and the Air Force. The odds were heavily 
stacked against the Air Force: of the eight members, only one person was from the Air Force 
(Marshal Vershinin), while the rest were from the Strategic Missile Forces. Vershinin ~rnmedi- 
ately proposed Air Force control over "orders, adoption, launch, and control," and just as quick- 
ly, the Strategic Missile Forces rejected it. Through the following months, the two services 
continued to fight the matter out. Korolev visibly threw his full support behind the Air Force 
and may have tried to influence high military officers. At one point In late 1963. Biryuzov and 
new Strategic Missile Forces Commander-in-Chief Marshal Nikolay I. Krylov seemed to have 
considered handing control over to the Air Force. This brief interlude was temporary. In 
December 1963, the Ministry of Defense General Staff tabled a final proposal for the formation 
of a "directorate" within the Ministry of Defense that would unite the various agencies in the 
military engaged in space activities, with the exception of cosmonaut training and the search 
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and recovery services for space capsules, which would remain with the Air Force." It seems that 
the Air Force resisted the idea, but in vain. In October 1964, the Ministry of Defense estab- 
lished the Central Directorate of Space Assets (TsUKOS), whose agenda was "modernization 
of existing [space complexes] and the creation new space complexes, and the carrying out of 
the constantly expanding activities of multi-goal space systems."'' 

TsUKOS was established on the basis of an existing department within the Strategic 
M~ssile Forces's Chief Directorate of Reactive Armaments (GURVO), which, since September 
1960. had been overseeing space operations for the military. The effect of the 1964 reorgani- 
zation was to separate TsUKOS from GURVO and subordinate it directly to the commander- 
in-chief of the Strategic Missile Forces. Henceforth, TsUKOS served as the primary "client" 
entrty for almost all assets created for the Soviet space program-that is, specifications for all 
space projects had to be approved by TsUKOS. Subordinated to it were two control centers: 
one created in March 1963. called the Center for Leading the Development and Production of 
Space Armament Assets, and the other, the Center of the Command-Measurement Complex, 
which oversaw the nationwide tracking, communications, and flight control stations of the 
space program." The first commander of TsUKOS was Maj. General Kerim A. Kerimov, a forty- 
SIX-year-old art~llery offlcer who was one of the many who had gone to Germany to capture 
A-4 remains after World War II " Kerimov was a natural cho~ce for the pos~tlon hav~ng served 
as the head of the smaller Strateg~c Mlsslle Forces department on space Issues He was also a 
prominent member of the State Commlss~on for Vostok representing Strateg~c M~sslle Forces 
interests w~th ln  the plloted space program Although Ker~mov was well l~ked and respected by 
Korolev. the formation of TsUKOS was a setback to the chief designer's long-range plan for 
human space exploration. With the Air Force effectively shut out of financing the space pro- 
gram, all the major leaders of the military-Mal~novsk~y. Grechko. Biryuzov. and Krylov-were 
decidedly "antl-space" in their act~ons, and reluctant to fund Korolev's "idle dreams." The 
artillerymen had won again. And Korolev would suffer the consequences. 

The Genesis of Voskhod I 
The Sovlet Air Force had lost much of ~ t s  clout during the deliberations that led to the cre- 

ation of TsUKOS In 1964. But the battles left behind one important legacy: the approved order 
from the Communist Party and the government in the spring of 1963 allocating funds to build 
four Vostok spacecraft in support of piloted missions during 1963-64. These four vehicles 
formed the basis for all immediate planning for piloted spaceflight in the near future. For the 
more dlstant future. OKB- I envisioned the use of the 7K-9K-I I K Soyuz complex, whose pri- 
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mary goals were rendezvous and docking in orbit, leading to circumlunar flight. Korolev's plans 
for the Soyuz complex were characteristically far too optimistic. In August 1962, he set the first 
automated Soyuz mission for May 1963. The work burden at OKB-I was, however, far too 
heavy to maintain such an ambitious schedule. Apart from intensive work on Vostok, engineers 
at the design bureau were also engaged in the development of the Zenit-2 reconnaissance satel- 
lite; the Molniya-1 communications satellite; the Elektron scientific satellite: automated lunar. 
Venusian, and Martian probes; and new launch vehicles such as the N I. Work also Included 
modifications to the Vostok booster. Certainly the most Important work at OKB-I in the early 
1960s was not space but the development of long-range ballistic missiles for the Strategic 
Missile Forces. These included the R-9 ICBM and its modifications, the RT-I and 
RT-2 solid-propellant ballistic missiles, and the GR-I orbital bombardment system. While 
Korolev's heart may have been in space exploration, it is a gross miscalculation on the part of 
Western analysts to suggest that OKB- I was overburdened with space-related projects. By far. 
the largest portion of its resources continued to be siphoned off for m~ssile-related programs. 

The general direction of the Soviet space program was the subject at hand during a meet- 
ing of the Interdepartmental Scientific-Technical Council for Space Research on December 6, 
1962. In attendance were all the major chief designers as well as representatives from the 
Academy of Sciences, the Strategic Missile Forces, and the Air Force. The council proposed a 
summary list of goals in the 1963-64 period for approval by the Military-Industrial 
Commission. Besides the numerous automated programs suggested, the council recommend- 
ed the launch of ten to twelve Vostoks and four to six Soyuz spacecraft as part of the Soviet 
human space program."'These issues were discussed at the Central Committee level in March 
1963, but as a result of the battle between the Air Force and the Missile Forces, the orders for 
the Vostok were curtailed; the Soyuz program was simply delayed by technical problems as well 
as poor resource management. After the historic Bykovskiy-Tereshkova mrssion In June 1963. 
Korolev was adamant about moving full-speed ahead with the Soyuz program, leaving Vostok 
to the Air Force. But delays in the former were significant enough to revise that approach. 
Instead, Korolev looked to the Air Force to use its four Vostok vehicles as a stopgap effort to 
continue piloted exploration in Earth orbit until the Soyuz came on line. 

Taking a cue from original Air Force conceptions. Korolev produced a plan in early July 1963 
for near-term Vostok missions. He proposed four missions. The first would be a ten- to eleven- 
day flight of a dog in Earth orbit at an altitude of 600 to 1.000 kilometers in February-March 
1964. The goals of the mission would be twofold: to study the physiology of the dog in an 
extended period of weightlessness and to ~nvestigate the effects of radiat~on at high altitudes on 
a living organism. Based on the results of the dog flight, the remaining three Vostoks would carry 
single cosmonauts on flights in orbit up to ten days each. The spacecraft themselves would be 
modified from the original 3KA variant to accommodate a wide range of scientific and military 
experiments. The new mlsslons were discussed at another huge gathering of space program lead- 
ers on July 26, 1963, dedicated to the future use of the Vostok spacecraft-a vehicle that was 
rapidly nearing obsolescence, almost five years after its original conception. OKB- I Deputy Chief 
Designers Konstantin D. Bushuyev and Pavel V. Tsybin presented reports that there remained a 
wide variety of tasks that the Vostok could carry out, including flight to altitudes of 1.000 to 
1.200 kilometers for up to ten days with a single cosmonaut. Most of the other speakers-from 
the m~litary, the defense industry, and various design bureaus-supported this conclusion. It is 
not clear why all these individuals. clearly cognizant of the l~mited capabilities of the Vostok. 
continued to support the "old" Vostok. A rational course of action would have been to 



completely abandon the by-then primitive spacecraft and focus all resources on the Soyuz space- 
craft-a vehlcle that was a significant qualitative leap in space operations. One of the factors 
may have been the delays in the Soyuz project itself and the need to maintain a significant pilot- 
ed presence in space during the interim. Korolev. in his report at the meeting, concluded that: 

The "Soyuz" ship will fly no earlier than 1965, therefore in 1964 we should f l y  the 
"Vostok." W e  have already built four "Vostoks." and it's necessary to build 6-8 more. 
A program of flight to altitudes of 1.200 kilometers with extended flight to 10 days with 
significantly broadened scientific and military research is fully acceptable and can be 
carried out. I t  will be necessary to install a reserve breaking engine, work on the accom- 
plishment of soft-landing. have improved long-range communications and television 
[systems], as well as to [increase] the volume and capacity of scientific re~earch.~'  

The serious intent of OKB- I in modifying the original 3KA Vostok varlant was emphasized 
by a study completed at the design bureau at the time that resulted in the issuance of a document 
titled "On the Possibility of Using the 'Vostok' Ship for Experimental Research on the Prospective 
Problems of Cosmonaut~cs."" The eight primary objectives of the series of missions were: 

Extended piloted flights up to ten days 
Flights in orbits with apogees up to 1,000- 1,200 kilometers 
The training of cosmonauts in realistic conditions of spaceflight 
Earth and astronomical observations as well as communications experiments 
Scientific studies of Earth's upper atmosphere 
Biomedical investigations 
Manual landing of the descent apparatus, with the goal of achieving a more comfortable return 
The "exit" of a test animal from the ship into open space 

To achieve these goals, engineers would modify the original 3KA Vostok spacecraft in the 
following ways: 

Install a parachute-reactive system for land~ng on Earth 
Expand biomedical Instrumentation 
Install equipment for the Vykhod ("Exit") experiment, which would include a depressur- 
izable spec~al container for an animal 
Add new scientific experiment instrumentation 
Add Improved guidance and control systems, communications systems, and optical sensors"' 

The Air Force drew up a final manifest for Vostok missions in December 1963, which 
included four m~ssions: 
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Vostok 7: a flight of an animal for thirty days into an orbit of 600 kilometers 
Vostok 8: a flight of a cosmonaut up to eight days 
Vostok 9IVostok 10: a group flight of two cosmonauts up to ten days94 

To support these missions, the Cosmonaut Training Center formed a group of eight cosmo- 
nauts on September 17, 1963, consisting of all the remain~ng members of the original Gagarin 
group who had still not flown in l pace.^' 

These piloted missions were timed to conclude the Vostok project at a time when the first 
Soyuz spacecraft would begin flying in early 1965. Progress on the 7K-9K- I I K Soyuz projects 
had been remarkably slow since the Interdepartmental Scientific-Technical Council on Space 
Research had approved the basic goals and technical aspects of the program in May 1963. 
Originally. Korolev had planned the first automated 7K missions by mid-1 964, but because of 
a combination of technical and financial difficulties, he continually revised this timetable 
through the months. Money was clearly a significant factor, exacerbated by the lack of a gov- 
ernment decision in favor of the project. By early November 1963. Korolev was publicly com- 
plaining that he "had no money" to cont~nue to work on Soyuz. By the end of 1963, OKB-I 
had plans to build the first four Soyuz spacecraft in 1964, which would consume 80 mill~on 
rubles; at the time, the Military-Industrial Commission had only committed to 30 million.'" 

The Communist Party and the USSR Council of Ministers issued a joint decree on 
December 3. 1963, finally committing to the 7K-9K-I I K Soyuz project with an ultimate goal of 
p~loted circumlunar flight." The primary client of the new generation of Soviet space spacecraft 
would be the Strategic Missile Forces. The Air Force and the Air Defense Forces would only 
"take part" in the development of tactical-technical requirements for the Soyuz and its test 
flights. As specified in the decree, the first flight-ready model would be available by August 
1964, with the second and third by September. This decision effectively put OKB- I in the posi- 
tion of hav~ng to work simultaneously on the manufacture of two completely different piloted 
spacecraft, the Vostok and the Soyuz, for the following year. The situation raised management 
problems in assigning priority of one over the other. Korolev was insistent that the Soyuz fly 
by the end of 1964, a mantra he had repeated through the preced~ng year endlessly to all those 
who would hear. There was clearly a reason for the insistence, and it had less to do with main- 
taining previously set timetables than to respond to actions thousands of kilometers away. 

NASA had carr~ed out the last Mercury mission successfully in May 1963, thus verifying 
the technology necessary to maintain a human in Earth orbit for a short period of time. Well 
before that last flight, plans for a second-generation spacecraft were already on the drawing 
boards. As early as December 7. 1961. NASA Associate Administrator Robert C. Seamans for- 
mally approved a "Mercury Mark II" vehicle proposed by the former Space Task Group, which 
had been renamed the Manned Spacecraft Center.'"his new spacecraft would be capable of 
conducting extensive rendezvous and docking operations in Earth orbit. allowing astronauts to 
acquire experience in advanced operations required in the Apollo lunar landing program. By 
January 1962, the project had been renamed Gemini, and in March 1963. NASA established 
guidelines for conducting extravehicular activity (EVA) operations in orbit by the pilots of suc- 
cessive crews. The Gemini project was clearly a qualitative leap in abilities over either the 
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Mercury or Vostok; ~t would be capable of changing orbits, it would carry two astronauts, and 
it would allow flights lasting as long as two weeks. The only competitor it had was the Soyuz 
spacecraft. but by early 1964, it was clear to Korolev that Soyuz would not be ready by late 
1964 or early 1965. By that time. Gemini would already be flying. 

With Gemini looming over the horizon. Soviet space officials were in a difficult s~tuation. 
Their options were slim: none of the four projected Vostok missions in 1964 would compare to 
a Gemmi fllght. The Soviet flights were all with a single cosmonaut, none of them Included EVA. 
and none of them would have the capability to change orbits. In this climate, a most unlikely 
idea emerged-one whose origins remain obfuscated to this day amid clouded memories. Most 
accounts from this period suggest that Sov~et leader Khrushchev contacted Korolev and ordered 
him to convert the Vostok spacecraft into a veh~cle capable of carrying not two but three cos- 
monauts. Such a mission, if successfully accomplished. would be guaranteed to retain the Soviet 
lead in space, at least in the public eye. Korolev's First Deputy Mishin recalled in 1990 that 
"Khrushchev phoned Korolev and ordered the launch of three cosmonauts right away.""" Air 
Force Lt. General Kamanin's personal diaries seem to confirm that the idea did not originate from 
Korolev, but he does not mention Khrushchev spec~fically. On February 5. 1964, Kamanin wrote: 

lust yesterday Korolev received an order: no longer work on the "Vostoks. " and use the 
4 available "Vostoks" to prepare and accomplish a flight of a three-person crew in 
1964. This high-level decision took place for two reasons: 
I .  The Soyuz wi l l  not fly in 1964. 
2. The Americans, preparing to launch the "Gemini" and "Apol lo" ships into space. 
may already overtake us in 1964.'"' 

According to Kamanin. Korolev was not pleased with the order: 

It was the first time that I had seen Korolev in complete bewilderment. He was very dis- 
tressed at the refusal to continue construction of the "Vostok" and could not see a clear 
path on how to re-equip the ship for three in such a short time. Several times he repeated: 
" I  don't understand how one can refuse to continue the building of the 'Vostoks.' . . It 
wi l i  be impossible to turn a single-seater ship into a three-seater in a few months. . . . "" ' I  

A respected Russian space historian. Georgiy S. Vetrov, later revealed that Korolev agreed 
to Khrushchev's order to build a three-person version of the Vostok only if Khrushchev would 
make a more firm commitment to a piloted lunar program. Vetrov added. "This agreement was 
never spelled out openly, nor was the staff of OKB-I ever told that 'Khrushchev personally 
ordered us to do this or that.' That was not the practice at the time."'" Not surpr~singly. 
Khrushchev's son begs to differ. In an interview in 1996, he confided that: 

The three people [in a spacecraft concept] . . . ~t was Korolev's idea. It was Korolev's 
idea . . Korolev, he wanted to be first as long as possible. And he used everything. And 
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he knew about the American [plans] . . . Khrushchev had never heard about this 
American program. And he didn't care too much about these things. It was very impor- 
tant for Koroleu, but it was not so important for Khrushchev. And especially such a stu- 
p id thing [as] "If you'll do this, I'll give you permission to go to the Moon! '"" 

Other reliable sources also strongly suggest that it was Korolev and not Khrushchev who 
had originally proposed the idea to modify the Vostok ship." The record is more muddied by 
evidence that suggests that Korolev was think~ng of a three-seated Vostok as early as February 

1 963 .  l o '  

This particular issue of who ordered the three-person Vostok effort has a crucial importance 
from a historical perspective. This is not only because this new diversionary project essentially 
derailed the Soviet piloted space effort for two years, but also because it serves as supporting 
or contradictory evidence for one of the central tenets of historical inquiry into the Soviet space 
program for the past thirty years: that Khrushchev was personally involved in distorting the 
"normal" evolution of the Soviet space program to extract short-term political gain. While it 
seems more than likely that someone in the Communist Party or government ordered Korolev 
to convert the single-seated Vostok into a three-seated ship to beat Gemini, the evidence that 
it was Khrushchev does not completely hold up to in-depth study. Perhaps it was Leonid I. 
Brezhnev, the Secretary of the Central Committee for Defense Industries and Space, or perhaps 
it was someone lower on the ladder of power. Ultimately, we may never probably know until 
the minutes of Central Committee or Presidium meetings are declassified.'"~ 

From Kamanin's diaries. it is clear that Korolev was not too happy with the idea, at least in 
the initial days after the dec~sion. But it is easy to forget that Korolev himself had an almost 
pathological desire to be first-to beat the Americans at all cost. It would not have been con- 
tradictory to his personality to pursue the three-cosmonaut-in-a-Vostok plan simply to upstage 
the early Gemini missions. He was, after all, strongly committed to flying an additional four 
Vostok spaceships in 1964, all of which would tenuously extend to the limit the capabilities of 
a vehicle that was fast becoming obsolete. The three-cosmonaut-in-a-Vostok idea may have been 
a challenging technical problem. but in terms of vision and planning. it was not so much differ- 
ent from some of the technological changes on his four "extended Vostok" missions planned 
for 1964. Ultimately, the proposal to usurp Gemini proved to be one of the most deleterious decl- 
sions in the early Soviet piloted space program. It completely ignored the natural progression of 
space vehicles and inserted a diversionary program that would ultimately result in little qualita- 
tive gain for Korolev's grand vision of an expansive space program. For the Soviets, the "space 
race" had degenerated into a little more than a circus act of one-upmanship. 

W ~ t h  the order to move ahead with the interim program. Korolev dropped his earlier plans 
to fly four "extended Vostok" missions in 1964. Instead, OKB-I would use the same four vehi- 
cles for the new politically motivated effort. The Soyuz program was put on the backburner. To 
present the image that the Soviet Union was engaging in a new and qualitative leap in space 
exploration, Soviet officials named the new project Voskhod ("Sunrise"). If the publicity 
machine in the USSR worked as well as it had In previous years, no one would guess that the 
Voskhod spacecraft was simply a modified Vostok packed with three cosmonauts. Officials 
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discussed the proposal at a meeting of the Military-Industrial Commission on March 13. 1964. 
and Chairman Smirnov signed a decree (no. 59) the same day, which called for the creation of 
four three-seated spaceships based on the Vostok. The commission set the first piloted launch 
for the first half of August 1964, which was less than five months' time.lo7 

In the weeks after the Military-Industrial Commission decree. Korolev added or was forced 
to add a second diversionary mission before moving on to Soyuz: a flight to carry out an EVA. 
The decision was again evidently motivated by impulses to prevent the U.S. space program 
from racing ahead of the Soviets. As early as March 1963, NASA had established guidelines for 
performing spacewalks during the Cemini program. Through the remaining part of the year, the 
Manned Spacecraft Center in Houston evaluated various proposals for an EVA life support pack- 
age. By January 1964, officials at the Houston center had completed the final details of the plan. 
Gemini IV, then scheduled for February 1965, would have the crew pilot open the hatch and 
stand up for a short period." Once again, the Vostok spacecraft presented the most realistic 
vehicle for performing a Soviet EVA mission, in a modified variant known as Vykhod ("Exit"). 
The design would be based in part on the preliminary studies on EVA by animals in the origi- 
nal "extended Vostok" mission plans. 

On April 13, 1964, the Central Committee of the Communist Party and the USSR Council 
of Ministers issued a decree fully approving both the Voskhod and Vykhod missions. The 
decree provided the green light to build two "new" classes of spacecraft in support of the 
Voskhod program, both derived from the old 3KA Vostok spacecraft that had carried all six 
Soviet cosmonauts rnto orbit from 1961 to 1963. The "new" ships were: the 3KV spacecraft 
for a crew of three cosmonauts (Voskhod) and the 3KD spacecraft for a crew of two cosmo- 
nauts (Vykhod), which would allow EVA in Earth orbit.09 Specifically, the Central Committee 
and the Council of Ministers sanctioned funding for the manufacture and launch of five of the 
new vehicles, three for Voskhod and two for Vykhod. The program itself would be carried out 
in two stages: the launch of a dog into Earth orbit to test out each model, followed by a sec- 
ond flight with an actual crew. Presumably, the fifth vehicle would remain as a spare. With the 

I 
decree on April 13, 1964, Vostok was irrevocably over, and Voskhod had begun. 

Moving to a Standstill 

On January 25. 1962. NASA formally approved the development of a three-stage booster, 
designated the Saturn C-5, for use in the Apollo lunar land~ng missions. "y August, all the prl- 
mary contracts had been awarded for the giant vehicle. The Saturn V (as it was renamed in 
February 1963) would have a total length of I I I meters and a l~ftoff thrust of 3,404 tons. Unlike 
the baseline version of the N I, engineers at the Marshall Space Flight Center opted to use high- 
energy cryogenic propellants in the upper stages of the Saturn V, taking advantage of the valu- 
able experience gained from the development of the Centaur high-energy upper stage. The 
Saturn V would have an eventual capability to orbit a 130-ton payload to a 195-kilometer Earth 
orbit, far in excess of the N I. The effort was supported by a vast infrastructure spread across the 
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United States, with hundreds of subcontractors and a management philosophy that was unpar- 
alleled in producing results. With a budget of which Soviet engineers could only dream, tech- 
nology that was beyond the reach of Soviet industry, and management techniques that fostered 
creatrv~ty and responsibility, the Saturn V program was the living antithesis of the N I program. 

The Soviet counterpart program was bestowed offrc~al sanction by the Soviet Party and 
government in September 1962, after several years of preliminary research on heavy-lift boost- 
ers. That decision allowed OKB- I engineers to put together the design documentation for the 
N I in preparation for its manufacture A good portion of the work at the time was focused on 
develop~ng the engines for the f~rst three stages of the N I. The effort, earlier beset by personal 
battles, was plagued by technical obstacles. W ~ t h  Clushko ejected from the program, the onus 
of designing the engines fell on the shoulders of General Designer Nikolay D. Kuznetsov, the 
head of OKB-276 based at Kuybyshev. By the end of 1962. Korolev and Kuznetsov had final- 
ized the layout of engines for the stages of the N I. as follows: 

Stage Engine Type Number Thrust (sea level of vacuum) 

Stage I NK- 15 24 x 153.4 tons thrust (sea level) 
Stage II NK-15V 8 x 178.6 tons thrust (vacuum) 
Stage Ill NK-2 1 4 x 4 1.0 tons thrust (vacuum) 

Korolev had sent clarifications for the original technical assignment for designing the 
NK- 15V and NK-2 I engines to Kuznetsov earlier in July 1962.'' Although Kuznetsov had little 
experience with developing liquid-propellant rocket engines, there was a fairly substantial data- 
base of research into which his engineers tapped. The design schemes of all three of the 
N I engines had antecedents in the two engines developed for Korolev's GR- I orbital bom- 
bardment system, as shown here: 

Original Use on New Use 
Engine CR- I Thrust Changes to: Engine on NI Thrust 

N K-9 Stage I c. 40 tons Scaled-up version NK-15 Stage I c. 150 tons 
(sea level) 

Altitude version of NK- 15V Stage II c. 180 tons 
scaled-up version (vacuum) 

NK-9V Stage II c. 40 tons Similar NK-21 Stage Ill c. 40 tons 
(vacuum) 

Similar NK- 19 Stage IV c. 40 tons 
(vacuum)" 
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The original NK-9 and NK-9V engines themselves were distinguished by the fact that the 
latter was merely a high-altitude version of the former. The NK-9 had also been offered as the 
first-stage engine for an alternative version of Korolev's R-9 ICBM, but it was rejected in favor 
of a Glushko engine. 

Technical problems plagued the program throughout the early years. During the first eleven 
months of 1962, there were fifty-seven ground firings of the NK-9 engine with a new gas gen- 
erator. Of these, twenty-six were outright failures, twenty-three displayed high-frequency oscil- 
lations, and only eight were completely successful. The results of these tests no doubt had an 
influence on the improved NK-15 engine, although parttcipants later claimed the engineers of 
Kuznetsov and Korolev were remarkably resourceful in overcoming obstacles: 

At the stage of design-related research on the development of sustainer engines in 1962 
and 1963, despite the lack of any experience and despite its being far removed from the 
test stands. N. Kuznetsous OKB solved problems associated with the fundamental func- 
tioning of the engines and their assemblies. "' 

Throughout 1963, during a period of intense "optimization" toward the N I booster 
design, engineers from Kuznetsov's organization remained permanently stationed at OKB- I to 
ensure that the changes in booster design were taken into account In the design of the NK- 15 
engines. Intriguingly enough. there seems to have been a collaboration of sorts between the 
design bureaus of Kuznetsov and Glushko, certainly rival organizations at the time. Glushko. 
based at Khimk~, was then developing the RD-253 for Chelomey's UR-500 missile-an engine 
that he had originally offered to Korolev for the N I. Given that the RD-253 shared a number of 
design characteristics with the NK- 15, engineers under Kuznetsov "were familiar with al l  the 
basic documentation on the Khimki engines and often traveled to Glushko's firm to exchange 
information." "y April 1964. Kuznetsov's engineers were able to build and display a full-slze. 
nonfunctional mock-up of the NK-15 in their assembly shop. ' '  

The baseline design of the N I used only liquid oxygen (LOX)-kerosene engines. Later mod- 
els were to use LOX-liquid hydrogen and perhaps even nuclear engines to significantly increase 
payload capability from the modest seventy-five tons in the first N I model. As per the original 
tact~cal-technical assignment signed by engine designers in 196 I. Isayev's OKB-2 and Lyulka's 
OKB- 165 were to develop high-performance LOX-liquid hydrogen engines for the upper stages 
of the N I .  Korolev also commenced plann~ng for the use of such engines on other more mod- 
est launch vehicles, such as the GR- I and the 8K78; in short. OKB- I believed that the use of 
such propellants would have to be an integral part of any future Sovlet space program. By April 
1964. Korolev had also invited Kuznetsov at Kuybyshev to begin developing a series of LOX- 
liquid hydrogen engines based on the NK-9, despite the severe load of having to design all the 
more traditional N I  engine^.''^ 

All this enthusiasm on Korolev's part could not save the overall effort from near oblivion. 
Two factors played deleterious roles: the lack of a liquid hydrogen production industry in the 
Soviet Un~on and the absence of testlng grounds and facilities for the static fir~ng of these 
engines. Korolev's almost-desperate letters from the early 1960s to the mil~tary and government 
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remained more or less ignored as both OKB-2 and OKB- 165 were still drawing up designs by 
the time that NASA's Centaur was actually flying on top of the Atlas booster. Work on build- 
ing static testing stands for LOX-liquid hydrogen engines did not even begin un t~ l  1965, when 
construction began at the vast Nll-229 test facility in Zagorsk."' 

Nuclear, electrical, and electrical-nuclear engines for the N I were also the focus of much 
effort at OKB-I. In March and April 1963, the Central Committee and the Military-Industrial 
Commission hosted d~scussions on such engines-consultations that led to the establishment 
of an interdepartmental commission to oversee work on electric and nuclear engines.'"~ this 
time, under the leadership of Deputy Chief Designer Mikhail V. Melnikov. OKB- I, together w ~ t h  
researchers from the Physical-Power Institute at Obn~nsk (which was under the Academy of 
Sciences) and Keldysh's NII-I, had examined several d~fferent approaches of converting the 
heat energy from a nuclear reactor into electrical energy. What they chose eventually was a so- 
called thermo-emission converter (often called thermionic) reactor, which scientists believed 
had significant advantages over other schemes, such as steam turbines or gas turbines. In 1962, 
Melnikov completed his initial stud~es with the issuance of a document on applications of 
nuclear engines for a heavy interplanetary spacecraft."' As with the liquid hydrogen program, 
the nuclear engine effort never received the funding required for intens~ve development. It was 
only in August 1965 that Korolev signed the draft plan for a low-thrust nuclear electric-rocket 
engine, the YaERD-2200, designed specifically for use on piloted interplanetary spaceships. The 
8.3-kilogram thrust engine had a dual block scheme, with each block generating 2.200 kilo- 
watts. Unfortunately, given the limited support and funding, few plants were willing to take on 
the work to develop such engines. One of those that did was Chief Designer Kosberg's Design 
Bureau of Chemical Automation at Voronezh, which began work in 1965 on a more powerful 
nuclear engine with a thrust of forty tons." With the generally slow pace of the research, nel- 
ther engine was expected to come on line before the end of the decade. 

The fundlng problem, compounded by institutional and technical obstacles, cut across 
almost every aspect of the N I program and its GR- I testbed precursor. By the end of 1962. 
OKB- I planned to fly the first GR- I missile from Tyura-Tam by the third quarter of 1963. Within 
weeks, this completely unrealistic deadline was pushed back as a variety of factors all resulted 
in delays. The military, lukewarm early on to the use of the GR- I ,  was even more indifferent to 
~t by 1963. Despite pressure from OKB- I, the Strategic Missile Forces-more specifically its 
Chief Directorate of Reactive Armaments-refused to agree to a common tactical-technical 
assignment for the missile, naturally delaying its design. One of the most challenging problems 
was the development by OKB- I of a third-stage engine that would be capable of operating in 
vacuum. A similar engine was also projected for use on the N I ,  but ~f its early development 
record was any indication, there was little to be optimistic about: there was failure after failure 
during ground tests in 1963. 

1 17. NIl-229 was the primary static testing facility for l~quid-propellant engines in the Soviet Union All h~gh-  
thrust engines beginning with the RD-I00 for the R-I in the late 1940s had been tested at this location. It was orig- 
inally subordinate to Nll-88, but it separated in August 1956 at the same time as OKB- I. 

118. The commission. whose chairman was Yu. I. Danllov, Included representatives from OKB-I. NII-I .  
Nll-88, OKB-670. TsAGI, TslAM. OKB-456. IAE, VNll  EM, MAI, and OKB-586. 
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Progress with the GR- I was critical to maintaining the original N I schedule, but the prob- 
lems with the N I were even more severe. The primary bottleneck was money-a factor com- 
pounded by economic depression in the region where the most intense activity on the booster 
was carried out: Kuybyshev, the location of Kuznetsov's OKB-276, and the nearby Progress 
Plant, the primary manufacturing site for the N i .  Partly because of general economic 
mismanagement and partly because of the downturn in the aviation industry stemming from 
Khrushchev's abrupt about-turn in favor of missiles, plants and subcontractors in the region 
were unable to cope with Korolev's orders. Korolev personally appealed to several high-level 
Communist Party administrators at Kuybyshev to offer all the assistance they could."' As a 
result of their actions, as many as twenty-eight different industrial firms located in and around 
Kuybyshev were brought into the N I program. Most of these institutes, plants, or design 
bureaus had earlier been involved in producing parts for aircraft but had lost all their orders and 
thus means of existence in recent years.22 OKB-276 had extremely poor engine testing facili- 
ties, with certainly nothing to allow it to test-fire 150-ton-thrust engines-a factor that was no 
doubt an issue of concern when Glushko, with his much better resources, pulled out of the 
program. An OKB- I engineer later remembered: 

Kuznetsou did not haue the necessary facilities or test stands. This would result in great 
losses of time. Korolev wrote "stern" letters to Kuznetsov and simultaneously appealed 
to the then-secretary of the oblast committee V: I. Vorotnikov, to help Nikolay 
Dmttriyevich [Kuznetsov]. A third letter immediately went to V E. Dymshits of the 
Council of Ministers: "The people in Kuybyshev are having a hard time. Help them!" 
That's how Sergey Pavlouich strove to "press all the buttons. "I" 

The N I program literally became the provider for the entire Kuybyshev region, although it 
still remained a state secret. In fact, an individual employee at a particular plant would quite 
possibly have been unaware of exactly where his or her particular part was ultimately destined. 

The management of the N I program-certainly the most ambitious "civilian" Soviet space 
project of its time-was mired in the gridlock symptomatic of the poor performance of the Soviet 
civillan economy. Thus, it never mattered whether a particular production order was supposed 
to be carried out; the job might never get done were it not for some personal favor or "uncon- 
ventional" input. Deadlines often depended on a personal visit, a letter, or a telephone call from 
a well-placed individual, not on a signed and sealed document. This type of management natu- 
rally resulted in a chaotic system in which parts were often delivered months later or in some 
cases not at all. There was no "single plan of action" to coordinate the hundreds of plants and 
research institutions. Because the military was not particularly interested in the project, by 
default, many of the subcontractors were from the "crvilian" economy. OKB- I First Deputy Chief 
Designer Mish~n, one of the leading architects of the entire program, recalled later that: 

121. Among those to whom Korolev appealed was V Ya. Lltvinov. the then-chairman of the Kuybyshev 
Counc~l of National Economy (Kuybyshev Sovnarkhoz), the local economlc admlnrstratlon ent~ty Until 1962, 
Litvinov had served as the d~rector of the Progress Plant, and thus he was well acqua~nted w ~ t h  the rocketry and 
space industry. The Progress Plant (also known as Plant No. I )  had been manufacturing R-7-based boosters since 
1959 Others at Kuybyshev who were instrumental In offer~ng help to Korolev were V Orlov and V. I. Vorotnlkov. 
both secretaries of the Commun~st Party's Reg~onal Committee. See Sergey Leskov. "How We D~dn't Get to the 
Moon" (Engl~sh tltle). Izuesf~ya. August 18, 1989, p. 3: Mishin. "Why D~dn' t  We Fly to the Moon?" 
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Branch No 3,  the Progress Plant. and OKB-276 
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The NI was being made by 500 organizations in 26 departments. Of these, only nine fell 
within the jurisdiction o f  the Military-Industrial Commission. The rest had to be begged 
for. Resolutions from the Council o f  Ministers did not help at all: the tasks werelust out- 
side their competence and delivery schedules were not met . . . we failed to agree with 
minister after minister as they made the rounds, and often it ended in checkm~te."~ 

The enormous problems related to management and finances did not hinder a remarkably 
productive period of design through 1963 and up to the first quarter of 1964, when the primary 
design documentation was prepared under Deputy Chief Designer Sergey 0. Okhapkin. His 
engineers addressed and resolved significant problems related to the manufacture of large-scale 
welded propellant containers, thermal protection for tanks maintained at cryogenic tempera- 
tures, the use of new metallic and nonmetallic materials, the welding of large and thick mate- 
rials, the assembly of large-scale compartments, and the development of means for assembling 
and disassembling large sections of the tail and payload compartments. Specif~c groups were 
established within the design bureau to complete studies addressing flight ballistics, the com- 
putation of load variances during flight, the issue of stability of movement, the pneumo- 
hydraulic and thermal process associated with ascent to orbit, and the design of electrical and 
pneumo-hydraulic connections between the stages. One of the most challenging areas was the 
development of armature-that is, pipelines, umbilicals, valves, and so on-which necessitat- 
ed a very high degree of precision until then unknown to the Soviet rocketry industry.'" 

The luckless job of overseeing the design of 
the N I fell on the shoulders of OKB- I Deputy 
Chief Designer Sergey S. Kryukov, who was 
fifty-five years old in 1963. A tall, bespectacled. 
and quiet man who was outwardly unemotion- 
al.  Kryukov had graduated from the Moscow 
Higher Technical School after World War II 
before being sent to Germany as part of the A- 
4 recovery teams. His technical and managerial 
expertise made a good impression on Korolev 
through the years as he contributed to all ballis- 
tic m~ssile projects at OKB- I. In particular the 
famous R-7. In 196 1 .  Korolev appointed him a 
deputy chief designer, putting him in league 
with the so-called "high guard" of the design 
bureau-that is, those at the top levels o f  deci- 
sion-making. Along with Korolev, Mishin, 
Bushuyev, Okhapkin, and Chertok, he was one 
of the most powerful men in the organization, 
as evidenced by his leading role not only in the 
N I program, but also in the Soyuz project, the 
R-9 ICBM effort, and a variety o f  classified 
military programs. His very existence, not to 

OKB I Deputy Ch~ef Desrgner Sergey Kryukou was 
perhaps the leadlng archlteet of the NI  Moon rocket 

He oversaw the ~nrtral design layout of the grant 
booster durlng the early 1960s (liles of Peter Gorrn) 
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mention his significant contribution to the overall direction of the Soviet human space pro- 
gram, was a state secret until the early 1990s."Wryukov's official duties were to oversee 
"design and computational-theoret~cal" work on the N I ,  but he effectively led the team that 
designed the rocket in its initial stages. 

Kryukov, along with Korolev and Mishin, participated in one of the most fatal decis~ons of 
the N I program. As early as March 1963, they were considering the elimination of ground test- 
ing of the complete first stage with its full complement of twenty-four engines. This particular 
issue has been clouded in recent years by conflicting information; some argue that the decision 
to omit first-stage static testing was imposed by space program leaders, while others maintain 
it was a purely internal decision at OKB- I .  Both sides agreed that it was taken primarily because 
of a lack of funds. Large amounts of money would be required to build giant static test stands 
for the completed first stage, and no such facility then existed in the Soviet Union. A second 
factor was time. Even if never overtly stated as such, the N i booster came to be a d~rect com- 
petitor to the Saturn V. Having a payload capability of seventy-five tons (compared to the 
Saturn V's 130 tons) was embarrassing enough, but introducing the booster much later than 
the Saturn V was simply unacceptable to Korolev. Vladimir V. Vakhnichenko, a senior englneer 
working on the N I ,  recalled almost three decades later: 

In discussing the fate o f  the NI,  it is impossible to be silent about the fact that, in the 
creation of the launcher, the unwritten law of rocket building was violated: that the 
bugs in the burn of the rocket stages must be worked out on the test stand. In order to 
save time and money, it was decided not to construct a stand for the first stage, which 
meant that the crucial final tests would be shifted to the flight-test stage. The underes- 
timation o f  the scale factor-the immense size of the launch vehicle, each launch o f  
which was an event in the life o f  the country-played a fatal role In the erroneousness 
of this decision. Earlier when smaller launch vehicles and military misslles were being 
developed, many ground-test "flaws" would be eliminated during flight-testlng. And it 
was no big deal that for some rockets it was necessary to carry out 40-50 launchings 
before they "learned" to fly. But that approach was unsuitable for the NI. " 

Korolev was even unwilling to launch an N I with simply a live first stage and dummy 
upper stages, preferring "all-up" testing, with flight-ready verslons of all the stages. Th~s was 
a recipe for d~saster because the first stage with its complement of twenty-four engines would 
not be tested a single time before flight. "If the rocket takes off with dummies instead of the 
second and third stages, how I can I show my face when I get out of the bunker?." he evidently 
used to tell his associates."~n one sense, the decision to move ahead with "all-up" test~ng for 
the N I was not as risky a decision as might seem in retrospect. In 1963. Korolev had one big 
ace up his sleeve: the GR- I .  By the time that a fully stacked N I was on the pad. OKB- I expect- 
ed to have finlshed testing the orbital bombardment system, thus reducing the r~sk of failure 
on the upper stages of the N I .  That, of course, still left the most critical and weakest link of 
all, the first stage, open to possible catastrophe. 

In the hope of compensating for the decision to dispense with first-stage ground testing 
in concurrence with "all-up" testing. OKB-I adopted two measures. One of them was the use 
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of the KORD system, which was designed to shut off particular engines in the circle of twen- 
ty-four if the slightest malfunction was detected. The control system was highly complex, dif- 
ficult to design, and pushed the limits of Soviet computer technology, but OKB-I, in 
cooperation with Korolev's old friend Chief Designer Pilyugin. doggedly pursued the idea. That 
the system was reactive rather then predictive does not seem to have given pause to either 
Korolev or Pilyugin, although there was criticism from many other quarters. The second com- 
pensatory measure was to "extrapolate" results from the static firings of the eight-engine sec- 
ond stage to the similar but larger first stage. There was a weak link even in these 
"extrapolations." In a decision taken sometime later. OKB-I and OKB-276 agreed not to test 
each and every NK-I5 engine on the ground; instead, a statistical program was devised in 
which a group of six engines would be selected randomly from a batch of manufactured units. 
Of the six, two would be selected randomly and tested thoroughly at a static stand; if they 
passed the tests, the remaining four would be cleared for flight."" Such was the price of the 
lack of time and money. 

Delays also plagued the design of the launch complex for the N I. In December 1962. 
OKB- I and the CSKB SpetsMash signed "The Initial Data and Primary Technical Requirements 
for Designing the Launch Complex for the N I Rocket" with the State Committee for Defense 
Technology. Progress on this issue was bogged down, however. in an Intense conflict between 
Korolev and Chief Designer Barmin over launch complex design. It took a year to resolve the 
matter; it was only on November 13. 1963, that the Supreme Council of the National Economy 
formally approved the "interdepartmental" schedule for work on the design documentation for 
construction of the complex, enumerating in detail the technical and material needs for the job. 
A governmental resolution a month later, on December 24, was a promise to ensure that this 
goal was indeed achieved on time. However, as was typical, the Ministry of Defense, the "own- 
ers" of the Tyura-Tam range, refused to follow up on the governmental decree: CSKB 
SpetsMash, the primary launch complex des~gn organization, was left with little money to do 
anything. By this time, engineers and architects had marked out a vast area at the range, com- 
prising sites I 10. 1 12, and 1 13, for all N I operations. Two launch complexes would be built at 
site 1 10, the giant assembly building and fuellng area at site 1 12, and the residential zone and 
welding facilities at site 1 13. Actual construction at the s~tes began in 1964 under the direction 
of Chief Designer Barmin, but it was at a snail's pace. The Ministry of Defense allocation for 
launch complex construction for the year 1965 was one-third of what was requested."" 

Funding for the space program had always fallen short of what was requested by the lead- 
ing chief designers, but one factor in the severe crunch may have been Chelomey's rising dom- 
inance within the missile and space programs. Although his organization. OKB-52, had little 
to show in terms of actual accomplishments by 1963 or 1964, the scope of work at the Reutov- 
based organ~zation was breathtaking. With its several branches spread out across the Moscow 
area, it was engaged in the development of ICBMs, orbital bombardment systems, space launch 
vehicles. radar ocean reconnaissance satellites, anti-satellites, various models of piloted and 
automated spaceplanes, naval anti-ship cruise missiles, and a nationwide ballistic missile 
defense system. 

Chelomey's first entry into the space program came in late 1963, although, in an ironic twist, 
he needed Korolev's assistance to facilitate it. By the end of 1962, it was clear that the first launch 
of his coveted UR-200 ICBM would be delayed past the original deadline. Tests to qualify it as a 
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space launch vehicle 
would take even longer. 
Chelomey's first space 
vehicle, the IS anti-satellite. 
would in the meantime be 
ready for a first test launch. 
but w~thout the booster 
needed to put it into orbit. 
On January 20. 1963. 
Chelomey, escorted by a 
large entourage, paid an 
official visit to see Korolev 
at Kaliningrad. An agree- 
ment was hammered out 
whereby OKB- I would This is a mode! of the f~rst space vehicle developed by the Chelomey desrgn 
provide a number of bureau. the "IS" antr-sateli~te spacecraft Upon launch In November 1963 

R-7-based boosters for the sateil~te was named Polet I (copyright Dretrrch Haeseler] 

launches of the early 
Chelomey satellites in the "IS" and "US" series until the UR-200 came on line. The v~sit itself 
was remarkably amiable, and the two were polite and friendly w ~ t h  each other in contrast to the 
dismal relationship between Korolev and Clushko. As Sergey N. Khrushchev later recalled, 
"Although their rlvalry [in space] was growing, their personal relationship remained friendly. This 
was not insignificant when one considers the complexity of their characters."" There was a lit- 
tle conversation on the N I, but Korolev did not go into great detail on the project in front of his 
primary competitor. Meanwhile, Chelomey neither conveyed his grave doubts on the N I pro- 
gram, nor did he express any curiosity about its current status; to do so would have been indis- 
creet in the given circumstances. Through the ensuing years, despite the Intense professional 
compet~tion, both remained on friendly terms whenever they met at government receptions, 
meetings, or the launch range. 

Using a variant of the basic R-7 ICBM, named the I IA59, Chelomey launched his first "IS" 
satellite into orbit on November 1 .  1963, from site I at Tyura-Tam. The general designer could 
not resist being different from the other space designers. Unlike all other generic military satel- 
lites, which were named "Kosmos." Chelomey picked the name Polet ("Flight") for his little 
vehicle. The spacecraft became the first-ever satellite to maneuver in space by changing orbits, 
a crucial capability needed for anti-satellite operations."Just two days after the Polet- I launch, 
whlch caused quite a stir among Western observers, Chelomey launched the secret UR-200 
ICBM on its first test fllght with only a live first stage. It was the first visible manifestation of 
Chelomey's emerging dominance in the space and missile programs, and coincidentally or not. 
~t came during the most difficult financial time for Korolev. 

While Chelomey's rising star may have played a role in the funding problems for the N I, 
clearly the most important factor In the equation was the ind~fferent attitude of OKB-1's 

13 1 A long descr~pt~on of th~s  meet~ng between Korolev and Chelomey IS covered In Sergey Khrushchev 
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primary financier and client, the Ministry of Defense. The original 1962 decree approving the 
N- 1's development had tasked the Ministry of Defense to formulate a set of missions for the use 
of new spacecraft for exclusively military purposes. But the powerful N I simply did not "f i t  into 
then-existing notions of defense" of the Soviet Union." As one Soviet journalist later wrote: 

. . . the work [on the N I ]  was influenced by the nonauailability of resources and financ- 
ing. It was clear there was an absence of interest from the maln client of rocket-space 
technical issues-the Ministry o f  Defense. because the objectives and the payloads for 
the NI had not been ~peci f ied.~'~ 

The disinterest from the military was catastrophic for the N I program as a whole. As the 
primary financier of the N I project, the Ministry of Defense refused to let loose its purse 
strings, being more interested in achieving strategic parity with the United States. In 1964, 
OKB-I was allocated only 23 million rubles of the 45 million requested. OKB-276 received 
20 million even though 50 million was needed, and the Kuybyshev Council of National 
Economy was apportioned 9 out of the 23 million rubles requested. Through all this, under the 
supervision of Kryukov and Okhapkin, OKB-I finished the preparation of the "primary set" of 
design documentation for the N I in March 1964, thus ready to move into the actual manufac- 
turing of flight articles."' But with money completely drained, by early 1964, the unthinkable 
had happened: work on the N I was at a complete standstill as plants, institutes, and design 
bureaus ceased work on the vast program, leaving idle all that had been built. Faced with a seri- 
ous situation. Korolev, in effect, took the problem out of the hands of the Ministry of Defense. 
If the military would not define a payload for the N I, then he himself would. 

The Decision to Go to the Moon 

Piloted exploration of the Moon had been discussed seriously in the early 1960s at the top 
levels of the Soviet leadershtp, but only as it concerned circumlunar missions. By 1963. 
Chelomey was exploring the possibility of sending his Raketoplan with crews around the 
Moon, while Korolev had received full-scale approval in December 1963 with his 7K-9K-I I K 
Soyuz proposal. Both efforts suffered delays that stemmed more from technical considerations 
rather than institutional factors. Originally. Chelomey had considered a wingless Raketoplan 
capable of a ballistic reentry from lunar distances, but such a profile would impose too high 
thermal stresses on the returning spacecraft, in addition to severe gravitational loads on a 
potential crew. In late 1963, he dropped all his ballistic circumlunar plans and adopted a "new" 
plan, which allowed for a guided reentry into the atmosphere."' Unlike the Vostok's spherical 
return capsule, he chose to adopt a design that had originated elsewhere-in the United States. 
Kept abreast of NASA's Gemini project, it seems that Chelomey had appropriated its design 
into a Soviet version of the vehicle, named the LK- I ("Lunar Ship No. I " ) .  Khrushchev's son 
Sergey, who was an engineer at OKB-52 at the time, later recalled. "I  think he used the Gemini 
idea, because he began to speak about this after [Gemini] was publ~shed."'" Original or copied. 
the LK- I was to be Chelomey's grand entry into the Soviet piloted space program, by sending 
the first Soviet cosmonauts around the Moon. 
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Chelomey pursued the Idea with great vigor and spoke personally to Khrushchev about it 
during the summer of 1964 while the Soviet leader conducted an official visit to h ~ s  design 
b ~ r e a u . ' ' ~  Although the topic of the meeting was ICBMs, Khrushchev apparently sanctioned 
Chelomey's LK- I idea at the time, another in a long line of new projects for the general design- 
er. An official decree on the program was apparently issued on May 22. 1964. The same gov- 
ernmental decision also formally terminated all further work on Chelomey's ambitious MartIan 
Kosmoplan project and the circumlunar Raketoplan."' After close to five years of pursulng a 
pipe dream. Chelomey was forced to admit that his ideas were a little ahead of his time. While 
he would vigorously continue wide-ranging efforts to develop new spaceplanes, conceptions 
of lunar and interplanetary flight by such vehicles receded out of view. The focus would be on 
competing with Apollo. 

Compared with the Apollo program. Soviet piloted circumlunar projects were a poor sec- 
ond. Even now. ~t is difficult to rationalize the persistence with which designers such as Korolev 
and Chelomey pursued these efforts. If public accolades formed the primary objective of a cir- 
cumlunar effort, what gain could be extracted in the face of Apollo, which would actually land 
Americans on the Moon? The only possible explanation is that the Soviets simply never 
believed that the U.S. lunar landing effort was serious enough to warrant a response. This 
mode of thinking is, in fact, borne out by the unusually indifferent response to Apollo during 
the 196 1-63 period. The primary N I missions were either for defense or for piloted Martian 
flights: while the former was never defined, the latter was pursued with some vigor up to about 
mid- 1963, when there was a major shift in think~ng at OKB- I."" 

The Central Committee of the Communist Party, in the persons of Khrushchev and Frol R. 
Kozlov, had no serrous cause to feel threatened by the murmurs of activ~ty from NASA. By the 
end of 1963, the Soviet Union continued to maintain its undisputed lead In space exploration. 
springing one "f~rst in space" after another at a continually shocked American audience. The 
Central Committee's primary concern, as with the military, was achieving strategic parity. In a 
b ~ d  for common resources, the space program had a sparse chance of being a priority over the 
development of newer long-range ballistic missiles. Contrary to conventional wisdom, the space 
program was not a central component or instrument of Soviet state policy. At best, it was an 
added bonus-a perk that allowed the Party and the military to add to its resume in extoll~ng 
the virtues of a socialist state. The unprecedented successes of Gagarm. Tereshkova, and others 
formed a useful but not lndrspensable tool in helping destroy the standard image of the Soviet 
Union as a nation of obsolete tractors and factories. And while Kennedy may have made Apollo 
an instrument of American state policy, given the track record of the U.S. space program up to 
the early 1960s. there was no reason to believe that the United States would actually put a 
human on the Moon before the end of the decade. 

The earliest serious indication that highly placed Soviet space off~cials such as Korolev and 
Academician Keldysh were moving their thinking from a Mars expedition to a lunar landing 
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came in late April 1963. At the time, Keldysh held a meeting of his Interdepartmental Scientific- 
Technical Council for Space Research to discuss a response to the Kennedy speech almost two 
years earlier. Besides Korolev, in attendance was his "high guard": Deputies Mishin. Bushuyev. 
Chertok, Kryukov, and Okhapkin. In a report. Korolev summarized the progress on the N I pro- 
gram and argued that its capablllties would allow a lunar landing mission as well as various 
military tasks in Earth orbit. The council acknowledged "the advisability of reporting to the 
[Central Committee] on issuing a special decree on accelerating this work."'4 Deputy Chief 
Designer Kryukov recalled later that this reassessment toward the Moon had taken place because 
of "reports of American work on Saturn and the start of flight work of this complex." By this 
time. NASA had conducted four (Block I) Saturn I launches as part of the "first step to perfect- 
ing the Saturn V vehicle for lunar missions. " "  Although fired with only a live first stage, the 
launches, all successful, were hard evidence of NASA's commitment to the lunar landing goal. 

If before there had been some doubts about the seriousness of the U.S. commitment, there 
was ample evidence of it in 1962 and 1963. By the summer of 1962, NASA engineers had final- 
ized the basic external configuration of the Apollo spacecraft complex, and on July I 1 .  1962. 
NASA officials announced that they had selected the lunar-orbit rendezvous (LOR) profile to 
accomplish the lunar landing mission.'" The LOR profile used the launch of two separate lunar 
spacecraft. One would serve as "a mother ship" and orbit the Moon, while a second would 
land on the surface of the Moon. Once surface exploration was over, the lunar lander would 
lift off, dock with the "mother ship," and be discarded. Following lunar operations, the crew 
would boost the orbiter on a trajectory back to Earth. All elements of the Apollo complex would 
be launched on a single Saturn V. Work on the actual Apollo spacecraft was also progressing 
at an impressive pace. On August 14. 1963, NASA signed a definitive contract with the Space 
and Information Systems Division of North American Aviation to design and manufacture the 
Apollo Command and Service Module that would carry three astronauts to the Moon. A con- 
tract for the lunar lander, called the Lunar Excursion Module, was signed with Grumman 
Aircraft Engineering Corporation on March I I. 1963.14' 

Acutely aware of falling behind the Americans. Korolev took h ~ s  case to the top. During a meet- 
ing in early June 1963, days before the launches of Bykovskiy and Tereshkova. Khrushchev invited 
Korolev and Clushko to his private dacha ostensibly to try and "make peace" between the two war- 
ring designers. Later in his memoirs, Khrushchev recalls the conflict and his mediation efforts: 

. . . differences o f  opinion started to pull them apart and the two of  them couldn't stand 
to work together. I even lnuited them to my dacha with their wives. I wanted them to 
make peace with each other, so that they could devote more of their knowledge to the 
good o f  the country, rather than dissipate their energy on fights over details I t  seemed 
to me that they were both talented, each in his own field. But nothing came of our meet- 
ing. later Korolev broke all ties with Glushko. He switched to . . Kuznetsov, a young. 
talented engine designer. 1 4 5  
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Khrushchev. Korolev, and Clushko spent the morning of their meeting discussing, among 
other things, the N i and its role in a piloted lunar landing. Using a number of beautifully illus- 
trated drawings of his NI rocket and proposed lunar spacecraft. Korolev painstakingly 
explained the requirements and mission profile of a Soviet lunar landing project. At the time. 
OKB- I plans seem to have involved an Earth-orbit rendezvous profile using three N I rockets to 
launch portions of the lunar ship into Earth orbit. These components would link together and 
then fly toward the Moon carrying its cosmonaut crew. According to Khrushchev's son. Sergey. 
who was also present during this private discussion, the elder Khrushchev was: 

enthralled by Korolev's idea. But he could also not forget Earthly concerns. He inquired 
how much this project would cost. This time Korolev had a separate list stating all the 
computations. By his estimation, approximately ten to twelve billion [rubles] would be 
necessary to accomplish the project over the same number of years. [Hearing the 
amount] Father wavered.'4b 

Korolev continued his presentation with a display of the N I. its emerging configuration. 
its launch complexes, and logistical problems, such as modes of transporting the booster to the 
launch site. Korolev expressed confidence that given the right amount of financial support, the 
N I program could beat Apollo. At the end of his monologue. Khrushchev merely replied. "I'll 
think about it, you prepare your proposals. We will discuss and decide this in the Presidium of 
the Central Committee." 4 i  

Cost was a particularly important factor in space policy planning at the time, particularly 
because of an agricultural crisis that peaked around 1963 that prompted the Soviet Union to rely 
increasingly on imported grain. Despite phenomenal industrial growth in the late 1950s. the poor 
record of the agricultural sector may have served as a catalyst for more conservative levels of fund- 
ing in areas not essential for national defense.'" The enormous amounts of money pourlng into 
the development of nuclear weapons and ballistic missiles were clearly taking their toll, and 
attempts to downsize conventional weapons systems to compensate did not alleviate the cr i~ is. '~ '  
Food shortages and rising prices across the Soviet Union may have given pause to Khrushchev's 
consideration for a h~ghly expensive space extravaganza whose political utility was dubious at best. 

Khrushchev's wavering on the lunar landing issue did little to deter Korolev's single-minded- 
ness. A little over a month after the high-level meeting, on July 27, 1963. Korolev sent a formal 
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proposal to key leaders in the defense industry that established clear, specific objectives the N I 
could accomplish. He listed three primary goals in order of their importance: exploration of the 
Moon, exploration of the planets, and the launch of an Earth orbital station. Whereas before lunar 
exploration was consigned as a secondary objective. Korolev was unequivocal in his strategy: 

The accomplishment of a [landing] expedition of humans to the surface of the Moon 
should be considered the primary goal in the program of study and familiarization of the 
Moon. All remaining goals enumerated here should be concurrently achieved to facilitate 
the solution of the primary goal-the accomplishment of a [landing] expedition. ' O  

In the July 1963 document. Korolev proposed eight specific projects, the first of which was 
a piloted landing on the surface of the Moon. The preliminary conception involved launching 
three N I rockets to assemble a 200-ton complex in Earth orbit through rendezvous and docking. 
A five-ton lander would perform the landing itself. To ensure safety, a reserve lander would sup- 
plement the main lander. The second and third goals were the creation of robotic lunar rovers with 
masses of six to eight tons and piloted lunar spacecraft with masses of ten tons. The remaining 
five objectives pertained to missions to Mars and Venus: the piloted TMK- I for circumplanetary 
flights, automated spacecraft to orbit the planets, robotic vehicles to land on them, a piloted land- 
ing on Mars, and the development of a family of spaceships for further planetary e~ploration.~" 

Ironically, just as Korolev was beginning to marshal all his skills to convince the Sov~et lead- 
ership of the need to respond to Apollo, the public discourse on whether or not the Sov~ets were 
in a "race to the Moon" reached its apotheosis. Much of this near hysteria was set off by a let- 
ter from British astronomer Str Bernard Lovell to NASA Deputy Administrator Hugh L. Dryden 
concerning future Soviet plans in space. Lovell had toured a number of important aerospace facil- 
ities in the USSR between June 25 and July 15. 1963, and met a number of prominent scient~sts 
from the Academy of Sciences. Based on his experiences, he informed Dryden in a letter dated 
July 23 that Academy President Mstislav V. Keldysh had informed h ~ m  that the Soviet Union had 
rejected "(at least for the time being) . . . plans for the manned lunar landing."" 

Lovell's assertion set off a remarkable level of parrying back and forth between the U.S. 
media and NASA as the space agency sought to quell suggestions that i t  was in fact racing to 
the Moon by itself.'" The U.S. hoopla was not reported in the Soviet press, although it is less 
certain whether ind~viduals such as Khrushchev. Keldysh, and Korolev were kept abreast of the 
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discourse in the United States. The issue was further muddied by President Kennedy's bold 
announcement, in front of a United Nations audience on September 20, proposing the discus- 
sion of "a joint expedition to the moon." '4 Judging by the response in the Soviet press, the 
USSR was simply not interested: Kennedy's offer was publicly ignored. Khrushchev added to 
the confusion with another ambivalent statement on Soviet lunar plans made at the third 
World Meeting of Journalists in Moscow on October 25: 

At the present time we do not plan flights of cosmonauts to the Moon. I haue read a 
report that the Americans wish to land on the Moon by 1970. Well. let's wish them suc- 
cess And we will see how they fly there, and how they will land there. or to be more 
correct "moon" there. And most important-how they wil l  get up and come back. We 
will take their experience into account. We do not wish to compete in sending people 
to the Moon without thorough preparation. I t  is obuious there would be no benefit from 
competition. "' 

Once again. Khrushchev's pronouncements were taken as an indication of the Soviets' lack of 
interest in the Moon. 

It is difficult to speculate on the true nature of events actually occurring within the Soviet 
leadership at the time without access to still-classified documents. But ~f we are to believe the 
Soviet leader's son. Khrushchev was close to making an about-turn in his thinking on the lunar 
landing issue. Sergey N. Khrushchev, then an engineer at Chelomey's design bureau, recalls 
that in the second week of September, just days after Kennedy's United Nations speech, his 
father for the first time openly spoke about jointly cooperating with the United States on a lunar 
landing project. Previous overtures from Kennedy on this issue had been rejected outright as a 
result of the Soviet military's great reluctance to engage in any major joint space endeavor. It 
seems that Khrushchev, however, had been steeling for a fight to change the rn~litary's position 
on the issue, certainly a difficult undertaking given the kind of secrets that would be put at r~sk 
in implementing such a joint project. When his son argued that cooperation was simply a bad 
idea, the older Khrushchev replied: "You don't understand that the Amerrcans can design any- 
thing they want and our secrets will not be secrets forever . . and now that we have enough 
missiles they already know that we are strong." "" 

There is no doubt that Khrushchev's intentions were partly motivated by economic con- 
siderat~ons. Surprised by Korolev's estimated cost of a lunar landing at the meeting in June. 
Khrushchev was already backtracking on his lukewarm support from three months before. The 
fact that Khrushchev was indeed having a change of heart is evidenced by his only public com- 
ment on Kennedy's speech. On November I ,  a little over a month after the call for cooperation. 
Khrushchev told the press: 

We consider with due attention to the proposal of the U.S. President. that it would be 
useful rf the USSR and the United States pooled their efforts in exploring outer space for 
scientific purposes, specifically for arranging a joint flight to the Moon. Would i t  not be 
fine if a Soviet man and an American woman flew to the Moon? Of course if would.'; 
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The chance to address a cooperative venture never came. Before Khrushchev could 
respond. President Kennedy was assassinated on November 22. 1963. The new administration 
of Lyndon B. Johnson was significantly less interested in a joint lunar landing program. 
Khrushchev also dropped the matter, never officially responding to Kennedy's United Nations 
speech. 

Three factors-the rising interest from the Soviet leadership, the challenge from Apollo. 
and the question of how exactly to use the N I-all intersected in late 1963, prompting the 
Soviet space program to reassess its trajectory. The last issue, the utility of the N I, found its 
way into the debate in a roundabout way. A year before. ~n December 1962, an Academy of 
Sciences proposal had excluded the use of the N I and ambitious piloted space expeditions 
from the immediate future of the Soviet space program. This suggestion apparently had the 
support of some highly placed defense industry off~cials."~ Alarmed by this indifference to the 
N I, Korolev had fired off a letter on May 7. 1963, imploring the Academy of Sciences to revise 
its recommendation to include the N I in its plans; fortunately, the academy responded favor- 
ably to Korolev's call. On August 10. Korolev received a revamped proposal from the academy 
that explicitly included both the N I  and human space exploration in its plans. Probably 
prompted by the increased visibility of the Apollo program, the academy suggested large-scale 
exploration of the Moon and planets. With the academy recommendation in hand, and also 
encouraged by Khrushchev's lukewarm interest, Korolev and h ~ s  associates at OKB- I produced 
a detailed technical document on September 23, 1963, titled "Proposals for the Research and 
Familiarization of the Moon." This document served as the first specific response to Kennedy's 
challenge to go to the Moon. Both robotic and piloted space missions to the Moon figured 
prominently in the report."" 

Korolev divided his lunar plan into five major programs or "themes." each encompassing 
a specific goal. leading to a lunar landing in 1967 or 1968: 

Type Mission Spacecraft Launcher No. of Launches 

L I Circumlunar 7K crew vehicle 
9K upper stage 
I I K tanker 

12 Lunar roving 9K upper stage 
I I K tanker 
13K rover 

Soyuz 6 

Soyuz 6 

L3 Lunar landing 7K crew vehicle (modified) Soyuz I (Soyuz) 
Lander N I 3 ( N l )  

L4 Lunar orbit 7K crew vehicle (modified) N I I 

L5 Advanced lunar Lunar rover 
roving 
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Theme L I was identical to the 7K-9K- I I K Soyuz circumlunar complex that had been pro- 
posed by Korolev since about 1963. It involved launching a series of tankers ~ n t o  Earth orbit to 
fuel a translunar-injection stage, which would send a 7K Soyuz spacecraft around the Moon. 
Theme L2 was an initial concept for a robotic lunar rover to travel on the lunar surface for sci- 
entific research. This, too, would be assembled in Earth orbit with a combination of tankers 
and acceleration stages. 

L3 was clearly the center of Korolev's plan. Although several different mission profiles were 
considered. engineers chose the conservative Earth-orbit rendezvous approach to accomplish 
the flight. The prlmary crew vehicle would be a modified Soyuz spacecraft. The main landing 
payload would be launched ~ n t o  Earth orbit by an N I, followed by two more N I rockets, which 
would carry extra propellant for the translunar injection stage. A fourth launch of an 
R-7-derived booster was to carry a crew to the complex. Total mass in Earth orbit would be 
200 tons; twenty-one tons would actually accomplish the landing on the Moon. Theme L4 was 
to conduct piloted lunar orbital missions using a modified Soyuz spacecraft with a special boost- 
er stage. Theme L5's primary goal was advanced roving mlssions on the Moon: cosmonauts 
could use these large five-and-a-half-ton rovers to travel long distances across the surface."" 

On the same day that he signed his lunar plans, Korolev sent a letter to senior officials at 
his ministry proposing an eleven-point plan for space research during the period 1965 to 1975 
and outlining the primary steps leading to a piloted lunar landing. Curiously, even as h ~ s  finan- 
cial troubles were rising, he refused to abandon old dreams. He continued to include as future 
goals plloted missions to Mars and Venus and giant Earth-orbital stations. 

The September 1963 document laid the conceptual foundation for the Soviet reach for the 
Moon in the late 1960-a clear and unambiguous response to competition from Apollo. 
Korolev, however, had to address not only competition from the outside, but also competition 
from within. Starting with a primary focus on strategic ICBMs. Chief Designer Mikhail K .  
Yangel's OKB-586 had slowly moved into designing small military satellites for a variety of pur- 
poses. The design bureau also fielded a series of new launch vehicles for the most high- 
security military payloads. None of this would have any relevance to the piloted space program 
had ~t not been for Yangel's proposal for a heavy-lift launcher named the R-56, for which a 
development program had been approved in April 1962. From the beginning, it seems that 
Yangel had had his mind set on a particular goal for the R-56. As one of his deput~es described: 

This launch vehicle was predicted in a monoblock variant, and according to [the] eval- 
uation o f  specialized institutes, i t  was the optimum rocket for realization of the pro- 
grams given. including auxiliary tasks on Moon explorat~on. . . . "  

A draft plan for the vehicle and possibly its lunar spacecraft complex was prepared by 
1964, thus positing it as a direct threat to Korolev's beloved N I. Chelomey, not content to 
watch his two rivals whiz past him, was also thinking of conceptions of a lunar landing space- 
craft. His efforts were far behind the curve as compared to either Korolev or Yangel, and his par- 
ticipation in such a project did not figure in any significant way, at least not at the time. 

At the beginning of 1964, the complacency that had marked the Soviet response to Apollo 
no longer exlsted, and notwithstanding Yangel's R-56 idea, no one more than Korolev was 
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responsible for this change. Yangel may have been the best individual 
in the USSR to build missiles, but it was Korolev who had unbridled 
passion for space exploration. He clearly had more to lose if the "space 
race" was lost; he had bet his life on preeminence and was not about 
to lose it to a government that was unwilling to be sympathetic to his 
grand ideals. By early 1964, there were finally murmurs of political 
activity on the topic. On February 1 1 .  1964, Air Force representatives 
visited the offices of the Military-Industrial Commission in the Kremlin. 
a visit prompted partially "by the appearance of a series of reports that 
the Americans already have trainers for work on a lunar landing."162 
One of the Air Force generals present. Lt. General Kamanln, wrote in 
his journal the following day: 

. . . the Central Committee is approving a plan for sending an 
expedition to the Moon in 1968-1970. The N l  rocket. which is 
capable o f  putting into orbit a payload of 72 tons will be used 
for this purpose. The mass of all the systems (lunar ships), 
computed for flight to the Moon, lunar landing, and recovery 
on Earth, will comprise about 200 tons, i.e. it will require three 
NI  rockets and two dockings in orbit. The plan is still only on 
paper, while the Americans already have done much for 
carrying out flights to the Moon." 

To accelerate the process, Korolev, accompanied by his F~rst 
Deputy Mishin and Chief Designers Kuznetsov and Pilyugin, met with 
Khrushchev on March 17. 1964. Although the meeting was ostensibly 
about the general progress of the Soviet space program, a Moon land- 
ing seems to have been foremost on the agenda. After discussing 
robotic exploration and the Soyuz and Voskhod programs. Korolev 
raised the topic of the future of the N I rocket. In his preparatory notes 
for the meeting, he had outlined several topics of discussion: the use 
of the N I for the Ministry of Defense, a piloted lunar landing, piloted 
interplanetary missions, the development of liquid hydrogen rocket 
engines and nuclear rocket engines, and a global communications 
satellite system.'b4 What was precisely sald at the meeting still remains 
a mystery, but recent evidence suggests that it was that day that 
Korolev extracted a promise from Khrushchev to politically commit to 
a full-scale lunar landing program to compete with Apollo." It IS still 
unclear as to why the Soviet leader agreed at thls time, when just six 
months before, financial considerations had prompted him to serious- 
ly consider cooperating with the United States. His son's observat~ons 
on Khrushchev's views on the lunar landing allow some insight into his 
thinking at the time: 

Jhrs 1s one conceptron o/ 
M~khar i  Yangeis R 56 

booster at a museum cn 
Moscow Yangel 

proposed the R 56 as a 
competrtor to Korolev 5 

NI  Moon rocket In 
1962-64 The modular 
construction was based 

on ciustertng several 
heavy R-46 ICBMs The 

R 46 was desrgned to 
carry 11fty megaton 

warheads 
(copyrtght Mark Wade] 
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H I S  feeling [on the lunar landing] was uncertain He wanted to be ahead o f  the 
Amencans, but for free So when Kennedy announced the lunar program he dtd not 
accept Korolevs pressure that we haue to do the same And tn the end all of them [the 
chtef desrgners] pressed him and said that rt would be much less expensive than the 
Americans and that we haue to do thls and [ i t  was] then that he accepted this 
So he approved i t  but I don t thtnk that he spent too much o f  hts own time thinking 
about thts and discussing it It was not such a national pnonty as in the United States " 

From Korolev's perspective, there were clearly two differing motivations to the decision to 
go to the Moon: one was to compete with Apollo and the second was to salvage the N I rock- 
et from the scrap heap of history. Consigned to oblivion by the lack of funding, the project was 
at a standstill in early 1964. No one, least of all the Ministry of Defense, had defined a reason 
for its existence. He had just glven it one. Both these motivations are crucial to an under- 
standing of the eventual fate of the program. The former-that is, to compete with Apollo- 
was a major and unprecedented shift in vision from the Tsiolkovskiy-influenced ideas of 
Earth-orbital stations leading to interplanetary flights. The latter-that is, to save the N I -was 
simply a management strategy. Within five days of the meeting. Korolev signed off on a new 
plan of action at his design bureau for 1964 through 1966, focused on the N I .  wlth special 
attention to advanced liquid hydrogen engines for the upper stages. 

Khrushchev had made the promise, but it was still a verbal commitment. There was a 
bureaucratic gridlock to address. The February-March discussions were to have led to a formal 
decree of the Central Committee and the Council of Ministers. This, however, was constantly 
delayed. Party and state officials were unconcerned with the N I  because ~t had not been 
included in the original program of research for the next five-year plan. As a result, money for 
the N I remained tied up. In three letters dated May 15, Korolev wrote to the leading adminis- 
trators in the defense industry to include the N I as part of future fund~ng  allocation^.^" 

The draft of a fourth desperate letter was prepared by Korolev on May 25 and addressed 
directly to Leonid I. Brezhnev, the Secretary of the Central Committee for Defense Industries and 
Space, the top space program leader in the country at the time. Declassified thirty years later, the 
draft stands testament to the complete disarray of the Soviet human space program by 1964. It 
began auspiciously with the phrase: "We have been wasting a lot of precious time on the N I . "  

Through paragraph after paragraph. Korolev mentioned the litany of problems in the N I program: 

I t  wil/ be sufficient to point out that the initial sum of I 1  million rubles, which was 
decided on in 1964 by the Ministry of Defense for construction of the launch and tech- 
nical position for the N I .  was at [their] discretion unexpectedly reduced to 7 million 
rubles and now to 4 m~llion rubles overall. The Ministry of Defense has refused to 
finance further the construction of the N I despite the existing decrees. In May o f  the cur- 
rent year all the money will be used up for this [program]. and constructton of the 
launch [complex] of the NI  will completely stop in a few days. Up to now the plants 
haue not been supplied with the necessary equipment and materials, and a lot of deci- 
sions and orders haue not been carried out by the involved organczations. For more than 
two years, a whole number of assignments and orders agreed in decrees has remained 
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unfulfilled. and no one is questioned about it. With regard to many problems and plans 
prepared for the Nl .  many months go by and no one even examines them. . . . I b 8  

Korolev then made a politically motivated plea: 

This is an absolutely intolerable situation with the NI, not only for Soviet science and 
technology but also for maintaining the priority of our state in that most important and 
difficult sphere, space, as the first socialist country in the world, the birthplace o f  great 
revolutionary ideas and a progressive nation leading the world in the socialist system. 
Nikita Sergeyevich Khrushchev has always supported progressive science, and in par- 
ticular, much new work rn the sphere o f  new technology and space research, and he has 
said more than once that socialism-this is the hopeful starting point from where all 
our rockets and ships will be launched. Very recently Nikita Sergeyevich listened to and 
supported the proposal of a group of Designers to speed up work on the Nl .  Two 
months have passed since then and nothing has been accomplished and nothing has 
changed with the Nl . . . it's evidently clear that once again the NI hasn't received 
enough attention while time is slipping away. . . . I b 9  

He then mentioned the U.S. space program: 

The scope and progress of the work on "big space" in the U.S.A. is a reason for great 
alarm. Already in May of this year, the U.S.A. is preparing to fly the two-stage "Saturn" 
rocket with a full-scale model of the "Apollo" ship designated as part of the project to 
land American researchers on the Moon. This model is without people on board now, but 
this flight undoubtedly will be followed by others At the present the U.S.A.'s "Saturn" 
rocket takes a useful payload of 11-12 tons with a total mass o f  around 17 tons into an 
initial orbit around the Earth. In this, the U.S.A. has already surpassed the Soviet Unron." 

Conscious of the fact there was a real competition in the piloted circumlunar effort between 
Chelomey's LK-I and Korolev's Soyuz. Korolev reminded Brezhnev of the pathetic state of the 
Soyuz program: 

To fly around the Moon with a crew (without landing) it is sufficient for the U.S.A. to 
double this load [of 12 tons], for example. by using a single-docking method in the ini- 
tial orbit. W e  have been working on such a theme, the "Soyuz." for a number o f  years. 
but unfortunately, just like the NI, it has never received adequate support, and [the 
work on it]  has not been fully satisfactory. I f  urgent additional measures are not adopt- 
ed on the "Soyuz" theme, the Soviet Union will lag behind the U.S.A. in this area too."' 

Following more complaints about the poor state of the liquid hydrogen industry and the indus- 
try's favoritism in the use of toxic propellant components. Korolev finally ended with a focused 
and specific plea for a Soviet response to Apollo: 

The U.S.A. is planning to land people on the Moon in 1969 (instead o f  the earlier date 
of 1970) and according to their plans, they will be in a position to fly around the Moon 
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(in 1966); in 1967 the U.S.A. expects and evidently will have a working variant of the 
"Saturn-5" with a launch mass of 2.700-3,000 tons. at which time the U.S.A. will be 
able to f ly  into space many times without limitations. It's possible to visualize the 101- 
lowing scenario: what is to prevent the U.S.A. from accelerating its work a little bit 
(which is of enormous scale and part of a well coordinated plan), to not only fly around 
the Moon, but also to land men on its surface in 1967, the year of the fiftieth anniversary 
of the first Soviet state on our planet? There are three years left to that momentous date. 
In this time, we can pay attention to and organize our work to solve the problem o f  land- 
ing Soviet researchers on the surface o f  the Moon and secure their return to Earth . . I 7 '  

Only the draft of the letter has been declassif~ed, but Korolev's language strongly hints at 
his priorities of the period. The piloted lunar program had clearly split into two disjointed 
efforts: a circumlunar track with proposals from Chelomey (LK- I )  and Korolev (Soyuz) and a 
land~ng track with proposals from Yangel (R-56) and Korolev (N I ) .  W ~ t h  Apollo rising, the 
chief designers all rushed to respond. There is no question that the leading space designers 
were indeed scared to the bone by Apollo. Although Western observers had nary a clue, the 
heydays of Sputnik and Gagarin were irrevocably over. 

Just three days after signing the draft of the letter to  Brezhnev, on May 28. 1964, the f~rst 
dummy Apollo spacecraft was Inserted into Earth orbit by the sixth Saturn I booster." For those 
"within the know" in the Soviet space program, the contrast between the obsolete Vostok and 
the flying Apollo was crystal clear. The impetus to approve Korolev's program, if on shaky 
ground before, had a more imposing imperative. Within two months, the Central Committee 
and the Council of Ministers issued two landmark decrees that finally responded to Apollo. The 
first one, on June 19, guaranteed additional funding for the N I lunar rocket and reset the start 
of f l~ght testing to 1966 from the originally mandated 1 9 6 5 . "  Given the damage caused by the 
inactivity in 1963-64. some engineers privately believed that even 1966 was too optimistic. To 
support the future Soviet space projects, a total of sixteen N I boosters were to be manufac- 
tured between 1966 and 1 9 6 8 . "  
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The following month. on July 24, 1964, at a meeting hosted at the Military-lndustrlal 
Commission, its Chairman Smirnov fully sanctioned Korolev's proposal on the L3 lunar expedi- 
tion as well as further work on liquid hydrogen rocket  engine^."^ A week later, on August 3, the 
second decree (no. 655-268). titled "On Work on Research on the Moon and Outer Space." was 
signed into law."' It was a comprehensive "five-year plan" on space, which covered every- 
thing-scientific satellites, probes to Venus and Mars, spaceplanes, military satellites, and the 
Soviet piloted space program. Within the framework of the piloted space program, the Soviet 
Union committed to two separate piloted lunar projects to retain its status as the world's pre- 
eminent space power. The first was a human circumlunar project, and the second was a lunar 
landing project. The former was tasked to Chelomey's OKB-52; his new LK- I single-pilot space- 
craft would be launched on a modification of the UR-500 ICBM to accomplish a circumlunar 
flight before the beginning of the second quarter of 1967-that is, in time for the fiftieth anniver- 
sary of the Russian Revolution later in the year."Vunding was apportioned for the construction 
of twelve LK-I vehicles. In addition to the circumlunar program, a program of four test launch- 
es to convert the UR-500 miss~le into a space launch vehicle was approved. Each of the boost- 
ers would carry a new heavy scientific satellite to be developed by Chelomey In cooperation with 
the Scientific-Research Institute of Nuclear Physics of Moscow State Univer~ity."~ 

The commitment to Chelomey's LK-I circumlunar proposal was clear ev~dence of the 
astounding confusion inherent in the Soviet space program at the time. Less than two years 
before, the Soviet leadership had approved Korolev's 7K-9K- I I K Soyuz complex for the exact 
same mission. Yet another victim of the rising and falling fortunes of chief designers. Korolev's 
program effectively received its death knell on August 3 ,  1964, despite at least two years of con- 
tinuous work on elements of the Soyuz complex. What prompted this change of heart remarns 
in the realm of speculation. Perhaps it was the complexity of the 7K-9K-I I K  plan, which 
required four to five dockings in Earth orbit. Perhaps Chelomey's plan offered advantages that 
Korolev's did not. Perhaps it was a case of Chelorney's charms winning over Korolev's charms. 
Or perhaps it was simply a decision made w ~ t h  no rational thought. What is clear is that 
Korolev fought hard for the Soyuz complex but lost. What is also clear is that true to charac- 
ter, he refused to give up on the circumlunar effort. raising the specter of many more battles 
between the two big designers. 
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The most important element of the August 1964 decree was clearly the commitment to a 
lunar landing competitive with the Apollo program. According to the guidelines of the docu- 
ment. which still remains classified, the lunar landing was to take place in 1967 or 1968. to 
roughly co~nc~de with the fiftieth anniversary of the Great October Revolution. For the Soviets. 
the Kennedy deadline of 1969 was far less an important factor than the national celebration 
slated for 1967, a factor that was accurately picked up by both NASA and U.S. intelligence ser- 
vices In the mid-1960s. The actual landing was to be accomplished with the aid of the "L3" 
lunar complex launched on a single N I booster. OKB- I was given the contract to design and 
build the L3. While Korolev had lost out to Chelomey for the c~rcumlunar program, he did win 
over Yangel's R-56 proposal. In the same decree approving further work on the N I, datedlune 
19, the Soviet government ordered the cessation of all work on the R-56 booster. In the world 
of political Infighting among the designers. Yangel's engineers did not take the decision light- 
ly. As one recalled. "[the R-56 was canceled] without any visible causes and reasons, this devel- 
opment work was suddenly stopped . . . [and] many specialists and scientists were sorry about 
this d e c i s i ~ n . " " ~  Perhaps there was some sense In the decision: Khrushchev, Brezhnev, and 
Smirnov may have been ready to squander piloted space program resources on both Chelomey 
and Korolev, but adding a third part~cipant may have been simply too much. Khrushchev him- 
self was reportedly reluctant to allow Yangel's heavy participation in space programs, believing 
that such a state of affairs might divert the otherw~se focused deslgner from bulld~ng better 
missiles for the Soviet state.'b. 

It took the Soviet Unlon three years and three months to respond to Kennedy's speech to 
go to the Moon. Given what we now know about the relative poverty and ferocious inf~ghting 
symptomat~c of the Soviet piloted space program, this is not so odd. Westerners in the 1960s. 
with little information. naturally assumed that the piloted space program was a huge prlority to 
the Soviet state-an indispensable vehicle for publicity relations that was at the center of Soviet 
science and technology policy. The blunt and sometimes caricatured propaganda that emanat- 
ed from the Soviet press merely confirmed the worst fears of Western alarmists. In the Western 
writing on Sovlet space history, it almost became customary to tout in every third paragraph 
how Khrushchev was continuously scheming to extract more propaganda benefits from his 
hapless pawn Korolev by ordering him to do th~s  or that. The real~ty could not have been fur- 
ther from that. Khrushchev, ~t seems, was more concerned about money and missiles than he 
was about cosmonauts and the cosmos. Perhaps influenced by his son, or perhaps by his own 
instincts, he was never particularly interested in competing with Apollo." It was only Korolev's 
singular persistence-in letters, at meet~ngs, and during conferences-that resulted in the 
August 1964 decision. It may have been the most important decision in the history of the early 
Sovlet space program for it set the stage for ten long years of elusively searching for the Moon. 
In the end, the Moon proved to be as elusive for the Soviets during the era of Apollo a s  belng 
first in space was for the Americans during the era of Sputnik. 

180 Konyukhov and Pashchenko 'H~story of Space Launch Veh~cles Development One factor that played 
against the R 56 was that ~t would only be capable of accompl~shing c~rcumlunar fl~ght or robot~c lunar explorat~on 
Because ~t wa5 even less powerful than the N I the R 56 would have had to fly mult~ple mlssrons to perform a sin 
gle p~loted land~ng on the Moon 
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The Voskhod project effectively diverted attention from the natural progression of piloted 
space plans at OKB-I. The Soyuz program was temporarily in oblivion, having lost its primary 
raison d'ktre, while more adventurous plans such as interplanetary ships and huge space 
stations began to fall by the wayside in the competition with Apollo. As a result, the twelve 
months spanning the two Voskhod missions was a period best characterized as limbo for 
OKB-I: two spectacular missions emerged from the mysterious vacuum of the Soviet space 
program, disappearing forever, leaving no visible trace of exactly what gain had been extracted 
from the effort. 

H o w  to  Design a Voskhod 

A group of fifty engineers at OKB-I under "lead designer" Yevgeniy A. Frolov were 
assigned the task of modifying the basic 3KA Vostok vehicle into the 3KV Voskhod vehlcle 
within five months. The primary goal was to ensure a spaceflight by three crewmembers; all 
the other objectives were supplementary. There seems to have been a fair degree of opposition 
to the entire effort from Korolev's staff. Konstantin P. Feoktistov, the resourceful engineer who 
played a critical role in the design of the Vostok, was on the Voskhod design team. He later 
recalled how Korolev neutralized his internal opposition: 

. . . we argued that it would be unsafe, that it would be better to be patient and wait  
for the Soyuz spaceship to be built. . . . In the end. of course. [Korolev] got his way. In 
February 1964 he outwitted us. He said that if we could build a ship based on the 
Vostok design which could carry three people, then one of those places would be offered 
to an [OKB- I ]  engineer. Well, that was a very seductive offer and a few days later we 
produced some rough sketches. Our first ideas were accepted. We unveiled our plans for 
this new ship in March or April. '  

Feoktistov was the first to propose omitting both the ejection seat and spacesuits from the 
Vostok, thus allowing three men to cram into the spherical capsule in regular clothing. There 
were "heated discussions" between physicians and engineers on the spacesuit Issue, but the 
argument was settled by physical impossibility: it would have been simply impossible to fit 

I "The Russian R~ght Stuff The Dark Side of the Moon." NOVA telev~sion show. #1808. WGBH-TV. 
Boston. February 27. 1991. 



three men in a ship in pressure suits.' The deletion of the ejection seat had serious safety impll- 
cations for both launch and landing. During launch, none of the three cosmonauts would be 
able to eject from the spacecraft in case of a launch failure; during landing, the cosmonauts 
would have to remain withrn the descent apparatus all the way to the dangerous impact on hard 
ground. Korolev addressed the first problem by tasking KB-2 of Plant No. 81 to speed up the 
development of a solid-rocket-propelled launch escape system that its Chief Designer Ivan I. 
Kartukov was creating for the Soyuz spacecraft. For the landing. OKB- I engineers proposed the 
use of a "parachute-reactive" system first proposed for the modified Vostok missions in 1963. 
This was a three-level parachute system augmented by powerful sol~d-rocket motors to decrease 
velocity at the moment of landing. A final modification to the original Vostok design was the 
introduction of a secondary retrorocket engine. In the early Vostok missions, the cosmonauts 
could depend on natural atmospheric reentry if the retro engine failed. In the case of Voskhod. 
there would be no such luxury because the life support system would ensure optimal condl- 
tions for three people for only one day. If the retro engine failed after that day, the crew would 
die by the time of natural decay. The backup engine would ensure aga~nst such a possib~l~ty. 
Eng~neers benefited from the fact that almost all the major modifications to the original Vostok. 
such as the use of a reserve retro-rocket engine, had already been planned for the unflown 
"extended Vostok" missions in 1963. Thus the Voskhod design project was much less of a hur- 
ried process than typically described by Western historians. 

Engineers completed the draft plan for the 3KV spacecraft in August 1964, and they began 
construction of two flight articles.' As plans stood at the time, the spacecraft would fly for one 
day in a 180- by 240-kilometer orbit with three cosmonauts. Unlike the earl~er Vostok vehicles, 
the Voskhod spacecraft would be launched by an uprated three-stage booster known as the 
I IA57, which was originally developed for launching Zenit-2 reconnarssance satellites.' 

The prrmary changes to the Vostok spacecraft were: 

The removal of: 
- Spacesuits with their air-condition~ng systems 
- The catapult, its survival kit, and parachute system 
- The rnovle camera 
- Biological experiment instrumentation 

2 G Salakhutdinov 'Once More About Space' (Engl~sh tltle) Ogonek 34 (August 18-25 1990) 4-5 
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The installation of: 
- Three shock-absorbing Elbrus couches 
- New survival kits 
- A reserve solid-propellant braking engine 
- A spacecraft orientation system using ion sensors 
The replacement of: 
- A TV system of ten frames per second in favor of a system of twenty-five frames per 

second 
- The old radio-channel system with a new one 
- The old landing beacon in the descent apparatus with a new one5 

By the time that the draft plan was completed. it was clear that Plant No. 8 1 would not 
have a working version of a tower-equipped launch escape system ready for the Voskhod 
launch. Korolev and his engineers took the risky step of moving on with a launch despite this 
glaring disregard for safety. In ~ t s  3KV draft plan. OKB- I merely stated that it would be "diffi- 
cult" to rescue the cosmonauts up to the first twenty-five to forty-four seconds of a launch: a 
more accurate term might have been "impossible." After the forty-fourth second, if there was 
an explosion, an identical mission profile to Vostok would be used whereby the payload would 
simply separate from the launcher. travel along a ballistic trajectory, and land by parachute. 
Before T+50 I seconds, this landing would be in Soviet territory; after T+50 I seconds and up 
to orbital insertion at T+523 seconds, the landing would be elsewhere. 

In orbit, the three cosmonauts would have little to do except monitor the ship's systems 
and take pictures. The new TV system, developed in a cooperative venture by the Experimental 
Design Bureau of the Moscow Power Institute and Nll-380, would consist of a camera within 
the cabin to observe the crew and one on the outside of the vehicle that could be controlled 
by the crew. One of the goals was apparently to take video of the third stage of the I IA57 
booster after orbital injection as well as of Earth's surface and the Moon. The cosmonauts 
would at most have one full day of safety in orbit: the engineers had predicted an outflow of 
air from the Voskhod at 180 liters per minute as opposed to the fifty liters per minute on 
Vostok-a significant regression in capabilities. The new automatic ion orientation was to sup- 
plement a manual system for positing the vehicle correctly prior to retrofire. The primary moti- 
vation for installing the new system was to allow the ship to orient itself during passage 
through the "dark" side of their orbit, when the Sun was not in view. This had been a problem 
during the Vostok missions in which the vehicles were equipped only with a solar sensor. lon- 
sensitive sensors would use the thin ionization layer around Earth to provide information on 
the longitudinal axis of the ship relative to the primary velocity vector. 

The spacecraft had the standard TDU- I liquid-propellant englne for the reentry burn. The 
supplementary retro engine was fueled by eighty-seven kilograms of solid propellants; total 
mass of the engine itself was 143 kilograms. The engine would provide a single powerful burst 
of 12,000 kilograms thrust, lasting approximately two seconds, which was sufficient to deorbit 
the descent apparatus. Following reentry, a triple-level parachute system consisting of an 
exhaust, a braking, and two primary parachutes would bring the sharik down to the ground. A 
probe, formally called the "distance contact instrument." would be deployed from the base of 
the descent apparatus to a length of 1.2 meters to make contact with the ground in advance of 
the spacecraft itself. At contact point, just prior to landing, one solid-propellant engine aff~xed 
to the base of the parachute would fire, dropping final velocity from about eight to ten meters 
per second to a bearable two-tenths meter per second. The Elbrus couches were designed to 

5. Korolev. "On the Poss~b~l~ty of Creat~ng." 



mitlgate the effects of touchdown by reducing loads from twenty to thirty g's for only 
five-hundredths second by the use of a special spring suspension system, which would allow 
movement of 200 to 300 millimeters back and forth." 

Because of the placement of three new couches. the internal look of the spacecraft differed 
considerably from Vostok. The three seats were placed side by side in a triangular shape, with 
the middle one raised forward. The main instrument panel and the Vzor optical sight were 
located to the left side of the three couches instead of in front as in the Vostok vehicle. The 
dimensions of the 3KV Voskhod spacecraft were similar to the old Vostok: a length of five 
meters and maximum diameter of 2 43 meters. The spherical descent apparatus had a mass of 
2.900 kilograms. about 500 kilograms heavier than Vostok. The complete two-module combi- 
nation weighed 5,320 kilograms. 

The landing profile of the Voskhod spacecraft with the parachute-reactive system and its 
landing probe was the focus of much testing throughout 1964, interrupted not only by failures 
but also by Korolev's own schedule. Astonish~ngly, OKB- I did not have a single 3KV art~cle to 
simulate landings, an indication of the poverty of the piloted space program. Meanwhile, there 
were literally dozens of similar vehicles coming off the factory line in support of the Zenit-2 and 
Zenit-4 reconnaissance satell~te programs. In a desperate move. Korolev asked one of his old 
pre-GIRD associates. Petr V. Flerov. to take cosmonaut Titov's Vostok 2 descent apparatus from 
the OKB-I museum. equip it with the necessary ~nstrumentation, and test-drop ~ t .  

In the middle of the Voskhod development program. Korolev was allowed an unusual priv- 
ilege: perm~ssion to leave the Soviet Union on a holiday. Through the year, he had been beset 
by worse-than-usual afflictions. On February I 1 .  1964, in the middle of a meeting at his office 
in Kaliningrad, he suffered a heart attack and spent several days in the hospital.' Doctors had 
prescribed a long holiday, which was delayed several times by more pressing work. Korolev had 
always wanted to go abroad and had a particular fascination for going to England. but Secretary 
of the Central Committee Brezhnev opposed any visit to the West. in the end, he and his wife 
were allowed to fly to Czechoslovakia on June 27. the only time between 1947 until his death 
that Korolev left the Soviet Union. Secrecy was tight, and he was not even permitted to regis- 
ter In the guest book of the Czech Communist Party's Central Committee, a standard honor for 
important dignitaries. At the end of his vlsit of three weeks. he told his hosts, "When I come 
to Czechoslovakia the next time, you will know who I am."" 

Korolev was unusually ambivalent about his anonymity. Noted Russian journalist Yaroslav 
Golovanov, in his 800-page magnum opus Korolev: fakty i mify (Korolev: Facts and Myths). 
writes that the designer rarely, if ever, talked about the issue with anyone. If the conversation 
moved in that direction, he would only say that anonymity allowed him to live a calmer life. 
Golovanov argues convincingly that Korolev may have even liked it in some perverse way. He 
liked the aura that surrounded his existence. When he read press accounts that speculated that 
Academicians Sedov. Blagonravov, or others were possibly the anonymous "Chlef Des~gner," 
he never felt angry or irritated, evincing only a kind of weariness and "secret joy" at the ~gno- 
rance of the authors. Secrecy itself was a way of living for Korolev, and it seems that he did not 
outgrow it through his life. He never kept any diaries. never brought any secret documents 
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home, and never jotted down unauthorized comments in private notebooks. He may have told 
his wife Nina lvanovna about some of the people involved with the space program, but he 
never talked about the program itself. When, after Gagarin's flight, she pressed him for details, 
he made her repeatedly swear an oath of "eternal silence." explaining to her a dozen times the 
need for secrecy. Finally, all he would tell her was that the rocket Gagarin flew into orbit had 
three stages. Once when she innocently uttered the word "Tyura-Tam" in the kitchen, Korolev 
instantly pricked up h ~ s  ears, interrogating her for a long time on where she had heard such a 
word.9 About the secrecy in the Soviet space program. Golovanov writes insightfully that: 

. . . this is exactly the path that we chose for the space program . . . during Korolev's 
time, everybody and Korolev included, naively believed that secrecy was  necessary 
because w e  were ahead. Secrecy was  necessary so that no one would overtake us. But 
later when they did overtake us, w e  maintained secrecy so that no one knew that w e  
had been overtaken." 

Upon returning to Moscow on July 16. Korolev immediately dove back into the Voskhod 
preparations. Flerov had finshed outfitting Titov's capsule for the drop-test, which was carried 
out on September 6 at the testing range at Feodosiya in Crimea. The test was a disaster: the 
parachute hatch failed to open, jamming the parachute in its container, and the descent appa- 
ratus, the second vehicle ever to carry a human into space, was shattered Into smithereens. It 
was clear that there were deficiencies in the new parachute system. Engineers from the 
Scientific-Research and Experimental Institute of the Parachute Landing Service, the subcon- 
tractors for both the Vostok and Voskhod parachutes, were closely involved in diagnosing the 
problems with the systems over the following weeks. Or~ginally. Korolev had promised 
Khrushchev that the first Voskhod mission would be carrled out in August 1964. Thls deadline. 
for obvious reasons, proved to be too ambitious. Following the accident with the landing, the 
launch was moved back a complete month to troubleshoot the problem. As per original plans. 
OKB- I planned to launch an automated version of the 3KV vehlcle into orbit for a one-day 
shakedown fl~ght, albeit without dogs as originally slated. 

Pilots, Engineers, and Doctors? 

The question of who would fly on the Voskhod mission was an issue that was complete- 
ly grounded in bureaucratic politics and clouded by personal interests unrelated to the mission 
goals. For several years. Korolev had publicly spoken about sending "passengers" into space on 
his ships. "Passengers" for Korolev was at that time merely an euphemism for young engineers 
from his own design bureau. He was of the opinion that the ones who actually built the ships 
should also have a chance to fly in them. This opinion was stated in a letter to the Soviet gov- 
ernment in February 1962, but it was only with the Voskhod mission that there was state action 
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on the matter." While one seat could be reserved for the usual Air Force pilot, the remaining 
two could be nonaviators. Korolev was well aware that the Air Force would find this completely 
unacceptable; the military had already firmly refused Korolev's earlier efforts to train OKB- I 
engineers for spaceflight. 

For Voskhod. Korolev wanted to fly an OKB- I engineer and a doctor in the extra seats. For 
the engineer spot, he enlisted the support of President of the Academy of Sciences Mstislav V. 
Keldysh. although it is clear that Keldysh was more inclined to propose a scientist rather than 
an engineer, a difference in interpretation that later threatened to dlvide Keldysh and Korolev. 
Deputy Minister of Health Avetik I. Burnazyan, a veteran of the medical service for the nuclear 
weapons program, also threw in his support to Korolev for a doctor on the flight." The pilot- 
engineer-doctor combination was specified in the March 13 decree of the Military-Industrial 
Commission, which had first approved the Voskhod mission. It seems that the Air Force had 
conceded its position, retreating under the combined lobbying of Korolev, Keldysh, and 
Burnazyan."he fact that it was acceptable for these "passengers" to undergo training for a 
space mission for a per~od of only three or four months suggests something about the manner 
in which the leading officials viewed cosmonauts for the Voskhod and Vostok spacecraft-that 
they were more Inert observers than active participants. With the exception of the pollt~crans 
who flew on the U.S. Space Shuttle in the mid-1980s. it was quite posslbly the most corn- 
pressed training schedule ever for people preparing for spaceflight. 

The Mandate Commission, responsible for approving individuals for cosmonaut training, 
exarnlned applications from a number of physicians from various military and civilian lnstitu- 
tlons during April and May, naming the following four finalists on May 26: 

Lt. Colonel Vasiliy G.  Lazarev (thirty-six years old) 
Major Bor~s I. Polyakov 
Aleksey V. Sorokln (thirty-two) 
Bor~s B. Yegorov (twenty-SIX) ' 

Yegorov and Lazarev were strong contenders, and both had influential supporters. By some 
twist of fate. Korolev had recently met with Yegorov's father. Boris C. Yegorov, who was an 
influentla1 rnediclne specialist and a full member of the USSR Academy of Medical Sciences. 
The older Yegorov had confidentially told the chief designer of his young son's desire to fly in 
space. The latter clearly had the qualifications. Although a civilian, he had worked for a while 
at the Air Force's Institute of Aviation and Space Medicine and, in February 1962. was select- 
ed as one of the leading doctors who were part of parachute teams for recovering the Vostok 
cosmonauts. For some reason. Korolev was enamored with Yegorov, and with Deputy Minister 
Burnazyan's support, he was well placed as a primary contender for the mission. Yegorov's 
dlrect competitor was Lazarev, an accornpl~shed Alr Force officer and physician, also from the 
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Institute of Aviation and Space Medicine, with extensive research experience, exemplary flying 
skills, and the support of every Air Force general involved in the space program.I6 

To compete for the third seat. Korolev had sent fourteen of his engineers to participate in 
medical screening; only one was accepted for training on June I I, the ubiquitous Feoktistov. 
certainly one of Korolev's most accomplished proteges." Even at this early point, it was clear 
that more than anyone else, it was the thirty-eight-year-old Feoktistov whom Korolev favored 
for the coveted "engineer-or-scientist" seat on Voskhod. But the aloof Feoktistov had stiff com- 
petition from a real scientist, one whose presence on a space mission would be a significant 
advance in bringing pure science into the Soviet piloted space program. Georgiy P. Katys, also 
thirty-eight. and a Ph.D. from the Institute for Telemechanics and Automation, was known 
informally as "Keldysh's man." He was then a researcher at the Institute of Automation and 
Heat Technology of the Academy of Sciences, having been involved in a variety of space- 
related projects through the 1950s and early 1960s. Keldysh was not his only supporter; sever- 
al other academicians, all heavily involved in the space program, declared their support for the 
congenial Katys, who was chosen from a list of eighteen academy scientists on May 26. 1964.'" 
There was an additional candidate, perhaps for the commander's seat, forty-year-old Vladimir 
N. Benderov. a test pilot from Tupolev's OKB- 156, who was apparently proposed by the State 
Committee for Aviation Technology." 

Benderov, Feoktistov, Katys, Lazarev. Polyakov. Sorokin. and Yegorov arrived at the 
Cosmonaut Training Center in early June. Two of them. Benderov and Polyakov, dropped out 
of the program within a month because of med~cal problems, leaving five-Feoktistov. Katys. 
Lazarev. Sorokin, and Yegorov-to compete for the two "passenger" seats.'* For the comman- 
der's seat, the Air Force selected 1960 batch pilots Komarov and Volynov.' Both had served 
extensively in a backup capacity during the Vostok program. although Komarov had been 
briefly grounded for a cardiac problem similar to the one that had plagued NASA astronaut 
Donald K. "Deke" Slayton. Even with the Air Force cosmonauts. Korolev put his personal 
imprint on the selection. During an early training session in the TDK-3V Voskhod simulator at 
the Cosmonaut Training Center, Korolev had quietly observed Komarov's performance during 
training, and he made an on-the-spot decision, telling one of his deputies. "Here is the com- 
rade who will command the 'Voskhod'.":' Although there were at least a dozen other powerful 
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individuals whom he had to go over, by late August, Korolev was publicly stating that one and 
only one crew would fly the Voskhod ship: Komarov-Feoktistov-Yegorov. Anything else would 
be unacceptable. As it turned out, a final decision on the crew was not made until just weeks 
before the launch. 

On August 2 I. 1964, the Military-Industrial Commission met to discuss preparations for 
the Voskhod flight. Korolev, along with the leading chief designers and military officers, report- 
ed on the status of the program. Also present were the seven cosmonauts training for the flight, 
each of whom briefly reported that he was ready for the mission less than two months after 
selection. The commission agreed to launch an automated precursor with mannequins prlor to 
September 5 and the actual piloted mission within the period of September 15-20. Lt. General 
Kamanin. one of the attendees, later wrote in his journal: 

The Voskhod . . . has a number of shortcomings. Most important among them is the 
absence of crew rescue equipment . . . in the first 27 seconds o f  flight, and in the case 
of failure o f  the craft's parachute system during descent from orbit. Moreover, there is 
absolutely no way the Voskhod can land safely through natural deceleration-the 
reserves of air, water and food are small, and there is a high probability of over-heatrng. 
The crew is very cramped in the Voskhod: There is five times less space and air in the 
craft "per capita" than in the Vostok. In general, the life-support and safety conditions 
are considerably worse in the new craft than in the Vostok." 

These feelings were no doubt exacerbated by the drop-test crash at Feodosiya in early 
September. The failure delayed the launch dates of both flights-the automated one to 
September 15 and the crewed one to late September or early October. 

During this period, each side began to take its place in the battle to send its own repre- 
sentative into space in Voskhod. Kamanin insisted on Komarov. Volynov, and Lazarev-that is. 
an all-military crew with an Air Force doctor. This position was supported by higher Air Force 
officials until the hand of the Central Committee interfered. Volynov's mother was Jewish, and 
his candidacy was unacceptable to Chief of the Defense lndustries Department lvan D. Serbin. 
one of the most feared Party apparatchiks of the defense sector in the Soviet Union.'" More 
commonly known by the moniker "lvan the Terrible." Serbin had an impassive face but the 
"doctrinal" clout that could make or break people's careers. Officially. "all personnel issues and 
issues related to the dismissal, promotion, awarding or punishment of administrators needed 
Serbin's approval." but his de facto influence over the space program was obviously much 
wider, often encroaching into matters of policy." 

There was another casualty to political doctrine. The Mandate Commission was aware that 
scientist Katys's father had been arrested and shot in 1937 during the Great Purges. Although 
he had been fully exonerated of his "guilt" in 1957, his son was considered suspect because of 
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his father's fate. The KGB also discovered in August 1964 that Katys's stepbrother and step- 
sister had resided in Paris, although they had emigrated in 1910-a connection that cast sus- 
picion on Katys's adherence to working-class ideology. Kamanin noted in his diary. "All this 
spoils the candidate for flight. More suitable candidates should be f ~ u n d . " ' ~  In both cases. 
Korolev was put in a difficult position. Although he preferred Komarov over Volynov as com- 
mander, he was also resolutely not anti-Semitic but was helpless to make amends for the poor 
Volynov. Katys's predicament hit home deeper: Korolev himself had been incarcerated during 
the Purges, serving at Kolyma, and here was the Communist Party throwing insult in his face 
by refusing to "clear" the son of another Purge victim. 

Feoktistov, Korolev's chosen man for the engineer spot, faced stiff opposition from the Air 
Force. Despite his undeniable talents as a designer-Feoktistov probably knew more about the 
design of the Vostok and Voskhod spacecraft than any other engineer at OKB- I-he was also 
"a difficult, unsociable, and uncompromising man." His health was also not up to par. When 
Kamanin first heard of Feoktistov's candidacy, he was reported to have blurted out. "How can 
you put a man into a space ship if he is suffering from ulcers, nearsightedness, deformation of 
the spine, gastritis, and even has missing fingers on his left hand?"" Doctors had in fact 
brought in all sorts of documents stating that Feoktistov was unfit for the mission. In the end, 
Deputy Minister of Health Burnazyan, under pressure from Korolev, signed a medical certificate 
in Feoktistov's favor, and Air Force officials backed down. The deletion of Volynov and Katys 
from the running and the support for Feoktistov meant that there were now two possible vari- 
ants of the crew: 

Komarov-Feoktistov-Lazarev 
Komarov-Feoktistov-Yegorov 

On September 14, Kamanin proposed the first version to Korolev. The chief designer, how- 
ever, stuck to his earlier position and categorically refused to launch the crew without Yegorov 
aboard, perhaps as a result of a promise he made to the young doctor's father. Both Korolev 
and Karnanin came away from the meeting refusing to budge an inch, laying the ground for 
more battles in the ensuing days. 

Korolev was clearly under great stress at the time, and it showed in h ~ s  behavior toward 
other chief designers and junior engineers. Despite his poor health, he consistently tried to have 
his hand in the most trivial of operations, losing himself in fits of temper if he was displeased 
with something. There was also familial stress brought on by news that his wife would have to 
undergo a major operation on October I. He twice flew to Moscow from Tyura-Tam to be with 
her during the most intensive prelaunch preparations. 

On September 18, at a meeting of the State Commission for Vostok, OKB- I Deputy Chief 
Designer Boris Ye. Chertok reported that the misfiring of the parachute cover during the earlier 
drop-test at Feodos~ya was the fault of the design bureau itself. The main firing circuit would 
have to be redesigned and rebuilt from scratch. Engineers scheduled new drop-tests, although 
it was becoming clear that the automated precursor vehicle would have to be launched before 
the results of the new tests were in. After the main meeting, a smaller group of the leading State 
Commission officials met to discuss the makeup of the crew. Commission Chairman Tyulin fell 
in with Korolev and proposed the Komarov-Feoktistov-Yegorov crew, with only Air Force First 
Deputy Commander-in-Chief Marshal Sergey I. Rudenko and Kamanin in opposition. Korolev 
lost his temper, yelling. "The Air Force is perpetually jamming up the works! Looks like I'm 
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gonna have to train my own cosmonauts. . . . " ' V h e  following day, perhaps under pressure 
from the Central Committee back in Moscow. Marshal Rudenko buckled under Korolev's 
whims, and Kamanin was the only one remaining who supported Lazarev. He finally gave in 
from exhaustion over the issue. Komarov. Feoktistov, and Yegorov would fly, just as Korolev had 
predicted two months before. 

For weeks, the seven cosmonauts had been in the dark about which of them would fly in 
space. Their only source was rumor. Katys, for example, noted that before flying out to Tyura- 
Tam for the launch. Feoktistov and Yegorov were given Volga automobiles for travel around 
Moscow, while he was given "a clunker." Kamanin, with his authoritarian character, did not 
bother to include the cosmonauts in any discussion of the issue. As one Russian journalist 
wrote, "True to form, Kamanin did not inform the cosmonauts of the State Commission's deci- 
sion for a very long time, consciously keeping them in a state of suspense, helping him, or so 
he thought, to maintain control over them."" Over two weeks after the final State Commission 
decision, the seven cosmonauts were still relying on rumor, unsure of who exactly would fly. 

Operation Kedr 

The intense prelaunch preparations for Voskhod were punctuated by an important state 
event. On the mornlng of September 24. Khrushchev, accompanied by an entourage of the 
highest defense officials in the Sov~et Union, flew into Tyura-Tam to view demonstration 
launchings of new ICBMs and space rockets.'Vhe exercise, code named Operation Kedr 
("Cedar"), was the second military event in September, following a similar demonstration near 
Moscow of tank, artillery, and naval weaponry. The main goal of the grandiose visit was evi- 
dently to decide between competitive ICBMs that were on display: Chelomey's UR-200 versus 
Yangel's R-36, and Yangel's R- 16 versus Korolev's R-9A. The three main designers, Korolev. 
Chelomey, and Yangel, greeted Khrushchev at the airfield at Tyura-Tam before taking the Soviet 
leader immediately to the launch pads. Launches were carried out over the next two days as 
Khrushchev. Brezhnev. Ustinov, and the others watched. Although the decisions were not 
strictly based on the performance of the missiles. when Chelomey's UR-200 failed during its 
launch, he found himself in an embarrassing position. On the second day, Yangel successfully 
launched his new R-36, followed by spectacular simultaneous launches of three R-16 missiles 
from underground silos." 

28 Kamantn ' I  Would Never Have Bel~eved Anyone ' The State Comrn~ssion for the Voskhod launch 
was establ~shed by decree of the Central Comrnlttee and the USSR Council of M~n~sters on August 3 1964 The 
commlsslon cons~sted of Cha~rman G A Tyul~n (CKOT) S P Korolev (OKB I )  M V Keldysh (AN SSSR) I T 
Bulychev (MO) L I Gusev (GKRE) N P Kaman~n ( W S )  A A Karas (TsKIK) Kasat~kov (affll~ation unknown) 
K A Ker~mov (TsUKOS) A A Kobzarev (GKAT) A G Mryk~n (GURVO) G S Narlrnanov (N11 4) 
V N Pravetsk~y (M~n~s t ry  of Health) S 1 Rudenko ( W S )  Yakun~n (a f f~ l~a t~on  unknown) and A G Zakharov 
(NIIP 5 )  See Kaman~n Skrytty kosrnos 1964-1966 pp 73-74 

29 Golovanov Koroleu p 738 
30 lbtd p 740 Aleksandr Zakharov "Operat~on Kedr or How the Proton Was Saved (Engl~sh tltle) 

Krasnaya zuezda July I5 1995 p 4 Among those escortrng Khrushchev were L I Brezhnev (TsK Secretary for 
Defense and Space) I D Serbln (TsK Defense lndustr~es Department) A P K~r~lenko (TsK KPSS) D F Ustlnov 
(Cha~rman VSNKh) L V Srn~rnov (Cha~rrnan VPK) C N Pashkov (Deputy Cha~rman VPK) R Ya Mal~novsk~y 
(M~ntster MO) A A Grechko (Deputy M~nister MO) 5 S B~ryuzov (General Staff Ch~ef MO) 5 G Gorshkov 
(Commander VMF) N I Krylov (Commander RVSN) V A Sudets (Commander PVO) K A Versh~n~n 
(Commander W S )  P V Dementyev (Chalrrnan GKAT) V D Kalmykov (Cha~rman GKRE) S A Zverev 
(Cha~rrnan GKOT) and G A Tyul~n (Flrst Deputy Cha~rman GKOT) 

3 1 Colovanov Koroleu p 740 The fact that these tests would occur was announced publ~cly by the Sov~et 
press See ' Russ~ans Schedule Pac~f~c Rocket Test ' New York Times August 1 1964 p 8 



s " T H E R E  A R E  M O R E  T H I N G S  I N  H E A V E N  A N D  E A R T H . . . "  

The Yangel-Chelomey battle over the new ICBMs had little to do directly with the piloted 
space program. The political maneuvering over the missile sector did. however, have a profound 
relevance to the Soviet space program. Khrushchev's son Sergey recalled later that the decision 
to pick Yangel's R-36 over Chelorney's UR-200 may have had less to do with technical consid- 
erations than with the whims of Ustinov: 

The military men at the test range had already begun to show a preference for the Yangel 
missile. They were actively backed by Dmitry Ustinov. Although he was not directly 
inuolved in defense matters at the time, as one of the fathers o f  missilery in our country. 
he had extraordinary authority and his word meant a lot. As second secretary, Brezhnev 
was responsible for supervising the defense industry, but typically-with his softness o f  
character-he had not expressed a definite opinion. . . . The energetic and single-mind- 
ed Ustinov dominated the pliable Brezhnev." 

This was definitely trouble for Chelorney and his plans to dominate the space program. Ustinov 
had consrstently opposed any and every Chelomey plan; during the Khrushchev era. Ustinov 
had to be careful in opposing Chelorney because it was almost a matter of state pollcy to favor 
the general designer. Chelorney had continually rgnored Ustinov by going directly to Khrushchev 
with this plans, although Ustinov served as the chair of the Military-Industrial Commission from 
1957 to 1963. The battle between them was also personal. As Sergey N. Khrushchev recalled: 

. . . the personal behavior of both o f  them was not uery polite. . . . Chelomey trled to 
blame Ustinov for many things. Of course, Chelomey never did this openly in Ustinov's 
presence He tried to [exercise self-restraint] but could not stop himself. And o f  course 
these people reported back to Ustinov. . . . I heard many times when Chelomey in his 
own circles used certain words for Ustinov . . . and I'm sure that somebody reported 
back to Ustinou on this " 

Chelorney did not take kindly to Ustinov's hostility. Once when Khrushchev ordered 
Ustinov to go see Chelorney about his UR-500 rocket. Chelorney intentionally kept Ustinov wait- 
ing in h ~ s  reception room while other designers and junior engineers were escorted into the gen- 
eral designer's office. Rumor has it that Ustinov never forgave Chelorney for this h~mil iat ion. '~ 
Ustinov and Chelomey would remain at loggerheads throughout the rest of their lives, and more 
often than not, Chelorney remained a victim to Ustinov's single-minded crusade to destroy any 
and every single program the ambitious general designer proposed, including space projects. 

The results of Operation Kedr seriously threatened Chelorney's dominance, and 
Khrushchev did nothing to stop it. For the first time since 1961. Chelorney was witness to a 
cancellation of one of his projects. The UR-200 was the critical center of all of Chelorney's early 
plans for space exploration-the launch vehicle that would open the door to independence and 
more grand boosters such as the UR-500. Its cancellation was a severe blow because it was 
supposed to have launched the first series of "IS" and "US" military satellites into orbit, while 
also serving as a new generation of ICBM. Despite the embarrassing failure during Operation 
Kedr, the missile itself had performed without much trouble throughout its testrng program. 
which had begun in November 1963. All at OKB-52 were apparently demoralized by the 

32 Serge1 Khrushchev Khrushcheu on Khrushcheu An lnsrde Account of the Man and HIS Era (Boston 
L~ttle Brown & Co . 1990) p 103 

3 3  Telephone interv~ew Sergey N ik~ t~ch  Khrushchev w ~ t h  the author October 10. 1996 
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cancellation. As an engineer recalled: "[Chelomey] was obsessed with the recent meetings at 
the test site and very upset about our failure. He blamed the latter mostly on Ustinov, for whom 
he found some choice epithets."" 

True to Chelomey's ambitious disposition, he took the opportunity of Khrushchev's visit 
to Tyura-Tam to propose a new project-one that was far more adventurous than the UR-200 
or any other ICBM. Before coming to the launch site, he had his assistants prepare colorful 
models and posters of his new conception. ready to unveil it in front of the gathered military- 
industrial complex of the Soviet Union. This opportunity came during a visit of the Khrushchev 
entourage to the first launch pad for the UR-500 ICBM. All those assembled were clearly awed 
by the beauty and grace of a full-size mock-up of the new booster, one that was being devel- 
oped to launch the first Soviet cosmonauts around the Moon. Construction had also begun on 
two huge silos for the UR-500, possibly the largest missile silos anywhere in the world. 
Chelomey then unveiled a model of the two-stage UR-500, removed its payload, and put a third 
stage on top of it, stating that such a model would double the l i f t~ng capability of the rocket. 
Khrushchev pointedly asked, "Why not make a three-stage rocket from the beginning?"" 
Chelomey replied that he preferred developing rockets gradually, step by step, to ensure the 
greatest possibility of success; it was a pointed attack at Korolev's "all-up" testing idea for the 
N I .  When Khrushchev, visibly pleased with Chelorney's diligent ways, asked Chelomey what 
the next step was. Chelomey unveiled a beautifully illustrated poster of his new proposal, the 
giant UR-700 booster. Dementyev, Smirnov, and Ustinov watched in stunned sllence as 
Chelomey pointed to a drawing of the 4,500-ton heavy-lift launch veh~cle that could send 
Soviet cosmonauts to the Moon. 

The UR-700 booster, a multistage behemoth, emerged from 1963 to 1964 at OKB-52, part- 
ly as a result of Chelomey's strong belief that the N I was a technically inferior competitor to 
the Saturn V. He had argued over and over that the combination of Earth-orbit rendezvous and 
lunar-orbit rendezvous for the N I was technically dubious at best. that its development pro- 
gram was flawed, and that its design itself was haphazard. In his opinion. Korolev had llttle 
chance to "beat" the Amer~cans to the Moon with the N I. What was needed was a larger 
booster capable of direct ascent to the Moon and back, something that would dwarf the Saturn 
V, and something that was designed on the basis of existing m~ssiles such as the UR-500 to 
shorten development problems. This competitive proposal was the most ambitious attack on 
Korolev that Chelomey had ever mounted. This sort of chaotic design process, whereby already 
approved programs such as the N I lunar landing project were threatened by continually new 
emerging proposals, was uniquely symptomatic of the Soviet piloted space program. 

Chelomey explained to Khrushchev that wlth his UR-700, the Soviet Union could reach 
the Moon with less money and in less time than with Korolev's N I .  Khrushchev, swayed by 
the dazzling presentation, asked Chelomey to prepare the necessary technical documentation 
wh~le he instructed M~litary-Industrial Commission Chairman Smirnov to draw up the neces- 
sary decree ordering a high-level comparison of the merits of the N I and UR-700 lunar landing 
proposals. A commission would examine the two projects and make a final decision." 

Khrushchev and the others also visited with Korolev during their short visit. On the first 
day, wlth his guests viewing. Korolev had launched a Zenit-2 reconnaissance satellite into 

35 Khrushchev Khrushcheu on Khrushchev p 123 The n~nth  and last UR 200 rnlssile was launched on 
October 23 1964 
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orbit.'Whrushchev visibly perked up on a visit to the assembly-testing building where the 
Voskhod ship was being mated to its I IA57 booster. He was also shown a mock-up of the 
Vykhod EVA-equipped spacecraft by cosmonauts Cagarin. Belyayev, and Leonov. The latter ably 
demonstrated how a cosmonaut would be able to exit and return to the spacecraft in orbit. There 
was also a successful launch of the much-delayed R-9A ICBM. Korolev had been informed of 
Chelomey's surprise lunar landing proposal before Khrushchev's visit to Tyura-Tam, but he 
seemed not to have been perturbed by it at the time.Iq The N I program was well into its hard- 
ware-building stage, and despite its problematic genesis, it did have the support of Brezhnev. 
Smirnov, and especially Ustinov. Stressed by the state vislt, the fate of his R-9A ICBM, the threat 
of Chelomey's UR-700, and various other issues. Korolev was working at his most strained 
level.Jo In a letter to his wife written Immediately after the state visit, Korolev stated: 

I passed these days as i f  I was in some sort of a toxic furnace. In essence all o f  our work 
of the past years was subjected to a reuiew of effectiveness, and it wasn't only our firm 
but others also. Fortunately everything worked out extremely well and I am in a good 
mood. Tomorrow we start back up again with our usual work program 4 ,  

The "usual program" was, of course, the Voskhod launch. 

Three Men in  a Capsule 

There were numerous glitches as engineers counted down the days to the two Voskhod 
launches-one an automated test and one with a crew aboard. On September 29. Voskhod 
lead deslgner Frolov reported that the fastening bolts for the Elbrus couches were three m ~ l -  
limeters out of alignment with the corresponding holes. The shell of the vehicle had apparent- 
ly deformed durlng the flight from Kaliningrad to Tyura-Tam. During the same afternoon, the 
Tral-1 P telemetry instrument on the spacecraft had failed. Chief Designer Aleksey F. Bogomolov. 
from the Experimental Design Bureau of the Moscow Power Institute, confirmed at the regular- 
ly scheduled State Comm~ssion meeting that the entire spacecraft would have to be complete- 
ly dismantled and the suspect part replaced and tested. delaying the flight by a week. The 
fifty-one-year-old Bogomolov was not a new participant in the space program. It was in fact he 
who had provided the telemetry equipment for the first Sputnik launcher. He also directed the 
design of radio systems, on-board data recorders, telemetry systems. TV systems, and anten- 
nae for the ground communications segment. Despite his clearly significant contributions, for 
inexplicable reasons, his influence and earned respect were marginal at best. He had been per- 
haps unfairly blamed for the Sputnik 3 failure to detect the van Allen radiation belts, and with 
the latest Voskhod malfunction. Korolev tore into him during a meeting on October 5.  
Bogomolov desperately tried to defend his position for an hour. Kamanin commented that: 

38 Thrs was Zenit 2 no 43 which was launched by an 8A92 launch vehicle It was named Kosmos 46 
upon entering orbit See Zakharov "Operation Kedr or How the Proton Was Saved ' 

39 That Korolev was cognrzant of the UR 700 proposal is indicated in Kamanin s diaries in a description 
of a conversation between Korolev and Kamanin on September 14 1964 Kamanin wrote ' In Sergey Pavlovich s 
opinion a Moon orbit usrng Chelomey s UR 500 rocket would be impossible without intermediate docking Korolev 
said that he asked Chelomey to work on the docking procedure but the latter decrded to make a new rocket the 
UR 700 which would make it possible to avoid docking in space " See Kamanin " I  Would Never Have Belreved 
Anyone " Kamanin Skryhy kosmos 1964-1966 pp 84 91 

40 Sergey N Khrushchev states that the R 9A program was actually terminated at the time being reacti 
vated only after the fall of Khrushchev See Khrushchev N~krla Khrushchev tom 2 p 492 
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all of [Korolev's] carryings-on are no longer as effective as they used to be three or four 
years ago. Koroleu was going over the edge, and he did not want to understand that the 
main reason for the shortcoming and mistakes lay in the absence of a firm plan.4' 

The possibility of a Voskhod launch to a great degree still depended on further drop-tests 
of the descent apparatus to verify the new parachute-reactive system. Underlining the impor- 
tance of the exercise. Korolev visited Feodosiya on October 5 to observe the test himself along 
with his old cohort Flerov. Korolev flew in by airplane to Crimea, then directly transferred to a 
helicopter, which would escort the An- 12 aircraft that would drop the sharik. Despite cloudy 
conditions. he was able to view the complete landing sequence as the engines under the para- 
chute fired to slow the capsule down to almost zero ~elocity.~' With the success behind him. 
Korolev flew back to Tyura-Tam on October 6, in time for the launch of the first 3KV vehicle. 
spacecraft no. 2, into orbit. The launch took place at 1000 hours Moscow Time on October 6. 
1964. Upon entering a 177- by 4 13-kilometer orb~t inclined at 64.77 degrees to the equator, the 
spaceship was designated Kosmos-47 to disguise its true mission. The spacecraft remained in 
orbit overnight while ground controllers tested various systems. There were no major anomalies 
during the mission, and the descent apparatus with its three mannequins safely landed by para- 
chute on October 7 after a one-day, eighteen-minute flight. High-powered w~nds dragged the 
capsule about 160 meters from the landing point, but a crew on board would not have had to 
endure such an ordeal because they could have manually detached the parachute."" 

The results of the Feodosiya tests, combined with the successful Kosmos-47 mission, allowed 
the State Commission to move ahead with a concrete launch schedule for the crewed flight. The 
commiss~on, under Tyulin's chairmanship, met on October 9 to discuss final technical issues. A pes- 
tering problem during ground testing of the RD-0108 third-stage engine was attributed to problems 
with the test stands. Lt. General Kamanin at this time formally proposed the Komarov-Feoktistov- 
Yegorov crew for launch, and the commission members unanimously confirmed the choice. The 
cosmonauts themselves were present during the meeting: Korolev, Gagarin, Tyulin, Rudenko, and 
others wished them good luck on their flight. The launch was set for the morning of October 12. 

Trouble struck on October I I, the night before the scheduled launch, when Chief Designer 
Bogomolov arrtved at Korolev's office with news that there was an additional problem with the 
Tral- I P telemetry system. which would require the replacement of the transmitter (a delay mea- 
sured in minutes). Korolev, under stress, completely lost his temper and humiliated Bogomolov 
In front of Tyulin. Rudenko. Kamanin, and others. Kamanin recalled: 

That report enraged Koroleu. He called Bogomolou a "cowardly gutter snipe" and 
announced: " I  don't want to haue anything more to do with you. Go away-I can't even 
be in the same room with you!" It was a uery uncomfortable scene. . . . With that out- 
burst of rage. Koroleu toppled himself from his pedestal as a taiented organizer lnto the 
mire of petty passions. In four years of joint work, that was the first time I had euer seen 
him in such a state. I was sad and sorry for Sergey Paulouich [Koroleu] It was 15 min- 
utes before he was able to calm himself down and coherently report tomorrow's flight 
to Ustinou by tele~hone.~' 

42 Karnan~n " I  Would Never Have Belleved Anyone " 
43 Colovanov Koroieu p 741 
44 Note that the apogee (4 13 kllometers) for Kosmos 47 was much h~gher than or~g~nally planned for the 

Voskhod rnlssion (240 kllometers) At some po~nt  after lssulng the draft plan there was probably a mod~ficatlon to 
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The fault was quickly repaired, and the launch 
did not have to be delayed. 

There was a brief State Commission meet- 
ing on the chilly but clear mornlng of launch 
day. October 12, held only 200 meters from the 
launch pad. All the chief designers declared the 
ship ready for launch. The bus carrying the 
three cosmonauts arrived at the pad at 
101 5 hours local time. The crew were dressed 
in lightweight, gray woolen trousers and shirts 
and light blue jackets. Each had a headset with 
attached earphones and microphones. Tyulin, 
Korolev, Gagarin, and others saw the three men 
up to the elevator before the cosmonauts took 
the elevator up to their ship. At the top, the 
crew removed their jackets and boots, donned 
slippers, and entered the spacecraft: Yegorov 
first, then Feoktistov, followed by Commander 
Komarov. The tension was higher than perhaps 
any other mission since Gagarin's flight, from left to rrght. Vladimir Komarau, Boris Yegorov. 

and Konstantin Feoktrstov. the crew of the first a viable launch system during Voskhod spacecra/t make thelr way to the launch 
the first minute or so of the mission, there was pad on October 12,  1964, prior the launch Note 
absolutely no way that the crew could be saved thev casual attire. a contrast to the bulky suits worn 
in case of booster failure. Korolev was appar- on the earllei Vostok fiights. (files of Peter Gorrn) 

ently so nervous that he was shak~ng. 
The Voskhod spacecraft. 3KV no. 3, lifted off the pad at site I at exactly 1030 hours. 

I second Moscow T~me on its I IA57 booster. On board were Lt. Colonel Vladimir M. Komarov 
(thirty-seven years old), Konstantin P. Feoktistov (thirty-eight), and Boris B. Yegorov (twenty- 
six), representing the Soviet Union in yet another "space spectacular." Controllers watched the 
booster take off, and there was a final collect~ve sigh of relief once the clocks reached Tt523 
seconds: Voskhod had achieved orbital velocity and the launcher had worked without a flaw. 
Initial orbital parameters were 177.5 by 408 kilometers at 64.9 degrees. exactly as planned. 
Once again, the reaction from the West was unprecedented, prompting another round of dis- 
cussions on Soviet plans to go to the M ~ o n . ~ ~ o l l o w i n g  orbital insertion, there was the cus- 
tomary conversation wlth Presidium members Khrushchev and Anastas I. Mikoyan, as well as 
greetings transmitted to the participants of the Tokyo Olympic Games. 

Each member of the Voskhod crew was trained to perform his own individual tasks during 
the daylong mission. Komarov, as crew commander of the flight, had overall responsibility for 
the functioning of the vehicle's systems. Among his specific duties was the operation on the 
sixth and seventh orbits of a set of electrostatic ion engines Installed on the exterior of the ship. 
According to the Soviets, t h~s  was the first occasion when such engines were tested during 
orbital flight. Feoktistov carried out a number of visual, photometric, and photographic obser- 
vations of Earth and ~ t s  atmosphere, the polar aurora and luminescent particles, and azimuthal 
and stellar backgrounds for navigational and orientation purposes." At several points during the 

46. See. for example. Soviet Space Programs. 1962-65. Goals and Purposes Achievements. Plans. and 
International Implrcatrons, prepared for the Committee on Aeronaut~cal and Space Sc~ences. U S Senate. 89th 
Cong . 2d sess (Wash~ngton. DC. U S. Government Pr~nt~ng Off~ce. December 1966). pp. 384-86. 

47. George Wukelic, ed., Handbook of Sovlet Space-Science Research (New York. Gordon and Breach 
Science Publishers. 1968). p 59: G V Petrovlch, ed . The Sovret Encyclopaedra o/ Space Flrght (Moscow: Mlr 
Publ~shers, 1969). p 124 Note that the presence of Ion engrnes was not descr~bed In the original draft plan. 



flight. he described "luminous particles" outslde the porthole, very similar to the famous "fire- 
flies" observed by NASA astronaut John Glenn during his mission in 1962. An unnamed sex- 
tant was also used by Feoktistov as part of an experiment to accurately measure the elevation 
of the stars relative to the horizon. 

The most extensive on-board research was focused on biomedical tests. For such a short 
and conservative mission, the breadth of the medical experiments was quite impressive. The 
Polinom instrument carried aboard the ship was used for carrylng out several functional tests. 
These included: a series of eye movements in a predetermined sequence before and after ten 
turnings of the head while recording electro-oculograms; periodic closing and opening of eyes 
during the recording of electroencephalograms: and rhythmic pressing with the hand of a con- 
stant force for a duration of one minute, whose results were recorded by a dynamograph. The 
cosmonauts also carried out a test to measure the coordination of movements while writing 
four complex spirals, four figures of " 6 . "  and a signature with their eyes open and closed. The 
results were measured by an electromagnetic transducer. Yegorov, the first trained medlcal doc- 
tor in space. actively participated in seven areas of medical experiments: 

Observation of the condition and behavior of the crewmembers 
Research on tactile. pain, and tendon reflexes 
Observation of oral activity 
Psychophysiolog~cal tests to determine the rapidity and accuracy of processing data by 
using correction tables 
Measurement of arterial pressure 
Determination of thresholds of sensitivity to adequate and inadequate stimuli 
Determ~nation of the acuteness of vision and fusion capabilities of the eye muscles 

In addition, he took blood samples. Apart from the crew. other biological specimens car- 
rled in the ship included human cancer cells, amnion and human fibrolast cells, frog ova and 
sperm, drosophila insects, tradescantia melanogaster plants, winter wheat seeds, pine seeds. 
algae, and two types of bacteria." Drosophila were carried on most of the piloted missions 
because they multiply so rapidly that the effect of microgravity and rad~ation on successive gen- 
erations could be observed. 

The extremely shortened training program for Feoktistov and Yegorov showed through in 
thelr reactions to weightlessness. Within two to three hours of the launch, both began to expe- 
rience disorientation in space. Yegorov felt as if he was bent over face downward, while 
Feoktistov actually felt he was upside down. Although the sensations apparently did not impair 
their ability to work, both suffered these feelings throughout the entlre length of the mission- 
an anomaly that had not been detected on any of the earlier Soviet space missions. Both cos- 
monauts also felt dizzy when they moved their heads sharply. It seems that Yegorov had been 
more afflicted, wlth his unpleasant sensations peaking about seven hours after launch:" 

The short mission proceeded without much Incident. On the sixth and seventh orbits, the on- 
board Topaz TV camera beamed down live pictures of the crew to the control center. 
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Communication with the cosmonauts was supported only by the S~gnal VHF transmitters because 
the UHF transmitters were not operational, due to interference from Earth's radiation belts. There 
was a communications blackout for six orbits, from the eighth to the thirteenth orbits, but when 
controllers regained contact, all the parameters aboard the ship were within acceptable ranges. The 
only anomalies on the flight involved minor issues. During the first six orbits, the temperature inside 
the ship rose from fifteen to twenty-one degrees Centigrade, suggesting some sort of component 
overheating. Later on the seventh orbit. Lt. General Aleksandr N. Babiychuk, the Chief of the Air 
Force Medical Service, raised some alarm when telemetry showed that Yegorov's pulse had fallen to 
forty-six while he was asleep! In panic. Kamanin asked Komarov to verify the value, and the latter 
reported that Yegorov's pulse was sixty-eight. This was later confirmed by other telemetry.'" 

The m~ssion was set to last exactly one day, but as Korolev was ready to give the order to 
deorbit. Komarov evidently felt more adventurous: 

Koroleu: Are you ready to proceed to the completion of the final part o f  the program? 
Komarov: The crew is ready. But we would like to prolong the flight. 
Koroleu: 1 read you, but we had no such agreement. 
Komarov: We've seen many interesting things. W e  would like to extend the observations. 
Korolev. "There are more things in heaven and earth. Horatio, than are dreamt of 

in your philosophy. " W e  shall go nevertheless, by the [original] program." 

With the quote from Shakespeare's Hamlet. Korolev ordered the cosmonauts to begin 
preparing for descent on the seventeenth orbit. As with several of the Vostok missions, there 
was no communication during the descent because of the failure of the short-wave transmit- 
ter, and controllers awaited tensely as the critical minutes passed by. No doubt, images of the 
smashed descent apparatus at Feodosiya passed through Korolev's mind. As the clock count- 
ed down, the chief of the Air Force search service finally radioed that one of his helicopter pilots 
had seen the capsule coming down by parachute at the designated area. There was a final 
report that the helicopter pilot was in visual contact with the Voskhod spacecraft, which was 
lying safely on the ground: all three of its passengers were outside waving at the search team. 
There was thunderous applause at the control room. Korolev was beyond relief: 

Is it really true that it's all over. and that the crew has returned from space without a 
single scratch? I would never have believed anyone that the Voskhod could be made out 
o f  the Vostok, and that three cosmonauts would fly it into space. . . ." 

The men landed successfully 3 1 2  kilometers northeast of the town of Kustanay in 
Kazakhstan on October 13. The flight had lasted one day, seventeen minutes, and three seconds. 

The cosmonauts were first flown to Kustanay, where they were scheduled to speak with 
Khrushchev on the telephone, but Military-Industrial Chairman Smirnov sent a message asking 

50. Kamanin. "I Would Never Have Bel~eved Anyone . . . " .  Karnanin. Skrytry kosmos 1964-1966, pp 
102-03. 

5 1. There are many different accounts of this exchange between the cosmonauts and Korolev Some sources 
suggest that Korolev d ~ d  not f ~ n ~ s h  the quote from Shakespeare See N~cholas Danlloff. The Kreml~n and the Cosmos 
(New York: Alfred A Knopf. 1972). p 161; Evgeny R~abch~kov, Russians in Space (Moscow: Novost~ Press 
Publishing House. 1971). p 209 Other sources suggest that Korolev drd complete the phrase See Colovanov. 
Koroleu, p 743 Another source cla~rns that ~t was Feokt~stov. not Kornarov, who made the request for the exten- 
sion See Aleksandr Romanov. Korolev (Moscow: Molodaya gvard~ya. 1996). pp 474-75 F~nally. one source sug- 
gests that Korolev never even quoted Shakespeare. See Chertok. Rakety I lyudi, p 248. 
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them not to wait and to fly directly back to Tyura-Tam. Although the three cosmonauts felt 
slightly fatigued, they were fit enough the next morning to give full postflight reports to a rapt 
audience of 200 individuals, including the State Commission. A lunch followed with boisterous 
toasts raised not only to the cosmonauts, but also to Korolev and those who had prepared the 
flight. It was late the same day when Korolev, Kamanin, and others first got wind of the monu- 
mental changes back in Moscow. News had come in that there would be a special meeting 
(Plenum) of the Central Committee the same evening, a complete surprise to the chief design- 
ers. By the morning of October 15, it was all  clear: Khrushchev was no longer in power and had 
been replaced in his two posts by Aleksey N. Kosygin (Chairman of the Council of Ministers) 
and Leonid I. Brezhnev (First Secretary of the Central Committee). Kamanin had already been 
instructed to change the cosmonauts' prepared speeches: instead of saluting Khrushchev, they 
would salute Brezhnev and Kosygin." Thus, in a twist worthy of Orwell, Khrushchev's name 
was scratched out and Brezhnev and Kosygin scribbled in. It was the end of one era and the 
beginning of another. not only for the Soviet space program but for the entire nat~on. 

Khrushchev's Twilight 

Nikita Sergeyevich Khrushchev was one of the most important political f~gures in the ori- 
gin and emergence of the Soviet space program. More than any other Soviet leader since, he 
developed and nurtured the kind of personal relationships with the leading space chief des~gn- 
ers that fostered a space era driven less by institutions than personalities. Institutions, of 
course, exlsted to administer and support his agenda. In particular, he was responsible for shift- 
ing the burden of directing missile and space program policy from the government to the 
Communist  part^.'^ By introducing the specific post of Secretary of the Central Committee for 
Defense and Space in July 1957, Khrushchev effectively laid the blueprint of strict Party control 
over the space program, which lasted until the early 1990s. He successfully populated both 
Party and government positions with individuals such as Brezhnev, Kozlov, Ust~nov, Nedelin, 
and Smirnov, who could be counted on to support his radical shift in military strategy from 
convent~onal armaments to ballistic missiles. There IS no question that without this firm change 
in d~rectlon, a rethinking for which Khrushchev was singularly responsible, the Soviet space 
program might have been a pale imitation of what it really was. As funding for the ICBM 
programs grew to astronomical levels, the space program, being merely an arm of it, rode its 
coattails to glory for the cause of the Soviet state. 

In the historiography of the Soviet space program. Khrushchev has been bestowed a char- 
acter often approaching levels of caricature. This was to a great degree reinforced by his unwa- 
veringly loud and often crude outbursts in the public eye-pronouncements that extolled the 
raw power of socialism against the capitalist world. Western historians have generally depicted 
a simple two-sided process, with the "reckless" Khrushchev always interfering w ~ t h  the apolit- 
~cal "dreamer" Korolev. In this scenario, the former was always craftily manipulating the latter 
into mean~ngless circus extravaganzas, thus diverting talents from more worthy endeavors. The 
"manipulation paradigm," however, is far too simplistic a viewpoint to stand up to serious his- 
torical scrutiny. Khrushchev's policy on the space program largely depended on his support for 
the concurrent ICBM program-that is, the former was funded to the extent that ~t did not 
Infringe on the latter. This is not to say that he did not use the space program as a propaganda 
playground not only abroad, but also to curb off his political opponents within the Soviet Union. 
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of sumort, which he had the Dower to cut off. Soviet leader Nrkita Khrushchev appears in this 

In th j; respect, his personal relationships with photo probably dating from the vos'tok 314 mls5lon 
in August 1962 During his visit to the Sirnferepol 

Korolev' Chelomey' and Over missiles 
control center in Crimea. he personally spoke to both 

were, in fact, far more important determinants of co,mona,ts Niko,ayev and Popovlch i n  On the 
the space program's direction. rrght is Maj General Pauel A .  Agadzhanov. the lead 

Khrushchev met all three for the final time " f l~ght  drrector" of Soviet prloted space missions in 

in late September 1964 during his first and only the 1960s (copyright  serge^ N Khrushchevj 

visit to Tyura-Tam as part of Operation Kedr His 
final brush with the space program was on the 
very last day of his reign. As was customary after each major space launch, a leading minister 
or general would call Khrushchev from the test range to inform him that such and such launch 
had gone off successfully. In the sycophantic world of Soviet Party politics, this was an honor 
that was literally fought over. On the day of the Voskhod launch, the phone call never came. 
The wheels of power had already begun to move ahead with the secret overthrow. After about 
forty minutes without word from Tyura-Tam, Khrushchev had an aide call Military-Industrial 
Commission Chairman Smirnov. Khrushchev's son later described their conversation: 

"Comrade Smirnov, " he began, restraining himself, "what's going on with Koroleu's 
launch? W h y  haven't you informed me?" The irritation could be heard in his voice. 
Smirnou must haue answered that the launch had gone as planned. . . . "Then why 
didn't you inform me?" The irritation was turning into anger. "You're obliged to report 
the results to me immediately. " Smirnou must haue said that he hadn't had time to call. 
Of course, he already knew everything and was in no hurry to telephone Father. For him. 
the change in power had already taken effect. . . . "What do you mean, you haven't 
had time? 1 don't understand you! Your behavior is disgraceful!" raged Father. judging 
from the reaction. Smirnov was halfheartedly trying to justify himself. "Comrade 
Smirnov, bear in mind that I demand more efficiency from you! It's your fault that things 
are getting resolved so slowly! "" 

Soon Khrushchev had a brief conversation with the Voskhod crew ~n orbit, by which time. 
completely unknown to him, the change in the leadership was almost over. W ~ t h i n  hours, with 
the cosmonauts still in orbit. he was under house arrest. During ceremonies to honor the three 
crewmembers of the Voskhod mission on October 23. Khrushchev, on a whim. got into his 
automobile and ordered his driver to take him to his dacha. The fact that Khrushchev was going 
in the direction of the public ceremonies was relayed immediately to Brezhnev, who was in the 
midst of the function at Red Square. Seen on TV by millions. Brezhnev's face darkened at the 
realization that Khrushchev might be heading to Red Square to cause a public scene with the 

55  Khrushchev. Khrushchev on Khrushchev, pp 129-30 



new leadership. Aides were sent scurrying off to telephones, until they discovered that 
Khrushchev was indeed heading for his dacha.'" It was his last brush with the workings of the 
Soviet space program. He died, exiled from h ~ s  past. on September 1 1 .  1971, at the age of 

I 
seventy-seven. 

I Ustinov, Smirnov, and Afanasyev 

The immediate post-Khrushchev leadersh~p was one characterized by a relative dilution of 
leadership responsibilities: power was spread out between the Communist Party and the gov- 
ernment. As one Western analyst put it, "Khrushchev's simultaneous assumption of Party and 
government leadership was unacceptable to his successors, who restored the principle of col- 
lective leadership."" In the new Brezhnev-Kosygin era, at least initially, questions of policy were 
influenced by a set of checks and balances between the two arms of the Sov~et state: 

I t  [was] unlikely that a single official at the Politburo or other high-level would be able 
to interuene successfully and systematically without risking the combined wrath of his 
peers. This was  one o f  the key charges leveled against Khrushcheu.'" 

This new "collective leadership" had deep repercussions for piloted space policy in the 
post-Khrushchev era. In the new climate, the lines of de facto authority and power among the 
competing designers were much less clear after 1964 as a result of the diffus~on of power 
among their chief sponsors. By the end of 1965, within a year of Khrushchev's fall, a I 

tr~umvirate of individuals rose to the top of the space and missile programs, and they each had 
varying motivations that drove these sectors for the next two decades. 

Pr~or to Khrushchev's ouster in October 1964, there had been much discussion among the lead- 
ership on creating a new governmental entity to administer and manage the space and missile pro- 
grams. Through the late 1950s and early 1960s, this function had been undertaken by the State 
Comm~ttee of Defense Technology, the "ministry" that had inherited ballistic missile development I 
from the post-World War II era. Originally, the Seventh Chief Directorate within the State Committee 
carried out the management of the missile and space programs. Other directorates focused on 
weaponry. such as tanks, artillery, small arms, and ammunition. The Seventh Chief Directorate had 
clearly outgrown its lnit~al mandate, and using it as a base, it seems that Khrushchev wanted to focus 
all miss~le and space-related design and production in a new "m~nistry." By the time this entity was 
formed, Khrushchev was out of power. In a move designed to reverse Khrushchev's drastic and failed 
decentralization attempts in the late 1 9 5 0 s  the new Brezhnev-Kosygin leadership recreated the cen- 
tralized ministry system by official order on March 2, 1965." Six State Committees concerned with 
weaponry were renamed ministries, while a seventh, the Ministry of General Mach~ne Building. was 
created on the bas~s of the old Seventh Chief Directorate." 

The Ministry of General Machine Building, more commonly known by its Russian abbrevi- 
ation "MOM." became the center of all misslle and space-related design and production actlv- 
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ity in the Soviet Union. Whereas before, space and missile design bureaus, scientific-research 
institutes, and production plants were scattered among various min~stries, the establishment of 
the new ministry was a giant step forward in knocking down bureaucratic walls by bringing 
them all together under one roof. MOM had official jurisdiction over almost all Soviet entities 
involved in the design, experimental production, and serial production of long-range ballistic 
missiles, space launch vehicles, artificial satellites, piloted spacecraft, liquid-propellant rocket 
engines, launch complexes, and guidance and control systems." Curiously, one important ele- 
ment of the space program was not brought into MOM at the t~me, thus being the source of 
serious problems later. As one leading administrator later recalled: 

. . . with respect to rocket-space radio-electronics we quickly fell behind since micro- 
electronics and radio-electronic technology remained outside of the influence o f  the 
MOM, instead remaining within the [Ministry of Radio Industry] and [Ministry of  
Electronics Industry]. . . . As a result. it was a great inconvenience to satisfy the MOM'S 
demands for modern electronic equipment, and ultimately our [country's] space radio- 
electronic technology began to lag behind that o f  the Americans in terms of develop- 
ment periods, quality, and general scientific-technical level." 

Among those actively involved in the piloted space program, the design bureaus and insti- 
tutes that were brought into MOM were: 

From the State Committee for Defense Technology: 
- GSKB SpetsMash (V. P. Barrnin) 
- OKB-456 (V. P. Clushko) 
- OKB-2 (A. M. Isayev) 
- OKB-1 (5. P. Korolev) 
- Nll-88 (Yu. A.  Mozzhorin) 
From the State Comm~ttee for Aviation Technology: 
- OKB-52 (V. N. Chelorney) 
- OKB- 154 (S. A. Kosberg) 
From the State Committee for Radio Electronics: 
- Scientific-Research Institute of Radio Instrument Building (M. S. Ryazanskiy) 
- Scientific-Research Institute of Automation and Instrument Build~ng (N. A. Pilyugin) 
From the State Committee for Ship Building: 
- Nll-944 (V. I. Kuznetsov)" 

61. There was apparently considerable resistance to transferring the guidance systems ent~ties to MOM 
from their or~g~nal  pos~t~ons within the M ~ n ~ s t r y  of Rad~o Industries. See Mozzhorin. el a1 eds . Dorogl u kosrnos 
I. pp. 44-45. 

62. Yu. A. Mozzhor~n, et al.. eds.. Nachalo kosm~cheskoy ery- vospomlnanlya veteranov raketno-kosm~ch- 
eskoy tekhnikr i kosmonavtiki vypusk utoroy (Moscow: RNITsKD, 1994). p. 288 The comment is by L I. Gusev. 
who br~efly served as a deputy minister of MOM in 1965. 

63. The remain~ng des~gn bureaus and institutes of the Soviet spacelmiss~le program-that IS, those that had 
little or no ~nvolvement in pdoted spaceflight-were spread out over vanous minlstrles. They included. SKB-385 
( V  P. Makeyev) and OKB-I0 (M F Reshetnev) in the Min~stry of General Machine Building (MOM). OKB-1 17 
( 5 .  P. Izotov). OKB-276 ( N  D Kuznetsov). OKB-300 ( 5 .  K Tumanskiy), and OKB- 124 (G. I. Voron~n) In the M~nistry 
of Aviation lndustry (MAP), Nll-627 (A. G. losifyan) ~n the Ministry of Electronics lndustry (MEP); NI I - l  
(A. D Nadlradze) and NII-125 (B P. Zhukov) in the M~n~s t ry  of Defense lndustry (MOP), and OKB-41 of KB-I 
(A. A. Raspletln and A. I Savin) In the Mlnistry of Radlo lndustry (MRP) 



The new ministry itself had several functional divisions 
formally called chief directorates, each one dedicated to a 
particular aspect of the space and missile industry. These 
thematic divisions included strategic missiles, space vehi- 
cles, liquid-propellant rocket engines, guidance systems, 
and launch complexes." The development of piloted space- 
craft seems to have been limited to the Third Chief 
Directorate, which probably functionally included both the 
Korolev and Chelomey design b~reaus.'~ 

The man appointed to lead the new ministry was a sur- 
prise: forty-seven-year-old Sergey A. Afanasyev, an individ- 
ual who was not one of the many experienced deputies 
from the old State Committee for Defense Technology 
expecting a promotion. Afanasyev had an Interesting back- 
ground, heading various "technical directorates" in 
U S ~ I ~ O V  s Mlnlstry of Armaments through the 1950s 7hls Is the o//lclal portrait o/ Mlnlsl,or 
Although Afanasyev was one of the famous "Ustlnov olqenerai Machlne Budding Sergey - 
group" who rose to important national positions by the Alonasyeu He served In that copoclty 

from 1965 to 1983, durrng which early 1960s. it seems that he made a break from his main 
he Sou,e, ba,,lstic 

sponsor sometime soon after. This may have had some- ml,sl,e and spaceprograms. 
thing to do with an incident in 1952 when Afanasyev was (flIes 01 Peter Gorin) 
in danger of being shot by Beriya's henchmen because of 
problems with engine production. Ustinov did not bother to defend the young Afanasyev, and 
the latter was only saved when one of Ustinov's deputies risked his career for him." Afanasyev 
left Ustlnov's ministry in 1957, rising to become the chair of the All-Russian Councll of the 
National Economy in June 1961, where he became primarily responsible for managing the 
defense economy. His appointment to head MOM seems to have been a move made to put a 
check on Ustinov's grip on the defense Industry, and in particular the space program. Afanasyev 
had, by then. aligned himself not with Ustinov, but wlth Marshal Andrey A. Grechko, the 
Deputy Minister of Defense. 

Most of those who remember Afanasyev recall someone with whom one should not trifle. 
A scientist later wrote: 

[Afanasyev] was a huge man with large. sturdy hands. like "a hammer striker." we 
said. When he chaired a meeting, the figure of the minister induced fear. His sentences 
for employees of the ministry, whether they were general designers or simple engineers. 
were brief and ruthless. . . . I was told that the man was vindictive and had a very long 
memory. Members of his team secretly referred to him as "the Big Hammer. "" 

64 Not all the chlef dlrectorates and thelr specific functions have been identlfled A pre glasnost account 
ldentlfled four chlef directorates ~n MOM-for ground equlprnent for rocket engines for guldance and control sys 
terns and for m~sslles See Alexander 'Decls~on Maklng in Sovlet Weapons Procurement ' p 22 Alrnquist Red 
Forge pp 144-45 There were a t  least thlrteen ch~ef dlrectorates ~n MOM by 1985 

65 The Flrst Ch~ef Dlrectorate of MOM Included OKB I 0  and MZ Khrunlchev the Second Chlef Dlrectorate 
Included OKB 456 and NII I the Fourth Chlef Dlrectorate included CSKB SpetsMash and the Progress Plant and 
the Flfth Chlef Directorate Included NII Prlborostroyenlya and NII AP 

66 For Afanasyev s own account of the event see Mozzhorln et a1 eds Dorogl v kosmos I pp 40-42 
67 Roald Z Sagdeev The Making 01 a Soulet Scientist My Adventures ~n Nuclear Fuscon and Space From 
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Afanasyev had one First Deputy M~nister. Georgiy A. Tyulin. Korolev's old friend and the for- 
mer artillery officer who was concurrently the chair of the ad hoe State Commission for 
Voskhod. The fifty-one-year-old Tyulin might have expected to head the new ministry after a dis- 
tinguished and long career with good connections to both the military and the "Ustinov group," 
but his appointment as Afanasyev's chief deputy exemplified how latent friction was built into 
the space industry by that time, as different factions jockeyed for key positions. Afanasyev and 
Tyulin administered six deputy ministers, each with a different portf01io.~~ 

Afanasyev was one point of the triumvirate that would dominate the missile and space pro- 
gram into the 1980s. The second individual was Leonid V. Smirnov, the forty-nine-year-old 
chair of the Military-Industrial Commission. More commonly referred to by its Russian abbre- 
viation "VPK." the Military-Industrial Commission was the heart of the Soviet military- 
industrial complex. In the mid-1960s. VPK consisted of the heads of the seven ministries 
involved in the design and production of military equipment: the chair of the State Planning 
Organ (Gosplan) responsible for budget appropriation; the commanders-in-chief of the Air 
Force, the Strategic Missile Forces, the Navy, and the Air Defense Forces: the deputy minister of 
defense for armament procurement: and the president of the Academy of Sciences. The chair 
of VPK was also simultaneously a deputy chair of the USSR Council of Mini~ters.~' 

In some sense, Smirnov was the head of the Soviet military-industrial complex, overseeing 
the creation and manufacture of not only missiles and spacecraft, but also tanks, ships, fight- 
er planes, bombers. helicopters, submarines, nuclear bombs, guns, cannons, and so on. Thus 
Smirnov was not only Afanasyev's boss, but also the boss of the remaining seven military 
industrial heads. What is most significant is that Smirnov had also served his apprenticeship in 
the space and missile industry. He was picked out by Ustinov in the late 1940s to head a 
research institute specializing in radar instrumentation and was launched on a spectacular 
career under the latter's sponsorship. Between June 1952 and March 196 1 ,  Smirnov served as 
the director of Plant No. 586 at Dnepropetrovsk, which was assoc~ated with Yangel's design 
bureau and was possibly the largest missile production facility in the world. When Khrushchev 
had boasted about building missiles like sausages, it was Smirnov's plant to which he was refer- 
ring. The Soviet leader had been duly ~mpressed with Smirnov's performance during a visit to 
the plant in 1959, and within four years, the young Smirnov had risen far ahead of contempo- 
raries. On May 13. 1963, he was appointed chairman of VPK, replacing Ust~nov, who had been 
"promoted" to a h~gher post.'" 

68 The SIX deputy rnlnisters of MOM were L I Gusev (guidance systems) N D Khokhlov (quality con 
trol) V Ya Lltvlnov (space and mlss~le programs) Ye V Mazur (rnater~al techn~cal supply) C M Tabakov (rocket 
englnes) and C R Udarov (launch complexes) Cusev left h ~ s  position In late 1965 and was replaced by M A 
Brezhnev See Mozzhorln et a1 eds Dorogr u kosmos I pp 38-39 Christ~an Lardier LAstronaulique Soucetique 
(Pam Armand Co l~n  1992) p 164 Almquist Red Forge pp 141-45 

69 In March 1965 the seven lndustr~al rnlnistries that were part of VPK were the Mlnlstry of Defense 
lndustry (5 A Zverev) the Ministry of Av~ation lndustry (P V Dernentyev) the M ~ n ~ s t r y  of Sh~p Building lndustry 
(B Ye Butorna) the Mlnlstry of Electronic lndustry (A I Shok~n) the Ministry of the Rad~o lndustry ( V  D 
Kalrnykov) the Mlnlstry of Medlum Mach~ne Buildlng (Ye P Slavsk~y) and the M ~ n ~ s t r y  of General Machine Building 
( 5  A Afanasyev) An e~ghth and nlnth min~stry were added In February 1968 and 1974 respect~vely These were 
the Min~stry of Machlne Build~ng (V V Bakh~rev) and the Mlnistry of the Means of Cornrnunicat~ons (N D 
Psurtsev) See Alexander "Decis~on Mak~ng in Soviet Weapons Procurement " p 22 McDonnell "The Soviet 
Defense lndustry as a Pressure Group " pp 90-91 Chertok Rakety i lyudr pp 31 1-13 

70 M~chael Tatu Power in the Kremlrn From Khrushcheus Decline to Collectrue Leadership (London 
Coll~ns 1969) p 330 V Pappo Koryst~n V Platonov and V Pashchenko Dneprouskiy raketno kosrnrcheskry tsentr 
(Dnepropetrovsk PO YuMZIKBYu 1994) pp 54 67 70 Khrushchev s vis~t to the Dnepropetrovsk plant and his 
impressions of Srn~rnov are descr~bed in Sergey Khrushchev Nikifa Khrusheheu krrrisy i rakety uzglyad rznutrc tom 
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Srnirnov owed h ~ s  entire career to Ustinov. Within the 
space program itself, he was clearly in favor of Yangel's pro- 
jects and then perhaps Korolev. Certainly, given Ustinov's 
predilection for trying to curb Chelomey's efforts. Smirnov 
could be expected to do the same in given situations. He 
was, of course, ultimately responsible to the whlms of 
Commun~st Party leaders. As one Russlan historian wrote: 
" [Srnirnov] knew that prior to deciding any kind of issue, he 
had to clearly understand what kind of a decision was 
expected from higher up." Like many other "cardinals" of 
the Sov~et military-industrial complex. Smirnov instilled total 
fear in h ~ s  subordinates. One Russian historian wrote later: 
"People always found it difficult to make a report to Srnirnov 
because his face was so impassive that it was completely 
~mposslble to see a hint of any reaction that your words 
might arouse in him."'  Smirnov's responsibilities were first 
detected in the West during negotiations of the first series Leonid Srnrrnou was the Chairman O/ 

of Strategic Arms Limitation Talks (SALT I) in May 1972. His the Military-lndustr~al Cornrn~ssion 

active participation in the negotiations convinced U.S. WK) from 1963 'gas He was lhe 
effective head 01 the Soviel m~ l~ ta ry -  diplomats that he was a "tough and skillful negotiator" with 

industrial cornpler during period 
a "'technician's grasp of the issue' superlor to anyone at the (flies of Peter Gorcn) 
table.'" Others remember him differently. Although he suc- 
ceeded Ustinov as chairman of VPK. one engineer recalls that Smirnov was simply " a  rote 
bureaucrat" who was "not as clever as Ustinov."" Rote bureaucrat or not. Smirnov had the dis- 
tinction of managlng the entire Soviet defense Industry through nearly a quarter of a century. 
outlasting Khrushchev, Brezhnev. Kosygin. Andropov, and Chernenko. He would not retire until 
the Gorbachev era.'" 

Officially, Smirnov's VPK was "the principal coord~nating body for milltary research, develop- 
ment, and production. It also [played] a key role in technical evaluations of new weapons propos- 
als."" Given that the space program was simply an institutional arm of the military missile program. 
VPK did exactly the same for the space program. Every proposal that surfaced up from the design 
bureaus past mlnistry heads eventually ended up at the office of the Military-Industrial 
Commission, set deep within the fortress of the Kremlin. Because staff members of VPK composed 
the drafts of all defense research and development decrees. VPK's role straddled the boundaries 
between policy formulation and policy implementation. Even in the mid-1960s. U.S. intelligence 
offic~als seem to have been unsure of the very existence of VPK. In a top-secret brief on the Soviet 
space program dating from January 1965, the U.S. Central Intelligence Agency (CIA) wrote simply 
that "responsibility for the direct~on of the Soviet space program apparently rests with an unknown 
authority directly under the Council of Ministers." Much of the space program was still said to have 
been coordinated by "the Commission on the Exploration and Utilization of Cosm~c Space," the 
1950s-era front organization publicized by the Soviets. The CIA added that it had "been unable to 
identify many of the Individuals responsible for research and development.'"" 
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If Smirnov and Afanasyev were the managers of Soviet space policy, then Dmitriy Fedorovich 
Ustinov was its ultimate master. Since the formation of the Soviet rocketry industry in May 1946. 
he had served as the industrial manager for the Soviet ballistic missile and space program in a 
series of positions, culminating w ~ t h  his appointment as chairman of VPK in December 1957. 
Through the years, he had been involved on an almost day-to-day basis with chief designers 
such as Korolev, Glushko, and Yangel; it would not be an overestimation to say that with the 
exception of Korolev. Ustinov was the single most rmportant figure in the history of the Soviet 
space program. His signature can be found In almost every single decree and decision of the early 
missile and space programs, spanning a period of almost forty years. Until 1965, Ustinov had 
remained a public servant of the Soviet government-that is. engaged in administer~ng projects 
rather than formulating policy-and it was evidently a job at which he excelled. Sergey 
Khrushchev recalls that: 

Ustinov was a brilliant man [but he] was very bad in strategy. He could not create a 
strategy . . . what to do, where to go . . . [things] like state pollcy or defense policy. But 
once he received the order from Stalin or Khrushchev to do something, he knew how to 
do it in the best way. When he was Chairman of the Military-Industrial Commission . . . 

when he received the order to do something, like putting together a decree o f  the Central 
Committee and the government on a Chelomey design, he did this in one shot. He knew 
how to do this." 

On March 26. 1965. soon after the establishment of MOM. Ustinov was moved from the 
government (that is, management) to the Party (that is, policy formulation). His new title was 
Secretary of the Central Committee for Defense Industries and Space, the top-ranking leader of 
the Soviet space program. He was also inducted as a Candidate Member of the Presidium 
(which was renamed the Politburo in April 1966).'" 

As a secretary of the Central Committee, Ustinov was one of about a dozen indiv~duals over- 
seeing every sector of Soviet society as part of a smaller group called the Secretariat, roughly anal- 
ogous to the Western concept of a cabinet. Officially, the Secretariat's goal was to provide 
"analysis and recommendations" to the members of the Politburo. In the case of the space pro- 
gram, however, Ustinov may have exerted a singularly powerful force that essentially laid the foun- 
dations of Soviet space policy. He declded which programs to emphasize, which directions to 
conduct research, how to compete with the U.S. space program, whether to time space missions 
for certain holidays, when and how to penalize chief designers, the appointment and dismissal 
of chief designers, and so forth. In Soviet publications of the time. Ustinov was said to have: 

coordinated and led the work of institutions, design bureaus, [and] industrial enterpris- 
es with the goal oJ the most complete fulfillment o f  the tasks o f  the party and the gov- 
ernment in the long-range strengthening of the economic and defense potential o f  the 
nation, [and he] took up active participation in organizational work in the area of  the 
development o f  technology used for the research and mastery o f    pace.'^ 

There were also, of course, other full Politburo members with varying degrees of stake in 
the Soviet space program. The son-in-law of one, Andrey P. Kir~lenko, was a senior engineer at 

77. Khrushchev interv~ew. October 10. 1996. 
78. Edward L Crowley, Andrew I. Lebed, and Dr Heinr~ch E. Schulz. eds , Party and Government Officials 

of the Sovret Union 19\7-1967 (Metuchen. N]: The Scarecrow Press, 1968). p 84 
79. Almqu~st. Red Forge. p. 2 1. 



OKB- I. Brezhnev himself favored Yangel, both having come 
from Dnepropetrovsk in the Ukraine. Ustinov was a little 
more shrewd in his patronage. He clearly favored Korolev 
throughout the latter's career, defending his proposals at 
critlcal junctures, perhaps even savlng his life during the 
Stalin era. But while most historians do not question 
Ustinov's support for Korolev, it IS also an inarguable fact 
that Ustinov was a strong supporter of Glushko. For obvi- 
ous reasons, this caused complications In his relationships 
with both. 

Little is known about Ustinov's personal life or his 
character. As with a number of other Soviet bureaucrats of 
the time, people considered him "temperamental, impul- 
slve, and rude."" MOM Minister Afanasyev, appointed to 
be a fo~ l  against Ustinov's bulldozing over the space pro- 
gram, recalled that for Ustinov, work was the only thing: 
"He seemed to have no other Interests such as huntrng or Dmitriy Ustinov is shown here in a 

flshlng "" Others say that photo from the mid 1960s With the 
exception of Ser~ey Koroleu he was the 
singje most imporfan[ individual in the He made his decisions alone. . . . After D. F. made of the missile and space 

up hts mind, a commission would usually be Set Droprams HIS int~uence not Ilmlled , " 
up to study the rssue It was composed o f  people to missiles and space from 1965 to 

who knew the boss's mrnd and never mtssed a cue 1976 he was the ranking Central 

The decrsrons of the Central Commrttee and the Committee secretary overseeing the 
entire Souret defense industry Councrl of Mlnrsters were taken after a report o f  (files of Peter Gorin) 

the commrssron The mrnlster's personal oprnron 
was neuer cited to justify this or that decision 

It IS known that VPK or MOM, rarely. ~f ever, faded to approve rullngs orig~natlng from the Defense 
lndustrles Department In the Central Comm~ttee-that IS, one of Ustlnovs departments 

Ustlnov. Smlrnov, and Afanasyev were the three men who ran the Sovlet space program 
from the 1960s on For Ustlnov and Smlrnov, the space program was only part of thelr respon- 
s ~ b ~ l ~ t ~ e s ,  both also admlnlstered the entire Sovlet defense Industry as ~t raced to reach strategic 
panty wlth the Unlted States It IS In Itself a stgnlflcant fact that the men who facllltated most 
of the Sovlet rise to gargantuan mllltary superpower were also both ~ntr~ns~cally lnvolved In the 
gorngs on of the space program It underlines that lnseparablllty of the Sovlet space program 
from mllltary efforts and hlnts at the domlnatlon of former space program managers In the rule 

1 of the Sovlet state 
The Ustlnov-Sm~rnov-Afanasyev trlo, part of the so-called "Ustlnov group" from the arma- 

! ments lndustry ~n the 1940s and 1950s, was obv~ously not a solid monol~thlc block" The 
changes In 1965 had one lnstltutlonal effect related to the mllltary's posltlon on space Several 
major artillery offlcers were moved lnto the Mlnlstry of Machlne Bulldlng from the Strategic 
Mlsslle Forces-all of them very strong supporters of a vlgorous Sovlet space program Gwen 
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The 1965 organization of the administratcue bodles cn the Souret space program (copyrcght Asi/ Scddiqi) 

the cool attitude of the Strategic Missile Forces toward piloted space exploratton, it is not clear 
whether this was done to punish the officers for their views or to infiltrate MOM to expand the 
influence of the Strategic Missile Forces." Given the sketchy evidence. it seems that the former 
was more likely than the latter. One of those "moved out" was, in fact, the Commander-in-Chief 
of the recently established Central Directorate of Space Assets, Maj. General Kerim A. Kerimov. 
whom the more "trustworthy" Maj. General Andrey A. Karas replaced." Thus, with the few 

85. Barry. "The Mlssile Des~gn Bureaux.'' Four offlcers of the Strategic M~sslle Forces have been ident~f~ed 
In this move Lt. General G. A Tyulin who was appointed the First Deputy Mln~ster of MOM. Maj General K. A 
Kerirnov, who was named the Chlef of the Thlrd Ch~ef D~rectorate of MOM. Colonel Yu. A Mozzhor~n, who had 
been servlng as D~rector of Nll-88 slnce 1961, and Maj General A G Mryk~n, who was appointed F~rst Deputy 
Dlrector of Nll-88 under Mozzhor~n. 

86 For Ker~mov. see N. Kamanln, "A  Coal Worth Working For. " (Engl~sh tltle). Vozdushniy transport 44 
(1 993) 8-9 See also "Col -Len. A G Karas" (English title). Krasnaya zuezda. January 4. 1979. p. 3. In which Karas 
1s sa~d to have served as chief of a chlef directorate ~n the Min~stry of Defense between 1965 and 1979. The second 
officer. Lt. General A. G Mrykln, had served as the First Deputy Chief of the Ch~ef D~rectorate of Reactlve Armaments 
(GURVO) since July 1955 Upon the formation of the Strategic M~ss~le Forces, CURVO was transferred to their jurls- 
d~ction. and Mryk~n had become one of the leadlng advocates of a stronger role for the Strategic Mlsslles Forces with- 
in the Sov~et space program. He was next ~n line to command CURVO, but ~n August 1964. a junior off~cer (Ma). 
General A. A. Vas~lyev) was p~cked to head CURVO Mrykin evidently refused to work under Vas~lyev, a former sub- 
ordinate, and Instead left the Strateg~c M~ss~le Forces In March 1965 and jo~ned the M~n~s t ry  of General Machine 
Budding's Nll-88 as ~ t s  First Deputy Dlrector Ironically. at Nll-88. Mrykln ended up working for a former subordinate. 
Nll-88 Director Yu A. Mozzhorin. See Morzhor~n, et a / .  eds , Nachalo kosmicheskoy ery, p 256 



space proponents out of the way, the Strategic Missile Forces were even less likely than before 
to support "civil~an" projects such as the Moon landing. The Air Force, fighting a losing battle. 
did not manage to put a single representative into the Ministry of General Machine Building. 

There was a flnal element of the 1965 shake-up-one that was motivated by allowing Soviet 
scientists in space research. As early as 1959, Korolev and Keldysh had been calling for the estab- 
lishment of an ~nstitution dedicated solely to conducting scientific research in space, but the sci- 
entific lobby, having served as lackeys for the military-industrial complex, were simply unable to 
fortify their position into action. After much discussion within the Academy of Sciences, ln July 
1963. Keldysh fired off a specific proposal on behalf of the scientific community for the estab- 
lishment of the Institute for Space Research." What changed the Soviet government's mind at 
the time is not apparent, but it may have been motivated by the need to have a public forum to 
represent Soviet space scientists abroad. Because the Soviets could hardly send Smirnov or 
Ustinov abroad to talk about their space programs, it would be much more convenient to have 
a real institution to indicate that the Soviet space program was one operating as a completely 
separate entity from the military. The institute was formally established on July 14, 1965, under 
the directorship of Academician Georgiy I. Petrov, a char-smoking six-foot-tall, brilliant aerody- 
namics specialist who had contributed significantly to ICBM development." It was officially sub- 
ordinate to the USSR Academy of Sciences. Desp~te Petrov's best intentions, through its first few 
years of existence, the institute found itself mired in bureaucratic politics; different scientific 
comrnunltles all vied for a piece of the funding that they had all been waiting for since Sputnik. 
It would not be untrl the early 1970s that the Institute finally became a world-class institut~on 
supporting high-quality scientific research on space phenomena. 

Chelomey in Trouble? 

Khrushchev's fall from power had immediate and dire consequences for the beleaguered 
Chelorney. Propped and supported for the preceding four years by the Khrushchev adminis- 
tration, Chelomey all of a sudden lost h ~ s  chief sponsor. Khrushchev would say many years 
later: " I  am not ashamed to say that I gave Chelomei my support back then. He fulfilled many 
of the hopes we placed in him. . . . " "  One wonders what Chelomey must have thought in 
the days after October I3 when Brezhnev and Kosygin assumed power. Chelorney was 
reportedly nervous as gossip in and around the organization reached a feverish peak on the 
possible future for OKB-52 and its associated branches. Still reeling from the abrupt decision 
to terminate the UR-200 ICBM program. Chelomey's first move was to telephone Kosygin. 
Brezhnev would have been a more risky proposition given his close relationship with Ustinov. 
Kosygin was. however, inordinately rude to Chelomey, and he refused to even discuss the 
possibility of reconsidering the decision on the UR-200.'Vhe UR-200 ICBM program was 

87 Thts letter has been reproduced In full as M V Keldysh "On the Organization of the lnst~tute of Space 
Research ' (English tltle) In V S Avduyevsk~y and T M Eneyev eds M V Keldysh irbrannyye trudy raketnaya 
tekhntka I kosmonautika (Moscow Nauka 1988) pp 477-78 

88 Yu I Zaytsev 'I 14 July-25 Years Since the Organization of the Institute for Space Research of the AN 
SSSR (1965)' (Engi~sh title) Iz istorti aucats~r 1 kosrnonautrkl 64 (1990) 54-58 An o f f~c~a l  decree of the Academy 
of Sc~ences on the lnst~tute s format~on was issued on July 9 1965 

89 Nik~ta 5 Khrushchev Khrushcheu Remembers The Glasnost Tapes (Boston Llttle & Brown 1990) 
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90 Khrushchev Nck~ta Khrushcheu tom 2 pp 5 14- 15 The nlnth and last UR 200 was launched on 
October 23 1964 from Tyura Tam See S A Zhiltsov ed Gosudarstuennyy kosmccheskcy nauchno pro~ruodstuennyy 
tsentr [men! M V Khrunicheua (Moscow RUSSLIT 1997) p 58 Mikhall Rudenko ' Designer Chelorney s Rocket 
Planes ' (Engl~sh t~t le) Vozdushncy transport 5 1 ( 1995) 8 



formally terminated soon after, squelching one of Chelomey's primary means to gain access 
to   pace.^' 

Because one of the early goals of the Brezhnev-Kosyg~n leadership was to "reverse" the 
decisions of the Khrushchev era, the entire OKB-52 came under great scrutiny. There was even 
talk of completely dissolving the design bureau. Several special commissions were established 
in October to investigate, among other things. "the value of storage materials, book-keeping. 
the completion of plans. [and] the observance of secrecy" at OKB-52." Everything-from the 
size of the carpet in Chelomey's dacha to the finances for the UR-200 program-was audited 
or inspected. One of the first casualties of this unusual backlash was the size of Chelomey's 
empire. By late 1964, he was overseeing a design bureau and branches twice the size of 
Korolev's OKB- I. Thus, the first order of business was to deprive OKB-52 of its branches. The 
most vulnerable of these was Branch No. 3 located at Khimki. This subsidiary, consisting of 
the old Lavochkin design bureau and its associated plant, had been tasked by Chelomey to work 
on anti-ship cruise missiles, such as the P-70 Ametist in the early 1960s. allowing him to con- 
centrate on ICBMs and space programs at the central office. The winds of change were, how- 
ever, too quick for Chelomey. The very day after the change of power, on October 15, the 
Lavochkin bureau "unofficially" separated itself from Chel~mey.~'  Many of Chelomey's repre- 
sentatives, including Chief Designer Arkadiy I. Eidis, returned to Reutov with their files and 
work on the Ametist missile, while the original Lavochkin people found a new calling: auto- 
mated lunar and interplanetary spacecraft. 

For some months. Korolev had been discussing the possibility of "farming out" specific 
themes related to space exploration to other organizations. While his OKB- I had developed 
the first piloted spacecraft, communications satellites, robotic lunar vehicles, automated inter- 
planetary spacecraft, scientific satellites, and reconnaissance satellites. Korolev's primary inter- 
est was piloted spaceflight. To allow him to focus on piloted spaceflight without a significant 
distraction of time and resources. Korolev separated three space efforts from his own design 
bureau and transferred them wholesale to other organizations. Reconnaissance satellites went 
to OKB-1's Branch No. 3 at Kuybyshev in 1964, while communications satellites went to 
OKB-I0 at Krasnoyarsk-26 in late 1965.94 A third thematic direction Korolev considered for 
transfer was work on robotic lunar and interplanetary spacecraft. As soon as the employees of 
the Lavochkin design bureau found themselves free from Chelomey's control. Korolev began 
discussions on handing over all his work on the Luna, Mars, and Venera spacecraft to them. 
The Lavochkin group officially separated from Chelomey on March 2. 1965, becoming the 
Experimental Design Bureau of the S. A. Lavochkin State Union Machine Building Plant. Georgiy 

9 1 The "official ' reason for the termination of the UR 200 varies ~n Russian literature One source suggests 
that the cancellation was because of the belief that ~t had Inferior characteristlcs as compared to Yangel s 
R 16 ICBM See Petrakov and Afanasyev ' Proton Passlon " A second source suggests that the cancellation was 
'owing to the urgency of the mission of creating a new generation of missile complex as a counterpart to the 
American Minuteman ' The UR 200 also had def~ciencies in silo defense characteristlcs See Zhiltsov ed 
Gosudarstuennyy kosmieheskiy p 58 In an offlclal history of the Strategic Missile Forces the authors write that 
work on the project was ' terminated in connection with the successful completion of flight work and organization 
of military service of the R I6 R I6U and R 9A ICBMs " See Ye B Volkov ed Mezhkontinentalnyye ballisticheskiye 
rakety SSSR (RF) i SShA (Moscow RVSN 1996) p 139 

92 Khrushchev Nrkita Khrushcheu tom 2 p 515 Rudenko ' Deslgner Chelomey s Rocket Planes' 
"Interview with Academician A A Dorodnitsyn" (English title), In Dmitrly Khrapovitskiy ed Generalnyy kon 
struktor Akademik V N Chelomey (Moscow Vozdushniy transport 1990) pp 13- 14 

93 N C Babakin A N Banketov and V N Smorkalov G N Babakin zhrzn I deyatelnost (Moscow 
Adamant 1996) pp 29 32 

94 Semenov ed Raketno Kasmlcheskaya Korporatsiya pp 101 154- 155 Note that OKB I s Branch No 3 
was technically still subordinate to the OKB I m a r  center at Kallningrad Formal separation d ~ d  not occur until 
July 30 1974 



N. Babakin. a fifty-year-old radio-technical sys- 
tems expert who had worked under Lavochkin 
for many years, was appointed the new chief 
designer of this design bureau. By late 1965, 
Korolev had handed over all work on automat- 
ed deep space exploration to Babakin." Thus. 
by a circuitous route, the Lavochkin design 
bureau went from designing airplanes in 1940s, 
intercontinental cruise missiles in the 1950s. 
and anti-ship missiles tn the early 1960s to 
finally spacecraft beginning in the mid- 1960s. It 
would eventually become one of the most 
important space research organizations in the 
Soviet Union. 

The commissions that investigated 
Chelomey's fortunes did not only do away with 
his branches. but also his works. One of the 
commissions, headed by Academy of Sciences 
President Keldysh, was tasked with assessing 
each and every space and missile project at 
Chelomey's design bureau. Among the programs 
threatened with cancellation were the nation- 
wide anti-ballistic missile system known as V i~d 'm"  Chelome~ irlghtl next to Academy 01 

Taran and the UR-500 ICBMlspace launch vehi- Sciences Presrdent Mstrslav Keldysh 
(files of Asif Srddiqrj 

cle; the former was simply terminated, while the 
latter came under severe attack. By this time, the 
Strategic Missile Forces were turning away from their earlier doctrine of super-heavy ICBMs to 
lightweight ICBMs: in this climate, the UR-500 lost its primary reason for existence. Luckily for 
Chelomey, the UR-500 program had strong supporters, both in the military and in the person of 
Academician Keldysh. The latter "firmly and persistently" argued that despite its shortcomings 
as an ICBM, the UR-500 would make an excellent space launch vehicle.'" 

The reasons for Keldysh's support remain obscure even today. He was, in fact, known more 
for his staunch attachment to the Korolev faction through the late 1950s and early 1960s. His 
connections to Chelomey did, however, go back a long way, and Keldysh may have even been 
instrumental in the original establishment of OKB-52 ~n 1955. Regardless of Keldysh's ultimate 
motivations, one academician recalls that "[the only reason] Chelomey remained standing was 
owing to the intervention of M. V. Keldysh."" Defended by Keldysh, Chelomey took advan- 
tage of the reprieve to quickly put together a test program for the launch of the UR-500. 
Originally, there had been plans to test-launch the vehicle as a two-stage ICBM, to be followed 
by three-stage orbital launches. Given the urgent situation, Chelomey revised these plans and 
decided to use the two-stage version directly for orbital launches. Activities at the M. V. 

95 lbrd p 145 S V Rornanova " 13 November-70 Years From the Blrth of G N Babakin (1914)" 
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Khrunichev Plant in Fili were accelerated in support of this plan, as the "investigation commis- 
sions" continued to scour through Chelomey's design bureau in search of things to shut 
down.'"f the four test launches were successful, then Keldysh would have a much better 
chance of defending the threatened booster. 

A success on the first launch was mandatory, and engineers at OKB-52 and its Branch 
No. I were ready to ensure that this goal was ach~eved. One of the perks of the large amounts 
of financial support Chelomey received during the 1961-64 period was the ability to test- 
launch vehicle elements on the ground. Approximately 28.000 model and full-scale tests were 
conducted during the development of the UR-500: in addition, sixteen full-sized test stands 
were designed and built to verify the standard systems of the booster both separately and con- 
nected together. The design bureau also purchased powerful computers to extensively simulate 
flight conditions, allowing the elimination of numerous possible problems before actual fl~ghts. 
Between June I963 and January 1965, Clushko's design bureau fired the first stage's RD-253 
engine numerous times in tests that closely simulated actual flight conditions. There had been 
original plans to launch large scientific satellites into orbit using the three-stage version of the 
UR-500; these plans were modified and smaller variants of the satellites, designated N-4, were 
created at the design bureau. Chelomey contracted the Moscow-based Scientif~c-Research 
Institute of Automation and Instrument Bulld~ng, headed by another of Korolev's allies. Chief 
Designer Pilyugin, to develop a modified control system for the space launcher version." 

In the spring of 1965, a flight-ready version of the UR-500 was transported to Tyura-Tam. 
During the heyday of the Khrushchev years. Chelomey had been allocated a vast area in the so- 
called "Left Flank" of the test range, about thirty-five kilometers northwest of the original city 
of Leninsk and thirty kilometers west of Korolev's main pad at site I. Construction had begun 
on launch complexes for both the UR-200 and the UR-500 during 1960-62. The "Chelomey 
area" of Tyura-Tam was the focus of massive levels of construction durlng the early 1960s. To 
support operations with the UR-500, engineers had begun the construction of: 

Two launch complexes adjacent to one another (at sites 8 1 and 2001, each with two launch 
pads 600 meters apart 
A refueling station 
An assembly-test~ng building for space objects (at site 92A) 
A building for integrating the upper stages 
An assembly-testing building for the complete launch vehicle (at site 92) 

A res~dential zone (at site 95). designed to accommodate 10.000 people. was also in the 
process of construction at the time." All this was in addition to the pads for the smaller 
UR-200 ICBMlspace launcher; when the UR-200 program was terminated, its support com- 
plexes and pads were handed over to Yangel." 

98 V A. Vyrodov. M. K. Mlshetyan, and V. M. Petrakov. " 16 July-25 Years From Beginning of Operat~on 
of the 'Proton' Rocket-Carrier" (Engllsh title), 17 islorri avratsii i kosrnonaultkr 64 ( 1990): 58-67. 
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Chelomey's engineers prepared a flight-ready two-stage UR-500 booster for flight in July 
1965 from site 81 with the N-4 satellite, which was a 12.2-ton (8.3-ton mass in orbit) scien- 
tific observatory designed to study cosmic rays and the interaction between high-energy parti- 
cles and matter. The satellite was manufactured on the basis of the UR-500's third-staee " 
tankage. The haste with which the launch was prepared affected the prelaunch preparations. 
During fueling operations, a nitrogen tetroxide leak threatened to seriously damage the booster 
itself; emergency inspections proved that the rocket was safe for liftoff. The UR-500 took off on 
July 16, 1965, and successfully inserted its payload into a nominal orbit. The unqualified suc- 
cess of the launch signaled the official entry of Chelomey into the "space club" that had been 
dominated by ~orolev and Yangel. The Soviet press made much of the mass of the satellite, far 
heavier than anyth~ng yet orbited by the Soviet Union. Perhaps to affirm the connection with 
its scientific program, the satellite was named Proton-I. "Proton" was the name later used to 
refer to the launch vehicle itself in Soviet press reports, although engineers had originally 
planned to call the rocket Gerkules ("Hercules"), a name that was painted on the side of the 
booster on its first launch. The media releases at the time touted the launch as a new stage ~n - 
Soviet space explorat~on. While the performance of the UR-500 booster may have been flaw- 
less, the same could not be said of the Proton- I satellite. Once the satellite was inserted lnto 
orb~t, ground stations failed to receive any word from the payload. For several orbits, desperate 
ground controllers at the General Staff of the Ministry of Defense in Moscow attempted to make 1 
contact with the satellite, and they finally gave up when they conclusively ascertained that 
there had been a major failure aboard the craft."' 

Notwithstanding the failure of the Proton- l satellite, Chelomey's people carried out three 
more orbltal launches of the UR-500 in 1965 and 1966, of whlch only one was a complete fail- 
ure-a good record for a completely new booster."' The successful tests of the Proton launch- 
er were pivotal in convincing the Soviet leadership that perhaps this was one of Chelomey's 
projects best left ~ntouched.~'" It seems that the faith that Keldysh and Chelomey invested In 
creating this launch veh~cle had been well worth ~ t .  The Proton rocket would go on to become 
one of the most dependable and famous launch vehicles ever created by any nation, launching 
commercial satellites lnto space and serving well into the 1990s. It was a curious destrny for a 
missile originally conceived as a super-heavyweight ICBM capable of launching Armageddon- 
strength megaton warheads at the enemy. 

Chelomey had two major piloted space projects under way at hls deslgn bureau when 
Khrushchev was ousted. the Raketoplan reusable hypersonic spacecraft effort and the LK- I cir- 

I02 Col (Res ) I Zamyshlyaylev Supporting Space Fl~ghts Signal Sultable for Process~ng (English title) 
Aulatsiya i kosrnonautrka no I I (November 1990) 44-45 The offlclal TASS announcement for the Proton launch 
stated 'Analysis of the telemetr~c information received Indicates that the apparatus on board the space station 
Proton 1 is operating normally The coordination computation center is processing the Incoming information ' See 
' Proton I In Flight (Engl~sh title) Komsornolskaya prauda July 17 1965 p I Another source suggests that 
although the controllers d ~ d  not have lnit~al contact they d ~ d  establish contact after a few hours See Afanasyev 
' 35 Years for the Proton RN 

103 The launches were on November 2 1965 March 24 1966 and July 6 1966 The March launch was a 
fa~lure The November launch was the f~rst from the second pad at slte 81 See Petrakov and Afanasyev ' Proton 
Pass~on ' 
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cumlunar program. Each suffered the repercussions of the leadership change, but in different 
ways. The Raketoplan project had stumbled forward through the years despite technical prob- 
lems related to protecting the spaceplane from the stresses of atmospheric reentry-problems 
that had destroyed the M -I2  spaceplane during its suborbital flight in 1963. Originally intend- 
ed for piloted circumlunar missions, by May 1964, the Raketoplan had only military goals, such 
as anti-satellite operations, reconnaissance, and orbital bomb~ng, all from Earth orbit. 
Chelomey's idea apparently interested powerful forces within the military. On June 18. 1964. 
USSR Minister of Defense Rodion Ya. Malinovskiy signed the ministry's five-year plan for space- 
based reconnaissance covering 1964-69. Among the projects included for approval was a 
spaceplane program designated "R."'" By this time. Chelomey's engineers, based on their 
Raketoplan research from 196 1 to 1963, had produced the technical designs for a new iteration 
of the design. comprising two different Raketoplans, the automated R-I spacecraft, and the 
piloted R-2 vehicle. 

The R-I was essentially a test model for the p~loted verslon. It would be used for testing 
all essential systems in Earth orbit, including: 

the orientation and stabilization systems, heat shielding, systems for triggering separating 
components and [also for testing] the dynamics of uncoupling, ballistic and aerodynam- 
ic parameters of the Raketoplan and engine [and] the operation of all on-board systems."'" 

The R-2, a heavier variant of the spaceplane, was designed to allow "the pilot-cosmonaut 
[to] check out control-monitoring, communication, and observation functions from space.""! A 
nominal orbit for this single-pilot military spaceplane would be 160 by 290 kilometers with a 
total flight time of twenty-four hours. Maximum acceleration during reentry would be lim~ted to 
three and a half to four g's. Presumably, both the R- I and R-2 " boost-glide'' vehicles would deor- 
bit in a thermally protected container that would be discarded after atmospheric reentry, deploy 
wings, turn on a turbojet engine, and then land on a conventional runway. Either Korolev's R-7 
or the UR-500 would serve as the launch vehicle for the R- I and R-2 spaceplanes. 

The primary goal of the R-2 spaceplane project was photo-reconnaissance andlor anti- 
satellite operations, and both were objectives that were vigorously supported by the Soviet Air 
Force in its quest to get a plece of the Soviet piloted space program. Marshal Vershinin, the 
Commander-in-Chief of the Air Force, publicly spoke of the Raketoplan effort in August 1964. 
saying that spaceplanes were not only feasible, but that Soviet engineers were engaged In a 
development program that was "not without success."""By 1964, OKB-52 engineers had evi- 
dently completed the deslgn of the R-2 boost-glide vehicle "at the Air Force's request."" They 
had already begun the construction of flight models when Khrushchev's ouster threw the pro- 
gram into jeopardy, leading to the "temporary suspension" of work sometime in 1965 or 1966. 

There continues to be conflicting information on why the project was closed down at the 
time. Some suggest that it was related directly to the post-Khrushchev vendetta against 
Chelomey. One engineer recalls that the termination order came from "upstairs" at a time when 
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the most formidable technical 
problems had already been 
~ o l v e d . " ~  Five days after 
Khrushchev's fall, on October 1 9, 
1964. Marshal Vershinin appar- 
ently telephoned to Inform 
Chelomey that all materials relat- 
ed to the Raketoplan project 
would be turned over to another 
design bureau. By this point. 
OKB-52 had already finished the 
construction of a "life-size" 
model of the R-2 spaceplane with 
a functioning cabin for one cos- Thrs I5 a drawtng of [he R-2 prloted spaceplane as 11 emerged durrng 

monaut. D ~ ~ ~ , ~ ~  the order, by 1964-65 at the Chelomey deslgn bureau The program was  suspend^ 
ed at the Irme, because o/ a combination o/ technical and political 

March 1965. Chelomey had fin- I 
factors (copyright Asr/ Stddiqr) I 

shed the final draft plan for the 
R- l IR-2 models. He apparently 
met with Brezhnev himself on August 3, 1965, to persuade him to sign an agreement with the 
Navy to develop a piloted Raketoplan, but nothing seems to have come out of the meeting. 

There is a second version to the story that suggests that the work on the Raketoplan was 
terminated at the time because of internal reasons. Sergey N. Khrushchev suggests that 
"Chelomey understood that it would be impossible to enter the atmosphere with wings with 
that time's technology." prompting him to put the idea on hold." A senior designer at 
OKB-52. Gerbert A. Yefremov, who would go on to succeed Chelomey, also recalled in an inter- 
view: "Termination (not prohibition from above) of the rocket-plane program in the first half of 
the 1960s was induced by [the] reorientation of [OKB-521 towards developing [the] LK- I one- 
man space vehicle for a flight around the Moon.""' 

The most likely scenario is that Chelomey opted to temporarily suspend the program around 
1965 because of both technical and political difficult~es. The Air Force, still itching for a space- 
plane of its own, ordered OKB-52's research database transferred to another organization. If 
Chelomey would not do it, then they would have someone else do it. This someone else turned 
out to be General Designer Artem I. Mikoyan, head of OKB- 155 and the developer of the famous 
MiG jet fighter aircraft. In 1965, a number of Chelomey's best designers on the Raketoplan pro- 
gram left his design bureau, taking with them the results of their research to join Mikoyan's orga- 
nization.'" It was a strange irony. In 1953, when Stalin had closed down Chelomey's original 
design bureau, much of his research work had also been transferred to Mikoyan. The move to 
Mikoyan in 1965 was the end, at least temporarily, of Chelomey's persistent quest to fly a space- 
plane into orbit. At the same time, it was the beginning of yet another Soviet spaceplane project. 
one named Spiral, which would continue on for more than a decade. 

1 10 M~kharl Rudenko "Space Bullet~n Lunar Attract~on Hlstorrcal Chron~cles" (Engl~sh t~tle). Vozdushnry 
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The LK- I Circumlunar Program 

If, as OKB-52 designer Yefremov claimed, the Raketoplan project was suspended to focus 
resources on the LK-I circumlunar project, then there was good reason to do so. When the 
UR-5001LK- I project had been approved in August 1964, it was Chelomey's first solid entry into 
the piloted space program. Based on the design of the return capsule of NASA's Gemini space- 
craft, the LK-I spacecraft was to carry a single cosmonaut around the Moon by the second 
quarter of 1967-that is, before the f~ftieth anniversary of the Russian Revolution. Wi th  a man- 
date like that, it was probably best to focus the limited resources on the most fruitful projects. 
This program to send humans around the Moon was curiously one of Chelomey's projects that 
survived the scrutiny of the days following Khrushchev's fall. The "investigation commissions" 
probably carried out some level of assessment of the project in late 1964, and it seems that they 
voted in favor of continuing work on the program. 

This was in spite of the fact that Korolev possibly took advantage of the anti-Chelomey 
sentiment in the government to mount a vigorous attack on Chelomey's circumlunar project in 
the waning days of the year. This time, perhaps under pressure from his deputies. Korolev aban- 
doned the highly unwieldy multiple-docking mission profile for the 7K-9K- I I K Soyuz complex. 
Instead, he offered up the N I I booster, which would launch a twenty-ton spacecraft into Earth 
orbit. The payload, comprising a translunar-injection (TLI) stage and a Soyuz spacecraft, would 
then head for the Moon, carrying out a simple circumlunar flight.'I4 For reasons that are unclear. 
the Soviet government was not interested at the time, perhaps unwilling to abruptly change 
directions in a program whose key determinant of success was doing it before the Americans. 
An unconfirmed source states that the Military-Industrial Commiss~on signed a decree on 
October 28. 1964, essent~ally confirming Khrushchev's old plan of dividing up the piloted lunar 
program: Chelomey retained the circumlunar portion and Korolev retained the landing.'" 

Chelomey signed off on the "expertmental design" of the LK- I ship on August 3. 1964. 
the same day that the government passed the decree committing to the piloted lunar pro- 
gram."6 Unlike Korolev, whose proposed 7K-9K- I I K circumlunar effort would use a multitude 
of different spacecraft linking up in orbit. Chelomey completely bypassed the idea of Earth-orbit 
rendezvous as an element of his plan. His UR-SO0 booster was, after all, far more powerful than 
any booster in Korolev's canon. Originally. Chelomey's engineers conceived of a spaceship 
launched on the two-stage UR-500 booster, which would allow a payload of roughly twelve 
tons to be inserted into Earth orbit. This, however, proved to be inadequate to comprise a TLI 
stage as well as the spacecraft proper. Within a few months, boosters were switched in the cir- 
cumlunar project; engineers opted to use a three-stage version of the UR-500, designated the 
UR-5OOK. More payload capacity was added by increasing the length of second-stage tankage 
and introducing slightly modified engines. The new third stage was essentially a shortened ver- 
sion of the second stage. This would allow a payload of almost eighteen tons to be inserted 
into Earth orbit, sufficient for a piloted spacecraft and its TLI stage. On November 1 1 .  1964, 
Chelomey outlined the program of launches for the UR-500K and its lunar LK-I payload.'" 

1 14. V P Mlsh~n. "Why D~dn' t  We Fly to the Moon?" (English title). Znan~ye tekhnike serrya kosrnonauti- 
ka. asironuniiya rlo. I2  (December 1990): 3-43. 
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The payload of the UR-SOOK would consist 
of the following four sections, each for a differ- 
ent part of the mission: 

Blok A-the TLI stage 
Blok B-the ~nstrument-aggregate com- 
partment or service module 
Blok V-the return apparatus, which 
would carry the crew 
Blok G-the launch escape system'" 

Blok A was powered by the R6-1  liquid- Cheiorney's l K - 1  spacecralt w a s  designed In 1964-65 
propellant rocket engine with a thrust of thirteen f0 , ,  circurn~unar ~h~ ship would be 
and a half tons in vacuum." The propellants launched by  a three-stage Proton booster augmented 
were the same as the UR-5OOK booster itself: by the special Blok A translunar-rn~ection stage 

unsymmetrical dimethyl hydrazine and nitrogen (copyrfght Asri Siddiqi) 

tetroxide, The development of the R6- 1 17 
engine was a first for OKB-52: not only did the organization have minimal experience in the 
design of rocket engines, it had never des~gned one for operation In vacuum. In comparison. 
Korolev's OKB- I, with years of experience, was facing severe problems during the same period 
with its own upper stage engine for the N I and other boosters. 

Bloks B and V comprised the LK-I spacecraft itself. Blok B, similar to the Apollo Service 
Module. was a cylindrical compartment carrying power sources, electronic instrumentation. 
engines for mid-course corrections and attitude control, and propellant tanks. Soon after TLI 
and separation of Blok A, the spacecraft would unfurl a set of two solar panels to provide power 
during the remaining portion of the mission. Total wingspan was on the order of about seven 
meters. The panels were not attached to the side of the cylinder, but rather to pylons extend- 
ing rearwards from the base of Blok B. OKB-52 also studied the possibility of using fuel cells 
work~ng on hydrogen and oxygen in the spacecraft, but it IS not clear whether this was adopt- 
ed for the final design. A small high-gain antenna was located at the base of the module for 
communications. Blok V was a simple cone, similar to the Apollo Command Module, which 
was installed on the forward end of the cylindrical "service module." The single cosmonaut 
would spend the entire mission in here. Attitude control engines were installed on the exterior 
for motion control prior to reentry, while the internal space carried a single couch, scientific 
apparatus, communications systems, life support systems, and TV and still cameras for both 
live broadcast and stored film. The conical shape would allow the vehicle to use a better lift- 
drag ratio for a controlled reentry into Earth's atmosphere following the return from the Moon."" 

Finishing up the payload was Blok G ,  which was the launch escape tower. It was the first 
such system installed on a Soviet piloted spacecraft and was powered by solid-propellant 
engines capable of taking the Blok V capsule far away from a malfunctioning launch vehicle. 
The complete LK-I spacecraft was remarkably small for a piloted vehicle earmarked for flight to 
the Moon. Although spacecraft masses have still not been revealed, one Russian space histori- 
an with access to design bureau documentation has stated that: 
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noteworthy in the LK-1 design was the rather small mass and size of the return appa- 
ratus. Gradually optimizing the characteristics of the systems of the spacecraft and the 
launcher, the designers managed to increase the return apparatus' mass and make room 
for another [second] cosmonaut. " I  

The base diameter of the conical return apparatus was on the order of two and three-quarters 
meters, and mass of the entire LK-I spacecraft was probably llmited to about four tons. The 
return apparatus weighed approximately two tons, lighter than even the Vostok crew capsule. 

Engineers at OKB-52 designed the UR-500KILK-I complex with very little margin for error. 
The very low mass of the spacecraft indicates that many systems were probably not backed up. 
even though the dangers of instrument failure were much greater for a circumlunar mission than 
for a simple Earth-orbital flight. The primary constraint on the whole mission was clearly the Ilft- 
Ing power of the UR-SOOK and ~ t s  capacity to insert into Earth orbit a fully fueled TLI stage plus 
a crewed spacecraft. Thus, the success of a mission would have to depend on the perfectly nom- 
inal performance of the UR-500K and the "booster unit," both working at the limits of their 
design levels. Perhaps to compensate. Chelomey planned a long and extensive flight program for 
the project. Thls plan, finalized in late September 1964, called for twelve consecutive launches 
during 1965 through 1967 uslng both the two-stage UR-500 and the three-stage UR-SOOK.".' 

Work on the project was uneven. This was the f~rst serious attempt by Chelomey to devel- 
op life support systems, heat sh~elds, hlgh-thrust rocket engines, highly complex avionics, and 
spacesuits; there is no evidence to suggest that there was any osmosis of information on these 
top~cs from the Korolev organization to the Chelomey design bureau. Chelomey simply had to 
start from scratch. The draft plan for the LK- I spacecraft was finished by July 1965. coinciden- 
tally during the same month that the UR-500 Proton booster was launched on its first flight. " 
The plan apparently "fully fulfilled the requirements" of the orlginal conception of the circum- 
lunar mission. '" 

For Chelomey, his whole claim to the cosmos depended on the UR-500KILK- I piloted cir- 
cumlunar program. The immediate post-Khrushchev era was a time of great difficulty for the 
ambitious general deslgner and his organization. Two of his most coveted instruments for 
entering the Soviet space program. the UR-200 launch vehicle and the Raketoplan program, had 
been canceled or suspended. Thus, after almost five years as the reigning designer in the Soviet 
space program, he had little to show in terms of concrete achievements. A number of Soviet 
histor~ans have argued that this period- 196 1 to 1964-when Chelomey was bestowed unlim- 
ited funds, was a gross miscalculat~on on the part of the Soviet leadership, for ~t primarily 
deprived Korolev of support to successfully carry out his own programs. The N 1 had almost 
died a slow death because of a lack of money, while the 7K-9K- I I K Soyuz program had been 
the subject of innumerable delays. Korolev had been forced to resort to one-off "spectaculars" 
such as the Voskhod mission in 1964 to maintain his apparent emlnence in the space program. 
Georg~y 5. Vetrov, a historian at Korolev's design bureau. has argued: 

I 2  I Afanasyev. "Unknown Spacecraft " 
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The s~tuation with the creation o f  V. N.  Chelomey's OKB was only one example o f  the 
wasting offorces and resources which proved to be disastrous for the realization of[our] 
space program. The organizational context giving exclusive rights to the leading design- 
er was good at the beginning, but eventually proved to be negative. The Chief 
Designers. feeding on their power and authority, started ruling without consulting any- 
body and their orders entirely determined the direction of the w ~ r k . ~ "  

Vetrov's claim has some basis in reality. Because the institutional makings of the Soviet 
piloted space program were steeped so deeply amid the ballistic missile effort, the chief design- 
ers had to resort to personal machinations to sustain programs. Both Chelomey and Korolev 
were thus put in the position of steering space policy. Because Chelomey happened to be the I 
favored designer during this period, his ideas and proposals benefited, to the detriment of 
Korolev. it would be difficult and, in fact, pointless to speculate what would have happened 
had the tables been turned. Ceorgiy N. Pashkov, the influential deputy chairman of the Military- 
lndustr~al Commission said many years later that favoring Chelomey wasted a full five years of 

i 
the Sovlet space pr~gram.~'<helomey's people, of course, had other opinions. Perhaps refer- 
ring to the anti-Chelomey sentiment follow~ng Khrushchev's fall, Chelomey's deputy Yefremov 
recalled: 

I 
When you look back, you're surprised at how often, at the top, unsound decisions were 
made which delayed for many years the realization o f  some of the space developments 
of our collective or completely stopped developments. There's no doubt that had to do 
with the subjectivity and incompetence o f  certain leaders. Our "evil genius" turned out 
to be the Deputy Chairman of the Military-Industrial Commission G. N.  Pashkou." 

Each side had their own views, and unable to redress their grievances in the press, they kept 
their complaints to themselves, bottled up for more than a quarter of a century. Such was the real 
tapestry of the early Soviet space program, hidden behind the glories of Vostok and Voskhod. 

A Walk in Space I 
The Voskhod mission in October 1964 claimed more glories for the Soviets. While most of 

the Western press were understandably more interested in the change in leadership at the 
Kremlin, the general reaction in the West to the Voskhod flight was unprecedented. In the eyes 
of most people, the Soviet Union had again achieved another important milestone in the space 
race while the United States was still attempting to catch up. With little concrete rnformation 
on which to depend, the media were awash with speculation, and as always, the Soviets did 
little to fill the black hole of information. There were no descriptions of the spacecraft, no indi- 
cation that it was merely a modified Vostok, and no hint of its extremely limited capabilities. 
Many In the West simply believed that the Voskhod was a Soviet spacecraft comparable to 
NASA's Apollo vehicle, which was still on the drawing board. 2m At a press conference on 
October 2 1 following the Voskhod mission. Academy of Sciences President Keldysh added to 
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the myth of the Soviet space program by stating: "In the Soviet Union purposeful and system- 
atic work goes on in connection with manned space flights. This is not for effect, but in the 
interests of progress.""' Such a claim was especially galling in the light of this particular flight. 
which had no other purpose than to upstage Gemini. Within OKB-I itself, sentiments may 
have been different. Korolev's First Deputy Mishin recalled twenty-five years later: "The 
[Voskhod] program made no contribution whatsoever to the further development of space 
research. It was simply a waste of time. Sending three people into space together was done 
purely for prestige." '" 

The original decrees in March and Apr~l 1964 in support of Voskhod had specified five 
launches, two of which would be piloted; the first was scheduled for August and the second for 
November. Specific mission goals for the second mission were formulated from the hodgepodge 
of Air Force and OKB- I proposals for "extended Vostok" missions over the previous two years. 
From about March 1964, it was clear to Korolev that the second Voskhod mission would include 
a "spacewalk" by one of the crewmembers.'" These plans seem to have partly stemmed from 
earlier Air Force and OKB- I suggestions to conduct extravehicular activity (EVA) with a dog on 
one of the later Vostok missions. Certainly, most of the motivations were external-that is. 
NASA's publicly announced plans to carry out EVA during the Gemini program. Once agaln, it 
was unacceptable for Korolev to lose the edge over the Americans. In fact, during early planning. 
Air Force General Staff Deputy I t .  General Kamanin had proposed sending a single cosmonaut 
into orbit as a test of the EVA-equipped sh~p. Korolev outr~ght rejected this approach: 

He was troubled not by technical considerations, but by purely political consideratlons- 
a one day test flight with one cosmonaut would not represent a new triumph in space. 
In the opinion of many, each manned spaceflight should be a new, major advance. " 

Korolev called the EVA project Vykhod ("Exit"), a term originally used in 1963 studies at OKB- I 
to describe spacewalks. 

The delays in the first Voskhod mission obviously pushed the Vykhod mission beyond the 
original November deadline, but it seems that Korolev had been insistent that the flight be car- 
ried out prior to the end of the year. In a diary entry from early September 1964. Kamanin wrote: 

. . . Koroleu is pestering all his associates, and assuring them that before the year is out. 
he will launch the Vykhod-a modification of the Voskhod adapted for an EVA by a 
cosmonaut. As always, Korolev is in a hurry: He prefers a cavalry charge to well- 
conceiued and methodically prepared offensiues on the "space fortress. " '"  

One of the reasons for Korolev's haste may have been political: he had apparently made a 
promise to Khrushchev that he would launch the Vykhod in November in time for the anniver- 
sary of the Great October Revolution. With Khrushchev out of power, the deadline no longer 
seemed as important, and by the time that the three Voskhod cosmonauts landed in October. 
the Vykhod mission was tentatively planned for early 1965. 
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The goal for engineers was of a similar scale to the first Voskhod: to modify a Vostok 
spacecraft ~n such a manner as to carry a crew of two cosmonauts, of whom one would con- 
duct a spacewalk. The Vykhod team was headed by OKB-I Deputy Chief Designer Pavel V. 
Tsybin, a veteran of a number of aerospace projects, including the infamous PKA piloted 
spaceplane, which was abandoned in the late 1950s. Tsybin's team never seriously considered 
the Gemini approach of depressurizing the entire spaceship during an EVA, evidently because 
of the less-than-stellar performance characteristics of the life support system. In addition, even 
if the spacecraft could be depressurized, the Internal instrumentation in the ship would not 
function, because it had not been designed for operation in vacuum. Instead. Tsybin's engi- 
neers drew up a plan for the design and installation of an airlock on the side of the basic vehi- 
cle. Both cosmonauts would wear fully operational pressure suits throughout the mission. One 
of the three Elbrus couches from the three-person Voskhod vehicle was eliminated, allowing 
fully suited cosmonauts to fit into the small internal volume of the ship. Prior to the space- 
walk, the pilot would crawl into the airlock, shut the hatch behind him, pressurize the airlock. 
open an outer hatch, and then step out into space. Given the limited mass and volume capa- 
bilities of the I IA57 launch vehlcle, a large rlgid airlock was out of the question. Consequently. 
an engineer at OKB- I, S. I. Aleksandrov, proposed the use of an inflatable cylindrical a~rlock- 
one that could be packed at launch on the ship's hatch and then unfurled to full length In 
flight. Korolev signed the draft plan for the "new" spaceship, designated product 3KD, some- 
time in late 1964." 

The principal modifications to the 3KD as compared with the 3KV were the installat~on of: 

The Volga airlock on hatch no. 3 on the descent apparatus 
Two Elbrus couches modified for spacesuited cosmonauts 
Air condit~oning and life support systems for the cosmonauts' spacesuits 
An autonomous life support system in a backpack for the EVA cosmonaut 
An emergency oxygen-ventilation system for the cosmonauts during landlng In case the 
spacecraft life support failed 
Automatic systems for the operation of the airlock, spacesuit llfe support, and the two 
hatches 
Speclal valves for equalizing pressure between the airlock and the descent apparatus capa- 
ble of belng operated both automatically and manually 
A control panel for manually operating the airlock and hatches 
Supplementary bottles of air for both the EVA spacesuit and the descent apparatus, which 
would be installed on the exterior of the Instrument compartment"> 

In all other respects, the Vykhod was exactly llke the first Voskhod. The mass of the "new" 
veh~cle was approximately 5,685 kilograms. A nom~nal miss~on would last a single day. 

Plant No. 918 located at Tomilino built the Volga airlock, although OKB- I engineers 
designed it. This was the same organization that had designed the SK- I suits and ejection seats 
for the earlier Vostok spacecraft. In January 1964, thirty-seven-year-old Gay I. Severin, an aero- 
nautical englneer and former glider pilot, was appointed chief deslgner and director of the plant. 
More than any other individual, Sever~n was personally responsible for the design of the Volga 
as well as the EVA suit. When work on the project began In June 1964. Korolev told h ~ s  senior 
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This d~agrarn shows the EVA-equipped Voskhod spacecraft. (copyrrght D R Woods) 

designer responsible for the Vykhod. "From now on there is another commander aside from me 
at our enterprise, and that's Severin. You should carry out his orders faster than mine.""" 

Severin's airlock was an ingenious creation. In a packed state, the Volga had a length of 
seven-tenths meter, extending to two and a half meters in ~ t s  operational position. Each end of the 
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cylinder was terminated by a rigid ring with a hatch with an external diameter of 1.2 meters. The 
internal diameter was one meter, while the diameter of the hatchway was only 0.65 meter, an 
extremely tight fit for a completely suited cosmonaut with a backpack. The complete alrlock sys- 
tem had a mass of 250 kilograms. In typical Soviet fashion, the equipment was a sturdy techno- 
logical marvel. An engineer recalls the first time Korolev visited Plant No. 9 18 to see the airlock: 

"Gay llich [Severin]. " Sergey Pavlovich addressed the director o f  the enterprise where 
various aggregates for the spacecraft were being developed, "demonstrate to us the 
durability of your airlock chamber " Gay Ilich, a tall, stately, athletic looking man who 
was still young, easily jumped up and hung on one end of the cylinder. . . . Sergey 
Pavlouich smiled coyly. He was happy with the technical design. "' 

The airlock itself was made of a double-walled pressurized material made from rubber. The 
space between the layers was divided along its longitudinal axis into forty full-length partitions. 
which would be pressurized to extend the airlock to its full length, not unlike an inflatable 
water raft. The partitions were divided into three independent sections: two were enough to 
ensure that the airlock would unfurl to its operational state. An extra layer of thermal insula- 
tion covered the entire airlock. Four tanks at the base of the Volga carried pressurized air. One 
each were for the forty partitions and to pressurize the airlock after the EVA (which would take 
seven minutes), while the rema~ning two were emergency supply for the spacewalking cosmo- 
naut. There were four cameras placed at various points to record the egress of the EVA pilot. 
Two sixteen-millimeter movie cameras were installed within the airlock, and a third sixteen- 
millimeter camera was on a boom outward from the airlock to record the spacewalk. A fourth 
TV camera, a Topaz developed by Leningrad-based Nll-380. would provide live pictures to both 
ground control and the crew commander (the cosmonaut who would remain behind in the 
spaceship). Engineers designed the entire system such that the commander could carry each 
operation out both automat~cally or by manual control. In addition, there was a small control 
panel installed within the a~rlock itself to allow the EVA cosmonaut to control hatch openings, 
and so forth, In the case of an emergency. '" 

The Berkut ("Golden Eagle") spacesuit, also des~gned under Severin's leadership, was the 
first Soviet spacesu~t created for EVA operations. It consisted of two primary "pressurized mem- 
branes" that allowed minimal mobility in an airtight state. There were two settings for pressure. 
one at 0.35 to 0.4 atmosphere (normal) and one at 0.2 to 0.27 atmosphere (for increased 
mobility during emergencies). The helmet had two pressurized visors and a filter for the Sun's 
rays. The Berkut also included a self-contained backpack, which contained a ventilation system 
as well as three two-liter tanks at 220 atmospheres pressure. Air was pumped into the helmet 
at a rate of twenty liters per minute from where it passed to the rest of the suit through a pres- 
sure regulator. A five-meter cord would connect the cosmonaut to the shlp during the EVA. 
The total mass of the suit and backpack was forty-five kilograms (twenty plus twenty-five kilo- 
grams, respectively). The maximum time in an "open" exposed state would be limited to only 
ten to f~fteen minutes during the mission. The self-contained backpack was designed to pro- 
vide life support for a maximum of forty-five minutes, while the emergency tank on the outside 
of the airlock could provide eighty additional minutes of air. OKB- I and Plant No. 9 18, how- 
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ever, formulated mission plans to be as conservative as possible. A nominal EVA would last 
only ten to fifteen minutes, sufficient to achieve the main objective of the flight."' 

In late 1964, Korolev and his engineers drew up a detailed test program leading to the actu- 
al EVA mission. The five-step program included testing the 3KD at plants, training and testing 
in conditions approximating microgravity in a Tu- I04 aircraft, vacuum testing in the TDK-60 
barometric chamber, the launch of an automated version of the 3KD into orbit, and finally the 
piloted flight. The first simulator for the Vykhod spacecraft, the TDK-3TD, arrived at the 
cosmonaut Training Center in November 1 964.I4Vour of the remaining 1960 batch of cosmo- 
nauts who had yet to fly a mission-Belyayev. Khrunov, Leonov, and Gorbatko-were grouped 
together by July 1964 to begin training for the challenging mission. Belyayev and Gorbatko 
trained for the commander's seat, while Khrunov and Leonov prepared themselves for the EVA 
position. 

From the beginning, the t ra~n~ng for the Vykhod mission was without doubt the most 
demanding of all~the Soviet piloted flights to date. As part of a general calisthenics regimen. 
Leonov, the informal favorite to carry out the spacewalk, cycled about a thousand k~lometers in 
less than a year, carried out more than 150 EVA training sessions, and jumped by parachute 
1 17 times. Weightlessness simulations were carried out in a specially equipped Tu- 104 aircraft. 
which flew parabolic arcs to simulate microgravity for about thirty seconds at a time. A com- 
plete replica of the 3KD spacecraft was installed in the airplane for the cosmonauts to rehearse 
each aspect of the EVA, including rigorous operation of the airlock. Vacuum tests with full 
spacesuit garb were also conducted in the ground-based TBK-60 barometric chamber, which 
simulated high-altitude pressure and atmospheric conditions. The cosmonauts were 
"launched" to altitudes of five, ten, and thirty-two to thirty-six kilometers to carry out their 
flight program. In addition, physicians were evidently unsure of the possible psychological state 
of a spacewalking cosmonaut and subjected Leonov to a month-long isolation chamber test 
when he was completely cut off from the rest of the world, Immediately after the end of his 
session, he was taken directly to a MiG-I 5, whose pilot performed several complicated flight 
maneuvers. The flight ended with Leonov ejecting out and landing safely by parachute as a test 
of his reflexes after an extended period of isolation.141 

The State Commission for the flight, by then renamed Voskhod 2, met for the first time on 
January 13, 1965, under the chairmanship of Maj. General Tyulin. Engineers reported that two 
Voskhod vehicles and their associated launch vehicles were essentially ready for launch. Final 
testing would be completed on February 15. The launch of the robot variant was set for late 
January or early February, while the crewed mission was set for March.I4' By this point, the best 
candidates for the primary crew were Belyayev and Leonov. The thirty-nine-year-old Pave1 
Belyayev had been the oldest candidate selected among the "Gagarin group" of 1960. He had 
graduated from the Yeisk Higher Air Force School in 1945 and flew combat missions against 
the Japanese during the final days of World War II. Later, in 1959, he graduated from the 
famous Red Banner Air Force Academy, and thus he was only one of two cosmonauts in the 
1960 class who had a higher education. Belyayev might have flown earlier into space had it not 
been for a severe ankle injury sustained in August 196 1 during a parachute jump, which left 
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him out of the loop for a whole year. His co-pilot on the flight was thirty-year-old Aleksey 
Leonov, one of the most colorful characters on the team. Born in Siberia, he graduated from 
the Chuguyev Higher Air Force School in the Ukraine in 1957 before serving as a jet pilot in 
East Germany. Certainly one of the most well-trained candidates on the team, he also had a 
passion for painting. The future author of many art books, in the early 1960s, he was the edi- 
tor of a sat~ric cosmonaut newsletter called Neptun ("Neptune"). Leonov also had the distinc- 
t ~ o n  of being the first person whose name was uttered in space, during his shift as capcom for 
Gagarln's historic flight.I4' 

Belyayev and Leonov, along with their backups Zaykin (who had replaced Corbatko) and 
Khrunov, continued to train intensively for the mission throughout February, carrying out runs 
in both the Tu- 104 and the TKB-60. By February 19, the State Commission had decided on a 
specific timetable for the two missions: the automated one would be launched on February 2 1 
or 2 2 ,  while the plloted flight was set for March 4 or 5. In addition to these two missions, three 
small satellites in the Kosmos series were set aside for launch prior to the piloted launch to 
ensure that radiation levels were safe for an EVA. The orbital parameters of Voskhod 2 were 
~ntended to be 180 by 500 kilometers, far higher than any previous piloted flight. The EVA itself 
would be carried out immediately after orbital insertion. at the end of the first orbit or at the 
beginning of the second one. In the case of abnormalities in the spaceship, the crew could elect 
to carry out the spacewalk on any orbit from the second to the sixth, ensuring that the vehicle 
would be over Soviet territory during the critical event.'.' 

Throughout the preparations for the EVA miss~on, engineers were acutely conscious of yet 
another race with the United States. By February, the race began to have deleterious effects on 
the 3KD program. Chief Designer Sever~n recalled that "the Americans planned to do their EVA 
~n three months and had announced it beforehand. So we felt very rushed. We were hurrying 
and were nervous. . . . " $ '  In this climate, the first 3KD spacecraft was launched successfully 
into orbit at 1030 hours Moscow Time on February 22 ,  1965. ln~tial orbital parameters were 
175 by 5 12 kilometers at a 64.77-degree rnclination to the equator As was usual, the Soviet 
press d ~ d  not attribute the satellite any particular mission, merely naming it Kosmos-57. The 
fully equipped spacecraft was to simulate all the necessary airlock operations: checking the air- 
lock, inflating the airlock. transferring air from the descent apparatus to the airlock depressur- 
ization of the airlock, turning on the air supply from oxygen bottles to a spacesuit, opening and 
closing the outer hatch, repressurizing the airlock, and finally ejecting the airlock assembly on 
the sixteenth orbit.I4' Despite Lt. General Kamanin's reservation that "we were most doubtful 
that the airlock would function reliably." all the preliminary operations, save for the ejection. 
were carried out without anomalies. Satisfied that the mission was going smoothly. Kamanin 
left the control center in Moscow. When he returned about five hours after launch, he greeted 
Korolev with "Good evening!" Korolev dryly replied. "No. N~kolay Petrovich, the evening. it 
seems. is not good. It looks like the craft has blown up. . . . ' ' I q 7  

Kosmos-57 had evidently exploded into approximately 180 pieces. A cursory inspection by 
engineers revealed that for unknown reasons, the reentry cycle of the satellite had been spuri- 
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ously activated. The retrorocket englne had been fired, but being in the wrong attitude, the 
satellite had entered an incorrect orbit after engine cutoff. As per programming, the spacecraft's 
automatic self-destruct system had activated upon entering the incorrect orbit. The cause for 
the command to reenter rema~ned a mystery until further examination of telemetry. On 
February 25. Chief Designer Armen S. Mnatsakanyan of Nll-648. responsible for telemetry 
instrumentat~on, and Colonel Amos A. Bolshoy, the head of the Chief Operations and Control 
Croup for the Voskhod missions, presented reports on the analysis of the data. The findings 
pointed to ground control error. As per original planning, the controller at one of the ground 
stations. Measurement Point No. 6 (IP-6) at Yelizovo in Kamchatka, sent a message, command 
no. 42, to transfer air to the airlock. By an amazing coincidence and contrary to orders, a con- 
troller at the backup station, IP-7 at Klyuchi in Ussuriysk, sent the same coded command at the 
exact same moment. The two commands were received simultaneously, thus becoming a new 
command, no. 5-that is, the command to descend." Thus the spacecraft was exonerated of 
any fault. 

The Kosmos-57 spacecraft had accomplished most, but not all, of the tasks necessary to 
instill faith in a piloted mission. Because the robotic precursor had exploded, there had been 
no test of the airlock release, nor a test of a full reentry of the descent apparatus with the large 
airlock ring attached to the side of the capsule. The ground tests for these aspects of the mis- 
sion were beset by failures. When a test version of the descent apparatus was air-dropped from 
a plane at Feodosiya, the parachute system failed, smashing the capsule into pieces. Another 
airlock, one built for the flight, was destroyed on January 13, when it was accidentally dropped 
during mating with the flight version of the 3KD. The spate of failures seriously unnerved all 
personnel. Severin recalls, "The situation was really grave. Almost the entire testing program 
had been disrupted. Only part of it was completed in the unmanned flight. . . .""" There was 
even talk of postponing the fl~ght until better results were obtained on the ground. The com- 
petition w ~ t h  Gem~ni reached such a state that Soviet security personnel arrived at Tyura-Tam. 
Severin recalls: 

The Chairman of the KGB [V Ye. Semichastnyy] appeared unexpectedly at Baykonur 
[on February 201. He arrived at the testing area and came up to us at the engineering 
site, where we were preparing the airlock. . . . It's possible that the KGB thought that all 
of our accidents were the result of imperialist intrigue. I don't know. But they established 
strict monitoring, which made us uery nervous."" 

The reliability of landing a capsule with the large airlock ring installed was still an issue of 
great concern because Kosmos-57 had never had the opportunity to land. The ring apparently 
induced sharp rotations as high as one revolution per second around the main axis of the reen- 
try capsule durtng descent by parachute. By late February. Korolev, Pilyugin, and Ryazanskiy 
proposed a new revised testing program that would include more ground tests as well as in- 
f l~ght testing of the airlock ring. The chief destgners received permission from the State 
Commission to equip a Zenit-4 reconnaissance satellite with the suspect ring. A safe landing 
by the military satellite would clear the way for a piloted launch. On March 7, a Zenit-4 was 
launched into orbit as Kosmos-59. The descent apparatus successfully landed on March 15, 
about 170 kilometers south of Kustanay in Kazakhstan. Although the on-board data recorder 
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failed to record the rotations of the capsule during landing, indirect evidence suggested that the 
descent apparatus was subjected to only a forty- to 100-degree-per-second rotation-within 
the acceptable limits for a crew.'" The success was a much-needed boost to the morale of the 
engineers. Korolev wrote to his wife on March 8: 

W e  are trying to accomplish all our work without hurry. Our chief motto is "the safety 
of the crew comes first." God grant us the strength and the wisdom to always live up 
to this motto and to never experience its opposite. I personally always believe and hope 
for the best outcome even though all my efforts. my mind, and my experiences are 
directed towards trying to foresee and outguess the worst that can happen-an omi- 
nous presence that stalks us every step into the unknown." 

The mission of Kosmos-59 seems to have finally cleared the way for thls "new step into the 
unknown." then scheduled for the third week of March 1965. 

Under Tyulin's direction, the State Commission held a meeting at srte 2 at Tyura-Tam on 
March 9 to discuss the composition of the crew who had arrived at the launch site the same 
day. Despite some reservations about Belyayev's health and his possible replacement by 
Khrunov, al l  unanimously approved Belyayev and Leonov as the primary crew. Khrunov would 
serve as the only backup cosmonaut, ready to take over from either of the primary members. 
as he had been trained for both positions."' Korolev met with the cosmonauts on March 13, 
saying: " I  want to caution you once more that the most important thing in your flight is to 
return to Earth healthy. We do not need thoughtless  heroic^."'^ The primary and backup crews 
and the flight program were formally approved at a State Commission meeting on March 16. 
The launch was set for either March 18 or 19, less than a week before the first piloted Gemini 
mtssion. Gemin~ Ill. 

Korolev was beset by poor health throughout the last few weeks leading up to the launch. 
At one point, he had had to spend some time under medical attention because of a pulmonary 
inflammation. Nothing, of course, deterred him from his work, and looking tired and gaunt, he 
showed up for the launch on the morning of March 18. It was a cold and snowy day at Tyura- 
Tam. Belyayev and Leonov arrived at the launch, the former "as always, completely unper- 
turbed" and the latter "visibly excited."" Korolev. Gagarin. Kamanin and others were there to 
see the cosmonauts off. In a farewell message, Korolev told Leonov, " I  won't give you a lot of 
advice and ask a lot of you Lyesha, just don't outsmart yourself. I only ask you one thlng: just 
exit the ship and come back ~ n ,  keeping in mind all the Russian sayings that have helped a 
Russ~an man during difficult times. May you have a fair solar wind." "' 

The Voskhod 2 spacecraft, vehicle 3KD no. 4 ,  was launched successfully at 1000 hours 
Moscow Time on March 18. 1965. On board were Colonel Pavel I Belyayev, thirty-nine. and 
Lt Colonel Aleksey A. Leonov, thirty. As with the earlier Voskhod mission, the tension durlng 
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the first few seconds was without measure. There were appar- 
ently numerous alarms during the ascent. Korolev, a non- 
smoker, lit up a cigarette once the spacecraft reached orbital 
velocity at Tt530 seconds. Initial orbital parameters were 173 
by 498 kilometers at a sixty-five-degree inclinat~on. The two 
cosmonauts began preparations for the EVA as soon as they 
reached orbit. First, Belyayev expanded the Volga airlock to its 
full length. Then Leonov, aided by Belyayev, strapped on his 
life support backpack within the cramped capsule, making 
sure that all systems were operational. Once the pressure 
between the airlock and the ship was equalized, Belyayev 
flipped a switch to open the inner hatch. Leonov crawled head 
first into the airlock and hooked himself up to the 5.35-meter- 
long tether. After all the tests proved satisfactory. Belyayev 
commanded the first hatch shut and depressurized the air- 
lock. Through all this strenuous activity. Belyayev kept up a 
constant stream of conversation, cautioning his crewmate, 
"Take it easy. Aleksey. . . . Be patient. Take it easy. . . . " ' "  

Belyayev opened the external hatch by remote control 
just an hour and a half after liftoff, at 1 132 hours. 54 seconds 
Moscow Time on March 18. Leonov was evidently impatient. 
eager to leave the airlock, and Belyayev had to order his pilot 
to stick to the preset program. Within two m~nutes, at 1134 
hours. 5 1 seconds, Leonov emerged from the airlock, thus 
becoming the first human to walk in space. At first, he mere- 
ly poked h ~ s  head out, but then gradually pushed out h ~ s  
entire body. The Sun was evidently very bright, almost blind- 
ing, forcing the cosmonaut to squint as he held on to the 
outer rim of the spaceship. His first words upon entering free 
space were: " I  can see the Caucasus."""~ Voskhod 2 was 
flying over the Black Sea, Leonov stayed with his EVA program 
and removed the cover from the camera on a boom outside 
the spacecraft."Voying with the cap, he eventually let it go. 
watching it fly into its own orbit. He removed one hand, then 
the other, and let go of the ship, floating out into space at 
28.000 kilometers per hour over the surface of Earth. He 
recalled later: 

It was an extraordinary sensation. I had never felt quite These three stills are from the exter- 
like it before. I was free above the planet Earth and I naf movie camera on ~ o s k h o d  2. 
saw it-saw it was rotating majestically below me. which recorded Aleksey leonov's 

Suddenly in the silence. I heard the words "Attention! historrc spacewalk in March 1965 

Attention! Man has entered open space. "IK' (files of As11 Siddiqr) 
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The Topaz TV camera mounted on the inflatable airlock transmitted live pictures of 
Leonov's movements, not only to Belyayev but also to ground control. Leonov apparently had 
a still photo camera attached to his spacesuit, and during his short jaunt into open space, he 
tried several times to depress the shutter to take pictures of the exterior of the spaceship but 
was unable to do so. After about ten minutes, by which point he was over the Pacific. Leonov 
began preparations for reentering the airlock. First, he removed the movie camera from the 
boom, but evidently he had great difficulty in placing it in the airlock. In returning to the air- 
lock. Leonov was to enter feet first, thus allowing him to slip back into his seat from the other 
side of the airlock. The internal diameter of the airlock was not designed for a somersaulting 
cosmonaut. But after twelve minutes and nine seconds in open space. Leonov found himself 
in a difficult situation: 

Near the end of m y  walk I realrzed that m y  feet had pulled out of m y  shoes and m y  
hands had pulled away  from m y  gloves My entrre suit stretched so much that my hands 
and feet appeared to shrrnk I was  unable to control them It was  as rf I had never trred 
the surt on even once ! 

i 

With little control over his limbs, he had trouble entering the airlock: 1 
I couldn't get back in straightaway. My space suit had ballooned out and the pressure 
was quite considerable. 1 was  tired and couldn't go in feet first as I had been taught to 
do. But using a valve .  . . I decreased the pressure to just under 0.27 atmospheres. Then 
I felt freer and I could move about more easily. Then I pushed myself rnto the airlock 
head first, with my arms holding the rails. I had to turn myself upside down in the air 
lock in order to enter the ship feet first and this was very difficult.'": 

Leonov's pulse was racing as h~gh as 143 beats per minute, his breathing rate was twice 
normal levels, and his body temperature was up to thirty-eight degrees Centigrade. He was 
drenched in sweat and in serious danger of fatigue." An exhausted Leonov finally closed the 
outer hatch. pressurized the airlock, and opened his helmet in violation of instructions. After a 
short rest, he opened the inner hatch and slipped back into the descent apparatus. The outer 
hatch was closed at 1 15 1 hours. 54 seconds, giving a total depressurized time of only twenty- 
three minutes and forty-one seconds. 

Soviet leaders back in the Kremlin followed the EVA closely. It was the first big spaceflrght 
of the new Brezhnev-Kosygin leadership. and as such, it was almost surely considered an 
important benchmark for future space programs. An operator from the main flight control ten- 

ter of the Strategic Missile Forces was driven twice to the Kremlin to explain the details of the 
EVA, which was piped in live on TV. Brezhnev. Kosygin. Mikoyan. Ustinov. and other mem- 
bers sat and watched the proceedings attentively. Brezhnev later recorded a congratulatory 
message for the two  cosmonaut^.^^ 
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Having completed the primary task of the flight, the crew cast off the concertina-shaped 
airlock and settled down to a one-day mission, not unlike that of the first Voskhod. The ejec- 
tion of the airlock seems to have imparted a twenty-degree-per-second rotation rate to the 
spacecraft, several times greater than the nominal rate. The State Commission, after consulting 
with the crew, decided to rectify the rotation only prior to landing, possibly to conserve atti- 
tude control propellant. There was another problem: the EVA exit hatch on the shlp had not 
been shut tight completely, causing an automatic mechanism on the spacecraft to overcom- 
pensate for the incremental drop in air pressure. Instead, the life support system filled the inte- 
rior of the ship with oxygen, which reached levels as high as 45 percent. The danger was 
obvious: a tiny spark could set off a fire and explosion within the ship. The two men spent 
much effort trying to lower the oxygen content during the remainder of their mission, appar- 
ently managing to bring it down to manageable levels before the planned reentry. In terms of 
science, there were some minor experiments related to color perception in microgravity. The 
crew apparently also carried out some movie and still photography. The usual complement of 
biological samples was also carried aboard.Ib5 

The problems with the mission continued to accumulate as reentry approached. By the 
thirteenth orbit, pressure in the cabin pressurization tanks had dropped from seventy-five to 
twenty-five atmospheres, raising the threat of a complete decompression of the spacecraft. 
After careful analysis. Chief Designer Grigoriy I. Voronin, responsible for the life support sys- 
tems. "firmly stated that the pressure in the craft's cabin could not fall below 500 millimeters, 
in which case there would be more than enough oxygen for three hoursH-that is, until land- 
ing on the seventeenth orbit. Belyayev reported on the fourteenth orbit that the pressure had 
indeed stabillzed at twenty-five atmospheres, although it seems that oxygen content was st111 
sufficiently high to have made the last few hours nerve-racking for both ground controllers and 
the crew. Every mlnute was an agony as the specter of cosmonaut Bondarenko's death in a 
pressure chamber four years before passed through everybody's minds.Ibb 

On the seventeenth orbit, the controllers, along with Korolev, Keldysh, Tyulin, and 
Gagarin, waited expectantly for word that the reentry burn had occurred on time. After some 
tense minutes, Belyayev calmly reported. "Negative automatic retrofirew-meaning that the 
retrorocket engine had not engaged!' Within seconds, the controllers conjectured that the 
solar attltude control sensor had malfunctioned: a circuit to prevent retro-engine ignition in 
such cases had operated as planned. As the tension in the control room began to rise. there 
was a brief flurry of conversation among the leading members of the State Commission. The 
question was: What should we do now? An engineer at the control room recalled: 

No one understood what the problem was. There were many guesses, frantic propos- 
als-everyone had clearly begun to get nervous. . . . Koroleu took superu~sion into his 
own hands. He established silence and asked everyone to sit down. Then he calmly lis- 
tened to the work supervisor in charge o f  the control system. He asked him to tell him 
the possible causes and to give a suggestion for further ac t~on ."~  

165 These Included human lung cancer cells. frog ova and sperm. drosophila melanogaster Insects,  trades^ 
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After a short conference. Korolev proposed that Belyayev use the manual system of orien- 
tation for reentry. OKB-I Deputy Chief Designer Yevgeniy V. Shabarov, responsible for flight 
testing. and control systems engineer Boris V. Raushenbakh began a frantic race to gather the 
necessary data to transmit to the crew to carry out manual reentry. Once the data were found, 
the numbered code was written on a piece of paper and signed by each of the engineers. The 
paper was then handed to Gagarin who, under Korolev's direct orders, transmitted the infor- 
mation to Belyayev." Ballistics computations showed that the landing could be achieved on 
the eighteenth. twenty-second, or twenty-third orbit. In all cases, the landing area would be 
well north of the nominal site. 

The exercise in simply orienting the spacecraft into its correct attitude using the Vzor opti- 
cal device became an ordeal in itself, exacerbated by the fact that both men were clad in bulky 
spacesuits. In the cramped quarters of the ship, Belyayev had to place himself horizontally 
across both seats of the capsule, while Leonov remained out of the way under his seat. At the 
same time. Leonov manually held Belyayev in place so as to keep Belyayev in front of the ori- 
entation porthole. That way. Belyayev could use both his hands to orient the ship to Earth's 
terminator using hand controls. Having completed this task, both men quickly returned to their 
seats to reestablish the ship's center of gravity before firing the deorbit engine. It took the two 
men a whole forty-six seconds to get back into their original positions before Belyayev hit the 
engine fire button. This forty-six-second delay caused a serious overshoot of their or~ginal tar- 
geted landing point."Wther reliable accounts suggest that only Belyayev managed to get back 
into his seat by the time of engine ignition. Leonov was evidently still out of his seat, thus dis- 
placing the ship's center of gravity, raising the specter of a wildly spinning capsule reentering 
the atmosphere. In an amazing stroke of luck, the ship did not spin out of control, probably 
saving the lives of the cosmonauts. 

The ordeal did not end there. As in several previous Vostok missions, the instrument com- 
partment failed to separate from the descent apparatus: the two modules remained connected 
to each other loosely with steel straps. The unsteady mass of the two rocking modules linked 
to each other did not produce the required lift for a nominal ballistic trajectory. Instead, the cap- 
sules headed on a steep trajectory with severe loads on their bodies. The gravitational force 
burst blood vessels in both men's eyes as the load reached ten g's. Each man felt as if they 
weighed about 700 kilograms for a few seconds."' 

Control centers at both Tyura-Tam and Moscow received word that the capsule had land- 
ed, but for an agonizing four hours, there was no communication on the health of the crew. 
One thing was clear: the ship had landed way off course in the dense forests of the Russian 
tayga. One of Korolev's greatest fears was that if the capsule landed in a densely forested area. 
the soft-landing sensor at the base of the descent apparatus would "think" that the ship was 
near ground if it hit a tree branch high up in the air. With such a premature firing, the capsule 
would hit the ground with a thunderous impact, seriously injuring the crew. Fortunately, one 
of the pilots in a search helicopter reported: 

On the forest road between the villages o f  Sorokouaya and Shchuchino, about 30 kilo- 
meters southwest of the town of Berezniki. I see the red parachute and the two cosmo- 
nauts. There is deep snow all around. . . . The craft touched down in dense woods, far 
from any population center. "' 
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" T H E R E  A R E  M O R E  T HI N G S  I N  H E A V E N  A N D  E A R T H . . . "  

The mission had ended with touchdown at 1202 hours Moscow Time on March 19. 1965. 
after a one-day, two-hour, two-minute mission. The ship had landed 386 kilometers from the 
designated target area, about 180 kilometers northwest of the town of Perm. The area in which 
they landed was so densely packed with trees that it was impossible for helicopters to land. 
Instead, thermal flight clothing was dropped from one helicopter while another landed five kilo- 
meters away. The area was completely covered with snow, and the temperature was minus five 
degrees Centigrade. The cosmonauts themselves had no clue where they were, being sur- 
rounded by dense forests and snow two meters deep at places. When Leonov asked how soon 
rescuers would pick them up, Belyayev joked. "Maybe in three months, they'll p~ck us up with 
dog sleds.""' A helicopter found a place to land about five kilometers from the landing point. 
and a search team set off on foot to find the capsule. Another team in two vehicles from the 
Air Defense Forces was meanwhile attempting to reach the crew on land. Both parties were 
unable to find the spaceship before nightfall and had to cut short their searches. Fortunately 
for Belyayev and Leonov, a helicopter had dropped thermal clothing for the cosmonauts earlier 
during the day 

The men spent an extremely frigid and uncomfortable night in the woods. In the morning. 
a helicopter once again flew over the landing site and reported that two people, both wearing 
flight clothing. were spotted near the landing site, one chopping wood and the other arrang- 
ing branches to start a fire. At 0730 hours, a group headed by a Colonel Sibiryak of the Air 
Defense Forces disembarked from an Mi-4 helicopter with the objective of reaching the crew on 
skis. It took the group three hours to cover the one and a half kilometers to the descent appa- 
ratus, finally arriving around 1030 hours. The cosmonauts were reported to be in good condi- 
tion with no injuries. A twist was added to the whole rescue operation by the insistence of 
Soviet Air Forces Commander-in-Chief Marshal Vershinin that the crew only be evacuated by 
motorcycle, or if that was not possible, then by helicopter, but only if it landed near the cap- 
sule. Despite fierce objections from both Korolev and Kamanin, who advocated simply hoist- 
ing the cosmonauts onto hovering helicopters, the cosmonauts were forced to spend an 
additional night in uncomfortable conditions. Even Korolev's attempts at convincing the Soviet 
leadership were in vain; Vershinin had told Brezhnev that hoisting them to a height of five to 
six meters might be dangerous. The irony was that they were only three or four hours away 
from Tyura-Tam.IT4 

The second night was more comfortable, as the cosmonauts had additional food, cloth- 
ing, and tents. Finally, at around 1000 hours on March 2 1 .  Belyayev and Leonov arrived at Perm 
airport in an Mi-6 helicopter on their way to Tyura-Tam. At the launch range, all the leading 
personalities involved with the flight, including Korolev, Keldysh. Tyulin. Rudenko, Pilyugin, 
Barmin. Kerimov, and Kamanin, had gathered to greet the crew on their arrival. There was a 
mixture of euphoria and relief in the air as the months of grueling work had finally paid off in 
yet another spectacular advance for the Soviet space program. Korolev raised a toast to the 
future: "Friends! Before us is the Moon. Let us all work together with the great goal of con- 
quering the Moon. Do you remember how our collective worked in such a friendly manner?"" 
This evidently elicited a quiet but sarcastic comment from Chief Designer Barmin, who mut- 
tered, "We worked in a friendly manner when we were all leaders. . . . Now there's one head 
theoretician [referring to Keldysh] and one head designer. . . .""" 
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The cosmonauts finally arrived at Tyura-Tam at 1730 hours, both in good moods. On the 
morning of March 22. Belyayev and Leonov briefed the State Commission on their mission. 
They were then flown to Moscow for a massive government reception in Moscow held the fol- 
lowing evening. The requisite postflight press conference became the subject of much dispute, 
when Kamanin insisted that the truth be told about the cosmonauts' daring landing ordeal. As 
was typical, the more conservative Academy of Sciences President Keldysh was adamantly 
opposed, demanding that Belyayev write in his report to the press that the spacecraft landed 
at the precisely designated site, but had spent two days "resting" at the landing area. Kamanin 
was supported in his crusade by Korolev, but it seems that the latter's entreaties to Keldysh and 
Smirnov did not make a difference. The press conference on March 26 at the assembly hall of 
Moscow State University was filled with generalizations and half-truths. Keldysh maintained 
tlght control over the proceedings. At one point, Belyayev was forced to say that the cosmo- 
nauts had been "delighted" that the automatic system of orientation had failed, because this 
provided them with an opportunity to use the manual system.'" Belyayev also added that the 
Voskhod-class ships could change orbits in space, a blatant lie that was repeated by Keldysh 
in a journal article the following month.""he references to orbital maneuvering were clearly 
aimed to take the wind out of the Gemini Ill flight, when for the very flrst time a piloted space- 
craft had changed orbits. 

Cosmonaut chief Kamanin was party to an even more bizarre postscript to the Voskhod 2 
mission at the premiere showing of the Leonov EVA film in Moscow on August 24. 1965. a 
couple of months after NASA astronaut Edward H. W h ~ t e  li carried out the first American 
spacewalk. Kamanin announced that the White spacewalk had benefited greatly from infor- 
mation supplied by the Soviets. He added, "A small group of American specialists, with the 
permission of our government came to the Soviet Union and talked with Belyayev and Leonov 
about their flight, and we didn't hide anything." When a reporter asked who these "American 
specialists" were. Kamanin replied that either three or five persons had interviewed the Soviet 
cosmonauts for several days, but that he could not remember their names! Asked if the 
Americans were from NASA. Kamanin answered, " I  don't know. . . . Officially, they were here 
with a television company-allegedly."7' 

The postflight hyperbole at the press conference did not in any way dlminish the value of 
the Voskhod 2 mission. The flight was a major landmark not only for the Soviet space program. 
but for the human exploration of space as a whole. The importance of the event is more mag- 
nif~ed by the story of the amazing resourcefulness of Soviet engineers and cosmonauts-a 
story that was hidden from the public for a quarter of a century. The Voskhod 2 flight had two 
other distinctions, neither of which were clear when Korolev raised his toast to the Moon. The 
first was the astonishing fact that the Soviets would not launch a single piloted space mission 
in the following twenty-four months, one of the longest gaps in the history of the Soviet space 
program. Voskhod 2 was, in effect, the last in the series of spectacular flights that had raised 
the specter of Soviet domination in space. It was the absolute zenith of the Soviet space pro- 
gram, one never, ever attained since. Voskhod-2's second distinction was of a more personal 
nature: it was Korolev's swan song. As he turned to finally run hard in a race to the Moon 
agalnst the United States, he had little hope of knowing that he would not live to see another 
Soviet cosmonaut launched into space. It was truly the end of an era. 
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CHAPTER ELEVEN 

THREE STEPS 

TO T H E  MOON 

When cosmonauts Belyayev and Leonov landed after their historic Voskhod 2 mission, it 
had been approximately four years since the first flight of Cagarin in 1961. Each of the eight 
piloted missions during that period had been proposed, directed, and executed under the aus- 
pices of one organization using essentially a single model of spacecraft. In this respect, the year 
1965 was a watershed point in the history of the Soviet piloted space program, as several new 
vehicles were put on the drawing boards for a variety of long-range goals, including civilian and 
m~litary operations in Earth orbit, circumlunar flight, and a lunar landing. The most important 
of these was a spacecraft that would eventually fly more missions than any other spaceship 
built in the Soviet Union, the Soyuz. 

A New Direction for Soyuz 

OKB-I Deputy Chief Designer Konstantin D. Bushuyev. 
Korolev's de facto assistant for all piloted space projects, over- 
saw the early work on the 7K-9K- I I K Soyuz program. Bushuyev 
and Korolev's First Deputy Mishin had come up through the 
same ranks. They graduated together from the Moscow 
Aviation Institute in the 1930s and joined Bolkhovitinov's rock- 
et-plane group in the 1940s at the same time. The two would 
have gone to Germany together, but Bushuyev's wife's brother 
had been killed by lightning at the time, and Bushuyev had to 
attend the funeral. Later. Mishin invited Bushuyev to Kaliningrad 
to join Korolev's rocket design group. It was here that he would 
make his mark, working on a variety of design problems during 
the 1950s, including missile nose cones. 

Bushuyev had a remarkably reticent and unassuming per- 
sonality. He did not drink, he exercised regularly, and he liked 
to go hiking into the woods-a pleasure he rarely shared with 
anyone. Unl~ke many of his contemporaries, he never wore 
any of his medals and awards at official ceremonies, prefer- 
ring to remain in the background. He may have been 
Korolev's principal aide for p~loted space projects, but the 
two men had a very complex relationship. Russian historian 
Yaroslav K. Colovanov, who knew Bushuyev, wrote about 
him: 

OKB I Deputy Chref Designer 
Bushuyeu was the senior person at 
the design bureau responsible for 

piloted space programs His identrty 
was reuealed rn 1971 when the 

Soviets announced that he would 
head the Sove t  team participating 
in the Apollo-Soyuz Test Project 

Thrs photo dates from early 1972 
[NASA photo) 



To be quite honest. I was never able to understand why Koroleu would have named 
Bushuyev as his deputy for all space projects, or in other words-for all the projects 
which were closest to Korolev's heart. It was well known that Korolev treated Bushuyev 
with the utmost severity, and at times was downright unjust, that Koroleu treated 
Bushuyev at times like an errant delivery man. Bushuyev was, in fact, the uery anti- 
thesis of Korolev in character, behavior, and interpersonal relations.' 

Bushuyev apparently considered resigning from the design bureau many times, but ulti- 
mately Korolev would invariably "call Bushuyev into his office and calmly, even gently-and 
what is more, wtth genuine trust-involve him in a discussion, ask for his views, share his own 
quandaries. . . . "  In the end, Bushuyev stayed on. 

In June 1959. Korolev sent Bushuyev to the so-called "Second Territory" in Kalinlngrad, a 
recently acquired artillery plant with 5.000 new employees, to focus on spacecraft and solid- 
propellant ballistic missiles.' By late 1962, the Second Territory had come to focus exclusively on 
space-related projects, and Bushuyev took charge of a variety of important OKB- I programs. He 
did not stay there very long. One story is that someone hinted to Korolev about Bushuyev's 
alleged ambitions to separate his branch from the main OKB- I center, leaving Korolev to focus 
only on the development of missiles. Others claim that Bushuyev, although a brilliant engineer. 
was simply a poor manager. Either way, Korolev pulled the plug. In May 1963. Korolev abruptly 
ordered Bushuyev back to the central location to oversee other profiles at the giant organization.' 

Perhaps to preclude any of his other deputy chief designers from harboring dreams of carv- 
ing out a piece of the pie. Korolev redistributed various space-related programs across both the 
main OKB- l center and the affiliate Second Territory. The Soyuz program came under the direc- 
tion of Deputy Chief Designer Sergey S. Kryukov, also responsible for the N I rocket, while Boris 
Ye. ~her tdk ,  one of ~orolev's moit seniormen, was sent off 
to head the Second Territory. Chertok, fifty-one years old at 
the time, was the overseer of all work at the enterprise on con- 
trol, guidance, and orientation systems for spacecraft and 
missiles. A tall, balding man with a powerful voice, he was 
also one of the few Jewish men in the top ranks of the Soviet 
space designers. He was born in the Polish town of Lodz, and 
he developed an interest in radio during his adolescence. In 
the 1930s. Chertok found a job at Plant No. 22 outside 
Moscow, the same plant that is today known as the M. V. 
Khrunichev State Space Scientific-Production Center. In 1946, 
he joined the famous Nll-88. During Stalin's later years, then- 
Minister of Defense Industries Ustinov saved Chertok from 
imprisonment by demoting him to an innocuous position to 
divert attention away from his Semitic background. As his 
power grew within the Soviet space program. Chertok, like Boris Chertok was a Deputy Chiel 
many of his other contemporaries, was allowed to write about Designer at OKB-I who participated In 

space in the Soviet media in later years, but under the pseu- key spaceprojects such 

donym 'Boris Yevseyevl' After the shakeup in 1963, Chertok o ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ l ~ ~ i ~ ~ ~ l ~ ~ ~ o r  
was closely involved in the development of the Soyuz and piloted space mrsslons at the 
was instrumental in saving the program from oblivion. Yevpatorcya center (files of Peter Gorrn) 
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T H R E E  S T E P S  T O  T H E  M O O N  

By the first months of 1964. OKB-1's Department No. I I, subordinated to Deputy Chief 
Designer Kryukov, had redesigned the basic 7K Soyuz spacecraft for f ly~ng not two, but three 
cosmonauts. Technical documentation for the vehicle had been prepared in early 1964, and by 
the spring, the first "boilerplate" had rolled off the plant at Kaliningrad. When Korolev first 
viewed the spacecraft, he allegedly told everyone present that "this was the machine of the 
future."" A full-size trainer of the 7K, along with one-thirtieth-size models of the 9K and I I K. 
was installed at TsNII-30 in Noginsk by February 1964 to allow cosmonauts to rehearse dock- 
ing procedures in orbit.' A stripped-down mock-up of the Soyuz descent apparatus was also 
prepared for a suborbital flight from the old proving range at Kapustin Yar. OKB-I engineers 
launched the mock-up on the morning of September 26. 1964, to test the aerodynamic quali- 
ties of the capsule, but the payload shroud broke up between Tt33 and Tt39 seconds because 
of excessive aerodynamic loads." 

Despite the advances in the Soyuz effort. the program was stopped dead in its tracks less 
than a year after it had received a formal go-ahead in December 1963. When in August 1964 
the Soviet Communist Party and government selected Chelorney to carry out the circumlunar 
program. Soyuz effectively fell through the cracks. There were other factors-for example, 
Korolev was knee-deep in a variety of unrelated projects at the time, including the interim 
Voskhod missions. In addition, primary operations for piloted lunar exploration at OKB- I had 
shifted subtly from circumlunar projects to a lunar landing effort, more specifically the N I -L3 
project. By the second half of 1964, the overall Soyuz program was "practically paralyzed." and 
it was ready to join the many other projects of the time as a footnote in Soviet space history. 

In the fall of 1964. Korolev established a small group under Chertok to come up w ~ t h  pro- 
posals on the potential use of the basic 7K Soyuz spacecraft. In late 1964, Chertok's team sug- 
gested that the docking of two 7K vehicles in Earth orbit should be considered the primary goal 
of a redirected Soyuz program. Such a docking mission would aid in the development of ren- 
dezvous and docking systems, as well as provide experience in carrying out EVA operations in 
orbit from one Soyuz to another. Although the experiment had merits of its own, there were 
more pragmat~c reasons for picking such a project as the primary goal of the Soyuz program. In 
early conceptions of the NI-13 landing project. the engineers had proposed an elaborate 
scheme of crew transfer from one spacecraft to the other in lunar orbit via EVA. The 7K Soyuz 
could test out this complicated maneuver in Earth orbit before actual operations in lunar orbit. 

In February 1965. Korolev presented his new conception of the Soyuz program, restructured 
from a circumlunar objective to operations in Earth orbit, to the Scientific-Technical Council of 
the State Committee for Defense Technology. The "ministry" granted approval for the program, 
taking into account that the design bureau had already finished the initial technical plan for the 
7K vehicle, that it had been coordinated with a specific launch vehicle, that engineers had issued 
the complete design documentation, and that the manufacturing of portions of the vehicle had 
already begun. The 7K Soyuz would also enable cosmonauts to master complex Earth-orbital 
operations as a true second-generation spacecraft to follow the Vostok.' 
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In early 1965, all work on the Soyuz spacecraft was moved to Department No. 93 at 
OKB-I. As per Chertok's original recommendations, the Soyuz program was reduced to the 
development of a single spacecraft, the product 7K-OK, with the "OK" standing for the 
Russian acronym of "orbital ship." Like all other missiles and spaceships. the vehicle also had 
a production index, the I I F615, which was the designation used in all plant documentation. 
The two remaining portions, the 9K tanker and the I I K translunar-injection (TLI) block, which 
would have been developed by other design bureaus, were eliminated from the program. 
Engineers delivered the draft plan for the 7K-OK ship in May; because of delays it was not until 
October 23 that they completed a final version, thus allowing designers to issue the technical 
documentation for the manufacture of the spacecraft. A new tactical-technical requirement was 
issued by the chief client, the Ministry of Defense, in August 1965." 

The 7K-OK variant was an evolutionary design stemming from the years of work on the 
abandoned Sever. LI, and 7K spacecraft in the early 1960s. It would be this model, publicly 
called the Soyuz, that the Soviet Union would launch on thirty-eight piloted flights between 
1967 and 1981. 



The general design scheme of the 7K-OK variant was quite similar to the original 7K variant 
intended for circumlunar missions. Like its predecessor, the spacecraft had three major com- 
partments from the forward end to the rear end, the living compartment, the descent appara- 
tus, and the instrument-aggregate compartment. The descent apparatus and the 
instrument-aggregate compartment retained their earlier shapes, but the living compartment 
was redesigned to be more like a spheroid rather than the earlier cylinder because the former 
provided a better mass-volume ratio. The total length of the spacecraft was about just over 
seven and a half meters. and total mass was 6,460 to 6,560 kilograms. up from the Vostok's 
modest 4,800 kilograms. A nominal mission would last three to ten days. 

The cylindrical instrument-aggregate compartment-often called the "service module" in 
the West-like the one on the 7K. was divided into four separate sections along the length of 
its cylinder from the aft end to the forward end: the jettisonable compartment, the aggregate 
compartment, the instrument compartment, and the transfer compartment. The jettisonable 
compartment was a remnant of the original 7K vehicle's mission: circumlunar flight. It was orig- 
inally a toroidal section at the base of the vehicle that would carry electrical systems for ren- 

t 

dezvous and docking and be discarded following translunar injection. In redesigning the 7K to 
the 7K-OK, early models of the Soyuz evidently retained this compartment for chemical bat- 
teries, while all rendezvous and docking instrumentation was moved to the spheroid liv~ng 
compartment at the forward end of the vehicle. 

The unpressurized aggregate compartment carried the thermo-regulation radiator system, 
the main and attitude control engines of the spacecraft, and two large solar panels (which 
charged the chemical batteries in the spacecraft). Each solar array was made up of two four- 
segment wings approximately a little more than three and a half meters in length, wlth a total 
surface area of fourteen square meters, that would provide thirteen and a half volts. for a total 
of twenty-seven volts. The solar arrays were folded up flat against the side of the aggregate 
compartment during the launch phase, unfurling to their full lengths once in orbit. During an 
Earth-orbital mission, the panels would be turned toward the Sun by orienting the entire vehi- 
cle by means of a solar sensor system and attitude control engines. The aggregate compartment 
also contained the main 7K-OK engine, located at the center rear of the spacecraft. This engine, 
the 55.35. had a thrust of 4 17 kilograms. The system also included a backup engine with two 
additional nozzles around the main exhaust, with a thrust of 4 1 I kilograms, operating from the 
same propellant supply. The propellants of unsymmetrical dimethyl hydrazine (fuel) and nitric 
acid (oxidizer) were carried in four spherical tanks mounted at the base of the aggregate com- 
partment. The engine's development had begun in 1962 for the original 7K variant at OKB-2 in 
Kaliningrad. In addition to the main engine system, the Soyuz also carried a set of twenty-two 
attitude control motors. Of these, ten thrusters of ten kilograms thrust were placed on the 
exterior of the transfer compartment; four at ten-kilogram thrust and eight at one-kilogram 
thrust were installed elsewhere. A backup system of eight thrusters consisted of four at one- 
kilogram thrust and four at ten-kilogram thrust. 

Forward of the aggregate compartment was the instrument compartment, a pressur~zed sec- 
tion containing the guidance and rendezvous system instrumentation, radio communications sys- 
tems. environmental control systems, and attitude control engines on the exterior. The final 
sect~on, the transfer compartment, was a small part of the spacecraft, located between the crew 
capsule and the service module, carrying hydrogen peroxide tanks for the attitude control thrusters. 

The complete instrument-aggregate compartment had a mass of 2.560 kilograms. The 
cylinder had a diameter of 2.2 meters flaring out to a skirt-shaped base, with a diameter of 
2.72 meters for attaching to the upper stage of the launch vehicle. The length of this section. 
including all its four sections, was approximately 2.3 meters. 

The descent apparatus-that is, the crew module-was affixed forward of the instrument- 
aggregate compartment. Affording an internal habitable volume of two and a half cublc meters. 



the capsule included one, two, or three seats for the crew. depending on the mission. The 
shock-absorbing seats were angled at eighty degrees to the horizontal. Forward of the center 
seat, belonging to the commander of the crew, was the main instrument panel. comprising only 
readouts and visual displays of various on-board systems; most system operations were pre- 
programmed or controlled from the ground. The panel also included the Globus instrument for 
identifying the location of the ship over the planet, a TV screen used in conjunction with two 
TV cameras on the exterior of the spacecraft, and the Vzor viewfinder for use during attitude 
control maneuvers. The Vzor was connected to a periscopic protrusion from the top of the 
descent apparatus, which allowed the crew to orient the ship relative to Earth. Two joysticks- 
the left one for changing velocity during maneuvers and the right one for attitude control- 
were located below the main panel. There were two smaller control panels on each side of the 
main one, each called a command and signal instrument (KSU). These included switches for 
various primary and backup systems and medical instrumentation-that is, a means for allow- 
ing the crew to tweak with on-board functions. Of the approximately 200 buttons and 
250 warning lights on the control panels, seventy and ninety-SIX, respectively, were for the 
spaceship's movement-for attitude orientation, rendezvous and docking, and reentry. The 
lights had a fairly rudimentary system of operation, with red denoting failures and green and 
blue for various states of nominal operation. A fourth set of switches was installed below the 
left KSU for regulating the spacesuit environment in the case of accidental depressurization. All 
the control panels were designed and built by the Special Experimental Design Bureau of the 
Flight-Research Institute headed by Chief Designer Sergey G. Darevskiy, the same institution 
that was responsible for the development of ground simulators. 

Apart from the couches and control panels, the crew module also included a black-and- 
white TV camera at 625 lines per frame and twenty-five frames per second, one among a total 
of four in the Soyuz spacecraft as part of the Krechet system. Two others were fixed outside the 
ship for use during rendezvous, and one was inside the living compartment. One porthole on 
each side of the capsule was for visual cues during rendezvous as well as for celestial observa- 
tions. For attitude control prior to and during reentry, six ten-kilogram-thrust hydrogen perox- 
ide micro-engines were installed in pairs on the exterior at critical points for pitch, roll, and yaw. 
These would come into use once the module had separated from the instrument-aggregate 
compartment. The base of the crew module consisted of an outer shield manufactured from 
high-temperature-resistant ablative material for protection during reentry. After passage through 
the atmosphere and the opening of parachutes, this heat shield would be discarded, exposing 
the actual base of the descent apparatus, equipped with a set of solid-propellant engines for 
ensuring a soft-landing. 

The precise shape of the descent apparatus was determined not only by the earlier studies 
on "headlight-shaped" modules in the early 1960s. but also by studies at the NII-I aeronautics 
institute, where scientists by 1964 had developed a highly efficient principle of guided reentry 
using a low lift-drag ratio. NII- l also contributed to computations of heat exchange and ther- 
mal protection, which were confirmed by experimental results. The crew capsule had a nomi- 
nal mass of 2.800 kilograms and a length of two and two-tenths meters. 

Directly forward from the center couch of the descent apparatus was the circular hatch lead- 
ing to the spheroid living compartment, often called the "orbital module" in the West. It had a 
mass of 1,200 kilograms and a maximum diameter of two and a quarter meters. The module had 
a bunk, a cupboard, certain elements of the life support systems, a control panel for operating 
scientific instruments, TV cameras, hatch controls, spacesuit functions, radio equipment, and 
so on. Given a particular mission, spacesuits would be packed below the cupboard for the cos- 
monauts to don in the compartment. The cupboard could carry a food and water supply for a 
potential month-long mission. Internal volume for the crew was six and a half cubic meters. The 
living compartment also had four portholes and a set of rendezvous antennas on the exterior. 
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The module, apart from being an additional space for cosmonauts to sleep, rest, or conduct sci- 
entific experiments, also had an additional but very important role: to serve as an airlock for EVA 
operations when depressurized as " a  buffer" between the descent apparatus and outer space." 

The Soyuz development program, beginning with the 7K and leading up to the 7K-OK. 
lasted over half a decade. During that period, engineers made a number of evolutionary changes 
as a result of testing and research. For the first time in a Soviet piloted space project, the design- 
ers introduced a true launch escape system, much like the one used on NASA's Mercury space- 
craft. The system consisted of a tower fixed on top of the Soyuz shroud with a set of nozzles 
for a single seventy-six-ton-thrust solid-propellant rocket engine. During the period from 
T-20 minutes up to T t  160 seconds, in the case of a booster accident, the payload shroud would 
split into two, the descent apparatus and living compartment of the Soyuz would separate from 
the instrument-aggregate compartment, and the tower engine would fire to lift the stack away 
from the booster. Four grill-like petals would then open at the base of the shortened spacecraft 
to stabilize the vehicle during its trajectory. Three asymmetrical engines would ignite to guide 
the stack on a proper heading, following wh~ch the backup parachute would open. A crew 
could potentially expect to endure a load of up to ten g's in such a system, landing about three 
kilometers away from the pad in the case of a pad abort. Engineers completed the design of this 
system In 1964 at OKB-l in cooperation with its Branch No. 3. The cr~tical main solid- 
propellant engine was bu~l t  by the Design Bureau No. 2 of the Moscow-based Plant No. 81. 
headed by Chief Designer Ivan I. Kartukov. ' 

The Soyuz and all its variants would use a modification of the I IA57 booster that had 
launched the Voskhod spacecraft during 1964-65. This "new" variant had essentially the same 
configurat~on-a basic R-7A missile topped off with an upper stage from Chief Designer 
Kosberg's OKB-154. The primary difference was the use of an uprated engine for the third 
stage. the RD-OI I 0  instead of the earlier RD-0108, thus increasing thrust from 30.0 tons to 
30.4 tons. The new booster. known as the I IA5 I I ,  was specifically developed for the Soyuz 
program, an extremely rare case of a Soviet launch vehicle developed first for "civilian" goals. 
With a Soyuz spacecraft, the length of the booster was 49.9 1 meters. Total launch thrust at sea 
level was 41 1.1 tons. The rocket, which was itself also called the Soyuz, could launch a 
6,900-kilogram payload into a 200- by 450-kilometer orbit. 

One of the most challeng~ng tasks for designers at OKB- I was developing on-board sys- 
tems for the 7K-OK that were far superior to the ones used on Vostok. OKB- 1's Department 
No. 27, under the leadership of Boris V. Raushenbakh, was responsible for designing the 
System of Orientation and Motion Control (SOUD), which allowed the craft to orient in orbit 
using both an inertlal system and an orbital coordinate system, to carry out orbital maneuvers. 
to conduct rendezvous approach profiles, and to orient the solar panels to the Sun. The sys- 
tem consisted of four components: 

The attitude control sensors and the Vzor sighting device 
Gyroscopes and an "electronic computer" 
The lgla radar system for searching and homing other vehicles 
Attitude control engines 
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To face the solar arrays toward the Sun, the cosmonauts would roll the Soyuz using the 
attitude control thrusters until the Sun appeared in the cross hairs of the Vzor device below the 
main control panel. A second command would put the vehicle into rotation around the Sun- 
spacecraft axis, allowing direct continuous illumination of the panels. For orbital maneuvers. 
the cosmonauts would roll the ship until Earth appeared in the Vzor, activate a set of gyro- 
scopes, and f~re the main engine. For gu~dance, the engineers developed a three-step gyroscope 
system, two with two degrees of freedom each (for inertial orientation) and one with three 
degrees of freedom (a sensor for angular velocity). There were also devices for effecting orien- 
tatron using ~nfrared sensors relative to Earth's vertical, as well as stellar, solar, and ion sensors 
(for the velocity vector), all installed on the exterior of the instrument-aggregate compartment. 
Celestial orientation would be carried out by setting an optical sensor ~n such a position that 
the angle between the sensor and a solar sensor corresponded to the relative locations of the 
Sun and a given star. 

The lgla radar system for measuring parameters relative to motion was developed by the 
Moscow-based Nil-648 headed by Chief Designer Armen 5. Mnatsakanyan. The primary ele- 
ments of the system were two long antennas (short- and long-range transponders) attached on 
the exterior of the living compartment at a ninety-degree angle to each other, a rendezvous TV 
camera, a third antenna attached at the rear of the spacecraft to allow an approach from 
"reverse." and the Stels system for protecting the system from secondary radio interference. The 



lgla system would automatically bring the spacecraft to a distance of only 200-300 meters rel- 
ative to its target vehicle from a distance of hundreds of kilometers by continually measuring 
the relative velocities and distances between the two spacecraft and carrying out attitude 
control and main engine boosts. The cosmonauts would take over manual control from 
200-300 meters. The complex approach algorithms and the great volume of data exchanged in 
guidance circuits during rendezvous necessitated extensive ground testing of the lgla and the 
SOUD as a whole in three-stage rotating stands named the Kardan and Platform, simulating a 
spacecraft's motion through space. lgla itself was tested In a nonecho radio chamber built by 
Nll-648. Engineers eliminated at least ten major defects in the SOUD during testing in 1965-66. 

As early as 1962, engineers had begun the development of a docking system for the Soyuz 
spacecraft. A team led by OKB- I engineers Viktor P. Legostayev and Vladimir S. Syromiatnikov 
developed a "pin-cone" scheme, which allowed two spaceships, one with an active docking 
unit and one with a passive unit, to connect together. No provision was made for internal trans- 
fer because the original conception was for a circumlunar mission, with dockings with various 
tankers. In 1965, when the Soyuz program was redirected. Korolev proposed that the system 
be changed to allow for the internal transfer of crews, but because of the significant amount of 
work already done on the original system, as well as a lack of time. Korolev accepted designer 
Feoktistov's proposal to keep the original design. This system included a pin on the active vehi- 
cle that would be captured in the cone-like funnel of the passive vehicle, canceling any remain- 
ing velocity and angular displacement. The system required a significant degree of precision 
because the docking system included electrical umbilical connectors in the face of the docking 
ring to link the two spacecraft. These multiple prong and socket connectors were precisely 
aligned by using 152-millimeter- and twenty-five-millimeter-diameter guide pins. Once capture 
was made, an electric motor would retract the probe for final structural latching. Unlike the 
Apollo spacecraft, the system allowed repetitive dockings and undockings. 

Given that originally the Soyuz was meant for circumlunar flight, the designers had creat- 
ed a long-range communications system for the spacecraft, which was later modified for Earth- 
orbit operations in 1964. The multifunctional long-range version was developed by Nll-885, 
under Chief Designer Ryazanskiy of the Council of Chief Designers, and it included command 
radio links, television and telemetric channels, and voice communications. Later, these compo- 
nents were split up between different organizations. The Krechet TV system was designed by 
N11-380 at Leningrad under Chief Designer lgor A. Rosselevich, the same team that had devel- 
oped the famous imaging system that first photographed the far side of the Moon in 1959. The 
radio-telemetry system for the 7K-OK Soyuz was created by Ryazanskiy's Nll-885, while the 
Zarya voice communications system was the work of Nll-695, led by Chief Designer Yuriy S. 
Bykov. Both had worked in the same capacity for Vostok. The telemetry system was composed 
of forty small T-shaped antennas around the aft end of the descent apparatus. The Zarya was 
a comprehensive ultra-shortwave and shortwave system ensuring communications in orbit. 
during reentry, and after landing. The Mir-3 autonomous data recorders developed under Chief 
Designer Ivan I. Utkin at Nll-88 rounded out the telemetry and communications systems on 
the Soyuz spacecraft. 

Engineers developed the life support system for the 7K-OK using the experience on the 
Vostok and Voskhod vehicles. It included systems for rnaintalning internal atmosphere, ensur- 
ing a supply of water, food, and clothing, providing a means of waste collection. controll~ng 
medical indices, and providing an emergency kit for use In the case of an emergency landing. 
Like the earlier spacecraft, the Soyuz maintained normal atmospheric conditions at tempera- 
tures of twenty plus or minus three degrees Centigrade. Cabin pressure was set at 710 to 
850 mm Hg and relative humidity at 40 to 55 percent. Temperature and humidity were con- 
trolled by a single-loop series of heat exchangers. The ratio of oxygen to carbon dioxide was 
ensured by a superoxide chemical, which released oxygen, and lithium hydroxide for absorbing 



carbon dioxide. On-board sensors constantly measured the atmospheric conditions and adjusted 
them accordingly. OKB- 124 developed the primary atmospheric regeneratlon systems. Plant No. 
918 created the flight suits, water holders. emergency kits. and sewage disposal systems. The 
lnstitute of Biomedical Problems developed the food and medical instrumentation. The Analytical 
Instrument Building Special Design Bureau provided the gas analyzer for the atmosphere. 

Engineers expended much effort on the development of a landlng system. Despite 
Korolev's ~nterest in exotic schemes, such as helicopter rotors, a more conservative parachute 
system was the frontrunner and was eventually adopted. Starting rn 1961. OKB-I, in coopera- 
tion with the famous M. M Gromov Flight-Research Institute, Plant No. 918, the Scientific- 
Research and Experimental lnstltute of the Parachute Landing Servlce, and Plant No. 8 1 ,  carried 
out coordinated work on a parachute system leading to the development of a "bl-cascade" sys- 
tem with a solld-propellant braking engine at the base of the primary parachute, much like ~n 
the Voskhod spacecraft. The parachute-react~ve system would reduce veloclty down to eight 
and a half meters per second. In the case of engine farlure, the velocity would be a barely tol- 
erable ten meters per second The backup system of parachutes would not employ any englne. 
Such a system was tested at the Flight-Research lnstitute beginning rn 1962 in mass models of 
the 7K Soyuz. Subsequent modifications of the parachute-reactlve system in 1963 and 1964 by 
Plant No. 9 18. however, revealed ~ncons~stencies in the operation of the backup system, when 
used in conjunction with the prlmary parachute. 

In late 1964 and early 1965. on orders from Deputy Chief Designer Bushuyev. engineers 

began a search to revamp the whole system. The engineers had two requirements: that the 
landing velocity wlth the primary system be reduced to at least six and a half meters per sec- 
ond, and that the braking engines be removed from the parachute and installed instead at the 
base of the descent apparatus. A reduction of velocity was achieved by increasing the dome 
size of the prlmary parachute from 574 to 1,000 square meters. In addition. Chlef Designer 
Kartukov's Plant No. 81 developed a set of four small solid-propellant engines positioned at the 
bottom of the descent apparatus that would be exposed following the jettisoning of the outer 
thermal base. The engines were extremely compact and capable of operating after a lengthy 
stay In vacuum and even in conditions of soil blockage." 

The land~ng sequence of the Soyuz 7K-OK was standard for all Soviet piloted missions for 
thirty years. At an altitude of nine and a half kilometers. the parachute system would go rnto 
operation by shooting off the parachute hatch and issuing a primary fourteen-square-meter 
drogue parachute, followed in seventeen seconds by the main parachute. Both would be com- 
pressed and folded in a container with a volume of only 0.3 cubic meter. Subsequently, the ther- 
mal sh~eld would be discarded at three kilometers, and at about one and a half meters prlor to 
touchdown, a gamma-ray altimeter would issue a command to fire the four solld-propellant 
motors at the base of the descent apparatus to reduce landing velocity to a final two to three 
meters per second. In the case of a main parachute system failure, a second hatch would flre 
off and deploy a drogue plus backup parachute combination, the latter with a dome area of 
574 square meters. These two would be packed in a second container with a volume of 
0.2 cublc meter. When using the smaller parachute, the landing would be rougher, but certainly 
survivable. A worst-case scenario, with the backup parachute and loss of soft-landlng engines. 
would subject a crew to four- to nine-meter-per-second velocities at landrng. 

The parachutes were built by the Scientific-Research and Experimental lnstitute of the 
Parachute Landing Service. an avlatlon industry enterprise headed by Chlef Designer Fedor 
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D. Tkachev, who had also designed the Vostok and Voskhod parachutes. They were tested 
through the mid- 1960s in various conditions, including sea landings and drops from An- I 2  air- 
craft from altitudes of ten kilometers. The aircraft drops consisted of seven tests in 1965 and 
1966 at the Air Force's testing station at Feodosiya. It was during this time that engineers iden- 
tlfied and eliminated problems with hydrogen peroxlde leaks on the parachutes." 

The 7K-OK was not the only variant of the Soyuz spacecraft developed In the mid- 1960s. 
Gwen that the primary f~nancier of the project would be the M~n~s t r y  of Defense. Korolev pro- 
posed parallel variants in 1962 for exclus~vely military purposes. These were part of the Soyuz- 
P and Soyuz-R projects. The former was a piloted anti-satellite interceptor program, while the 
latter was a piloted reconnaissance station effort. In 1963, because of the workload at 
OKB- I .  Korolev transferred further work on the two projects to his Branch No. 3 at Kuybyshev. 
whose primary area of work at that point was work on the Zenit-2 and Zen~t-4 automated 
reconnaissance satellites and R-7 booster manufacturing. The head of the branch was Deputy 
Chief Designer Dmltriy I. Kozlov, one of Korolev's old proteges who had served as the "lead 
designer" of the R-7 ICBM during the 1950s. 

The Soyuz-P used the 7K-PPK variant of the basic Soyuz craft. Few detarls on the vehicle 
have been declassified: Kozlov's engineers evidently designed a mission-unique launch vehi- 
cle, the I IAS 14, specifically for the project. The project was put on hold in mid- 1964 and ter- 
minated in 1965, evidently because of the military's preference for automated anti-satellites. 
such as Chelomey's "IS" system, which had already flown two successful mlssrons in 1963 
and 1964. 

The Soyuz-R consisted of two separate vehicles. a small space station named the I I F71 
and a ferry craft, the I I F72 (or 7K-TK), to take crews there. The former was designed by using 
the ~nstrument-aggregate compartment of the basic Soyuz craft as crew living quarters and sub- 
stituting the remaining two modules with a single compartment hous~ng equipment for elec- 
tronic- and photo-reconnaissance. The 7K-TK ferry was similar to the basic Soyuz. but it 
included an internal hatch transfer system to allow cosmonauts to move from the ferry to the 
station without having to exit into space. On June 18. 1964, the USSR Ministry of Defense 
signed its five-year plan on space-based reconnaissance covering the years 1964- 1969. The 
Soyuz-R complex was included as part of that plan, whrch also included several other pro- 
grams, including Zenit (photo-reconnaissance), Morya- l (ocean reconnaissance), and Spiral 
(military spaceplane)." Soon after, Kozlov's engineers prepared the predraft plan for the Soyuz- 
R, which was approved by the Interdepartmental Scientific-Technical Council for Space 
Research, the interministerial structure supervising space program proposals. 

The Soyuz program as a whole was not guaranteed implementation desptte OKB- 1's sign- 
ing off on a draft plan for the spacecraft as well as ministerial support. Sometime in 1965, the 
Soviet government may have even considered transferring the whole project to another deslgn 
bureau. In a perhaps desperate move. Korolev ordered his subordinates to organize an exhibit 
on the Soyuz program for Communist Party and government officials to demonstrate that it 
would be a gross mistake to move the project to another enterprise. An engineer who partici- 
pated in organizing the displays recalled Korolev's visit to evaluate the exhlbit: 

Our many years of work, said Sergey Paulouich [Korolev], may go for naught. The topic 
may be assigned to another enterprise, and the experience of our collective, which has 

12. Sernenov. ed . Raketno-Kosmrcheskaya Korporatsrya, pp. 170-7 1 
13. Konstant~n Lantratov. "Dmitr~y Kozlov's 'Zvezda'" (Engl~sh tltle). Nouostr kosrnonautrkr 3 (January 
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gone through such a difficult path. will remain unused. Koroleu spoke quietly and 
thoughtfully. W e  all understood that this was very difficult for him. It was painful to see 
this willful, fearless man suppressed by such circumstances. But he was able to control 
his feelings and concluded his conversation on an upbeat note: we will fight and defend 
our brainchild. l 4  

Defend it they did, and the Soyuz program remained behind at OKB-I. On August 18, 
1965, the Military-Industrial Commission signed decree no. 180 titled "On the Order of Work 
on the '5oyuz'Complex," which for the first time approved a schedule for the execution of the 
project, thus legitimizing the new, redirected Soyuz. Final air and sea testing of the descent 
apparatus was set for the third and fourth quarters of 1965, while the beginning of flight tests 
rn Earth orbit for automated versions was scheduled for the first quarter of 1966. In total, seven 
Soyuz 7K-OK spacecraft were approved for manufacture by the second quarter of 1966." 

The redirection of the Soyuz program in 1964 and 1965 laid the basis for the most prolif- 
ic Soviet piloted spacecraft in its history. In 1965, the 7K-OK Earth-orbital Soyuz was, howev- 
er, only one of three thematic directions of research at OKB-I. The other two were aimed at the 
exploration of the Moon in competition with the United States. In the interconnected world of 
Soviet space politics, by a fortuitous set of circumstances, designers would use the Soyuz 
spaceship as a starting point to develop vehicles for both Moon programs. 

From LOR to LOR 

From 196 1 to mid- 1964, all conceptions of possible piloted lunar landings studied by Soviet 
engineers used the Earth-orbit rendezvous (EOR) mission profile, whereby a lunar spacecraft 
would be assembled in Earth's orbit through multiple launches of the N I. This spacecraft com- 
plex would then fire itself toward the Moon to carry out its designated mission. In 1963 and 
1964, at a time when the lunar landing began to eclipse a circumlunar flight as a primary objec- 
tive of the Soviet piloted space program. OKB-l designers considered a quadruple launch 
scheme. The plan involved launching three N I s into Earth orbit-that is, assembling a 200-ton 
behemoth spacecraft in Earth orbit. The crew would fly into orbit on a fourth rocket, a standard 
Soyuz launcher such as the I IA5I  I . "  Despite the high costs and multiple dockings, the 
increased payload afforded a sufficient margin to build large spacecraft equipped with redun- 
dant systems to ensure the safety of the crew and spacecraft systems. 

All this changed with the August 1964 decree in support of a Soviet lunar landing program. 
It was at that point that OKB- I decided to effectively shift the focus from an EOR profile to a sin- 

14 A Yu. Ishl~nskiy, ed.. Akademik 5 P Koro!eu ucheniy, rnrhener. chelouek (Moscow: Nauka. 1986). pp. 
337-38 The ldentlty of the other deslgn bureau is not known. One unconfirmed source suggests that the Soyuz 
program was to have been transferred to Chelomey's OKB-52 so that OKB- I could focus exclus~vely on the N I pro- 
gram See Lardler. Lastronautrque Sovretrque. p. 158. 

15 1 Marinln, "The First Clv~l~an Cosmonauts" (Engllsh title). Novostt kosrnonautrkt 12-13 (June 3-30. 
1996) 81 -87 The manufacturing schedule was two sh~ps by the fourth quarter of 1965, two by the first quarter of 
1966. and three by the second quarter of 1966. See Kamanin. Skrytiy kosmos. 19641966, p 220 

16 For alternat~ve proposals, such as a double-launch scheme, see I. B Afanasyev, "Unknown Spacecraft 
(From the History of the Sovlet Space Program)" (English title). Novoye v zhirni Nauke, tekhntke Sertya kosmon- 
autika, astronomiya no I2  (December 199 1). 1-64 For different trrple-launch schemes, see I. A Marinln and S Kh 
Shamsutdtnov. "Soviet Programs for Plloted Fl~ght to the Moon" (Engl~sh tltle), Zemlya I useiennaya no 5 
(September-October 1993) 77-85: N. Kamanln, " A  Coal Worth Working for The Space Dlaries of a General" 
(Engllsh title). Vordushniy transporl 43 (1993) See also Yu. A Mozzhorln, et a / .  eds, Dorogr u kosmos 11 
(Moscow MAI. 1992). p 59: V P. Mlshln. "Why Didn't We Fly to the Moon?'' (Engllsh t~t le). Znanrye tekhnike- 
seriya kosrnonavtrka. astronomrya no. I2  (December 1990). 3-43. 
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gle-launch lunar-orbit rendezvous (LOR) profile, identical to the one adopted for Apollo. Despite 
the historical importance of the decision, the reasons for this abrupt shift still remain obscure. 
Korolev's First Deputy Mishin recalled years later: "The American program nudged our country's 
highest leaders into issuing the assignment for the development of designs for launch vehicles 
that could support a lunar mission with a single launch."" Another engineer at OKB-I attr~but- 
es the switch to the single-launch idea to Mishin himself. Others say it was Korolev?"here were 
probably two motivations behind the shift in strategy. There may have been pressure from the 
industrial leaders of the space program to adopt a mission profile similar to the American one. 
This sort of "parallel" response was chronically evident in weapons systems development. W h ~ l e  
less common in the space program, there was precedent throughout the history of the Soviet 
space program for technical decisions driven by mirroring American technical choices. A second 
motivation was most likely simple economics. One rocket would cost less than the two or three 
required for EOR, and cost was certainly a big factor in the N I program. 

The decision to move with a single-launch profile came hand in hand with the adoption 
of LOR for the lunar landing mission; a direct ascent plan, the third option, was out of the reach 
of the N I booster's capability. The LOR profile had originally been proposed as early as 1929 

by a Russian contemporary of Tsiolkovskiy named Yuriy V. Kondratyuk.,' Korolev. Glushko, and 
others were, in fact, intimately familiar with the approach even before the Apollo selection. 
although its adoption in the N ILL3 program raised a Pandora's box of problems that plagued 
the project throughout its existence. 

The N I design of mid- 1964 had a lifting capability of approximately seventy-five tons. All 
calculations had conclusively proven that this figure was simply not enough to comprise a TLI 
stage, a lunar orbiting module with one pilot, and a lunar landing vehicle with two cosmonauts. 
By comparison, the payload in Earth orbit projected for NASA's Saturn V was close to 130 tons. 
Korolev evidently promised the space industry leaders at the time that he would be capable of 
carrying out a single launch for a lunar landing by two means: decreasing the mass of the pay- 
load and increasing the effective carrying capacity of the N I .  For Korolev, both roads became 
"maniacal" obsessions as. through the end of 1964 and the first part of 1965. engineers 
explored every avenue to shave off kilograms, even grams, from the 13 stack that would go to 
the Moon. One engineer working on the lunar lander recalled: 

At the time, the developers were racking their brains about how to keep within the rigid 
framework o f  the initially adopted energy capabilities of the launcher. The search went 
out in a[[ directions. For each saved or "found" kdogram o f  mass. the Chief Designer 
paid a bonus o f  50-60 rubles. To us young engineers, that was a lot of money.10 

There was even an apocryphal story that one engineer had managed to get a bonus for 
proposing to suck out all the air from the tubular design of the rocket, because even alr had 
mass. All proposals, no matter how outlandish, were given consideration. But the gains proved 
to be incremental. Korolev, in frustration, told his Deputy Chertok. "I  don't need your ten kilo- 
grams. I need a ton."" 

17 Mtsh~n. "Why Didn't We Fly to the Moon' " Author's emphas~s. 
18 For Mish~n. see Peter Smolders, "It Made Sense to Bu~ld a Space Stat~on." Spacefirght 38 (Apr~l  1996): 

1 13- 15 For Korolev, see Mozzhor~n, et a l  , eds.. Dorogr u kosmos. 11, p 59. 
19. Golovanov. Korolev. p. 757. 
20 V. Filin. "At the Request of the Reader: The N I -L3 Project" (Engl~sh tttle), Auialsiya r kosmonautrka no 

12 (December 1991)- 44-45. 
2 1 .  Golovanov. Koroleu. pp 757-58. 



The f~rst approach was to incrementally raise the payload of the rocket. Korolev asked his 
designers to improve the lifting capabilities of the N I, first from seventy-five tons to eighty-f~ve 
tons, and then finally to ninety-five to 100 tons. Studies at the design bureau had in fact shown 
that ninety-five to 100 tons would be the absolute minimum to achieve a lunar land~ng mis- 
sion." Engineers under Deputy Chief Designer Kryukov altered the original N I design In six fun- 
damental ways to increase the N I payload: 

lncrease the number of engines on the first stage from twenty-four to thirty 
Lower the altitude of the orbit around Earth prior to lunar boost from 300 to 220 kilometers 
Shift the launch azimuth further to the south to a more favorable 5 1.6 degrees 
lncrease the propellant load for the booster by having cylindrical inserts In the equatorial 
part of the tanks and lowering the fuel and oxidizer temperatures 
Install four latticed stabilizers at the tail of the Blok A first stage 

* lncrease the thrust of the engines on the first three stages by an average of 2 percent by 
~ntroducing a "flexible" program for controlling engine thrust" 

With these changes, especially the addition of six new engines to the first stage, the N 1's total 
launch mass increased from 2.200 tons to 2.750 tons. Payload capability would theoretically 
increase to ninety-two to ninety-five tons, just barely enough for its slated mission. 

Korolev signed the predraft plan for the uprated N I booster and its L3 lunar stack, speci- 
fying the new requirements of the mission-single launch, increased payload mass, and LOR- 
on December 25 .  1964." The document contained "initial data for the development of working 
documentation" for the L3 complex." While the N I consisted of three stages called Blok A. 
Blok B ,  and Blok V, the 13 comprised the following: 

Blok G (the fourth stage, for translunar rnjection) 
Blok D (the fifth stage, for lunar-orbit insertion and lunar descent) 
The Lunar Orbital Ship or LOK (the "mother ship") 
The Lunar Ship or LK (the "lunar lander") 

In the interest of conserving mass, OKB-I decided to dispense with the idea of a three- 
person crew like on Apollo, reducing the total crew size to only two. One cosmonaut would 
stay in orbit in the LOK, while the other would land on the Moon in the LK. The risks in the 
plan increased almost day by day as the plan was continuously revised. 

This whole effort to opt~mize the capabilities of the N I, and the N 1-13 program as a whole, 
was the source of much discord within OKB- I -an unusual situation for a design bureau that 
had displayed a united front on all previous space projects. llya V. Lavrov. one of Korolev's best 

22. R Dolgopyatov. B Dorofeyev, and 5 .  Kryukov. "At  the Readers' Request The N I  Project" (English t~t le). 
Auiatsrya I kosmonautika no 9 (September 1992): 34-37. 

23. Mishin. "Why D~dn't  We Fly to the Moon?". Dolgopyatov, Dorofeyev. and Kryukov. "At the Readers' 
Request: The N i Project". Bor~s Arkadyevich Dorofeyev. "H~story of the Development of the N i -L3 Moon Program." 
presented at the loth lnternat~onal Symposium on the H~story of Astronautics and Aeronautics, Moscow State 
University. bloscow, Russia, june 20-27. 1995. Sernenov, ed . Raketno~Kosm~cheskaya Korporatsrya p. 255 Fuel 
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engineers, at the time working on Mars spacecraft, recalled that the L3 program "was on the 
brink of fanta~y." '~ Another engineer, Gleb Yu. Maksimov, one of the pioneers of Soviet space 
technology who had participated in the earliest landmark studies on artificial satellites in the 
1950s. wrote a personal letter to Korolev in August 1964. imploring Korolev not to go ahead 
with the L3 single-launch approach. Maksimov, who had led the design teams for automated 
lunar probes and piloted Martian spaceships, was reassigned, on Korolev's orders, away from 
the central branch so that the autocratic Korolev would not have to deal with his criticisms. 
Feoktistov, the engineer behind the Vostok spacecraft, also disagreed with Korolev: 

From the beginning I rejected this project because the parameters of the N I  were not 
right. . . . The flight to the Moon did not appeal to me very much, because the N I  could 
not place more than 90 tons in low Earth orbit . . . 90 tons was not enough: the 
Americans had calculated 120 tons in low Earth orbit and we were building everything 
heavier than the Americans. SO 1 was not in favour of our approach and we constantly 
had conflicts about it." 

The conflict over the N I-L3 plan prompted Korolev to request the formation of an "expert 
commission." under Academy of Sciences President Keldysh, to examine the technical pros and 
cons of the project. But Korolev had resistance even from the outside. Yuriy A. Mozzhorin, the 
director of the space policy advisory Nll-88, came out against the single-launch scheme at a meet- 
ing of the commission in July 1965. Keldysh for the first time also sided against Korolev. The usu- 
ally imperturbable scientist was furious: "What kind of nerve must we have to d~sembark one 
man on the Moon?! . . . Imagine for a minute being alone on the Moon! That's a straight road to 
the psychiatric hospital."'Vsychological considerations aside, Keldysh's objections were in fact 
based on more concrete concerns: he believed that the whole program had evolved by pushing 
systems to the extreme-that is, there were no reserves at all, a sure road to failure. 

Perhaps the biggest casualty of the N ILL3 project was OKB-l Deputy Chief Designer 
Leonid A. Voskresenskiy. One of Korolev's most beloved deputies, he was also certainly the 
most colorful. He had been born to the family of a priest and therefore was penallzed later by 
the Communist Party. which prevented him from getting a higher education. Perhaps the only 
deputy of Korolev w~thout a college education, Voskresenskiy had an intuition about testing 
rockets that outshone many of his more scholarly colleagues, whom he dismissed as "men bur- 
dened by higher education." His utter fearlessness in the face of danger characterized not only 
his work with rockets, but also his passion for riding fast cars and motorcycles-a hobby that 
landed h ~ m  in the hospital on occasion. One associate described him as "a baron with aristo- 
cratic manners. On the other hand, he came across as a peasant full of crude jokes. Paunchy. 
unsmiling, and wearing a tie, he made a majestic impression, and he was clearly well-respect- 
ed."" Voskresenskiy was appointed a Deputy Chief Designer in October 1953 and oversaw 
flight and ground testing of every single missile and spacecraft from the days of the A-4 up to 
the Vostok and R-9 launches during the early 1960s. 

By 1963, perhaps as a result of his misadventures, Voskresenskiy's health was seriously fall- 
ing. He gave up his coveted role as d~rector of flight testing at Tyura-Tam. preferring to work 
indoors. Despite a serious heart attack in early 1964. Voskresenskiy was closely involved In 
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work on the N I, especially in the preparation of 
its draft plan. When work on the giant launch 
complexes for the N I began at Tyura-Tam the 
same year, Voskresenskiy was of the opinion 
that OKB- I needed to fund the construction of 
a full-sized test stand for the first stage despite 
the delay it might cause. Korolev was enraged at 
Voskresenskiy's tone, perhaps precisely because 
he knew that Voskresenskiy was right. One 
engineer recalled an altercation between the two 
over the issue in 1963: 

Koroleu came up to Voskresenskiy. 
walked around him, raised his fist to the 
latter's face and said between clenched 
teeth: "You should be beaten with a stick 
for what you did! With a stick. . . a stick 
. . . a stick!" Koroleu was punctuating 
euery word with his fist. I had not seen 
the Chief Designer in such a state of 
anger for a long time. But Voskresenskiy 
parried with his words: "I'm fifty years 
old, this is not the time to be threatening 
me with a stick." After a short pause. 
Koroleu stepped up to him, embraced 
him and said. "Sorry Leonid. No offense 
intended. I was ouerreacting. "" 

Leonid Voskresenskry was the person respons~bie for 
lirght-testrng ai l  mrssrles and spacecraft at OKB I 

from the 1940s on He led the launch teams for both 
the first Sputnik and Vostok launches and was 
perhaps the most well loved of all of Koroieu s 

deputies [iiles of Peter Gorin) 

When Khrushchev released the first 500 mill~on rubles for the N I program, it was 
Voskresensk~y who stated that OKB- 1 would need ten times more to achieve the goals set forth 
in the program. Korolev merely replied that if they asked the government for such enormous 
amounts of money, the project would be terminated." 

Voskresenskiy eventually refused to sign a single document related to the N I until Korolev 
agreed to a test stand. The stalemate came to an end when Voskresenskiy offered his resigna- 
tion from OKB-I in 1964. Korolev accepted. It was an enormous loss to the fortunes of the 
design bureau. Voskresenskiy stayed on as a consultant to Korolev, part~cipating in operations 
at the new space-launching base at Mirnyy, but he was no longer involved with the N I -L3 pro- 
ject. Just a year later, on December 14, 1965, he had returned from a concert with his wife when 
he collapsed and d~ed from a brain hemorrhage at dinner. The fifty-two-year-old legend was 
buried with honors at the Novodevlchiy Cemetery in Moscow. Korolev, who openly crred at the 
funeral, in his eulogy said. "Leonid, you were the first to open this road [to space]."" In typi- 
cal fashion, in his obituary, the Soviet press described Voskresenskiy only as "a scholar in the 
f~eld of the elaboration and testing models of new machinery."'j 

The objections from Voskresenskiy. Keldysh, Lavrov. Maksimov. Mozzhorin, Feoktistov, 
and others notwithstanding. Korolev bulldozed his own version of the N ILL3 project through 
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the members of the "expert commission" in 1965. The commiss~on was a temporary body 
probably related to the Interdepartmental Scientific-Technical Council on Space Research, also 
headed by Keldysh. which had been created in 1958 to serve as an advisory body to recom- 
mend particular space projects to the government. Composed of various high representatives 
of the Ministry of General Machine Building, the Strategic Missile Forces, the Air Force, the 
design bureaus, and the Academy of Sciences, the council was supposed to prevent a single 
faction from pushing a program without oversight by other branches. It was not uncommon. 
however, for the important chief designers to "recruit" important allies on the council to sup- 
port the~r posi t ion~. '~ 

On February 10, 1965. the Keldysh Commission. no doubt crumbling under Korolev's 
headstrong opinions, capitulated and formally approved Korolev's predraft plan for the creation 
of the L3 lunar system. According to the signed document. OKB- I and its subcontractors were 
to come to an agreement on the technical goals for develop~ng the primary systems by the end 
of the month and finish the final draft plan for the L3 lunar complex by August 1965. If  al l  went 
according to plan, flight testing of the N I -L3 complex would begin in late 1966." Predictably, 
delays crept into the schedule, and throughout 1965. OKB-I engineers, led by the so-called 
"high guard1'-Mishin, Bushuyev, Chertok. Kryukov, and Okhapkin-directed an intensive 
revision process to fit the N I into the stringent conditions set by the preliminary requirements. 
By late 1965, the draft plan had still not been finished, and the designers were still engaged In 
heated debates on the virtues of particular technical choices. some even arguing at this late 
stage if one booster was sufficient. By early September 1965, engineers had pushed the pay- 
load up to ninety-one and a half tons. On October 23, Kryukov presented his ideas on chang- 
ing the inclination and other structural redesigns to increase mass to ninety-three tons. At the 
same time. Chertok was engaged in cutting systems from the lunar orbiter. 

Apart from the internal dissent at OKB- I, Korolev's N ILL3 also had more organized oppo- 
sition. Despite any formal involvement in the project. Clushko's plans continued to pose a 
threat to the project. In 1962. Glushko had begun the development of a new powerful engine. 
designated the RD-270, with a sea level thrust of 640 tons, more than four times more power- 
ful than the modest NK- 15s slated for use on the first stage of the N I . 'V t  was powered by 
unsymmetrical dimethyl hydrazine and nitrogen tetroxide, the combination that Korolev called 
"devil's venom." The new engine was quite possibly the most powerful storable propellant 
engine ever built and had unusually high chamber pressures. By 1965, still supporting his stand 
on storable propellants. Glushko evidently proposed that the N I be completely redesigned to 
use the RD-270 engine instead of the NK-15. His argument was that a smaller number of 
RD-270s could achieve the same performance as the thirty NK-i5s, thus bypassing the com- 
plex problems associated with synchronizing thirty engines." 

34 Descriptions of the organizational underpinnings of the lnterdepartment Scientific-Techn~cal Council on 
Space Research and ~ t s  associated ad hoe commissions are still rare One source describes an N I cornmisslon in the 
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subcommittees. headed by Chlef Designers N A Pllyugln (Nll-885). V I. Kuznetsov (Nll-944). V P. Barrnln (GSKB 
SpetsMash), and Colonel A. 5 Kalashnlkov (Chief of the Thlrd Directorate in GURVO ~n the Strategic Mlssile Forces) 
See Mikhail Rebrov. "The Secrets of Rocket Codes" (English t~tle). Krasnaya zverda June 3, 1995, p.  6. 
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In three years of development. Clushko's design bureau had not achieved any significant 
progress with the engine, but in 1965. Clushko mounted an unprecedented lobbying effort in sup- 
port of the engine. He enlisted the support of Ustinov and newly appointed Minister of General 
Machine Building Sergey A. Afanasyev, two of the most powerful leaders of the space program. 
Afanasyev evidently supported exploring a redesign of the N I with the use of Clushko's engines. 
This was a full three years after the commencement of work on the N I, when the manufacturing 
of booster portions had already begun at plants all over the Soviet Union. It was the apotheosis 
of organizational and managerial chaos inherent in the lunar programs. Clushko himself attacked 
the N I with "unrelenting fervor," eventually "securing the support of every chief designer in a let- 
ter to the Central Committee of the Communist Party, blaming Korolev for every imaginable short- 
~ o m i n g . " ' ~  Korolev, hurt by the abrupt changing of alliances among his old comrades-in-arms. 
such as Barmin, found himself with his back to the wall. The absurd proposal to redesign the N I 
eventually came to naught. A formal recommendation from Nil-88 Director Mozzhorin may have 
finally convinced Afanasyev that it was an option not worth pursuing." 

The NI  retained its old engines, but the RD-270 development program was not by any 

I 
1 

means over. Instead, once again Clushko found an ally in General Designer Chelomey. It was an 
eerie repeat of the events of 1961-62 when Clushko had offered another engine for the NI ,  the 
RD-253, which had been refused by Korolev and eventually used on a Chelorney booster. What 
made the more recent challenge particularly ominous for Korolev was that this time Chelomey 
and Clushko vigorously supported a competitive proposal for landing a Soviet cosmonaut on the 
Moon. In the final days of Khrushchev's reign. Chelomey had first emerged with his UR-700 
booster plan for competing with N I -L3. Khrushchev had given an order to make an informed 
and technical comparison between the two projects. Despite Khrushchev's ouster, this order 
hung over the fates of both efforts, threatening to either destroy Korolev's hard-earned gains or 
put a cap on Chelorney's ambitions-two outcomes that were mutually exclusive. 

On October 20. 1965. Minister Afanasyev. a growing supporter of Chelomey's plans. 
issued an official order allowing Chelorney to draw up a formal draft plan ~n support of the 
UR-700. The proposal was supported not only by Clushko, but also by two of Korolev's oldest 
friends. Chief Des~gners Viktor I. Kuznetsov and Vladimir P. Barrnin.'" Both their "defections" 
were paramount to treason in Korolev's eyes because both were significant participants in the 
N ILL3 project. Kuznetsov, head of Nll-944, was developing guidance systems for both the N I 
and the L3 ,  while Barmin's CSKB SpetsMash was responsible for the design and construction 
of the giant launch complexes for the N I at Tyura-Tam. Barmln evidently believed that the two 
pads for the N I could be redesigned with minimal structural readjustments for Chelomey's 
UR-700. Ceorgiy S. Vetrov, the official historian of Korolev's design bureau. later called the 
RD-270 program " a  useless initiative." adding: 

Its development was supported by D. F. Ustlnov and led to wasting a lot of time and resources. 
There was a scient~fic consensus that this engine would not be usable. In spite of this, a new 
project was started based on it-the heavy carrier UR-700. This diverted attention from the 
N i  heavy carrier project meant to carry out promising space and mllitary programs." 

38 Rebrov The Secrets of Rocket Codes " 
39 Ceorgiy Stepanovich Vetrov "Development of Heavy Launch Vehicles in the USSR ' presented at the 
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In " a  desperate attempt to stop the dispersal of funds" to the UR-700. Korolev prepared a 
number of letters to Afanasyev. One letter dated September 29, 1965. co-signed by OKB-I 
Deputy Chief Designers Mishin, Bushuyev, Kryukov, and Melnikov, was a virtual testament to 
Korolev's belief in the use of high-energy propellants during the future Soviet space program.42 
In a second letter from early November 1965, prepared but apparently never sent. Korolev 
referred to the decision in 1962 to move ahead with the liquid oxygen (LOX) and kerosene com- 
bination, arguing that the future lay in liquid hydrogen and LOX combinations, only a step away 
from LOX-kerosene. He also engaged in a vitriolic attack on Glushko's design bureau: 

One cannot but mention that for a number o f  years, the OKB-456 . . . ceased to work 
effectively on development of realistic engines which could be used for practical pur- 
poses. The OKB is completely isolated from the demands o f  life and spends its "actlvi- 
ties" in unneeded developments, spending tremendous sums of money for that. All this 
is at a time when there is an acute need for good  engine^.^' 

There was also an acute need for money. At the very moment when the N I -L3 project 
required the most investment into fixed resources, such as ground testing statrons, launch com- 
plexes, transport systems, and manufacturing jigs, the abrupt support for the UR-700 seems to 
have had a deleterious effect on Korolev's dream. Mozzhorin recalled later: 

Work on the N /  project in 1964-1966 was carried out under difficult conditions. 
Production capacities were inadequate: plans called for the fabrication of four NI rock- 
ets in a year's time, but only one and a half were constructed. There were delays in the 
timetable. Delivery of completed units was stalled. There were difficulties in solving the 
problem of constructing the necessary stands and experimental installations. The Chief 
Designers allowed serious deviations from the requirements for the final ground tests: 
"Too long and costly. " they said. "We'll debug it in flight. 'I4" 

Marshal Malinovskiy, the USSR Minister of Defense, told Air Force officials during a meet- 
ing In January 1965. "We cannot afford to and will not build super powerful space carriers and 
make flights to the Moon. Let the Academy of Sciences do all that."" Mishin recalls that "con- 
struction of the production base [for the N I ]  was delayed two years."4Tompared to the Saturn 
V project, the N I was a disaster waiting to happen. There were the inevitable accusations that 
the N 1's capabilities were markedly inferior to those of the Saturn V. Korolev tried his best to 
respond. For example, in a memorandum dated May 29. 1965, he put his persuasive capabili- 
ties to work with new Minister Afanasyev, making the outlandish cla~m that the performance 
differences between the two vehicles were "insignificant." despite the fact that the N I weighed 
20 to 40  percent more than its Amerrcan ~ounterpar t .~~ Through all the setbacks and problems. 
Korolev remarried surprisingly optimistic. During a conversation with an Air Force officer on 
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September I, the latter recalled, "[Korolev] told me with visible satisfaction about the state of 
the N I rocket. It was his baby, and it should be ready in metal by the end of 1965."4a 

The testing program for the N I greatly depended on the fate of the CR- I orbital bombard- 
ment system, because the former used modified versions of engines used on the latter. To add 
to the almost incomprehensible level of problems with the N I, the GR-I came under severe 
attack in January 1965. The thinking from the Soviet leadership was not without good reason. 
The Soviet government had already invested in Yangel's R-36-0 orbital bombardment system. 
later designated the Fractional Orbital Bombardment System (FOBS) by Western observers. 
There was simply little reason to proceed with Korolev's CR-I, especially because the R-36 

i 
ICBM, in its basic mtssile version, had already flown several successful test flights from Tyura- 
Tam. All activity related to the CR-I, meanwhile, was limited to work in the plants. There were 
also serious delays rn developing the NK-9 engines for the first stage, which did not bode well 
given that similar engines were set to be used on the first stage of the N I. Ustinov and 
Afanasyev terminated the GR- I project sometime in mid- 1965, although Korolev was not eas- 
ily convinced and evidently tried to continue manufacturing some elements. In early August. 
Deputy Minister of General Machine Building Gleb M. Tabakov expressly forbid the OKB- I plant 
from continuing the construction of the missile's second stage. Later in the month, Korolev 
made an aborted attempt at getting Ustinov interested in a space launch vehicle version of the 
GR- I, destgnated the 8K5 13, for orbiting military satellites. It was, however, too little too late. 
The project was permanently terminated.4v Vetrov recalled later: 

[The GR- 1 s] engines were similar to the N 1 engines. Many N I problems would have 
been solved beforehand, if  the [GR- I ]  had been tested. It was ready for test flights, but 
Korolev was not allowed to launch it. Why?Apparently, somebody was afraid it would 
have been a success.'O 

The missile was later called the "Intercontinental Missile From Moscow to Leningrad." 
because that was about how far it had traveled-from one plant to another. Although it was 
never flown, full-size models of the CR- I were displayed with much fanfare at Moscow parades 
celebrating the Great October Revolution. 

The loss of the CR- I was a severe blow to the N I program. Its death knell effectively meant 
that al l  elements of the N I would have to be tested in flight without any prior research and 
development tests on smaller vehicles. Originally, the N I project had included smaller versions 
of the giant booster designated the N I I and the N I I I for exactly this purpose. But with the 
delays in work on the base N I, work on the other two variants progressively moved into the 
background. Throughout 1965, after the CR- 1's demise, Korolev continued to desperately push 
the N 1 I booster, a launch vehicle using the second, third, and fourth stages of the N I, as the 
only means to ensure a rational development program for the N I .  On September 28. 1965. 
Korolev signed internal documents in support of developing the N I I, in addition to the devel- 
opment of nuclear rocket engines for future boosters, but as the months passed by, it was 
increasingly clear that the Ministry of General Machine Building was not interested. As Korolev 
discovered pa~nfully throughout 1965, the glory days of blank checks from the late 1950s were 
over. The Soviet piloted space program was in the midst of acrimony and fragmentation 
un~maginable during the Sputnik days. By comparison, the work on Apollo and Saturn V was 
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virtually a designer's dream. There were, of course, technical and managerial problems in 
NASA's development of the Apollo-Saturn system, but the chronic waste and inf~ghting that 
characterized the Soviet lunar program at the time was of a remarkable level. It is surprising that 
engineers managed to get anything done at all. 

At the same time, the Western perception of the Soviet space program was one of delib- 
erate and sustained progress. NASA Administrator James E. Webb, in testimony before the 
Senate Space Committee on March 8, 1965, told his audience: 

We do not know whether they have selected some specific goal, such as a lunar land- 
ing, or even a duplication of our Apollo mission. . . . There is no evidence that they are 
building a booster as large as the Saturn V . . . I think the information of most value to 
the U.S. Government is that they are conducting a very broadly based program, deuel- 
oping every competence necessary to select those missions that they believe will be to 
their advantage as they develop their competence." 

The N I Rocket 

One of the "competences" that the Soviets were not busy developing was a high-energy 
cryogenic engine for the N I. From 1960 to 1964. every technical plan for the N I had included 
LOX-liquid hydrogen rocket engines for the upper boost stages of the N I, much like the Saturn 
V. As a result of Korolev's vigorous push, and despite Glushko's attempts at smothering such 
attempts. Chief Designers lsayev and Lyulka were tasked with the creation of three different 
engines: 

The I I D54, with a thrust of forty tons for the N 1's Blok V third stage 
The I I D56, with a thrust of seven and a half tons for the N 1's Blok R upper stage 
The I I D57, with a thrust of forty tons for the N 1's Blok S upper stage5* 

The I I D56 was developed by Isayev's design bureau, while the remaining two were devel- 
oped by Lyulka's organization. By 1965, work on the engines was moving at a snail's pace. 
Isayev's engine was further ahead in the development program, but the lack of adequate test- 
ing facilities at Nll-229 in Zagorsk forced significant delays in ground testing. Not one engine. 
in fact, had been fired on the ground by the end of 1966. With continuing delays in the liquid 
hydrogen program, Korolev and lsayev decided to delay the use of such engines to later ver- 
sions of the N I .  Thus, OKB-I engineers had to explore other options in redesigning the N I 
The solution was simple, but it cost the N I significant losses in lifting capabilities. Gone were 
the liquid hydrogen third stages and Bloks S and R: instead, the engineers introduced two addi- 
tional stages as part of the L3 payload, both powered by the more traditional LOX and kerosene. 
To minimize significant new work. OKB- I engineers decided to use already prepared stages and 
engines. The first of the two additional stages. Blok G, was merely a single engine of the same 
type as the N 1's third stage, but it was modified for higher altitude operation. The second of 
the stages, Blok D, was appropriated from the canceled GR- 1's third stage." 

51. Sovret Space Programs. 1962-65; Goals and Purposes, Achievements. Plans. and lnternatronal 
Implications, prepared for the Commrttee on Aeronaut~cal and Space Sciences. U.S Senate, 89th Cong . 2d sess. 
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On the left is the early test variant of the N I  rocket as originaily conceived rn the mid-1960s On the rrght is a 
slightly modrfied uersron designed in the early 1970s The marn external differences were in the farr~ng at the bottom 

of the first stage and the length of the uerticai eondurts on the firs1 and second stages (copyright Peter Gonn) 
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The adoption of LOX-kerosene for the first five stages of the N I-L3 complex allowed 
OKB- I engineers to inch slowly to the completion of the final draft plan, which was complet- 
ed and signed by Korolev and Mishin on November 1 1 .  1965, amid the cacophony of uncer- 
tainty surrounding the fate of the project. Once agaln, the Keldysh Commission convened to 
examine the technical details and character~stics of the N I -L3, this time with~n the framework 
of the more detailed draft plan rather than the predraft plan. The approval was quick. In 
December 1965, the commission approved the plan, giving ~t the formal recommendation to 
begin manufacture based on the revised specifications.'" 

The Sov~et N I booster had the highest liftoff thrust of any rocket built in the history of 
space exploration. The basic rocket consisted of three conical rocket stages-Blok A (flrst 
stage). Blok B (second stage), and Blok V (third stage)-with a total length of 61.55 meters. 
The first stage was powered by thirty NK- 15 engines. each havlng a ground level thrust of 
I54 tons. Of the thirty englnes, twenty-four were installed around the perimeter, while the addl- 
tional six were located at the center in the form of a ring. Total liftoff thrust was 4,620 tons. 
compared to the Saturn V's 3.404 tons. Burn time for the stage was in the range of 114 to 
I20 seconds. The stage also had four independent engines for roll control developed by 
OKB- I ,  each with a thrust of seven tons. The upper portion of the stage was not a solid frame. 
but rather was composed of a lattice-type structure that served as an interstage section between 
the first and the second stages. The top portion of the gigantic kerosene tank was visible 
through this lattice. A total of twelve condu~ts installed around the lower part of the exterior of 
the stage served as a means to carry fuel from the upper propellant tank to the engines at the 
base of the stage. The 30.09-meter-long stage had a base diameter of 16.87 meters, wh~ch did 
not Include four large grating-type stabilizers near the base positioned orthogonally at ninety 
degrees to the main vertical axis. 

The 20.46-meter-long second stage was powered by eight NK-15V engines, each with a 
thrust of I79 tons. giving a total stage thrust of 1.432 tons. Burn time was in the range of 
130 seconds. The NK-15Vs were essentially NK-15 engines modified for work at high altrtudes 
with longer and thinner nozzles. There were eight conduits for propellant transfer attached 
around the exterior of the stage. A lattice structure connected this stage to the next one, while 
roll control was effected by means of three small engines, each with six tons thrust. The third 
stage was powered by four NK-2 I engines, each with a thrust of forty-one tons, giving a total 
third-stage thrust of 164 tons. The length of the third stage was just over eleven meters. Four 
external conduits on the exterior allowed propellant transfer, whlle four 200-kilogram thrusters 
provided roll control. All the engines of the first three stages used LOX as oxidizer and kerosene 
as fuel. were of the staged combustion cycle type, and were developed by OKB-276 under Chief 
Designer Nikolay D. Kuznetsov. 

There were some unique features of the N I that set it apart from most other space launch 
vehicles of the tlme. The propellant compartments of the first three stages of the vehicle were 
suspended spherical tanks separate from the external frame of the booster. The load-bearing 
configuration, and the relatively low density of the layout because of the use of spherical tanks, 
resulted in a significant diminution of the payload mass of the rocket. To circumvent this weak- 
ness, the engineers designed the tanks with unusually low specific mass, which. when com- 
bined with the high performance of the engines, effectively compensated for the drawbacks of 
having a nonmonocoque main rocket body. The spherical tanks were subject not only to loads 
from the pressure associated wlth tank pressurization but also the hydrostatic pressure of the 
liquid in them. Inertial loads and engine thrust were absorbed by the propellant compartments' 
load-bearing structure. 

54 Vetrov Interview, November I S  1996 



There were both advantages and disadvantages to the spherical design of the tanks, cer- 
tainly one of the most unusual features of the rocket. Spheres have minimal surface area rela- 
tive to volume, and thus they are subject to lower heating loads and require minimal surface 
insulation. The engineers also concluded that with spherical tanks and prepump engine assem- 
blies, the mass of propellant tanks would be smaller than those of rockets with regular propel- 
lant tanks as load-bearing structures. Although participants in the N i  program later claimed 
that the selection of tanks separate from the main body was primarily motivated by the search 
for better characteristics, in truth there was a more pressing reason for such an unusual design: 
the Soviet metallurgical industry was unable to produce aluminum sheets more than thirteen 
millimeters thick. For integral tanks, the engineers calculated that the thickness would have to 
be much greater: therefore, the only option was to use nonintegral tanks. One major deleteri- 
ous factor was the fixed cost resulting from the design and construction of numerous size- 
specific welding jigs and dies, one for each of the six tanks. The booster's six spherical tanks. 
two in each stage, had diameters between 12.8 and 4.9 meters. The tanks themselves were built 
from a special magnesium-nickel alloy named AGM6, while the external casings of the N I were 
built from duralumin D16. The Ye. 0. Paton lnstitute of Electrical Welding at Kiev, led by 
Academician Boris Ye. Paton, developed a new method of arc argon welding with subsequent 
tests by x-rays, which allowed for the creation of lighter tanks than possible with earlier assem- 
bly methods. 

Superior engine performance was achieved by the use of built-in impeller-type preliminary 
pumps and automatic control with igniters, a first for Soviet rocket engines and possibly in the 
world. This design was evidently based on the earlier NK-9 for the abandoned GR- I booster, 
which had removable preliminary pumps. The idea stemmed from attempts to boost the per- 
formance of the engines for conditions that were more severe than projected launch conditions. 
The exhaust from the starter turbine of the engines of al l  the N I main engines was directed 
below by using a diverter duct outside the nozzle exit area. This particular duct, in fact, was 
the reason why the engines themselves had a peculiar appearance-that is, they were closed- 
cycle (staged combustion cycle) engines, but with an exhaust duct outside the nozzle origi- 
nating from the turbopump assembly. Through the entire period of development. Kuznetsov 
was forced to make significant changes to his original conceptions from 1962. One of Korolev's 
stringent requirements was that the engines be extremely lightweight. Desplte major difficul- 
ties. Kuznetsov's NK- 15 engine had one of the best dry mass-thrust ratios of rocket engines of 
this class and type. 

A third unusual feature of the rocket was the built-in redundancy of the engines installed 
on the stages. Because there were so many engines on the first stage. Korolev's engineers raised 
the total reliability of the propulsion system by means of the in-flight shutdown of faulty 
engines. For example, if there was a malfunction in one of the engines on Blok A, signals from 
the Engine Operation Control (KORD) system's sensors were immediately sent to valves that 
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mechanically cut off the feed of propellant components to the malfunctioning englne. In addi- 
tion, the engine diametrically opposite to the faulty one would be switched off simultaneous- 
ly to preclude unbalanced loads during the powered portion of the trajectory. In such a 
situation, the remaining engines would continue to burn for an extended period of 168 seconds 
with slightly increased thrust. If two pairs of engines failed, the remaining engines would burn 
to as much as 2 10 seconds, depending on the parameters of the trajectory. The KORD system 
also operated on the second and third stages. It could shut down two engines on Blok B and 
one engine on Blok V, with other engines continuing to fire. 

Guidance and control systems for the N I, including the KORD system, were developed by 
Chief Designer Pilyugin at the Scientific-Research lnstitute of Automation and Instrument 
Build~ng. OKB- I developed the N 1's tri-level telemetry system. This included the RTS-9 for ;I : I  
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slow-changing parameters, the BRS-4 for fast-changing processes, and the APG-4 automatic 
data recording system. 

Another departure from previous Soviet rockets was the manner in which thrust vectoring 
was accomplished on the vehicle. Pitch and yaw on the first two stages were effected by mis- 
matching the thrusts of opposing fixed peripheral engines. The third stage had the ability for 
traditional gimbaling. Roll maneuvers were accomplished by the small swiveling nozzles on the 
periphery of the rocket, the gases for which were transferred from the turbines of the turbo- 
pumps of the main engines. 

Power for on-board systems was ensured not by batteries, as on all previous Soviet rock- 
ets, but by a special "electrical station" developed by Chief Designer Andronik I. losifyan's 
Nll-627 in cooperation with Chief Designer Arkhip M. Lyulka's OKB-165. Electric turbogenera- 
tors operating on pressurants such as air or helium from the propellant tanks provided twenty 
kilowatts of power that was essentially "free of charge," fully automated, and maintained to a 
stable output by the use of a quartz oscillator." 

The N I -L3 lunar complex as a whole was designed at OKB- 1's Department No. 3 headed 
by Yakov P. Kolyako, under the overall direction of Deputy Chief Designer Kryukov.'" 

The U Lunar Rocket Complex 

The total length of the complete N I-L3 on the pad was 105.3 meters, of which the L3 por- 
tion was 43.2 meters. The L3 complex consisted of the following sections: Blok G (fourth stage) 
of the N I-L3 complex and the Lunar Orbital Station consisting of vehicles for work ~n lunar 
space. Blok G served as the TLI stage and was powered by a single NK- 19 engine, almost iden- 
tical to the engine used on the N 1's third stage. With an external diameter of just over four 
meters and a length of eight meters, the stage was sufficiently small to be transported by rail 
to the launch site much like Chelomey's Proton booster, which had the same external diame- 
ter. Blok G would ensure a 480-second burn sufficient to reach 1 1.2 kilometers per second- 
that is, enough to boost the Lunar Orbital Station toward the Moon. 

The Lunar Orbital Station consisted of the following components, in order from bottom to 
top on the launch stack: 

Blok D 
The Lunar Ship (LK) 
The Lunar Orbital Ship (LOK) 

The Blok D stage, effectively the fifth stage of the N I -L3, was one of the most important 
components of the entire complex, because it would perform several burns critical to a suc- 
cessful lunar landing. These would include two to three burns on the way to the Moon for 
course corrections, the lunar-orbit-insertion burn, two to three corrections in this orbit, and the 
initial portion of the powered descent burn from lunar orbit. The stage thus had to be equipped 
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with a rocket engine that not only could func- 
t ~ o n  reliably In condit~ons of vacuum and 
weightlessness for more than a week, but also 
be capable of repeated f~r~ngs. The critical 
engine used on the stage, derived from work on 
the GR-l and the fourth stage of the 8K78 
Molniya space launcher, was the 1 ID58 with a 
vacuum thrust of eight and a half tons and a 
specific impulse of 349 seconds. Engineers used 
a new kerosene derivative named RG-I as the 
fuel, wh~ch ensured better cooling characteris- 
tics than earlier kerosene derivatives such as T- I. 
Propellant boiloff dur~ng space operations was 
also prevented by thermal insulation on Blok D 
itself. The oxidizer was LOX. In addition to the 
main engine, the Blok D stage also included two 
System for Ensuring Firing (SOZ) engine units, 
each with two throttle-capable motors of ten 
kilograms thrust (one reserve). These engines 
were for settling the remaining propellant of 
Blok D prlor to firing in weightless conditions 
and were developed by TMKB Soyuz (formerly The lunar Ship (LKI  of the 13 lunar [andfng cornpiex 

would carry a single cosmonaut to the surface of the 
the Turayevo branch of headed by Moon Note the honeycomb structure on thf dockrng 
Chief Designer Vladimir C. Stepanov. The Blok piate at the top of the lander. which was capable 
D engine was one of the few rocket engines 01 receivrng the actlue dockrng probe on the LOK 

developed in-house at OKB. 1 ,  whose deriva. I u " ~  o r b i t ~ r  (copyright VideoCosrnos Co . W I O  

t~ons can be traced back a decade to the steer- Dennfs Newkirk) 

Ing thrusters used on the original R-7 ICBM. 
Like the earlier engines. Blok D work was overseen by OKB- I Deputy Chief Designer Mikhail V. 
Meln~kov.'. The stage was 5.7 meters in length, w ~ t h  an outer jettisonable cylindrical shell, and 
had an external d~ameter of 3.7 meters. 

The central component of the ent~re lunar stack was the LK lander, positioned on top of 
Blok D on the pad. Engineers at OKB-1's Department No. 93 under Ivan S. Prudnikov were 
responsible for designing and developing the vehicle under the overall supervis~on of Deputy 
Chief Designer Bushuyev. Although the predraft plan for the spacecraft was finished at the end 
of 1964, the primary elements of the des~gn of the lander underwent significant changes by the 
t~me that the f~nal scheme was adopted In 1967 or 1968. 

The primary constraint that dictated the eventual design of the LK was mass. 
Computations showed that with the new and improved N I ,  along with Bloks G and D, such a 
lunar lander could weigh a maxlmum of five and a half tons. This was in comparison to the 
almost fifteen tons that NASA's Lunar Module weighed. Given the generally heavier microelec- 
tron~cs components and the relatively poor capabilities of Sov~et computers, this was indeed a 
tall order for Korolev's engineers. The Soviets benefited from having only one cosmonaut in the 
lander, although this raised a number of other questions that would compromise safety. The 
mass limit meant that the Soviets would have to do with one set of engines for both landing 
and I~ftoff, instead of the two separate units as on the Apollo Lunar Module. Th~s meant that 
unltke the two-stage Lunar Module, the Soviet lander would essentially be a one-stage vehicle. 

57 I b i d .  pp 226-28 
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Save for its landing supports and some associated instrumentation, at liftoff, the LK would 
essentially be the same vehicle that had landed. After several changes in design in 1964, the 
basic chosen design was of a rocket stage with landing supports, topped off by a crew cabin. 
The crew cabin went through four different iterations before arriving at its roughly spherical 
shape. The final layout of the LK consisted of the following three sections: 

The Lunar Landing Aggregate 
The Lunar Takeoff Apparatus 
Blok Ye 

The Lunar Landing Aggregate and the Lunar Takeoff Apparatus were analogous to the descent 
stage and the ascent stage, respectively, of the Apollo Lunar Module. 

The Lunar Landing Aggregate was a 2.27-meter-diameter frame shaped like two truncated 
and ribbed cones with their bases attached to each other. The dimension of the chassis was 
determined by the distance from the main engine's nozzle exit section to the mainframe of the 
oxidizer tank, a scant 600 millimeters. A pressurized suspended instrument compartment with 
the Planeta ("Planet") landing radar and research equipment, with a mass of 105 kilograms. 
was attached on the exterior of the Lunar Landing Aggregate. This compartment included an 
"operational manipulator" (59.1 7 kilograms) and a lunar surface drill, which was capable of 
operating for sixty minutes. The Lunar Landing Aggregate also included two folding pencil- 
beam parabolic antennas of the radio cornmun~cations system, in addition to three storage bat- 
teries, a fold-down ladder to allow the single cosmonaut to step down onto the surface, and 
four water-f~lled cylinders for the evaporator of the thermal regulation system. Later models 
were to include a small automated four-wheeled rover as well as a second scientrfic experiments 
package. 

The actual landing supports for the ship, four legs attached to a frame, were collectively 
known as the Lunar Landing Unit. Because knowledge of the lunar surface in 1964 was still 
rather sparse, it was a challenge to set specifications for the landing supports. Korolev gave his 
engineers two primary requ~rements: ( I )  the ship should be able to safely drop from a height 
of one meter with a lateral velocity of one meter per second and (2) the landing gear should be 
able to prevent the lander from capsizing, even if the surface was sloped. Assuming that the 
"most likely" diameter of lunar craters would be seven meters, the slope limit for a landing was 
set at twenty degrees to the horizontal. These two restrictions served as the basis for almost 
twenty different proposals for landing supports, including a supporting ring much like an inflat- 
able inner tube at the base of the vehicle. After examining tripod-support schemes, engineers 
finally settled on a four-support design as the most stable in the given conditions. 

In its final conception. the Lunar Landing Unit was simply a honeycomb shock-absorbing 
structure with four legs, on which the spacecraft would rest on the Moon. Lateral supports for 
the legs muffled loads by compression and extension, while compressible near-vertical struts 
that ended in saucer-shaped footpads were for setting down on the surface. Four solid- 
propellant "hold-down" engines at the upper end of the land~ng legs were to fire at the exact 
moment of touchdown to ensure that the vehicle would not topple over on the surface or 
"hop" following first contact with the lunar surface. 

The Lunar Takeoff Apparatus was the roughly spherical crew module for the lone cosmo- 
naut during the lunar surface stay. It consisted of a pressurized cabin, a stubby cylindrical 
instrument compartment enclosed by a dome stuck to the side of the sphere, and a section for 
attitude control engines attached at the top. The cramped cabin itself was two and three-tenths 
meters by three meters In size and had an internal volume just enough for a standing cosmo- 
naut in a spacesuit who would be harnessed securely in front of the instrument display and 
main control panel. The latter was designed and built by the Special Experimental Design 



Bureau of the Flight-Research Institute at Zhukovskiy-2, near Moscow, under the leadership of 
Chief Designer Sergey A. Borodin. The panel was located to the right of the cosmonaut, allow- 
ing the pilot's right hand to control key parameters of the vehicle. All systems had both an 
automatic mode of control and a manual override. 

A hemispherical concavity in the forward portion of the module contained a view port and 
a collimator device with a seven-degree angle of view on which an image of the land~ng site 
would be projected. During descent, the device would allow the cosmonaut to observe the 
landing area and the landing supports visually and take over manual control in an emergency 
situation. A large control stick would allow the cosmonaut to align the landing site on the col- 
limator wlth the planned landing site, forcing the ship to travel to the desired location. A sec- 
ond port with a wide-angle sight was located above the concavity for the pilot to observe 
docking operations in lunar orbit with the "mother ship." The exterior of the cabin Included 
four antennas, two omni-directional ones and two for rendezvous operations. Most of the 
instrumentation associated with the funct~oning of the crew cabin (orientation and control 
instrumentation, radio communications devices, and so on) was "pushed out" into the later- 
ally placed oval instrument module. Two batteries, similar to the ones on the Lunar Landing 
Aggregate, were also installed on the instrument section to power the spacecraft after liftoff. 
The docking unit of the LK was installed on top of the vehicle much like on the U.S. Lunar 
Module. A flat annular radiator screen of the thermal regulation system around the docklng unit 
protected the cabin against collision during a potentially incorrect alignment during docking in 
lunar orblt 

The designers chose the internal atmospheric pressure based on careful analysis because 
the pressure influenced the thickness of the main shell of the spacecraft, which in turn affect- 
ed the mass. Unusually for the Soviet piloted space program, engineers initially chose a pure 
oxygen atmosphere, but because that would require the creation of extra accessories, special 
production technologies, and more safety measures, they fell back on the traditional ordinary 
air composition, but with a reduced nitrogen content. In the 560-mm Hg pressure, the cosmo- 
naut would be able to remove his spacesuit helmet for eating and drinking. At the time. Soviet 
space engineers overwhelmingly preferred using airlocks for extravehicular activity (EVA), but 
installing an airlock on the LK was out of the question because of mass constraints. 
~e~ressir izat ion,  as with the Apollo Lunar Module, was the only remaining option. The cabin 
was designed such that both ground control and the cosmonaut could manually lower pres- 
sure. The internal climate of the cabin was maintained by a gas-liquid heat-exchange system 
and ventilator. The life support system was designed for a nominal operation of forty-eight 
hours. also limited by the power of the on-board batteries. All life maintenance systems, includ- 
ing the thermal regulation systems. were designed and developed by Chief Designer Voronin's 
KB Nauka (formerly OKB- 124). 

Throughout all operations from lunar orbit to landing and then subsequent takeoff, the 
commander of the mission would wear a special new semi-rigid spacesuit developed by KB 
Zvezda (formerly Plant No. 918) based at Tomilino under the leadership of Chief Designer 
Severin. The suit had to be flexible enough to allow for not only surface operations on the 
Moon, but also EVA in lunar orbit, when the moonwalking cosmonaut would transfer from the 
lander to the mother ship via a spacewalk. Severin's engineers developed a "portable suit" with 
armored head and torso portions and soft arm and leg sections. Instead of donning the suit l~ke 
a typical article of clothing, the cosmonaut would literally enter the suit via a door at the back- 
side. The suit's life support system was mounted in a large backpack attached to the door at 
the back of the suit. The backpack, nicknamed Kaspiy, included a life support system that 
would ensure thermal control, suit pressurization, air collection, purification, and dehumidifi- 
cation via a network of water-cooled plastic tubes. A hinged control panel on the chest of the 
cosmonaut provided control over eleven parameters of suit operation in addition to communi- 



cations, each with a primary and backup loop. The suit also included a beacon system to allow 
ground controllers to determine the exact position of the cosmonaut relative to the lander. 
Within the lunar lander, because of mobility constraints, the cosmonaut would use a spec~al 
finger control unit to reach inaccessible control buttons. The size of the spacesuit necessitated 
the use of a large oval hatch on the side of the Lunar Takeoff Apparatus, the first in the histo- 
ry of the Soviet space program. Severin's engineers named the suit Krechet-94 ("Falcon"), with 
the "94" coming from the production index of the lunar lander, which was I I F94. 

The guidance and control system of the LK was the heart of the ship. Several different 
design bureaus and institutes under the leadership of the Scientific-Research Institute of 
Automation and Instrument Building, headed by Ch~ef Designer Pilyugin, designed and devel- 
oped this system. The goal of the system was to control powered descent from lunar orbit, the 
landing, the takeoff, and the subsequent docking with the LOK. For the first time in a Soviet 
piloted vehicle, engineers used an on-board microcomputer to evaluate all incoming informa- 
tion from a variety of sensors, to evaluate the state of the lander based on preprogrammed algo- 
rithms, and then to take a course of action. The primary sensor system consisted of a set of 
gyroscopes as part of a three-axis gyrostabilized platform for spatial orientation, the Planeta 
landing radar for measuring velocity and altitude, the collimating sight, and other electronic 
measurement systems. These gyroscopes were developed by the Scientific-Research Institute 
for Applied Mechanics headed by Chief Designer Kuznetsov. Pilyugin's guidance system also 
included a semi-automatic system for controlling horizontal movement and angular velocity 
during rendezvous and docking operations, as well as a manual control system that would 
allow the pilot to select a landing site using the collimating sight. The pilot would use a two- 
channel lever for controlling attitude and relative change of horizontal velocity of the lander. 
Using the collimator to view the landing site, the pilot would feed data to the computer to pro- 
duce commands for the necessary maneuvers to achieve an on-target and safe land~ng. Solar 
and planetary sensors would verify the accuracy of the orientation of the axes of the gyrosta- 
bilized platform. 

At the time of liftoff from the Moon, the Lunar Takeoff Apparatus would detach itself from 
its landing supports (the Lunar Landing Unit) and additional instrumentation (the Lunar 
Landing Aggregate) attached to it. The Lunar Takeoff Apparatus would lift off with only the 
pressurized spherical compartment with the cosmonaut and the same engine unit that had 
landed it. Electrical and hydraulic connections between the two spacecraft, provided via an 
umbilical tower, would move away at a safe range prior to liftoff. One of the advantages of the 
design was that there was no need to develop a special and separate landing stage. For land- 
ing, the Blok D stage would reduce velocity in lunar orbit sufficiently so that only a relatively 
small engine was required for the disembarking operations. The throttleable main engine would 
enable the cosmonaut to hover over the lunar surface for a very short time to select a safe land- 
ing area. The hover time was less than a minute and was dictated by fuel volume of the main 
engine. Because of mass constraints, any science package aboard the LK would be very small. 
thus limiting actual scientific exploration. 

The primary attitude control complex was located on top of the crew cabin in a 0.68-meter- 
tall compartment underneath the docking collar. The system consisted of two vacuum-fueled 
tanks (fuel and oxidizer) carrying 100 kilograms of liquid propellant and a propellant delivery sys- 
tem. There were four sets of engines, each with four thrusters, of which eight would have a 
thrust of forty-nine kilograms and eight would have a thrust of ten kilograms. The complex was 
divided into two independent circuits to overcome failure in one circuit. Each circuit controlled 
two forty-kilogram thrusters for pitch, two forty-kilogram thrusters for yaw, and four ten-kilogram 
thrusters for roll. The impulses from the thrusters were accurate enough to provide only nine 
milliseconds of thrust. Although Chief Designer Stepanov's TMKB Soyuz designed and 
developed the engines for the attitude control system, the organization declined to develop the 



remaining components, such as the actuator system, the propellant tanks, and the propellant- 
feed system, which were all created at OKB-I under First Deputy Mishin's direct leadership. 

During a nominal mission, the LK would communicate with Earth and the lunar orbiter via 
antennas that would operate in the meter, decimeter, and centimeter ranges. One antenna was 
installed on the dock~ng ring for "weak" signals, while two omni-directional antennas were at 
the base of the crew cabin and two TV antennas were on the Lunar Landing Aggregate. A TV 
camera installed above the ladder would transmit live pictures of the cosmonaut's dlsembarka- 
tion onto the lunar surface. 

A large docking assembly was installed on the top of the Lunar Takeoff Apparatus. Because 
of the mass and constraints. Korolev's engineers opted to design a system that, like the Soyuz 
7K-OK, did not allow for internal transfer. While this considerably lightened and simplified the 
docking systems on the lunar lander and the lunar orbiter, this also meant that the landing cos- 
monaut would have to spacewalk his way from one ship to the other during transfer operations. 
Engineers rationalized this extra EVA by arguing that the cosmonaut would have to leave the 
spacecraft for surface operations anyway, and two more EVAs would not significantly add to 
mission complexity, as would a heavy and unique internal transfer system. In contrast to the 
Soyuz docking system, which had a pin-cone system, the lunar lander-orbiter system was 
designed exclusively for one docking. The active assembly on the orbiter ship had a pin and 
simple shock absorbers, while the passive assembly on the lander consisted of a flat circular 
honeycomb structure one meter in diameter. This plate contained 108 recessed hexagonal hon- 
eycomb components. During the single docking required in lunar orblt. it would be sufficient 
for the lunar orbiter to place the pin in any location in the plane of the passlve assembly. The 
pin would penetrate the honeycomb structure and be captured by "claws" within, pulling the 
two spacecraft together. The connection was only mechanical: there were to be no electrical or 
power transfers between the two vehicles. The main rendezvous radar was placed adjacent to 
the passive docking unit, somewhat similar to a chimney, and was part of the Kontakt system 
designed and developed by Nll-648 under Chief Designer Mnatsakanyan, the same organlza- 
tion responsible for Soyuz's lgla radar system. Two more antennas, also part of the Kontakt sys- 
tem, were installed on the exterior of the crew module. 

Blok Ye, with a mass of two tons, was the main propulsion unit for landing on and lifting 
off from the surface of the Moon. This most critical component of all was not developed by 
OKB- I .  When Korolev had first begun planning for the L3 complex, he had repeatedly stressed 
that the effort be a collaborative effort with some of the other major design bureaus involved 
at the time in aviation and missile development. As part of this conception of the lunar effort. 
Korolev had signed a preliminary agreement with Chief Designer Mikhail K. Yangel of OKB-586 
to des~gn and develop the rocket stages for the entire L3 complex: the Blok G, Blok D. Blok Ye, 
and Blok I stages. In January 1965. Yangel's First Deputy Chief Designer Vasiliy S. Budnik, one 
of Korolev's old proteges from the 1940s. wrote back to Korolev that OKB-586 would be unable 
to honor its commitment because of an overload of other work. In the following months, how- 
ever. Korolev and Yangel eventually came to an agreement: the latter agreed to create only the 
engine for the LK. 

The project to create this engine was fraught with difficulty, not the least because of its 
paramount importance in the N I-L3 lunar landing profile. Engineers calculated that the main 
and backup engine of Blok Ye had to have a reliability of 99.976 percent, certainly an unheard- 
of level in Soviet rocket engine industry. The overall responsibility for the stage's development 
fell on the shoulders of OKB-586 Chief Engineer Boris I. Gubanov. the same man who would 
twenty years later go on to head the development of the giant Energiya booster. 

Being the heaviest element of the spacecraft and accounting for half the total mass, the 
Blok Ye engine unit was installed as low as possible within the lunar lander to ensure maximal 
stability. Its oxidizer (nitrogen tetroxide) tank was installed as a torus around the main engine 



itself. There was also a lenticular tank (unsymmetrical dimethyl hydrazine) for the fuel. It was 
rigidly attached to the lower part of the Lunar Takeoff Apparatus and had a throttleable single- 
chamber engine (RD-858) and a two-chamber nonthrottleable backup engine (RD-859). each 
with a thrust of 2.05 tons. The backup engine had two nozzles, one on each side of the pri- 
mary engine nozzle in the center underneath the vehicle. The engine nozzles had covers to pre- 
vent debris from blocking the exhaust pathway. At liftoff, both engines were to fire until the 
primary one reached full thrust, at which time, following a computerized diagnosis of the oper- 
ational characteristics of the primary engine, the backup unit would be turned off The main 
engine of Blok Ye was designed to ensure vertical braking and horizontal maneuvering from an 
altitude of one to three kilometers down to a few hundred meters off the surface. Thrust could 
be reduced from two tons down to 860 kilograms.'" 

The third major component of the lunar stack. after Blok D and the LK, was the LOK. The 
spacecraft was des~gned as a modification of the early Soyuz 7K spacecraft. upgraded for oper- 
ations in lunar orbit. Also known as the 7K-LOK, the lunar orbiter would be yet another vari- 
ant of the basic 7K spacecraft, underlying the status of Soyuz as truly a universal spaceship for 
the next generation of Soviet piloted programs.'" 

Like the bas~c Soyuz spacecraft, the 7K-LOK cons~sted of three major compartments: the 
major difference was the addition of a fourth section. These compartments were, from the for- 
ward end of the ship to the aft end: 

The living compartment 
The descent apparatus 
The instrument-aggregate compartment 
The Blok I engine 

The first three sections served in much the same capacity as they would on Earth-orbital 
Soyuz missions. The living compartment was a spheroid section, which would allow the crew 
to rest on the long lunar trip and also serve as an airlock chamber for EVA operations. The 
2.26-meter-long module had two hatches, one in the rear for transfer into the descent appara- 
tus and one on the lateral side for ex~t Into open space. The module also included a cupboard, 
one Orlan ("Bald Eagle") EVA suit, food, water, cameras, and life support systems. A control 
panel at the forward end of the sphere would allow the flight engineer cosmonaut to control 
the vehicle during approach and docking in lunar orbit. One major difference from the Earth- 
orbital Soyuz was the installation of the large orientation engine complex at the forward end of 
the entire spacecraft. This 800-kilogram section with a length of just over one and a half meters 
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included six spherical tanks containing a total of 
300 kilograms storable propellant (unsymmetri- 
cal dimethyl hydrazine and nitrogen tetroxide) 
as well as four gas-filled cylinders for super- 
charging the tanks. The tanks would service 
four sets of engine units placed around the for- 
ward end of the spacecraft with their own ren- 
dezvous antennas. This orientation engine 
complex would carry out all attitude control for 
the large spacecraft during the critical opera- 
tions in lunar orbit. The active end of the 
Kontakt docking system was placed at the very 
apex of the orientation engine complex, allow- 
~ n g  for a single docking with the lunar lander. 

The beehive-shaped descent apparatus was 
similar to the one on the basic Soyuz. It was 
2.1 9 meters long and 2.2 meters wide and would 
carry the two-person crew during launch and 
landing. It contained control panels for the ship's 
systems, life support systems, an on-board com- 
puter, and a hatch at its apex for transfer into the 
llving compartment. Throughout the flight, the 
capsule would be covered by thermal shield~ng 
insulation and a strengthened heat shield at the 
base. which would be cast off following reentry. 
but prior to touchdown on the ground. Like the 
7K-OK Soyuz, the lunar 7K-LOK Soyuz was 
equipped with hydrogen peroxide engines for 
guiding the ship during reentry. 

The cylindrical instrument-aggregate com- 
partment was analogous to the one on the basic 

The Lunar Orbrtal Ship (LOK) of the Souret 13 lunar 
ianding complex would play an analogous role to 

the Apollo Command-Service Module remaining rn 
iunar orbit whrle the iander carr~ed a s~ngie cosmo 

naut to the sur(ace of the Moon Note the skrrt at the 
base of the spacecrafi a ursible d~fference from the 
baslc Earth orb~ta l  Soyuz (copyr~ght V~deoCosmos 

Co ura Dennis Newkirk) 

Soyuz, and it had a diameter of 2.2 meters and 
a length of 2.82 meters. It consisted of three sections: the pressurized instrument compart- 
ment. the unpressurized transfer compartment, and the aggregate compartment. The instru- 
ment compartment carried equipment for the ship's radio commun~cations, telemetry, and 
command radio-link systems, as well as several attitude control engines for use during ren- 
dezvous, all of which were vastly Improved from the version carried on the Earth-orbital Soyuz. 

The fourth and final section of the Lunar Orbital Ship was the one that distinguished it 
from the original Soyuz, the Blok I engine stage. Unlike the Soyuz, the aft end of the ship ended 
in a unique skirt-shaped compartment, which contained the restartable Blok I englne as well as 
the power compartment. This engine, known as the SD5 I, had a s~ngular mission: to fire the 
spacecraft out of lunar orbit on its way back to Earth. The engine consisted of a two-chamber 
propulsion unit with a thrust of 3.388 tons, whose exhaust nozzles were located at the base 
of the large skirt. A separate single-chamber engine with a thrust of 41 7 k~lograms, whrch was 
almost identical to the primary engine of the Soyuz spacecraft, was also Installed at the rear 
end of the skirt. Capable of multiple firings (up to thirty-five t~mes), this smaller engine would 
ensure orbital changes during lunar-orbit operations. Both engines were fed by a common pro- 
pellant supply composed of a large 1.9-meter-diameter spherical tank separated by an internal 
partition for isolating the unsymmetrical dimethyl hydrazine and nitrogen tetroxide. The major 
portion of the tank was w~thln the cylindrical aggregate compartment, with part of it jutting 



into the skirt. Although Yangel had agreed initially to build the Blok I engine, by May 1965. 
Korolev had signed a technical requirement with Chief Designer lsayev of OKB-2 to design. 
develop, and deliver the engine. lsayev was also responsible for the smaller engine, which was 
virtually identical to the one he was designing for the Earth-orbital Soyuz. The skirt at the end 
of the 7K-LOK spacecraft also included sixteen tiny engines for attitude control, fueled by the 
same tanks for the two main engines. The power compartment contained the Volna-20 
("Wave") fuel cell for ensuring an electrical supply throughout the mission. It would be the 
first time that hydrogen-oxygen fuel cells were used on a Soviet piloted spacecraft. On contract 
to the Ural Electrochemical Company, the system had a mass of seventy kilograms and was 
capable of providing one and a half kilowatts at twenty-seven volts for a period of 500 hours. 
Maximum flight time for a fully equ~pped ship was about thirteen days. The LOK as a whole 
was just over ten meters in length, with a maximum diameter of 2.93 meters and a mass in 
lunar orbit of 9.85 tons." 

The final element of the N I -L3 stack was a launch escape tower. similar in design to the 
one on the Soyuz booster, but scaled upwards to support the increased masses of the living 
compartment and descent apparatus. The system, consisting of two levels of solid- 
propellant engines fixed to a tower above the launch stack, was equipped to remove the crew 
a further distance away from the pad than for standard R-7-class boosters, because the power 
of an N I explosion on the pad would have a far wider radius of destruction. 

The complete N I-L3 profile, as tweaked and modified over 1965-69 was as follows. The 
2.750-ton complex is launched from Tyura-Tam with its two-cosmonaut crew. During operation 
of the Blok B second stage, the huge external fairing of the L3 and the emergency rescue sys- 
tem is jettisoned. The first three stages-Bloks A. B ,  and V-of the N I then insert the entire 
ninety-one-and-a-half-ton L3 stack into a 220-kilometer orbit around Earth nine m~nutes after 
launch. Following a thorough systems checkout in Earth orbit for about 24 hours, the Blok G 
stage fires at a predeterm~ned point on the complex's seventeenth orbit with a burn of 480 sec- 
onds at orbital perigee to insert the stack on a "free-return" translunar trajectory. A few min- 
utes later, the Blok G stage is discarded. If something prevents the burn, the crew can try again 
two orbits later. During the I0  I -hour coast to the Moon, the Blok D stage is used for two minor 
mid-course corrections, the first about eight to ten hours after translunar injection and the sec- 
ond about twenty-four hours prior to the start of deceleration as the ship approaches the Moon. 

After the approximately four days in coast, during the final approach to the Moon, the Blok 
D stage fires again for several seconds to reduce velocity of the stack to enter lunar orbit at an 
altitude of 150 kilometers. On the fourth and fourteenth orbits, the cosmonauts fire the Blok D 
engine to lower the altitude and insert the combined spacecraft into its operational landing 
orbit at 100 by twenty kilometers. The crew then checks all systems of the LOK-LK-Blok D stack 
from the living compartment of the LOK. At this point, the LK is still located inside a cylindri- 
cal adapter section, part of the internal fairing of the L3 complex: the commander of the crew 
then exits the LOK via a hatch in the living compartment wearing the Krechet-94 suit. A 
mechanical armlboom is used to transfer the commander from outside of the orbiter to the fair- 
ing outside the lander. Once there, the cosmonaut opens an outer hatch and then an inner one 
to enter the crew compartment of the LK. The flight engineer of the crew wearing the Orlan 
spacesuit remains in the depressurized living compartment the entire time of the EVA to assist 
the commander if necessary. 

After the commander checks all the systems in the lander. the LOK and the LK-Blok D com- 
bination separate from each other. The adapter sections then open around the LK and separate 
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The N l  13 lunar ianding mission profile ( ! I  launch (2) rnsertcon of L3 compiex rnto Earth orblt by threestage 
N l  (3 )  firrng of Blok G [ iourth) stage for translunar inlectron jettrsoning of Blok G and drscarding of lower and 

median payload fairings ouer Blok D (4) mrd course correctron by Blok D (5) lunar orbrt rnsertion by Biok D 
( 6 )  EVA by commander from the LOK orbiter to the LK lander (7)  separat~on of the LOK from the LK and Biok D 
cornbrnatron followed by jettisonrng of upper payload farring ouer the complex and deployment of lander legs 

(8) frrrng of Blok D for rnitral powered descent from lunar orbit untrl three krlometers altitude followed by Biok D 
separation and LK rgnition to complete landrng (9) exit oicommander from LK onto lunar surface with lunar 

surface trme limited to twenty four hours (10) pornt of rmpact of spent Blok D sfage ( I  I )  lunar Takeoff 
Apparatus IrJtoff from the Moon (12 )  lunar orbit rnsertron for the Lunar Takeoff Apparatus foliowed by 

rendezuous operations between the [OK and LK (13) docking of the LOK and Lunar Takeoff Apparatus followed 
by I V A  /or commander to transfer from the apparatus to the orbital shrp and then the undockrng of the two 
ships 04) [OK marn engine firing for trans Earth cnlectlon maneuuer ( I S )  mrd course correctron by the LOK 

(16) separiltlon of the descent apparatus wi th  the two cosmonauts from the rest of the LOK ( 1  71 guided descent 
Into Earths atmosphere and (18) landrng of the descent apparatus by parachute onto Sovret territory 

(frles of Asrf Siddiqi) 

from the vehicle, revealing the lander for the first time. At th~s point, the Blok D stage fires for 
the last time to begin the landing phase. As a result of a command from the Planeta landing 
radar, at an altitude of one and a half to two kilometers, the Blok D stage ceases to fire, sepa- 
rates from the LK, and crashes near the landing site. The lander maln engine. Blok Ye, then 
begins to fire. allowing the lander to hover over the landing site, with the engine being manu- 
ally throttled by the cosmonaut. The commander has about twenty-five seconds to select a 
landing site and begin terminal descent procedures. The moment the landing pads touch the 
lunar soil. the four "hold-down" engrnes on the lander legs ignite to stabilize the lander: the 
entire time from Blok Ye engine ignition to landing takes one minute. If for some reason the 
landing fails, the commander has the option of throttling the Blok Ye engine back to full power 
and reentering lunar orbit to dock wtth the LOK. 

Following landing, the cosmonaut rechecks the lander systems and the Krechet-94 lunar 
surface suit, depressurizes the LK, and exits through the small oval hatch on the side of the 
vehicle. A TV camera monitors the descent to the surface along a ladder. The cosmonaut, after 



disembarking on the surface, deploys a small set of scientific instruments on the surface, plants 
the Soviet flag, and takes photographs. The time on the surface is limited from one and a half 
to six hours. After reentering the spacecraft, the cosmonaut then pressurizes the lander cabin. 
removes the suit, and begins a rest period. At a predetermined time, the electrical, pneumatic, 
and mechanical links to the Lunar Landing Aggregate are severed, and the Blok Ye engine refires 
to lift the Lunar Takeoff Apparatus off the surface and enter a low lunar orbit. 

The LOK then takes over the active role and performs a rendezvous using the Kontakt radar 
scannlng system unique to the LOK. The complete rendezvous and docking regime is carried 
out automatically without the intervention of either the crew or ground control, although the 
flight engineer in the LOK has the option of taking over manual control. The maneuvering in 
orbit is carried out by the smaller engine similar to the Soyuz. After docking, the commander 
reenters the LOK via another EVA, bringing along surface samples. On the thirty-eighth lunar 
orbit, the docked lander crew cabin is jettisoned. On the following orbit. attitude control 
thrusters at the base of the LOK are then used to position the vehicle to fire its main Blok I 
engine on the far side of the Moon to boost itself on a trans-Earth trajectory. The total time in 
lunar orbit is limited to seventy-seven hours. During the eighty-two-hour coast back, the same 
engine carries out two mid-course corrections, the first at twenty-four hours and the second at 
forty-four hours after leaving lunar orbit. Near Earth, about two hours prior to reentry, the LOK 
separates into its three component parts, and the small descent apparatus with the crew per- 
forms a double-skip reentry to reduce velocity and reenters the atmosphere. Parachutes subse- 
quently deploy for a crew landing on Sov~et territory." 

Above and beyond the technical arcana, the N ILL3 complex was the most visible mani- 
festation of the Soviet Union's response to U.S. President Kennedy's 196 1 challenge. It was the 
mirror image to Apollo-Saturn, a shadow project given birth, designed, and created in complete 
and utter secrecy, whose only raison d'itre was to send a Soviet citizen to the Moon before an 
American. Perhaps in the distant future. Apollo will probably be seen as a representation of the 
human imperative to explore space and leave the planet-an effort devoid of boundaries and 
races and cultures. But in the 1960s, both N I -L3 and Apollo were borne of more nationalistic 
and ideological concerns. These two behemoth projects were the representatives of two coun- 
tries in a race for technological supremacy. For the Soviets, however, the race to the Moon was 
not only one to reach the surface of our only natural satellite, but also one to reach its vicinity 
first. This latter goal, a circumlunar mission, underwent some profound changes in 1965, cre- 
ating yet another schism in the loosely held conglomerate of the Soviet space industry. 

The Birth of the New L I  

Chelomey had signed the draft plan for his LK- I circumlunar spacecraft in mid- 1965. A spe- 
cial commission, composed of several subcommittees representing leaders from the govern- 
ment, military. Academy of Sciences, and design bureaus, was then supposed to examine the 
complete technical plan for the complex and approve further work. Rarely in the piloted space 
program had a project come to a stop at this late stage, and Chelomey no doubt fully expect- 
ed to begin producing flight models at this point. Korolev, however, had other plans. Since 
196 1 ,  he had repeatedly put forward his own piloted circumlunar proposals on an almost annu- 
al basis, but all had fallen victim to either political expediency or simply poor planning on the 
part of Korolev's engineers. Some of these proposals, such as the 7K-9K- I I K plan, depended 
on the use of smaller boosters to achieve their mission. A more pragmatic approach was to use 
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the N I booster, thus making the circumlunar mission simply a step in the achievement of a 
lunar landing. Korolev's First Deputy Mishin later recalled: 

5. i? Korolev made repeated attempts to consolidate both our programs [circumlunar and 
landing] or to at least use the developments of one for the other as much as possible. The 
first attempt was made in 1961, when he proposed using the Nl (the first version, but 
with a 75-ton payload mass) for sending two cosmonauts around the Moon. . . He made 
a second attempt in 1964, when, for that same purpose, he proposed using a rocket con- 
sisting o f  the [Nl 's] upper rocket stages B. V: and C;. . . . 6 2  

Korolev doggedly pursued the latter idea, designated the N I I, despite the Soviet govern- 
ment's full sanction of Chelomey's competitive circumlunar project. In retrospect, Korolev's 
idea seems to have made much more sense, given the exigencies of the Sov~et lunar program 
at the time. Making the circumlunar project a part of the landing would have significantly alle- 
viated the financial burden of moving ahead with two separate, parallel, and unrelated piloted 
lunar projects-Chelomey's to circle the Moon and Korolev's to land on it. 

In January 1965. Korolev and his deputies commenced discussions to coordinate OKB- 1's 
lunar plans. The N i would launch the L3 to land on the Moon, while the smaller N I I would 
launch the new LI spacecraft to circle around the Moon. Although details are still lacking on 
the LI, it seems to have been a modified Soyuz spacecraft, one designated 7K-PLK. intended 
exclusively for lunar orbital missions. Depending on the variant chosen, the mass of this new 
spacecraft would be in the range of 6.8 to 7.7 tons. On February 5. 1965. Korolev signed a pre- 
liminary technical prospectus on the L I lunar orbital spacecraft, in anticipation of mount~ng a 
last-minute attack on Chelomey's project, which had the more modest goal of circumlunar 
flight. Such was the import given this shoestring effort that by March. Korolev and Mish~n were 
both seriously considering making the L I the primary thrust of OKB- I instead of the L3, despite 
the complete absence of any official support. This effort may have been motivated by news of 
the "unhappy state of affairs" of Chelomey's program." It seems that Korolev was simply wait- 
ing for the most opportune moment to attack his competitor's ambitions. In June 1965, Korolev 
ordered his deputies to prepare working documentation for the N I I -L  I proposal in anticipation 
of the impending conflict between the two designers.b4 

Between August 5 and 12. 1965, the Interdepartmental Scientific-Technical Council for 
Space Research conducted a detailed evaluation of Chelorney's LK-I project. According to a 
respected Russian historian: 

All the subcommissions that reuiewed the various sections of the design commended its 
feasibility and recommended it for implementation following the rectification o f  indi- 
vidual reproofs. However, the representatives of 5. P Korolev's OKB- I expressed their dis- 
sent, which came down to the fact that the creation, within the OKB-52 [that is. 
Chelomey's design bureau] of a special vehicle for flying around the Moon was mad- 
uisable, since the Soyuz ship produced in Podlipki [that is, at OKB-I] for the achieue- 
ment o f  the same objectives was already in the process o f  being readied for flight 
testing." 
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Korolev's engineers ardently criticized the LK- I for its limited number of crewmembers, its 
cramped internal volume, and its poor technical characteristics. In their opinion, many of the 
concepts used in designing the LK-I, which was Chelomey's first serious foray into piloted 
space vehicles, were based on half-baked ideas. In Korolev's written testimony at the end of the 
inspection phase, he alluded to the ~nability to fulfill deadlines for lunar missions and con- 
tended. "The development of a circumlunar vehicle in isolation from the primary objective [of 
a lunar landing] would be irrational." Thus, flying around the Moon should be "an experi- 
mental stage that will make it possible, under field conditions, to perfect the design and the 
systems of a spacecraft intended for carrying out a [landing] expedition to the Moon."" One 
of the few factors In Chelomey's favor during this period was the recent first successful orbital 
launch of the UR-500 booster, the same launcher intended for the circumlunar project. 

At this time, Military-Industrial Commission Chairman Smirnov announced that he would 
preside over a meeting in late August to determine, once and for all, the course of the piloted 
lunar program. To fortify his position, Korolev prepared a letter to Soviet leader Brezhnev on 
August 14, which he intended to be the final blow to Chelomey. Speaking of the piloted lunar 
project, he wrote: 

The problem is being solved in both the Soviet Union and the U.S.A. There are the fol- 
lowing two stages to the solution of this problem: flying around the Moon with auto- 
matic apparatus and crews with the goal o f  carrying out observations and research of  
a preliminary character close to the Moon; and the landing o f  automatic apparatus and 
manned stations on the surface of the Moon with the goal o f  the continuous study . . . 

o f  the Moon. In our opinion, both these goals can be successfully solved with the NI 
complex. The NI complex will allow a more complete achievement of the first stage o f  
work-circular flight around the Moon with a crew by creating a heavy artificial satel- 
lite of the Moon, carrying the necessary apparatus which would release lunar probes. 
radio-beacons, etc.[.] to the surface ofthe Moon. In this case with the first launch of the 
N I ,  the crew can be brought into [Earth] orbit with the aid o f  the well-tested carrier o f  
the R-7 type. The second stage-landing on the surface of the Moon[-]can be accom- 
plished with the aid o f  one flight of the N I t o .  . . lunar orbit with the subsequent return 
o f  the lunar ship from its surface. The state o f  work on the NI complex gives hope that 
within a year we can start flight work of the carrier and lunar system.b7 

Once again, he invoked the Apollo program: 

In the U.S.A. work on preparations and accomplishment o f  landing American astro- 
nauts on the Moon . . . has been accepted as a major national priority. The scale o f  
work on the Saturn-Apollo theme with the effective utilization o f  liquid hydrogen and 
oxygen and the investment of forces and resources is huge. judging from the work 
achieved, the U.S.A. will be able to accomplish a landing on the Moon in 1968. 

66 lbrd That Korolev was personally opposed to Chelomey's LK-I project IS test~f~ed In N P Kamanln s 
diar~es HIS diary entry for August 16 Includes the follow~ng "Korolev called me and expressed his d~ssat~sfact~on 
w ~ t h  the fact that Chelomey was beg~nn~ng to build a spacecraft to fly around the Moon A long tlme ago Korolev 
had expressed the Idea of a monopoly on the construct~on of spacecraft In his Spec~al Des~gn Bureau, and turned to 
find support on t h ~ s  issue from the rnil~tary [but] to develop cosmonaut~cs I! was useful for spacecraft to be cre 
ated not by one but several f~rms " See Kaman~n "In the Future HIS Name W ~ l l  Probably Be " 

67 S P Korolev "Report on the Organ~zat~on of Work on the N I Carr~er" (Engl~sh t~t le) Nauka I zhizn 
no 5 (May 1994) 24-26 



Without overestimating the possible successes o f  the U.S.A. in this sphere, we are 
extremely alarmed by the unfolding situation and believe that special and urgent mea- 
sures are necessary for maintaining the leading role o f  the USSR in space.bn 

At the end of his letter, Korolev recommended four specific courses of action: 

I .  Concentrate forces and resources on the primary and main goals: the urgent 
creation and work on the N 1 complex, terminate all work on [Chelomey's] UR-500 
theme, and use the released forces and resources on N I .  

2. Accomplish in 1967 a circular orbit of the Moon with a crew on the upper stages 
of N 1 [that is, the N l  I] using the well-tested . . . R-7 carrier for delivering the crews 
to orbit. 

3. Accomplish in 1968 the first landing of Soviet researchers on the surface of the 
Moon with the aid o f  the NI  complex. 

4. Develop in the nearest future a complex plan o f  work on the NI with measures o f  
state Importance, ensuring that it has primacy of fulfillment rn thls work in the 
agreed upon timeframe " 

Notwithstanding the fact that Korolev's proposal was partly motivated to retain his 
monopoly over the Soviet piloted space program, the letter also made a modicum of sense. It 
is clear evidence of Soviet. and in particular Korolev's, belief that what was needed was not two 
different projects. but a singular program to achieve several objectives. Thus, in mid-August 
1965, the Soviet Union was poised to set forth on one of two approaches for plloted lunar 
exploration, one integrated and one fragmented. 

M~litary-Industrial Commission Chairman Smirnov presided over his promised meeting on 
August 26. The meeting had a formal theme: "On the State of Work on Research Into Outer 
Space, the Moon, and the Planets."'Smirnov did not spare anyone. He criticized almost every 
facet of the Sovlet space program, including the lunar program, interplanetary projects, and 
Soviet long-range communications systems. Chelorney's OKB-52 was singled out for allowing 
enormous delays in work on the LK- I system. OKB- l and other organizations under the 
Ministry of General Machine Building were not excluded from this censure, being accused of 
"weakness of work." To Korolev's dismay. Smirnov believed that Chelomey's UR-500K boost- 
er should play a central role in the future of the human space effort. In conclusion. Smirnov 
Issued three orders to the Ministry and its subordinate organizations: 

To prepare in a week's time a schedule for the manufacture and work on the UR-5OOK 
launcher 
To Korolev and Chelomey, to examine and solve the problem of unifying the development 
of a circumlunar vehicle and a lunar landing spacecraft 
To subm~t ~n a month's time a program for flight testing the UR-SOOK and p~loted 
spaceships" 

As a result of Smirnov's orders. Minister of General Machine Building Afanasyev estab- 
lished yet another "working commiss~on" to examlne the state of work on lunar programs at 
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both the Chelorney and Korolev design bureaus." On September 6 and 7, the commission vis- 
lted both enterprises. Commission members had already been given all seventy-eight volumes 
of the LK-I draft plan to familiarize themselves with the project's technical details. What they 
found was not surprrsing in the light of Korolev's earlier criticisms of Chelomey's work-that 
is ,  that the LK-I circumlunar program was beset by delays in the creation of the launch vehi- 
cle, its Blok A TLI stage, and the LK- I spaceship itself. Chelomey's deputies displayed wooden 
models of the LK-I and Blok A, but the criticism from the Korolev faction was relentless. 
Chelomey's poor showing was in complete contrast to the favorable impression of the follow- 
ing day, when the commission visited Kaliningrad to see Korolev's handiwork. Korelev's engi- 
neers proudly displayed at least ten metal models of the 7K Soyuz at the OKB-I plant as 
dozens of techniclans worked around them in a professional manner. The commission was par- 
ticularly impressed by the success of work on the critical Blok D stage of the L3 lunar land~ng 
complex. Ultimately, there were "long and heated d~scussions," which ended in "both sides 
[Chelomey and Korolev] blaming each other." but the end result was clear: Chelomey's LK-I 
program was effectively dead after more than a year's expenditure of time, resources, and fund- 
ing." Chelomey desperately tried to defend his product, appealing directly to Academy of 
Sciences President Keldysh, but it was too llttle too late." As Mishin recalled later, even the 
government sided agalnst Chelomey: 

In the second half of 1965, it became clear that the collective of the OKB headed by V 
N. Chelomey would not be able to ensure that our country would be first place in 
achreuing manned circumlunar flight, because the work was lagging in the develop- 
ment of the circumlunar flight system." 

It was time for yet another abrupt turn in the Soviet piloted space program. 
The concerted opposition to the LK- I effort cleared the way to address Military-Industrial 

Commission Chairman Smirnov's orders from late August. It was clear to the major participants 
that while the LK- I was not an option worth pursuing, Chelomey's UR-5OOK should be a major 
component of any future lunar plan. This meant that Korolev's N I I proposal was going to be 
rejected. At  the same time. with the LK- I out of the running, the only remaining option was to 
use the more capable L I  based on the Soyuz spacecraft. The combination of the 
UR-500K and the L I would provide a solution to the near deadlock. Korolev, pragmatic to the 
end. had already anticipated this exact course of events even before the death knell of the 
LK- I. As early as the first days of August. Korolev's engineers were explor~ng contingency plans. 
One of the first options was to use the N 1's Blok G and Blok D stages as upper stages of the 
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UR-5OOK to boost the LI spacecraft into lunar orbit.16 By mid-September, there were two com- 
petitive circumlunar variants for the UR-500K, each with a different TLI stage: either Korolev's 
Blok D or Chelomey's Blok A. Both options would mean dramatically reducing the mass of the 
L I spacecraft, down to four and a half to five and a half tons. Thus, the original conception of 
the LI spacecraft, as the lunar-orbiting 7K-LPK, was shelved. To reduce the mass of the Soyuz 
spacecraft to an absolute minimum, Korolev's engineers emerged with a surprising design solu- 
tion: they eliminated the spheroid living compartment from the forward end of the spaceship. 
As such. the two-person crew would have to spend their entire mission cramped In the small 
descent apparatus. This modified spacecraft inherited the general L I designation: denoting its 
lineage back to the 7K Soyuz was its design designation, the 7K-LI. The mission would be only 
circ~mlunar.'~ 

A second issue of concern was whether to allow crews to be launched on the UR-500K 
booster because it used toxic propellants extremely dangerous when exposed to humans. 1 

OKB- I thus explored alternative variants in which the crew would be launched into orbit on a 
standard Soyuz booster, link up with the LI spacecraft, transfer to the LI by an EVA, and then 1 
leave for circumlunar space in the LI. By October 5, at a meeting of high ministry officials, it 
seems that the direct launch version was favored despite the concerns for safety. During the fol- 
lowing week, chief designers representing each major aspect of the new L I plan drew up a for- 
mal proposal for submission to the Military-Industrial Commission.'~ased on this proposal, the 
Central Committee of the Communist Party and the USSR Council of Ministers Issued a joint 
decree on October 25. 1965, titled "On Concentrating the Forces of Design Organizations of the 
Industry for the Creation of the Means of a Rocket-Space Complex for Circling the M ~ o n . " ' ~  This 
document cut through the confusion inherent in the lunar program and effectively ratified a 
piloted circumlunar project separate from the landing effort with the following three provisions: 

Korolev's OKB- I would be "brought in" to the piloted circumlunar program, which would 
use Chelomey's UR-500K booster. 
Chelomey's OKB-52 would terminate all work on Its LK- I spacecraft and instead concen- 
trate all resources in accelerating the UR-500K booster program, as well as its TLI stage 
(Blok A). 
OKB-I would concentrate ~ t s  resources on the design and creation of new piloted space- 
ship for circumlunar flight, as well as a second TLI stage for use with the UR-500K booster. 

Among the many repercussions of this decision, the most ~mportant was clearly the con- 
tinued separation of the circumlunar and landing programs. Korolev's pleas in the first half of 
1965 had provided the climate to integrate the two disparate projects, but despite intensive dis- 
cusslons, arguments. and even compromises, the ultimate direction adopted left the programs 
fairly independent. It was as ~f NASA had decided on two parallel projects-one using the 
Saturn IB for circumlunar missions with a modified Apollo and one using the Saturn V for land- 
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ing missions with a completely different spacecraft. A closer look at th~s decision reveals some 
semblance of a rationale. First, for the Soviets. "before the end of the decade" was an unim- 
portant abstraction. Far more important to them was the impending celebration of the fiftieth 
anniversary of the Great October Revolution, set for the first week of November 1967. 
Anniversaries played a far more important role in Soviet culture than, for example, in the 
American cultural milieu. All Soviet industrial and economic enterprises were obliged to "pre- 
sent" the Communist Party with a "gift" as part of major celebrations. Korolev's OKB- I was 
not exempt from this unwritten rule. Anticipating that a lunar landing as early as 1967 was a 
foregone impossibility, the major space chief designers instead opted to choose a lesser ambi- 
tious goal, a circumlunar flight. Second, the circumlunar project would allow the Soviets to test 
a few components of the landing system. Engineers would gain experience in deep space pilot- 
ed missions, high-speed reentry, long-range communications, and the flying of a stripped- 
down Soyuz spacecraft to lunar distances. 

In accordance with the decree, the Ministry of General Machine Building formalized the 
new direction of the lunar program with an order on November 13. 1965, specifying manufac- 
turing quantities and schedules for the project. The several design organizations together were 
to build and deliver six and nine complete spacecraft complexes in 1966 and 1967, respective- 
ly. Each complex would consist of the spacecraft proper, designated the 7K-LI (or "product 
I I F91 'I), a TLI stage, and the UR-500K launch vehicle. In addition, these organizations would 
also produce several 7K-OK Earth-orbital Soyuz spacecraft and its I IA5 1 1 launch vehicle for 
the delivery of lunar crews to Earth orbit in case the direct flight on Chelomey's booster was 
not deemed safe at some future point.8a Minister Afanasyev's order called on Korolev and 
Chelomey to finish. by November 25, specifications of the complete system with two different 
possible variants-one using Korolev's Blok D and the other using Chelomey's Blok A-as the 
TLI stage. The same order from Afanasyev also confirmed contractors for the major subsystems 
of the 7K-L I spaceship, in particular its guidance and control systems." 

The 7K-L 1's guidance system became the source of a conflict that was characterized by the 
pitfalls of personal allegiances, in particular Korolev's relationship with Ch~ef Designer Nikolay 
A. Pilyugin, the man who had led the design of almost all Soviet guidance systems for missiles. 
Pilyugin had been one of the original members of the Council of Chief Designers in the 1940s. 
Pictures of him from Kapustin Yar show a man looking slightly older than his age, with a dour 
face, dark eyes, and a world-weary disposition. Following his return from Germany in February 
1947. Pilyugin had joined Nll-885 in Moscow as a deputy to Chief Designer Ryazanskiy; a year 
later, he was appointed a chief designer at the institute's Department No. 3. responsible for 
inertial guidance systems. Of all the other chief designers, it was perhaps Pilyugin who was the 
closest to Korolev. While Korolev had suffered from the Purges in the 1930s. Pilyugin himself 
was the target of Beriya's terrifying whims during the early 1950s. Once, after a particularly 
galling series of failures in the guidance system of a missile, Beriya hounded Pilyugin into 
admitting sabotage. When Pilyugin argued back, he was convinced that ~t was the end for him. 
There were other factors playing against the chief designer: the "not from workers" background 
of his wife, the arrest of his brother, and his father-in-law's profession." It was only after 
Beriya's death that Pilyugin breathed easier. 

80. The second test launch of the two-stage UR-500 booster was completely successful on November 2. 
1965. no doubt bolster~ng the case In favor of using a d~rect fl~ght. 
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Despite chronic diabetes and a chain-smok- 
ing habit. Pilyugin flourished during the 1950s. 
He retained a near monopoly on the develop- 
ment of inertial guidance systems for Soviet 
strategic missiles, slowly rising in power until, 
by the early 1960s, his des~gn department at 
Nll-885 had outgrown the thematic direction of 
the organization, which was still headed by 
Chlef Designer Ryazanskiy. To circumvent any 
potential conflict between the two, in April 
1963. Pilyugin's Complex No. I at the institute 
separated and became the new Scientific- 
Research Institute for Automation and 
Instrument Building (NII AP)." As the conflict 
over the N I broke into the open, when Glushko, 
Barmin, and Kuznetsov of the original six 
"defected" to Chelomey's side, it was Pilyugin 
who remained by Korolev, perhaps playing a 
critical role in the entire project's genesis. 

In general, throughout the 1960s. Pilyugin 
found himself less and less interested in guid- 
ance systems for spacecraft, instead preferring 
to focus on ballistic missiles or launch vehicles. 
such as the N I. When design of the Soyuz had 

Chief Designer Pilyugrn developed rnertial guidance 
systems /or most Soviet ballistic missiles arid launch 
vehicles Of all the orrglnal members of the famous 
Councrl of Chief Desrgners Prlyugin was perhaps 
the closest to Sernev Korolev The t w o  had met in - ,  

begun in 1962, Pilyugin did not participate. Germany in 1945 during the A~4 recovery 
Similarly, when early conceptions of the LI were operations (files of Peter Gorinj 

discussed in early 1965. Pilyugin's lack of inter- 
est prompted Korolev to entrust the design of the ship's guidance system to his own talented 
guidance systems specialist. Raushenbakh. As the LI project picked up steam, however. 
Pilyugin abruptly changed his mind and insisted that his institute be picked as the contractor. 
Pilyugin's proposal for the system was heavier and more cumbersome and drained more power 
than Raushenbakh's Korolev's people warned that choosing Pilyugin's system would delay the 
project by two, perhaps three, years." 

Korolev was caught in a bind. OKB- I engineer Feoktistov sat down with Pllyugin's represen- 
tatives and explained In detail why their proposal would hinder the LI program. Pilyugin called 
up Korolev in rage at Feoktistov's "improper" behavior. Korolev was well aware that things had 
changed since the 1950s. when the concept of what was "best" for a particular project overruled 
personal allegiances. Put on the spot, Korolev explained to his deputies that if he did not choose 
Pllyugin. ~t would be a breach of their personal contract, an unspoken agreement forged over 
twenty years. In September 1965. Korolev selected Pilyugin's heavier and more cumbersome 
design for the 7K-L I :  OKB- I would retain the responsibility of the general layout of the system. 
Thus, yet another technical decision in the lunar program was pushed through on the basis of 
nontechnical considerations. The decision to forge ahead with Pilyugin was specified in the 
November order from the Ministry of General Machine Buildlng on the design of 7K-LI space- 
craft. Three primary organizations would participate In the development of the vehlcle: 
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Korolev's OKB-l (general layout of the guidance system, systems for orientation. 
approach, power sources, on-board cable networks, manual approach guidance, therrno- 
regulation, and on-board switchboards) 
Pilyugin's NII AP (stabilization system for issuing course corrections, control systems for 
engines, guidance system for reentry, stabilization and guidance systems for engines of the 
TLI stage, general layout and logic for guidance for the TLI stage, and on-board switch- 
board for the TLI stage) 
Ryazansk~y's Scientific-Research Institute for Instrument Building (radio complexes wlth 
systems for trajectory measurement, telemetry, communications, transmission of TV 
images during all stages of the flight, and electronic programmed timers)" 

Throughout November 1965, there was intensive collaboration among a l l  the major orga- 
nizations to eliminate each and every potentlal source of uncertainty in the program. The most 
important decision at this point was whether to use Chelomey's Blok A or Korolev's Blok D as 
a TLI stage. A combined group of engineers from OKB- I and OKB-52 worked on this particu- 
lar problem at the time and recommended the use of Blok D because it would have better per- 
formance characteristics in combination wlth the UR-500K booster. There was an additional 
rationale for favoring Blok D. This same stage was to fly as part of the N 1-13 and perform some 
of the most critical maneuvers during a lunar landing. By flying ~t earlier as part of the clrcum- 
lunar program, the engineers would be able to eliminate all problems prior to a landing.h" 

On November 30, OKB- I and OKB-52 Issued the predraft plan for the L I program. Wlthin 
a qulck two weeks, on December 13, two documents were signed, finalizing the detalled layout 
and technical components of the piloted circumlunar program. The first of these. "Preliminary 
Data on the 7K-L I Ship." was signed by Korolev and addressed the piloted spacecraft itself. The 
second, a protocol of understanding between the two major parties titled "The Basic 
Composition of the UR-500-7K-Ll Rocket-Space Complex," was signed by both Korolev and 
Chelorney and formally approved Blok D as an integral part of the entire project." Two days later. 
Korolev presented this final conception to the Military-Industrial Commission as well as the 
Council of Chief Designers." It had been less than four months since the commission's orlginal 
directive to bring some order to the effort, but a concerted effort had managed to bring some 
sorely needed guidance to the program. For Korolev. ~t was a victory of sorts; after five tries since 
196 1 ,  he had finally managed to gain control over the circumlunar ~rogram.~"  

The irony of the matter was that the compromise solution in the form of the UR-500K-LI 
project was probably not the most effective path available. There was a brief window of oppor- 
tunity in mid- 1965 when Korolev had taken advantage of Chelomey's shortcomings to suggest 
unifying both the landing and circumlunar programs as one. But by the end of 1965, political 
expediency in the need to demonstrate Soviet supremacy in space by the fiftieth anniversary of 
the Great October Revolution in 1967 had closed that opportunity. The two programs remained 
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third stage of the UR-500K booster would not enter orbit. Blok D (the fourth stage) itself would fire to achieve orbital 
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separate, with independent goals, different launch vehicles, ground systems, and spacecraft. 
but using the same design bureaus that were already overburdened and stretched to the limit. 

More Voskhods? 

The three long-range piloted projects that gained a modicum of focus in 1965-the Earth- 
orbital Soyuz program, the circumlunar LI project, and the lunar landing N I-L3 effort-corn- 
prised only a portlon of OKB-1's efforts during the year. Through the unending meetings and 
decisions on these projects, Korolev's engineers were concurrently engaged in numerous other 
programs, such as the Molniya- l communications satellite, the Luna automated lunar probe, 
the Mars and Venera spacecraft to the inner planets, the Zenit-2 and Zenit-4 robotic military 
reconnaissance satellites, the R-5V suborbital rocket, and at least three military ballistic mis- 
siles. In the piloted program, the most immediate concern was how to follow up the spectac- 
ular Voskhod 2 flight of Belyayev and Leonov in March 1965. The earliest expected date for 
missions rn any of the three long-range piloted programs would be 1966. Thus OKB- I antici- 
pated at least a yearlong period before the resumption of Soviet crewed spaceflights. To fill this 
gap. there were a plethora of plans to use the near-obsolete 3KV-type Voskhod spacecraft to 
mount a few additional rnlsslons. 

Planning for subsequent missions to Voskhod 2 had begun well before that flight and in 
fact trace back to the earlier "extended Vostok" missions. which were abandoned in early 1964 
once the Voskhod program got its start. As early as September 1964, the Air Force was plan- 
ning for the construction of five more Voskhods by early 1965, two for flights with one cos- 
monaut of twelve to fifteen days, two for "special scientific experiments," and one for a repeat 
EVA mission. By February 1965. OKB-I issued a document. "Initial Data on the 'Voskhod' 
(3KV and 3KD) Ship Series In 1965," which was a slightly revised rnanrfest for five manufac- 
tured spaceships: 

Vehicle Launch Date Mission 

3KV no. 5 July-August 1965 Two dogs on a fifteen- to thirty-day mission 

3KV no. 6 September-October 1965 Pilot and scientist on a fifteen-day missron with an 
Voskhod 3 experiment in artificial gravity 

3KV no. 7 March-April 1966 Pilot and doctor on a fifteen- to eighteen-day mission 
Voskhod 4 with an experiment in artificial gravity for three to 

four days 

3KD no. 8 1966 
Voskhod 5 

3KD no. 9 1966 
Voskhod 6 

Two-person crew on three- to five-day mission with 
an EVA to a distance of fifty to I00 meters 

Two-person crew on three- to five-day mission with 
an EVA to a distance of fifty to 100 meters9" 

The Military-Industrial Commission gave this manifest and schedule official status by for- 
mal decree (no. 156). dated July 28. 1965. and titled "On the Manufacture of 'Voskhod' Space 
Satellite-Ships." The resolution obligated various branches of the space industry conclusively 
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to confirm within a month's time the full range of scientific and military experiments to be 
conducted on the five rnlssions, as well as schedules for the manufacture of necessary supple- 
mentary eq~ipment.~ '  

Five Air Force cosmonauts began training for the first piloted mission (Voskhod 3) in early 
March 1965. At Korolev's insistence, a sixth man. Dr. Georgiy P. Katys. a civ~lian laboratory 
chief at the Institute of Telemechanics and Automation of the Academy of Sciences, was added 
to the training group. Katys had been a leading contender for the "scientist" position on the 
first Voskhod miss~on in 1964, but he had instead served as a backup, primarily because of 
Korolev's stubborn insistence on having Feoktistov on the flight. Having been excluded from 
that crew. Katys persevered, and throughout the following months, prepared an extensive sci- 
entific program for implementation on a future Voskhod mission. In April, he joined the five 
military officers to train for Voskhod 3. It would be the first time that a career scientist would 
fly into space." 

The fllght program for Voskhod 3, prepared with the participation of Katys, was des~gned 
to extend the absolute duration for a piloted spaceflight. Some of mission's scientific instru- 
mentation would be mounted in a special semi-spherical pressurized chamber curved inward 
into the crew capsule, while others would be installed on the exterior of the 3KV ship for work 
in conditions of vacuum." Apart from scientific and military experiments, the crew would carry 
out the entire flight in a highly elliptical orbit, thereby raising the absolute altitude record for a 
piloted spaceship. As with the previous two Voskhod missions. Voskhod 3 would be preced- 
ed by a precursor flight, this one with dogs aboard, which would be a complete test of the life 
support systems of the spacecraft, clearly one of the weakest elements in the Voskhod space- 
craft. Durlng the one-day Voskhod and Voskhod 2 missions, failures and malfunctions in the 
system raised grave concern among many on the capacity of the vehicle to carry out longer 
duratlon missions. 

There was another ambitious element originally planned for both Voskhod 3 and Voskhod 4: 
the simulation of artificial gravity in Earth orbit. In late 1964. Korolev had asked Raushenbakh, 
chief of OKB-1's Department No. 27, to begin work on a modest system to test an artificial 
gravity system in low-Earth orbit. The project was named IT, the Russian abbreviation for "arti- 
ficial gravity." Raushenbakh's plan called for the launch of a 3KV Voskhod craft aboard the 
I IA57 launcher into a low-Earth orbit. Following insertion into orbit, the 6.370-kllogram 
Voskhod craft carrying two cosmonauts would separate from the 30,000-kilogram upper stage 
to a distance of about five to ten meters to deploy a tether. At this point, a solid-fuel engine 
would fire to separate the two vehicles to completely unwind the tether to its maximum length 
of more than 1.000 meters. When it was completely unwound, the two craft would slowly 
begin to rotate around a common axis, initially at about one and a half degrees per second. 
One peripheral objective of the IT project was to generate an electrical current from interactions 
of the current-conducting tether with Earth's geomagnetic field. In an interesting connection 
w ~ t h  the human lunar landing program, Korolev and Raushenbakh also planned to simulate 
one-sixth the level of Earth's gravity in space. After the initial phase of rotation, the crew would 
reduce the distance between the ship and the upper stage to 300 meters, increasing the 
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angular veloctty to about seven degrees per second. The tether would then be disconnected. 
and the crew would continue their planned mission in orbit. According to Raushenbakh's 
design. the actual tether would be strapped to the side of the Voskhod spacecraft from the base 
of the reserve retrorocket unit all the way to the apex of the primary deorbit engine. Total time 
In a tethered mode could be extended up to one or two days." Although the design of the sys- 
tem originated at OKB- I, it seems that responsibility for developing an actual working proto- 
type was turned over to OKB-I Branch No. 3 at Kuybyshev, whose primary responslbillty at 
the time was the manufacture of launch vehicles and the design of reconnaissance satellites.'" 

The Voskhod 4 mission would primarily focus on biological and medical experiments in 
Earth orbit. By early March 1965, three senior physicians at the Air Force's Institute of Aviation 
and Space Medicine had prepared an extensive program of medical research for the mission. 
This included carrying out surgery in space using a rabbit as a test subject (from Yaroshenko). 
a psychological experiments program (from Ivanov), and a cardiovascular research program 
(from Voskresenskly) that would include studying the effects of calrsthenics in space. On 
February 10. 1965, two doctors who had served as backups during the first Voskhod mission. 
Colonel Lazarev and Captain Sorokin, began preparations for the doctor position on the flight. 
Desplte resistance from the Air Force. the Ministry of Health also managed to put forward sev- 
era1 candidates from its in-house Institute of Biomedical Problems for the mission. In May, four 
doctors passed initial medtcal tests at the Central Military Scientific-Research Hospital In 
Moscow, and two of them joined Lazarev and Sorok~n In September 1965 to train for the med- 
ical flight. Although none of the doctors were formally inducted into the cosmonaut team, they 
represented the biomedical profession in a first serious attempt to include complex physiolog- 
ical research as part of the Soviet piloted space e f f ~ r t . ' ~  

One of the later Voskhods would be another exercise in propaganda. As early as January 
1965, cosmonaut overseer Kamanin was thlnking of having two women fly on a future 
Voskhod spacecraft, with one of them carrying out a spacewalk. On April 2 .  1965, during a 
meeting with Korolev. Kamanin casually mentioned his idea to the chief designer. The propos- 
al must have seemed like deia uu to Korolev, for it was the same Kamanln who had suggested 
a female space mission in 1961, which eventually led to Tereshkova's flight. Kamanin wrote in 
his journal that he: 

was motivated to make this suggestion because a spacewalk by a woman. with a wide 
range of studies, and possibly with the use of autonomous means of  movement in space. 
would have no less a response from the world than the flight o f  Voskhod-2." 

Korolev wanted nothing to do with it, while the male cosmonauts were quite vocally 
against it. But withln two weeks, Kamanin had evidently managed to gain the support of key 
officials, including Academy of Sciences President Keldysh and Air Force Commander-in-Chlef 
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Vershinin. After Tereshkova's flight, the other four female cosmonauts had for all Intents and 
purposes been consigned to support roles, but Kamanin's new idea brought them back into the 
forefront again. In April 1965, two of the most qualified of the remaining four. Ponomareva and 
Solovyeva, began training for the EVA miss~on of Voskhod 5 .  Solovyeva would have the honor 
of becoming the first woman to walk in space. Four men would serve as backups.qy 

Another component of the continuing Voskhod program was the use of the first Soviet 
autonomous EVA maneuvering backpack. designated the Cosmonaut Maneuvering and 
Motion Unit (UPMK). Briefly considered for use by the women cosmonauts, engineers 
delayed its use on a later mission by more experienced pilots. The white horseshoe-shaped 
unit had an empty mass of ninety kilograms and was designed like a motor scooter. The 
UPMK, which had an autonomous lifetime of four hours, was equipped with eighteen solid 
rocket motors for forward and reverse movement, as well as fourteen compressed air thrusters 
for angular movement (with six degrees of freedom). Maximum capable velocity relative to 
Voskhod was projected at thirty two kilometers per hour. The cosmonaut would wear the unit 
around the waist and control movement via two pistol-shaped handgrips and a control panel. 
Total mass with a cosmonaut wearing the Berkut EVA suit was approximately 250 kilograms. 
Severin's Plant No. 9 18 began developing the UPMK in 1964. At least four cosmonauts- 
Corbatko, Khrunov. Shon~n, and Zaykin-were ~n the running for the mission by September 
1965. Khrunov, who had served as backup to Leonov on Voskhod 2, was the favor~te for the 
actual EVA.?' 

One similar project that may have been related to the Voskhod program was the develop- 
ment of an "individual means of cosmonaut descent from orbit to Earth." Engineers apparent- 
ly began research at the time on "a spacesuit-capsule with the capability to perform descent 
and soft-landing by a single person."" In August 1965. Plant No. 918 summarized ~ t s  research 
on this unique capsule in two variants: for one cosmonaut (500 kilograms mass) and for two 
cosmonauts (700 kilograms mass). As with the UPMK. the capsule would be capable of 
inspecting spacecraft, rescuing cosmonauts, and recovering parts of orbiting vehicles."' 

These were all fairly ambitious plans for the limited Voskhod spacecraft, and their suc- 
cessful implementation would certainly have produced a s~gnificant impact on the already awed 
public perception of the Soviet space program. The period following the Voskhod 2 mission 
was, however, a time of great indecision. There were continuing clashes between Korolev and 
the Minlstry of Defense, which through the Air Force and the Strategic Missile Forces had oper- 
ational control of the space program The chief designer had always been resentful of the Alr 
Force's complete jurisdiction over the training and selection of cosmonaut crews. This issue 
was aggravated by an order from Military-Industrial Commission Chairman Smirnov in early 
August 1965 to "immediately begin military research on Voskhod spacecraft." "' Apparently 
prompted by concerns over the "m~litar~zation" of space by the United States, the order led the 
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Air Force to constantly change the manifest for succeedtng Voskhod missions. For example, by 
late August. the Air Force wanted to fly a one-man twenty-five-day mission on Voskhod 4 with 
only military experiments instead of the origrnal fifteen-day biological research flight. The Air 
Force planned to use high-quality Czech-built cameras named Admira for the mlssion. Korolev 
was outraged at the revision, threatening once again to remove control over cosmonaut train- 
ing and crewlng from the Air Force. 

The single-man Arr Force plan was eventually rejected, but by late November. Kamanin 
removed scientist Katys from the primary crew of Voskhod 3 because another mllitary cosmo- 
naut was "much better prepared for a 20-day flight."" When he heard the news, Korolev told 
Kamanln: "The Air Force IS continuing its policy of removlng civilian cosmonauts from flights. 
That's the way it was in the preparation for the Voskhod- I flight. and that's how it's continu- 
rng now. I'm tired of the behavior of the military. . . . " ' "  Kamanin wrote in his journal: 

Koroleu frequently stoops to trivialrties, harasses and irritates people, interferes wi th  
details and neglects the key thing: time and the quality of preparation of the spacecraft. 
He spreads himself too thin and tries to keep everything under his control: this explains 
his continual conflicts with Glushko. Pilyugin. Voronin. Kosberg. and other Chief 
Designers. Korolev even tries to influence the activity of the Air Force. '' 

The debates within the upper echelons of the Sovret space program over Voskhod reflect- 
ed, on a larger level, the conflrcts between the defense and civillan sectors in the arena of space- 
flight. Clearly, the inherent confusion had a debilitating effect on the entire program. Trylng to 
pander to the military while staying faithful to his own schematic for space exploration. Korolev 
found himself in a difficult position, often making decisions that were too reductive and coun- 
terproductlve than one would expect from a visionary manager of his stature. As the months 
In 1965 wore on. the government added to the confusion by not laylng down deadl~nes for spe- 
cific missions-actions that would have helped clear the way for launching the remaining 
Voskhods. 

The inevitable delays appeared again. Or~ginally. Korolev had set the ten- to fifteen-day 
Voskhod 3 flight for November 1965, but it was clear by early September that this was unreal- 
istic. A flightworthy spacecraft would not be ready untrl at least January of the following year. 
although the crew was prepared to fly. One of the primary bottlenecks was the development of 
a rellable life support system. The original Vostok system had been designed to support one pllot 
for a maximum of ten days. Voskhod would have to maintarn two pilots in orbit for more than 
two weeks. The artificial gravity experiment, meanwhile, was rescheduled. During a technical 
conference in October 1965 to discuss the status of the project, Korolev declded to delay the 
system's testing from Voskhod 3 to Voskhod 4. The schedule for the project was incredibly com- 
pressed. and as one participant recalled. "when the production of the artifrcral gravrty system 
began. of course, there were extensive delays. Also, many of the technical questions in the pro- 
ject's planning section could not be solved."" There was also external pressure. In August 1965. 
the United States had finally taken the absolute endurance record in space with the Gemini V 
mlssion, whlch lasted nearly a week. There were plans to fly Gernrnl VII in December for two 
whole weeks. In a desperate measure, Korolev extended Voskhod 3's planned duration from ten 
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to fifteen days to twenty days. There were also delays in the female Voskhod 5 miss~on. Not 
only were the female cosmonauts receiving inadequate training, but Plant No. 9 18 refused to 
take on the job of designing completely new spacesuits for the women.'o1 

As the pressure from the United States continued to grow, many of the original Voskhod 
plans had to be revamped. By November 1965. Korolev proposed canceling the manufacture of 
the last two Voskhod spacecraft (Voskhod 5 and Voskhod 6). because that would free up 
resources to focus on the Soyuz program, which was slowly becoming a more important pri- 
ority. In the end, a compromise was reached: only Voskhod 6 would be canceled. The remain- 
ing missions would be launched as resources or plans allowed. At a meeting of the 
Military-Industrial Commission on December 16. 1965, the Soviet government added one more 
condition to the Voskhod program: that OKB-I launch two Voskhods in time for the 23rd 
Congress of the Communist Party in March 1966 as a salute to the Party. It was a completely 
unrealistic deadline that threatened to derail an already haphazard project. " By the end of the 
year, the Soviets had accomplished only a single piloted spaceflight, Voskhod 2, the second 
year in a row with this dubious distinction. In the meantime, the United States finished five 
resoundingly successful Gemini mlsslons in Earth orbit, capped off by the spectacular ren- 
dezvous of Gem~ni VI and Gemini VII in December. Frank Borman and James A. Lovell, Jr.. in 
the latter spacecraft sealed NASA's year with a record fourteen-day mission. It was the most 
visible indication that the mismanagement of the Soviet space program during the 1964-65 
period was finally slowing down the Soviet space juggernaut. 

The Last Stand 

It was In this climate of falling morale that Korolev spent the last months of 1965. It had 
been an extremely d~fficult year for the ailing chief designer. Many of OKB- 1's space projects 
had been beset by troubles. Perhaps most embarrassing was the Ye-6 automated lunar probe 
project designed to achieve the first soft-landing on the surface of the Moon. Between January 
1963 and December 1965. there had been eleven consecutive failures for the program, a record 
that had dampened the spirits of even the most optimist~c of engineers." After one particular- 
ly painful failure in March 1965. Kamanin wrote in his diary: "Korolev was more distressed by 
the setback than anyone. He looked dejected and appeared to have aged ten years." ' There 
were also several repeated failures for the Molniya-I communications satell~te program during 
1964-65, which tested the resolve of OKB- I engineers. 

Through all this, there was also the loss of several of Korolev's closest colleagues. In 
January. OKB- 154 Chief Designer Semyon A. Kosberg, responsible for the upper stage engines 
for several of Korolev's space launch vehicles. left Voronezh urgently for a meeting in Moscow. 
His automobile slid on the icy roads, and he was severely injured. Doctors were flown in from 
Moscow, but the sixty-two-year-old aeronautical engineer succumbed to his injuries. Even in 
death, his contributions to the space program remained hidden. He was merely identifled as "a 
leading designer of airplane engines."' The same month, Korolev attended the funeral of 
Andrey V. Lebedinskiy, the d~rector of the Institute of Biomedical Problems-an institute whose 
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creation can be d~rectly traced back to Korolev's proposals In the late 1950s. Ivan V. Popkov, 
one of Korolev's favorite young engineers at OKB-I also died in an automobile accident in 
January. Popkov had specialized in the design of naval ballistic missiles. Other deaths during 
the year included those of Georgiy M. Shubnikov, the legendary "builder" of the Baykonur 
Cosmodrome. And finally, there was former OKB-I Deputy Ch~ef Des~gner Voskresenskry's 
traglc death In December.' 

Korolev's own health was clearly deteriorating throughout the year. In August, he com- 
plained about not feeling well because of abnormally low blood pressure, and in September, he 
was afflicted with severe headaches. He also suffered from progressive hearing loss and a seri- 
ous heart condition. In late 1965. he wrote to his wife: " I  am in a constant state of utter 
exhaustion and stress, but I can under no conditions show that these things are getting to me. 
I am holdlng myself together using all the strength at my command.""The institutional crrses 
of the past few years, the fightrng with the military, the discord with Glushko. Chelomey, and 
Yangel, the bureaucratic gridlock-all these were also taking a toll. By the end of 1965, he was 
seriously contemplating resigning from h ~ s  job. His wife recalled later: 

Sergey Paulouich would sometimes come home at wit's end. He seemed much more torn 
up by [work-related problems] than he ever was from any domestic squabbles that we 
ever had. He used to come home rather quickly from work. In his last years when he 
would come home from some kind of meetings, he would be so emotionally torn, so 
exhausted, and he would say heatedly. " 1  can't continue to work ltke this, you under- 
stand. I'm not going to continue working like this. I'm leav~ng!"  " 

There was even talk of appointing one of his deputy chief designers as the techn~cal direc- 
tor of launch operations at Tyura-Tam. As his health suffered. his temperament spiraled. He was 
increasrngly abrupt with his associates. It did not help that Clushko continued to viciously 
attack Korolev throughout the year. In November, Kamanin wrote rn his diary: 

Sergey Paulouich also complained about Glushko. who at a meeting of the Military- 
Industrial Cornmiss~on had given sharp cnticism of the activity o f  his . . . Design 
Bureau. The criticism, in Korolev's words, was not friendly, but sought to force him into 
a corner. "Glushko thinks." said Korolev, "that he is the chief successor and descendant 
of Tsiolkovskiy, and that we are only making tin cans. . . ."I" 

The question of keeping Korolev's ~dentity secret had evidently been ralsed several times 
in 1965 at the level of the Central Committee. Each time, however, Party apparatchiks had 
delayed a final word on the issue, thus preventing his name from being associated with that of 
the myth~cal "chief designer" of the Soviet space program. 

Berng spread too thin over countless projects took its toll. Nlne months after Belyayev and 
Leonov landed in the taiga of S~beria. a single Sov~et cosmonaut had yet to enter space. In the 
meantime. NASA had flown frve two-astronaut Gemini miss~ons, each wlth spectacular suc- 
cess that vlslbly regained some of the public respect that had been lost during the age of 
Sputnlk and Vostok. The crowning achrevement of this spurt of actlvlty was the joint Cem~ni 
rendezvous mission In December, when two spacecraft had carried out the first rendezvous in 
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orbit. It must have been a sobering realization to the cosmonauts and Korolev that even i f  the 
Soviets had flown their Voskhods, they still would have been unable to accomplish what the 
Gemini astronauts had performed in December-that is, extensive maneuvering into different 
orbits. No doubt alarmed by the impending stagnation of their program, a group of experienced 
cosmonauts, along with their overseer Kamanin, authored a special letter to Soviet leader and 
General Secretary of the Communist Party Brezhnev on October 22. 1965. In it. they high- 
lighted the gridlock in the space program because of the immensely complicated management 
system, the undue focus on automated systems over piloted ones, and the poor funding of the 
space program. Cosmonaut Gagarin personally handed the letter to Brezhnev's aides, but three 
months later, they were still waiting for even an acknowledgment of his having received it."" 

In this climate. Korolev was not much help. On December 26 ,  1965, he and his wife Nina 
visited the Cosmonaut Training Center at Zelenyy near Moscow, perhaps to boost the morale 
of the many cosmonauts who were apprehensive of the delays in the Voskhod and Soyuz pro- 
grams."' They were received by Center Director Maj. General Nikolay F. Kuznetsov and his 
Deputy Gagarin. who escorted them to the training area where cosmonaut Komarov was 
preparing for the primary mission of the Soyuz program, the docking of two Soyuz in orbit. 
Gagarin asked the chief designer about OKB-1's plans for the immediate future, perhaps trying 
elicit some hint of what the cosmonauts could expect. Korolev was vague: 

Right now. we're preparing the launch o f  the Soyuz. . . It has already tested well in 
unmanned flights. W e  are also work~ng on a space station. Your comrades haue aiready 
seen the wooden model. . . . W e  are also working on effecting an unmanned soft lunar 
landing and conducting research in outer space. . . . You'll learn more about the work 
once you become inuolued in it. I "  

Kamanin wrote in his journal on January 5:  

All the cosmonauts are pessimistic as neuer before. Their limitless faith in Koroleu has 
been dealt a serious blow by Koroleu himself: Sergey Paulouich came to the Center, met 
with the cosmonauts, but could not tell them anything definite about the next flight."' 

Korolev's health in the meantime became more and more frail. Between December 14 and 
17, he had undergone a series of medical tests in Moscow, which had indicated to doctors that 
he required to be hospitalized for at least a week for a minor operation to remove a bleeding 
polyp in the straight intestine. He spent his last day before the operation. January 4, 1966, at 
his office, staying late as usual, before being admitted to a division at the Kremlin hospital the 
following day."Vt seems that Korolev did not expect to stay in the hosp~tal long, for he had 
already invited people to celebrate his fifty-ninth birthday at a party on January 14."' 

116 Th~s letter has been reproduced in full In Kaman~n. Skrytry kosmos 1964-1966, pp. 245-48. 
1 17 A. P Romanov and V 5. Cubarev. Konstruktory (Moscow: lzdatelstvo politicheskoy literatury. 1989). p 183 
118. Nikola~ Kuznetsov. " A  Leader Among Leaders." In V Mitroshenkov, ed , Proneers of Space (Moscow. 

Progress Publ~shers. 1989). p 93 The "unmanned" flights to whlch Korolev referred may have been the suborb~tal 
miss~on(s) of a stripped-down Soyuz descent apparatus launched on the R-SV scientif~c rn~ssile 

119 Karnanin. "In the Future HIS Name Wil l  Probably Be. . "  p 30 
I20 Ishl~nskiy. ed . Akademrk 5 P Koroleu. p 68: Golovanov, Koroleu, pp. 773-74: Nicholas Daniloff, The 

Kremlrn and the Cosmos (New York. Alfred A Knopf. 1972), p 119. Kamanln says that the operation was to 
"remove a tumor In the duodenum." See Kaman~n. "In the Future HIS Name W ~ l l  Probably Be . " 

12 1 His birthday was on January 12, but Korolev preferred to celebrate ~t on January 14. Confus~ngly. his actu- 
al b~rth date In the Jul~an calendar system used by Russ~ans prior to the Great October Revolut~on was December 30 



The original date for the operation was January 5,  but was delayed to run some more tests. 
In the meantime. Mishin temporarily took over for Korolev while the latter was indisposed. Even 
from the hospital bed, Korolev tried to keep his hand in the design bureau's activities. During 
a cris~s on January 7 at a meeting of the Collegium of the Ministry of General Machine Building. 
Minister Afanasyev had forced Deputy Chief Designer Chertok "to hear scathing criticrsms . . . 

of the shortcomrngs of the Bureau and its senior officials." Mishin was indignant after the 
meeting and returned to his office and wrote out a letter of res~gnation from OKB-I 
Fortuitously or not, one of his ardes saw Mishin prepare the document, and immediately called 
Korolev. Korolev asked his deputy what he was doing. Mishin replied. "Wilting my [resigna- 
tion]. It IS hard enough to work with you, but with [Afanasyev] there is no way." Korolev 
replied. "Tear up the report, ministers come and ministers go, but we stay in our busrness. 
Resignations are the only thing they want of us . ""  

On January I I. Dr. Boris V. Petrovskiy, the USSR Minister of Health, personally performed 
a histological analysis on Korolev and excised a small piece of polyp from the gastrointestinal 
tract. causing excessive bleeding. Given Korolev's paramount importance as a state f~gure rn 
the Soviet Union, it would have been unusual for anyone else but the Minister of Health to 
operate on Korolev. Despite hrs high rank. Petrovskiy was indeed an accomplished surgeon 
and regularly operated on patlents durrng this per~od. However. Petrovskiy may not have been 
completely prepared for the operation on the morning of January 14. Several key surgeons. 
~ncluding Petrovskiy's deputies. were inexplicably absent on that day, even though it was not 
a hol~day There were numerous complications with Korolev himself. He had not revealed to 
the doctor that his jaw had been broken in prison from torture in 1938, which made it diffi- 
cult for hrm to open his mouth wide. His unusually short neck compounded the problem, and 
it prevented doctors from using an intubation tube into his lungs. Instead. they performed a 
tracheotomy and inserted a tube via an incision in his neck. His jaw problem necessitated the 
use of a general anesthetic despite the uncertainty over his heart condition. Even the anes- 
thetrc was in short supply. Korolev bled profusely during the operation. Petrovskiy later wrote 
In h ~ s  memoirs: 

A laporotomy (the process of opening the abdominal cavity) indicated the presence of 
an immovable malignant tumor which had grown into the rectum and the pelulc wall. 
Using an electronic scalpel. we were able to extract this tumor only with great dlfficui- 
t y  and conduct a biopsy, which confirmed the presence of this malignant tumor-which 
was an angiosarcoma. "' 

The size of the tumor, larger than a person's fist, was a shock to those in the operating 
room. As Korolev lay profusely bleeding, Petrovskiy realized that Korolev was in serious dan- 
ger. With tensions rising, Dr. Aleksandr A. Vishnevskiy, a noted cancer specialist, was called 
~ n .  The two ev~dently completed the operation, four hours after ~t had started, but half an hour 
later. Korolev's pulse abruptly stopped. Despite repeated attempts to revive him, he was gone. 
He had just turned fifty-nine.IJ4 

The news was devastating to the space community. On the evening of the operation. all of 
Korolev's deputies and division chiefs assembled at OKB- I in complete disbelief. None had any 
idea that Korolev's condition was that serious. Most doctors later believed that with or without 

122 Tarasov "M~ssions in Dreams and Realty" Golovanov Koroieu p 770 Mozzhorin e l  al eds Dorogr 
u kosmos I p 120 

123 Golovanov Koroleu p 775 
124 (bid pp 774-78 



the operation. Korolev did not have very much longer to live-perhaps a few months. Still in 
shock, Korolev's principal deputy. Mishin, ordered Deputy Chief Designer Chertok to quickly pre- 
pare an official obituary and to take it personally to Ivan D. Serbin, the feared chief of the Defense 
Industries Department at the Central Committee. Serbin amended Chertok's original draft. By th~s 
time. Soviet leader Brezhnev personally decided to allow a link between Korolev's name and the 
Soviet space program. The chief designer's identity would finally be revealed to the public."' 
Mishin later recalled that even at this juncture, there was resistance from higher placed Party offi- 
cials to reveal Korolev's name. The signatures of Mishin. Chertok, and Korolev's other deputies 
were removed from the obituary because of security reasons."" 

The official Soviet news agency TASS announced his death on the morning of January 16 
as the leading news item of the country. A medical report accompanying the obituary stated that 
he had been suffering from a malignancy in the intestine, sclerosis of the arteries, emphysema. 
and an upset metabolism. The cause of death was said to be "cardiac insufficiency" during the 
operation."? Korolev's arch enemy Glushko was apparently unperturbed by the sudden death. 
Clushko was conducting a meeting on January 14 when his Kremlin phone line rang. He heard 
the news, hung up, and turned to his audience and said, "Sergey Pavlovich is no longer wlth 
us." He paused for a second and continued. "Now where did we leave offlU'"n the West, his 
importance to the Soviet missile and space program was not clearly understood at the tlme. The 
New York Times carr~ed his obituary on page 82 of its Sunday edition, mentioning that Korolev 
was a "designer of sputniks and manned space capsules."'" 

Korolev was given a state funeral on January 18, the likes of which had not been seen in 
many years in Moscow. The urn with his ashes was carried from the House of Unions by 
Smirnov, Afanasyev. Keldysh, Tyulin. Gagarin, and others, following which the senior cosmo- 
nauts carried it from the H~storical Museum to Red Square. There, Brezhnev. Podgorny, and 
other Soviet leaders lifted the urn and placed it in the Kremlin Wall.""mirnov then placed the 
urn in the niche, which was then covered with a marble plaque with the following inscription: 

KOROLEV Sergey Pavlovich 30.12.1906- 14.01.1966131 

Speakers at the funeral eulogized Korolev's accomplishments with dry and banal cliches. 
Keldysh added that "one of the greatest achievements of science and technology, the era of 
man's exploration of space, will always be associated with Korolev's name.""' Kamanin's jour- 
nal entries for the day add some telling commentaries about the funeral: 

Koroleu occupied a place in the Kremlin Wall next to S.  V Kurashov (USSR Minister of 
Health). I was irritated by the fact that they were neighbors: i t  unnecessarily reminded 
me o f  the great guilt of  our medicine in the premature death o f  Sergey Pavlovich. All o f  
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the orators at the funeral gathering especially solicitously stressed the thought that 
Korolev was a great scientist, but not the chief director of space studies, that there we 
had many like Koroleu. This is not true. I know that thousands of staff and dozens 01 
Chief Designers worked along with Korolev, but it was he who was the Chief Designer 
of spacecraft, and not only in post, but in essence as well I will always place unlimit- 
ed value on Korolev's talent. 1 knew features of his character wh~ch were not the best, 
but they cannot hide the magnitude of the figure of our Chief Designer. His name should 
be before the names of all our cosmonauts. I am deeply convinced that it will be so."  

Thus ended not only the life of the architect of the early Soviet successes ~n space, but also 
a momentous era ~n the history of space exploration. As a manager, designer, pollticlan, lob- 
byist, engineer, and flight director, he had carved out a position for himself that def~ed any sin- 
gular title. Each one of the responsibilities that he had carried on his shoulders was vacant. His 
successors would try to fill the vacuum, but in truth, things would never be the same again 
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Sergey Pavlovich Korolev's death ended one man's unprecedented twenty-year reign over Soviet 
missile and space programs. He bequeathed to his associates and aides the daunting task of man- 
aging an empire whose intricacies had only been clear to him. While many of his deputies were cer- 
talnly adept in various areas of directing the works of OKB-I, no slngle person had expertise in 
managing the design bureau, dealing with Soviet politicians, brokering deals with other chlef design- 
ers, and instilling a vision of space exploration among the thousands who worked at the flrm. 

Unlike no other chief designer before or since. Korolev dominated the Soviet space program. 
His informal title in the official Soviet press before his death was not "chief designer of OKB- I ." but 
rather "chief designer of rocket-space systemsu-a far-more melodramatic moniker than slmply the 
head of a design bureau. His vast array of roles in the space program did not, for the most part, 
come from his offlcial appointments (which were many), but rather from his larger-than-life per- 
sonality. Thus, when he died, there was an unprecedented vacuum. While his successor would 
inherit the tltle of chief designer of OKB-I, he would not have Korolev's informal powers accrued 
through twenty years of making history. In some ways, the post-Korolev period was characterized 
by an equal playing ground, with the leading chief des~gners no longer following a slngle voice. This 
also meant that there was no single ardent supporter to push projects. The lobbying from the bot- 
tom up as a consequence became more dlffuse and less imposing In contrast to the Korolev years. 

The first order of business for a demoralized Soviet space program was to choose a successor to 
Korolev. The normal procedure for selecting a new chief designer would have been for Minster of 
General Machine Building Afanasyev to discuss the names of candidates with Secretary of the 
Central Committee Ustinov. The proposal would be presented to the Central Committee, whose 
members would pass it on to the Politburo. In the case of OKB- I. Korolev's senior staff did not want 
to risk having an unwanted individual appointed chief designer by higher-ups, and they tried to take 
the matter into their own hands. The night after Korolev's death, one of his most beloved former pro- 
teges, Ch~ef Designer Viktor P. Makeyev of SKB-385, flew into Moscow from his home base at Mlass 
to try and bring some order into the succession. Makeyev assembled all the senior staff at OKB- I 
and asked them for opinions. Some suggested that Makeyev himself take over the design bureau, but 
he was firmly against doing so; he had as many as sixteen submarine-launched ballistic misslle pro- 
jects ongoing at Miass, far too much work to be suddenly movlng to another organizat~on.~ 
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It took a long time to come to a decision. One who was there, Deputy Chief Designer 
Yevgen~y V. Shabarov, recalled many years later that: 

. . through the night we wrote a letter addressed to the Secretary of the [Central 
Committee], the Chairman of the Military-Industrial Commission, and to [our] minister. 
In the letter we proposed that in our opinion. Vasiliy Paulovich Mishln be appornted the 
successor to Sergey Paulouich Korolev since he had been [Koroleu's] First Deputy. We 
also offered various other reasons for the choice. At five in the morning the letter was 
ready and we all signed it.' 

Bushuyev and Chertok had or~ginally proffered Mishin's name. Only one deputy. Sergey 5. 
Kryukov. had opposed Mishin's candidacy. All other senior staff agreed that Mish~n would be 
the best person for the job. The prompt act~on by OKB- I senior staff seems to have surprised 
government offic~als, who were not too happy with this internal recommendation. Mishin 
remembered that: 

my appointment . . . encountered some opposition from Ustinov who at the time was a 
Secretary of the Central Committee . . . overseeing defense matters. He wanted to use the 
occasion to limit the authority and jurisdiction of the Chief Designer and put him under 
an administrative head of OKB-I. Ustinou had made such attempts during Koroleus life- 
time but they had run up against Koroleu's well-argued object~ons.' 

By the time that the senior staff at OKB- I officially proposed Mishin's name, Communist 
Party officials had already decided on an alternative person to head the design bureau: Georgiy 
A. Tyulin, then the First Deputy Minister of General Mach~ne Building. Ustinov believed that by 
appointing Tyulin as "administrative head" of OKB-I, he would be able to curb some of the 
undentable powers of the chief designer of such an important des~gn bureau. The papers for 
Tyulin's appointment were drawn up, but there were long drawn-out negotiations on the issue, 
and it took an astonishing five months before the Central Committee agreed to ratify the orig- 
inal proposal from the OKB- I senior staff. On May 5,  1966, Soviet leader Brezhnev summoned 
Mishin to the Kremlin and informed him of his promotion. and six days later, Minister of 
General Machine Building Afanasyev signed an order officially appointing Mishin as the new 
chief designer of the organization. 

Mishin was clearly the most likely choice as a successor, having been groomed by the late 
Korolev for almost a decade for this position. But he did not have his predecessor's stature or 
clout. In fact. Mishin had somewhat of a reputation for being blunt and tactless and was not 
known for his diplomatic skills. He was, however, respected for his engineering skills. One mil- 
~tary officer who closely worked with Mishin recalled that he was: 

An excellent mathematician, a fast thinking engineer. He knew the business and, most 
important, could screen options as fast as a computer. . . Mishin possessed very spe- 
cific information. He was always ready to come up with a strong rebuke at the Council 
of Chief Designers where he was invited. He deferred to no authority as long as the 
authority in question came up with solutions that defied logic and common sense to 
serve a hidden agenda. That is why he was not popular4 
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Vasrliy Mrshrn succeeded Korolev as OKB I Chref Des~gner after Koroleus death rn lanuary 1966 
This photo probabiy dates /ram early 1968 In the background are Ma) Genera! Aieksandr Kurushrn (left) 

commander of the Tyura Tam range at the tlme and Ma] General Anatolry Krrrllov jrrght) Kurushrn s deputy 
(copyright Chrrstran lordrer) 

This is an important distinction from Korolev, who, perhaps because he better understood 
the work~ngs of the political machinery of the Communist Party, was more willing to work out 
problematic issues than let them languish in deadlock. Mishin, stubborn to the end, refused to 
budge if his instincts told him so, sticking to his bel~efs until the bitter end. Lacking the politl- 
cal instincts of say a Wernher von Braun or a Sergey Korolev, he suffered dearly. Some would 
argue that so did the Soviet space program in the coming years. 

Mishin's appointment as chief designer was only one of several different honors bestowed 
upon him. He replaced Korolev's vacant position as the head of the somewhat amorphous 
Council of Chief Designers for programs in which his design bureau had the lead~ng role. Thus. 
at least during the meetings of the council, he outranked much more senior designers such as 
Clushko, Pilyugin, and Isayev. In March 1966. Mishin was inducted into the Presidium of the 
Interdepartmental Scientific-Technical Council on Space Research, headed by Academy of 
Sciences President Keldysh. That council continued its critical advisory role of implementing 
the Soviet space program by serving as "expert commissions" for a plethora of projects.' Finally 
on July 1 ,  1966. Mishin was promoted to the rank of full Academician of the USSR Academy 
of Sciences. Along with Mishin, three other major space designers-Barmin, Pilyugin, and 
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Yangel-also became Academicians the same day, joining the select group of Glushko and 
Chelomey.' 

These six designers-Barmin. Chelomey. Glushko, Mishin. Pilyugin, and Yangel-all 
Academicians, commanded great respect among the upper echelons of the space industry, but 
their ascendance was also evidence of a great diffusion of power. For example, of the six, only 
one (Yangel) was allowed to become a Candidate Member of the Central Committee of the 
Communist Party-an unprecedented honor that even Korolev did not enjoy. It was in fact 
Yangel's new appointment as a Candidate Member that prompted many Western analysts to 
come to the conclusion that Yangel had "succeeded" Korolev as the "chief" of the Soviet space 
program, as if the entire effort was run by a single monolithic organization. This was an error 
in analysis that would not be dispelled until well into the 1970s, when the concept of "design 
bureaus" filtered out through the curtain of censorship. What was equally unknown at the time 
was that Yangel's honorary promotion as a Candidate Member of the Central Committee prob- 
ably stemmed not from his achievements in space, but rather from his clearly notable contri- 
butions to the development of strategic ballistic missiles. More evidence of the diffusion of 
power was the choice of Korolev's replacement as a member of the Presidium of the Academy 
of Sciences, the highest arbiters of scientific research in the Soviet Union. Neither Glushko, nor 
Yangel, nor Mishin, nor Chelomey filled the position in May 1967-rather, it was Chief 
Designer Pilyugin, responsible for guidance systems.' 

Soon after the changeover in leadership at the design bureau, the Ministry of General 
Machine Building enacted a ministry-wide change in naming of institutions, which effectively 
replaced the "OKB-plus-number" system with an even more bewildering designation system. 
Almost every design bureau involved in the missile and space industry would have the dreary 
phrase "mach~ne burlding" attached to its name. perhaps as a somewhat comical way to dis- 
guise the true roles of these organrzations. Thus on March 6, 1966. OKB-I became the new 
Central Deslgn Bureau of Experimental Machine Building. or "TsKBEM" in its Russian abbrevi- 
atron. Chelomey's OKB-52 meanwhile became the almost identical Central Design Bureau of 
Machine Building, or "TsKBM." distinguished only by the omission of an " E "  in its abbrevia- 
t ~ o n . ~  At the same time. Mishrn enacted a large-scale restructuring of his design bureau In 
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full Academ~c~ans These rncluded A F Bogomolov (in July 1966) K D Bushuyev (in June 1960) V I Kuznetsov 
(rn June 1958) N S Lidorenko (rn July 1966) A M Lyulka (rn June 1960) D Ye Okhotsrmskry (In June 1960) 
B V Raushenbakh ( ~ n J u l y  1966) M S Ryazanskry (In June 1958) S S Lavrov ( inJuly 1966) and S K Tumanskry 
(rn June 1964) 

7 I t  Cen G Tyulrn 'Look Forward' (English t~t le) Krasnaya zuezda May 18 1988 p 4 
8 Yu P Semenov ed Raketno Kosrnicheskaya Korporalsiya "Energrya" imenc 5 P Koroleuo (Korolev 

RKK Energrya named after S P Korolev 1996) p 158 Mrkha~l Rudenko 'Desrgner Chelomey s Rocket Planes' 
(Englrsh title) Vozdushniy lransport 52 (1995) 8-9 Chertok Rakely i lyudc goryach~ye dnr kholodnoy uoyny 
p 403 Some of the other organlzatlons whose names were changed included Clushko s OKB 456 whrch In January 
1966 was renamed the Des~gn Bureau of Power Machrne Bullding (KB EnergoMash) Mozzhorrn s NII 88 whrch In 
January 1967 was renamed the Central Screntrfrc Research Institute of Machrne Bu~ld~ng (TsNIIMash) Barmrn s 
GSKB SpetsMash whrch In January 1967 was renamed the Desrgn Bureau of General Machine Bu~ ld~ng  (KB OM)  
and Yangel s OKB 586 whrch In October I966 was renamed the Yuzhnoye Desrgn Bureau (KB Yuzhnoye) 



November 1966, creating ten subdivisions, each 
designated a "complex." dedicated to a specific 
mission profile. His two First Deputy Chief 
Designers were Sergey 0. Okhapkin and Dmltriy 
I. Kozlov, both of whom had worked under 
Korolev since 1946." 

Okhapkin, a prematurely gray-haired man 
full of verve and energy, had served his appren- 
ticeship under such famous Soviet aviation 
Myasishchev designers as Tupolev, and llyushin 
before joining Korolev's team in 1948 as an 
expert on dynamics and precision. In December 
1952. he became a deputy chief des~gner. even- 
tually directing planning work on the N I boost- 
er. Upon Mishin's appointment. Okhapk~n 
headed OKB- 1's Complex I, dedicated to rocket 
systems, which Included the N I.'' Kozlov, on 
the other hand, had headed the old Branch No. 
3 at Kuybyshev since its establishment In 1960. 
After Korolev's death. the branch remained sub- 
ordinate to the main center at Kaliningrad. 
although Kozlov's primary work was related not 
to piloted systems but rather the development OKB-I Deputy Chiel Designer Sergey Okhapkin was 
of high-security military reconnaissance satel- one of the prrncrpal forces behind the creatron of the 

lites. Apart from Okhapkin and Kozlov, there Nl rocket After Mcshrn's appointment as OKB-I 
Chrei Designer. Okhapkrn served as Frrst Deputy of 

were five remaining deputy chief designers for the orgon~zotron. primarily responsib!e for the qurckly 
'pacecraft, guidance 'ystems, rocket engines, accelerating work on the Ni  (flies of Peter Gorrn) 
ground equipment, and testing.! 

As with all notable figures in the space pro- 
gram, the identities of Mishin, Okhapkin, and Kozlov were kept state secrets, and the Soviet 
press completely refrained from commenting on the nature of the succession to Korolev. 
Eventually, by the late 1960s and early 1970s, they were allowed to use pseudonyms when writ- 
ing articles in the popular media ' Unlike Korolev. Soviet journalists did not refer to Mlshin as 
the "chief designer of rocket-space systems," but rather the less encompassing "chief design- 
er of piloted spaceships." It was a small, but telling indication that Korolev's old desrgn bureau 
had reached its zenith of power and that glory days were no longer ahead but consigned to the 
history pages. 

9 For Okhapkin. see Semenov, ed.. Raketno-Kosrn~cheskaya Korporatsiya. p 158 For Kozlov, see V. 
Drebkova. "Anniversaries: General Designer D I. Kozlov-75 Years" (Engl~sh title). Nouostr kosmonavtikr 20 
(September 24-October 7. 1994): 56 Note that Kozlov assumed h ~ s  post in 1967. not 1966. 

10 Yaroslav Colovanov. Korolev. fakty I mrfy (Moscow: Nauka. 1994), pp. 478-80 
I I They were K. D. Bushuyev (spacecraft. Complex 2 ) .  B. Ye. Chertok (guidance systems. Complex 3).  M 

V Meln~kov (rocket englnes. Complex 5). A. P Abiarnov (ground equipment. Complex 6). and Ya. I Tregub (test- 
ing, Complex 7) .  Complex 4 was for the Experimental Machine Bulldrng Plant (ZEM) attached to the des~gn bureau 
It  was headed by TsKBEM Frrst Deputy Chief (but not Deputy Chief Designer) V. M.  Klyucharev. See Semenov, ed.. 
Raketno-Kosmccheskaya Korporatsiya, pp. 158-59 Note that Klyucharev was appornted to his posrtlon on 
September 8. 1967 

12 Their pseudonyms were M. P. Vasilyev (Mish~n). S 0. Os~pov (Okhapk~n), and D. ll~chev (Kozlov) See 
Lardiei, "Soviet Space Designers When They Were Secrets." 



The End of Voskhod 

Mishin's first job as Chief Designer of TsKBEM was to assess the state of the Voskhod pro- 
gram. At the time of Korolev's death, there were immediate plans for three to four Voskhod and 
five Soyuz missions in 1966. The first one. Voskhod 3,  was the long-duration mission with cos- 
monauts Volynov and Shonin, planned for almost a year. The spectacular success of the four- 
teen-day Gemini VII flight in December 1965 had given the Soviet mission even more of an 
impetus to get off the ground. There seems to have been some effort from ministerial leaders 
to substitute the all-woman EVA flight in place of Voskhod 3, but this attempt did not bear 
fruit." The subsequent Voskhod 4 would be a scientific flight, including artificial gravity exper- 
iments with test pilot Beregovoy and scientist Katys, while Voskhod 5 would be a military mis- 
sion with cosmonauts Shatalov and Demin. An extra miss~on, with only dogs, would precede 
Voskhod 3 to test the extended life support systems on the near-obsolete 3KV spacecraft. 

The Voskhod 3 mission was timed to coincide with the opening of the 23rd Congress of 
the Communist Party in early March 1966, as a "gift" to the doctrinal keepers of the Soviet 
Union. This flight, and the additional two or three Voskhod missions, would also serve to 
bridge the gap to the inaugural jaunt of the Soyuz spaceship, then slated for sometime in late 
1966. From a public relations perspective, the remaining Voskhod expeditions would no doubt 
deflect worldwide attention from NASA's successful Gemini program. Certainly, the Voskhod 3 
mission, dedicated to regaining the mission duration record claimed by Gemini VII, would be 
an outstanding publicity victory for the Soviet space program. 

On January 27, about two weeks after Korolev's death. Mishin hosted the first technical 
meeting a t  OKB-I under his management to discuss the future Voskhod missions. The atten- 
dees dec~ded to prepare Voskhod spacecraft 3KV no. 5 for launch with two dogs in the first 
half of February. Some from the military, particularly Air Force Lt. General Kamanin, opposed 
such a thirty-day biomedical precursor mission, apparently because he believed that it would 
unnecessarily delay the Voskhod 3 mission, which was very Important to future military oper- 
ations in space. Cosmonauts had extensively trained to use an infrared optical instrument 
named Sumets ("Lead"), which would allow them to observe plumes from the launches of four 
Soviet ballistic missiles. At the same time, officials decided to launch spacecraft 3KV no. 6 
(Voskhod 3) on an eighteen-day mission during March 10-20, 1966-that is, after the landing 
of the precursor mission. The primary limiting factor for the extended mission seems to have 
been the poor performance of the Voskhod spacecraft's life support system, in particular its arr 
regeneration capabilities, which most believed would not guarantee safety for two cosmonauts 
for a period of eighteen days in space.I4 A second similar meeting on February 10 confirmed the 
general state of readiness to carry out the two  flight^.^ 

13 See for example N P Kamanln Skrytiy kosmos knrga vtoraya 1964-1966gg (Moscow lnfortekst IF 
1997) pp 284 286 288 

14 lbrd pp 293-94 Among those present for thls meet~ng were V P Mishin (OKB I )  G A Tyul~n 
(MOM) P V Tsyb~n (OKB I )  K D Bushuyev (OKB I )  A I Burnazyan (Ministry of Health) A G Karas 
(TsUKOS) K A Ker~mov (MOM) G I Voron~n (OKB 124) S C Darevskly (SOKB LII) N P Kaman~n (VVS) 
N F Kuznetsov (TsPK) Yu A Cagar~n (TsPK) V M Komarov (TsPK) Ye A Karpov (GKNII AIKM) A M Gen~n 
(GKNII AIKM) A N Bab~ychuk ( W S )  S G Frolov ( W S )  and V A Sm~rnov ( W S )  

IS lbrd pp 300-01 The meet~ng was also the forum to formally approve the membersh~p of the f~rst post 
Korolev State Comm~ss~on Th~s  State Comm~ssron lor Voskhod would now Include C A Tyul~n (Cha~rman from 
MOM) M V Keldysh (AN SSSR) S 1 Rudenko (WS) V P M~shln (OKB I )  N N Sm~rnltsk~y (CURVO) V A 
Kasatanov (af f~ l~at~on unknown) V A Kazakov (MAP) A C Karas (TsUKOS) G P Melnikov (N11 4) N P 
Kamanin ( W S )  A A Kurushrn (NIIP 5) P V Tsybin (OKB I )  I D Sp~tsa (TsKIK) Ye V Shabarov (OK0 I )  
V N Pravetsk~y (M~n~stry of Health) and I T Bulychev (MO) 



There were no major delays in the preparation of the precursor mission, and Tyulin gave 
the final approval for the launch at a State Commission meeting on February 17. Two dogs. 
selected for the flight after a rigorous selection process at the Institute for Biomedical Problems 
in Moscow, would fly a twenty-five-day mission. The 3KV-type Voskhod vehicle, spacecraft no. 
5. was launched at 2310 hours Moscow Time on February 22.  1966. and named Kosmos-I10 
upon entering orbit. The craft carried dogs named Veterok and Ugolek into a highly elliptical 
init~al orbit of 187 by 904 kilometers at a 5 1.9-degree inclination. The high apogee of the orbit 
was evidently an attempt by Soviet scientists to examine the effects of the Van Allen radiation 
belts on the dogs. It was an element of the flight that had originally emerged as early as 1963 
during planning for the Vostok program. The State Commission hoped to launch the subse- 
quent Voskhod 3 craft into a similar orbit not only to study radiat~on effects, but also to claim 
the absolute altitude record for a piloted space vehicle. With the launch of Kosmos- 1 10, for the 
first time in the Soviet space program, a piloted spacecraft used the fifty-one-degree incl~nation 
for the orbit-a practice that would be adopted for almost all the remaining crewed space mis- 
sions in the Soviet era. This inclination not only allowed the I IA57 launch vehicle to lift the 
heaviest payload into orbit without having to land in China in case of an abort, but it also 
would provide optimal flight conditions for future missions to the Moon. The total mass of the 
vehicle was 5.600 kilograms, with 3,000 kilograms of that mass for the spherical descent appa- 
ratus that contained the two dogs.I6 

W h ~ l e  the prlmary goal of the flight was to test the life support system In preparation for 
Voskhod 3 ,  Kosmos- I I0  also had a number of supplementary scientific goals. Apart from the 
dogs themselves. there were various types of yeast preparations, samples of blood serums, pro- 
tein growths, chlorella, and lysogenic bacteria aboard the spacecraft." Throughout the mission, 
the two dogs were fed anti-radiation drugs and food delivered by means of tubes into their 
stomachs. Veterok served as the experimental specimen, while Ugolek was the control anrmal. 
By March 4, things seemed to be proceeding normally. The only minor problem was a deploy- 
ment malfunction in one of the communications antennas. On March 14, about twenty days 
into the flight, the State Commission met to discuss the progress of Kosmos- 1 10. Although the 
condition of the dogs and cabin atmosphere parameters, such as pressure, temperature, humid- 
ity, and carbon dioxide content, were within normal range, there had been " a  steady tendency 
of gradual deterioration of the composition of air in the cabin." '9ome recommended immedi- 
ately terminating the flight and recovering the dogs, while others, notably life support system 
Chief Designer Voronin, expressed confidence in a full twenty-five-day flight. A special landing 
commission consisting of twenty-five officials discussed the issue in detail throughout the 
night. By the next morning, all agreed that the flight should be curtailed and the dogs brought 
down. At 1400 hours Moscow Time on March 16. ground controllers began operations neces- 
sary for reentry. Three hours and fifteen minutes later the dogs landed safely 2 10 kilometers 
southeast of Saratov, approximately sixty kilometers from the intended landing spot. About thir- 
ty to forty minutes later, rescue teams were able to report that the dogs were in safe hands. The 
flight had lasted nearly twenty-two days. 

The physicians who examined the dogs upon their return did not anticipate the poor con- 
ditions of the animals. In an official report published two months after the landing, the doctors 
reported that the animals suffered from muscular reduction, dehydration, calcium loss, and 
confusion in readjusting to walking. Their motor systems did not return to normal untrl eight 
to ten days after the end of the mission. while full restoration of blood circulation system did 
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not occur until five days after landing. The doctors added dramatically. "Prolonged space flight 
and the development of methods to combat unfavorable effects of such fl~ghts have raised new 
problems for space medicine."'" 

The Kosmos-I 10 mission was to have cleared the way for the piloted Voskhod 3 mission. 
but during the flight itself, events on the ground had necessitated a second look at safety issues 
in connection with the 3KV Voskhod spacecraft. As early as February 2. Chief Designer Fedor 
D. Tkachev of the Scientific-Research and Experimental Institute of the Parachute Landing 
Service reported that during the past three simulated landing tests of the heavy Voskhod space- 
craft, the parachutes had ruptured. A fourth consecutive failure soon after did not prevent the 
launch of Kosmos- I I 0  but raised serious questions about the system as a whole. Continuing 
problems with the life support system prompted both OKB- 124 and the Ministry of Health's 
lnstrtute for Biomedical Problems to initiate long-duration ground simulations to assess the fea- 
slbility of carrying out a twenty-day misston in the Voskhod spacecraft. A third technical prob- 
lem was the bothersome failure of the Blok I third stage of the 11,457 launch vehicle during a 
ground test in December 1965, apparently because of high-frequency oscrllations in the stage. 
Although the stage had not failed in fl~ght. engineers at OKB-154 in Voronezh had still not 
identified the reasons for the explosion.'" 

Throughout the Kosmos- I I0  mission, there were rumors from Moscow that a piloted mls- 
slon was imminent. On March 9, the United Press International reported that the Soviet Un~on 
would launch a multicrewed spacecraft before the end of March 1966. in time for the 23rd 
Congress of the Communist Party." The rumors were relatively precise and reported that the 
craft would fly through the Van Allen radiation belts. There was less confidence behind the 
scenes. The long-duration ground test runs of the life support system did not produce encour- 
aging results. After fourteen days, the Institute for Biomedical Problems had to terminate its 
exercise because of a worsening of the atmosphere in the cabin. OKB- 124's similar experiment 
was shut down after sixteen days. Parachute fa~lures meanwhile continued to accumulate 
throughout March. About the only positive news was on February 28, when the Air Force 
declared the four cosmonauts training for the flight-Beregovoy, Shatalov, Shonin. and 
Volynov-ready for launch." Coincidentally, Dr. Norair M. Sisakyan, the Academic Secretary of 
the Department of Biological Sctences of the Academy of Sciences. died In mid-March amid the 
intense discussions prior to Voskhod 3." He had played a key role in biomedical aspects of all 
Soviet piloted space missions beginning with the early suborbital flights of dogs In the early 
1950s. and his death must have been a severe blow to Soviet space medicine. By the time of 
his death, well before the landing of Kosmos- 1 10, the Voskhod 3 mission was quietly moved 
back to late April at the earliest. 

On March 22. Mishin's engrneers held a meeting to discuss the problems and assess the 
results of the Kosmos-I I 0  mission. The only anomalies during the flight had been the failure 
of the Zarya antenna, a malfunction in the ion sensor, and a problem with the Signal high- 
frequency transmitter. Biomedicine specialists were already in the midst of two renewed long- 
duration ground tests of the life support system. If the results from the tests were sat~sfactory. 

19 Raymond H Anderson Soviet Dogs Lost Muscular Control In Space ' New York Times May 1 7  1966 
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9 1967 p 31 
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Voskhod 3 would be launched around April 20-22. 1966. The engineers' perhaps overtly opti- 
mistic hopes on carrying out the mission on time were thrown into disarray within days. On 
March 27, 1966, a Molniya-I communications satellite lifted off from Tyura-Tam on its 8K78 
booster. Unfortunately, the Blok I third stage exploded during the active portion of the trajec- 
tory, destroying the payload and the launch vehicle.j4 Because an almost identical variant of 
Blok I was set for use on the I IA57 booster for Voskhod 3 ,  the failure raised alarms across the 
board. Several leading State Commission members rightly opposed an early Voskhod launch 
until investrgators had conclusively ascertained the cause of the failure. 

All through April, engineers focused on the problem with the Blok I stage, delaying the 
launch of Voskhod 3 week by week. The tests with the life support system had also proved to 
be unsatisfactory. Tentatively, officials were hoping for a piloted launch around May 20-27, 
1966, but already there was a growing lobby against the fllght of Voskhod 3 and in fact the 
Voskhod program as a whole. The conflict bubbled up to the surface on May 10, 1966, during 
a meeting of the M~litary-Industrial Commission. Mishin. Tyulin, Kamanin, and Deputy Minister 
of Health Burnazyan reported that all resources were ready to support the launch of Voskhod 
3 on May 25-28. Military-Industrial Chairman Smirnov, however, stunned everyone by propos- 
ing to completely cancel the Voskhod 3 mission, invoking the following reasons: 

An eighteen-day flight would not provide anything new. 
The accomplishment of the Voskhod 3 mission would delay the Soyuz program, which 
should be the primary focal point for all activities in 1966. 
"[A] flrght without maneuvers in orbit and without docking would display [the Sov~ets'] lag 
beh~nd the U.S.A. and would be perceived by the public as proof of the superiority of the 
Americans. "" 

Smirnov clearly had some cogent arguments. NASA was flying Gemini missions at the time 
that were much more demonstratrve of American superiority in piloted spaceflight than any- 
thing Voskhod 3 could do. The chairman had the support of a number of other key industrial- 
ists, but a whole row of powerful chief designers, academicians, ministers, and military officials 
strongly resisted Smirnov's suggestion. Srnirnov agreed to back down and asked the Voskhod 
State Commission to look into the matter of terminating the program as a whole. 

On May 12, the day after Mishin's formal appointment as chief designer of the old Korolev 
design bureau, the State Commission heard status reports on the varlous problematic bottle- 
necks in the Voskhod 3 plans. A designer from OKB- 154 assured commission members that 
the high-frequency osc~llations that had caused the Molniya-I accident would not occur again. 
but most members remained unconvinced. Despite Chief Designer Voronrn's report that the life 
support system was finally ready. Smirnov's abrupt speech about canceling the project had evi- 
dently made a big impression. The numerous technical glitches, combined with Smirnov's well- 
argued position on the pointlessness of the mission, ground the preparations for the mission 
into permanent inertia. As engineers argued back and forth throughout May on the reliability 
of the Blok I stage. State Commission Chairman Tyulin delayed the launch first to June and then 
to mid-July 1966.'h The frustrated cosmonauts were sent off on a short holiday: it became 
increasingly clear that there might never be a Voskhod 3 mission. Despite the occasional 

24 Post~ng to FPSPACE I~st-server on the Internet by lgor L~ssov. December 1 1 ,  1996: 5 .  Valyayev, "Russ~a 
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murmurs of resuming preparations for the launch as late as November 1966, the Voskhod pro- 
gram was irrevocably over by June." 

Smlrnov was clearly the instigator in the decision, but it seems that Mishin had played a 
major role in its termination. Having just assumed the role of chief designer of the most prestl- 
gious organization in the Soviet space program, he was no doubt reluctant to start off his 
tenure with an obsolete spacecraft that would guarantee only marginal safety to its crew. As 
one Russian journalist later wrote. Mishin "managed to convince the leaders that the 'old junk' I 

couldn't take the country far and would only increase the lag between the United States and 
Russia."'"ln much the same vein, another source suggests that Mishin was concerned about 

i 
the obsolete design of the Voskhod spacecraft and persuaded the leaders of the Soviet space 
program to permit him to terminate the fruitless effort in favor of moving ahead with the much 
more versatile and advanced Soyuz   pace craft.'^ 

In retrospect. Smirnov and Mish~n's decision to terminate the Voskhod project was a prag- 
matic one. Originally planned as a modest extension of the capabilities of the Vostok space- 
craft in 1962 and 1963, engineers at OKB-I continued to formulate plans for the vehicle well 
into 1966. The spacecraft had extremely poor characteristics and capabilities, and it was only 
by "cutting corners" that the engineers had managed to establish a manifest that included EVA. 
long-duration, and high-altitude missions. Voskhod had no capability to change orbits and. 
therefore. to conduct rendezvous and docking operations, placing it clearly in the first genera- 
t ~ o n  of space vehicles rather than the second. To spend the remaining months of I966 prepar- 
ing an obsolete spacecraft for flight would have undoubtedly delayed even further any attempts 
to bring the much more capable Soyuz to quick operational status. It is, however, tempting to 
consider the effects on public op~nion and the U.S. space program if any or all of the project- 
ed Voskhod miss~ons had been conducted on time. Many of the same objectives fulfilled in 
NASA's Gemini program were also planned for Voskhod. Voskhod's EVA mission was flown as 
G e m ~ n ~  IV (in June 1965). and the two-week-long mission was flown as Gemini VII (in 
December 1965). Then, the astronaut maneuvering unit was flown on Gemini IX (in June 1966. 
although the test of the unit never took place because of astronaut Eugene Cernan's troubled 
spacewalk), and the artificial gravity experiment and high-apogee flight was conducted on 
Gemini XI (in September 1966). 

Some of the remnants of the Voskhod program were incorporated into Soyuz, while some 
were postponed indefinitely. The eighteen-day long-duration mission fell into the former group, 
becom~ng part of planning at an early stage.'lJThe female EVA mission lost much of its support 
when Voskhod was canceled. The four unflown women once again found themselves without 
a program for which to train, and they were ordered back into their theoretical studies In pur- 
suit of graduate degrees. The extensive medical experiments program, which Included surgery 
on a mammal in orbit. was dropped from any further consideration: science in the Soviet pilot- 
ed space program continued to be play second fiddle to military or political exigencies. The 
physicians selected for the Voskhod program never formally entered the cosmonaut team and 
returned to their jobs with little hope of ever flying into space. The autonomous EVA maneu- 

27 On July 23 1966 Karnan~n ordered the Voskhod 3 crews to irnrned~ately resume t ra~n~ng for the mls 
sion so as to be ready by September 15 Then on October I2 Kaman~n wrote that M~shin ordered the resurnptlon 
of preparations for the mlsslon Finally on November 25 Karnanin proposed carrylng out Voskhod 3 inlanuary 1967 
None of these plans were evidently very serious See ibid pp 354 360 382 409 
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vering unit named the UPMK, set for use on a later Voskhod mission, was the subject of many 
delays. Engineers at KB Zvezda did not complete the design of the unit until 1968, two years 
after Voskhod was canceled. By that time, anticipating little use in the near future, the built 
units were put in storage for a future time. Soviet cosmonauts would not use a similar con- 
traption until 1990, during a mission to the Mir space station. That unit, also developed by 
Zvezda, was designed on the basls of experience creating the UPMK. There had also been 
much talk of military missions in the Voskhod program. These lost all justification once the 
Soyuz came along, particularly the military 7K-VI variant. Finally, the artificial gravity system 
was found to be too complex. Even before Voskhod's cancellation, in February 1966, Mishin 
had proposed to Minister Afanasyev to postpone the use of the IT system to a Soyuz mission. 
Although crews did indeed train with the system, other priorities in the Soyuz program meant 
that the system was never flown in space. 

The Lunar Flotilla 

Korolev had adopted the lunar-orbit rendezvous profile for the mission of landing Soviet 
cosmonauts on the Moon. Through the mid- 1960s. engineers continued to fine-tune the plan. 
motivated by considerations of safety. By 1967, in fact, the single-launch N I-L3 mission plan 
had grown into a dauntingly complicated flight plan, involving several launch vehicles and 
spacecraft. Mishin's engineers were most concerned over the conditions at landing. What if the 
LK lander was damaged upon landing on the surface of the Moon? Could the lone cosmonaut 
have any way of knowing this before exiting the craft to set foot on the surface? To preclude a 
premature disembarkation, the engineers decided to launch a separate small lunar rover to 
inspect the exterior of the lander. Then another question arose: what if the LK was indeed dam- 
aged and could not take off? In such a case. TsKBEM engineers proposed having a backup lan- 
der launched separately. whlch would land near the primary one. There were more questions: 
what if the primary and backup landers were too far from each other for the cosmonaut to walk 
from one to the other? The pilot would have to travel from slte to site via the lunar rover. These 
complex operations on the surface of the Moon also significantly raised the requirements for 
precision landing. The engineers introduced two additional lunar orbiters to map the potential 
landing sites prior to the piloted mission. Finally, there would be supplemental lunar orbital 
commun~cations satellites to act as relays during landlng and surface operations. All of this was 
motivated because of the tight mass constraints that precluded redundancy of many of the cru- 
cial systems on the LK. 

The adoption of the more complex plan meant that the piloted lunar program was inextrica- 
bly linked with the vigorous robotic lunar probe program. The latter had begun in early 1958. 
when Korolev had proposed a series of probes-the Ye- I. Ye-2. Ye-3, and Ye-4-for initial explo- 
ration of the Moon. Of the nine launches of the first generation of probes, only three achieved 
any modicum of success, but these were some of the most significant firsts In the early years of 
the "space race." The first was the flrst probe to achieve escape velocity and enter solar orbit (the 
Cosmic Rocket in January 1959). The second was the first probe to impact on another celestial 
body (the Second Cosmic Rocket in September 1959). The third was the first probe to take pho- 
tographs of the far side of the Moon (the Automatic Interplanetary Station in October 1959)." 
Retroactively called luna I, luna 2, and luna 3, respectively, these modest spacecraft inaugurat- 
ed a glorious era of robotlc space exploration. By 1959, Korolev was already planning for a more 

3 1 For a Western summary of the early Object Ye lunar m~ss~ons see As~f  A Siddlq~ "First to the Moon ' 
lournu1 of the Br111sh Interplanetary Society 51 (1998) 23 1 3 8  



ambitious series of spacecraft: the Ye-6 lunar soft-lander and the Ye-7 lunar orbiter. In January 
1960, the Soviet government approved preliminary work on these two classes of probes." 

The Ye-6 lunar lander fared extremely poorly in the ensuing years, hampered partly by the 
lack of redundant systems on any of the probes because of mass constraints. There were eleven 
launches of Ye-6 probes between January 1963 and December 1965. Of these. four were orbltal 
launch failures. two falled to leave Earth orbit because of failures in the Blok L acceleration stage, 
two missed the Moon, and three crashed onto the surface of the Moon." It was a dlsmal record 
of missions that no doubt demoralized thousands of engineers. By this time, Korolev had trans- 
ferred all automated lunar and interplanetary programs to the design bureau of the S. A. 
Lavochkin State Union Machine Building Plant, led by Chief Designer Georgiy N. Babakin. The 
first lunar soft-lander type flown under Babakin's command was the Ye-6M, identical to the 
Ye-6 except for the use of modified shock absorbers and an independent guidance system.'" 

It was seventeen days after Korolev's death, on January 31, 1966, that the first Ye-6M 
probe. vehicle no. 202, lifted off from Tyura-Tam and headed for the Moon. Once it was dls- 
patched toward the Moon, it was named Luna 9 by the Soviet press. By all standards. Luna 9 
and ~ t s  predecessors des~gned by Korolev's engineers were ingeniously constructed probes. On 
its way to the Moon, the probe was about 2.7 meters high and consisted of three sections. At 
the rear was the S5.5A engine powered by an amine-based fuel and nitric acid with a thrust of 
4.64 tons. The main purpose of this engine was to reduce velocity upon the approach to the 
Moon to facilitate a soft-landing. In addition, there were four arm-mounted thrusters that would 
be used for the vehicle's stabilization during landing. The central cylindrical section controlled 
the whole craft and carrled telecommun~cations and command units. Strapped to the central 
section were two jettisonable units that had a total mass of 3 12 kilograms. The flrst of these 
carried a radar altimeter, which would trigger the final retroburn based on the altitude from the 
surface of the Moon. This unit also carried attitude control thrusters for mid-course corrections 
on the way to the Moon. The second unit carried Sun and Moon sensors for attitude reference. 
The top section of the vehicle was the landing capsule of the probe." 

At an altitude of 8.300 kilometers from the surface of the Moon on February 2, the attitude 
control jets "froze" any rolling motion in the craft and aligned it to a vertical trajectory. The radar 
then triggered the termlnal descent sequence. and the two compartments on the side were eject- 
ed The S5.5A englne then ignited, and five meters from the surface, a deployed sensor made con- 
tact with the ground and ordered engine shutdown. At this point, the landing capsule was thrown 
away from the main bus and bounced separately on the lunar surface not far from the main craft. 
The exact tlrne of impact was 2 145 hours. 4.25 seconds Moscow Time on February 3. Exactly 
258 seconds after landing, an automatic timer activated radio transmissions from the fifty-eight- 
centimeter-diameter spheroid capsule. The Soviets had finally accomplished the flrst soft-land~ng 
of a probe on another heavenly body, nineteen days after the death of Chief Designer Korolev. 

32 The earliest published mention of these two varlants is in a letter dated March 26 1960 to Military 
Industrial Cornrnlssion Chairman D F Ustlnov published as 5 P Korolev ' O n  Expediting Operations Concerning 
Automated Lunar Statlons (1 960) (English title) in M V Keldysh ed Tuorcheskoye nusledlye Akademika Sergeya 
Paulovicha Koroieua irbrannyye trudy i dokurnenty (Moscow Nauka 1980) pp 414 I S  See also Semenov ed 
Raketno Kosmicheskaya Korporatsiya p 146 

33 Semenov ed Raketno Kosmrcheskaya Korporatsiya p 148 
34 K Lantratov Anniversaries 25 Years for Lunokhod I "  (English tltle) Nouosti kosrnonautiki 23 

(November 5-18 1995) 79-83 Lunar and interplanetary programs were transferred to Babakin in April-May 1965 
The Ye 6M program was approved by a decree (no 055 263) of the Central Committee of the Communist Party and 
the USSR Councll of Mln~sters on August 3 1964 What seems to be a technical prospectus for the Ye 6M has been 
published urth disguised designations as 5 P Korolev et a1 "Automatic Stations for the First Landing on the Moon 
( 1964) ' (in Russian) in M V Keldysh ed Tuorcheskoye nusledrye Akadern~ka pp 5 I S -  19 

35 Andrew Wilson Solar System Log (London Jane s Publishing Co 1987) p 33 
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The 105-kilogram probe's internal equipment was protected by shock absorbers and was installed 
in a pressurized compartment loaded toward the bottom. Four spring-loaded petals opened on top of 
the lander, and the TV system was activated, returning the first panoramic pictures of the lunar surface. 
Ironically, the first pictures published from Luna 9 were in the British press, from transmissions inter- 
cepted by the famous Jodrell Bank radio telescope. The Soviet bureaucracy's customary inefficiencies 
prevented Pravda from getting the scoop. About nine full or partial scans of the surface were received 
by the Soviets over the following four days, by which time the batteries were exhausted. The only other 
experiment on board was a radiation detector measuring the Interaction of cosmic rays with the lunar 
soil.'b Luna 9 was the first of two such spacecraft to land on the Moon. An almost identical vehicle, Luna 
13. successfully landed on the Moon in December 1966. 

By the time that Luna 9 landed on the Moon. Korolev's design bureau had already spent more than 
five years developing another robotic lunar probe that figured significantly in the Soviet piloted space 
program. In early 1960, Mikhail K. Tikhonravov's department at OKB- I began exploring the possibility 
of designing and creating a mobile research station to travel the surface of the Moon. Unlike the earlier 
Ye-6 lunar probes, which were launched by the four-stage 8K78 booster, the new heavier probes would 
be launched by a variant of the N I booster." These studies may have had a link to even earlier research 
from the mid- 1950s, which was publicized widely in the Soviet press. In November 1955, Yu. S. 
Khlebtsevich authored a detailed article in a popular journal on the technical aspects of a mobile "tan- 
kette laboratory" for travel~ng on the surface of the Moon. Bearing a remarkable likeness to early con- 
ceptions of such vehicles at OKB- I, Khlebtsevlch's design was yet another 1950s-vintage forerunner of 
Soviet space achievements of the 1960s.'" 

After a slow start exploring various options, such as wheels, tank tracks, and so on, in 1963, 
Korolev transferred the development of the mobile probe's chassis to the Leningrad-based All-Union 
Scientific-Research Institute No. 100 (VNII- 100) led by Chief Designer Aleksandr L. Kemurdzhian. VNII- 
100's primary expertise was building tanks for the Soviet Army, but Kemurdzhian had developed a per- 
sonal interest in remote-controlled space probes.'' Based on research in 1963 and 1964, Korolev and 
Kemurdzhian emerged in July 1964 with a conception for a 900-kilogram rover as part of the L2 theme 
that could support piloted lunar operations. The rover's link with the piloted space program was forti- 
fied by the famous August 1964 Soviet Union decree commitment to a human lunar landing program. 
The rover's primary goal would be detailed photography and research for proposed landing sites for 
crews on the Moon. By early 1965, engineers at OKB- I had fin~shed a draft plan for the L2 rover, but at 
this point. Korolev decided to transfer all robotic exploration probes to the Lavochkin design bureau." 

36. Ibrd, pp. 33-35. 
37. The speclfic variant was evidently the N I I ,  wlth a launch mass of 700 tons and a llftlng capaclty of 

twenty tons See Lantratov. "Anniversaries: 25 Years for Lunokhodl " 
38 Yu S Khlebtsevlch. "The Road lnto Space" (Engllsh title). Nauka I zhlzn no I I (November 1955) 
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"tankette laboratory" ~n an artlcle in Tekhnika moiodezh[ ~n July 1954 The earllest known descrtptlon of a moblie 
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Thus. in May 1965. all documen- 
tation and research on the rover 
ended up in Ch~ef Designer 
Babakin's lap. 

Babakin had had an interest- 
ing career. A completely self- 
taught engineer who received his 
college degree at the age of forty- 
three, he was an unusually gifted 
researcher who held a particular 
disdaln for formal educational 
learning. He briefly worked at the 
famous Nll-88 from 1949 to 195 I, 
where he first met Korolev. He 
soent the next fifteen years The Ye-8 rover appears here in its frnai desrgn incarnation In 1971 by 

ieslgnlng hlgh-prlorlty mls'sl~es, which trme it was publicly known as iunokhod The two square 

lncludlng the Infamous Burya objects fn front are cameras while the contarner at the top front with 
the lid open is a iaser reliector burlt by the Frenctr 

lntercontlnental crulse mlsslle at (copyright Quest magairnel 
OKB-301 ~n Kh~mkl under Chlef 
Des~gner Semyon A. Lavochkin. By 1960, he had risen to the post of deputy chief designer for guid- 
ance systems.' For a few years in the early 1960s. Babakin worked for Chelomey, when the 
Lavochkin firm came under the Chelomey's control. When Chelorney lost control of hls empire, 
Babakin rose to the top of the Lavochkin design bureau, at the exact same time that Korolev trans- 
ferred all automated deep space probes to the organization. He was fifty years old at the time. 

Babakin and Kemurdzhian opted to start from scratch on the rover design. By this time. the 
rover had been renamed Ye-8. To a certain extent, the redesign was dictated by the switch in 
launch vehlcles to Chelomey's UR-5OOK booster in late 1965. Just like the LI circumlunar project. 
the latter would use the Blok D translunar-injection stage to boost the rover to the Moon. More 
modifications came from data on the lunar soil received from the Luna 9 soft-lander probe. The 
f~rmness of the soil as well as the th~nness of the dust layer led designers to drop the caterpillar 
track in favor of eight small wheels for movement. Babakin finished and signed the draft plan for 
the Ye-8 ~n the fall of 1966." One of the lead designers of this first mobile probe on the Moon 
was Oleg G. Ivanovskiy, a veteran from the Korolev days. He had served as the "lead designer" 
of the Vostok spacecraft and early lunar probes until June 196 1 ,  when he left engineering to 
become the space department head at the Military-Industrial Commission. There for five years, he 
was responsible for a variety of important tasks, including preparing long-range space goals. In 
November 1965, he returned to designing as a deputy chief designer responsible for lunar probes 
at the Lavochkin design bureau." 

41 Babakin Banketov and Srnorkalov G N Babakrn pp 25-29 B Ye Chertok Rakety i lyudr (Moscow 
Mashrnostroyen~ye 1994) pp 272- 73 0 C lvanovskiy and M B Faynshteyn ' On the Life and Sc~entific Actlv~t~es 
of G N Babakin" (English title) ~n B V Raushenbakh ed lssledovanrye tvorchestva osnovopolozhnrkov kosmon 
autrki i yeye sourernennye problemy (Moscow Nauka 1989) pp 29-37 

42 Konstant~n Lantratov "Anniversarles 25 Years From Lunokhod I Part II' (Engl~sh title) Novostc kos 
monavtiki 24 (November 19-December 2 1995) 70-79 Curiously one otherw~se rel~able source states that the first 
rneetrng at Babakin s organrzatlon to drscuss the Ye 8 rover was on June 14 1967 See Babak~n Banketov and 
Srnorkalov C N Babakin p 53 

43 Yu A Mozzhorin el a1 eds Dorogi v kosmos I1 (Moscow MA1 1992) pp 13-14 0 C lvanovskiy 
Naperekor zemnomy prrtyazhenyu (Moscow Polrt~cheskoy literatury 1988) p 265 There were two other deputy chref 
des~gners under Babak~n V C Perminov (deep space probes) and A C Chesnokov (appl~ed themes and satell~tes) 
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Although the engineers finished the draft plan for the Ye-8 in 1966, it would be late 1967 
before all the design documentation was finished, allowing for the construction of flight mod- 
els. The complete Ye-8 vehicle had a mass of about 5.700 kilograms and consisted of a lander 
stage (the KT) and the actual rover (the 8YeL). The latter was designed to operate for three 
months on the lunar surface. The central components of the KT stage were four eighty-eight- 
centimeter-diameter spherical propellant tanks arranged in a square-shape linked by cylindrical 
connections. Two additional pairs of large cylindrical propellant tanks were attached vertically at 
the opposing sides of the central frame. These detachable tanks had mountings for antennas. 
One tank also had a nitrogen attitude control system, and another had attitude control sensors 
for the entire mission to landing. All the tanks contained the same unsymmetrical dimethyl 
hydrazine and nitric acid propellants, although the cylindrical ones were used only for lunar-orbit 
insertion and maneuvers in lunar orbit. Four short compressible landing legs were attached to 
the main spherical tanks, providing a maximum base of approximately four meters in diameter. 
Attitude control thrusters were positioned at various places. including two on a boom. A radar 
altimeter similar to the one on the piloted LK lander was installed between the tanks. All eight 
tanks fed a single engine designed by OKB-2 at Kaliningrad, designated the I I D4 17. with a vari- 
able thrust of 0.75 to 1.92 tons. The engine had a main exhaust supported by two verniers on 
each side, for use close to the surface so as not to dlsturb the sampling site. Four additional 
verniers around the periphery of the base provided stability during flight. 

The KT stage was completed by the main pressurized toroidal compartment, which served 
not only as the prlmary location for all communications, data processing, and command elec- 
tronics systems, but also as a platform on which the rover would be placed. The compartment 
also included gyroscopes for attitude reference and a set of chemical batteries for power. In 
addition, the stage included two sets of ramps, which would be lowered on each side of the 
KT following landing. Once the entire vehicle had landed, the ramps would be lowered, and 
the rover would track down the ramps to start its journey on the lunar surface." 

The 8YeL rover, with a total mass of 756 kilograms, was placed on top the KT lander stage. 
It was a pressurized magnesium alloy lightweight container on wheels, with a height of 
1.35 meters and a diameter of 2.1 5 meters across the top of the compartment. As with most Soviet 
deep space probes, the majority of the instrumentation was installed within a pressurized com- 
partment (at one atmosphere pressure), which contained communications and control systems. 
The main chassis had a large hinged convex lid, which opened up to reveal a radiator for daylight 
exposure. The inside of the lid also contained solar cells for furnishing one kilowatt for the inter- 
nal batteries of the rover. An additional 350 to 660 watts of power would be furnished by eleven 
kilograms of radioactive Polonium-2 I 0  kept at the rear of the 8YeL to ensure heat for the long lunar 
nights. To provide information on the rover's movement, the probe used internal gyroscopes; other 
sensors would cut off power in case the rover attempted to overcome dangerous slopes. 

Each of the eight wheels was fifty-one centimeters in diameter and equipped with inde- 
pendent suspension and direct-current electric motors in the hubs, the latter developed by the 
Krzhizhanovich Power Institute in Moscow under A. I. Moskvitin. The width from left to right 
at the wheel level was 1.6 meters. The wheels were made out of fine wire mesh and had tita- 
nium blades to grip the lunar surface. The 8YeL would be capable of two forward and one fixed 
reverse speeds, while changes in direction would be achieved by driving the wheels on either 
side at different speeds or in reverse. In addition, the rover was designed so as to be able to move 
even if only two wheels on each side were operational. If a particular wheel got stuck, a command 
from Earth would release a powder charge to burst the shaft, thus making the wheel a passive 
component. The 8YeL rover was designed from the beginning so as to be controlled from the 

44 Wilson. Soiar Sysfem log p 6 1 
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ground. P, five-person team (commander, driver, engineer, navigator, and radio operator) would

guide the vehicle together while sitting in front of TV consoles showing views from the lunar sur-

face. Nominal velocity on the surface of the Moon was limited to 100 to 200 meters per hour.

The rover carried four TV slow-image transmission facsimile cameras of the type developed

earlier for the Ye-6-class of probes. These would be equipped to return 6,000-line images, which

could be assembled into panoramas of the lunar surface. The cameras would be able to scan

360 degrees in the vertical and 180 degrees in the horizontal, thus providing side, down, and

rear views. In addition, there were two TV cameras positioned at the forward end of the rover

for providing stereo photographs with a 50-degree field of view. Communications for all surface

operations would be via two antennas: one steerable high-gain and the other conical low-gain.

All cameras were dual purpose--that is, for controlling the vehicle as well as for research on

topography. Controllers would determine initial direction by using the panoramic cameras and

would negotiate more precisely by the two frontally placed remaining cameras.

Among the scientific instruments eventually included on the 8YeL models built in the late

1960s was a penetrometer to test the soil's mechanical characteristics. The Ri/ma x-ray fluo-

rescence spectrometer was for irradiating the soil and recording the induced radiation to iden

tify elemental quantities of iron, calcium, silicon, magnesium, titanium, aluminum, and other

substances. The x-ray device could also be used for measuring extragalactic x-rays/_

The Ye-8 lunar rover probe began to figure into the N I-L3 piloted lunar mission profile as early

as March 1966: it would select a suitable landing site for the Lunar Ship lander and serve as a radar

beacon to allow the LK to make a precision landing at a safe landing site. In December, the

Interdepartmental Scientific-Technical Council for Space Research met under Keldysh's supervi-

sion to discuss requirements for the rover mission as it related to the L3 piloted landing expedi-

tion. The council discussed two different scenarios: a "realistic" one, with the rover having a

lifetime of two to three months and a limited radius of operation, and an "unrealistic" one, with

the rover having a lifetime of a year and a radius of operation extending to 500 kilometers.

Discussions also centered around formulating a specific sequence of launches for the rover in con-

junction with the N I-L3. Curiously, the Soviet press was uncharacteristically forthcoming about

the rover project. On August 20, 1966, a commentator on Radio Moscow told his listeners,

"Soviet experts are designing an automatic mobile station to place on the Moon..40

By early 1967, the N I-L3 profile had expanded into a highly complex plan with a flotilla of

support missions, most designed to compensate for the poor capabilities of the L3 complex.

The first lunar landing mission would be preceded by the launches of two Ye-8LS robot lunar

orbiters, which would take detailed high-resolution photographs of the proposed landing sites.

The photographs would allow scientists to select two landing sites: a primary one and a reserve

one, Once the landing sites were determined, the Soviets would launch two separate Ye-8

rovers within a week of each other on top of UR-SOOK-Blok D boosters from Tyura-Tam. The

rovers would land at the primary and reserve landing sites, respectively, making sure that the

specific areas of landing would not pose hazards to the piloted lander. Teams on Earth would

control both rovers by remote control.

45 Ibid. pp. 63-64: Christian Lardier, L',qstronautique Souietique (Paris: Armand Colin. 1992). p. 269:
Lantratov, "l:Inniversaries: 25 Years From Lunokhod-l: Part II": Kenneth Gatland, Robot Explorers (London:
MacMillan, 1972). pp 153 57. Note that the data refer to the final version of the8YeLin 1967 68. In 1966, the
mass of the rover was limited to only 650 kilograms.

46. Soviet Space Programs, 1966-70. Goals and Purposes, Organization. Resources. Facilities and
Hardware. Manned and Unmanned Flight Programs. Bioastronautics, Civil and Military Applications, Projections of
Future Plans Attitudes Toward International Cooperation and Space Law. prepared for the Committee on
,'_eronautical and Space Sciences.US Senate,92d Cong.. I st sess. (Washington. DC: [AS. Government Printing
Office. December 1971). p 363
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A month or two later, the N I would be launched with a working L3 complex, the latter 
including a LOK orbiter and the Reserve Lunar Ship (LK,). The LKR would land automatically at 
the site of the reserve Ye-8 rover using radio beacons to guide it to a precision landing, thus sav- 
ing the lander's precious propellant supply. The automated LOK would photograph the landing 
site from lunar orbit and return to Earth. The Ye-8 rover would then reconnoiter around the LKR. 
taking photographs of all sides of its exterior and relaying back TV pictures, thus making sure that 
there had been no damage during landing. Only after an analysis that the LKR was indeed in work- 
ing condition would preparations begin for launching the actual L3 complex for the piloted land- 
ing. This launch would take place during the following lunar launch window after the landing of 
the LK,-that is, after about a month. The second N I -L3 would carry out its flight as per the 
nominal mission profile, w ~ t h  the flight engineer remaining in orbit in the LOK and the comman- 
der land~ng on the Moon in the LK. The actual landing would be effected by using radio beacons 
from the Ye-8 rovers on the surface of the Moon. The landing was to take place as close as pos- 
sible to the LKR. The rovers would once again examine the prlmary LK to ascertain whether the 
lander was in good external condition for takeoff. If there was no damage, the lone cosmonaut 
would be allowed to disembark and step onto the surface of the Moon. A nominal EVA would 
last about two hours, while the total stay on the Moon would be limited to six hours. 

In case the primary LK was damaged, the cosmonaut would have to get to the LKR and lift 
off in that spacecraft. Because the Soviets were less than confident that the two landers could be 
landed within walking distance of each other, the Ye-8 rovers would serve as transport vehicles if 
the connecting d~stance was too far. The rovers would be equipped with reserve oxygen, allow- 
ing the cosmonaut to connect the Krechet-94 suit to the rover's internal supply. In addition, there 
would be a small platform for securing the cosmonaut in a standing position for travel from one 
lander to the other. The cosmonaut could control the movement of the rover via a control panel. 
allow~ng a top speed on the surface of 1.2 kilometers per hour. After arrival at the LK,, the cos- 
monaut would board it and take off to enter lunar orbit. The rema~nder of the mission would be 
identical to the standard N I -L3 lunar profile." 

There were two more support programs to the N I -L3 landtng mission. The first involved 
mapping mass concentrations on the Moon that profoundly affected lunar-orbital trajectories, and 
the second was to support reliable communications at lunar distances. Both objectives could be 
achieved with the use of robotic lunar satellites. Even before these requirements had surfaced. 
Babakin's team had already begun developing a series of small probing lunar satellites. The first 
model, the Ye-6s. was built almost accidentally. When the Voskhod 3 mission was postponed, 
the Communist Party was left without a spectacular space mission to celebrate the 23rd Congress 
of the Communist Party In Moscow in March 1966. Babakin proposed that he could launch a 
modest satellite to the Moon if given a month. His engineers used the basic 
Ye-6 bus to create the Ye-6s probe, which was designed, developed, and built in less than th~rty 
days and launched on March I .  A failure in the guidance system of the Blok L stage prevented the 
mission's completion. but an identical probe was launched a month later on March 3 1 and named 
luna 10. On April 3. Luna I0 became the first artificial satellite of the Moon, Immediately after. 
the Internationale, the anthem of the Communist Party, was played aboard the probe and beamed 
back directly to the Kremlin Palace of Congresses where the 23rd Congress of the Party was in 
session. Assembled delegates stood at attention as the anthem was played.'" 

47 K Lantratov. "Anniversar~es The 'Deceased' Lunar Plan" (Engl~sh title). Nouoslr kosmonautikr 14 (July 
2- 15. 1994) 60-61 
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Ye-6S spacecraft were launched there were apparently a total of five ordered for manufacture by MOM M~n~ster  
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The Luna 10 craft was shaped similar to Luna 9, except the lander was replaced by a 
245-kilogram orbiter. Although the orbiter had no imaging capability, it relayed micrometeoro~d. 
gamma-ray, infrared, and radiation data from near-Moon space for fifty-six days. Scientists also 
gathered important information on the pattern of the Moon's gravitational field based on orbital 
tracking. Radiation detectors revealed that the Moon had no trapped radiation belts compara- 
ble to those around Earth." The success of Luna 10 allowed Babakin's engineers to design a 
dedicated probe primarily to take photographs of the surface of the Moon, the Ye-611, two of 
which were launched in August and October 1966 as Luna I I and luna 12, respectively. Both 
carried cameras for surface photography, although the first failed to return any usable images 
because of malfunctions in the spacecraft's stabilization englnes, which sent the spacecraft into 
a spin.'@They also carried the R- I unit for checking the action in vacuum of motors similar to 
the ones designed to turn the wheels of the Ye-8 rover. 

Tracking during the Luna I 0  mission had proved that the Moon had a very heterogeneous 
gravitational field. For Luna 12, ballistics experts on the ground had predicttons for its orbit 
around the Moon for a six-month period based on prior information. But during the course of 
the mission, its perilune reduced by three to four kilometers per day. contrary to predictions.' A 
fallure in one of the attitude control engines of the probe prevented changing the perilune of the 
spacecraft. The data gathered during the mission, however, served as a starting point to deslgn 
and develop a new model of a lunar satellite, one of whose mission goals was to study the 
Moon's gravitational field to make precise determinations of trajectories for the various elements 
of the N ILL3 lunar landing plan. Babakin's team began development of the Ye-6LS In late 1966. 
which also had the dual purpose of testing the Soviet deep space communications network. 

Tracking for the Moon 

The Soviet tracking and telemetry network, known officially as the Command- 
Measurement Complex, had grown in steps and bounds since its early days In the late 1950s. 
Approximately f~fteen stations, referred to as Scientific-Measurement Points (NIP), were locat- 
ed throughout the contiguous USSR, serving as stations for use during Earth-orbit and deep 
space missions, both piloted and automated. The ground stations were augmented in the mid- 
1960s by the third generation of Soviet tracking ships. In 1965 and 1966. the new Ristna and 
Bezhitsa replaced the older llichevsk and Krasnodar. Later in 1967, four new ships were intro- 
duced-the Kegostrov, the Nevel, the Morzhovets, and the Borovichi-each with a displace- 
ment of 6,100 tons and a crew of thirty-six." The same year, all the ships were officially turned 

49 Wilson Solar System log pp 35-36 
50 The Ye 6LF probes were designed to take photographs in two reglmes ( I )  photographing In a stabilized 

mode from the perilune lmmedlately after the satell~te braked into lunar orbit and ( 2 )  In slow rotation conditions 
when or~ented relatlve to the Sun The fa~lure on Luna I 0  was due to "uncompensated parasitic moments' in the 
stabilization englne system See Babakin Banketov and Smorkalov G N Babakin pp 45-46 A document dated 
circa 1965 from Keldysh and Babak~n to the government proposing the Ye 6LF program has been publ~shed as 
M V Keldysh and G N Babakin ' O n  Photographing the Lunar Surface wlth Art l f~c~al Satell~tes of the Moon' 
(Engl~sh title) in Avduyevskly and Eneyev eds M V Keldysh pp 480-81 

51 Babakin Banketov and Smorkalov G N Babakrn pp 46-48 Both the Luna I I and Luna I 2  spacecraft 
also had extenswe supplementary sclentlfic instruments aboard The latter carr~ed a gamma ray detector a magne 
tometer radiation detectors an infrared radiometer and meteoroid detectors Luna I 2  detected x ray emlsslons from 
the Moons surface as a secondary effect of fluorescence under solar x-ray emisslon The Soviets later claimed that this 
was the 'blrth of x ray astronomy " See G V Petrov~ch ed The Souret Encyclopaedra of Space Flrght (Moscow Mir 
Publ~shers 1969) p 45 Contact was lost with Luna I I on October 1 1966 and wlth Luna I 2  on January 19 1967 

52  Jacques V~llaln ed Barkonour la porte des etorles (Paris Armand Colin 1994) p 92 B A Pokrovsk~y 
"Zarya '-pozyunoye zemni (Moscow Moskovsk~y raboch~y 1987) p 254 



over to the Department of Naval Expeditionary Work of the Academy of Sciences, although it 
seems that the "civilian" tag was somewhat of a misnomer because much of the on-board per- 
sonnel were military servicepersons." The Soviets depended to a great extent on these ships, 
partly because overflying satellites were in direct visibility of ground stations only nine out of 
twenty-four hours on the average. In addition, unlike NASA, the Soviets had less luck placing 
stations in foreign countries, although stations were established in Chad. Cuba. Guinea. Mali. 
and the United Arab Emirates in 1967-70.'" The locations in Africa were evidently built specif- 
ically for piloted lunar programs because they would be on the ground track for return trajecto- 
ries from lunar distances. 

All the ground stations of the Command-Measurement Complex were under the direct 
control of the Strategic Missile Forces via military unit no. 32103. This unit, commanded by 
Maj. General Ivan I. Spltsa since March 1965, had emerged from the auspices of the military 
Nll-4, located in Bolshevo outside Moscow. Since the early days of the ICBM program, Nll-4. 
which was subordinated to the Strategic Missile Forces, was responsible for coordinating track- 
ing and communications with space satellites via its numerous tracking stations across the 
Soviet Union. In December 1957. Nll-4 moved its control center from Bolshevo to Moscow, and 
in January 1963, this control center was removed from Nll-4's jurisdiction and subordinated 
directly to the General Staff of the Strategic Missile Forces as military unit No. 32 103." The 
Moscow location was the central control node for the early Soviet space program, supporting 
all communications with robotic and piloted satellites in space. 

Unlike NASA, however, the Soviets did not have a dedicated mission control fac~lity for 
piloted missions until well into the early 1970s. Instead, each mission had ~ t s  own customized 
chief operations and control group (GOGU), somewhat analogous to the Western concept of 
a flight control team, which maintained control over all flight operations, such as docking, EVA. 
reentry, and so forth. The GOGU was staffed by approximately ten representatives from the 
design bureaus, the military, the production plants, and the Academy of Sciences.'"~ the time 
of the early Soyuz missions, the GOGU oversaw up to about 500 individuals, who worked 
around the clock in three shifts. If there were specific technical issues or problems, specialists 
from the relevant design bureaus were invited to participate in the operations of the GOGU. Up 
until 1966, Colonel Amos A. Bolshoy, an officer in the Missile Strategic Forces, led the GOGU 
for all piloted missions. For a particular flight, the GOGU was given access to the military 
Command-Measurement Complex, and depending on the circumstances surrounding the 
mission, the GOGU could be based at one of several locations, including Nll-4's Moscow 
branch (for Vostok missions) or the Ministry of Defense's General Staff control center, also in 
Moscow (for Voskhod missions). Because the Vostok and Voskhod missions were relatively 
short. State Commission members usually never departed the launch site at Tyura-Tam after 

53 The commander of the Department of Naval Expeditionary Work (OMEP) was Rear Admiral I D 
Papanln who served ~n that capacity from 195 1 until his death tn 1986 

54 Soulet Space Programs 1976-80 Supporting Vehicles and launch Vehrcles Polrtical Goals and 
Purposes Internatlono1 Cooperallon in Space Adm~nrstration Resource Burden Future Outlook prepared for the 
Committee on Commerce Sclence and Transportation U S Senate 97th Congress 2d sess (Washington DC 
U S Government Printing Office December 1982) p 124 

55 K V Gerchlk ed Nezabyvayemyy Baykonur (Moscow Interregional Council of Veterans of the 
Baykonur Cosmodrome 1998) p 379 See also B A Pokrovskiy Kosmos nachrnayetsya na zemlye (Moscow 
Patrlot 1996) p 272 For military unit No 32 103 see Semenov ed Rakelno Kosmicheskaya Korporatsrya p 35 1 

56 For the early Soyuz mlsslons the GOGU Included nlne men P A Agadzhanov (TsKIK) S N Anokhin 
(TsKBEM) B Ye Chertok (TsKBEM) K P Feoktlstov (TsKBEM) G I Levin (N11 4) Pavlov (affrl~ation unknown) 
B V Raushenbakh (TsKBEM) M S Ryazansk~y (NII Priborostroyeniya) and Ya I Tregub (TsKBEM) See Chertok 
Rakety I lyudi goryachrye d n ~  kholodnoy voyny p 422 
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liftoff. Thus, for these early flights, senior officials such as Korolev, Keldysh, or Tyulin would

remain at Tyura-Tam and maintain a constant communications link with the Moscow center,

which itself maintained contact with the Command-Measurement Complex. The nerve center

at Tyura-Tam was usually at site 2 on the second floor of the giant Assembly-Testing Building

in the offices of Maj. General Anatoliy S. Kirillov, the famous chief of the First Directorate at

the launch range during the early 1960s. 57

With the commencement of the Soyuz program, officers of the Strategic Missile Forces

proposed moving the main control center for piloted missions to a dedicated facility, the

Scientific-Measurement Point No. 16 (NIP-16) at Yevpatoriya in Crimea. NIP-16 thus became

the second-generation Soviet flight control center, at which the GOGU controlled almost every

single Soviet piloted mission from 1966 to 1975. By 1966, the first-generation flight control

centers, at NII-4 and the General Staff, were, for the most part, turned over to control auto-

mated military satellites.

NIP-16 had originally been built in the late 1950s as a modest station for receiving teleme-

try from overflying satellites, but its central role in the Soviet space program grew dramatically

during the early 1960s. In 1959, when OKB-I first began developing interplanetary spacecraft to

fly to Mars and Venus, Korolev and Keldysh proposed a dedicated site to build a deep space

tracking station. The designers had a deadline of just eight months, g special commission quick-

ly selected Yevpatoriya on the shore of the Black Sea. The future facility was named "Object MV"

to denote its role in tracking spaceships to Mars and Venus, although it was rumored that the

"MV" also stood for Mstislav Vsevolodovich, the first two names of Academician Keldysh.

Korolev had initially invited Chief Designer Ryazanskiy of NII-885 to design the radio tracking

systems for the facility, but he had declined, believing that it would be impossible to develop

antennas capable of tracking signals from a distance of I00 million kilometers. Chief Designer

Yevgeniy S. Gubenko of SKB-567 took on the job and proposed that instead of one lO0-meter

parabolic dish, eight sixteen-meter" bowls," designated ADU-IO00, be erected at the site,

providing a capability to communicate to distances of 300 million kilometers. '_

Korolev came up with an ingenious idea to mount the dishes using leftover parts from the

Soviet Navy. Construction workers dug a huge crater out of the rocky ground, poured in a
foundation, took the revolving gun turret of a former seafaring battleship consigned to the

junkyard, and placed it on the foundation. Then the open framework of a railroad bridge was

placed over the turret. The bridge itself was covered by the solid hull of a scrapped submarine.

The eight antennas were fixed to this hull? _ Eventually, the Object MV station at NIP-16 con-

sisted of three complexes separated by several kilometers: one designed to send commands

and the two others to receive incoming information. Each complex had eight antennas with a

diameter of sixteen meters and a surface area of I,O00 square meters. The transmission power

was rated at 120 kilowatts, and the maximum range was 300 million kilometers. The sensitiv-

ity was sufficient to detect a match struck on the surface of the Moon. The facility came on

57. Ibid, pp. 413-14; Semenov,ed, Raketno-KosmieheskayaKorporatsiya. pp 351-53.
58 Pokrovskiy. Kosmosnaehinayetsya na zemlye, pp. 309-12: B. Ye. Chertok, Rakely i _yudi Fi_iPodlipki

Tyuratam (Moscow: Mashinostroyeniye, 1996). pp. 301-02. Chief Designer Ye. S. Gubenko died unexpectedly in
1959.and this work was continued by his successor,A. V. Belousev.Other enterprises involved in building the dish
es included TsNII-173 (mechanical drives) and MNII-I (systems for aiminl_ the antennas). Note that Chertok says
that the diameter of the dishes was twelve meters. Most other sources suggest sixteen meters. See,for example,
Pokrovskiy, "Zarya"--pozyunoye zemni, p. 228.

59 B Sopelnyak "The Secretof Facility MV" (English title). Krclsnayazuezdcz.March 22, 1990 p. 4.
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line on September 26. 1960. on a provisional standing. and it 
was fully operational by December 30.b' 

The Yevpatoriya station was supported by several "ballistics 
centers." These were located at Nll-4, at the Institute of Applied 
Mathematics of the Academy of Sciences in Moscow, at the 
Central Scientific-Research Institute for Machine Building in 
Kaliningrad, and at Yevpatoriya itself, for computing all trajecto- 
ries, orbits, flight parameters, and so forth. The facilities at 
Yevpatoriya were relatively primitive. Mission controllers had no 
real-time visual depictions of mission parameters, such as at 
NASA's much more modern Manned Spacecraft Center in 
Houston, Texas. The primary mode of communications 
between the centers and spacecraft were, in fact, old-style tele- 
phone and telegraph systems, scrambled to maintain secrecy. 

In 1966, Maj. General Pavel A. Agadzhanov, a deputy com- 
Pavel Agadrhanou was the mander of military unit No. 32 103. began his tenure as the head 

,,l,lght direclor,, ,or Sov,et pi,oted 
of the GOGU-that is, the "flight director" of Soviet p~loted ,pace the ,ate 
space missions. An amateur radio enthusiast in his youth, he 1960~  career had been 
joined Nll-4 in 1948 and contributed to the development of at the miirtary Nll-4 Later, he 

tracking networks at Kapustin Yar. Tyura-Tam, and eventually served as a depuly ch1elol 'he 

the space Command-Measurement Complex. Based on this 
c ~ ~ e ~ ~ ~ ~ ; ~ ~ ~ : ~ r ~ ~ f ~ I ~ g  

work. Agadzhanov earned his Ph.D. in the late 1950s, and he network ofPeter Corini 
moved into ballistics computation work for the Soviet ground 
communications segment." For the top-secret piloted lunar 
flights-the UR-500K-LI circumlunar and N I -L3 landing missions-Colonel Nikolay G. 
Fadeyev, yet another accomplished military officer, headed flight operations in the late I ~ ~ O S . ~ '  

The GOGU controlled the missions via the military officers of the Command-Measurement 
Complex, but the GOGU itself was subordinated to the temporary State Commission, which 
would receive recommendations from the GOGU, make decisions based on these comrnunica- 
t~ons, and then recommend courses of actions. The GOGU would also maintain constant con- 
tact with "backup" centers: Croup T at Tyura-Tam and Group M at Nll-4. TsKBEM played a 
major role in the operation of the GOGU, because ~ t s  "technical leader" (the "deputy fl~ght 
director") was usually a civilian deputy chief designer from the design bureau. This post was 
occupied by Boris Ye. Chertok from 1966 to 1968 and Yakov I. Tregub from 1968 to 1973." This 
management hierarchy, in which a military officer headed flight control while his principal 

60 Pokrovskiy 'ZaiyaM-pozyunoye zemnr p 227 I Meshcheryakov ' The Center for long Range Space 
Cornmunlcat~ons' (English tltle) Aviatsiya I kosmonavtika no 6 (June 1988) 42-43 Object MV was augmented 
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l ~ o n  k~lometers The RT 70 was deslgned by NPO Rad~oprlbor (formerly N11 885) Three other large d~shes for the 
deep space communlcatlons network were des~gned and bulk by the OK8 of the Moscow Power lnstltute 
(OKB MEI) These included two dlshes (twenty f~ve and thirty two meters) at Crirnea and one d~sh  (srxty four 
meters) at Medvezhiy Lake near Moscow The twenty f~ve meter dlsh was evidently located at NIP I0  In Slmierepol 
See Chertok Rakety I lyudr Frlc Podlcpkr Tyuratam p 301 A V Ponornarev '2  June-75 Years From the Blrth of 
Academ~cian A F Bogomolov ( 1  9 13) ' (Engl~sh tltle) Iz rstorii au~atsir i kosmonautrkc 59 ( 1989) 47-50 

6 I Pokrovskly Kosmos nachinoyetsyo nu rernlye pp 1 14- 16 Semenov ed Raketno Kosrnicheskaya 
Korporalscya p 355 

62 Pokrovskly Kosrnos nachrnayetsya na zemlye pp 279-80 Sernenov ed Raketno Kosrnicheskaya 
Korporatsrya p 355 There was a thlrd GOGU ch~ef during the per~od 1966-73 Colonel M S Posternak 

63 Sernenov ed Raketno Kosmrcheskaya Korporatsrya p 355 Whereas at flrst the GOGU was estab 
l~shed unlque to each mlsslon startlng In 1968 Ch~ef Deslgner Mishln establ~shed a special~zed control subd~vlslon 
11- Tregub s test~ng department at TsKBEM to focus exclus~vely on mlsslon control 



assistant was a civilian from the design bureau, was symptomatic of all flight control teams. It 
underscored not only the deeply enmeshed military nature of all Soviet space programs, but 
also the decades-long aftereffects of the actions of artillery officers who had pragmatically taken 
operational control over missile projects during the late 1940s. Ironically. Tregub had started his 
career as an artillery officer overseeing the early A-4 and R- I launches from Kapustin Yar. He 
later moved on to direct launches of air defense and anti-ballistic missiles for the Soviet military 
during the 1950s and 1960s. in 1964, Korolev had invited him to join OKB- I as the deputy 
chief designer responsible for flight testing. 

The Rise and Fall of the UR-700 

Through the mid- 1960s, in the post-Korolev era. General Designer Vladimir N. Chelomey 
continued to push his own conception of a piloted lunar landing project. This proposal, involv- 
ing the giant UR-700 booster, had gained ground in 1964 when Khrushchev had suggested that 
scientists carry out a detailed appraisal of the costs and advantages of the UR-700 over the N I 
plan Despite Khrushchev's ouster. Chelomey l~ned up a formidable array of supporters, includ- 
ing Chief Designers Glushko. Kuznetsov, and Barmin. By October 1965, the Ministry of General 
Machine Building had approved the development of a predraft plan at TsKBM. Perhaps realiz- 
ing the absurdity of the situation, Korolev had evidently authored a letter to Min~ster Afanasyev. 
requesting that the government not waste money on duplicating the N ILL3 project. The letter 
never reached Afanasyev; days after preparing it. Korolev was dead. 

Chelomey's engineers at his Branch No. I at Fili approached the UR-700 effort with some 
amount of humor. There was evidently a joke making the circles at the design bureau that because 
Korolev had d~ed, his subordinates could not be expected to make anything out of the "hopeless" 
characteristics of the N I .  Therefore, Chelomey's engineers were acting only out of kindness by 
offerlng "humanitarian" aid in the form of the UR-700." Because they were working in a less- 
than-favorable post-Khrushchev climate. Chelomey's deputies developed a technical plan that sig- 
nificantly reduced cooperation with outside subcontractors and relied heavily on internal 
expertise. In addition, the actual design of both the UR-700 booster and its lunar payload, desig- 
nated the Lunar Ship No. 700 (LK-700). was derived from already existing designs to minimize 
long lead times for development." TsKBM completed the predraft plan (the mechanics of the pro- 
posal) for the UR-700 and its LK-700 lander in August-September 1966,"'The ach~evement of this 
milestone served as a catalyst for action from the government. Minister Afanasyev finally fulfilled 
the deposed Khrushchev's original command by issuing an order on September 17. 1966, for the 
formation of a commission to conduct a comparat~ve study between the UR-700 and the N I -L3 
on "the reasonability of proceeding with further works on those  project^."^' 

The "expert commission" to compare the UR-7001LK-700 and the NI-L3 proposals was 
headed by the ubiquitous Academician Keldysh. According to one observer, most of the 
thirty-four members of the commission were sympathetic to the late Korolev. Chelomey's relation- 

64 Rudenko 'Designer Chelorney s Rocket Planes ' 
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1994) p 518 
66 Rudenko 'Space Bulletln Lunar Attraction Historical Chronicles" (English title) Vozdushniy transport 
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ship with Keldysh had also evidently soured despite the latter's occasional support." In late October 
1966. Minister Afanasyev, accompanied by the commission. visited both TsKBM and TsKBEM to 
assess the pros and cons of both projects as explained by their respective creators." Chelomey had 
set up a stunning display of posters in his huge sixth floor office room at Reutov, and the commis- 
sion spent the day asking detailed questions. The visit to Mishin's design bureau differed only in 
the use of models instead of posters. Afanasyev was evidently uncertain of wh~ch project to favor. 
By this point. Chelomey felt that he was fighting a los~ng battle because Mish~n had the backing of 
Keldysh and Ustinov. He told one of his assistants. "I don't want to fight with [the commission]."'" 
He wanted instead to concentrate his time and resources on the UR- 100 ICBM project, one of his 
few bright prospects for the future. Finally, on November 16. 1966. Chelomey presented the basic 
technical details of his competitive lunar landing proposal at a plenary session of "the adv~sory 
councll reviewing the course of work being done in the N I -L3 program.'"' 

The origins of the UR-700 booster can be traced back to 1961, when Chelomey tasked h ~ s  
Branch No. I to explore possible designs for a booster capable of lifting approximately seven- 
ty tons to low-Earth orbit. Serious work on the concept did not, however, begin until the col- 
lapse of the LK- I circumlunar plan in 1965. Chelomey was also inspired to pursue the idea from 
Yangel's defunct heavy-lift R-56 rocket project offered briefly as a competitor to the N I -L3 pro- 
gram. Perhaps he did not want to be left out of this mother lode of space projects. Chelomey 
made sure that his UR-700 proposal would have radical differences with Korolev's N I -L3; if the 
two projects were only marginally dissimilar, any evaluation commiss~on would have little rea- 
son to pick the UR-700 over the N I. Like a good politician, he made sure that the UR-700 pro- 
posal was not just incrementally, but significantly more superior to the N I project in every 
relevant parameter. 

When Chelomey formally presented his UR-700 lunar landing project in November 1966, 
he emphasized five major requirements for the overall plan, which he believed would give it the 
advantage over his principal competitor: 

His design bureau and only his design bureau. TsKBM. would be the primary contractor for the 
project. Mishin's TsKBEM would be completely excluded from any participation in the work. 
All subcontractors working on the N I -L3 should red~rect all their work to the UR-700 pro- 
ject. (In addition, all ground equipment developed for the N I-L3 would be used for the 
UR-700 with minrmum updating.) 
The UR-700 project could be accomplished in the shortest time possible with the most 
minimum of expenditures. Curiously. Chelomey made no mention whatsoever of a com- 
petition w ~ t h  Apollo: apparently. Chelomey believed that even in the most favorable of cir- 
cumstances, the first landing mission would mostly likely be after an Apollo landing. 
All stages of the UR-700 and its LK-700 would use storable propellants (nitrogen tetroxide 
and unsymmetrical dimethyl hydrazine). 
All of the manufacturing of the UR-700 and the LK-700 would be carried out at TsKBM and 
its affiliate M. V. Khrunichev Machine Building Plant in Moscow. 

68. Khrushchev. N~kr ta Khrushchev- torn 2 .  p. 519 .  
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For the UR-700 launch vehicle in particular, there were four design specifications: 

The booster would launch a payload about one and a half times the mass of the L3 pay- 
load of the N I rocket. 
The booster would be built on the "block" principle-that is, its separate blocks could be 
transported by rail and assembled at the launch site. These blocks would be based ~n 
design on the individual rocket units of the smaller Proton booster. 
The booster would have a minimum number of stages and engines to increase reliability. The 
engines of the lower two stages would have very high thrusts per combustion chamber. 
Booster staging would be designed with a composite layout in mind-that IS, the first 
stage would be connected in parallel like strap-ons, and the second and third stages would 
be linked in tandem. 

The LK-700 lunar landing payload had two major requirements: 

Because of the selection of a direct ascent, the LK-700 would have a launch mass of one 
and a half times as much as the L3 payload. 
The design of the LK-700 would be such that maximal use would be made of already cre- 
ated space vehicles. This would significantly reduce development time. Engineers would 
make good use of already-built robotic spacecraft such as the "IS" and the "US." the aban- 
doned piloted Raketoplan and LK-I projects, and the UR-100 ICBM." 

In exploring various concepts of the LK-700 lunar landing spacecraft. Chelomey proposed 
using a "direct ascent" mission profile: it dispensed with both lunar-orbit rendezvous and 
Earth-orbit rendezvous. In the United States. NASA had foregone direct ascent in favor of lunar- 
orbit rendezvous in 1962, while Korolev's camp in the Soviet Union had done the same in 
1964. Chelomey, however, did not want to deal with complex docking operations, which might 
introduce weak links in the system as a whole. His engineers also believed that a direct ascent 
profile would allow a wide range of landing sites on the Moon, up to as much as 88 percent of 
the lunar surface, as opposed to lunar-orbit rendezvous, in which landing sites would be limit- 
ed only to the equatorial regions. A direct ascent profile necessitated the use of a very heavy 
launch vehicle-one with a lifting power about one and a half times more than that of the N 1 .  
Payload capability to Earth orbit of the UR-700 was in the range of 145 tons. sufficient for a 
translunar-injection stage, a lunar braking stage, and a large lunar lander. The mass of the lat- 
ter two components-that is, the mass Injected on an escape trajectory-was approximately 
fifty tons." The increased mass of the lander would allow a crew of two persons to land on the 
Moon, unlike the L3's one cosmonaut. Two cosmonauts on the ground afforded significantly 
increased levels of safety and more scientific research. With high-energy stages, this number 
could be increased to three during later missions. 

Unlike the N ILL3 plan. Chelomey outlined an extensive program of scientific research for 
his new project, to be carried out both en route to the Moon and on its surface. This program 
would include: 
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Research on radiation conditions in soace 
Stud~es on micrometeoro~ds in space 
Research on solar plasma 
The study of the lunar surface for identifying optimal landing sites and refining seleno- 
graphic coordinates for purposes of navigation 
The collection of samples from the Moon at various depths 
Passive seismographic studies on the Moon 
Measurements of lunar surface temDeratures 
Studies of lunar soil properties by spectroscopy 
Research on cosmic rays 
Research on electrical potentials in lunar soil caused by natural magnetic fields 
A precise determination of the Moon's movement relative to Earth with the use of lasers 
delivered to the Moon 
The study of variations in the lunar gravitational field 
Research on variations of the lunar magnetic field 
Extensive surface ph~tography'~ 

In maklng his report. Chelomey also offered up the somewhat ambitious prospect of gearing all 
UR-700 landing missions such that they would eventually lead to the establishment of permanent bases 
on the Moon. Initial landing sites would be chosen for their possible use as future "colonies." Work on 
these future prospects would be aided by Ye-8 robotic rovers on loan from the Lavochkin organization. 

From a hardware perspective, the UR-700 booster was a behemoth. On the pad, the complete 
booster-payload stack would be approximately seventy-six meters in length (including the standard 
launch escape tower) and have a base diameter of about seventeen and a half meters (excluding four 
large aerodynamic stabilizers for use during the active portion of the ascent trajectory). For engines on 
the rocket, Chelomey had initially contracted his favorite subcontractor, Chief Designer Kosberg. In 
1962, Kosberg's design bureau. OKB- 154, had begun work on a 250-ton engine. the RD-02 15. A num- 
ber of other research organizations, including the Central lnstitute of Aviation Engine Building, the 
Scientific-Research lnstitute of Thermal Processes, and the All-Union Institute of Aviation Materials, 
were involved in the early work on the engine, which was the most powerful engine Kosberg had ever 
designed. Using technologies derived from engines of the UR-200 ICBM, in two years. Kosberg's engi- 
neers prepared a large volume of ground equipment for testing the unit at its own manufacturing plant. 
Two initial engines were built, one for cold testing and one for ground firings." In 1965. Glushko 
stepped in. For several years, he had been working on a giant 680-ton (vacuum) thrust engine for pos- 
sible use on a future Soviet booster. When ~orolev rejected all his overtures to use this engrne on the 
N I. Glushko turned to Chelomey and conv~nced the latter that his RD-270 would be a better choice for 
the UR-700 than Kosberg's RD-02 15. All work on the Kosberg engine was terminated immediately. 

The cooperation with Glushko led to two variants of the UR-700: one with a multitude of RD- 
253 engines, identical to the ones used on the first stage of the more famous UR-500K (or Proton) 
booster, and the second one with the massive RD-270s.'" This second version of the rocket was a 
three-stage monster that dwarfed the N I in size. Compared to the N I -L3's total mass of 2.750 tons. 
the UR-7001LK-700 would weigh a whopping 4.820 tons at launch. Its mass was more comparable 
to the giant Nova studies pursued by NASA in the early 1960s before the decision in favor of the 
Saturn C-5. The new system's specifications were: 
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I meters 

1966 (project) circa 1969 
(modified project) 

I 

Shown are two variants o/ Chelorney s UR 700 booster from 1966 and circa 1969 (copyright Peter Gorin) 

Stage Engines Thrusts Total Thrusts 

Stage I Nine RD-270s 640 tons each (sl) 5.760 tons (sl) 
Stage II Three RD-270s 680 tons each (v) 2,040 tons (v) 
Stage Ill Three RD-254s 170 tons each (v) 5 10 tons (v)" 

The third stage's RD-254 engines were merely altitude verslons of the Proton's RD-253 units. 
In terms of design, the UR-700 held a superf~cial resemblance to the Proton and Vostok 

boosters. ~n that it looked like a core booster surrounded by strap-ons. The arrangement and 
use of the core and strap-ons were, however, vastly different. In the UR-700's case. Chelomey's 
engineers used both a tandem and a parallel strap-on scheme on the same booster. The core 
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of the launch vehicle-the second stage-consisted of a two-stage booster. The lower portion 
was a cluster composed of three long cylindrical modules, each with a diameter of just over four 
meters, which was a limit from a rail transport perspective. These modules were derived from 
the same tanks used on the Proton booster. Each module was equipped at the base with a sin- 
gle RD-270 engine. The upper portion of the core consisted of three smaller diameter cylindri- 
cal tanks clustered together, each with a single RD-254 engine. 

The core was surrounded through its entire length by three clusters, each with two identi- 
cal cylindrical modules. This set of six cylinders was known collectively as the first stage of the 
booster. Like the core, the first stage also used single RD-270 engines on each module. All nine 
modules of the first and second stages were to fire at liftoff, giving a total sea-level thrust of 
5.760 tons. far above both the N 1 (4,620 tons) and the Saturn V (3,404 tons). The effective- 
ness of the excess~vely high thrust was tempered to a great degree by the use of low- 
performance propellants-unsymmetrical dimethyl hydrazine and nitrogen tetroxide-which 
significantly lowered the efficiency of the engines as compared to both its competitors. At a 
certain point in the trajectory, the strap-ons would be discarded, leaving the lower portion of 
the core to fire at a vacuum thrust of 2.040 tons. This section would eventually fall away, and 
the three RD-254 engines would fire at a total of 5 10 tons thrust to insert the 15 1 -ton payload 
into Earth's orbit. Initial parameters would be 260 by 186 kilometers at a fifty-one-and-a-half- 
degree in~lination.'~ 

The entire LK-700 complex was a four-stage vehicle. The first stage was for translunar injec- 
tion (TLI), the second for braking prior to landing on the Moon, the third for soft-landing on the 
Moon, and the fourth for liftoff and direct return to Earth. Their performance characteristics were: 

Stage Purpose Engines Number X Thrust Design Bureau 

Stage IV TLI l i D23 Three X 23.5 tons Kosberg 
Stage V Lunar braking I I D23 One X 23.5 tons Kosberg 
Stage VI Lunar landing I I D4 16 Three X 0.75- 1.9 tons lsayev 
Stage VII Lunar takeoff 15D13 One X 13.4 tons lzotov 

After being put on a trajectory toward the Moon, the crew would discard the heavy TLI 
stage weighing about 100 tons and settle into their lunar lander, which would have a mass of 
fifty and a half tons, en route to the Moon. During this part of the mission, mid-course 
corrections would be effected by small 1.67-ton-thrust verniers on the side of the spacecraft. 
After a three-and-one-third-day coast to the Moon, the single lunar braking engine, similar to 
the ones used for TLI, would fire to reduce velocity to levels safe for the initiation of lunar land- 
ing maneuvers. After the use of this engine, this stage would be jettisoned. releas~ng the 
18.3-ton lander proper. At this point, the two-man crew would use a set of three throttleable 
1.9-ton-thrust engines for hovering over the lunar surface and selecting a site. At landing, the 
LK-700 lander would have a mass of just over seventeen tons. For initial landing sites. 
Chelomey's engineers picked two possible areas stemming from two different trajectories to the 
Moon: the Sea of Fertility after a six-and-a-half-day flight to the Moon or the Ocean of Storms 
after a three-and-a-half-day flight. 

The cosmonauts would spend the majority of their trip in a cone-shaped return apparatus 
shaped s~rnilarly to the abandoned LK-I circumlunar ship, but scaled up in size to hold two 
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On the r~ght  o l  this Russ~an drawing IS one of the few publicly available representations of Chelomey s 
1K 700 lunar land~ng complex The resemblance o j  the f K  700 to NASA s Gernrni IS clearly evident Below the 
lander 1s the frnal stage of the UR 700 rocket For cornparlion Koroleus 13 lunar complex is shown on the lelt 
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cosmonauts. The link in design between the LK- I and the LK-700 would establish a genealogy 
of spaceship design across several generat~ons of space vehicles designed at Chelomey's design 
bureau.'" The return apparatus would set down on the Moon with its apex pointing upwards- 
looking much like an upright Apollo Command and Service Module. The crew would spend about 
twelve to fourteen hours on the lunar surface during early missions, sufficient for one excursion 
outside. At liftoff from the Moon, the cosmonauts would sever attachments to the descent stage 
of the LK-700 and launch from the surface us~ng a single 13.4-ton-thrust engine firing at full 
thrust. Two different options were available to the crew in their 14.8-ton ascent stage: either 
flying directly toward Earth or entering lunar orbit and leaving for Earth at the most appropriate 
moment. After further mid-course corrections on the way back to Earth using three small 
200-kilogram-thrust engines. the return apparatus would separate from the rest of the LK-700 
spacecraft and reenter Earth's atmosphere. Looking remarkably similar to the Apollo Command 
Module, the 3.1 -ton capsule would land by parachute on Soviet territory after a guided descent 
through the atmosphere. The total mission would last eight and a half days from start to finish.'" 
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The Kosberg and lsayev design bureaus were contracted to build most, but not all, the 
engines for the payload. One exception was the designer for the critical ascent stage engine of 
the LK-700 lander, which was contracted out to OKB-I 17 (later the Leningrad experimental 
des~gn bureau named after V. Ya. Klimov). Like many other aviation design organizat~ons, 
OKB- 1 17, headed in the mid- 1960s by Chief Designer Sergey P. Izotov, was trying to diversify 
into the missile and space business to preclude economic collapse. lzotov had primarily been 
famous for designing engines for Soviet military helicopters from the Mil and Kamov design 
bureaus." Izotov's first foray into the missile business had been the creation of the 8D423, the 
second-stage engine for Chelomey's UR- 100 ICBM. This single-chamber engine with a thrust of 
13.7 tons also had four one-and-a-half-ton-thrust verniers."Chelomey took this engine, modi- 
fied it, and used it as the liftoff engine for his LK-700 lander. This sort of appropriation and cross- 
pollination was symptomatic of many of the elements of the UR-7001LK-700 project, a point that 
Chelomey repeatedly emphasized as one of its principal advantages. 

When Chelomey presented his conception of the UR-700 project in November 1966, he 
did not mince words or hold back. He took every opportunity to firmly criticize various aspects 
of the N I-L3 project, bringing the arguments down to levels that were clear to industry leaders 
who had little or no engineering backgrounds. He also had some key supporters in tow, includ- 
ing Chief Designers Clushko. Barmin, and Kuznetsov, as well as Air Force Lt. General Kamanin. 
According to one respected Russian space historian: 

Chelomey tried to convince the leadership of the sector that with financial support and 
the research base that had been created in previous operations, h ~ s  OKB would be able 
to execute the program quickly and make the USSR the first to land on the Moon. . . . 

The advisory council, however, considered such a declaration too bold and allowed 
only the performance of preliminary design work on the UR-700/IK-700 complex." 

Kamanin, with his own biases against the N I, wrote in his journal in late December 1966: 

Based on the UR-500 and [the UR- loo] Chelomey has designed the UR-700 rocket. which 
has been approved by a panel of experts from the Ministry o f  General Machine Building, 
but so far the go-ahead has not been given for its implementation. Our leaders hesitate 
about simultaneously building Chelomey's UR-700 rocket and Koroleu's NI (hundreds of  
millions of rubles have already been spent to build the latter). But they are oblivious to 
the fact that the cost o f  building a UR-700 will be ten times less than the amount spent 
to build the N I .  Because the first and the second "stages" of the UR-700 are basically the 
same as those of the UR-500 and, besides, it can use the same assembly and test build- 
ing and launch equipment as the NI. . . . One would have thought that one should go 
ahead with UR-700 immediately, but I .  V Smirnov and D. F. Ustinou will hardly dare to 
take such a step because it was they who gave the green light to the NI .  . . .84  

Despite the compelling nature of Chelomey's arguments, several members of the evalua- 
tion commission were not thrilled by some of the weak links of the project, in particular the 
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development of the high-thrust RD-270 engines. Clushko had begun work on these in 1962, 
but by 1966, there had still been no ground firings of the engine. Commission members were 
also less than happy with the environmental dangers posed by such huge amounts of toxic pro- 
pellants in the UR-700 rocket. The acoustic problems at liftoff were also unresolved. Finally, the 
actual return apparatus of the LK-700 had a very small volume. For cosmonauts who would 
have to wear EVA spacesuits the entire duration of the mission, comfort would have to be sac- 
rificed. Despite Chelomey's protestations to the contrary, the commission members believed 
that the limited size and performance characteristics of the LK-700 would preclude long-dura- 
tlon land~ngs on the Moon; such missions would have to use high-energy stages. The N I -L3 
also had many of the same weaknesses as the UR-700, but at least work on the former had 
already been ongoing for several years. In the end, the Keldysh Commission declined to rec- 
ommend serious work on the UR-700 project in November 1966, although it seems that a for- 
mal terrnlnation decision did not take place until August 1967, invoking the "unreasonability 
of contlnuatlon of further works on the UR-700."" Unfortunately for the Soviet lunar program. 
th~s was only a temporary respite. Like a phoenix, the specter of the UR-700 would rise again. 

Deadline for the Moon 

If, for the time being, the threat from Chelomey and his UR-700 had receded to the back- 
ground. Mishin's N I-L3 effort had much more imposing problems: these involved funding. 
delays, and technical obstacles. His engineers had completed the f~nal draft plan for the L3 
complex in mid- 1966, and it was only after that "with a six year delay the government Issued 
the decision on subcontractors for the program."" Earlier, in April 1966. Mishin met with Soviet 
leader Brezhnev to inform him of the sequence of missions in the overall Soviet piloted lunar 
program. It would be a three-stage process involving the use of: 

The 7K-OK Soyuz to master rendezvous and docking in Earth orbit 
The UR-500K-LI complex to perform a circumlunar mission with two cosmonauts 
The N I -L3 complex to land on the Moon 

The N I -L3 complex would consist of three stages: 

Test the N I booster and accomplish an automated lunar-orbital flight 
Test the L3 complex and accomplish piloted lunar-orbital flight with a robotic landing on 
the surface of the Moon 
Perform a piloted landing on the surface of the Moon 

Within the framework of N I missions for robotic lunar-orbital flights, in March 1966. 
Mishin's engineers emerged with a plan to launch the stripped-down Soyuz spacecraft known 
as the 7K-LI, which was intended for use in the circumlunar project on the N I booster. In this 
variant, the spacecraft was known as the 7K-LIS, with the "S" standing for the Russian word 
for satellite ("sputnik"), indicating that its primary mission was to circle the Moon. Eng~neers 
believed that three N I -L  I launches early in the N I launch test series would prov~de valuable 
experience in not only proving out problems ~n the N I ,  but also mastering operations In lunar 
orbit-an essential requisite for the ultimate piloted lunar landing. 
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By October 1966, the plan was to start with two to three launches of the automated 
N I -LI complex. These would lead to three to four launches of the piloted LOK orbiter in lunar 
orbit, during which an automated LK lander would set down on the Moon, return to the lunar 
orbit, and link up with the LOK. Finally, it would be on the eighth, ninth, or tenth launch that 
cosmonauts would accomplish the actual piloted lunar landing.8' With strong lobbying from 
senior engineers within the design bureau, such as Feoktistov, TsKBEM formulated its N I flight 
plan in such a manner that there was a cont~ngency plan to use a dual-launch Earth-orbit ren- 
dezvous mission profile to deliver the landing crew to the 13 complex in Earth orbit. The engl- 
neers would resort to this profile only in case there was little confidence in the ability of the 
N I to safely launch cosmonauts into Earth orbit. All these slight modifications to the basic mis- 
sion profile put forward by Korolev in late 1964 added layer after layer of complexity to the orig- 
inal vision of a Soviet lunar landing. Instead of simplifying matters, each modification 
threatened to topple the tenuous balance that barely kept the effort together. 

The additions and modifications to the design of the L3 complex through 1967 meant that 
models designed for flight differed in many ways to the original technical plan on paper which 
was prepared by engineers in 1965." For example, the use of three different vehicles on the 
lunar surface-the LK, the LKR and the Ye-8 rover-necessitated having constant communica- 
tions and telemetry from more than one spaceship. Additional communications systems for 
voice and telemetry, named Foton and Mezon, respectively, were added to the design of the 
ground stations by late 1967. Mishin also proposed a specla1 ground communications station 
in Cuba specifically for lunar operations. Remarkably, the Soviets announced the existence of 
such a station by October 1968." Power and mass limitations also affected the conceptions of 
the LK lander: in late 1967. Mishin was proposing the replacement of the lander's chemlcal bat- 
teries with solar panels on the fifth and sixth production models. There were other changes in 
the Ye-8 rover designed for lunar surface operations. In January 1967, Mishin and Babakin 
agreed to a tactical-technical requirement for the rover, stipulating that life support would be 
ensured on the lunar car for a full forty-eight hours. By early April, however, mass constraints 
deadlocked Babakin's engineers, and a variety of problems arose in the operation of the l~fe sup- 
port package on the rover. The problem evidently delayed the preparation of a final draft plan 
for the Ye-8 well beyond the expected time period. 

The sequence of launches planned in October 1966 meant that, at conservative levels, the 
hundreds of contractors and subcontractors would have to sustain a launch rate of about one 
N I every three months through 1967 and 1968. Any realistic assessment of the situation with- 
in the lunar program in late 1966, however, would have given pause even to the most superfi- 
cial of observers that this pace would be impossible to maintain. Perhaps the most serlous 
source of delays was the main engines for the N I booster. Space program leaders such as 
Smirnov. Afanasyev, Dementyev, and Pashkov met in March 1966 to discuss problems with the 
development of the engines. One major source of anxiety was the NK- ISV engine for the sec- 
ond stage. While the NK-15s for the first stage had been tested 153 times in static stands, there 
was still no test stand existing that allowed the NK-ISVs to be tested in altitude conditions. 
Chief Designer Kuznetsov's OKB-276, the lead developer of the engines, and several plants 
located at Kuybyshev were lagging in their work on the engines-a problem compounded by 
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a shortage of labor." Pashkov reminded the partrcipants that the engines were to have been 
delivered for use on flightworthy N I s in January 1965. It was clear that the primary bottleneck 
in the program was engine development, and ~t was this fact that determined the huge delays 
In the N I program at the time. 

The estranged Glushko also may have contributed to raised tensions among Kuznetsov's 
engineers. Astonishingly, as late as 1967. Glushko was still talking openly of revising the N I rock- 
et so as to use his old RD-253 engines, which by then were in use in Chelomey's UR-500K Proton 
booster. One engineer later recalled that "[It] was a difficult period of time for Kuznetsov: there 
was one accident after another on the test stands. Glushko followed all this jealously."' The final 
testing of the NK-15 engine occasionally displayed partial burnout of the firewall of the combus- 
tion chamber or the nozzle. Engineers at OKB-276 later introduced deliberate burn-throughs in 
the engines to test engine tolerance, and they were fortunate to discover that the units performed 
~n a stable manner despite the burn-throughs. Before the NK- 15 engines were released for series 
production, on one occasion, one of the experimental unlts "smoked out" during a test, bolster- 
ing Glushko's arguments against Kuznetsov's englnes. At a meeting of a joint commission to 
investigate the accident. Glushko sald. "You can see for yourselves that the engine is bad. It's not 
fit for work, and certainly not for installation on such a crucial piece of hardware like the N I . ' ' ~ '  
Fortunately for Kuznetsov, the commission later ascertained that the fault had been caused by a 
production defect and not a design flaw: the engines were recommended for series manufacture. 

The program to develop high-performance liquid hydrogen engines, so doggedly pursued 
by Korolev ~n the last years of his life, was also vigorously supported by his successor Mlshin. 
It took a long time, but seven years after Korolev's first letters to the government requesting 
funds for liquid hydrogen engines, the Soviets tested such an engine. On April 8. 1967, engi- 
neers directed the flrst ground test of the flrst Sov~et liquid oxygen-liquid hydrogen engine, the 
I I D56, deslgned and built by the Chemical Machine Building Design Bureau (formerly OKB-2) 
headed by Chief Designer Isayev." By this time, the Soviets were a full SIX to seven years behind 
the United States in this crltical area of rocket engine technology. While ~t was clear that liquid 
hydrogen would not be an integral part of the first N 1 version, by September 1967, Mlshin had 
sent proposals to the Ministry of General Machine Building on the use of Isayev's engine on an 
upper stage designated Blok R for a subsequent version of the N I. 

There were delays in the development of the L3 complex. The late start of the Sov~ets in 
1964 was finally beginning to have a significant long-range effect on competing with Apollo. 
By the end of 1966, neither the Blok I englne (for the LOK orbiter) nor the Blok Ye engine (for 
the LK lander) had been tested on the ground. The most optimlstlc forecast was that they 
would be tested In July and August 1967, respectively. The workload on TsKBEM was so severe 
in 1966 that Mishin and his deputies even considered handing over all development of the LK 
to Ch~ef Designer Babak~n's organ izat i~n.~~atura l ly ,  such uncertaint~es did little to instlll con- 
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fidence in the engineers who had worked on the vehicle for several years. TsKBEM's finances 
were also stretched to the limit in 1965 and 1966, which led officials to cut corners on various 
ground and in-flight systems. The design bureau was beset by a 5 1 million ruble shortage in 
1965 that increased in 1966. 

Construction of the launch complexes for the N I was well under way by the time that 
Mishin took up his duties as chief designer. The original plan was to build two launch com- 
plexes, each with two pads. Financial constraints, however, forced engineers to plan for only a 
single launch complex, designed by GSKB SpetsMash led by Chief Designer Vladimir P. Barmln. 
It would be the culmination of Barmin's career in the space and missile business. A contem- 
porary of Korolev's. Barmin graduated in 1930 as a mechanical engineer and had the ghoulish 
honor of creating a special refrigerating device for Lenin's mausoleum. In 1937. Barmin was 
dragged off to the Lubyanka prison to be questioned about a trip he and some other engineers 
had made to the United States in 1935 as part of a business delegation. When the group had 
come under suspicion, the head of the group committed suicide; most of the other members 
were arrested. Barrnin was let go, but he lost his job. He made the leap from refrigerators to 
missiles in June 1941, when he was put in charge of production at the famous Kompressor 
Plant, where thousands of Katyusha missile launchers were manufactured during the war. For 
a brief period, Barmin had the dubious distinction of working for Andrey C. Kostikov, the engi- 
neer who had been ~nstrumental in sending Korolev and Glushko to the GULag. 

After the war. Barmin and Korolev struck up their acquaintance once again, and the former 
led the development of launch complexes for almost every single Soviet long-range ballistic mis- 
sile, including the famous R-7 ICBM. Barm~n also had his run-ins with the Soviet leadership. In 
1959, when Khrushchev abruptly decided to terminate further work on the Mirnyy missile 
launch site near Plesetsk. Barmin asked permission to speak at a meeting and told Khrushchev 
to his face that such a decision would be in error. His persuasive arguments won the day. The 
Mirnyy site was completed, eventually becoming the most prolific space launch site in the 
world." Although Barmin's GSKB SpetsMash organization did not retain its monopoly ~n the 
design and creation of launch complexes, it inherited a leading role in the field by the strength 
of its participation in the UR-5OOK and N I programs. In January 1967, GSKB SpetsMash was 
renamed the Design Bureau of General Machine Buildrng (KB OM). 

Barrnin's team began construction of the first launch pad (site 1 10 right) in September 
1964 and completed it in August 1967. The second pad (site 110 left) was built between 
February 1966 and late 1968. The scale of construction associated with the launch complex, 
about thirteen kilometers to the northwest of the famous site I, was huge. A large technical 
zone and llving area was built seven kilometers from the launch pads at site 1 13 for personnel 
from the Progress Machine Building Plant who were on assignment from Kuybyshev to oversee 
the assembly and testing of flight-rated boosters. Technical and materiel supplies were brought 
to Tyura-Tam on a daily basis via two huge trains, each with several dozen wagons. The rail- 
cars were evidently so large that delegations from other soc~alist countries often came to the 
launch site to view the trains.06 

When it was finished in 1968, site I l o  consisted of two launch pads located 500 meters 
from each other, each with 145-meter-tall service towers for propellant loading, power supplies. 
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crew boarding, and thermal control. After the com- 
pletion of prelaunch procedures, the tower would 
be moved away, leaving the N I at the pad, "held 
down" by forty-eight pneumo-mechanical locks. In 
addition, four 180-meter-tall lightning rods were 
built around each launch pad. A total of ninety 
unlque structures were eventually constructed at 
site 110 for N I operations, dwarfing any other 
launch complex at Tyura-Tam.97 In the early 1960s, 
engineers had originally proposed assembling the 
105-meter-tall launchers vertically in a special 
assembly building. Because this would have neces- 
sitated the construction of a gigantic building 
160 meters tall, the engineers decided to lessen the 
funding stra~n by opting to assemble the boosters 
horizontally in a "smaller" building. The latter was 
the gigantic assembly-testing building for 
N I assembly at site I 12. with the dimensions of 
fortv-seven (height) bv 240 bv 250 meters. It was - . ,  
rep;ted to be the largest building on the Eurasian Chw/ Descgner Viadimtr Barmtn was one of the 
landmass. A second assembly-testing building at orrginal members 01 the Council of Chic/ Designers 

nearby site 26 was dedicated for assembling the His 0rga"lzatlo"as responsible /or deslgnlng and 

L3 complex, while the fueling station was located c ' e a " ~  launch co"'~lexes for a wide spectrum 01 
Soulet missiles and space launch uehlcles In later 

a t  site I During launch the years. Barmln expanded into other areas, such as 
L3 would undergo preflight checking in its build- designrng lunar bases, iunar sample return scoop- 
ing, covered by cowling, and be transported by rail ers, and space-based lurnaces (flles of Peter Gorcn) 

to the fueling station for propellant loading. From 
there, the 13 stack would be transported to the larger assembly build~ng, where it would be con- 
nected to the assembled N I in a horizontal posit~on. After further tests, the N I-L3 booster stack 
would be transported by two diesel locomotives moving on parallel tracks to the launch pad.y" 

With such an Impressive level of construction at Tyura-Tam in the 1960s. ~t is not surpris- 
ing that U.S. photo-reconnaissance satellites were able to pick up convincing signs that the 
Soviet Union was indeed runnine: the race to the Moon. The first ~ u b l i c  indication that the 
USSR was engaged in building a kassive rocket came in the fall of 1966 when a reporter from 
The New York Times. Evert Clark, quoted "official sources" that the "Soviet Unron is believed 
to have finally begun developing a rocket of 7.5-to- 10-million pounds of thrust enough to send 
men to the Moon. . . . "" A top-secret CIA report from early 1967, declassified twenty-f~ve years 
later, indicates that U.S. intelligence services were well apprised of concurrent Soviet efforts. 
Designating site I I 0  at Tyura-Tam as "Complex J." the authors of the report wrote: 

The construction o f  Complex j at Tyuratam [sic] makes it clear that the Soviets have 
under development another and much larger booster (than the Proton]. Complex j is a 
very large launch facility which appears to be o f  the same magnitude as the U.S. Apollo 
launch facility at Merritt Island. I t  has been under construction for the past [three-and- 
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a-half] years and we estimate it will be ready for initial launch operations in the first 
half of 1968 at the earliest. I" 

As for the actual piloted lunar landing, the CIA was evidently under the impression that the 
Soviets were not in it to beat Apollo: 

Two years ago, we estimated that the Soviet manned lunar landing program was prob- 
ably not intended to be competitive with the Apollo program as then projected, [that is.] 
aimed at the 1968-1969 time period. We believe this is still the case . . . we estimate 
that the earliest the Soviets could attempt a manned lunar landing would be mid-to-late 
1969. We believe that the most likely date is sometime in the 1970-1971 time period.'' 

NASA Adm~nistrator James E. Webb joined the chorus of believers who were convinced 
that the Soviets were building a huge rocket-a belief no doubt bolstered by his access to clas- 
sified reports from the CIA. During testimony to a House Appropriations subcommittee in 
August 1967, he stated that "the U.S.S.R. is building a larger booster and will shortly, I believe, 
In calendar year 1968, be flying a booster larger than the Saturn 5 . " "  Webb's claims were dis- 
missed by many, because he was unable to prov~de any supporting evidence. The complete lack 
of physical evidence would come in handy in later years when the Soviets engaged in one of 
the most successful deceptions in the history of space exploration. 

The Soviets themselves were not being particularly coy at the time. Although they were shy 
about specifics, the general tone of Soviet public figures did not leave any doubt as to the ultimate 
goal of the Soviet space program. As one would expect, the cosmonauts were the most vocal in 
their pronouncements; although the Communist Party maintained strict control over each and 
every word uttered by these young men, they were more amenable to fits of spontaneity than their 
elder bosses. On April 12, 1965. during celebrations in honor of Cagarin's flight. cosmonaut 
Belyayev, fresh from his recent trip on Voskhod-2, spoke in hyperbolic terms about the lunar pro- 
gram: "Preparations are in full swing. The Americans speak broadly about their preparations to 
land a man on the Moon. but naturally, we in our country, are not idle either. We shall see who 
will be there first."" Less than a year later, Bykovskiy, praising NASA's lunar-orb~t rendezvous mis- 
sion profile, added that work was in full swing to develop maneuvering ships and suits needed for 
work on the lunar surface.'"" A few months later, in April 1966, Leonov spoke candidly in Hungary: 

I think that I do not disclose any secret by saying [that] Soviet cosmonauts are prepar- 
lng for such a journey [to the Moon]. I should very much like it if a Soviet man went to 
the Moon first because we were the first who made the most important steps in space. 
I believe we shall soon witness man's landing on the Moon. I cannot say when, but it 
wil l  be during this five-year plan period. lo' 

In the complete vagueness that surrounded Soviet pronouncements on the space program at 
the time, cosmonaut Komarov made one of the most specific statements during a visit tolapan 
in July 1966: 

100 U.S. Central lntell~gence Agency. "Natronal lntell~gence Est~rnate 1 1 - 1-67, The Soviet Space Program." 
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There is no need to make haste about a Moon trip by human beings-and the impor- 
tant thing is how to carry out everything in safety. But I can positively state that the 
Soviet Union will not be beaten by the United States in a race for a human being to go 
to the Moon.*" 

Upon his return to Moscow, cosmonaut overseer Kamanin confronted Komarov about h ~ s  
unauthorized statement. Having deviated too much from the doctrinal line. there were calls 
from the Central Committee and the Council of Ministers regarding the "incident." '" 
Remarkably, it was roughly at the same time that one of the most authoritatwe aerospace trade 
journals in the United States. Aviation Week G Space Technology, reported that the Soviets 
were not heading for the Moon. In a long article in November 1966, the author reported 
that the: 

Soviet Union is showing increasing signs of having conceded the manned lunar landing 
race to the U.S. as part of a vastly revamped space program. The new space philoso- 
phy. which the Soviets consider better balanced though less dramatic than their prevl- 
ous one, could produce a much less complex manned circumlunar mission without 
landlng within the next year.'"" 

It was one of the best examples of how much Western analysts misread the Intenttons of the 
Soviet space program at the time, which as it happens was going through a transltron, but one 
that was not clear to observers of that era. 

In contrast to the early 1960s. the Soviet space program as a whole was not afforded rela- 
tively uncontrolled access to funding. Brezhnev was considerably less sympathetic toward the 
space program than his predecessor, and salaries in the space industry were said to have grav- 
itated to more average levels during the early years of the post-Khrushchev era. As one senior 
official at the Central Scientific-Research Institute of Machine Building (TsNIIMash) recalled. 
Brezhnev "supported space only if brought political dividends."" While detailed f~gures on 
appropriations for space still remain classified, it is known that the Soviet Union spent 7.9 bil- 
lion rubles on its space program during the period 1966-1 970 . "  At the preva~l~ng unofficial 
conversion rate, this amounted to approximately $24 billion. or 1.25 percent. of the Soviet 
Union's yearly gross national product dur~ng the same period. The N I -L3 project was about 
20 percent of the total space budget each year, amounting to roughly $4.8 billion of expendi- 
ture from 1966 to 1970 (in 1966 U.S. dollars).'" Thus. although the Soviet Union's expendl- 
tures on space were close to twice the portion of its gross national product as in the United 
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States, actual dollar expenditure on space and the lunar program in particular was far less than 
that of its primary competitor."' 

The end of 1966 was a particularly critical decision-making point for the leaders of the 
Soviet space program. NASA had just completed ten highly successful Gemini missions, dis- 
playing a remarkable level of expertise in mastering complex operations in Earth orbit, while the 
Soviets had not launched a single cosmonaut into space. American successes were bolstered in 
1966 by two launches of the Block I Apollo Command and Service Module, as well as a test 
launch of the S-IVB high-energy cryogenic upper stage.l4 By the end of the year, three astro- 
nauts were preparing for the first piloted launch in a Block I Command and Service Module 
aboard the Saturn IB to conduct a thorough testing of the entire spacecraft in Earth orbit. The 
giant Saturn V, meanwhile, was scheduled to take an automated Apollo spacecraft into Earth 
orbit by the summer of 1967. In earlylanuary 1967. Boris A. Stroganov. one of Serbin's deputies 
in the Central Committee's Defense Industries Department, told Mishin that the upper eche- 
lons of the Communist Party were extremely concerned about the Soviet lag behind the United 
States. All this warranted a response, especially given that many of the deadlines from the orig- 
inal August 1964 decree on the Soviet lunar landing had remained unfulfilled as a result of poor 
management and insufficient funding. There had already been a number of decrees through 
1966 on the lunar program at the level of the Ministry of General Machine Building."' Speak~ng 
of a decree in late 1966, Lt. General Kamanin wrote in his personal journal on November 10: 

I read the [Military-Industrial Commission] decree which says that the 1964 decisions o f  
the [Communist Party] and the Council of Ministers on orbiting the Moon and landing 
humans on the Moon are not being fulfilled properly. The resolution reiterates orders to 
the industry to give top priority to all work connected with spacecraft and rockets and 
to treat them as specla1 state assignments. There are sure to be many more such reso- 
lutions, rebukes, and reprimands as the temperature over the Moon rises. But papers and 
reprimands don't get anywhere: too much time has been wasted. The bosses, however. 
won't hear about our problems and will demand new "spectacular" flights to mark the 
50th anniversary of the October Revolution. ' " 

In October 1966, the so-called "Council for the Problems of Mastering the Moon." which 
included the leading ministers, deputy ministers, academicians, chief designers, and military 
officers from the Soviet space establishment, was set up specifically to examine both the 
macro- and micro-level details of the Soviet program to land a human on the Moon. Headed by 
Minister of General Machine Building Afanasyev, the council heretofore was the primary advi- 
sory body to the Soviet Party and government on al l  affairs involving the N 1-13 project. Rumor 
had it that Ustinov and Smirnov had set up the council so as to insulate themselves from the 
possrbility of blame if the Sov~et lunar program failed. Another possible motive may have been 
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to circumvent the power of the Council of Chief Designers with regard to the lunar landing pro- 
gram." The council in its deliberations returned to the original 1964 decree to discuss the issu- 
ing of a second decree to stipulate specific schedules for the achievement of a circumlunar and 
lunar landing mission. TsNllMash Director Yuriy A. Mozzhorin, an individual who probably had 
much to do with determining the pace of the space program, recalled: 

It was clear to me that the objective was becoming unrealistic and that the volume o f  the 
work ahead exceeded the capacities of the sector by a factor o f  2-2.5. At a conference 
of Chief Designers and curators, I expressed doubts. They were met with criticism.'" 

Mozzhorin evidently refused to approve the conditions of the new decree, but it seems that 
he eventually capitulated under pressure from Afana~yev."~ At the same time, Mishin's princi- 
pal deputy for the N I. Deputy Chief Designer Okhapkin, pleaded to Ustinov. "We want to solve 
this problem, we can solve it, and we will solve it on schedule if we receive assistance."'" 

These intensive discussions in late 1966 eventually led to the adoption of another impor- 
tant decree associated with the piloted lunar landing program-one that established goals 
competitive with the late President Kennedy's set for Apollo. On February 4. 1967, the Central 
Committee and the Council of Ministers issued a document (no. 115-46) titled "On the 
Progress of the Work on the Development of the U R - 5 0 0 K - L I . " "  The document, signed just 
eight days following the Apollo I fire, in which three U.S. astronauts were killed during a 
ground test, called for the consolidation of all national resources in support of the accomplish- 
ment of a piloted lunar landing on the Moon prior to the United States. The document was pre- 
pared by the four most powerful individuals in the Soviet space program: Ustinov. Serbin. 
Smirnov, and Afanasyev."' 

The authors of the resolution, which still remains classified, described as "unsatisfactory" 
the work of the government in fulfilling the terms of the original 1964 decree on piloted lunar 
programs and stated that "a flight around the Moon by a manned spacecraft and the landing 
of a manned mission on the Moon shall be considered to be objectives of national impor- 
tance."'" Implicitly at least, the resolution freed the purse strings of the Ministry of Defense for 
the program, but in reality, it seems that the attitude of the primary financiers of the project 
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A N E W  B E G I N N I N G  

remained unchanged. Less than two weeks after the document was issued by the leadership. 
new USSR M~nister of Defense Marshal Andrey A. Grechko refused to provide money for a 
search-and-rescue service for returning cosmonauts from the Moon. When he was told by Air 
Force leaders that about 25 to 30 million rubles and 9.000 personnel would be required, he 
lashed back. " I  won't give you personnel. I won't give you money. Do what you like but I won't 
raise this with the government. . . . And in general I am against Moon  mission^."'^ This lack 
of commitment was devastating to the project. 

The February 1967 document detailed astonishingly ambitious timetables for both the L I 
and the L3 programs: 

Mission Date 

First piloted circumlunar flight of the UR-500K-LI June-July 1967 
First flight tests of the N I-L3 September 1967 
First piloted lunar landing of the N I -L3 September 1968 

In an extreme case, the landing could have been achieved between October and December 
1968." It remains unclear what prompted Ustinov and the others to aim for such an unrealistic 
schedule. By February 1967, the N I had yet to fly while the L3 complex existed only on paper. 
and yet the Soviets were proposing that this highly complex mission be accomplished in less 
than two years. The only visible manifestation of any progress was the completion 
of the first full-scale N I test vehicle, the I M I ,  which was finally assembled at Tyura-Tam that 
same February, although it remained in the giant assembly-testing building. Actual flight mod- 
els, although being manufactured, were well behind in the queue. Clearly, the senior staff of 
TsKBEM, including Mishin, were as much responsible for stipulating these outlandish deadlines 
as was the political leadership. These TsKBEM employees, after all, were the ones who made 
assessments of the state of the program in late 1966, on whose basls Ustinov and the others 
made their decisions. To have agreed to the late 1968 deadline seems in retrospect to have been 
profess~onal suicide, but for reasons that are still not clear, the designer faction accepted them. 
Kamanin wrote in his journal entry for March 15, 1967: "There is no doubt in my mind that 
these deadlines are anything but realistic. " ' "  It was probably clear to most engineers that if past 
experience was any indicator, the government would be unwilling to back this near ridiculous 
deadline with any sort of financial commitment. 

First Secretary of the Central Committee of the Communist Party Leonid I. Brezhnev and 
Chairman of the USSR Council of Ministers Aleksey N. Kosygin signed the February 1967 doc- 
ument and officially made it binding to all the hundreds of primary and secondary contractors 
working on the lunar program. Nearly six years after Kennedy's speech, the Soviet piloted lunar 
landing program was an objective of national importance. It was the Soviet leadership's belief 
that if the Soviet military-industrial complex performed as stipulated, a Soviet c~tizen would be 
standing on the surface of the Moon by the end of 1968. The fact that the United States' with 
all its industr~al might, had been trying for the same objective for six years could not have 
escaped the notice of a l l  involved. Speaking of the document that had appeared far too late and 
of the government that had ignored the pleas of designers for so many years, a Soviet journal- 
ist wrote years later: 
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This shows the level of competence of the top Soviet leaders Brezhneu and Kosygin who 
signed the document [and] the honesty of the Party and government officials who pre- 
pared this document: Ustinov. Smirnov. Serbin, Afanasyev. "' 

Defining the Circumlunar Program 

Through 1966, the LI program to send Soviet cosmonauts around the Moon assumed pri- 
macy in importance over the L3 landing effort-a strategic shift motivated very much by the 
impending fiftieth anniversary of the Great October Revolution in late 1967. The basic elements 
of the project had been frozen by a document issued on December 3 1 ,  1965, titled "Initial Data 
on the LI Payload Block (Product 1 1 S824)." signed just two weeks before Korolev's death. The 
main points of this document described the changes necessary to the spacecraft and launch 
vehicle to accomplish the piloted circumlunar mission."Vor the 7K-LI vehicle in particular. 
there were three goals: 

Create a modification of the 7K-OK Soyuz spacecraft, designated the 7K-L I ,  capable of clr- 
cumlunar flight w ~ t h  a crew launched in the vehicle 
Establish a phased realization of the goals: 
- Create the technological-model complex I M I with 7K-L I no. I P 
- Create automated varlants for circumlunar flight on 7K-LI nos. 4-9 
Prepare 7K-LI nos. 1 1 - 14 for piloted circumlunar flight1" 

The 7K-LI spacecraft (also called simply the "LI " )  was essent~ally a stripped down 7K-OK 
Soyuz, reduced to "fit" the 5.1- to 5.2-ton mass constraints for a circumlunar m~ssion using 
Chelomey's UR-SOOK rocket and Mishin's Blok D upper stage combination. Depending on the 
particular variant, total mass varied from 5.2 to 5.7 tons (in Earth orbit) and 5.0 to 5.5 tons (after 
TLI). The primary difference between the Soyuz and the LI was the omission of the spheroid 
living compartment in the latter, making the LI a compact two-module spacecraft built for a sin- 
gular objective with little room for upgrades. The two modules were the descent apparatus and 
the instrument-aggregate compartment. 

The descent apparatus was a segmented-conrcal body with an improved heat shield suffi- 
ciently strengthened to withstand lunar return velocity reentries. This shielding would be cast 
off prior to the actual landing on Earth. The two-person crew would spend their entire eight- 
to ten-day mission within the confines of this capsule with an internal volume of only two and 
a half cubic meters, compared to the Soyuz, which afforded six and a half cubic meters. Apart 
from the crew couches, the descent apparatus also contained the ship's control panel. an on- 
board computer, scientific instrumentation, a camera, l~fe support systems, portions of the ther- 
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ma1 regulation and communica- 
tions systems, biolo~ical sam- - 
pies, an optical orientation 
device, and a storage battery. 
One of the Improvements on the 
capsule compared to the Soyuz 
was doubling the number of 
thrusters for yaw during guided 
reentry. This augmentation in 
reentry capability was offset to a 
great degree by the omission of 
the reserve parachute from the 
descent apparatus because of 
both space and mass constraints' The 7K- I \  spacecraft was the final iteratron of Koroleu's repeated 
The single remaining parachute 

attempts to design a flrght-capable prloted circumiunar ship The 
had a dome area of 1.000 square vehrcle, later publrcly named Zond. was srrndar in terms of most 
meters. The deletion of the living systems to the Earth-orbrtal Soyuz The major design drfference between 
compartment prompted engi- the two was the omission of the forward lruing compartment on the 

Zond spacecraft Two cosmonauts would have to spend a cramped 
neers attach a special support week wrthin the confines of the trny descent apparatus jcopyrrght 
cone to the apex of the space- VtdeoCosmos Co , ura Dennis Newkirk) 
craft to allow a firm connection 
with the nose fairing and the launch escape tower of the booster stack. The cone, weighlng 
150 kilograms, would be cast off from the vehicle prtor to TLI. As with the Soyuz and the 
N I-L3, the launch escape system was equipped with a set of powerful solid-propellant engines 
to remove the descent apparatus far from an exploding rocket. 

As In the 7K-OK Soyuz, the 7K-LI instrument-aggregate compartment was divided into 
three sections: the transfer compartment, the instrument compartment, and the aggregate 
compartment. The pressurized instrument compartment contained the primary and backup 
buffer storage batteries and additional shio Instrumentation for on-board systems. The unDres- 
surized agg;egate compartment at the exireme aft of the ship contained the single high-thrust 
engine on the spacecraft, the 55.53, developed by the Design Bureau of Chemical Machine 
Building, led by Chief Designer Isayev. The engine used unsymmetrical dimethyl hydrazine and 
a mixture of nitric acid and nitrogen tetroxide (AK-27) and had a thrust of 425 kilograms-that 
is, it was identical to its counterpart on the Soyuz spacecraft. The 400 kilograms of propellant 
for the engine was contained in four spherical tanks at the aft of the aggregate compartment, 
which also included eight attitude control thrusters operating on hydrogen perox~de (of one 
and one and a half kilograms thrust). Thermal radiators covered the whole compartment on its 
outer surface. As with the Soyuz, primary power on the vehicle was provided by two large solar 
arrays, spread like bird wings from the aggregate compartment. Unlike the Soyuz's four seg- 
ments on each panel, the 7K-LI had three per panel, with a wingspan of nine meters and a total 
surface area of eleven square meters. 

Apart from the deletions, TsKBEM engineers supplemented or changed a number of systems 
from the basic 7K-OK Soyuz craft. These included the attitude orientation system, which had 
improved solar (the 99K) and stellar sensors (the IOOK), gyroscopes and command instruments. 
memory devices, and so on. For transmitting telemetric information, the engineers introduced a 
pencil-beam parabolic antenna operating in the decimeter range, which was attached at the front 
of the descent apparatus. The antenna had ~ ts  own self-contained optical sensor for aiming at 
Earth (the I 0  I K). The antenna as a whole would be discarded once its work was finished. Other 
antennas included short-range ones at the end of the solar panels (for radio communications) 
and additional ones for ultra-shortwave telemetry and radiotelemetry. 



The guidance system for the 7K-L I spacecraft was developed cooperatively by the organi- 
zations of Mishin and Pilyugin based on earlier models used for deep space probes as well as 
control engines for earlier ships and rocket stages. For the first time in a Soviet piloted spacecraft. 
the guidance systems operated on the basis of a three-axis stabilized platform and a special com- 
puter named the Argon-/ I ,  developed by Scientific-Research Institute of Digital Electronic 
Computing Technology. It would serve as the prototype for all further models in the Soyuz 
spacecraft. 

The 7K-LI spacecraft had a total length of five meters with the support cone and four and 
a half meters without. Maximum diameter was 2.72 meters at the base and 2.2 meters around 
the main body. The total length on the pad of the UR-500K. Blok D. 7K-LI. and launch escape 
tower combination was just over sixty-one meters, far exceeding the length of Soyuz spacecraft 
 tack."^ 

A nominal mission profile of the circumlunar mission would begin with the launch of the 
UR-500K Proton booster with its 7K-L I and Blok D payloads. During the launch, the shlp would 
be beneath a fairing, which would be cast off after passing through the dense layers of the 
atmosphere. The partially filled Blok D would fire for the first time to achieve sufficient veloci- 
ty to lift itself and the 7K-LI into an Earth orbit with the parameters of 220 by 190 kilometers 
inclined at fifty-one and a half degrees. The cosmonauts aboard would check the state of all 
systems for a period of one orbit or one day, depending on the circumstances. orient the stack 
for boost toward the Moon, and then separate the support cone from the apex of the space- 
craft. Blok D would fire for a sufficient period of time to accelerate the stack to Earth escape 
velocity toward the Moon. The stage would then separate while the ship's solar orientation sys- 
tem would put the spacecraft in a one-degree-per-second turning mode while ensuring maxi- 
mal solar panel exposure to the Sun. The 7K-LI sh~p would circle around the Moon at a range 
of 1.000 to 12.000 kilometers while the cosmonauts would carry out photography and TV ses- 
sions. The scientific investigations planned for the automated precursor missions would 
include studying radiation through the flight path, studying cosmic rays, and performing exper- 
iments on small biological payloads. During the course of the seven days in flight, the 55.53 
main engine of the ship would carry out three or four mid-course corrections: the first on the 
outbound trajectory at 250.000 kilometers from Earth and the second and third ones on the 
return trajectory at 320.000 and 150,000 kilometers. respectively. from Earth. 

Before reentry back into Earth's atmosphere, the parabolic antenna and instrument- 
aggregate compartment would separate from the descent apparatus with its two-person crew. 
The precision-guided reentry had two endo-atmospheric phases and an intermed~ate exo- 
atmospheric portion to radically decrease the gravitational loads subjected to the crew. The first 
"dip" into the atmosphere would decelerate the vehicle to about just over seven and a half kilo- 
meters per second. after which the capsule would "bounce" out of the atmosphere along a ball 
list~c trajectory and reenter the atmosphere again at a reduced velocity of 200 meters per second 
A special guidance system would control the motion of the descent apparatus throughout th~s 
entlre portion by changing the lift force via roll control of the capsule The length of return tra- 
jectory would vary between 6.000 and 10.500 kilometers. depending on the angle between the 
horizontal plane and the ship at the moment of entry: this was also an important determinant 
of radlo v~sibillty wlth ground communications stations. After the double-dip reentry, the capsule 
would come down by parachute, discard its thermal shielding, and finally land in Kazakhstan by 
using soft-landing engines much like the Soyuz spacecraft. If for some reason the guided reentry 
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procedure failed, the descent apparatus would be able to accomplish a simple ballistic reentry into 
the atmosphere with a subsequent landing in the Indian Ocean."' 

There was one additional cautionary element of the LI circumlunar project, introduced to com- 
pensate for any potential troubles with the UR-500K Proton launch vehicle. From early discussions 
in the fall of 1965. Korolev's engineers had expressed reservations of launching cosmonauts on the 
still-untested Proton booster-concerns motivated primarily by the use of toxic storable propellants 
in the rocket. As insurance against the possibility of designers not being able to declare the Proton 
safe enough to launch humans. Mishin came up with a plan to launch the 7K-LI on the Proton in 
an automated mode. The crew would be launched separately on a special variant of the Soyuz. 
which would dock with the 7K-L I ship. The two cosmonauts wearing their Yastreb ("Hawk") EVA 
suits would exit the Soyuz and transfer into the 7K-LI via "a curved tunnel in the . . . support 
cone." "2 The Soyuz would then automatically undock, while the cosmonauts in the L I would carry 
out their circumlunar mission after a corresponding boost from the Blok D stage. For this plan to 
work, TsKBEM had to accommodate the manufacture of two special modifications of the 7K-OK 
and 7K-LI vehicles. The 7K-OK's modification, designated 7K-OK-T, was equipped with a forward 
unit equipped for docking with a 7K-LI. The 7K-LI's modification not only had the "curved tunnel" 
but also a custom-built passive docking unit installed at the forward end of the spacecraft at the 
support cone. This heavy unit would be discarded once the transfer took place and before TLI."' 

The Military-Industrial Commission, on April 27, 1966. adopted a decree (no. 101). titled "On 
Approving the Work Plan to Build the 7K-Ll Piloted Spacecraft." which addressed the entire spec- 
trum of issues associated with the LI circumlunar program. The commission approved the manu- 
facture of fourteen such spacecraft: five in 1966 and nine in 1967. Ground testing was to finish and 
flight testing begin by the last quarter of 1966 or the first quarter of 1967. Among other things, the 
decree specified schedules for the development, manufacture, and delivery of LI simulators and the 
establishment of a search-and-rescue servlce for a spaceship returning from the Moon.""ccording 
to the commission's decree, a specific schedule of operations was established for the program: 

September 1966-ground testing of one ship (7K-L I no. I P) at Tyura-Tam 
October 1966-two automated Earth-orbital tests (using 7K-LI nos. 2P and 3P) 
November-December 1966-two automated circumlunar flights (using 7K-LI nos. 4 and 5) 
December 1966-May 1967-five piloted c~rcumlunar flight with crew transferred to the 
7K-L I in Earth orbit after being launched on the 7K-OK-T Soyuz (using 7K-L I nos. 6 through 10) 
June-September 1967-four piloted circumlunar fl~ght w ~ t h  crews launched in the 7K-LI 
(using 7K-LI nos. I I through 14) 

Such a schedule would ensure the fulfillment of the primary objective of a piloted circumlunar 
mission prior to the fift~eth anniversary of the Great October Revolut~on in November 1967. 

13 1 Semenov. ed . Raketno-Kosmicheskaya Korporats~ya, pp 238-39. Marlnin and Shamsutdinov. "Sov~et 
Programs for Lunar Fl~ghts" , Petrov~ch. ed . The Sovret Encyciopaedia o/ Space Flrght, pp 5 13- 14 
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As with most other t~metables of the Soviet space effort of the period, there were delays. 
Many within TsKBEM believed the entire program to be a useless diversion from the main L3 
landing project. Although the L I  project had moved into first priority over the L3, there were 
continuous postponements in issuing the technical documentation on the spacecraft, as well 
as testing delays in the construction of and upgrades to the two Proton launch complexes at 
Tyura-Tam. Being a matter of state importance, the status of the project was constantly exam- 
ined at the ministry level throughout 1966. The concurrent work on the mainstream Soyuz 
effort was clearly a major drain on facilities and resources. If TsKBEM believed before that car- 
rying out three full-scale piloted projects (Soyuz. L I ,  and N I -L3) was a manageable prospect. 
the employees were finding out that they were stretched to the limit. By December 1966, a sin- 
gle 7K-L I spaceship had yet to get off the ground. 

On December 9. 1966, at a meeting of the Council of Chief Des~gners. Mrshin presented a 
new schedule of flights for the L I  program. Automated test flights of the first phase would 
include only four missions. Of these, the first two (2P and 3P) would be in Earth orb~t to test 
out Blok D firings, while the remaining two (4L and 5L) would fly full-scale circumlunar missions 
and return to Earth. After these flights finished in March-May 1967, the first crew would fly to 
the Moon on June 25. 1967 aboard 61. Kamanin noted about the meeting: "All the designers 
expressed doubts that the work could be accomplished within such a short timeframe. Mishin 
explained to them that he did not invent the schedule, but that it had been drctated to hrm by 
Ustinov and Smirnov."" An ad hoc twenty-member State Commission to guide the entrre test 
program was established in m~d-December with First Deputy Minister of General Machine 
Building Tyulin as its chair. Among its members were Mishin. Chelomey, and Keldysh."" 

The State Commission for LI met for the first time on December 24, when Mishin, 
Chelomey, and Barmin presented reports on the readiness of the spacecraft, the launch vehl- 
cle, and the launch pads, respectively. It was evidently the first time that all the heads of the 
various branches involved in the project discussed the project together. In accordance with the 
recommendation of the Council of Chief Designers, the new target date for the first piloted cir- 
cumlunar mission was set for July 26. 1967. This would be preceded by the four automated 
flights. During the meeting. Mishin also presented his conception of the "fall-back" docking- 
in-Earth-orbit scenario to launch the crew not on the Proton booster, but rather in a 7K-OK-T 
Soyuz spacecraft. After the first few outbound piloted missions, once engrneers had gained a 
mod~cum of faith in the Proton booster. the cosmonauts would fly directly into orbit on the 
Proton."' 

During a second meeting of the commission on December 30, Mishin. Chelomey, and 
Barmin reported that all systems were on track for the first L I launch at the end of January. All 
the members of the commission were due to arrive a t  Tyura-Tam on January 10- 12, 1967. There 
was some drscussion on the establishment of search-and-rescue services for vehicles returning 
from the Moon. Because, for the first time, the landing of a Sovret piloted spacecraft could be 
in the oceans, Marshal Matvey V. Zakharov, the Ministry of Defense General Staff Chief, had 
Issued an order on December 2 1 that assigned the Air Force the responsibility for all land recov- 
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ery operations and the Navy the responsibility for all sea recovery operations. In addition, track- 
ing stations at Feodosiya and Ussuriysk were being modified to communicate with returning 
spacecraft from the Moon. 

The final point of discussion at the meeting was the selection of crews for the project. 
Cosmonauts had been unofficially grouped together to train for the LI mission by early 
September 1966. By early December, the main players had agreed on a list of fourteen men from 
the larger team at the Cosmonaut Training Center to train specifically for this project.' '~ecause 
of the increas~ng requirements for cosmonauts in the mainstream 7K-OK Soyuz program, whose 
launches had already begun by this time, Kamanin and Mishin agreed to train cosmonauts by 
late December for the LI independently of Soyuz. Cosmonauts who would fly Soyuz missions 
would be added sequentially to the circumlunar program. The LI group was to undergo a five- 
month-long train~ng program beginning on January 1 ,  1967. Each crew would include a com- 
mander who had experience from a previous space mission. By January 1967, eleven lucky men 
had been selected to train for the project, including Leonov, the spacewalker from Voskhod 2, 
and Popovich, the ebullient pilot from Vostok 4, both favorites for the first outbound flight."' 
The training for these men was impeded to a great degree by the absence of LI simulators. 
which, despite much discussion, the M. M. Flight Cromov Flight-Research Institute had not 
delivered by the end of 1966 to the Cosmonaut Training Center. The cosmonauts instead trained 
in 7K-OK Soyuz simulators equipped with new control ~nstruments. 

The L I  Takes Flight 

The first 7K-LI spacecraft was a model built specifically for ground testing at Tyura-Tam. 
These tests were completed successfully in conjunction with a UR-500K-Blok D combination 
inJan~ary.'~"he success did little to instill confidence that the planners would be able to main- 
tain the compressed schedule handed down by Ustinov and Smirnov. The State Commission 
met twice on January 17, 1967, and heard reports from a number of chief designers involved in 
the program. There were "new difficulties" in the preparation of the first Earth-orbital mission, 
bringing Mishin and TsKBEM under fire from members of the commission. Some designers 
received reprimands; the commission decided to report the most glaring lags in work to the 
Central Committee. Chief Designers Grigoriy I. Voronin (of KB Nauka) and Cay I. Severin (of 
KB Zvezda), responsible for life support, emerged wlth an unlikely proposal to limit the num- 
ber of cosmonauts in the 7K-LI crew to one, because of difficulties with the life support sys- 
tem. A final decision on the issue was delayed."' 

At a meeting of the State Commission on February 14, the first test flight of the 7K-LI. 
originally scheduled for January 1967, was put back to late February or early March. The first 
two flights would primarily test the Blok D TLI stage with two firings: one to achieve Earth orbit 
and the second to boost the payload to escape velocity. No recovery was planned on either 
flight. Incredibly, the commission still hoped to carry out four automated missions prior to a 
piloted one set for June 26, 1967. despite the fact that within the same period, Mishin and the 
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other chief designers were to carry out the f~rst highly complex Soyuz mission of docking two 
such ships in Earth orbit with the subsequent transfer of cosmonauts. Through it all. Mishin. 
Chertok, and others tried to compensate for the poor management conditions by personally 
appealing to subcontractors to deliver parts on time. Unbelievably at this late stage, some con- 
tractors. such as Chief Designer Ryazanskiy, were not only behind schedule, but did not even 
know that they had been assigned to make a parts delivery in the first place.".' Without a sin- 
gular overseeing entity such as NASA, there was no coordinated plan for maintaining deadlines 
for dozens of subcontractors. 

Some of the pressure on the Soviets to accelerate their lunar program was alleviated by a 
tragic accident half a world away. By early 1967, NASA was preparing for the first flight of the 
Apollo Command and Service Module, the spacecraft intended to take the first astronauts to 
the Moon. The first mission. Apollo I. was planned to thoroughly test all the essential systems 
aboard the Block I class of modules. The fourteen-day mission, set tentatively for launch on 
February 2 1 .  1967, was to be crewed by astronauts Lt. Colonel Virgil I. Grissom. Lt. Colonel 
Edward H. White II, and Lt. Commander Roger B. Chaffee. Both Grissom and White had flown 
previous space missions. In preparation for the launch, the crewmembers were simulating a 
countdown on January 27, when arcs from electrical wiring in an equipment bay in the 
Command Module began a fire. In the 100-percent oxygen atmosphere of the capsule, the crew 
succumbed to burns and asphyxia within minutes of the beginning of the fire.I4' 

NASA immediately canceled all further missions in the Apollo program and established 
several teams to determine the causes of the accident. Outside analysts predicted that this 
would set back the Apollo program by at least a year, if not more. The accident inadvertently 
gave the Soviet Union an added probability to catch up with the United States following inac- 
tivity lasting almost two years. Despite the tragic nature of circumstances, the drsaster no doubt 
instilled a glimmer of hope among the Soviets that perhaps the "race to the Moon" was strll a 
race that had no clear winner. It would not have been surprising if Mishin. Chelomey, Keldysh, 
and others believed for this brief window that it was a foregone conclusion that the first human 
to fly around the Moon would be a Soviet citizen. 

The first 7K-LI spacecraft, vehicle no. 2P, was launched from Tyura-Tam at 1430 hours. 
33 seconds Moscow Time on March 10. 1967, into a 190- by 3 10-kilometer Earth orbit inclined 
at fifty-one and a half degrees to the equator. It was the very first launch of the graceful silver 
four-stage Proton booster. The spacecraft was named Kosmos-146 upon entering orbit, no doubt 
to hide the true mission of the vehicle. The Blok D stage, also in its first mission, performed flaw- 
lessly, firrng both times-the second time boosting the 5.017-kilogram 7K-LI vehicle to escape 
velocity. All except two on-board systems on the spacecraft operated without fault. The RDM- 
3 radio beacon did not turn off at the computed time because of a circuit error, and the unrt 
worked continuously for forty-two hours instead of the nominal forty minutes. The second 
minor problem was a fault in the thermo-regulation system that led to an unexpected fall in pres- 
sure in one of the main lines.'44 Kosmos- 146 remained in orbit for about nine days, while ground 
controllers maintained contact for at least five days.I4' The spacecraft probably reached lunar dis- 
tance apogee before returning back to the vicinity of Earth and burning up on reentry. 

The success of Kosmos-146 was no doubt a tremendous boost for engineers who had 
labored over the program for more than a year. The second spaceworthy 7K-LI vehicle, space- 
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craft no. 3P, was quickly prepared for launch within less than thirty days. The veh~cle would 
repeat the exact same profile as its predecessor, except Blok D's second firing would follow one 
day after entering Earth orbit instead of after one orbit. On April 6, Chelomey, Clushko, Barmin, 
and other chief designers arrived at Tyura-Tam to view the launch, along with ten cosmonauts 
who were training for the circumlunar flights. The latter group, including Leonov and Popov~ch, 
would study the equipment at the launch pad and get acquainted with all prelaunch operations 
~nvolving the Proton booster. It was the first time that they physically saw the launch vehicle. 

On April 8, the designers and guests watched the launch from site 92, the location of the 
assembly-testing building for the Proton, a distance of just over one and a half kilometers from 
the pad at site 81. Lt. General Kamanin described the scene: 

Unlike the [R-7,] the UR-SOOK rocket has a simple and well-designed service frame: the 
base of the frame is to one side of the rocket, but it "hugs i t "  with five service landings 
and has two elevators. After the frame is opened the rocket stands there like a beauti- 
ful white church. . . . "' 

At exactly 1200 hours. 33 seconds Moscow Time, the booster gracefully lifted off from its 
pad. Despite gusts as h~gh  as eighteen meters per second, the performance of all four stages. 
including the first firing of Blok D, was nominal. The 5.020-kilogram 7K-LI sh~p entered a 
186- by 232-kilometer orbit with a fifty-one-and-a-half-degree inclination to the equator. TASS 
announced the mission under the designation of Kosmos-154. About forty minutes following 
launch, all the members of the State Commission gathered at the office of Colonel Kirillov, the 
newly appointed Deputy Commander of Cosmodrome, to congratulate Chelomey on the suc- 
cess. Throughout the day, ground controllers monitored all systems aboard the Blok D-LI stack 
in Earth orbit, conscious of the fact that this would be the first time in the Soviet space pro- 
gram when an upper stage would fire after a stay of twenty-four hours in weightlessness and 
vacuum. 

The news turned sour on April 9, when telemetry proved that Blok D had failed to fire for 
the second time. After an analysis of incoming data, TsKBEM engineers believed that an instru- 
ment switch had been left in the wrong position because of negligence on their part. The 
instrument was used for triggering a system of engines that stabilize the propellant after the 
first firing of the Blok D marn engine. The engines of this system were apparently prematurely 
jettisoned, disabling the main engine completely because it was unable to effectively use the 
propellants. " The blame for the error fell on Mishin's shoulders, and State Commission 
Chairman Tyulin gave him a dressing down. Kamanin recalled: 

Tyulin was furious and swore at him. In the evening, still fuming after the unpleasant 
experience of reporting to Ustinou and Smirnov, he gave a devastating but perfectly 
accurate assessment o f  Mishin: "He has five times more arrogance than Korolev and ten 
times less competence. " I q 8  

The Kosmos- 154 stack remained in its low-Earth orbit for about two days following launch 
before decaying naturally. The failure undoubtedly slowed the pace of the circumlunar program. 
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and the prospect of carrying out the first piloted mission in June or July must have seemed 
shaky by any stretch of the imagination, especially given the intensive work concurrent in the 
Earth-orbital Soyuz program. At the same time, even if the June-July deadline seemed out of 
reach, there was still much hope that two Soviet men would circle the Moon by the November 
1967 deadline. But this still vibrant hope was dealt a fatal blow just sixteen days after the 
launch of Kosmos- 154. It would be one of the most devastat~ng incidents in the history of the 
Soviet p~loted space program-an event that crippled its run in the race for the Moon. 



The Soyuz spacecraft was the centerpiece of the post-Korolev space program. Since Korolev's 
death in January 1966, the design, development, and testing of the 7K-OK Earth-orbital Soyuz 
were expected to lead to the most spectacular mission in the Soviet canon to date: the docking 
of two Soyuz spacecraft in Earth orbit, followed by the transfer of two crewmembers from one 
vehicle to the other via a spacewalk. Soviet space program leaders strongly believed that this one 
mission would overshadow the cumulative achievements of all ten of NASA's Gemini flights 
during 1965-66. Thousands of engineers worked toward this singular goal to reestablish Soviet 
preeminence in piloted space exploration. From a political, technical, and human perspective. the 
failure to do so was not an option. But as haste crept into the preparations, an atmosphere of 
unease began to pervade the program. 

Civilians in Space 

For many years before his death. Sergey P. Korolev had spoken of sending not only military 
officers into space, but also the young civilian engineers who actually designed and developed 
Soviet spacecraft, such as Vostok. Voskhod, and Soyuz. Intermittently throughout the early 
1960s. several engineers at OKB-I had passed through preliminary med~cal screening, but 
their candidacy as cosmonauts was never taken seriously by the Soviet Air Force, the service 
responsible for all cosmonaut training.' The impetus to include engineers on spacecraft increased 
significantly with the development of the 7K-OK Soyuz spacecraft, which afforded two to three 
extra seats for missions. In September 1965, eight military cosmonauts began training for the 
docking and EVA Soyuz mission, prompting Korolev to entrust one of his engineers to look ~ n t o  
the matter of forming a parallel civilian training group.' At least eleven civ~llans from the design 
bureau passed the initial medical screening at the Ministry of Health's Institute of Biomedical 
Problems, but Korolev's death put the matter temporarily on the backburner.' 

I In September 1961 the Air Force allowed Korolev to send civilian engineers through medical screening 
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pp 347 349 N Karnan~n A Coal Worth Working for' (English trtle) Vordushnry transpor! 44 (1993) 8-9 These 
eight men were still in training for the first Soyuz mlssion by late August I966 
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0 G Makarov N N Rukavishnikov V A Timchenko V A Yazdovskiy and A S Yeliseyev See I Marinin The 
First Civilian Cosmonauts' (in Russian) Nouosti kosmonautrki 12 I 3  (June 3 30 1996) 81 87 



With unexpected vengeance new Chief Designer Mishin took up the gauntlet of training 
civilians, in part motivated by his hostility toward the Air Force, which coveted its total monop- 
oly over cosmonaut training. A governmental decree six years previously had codified that all 
Soviet cosmonauts, regardless of their affiliations, should be trained exclusively at the Air 
Force's Cosmonaut Training Center.4 But without the agreement of either the Ministry of 
General Machine Buildlng or the Ministry of Defense. Mishin signed an official order (no. 43) 
on May 23. 1966, establishing the 73lst Flight-Methods Department, which consisted of the 
first civilian "cosmonauts group" in the Soviet Union. The group members were: 

Sergey N. Anokhin (fifty-six years old) 
Vladimir N. Bugrov (thirty-three) 
Gennadiy A. Dolgopolov (thirty) 
Georgiy M. Grechko (thirty-four) 
Valeriy N. Kubasov (thirty-one) 
Oleg G. Makarov (thirty-three) 
Vladislav N. Volkov (thirty) 
Aleksey S. Yeliseyev (thirty-one)' 

Anokhin was an odd selection for the group because he was more than twenty years 
older than the rest. A famous World War II pilot, he had gone on to be one of the most accom- 
pl~shed test pilots in the Sov~et Union, flying out of the famous M. M. Gromov Flight-Research 
Institute outside of Moscow. Acquainted with Korolev since the wartime days, Anokhin had been 
invited to head up a flight testing department at OKB- I in April 1964, ostensibly to oversee the 
training of future cosmonauts from the design b~ reau .~  Given his age (he was six years older than 
Mishin), his inclusion in the group seems to have been more of a personal favor to Korolev's 
memory than to any serlous plan to launch him into space. 

Without official recognition from the Air Force, the eight candidates had little hope of 
actually flying in space and were known only as "cosmonaut-testers." Mish~n, however, tried 
everything in his power to bypass official Air Force rules. On June 15, 1966. he forced through 
a formal Military-Industrial Commission decree (no. 144) that stipulated that his eight civilian 
cosmonaut-testers be considered as candidates for the forthcoming Soyuz flight.' By this time. 
the friction between the Air Force, represented by the ubiquitous Lt. General Nikolay P Kamanin. 
and TsKBEM began to affect the course of the Soyuz program. Without any agreement on the 
crew, the engineers faced great difficulties in establishing timetables for the highly complex joint 
mission. In late June, Mishin even went so far as to propose completely civilian crews for the 
miss~on, although the eight military officers were finishing up several months of training.& 

Throughout the month of July, the arguments went back and forth, with both Mishin 
and Kamanin refusing to budge on their positions. Although First Deputy Minister of 
General Machine Building Tyulln served as a mediator. Mishin convinced him and other officials, 

4 Th~s  decree was issued on August 3 .  1960 See rbrd 
5 lbrd Yu P Semenov ed Raketno Kosrnrcheskaya Korporatsrya "Energrya" rrnenr 5 P Koroleva 

(Korolev RKK Energ~ya named after S P Korolev 1996) p 426 
6 Semenov ed Raketno Kosrnicheskaya Korporatsiya p 425 Hall "Sov~et Crvrl~an Cosmonauts ' 

p 287 
7 Kamanln " A  Coal Worth Workrng for " no 44. Marlnln "The Flrst Crvrl~an Cosmonauts" Semenov 

ed Raketno Kosrnrcheskaya Korporatsrya p 426 
8 The clvllian crews proposed by M ~ s h ~ n  were Dolgopolov/Yel~seyev/Volkov (primary) and 

Anokh~nlMakarovlCrechko (backup) See Marinrn "The Flrst Clvlllan Cosmonauts " In early July there was a new 
c lv~l~an crew proposal Dolgopolov/Makarov (Soyuz I )  and Yel~seyevIKubasov (Soyuz 2) See Kaman~n Skrytry kos 
rnos 1964-1966 p 348 



including Academy of Sciences President Keldysh and Deputy Minister of Health Avet~k I. 
Burnazyan, to approve a program on July 30 to train a group of civilian cosmonauts for the L I  
circumlunar program. The implication was clear: Mishin would no longer use the Air Force's 
Cosmonaut Trainlng Center. Kamanin, predictably, called the document "a piece of nonsense."" 
The acrimony came to a head in early August, when F~rst Deputy Commander-in-Chief of the Air 
Force Marshal Sergey I. Rudenko. Kamanin's immediate boss, agreed on a compromise: to allow 
civilians to fly, but only if they passed through military medical screening and then trained at the 
Cosmonaut Training Center. Although Kamanin still objected. Mishin apparently found the plan 
agreeable, and on August 16, he wrote a letter to Kaman~n explaining that civilian engineers should 
fly on the Soyuz spacecraft because "design solutions can only be checked by highly qualif~ed 
specialists directly involved In designing and ground testing of the spacecraft. . . ."'O 

On August 31, the eight TsKBEM engineers led by Anokhin arrived at the Air Force's 
Central Scientific-Research Av~ation Hospital for medical screening. Having passed through the 
tests, Crechko, Kubasov, and Volkov arrived at the Cosmonaut Tra~ning Center on September 
5 ,  the first group of civilians engineers in the Soviet space program to do so. The three. joined 
later by Yeliseyev, began training on October I . "  Makarov arrived in November. All five were 
accomplished engineers in their own right, participating in many of the historic events during 
the early space program. Grechko had helped fuel the early R-7s before launches in 1957. 

Makarov had been on the teams that designed the Vostok. Voskhod, and Soyuz spacecraft. For 
the Soyuz. L I, and L3 programs, each of these engineers were to occupy the flight engineer's seat- 
"the member of the crew . . . with responsibility for the correct operation of on-board systems and 
carrying out the flight program."' The remaining three from the group-Anokhin. Bugrov, and 
Dolgopolov-failed to pass the Air Force's medical screening and were never considered for 
these Soyuz missions." 

The addition of civilian engineers to train for the Soyuz flights, while it did not end the 
battle between TsKBEM and the Air Force on the issue of cosmonaut selection, did allow Soyuz 
training to proceed without further disruptions. The training regime was, however, incredibly 
compressed. Although all  the civilians had the advantage of being intimately familiar with the 
7K-OK vehicle, they still had a scant three months before the docking mission, then set for early 
January 1967. By mid-November, Kamanin was looking at a mixed crew composed of military offi- 
cers, in training for more than a year, and the new  civilian^.'^ Ultimately, Mishin's insistence on 
training civilian engineers had a long-lasting legacy on the composition of crews for the next thir- 
ty years of the Soviet and later Russian space programs. During the late 1980s and throughout the 
1990s, each and every crew to the Mir space station included a flight engineer who was a 
spacecraft designer from the design bureau, now known as the Energiya Rocket-Space 
Corporation (RKK Energiya). 

Despite the arrival of the new civilian engineers at the Cosmonaut Training Center, 
Kamanin stubbornly remained resistant to allowing the engineers to fly on the immediate Soyuz 
missions. On his orders, the eight military officers continued to train for the flight, two 
of whom-Gorbatko and Khrunov-prepared for the EVA from one ship to another. Mishin, 

9. Karnan~n. " A  Goal Worth Worklng for." no. 44 
10, lbrd 
I I .  Mar~nin, "The First Clv~lian Cosmonauts." 
12. Semenov. ed , Raketno-Kosmrcheskaya Korporatsiya, p. 425, f~rst footnote. 
13. Grechko. Kubasov. Makarov. Yeliseyev, and Volkov were joined on January 8. 1967, by two more clvil- 

Ian engineers from TsKBEM. V I. Sevastyanov and N N Rukav~shn~kov Grechko dropped out of t ra~n~ng temporar- 
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however. insisted that Kubasov and Yeliseyev, two of his own men, be put on the fl~ght for the 
spacewalk. On November 16, 1966, the Communist Party's Defense Industries Department 
Chief Serbin finally arbitrated a compromise: of the two EVA cosmonauts. one would be from 
the Air Force (Khrunov) and one from TsKBEM (Yeliseyev). There was some controversy over 
Yeliseyev's past. The Soviet security apparatus had discovered that Yeliseyev's original last name 
was Kureytis, a Lithuanian name. HIS father. Stanislav A. Kureytis, had been arrested in 1935 and 
spent five years in jail for "anti-Soviet agitation." Later. Yeliseyev had taken his wife's last name 
to put the past behind him. Evidently, the KGB let the issue go, although in past years such 
"tarnished" biographies had given pause to select cosmonauts for flight crews."' 

The remaining cosmonauts on the docking flight would all be military officers. Since 
September 1965, four Air Force cosmonauts had been training for the commander's spot on the 
two Soyuz spacecraft: veterans Bykovskty. Gagarin. Komarov, and Nikolayev. Of them, it seems 
that Vladimir Komarov had been the leading contender for the commander aboard the active 
Soyuz, and he distinguished himself with excellent grades during mission training. Of all 
the flown and unflown cosmonauts, there was llttle doubt that he was the most technically 
accomplished as well as the most intellectually sophisticated member. He had orig~nally served as 
a fighter pilot in the Caucasus military dlstrict during the early 1950s before joinlng the prestlgrous 
N Ye. Zhukovskiy Alr-Engineering Academy in August 1954. He graduated five years later, in time 
to john the State Red Banner Sc~entific-Research Institute of the Air Force with the rank of 
"captain engineer" of the Air Force. When he joined the cosmonaut team-that IS, military unit 
no. 26266-in 1960, he was only one of two Individuals who had graduated from Air Force acad- 
emles: the rest had only finished the equivalent of American junior colleges Komarov nearly 
dropped out of tralning early on, because of the diagnos~s of an irregular heartbeat, but he had 
persevered and flew into space as the commander of the historic three-person Voskhod crew In 
October 1964. Within less than two years, he had become the sole contender for the prlmary 
crew commander's spot for the first Soyuz flight.'"t a State Commission meeting at Tyura-Tam 
on November 2 1. 1966, it was Komarov who announced the candidates for the two spacecraft. 
Soyuz I would fly with Komarov, and Soyuz 2 would fly with Bykovskiy. Yeliseyev. and Khrunov." 

Yeliseyev was the sole clvilian engineer from Mishin's design bureau. Bykovskiy was the 
veteran from Vostok 5, and Khrunov was one of the remaining unflown cosmonauts from the 
famous "Gagarin group" of 1960. Gagarin was, for the first time in flve years, back on a back- I 
up crew. S~nce his first mission ~n 1961, he had served as more of a public relations llnchpin for 
the Sovret space program than anything else. Some of his international duties were mitigated 
by h ~ s  appo~ntment in late 1963 as a deputy director of the Cosmonaut Training Center-a desk 
job that posited him as a leading member of the State Commissions for the Voskhod flights. 
In the intervening period. Gagarin had gained weight. and his flying skills seemed to have 
deteriorated. This was not simply Gagarln's fault: cosmonaut overseer Kamanln had continually 
opposed Gagarin's reassignment back to cosmonaut training. As early as April 1963. Kamanin 
emoted that "Gagarin hopes that someday he will fly new space miss~ons. It is unlikely, 
however, that this will happen. Gagarin 1s too dear to mankind to risk his life for the sake of 
an ordinary space f l~ght." ' Gagarin, however, pursued a second flight w ~ t h  unfettered vlgor 

15 Karnan~n Skrytry kosrnos 1964-1966 pp 385-86 389 390 391 394 395 399 
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and was even considered the primary contender for the Soyuz flight until April 1966, when a 
combination of polit~cal and personal factors forced officials to replace him with Komarov. 
Instead. Cagarin served as Komarov's backup." 

Stumbling Toward Piloted Flight 

According to the Military-Industrial Commission decree from August 1965, the Soyuz 
program was to set off with the first automated missions in the first quarter of 1966. Upon 
Mishin's official appointment as Chief Designer in May, one of his first tasks was to evaluate 
the state of the project, and he was remarkably optimistic, scheduling the first piloted attempt 
in August 1966. The plan at the time was to launch two automated Soyuz spacecraft to 
check the operation of all systems in robotic mode.'Weedless to say, this schedule was not 
maintained. Throughout 1966, engineers carried out ground testing of the spacecraft at a fever- 
ish pace. Apart from static testing on stands, the Soyuz was involved in Intensive dynamic 
design testing, work on the nominal separation of the three component modules, testing of 
the payload shrouds, thermal testing, checking of the operation of the life support system in 
pressure chambers, docking of ground models by using suspended cables in a high-altitude 
chamber, testing of the engine un~ts, flight testlng of the landing system, and dynam~c testlng 
of the launch escape system. 

The engineers began the ground testing of the first flight model of the Soyuz spacecraft on 
May 12. 1966. There were many problems. Instead of the anticipated thirty days, it took four 
months to debug the ship. There were as many as 2.123 defects in the vehicle, s~gnificantly 
affecting the pace of the project. The official history of the design bureau states that the 
testing of the Soyuz spacecraft: 

required the solution of a number of serious scientific-technical and management prob- 
lems. which arose due to the considerable complexity, as compared to the "Vostok" and 
"Voskhod" in the composition and logic of the functioning o f  the on-board systems. . . . "  

Among the factors that the engineers had to face were problems with the parachute 
system. Serious defects were identified when two out of seven drop tests from the An-I2 
aircraft at Feodosiya failed. After one test on August 9, when the reserve parachute fa~led to 
open. Kamanin prophetically wrote ~n h ~ s  diaries: 

One has to admit that the 7K-OK parachute system is worse than the parachute system 
of the Vostoks. And the spacecraft isn't much to look at in general. the hatch is small. 
the communications equipment is outdated, the emergency rescue system is primitive 
and so on. I f  the automatic docking device turns out to be unreliable (which cannot be 
ruled out) our space program will be headed for an ignominious failure." 

19 O n  April 16 I966  at a meeting at the Cosmonaut Training Center officials proposed Kornarov instead 
of Gagarin as the primary candidate for the first Soyuz flight Gagarin was proposed as his backup See Mitroshenkov 
Zemiya pod nebom p 382 In January 1966 the primary crew for the first mission was Cagarin and Voronov 

20 There was also a Military Industrial Commiss~on decree in early 1966 that stipulated that the first two 
automated flights would be in August 1966 the joint piloted flight would be in September-October 1966 and the 
second j o ~ n t  piloted flight would be in November 1966 See Marinin "The First Civilian Cosmonauts " 
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The political pressure to return to flight was 
Immense. as official TsKBEM historians noted later: 

. . rt was impossible to allow a gap in 
the realization of piloted flights after 
the successful series o f  launches o f  the 
"Vostok" and "Voskhod" ships and it  
was necessary to maintain the priority 
in space research relative to the 
Americans . . there was also pressure 
on the part of the government. Thus, 
Deputy Minister [of General Machine 
Building Valentin Ya.] litvinou person- 
ally daily in the morning carried out 
operative meetings in the 44th assem- 
bly shop . . and signed a list o f  bonus- 
es for accelerating work.:' 

To oversee the test launch phase of the 
Soyuz spacecraft, the Soviet government estab- 
lished a new State Commission in October 
1966 ,  whose official title was the "State 
Commission for Flight-Testing of the Soyuz 

Maj General Kerim Kerlmov was the charr oJ the ad 
hoc State Cornmisscon /or Soyuz /ram 1966 lo 1991 

A veteran Strategic Missile Forces oJficer he 
ofJicraily served in several high posrtions rn the 

Spacecraft. " Ma]. General Kerim A. Kerimov, a Mrnistry of General Machine Burldrng during the 

forty-nine-year-old artilleryman. formerly of the Soviet era (jiies OJ Peter Gorini 

Strategic M~ssile Forces, was appointed to head 
the commisston apparently to honor the late Korolev, who had orlglnally suggested Ker~mov for 
the post.'" He was an odd choice for the position. Unlike the State Commissions for the Vostok, 
Voskhod, L I ,  and N I -L3, it was the first occasion when a commission chair did not have a min- 
isterial or even a deputy ministerial rank. In fact, the actual duties of the chairs of the N I -L3. 
L I ,  and Soyuz State Commissions show a progressive decline in state importance with Minister 
Afanasyev (for the N I-L3) .  First Deputy Minister Tyulin (for the L I ) ,  and Chief of the Ministry's 
Third Ch~ef Directorate Kerimov (for Soyuz), respectively. The latter was yet another former 
artillery expert who had gone to Germany after the war to recover German A-4s. Throughout 
the 1950s the natlve Azerbayjani had worked at Kapustin Yar before heading the first space 
directorate at the Strategic Missile Forces. In 1965, he quit the Strategic Missile Forces under 
dubious circumstances before going on to the Ministry of General Machine Building. 

Throughout the summer of 1966, senior space officials met on several occasions to agree 
on a manlfest leading up to the ambitious docking mission. Because almost all the systems on 
board the 7K-OK Soyuz spacecraft were automated, some members recommended that instead 
of two automated solo flights, engineers carry out a full-scale rendezvous and docking mission 

2 3 .  Sernenov. ed . Raketno-Kosmicheskaya Korporats~ya, p. 178 
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between the two ships. Among those in favor of such a plan was Chief Designer Armen S. 
Mnatsakanyan of the Scientific-Research Institute for Precision Instruments, responsible for the 
design and development of the lgla rendezvous and docking radar system. After assessing the 
pros and cons. Kerimov and Mishln agreed to Mnatsakanyan's suggestion. The first two auto- 
mated flight models of the 7K-OK Soyuz arrived at Tyura-Tam in August 1966 for their launches 
in September. Further problems, however, necessitated moving the launches to November 1966. 
This was to be followed in January or February of the following year with the piloted mission. 

On the morning of November 18, the commission met at Tyura-Tam in preparation for the 
upcoming dual launches set for November 26-27. Spaceship no. 2, the active Soyuz, would be 
launched first, followed twenty-four hours later by Spaceship no. I ,  the passive Soyuz. Upon 
orbital insertion, if the passive ship was within twenty kilometers of the active vehicle, then 
docking would take place between the two ships on the passive one's first or second orbit. If 
the distance was greater. then the docking would occur a day later. If all systems were operat- 
ing ideally, then the two spacecraft would remain docked for three days; both would land on 
the fourth day of their respective missions." Engineers believed that a piloted flight with the 
third and fourth Soyuz vehlcles could be mounted as early as December 26-27. A lot of factors 
had to work perfectly to maintain the deadline-for example, both of the two pads (at sites I 
and 3 1 )  capable of launching the I I A5 I I booster would have to be available for launches. This 
meant that the commission would have to obtain permission from the milltary to delay the 
launch of a Zenit-4 photo-reconnaissance satellite scheduled for launch from one of those pads. 
The Soyuz launches would mark the first launches of the I IA5 1 I booster, a marginal modifi- 
cation of the earlier I I A57 launch vehicle used for Voskhod. 

A final State Commission meeting took place on November 25, by which tlme the two 
launches were set for November 28 and 29. On launch day, Kamanin wrote: 

We'ue been wafting for this to happen for more than four years (the industry delayed the 
manufacture of the spacecraft because they were overautomated: they haue to be able to 
link up euen if unmanned). Today and tomorrow will see launches on which the immedi- 
ate future of our space program will hinge: all the Moon spacecraft are based on Soyuz.'" 

The first Soyuz spacecraft lifted off successfully at I 600 hours Moscow Time on November 
28. 1966. from Tyura-Tam. It entered an lnltial orbit of 18 1 by 232 kilometers at a 5 1.9-degree incli- 
nation; the perigee was lower than expected because of the less-than-stellar performance from the 
new launch vehlcle. The Soviet news agency TASS designated the spacecraft Kosmos-133 and, as 
was customary, dtd not indicate that the flight had any connection with the piloted space pro- 
gram. Problems beset the mission almost immediately. As soon as the payload separated from the 
booster, the pressure in the tanks of the mooring and orientation engine system dropped from 
340 atmospheres to thlrty-eight atmospheres in 120 seconds. Within less than fifteen minutes. 
all or most of the propellant in the system had been used up, sending the spacecraft into a slow 
rotation of two revolutions per minute. Given that these engines were indispensable for attitude 
control during approach and docking, there was little hope of carrying out a docking wlth a sec- 
ond Soyuz. Kerimov and Mishin immediately decided to cancel the preparations for the second 
launch and instead focus efforts on bringing Kosmos- 133 back to Earth. 

The spaceship had more problems. The mooring and orientation system thrusters were 
required not only for rendezvous and docking but also to position the spacecraft into correct 
attitude to fire the main deorbit engine. On Deputy Chlef Designer Chertok's suggestion. 

25 Karnan~n. " A  Goal Worth Working for." no 45. Chertok, Rakety i lyudr goryach~ye d n ~  kholodnoy 
voyny. p. 412. Karnan~n. Skrytiy kosrnos. 19641966.  p. 396. 
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ground controllers at Yevpatoriya decided to use a backup set of attitude control engines linked 
to the backup main engine. A test of these small thrusters, however, showed that they turned 
the ship in an opposite direction to the one commanded-that is, they could not be used 
for reentry attitude orientation either. Kosmos- 133 seemed to be stranded in orbit. Prelim~nary 
ballistics projections showed that the spacecraft would decay naturally after about thirty-nine 
orbits, in which case the automatic self-destruct system would blow up the vehicle during 
descent because of an incorrect orientation. 

Given these almost insurmountable problems, the Chief Operations and Control Croup 
found an ingenious way to work around them. The flight control team decided they could use 
a third set of tiny thrusters, the orientation engines, which were used only for minor attitude 
control, to position the vehicle correctly for short time periods. Thus, Instead of firing the main 
55.35 engine for a full I00 seconds for reentry, the controllers would fire it in short bursts of 
about ten to fifteen seconds while the orientation engine system maintained proper attitude. 
The cumulative effect of several of these short firings would be the same as one long burn- 
that is, sufficient to deorbit the spacecraft safely. There was. however, little hope of bringing 
the sh~p back to a preselected target area.'' 

In the early morning of November 29, after extensive consultations with Chertok at 
Yevpatoriya and with Deputy Chief Designer Bushuyev in Moscow. the State Commission opted to 
try for a reentry on the seventeenth orbit using a combination of the automatic solar orientation 
system, the orientation engine system thrusters, and the main engine. Controllers apparently 
doubted whether all the correct commands had been sent to the spacecraft at the time, and Mishin 
decided to call off the attempt and not take the risk. Attempts to bring the ship down on the eigh- 
teenth and nineteenth orbits using ionic attitude control sensors did not succeed either. Kaman~n 
in his journal recorded that the controllers fired the engine two times, but each time the unit cut 
off after ten and thirteen seconds, respectively. A third burn to change Kosmos- 133's orbit to sh~ft 
its landing track over Soviet territory also prematurely cut off after twenty seconds, apparently 
because the ship was not properly stabilized during the firing. It remains unclear whether these 
aborted burns were deliberate firings to guide the ship in for deorbit or failed attempts at reentry. 
Ultimately, the State Commission decided to delay the landing for another day to wait for the 
following opportune landing opportunity on Soviet soil.7" 

On the morning of November 30, on the spacecraft's thirty-second orbit, the controllers 
carefully sent commands for new engine firings to be carried out on the succeeding orbit. But 
on the thirty-third orbit, the main engine apparently shut down prematurely again. A fifth 
engine firing on the thirty-fourth orbit using the Ionic sensor system did the job: the spacecraft 
was sufficiently slowed down to begin orbital decay. Kosmos-133 separated into its three 
component modules and began reentry, but the descent apparatus abruptly disappeared from 
radar screens about seventy to 100 kilometers over Earth. 200 kilometers southeast of the city 
of Orsk. An extensive visual search by the Air Force's search service ended without result. Later. 
the State Commission ascertained that the descent trajectory had been too flat and the capsule 
had begun to overshoot Soviet territory and head toward China. The self-destruct system. 
consisting of twenty-three kilograms of TNT, exploded automatically and destroyed the 
capsule. Debris apparently rained down on the Pacific Ocean east of the Mariana Islands." The 
mission had lasted about one day. twenty-one hours. 
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Although the flight could hardly have been considered successful, the mission did give 
engineers and controllers on the ground a chance to evaluate the operation of all the Soyuz 
systems in realistic conditions. The ionic orientation system was stable, the maln engine could 
be fired repeatedly in vacuum, and the spacecraft could be reentered despite faulty stabilization. 
Based on an analysis of the problems, many State Commission members, including Chairman 
Kerimov. Mishin, and Ryazanskiy, believed that Kosmos- 133 could have been safely recovered 
if there had been a cosmonaut on board instead of a mannequin. Four investigation commissions. 
which included Chief Designer Ryazanskiy, Deputy Chief Designer Tsybin, and Department Ch~ef 
Raushenbakh, reported their findings on December 8. There had been three major failures on the 
ship: the complete spurious exhaust of the propellant in the mooring and orientation engine 
system; insufficient stabilization of the spacecraft when the deorbit engine was fired; and a 
failure of the Tral telemetry instrument on the fifteenth orblt. They found that the failures had 
nothing to do with design flaws but rather problems In assembl~ng and testing that particular 
model on the ground. The service lines for the jet vane controls of the orientation engines were 
evidently tangled up, and a faulty system was installed on the vehicle. During reentry, the 
retro-engine had fired for less than a nominal period because of the lack of vehicle stabil~zation. 
which itself was a result of the faulty orientation system. The State Commission recommended 
that the second Soyuz, the passive 7K-OK, be launched no later than December 18 on a 
solo flight. lgla system Chief Designer Mnatsakanyan opposed a solitary launch and continued 
to insist on an automated docking flight, but he was overruled by Mishin, who apparently 
regretted following Mnatsakanyan's advice to mount a jo~nt flight on Kosmos-133. If all went 
well. cosmonauts would fly into space aboard two different Soyuz vehicles in late January or 
early February."' 

The pace at Tyura-Tam was intense. A little more than two weeks later, the remain~ng 
Soyuz spacecraft, vehicle no. I, was ready for launch, this time from the pad at site 31. The 
launch was set for 1430 hours local time on December 14, 1966. At the count of zero. shards 
of flame shot out from the base of the I I A5 I I booster, but they were suspiciously smaller and 
less powerful than normal. The rocket remained fixed on the pad, and those present assumed 
that computers had aborted the launch at the last minute because of a then-unknown glitch. 
The flames at the base died down soon, and steam filled the area as thousands of gallons of 
water poured onto the launch mount. Approximately twenty-seven minutes after the abort. 
observers saw the launch escape system suddenly start firing. At this po~nt, there were many 
pad workers who were engaged in "safing" the booster, as was customary follow~ng a launch 
abort. Although the rocket seemed to remain inert, within a few seconds, the flames from the 
escape system directly engulfed the lower portion of the Soyuz spacecraft and the booster's 
third stage below. As the fire spread, scores of workers near the pad took cover in their bunkers. 
Kamanin described the scene: 

I ran to the cosmonauts' house and ordered everyone who was there to quickly go from 
the rooms into the corridors. It proved to be a timely measure: within seconds a series 
of deafening explosions rocked the walls of the building which was located 700 meters 
from the pad. Stucco fell down and all  the windows were smashed. The rooms were 
littered with broken glass and pieces of stucco. Fragments of glass hit the walls like 
bullets. Clearly, if we had remained in the rooms a few seconds longer we would al l  
have been mowed down by broken glass. looking out through the window openings 
I saw huge pillars of black smoke and the frame of the rocket devoured by fire. . . ." 
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State Commission members met about twenty minutes later at the Soyuz assembly-testing 
bullding, but among those missing were Mlshin. Kerimov, and Maj. General Kirillov, the Chief 
of the First Directorate at the Baykonur Cosmodrome. As concern mounted for the missing 
individuals. Baykonur Commander Maj. General Aleksandr A. Kurushin quickly sent an 
emergency medical team to the launch pad area to search for survivors. Within a short time. 
Mishin, Kerimov, and Kirillov turned up safe at another command bunker. The Soyuz descent 
apparatus miraculously landed safely at a distance from the pad without incident. 

On December 16. an investigation commission reported on the probable causes of the 
terrible accident. It seems that when the command to ignite had been sent to the booster, only 
the second stage of the I IA5 I I launcher (that is, the strap-ons) had fired, and computers had 
instantly aborted the launch. After the announcement for pouring water around the launch 
mount. Mishin and Kirillov had concluded that it was safe to egress from their bunkers because 
all engines on the booster were shut down. Ground control then sent a command to relocate 

! the escape frames of the pad structure onto the vehicle to prevent the launcher from swaying 
in the gusty w~nds present at the time. By this point, many service personnel had already 
arrived at the pad to climb up the service tower to inspect the rocket. As the frames were lift- 
ed near the booster, one of these touched the booster prematurely and tilted it. This occurred 
because the launch vehicle had moved very slightly from its original position at the launch 
abort. As soon as the booster tilted. the emergency rescue system was automatically tr~ggered 
by gyroscopes, which detected a vertical angle exceeding seven degrees. The ninety-ton 
sol~d-fuel engine of the system fired on command, and its long exhaust penetrated the Soyuz 
propellant tanks on top of the booster: at that point, all service personnel fled the area ~n panic 
It took almost two m~nutes between the firing of the system and the final explosion of the first 
and second stages of the booster-a length of time that no doubt saved the lives of most of 
those who were close to the booster, including Mishin, Kerimov. and Kirillov. Most managed 
to run as much as 150 to 200 meters to safety, while Mishin and the others fled to a nearby 
bunker. A Major Korostylev unfortunately took refuge behind the concrete walls of the launch 
assembly and, as a result, became the sole fatality in the accident. Several others were severely 
injured. The entire pad complex and associated structure was completely destroyed." 

At the meeting on December 16. Mishin admitted that the design of the emergency rescue 
system had been fundamentally faulty because the gyroscopes could trigger the operation of 
the system even when all power was cut off to the booster. Remarkably, just three days prlor 
to the explosion, engineers carried out a test of the rescue system at the Air Force's test site at 
Vladimirovka near Kapustin Yar. Because the goal of the test was not to check fire safety. the 
tanks of the spacecraft were left empty for the firing of the rescue system engines. A fueled 
spaceship could have eas~ly precluded such a disaster. Engineers introduced a number of des~gn 
changes on the rescue system based on the recommendations of the accident commission. 
including ensurlng that the solid-propellant engine of the system could be turned off manually or 
remotely immediately after aborts." 

The explosion and destruction of an I IA5 I I booster, a Soyuz spacecraft, and the pad at 
site 3 1 significantly delayed any hope of mounting an early piloted Soyuz mission. Another 
automated Soyuz flight was inserted into the schedule, to be carried out on January 15. 1967. 
from the other remaining pad at site I. Mishin had ordered re-equipping one of the piloted ver- 
sions for the solitary robotic mission. The plloted mission was postponed to March-a delay 
accounted for by the time needed to transform the pad at site I to support dual Soyuz launches. 
In the meantime, on December 2 1 .  Kamanin sent the eight primary and backup cosmonauts for 
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the first mission, who had been intensively training through November and December, on 
a short ~acat ion. '~ The year would end without a single Soviet piloted flight, the first such year 
since crewed spaceflight was inaugurated by Gagarin in 196 1 .  

The next Soyuz spacecraft, a passive 7K-OK, vehicle no. 3, was prepared for its two-day 
mission in late January 1967. The State Comm~ssion met on January 19 in Moscow before 
flying to Tyura-Tam starting January 23." Mishin was ev~dently ill for the two weeks preceding 
the launch, set for February 6, and was not present at many of the technical meetings. Due to 
minor technical reasons, the launch was delayed exactly twenty-four hours, and the vehicle lift- 
ed off successfully from the pad at site I at 0620 hours Moscow Time on February 7. 1967. 
Initial orbital parameters were 170 by 241 kilometers at a 51.7-degree inclination. TASS 
announced the flight as Kosmos-140, another in a long series of nondescript generic satellites 
with no particular mission. One of the unusual payloads aboard the ship was a cryogenic 
superconducting magnet on board for the analysis of charged particles. The Soviets later 
claimed that this was the first such instrument launched into space to study cosmic rays.'" 
Communications were interrupted briefly during the powered ascent, but they were restored 
once in orbit. which was once again lower than intended because of the less-than-nominal 
booster performance. 

Trouble began to appear on the fourth orbit. The vehicle failed to respond to a command 
to orient itself to turn the solar panels to face the Sun to recharge the on-board batteries. The 
astro-orientation sensor system used for this maneuver had evidently malfunctioned. Worse, pro- 
pellant levels In the attitude control system had dropped to 50-percent levels during this test. After 
anxious consultations, the State Commission decided to raise the orbit and try one more time to 
test the sensor system, which used the 45K solar-stellar sensor. On the twenty-second orbit, the 
Soyuz main engine fired for fifty-eight seconds, but the spacecraft failed to respond to the "spin 
up to the Sun" command, and all the propellant in the main attitude control system was spent. 
By the end of the day, commission members were looking to terminate the flight early. Once 
again, most members believed that the failures on Kosmos- 140 were only in systems that had 
duplicates for manual control, such as "spinning up" and the astro-orientation system. All of 
these malfunctions could have been compensated by cosmonauts." The remaining systems such 
as life support, the main engine, thermal control, and so on, worked without problems. 

The State Commission decided to use the ionic sensor system of orientation to posit the 
vehicle in the correct attitude prior to retrofire. The designer of the system. TsKBEM Department 
Chief Raushenbakh, had little confidence in the device, because he believed that the main 
engine might m~sfire as a result of exhaust, which could disorient the ionic sensors. Luckily for 
everyone, the system worked without a flaw, and the descent apparatus of Kosmos- 140 began 
its reentry. 

Following deorbit, the search-and-rescue service received faint signals from the descent 
apparatus, which were ev~dently originating from the Aral Sea, far west of the intended landing 
site. It was apparent by then that the capsule had automatically changed its landing profile from 
a guided reentry to a ballistic return. About four hours after landing. searchers discovered the 
descent apparatus eleven kilometers from Cape Shevchenko, lying on an iceberg In the Aral Sea. 

34 Mitroshenkov Zemlya pod nebom p 397 Among the cosmonauts t ra~n~ng for 7K OK mlsslons by late 
December were the e~ght men for the f~rst mlsslon (Bykovsk~y Cagar~n Corbatko Khrunov Komarov Kubasov 
N~kolayev and Yel~seyev) as well as four other cosmonauts training for future mlsslons (Beregovoy Makarov 
Shatalov and Volkov) 

35 lbid pp 399-400 
36 V P Clushko ed Kosmonautika entsiklopedrya (Moscow Sovetskaya entslklopedrya 1985) pp 

20 1-02 Yu A Mozzhor~n ed Kosmonautika (Moscow Mashinostroyen~ye 1981) p 446 
37 Kamanln A Coal Worth Work~ng for" (English t~tle) Vozdushniy transport 46 (1993) 8-9 



It was the first sea landing for a Soviet plloted vehicle. Unfortunately, soon after the rescue 
teams discovered the capsule, it sank through the ice to a depth of about ten meters. It seems 
that the capsule had crashed through the Iceberg and floated in the resulting hole untll 
it became water-logged and simply sank. Engineers back in Moscow were naturally alarmed by 
the news, because the descent apparatus had been repeatedly tested for floatation in case of a 
water landing. 

The recovery of the capsule proved to be extremely difficult, and the Air Force had to call in a 
team of divers. Helicopters were not able to lift the capsule because rt was too heavy. With much 
difficulty, an Mi-6 helicopter managed to accrue sufficient horizontal velocity to drag the thing the 
three kllometers back to the shore. In their postflight analysis, engineers discovered a thirty- by ten- 
mrllimeter hole at the center portion of the bottom of the vehicle, which was sufficient for loss of 
pressure and the subsequent sinking. The investigation showed that the hole was the result of an 
infringement of the unity of the heat shield, which had been cast off. The heat shield itself had 
a maintenance hole with a plug attached with special glue for a thermal gauge pipe. The plug 
was incorrectly mated to the heat shield, resulting in a chain of events that led to the hole in the 
spacecraft. If a crew had been on board, they would have died, since Soyuz crewmembers would 
not be wearing spacesuits during reentry. To address the problem, engineers ellmlnated the 
plug completely from the heat shield, and they also made the heat shleld a monolithic structure 
Instead of belng assembled piece by piece. In addition. all "suspect" areas of the heat shield were 
reinforced with extra material as a cautionary measure. At a meeting on February 16, Mlshin and 
Bushuyev reassured the State Commission that the necessary measures would be carried out to 
preclude such an accident from happening again.'" 

Soyuz I 

From an outsider's perspective, the natural course of action for the State Commission 
would have been to add another precursor Soyuz mission to the schedule. The two spacecraft 
flown in 1966 and 1967 had significant problems, primarily rn their reentry phase. and certainly 
there would have been the need to verify the operation of all the components of reentry, such 
as the heat shleld, parachute system, reentry orientat~on systems. and so forth. Despite 
the three attempts to launch the 7K-OK Soyuz. Mishin and his engineers recovered only 
a single descent apparatus after a space misslon-one whose thermal protection system had 
a catastrophic fallure. This is not to say that Mishin did not undertake a thorough analysls of 
the s~tuatron. The results of the three Soyuz attempts were the subject of intense discussion; 
the main decision for the engineers was whether to carry out another automated mission or 
whether to go dlrectly to a piloted mission. Deputy Chief Designers Konstantin D. Bushuyev 
and Yakov I. Tregub of TsKBEM led this analysis in February and March 1967. Mishin invited 
a host of representatives from all organizations involved in the Soyuz program to hear their 
lndlvldual assessments of the status of their particular system and its potential readiness for a 
piloted flight. Remarkably, most of the other designers and engineers recommended crewed 
flight. Among the dissenters was TsKBEM Department Chief Ivan S. Prudnikov. who based 
his objections on the insufficient testing of the new, improved heat shield. The majority of 
engineers, however, expressed confidence in the work of the heat shield."' 
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On March 25 .  1967, Chairman Smirnov's Military-Industrial Commission met to d~scuss 
the preparations for the mission. Representing the State Commission, five men spoke on the 
flight, including Chairman Kerimov, Mishin, and Ka~nanin.~" Smirnov asked several questions. 
including: "Do you think the equipment wlll work smoothly?" Kamanin replied: 

Three launches of Soyuz spaceships and the completion of all ground tests have made us 
confident that the flight will be successful, although at one point some of the cosmonauts 
had certain doubts about the ship's bottom. We know that following the burn-out of the 
bottom of ship no. 3, the Central Design Bureau of Experimental Machine Building has 
worked hard to reinforce 11. Chief Designer Mishin has said on more than one occasion 
that now there should be no doubts about the bottom. We belieue Mishin." 

Kamanin introduced all the cosmonauts preparing for the flight: the eight prlmary and 
backup crew members-Bykovskiy, Cagarin, Corbatko. Khrunov, Komarov. Kubasov, Nikolayev. 
and Yeliseyev-as well as four additional understudies who were expected to fly a subsequent 
Soyuz mission after finishing their training on June 1 . "  Although there was no formal decision 
on the primary crew. Komarov (for Soyuz I ) and Bykovskiy, Yeliseyev, and Khrunov (for Soyuz 
2) were the leading candidates. Mishin personally met with Ustinov two days later to discuss 
the flight, setting in motion a series of events that would cripple the Soviet space pr~grarn.~ '  

The dec~sion to move ahead with the docklng mission has been obfuscated and mired in 
controversy and speculation for thirty years. One TsKBEM engineer, who later emigrated to the 
United States in the 1970s, added to the rumor mill by recall~ng that: 

The management of the Design Bureau knew that the vehicle had not been completely 
debugged: more time was needed to make it operational. But the Communist Party 
ordered the launch despite the fact that four preliminary launches had revealed faults in 
coordination, thermal control, and parachute systems. It was rumored that Vasiliy 
Mishin, the deputy chief designer who headed the enterprise after Koroleu's death in 
1966. had objected to the launch,44 

There was clearly much political pressure from Brezhnev and Ustinov to get the flight off 
the ground. It had been almost two years since a piloted Soviet spaceflight, while the 
Americans had flown ten Gemini missions. In addition. May Day, one of the most important 
holidays in Soviet culture, was imminent, and there is reason to believe that the Soyuz fl~ght 
was timed to roughly coincide with the anniversary. A simple automated flight of the vehicle 
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would have hardly mattered for such an auspicious occasion. When asked in an interview in 1990 
whether the he had been pressured to carry out the mission. Mishin replied: 

Truly, there never was a time when we worked in peace. without being hurried or pres- 
sured from above. The unskilled, totally bewildered, high-ranking bureaucrats believe that 
they are fulfilling their duties if they are shouting "Let's go, let's go!" at people who don't 
euen haue time to wipe the sweat off their brows.45 

Asked about the possibility that his deputies may have committed errors during the preparations. 
Mishin emphasized: 

No. the deadlines and the pressure from above haue nothing to do with that. Not a single 
supervisor (or any of the Soyuz systems would have given the "go-ahead" to the flight if 
he were not certain of that systems satisfactory operation.'" 

Ultimately, it was a decision motivated by the apparently huge lag in piloted space explo- 
ration accrued through 1965 and 1966 as compared to the United States. Throughout 1966, both 
the political and technical managers of the Soviet space program banked on the inauguration of 
the Soyuz program to take some steam out of U.S. space achievements, which finally seemed to 
have gained momentum after years of humiliation. When Mishin, Bushuyev, Tregub, and others 
recommended a go-ahead with the flight, clearly they did not have full confidence in their ship. 
Korolev, of course, had also taken his own risks, particularly with the two Voskhod missions, 
which were highly risky endeavors. The EVA mission of Voskhod 2, for example, was not pre- 
ceded by a successful precursor mission. But Soyuz was a far more complex spacecraft; i t  was a 
completely untested quantity in terms of crewed operations. The Soyuz mission was a gamble of 
extraordinary levels. 

The intensive discussions on Soyuz in February and March 1967 were mirrored by the slowly 
increasing number of rumors emanating from "unofficial" sources from the Eastern bloc that a 
Soviet space spectacular was imminent. On March 7, a commentator on Prague Radio reported 
that "much more complicated manned operations in Earth orbit are about to begin which have 
taken over two years to prepare."" Just two days later. Lt. General Kamanin, in a long interview 
with Warsaw Radio, said that piloted flights would begin again that spring. He added that the 
Sov~ets were not locked onto any particular date and that the flight would come only when they 
were assured of success. He implied that the deaths recently of the three American astronauts 
were the result of unnecessary haste in the U.S. space program, a factor absent in the Sov~et space 
program .4' 

After an unusually grueling training program involving countless hours in simulators on the 
ground, the eight primary and backup cosmonauts for the mission took their final exams for the 
flight on March 30, and all passed with excellent marks. On April 6, the men visited the depths 
of the Kremlin to meet with high Central Committee officials and receive wishes of good luck. 
The same day. Kamanin, accompanied by veteran and rookie cosmonauts, flew ~ n t o  Tyura-Tarn. 
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T R A G E D Y  

The crews of Soyuz I and Soyuz 2 present thernselues before the Slate Cornmrssion rn front of the launch pad in 
Aprrl 1967 In the foreground lrorn left to right are the prlrnary crew of Vladirnir Kornarou. Valerry Bykovskry. 
Yeugenry Khrunov, and Aleksey Yelrseyeu (rn civrlian cialhes) and the backup crew of Yurry Gagarrn. Andrian 
Nikolayeu. Vrktor Gorbatko. and Valerry Kubasou (also in crurlcan clothes) Chief Desrgner Valentin Glushko i s  

urstbie in (he background between Yelrseyeu and Gagarrn jcopyrrght Chrrstlan Lardier) 

Komarov followed on April 8 and Cagar~n on April 14." For many, it was the first time that they 
had spent the celebrated "Cosmonautics Day." the anniversary of Cagarin's pioneering flight, at 
the Baykonur Cosmodrome. 

There was a meeting of the State Commiss~on on April 14 a t  which the members decided to 
begin fueling the two launch vehicles and spacecraft. Assuming an eight-day period for 
complete preparation, the first launch was tentatively set for April 24-25. Mishin telephoned both 
Ustinov and Brezhnev later; Ustinov evidently expressed some anxiety over the impending flight. 
The mission would be inaugurated by the launch of the active 7K-OK Soyuz I, on the first day, 
with Komarov. The following day, as the ship was flying over Tyura-Tam, the passive 7K-OK 
Soyuz 2 would be launched with Bykovskiy, Yeliseyev, and Khrunov. The two spacecraft would 
dock on the very first orbit of Soyuz 2 ;  it would be the first docking of two piloted spaceships. 
After docking. Yeliseyev and Khrunov would exit from their depressurized living compartment and 
crawl over to the depressurized living section of Soyuz I .  Following the transfer. Soyuz I ,  with a 
crew of three, would return the following day. Soyuz 2 .  with a crew of one, would also return that 
same day. Apart from the dramatic nature of the fltght, the mission had significant value for future 
operations in the N I-L3 project as well as possible Earth-orbit rendezvous profiles for the 
circumlunar L I program. 
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The EVA itself had been the subject of much discussion for months. In November 1966. 
two of Mishin's Deputy Chief Designers, Sergey 0. Okhapkin and Pavel V. Tsybin, proposed 
having one cosmonaut move away from the docked vehicles to a distance of about ten meters 
to photograph the complete complex and the second cosmonaut. After opposition by some of 
the cosmonauts, TsKBEM opted for the use of a ten-meter boom to ensure that the vehicles 
would be photographed-a problem entrusted to Deputy Chief Designer Bushuyev.'"By the 
time of the actual mission, Bushuyev had abandoned the idea, possibly projecting its use on 
a later Soyuz docking mission. The cosmonauts on this first flight would simply crawl from ship 
to ship. There were other changes to the spacewalk schedule. TsKBEM engineers had apparently 
designed the hatch on the Soyuz ship with too small a diameter (0.66 meters). Th~s  would 
be barely enough for a spacesuited cosmonaut to egress from the ship and make it all but 
impossible for the men to get back into the second ship. Mishin and his boss. Deputy Minister 
Litvinov, were categorically opposed to redesigning the hatch to a larger size for the first few 
Soyuz vehicles, believing that a redesign would delay the initial launches by months. Instead, at 
a meeting on August 4. 1966, attended by Chief Designers Mishin (spacecraft) and Severin 
(spacesuits), officials decided to move the Yastreb EVA suit backpacks from the cosmonaut's 
back to the waist. Mishin promised that future Soyuz ships, beginning from vehicle no. 8. 
would have larger hatches.'' Such changes added an extra level of tension to an already hurried 
situation. Just a week prior to the launch, on April 15. Kamanin wrote in his journal: 

I am personally not fully confident that the whole program of flight wi l l  be completed 
successfully, although there are no sufficiently weighty grounds to object to the launch. 
In all the previous flights we believed in success. Today there is not such confidence in 
victory. The cosmonauts are prepared well, and the ships and the instruments have gone 
through hundreds of tests and verifications, and all seems to have been done for suc- 
cessful flights. but [still] there is no confidence. This can perhaps be explained by the fact 
that we are flying without Koroleu's strength and assurances; we were spoilt by Koroleu's 
optimism.'' 

The fueling of the Soyuz I launch stack began at 2300 hours Moscow Time on April 15. 
The morning of April 17. the cosmonauts attended a final five-hour class under Raushenbakh's 
supervision to study once again the modes of docking, orientat~on, and so on. In the afternoon. 
Mishin arrived to talk personally with the crews about various portions of the mission Even at 
this late point, there seems to have been some disagreement over which mode of operation to 
use for the crucial docking maneuver. Mishin favored a completely automatic docking, believing 
in the infallibility of the ship, but he was opposed by Kamanin and some of the cosmonauts. 
including Komarov and Gagarin. For more than two years. Bykovskiy. Gagarrn. Komarov, and 
N~kolayev, the four commanders, had been training for an automatic approach followed by a 
manual docking and were reluctant to let automation do the whole thing. At the meeting. 
Komarov argued that the lgla system could automatically bring the active vehicle within 200 to 
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300 meters of the passive vehicle, following which he could manually dock the two spacecraft. 
Mishin listened to their arguments and delayed a final decision on the matter until the following 
day. By the end of the day, the fueling of the Soyuz I launcher had concluded while the fueling 
of the Soyuz 2 booster had begun. Thus, the launching was informally set for April 24-26." 

The Council of Chief Designers met on the morning of April 18 to discuss the docking issue. 
State Commission Chairman Kerimov supported an automatic approach via the lgla to fifty 
to seventy meters, followed by manual docking, although many engineers still defended 
the fully automatic variant. TsKBEM Department Deputy Ch~ef and cosmonaut Feoktistov medi- 
ated the issue and argued in favor of the semi-automatic profile, and the council accepted his rec- 
ommendations. Later in the day, Feoktistov discussed various contingency measures for 
emergency situations with the cosmonauts. The final State Commission meeting prior to launch 
took place on April 20 at site 2. The launch of Soyuz I was set for 0335 hours Moscow Time on 
April 23, while the launch of Soyuz 2 was set for 0310 hours Moscow Time the 
following day. All the Chief and Deputy Chief Designers confirmed that the launch vehicles, space 
sh~ps, and support services would be completely ready to accomplish the launch on time. The 
commission also formally approved the crews for the two missions and gave the official go-ahead 
for the flight.'" 

On April 22, the I IA5 I I rocket was already at the launch pad at slte I. In the late morning, 
the primary and backup crews had their customary meeting with the launch command 
and industr~al representatives. A number of chief designers met with the crews and informed them 
that after the Soyuz I launch, there would only be two reasons for a postponement or cancella- 
t ~ o n  of the Soyuz 2 launch: if there was a failure in the lgla system or if there was a low charge in 
the solar batteries on Soyuz I .  Kamanin counseled Komarov that the most important factor on 
the mission would be safety: in the case of any malfunctions, there would be no need to proceed 
with the complicated docklng procedure. Later in the day, Komarov attended a press conference 
for journalists with special access. Komarov dedicated his flight to the fiftieth anniversary of the 
Bolshevik Revolution." 

A final meeting of the State Commission, lasting forty-five minutes, began one-half hour 
before midnight and concluded with recommending a full go-ahead for the flight. Komarov woke 
up about two hours after midnight, and doctors attached sets of medical sensors to his body. He 
was dressed in a plain light woolen gray suit and a blue jacket. At 0300 hours, he arrived at the 
pad to give a short speech to State Commission Chairman Kerimov and then embraced senior 
officials goodbye. Mishin, Kamanin, and Gagarin accompanied him to the rocket; Gagarin went 
up with him all the way to the top of the rocket and remained there untll the hatch closed. 

There were no anomal~es prior to launch. The spacecraft. 7K-OK no. 4. lifted off exactly on 
time at 0335 hours Moscow Time on April 23, 1967, with its sole passenger, forty-year-old 
Colonel Eng~neer Vladimir M. Komarov. He was the first Sov~et cosmonaut to make a second 
spaceflight. It took 540 seconds for the ship to successfully enter orbit. The official Soviet news 
agency TASS released a brief statement, calling the flight Soyuz 1, and announced the orbital para- 
meters and some vague objectives of the program. Characteristically, there was no mention of the 
impending Soyuz 2 m~ssion. Rumors In the West, however, had reached crescendo proportions, 
some clearly indicating that a docking with a second sh~p was planned.'Tosmonaut Popovich 

53 lbrd There was a minor delay on April 18 when a valve on one of the systems for load~ng n~trlc ac~d 
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informed Komarov's wife. Valya, that her husband was in orbit about twenty-flve minutes after 
launch. She told reporters that "my husband never tells me when he goes on a business trip."'! 

For the first time on a Soviet piloted mission, the Chief Operations and Control Group- 
that is, the flight control team-was located at the Scientific-Measurement Point No. 16 at 
Yevpatoriya in Crimea. A team of twenty controllers, including TsKBEM Deputy Chief Designers 
Chertok and Tregub and Department Chief Raushenbakh, assisted Chief Operations and 
Control Group Chief Colonel Pavel A. Agadzhanov, the "flight director." The flight control team 
would actively communicate with the spacecraft in orbit while maintaining continuous contact 
with the State Commission, all of whose members remained behind at site 2 at Tyura-Tam. 
Additional ballistics support was provided by Nll-4's military control center in Moscow. 

The initial incoming report from telemetry streams from two ground stations indicated that 
the Soyuz spacecraft's left solar panel had not opened upon entering orbit. As Agadzhanov's 
team examined the data, they found other anomalies. A backup antenna in the telemetry 
system was inoperable and the 45K solar-stellar attitude control sensor's optical surface had 
probably been contaminated by engine exhaust. While the antenna was a minor annoyance, 
the sensor malfunction was serious because without it. Soyuz I would be unable to orient the 
ship properly to change orbital parameters in preparation for the rendezvous and docking. 
Telemetry indicated that current orbital parameters were 196.2 by 225 kilometers at a 5 1 " 43' 
inclination. It was on the second orbit that controllers first established stable communicat~ons 
with Komarov on ultra-shortwave frequencies; for reasons unknown, the shortwave system was 
inoperable. Komarov calmly reported: 

I feel well. The parameters o f  the cabin are normal. The left solar battery has not 
opened. There's been no spin toward the Sun. The "solar current" is 14 amperes. 
Shortwave communications are not working. Attempted to manually perform spinning. 
Spinning did not occur, but pressure in the [orientation engines] dropped to 180.'' 

Unconfirmed reports suggest that Komarov even tried to knock the side of the ship to jar 
open the recalcitrant panel. Already. the situation had deteriorated dramatically. Because one 
solar panel was not operative and the ship had failed to automatically orient the other toward 
the Sun, power on board the ship was far below normal. Power experts at Yevpatoriya had 
calculated that the buffer batteries could operate with the current levels of power up to the 
seventeenth orbit, after which Komarov could use reserve batteries for up to two more orbits. 
This meant that Soyuz I could safely operate for about a day, significantly less than the three 
days needed for a docking mission. In the meantime, Agadzhanov told Komarov to shut down 
nonessential systems and to try at all costs to orient the right panel toward the Sun. On the 
third orbit. Komarov told ground control that the left panel was still folded against the ship and 
that the vehicle had not oriented toward the Sun. Current had stabilized at a low fourteen 
amperes, far below that requrred for a nominal flight. The 45K attitude control sensor was still 
inoperative. Despite the troubles, the State Commission believed that the orientat~on problem 
would be solved, and it recommended that preparations for the launch of Soyuz 2 be contin- 
ued. Kamanin meanwhile sent Cagarin directly to Yevpatoriya to assist the Chief Operations 
and Control Group in its operations." 
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On the fifth orbit, Kornarov attempted to manually orient the ship by using Earth's horizon 
to position the vehicle at correct attitude, but he found it difficult to do so, partly because it 
was difficult to keep a target hold on the moving Earth. In addition, his attempt seems to have 
been overruled by the on-board control system. Apart from the astro-orientation system, which 
used the 45K solar-stellar sensor, and the manual orientation system, the vehicle was also 
equipped with ionic sensors. The use of these, however, also met with l~tt le success on the fifth 
orbit. From the seventh to the thirteenth orbits. Komarov was outside radio visibility using ultra- 
shortwave communications because the spacecraft would pass over the Atlantic and the 
American continent. As planned earlier, Kornarov was ordered to sleep during this period. while 
consultations among Moscow. Tyura-Tam, and Yevpatoriya continued throughout the day at a 
feverish pitch. 

Most of the senior members of the State Commission, including Chairman Kerimov. 
Keldysh, and Kamanin, recommended the immediate postponement of the Soyuz 2 launch and 
the return of Kornarov at the earliest possible opportunity-that is, the seventeenth orbit. 
Incredibly. Mishin still had hope and believed that the comm~ssion should make a final decision 
on the thirteenth orbit, once Yevpatoriya reestablished contact with Kornarov. There was even a 
plan to have the two EVA cosmonauts, Yeliseyev and Khrunov, manually unfurl the jammed solar 
panel during their spacewalk from one ship to the other. But on the thirteenth orbit, Komarov 
reported that his second attempt to use the ionic orientation system had failed." He added that 
the left solar panel was still jammed: current on the ship had remained static at twelve to four- 
teen amperes. Mishin later recalled that "because of the emergency, the shortage of power on 
board caused a chain of problems [including] a change in the temperature conditions."" 
Immediately. the State Commission unanimously canceled the Soyuz 2 launch. Evidently, the 
Soyuz 2 cosmonauts were bitterly disappointed, blaming the commission for "excessive caution 
and indecisiveness."b2 

The problem at that point was how to return the spacecraft from orbit, nominally on the 
seventeenth orbit, but with the eighteenth and nineteenth orbits as reserve. Agadzhanov's team 
at Yevpatoriya considered the matter carefully. There were three main failures on board Soyuz I :  
the unopening of the left solar panel, the failure of the ion~c orientation system, and the mal- 
function of the 45K solar-stellar attitude control sensor. The recalcitrant solar panel not only 
deprived the spacecraft of much-needed power, but also caused an asymmetry in the ship, which 
prevented the open solar panel from facing the Sun. Because of this mechan~cal imbalance, engi- 
neers were all but sure that all of Komarov's efforts to spin the ship in the direction of the Sun 
would fail and. In fact, would simply waste the precious propellant in the orientation engine sys- 
tem. If there was too little fuel in this system. then during retrofire. Komarov might not be able 
to compensate for moments arising from the mass displacement because of the single opened 
panel. 

The Soyuz had three orientation systems. If all three orientation systems were inoperative, 
it would be practically impossible for Kornarov to return his ship. With an incorrect attitude. 
Soyuz I would either burn up in the atmosphere or fly into a h~gher orbit. The ionic orientation 
system had already failed to perform twice. Engineers also believed that the system would be 
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unreliable during the morning hours when the return was planned because of ion pockets, which 
could disrupt the work of the sensors. As for the 45K solar-stellar sensor, it was not 
funct~oning at all. This left manual orientation, which was working, but as Komarov reported. 
it was extremely diff~cult to manipulate in Earth's shadow because it would be d~fficult to locate 
Earth's horizon. Normally, using manual orientation, the cosmonaut would cross Earth's 
terminator into lighted areas. In Komarov's case, with a reentry at the earliest opportunity. he 
would still be in the dark.'' 

Time was already running short for Kornarov. If he was to perform a successful reentry on 
the seventeenth orbit, then Agadzhanov's team needed to transmit a precise set of commands to 
Komarov on the sixteenth orbit. It was already the fifteenth orbit, and offic~als at both 
Yevpatorlya and Tyura-Tam were still arguing over a proper choice of orientation for reentry. It 
had been almost twenty-four hours since the launch, and not one member of either the State 
Commission or the Chief Operations and Control Group had slept. In their state of alarm. 
members continuously violated established rules to communicate only via secret channels 
between the two centers. On the fifteenth orbit. Komarov reported that he believed that the 
ionic system and its associated att~tude control engines were in working order. Based on h ~ s  
recommendations and assessment from data on the ground, the State Commiss~on recom- 
mended that the shrp be landed on the seventeenth orbit using the automatic Ionic orlentat~on 
with the backup set of orientation engines. Agadzhanov. Raushenbakh, and Chertok carefully 
checked over the set of instruct~ons that Gagarin personally transmitted to Komarov. In the final 
seconds before loss of contact. Mishin and Kamanin both wished Komarov good luck.h4 

At the appointed time. Soyuz I initiated the reentry sequence. The main engine was supposed 
to fire for deorbit at 0256 hours. 12 seconds Moscow Time on April 24. but nothing happened. 
Ball~stics reports pouring into Yevpatoriya indicated that Soyuz 1's orbital parameters had remained 
the same. Once communication with Kornarov was reestablished, the cosmonaut reported that the 
ion system seemed to have worked fine, but evidently, as the sh~p had crossed the equator, it had 
flown into an "Ion pocket" ~n Earth's shadow where the concentration of the Ions was less than 
what the sensors could detect. The ship's control system correctly issued a command to prohib~t 
the firing of the retro-eng~ne."' State Commission members decided to Immediately begln prepara- 
t~ons for another landing attempt on the e~ghteenth orbit. As the seventeenth orbit was ending. 
however, the fl~ght control team did not have any new instructions ready to transmit to Komarov. 
F~nally. the State Commissron decided to land Kornarov on the nineteenth orbit. 

Wlth the use of both the ionic and solar-stellar orientation systems out of the equation. 
the only remaining option was for Kornarov to manually orient the ship prior to retrofire, but 
using a very complex series of operations in orbit. Komarov would have to orient the sh~p man- 
ually to Earth's horizon in the light portion of the orbit. Just before entering Earth's shadow, he 
would transfer attitude control to the spaceship's KI-38 gyroscope system. Once he was out of 
the shadow. he would check to see whether Soyuz I was st111 correctly oriented for retrofire. If 
not, he would once again take over manual control and Issue all the commands to complete 
the retrofire sequence for a landing on the nineteenth orbit. It was an incredibly difficult task- 
one for which none of the cosmonauts had ever tra~ned on the ground. One of the power 
specialists warned at the tlme that Komarov had one to two orbits at the most-that is, he 
might not have very many more chances to attempt reentry. Gagar~n once again transmitted the 
new set of instruct~ons to the Soyuz I cosmonaut. Komarov seemed calm and agreed to carry 



out al l  the operations on time, which would lead to a 150-second retrofire with engine ignition 
at 0557 hours, 15 seconds on April 24. 

Komarov performed skillfully and carried out his assigned program almost to the letter. 
He replied through the increasing static, "The engine worked for 146 seconds. Switch-off 
occurred at 0559 hours 38.5 seconds. At 0614 hours 9 seconds, there was the command 
'Accident-2'."" The "Accident-2" signal threatened to give controllers a collective heart attack. 
but Raushenbakh gathered his resolve and explained to the team not to worry. The attitude 
control system had been unable to handle the strong moments because of the asymmetry of 
the vehicle, and the gyroscopes had issued the "Accident-2" command after the spacecraft 
deviated from its set angle by eight degrees. That only meant that instead of a guided reentry. 
Komarov would perform a direct ballistics return. All other parameters, such as the length of 
the burn, were well within range for a successful reentry. 

At Tyura-Tam, the members of the State Commission were huddled together on the 
second floor of the adrn~nistrative portion of the huge assembly-testing building at site 2. 
Journalists at the launch site were excluded from the meeting but were able to overhear voices. 
Cosmonaut Leonov served as an intermediary to brief reporters on the ongoing situation. 
Mishin. Kerimov. Keldysh, Minister Afanasyev, and Air Force First Deputy Commander-in-Chief 
Marshal Rudenko all exchanged brief comments as they heard Kornarov's report. About fifteen 
minutes after retrofire, there was the expected break in communications as Komarov's capsule 
entered an ionization layer. A few minutes later. Komarov's voice cut through the radio silence; 
he evidently sounded "calm, unhurried, without any nervousness."" By this time. Kamanin 
and a group of Air Force officers had already taken off from Tyura-Tam in an 11-18 aircraft to 
head for the projected landing range-the reserve landing area for the mission, about sixty-five 
kilometers east of Orsk, far west of the planned site for a guided reentry. According to ballistics 
data. Soyuz I had landed at 0624 hours Moscow Time. 

Once search services determined the landing site, the reserve search-and-rescue service 
at the town of Orenburg was called into operation to locate the descent apparatus. It was a 
beautiful and sunny morning at the landing site, and visibility was evidently very good. 
Members of the rescue servlce recalled that: 

The commander of one of the An- 12 search aircraft reported to the helicopter commander 
that he could see Soyuz- I in the air. All the group members were immediately at the win- 
dows. But we couldn't see the reentry vehicle descending in the air. The helicopter com- 
mander began a rapid descent. Then the helicopter turned sharply to the right, and many 
o f  the group members saw the reentry vehicle down in a green field. It was lying on its 
side, and the parachute could be seen right next to it. And then the soft-[anding engines 
kicked In. That alarmed the specialists on the helicopter, because the engines were sup- 
posed to switch on just before the landing of the reentry vehicle, right above the ground.*8 

The first helicopter landed seventy to 100 meters from the capsule, which was surrounded 
by a cloud of black smoke. The fire inside the vehicle was still very intense, while the bottom 
of the sh~p, where the soft-landing engines were, had completely burned through. Witnesses 
claimed that streams of molten metal were falling on the ground. Along with foam fire 
extingu~shers, they used dirt around the ship to temper the fire: "The vehicle was completely 
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Thrs shows the wreckage of the Soyur 1 descent apparatus rrnrnediateiy after the crash Cosmonaut Vladlmrr 
Kornarovs body was still burred w i rh~n  the wreckage at the trnie of t h~s  photograph (Rudy lnc vra Quest magazine) 

destroyed while the fire was being extinguished, and the spot looked like a small earthen mound, 
beneath the peak of which was the cover for the hatch-cra~lway."~~ 

The rescue service originally communicated on an open channel with ground controllers at 
Moscow. Tyura-Tam, and Yevpatoriya, although they spoke in code. Once the rescuers had seen 
the ship on the ground and on fire, one of the pilots had cryptically reported. " I  see the object, 
the cosmonaut needs urgent medical attention out in the field."'"At that point, perhaps to 
preclude rumors, the search service terminated all communications with the three control centers. 
For the next few hours. there was no news from the site as Mishin. Kerimov, and others anxiously 
walted for any scrap of news. 

Kamanin, meanwhile, landed at Orsk airport about two hours after the Soyuz I impact, fully 
expecting to meet Komarov there. Once out of his plane, he was told that the ship had landed 
s~xty-five kilometers away, that it was burning, and that the cosmonaut had not been found. 
Another unconfirmed report came in that Komarov was wounded but alive in a hospital at a town 
three kilometers from the landing site. The Air Force general dec~ded to go directly to the landing 
site first, although he had been explicitly ordered to wait for a call from Moscow to report on 
Komarov's status. Back at the three control centers, there was complete confusion. Ustinov in 
Moscow was frantic for information. He began calling up Party secretaries in Orenburg and Orsk 
on specla1 lines, but could not reach anyone. Although the vehicle had landed at 0624 hours. 
Ustinov received no information on the state of the cosmonaut for the next three and a half hours. 

When Kamanin arrived at the landing site, the Soyuz I descent apparatus was stdl on fire. 
He was not the flrst high-ranking space off~cial on the scene. Academician Georgiy I. Petrov. the 
Director of the Space Research Institute of the Academy of Sciences, had arrived there first and 
was directing efforts to assess the situation. There was still no sign of the cosmonaut. Local 
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residents reported that the ship had fallen toward Earth at a great speed and that the parachute was 
turning and not filled up with air. They confirmed the observations of the search-and-rescue service 
that at the moment of landing, there were some explosions followed by the fire. Kamanin recalls: 

A cursory examination of the ship conuinced me that Komarov was dead and was still 
in the remains o f  what used to be his ship. I ordered to clear out the debris on the ground 
and search for Komarov's body. Simultaneously I sent one o f  the workers by helicopter. 
and others by automobile to the loca/ hospital in order to uerify the story of the injured 
cosmonaut. After an hour of excavations [that is, at around 0930 hours] we discovered the 
body of cosmonaut Komarov among the remains o f  the ship. . . . ' I  

Finding the body had been a difficult job. One of the rescuers recalled: 

The group's physicians set to work-they shoueled away the top layer o f  dirt from the 
top of the mound from the hatch cover. After the dirt and certain parts o f  instruments 
and equipment were removed, the cosmonaut's body was found lying in the center chair. 
The physicians cleaned the dirt and the remnants of the burned helmet phone from the 
head. They pronounced the death to be from multiple injuries to the cranium, spinal 
cord, and bones." 

Meanwhile, Kamanin flew back to Orsk and personally telephoned Central Committee 
Secretary Ustinov with the following short message: 

I was at the location, cosmonaut Komarou has died, the ship burnt up. The primary 
parachute of the ship did not open, and the reserve parachute did not fill with air. The 
ship hit the ground at a speed of 35-40 meters per second: after impact there was an 
explosion of the braking engines and a fire started. I was not able to report on the fate 
of the cosmonaut earlier since nobody could see anything, and during that time we 
extinguished the fire in the ship by couering it with dirt. Only after carrying out exca- 
vations were we able to find Komarov's body." 

At noon on April 24. Ustinov called Soviet General Secretary Brezhnev, who was at 
an international conference of communist parties in Czechoslovakia, with information on the 
accident. Ustinov also edited a TASS report, which was issued after a full twelve hours of 
silence from the Soviet press. The official line was that although the flight had been eventless 
until reentry. "when the main parachute was deployed at a height of 7 kilometers, the space- 
ship, according to preliminary reports, crashed at great speed as a result of the parachute cords 
getting entangled, [and] killed K~marov. " '~  

In the early afternoon. State Commission members Kerimov. Keldysh, and Chief Designers 
Mishin, Tkachev, and Severin arrived at the impact point escorted by KGB agents. Soon, senior 
engineers from TsKBEM, including Deputy Chief Designer Tsybin and specialists involved in 
Soyuz development, arrived to catalog and inspect the entire landing area. Komarov's remains 
were taken in a coffin back to Moscow, arriving an hour after midnight on April 25. Aboard the 
aircraft were Keldysh. Kamanin, and the other cosmonauts who had trained for the mission: 
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Bykovskry, Gagarin, Gorbatko. Khrunov, Kubasov, Nikolayev, and Yeliseyev. They were met in 
Moscow at the airport by Komarov's widow Valentina Yakovlevna Komarova. His remains were 
then cremated and the urn placed in the Red Banner Hall of the Central House of the Soviet 
Army for mourners to pay homage. The next day, the Soviet Party and government gave him a 
state funeral with full honors, and his ashes, llke Korolev's, were interred in the Kremlin Wall. 
In a grisly aside to his death, not all of Komarov's remains were found during the initial search. 
and a group of Young Pioneers, the equivalent of Boy Scouts in the Soviet Union, discovered 
additional remains that were later buried at the crash site itself. Reportedly. Party officials took 
great pains to hide this fact from the general public." 

The death of Vladimir Mikhaylovich Komarov was a catastrophic blow to the Soviet space 
program. Apart from the pure psychological cost of losrng a cosmonaut on a space mlssion, the 
disaster Immediately stopped all three major Soviet piloted space projects-the Soyuz, the L I .  
and the 13. Any hope of accomplishing a circumlunar flight by late 1967 was in great doubt. 
while landing a Soviet cosmonaut on the Moon by late 1968 was sheer fantasy at this point. 
The blow to morale was incalculable, not only to the design bureaus, institutes. and military 
units involved in the project, but also to the nation as a whole. It was bitter news to swallow 
that the f a t  Soviet piloted spaceflight after two years had ended in tragedy, in the process 
losing perhaps the Soviet Union's most accomplished spacefarer. At the spot where Komarov 
landed. Party officials later collected the remaining tiny fragments of his last ship and erected 
a small hill. Sergey N. Anokhin, the famous Soviet test pilot, who at the time was the head of 
the testrng department at TsKBEM, placed Komarov's officer's cap in the hill, after which a gun 
salute sounded out, paying tribute to what many considered a fallen hero of the Soviet Union. 

All further piloted flights were indefinitely canceled at the time. On April 27. Ustinov 
met with the leading space industry representatives and established a special governmental 
commission headed by himself to determine the causes of the accident. This commission 
included seven subcommissions. One of them, to investigate the landing itself, was headed by 
the recently appointed Director of the M. M. Gromov Flight-Research Institute. Viktor V. Utkin, 
a respected aeronautical engineer. The commission included two representatives from TsKBEM, 
Chlef Designer Mishin and Deputy Chief Designer Bushuyev. Soyuz I and 2 backup cosmo- 
nauts Gagarin and Bykovskiy also served as members.'" 

Utkin's subcommission finished its work, which included some experimental analyses. 
by June 20 and emerged with the cause of the accident: a release failure of the container block 
of the primary parachute. The parachute was packed in a container whose hatch was jettisoned. 
releasing a "braking" or drag parachute, slowing down the vehicle to a manageable forty meters 
per second, sufficiently slow to allow the primary parachute to fill up with air instead of 
shredding. The drag parachute itself was supposed to pull out the main parachute, but it did not 
do so because the latter had gotten jammed in the container. Under nominal clrcurnstances, 
automated instruments on board the capsule would have detected an increase in velocity. 
discarded the primary drag and main parachutes, and activated the backup system. On Soyuz- I. 
once instruments detected the velocity increase, the capsule was unable to discard the primary 
chute because it was still stuck in the container. This meant that the primary drag chute was 
still deployed above the spacecraft. Once the single backup parachute was released, it was to 
have come out in the shape of a long, t h ~ n  cylinder and then unfurl to its dome shape. In 
Komarov's case, the backup chute began to extend under the still attached drag parachute from 
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the primary system, and it never filled with air. Without any means of braking, the ship 
plummeted and hit the ground at a velocity of 144 kilometers per hour (forty meters per second). 
An autopsy of Komarov confirmed that he died on impact with the ground and that the effects 
of the fire were secondary. Despite rumors to the contrary. Komarov did not cry or scream before 
the impact, although during the last seconds, he was surely aware that he had little chance to 
live." Because of the rapid velocity of descent, the frontal heat shield was never discarded at an 
altitude of three kilometers, and the soft-landing engines never fired prior to touchdown. Those 
engines, in fact, detonated after landing, burning with the thirty kilograms of concentrated hydro- 
gen peroxide from the capsule's attitude control engines. From launch to impact. Komarov's 
ill-fated flight had lasted one day, two hours, forty-seven minutes, and fifty-two seconds. 

The comm~ssion discovered that the reason that the prlmary parachute never issued was 
because of friction within the container between the parachute and the inside walls of the 
contamer. The increased pressure within the parachute container relative to the low pressure 
outside the vehicle caused the parachute to simply block up against the insides of the container. 
This effect was never detected on four drop tests of the parachute system prior to the flight. As 
late as 1990, however, Chief Designer Mishin continued to believe that the parachute had been 
incorrectly packed during preparations. The solar panel failure was later traced to the panel getting 
snagged on the external vacuum-shield cover of the spacecraft. The 4SK attitude control sensor 
had failed because of a "steam-up" of its optical surface. The commission recommended 
redesigning the parachute container by making it conical instead of cylindr~cal, increasing its inter- 
nal volume. and polishing the inside walls. Additional measures would include installing an 
autonomous node for separating the primary drag chute and photographing the assembly of the 
parachute packages.'" 

There was also an unofficial and more likely version of the cause of the accident-one that 
attributed the accident to gross negligence on the part of technicians at TsKBEM's manufac- 
turing plant. During preflight preparations, the two Soyuz ships had been coated with thermal 
protection materials and then delivered into a high-temperature test chamber to polymerize the 
synthetic resin. In the case of the two Soyuz ships for the April 1967 mission, technicians test- 
ed the vehicles in the chamber with their parachute containers. but apparently without the cov- 
ers for the containers. In Deputy Chief Designer Chertok's investigation of the matter in the 
early 1990s, he could not find anyone still alive who could remember why the covers had been 
left off. Because of the omission of the covers, the interiors of the parachute containers were 
coated w ~ t h  a polymerized coating. which formed a very rough surface, thus eventually 
preventing the parachute from deploying on Soyuz I . ~ '  Clearly, the most chilling implication of 
this manufacturing oversight was that both Soyuz spacecraft were doomed to failure-that IS. 

if Komarov had not faced any troubles in orbit and the Soyuz 2 launch had gone on as sched- 
uled, all four cosmonauts would have certainly died on return. 

The unoff~cial cause of the accident was never included in the official report on Soyuz I .  
partly because those at the manufacturing plant who knew of the violation of testing procedure 
chose to remain silent on the issue so as not to incriminate themselves. The one major casual- 
ty of the post-Soyuz 1 investigation was Chief Designer Tkachev of the Scientific-Research and 
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Experimental Institute of the Parachute-Landing Service who had designed the Soyuz parachute 
system. Although the unofficial version clearly exonerated his organization of any blame, Tkachev 
was fired from his job in 1968, ending his role in designing the parachute systems for Vostok. 
Voskhod. Zenit. Soyuz, and many other Soviet spacecraft of the era. Two parachute testing 
failures following Soyuz I apparently sealed his fate.'We was replaced by Chief Designer Nikolay 
A. Lobanov. 

In retrospect, the Soyuz I flight should not have been carried out at that time. The spacecraft 
was insufficiently tested in space conditions, and it was certainly not ready for the ambitious 
first mission it was scheduled to accomplish. Although participants continue to deny that there 
was explicit pressure from Brezhnev, Ustinov, and Serbin to accomplish the flight as soon as 
possible, the implicit pressure had a much more imposing effect. It was not just a matter of Soviet 
prestige in space exploration, it was also the fact that perhaps many of the leading designers' jobs 
were on the line. When Brezhnev or Ustinov complained about the lack of Soviet successes 
in space, i t  translated into political pressure on Mishin. Kerimov. Keldysh, and others. Thus. 
both sldes made decisions that were counterproductive and eventually had fatal consequences 
for the Soviet space program. All told, the responsibility and guilt for the accident lay not on the 
conscience of any one person, but rather on a technological culture that considered high risks 
acceptable in the cause of satisfying political imperatives. 

A Diamond . . . 
The Soyuz I disaster crippled the three major Soviet piloted space programs in the mid- 1960s: 

the Soyuz, the LI, and the L3. While these were the central components of Soviet efforts to 
compete with the United States in space, these were not the only ones. There was, in fact, a huge 
parallel effort aimed at piloted mllitary operations in space-one that was completely hidden from 
view, and whose existence, as with most other Soviet space projects, was unknown until the late 
1980s. The Soviet military. left out of the Soyuz, Ll, and L3 programs, had promoted its own 
participation in space research by financing projects dedicated to establishing a Soviet military 
human presence in space. These efforts were motivated to a great extent by perceptions about 
the U.S. Department of Defense's well-publicized conceptions of a military space program. After 
several years of intensive research. President Lyndon B. Johnson canceled the X-20A Dyna-Soar 
spaceplane program in December 1963. Opinions at the time were moving in favor of a military 
space station in Earth orbit capable of supporting multicrewed long-duration missions. Prel~minary 
work on such a vehicle, later named the Manned Orbiting Laboratory (MOL), began in late 1963. 
concurrent with the termination of the X-20A program, although official approval did not come untrl 
President Johnson's announcement on August 25, 1965."' 

The underlying concept behind the U.S. Air Force's MOL was the use of a modified 
Gemrni spacecraft named the Gemini-X (later referred to as the Gemini-B), which would be launched 
together with the Mission Test Module (later the Laboratory Module) as a single unit by a Titan lllC 
launch vehicle. Once in orbit, astronauts would open a hatch in the heat shield of the Gemini-B 
vehicle and crawl into the Laboratory Module for a month-long mission. By the time that Johnson 
made his announcement. MOCs primary goal was overhead reconnaissance, primar~ly over the 
Soviet Union. Other tasks emerged later, including satellite inspection, accuracy testing of orbital 
bombardment systems, command and control over military operations during wartime, assessing 
the effects of month-long mrssions on humans, and electronic intelligence reconnaissance."' 
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Plans for MOL caused of much anxiety in the USSR Ministry of Defense. On August 24, 1965, 

the day before Johnson's announcement, the Central Committee and the Council of Ministers 
issued a joint decree calling for the expansion of military research in space." By this time, the Soviet 
Union had already begun the development of a specialized, piloted vehicle exclusively for military 
purposes, the Soyuz-R, which was a small "space station" consisting of a modified Soyuz docked 
to another modified Soyuz. Work on the Soyuz-R had proceeded from about 1963 to 1965 at 
Korolev's Branch No. 3 at Kuybyshev under the direct command of branch chief Dmitriy I. Kozlov. 
one of Korolev's proteges. The appearance of the MOL seems to have quashed Kozlov's hopes as 
the Ministry of Defense's General Staff began looking for a more substantial military presence in 
space. They found a willing provider in General Designer Chelomey, whose proposals seem to have 
originated from a combination of the Soviet's own desire for crewed reconnaissance and their fear 
of MOL. It was rumored that Khrushchev had a "fixation" on U.S. aircraft carriers and desired a 
Soviet response, perhaps some way to keep track of them. Apprised of the MOL effort, Chelomey 
emerged with a mirror concept: a space station containing sophisticated reconnaissance equip- 
ment, including powerful radars to track U.S. naval forces." 

On October 12, 1964, just two days before Khrushchev's overthrow, Chelomey gathered al l  
his deputies and proposed the creation of a new Earth-orbital complex named Almaz 
("Diamond"). The twenty-ton station would be crewed by two to three military officers on 
a rotat~ng basis and launched by a three-stage UR-5OOK booster, better known as the Proton. The 
station was intended for operation for about one to two years, during which time cosmonauts 
would conduct experiments and scientific activities formulated by the Ministry 
of Defense, primarily consisting of photographic and visual reconnaissance." With the MOL pro- 
ject clearly accelerating, Kozlov's modest Soyuz-R proposal was no match for Chelomey's Almaz. 
In early 1966, the Scientific-Technical Council of the Ministry of Defense's General Staff reviewed 
both projects on a competitive basis and decided to recommend Almaz for formal approval. All the 
technical documentation on Soyuz-R was turned over to Chelomey for planning and designing the 
Alrnaz complex.nb 

As projected in 1966-67, the Almaz complex consisted of two elements: a space station prop- 
er called the Orbital Piloted Station (OPS), or I I F7 I ,  and a transport ship to bring crews back and 
forth between Earth and the station. Originally. Chelorney had proposed a large cargo ship based 
on the design of the Almaz and about as large, but this proposal was not adopted by the Scientific- 
Technical Council. As an alternative. Chelomey used Kozlov's transport ship for the Soyuz-R com- 
plex. a modified 7K-OK Soyuz spaceship named the 7K-TK. On March 30, 1966, Min~ster of 
General Machine Building Afanasyev formally assigned TsKBEM's Branch No. 3 under Kozlov to 
design and build this modified Soyuz to serve as a ferry vehicle for the Almaz complex. It was the 
second occasion on which the Mishin and Chelomey design bureaus would undertake significant 
cooperation with each other despite a competitive rivalry extending back to 1960. Kozlov, usrng 
the 7K-OK vehicle as a basis, quickly completed the draft plan for the 7K-TK the same year and 
began working on preparing the technical documentation for the manufacture of the ship.8i 
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One of the major bottlenecks in the Almaz program was incorporating a wide variety of 
systems as specified by various factions within the Ministry of Defense. Technical requirements 
were revised over and over again, causing significant delays. For example, on December 28, 
1966. the Military-Industrial Commission adopted a decree (no. 304) to change the timelines 
for the 7K-TK transport ship's development. By 1967. Chelomey completely dropped Kozlov's 
transport ship from the Almaz plan-a decislon perhaps partly motivated by a reluctance to 
cooperate with the old Korolev design bureau. The Almaz space station, the OPS, would 
include its own large return capsule for the crew. At the same time. Chelomey continued to 
promote his old idea of a separate transport craft to deliver crews to the station at a later date. 
During this period, the Soviet government established an "interdepartmental" commission of 
seventy renowned scientists, heads of design bureaus. and research institutes from the aviation 
industry and the Minlstry of Defense to evaluate the design of the Almaz complex. Their rec- 
ommendation and high appraisal of the technical characteristics of the plan were critical to the 
further progress of the project. The final details of the Almaz design were frozen by June 2 1 .  
1967, when Chelomey signed the draft plan for the spacecraft, which consisted of more than 
100 volumes of technical documentation from twenty-five major design bureaus. Two months 
later, on August 14. 1967, the Central Committee and the Council of Ministers issued a joint 
resolution fully committing to the project.Bs 

The central component of the Almaz complex was the OPS ( I I F7 1 ) ,  a space station just 
under twenty tons that was composed of three sections: 

The return apparatus ( I I F74) 
The station proper ( I I F75) 
A small recoverable capsule ( I  I F76) 

The station proper was shaped like a long cylinder w ~ t h  sections of two different diameters: 
a large-diameter (4.1 5 meters) portion and a small-dlameter portion. It had a mass of fifteen tons 
and a length of 1 1.61 meters. The small-diameter section was ~n the forward portion of the 
station and would be enclosed during launch by a conical nose fairing. The large-diameter area 
was at the aft of the station and ended in a spherical airlock with a passive docking port, called 
Konus, along the main axis of the station for visiting spacecraft. There was a hatch between 
the airlock and the large-diameter area, allowing for depressurization for spacewalks. EVAs 
would be carried out vla a large hatch at the upper portion of the spherical airlock. There was 
a second smaller hatch at the lower end of the airlock that connected to a chamber containing 
a small drum-shaped recoverable capsule, the i I F76. which was capable of being ejected from 
the station and returning to Earth with the exposed film and other scientific materials. Once 
the capsule was packed wlth its payload, the crew would spin-stabilize the pod and then eject 
it from the OPS. The one-meter-long capsule had its own solid-propellant propulsion system 
for reentry, a parachute system, a jettisonable heat shield, and the actual descent compartment 
equipped with a radio beacon for recovery forces on the ground. 

There were antennas as well as two main engines positioned around the airlock on the end 
of the large-diameter portion for orbital corrections. Each RD-0225 engine with a thrust of 
400 kilograms was developed by the Chemical Automation Design Bureau (formerly OKB- 154) 
under Chief Designer Aleksandr D. Konopatov. Power for the station was provided by two large 

88 Ib id .  Vlad~rn~r Polyachenko, "The 'Pep' of Alrnaz" (English tttle), Krylya rodrny no. I (lanuary 1992) 
18- 19. Afanasyev. "Unknown Spacecraft". Olaf Przybilsk~. Almaz. Das supergehelmer rnilitar~sche 
Orbrtalstationsprogramm der UdSSR (Dresden. Ger: lnstltut fur Luftfahrt. 1994). pp 16- 17. The Min~stry of General 
Mach~ne Bu~ld~ng had issued an earller decree on Almaz on February 9. 1967. 



Thrs is a model of the rnrlrtary Alrnaz space station on display This model I S  of the orrginal uarrant of the 
space station wrth the large Gernrni shaped reentry capsule attached on the forward end (to the rrght] 

T h ~ s  capsule was later deleted from the statron The folded up solar panels are on the left surrounding the 
s~ngle dockrng port of the statron (copyrrght Dietrrch Haeseler) 

solar panels spread like wlngs to a span of 22.8 meters, whose bases were attached to the 
spherical compartment. The panels would provide 3.1 2 kilowatts of power. The ent~re aft end 
of the station was surrounded by a cone-shaped shield made of vacuumed thermal insulation. 

Cosmonauts would dock at the aft docking port, open the hatch into the spherical airlock. 
and crawl through a short tunnel into the large-diameter area. The tunnel itself was enclosed all 
around by a stubby instrument compartment containing spherical propellant tanks for the OPS 
main englnes, the engines themselves, pressurized gases, and small attitude control thrusters. 

Going back toward the station, there was the large-diameter area that had a control 
console, a work stat~on, an optical sight allowing the cosmonauts to "freeze" the movement 
of Earth below and observe specific details, and periscopes allowing for the inspection of the 
space around the station. Instruments were designed and installed as detachable modules to 
facilitate easy repair. The compartment also included athletic instrumentation and the toilet. 
The centerpiece of the large-diameter area was the Agat-I, optical telescope, a large device that 
occupied a considerable portion of the compartment. The telescoping camera had a focus 
length of 6.375 meters and was certainly one of the largest mirrors ever put into orbit. In the 
open media. Russians have claimed that the resolution was less than three meters, but given 
the size of the mirror, it is more likely that the telescope was capable of distinguishing targets 
smaller than one meter. The cosmonauts would use Agat-I, in conjunction with the ASA-34R 
wide-film camera, to photograph targets on Earth, develop the film on the station, conduct an 
analysis, and send back the more militarily important ones directly to Earth via a TV link, all 
within about thirty minutes. The remaining photographs would arrive on Earth in the I IF76 
recoverable capsule. Other optical instruments on the station included the OD-5 opt~cal 
viewfinder, the POU-I I panoramic instrument for wide coverage of Earth's surface, topographic 
and stellar apparatus. and the Volga infrared instrument with a resolution of 100 meters. 

Heading further to the aft of the station, the cosmonauts would enter the smaller 
diameter section, which was the crew living compartment containing sleeping areas with 
deployable bunks, a dining table and chair. a food storage area, and viewports for photography. 
For the first time on a Soviet piloted spacecraft. the life support system included a device. 
designated Priboy ("Surf"), with the capability to recycle water from air humid~ty. 

One of the most interesting components on the station was motivated by concerns among 
Soviet military leaders that the United States might attack such an explicitly military space 
station in orblt. Given the paranoia about U.S. military space plans, Chelomey agreed to the 
military's proposal to install a means to defend the station in case of such an attack. Under a 



contract. the Design Bureau of Precision Machine Building (formerly OKB-16) under Chief 
Designer Aleksandr E. Nudelman designed a twenty-three-millimeter-caliber rapid-fire cannon 
for the station. Cosmonauts would be able to use a gunsight to turn the station and aim the 
cannon at a selected target. Nudelman's previous claim to fame had been as the designer 
of several major anti-tank guns and missiles for the Soviet armed forces. The Soviets evidently 
considered the weapon more of a defensive system rather than an offensive one, given the 
limited maneuvering capabilities of the Almaz OPS. 

Because its primary mission was overhead reconnaissance, the OPS would have a low oper- 
ational orbit (220 by 270 kilometers) and be oriented toward Earth's surface for long periods. The 
search and observation of targets on the ground thus posed complex demands on the guidance 
system. As per the original requirements, Chelomey's engineers designed a guidance system that 
would control the station continuously from the moment it separated from the launch vehicle 
to orbital decay many months later. What they emerged with was a "decentralized" system. 
with subsystems for orientation, stabilization, movement control of the center of mass of 
the vehicle, navigation, and programmed control of the on-board apparatus. The primary fllght 
control system was based on an analog system because a digital devlce that was continuously 
operable for a year was not in existence in the Soviet Union at the time. Instead, the All-Union 
Scientific-Research lnstitute for Electromechan~cs (formerly Nll-627) headed by Chief Deslgner 
Andronlk G. losifyan developed a new low-power electromechanical stabilization system using 
a spherical rlng flywheel with a large kinetic movement. Unlike conventional orlentatron 
systems, there was almost no propellant consumption for this device. Cosmonauts would be 
able to carry out rapid roll control at one degree per second to expand their field of view 
Precision would be achieved by a system that corrected the gyroscopic orientation system with 
a Doppler signal from a radar instrument, which itself was part of the radar observation gear for 
the station. This gyroscopic orientation system was developed by the Scientific-Research 
lnstitute for Applied Mechanics (formerly Nll-944) under Chief Designer Viktor I. Kuznetsov. 
one of the original members of Korolev's old Council of Chief Designers from the 1940s 

The control system had various modes of operation, including precise orlentatlon and 
stabilization, restoration of orientation from a disoriented position, and the spinning of the 
statton into "storage" position. Cosmonauts themselves could also manually orlent the station 
when observing targets by putting the target in the cross-hairs of their optical sight with a turn 
of the control stick. As a result, the guidance system would allow all the optical Instruments 
on board to inspect the selected target. Although analog computers were used on the overall 
station's guidance system. Chelomey's engineers designed a digital system based on the 
Argon-12A computer for the observation instrumentation, a first for a Soviet piloted space vehi- 
cle. The computer was developed by the All-Unlon Scientific-Research Institute for Digital 
Computer Te~hnology.~' 

The first version of the Almaz OPS was equipped with a large return apparatus ( I I F74), 
which was similar to the LK- I and LK-700 lunar spacecraft. Apart from its shape, the OPS return 
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apparatus had two striking similarities to MOL's Gemini-B: the Soviet vehicle was designed to 
have a hatch in the center of the heat shield for transfer to and from the station proper: and the 
spacecraft was designed for reuse on subsequent stations. Originally, it seems that Chelomey 
intended to launch the return apparatus and the OPS separately and assemble the two in orblt. 
but this plan was abandoned later in favor of launching the crew in Almaz on a Proton rocket. 
The return apparatus consisted of three sections: a conical crew capsule with a flat top shaped 
remarkably like the Apollo Command Module: a second longer cone with a sharper angle 
attached at the apex of the crew capsule; and a short, thin cylinder at the very forward end con- 
taining a powerful deorbit engine. The length of the return apparatus was 3.64 meters, and the 
base diameter was 2.79 meters. 

On the OPS. the truncated spherical base of the return apparatus was fixed at the forward 
end of the station on the opposite end from the docking unit. The 4.9-ton module had three 
seats In its internal volume as well as control panels for operations during mission end. The 
longer cone section of the return apparatus was equ~pped with a set of attitude control thrusters 
for use prior to reentry, as well as the primary and backup parachutes. At launch, the entire OPS- 
return apparatus complex was topped off by a long thin escape tower equipped with two sets of 
solid-propellant rocket engines for emergency situations during passage through the lower 
atmosphere. Once in orbit, the crew would vacate their seats and remove the center seat to open 
a hatch at the base of the return apparatus and crawl into the small-diameter area in the Almaz 
OPS. There were evidently many engineers who believed that having a hatch in the middle of a 
heat shield-that is, the most stressed part of a spacecraft-was akin to suicide, but Chelomey 
was confident that this was a workable des~gn. For return to Earth, the cosmonauts would secure 
themselves in the return apparatus, close the heat shield hatch, and undock from the station. 
After they fired the deorbit engine, the conical capsule would separate from the cylinder and brake 
Into Earth's atmosphere. Independent flight was limited to about thirty hours. The return appara- 
tus was capable of returning at least 360 kilograms of equipment, film. and other materials to 
Earth after a long-duration flight. It was designed to have a lifetime of five flights." Some of these 
missions would be as part of a future projected delivery vehicle to the Almaz station, named the 
Transport-Supply Ship, which was at a very early stage of planning in 1967. By this time, the first 
Almaz space station launch was set for sometime in 1968-69. The first cosmonaut training 
group for the Almaz station was established as early as September 1966, although crew training 
proved to be of a very preliminary nature through 1967." 

The early Almaz station's design and capabilities were quite sim~lar to the American MOL. 
This was partly attributable to the ancestry of both complexes. The Almaz OPS descent appa- 
ratus emerged from the LK-700 and LK-I capsules, which were based to a great degree on 
Gemini. Similarly, MOL Gemini-B was simply an uprated gem in^. Chelomey clearly had access 
to ~nformation on MOL. During the 1960s. the Soviet government used to publish a classified 
weekly journal entitled Raketno-kosmicheskaya tekhnika (Rocket and Space Technology) con- 
taining abstracts of articles published in the open media in the West. In 1964 and 1965, the 
journal evidently published numerous articles on the MOL." While there is no clear evidence 
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to suggest that Chelomey took MOL plan wholesale, macro-level design characteristics of Almaz 
were probably influenced significantly by the American project. 

As befits the story of any Soviet space project from the 1960s. the Soviet Union did not 
respond to a singular U.S. space project, such as MOL, with a singular response. Almaz. In fact, 
had a complementary military piloted project that, while a little more modest, was also a response 
to the MOL. When the Military-Industrial Commission approved the initial plans for the Almaz 
station In 1965. the first flight was expected in 1968. Motivated by concerns of havlng 
a Sovlet crewed military presence in the intervening three years, the comm~ssion looked into other 
options. In early August 1965, Commission Chairman Smirnov signed an order to develop a 
military version of the 7K-OK Soyuz for missions involving visual and photographic reconnais- 
sance. satell~te inspection, the testing of early warning technologies, and the verification of the 
operation of weapons in orbit. The Central Committee and the Council of Ministers, in its decree 
of August 24. 1965, approved a timetable for the development of such a vehicle, officially named 
the Zuezda ("Star"). Coincidentally or not, by this time. OKB-1's Branch No. 3 in Kuybyshev 
under Deputy Chief Designer Kozlov had, on his own authority, completed the draft plan that 
fulfilled the government's requirements. After further discussions, on July 7. 1966, the Ministry 
of General Machine Building signed an order (no. 296s) selecting Kozlov's branch as the lead 
developer of the Zvezda ship. Kozlov proposed a modification of the original 7K-OK Soyuz named 
the 7K-VI " 

In its original conception, the design of the 7K-VI was very similar to Korolev's 7K-OK. It had 
three major components arranged from the front to the aft: the living compartment, the descent 
apparatus, and the instrument-aggregate compartment. The first section would have carried a 
full complement of military instrumentation. By late 1966. Kozlov began to rethink this desrgn. 
motivated by the two failures in the Soyuz precursor program, including the catastrophic launch 
failure in December 1966 when a military officer had been killed. To preclude such problems from 
occurring on his ship. Kozlov prepared a new design for the 7K-VI, which departed significantly 
from the 7K-OK. In the new design, the descent apparatus and the living compartment switched 
places. This meant that just as In Almaz and MOL, there would be a hatch In the middle 
of the crew compartment's heat shield to allow cosmonauts to move into the main experiment 
module of the ship. The new ship had a heavier mass of just over six and a half tons and could 
fly thirty-day-long missions in Earth orbit with two crewmembers. The heavier shlp required an 
uprated version of the baslc I I A5 1 1 Soyuz launcher, called the I I A5 1 I M. The Ministry of 
Defense found the new design worth pursuing, and in a governmental resolution on July 2 1, 1967. 
set a formal timetable for the first launch, targeted for 1968. The system would reach operational 
status a year later.'' 

As w ~ t h  the early Almaz station, the 7K-VI was equipped with a weapon designed by Chief 
Deslgner Nudelman's Design Bureau of Precision Machine Building. The complement cons~sted 
of a single rapid-fir~ng gun modified for use in vacuum, mounted on the descent apparatus. 
Cosmonauts would be able to aim the gun by maneuvering the entire spacecraft using a special 
visor. Skeptics believed that pilots would not be able to aim the gun: they also believed that the 
recoil from gunfire would send the ent~re ship into a spin. To eliminate such problems, Kozlov's 
engineers built a dynamic test stand at Branch No. 3 In mid-1967, consisting of the descent 

93 Lantratov " D m ~ t r ~ y  Kozlov s Zvezda' Part ll " Its production Index was I IF73 
94 lbrd ln~t~al ly  Kozlov wanted to have one crewmember aboard the 7KVI to compensate for the heav~er 

mass but the Mlnlstry of Defense bel~eved that one cosmonaut would not be able to accompl~sh all the planned 
work in orb~t 



apparatus, an optical visor, control systems, and 
seats set on a platform resting on an air cushion. 
Subsequent tests dispelled any doubts about 
the capability of both the pilot and the sh~p dur- 
ing a shooting match. As in the Almaz OPS, 
Zvezda's gun was insurance against the possi- 
bility that American satellites on anti-satellite or 
inspection flights would engage the Soviet 
spaceship. 

The descent apparatus, although shaped like 
the bas~c Soyuz version, had two seats in it, but 
facing in slightly d~fferent directions, like a "v"- 
shaped pattern. The hatch was positioned under- 
neath the seats. Tests at the time verified the 
hatch-in-the-heat-shield design, which was the 
subject of much concern, both in the Zvezda and 
Almaz programs. The living compartment of the 
7K-VI contained the primary reconnaissance 
instrument, the OSK-4 optical visor and camera. 
installed on a side porthole. The cosmonaut Pmrfriy Korlou was  the Frrst Deputy Chief Designer 
would sit in a saddle, looking somewhat like a a1 TsKBEM under Vasrliy Mishln He headed the 

cyclist, and use a visor to observe and photo. Ko'oieu design bureaus Branch N o  3 in KuYbYshev 
starting rn 1959 A s  chlef ol  the branch, which later graph Earth's surface. also became rndependent in 1974. Kozlov oversaw the 

mount other instruments on the porthole, includ- deueioprnent of r o b o f ~ c  and piioted reconnaissance 
ing the Svinets device, a throw-over from the spacecraft for fhe  USSR Minisfry of Defense Koziou 
abandoned Voskhod 3 flight, for observing ballis- ~ e m a f n s  the head o f  his organlzatlon to fhls day.  

tic missile launches, They would also use a long 'emQl"'"g one o f  the last chief designers from the 
Korolev era w h o  are stiil active in the Russian space 

mast extending from the outside of the living program His design bureau contrnues t o  build 
compartment for electronic intelligence and the o f ~ u 5 s , a s  pholo.,econna,ssance 
detection of any approaching enemy spacecraft. spacecralt @(es of Peter Gorrn) 

One unusual attribute that set the 7K-VI 
apart from any prevlous piloted vehicle was its power source. Kozlov dispensed with solar arrays. 
believing them to be a potential source of problems (confirmed on Soyuz I ). He proposed the 
use of two radio-isotope generators, which would convert heat produced by the radioactwe 
decay of plutonium into the large amount of electricity required for the extensive instrument 
complement aboard the vehicle. To preclude accidents upon reentry, the generators were 
encased in landing capsules capable of surviving reentry. Once they were recovered, engineers 
would reuse them for subsequent missions. 

A final design objective of the 7K-VI spaceship was to serve as a transport ship for future 
crews to the Almaz space stat~on, much like the terminated 7K-TK from Kozlov's early plans for 
a military space vehicle. Branch No. 3 engineers looked into the possibility of installing a docking 
unit at the forward end of Zvezda to allow it to dock with the Almaz stat~on, thus establishing 
quite a formidable m~litary space complex in Earth orbit, designated imaginatively the i i F7 1 

Given the several years of work on the abandoned Soyuz-R variant, progress on the 7K-VI 
Zvezda program was swift. By mid-1967. Kozlov had defended a revised draft plan for the 
ship and ~ t s  launch vehicles, based on a tactical-techn~cal requirement for the spaceship issued 
by the Min~stry of Defense in March 1967. His engineers had also transferred all technical 

95 Lantratov. "Dm~trly Kozlov s 'Zvezda Part Ill " 
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documentation to the Progress Plant for
the manufacture of the first models. The

Air Force Commander-in-Chief's Aide for

Space Matters Lt. General Kamanin estab-

lished the first 7K-VI cosmonaut training

group in September 1966, comprising six

cosmonauts headed by the veteran Pavel

R. Popovich2 _ Through 1967, Popovich

spent much time in Kuybyshev training on

the ship and testing out its rapid-fire gun
in simulators. In addition to career cosmo-

nauts, the Ministry of Defense was also

intent on including scientists from its vari-
ous research institutes. Three researchers

from NII-2 of the Air Defense Forces joined

the team at the Cosmonaut Training
Center on April 12, 1967. NII-2 was the

leading institute developing strategy for
anti-satellite operations on automated

Soviet satellites, such as the IS system? 7

Schedules for the program were also set

at that time. On August 3 I, 1967, Military-

Zvezda (7K-VI, 11 F73)

1967 (project)

This is a drawing of Dmitriy Kozlov's 7K-VI piloted
reconnaissance spacecraft developed in the 1960s.

,_lthough the spacecraft design was based on the original
Soyuz spacecraft, there were major differences in the

layout of the main modules of the vehicles

(copyright Peter Gorin)

Industrial Commission Deputy Chairman Georgiy N. Pashkov chaired a meeting to discuss the

course of the Zvezda project, calling it a program of "extraordinary importance. ''98 Kozlov opti-

mistically predicted that the first automated flight would take place in the second half of 1968,
although Progress Plant Director A. Ya. Linkov believed 1969 was more realistic.

That military piloted operations were of great concern not only to the Ministry of Defense

but also to the Soviet leadership was underlined by a meeting of the Council of Defense on July

15, 1967. The council, a shadowy body attached to the Politburo, was the supreme arbiter

for all defense issues in the Soviet Union. At the meeting, Brezhnev and Kosygin expressed

dissatisfaction with delays in the Soviet piloted space program and ordered an expansion of

military operations in space. The breadth of Soviet plans for the late 1960s and early 1970s was
astonishing. In a diary entry for September 16, t967. Lt. General Kamanin summarized his

notes on the next eight-year plan for Soviet space operations, covering 1968 to 1975. According

to his calculations, the military would need twenty Almaz space stations and fifty Zvezda

ships, in addition to 400 "transport ships," presumably the Soyuz, The total annual launch rate

of crewed ships would reach forty-eight. 9_

Soviet plans for the military piloted dominance of space were not limited to conventional

systems such as Almaz and Zvezda. As more evidence of an almost unprecedented military

buildup in space, the USSR had a third, much more ambitious, piloted space project approved

in the mid- 1960s. Since the beginning of the space era, a host of Soviet aviation designers, such

96. N. Kamanin, "P, Goal Worth Working for," no. 44. The six cosmonauts were Yu. R _rtyukhin, B. N
Belousev. /_. i_ Gubarev. V. I. Gulyayev,G M Kolesnikov, and P. R Popovich. They were later joined by g. F.
Voronov and D A. Zaykin.

97. These three cosmonauts were V. B. l_lekseyev, M. N Burdayev.and N. S. Porvatkin SeeV. Semenov.
I. Marinin. and S Shamsutdinov, /z istorii kosmonautikL vypusk I: nabory v otryady kosmonavtov i astronavtov
(Moscow: gO Videokosmos, 1995), pp I0. 12.

98. Lantratov. "Dmitriy Kozlov's 'Zvezda': Part III."
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as Tsybin. Myasishchev, and Chelomey, had doggedly pursued a dream of building a reusable 
spaceplane. one that could eventually fly from airport into space and land back on a runway. 
Thwarted mostly by the winds of political change, none of their three projects ever got 
off the ground. By 1965, the Soviet Air Force gave it yet another try, in a project that would 
eventually span thirteen long years. 

. . . and a Spiral 

General Designer Vladimir N. Chelomey's Raketoplan project, consisting of the R- I and 
R-2 spaceplanes, had died an ignominious death around 1965-a result of the technological 
limitations and the political exigencies of the period. At the same time, the primary raison d'itre 
for the project, the U.S. Air Force's X-20A Dyna-Soar, had long been consigned to history. 
For the immediate future, there were no serious plans by the U.S. armed forces to pursue the 
creation of such vehicles. Only some test vehicles were flown. Under a joint NASA-Air Force 
program, liftlng bodies such as the M2-F2 and HL-I0 were tested at NASA's Flight Research 
Center (later the Dryden Flight Research Center) at the Rogers Dry Lake in California.'" 
The lack of U.S. support for spaceplanes did not deter the Soviets. Unlike almost any other 
Soviet piloted space project of the Cold War era, something prompted the Soviets to push the 
development of a piloted spaceplane well after the Americans had abandoned such hopes. 
Historical precedent suggests two reasons: either the Sovlets believed that secretly the Un~ted 
States was developing such a vehicle, or it was insurance against the possibility of the United 
States developing such a vehicle in the future. Both rationales, of course, hinge critically on the 
assumption that in their Cold War-era space projects, the Soviet Union and the United States 
were do~ng things in a parallel and responsive manner instead out of a unilateral need to do 
such things. Whether this is a hypothesis that will hold up to historical scrutiny remains to be 
seen. The record from the former USSR still remains vastly incomplete. 

In the early 1960s, the Air Force contracted two aviation industry design bureaus. OKB- 156 
headed by Andrey A. Tupolev and OKB- 155 headed by Artem I. Mikoyan, to propose elements 
of an Integrated reusable aerospace transportation system.'" Little is known about the Tupolev 
proposal. Scientific research on lifting bodies had apparently begun during the late 1950s at 
the famous N. Ye. Zhukovskiy Central Aerohydrodynamics lnstitute (TsAGI). Based on this 
research, OKB-I56 had initiated work in the late 1950s and the early 1960s on a suborbital 
lifting body using "hot" construction-that is, frames using heat-resistant alloys without 
special thermal shielding. In the 1960s. General Designer Tupolev apparently designed and bulk 
a full-scale hypersonic vehicle capable of Mach 2 to 5 to verify ground research on developing 
a winged space glider. Research conducted in cooperation with the famous M.  M. Gromov 
Flight-Research Institute helped engineers experimentally verify data already obtained from 
wind tunnels on such parameters as aerodynamic quality, characteristics of longitudinal and 
lateral static stability, and balance at different angles of attack during reentry. The engineers 
discovered that for a winged hypersonic vehicle with a relatively large stern area, air resistance 
could reduce aerodynamic quality by 30 to 40 percent. The overall research helped identify 
changes in further research on the basic layout of a reusable spa~eplane.~~ 
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This early work was to lead to the development of a complete two-stage reusable space 
transportation system. The first stage would be a hyperson~c carrier aircraft, and the second 
stage a small plane for short jaunts into space. Between 1961 and 1966. Tupolev's engineers 
apparently built a small automated prototype of the winged space launcher designated "prod- 
uct 130." Although details still remain classified. the aircraft was developed on the basis of the 
Tu-95 bomber as part of a large-scale study of hypersonic flying vehicles in the 1950s and 
1960s. Work on the 130 was to have led to the creation of a rocket-propelled spaceplane named 
Zvezda, which would have been launched into orbit by some modification of the UR-200 
ICBM. The launch system for the 130 would have been similar to the one used on the American 
B-52A aircraft for "drop-launching" the X-I5 rocket-plane.'" Unlike his competitor Mikoyan. 
Tupolev apparently had a "cool" attitude toward the spaceplane program in general. By 1966. 
whatever work had been accomplrshed at OKB-I56 was terminated. Instead of a unilateral 
spaceplane program. it seems that Tupolev joined up with Mikoyan for a cooperative project. 
which proved to be the most famous Soviet spaceplane of the early Soviet space era. 

General Designer Mikoyan. the head of the MiG design bureau, had had a long interest ~n 
such topics. He had publicly expressed an interest in space as early as 1962, when in an artrcle 
~n the Soviet military newspaper Krasnaya zuezda (Red Star), he described a spaceplane design: 

The spaceplane is an intermedrate lrnk between avratron and rocket technologies a 
combination of  a ballrstrc rocket and airplane viewed as a whole the spaceplane wrll 
have the general outlines of a modern arrplane wlth elements of a spaceship The space 
plane will be launched as 1s a ballrstrc missrle and wrll fly at altrtudes of 100 to 200 km 
After acceleration to a speed o f  7 9  kmlsec the spaceplane wrll follow a balllstrc tra 
jectory wlth deceleratron ' 

It seems that Mikoyan had begun exploratory studies on such topics in the early 1960s. 
possibly derived from Chief Des~gner Tsybin's research on the abandoned PKA spaceplane from 
the late 1950s. It would be 1965, however, before Mikoyan init~ated any productive work on the 
spaceplane project. "; At the t~me. Mikoyan inherited a secondary source of information to 
accelerate his efforts. When the new Brezhnev administration terminated Chelomey's R- IiR-2 
spaceplane project in 1965, much of the database was transferred to Mikoyan's Moscow-based 
OKB-155, along with a number of engineers who had worked on Chelomey's project. This 
information proved invaluable for Mikoyan's designers to quickly advance from a research to an 
experimental stage in the development of a new aerospace system." Chelomey, of course, had 
inherited his spaceplane research from Myasishchev's work on the promising but ultrmately 
abandoned M-48 design. Mikoyan also was favorably placed to take advantage of the massive 
research work at the prestigious TsAGl during the early 1960s on varlous Chelorney and Tupolev 
research projects. In the topsy-turvy world of space politics. Mlkoyan had thus inher~ted the 
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complete database for most prior spaceplane research in the Soviet Union. It put him in 
an extremely favorable position to move quickly on the project. 

Less than two years after the cancellation of the X-20 Dyna-Soar, on July 30. 1965, the 
Ministry of Aviation Industry approved work on a new spaceplane project named Spiral." 
The head of the Spiral project at OKB-I55 was one of Mikoyan's principal deputies. Chief 
Designer Gleb Ye. Lozino-Lozinskiy, a fifty-five-year-old engineer who had played a tremen- 
dously significant role in the development of numerous MiG fighters. During Khrushchev's 
downsizing of aviation in favor of rockets, Lozino-Lozinskiy had stood up to the Soviet leader's 
tirades against airplanes. suggesting that "in spite of all the enthusiasm with regard to rockets. 
one should not forget the little wings. They are still of  use to us.":" As chief designer of the 
Splral project, Lozino-Lozinskiy signed off on the preliminary design of the system on June 29. 
1966, just a year after work had begun.'" To expand the work profiles at h ~ s  design bureau. 
Mikoyan subsequently established a branch of OKB-I55 (by this time renamed MMZ Zenit) 
dedicated specifically to space themes at the premises of the Dubna Machine Building Plant 
near Moscow. Coincidentally, it was at this same plant that former Chief Designer Tsybin had 
directed his work on spaceplanes in the late 1950s. Mikoyan's new Dubna branch, created in 
1966, had its own des~gn bureau, headed by Yuriy D. Blokhin, who supervised all of Lozlno- 
Lozinskiy's work on Spiral. A third man. Petr A. Shuster. served as the chief of the branch."" 

The primary goal of Sprral was piloted spaceborne reconnaissance, satellite inspection, and 
anti-satellite operations. To do this, engineers needed to create a system capable of operating 
w~th in  very short lead times, one that was reusable, and one that could be launched from 
a variety of locations. Thus, Mikoyan dispensed with the idea of launching the spaceplane 
on conventional rocket boosters and, in fact, adopted a design that was in some ways very 
similar to the Chelomey and Tupolev concepts-that is, launching the spaceplane Into orbit 
from a mother aircraft. Rummaging through the extensive database on spaceplane research 
available to them. Mikoyan's engineers firmly believed that this would be the most efficient 
optlon. Early analyses showed that with an alr-launched system, effective payload increased by 
about 9 percent over standard ballistic models, while the associated costs were projected to be 
three to three and a half times lower for launching one kilogram of payload into orbit over con- 
ventional single-use launch designs. There were also operational advantages. Soviet engineers 
believed that an alr-launched system would afford them all-weather and twenty-four-hour 
launch capability. Space visionaries, of course, continue to debate to this day the advantages and 
disadvantages of such systems for delivering payloads to orbit, but in the heyday of the 
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mid- 1960s. to a generation of old-school aeronautical engineers such as Mikoyan and Lozino- 
Lozinskiy, there was no question that air-launched spacecraft were the wave of the future. 

Lozino-Lozinskiy's 114.8-ton Spiral system was a two-stage system consisting of the 
reusable Hypersonic Booster-Aircraft ("product 50-50") and a two-stage payload. The payload 
consisted of an expendable two-stage booster rocket and the Orbital Aircraft ("product 50"). 
The engineers proposed two near-identical Spiral systems-a primary and a secondary model, 
each differentiated only by the choice of propellants: 

Primary Model 
Component Propellants 

Secondary Model 
Propellants 

Hypersonic Booster-Aircraft Liquid hydrogen Kerosene 
Booster rocket LOX-liquid hydrogen LOX-kerosene 
Orbital Aircraft Nitrogen tetroxide-unsymmetrical Nitrogen tetroxide-unsymmetrical 

dimethyl hydrazine dimethyl hydrazine 

The Hypersonic Booster-Arrcraft (the 205) was a large tailless aircraft built somewhat 
l~ke a "flying wing." with sweptback wings and vertical stabilizer surfaces on the wing tips. It 
was equipped with four multimode air-breathing turbojet engines operating on kerosene (on 
the secondary variant) or on liquid hydrogen (on the primary variant). The aircraft's turbojets 
were under the main long fuselage and had a common, regulated supersonic arr intake. 
The actual orbital payload was fixed on top of the aircraft to a pylon. with its forward and rear 
ends covered by fair~ngs. The Hypersonic Booster-Aircraft had a total length of thirty-nine 
meters, a wingspan of sixteen and a half meters, and a mass of fifty-two tons (primary version) 
or seventy-two tons (second variant).' One of the more imposing technical challenges was 
the development of a hydrogen-fueled carrier aircraft. Much of this research was carried out 
at TsAGl near Moscow in cooperation with the lnstitute of Theoretical and Applied Mechanics 
of the Academy of Sciences, based in Novosibirsk. Siberia. Beginning in 1967, lnstitute Director 
Academrc~an Vladimir V. Strurninskiy was instrumental in laying the foundation for this work, 
which was not only in support of the Spiral carrier a~rcraft but also for future transport 
and bomber aircraft. 'I.' 

The payloads-the two-stage rocket and the Orbital Aircraft-were attached on top 
of the Hypersonic Booster-Aircraft's fuselage from the rear, to two-thirds of the way toward 
the front of the carrier aircraft. The booster rocket was a classical cylindrical rocket with a mass 
of 52.3-52.5 tons consisting of two stages. both fueled on either liquid oxygen 
(LOX)-kerosene or LOX-liquid hydrogen. Unconfirmed reports suggest that this rocket, 
designed to accelerate the Orbital Aircraft into orbit, may have been a contribution from 
Korolev's OKB-I. Other contradictory evidence suggests that Lozino-Lozinskiy may have 
considered using one of Chelomey's ICBMs, the UR- 100, for the role. If indeed the UR- 100 was 
actually under consideration for the Spiral system. Mikoyan and Lozino-Lozinskiy must have 
factored in a stgnificant amount of redesign to accommodate the new propellant combinations 
because the UR-I00 used storable hypergolic combinations. In the Sp~ral conception, the 
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This is a model of the complele Sp~ral system on display The high-speed 50-50 carrler aircraft would have 
returned to an arrport after acceleratrng rts combrned payload to a velocity o /about  Mach 5- 6 The actual Spiral 

spaceplane is mounted on top of the carrier's fuselage backed by a two-stage cylindrrcal rocket at its base 
(files of Asi l  Siddiql) 

booster rocket would have a first-stage thrust of 100 tons, a little more than the eighty tons 
on the UR- 100 ICBM. Second-stage thrust would be twenty-five tons."' 

The main component of the Spiral system was the Orbital Aircraft (the 105). The relatively 
small vehicle was built on a triangular base and had wings swept back at fifty-five degrees. The 
vehicle had a length of eight meters and a wingspan of just under seven and three-quarters 
meters. Four meters of the wingspan covered the width of the fuselage. The mass of the ship 
was only 10.3-10.5 tons. The useful payload of the ship would be two tons. The shapes of the 
lifting body. the wing. and the rear fin were designed for optimum performance in any given 
flight regime and potential shell temperatures as a result of frictional heating. The rear fin 
was swept back at sixty degrees and was attached at the rear of the spacecraft on top of the 
vehicle's turbojet engine. Additional airbrakes were hinged on the upper surface of the fuselage. 
The wings themselves could be rotated to a vertical position during orbital injection and the 
initial portion of reentry to reduce thermal stresses. In the subsequent gliding phase through 
the atmosphere, these panels would be folded out to provide maximum surface area and 
better lift-drag ratios. 

The single pilot's cockpit consisted of a pressurized metallic capsule lined with insulating 
material. In case of an emergency in orbit that might prevent the entire vehicle from deorbiting. 
the pilot could detach the headlight-shaped capsule from the main fuselage and use its own 
engine to reenter and land by parachute. The rear part of the cockpit thus had its own self-con- 
tained heat shield. To fac~litate ejection, the capsule was mounted on two rails anchored to the 
fuselage structure with a pyrotechnic ejection device. Internal pressure and temperature would 
be maintained at 760 mrn Hg and ten to fifty degrees Centigrade, respectively. While the pilot 
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could control most operations manually, including the elevons and rudders as well as the main 
turbojet engine, there was an on-board computer for navigation and automatic flight control. 

For landing, instead of wheels. Lozino-Lozinskiy chose to use four skids retracting via 
compressed air stored at the front of the struts. With a high angle of attack, the ship would 
land on the rear skids first. before tipping forward onto the forward ones. Each skid strut was 
equipped with special shock absorbers. 

For propulsion, the Orbital Aircraft had three different sets of engines. The primary engine 
for maneuvering in orbit and deorbiting was a one-and-a-half-ton-thrust rocket engine 
positioned at the rear of the fuselage. In addition to the main thrust chamber, the engine also 
had two auxiliary combustion chambers at forty kilograms each for use in case of primary 
engine failure. The propellants for the engine, unsymmetrical dimethyl hydrazine and nitrogen 
tetroxide. were carried in tanks positioned at the fuselage's center, near the ship's center of 
gravity. A second set of engines with an independent feed system would be used for attitude 
control in both space and the atmosphere. It consisted of six engines at sixteen kilograms 
thrust and ten engines at one kilogram thrust. The higher powered ones were the primary 
means of controlling pitch, yaw, and roll, while the lower powered units were for precise orbital 
stabilization. The final propulsion unit on the Orbital Aircraft was the powerful RD-36-35K 
turbojet engine created by the Rybinsk Design Bureau of Engine Building (formerly OKB-36) 
under Chief Designer Petr A. Kolesov, the famous aviation engine designer who had up to that 
point developed jet engines for Tupolev. Sukhoy, and Yakovlev. Rated at two-ton thrust. the 
kerosene engine could be used both at takeoff for test flights to reach Mach 0.8 and at landing. 

As in the previous Soviet spaceplane programs, much of the research and development 
effort surrounding Spiral was focused on the development of reusable thermal protection 
for the spacecraft. For high-speed aircraft of the period, the Soviets were moving slowly from 
aluminum and aluminum alloys to titanium alloys and eventually to beryllium and niobium 
alloys. In creating the Orbital Aircraft, the engineers designed the vehicle in such a manner as 
to compensate for thermal stresses not by a resilient heat shield, but rather by its aerodynamic 
design. Tests showed that with a special heat shielding screen, the maximum temperature at 
stressful points, such as the front of the fuselage, the edges of the wings, and the tail, did not 
exceed 1.500 degrees Centigrade. Consequently. Lozino-Lozinskiy's engineers used titanium 
alloys and in some places aluminum alloys without any expensive coatings, such as tiles. The 
heat "screen" itself was not solld, but composed of a set of sheets, much like a fish's scales, 
suspended on ceramic bearings. Gwen deviations in temperature, these scales automatically 
changed shape while preserving the stability of the shield's relative position to the main body 
of the craft.'" 

Each flight of the Spiral system would begin with the use of a "launch truck" to boost the 
stack into the sky. In the case of the carrier aircraft using kerosene. the Hypersonic Booster-Aircraft 
was to take the complex to Mach 5.5-6 hypersonic velocities until the Orbital Aircraft with its 
two-stage booster separated at an altitude of twenty-eight to thirty kilometers. In using the hydro- 
gen carrier variant, the separation was to occur at twenty-two to twenty-four kilometers altitude 
and at Mach 4. The two-stage booster would then come into operation and accelerate the vehl- 
cle to near-orbital velocity. Burn times would vary between 387.2 (liquid hydrogen) to 28 1.5 sec- 
onds (kerosene), depending on the propellant combination used. Then the Orbital Aircraft's own 
engine would kick in to inject the spaceplane into a low-Earth orbit at approximately 130 by 150 
kilometers altitude. Orbital inclination would vary between forty-five and 135 degrees. The carri- 
er aircraft would then flew back to its originating airport, ready for another flight. 
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The flight of the Orbital Aircraft was short in duration, geared to its specific missions 
of interception, inspection, or reconnaissance. During the course of its two or three orbits in 
flight, the pilot could effectively change altitude and inclination of the orbit. After accomplishing 
its primary goal, the aircraft could dive into the atmosphere at a very high angle of attack (up 
to fifty-three degrees) with its wrngs folded at the standard forty-five degrees to the vertical 
and drop to hypersonic speed. When folded durrng reentry, the wings would remain in 
an aerodynamic "shadow." signlfrcantly reducing thermal stresses on critical areas while also 
improving stability. The spaceship was designed to have a 1.500- to 1.800-kilometer cross-range 
maneuver capability, allowing it much flexibility in choosing landing sites. After further reductions 
In speed, the pilot would unfold the spaceplane's wings to a near-horizontal position (nrnety- 
five degrees to the vertical), glide down, and land at the chosen airport on its skids. In case the 
pilot was unable to land on the first pass over the runway, he would fire up the turbojet engine 
to steer the vehicle back for another try, at a landing speed of about 250 kilometers per hour."' 

The Spiral project. as proposed in 1965-66, was to be performed in four distinct phases. 
During the first stage, MMZ Zenit was to build a suborbital analog of the Orbital Aircraft with a 
rocket engine for launch from a variant of the Tu-95 bomber named the Tu-95KM, apparently 
derived from the earlier Tupolev studies for the "product 130." The purpose of such tests was to 
evaluate the basic aerodynamic and power performance characterist~cs of the actual Orbital 
Aircraft in conditions close to spaceflight (altitudes of up to 120 kilometers and speeds up to 
Mach 6-8). as well as reentry into the atmosphere. Lozino-Lozinskiy planned to build three 
analogs, with subsonic flights beginning in 1967 and supersonic and hypersonic flights starting 
a year later. 

In the second stage. engineers were to deslgn and build the Experimental Piloted Orbital 
Aircraft (EPOS) for further improvement of design and flight characteristics of the Orbital Aircraft. 
The two vehicles were to be externally identical, differing only in some internal systems. The 
launch of the EPOS was planned on a standard Soyuz-type I IA5 I I booster. When Korolev and 
Lozino-Lozinskiy first discussed the use of an R-7-derived booster for use In the 
Spiral program. Korolev apparently pushed the idea hard. One of Lozino-Lozinskiy's deputies 
remembered later that Korolev's motivations for offering the Soyuz rocket for the Spiral program 
was "so he could get a big order for R-7's to make them cheaper."" After launch by the Soyuz 
booster, the spaceplane was to enter a 150- by 160-kilometer orbit wrth a fifty-one-degree incli- 
nation, make two to three orbits, and then perform a reentry and landing nearly identical to that 
planned for the Orbital Aircraft. According to the inrtial plan. MMZ Zenit was to build four mod- 
els of the EPOS for automated orbital missions beginning in 1969 and piloted missions the year 
after. 

The third stage was to focus on the creation of the Hypersonlc Booster-Aircraft, probably 
contracted out to Tupolev's OKB- 156. The work on the Hypersonic Booster-Airplane was to 
begin with the creation of four models of the kerosene variant by 1970. After further experi- 
mental testing at hypersonic speeds. Tupolev's engineers were to proceed to the construction 
of the more complex hydrogen variant, with flight tests beginning in 1972. Four models were 
slated for production in the initial plan. 

The final stage of the Spiral program included integrated testing of the entire system, with the 
Hypersonlc Booster-Aircraft, the two-stage booster rocket, and the Orbital Aircraft. Automated 
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flights in the kerosene variant were to begin in 1972, leading to full-scale testing of a piloted vari- 
ant using liquid hydrogen in 1973. It was, in all senses, a long-range program and one not tied 
to meeting unrealistic deadlines arising from a necessity to respond to a similar U.S. project. 

The Spiral project was huge, much larger than any of the previous spaceplane programs in 
the Soviet Union, certainly rivaling and perhaps exceeding the amount of effort the U.S. Air Force 
had invested in the Dyna-Soar program. The rich historical legacy of spaceplane research in 
the USSR, leading all the way back to the Sanger-Bredt studies in the late 1940s. served as a 
springboard for the new project. Apart from MMZ Zenit, another important player in the program 
was the famous TsAGI, whose director ironically at the time of Spiral's birth was former General 
Designer Myasishchev. Earlier. during 196 1-64. Myasishchev had initiated a program under 
the codename Tayga to study complex phenomena associated with hypersonic flight, inspired 
apparently by concurrent American projects such as PRIME. Throughout 1965-69. TsAGl 
scientists conducted extensive tests in wind tunnels to refine the design of the Spiral Orbital 
Aircraft. Here, scientists used the MK- 105 stand for determining the architecture of the complex 
guidance system for the spaceplane. The institute also conducted tests in support of Spiral in 
specially re-equipped L-18 flying laboratories. In 1967, a team of TsACl scientists also began 
research on determining the layout for a single-stage-to-orbit aerospace system using hydrogen 
engines. Engineers studied the possibility of extrapolating the results of the Spiral program from 
a one-person spaceplane to a multicrewed orbital transport vehicle. Remarkably, the Orbital 
Aircraft's excellent lift-drag ratio and thermal characteristics were retained in the large model. 

Based on the research at TsACI, especially on the Tayga program, three institutions-the 
M. M. Cromov Flight-Research Institute at Zhukovskiy. Plant No. 166 at Omsk, and MMZ 
Zenit-cooperated in the design of a series of test beds to prove the basic technologies of the 
new Spiral spaceplane program. Under the name Unpiloted Orbital Rocket-Glider (BOR), 
the engineers set out to study the various critical points in a spaceplane's trajectory during both 
suborbital and orbital flights. The early BOR vehicles came in three different variants, scale mod- 
els of the EPOS a t  one-half and one-third size for launch on suborbital ballistic trajectories. 
BOR- I .  BOR-2. and BOR-3 were to be used primarily to study stability and controllability 
characteristics at supersonic and subsonic speeds and also to evaluate the performance of 
thermal shielding to be used on the EPOS."' 

Some cosmonauts also got into the act. As early as December 1965, three pilots. 
including veteran cosmonaut Titov, began preliminary studies in connection with the Spiral pro- 
ject. They performed more intensive flight training than was usual for other cosmonauts at the 
time. first flying MiC- 17s and then moving on to MiC-2 l s in 1966. By the following year, they 
were flying fighter-interceptor aircraft of all types currently in operation with the Soviet Air Force. I t  

Perhaps not coincidentally. fifteen Air Force officers were at the time completing their graduate 
degree work at the prestigious N. Ye. Zhukovskiy Military-Air Engineering Academy in Moscow. 
At Korolev's behest. the entlre group, which included most of the 1960 and 1962 cosmonaut 
enrollments, were studying the development of a single-seat reusable spaceplane.' Among their 
study duties was to analyze the performance characteristics of the defunct Dyna-Soar spacecraft. 
The cosmonauts later named their own project "Buran-68." which as it turned out differed 
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significantly from Dyna-Soar, but was very 
similar to the Spiral EPOS spaceplane. Through 
complex mathematical modeling and theoretical 
research, each cosmonaut developed a particular 
part of the spaceplane. Cagarin was responsible 
for the general layout, the aerodynamic design of 
elements ensuring landing, and control systems. 
Titov developed the emergency rescue system. 
Nikolayev created the aerodynamic form for 
hypersonic and supersonic speeds as well as  the 
thermal protection."" The Air Force's decision to 
have all of these cosmonauts focus on the space- 
plane theme underscored the fact that they were 
indeed very serious about the program.'" 

The Almaz. Zvezda, and Sp~ral projects 
were critical to Soviet plans to mllitarize space $11 top 1% a rocket-glider deueloped by the 
operations. Adding to the concurrent Soyuz, L I .  Tupoleu design bureau rn the early 1960s to carry 

and L3 programs, there were six major Soviet research Mach 2-5  on the aerod~namlc 

crewed projects by 967, an impressive contrast characteristrcs of a hypersonic winged uehrcle At 
bottom is the BOR-2 lrlting body developed by the 

the U.S. piloted space programs the M M. Grornou Flight-Research lnstrtute in the late 

time. Apollo and MOL. From a political and pub- 1960s within the lrarnework OJ the Spiral program 
IIC relations perspective, the mil~tary projects (copyright As11 Srddiqi) 

were, perhaps, less important than the three 
major efforts ~n support of crewed lunar operations. The military and civilian programs 
ran parallel with each other with some modicum of interdependence, but all were affected 
by cosmonaut Komarov's tragic death ~n April 1967. For those involved in Soyuz, L I ,  and L3. ~n 
particular, the disaster paralyzed their efforts with uncertainty and doubt. Numerous deadlines fell 
through the cracks as engineers from TsKBEM began their long. hard road back to recovery. 
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The road out of the quagmire of the Soyuz I disaster was a difficult one. Because all three 
major piloted space projects-the Soyuz, the L I, and the L3-depended greatly on the vagaries 
of the basic Soyuz spacecraft, the accident had a widespread effect on the Soviet space program. 
Throughout 1966-67, the most important goal for the Soviets had been the celebration of the 
fiftieth anniversary of the Great October Revolution in November 1967 with a c~rcumlunar 
flight of two cosmonauts In the LI spacecraft. Because the LI shared the same design as the 
Soyuz spacecraft that had killed Komarov, the disaster had grave implications for an early 
circumlunar fl~ght. Technical issues were the prlmary determinant to any plans for lunar flyby 
in November 1967, but remarkably, the lead~ng Soviet space officials still held out hope for 
meeting that increasingly elusive deadline. 

The Tough Road Ahead 

In late May 1967, two veteran NASA astronauts, Lt. Colonel Michael Collins and 
Lt. Colonel David R. Scott, arrived at the Paris Air Show to make a joint appearance with two 
Soviet cosmonauts, Colonel Pavel I. Belyayev and Konstantin P. Feoktistov. It was only a month 
after Komarov's death, but the unexpected meeting provided a brief but illuminating view of 
the Soviet space program. Over numerous toasts of vodka, what the astronauts found out was 
not so surprising: the cosmonauts indicated "that there would be several Earth orbital flights 
and then . . . a circumlunar f l~ght . "  As Collins later recalled, "Belyayev himself expected to 
make a circumlunar flight in the not-too-distant future."' The revelation was noteworthy pre- 
cisely because of the almost complete information blackout on future plans in the Soviet space 
program. What was particularly astonishing was that despite the Soyuz I disaster. the Soviets 
were being remarkably optimistic in public of their circumlunar plans 

In October 1967, Academician Obraztsov stated with unusual explicitness that "the very 
next milestone in the conquest of space will be the manned circumnavigation of the Moon. 
and then a lunar landing."' But as if to cover their bets, in their typ~cally confusing way. Soviet 
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spokespersons of the period ensured against the possibility of failure. Academician Leonid I. 
Sedov, the chairman of the "Commission for the Promotion of Interplanetary Flights" under the 
Academy of Sciences, was particularly notorious for brilliant obfuscations of the Soviet reach 
for the Moon. Because Western observers found it difficult to identify any single ~ndrvidual wrth 
real power within the Soviet space program, by default, many of Sedov's statements were 
magnified out of proportions, despite the fact that he had almost no connection whatsoever 
with the space program's operation. In September 1967. Sedov confidently told journalists that 
"manned flight to the Moon is not in the forefront of Soviet astronautics, as the problems of 
return from the Moon have still to be solved."Vt was a typically disingenuous statement that 
was symptomatic of the Soviet public relations effort of the time. 

One of the more prominent pronouncements of the period was a cryptic news item in 
August 1967 that ten Soviet cosmonauts were practicing sea landing tests for future space mis- 
slons.' Unlike standard Earth-orbital flights, cosmonauts flying back from the Moon would 
potent~ally land in water areas because of the nature of their return trajector~es. Among the 
group were four Air Force officers preparing for the commander's seat on the first lunar mls- 
sions: veterans Leonov and Popovich and rookies Klimuk and Voloshin."emarkably, because 
of poor planning and bureaucratic gridlock, the trainees did not have the luxury of a 7K-L I 
spacecraft simulator throughout 1967. One interesting component of their tralning regime 
in 1966-67 was to rehearse for the possibility that it would not be sufficiently safe to launch 
cosmonauts on the Proton booster, and, therefore, they would have to transfer to the 7K-LI In 
Earth orblt from a Soyuz ship launched on a more reliable I IA5 I I rocket. The cosmonauts flew 
on parabolic trajector~es in a Tu-104 aircraft and used a special curved tunnel to carry out 
the transfer. The results of the training were not too encouraging, and it proved to be a very 
difficult exercise.' 

lmmedlately after the Soyuz I accident. despite pervasive uncertainty. TsKBEM engineers had 
assumed that the problem with Soyuz I would be quickly identifled and ellm~nated. 
Just six days after Komarov's death. Chief Designer Mishin set a new tentative plan for the 
circumlunar project, with four automated 7K-LI spacecraft flying around the Moon between 
June and August 1967. They would be followed by three p~loted flights on spacecraft 8L. 
9L. and 101 in sufficient time to make the November 1967 deadline. By June, however. 
a one-month delay had already accumulated, possibly because of the extensive and time- 
consuming work of the Soyuz I accident investigation commission. The Komarov disaster had 
other repercussions on the L I program. It was clear to most senior space program leaders that 
the Soyuz docking and EVA mission would be delayed possibly to early 1968. This meant that 
the cosmonauts would not have an opportunity to rehearse an extravehicular transfer prior to 
a dual-launch circumlunar flight. During a meeting of the 1 I State Commission in early June 
1967, Chairman Tyulin officially decided to abandon the docking-in-Earth-orb~t option for the 
circumlunar project and opt for launching cosmonauts on the new UR-500K Proton booster. As 
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a compensatory measure, he introduced two additional automated circumlunar missions into the 
flight sequence, making a total of six robotic flights before a piloted one. Of the six 
precursor missions, two had already flown in March and April 1967 with mixed success. The 
results of the remaining four would make or break the ability of the space program to make the 
sacred November 1967 deadline. The immense pressure to celebrate the anniversary with a pilot- 
ed circumlunar mission was such that the first of the four remaining LI ships would fly in July 
with the old parachute system because there was simply no time to install a modified version. 
corrected following Komarov's death." 

If there was any hope left for a circumlunar flight before the end of 1967, by mid-July, it was 
clear to most in the State Comrniss~on that the engineers would simply be unable to make the 
deadline. The first fully equipped 7K-LI vehicle, spacecraft no. 4, had only just finished its exper- 
imental testing in July after a long four months.' TsKBEM Deputy Chief Designer Yevgeniy V. 
Shabarov, overseeing the preparation of the vehicle, spent many long days ensconced at the 
Kaliningrad plant eliminating problems from the vehicle. Preflight testing, usually lasting several 
weeks, had yet to even begin. Top Communist Party and government leaders, such as Ustinov. 
Serbin, and Smirnov, were simply in a state of panic. knowing that the first launch of the Saturn 
V was slated for late 1967, while the N I was still many months away from flight. At a meeting 
of top officials in August 1967, Secretary of the Central Committee for Defense and Space 
Ustinov was infuriated. He told Mishin: "We have a celebration in two months, and the 
Americans are going to launch again, but what about us? What have we done? Imagine October 
1967. Please understand this! We must suppress all personal interests and partiality!"'" 

On September 7, the L I State Commission met to set a date for the launch of the first auto- 
mated circumlunar flight of a 7K-LI spacecraft. Several chief designers. including Mishin. 
Ryazanskiy (radio-control systems), and Barmin (launch complexes), reported on the readiness 
of the booster and the spacecraft. Although many of the participants believed that their 
systems were 99 to 99.9 percent reliable, Mishin himself believed that the complete booster-pay- 
load system had a reliability rate of 60 percent, ~llustrating a remarkable lack of faith in the 
equipment. According to the plan, after flying around the Moon and heading toward Earth, the 
spacecraft would have the option of two different reentry profiles: a direct ballistic reentry into 
a 100- by 2.000-kilometer area in the Indian Ocean or the more preferable guided reentry in 
Kazakhstan. As a precautionary measure, the Soviet government signed an agreement with the 
Indian government in early September that would allow Soviet spacecraft to be brought to Indian 
soil following recovery." 

There were several malfunctions during the days leading up to the planned launch, but 
nothing critical enough to delay an automated flight. The 7K-LI vehicle, spacecraft no. 4L. 
lifted off precisely on time in the dark night at Tyura-Tam at 01 I I hours, 54 seconds Moscow 
Time on September 28. 1967. Air Force representative Lt. General Kamanin recalled the scene: 
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This still from a moule shows the transport o/ a 7K  il crrcumlunar spacecraft on rts Proton booster on the way 
from the assembly building to the launch pad at Tyura Tam Note the cluster of solid-propellant rocket englnes 

at the lop of the launch escape tower The hatch on the external /airing for cosmonaut entry lnto the actual 
spacecraft can be seen [ t i  the foreground as a dark oblong shape jflles o/AsffSiddiqr j  

It immediately seemed to me, as well as other observers. that the rocket was going up 
dower than usual. But none of US counted seconds. and we all hoped that it was the 
rocket's unusual night launch that inhibited our ability to assess the takeoff adequately. 
When the first stage> side units decoupled, we were prepared to cast off doubts, but 
suddenly the automatic rescue system came into action. and the burning mass abrupt- 
ly changed its path and began moving down to Earth. . . "  

It later transpired that one of the six main engines of the Proton first stage had fatled to fire 
at launch. Remarkably. the ascent was steady for sixty-one seconds before diverting from a 
nominal path, wh~ch provoked the emergency rescue system into action. The booster itself 
crashed about sixty-f~ve kilometers from the pad amid the thunder of loud explosions. The L I  
descent apparatus separated from the wandering launch veh~cle on time. Although the capsule 
was destab~lized at the moment of separation because of an unexpected pressure shock, the 
vehicle landed safely in one piece not far from the exploded booster. When rescuers arrived. 
they were greeted by a strange scene: from one end of the horizon to the other, there was an 
eerie yellowish-brown cloud of nitrogen tetroxide and unsymmetrical dimethyl hydrazine all 
over the steppes. The descent apparatus lay majestically on top of a hill amid the toxic vapors.'" 
The difficulty in rescuing the capsule was a nagging reminder of the dangers of using storable 

13 N Karnanin " A  Coal Worth  Work~ng for" (Engl~sh title) Vozdushnry transport 47 ( 1993) 8-9 
I 4  Senienov ed Raketno Kosmicheskaya Korporatsrya p 24 1 

C H A L L E N G E  T O  A P O L L O  



propellants on a booster intended for launching humans into space. If there had been a crew aboard 
the descent apparatus, they might possibly have been exposed to the dangerous propellants. 

With the foregone conclusion that there would not be any piloted circumlunar missions in 
1967, the engineers trudged on with their work on the next 7K-L I spacecraft. Late on the day 
of the launch failure, some members of the State Commission met to discuss the preliminary 
results of  the accident investigation. Chief Designer M~shin, perhaps to lift the rapidly falling 
spirits of his engineers, told those present that they should not be discouraged and should work 
even more energetically for the next flight of the L I spacecraft, tentatively set for the next lunar 
launch window in two months. It would be a busy time for TsKBEM engineers because Mishin 
had also scheduled the first post-Komarov flights of the Soyuz spacecraft in October. These 
would be followed by the L l  launch on November 2 1-22,'' 

On October 7, there was a major meeting at the Kremlin presided by Ustinov to discuss 
various aspects of the troubled LI program. Chief Designer Glushko reported on the reasons for 
the unfortunate Proton failure on September 28. The single engine failure on the first stage had 
occurred because of the blocking of the propellant supply system by a rubber plug. The plug 
had evidently fallen into the engine during its assembly at Plant No. 19 at Perm, where the units 
were manufactured on order from Clushko's Des~gn Bureau of Power Machine Building (for- 
merly OKB-456). Ustinov cashgated Minister of  Aviation Industries Petr V. Dernentyev for his 
negligence in the matter, telling his audience that the Proton failure had cost the Soviet gov- 
ernment 100 million rubles and a two- to three-month delay in the circumlunar program. All 
the reports, from Min~ster of General Machine Building Afanasyev, Mishin. Tyulin. Chelomey. 
and others, were filled with recriminations against subcontractors who were inefficient in their 
deliveries." 

The flftieth anniversary of the Great October Revolution passed with much fanfare in the 
first week of November 1967 all over the Soviet Union. But for those involved in the space pro- 
gram, it was a time marked by the acknowledgment that their handiwork had fa~led the task 
given them by the Sov~et government. Since 1964-65, numerous decrees and decis~ons from 
the Central Committee, the Council of Ministers, the Military-Industrial Commiss~on, and the 
M~nlstry of General Machine Building had all aimed for this date as the holy grail of Sov~et cos- 
monautics-the month when two Soviet citizens would fly around the Moon and bring their 
hammer-and-sickle flags back to parades and celebrations in honor of the Bolsheviks. It, of 
course, never happened that way. Engineers, cosmonauts, chief designers, ministers. and m~ l i -  
tary officers al l  dug back into preparat~ons for the next circumlunar launch attempt. A success 
would bring some consolation to a beleaguered effort. 

In mid-November. L i State Commission Chairman Tyulin arrived at Tyura-Tam to oversee 
the prelaunch testing of the flight vehicle, the 7K-LI, spacecraft no. 5L. Several of the lunar cos- 
monauts, including Leonov. Popovich, and Dobrovolskiy, were escorted to the launch site by 
Karnanin on the morning of November 18." After the launch, they were evidently to fly to 
Yevpatoriya to participate in the control of the vehicle dur~ng its weeklong circumlunar miss~on. 
The only prom~nent chief designer present at the launch range to oversee preparations was 
Glushko; Mishin and Chelomey did not arrlve un t~ l  36 and I I hours, respect~vely, before launch. 
probably because of numerous prior commitments in several other concurrent projects. It was a par- 
ticularly chilly launch night at Tyura-Tam, with the Moon beautifully suspended over the Proton 
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launch pad. The 7K-LI spacecraft lifted off just after midnight local time, 2208 hours Moscow Time. 
on November 22. 1967. Everyth~ng seemed to be working perfectly until second-stage operation, 
when one of the four engines of the second stage failed to ignite. The remaining three engines 
continued to fire for four add~tional seconds until an automatic signal from the ground detecting 
trajectory devlation shut them off. Once again, the emergency rescue system fired on time and shot 
the LI descent apparatus away from the launch vehicle. The descent apparatus crashed about 
300 kilometers from the pad, while the automated crew capsule flew eighty kilometers southwest 
of the town of Dzhezkazgan. Because of a spurious command from the vehicle's altimeter, the soft- 
landing engines fired at an altitude of four and a half kilometers instead of just prior to touchdown, 
causing the capsule to perform a "hard" landing. Engineers later added a filter to the gamma-ray i 

t 

altimeter to preclude such malfunctions, in both the L I and Soyuz spa~ecraft.~ 
At the end of 1967, the pressure was off Mishin a little bit. No longer chasing after an 

impossible target, his immediate goal was to beat the Americans in a circumlunar flight. Given 
that piloted Apollo operations were not expected to resume prior to the fall of 1968, the Soviets 
could be forgiven for being optimistic about doing just that. The accumulated delays allowed 
engineers to continue fine-tuning the 7K-LI spacecraft design. One of their ultimate goals was 
to replace the original Argon-1 I computer by the more improved Salyut-1 model sometime In 
1967-68. The engineers also continued to shave off weight from the veh~cle in an attempt to 
optlmize its capab~lities. The major changes introduced into the Soyuz spacecraft parachute 
system were also incorporated ~ n t o  the LI. The results of the testing were. however, not very 
encouraging. On January 26 ,  during a test of the LI landing system at the Alr Force range at 
Vladimirovka near Kapustln Yar, the parachute shot out and filled with air but abruptly 
collapsed. and the capsule crashed on to the ground and exploded." 

In January. the LI cosmonauts finally began training in a specially built simulator del~vered 
by the Special Experimental Design Bureau of the M. M. Cromov Flight-Research Institute at 
Zhukovskiy near Moscow. The simulator, known as Volchok ("Top"), was installed at the Air 
Force's Institute of Aviation and Space Medicine to allow cosmonauts to train for the return to 
Earth at lunar velocities. The simulator was part of a complex that included an M-220 computer, 
a centrifuge. the L I cockpit, and an instructor's control panel. The L I group conducted at least 
seventy runs on the simulator using precise methodologies for the circumlunar training program 
consisting of the two different reentry profiles: one ballistic and the other guided. The favorite 
to command the first circumlunar mission, cosmonaut Leonov, later recalled: 

We had to learn to choose the angle of entry after the last [mid-course] correction using 
the star-tracker and sextant. [The angle] depended on the magnitude and direction of 
the deceleration burn. It was possible to "bury" oneself in the atmosphere with a large 
angle and to "slip through" it with a small angle. The optimum version was an entry 
w ~ t h  a "pop-up": enter, exit the atmosphere after extinguishing great speed, and reen- 
ter. already knowing the angle o f  incidence at which the craft had to be held to get to 
the calculated landing point. The "manual firing input" instrument highlighted the 
number of burns after passage of the first sector. From that we figured the distance to 
the calculated landing point, then converted distance into angle o f  incidence. . . . As a 
result we learned to make a "landing" with an accuracy to one kilometer.'!' 
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General L I training consisted of studying the 7K-L I ship's on-board systems, the dynam- 
ics of its motion, mathematical support, programming, ballistics, and astro-navigation. 
Included in the cosmonauts' training program was a ten-day trip to Mogadishu, Somalia, in the 
summer of 1968 to familiarize themselves with the constellations in the southern sky: return- 
ing L I  vehicles would fly over Antarctica, then Africa, before heading toward Soviet territory. 
On an actual flight, the vehicle would use its star-tracker and sextant for autonomous naviga- 
tion, and the cosmonaut would take over in case of sensor malfunction." 

By early February 1968, Mishin and Kamanin had agreed on the selection of four crew 
commanders to train for the first few missions: cosmonauts Bykovskiy. Leonov. Popovich, and 
Voloshin." They, along with eight others, were engaged in an intensive program throughout 
1967-68, but it seems that they did not have much confidence in the spacecraft. Kamanin 
recalled in early March that: 

[The cosmonauts] are working diligently and know the craft well. Perhaps, it is precise- 
ly because the cosmonauts excellently know all the strong and weak points of the craft 
and the carrier rocket that they no longer haue their initial faith in the space hardware." 

In their training in the L I simulators, the cosmonauts remarked that although it was quite 
easy to work with the new instrumentation, it would be a very trying job to spend about seven 
days cramped in the tiny descent apparatus of the 7K-LI ~eh ic le . '~  The two recent launch 
failures of the Proton booster did not do much to raise their spirits. 

The next LI launch was set for March 1-2. 1968. The unusually long gap between the 
fourth and fifth L 1 flight attempts was partly a result of the poor results of the emergency 
rescue system's ground testing of the UR-500K-LI booster stack, carried out under Deputy 
Chief Designer Tsybin's direction. There were evidently repeated parachute failures in the escape 
system in January and February, but the necessity to maintain deadlines prompted him to 
recommend launches despite complete confidence in the systems. On February 20, the LI State 
Commission met, presided over by an ill Tyulin. General Designer Chelomey and Chief Designer 
Aleksandr D. Konopatov of the Design Bureau of Chemical Automation, responsible for 
the Proton's second-stage engines, briefed the attendees on the possible reasons for the two 
consecutive failures in late 1967. While the specific cause of the November 1967 malfunct~on 
was still unknown, the two designers believed that the premature ignition of propellant because 
of local heating to more than 200 degrees Centigrade led the suspect engine to fail. Chelomey. 
Konopatov, and Mishin proposed a number of changes to the engine design-suggestions that 
were approved by the remaining members of the State Commission. At this point, the State 
Commission still planned to carry out four more fully automated L I flights before proceeding 
with a crewed flight. 

A number of the cosmonauts training for the LI program, includ~ng Bykovskiy, Leonov. 
Popovich. and Sevastyanov. flew to Tyura-Tarn in a Tu-124 aircraft on February 28. 1968, 
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accompanied by cosmonaut overseer Col. General Kamanin and f~rst cosmonaut Gagarin, who. 
although he was not preparing for a mission, was closely involved in the LI cosmonauts' 
training program." It was very windy and cold at the launch site, and the snow cover gave the 
area a beautiful sheen. Later that day, the State Commission held a meeting to discuss the 
specific plans for the next launch, set for March 2. Besides Mishin and Chelomey, their deputies 
for the 7K-LI and the Proton booster-Yevgeniy V. Shabarov and Yuriy N. Trufanov. 
respectively-spoke on the readiness of all the preparations. Because there was no lunar launch 
window at the time, Mishin and Chelomey had agreed to launch the spacecraft out to a 
distance of about 330.000 kilometers into deep space-that is, out to lunar distance-and then 
bring the vehicle back to Earth, thus simulating an actual circumlunar flight. The nonlunar objec- 
tive also gave launch controllers the luxury of having launch windows lasting more than just a 
few seconds. The next 7K-LI launch, slated at the time for April 23. would fly to the Moon." 

There was a remarkable lack of confidence during the preflight preparations. Even State 
Commission Chairman Tyulin had misgivings about the launch. Kamanin wrote in his journal on 
March I :  "All of us need a successful launch like a breath of fresh air. Another failure would bring 
Innumerable troubles and may kill the people's confidence in themselves and the reliability of our 
space equipment."" The 7K-LI ship, spacecraft no. 6L, lifted off at 2129 hours, 
23 seconds Moscow Time on March 2, 1968, into a circular Earth orbit at around 200 kilome- 
ters altitude at a fifty-one-and-a-half-degree inclination. Exactly one hour, eleven minutes, and 
fifty-six seconds after launch, the Blok D stage fired for 459 seconds to boost the spacesh~p 
into a highly elliptical orbit with an apogee of 354.000 kilometers. The Soviet news agency 
TASS did not announce anything of note about the launch, except to name the spaceship 
Zond 4 ("zond" being the Russian word for "probe"). The Zond des~gnation had previously 
been used for three completely unrelated deep space probes in the early 1960s, and it was 
a curlous excavation of an obsolete moniker. Retroactively, the Soviets would call the entire 
circumlunar effort the Zond program. 

The day after launch, a group of cosmonauts led by Gagarin flew to the flight control cen- 
ter at Yevpatoriya to support the activities of the Chief Operations and Control Group. The 
L I crew of Popovich and Sevastyanov. one of the leading contenders for an early mission, spent 
long periods in a special "bunker" at Yevpatoriya, playing the role of an actual flight crew. 
Commun~cat~ons between the two were routed through Zond 4 back to Yevpatoriya to 
simulate as closely as possible realistic conditions during an actual mission.." 

The first minor sign of trouble on the flight appeared on the mornlng of March 4. At 0753 
hours Moscow Time, the controllers attempted to carry out the first mid-course correction. but 
they fa~led to do so because of a failure In the attitude control system: the IOOK stellar sensor 
(using minimum shading) correctly tracked the Sun, but failed to ftnd Sirius. The first mid-course 
correction was, however, not a necessary factor for a successful mission, and engineers were con- 
fldent that everything would work fine. All systems on Zond 4, including the commun~cations 
systems, were work~ng without serious disruptions, although the main omnidlrectlonal antenna 
had evidently not unfurled properly. A second attempt to use the stellar orientation system on 
March 5 was also a failure: the sensor tracked Sirius for only a few seconds (with maximum shad- 
ing) before los~ng ~ t ,  suggesting some sort of malfunction In the astro-orientation sensor bu~l t  by 
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the Ceofizika Central Design Bureau. The engineers finally declared success the next day when a 
medium-density filter on the sensor proved to be the right solution to the stellar tracking 
problem. The vehicle was oriented properly and fired its main engine to sharpen its trajectory.!' 
Ballistics calculations showed that Zond 4's trajectory was perfect and that there would be no need 
for further mid-course corrections. The vehicle was expected to enter Earth's atmosphere down to 
an altitude of only 45.8 kilometers. then bounce out to 145 kilometers and then reenter again. 

In the complex schema of Soviet ground control over spacecraft, the Zond flights were 
controlled from Yevpatoriya, but supported by ballistics centers at Nll-4 in Bolshevo and a new 
Coordination-Computation Center at the premises of the Central Scientific-Research Institute 
for Machine Building (TsNIIMash) located right next to TsKBEM in Kaliningrad. The 
Coordination-Computation Center had provided only ballistics support for space missions since 
January 1963, but it had steadily expanded its activities in the mid- 1960s to support the pilot- 
ed lunar program. It would eventually form the basis for the famous Flight Control Center 
(TsUP) that controlled all missions to the Mir space station." Some of the Air Force officers 
involved with the Zond 4 flight were in attendance at the Coordination-Computation Center 
during the return portion of the spacecraft's trajectory as they saw the projected "pop-up" 
trajectory mapped out on giant screens in front of them. But the projections were unfortunately 
markedly different from the true path of Zond 4 on March I I. After the vehicle separated into 
its two component parts, the descent apparatus was evidently in the wrong attitude because 
of the "unpreparedness of the orlentation system." Thus the spacecraft entered the atmosphere 
into the correct corridor, but then never left it. Instead, it entered into an uncontrollable 
ballistic trajectory. It evidently passed through the atmosphere safely and was about to deploy 
~ t s  parachutes, when at an altitude of ten to fifteen kilometers over the Gulf of Guinea near the 
west African coast. the emergency destruct system of the descent apparatus was commanded 
to explode the capsule. The destructive charge had been included on the spacecraft for precisely 
such a contingency: "for fear that the Americans may get hold of it."" The Soviet press 
refra~ned from commenting on Zond 4's fate, although in later years, official Soviet publicat~ons 
would say that the spacecraft was in heliocentric orbit." The order to destruct had strong 
support: Tyulin and Mishin evidently cleared the decision through Central Committee Secretary 
Ustrnov and Military-industrial Commission Chairman Smirnov. 

A crew in the spacecraft would have endured up to twenty g's during the descent, but 
would probably have survived the splashdown. The main problem on the Zond 4 spacecraft 
was traced to the IOOK stellar sensor, whose surface had evidently been contaminated. For 
future veh~cles, engineers introduced a special cover for the sensor, which would be cast off 
before use. The State Commission for the L I program met on the afternoon of March 26, 1968. 

to discuss the status of the project. TsKBEM Deputy Chief Designer Chertok summarized all the 
failures of the stellar attitude control sensor on Zond 4 as well as the results from the flight. 
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Mishin reported that the next 7K-L I vehicle and its Proton booster would be ready for the next 
launch by April 20-22, in time for the next lunar launch window just after midnight local time 
on April 23." 

The L I spacecraft arrived at the Baykonur Cosmodrome on April 12, the anniversary of 
Gagarin's Vostok flight in 1961. State Commission members Tyulin and others flew into the 
launch range four days later in preparation for the launch. Hopes were high that this would be 
the frrst fully successful automated circumlunar mission in the Soviet space program. The 
preparations for the launch proceeded without significant problems. The unusually cold April 
temperatures, down to minus five degrees Centigrade at night, did not deter work, which 
was concurrent with an unrelated Soyuz precursor flight In Earth orbit. The cosmonauts and 
officials were housed for the first time in the new Kosmonavt Hotel, a fully furnished abode for 
crews to spend their days before launch. On the morning of April 20, the State Commission 
met to go over all the changes in the 7K-LI vehrcle since the flight of Zond 4, including the 
modifications to the critical stellar sensor, responsrble for the demoralizing failure at the end of 
the mi~s ion. '~  

At a last meeting on April 22, one of the topics of discussion was whether to blow up 
future 7K-LI spacecraft if they returned to Earth in uncontrolled trajectories. Chief Designer 
Mishin, along with Deputy Chief Designer Shabarov, vigorously supported such a contingency 
but were opposed by Chief Designer Barmin. Kamanin, and all the cosmonauts. Many. 
including Chelomey, remained neutral, perhaps unwilling to take a stand on an issue that had 
implications for national security. In the end, a final decision seems to have been postponed: 
Mrshin evidently believed that a ballistic landing would be unlikely on this particular flight. 

It was another cold night launch for the program. The UR-500K rocket lifted off precrsely 
on schedule at 2301 hours, 7 seconds Moscow Time on April 22 with the 7K-LI, spacecraft no. 
7L. The rocket flew gracefully into the dark skies as observers watched the exhaust become 
smaller and smaller. About seven minutes after launch, at T+260 seconds, the flame abruptly 
disappeared, although the third stage had yet to fire. It was clear that there had been some 
malfunction and that the emergency rescue system had been activated. The controllers at 
Tyura-Tam received a report from the rescue service about four hours after launch that the LI 
descent apparatus had landed 520 kilometers from the launch site, about I I 0  kilometers east 
of the town of Dzhezkazgan in Kazakhstan. The rnitial reports were distressing: a helicopter 
commander relayed that he had located the capsule but that it was on fire, an impression 
confirmed by search service commander Air Force Maj. General Aleksandr I. Kutasin. In the 
morning, it turned out that both had been mistaken; the 7K-LI capsule landed without 
problems, and all elements of its rescue system had worked flawlessly. By the afternoon, the 
capsule was back at Tyura-Tam, a stop on its trip back to Moscow the following day." 

A cursory investigation into the accident indicated that the failure was not because of a 
booster problem. A sensor on the spacecraft had erroneously detected a breakdown and 
ordered the booster's second-stage engines to shut down and abort the flight. By the late 
morning of Apr~l 23, engineers were leaning toward some sort of failure in the 7K-LI's power 
supply system. The failure laid to rest any hope that there would be a crewed circumlunar flight 
before the fall of 1968 at the earliest. Of the four LI attempts in 1967-68 to fly to lunar 
distances, only one. Zond 4 ,  had been a partial success. The remaining three had failed to reach 
even Earth orbit, underlying serious problems in the launch vehicle. The entire program was 
already more than a year behind schedule, with many tests still to be carried out. With little 
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hope of an impending piloted mission, the L I cosmonauts were sent on leave on June 1 .  1968. 

On May 20. Mishin held a meeting at his design bureau and targeted July 17 as the next launch 
opportunity for a circumlunar flight, putting a three-month gap between missions. The accldent 
Investigation of the last launch failure was evidently a big factor in the long interval. 

Not surprisingly. the political leadership at this time was extremely disconcerted by the con- 
tinuing series of failures in the program. M~shin met with Military-Industrial Chairman Smirnov ~n 
May 1968 to discuss the status of the project. The latter asked Mishin to accelerate the pace of 
work on the L I  as much as possible to launch a crew around the Moon by October 1968. 

Smirnov's boss, Ustinov, had also set the same deadline, which took into account 
three more automated launches ~n July, August, and September, leading to a flight by two 
cosmonauts in October.'"espite the spate of setbacks, publicly the Soviets continued to 
maintain their interest in a piloted circumlunar flight. On a tour of Hungary in February 1968, cos- 
monauts Belyayev and Bykovskiy were remarkably explicit in their pronouncements. The 
latter, one of the leading candidates for commanding the first circumlunar fl~ght, told journalists: 

The Soviet Union will send men to the Moon only when there is no longer any risk, and 
there is every guarantee that a safe return can be made. One of our next steps is not a 
Moon landing. but the orbiting o f  the Moon by a manned space vehicle. Naturally [the 
death o f  Komarov] had a certain retarding effect. I t  took many weeks to inuestigate and 
learn the causes of the accident. However, it caused no essential reuisions in the space 
research and spaceship deuelopment program which had been worked out." 

In a hint of the troubles facing the circumlunar project. Academician Vas~liy V. Parin, one of the 
leading space biomedicine specialists in the Soviet space program, did admit that precursor 
"pathfinder" flights could delay the first Soviet piloted lunar miss i~n. :~  

U.S. observers were also getting in on the act. Through the spring of 1968, U.S. government 
officials and the American press were unusually vocal about imminent Soviet space plans. Noted 
journalistjohn Noble Wilford wrote in February that among the immediate goals of the Soviet space 
program was "[aln unmanned flight of the Soyuz around the moon and back to earth. 
without attempting a landtng on the lunar surface . . . this summer."" That U.S. intelligence was 
clearly cognizant of the troubles plaguing the Soviet space program at the time was confirmed by 
articles in the U.S. media, clearly noting the two recent L I launch failures in November 1967 and 
April 1968, which were covered up by the Soviets.@ The knowledge of these failures does not seem. 
however, to have given pause to exclamatory pronouncements in the American media. In 
a prominent page-one article in The New York Times on May 5. a reporter claimed: "A mass of pub- 
lic and private evidence about the Soviet Union's recent space exploits has led analysts to belleve 
that the American public is in for a series of space  surprise^."^ No one could guess at the paramount 
level of managenal, technological, and funding chaos plaguing the Soviet piloted space effort. 
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GETTING BACK ON TRACK

P, little more than a month after that article, on June 26, 1967, the LI State Commission

met to discuss preparations for the next launch. Engineers from TsKBEM admitted that they,
and not Chelomey's engineers responsible for the Proton booster, had been to blame for
the most recent LI launch failure in April. A short circuit in the power supply system of the
spacecraft's computer resulted in the "Accident in the Autonomous Guidance System"

command being sent from the vehicle to the booster, Consequently, the engines in the second
stage of the Proton automatically switched off. The problem was traced to a design error on the
part of Department No. 212 at the TsKBEM, which had incorrectly mounted the three-axis
stabilized platform in the descent apparatus of the LIJ: Mishin and Tyulin agreed to attempt
the next circumlunar launch on July 19. This flight would be followed by similar launches in

August, September, and October. After three to four automated flights of the UR-5OOK-LI
system, cosmonauts would fly to the Moon in November-December 1968, well over a year later
than originally intended.

This schedule was again put into jeopardy as a result of a near-catastrophic accident at

Tyura-Tam during the summer of 1968. On July 15, four days prior to the intended launch, the
?K-LI spacecraft, the Proton booster, and the Blok D upper stage were undergoing combined

testing at the launch pad at the Baykonur Cosmodrome. The stack had already been fully loaded
with propellant when the oxidizer tank of the Blok D stage exploded. The first reports suggested
that the rocket, the spacecraft, and the pad were destroyed, killing three pad technicians. Later,
it transpired that although the Blok D stage was destroyed, both the UR-5OOK launcher and its

LI payload were relatively intact. One person, a Captain I. D. Khridin, had been killed and
another seriously injured. The accident had occurred because of an erroneous electrical
command from a malfunctioning ground cable network, which resulted in excess pressure in
Blok D. The situation after the accident was extremely dangerous. The LI spacecraft and part
of Blok D tipped over to one side, supported only by the emergency rescue system tower, which
was stuck on a service girder on the pad structure. Blok D's fuel tank, with five tons of kerosene
and two attitude control engines with their own oxidizer and fuel, had broken away from the

girder and had pushed deep into the third stage of the Proton. Observers watched in terror as
the seriousness of the situation became deathly clear. At the time of the accident, the payload
contained five tons of fuel in Blok D, one and a half tons of solid propellant in the emergency

rescue system tower, more than one and a half tons of toxic propellants for Btok D's attitude
control system, thirty kilograms of highly concentrated hydrogen peroxide in the L l's guided
reentry system, four and a half liters of triethylamine for the ignition of the Blok D propellants,
benzine-based fuel for the thermo-regulation system connected to more than 150 pyrocar-
tridges, and twenty-five kilograms of explosive for the payload's self-destruct system. It was a
highly toxic explosion waiting to happen as more than 150 pad technicians stood in shock on
trusses and girders all around the booster. Fortunately, not one of the pipes in any of the
systems punctured. 4_

Because the situation was so serious, Minister of General Machine Building Sergey
,q. Afanasyev headed up an emergency commission to save the pad, the booster, and the space-
craft. Afanasyev's First Deputy Tyulin supervised the general work of cutting the payload block
to begin slowly pouring out propellants. Mishin personally directed all operations at the launch
pad to separate, painfully and slowly, each component of the payload from the launch stack in
the unbearably hot temperatures at the launch site. It took two weeks of concerted effort to
finally dismantle the complex, based on thorough calculations on each component's center of

42.
43.

for,no. 49.

Semenov,ed, Raketno-KosmicheskayaKorporatsiya,p, 242:Kamanin,"A GoalWorthWorkingfor,no.49.
Semenov.ed,, Raketno-KosmicheskayczKorporatsiya,pp. 242-43:Kamanin,"A GoalWorth Working

621



622

gravity after the accident. Both the July and August lunar launch windows were

abandoned as a result, reducing further the odds of a piloted circumlunar mission before the

end of 1968. The best-case scenario was a December launch, although unofficially many

engineers believed that January 1969 was a more realistic target. Maintaining this new deadline
was complicated further by plans to concurrently run Soyuz missions in Earth orbit, which were

indispensable to advancing the Soviet lunar landing program. Unlike the L I, however, the Soyuz

had a less painful road back to recovery after the Komarov tragedy in 1967.

Docking in Orbit

In April 1967, when cosmonaut Komarov set off on his last mission, there were fairly
distinct plans for at least two further Soyuz missions to follow. Both would have been solo

Earth-orbital missions, the first (Soyuz 3) commanded by Gagarin and the second (Soyuz 4)

commanded by rookie Beregovoy? 4 For Gagarin's career, the Soyuz I disaster was a severe
setback. Having lost one of Soviet Union's best and brightest, cosmonaut overseer Lt. General

Kamanin was not about to jeopardize Gagarin's life in grueling training programs. On April 29,

1967, five days after the accident, Kamanin met with a number of cosmonauts, including
Gagarin. Beregovoy recalled that:

. . . Kamanin, who looked aged by the tragedy, called us all together and laid out the

future flight programme. He told _agarin straight out that there was practically no

chance he would be allowed to fly again. Kamanin himsel.f would recommend that

qagarin not be permitted to participate in any other flights. Yuri listened to this terrible
pronouncement in silence. 4_

The most immediate matter at hand for Kamanin was to reestablish a training plan for

Soyuz, contingent upon a new schedule of flights set by Chief Designer Mishin. In revising the

Soyuz manifest, all agreed that the first subsequent crewed mission should be a repeat attempt

to carry out the aborted docking and EVA flight from Soyuz I. By May 5, Kamanin had tapped

test pilot Beregovoy to pilot the active vehicle. As plans stood at the time, the old Bykovskiy

crew from Komarov's mission would remain as a team to fly the passive Soyuz spacecraft. They

began training with the Volga rendezvous simulator by the fall of 1967.

Ironically, by the time that the Soyuz I disaster paralyzed the Soviet piloted space program,
the cosmonaut corps was welling to its greatest number. Traditionally, most cosmonaut

trainees were military pilots or engineers. Mishin's insistence on including engineers from

TsKBEM had forced the Air Force to accept civilians who had participated in the design of the

Soyuz spacecraft. Although such a group of eight engineers had begun training in late 1966.

they did not receive official status as "cosmonaut-testers" until an order of the Ministry of

44. E-madcorrespondence,SergeyVoevodin to the author, January 30, 1997 At the time, the Soyuz 3 crew
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(backup). Seealso V. Molchanov. "First Selection" (English title). Ztpogey8 (March 1994): 2. In his diary entry dated
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been G. T Beregovoy(Soyuz 3) and V. g. ShatalovfV. N Volkov/O G. Makarov (Soyuz-4) These would probably
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Machine Building on May 27. 1968. Of the eleven men inducted at this time, ten were from 
TsKBEM and one, Vladimir C. Fartushniy, was a senior scientist at the Ye. 0. Paton lnstitute for 
Electro-Welding based at K i e ~ . ~ V i s  selection was primarily motivated by plans to carry out weld- 
ing experiments In space. an idea that had originated as early as November 1964 when Korolev 
had instructed his deputies to draw up plans for the work. Paton lnstitute Director Academician 
Boris Ye. Paton was also very supportive of the project and had initiated the development of an 
instrument named Vulkan to allow Soyuz cosmonauts to carry out such experiments in space.47 

In addition to engineers, the Soviets, like NASA, also looked into the matter of training 
career scientists for future space missions. In January 1965. Academy of Sciences President 
Keldysh set in motion the process of selecting scientist-cosmonauts, despite the almost 
customary resistance from the Air Force on the issue. What little science had emerged in 
the early 1960s was only after much lobbying by numerous highly placed academicians. While 
science was a junior partner in the U.S. space program, in the Soviet Union, it was considered 
an irritation at best After the formation of the academy's lnstitute of Space Research, many 
scientists expected an expansion of scientif~c activities in space, but judging by the number of 
scientific satellites launched as part of the Kosmos cover name, it seems that the situation had 
not changed much. The only major components of scientific research were the continuing 
projects to send automated probes to Mars and Venus. but these efforts were to a great degree 
motivated by competition with the United States. Roald Z. Sagdeyev, later the Director of 
the lnstitute of Space Research, summarized the situation as one In which "the guiding 
philosophy behind Soviet space launches reflected the interests of the space industry to the 
complete neglect of science per se."48 

In this climate, Keldysh sent the files of twenty-four scientists to the Air Force. Of them, 
the military allowed nineteen to undergo medical screening in September 1966. By November, 
only four passed the rigorous testing at the Air Force's Central Scientific-Research Aviation 
Hospital. Finally. on May 22, 1967, a month after Komarov's death, they arrived at the 
Cosmonaut Training Center to begin training. They were: 

Mars N. Fatkullin (twenty-eight years old) 
Rudolf A. Gulyayev (thirty-two) 
Ordinard P. Kolomiytsev (thirty-two) 
Valentin G. Yershov (thirty-nine)4q 

These four men were joined by Ceorg~y P. Katys, the accomplished scientist who had been 
passed over for several Voskhod missions because of his "questionable" background. Of the 
four new scientists. Fatkullin. Culyayev, and Kolimiytsev were all researchers from the academy's 

46 1 Marrnln. "The Flrst C ~ v ~ l ~ a n  Cosmonauts" (English t~t le), Nouoslr kosrnonaut~kr 12- 13 (June 3-30. 
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lnstitute of Terrestrial Magnetism, Ionosphere, and Radio Wave Propagation. while Yershov was 
from the famous lnst~tute of Applied Mathematics, which Keldysh headed at the time. Yershov 
was chosen specifically to provide navigational support on L I circumlunar missions. He, in fact. 
participated in the development of the L I  autonomous navigation system. By coincidence. 
NASA selected its second group of scientist astronauts a little more than two months after the 
Soviet selection. These eleven new astronauts would be unofficially known as the "Excess I I " 
to indicate their less than hopeful chances of ever making it into space.'" Under the command 
of Katys, the Soviet scientists finished their initial training program in July 1968 to await formal 
assignment to a flight. 

Scientists were not the only civilians considered for spots on a Soviet spaceship. Decades 
before NASA considered sending a journalist into space, the late Korolev had given the 
idea some thought. One of those in the running was Yaroslav K. Golovanov, a wrlter for the 
newspaper Komsomoiskaya pravda. who would thirty years later publish a biography of 
Korolev. Colovanov, one of the few Soviet journalists allowed into the Inner sanctum of the 
Soviet space program, had spoken to Korolev in January 1965 on the possibility of beginning 
cosmonaut training. On February 12. 1965. the chief designer signed papers permitting hlm to 
begln in~tial medical screening tests. He was jo~ned by a second reporter. Yuriy V. Letunov of 
the TV program Vremya (Time). In July-August 1965, both passed their initial medical tests, 
but the journalist-in-space idea receded Into the background after Korolev's death. Golovanov 
tried to pursue the matter with a letter to the Central Committee in the spring of 1968, but the 
space leadership politely rejected the idea, no doubt because the Soyuz at the time was still a 
raw, untested machine, better to be flown by exper~enced p~lots.' 

Declaring the Soyuz safe took a considerable amount of time. Based on the recornmendatlons 
of the Utkin subcommission, engineers at TsKBEM. the Scientific-Research lnstitute 
for Automated Devices (responsible for designing parachutes), and the M. M. Gromov Fllght- 
Research lnstitute carried out an intensive series of corrective tests on the Soyuz capsule 
throughout 1967. The tests resulted in some supplementary modifications to the Soyuz 
parachute system, including changes in the operations schedule of the reserve parachute 
during launch aborts up to six kilometers altitude. Engineers built several boilerplate models of 
the descent apparatus to test these modifications: the Utkin subcommission evidently had the 
authority to recommend changes in des~gn. 

The process to declaring the 7K-OK Soyuz vehicle safe for automated flight was fraught 
with difficult~es and accidents. Two new Soyuz spacecraft were the subject of vigorous testing 
for an automated docking flight in the fall of 1967. Dur~ng a ground test of the solar panels on 
one of them, electric equipment burnt out, forcing engineers to dismantle the ship and replace 
the damaged rnstruments. Of the twenty tests at the Air Force site at Feodosiya by late 
September 1967, nearly half had malfunctions; three were complete failures."" Despite the 
setbacks, by the autumn of 1967, the Utkin subcommission declared the 7K-OK Soyuz vehicle 
safe for automated missions." Parachute testing would continue until commlsslon members 
were satisfied that the complete system was safe for humans. 

50 For a d~scuss~on of the events and controversy behind the select~on of sc~ent~st astronauts in the U 5 
space program see Willlam David Compton Where No Man Has Gone Before A History of Lunar Expioratron 
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The two Soyuz spacecraft finished thelr testing at the Baykonur Cosmodrome by 
mid-October 1967 and were prepared for launch soon after. On October 16, at a meeting of the 
State Commission. Mishin announced that the flight profile for the new launches would be 
slightly different than the one planned for the aborted Soyuz 112 mission. The primary goal of 
this test would be to check the reliability of all major spaceship systems of both spacecraft. The 
active Soyuz would spend almost three days fly~ng solo in orbit, wh~le controllers at Yevpatoriya 
would pore over incoming data. If the "health" of the ship was still acceptable, then the 
Strategic Missile Forces would launch the passive Soyuz at the end of the third day. The two 
spacecraft would merely approach each other in space using their lgla radar systems. Docking 
was not completely excluded from the plan. but it was not considered a primary goal. The first 
ground training simulation for the plan was held on October 19, with cosmonaut Gagarin 
participating as a member of the Chief Operations and Control Group. Later, he flew Into 
Leninsk near the test site the day before the scheduled launch. Coincidentally. his Air Force boss 
Kamanin was promoted from lieutenant general to colonel general the same day.'Vor Kamanin. 
his rank was not the only good news of the week. 

The active spacecraft, vehicle no 6, simulating the role of the lunar orbiter in the lunar 
landing mission, was launched successfully from site 3 1 at Tyura-Tam at 1230 hours Moscow 
T~me on October 27. 1967. The init~al orbital parameters of the spaceship. named Kosrnos- 186 
in the Soviet press, were announced as 209 by 235 kilometers at a 5 1.7-degree inclinat~on. 
Naturally, TASS neglected to mention that the flight had any relation to the piloted space effort. 
For the first time in the Soyuz program, all systems were working without fault in orbit. The 
solar panels deployed, and the lgla system was operational." There was some sign of trouble 
on the second day of the mission when controllers discovered that the spacecraft was unable 
to change its orbit on the seventeenth orbit, apparently because of a malfunction in the 45K 
stellar-solar attitude control sensor. There were also disruptions in the work of the ion sensor 
system the following day. Engineers dug into their work and managed to overcome the most 
serious problems by the third day of the flight, prompting the State Commission to give a 
go-ahead for the second Soyuz launch. 

Before the launch of the passive Soyuz. Mishin, perhaps motivated by the relatively good 
state of Kosmos- 186 in orbit, decided to attempt not just rendezvous, but full docking between 
the two  vehicle^.'^ Thus, with a new mission, the passive Soyuz, spacecraft no. 5,  was 
launched at I2 12 hours Moscow Time on October 30 and entered a 200- by 276-kilometer 
orbit, also at a 5 1.7-degree inclination. The vehicle was named Kosrnos-188 in the Soviet press. 
The performance of both vehicles fulfilled all expectations. The launch of the second spacecraft 
was performed in such a way as to insert the vehicle within twenty-four kilometers of the active 
ship. The latter then fired its engine twenty-eight times (over three minutes of burn time) on 
completely automatic commands from the lgla system. Within just sixty-two minutes of the 
launch of Kosmos- 188, both vehicles were successfully docked to each other on the target's 
first orbit. At the time of docking, the two ships were out of communicat~ons range with Soviet 
surface tracking stations, but once they were over Soviet territory, ground controllers began 
receiving clear video pictures from the ships showing their docked configuration. These images 
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were later shown on Soviet TV, giving the public their first brief look at the Soyuz spacecraft. 
It was an impressive display of automation, bolstering somewhat the argument that 
cosmonauts were mere passengers in the Soyuz spacecraft. It was also the first docking of two 
robot spaceships in h~story. 

After the two ships were linked, the controllers discovered that there had not been 
full "hard" docking because, for reasons unknown, there was still an eighty-five-millimeter gap 
between the two ships. This was considered a minor problem, and after three and a half hours 
of connected operations over two and a half orbits, Kosmos- 186 and Kosmos- 188 separated. 
Both ships were to finish off their miss~ons with guided reentries, but both ran into problems. 
In Kosmos- 186's case, on October 3 1 ,  the farlure of the 45K sensor changed the reentry profile 
into a direct ballistic return. The descent apparatus, however, was recovered safely. The 
following day. Kosmos- 188 was unable to perform a guided return because of incorrect attitude; 
the ship had flown into an ion pocket, confusing the ion attitude control sensor. The ship 
entered on a steep trajectory, and its self-contained explosive automatically destroyed 
the descent apparatus to prevent a landing on foreign territory. It was proved later that if the 
explosive had not been carried on board, the capsule would have landed 400 kilometers east of 
Ulan-Ude north of Mongolia, but in Soviet territory." 

The Kosmos- 1861 188 flight was timed to occur a week before the fiftieth anniversary of the 
Great October Revolution. It was a poor substitute for a piloted circumlunar mission, but it was 
a mlnor advance for a space program beleaguered by failures and catastrophes. The confidence 
imparted by the docking mission was, however, tempered by the two unrelated L I launch 
failures before and after Kosmos- 1861 188. Immediately after the docking success, the Soyuz 
State Commission met on November 15 to discuss the future manifest for the project. 'With 
no authorization from the Utkin subcommission to carry out piloted flights, rt seems that 
Mishin had planned a repeat performance of the automated docking mission in early 1968. 
which would allow further testing of the problematic attitude control sensors on the Soyuz 
spacecraft. in the meantime, crews training for upcoming Soyuz flights continued their 
training program at a less intensive pace. 

For "Cosmonaut No. I." Yuriy A. Gagarin, the post-Soyuz I period was a particularly 
transitional time. Having been denied flight status, in November 1967, he was subjected to the 
additional humiliation of being grounded from flying aircraft solo. Apart from his important role 
In various State Commissions, he continued to serve as an international ambassador for the Soviet 
space program. His various obligations took their toll. Kamanin wrote in his journals in 1968: 

There were many situations when Gagarin miraculously escaped big troubles. These sit- 
uations often occurred when he attended parties, drove in cars or boats, or when hunt- 
ing with the big bosses. I was particularly concerned about his driving cars at high 
speeds I did a lot o f  talking with Yura on this issue. The active life style, endless meet- 
ings and drinking sessions were noticeably changing Yuras image and slowly, but 
steadily erasing his charming smile from his face.'" 

Training for the Soyuz I flight and an assignment to the subsequent Soyuz 3 mission 
apparently curbed his extracurricular activities. The cosmonaut lost we~ght, trained regularly. 
and eventually mastered the Soyuz spacecraft. In addition, by late 1967, he was finally 
wrapping up work on his graduate degree at the N. Ye. Zhukovskiy Military-Air Engineering 
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Academy in Moscow dealing with a reusable single-seat military spaceplane. At Cagarin's own 
request, Kamanin temporarily relieved the young cosmonaut of his duties as training center 
deputy director to allow him to focus exclusively on his dissertation. At the same time. 
Kamanin and Center Director Maj. General Nikolay F. Kuznetsov promised Cagarin that he 
would be allowed to resume flight training once his academic work was finished." 

On January 8, 1968, several of the fifteen cosmonauts pursuing higher degrees graduated 
with their "Candidate of Technical Sciences." Gagarin and Titov defended their dissertations 
on February 17 at the academy, and both passed with excellent grades.'' Immediately 
afterwards, Cagarin threw himself back into flying in training aircraft to gain enough experience 
to resume flying solo. After passing his medical tests on March 12, he was cleared to fly, and 
he did so jointly with another pilot the following day for a one-hour, fifty-two-minute jaunt. He 
flew several times the following days, always with other more experienced pilots who kept their 
hands on the controls. On March 23. Kamanin expressed some reservations about Cagarin's 
frenzied training pace, but could not dampen the cosmonaut's enthus~asm.'~ 

On his flight on March 27. Gagarin was escorted by Colonel Vladimir 5. Seregin, a 
forty-five-year-old test pilot with impeccable credentials, who had been assisting flight training 
for cosmonauts since 1963. The two took off from the Chkalovskaya airfreld near Moscow a 
little after 10 a.m. in the morning for a flight over the town of Kirzhach. A few minutes after 
takeoff. Cagarin requested permission to alter course: "This is 625. Mission accomplished. 
Altitude 5.200. Request permission to approach."" It was the last communication from the 
UTI-MiG-15 trainer aircraft. Communications abruptly ended at 1030 hours. 10 seconds 
Moscow Time. As alarm began to rise back at the Cosmonaut Training Center. Air Force 
officials put together a search team to determine the fate of the two men. About four hours and 
twenty minutes after loss of contact, a helicopter commander finally reported back that he had 
found the wreckage of the airplane about sixty-four kilometers from the airfield. Debris was 
scattered in a very woody area, with snow as much as one meter deep. The engine and the 
cockpit were evidently buried six to seven meters tn the ground, indicating that the plane had 
hit the ground at a velocity of 700 to 800 kilometers per hour. It was not long before searchers 
found a fragment of an upper jaw, which doctors identifled as belonging to Seregin. Air Force 
officials immediately informed Soviet leaders Brezhnev and Kosygin of Seregin's fate, although 
they had no incontrovertible proof of Gagarin's death.'4 

Throughout the night, an emergency commission held meetings to establish what had 
happened. It was a long torturous night for many, as it  was becoming increasingly clear that 
there was almost no chance that Cagarin had survived. One cosmonaut recalled. "We saw 
Kamanin with his lips pressed tightly together. Kuznetsov struggling to control his trembling 
chin, Leonov with his face to the wall and Popovich repeatedly leafing through flight 
documents."" As soon as dawn broke on March 28, a search party led by Kamanin was back 

60. The letter requesting that Cagarln be relieved of his duties as deputy commander of military u n ~ t  no. 
26266 (the Cosmonaut Tra~n~ng Center) and the letter permitting him solo flying privileges in the sprlng and sum- 
mer of 1968 have been published In Kamantn. "For Him. Living Meant Flying." no. 9. 

61 Among the cosmonauts defending in January were V F. Bykovsk~y. V V Gorbatko. A. C. Nikolayev, 
P R Popovlch. G 5 Shonin, and B. V. Volynov. See Mitroshenkov. Zemlya pod nebom. p 429. Others who gradu- 
ated in 1968 were A A Leonov. Ye V Khrunov. I B. Solovyeva, and D A Zayk~n The three remaining cosmonauts 
of the group of fifteen-all women-graduated in 1969. 

62. Mitroshenkov. Zemlya pod nebom, pp. 437-41 Gagarin's w~fe  recalls of thls period: "He talked about 
another spaceflight and began to tram for ~ t . "  See Yevgen~ya Malakohovskaya, "Tell Me About H m . "  in 
Mitroshenkov, ed., Pioneers of Space, pp. 147. 
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at the crash site. At around 8 a.m.. Kamanin saw a piece of cloth hanging from a birch tree 
about ten to twelve meters in the air; the cloth was identified conclusively as a piece 
of Gagarin's flight jacket. By then there was no doubt: Cagarin was dead. Both pilots' bodies 
were found soon after. Gagarin's wallet contalned his ID, a driver's license. 74 rubles, and small 
photo of Sergey P. Korolev. Both bodies were cremated by 21 15 hours the same night. In 
contrast to the deaths of Korolev and Komarov, the outpouring of grief from the average Soviet 
citizen was unprecedented. The urns with the two pilots' ashes were laid at the Central House 
of the Soviet Army the following day for 40.000 people to pay their respects. On March 30, the 
urns of Gagarin and Seregin were escorted by Soviet leaders Brezhnev. Kosygin. Podgorniy, and 
others to the Kremlin Wall to be interred in their final place. Hundreds of thousands of 
Muscovites were on hand to view the dour funeral march for a man they considered a fallen 
national hero."h 

The investigation commission into the disaster discerned a cause of the accident by late 
july 1968, although it was a process fraught with diverging opinions because of the absence of 
"a smoking gun" despite the thousands of hours spent poring over the evidence. The official 
report, issued ~n December 1968 by the Central Committee, hinted at pllot error: 

The most probable cause o f  the death o f  Gagarin and Seregin was a sudden turn of the 
aircraft to auoid a collision with a sounding balloon; a less probable cause was turn- 
ing o f  the aircraft from the upper edge o f  the ciouds. As a result o f  the sudden turn, the 
airplane entered critical flying angles; the aduerse meteorological situation complicated 
aircraft control; and the crew died."' 

Both the senlor cosmonauts and Kamanin seem to have objected vigorously to attributing 
the accident to pilot error; they even sent a letter to Central Committee Secretary Ustinov on 
the issue. On the other side, many of the Air Force members investigating the accrdent were 
evidently reluctant to admit that there were defects in the UTI-MiG- I5 aircraft. 

Almost twenty years later, the files for the crash were reopened, and a number of researchers 
carried out a detailed investigation using computer modeling to determine the causes of 
the crash. The new study found that the accident did not occur because of pilot error or from a 
mld-air collision. There were a number of cumulative causes. Ground equipment was evidently 
faulty at the time of the accident and thus was unable to track the UTI-MIL-15 in flight. 
In addition. Gagarin and Seregin did not have accurate information regarding the altitude of the 
ceiling in that area. Other violations of safety regulations included the flight of two MiG-2 Is and 
a MiG- 15 in the same area at the same time. As for Gagarln and Seregin, after receiv~ng their last 
Instruction to fly home. they began a turn and descent to 700-1200 meters. At that time, they 
were flying between two layers of clouds and could not see the horizon. The other MiG- 15 then 
passed Gagarin's plane at a distance of only 500 meters, although the pilot of the other craft did 
not notice Cagarin's aircraft. Soon after, Gagarin's plane entered a trailing vortex created by the 
second MiG and flew into a spin. Gagarin and Seregin managed to pull out of the spln after f~ve 
full revolutions but only in thick cloud cover, which disoriented the pilots. They overestimated 
their altitude by 200-300 meters and exited the cloud cover assuming their altitude was much 
higher than the actual 400-600 meters above the ground. Their angle of attack at the time was 
seventy degrees. The pilots were unable to activate the emergency ejection system in the less 
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than five seconds remaining and crashed into the ground. An extra two seconds or 250-300 
meters altitude would have easily saved them." 

Clearing the Soyuz 

Gagarin's death was an unprecedented psychological blow to the Soviets, especially 
because it came at a time when the Soviet piloted space program was reaching a nadir 
of sorts-a situation that no one could have anticipated a few years before. From the days of 
consecutive victories in the early 1960s. the Soviets witnessed an almost unending series of 
setbacks, tragedies, and failures. Perhaps the only bright spot in the quagmire was the recent 
successful docking-in-Earth-orbit Soyuz flight in October 1967. Since then, tests had continued 
slowly on the parachute and landing systems of the 7K-OK vehicle in preparation for a repeat 
attempt of the original Soyuz I mlssion. There were, however, a number of landing failures that 
progressively delayed plans-malfunctions that in retrospect were critical in moving piloted 
Soyuz flights downrange at a time when NASA was beginning to finally recover from the 
Apollo I disaster. The State Commiss~on for Soyuz, under Lt. General Kerim A. Kerimov, met 
on March 26. 1968. the day before Gagarin's death, to discuss immediate plans. Mishin and 
Chief Designer Fedor D. Tkachev of the Scientific-Research Institute of Automated Dev~ces. 
which was responsible for parachute design, reported that the 7K-OK ship's primary parachute 
system was already cleared for flight while the reserve system would be ready by launch time, 
then set for April 9- 14."" 

On April 10, exactly two weeks after Gagarin's death, several cosmonauts, including rookie 
Beregovoy, slated to command the Soyuz I repeat docking flight, flew to the Baykonur 
Cosmodrome accompanied by Air Force First Deputy Commander-in-Chief Marshal Sergey I. 
Rudenko. Many off~cials remained in Moscow, because of the investigation into the causes of 
Gagarin's death and also to celebrate April I2 or "Cosmonautics Day." the seventh anniversary 
of Cagarin's pioneering first flight. After arrival at Tyura-Tam, the State Commission set the two 
Soyuz launches for 14 and 15 April. Unlike the Kosmos-1861188 mission, this particular joint 
flight was to simulate an actual piloted flight as closely as possible. Consequently, the primary 
and backup crews training for the docking and EVA mission were sent to the Flight Control 
Center at Yevpatoriya to follow the flight on the ground and train in such a manner as 
to simulate their actions on a real mission. Both sh~ps were also equipped with new infrared 
attitude control sensors to augment the chronically faulty ionic sensor system on the early Soyuz 
spacecraft."' 

The active 7K-OK vehicle, spacecraft no. 8, was launched from Tyura-Tam at 1300 hours 
Moscow Time on Aprrl 14, 1968. Initial orbital parameters were 2 10 by 239 kilometers at a 
5 1.7-degree incllnatlon. The Soviet press announced the mlsslon as Kosmos-212. A day later. 
on April 15, engineers successfully launched the passive Soyuz spacecraft, vehicle no. 7, at 
1234 hours Moscow Time, with only a two-second delay. The target vehicle, named 
Kosmos-213. entered an initial orbit of 205 by 291 kilometers at a 5 1.4-degree inclination. At 
the point of orbital insertion, the active spacecraft was only four kilometers away from the 
passive one, a remarkable achievement in precision. With great economy of propellant. 
Kosmos-2 12 approached Kosmos-2 13 and automatically docked at 133 1 hours, just fifty-seven 

68 5 .  Belotserkovskiy and A Leonov. "Two Seconds Was All They Needed-Yu. Gagar~n and V Seregln's 
F~nal Flight" (English t~t le). Prauda. March 23.  1988, p.  4 As remarkable as ~t may seem, an entlre book has been 
ded~cated to Gagar~n's death and the new ~nvestigatlon In 1987-88 See S M Belotserkovsk~y. Grbel Gagarrna fakty 
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minutes after the target spacecraft's launch. Ground controllers at Yevpatoriya were able to view 
the docking on their consoles via a live TV feed from both spacecraft. The two spacecraft 
remained connected for three hours and fifty minutes before continuing autonomous flight: 
each vehicle clocked up about five days in space. The major remaining objective of the flight 
was to verify the complete reentry procedure. Kosmos-212 successfully carried out the first 
guided reentry in the Soyuz program (with an aerodynamic efficiency ratio of 0.3) and landed 
near Karaganda in Kazakhstan on April 19. Winds were very high at the landing site, up to 
twenty-two to twenty-three meters per second, and although the descent apparatus landed 
safely, winds dragged the capsule about five kilometers from its landing spot, damaging the 
outside coating." 

Kosmos-213 remained in orbit for another day and conducted some unusual scientific 
experiments. On board the spacecraft was an extensive scientific payload, including a new type 
of luminescent micrometeoroid detector, an ultraviolet photometer, and a radiation-sensing 
package. The photometer measured ultraviolet and visual spectrographic night sky brightness, 
while the Luch-1 instrument measured cosmic ray positrons and electrons. In addltion. a 
cryogenic superconducting magnet, first tested on the Kosmos- 140 Soyuz precursor, was used 
to detect cosmic rays in conjunction with scintillation, gas discharge, and Cherenkov detectors. 
The spacecraft's descent apparatus landed on April 20 near Tselinograd after another guided 
reentry. All systems worked without fault, but once again the descent apparatus was dragged 
after touchdown by twenty-five-meter-per-second wind speeds. Rescuers had to Walt for the 
dust storm to subside before they could recover the capsule." 

The successful conclusion of two consecutive automated docking missions raised 
the question of moving on with piloted flights. One of the biggest factors were the results of 
ongoing ground testing of the redesigned parachute system. Throughout 1967-68, engineers 
carried out a series of approximately forty drop tests of mock-ups of the descent apparatus from 
Tu-16 aircraft to verify the parachutes and elements of its design. In addition, they also 
conducted six test drops from An- I 2  aircraft and carried out special "controlled" experiments 
usrng MI-6 helicopters by introducing a maximum of eighteen-meter-per-second horizontal 
velocity during the drops. There were a number of major failures, especially in the operation of 
the reserve parachute." The cosmonauts training for the docking and EVA mission completed 
their full training program by the end of May 1968, after many delays related to updating the 
Soyuz simulators concurrently wlth the actual Soyuz spacecraft. By February. Kamanin had 
tentatively tapped Beregovoy to command the active vehicle, and Volynov. Khrunov. and 
Yeliseyev to fly the passive vehicle, although as with many other earlier crews, the process of 
crew selection was caught up in an almost pointless conflict between Kamanin and M i ~ h i n . ' ~  

71 [bid 
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It was not until May 6.  1968, that the Council of Ministers formally approved the above crews. 
An additional four cosmonauts-Nikolayev, Shonin, Kubasov, and Corbatko-would fly an 
exact repeat of the docking and EVA mission at a later date. 

The debate over the next step after the Kosmos-2 1212 13 missions was colored to a great 
degree by Central Committee Secretary Ustinov's pronouncement before the docking flight in 
early April 1968 that "irrespective of the results of the upcoming flights of two Soyuz spaceships, 
two more spacecraft should be prepared for an experimental flight."" After the success of the 
Kosmos-2 1212 13 mission. Ustinov's decision was called into question by other space program 
officials, including Mishin and Kamanin, who were more confident of the Soyuz spaceship's 
safety. On April 2 1 ,  the day after Kosmos-2 13's landing, the State Commission met in Moscow; 
Commission Chairman Kerimov and Chief Designer Mishin graciously allowed the cosmonauts' 
views to be aired on the issue. All four primary crew cosmonauts favored a piloted flight as the 
next step. Kerimov, Mishin, Chertok, and others thanked the cosmonauts for their work and 
seem to have been very pleased that they supported a piloted mission. At least tentatively. 
Kerimov and Mish~n scheduled the flight for late June or early July 1968. 

Those advocating another automated mission were a powerful lobby-that is, the leaders 
of the Soviet military-industrial complex-Ustinov. Afanasyev. Smirnov, and Dementyev-all of 
whom were clearly playing it safe after the Komarov tragedy. Their viewpoint had some basis 
because by early May, although all the major problems with the 7K-OK spacecraft had been 
eliminated, it still had two weak spots: the backup parachute and the emergency rescue 
system. Throughout the twenty-three drop tests after Soyuz I, the backup parachute had 
evidently performed below par, while the rescue system malfunctioned more frequently. 
Kamanin wrote in his diary about the dilemma facing the managers of the Soviet space program: 

. . . under the circumstances Koroleu would have assumed responsibility and given a go- 
ahead for the flight. Cosmonauts and Air force special~sts would have gone along with 
such a decision. But unfortunately, Mishin is not Korolev and he is hedging: " I  am not 
going to propose a manned flight myself, but if the Central Committee tells me to. I will 
agree. "'' 

The climate had clearly changed after the Soyuz I disaster. Kerimov and Mishin were defi- 
nitely more conservat~ve with their decisions. No one, from Ustinov down to Mishin, was gutsy 
enough to recommend a decision for flight and risk losing their jobs over a hasty decision. The 
decision would have important implicat~ons and, in retrospect, was a critical juncture in the 
Soviet space program. By mid- 1968. NASA had meticulously modified its Apollo Command and 
Service Module and was close to declaring the spacecraft ready for piloted flight. Every month 
was desperately important as the two countries were closing in on their final goals. For the 
Soviets, including another automated mission would add yet another two months before they 
saw a return to piloted flight. For many, apart from the issue of safety, there were also exogenous 
considerations. 

On May 7. 1968. Mishin held a meeting at TsKBEM in Kaliningrad. The engineers conclud- 
ed at the end of the meeting that with the exception of the backup parachute system, the 
7K-OK spacecraft was completely ready for piloted flight. Mishin believed that the parachute sys- 
tem would be cleared for flight by the first half of August. Troubles with the backup parachute 
system, however, forced Mishin and his deputies to rethink their strategies for an early August 

7 5 .  Kamanln. "For Him. L ~ v ~ n g  Meant Fly~ng." no 12. 
76 lbld . p I2 



flrght. The major problem with the backup parachute was that with three crewmembers in the 
descent apparatus (an excess of 1,300 kilograms). ~t had a tendency to rip off upon deployment. 
Parachute Chief Des~gner Tkachev and Mishin proposed instead to reduce to the crew of the pas- 
sive vehicle to two men, by 150-200 kilograms, to declare the system safe for operation. In addi- 
tion, perhaps to avo~d any unnecessary risk. Mishin proposed that during the August flight, the 
cosmonauts would dock the two Soyuz ships and only depressurize the living compartment of 
the passive Soyuz. In the interest of time, most of the cosmonauts as well as Kaman~n agreed. 
at least tentatively, to the deletion of the spacewalk, leaving the more complex EVA transfer to 
a subsequent Soyuz mission.'. 

The uncertainty w ~ t h  the backup parachute system, combined with a general sense of 
conservatlsrn, introduced a mod~cum of uncertainty throughout the month of May 1968 as 
different engineers proposed different variants of the flight. Some supported having one mem- 
ber transfer via EVA from one ship to the other, while others suggested merely having one 
cosmonaut from the passive ship carry out an EVA without transfer. Another controversial issue 
was the number of crewmembers on each ship: several d~fferent combinations were considered 
at the time, including one on the active ship and two on the passive one, one on the active shrp 
and three on the passive one. and two on both ships. 

The group supporting an early return to piloted flight expanded by mid-May 1968, with 
the addition of Chief Designers Voronin and Severrn. Academy of Sciences Presrdent Keldysh 
dissented, however, clearly still rnfluenced by Soyuz I .  He cautioned. "It seems to me that we 
are too hasty, and the question of technological launchings should st111 be discussed. I reserve 
my op~nion on the selection of p~loted flights without preliminary additional technological [that 
is, robotic] launchlngs."" 

The issue seemed to reach some kind of resolution on May 29 at a meeting of the Council 
of Chref Des~gners. Pressured by Ustinov, Keldysh, and Sm~rnov. M ~ s h ~ n  proposed a compromise 
varlant for the Initial Soyuz p~loted flight: a docking of two 7K-OK vehicles in Earth orbit with a 
single cosmonaut in the active vehicle. At least a dozen other chief designers supported Mishrn. 
and the Air Force agreed to the new proposal." A second flight in September would have the full 
docking plus EVA m~ssion w ~ t h  cosmonauts Khrunov and Yeliseyev performing the critical trans- 
fer spacewalk. With the support of Minister of General Machine Building Afanasyev, this plan 
seemed to be the most promising, but, within a few days. the imposing hand of the Commun~st 
Party's Central Committee intervened. In early June. Ustinov blocked the proposal, giving orders 
that regardless of what the chief designers believed, another automated dockrng fl~ght of the 
Soyuz was required before a piloted flrght. With that final blow. the Soviet space program lost 
two critical months. 

On June 10. 1968. the Soyuz State Commission met to discuss a response to Ustinov's 
demands. Commission Chairman Kerimov approved a plan to launch a single automated Soyuz 
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vehicle in July, carry out a joint docking flight between two Soyuz spacecraft wlth a single 
cosmonaut in the active vehicle in September, and finally a full-scale docking and EVA mission 
in November-December 1968. The Military-Industrial Commission formally approved this plan 
in late July 1968. Ustlnov had one more demand: that the third flight include a transfer of two 
cosmonauts from one vehicle to the other. Th~s meant that Mishin and his engineers would have 
to come up with a solution to the reserve parachute problem before the end of the year. Because 
they could not reduce the mass of the reentry capsule below 2.750 kilograms (a low limit for 
three cosmonauts), the engineers had to search for other options to reinforce the reserve para- 
chute system."" 

The robot 7K-OK. spacecraft no. 9, was launched into orbit at 1300 hours Moscow Time on 
August 28. 1968, more than a month behind schedule because of a variety of problems 
related to the vehicle's parachute system. The spacecraft, named Kosmos-238 by the Soviet press. 
entered an initial orbit of 199 by 2 19 kilometers at a 5 1.7-degree inclination. The vehicle was a 
passive variant of the Soyuz spacecraft. Little is known about the mission, although Western 
observers tracked at least one major orbital maneuver during its flight.' The descent apparatus 
returned to Earth without any significant anomalies on September I ,  after a flight lastlng one hour 
short of four days. Ustinov was satisfied, and the path was finally clear for piloted Soyuz missions 
after a break of close to one and a half years. This last flight. Kosmos-238, was critical not only 
because it finally instilled sufficient confidence for resuming crewed operations, but also because 
of the widespread importance of the 7K-OK spacecraft. The viability of almost all Soviet piloted 
space projects of the period, including the LI, the L3, the Soyuz, and the military 7K-VI. 
depended very much on the success and health of the 7K-OK vehicle. As evidenced by later declas- 
sified materials, the 7K-VI military reconnaissance offshoot of the Soyuz was suffering some major 
b~rth pains at the very same time that Mishin and his associates were trying to bring the Soyuz 
spacecraft back into crewed operations. 

The Soyuz-VI 

Looking back at the history of Sov~et piloted space programs in the 1960s. what is most sur- 
pr~sing is the unprecedented amount of work that was invested into projects that never saw the 
light of day. What the public saw at the tlme was only the tip of a supremely diverse space pro- 
gram; many projects were canceled prior to reaching flight status. In some cases, programs 
emerged and disappeared within the same year, inexplicably chang~ng the direction of the Soviet 
space effort for a few months. One such program was the Zvezda military spaceship 
project. which had emerged in 1966-67 at TsKBEM's Branch No. 3 at Kuybyshev under the lead- 
ership of First Deputy Chief Designer Kozlov. Consisting of a completely redesigned Soyuz 
spacecraft named the 7K-VI, the vehicle was to provide military cosmonauts experience 
in activities such as reconnaissance and combat prior to the advent of the large Almaz space sta- 
tion in the late 1960s. By late 1967, Kozlov's immediate boss. Chief Deslgner Mishin, was evi- 
dently having second thoughts. For reasons that are not completely clear. Mishin countered with 
a new military station proposal at the time-one that would supersede Kozlov's Zvezda and in 
fact serve as a direct competitor to Chelomey's ambitious Almaz space station project, which 
had already received full support. 

The situation was complicated by the relationship between the central headquarters 
of TsKBEM and its Branch No. 3. Although the latter reported nominally to Mishin, the branch 
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seems to have had some degree of autonomy with regard to its own programs. For example, in 
developing newer military photo-reconnaissance satell~tes such as Zenit-2M. Zenit-4M, and 
Yantar-ZK. Kozlov's engineers for the most part worked without much interaction with Mishin's 
engineers. At the same time. Kozlov, as the organization's First Deputy Chief Designer. 
ultimately reported to Mishin on the progress of al l  his projects. 

In October 1967, Mishin wrote a letter to Military-Industrial Commission Chairman 
Smirnov and Minister of General Machine Building Afanasyev to terminate Kozlov's 7K-VI 
program and use the freed-up resources to build an additional eight to ten Soyuz ships during 
the following year. Air Force Lt. General Kamanin, who clearly disliked Mishin both personally 
and professionally, wrote in his journal at the time: 

Work on developing the /7K-VI] ship is in full swing and it promises to be much better 
than the Soyuz. This is apparently exactly the thing that is tormenting Mishin. He did- 
n't have anything against 7K-VI as long as he counted on the fact that it would be an 
exact replica o f  the Soyuz, but when he saw that Kozlov had refrained from blindly 
copying Soyuz and was developing a principa(1y new and significantly better ship. he 
abruptly changed his opinion o f  Kozlov and his ship.'7 

Although recent accounts of the history of the 7K-VI portray Mishin as the "evil" figure in 
the attack against the vehicle, it is clear that he had the strong support of most of his leading 
deputies on the matter. Their criticism of Kozlov's spaceship centered on two factors-the use 
of radio-isotope generators and the use of a hatch in the heat shield-both of which they con- 
sidered very weak design choices. 

As an alternative to the 7K-VI. Mishin and his deputies instead proposed a new concept. 
the Orbital Research Station, better known simply as the Soyuz-VI. with the "VI" being the 
abbreviation in Russian for "military research." Within a few weeks of the new proposal, 
Kozlov capitulated to Mishin's new proposal, evidently because of intense pressure from 
Minister Afanasyev, and abandoned his coveted Zvezda project. In November 1967. M~shin and 
Kozlov signed a document titled "Basic Provisions for the Development of the Soyuz-VI 
Military-Research Space Complex," which officially testified to Kozlov's capitulation to Mishin 
on the matter." Kozlov's abrupt change of direction put the military in the difficult position 
of having to support a program whose chief designer was no longer interested ~n it. In this 
climate. many military officers, including Commander of the Central Directorate of Space 
Assets Lt. General Andrey G. Karas, who had invested much time and resources in Zvezda, 
consolidated their forces to put up a resistance against Mishin's new Soyuz-VI. The standoff 
came to a head on December 8. 1967, at a meeting on the premises of TsKBEM. Mishin was on 
vacation at the time, and Kerim A. Kerimov. the Chief of the Third Chief Directorate of the 
Ministry of General Machine Building, presided over the deliberations. All of the leading deputy 
chief designers at TsKBEM, including Bushuyev, Chertok, and Okhapkin, came out in favor of 
terminating Zvezda. Predictably, most of the military officers were against it. raising a particu- 
larly relevant question: "Why do we need a small Almaz if we're already building a big one?"84 

It seems that the Mishin faction had lined up its ducks in a row. By instructions from 
M~nister of General Machine Building Afanasyev, on January 9, 1968, Kozlov signed an order 
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terminating all work on the Zvezda spacecraft to commence developmental work in support of 
Mishin's Soyuz-VI. The military did not give up. On January 27. Kamanin enlisted the support 
of six veteran cosmonauts and met with USSR First Deputy M~nister of Defense Marshal Ivan I. 
Yakubovskiy, who promised to assist on the matter. The disagreement finally came to some kind 
of resolution on February 17, 1968, during a meeting of the Scientific-Technical Committee of the 
General Staff of the Ministry of Defense, the authoritative consultative body for all new military 
programs in the country. Chaired by Committee Chairman Col. General Nikolay N. Alekseyev. 
the meeting was called to discuss the joint proposal of Mishin and Kozlov to terminate Zvezda 
in favor of Soyuz-VI. Although all the attending high-ranking officers came out in favor of 
continuing with Zvezda. it was becoming increasingly difficult for them to offer support to the 
project when Kozlov himself had changed sides. In addition, the military's word on the issue may 
have been overruled by someone In the Communist Party's Central Committee. With little hope 
for victory, Alekseyev essentially dropped the matter. effectively closing the Zvezda program. 
Although Kozlov was shut out as a "prime contractor" in the piloted space program, he was able 
to use many of the basic systems from the Zvezda space complex to develop subsequent 
automated reconnaissance satellites in the Yantar ("Amber") series.8i 

The new Soyuz-VI program was clearly a competitor of sorts to Chelomey's Almaz, and 
therein may lie the answer to how Mishin was able to gain support for his project in the face 
of such imposing resistance from the military. Central Committee Secretary Ustinov, the de 
facto head of the Soviet space program, was known as being extremely hostile to Chelomey's 
ambitions. By supporting Soyuz-VI, he may have been trying to sabotage Chelomey's Almaz. 

The Soyuz-VI complex consisted of a small space station, named the orbital block (OB-VI) 
and a crew delivery spacecraft (7K-S), which was to be developed on the basis of the original 
7K-OK Soyuz spacecraft. Augmenting the ent~re Soyuz-VI complex would be three other space- 
craft: two Soyuz-type ships for short- and long-duration independent missions (7K-S-I and 
7K-5-11. respectively) and a robot cargo ship (7K-G). which was also a modification of the basic 
Soyuz spacecraft." 

Very little is known about the station proper of the Soyuz-VI complex: it was apparently very 
similar to the orbital block of the long-abandoned Soyuz-R project from the mid-1960s (that is. 
shaped like a cylinder about the size of a 7K-OK spacecraft). The OB-VI was to carry about 
700 to 1.000 kilograms of scientific and military apparatus. Instead of radio-isotope generators to 
provide power as on the Zvezda, the OB-VI had solar panels. One of the requirements of the 
Soyuz-Vl's design was that it allow cosmonauts to transfer from a ferry to the station via internal 
means. Thus, unlike the regular 7K-OK Soyuz vehicle, which had a system that prevented inter- 
nal transfer. Mishin's engineers for the first time began work on a more flexible pin-cone system 
to allow through passage. Like much of the station, this system was also evidently based on 
the earlier Soyuz-R concept. The Soyuz-VI complex was to fly in an operational orbit of 250 by 
270 kilometers at an inclination of 5 1.6 degrees. Piloted flights would last approximately thirty 
days." For a brief period. Mishin evidently considered the idea of testing advanced particle 
accelerators on the Soyuz-VI complex. In June 1968, representatives of TsKBEM met with 
famous Soviet physicist Andrey I. Budker, one of the founders of the Institute of Nuclear 
Physics, to discuss the issue. The idea was probably dropped soon after because of the limited 
capabilities of the Soyuz-VI. 
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The 7K-S crew supply ship was an improved version of the basic 7K-OK Soyuz vehicle. 
Under Mishin's direction, engineers addressed all the weak points of the original Soyuz ship 
and tried to replace systems and eliminate shortcomings. The official design bureau history 
adds that: 

. . . with the goal of improving the tactical-technical, technological, and operational 
characteristics in the ship's design and on-board systems, important changes were intro- 
duced, which affected the course of development and ultimately resulted in the creation 
of a new ship." 

When work began on the Soyuz-VI in the second half of 1967, it was overseen by Deputy 
Chief Designers Bushuyev and Tsybin; both men were principally responsible for piloted space- 
ships at the organization. The USSR Ministry of Defense issued a new tactical-technical require- 
ment for the Soyuz-VI complex in May 1968, which supplemented a similar document issued 
in support of the canceled Zvezda. A month later, on June 2 1 ,  amid the intense preparations 
for piloted lunar flights. TsKBEM and its Branch No. 3, jointly issued the first version of the 
draft plan for the Soyuz-VI. Mishin subsequently approved the "theoretical drawings" of the 
7K-S Soyuz spaceship on October 14. 1968." As part of the general change in direction from 
Zvezda to Soyuz-VI, many of the cosmonauts training for the former were reassigned to the 
latter. The group was originally commanded by veteran Popovich, but upon his transfer to the 
lunar program, he was replaced by Major Aleksey A. Gubarev.'" 

The project may have accelerated quickly, but it is clear that by 1968. Kozlov had lost 
much interest in the Soyuz-VI. His branch was intensively busy with the development of more 
important photo-reconnaissance satellites. Mishin, perhaps pragmatically, seems to have been 
more focused toward creating an improved version of the Soyuz, the 7K-S, than the actual 
OB-VI station itself. And without doubt, the target of all his energies was focused not on the 
Soyuz-VI station, but on the programs he had inherited from his late mentor Korolev-the Soyuz. 
the UR-500K-LI, and the N I -L3 projects. As the Moon seemed to loom close enough to reach. the 
year 1968  would have Mishin and his engineers set out on the penultimate lap 
of the race to the Moon by finishing up an extensive testing program for the N 1-13 rocket 
complex, certainly the most intensive such effort to date in the history of the Soviet space program. 

Preparing for the Landing 

Through 1968. U.S. television and the press were full of rumor and hearsay on the impend- 
ing introduction of a super-heavyweight Soviet launch vehicle comparable to the Saturn V. 
While some of this reporting was pure speculation, much of it was trickled down and leaked 
information from U.S. intelligence services, which were continuing to monitor activities at 
Tyura-Tam for clues to Soviet plans. During testimony in support of NASA's fiscal year 1969 

authorizations to the House Committee on Science and Astronautics in February 1968,  NASA 
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AdministratorJames E. Webb told his distinguished audience: " .  . . there are no signs that the 
Soviets are cutting back as we are. New test and launch facilities are steadily added . . . and a 
number of spaceflight systems more advanced than any heretofore used are nearing comple- 
t i ~ n . " ~ ~  Webb also forecast the introduction of a Soviet booster more powerful than the Saturn 
V. Five months later, George E. Mueller, the NASA Associate Administrator for Manned Space 
Flight, added fuel to the fire in a private memorandum distributed to Apollo contractor per- 
sonnel in which he stated that the Soviets were developing a "large booster. larger by a factor 
of two, than our Saturn 5."92 In May 1968, one American journalist encapsulated the tone of 
these sporadic reports on the giant Soviet super-booster: 

This booster, like the Loch Ness Monster or Souiet submarines seen o f f  the East Coast 
when the American Navy's budget is under review. tends to be mentioned by witnesses 
who are considered unreliable or prejudiced. But students o f  Soviet space trends say 
there is direct evidence that the booster will appear when the Russians are ready to 
show i t .  This conviction is apparently based on evidence-reconnaissance photographs 
o f  rocket engine test stands or perhaps new launching pads.Q3 

As was customary, Soviet officials never once mentioned the N I rocket. although through 
the first part of 1968, they continued to make repeated allusions to the possibility of Soviet 
cosmonauts flying and even landing on the Moon in the near future.'" 

Behind the veil of secrecy, the N I was ~ndeed emerging in metal, but it was months behind 
the latest schedule. As stipulated by the February I 967 decree from the Central Committee and 
the Council of Ministers, the first test flight of the launch vehicle was set for the third quarter 
of the same year. Cosmonauts were to lift off in the N I -L3 complex in April 1968. Slowly, dead- 
lines shifted month by month, until engineers lost another year engaged In a very broad ground 
testing program carried out at more than a dozen different locations. 

Engineers built more than thirty-five full-scale experimental assemblies of the most 
intricate, heavily loaded elements of the rocket's frame, many of which were tested at the 
Central Scientific-Research Institute of Machine Building next door to TsKBEM in Kaliningrad. 
In add~tion, individual sections o f  the booster structure were verified for strength and stability 
at specially built test stands built in 1967 at the Experimental Machine Building Plant belong- 
ing to TsKBEM. The comprehensive ground testing included: work on precision and pressur- 
ization: testing in deep vacuum and in weightless conditions; work on the mechanical and 
pyrotechnical systems of separation and docking and on the pneumo-hydraulic systems of the 
rocket stages; work on the command instruments and measurement systems, power sources. 
armature, and life support systems of the L3 complex; testing in high temperatures and 
vacuum: static testing of the rocket stages (including work on the thermodynamic processes 
associated with fueling the stages, storage, and preparation for launch): and work on the boost- 
er at the launch position (including checking the thermodynamic processes of the propellant 

9 1 NASA Sc~ence and Technology Dlv~sion Astronaut~cs and Aeronautics 1968 p 34 
92 john Noble W~lford "NASA A~des Fear Sov~et Space Ga~n " New York Trmes August 14 1968 p I I 
93 Clark "Sov~et Advances In Space Awa~ted " p 50 
94 Perhaps the only h ~ n t  by a Soviet of f~c~al  during 1968 on the ex~stence of the N I  rocket was a state 

ment by Acadernic~an L I Sedov on West German telev~s~on on March 20 1968 "Special rockets are now ava~lable 
very large rockets which have been bu~ l t  exclus~vely for space research purposes These rockets make ~t posslble to 
consider pract~cally many th~ngs of whlch formerly one could dream Fl~ghts to the Moon and space f l~ght to the 
planets are now quite feas~ble " See Souiet Space Programs 1966-70 p 369 



systems of the ground complex, the system of docking the rocket to the launch complex. 
and the technological processes of preparing the launch complex and the rocket for launch)." 

Among the many problems engineers encountered at the time was how to protect 
the bottom part of the rocket from the thermal and mechanical effects of the exhaust coming 
from the array of liquid-propellant engines. Specially developed materials were subsequently 
tested in various simulated conditions, although they would not be ready until the fifth 
launcher manufactured for launch, vehicle no. 7L.q6 Testing the booster's propellant tanks 
proved to be more difficult than anticipated. During some tests in 1967, the tanks were 
completely destroyed when internal pressure reached three atmospheres despite the fact that 
they were rated to handle over that limit during emergencies." Another problemat~c issue 
involved dynamic precision with regard to pulsation pressure in the rocket's tanks, which 
seemed to have thwarted work in the late spring of 1967. As late as July 1968, TsKBEM Deputy 
Chief Designer Sergey 0. Okhapkin, the man responsible for much of the work on the 
N I, reported that there was still much about the dynamic precision of the rocket's first three 
stages that was unresolved. 

If  earlier the development of the N l ' s  engines threatened to be the major bottleneck in 
the program, by 1967-68. the Trud Design Bureau (formerly OKB-276) was finally able to 
report good progress. By September 1967. Trud, under the direction of its Chief Designer 
Kuznetsov, had completed the construction of two major engine static stands at Kuybyshev. 
the EU-28 and the EU-29, for ground tests of individual engines of the first and second stages 
of the N I in both nominal and adverse conditions. The testing at Trud was followed by a 
second series at the mammoth testing facil~ties of the famous Scientific-Research Institute for 
Chemical Machine Building (formerly Nll-229), the premier rocket engine test facility in the 
Soviet Union, located at Zagorsk. Stands originally built for R-7-based boosters were 
redesigned to fire all of the N l ' s  stages except, of course, the important first stage, which 
remained an unknown quantlty and would have to be flown "green." The testing at Zagorsk 
began with "cold" firings of the N I stages, followed by: 

Fir~ngs on the EU-87 test stand of individual tests of the NK- 15 first-stage engines 
Three firings on the EU- 16 test stand of the Blok B (second) stage 
Four live firings on the E L I -  16 of the Blok V (thlrd) stage 
Firings on the EU- 15 test stand of the Blok G (fourth) stage 
Firings of the Blok D (fifth) stage

q

" 

"Interdepartmental testing" of all the engines as separate units was carried out between 
September and December 1967, opening the way to the f~ring of complete prototypes of the 
second and third stages, which were completed by June and August 1968, respe~tively.~' 
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Progress on the L3 lunar complex was much slower than that of the N I, partly because 
of continuing modifications to the design through 1968 as a result of ground testing and 
monetary restrictions. Engineers carried out three major ground firings of Blok D in 1967 in sup- 
port of 13 operations: these were in addition to the two Earth-orbital launches of the accelera- 
tion stage as part of the circumlunar LI project. One of the major concerns regarding Blok D 
was its operation for powered descent initlation from lunar orbit. During discussions in 
January-February 1968, the engineers and Chief Designers expressed reservations that after 
finishing its part of the deorbit firing, the subsequent ejection of Blok D from the Lunar Ship 
(LK) lander could be dangerous because of a Blok D explosion upon impact on the lunar 
surface. Among the options explored were the possibility of increasing the propellant of the 
lander engine to raise the altitude of separation, or even re-igniting Blok D to move the stage 
further away from the lander. To be perfectly sure of Blok D operation during the entire landing 
phase, Mish~n and his deputies tabled plans at the time to carry out a series of "rehearsal" tests ~n 
Earth orbit using the Proton booster. For this. the engineers proposed creating the LIE vehicle, 
which would consist of a simplified automated 7K-L I circumlunar vehicle, an experimental Blok D 
upper stage, and a special payload fairing for the complex. During its mission, the LIE would 
specifically test two major operations: lunar-orbit insertion and powered descent from lunar 
orbit, both crucial maneuvers on the landing flight."" 

During 1968, the engineers were still debating over the docking radar for the LK, choosing 
from two competitive variants. lgla and Kontakt. Despite the better performance characteristics 
of the former, for inexplicable reasons, the engineers chose the latter, designed by the Scientific- 
Research Institute of Precision Instruments under Chief Designer Mnatsakanyan, for the LK. 
It seems that the lander's Planeta radar was, however, based on Igla. Perhaps the most critical 
element of the LK, the Blok Ye main engine, was suffering severe delays in its development 
program at the time. Full-scale ground tests of the lander engine had been scheduled for 1966, 
then 1967, but the timelines were continually moved back. At a meeting in March 1968. Ivan I. 
Ivanov, the lead~ng designer for the engine at the KB Yuzhnoye (formerly OKB-586). reported that 
the engine was displaying a specific impulse three seconds lower than needed during test runs- 
a serious problem that would affect the mass of the LK, which had already been reduced down 
to an absolute minimum. " '  

In the United States. NASA had plans to test the Apollo Command and Service Module 
and the Lunar Module in Earth orbit before declaring them safe for lunar operations. Not 
surprisingly, the Soviet Union had similar plans for their two analogous spacecraft, the Lunar 
Orbital Ship (LOK) and the LK. In 1967. Mishin had approved plans to design and build Earth- 
orbital versions of both vehicles, called the T I  K and T2K, respectively. The two spacecraft 
would be equipped with fully functional life support systems to carry a single crewmember 
each. As was customary for the Soviets, the piloted flights would be preceded by joint 
automated flights of the TIK-T2K, also in Earth orbit. The TIK would be launched into orbit 
by the powerful UR-500K Proton booster, while the T2K would use a modified version of the 
Soyuz launch vehicle designated the I I A5 I I L. Once in orbit, the T2K would simulate a descent 
to and an ascent from the lunar surface, followed by docking with the T I  K. The two vehicles 
would then separate, with the descent apparatus of the T I  K returning to Earth for recovery." 
Despite the uncertainty regarding the Blok Ye engine, TsKBEM engineers were optimistic in their 
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schedules for the T I  K and T2K missions in Earth orbit. In March 1968. Mishin was planntng 
for the first TZK launch in October 1968, with the second and third models a month later. In 
August. Mishin discussed with Chief Designer Gay I. Severin of the Zvezda Design Bureau, the 
man responsible for all spacesuits in the Soviet space program, the possibility of using Yastreb 
EVA suits on the T I  K and T2K for a possible spacewalk. The idea seems to have been dropped 
soon after because of the added complexity of such a misston. 

Much of the testing on the LK and LOK was carried out at the TsKBEM plant or at the 
imaginatively titled Scientific-Research Institute for Chemical and Construction Machines 
at Sergeyev Posad. These tests included those for the separation of the LOK and the LK in 
nominal and emergency situations, the docking systems, and the separation of Blok D. The 
same institute was also the location of landing tests of the lunar lander mock-ups to refine the 
design of the LK. At least 200 drop tests of the descent framework were conducted, half of 
them with full-sized prototypes. Engineers devised different simulated lunar landscapes for 
a varrety of sltuatrons and introduced various landing profiles. For example, three different 
parameters, including the horizontal velocity (zero to one and a half meters per second), the 
height of the fall (several meters). and the angle of contact wrth the surface (thirty degrees to 
negative values), were considered. Designers also experimented with craters of various dirnensrons. 
repeating tests over and over to elimtnate random results. Engineers carried out pyrotechntcal 
separation tests to verify the operation of liftoff from the Moon, a problem made more dtfficult 
by temperature deformations in the ascent stage and none in the descent portion. " 

Of the many potential hazards facing the LK during operations near the Moon, one of the 
most imposing was the influence of lunar gravttational anornalles. During the early robotic lunar 
probe missions in the mid- 1960s, lunar satellites such as Luna 10. Luna I I, and Luna 12 deviated 
significantly from their expected trajectories around the Moon, raising the specter of such errors 
during piloted operattons. To map out magnetic and mass anomalies on the lunar surface that 
could affect orbrtal vectors, engineers at the Lavochkin State Union Machine Building Plant 
under Chief Designer Babak~n des~gned small lunar satellites designated the Ye-6LS to assist in 
rnapprng gravttational anomalies on the Moon. The first such spacecraft was launched on May 
17. 1967. by a four-stage 8K78M booster (better known as the Molniya-M). Unfortunately, its 
Blok L translunar injection malfunctioned and was not able to impart sufficient velocrty to the 
probe. As a failed deep space probe, the Soviet press referred to it by the nondescript name of 
Kosmos-/59."A second Ye-6LS probe failed to reach orbit on February 7. 1968, when the third- 
stage engine cut off prematurely at T+524.6 seconds because it ran out of propellant. Babakrn 
was third trme lucky. when vehicle no. 1 13 was launched successfully on April 7. 1968, and 
arrived at the Moon a few days later. officially named Luna 14 in the Sovtet press. 
Communications with the probe was carried out by the large TNA-400 dish at Simferopol tn 
Crirnea. Apart from successfully mapping gravitational anomalies, Luna 14 also carried motor 

103 V Filin ' A t  the Request of the Reader The N I L3 Project" (English title) Auiatsiya i kosmonaulika no 
2 (February 1992) 40-41 Semenov ed Raketno Kosmrcheskaya Korporatsiya p 256 Note that the descent stage 
was not temperature controlled 

104 'Calendar of Memorable Dates (English title) Nouosti kosrnonautiki 10 (May 5-18 1997) 51-53 
Timothy Varfolomeyev ' Soviet Rocketry that Conquered Space Part 6 The Improved Four Stage Launch Vehicle 
1964- 1972 ' SpaceJlight 40 (May 1998) 18 1-84 Although Kosmos 159 did not reach lunar orb~t  it did at tar  a 
highly elliptical orbit with an apogee of 60 637 kilometers the highest for any satellite In the Kosrnos series Western 
analysis of the Kosmos 159 launch suggests that based on its launch time it was launched d~rectly away from the 
Moon much l~ke Zond 4 See Ph~ l l~p  5 Clark 'Obscure Unmanned Soviet Satellite Missions ' The journal of the 
British Interplanetary Soc~ety 46 (October 1993) 371-80 More recent evidence suggests that Kosmos 159 did 
indeed enter its originally planned orbit See Timothy Varfolomeyev "Soviet Rocketry that Conquered Space Part 5 
The F~rst Planetary Probe Attempts 1960- 1964 " Spaceflighl 40 (March 1998) 85-88 



-- 

G E T T I N G  B A C K  O N  T R A C K  
- 

drives for testing different materials, lubrications, and coating for the wheels of the future Ye-8 
lunar 

The rover, for transporting cosmonauts from one lander to another on the Moon's surface. 
was Babakin's most important contribution to the Soviet lunar flotilla of the 1960s. In early 1967, 
Soviet space officials tabled a new proposal to build upon the Ye-8 rover: why not build a com- 
pact spacecraft capable of landing on the Moon, recovering a tiny portion of lunar soil, and then 
returning to Earth?'Oh The idea was clearly motivated to a great extent as insurance against losing 
the race to the Moon. If all else failed-and Apollo was about to land on the Moon-then 
Babakin could dispatch one of these robots to recover soil before any American astronaut. It was 
a pragmatic public relations exercise, but one that obviously had important scientific payback. The 
proposal apparently originated from Babakin's design bureau, and it was the subject of "a brief 
but heated debate" before being approved for implementati~n. '~~ 

As with the 13 program, the primary limitation for the soil return spacecraft was mass. 
Instead of developing a completely new vehicle. Babakin chose to model his sample returner on 
the Ye-8 rover by using its descent platform, the so-called KT stage. But instead of the lunar rover 
as a payload, the KT would carry a vehicle capable of scooping some soil. lifting off from the 
Moon, heading for Earth, and reentering into Earth's atmosphere for subsequent recovery. Babakin 
designated the spacecraft Ye-8-5 to distinguish it from its antecedent, the Ye-8 rover. 

When beginning to design the Ye-8-5 vehicle, the engineers assumed that it would be nec- 
essary to correct the return trajectory of the capsule on its trip back to Earth-that is, it would 
require complicated optical and gyroscopic devices, command radio links, and a rocket engine, al l  
exceeding the mass requirements for the spacecraft. A solution to the problem came from Dmitriy 
Ye. Okhotsimskiy, one of the star scientists at the Institute of Applied Mathematics of the 
Academy of Sciences: he had helped optimize the des~gn of the first Soviet ICBM in the early 
1950s and later worked on many early Soviet space projects. Okhotslmskiy's mathematical analy- 
sis showed that among the possible trajectories on the return flight from the Moon, there were a 
small class of passive flight trajectories that do not require correction and exist only on the 
"Moon-to-Earth" trtp because of the strong influence of Earth's gravity. He found that with these 
passive trajectories, the landing point on Earth depends on the starting point on the Moon. This 
meant that the landing point had to be very exact, to w~thin plus or mlnus ten kilometers of a 
specified point on the lunar surface. The study of lunar gravitation anomalies on Luna 10. Luna 
I I, Luna 12, and Luna 14 proved to be extremely useful for mathematical analyses of landing 
profiles from lunar orbit."' 

Babakin's engineers fought long and hard with the mass constraints. The launch vehicle for 
the Ye-8-5 was the same as that for the Ye-8, a four-stage Proton booster that could put a mass 
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of only 5.550 kilograms on a translunar trajectory from Earth orbit. This would include both the 
KT descent stage and the actual scooper with its returning spacecraft. Despite a widespread and 
intensive effort to reduce the mass of the Ye-8-5 sample returner. Babakin was able to produce a 
vehicle with a mass of only 5.880 kilograms. With the project in jeopardy, Babakin convinced 
both Chelomey and Mishin to optimize the capabilities of the Proton and the Blok D stage, 
respectively, to allow the rocket to carry the increased mass. Chelomey and Mishin evidently 
were able to fulfill Babakin's requirements by reworking several systems and reducing reserve 
pr~pel lant . '~ 

The Earth-to-Moon trip for the Ye-8-5 sample returner was identical to that of the Ye-8 rover. 
A nominal flight for the Ye-8-5 would begin with its launch into a low-Earth orbit by the Proton. 
About seventy minutes after launch, Blok D would fire a second time to insert the payload on a 
trajectory toward the Moon. After two mid-course corrections, the Ye-8-5 would fly into a 
120-kilometer-high lunar orbit four days and seven hours after launch. In lunar orbit, the ship 
would conduct two further corrections: the first to reduce perilune down to twenty kilometers 
over the landing point and the second to straighten out the plane of approach. After seven days 
and sixteen hours In space, the Ye-8-5 would fire its I I D417 engine to initiate powered descent 
from lunar orbit, landing on the lunar surface on its KT descent stage within six minutes. 

The KT stage for the sample collector was identical to the one on the lunar rover except for 
the addition of a 0.9-meter-long remote arm with a drill appendage, stored in an upright position. 
After landing on the Moon, the arm would be rotated down to the target area. Electr~c motors, 
tested on Luna 14, would allow the arm to sweep over a 100-degree arc, while the drill itself could 
be swiveled in elevation. The latter consisted of a hollow rotarylpercussion bit to drive into 
the surface. The Ye-8-5 ascent stage consisted of three spherical tanks for nitric acid and unsym- 
metrical dimethyl hydrazine for the ascent stage engines, which was composed of the 55.6 1 with 
a thrust of 1.92 tons placed in the center and four outbound verniers attached to the tanks. 
A pressurized cylinder above the central tank contained control, communications, and power 
equipment including gyroscopes and accelerometers. Four antennae were placed orthogonally on 
the horizontal plane on the outside of the cylinder. The central component of the ascent stage 
was a small thirty-nine-kilogram spherical capsule with a diameter of fifty centimeters placed at 
the top of the cylinder. Internally, in the upper portion. the capsule carried parachutes and descent 
antennas. The middle part had a receptacle for the sample, and the lower part had batteries and 
transmitting equipment that produced a displaced center of gravity toward the bottom where the 
ablative heat shield was the thickest. Once the remote arm had collected the soil, the arm would 
raise the drill and insert the soil into the small capsule at the top of the craft, pressurize it, and 
then seal it. The capsule as a whole was attached to the rest of the ascent stage via straps.I1" 

After one day and two hours on the lunar surface, the ascent stage would lift off from the 
Moon and enter a direct trajectory toward Earth. There would be no mid-course corrections on 
the return trip, and its ultimate destination would depend on the precision of the trans-Earth injec- 
t~on  burn. After a flight lasting eleven days and six hours, the small capsule would land on Soviet 
territory. 

Preparations for both the Ye-8 and the Ye-8-5 accelerated through 1968. During the middle of 
the year, the lunar rover was subjected to ground simulations at a specially constructed lunar land- 
scape near Sirnferepol in Crimea. At least five firing tests of the KT lander stage took place in late 
1968 at Zagorsk, one of which was less than successful because of a premature engine ~ u t o f f . ' ~ '  
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Babakin's Ye-8-5 sample scooper may not have been an integral part of the NI-L3 lunar 
landing program, but it added to the burden of the Soviet lunar effort of the period. The repeated 
additions and modifications to the N I -L3 plan in 1965-67 also complicated mission design. 
Even after the ink was dry on a final draft plan for a particular element of the 13 complex. 
months later, engineers would propose modifications based on new ant~cipated needs. This not 
only made it impossible to manufacture flight models of the spacecraft, but also added layer 
after layer of complexity to the N I -L3 mission. By 1968, the following components were part 
of the entire program: 

Ye-6LS (two robot probes to map lunar gravitational anomalies) 
Ye-8LS (two robot lunar satellites to photograph the lunar surface) 
T I  K-T2K (automated and piloted flights of the LOK and LK in Earth orbit) 
L I E (automated test of the Blok D stage in Earth orbit); 
N I -L I (two lunar orbital L I flights as test payloads for early N I launches) 
Ye-8 (two lunar rovers to serve as transport for cosmonauts); 
N I -L3 (one N I launch with the backup LK) 
N I-L3 (one N I launch with two cosmonauts to land on the Moon) 

This was in addition to the huge effort expended on the separate LI circumlunar project. 
For a launch profile that was to originally include a single launch to the Moon, the Soviet 
program to land cosmonauts on the Moon now included a multitude of weak links that could 
seriously disrupt the schedule. Perhaps one of the few confidence boosters for Soviet space 
engineers at the time was the majestic sight at Tyura-Tam of the first N I rocket as it was 
wheeled out to its launch pad. 

The N I Arrives . . . and Leaves 

During late 1967, the Soviets could not have ignored the hoopla surrounding a significant 
milestone in the U.S. space program. On November 9, 1967. the first Saturn V booster l~fted 
off from Launch Complex 39 at the John F. Kennedy Space Center at Cape Kennedy. Florida. 
Apollo 4, as it was called, was a magnificently successful mission, vindicating the so-called 
"all-up" philosophy, coming on the heels what one observer called "the most exhaustive 
ground-test program in aerospace h i s t ~ r y . " " ~  Coincidentally or not, the Soviet government 
issued a new decree five days after the Apollo 4 launch-one that amended the unrealistic 
targets laid down in the important February 1967 resolution on landing Soviet cosmonauts on 
the Moon. The new decision, adopted on November 14, called for the initiation of flight 
testing of the N I booster in the third quarter of 1968, almost a year behind the Saturn V. A 
date for a landing was apparently not specified: the authors of the decree merely stated that it 
would take place "in a period ensuring the preeminence of the Soviet Union in the exploration 
of spaceu-that is, before the Americans."' Mishin recalled decades later that "by then. it was 
already clear that the dates set by these directives were unrealistic. They were not backed up by 
funds, or production capacities, or resources." Vccording to the chief designer, spending on 
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the N I -L3 at its peak in 1967-68 amounted to about $1.5 billion. compared to Apollo's nearly 
$3 billion at its peak in 1966-67.'" 

When the Saturn V blasted off from Cape Kennedy, half a world away in the Kazakhstan 
desert at Tyura-Tam. Soviet engineers were putting the finishing touches on the first N I mock-up. 
The supervisory body over the entire N I-L3 program, the so-called Council for the Problems 
of Mastering the Moon, met on October 9. 1967, to discuss these preparations as well as the 
overall status of the Soviet lunar landing program. Mishin reported that the first N I f l~ght model 
would only be able to lift seventy-six tons, while a slight modification of the second stage 
would allow the attainment of the nominal ninety-five tons required for a lunar landing for 
a single cosmonaut. More improvements in the first and second stages, includrng rarslng the 
thrust of the NK-I5 engines from 154 to 170 tons, would provide a payload capabil~ty 
of 105 tons. sufficient to carry two instead of one cosmonaut down to the surface. Such a plan 
had been discussed among the senior staff in mrd- 1967, apparently prompted by continuing 
grave concerns over the safety of having a single cosmonaut on the surface of the Moon. 
Academy of Sciences President Keldysh was one of the strongest supporters of the 
two-cosmonaut plan, making the somewhat implausible proposal at the October 1967 meeting 
that the council should seriously consider landing two cosmonauts on the Moon on the very 
first launch of the N I. If that was impossible, then the mission should try and land a lone 
cosmonaut." Keldysh's voice was not the only one touting this absurd idea. Commun~st Party 
General Secretary Brezhnev was rumored to have said: "We should prepare for a manned 
mission to the Moon straight after the first successful launch of the N I, without waiting for 
~t to be finally developed.""' Mishin understandably reasoned that it would be absolutely 
rm~ossible to land two cosmonauts on the Moon on the first or second N I 

Brezhnev's ludicrous demands underline to a great degree the incredible gap between 
the people build~ng the spacecraft and those who controlled the purse strings. If there were 
expectations that the creation of the Ministry of General Machine Building in 1965 would put 
an end to the institutional chaos In the space program, they were never fulfilled. The manage- 
rial chaos was underlined at an important meeting after the Apollo 4 mission. On January 23. 
1968. Minister Afanasyev hosted a large conference w ~ t h  the senior staff at TsKBEM, including 
Mish~n. Bushuyev. Chertok, Okhapkin, and Tregub, at which the primary subject of discussion 
was the N I -L3. Afanasyev pulled no punches and bluntly blamed Mishin for all the troubles In 
the Soviet space program. Going down the litany of delays and failures in the program, 
Afanasyev spared no words in criticizing the performance of TsKBEM and Mishin in particular. 
Whrle the poor results of the N I program could not be attributable to the incompetence of one 
man. Afanasyev had good reason to single out Mishin. In the two years since he had assumed 
the post of chief designer of the design bureau, there had been nothing but fa~lure. Mishin was 
also stubborn and ill-tempered, and he constantly alienated those around him, from his 
deputies to the other chief designers. Of the original five chief designers who were alive, only 
Pilyugin and Ryazanskiy had "normal" relationships with Mish~n. The three others had some form 
of complaints against what they considered his rude behavior and poor leadersh~p qualitres. 
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Despite the ris~ng complaints against Mishin, he was not dismissed. Some believed that Ustinov 
kept him on as the "fall guy" to take the blame for a program that was al l  but doomed to fail. The 
chief des~gner may have also had powerful supporters in key positions, one of them being 
Politburo member Andrey P. Kirilenko. 

At the meeting in January 1968, Mishin clearly articulated some of the inherent managerial 
problems at TsKBEM. In some ways, his two basic points were more substantive than Afanasyev's 
introductory tirade. The chief designer strongly believed that h ~ s  design bureau was overburdened 
with extraneous tasks, which prevented it from concentrating on such space projects as the 
NILL3. Primary among these was the solid-propellant RT-2 ICBM project, whlch swallowed 
a lion's share of the des~gn bureau's resources in the late 1960s. Mishin also complained about 
having to work on subsystems, such as launch escape towers and spacecraft landing systems, 
simply because subcontractors were unable to do so. His second point was aimed at the organi- 
zation of the Soviet space program, and in particular Afanasyev's Ministry of General Machine 
Building. He bluntly accused the ministry of not controlling the completion of Items that were 
subcontracted out by TsKBEM-that is, not helping in having subcontractors meet deadlines, a 
job that was increasingly falling on already taxed engineers at the design bureau. 

M~shin's deputies also spoke. Chertok and Bushuyev both admitted that it was TsKBEM's 
own fault that they were so overloaded with projects They mentioned the 7K-LI circumlunar 
program in particular, inherited from the Korolev days, as one that was a needless burden. 
The hasty and often personality-dr~ven decisions of 1964-65 were finally having the negative 
consequences many had feared. In the end, as with many other meetings, nothing changed. 
Afanasyev refused to disrupt military programs, such as the RT-2 ICBM effort, in favor of 
"civilian" projects, such as the N I -L3. The missile project stayed at TsKBEM. Relations between 
the design bureau and its subcontractors remained just as chaotic. The engineers at TsKBEM 
shrugged the~r shoulders and went back to work."" 

Through the tumultuous events of the lunar program in the late 1960s. there was one curi- 
ous politically motivated episode that threatened to derail the N 1 -L3 program as late as 1967. On 
November 17, 1967, the Central Committee and the USSR Council of M~nisters issued decree 
no. 1070-363, which assigned General Designer Vladimir N. Chelomey to design and develop the 
UR-700 heavy-lift booster and the LK-700 lunar spacecraft to land two Soviet cosmonauts on 
the surface of the Moon by 1972 or 1 9 7 3 . T o  any observer with even cursory familiarity with 
the history of the Soviet piloted lunar program, this decision remains one of the most inexplica- 
ble-one that even the most intricate machinations of political intrigue fail to explain. How could 
the Soviet government commit to a second lunar landing program at a time when millions 
had been expended on the N I-L3? How did the UR-700 program reemerge after an official 
interdepartmental commission had already passed it over in favor of the NI-L3? According to 
Sergey N. Khrushchev, the former Soviet leader's son, the action was partly motivated by the 
astonishing delays in the N I -L3 program. He hints that the idea belonged to Minister of Ceneral 
Machine Building Afanasyev, who was increasingly at odds with his boss Ustinov over support 
to Chelomey's ~rganization.~'" Cool in his promotion of the late Korolev's dreams. Afanasyev 
began to shift his alleg~ance to Chelomey's programs with the formidable backing of new 
USSR Minister of Defense Andrey A. Crechko. The UR-700 may have had other supporters, 
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specifically Chief Designer Glushko and Air Force Col. General Kamanin, both of whom were 
vocal and vociferous opponents of Mishin."' 

The new order tasked Chelomey to produce a draft plan for the UR-700 and the LK-700 
within a one-year period. According to Khrushchev, Chelomey was very reluctant to take on 
the order, and he did not believe that any program at this late stage could be competitive 
with Apollo. Perhaps expecting another accident to delay Apollo. Chelomey sank his teeth rnto 
reviving the UR-700 proposal, tasking the development of the booster to his Branch No. I at 
Fili under his First Deputy Viktor N. Bugayskiy. Having already worked on the project for 
several years. Chelomey and Bugayskiy were able to produce the draft plan for the LK-700 lunar 
landing ship as early as September 30. 1968. Engineers finished the draft plan for the glgantic 
UR-700 rocket on November IS, just two days before the stipulated deadline." They may have 
worked on time to produce the results desired by Afanasyev, but the second comlng of the 
UR-700 slowly sank into oblivion. The Americans were racing ahead with Apollo, there was 
already a huge commitment to the N 1-L3, and Chelomey himself had little interest in forcing 
through this last-minute gasp. Perhaps understandably, Mishin's fact~on was less than pleased 
with the entire debacle. According to one of Bugayskiy's deputies: 

jW]e received the order for the 200 ton rocket and began working. And suddenly the 
specialists from Korolev's Design Bureau were writing a memo to the Minister of General 
Machine Building 5. A. Afanasyev. Soon they "killed" our 200 ton rocket, and Korolevs 
people were left without any competitors. 

Chelomey's engineers never built their gargantuan booster: "All the work on the UR-700 
was limited to the design and the mock-ups of certain sections of the rocket."'Yike so many 
of Chelomey's dreams, the UR-700 never left Earth. By early 1969, Chelomey had abandoned 
work on his alternative lunar landing project. 

As for the N I, components for the first batch of rockets were produced initially in February 
1967 at the Progress Plant at Kuybyshev. After production. the parts were then transported to 
Tyura-Tam, where they were assembled at the giant assembly-testing building. The first group 
included two mock-ups for ground testrng and fourteen models for flight testing. Later opera- 
tional batches would be manufactured based on the results of the first set of launches. The first 
N I mock-up, vehicle no. I M I, was designed and built to allow engineers to refine the dynarnrc 
characteristics of all the ground assemblies and the rocket itself and was not meant for flight. 
They used the mock-up, a complete engineering model with a nose section, to carry out 
integrated final ground testing of the N ILL3 complex as well as to perform procedures for 
prelaunch preparations. The results of these tests would clear the way for releasing the first fl~ght 
article. N I vehicle no. 3L, for launch. Just two weeks after the Saturn V launch, on November 
25.  1967, the l M l was moved on rail tracks from the assembly-testing building to the first 
completed launch pad at site I IOP.'' At the pad, giant cranes raised the booster to a vertical 
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position. It seems that the magnificent view of the graceful rocket lifted spirits considerably. U.S. 
spy satellites were also watching. In a classified report at the time, the CIA reported: 

/O]n several occasions since December 1967. (the N I ]  has been erected on the pad 
while on other occasions the pad has been empty, suggesting the Soviets are testing the 
erection and checkout facilities of the system. The vehicle has not been flown but there 
is no evidence that the program is experiencing major difficulties."" 

On December I, the Moon council met once again under Afanasyev's tutelage. Almost all 
the luminaries of the Soviet space program, including Minister of Aviation Industries Petr V. 
Dementyev. Commander-in-Chief of Strategic Missile Forces Marshal Nikolay I. Krylov. Tyulin. 
Kerimov, Mishin. Barmin. Kamanin, and many other chief designers, were present. The reports 
were fairly positive. Save for a few items on the service tower and some systems adjustments. 
the first launch pad was prepared for an actual launch. The I M I mock-up had been placed on 
the pad, while all its operational parameters were measured during three complete cycles, after 
which the booster was transported back to the assembly-testing building. The plan was to take 
the rocket out again to the pad to fuel it completely three times. Ground workers would then 
train for thirty days to master all operations in preparation for the first flight model of the N I .  
The flight article, rocket no. 3L, would then be moved to the pad and prepared for launch in 
the first half of March 1968, although all finishing work on the launch pad would not be 
completed until March 30. There apparently had been problems with the mock-up, for it was 
returned to the assembly-testing building on December 12, 1967. and moved back out once 
again in January. The official history of TsKBEM notes that the work highlighted the 
requirement for better technical documentation."' 

As workers labored to prepare the first N I flight model, focus shifted to the L3 complex. 
On January 15. 1968, the Moon council met to specifically discuss piloted lunar operations. 
both in lunar orbit and on the lunar surface. Apart from Mishin. Chief Designer Severin respon- 
sible for spacesuits and Deputy Minister of Health Avetik I. Burnazyan reported on the health 
safety measures for lunar surface operations. The news was not good. Severin, for example, told 
his audience that he would need two more years to clear his Krechet-94 su~t for operations on 
lunar landing missions. One of Mishin's demands for the suit was that it be sufficiently robust 
for up to five kilometers of movement on the lunar surface and allow EVA operations for up to 
seventy-two hours, perhaps to enable the cosmonaut to survive decompression in the lander. 
Like most other chief designers, Severin's primary problem seems to have been the severe mass 
limits on the suit. At the time, the suit had a mass of approximately ninety kilograms. A large 
conference on the Krechet-94 and Orlan suits for the lunar mission was held on March 19. 
1968, at Severin's Zvezda plant at Tomilino. Severin apparently had confidence in meeting 
Mishin's requests, reporting that the Krechet-94 would ensure EVA life support for six hours of 
work on the lunar surface, while the Orlan would provide two and a half hours, sufficient for 
the spacewalks in Earth or lunar orbit from one ship to another. Because the replenishment of 
oxygen and water would be possible from the LK or from the Ye-8 lunar rover on the surface of 
the Moon, the total operational time for the Krechet-94 would be as high as fifty-two h o ~ r s . " ~  
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Presumably because of the results of the I M I  tests. Mishin was unable to meet the March 
1968 deadline for launch, informally delaying the attempt to May. Military units evidently did 
not completely master all operations related to the work of the huge emergency rescue system 
on top of the N I. To add to the problems, work was disrupted on the booster in April by the 
death of two men during ground tests.'" Oxygen systems on the support tower were also 
incomplete for a launch. At a meeting on April 22. Mishin targeted May 5 for another full-scale 
testing of the flightworthy NI -L I  on the pad. The first launch article finally arrived at its pad 
on May 7. 1968. The launch was set for late May. despite concerns over the state of the 
booster engines, which were in less than perfect condition and only barely within the specified 
limits for testing. 

The original payload for booster no. 3L had apparently been a 7K-L I E spacecraft equipped 
to test firings of the Blok D stage. At some point in 1968, the spacecraft was replaced 
by a dedicated circumlunar spacecraft re-equipped for flight in lunar orbit. In an example of the 
cross-polltnation among the various lunar programs, this variant, known as the 7K-L IS. seems 
to have been left over from the short-lived plan to have the 7K-LI dock in Earth orbit with 
a Soyuz spacecraft prior to its circumlunar mission. The spacecraft was equ~pped with the 
Engine Orientation Complex (known as the "DOK") from the L3's Lunar Orbital Ship The 
complex. having a mass of around 800 kilograms, was installed at the forward end of the 
7K-L 1 S on its prominent support cone to carry out attitude control. Because there was no need 
for docking on the Nl 's  launch, the engine complex did not have the active node of the 
Kontakt docking system. The DOK was manufactured by a new entrant to the Soviet space pro- 
gram, the Arsenal Machine Building Plant based in Lenrngrad. whose design bureau was headed 
by Chief Designer Petr A. Tyurin. ' T h e  first complete 7K-LIS vehicle was assembled in March 
1968. In time for the planned N I launch in two months. 

The launch was not to be. At some point during the prelaunch testing, technicians 
d~scovered cracks in the first stage. Blok A, which had evidently formed when the rocket was 
mated to its payload." In such a condition, there was only one option: bring the booster back 
to the assembly-testing building and repair the cracks. The restoration took much longer than 
expected, introducing what would prove to be a fatal delay in the N I -L3 problem. Days turned 
to weeks, which eventually turned to months. It was not just the cracks on the N I ,  but also 
cumulative delays in the delivery of reliable equipment for ground operations, which was 
a significant factor in pushing back the deadline. In August, Mishin met with Ustinov and 
reported that subcontractors were continuing to break deadlines. that many electrical systems 
at the launch site did not meet specifications. and that there were many failures during ground 
testing. There was also a severe shortage of m~l~ tary  personnel at Tyura-Tam for N I operations. 
Afanasyev and Mishin were looking at a best chance for launch in late 1968, yet another year 
behlnd schedule. The hopes of the Soviet Union in reaching the Moon before the Americans 
hopelessly sank into an intractable quagmire. By this time, NASA had already flown a second 
Saturn V booster and launched the first automated Lunar Module into Earth orbit. 

129 Military workers for the N I were part of the Sixth Sc~enttfic Testing and Experimental D~rectorate at 
Tyura Tam See Jacques Villa~n ed Barkonour la porte des elo~les (Paris Armand Colrn 1994) p 73 

130 That the or~g~nal  payload for booster no 31  was a 7K L I E  IS  noted in Sernenov ed Raketno 
Kosrnrcheskava Korporatsrya p 573  The manufacture of the DOK DKP for the 7K 115 was probably the l~rs t  ven 
ture for the Arsenal Mach~ne Bu~ ld~ng  Plant ~n the Sov~et space program Later in 1969-70 the organlzatlon took on 
' design escorting' for the US naval reconnaissance satell~te system orig~nally developed by TsKBM under General 
Designer V N Chelomey See M Tarasenko 'The Sc~entiftc Program of the KB Arsenal ' (English t~t le) Nouosti 
kosmonautrki 6 (March 1 1-24 1996) 47-48 Drnrtriy Litovkin ' Space Projects of Arsenal ' (English t~t le) Krasnaya 
zuezda January 13 1996 
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G E T T I N G  B A C K  O N  T R A C K  

Unlike the N 1 ,  the Saturn V used a high-performance cryogenic upper stage fueled by 
liquid hydrogen and liquid oxygen. Throughout 1968, as the race slowly slipped through 
their hands, many Soviet designers clearly realized that although the N I had arrived as a real 
quantity on the launch pad at Tyura-Tam, it had much room for improvement, specifically in its 
use of propellants. An increased payload would allow engineers to amend one of the weakest 
elements of the N 1-13 plan and increase the crew size from two to three. The late Korolev had 
persistently tried to create a liquid hydrogen engine development program in the early 1960s. 
and the effort was finally produc~ng results by 1967-68 with the establishment of a modest 
production base as well as the first static tests of actual engines. 

The model with the best prospects, which began static tests in 1967, was the I ID56 
engine with a thrust of seven and a half tons, a creation of the Design Bureau of Chemical 
Machine Building under Chief Designer lsayev based in Kaliningrad. Two other engines, the 
I I D54 and I I D57, built by the Saturn Design Bureau under Chief Designer Lyulka, were 
also approaching the ground testing stage by 1968. A fourth engine. a derivative of the N 1's 
NK- 15V motor. was the most powerful of the lot: it was a 200-ton-thrust engine proposed by 
N I engine architect Chief Designer Kuznetsov. This engine was, however, far behind in its 
development curve than the others. Possible applications of the Kuznetsov engine on future 
variants of the N I were discussed only in January 1968. Each of the four engines had a specific 
application in a modernized N I : 

The NK- I5V would replace the current engines in Blok B (stage 11). 
The I I D54 would replace the current engines in Blok V (stage Ill). 
The I I D57 in the new Blok S would replace the current Blok G (stage IV). 
The I I D56 in the new Blok R would replace the current Blok D (stage V).''' 

Perhaps it was the success of the Saturn V or perhaps it was lsayev and Lyulka's progress 
in developing the engines, but the Soviet liquid hydrogen-liquid oxygen rocket engine program 
seems to have interested a most unlikely party at this time. After years of vociferously opposing 
such engine applications in space rocket boosters, in early 1967. Chief Designer Glushko 
suddenly emerged with an idea for a 200- to 250-ton liquid hydrogen-liquid oxygen engine. 
The idea was evidently discussed at a ministerial level in January 1968, but by t h ~ s  time. Mishin 
was not interested in Glushko's reconciliatory gesture. 

Proposals for the four engines from Isayev, Lyulka, and Kuznetsov allowed Mish~n to table 
realist~c modifications of the N I in 1967-68. In May 1968. The chief designer had one of his 
aides prepare a letter to Minister Afanasyev proposing three modifications of the N I -desig- 
nated the N I F-V2, the N I F-V3, and the N I F-V4-each distinguished by the particular liquid 
hydrogen stage i t  used. The N I F-V2 would use a new second stage, the N I F-V3 would use 
a new third stage, and so on."' In August 1968, an "expert commission" consisting of 

132. Semenov. ed . Raketno-Kosmicheskaya Korporatsiya. p. 262 
133 The aide was V K. Bezverbiy TsKBEM engineers had begun work on modern~zed variants of the N I 

prlor to Korolev's death Korolev had signed a "techn~cal account" on November 9, 1965, that described four prl- 
nary verslons of the N I :  the N I U  (a variant with better mass characteristics and more reliable engines). the N I F 
(a model with improved englnes on the f~rst and second stages), and the N I M (two radically Improved verslons 
w ~ t h  new englnes on all three stages). Each of these would also have subvariants. depending on the~r use of h~gh- 
performance liquid hydrogen-liqu~d oxygen englnes on the second or third, or both, stages The~r designations 
Included the letter "V"  to denote the Russian word for hydrogen ("vodorod") and a number to denote the stage 
appl~cat~on These subvar~ants were the N I U-V3, the N I F-V3, the N I M-V3 (two d~fferent vers~ons). the N I F-V2IV3. 
and the N I M-V2IV3. Ltfting capability stretched from ninety-five tons on the N I U to 230 tons on the N I M-V-2lV3. 
See B V Raushenbakh, ed , 8 P Koroleu I ego delo, suet i ten1 u tstori~ kosmonautiki ~zbrannyye trudy I dokumen- 
fy (Moscow. Nauka. 1998). pp 632-33 



representatives from various other organizations examined the N I F-V3 and N I F-V4 concepts. 
evidently giving a positive recommendation to both. The latter version, the NIF-V4, was 
discussed at the Central Committee level the same month, although a formal decision on 
development was not forthcoming at the time. In their pursuit of high-performance engines. 
TsKBEM engineers considered many other proposals, including redesigning the Blok D fifth 
stage for liquid hydrogen, uprating the current first- and second-stage engines for higher thrust 
and reusability, upper stage nuclear rocket engines, and even combined liquidlair-compressed 
engines working on liquid hydrogen for the first stage of the N 1J4 

As the preparations for the first N I launch at last began to pick up, space officials finally 
addressed a most critical, but often-postponed issue: a training program for cosmonauts for the 
L3 lunar landing program. In contrast to NASA astronauts who had been involved in lunar 
operations training for several years already, the Soviets were typically behind on the curve. Alr 
Force Aide Kamanin had agreed on an initial list of six men on September 2, 1966, to prepare 
for the lunar landing."' Unfortunately for the cosmonauts, they did not do much training; by 
the end of 1967, there were still no L3 simulators available at the Cosmonaut Training Center. 
Kamanin claims in his journals that much of this delay in the delivery of simulators had to do 
with TsKBEM's continuous redesign of the 13 complex, which made it impossible for the prime 
contractor of the simulators, the Specialized Experimental Design Bureau at the M. M. Gromov 
Flight-Research Institute, to produce them. Another obstacle was what Kamanin calls the 
"ideology" of the L3 complex. in the fall of 1966, official documents specified that unlike 
previous Soviet piloted spacecraft, the L3 would afford cosmonauts a significant degree of 
control over the course of a mission."Vn a year, Mishin's engineers had backed away from th~s 
requirement, falling back on Korolev's old adage about having them serve only as passengers. 
Thus, from the point of view of TsKBEM, L3 cosmonauts could manage with a compressed 
training program. In their view. civilian engineers from the design bureau would be the best 
candidates for lunar landing flights. 

The issue of L3 simulators and the cosmonaut training program finally came to a head 
~n December 1967 during several meetings between Air Force and TsKBEM representatlves. The 
former were particularly surprised to find that Mishin had canceled contracts for two simulators: 
a turbo-flier and a V-I0 helicopter with LK controls. Mishin's unilateral actions seem to have 
seriously raised the wrath of many officials, who were increasingly tiring of the chief designer's 
somewhat abrasive ways. Eventually by December 15, two deputy chief designers at TsKBEM, 
Tregub and Tsybin, agreed in principle to a new list of twenty cosmonauts, consisting of 
ten civilian engineers and ten military officers under Air Force command. TsKBEM and Air Force 
officials also came to a preliminary agreement on a list of simulators needed for the land~ng." 

134 The last concept IS rnentloned In Semenov ed Raketno Kosmrcheskaya Korporatsrya p 279 
135 The men were Yu A Cagarln V V Corbatko Ye V Khrunov A A Leonov A C Nlkolayev and V 

A Shatalov See N Kamanln " A  Coal Worth Worklng for" (Engllsh tltle) Vozdushnry transport 45 (1993) 8-9 
136 Kamanln 'A Coal Worth Worklng for"  no 47 
137 Theclvlllans were K P Feoktlstov C M Crechko V N Kubasov 0 C Makarov V P Nlkltskly V I 

Sevastyanov N N Rukavlshnlkov V N Volkov V I Yazdovskly and A S Yellseyev The rnllltary offlcers were 
V F Bykovskly A V Ftlipchenko V V Corbatko Ye V Khrunov A P Kuklln A A Leonov A C Nlkolayev G 5 
Shonin V A Voloshln and B V Volynov By December 26 Nlkltskly and Volosh~n had been replaced by V Ye 
Bugrov and P I Kllmuk respectively although the latter two d ~ d  not effect~vely joln the group untll February 1968 
See Karnancn "A  Coal Worth Worklng for ' no 48 Note that TsKBEM had evidently established ~ t s  own group of 
cosmonauts for the L3 program earller on August 18 1967 These SIX cosmonauts were 5 N Anokh~n V Ye Bugrov 
C A Dolgopolov V P Nlkltskly V I Patsayev and V A Yazdovskly See I A Marlnln and 5 Kh Shamsutdlnov 
' Sov~et Programs for Lunar Fl~ghts ' 



The eighteen-member L3 group, commanded by the ubiquitous Aleksey A. Leonov, finally 
began preliminary training in January 1968, later joined by two others the following month. On 
March 13, Air Force Commander-in-Chief Marshal Konstantin A. Vershinin signed off on a 
two-and-a-half-year-long training program for these men. At the time, the first L3 missions in 
Earth orbit were set for late 1968. The first lunar landing, under normal circumstances, was 
expected in the 1970-71 period, although most designers desperately still clung to the hope 
of carrying out the mission by late 1969. The shift to 1970-71 was evidence of a marked but 
subtle feeling among most Soviet space officials that it would be all but impossible for NASA 
to fulfill Kennedy's goal of landing an American on the Moon before the end of the decade. 
This belief was not without validity. By March 1968, NASA had still to recover from the Apollo 
I tragedy and was months away from flying a piloted Apollo spacecraft in Earth orbit, let alone 
in lunar orbit. Many Soviet officials believed that it would take a miracle to successfully 
carry out a sequential series of completely successful piloted Apollo missions in the perhaps 
fourteen months leading to a first landing. In many ways, the Soviets were viewing American 
capabilit~es through the prism of their own record. Failures were stmply an accepted part of 
testtng systems in space for the Soviets. In a diary entry In March 1968. Kamanin wrote: 

It took us three extra years to bu~ld the NI and the L3, which let the United States take 
the lead. The Americans haue already carried out the first test flight o f  a lunar space- 
craft, and in 1969 they plan to perform five manned flights under the Apollo program. 
It is worth noting that there are bottlenecks in the American program-I mean the use 
of liquid hydrogen as fuel for the second and third stages of the Saturn V and o f  pure 
oxygen inside the Apollo. So far hydrogen has been successfully "working" for the 
United States, but it may throw them back as was the case with oxygen which let them 
down, causing the death o f  three astronauts in january of last year."" 

But the Soviets did not count on the fact that Apollo was one of the most thoroughly 
ground-tested programs in the history of the U.S. space program. They could not and did not 
anticipate that Apollo would fail to fail. 

138. Karnan~n. " A  Coal Worth Work~ng for." no. 49. p.  8 





Through the ten years after Sputnik, two powerful nations engaged in a competition whose 
underpinnings had as much to do with ideology as it did with strategic power. Space was, of 
course, only one component of th~s race, and some would argue less important in its immedi- 
ate ramifications than the ~deological and often bloody confrontations played out all across the 
world. But when John F. Kennedy's singular pronouncement in 196 1 changed the tenor of the 
space race from one of the grander conquest of space to the less encompassing and more spe- 
cific reach for the Moon, the meanlng of space also changed. For a brief period in the 1960s. for 
most people, space exploration did not immediately bring to mind images of communications 
satellites, weather pictures, interplanetary probes, or even military fortifications. It was the Moon 
that caught the eye-the Moon, always mystical in nature, but now imbued with earthly con- 
cerns and earthly rivalries. For many, he who would reach the Moon first would not lay claim to 
the Moon, but rather Earth itself. As such, the last gasp to the frnish line from September 1968 
to July 1969 was as remarkable as anything ever seen before in the history of space exploration. 

Return to Flight 

As the summer gave way to the fall in 1968, the record of the Soviet piloted circumlunar 
program was dismal. Original plans were to carry out four automated lunar flights before flying 
cosmonauts around the Moon. In the four attempts since late 1967, there had been three com- 
plete failures and one partial success, the deep space miss~on of Zond 4 in March 1968. To add 
insult to injury, another I I  spacecraft had been destroyed during ground preparations for a 
launch in July 1968, delaying flight plans by several months. The first of the three rema~ning 
7K-LI spacecraft arrived at the Baykonur Cosmodrome to inaugurate a new series of attempts 
beginning with the lunar launch window in September 1968. The pace and results of ground 
preparations would determine the possibility of launching L I  missions in the October, 
November, and December windows. 

L I State Commission Chairman Tyulin, accompanied by Kamanin and a number of L I cos- 
monauts. includ~ng Bykovskiy and Popovich, arrived at Tyura-Tam on September 10, 1968, for 
the launch, set for just after midnight on September I S .  Kamanin appointed Bykovsk~y, one of 
the leading contenders to command the first lunar mission, to be in charge of controlling prepa- 
rations for the new launch. As the most experienced Soviet cosmonaut, he had recently, on 
July I I ,  been appointed commander of the cosmonaut detachment.' On the morning of 

I The "real" deslgnation of the cosmonaut detachment was m~lltary u n ~ t  no 26266 See Sergey A 
Voevodin. VSA053 October 23 1994 an electron~c newsletter ava~lable at NASA H~story Off~ce NASA 
Headquarters Wash~ngton DC f~ le on cosmonauts 



September 13, there were reports from representatives of the search-and-rescue services for the 
LI spacecraft. Resources were evidently very limited at the backup site in the Indian Ocean, 
primarily as a result of financial constraints; the State Planning Organ, responsible for budget 
appropriations, had recently cut monies for the service by half. If the spacecraft splashed down 
in the Indian Ocean, it would be during night time on September 2 1 ,  making the recovery even 
more difficult with the limited resources at hand, especially because the LI descent apparatus 
had no light beacon. Later in the day, the LI State Commission met at a new three-story build- 
ing at site 8 1 near the Proton launching pad. Deputy Chief Designers Trufanov and Shabarov, 
responsible for the booster and spacecraft, respectively, confirmed that all was ready for a 
successful circumlunar flight.' 

The 7K-LI spacecraft no. 9 carried a most interesting assortment of biological payloads 
to allow doctors to prepare for a piloted circumlunar mlssion. The central component of the 
payload was a set of two Steppe tortoises (Testudo horsfieldi Gray), each with a mass of 
0.34-0.4 kilograms. As part of the experiment, there were two other tortoises in the control 
group and four more that were left untouched. Soviet doctors picked tortoises over other 
animals because they did not need complex systems for "security" and also "the method of 
fixing them on board spacecraft [could] be stringent."' The two flight tortoises were placed 
In the spacecraft on September 2, at which time their food supply was terminated. Physicians 
would study the deprivation of food until the recovery of the spaceship, to study the patho- 
morphological and histochemical changes in the anlmals over the course of several weeks. 
Apart from tortoises, spacecraft no. 9 also carried hundreds of drosophi[a eggs of 
the Domodedovo-32 line, air-dried cells of wheat, barley, pea, pine, carrot, and tomatoes, a 
flowering plant of Tradescantia paludosa. three different strains of chlorella, and a culture of 
lysogenic ba~ter ia.~ 

The launch was perfect. The Proton booster lifted off just 0.07 seconds late, at 0042 hours. 
10.77 seconds Moscow Time on September IS, 1968. With the Moon suspended squarely 
above the pad, the rocket gained speed as it sped ~ n t o  the night sky. At an altitude of 
160 kilometers, the third stage switched off as planned, letting the booster coast up. After an 
agonizing 25 I-second Interval. Blok D switched on as planned and f~red for a nom~nal 
108 seconds to insert the stack into a perfect Earth orbit of I 9  1 by 2 19 kilometers. After a cir- 
cuit around Earth, about sixty-seven minutes after launch, Blok D fired successfully a second 
time to impart sufficient velocity to its payload to send it toward the Moon. After the translu- 
nar-rnject~on maneuver, the Soviet press finally announced the launch, designating the mission 
Zond 5 .  It was the flrst time in the circumlunar program that a spacecraft had been success- 
fully sent toward the Moon. 

While the initial results from the flight were encouraging, as it progressed, there were some 
malfunctions that threatened to destroy any hope of a complete success. During the outbound 
fl~ght to the Moon, ground controllers at the main flight control center at Yevpatoriya discov- 
ered that the IOOK stellar attitude control sensor had failed. Later diagnosis showed that the 
failure was a result of a contamination of the sensor's optical surface from residue released by 

2 N Kamanln " A  Coal Worth Working for" (English title) Vozdushn~y transport 50 (1993) 10-1 I 
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the heat given off from the interior coating. With one sensor malfunctioning, positioning the 
vehicle for mid-course corrections became a difficult proposition. Upon hearing news of the 
failure. Chief Designer Mishin and State Commission Chairman Tyulin flew to Yevpatoriya from 
the Baykonur Cosmodrome to direct compensatory measures, joining a group of cosmonauts. 
Including Bykovskiy and Popovich, who were already at the center. On the morning of 
September 17, controllers were able to use the less accurate solar and Earth orientation sensors 
to maneuver the spacecraft successfully to carry out the first mid-course correction, sufficient 
to make the vehicle circle the Moon and head directly toward the Earth. At the time of the firing, 
at 061 I hours Moscow Time, Zond 5 was at a distance of 325.000 kilometers from Earth.' 

The spacecraft circled around the far side of the Moon at a distance of 1.960 kilometers 
from the surface and was flung onto a return trajectory toward Earth. Special cameras took 
high-quality photographs of Earth from a distance of 90,000 kilometers, which were, in fact. 
the first complete pictures of Earth from the Moon, three months before Apollo astronauts 
returned with similar photographs. On the night of September 19-20, the British astronomical 
observatory at Jodrell Bank monitored transmissions from Zond 5 and picked up a Russian 
voice calling out instrument values from the spacecraft.Vt the time, observers believed that 
the voice was prerecorded, but more than likely, cosmonauts, including Popovich at 
Yevpatoriya, were playing the role of a real crew by transmitting their reports via the spacecraft. 

Zond 5's journey back was a difficult and challenging ordeal for ground controllers. To the 
alarm of the flight control team, the IOI K Earth sensor also failed at the time. The problem was 
later traced back to incorrect procedures during the spacecraft's preparation at the technical 
complex. There was evidently an error in the operational documentation that caused the 
sensor to fall out of coordination with the mechanical operation of the spacecraft's main omni- 
directional antenna. To make matters worse, the three-axls stabilization platform spuriously 
switched off the guided reentry system. With all these failures, there was little hope that the 
spacecraft could carry out a guided reentry onto Soviet territory because that would require a 
highly precise attitude during the fir~ng of the main englne. Engineers instead focused on bring- 
ing the vehicle back on a ballistic trajectory into the Indian Ocean using the remaining 99K 
solar sensor in conjunction with the smaller attitude control thrusters. Over the course of twen- 
ty hours, controllers at Yevpatoriya fed a series of singular commands to "sw~ng" the ship 
from one slde to the other, so that the resulting thrusts of the two engines would f~re in the 
direction of Earth. After alternately turning on the small thrusters on each side of the vehicle. 
the ship gathered enough veloc~ty and hit a tiny thin corridor in Earth's atmosphere for a 
ballistic reentry into the Indian Ocean.' 

Tensions were hlgh at both control centers, the primary one at Yevpatoriya and the sup- 
porting one located at the Ministry of General Machine Building's Coordlnatlon-computation 
Center at TsNIIMash, next door to Mishin's des~gn bureau. A number of high-level officials, 
including Georgiy N. Pashkov, a Deputy Chairman of the Military-Industrial Commission, and 
Maj. General Andrey C. Karas, the Commander of the Central Directorate of Space Assets, were 
present for the reentry at the center. Air Force representative Kamanin, who was also present. 
summarized the possible fate of Zond 5 as controllers watched their terminals: 

5 .  Karnan~n. " A  Goal Worth Work~ng for". Yu, P. Semenov, ed . Raketno-Kosmrcheskaya Korporatstya 
"Energrya" rmenr 5. P Koroleua (Korolev. RKK Energ~ya named after 5. P Korolev. 1996). pp. 243-44. V P Glushko. 
ed.. Kosmonavtrka entstklopediya (Moscow Sovetskaya entslklopediya, 1985). p. 130. 

6 Kenneth Gatland, Robot Explorers (London MacMillan. 1972). p. 141. Some reports also suggest that 
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The spacecraft, according to estimates, should enter the atmosphere at an angle of 
5-6 degrees to the local horizon. Even minus one degree in the reentry angle would 
mean that Earth's atmosphere would fail to "catch" the spacecraft. Even one degree 
would increase the g-load by 10-16 units above the estimated 30-40 units, and a 
greater angle would be dangerous not only for the crew, but may also destroy the space- 
craft. In other words. the spacecraft should fly over 800 ,000  kilometers along the Earth- 
Moon-Earth route at a speed of I I kilometers per second and hit the zone ("funnel") of 
safe entry 13 kilometers in dlameter Such high precision can be compared only to that 
of hrtting a one-kopek coin from a 600 meter distance." 

To the credit of the resourceful ground controllers at Yevpatoriya. the ship slipped perfect- 
ly through its intended corridor into Earth's atmosphere. Within three minutes of the splash- 
down at 1908 hours Moscow Time on September 2 1 ,  the commander of the search-and-rescue 
servlce. Air Force Maj. General Kutasin, reported that Zond 5 had landed 105 kilometers from 
the nearest Soviet ship in the Indian Ocean.' The first flight of a spacecraft to the Moon and 
back had lasted six days, eighteen hours, and twenty-sour minutes. 

The rescue of the Zond 5 descent apparatus was complicated not only by the nighttime con- 
ditions but by the presence of some uninvited guests. U.S. Navy vessels were in the area at the 
time, evidently to observe the recovery process and to collect information on the Zond spacecraft. 
The lingering U.S. ships caused undue anxiety back at Yevpatoriya, especially for "flight director" 
Pavel A. Agadzhanov, the chief of the Chief Operations and Control Group, who did not want to 
compromise the secrecy of the landing. It took the Borouichi, an Academy of Sciences ship 
equipped with radio direction finders and powerful searchlights, several hours to find the capsule 
in the rough seas. Rescuers then lifted the 2,046-kilogram capsule onto the ship's deck and cov- 
ered ~t with a large tarpaulin. The American ships left within minutes of having observed the 
recovery." After recovery, an oceanography ship, the Vasiliy Golovnin, carried the spacecraft to 
Bombay on October 3, where it was packed into a container to hide its appearance. Officials drove 
the capsule to the airport, from where it was flown directly to Moscow on an An-12 aircraft. 
Through it all, the torto~ses survived their ordeal. despite enduring a rough sea landing. The 
descent apparatus, including the animals, arrived in Moscow on October 7; four days later, doc- 
tors were able to finally beg~n their medical analysis." 

8 Karnanin ' A Goal Worth Worklng for p 10 Others present at the Coordination Computation Center 
included K P Feokt~stov (Department Deputy Chief TsKBEM) and A G Mrykin (First Deputy Director TsNIIMash) 

9 The exact location of the landlng was 32"38 S by 6 5 " 3 3  E 
10 B A Pokrovskiy Kosmos nach~nayetsya na zemlye (Moscow Patr~ot, 1996) pp 283-84 Curiously the 

CIA in its report on the recovery of Zond 5 stated 'The spacecraft splashed down late on 2 I September alter com 
pleting a seven day flight around the Moon Soviet recovery sh~ps were unable to locate the vehicle for some ten 
hours and it was another three hours-mid morning-before they recovered i t  A U S destroyer observed th~s  first 
Soviet water recovery at close range ' See Peter Pesavento 'Two Weeks That Killed the Soviet Dream " New 
Scientist (December 18 1993) 29-32 

I I Souref Space Programs 1966-70 Goals and Purposes Organization Resources Fac~lcties and 
Hardware Manned and Unmanned Flight Programs Bioastronautrcs Civil and M~lctary Applications Projections of 
Future Plans Attitudes Toward International Cooperatcon and Space Law prepared for the Committee on 
Aeronaut~cal and Space Sc~ences U S Senate 92d Cong 1st sess (Washington DC U S Government Printing 
Office December 1971) p 242 

12 Galdarnakin el a1 "Pathomorphological and Histochemical Changes " According to their analysis 
'The effects of space flight In conjunction wlth starvation produced changes ma~nly of atrophy type in the organs 

of the animals " In addition 'Starvation at the space center (of torto~ses of a control group) led to less pro 
nounced atrophy of the tissue Comparison of the changes which occurred in the test and control an~mals indicates 
that the maln structural changes in the tortoises were caused by starvation and to a lesser degree by the action of 
the flight factors ' 



F I N A L  L A P  T O  T H E  M O O N  

The Zond 5 mission, despite its attendant flaws, was the first unequivocal success in the 
Ll program. It allowed Tyulin and Mishin to seriously plan on flying a crew on a circumlunar 
mission in January 1969, contingent upon two more successful LI flights. By the time Zond 5 
splashed down in the Indian Ocean, there were three lunar launch windows left before 1969- 
in October, November, and December. Based on the pace of preparations. Mishin hoped to fly 
LI spacecraft no. I2 in November and spacecraft no. 13 in December. The ship and cosmo- 
nauts for a piloted flight would be ready in January. Such a schedule would still fulfill the orig- 
inal mandate of flying four robotic spacecraft before a crewed attempt. 

Crews for the piloted mission had nearly completed their training program by this time. 
with a final spurt during the Zond 5 flight, when some of the LI cosmonauts trained at 
Feodosiya. On September 27. Kamanin and Mishin agreed to three final crews for the first cir- 
cumlunar mission. With any luck, one of these crews would make history as the first humans 
to fly from Earth to the Moon. The crews were: 

Crew I : Aleksey A. Leonov and Oleg G. Makarov 
Crew 2: Valeriy F. Bykovskiy and Nikolay N. Rukavishnikov 
Crew 3: Pavel R. Popovich and Vitaliy I. Sevastyanov 

All three crews were judged to be equally prepared for the flight, although it seems that 
Kamanin had favored the Bykovskiy crew as the primary candidates for the first outbound mis- 
sion. As with all other Soviet piloted missions, a final decision on the issue was expected at 
the State Commission meetings prior to launch. Each of the three crews also had a single under- 
study-Anatoliy P. Kuklin, Petr I. Klimuk, and Valeriy A. Voloshin, respectively. The three back- 
up cosmonauts were trained and ready to step into either the commander's or flight engineer's 
position in case a primary crewmember was indisposed." 

The nine men training for a circumlunar mission were not the only cosmonauts preparing 
for spaceflight In the fall of 1968. By August 1968, trainees Beregovoy, Volynov. and Shatalov 
had completed training for the first piloted Soyuz mission since the Soyuz I tragedy more than 
a year before. In the autumn of 1968, Ivan I. Utkin, the chair of the subcommission investigat- 
ing the accident, finally declared the Soyuz landing system completely ready for piloted flight.I4 
Less by plan than by coincidence. Chief Designer Mishin set the "return to flight" Soyuz mis- 
sion in time for the fifty-first anniversary of the Great October Revolution. The flight plan was 
for one cosmonaut in an active Soyuz to link up with a passive automated Soyuz. The two ships 
would remain docked for a few hours before separating and carrying out independent missions. 
The conservative rendezvous and docking flight would then open the way for the long-delayed 
EVA transfer attempt. There was one major difference on this mission from the previous 
"rehearsal" docking missions of Kosmos- 1861 188 and Kosmos-2 1212 13; in this case, engineers 
decided to launch the passive instead of the active vehicle first. The older profile was clearly more 
suited for simulating operations in lunar orb~t when the active LOK would await the passive LK 
after it had lifted off from the Moon. The Soviets themselves have never revealed the reasons for 
this unusual switch. Perhaps it was dictated by engineer~ng concerns over checking the opera- 
tion of the lgla rendezvous radar system before committing to a piloted mission. Less likely, but 
certainly possible, it may have been TsKBEM's attempt at rehearsing an Earth-orbit rendezvous 
for a lunar landing mission in case the N I was not deemed safe for carrying cosmonauts into 
orbit. Such a prospect was. in fact, given serious consideration throughout 1968-69. 

13 Karnanin. "A Goal Worth Work~ng for" On September 24,  three days before the f~nal dec~sion. 
Karnan~n was lean~ng toward the following crews: A. A. LeonovIA F Voronov. V. F. Bykovsk~yIN. N Rukav~shnlkov. 
and P R. Popov~chIO. C. Makarov. Obv~ously, this crew composition was modifled by September 27. 

14. Sernenov. ed., Raketno-Kosmicheskaya Korporatsiya, p 183 



Thrs meetrng o i  the State Commcsscon occurred prror to the Soyuz 3 rnrsscon rn October 1968 Srttrng at left are 
Cornmrssron Chacrman Kerrm Kercmou and Chrei Desrgner Vasrlcy Mrshin Standing next to Mishin IS  Arr Force 

Aide Nrkolay Kamanrn Standcng next to Kamanrn i rom left to rcght are cosmonauts Georgry Berogouoy (prrmary) 
Vladimrr Shatalou and Borrs Volynou Srttrng on the extreme rrgbt is Marshal Sergey Rudenko a Deputy 

Commander in-Chrei of the Soucet Arr Force (copyrrght Chrcstran Lardrerj 

The Soviet political leadership was particularly anxious to resume space missions after the 
long gap. particularly because of NASA's well-publicized launch of Apollo 7 on October I I. 
1968. It was the first crewed U.S. spaceflight since the Apollo I fire in January 1967. A few days 
after the Apollo 7 launch. Mishin met with Communist Party General Secretary Brezhnev to 
brief him on the state of various projects at TsKBEM, including the N I-L3. Soyuz, and RT-2 
ICBM programs. Mishin also spoke to Minister of General Machine Building Afanasyev by tele- 
phone after arriving at the launch site. The two Soyuz missions were set for mid-October 1968. 
but there were numerous malfunctions during prelaunch testing, which prompted Afanasyev 
to order Mishin to delay the launches. On October 23, the day after the Apollo 7 crew's splash- 
down, the State Commission for Soyuz met at the Baykonur Cosmodrome to discuss prepara- 
tions for the Soviet launches. Kamanin presented cosmonaut Beregovoy as the primary 
candidate, with Shatalov and Volynov as his backups. There seems to have been some serious 
doubt as to Beregovoy's qualifications for the flight. He had failed his prelaunch examination, 
rece~ving a " 2 "  ("bad") out of a poss~ble " 5 "  ("excellent"). Instead of flying his backup 
Shatalov. Air Force officials organized a second examinatton, in which Beregovoy managed 
to get "4"  ("good")." All three men-Beregovoy. Shatalov, and Volynov-had trained for the 
Voskhod 3 flight in 1966, whose cancellation had been one of Mishin's first actions after 
his official appointment as chief designer. Another issue at the meeting was what to call the 
first automated 7K-OK vehicle in the press-that is, whether to give it a nondescript " Kosmos" 
designat~on to hide its true mission or to bestow ~t with the Soyuz moniker. Commission 

15 1 lzvekov and I Afanasyev. "How From a Fa~lure Was Forged the Next V~c to ry "  (Engl~sh t t l e )  Nouostr 
kosmonautikc 23124 ( 1998) 64-66 



members agreed to call the spacecraft Soyuz 2, but to announce it only after the launch of 
Beregovoy with Soyuz 3. 

The 7K-OK spacecraft no. I I lifted off successfully from site I at the Baykonur 
Cosmodrome at noon on October 25, 1968. The initial orbital parameters were 185 by 224 kilo- 
meters at a 5 1.7-degree inclination. All systems aboard the automated Soyuz spaceship seemed 
to be working without fault, but conservatism crept into the proceedings. Chief Designer 
Mnatsakanyan of the Moscow-based Scientific-Research Institute for Precisron Instruments 
recalls that on the night of the first launch, thirteen members from the Chief Operations and 
Control Group at Yevpatoriya sent a telegram to him at the Tyura-Tam control center to drop 
the idea of docking on the mission and simply try a two-part rendezvous-first to thirty kilo- 
meters and then down to 100-200 meters. The abrupt change in plans was evidently motivat- 
ed by a lack of confidence in the lgla radar system, whose chief architect was Mnatsakanyan. 
By his own account, the chief designer had no one to consult, and he unilaterally decided to 
reject thelr recommendation, taking full responsibility for the decision.'' 

The following day at 1134 hours Moscow Time, as the target vehicle passed over the 
launch site, the 7K-OK spacecraft no. 10 lifted off with Colonel Georgiy T. Beregovoy aboard. 
It was the first-ever piloted launch from site 3 1 ,  the second launch complex at the Baykonur 
Cosmodrome built for launch vehicles derived from the old R-7 ICBM. At forty-seven years old, 
Beregovoy was the oldest person to venture into space at the time. His initial orbital parame- 
ters were 205 by 225 kilometers also at a 51.7-degree inclination. Soon after the launch. the 
Soviet press announced Beregovoy's mission as Soyuz 3 and the target as Soyuz 2. 

On Soyuz 3's first orbit, ground controllers switched the lgla rendezvous system into oper- 
ation, bringing the vehicle to a distance of only 200 meters from the Soyuz 2 target after at least 
two orbital corrections. At that point, as external TV cameras beamed down images to Earth, 
test pilot Beregovoy took over manual control to br~ng his spacecraft in for a docking. As he 
closed into a range of forty to fifty meters, his spaceship automatically banked 180 degrees from 
the target despite his best attempts to compensate for the guidance system." After the sudden 
failure, the two ships moved apart while several senior officials, including Minister Afanasyev. 
Academician Keldysh. Col. General Kamanin. Space Assets Commander Maj. General Karas. 
and Chief Designer Mishin, flew to Yevpatoriya from the launch site. There was evidently some 
controversy on whether the docking failure was the result of an lgla system failure. 
Mnatsakanyan insisted that his system worked flawlessly and that: 

the cosmonaut had been confused by the light beacons [on the target spacecraft], and 
thereby [had maneuvered his spacecraft in such a way] that a certain angle had been 
formed between the antennas of the [two] ships, causing the [active] ship to "turn 
away" to one side." 

Later analysis confirmed Mnatsakanyan's hunch and clearly pointed to pilot error as the 
primary reason for the failure. Once the lgla system had brought Soyuz 3 to within 200 meters 
of Soyuz 2, Beregovoy took over manual control. At that point, the two ships were still not 
aligned perfectly. However, instead of gingerly stabilizing his ship along a direct axis to the 
target. Beregovoy used a stronger firing to put his spacecraft into a completely incorrect orien- 
tation relative to the target. The passive Soyuz 2's radar system, sensing the improper devia- 
tion, automatically turned its nose away from Soyuz 3 to prevent an incorrect docking. 

16. Yu A. Mozzhor~n, ef al.. eds., Dorogi u kosrnos II (Moscow. MAI, 1992). p. 35 
17. Semenov, ed.. Raketno-Kosmicheskaya Korporafs~ya. p. 190. 
18 Mozzhorin, Dorogi u kosrnos 11. p 35. 



Beregovoy, not sensing the real problem, completed a fly-around, and then tried to approach 
the target a second time. The same thing happened again. In the process, he practically 
exhausted all  the propellant remaining for orientation. Because there was barely enough pro- 
pellant remaining for reentry only, any further docking attempts had to be called off." 

After the initial rendezvous. Beregovoy retreated from Soyuz 2, and throughout the remain- 
der of the day, the ships drifted 565 kilometers apart. At the end of his work day, on Soyuz 3's 
fifth orbit, the cosmonaut moved into the spheroid living compartment at the forward end of 
the ship and began his sleep period." 

On October 27. after waking up. Beregovoy exercised for about twenty-five minutes before 
beg~nning his day's activities. Perhaps taking a cue from the recent live transmissions from the 
Apollo 7 spaceship, the State Commission allowed Beregovoy to "host" a TV performance later 
that day that was beamed down to Soviet television, providing the public their first view of the 
interior of the Soyuz spacesh~p. Viewers saw the cosmonaut wearing a woolen training suit and 
a white helmet with earphones as he spoke of the comfort afforded by the new spacesh~p. The 
following morning, the automated Soyuz 2 spacecraft separated into its component parts, and 
despite a malfunctioning astro-orientation sensor, the descent apparatus carr~ed out a successful 
guided reentry, landing at 1056 hours Moscow Time near the target reglon in Kazakhstan. The 
parachute system worked without fault. On October 28. Beregovoy devoted his time to a modest 
suite of scientific and Earth observation experiments. He carried out: 

obseruations of the stellar sky, the earth, and other heavenly bodies: detected the storm 
centers of typhoons and cyclones on the earth's surface: made reports to earth on fires 
in forests and jungles. studied the brightness of the earth's surface; photographed its 
cloud couer and snow cover: and photographed its horczon in daylight and twilight." 

Th~s last exper~ment involved taking photographs using photometricaily marked black-and- 
white film with orange-colored light filters." 

After midday. Beregovoy performed a second TV transmission for public benefit, pornting 
out instrumentation within the vehicle. One orbital maneuver the same day on the thirty-sixth 
orbit changed his orbit to 199 by 244 kilometers. His fourth working day began on October 29 
at 0 3 4 5  hours Moscow Time, and it culminated with his third public TV broadcast, during 
which he gave viewers a look through the portholes in the Soyuz. There were evidently 
no anomalies during the flight, and the cosmonaut worked without interruption on h ~ s  exper- 
imental observations. He maintained a good appetite throughout the mission and did not 
display any sign of disorientation, although he later admitted that it took him about twelve 
hours to get fully used to the weightless state. 

Soyuz-3's reentry program was the source of great anxlety at the control centers, not the 
least because ~t was the first piloted return to Earth since Komarov's tragic death. After an 
initla1 aborted attempt. Beregovoy fired his main engine for 145 seconds over the Atlantic 

19 lzvekov and Afanasyev 'How From a Fa~lure Was Forged the Next V~ctory " As a comparison dur~ng 
the twenty minutes of the automat~c portlon of the rendezvous Soyuz 3 used only thirty k~lograms of propellant 
In the ensulng two m~nutes Beregovoy used up forty k~lograrns alter which there were only e~ght to ten kilograms 
remalnrng sufflc~ent for only one reentry attempt 
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Ocean to brake from orbit on the morning of October 30. Flying over Africa and then the 
Caspian Sea, the descent apparatus successfully carried out a guided reentry landing at 
1025 hours Moscow Time near Karaganda in Kazakhstan. Luckily for Beregovoy, a blizzard at 
the landing area had passed by morning time, and the cosmonaut landed safely on a snow- 
covered steppe, welcomed by a bewildered local boy on a donkey." During a three-day, twen- 
ty-two-hour, fifty-minute, forty-five-second mission. Beregovoy had circled the Earth sixty-four 
times. While his flight may not have been completely successful, the Soyuz 213 mission was a 
significant boost to the confidence of engineers worklng on the program. Almost every single 
automated system aboard the Soyuz 3 spacecraft, including the lgla rendezvous system, the life 
support systems, the main engine, the attitude control sensors, and the parachute landing sys- 
tem, worked flawlessly. Beregovoy's postflight report on October 3 1 to the State Commission 
was illuminating. He recalled that payload falring jettisoning was "unpleasant." Once in orbit, 
there were problems with the vlewports: the right viewport was fogged up from the exterior, 
and there was dust between the glasses of the viewports. In general, Beregovoy reported that 
there was a lot of dust in the descent apparatus. Most critically, he reported that the manual 
control during the approach to Soyuz 2 was "too sensitive." implying that the "human automa- 
tion" dynamlcs had room for improvement. When asked later by the press whether his age had 
made it difficult for him to be chosen for the mission. Beregovoy replied that his height 
(180 centimeters) had been more of a problem than anything else.'" 

Crew-rating the Soyuz spacecraft was critically important for the future of the Soviet space 
program, but for immediate purposes, the focus was on the Moon-in particular, the LI 
circumlunar program. Delays in the preparation of the next flight-ready LI vehicle had forced 
Mishin to skip the October 13- 15 lunar launch window. thus shifting the launch into November. 
With rumors on the possibility of an Apollo lunar-orbital mission circulating ~n the Western 
press, Soviet public spokespersons suddenly found themselves in a difficult position. As a result. 
throughout October and November. Soviet officials expressed often contradictory positions on 
their policy on the "race to the Moon." On October 14. Academician Sedov, representing the 
Soviet Union at the 19th Congress of the International Astronautical Federation in New York, in 
a clear obfuscation of the truth, stated that "the quest~on of sending astronauts to the Moon 
at this time is not an item on our agenda. The exploration of the Moon is possible, but is not a 
priority."" Then, as if to contradict himself, he added that "the program for the exploration of 
the Moon depends upon the success [of the Zond] experiments. Since the experiments may have 
various results, it is not possible at this time to be positive about lunar landings."'" 

The press conference for the Soyuz 3 mission, held on November 5, was also an interesting 
exercise in public relations. Despite hesitance on talking about lunar plans. Academician 
Keldysh was forced by the numerous questions from journalists to finally concede that the 
Soyuz spacecraft was not designed for a flight around the Moon. He strongly implied that the 
Soviets were not planning a piloted flight around the Moon in the near future. It was the first 
step on the slow and painful road for the Soviets in their cover-up of the piloted lunar programs. 
After years of vociferously voicing opinions in favor of crewed lunar operations. Sov~et 
spokespersons were all of a sudden caught in a web of confusion, having to emphasize that 
they were not ~nterested in the Moon while confirming as such, often in the very same sen- 
tence. Keldysh, for example, added at the Soyuz 3 press conference that before cosmonauts 

23 R~abch~kov. Russrans rn Space, pp. 243-44: Smolders. Sovrets in Space. pp 165-66. 
24 Reglnald Turn~ll. The Observer's Book of Manned Spacefl~ght (London. Freder~ck Warne C Co 1975). 
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actually carried out a lunar landing, a complete mission from liftoff to lunar landing and return 
to Earth would be carried out automatically. The Soyuz 3 mission itself was the subject of a lie: 
when a journalist asked Beregovoy why he had not docked with the Soyuz 2 spaceship, the 
cosmonaut replied calmly, "That was not on the program."" No doubt, he was only saying 
what his "handlers" had asked him to say. As if to confirm that the Soviets were finally back- 
ing away from any public association with the Moon, Academician Sedov emphatically 
announced during a visit to the University of Tennessee Space Institute on November 7 that 
the "U.S.S.R. would not conduct manned lunar operations within the following six months."'" 

Apollo Versus Zond 

In this penultimate lap toward the Moon, the tenor of the competition between the Soviet 
Union and the United States dramatically changed in the late fall of 1968 with the fast pace of 
events in the Apollo program. U.S. space officials had been carefully watching Soviet accom- 
plishments throughout the year for hints of their ambitions toward the Moon. Circumlunar mis- 
sions had been raised In classified CIA briefs as early as April 1967, and it was no surprise to 
U.S. observers when Zond 5 successfully carried out its flight exactly as predicted. The CIA, in 
a top-secret "National Intelligence Estimate" on the Soviet space program dating from April 
1968. claimed that the Soviets might attempt a piloted circumlunar mission by "the last half of 
1968."" One senior NASA astronaut, Frank Borman, recalls that in early August, news of the 
Soviet deadline of late 1968 had trickled down from the CIA to NASA, prompting NASA officials 
to establish a more ambitious timetable for Apollo.'O In the alphabetical sequence of Apollo mls- 
sions, the "C" mission (Apollo 7) in Earth orbit was to be followed by the "D"  mlsslon (Apollo 
8). the first flight of the combined Command and Service Module with the Lunar Module, also 
in Earth orbit The " E "  miss~on (Apollo 9)  would then be a Lunar Module test In high-Earth orbit. 

In early August 1968. George M. Low, the Deputy Director of NASA's Manned Spacecraft 
Center in Houston. ordered his staff to work on a plan to eliminate the "E" mission in favor of 
the much more ambitious "C-prime" flight-one in which an Apollo Command and Service 
Module launched on a Saturn V would go directly to lunar orbit. It was a decision laden with 
risks. It would only be the third launch of the Saturn V booster, and the r~sks of a lunar-orbital 
mission would be exponentially more than one in Earth orbit. But based on their analysis. Low 
and Air Force General Samuel C. Phillips, Apollo program manager at NASA Headquarters, were 
willing to comm~t. As NASA h~storian Roger D. Launius accurately observed in retrospect: 

The advantages of this could be important, both in technical and scientific knowledge 
gained as well as in a publlc demonstration of what the United States could achieve. So 
far Apollo had been all promise: now the delivery was about to begin.:' 

27  "Soyuz 3 Moon Trip Called Unlikely " New York T~rnes November 6 1968 p 44 Soviet Space 
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By mid-August, the Manned Spacecraft Center received clearance from NASA Headquarters 
on the new plan; a final decision was still contingent upon the success of the initial piloted Apollo 
mlssion in Earth orbit, then slated for October 1968. If Apollo 7 was an unequivocal success, 
NASA would move ahead to the lunar-orbital Apollo 8 in December." 

On October I 1 .  1968, NASA launched Apollo 7 into Earth orbit with three astronauts. After 
a highly successful eleven-day flight, the crew splashed down safely in the Pacific Ocean. NASA 
management's case for lunar orbit in December was further bolstered by the outstanding achieve- 
ment of Zond 5,  which had successfully circled the Moon and splashed down in the Indian Ocean. 
There was little doubt among independent observers that the Soviets were targeting the Moon for 
a plloted circumlunar flight, possibly for their lunar launch window, also in December 1968. On 
November I I ,  Phillips composed a final memorandum on launching Apollo 8 to lunar orbit. and 
Acting NASA Administrator Thomas 0. Paine announced it publicly a day later." 

By early November, the Soviets were still planning two more automated L I  missions, one 
in mid-November and one in early December, to be followed by a piloted launch in January. The 
question begs itself: Once the Apollo 8 announcement was made public by NASA, did Soviet 
officials consider skipping one of the precursor flights and moving the piloted launch to December? 
The Soviets had a significant advantage. To have the best lighting conditions for potential lunar 
landing sites for future missions, NASA officials had set the Apollo 8 launch window for December 
2 1 .  1968. Because of differences in trajectories. the circumlunar launch window for a Soviet 
launch from central Asia would be earlier in the month, around December 8-10. Thus, launching 
cosmonauts to the Moon in December would guarantee a first-place flnish at a time when the 
rivalry between the two space programs was approaching a climactic finish. But contrary to a 
plethora of speculation in the West, there was, in fact, no real plan for a December 1968 piloted 
launch to preempt Apollo 8.'" 

Cosmonauts, chief designers, and military officials arrived at Tyura-Tam in early November to 
direct the preparations for the launch of the 7K-LI spacecraft no. 12. The launch went off without 
inc~dent at 22 1 I hours. 3 1 seconds Moscow Tlme on November 10, 1968. Within sixty-seven 
minutes of the launch, the Blok D upper stage successfully fired to boost the spacecraft, named 
Zond 6 by the Soviet press, toward the Moon. As soon as the spacecraft was on its way to the 
Moon, controllers discovered that an antenna boom had not deployed, effectively preventing oper- 
ation of the stellar attitude control sensor mounted on the boom. Despite the problem, ground 
controllers managed to command the vehicle to perform its first mid-course correction at a distance 
of 246.000 kilometers from Earth on the morning of November I 2  using a backup stellar attitude 
control sensor that used the Sun and Sirius as fixed points. Flying what seemed to be a perfect 
flight. Zond 6 flew around the far side of the Moon two days later at a closest distance of 
2.420 kilometers. 

A camera on the spacecraft took high-resolution black-and-whlte photographs of the Moon 
from distances of 1 1,000 and 3.300 kilometers. The first session was intended for filming the light- 
ed surface of the Moon for measuring its photometric characterist~cs and determining ~ ts  amount 

32 For a discuss~on of the switch to 'C prime " see also Willlam Dav~d Compton Where No Man Has 
Gone Before A Hislory o/ Lunar Exploratron Mlssrons (Wash~ngton DC NASA SP 42 14 1989) pp 132-33 Donald 
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1994) pp 213-16 

33 This memorandum of General Samuel is  reproduced in full as "Reading No 15 NASA Decides to Make 
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and form. The closer shots enabled large-scale photography for photometric measurements and 
the mapping of hidden portions of the Moon. The camera used panchromatic film and had a 
focal length of 400 millimeters; it produced frame sizes of thirteen by eighteen cent~meters. 
Stereo imaging was made possible by the angles of some of the images. The photographs cov- 
ered areas of the Moon both visible from Earth and on the far side. Apart from the camera, Zond 
6 also cawed a photo-emulsion detector to record the paths of cosmic rays, as well as another 
dev~ce to measure micrometeoroid impacts." The spacecraft also carried biological speclrnens, 
although the Soviets have never provided any details. These possibly included tortoises. 
drosophiia. Tradescantia plants, bulbs of the Allium series. dried wheat germs, various strains 
of chlorella. B. coli, and other samples. Explicit mention was only made of air-dried cells of 
wheat. barley, peas, pine, carrots, and tomatoes."' I 

After the spacecraft circled the Moon, controllers had to refine the trajectory of Zond 6 suf- 
ficiently to allow it to perform a guided reentry into Earth's atmosphere and land on Soviet ter- 
ritory Instead of the Indian Ocean. The first correction was successfully accomplished on the 
mornlng of November 16 at a distance of 236.000 kilometers from Earth. It looked as if every- 
thing was on track for a perfect mrssion until sometime the same day when ground controllers 
detected a disastrous problem: the air pressure within the descent apparatus had dropped from 
a normal level of 760 mm Hg down to 380 mm, indicating a compromise of the spacecraft's 
integrity. ' There was also an assocrated drop in temperature within the hydrogen peroxide 
tanks for reentry attitude control. Despite the partial depressurization. later found to be the 
result of a faulty rubber gasket, the cr~tical systems on the ship remained operational, and the 
controllers were able to carry out the third and final mid-course correct~on, just e~ght and a half 
hours prlor to reentry at a distance of 120,000 kilometers from Earth on the morning of 
November 17. Zond 6 separated into its two component modules prior to reentry, and at 
1658 hours Moscow Time the same day, the descent apparatus entered its tiny entry corridor 
into Earth's atmosphere at a velocity of 1 1.2 kilometers per second. Passing through its 
9.000-kilometer-long reentry corridor, it skipped out of the atmosphere, having reduced veloci- 
ty down to 7.6 k~lometers per second, and began a second reentry that further lowered veloci- 
ty to only 200 meters per second. Throughout the reentry, engines on the descent apparatus 
automatically fired to vary roll control so as to change lift force and reduce g-loads. Unl~ke its 
predecessor. the Zond 6 descent apparatus was subjected to a maximum of four to seven g's? 
The complex reentry was a remarkable demonstration of the precision of the 11 reentry profile. 

The guided reentry may have been successful, but the depressurization problem was a fall- 
ure diff~cult to ignore. During part of the descent, pressure in the descent apparatus reduced 
further down to only twenty-five millimeters, certainly killing any biological payloads on board. 
No doubt, a crew within the ship would have experienced the same fate. The near-total depres- 
surrzatlon caused the gamma-ray altimeter of the descent apparatus to issue a false command 
to release the single parachute system, whose container was also depressurized. at an altitude 
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36 One Soviet source rmpl~es at several polnts that the biolog~cal payloads for Zond 6 were almost but not 
completely Identical to Zond 5 See Gazenko Ant~pov and Parfenov 'Results of Biological lnvest~gat~ons ' 
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no I 2  (December 199 1 ) 1-64 
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of 5,300 meters above the ground instead of much later. Without a parachute, the ship simply 
plummeted down to the ground and smashed into pieces. Remarkably, the impact occurred only 
sixteen kilometers from the Proton launch pad at the Baykonur Cosmodrome, where Zond 6 had 
lifted off just six days and nlneteen hours previously.'" 

What lay ahead for rescuers was yet another situation fraught with danger. The crushed 
descent apparatus clearly had a lot of valuable materials, including the in-flight data recorder as well 
as exposed fllm from the Zond 6 camera, which possibly could have survived the crash. On the 
other hand, the capsule contained ten kilograms of TNT, whose condition was unknown and 
which would pose a threat to any recovery operation. Croups from TsKBEM and the Scientific- 
Research Institute for Automated Devices arrived at the site on the day of the crash, followed 
by Deputy Chief Designer Bushuyev the following day. November 18. The plan was to extract all 
available recoverables from the broken chassis of the spacecraft with manual tools, but without 
str~king any blows to the ship It was a long, step-by-step, and arduous process, but rescuers 
eventually dismantled the explosive system and handed it over to an Air Force team, which later 
blew it up in a nearby steppe. For their demanding work, Chief Designer Mishln personally ordered 
commendations for all rescuers. A cursory inspection of the remains of the descent apparatus 
showed that the parachute system had indeed been jettisoned: moreover, the main undeployed 
antenna boom had remained attached to the capsule through reentry instead of being 
automatically discarded prior to entry into the atmosphere, although this did not affect the success 
of its guided reentry. Among the items recovered intact from the wreckage was the exposed film 
from the Zond 6 camera. Beautiful pictures of both Earth and the Moon were later published in the 
journals, serving to confirm Soviet assertions that everything about the flight had been successful. 
While all the biological specimens had been killed. Soviet scientists were able to glean 
information from some of the seedlings on board." 

Following the Zond 6 crash. Mishin postponed any plans for a piloted L I  mission in the near 
future: the dreams of Soviet engineers and scientists of circling the Moon prior to the United States 
also went up in smoke. It was the final and ignominious end of three years of Intensive work- 
work plagued by unprecedented delays and failures. It was not a pretty picture for the Sovlets in 
November 1968. Given the results of Zond 6, an automated launch would have to be skipped for 
the December launch window. The next available window was in January 1969. If and only if that 
mission was completely successful, officials could hope for a piloted circumlunar misslon for the 
next window. perhaps in March or April 1969. Kamanin wrote in his diary on November 26, 1968: 

I have to admit that we are haunted by U.S. intentions to send three astronauts on board 
Apollo 8 around the Moon in December. Three of our unpiloted L I spacecraft have returned 
to Earth at the second cosmic velocity, two of them having flown around the Moon. We 
know everything about the Earth-Moon-Earth route, but we still don't think i t  is possible to 
send people on that route:" 

39. Sernenov, ed . Raketno.Kosmlcheskaya Korporats~ya. p 245. Afanasyev. "Unknown Spacecraft." The 
parachute system was ev~dently discarded at the tlme that the "frontal sh~eld" for the descent apparatus was jetti- 
soned. See Major I. Kuznetsov. "The Fl~ght That Did Not Occur" (English tltle). Aulalsiya I kosmonaut~ka no 8 
(August 1990) 44-45. In the f~nal conclusion on the Zond 6 fa~lures TsKBEM engineers bel~eved that two 
problems-the drop ~n temperature in the hydrogen peroxlde tank to mlnus five degrees Centigrade and the capsule 
depressurization-were related events After the temperature drop on the nlght of November 14, engineers had 
attempted to heat the tank by facing ~t toward the Sun. The excess heat ev~dently affected the weak seal of the maln 
hatch and led to slow decompress~on 
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Ironically, it was the same day that the Soviet press for the first time explicitly connected 
the Zond circumlunar flights to a piloted space project. A journalist wrote in Soviet News. 
"[The] space station Zond 6, like Zond 4 and Zond 5, was launched in order to improve the 
automatic functioning of manned spaceship which will be sent to the Moon."42 It was a par- 
ticularly curious time for such an admission, especially because the L I  program was at its nad~r 
then, with little prospect of a piloted mission in the near future. 

The Impending launch of Apollo 8 on December 2 I raised the ante of the space race to a 
dramatic level. especially in the public forum. Many mainstream Western publications reported 
that the Soviets were planning to go ahead with a piloted circumlunar launch on December 8." 
Early in December. the popular magazine Newsweek quoted "U.S. sources" clalmlng that the 
Soviets would "default because of unspecified technical problems w ~ t h  their Zond ~pacesh ip . "~~ 
A week later, the same magazine asserted that: 

Intelligence sources confirm that the Soviet Union was ready but unable to send a 
manned mission to the moon earlier this month when the launch window was open. 
Unspecified technical difficulties developed in the Zond spacecraft. In the past week, the 
Soviet space tracking and recovery ships in the Indian Ocean have dispersed or returned 
to port '' 

These rumors contributed to a veritable cottage industry of stories that the Soviets had pre- 
pared a booster and that cosmonauts had been ready on the launch pad going through a count- 
down, which had been canceled at the last moment. The evidence, however, suggests that 
there was no such attempt, nor were there plans for such a launch, at least on the part of senior 
offlc~als and designers. The cosmonauts training for the L I ,  however, apparently had other 
ideas. 

Civilian cosmonaut Sevastyanov, an engineer on one of the three crews training for the cir- 
cumlunar mission, recalls that the L I  group of six cosmonauts wrote a letter directly to the 
Politburo asking for permission to fly to the Moon in December. They argued that despite all the 
failures on Zond 5 and Zond 6, the presence of a crew aboard the ship would make a flight more 
safe. Their proposed mission would begin with a launch on December 9, with sufficient time to 
beat Apollo 8. According to Sevastyanov, despite the absence of permission from higher officials. 
the cosmonauts flew to Tyura-Tam during the first days of December and were there for more than 
a week. The Proton booster and the 7K-LI  spacecraft no. 13 were ready in the assembly-testing 
building, apparently the same articles that had been planned for a robot~c flight in December 
before the Zond 6 failure. With zero support from most space officials, the cosmonauts never 
received permission to fly.4%iven the  nord din ate levels of confusing information concerning 
Soviet space history. Sevastyanov's account IS probably purely apocryphal. As evidenced by 

42 Phillip S. Clark. "Topics Connected With the Soviet Manned Lunar Programme." lournal of the Brrtish 
lnterplanetary Socrety 40 (May 1987): 235-39 See also Donald C Winston. "Soviets Adm~t  Zond 6 Manned 
Capability." Auiat~on Week G Space Technology. December 2. 1968, pp 18-19. A prornlnent article In the off~clal 
Soviet government newspaper lzuestrya also highlighted the possibility of a Soviet plloted c~rcumlunar mlsslon as a 
result of the "success" of Zond 6 See "Russians Cite Readiness for Manned Lunar Fl~ghts," New York Tunes. 
November 26. 1968. p. 4. 
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45. "Soviet Moon Shot That Fizzled." Newsweek (December 30. 1968) 1 1  See also "Cosmos 260 
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Lunar Program" (Engllsh title). Auiatscya I kosmonautika no 2 (February 1993) 30-3 I 
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Kamanin's personal journals, the cosmonaut overseer was not even at Tyura-Tam on December 
8. instead spending the day at the Cosmonaut Training Center in Moscow overseeing minor 
bureaucratic issues unrelated to the lunar program." True or not. Sevastyanov's story adds to the 
mythology of the Soviet space program, growing ever more richer and imaginative year by year. 

As the Apollo 8 launch grew closer. Soviet spokespersons for the space program began 
their efforts to neutralize what was threatening to become a public relations disaster. In a 
propaganda offensive that would last a year. Soviet officials engaged in a complete about-turn, 
backing away from their insistent statements of years before. Veteran cosmonaut Titov, on a 
trip to Bulgaria, told journalists the day before the Apollo 8 launch. " i t  is not important to 
mankind who will reach the Moon first and when he will reach it-in 1969 or 1970."48 But 
matter it did. When Apollo 8 lifted from Cape Kennedy on December 2 1 ,  1968. the eyes of 
world were upon the three astronauts. Colonel Frank Borman, Captain James A. Lovell. Jr., and 
Lt. Colonel William A. Anders, who were embarking on a journey as important as any in 
history-to leave the bonds of Earth and head out into deep space. For many Soviets, it was a 
bittersweet day. Kamanin wrote in his diary: 

The flight o f  Apollo 8 to the Moon is an event of worldwide and historic proportions. 
This is a time for festiuities for eueryone in the world. But for us, the holiday is darkened 
with the realization of lost opportunities and with sadness that today the men flying to 
the Moon are not named Valeriy Bykouskiy. Pauel Popovich, nor Aleksey Leonou, but 
rather Frank Borman, lames Lovell, and William Anders." 

The Apollo 8 Command Module splashed down in the Pacific Ocean on December 27. 
1968, after a mission successful beyond the best of hopes, during which the crew had circled 
the Moon ten times. After years of uncertainty and a lack of self-confidence, the United States 
had convincingly taken a dramatic lead over its only competitor. The time for payback had 
arrived for both countries. For the United States, i t  was payback for excellent management, high 
levels of funding, and a state-level commitment; for the Soviet Union, it was precisely the 
opposite. In their meager responses to Apollo 8, Soviet spokespersons weakly defended 
their positions. Academician Sedov, still referred to as the "father of the Sputnik," told Italian 
journalists a day after the Apollo 8 splashdown that the Soviets had not been competing in a 
race to orbit or land on the Moon. Referring to Apollo 8, he added: 

There does not exist at present a similar project in our program. In the near future we 
will not send a man around the moon. W e  start from the principle that certain problems 
can be resolved with the use of automatic soundings. I believe that in the next I0 years 
vehicles without men on board will be the first source of knowledge for the examination 
of celestial bodies [ess near to us. To this end we are perfecting our  technique^.'^ 

Automation was a big theme in Soviet public statements throughout 1969. The topic was 
prominent at a meeting of the Military-industrial Commission on December 30. 1968, to discuss 

47 N. Kaman~n. "For Him. L~ving Meant Flying" (Engl~sh tltle), Vozdushniy transporl 18-19 (1994)' I2 
Even more damaglng for the Sevastyanov story. Kamanin on December 5-6 had spent the days off at h ~ s  dacha rest- 
~ n g  and "clearing paths of snow " 
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a response to Apollo 8. Grasping at straws, commission members decided to move ahead with 
one possible glimmer of light at the time: the Ye-8-5 robot spacecraft capable of recovering soil 
samples from the surface of the Moon. Kamanin had a cynical vlew of the exercise, writing: 

They cannot possibly get into their heads the very simple thought that it is impossible 
to answer the piloted flight o f  Apollo 8 with a flight of an automatic machine . . . any 
automatic machine cannot possibly be a satisfactory answer. Only landing people on 
the Moon and successfully recovering them on Earth would serve as an answer to the 
triumph o f  Apollo 8. But we are not ready for an expedition to the Moon, in the best 
case we will be ready for such a flight in about 2-3 years." 

As with many other lunar projects at the time. there was much still unknown about the 
Ye-8-5; engineers at Chief Designer Babakin's design bureau had not even built a complete 
model of the spaceship by the end of the year. Regardless, the Central Committee and the USSR 
Council of Ministers issued a new decree, no. 19- 10, on January 8. 1969, titled "On the Work 
Plans for Research of the Moon, Venus, and Mars by Automatic Stations."" The decree 
evidently called for the acceleration of various automated programs, including the Ye-8-5 robot. 
It was the first clear response to Apollo 8, and it established a new direction In Soviet space 
policy that would remain entrenched for many years to come. Handed their biggest defeat yet. 
officials now went about neutralizing the effects of the Apollo victory by claiming that the 
Soviet Union had never intended to reach the Moon. It was clearly much easier to change 
history when the details of that history were originally obscured or hidden beyond recognition. 

Transfer in Orbit 

When the Soviets were finally ready to carry out their long-delayed docking and EVA Soyuz 
mission, it was already an anachronism Originally. Korolev had conceived such flights 
as means to master rendezvous, docking, EVA, long-duration missions, and other complex 
operations in Earth orbit to provide expertise for future piloted lunar excursions. It would serve 
in much the same capacity as Gemini did for Apollo in the U.S. space program. To extend the 
analogy. by the time the Soviets were ready to fly their Gemini, the United States was already 
flying Apollo. In fact, much of the technology used on the Soyuz was d~fferent from that on 
the L3. For example. cosmonauts would use the Yastreb EVA suits on Soyuz unlike the Orlan 
and Krechet-94 on the L3. The Soyuz used the lgla rendezvous radar system, while the L3 used 
Kontakt. The actual docking contraptions were completely different, and the launch vehicles 
had no common elements. Still, it was an important step in moving slowly to piloted lunar 
operations by providing crucial experience to ground controllers, cosmonauts, and designers in 
performing complex operations in Earth orbit. 

Rumors about the mission were bolstered in November 1968 when Mishin, under cover as 
the anonymous "Chief Designer," spoke to Soviet journalists about the assembly of two Soyuz 
spacecraft in orbit." Preparations for the missions culminated in a meeting at Tyura-Tam of the 
Soyuz State Commission on January 1 1 .  1969. Kamanin presented the two primary and two 
backup crews to the commiss~on for final appr~val. '~ Like no other crew before, the four 

51 N Kaman~n ' I  Feel Sorry for Our Guys" (Engl~sh tltle) Vozdushniy transport 13 (1993) 8-9 
52 lbrd 
53 Donald C W~nston "Soyuz Ser~es Alms for Orbital Platform " Avlatcon Week 6 Space Technology 

November 18 1968 pp 12 1-23 
54 Karnan~n "I Feel Sorry for Our Guys " no 13 



~- -- 

I F I N A L  L A P  T O  T H E  M O O N  

members of the primary crew, all 
rookies, each had distinctive back- 
grounds, breaking tradition with 
earlier Soviet cosmonauts. The com- 
mander of the active spacecraft was 
Vladimir Aleksandrovich Shatalov. 
the first of a new generation of 
Soviet cosmonauts to fly into space. 
Born in Petropavlovsk in 
Kazakhstan on December 8, 1927. 
he had graduated with distinction 
from the Red Banner Air Force 
Academy with honors in 1956. 
When training to become a test 
pilot in the early 1960s. Shatalov 
applied for admission into the ranks 
of cosmonauts at a time when the 
Air Force was expanding its pool 
base from young, inexperienced 
pilots to accomplished engineering- 
test pilots wlth graduate degrees. It 
seems that Shatalov had been the 
top ranked in the group of fifteen 
milltary officers selected in January 
1963. The light-haired and power- 
fully built man had plenty of experi- 
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ence for space Soulet cosmonauts perlormed the first docking 01 two piloted 
spacecralt in orb11 during the Soyuz 415 mrsslon injanuary 1969 

He would have flown on one of the (copyright R f Gibbons) 
later Voskhod missions in 1966 had 
the program not been canceled. He 
had also served as ground communicator for the Voskhod, Voskhod 2 ,  and Soyuz I flights.>' 

The passive vehicle crew consisted of Volynov, Yeliseyev, and Khrunov. Commander 
Volynov had served as a backup crewmember for a number of Vostok, Voskhod. and Soyuz 
missions, and might have have commanded Voskhod 3, had it not been canceled only two 
weeks prior to liftoff. He would also have the honor of being the first Russian Jew to fly Into 
space, a distinction that would posit him in many difficult situations in the future. Both 
Volynov and Khrunov had joined the cosmonaut detachment In 1960 as part of the famous 
"Gagarin group," although both had to wait almost nine years for their first chance to fly in 
space. The self-effacing Khrunov, like Volynov, had also served in important backup positions. 
includ~ng for cosmonaut Leonov during his historic first spacewalk on Voskhod 2 in 1965. The 
final member of the crew. Yellseyev, was the first of the new civilian group from TsKBEM, whose 
candidacy had been pushed so hard by Korolev and then Mishin. On this mission. Khrunov 
and Yeliseyev would carry out the actual EVA transfer from one Soyuz to another-the mrssion 
they had been trained to perform in 1967 on Komarov's ill-fated flight. 

On January 13, 1969, Shatalov boarded his ship for the first Soyuz launch, which was set 
for 1300 hours Moscow Time. Given the fact that Shatalov's home telephone number also 
ended in " 13" and that he was slated to be the thirteenth Soviet cosmonaut, many were a 

55  Rex Hall. "Sovret Air Force Cosmonauts," In Michael Cassutt, ed.. Who's W h o  in Space The 
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little apprehensive about the launch. Fortunately for the superstitious, nine minutes prior to 
liftoff, the countdown abruptly ~topped. '~ There was evidently a failure in a hydraulic system 
on Blok A of the booster; the State Commission postponed the launch to the following day." 
It was another freezing day on January 14 when launch operations began for a second launch 
attempt at pad 3 1. Witnesses recall the entire launch area being covered with a thick layer of 
snow. This time, there were no problems. Lt. Colonel Vladimir A. Shatalov, forty-one years 
old at the time, lifted off at 1032 hours Moscow Time on January 14 in his Soyuz spaceship, 
vehicle no. 12. The initial orbital parameters of the ship. named Soyuz 4. were 173 by 
225.3 kilometers with a 51.72-degree inclination. During his initial hours in orbit. Shatalov man- 
ually fired the main Soyuz engine on the fifth orbit, about six hours after launch, to change 
parameters to 207 by 237 kilometers, sharpening his approach trajectory in wait for the target 
vehicle. He also hosted a television session, which was broadcast to Moscow TV, clearly 
showing two extra but empty seats in his spaceship, thus arousing speculation that there would 
be a linkup of some kind in the following days."" 

The next day, January 15, the 7K-OK spaceship no. 13 lifted off precisely on time at 
1005 hours Moscow Time with its three-cosmonaut crew of thirty-four-year-old Lt. Colonel 
Boris V. Volynov (Commander), thirty-four-year-old civilian Aleksey S. Yeliseyev (Flight 
Engineer), and thirty-five-year-old Lt. Colonel Yevgeniy V. Khrunov (Research Engineer). The 
inltial orbital parameters of the now-named Soyuz 5 were 198.7 by 230.2 kilometers at a 
5 1.69-degree inclination. As soon as Soyuz 5 was in orb~t, both spacecraft immediately began 
their program of approach toward each other. In contrast to the original plans for the mlssion. 
which env~sioned a docking on the very first orbit of the passive ship, the maneuvers were car- 
ried out In a much leisurely pace over the period of a day. Volynov on Soyuz 5 fired his main 
engine on h ~ s  fifth orbit to change the orbit to 2 1 1 by 253 kilometers, thus moving closer to 
Shatalov's chosen orbit. After a second maneuver by Shatalov on the morning of January 16 on 
his thirty-second orbit, ground controllers switched on the lgla system at 1037 hours Moscow 
Time. Through the next half hour, the radar system brought the two vehicles to a distance of 
only 100 meters. Shatalov later vividly described the program from then on: 

At this point. I went over to manual control. and Boris Volynou did the same. The prob- 
lem was to make sure that the docking units of both spacecraft were properly oriented 
toward each other. Throughout this time I was manually controlling the appropriate 
thrusters. With the control stick on the left-hand side I regulated the craft's linear ueloc- 
ity-slowing it  down or speeding it up-and damped out the lateral velocity. When we 
were over the shores of Africa-some seuen or eight thousand kilometers from the bor- 
ders of the Soviet Union-we approached to within (forty meters] of each other and 
started to hover At this range. Boris Volynov and I performed several maneuvers ' 

As he closed In on Soyuz 5,  there were some problems, including erroneous signals from 
the docking control and contact lights, that were apparently related to the spurious activation 
of the control and diagnostics system on Soyuz 4. At a ginger twenty-five centimeters per sec- 
ond, the two spacecraft hard-docked at 1 120 hours to Volynov's exclamation of " W e l ~ o m e ! " ~ ~  
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One cosmonaut on the passive ship was rumored 
to have been much more excited. Unconfirmed 
reports suggest that at the moment of docking, 
when the pin was inserted in the cone of Soyuz 5. 
one of the crewmembers on the latter ship shout- 
ed out "We're being raped! We're being raped!" 
While initial TV broadcasts of the segment carried 
the exclamations intact, all later replays omitted 
the offending  word^.^' 

After docking, it seems that the two vehicles 
had suffered excessive rotations because of the 
problems with the diagnostics system but settled 
down sufficiently for the cosmonauts to begin 
preparing for the crew transfer. Somewhat overex- 
tending its claims, the Soviet press dramatically 
announced that the link up of Soyuz 4 and Soyuz 
5. a combined mass of 12.924 kilograms, as "the 
world's first experimental space  tati ion."^? The 
complex did, however, have a' common power sys- soyuz 4 Commander Viadimir Shatalov displays 

tern during the docked duration by means of a how SOYUZ 4 and Soyuz 5 dockedrn Earth orbit in 

plug.and.sockets system on the docking nodes, ia"ar~ ,969 It was the first trme lha1 Iwo piloted 
spacecraft docked to each other in space 

On the thirty-fifth orbit of Soyuz 4. Khrunov and (,fries of Peter Gorin) 
Yeliseyev began their preparations for their transfer 
EVA by entering the living compartment of Soyuz 
5 and unstowing two Yastreb suits from a side cupboard. Commander Volynov assisted them 
during the procedure, which proved to be relatively diff~cult with three men in the cramped con- 
fines of the module. Each suit had a self-contained backpack attached to one of their legs instead 
of their walsts, as was the case on the earlier Yastreb versions for the abandoned Soyuz 112 mis- 
sion. Both cosmonauts were, however, tethered safely to the spacecraft via umbilicals, which car- 
ried lines for communications and health telemetry. In a ceremonial move, Soyuz 5,  launched a 
day after Soyuz 4, had carried into orbit a bunch of mail addressed to Shatalov, as well as a num- 
ber of newspaper articles on the Soyuz 4 launch. The letters were not only from his family, but 
also from Min~ster Afanasyev. Chief Designer Mishin, State Commission Chairman Kerimov, Col. 
General Kamanin, and others. During the transfer. Khrunov and Yeliseyev were to carry the mail 
and media materials, presumably in their pockets, in addition to a camera." 

After the suits were tested and pressurized. Volynov bid the two cosmonauts goodbye and 
retreated back into the descent apparatus and shut the intermediary hatch between the two 
modules before command~ng the living compartment to depressurize. Khrunov then opened up 
the outer hatch of the l~ving compartment on Soyuz 4's thirty-fifth orbit and poked his head out 
cautiously. After Volynov's final permission to egress. Khrunov moved his body out of the space- 
craft, briefly getting entangled in his safety cord. The combined complex was over South 
America at the time. Khrunov recalled later. 

I emerged from the spacecraft without difficulty, and looked around. I was amazed by 
the maruelous, magnificent spectacle of two spacecraft linked together high above the 
earth I could make out every tiny detail on their surfaces. They glittered brilliantly as 
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they reflected the sunlight. Right in front of my eyes was Soyuz-4, looking very much like 
an aircraft. The big, long spacecraft was like a fuselage, and the solar panels were like 
wings.h4 

Yeliseyev followed after Khrunov, letting the latter lead in EVA activities. Khrunov crawled 
toward the docking unit of Soyuz 5 and removed a TV camera from a support and turned off 
its power supply. Before exiting the spacecraft. Yeliseyev had forgotten to fasten a still-photo 
camera to his suit. The instrument floated out into space, depriving the Soviets of high-quallty 
photographs of the historic event. Among the~r modest activities during the excursion, the two 
men also "made observations of the Earth's horizon. [and] checked the operation of the attitude- 
control jets."" Khrunov, followed by Yeliseyev, then moved over to the living compartment of 
Soyuz 4, opened its hatch, and crawled in. They were received by a welcome note from Shatalov. 
who was at the time in the spaceship's descent apparatus. After the pressurization of the living 
compartment. the hatches between the two modules were opened, and Shatalov embraced his 
comrades, treating them to a toast of black currant julce instead of the customary vodka, which 
was prohibited aboard the spacecraft. The entlre episode had lasted one hour. although the two 
cosmonauts had been out of the spacecraft for thirty-seven mlnutes. 

Wasting little time, the two commanders. Shatalov and Volynov, began immediately 
to prepare for undocking. At 1554 hours, just four hours and thirty-four mlnutes after docking, 
the two spacecraft separated and went on thelr own ways. Soyuz 4 now with three cosmonauts 
and Soyuz 5 with one. They had been joined together for three orbits. In continuing 
their independent missions, the crews carried out a number of scientific experiments, which 
included the use of a new stellar-navigation sextant, the operation of the RSS- I spectrograph for 
geophysical studies. and the testing of instrumentation for medical and biological experiments. 
Earth observational experiments included observing and photographing terrestrial cloud cover. 
storm formations, snow and ice cover. and various geological structures. One set of activities 
included astronomical investigations, such as observing the astral sky durlng both day and 
night, photographing the night sky in a direction opposite the Sun, and studying the initial 
stages of the development of comet tails. The RSS- I, on Soyuz 5, was used for a spectropho- 
tometry experiment on Earth's twilight aureole over a spectral range of 400-650 nanometers on 
the second and fifteenth orbits from a mean altitude of 240 kilometers. Khrunov also carried 
out experiments related to the passage of radio waves through the ionosphere. Finally, both 
Soyuz 4 and Soyuz 5 carried special targets on the exterior for measurements of trit~um and 
helium-3. Each target consisted of a package of fourteen plates made from one sheet of aluminum.b6 

Soyuz 4 was the first to return from orbit. On January 17. Shatalov. Yeliseyev, and Khrunov 
carried out a guided reentry, landing at 0953 hours Moscow Time. forty kilometers northwest 
of the town of Karaganda in Kazakhstan. The mission had lasted two days, twenty-three hours, 
twenty minutes. and 47 seconds. Volynov, now alone, had a much more difficult time, facing 
perhaps the most dramatic and dangerous reentry in the history of the Soviet space program. 
During the early morning of January 18, in preparation for his reentry around midday. Volynov 
reported that all systems were fine aboard the ship. At 1020 hours, he passed over the Gulf of 
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Guinea near Africa before firing the 55.35 engine for the predetermined period. Six seconds after 
the termination of retrofire. Volynov heard the pyrocartridges triggering to separate the three 
major modules of the spacecraft: the living compartment, the descent apparatus, and the 
instrument-aggregate compartment. As he looked through the viewport, he noticed something 
deadly wrong: he could clearly see the antennas attached to the solar arrays on the cylindrical 
instrument-aggregate compartment, meaning that the section, also known as the service module, 
had not separated from the descent apparatus. While similar failures had occurred on early 
Vostok and Voskhod flights, it posed a much greater threat on Soyuz because of the relatively 
huge size of the module. Volynov immediately reported in code to ground controllers about his 
predicament. Most simply believed that Volynov had little chance to live.6' 

The descent apparatus tumbled in somersaults as it remained attached to the three-ton 
service module and began its long journey through the atmosphere. Turning over and over, with 
the thermal shield unexposed to the heat because it was still covered by the service module. 
the heat began to affect unprotected portions of the descent apparatus. Smoke began to appear 
within the capsule as the light heat insulation began to burn. Normally, during a reentry, hydro- 
gen peroxide jets would fire during this period to guide the capsule to provide lift and reduce 
thermal and gravitational stresses. In this case. Volynov noticed that his instrument panel indi- 
cated that the valves for the thrusters were open, but there had been no firings. All the pro- 
pellant had been used up at the initiation of retrofire, when the computer had tried in vain to 
correct the spaceship's incorrect attitude. 

Volynov recalls that he was sure that only a few minutes separated him from death. The nor- 
mally unflappable cosmonaut considered saying goodbye to his relatives, but instead decided to 
hurriedly save al l  the recorded materials on the docking procedure by ripping the important pages 
from the log book, rolling them up tightly, and sticking them into the middle of the book. Then. 
amid the cauldron arouod him, he calmly began to speak into a tape recorder, describing al l  the 
details of his experience to assist in identifying the reasons for the failure. Through it all, there 
were terrifying moments. Once. there was a sharp clap, indicating that the propellant tanks of 
the service module had blown apart with such force that the crew hatch was forced inwards and 
then upwards like the bottom of a tin can. Plummeting through a ballistic trajectory, he realized 
that the service module had finally disintegrated and he had survived. His relief soon turned to 
anxiety when the parachute system triggered at an altitude of ten kilometers. The straps on the 
main parachute began to twist, preventing them from unfurling properly. For the second time in 
minutes, he was convinced of his end. Remarkably, the braids of the parachute began to untwist 
slowly: by the time that the descent apparatus landed with its soft-landing engines, it was suf- 
ficient to ensure Volynov's safety, although the landing was so hard that the roots of his teeth 
in his upper jaw were broken off. It was only the spec~ally built shock-absorbing seat that saved 
him from broken bones and more serious i n j ~ r i e s . ~ ~  

The Soyuz 5 descent apparatus landed 600 kilometers from its originally intended landing 
site. 200 kilometers southwest of Kustanay. TASS only announced that "the flight took place 
successfully, a unique experiment was conducted, and the vehicle touched down in the desig- 
nated area." Volynov landed at 1 108 hours Moscow Time on January 18, after a three-day, fifty- 
four-minute, fifteen-second mission. In their investigation of the Soyuz 5 reentry. TsKBEM 
engineers found that the connection locks between the descent apparatus and the instrument- 
aggregate compartment had failed to release. The two modules finally separated from each 
other when the intermediary transfer compartment, carrying hydrogen peroxide tanks for the 
attitude control thrusters, exploded. Despite the dangerous situations, the designers were 
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extremely pleased with the performance of the descent apparatus, which had withstood tem- 
peratures and stresses far above nominal during the reentry and specifically ensured the safety 
of the crew in a sudden switch from a guided to a ballistic reentry. The mission also confirmed 
the correctness in using an advanced titanium frame for the descent apparatus, as well as the 
propitiousness of countless design and statistical tests to ensure the stabtlity of the capsule 
with any angle of attack,6q 

In spite of the near catastrophe at the end of the flight, the Soyuz 415 mission was a land- 
mark flight in the Soviet space program. It was not only the first docking of two piloted space- 
craft in space and the first transfer of a crew in orbit from one spacecraft to another, but also 
the first completely successful piloted space mission in the post-Korolev era. While the mis- 
sion had been accomplished nearly two years late, the complexity of the flight indicated a cer- 
tain maturity in Soviet space operations from the almost primitive Voskhod missions during 
Korolev's last years. Still, compared to the U.S. space program, it was a poor match. NASA 
astronauts had accomplished the first docking in space as early as March 1966 on Gemini VIII. 
Even the Soviets themselves had already accomplished automated docking twice in orbit. But after 
the humiliating defeat of Apollo 8, the Soviet leadership was willing to take anything remotely 
successful as a godsend. What was at best an interesting and moderately complex operation in 
Earth orbit was made out to be the most dramatic step in the exploration of space. At the subse- 
quent press conference for the Soyuz 415 cosmonauts, the Soviets made much of the fact that the 
docked complex had been the world's first "experimental orbital station." In one of the few inter- 
esting moments of the presentation, cosmonaut Khrunov let out that "in the design of our space- 
suits certain aspects of Leonov's suit were taken into consideration. Our experiences on this flight 
may well contribute to the designs of a moon suit."" 

There was a bizarre postscript to the Soyuz 415 mission. On January 22, a number of famous 
cosmonauts, including Nikolayev, Tereshkova. Leonov, and Beregovoy, were being driven to the 
Kremlin for an awards reception in the back of a Zil limousine As they entered the gates of the 
Kremlin, a man in a hat and dark glasses stepped from the shadows with a gun in each hand and 
began firing at the limousine with the cosmonauts. He managed to fatally wound the driver. 
Leonov remembers: 

I looked down and saw two bullet holes on each srde o f  my coat where the bullets passed 
through A fifth bullet passed so close to my face I could feel rt go by Thts man was shoot 
tng at me, thtnktng that I was Brezhnev He was angry because he had been conscrtpted 
rnto the army When rt was over Brezhneu took me astde and told me "Those bullets were 
not meant for you Alekser They were meant for me, and for that I apologrze "' 

1 
3 

The man, a young army lieutenant named Ilyrn. was apprehended and later spent twenty years ~n i 
a spec~al prrson i 

d 
Dazed and Confused I 

More than any other U.S. space achievement of the 1960% the flight of Apollo 8 froze the 
Soviet space industry into a kind of collective shock. Nothing the Soviet Union was capable of 
doing In December 1968 could have been neutralized the worldwide accolades for the impressive 
achievement of Borman. Lovell. and Anders. If the Communist Party was only too eager to 
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use space achievements as a means to sell the virtues of socialism in the early 1960s. now Soviet 
officials were almost embarrassed by it. In this backdrop, senior Soviet space officials convened in 
January 1969 to discuss not only an adequate response to the U.S. space program, but also to talk 
in general about the larger direction of their entire piloted space effort. 

The first meeting, presided over by Minister of General Mach~ne Building Sergey A. Afanasyev, 
was held on January I 0  amid the cold snowy weather at Tyura-Tam, just a few days prior to the 
Soyuz 415 launches. Among those present were all the members of the Council of Chief Designers 
involved in lunar programs, as well as deputy chief designers and department heads from many 
design bureaus and institutes." Afanasyev was aghast. He asked the distinguished assemblage. 
perhaps, rhetorically. "How can we get out of this mess?!" The primary questions at hand were: 

How should the success of Apollo 8 be neutralized ~n the short term? 
What should be done with the L I circumlunar program now that its importance had been 
all but neutralized by Apollo 8? 
How should the L3 landing project proceed, and was there any way the USSR could beat 
an American landing? 
How should the N I be modified to improve its capabilities for the future of the Soviet space 
program?" 

On the first point, the Party and government had just passed a resolution accelerating the 
Ye-8-5 sample returner project. In a compensatory measure to allay public opinion, many senior 
Soviet government officials were shifting their thinking to automation. Kaman~n emphasized as 
such in his diary entry for January 20. 1969, lamenting that. 

in the Academy of Sciences and in the industry there is a very strong mood for the use 
of robots and against the active development of piloted flights. This aspiration is sup- 
ported by the Central Committee, the [Military-Industrial Commission], and the 
[Strategic] Missile  force^.'^ 

Boris A. Stroganov, one of Serbin's deputies in the innards of the Central Committee's 
Defense Department, proposed that all parties should assist the Lavochkin design bureau to 
quickly accomplish its task of completing a sample return mission before an Apollo landing. If 
Soviet offic~als publicly touted the value of automated lunar exploration, then privately most 
knew that it was a poor substitute at best. The majority of participants at the meeting vocally 
supported piloted exploration. In fact. Afanasyev asked the attending chief designers whether 
a thirty-day-long Soyuz mission could be mounted in the near future to boost Soviet claims as 
a leading space power. 

On the issue of the circumlunar L I  project, opinions were divided. Some, such as Babakin. 
Ryazanskiy, and Chertok, supported moving on to piloted missions regardless of the success of 
Apollo 8, while others, such as Mishin's deputies Kozlov and Kryukov, argued for only further 
automated launches. Yuriy A. Mozzhorin, the powerful Director of TsNllMash (formerly 
Nll-88). openly voiced a means to "save" the L I  program. Because the Soviet Union had 
declared that it had a space program as accomplished as the American one, simply cont~nuing 
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the LI program would not do. Instead. he suggested giving the project a "scientific flavor," as if 
to suggest that the Soviet Union had higher goals than simply competition. It was in fact exact- 
ly such a tack that official Soviet spokespersons took in the coming months as the USSR half- 
heartedly continued the circumlunar project in its automated var~ant. Plans for piloted missions 
were indefinitely postponed in March 1969, while the remalnlng 7K-LI spacecraft were prepared 
for use only In robot~c mode. 

As for the N I -L3 program, some, such as Chertok and Mish~n's principal aide for new projects. 
Vitally K. Bezverbiy, admitted openly for the first time what was privately beyond debate for over 
a year: that the Soviet Union could no longer overtake the United States in a landing of humans 
on the Moon. There was, however. overwhelming support for reconflguring the N I -L3 program so 
as to use two launch vehicles to assemble a lunar complex in Earth orbit, instead of the one 
planned for several years. Participants considered two separate options: one using the current van- 
ants of the N I and one using advanced and uprated versions. The first option, supported by 
Kryukov. Mozzhorin. Pilyugin, and Ryazanskiy, among others, was motivated primarily by the poor 
rated performance characteristics of the first four fllght models of the N I, vehicle nos. 31. 4L. SL. 
and 6L; none of them were capable of liftlng the ninety-five tons requlred for a bare-bones L3 lunar 
mission. Thus, two launches would ensure that all the components of the L3 complex would reach 
orblt. It must have been part~cularly demoralizing to hear Chief Des~gner Pilyugln state that engi- 
neers were not sure they could make the ninety-five-ton mass limit for the L3 complex, even if the 
N I could lift such a payload into Earth orbit. His Deputy Vladlen P. Finogeyev reminded everyone 
that because the L3 design had been redrafted three times In the last few years, there was not even 
an LOK or an LK spaceship in any shape or form existing anywhere. 

The second option-using uprated N I s-was attractive because it would enable engineers to 
expand the landing crew size from one cosmonaut to two-a crucial Issue that factored into 
the d~scourse on the safety of cosmonauts on the Moon. Among the variants considered at the 
time were the N IF-V3 and NIF-V4, wlth liquid hydrogen stages in the third and fourth stages. 
respectively. The most favored option seems to have been the use of the two N I F-V4s to launch a 
huge lunar complex lnto Earth orbit, called the L5, which would allow four to five cosmonauts to 
spend up to two months on the surface of the Moon. In the end. nothlng was decided. It seems 
to have been a meeting to air the "dirty laundry." a catharsis of sorts. Perhaps the most pointed 
comments were from TsKBEM Deputy Chief Designer Chertok who, during his speech, very accu- 
rately observed that the Soviet space program had less resources than the U.S. program and yet 
was spending its money with even less rationality. It was a dead-on observation on the poverty, 
not only of money, but also of management, in the Sov~et space program in the 1960s." 

Major consultative meetings of the Council of Chief Des~gners were set for late January 1969, 
and in preparation, Mlshin met with many leading officials through the month to discuss various 
aspects of the piloted lunar program. On January 24, he examlned both the current 
N ILL3 effort as well as possible modernized variants. One of the issues at hand was the 
possibility of eliminating the testing of the T I  K. TZK, and LIE Earth orbital test beds to reduce the 
amount of work. In addition, once again, there was some discussion on the complicated 
LK plus LK, (backup lander) plus Ye-8 (rover) profile planned for the L3. He also drew up 
preliminary documents on inviting other organizations-namely the 5. A. Lavochkin State Union 
Machine Buildlng Plant-to manufacture the payload block for the proposed N I F-V3 rocket.'" 
Problems wlth the LOK and the LK had also cropped up. Both spacecraft were still overweight, the 
former by five kilograms. As an example of the lengths to which the Soviets worked on "shaving 
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off" mass from the lander, engineers proposed eliminating an eighteen-kilogram visor and a sight- 
ing instrument from the LK. 

The following day. January 2 5 .  Mishin met with Chief Designer Pilyugin of the Scient~fic- 
Research Institute of Automation and Instrument Building, one of Korolev's old associates from the 
1940s who now presided over the development of most control and guidance systems 
for Soviet spacecraft. The meeting was Important because, for the first time, there was serious 
discussion of using Mars to neutralize the success of Apollo. The two chief designers discussed a 
three-step Mars exploration program: 

Mars '73-a robotic vehicle to Mars for sample return (on the N I )  
Mars '75-a piloted satellite of Mars (on the N I F-V3) 
Mars '77-a piloted landing on Mars using an N I with nuclear rocket engines 

In the meantime. Pilyugin suggested continuing the current NI-L3 program, but in a two- 
launch scheme, both with and without the Ye-8 rovers. He suggested that to reduce extraneous 
work. Soviet designers should focus on creating a single modernized version of the N I, the 
N I F-V3. Perhaps prompted by the discussion with Pilyugin. Mishin brought up the issue of Mars at 
an internal meeting on January 26, at which he considered the poss~bility of inviting the Ministry of 
Medium Machine Building to develop nuclear power sources for Martian spacecraft. 

These discussions culminated in w~dely attended and important meetings of the Council of 
Chief Designers on January 26 and 27. 1969. Apart from the usual chief designers and their deputies. 
a number of important scientists from the Academy of Sciences and representatives from the 
military were also present.;; Academlcran Keldysh set the meeting off with the admonition that there 
was no hope of carrying out the N I -L3 program as it then stood. Instead, he believed that design- 
ers should focus on improving the capabilities of the N I wlth llquid hydrogen upper stages and 
carrying out the three-step Mars exploration program. with missions in 1973. 1975, and 1977-80. 
Although most at the meeting agreed that Mars should be the next goal for the Soviet space 
program, there was llttle support to completely abandon the Moon. For the Mars expedition, most 
of the attendees supported the creation of the uprated N I booster, the N I F-V3, which would have 
a new third stage equipped wlth Chlef Designer Lyulka's I I D54 liquid hydrogen-liquid oxygen 
engine. One attendee. Viktor I. Shcheulov, an officer in the Strategic Missile Forces, cautioned that 
liquid hydrogen stages would not be ready for use until 197 1 at the earliest. 

Shcheulov made one of the more prophetic statements at the meeting. He believed that the 
creation of Earth-orb~tal space stations would smooth the effect of recent U.S. successes in space 
TsKBEM had, for many years, explored various conceptions of space stations. one of them being a 
huge complex in orbit called the Multirole Space Base-Station (better known simply as the "MKBS"). 
whrch would allow for the replacement of crews on board, thus establishing a permanent piloted 
presence in space. The space station option, while not as attractive as Mars, was slowly beginning 
to emerge at the time as a possible alternative long-range goal for the Soviet space program In 
January 1969, w ~ t h  the recent success of Apollo 8 in mind, there was, however, more of an interest 
in the Moon and Mars, and this clearly influenced the formation of a post- 1968 space policy for the 
Soviets. At a meeting on January 29 for his senior staff at the design bureau. Mishin brought up the 
issue of the Moon. Mars, and Earth-orbital stations." Most of the designers agreed on a two-prong 
long-range program: 
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The development of the MKBS in Earth orbit, whose design would be based on old designs 
for the Heavy Interplanetary Ship dating from the Korolev days 
The use of the MKBS to mount a Mars expedition 

Much of the discussion was focused on the development of closed-cycle life support systems to 
ensure survival over a period of two to three years in space, as well as nuclear-electric power 
sources for such advanced missions.?The MKBS would also be used for defense goals. 

The general consensus from the meetings was that the Soviet Union should continue work 
intensively on the NI-L3 program. now as part of a dual-launch Earth-orbit rendezvous1 
lunar-orbit rendezvous profile, but at the same time begin planning for the coup de grace-a 
progressively sophisticated Mars landing program over the next decade, which promised to 
bring the prestige of the Soviet space program out of its current doldrums. The Mars program 
would use components of the large Earth-orbital station, the MKBS, which would also be dedl- 
cated to defense purposes. The somewhat diffuse and perhaps hasty response to the success 
of Apollo 8 was not confined to the restricted corridors of the Soviet space establishment. 
Academician Keldysh, in a statement to Moscow Radio on January 24, hinted at the uncertain 
prospects for the future of the Sovret space program. Putting a bright face on the recent 
Soyuz 415 success. he spoke clearly about new directions: the establishment of permanent 
orbital stations and the accomplishment of interplanetary flights. Speaking of the Zond space- 
craft and its capability to carry cosmonauts around the Moon, he added that such a flight 
should not be expected in the next two or three weeks. In closing, he said simply that piloted 
lunar operat~ons "depends somewhat on our further considerations as to what we shall do with 
automatic apparatus and with manned ones."" 

The N I in Flight 

It is ironic that at prec~sely the time when the Soviets were having second thoughts about the 
Moon, a number of their lunar projects approached the flight testing stage, making 1969 one of the 
buslest years for lunar-related space launches in the history of the Soviet space program. The arma- 
da was Inaugurated by a launch during January that punctuated the intensive high-level discussions 
on the Moon program. Prompted by TsNllMash Director Mozzhorin's suggestion to continue robot- 
IC L I  launches with a "scientific" tenor, ~t seems that Minister Afanasyev had sanctioned further 
launches in the beleaguered program, beginning with one in January 1969. Ironically, a number of 
the L I  cosmonauts. including Bykovskiy, were on hand at Tyura-Tam to view the launch, no doubt 
fully aware that the~r chances of ever flylng around the Moon had abruptly dropped dramatically. 

The 7K-L I vehicle, spacecraft no. 13. was the same article that was to have been launched in 
early December on a robotic circumnavigation of the Moon, but was stood down because of the 
catastroph~c crash of Zond 6." The Proton booster lifted off successfully at 0414 hours. 36 sec- 
onds Moscow Time on January 20. 1969. After first-stage cutoff, the second stage began firing. 
but at T+50I seconds, the booster began to fall. After several minutes, controllers reported to State 
Commission Chairman Tyulin at the command center at slte 2 that search-and-rescue services had 
detected the L I  spacecraft, saved by the emergency rescue system, southeast of lrkutsk near the 
border wlth Mongolia. It took about four hours for analysts to produce a preliminary accldent 
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report. One of the four engines of the second stage had shut down abruptly, twenty-five seconds 
prior to the planned cutoff point. At this point, the third stage could have easily fired to compen- 
sate and inserted the payload into orbit, but a diagnostics computer on the booster, as soon as it 
had detected the engine failure, aborted the mission and fired the emergency rescue system for the 
LI space~raft.~~ Thus was lost 100 million rubles and another chance to fly to the Moon." It was 
the fourth launch failure in the circumlunar program out of only nine launch attempts, illustrating 
that one of the weakest links in the project was the UR-500K Proton booster, designed and built 
by a branch of Chelomey's design bureau. 

With that inauspicious beginning, engineers moved on to more ambitious prospects. In 
February 1969, both Babakin's first Ye-8 lunar rover and Mishin's first N I rocket were ready for 
liftoff. In fact, in what was certainly not a coincidence, their launches were timed a day apart. 
The specially made 7K-LIS lunar spacecraft would arrive in lunar orbit and attempt to photo- 
graph the Ye-8 rover on the surface. Since the original May 1968 launch date, engineers had 
spent months mired in a frustrating delay. Although the first flight-rated N I vehicle, booster 
no. 3L, was completely ready for launch and the basic construction of the first launch pad had 
been finished by the end of 1967. problems with many pad-booster interface systems forced 
launch date postponements for weeks and then months." On September 18. 1968, Afanasyev 
had presided over a meeting of the State Commission for the N I at Tyura-Tam at site 1 12 near 
the N I pads. Approximately 100 chief designers, deputies, Strategic Missile Forces and Air Force 
officers, and government officials were present during the five-hour meeting. The participants 
noted that three different deadlines stipulated by Central Committee decrees had not been met. 
At the time, the I M I mock-up was on the completed pad at site I IOP with a functional 
payload undergo~ng fueling tests to allow service teams to train and gain experience for actual 
launches. Kamanin, who attended the meeting, recalled. "There have been lots of drawbacks, 
improper quality of work and plain bungling-in particular there was an accident with a bull- 
dozer cutting the main power supply of the launch pad.""' At the meeting. Afanasyev sched- 
uled the first launch for late November 1968 and the second one for February 1969. 
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enough to effect mid course corrections to return the vehlcle on an Earth bound trajectory An additional scientific 
requirement was for the far slde of the Moon to be illuminated during the mlssion to carry out surface photography 
In examrnlng the launch windows of the 7K L I Flagg observed that there were no circumlunar launch wlndows that 
satlsfled these crlterla from January 1969 to July 1969 However lunar age declination phase and openlng angle were 
close to perrnittlng a 7K LI launch durlng January 7-9 1969 although those parameters 'were deflnltely outside 
those as deflned by the successful Zond flights ' See 5oulet Space Programs 1981-87 Space Science 
Appliealrons Mrlrtary Space Programs Administration Resource Burden and Master log of Space/iights prepared 
for the Committee on Commerce Science and Transportation U S Senate 10 1 st Congress I st sess (Wash~ngton 
DC U S Government Prlnting Offlce Aprll 1989) pp 384 386 Curiously on January 3-4 1969 news of a Sovlet 
launch failure that was apparentiy detected by NORAD was 'leaked' to the Western press The failure was sald to 
have occurred because of a second stage malfunction See Catland Robot Explorers p 144 

84 Boris Arkadyevlch Dorofeyev "Hlstory of the Development of the N I L3 Moon Program ' presented at 
the loth International Symposium on the History of Astronautics and Aeronaut~cs Moscow State University 
Moscow Russla June 20-27 1995 

85 Kamanin ' A  Coal Worth Worklng for ' There was a complete fueling exerclse involving the N I stack 
in October 1968 that lasted ten days See Ma] Cen Valery Aleksandrovlch Menshlkov 'The Toilers of the 
Cosmodrome The Test Personnel of Baykonur' (Engl~sh title) Auiatsiya I kosrnonaulika no I (January 1993) 
39-41 The flight version of the N I booster 31 was moved to the pad in November 1968 but it was replaced brlefly 
by the I M I  agaln 



Engineers were unable to remedy the 
Interface problems until December 1968. 
forcing another two- to three-month delay. A 
few days before the Soyuz 415 missions, on 
january 9, 1969, amid discussions about a 
post-Apollo 8 strategy. Afanasyev convened 
another meeting of the N I State 
Commission. It was unusual for a minister to 
head a State Commission, and Afanasyev's 
appointment to the position underlines the 
importance with which space program head 
Ustinov vrewed the N I rocket oroeram. After 
hearing 
launch 

a nu1 
date 

mber 
for 

of reports. 
the first 

Afan 
N I 

u 

asyev set the 
as February 

18. 1969. wlthln the launch w~ndow for a 
lunar-orbltal flight. The proceedings were 
interrupted by- an alarming report from 
Baykonur Cosmodrome Commander Maj. 
General Aleksandr A. Kurushin, who refused 

et being brought to the pad [or launch 
l r v  1969 i f i l p c  n l  Acr l  <liidrn,l 

to agree to a launch of the rocket because of pz 
many "def~c~enc~es" In both the ground The ,,,, rock 

equipment and the rocket Itself After pressure ln F e b r u ~  , ,-> , -> -, .<,, -- y ,  

from most of the members of the State 
Comm~sslon, including Afanasyev and Mishin, 
as well as Party Central Committee representa- 
tive Stroganov. Kurushin backed down and promised to have these "deficiencies" removed by the 
slated launch date." Needless to say. Kurushin's initial outburst did little to instill confidence in a 
success. 

The final prelaunch cycle for the first N I launch began in m~d-January 1969. The twenty-e~ght- 
day program involved 2.300 people from dozens of different organizations and fifty tank wagons for 
liquid oxygen fueling of the rocket." The majority of the site workers were Army conscripts, who, as 
one participant recalls, had come from backgrounds unrelated to the space program: 

The test officers at the time were principally 35-40 years old, without higher education 
and came from all over. Tankers and artillerymen, pilots and sailors, combat engineers 
and chemists-in short, it would be easier to list who was not there-were encountered 
among them.'' 

The men completed their job on time. On February 3, booster no. 3L was slowly moved 
from the assembly-testing building to the launch pad on a special crawler-transporter. At the 
pad itself, the giant booster was lifted to a vertical position and held up by a sixteen-meter sup- 
port rlng with forty-eight explosive bolts at the base of the first stage. The mass of the booster 
and its L3S payload was exactly 2,772,103 kilograms. By the time of its first launch. models 
off the first-stage engines for the rocket had accumulated over 100.000 seconds of test operating 
time on the ground.aq 
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87 j Villain 'A Brief H~story of Baykonur ' presented at the 45th Congress of the lnternat~onal Astronautical 

Federation IAA 94 IAA 2 1 614 Jerusalem Israel October 9-14 1994 
88 Menshlkov "The Tollers of the Cosmodrome ' p 40 
89 The 138 des~gnation was confusingly appl~ed to the payload for the f~rst two N Is whlch consisted of 
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The assault on the Moon in February 
1969 began with the launch of the first Ye-8 
lunar rover. A Proton booster lifted off suc- 
cessfully at 0948 hours Moscow Time on 
February 19 with its payload. Ye-8 vehicle no. 
201 and its translunar-injection Blok D stage. 
As Babakin's engineers watched the rising 
rocket, just over fifty-one seconds after 
launch, the payload abruptly fell apart, and 
the booster eventually exploded. The debris 
from the accident, including portions of the 
lunar rover, fell fifteen kilometers from the 
launch site. A later investigation found that 
the source of the problem had been a new 
payload fairing designed and built specifical- 
ly for the rover payload. Aerodynamic vibra- 
tions during passage through maximum 
dynamic pressure tore the shroud off at its 
weakest tension points. The debris tore into 
the lower stages of the rocket, resulting in a 
massive explosion at Tt54 seconds. Despite 
an intensive search of the debris area, engi- 
neers were unable to find the Polonium-2 I0  This photograph was taken moments bejore the launch 01 
radioactive isotope in the rover payload [he jrrst NI. booster no 31, rn February 1969. 
designed for heating the spacecraft on the jcopyrrght Quest) 

Moon. Unconfirmed rumor has it that sol- 
diers at Tyura-Tam discovered the isotope 
package and used it to heat their barracks during the bitter winter of 1968-69,'With two failures 
out of two Proton launch attempts in the year, space officials turned their attention to the long- 
awaited first launch of the N I rocket. 

The launch was originally set for February 20. but it was delayed to the afternoon of February 
2 1 because of poor weather conditions at the launch site." Bor~s A. Dorofeyev. Mishin's deputy 
for testing the N I, directed al l  the launch preparations: he would perform the same on-site tech- 
nical direction carried out by the late Leonid A. Voskresenskiy back in the 1940s and 1950s. Before 
the launch, a senior engineer ceremoniously broke a bottle of champagne on the main body of 
the N 1's launch transporter." It was a clear and cold day at the Baykonur Cosmodrome, and 
prelaunch operations proceeded without delays. Almost four years late, the most powerful rocket 
ever built by humans fired its engines precisely on time at I 2  18 hours, 7 seconds Moscow Time 
on February 2 I, 1969. The thirty first-stage engines generated a total of approximately 4,590 tons 
of thrust, and within thirteen seconds, the N I soared off the pad and headed out into the skies 
with its L3S payload. Deputy Chief Designer Chertok vividly described the launch of this monster: 

90. Konstant~n Lantratov, "Annlversartes 25 Years From Lunokhod- I " (Engtrsh t~t le). Nauosti kosmonavti- 
k~ 24 (November 19-December 2. 1995): 70-79. 0 A. Sokolov, "The Race to the Moon A Look from Baykonur." 
presented at the 45th Congress of the lnternat~onal Astronautical Federatlon. IAA-94-2 1.610; N G. Babak~n. A. N. 
Banketov. and V N Smorkalov, G N Babakin rhizn I deyatelnost (Moscow. Adamant. 1996). p 57. Karnan~n. " I  
Feel Sorry for Our Guys," no 13. 1. Lisov. "Launch and Fl~ght of the 'Mars-96' Station" English t~t le), Nouostl 
kosrnonavtrkl 22-23 (October 2 1-November 17. 1996): 48. 

91. lgor Afanasyev. "N I :  Absolutely Secret" (Engl~sh t~tle). Kryla radiny no. 9 (September 1993). 13-16. 
92 Vad. P~kul. "The H~story of Technology: How We Conceded the Moon: A Look by One of the Part~c~pants 

of the N I Drama at the Reasons Behind It" (Engllsh tltle). lzobretatel I ratsionalizator no 8 (August 1990) 20-2 1 



Even if you have attended our SOYUZ 
launches dozens o f  times, you can't 
help being excited. But the image o f  
an NI launch is quite incomparable. 
All the surrounding area shakes, there 
is a storm offire, and a person would 
have to be insensitive and immoral to 
be able to remain calm at such 
moments. You really want to help the 
rocket: "Go on, go up, take off. "" 

And go it did, despite the fact that between 
three and ten seconds of ignition, the Engine 
Operation Control (KORD) system erroneously 
shut down two first-stage engines. All seemed 
well until Tt70 seconds, when the KORD sys- 
tem abruptly shut down all the engines of the 
first stage. well before planned engine cutoff. 
This let the behemoth fly upward to an altitude 
of twenty-seven kilometers and then gradually 
descend on a trajectory that led to impact about 
fifty kilometers from the launch s~te. The emer- 
gency rescue system was activated after engine 
cutoff, and the descent apparatus of the 7K-L I S 
spacecraft landed without incident thirty-two to 
thirty-five kilometers from the pad area.'4 

Because it was the first launch attempt of a 
booster whose first stage had not been tested on 
the ground, engineers were not unduly discour- 
aged by the failure, although the timing of the 
loss, as NASA was gearing to land on the Moon. 
perhaps lent a disheartening tenor to the recov- 
ery operation. Military-Industrial Commission 
Chairman Srnirnov was apparently satisfied with 
the performance of the rocket, and Mishin hirn- 
self reassured his engineers that "this is normal 
for a first launch."" Official historians of 
Mishin's design bureau were more specific: 

Despite the accident. this launch con- 
firmed the correctness o f  the selected These movie stilis pieced together show the launch o/ 
dynamic scheme, the dynamics o f  the the first NI Moon rocket in February 1969 

launch, the control processes of the icopyrighf VideoCosmos e o .  uta Don PealeriQuest) 
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[booster] with the aid of coordinated engine thrusts, and allowed the receipt of experi- 
mental data on the loads on the [booster] and its precision, the influence of acoustical 
loads on the rocket and the launch system and [on its] operational characteristics in 
reahtic conditions.'" 

It was clear after the launch that during the forty-first second of flight, one of the thirty 
engines of the first stage had failed and ignited others around it. As designers gathered after the 
launch, Mishin seemed to believe that the failure was probably caused by a malfunction in the 
turbogenerators, which provided electric current for the booster. First Deputy Chief Designer of 
the All-Union Scientific-Research Institute for Electro-Mechanics Nikolay N. Sheremetyevskiy 
recalls that Mishin squarely laid the blame on him before leaving the launch site. Later analysis 
of telemetry proved that Mishin was wrong. In fact, when the turbogenerators were recovered 
from the debris, both units were still in operating condition." 

Senior N I engineers were able to report on the results of a preliminary investigation on the 
causes of the failure by March I 1 .  1969. The cr~tical KORD system had clearly failed to meet the 
required standards for flight operation. As designers reported, the KORD system had not passed 
acoustical testing: an analysis of the reliability of the system had shown that KORD could not 
react to al l  possible conditions. As reconstructed from telemetry and an analysis of debris, 0.37 
seconds prior to engine ignition, the KORD system shut down engine no. 12, and then by its 
logic, the opposite engine no. 24, although both were functioning without problem. Thus, by 
the time the rocket lifted off from the pad, twenty-eight of the thirty engines were 
firing: the remaining engines compensated fully for the absence of the two shutdown units and 
kept the booster aimed perfectly on a nominal trajectory. At Tt5.5 seconds, excessive vibrations 
in the gas generator of engine no. 12 caused a line connected to a gas-pressure sending unit 
behind the turbine to rupture. The engine was beset by a second problem at Tt23.3 
seconds when, after the throttling down of thrust to reduce loads during maximum dynamic 

pressure, a two-millimeter-diameter pipe for measuring the fuel pressure in front of the engine's 
gas generator punctured. Consequently, "acid" gas with a temperature of 340 degrees 
Centigrade began mixing with the propellant, forming an extremely flammable solution. 
Eventually, at Tt54.5 seconds, a fire broke out in the tail section of the first stage. Ground 
telemetry clearly showed a sharp rise in temperature at that point in engine nos. 3. 2 I .  22. 23. 
and 24. At Tt68.67 seconds. the fire burned through the cable insulation, thus causing a short 
circuit in the 1,000-hertz direct-current and alternate-current circuits of the KORD system, which 
issued a command to shut down all  the remaining twenty-eight engines of the first stage.98 

96. Semenov. ed.. Raketno-Kosmicheskaya Korporatsiya, p. 257. 
97. Yu A. Mozzhor~n, et al.. eds.. Dorogi v kosmos I (Moscow: MAI. 1992). p. 195 
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v~brat~on[s] The ox~d~ser pipeline of one englne broke sp~ll~ng liquid oxygen. The KORD control system was unable to 
shut the engine down quick enough and a f~re broke out." See V A. Lebedev, "The NI-L3 Programme." Spaceflight 34 
(September 1992). 288-90: 1 A Marinln and 5. Kh. Shamsutdinov, "Sov~et Programs for Piloted Flight to the Moon" 
(English title). Zemlya r vselennaya no. 5 (September-October 1993). 77-85. The official history of the Korolev design 
bureau states that there was a fa~lure in engine no. 2 because of h~gh-frequency osc~llat~ons In its gas generator As a 
result, a pressure carbine punctured, allowing the propellants to cause a f~re ~n the tall end of the rocket. The fire dis- 
rupted the operation of the on-board cable network of the KORD system, whlch Issued a command at T+68.7 seconds 
to shut off all the engines See Semenov. ed . Raketno Kosmrcheskaya Korporatsrya. p. 257 



Overall. ~t was clear that the main problem for the booster was the lack of integrated 
ground testing for the first stage. In addition, there had been inadequate testing of the 
first-stage engines because of the absence of vibration stands. The space industry's leading 
research and development institution. TsNIIMash, recommended the introduction of a burn- 
monitoring system on the engines and stages prior to assembly as part of a flight model, but 
these recommendations were apparently rejected because of the lack of time and resources-a 
familiar reasoning offered throughout the 1960s." Mishin and Kuznetsov introduced some 
cosmetic changes to the following flight models of the N I ,  including the deletion of the 
pressure sending unit and its pipe behind the turbine. The KORD system's main network was 
moved from the aft compartment into the intertank section. Additional improvements included 
adding new ventilation openings below the fuel pipeline covers to allow external alr into the 
~nside ~ o m p a r t m e n t . ~  Booster no. 4L was moved out of the queue of flights to allow for the 
cosmetic modifications as well as more substantive ones to improve lifting capacity. The next 
N I launch would instead use booster no. 5L. 

To the Finish Line 

In March and May 1969. NASA performed two highly successful Apollo missions. Apollo 9 
and Apollo 10, respectively, bringing the United States ever so closer to landing astronauts on 
the surface of the Moon. On Apollo 9, astronauts had thoroughly tested the Lunar Module in 
complex rendezvous and docking operations in Earth orbit. Such activities were repeated in lunar 
orbit on Apollo 10. In the Soviet canon, such missions would have been out of the question in 
1969 because none of rts lunar spacecraft were flighhvorthy: Chief Designer Yangel's engineers 
static-fired the important Blok Ye engine of the Soviet lunar lander for the first time only in 
February 1969.'" Through the dampening enthusiasm, an increasingly small group of cosmo- 
nauts continued to train for lunar landings at both the Yu. A. Gagarin Cosmonaut Training 
Center or at the M. M. Gromov Flight-Research Institute, both located near Moscow. On March 
28, 1969, veteran cosmonaut Bykovskiy was appo~nted the chief of the lunar department of the 
cosmonaut detachment.'" By June 18, this department included only eight men out of the orig- 
inal group of approximately twenty-five from early 1968 who had trained for lunar landing mis- 
sions. The eight included three Air Force officers training to land on the Moon-Valeriy F. 
Bykovskiy. Yevgeniy V. Khrunov, and Aleksey A. Leonov-and five others training to remain in 
lunar orbit during surface operations-Oleg G. Makarov. Viktor I. Patsayev, Nikolay N. 
Rukavishnikov. Anatoliy F. Voronov, and Aleksey S. Yeli~eyev.'~' 

The training was most challenging for the three preparing to land on the Moon. A dynam- 
ic simulator, built on the basis of an Mi-9 helicopter (itself modified from the Mi-8), allowed 
the cosmonauts to train for the actual landing phases. Having finished helicopter school, the 
trainees flew the helicopters to simulate worst-case scenarios for landing. Leonov recalls: " I  
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made nine very difficult landings in that heli- 
copter with the engines cut. Normally pilots 
don't do such landings because they usually 
end in a catastrophe, but we did it. We cosmo- 
nauts and pilots perfected the art . "w They also 
took training courses at the M. M. Gromov 
Flight-Research Institute to master the ability to 
choose a landlng site in the shortest time with 
minimal propellant reserves, while evaluating 
vertical velocity, to enable a survivable landing 
on the ground. After TsKBEM engineers had 
completed their preliminary landing simulations 
of the LK at the testing station at Zagorsk, the 
cosmonauts were invited to participate in land- 
ing trials on fake lunar landscape in specially 
built landing simulators at the Kiev Institute of 
Civil Aviation Engineers. 

The training eventually had cosmonauts 
wearing the Krechet-94 lunar suit in simulated 
lunar gravity. One of the fears among engineers 
was the possibility of the cosmonaut falling Cosmonaut Aleksey Leonov appears here rn training 
over on the surface and being unable to get up for lunar landrng approaches using a specially 
in the low gravity in the cumbersome lunar suit. equrpped helicopter This photo datesfrom around 

To circumvent this problem, engineers came up 1969 (NASA pholo) 

with an ingenious solution consisting of a large 
hula-hoop-type ring that would be attached to the waist of the spacesuit before disembarking 
on the lunar surface. The larger part of the hoop was at the back side so as not to interfere with 
arm movements. The cosmonauts participated in sessions in special aircraft that simulated one- 
sixth gravity during which they "fell down" on their backs and simply rolled over and lifted 
themselves up. Another concern was depressurization after launch from the Moon. In a gruel- 
ing exercise carried out in 1968, an Air Force captain dressed in a cumbersome pressure sult 
spent twelve torturous hours in an LOK cabin placed in a pressure ~harnber."~ 

The cosmonauts may have been engaged in intensive training to land on the Moon, but if 
the barometer of public statements from Soviet officials was any indication, the USSR was very 
confused about its next destination. Academician Blagonravov, the veneered doyen of Soviet 
space spokespersons, intimated in a statement reported by TASS on March 14. 1969, that there 
was still much work to be done before a Soviet lunar landing. Yet less than a month later on 
April 9, recently flown cosmonaut Shatalov told the Hungarian press that the Soviet Union 
would need "six, seven, and perhaps more months" of preparations before a land~ng on the 
Moon. He added with confidence that "who makes the better preparations will get to the Moon 
first, and it is our wish to do so.""  L3 trainee Leonov was also unequivocal in his belief in the 
power of Soviet science: 
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The Soviet Union is also making preparations for a manned flight to the Moon. like the 
Apollo program of the United States. The Soviet Union will be able to send men to 
the Moon this year or in 1970. We are confident that pieces of rocks picked from the 
surface of the Moon by Soviet cosmonauts wil l  be put on display in the Soviet pavilion 
during the japan World Exposition in Osaka in 1970. l o '  

Leonov's somewhat misplaced confidence was astonishing because it came quite possibly 
at the utmost nadir of the Soviet space program in the 1960s. Removed from actual decision 
making wlthin the Soviet space program, the cosmonauts were in general prone to more 
dramatic and often outlandish statements than older officials at conferences. However. even the 
cosmonauts must have surely known that there would be no Soviet cosmonaut on the Moon 
in 1969 or indeed in 1970. 

The mainstream of Soviet public pronouncements was, however, turning to Earth-orbital 
space stations as the "mother lode" of future operations. Following the intenswe hlgh-level 
discussions in January 1969, the Soviets persistently began to emphasize two major directions: 
automated lunar exploration and permanent space stations in Earth orbit a la Tsiolkovskty. 
Statements from academicians, anonymous chief designers, cosmonauts, and officlal radio 
commentators proliferated into the new Soviet propaganda offensive even before an American 
had set foot on the Moon." A third option, piloted Martian missions, would be emphasized in 
the future as the technology became available. These statements were the first in a long series 
~n 1969 to bombard the Western media w ~ t h  the idea that the Soviet space program was 
neither politically motivated (which is why the "race to the Moon" was unimportant) nor 
narrow (which was why Earth-orbital stations were being planned). These pronouncements 
were hard to counter because real Soviet lntentlons had always been cloaked in mystery. But 
the Soviets themselves were fullv aware of this obfuscation of truth. Air Force Aide Kamanin 
wrote in his diary during the Apollo I 0  mission of the "unrestrained lying'' by Sovlet officials 
on the issue of Soviet ~ntentlons with respect to the Moon. He added bitterly, "We have come 
to the end to drink the bitter chalice of our failure and be witnesses to the distinguished trl- 
umph of the U.S.A. in the conquest of the M ~ o n . " " ~  

For Soviet government and Communist Party leaders, the impending humiliation was a 
hard pill to swallow. In early April 1 969. Communist Party General Secretary Brezhnev invited 
Vasiliy P Mishin to report on the work of the Soviet piloted space program during his 
three-and-a-half-year tenure as chief designer of the leading Soviet space enterprise. Mishln 
painstakingly explained the root reasons for the poor showing of the Soviet program ~n 
comparison to Apollo-all symptoms evident to any high-level space official in the Soviet 
Union. There was the institutional disarray in the organization of the space industry. Although 
there were many multi-profile design bureaus, there were severe shortages of subcontractor 
institutions. The production plants were badly organized with poor quality control, and each 
plant handled too many different production lines and was not specialized enough. 
Most tellingly perhaps, Mishin also touched on ideological reasons; he emoted on the lack of 
mater~al incentives among workers in fulfilling plant orders of experimental models of articles." 

Among the four major points discussed at the meeting was an agreement to limit the LI 
circumlunar project to only further automated flights, thus unequivocally terminating any 
hopes of cosmonauts flying around the Moon in the near future. As far as the N I -L3 program, 
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Mishin could only report that a piloted landing would be preceded by a complete robotic mis- 
sion, Including landing and takeoff from the Moon. Future N I missions would include the dock- 
ing of spaceships in Earth orbit using liquid hydrogen stages, such as Blok S, before embarking 
on the voyage to the Moon. Repeating a mantra that had been uttered dozens of times by both 
Korolev and Mishin, the latter asked for more funding to pursue liquid hydrogen research, which. 
despite the best efforts of many, had enjoyed only lukewarm support from the government. 
Mishin's two final proposals to Brezhnev involved the creation of new generations of space 
weapons for ballistic missile defense using the N I as a launch vehicle, and advanced flights to 
the Moon, Mars. Venus, and the outer planets. All of these were in the future. As far as the race 
to the Moon was concerned, there would be little to show from the Soviet side in 1969. 

One of the more common stories proliferating in the Western media during the summer of 
1969 was that the Soviets would do something spectacular before the first Apollo landing mis- 
sfon. Apollo I I. After the unqualified success of Apollo I 0  in May 1969. NASA was looking at 
a lunar land~ng flight in July, with the ideal launch date being July 16. The question was: Could 
the Soviets do something to preempt the climax of the greatest American adventure of the 
1960~7 Nothing that the Soviets had accomplished in 1968 or 1969 had indicated that they had 
even a modicum of capability to attempt a full-scale lunar landing. Evidence now suggests that 
in June 1969, Ch~ef Designer M~shin's most optimistic timetable for a first Soviet lunar landlng 
was "by the end of 1970."111 Wernher von Braun claimed in early June that it was still possible 
for the USSR to reach the Moon before the United States if the Apollo I I mission was delayed. 
and he strongly believed that the Soviets would undertake piloted lunar flight in the "latter part 
of 1969" using a giant booster." The CIA clearly had less confidence in Soviet capabilities than 
von Braun. In a top-secret "National Intelligence Estimate" issued a month before the launch of 
Apollo I I ,  the CIA predicted that "we estimate that a [Soviet] manned lunar landing is not like- 
ly to occur before 1972 although late 197 1 cannot be ruled out ." '"  But von Braun also referred 
to the most widely discussed scenario: that in the few remaining weeks leading up to the launch 
of Apollo I I, a robotic spacecraft would scoop up some soil and bring it back to Earth. 

Prompted by Apollo 8, the Soviet Communist Party and government had decreed in January 
1969 to accelerate their robotic lunar exploration program. Chief Designer Babakin's engineers 
had done an outstanding job of producing at least five flight models of the Ye-8-5 sample return 
spacecraft by the summer of 1969 in sufficient time to beat Apollo I I. Apart from the fact that 
the Ye-8 class series of heavy lunar probes had not been tested in space even once, the engineers 
had to address another possible problematic issue: the poor performance of the UR-500K Proton 
booster. By the end of April 1969, four consecutive launches of the rocket had faded to deposit 
their payloads into Earth orbit, let alone into deep space.I1Wf the total thirteen launches of the 
three-stage UR-SOOK variant (most with a fourth stage), seven had been unequivocal failures. In 
this context, the State Commission for the LI  circumlunar program met on May 29. 1969, to 
address "the Proton factor." Whlle none of the failures pointed to errors in design, they did not 
exonerate quality control procedures during manufacturing. Designers Chelomey, Clushko, and 
Konopatov promised State Commission Chairman Tyulin that the next booster would not fail, 
but confidence was at a high premium at that po in t . '  Perfect operation of the Proton booster 

I I I. Karnan~n. " I  Feel Sorry for Our Guys." no 13 Kamanin ment~ons thls In h ~ s  d~ary entry for June 19. 
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was particularly critical at the time, not because of its use in the now-dying piloted c~rcurnlunar 
program, but because the Proton was to launch the Ye-8-5 lunar scooper to the Moon. 

The confluence of activity in both the Soviet and U.S. space programs during the summer of 
1969 was unprecedented. Babakin's lunar scooper had two chances to fly to the Moon, in the 
June and July lunar launch windows. At the same time, Mishin was almost ready to bring the sec- 
ond flight model of the N I rocket to the launch pad. If the attempt was successful, the rocket 
would send the 7K-L 1 S spacecraft on an ambitious fully automated lunar-orbital flight, followed 
by the vessel's return to Earth. NASA would, of course, launch perhaps the most important mis- 
sion in the history of American efforts to explore space. The race was now In its final lap. 

Ye-8-5 spacecraft no 402 was launched from Tyura-Tam on June 14. 1969, to reclaim some 
glory for the Soviet space program. If all went well. a sample of lunar soil would be back on 
Sov~et territory in a little more than eleven days. Unfortunately, the spate of Proton failures did 
not abate. After the third stage had completed firing, the fourth Blok D stage was to fire to 
insert the payload into Earth orbit. Because of a disrupt~on of an on-board circuit, the control 
system failed, preventing the Blok D engine from firing. The payload instead traced an arc that 
deposrted it into the Pacific 0 c e a n . T h e  odds were decreasing day by day now. Babak~n st111 
had four more scoopers left, and one could be launched in the second week of July 1969 for a 
repeat attempt. After five straight launch failures of the Proton, engineers and officials could be 
forgiven for harboring a pessimistic attitude on the chances of success. 

The focus of the race to the Moon now shifted to the N I rocket. By early April, based on 
the pace of preparations, Mishin had set May 30 as the date for transporting the next flight- 
ready N I,  booster no. SL, from the assembly-testing buildlng to the launch pad. The launch 
would be durlng the lunar launch window in June, on June 13- 15. 1969. The preparations for 
the launch were far more speedy than usual. One participant recalls: 

The first launch o f  the N I (article 31) aroused dual feelings among those contributing to 
the events: on the one slde [Central Committee] Secretary D. F Ustinov demanded accel- 
eration of the launch of the "fifth-article 51. " The commotion at the plant rose extra- 
ordinarily. The issuing of the complete equipment and nodes for the assembly of the NI  
managed to be on the current schedule, the fulfillment o f  which was overseen persona/- 
ly by the Deputy Minister o f  Defense of the country. On the other side, people from a mul- 
titude o f  commissions proposed some highly practical [modifications]. . . . However, the 
events unfolded so fast that many of the conceived measures for the 51 rocket simply 
physically did not have the time to be "spread out. " I 1  

The Inevitable delays In the schedule meant that Mishin rescheduled the launch of the rocket 
from the June launch window to the one ~n July, just three weeks before Apollo I I .  It would be 
a truly extraordinary few weeks in July, with plans for the launch of the second N I,  the second 
Ye-8-5 lunar scooper, and, of course. Apollo I 1. 

The launch of N I booster no. 5 L  was set for the night of July 3.  1969. The day before. 
there were rumors from unofficial sources In Moscow that something spectacular was immi- 
nent. but all these reports predicted a sample return mission on or about July 10. "iven the 
level of actrv~ty at the Baykonur Cosmodrome, it is testament to the power of the Soviet shroud 
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F I N A L  L A P  T O  T H E  M O O N  

Two Ni Moon rockets appear on the pads at Tyura Tam in early luly 1969 In the foreground is booster number 
5 1  wrth a functronal payload for a lunar orbrtrng mcssion In the background is the / M I  ground test mock up 

of the NI for rehearsing parallel launch operatrons (files of Asif Srddiqr) 



This is the spectacular night launch of the second NI booster in luly 1969 W~thin seconds the rocket 
collapsed back onto the pad, destroy~ng the ent~re pad area In a rnasslve exploston 

(copyrrght VrdeoCosrnos Co vla Don PeaierlQuest) 

the Baykonur Cosmodrome, it is testament to the power of the Soviet shroud of secrecy that, with- 
out exception, there was not a single leak to the Western med~a on any Impending launch of a giant 
booster from Soviet central Asia. The hubbub at Tyura-Tam was unlike anything seen in recent mem- 
ory. Ministers, deputy ministers, chief designers, senior military officers, and cosmonauts had 
all flown in for the launch-a final gasp for the sinking hopes of the Soviet reach for the Moon. 
Valeriy A. Menshikov, then a young lieutenant in the Strategic Missile Forces, who was duty officer 
at site 1 I2 near the N I pads, later provided one of the best personal accounts of that fateful night: 

There were hundreds of veh~cles on the roads wtth soldrers officers and ctvrl~ans They 
bore combat banners documents and various matertel The dust and heat, the roar of 
the automob~le engrnes the human chaos, the congestion and traffic jams, the hoarse 1 
shouts of the traffic control personnel-all of thts was rem~nrscent o f  frames from j 
moutes of the first months of the [Second World] war The only thing mtsslng were 3 

German dwe bombers ' i 
As n~ght fell. Menshikov ordered the launch site group to assemble and then led them away 

from the rocket to a bunker close to the N I pad at site I IOP to await the launch. Like most 
observers, lunar cosmonauts Leonov, Makarov, and Rukav~shnikov witnessed the launch from a 
d~stance of six to seven kilometers. Prelaunch operations began at 0600 hours Moscow Time on 

1 I 9  Mensh~kov " T h e  To~lers o f  the Cosmodrome " p 40 4 
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the morning of July 3 and continued through the day. By 1540 hours, personnel had begun 
fueling the first three stages, a procedure that was completed within one hour and fifty minutes. 
Fueling of the 135 payload block began In the early evening at 1900 hours. There were evidently 
no serious anomalies during the ensuing countdown as the clocked ticked closer to midn~ght. 

The N I ignited to life at exactly 23 18 hours. 32 seconds Moscow Time on July 3 (it was 
after midnight on July 4 at Tyura-Tam). Menshikov remembers the experience vividly: 

W e  were all looking in the direction of the launch. where the hundred-meter pyramid oj 
the rocket was being readied to be hurled into space. Ignition. the flash o f  flame from 
the engines, and the rocket slowly rose on a column offlame. And suddenly. at the place 
where it had just been, a bright fireball. Not one of us understood anything at first. A 
terrible purple-black mushroom cloud, so familiar from the pictures from the textbook 
on weapons of mass destruction. The steppe began to rock and the air began to shake. 
and all of the soldiers and officers froze."" 

Rukavishnikov's remembrance is almost surreal: he could see the booster double over in 
an explosion on the pad, but there was no sound. Those few seconds of "deathly silence" 
lasted an eternity until the full roar of the launch and the ensuing explosion reached the 
viewing stands." The young Lieutenant Menshikov adds: 

Only in the trench did I understand the sense of the expression "your heart in your 
mouth." Something quite improbable was being created all around-the steppe was 
trembling like a vibration test j ~g ,  thundering, rumbling. whistling, gnashing-all mixed 
together in some terrible, seemingly unending cacophony. The trench proved to be so 
shaliow and unreliable that one wanted to burrow into the sand so as not to hear t h ~ s  
nightmare . . . the thick wave from the explosion passed over us, sweeping away and 
leveling everything. Behind it  came hot metal raining down from above. Pieces o f  the 
rocket were thrown ten kilometers away, and large windows were shattered in structures 
40 kilometers away. A 400 kilogram spherical tank landed on the roof of the installa- 
tion and testing wing. seven kilometers from the launch pad." 

By some estimates, the strength of the explosion was close to 250 tons of TNT-not 
a nuclear explosion, but certainly the most powerful explosion ever in the history of rocketry. 
The booster had lifted off to a height of 200 meters before falling over and exploding on 
the launch pad itself, about twenty-three seconds after launch. The emergency rescue system 
fired in the nick of time, at T t  14.5 seconds, to shoot the descent apparatus of the payload two 
kilometers from the pad, thus saving it from destruction. Remarkably, no doubt because of the 
stringent safety precautions, there were no fatalities or injuries, although the physical devasta- 
tion was phenomenal. When the first teams arrived near the pad in the early-morning hours of 
July 4, there was only carnage left behind: 

W e  arrived at the fueling station and were horrified-the windows and doors were 
smashed out, the iron entrance gate was askew, the equipment was scattered about 
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w ~ t h  the light of dawn and was turned to stone-the steppe was literally strewn with 
dead animals and birds. Where so many of them came from and how they appeared in 
such quantities at the station I still do not understand." 

By 0800 hours the morning of July 4, Minister of General Machine Building Afanasyev 
had convened a meeting of the State Commission and began the long process of determining 
the reasons behind the disaster by looking at films of the launch and analyzing telemetry. 
Afanasyev also telephoned Brezhnev and Kosygin. the latter of whom was particularly dissat- 
rsf~ed w ~ t h  the results. Perhaps most sobering of all was Chief Designer Barrnin's assessment 
on the destruction of the launch area The right launch pad at site I IOP was completely 
destroyed: the explosive force also displaced the 145-meter-tall service tower from its rails and 
destroyed all the special ground equipment of the launch installation, including a lightning 
arrester. The top two and a half floors of the five-story underground pad support structure had 
collapsed. 'I The left launch pad at site I IOL had remained unscathed. A second N I had in 
fact been mounted at the pad during the failed launch presumably to rehearse dual launches 
planned for later in the lunar program. Barmin believed that restoration of the destroyed 
complex would be faster and cheaper than building a completely new one. 

To pursue an investigation of the accident, Afanasyev created a commission headed by 
Chief Designer Mishin: this commission consisted of seven subcommissions for part~cular areas 
of the N I rocket." The stress of the previous few months of relentless work seem to have taken 
their toll on the fifty-two-year-old Mishin; at a meeting three days after the disaster, he suffered 
serious heart trouble, although he was apparently back at work very soon after. Beginning on 
July 4 and continuing through the waning weeks of July, the commission focused on malfunc- 
tions in the KORD engine control system. It was immediately clear after the accident that at least 
five engines had been turned off within one second of ignition. According to early data. KORD 
turned off all engines save one, engine no. 18, about ten seconds into the mission. Engineers 
also detected early on a short circuit in an oxygen line in the area of two other engines, nos. 
8 and 9. But the question remained: Why had KORD shut the engines down in the first place? 
By July I I, a researcher from the P. I. Baranov Central Institute of Aviation Motor Building was 
able to report that perhaps a foreign object had entered an NK-I5 engine's oxygen pump. 
causing a cascade of failures. By the time of Mlshin's vis~t to Kuybyshev on July 16 for 
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Central Intelligence Agency. "National lntell~gence Estimate 1 11-69 The Sov~et Space Program," Washington. D C.. 
March 26. 1970. p I .  as declassified in 1997 by the CIA Historical Review Program News of the dlsaster eventual- 
ly leaked out into the open media. The first revelations emerged on November 17, 1969. simultaneously in Great 
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Include Large Booster Test," Aviation Week 6 Space Technology. March 10. 1969. pp. 132-33. 
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discussions with engine Chief Designer Kuznetsov as well as his own First Deputy Kozlov, there were 
four likely reasons for the accident out of a possible seven at the beginning of the investigation. 

The search for the causes of the disaster would contlnue on for many months. but the 
damage inflicted not only on hardware but also on the spirits of Soviet engineers on the night 
of July 3, 1969, was irreparable. Kamanin wrote in his diary the day after the accident: 

Yesterday the second attempt to launch the N I  rocket into space was undertaken. I was 
convinced that the rocket would not fly, but somewhere in the depth o f  my soul there 
glimmered some hope for success. We are desperate for a success, especially now, when 
the Americans intend in a few days to land people on the Moon, and when the American 
astronaut Frank Borman is our guest. But all such hopes were dispelled by the powerful 
explosion of  the rocket flue seconds after the "launch" command. . . on its first time, the 
rocket flew 23 kilometers, and did not cause harm to the launch platform and launch 
site. This time it fell two kilometers [sic] from the pad and caused huge damage to the 
launch site. This failure has put us back another one to one and a half years.jb 

Soviet Ambassador to the United States Anatoliy Dobrynin had indeed invited Apollo 8 astro- 
naut Colonel Frank Borman for a nine-day vislt to the USSR. Although Borrnan and his family were 
not cons~dered official guests of the Soviet government, it was the first visit of an American astro- 
naut to the country. On the night of July 4. 1969. Borman was present at the U.S. embassy's 
reception to celebrate Independence Day. The timing could not have been worse for the Soviets. 
Instead of being feted by reporters on a new success in space, Soviet cosmonauts were on hand. 
less than twenty-four hours after the catastrophe at Tyura-Tam, glum and reticent. When asked 
about the possibility of a Soviet lunar scooper timed to fly before Apollo I I. Beregovoy, Feoktistov. 
and Titov declined to confirm or deny the rumors..! The following day. Borrnan visited the Gagarin 
Cosmonaut Tralning Center, where he was received by the newly appointed Commander-in-Chief 
of the Soviet Air Force Marshal Pavel S. Kutakhov and Col. General Nikolay P. Kamanin. '"The 
many cosmonauts attending the function could only watch in damaged prlde as the NASA astro- 
naut gave an impressive slide show of his recent flight to the Moon. 

Through their despair, the Soviets had one final gasp left: a flight of the Ye-8-5 sample 
return spacecraft durlng the July launch wlndow. If i t  succeeded. the rn~ssion would vindicate 
their recent abrupt emphasis on autornatlon versus piloted flight. Even more dramatic would be 
a success for the scooper if Apollo I I failed. Such a scenario, no doubt given consideration 
during those desperate weeks In early July, would have, in one fell swoop, eliminated al l  the 
failures, explosions, and delays of the year so far. 

Chief Designer Babakin's engineers prepared his spacecraft. Ye-8-5 vehicle no. 401, for 
launch at the same time that workers were scouring the remains of the N I at Tyura-Tam. There 
were problems with the mass of the spacecraft right up until the final days before launch. 
Engineers calculated that the ascent stage of the robot, called the Rye-85, had a mass of 5 13.3 
kilograms instead of the allotted 5 I2 kilograms. After much soul searching. Babak~n ordered the 
deletion of one of two 1.28-kilogram radio transmitters on the ship, leaving the primary one with 
no backup. It was a gutsy move, underlining the risks inherent in the mission in general. The 
launch itself was a blessing. After five straight failures of the Proton launch vehicle, the rocket 
lifted off on time at 0554 hours, 4 1 seconds Moscow Time on July 13. 1969: precious payload 
was deposited on a perfect trajectory heading for the Moon. The Soviet press, announcing the 
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mission as Luna IS ,  merely stated that the spacecraft would study circumlunar space, the 
Moon's gravitational field, and the chemical composition of lunar rocks, and would carry out 
surface ph~tography."~ 

The world's eyes and ears, however, were not on the Soviet spacecraft, but on the three 
American men who set off for the Moon on July 16, just three days after the launch of Luna 
15. For a brief moment. Apollo I I astronauts Neil A. Armstrong. Michael Collins, and Edwin 

E. Aldrin. Jr.. represented not only NASA and not just simply the United States, but, in the 
justifiably hyperbolic language of the day, al l  humanity itself. But there was also a more earth- 
ly aspect of the mission, too: they carried the baton on the last lap of the "space race." 
inaugurated by the Soviet Sputnik twelve years previously. This more political dimension had 
gradually receded from the foreground as it seemed that the Soviets had, for reasons unclear. 
relinquished their claim to answer President Kennedy's challenge. For Soviet space engineers, 
however. the "space race" as a living artifact was far more imposing in 1969 than to their 
counterparts across the ocean. Their last hopes were pinned on Luna 15 much more than 
anyone would care to admit at the time. 

The responsibility of directing the Luna 15 mission fell on the shoulders of First Deputy 
Minister of General Machine Building Georgiy A. Tyulin, the fifty-four-year-old retired artillery 
general whose career in the missile and space rndustry had now spanned more than twenty- 
five years. Tyulin, as chair of Luna 15's State Commission. ran into trouble with the spacecraft 
after only one day of flight. Controllers detected unusually high temperatures in the propellant 
tanks of the 55.61 engine, which would be used for takeoff from the lunar surface after the 
collection of the lunar sample. With the specter of a possible explosion of the entire engine 
complex en route to the Moon, Tyulin assembled al l  the senior program engineers. including 
Chief Designer Babakrn. After a quick analysis, some participants proposed a seat-of-the-pants 
method of turning the spacecraft in such a way as to keep the suspect tank in the Sun's 
shadow at all times. Despite some acrimonious exchanges and stiff resistance from engineers, 
Tyulin slded with trying the unorthodox procedure: telemetry later showed that the tank 
temperature stabilized at acceptable  level^.^" 

Luna 15 fired its main engine to enter lunar orbit at I 3 0 0  hours Moscow Time on July 17. 

Engineers planned two major orbital corrections prior to landing on the Moon. The first (KIII) 
on July 18 was to bring the spacecraft's perrgee to sixteen plus or minus four kilometers 
altitude. If the altitude was too high, then there would be insufficient propellant to brake 
the ship down to the surface, and if it was too low, then there would not be enough time to 
slow the vehicle down for a survivable landing. The second correction (KIV) on July 19 would 
determine the longitude of the ascending node to posit the ship over the precise landing 
corridor. The State Commission did not, however, anticipate the ruggedness of the lunar 
surface, and the altimeter showed wildly varying readings for the projected landing area. 
Controllers instead spent three to four days carefully analyzing incoming data. Over twenty to 
twenty-two communications sessions per day, engineers laid the groundwork for carrying out 
corrections. bulk a support system of coordinates, established thrust orientation vectors, and 
carried out trajectory measurements over consecutive orblts. Two carefully prepared maneuvers 
were carrled out at 1608 hours on July 19 and at 17 16 hours on July 20, the latter putting 
the spacecraft into the planned 1 10- by sixteen-kilometer orblt at a retrograde Inclination 
of 127 degrees. " 
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Some members of the State Commission for the Luna sampie return spacecraft are shown in a photo from 1970 at 
Simlerepol Sitting rn the foreground from left to right are Commission Chairman Georgiy Tyulin Chief Desrgner 

Georgry Babakrn and Mrnrster of Genera( Machine Building Sergey Aianasyeu The tali frgure standing at the back 
on the right I S  Yurry Kopteu the current director of the Russran Space Agency who was an engineer at the 

Lauochkin design bureau at the time Sitting in the second row at left is Academician Boris Petrov one oj  the 
principal rnternationai spokespersons for the Soviet space program (copyright Asif SiddiqiJ 

The Western press closely followed the miss~on of Luna 15. Kenneth Gatland, a respected 
British journalist who hosted the Apollo I I broadcasts for British television, recalled: 

Even as the Apollo I I programme was on the air, and we sat before the cameras 
dlscussing how Neil Armstrong and Edwin Aldrin would land, the Russian robot was 
maneuvering in orbit. There was even the suggestion from one scientist that Russia might 
be preparing to set down on the Moon a mooncraft capable of rescuing the Americans 
if, by some accident, they were stranded on the Moon! To the delight o f  the TV 
producers, the drama was kept up until the last. ''' 

Even NASA, busy as it was with Apollo I I ,  managed to join in the drama of the race The 
Apollo I I crewmembers were kept apprised of the progress of Luna 15. There was also some 
concern that Luna 15's orbit might, in an unlikely situation, interfere with that of Apollo I I .  

132 Gatland. Robot Explorers. p 145 



Astronaut Borman played a critical role in passing on detailed orbital information on Luna 15 
from the Academy of Sciences to the White House, which evidently laid to rest any fears the 
Apollo flight control might have had back in Houston."' 

To Western observers, the closeness of the race in lunar orbit was without precedent. 
A little less than six hours after Luna 15's second and final orbital correction, the Apollo I I 
Lunar Module began its voyage toward the lunar surface. After a thrill-laden descent, the two 
astronauts. Armstrong and Aldrin, safely put down the ungainly looking lander onto the lunar 
surface at 201 7 hours CMT on July 20. In Moscow. it was 23 17 hours, close to midnight. 
Luna 15, meanwhile. was still in orbit, as controllers pored over their data. Originally, their plan 
was to put down the robot less than two hours after Apollo I I .  The delays in mapping out a 
correct trajectory for Luna 15, however, took their toll. Unsure of the terrain below. Tyulin 
delayed the landing a full eighteen hours, awaiting a final and unanimous affirmative from his 
engineers. During this no doubt demoralizing period, Neil A. Armstrong exited the Lunar 
Module and set foot on the surface of the Moon. 

As a mesmerized world watched the ghostly images of human beings walking on another 
celestial body, Luna 15 became a footnote to history. Tyulin's State Commission finally 
commanded the robot to fire its descent engine at 1847 hours Moscow Time on July 2 1 .  a 
little more than two hours prior to the planned liftoff of Armstrong and Aldrin from the Moon. 
It was the spacecraft's flfty-second orbit around the Moon. Controllers impatiently followed the 
signals from Luna 15 as it descended swiftly to the lunar surface. Landing would be six 
minutes after the beginning of powered descent. To the collective shock of all those present. 
transmissions abruptly ceased four minutes after deorbit, at an altimeter reading of three kilo- 
meters."" Later analysis showed that the spacecraft had unexpectedly hit the side of a moun- 
tarn at a velocity of 480 kilometers per hour. The impact point was at 12" N, 60" E in Mare 
Crisium. The Soviet news agency TASS characteristically announced that Luna 15's research 
program had been completed and the spacecraft had "reached" the Moon in the "preset" 
area. '' There was one small irony to the whole mission. Even if there had not been a critical 
eighteen-hour delay in attempting a landing. and even if Luna 15 had landed, collected a soil 
sample, and safely returned to Earth, its small return capsule would have touched down on 
Soviet territory two hours and four minutes after the splashdown of Apollo I I . "  The race had. 
in fact. been over before ~t had begun. 

Armstrong and Aldrin, meanwhile. lifted off successfully, and with crewmember Collins, 
headed back to Earth, splashing down safely in the Pacific Ocean on July 24, 1969, concluding 
one of the most dramatic voyages of exploration in the history of humankrnd. Outside the 
USSR. Soviet officials were unusually magnanimous in their praise of this incredible feat, but 
withln the country, to their own citizens, they were less than generous. By the end of the 1960s. 
official Sovret doctrine had showed a marked positive evaluation and reportage of American 
space achievements, but Apollo I I. given its paramount importance as a definrng moment of 
the space race, was an anomaly. Many within the space industry, including TsNllMash Director 
Mozzhorin, were themselves responsible for deemphasizing the importance of Apollo I I .  
perhaps partly to hide their own shortcomings. In the glasnost days of reevaluating the black 
holes of Soviet history, one Soviet journalist wrote with undisgursed vitriol: 
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F I N A L  L A P  T O  T H E  M O O N  

The task o f  Mozzhorink group consisted of misinformmg the public and concealing 
from the people the blunders and the real state of our affairs in space. But the deception 
became obvious when, on july 21. 1969 . . . Neil Armstrong became the first earthling 
to set foot on the surface of the Moon and planted the American flag. Our deceitful 
propaganda, supervised then by M. A. Suslov (now one of Moscow's boulevards has 
been named after him), was forced to show this historical event on our television 
screens dunng a volleyball match between two local teams. " 

The news itself was not accompanied by any TV footage, merely a dry news report. Actual video 
of the landing was evidently restricted to a select group within the Soviet Union, including the 
chief designers. 

With the final and ignominious end to the "race to the Moon." the uncerta~nty of the 
numerous pronouncements of the last eight months disappeared, replaced by two clear and 
consistent themes: the Soviet objective to the explore the Moon by automated means and the 
longstanding goal of establishing piloted orbital space statrons in Earth orb~t. Impl~cit, of 
course, in both these themes was the claim that the Soviet Union had never planned to send 
humans to the Moon because its program had always been geared more toward scientifically 
productive rather than polit~cally motivated objectives. Academician Blagonravov claimed on 
Moscow Radio on July 2 I that the only advantage of sending cosmonauts to the Moon was to 
provide freer choice in picking up Moon rocks. He emphasized that the space programs of the 
two superpowers had moved at about the same pace but along parallel paths.'Vven if he knew 
of the existence of the N 1-13 program, he would have been committing treason against the 
state had he stated that the Soviet Union had indeed tried to race the Americans to the Moon. 
Later in the month, in another statement, he added that Soyuz spacecraft would be converted 
into "modules of orbital space laboratories designed for research in lengthy flight.""" 

Salvaging the wreckage of the Soviet piloted space program was not an easy task. 
Discussions in early 1969 had given focus to three possible future tracks: 

A piloted Mars mission 
Improved lunar landing missions 
Earth-orbital space stations 

Publicly. Soviet spokespersons focused only on the third item. Academician Sedov, for example, 
on a visit to Japan in late August 1969, claimed that a new type of "spacecraft" would be used 
to put a large space station into Earth orbit. There was, he said, no necessity in sending humans 
to the Moon because automated lunar probes could return soil back to Earth.'" The decision 
to move ahead with space stations was, however, fraught with much more internal acrimony 
than Sedov's statement would suggest. The three major possibilities available to the Soviets in 
the post-Apollo I I climate raised not only the hope of restoring prestige to a rudderless 
Sov~et space program, but also gave rise to yet more acrimony among the major players in the 
industry. The lessons of losing the Moon race had, it seems, not been learned very well. 

137 German Nazarov "You Cannot Paper Space W ~ t h  Rubles How to Save B~l l~ons"  (Engl~sh t~t le) 
Molodaya guardrya no 4 (Apr~l  1990) 192-207 

138 Sovret Space Programs 1966-70 p 375 
139 NASA Sc~ence and Technology Div~sion. Astronautics and Aeronautics 1969 p 256 
140 Souret Space Programs 1966-70 p 376 Disingenuously Sedov added that a soft land~ng had not been 

a goal lor Luna 15 the spacecraft had been "sent to study the Moon from lunar orbit ' 





Conventional wisdom would suggest that after such a fatal blow as the triumphant land- 
ing of American astronauts on the Moon, the Soviet Union would simply fall back into a peri- 
od of conservatism, characterized more by self-appraisal rather than any further grand gestures 
at competit~on. But Soviet officials, from the highest arbiter of the Soviet space program, 
Dmitriy F. Ustinov, down to the lowest engineers, differed in one key respect to their American 
counterparts. For the Soviets, the race to the Moon might have been over, but the less specif- 
ic "space race" was not. Ironically, it was, in fact, the American space program that entered an 
uncertain period of soul searching as it sought to define a direction in the post-Apollo fron- 
t~er-a direction that for the first time was not determined exclusively by Cold War competi- 
tion with the Soviet Union. The Soviets, on the other hand, continued to propose, define, and 
implement newer programs, which harked back to political imperatives of the Kennedy- 
Khrushchev era. If the Americans had beaten the Soviets to the Moon, then the Soviets would 
beat them to Mars. If the Americans were going to build a space statlon in Earth orbit, then the 
Soviets would build one sooner. While Soviet motivations in late 1969 were a little more com- 
plex than such simplistic rhetoric, by and large, the Soviet space program did not abandon the 
space race in 1969. In fact, its piloted lunar programs continued to serve as a major force in 
policy. years after Neil A. Armstrong stepped on the Moon in July 1969. 

Rummaging Through the Wreckage 

Much of the activity in the Soviet program during the latter part of 1969 resulted more from 
inertia rather than any new goals. As policy planners gradually sought to establish clear direc- 
tions for the overall effort, space vehicles intended for flight earlier in the decade were finally 
ready for launch. With little to lose after Apollo I I .  Ustinov. Smirnov, and Afanasyev allowed 
some token launches in the piloted lunar program, which on superficial examination seem to 
make little sense. The first such mission was a circumlunar flight of the 7K-L I spacecraft in the 
late summer of 1969. Although the piloted component of the circumlunar program had been 
officially suspended in March 1969, Chief Designer Mishin continued flights of the trouble- 
prone spacecraft in the hope of flying crews on board at some uncertain time in the future. 
Carrying out a simple automated circumlunar mission less than a month after Apollo I I might 
indicate a disregard for public perceptions of the Soviet space program, but the t~ming of the 
launch was apparently more of a coincidence than anything else. The Soviets did, however, go 
to great lengths to play down news of the mission. 

As with previous L I  launches, cosmonauts were present at the Baykonur Cosmodrome, 
although this time they were involved to a greater degree in flight operations. Leonov and 



Makarov trained to acquire skills of "controlling the [descent apparatus] as operators" in prepa- 
ration for a piloted flight. The 7K-LI spacecraft, vehicle no. I I, had been the last model man- 
ufactured for automated flight and contained mannequins. The ship was, however, redesigned 
for p~loted flight with powered control panels and blocks removed from the switches. The 
spacecraft lifted off from the Baykonur Cosmodrome at 0248 hours. 6 seconds Moscow Time 
on August 8. 1969, and successfully headed toward the Moon an hour later. Called Zond 7 by 
the Sov~et press, the ship, like its predecessors, carried a menagerie of llving specimens, includ- 
ing four Steppe male tortoises. which were part of a group of thirty tortoises selected for a blo- 
logical study.' The spacecraft was said to have been equipped with improved instrumentation, 
although few details were provided. After a mid-course correction at a distance of 250.000 kilo- 
meters from Earth on August 9, the ship circled the far side of the Moon at a range of 
1.200 kilometers two days later. The only anomaly on the flight was a communications prob- 
lem-the main parabolic antenna failed to unfurl because of a jam in the securing cables- 
although this did not prevent the accomplishment of any of the main flight objectives.' 

For the first time on a Zond mission, the on-board camera took color photographs. The 
first session took place on August 8 when the camera took pictures of Earth at a distance of 
70.000 kilometers, clearly showing a large part of the globe, including Asia, Afr~ca, and the 
Middle East. Three days later on August I I, there were two further sessions. The first ten- 
minute run was at a distance of 10,000 kilometers when the ship was closing in on the Moon: 
it covered the western side of the Ocean of Storms and nearby heavily cratered areas. An hour 
later. the spacecraft took a further series of photographs showing far side features from a range 
of 2.000 kilometers. Several of these spectacular shots were reminiscent of those taken by 
Apollo astronauts. with Earth majestically setting over the Moon's horizon. Although the Moon 
generally tends to look gray. scientists hoped that color photos from different angles might 
reveal differences in its microstructure. Apart from photography, the spacecraft also performed 
"measurements of the physical characteristics of circumlunar space as well as technical exper- 
iments for developing motion controll~ng systems with the onboard [computer], astro- 
orientation systems, deep space communications apparatus, and other onboard systems.".' 

The Zond 7 spacecraft flew back to Earth without incident, once again flying over the 
South Pole and then moving north over the Indian Ocean. It entered the correct corridor on 
August 14, lost velocity, skipped out, and then reentered again for a perfect, aerodynamically 
controlled reentry onto Soviet territory. Parachutes deployed at an altitude of seven and a half 
k~lometers and soft-landing engines fired a meter above the ground for a faultless touchdown 
south of Kustanay in Kazakhstan, just fifty kilometers from the intended target point. The mls- 
s~on had lasted six days. eighteen hours, and twenty-five minutes. Two years late. TsKBEM 
finally accomplished a fully successful 7K-L I c~rcumlunar mission. It was, of course, too late for 
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politicians to extract any mileage from the resounding success of Zond 7, coming as it did less 
than a month after the American lunar landing. But the conclusion of the mission did raise the 
possibility of moving ahead to piloted missions on the L I spacecraft. At a meeting of the LI 
State Commission on September 19. 1969, the members discussed such an option. The Air 
Force Commander-in-Chief's Aide for Space Col. General Kamanin recalled that "the success of 
Zond-7 . . . gave some encouragement to Mishin. Tyulin, and Afanasyev who were gradually 
recovering from the shock caused by the failure of the N I and the brilliant Apollo missions."' 
The State Commission tentatively decided to make use of the three remaining 7K-LI spacecraft 
still left on the ground. The first would be launched in early December 1969 on an automated 
flight followed by the second in Aprrl 1970, perhaps carrying the first Soviet cosmonauts 
around the Moon. While Mishin and State Commission Chairman Tyulin may have wished for 
such, the forces against piloted L I  missions were too overwhelming. There was little to be 
gained politically from a prloted LI mrssion at this point. Both Brezhnev and Ustinov had more 
or less decided on the program's termination in the spring of 1969, and the plans to launch a 
crew in April 1970 eventually died a quiet death. By the end of 1969, the prloted portion of the 
UR-5OOK-LI project was irrevocably over, and while Mishin had plans to fly the remaining 
unflown vehicles, these were redirected toward primarily technological goals. 

The dilemma facing Soviet space planners in the drrect aftermath of the Apollo landing was 
how to respond in the immediate months. What kind of a piloted mission could be mounted 
in the waning months of 1969 that would not underline the weak position of the USSR in com- 
parison to the United States in the exploratron of space? In the landmark January 1969 meet- 
ings after Apollo 8. Minister of General Machine Building Afanasyev had suggested a thirty-day 
Soyuz mission in Earth orbit. A month later. Soyuz State Commission Chairman Maj. General 
Kerimov emerged with a more modest seven-day Earth-orbital flight of two cosmonauts in a 
Soyuz ship. Space program chief Ustinov wanted more, telling the commission that a seven- 
day mission was too "th~nnish" and that "it should be thick."Tamanin, on February I I. 
underlined the confusion in how to proceed with the Soyuz program, writing in his diary: 

We have reached a fully absurd [situation]. there is not one man in this country who 
would be able to say what the next flight into space will be. Ustinov does not know this. 
Keldysh. Smirnov, and Mishin do not know this-generally no one knows! Al l  my 
attempts to obtain from the state the composition of plans for pi/oted space flights lead 
nowhere: there are no such plans, and it is most unlikely that there will be.' 

Originally, prior to the Soyuz 4/5 docking-and-EVA mission in January 1969. Mishin had 
had plans to fly repeat Earth-orbital flights of the 7K-OK Soyuz spacecraft, but equipped with 
the Kontakt rendezvous radar system earmarked for the lunar version of the Soyuz ~nstead of 
the less advanced Igla. While Kontakt was not ready for flight at the time, the Soyuz 415 repeat 
mission plans offered an answer on how to formulate a response to Apollo. By late February. 
Mishin's rdea was to launch three 7K-OK Soyuz spaceships into Earth orbit, two of which 
would dock automatically wrth each other, while the third would hover at 300 to 400 meters 
range by means of manual control and take photographs of the experiment."lthough a poor 
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match for a lunar mission, such a flight would not only demonstrate the capacity of the Soviet 
space program to perform complex operations in space, but also provide a long overdue public 
relations extravaganza from the potentially spectacular photographs. On a purely technical 
level, the flight would also allow engineers to perfect rendezvous and docking operations and 
control multiple vehicles in orbit in preparation for future space station missions. 

By April 1 .  1969. Mishin had a short-range plan for the 7K-OK Soyuz program: 

Missions Dates 

Soyuz 6. 7, and 8 
Soyuz 9 and I 0  
Soyuz l l and 12 

Triple flight in August 1969 
Docking flight in October 1969 
Docking flight in February 1970 

Apart from rendezvous and docking, the triple joint mission would have other important 
elements. A special unit named the Vulkan ("Volcano") was installed on Soyuz 6 (spacecraft 
no. 14) to allow its crew to carry out a complex series of welding operations in conditions of 
microgravity and vacuum. The Ye. 0. Paton Institute for Electro-Welding based at Kiev had 
developed the unit on a contract handed out during the Korolev era. Cosmonaut Fartushniy, a 
scientist from the institute, had been slated to fly the Vulkan unit into space, but by April. he 
had been moved from Soyuz 6 to Soyuz I I, evidently because of mass constraints when the 
crew size was reduced from three to two.q Additional instrumentation on Soyuz 6 included the 
Svinets apparatus, a military experiment for detecting and identifying the plumes from ICBM 
launches. The triple ship experiment would have a record seven cosmonauts flying in space 
simultaneously, most of whom had been training in various capacities on the piloted circum- 
lunar and landing projects during the previous two years." The two final docking missions- 
Soyuz 9iSoyuz 10 and Soyuz I1ISoyuz 12-would include at least one very long-duratlon 
mission to reclaim the absolute endurance record for a space mission, held for almost four years 
by NASA's Gemini VII mission. These four missions would also use the long-delayed Kontakt 
rendezvous system. " 

Mishin discussed these plans with Ustinov during a meeting on June 7. 1969, but the pos- 
s~bility of carrying out the triple Soyuz mission quickly gained a new urgency after the second 
catastrophic blow to the Soviet space program in eight months, the Apollo I I landing. Once 
the inevitable delays crept into the ambitious Soyuz plan. Soviet space program leaders began 
to get cold feet. In late September, less than two weeks before the projected launches, Chief 
Designer Mishin met again with Ustinov to discuss preparations for the triple mission. Mishin 
noted in his personal office notes that "there is a fear in taking  decision^."^ Ustinov forbade 
Mishln to begin propellant load~ng of the boosters and spaceships, despite the latter's protest 
to adhere to the original program. Ustinov told Mishin that the final decision to proceed with 
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the launches would be discussed at the Politburo level, an unusual state of events for a space 
launch. It is quite likely that Soviet leaders such as Brezhnev and Kosygin were extremely sen- 
sitive to the possibility of a catastrophic failure in the Soviet space program so soon after Apollo 
I I ; such a mission would also once again raise the question of the direction of the Soviet space 
program. How were officials to answer to the obvious comparisons with Apollo? 

On September 29. Mishin spoke with Ustinov, Smirnov, and Afanasyev. The chief design- 
er had already received permission to begin fuel~ng the first Soyuz, spacecraft no. 14, but was 
still awaiting approval to move ahead with prelaunch preparations for vehicle nos. 15 and 16. 
The Politburo met a day later and finally granted permission to carry out the triple flight. The 
mission would be touted as a major step in the creatron of Earth-orbital stations, the "true call- 
ing" of the Soviet space program. The activity leading up to the launches was further intensi- 
fied by major changes in the crew complement of the three Soyuz vehicles. Originally, the third 
Soyuz-the active vehicle during the docking exercise-would have been crewed by cosmo- 
nauts Nikolayev and Sevastyanov. Colonel Nikolayev, the veteran from the Vostok days, would 
also serve as the overall commander of all seven cosmonauts in space. Unfortunately for him. 
he had performed poorly during a preparatory exam in late July 1969." Perhaps expecting an 
improvement in his abilities, planners continued to maintain the original crew complements 
until September 17, when Mishin and Kamanin agreed to replace the Nikolayev-Sevastyanov 
crew with a new two-cosmonaut crew fresh off their own recent spaceflights: Shatalov and 
Yelrseyev. Shatalov, of course, had the distinction of being the only Soviet cosmonaut who had 
actually carried out a docking in space, and his inclusion in the crew for the third Soyuz was 
probably a boon to confidence. A final decision on the crew replacement was taken in early 
October, after al l  the primary and backup cosmonauts for the three ships had arrived at the 
Baykonur Cosm~drome.~  

Apart from the uniqueness of having three Soyuz sh~ps in orbit at the same time, the joint 
flight would also mark a significant expansion of Soviet communications capabilities. 
Transmissions were normally limited to flight over the Soviet landmass or with a small flotilla 
of modest seafaring vessels under the control of the Department of Naval Expeditionary Work 
under the Academy of Sciences since 1967. That same year, the Soviets began the construction 
of the first of a new generation of vastly improved tracking ships. The first of these, with a dis- 
placement of 17.850 tons, was the Kosmonaut Vladimir Komarov, a Poltava-class dry cargo 
vessel that was converted to its new role at Leningrad in 1967. The I2 1 -strong crew and 
I 18-member science team were three and seven times larger, respectively, than predecessors 
such as the Dolinsk. The prominent features of the Kosmonaut Vladimir Komarov were the 
unusual hull sponsons and the massive plastic radomes, which enclosed huge antenna arrays 
for tracking and communications. For the Soyuz program, the ship would serve as one node of 
a communications bridge, from the Soyuz spacecraft, to the Kosmonaut Vladimir Komarov, to 
Molniya- I satellites in Earth orbit, to the NIP- 16 Flight Control Center at Yevpatoriya. The ship's 
first active role during a piloted mission had been on the Soyuz 415 docking flight, although it had 
provided support during the circumlunar Zond 5 mission when it had been stationed at Havana. 
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As the Kosrnonavt Vladimir Komarov entered duty 
in August 1967, even larger vessels were on the 
drawing board-ones capable of controlling both 
Earth-orbrtal and deep space missions." All of 
these served to significantly expand communica- 
tions-link times for piloted miss~ons. 

The architect behind much of the rad~o- 
tracking and communications equipment on these 
shrps was Chief Designer Mikhail 5. Ryazanskiy of 
the Scientific-Research Institute for Radio 
Instrument Building (formerly Nll-885). One of the 
original members of Korolev's old Council of Chief 
Designers from the 1940s. he also had a very inter- 
esting career. Obsessed with building radios since 
he was a child. in the late 1920s. Ryazanskiy 
became a radio technician and a leading member 
of the Young Communist League at Nizhniy 
Novgorod (or Gorkiy). It was there that he came 
under the suspicion of the Sovret secret police. 

Ch,4 Dejrgner Ryazanskry was one o/ the 
having been accused of imp0rtant orig~nol members 01 the Councrl o\ Chrrf Desrgners 
equrpment. Incriminating evidence that his grand- HIS organrration, origrnaiiy called NII-RRS. 
father had been a priest. an "unacceptable" her- responsible lor ai l  radro-control gutdance systems 

itage for any Communist Party member at the time, 10' 50uiet ballfsllc m155iIe5 and spacecraft 

bolstered the absurd charges. With the support of (files o/ Peter  ori in^ 

many of his coworkers, a possible death sentence 
was commuted to one month's hard labor. Rising through the ranks. Ryazanskiy eventually 
made important contributions to the Soviet wartime effort in radio and radar technology before 
joinrng the Moscow-based Nll-885 as a chref designer in 1946 after the A-4 recovery operations 
in Germany.'" Along with Korolev, Glushko. Pilyugin, Barmin. and Kuznetsov. Ryazanskiy com- 
pleted the original Council of Chief Designers. 

Ryazanskiy's career as a chief designer was briefly interrupted in January 195 1 when he was 
appointed the chief engineer of Nll-88-a position superior to Korolev at the trme. The turned 
tables do not seem to have disrupted their own personal relationships. Ryazanskiy was pro- 
moted out of the missile design business to an administrative posrtion in 1952 as chief of the 
Seventh Chief Directorate of the Ministry of Armaments under Ustinov, but in less than two 
years, he returned to his chief designer spot at Nll-885, saytng that "administrative work is not 
for me." ' Back at the institute, life was not easy for Ryazanskiy. Secret police masterm~nd 
Lavrentiy P. Beriya had a particularly strong d~slike for the chief designer because of his father's 
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political leanings in the 1930s. Several people from Nli-885 were, in fact, arrested in 1952-53 
by Beriya's henchmen, while Ryazanskiy himself was charged with withholding evidence. His 
fate and possibly his life were saved by the deaths of Stalin and Beriya in 1953. Later. 
Ryazanskiy was instrumental in choosing the slte of the Baykonur Cosmodrome, an action that 
would prompt Korolev to often grumble: "Mikhail is to blame for everything. He chose this 
Cod-forsaken hole. . . . " ' V h e  final ignominy Ryazanskiy had to face was in 1961, when all the 
original members of the Council of Chief Designers received their second Hero of Socialist Labor 
award-all except Ryazanskiy. As rumor had ~ t ,  Ryazanskiy had been witness to one of 
Brezhnev's drinking binges around 1960. When the latter had offered the chief designer a 
cognac. Ryazanskiy disgustedly refused his offer. Brezhnev remembered this event when the 
awards were handed out for Gagarin's flight. Ryazanskiy's name was crossed off of the list and 
substituted with that of Brezhnev. At the trme of the trrple Soyuz mission, Ryazanskiy was sixty 
years old. 

Troika 

The first I IASI I booster with its Soyuz payload was moved to the pad at site 3 1 at Tyura- 
Tam on the morning of October 8 to begin its prelaunch processes. It would be an intensely 
active period for ground personnel: over a period of three consecutive days, Strategic Missrle 
Forces troops would launch three different Soyuz stacks lnto orbit. Each spacecraft would 
remain in orbit for five days, all three overlapping for the m~ddle three days. News about an 
jmpending Soviet space spectacular evidently leaked out of Moscow, with some press reports. 
on October 9, predicting the launch of three Soyuz spaceships that might be used for "build- 
ing an orbital station." ' 

7K-OK spacecraft no. 14 lifted off on time at 14 10 hours Moscow Time on October I I. 
1969, wlth two rookie cosmonauts Lt. Colonel Georgiy S .  Shonin (the commander) and civil- 
ian Valeriy N. Kubasov (the flight engineer), both thirty-four years old at the time. The space- 
craft, named Soyuz 6, which was not equipped wrth a docking probe but did carry the small 
Vulkan apparatus in its living compartment, entered an initial orbit of 186 2 by 222.8 kilome- 
ters Inclined at 5 1.68 degrees. It had been almost ten months since the last Soviet piloted mis- 
sion. Among the objectives announced by the Soviet media were perfecting spacecraft control 
systems, testing navigational devices, carrying out Earth resources photography, investigating 
atmospheric phenomena, performing biomedical research, and experimenting with welding in 
vacuum and weightlessness.'Yt seems that the cosmonauts d ~ d  not do much dur~ng their first 
day in orbit apart from a main engine firing on the fourth orbit at 2008 hours to change orbital 
parameters. Some minor activity on the fourteenth orbit involved Shonin carrying out naviga- 
tional exercises using the astro-orientation system and automatic stellar sensor. Kubasov. 
meanwhile, tried out a new sextant, the SMK-4, whose measurements were compared with 
computations on the ground to verify the accuracy of the instrument. Kubasov later took pho- 
tographs of the low-lying Caspian Sea coast and the Volga delta, forests in Central Russia, and 
cloud formations." 

Mounting rumors of more Soyuz launches were confirmed the following day, when 7K-OK 
spacecraft no. 15 lifted off from site I at Tyura-Tam at 1345 hours with not two, but three rookie 
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cosmonauts. The ship, named Soyuz 7, entered an initial orbit of 207.4 by 225.9 kilometers at 
a 5 1.68-degree inclination to the equator. Aboard were Lt. Colonel Anatoliy V. Filipchenko (the 
commander), civilian Vladislav N. Volkov (the flight engineer), and Lt. Colonel Viktor 
V. Gorbatko (the research engineer). Filipchenko was forty-one at the time, while Volkov 
was thirty-three and Gorbatko was thirty-four. TASS announced the goals of the mission as 
including maneuvering in orbit, navigational investigations jointly with Soyuz 6 in group 
flight." and scientific research consisting of the observation of celestial bodies and Earth's hori- 
zon, the determination of the actual brightness of stars, and measurements of illumination by 
the Sun." Naturally. there was no mention that the ship was equipped with a passive docking 
mechanism, nor that the spacecraft was to dock with a third Soyuz. 

Preparations for the launch of 7K-OK spacecraft no. 16 had begun immediately after 
the launch of Soyuz 6 from the pad at site 3 1 .  Within two hours of launch, the new booster- 
payload stack was moved to the pad to begin its prelaunch operations. Once the two cosmo- 
nauts were settled into the descent apparatus of the spacecraft, Commander Shatalov ran into a 
minor problem while tightening the wheel on the hatch lock between the two Soyuz modules 
when one of its three spokes cracked under excess pressure. The crew reluctantly reported the 
problem to ground control, who advised that as long as pressure integrity was maintained, the 
problem would not hinder a timely launch." Thus, within twenty-four hours of the launch of 
Soyuz 7. Strategic Missile Forces personnel launched the third Soyuz spacecraft in three days. 
The launch was at 13 19 hours Moscow Time on October 13, 1969. Veteran cosmonauts Colonel 
Vladimir A. Shatalov (the commander), who was forty-one, and civilian Aleksey 5. Yeliseyev (the 
flight engineer), who was thirty-five, entered an initial orbit of 204.5 by 223.7 kilometers at a 
5 1.68-degree inclination. TASS announced that the new ship, named Soyuz 8, would carry out 
complex scientific observations w ~ t h  Soyuz 6 and Soyuz 7, including group flight and the even 
more general "joint orbital maneuvering to solve a number of problems connected with manned 
space flights."'TASS also reported that Shatalov would be in overall command of the three 
ships. Both he and Yeliseyev had the distinction of holding the record for the shortest turnaround 
for space missions, having flown in space less than ten months earlier. 

Initially, after Soyuz 8 entered orbit, the three spacecraft carried out independent flight 
focused on their own experiments program, although several orbital corrections by all 
three ships on October 13 and 14 seemed to have been preliminary maneuvers to allow for the 
eventual intersection of their orbits. In general, the experiments program in orbit was divided 
up. The Soyuz 6 crew carried out biomedical research (such as inner ear tests) and Earth 
photography. The Soyuz 7 crew performed photography of Earth and stellar objects in differ~ng 
spectral bands. The Soyuz 8 crew focused on research on the polarization of sunlight reflected 
by the atmosphere. Biomedical experiments included using "functional probes" and individual 
and group psychological tests to assess working capacity in orbit. Earth photography focused 
on the development of cyclones and the movement of storm fronts. The Soyuz 7 cosmonauts, 
in particular, conducted detailed remote-sensing exercises, including the study of geological 
areas to detect reserves of mineral raw materials. Soyuz 8 Flight Engineer Yeliseyev. like his 
compatriot Kubasov on Soyuz 6, also used a new SMK-4 sextant to determine orbital elements 
independently of help from ground stat~ons. One major experiment involved the determination 
of reflectwe properties of forests, deserts, and other areas of Earth's surface. The crews remained 
in regular contact with each other and for the first time jointly used the Molniya- l satellite 
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Here are the seven cosmonauts of the Soyuz 61718 rnrssron Sitting irorn left to rrght are Valercy Kubasov 
Georgry Shonin Vladirnir Shatalov and Aleksey Yelrseyev Standrng from left to rrght are Wktor Gorbatko 

Anatoiry Frlrpchenko and Vladrslau Volkou (frles of Peter Corm) 

system and the Kosmonavt Vladimir Komarov." A military component of the Soyuz 6 mission 
was the Fakel ("Torch") experiment for visually detecting the launch plumes of ballist~c missiles 
from orbit.26 Evidently using the Svinets apparatus, Shonin later reported that he could clearly see 
special light projectors on ground targets and that the measurement of background illumination 
was not difficult. On three occasions on October 12. R-16 ICBMs were launched from 
Tyura-Tam while Soyuz 6 passed over the launch range. All the launches were at night, limiting 
the applicability of the experiment. It is unlikely that the Svinets instrument would have been 
capable of detecting launches during daytime. 

25. Older shlps, such as the Bezhrtsa. Borovichr. Dolinsk, Kegostrov, Morrhovets. Nevel, and Rrsfna. were 
also used for comrnunlcations. See Evgeny Riabchlkov. Russians rn Space (Moscow Novostl Press Publishing House, 
1971). p. 273. For the general experiments program, see Smolders, Sovrets cn Space, pp 181. 184, Rlabchikov. 
Russians rn Space. pp. 273-74: Kenneth Catland. Manned Spacecraft (New York: Macmlllan, 1976). pp. 143-45: 
Lardler. 17istronautique Sovretrque, p 188: Narimanov. Ot kosrnccheskikh korabley, p. 72. 

26. " I n  Memory of Cosmonaut C S Shonin" (English tlt le). Nouosti kosrnonavtiki 7(March 24-April 6 ,  
1997): 25-27 



By October 14, the three spacecraft were in a common orbit of roughly 200 by 225 kilome- 
ters at a 5 1.7-degree inclination. As planned, the Soyuz 7 and Soyuz 8 spacecraft approached each 
other to within a distance of 500 meters, while Soyuz 6 watched nearby. Docking between Soyuz 
7 and Soyuz 8 had been planned to be semi-automatic, with the lgla system bringing the two 
ships to a distance of 100 meters of each other, after which Shatalov would take over manual con- 
trol. As backup cosmonaut Sevastyanov recalled later, the sh~ps did not come closer than 
500 meters of each other: 

There was a mistake during the preliminary stage o f  the docking and the /lgla] radio 
system didn't work [on Soyuz 81-it didn't give the information on where the second 
spacecraft was. They tried to use an optical channel, but at that time they dtdn't 
have a special laser device for measuring the distance, and they had no possibility to 
measure the distance between the two spacecraft." 

The "optical channels" were evidently bright light signals on the ships used at range 
distances of 1,500 meters and 500 meters. In two attempts to close in on Soyuz 7 manually 
from those distances. an increasingly stressed Shatalov on Soyuz 8 found it too difficult to 
measure the relat~ve distance to the passive spacecraft while the ships were in Earth's shadow. 
The cosmonauts' frustrations were exacerbated by on-board indicators showing that the lgla 
system was completely operational. Recent reports indicate that one or more of the ships may 
also have been inserted into the wrong orbit. further complicating matters.'~ecause of the 
malfunctioning lgla system, the Soyuz 8 cosmonauts were unable to move close enough 
to Soyuz 7 to transfer to manual control and dock. As a last desperate move, ground control 
dec~ded to try and maintain stat~on-keeping between the two ships using only ballistics data 
transmitted from the ground. The docking attempt was rescheduled for the following day, 
October I S .  Unfortunately, without the use of the lgla system, the cosmonauts were unable 
to bring the ships closer than 1.700 meters. The third ship. Soyuz 6, which did not carry the 
lgla system, was unable to independently complete any close approaches to the other 
two spacecraft. 

That the mission was a complete mess was underlined in a U.S. intelligence report, wh~ch 
was declasstfied in 1997. The CIA wrote: 

The Jive rendezvous attempts made during the mission were all unsuccessful for 
several different reasons. The first failed because the automatic rendezvous system [that 
is. Igla] would not indicate radar lock-on between Soyuz 7 and 8. Two orbits later the 
first manual rendezvous attempt was made but i t  was broken off after Soyuz 8 used 
more than the authorized amount o f  attitude-control propellant. A second manual 
attempt, made the next day. failed because Soyuz 8 did not properly control its lateral 
velocity relative to Soyuz 7. The attempt by Soyuz 6 to carry out a cosmonaut-controlled 
rendezvous with the other two spacecraft failed because of insufficient time to correct 
for a three kilometer out-of-plane separation between it and the other vehicles. The final 
manual attempt at rendezvous and docking between Soyuz 7 and 8 was poorly timed 
and the vehicles could not establ(sh the correct interval and relative velocity between 
them required for a docking operation before they entered the earth's shadow..'" 
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O P T I O N S  

According to offlcial Sov~et data, during three days of jointly coordinated flight, the ships 
completed thirty-one orbital maneuvers. Using Soyuz 7 as a target vehicle. Soyuz 6 and Soyuz 
8 completed three and four close rendezvous, respectively. On two occasions, the approaches 
were simultaneous-that is, all three vehicles were in very close proximity for a total of four 
hours and twenty-four minutes of "co-orbiting." Soyuz 7 and Soyuz 8, meanwhile, spent as 
much as thirty-four hours and nineteen minutes "co-orbiting" with each other." During these 
rendezvous exercises: 

The crews made obseruations of the other spaceships, took photographs, and used 
movie cameras to determine the uisibility of objects at various distances. They also 
investigated the possibility of exchanging information by means of light indexes and 
visual optical deuices." 

The exchanging of information was probably related to military experlments. A former CIA 
official later recounted that: 

The cosmonauts experimented with methods of communicating with each other and 
used light sources that could not be monitored b y  normal electronic intelligence listen- 
ing devices. They also conducted experlments to determine the visibility o f  objects at 
uarious distances from their spaceships, which among other things is the type o f  infor- 
mation used by military planners for design~ng equipment for photographing and 
inspecting hostile satellites." 

No pictures taken during the mission have ever been published by the Soviet or Russian 
press in the thirty years since the m~ssion. With the disappointments of the several failures 
behind them, Chlef Designer Mishin had the unfortunate task of telephoning both Brezhnev 
and Ustinov to inform them of the situation. 

It was on October 16 that cosmonauts Shonin and Kubasov on Soyuz 6 prepared for one 
of the main goals of the entire experiment, the welding exercise with the Vulkan unit The 
instrument itself was a squat green cylinder resembling "a round refrlgerator" with a mass of 
about fifty kilograms, installed in the living compartment of Soyuz 6. The object consisted of 
two sections, one of which contained various instruments and power sources, measuring and 
converter devices. and communications and automation equipment in a pressurized nitrogen 
atmosphere. The other section contained the welding devices Scientists at the Paton Institute 
had painstakingly designed the unit based on extensive tests in vacuum chambers and on par- 
abolic weightless flights in aircraft. On their seventy-seventh orbit, the Soyuz-6 cosmonauts 
shut the hatch between the descent apparatus and the living compartment and depressurized 
the latter module. Flight Engineer Kubasov, using remote-control switches, then turned on the 
welding unit, initiating three different methods. The system first performed a low-pressure com- 
pressed arc welding. This was followed by an attempt at electron beam welding. The final 
method was arc welding using a consumable electrode. The actual welding was performed 
using an electron gun with samples of titanium, aluminum alloys, and stainless steel. All the 
welding was automated, and the only major role of the crew was to turn on the system and 
recover the samples. Kubasov was, however, able to follow the work of the unit with a special 
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indicator panel in the descent apparatus, while data were also directly transmitted to ground 
stations." Academician Paton later glowingly reported that: 

The experiment in welding in orbit had opened a new page in the exploration of space. 
An engineering procedure involving the heating and melting of metal has been per- 
formed in space for the first time. The age of space metallurgy has dawned.I4 

While much was made of the fact that welding would be a requisite for future orbital 
assembly operations in space, the Vulkan experiment was, in fact, a near catastrophe for the 
Soyuz 6 crew. Soviet authorities revealed twenty-one years later that "the welding experiment 
which was supposed to be carried out on one of the ships, ended unsuccessfully. They almost 
burned a hole in the ship."" During one of the three methods tested, possibly the low-pressure 
compressed arc, the Vulkan unit evidently incorrectly aimed a beam and melted the internal 
wall of the living compartment. The cosmonauts were apparently unaware of the danger dur- 
ing the experiment, and they only discovered the damage once the living compartment was 
repressurized to recover the samples of the experiment.'" 

Soyuz 6 returned to Earth almost as soon as the Vulkan exercise was over. The two cos- 
monauts landed at 1252 hours Moscow Time on October 16, 1969, in the frozen and barren 
steppes of Kazakhstan. 180 kilometers northwest of the town of Karaganda. Their mission had 
lasted four days. twenty-two hours. forty-two m~nutes, and forty-seven seconds. It was chilly 
cold with a powerful w ~ n d  at the landing site, and despite landing twenty kilometers from the 
Intended landing point, rescue services were able to reach the cosmonauts relatively quickly. 

The Soyuz 7 and Soyuz 8 cosmonauts continued their missions in Earth orbit. The remain- 
der of the mlssion was uneventful except for a malfunction on Soyuz 7 on October 17. One of 
three cosmonauts accidentally activated the automatic landing system display in the descent 
apparatus. The unit was supposed to turn on automatically at an altitude of eleven kilometers 
after reentry for use during the parachute descent. Because the display was to be used on the 
last leg of the mission, there was no provision to turn it off in orbit. Some ground controllers 
were concerned that if the display remained continuously turned on for more than a day. there 
might be a possibility of failure during descent." With little to do to rectify the situation, the 
crew continued to orbit Earth with the system left active. The Soyuz 7 and Soyuz 8 crews car- 
ried out the perfunctory medical experiments and Earth photography exercises during the 
remainder of their missions before preparing to return to Earth. Soyuz 7 cosmonauts Volkov and 
Gorbatko. in particular, carried out complex spectrophotometry and photography of the twilight 
aureole of Earth, its clouds, and its underlying surface using the handheld RSS-2 spectrograph. 
The experiment was carried out on the spacecraft's eighty-seventh orbit over northeast Africa 
from an altitude of 2 18 kilometers. An earlier session on October 13 over the Arabian penin- 
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sula was coordinated with ground observatories and two specially equipped Li-2 scientific 
aircraft flying at altitudes of 2.7  kilometer^.'^ 

The three-cosmonaut Soyuz 7 crew returned to Earth without incident. landing safely 
I55 kilometers northwest of Karaganda at 1226 hours Moscow Time on October 17. 1969. 
almost exactly a day after Soyuz 6. Their mission had lasted four days, twenty-two hours, forty 
minutes, and twenty-three seconds. The weather was worse this time, with stinging cold w~nds 
of snow and sleet as well as low visibility. Soyuz 8 crewmembers Shatalov and Yeliseyev settled 
down a day later at 12 10 hours Moscow Time on October 18. 145 kilometers north of 
Karaganda in a raging blizzard. The last crew had completed a mission lasting four days, twen- 
ty-two hours, fifty minutes, and forty-nine seconds. The triple Soyuz flight was over. 

As much as the flight bewildered Western observers with its meandering nature and lack 
of docking. Soviet spokespersons went on the offensive after all three ships had touched down. 
They had had little to celebrate during the year, and the modest achievements of Soyuz 6. 
Soyuz 7, and Soyuz 8 would have to do. The cosmonauts' return to Moscow was made into a 
celebratory event of national proportions. As bands played and salutary guns fired. Communist 
Party and government leaders and thousands of Muscovites welcomed the seven men. At the 
ceremonial reception at the Kremlin Palace of Congresses, a l l  the cosmonauts were awarded. 
like their predecessors, the title "Hero of the Soviet Union."" This occurred, despite the obvi- 
ous failure to ach~eve the primary goal of the mission-the docking between Soyuz 7 and 
Soyuz 8-which was, of course, not announced as such. All Soviet press reports of the time 
clearly put forward the notion that docking had not been planned for the flight. As for the fail- 
ure, the cosmonauts were exonerated of any wrongdoing during the mission. A thorough inves- 
tigation that took three months proved that the failure in the lgla system had been caused by 
errors in ground preparations. When the Scientific-Research Institute for Precision Instruments 
had tested lgla on the ground for pressurization, engineers had used a 95-percent helium mix- 
ture. Investigators later discovered that this particular mlxture harmed the radio components 
and thermostats of the flight units. After two more instruments from the same institute had 
failed in orbit by the end of 1969, engineers changed the mixture to either inert gases or a 
5-percent helium solution.4o 

The postflight period for the triple Soyuz mission was particularly important because of the 
insistent and precise nature of Soviet statements on orbital stations. It finally seemed that the 
apparent confusion of the earlier part of the year on future prospects for the Soviet space pro- 
gram was finally over. Academician Sedov, the man who had made the infamous announcement 
on the launch of a Soviet satellite during the International Geophysical Year in 1955, told 
reporters in Peru in late October 1969 that the Soviet Union had never announced that it would 
send men to the Moon." Fortunately for Sedov. no one bothered to read to him his pronounce- 
ments on the topic from earlier in the decade. Perhaps the most important public policy state- 
ment by a top Soviet figure emerged amid the celebrations for the Soyuz 61718 mission. In a 
speech on October 22 at the Kremlin Palace of Congresses that retrospectively proved to be as 
important for the Soviet space program as Kennedy's speech in 196 1 was for the United States. 
First Secretary of the Central Committee of the Communist Party Leonid I. Brezhnev made no 
bones about the "true direction" for the future Soviet cosmonaut: 
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Our country has an extensive space program, drawn up for many years. We 
are going our own way: we are moving consistently and purposefully. Soviet cosmo- 
nautics is solving problems of increasing complexity. . . . Our way to the conquest 
of space is the way of solving vital, fundamental tasks, basic problems of science and 
technology. . . . Our science has approached the creation of long-term orbital stations 
and laboratories as the decisive means to an extensive conquest of space. Soviet sci- 
ence regards the creation of orbital stations with changeable crews as the main road 
for man into space. They can become cosmodromes in space, launching platforms for 
flights to other planets. Major scientific laboratories can be created for the study of 
space technology, biology, medicine, geophysics, astronomy, and astrophy~ics.~~ 

He added a second thread-that of a Soviet space program working purely for improving the 
welfare of Soviet citizens: "Space for the good of people, space for the good of science, space for 
the good of the national economy. Such in brief, is the substance of the Soviet space program- 
its philosophical credo.""' The implication was clear: while Americans were chasing the Moon 
wlth Apollo, an empty, politically motivated enterprise. Soviet cosmonauts were dolng their all for 
the advancement of sclence and ultimately for the benefit of humankind. From the moment 
Brezhnev finished his speech, it was clear to most participants in the Soviet space program that 
the age of the space station had begun-an era that ultimately led to the Mir space station. 

At a postflight press conference for the Soyuz 61718 mlssion on November 4. Academy of 
Sciences President Keldysh stressed that Soviet efforts in space would focus on the creation of the 
first permanent orbital space station. The timeframe would "certainly be withrn ten years, and 
[probably] less than five years . . . literally in the nearest future.""" On October 24, Keldysh told 
the Swedlsh press that "we no longer have any scheduled plans for manned lunar flights.""' 
Commentators through the end of the year also repeatedly stressed the importance of cost in 
future planning, suggesting that automatic exploratlon of the Moon was far cheaper than piloted 
exploration. The suggestion was that the high cost of space exploratlon had forced a redirection 
~n the overall effort.lh All this worked to neutralize the success of Apollo. In one of the more bold 
pronouncements of the penod, The New York Times claimed in a page-one story in late 1969 
that. 

according to some observers in Washington and some American scientists, the Russians 
may never have had a high-priority goal and timetable for a lunar landing in the same 
sense as the Apollo project's commitment to land men on the Moon in this decade." 
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From an outside perspective, the direction 
of the Soviet space program seemed simple. 
While the Soviets may have been looking to com- 
Pete with Apollo in the early 1960s. 
they abandoned that goal early, perhaps around 
1964-65, and had then focused only on the devel- 
opment of an Earth-orbital space station. For 
almost twenty years, this would indeed be the 
dominant paradigm in understanding Soviet 
motives during the 1960s and l 9 7 0 ~ . ~ '  

If Westerners proved to be easier to convince 
of Soviet intent~ons, the USSR's own citizens 
proved less gullible. A Moscow-based journalist. 
recalling the Brezhnev speech, wrote with sarcasm 
in 1990: 

Orbital stations at that time did not repre- 
sent an end itself, but a political response. 
Following the spectacular lunar landing by 
Neil Armstrong and Edwin Aldrin in july 
1969. Brezhnev was obliged to come up 
with an alternative space project to save 
face, as well as the badly tarnished myth 
of Soviet superiority in space. He was told 
about an alternative. Brezhneu mentioned 
the U.S. success in reaching the moon and 
said that "we are following a different 
course, which is consistent and purpose- 
ful. " Designers, cosmonauts. and thou- 
sands of other people probably laughed up 
their sleeves, knowing full well that the 
General Secretary was l ~ i n g . ~ "  

USSR Academy o f  Sciences Presrdent Mstrslau 
Keldysh s screntrfic managerral and aduisory 

contributrons to the Souret space program were 
matched by only a few indrurduals durrng the 

Souret era Keidysh also had the distrnction of berng 
one of the few hrgh ronkrng indrurduals rn the 

space program whose identrty was pubilc 
knowledge (frles of Peter Gorrn) 

Brezhnev's pronouncements notwithstanding, in reassessing the trajectory of the Soviet 
piloted space program in 1969, a few questions come to mind. Did the Soviets really abandon 
their piloted lunar program in 1969? In other words, was the space station option put forward 
as a substitute or a complement to the lunar program? Why space stations? As with most pol- 
icy issues ~n the Soviet space program, the answers to these questions are not simple, nor can 
they be isolated from the myriad of programs and proposals dating from the Korolev era. 

The Space Station Arrives 

By the late spring of 1969, Soviet space officials had already decided on three options avail- 
able for a suitable response to Apollo, prompted by the stunning success of Apollo 8 in 
December 1968. These options were a piloted mission to Mars, the modification of the N I -L3 

48. See, for example. N~cholas Daniloff. The Kremlin and the Cosmos (New York Alfred A. Knopf, 1972). 
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(New York. Holrnes and Me~er. 1976). pp. 164-78. 
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program for extended visits to the Moon, and the creation of Earth-orbital stations. Although 
Brezhnev's speech served to move the third option into the forefront, the Soviet space 
establishment did not give up the other two options in late 1969. In fact, if funding was any 
indication, money for the N I -L3 piloted lunar program reached a peak in appropriations for 1970, 
about $1.8 billion, a year after Apollo I I." While there was certainly a state commitment for the 
lunar landing program well past 1969, as well as a modicum of interest in the Mars project, the 
space station program seems to have offered the quickest return. Ustinov. Smlrnov, and 
Afanasyev needed something big, perhaps as early as 1970. Neither the N I -L3 nor any proposed 
Mars expedition would be ready by then. Space stations were seen as an acceptable alternative. 

As with most Soviet space projects of the period, there was another external factor. The 
U.S. Department of Defense had forged ahead with the Manned Orbiting Laboratory for the lat- 
ter part of the 1960s, but that program had been canceled in May 1969. On the clvilian side, 
NASA had been studying space station options almost since its birth in 1958, and in 1965 
these studies evolved into the Apollo Applications Program-a project that would make maxi- 
mal use of Apollo hardware to build a modest space station in Earth's orbit. In July 1969. NASA 
selected a final design for the project, a "dry workshop" based on an upper stage of the Saturn 
V booster. A month later, the space agency "definitized" a contract with McDonnell Douglas 
to build the station, renamed Skylab in February 1970." The station was expected to be ready 
for launch by mid- 1972. Afraid of losing another race in space, Ustinov did not want to react 
with too little too late." 

In some ways, the space station option was one hoisted upon Soviet space engineers. 
Many in the upper echelons of the Soviet space industry, having invested almost ten years on 
the N I -L3 lunar program, were reluctant to see it consigned to second place behind some hasti- 
ly put together space station program. TsKBEM Deputy Department Chief and veteran cosmo- 
naut Feoktistov hinted later at the discord brewing within the design bureau. 

In the 1960s i t  was clear to us engineers that the most important development for 
manned fllghts would be the creation of orbital space stations, but the adminrstration 
was against i t .  Mishin, the Design Bureau Chief, was totally opposed to this. He thought 
that i t  was important to carry on with the Moon program. Everything else was nonsense 
and not worth doing." 

The debate over the space station versus the Moon program split the design bureau into 
opposing factions, and in a few years, this small fracture in unity would ultimately lead to cat- 
aclysmic consequences. But even as early as 1969, the "pro space station" group had power- 
ful supporters in highly placed positions and managed to pull the right strings. Feoktistov later 
described how his faction managed to influence the content of Brezhnev's famous October 
1969 speech: 
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We didn't know how to get the bosses to change their minds, but some we[[-wishers in 
the Party Central Committee cunningly inserted a passage into Brezhnev's speech saying 
that orbital stations promised the right way forward.s4 

While the identity of the "well-wishers" remain undisclosed, one of them was probably 
Dmitriy F. Ustinov, who, unhappy about the results of the lunar program, apparently wanted 
some immediate results from an aimless space program." He also had his own reputation to pro- 
tect. As the secretary of the Central Committee for Defense Industries and Space, he was direct- 
ly responsible for the Soviet space program. When his boss Brezhnev announced the space 
station as the "main road into space," it cemented the pro space station faction's position. The 
N ILL3 program would, of course, continue, as would work on a Mars project, but results from 
the new option were expected in 1970 or 197 1 .  

Since the early 1960s. the late Korolev had tasked engineers at his design bureau to explore 
the possibility of designing what was generically called the Heavy Orbital Station (TOS). 
Reportedly nicknamed Zvezda, work on the proposal continued throughout the 1960s with nei- 
ther official sanction nor much financial s~ppor t . '~  Diverted by more pressing programs such as 
Soyuz and eventually the N I -L3 effort, it seems that Korolev had viewed the idea as one left for 
fruition during the 1970s. 

A special subdivision of the Korolev design bureau studied several different variants of the 
TOS during the 1960s, from relatively small designs to giant space stations. One small space sta- 
tion design consisted of three floors: the living quarters, a controlling compartment, and an air- 
lock chamber. One end of the station had a multiple docking adapter for four visiting Soyuz-type 
spacecraft. In this variant, the TOS was six meters in length, just under three meters in diameter, 
and cylindrical in shape, with the floors akin to "slices" along the longitudinal axis. A mock-up 
of the station was built in assembly shop no. 444 at the Experimental Machine Building Plant at 
Kaliningrad, the very same site where workers assembled Soyuz ships."Another similar concep- 
tion, also apparently built, had four floors. The floors were for lockers and "cupboards," for a crew 
compartment with a kitchen and toilets, for a laboratory and a control post, and for a multiple 
docking unit for five visiting spacecraft. The docking unit would also serve as an airlock adapter 
for performing EVAs.'Vy 1969, as space statjons began to assume a more crucial role in the 
future of the Soviet space program, a group at TsKBEM began work on a much more ambitious 
version of the TOS, a 100-ton behemoth to be launched into Earth orbit by the N I rocket. The 
station proper was a cylinder twenty meters long and six meters in diameter. Four Soyuz space- 
craft could dock at a special multiple docking section at one end of the station, each node angled 
a t  thirty degrees to the main axis of the vehicle, giving the entire station the look of an arrow with 
feathers." None of the TOS conceptions went beyond exploratory studies. As one Soviet space 
historian later recalled. "Korolev assumed that he would be able to realize [the] notion of a 
manned station, but he was so overloaded with other work, he wasn't able to do it."" 
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The 100-ton variant of the TOS, dating from 1969, may have been a part of a much larger 
conceptual design that had slowly evolved at TsKBEM throughout the late i 960s. Around 1965. 
Korolev had approved exploratory studies of an integrated large modular space station in Earth 
orbit, very much similar to the ideas of Tsiolkovskiy and Oberth from the early part of the cen- 
tury. Designated the Multirole Space Base-Station (MKBS), it would be part of the larger 
Multirole Orbital Complex (MOK). Korolev had evidently entrusted this early work on the MOK 
to First Deputy Mishin, who continued to pursue the topic once he had become chief des~gn- 
er after Korolev's death." Work on the MKBS involved not only the main design bureau, but 
also TsKBEM's branch at Kuybyshev under First Deputy Chief Designer Kozlov. Discussions dur- 
ing the post-Apollo 8 period had focused on the MOKIMKBS as a possible vehicle for respond- 
ing to the success of Apollo. Some officials at the time suggested integrating defense goals into 
the effort. perhaps to elicit some interest from the Ministry of Defense to fund the endeavor. In 
early August 1969, soon after the Apollo I I mission. Ustinov had expressly ordered Mishin to 
accelerate work on the MKBS. 

While the MOKIMKBS was an attractive long-term option, it suffered from the same 
limitations in time as piloted Mars missions and an expanded lunar landing project: the earliest 
possible flight would not be until the mid-1970s at best. Keeping the MOKIMKBS as a future 
propos~t~on. Ustinov instead turned his attention to existing hardware to bring his space 
station idea to a real~stic conclusion. At the end of 1969, the Soviets had two modest space 
station programs in progress, although neither had any actual hardware to fly in space. Both 
were primarily military in nature, and they were products of two different design bureaus. The 
smaller of the two was TsKBEM's Soyuz-VI station, consisting of the OB-VI block, which was 
about the size of a Soyuz spacecraft, and a ferry vehicle, the 7K-S, a variant of the basic 7K-OK 
Soyuz modified for internal crew transfer into the 00-VI block. Under Deputy Chief Designer 
Okhapkin's control, the design bureau had already issued the complete design documentation 
for facilitating a program of experimental work on the station." Early plans to launch the 
Soyuz-VI in 1969, however, proved to be too optimistic. Given Mishin's lukewarm support for 
creating the 00-VI, it was not surprising that delivery dates for flight-ready articles had been 
pushed back into 1970. Mlshin was much more supportive of the 7K-S Soyuz ferry, arguing at 
many meetings ~n 1969 that the Ministry of Defense increase funding support for the project. 
Touted as an improved and more reliable version of the trouble-prone Soyuz, he believed that 
it was important that the 7K-S be introduced into service as quickly as possible. 

Going through the list of options. Ustinov was not particularly enthused by the Soyuz-VI 
as an appropriate response to Apollo. What the Soviet image needed was something more 
substantial. something more "thick." And Ustinov found his "thick" solution not in Mishin's 
hands, but in the empire of General Designer Vladimir N. Chelomey. Since about 1966, 
Chelomey's TsKBM had been engaged in the development of the Almaz space station complex. 
aiming provisionally to launch the first completed product into orbit by the 100th birthday of 
V. I. Lenin on April 22. 1970." For the most part, progress on the project had been steady. By 
late 1969, work on the actual hull of the station and certain service systems was on schedule, 
although there were major delays in some of the internal instrumentation. As of 1970. 
Chelomey's engineers had built the hulls of eight test stand units and two flightworthy 
vehicles. At the same time, ground testing of the control system, solar panels, and some of the 
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station's other components was under way."" small group of cosmonauts had been training 
for the Almaz program from as early as December 1967, and by 1969, four crews had been 
formed for the first flights to the station. headed by veteran commanders Belyayev. Popovich. 
Volynov, and Gorbatko.'" Even more impressive, taking a page from Mishin's book. Chelomey 
had dozens of civilian engineers from h ~ s  organization screened for cosmonaut trainlng. Three 
of those passed tests and began further trainlng ~n 1969 in anticipation of the formal selection 
process by the State Interdepartmental Comm~ssion, the body with the final word on selecting 
cosmonauts in the Sov~et Un~on." 

The Almaz option was ideal for Ustinov's push to get a space station into orblt as soon 
as possible-ideal except for two major problems. Flrst, there was the lag in developing and 
testing the Almaz's "auxiliary" systems, such as control and guidance systems. power supplies. 
and so forth. There were conflicts with the mllltary in sharing instrumentation on the station. 
which also contributed to delays in configuring and delivering on-board systems. Chelomey 
was trying his best, but he expected the problems with the systems to put a wrench ~n the 
works and delay a launch to early 1972 or late 1971 at best." Second. Ustinov desplsed 
Chelomey. Having opposed Chelomey's plans at critical junctures throughout the 1960s. it 
would put Ustinov in an awkward position if, of all people, it was Chelomey who would chalk 
up a victory for the Sovlet space program. 

In late 1969. Ustlnov began wholeheartedly supporting an unthinkable. but typically 
brilliant solution: why not have Mishln's design bureau use one of the almost-finished Almaz 
units, complete it with Instrumentation from the Soyuz, and then launch it into space, all 
within one year?"" There is st111 some confusion on the source of this idea. Some attribute it to 
Ustinov and some to a group of Mishin's subordinates at his design bureau. One common story 
is that three leading deputy chief designers at TsKBEM-Bushuyev. Chertok, and Okhapkin- 
in alliance with three important department chiefs-Feoktistov, Kryukov. and Raushenbakh- 
approached Ustinov wlth a proposal to use elements of the Almaz orbital station re-equipped 
with the auxiliary systems that had already been tested in orbit on the Soyuz spacecraft. In 
addition. they would build a delivery vehicle, a modified Soyuz named the 7K-T, specifically to 
serve as a ferry to and from the station. According to Bushuyev and the others, a preliminary 
analysis had evidently showed that the idea was not only feasible but could be fulfilled in the 
shortest time." According to one source. Mishin, who wanted to maintain the N I -L3 lunar 
program as the primary focus of his organization, was bypassed in these initlal discuss~ons 
in late 1969, being on holiday at Kislovodsk at the time. Possibly, this was not a coincidence. 
and Mishin's deputies may have taken advantage of the chlef designer's absence to solidlfy the 
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"pro space station" contingent within the design bureau. Ustinov was clearly supportive of the 
idea. not the least because it would be a big blow to Chelomey's indefatigable ambitions. As 
the ball started rolling on the idea, Chelomey was acutely aware that it was Ustinov who was 
the main sponsor to this latest blow against his empire.'Wt a meeting of TsKBEM senior staff 
on January 3 .  1970, Ustinov offered his complete backing and ordered the preparation of a for- 
mal Communist Party and government decree on the matter." 

It may have been a brilliant idea for Ustinov, but implementing the concept proved to be a 
little more difficult. Ustinov did not want to deal directly with Chelomey's central organization. 
and thus he invited a subsidiary of Chelomey's design bureau, his Fili Branch, to the 
preliminary discussions with Mishin. This cooperation between two unlikely partners was, in 
fact, stipulated in Ustinov's initial order to Mishin to: 

Have the space station ready in a year to a year and a half 
Make maximal use of ready instrumentation from the Soyuz spacecraft 
Arrange with the chief of TsKBM's Fili Branch. Viktor N. Bugayskiy, concerning the partic- 
ipation of that branch in the new programr2 

TsKBM's Fili Branch had a long and distinguished history in the Soviet aviation, rocketry. 
and space industries. In the 1950s, it had been an independent design bureau (OKB-23). 
headed by the famous Chief Designer Myasishchev, and had built some of the most famous 
long-range bombers for the Soviet Air Force. Among its more ambitious, albeit unrealized. 
achievements was the conceptualizat~on of one of the Soviet Union's f~rst spaceplanes, the 
M-48, as well as an intercontinental cruise missile, the Buran. After it was subordinated to 
Chelomey's design bureau in 1960 as Branch No. I, the organization slowly shlfted its design 
focus to ICBMs and space launch vehicles. Under Chelomey's general leadership, the branch 
created the UR-200 ICBM (later canceled), the UR- 100 ICBM, and the UR-500 (Proton) launch 
vehicle." All of these rockets were manufactured at the massive M. V. Khrun~chev Machine 
Building Plant, collocated with the Fili Branch In Moscow. 

Detailed discussions on the cooperation between TsKBEM and TsKBM's Fili Branch took 
place in January 1970 at Bakovskiy near Moscow, where Mishin was on holiday at  the time. 
Ustinov evidently presided over the negotiations, which were attended not only by Mishin 
and Bugayskiy, but also the director of the Khrunichev Plant. Mikhail I. Ryzhikh. It was 
then that "basic questions were solved about the joint work of the three organizations in the 
development and creation of the orbital stat~on." '~ There were also exchange visits among the 
three entities. On January 4, Mishin visited the Khrunichev Plant, while the following day 
Bugayskiy and Ryzhikh returned the favor by visiting Mishin's design bureau at Kaliningrad. 
Ust~nov completely excluded Chelomey from the negotiations, desplte the fact his First Deputy. 
Bugayskiy. was an essential participant in the talks. The discussions culminated with a decree 
(no. 105-41) of the Central Committee and the USSR Council of Ministers dated February 9. 
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1970, which called for the development of a new space station complex, the DOS-7K." "DOS" 
stood for "Long-Duration Orbital Station" and represented the station proper, while the 7K 
denoted the Soyuz ferry vehicle. In later years, it would publicly be known first as Salyut and 
later as Mir. Apart from formally approving the project, the decree also stipulated the transfer 
of an already manufactured hull of Chelomey's Almaz station to the hands of Mishin's 
engineers. The latter, in cooperation with people under Bugayskiy and Ryzhikh, would reequip 
the Almaz to create the DOS vehicle.'" 

By the time that the Soviet leadership issued a formal decree on the DOS, the leaders 
of the relevant organizations had already shuffled their priorities to bring a high priority to the 
program. By late December 1969, Bugayskiy's Fili Branch had established a group of "lead 
designers" for the orbital station project headed by Vladimir V. Pallo, which included veterans 
of the group that had designed the Proton booster." At Mishin's design bureau, the senior staff 
had proposed the appointment of thirty-four-year-old Yuriy P. Semenov as the "lead designer" 
of the DOS-7K complex, a position that gave him direct design control over the project. 
Semenov had served in the same capacity since May 1967 for the LI circumlunar project, a 
remarkable distinction for such a young man. A clearly competent engineer, it was rumored that 
his rapid rise was owed in part to the fact that he was the son-in-law of Politburo member 
Andrey P. Kirilenko.'Wn February 4. Mishin handed out assignments on the DOS-7K project. 
As one would expect, most of the key assignments went to those who had proposed the 
project in the first place, including Bushuyev. Chertok. and Feoktistov." 

In Soviet terms, the pace and acceleration of the project were remarkable. By December 3 1 .  
1969, literally in the course of a few days. TsKBEM engineers prepared a document. "Basic 
Provisions for an Orbital Station." which was the precise origin of the DOS-7K design. In 
February 1970, the design bureau's Department No. 241 issued the technical plan for the 
DOS, with which the leadership of TsKBM's Fili Branch concurred. In early March, a group of 
engineers from TsKBEM, TsKBM's Fili Branch, and the Khrunichev Plant met for the first 
time to discuss the project and agreed on the basic requirements and direction of work." The 
distribution of labor among the three enterprises laid the foundation for a cooperation that 
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existed among the same three entlties ~n to  the 1990s in the design, development. testing. 
and launch of the Mir space station and its various add-on modules. Never before had the Soviet 
space rndustry engaged in such a cooperative project that was primarily civilian in nature. 

Mishin's TsKBEM worked on the overall design of the station, supplied almost all the complete 
systems, developed new systems for the station, ensured the launch and return of statron crews. 
and had control over flights. It also manufactured the bas~c systems of the station and carr~ed out 
preflight testing of the fully built stat~on. Bugayskiy's TsKBM Fili Branch developed the layout of 
the station, carried out modeling, developed a small portion of the systems, rssued the design doc- 
umentation. supervised the manufacturing at the plant, and participated in the preparation of the 
station at the launch site. The Khrunichev Plant had already manufactured the pressure hull, man- 
ufactured new ones at its Building 160, and cariied out the full assembly of the product " 

As soon as the official government decree was issued, the leading architects for the DOS- 
Bushuyev. Feoktistov. and Semenov-developed a simplified initial concept for the station, which 
was then delivered to Bugayskiy's team. At the basic level, the designers introduced 
four major modificat~ons to Chelomey's Almaz station to turn it into the DOS: 

A new trans~tional compartment with a passive docking node, which forced a redesign of the 
forward bulkhead 
A truncated airlock compartment at the rear of the station with deletion of the assocrated pas- 
srve docking node 

* A new aggregate compartment at the rear of the station with a much smaller diameter than 
the rest of the station. whrch would contarn the main engines 
New large solar panels rnstalled like wings on the transrtional and aggregate compartments 
(the old Almaz panels would be deleted)"' 

These initial changes to the Almaz station design were rncorporated into a special wooden 
mock-up of the station built to specifications at the Fili Branch. More difficult was the actual appro- 
priation of the several complete Almaz models, which Chelomey naturally was reluctant to give up. 
In March 1970, DOS lead designer Semenov for the first time met wrth Chelomey at the latter's 
offices in Reutov. The meeting was long and did not go very well; the proud Chelomey evidently 
gave Semenov an earful. The younger man invoked the recently passed Central Committee and 
Council of Ministers decree, but Chelomey refused to give in. It was only after personal interven- 
tron by Minister of General Machine Building Afanasyev that the matter was resolved. Chelomey 
capitulated and handed over four already-built hulls of the Almaz station to Mrshin's engineers." 
Ultimately. eight station hulls, associated equipment, and documentation were transferred to the 
DOS program. All of this was done via Chelomey's F~li Branch-that is, without going through the 
general des~gner. One of Chelomey's deputies recalled: 

The TsKBM Branch was instructed to hand over all blueprints related to the TsKBEM pro- 
ject. Chelomey's Deputy at the Branch implemented the order, having made the drazo- 
type copies o/ our drawings. and he had not even wiped out our signatures from the 
developed drawings related to the DO5 . . . which he handed over." 
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The convoluted story behind the genesis of the DOS could 
have been the brainchild of an author intent on confusing read- 
ers, a maze of abrupt turns, shifting alliances, and ultimately 
betrayal. No one could have possibly predicted such an outcome. 
Chelomey was ordered to hand over all his Almaz materials to 
Mishin, while at the same time, one of Chelomey's own branch- 
es was ordered to cooperate with Mishin on the project. And all 
this happened when both Chelorney and Mishin opposed the 
idea. For Chelorney, this was a blow of proportions comparable to 
the immediate post-Khrushchev period when the bottom fell out 
of so many of his programs. After that near catastrophe, he saw 
one after another of his piloted space projects disappear. 
Although he had a fairly strong automated space program, he 
staked all his hopes to claim some of the glory of the piloted 
space effort on Almaz. But his Alrnaz was near death He was 
consoled by the fact that Ustinov was not singularly 

viklor Bugayikly was ch,da, 
powerful enough to completely kill the military Almaz. Although the Chelomey design bureau.s 
it would be delayed, perhaps as much as two or three years, ~~~~~h 1 at ,qr in M~~~~~ 
Ministry of Defense support ensured that eventually Chelomey A veteran of the llyushin design 

would see his coveted Almaz fly in space. bureau. Bugayskiy was pr~martly 

Bugayskiy was put in an awkward position. He had had a dis- respOnSrbieforlhe 
productron 01 Chelomey s many 

tinguished career working as a deputy to renowned Soviet aircraft balllslic mlsslles and spacecia,t 
designer Sergey V. llyushin at OKB-240, where he led work on the H, ,as of (he prrncipa/ 
famous 11-2 durlng World War II. He joined Chelomey's des~gn architects ofthe first Salyut space 

bureau in 1960 to direct the plant production of the P-5 naval mis- stat~on in 1970-71 

sile. The two men evidently had "excellent relations" wlth each (files a\ Peter Gorrn) 

other: while Chelorney had the creative vision. Bugayskiy knew how to work at the plant level, con- 
verting that vision into reality." When, in 1960, Chelomey inherited the Fili Branch, he put 
Bugayskiy in charge. Throughout the 19605, Bugayskiy was officially Chelorney's First Deputy, and 
thus ultimately responsible to him and no one else. But torn between Ustinov's whims and 
Chelomey's rank, he became a consistent supporter of the DOS despite heavy criticism from his 
boss. Chelomey was unable to dismiss Bugayskiy. With the help of the Ministry of Defense. 
Chelomey did manage to pass through an order limiting the number of employees at the Fili 
Branch who could work on the DOS. Opinions within the branch were divided-some support- 
ing Chelomey, others Bugayskiy." It was a remarkably discordant management situation. For his 
part. Chief Designer Mishin had been adamantly opposed to the DO5 decision, believing ~t to be 
a diversion from the N I -L3 program. Writing twenty years later, h ~ s  opinions apparently had not 
changed: 

The decision made no sense to me [and it still makes no sense to me now), inasmuch as 
the work on the Almaz orbital station was being done at the same time that work was 
being done on [the DOS]. . . . I t  would have been wiser to combine the efforts olboth OKBs 
to develop a unified orbital station and to entrust that work to.  . . Chelomey's firm. which 

85 Telephone lnterv~ew Sergey N~kltlch Khrushchev by the author October 10 1996 V M Petrakov 
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had long been working on that area. Such a decision would have relieved the burden 
being carried by our OKB substantially and would have given us the opportunity to con- 
centrate our efforts on the work on the NI-13 program.'' 

He added: 

The decision could not help but complicate our relations wlth V N. Chelomey, which 
were already strained because of the transfer to us (while Sergey Pavlovich [Korolev] 
was still alive) of subsequent work on the circumlunar flight.88 

It was one of those rare instances when Chelomey and Mishin actually agreed on 
something, but their combined might could not stop the newest space station program. The 
manufacture of the first DOS flight article began at the Khrunichev Plant in February 1970, the 
first in a line of space vehicles that would ultimately lead to the Mir space stat~on. 

Eighteen Days 

The Almaz was not the only casualty of the DOS decision. Concurrent with the decision 
to proceed with the DOS, on February 9, 1970, all work on the Soyuz-VI small military orbital 
station was terminated. Given the capabilities of the DOS. Ustinov believed that there was no 
rational need to have two space station programs at TsKBEM. The cancellation of Soyuz-VI 
was opposed by certain individuals in the military who had been patiently waiting for more 
than five years for a military version of the Soyuz, seeing each program neutralized one after 
the other. There was one bright spot in the otherwise dismal state of piloted military programs: 
while Minister Afanasyev canceled work on the OB-VI station portion of Soyuz-VI, he allowed 
work to continue on the 7K-S transport ship of the complex because he considered it "promis- 
ing and having many improved characteristics compared to the [basic] 7K-OK [Soyuz]."" The 
7K-5, with improved avionics, communications, safety, and capability characteristics over the 
basic Soyuz, would serve as the basis for autonomous military research Soyuz spacecraft in the 
7K-S-I and 7K-S-ll variants. A third version would serve as a ferry spacecraft to future DOS sta- 
tions in Earth orbit. Mishin's interest in pursuing the 7K-S variant meant that funding for it was 
increased significantly by mid- 1970, although progress was evidently slow because of a lack of 
facilities at the design bureau's plant. A first piloted flight was not expected until 1972-73. 

The first DOS mission was scheduled for early 197 1 at best. To fill the gap between pilot- 
ed flights. Mishin had plans to conduct two Soyuz missions during 1970, each comprising two 
7K-OK spacecraft that would dock with each other using the lunar Kontakt rendezvous radar 
system. One of these missions would also include a twenty-day long-duration flight of two 
cosmonauts in Earth orbit. By late December 1969, it was clear that the Kontakt system would 
not be ready for the 100th birthday of Lenin in April 1970, the target date for the first docking 
m~ssion. Instead, Mishin formulated a plan to launch a single 7K-OK, spacecraft no. 17, with 
two cosmonauts on the twenty-day flight in April 1970.qVn January 1970, the Military- 
Industrial Commission issued a formal decree for an eighteen-day flight, w ~ t h  the length of 
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duration determined by the safety reserves aboard the relatively cramped Soyuz spaceship. Such 
a flight would break the fourteen-day record set by the two Gemini VII astronauts almost five 
years earlier. This eighteen-day flight would then be followed by the Kontakt docking mission, per- 
haps as early as August 1970. 

Six cosmonauts had begun training for the long-duration miss~on by November 1969, includ- 
ing primary contenders Nikolayev and Sevastyanov, who had lost their chance to fly on Soyuz 8 
earlier in the year because of poor preflight preparat~ons." Insufficient training of the crew was 
also evidently a factor in postponing the new mission from early Aprll to late May 1970. Apart 
from the purely physiological goals of monitoring the effects of prolonged microgravity, the two 
cosmonauts were also to reperform some of the rendezvous maneuvers tried in vain during the 
triple-Soyuz flight in late 1969. Their Soyuz ship would carry a new computer, named the 
Spacecraft Analogical Machine, to allow rendezvous in orbit wlth an imag~nary target." The 
computer was capable of locating targets at a range of th~rty to f~f ty kilometers and of providing 
input on subsequent maneuvers. Throughout early 1970. the cosmonauts training for the flight 
performed extensive full-length flight simulations at the Gagarin Cosmonaut Training Center 
at Zvezdnyy gorodok to prepare for the mission. These were carried out to establish a "proper 
balance between reserve capacity of the air regenerative system and the metabolic processes of 
the crew."" Simulations included complete eighteen-day missions with ground crews matching 
the exact schedule planned for the mission. The cosmonauts used new state-of-the-art 
biomedical monitoring equipment as well as improved waste disposal systems. 

On May 20, 1970, the Soviet Strategic Missile Forces launched a Zenit-4 reconnaissance 
satellite into orbit from site 3 1 at Tyura-Tam. Named Kosmos-345 by the Soviet press, the 
satellite was launched from the same pad that was set aside for use for the long-duration flight. 
Because of extremely high winds at the launch site, up to and above twenty meters per second. 
there was some damage when the plumes from the rocket exhaust singed the launch trusses 
and cables of the pad structure. Pad personnel assured the Soyuz State Commission that repairs 
would be finished prior to the planned launch on May 3 I. Subsequent problems during ground 
testing of the 7K-OK vehicle at Tyura-Tam put that target date in question. During the integrated 
testing of the ship, engineers detected intermittent currents in its electrical system, measuring 
as much as sixty volts, instead of the nominal thirty-eight volts. Unusually, most of the 
members of the twenty-person State Commission had not arrived at the Baykonur Cosmodrome 
by this time. Air Force Aide Kamanin noted in his diary on May 22:  "The attitude toward the 
preparations for the prolonged space flight, beginning with the highest leaders and ending with 
the rank-and-file workers, is mostly n ~ n c h a l a n t . " ~ ~  

There was somewhat of a minor crisis on the evening of May 25, when Kamanin 
discovered primary crew Commander Nikolayev smoking a cigarette in direct violation of orders 
not to do so at the Baykonur Cosmodrome. Later, Sevastyanov also admitted that he had also 
been smoking contrary to medical orders. Kamanin was aghast, especially given that Nikolayev 
had been caught doing the same thing the previous December and had promised to quit 
smoking. The general noted with frustration that: 

If I had learned of this a month ago, I would have been against allowing Nikolayev and 
Sevastyanov to fly, but now, when there are only a few days left until the launch, and 

91. The other cosmonauts rn trarning by Aprrl 1970 were A. V F~l~pchenko. G M Crechko. V. C Lazarev. 
and V. I. Yazdovskly. 

92. Hooper and VIS, "Meet~ng the Space Explorers V ~ t a l ~  Sevastyanov " 
93. "Big Booster Paces Soviet Manned Flights." Aviation Week G Space Technology. July 6. 1970, p. 18 
94. Karnanln, "Remov~ng the Cosmetic Retouching." 



Nikolayev's crew has already been confirmed in fact as the primary crew in the Party's 
Central Committee and the government. it is impossible to raise the matter of replacing 
the cosmonauts with their backups " 

In the meantime. Minister of General Machine Building Afanasyev telephoned Mishin at 
Tyura-Tam that the Politburo had just discussed the impending flight. They had recommended 
that the press communiques regarding the mission be low key, without all the pomp associated 
with past Soyuz missions. 

On the evening of May 3 I, the complete State Commission met to formally approve the 
launch date and time of the launch, set for exactly midnight local time on June I. At a subse- 
quent press conference. Nikolayev and Sevastyanov were forbidden to talk about the main fea- 
ture of the flight, its record-breaking length, and instead uttered the usual generalities. There 
seems to have been some tension between factions in the State Commission over the issue of 
length, a latent conflict that did not abate through the following weeks. Some, like Kamanin. 
were adamant that the length be limited to eighteen days, while others, lrke Mishin, were hoping 
for a possible extension to twenty days. On the afternoon of launch day. Kamanin tried to pre- 
empt any conflicts on the issue by explicitly forbidding either cosmonaut from asking for an exten- 
sion of the flight over eighteen days once they were ln space. Kamanln's concern was that any 
extension would severely strain the capabilities of the old Soyuz spacecraft and perhaps put the 
lives of the crew in jeopardy. 

Throughout the day. Strategic Missile Forces personnel carried out all prelaunch procedures 
on time. The cosmonauts arrived at the pad a little over two hours prior to launch. Without fur- 
ther ado, the Soyuz spaceship lifted off precisely on time at 2200 hours Moscow Time on June I, 
1970, with forty-year-old Colonel Andrian G. Nikolayev as the commander and thirty-four-year- 
old civilian Vitaliy I. Sevastyanov as the flight engineer. The spaceship, named Soyuz 9, entered 
an initial orbit of 208 by 220.6 kilometers at a 5 1.7-degree inclination. For Nikolayev, it was his 
second spaceflight, having flown in space eight years before in 1962 as the pilot of Vostok 3. 
Sevastyanov was the fourth civilian engineer from TsKBEM to fly in space. NASA astronaut Neil 
A. Armstrong, the f~rst human to set foot on the Moon, was on an official visit to the Soviet 
Union at the time. On the night of the launch, at the Cosmonaut Training Center near Moscow, 
he was clearly surprised when his host, cosmonaut Maj. General Beregovoy, turned on the TV to 
view film of the Soyuz 9 launch. Beregovoy reportedly told Armstrong. "This is in your honor."'" 

On their first day in space, the Soyuz 9 crew carried out two orbital maneuvers-the 
first on the fourteenth orbit to 2 13 by 267 kilometers and the second on the seventeenth orbit 
to 247 by 266 kilometers-sufficient enough to prevent orbital decay without additional 
maneuvers." These maneuvers may have also been related to the mock rendezvous with an 
imaginary target. The two men began their extensive sctentific experiments program by the end 
of the their first orbit. Within the first three to four days in orbit, ground controllers were already 
finding out that they would have to plan future long-duration missions differently. For example. 
the cosmonauts reported that they required nearly fifty minutes to complete their set of physical 
exercises, whereas they managed to do them in a half-hour during preflight training. 

On June 4, most of the members of the State Commission, including Chairman Kerimov. 
Minister Afanasyev, Chief Designer Mishin, and Commander of Space Assets Karas, left 
Tyura-Tam for Moscow. In charge at the control point at the launch site were Col. General 
Kamanin and TsKBEM Deputy Chief Designer Yakov I. Tregub. During the latter part of the day. 
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there was some alarm when ground readings showed that because of intermittent operation of 
the solar arrays' automatic equipment, the storage buffer batteries were showing higher levels 
of charge than normal. On the forty-seventh orbit. Sevastyanov reported that although the 
solar arrays had been turned off, the current in the batteries was twenty-six amperes, clearly 
indicating a malfunction in the control swltch for the panels. During the previous two days of 
flight, the crew had to turn off the solar arrays manually more than twelve times, close to the 
limit of fifteen times the operation could be repeated.'Wne reason for the excess power was 
beyond the control of the ground or the crew. On this flight, the duration of "nighttime" was 
only forty seconds instead of the dozens of minutes on earlier Soyuz missions. Because 
the orbit of the current mission was such that the sh~p's orbit was nearly parallel with the 
terminator, the solar arrays were generating a nearly continuous stream of electric current. TO 

compensate, the flight control team ordered the crew to turn the ship around at a rate of a half 
degree per second to turn the arrays away from the Sun. The solar panel switching system 
began operating normally the following day, indicating that ether Sevastyanov had reported 
incorrect readings the previous day or that it had been a "self-repairing" problem. 

A week into the mission, already the longest Soviet space mission, all systems seemed to 
be nominal. The cosmonauts reported that they felt significantly better on the sixth day than on 
the first two to three days of the flight. There were again murmurs of talk about extending the 
fl~ght to twenty days, but such prognostication proved too premature at this point. One of the 
few negative indicators of the crew's health was the reduced consumption of drinking water (one 
llter per day) and oxygen (seventeen liters per day), indicating some fatigue. On June 10. 
Nikolayev and Sevastyanov had their first day off, and they spent time playing a game of chess 
wlth Kamanin and veteran cosmonaut Corbatko on the ground. The players advanced their pieces 
twenty-five times over three orbits before agreeing to a draw.""he crew displayed the first real 
slgns of fatigue and decrease in worklng efficiency on their twelfth day in orbit. Kamanin wrote 
in his diary that: 

Nikolayeu and Seuastyanou look somewhat puffy, and listlessness and irritability can 
be sensed in their actions. After talkmg things over with the cosmonauts. we derided to 
shorten significantly for the subsequent days of the flight the volume o f  experiments and 
to increase the rest periods." 

The activities of the Soyuz 9 crew in space were fairly intensive for such a relatively small 
spacecraft, with working days lasting on average between fourteen and sixteen hours. Both 
exerc~sed twice a day in the living compartment with an expansion device that required an 
exertion tension of ten kilograms. On occasion, they wore a special suit named Pinguin 
("Penguin") to simulate some of the effects of Earth's gravity. They assessed their condition 
before and after each exercise regime, recording arterial pressure, pulse, respiration, and 
contrast sensitivity of thelr eyes. The average daily calorific content for each cosmonaut was 
about 2.600 kilocalories. For the first time, a Soviet piloted spaceship carried a food heater. 
which allowed the crew not only to heat up their food, but also to get a fresh cup of coffee in 
the "morning." The men could not take baths in the ship, but they used wet and dry towels 
for rubdowns twice a day for personal hygiene. They were allowed a change of underwear once 
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a week. On this first space mission lasting more than two weeks, the cosmonauts maintained 
only intermittent contact with their families. On the birthday of Nikolayev's daughter Elena, she 
came to the Flight Control Center with her mother, former cosmonaut Valentina V. Nikolayeva- 
Tereshkova, to talk to her father via both video and a u d i ~ . ~ '  

The actual sc~entific experimentation consisted of fifty experiments in various categories. On 
their fourth day in space, the crew used a new stellar sensor to calculate the orbital parameters 
and geographical latitude of the point above which the ship was flying, relative to the position of 
a selected star above the horizon, Vega in the Lyra constellation. The cosmonauts carried out this 
experiment, complicated by the motion and drift of Soyuz 9, over a period of two complete orbits 
without any communications with the ground as they manually maintained attitude and 
measured drift of the ship's gyroscopes. Other navigational exercises involved the use of the SMK-6 
sextant, used in combination with solar and stellar sensors and an optical device in the spacecraft. 
On their fourteenth day, the cosmonauts explored the possibility of checking orientation with less 
"popular" stars, such as Arcturus, Deneb, and others, in conjunction with ground reference points 
on Earth, including lakes and mountains in Africa and South America. All these experiments led to 
preclse determination of orbital elements to refine future rendezvous  exercise^.^^ 

As usual, Earth photography comprised a large part of their work time and resulted in 
1.000 pictures by the end of the mission. These Included a special experiment on June 13 on 
Soyuz 9's 189th orbit. The crew ~nvestigated weather formations in the atmosphere and western 
portion of the lndian Ocean as part of an integrated exercise that Included a Meteor-I satellite at 
an altitude of 600 kilometers, the Soyuz 9 vehicle at 240 kilometers, and sounding balloons 
launched from the scientific research vessel Akademik Shirshov of the USSR Hydrometeorologlcal 
Service located in the Indian Ocean. Less intensive observations included those of a large tropi- 
cal storm in the Indian Ocean on their fifth day and forest fires in Afr~ca near Lake Chad the day 
after. On the thirteenth day, the crew used both black-and-white and multispectral color film to 
identlfy different kinds of rock and soil on Earth, the moisture content of glaciers. the location 
of shoals of fish, and timber reserves, They studled aerosol particles in the atmosphere by 
observing twilight glow and carried out spectrographic measurements of the horizon to enhance 
definit~on of the horizon for navigational purposes. They also used the RSS-2 handheld spectro- 
graph to make 200 spectrophotometric measurements of natural formations in different parts 
of the world. The same type of instrument had been used on Soyuz 7 the previous year On day 
seventeen, they performed some brief photography of the Moon."" 

Biomedical tests comprised a major part of their act~vities. On their ninth day in space, they 
reported that they were collecting air samples of their breathing before and after exercise to 
study the ration of oxygen and carbon dioxide. On day thirteen. Sevastyanov carried out 
a test of his mental capabilities by performing a s~mulated set of commands that had been 
preprogrammed into the on-board computer. His results would be compared to his performance 
before the flight on the same test. Nonhuman studies included those related to the micro and 
macro genesis of plants, the division of chlorella cells, the propagation of bacterial cultures In 
liquid media, and the development of insects in we~ghtlessness. 

As they were winding down their experiments program, there were some minor problems. 
At the scheduled beginning of their communications session on June 15, ground controllers 
were unable to wake up the crew despite three minutes of increasingly frantic calls. Both men 
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apologized for sleeping through their wake-up time, but Sevastyanov, groggy from having been 
woken up, inadvertently switched on the button for the automatic landing system display when 
attempting to switch on the cabin light. It was an exact repeat of the situation on Soyuz 7. 
when the system, designed to operate after reentry at an altitude of eleven kilometers, remained 
turned on in space through the rest of the mission. Later the same day, the crew altered their 
orbit a third time, by firing their engine on orbit number 208. The following day, there was 
further anxiety when one of the batteries of the telemetry system failed, dropping out telemetry 
for a number of important parameters on the ship's systems. Both Chief Designers Mishin and 
Ryazanskiy, the latter responsible for the offending component, assured the State Commission 
that this was not a threat to continued flight. 

There was an expanded meeting of the State Commission on June 16, when Mishin 
casually asked ballistics experts what the orbital parameters would be on the twentieth day of 
flight, clearly implying that he was interested in extending the mission from the planned 
eighteen days. The issue over mission length, a common conflict during many Soviet piloted 
space missions of the era, spilt out in the open during lunch the same day, when Mishin and 
Karnanin went head to head against each other. Accord~ng to Kamanin: 

Mishin did not hold back and asked me, am I of a mind to fight? Knowing what he was 
driving at. I responded that. for the time being, I see no reasons for shortening the flight 
program. I did not begin to talk about the fact that members of the landing commission 
from the industry-[Chief Designers] Severin. Tkachev, and Darevskiy-had urgently 
requested that I not permit an increase in the duration of the Soyuz-9s f(ight beyond the 
[eighteen-day] program.Iq 

From Soyuz 9 Commander Nikolayev's reports. it was clear that while food rations could 
be extended to twenty days, it would be difficult at best, and probably not worth the risk. The 
issue was finally resolved at a meeting of the inner circle of the State Comm~ssion on ]une 16. 
Both State Commission Chairman Kerimov and Mish~n were clearly under political pressure to 
extend the flight to twenty days. Mishin's suggest~on for an extension was, however, not taken 
lightly by the other attendees. Five men came out against Mishin. In frustration. Mishin turned 
on Ministry of Health representative Yevgeniy I. Vorobyev, responsible for dietary needs, accus- 
ing him of not providing enough food for twenty days. The final decision was to perform the 
landing on June 19, after eighteen days. Kamanin noted in his diary: "V. P. Mishin and 
K. A Kerimov. having promised the high command in Moscow that they would carry the flight 
out to 20 days, will now have to concur with our decision.""' 

The last two days in orbit were relatively quiet for both the crew and ground controllers. 
On the morning of June 17. Kerimov. Mishin, and Kamanin congratulated the two cosmonauts 
on officially exceeding the record set by Gemini VII in 1965, thus reclaiming for the Soviet 
Union the absolute endurance record for a spaceflight. A day later, the State Commission 
approved a plan to land Soyuz 9 on its 287th orbit. In case of a possible ballistic reentry. 
the commission stationed a contingent of recovery forces, including amphibious craft, three 
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helicopters, five sea launchers, and fifteen fishing vessels, in the Aral Sea. Nikolayev and 
Sevastyanov's journey back to Earth began on the afternoon of June 19. At least 150 people, 
including Minister Afanasyev, were present at the Flight Control Center at Yevpatoriya to observe 
the proceedings. Air Defense Forces radars tracked the capsule from an altitude of eight-three 
kilometers all the way down to parachute deployment. The whole crowd at the center burst into 
applause upon hearing Nikolayev's radioed message on a safe landing. Because of the precision 
of the landing, two helicopters were able to film the descending capsule and landed almost simul- 
taneously with the cosmonauts The Soyuz 9 ship landed seventy-five kilometers west of 
Karaganda at 1459 hours Moscow Time after a flight lasting seventeen days, sixteen hours, fifty- 
eight minutes, and fifty-five seconds. For the first time in more than four years, the Soviet Union 
held the absolute record for the longest piloted spaceflight. 

When ground crews reached the cosmonauts, they found that the cosmonauts were unable 
to get out of the ship themselves and had to carry them out. After much discussion and dissent 
on the issue. Military-Industrial Commission Chairman Smirnov finally decided to cancel the 
immediate flight of the crew to Moscow's Vnukovo Airport. Instead, the cosmonauts remained 
at Karaganda for a day and arrived in Moscow on June 20 at Chkalovskaya Airfield. The plan 
was to escort the cosmonauts to the Cosmonaut Training Center for a press conference, but 
once Kamanin entered the aircraft to talk to the crew, these plans were changed. He wrote in 
his journal: 

When 1 entered the aircraft's cabin, Sevastyanou was sitting on the sofa, while Nikoiayeu 
was at a small table. I knew they were having a hard time enduring the return to the 
ground, but 1 had not counted on seeing them in such a sorry state. Pale, puffy, apathet- 
ic, without the spark of vitality in their eyes-they gave the impression of completely ema- 
ciated, sick people. l o b  

The crew was eventually escorted off the plane by cosmonauts Shatalov and Yeliseyev. 
although both had said earlier that they could walk by themselves. In a weak voice. Nikolayev, 
the more debilitated of the two, gave a very brief speech about fulfilling their mission and being 
ready for another one. He and Sevastyanov were then put into cars and sent to the care of an Air 
Force medrcal support group at Zvezdnyy gorodok. 

Over the period of the next few days, it was increasingly clear that part of the reason for the 
very poor shape of the Soyuz 9 crew was the slow spin of the spacecraft throughout the mission. 
The spinning also produced a weak field of artificial gravity, which affected the clarity of results 
of several experiments aboard the ship. Nikolayev and Sevastyanov spent several days in quaran- 
tine, not only to protect their weak bodies from infections, but also, as it turns out, because of 
the discovery of a mutation of two microbes not occurring on Earth that were found in their 
metabolic systems. For five days after their return, the microbes spread very rapidly but then 
died from the effects of gravity. During this period, the two cosmonauts were fed through a safe 
bio-interface system.'" Briefing sessions were held during their confinement with engineers. 
physicians, and other scientists. One journalist wrote: "They were pale, and their faces 
furrowed with wrinkles. They tried to carry on a lively conversation and even make jokes; but 
they tired rapidly, and there were frequent lapses."'" For the first four or five nights, they slept 
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fitfully, and the feelings of "acceleration" did not disappear until five or six days after landing. 
All ill symptoms finally disappeared eleven to thirteen days after landing. The men were sent 
off on short postflight vacation soon after. 

The poor state of Nikolayev and Sevastyanov prompted a spate of debate over the issue of 
long-duration spaceflight. At one large postflight meeting at the Cosmonaut Training Center, 
two opposing factions expressed their views. Some believed that subsequent space missions 
should not exceed eighteen days by more than one or two days, and if the crew returned well 
after that, future missions could be extended conservatively. Other doctors argued that much 
longer missions were possible, but only with preventative measures such as medicine and 
exercising.Io9 The debate over this issue to a significant degree affected plans for both the Almaz 
and DOS missions, with Soviet space officials looking to artificial gravity for very long missions 
on the Multirole Base-Station. Regardless of the condition of the cosmonauts, the Soyuz 9 mis- 
sion was a landmark success for the Soyuz space program, precisely because i t  was the first 
fully unqualified success since the Soyuz 415 mission more than a year before. 

Stil l  Aiming for the Moon 

It has been customary for Western observers of the Soviet space program to assume 
that the Soyuz 9 mission was the turning point for those involved the program-a signpost 
indicating their progression from quitting their piloted lunar program to creating Earth-orbital 
stations. This impression, partly supported by many offic~al Soviet statements, has not been 
borne out by recent revelations. Even after Apollo 8. Apollo I I, and Apollo 12, the Soviets 
continued their vigorous search for successes on the Moon. When, in January 1969, Soviet 
space officials decided to move ahead with three different thematic directions-Earth-orbital 
stations, expanded lunar landings, and miss~ons to Mars-all three were pursued for several 
years. Thus, in many ways, the story of the race to the Moon does not end in 1969-at least 
not for the Soviets. From both political and propaganda perspectives, future advanced lunar 
landings of cosmonauts offered a means to restore lost faith in the Soviet space program. 

Much of the success of future lunar landings depended, of course, on the fate of the N I 
rocket. The program had already been delayed by at least four years, and its record had been 
marred by two untimely failures in 1969. The investigation into the second failure in ]uly 1969. 
which had destroyed one of the two available N i pads at Tyura-Tam, was long and tedious. 
It took a full year before a formal report was ready on the accident, and even then there were 
multiple opinions on the cause of the accident within the investigation commission headed by 
Mishin. The reconstruction of the most probable chain of events was an exercise in detective 
work. A quarter of a second prior to liftoff, a metallic object, probably a portion of a steel 
diaphragm of a pressure oscillation sensor, had entered an oxidizer pump and caused engine 
number 8 of the first stage to explode. This disrupted the work of the on-board cabling network 
and damaged engines and telemetry instrumentation in the vicinity. As the lower part of 
the first stage was engulfed in fire, at Tt0.6 second, the KORD system (for engine operation 
control) issued a command to shut down engine nos. 7. 8. 19. and 20. At Tt8.76 seconds, it 
shut down engine no. 21 and its opposing engine no. 9. By T t  10.15 seconds, all engines were 
shut down, except for engine no. 18, which continued to fire. The rocket, meanwhile, lifted up 
to a height of about 200 meters, and then i t  began to fall back vertically toward the launch pad. 
having been unable to turn on its nominal course because of the disruption of the cable 
network. The only operational engine gradually turned the rocket around its axis and, after 
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This remarkable photo of an NI booster on the strll-intact pad at Tyura.Tam was taken from a U.S CORONA 
photo-reconnatssance satell~te on June 4. 1970 The three stages of the rocket, probably booster no 61. are clearly 

ulsible as is the associated pad structure (copyright Charles P Vick. KH-4B mission 1 1  10~2. launched 
May 20. 1970. Frame A1481 

a twenty-three-second flight, the booster fell almost broadside onto the launch pad and 
completely exploded. Earlier, at Tt14.5 seconds, the emergency rescue system activated and 
shot off the descent apparatus of the 7K-LIS spacecraft."" 

Mishin's commission had found in its invest~gation that during ground testing of the 
first stage's NK-15 engines, large metal objects (dozens of millimeters in diameter) had the 
propensity to get into the oxidizer pump, damaging the impellers and causing ignit~on and 
explosion of the pump. Small metal objects (chips, fillings, and so on) burning in the gas 
generator resulted in the destruction of the turbine vanes. Finally, nonmetallic objects (rubber. 
rags, and so on), which were fed into the Inlet of the turbopump assembly, did not cause 
disruption of engine work. Booster 5L, which had exploded in July 1969, had been among the 
first batch of manufactured N Is, and thus it did not have filters for foreign objects installed in 
the inlets to the pumps. According to the program specifications, these filters were scheduled 
to be installed beg~nning with booster no. 8L-that is, on the fifth launch attempt of the N I . ' "  

Mishin met with both Minister Afanasyev and Central Committee Secretary Ust~nov in 
August 1969, explaining that the N I - L 3  complex would still remain the primary system for 
researching the Moon. At a later meeting with Ustinov in September. Mishin was told that there 
would be a decision on the fate of the N I -L3 complex only after the causes of the July failure 

110. lgor Afanasyev. "NI:  Absolutely Secret" (English title). Krylya rodiny no. 9 (September 1993). 13-16. 
Sernenov. ed . Raketno-Kosm~cheskaya Korporatsiya, p. 257. The official report on the acc~dent of booster 5L. in 
descr~bing the init~al cascade of events, states "In the tlme ~nterval between -0.2 second and t0.25 second, the fol- 
lowing happened. (a) the rocket's airframe was subjected to pulsed loading: (b) there was a sharp rise in  tempera- 
ture In the v~c~n l t y  of englne nos. 7. 8, and 9: (c) the telemetry equipment of englne nos. 8 and 9 failed " See R. 
Dolgopyatov. B Dorofeyev. and 5. Kryukov. "At the Readers' Request. The N l  Project" (Engl~sh tltle), Auiatsiya I 
kosmonavtika no. 9 (September 1992). 34-37. 

I I I. Afanasyev, "N  I: Absolutely Secret " 



had been determined. The immediate plans after the July 1969 failure of booster 5L had been 
to perform full-scale one-way automated landings of the Lunar Ship (LK) on the Moon on 
N I boosters 61, 7L, and 8L. As the investigation into the disaster took longer and longer, these 
plans had to be shelved. 

The fate of the N I rocket itself seemed central to the future of the Soviet space program as 
a special governmental commission examined the program as a whole following the second 
accident. Coming at the nadir of the Soviet hopes in the "space race." the recommendations 
of the commission were positive in outlook: the commission believed that the N I would be 
able to support all planned Soviet space projects for the subsequent ten to fifteen years." In 
December 1969, after a review of the July catastrophe, the Commander-in-Ch~ef of the Strategic 
Missile Forces, Marshal Nikolay I. Krylov, made his feelings known on the program. Traditionally 
an opponent of piloted space programs, Marshal Krylov wrote to Minister of General Machine 
Building Afanasyev that: 

The resulting analysis of the two failed launches of the NI-L3 complex, and also statistics 
from launches of other complicated rocket-space complexes show that the existing 
methods of developing rocket-space complexes do not ensure a high level o f  reliability 
upon entry into [flight-testing]. The existing methods of ground work on [rocket-space 
complexes], for the most part, are analogous to the methods o f  developing military mis- 
siles, which, as a rule, are considerably simpler than [rocket-space complexes] of the 
NI-L3 type. At the same time, the processes of [flight-testing] of military missiles differ by 
some tens of articles (from 20 to 60) to bring them up to a high level of reliability. In 
carrying out the [flight-design testing] o f  heavy [rocket-space complexes] the possibility 
of extended flight work is not feasible because of the great expenses of the rocket-carriers. 
In view o f  this, expedient changes in the volume and character of the ground work on 
these complexes up to the moment of entry to [flight-testing] should be introduced. In our 
opinion, new methods o f  ground work on heavy [rocket-space complexes] should include 
the basis for multi-use operations and [creation of] a large stock of resources o f  the com- 
plete system and equipment: preliminary firing tests of engines and rocket blocks without 
subsequent sorting out with the goal of discovering production defects and expirations o f  
their working lives should also be carried out. "' 

The recommendations of Krylov, all clearly worthy of attention, were apparently taken into 
consideration in future planning for the program. One of the major changes during the 1969-70 
period was reworking the procedural system by which engines for the first three stages of the N I 
were selected for flight. The original method, known as KONRID, consisted of an efficiency con- 
trol system in which a batch of six randomly selected engines were submitted for a flight arti- 
cle. Of these, two would be static tested on the ground. Depending on the results, the remaining 
four would then be consigned for the flight article. This meant that the actual engines used on 
the N I were never tested prior to installation on the booster. Because the KONRID system had 
proved inadequate in the face of multiple engine failures on the first two launches, in July 1970, 
the Trud Design Bureau, under Ch~ef Designer Kuznetsov, began using the old NK- 15, NK- I SV. 
and NK-21 engines of the first, second, and third stages of the booster to develop a new 
uprated set o f  three engines. According to the technical assignment issued by TsKBEM, these 
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new engines would be capable of multiple fir- 
ings, have much longer service lives, be deliv- 
ered without reassembly after acceptance tests. 
and be tested on the ground prior to flight. 
Until these new engines were ready for flight, 
expected in late 1972. TsKBEM would use the 
older Kuznetsov engines."" 

Apart from the engines, many other 
systems were reworked from 1969 to 197 1. 
These included: 

Increasing the reliability of the oxidizer 
pumps (by increasing clearances and 
reducing the loads on bearings) 
Improving the quality of the manufactur- 
ing and assembly of the turbopump 
assembly 
Installing filters in front of the engine 
pumps to eliminate the entry of foreign 
objects 
Introducing the Freon fire extinguisher sys- 
tem 
Adding thermal protection elements into 
the instrumentat~on and cable system 
located In the tall sect~on of the first stage This ground model of the LK lunar lander 1s drsplayed . lntroduclng blocking commands In the a museurn in Kailnlngrad (now KoroievJ near 

Moscow The four main landing legs are shown rn 
emergency eng'ne shutdown 'ystem dur- retracted vertrcal positron The small spherrcal 
Ing the flrst flfty seconds of fllghti'* window at the upper center would have been used 

by the cosmonaut to observe the surface durrng 

Furthermore, all piping in the N 1's pneu- landrng. Sets of small attrtude control engines can be 

mo.hydraulic systems were still of the older See" near the top of the lander (copyrrght Quest. via 

flange pipe joint type. After the failure in July Luc van den Abeleen) 

1969, when engineers checked the already- 
manufactured and -tested units of another N I booster, they found that many of the flange 
joints with fluorine plastic seals had leaked after long periods of storage. In July and August 
1969, engineers decided to replace the flange joints with automated welded ones-an exten- 
sive redesign procedure that was performed by the Moscow-based NII TekhnoMash (formerly 
NITI-40) organization. Since 1970, all pipelines in Soviet launch vehicles have been joined 
during integration assembly by automated welding."" 

The work on lmprovlng the characteristics of the recalcitrant booster was concurrent with 
continuing work on the L3 complex. Because of a continuous redesign process on the two 
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major components of the L3-the LK lander 
and the Lunar Orbital Ship (L0K)-neither 
component was ready for flight during 1969 
and 1970. In the case of the LOK, sixteen 
ships had been originally ordered. Of these, by 
February 1970, seven had been manufactured, 
although only three were being ground-tested 
for future flight operations. As Mishin and his 
deputies stubbornly continued to pursue the 
old lunar landing plan, uncertainty in the mis- 
sion profile continued to pervade the proceed- 
ings. In January 1970. six months after Apollo 
I I ,  engineers were still disagreeing about spec- 
ifications of the Blok Ye engine for the LK lan- 
der. One of the major bottlenecks seemed to 
have been the components manufactured at 
the Arsenal Machine Building Plant in 
Leningrad. Engineers there faced many prob- 
lems with tank production, thus missing dead- 
lines for the delivery of the attitude control 
engines of the LK and the Engine Orientation 
Complex of the LOK. Consequently, there 
were changes in the powered descent profile of 
the lander, such as reducing the Blok D stage's 
deorbit operation time. In addition, they 
had still not adequately solved the question of 
mutual relationships among the LK, the 
LK, (the reserve LK), and the Ye-8 rover. At a 
meeting of the TsKBEM leadership in May 
1970, the prognosis was not good: although 
work on the N I was proceeding relatively 

This is a close up of the spherical (iurng compariment 
of a ground model of the 1OK lunar orbiter on drsplay at 
a museum Note the slightly asymmetrrcal shape of the 
module signifrcuntly different [rom a standard Soyuz 

living compartment The protrusion on the upper portion 
of the module is a porthole for a cosmonaut to directly 

observe rendezvous approaches wlth the LK lander 
Attctude control ihrusters s~milar to the ones on the LK 

well, work on the L3 was. by far. in the Worst are uisible on the top left The two small spherical pro- 
condition at the design bureau, behind in its trusions on the top are propellant tanks lor these 

schedules than many other unrelated projects. engines. Curfousl~. the [OK lculng compartment Seems 
to have been mounted on an L I  descent apparatus 

Funding for the I-L3 in 970 was barely vrsible at the bottom of the photograph jcopy- 
evidently short by about 60 million rubles. rrght Quest, vra luc van den Abeleen) 

As far as the lunar landing itself. Mishin 
had informed Minister Afanasyev of a provisional schedule of N I launches at a meeting in July 
1970: 

Date Boosters Missions Engines 

1970 6L. 7L Automated lunar missions Old engines 
1971 8L. 9L. IOL Automated lunar missions Old engines 
1972 I IL, 12L. 13L Piloted lunar-orbit missions New engines 
1973 14L. 15L, 16L Two piloted lunar land~ngs New engines 

The early automated flights would consist of robot variants of the LOK or LK or simply ballast. 
depending on what was available at the time. In the case of the LOK, the ships would carry spe- 
cial photographic equipment for imaging potential landing sites. Before an actual landing, it seems 



that Mishin had planned a fully automated lunar landing and return flight. The veracity of these 
projections depended to a great extent not only on the fortunes of the N I but obviously on the 
flight rating of the L3 payload itself. 

There was some good news in the L3 development program. Several vehicles were flown in 
I970 that were directly part of the Soviet lunar exploration program. One of these was the 7K-LI E 
payload block, which consisted of a simplified 7K-LI circumlunar vehicle, an experimental Blok D 
stage, and the payload fairing. The Blok D stage, the primary payload, was equipped with supple- 
mentary sensors for transmitting more complete information on the internal processes of the stage 
during firings in Earth orbit. The stage had special transparent "portholes" through which the 
internal volume of the tanks was illuminated. During the maneuvers in Earth orbit, special cameras 
would photograph the movement of  propellant^.'^ NASA had performed a very similar mission 
early on in the Apollo program during the mission of AS-203 in July 1966."' The first launch 
attempt of the 7K-LI E, spacecraft no. I, had been at 1200 hours Moscow Time on November 28. 
1969, on top of a three-stage Proton booster. Because of a third-stage fallure, the payload never 
reached orbit. U.S. intelligence assets clearly monitored the telemetry from the attempted launch 
as pieces of the suspect stage inadvertently fell on Chinese territory about 200 kilometers north of 
Harbin.'I9 

It was yet another in an unprecedented series of failures of the Proton booster in 1969. It took 
more than year to prepare a second LIE complex ready for launch. Spacecraft no. 2K was launched 
at 2000 hours Moscow Time on December 2, 1970. After reaching orbit. it was named 
Kosmos-382. Under the direction of TsKBEM Deputy Chief Designer Tregub, the Blok D stage was 
fired seven times in the course of six days in Earth orbit. simulating mid-course corrections, lunar 
orbit insertion, and powered descent from lunar orbit, thus rehearsing as closely as possible Blok 
D's nominal performance during an actual L3 lunar landing mission. All pertinent data on the 
stage's activities were transmitted successfully to Earth, adding significantly to confidence ~n the 
future use of Blok D."Wuring the mission. Western intelligence services were able to hear simu- 
lated voice transmissions from the spacecraft, prompting suggestions that the flight was related to 
a piloted project."' 

Another L3-related precursor program was the flight of Earth-orb~tal versions of the LOK and 
the LK, designated the TI  K and T2K, respectively. The original ambitious plans had been to fly these 
two spacecraft with crews on board to prove out both vehicles, much like the Apollo 9 mission 
flown a few months prior to the first lunar landing. Pressure from the Ministry of General Machine 
Building, in the form of financial restrictions, meant that Mishin had to completely elminate flights 
of the T I  K from the program: instead, the LOK would fly directly to the Moon on its first mission 
sometime in the future. The same fate probably would have befallen the T2K had it not been for 
intense pressure from Chief Designer Mikhail K. Yangel, whose organization, the Yuzhnoye Design 
Bureau (KB Yuzhnoye), created the main engine for the LK. Yangel's lobbying produced results, and 
Mishtn was allowed to carry out three full flight tests of the T2K in Earth orbit in 1970-71-m~s- 
sions similar in many ways to the automated flight of the Lunar Module on Apollo 5."' 
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The TZK, while similar to the lunar version of the LK, was not identical to the latter. 
A number of systems necessary only for a real lunar landing were removed, while others necessary 
for testing were added. The most obvious difference was the omission on the T2K of the four land- 
ing legs comprising the Lunar Landing Unit with their stabilizing rocket engines. Engineers also 
removed the cosmonaut's ladder and two omnidirectional parabolic antennas on the rocket stage 
for deep space communications. As a substitute, a "weak" directional antenna was installed on 
the engine orientation compartment at the top of the lander. In addition, in place of the small sus- 
pended instrument compartment on the right side of the LK, designers added a large suspended 
compartment on the left side equipped with an ellipse-shaped cover. This compartment contained 
supplementary instrumentation for control and guidance, as well as an antenna system for radio 
control of the spaceship's maneuvers. The T2K also included an ionic orientation sensor instead 
of the standard adjusting and aiming sensors. On the pressurized cabin proper, there was also an 
additional telemetry antenna. The spaceship itself was equipped with a special control system 
capable of complete automated flight. The total launch mass of the T2K was around 5.7 tons, low 
enough to be launched by a modified var~ant of the Soyuz booster named the I I A5 I I L. The rock- 
et had an unusual "large-caliber" payload fairing to accommodate the spaceship."' 

The flight program of the T2K was directed by yet another State Commission, this one 
headed by Ma]. General Aleksandr A. Maksimov, the Deputy Commander of the Chief Directorate 
of Space Assets of the Strategic Missile Forces. One of Maksimov's more notable career duties had 
been service as the secretary of the State Commission for the R-7 ICBM and the early Sputnik 
launches during the 1950s. The T2K series would consist of three missions. The first flight would 
simulate a routine lunar landing, while the second and third would simulate potentially anomalous 
situations during a landing. About twenty primary systems would be monitored on each mission. 
In attendance for the first launch were Korolev's second wife Nina lvanovna Koroleva and his 
daughter Natasha, who were at Leninsk for the opening of a new memorial in Korolev's honor. 

The first TZK, vehicle no. I, lifted on November 24, 1970, at 1400 hours Moscow Time 
and entered a 19 1 - by 237-kilometer orbit inclined at 5 1.61 degrees. The spaceship was named 
Kosmos-379 by TASS; there was no hint that the flight had any relation to the piloted space 
program. After a thorough check of the on-board systems. at 0744 hours on November 25, 
controllers fired the main T2K engine under heavy throttling to simulate a landing on the lunar 
surface. including a "hover" phase. The resulting orbit was 192 by 1.210 kilometers at 
5 1.65 degrees. Once again, controllers performed various checks of the T2K as it "rested on the 
Moon" for a day and a half. Finally, on November 27 at 1859 hours, the Lunar Landing Apparatus 
(the descent stage) was jettisoned, and the main engine fired once again, this time at maximum 
thrust, simulating a liftoff and entry into lunar orbit. After this maneuver, orbital parameters were 
highly elliptical: 177 by 14.041 kilometers at 51.72 degrees. The vehicle spent some subsequent 
time in stabilization mode to simulate maneuvers for rendezvous and docking with the LOK before 
the mission was declared a complete and unequivocal success."" 

The momentum of this rare success in the piloted lunar program extended to the two remain- 
ing tests of the T2K. The second test was to simulate an aborted landing on the Moon. 
The spacecraft, named Kosmos-398 upon entering Earth orbit, was launched at 1514 hours 
Moscow Time on February 26. 1971. Initial orbital parameters were similar to the earlier ship: 
19 1 by 258 kilometers at a 5 1.6 1-degree inclination. After two days in orbit. the Blok Ye main 
engine was fired at 072 1 hours on February 28, simulating a landing attempt. After this, the descent 
stage was jettisoned, and the primary engine fired once more to insert the vehicle in its final 
orbit at 200 by 10,905 kilometers at a 5 1.59-degree inclination. Once again. the mission was flaw- 
less. The third and final test of the T2K was almost six months later. The ship, named 
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Kosmos-434. was launched at 1250 hours Moscow Time on August 12, 197 1, into an initial orbit of 
189 by 267 kilometers a t  a 5 1.60-degree inclination. On this mission, the goal was slightly different: 
to use only the backup engine for liftoff "from the Moon." assuming that the primary one had failed. 
Less than a day after launch, at 0634 hours on August 13, the primary engine was fired, for the 
longest time on any of the missions, simulating a landing on the Moon. The new orbital parame- 
ters were 190 by 1.261 kilometers at the same inclination. Kosmos-434 remained static "on the 
Moon" for more than three days before using its reserve engine at 0840 hours on August 16 to f~re 
into a new orbit of 186 by 1 1,804 kilometers at a 51.54-degree inclination. The second firing had 
been planned for an earlier time, but had to be delayed because of some minor technical problems, 
which did not detract from the completion of a successful mission."' 

At the time of these apparently mysterious missions, Western observers closely monitored 
the orbital changes, concluding that the flights were part of a renewed Soviet effort to land 
cosmonauts on the M ~ o n . " ~  One of the more interesting postscripts to the T2K missions was 
the demise of Kosmos-434. In the summer of 198 1 ,  when the spacecraft was about to reenter, there 
were intermittent reports in the West that Kosmos-434 was a satellite with nuclear 
materials aboard, thus posing a threat to any people living over its descent track. The vehicle even- 
tually reentered over Australian territory and fell harmlessly into the sea off the coast of China. 
To allay continuing fears, a spokesperson from the USSR Ministry of Foreign Affairs assured 
the Australian government on August 26, 198 1 ,  that the satellite did not carry any nuclear materi- 
als because it was "an experimental lunar cabin" with no "energy source.""' Because "lunar cabin" 
was the term the Soviet press normally had used to describe the Apollo Lunar Module, 
the statement was a major landmark: it was the first official, albeit oblique, confirmation that the 
Soviet Union built hardware designed to land cosmonauts on the Moon. 

The successful missions of the LIE and the T2K were significant morale boosters to the many 
thousands of engineers engaged in a program that had evinced few fruitful results. Firm commit- 
ments on a date for the lunar landing were fixed several times throughout 1970 and 197 1 .  The orig- 
inal schedule produced by Mishin in July 1970, however, proved to be too optim~stic. The launch 
date of the next N I (booster 6L) was delayed primarily because of new concerns about discrete 
vibrations at launch. In addition. Mishin decided to begin using the new and improved Kuznetsov 
engines much earlier than planned (on booster 8L), requiring that rocket to be sent back to the plant 
for extensive redesign. The new schedule, truncated from before and prepared in September 1970. 
looked like this: 

Date Boosters Missions Engines 

197 1 6L, 7L Automated lunar missions Old engines 
1972 8L. 91, IOL Automated and piloted 

lunar missions New engines 
1973 IIL, 121, 13L Piloted lunar landings New engines 
1974 14L. 15L Piloted lunar landings New engines2" 
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The final launches in 1974 would officially end the N I -L3 program, at the same time that 
more advanced lunar missions, still in the early stages of planning in 1970, would begin in 
1974. Mishin personally briefed Soviet leader Brezhnev with this schedule at a meeting in 
October 1970. Even at this late date, Mishin continued to appeal to Brezhnev to commit to 
funding to build a full-scale static test stand for the N I first stage, but these entreaties fell on 
deaf ears. If Mishin's promised schedule was met, however-and it seemed a fairly realistic 
assessment given the current pace of operations-then a Soviet cosmonaut would finally land 
on the Moon sometime in 1973, four years after Apollo I 1 .  

The Scooper Comes Home 

The untimely failure of Luna 15 during that historic week in July 1969 had not discouraged 
the design bureau at the 5. A. Lavochk~n State Union Machine Building Plant at Khimki 
in pursuing ~ t s  primary objective of using the Ye-8-5 robotic spacecraft to recover lunar soil and 
bring i t  back to Earth. Although the unusually high stress of the summer of 1969 had evapo- 
rated, the pressure never completely disappeared. Because one of the new public doctrines of 
the Soviet space program was the automated exploration of the Moon. Chief Designer Ceorgiy 
N. Babakin had the dubious role of serving to fit the needs of the Soviet propaganda by 
delivering a successful sample return mission. The first attempts to do so after the July 1969 
debacle were in the fall of 1969. On September 5 ,  1969. Maj. General Tyulin, the chair of the 
State Commission for the Ye-8 series of probes, reported that the central cause of the Luna 15 
failure had still not been determined by engineers. Despite the gap in data. Tyulin opted to 
launch another scooper, the third in the series, on September 23."' 

Ye-8-5 probe no. 403 was launched from site 8 1 at Tyura-Tam at 1700 hours Moscow Time 
on September 23, 1969. The Proton booster successfully inserted the payload into Earth orbit. 
but the Blok D translunar-injection stage failed to fire a second time to impart Earth escape 
velocity to the probe. Telemetry the following day indicated that a fuel injection valve had 
evidently become stuck during the first firing of Blok D to Insert the payload into Earth orb~t, 
and al l  the liquid oxygen had been sucked out before the second firing. Remaining as an inert 
payload in Earth orbit, the Soviet press quietly designated the satellite as Kosrnos-300 and 
promptly forgot about it. Ground controllers evidently attempted to control the descent of the 
probe for about four days, but the spacecraft eventually reentered harmlessly over the oceans. 
A second try came less than a month later. Ye-8-5 probe number 404 was launched on October 
22 and successfully entered Earth orbit. After an hour, when the Blok D engine was timed to 
fire, the readings abruptly went off the scale, and communications were interrupted. For two 
hours, the flight control team attempted to regain communications, before finally receiving 
a report from the Kamchatka tracking station that not only had the probe not left Earth orbit, 
but that i t  had reentered and fallen in the ocean near Australia. This time, there was a failure 
in one of the radio-command blocks. Apparently a "minus" sign had not been removed from 
a program to command the guidance system for the firing."' The stranded probe was named 
Kosmos-305. 
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Trudging on, Babakin's engineers prepared the fifth sample returner. Ye-8-5 probe no. 405, 
for a launch in early 1970. The launch went off on February 6, 1970. but 126 seconds into the 
flight, the first stage exploded, destroying any hopes of a success."' Clearly, one of the bottle- 
necks in the program was the performance of the UR-5OOK Proton launch vehicle. Its record 
during 1967-70 had been perhaps one of the most dismal in the record of any launch vehicle 
developed by any spacefaring nation. Out of nineteen launches of the four-stage variant of the 
Proton booster up until February 1970, ten had completely failed to deposit their payloads into 
orbit, three had reached orbit but failed to send their payloads to escape velocity, and only the 
remaining six had been completely successful: 

No. bunch Date Payload Mission Result 

March 10, 1967 
April 8. 1967 
September 28. 1967 
November 22. 1967 
March 2 .  1968 
April 23, 1968 
September 14, 1968 
November 10, 1 968 
January 20, I969 
February 19, 1969 
March 27. 1969 
April 2. 1969 
June I. 1969 
July 13, 1969 
August 7. 1969 
September 23, 1969 
October 22. 1969 
November I I. 1969 
February 6. 1970 

Kosmos- 146 
Kosmos- 154 

Zond 4 

Zond 5 
Zond 6 

Luna 15 
Zond 7 
Kosmos-300 
Kosmos-305 

Success 
Blok D failure 
Stage I failure 
Stage II failure 
Success 
Stage II failure 
Success 
Success 
Stage l l  failure 
Shroud failure 
Stage Ill failure 
Stage I failure 
Blok D failure 
Success 
Success 
Blok D failure 
Blok D failure 
Stage Ill failure 
Stage I failure 

In fact, if there was any one reason why the coveted LI circumlunar program had achieved 
success so late, it was Chelomey's Proton rocket. The failures were so glaring that after the 
secret February 1970 launch failure, some Western observers were claiming, correctly so, that 
the Proton was a severe bottleneck in Soviet space ambitions."' 

Babakin was naturally concerned about the Proton's record. In March 1970, he met with 
Minister of General Machine Building Afanasyev and asked him to stipulate that Chelomey 
address the dismal record of the rocket and make necessary changes. For his part, Chelomey's 
design bureau undertook a short development program to requalify the booster, especially 
its first and third stages. As part of this effort. on August 18. 1970. at 0645 hours Moscow 
Time, TsKBM launched a three-stage UR-5OOK rocket on a suborbital mission to verify certain 
systems of the launch vehicle."' The flight, named 82EV, was evidently successful, as 
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space-related Proton launches finally resumed the following month after a long gap. In fact, the 
record of Proton flights following August 1970 showed a dramatic improvement, with failures 
becoming an occas~onal rarity. 

The sixth scooper probe. Ye-8-5 no. 406. was launched at 1626 hours Moscow Time on 
September 12. 1970. into a parking orbit around Earth. First Deputy Minister of General 
Machine Building Tyulin once again served as chair of the State Commission. About seventy 
minutes after entering orbit, the Blok D stage fired to boost the payload toward the Moon. 
There was a short mid-course correction the following day before the spacecraft, named 
luna 16, successfully flew into lunar orbit on September 17 using the I I D417 engine. 
The orbit was circular at an altitude of I I 0  kilometers at a 70-degree inclination to the lunar 
equator. There were two planned burns to adjust the orbit on September 18 and 19, the final 
firing leaving Luna 16 in a low elliptical orbit at fifteen by 106 kilometers at 7 1 degrees. The 
landing approach began as soon as the ship reached its low perigee. Unlike the Apollo Lunar 
Module, which followed a complex shallow approach to the landing site, the Ye-8-5 ship sim- 
ply fired the main engine to cancel orbital velocity, causing a drop toward the surface, and then 
performed a final burn to ensure a soft-landing. The spacecraft's on-board control system fed 
attitude and altitude information into the internal gyro, and the ship's two side units were 
cast off just before commencement of the descent to the Moon. The engine fired for about 
270 seconds. beginning at I 1 12 hours on September 20. The free-fall itself followed a prepro- 
gramrned instruction set modified by radar altimeter Information on altitude and rate of 
descent. At a height of 600 meters. with the spaceship falling at a rate of 700 kilometers per 
hour, the on-board computer fired the main engine again. The engine cut off at twenty meters. 
prompting the two smaller engines to ignite to complete the descent. Luna 16 landed safely in 
the northeast portion of the Sea of Fertility about 100 kilometers east of the Webb crater. The 
landing velocity was nine kilometers per h 0 ~ r . I ' ~  

Two cameras similar to the ones used on the earlier Ye-6 landers were installed on the main 
instrument section to swivel and return facsimile stereo images of the area between the ship's 
two landing pads to determine a precise spot for obtaining a sample. The spacecraft, however. 
landed in an area not illuminated by the Sun. and it is probable that the cameras were of no 
use. The hollow rotarylpercussion bit, a hollow cylinder with cutters on the edge, was driven 
thirty-five centimeters into the surface for a seven-minute period to capture a small soil 
sample. During this phase, ground controllers were alarmed when telemetry information 
showed that soil resistance to the drill increased with depth, and then abruptly decreased, 
raising the possibility of a broken drill. Luckily, there was no damage, although Tyulin's team at 
Yevpatoriya terminated drilling at that point. The boom then lifted the sample to the open hatch 
of the small spherical return apparatus. Evidently, a significant amount of soil dropped out of the 
scooper during this upward movement. The total amount in the capsule was 105 grams. At 
1043 hours on September 2 1 ,  after more than a day on the surface, the ascent stage of Luna 16 
fired its 55.61 engine to lift itself on a direct return trajectory to Earth. Roll thrusters provided 
spin control during the trip, ensuring proper thermal regulation. The remaining portion of Luna 
16 continued to return data on local temperature and radiation conditions. 

Straps holding the return apparatus to the ascent stage were severed at 0450 hours on 
September 24 at a distance of 48,000 kilometers from Earth. While the ascent stage burned up 
over Earth, the spherical capsule hit the atmosphere vertically at thirty degrees, traveling at 
eleven kilometers per second. As temperatures reached an incredible 10,000 degrees 
Centigrade, the capsule decelerated at up to 350 g's; a slgnal from a barometer commanded the 
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ejectton of the top of the sphere at an altitude of fourteen and a half kilometers, thus unfurling 
the drogue parachute. The main parachute and four beacon antennas deployed at eleven 
kilometers. The capsule landed safely at 0826 hours. about eighty kilometers southeast of the 
town of Dzhezkazgan in Kazakhstan. After a trip to the Moon and back, the landing was only 
thirty kilometers from the projected target.I3' 

This first recovery of soil from a planetary body by automated means was an outstanding 
accomplishment and a tribute to the ingenuity of Soviet engineering expertise. State 
Commission Chairman Tyulin recalled later that "the emotional strain on the State Commission 
and the technical leadership, as well as on all of participants of this unusual operat~on, was 
clearly noticeable, especially over the last 12 days." but that when the signals were received 
confirming a safe return of Luna 16, there was "boundless rejoicing" at the Flight Control 
Center.Ij6 Rescue teams located the capsule within mlnutes of the landing. They removed the 
soil container, which was flown to Moscow. There it was unsealed in a sterlle chamber f~lled 
with inert helium. The analysis of the soil, performed by the V. I. Vernadsk~y Institute of 
Geochemistry and Analytical Chemistry's Laboratory of Comparative Planetology, showed the 
composit~on of the dark powdery basalt material to be very similar to samples returned on Apollo 
12 in November 1969. In June 1971. three grams of the Luna 16 sample were forwarded 
to NASA as part of a scientific agreement in exchange for three grams from the Apollo I I 
samples and three grams from the Apollo 12 collection."' 

The success of Luna 16 raised the inevitable comparisons with the Apollo program. Soviet 
commentators naturally made much of their recent accomplishment. Academician Boris N. 
Petrov told TASS on September 24 that automatic exploration cost one-twentieth to one- 
fiftieth as much as piloted space exploration. TsKBEM Department Deputy Chief Raushenbakh 
was more specific in his comparisons, suggesting on September 28 that the cost of the sam- 
ples returned by Luna 16 were considerably less than those brought back by the Apollo mis- 
s i o n ~ . ~ ' ~  While the two programs are difficult, if not impossible, to compare, it is a fact that the 
two Apollo missions up to that po~nt had returned a far greater amount (sixty kilograms) of 
lunar rocks and soil than Luna 16 (0.105 kilograms). Based on the per capita cost of a kllogram 
of lunar soil from the Luna mission versus the Apollo missions, there is no doubt that the lat- 
ter were far superlor. But the amount of lunar so11 returned is clearly poor measure of the true 
scientific value of a mission. In purely scientific terms, the U.S. astronauts conducted a wide 
array of experiments on the surface while Soviet controllers were extremely limited in their 
choice of research. The Apollo astronauts, for example, had a much greater ability to choose 
particular samples from a very large area compared to Luna 16. Finally, the costs of Apollo were 
associated with numerous intangible benefits-primarily associated with prestige-which 
clearly cannot be measured in the traditional sense. Luna 16 was certainly a remarkable tech- 
nological accomplishment, but it was probably not, as Soviet officials of the day touted, a 
"cheaper and better" alternative to Apollo. 

Luna I 6  was followed, also in 1970, by another equally impressive achievement in the Soviet 
lunar exploration program: the flight of the Ye-8 lunar rover. which was named luna 17 
Incorporated into the L3 piloted lunar landing plan, the rover effort had by then assumed a life 
of its own. The first attempt to launch the mobile crawler had failed in February 1969. It was 
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O P T I O N S  

almost two years before the second flight model, spacecraft no. 203, was ready for launch. At 
1744 hours Moscow Time on November 10. 1970, a four-stage Proton lifted off and injected the 
spacecraft toward the Moon soon after. Following two mid-course corrections on November 12 
and 14. Luna I7  entered orbit around the Moon on November 15. The parameters were eighty- 
five by 14 1 kilometers. The following day, the perigee was lowered to nineteen kilometers. The 
spacecraft deorbited and safely landed at 0646 hours. 50 seconds Moscow Time on November 
I7  in an ancient crater in the Sea of Rains. The landing profile was identical to that used on Luna 
16. Two sets of ramps were lowered, and the five-person steering team at Yevpatoriya in Crimea 
commanded the strange-looking eight-wheeled robot down to the surface about an hour and a 
half after touchdown. Contact with the Ye-8 lunar rover, called Lunokhod I in the Soviet press. 
was limited to about six hours a day when the Moon was above Earth's horizon.'" 

Among the scientific experiments aboard Lunokhod I was a penetrometer to test the soil's 
mechanical characteristics, which was used more than 500 times during the rover's sojourn. 
The Rifma x-ray fluorescence spectrometer. used about twenty-five times, was used to irradi- 
ate soil and record induced radiation to identify quantities of different elements. Adding a 
slightly international flavor to the mission. Lunokhod I also carried a three-and-a-half kilogram 
French-supplied instrument above the forward cameras, consisting of fourteen ten-centimeter 
silica glass prisms to bounce back pulses of ruby laser light fired from observatories in Crimea 
and France. Scientists first used this reflector on December 5 and 6, allowing the Earth-Moon 
distance to be measured down to an accuracy of thirty centimeters. Similar instruments, with 
less reflective capacity, were also carried on the Apollo landing flights. There was also an x-ray 
telescope and a gamma spectrometer on the spacecraft. Lunokhod I ,  the first mobile vehicle to 
travel on the surface of another planetary body, had an initial design life of three lunar days 
(about twenty-one Earth days), but in fact operated for eleven lunar days (about seventy-seven 
Earth days). Tyulin's team commandeered the rover across 197 meters during the first lunar day. 
peaking on the fifth by covering 2,004 meters between March 7 and 20, 197 1 .  Steering through 
the lunar landscape was evidently very difficult for the control team, pr~marily because of the 
six-second delay between the command and the execution of a mane~ver.~" 

The crawler's remarkable journey came to an end at 1605 hours Moscow Time on 
September 14. 197 1, when the last communications session was finished. The day after, TASS 
reported that the internal temperature of the rover had fallen because of decay of the nuclear 
heater during the night. For several days, controllers tried to reestablish contact with Lunokhod 
I ,  but with no success, and all attempts to do so were terminated on October 4. Lavochkin 
Deputy Chief Designer Ivanovskiy, one of the principal architects of the mission, later recalled 
that the rover's internal batteries had been designed for only a certain number of cycles of 
charging and recharging, equivalent to three months. After exceed~ng their design lifetimes 
by almost eight months. the batteries simply gave up. Ultimately, the mission had been an 
outstanding success. Lunokhod I had covered an area of 80,000 square meters and taken 
20.000 photographs and 206 panoramas of the lunar surface. During its 30 1 -day. six-hour. and 
thirty-seven-minute mission, i t  had traveled 10,540 meters. It had crossed craters. climbed 
inclines, observed solar eclipses, and even found its way back to its mother stage in January 
1971, taking one of the more impressive photos of the mission-a beaut~ful shot of Luna 17 
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with its ramps lowered to the lunar surface. For ten months, it had withstood temperatures 
ranging from the intense cold of the lunar night (minus 150 degrees Centigrade) to the searing 
heat of the lunar day (over 100 degrees). Before losing contact,the controllers had managed to 
park the rover so that the laser reflectors remained in a usable po~ i t i on . '~ '  

Both the Luna 16 and Luna 17 missions were not only important scientific and technolog- 
ical achievements in their own right, but they also added weight to Soviet claims of the benefits 
of automated over piloted lunar exploration. It was only fitting that a third robotic lunar flight in 
1970, the very last gasp of the LI piloted circumlunar program, was sandwiched between 
the Luna 16 and Luna 17 missions. Although the circumlunar project had long since lost its 
political utility, there was still hardware remaining, specifically three flight-ready 7K-LI vehicles. 
Piloted fl~ghts in the series had been suspended in the spring of 1969, but Mishin had doggedly 
pursued the idea of launching a crew regardless of the decisions from above. His view did 
have some rationale; the entire circumlunar system, the 7K-L I vehicle, Blok D, and the Proton 
booster were, by mid-1970, ready for piloted flight. Such a mission, perhaps even multiple 
missions. would provide valuable experience in mounting more complex crewed lunar opera- 
t~ons in the future. But the pressure not to do so was intense, and he eventually abandoned the 
idea. As a compromise, he was allowed to continue automated technological flights. Thus, in 
the fall of 1970, TsKBEM prepared one final LI ship, spacecraft no. 14, to fly around the Moon. 

The vehicle was launched at 2255 hours. 39 seconds Moscow Time on October 20. 1970. a 
month after the recovery of lunar soil samples by Luna 16. Following the standard checkout in 
parking orbit around Earth, the ship, called Zond 8, headed for the Moon. The flight trajectory of 
the spaceship differed with respect to earlier Zonds because, on this mission, engineers planned 
to use a different reentry profile-one in which the spacecraft would fly in over the Northern 
Hemisphere instead of the South Pole. Such a profile would allow ground stations on the con- 
tiguous Soviet territories to control most portions of the flight; in addition, the prof~le "was more 
advantageous in terms of power consumption and ensured a more precise ~plashdown."~'  

The day after launch, during the trip to the Moon, scientists at the Shternberg Astronomical 
Institute, at an observatory ~n the Zaylinskiy Altay. photographed the spacecraft against the stel- 
lar background, partly to confirm the accuracy of its trajectory. Photomultiplier tubes allowed 
identification of the ship. which was 328.000 kilometers from Earth at the time. Zond 8 itself pho- 
tographed Earth on October 2 I .  Besides cameras, the spacecraft carried unshielded alum~num foil 
"targets" similar to those on the Apollo solar wind collector packages. These were mounted on 
the outside of the descent apparatus to detect the isotropic composition of the solar w~nd. There 
was one mid-course correction at a distance of 250,000 kilometers on the following day, allow- 
ing the spacecraft to circle the Moon on October 24 at a minimum distance of 1.200 krlometers. 
The standard black-and-white and color photographs of the lunar surface were taken at distances 
of 9.500 and 1,500 kilometers. On the way home. there were two further mid-course corrections 
to sharpen its trajectory for the new reentry profrle. Ground statrons withrn the Soviet Un~on were 
able to control the dynamics of reentry as the Zond 8 descent apparatus flew over the North Pole 
during a ballistic reentry. It eventually splashed down 730 kilometers southeast of the Chagos 
Islands, in the lnd~an Ocean, at 1655 hours Moscow Time on October 27. The landing was only 
twenty-four kilometers from the intended target-and twelve kilometers from the nearest ship. a 
Soviet oceanographic vessel named the Taman, which picked up the capsule fifteen minutes later. 
Rescuers then transferred the vehicle to the Semyon Chelyuskin, which took it to Bombay. India. 
from where it was flown to Mo~cow. '~ '  
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The L I  program was finally over. Started by the late Korolev in 1965, it was or~ginally to have 
been a symbol of Soviet power during the celebrations for the fiftieth anniversary of the Great 
October Revolution in 1967. But after eleven launches and billions of rubles, the program reced- 
ed into the background as an example of how politics, poor planning, a terrible launch vehicle. 
and bad luck could sabotage even the best of intentions. The results were, of course, not all bad. 
TsKBEM had performed two fully successful (Zond 7 and Zond 8) and two partially successful 
(Zond 5 and Zond 6) automated circumlunar missions. Much of the technology and expert~se 
cultivated during the project were invaluable for the well-being of more ambitious efforts, such as 
the L3 landing program. An official history of the Zond program rightly notes a remarkable list of 
technical accomplishments from the project, but ultimately does not shirk from listing the most 
glaring omission: that no LI spacecraft was ever flown with a crew on board.'+' It is, however. 
undeniable that had the Soviets chosen to fly a crew around the Moon in 1970, they could have. 
TsKBEM still had two flightworthy vehicles remaining. But as Mishin noted twenty years later: 

. . . as a result of a decision by the higher authorities, the circumlunar flight by two cos- 
monauts in the UR-5OOK-L I program did not take place, despite the fact that the material 
base and the cosmonauts for the flight were ready. This decision resultedfrom the fact that 
the United States had already taken the lead from us in that direction. I feel that the deci- 
sion was erroneous and that it did not take into consideration the opinion o f  the rank-and- 
file people and specialists who had labored heroically to execute the program. . . 

'" 

The Zond program took its place in history as yet another Soviet space program that was 
unfulfilled In its dreams. 
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Following the Soviet drive to reach the Moon during the Cold War is like chasing a trajec- 
tory that turns and twists at the least expected moments, often splintering into multidirection- 
al paths, each road with its own story of triumph, tragedy, and irony. In 1969, the Soviet lunar 
program was at a crossroads and spl~t into three distinct options for Soviet planners: the space 
station in Earth orbit, expanded lunar landing missions, and a Mars landing project. The Mars 
option was the most ambitious element of this triad, and the fact that it existed at all is testa- 
ment to the often unrealistic ambitions of both space ~ndustry officials and the chief designers. 

Aelita 

One of the first Soviet-era science fiction novels was published in 1923. Authored by the 
well-known prose writer Aleksey N. Tolstoy, the novel was a narrative on the adventures of two 
Russian cosmonauts on the surface of Mars, a planet governed by a ruthless emperor. The 
novel, named Aelita after its main character, the "Queen of Mars," was later turned into a 
movie of the same name, and it eventually became a widely popular film that was part of the 
cultural vernacular of the 1920s.' When the time came in 1969 to assign a cover name to the 
new Soviet Mars program, officials chose Aelita. Piloted expeditions to Mars had, of course. 
been part of exploratory studies in the Soviet Union well before 1969. Ten years earlier, a team 
under Maksimov at OKB-I had begun research on the so-called Heavy lnterplanetary Ship for 
flight around Mars and back. Another team, led by Feoktistov, studied a concept for landing a 
crew on Mars in a larger vehicle, also called the Heavy lnterplanetary Ship. None of these stud- 
ies had official sanction or funding from the Communist Party and government, but Chief 
Designer Korolev was sufficiently engrossed in the idea to assign a permanent team to study 
the problem. In the autumn of 1964, he established Department No. 92 under llya V. Lavrov 
to specifically study the prospects for a piloted Mars landing mission.' 

As the N 1-13 program gathered steam during the mid-1960s. the work on the Heavy 
lnterplanetary Ship moved ever so slowly to the sidelines. Still. Korolev managed to maintain 
his commitment to the idea and was particularly interested in the closed-loop life cycle systems 
that would be necessary for the long trip to Mars. Some of this research was carried out at the 

I Peter A Gorrn "Rrsrng From a Cradle The Evolutron of Publrc Perceptron of Spacefl~ght rn Russ~an 
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Physics lnst~tute of the Siberian Department of the Academy of Sciences at Krasnoyarsk. Legend 
has it that two of the young scientists working on the problem once met with Korolev and 
offered him water regenerated by chlorella from human urine. The chief designer declined 
the offer, but remained very interested in the problem. The same institute designed a closed 
biosphere designated Bios-I, which was first tested by losif I. Gitelzon, a thirty-five-year-old 
medical doctor who had been one of the men who had met with Korolev.' Other organizations 
were also involved in the overall research. The Tomilino-based KB Zvezda designed one version 
of a system for the spacecraft in which food consisted of subl~mated provisions based on two 
criteria: high nutrition value and low specific mass. A small hydroponic hothouse equipped 
with external solar concentrators would be used for additional nutrition. 

Eventually by the late 1960s, presumably to optimize all work on Martian spacecraft, the 
two different Heavy lnterplanetary Ship designs were unified into one, the Feoktistov proposal. 
A special ground test simulator for the ship was built after Korolev's death, and ~t was there on 
November 5, 1967. that three men-physician German A. Manovtsev (group leader), biologist 
Andrey N. Bozhko, and technician Boris N. Ulybyshev-entered the laboratory complex for a 
simulation of a long-duration piloted spaceflight. The team used water and oxygen regenerat- 
ed from body waste, including urea, transpiration moisture, and exhaled carbon dioxide. For 
food. the researchers used freeze-dried food and green vegetables grown in a ground-based 
greenhouse. The greenhouse used simulated sunlight and ion-exchange resins saturated with 
nutrient substances instead of soil. Solid biological waste was simply removed from the cabin. 
They finally exited on November 5, 1968. a year after their entry.4 

The work on the Heavy lnterplanetary Ship slowed down after Korolev's death. but with 
the renewed interest in Mars after Apollo 8, these studies assumed an increased importance. 
Coincidentally or not, in 1969, TsKBEM issued an "experimental design" of a piloted Martian 
landing spacecraft, the most detailed technical description yet of such a vehicle. Spurred by the 
abrupt interest from Ustinov and Afanasyev to pursue a Mars project, engineers could be for- 
given for hoping that this design would see the light. The ship, now called the Martian 
Expeditionary Complex (MEK), consisted of: 

An interplanetary orbital ship carrying the crew and primary on-board systems 
A Martian landing ship for landing on the surface of Mars 
A return apparatus for flight to Earth in which the crew would reenter Earth's atmosphere 
Powerful engine units with nuclear reactors and electric rocket engines 

The basic requirements for the 1969 mission were to carry out a Mars landing during a 630-day 
(or 1.7-year) mission, with thirty days spent orbiting Mars. A total of six cosmonauts would 
be aboard the ship; three of them would spend at least five days on the surface. The primary propul- 
sion system on the Martian ship would be electric rocket engines using nuclear power sources for 
the main part of the journey and liquid-propellant rocket engines for operations near Mars.' 

3 V Nelyubin "Three Fl~ghts to Mars Soviet Cosmonauts Made Them ~n the Early 1960s Wlthout 
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This is a model of the pencil shaped MEK 
piloted Martian spacecralt offered rn 1969 
by Mishlns deslgn bureau as part o f  the 
Aelita effort. At the base of the stand I S  

another model eurdently showtng the 
Martian lander w ~ t h  rts atmospheric 

brakfng aeroshell (shown in more detail 
rn the bottom photo) On the r~ght is a 

robotlc Martian spacecraft 
(copyr~ght Mark Wade) 

In Earth orbit, the MEK looked like a long needle. The 150-ton complex would be assem- 
bled in Earth orbit after two launches of a modified N I booster. The first rocket would carry 
two components: the Martian Orbital Complex (MOK) and the Martian Landing Complex 
(MPK). The second N I would carry a fully functioning low-thrust electric rocket engine pow- 
ered by two nuclear reactors. Each reactor was installed on one extreme end of the complex 
and protected from other systems by a "shaded shield"; the cone-shaped propellant tanks for 
the electric rocket engines would provide add~tional protection to the crew from radiation from 
the reactors. The actual propulsion nozzles would be placed between the shade and the tanks. 
The complex would also have an extensible telescopic thermionic radiator for the energy 
sources, which would have a node to allow for docking and undocking to the MOK and MPK. 



The MOK formed the main areas of living for the crew. From one end to the other, the com- 
plex had seven sequential sections: the instrument-aggregate compartment, the working com- 
partment, the laboratory compartment, the biotechnology compartment, the living 
compartment, the "salon" compartment. and the orientation engine compartment. The 
MPK had an unfurlable aeroshell for aerodynamic braking into the Martian atmosphere. It was 
located behind the "shaded shield" of the main spacecraft. After separating from the main 
spacecraft complex in Martian orbit, it would discard its docking apparatus used for operations 
in Earth orbit and then use a liquid-propellant rocket engine to soft-land on the surface of 
the planet. The aeroshell encased a cylindrical "living compartment" linked to the main crew 
quarters via a hatch, as well as a two-stage ascent stage with a spherical cabin. 

The MEK also contained the main crew return apparatus for returning the crew to Earth. 
The capsule was essentially a larger version of the " headlight-shaped" Soyuz descent appara- 
tus with a lift-to-drag ratio of about 0.45, sufficient to significantly reduce g-levels upon 
terrestrial reentry. The capsule had a base diameter of 4.35 meters and a height of 3.1 5 meters. 

The MOK and MPK would dock in Earth orbit with the electric rocket engine plus nuclear 
reactor payload. Docking would be followed by the ignition of the electric engines to begin its 
slow acceleration into ever larger spirals around Earth. After the complex cleared Earth's radia- 
tion belts, a Proton rocket would launch a 7K-LI Zond-type spacecraft into Earth orbit with a 
crew. The Blok D fourth stage would accelerate the Zond to meet with the MEK in high orb~t. 
Having entered the MEK, the crew would verify the operation of all systems on the complex 
with the option of abandoning the vehicle if there were serious problems. After reaching trans- 
planetary velocity, the MEK would "shoot" out of Earth orbit in a trajectory toward the Red 
Planet. The electric engines would shut down at this point and stay in "cold storage.If6 

Calculations at the time had allowed engineers to compute the cumulative dose of radia- 
tion during periods of high solar activity that doctors believed would be acceptable for inter- 
planetary crews. Based on these data, the crew of the MEK would stay in the special radiation 
shelter, which was in the form of a passage in the main instrument-equipment bay of the ship. 
The workload of the cosmonauts during both the outbound and inbound trips would be 
reduced as much as possible by making operations almost fully automated. Computers would 
deliver information on the spacecraft systems' operation based on an algorithm producing three 
values: "normal," "not normal," and "failure." The crew would be able to carry out any 
in-flight repair of the ship's radio and electronic equipment, designed to be easily accessible in 
the form of replaceable units. The effects of long-term gravity on the crew was still a potential 
unknown in 1969, and one option engineers seriously considered was the use of artificial grav- 
ity by rotating individual portions of the giant spacecraft around its axis. Research later proved 
that such rotations would be harmful to the body because of the appearance of "Coriolis" 
acceleration that distorted the human perception of gravity.' 

The coast to Mars would take 150 days, after which the electric engines would start 
operating again to perform Mars orbit insertion. The MEK would take sixty-one days to brake 
~ n t o  high orbit and a further twenty-four days to shift to low orbit. The crew would spend an 
additional week surveying possible landing sites for the MPK. Three of the six cosmonauts 
on board would then enter the lander and touch down on the surface. After about a weeklong 
mission on the surface, the ascent stage of the MPK would lift off and automatically 
rendezvous with the MOK. The crew would transfer from the former to the latter's living 
compartment, and the no-longer-needed lander would be discarded. A week later, the 

6 Afanasyev "Plloted Fl~ght to Mars " 
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crewmembers would begin their return trip in the MOK-seventeen days to escape Mars and 
another sixty-six days to gather velocity to reach Earth. During passive flight, the spaceship 
would pass as close to the Sun as poss~ble. flying between the orbits of Venus and Mercury to 
accrue more velocity. Another seventeen days of active engine firing would lead to a second 
passive phase. Three days before reaching Earth, the electric rocket engines would be switched 
on again. The crewmembers would separate from the main MEK spacecraft in their return appa- 
ratus and land by parachute back on Earth with the results of their scientific experiments and 
Martian soil samples." 

Serious work on closed-cycle life support systems in support of the Mars program was car- 
ried out at the premises of the Moscow-based Institute for Biomedical Problems. In 1970, as 
part of the MEK project, scientists at the institute created a Scientific-Experimental Complex 
(NEK) for "special biomedical testing of prospective space life-support systems." The NEK con- 
sisted of three modules: one with a volume of I50 cubic meters, the second with a volume of 
100 cubic meters, and the third, the aggregate compartment, with a volume of fifty cubic 
meters. Each module was connected with an airlock and had radio-television systems, anti-fire 
alarm systems, and extinguishers. Two of the modules had special areas for rest and athletic 
training. There was also a special kitchen for preparing food from sublimated products, as well 
as a doctor's area with a full complement of medication and  instrument^.^ 

One of the most intensive areas of focus in the design of the MEK was the nuclear energy 
source, not only to power the ship, but also to provide power to the electric rocket engines. In 
the 1960s, scientists and engineers at TsKBEM had engaged in research on creating a new class 
of slow-melting and high-temperature materials and new heat carriers-that is, new technolo- 
gies for facilitating the creation of small-scale thermionic reactors. Several different complex test 
stands were built for testing methods, materials, and equipment at very high temperatures. 
Between 1965 and 1968. TsKBEM. together with the Physical-Power Institute a t  Obninsk. 
designed and manufactured a new thermionic reactor using fast neutrons. By 1970, they had 
created the new FS- I critical test stand, essentially a reactor of zero power, to verify changes in 
the structure, geometry, composition, and configuration of the primary components of the 
nuclear-physical model of the thermionic reactor. Eight critical assemblies were made at the 
time, leading eventually to the creation of the 1 1897 nuclear energy source. 

Based on th~s research, for the MEK, TsKBEM engineers worked on a draft plan between 
1966 and 1970 for nuclear energy units and electric rocket engines for the spacecraft and its 
launch vehicle. The power units and the rocket engines were created in single block (YaE- I and 
YaE- I M) and triple block (YaE-2 and YaE-3) configurations, with each block consisting of one 
thermionic reactor. The performance characteristics were: 

Unit Power Output 

YaE- I 2.500-3.000 kilowatts 
YaE- I M 5,000 kilowatts 
YaE-2 Three by 3,200 kilowatts 
YaE-3 Three by 5.000 kilowatts 

The spacecraft would have two low-thrust electric rocket engines of 6.2 and 9.5 kilograms 
thrust, respectively. Their specific impulses were remarkable, attesting to their high-performance 
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9 .  Aleksandr Andryushkov. "The Secret Cosmodrome" (Engl~sh t~t le) .  Krasnaya zvezda. December 3 .  

1994. p 6 



capab~lities: 5.000 and 8.000 seconds. respectively. All of the materials on these energy units 
and associated engines were examined and approved by an expert commission of the Academy 
of Sciences under the leadership of Academicians Aleksandr P. Aleksandrov and Boris N. Petrov. 
The commission recommended further work to create the YaE-2 and YaE-3 units on an experi- 
mental basis." Through early 1969. TsKBEM engineers were seriously considering using a recou- 
erable nuclear reactor aboard the Mars spacecraft. 

Work on the MEK was, of course, not isolated from the development of a suitable launch 
vehicle for sending the spacecraft to Mars. Conceptions of an uprated N I to use for the 
m~ssion remained in constant flux throughout 1969 as different models were proposed at 
different points. Early in the year, the most favored version was the NIF-V3, a technical 
proposal distinguished from the original N I by the use of improved first and second stages and 
a completely new third stage using high-energy liquid hydrogen-liquid oxygen (LOX) as 
propellant. By March 1969, the most likely plan was to use two N I -derived boosters for launch- 
ing components of the MEK into Earth orbit. One of the N Is would use the new liquid hydro- 
gen-LOX Blok S on fourth stage. Based on this research, throughout April, there was intensive 
work on a radically improved variant, called the N I M. On May 28. 1969, Mishin signed the pre- 
draft plan for the N I M booster, designed specifically to carry out a Mars landing project. 
Among five projected variants of the N I M, three used liquid hydrogen-LOX engines on the sec- 
ond and third stages. The first stage would use thirty powerful 250-ton-thrust engines." 

Mishin's N I M-MEK Mars landing plan was not the only component of the new Mars offen- 
sive in 1969. When Soviet space leaders such as Smirnov and Afanasyev provisionally approved 
a Mars program to take the steam out of Apollo, there was a clear consensus that this would 
have to be a massive integrated project involving the major Soviet space design organizations. 
The official decree in support of the Aelita program was issued by the Ministry of General 
Machine Building in resolution no. 232 on June 30. 1969. two weeks before the flight of Apollo 
I I to the Moon." Accord~ng to the order, the assigned chief designers were to deliver "materi- 
als" for the Aelita program by the third quarter of 1970. Participating in the effort was not only 
Mishin's TsKBEM, but also General Designer Chelomey's TsKBM and Chief Designer Yangel's 
KB Yuzhnoye. By August 1969, there were, in fact, three complete predraft plans for a Soviet 
Mars landing project, one each from the three design bureaus. The volume and scale of the 
work, however, seem to have discouraged even the most enthusiastic of participants. By 
the end of 1969, both Mishin and Yangel pulled out of Aelita, leaving it wholesale to Chelomey. 
Mishin clearly had a good reason: by the end of 1969, he was knee-deep in a new space 
station program. At the same time, his organization was involved in the flight testing of the 
troubled N I and formulating variants of the N I for improved piloted lunar landing missions for 
the early 1970s. It would simply be impossible to manage a Mars program concurrently. 
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Nothing is known about the Yangel offer, but given his previous record with piloted space 
projects, it is not surprising that he, too, did not participate in Aelita after 1969.'' 

Characteristically. Chelomey's offer for Aelita was far more ambitious than Mishin's 
N I M-MEK idea, bordering almost on fantasy. His own stab at a lunar landing project, the 
UR-7001LK-700 project, had died a slow death in early 1969, but it had provided a sound basis 
to consider more advanced concepts for the Mars effort. For Aelita. Chelomey used the UR-700 
as a springboard and offered the even more gigantic UR-700M rocket-a launch vehicle so 
massive that it was quite possibly the most powerful booster ever seriously conceptualized 
anywhere in the world. The only comparable studies were NASA's Nova heavy-lift booster 
proposals dating from the early 1 9 6 0 ~ . ' ~  

By April 1969, General Designer Chelomey was looking at several different preliminary 
variants of the UR-700M. each with differing capabilities and configurations. The mass and 
performance characteristics were unprecedented: 

Variant Launch Mass Payload to Earth Orbit Propellants 

I 4,820 tons 130- 150 tons Conventional 
2 7,890 tons 230 tons Conventional 
3 7,890 tons 300 tons Liquid hydrogen-LOX 
4 Unavailable 350 tons Nuclear 
5 Unavailable 1.700 tons Nuclear 

Variants I and 2 differed by the composition of the number of strap-ons or engines. 
Among the missions being considered for these two versions were lunar landing expeditions 
lasting thirty days, automated flight to Mars and Venus with the landing of eleven-ton 
modules on the surface, and piloted landing expeditions to Mars with three cosmonauts on 
Mars for thirty days. In addition, on variant 2, two payload blocks of 230 tons would allow 
for the testing of a special nuclear rocket engine on an upper stage. Variant 3 would use high- 
performance cryogenic propellants, allowing for a landing on the Moon of six cosmonauts 
for missions lasting from one month to one year, piloted flight to Mars and Venus using 
atmospheric braking, and, with the use of two 230-ton payload blocks linked in Earth orbit, a 
landing expedition to Mars of four cosmonauts. Certainly, the most ambitious early conceptions 
were variants 4 and 5 using nuclear rocket engines on the third stage of the UR-700M. Engineers 
considered two different design schemes for the engine, one using a gas-phase reactor and the 
other a solid-phase reactor." 

These initial exploratory studies of the UR-700M led to two different layouts for the rocket. 
The first variant of the UR-700M was similar to the UR-700 in basic design-that is, it 
consisted of a core of three modules (the second stage) surrounded by three strap-on clusters 
(the first stage), each consisting of two modules. The change was in the engines: Chelomey 
substituted each 0 2 7 0  with four RD-253s. Thus, despite Chelomey's intensive criticisms of 
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the N I booster for having too many engines on its first stage. he was now choosing that same 
option. One wonders if his criticisms of the N I abated with the emergence of the UR-700M. 
Chelomey's new rocket, with a total of thirty-six engines firing at liftoff, would develop about 
5.400 tons of sea-level thrust. The rocket was topped off by a third stage of four modified 
RD-253s for altitude use, as in the UR-700. Its fourth stage was a bold new step in rocket design 
technology: Chelomey proposed the use of a nuclear rocket engine, the RD-410, a relatively 
unknown engine developed by Glushko's EnergoMash design bureau. Total Earth-to-orbit pay- 
load capability for this version of the UR-700M was 240 tons.'b 

Very little is known about the RD-4 I0  engine, except that it had a thrust of seven tons. It 
is not clear whether the RD-4 I0  engine was the same unit as the similarly designated RD-04 10, 
also a nuclear rocket engine developed at the very same time as a cooperative effort between 
the Design Bureau of Chemical Automation (formerly OKB-154) and the Scientific-Research 
Institute of Thermal Processes. The RD-0410, with a thrust of just over three and a half tons. 
was a highly advanced engine, exceeding in its performance characteristics even concurrent 
American nuclear engine models. A stand for testing the engine was built beginning 1962 by 
KB Luch at a secret site about fifty kilometers southwest of Semipalatinsk-2 I .  Testing began in 
1971., 

The second variant of the UR-700M was truly a monster. Instead of the standard modules 
just over four meters in diameter so favored by Chelomey, engineers came up with a central core 
twelve and a half meters in diameter surrounded by four nine-meter-diameter blocks. The core 
(the second stage) would use twelve 600-ton-thrust engines, while the strap-ons (the first 
stage) would each use eight of the same engines. These engines. working on LOX and 
kerosene, would be developed by Glushko, who evidently had finally decided to abandon his 
boycott of LOX engines. A third stage, with a diameter of twelve and a half meters, would use 
six NK-35 engines, each with a thrust of 220 tons. These were new high-performance liquid 
hydrogen engines developed by Kuznetsov's KB Trud. Compared to the Saturn V's modest 
130 tons. this behemoth would be capable of lifting 750 tons to Earth orbit. With a launch 
mass of 16,000 tons and a length of about 145 meters, this variant of the UR-700M was 
evidently the most preferred version for Aelita because it satisfied one of the main criteria of the 
plan-to use only a single docking (that is, assembly of a 1,500-ton complex) in Earth orbit to 
accomplish the Mars landing. Other requirements included simultaneous development of all 
the rocket engines, a "packet" layout for the booster, the use of multiple engines on each block. 
the possibility of manufacture of the giant in a major city, and extensive ground testing." 

Very little is known about the MK-700 Martian landing spacecraft conceptualized for the 
Aelita program. No doubt, the actual ship traced its lineage to the abandoned LK-700 lunar 
lander. The spacecraft looked roughly lrke a series of four truncated cones one on top of the 
other. The ship had a pair of large solar panels to provide power during the trip. As a whole. 
the development of the UR-700M rocket was assigned to TsKBM's Branch No. I at Fili. 
although Chelomey's main center at Reutov took the responsibility of developing the MK-700 
prloted spaceship. Chelomey was enthusiastic about the entire effort, perhaps seeing in it a 
possibility to vindicate his various defeats in the space program at the hands of his enemies. 
Minister Afanasyev, a staunch supporter of Chelomey's, seems to have been the primary 
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Thrs IS a close-up urew of Chelomey s MK 700 Mart~an lander spacecraft that was proposed as part of the Ael~ta 
program to send Souret cosmonauts to Mars In the late 1970s In the background IS a model of a uarrant of the 

Salyut space statron (copyrrght Mark Wade) 

instigator in the government in favor of Chelomey's Aelita project. Remarkably. Chelomey 
delivered on his promise. In April 1970, he completed the predraft plan for the MK-700, and in 
October of the same year, he signed off on the predraft plan for the UR-700M rocket." 
Somewhat unrealistically, Chelomey promised that he could bring the project to fruition with- 
in three years. 

At the time. Aelita not only included the UR-700M-MK-700 project but also encompassed 
a larger Mars-d~rected offensive. including automated missions in 197 1, 1973, and 1975. 
leading to a piloted landing between 1978 and 1980. One of the more interesting missions of 
this armada was the 5NM mission planned for launch on the N I rocket. Also known as the 
Heavy Interplanetary Automatic Ship, the project was supervised by the Lavochkin Design 
Bureau under Chief Designer Babakin. Inspired by the success of the Luna 16 sample return. 
Babakin proposed using the 5NM spacecraft to recover a sample of Martian soil. The launch 
would occur in 1975, the ship would land on Mars in 1976, and then it would return to Earth 
in 1977." 

For al l  of the enthusiasm of Afanasyev and Chelomey for Aelita, the goals of the program 
could not be justified given the enormous amounts of expenditures involved. As a respected 
Russian space historian noted in 199 I :  

. . . even as the proposals for [the UR-700M-MK-7001 program were being developed, it 
became clear that the impact o f  the first flight o f  a man to Mars on public opinion 
would be disproportionately small in comparison with the material expenses that would 
attend the flight." 

Aelita really had no chance. By September 1970, the Military-Industrial Commission 
considered eliminating Aelita from its next five-year plan, 1971-75, but apparently after further 
discussions opted to include it. The participants were to produce a draft plan for the project in 
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1972. The forces against the massive undertaking, however, proved to be too strong. Soon after 
Chelomey finished the predraft plans for his booster and spacecraft, his ambitious idea died a 
slow death. By the end of 1972, the Soviet piloted space program remained engrossed in both 
its space station and the lunar landing projects; cosmonauts on Mars would have to remain a 
dream of the future. Like most of Chelorney's other projects, disinterest from the Soviet leader- 
ship did not deter him from quietly pursuing his own ideas, and it is quite likely that some low 
level of work continued on the UR-700M and its MK-700 ship for several years into the early 
1970s. Some components of Aelita escaped outright cancellation. In particular, Babakin's 5NM 
project remained a strong contender for approval. In general, however, the aborted Soviet Mars 
offensive of 1969-70 was a child of political circumstance. Born out of the shock of Apollo 8, 
it did not have sustainability to survive into less politically charged times of the space race. 

A Month on the Moon 

In July 1969, when the N I rocket exploded on its pad at Tyura-Tam, no one could have 
guessed that it would take two years before another N I launch took place. The investigation 
into the accident did not finish until July 1970; in fact, it was as late as May 1971 before one 
of the subcommissions submitted its findings, concluding that the explosion had occurred 
because of a problem in an oxygen sensor. By December 1970. Mishin was looking ahead to 
the next launch of booster no. 6L in January 1971, with booster no. 7L following in June. 
Throughout December 1970 and January 197 1, the Council of Chief Designers in charge of the 
NI-L3 program met several times to discuss the prelaunch  preparation^.^^ There were still 
doubts on many technical issues that were not clarified to the satisfaction of several members. 
including such perennial problems as data on the pulsation pressure of the tanks and pipelines. 
On February 10, 1971, the technical leadership of TsKBEM met specifically to discuss the 
N I -L3 program, assessing the pace of preparations for future launches in the effort. The next 
N I launch would carry a mass model of the L3 stack instead of the actual orbiter and lander- 
a decision most likely taken so as not to lose flight models of the Lunar Orbital Ship (LOK) and 
the Lunar Ship (LK) in case the N I rocket failed to deposit its payload in orbit. 

The assessment of preparations for the two subsequent launch stacks, boosters 7K and 8L, 
was mixed. While both N I rockets were on schedule, there was still much uncertainty regard- 
ing their payload blocks, primarily because of delays in the delivery of components from sub- 
contractors, in particular, the Arsenal Machine Building Plant, responsible for manufacturing 
the attitude control blocks for the orbiter and the lander. Booster 7L would carry an automated 
LOK and a mass model of the LK, while 8L would carry automated models of the LOK and LK. 
These two vehicles would carry out a fully automated lunar landing on the surface of the Moon. 
Booster IOL would carry the first piloted LOK in addition to an automated LK for a repeat of a 
robotic landing. The first piloted landing on the surface of the Moon was set for March 1973 
on booster I I L.I' Tests throughout 197 1 continued for certifying the LOK for piloted flight. 

22 The Counctl of Chief Des~gners for the N 1 13 program rn December 1970 were V P Mish~n (TsKBEM 
and counol chief) A P Abramov (TsKBEM) V P Barrn~n (KB OM) A C losrlyan (VNII EM) A M lsayev (KB 
KhrmMash) I I Ivanov (KB Yuzhnoye) N D Kuznetsov (KB Trud) N A Lobanov (NII AU) A M Lyulka (KB 
Saturn) A S Mnatsakanyan (NII TP) N A P~lyugrn (NII AP) M S Ryazansk~y (NII Pr~borostroyen~ya) C I 
Sever~n (KB Zvezda), V C Stepanov (Turayevo Branch of MMZ Soyuz) C I Voronrn (KB Nauka) and M K Yangel 
(KB Yuzhnoye) Addrt~onally inv~ted to part~c~pate ~n the proceedrngs were P A Agadzhanov (TsKIK) A Yu 
lshlinskry (Instrtute of Mechanrcs AN SSSR) A C Karas (CUKOS) M V Keldysh (AN SSSR) V Ya L~khush~n (NII 
TP) C P Meln~kov (NII 4 Space Branch) Yu A Mozzhorin (TsNIIMash) B N Petrov (lnterkosmos) G I Petrov 
(IKI AN SSSR) and V P Pukhov (NII KhrmMash) 
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These included water-landing tests and the verification of the giant launch escape tower for the 
13 stack. The LOK would be the first Soviet piloted spacecraft whose primary landing target was 
the Indian Ocean. TsKBEM engineers also overcame major technical obstacles in building the 
first fuel cells for a Soviet piloted spacecraft, six years behind the United States. By 197 1 and 
1972, the engineers were ground-testing a four-and-a-half-kilowatt power supply unit called 
Volna for the LOK, which ran on alkaline and hydrogen-oxygen fuel cells with an efficiency 
rating of about 60 percent. Volna would provide electricity, oxygen, water for drinking, and 
support services during the lunar mi~sion.'~ 

Preparations for the next N I launch were bogged down in technical delays, compounded 
by a lack of confidence in a success. It was only in late May 1971 that the rocket was finally 
moved to the second N I launch pad at site I IOL,  the one that had remained intact after 
the catastrophic explosion during the summer of 1969." Evidently. Chief Designer Barmin's 
engineers had not yet begun reconstructing the destroyed pad at site I IOP. By December 1970. 
the consensus was to carry out the remaining N I test launches from I IOL while, at the same 
time, begin the construction of two completely new pads elsewhere at the launch range. 

Booster 61's payload consisted of mass mock-ups of the LOK and LK. There was no func- 
tional emergency rescue system on top of the L3 stack. The primary objective of the mission 
was to test, as simply as possible, the operation of the first three stages of the N I. No lunar 
operations were planned, and, in fact, the N I was to be launched outside a convenient lunar 
launch window.'7here was some minor drama during the searing hot days preceding the 
launch attempt. In an unexpected act of nature for arid Tyura-Tarn, there was a violent rainstorm 
at the launch site while the N I rocket was installed at the pad. For Kazakhstan, this was 
quite an anomaly, and engineers were very worried about the effect of rain on the N I rocket's 
electronic circuitry. Some State Commission members proposed bringing the booster back to 
the assembly-testing building and then "drying" it, but Mishin was against this, apparently 
fearful that such a move would serve no purpose other than delaying the launch by days if not 
weeks. In the end, Mishin got his way." The State Commission originally set the launch for 
June 20, but postponed it initially by two days toJune 22. But there were more delays. Air Force 
representative Col. General Kamanin wrote in his diary on June 24 that: 

The launching of the N I has again been put off Now Mishin hopes to put i t  into space 
on june 27, but there are so many failures and malfunctions that this date may also 
proue unrealistic. General [Aleksandr G.] Karas [the commander of the Chief Directorate 
of Space Assets] called from the launch site today. He is dejected. The telemetry equip- 
ment on the NI has giuen out, and there are other important malfunctions which may 
again delay the launching. This bad rocket is a great liability to our space program.'" 

The "bad rocket" was finally launched at 02 15 hours. 8 seconds Moscow Time on June 27. 
197 1 .  As soon as the booster lifted off, telemetry on the ground indicated that the roll control 
system was behaving abnormally. There were unexpected gas-dynamic moments (eddies and 
countercurrents) at the base of the booster, which caused the N I to roll around its axis. As the 
rate of roll increased steadily, by T+48 seconds, the large amount of torque began to destroy 
the second stage. Three seconds later, the KORD system shut down all the engines. As the 
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This photo captures the spectacular nrght launch of the third N i  rocket rnlune 1971 Although the booster 
cleared the tower. unantlc~pated rotations around the mafn vertical axrs of the vehicle led to yet another 

catastrophrc forlure (copyrrght Quest) 

rocket continued to break up in the air, it flew about twenty kilometers from the pad and hit 
the ground, creating a crater thirty meters wide and fifteen meters deep. Fragments of the rock- 
et were scattered across an area of several kilometers." While it was the first time that all of the 
N 1's engines had fired together, the third failure In a row, not surpr~singly, affected morale. Boris 
A. Dorofeyev, at the time the "lead designer" of the N I rocket, remembered that: 

such major accidents had a depressing effect on the personnel. But no one entertained 
the thought that the N l  was doomed, or that its defects were of a chronic nature. People 
worked energetically, many asked to haue their stay on the firing-range extended, and 
eueryone felt that the rocket would "grow out of it," and that success was not far off.'u 

This bottom-up enthusiasm for a project that had spanned nearly a decade without any 
tangible results may sound irrational from a Western perspective, but the Russians were clear- 
ly in it for the long run. Despite three consecutive failures, many space officials continued to 
believe that the future of the Soviet space program depended on the N I rocket. 

The NI may have become ensconced as a national, albeit secret. Soviet asset, but the L3 
lunar landing program was in much bigger trouble by mid- 197 1 .  Already almost three years late, 
much of the technology and design approaches for the creation of the 13 complex were becom- 
ing outdated. Many continued to believe, with good reason, that flying the L3 to the Moon w ~ t h  

29 Afanasyev. "Unknown Spacecraft": lgor Afanasyev. "NI: Absolutely Secret" (Engl~sh t~tle). Krylya 
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the limited capabilities of the LOK and the LK would be a risk not worth taking. The early- 1969 
talks on a post-Apollo response had led to considerations of an improved lunar landing project 
with better characteristics, something that would not only guarantee the safety of a crew, but also 
be a significant improvement over any Apollo mission. In April 1969, Mishin told Brezhnev that 
his design bureau would work on a lunar project capable of sustaining a crew of three 
cosmonauts for extended periods on the Moon and equipped to travel long distances on the lunar 
surface. By September of the same year. Mishin was examining the preliminary documents on 
such a plan, and byJanuary 1970, the proposal had a name, the L3M, which was a modified L3. 

Engineers approached the formulation of the L3M with the weaknesses of the original 
L3 plan in mind-that is, what kind of improvements could be made given existing hardware 
and technology? Clearly, one of the vulnerable links in the char was the docking of the LK 
with the LOK once the lander had lifted off from the lunar surface. Given Soviet weaknesses in 
microelectronics technology, the engineers had faced great difficulty in designing a completely 
automated rendezvous and docking system, as evidenced by the docking failures on Soyuz 
213 and Soyuz 718. Lunar dockings would be even more complex given the poor knowledge 
of navigation conditions around the Moon and the difficulty of assisting the cosmonauts from 
Earth. One possibility was to design a very heavy launch vehicle capable of a direct ascent 
profile to the lunar surface, bypassing the need for rendezvous. Studies, however, proved that 
such a profile would require a very heavy launch vehicle well outside the capabilities of the N I 
in the near future, even if augmented with high-energy stages. The other option was to launch 
huge components of the lunar ship separately and have them link up in lunar orbit. The extra 
mass afforded would allow the spacecraft to carry reliable rendezvous and docking instrumen- 
tation. It was the second option that the engineers decided to adopt for the L3M." 

The L3M lunar landing proposal depended on two major upgrades: an improvement of the 
N I and a redesign of the L3. Upgrades to the N I had, of course, been talked about for years. 
The most famous such modification was the N I M, proposed for use on TsKBEM's ambitious 
and abandoned Mars landing project. For the L3M plan, it seems that Mishin had returned 
to the old ideas of using high-performance liquid hydrogen-LOX upper stages for launching 
huge payload stacks into Earth orbit. Thus, the problem in many ways depended on the 
progress of developing these high-performance upper stages. Four such stages had been under 
development for several years, but only two-Blok S (to replace the current N I stage IV) and 
Blok R (to replace stage V)-had achieved any modicum of success. Certainly, one of the major 
problems was the lack of support from higher authorities to finance such efforts. While NASA 
was already flying several excellent high-performance upper stages, Soviet engineers were still 
writing unanswered letters on the importance of such propellant combinations. Throughout 
1969, work on Blok R and Blok 5 was given high priority, with Mishin meeting several times with 
Chief Designers Lyulka and Isayev, who were responsible for the two engines, respectively. 

The results of testing of these two stages changed the des~gn of the uprated N I for the 
long-duration lunar expeditions. In February 1970. the most favored option was to launch three 
N I s ,  two with Lyulka's Blok S and one with a modified variant of Blok D, named Blok DM. 
which used conventional propellants. To optimize the work being done and also to unify dis- 
parate efforts. Mishin's engineers at the time emerged with a conception for a new upper stage, 
designated Blok 5,. with a fueled mass of 77.9 tons. This block was examined in two different 
versions, the first with one of Lyulka's I I D57 engines and the second with either two or four 
of Isayev's I I D56M engines." In March 1970, the L3M proposal was narrowed down to an 
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option with two sequential missions, each us~ng a much more improved version of the LK 
lander called the LKM: 

One launch of the N I with Blok SR and the LKM for an automated lunar landing and return 
to Earth 
Two launches of the N I, one with a Blok S and one with a Blok SR. which would link up 
in Earth orbit and take its piloted LKM on an extended visit to the surface of the Moon 

While the L3M plan offered significant advantages over the original L3 profile, it was still 
by no means a certainty with respect to the Soviet space leadership. Throughout February and 
March 1970, there was much discussion on the preparation of an official governmental order 
from the Ministry of General Machine Building on the L3M proposal, but none seems to have 
been forthcoming at the time. evidently because of dissension among the chref desrgners on 
the details of the plan. 

Mishin was clearly the primary sponsor of the L3M proposal, and it seems that he had trou- 
ble, at least initially, in gathering the necessary support to facilitate an official decree. Academy 
of Sciences President Keidysh offered lukewarm support, advising that TsKBEM first needed to 
perfect the old N I-L3 before moving on to the L3M. He cautioned that funding for all these pro- 
posals were limited and thus Mishin should reduce his requests to cater to the exigencies of the 
day. With wavering support, by the end of 1970, there was still no official word on the pro- 
posal. Meanwhile. Mishin, on h ~ s  own initiative, had contrnued to focus work at his design 
bureau on L3M, simultaneously with all the work on the N I -L3 and of course the new space 
station program. Thts time, he did not want to make the same mistake of going wrth an "all- 
up" testing philosophy, which had, to an extent, crippled the N I program. It was clear to him 
that one of the most important elements of the new L3M plan was the use of the high-energy 
upper stages. To fully test these out prior to their actual use on a lunar miss~on, Mtshin's engi- 
neers, by April 1970, emerged with a proposal to develop a smaller version of the N I, called the 
N I I. Such an idea, with the exact same designation, had been offered by Korolev in the early 
1960s, but had never gotten off the ground because of a lack of funding. As envisioned at the 
time, the N i I was a three-stage rocket with: 

Stage Origin 

I 
II 
Ill 

Blok B (stage II) from the N I 
Blok V (stage Ill) from the N 1 
Blok S, (modification of the high-energy Blok 5,) 

In October 1970. Mishin met with Brezhnev to brief the Soviet leader on the course of the 
piloted lunar landing program. One of the main topics of conversation was the creation of an 
improved N I -L3 complex-effectively the N I -L3M proposal-and the use of high-energy 
upper stages for both the N I and the N I I. TsKBEM was evidently short of money to build test 
stands for the stages." As was typical of many other test programs, the N I 1 as a viable option 
did not last very long. Although it was discussed at the Military-Industrial Commission level in 
October 1970, by December, there were doubts about the feasibility of rapidly building the N I I 
in its current configuration. Eventually. it was completely abandoned. Mishin's engineers would 
have to make the direct jump from the N I to its modlfred version with hrgh-energy stages. 

33 These stages included Blok 5 , .  Blok 5,. and Blok 5,. There were a t  least two conceptions of the NI I 
one the b a s ~ c  N I I and the other called the N I I S  
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D R E A M S  U N FU L FI L L ED  

The N I I may have been dropped from consideration, but Mishin was allowed to proceed 
with his important Blok SR stage. In May 1971, a formal decision was taken on the develop- 
ment of Blok 5, replacing the various previous incarnations of high-energy upper stages, 
such as Blok R and Blok S. Blok SR would be a universal upper stage for launching heavy 
space apparatus into geostationary Earth orbit and for sending heavy automatic stations on 
trajectories to the planets. Its primary job, however, would be to serve as the lunar-orbit 
insertion stage for the L3M mission. After an initial planning stage involving comparisons of 
different liquid hydrogen-LOX engine configurations for a single variant, engineers adopted 
Chief Designer Isayev's I ID56M engine for the stage because it would "ensure the best 
characteri~tics."'~ In the final analysis. Blok SR was equipped with two of Isayev's I lD56M 
engines with a primary thrust regime of 15.08 tons and a medium thrust regime of eight tons. 
It was capable of being fired up to five times over a period of eleven days in a state of weight- 
lessness and vacuum-that is, deep space. The performance characteristics for this first Soviet 
liquid hydrogen-LOX engine were remarkably high, comparing very favorably to NASA's 
Centaur RL-10 engine in terms of specific impulse. According to preliminary calculations. Blok 
S, could deliver a mass of 23.8 tons (for a piloted ship) or 24.1 tons (for an automated ship) 
into lunar orbit, twenty tons to geostationary orbit around Earth, or 27.8 tons to a trans-Martian 
trajectory. The stage itself was sixteen and a half meters in length and just over five meters in 
diameter.13 

The decision to select Isayev's I I D56M engine over Lyulka's I I D57 engine for Blok S ,  had 
as much to do with technical considerations as it did with bureaucratic infighting. Lyulka's 
engine had run into serious technical trouble in 1970. By July, it was clear that its testing 
program was severely lagging, and by the end of the year, planners had al l  but given up on 
its use in the immediate future. The technical issues were compounded by interministerial 
jealousies. Lyulka's organization, the design bureau of the Saturn Plant, was part of the Ministry 
of Aviation Industry, and thus outside the "mainstream" of the Soviet space industry, which 
was part of the Ministry of General Machine Building. The latter's head, Minister Afanasyev. 
was evidently unwilling to have another chief designer from the aviation industry "interfere" in 
the N I-L3 program." While Lyulka doggedly continued his work on Blok R, his engine was 
temporarily sidelined from the N I program. 

A specific technical design for Blok SR enabled more precise definition of the N I-L3M 
proposal in 1971 because the capabilities and mission profile depended to a great extent on 
the performance characteristics of the upper stage. The main component of the plan was the 
N I F, an upgraded N I that would incorporate improvements in each of its stages. The first three 
stages would use the new and better Kuznetsov engines capable of multiple firings, which 
were under development since 1970. Each replacement engine had the same thrust level as its 
predecessor. The fourth and fifth stages, strictly a part of the payload, would be replaced by a 
single high-energy upper stage, Blok SR. The final configuration for the upgraded N I was: 
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stage Stage Name Engines Thrust Levels 

I Blok A 30 X NK-33 30 X 154 tons (sea level) 
I i Blok B 8 X NK-43 8 X 179 tons (vacuum) 
111 Blok V 4 X NK-39 4 X 4 l tons (vacuum) 
IV (payload stage) Blok SR 2 X I I D56M 2 X 7.54 tons (vacuum)" 

The L3M flight plan would use two of these N I Fs to carry out the mission. The payload 
block for the first N I would consist of Blok 5, and a Blok DM stage with a total mass of 
104 tons. The payload block for the second N I would consist of another Blok SR and the actu- 
al lunar lander, the LKM, with a total mass of 103 tons. 

Little has been revealed on the technical details of the LKM. In appearance, it looked like a 
greatly enlarged version of the smaller LK from the L3 project. The mass of the LKM- 
23.7 tons, which was about four times more than its predecessor-would seem to indicate a 
dramatic leap in abilities. The LKM had two distinct stages, the descent stage (or landing 
adapter) and ascent stage (the living compartment). The descent stage consisted of four long 
legs attached to a central framework, which included various systems. The nineteen-and-a-half- 
ton ascent stage was shaped like a huge cocoon consisting of two major portions, both with- 
in its external spherical hull: the descent apparatus and the instrument compartment. 

The almost eight-and-a-half-ton descent apparatus was shaped somewhat like an enlarged 
Soyuz reentry capsule and installed on the upper portion within the cocoon. It was internally 
connected to the cylindrical instrument compartment in the lower portion of the cocoon. After 
launch and during flight, the cosmonauts would leave the descent apparatus and crawl into the 
instrument compartment to carry out all in-flight operations, including landing on the Moon. 
The instrument compartment afforded a large internal space with viewports to select an opti- 
mal landing site.'"The main engine complex of the LKM was attached to the ascent stage and 
would be used several times throughout the mission. It  included a primary and backup throt- 
tle-capable engine unit, both using storable hypergolic propellants: these may have been con- 
tracted to KB Yuzhnoye, which developed the LK main engine. The increased mass of the LKM 
over the earlier LK afforded significant upgrades in systems. One historian noted: 

The use of the "direct configuration" made it possible to equip the craft with a compli- 
cated system of more advanced radio gear for the precise and reliable performance of 
maneuvers connected with searching. meeting, and docking in lunar orbit. Such a larger 
I K  would moreover have had greater freedom of  maneuver close to the surface to select 
a landing site. 'g 
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Each N IF would launch its payload block 
toward the Moon using its own Blok S, to acceler- 
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ate to translunar injection. Near the Moon, the 
same stages would fire to put their respective pay- 
loads into lunar orbit. Once there, the two Blok SR 
stages would be discarded, and the Blok DM stage 
would dock with the large LKM. If for some reason 
the docking failed, the cosmonauts could simply 
return to Earth in their LKM spacecraft without 
having to carry out any extraneous spacewalks. In 
case of a successful docking. Blok DM would 
decelerate the complex from lunar orbit and initiate 
a powered descent to the lunar surface. Much like 
the earlier 13 plan, after Blok DM'S propellants 
were exhausted, the LKM would take over the 
remaining portion of the descent to the surface 
using its own engine. Depending on the size of the 
crew, the stay on the Moon would last from five 
(three cosmonauts) to fourteen days (two cosrno- 
nauts). After the entire surface exploration was 
over, the cosmonauts would lift off from the Moon 
in the living compartment, leaving behind the large 
descent stage on the surface. Once again, using its 
own engine, it would directly fire itself on a trans- 
Earth trajectory. Another less preferable option was 
to enter an intermediate orbit around the Moon 
before returning to Earth. Once near Earth, the liv- 
ing compartment would open up into two pieces, 
much like a clam, and release the actual descent 
apparatus containing the crew. After a controlled 
reentry into Earth's atmosphere, the cosmonauts 
would land either on Soviet territory or in the 
Indian Ocean.@ 

The N I F-L3M plan offered the hope of carry- 

- 

meterr 

NIF ( 1 1 ~ 5 2 ~ )  

1972 (project) 
- 

ing out a series of impressive lunar landing mis- The NIF~ar iant of the basic N I  rocket was 
rntended to launch the advanced L3M complex sions. However, while the Communist Party, ,or long-duratron stays on the Moon The 

government, and industry had been lukewarm at program rece~ued prelrmrnaiy approval by 
best on the N 143, would they commit to the the ~ounc i l  of Chief Designers In May 1972 
expanded version of it? The central question was (copyrtght Peter Gorin) 

obviously financing, and money was, in fact, one 
of the crucial issues in L3M planning within TsKBEM. There was also the question of what to 
do with the old 13 project. To resolve these issues, the Politburo signed an order on February 
17. 197 1 ,  titled "On the Designation of an Expert Commission on N ILL3 Under the 
Chairmanship of M. V. Keldysh." The new Expert Commission would be tasked with three 
goals: 



To evaluate the possibility of carrying out a lunar landing with one cosmonaut (that is, the L3) 
To evaluate the optimal program of work with regards to the Moon 
To evaluate prospective programs (that is, the L3M) 

Col. General Kamanin, who was not a member of this Expert Commission, had some inter- 
esting comments on the body in his journal entry dated March 4, 1971 : 

For several years I haue argued [ I  made two special visits to the Central Committee of 
the Party and repeated visits to the Military-Industrial Commission) that the N I  rocket 
and the lunar 13 spacecraft were hopelessly outdated and that our Moon mission pro- 
gram should be drastically revised. Finally, the Central Committee and the Council of 
Ministers have appointed a commission, chaired by Keldysh, which has been given until 
May 1 .  1971, to answer the question of what to do with the lunar complex and with the 
existing mission-to-the-Moon program. My answer would be most definitely that the N I  
rocket and the 13 spacecraft should be scrapped, that Chelomey's UR-700 rocket should 
be modified and a new lunar probe designed with a view to sending the first mission to 
the Moon in 1974-75. Mishin and his supporters are afraid of such a prospect: they 
haue staffed the panel with people who will toe their line. The most likely outcome will 
be that the Keldysh panel will recommend continued attempts to "cure" a bad rocket 
and an equally bad  pacec craft.^' 

Kamanin was not entirely correct that the commission was staffed with people sympathetic with 
Mishin. Keldysh pres~ded over six different subcommissions whose heads were chief designers 
and academicians from various branches of the aviation and m~ssile industry, many of whose 
organizations had not participated in the NI-L3 program, nor had any vested interest in the 
project. Only five senior officials from TsKBEM were members of these subcommissions.42 

At a meeting of the commission on May 3 1 ,  Keldysh asked TsKBEM to prepare a formal 
proposal on the future of the N I-L3 program by June IS .  Immediately. Mishin assembled his 
senior deputies, and through the ensuing days, there was much discussion on the issue. The 
preliminary plan was to follow through on piloted lunar exploration in three stages: 

Use the N I -L3 for piloted lunar-orbital flights with automatic landings of the LK 
Use the N I -L3 for a lunar landing, using both Earth-orbit rendezvous (to deliver the crew) 
and lunar-orbit rendezvous 
Use the N I F-L3M to link up elements in lunar orbit for an extended lunar landing and then 
directly return to Earth4' 

The pressure to completely abandon any thought of using the L3 for a piloted lunar land- 
ing was formidable. At a meeting in late July 1971, Minister of General Machine Building 
Afanasyev, Academy of Sciences President Keldysh, and Ministry Chief Directorate Chief 

4 1 Kamantn ' I  Feel Sorry for Our Guys ' p I 2  
42 Among the subcornrn~ss~ons were Subcornrn~ss~on no I chalred by MKB Fakel General Deslgner P D 

Grush~n. Subcomrn~ss~on no 3 chaired by TsKB Alrnaz General Designer B V Bunkin Subcomm~ss~on no 4 cha~red 
by USSR Academy of Sc~ences Vtce President V A Kotelnlkov and Subcomm~ss~on no 5 chalred by Deputy Mlnlster 
of Health A I Burnazyan TsKBEM representatives on the subcornrn~ss~ons Included 5 0 Okhapkln and K D 
Bushuyev (on no I) M V Melnikov (on no 2) B Ye Chertok (on no 3) and Ya I Tregub (on both nos 4 and 6) 

43 There was an add~t~onal poss~bil~ty w~thln the second opt~on to carry out the NI L3 rnlssron with a 
slngle launch Th~s would however only be poss~ble ~f engtneers could increase the llftlng capablllty of the NI 
wh~ch was st111 not up to des~gn levels by 1971 



Kerimov al l  agreed that the original N 1-13 complex should not be used for landing a 
cosmonaut on the Moon. They were even against using the N I-L3 for an automatic landing, 
as proposed by Mishin earlier. While debate over automated L3 landings continued, the origi- 
nal L3 piloted lunar landing plan received its final death knell at a meeting of the Keldysh com- 
mission on August 16, 1971. I t  had been almost exactly seven years to the day since the Soviet 
government had approved Korolev's 13 idea. The question of whether to use the remaining 
components of the L3 complex was left unresolved. At the same time. TsKBEM would commit 
its resources to perfecting the L3M plan. Mishin, in fact, signed the preliminary materials for a 
"prospective" lunar expedition-that is, the new L3M plan-on the same day as the Expert 
Commission's meeting. He was instructed to have the predraft plan ready by early 1972. 

Throughout the latter part of 1971. Mishin's engineers continued evaluating various 
options for L3M.44 This effort included freezing the design of the new descent apparatus with 
two new parachutes and reexamining the most optimal trajectories to and from the Moon-an 
exercise that evidently included studying data from the recently completed Apollo IS mission. 
Support for the L3M option was growing at the time. Mishin later recalled: 

We finally managed to get technical tasking from the USSR Academy of Sciences for a 
lunar mission [that is, the 13M] with a list of problems that i t  was supposed to solve. It 
must be noted that no such specifications had ever been received from the Academy for 
the first version of the mission [that is, the 

The Expert Commission's recommendation and the "technical tasking" of the Academy 
of Sciences were important factors in providing some much needed impetus to the N I F-L3M 
proposal. By the end of 1971, Mishin's engineers had evidently completed the detailed draft 
plan for the project. Even the all-powerful Military-Industrial Commission took an interest, issu- 
ing a decree on February 16. 1972. in support of further work on such a project. If obstinate 
opponents of the N I such as Chief Designer Clushko opposed the plan early in 197 1, they al l  
came around to the same po~nt  of view. On May 15, 1972, the Council of Chief Designers for 
the lunar program formally adopted the N IF-L3M plan, titled "Technical Proposals for the 
Creation of the N I -L3M Complex." Even Glushko signed the final document.46 

In contrast to the utter chaos that had pervaded the birth of the N I-L3 in the early 1960s. 
this new project was not born out of jealous infighting among the chief designers, nor from 
external political imperatives. For the first time in a major Soviet space project, the pace was not 
dictated by what the United States was doing. This alone could have made the proposal worth 
pursuing, but the L3M also had excellent technical characteristics, well-planned schedules, and 
painstaking cost assessments to back it up. Mishin originally had planned for launches in the 
new program to begin simultaneously with the winding down of the original L3 project-that 
is, in 1974. According to preliminary plans in September 1970. there would be two launches 
in 1974 and four in 1975. the latter perhaps including actual piloted landings. By the time of 
the May 1972 decision, the timeframe was moved back by about two years, with launches 

44 For example opt~ons explored In late September 1971 Included ( I )  a two-launch scheme w ~ t h  docklng 
In lunar orblt wlth either (a) a d~rect fl~ght from the Moon to Earth or (b) w~ th  a second docking ~n lunar orbit and 
then return~ng to Earth and (2) a two launch scheme w ~ t h  docklng in Earth orbit w ~ t h  e~ther (a) a direct landing 
on the Moon and d~rect return to Earth or (b) a plan s~m~lar to the or~glnal N ILL3 In lunar orbit One of the more 
Interesting poss~b~l~t~es was using the new 7K 5 Soyuz variant In lunar orb~t 
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beginning in 1976 and landings in 1977. These latter missions would include initial cosmonaut 
surface stays lasting fourteen days, leading up to full-fledged lunar surface missions lasting an 
unprecedented month on the Moon.47 

What was even more astonishing about the L3M plan was that the Soviets did not stop 
there. There were even plans for permanent piloted bases on the lunar surface-plans that actu- 
ally harked back to about 1965. Sometime before his death in January 1966. Korolev had dis- 
cussed this idea with Chief Designer Barmin of the Design Bureau of General Machine Building. 
Although Barmin's main line of work was the design and development of ground launch com- 
plexes for Soviet missiles and launch vehicles, he was sufficiently interested in the topic to take 
on a modest subcontract from OKB- I to explore the design of permanent lunar bases. These 
studies continued well after Korolev's death. Mishin's TsKBEM remained in overall charge of the 
research, but cooperated with Barmin's design bureau in formulating the goals of the base, the 
principles of construction, the stages of development, and the composition of scientific and 
special manufacturing equipment. Barmrn's engineers also studied civil engineering methods, 
questions of life support systems and their maintenance, and power supply and radio commu- 
nications sy~tems.'~ 

The overall effort was generically called the Long-Duration Lunar Base (DLB) and consist- 
ed of several different thematic directions with names such as Kolumb ("Columbia"). Bolshoye 
koltso ("Big Ring"). Dal ("Distance"), and Osvoyeniye ("Mastery"). Engineers designed a ver- 
itable menagerie of various insect-like vehicles for work on the lunar surface, including: 

Vehicles equipped with radio beacons (whose design was based on the Ye-8 descent 
stage), which would guide spacecraft down to specific landing sites 
Huge "closed" lunar rovers with pressurized compartments for crews to collect samples 
using long and jointed remote manipulator arms without leavrng the comfort of their cabin 
Large utility vehicles for transporting vast amounts of raw materials across the lunar surface 
General crew mobiles capable of sustaining independent forays for days at a time 
Different automated rovers equipped with core-drilling manipulators built by Barmin's engi- 
neers for gathering soil samples 

The L3M lander would serve as the initial transport vehicle to the lunar surface, and later 
N Is would bring the remaining assortment of rovers and beacons. many of which would be 
built by the Lavochkin Design Bureau-an appropriate choice given its experience in designing 
automated lunar and interplanetary probes. Long-term plans included mining the Moon for 
helium-3, hydrogen, oxygen, silicon, titanium, aluminum, and iron for various manufacturing 
and industrial processes. For the actual bases, Barmin considered different alternatives. In one 
conception. the cosmonauts would live underground to efficiently use sublunar heat-exchange 
processes. The actual production structures, landing sites for transport rockets from the Earth, 
and refueling stations would be located far away from these laboratories, but they would be 
connected via special tunnels, either by foot or by means of moving "strips" similar to those 
in airports today. Another option studied was to have residential and operational structures on 
the surface with dome-like protective coverings built from transparent material. The entire com- 
plex would contain perhaps three habitation modules, equipment for the production of oxygen 
and other gases, installations for the extraction and transportation of lunar materials, and a 
nuclear-type power plantdq 
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Small models oielements of the Long-Durat~on lunar Base (DLB) are shown here In a museum display case 
Note the models of the NI-13 IK lunar lander at the left of the photograph. At least one 01 Babakrn's Ye-8 descent 

stages is uisible at center rlght. Several large rnob~le "crawlerx" are placed at the top from left to right 
(copyright Mark Wade)  

All of these proposals, for both the L3M and the DLB, were, of course, restricted by the real- 
ities of the day, primarily financial ones. Neither had, by 1972, received formal approval from the 
Council of Ministers and the Central Committee. Sanction from the Soviet leadership would prove 
difficult, but given the multiple recommendations in favor of the L3M, it was not thought to be 
impossible. All would depend on the success of the remaining launches of the older N I model. 
Their success would be critical to convincing the Soviet leadership that the N I rocket project was 
an effort worth pursuing and funding for the long run. Awaiting a formal decision on the L3M, 
Mishin elected to doggedly continue to flight-rate the older LOK and LK spacecraft, because much 
of the technology from these vehicles would be used in upgraded form on the L3M. Thus, if his 
plans were approved, the Soviets would fly the remaining L3 hardware to the Moon by the mid- 
1970s. begin the advanced L3M missions by the late i 970s. and then slowly move to the DLBs 
by the first years of the following decade, possibly initiating the first colonization of the Moon. 

Ironically, at the very same time that the Soviets were conceptualizing such grand projects, 
the U.S. civilian space program was suffering from post-Apollo malaise. In its early days, NASA 
had been well equipped to cope with repeated failures of its rockets and satellites, but in the after- 
math of Apollo I I, it was unable to cope with success. Having been a single-issue agency, NASA 
leaders were facing the problem of using dwindling financial and human resources to create a ten- 
able vision of the future. One of the most compelling components of this new vision was to cre- 
ate the means for "routine access to spaceM-that is, a shuttle vehicle that would service future 
space stations and haul scientific and applications satellites into space. Initially, in the fall of 1969. 
NASA had hoped that President Richard M. Nixon would approve an ambitious plan to build a 
space station. the Space Shuttle, and a piloted Mars project. As the financial realities sank in, this 
aggressive plan was reduced ultimately to just the Space Shuttle, which itself was redesigned sev- 
eral times to meet budget limitations, thus sacrificing much of its original raison d'itre-that is. 
"routine access to space." In January 1972. Nixon met with NASA Administrator James C. 
Fletcher and issued a statement announcing the decision to "proceed at once with the develop- 
ment of an entirely new type of space transportation system designed to help transform the space 
frontier of the 1970s into familiar territory, easily accessible for human endeavor in the 1980s and 



' ~ O S . " ' ~  Without a space station or a Mars mission, the United States was left with a plan of pilot- 
ed space exploration that was lacking in a concrete vision, a means that had no end. At the 
same time, the Soviet Union was dramatically planning to up the ante, squarely targeting the 
Moon and building new space stations, including both the small DOS and the giant MKBS. 

Building the Salyut Long-Duration Orbital Station 

The Long-Duration Orbital Station, better known by its acronym "DOS." was designed. 
built, and tested over a remarkably short period of time. Not surprisingly, the mainframe of the 
station was identical to Chelomey's Almaz station-that is, roughly shaped like three cylinders 
of different diameters connected end on end. For the DOS (or product I7K). this design was 
augmented by a fourth cylinder. The total length in orbit was about 16 meters. From the sta- 
tion's forward end to its rear, the "cylinders" of the 18.9-ton station were the: 

Transfer compartment 
Working compartment (consisting of two of the "cylinders") 
Aggregate compartment 

The transfer compartment at the forward end was equipped with the passive docking node 
for receiving Soyuz ferry vehicles. The length of this section, including the node, was three 
meters, and the diameter was two meters. This compartment primarily contained equipment for 
life support and thermal regulation. The major scientific component was the Orion- l ultravio- 
let telescope, which included a locked chamber for removable photo cassettes. Part of the tele- 
scope. designed by the Byurakan Astrophysical Observatory, jutted out of the compartment in 
a hemispherical depression embedded on the outside of the section. Other equipment includ- 
ed cameras and biological instrumentation. The short compartment also included an eighty- 
centimeter-diameter hatch for allowing crews to egress from the station for spacewalks. On the 
exterior of the compartment, there were two large solar panels fixed like bird wings, each with 
four paneled sections. With a wingspan of eleven meters, these were created on the basis of 
the solar panels on the 7K-OK Soyuz spacecraft. Other equipment on the exterior of the trans- 
fer compartment included the lgla rendezvous system antennas, lights for docking approaches, 
one of two external TV cameras, panels for heat regulation, ion sensors for the attitude control 
system. and panels for micrometeoroid detection. 

Swimming from the Soyuz into the transfer compartment, a cosmonaut would open a 
second hatch and then enter the working compartment, the largest portion of the station. Its 
two cylinders of different diameters were connected via a conical transfer section. The smaller 
cyl~nder had a diameter of 2.9 meters and a length of 3.8 meters, while the measurements for 
the larger cylinder were 4.15 meters and 2.7 meters, respectively. The smaller diameter section 
contained the central command post for controlling the station with a control panel and on- 
board computers. The control system for the station was derived from the original 7K-OK Soyuz 
system, a measure adopted to eliminate extra effort. One movie camera and one still camera 
were installed on the "upper" wall of the section, allowing direct access to the outside. The 
small diameter area also contained a table for work and eating, facilities for heating food, drink- 
ing water, on-board documentation, a tape recorder, a library, a sketch album, and other items. 

50 john M Logsdon "The Evolutron of U S Space Policy and Plans." in john M Logsdon gen ed with 
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NASA Special Publ~cat~on (SP) 4218) pp 386-88 Roger D Launius NASA A History of the US Ciuii Space 
Program (Malabar FL Krreger Publ~shrng Co 1994) pp 107-10 



Here 1s a model srmulation 01 a 7K-T Soyuz spacecraft ([eft) docking with the early model of the 
DO5 space stallon (Salyutj (NASA photo) 

Moving aft, a cosmonaut would then enter the large diameter area. The primary equipment 
here was a large cone with its base on the "floor" and its apex almost to the "ceil~ng"; it was 
called the scientific apparatus compartment. The latter consisted of, among other instruments, 
the OST-l two-meter-diameter solar telescope designed by the Crimean Astrophysical 
Observatory. At the rear of the large-diameter area, there were three posts for work on other 
scientific apparatus, which included the Anna-3 gamma-ray telescope, the TEB telescope for 
studying charged particles in the upper atmosphere, the Kalina ("Viburnum") instrument, and 
the FEK-7A photo-emulsion camera. Other scientific instrumentation on the station included the 
RT-4 Roentgen telescope built by the Physical Institute of the Academy of Sciences, the ITSK 
infrared telescope-spectrometer, and the OD-4 optical visor instrument. The AFA-4 1/20 and 
AFA-M-3 I cameras were for Earth resources surveys. Disciplines apart from Earth observation 
and astrophysics were also represented. There was a virtual menagerie of medical instrumenta- 
tion with their own enigmatic names: Polinorn-ZM, levkoy-2M ("Gillyflower"). Tonornetr, 
Rezeda-2M ("Mignonette"), Irnpuls ("Impulse"). Vertikal-M ("Vertical"), Plotnost ("Density"), 
Raduga ("Rainbow"), and Kreslo ("Seat"). During exercises, the cosmonauts would wear the 
Atlet ("Athlete") suit, while at other times they would don the Pinguin ("Penguin") suit, which 
would force the crew to act against allowing the suit to assume its normal fetal position. In addi- 
tion, the Chibis ("Lapwing") was a special "suit" designed to generate negative pressure on the 
lower body to reduce orthostatic intolerance during the return to Earth. Finally, there was also a 
special "antigravity" suit for the cosmonauts to wear before the end of the mission. The total 
mass of all scientific devices on the station was one and a half tons. 

The large-diameter area also contained sleeping areas for the cosmonauts, physical trainers 
(including a stationary running track capable of ten kilometers per hour and a "vele- 
ergometer"), a refrigerator with a supply of food products and water, and a toilet with its own 
forced ventilation system isolated from the rest of the station. All around the large-diameter 
area, there were panels on the walls giving easy access to instrumentation for controlling 
the station-those for life support, thermal regulation, power supply, radio communications. 



trajectory measurement, and command radio links. So as not to disorient crews in space, the 
station had a specific color scheme: the front and rear were light gray, one side was apple gray. 
the other wall was yellow, and the "floor" was dark gray. The exterior of the working compart- 
ment had various antennas from the station's radio complex and micrometeoroid impact panels. 

The DOS contained seven specific locations for manually controlling the scientific apparatus 
and station systems. Station no. I, the central command post of the station. was located in the 
lower part of the small-diameter portion. Equipped with two chairs, cosmonauts could control 
the basic on-board systems and part of the scientific equipment from here. Station 
no. 2, the "astropost." was also located in the small-diameter area: it was designed for manual 
astro-orientation and astro-navigation. Station no. 3 was in the large-diameter section and was 
exclusively for controlling the scientific apparatus. In addition to scientific research, Station no. 
4 was for medical investigations and was located in the conical section between the small- 
and large-diameter sections. Station no. 5 was specifically for controlling the Orion-1 stellar 
telescope and was located in the transfer compartment. Station no. 6, like Station no. 2, was 
for astro-orientation and navigation; it was located in the small-diameter section. Finally. Station 
no. 7 was for controlling scientific apparatus focused on studying "atmospheric resonance" 
using the ERA instrument and was located opposite to Station no. 6. 

The final section of the station was the aggregate compartment at the very aft end of the 
DOS. Not accessible by the crew, this compartment was a simple cylinder with a diameter of 
4.15 meters and a length of 1.4 meters hooked to a semispherical shell attached to the station 
proper. The cylindrical portion was appropriated directly from the aggregate compartment of 
the Soyuz spaceship, and it contained the main maneuvering engine of the space station, the 
55.66. The engine, almost identical to the Soyuz main engine, was developed by the same 
enterprise that had developed the one for Soyuz. Chief Designer Isayev's Design Bureau of 
Chemical Machine Building (formerly OKB-2). The 55.66 had a primary single-chamber engine 
with a thrust of 4 17 kilograms and a reserve two-chamber one with a thrust of 4 1 I kilograms. 
In addition to the main engine, the station was equipped with a set of thirty-two small attrtude 
control thrusters of ten kilograms thrust each, developed by the Scientific-Research Institute of 
Mach~ne Building based at Nizhnyaya Salda. The attitude control complex consisted of two 
independent systems-a primary and a backup-each consisting of sixteen engines (six for 
yaw, six for pitch, and four for roll). The propellant tanks for these engines were installed in the 
aggregate compartment. 

Two large solar panels, identical to the ones at the forward end of the station and derived 
from the Soyuz spacecraft, were installed on the aggregate compartment, lending the station 
a bird-like appearance. Electrical energy for the station was passed through independent 
systems-the SEP-I and SEP-2-each with a potential difference of twenty-seven to twenty- 
eight volts. These could work simultaneously using the two pairs of solar panels, with a total 
surface area of twenty-eight square meters, to charge two internal nickel-cadmium batteries. 
SEP-2 was designed for intermittent work and was only for the scientific instrumentation." 

From an overall perspective, the DOS spacecraft was essentially created by combining the 
Almaz space station with the Soyuz spaceship. The number of systems appropriated from the 
latter were numerous, including the entire orientation and approach control systems, the Zarya 
radio-communications systems, the RTS-9 telemeasurement system, the Rubin orbital radio- 
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control system, the DRS command radio-link system, the central pilot control panel, the lgla 
rendezvous system, and the life support systems. The thermo-regulation system used on the 
DOS was an updated version of the one on Soyuz. There was widespread cooperation in the 
building of the DOS. Apart from TsKBEM. TsKBM's Moscow Branch, and the M. V. Khrunichev 
Machine Building Plant, numerous other organizations contributed to the rapid pace of 
progre~s.~~ 

One of the essential components of creating the DOS-7K complex was developing a ferry 
version of the Soyuz spacecraft. which would ensure internal crew transfer after docking. The 
original Soyuz docking system was, of course, designed in such a way as to precisely prevent 
such internal passage. By late 1969, TsKBEM had begun redesigning the 7K-OK Soyuz into the 
"new" 7K-T Soyuz specifically for the DOS program. In early 1970. Department No. 23 1 at the 
design bureau issued the draft plan for the ferry vehicle under the overall leadership of Deputy 
Chief Designers Bushuyev and Tsybin. The 7K-T ship had an active docking unit with a rod 
compatible with a cone on the passive docking node on the DOS ship. Given the rapidity with 
which Mishin's engineers managed to design a complex docking mechanism capable of inter- 
nal crew transfer, it is quite likely that they used the experience in creating a similar mechanism 
for the "advanced" but still-not-yet-flown 7K-S variant of the Soyuz. The Azov Machine 
Building Plant carried out the manufacture of the new docking mechanism, which had a 
0.8-meter-diameter hatch. 

Unlike the basic Soyuz, the 7K-T had a simplified life support system because it did not 
need to ensure autonomous flight for very long. The systems related to the lgla rendezvous 
system were transferred to the living compartment at the forward end of the ship, and one of 
the command radio links was removed completely, allowing for the elimination of the toroidal 
compartment around the engine unit at the rear of the original Soyuz. The 7K-T transport ship 
had a launch mass of 6,700 kilograms, which was about fifty kilograms in excess of its prede- 
cessors; its descent apparatus weighed 2,800 kilograms. As a whole. the ship was 6.98 meters 
in length. The vehicle would be capable of carrying three cosmonauts without pressure suits 
and return only twenty kilograms of scientific results back from the station, suggesting that the 
Soviets were pushing the upper limits of what they could squeeze out of the Soyuz booster- 
spacecraft system at the time. The new Soyuz was rated for sixty days of flight time, of which 
three days would be autonomous. In a clear departure from previous Soviet practices. TsKBEM 
elected to forego automated missions of the 7K-T Soyuz and go directly to piloted launches." 

If the DOS program had, at least in the initial phases, a temporary feel to it, by the end of 
1970. TsKBEM had tabled several ambitious plans to extend its capabilities far beyond its 
modest origins. One crucial design issue was the addition of a second docking node to allow 
resupply visits to the station. Mishin recalled later that he had proposed the use of two dock- 
ing ports on the very first DOS vehicle, but he had been overruled by Ustinov "in order to has- 
ten our success."54 By May 1970, engineers apparently planned for the second DOS to have two 
docking ports, allowing for visits simultaneously by two "advanced" 7K-S Soyuz vehicles. 
Changes crept into the plan in the subsequent months. In a preliminary conception of the five- 
year space plan for the Soviet Union covering I97 1 to 1975, prepared in late September 1970, 
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the Soviets were tentatively visualizing the launches of ten such space stations over the course 
of five years-that is, two per year. By this time, the third DOS vehicle would be the first 
standard model with two docking ports; the remaining vehicles would all be identical save for 
the internal complement of scientific equipment. The DOS number 3 would also be the first 
station to be serviced by the 7K-S Soyuz. Work on the second DOS had already started by the 
end of 1970, before the launch of the first DOS, with work advancing to the crew selection 
stage. Apart from the basic Almaz-based DOS model, Mishin's engineers also conceptualized 
much more advanced versions. In early September 1970. Ustinov visited TsKBEM to hear 
reports on the progress of the DOS program and, at least tentatively, approved "prospective" 
developments, specifically a station named the DOS-N, to be launched by an uprated N I rocket. 
Later, in March 1971. Mishin reported to Ustinov on another DOS variant, the DOS-A. 
evidently proposed as a direct competitor to NASA's Skylab space station, which was far 
larger than the original DOS variants based on Almaz. 

The DOS program may have been primarily a politically motivated program, but there was 
much debate over what kind of scientific instrumentation to have on the station. In July 1970. 
Mishin spoke with Academician Georgiy I. Petrov, the Director of the Institute of Space 
Research under the Academy of Sciences, to discuss the possibility of installing a radio tele- 
scope with a fifteen-meter-diameter parabolic antenna on a DOS. Later in the month. Mishin 
also sent a letter to various scientific (and probably military) organizations asking what kind of 
goals they would like to be solved on the station-a significant change from the haphazard 
nature of scientific research on piloted space missions throughout the 1960s. In early February 
197 1 .  Mishin met with Viktor A. Ambartsumyan, a Vice President of the Academy, to discuss 
the long-term scientific goals of the DOS. Several requirements were established: 

The Soviets needed a program for space-based astronomy research. 
Resources were needed for creating optical and radio telescopes in Earth orbit. 
Four of the future DOS vehicles should be equipped with telescopes of I meter in d~ameter 
for astronomy research. 
A space-based parabolic antenna should be developed with a diameter of thirty to fifty meters. 
A telescope with a mirror of three meters diameter should be created for seven to eight 
years of operation in orbit. 

While all of these were not intrinsically related to the DOS, the space station program seems 
to have served as a catalyst for this new cooperation between the scientific and space com- 
munities. 

Crews for the first DOS were slow to train for the first space station missions because of 
the inevitable acrimony over crew selection that had continuously plagued the Soviet piloted 
space program. On April 23, 1970. Mishin had initially proposed a set of four crews for the two 
planned missions to DOS-I. Not surprisingly. Air Force representative Col. General Kamanin 
refused to approve the choices. He believed that one man. TsKBEM civilian engineer Feoktistov, 
was not medically suited for flight. Feoktistov had also recently been divorced from his second 
wife, which would make him unsuitable for space flight. Another man. Air Force Colonel 
Volynov, who had earlier flown the Soyuz 5 mission, was unacceptable to Kamanin because he 
was Jew~sh. Kamanin had been instructed by Ivan D. Serbin, the chief of the Defense Industries 
Department in the Central Committee, not to allow Volynov to fly again. Finally, a third man, 
Air Force Colonel Khrunov was deemed inadequate because of his behavior after a recent 
hit-and-run accident in which he had failed to come to the help of the victim. After a major 
reshuffle of the crews. Kamanin and Mishin agreed to four new crews on May 13. The first two 
crews who would fly the first space station missions were: (I) Shonin. Yeliseyev, and 
Rukavishnikov and ( 2 )  Leonov, Kubasov, and Kolodin. 



Both commanders and flight engineers were veterans of previous missions. Leonov. ~n 
particular, had finally terminated his training for piloted lunar missions in May 1970 after close to 
four years of work. Different members of the crews began their training at various points in 1970, 

but the two main crews plus a third backup crew did not begin integrated training until September 
18. 1970, a few scant months prior to the expected launch of the first DOS. The fourth crew, who 
were not actually expected to fly, but whose commander would play an important role in the 
history of this first space station program, did not even begin training until January 197 1 ." 

From the outset of the DOS program, it was clear that the Soviet space bureaucracy 
was managing this program with much more verve than its lackluster performance during the 
piloted lunar programs. There were regular meetings at the highest levels to assess the pace of 
preparations with necessary actions to compensate for potential delays. Publicly. Soviet 
spokespersons were claiming left and right that the future of space travel depended squarely on 
the development of Earth-orbital space stations. But these words would have to be backed up 
by actions. In late August 1970, word came down from the Central Committee that the first 
DOS article would have to be launched in time for the 24th Congress of the Communist Party 
of the Soviet Union, to be held in the spring of 1971. Later, in September. Minister Afanasyev 
called Mishin to ensure that the launch would be in January 1971 before the opening of the 
Party Congress, thus distinctly linking socialist doctrine with the Soviet expansion into space. 

On September 23, 1970, Ustinov presented Mishin with a deadline for the launch of 
DOS- I -February 5 .  197 1 -that is, a few weeks before the Congress. According to the plan. 
ground testing of the station would be complete by December 10, and the station would be taken 
to Tyura-Tam January I - 10, 197 1. The timing with the Party Congress significantly upped the ante 
of the program. Afanasyev personally visited the Khrunichev Machine Building Plant on October 
I, demanding that engineers complete the assembly of the first flight vehicle within forty-five 
days. Despite assurance from the leading officials at the plant that this would be impossible. 
Afanasyev did not back down. Working overtime, the workers at the plant eventually managed to 
fulfill the minister's demands, completing the manufacture of the first DOS by the end of 
November 1970. The assembled station was then transferred to TsKBEM for final ground te~ting.~" 
Despite the hectic pace, there were delays. By mid-November, it was clear that Ustinov's schedule 
would not stand. On December 21, the first State Commission meeting for the DOS-7K com- 
plex took place in Moscow. The launch was postponed to March 15, 1971, still just a scant 
twelve months after the DOS program had been inaugurated. One issue of discussion during 
this period was the length of the two missions to DOS-I. Based on the resources of the 
station, Mishin had originally envisioned the first lasting thirty days and the second forty-five 
days. Several cosmonauts met with the chief designer in October 1970, proposing that the first 
flight be shortened to twenty to twenty-two days-a request apparently based on the abysmal 
condition of the Soyuz 9 crew after returning from their eighteen-day mission. The length issue 
was discussed at the State Commission meeting on December 21, but it was left unresolved 
because of opposition from Kamanin on performing a thirty-day miss i~n.~ '  
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The stage was set for the Soviet revenge on Apollo. The leap that the Soviets took in 197 1 .  
however, proved to be of a different nature. It was a story mired in the most bitter of ironies. 
the most dramatic of events, and certainly the most tragic of consequences. 

On February 5 ,  1971, just over a month prior to the scheduled launch of DOS-I. Air Force 
Colonel Ceorgiy 5. Shonin, the commander of the first space station crew, did not report to 
training at the Cosmonaut Training Center. Kamanin personally took over the investigation and 
found to his surprise that this was not the first time that there had been such an absence. After 
further investigations, he found that Shonin had, without authorization, checked into a hospi- 
tal for an unspecified "illness," which had come to light after a recent trip to the Tyura-Tam 
launch site. Leonov, the commander of the second crew, made a vain attempt to defend 
Shonin's actions, but it was too late. When Mish~n discovered this lapse in training, he imme- 
diately asked Kamanin to dismiss Shonin from the mission and, in "a fit of temper." proposed 
an all-civilian crew to fly the first mission. In the end, Mishin backed down on his all-civilian 
proposal. and Kamanin removed Shonin from the primary crew. The "ill" cosmonaut was sent 
off to Burdenko Hospital and was found to have an unstated "reactive condition" as well as 
"psychological faults." Shonin, one of the original 1960 group of cosmonauts with Cagarin. 
never flew another space mission, although it seems that he recovered from this censure and 
trained again for space missions in the late 1970s.'" 

On February 12. Kamanin named revised crews for the first missions, inserting two-time 
veteran Shatalov as the commander of the first mission. It  could not hurt that Shatalov was the 
only cosmonaut in the entire detachment who had experience in docking in space. With the 
hapless Shonln gone, the first two crews to the DOS became: ( I )  Shatalov. Yeliseyev, and 
Rukavishnikov and (2) Leonov. Kubasov, and Kolodin. The third and fourth crews were accord- 
ingly shuffled. In a switch that only had meaning in retrospect, the third crew-essentially a 
back-up crew for the two primary crews-was Dobrovolskiy. Volkov, and Patsayev." None of 
them expected to fly. In fact. Dobrovolskiy had only begun training in January 1971. 

The frantic pace of preparing the space station began to catch up with its developers, as 
errors and delays crept into the preparations. On March 2. 1971, a readiness review meeting of 
the Council of Chief Designers took place, during which significant delays were acknowledged. 
There had been continual postponements in vibration testing of the station flight article, while 
serious malfunctions had cropped up in the ground testing of the lgla docking system to be used 
on the Soyuz transport spacecraft. Of four lgla systems built by the Scientific-Research Institute 
for Precision Instruments, three had failed testing; the fourth was working only margrnally. 
Furthermore, there were also major delays in the packing of the parachutes in the Soyuz capsule 
and the testing of the station's life support system. The flight version of the DOS had arrived at 
the Baykonur Cosmodrome in March 197 1 ,  allowing engineers to begin a forty-day working cycle 
to test the product. Here, engineers had to perform their tasks almost by a seat-of-the-pants 
approach. with makeshift equipment doing tasks that required "difficult physical work."" Mishin 
arrived at the launch site in late March, noting that many instruments had been removed from 
the station and that there had been mistakes during the assembly of ground systems. The delays 
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meant that the launch was delayed by another month, April 15 at the earliest; the Shatalov crew 
would be launched on April 18-20 to begin the first space station occupation. 

Originally, Mishin had decided to call the station Zarya ("Dawn") in the open press, but 
a t  some time immediately prior to the launch, there was some discussion on the issue. 
Apparently, the Chinese had used the same name for one of their satellites. Instead. Mishin 
himself suggested a t  the launch site that the station be renamed Salyut ("Salute") as a mark of 
respect for the late Yuriy A. Gagarin, the tenth anniversary of whose historic space mission was 
also in April 1971. The original Zarya name remained inscribed on both the station and the 
Proton rocket's payload fairing because it was too late to change it." 

The three main crews training for the flight were in the process of finalizing their training 
program by March 197 1 ,  although there was still no final word on the length of the first mis- 
sion-twenty to twenty-two days or thirty days. The overwhelming feeling was that the State 
Commission would vote for the latter. Mishin had evidently spoken at length with representa- 
tives of the Institute for Biomedical Problems on the issue, and he had decided that thirty days 
would not do significant harm to the human body. On March 16, the cosmonauts took their 
final exams, al l  of them doing splendidly, confirming their full preparedness for the mission. 
During a meeting on March 19, the State Comrn~ssion adopted a final decision to launch the 
station between April 15 and 18. The cosmonauts themselves flew into Baykonur on March 20 
to acclimatize themselves with prelaunch preparations at the Kosmonavt Hotel. They were wit- 
nesses to another failure during testing of the lgla rendezvous system, and one wonders 
whether their morale was not affected by the accumulating errors. After a brief training period, 
they returned to Moscow. Shatalov and Yeliseyev attended the 24th Congress of the 
Communist Party, which opened on March 30. Five days earlier, the Military-Industrial 
Commission formally approved plans for the two missions to the stat~on.~' 

The cosmonauts, Air Force officials, and many other industry representatives returned to 
the launch site on April 6. Three days later, the State Commission, headed by Ministry of 
General Machine Building representative Maj. General Kerimov, approved the launch of the DOS 
sh~p, spacecraft no. 12 1 ,  on April 19. There were no major delays or unexpected occurrences 
during the last days leading to the launch. In ant~cipation of the launch, the Soviets, in their 
customary manner, dropped hints of an impending spectacular. On March 14. the anonymous 
"Chief Designer of Spaceships1'-that is, Mishin-declared in an interview with the Moscow 
economic daily Sotsialisticheskaya industriya (Sociafist Industry), that the Soviet Union was 
preparing to launch another piloted spacecraft for a long-duration mission as a prelude to build- 
ing a permanent Earth-orbiting space lab~ratory.~' The world did not have long to wait. At 
0440 hours Moscow Time on April 19, 1971, a three-stage Proton booster successfully lifted off 
from site 81 with its precious payload, DOS-I. The initial orbital parameters for the station. 
called Salyut in the press, were 222 by 200 kilometers at a 5 1.6-degree inclination. By the end 
of the first orbit, ground controllers discovered that the large cover on the exterior protecting 
the scientific apparatus compartment-that is, the OST- I telescope-had not been jettisoned, 
thus jeopardizing the scientific value of any visiting expedition. Apparently, the explosive 
devices for the cover had failed to fire. During the second day of flight, there were also failures 
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of two ventilation units used for the life support system, although this seems not to have 
caused any major concern on the ground." 

The day after the Salyut launch, the primary crew for the first mission was presented to the 
Soviet press, with the accompanying announcement that their launch would take place on April 
22 at 0320 hours Moscow Time-a night launch. Shatalov, Yeliseyev, and Rukavishnikov took 
their places in their Soyuz spacecraft, despite some concern with respect to heavy showers dur- 
ing the night: the State Commission, however, agreed to proceed with the launch. The Soyuz 
launch vehicle was filled with propellant, and all  prelaunch procedures seemed to be going 
according to schedule until T minus one minute. At that point, one of the masts on the launch 
system did not retract as planned. Officials feared that if there w a s  a launch, the launch escape 
system would be spuriously activated and cause an explosion, as had occurred during a Soyuz 
launch in December 1966." Mishin opted to reluctantly postpone the launch. The commission 
quickly decided to keep the booster on the pad fully fueled and try again the following day. 

During the second launch attempt, the exact same thing occurred again; a mast from 
the launch structure refused to retract. Mishin was apparently aware of the reasons for this 
deviation from normal procedures, and he took control of the situation. Taking complete 
responsibility for any negative consequences, he called out for the launch to proceed. There 
were no problems, and the first 7K-T Soyuz spacecraft, vehicle no. 3 1 ,  lifted off at 0254 hours 
on April 23. 1971. with its three-cosmonaut crew of forty-three-year-old Colonel Vladimir A. 
Shatalov (commander), thirty-six-year-old Aleksey 5. Yeliseyev (flight engineer), and thirty- 
eight-year-old Nikolay N. Rukavishnikov (test engineer). Shatalov and Yeliseyev were the first 
Soviet cosmonauts to make a third spaceflight, having flown their first missions just two years 
before. Rukavishnikov. the only rookie on board, had extensively trained for the LI lunar 
program in the late 1960s. The vehicle, named Soyuz 10 by the press, entered a nominal orbit 
of 209.6 by 248.4 kilometers at a 5 1.6-degree inclination. 

Despite a successful launch, the prognosis for the mission was dim. The lid on the scien- 
trfrc compartment was still lodged in its place and threatened to sabotage at least 90 percent 
of the scientific experiments program. Furthermore, of the eight ventilation units in the life 
support system, six had failed, raising the prospect of an internal atmosphere full of carbon 
dioxide and "other harmful materials."" During Soyuz 10's fifth and sixth orbits. there were 
difficulties in modifying the ship's orbit to intersect w ~ t h  that of Salyut. The first time, there 
was an error in the programming logic of the command, while the second time, the burn was 
abandoned because of insufficient time to prepare. Soyuz-lo's Ionic orientation system was 
apparently inoperational because of contamination of the optical surfaces. Shatalov eventually 
took control of the situation and asked for permission to manually change the orb~t. which he 
did without any problems. 

The following morning at a distance of sixteen kilometers from the station, Shatalov switched 
on the lgla system, which successfully brought the Soyuz to within 180-200 meters of Salyut. At 
that point, he took over manual control, successfully linking up at 0447 hours on April 24 About 
ten to fifteen minutes following soft-docking. Shatalov radioed to the ground that the docking 
indicator light was not on in the Soyuz, suggesting that hard-docking had not taken place. 
Ground telemetry confirmed that full docking had not occurred and that there was still a 
nine-centimeter gap between the two vehicles. Shatalov attempted to tighten the two ships by 
firing the Soyuz engines, but this did not prove successful. On their fourth orbit together, orders 
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were received from the ground to try and undock the Soyuz I0 spacecraft and attempt a redock- 
ing. At this point, the crew ran into "incredible difficulty" in trying to undock from the  tati ion.^' 
On the fourth orbit of combined flight. Shatalov attempted to unlatch the Soyuz 10 ship from 
the Salyut station, but the spacecraft refused to dislodge. The problem was not taken lightly 
because such a situation could lead to the loss of the station-and perhaps the crew as well. 
Being unable to undock by normal means, there were two options: ( I )  dismantling the docking 
apparatus, detaching it  from the Soyuz, and moving away from the station or (2) detaching the 
spheroid l~ving compartment from the Soyuz spacecraft and separating, thus leaving the living 
compartment docked to Salyut. In both cases, the station would be unusable in the future 
because the single docking node would be occupied. The situation was compounded by the fact 
that there was only a limited amount of oxygen left in the Soyuz spaceship (about forty hours), 
within which time all of this would have to be done. Luckily for everyone. on the fifth orbit 
of combined flight at 1017 hours on April 24. Shatalov once again tried to undock and was 
successful. The two spacecraft had been docked for five and a half hours.b8 

Shatalov maintained station-keeping distance from Salyut as ground control debated 
whether to attempt a second docking with the station. After assessing the state of the on-board 
gyroscopes, propellant levels, and internal air, the Chief Operations and Control Group 
at Yevpatoriya, headed by TsKBEM Deputy Chief Designer Tregub, decided to abandon the 
mission and prepare for an emergency return to Earth. Before leaving the vicinity of the station. 
the Soyuz I0 crew flew around Salyut and photographed the docking node to assist engineers 
on the ground in determining the cause of the malfunction." The crew successfully landed 
without incident at 0240 hours on April 25, 120 kilometers northwest of the town of Karaganda 
in Kazakhstan. It  was the first-ever night landing in the Soviet human space program. The mis- 
sion had lasted only one day, twenty-three hours, forty-six minutes, and fifty-four seconds. 
While the Soviet media at the time characteristically claimed that entry into the station was 
not even on the agenda and all the objectives of the flight had been successfully achieved, the 
mission had clearly been a bitter disappointment. 

The investigation into the Soyuz 10 failure was completed by May 10, by which time 
engineers ascertained that the Soyuz docking apparatus had been damaged during the docking 
maneuver. There had been a breakdown in the coupling shock-absorbing claws in the active 
part of the docking node when the two ships had attempted hard dock. The system had been 
subjected to 160-200 kilograms of force during the maneuver, although the force at docking 
was projected to be only eighty kilograms. The coupler could withstand up to 130 kilograms. 
The increased force had been partly caused by the failure to stop the motion of the Soyuz after 
soft-docking. Engineers decided to reinforce the docking system twofold, while introducing the 
capability of the crew to manually control the pins of the docking system. In the meantime. 
Mishin proposed that despite the failure of Soyuz 10, plans should now include two further 
missions to the Salyut station to complete the original objectives of the program. The first would 
begin on ]une 4 and the second on July 18. 1971. Mishin also proposed to have the following 
crew reduced to two cosmonauts to carry bulky spacesuits that would allow an EVA by one 
cosmonaut to visually inspect the docking node on the station. as well as to remove the cover for 
the scientific experiments package. Kamanin categorically rejected this idea, arguing that the 
cosmonauts had not been trained for EVA and adding that the Zvezda Machine Building Plant. 
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which produced the spacesuits. would not be able to certify flight-ready suits by the launch date. 
In the end. the matter was dropped-a cruel irony considering the later course of events.'' 

At a meeting of the major leaders of the program on May I 1. 1971, in Moscow, there was 
further disagreement between Mishin and Kerimov on one side and Kamanin on the other. The 
former proposed two missions lasting thirty days each. Kamanin opposed this idea based on 
his belief that on-board supplies on Salyut might be all used up before the end of the second 
expedition, thus creating a dangerous situation for any crew. In the end, officials decided 
that the goal of each mission would be to dock with the station and "revive" its systems; any 
decision on duration would be made during a particular flight. For the benefit of planning, 
Mishin used information from ballistics computations to tentatively plan for a twenty-five-day 
flight beginning on June 6. 197 I .  

There were a number of failures once again in the lgla system during preparations for the 
next mission, but the State Commission assessed the anomalies and on May 24 certified the 
Soyuz vehicle (with modifications to the docking system and improved autonomous capabili- 
ties) as fully ready for flight. The failure of the Soyuz 10 crew to carry out their primary 
mission of manning the space station meant that the third crew for the DOS, who would have 
been consigned to only a backup role during the program, moved up to the second spot. Thus, 
the crews who were named for the two newly scheduled missions to DOS- I were: ( I  ) Leonov. 
Kubasov, and Kolodin and (2) Dobrovolskiy. Volkov, and Patsayev. The latter would also serve 
as the backup crew to the former. Both crews arrived at Tyura-Tam late on May 28 in prepara- 
tion for the launch." 

All the plans for the mission were thrown into complete uncertainty on june 3 when 
doctors from the Moscow-based Institute for Biomedical Problems detected a swelling in 
primary crew flight engineer Kubasov's right lung." Suspecting that this was the beginning of 
tuberculosis, they unanimously called for his removal from the crew. According to the rules of 
the Ministry of General Machine Building and the Ministry of Health: 

. . . if one of the members of  the crew is taken ill prior to departure to the cosmodrome. 
he should be replaced by the corresponding member of the other crew. Carrying out the 
replacement o f  the individual at the cosmodrome is not possible. In case o f  such a neces- 
sity, it is only possible to carry out the replacement of the [entire] crew." 

The verdict was simple but difficult to accept for the crews: the Leonov-Kubasov-Kolodin team 
would have to be replaced by the Dobrovolskiy-Volkov-Patsayev crew. 

Yaroslav Golovanov, then a correspondent for the newspaper Komsomolskaya prauda who 
was at Tyura-Tam at the time, recalled later that "what happened at the Kosrnonavt [Hotel. 
where the crews were staying] is hard to describe." Leonov broke down and visibly lost his 
temper. Kubasov, who was the center of the controversy, was simply stunned. That night. 
Kolodin, the third primary crew member, arrived at the hotel completely inebriated on vodka. 
bemoaning the fact that he may never go to space. Leonov later took the matter directly to his 
superiors and pleaded that the State Commission only replace the indisposed Kubasov with 
his backup Volkov, thus making the new crew Leonov, Volkov, and Kolodin. It seems that the 
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commission was in fact leaning toward this solution despite the ministry's edict. All the 
cosmonauts, physicians, Cosmonaut Training Center chiefs, and Kamanin himself decided to 
call for only Kubasov's replacement. Mishin and State Commission Chairman Kerimov tenta- 
tively agreed with this recommendation until Mishin had further discussions with participants in 
Moscow, when he changed his mind and insisted on replacing the entire primary crew. The next 
day, June 4, two days before the launch, after the Soyuz booster had been transported to the 
launch pad, a final session of the core members of the State Commission was held. Again. 
Kamanin recommended replacing only Kubasov. This time. Mishin had the support of most of 
the other attendees, including Maj. General Nikolay F. Kuznetsov, the Director of the Cosmonaut 
Training Center. The commission finally decided to replace the entire Leonov crew and launch 
the Dobrovolskiy crew.74 Later that evening, during Mishin's visit to speak to the cosmonauts. 
Kolodin, in a moment of outrage, "lectured [Mishin] with a lot of extraneous items, which he 
later much regretted."" According to one report. Kolodin told Mishin that "history would never 
forgive him" for his decision to send the backup crew.lb 

The original backup crewmembers of forty-three-year-old Lt. Colonel Georgiy T. 
Dobrovolskiy (commander), thirty-five-year-old civilian Vladislav N. Volkov (flight engineer). 
and thirty-seven-year-old civilian Viktor I. Patsayev (test engineer) were successfully launched 
at 0755 hours on June 6, 1971. in their 7K-T spacecraft, vehicle no. 32. The Soviet press 
announced the mission as Soyuz I I. Both Dobrovolskiy and Patsayev were making their 
first flights, while Volkov was making his second, hav~ng flown as part of the "troika" Soyuz 
mission in late 1969. Most unusually for a space mission, the crew had been formed less than 
four months before the launch day, having no expectations to fly on such short notice. The 
Soyuz I I spaceship entered an initial orbit of 19 1.5 by 220.5 kilometers at a 5 1.64-degree incli- 
nation. After two orbital changes, the spacecraft was within seven kilometers of the Salyut 
station. The lgla system was switched on, and successful docking was accomplished at 
1045 hours. Ground control at Yevpatoriya in Crimea had to wait a tense half-hour before 
Dobrovolskiy announced that the docking had successfully taken place. During the fourth orbit 
of joint operations, pressurization checks proved to be acceptable, and the crew opened the 
hatch to the station. Patsayev was the first one in the station; the crew immediately turned 
on the air regeneration system and replaced two of the six faulty ventilation units of the life 
support system. Unfortunately, the crew sensed a strong odor of burning in the air, which 
forced them to spend a tense night in their ferry craft. The next day, they returned to the 
station to discover the odor gone and immediately set about activating instruments on the 
station in support of their experiments pr~gram.~ '  

As the days turned into weeks, the three men managed to carry out a remarkably full exper- 
iments program despite many attendant problems. By June 9, medical and biological experi- 
ments had begun, while experiments in other areas were started on June I I, consisting of 
spectrographic measurements of natural formations and water surfaces in the Soviet Union. Each 
day for the crew consisted of eight hours of work, two hours for meals, two hours for exercises. 
and two hours of personal time. By the sixth day on the station, the men had settled into a rotat- 
ing routine-that is, when Dobrovolskiy was having breakfast, Volkov would be having supper 
and Patsayev dlnner. Thus two men were always awake while the third one slept.'" 
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During their mission, the cosmo- 
nauts performed about 140 scientific 
experiments, far more than on any 
other Soviet space mission. The med- 
ical studies included experiments 
involving the cardiovascular system 
(using the Polinom-2M), blood tests 
(Arnak-3). the density of bone tissue 
(Plotnost), pulmonary circulation 
(Rezeda-S), the measurement of wrist 
strength, tests of visual acuity, mea- 
surements of radiation dosages, and 
the study of microflora. Strictly biolog- 
ical experiments included those on the 
growth of plants (using the Oazis-l 
hydroponic greenhouse starting on 
june 13). the study of the vestibular 
apparatus of tadpoles, the genetic 
mutations of flies, the growth of 
chlorella algae, and the development 
of grain in microgravity. 

Although the crew was unable to 
use the OST-l telescope because of 
the sealed cover, they did manage to 
conduct an extensive series of astro- 
phys~cs-related experiments using the 
Orion- l ultraviolet and the Anna-3 
gamma-ray telescopes. The latter was 
named after its designer's daughter 
Anna because "like [her] daughter, 
gamma-ray astronomy has still a great 
deal to learn."'9 Cosmonauts used the 
Anna-3, capable of registering gamma 
rays with energy of up to 100 mega- 
volts, for the first time on June I I. The 
Orion- l telescope, built by the 
Armenian Academy of Sciences, was 
used on june 18 and 21 to make six 
and nine ultraviolet spectrograms of 
celestial targets, such as Beta (Centaur1 
cle flux was accomplished with a third 
the FEK-7 emulsion chamber to register 
One inert instrument was the MMK- I. 
the station. 

The primary crew of Soyuz I I is shown of the top of the serurce 
most prror to entertng their spocecrofl from left ore C;eorgry 
Dobrovolskiy (commander). Viktor Potsoyeu (test engineer). 

and Vladislau Volkou (flight engineer). (NASA photo) 

JS) and Vega (Alpha-Lyra). The study of charged parti- 
telescope named the TEB. The cosmonauts also used 
primary cosmic rays for over a period of 1.728 hours. 

which measured micrometeoroid flux on the exterior of 
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Other experimental disciplines included studying the geophysical properties of Earth with 
various cameras, such as the AFA-M, the KFA-2 I ,  and the handheld RSS-2 spectrograph, which 
was developed by the Department of Atmospheric Physics at Leningrad State University. 
Researchers used the same spectrograph from An-2 and 11- 18 aircraft at altitudes of  300 and 
8.000 meters simultaneously with the cosmonauts to determine pollution and precipitation 
levels in the Caspian Sea. The crew also used the RSS-2 on June 14 and 15 to determine humid- 
ity of the soil in areas around the Caspian and Aral Seas. On June 1 1 ,  19, and 22, they used 
the spectrograph to measure the optical characteristics of Earth's atmosphere and the degree of 
polarization of sunlight reflected by Earth. The crew also measured the chemical composition 
of the atmosphere with a mass spectrometer and used the ERA instrument for studying atmos- 
pheric resonance in the ionosphere. Earth observation research included coordinated studies 
with a Meteor-l satellite over several days using two hand-operated devices on the station. 
Strictly technological experiments were related to the station itself. The crew observed 
luminous particles outside the station with a photometer, and also they studied the dynamic 
characteristics of the station with a stellar camera." 

Throughout the mission, reports from the cosmonauts in Salyut were shown on Soviet 
television. Many of their exchanges on TV were humorous in nature, contrasting sharply with 
the morose image of the Soviet spacefarer, and it was clear that the three men were having the 
time of their lives. By mid-June, the three men had become household names in the Soviet 
Union-a new breed of folk hero for a country whose prestige had been trampled by the 
success of Apollo. For the first time in many years, the Soviet human space program could claim 
a genuine advance and victory over the United States. It would not be an overstatement to 
claim that much of the general population anticipated the return of the three cosmonauts in a 
unified way that had not been witnessed for many years. 

The continuing TV reports did not, of course, tell the whole story behind the mission. 
There were, in fact, many problems for the crew aboard the station-problems that on 
occasion hindered productive work. For example, during the first two weeks of the mission. 
there were a number of personality clashes between the members of the crew, which were 
mediated by cosmonauts on the ground at Yevpatoriya who served as "capcoms."" Although 
these difficulties were resolved, a more serious emergency occurred on June 16. when flight 
engineer Volkov suddenly radioed to capcom Shatalov that he sensed a strong odor of smoke. 
Assuming the worst-case scenario of a fire in the station, cosmonauts Nikolayev and Yeliseyev 
on the ground ordered the crew to immediately evacuate to their Soyuz ferry craft and begin 
preparations for undocking. Having quickly moved into the Soyuz, the crew first began attempts 
to establish the cause of the emergency by switching on the backup electrical supply system 
on Salyut and turning on filters to purify the atmosphere. Following a tense period, during 
which instruments tested the atmosphere in the station for safety, the cosmonauts entered the 
Salyut station once again." 

The drama seemed to have intensified the discord brewing among the crew. Veteran 
cosmonaut Bykovskiy, at Yevpatoriya..recalled that during the emergency. Volkov had become 
extremely nervous and had tried to resolve the situation by himself, ignoring the assistance of 
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his crewmates Dobrovolskiy and Patsayev. In an unusual move. Chief Designer Mishin com- 
municated personally with Volkov, informing him that all operational decisions should be taken 
by the commander (Dobrovolskiy) and that mission-critical operations should be carried out 
only at his discretion. Volkov irritatedly responded that the entire crew was aggravated and that 
all decisions should be made collectively. In an amplification of the event. Mishin recalled in 
a 1989 interview that a personality clash had developed between Dobrovolskiy and Volkov. 
during which Volkov, the only spaceflight veteran on board, declared himself the commander 
of the mission, usurping Dobrovolskiy's role. There were apparently several "complicated 
conversations" between Mishin and Volkov after the incident." In Kamanin's opinion. Volkov 
had acted hastily and had a disdainful attitude to those at ground control. Mishin also added 
that there may have indeed been a fire on the station originating from a power cable, and the 
crew apparently asked for permission to return to Earth immediately but were dissuaded by ground 
c o n t r ~ l . ~  The entire situation was diffused following extensive consultations with cosmonauts on 
the ground, who were able to bring the crew back to their experiments program. 

The Soyuz I I crew was scheduled to observe the third N I lunar rocket during its launch on 
June 20 from Tyura-Tam using the Svinets instrument designed for military purposes. The launch 
was, however, moved to June 22 and eventually to June 27, and the crew's ground track was not 
over the launch site at the time of the N I launch. Dobrovolskiy was able to skillfully use Svinets 
on June 24 and 25 to observe night launches of solid-propellant ballistic missiles from Tyura-Tam." 

The cosmonauts' medical program was not completely successful. The cosmonauts were 
apparently reluctant to exercise, and the problem was compounded by several failures on the 
station. Kamanin wrote in his diary on June 23 that: 

. . . the readaptation wi l l  be particularly difficult for Volkov: during the flight he has been 
more reluctant to do physical exercises than the other crew members, he has totally reject- 
ed meat food, he has often been irritated and has already been making a lot of mistakes.86 

The running track was rarely used because of unexpected vibrations when exercising. 
which shook the solar panels and communications antennas. The Chibis vacuum suit used for 
shifting blood to the upper regions of the body was the source of many problems and was 
rarely used. The load-bearing Pingvin space suits also tore at various places during exercises. 
neutralizing their impact. Naturally, the lack of calisthenics was a great concern to doctors on 
the ground, who believed that the crew would be in extremely poor shape after a near-month- 
long m~ssion. Given the problems on the mission. Mishin backed away from his insistence on 
a thirty-day mission, instead opting for a more conservative flight of twenty-two to twenty-four 
days. On June 22, the State Commission confirmed the decision to land the crew on june 30, 
on that day's third orbit, early rn the morning. 

The three cosmonauts began preparations to return to Earth on June 26. They had exceed- 
ed the world-record endurance for a single piloted spaceflight two days earlier on their eigh- 
teenth day in space. Despite increasing numbers of mistakes on the part of the crew, attributed 
to fatigue, the crew completed all their return procedures on time, and on the evening of June 
29, they transferred to the Soyuz I I spaceship and closed the hatch between the two space- 

83 Tarasov. "Missions in Dreams and Reality." 
84. lbrd 
85. N~kolay Kaman~n. "Th~s Should Never Happen Again!" (English tltle). Vozdushnly transport 24 ( 1993): 

12: Marin~n. "Quarter Century for 'Salyut': Part Ill." The cosmonauts also used the OD-4 optical "vlsor-range 
flndern to perform mllltary observations of ground targets. 

86. Kamanln. "This Should Never Happen Agalnl." no. 24. p 12. 



craft. The crew then moved into the descent apparatus and shut the hatch between it and the 
spherical living compartment. There was a major crisis at this point when the "Hatch Open" 
indicator light between the Soyuz living compartment and the descent apparatus failed to turn 
off. Fatigued and anxious, Volkov excitedly called out to ground control: "The hatch isn't pres- 
surized, what should we do, what should we do?!!"" Cosmonaut Yeliseyev, who was the 
capcom at the time, calmed Volkov down and gave the crew detailed instructions to go through 
the entire hatch-closing procedure once more. Dobrovolskiy and Patsayev expertly followed the 
instructions, but the indicator light remained turned on. All the members of the crew grew 
increasingly nervous because in a few minutes that hatch would be the last barrier between the 
crew and open space. 

After intensive discussions, the Chief Operations and Control Croup on the ground rec- 
ommended placing a piece of paper over the sensor that detected hatch closing, presumably in 
the belief that it was a sensor error. Dobrovolskiy found a piece of plaster, which he placed over 
the sensor, and shut the hatch once more. This time the indicator turned off, and al l  subse- 
quent pressurization checks proved satisfactory. The twenty-minute crisis with the hatch had 
strained the nerves of the crew, but following the tests, the cosmonauts apparently calmed 
down and proceeded with preparations to undock from the station. At 2 125 hours, 15 seconds. 
the Soyuz I I spaceship undocked from Salyut and flew around the station, and Patsayev took 
a number of photographs. At around 0135 hours on June 30. Volkov reported that the 
"'Return' indicator light is on." Ground control replied, "Let it be on. It's correctly on. 
Communications are ending. Good luck!"" After that, communications were cut off as the 
Soyuz drifted out of voice contact, and they were evidently never regained. According to the 
preprogrammed sequence of reentry, the main Soyuz engine was to begin firing at 0 135 hours, 
24 seconds Moscow Time on June 30, followed by separation of the three Soyuz modules at 
0147 hours, 28 seconds. Ground control was, however. unsure whether this had indeed taken 
place because of the loss of communications. Search-and-rescue services proceeded on the 
assumption that al l  was going according to plan on the Soyuz I I ship, and the teams from the 
Soviet Air Defense Force and Air Force detected the descent apparatus of the spacecraft on time 
in the assigned location. The capsule landed at 02 i 8 hours Moscow Time about 202 kilome- 
ters east of Dzhezkazgan in Kazakhstan. The mission had lasted twenty-three days, eighteen 
hours, twenty-one minutes. and forty-three seconds. As soon as rescue teams opened the vehi- 
cle hatch, they found the crew lifeless in their seats. 

The recovery teams attempted to revive the cosmonauts after bringing them out of the cap- 
sule, but it was al l  in vain. In the meantime, the State Commission a t  Yevpatoriya received a 
message back from the rescue services concerning the deaths. Immediately, Afanasyev, 
Kerimov, Mishin, Kamanin, DOS lead designer Semenov, and others flew directly to the land- 
ing site. Other officials, including doctors, also flew in from Moscow. An on-the-spot investi- 
gation indicated that there was blood in the crew's lungs, nitrogen in their blood, and 
hemorrhages in their brains, which were all obvious indicators of death by depressurization. An 
inspection of the ship's interior showed that al l  the radio transmitters had been manually turned 
off, the shoulder straps of al l  the cosmonauts were unfastened, and Dobrovolskiy himself had 
been tangled in his straps. Everything in the Soyuz I I descent apparatus appeared normal, 
everything except one of two valves in the respiratory system, which was in an open position. 
strongly supporting the hypothesis that there had been a rapid decompre~sion.~~ 
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Cosmonaut Georgiy Dobrovolskly Soyuz I I commander. 1s shown herelust minutes after death as medical 
workers try to revive him The beard was from approximately twenty four days spent on the Salyut space station 
in june 1971 At the time this was the longest piloted space mission in history (copyrrght Rudy Inc via Quest) 

The shock not only to the space industry but also the Soviet Union as a whole was dev- 
astating. An unprecedented wave of grief swept through the country, not unlike the collective 
mourning in the United States after President Kennedy's assassination in 1963. Official Soviet 
TV and radio changed their formats to accommodate for the tragedy, while countless condo- 
lence messages poured in from leaders all over the world. Apart from the human loss itself, the 
Soyuz I I tragedy was a severe blow to the Soviet space program, coming at a time when it had 
been so close to reclaiming the lost glory of the Korolev years. In a cruel twist of fate, the Soviet 
space program was not even accorded a consolation prize in the space race. It was beset with 
problems far more imposing than simply political cost. If 1969 was the year of humiliation for 
the Soviet space program, 1971 was its nadir-an absolute low unthinkable a few years before. 

The bodies of the three cosmonauts were flown back to Moscow only a few hours after 
landing, and the following day, on July I, they were already lying in state in Moscow. 
Thousands of Soviet citizens flocked to pay their last respects. Unlike the Komarov funeral. 
when no NASA representative was present, veteran astronaut Brig. General Thomas P. Stafford 
was on hand, representing the NASA Astronaut Office. Behind the scenes, on July 3, 197 1 .  
Ustinov established a governmental State Commission to investigate the accident and recom- 
mend changes rn the DOS-7K program. As one would expect, Academician Keldysh headed the 
commission. Chief Designer Babakin from the Lavochkin Design Bureau was the deputy chair. 



The remaining members included Chief Designer Clushko and Minister Afanasyev." On July 12. 

the commission issued a preliminary report, which gave general details of the accident to the 
general public for the first time: 

During the descent o f  the spaceship. 30 minutes before landing, pressure in the return 
capsule dropped rapidly, which led to the unexpected death of the cosmonauts. This 
has been confirmed by medical and pathological-anatomical examinations. The drop 
in the pressure was the result of failure o f  the hermetic sealing of the spaceship. . . . 

Technical analysis indicates that there are several possible explanations o f  the de- 
sealing. Investigation into the exact cause continues." 

The following day, the commission met and agreed that the most probable cause of the 
accident was depressurization resulting from the premature opening of the second respiratory 
valve in the descent apparatus. Already, two senior members of TsKBEM's staff. Bushuyev and 
Korzhenevskiy, were recommending that future Soyuz crews be brought down to two cosmo- 
nauts wlth full spacesuits. 

Through the following weeks, an analysis of the Mir on-board memory device showed 
that at the moment of separation of the living compartment from the descent apparatus, at 
an altitude of more than I50 kilometers, the pressure in the descent apparatus dropped in the 
course of thirty to forty seconds to a near vacuum. The rate of the pressure drop correspond- 
ed to the respiratory system's valve opening. The conclusion was obvious: at the moment of 
separation of the two modules, the valve had prematurely opened. More difficult was deter- 
mining exactly why it had been jarred open. Engineers carried out dozens of experiments sim- 
ulating various loads on the suspect valve, but no one particular cause stood out. Only when 
all types of deviations from normal parameters were introduced simultaneous[y did the valve 
fail." Based on the Keldysh commission's analysis of voice tapes and telemetry, as well as 
Kamanin's own diary entries, it was, however, possible to reconstruct the sequence of events 
that led to the tragedy. 

It seems that the reentry burn was on time and completely successful. Subsequently, at 
the very moment that the Soyuz spacecraft separated into its three component modules, also 
on time, twelve explosive bolts used for separation produced an overload, displacing a ball 
joint from its ~eat ing.~'  This accidentally jerked open the ventilation valve, which was to have 
opened only after landing; suddenly, there was a direct passage from the crew compartment 
to the vacuum outside. The crew immediately noticed the drop in pressure inside the cap- 
sule; Dobrovolskiy quickly unfastened his seat belts and rushed to the frontal hatch, think- 
ing that the problem was the faulty hatch seal from the undocking incident. The hatch was 
completely secure, yet the pressure continued to drop in a whistle that continued to get 
louder. In fact, the sound of the air whistling out of the spacecraft was coming not only from 
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the suspect valve, but also from on-board radio transmitters and receivers, making it  difficult 
to isolate the true source. At this point. Volkov and Patsayev unfastened their belts and 
switched off all communications systems to find the source of the whistling; the sound was 
apparently coming from a point under Dobrovolskiy's seat-the ventilation valve. 
Dobrovolskiy and Patsayev attempted to manually close the valve, but the time was just too 
short.94 Both fell back in their seats, with Dobrovolskiy having time to refasten his belts in a 
hurried move, which left them tangled. 

The speed of the pressure loss in the capsule was incredibly swift. Just four seconds 
after the ventilation valve failure, Dobrovolskiy's breath rate shot up from sixteen (normal) 
to forty-eight per minute. After the beginning of pressure loss. the cosmonauts lost the 
capacity to work in ten to fifteen seconds and were dead in forty-eight to forty-nine sec- 
onds. They were apparently " in agony" three to five seconds after separation until about 
twenty to thirty seconds before death. All the pressure in the capsule dropped from a nor- 
mal level of 920 millimeters to zero in a matter of 1 12 seconds." As one Russian journalist 
later put it, the cosmonauts "passed away fully aware of the tragic consequences of what 
had ha~pened." '~  Both Kamanin and Mishin seemed to believe that the crew could have 
prevented their deaths by simply blocking the suspect "hole." In an interview ~n 1990. 
Mishin added: "They could hear the hiss of escaping air. They could have put a finger over 
the hole and that would have done it.""  Some believed that the crew had not been proper- 
ly trained in the operation of the valve, which was to be operated only after Soyuz landing. 
The technical documentation on the valve stipulated: "If in case of a water landing, the 
hatch does not open due to rough seas, or rescue teams are late in coming for over an hour, 
the cosmonauts may open the valve."'" 

The reason why the seal failed is still unknown, although an article in The Washington Post 
in 1973 by Thomas O'Toole provided some interesting clues. O'Toole's description, based on 
a "classified report," was the first and only Western report to accurately describe the hatch- 
closing emergency prior to reentry in great detail. The author added: "[When] the exhausted 
cosmonauts were fighting the warning light on the hatch they apparently failed to notice that 
the cabin pressure had crept up to almost 20 pounds per square inch. What this did was to 
exaggerate any weakness in the hatch seal."" O'Toole's report was apparently culled from a 
classified CIA brief issued the day after the accident, in which the CIA detailed the undocking 
and reentry problems at the end of the mission." 

94 Mrshrn says that rt was only Patsayev who attempted to close the valve See G. Salakhutdrnov. "Once 
More About Space" (Englrsh trtle). Ogonek 34 (August 18-25. 1990): 4-5. 

95 Kamanrn. "Thls Should Never Happen Agarn." no. 25: Marin~n. "Quarter Century for 'Salyut' Part I l l ."  
96 Mrkharl Rebrov. "Wi th a One-Way Trcket" (Englrsh trtle). Krasnaya zvezda. September 26. 1996. p 4.  

A somewhat drfferent explanation was grven to NASA offrcrals rn October 1973. "A t  approx~mately 723 seconds 
after retrofire, the I2 Soyuz pyrocartridges fired stmultaneously instead of sequentrally to separate the two modules 
The force of the discharge caused the rnternal mechanism of the pressure equalrzatron valve to release a seal that 
was usually drscarded pyrotechnrcally much later to adjust the cabin pressure automatically. When the valve opened 
at a height of 168 krlometers. the gradual but steady loss of pressure was fatal to the crew w i th~n  about 20 seconds." 
See Edward Clrnton Ezell and Lrnda Neuman Ezell. The Partnershrp A Hlstory 01 the Apollo-Soyuz Test Project 
(Washington. DC. NASA SP-4209. 1978). p. 230. 

97 "The Russian R~ght Stuff: The Dark Side of the Moon." NOVA television show, f 1808. WCBH-TV. 
Boston. February 27. 199 1; Tarasov. "Missions ~n Dreams and Real~ty." The valve was apparently a millimeter across. 
See Payson. "W~thou t  the 'Secret' Stamp." 

98. Kamanin, "Thrs Should Never Happen Agarn!." no. 24. 
99 Thomas O'Toole. "Sovret Union Still Trarls U S. rn Space.'' Washington Posl.]une 17, 1973, pp. A l .  A8. 
LOO. U S Central Intelligence Agency. "Nat~onal lntell~gence Estimate I 1 - 1  -7 1 : The Sovret Space Program,'' 

Washington, DC. July 1 ,  1971, pp. 30-32. as declassified In 1997 by the CIA Historical Revlew Program 



The members of the Keldysh commission signed the final version of the accident investiga- 
tion on August 17, 197 1 ,  about a month and a half after the accident.'" The commission collec- 
tively made some specific recommendations: increase the stability of the valve with respect to 
shock loads, install quick-acting (within seconds) manual chokes for valves. and use spacesuits 
during conditions when depressurization was possible.'" The final point, the use of spacesuits, 
was evidently a much-debated issue, with individuals such as Mishin and Feoktistov arguing 
against it. Mishin summarized his opinion on the matter twenty years later when he wrote: 

In principle, all the recommendations of the commission were correct, but with one I do 
not agree to this day-the introduction o f  the spacesuit which Korolev had abolished 
from the "Voskhod" spaceship. . . . In multi-seat spaceships it is necessary to ensure col- 
lective safety, which can be better ensured by duplicating the systems that pressurize the 
entire Descent Apparatus. . . . The spacesuits required additional complex devices. thus 
increasing weights and volumes. The commissions recommendations to introduce 
spacesuits . . . made it necessary to reduce the crew of the spaceship to two and [to 
reduce] the conduct o f  special  experiment^.'^' 

Unfortunately for Mishin, one of those pushing the use of spacesuits was Central 
Committee Secretary Ustinov. When Mishin and his Deputy Chief Designer Bushuyev met with 
Ustinov on August 6, Ustinov was firm on the issue: it was impossible for any more Soviet 
crews to fly in space without pressurized spacesuits. The Zvezda Machine Building Plant under 
Chief Designer Cay I. Severin was asked to accelerate its current efforts to prepare a new suit. 
named the Sokol-K, specifically for the Soyuz spacecraft. At the same time, two different 
departments at Mishin's design bureau began the process of redesigning the 7K-T Soyuz space- 
craft to meet the recommendations of the Keldysh cornmiss i~n. '~~ Later, the Ministry of General 
Machine Building handed out special reprimands for the disaster to six leading personalities, 
including M~shin, Bushuyev, and Tregub.Ifl5 

As far as future missions to the Salyut station, they were out of the question at that 
point. During the flight of Soyuz I I, the State Commission had met to set the launch date of 
the second expedition to the station for July 20. This crew, composed of Leonov. 
Rukavishnikov, and Kolodin, along with their backup crews, began joint training on June 16. 
Training for al l  the crews was terminated on July 9. 197 1 ,  nine days after the Soyuz I I tragedy. 
The immediate goal was to make changes to the Soyuz spacecraft and introduce mandatory 
spacesuits for all the crewmembers. Because the introduction of spacesuits would take addi- 
tional volume and mass. TsKBEM reluctantly decided to truncate further crewmernbers from 
three to two, eliminating the test engineer position. The Salyut station, meanwhile, continued 
to circle Earth. Ground controllers fired its main engines at least five times to prevent orbital 
decay over the course of three months. Finally, on October I I, its supplies already expired in 
August, the station was commanded to reenter Earth's atmosphere over the Pacific Ocean. 

Among the many stranger-than-fiction ironies of this first space station project, clearly one 
of most chilling was the last-minute replacement of the Soyuz I I primary crew. In an interview 

10 1. The signatories were M. V Keldysh (President. Academy of Sciences). L. V Smirnov (Chairman. VPK). 
5. A Afanasyev (M~n~ster. MOM). I. D. Serb~n (Chief. TsK KPSS Defense lndustrles Department). V A. Kazakov 
(Deputy Min~ster. MAP). M. N. Mishuk (WS). P. D. Grushin (General Des~gner. MKB Fakel). A I. Tsarev (Deputy 
Chalrrnan, VPK), and V. P Mishin (Ch~ef Designer. TsKBEM) 
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~n June 1988, one of those replaced, Petr I. Kolodin, confided that the deaths of Dobrovolskiy, 
Volkov, and Patsayev still played on his conscience: "I was to fly, and Dobrovolski and his 
colleagues were to have remained on Earth. They were killed and I'm alive."'0b Although he was 
scheduled to fly a Soyuz mission in 1978, Kolodin did not, in fact, ever join the ranks of "true" 
cosmonauts. Leonov and Kubasov, the two remaining members of the crew, were recycled back 
into training for future DOS missions. Kubasov's lung problem, which had effectively saved his 
life-and those of Leonov and Kolodin. too-later turned out to be only an allergic reaction.:Oi 

Military Space 

At the time of the Soyuz I I disaster, the Soviet space program was almost fifteen years 
old. Forged out of the innards of the Soviet military-industrial complex, the space effort, by and 
large. remained hostage to the whims of military requirements and the opinions of those lead- 
ers who were responsible for building and maintaining the defense might of the Soviet Union. 
Typically, the triumvirate of individuals responsible for the defense industry-Ustinov, Smirnov. 
and Afanasyev-were ultimately accountable for dictating the direction of the space program. 
However, the needs of the Ministry of Defense-the primary clientele for all space products- 
also played a major role in the formation of long-range state policy. In March 1967. Marshal 
Andrey A. Grechko, a former Commander-in-Chief of Soviet Ground Forces, became the new 
USSR Minister of Defense. Subordinate to Grechko were all the heads of the armed services, 
including Marshal Nikolay I. Krylov, the Commander-in-Chief of the Strategic Missile Forces. 
Both were extremely influential in defining the long-term goals of the Soviet space program- 
the Five-Year Space Plans.Im The fact that both were regarded as virulently against " big fund- 
ing" for the piloted space effort was a major factor in the military's lack of interest in an active 
human space program. Air Force Col. General Karnanin, one of the few high-ranked men with- 
in the military supportive of strong piloted operations in space, lamented in June 1970: 

Grechko has still not been at the [Cosmonaut Training Center] although he promised 
three times to uisit it. I do not know i f  he will keep his word this time, but his possible 
trip to us does not make me very happy; the minister obviously underrates the impor- 
tance of the space program for the country's science, economy and defense. Howeuer 
we are totally dependent on Marshal Grechko and it would be foolish not to attempt to 
"relate " to him with space. I W  

The effects were repercussive: because all space products, whether they were Soyuz ships or 
space stations, were ultimately built for and operated by the Strategic Missile Forces, most of 
the major chief designers, such as Mishin. Glushko. Chelomey, and Yangel, had to pander to 
Grechko and Krylov for their blessing. 

The Strategic Missile Forces remained in tight control over all operational activity in the 
Soviet space program. Its subordinate Central Directorate of Space Assets, headed by 
Lt. General Andrey G. Karas, had inherited this job from the old artillery days. The other armed 
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services-the Air Defense Forces, the Air Force, and the Navy-were naturally hostile to this 
monopoly, and in 1970, a detailed plan was drawn up to have this directorate subordinated 
directly to the Ministry of Defense, thus circumventing the stranglehold by the Strategic Missile 
Forces over space operations. Even Marshal Krylov initially supported the idea, but at the last 
moment, senior Strategic Missile Forces officers opposed the idea. Karas stalled the plan by 
suggesting that his directorate remain under the Strategic Missile Forces for two to three more 
years, to allow a more detailed look at the issue. In March 1970, the directorate was reorga- 
nized into the Chief Directorate of Space Assets (GUKOS), but it still remained an operational 
arm of the Strategic Missile Forces, carrying out launch, command, and control over every sin- 
gle Soviet spacecraft launched into orbit. The "two to three years" that Karas had proposed 
eventually stretched into nearly twelve years. It was only on November 10, 198 1, that GUKOS 
was removed from Strategic Missile Forces jurisdict i~n."~ The successor to CUKOS eventually 
became the Russian Military Space Forces-in the 1990s. 

Influencing the direction of the Soviet space program was not just a matter of power but 
also patronage. Minister of Defense Crechko was a strong supporter of Minister of  General 
Machine Building Afanasyev, who in turn helped prop up many of Chelomey's tenuous pro- 
grams, such as the Almaz space station. On the other side, Central Committee Secretary 
Ustinov, a well-known anti-Chelomey partisan, was on the side of Chief Designers Yangel and 
Mishin. This peculiar bicameral noninstitutional factionalism helped sustain tension between 
the Mishin and Chelomey factions for many years. In terms of the ICBM program, the Grechko- 
Ustinov enmity resulted in a severely acrimonious battle-a "civil war" between Chelomey and 
Yangel over the development of a third generation of strategic missiles. Unable to make the 
decision between a Chelomey proposal and a Yangel proposal, Soviet leader Brezhnev suc- 
cumbed to pressure on both sides by approving the development of two concurrent ICBMs 
with almost identical capabilities, thus squandering billions of rubles."' 

The negative attitude of the military toward piloted space projects meant that a number of 
important programs suffered during the late 1960s and early 1970s. One program that fell under 
Crechko's vendetta against space was the Spiral piloted spaceplane program. By 1967, engi- 
neers at the "space branch" of the Mikoyan design bureau (MMZ Zenit) gave out subcontracts 
to build testbeds for Spiral. The first such testbed was an 800-kilogram, three-meter-long scale 
model of Spiral's Experimental Piloted Orbital Aircraft (EPOS), named BOR-I. It was designed 
and built by two major research institutions, the N. Ye. Zhukovskiy Central Aerohydrodynarnics 
Institute (TsAGI) and the M. M. Gromov Flight-Research Institute. Manufacturing was carried 
out at Plant No. 166 at Omsk. The creation of BOR- I was part of a larger research program in 
support of Spiral to investigate aerodynamics, thermal protection, the prospects of using hyper- 
sonic scramjets, and the rescue of the object after its return from space. The program would 
include studying atmospheric return from altitudes of 200 to ten kilometers and velocities 
of 7.500 down to 250 meters per second-that is, about Mach 27.5 down to Mach 0.8. The 
initial suborbital flights of BOR vehicles would last about three minutes; these would lead to 
"orbital" missions lasting fifteen to twenty minutes. 
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This f lown model of the BOR 2 irfting body was recently on dlspiay a1 a Russian exhibrtron Note the damage from 
thermal loads durrng reentry on the bottom /ace of the vehrcle The insrgnra of the Gromou Fl~ght Research Institute 

is visible near the nose of the spacecralt This vehicle was launched sometrme between 1969 and 1974 on a 
suborbital missron (copyrrght Steven Zaloga) 

BOR- I was specifically designed to separate from a conventional ballistic launch vehicle a t  
an altitude of 100 kilometers and a velocity of 3.7 kilometers per second and then complete a 
gliding flight into the atmosphere. Within two years, engineers were able to develop adequate 
thermal shielding for the vehicle, which would potentially face angles of attack at up to 
forty-five degrees upon entry into the atmosphere and endure temperatures as high as 
1.500-1.600 degrees Centigrade. After intensive ground trials. the first and only BOR- I space- 
plane was launched on July 15, 1969, on an R- 12 missile, just six days before the Apollo I I 
landing. One Russian historian later summarized the outcome: 

Test results showed that the "lifting body" was marvelously balanced even at angles of 
attack exceeding 60" And although the first model was made of wood and was 
equipped with the gear of a sizelweight mock-up, it was the model from which scien- 
tific results were obtained, before its burnup at altitudes of 60-70 kilometers.' 

Efforts in other fronts in the Spiral program also continued at the time. A twenty- 
kilometer-long landing strip was in the process of construction. Engineers had also evidently built 
a subsonic model of the spaceplane equipped with instrumentation transferred from the Tu-95 
bomber. Unconfirmed rumors suggest that at least three drop flights were performed during this 
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period from altitudes of 9,000 meters, which "fully confirmed the design characteristics of the 
Spiral airplane."'" At the same time, MMZ Zenit, under its BOR program, emerged with plans for 
two new subscale lifting bodies. BOR-2 and BOR-3. Again, the purpose of the work was to carry 
out research on aerodynamic characteristics, heat exchange, and thermal shielding of the Spiral 
design at hypersonic velocities. The data gathering was limited to altitudes of ten to 100 kilome- 
ters, speeds of Mach 5 to 13.5, and angles of attack of fifteen to sixty-five degrees. Another vari- 
ant, the BOR-4 model, which was designed on the basis of BOR-2, would be the basic "working 
horse" of the BOR program and use new heat-shielding material."" 

TsAGl also carried out a huge amount of research on the carrier aircraft for Spiral, the 
so-called Hypersonic Booster-Aircraft (GSR), which would accelerate the actual spaceplane to 
speeds of Mach 4-6 during operational missions. Scientists studied two variants of the carrier, 
GSR- I and GSR-2, both of which went through a full cycle of testing in wind tunnels at the 
institute. A large part of this work. performed between 1965 and 1975. was research focused 
on methods of testing models with air ducts over the "gondola" propulsion units during flight 
at hypersonic velocities." 

Trouble struck the Spiral program in 1969. By this time, engineers needed a formal decree of 
the Central Committee and the Council of Ministers to continue serious work. Unfortunately for 
Spiral Chief Designer Lozino-Lozinskiy, this is where Minister Grechko stepped in. Although the 
appropriate ministers and Communist Party leaders, in 1969, evidently signed the project order. 
Grechko scrawled on the document "This is a fantasy."""ozino-Lozinskiy, perhaps being gen- 
erous to Crechko, recalled later that "the Soviet leadership felt it would take too much time and 
money to bring the program all the way to c~mpletion."~' A variety of other problems, all relat- 
ed to money, seems to have slowed down the project. Despite the considerable theoretical work 
on the CSR, the creation of flight models required a huge financial commitment, which was 
unavailable. By the early 1970s, scientists were also coming to the opinion that an air-launched 
reusable spaceplane system might not be the best route to take; a vertical missile-launched sys- 
tem might offer a much cheaper and efficient alternative. Research on liquid hydrogen engines for 
the carrier aircraft also stalled sometime in 1967 or 1968, apparently because the Soviet govern- 
ment was "biased" against this work, carried out by Struminskiy and Lyulka, at the Institute of 
Theoretical and Applied Mechanics at Novosibirsk, which was under the Academy of Sciences.'" 

Despite Grechko's prohibition on Spiral work, MMZ Zenit's space branch continued 
low-level work "semi-legally" on the Spiral project. The scope of the post-1969 work was, in 
fact, quite remarkable, and one wonders how Lozino-Lozinskiy managed to sustain it. Between 
1969 and 1974, the Gromov Flight-Research lnstitute and TsAGl launched seven BOR-2 and 
BOR-3 subscale spaceplanes using the R-12 missile on suborbital andlor vertical launches to 

1 13 Cleb E Lozino-Lozinskiy and Vlad~m~r E Plokh~kh. "Reusable Space Systems and International 
Cooperatron." Aerospace America (June 1990): 37-40: C. Titov. ". . Th~s  Is Needed for All of Us" (English title). 
Auratscya I kosrnonautika no 4 (Aprll 1993): 2-3. Unconf~rmed Western sources also suggest that there may have 
been drop tests of the spaceplane in the late 1960s. See, for example, Peter N. James. Soulet Conquest From Space 
(New Rochelle. NY: Arlington House Publ~shers. 1974). p 129 Note that these drop tests. if they did occur. were 
d~fferent from subsequent tests In 1976-78. 

1 14. Afanasyev correspondence. December 1 I. 1997. 
1 15. TsAGI-Osnounyye etapy nauchnoy deyatelnosti. 1968- 1993 (Moscow Nauka. 1996). p .  156. 
1 16. Titov. " .  . . This Is Needed for All of Us." Another source says that Grechko's lnscrlptlon was "We will 

not engage ourselves with a fantasy." See Vyecheslav Kazrnin. "The 'Quiet' Tragedy of EPOS" (Engl~sh title). Krylya 
rodiny no. I (January 199 I):  4-5. 

1 17. Lozino-Lozlnsk~y and Plokh~kh. "Reusable Space Systems and lnternat~onal Cooperatlon," p 38. 
1 18 Lard~er. LXstronautique Sov~etique. p. 175. V. Struminsk~y. "Hydrogen on Earth and In Space" (Engl~sh 

t~t le), undated and unsourced art~cle provided by Chr~st~an Lard~er: E-mall correspondence, lgor Afanasyev to the 
author. December 7. I997 



100-kilometer altitudes, testing them at hypersonic velocities between Mach 3 and Mach 14. 
Unlike their BOR-l predecessor, both BOR-2 and BOR-3 were metalloid vehicles. Their 
characteristics were: 

1 Model Length Mass Scale to EPOS 

BOR-2 3 meters 
I BOR-3 4 meters 

1.2 tons 
1.5 tons 

The BOR-2 and BOR-3 flights allowed engineers to clarify the balance and characteristics of 
longitudinal stability and compare the data to those from ground wind tunnels. Experimental data 
were obtained on the conversion of the laminar boundary layer into a turbulent layer and on 
the effects of altitude and flight speed on the distribution of pressure across the surface of an 
airframe apparatus with a complex geometric shape. In addition, algorithms for the control of 
the vehicles' movements were tested, and extensive research was conducted on aerodynamic 
heating, heat exchange, and thermal protection of various surface elements.' Despite the sig- 
nificant research in the early 1970s. the program, as a whole, lost sight of its future after 
Grechko's pronouncement in 1969. The ambitious plans of the mid- 1960s-of having a versa- 
tile reusable small-scale spaceplane-disappeared amid the military's favoritism for automated 
systems. 

Grechko and Krylov also influenced the course of the N I program. Since the genesis of 
the program in the early 1960s, Korolev had attempted to interest the military in the rocket's 
capabilities, knowing that strong military interest would ensure robust funding for the effort. 
After Korolev's death. Mishin continued to lobby the military, proposing various forms of mil- 
itary complexes that could be orbited by the N I .  Research on large-scale space-based arma- 
ments systems had begun as early as 1968; in April 1969, Mishin had briefed Soviet leader 
Brezhnev on the uses of the N I rocket for launching powerful anti-ballistic missile complexes 
into space. Later, in the autumn of 1969, Mishin had also personally visited the top-secret 
Institute of Nuclear Physics at Novosibirsk to talk to scientists about the possibility of design- 
ing transportable particle beam accelerators that could be launched on the N I."' 

Many such concepts from TsKBEM were studied in cooperation with various Academy of 
Sciences and industrial scientific institutes in 1970 and 197 I .  While these were not programs 
to which the Soviet government fully committed, they were in fact considered at very high 
levels. InJune 1970. Mishin discussed the prospects of the Luch ("Ray") system, a space-based 
laser weapons system, with Afanasyev and Keldysh. By September of the same year, concrete 
work on Luch was planned for 1973, simultaneously with operational launches of the N I 
booster. Later. in November 1970. Mishin met with Commander-in-Chief of the Soviet Air 
Defense Forces Marshal Pavel F. Batitskiy to brief him on Luch. All Soviet anti-ballistic missile 
and anti-satellite forces were under Batitskiy's command at the time. From the available 
evidence. Mishin faced a very difficult road in convincing military leaders of the need for the 
N I .  As with their American counterparts. Soviet generals and marshals could find little use for 
very heavy-lift launch vehicles to accomplish military goals. One scientist recalled later that at 
the initial stages of research on space-based particle beam accelerators, there was a peer review 
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of Mishin's proposal, and that by the end of 1970, scientists had managed to terminate the 
project, although Mishin did give a modest contract to the Institute of Nuclear Physics to 
continue work on the topic."' 

Opening Up 

In light of the fundamental connection between the space and military programs of the 
Soviet Union, it was all the more curious when. in the early 1970s, the Soviets began to very 
slowly open up their space program to the general public. In an unprecedented act that would 
have been unthinkable just five years earlier, the Soviet censors allowed the name of Valentin 
P. Glushko to be published openly for the first time. In March 1971, a one-volume encyclopedia 
of "cosmonautics" was published, with Glushko listed as its editor. Previous editions had 
merely listed the editor as G. V. Petrovich, a pseudonym for the chief des~gner. The Moscow 
newspaper Prauda, in a postpublication article, clearly linked Glushko to Petrovich, confirming 
what many in the West had long s u s p e ~ t e d . ~ ~  That it was Glushko, and not Chelomey or 
Yangel, whose name was declassified hints at the growing eminence and power the rocket chief 
designer wielded. Of the six original members of the old Council of Chief Designers, Glushko 
was the first one to see his name in print after the launch of Sputnik. Few biographical details 
were, of course, released, and it would not be until the early 1990s before even the name of his 
organization, the Design Bureau of Power Machine Building (KB EnergoMash), was allowed to 
be published. 

Mishin was also in the news, albeit in an oblique manner. In 1972, a French journalist. 
Pierre Dumas, authored an article in the journal La Recherche Spatiale (Space Research) in 
which he named Academician Mishin as one of the authors of a project to send "A Manned 
Space Train to Mars in 1978."12' It was the very first publication linking his name with the 
Soviet space program. Coincidentally or not, Mishin also wrote his first article for the Soviet 
media under the pseudonym "Professor M. Vasilyev" in April 1972. In this article in Pravda. 
"Vasilyev" glowingly praised the achievements of the late Korolev." Ironically, at exactly the 
same time, a Ukrainian emigre published a remarkable analysis of the organization of the Soviet 
space program. Taking a cue from the French article mentioning Mishln, the author accurately 
named Mishin as the still-unknown "Chief Designer" of the Soviet space program."' Without 
exception, all Western analysts, including the CIA, ignored this claim, and for at least the next 
15 years or so, "expert observers" in the West continued to tout the names of Yangel or 
Chelomey as the successor to Korolev. 

Unlike Mishin, one employee of TsKBEM was allowed to speak and appear under his 
own name: Department Chief Boris V. Raushenbakh. In a revelation that caused a mini-sensa- 
tion in the West, the fifty-five-year-old Raushenbakh was identified as a "specialist in space 
engineering" during the press conference following the Soyuz I0  flight in late April 197 1 .I2' It 
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may have been Raushenbakh's considerable tal- 
ents as a scholar, an orator, a writer, a scientist. 
and an engineer that posited him with this oppor- 
tunity. Hailing from German origins. in 1948. he 
had edited a Russian translation of a classic work 
by Hermann Oberth on space navigation. He had 
obtained the equivalent of a Ph.D. in 1958 and 
become a Corresponding Member of the USSR 
Academy of Sciences In July 1966. His engineer- 
ing spec~alty was satellite orientation systems-a 
field that he had pioneered in the Soviet Union in 
the mid- 1950s-but his interests were far and 
wide. He eventually became a doctor of theology. 
study~ng the relationship between science and 
religion, and he wrote several books on the math- 
ematical analyses of perspectives in anclent and 
modern art.'. 

In another unprecedented move, the Soviet 
government allowed an American journalist to 
visit the Cosmonaut Training Center. In March 
1972. lohn Noble Wilford. a reDorter for The  

N e w  tor/( Ttmes, took a oni-day vlslt to Chiel Designer Va/entin Glushko appeao here rn 

Zvezdnyy gorodok (Starry Town) tn s"pport of a h'S of/(c'af Portra[l daf'ng from the fate 1960s 
His name was officially declassrlied by Souref 

page One write-upt was later 
authoritres rn 1971 the first major chieldeirgner rn 

that month A dark bronze statue of first cosmo- the Souief space program to receiue this honor 
naut Yuriy A Gagarin welcomed Wilford lnto the before hrs death (files of Peter Gorin) 
closed city, located about forty k~lometers north- 
east of Moscow near the industrial town of Shchelkovo. As with many secret Sovlet citles. 
Zvezdnyy gorodok was not identified on any public maps and was hidden from the major high- 
way by a forest. By Wilford's estimates. the populat~on of the town was 1,500 to 2,000. He was 
the f~rst Westerner to see many of the ground trainers used by cosmonauts prior to their flights. 
While his hosts. cosmonauts Shatalov and Yelisevev, s~oke  rnostlv about the future of 
Earth-orbital space stations, they did not shy away fro'm the obvlous question of a piloted lunar 
landing When asked whether Soviet cosmonauts might land on the Moon by 1975 Yelrseyev 
repl~ed "Yes By that tlme we will probably send our people to the moon " ' Wllford h~mself 
got the Impresslor- of an active and expanding Soviet space program 

U.S. perceptions of the Soviet space program in the early 1970s differed dramatically, 
depending on the perspective. Having fallen prey to Soviet denials about their Moon program. 
most public observers tended to discount claims by a few lone analysts that the Soviets 
had ever tr~ed to send cosmonauts to the Moon. The CIA, on the other hand, was clearly rn a 
better position to assess what the Soviets were doing. Through the fa~lures and delays of 
their lunar program. U S lntell~gence was keyed ~ n t o  the hidden arcana of the Soviet space 
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program. In a top secret National Intelligence Estimate issued in March 1970, the CIA very 
accurately predicted that: 

Technical problems with both the [NI] vehicle and the [Proton] booster wil l  delay a 
manned lunar landing mission until 1973 at the earliest and probably beyond. 
Nevertheless, a lunar landing miss~on remains on the books as a venture to be carried 
out in due course."" 

CORONA photo-reconnaissance satellites were able to discern remarkable detail of hard- 
ware. By the t~me of their July 197 1 estimate, the CIA produced a detailed drawing of the still 
secret N I and its ground infrastructure. Analysts apparently attributed a far greater ability to the 
N I rocket than it actually had; according to CIA analysts, the rocket was capable of injecting 
as much as 125 tons into Earth orbit when its real capability was closer to ninety tons. 
The errors in analysis were compensated by the speed of information collection; the July 197 1 
estimate was issued just four days after the third N I launch failure but contained detailed infor- 
mation on the accident. Listing all major liquid hydrogen upper stage programs, the CIA also 
added quite correctly: "All things considered . . . we think it is unlikely that development of 
high-energy upper stages has progressed far enough for the Soviets to begin flight-testing them 
on the [Proton] or the [N I ]  in the near future.""' 

The Soviets' increased openness and the CIA'S much better intelligence collection means 
were both big factors in the early 1970s as the United States and the Sov~et Union engaged in 
their first major cooperative venture in space in the backdrop of detente. Intensive discussions 
on a cooperative human spaceflight effort had begun as early as 1969 between then-NASA 
Administrator Thomas 0. Paine and USSR Academy of Sciences President Mstislav V. Keldysh. 
Apart from the purely political value in support of detente, any potential joint mission would 
have functional advantages for both sides. For NASA, the year 1972 would be the end of an 
era in space history as the Apollo lunar landing missrons began to wind down. Apollo 16 was 
set for April 1972. while the last mission. Apollo 17. was scheduled for December 1972. Flights 
in the NASA Skylab space station program were set for 1973 and 1974, followed by a hiatus in 
the piloted space program for at least five years before the introduct~on of the reusable Space 
Shuttle. A joint flight in the interim period would provide NASA engineers with valuable pilot- 
ed spaceflight experience. For the Soviets, a joint m~ssion would be most useful from a public 
relations perspective-that is, to demonstrate that its space technology was on a par with that 

129. U.S. Central lntell~gence Agency, "Natronal Intelligence Est~mate 1 1 -  1-69. The Sov~et Space Program." 
Wash~ngton. D.C , March 26. 1970, p. 3, as declass~f~ed in 1997 by the CIA H~stor~cal Review Program 

130. CIA, "Nat~onal lntell~gence Est~mate 11-1-71. The Sov~et Space Program." pp 10. 12. 13 The actual 
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Item Actual CIA Estimation 
Total Length 105 3 meters (m) 96.6 m 
Stage I LengthIBase D~ameter 30.1 m116.9 m 25.6 ml17.1 m 
Stage II LengthlBase D~ameter 20 5 mI10.3 m 21 0 m l l  1 3  m 
Stage Ill LengthIBase Diameter I1 5 ml6.O m 13 1 mi79 m 
Stage IV LengthIBase D~ameter 8.0 mi6 0 rn 1 7 4  mi6 I m 
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Stage I Thrust 4.6 15 tons 5,897-6.350 tons 
Stage l l  Thrust 1.432 tons 1.588 tons 
Stage I l l  Thrust 164 tons 544 tons 
Stage IV Thrust 4 t tons 200 tons 
Payload to Low-Earth Orb~t 90 tons 125 tons 



of the U.S. space program-a claim that had been difficult to support in the previous few years. 
By early April 1972. Vladimir A. Kotelnrkov, the Deputy Chairman of Interkosmos, and George M. 
Low, Deputy Administrator at NASA, had agreed to a formal technical agreement on the docking 
of a Soyuz and an Apollo spacecraft in orbit around Earth in July 1975. A formal document, 
"Agreement Concerning Cooperation in the Exploration and Use of Outer Space for Peaceful 
Purposes." confirming this arrangement was signed by President Richard M. Nixon and Council 
of Ministers Chairman Aleksey N. Kosygin on May 24. 1972.'" The American side called the pro- 
ject the Apollo-Soyuz Test Project, while the Soviets used the phrase Apollo-Soyuz Experimental 
Flight (EPAS). 

The birth of EPAS coincided with major changes within TsKBEM, secretly the prime 
contractor firm for the joint program. For several years. Chief Designer Mishin had been propos- 
ing for a fundamental change in the hierarchical makeup of his design bureau. With the blessing 
of the Ministry of General Machine Building, on July 14. 1972, the TsKBEM structure was reor- 
ganized, for the first time introducing a new level of chief designers within the design bureau. 
Mishin would remain the Chief Designer and Chief of TsKBEM. Under him, there 
were six chief designers, each responsible for one of six projects: the N I rocket, the L3M lunar 
landing complex, the DOS-7K space station, the 7K-S military Soyuz, the EPAS international pro- 
ject, and the RT-2PU ICBM.'" As before, Sergey 0 .  Okhapkin remained Mishin's First Deputy 
Chief Designer for all programs. Both Mishin and Okhapkin oversaw four other deputy chief 
designers who were in charge of specific technical areas.'" One of Mishin's key deputies was 
Konstantin D. Bushuyev, whose name was also added to the growing roster of people revealed 
to the world. In June 1971, the Soviets named him as the director of the Soviet portron of the 
Apollo-Soyuz Test Project. The Americans had, for obvious reasons, no knowledge of Bushuyev's 
extraordinarily important role in the creation of the Soviet space program. 

The Soviet public, like those abroad, continued to be fed a steady d~et of propaganda 
concerning their space program. While the space effort may have engendered a strong degree of 
support in the late 1950s and early 1960% by the early 1970s, as the country's economy ground 
into the "great stagnation," people were less prone to be vocally in favor of it. A story in The 
Washington Post in 197 1 illustrates the point. In February I97 1, a large portion of potatoes sold 
in Moscow had been too rotten to eat. Outraged by the dearth in quality in a staple Russian food 
item, one indignant grandmother declared to a crowd waiting to buy potatoes at a central farm 
market. "We have rockets, right? Of course, right. We have Sputniks, right? Of course, right. They 
fly beautifully in outer space. So 1 say to you, dear friends. Why don't we just send these rotten 
potatoes rnto outer space too." There was a small round of applause for her modest proposal. A 
New York Times correspondent added from Moscow that "Although critlclsm [of the space pro- 
gram] is kept muted by the controlled Soviet media, it IS well known here that many Russians are 
irritated by the costly space ventures when life here is still far from sati~factory."'~ 
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While the criticisms may have been val~d, the Soviet public actually knew little about the 
workings of the Soviet space program. In a l l  unclassified documentation. TsKBEM was merely 
known as the nondescript "post office box number 65 I . "  Despite the anonymity, the town of 
Kaliningrad near Moscow seems to have been a major beneficiary of the massive industrial 
infrastructure built to support operations at TsKBEM. Dozens of high-quality households. 
apartment complexes, and well-stocked stores were built in the 1960s as more and more 
engineers from the best educational institutions all over the country joined the design bureau. 
At the time of the 1972 shakeup, Mishin oversaw an enterprise of 28.959 employees, most of  
whom were based in Kaliningrad. Because all work at TsKBEM was classified top secret, 
engineers were constantly shadowed by individuals from the "First Department," whose job it 
was to maintain tight security. As a compensatory measure, wage rates at TsKBEM were about 
25-30 percent higher than those in similar institutions engaged in scientific or engineering 
work. Korolev's death, however, seems to have had some deleterious effects on the workforce. 
A former englneer who emigrated to the West in the late 1970s recalled: 

As long as Korolyou was alive. TsKBEM personnel o f  conscription age were not required 
to serve in the army. The situation changed dramaticalIy under Mishin. Towards the end 
of the 1960s all deferments were canceled and men were called up in droves. In june 
1968, a virtual round-up was carried out in Kaliningrad. . . . Even though several 
months later many o f  the men began returning, one of the ~ncentiues for working at 
TsKBEM was gone. Many began to seek jobs elsewhere. It was under these circum- 
stances that the author left TsKBEM in 1970. . . . I 3 '  

Losses in human potential were not limited to TsKBEM. In 197 1 ,  the Soviet space program 
lost three of its major leaders. On ]une 25. 1971. Chief Designer Aleksey M. lsayev of the 
Design Bureau of Chemical Machine Building In Kaliningrad passed away at the age of sixty- 
two after a heart attack. His organization, previously known as OKB-2, had designed almost all 
space-based propulsion systems in the Soviet space program, including those for the Vostok, 
Voskhod, Soyuz, Salyut. LI, and LOK spacecraft. One of the first engineers to travel to Germany 
in 1945, lsayev had later headed a group at the famous Nll-88. where he had led efforts to 
develop rocket engines for various ballistic, cruise, surface-to-air, and anti-ballistic missiles. 
eventually moving into the space field. One of his major contributions was the development of 
the first Soviet high-energy cryogenic engine, created for an upper stage of the N I rocket. lsayev 
had been offered the honor of becoming an academician of the Academy of Sciences, but he 
had refused on the grounds that he was an engineer, not a scientist. His name was revealed to 
the general public only upon his death."6 

Less than two months later, on August 3, 1971, fifty-six-year-old Chief Designer Ceorgiy 
N. Babakin passed away. As head of the design bureau of the S. A. Lavochkin State Union 
Machine Building Plant since 1965, Babakin had overseen the tremendous successes of the 
Soviet automated lunar and interplanetary programs. In the piloted space programs, he had 
played prominent roles in determining policy by participating in various councils involved in the 
N I -L3 lunar programs. The crowning successes of Babakin's tenure were the Luna 16 soil sam- 
ple return and the Lunokhod I lunar rover missions in late 1970, both of which were critical to 
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supporting the Soviet claim that they were focusing exclusively on automated lunar explo- 
ration. One of Babakin's final dreams had been to recover soil samples from the far side of the 
Moon. Work on such a project had, in fact, begun in 1970 during his lifetime. The plan con- 
sisted of an orbiter and a lander-the former to serve as a communications satellite between 
the latter and Earth. The mission was evidently scheduled for launch sometme in 1972, but 
after Babakin's death, the idea gradually fell to the wayside, partially because of the high level 
of technical complexity." Academy of Sciences Corresponding Member Babakin had been 
working as the deputy chair of the Soyuz I I investigation commission at the time of h ~ s  death. 

A thlrd loss in I97 1 was perhaps the most important from a historical perspective. One of 
the most influential figures in the Soviet missile and space programs. Chief Designer Mikhail K. 
Yangel died on October 25. 197 I. at the age of sixty." As the architect behind the new gener- 
ation of Sovlet strategic ballistic missiles. Yangel perhaps had more of an influence on the his- 
tory of the Soviet Union than Korolev. Under his tutelage. KB Yuzhnoye created several 
hrgh-performance ICBMs. such as the R- 16, the R-36, and the R-36M, for the Strategic Missile 
Forces. In the space sector, hks team was responsible for a var~ety of military satellites and satel- 
lite launch vehicles. Yangel had never had a strong interest in the piloted space program. 
although, from time to time, had tabled proposals such as the R-56 plan for a lunar landing or 
an even more amb~tious Mars mission proposal in 1969. He was also closely involved in the 
development of the N I -L3  system, participating actively in all meetings related to the pro- 
gram-an interest partly stoked by h ~ s  organization's help in creating the main lunar lander 
englne. In the last years of his life, he had been beset by serious illnesses and had had to relin- 
quish some of his day-to-day duties. On his sixtieth birthday, October 25. 197 1 ,  there was a 
big reception In hls honor at the offices of Mlnister Afanasyev. During the celebrations. Yangel 
complained about not feeling well and went to lie down on the sofa in an adjacent room. For 
a long time. there was no word from the room. After some time, attendees discovered h ~ m  dead 
on the couch. It was his fifth heart attack."' 

A final transitory event in the space program was not a death, but a retirement. In October 
1971, sixty-year-old Col. General Nikolay P. Kamanin formally resigned as the Air Force 
Commander-in-Chief's Aide for Space, a post he had held since May 1966. Off~cially, he had 
been respons~ble for the Cosmonaut Training Center, the Air Force Biomed~cal Service, and 
the Air Force Solar Service. Throughout a ten-year period. Kamanin had not only served as the 
doctrinal leader of the cosmonaut corps, but also as a vocal and insistent supporter of p~loted 
space programs. Despite speculation rn the West that Kamanln was a casualty of a post-Soyuz 
I I disaster shakeup, the general had, in fact, decided to retire before the end of that tragic 
m i~s ion .~ "WH role in the Soviet space program has often been compared to that of Donald K. 
"Deke" Slayton at NASA-that is, as a major player in the selection and traln~ng of fllght 
crews But Kaman~n, in many ways, exceeded that mandate by his important contributions to 

137 "Ceorg~ Babak~n Soviet Scientist ' New York Trmes August 5 1971 p 36 N G Babakln A N 
Banketov and V N Smorkalov G N Babakrn rhizn i deyatelnosl (Moscow Adamant 1996) pp 73-75 Babakin 
was succeeded by S 5 Kryukov as Chief Designer of the design bureau of GSMZ S A Lavochkin 

138 Mikhail Yangel Soviet Space A~de Chlef Deslgner of Rockets lor Exploration Dies New York Times 
October 27 1971 p 50 

139 Khrushchev Nikifa Khrushcheu tom 2 pp 86-87 Yu V Biryukov "Seventieth Birthday of Vladimir 
Fedorovlch Utkln' (Engl~sh title) Zemlya I uselennaya no 3 (May-June 1994) 45-50 Yangel was succeeded by 
V F U t k ~ n  

140 Kamanin This Should Never Happen Again1 ' no 24 The declsion to replace Kaman~n wlth a veter 
an cosmonaut was adopted on June 25 197 1 five days before the return of the Soyuz I I crew See also "Memorable 
Dates ' (Engl~sh title) Nouosli kosmanautikr 12- 13 (June 3-30 1996) 76 For Kamanin s appointment to become 
the Air Force Commander in Ch~ef s Aide for Space see N P Kamanin Skrytry kosmos kniga utoraya 1964- 1966gg 
(Moscow Infortekst IF 1997) pp 321 339 341 



the definition of state policy as well as his direct par- 
ticlpation on flight control teams for almost all Soviet 
piloted space missions between 196 1 and 197 1 .  
Having retired from the publrc eye, Kamanin did not 
return to it. He died on March 13. 1982. at the age of 
seventy-three.'?' 

Perhaps in retrospect. Karnanin's greatest contribu- 
tions to the history of the Soviet space program were his 
personal diaries. Meticulously written between 1960 
and 1974, they provide an undeniably rare view rnto the 
emergence of the Sov~et space effort. W ~ t h  an eye for 
analysis and reflection. Karnanin recorded much of the 
arcana of the decade through the lens of an active par- 
ticipant. Even with the declassification of archival mate- 
rial from the early days of the Soviet space program, his 
journals, which have been published piecemeal by his 
son in the Soviet and Russian media since 1989, add 
richly to a history often devoid of documentation. But 
like most figures of that era. Karnanin wrote with h ~ s  
own biases-prejudices that often leap out of his writ- 
ings. A diehard Stalinist to the end, Kaman~n was quick 
to criticrze everyone but himself in the failures of the 
Soviet space program, repeatedly castigating Korolev. 
Mishin. Ustinov. Smirnov. Afanasyev, and many cos- 
monauts. The cosmonauts, especially, did not have an 
easy relationship with hrm. In summlng up Kamanin 
famous Russran journalrst. Yaroslav K. Golovanov, later : 
personality: 

General Ntkoiay Kaman~n was the Air Force 
Commander in Ch~ef s Aide for Space His 
personal diaries spanning a fourteen year 

period from 1960 to 1974 have been central 
to understanding the [ntricacies of the Soulet 

piloted space program during the 1960s 
(files of Peter Gorinj 

's relations with the cosmonauts, one 
jccurately summed up the general's own 

I think that the majority of the cosmonauts did not like him. . . Some o f  them confid- 
ed this to me euen back in the 1960s. . . . Kamanin kept a tight rein on them, demand- 
ing utter discipline and unquestioning obedience. He indulged himself in what was 
essentially a lack of responsib~iity that allowed him to demean young men far superior 
to himself, and he forced this style of leadership onto the whole first echelon of cosmo- 
nauts. To Kamanin i t  was fIatter~ng that these world famous people had to obey him. 
just like new recruits obey their corporal. It was euen easler for him to control the peo- 
ple who still had to make a flight. After ail. i t  largely depended on Kamanin when. with 
whom, and on which mission they llew. . . . Kamanin was feared, but not loved. Unlike 
his big idol Stalin, he drd not succeed in being ioued and feared at the same time. ,'' 
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The early 1970s in the Soviet piloted space program was a period characterized by a notice- 
able lack of self-confidence. As substantial achievements began to dwindle dramatically, offi- 
cials and engineers began to grasp desperately for any dim possibility of success. The Soyuz I I 
tragedy was obviously a severe blow, but if Ustinov. Mishin, and others believed that the spate 
of misfortune was over, they were wrong. In the two years following the deaths of 
Dobrovolskiy. Volkov, and Patsayev, the Soviet space establ~shment was beset by failure after 
failure-at the very same time that the Soviets were engaged in a bid to prove their parity with 
the United States in space achievements. Iron~cally, it was precisely during these troubled years 
that engineers produced, for the first time, a realistic and expansive vision of future space 
exploration-one that had good reason to succeed. These projects, such as the construction 
of giant space stations in Earth orbit and the long-term exploration of the Moon, were all, of 
course, dependent on the political caprices of the key influential players. In the end, as politi- 
cal imperatives had played a role in creating much of the early Soviet space program, they 
would also play a role in destroying the new vision. 

The Multirole Orbital Complex 

Throughout the setbacks of the DOS program, Chief Designer Mishin continued to focus 
efforts at his design bureau on two major long-range goals: the accomplishment of advanced 
lunar landing missions and the establishment of large-scale stations in Earth orbit. The former 
consisted of the Multirole Orbital Complex (MOK), whose central element was the Multirole 
Space Base-Station (MKBS)-a giant space station that had been under study since the mid- 
1960s. Like the long-term lunar bases that Mishin expected to establish in the 1980s, the MOK. 
in spirit at least, had more of a connection with the science fiction ideas from the pre-Sputn~k 
era than the incremental developments of the 1970s. These two projects were essentially what 
he conceived as the first steps in the human migration into space-a vision foretold by the 
early-century pioneers such as Tsiolkovskiy, Oberth, and Kondratyuk. To Mishin's credit. he 
made sure that the MOK not only had a cogent vision but also detailed substantiation from a 
funding perspective. 

The basic idea behind the MOK was the establishment of a large-scale complex in Earth 
orb~t to support a variety of goals, all focused on improving life on Earth. The heart of this com- 
plex would be the MKBS, a giant piloted space station launched by the N I, which would be 
tended by a menagerie of smaller spacecraft flying to and from orbital factories. Mishin's own 
descript~on from 1989 touches on the essence of the effort, which would involve: 



a broad program for space exploration in circumterrestrial space within the Earth-Moon 
radius, including participation in solving food, energy, and ecology problems. Using a 
minimum number of fully equipped, standard space facilities in ground and orbital 
bases, the plan was to saturate local space with numerous useful vehicles.' 

Some of the goals of the MOK sounded positively outlandish: 

[Eiements of the MOK] would even be able to influence the climate and lighting for cities. 
using a system of mirrors and solar light. It was a quite realistic project. [There would 
aiso be the] removal of harmful production facilitres into space and full use ofthe oppor- 
tunit~es in space-high and low temperatures. high vacuum. conditions close to weight- 
lessness. And 90 percent of all these operations would be carried out without humans.! 

The ongoing DOS program In the early 1970s was seen as someth~ng of a precursor to the 
MOK and therefore was seen less as a competitor than a complement to the new proposal. 
Mishin's timetables were fairly amb~tious. By September 1970, he was planning to have the 
draft plan for the MOK ready by 1972 and to start flylng statlon components Into orbit using 
uprated versions of the N 1 by 1974.' In November 1970, Mishln met with Military-Industrial 
Commission Chairman Smirnov to discuss the MKBS, but a dec~s~on was postponed until fur- 
ther evaluation by a review commission. One of the obstacles to a decision may have been a 
factor that had perennially slowed down many other programs: Interest from the military. In 
May 1971. Mishin discussed the issue of a military tactical-technical requirement with 
Commander of the Chief Directorate of Space Assets Lt. General Andrey G. Karas The possl- 
bility of includ~ng both passive and active mrlitary systems aboard the MKBS had been con- 
sidered for many years, and some of these proposals were linked to the N I-related anti-ballistic 
missile systems of the day. 

By mid- 197 1 ,  Mishin's engrneers were engaged in revisions of the technical plan for the first 
two stations. MKBS- I and MKBS-2. presumably based on military, scientific, and technologr- 
cal Irmitat~ons. Ustinov's blessing was evidence that the effort was gathering support. In 
August 1971, a month after the Soyuz I I disaster. Mishin and Ustinov discussed the long-range 
plan for Soviet Earth-orbital stations dur~ng the 197 1-80 period. The Soviet space effort would 
start off w ~ t h  Mishln's DOS, then move to Chelomey's mil~tary Almaz, and then f~nally migrate 
to the giant MKBS- I In the mid- 1970s and MKBS-2 by the end of the decade. Mishin already 
had plans to launch the first components of MKBS-I on NI boosters IOL and I IL, perhaps 
amid the initial lunar exploration phase of the L3 project. The last few months of 197 1 were an 
intense perrod for sharpening the vision of the MOKIMKBS proposal. Discussions focused on 
technical aspects, such as the docking systems for heavy add-on modules for the station, and 
managerial aspects, such as the preparation of a formal decree in support of the program. On 
November 12. 1971. Mishin met with Minister of General Machine Building Afanasyev and hrs 
Frrst Deputy Tyulin specifically to discuss the MOKIMKBS proposal. Both agreed to a new tac- 
tical-technical requrrement, drawn up with the cooperation of the military. The meeting result- 
ed in a recommendation for a Military-Industrial Commission decree on the issue and a rough 
timetable for the development of the complex. Mishin's engineers could expect to defend the 
technical plan for the MKBS at the Scientific-Technical Council of the Ministry of General 
Machine Building by rnrd-December 1972. 
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On February 23. 1972, the Military-Industrial Commission issued a formal decree calling 
for work on a technical proposal for the creation of the MOK.4 As a result, throughout the sec- 
ond half of 1972 and the first half of 1973, engineers at TsKBEM, including several leading 
Deputy Chief Designers, such as Anatoliy P. Abramov. Boris Ye. Chertok. Mikhail V. Melnikov, 
and lgor N. Sadovskiy, were involved in drawing up a detailed draft plan for the project. Many 
other organizations were also involved at this stage of the work. 

The MOK as a whole was designed for a wide range of goals in support of science (astro- 
physical research and "fundamental scientific-technical research in conditions of outer space"). 
the national economy (the study of Earth's natural resources from space: activities related to 
guidance, navigation, and communication; research to study forestry, agriculture, geology. and 
deep sea fish~ng; and so on), and national defense. The MOK would consist of the following 
primary components: 

A circumterrestrial orbital system on the basls of the MKBS and autonomous spaceships 
A transport system on the basis of transport supply ships and, in the future, a reusable sys- 
tem and an orbital launch vehicle system 

= A ground launch complex 
An automated control system and search-and-rescue complex 

The MKBS, as the central link in the system, would serve as the primary place of residence for 
crews, the orbiting control center, and a base for supply and technical maintenance of the entire 
complex. Independently functioning apparatus unified with the MKBS would have separate goals, 
carrylng out coordinated activities and maneuvers with their own transport systems.' 

In designing the MOK, engineers took into account two main limitations: minimum fund- 
ing and extended operation. Given these requirements. TsKBEM, in its technical plan for the 
MOK, addressed and adopted specific technical solutions in five major areas: 

To reduce the number of orbital elements while at the same time maximizing the scale of use- 
ful activities, engrneers used the princrples "one and the same goal solved by various appa- 
ratus" and "various goals solved by the same ship." In addition, planners selected a 
Sun-synchronous orbit with an orbital inclination of ninety-seven and a half degrees to 
achieve the widest range of goals. An increase in the active lifetime of the MOK to up to 
seven to ten years would be accomplished by making use of reserves and service repair work. 
Designers reduced the required traffic on the "Earth-to-orbit" and "orbit-to-orbit" routes 
by using the lowest number of consumed materials. Specifically, they used reserve propel- 
lants to maintain the complex's orbit and orientation (with electric engines), exposed film 
and reentry capsules for their delivery (by transferring urgent information by radio and 
delivering less urgent information to Earth by transport and supply ships), and special light 
modifications of 7K Soyuz-type ships with remote manipulator arms for intersatellite trans- 
port. Also, autonomous modules based on the MKBS would engage in regular repair work. 
Engineers reduced the cost of developing MOK systems by maximizing the use of auxiliary 
systems and apparatus of standard size and form that had already been developed, but with 
the necessary modifications. Continuity between previously created and proposed materi- 
als would be partly facilitated by the use of 7K Soyuz-type ships launched on the Soyuz 
booster. Apart from its direct use as a transport ship, engineers proposed automated 

4 Yu P Semenov ed Raketno Kosmrcheskaya Korporats~ya "Energiya" (men1 5 P Koroleva (Korolev 
RKK Energiya named after 5 P Korolev 1996) p 639 

5 lbtd p 278 



modifications in the form of "multi-goal visiting modules." In addition, they would use a 
new modified spacecraft module, the 19K, launched on the Proton booster, as a modified 
observation module, as well as heavier special modules launched by the N I .  Using upper 
stages such as Blok SR, the N I would be able to launch special apparatus for the MOK to 
geostationary orbit. 
Engineers would make maximal use of already developed ground-based systems to support 
MOK operations, such as current launch complexes and the ground tracking network. 
Finally, planners expected to reduce the cost of transportation for orbital operations on the 
MOK by limiting operations as much as possible to a single orbital plane coinciding with 
the inclination of a standard Sun-synchronous orbit. TsKBEM would also develop new eco- 
nomical reusable transport systems, allowing for the lifting of payloads and consumables 
to polar orbits at inclinations of ninety-seven and a half degrees or higher.6 

One of the main selling points of the MOK, according to its developers, was its great flex- 
ibility and adaptability in relation to its program of research-that is, the design of the complex 
would make it relatively easy to change and renovate the makeup of the orbital system without 
disrupting the basic interconnected functionalism. The creation of the MOK would unfold in 
two major phases: the first in an experimental orbit at a fifty-one-and-a-half-degree inclination 
and the standard at an inclination of ninety-seven and a half degrees at 400 by 450 kilometers. 

Obv~ously, one of the m a r  links in the creation of the MOK was the N I launcher, which 
in its N I F configuration would be the primary launch vehicle for elements of the MKBS por- 
tion Engineers also explored the possibility of using a partially reusable version of the N I-a 
rocket whose first stage, Blok A, would be powered by combined liquid and air-compressed 
engines firing on the liquid hydrogen-liquid oxygen (LOX) combination. 

The MKBS. the main component of the MOK, looked roughly like a giant pencil in orbit 
and probably had design elements common to the abandoned Martian piloted spaceship pro- 
posal from 1969. At one end of the spacecraft, there was a nuclear energy unit and electrlc plas- 
ma engines to maintain attitude and altitude. The primary engine complex of the MKBS would 
use liquid-propellant rocket engines with thrusts of 300- 1.000 kilograms. Attitude would be 
maintained by a combination of liquid-propellant (ten to forty kilograms thrust) and electric 
engines ( 100-300 grams thrust). The nuclear power unit would supply the primary power to 
the station, about fifty to 200 kilowatts. Solar panels, with a total surface area of 140 square 
meters and jutting out from various points along its maln body, would prov~de an additional 
fourteen kilowatts. The nuclear energy unit was placed as far away as possible from the habi- 
tation quarters, which were on the other side of the "pencil." This opposite end would begin 
with a large compartment for "scientific and special equipment." Total scientific instrumenta- 
tion on the MKBS would comprise about fifteen to twenty tons. Moving aft, there would be a 
multiple docking adapter, much like the one later used on the Mir space station, but far bigger. 
Here, at least four visiting spacecraft would dock, some of them based on the 7K Soyuz design 
and some of them "special modules." The docking adapter was connected to the main living 
and working quarters-a huge cylindrical compartment, about the size of Skylab, for crew 
activities. There would be six permanent crewmembers on the MKBS and up to ten for short 
periods. In the first two years of operation, crews would switch over about two times a year. 
The life support system would have a reserve of 1.100 crewperson-days with the capability to 
regenerate water from condensate. Ultimately, the atmosphere and water would be fully regen- 
erated from the life support system. 



Further aft, there was the instrument and aggre- 
gate compartments, containing a variety of instru- 
mentation to support MKBS operations in Earth orbit. 
About one-third of the way down the "pencil." the 
station had two long arms, each twenty to thirty 
meters long and 180 degrees apart, both of which 
ended in small cylindrical compartments. Here, in 
these modules, each with a volume of twenty-frve to 
thirty cubic meters, cosmonauts could spend time 
and enjoy the effects of artificial gravity from the spin 
around the station's main axis. According to prelimi- 
nary calculations, an angular velocity of a half degree 
per second would generate up to 0.6-0.8 g's. The 
central node for these artificial gravity arms would 
also include an EVA airlock. Moving aft down the sta- 
tion, the cosmonauts would then find the main labo- 
ratory quarters, yet another cylindrical module, with 
its own adjacent multiple docking adapter with four 
ports. Here, the station proper would end, and three 
long pylons, about half the length of the station itself, 
would extend aftwards, ending in the nuclear reactor 
package on the other end. The total mass of the 
MKBS with four attendant visiting modules would be 
in the range of 220 to 250 tons, requiring assembly in 
orbit because the NI would be rated a t  eighty to 
eighty-eight tons of useful payload. The station 
would have a total length of about 100 meters and a 
main body diameter of about six meters. Each MKBS 
was expected to function about ten years in orbit.' 

Like the L3M lunar landing plan and its related 
Long-Duration Lunar Base, the MOK proposal was 

This 1s a drawrng of the Multrrole Space 
Base Statron (MKBS) the huge Earth orbital 
complex proposed by Vasilry Mish~n rn the 

early 1970s (copyright Mark Wade) 

clea;ly a leap in ambition and capability rather than 
the incremental advances to which the Soviets were generally prone. While the fantastic nature 
of these plans would give pause to any American conception of a space program in the 1970s. 
the Soviets, despite losing the race to the Moon and despite the series of attendant disasters 
that plagued their piloted program in the early 1970s. saw these proposals as vehicles for regain- 
ing some lost glory. Thus, both at a designer level-in particular Mishin-and at a bureaucrat- 
ic level-Ustinov. Smirnov, and Afanasyev-these proposals were taken very seriously and 
were incorporated into the long-term vision of the Soviet space program. In 197 1 ,  thts vision 
was, however, less of a problem than the short-term one. Having just recovered three dead cos- 
monauts from orbit, any clarity about regaining momentum was lost amid continuing setbacks 
in the small space station program. 

Trying to Fly 

In the immediate post-Soyuz I I disaster climate, it was clear that there would be no 
further missions to the first Saiyut station.' One possibility was to fly the long-delayed dual 

7 l b i d p 4 1 0  
8 One unconfirmed report suggests that there may have been brlef plans to fly a short Soyuz mlsslon to the 

Salyut statlon ~n September 1971 The crew would have been A A Leonov P I Kolodln and A A Cubarev See 
Mlkhail Rebrov Kosrnicheskiye katastrofy stran~chkc rz sekretnogo dosye (Moscow Ekspr~nt NV. 1996) pp 72-73 



Soyuz-docking mission to test the Kontakt rendezvous radar system slated for use on the lunar 
landing project. Conceived sometime in 1968, the mission was repeatedly delayed because of 
poor results during the system's ground testing. In May 1970, the docking mission was set for 
August of the same year, using 7K-OK vehicles 18 and 19. The fl~ght was then delayed to 
October 1970. Eventually, space program head Ustinov opted to delay the Kontakt flight in favor 
of the DOS space station flights in 1971, thus moving the docking flight further back to late 
1971. At least four crews for the missron, including primary crews of Filipchenko with Grechko 
and Lazarev with Makarov, cont~nued their training despite the increasingly gloomy prospects.' 
With the slowdown of the original 13 plan and the imminent adoption of the new L3M project, 
Kontakt lost much of its importance. In October 197 1 .  Mishin officially closed down Kontakt." 
Crews tra~ning for the mission were instead transferred to training for other projects. 

Wrth the prospect of piloted flights only within the framework of orbital stations rn the 
near future, the focus of discussion shifted to both the DOS-7K complex and Chelomey's 
Almaz space station. In early August 1971, Mishin met with Ustinov to discuss long-term 
plans. Ustinov was clear on several points, including the urgent need to accelerate work on the 
Sokol-KI spacesuit for the Soyuz spacecraft. In addition, he made it clear that he wanted the 
next Soviet space station to be Mishin's DO5 rather than Chelomey's Almaz. Ail resources 
should be marshaled so as to launch the next DOS before NASA's much larger Skylab space 
station Based on the discussions. Mishin had a provisional schedule for work on the DOS: 

Station Launch No. of Visits Visiting Ship 

DOS-2 First quarter of 1972 
DOS-3 Fourth quarter of 1972 
DOS-4 Fourth quarter of 1973 

3 t o 4  7K-T SOYUZ 
3 to 4 7K-T Soyuz 

4 7K-S Soyuz 

The 7K-T Soyuz variants would be equipped with the old lgla rendezvous system, while 
the advanced 7K-S Soyuz would have a new system, designated l i ra. Each DOS spacecraft 
would have a four-month lifetime for its life support system and a six-month lifetime for all 
other systems. The urgency of launching the next DOS as soon as possible was underlined at 
a meeting in early November 1971 that was attended by all the major leaders of the Soviet space 
program " There was a general consensus that DOS-2 should be launched so as to take some 
of the publicity from the Apollo 16 Moon landing planned for April 1972. 

In October 1971, Col. General Kamanin retired from his post as the manager of the cos- 
monaut corps and was replaced by Maj. General Vladimir A. Shatalov, the forty-four-year-old 
veteran cosmonaut. It was a very powerful rank for a cosmonaut to hold, and his appointment 
order. signed earlier in June 197 1 .  probably stemmed from Shatalov's cool disposrt~on during his 
three Soyuz rn~ssions during 1969-71. One of Shatalov's first actions was to select crews for 
the DOS-2 space station flight. For the honor of the first visiting mission, he picked the Leonov- 
Kubasov team that would have flown on the ill-fated Soyuz I I had rt not been for Kubasov's 

9 The four crews in December 1970 were A V F~l~pchenkoIC M Crechko V C LazarevlO C Makarov 
L V VorobevN A Yazdovsk~y and C T Dobtovolsk~ylV I Sevastyanov 

10 K Lantratov '20 Years From the Fllght of Soyuz 12 ' (English tltle) Novostr kosrnonautiki 20 
(September 25-October 8 1993) 39-41 

I I In attendance among others were D F Ustlnov (Secretary TsK KPSS) I D Serb~n (Ch~ef TsK KPSS 
Defense lndustrles Department) M V Keldysh (President AN SSSR) G A Tyul~n (Flrst Deputy Mln~ster MOM) 
A I Tsarev (Deputy Chalrman VPK) B A Kornlssarov (Department Chlef VPK) B A Stroganov (TsK KPSS 
Defense lndustrles Department) and K A Kerlmov (Chlef Thlrd Chlef Directorate MOM) 



br~ef illness." Given the success of the first mission, there would be two or three additional 
flights to the station. For reasons that are not clear, the 005-2 launch was significantly delayed 
from the first quarter to the beginning of the third quarter of 1972. The delay may have had less 
to do with the station itself, which was almost   den tical in design to the frrst Salyut. than prob- 
lems with requalifying the 7K-T Soyuz spacecraft for flight. To test the improved life support 
systems with the new Sokol-KI spacesuits. Mishin inserted a flight of an automated Soyuz into 
the schedule. It would be almost an entire year after the Soyuz I I disaster that this Soyuz 
would be ready for launch. ' 

Soyuz 7K-T spacecraft no. 33L was launched successfully a t  1453 hours Moscow Time on 
June 26. 1972, into an initial orb~t of 195 by 342 k~lometers at a 51.6-degree rncl~natron. The 
spacecraft was named Kosmos-496 upon entering orbit. Little is known about the flight except 
that there was one orbital maneuver. After about six days In orbit, the descent apparatus sep- 
arated from the rest of the vehicle and returned to Earth. The successful mission gave some 
much-needed confidence to the continuing preparations for the next DOS flight. Crews for the 
first flight flew into the Baykonur Cosmodrome in preparation for their own launch. By this 
time, the usual rumors were mounting in the West that a spectacular mission was immtnent. 
On March 9. 1972. the Paris-based Agence France Presse reported that two crews were ready 
to fly to a new Salyut space station for miss~ons lastrng up to th~rty days.I4 Shatalov added fuel 
to the rumors by telling the Czech press in early April that there would be additional p~loted 
missions "probably this year." ' 

The State Commiss~on for Soyuz, still headed by Maj. General Ker~mov, approved the launch 
of DOS-2 for late July 1972. Subsequently. Soyuz 12 with Leonov and Kubasov would l ~ f t  off 
during the last week of August. Another crew, Lazarev and Makarov on Soyuz 13, would fly to the 
station in the third week of October 1972. All these plans were not to be. The twenty-ton space 
statton. spacecraft no. 122. was launched in the early morning, at 0620 hours, 57 seconds Moscow 
Time. on July 29, 1972, on top of a three-stage Proton booster. During the boost phase. at T t  162 
seconds, the control systems of the second stage of the launch vehicle failed, preventing orbital 
insertion. The mission had to be aborted. U.S. over-the-horizon sensors evidently monitored 
telemetry from the launch attempt, prompting subsequent news reports that one of the four 
second-stage engines had stopped firing during the ascent through the atmosphere.'" 

The loss of DOS-2 continued the series of strikes against the Soviet piloted space program. 
To take advantage of two flight-ready 7K-T Soyuz vehicles. wh~ch had been ready to deliver 
crews to the lost station, the State Commission in August 1972 considered launching a single 
Soyuz on a solo mission in Earth orbit, primarily to test the new spacesuits and redesigned 

12 Four crews tra~ned for DOS 2 A A LeonovIV N Kubasov V C LazarevIO C Makarov A A 
CubarevlG M Crechko and P I KlimukIV I Sevastyanov See Lantratov "20 Years From the Fl~ght of Soyuz I2  ' 

Note that originally in September 1971 the Gubarev and Klimuk crews were slightly drfferent See S Shamsutd~nov 
and I Marrn~n 'Flights Which Never Happened' (English title) Auratsiya I kosmonavtrka no 3 (March 1993) 
43-44 

13 A prototype of the Sokol K l  suit was produced in 1971 with further revisions added between August 
197 1 and March 1972 See Ruislan Space History Sale 6753 (New York Yotheby s 1996) description for Lot 147 

14 Agence France Presse untitled press release Paris 1554 GMT March 9 1972 in English 
15 Souret Space Programs 1971-75 Oueruiew Factlrties and Hardware Manned and Unmanned Fllght 

Programs Broastronauircs Ciuii and Mrliiary Applications Prolecirons of Future Plans prepared for the Committee 
on Aeronaut~cal and Space Sciences U S Senate 94th Gong 2d sess (Washington DC U 5 Government Print~ng 
Office August 1976) p 534 

16 V M Petrakov Soviet Orbital Stations ' journal o/ the Brrtish lnlerplanetary Society 47 (September 
1994) 363-72 1 B Afanasyev 'Unknown Spacecraft (From the History of the Soviet Space Program) ' (English title) 
Nouoye u zhrznr Nauke tekhnike Seriya kosmonoutlka astronomiya no 12 (December 199 1 )  1-64 Orbiting of 
Second Salyut Ends Sov~ets H~atus in Manned Space ' Auiation Week G Space Technology Aprrl 9 1973 p 2 1 



systems aboard the sh~p. Crews began training for this flight, scheduled for sometime in 
late August or early September 1972 on vehicle no. 34. After roughly a month of preparations, 
two crews-Cubarev-Crechko and Klimuk-Sevastyanov-successfully passed their final exams, 
but by this time, the commission began to get cold feet. Members expressed reservations 
for such a flight, believing it to be "inopportune." most likely because a solo Soyuz flight in 
Earth orbit would pale in comparison to the impending launch of Apollo 17 in December 1972. 
The solo flight was canceled." 

Besieged by failure and delays, the Soviet space station program needed some drastic help. 
Assistance came from neither Ustinov nor Afanasyev, but rather from the unlikely person of 
General Designer Chelomey and his Almaz space station program. Since the February 1970 
decision to move ahead with DOS at the cost of delaying Almaz, Chelomey had doggedly and 
quietly pursued work on his coveted station, methodically coordinating his efforts with his 
primary clients, the Ministry of Defense. Although the focus of activities at the massive 
Khrunichev Plant during 1970-72 was on the DOS effort, representatives from Chelomey's 
TsKBM continued work on their own space station hulls. Engineers tested an updated 
version of the Almaz control system on a complex test rig. Tests of the Almaz power system 
included firings of the flywheel micro-liquid-propellant rocket engines at a test stand near 
Moscow. Various hulls were remanufactured for Almaz, including those for stress, vibration. 
and heat testing. A special orbital block simulator was also built at the Institute of Aviation and 
Space Medicine, where testers spent thirty-six days in a "flight regime." which ended on 
January I 1 .  1972. After their "mission." they reported back that "the configuration of the work 
and living compartments is comfortable." that "the air is good and odorless." and that they 
had "soon become used to the hum and vibrations caused by the instruments."'Trews whose 
mtssions had been sidelined because of DO5 resumed their training on station components in 
hydrolabs and aboard Tu- 104 aircraft. 

In the original conceptions of the Almaz space station from the mid-1960s. Chelomey 
had always envisioned his station as an orbital complex rather than simply a station supplied 
by small ferry vehicles such as the DOS. The key to these plans was the use of a large module, 
about the size of the Almaz station itself, which would not only serve as a ferry craft for crews. 
but also add significantly to the volume and capabilities of the station once linked to the 
station proper. Most likely because of an overload of work, Chelomey was unable to carry out 
substantlal work on this add-on module, called the Transport-Supply Ship (TKS). Like many 
of his other projects, he entrusted the work on developing the TKS to his Moscow Branch head- 
ed by First Deputy General Designer Viktor N. Bugayskiy. There, under Bugayskiy's overall 
supervision, engineers completed the initial technical project for the TKS (or product I I F72) 
in 1969." While the decision to create Mishin's DOS in February 1970 may have delayed the 
overall Almaz program, it does not seem to have squelched Chelomey's ambitions of creating 
the TKS. With Minister of Defense Crechko's support, Chelomey managed to extract an offi- 
cial promise to commit to developing the TKS. On June 16. 1970, the Central Committee 
and the Council of Ministers issued a decree (no. 437-160) that officially approved the TKS 
program. The TKS would have the following goals: 

17 Lantratov "20 Years From the Fl~ght of 'Soyuz 12 " 
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Docking of twenty-ton spaceships to each other (the TKS and the Almaz) 
Delivery and return of crews from the Almaz station 
Delivery of supplies and apparatus for carrying out functional work on the Almaz station 
Delivery of life support supplies for the crew 
Raising of station orbits 
Orientation and extended (up to ninety days) control of the flight of the entire complex 
Possibility of autonomous descent from orbit'" 

In its design, the TKS served as a direct intermediary between early Chelomey designs. 
such as the lunar LK- I and LK-700 spacecraft from the 1960s. and the Mir modules and Zarya 
module of the International Space Station in the 1990s. The spacecraft consisted of two major 
components: the return apparatus and the functional cargo block (FCB). The reusable return 
apparatus (or product I I F74) was almost identical to the one used on the original Almaz sta- 
tion for returning crews to Earth. At some point in 1968. Chelomey had evidently abandoned 
the use of this large module on the Almaz station, opting instead to use the smaller Soyuz to 
return crews from the station. There were probably also technical considerations, because the 
hatch-in-the-heat-shield design necessitated a long and exhaustive series of tests to verify its 
safety before use with crews. 

The functional cargo block (or product I I F77) was a large and roughly cylindrical structure 
connected to the base of the return apparatus. At the base of the FGB, the cylindrical shape 
expanded into a skirt with a maximum base diameter of 4.15 meters. The spacecraft 
was completed by a terminal cone fixed at the flat base of the cylindrical skirt with the apex 
facing aft. The main body diameter of the FGB was 2.9 meters, the same as that for the small- 
er section in the Almaz space station. The docking assembly of the TKS was located at the 
aft end of the spacecraft in the larger diameter area. After rendezvous with the Almaz station. 
the crew. In spacesuits, would be next to the docking assembly and observe operations through 
a viewport. The simplified docking procedure and expanded view would make it possible 
to abandon the cumbersome system of periscopes and TV cameras used on the Soyuz space- 
craft. The docking assembly itself was significantly different from that used on the 7K-T Soyuz; 
time from the moment of docking to hatch opening would be three to four minutes, as 
compared to the eighteen to twenty minutes on the Soyuz-DOS combination. One of the sup- 
plementary goals of the TKS was to deliver the small recoverable capsules used on the Almaz 
station to return exposed film of military targets from space. Overall, the TKS would 
have a mass of just over twenty-one and a half tons at launch and seventeen and a half tons 
in orbit; it would afford as much internal space as the Almaz space station. Two Almaz-type 
solar arrays with an area of forty square meters would provide about three kilowatts of power. 
It would be both a qualitative and quantitative leap in abilities over the modest Soyuz ferry 
spacecraft." 

As a result of cumulative delays, the TKS was not expected to fly operational missions prior 
to the mid-1970s. In the meantime, in 1971. Chelomey had signed an agreement with Mishin 
to use variants of the 7K-T Soyuz spacecraft to deliver and recover crews from the Almaz space 
station. Work on this version of the Soyuz began the same year, and by early 1972. TsKBEM's 
Department No. 037 had completed the redesign of the 7K-T to support piloted missions to 
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Here is a model of Vladimrr Chelomey s Transport Supply Shrp (TKSI whrch was meant to be part of the Alma7 
milttary cpace station complex The corilcal segment at the left is the reenlry capsule apparently patterned after 
the U 8 Air Forces Gemrnl B spacecra/t The vertrcally placed component at the le/t is the launch escape system 

(copyright Dletrich Haeseler) 

the Almaz station." By May 1972, four crews were in the mldst of intense preparations for the 
first missions to Almaz:' Thus, by mid- 1972, the Soviet Union had two full-fledged and 
parallel space station programs-one dedicated to pr~marily civilian goals. Mishin's DOS, and 
one for m~litary research. Chelomey's Almaz. The path of these projects had always been rnter- 
dependent, but in mid-1972, they forged a most unlikely alliance. 

For Mishin, the DOS had always represented an unnecessary diversion from what he con- 
sidered the main thematic directions of work at the des~gn bureau: large-scale space stations 
such as the MOK and the lunar landing project. The DO5 project had essentially been hoisted 
upon him at a most inconvenient juncture. That TsKBEM had managed to fulfill the or~ginal 
order within the grven period of one year was partly because Mishin had been forced to redi- 
rect much of the resources at the design bureau to the DO5 program. Mishin's primary goal was 
to shift the focus back to h ~ s  two pet projects-the MOK and the L3M. Both had received 
resounding shows of support with official decisions in February and May 1972, respectrvely. It 
was time to make sure that the DOS did not hinder their implementation. At the same trme. 
Chelomey had every reason to resent the DOS space station program-an effort that had been 
essentially appropriated from his own coveted Almaz project. Hav~ng seen the latter s~delined 
by the DOS. Chelomey was in the unllkely position of being of the same mind as Mishin on 

2 2  Semenov ed Raketno Kosmicheskaya Korporatsrya p 190 Both the DOS and Almaz versions had the 
same design bureau designation-that IS 7KT-but had dillerent productcon designations I IF615A8 (for 005)  
and I I F6 I SA9 (for Alrnaz) 

23 These four crews were P R Popov~chlL S Dem~n C V SarafanovlYu P Artyukh~n B V Volynovl 
V M Zholobov and V D ZudovlV I Rozhdestvenskiy 
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this matter-that is, the small space station program, specifically the DOS and Almaz, needed 
to go back to Chelomey. With this in mind. on April 14. 1972. Mishin and Chelomey signed 
an agreement proposing to Minister of General Machine Building Afanasyev that after the first 
four DOS space stations, work on the project would be terminated. In addition, all continuing 
research for science and the national economy would be carr~ed out on Almaz space stations, 
in addition to its own primarily military activ~ties. Init~ally, the Almaz space station would be 
serviced by the 7K-T Soyuz, then eventually the advanced 7K-S Soyuz, and finally the TKS. One 
final note in the letter was to use a proposal allowing the use of Chelomey's TKS on Mishin's 
MOK.74 

There was apparently much opposition within Mishin's design bureau against this unlike- 
ly alliance, presumably from individuals, such as Bushuyev and Feoktistov, who had whole- 
heartedly thrown their lot in with the DOS program. Minister Afanasyev, however, under 
"pressured circumstances," agreed to ratify the proposal, giv~ng it his signature on April 21. 
1972. In retrospect, this agreement was quite possibly the origin of a serious fracture within 
TsKBEM between the "pro-lunar program" and the "pro-DOS" factions. The hostilities that 
would build from this decision would prove to have cataclysmic consequences. While Mishin 
may have believed that an agreement to hand over the DOS to Chelomey was a pragmatic 
choice at the time, it is clear that he neglected to consider the personal and managerial conse- 
quences within his own organization. Worse for Mishin, while he had strong supporters for the 
lunar program and the MOK, his opponents were formidable, including Deputy Chief Designers 
Bushuyev and Chertok and the influential Department Chief Feoktistov. 

The Mishin-Chelomey agreement in April 1972 meant that Almaz was less of a competi- 
tor than a complement to the DOS. New flight models of both stations were, by coincidence 
or not, ready to fly by early 1973. Mishin's new DOS vehicle, spacecraft no. 123, differed in 
many respects to its two predecessors launched in 1971 (as Salyut) and in 1972 (the launch 
fa~lure). The original design, while adequate given the short timeframe for its creation, had 
some major shortcomings, limiting the effective use of the station. One of these design com- 
promises was the configuration and location of the station's two solar panels. To have these 
panels face the Sun on the original Sdyu t ,  crews had to turn the entire station and maintain 
attitude continually to receive power. This resulted in high consumption levels for the on-board 
propellant, which was in relative short supply. The complicated solar orientation system also 
affected the amount of scientific experimentation possible on the station because of fluctuat- 
ing power levels. The primary difference of the "new" DOS, whose development had actually 
begun as early as 1970, was to remove the two pairs of solar panels and instead install three 
self-rotating solar panels, which would turn around their own axes independently of the sta- 
tion. The three new panels, appropriated from Chelomey's TKS, would be installed directly in 
a "T" shape on the main working compartment and provide over two times more power than 
the earlier ones. To compensate for the additional mass from the new panels, engineers 
removed the number of tanks from the main engine unit. To reduce the amount of propellant 
required to rnainta~n a working orbit, planners also increased the operational orbit to an altitude 
of 350 kilometers." 

There were many other changes in this "second-generation" DOS. Engineers designed a 
new "highly economical" orientation system named Kaskad and an experimental navigation 
system called Delta to replace the older ones. There was also a new thermo-regulation system 

24 The ent~re letter has been reproduced ~n Sernenov, ed . Raketno-Kosmicheskaya Korporats~ya. 
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of the Salyut space statlon for the Apoilo-Soyuz Test Project. 

25 Ibrd.. p 27 1 ; Afanasyev. "Unknown Spacecraft." 



and an early version of a closed-cycle water supply system using the SRV-K water regeneration 
device. The total guaranteed lifetime of the station was increased from the ninety days for the 
first DOS to 180 days on the third one. The scientific complement was slightly different from 
the earlier model. The new one included a Roentgen telescope-spectrometer, the RT-4 Roentgen 
telescope mirror, and the ITS-K infrared telescope. Finally, there were some cosmetic changes. 
such as thicker walls, an altered frame, changes in the aggregate compartment, and the use of 
a unified welding rnstallation in the main scientific apparatus compartment.'" 

There were additional changes to the 7K-T Soyuz ferry in 1972 and 1973. Anticipating that 
a ferry vehrcle would not need to fly independently for more than two days, engineers deleted 
the two heavy solar panels from the spacecraft, making the ship rely completely on its modest 
internal chemical batteries. These batteries could be recharged once docked to a space station 
using power generated from either the DOS or Almaz. The mass of this second iteration of the 
Soyuz ferry was about 6,800 kilograms, up from the original 6,700 kilograms. 

By the time that these changes were made to the DOS and Soyuz designs, Chelomey was well 
advanced with preparations for the launch of his own first Almaz station. On June 15, 1972, a decree 
of the M~nistry of General Machine Building specified a schedule for immediate operat~ons in the 
Almaz program. The Khrunichev Plant was to complete the assembly of the first flight model of the 
Alrnaz station and deliver it for preliminary testing by June 30, leading to delivery to the testing sta- 
t ~ o n  at the Baykonur Cosmodrome by November of the same year." If all went well. the launch would 
take place in late 1972 or early 1973-that is, at about the same time as Mishin's DOS-3. The con- 
current and timely preparations were very much colored by activity in the United States. NASA at the 
time was wrapping up final preparations for the launch of its first space station, Skylab, scheduled in 
April 1973. If successful, it would host three crews during the year, with missions lasting twenty- 
eight, fifty-six, and fifty-six days, respectively. Having taken the lead in terms of space stations, with 
Salyut. Soviet space officials, especially Ustinov, were particularly sensitive to the poss~bility that 
Skylab would completely overshadow the achievements of Salyut. It was absolutely imperat~ve that 
the Soviet Union have a space station in orbit before Skylab. Luckily for Ustinov, both Mishin and 
Chelomey were ready with their respective space stations at just the right time. It seems that Ustinov, 
as a means to upstage Skylab, wanted to fly both the DOS and Almaz in 1973. Given Ustinov's pre- 
disposit~on to oppose Chelomey. one would have expected the DOS to have the honor of going first. 
but ev~dently in October 1972. Soviet leader Brezhnev had the last word: Chelomey's Almaz would 
get the first try." 

The first Almaz station, vehicle no. 101-1, arrived at the Baykonur Cosmodrome in January 
1973. Ground testing was completed within three months. The fact that Mishin's DOS was also 
undergoing ground testing at the launch site simultaneously led to problems because of stretched 
resources. Both stations used the same pressure chamber and fueling stations. In fact, there was 
a great degree of cross-pollination between the two programs, partly because TsKBEM engineers 
had to be rnvolved in the Almaz effort as they were responsible for the Soyuz spacecraft." Four 
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two-person crews were on standby for two consecutive missions to the station-the first con- 
sisting of cosmonauts Popovich and Artyukhin lasting fifteen days and the second made up of 
Sarafanov and Demin. There were apparently serious problems with the Soyuz parachute system 
that threatened to disrupt the Almaz schedule. Despite these potential disruptions. Chelomey 
pushed ahead with the liftoff. 

Launch day for the Almaz station was April 3. 1973, a little more than a month before the 
Skylab launch. As the clock ticked down to booster ignition, at T-I5 minutes, there was a sud- 
den alarm: propellant was apparently leaking from the Proton rocket's filling system. The danger 
of a terrible explosion was on everyone's mind. Chelomey fearlessly announced that he wanted 
to go directly to the pad. After an inspection of the situation, he returned to the blockhouse and 
recommended that the launch proceed. State Commission Chairman Col. General Mikhail C. 
Grigoryev of the Strategic Missile Forces concurred, and at exactly 1200 hours Moscow Time on 
April 3, 1973, Almaz lifted off into the sky, eventually entering an initial orbit of 2 15 by 260 kilo- 
meters at a 5 1.6-degree in~lination.)~ A full thirteen years after proposing his first space project. 
Chelomey had finally launched a piloted spacecraft into orbit around Earth, the first piloted mil- 
itary spacecraft in space. 

Chelomey might have been forgiven for believing that his beloved space station would be 
named Almaz by the Soviet press. But highly placed space officials, possibly including Ustinov, 
were adamantly opposed to this. Some have claimed this was because they "were dead against 
the presence of a second figure in the Soviet space program."" Others believe it was to hide 
the fact that Almaz was a purely military space station." In any case, Chelomey, apparently 
humiliated, was explicitly ordered to have the name Salyut 2 painted on the station. The 
shrewd general designer told his engineers to paint the offending name on the outside fairing 
of the station; once the fairing jettisoned in the upper reaches of the atmosphere, the station 
revealed Almaz clearly written on it. The Soviet press, of course, referred to it as Salyut 2. 
Launch of the first crew, on Soyuz 12, had been planned for April 13, but had to be delayed to 
May 8 because of continuing problems with the Soyuz parachute system. In their initial press 
releases on the mission of the station, the Soviets refrained from making any connection with 
p~loted flights. At least two major orbital corrections, on April 4 and 8, resulted in a new orbit 
of 26 1 by 296 kilometers." 

Throughout the first few days in orbit, the Chief Operations and Control Croup at 
Yevpatoriya, led by Yakov Ya. Sirobaba, tested the attitude control systems, life support systems. 
and radio communications systems, and all seemed to be work~ng without fault. Trouble struck 
on the thirteenth day of fl~ght, on April 15, on the 188th orbit of Salyut 2. Controllers report- 
ed that the main telemetry system had failed; according to "support" telemetry, pressure in the 
main hull had dropped by half, and precise measurements of the station's orbital trajectory 
showed that its path had deviated slightly, as if given some kind of thrust. Clearly, some type 
of catastrophic failure had occurred on the station, squelching the possibility that any crew 
would be heading in its direction any time soon. Early the next morning, the senior members 
of the State Commission, including Col. General Grigoryev and Space Assets Commander Lt. 
General Karas, met at Chelomey's offices to discuss the situation. An accident investigation 
commission under Karas was established. Throughout the next few days, engineers pored over 
ground models of Almaz to ascertain the cause of this sudden event by simulating various 
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conditions. Specialists also flew to 
Yevpatorlya to look into the matter. 
The initral prognosis was that there 
might have been some ground error, 
but this hypothesis was eliminated 
when investigators ascertained that 
each command transmitted to Salyut 
2 had been without fault.'l On April 
18, unofficial Soviet sources in 
Moscow denied that piloted visits had 
ever been planned for Salyut 2. On 
April 28, the Soviet news agency TASS 
announced that Salyut 2. "having Thrs drawing shows the flrght warrant of the Aimaz space station 

the design of wrth its umque docking node vrsrbie on the left. The u~ewport 
for the Agat-I  reconnaissance camera was iocated on "the on-board 'ystems and carried Out undersrde" of the vehicle. not visrbie in this image (copyrrght 

experiments in space, had completed VrdeoCosmos Co.. via Dennis NewkrrkJ 
~ t s  flight program." notably omitting 
the word "successfully." which it normally used in such press releases." 

The Karas Commission arrived at the conclusion that there had been a manufacturing flaw 
in the main engine of the Almaz station, which. when fired, had caused punctures in the main 
hull. 'Wne cosmonaut who trained for Almaz later recalled that there had been "an electrical 
fault ~n one of the station's devices which had eventually caused the rupture of the external 
hull.'" ' Western reports, presumably filtered through to the open media from classrfied sources, 
suggested that the actual hull breach had been so violent that the station's solar panels and 
boom-mounted rendezvous radar and radio transponder had been rlpped off, leavlng Saiyut 2 
tumbling in space. The engine, these reports suggested, could not be turned off once it was 
turned on.'"ome of the station's designers begged to differ with the verdict of a malfunction- 
ing engine, and there was apparently never any unanimity wlth the verdict. For example, an in- 
house investigation at Chelomey's design bureau concluded that the station might have been 
hit by residual debris from the Proton booster on April 15.'" Perhaps the most curious clalm 
advanced for the failure-a claim no doubt proposed to exonerate its designers of any fault- 
was that a meteorite had hit the station and blown a hole in its hull. Chelomey himself was 
said to subscribe to thls opln~on." April was a bad month for the general designer. On April 25. 
one of h ~ s  radar ocean reconnaissance satellites, the US-A, failed to reach orbit, depositing ~ t s  
nuclear isotope payload in the Pacific Ocean. U.S. Air Force planes apparently flew high above 
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the Pacific to sample the upper atmosphere for radiation from the accident." Meanwhile. SaLyuf 
2. lost and tumbling in space, eventually decayed from orbit on May 28. 1973. Popovich and 
the remaining cosmonauts training for their long-awaited flight would have to wait longer. 
Chelomey did not expect to have the next Almaz station ready for flight before, at least, the 
end of the year. 

With Almaz out of the picture, things were desperate for the 1973 version of a space pub- 
lic relations offensive. The Skylab launch was imminent. On February 14, NASA's Manned 
Space Flight Management Councll met and set May 14 as the launch date for the huge space 
station." Acutely conscious of the U.S. schedule, TsKBEM engineers accelerated the prepara- 
tions for the next DOS, no doubt under severe pressure from Brezhnev and Ustinov. The sta- 
tion had arrived at Tyura-Tam for final preflight testing in December 1972. and by late April 
1973. State Commission Chairman Kerimov set May 8 as the launch date. This would be just 
six days prior to the Skylab launch. Troubles during prelaunch operations, however, threatened 
to thwart the Soviet plans. Engineers detected a depressurization in one of the propellant valves 
in the Proton launch vehicle, resultrng in a major fuel leak. As personnel from the Khrunichev 
Plant began repairs. Chief Des~gner Mishin, under stress and being "emotional." refused to 
have his station launched by this particular Proton rocket, booster no. 284-0 1 ,  even if the repairs 
were successful. Mishin, perhaps remembering the July 1972 DOS launch failure, remained 
characteristically stubborn. and he refused to budge from his position despite insistent argu- 
ments from other members of the State Commission. It was only through the intervention of 
other senior officials from TsKBEM that Mishin conceded." The delays with the propellant leak 
pushed the launch back to May I I. The first crew, cosmonauts Leonov and Kubasov, would lift 
off three days later, the same day Skylab was slated to reach orbit. 

Offlcers of the Strategic Missile Forces successfully launched DOS-3 on May 1 1 .  1973, at 
0320 hours Moscow Time. Initial orbital parameters were 218 by 266 kilometers at a 5 1.6-degree 
inchnation. The spate of troubles w ~ t h  the Sov~et space station continued with DOS-3. Kerimov 
recalled many years later that "suddenly, on the very first orbit, on a segment in wh~ch our con- 
trol points did not control the operation of the spacecraft, the attitude-control rockets began 
working irregularly. As a result, all the fuel reserves were burning up."44 Later analysis showed that 
the attitude control engines had spur~ously begun firing because of a failure rn an ion sensor. As 
telemetry continued to stream into Yevpatoriya on the situation, one controller exclaimed in hor- 
ror. "The tanks are almost empty!"" Representatives from TsKBEM were, evidently, slow to react 
and were unwilling to believe the telemetry. One engineer, Yevgeniy V. Bashkin. explained that 
such a quick consumption of propellant was impossible: it was 1,500 times faster than what was 
maximally possible. When subsequent telemetry confirmed rapid propellant loss. TsKBEM 
Deputy Chief Designer Yakov I. Tregub, the flight director from the design bureau, f~nally accept- 
ed the initial conclusion. Unfortunately, by this time, little would have been accompl~shed 
by turning off the orientation system because all of the station's attitude control propellant was 
depleted. The possibility of crewing the station was effectively eliminated. The fact that the 
failure was detected in the first few orbits allowed the Soviet press to dlsguise the mission by 
calling it by the next number in the Kosmos satellite series, Kosmos-557, instead of using the 
Salyut name. 
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Attempt on April 25." Space Darly. May 8. 1973, p. 46 Note that both these artlcles ~ncorrectly ldent~f~ed both the 
launch vehlcle (the Proton) and the payload (Lunokhod) The actual launch vehicle was a Ts~klon-2 booster 

42. David Baker, The Hrstory of Manned Spaceflrghi (New York: Crown Publ~shers, 1985). p 463. 
43 Semenov, ed.. Raketno-Kosmlcheskaya Korporaislya, p 272 
44 V Ovcharov and L Chernenko. "Recommended by Korolev" (English title), Sovetskaya rossiya, August 

22. 1987. p 2 
45. Pokrovskly. Kosmos nachrnayefsya na zemlye. p. 410 



An interdepartmental commission under Vyecheslav M. Kovtunenko, a Deputy Chief 
Designer at KB Yuzhnoye, was established to investigate the Kosmos-557 failure and recom- 
mend compensatory measures. KGB representatives apparently participated in the deliberations, 
perhaps suspecting sabotage. The commission eventually found that the failure could have been 
averted if the flight control team had reacted faster. In the end, members prepared a plan to deor- 
bit the station safely from orbit to preclude it from burning up over populated areas of Earth.4' 
After a careful series of commands to the station. Kosmos-557's main engine was fired on May 
22. 1973. to raise its orbit. but because of improper orientation. the spacecraft reentered the 
atmosphere and burned up over the Indian O~ean.~ '  The repercussions of the accident were 
wider than simply the loss of a station. TsKBEM Deputy Chief Designer Tregub was dismissed 
from his post as the flight director of all subsequent piloted missions and fired from the design 
bureau. Department Chief Raushenbakh was demoted to the position of a "consultant." and he 
left TsKBEM soon after.There were apparently others who lost theirjobs. It was the first time that 
such dismissals had taken place in the piloted space program, despite the earlier deaths of the 
Soyuz I and Soyuz 1 I  crew^.^" 

In the official history of TsKBEM, the episode with the loss of DOS-3 is described as " a  big 
blow to the program."" The timing of the Almaz and DOS losses in the spring of 1973 could 
not have been worse. NASA launched Skylab I ,  the first American space station, into orbit on 
May 14. 1973 NASA, of course, had its own problems with Skylab. During launch, the mete- 
oroid shield tore off, causing one of the solar panels to be ripped off and the other one to be 
jammed in an inert position. But the remarkable resourcefulness of NASA engineers and astro- 
nauts was demonstrated amply in late May, when three astronauts docked with the station and 
revived it to almost full capacity. On June 22. 1973, they returned to Earth after a 
twenty-eight-day flight, regaining once more the absolute endurance record in space for the 
United States.'Wow the Soviet Union was lagging behind the United States in both the lunar 
landing and space station areas of piloted space exploration. Another reason for the ill-timing 
was the acceleration of work on the Apollo-Soyuz Experimental Program, better known in the 
West as the Apollo-Soyuz Test Project. Although there had been nary a word on both the 
Salyut 2 and Kosmos-557 failures from the Soviet press, there was much speculation in the 
Western press on these two missions. Official representatives from the Soviet side were no doubt 
embarrassed by this attention. In October 1973, Academician Boris N. Petrov, one of the "fig- 
urehead" leaders of the Soviets, told NASA's George M. Low that "there had been no plans to 
send men to occupy" Salyut 2." In another outright lie, he added that the flight of Kosmos-557 
had not been related to the piloted space program. 

The Light at the End of the Tunnel 

The loss of both Salyut 2 and Kosmos-557 meant there would be no Soviet space station 
missions during the remainder of 1973. Crews for both the Almaz and DO5 programs would have 
to wait much longer to carry out their long-delayed space station flights. One particular crew, 
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cosmonauts Leonov and Kubasov, had perhaps the most trying experience in their arduous 
training program for the DOS. In June 197 I, they had trained to fly the first Salyut. DOS- I, only 
to be dropped days before the launch because of Kubasov's illness. They would have flown the 
second mission to the station in July, had i t  not been for the deaths of the Soyuz I I crew. In 
July 1972, they were ready to fly to the DOS-2 station when it exploded in air before ever reach- 
ing orbit. Then, for the fourth and final time, they were days from flying to DOS-3 in May 1973 
before the fatal attitude control system failure destroyed that hope. After three years of training 
for DOS missions. on May 25, 1973, just days after the Kosmos-557 failure. Soviet officials 
announced that Leonov and Kubasov would be the primary crew for the Soviet side of the 
Apollo-Soyuz Experimental Program." Naturally, there was no word on their activities of the 
past few years. 

Having no space station to which to go meant there was the possibility of an even longer 
hiatus in Soviet piloted spaceflights. To take advantage of the gap, Mishin drew up a plan to 
thoroughly test the new 7K-T Soyuz ferry variant on an independent flight. In addition, he 
inserted a second solo Soyuz mission, which would carry out some of the astrophysics exper- 
iments they had been forced to abandon because of the loss of two consecutive DOS space- 
ships. In July 1973, crews began training for these two  mission^.^' 

As a prelude to these two missions. TsKBEM inserted a third solo Soyuz mission-an auto- 
mated flight to verify all the new design changes on the vehicle that had been introduced in 
1972-73. That Mishin did not fly such a robot flight prior to the May 1973 space station 
attempts indicates that those mlssions were under time pressure to get off before Skylab. 
Having lost the battle over space stations, there was no incentive not to fly a precursor mission 
anymore. Soyuz 7K-T spacecraft no. 35 lifted off without ~ncident at 0900 hours Moscow Time 
on June 15. 1973. into an initial orbit of 209 by 268 kilometers a t  a 5 1.55-degree inclination. 
During its two-day, nine-minute flight, the 6,790-kilogram spacecraft, named Kosmos-573 in 
the Soviet press. performed a single orbital maneuver to lower apogee before returning to Earth 
on June 17. Presumably, the first flight of the "solar panel-less'' Soyuz variant was sufficiently 
successful to warrant dedicated preparations for a "return-to-flight" mission in the program. 

I t  had been more than two years since a single Soviet cosmonaut had been in space. 
The honor to break this dubious record fell on the shoulders of two seasoned veterans of the 
cosmonaut corps, neither of whom had ever flown in space before. At age forty-five. 
Commander Lt. Colonel Vasiliy G. Lazarev's involvement in the space program dated back to 
the early 1960s, when he had taken part in the Volga high-altitude balloon flights to test 
prototype pressure suits, during which pilots parachuted from altitudes as high as thirty-two 
kilometers. Later, in 1964, he had been considered a prime contender to fly the historic three- 
cosmonaut Voskhod flight. It was only at the last minute, after insistent opposition from the 
late Korolev, that another candidate replaced him on the primary crew. An Air Force doctor by 
profession, he had "officially" joined the cosmonaut team on January 17. 1966, just days after 
Korolev's death.14 Flight Engineer Oleg G.  Makarov, at age forty, was an old-timer from TsKBEM 
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who had worked on the development of the Vostok, Voskhod, and Soyuz spacecraft. He joined 
the cosmonaut team as part of the first civilian engineer intake on May 23. 1966. Later, Makarov 
had actively trained as one of the primary contenders for the first LI circumlunar and 13 lunar 
landing missions, before finally moving to train for the Kontakt project in April 1970. When 
that effort was also canceled in September 1971, he began training for DOS space stat~on 
flights." 

The launch of 7K-T Soyuz spacecraft no. 36 took place at 1518 hours Moscow Time on 
September 27. 1973. On board were Commander Lazarev and Flight Engineer Makarov. The 
spaceship. openly named Soyuz 12. entered an initial orbit of 193 by 248.6 kilometers at a 
5 1.6 1 -degree inclinatton. W i t h ~ n  seven hours of launch, the cosmonauts fired the Soyuz matn 
engine to alter their orbital parameters to 326 by 345 kilometers, similar to the apogees of the 
earller Kosmos-496 and Kosmos-573, both automated precursors to the Soyuz station "ferry 
version." The crew seemed to have been simulating the first portion of a rendezvous profile 
with an imaginary station. Perhaps to preclude rumors of a failed mission, the Sovlet press 
announced publicly during the first day of flight that the Soyuz I2 mission would last only two 
days, sufficient to test its capabilities as a crew transport ship to the DOS.'' 

Events were evidently normal during the first day of fl~ght. Few scientific experiments were 
included in the program. The most prominent one announced was the use of the nine- 
objectwe LKSA multispectral camera developed by Moscow State University. Makarov took 
Earth resources photographs using the hand-held camera, while Lazarev simultaneously took 
photographs of the same targets using a standard camera. Other experimenters in airplanes 
took photographs of the same areas to compare distortions introduced by the atmosphere. 
Small biological payloads were apparently carried aboard Soyuz 12, although the Soviet press 
did not release any deta~ls. Contact with the ground was maintained by the ship Akademik 
Sergey Korolev, stationed in the Atlantic, and by a Molnlya-I communications satellite.:: 

One of the primary goals of the flight was to test the Sokol-KI pressure suits. At some 
point during the mission. Lazarev and Makarov depressurized part of their ship to test these 
suits. On the second day, however, there were "serious defects" in the life support system, fol- 
lowed by a failure in the ship's attitude control system.'9oon afterwards, the cosmonauts 
wrapped up their activities and successfully returned to Earth wearing their new suits, landlng 
at 1434 hours Moscow Time on September 29, after a one-day. twenty-three-hour. fifteen- 
minute. and thirty-two-second flight. There was a curlous postscr~pt to the flight. Both 
cosmonauts had candidly and bluntly written about the problems durlng the misslon rn thelr on- 
board journals When the State Commission examined their comments, offic~als reportedly tried 
to "muffle" thelr complaints, calllng the flight a closed subject. For a tlme, the cosmonauts were 
unsure whether their reports would affect the~r future careers, but soon both were asslgned to 
another  flight.^' 

The Soyuz 12 misslon may not have been an unequivocal success, but the fllght did serve to 
instill some confidence in the space program. It was the flrst Soviet piloted mission in more than 
three years that had fully achieved its objectives. The flight was followed in quick succession by 
two more launches of the 7K-T ship before the end of the year. The first of these was the flight 
of vehicle no. 34L to simulate a full two-month stay in orbit. Launched at 0820 hours Moscow 
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Time on November 30. 1973, the spacecraft was disguised under the designation Kosmos-6 13. 
Initial orbital parameters were 195 by 295 kilometers at a 5 1.6-degree inclination. Few details have 
been released on the flight. Over a period of six days, the spacecraft maneuvered into a "working 
orbit," similar to ones planned for future DO5 missions, and then powered down, simulating con- 
ditions when such ferries would be docked to a space station. After an apparently successful s~xty- 
day, nine-minute mission. Kosmos-6 13 returned to Earth successfully on January 29, 1974. 

The final Soyuz flight in 1973 was a piloted mission, launched primarily to perform scientif- 
ic experiments that had been delayed because of the repeated failures in the DOS program. The 
main payload on the Soyuz ship was the Orion-2 astrophysical telescope designed by Dr. Grigor 
Gurzut, a Corresponding Member of the Armenian Academy of Sciences. The instrument. 
designed to observe stars in the ultraviolet band of the electromagnetic spectrum, was installed 
in place of the deleted large docking apparatus at the forward end of the spaceship. In addition, 
the living compartment of the vehicle was transformed from the normal living quarters into a ded- 
~cated scientific laboratory, and the spacecraft was equipped with solar panels. The mission itself 
was timed to coincide with Comet Kohoutek's approach to Earth in late 1973. Since july 1973, 
the primary crewmembers for the mission were cosmonauts Lt Colonel Lev V. Vorobyev and 
Valeriy A. Yazdovskiy. The former, a forty-two-year-old Air Force pilot, had almost been victim to 
political intrigue in the 1960s. Having joined the cosmonaut corps on January 10. 1963, as one 
of a new batch of trainees who would fly to the Moon. Vorobyev Immediately got into hot water 
when, in early 1964, he and another trainee. Eduard P. Kugno, publicly criticized the Communist 
Party. When asked to make a speech in front of a local Party meeting, Kugno had evidently told 
a senior Party off~cial. "I  will not speak to a Party of swindlers and sycophants! "" He was expelled 
from the cosmonaut team on April 16. 1964. Vorobyev survived the "purge" because he was 
already a member of the Communist Party. He eventually went on to train for the Almaz and 
Kontakt programs. 

Civilian engineer Yazdovskiy. forty-three years old, played an important role in drawing up the 
experiments program for the Orion-2 mission. He joined TsKBEM during the Korolev era in 1957 
and was a part of the teams that designed the Vostok, Voskhod, and Soyuz spacecraft. Like 
Vorobyev, this would be his first spaceflight, although he had served in backup capacities. 
Unfortunately for both, the two had an extremely difficult time getting along with each other. 
At one point during the training, they even refused to sit at the same table during a lunch break, 
preferring to sit on opposite sides of the lunch room. A month before the scheduled launch. 
cosmonaut overseer Lt. General Shatalov had no choice but to remove the two men from the 
flight and substitute the backup crew into the prlmary spot." 

The two new cosmonauts-thirty-one-year-old Major Petr I. Klimuk (commander) and 
thirty-one-year-old civilian Valentin V. Lebedev (flight engineer)-lifted off in 7K-T spacecraft 
no. 33 at 1455 hours Moscow Time on December 18. 1973. The vehicle. named Soyuz 13 
in the Soviet press, entered an initial orbit of 193.3 by 272.7 kilometers at a 5 1.6-degree 
inclination. Both cosmonauts, like the original primary crewmembers, were rookies. Klimuk. 
something of a child prodigy, was the first of his batch of cosmonauts, selected on October 28. 
1965, to make a spaceflight. He trained for many years in the LI and L3 lunar programs before 
his assignment to the current mission. Lebedev was a civilian engineer from TsKBEM who had 
joined the cosmonaut team on March 22. 1972, just over a year prior to the flight. It was one 
of the shortest times from select~on to flight in the history of the Soviet space program. Both 
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men had trained extensively at the Byurakan Observatory in Armenia where the Orion-2 tele- 
scope had been built. As soon as the two cosmonauts entered orbit, i t  marked the first time in 
the history of spaceflight that men from both the United States and the Soviet Union were in 
space at the same time. NASA astronauts were then in the middle of their marathon Skylab 4 
mission. By Soyuz i 3's fifth orbit, the cosmonauts had performed a series of orbital maneuvers. 
depositing their ship in a 225- by 272-kilometer orbit at 5 1.6 degrees.6z 

During the course of their immensely successful flight, Klimuk and Lebedev performed 
a wide range of scientific experiments in the fields of medicine, biology. Earth resources, astron- 
omy, and navigation. Medical experiments included one called leukoy-3 to investigate the 
circulation of blood to the brain in microgravity. The main biological experiment centered 
around the use of the Oazis-2 unit used for research into protein mass in space. which the cos- 
monauts activated on their second day in orbit. In the experiment, the waste products of one 
type of bacteria served as the initial material used by other bacteria to accumulate protein mass. 
During the Soyuz 13 mission, this regenerative process increased the biomass by thirty-frve 
tlmes, an encouraging sign for those attempting to design a closed-cycle life support system. 
Plants used in the experiment included chlorella and duckweed. 

The Earth observation experiments included use of the RSS-2 spectrograph for pho- 
tographing the day and twilight horizons. The cosmonauts also used a nine-lens camera with 
different color filters to expose three strips simultaneously to Earth's surface. Two of the films 
were sensitive to visible light and the third to infrared light. Navigational exercises consisted 
of activities in autonomous navigation to determine the accuracy of control systems. The 
primary goal of the mission was the use of the Orion-2 telescope. Unlike Orion- I on the Salyut 
station. Orion-2 was mounted completely outside the spacecraft. The telescope was mounted 
on a three-axis stabilized platform with a pointing accuracy of two to three seconds of arc. 
The pointing was performed both by moving the ship and the telescope, using thirteen electric 
motors. The Orion-2 telescope complex also included an instrument for studying x-ray 
emissions from the Sun-the crew performed such experiments on the third day during the 
sixty-fifth orbit concurrent with Earth-based observations. During the Soyuz 13 mission, the 
crew took 10,000 spectrograms of more than 3.000 stars in the constellations of Taurus. Orion. 
Gemini, Auriga, and Perseus. All the spectrograms, using NASA-supplied film, were in the 
spectral classes of 2.000-3,000 Angstrom units. which cannot be studied from Earth." 

The two men successfully returned to Earth after a seven-day, twenty-hour, fifty-five- 
minute, and thirty-five-second mission, landing at 1 150 hours Moscow Time on December 26. 
1973. The flight was an unqualified success-an encouraging sign that Mishin and his engi- 
neers had bounced out of the d~smal dregs of the past few years. In retrospect, the Soyuz I2 
and Soyuz 13 missions came at a particularly important juncture in the history of the Soviet 
space program. For the first time in many years, consecutive piloted missions had ~nstilled hope 
instead of despair. Clearly, both of these flights had modest objectives, but for years, the Soviets 
had difficulty in achieving even modest goals in space. After years of doubt, it also seemed that 
engineers had managed to eliminate all the bugs from the troubled Soyuz spacecraft. Finally. in 
what no one could guessed at the time, the mission was the very final piloted mission under 
Mishin's command. An era was about to end. 

The Saga Continues . . . Barely 

The third N I failure, on June 27. 197 1 ,  occurred three days before the deaths of Soyuz I I 
cosmonauts Dobrovolskiy. Volkov, and Patsayev. One can only imagine the spirits of those 
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engineers who had to peruse through all the debris and telemetry of the N I accident in the late 
summer of 197 1 .  The obligatory accident commission met several times throughout July and 
August to determine the cause of the explosion of booster no. 6L. By October IS, Academician 
Keldysh had signed the final conclusion of the commission on the causes of the accident. 

During the launch, al l  the engines worked normally for the first time after ignition, but 
roll stabilization of the rocket was not nominal. The roll error gradually increased and was at 
fourteen degrees by T t  14.5 seconds-that is, the rocket had turned fourteen degrees around 
its main axis despite the counteraction of vernier nozzles to correct the roll. In fact, by Tt7.5 
seconds (at an altitude of 250 meters), the verniers had hit their mechanical stops (at forty-five 
degrees), unable to turn anymore. Furthermore, at Tt39 seconds, the gyro instruments of the 
N I terminated operation, and for the remainder of the flight, the rocket was not stabilized along 
its axes. At Tt47.8 seconds, the booster began to break up in the area between the third stage 
and the L3 payload. The latter separated from the main body of the rocket and fell not far from 
the launch pad, while the "beheaded" rocket continued to fly. Finally, at Tt5O.I seconds, when 
the uncontrolled roll had reached 200 degrees, the KORD system switched all the first stage 
engines off as a result of an emergency command from the limit switches of the gyro instru- 
m e n t ~ . ~  N I Chief Designer Boris A. Dorofeyev later described why the roll error had occurred: 

The 61 vehicle lost roll control due to a design error. The designers misjudged the air 
pressure signature in the bottom part of the rocket in flight. They also misjudged the 
influence of the pyrotechnical starter exhaust tubes, which were located asymmetrical- 
ly on each o f  the 30 engines. The shape of the rocket's bottom and two rings o f  closely- 
installed engines created two zones of air depression behind the booster. The 
asymmetrical location of the exhaust tubes created a high-torque rotating force on the 
borders o f  those depression zones. The six control thrusters were unable to compensate 
for that force. That effect did not take place on the first two launches because not all 
the engines worked at that time. The non-working engines of the outer rings created "air 
gaps, " wide enough to diminish the depression zones' effect.b5 

The third failure of the N I evidently raised the possibility of terminating the rocket program 
completely. Yuriy A. Mozzhorin, the influential Director of the Central Scientific-Research 
Institute of Machine Building (TsNIIMash), recalled that there was a meeting of the Military- 
Industrial Commission on the issue after the third N I failure. He explained later: 

. . . when the question of shutting the project down was being decided. I came out against 
i t .  Why? By that time, we had acquired the experience, many of the engineering objectives 
had already been achieved, and we had the ability to expose the weak points. . . ." 

Despite the third failure, confidence was, in fact, growing among the rocket's leading engi- 
neers that they were close to success. The next booster, no. 7L, would be a significantly 
~mproved model, while the following one, no. 8L, was an altogether different variety with com- 
pletely new multifiring engines on the first three stages, as well as highly optimized systems. 
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The extensive changes on booster no. 7L were crucial for achieving orbit. Many of these 
alterations were performed not only to improve chances for a success, but also to increase the 
mass of the payload itself. Designers had improved the aerodynamic characteristics of the first 
stage by reducing the area of the bottom of the first stage by replacing part of the lower coni- 
cal skirt with a cylindrical section. thus reducing the base drameter from 16.9 to 15.8 meters. 
They also introduced tapered fairings to replace the rounded ones, improved the N 1's thermal 
protection characteristics, and optimized the thermal insulation of the propellant tanks. Flight 
control would be performed by an on-board computer from commands issued by a gyro-stabi- 
lized platform developed by Chief Designer Pilyugin's Scientific-Research Institute for 
Automation and Instrument Building. To improve roll control, engineers introduced four 
I I D 12 1 vernier liquid-propellant rocket engines. developed under Deputy Chief Designer 
Mikhail V. Melnikov, to replace the six old exhaust nozzles on the first and second stages. The 
rocket would also have the Freon passive fire extinguisher system as well as new mechanical 
and thermal protection for instrumentation and the on-board cable system. Finally, the teleme- 
try measurement systems had been modified, by the Experimental Design Bureau of the 
Moscow Power Institute under Chief Designer Bogomolov, with the use of miniature radio- 
telemetry gear. The new system made it possible to receive information from approximately 
700 newly mounted sensors, making a total of 13,000 sensors on the booster." 

With respect to the problems of the main engines of the first three stages, one of the most 
irksome was the burn-throughs of the internal propellant lines, especially of the LOX lines, 
caused by the design choice of having the englnes' components very close together to reduce 
tubing length. The N I State Commission, having investigated the matter, concluded on January 
1 .  1972, that this problem had finally been eliminated." The engines on 7L also had aerody- 
namic shields on their exter~or to protect them from high-velocity air streams. Meanwhile. 
Kuznetsov's new engines, capable of being refired, and w ~ t h  very high-performance character- 
istics. underwent ground testing from 197 1 through 1972. Engineers completed the interde- 
partmental tests of the NK-33 (first-stage) and the NK-43 (second-stage) engines in September 
1972."" Mtshin's original planning from the 1970 period was to use the new engines beginning 
with N I booster no. 81, contingent on a schedule in which ground testing of the new engines 
would finish in time for installation on booster no. 81. Not surprisingly, there were delays in 
preparing for the next N I launch; booster 7L's launch was set for the fourth quarter of 1972, by 
which time Kuznetsov's new engines were ready for flight. The natural question was: what 
point was there in launching the N I with old engines when the new engines were ready? Senior 
designers in the program recalled later that: 

. . . certain ministry heads were of the opinion that [booster no. 7 1  with the older 
engines] should be mothballed. But such a decision would have led to a further delay 
in the creation of the launch vehicle of at least two and a half years. And while the new 
engines were being manufactured and stand tests of the sections were being performed. 
the launch of rocket no. 7 could be used to check out the dynamics of the flight control 
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with the new vernier engines and the essentially new control system, as well as check 
out many other designs. After a number of discussions, the State Commission decided 
to go through with the launch [of 71 uslng the old engines].'" 

In August 197 1 ,  the Keldysh Commission had effectively terminated the L3 program with 
the recommendation that further work on the Lunar Orbital Ship (LOK) and Lunar Ship (LK) 
cease in favor of more capable lunar spaceships. The official decisron to close down further pro- 
duction of L3 components was apparently issued rn a September 1972 governmental decree on 
the N ILL3 program.' At the time of that order, there were several fully built models of both the 
LOK and the LK at the TsKBEM plant. Some of these would fly the remaining N I-L3 launches. 
performing automated and piloted flights to the Moon. The payload for booster no. 7L was the 
first flightworthy model of the LOK, vehicle no. 6A. and a mock-up of the LK lander Installed 
underneath the L3 payload fairrng. Quite possibly, the total lifting capabrlity of booster no. 7L 
was not sufficient to carry both a functional LOK and an LK. 

The flight plan for booster 7L was signed on July 18. 1972, by Mishrn and his three princl- 
pal Deputy Chief Designers-Okhapkin. Chertok, and Tregub. The plan detailed a complete 
lunar-orbital mission for the LOK from launch to landing The N I was to lift off from site I IOL 
with a 89.803-kilogram L3 payload consisting of the Blok G fourth stage, the Blok D fifth stage. 
the LK mock-up, the LOK, and assocrated fairing. The nominal orblt would be 200 by 740 kilo- 
meters at a 50.7-degree inclinatron. If all operations were wlthrn acceptable parameters, the 
13 complex would clrcle Earth for a period of twenty-four hours, with translunar injection taking 
place by firing the Blok G stage on the sixteenth or seventeenth orbit. Once the 
Blok C tanks were empty, the stage would cease firing and ignite the Blok D stage for a period 
of forty-four seconds to impart sufficient escape velocity to the payload. There were contingen- 
cies to go for translunar Injection on the eighteenth or nineteenth orbits if the earlier attempt 
failed. In case of a complete failure to escape Earth's orbit, the LOK would simply separate from 
the stack, carry out a thorough testing flight in Earth orbit, and splash down in the Indian Ocean. 

The LOK-LK-Blok D complex would spend just over four days in transit to the Moon, dur- 
ing which the Blok D would fire twice for mid-course corrections-the first a t  eight to ten hours 
after launch and the second ten to twenty-four hours prior to achieving lunar orbit. For most of 
this period, the stack would be in a slow roll mode of a half degree per second, accelerating 
during one period to two degrees per second to ensure proper thermal equilibrium In Blok D. 
A t  T+98.5 hours, the stack would enter lunar orbit. The inrtial and transitional lunar orbits were 
selected to ensure the best conditions for surface photography during the mission of booster 
no. 71. The rnitral orbit would be near circular at 175 plus or minus seven and a half kilome- 
ters, while the later orbit would be elliptical with a perilune of forty plus or minus five kilome- 
ters. Both orbits would have inclinations to the lunar equator of 180 degrees plus or minus two 
degrees. Corrections to the orbit were to take place on the fifth and twenty-seventh orbits. 

During the LOK's time in lunar orbit, special cameras were to take detailed photographs of 
the selected landing sites on the fourteenth, seventeenth, thirty-fourth, and thirty-s~xth orbits. 
The LOK would separate from the LK mock-up and Blok D after a command from Yevpatoriya 
subsequent to the completion of photography on the thirty-sixth orbit. The LOK's living com- 
partment would also detach from the rest of the vehrcle on the thirty-ninth orbit, followed three 
orbits later by a firing of the Blok I engine to impart sufficient velocity to send the spacecraft 
back to the drrection of Earth. Total time in lunar orbit would be about 3.7 days. 
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On the way back to Earth, the LOK would carry out two mid-course corrections-the first 
about a day after leaving lunar orbit and the second about six hours prior to approach into 
Earth's atmosphere. About eight minutes prior to entry into the atmosphere, the ship would 
separate into its remaining components, the descent apparatus and the instrument-aggregate 
compartment. The landing of the descent apparatus would be in the Indian Ocean after a flight 
from a northwesterly direction." 

Throughout 1972, as this mission was being prepared, there were the occasional leaks in 
the Western press suggesting that the Soviets had resumed their piloted lunar landing program. 
One of the most precise predictions came from Charles 5. Sheldon II, an analyst at the Library 
of Congress who distinguished himself by being one of the few Western observers who con- 
tinued to strongly believe that the Soviet Union was still planning piloted lunar expeditions. 
Without knowing the details of the L3M program. Sheldon accurately exclaimed. "When they 
get that big booster back in shape, the Soviets will go to the Moon." He summarized his bel~efs. 
confirmed twenty years later by Russian disclosures. by saying. "The Soviets are simply wa~t-  
ing to play one-upmanship with us when we have nothing going on in manned spaceflight."" 
Rumors of the next N I launch also filtered through. In September 1972. U.S. reconnaissance 
satellites evidently witnessed the N I  being taken back to the assembly-testing building at 
Tyura-Tam, thus spurring reports that no launch was immir~ent. '~ In fact, activity at Tyura-Tam 
was significantly accelerated in the waning months of 1972, primarily related to the fourth N I 
launch attempt. 

For the first time during an N I launch. Chief Designer Mishin, in the hospital because of 
illness, was not present to direct technical operations. He assigned Deputy Chief Designer 
Chertok to serve as "technical director" of the State Commission." Minister Afanasyev, who 
served as the chair of the commission, was apparently unsure of whether to rlsk a completely 
flight-ready LOK on an N I equipped with the old engines. In a last minute appeal to N I Chief 
Designer Dorofeyev on launch day, he proposed replacing the expensive LOK with a mock-up. 
In the final analysis. Dorofeyev convinced the Afanasyev that it would be advantageous to have 
a real "live" ship on the rocket.'& 

The fourth N I lifted off at 091 I hours, 55 seconds Moscow Time on November 23. 1972. 
To observers, the flight seemed to be completely successful. Telemetry indicated that the engines 
were operating normally, and all parameters appeared normal. Passing the seventy-second mark. 
it was already flying longer than any of its predecessors. The six core engines shut down auto- 
matically at T+90 seconds, apparently without problems. It was only at T+l04 seconds that 
the first sign of trouble appeared, but within the rapid seconds passing by, there was literally no 
chance to react. Within three seconds, a powerful explosion in the tail sect~on of the first stage 
destroyed the lower portion of the spherical oxidizer tank. The booster exploded and broke 
up into pieces in the alr. There had been just seven seconds left before first-stage shutdown and 
second-stage f~ring. This time, the difference between success and failure was measured in 
seconds. The emergency rescue system activated on cue and saved the LOK descent apparatus 
from virtual destruction." 
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The investigation into the 7L failure, like the ones for the previous N I accidents, was long and 
arduous. The process, however, differed in one substantive way from the previous times: this time 
the investigation was bogged down in inter-design bureau rivalries and politics. At the 
initial hearing of the State Commission to discuss the accident. Chertok reported that preliminary 
data indicated that one of the engines on the periphery of the first stage had shut off spuriously 
before the destruction of the tail compartment. But engine Chief Designer Kuznetsov was 
reluctant to agree, believing that if the fault of the accident was placed on the shoulders of his 
design bureau, then Minister of Aviation Industries Petr V. Dementyev would shut down his entire 
operation-a threat that Dementyev had in fact hinted before the launch. In his defense, 
Kuznetsov argued that the N I had been destroyed because of design vibrations in the frame of the 
rocket as a result of the scheduled shutdown of the six central engines just before the explosion. 

Afanasyev drew up a compromise solution in which the suspect engine had been destroyed 
because of the unexpected influence of oscillations In the rocket. Parties on both sides. 
however, refused to accept this version.'~uznetsov eventually sharpened his version of the 
causes of the accident, suggesting that the failure had occurred as a result of an explosion in 
a pipeline leading to an engine-that is, not in the engine itself, but in the armature of the rock- 
et. The engineers who wanted to exonerate the N1 rocket gathered a formidable array of 
supporters to back their cause, including researchers from the Scientific-Research Institute of 
Thermal Processes (the former NII-I) and the Scientific-Research Institute of Measurement 
Technology (NII IT). Their combined investigation of sensor readings from the N I showed that 
a shock wave had passed through the booster's body as a result of the engine explosion. 
Kuznetsov argued back that the sensor readings were incorrect, but NII IT Director Oleg N. 
Shishkin persuasively showed through further investigation that all sensor readings were in 
fact completely reliable. Given the evidence up to this point, the State Commission accepted a 
provisional version that the accident had occurred because of a failure in the suspect engine 
and that Kuznetsov's assumption on depressurization of the oxygen pipeline before the explo- 
sion was not supported by sensor measurements. 

The situation was complicated because TsKBEM Chief Designer Mishin had very good 
personal relations with Kuznetsov. The former was clearly put in a difficult position; most of 
his subordinates were opposed to Kuznetsov's argument that the blame lay in the rocket rather 
than the engines. On Kuznetsov's personal request. Mishin agreed to have the matter investi- 
gated by the N I Council of Chief Designers-a body that did not include representatives from 
the dueling ministries. The central issue at hand was the reliability of the data from N I sensors. 
The council's findings were also not to Kuznetsov's liking, and he apparently scoured through their 
report trying to unsuccessfully find any fault in their logic. According to one witness, "he simply 
could not believe that [the engines] had blown up at the end of their resources. . . ."79 Minister of 
Aviation Industries Dementyev, Kuznetsov's somewhat unsympathetic boss, then established an 
independent panel of aeronautics specialists to examine Kuznetsov's claim that the failure occurred 
as a result of a break in a 250-millimeter line that fed LOX to engine no. 4 on the first stage. The 
rupture, according to Kuznetsov, had been caused by "a water hammer" from the sudden cutoff 
of the six central engines of the N I ,  which turned off on schedule between eighty and ninety 
seconds after launch to reduce the g loads during injection and to save propellant. Dementyev's 
commission came to the same conclusion: that the engine cutoff had not led to the explosion." 
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Despite the compelling evidence and the rising opposition against the N I engines. 
Kuznetsov refused to budge. Debates and arguments continued for some time over what 
Kuznetsov believed was inadequate dynamic testing of the N I on the ground for precision loads. 
especially as compared to the Saturn V. Newly discovered sensor tapes near the impact site of the 
accident promised to throw the investigation into a lurch, but the new data only confirmed that 

t 

Kuznetsov was wrong. In the final analysis of the fourth N I launch, the State Commission stuck 
to the evidence of the "anti-engine faction," noting that there were other opinions. In its report. 
the commission stated that the flight had gone normally until T t  106.93 seconds. Analysis of the 
probable causes of the failure indicated that: 

The damage to the aft compartment of the first stage because of a failure in engine no. 4 
caused the explosion. 
The hypothes~s that the engine failure occurred because of internal causes [that is, 
the engine] did not contradict the telemetry data from engine no. 4 and from the stand tests. 
the findings of an inspection of the physical materials, or the physical pattern of the devel- 
opment of the failure of the rocket. 
The hypothesis of the depressurization of the main lines feeding propellant to the main 
engines and the vernier engines before the beginning of the failure [Kuznetsov's version] was 
not confirmed by the telemetry data." 

As the fingers all pointed to Kuznetsov, questions were rising all over the place on not only 
the old engines used on the N I boosters so far, but also the newly improved engines his des~gn 
bureau had been developing for two to three years. The issue had important long-term conse- 
quences precisely because of the tenuous connection between the old and new engines. 
If Kuznetsov was unable to build engines for the N I after a ten-year research program, what guar- 
antee was there that he would succeed with his new versions? Mishin himself recalled: 

The difficulties encountered during the modification of those [liquid-propellant rocket 
engines], which were accompanied by repeated failures to meet delivery deadlines, gener- 
ated in a certain circle o f  people (primarily, leaders such as D. F. Ustinov, L. V Smirnou, 
5. A.  Afanasyev) the opinion that N.  D. Kuznetsou, given the existing attitude of the lead- 
ership of the Minlstry o f  Auiation Industry toward the work, would not be able to bring 
the engines u p  to the specified leuel of reliability any time soon, and consequently, there 
would be neither an NI launch uehicle nor its modified versions.82 

Perhaps to compensate for what many believed were Kuznetsov's shortcomings, the Soviet 
space leadership sanctioned parallel efforts in two other design bureaus in 1973 to develop 
substitute engines for the N I.  

One of these two was a surprise participant in the N I program: Chief Designer Valent~n P. 
Glushko's Design Bureau of Power Machine Building (KB EnergoMash). More than ten years after 
the conflict w ~ t h  Korolev over the N I ,  which permanently fractured the Soviet space program. 
Glushko was finally ready to swallow his pride and join forces in the N I program. He created a 
special team at his design bureau to Investigate various ways to increase the reliability of the 
N I rocket. One of these approaches was to outfit the first and second stages of the booster wlth 
engines that already had been repeatedly tested in flight, specifically altered versions of the 
RD-253 engines from the Proton rocket. Research, however, showed that an NI  equipped 
with such engines would lose significant lifting capacity because of the use of noncryogenic 
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propellants and also would cost the rocket in terms of reliability because the N I would have to 
have a huge number of such engines on the first stage. A second option was to use a new and 
much more powerful engine. Since about 1968. Clushko had been talking of a 1,000-ton-thrust 
engine for a superheavy-lift launch vehicle. The idea eventually evolved by early 1970 into a 
600-ton engine using kerosene-LOX, the same propellants that Clushko had opposed using for 
the N I in the early 1960s. With the clouded future of the Kuznetsov engines. Clushko also 
directed a team under Sergey P. Agafanov at his design bureau to study a 5,000-ton-thrust engine 
with an annular combustion chamber and a nozzle of external expansion, with a central body 
that could be used on the first stage of the N I. Needless to say, the prospect of developing such 
a massively powerful engine was not very encouraging." The most realistic conception was a 
more modest 500-ton-thrust four-chamber engine, also using the kerosene-LOX combination. 

Another organization, the Design Bureau of Chemical Automation (KB KhimAvtomatiki). 
the old Kosberg bureau led by Chief Designer Aleksandr D. Konopatov, also looked into 
substitute engines. They proposed a 250-ton-thrust motor working on LOX and kerosene. 
which would be developed on the basis of an old storable propellant engine developed many 
years ago for Chelomey's abandoned UR-700 rocket. 

Despite the rising doubts about Kuznetsov's engines for the N I. Mishin's design bureau 
worked on two new N I boosters. 8L and 9L. "under a new techn~cal task."" Both of these 
rockets would be equipped with the new Kuznetsov englnes on its first three stages. Just in 
time, ground static testing of the third-stage engine, the NK-31, had finished in November 
1973, thus qualifying engines for all three stages. In preparing booster no. 8L for launch, engi- 
neers took account of all the results of the prior four N I launches, painstakingly making sure 
that such failures would not occur again. Booster no. 8L was significantly heavier than its 
predecessors, partly because of new oscillation dampers installed in propellant lines to preclude 
the type of depressurization suspected by Kuznetsov. The new rockets were also the f~rst 
equipped with filters at the inlets to the oxidizer pumps of the engines, the absence of 
whlch had caused the catastrophic July 1969 failure. Other changes included an Improved fire 
extingu~sher system and a faster acting version of the KORD engine control system. There was 
also talk of installing a system to separate the first and second stages in case the former was 
damaged: if there had been such a system at the time of the fourth failure, the malfunctioning 
first stage could have separated from the rest of the booster. whose upper stages would have 
compensated for the loss of seven seconds of first-stage firing.a5 

By early 1974, engineers had assembled booster no. 8L, allowing workers to begin 
installing Kuznetsov's new NK-33. NK-43, NK-31, and NK-41 engines on the rocket. The 
payload for the rocket was the first complete L3 complex, consisting of working versions of the 
LOK, the LK, and Blok D. The complex would enter lunar orbit, perform complex maneuvers, 
and then return to Earth without accomplishing a landing." Launch was scheduled for August 
1974. Subsequently, booster no. 9L would fly before the end of the year. Confidence was at a 
high in early 1974. As some participants later recalled: 

The people from the plants. Design Bureaus, and enterprises that had taken part in the 
development were preparing the rocket for flight with their former enthusiasm, because 
they had reason to belleve that the launch would produce a positive res~l t .~ '  
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By all accounts, the N I designers strongly believed that their faith in the rocket would be 
vindicated after so many years-that this last flight in 1974 would be the final test launch of 
the giant rocket, allowing the State Commission to declare the vehicle operational. Four addi- 
tional boosters-IOL. I I L. I2L. and 13L-were in various states of assembly at the time, in the 
queue for launches in 1974 through 1976. Even the most pessimistic forecasts suggested that 
the N I would be flying regular operational missions by 1976.'' 

Curtains 

Early 1974 was a particularly important time for TsKBEM, precisely because it seemed, for 
the first time in a long time, that the unending setbacks of the previous three or four years were 
over. Chief Designer Mishin was presiding over six major new programs, all focused on piloted 
space exploration, which promised significant dividends in the late 1970s and early 1980s. 
Three programs involved the development of new variants of the Soyuz spacecraft, the most 
important of which was the 7K-S. This spacecraft had been in development since 1968, origi- 
nally as a ferry vehicle to a long-abandoned military space station, but i t  had eventually 
emerged as a new generation of Soviet piloted spacecraft In August 1972. Mishin had signed 
a supplement to the original draft plan for the 7K-S, which allowed engineers to proceed with 
the manufacture of the test and flight models. Although the spacecraft was externally almost 
ident~cal to the older Soyuz, it was a completely new sh~p inside, with every essential system 
replaced by a new or modernized substitute." By May 1974, engineers had already built eight 
models of the 7K-S, one of which was almost ready for launch, although Mishin noted later 
that "the work was greatly slowed down by delayed deliveries by suppliers."'" In later years, this 
model was called the Soyuz T 

There were two other Soyuz variants in the works at the time, the first of which was the 
7K-TM, built specifically for the Apollo-Soyuz Test Project. In the fall of 1972, engineers began 
work on this variant; Mishin signed the final draft plan on December 15. 1972.'' The variant 
had common systems with the new 7K-S, but it was designed particularly with the short time- 
frame of the joint project in mind; the most important addition was the new androgynous 
docking system developed jo~ntly by the two sides. By mid-1 974, six of these sh~ps were ready 
for flight. The first one, vehicle no. 71, was launched on April 3, 1974, as Kosmos-638. TsKBEM 
introduced a new variant of the emergency rescue system for the I IA5 I I launch vehicle. The 
ten-day flight was successful. although it performed an unplanned ballistic. instead of a guid- 
ed, return to Earth." 

A third variant of the Soyuz was the 7K-TG-a spaceship designed to serve as a cargo ship 
to future space stations-that is, to bring propellant, food, and other supplies to crews staying 
on DOS ships in Earth orbit. It was a revolutionary idea for the Soviet space program and one 
of the most fundamental components of the USSR's ultimate goal of a permanent presence in 
space. Engineers began work on the tanker, later called Progress, in mid-1973 and issued the 
draft plan in February 1974." 
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Mishin had also significantly advanced work within the DOS program. Station no. 124, the 
fourth in the series, was almost ready for launch, being in "a state of 20-day readiness for 
launching" in late April 1974.94 Station no. 125, the first third-generation station with two dock- 
ing ports, was already in the process of assembly at the Khrunichev Plant in Moscow." These 
two stations were later launched as Salyut 4 and Salyut 6.  in 1974 and 1977, respectively. There 
was also significant work on the Multirole Orbital Complex (MOK) during the 1972-74 peri- 
od. As per the agreement in 1972, Mishin expected to fully focus on the MOK after the flight 
of DOS no. 125. 

The status of lunar programs remained in flux. Although the L3 program had been effec- 
tively terminated in late 1972. Mishin would fly out the remaining available hardware on sev- 
eral N! launches. Boosters 8L and 9L would carry out automated missions to the Moon. If 
those two were successful, the first Soviet piloted landing on the Moon would be on booster 
IOL or I I L. The subsequent five or six boosters would carry out further piloted landings or 
launches of the components of the MOK. Depending on the success of the early missions, 
designers planned to eliminate the use of the backup LK and the Ye-8 rover to support the later 
piloted landings.'The fate of the advanced L3M program is less clear. The available evidence 
suggests that after the closure of the Apollo program (after December 1972), the Sov~et space 
leadership lost interest in the Moon. As one respected Russian historian noted at the time: 
"Money for the N I - L 3 M  variation was not allotted.""' As with many other programs of the perl- 
od, however, it seems that Mishin doggedly carried on work on the L3M proposal without the 
benefit of an official Communist Party or government decree on the matter. According to his 
forecast in 1973-74. a successful L3M landing on the Moon could be achieved in 1978-80 

" w ~ t h  only a small increase in spending in 1975- 1976" above what was already allocated for 
the N I pr~gram.~" 

If progress on these programs were to Mishin's credit, his record as TsKBEM Chief Designer 
during the previous eight years was nothing to brag about. It was during his tenure that two of 
the worst accidents in space history occurred-the Soyuz I and Soyuz I I fatalities, which 
killed four Soviet cosmonauts. There were also the docking failures in Soyuz 213, Soyuz 718, and 
Soyuz 10, the repeated failures in the L I  and DOS programs, and finally-most glaringly-the 
incredible catastrophes and delays in the N I rocket project. One could argue that Mishin was 
possessed of nine lives to have even survived this spate of failures; any other man would have 
been fired long ago. Some claim that he was protected in his position because of Andrey P. 
Kirilenko, the powerful Politburo member, whose son-in-law. Yuriy P. Semenov, was a chief 
designer at Mishin's design bureau.99 Mishin was also not the easiest man with whom to get 
along, continually alienating his subordinates and associates with his abrasive behavior. In 
addition, he apparently had an unhealthy affinity for alcohol. But Mishin's vehement critics- 
and there are many-forget that he did not play a personal role in each and every failure that 
beset the design bureau in the late 1960s and early 1970s. His deputies-particularly Bushuyev, 
Chertok, Okhapkin, and Tregub-were responsible for managing many of the key programs 
during this period. And ultimately, Mishin had the poor luck of the draw. Handed too little 
money, too little time, and too many demands, possibly any other manager would have had the 
same results. 
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Durlng the worst series of failures. In February 1973, the M~nistry of General Machine 
Buildrng Issued a devastatingly censorious document on the TsKBEM's activities, which was 
partly a drrect critic~sm on Mishin's performance as its leader: 

. . in the past years the effectiveness o f  the work at the enterprise has noticeably 
dropped. . . Deficiencies exist at the enterprise in questions ensuring high quality and 
reliability o f  the apparatus created which haue been repeatedly discussed in the 
Ministry Collegium (this has been reflected in a whole series of orders) whrch TsKBEM 
has been eliminating slowly. . . on the question o f  the internal organization of TsKBEM. 
there are yet more existing deficiencies which have negatively manifested themselves in 
the work of the enterprise. . . " 

There was also dissens~on growing within the design bureau. In 1973, three of Mishin's 
most powerful deputies, Bushuyev. Chertok, and Kozlov, along with former OKB- I Deputy 
Chief Deslgner Kryukov and TsKBEM Department Chief Feoktistov. drew up and signed a let- 
ter, w ~ t h  the preliminary agreement of Central Committee Secretary Ustinov. to the Central 
Committee and the Council of Min~sters pointing out the unsatisfactory work of Mlshin as the 
Chief and Chief Deslgner of TsKBEM. They finished their letter with a request to dismiss Mishln 
from his post."' 

The names of the signatories to the letter were not surprising. Bushuyev. Chertok, and 
Feoktistov had been vehement supporters of the DOS program, and all, especially Feoktistov. 
were increasingly lukewarm to continuing the trouble-plagued lunar program. Kozlov had had 
a falling-out with Mishin over the military 7K-VI program in the late 1960s and subsequently 
had an increasingly difficult time gett~ng along wrth him. Kryukov had evidently had a spat w ~ t h  
Mishin in 1966 soon after Korolev's death over an unknown matter, after which Mishin had 
demoted him from the post of deputy chlef designer to department chlef. Kryukov. like 
Bushuyev. Chertok. and Feoktistov, had also authored the important proposal in late 1969 to 
propose the DOS program in the first place."" The fracture clearly developed over the DO5 pro- 
gram. By al l  accounts. Mishin bel~eved that the N 1-13 lunar program was his life's work. As one 
journalist recalled, he considered it "to be his duty in Korolev's memory, as perhaps the most 
Important accomplishment of his life.""' His deputies, Bushuyev and Chertok. were perhaps a 
little more pragmatic, believing that it was time to admit failure and move on to more man- 
ageable projects-that is. the DOS program. They had also clearly felt betrayed by Mishln's 
1972 agreement with Chelomey in which the former promised to transfer the small space sta- 
tion program to the latter after the flight of DOS-5. 

The N I versus DOS debate split the design bureau in half. Mishin d ~ d  have support with- 
in TsKBEM Okhapkln. Dorofeyev. Shabarov, and others-deputies who were responsible for 
the N I -L3 program-apparently stood behind the besieged chief designer. Mishin also had the 
support of DOS Chief Designer Semenov. no doubt because the latter owed h ~ s  career to 
Mishin. Both Semenov and local Party Secretary Anatoliy P. Tishkin ev~dently came out against 
the letter that called for Mishin's dismissal. In the official history of the design bureau, the 
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authors claim that Mishin managed to neutralize the effects of the damaging letter by coming 
to an agreement with space program head Ustinov. The latter was on visit in early 1973 to 
TsKBEM to mediate this growlng conflict. Mishin was not informed of this sudden visit, per- 
haps to allow Ustinov free reign to discuss the matter with the "anti-Mishin" contingent. Upon 
finding out that Ustinov was at the premises of his design bureau. Mishin rushed to meet his 
boss and found Ustinov inspecting the DOS-3 model. The story goes that DOS Chief Designer 
Semenov mentioned in passing that it would be useful to have two docking ports on a future 
DOS vehicle. Ustinov liked the idea. In a subsequent conversation with Mishin, Ustinov, in a 
conciliatory mood, offered Mishin an Implicit deal: if the chief designer would agree to have 
two docking ports on a future DOS vehicle, then Mlsh~n could keep his job. The official histo- 
rians add: "Thus V. P. Mishin found the possibility of continuing his work and at the same time 
was compelled to support the idea of a new stat ion.""  

As with other tales of Soviet space history, it is difficult to discern the exact details of this 
story. The account clearly hinges on the idea that Mishin was in some way opposed to having 
two docking ports on a DOS spacecraft. Completely contradictory evidence comes from Mishln 
himself. In an interview in 1989, he clearly states that he wanted to have the first DOS with 
two docking ports but was overruled by Ustinov "in order to hasten our success."'" Notes from 
Mishin's own office records of 1970-7 1 clearly attest to the serious considerations given to a 
station with two docking ports, as well as Mish~n's own enthusiasm for such a station.'"" 
Despite these two irreconcilable accounts, one thing is clear: the 1973 letter calling for Mishin's 
dismissal was a key factor in the growing oppositron against Mishin. 

The trajectory of Mishin's career was, of course, undeniably intertwined with that of the 
N I-L3 program-an effort that was also under increasing attack at the time. Given the rising 
lack of confidence in Kuznetsov's engines. there were murmurs of discontent asking whether 
the program as a whole should be continued. As one historian noted: 

The creators of the Nl were being "called onto the carpet" more and more, and they 
had to prove their correctness each time. The rhythm of the work was disrupted owing 
to the confusion, and rumors were circulating in the corridors of  the "firms" o f  the sup- 
posedly imminent "shutdown" of the NI."" 

At one meeting on December 8. 1973.  Central Committee Secretary Ustinov bluntly asked 
whether it was still worth it to "ride the horse" any longer. One unnamed chief designer argued 
that it was time to terminate the program. When it was TsNllMash Director Mozzhorin's turn. 
he made a case for continuing with the N I, but abandoning the lunar landing project: 

To repeat what the Americans have done-this is to openly admit to the world our lag 
behind them. But as far as our NI earner. what will canceling i t  do for the situafion? 
After afi,  satel[ites are getting heavier each year; in tlme, such a carrier will neuertheless 
be needed! To throw away the NJ at the halfway point-then the deuelopment of a new 
rocket o f  such lifting power will take a long time and uast resources . . . work on the N 1 
must be continued! 
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As Influential as Mozzhorin may have been, among the upper echelons of the Soviet space 
industry, his word could not compare to more powerful players. 

Perhaps aware that the fate of the N I was on shaky ground. Mishin continued to appeal 
to both the Ministry of Defense and Communist Party officials that the continuing work on the 
booster would be invaluable for ultimately building the MOK, which would have both mllitary 
and civilian mission goals. To get a firm word on the matter. Mishin, in cooperation with N I 
engine Chief Designer Kuznetsov, prepared a detailed memorandum for Soviet General 
Secretary Brezhnev on the MOK and on the general lag of the Soviet Union in the exploration 
of space. They proposed and argued various measures that would allow the USSR to move 
ahead of the United States. Mishin was not unaware that Kuznetsov was under fire at this time 
for his poor contributions to the N I program. In an attached section on the causes of the fourth 
N I failure. Mishln agreed to share the blame for the accident with Kuznetsov, hoping this 
would put Kuznetsov in a favorable light to Brezhnev. Mishin's closest aides thus put together 
a report on the entire N I program. the reasons for each failure, and the measures adopted to 
preclude future accidents. As far as the critical fourth failure in 1972, they noted-contrary to 
the official State Commission conclusion-that oscillations in the hull of the rocket caused by 
the switch-off of the central engines. accompanied by additional loads acting on p~pelines- 
and the fact that the engines and their instrumentation were at the end of their resources- 
caused the subsequent explosion. Therefore, it was a compromise variant of the accident 
report. The two designers emphasized that in the succeeding launches. the level of vibrations 
would be decreased by throttling down the thrust levels of the central engines prior to cutoff:" 

In late March 1974. Mishin and Kuznetsov sent their memorandum to Brezhnev with a 
request to accept their proposals on the MOK and the N I. Brezhnev handed the report over to 
Ustlnov to evaluate the proposal. and Ustinov turned it over to the defense ministries to han- 
dle the matter. Parties within the Ministry of Aviation Industry were of the opinion that the two 
chief designers' conclusions on the N I-that is, reducing the thrust of the engines prior to 
engine cutoff on future N Is-were completely unfounded, because without sufficient dynam~c 
testing. it would be almost impossible to predict the outcome of such a profile. Thus, given the 
chance for failure. it would be foolhardy at best to give authorization to launch further N I s based 
on their recommendation. Ustinov eventually invited a number of prominent chief designers to 
discuss the Mishin and Kuznetsov proposal. Glushko, having waited for more than a decade to 
arr his personal vendetta against the N I, did not hold back his words. He argued that new engines 
or not, the N I was doomed for failure because of the great number of englnes in the first stage. 
Instead. Glushko proposed a new family of launch vehicles with very high-thrust engines. 

In essence, Mishin made a fatal mistake by compromising his position and accepting 
Kuznetsov's views on the reason for the fourth accident. It was the last nail in the coffin. The pace 
of events in April and May 1974 was breathtaking. The maneuvering behind the scenes was done 
in absolute secrecy, with few people really aware of the wheeling and dealing. Perhaps as few as 
half a dozen people at TsKBEM were cognizant of the impending changes. One of Mishin's senior 
deputies, Yevgeniy V. Shabarov, an old-timer from the Korolev days, recalled later: 

absolutely unexpectedly for us one day in 1974 we received an invitation. well not even 
an invitation, but an order to assemble all the Deputy Chiefs of the [design bureau] in the 
office of the Chief Designer. We gathered in complete ignorance. There we sat and waited. 
Suddenly the door opened, and [Minister of General Machine Building] Sergey 
Aleksandrovich Afanasyev entered, accompanied by Valentin Petrouich Glushko and a 
number of other employees from the Ministry. "Good afternoon, comrades. " [Afanasyev] 
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said. . . . [He] announced that. "The Politburo has taken a decision-Vasiliy Pavlovich 
Mishin has been relieved of his post as Chief Designer of your organization, and Valentin 
Petrouich Glushko has been named the General Designer. Your organization from now on 
will be known as the 'Energiya' Scientific-Production Association. I wish you all success. " 
With that he left. Al l  this happened so unexpectedly and quickly (in the course of two-three 
minutes) that we were stunned and did not really understand what had occurred.'" 

What happened was certainly the largest reorganization within the Soviet space industry since 
Korolev's death. On May 22. 1974. Mishin. at the time ill in the hospital, was officially released 
from his duties as TsKBEM Chief Designer. On the same day, his former design bureau. (TsKBEM), 
with all its affiliates. was comblned with another powerful space organization (Clushko's KB 
EnergoMash) to form the new Energiya Scientific-Production Assocration (NPO Energiya). It was 
evidently Glushko who had personally thought of the "Energiya" name. The sixty-five-year-old 
Glushko was named the new Director and General Designer of this new and gargantuan empire. 
whrch included: 

The former TsKBEM, renamed the Lead Design Bureau (GKB) at Kaliningrad 
The former TsKBEM branch at Kuybyshev 
The Experimental Machine Building Plant at Kaliningrad 
KB EnergoMash at Khimki 
KB EnergoMash's Primorsk Branch 
KB EnergoMash's Kamskiy Branch 
KB EnergoMash's Privolzhsk Branch 
The EnergoMash Experimental Plant" 

Thus. Glushko would supervise the development of almost all Soviet piloted spacecraft. 
launch vehicles, automated reconnaissance satellites, and high-thrust rocket engines and 
oversee their manufacture and testing. It was more power than Korolev held in his heyday. 
Being ill at the time. Mishin was out of the loop throughout this period. As Mishin told a 
journalist many years later: 

To be frank with you, the decisron to fire me came to me as a complete surprise. . . . 

[After leaving the hospital] I was invited for a talk to the Staraya Square [the residence 
of the Central Committee of the Communist Party], and Ustinov, the Central Committee 
Secretary in charge of space affairs, told me. "Leonid Ilyich [Brezhnev] asked me to con- 
vey his thanks for your work, and provide help in finding other employment. ""' 

Presumably, Mishin would have been demoted to a senior position in the design bureau. 
but Glushko would have none of that. When Mishin left the hospital, Glushko revoked Mishin's 
clearance pass to enter the design bureau."' The new general designer wanted to make sure that 
Mishin never stepped into his old haunting grounds again. 

The natural question is: why Glushko? How did Glushko manage to end up as head of 
the enterprise that was founded by one of his most famous opponents. Korolev? Glushko was 
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clearly well placed and also ambitious. Since the birth of the missile program in the mid- 1940s. 
he had always played second fiddle to Korolev. He was always the engine designer, while 
Korolev was the designer of the rocket or the spacecraft. His claim to become the chief design- 
er had no support while Korolev was alive. But with the less-powerful Mishin, Glushko could 
take advantage of the former's failings, such as the repeated failures in the late 1960s and early 
1970s in the piloted space program. By 197 1 .  Clushko was clearly the most respected and influ- 
ential chief designer in the business, as evidenced by the unprecedented declassification of his 
name. His organization had designed the engines for the first stages of almost all Soviet strate- 
g~c ICBMs. including the R-7 (SS-6). the R-9A (55-8). the R-16 (55-7). the R-36 (55-9). and the 
R-36M (SS- 18). This does not include his design bureau's work on engines for a family of 
launch vehicles based on the R-7. as well as Yangel's Tsiklon and Kosmos series of boosters. 
Still, he remained only the engine designer. Presumably during the discussions in early 1974 
over the N I, when he offered a replacement for the old rocket, he proposed uniting his rocket 
engine organization with that of Korolev's old spacecraft design bureau. From a managerial and 
inst~tutional perspective. it seemed to make sense to unite these two powerful entities into one. 
Forces would be consolidated, and waste would be eliminated. Who was better to head the 
whole organization than Clushko, one of the pioneers of Soviet rocketry? On a more funda- 
mental political level. Glushko had the support of two key individuals. Brezhnev and Ustinov. 
Their support was ~nvaluable to his appointment.'" 

The N I-L3 project was the first victim of the May 1974 reorganization. The fate of the 
project was clearly decided at the highest levels of the Soviet Communist Party and govern- 
ment, but it was also a decision that stemmed from a confluence of forces that all intersected 
rn m~d-  1974. Clearly one of the most important factors was the Mishin-Kuznetsov report sent 
to Brezhnev in March. The repercussions of this report spiraled out of control until it reached 
the offices of the primary client for the N I. USSR Minister of Defense Andrey A.  Grechko. Given 
his generally negative attitude toward the N I booster and its milrtary uses. he was only too 
happy to side with those who were clamoring for some definitive action. On May 19. 1974. 
three days before Mishin's official dismissal. Grechko signed an order suspending further 
launches of the rocket. ' The timing could not have been better. Clushko's first act as General 
Designer of NPO Energiya, signed on June 24. 1974, was to suspend all work on the N I -L3 pro- 
gram.Ib The suspension of work on the N I meant that all programs associated with its devel- 
opment were also terminated. These included the L3M advanced lunar landing missions, the 
giant MOK in Earth orbit, and proposed conceptions of anti-ballist~c space-based weaponry. 
The massive expansion of the Soviet space program, envisioned for the late 1970s by Mishin. 
all disappeared with a few signatures. 

In the official history of NPO Energiya, the authors wrote that the decision was taken with 
the "tacrt agreement" of Afanasyev, Keldysh. Smirnov, and Ustinov. One person who may 
have been against this abrupt decision was Minister of General Machine Building Afanasyev. 
who, while not always supportive of Mishin, was a strong proponent of the N I program. Some 
reliable sources claim that both Clushko's appointment and the cancellation of the N I-L3 pro- 
gram "was made by the Politburo behind Minister Afanasyev's back. . . . It was [Clushko's] ini- 
t~ative, not of his boss-Afanasyev." " In recent years, Mishin has been very cand~d about who 
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he believes were responsible for scuttling a program that had sucked in billions of rubles, but 
was so close to success: 

1 think the main culprit was Dmitriy Fedorovich Ustinov. The reason for winding up the 
program-at least from his standpoint-was that the Americans had beaten us to 11. 
This was a turning point In his career. Prior to this, he had not been a Politburo mem- 
ber, much less the Minister of Defense. He reached these positions after winding up the 
[NI] program. Afanasyeu could not have cared less. All these faihres were affecting his 
career. So he did not oppose winding up the N I  program."' 

Both Ustinov and Afanasyev kept their jobs. However. Mishin was not the only one whose 
job came under fire. Ma;. General Kerim A. Kerimov, the Chief of the Third Chief Directorate at 
the Ministry of General Machine Building, was apparently demoted as part of the N I cancella- 
tion shakeup. He continued to serve as chair of the State Commission for Soyuz, but he would 
no longer oversee the Korolev design bureau within the ministry,"" Others who fell under the 
blade included several leading engineers responsible for the NI-L3. Once Glushko came into 
power, he sidelined some of the senior personnel involved in the N I project. N I Chief Designer 
Dorofeyev was "forcibly dismissed." while M~shin's First Deputy Okhapkin, who had guided the 
program since 1962, was demoted to an innocuous posit ion.'  The men who inher~ted senlor 
positions at NPO Energiya were, for the most part, those individuals who had little involvement 
in the N I -L3 effort during the past few years."' 

The termination of the N I-L3 program was a complete surprlse to most people at NPO 
Energiya, and it sent shock waves throughout the entire space industry. Engineers, confident 
beyond hope that success in the program was within reach, were simply stunned at the irony 
of cancellation at the cusp of victory. Especially galling was the fact that "not a single session 
of a scientific council, not a single conference of specialists, not a single meeting of the Council 
of Ch~ef Des~gners" was convened prior to taking the final decision-it was all decided behind 
closed doors among less than half a dozen individuals. As one journalist wrote: "It was far less 
dangerous to transfer the responsibility onto other shoulders and to declare the N I a mis- 
take.""' Perhaps the biggest victims were the engineers: without any intention of hyperbole. 
one observer noted: 
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As for such a "detail" as the honorable work of  thousands o f  people who had devoted 
their best years to the NI. this was not even considered, these people did not even 
receive any explanation, let alone consultation . . . and many of them. I am  convinced. 
received such a psychological blow that they have been unable to create anything of 
equal worth. And these were Koroleu's best cadreP4 

Another participant remembered how Brezhnev and Ustinov compensated for their actions: 

On the eve of those sorrowful events, many people who had taken part in the work in 
the lunar project. . . were presented with decorations. I admit that at that time I dtd not 
really understand why. It later became clear: we were decorated as a consolation and 
so that we would hold our tongues." 

Unable to comprehend the rationality of such a seemingly uninformed decision, many 
unusual reasons filtered through the grapevine. Perhaps the most compelling one was that Soviet 
space officials were simply afraid that the N I would succeed on its next launch. As one engineer 
working on the program recalled: "A  successful launch of no. 8 . . . would require new investments 
that would be both considerable and immediate."'2b Military-Industrial Commission Chairman 
Smirnov seemed to confirm th~s claim. when, in 1991, he admitted that the general consensus. 
even among the upper leadership, was that the next launch would have been a ~uccess.~'' 

When he took control of the giant Energiya organization. Glushko did not come empty- 
handed. He had promised Ustinov that he could do better than the N I. and in one sense, he did 
not disappo~nt. During his first days as general designer, he invited the technical leadership 
of the organization and presented his vision of the future of Soviet space exploration: a new 
family of superheavy-lift launch vehicles, ultimately leading to the establishment of large-scale 
permanent bases on the surface of the Moon. While most attendees viewed the lunar base idea 
with "great skepticism," it seems that Glushko had Ustinov's support, at least at the proposal 
level."Why, after canceling Mishin's L3M and Long-Duration Lunar Base. Ustinov would 
support Glushko's "new" ideas might mystify even the most cursory observer of Soviet space 
history. Many within NPO Energiya were against the idea, correctly noting that the proposal 
was completely absurd after the N I debacle. By October 1974. Glushko's engineers worked 
up a formal technical proposal for a lunar base, called Zvezda, which was examined by an 
independent expert commission of scientists and engineers headed by USSR Academy of 
Sciences President Keldysh. Looking at the costs, the technical complexity, and the timeframes 
proposed, the commission unanimously rejected Zvezda. In desperation. Glushko tried to get 
signatures from leading Soviet scientists on the viability of his proposal. But even Brezhnev, 
when told that this project would cost "only" 100 billion rubles, sobered up and declined to 
approve ~ t .  Zvezda died soon after.'" 
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If Zvezda proved to be too much for the Soviet space leadership, there was more interest 
in Glushko's new family of superheavy-lift launch vehicles. The military had at last found a use 
for such powerful boosters. Since 1972, the United States had embarked on the development 
of the reusable Space Shuttle. Believing the Space Shuttle to be a military threat to the Soviet 
Union, officials in the USSR Ministry of Defense found little interest in lunar bases or giant 
space stations. What they wanted was a parallel deterrent to the Shuttle. The story of exactly 
why the Soviets believed the Space Shuttle was such a threat has, like many others, assumed 
mythological proportions, with the truth probably buried forever in secret archives. The most 
commonly propagated story, disseminated even by the most respected historians in Russia, has 
an air of a folk tale: 

Leonid Smirnov, former [Military-Industrial Commission] Chairman . . . in his regular 
report to Brezhneu on the state of our space efforts once mentioned . . . that the Americans 
are intensively working on a winged space vehicle. Such a vehicle is like an aircraft; i t  is 
capable through a side maneuver of changing its orbit in such a way that i t  could find 
itself at the right moment over Moscow-possibly with a dangerous cargo. The news dis- 
turbed Leonid llyich [Brezhnev] very much-he contemplated it intensively. and then said, 
"We are not country bumpkins here. let us make an effort and find the money. """ 

Several different organizations offered their services to develop a counterpart to the 
American Shuttle. In the initial stages, none of them resembled the U.S. spacecraft in the 
slightest. Glushko proposed a radically new design for a Soviet counterpart, the Reusable 
Vertical-Landing Transport Craft (MTKVP), a wingless system based on his new superheavy 
launcher proposal. Chelomey offered up the twenty-ton Light Space Aircraft (LKS)-an 
advanced reusable spaceplane concept to be launched on the Proton rocket. The MiC design 
bureau's old "space branch" in Dubna, after years of fruitful work on such concepts, offered up 
its old Spiral spaceplane. In February 1976, the chief of the space branch. Yuriy D. Blokhin, vis- 
ited the Central Committee to persuade top Party leaders that the Spiral would be the most cost 
effective and efficient response to the American Space Shuttle, citing NASA's work on such 
experimental aircraft as the X-24. It was al l  in vain. Brezhnev. Smirnov, and particularly Keldysh 
were unwilling to budge on their requirement for a system ident~cal to the NASA Space Shuttle. 
despite overwhelming opposition from most senior chief designers in the Soviet space 
program." In 1993, Efraim Akim, a scientist at Keldysh's Institute of Applied Mathematics, 
elaborated on the precise rationale behind the "parallel response": 

When the U.S. Shuttle was announced we started investigating the logic o f  that 
approach. Very early our calculations showed that the cost figures being used by NASA 
were unrealistic. I t  would be better to use a series of expendable launch vehicles. Then. 
when we learned of the decision to build a shuttle launch facility at Vandenberg [Air 
Force Base] for military purposes we noted that the trajectories from Vandenberg allowed 
an overflight of the main centers of  the USSR on the first orbit. So our hypothesis was 
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that the development of the shuttle was mainly for military purposes. Because of our 
suspicion and distrust we decided to replicate the shuttle without a full understanding 
of its mission. When we analyzed the trajectories from Vandenberg we saw it was pos- 
sible for any military payload to reenter from orbit in three and a half minutes to the 
main centers of the USSR. a much shorter time than [a submarine-launched ballistic mis- 
sile] could make possible (ten minutes from off the coast). You might feel that this is 
ridiculous but you must understand how our leadership, provlded with that information. 
would react. "' 

Despite almost no interest from the Min~stry of Defense, Keldysh managed to bulldoze the 
Soviet space shuttle idea was bulldozed through the Communist Party and government. On 
February 17. 1976, the Central Comm~ttee and the Council of Ministers issued a formal decree. 
which approved the creation of a reusable space system consist~ng of: 

A launcher stage 
An orbital aircraft 
An interorbital tug-sh~p 
A complex control system 
A launch-land~ng and assembly-work complex 

The orbital aircraft would ensure delivery of up to thirty tons of payload to a 200-kilometer- 
altitude orbit, and it would be capable of returning twenty tons back to Earth."' Glushko's NPO 
Energiya would serve as the primary contractor for the entire system. The decree committed the 
Soviet Un~on  to certainly the most expensive space project in the country's history-one that 
would almost bankrupt the space program. Chasing after the U.S. Space Shuttle over the fol- 
lowing twelve years, it would work on a new launcher, the I I K25, later called Energiya, and a 
new reusable space shuttle, the I I F25, later called Buran. 

To build the new shuttle, Glushko evidently did not want to work with organizations such 
as the Mikoyan or Chelomey design bureaus. which had decades of experience ~n developing 
hyperson~c reusable vehicles. Instead, he subcontracted the development of the Buran shuttle 
to a new organization, the old Molniya Sc~ent~f~c-Production Assoc~ation (NPO Molniya), cre- 
ated specif~cally for this task on February 24. 1976. NPO Molniya was established in Tushino 
near Moscow on the basis of the old Molniya Design Bureau (the former OKB-4) led by Chief 
Des~gner Matus R. Bisnovat-an entity that had hitherto zero experience in designing such 
spacecraft. Bisnovat's specialty had, in fact, been developing air-to-air missiles for Sovlet fight- 
ers. NPO Molniya also included the Burevestnik Design Bureau (the former KB-82) led by A. V. 
Potopalov, which had specialized ~n the design of surface-to-air missiles and the manufacture 
of Sukhoy's advanced T-4 supersonic bomber. The third component was the Experimental 
Machine Building Plant (the former KB-90) led by Chief Des~gner Vladimir M.  Myasishchev. 
who had been pushed out of space design work many years previously by Chelomey."Vs a 
s~ngle act of concession to earl~er spaceplane research, Ustinov appointed Spiral program chief 
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Lozino-Lozinskiy to be the Director and Chief Designer of NPO Molniya. transferred from his 
old duties at the MiG design bureau. Despite Lozino-Lozinskiy's undeniable expertise. NPO 
Molniya seems to have been ill-equipped to handle such a monumental task as building a copy 
of the American Shuttle. One Soviet historian wrote: 

And can we manage to explain why the building of such a unique design as our first 
space plane was assigned to NPO Molniya and the Tushino Machine Building Plant 
(TMZJ? I'm not trying to insult those renowned. talented collectives, but everyone knows 
fhat NPO Molniya came about in the consolidation of two small design offices, Molniya 
and Bureuestnrk, which not only neuer had anything to with brainstorming about a space- 
plane, but also had no experience in developing ordinary airplanes from start to finish." 

Ignoring the decades of spaceplane research by Tsybin, Tupolev. Myasishchev. Mikoyan. 
and Chelomey, institutional discord and bad judgment once again set the Soviet space program 
on a poorly managed endeavor. Thus, Chelomey's Light Space Aircraft died an ignominious 
death by I98 1. while Spiral puttered on until September 1978. Despite some extraordinarily suc- 
cessful subsonic drop tests in 1977 and 1978 from a Tu-95K bomber, the space branch at 
Dubna was eventually shut down. In December 1981. forty-eight senior engineers from the 
Spiral design bureau were ordered to pack up and join NPO Molniya to help with the creation 
of Buran."" 

Fittingly, the same decree approving work on the I K I  I K25 system (as the complete 
Energiya-Buran system was called at the t~me) also conclusively terminated all work on the 
N I-L3 program The official reasoning was "the necessity to commence large-scale activities 
(involving allocation of huge sums of money) on the [Energiya-Buran] project" and more 
ironically "the absence of heavy payloads suitable for the lifting capacity of the launcher."" 
Amazingly, this was the same decree that approved the I I K25 superheavy-lift launch vehicle! 
In one of the multiple ironies of the time. Glushko elected to develop cryogenic propellant 
engines for the I I K25, despite having literally cracked the Soviet space program in half during 
the early 1960s by refus~ng to build engines with those propellants. Given the use of LOX- 
kerosene engines, there was some talk of using the Kuznetsov's new N I engines for the job. 
At his own risk. Kuznetsov had continued his test certification program for the new engines. 
which continued as late as January 1977. His results were impressive: in running forty different 
NK-33 first-stage engines for test regimes of 1.200 seconds, they ran an average of 
7.000- 14.000 seconds without failures. One engine fired for a sum total of 20.360 seconds dur- 
ing repeated testing. To pass the certification process, they needed to run for only 600 seconds. In 
addition, he had boosted the thrust of the original NK-33 engines from 154 tons to 205-207 tons 
through the minor reworking of the turbopump assembly, moving the engines into a complete- 
ly d~fferent class of thrust. Glushko naturally felt threatened by al l  this. In 1977, as hrs power 
increased to unprecedented levels, he forced a formal decision from the Council of Ministers to 
terminate all work done on powerful liquid-propellant rocket engines at not only Kuznetsov's 
design bureau, but also any place under the Ministry of Aviation Industry. Kuznetsov was also 
forced to hand over some of his test equipment to Clushko."' 
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The total cost of the N I-L3 program up to January 1 .  1973, was 3.6 billion rubles, of which 
2.4 billion rubles was specifically for the N 1."' By rough estimates, total expenditures by the 
mid-1970s may have been as high as 4.0-4.5 billion rubles." It is difficult to convert this fig- 
ure to a dollar value, but a rough estimate, in 1960s dollars, would be about $12- 13.5 billion- 
that is, about half of that spent on the Apollo program. But there was a human cost, too, and 
many, having received such a crushing blow, were reluctant to let the dream go. In a desperate 
gambit that ultimately met with little success, former Chief Designer Mishin lobbied hard to 
obtain permission to launch two of the fully prepared N i  rockets into the Pacific Ocean. In 
1976. N I  Chief Designer Dorofeyev wrote letters to members of the 25th Congress of the 
Communist Party for the test launches. In November 1976. Mishin and Chertok sent a proposal 
to the Ministry of General Machine Building to convert the N1 to launch the new reusable 
space shuttle for the Ministry of Defense.l4' 

None of it worked. Glushko was dead set against it: he was not simply satisfied with con- 
signing the N I program to history, but he also wanted to erase it from history. He ordered all 
the remaining N I rockets-the two fully prepared for launch and five others-to be destroyed. 
All associated technical documentation was also destroyed, thus squelching any possibility 
that the rocket would make a phoenix-like reappearance in the Soviet space program. Former 
OKB-I Deputy Chief Designer Sergey S. Kryukov, one of the "fathers" of the N I ,  later wrote: 
"Clushko incinerated every notion of the N I  with a hot iron."142 Glushko also made sure that 
there was no indication of the program's existence ~n the design bureau's private museum. The 
project would only exist in the memories of its participants. The dream that had begun with 
Sergey Pavlovich Korolev in Germany in 1945 ended with a few signatures in 1976. Russian 
journalist Yaroslav K. Golovanov, Korolev's most well-known biographer, perhaps wrote the 
most eloquent of epilogues on the life and death of the N I project: 

The unfulfilled dream of Sergey Korolev, who died on the operating table-a dream that 
was decimated by Valentin Glushko. that was undefended by Vasiliy Mishln, and that 
took years of labor by Nikolay Kuznetsov-vanished in the gulf of ministerial paper- 
work and the flames of failed launches that turned billions of rubles into ashes."' 

Mishin added: 

We felt a deep sense of sadness. It was a colossal project to which we dedicated our 
best years. I was young at the time. And i t  was the work of a great many people and it 
vanished overnight. The Americans had won. I was made the scapegoat.144 

139 Dolgopyatov Dorofeyev, and Kryukov. "At the Readers' Request. The N I Project." Total planned cost. 
lncludlng that for slxteen f l~ght models. was 4.97 billion rubles. 

140 For 4 b ~ l l ~ o n  rubles. see Kryukov. "The Br~ll~ance and Eclipse of the Lunar Program " For 4.5 bi l l~on 
rubles, see Leskov, "How We D~dn' t  Get to the Moon " 

141 Leskov. "How We D~dn't Get to the Moon". Pan~chkln. "Some Results of N I  Development": Lard~er. 
LAstronautique Soufetrque. p. 174. 

142 Kryukov, "The Brilliance and Eclipse of the Lunar Program " 
143 Colovanov. "Just Where Are We Flying to?." p. I 
144 ''The Russian R~ght Stuff. The Dark S~de of the Moon." NOVA television show. #1808. WGBH-TV, 

Boston. February 27. 1991 



In the h~story of the Soviet space and missile programs, three singular events stand out as 
defining moments: the birth of the effort in 1946, the death of Korolev In 1966, and the end 
of the N I -L3 program in 1974. History, of course, does not separate itself into neat little seg- 
ments of time, but it would be difficult to find a moment so cataclysmic in the U.S. space pro- 
gram as the Soviet events of 1974. In essence, the year divided the old with the new and a lack 
of vision with clarity. Completely unknown to the West until the late 1980s, the changes in 
I974 were effectively a watershed moment that closed the door on Korolev's determined jour- 
ney, begun in 1946. What happened after 1974 warrants particular attention, not only as a 
matter of historical interest, but because the nature of the Soviet piloted space program 
changed in ways that would have been difficult to foresee at the time of NPO Energiya's for- 
mation. Having trudged through failure after failure in the late 1960s and early 1970s. the Soviet 
Union finally made its arrival as a formidable space superpower in the late 1980s-a full two 
decades after its only competitor had done the same. 

The Rise and Fall of a Space Power 

Glushko's ascendance to power at the top of the pyramid coincided with a dramatic shift 
in fortunes for the Soviet piloted space program. All the failures and catastrophes of 1971 
through 1973, especially in the space station effort, seem to have exorcised the demons of the 
Soviet space program. In 1975, NPO Energiya performed its first fully successful space station 
mission on Salyut 4, one of the two DOS vehicles readied under Mishin. The other one. 
launched in September 1977 as Salyut 6, would finally put the Soviet space program on the slow 
but persistent track to success. The station's mission was one of the finest success stories in 
the Soviet space program. In the four years after launch, it hosted sixteen crews, four of which 
set absolute endurance records for time in space, significantly exceeding the eighty-four-day 
record set by NASA's Skylab 4 crew during 1973-74. NPO Energiya also introduced two new 
spacecraft: the Progress, an automated tanker and supply ship, and the Soyuz T, an advanced 
version of the Soyuz. Ironically, both programs had been initiated by Mishin. It was not simply 
a matter of setting records but of remarkable maturity in operations. Engineers perfected the very 
first refueling operations in space. mastered the logistics of having two ships dock to the same 
station, directed complex repair spacewalks outside the station, managed real-time solutions to 
contingencies in space, and accumulated a wealth of ground-breaking information on the 
effects of microgravity on the human organism. The Soviets also extracted maximum political 
gain from the mission of Salyui 6 by sending "guest-cosmonauts" from other socialist coun- 
tries on "friendly" visits. There were no fatalities In the program. It was a stunnlng return to 



form, prompting many Western observers to conclude that the Soviets were "ahead" in space. 
Durlng the same period, the United States accomplished only one piloted flight. 

The str~ng of successes in the space station program continued with the operation of 
Salyut 7 during the 1982-86 period, culminating with the launch of Mir ("World") in February 
1986. Crews began visits to Mir almost immediately after its launch. In September 1989. two cos- 
monauts. Viktorenko and Serebrov, began a historic run of ten years of continuous crewed opera- 
tions. Through the dissolution of the Union of Soviet Socialist Republics in late 199 1 ,  Mir remained 
occup~ed. In 1994-95, Valeriy A. Polyakov. a doctor from the Institute for Biomedical Problems, set 
the world's endurance record for continuous time spent in space: 438 days. 

What had been a closed and secret program began to open up during the early 1990s. Mir 
played a central role in cooperative agreements with Western nations. As part of an arrangement 
between the United States and the Russian Federation. NASA astronauts began visiting the Mir 
space station in 1995. Seven NASA astronauts, beginning with Norman E. Thagard, spent approx- 
imately two and a half years aboard the Mir space station between 1995 and 1998. Their quarters 
were Irving, breathing, orbiting artifacts of the amazing history of the Soviet space program. The 
main Mir hull is almost identical to the original DOS vehicle that was designed and launched as 
the first Salyut in 197 1. The same triumvirate that had built the original Salyut created the newer 
statron. but these organizations exist now with different names: RKK Energ~ya, the Salyut Desrgn 
Bureau, and the Khrunichev State Space Screntific-Production Center. The prlmary four Mir mod- 
ules-Kristall. Kvant-2. Spektr, and Priroda-were all based on the design of the Transport-Supply 
Ship's main hull, itself part of Chelomey's conception of the Almaz space station complex pro- 
posed in the late 1960s. The launch vehicle for Mir and its modules is the Proton-a rocket origi- 
nally known as the UR-SOOK, proposed by Chelomey as an ICBM in 1960. The delivery vehicles 
for the complex are the Soyuz TM and the Progress M spacecraft. both derived from Korolev's 
beloved 7K-OK Soyuz spacecraft, designed in the early 1960s. 

Mir, with all its historical significance, was planned for deorbiting by the end of this century. 
By that time, there will be a more impressive sight in Earth orbit, the International Space Station, a 
cooperative project involving sixteen countries. As the primary participants. the United States and 
the Russian Federation will provide most of the materials for this largest ever joint program in the 
history of space exploration.' The first component of the station, the Zarya Functional Cargo Block. 
was launched in November 1998 on a Proton booster. The station will be supplied by various mod- 
ifications of the Soyuz spacecraft. Mir operations will probably cease once activit~es on the 
International Space Station commence. That singular event will probably mean the end of an rnde- 
pendent Russian piloted space program-the end of the journey that Yuriy Alekseyevich Cagarin 
began in 1961. It will be the beginning of a new and perhaps more exciting voyage. 

The Salyut and Mir space stat~on programs were the most publicized components of the 
Soviet space program rn the 1980s. but they were not, in fact, the most important. The lion's share 
of the Soviet space budget durrng the 1980s was taken by the Energiya-Buran effort, the most 
expensive program in the history of the Soviet space program. After years of delays and cost over- 
runs. NPO Energiya finally launched the first Energiya booster in May 1987. It was the first suc- 
cessful Soviet rocket comparable in power and performance characteristics to NASA's long-defunct 
Saturn V grant. It was also the first time that the Soviets fired a high-performance LOX-liqu~d 
hydrogen rocket engine in operational conditions. What little joy there may have been in such 
a test was tempered by history. All of the pleas by Korolev and Mishin during the 1960s to 
develop such engines had fallen on deaf years. leaving Soviet rocket capab~lities far behind that 

I The Salyut Des~gn Bureau (KB Salyut) IS actually part of the Khrunlchev State Space Screntif~c 
Production Center (GKNPTs Khrunlchev) 

2 Paul Mann "U S Russ~a Draft H~stor~c Space Pact " Auration Week G Space Technology September 
6 1993 pp 22-23 



of the United States. It finally took Glushko's change-of-heart about cryogenic propellants before 
Korolev's dream became a reality. The Energiya booster was fired a second time, in November 
1988, when it launched the Soviet space shuttle Buran on a h~ghly impressive fully automated 
orbital flight. After decades of trying to build a spaceplane, Buran turned out to be the only such 
Soviet vehicle that ever made it into orbit. It was only fitting that much of the success of Buran 
benefited from the intensive testing of the small-scale BOR spaceplanes in the 1980s-vehicles 
that were left over from the ambitious Spiral project from the 1960s. 

Despite early expectations of a vigorously expanding Soviet space program, the inevitable dis- 
enchantment crept in. As the Soviet economy began to implode, an increasingly free press 
became the forum for rising criticism of the Energiya-Buran program. By 1993, the effort was rn 
near shambles, with ground models of the Energiya and the Buran rotting away in varlous plants. 
In May 1993, the project's Council of Chief Designers requested a final decision from the Russian 
government.' The project was formally shelved after seventeen years and 14 billion rubles. For 
the second time, thousands of Soviet space engineers saw the~r handiwork disappear into rub- 
ble. Many of those who witnessed the demise of the Energiya-Buran project were the same ones 
who had watched in silence at the abrupt termination of the N I -L3 program. Both projects had 
their own complex raison d'itre and their own reasons for fall from grace, but both had one 
thing in common: they never fulfilled their original promise. The two projects together span the 
entire period of the piloted space program of the former Soviet Union. For those looking at waste 
of technology, of knowledge, of money, and ultimately of people, during the postwar 
Communist era, they need look no further than the N 1-13 and the Energiya-Buran programs. 

The End of a Generation 

Some would say that Vladimir Nikolayev Chelomey had a career worthy of a great Russian 
tragedy. After the cancellation of the N I-L3 program, his star seemed to rise for a brief period. 
In June 1974. he was elected as one of the approximately 1.500 deputies of the Supreme Soviet. 
the USSR's rubber-stamp parliament. While the legislature had no independent power in the 
country, membership usually indicated national prominence. In fact. Western observers scour- 
ing through the lists of the Supreme Soviet, upon finding Chelomey's name, believed that he 
was the "new head" of the Soviet space program, a "job previously held by . . . Yangel.'I4 For 
perhaps a couple of years, he may have also resurrected his ambitious UR-700M Mars landing 
project. He continued work on the Almaz military space station, two of which were launched 
between 1974 and 1976 as Salyut 3 and Salyut 5. respectively. He was evidently planning for 
a major expansion of activities at his design empire, planning much larger versions of Almaz 
stations serviced by the new Transport-Supply Ship. He even returned to one of his lifelong 
dreams-the development of an orbital spaceplane.' 

3 Ufro. Moscow OstankinoTelevision, F~rst Channel and Orb~ta Networks. Moscow. May 25. 1993. 1845 GMT 
5. Shamsutdinov. "Flrst Flight of Buran With Tour~sts on Board Will Take Place on April 12. 1994" (English trtle). Nouosti 
kosmonautrki 2 1 (October 9-22. 1993): 40-45. 

4. Theodore Shabad. "Russians Indicate Rocket Special~st Heads Space Effort." New York Trmes. July 14 1974. 

P 6. 
5 For the "resurnpt~on" of the UR-700M program, see Chr~st~an Lardier, LFIstronautique Sovietique (Par~s 

Armand Colin. 1992). p. 252 For the Almaz program, see Vlad~mir Polyachenko. "The 'Pep' of Alrnaz" (Engllsh t~tle). 
Krylya rodrny no. 4 (Aprll 1992): 30-32: Olaf Przybllskr. Almaz Das supergeheime militiirrsche Orbitaistafionsprogramm 
der UdSSR (Dresden. Cer. lnst~tut fur Luftfahrt, 1994). For advanced Almaz projects, see I B. Afanasyev, "Unknown 
Spacecraft (From the H~story of the Sov~et Space Program)" (Engl~sh title), Nouoye u zhizni. Nauke. fekhn~ke. Serrya kos- 
monavtika. astronomrya no I 2  (December 1991) 1-64 For the orbital spaceplane, see Anatoliy Kirpil and Olga Okara. 
"Designer of Space Planes. Vladlmlr Chelomey Dreamed of Creatlng a Space Fleet of Rocket Planes" (Engl~sh title). 
Nezavis~maya gazeta. July 5. 1994. p 6 



All of this simply proved too good to be true. In early 1976, one of Chelomey's chief spon- 
sors. Minister of Defense Crechko, succumbed to a heart attack. Chelomey's opponents- 
primarily Clushko sponsors Ustinov and Kirilenko-reacted immediately. A few weeks after 
Crechko's death, they bestowed Glushko with an unprecedented honor that hitherto no design- 
er in the space sector had ever held: membership in the Central Committee of the Communist 
Party. Clushko was officially "elected" at the 25th Communist Party Congress in 1 976.6 As one 
observer noted: "From this moment onward. Clushko concentrated in his hands not only the 
power of an enormous space empire, but also the political power of a commissar, capable of 
overwhelming anyone in the space establishment."' Clushko's first move was to deny 
Chelorney any role in the space station program. By 1978, to Chelomey's great alarm. the pilot- 
ed portion of the Almaz program was terminated. Chelomey had no help from the Ministry of 
Defense, his usual supporters. They were of the opinion that piloted orbital platforms were less 
efficient for overhead reconnaissance than automated satellites." 

The news just got worse for Chelomey. In 1976. Ustinov, as the new M~nister of Defense, 
took ~t upon himself to complete the job he had set out to do more than a decade before. 
Ustinov: 

methodically started to strangle Chelomey. He annulled all the military contracts given 
to Chelomey s enterprise for space flights: he canceled even those that were scheduled 
in unmanned mode and originally requested by the military.' 

Perhaps the biggest blow to the Chelomey empire came on June 30. 1981, when Ustinov 
and Kirilenko pushed through an order that severed Chelomey's important Fili Branch from the 
maln organization and instead made it a branch of NPO Energ~ya.' Gwen that Chelomey had 
farmed almost al l  the key projects to this branch, then known as the Salyut Design Bureau (KB 
Salyut), he lost all his space- and missile-related projects in one fell swoop. Finally, on 
December 19. 198 1 ,  the Central Committee and the Council of Ministers issued a decree for- 
mally terminating not only al l  work on the Almaz program, but also forbidding Chelomey from 
any further involvement in the Soviet space program. The official reason for the decision was 
to "concentrate forces on the creation of the 'Buran' space system."' 

Brought to his knees by Ustinov. Chelomey quietly continued to develop naval cruise 
missiles for the armed forces, which was the original profile of his organization in the 1950s. 

6 Two other chref designers in the defense industry were also elected to the Central Cornmrttee in 1976 
P D Crushrn from MKB Fakel (arr defense and ant1 ball~strc mrssrles) and V F Utkin from KB Yuzhnoye (ICBMs 
spacecraft and launch vehrcles) Crushrn had been the first chref deslgner rn the defense ~ndustry accorded this 
honor with hrs electrons In 1966 and I971 See julran Cooper 'The Defense Industry and Civil Military Relatrons 
In Trrnothy j Colton and Thane Gustafson eds Soldrers and the Sovret State Crurl Mrltlary Relatrons From Brezhneu 
to Gorbachev (Pr~nceton NJ Prrnceton Universrty Press 1990) p 168 

7 Roald Z Sagdeev The Makrng of a Sovret Screntrst My  Adventures rn Nuclear Fusion and Space From 
Stalrn to Star Wars (New York John Wrley & Sons 1993) p 209 

8 Maxlrn V Tarasenko "The U S and Sovret Space Systems Developments as Dr~ven by the Cold War 
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Jerusalem Israel October 9- 14. 1994 
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By all  accounts, he never really gave up on his dreams of an ambitious space program, propos- 
ing various strategic defense programs throughout the early 1980s. He was not kind 
to Korolev's memory. In an interview with a journalist late in his life, Chelomey was blunt: 

Well, what can I tell you about Korolev? Korolev was a man with a limited education. 
But he commanded a remarkable technical intuition and was enormously talented as 
an organizer. Yes. But he couldn't perform even a simple mathematical operation with 
integrals. He took the circumlunar [program] away from me and then he didn't do it 
himself. You call that talent?" 

Ejected from the Soviet space program. Chelomey's will and his reach for success never 
diminished to his last days. In early December 1984, still in lively health, he was at his dacha, 
getting ready to go somewhere in his Mercedes. Leaving the car running, he walked out to open 
the garage door, but the car, still running, moved by itself and pinned his legs against the gate. 
He was admitted to the hospital with a simple fracture. While in the hospital, he learned that 
his nemesis Ustinov had suffered a massive heart attack, was paralyzed, and could not speak. 
Chelomey could be forgiven for believing that his fortunes were about to improve. On the third 
day in the hospital, on the early morning of December 8, he was speaklng to his wife on the 
telephone when the conversation suddenly stopped. She desperately called the hospital staff. 
who rushed to his room to find him dead. Doctors suspected a sudden fatal stroke apparently 
caused by the broken leg. He was seventy years old at the time of his death. Legend has it that 
Ustinov was brought a piece of paper with a handwritten message stating "Chelomey 
just died." Ustinov read it and closed his eyes in satisfaction. The first name on the list of 
signatories of Chelomey's obituary was that of Ustinov." 

Today, Chelomey's former organization is called the Scientific-Production Association for 
Machine Building (NPO Mashinostroyeniya) and is still located at its old grounds at Reutov 
outside Moscow. Having relinquished hold of its Moscow Branch in 198 1 ,  i t has little connec- 
tion to the Russian space program. Its current General Designer, Gerbert A. Yefremov, who 
succeeded Chelomey, continues to focus mostly on naval cruise miss~les. Its only major space- 
related project is a continuation of the Almaz program-a robotic remote-sensing platform for 
Earth resources surveying. Three such spacecraft were launched-in 1986. 1987. and 199 l- 
but despite Yefremov's best efforts, funding for a fourth is on a shoestring budget. By September 
1994, the organization was in a severe financial crisis, planning to lay off thousands of employ- 
ees.I4 While the organization may have been in dire straits, Chelomey's legacy, in some ways. 
remains much more visible than even that of Korolev. Given that Chelomey had his Fili Branch 
produce most of his space work, the thriving nature of that branch has maintained Chelomey's 
long shadow across the current Russian space program. The Proton rocket, the Mir space sta- 
tion (derived as it was from the original Almaz design), and the Mir modules (such as Spektr 
and Priroda) all attest to a vision that has remained intact despite the best intentions of Ustinov 
or Glushko. If  Chelomey were alive today, he might have some comfort in knowing that the first 

I2  Yaroslav Colovanov. Koro/ev fakty i mify (Moscow. Nauka, 1994). p. 724. 
13. lbid. p 729; Valerly Rodikov. "Academic~an Chelomey and HIS Tlmes" (English title). In V. 
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"Vladlmir N. Chelomei, Sovlet Rocket Sc~ent~st." New York Times. December IS. 1984, p. 28: Christian Lardler, 
"Soviet Space Des~gners When They Were Secrets." presented at the 47th Congress of the International 
Astronaut~cal Federat~on. IAA-96-IAA 2.2.09. Beijlng, China. October 7-  1 1 .  1996 
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element of the International Space Station, the Zarya Functional Cargo Block, is based on the 
design of the service module of the Transport-Supply Ship-a program that he pushed into 
approval in 1970. Zarya was designed, built. and delivered to NASA by the Khrunichev State 
Space Scientific-Production Center, a conglomerate of Chelomey's former Fill Branch (now 
called the Salyut Design Bureau) and the Khrunichev Machine Building Plant, established by 
governmental order on June 7. 1993.", 

Chelomey's nemesis Ustinov had a meteoric career. With the exception of Korolev, Ustinov 
may have been the single most important individual in the emergence of the Soviet space pro- 
gram At the same time. he is probably also the most overlooked. Scarcely mentioned in the 
Western historiography of the Soviet space program, Ustinov was at the center of the vortex of 
events of the Soviet space effort from 1946 to 1984. close to a forty-year span of time. Even in 
Russla, there have been no biographies of the man, nor is their evidence to suggest that he left 
personal memoirs. Of course. Ustinov's importance was not limited to the space program. He 
directly oversaw the tremendous growth and arrival of the Soviet Union as a formidable mili- 
tary player in world politics. Between 1965 and 1976. Ustinov was the Secretary of the Central 
Committee for Space and Defense, but he did not achieve his lifelong dream of entering the 
ranks of the Politburo until April 1976 with his appointment as the first Soviet civilian to serve 
as the Minister of Defense. His tenure at the post was a time fraught with unprecedented ten- 
sions with the United States, particularly over the Soviet invasion of Afghanistan and the 
Americans' stationing of Pershing missiles in Western Europe. He was reportedly in ill health in 
the early 1980s and was fast becoming a victim of Communist Party politics.'Wst~nov dled on 
December 20, 1984. after a two-month illness at the age of seventy-six." In one of the bitter- 
est of all ironies, his death came just twelve days after Chelomey had passed away. In an indi- 
cation of new times, his death was first announced by Mikhail S. Gorbachev, considered at the 
time a fast-rising personality in the upper of echelons of power. Not surprisingly. Westerners 
writing about his life's achievements at the time almost completely missed his contribution to 
the creatlon and sustenance of the Soviet space program.'' 

Among the other heavy hitters of the Soviet space program. Leonid V. Smirnov. the former 
Chairman of the Military-Industrial Commission, served in that position from March 1963 to 
December 1985, managing the development and creation of several new generations of Soviet 
weaponry. During the reshuffling after Ustinov's death. Smirnov retired-the last of the pow- 
erful defense industry juggernauts who built up the military might of the USSR. Although still 
alive at the time of this writing, the eighty-three-year-old Smirnov has remained completely out 
of the public eye. His personal reminiscences would no doubt be a priceless asset to under- 
standing Sovlet motives during the Cold War. 

Sergey A. Afanasyev, the Minister of General Machine Building-that is, the "space and 
missile" ministry.-served in that capacity from March 1965. After the death in 1976 of his 
chief sponsor. Minister of Defense Grechko. Afanasyev's star dropped rapidly. In April 1983. 
Ustinov f~nally had him fired. He was given the far less important job of Minister of Heavy and 
Transport Machine Building, which was a sector outside the defense industry. With his ambi- 
tion of one day entering the ranks of the Politburo crushed. Afanasyev trudged through his new 
dreary job, before finally being forced to retire prematurely in July 1987.'' The "Big Hammer." 
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TOMORROW NEVER KNOWS

as he was nicknamed by many in the space industry, has retained contacts with the Russian

space industry as a "Chief Scientific Consultant to the General Designer" of RKK Energiya. In
one of his very rare published memoirs of the space era, he had only favorable words to say of
Ustinov, despite the obvious clashes between the two men."' At the time of this writing, he was
eighty-one years old.

The Soviet space program had originated as an arm of the artillery sector of the Soviet

armed forces, and as such, there were a number of important artillery officers who played
prominent roles in guiding the entire effort. There was probably no one officer more important
than Lt. General Georgiy g. Tyulin, whose involvement in the Soviet missile program began in
1944, when he was a young lieutenant charged with assessing German rocket technology. In

March 1965, he was appointed Afanasyev's First Deputy in the Ministry of General Machine
Building. During the 1960s, he served as the chair of various State Commissions, including
those for the later Vostok missions, the Voskhod program, the LI circumlunar project, and var-
ious lunar and interplanetary probes. He remained at his ministerial post until 1976, when,
rumor has it, Afanasyev fired him for being part of the "Ustinov camp.""' Forced into retire-
ment, the quiet and reticent Tyulin returned to teach theoretical mechanics at the M. V.

Lomonosov Moscow State University?: In 198L he began writing publicly about his deep well
of experience in the missile and space programs--articles that have been remarkably valuable
in filling in the gaps of this secret history. After a long illness, he died in gpril 1990 at the age
of seventy-five/'

Tyulin was certainly better known than Vasiliy M. Ryabikov, who chaired the State
Commission for Sputnik. One of the most mysterious figures in the early Soviet space program,

Ryabikov was instrumental in the process of approving the first Sputnik launch. His early career
was under Ustinov's shadow, but for a brief period in the 1950s, he emerged as one of the
power players in the defense industry, only to disappear into relative oblivion, Almost nothing
is known about his personal history, After his "ejection" from the defense industry, he served
as the First Deputy Chairman of the State Planning Organ (better known as "Gosplan") until
his death on July 19, 197"4,at the age of sixty-seven. Even in recent years, Russian historians

have generally shied away from any in-depth analysis of Ryabikov's role in the genesis of
Sputnik. It is a curious omission for a man who may have facilitated the inauguration of the
space era in 1957,

Qf the two other major artillery officers from the space era, one remains alive. Lt, General
Kerim A. Kerimov was demoted out of his ministry position in 1974, but remained the chair of
the State Commission for Soyuz until 1991, a position he had assumed in 1966. He oversaw
the launch of every single Soyuz spacecraft to the Salyut and Mir space stations during that
period/_ ,qt the time of his retirement, he was officially the First Deputy Director of the Central
Scientific-Research Institute for Machine Building (TsNIIMash), the leading research and devel-
opment institution in the Soviet space industry/_ At this writing, he was eighty-two years old.
Lt. General Yuriy A. Mozzhorin, the powerful Director of TsNIIMash, remained in that post until
December 1990, completing almost thirty years of service as one of the primary policymakers
in the Soviet space program. He continued to be active in chronicling the history of the Soviet
missile and space programs and served as editor of the series of memoirs titled Dorogi u

20. See yu A. Mozzhorin,et el. eds., Oorogiu kosmos. I (Moscow: MAI, 1992), pp. 34-48.
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24. The only exceptionsweresomeof the SoyuzT missionsand a)lthe Soyuzmissionsto the military
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kosmos (Roads to Space), the first volume of which was published in 1992. He died on May 15. 

1998. at the age of seventy-seven. 

The Designers 

All six members of the original Council of Chief Designers are deceased. Korolev, of course. 
was the flrst to go in January 1966. Academician Nikolay A. Pilyugin, Korolev's closest friend on 
the council, died on August 2.  1982, at the age of seventy-four, after a long bout with diabetes." 
His obituary was signed by Brezhnev. Andropov, Corbachev, and Chernenko. all heads of the 
Soviet state at various points. Chief Designer Mikhail S. Ryazanskiy died after a long battle with 
cancer of the prostate gland on August 7. 1987. Academician Viktor I. Kuznetsov passed away 
four years later on March 22. 1991. The last member (aside from Clushko), Academician 
Vladimir P. Barmin, lived to the age of eighty-four, heading the organization he had founded until 
his death on July 17. 1993." In one of his last interviews, Barmin waxed philosophical about the 
constraints of the Communist era: 

. . . 1 haue been working as a Chief Designer for more than fifty years. and haue been 
"open" to the press only in recent years. My articles in the newspaper Prauda used to be 
under a pseudonym. Professor Viadimirou. . . . ":" 

Although he was not a member of the original council, General Designer Academician 
Nikolay D. Kuznetsov, responsible for creating the N 1's rocket engines, played a major role in the 
rise and fall of the huge project. Despite Clushko's order to have all N I -related materials 
destroyed. Kuznetsov, at his own risk, preserved ninety-four engines of the first, second, third. 
and fourth stages at the storage facilities of the Trud Scientific-Production Association. All were 
completely ready for operational use. In addition, he also hid away fifty to sixty experimental 
units, ready for future developmental work. Kuznetsov's gamble paid off when in the early 
1990s. major U.S. aerospace companies expressed interest in using the engines for the next gen- 
eration of expendable U.S. launch vehicles. In late 1993, the Aerojet Propulsion Divis~on import- 
ed a flight-ready version of the NK-33,  believing the design to be of "very modern technology 
compared with what the U.S. has in LOXlkerosene engines."" In 1995, Kuznetsov's organiza- 
tion went head-to-head with Clushko's firm bidding for their respective engines on new versions 
of the Atlas or Delta rockets. Although Clushko's engines won that bid, the N I engines may stdl 
see the light of day.'Vn 1996-97. Kistler Aerospace Corporation of Kirkland. Washington, signed 
an agreement with Kuznetsov's former organization to use the N 1's NK-33 and NK-43 engines 
on the company's K- I reusable launch vehicle. In what could be a fitting legacy of the N I rock- 
et, the first K-I  vehicle is expected to use the very same engine units that were meant for use 
on the canceled 8L launch of the N I in 1974. '  Sadly, Kuznetsov himself will not be witness to 
their use. At the age of eighty-four. he died on July 3 I ,  1995.'' 
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The legacy of the N I also survives in the high- 
performance LOX-liquid hydrogen engines that were 
developed and tested in the early 1970s but were never 
used in flight. Most notable was Chief Designer 
Lyulka's l ID57 engine. The engine's production 
stopped in 1975 after 105 were built. During the test- 
ing period, the engine had accumulated more than 
53.000 seconds of full-engine run time. In late 1993. 
Aerojet expressed interest in using the engine for its 
single-stage-to-orbit program." Chief Designer Isayev's 
I I D56, another LOX-liquid hydrogen engrne devel- 
oped for the N I ,  became the center of controversy in 
1993, when the sale of the engine to the Indian Space 
Research Organization was blocked by the U.S. gov- 
ernment, which had concerns over their potential appli- 
cation in military missile systems.'" After further 
negotiations, the Russian Federation delivered the first 
such engine to India in September 1998. 

Although their names have not been prominent in 
Western histories of the Soviet space program, a num- 
ber of men from the old Korolev design bureau played 
very critical roles in the road that led to Sputnik. 
ce;tainly from an engineering standpo~nt, there Was no Mrkhail Tikhonrauou was one of the most 
other individual more important in the genesis of important engrneers behind the emergence of 

Sputnik than Mikhail K. Tikhonravov. Overshadowed lhe SOuiet space program He designed Ihe 
first Souiet liquid-propellant rocket [rn the by the much more famous Korolev. Tikhonravov's role ,930s), per,ormed research to optimize early 

in the early space program was quite likely as important ,CBM designs (in (he ,94Os and 1950,.,, and 
as that of his boss. With his landmark 1954 report on was the leading engineer behind the genesis 
artificial satellites, he set off a process that ended with olsputntk In later years, he was aiso 

the launch of Sputnik in 1957. After Sputnik, ins'rumenta1 ln lhe desrgn Olthe VostOk 

Tikhonravov led the teams that designed the first pilot- spaceship [files of Peter Gorin) 

ed spacecraft, the first automated lunar probes, and the 
first Soviet reconnaissance satellites. He also contrrbuted to policy by co-authoring important 
long-range plans for Korolev's design bureau. He continued work under Korolev, vigorously sup- 
porting piloted space exploration against those who believed in robotic exploration. He seems to 
have retired from the design bureau after Korolev's death and returned to teaching and writing. He 
died on March 4, 1974, at the age of seventy-four, after a spectacular career that had begun with 
his design of the first Soviet liquid-propellant rocket, the "09" in 1933. As with many other impor- 
tant individuals in Soviet space history, his life and his remarkable contributions remain drowned 
out by the flood of writings on Korolev. As a mark of respect to his memory, in February 1995. 
the Russian Military Space Forces renamed their leading space research institute. TsNII-50, after 
Tikhonravo~.'~ 
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With respect to the Korolev "high guardu-his key deputies-most have passed away. 
The de facto head of all piloted space programs at OKB- I throughout the 1960s and 1970s. 
Konstantin D. Bushuyev, lived to serve as the director of the Soviet side of the Apollo-Soyuz 
Test Project in 1975. Although his true position. a Chief Designer at NPO Energiya. was kept 
tightly under wraps. he told his U.S. counterparts on one occasion that "he had started work- 
ing with Korolev right after World War 1 1 .  . . . " ' *  Officially, during the entire joint project. he 
was forced to pretend that he was actually an employee of the Institute of Space Research under 
the USSR Academy of Sciences. This charade played out right up to his sudden death of a heart 
attack on October 26. 1978. at the age of sixty-four. He was apparently suffer~ng from a 
toothache and was headed to the hospital when he suddenly dropped dead in a corridor. 
Unsure of how to facilitate the funeral of a figure in the Soviet space program whose identity 
was known before his death. Soviet officials chose the most ludicrous path. As one observer 
noted later: "After his death, instead of having a decent funeral at the former Korolev Design 
Bureau, where he had spent most of his active working life, the final sad ceremony was moved 
to the [Institute of Space Research], simply as a cover. . . . " ' 7  

As for the two "fathers" of the N I .  Sergey 0. Okhapkin died in March 1980 at age seven- 
ty.IS Given a different course of events in 1974. Okhapkin might very well have succeeded 
Mishin as head of the organization, because he had served as Mishin's First Deputy since 1966. 
The other N I designer. Sergey S. Kryukov, remains alive today, and he occasionally writes in 
the Russian media on the topic. He had one of the more interesting careers of any of Korolev's 
proteges. A few years after Korolev's death. on March 30. 1970. Kryukov left TsKBEM and 
joined the Lavochkin Design Bureau as the famous Babakin's First Deputy, thus turning his back 
on the N I and piloted spacecraft to focus on robotic probes. After Babak~n's death, on August 
26. 197 1 .  Kryukov took over the design bureau and guided the organization through a mixed 
bag of lunar and interplanetary missions. Having become the victim of political maneuvering 
over a proposed Martian sample return project. Kryukov returned to his original place of work. 
then NPO Energiya On November 17. 1977. he was appointed the First Deputy General 
Designer under Glushko. After overseeing the ~mmensely successful Salyut 6 space station mis- 
sions, he retired in January 1982.'" St111 a "scientific consultant" to Energiya, Kryukov. at the 
time of this writing, is eighty-one years old. 

Of al l  of Korolev's deputies, perhaps the most well known is Borls Ye. Chertok. His career 
started w ~ t h  M~shin and Bushuyev at the famous Bolkhovitinov Design Bureau In the late 
1930s. Chertok remained a powerful figure at Energiya through the 1980s, but he never rose to 
the top of the organization. Although he retired in 1991 from his offic~al duties as Deputy 
General Designer, he continues to maintain his offices at the giant organization as a "Ch~ef 
Scientific Consultant." Still full of verve and energy at the age of eighty-seven, Chertok recent- 
ly admitted that "in the NI-13 project we . . . made serious mistakes."" He is one of the few 
men who. having lived through those historic times, has put pen to paper, and he is in the 
midst of publ~shing a multiple-volume set of priceless reminiscences. Incredibly detailed and 
remarkably devoid of partiality, these memoirs, titled Raketi i lyudi (Rockets and Men), cover 
everything from Chertok's early forays into Germany In search of A-4 missiles in 1945 to the 
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demise of the Energiya-Buran system during the early 1990s. Much more accessible than many 
other old-timers, Chertok continues to travel all over the world, including the United States, to 
speak of his life. He also has one foot in the future. His current project is a modest system of 
communications satellites in low-Earth orbit to serve the general p~pu lace.~ '  

From the scientific community, there was probably no one individual who wielded as much 
influence as Academician Mstislav V. Keldysh, President of the USSR Academy of Sc~ences 
from 1961 and one of the most brilliant mathematiclans of his generation. Unlike Korolev. 
Keldysh's personal contributions span the gamut from purely technical to purely managerial. 
Dur~ng the 1950s. Keldysh personally participated and directed top-secret studies on the opti- 
mal design characteristics of multistage rockets, the question of returning a satellite from Earth 
orbit, the theory of passlve gravitational stabillzation of satellites, the calculation of various 
satellite orbits, and the mathematical analyses of optimal trajectories for flight to the Moon. 
Mars, and Venus. This research was performed at two institutions, both of which Keldysh head- 
ed simultaneously: the Department of Applied Mathematics of the V. A. Steklov Mathematics 
Institute under the Academy of Sciences and NII- l  under the Ministry of Aviation Industr~es. 
At the latter institute, Keldysh also initiated work on high-performance ramjet engines and 
nuclear rocket engines. 

From 196 1 ,  after he was appointed to head the Academy of Sciences. Keldysh's most 
important contributions were as the chair of the Interdepartmental Scientific-Technical Council 
for Space Research. With Keldysh as cha~r, various permutations of this council served as 
"expert commiss~ons" for several dozen different military and space programs.4i In 1975. 
Keldysh stepped down as President of the Academy of Sciences because of ill health. A man 
with a calm disposition who rarely, if ever, lost his temper, Keldysh's favorite form of relaxation 
was collecting prrnts of the Impressionists. He died on June 24. 1978, at the age of sixty-seven. 
sitting at the wheel of his car in the garage of h ~ s  country home " Keldysh's ashes were interned 
In the Kremlin Wall, an honor reserved for only the most revered Soviet citizens of this centu- 
ry. All fourteen members of the Politburo signed his obituary. Throughout his extraordinary life. 
there were probably few sectors of the Soviet military-industrial complex Keldysh did not influ- 
ence with h ~ s  scientific contributions or advisory activities. 

Glushko 

Academician Valentin Petrovich Clushko effectively headed the Soviet space program from 
I 9 7 4  for a fifteen-year period, and during that time, some would argue, there was almost a cult 
of personality surrounding his name. Glushko, having a hand in the editorial supervision of all 
books related to space exploration, made sure that h ~ s  role and contributions to the develop- 
ment of Soviet space technology were placed in a favorable light. i f  in a 1957 speech at 
Korolev's fiftieth birthday, Clushko could say "Korolev occupies first place after Tsiolkovskiy" 
in the development of Soviet rocketry, he did not hesitate in later years to insert his name before 
Korolev in all histories of the Soviet space program." But with so much power. Clushko was 
still unable to carry out one of his most coveted dreams-piloted landing expeditions to the 
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Moon and Mars. At various points throughout the 1980s, he continued to bring this idea up to 
the Soviet leadership, but each time it was rejected. Knee-deep in the Energiya-Buran program, 
the Soviet military had little interest in funding another repeat of the N I -L3 deba~le.~' 

Despite Glushko's remarkable rise to prominence as the reigning emperor of the Soviet 
space program, he was still a man trapped within his times. Few photographs of him were pub- 
lished, and apart from the cursory details of his professional history, outsiders had no clue 
about his personal life. Recently, there has been a tendency to paint Clushko as some kind of 
evil player of the Soviet space program, the man who single-handedly destroyed the N 1 pro- 
gram-first when he broke off relations with Korolev in the 1960s and second when he can- 
celed the program in the 1970s. But this revisionism comes perhaps more from haphazard 
retroactive assessments than any in-depth analysis. While Korolev has been humanized by 
countless biographies. Clushko still remains an enigma-a man whose only motive, it seems, 
was to sabotage Korolev's dreams. Is it possible to bring Clushko down to the level of a human. 
flawed perhaps, but at the end of the day having the same ideals of space exploration as those 
of Korolev? He was apparently well versed in the finer arts, such as music, painting, and liter- 
ature, was good at drawing, spoke fluently in five languages. and regularly kept up with non- 
scientific foreign journals. His deputies remember him as a man who had an "eye for style and 
flair for detail . . . he would always be elegantly dre~sed. "~We was married several times. Apart 
from his clearly notable contributions to the space program, Clushko also spent years com- 
pleting a forty-volume series for the Academy of Sciences on the topics related to rocket propul- 
sion theory. Overall, he published more than 250 scientific works. 

In 1989. Mikhall F. Rebrov, a Soviet military journalist acquainted with Clushko, wrote a 
very candid account of the general designer's life: 

He was never weak nor banal-traits that frequently accompany material and profes- 
sional success. As he himself said, his life was a long, difficult search which essentially 
consisted of attempting to reach the desired level o f  simplicity upon mastering incredi- 
bly complex designs. He apparently gave himself over fully to his lifes main work, and 
was ready to sacrifice for i t .  But that was only the way things seemed. Where Korolev 
could at some point, after judiciously evaluating his capabilities, reserve the main 
strategic problem for himself, and turn some problems over to his students. Glushko did 
not let anything out of his  hand^.^' 

Referring to the final years of his life. Rebrov wrote: 

Nothing it seems could quench his thirst for activity, his frenzied passion to go down in 
history by completing what would come to be called "the first in the world. " He was 
compared to the director of  an enormous orchestra who was enchanted by the dream 
o f  playing something in such a way that would make the world talk about "the new 
Russian triumph in space. " And, to a certain extent, he succeeded in this. . . .38 
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The Korolev-Glushko fallout has been discussed much in recent years, but most accounts 
attribute this fracture to personal vendetta more than professional opinions. It seems more like- 
ly, however, that both men were acting perfectly within the bounds of their experience over the 
N I propellant issue, with Glushko supporting storables and Korolev cryogenics. Both men had 
solid reasons for their choices-rationales that had almost nothing to do with personality 
conflicts or outright hatred. The two had. after all, worked together through the Purges, through 
prison, and through the Stalinist era and maintained their cooperation. Recent accusations 
notwithstanding, there is no evidence to suggest that Glushko's testimony led to Korolev's 
imprisonment in the 1930s. In fact, both men acted with remarkable honor, given the exigen- 
cies of the day. Perhaps the tragedy of Glushko's life, if there is one, is that his ultimate 
ambition of being known as the most important person in the tapestry of the Soviet space 
program will never come true. He will always be behind Korolev, and he probably knew this fact 
very well. As early as 1968, a couple of years after Korolev's death, when a journalist asked 
Glushko about Korolev. Glushko replied. "But why are you always going on about Korolev! 
Korolev! And what was Korolev? He was just a thin metallic pipe. Inside it I placed my engines. 
Pilyugin-his instruments. Barmin put it on the launch pad and it flew. . . 

By the late 1980s. Glushko was seriously ill and partially paralyzed, to the point that a spe- 
cial stamp was made for him because he could not even sign his own name. While he was able 
to attend the first launch of his life's dream. Energiya, he was too ill to be at the Baykonur 
Cosmodrome for the launch of Buran. He continued working from his bed. asking for reports 
from his deputies on every little detail. In August 1988, knowing his days were numbered, he 
told one of his deputies that he wanted his ashes to be placed in an urn and kept in a safe place 
so that one day it may be taken to the surface of Venus.'"ust fifty-six days after the first and 
last flight of the Buran space shuttle, on January 10. 1989, Glushko passed away in Moscow at 
the age of eighty." Even Gorbachev paid his respects. Thus ended the journey that had begun in 
1923, when a fifteen-year-old boy had wr~tten to Tsiolkovskiy about rockets traveling in space. 

If Clushko is conventionally known as the man who sabotaged the N I program, then the 
popular retrospective evaluations of the contributions of Academician Vasiliy Pavlovich Mishin 
have been even less generous. One can almost randomly pick up any article on the history 
of the Soviet space program, and there will probably be a disparaging remark about Mishin. The 
hapless Mishin, after all, presided over the most ignominious period in Soviet space history. 
What better way to explain away all those failures than to attribute it to a short-tempered, 
impulsive, and unskilled manager who had a drinking problem? In all likelihood, there is 
probably much truth in the negative assessment of Mishin's role as a chief designer. He made 
some exceptionally poor decisions and pursued causes that collectively had seriously regressive 
repercussions on the effort as a whole. But like any figure in a complex history, his contribu- 
tions were not one dimensional. In fact, quite possibly, his role has been demeaned unfairly. 

After he was fired in May 1974, Mishin declined to take up Brezhnev's offer to help find a 
job, and he returned to full-time teaching at the prestigious Moscow Aviation Institute, his alma 
mater. He had originally founded the Cosmonautics Faculty at that institute in 1959 and taught 
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on a part-time basis for fifteen years. After his dismissal, he went back only once to h ~ s  old 
design bureau, as part of a project to document Korolev's scientific heritage. While he was no 
longer lnvolved in the mainstream Soviet space program. Mishin continued to pursue an acad- 
emic career focused on space technology. As part of his teaching, he directed a design project 
that led to the creation of the Radio-/ and Radio-2 amateur commun~cations satellites." His 
name was, of course, never mentioned in any histories of the period. Clushko apparently 
wished to remove Mishin from history. Although he was allowed to publish under h ~ s  own 
name. Mishin wrote only technical books or contributed to historical works without being able 
to admit his own personal role in any space or missile project." 

His relatively obscure existence was interrupted dramatically in 1985 when the KGB abrupt- 
ly summoned him for questioning about his relationship to a journalist named Suslov who had 
Interviewed him. The KGB agents told him that Suslov was under arrest on charges of passing 
Soviet secrets to the West: they believed that Mishin was his accessory and threatened to strip 
him of membership in the Communist Party and put him on trial. The KGB finally dropped the 
case when they could not find evidence to implicate Mishin. He had simply been one of the 
people Suslov interviewed." 

Given that Mishin was not allowed to talk about his role in the history of the Sovret missile 
and space program, few people in the West were even aware of his significant role. His name 
was first mentioned by a Soviet emigre in 1982 and later by a French journalist in 1985. but most 
Western analysts remained unconvinced, believing that it was Yangel or perhaps Chelomey who 
had succeeded Korolev in 1966." As the new era of glasnost ("openness") dawned on the 
Soviet Unlon during the mid- 1980s. it slowly opened up the cellar doors of long-forgotten tales. 
A nation began to rewrite its history. In 1986, journalist Yaroslav K. Colovanov was allowed, by 
special clearance of the Central Committee, to write on the original group of cosmonauts. In a 
six-part article in the official Soviet newspaper Izuestiya. Colovanov revealed the events behind 
Cagarin's historic m~ssion.'"mong the more tantalizing revelations were the names of al l  twen- 
ty men who had been selected as cosmonauts in 1960. Until then. Soviet censors had allowed 
the publ~cation of only the twelve who had flown into space. 

Unflown cosmonauts were not the only ones who benefited from this free exchange of 
rnformation. In late 1987, as part of celebrations for the thirtieth anniversary of the launch of 
the first Sputnik, the Soviet astronomy and space journal Zemlya i uselennaya (Earth and Universe) 
published a short article by Mishin in which he openly revealed that he had succeeded Korolev." 
Glasnost may have meant openness, but Glushko made sure that there was no talk of the piloted 
lunar program, for to admit such a history was to admit that not only did the USSR race the United 
States to the Moon, but that it had lost. It finally took Glushko's death in January 1989 to change 
the climate. In July 1989, a relatively obscure newspaper named Poisk (Search) published a short 
artlcle consisting of a few diary entries from the personal journal of Air Force General Nikolay P. 
Kamanin. There was no ambiguity in his writing: the Soviet Un~on had had a piloted lunar 
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program, timed to compete with Apollo."' The follow~ng month, veteran cosmonaut Valeriy F. 
Bykovskiy, one of those who had trained for the project, admitted the same thlng ~n his just- 
published bi~graphy.'~ These two publications burst the floodgates. Within weeks, there was a 
major in-depth article in lzuestiya on the N I program, and by October 1989, Mishin gave a long 
interview on the project, coverlng his role as one of the pioneers of the Soviet space program."" 

In this and subsequent interviews, Mishin did not hide his bitterness at having been wiped 
from the history of the Soviet space program. He took aim at Clushko. Ustinov, and all the 
other individuals who had silenced him for fifteen years. He also did not have kind words for 
the current Sovlet space program: 

Very little has been done about what we thought about and dreamed about 20 years ago. 
even 30 years ago with Korolev. It is simply uexing that so few useful and efficient space 
uehicles are in Earth orbit. . . we haue become addicted to the long, monotonous long-dura- 
tion manned missions in the tight Salyut-Mir which repeat each other. I t  is uery wa~te fu l .~ '  

When asked how there could be a vigorous forward-looking space program, he replied: 

Space exploration has been hampered by monopoly and secrecy, and by nepotism and 
politically dealing in the allocation o f  buildings and subsidies. W e  need broad, open 
competition in projects for a unified technical task. And discussion o f  tasks, ideas, and 
proposals. and independent expert evaluations, and open selection o f  the winners. Only 
after this, in full view of everyone, should there be implementation o f  projects in which 
the whole of  society is convinced of their need and soundness.'? 

He might as well have been talking o f  an alien world as compared to the Soviet system. 
Mishin also added his own two cents to the emerging debate over whether if Korolev had lived, 
the Soviets might not have had more success ~n thelr ventures into space: 

. . . in the main thing, in the desire to create a well-considered strategy for space explo- 
ration. we were. I hope, fellow thinkers. No. I probably did not possess the kind o f  will 
and sharp tongue that distinguished Koroleu. I am prepared to admit that. But in our 
space situation. the replacement of one character for another and the replacement o f  
leading personalities did not play any decisive role." 

In the initlal flurry of publicity concerning the Soviet Union's aborted piloted lunar pro- 
gram. Mlshin wrote extensively and granted many interviews, but in recent years, he has 
remained out of the public eye, except to occasionally author pieces paying tribute to his men- 
tor. Sergey P. Korolev. The latter clearly had a very high regard for Mishin, hav~ng picked the 
thirty-year-old Mishin to serve as principal deputy in 1946. Korolev told a journalist once: 

I found this to be true and recurring regardless o\ circumstances, every now and again. 
all o f  a sudden a man would come from out of nowhere, from the great unknown, a 
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man that would be remarkable precisely for the qualities you sought: he is gifted, coura- 
geous, honest. . . . He would introduce himself, extend his hand in a trustworthy man- 
ner, modestly speak of the work he has done, and a miracle would happen, the 
unknown is no longer the unknown. And then you would say to yourself: "This is he. 
precisely the man I need. 'Ih4 

He was evidently speaking of Mishin. 
Perhaps wanting his story to be told. Mishin put his personal diaries-thirty-one volumes 

covering the period from 1960 to 1974- up for sale at a special auction of Soviet and Russian 
space artifacts at Sotheby's in late 1993." The Perot Foundation purchased the diaries for 
$190.000. Unfortunately at the time of this writing, the institution has yet to make these price- 
less writings available to scholars. Portions have been exhibited as part of the National Air and 
Space Museum's "Space Race" exhibit opened in 1997. Mishin himself continues to teach at 
the Moscow Aviation Institute, having just turned eighty-two. He wrote perhaps the best epi- 
taph to his own contribution to the Soviet piloted lunar program in a monograph he authored 
in 1990 on the N I -L3 program: 

I do not want the readers to think that I am trying to relieve myself as Chief Designer of 
responsibility for certain errors committed (including by me personally) during work on 
the lunar program. Only he who does nothing makes no mistakes. We, the successors 
of 5. P Korolev, did everything we could, but our efforts proued to be ~nadequate."~ 
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For a brief period in the late 1950s and early 1960s, one could reasonably argue that the 
Soviet Union was the leading spacefaring nation in the world. In the light of the ultimate 
demise of the Soviet empire, however, thinking of the USSR as launching humanity's first steps 
into the cosmos seems a strange abstraction-the memory feels oddly empty, almost irrelevant 
perhaps. When we do remember, we tend to divorce Sputnik from its origin as a uniquely 
Soviet artifact-an eighty-four-kilogram sphere that was designed and built by men who lived 
through a war in which their country lost more than 25 million people, experienced the terror 
of Stalinist times, and defined themselves as Commun~sts. Instead, we focus overwhelmingly 
on the impact of Sputnik rather than the construction of the artifact itself. I do not mean to 
suggest that meanings are unimportant. But in privileging only Sputnik's impact, we have told 
only half the story. Certainly, this is partly because the Soviet space program was given birth- 
and given flight-behind closed doors. Peeking through the now opened curtains, what I have 
tried to present here is an account of the missing half of that tale. This is only one version of 
the story, and certainly not the only one. But in sifting through the evidence and constructing 
the narrative, three broad themes have served as guidelines. 

The first theme has to do with the institutional framework and the interplay among differ- 
ent factions within the Soviet space program and its antecedent missile project. Four primary 
constituencies were fundamental to establishing a Soviet ballistic missile program in the 1940s 
and 1950s. They were the engineers, the artillery officers, the defense industrialists, and the 
Communist Party. Each faction had its own agenda, but for a period of about fifteen years fol- 
lowing the end of the war, their motivations intersected at crucial points to give rise to the 
world's first space program. The engineers were driven by thelr somewhat idealistic dreams of 
exploring space-dreams that had taken flight when they were young rocketry enthusiasts in 
the 1930s. The artillery officers were in need of a new generation of strategic weaponry to 
transform their backdated service into a powerful deterrent force. The defense industrialists had 
the not inconsiderable task of expediting the development of a strong military. And the Party 
leaders-in particular Stalin and Khrushchev-were driven by the political exigencies of the 
Cold War to direct the three other factions to elevate the Soviet Union from a nation afraid to 
defend itself to one that could threaten with offense. 

The collusion of these four groups was necessary for the development of the world's first 
intercontinental ballistic missile, the R-7. This missile, of course, was simply a military 
weapon-a tool for mass destruction. In the hands of one visionary-Sergey Pavlovich 
Korolev-it became something entirely different. In the unlikely marriage of military imperative 
and idealistic ambition, the R-7 missile fired the first salvo in the space era-not by exploding 
a nuclear warhead, but by sending a small ball of metal around Earth on October 4, 1957. A 



country that had been dismissed as a nation of farmers and factory workers had suddenly 
arrived on the world's stage with an achievement that was too impressive to ignore. 

There was more to come. Within four years, using the same rocket that had launched 
Sputnik, the Soviet Union, now armed with a new tint to the old socialist doctrine of harness- 
ing technologies in the interest of the state, reached the apotheosis of its dizzying trajectory 
into the heavens. Historian Walter A. McDougall, writing in the introduction of his seminal 
work. . . the Heavens and the Earth, compared the event to the migration of the fish 
Eusthenopteron from the seas to the land: 

In A.D. 196 1 Homo sapiens, in turn, left the realm of solids and gases and lived, for 108 
minutes, in outer space. Life again escaped, or by definition extended, the biosphere. The 
earths crust and canopy of air became another platform to a new universe as infinite 
as soil and sky must have seemed to Eusthenopteron.' 

Only the vicissitudes of history will decide whether the flight of Yuriy Alekseyevich Cagarin 
in the spaceship Vostok will be remembered with such sweeping comparisons in the centuries 
hence. Even as the decade of the 1960s passed through tumult and chaos, humankind's first 
trip into space began to recede into the background. By the time that the first humans landed 
on the surface of the Moon in 1969, Cagarin's flight had been eclipsed in the popular concep- 
tion of space exploration by the spectral images of two American men who left their footprints 
on another planetary body. The technology, the men, the pictures, and even the parades 
seemed so much more compelling to a new generation. In the historiography of space explo- 
ration. Cagarin's excursion assumed more importance for how it affected the American decision 
to aim for the Moon than for its own place in the history of human evolution. 

But Cagarin's flight, both from a historical and a technological perspective, warrants more 
scrutiny. This is not only because it was achieved by a nation that was not expected to do so. 
but, simply and ultimately, because it was, as McDougall pointed out, an event that, like perhaps 
Apollo I I ,  transcended nations, languages, cultures, and continents and, for 108 minutes, rep- 
resented the planet Earth: for the first time since the origin of life on this planet, one life form 
had managed to escape it. At the same time, we should not minimize more earthly considera- 
tions. Cagarin's flight did not, after all, happen in isolation from the political, economic, and 
social dimensions of the Cold War. And ironically, as this book has shown, the same forces that 
allowed the Soviet Union to send the first human into space-the need to arm themselves with 
powerful new weapons-deprived the country of further national trlumphs in the space race. 

Considering the post-Cagarin era leads to the second major theme of this work: the Soviet 
effort to beat the United States in landing the first person on the Moon. After an unprecedented 
catalogue of firsts in the late 1950s and early 1960s. the Soviets failed dismally in this quest. 
The road to failure began almost as soon as Gagarin had floated down in his parachute. After 
1961, the Soviet space program, jostling for a role in the new Sov~et military technocracy, began 
to stumble and slide in trying to attain a stable position of growth. Different factions were all 
vying for the same piece of pie. The artillery officers, now subsumed under the Strategic Missile 
Forces, increasingly declined to fund the primarily civilian endeavors of the human space pro- 
gram. The military, it seems, was more interested in missiles than the Moon. Grand visions of 
space exploration, as the one Korolev proposed in 1960, died under their own weight as the 
military s~phoned off funding from important space projects in favor of developing a new gen- 
eration of strategic weapons systems. Because their primary job was to design intercontinental 
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ballistic missiles, the main space design organizations had to sacrifice ambitious space plans 
on the altar of strategic necessity. The Cold War, having given birth to the Soviet space pro- 
gram, would seriously threaten its very existence. In this climate, important avenues of 
research, such as the development of high-energy cryogenic rocket engine technology, never 
reached beyond the exploratory stage. 

Despite the visible firebrand rhetoric of Nikita 5. Khrushchev in the early 1960s. his sup- 
port of a coherent long-range civilian space program was lukewarm at best. In 196 1 ,  when U.S. 
President John F. Kennedy laid down the challenge of reaching the surface of the Moon prior 
to the end of the decade, the Soviet space leadership hardly took notice. Organizational chaos 
emerged as a flurry of competitors began to dilute the hard-earned gains of the space program. 
The engineer faction, so united at the time of Sputnik, began to fragment in the face of limit- 
ed funding. Between 1961 and 1964. Korolev ran h ~ s  program on a shoestring budget. as pro- 
posal after proposal ended up in ministry file cabinets, never to be seen again. In desperation. 
he mounted two hastily prepared spectaculars in the mid- 1960s-missions that had no value 
other than to please the Party leaders: the launch of the first multicosmonaut crew in 1964 and 
the accomplishment of the first spacewalk in 1965. The diversion cost the Soviets dearly. It was 
only in 1964 that Khrushchev sanctioned a piloted lunar landing program, three years after 
Kennedy's own challenge. The commitment itself was never followed up as the military con- 
tinued to withhold funding, prompting the engineers to omit crucial phases in the ground test- 
ing of their lunar rocket. The shortcuts inexorably led to the series of crushing failures just as 
the United States was landing its first citizens on the surface of the Moon. 

With the loss of the Moon race in 1969, the Soviets diverted much of their resources in 
the following years to space station programs. Korolev's successor, Vasiliy Mishin, has argued 
in recent years that despite the success of Apollo, there was no cause to abandon the massive 
N I -L3 lunar program simply because the Americans had arrived at the Moon first. As sound as 
this logic seems to be, engineers in the 1970s had to deal with a political climate that was vehe- 
mently hostile to expensive civilian programs such as lunar missions. Soviet leaders saw little 
need for such projects, because their success would ratse inevitable questions about the origi- 
nal failure to beat Apollo. 

The third and final theme of this work addresses the manner in which the Soviets handled 
technological innovation in the space program. The evidence both confirms and counters our 
a priori conceptions of Soviet technology as one characterized by evolutionary rather than rev- 
olutionary changes. In the space program, the Soviets used a combination of both: the deci- 
sion to forego the former in favor of the latter often had as much to do with accident as with 
political expediency, For example, having built the first piloted spaceship Vostok by 1960, the 
Soviets tried hard to extend its capabilities by introducing relatively minor changes that cumu- 
latively added to moderate gains. They abandoned Vostok as a viable piloted spaceship only in 
1966 when they absolutely had to-that is, when the Soyuz spacecraft, which represented a 
qualitative leap in design and performance, was virtually ready. The decision to fly one over the 
other in 1966 had as much to with the impossibility of fulfilling contemporary objectives in 
space with the Vostok as with the fact that flying the Vostok (or its surrogate Voskhod) in 1966 
would have demonstrated a visible and obvious lag to U.S. space technology. 

In the thirty-year period spanning from 1945 to the mid-1970s. I looked at two cases of 
technological leaps: the R-7 ICBM and the N I Moon rocket. Both projects required immense 
coordination ~n scale and scope across a Byzantine state-controlled landscape of research, 
development, and production. The success of the R-7 resulted not only from the high degree 
of financial commitment afforded by the state, but also because of the use of unorthodox man- 
agement ~nstitutions such as the Council of Chief Designers. For example, in 1952, when 
Korolev decided to skip an intermediate stage in missile development and move directly to the 
ambitious ICBM project, the council proved to be a key and influential forum through which he 



could substantiate the proposal and ultimately convince the Soviet government of its feasibili- 
ty. The council also served as an unusual managerial mechanism that allowed chief designers 
to intervene at key points in the development of the ICBM. Ultimately, the Counc~l of Chief 
Designers managed to circumvent the internal self-generated inertia of Soviet industry, which 
discouraged major technological leaps and favored short-term gains. 

In his important study on the origins of the Soviet atomic bomb. Stalin and the Bomb. 
David Holloway concluded that "[alfter Stalin's death, nuclear scientists . . . enjoyed unprece- 
dented authority among the political leaders."' The evidence from the space program suggests 
that the privilege of authority granted to the nuclear scientists was eventually expanded to 
include the engineers who played influential roles in the rise of the Soviet ballistic missile pro- 
gram. Although Western observers have long thought that it was Sputnik that changed the for- 
tunes of these engineers such as Korolev and Glushko, their relationship to the political 
leadership changed more than a year before Sputnik with the successful test of the first Soviet 
strategic missile, the R-5M. The landmark test dramatically escalated the space engineers' lever- 
age with both the Communist Party and the government and eventually led to the formation 
of a loose coalition of designers who would wield considerable power and influence. Although 
after 1960 they rarely, if ever, acted as a united front, the missile and space designers repre- 
sented a formidable constituency that profoundly affected the direction of space policy begin- 
ning the late 1950s. 

Because the Soviet political leadership lacked a clear understanding of the new technolo- 
gies of the missile and space program, they needed the engineers to actively participate in pol- 
icy formulation. The chief designers obliged willingly by forming lobbies, and, in the process. 
they acquired sufficient power to oppose important mandates from the top. There should be 
no confusion as to how the designers attained their powerful positions-it was not space, but 
rather their contribution to missile development that empowered them. Because the space pro- 
gram was largely a byproduct of missile production, the privileges almost by default were 
extended from the latter to the former. Both Nikita Khrushchev and Sergey Korolev played key 
roles in this process: Khrushchev because he allowed the rise of a constituency, and Korolev 
because he strongly pushed for it. But as the powerful chief designers vied for limited resources, 
they began to abuse the patronage system through varlous contacts within the Central 
Committee. "The favor of not even Khrushchev. Brezhnev, or Ustinov, but of a totally forgot- 
ten Central Committee agent." one Russian journalist wrote, "could determine the prospects 
for the development of the highly complex [space] sector for years."' The chaos was one of the 
key factors in the failure of the N I program. 

Korolev did not live long enough to witness the ultimate decline of the juggernaut he helped 
create. He d ~ d ,  however, leave behind an unmatched legacy-one that continues to be debated 
more than thirty years after his death. Most historians, both in Russia and in the West, have not 
argued with the holy grail of the history of the Soviet space program: that Sergey Pavlov~ch 
Korolev was its founder and central motivator. Given what is known about the vortex of events 
surrounding the launch of both Sputnik and Gagarin, it would be hard to dispute that cla~m. But 
at the same time, there has been an eagerness to attribute to Korolev roles that he clearly did not 
play, at least in his later life. It is particularly noteworthy that Sergey Korolev, the person who 
was most responsible for Sputnik was neither a scientist nor an engineer, but rather a manager 
with a vision. Boris V. Raushenbakh, one of Korolev's close associates from the 1960s, later 
wrote: 
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Sometimes one hears it said that Korolyov was an excellent engineer and scientist. It is 
difficult to agree with this if the terms "engineer" and "scientist" are accorded their 
usual meaning. Korolyov himself did not devise any especially interesting solution to a 
complicated structural problem, as is the case with brilliant engineers. He was also not 
a scientist in the usual sense of the word: his name is not linked with any original sci- 
entific theory or with any prolonged and extensive study of a complicated phenomenon. 
However. these statements are not to be construed as a deprecation of the role which he 
played in the birth of space travel. There are many outstanding scientists and engineers. 
and Korolyou is a unique individual. His uniqueness, moreover, is linked to the fact that 
he was to introduce a new era into human history: the space age.4 

The rise of the Soviet space program was one of the most significant processes in the his- 
tory of science and technology in this century, not only because it opened what Raushenbakh 
calls "the space age." but also because it had profound sociopolitical consequences al l  over the 
world. Within the context of the Cold War itself, the Soviet space effort was a benchmark-a 
milestone that turned history from one path to another. For the first decade after Sputnik, the 
space age was indistinguishable in many ways from the space race. As the breadth of retrospect 
grows longer and longer, the import of the latter-that is, the space race-will no doubt recede 
far into the background, as perhaps it should. But for a short period in this century, the race 
provided the impulse for humankind to depart from this planet and reach the Moon. The 
Soviets, of course, lost this race, although they managed to throw shreds of doubt onto the vic- 
tor's parade by denying that they had even signed up for the event. This deception existed for 
more than two decades, and when the truth was finally revealed, few took notice. 

In 1999, during the thirtieth anniversary of the landing of humans on the surface of the 
Moon, the memory of Apollo spurred a brief but important resurgence of the sense of wonder 
and fascination that humans attach to space exploration. But lost amid the reevaluations and 
archaeology digs through Apollo, perhaps the greatest technological adventure of humankind 
was the other s~de of the coin-the story of those who had given reason to embark on Apollo 
in the first place. Buried under history was Korolev's "last love," the N I program. That the N I 
program was consigned to the status of a footnote is not so unusual: history has a way of priv- 
ileging successes over failures. Our understanding of this dichotomy, between success and fail- 
ure, is intrinsically tied to a second one-that between inevitability and contingency. On the 
one hand, we tend to see an inevitability in history's trajectory to the present-for example, 
that given the set of prevailing circumstances, the N I program had to fail and that Apollo had 
to succeed. On the other hand, the story is compelling precisely because the outcome was not 
inevitable-that is, it was contingent on thousands of circumstantial factors. The tension 
between contingency and inevitability has contributed much to the enduring myths we now 
associate with the race to the Moon. The story of the Soviet space program has long been part 
of that myth. We have tended to see Soviet successes in space (such as Sputnik) as contingent 
and Soviet failures (such as the N I) as inevitable. This myth, it seems, is far too simplistic and 
takes away from the genuinely worthy accomplishments of Sputnik and Cagarin. The myth 
served its purpose during the Cold War, but now with the collapse of the Soviet Union and the 
opening of the Russian archives, it is finally time to put it away. 

4. Bor~s V. Rauschenbach. Hermann Oberth- The Father of Space Flight (Clarence. NY: West-Art. 1994). 
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Writing a history of the Soviet space program poses some interesting historiographical 
challenges in terms of source selection. As much as possible, I have trled to rely on Russian lan- 

I 
guage sources With very little exception. Western literature on the history of the Soviet space 1 
program has been a hodgepodge of speculation and sensationalism. Problems abound within 
Russian-language literature. Almost everything published prior to about 1988 was filtered 
through the Soviet censorship apparatus; details were sparse, and accounts often filled with 
inaccuracies. A major problem In the post- 1988 literature is the dearth of primary sources. All 
archival sources, both at the governmental and Communist Party levels as well as within spe- 
cific design bureaus, remain off limits to Western researchers. 1 

Almost al l  of the Russian-language books and journals I have listed below are available at 
the Library of Congress in Washington. D.C. Others are available at libraries with large Russian- i 
language collections, such as the University of Pennsylvania, the University of Pittsburgh, the 
NASA Headquarters Library, the NASA History Division archives, and the University of 
Massachusetts-Amherst. Many articles from the Russian media have also been translated into 
English by the Joint Publications Research Service (JPRS) under the JPRS-USP (Central Eurasia: 
space). JPRS-UAC (aviation and cosrnonautics), and the ]PRS-UMA (SovietiRuss~an military 1 
affairs) titles. The jPRS apparently discontinued the first two series by 1995. Space articles are 
now continued under the JPRS-UST (science and technology) series. I would encourage all 1 
researchers of Soviet space h~story to begin with the JPRS issues, especially those covering 
1988-95. All JPRS issues are available at the Library of Congress in both paper and microfiche 
forms. Most large university libraries also carry the entire series on microfiche. 

I have used a combination of eight different types of materials to piece together this narrative: 

Primary documents that have been published as collected works by Russian historians with 
access to archives 
Official histories from Soviet-era space organizations 
Biographies of major participants of the Soviet space program 
Oral histories and memoirs from veteran participants of the Soviet space program 
Articles and books by historians of the Soviet space program 
English-language sources 
Declassified documents 
Interviews and correspondence 

Primary Russian Documents I 
Falling into the first category, four works were invaluable as the backbone of this current 

work. The most important of these was Tvorcheskoye naslediye Akademika Sergeya Pavlovicha 
Koroleva: izbrannyye trudy i dokumenty (The Creative legacy ofAcademician Sergey Paulovich 
Korolev: Selected Works and Documents) (Moscow: Nauka. 1980). collectively edited under the 
leadership of Academy of Sciences President Mstislav Keldysh. This particular book is a collec- 
tion of many of Korolev's technical works spanning 1930 to 1965. What the book suffers in 
terms of Soviet-era censorship is more than compensated by the remarkable breadth of materi- 
als. A less than stellar English translation of this book is available at the NASA History Division 
as prepared by the Translation Dlvision of the Foreign Technology Division at Wright-Patterson 



Air Force Base in Ohio. The translation reference number is FTD-ID(RS)T-0504-81; it was issued 
on September 3 .  1981. The main compiler of the Russian-language work was Ceorgiy S. Vetrov, 
a historian at RKK Energiya who died in October 1997. At the time of his death. he had com- 
pleted a second complementary volume of similar documents titled Koroleu i yego delo: suet i 
teni v istorii kosmonavtiki (Koroleu and His Works: Light and Shadows in the History of 
Cosmonautics), which was published by the Nauka publishers in Moscow in mid-1998. This 
volume contains many documents on secret programs that could never have been published 
during the Soviet era. Unfortunately, I was only able to make minimal use of Vetrov's new work 
because my own manuscript was already completed at the time of its publication. 

There are two other book-length works that are collections of primary documents. They are 
V. S. Avduyevskiy and T. M. Eneyev's M.  V. Keldysh: izbrannyye trudy: raketnaya tekhnika i 
kosmonautika (M. V Keldysh: Selected Works: Missile Technology and Cosmonautics) 
(Moscow: Nauka. 1988), and B. V. Raushenbakh's Materialy po istorii kosmicheskogo korabl 
"uostok" (Materials on the History of the "Vostok" Space Ship) (Moscow: Nauka. 1991). 1 
would recommend the latter especially for those interested in the development of the Vostok 
spacecraft. This slim volume also contains the completely unexpurgated version of Korolev and 
Tikhonravov's landmark 1954 letter to the Soviet government. 

Several works from these three books have been translated into English. Some of them. 
including the complete 1954 report, can be readily seen at the NASA History Office Web site at 
ht tp:l/www. hq. nasa.gou/officelpaolHistory/sputniklussr. html. 

Soviet-era military organizations have published their own histories. The two most useful 
texts of the Strategic Missile Forces are Raketnyye uoyska strategicheskogo naznacheniya 
(Missile Forces of Strategic Designation) (Moscow: RVSN. 1992) and Khronika osnounykh 
sobytiy istorii raketnykh uoysk strategicheskogo naznacheniya (Chronicle of the Primary Events 
in the History of the Missile Forces of Strategic Designation) (Moscow: TslPK, 1994). The latter 
is a particularly important book because it includes the complete text of the famous May 1946 
decree on the formation of the Soviet missile program. The book also contains unedited repro- 
ductions of many relevant documents from the famous R- 16 disaster in 1960, which killed more 
than 100 people. The original decree on the formation of the Strategic Missile Forces is also 
included. There is also Ye. B. Volkov's Mezhkontinentalnyye ballisticheskiye rakety SSSR (RF) i 
SShA (Intercontinental Ballistic Missiles of the USSR (RF) and the USA) (Moscow: RVSN. 1996). 
which is an official history of the missile programs of the Strategic Missile Forces, handy for a 
technical overview. Finally, a recent history of the defunct Military Space Forces that contains 
much previously classified information is worth seeking out for understanding Soviet military 
space policy during the Cold War. See V. V. Favorskiy and I. V. Meshcheryakov, eds.. Voyenno- 
kosmicheskiye sily (uoyenno-istoricheskiy trud): kniga I: kosmonautika i uooruzhennyye sily 
(Military-Space Forces [Military-Historical Work]: Volume I. Cosmonautics and the Armed 
Forces) (Moscow: Sankt-Peterburgskoy tipografii no. I VO Nauka, 1997) 

There is also a remarkable work available on the evolution of the Soviet military-industrial 
complex. based exclusively on primary archival documentation. I would highly recommend the 
following book for any scholar attempting to gain insight into the interactions among the Soviet 
military, industry, and state during the Cold War. See N. S. Simonov, Voyenno-promyshlennyy 
kompleks SSSR v 1920-1950-ye gody: tempy ekonomicheskogo rosta, struktura, organizatsiya 
proizuodstua i uprauleniye (Military-Industrial Complex of the USSR from 1920-1950s: Rate of 
Economic Growth. Structure, Organization of Production and Administration) (Moscow: 
ROSSPEN, 1996). 

I would add some more sources into this first category. One Soviet-era journal has published 
a remarkable set of original and unedited documents from Gagarin's flight in 1961. These includ- 
ed the complete downlink during the launch phase of the mission and Cagarin's own report to 
the State Commission following landing. They can be found in V. Belyanov, L. Moshkov. Yu. 



Murin, N. Sobolev, A. Stepanov, and B. Stroganov, "Yuriy Cagarin's Star Voyage: Documents 
from the First Flight of a Human into Space" (English title), lzvestiya TsK KPSS 5 ( 1991): 
10 1-29. In addition, the journal Voyenno-istoricheskiy zhurnal (Military-History journal) has 
published complete texts of many of the documents related to Korolev's arrest and incarcera- 
tion in the late 1930s. These can be found in its October and November 1989 issues. 

All of Ceorgiy Vetrov's works should also be included in this first category. His book 5. P 
Korolev i kosmonavtika: pervye shagi (5. P Korolev and Cosmonautics: First Steps) (Moscow: 
Nauka, 1994) is quite possibly the best scholarly work on Korolev's pre- 1945 work on rocketry. 
Vetrov's April and May 1994 articles in Nauka i zhizn (Science and Life) on the N I rocket 
include reproductions of several original design bureau and governmental documents from the 
1960s on the development of this booster. Before his death, Vetrov prepared a number of man- 
uscripts that contain original documentation or interpretations of primary sources. These 
include 5. P Korolev: Nauchnaya biografiya (5. P Koroleu: A Scientific Biography), co-authored 
with his wife K. A. Krasnova. He also prepared a book called Otkrytiye kosmosa (Opening 
Space), which is a history of the early space program. Excerpts from this book have been pub- 
lished in issues 16 and 23 of the journal Novosti kosmonavtiki (News of Cosmonautics) in 
1997 as well as the October 1997 issue of Nauka i zhizn. Another book. not completely fin- 
ished, was Taynyye tropy kosmonavtiki (Hidden Ways of Cosmonautics), which is a nontech- 
nical account of the relationships among Korolev, Glushko, and Ustinov. A final book 
apparently also completed is Sekrety ostroua Gorodomlya (Secrets of Gorodomlya Island), 
about the German rocket scientists in the Soviet Union following World War II. Most of these 
books were to have been published in 1997-98, but financial problems at the Nauka publish- 
ers have delayed their issuing. Vetrov's death seems to have delayed plans for publishing even 
further. 

Official Organization Histories 

In the second category, at least three Soviet-era space organizations have published 
detailed institutional and technical histories. I would highly recommend Raketno- 
Kosmicheskaya Korporatsiya "Energiya " imeni S. P Koro(eva (The "Energiya " Rocket-Space 
Corporation Named After 5. P Koroleu) (Korolev: RKK Energiya, named after S. P. Korolev, 
1996), which is a massive work covering the entire history of the Korolev design bureau. The 
book reproduces many of original documents from the space program; the entire narrative is 
based completely on the internal archives of the organization. Less useful is Gosudarstvennyy 
kosmicheskiy nauchno-proizvodstvennyy tsentr imeni M. V Khrunicheva (State Space 
Scientific-Production Center Named After M. V Khrunichev) (Moscow: RUSSLIT. 1997), a 
somewhat Soviet-era style history of the Khrunichev Machine Building Plant. Chief Designer 
Yangel's Yuzhnoye Plant has also published a detailed chronology of its participation in the mis- 
sile and space programs. This is V. Pappo-Korystin. V. Platonov, and V. Pashchenko's 
Dneprovskiy raketno-kosmicheskiy tsentr (Dneprov Rocket-Space Center) (Dnepropetrovsk: PO 
YuMZIKBYu, 1994). This work has an incredibly detailed chronology of the life of the organi- 
zation and is packed with previous classified information relevant to the evolution of the Soviet 
space program. 

Participant Biographies 

Without a doubt, the most essential biography of any player in the Soviet space program 
is Yaroslav Golovanov's Korolev: fakty i mify (Koroleu: Facts and Myths) (Moscow: Nauka. 
1994). This 800-page work, sixteen years in the making, is not only an indispensable historical 



work, but also a magnificent piece of literature, unrivaled in its scope and lyrical quality. 
Another recommended biography of Korolev is Aleksandr Romanov's Koroleu (Moscow: 
Molodaya gvardiya. 1996). which has been updated several times since its original publication 
in 1976. Romanov's work has a different tenor to Golovanov's biography in that it is slightly 
more anecdotal and lacks critical analysis. 

Unfortunately, there have not been any in-depth treatments of other Soviet chief designers 
or officials in the post-1988 era. Researchers can search out N. C. Babakin, A. N. Banketov, and 
V. N. Smorkalov's C;. N. Babakin: zhizn i deyatelnost (G. N. Babakin: Life and Activities) 
(Moscow: Adamant. 1996). which is a fairly good post-Soviet account of Babakin's life. There 
is also V. K. Kupriyanov and V. V. Chernyshev's I uechernyy start. . .: rasskaz o giavnom kon- 
struktorye raketnykh duigateley AIekseye Mikhaylouichye lsayeuye (Evening Launch . . .. 

Accounts on the Chief Designer of Rocket Engines Aleksey Mikhaylovich Isayeu) (Moscow: 
Moskovskiy rabochiy. 1988), which suffers a little from Soviet-era censorship. One book. A. P. 
Romanov and V. S. Gubarev's Konstruktory (Designers) (Moscow: lzdatelstvo politicheskoy lit- 
eratury. 1989). contains substantial biographies of Clushko and Yangel in addition to Korolev. 

Although strictly not a biography, another book. A. Yu. Ishlinskiy's Akademik 5. ?? Koroleu. 
ucheniy, inzhener. chelouek (Academician S. P Koroleu: Scholar. Engineer. Person) (Moscow. 
Nauka. 1986), is a very useful gathering of recollections by dozens of men and women who 
knew Korolev. I highly recommend it to anyone interested in Korolev's life. A complete English 
translation of this is available at the NASA History Division prepared by the Translation Division 
of the Foreign Technology Division at Wright-Patterson Air Force Base in Ohio. The translation 
reference number is FTD-ID(RS)T-I 140-87; it was issued on April 29. 1988. Comparable in spir- 
it. but vastly more informative is a work on Clushko. Odnazhdy i nausegda . . .: dokumenty i 
Iyudi o sozdatelye raketnykh duigateley i kosmicheskikh sistem akademikye Valentinye 

t 

Petrouichye Glushko (Once and Forever . . .: Documents and People on the Creation of Rocket 9 : 
Engines and Space Systems of Academician Valentin Petrouich Glushko) (Moscow: 
Mashinostroyeniye. 1998), edited by V. F. Rakhmanin and L. Ye. Sterpin. This particular book 
on Clushko illuminates many episodes from the Soviet space program from a completely dif- 
ferent perspective-that is, the story from "the other side." as it were. Less helpful is Drnitriy 
Khrapovitskiy's Generalnyy Konstruktor Akademik V N. Chelomey (General Designer I 
Academician V N. Chelomey) (Moscow: Vozdushniy transport, 1990). There is also B. V. 
Raushenbakh's Iz istorii Souetskoy kosmonautiki: sbornik pamyati Akademika S. P Koroleua 

B i; 
(From the History of Soviet Cosmonautics: A Collection of Memories of Academician 5. P 
Koroleu) (Moscow: Nauka. 1983). which has an extremely detailed chronology of Korolev's 
entire I~fe, includ~ng dates for many of his missile and spacecraft studies. 

Oral Histories and Memoirs 
B 

The fourth category is memoirs. The most thorough and impartial memoirs authored by any 
participant in the Soviet space program have been those by Korolev's deputy Boris Chertok. By 
1998, he had published three thick volumes: Rakety i lyudi (Rockets and Men) (Moscow: 
Mashinostroyeniye, 1994). which addresses roughly the period 1945 to 1957: Rakety i lyudl: Fili 
Podiipki Tyuratam (Rockets and Men: Fiii Podlipki Tyura-Tam) (Moscow: Mashinostroyeniye. 
1996). which contains events from 1957 to 196 I ;  and Rakety i lyudi: goryachiye dni kholodnoy 
uoyny (Rockets and Men: Hot Days of the Cold War) (Moscow: Mashinostroyeniye, 1997), 
which covers 196 1 to 1968. These three volumes collectively should be the starting po~nt for any 
scholar interested in the history of the Soviet space program. Chertok is an amazingly astute 
observer with a stunning memory for detail. These are invaluably rich contributions to this his- 
tory. A fourth volume on the lunar program is evidently on the way. 



Equally essential are the diaries of General Nikolay Kamanin. Since 1989, his son Lev 
Kamanin has published excerpts from his diaries piece by piece in various newspapers. His jour- ! 
nals from 1960 to 1966 have been collected into two very handy volumes, Skrytiy kosmos: kniga 
pervaya. 1960-1963gg (Hidden Space: Volume One. 1960- 1963) (Moscow: lnfortekst IF, 1995) 
and Skrytiy kosmos: kniga vtoraya, 1964-1966gg (Hidden Space: Volume TWO. 1964-1966) 

' 
(Moscow: lnfortekst IF. 1997). Further additions to the series are expected in the near future. In 

I 
the meantime, those interested in diary entries for 1966 to 1974 can search out issues of the 1 
Russian newspaper Vozdushniy transport (Air Transport), which has published extensive entries 
in issues 12 to 15. 23 to 25, and 43 to 50 in 1993 and in issues 9 to 19 in 1994. Almost all of 
these newspaper issues have been translated into English and are available at the NASA History 
Division as NASA TT-2 1658 dated December 1994. Researchers should note that the translations 
have been compiled in some cases without regard to chronological order. 

Other memoirs relevant to Soviet space history include Sergey Khrushchev's two-volume 
Nikita Khrushchev: krizisy i rakety: uzglyad iznutri (Nikita Khrushchev: Crises and Missiles: 
View From the Inside) (Moscow: Novosti, 1994). A slightly different English version of these two 
volumes is to be published in 2000 under the title The Creation of a Superpower (A View From 
the Inside). One designer of the Soviet lunar lander has published a book on its development, 
Vospominaniya o lunnom korablye (Recollections on the Lunar Ship) (Moscow: Kultura. 1992). 

An invaluable addition to the literature on Soviet space history are the Dorogi v kosmos 
(Roads to Space) series prepared by the Scientific-Research Center for Space Documentation in 
Moscow. These volumes include reminiscences from some of the most important players in the 1 
1950s and 1960s-most notably some politicians, who have been notoriously absent in writ- 
ing their memoirs. The contributors to this series include Minister Afanasyev, Military-Industrial 
Commission Deputy Pashkov. Chief Designers Barmin and Mishin. N I  designer Kryukov, 
Vostok designer Ivanovskiy, artillery officers Mozzhorin. Nesterenko, and Tyulin, and physician 
Yazdovskiy. Three volumes have been published so far: Dorogi v kosmos: I (Roads to Space: I) 
(Moscow: MAI. 1992). Dorogi v kosmos: I1 (Roads to Space: 11) (Moscow: MAI, 1992). and 
Nachalo kosmicheskoy ery: vospominaniya veteranou raketno-kosmicheskoy tekhniki i kos- 
monavtiki: uypusk vtoroy (The Beginning of the Space Era: Memoirs of Veterans of Rocket- 
Space Technology and Cosmonautics: Volume Two) (Moscow: RNITsKD. 1994). A large 1 
selection from these three volumes has been translated into English and published as one book 
under the title Roads to Space (New York: McGraw-Hill, 1995). Unfortunately, I would not rec- 
ommend the translation; it is filled with egregious errors and distorts many of the original pas- 
sages and quotes from the Russian edition. The NASA History Division has translated two 
chapters from the first volume of the Russian edition. These can be found in NASA TT-2 1770 
dated 1995. 

For those interested in the development of the Soviet ground communications network. I 
would recommend Kosmos nachinayetsya na zemlye (Space Begins From the Earth) (Moscow: 
Patriot. 1996). which is written by B. A. Pokrovskiy, one of the major players in the network's 

I 
creation. There have been many memoirs published on the creation of the Baykonur 
Cosmodrome. Perhaps the best one is the Council of Veterans of the Baykonur Cosmodrome's 
Nezabyuayemyy Baykonur (Unforgettable Baykonur) (Moscow: Interregional Council of 
Veterans of the Baykonur Cosmodrome, 1998), which among other things contains a blow-by- 
blow detailed chronology of the launch range from I 957 to 196 1 .  I would also recommend the 
same council's Proryu u kosmos: ocherki ob ispitatelyakh spetsialistakh i stroitelyakh kosmod- 
roma Baykonur (Breakthrough Into Space: Essays on Test Specialists and Builders of the 
Baykonur Cosmodrome) (Moscow: TOO Veles. 1994). 

Some participants have published isolated articles in the Soviet and Russian media. Former 
Nll-88 Director Yuriy Mozzhorin has co-authored an excellent two-part series of articles with 



A. Yeremenko on the origins of the Soviet missile and space program. These can be found in 
the July and August 1991 issues of Auiatsiya i kosmonautika (Aviation and Cosmonautics). 
Translations of these can be found in JPRS-UAC-92-002 dated February 3. 1992, and 
JPRS-UAC-92-003 dated February 13. 1992. An amplification of these articles by Biryukov and 
Yeremenko was published in Nouosti kosmonautiki in issue 10 from 1996. Artillery officer 
Aleksandr Maksimov has authored an illuminating series of articles on the first launches from 
Baykonur. These can be found in the September-October 1990. November-December 1990. 
January-February 199 1. and March-April 199 1 issues of Zemlya i uselennaya (Earth and 
Universe). Before his death, artillery officer Ceorgiy Tyulin authored a wonderful series of mem- 
oirs from his experiences covering the early years of the space program. These were published 
in the newspaper Krasnaya zuezda (Red Star) on April 2, 3, and 5.  1988. May 18, 1988, and 
April I. 1989. The April 1988 issues have been translated in JPRS-USP-89-00 I issued on January 
18. 1989. The April 1989 article can be found in JPRS-UMA-89-0 13 issued on May 26. 1989. 

N I designers Dolgopyatov, Dorofeyev, and Kryukov published an article on the giant rock- 
et in the September 1992 issue of Auiatsiya i kosmonautika. N I designer Kryukov has also writ- 
ten on the rocket in the April 1994 issue of Nauka i zhizn. Chief Designer Mishin wrote a long 
article on the same project in the December 1990 issue of Znaniye: tekhnike: seriya kosmon- 
autika, astronomiya (Knowledge: Technology: Cosmonautics. Astronomy Series). This is a very 
important piece because it is Mishin's only in-depth commentary on the Soviet piloted lunar 
program, the central thematic goal of his design bureau during the late 1960s. There is a com- 
plete translation of this in JPRS-USP-91-006 dated November 12. 199 I. Vladimir Polyachenko, 
a senior designer of Chelomey's Almaz program, has published a two-part article on Almaz in 
the January and April 1992 issues of Krylia rodiny (Wings of the Motherland). These are avail- 
able in English translation at the NASA History Division as NASA TT-2 1769 dated 1995. 

Historian Articles and B o o b  

The fifth category includes articles by Russian and Soviet journalists on the history of the 
Soviet space and missile programs. Many of these researchers have access to both primary doc- 
uments and major participants in the effort. Certainly one of the most useful works by a Soviet 
researcher is lgor Afanasyev's "Unknown Spacecraft (From the History of the Soviet Space 
Program)," which was published in the December 199 I issue of Znaniye: tekhnike; seriya kos- 
monautika, astronomiya. This was the very first declassification of a plethora of Soviet piloted 
space projects that never reached fruition or were considered secret for more than thirty years. 
This work has been translated into English ~n JPRS-USP-92-003 dated May 27, 1992. Afanasyev 
has also authored an excellent series of articles on the history of the N I rocket in the journal 
KryIia rodiny in the September, October, and November 1993 issues. Translations are available 
In JPRS-USP-94-002-L dated July 7, 1994. Viktor Kazmin's ground-breaking articles on the Spiral 
program were published in the same journal in November and December 1990 and in January 
199 I .  A translation of this is in JPRS-USP-9 1-007 dated November 22. 199 I .  A useful article on 
Chelomey was in issues 4-5 of Ogonek (light) in January 1994. An English translation of this 
IS available at the NASA History Division as NASA TT-2 177 1 dated 1995. 

Several journals and newspapers were indispensable for research on this book. First and 
foremost was Nouosti kosmonautiki, which is a monthly (formerly biweekly) publication pro- 
duced from Moscow. Many unprecedented revelations about previously hidden aspects of 
Soviet space history have come forth through this magazine, probably the best publication in 
the world devoted to space exploration. For the most part, authors tend to focus on technical 
rather than political or institutional aspects. The editors can be reached at i-cosmos@ 
mtu-net.ru. An irregularly published journal that is very useful for historians is Iz istorii auiatsii 



i kosmonavtiki (From the History of Aviation and Cosmonautics). I particularly recommend its 
issue number 42 from 1980, which contains a series of informative articles on the works of the 
pioneer Mikhail Tikhonravov. 

The Russian military newspaper Krasnaya zvezda often has had revealing articles on space 
history by its history correspondent, the late Mikhail Rebrov. Rebrov authored a wonderful six- 
part series on the original members of the Council of Chief Designers, which was published on 
October 22, 1988 (Barmin). January 7, 1989 (Kuznetsov). February 25. 1989 (Pilyugin). March 

l I. 1989 (Ryazanskiy). July 1 .  1989 (Korolev), and August 26. 1989 (Glushko). A seventh arti- 
cle on April 8, 1989, was on the council itself. In the following years. Rebrov wrote dozens of 
more articles on various aspects of Soviet space history in the same newspaper. Many of these 
have been collected into one work. Kosrnicherkiye katastrofy: stranichki iz sekretnogo dosye 1 
(Space Catastrophes: Pages From the Secret Dossier) (Moscow: Eksprint NV, 1996). 

I 

English-hnguage Sources I 
I 

For those without knowledge of the Russian language, studying Soviet space history pre- 1 
sents significant obstacles. Most of the English-language works are dated because they were 
published during the Soviet era. Fortunately, many of them are still worth perusing as excellent 
starting points for an introduction to the Soviet space program. I would highly recommend 
Nicholas Daniloff's The Kremlin and the Cosmos (New York: Alfred A. Knopf, 1972). which is 
a well-researched book that still stands up incredibly well, almost thirty years after its publica- 
tion. F. 1. Krieger's Behind The Sputniks: A Survey of Soviet Space Science (Washington, DC: 
Public Affairs Press. 1958) is an excellent collection of translations of pre- I958 articles on space 
exploration from the Soviet media. Certainly, the most famous book on the Soviet space pro- 
gram is James E. Oberg's Red Star in Orbit (New York: Random House, 1981), a still-readable 
account of what we knew about the Soviet space effort in the early 1980s. For those interest- 
ed in more technical matters. Phillip Clark's The Soviet Manned Space Program: An Illustrated 
History of the Men, the Missions, and the Spacecraft (New York: Orion, 1988) is an incompa- 

! 
rable treatise on all Soviet piloted space missions. Equally useful is Dennis Newkirk's A/manac 
of Soviet Manned Space Flight (Houston: Gulf Publishing Co., 1990). which is essentially a 
strict chronology culled from hundreds of sources. A good starting point for those interested in 
Soviet lunar and planetary exploration is Andrew Wilson's Solar System log (London: Jane's 
Publishing Co.. 1987). 

One of the few post- 1989 works on Soviet space history is James Harford's Korolev: How 
One Man Masterminded the Soviet Drive Lo Beat America to the Moon (New York: John Wiley 
& Sons, 1997). Although strictly a biography. Harford masterfully weaves a larger history from 
dozens of priceless interviews with many participants of the Soviet program from the 1950s 

l 
and 1960s. I would highly recommend T. A. Heppenheimer's Countdown: A History of Space 
Flight (New York: John Wiley & Sons. 1997), a superbly written history of the early space era 

' 
with considerable attention to Soviet achievements. A book exclusively on the Soviet piloted 1 
lunar program is Nicholas L. Johnson's The Soviet Reach for the Moon (Cosmos Books. 1995). 
I t  is now out of print. 

Two books peripherally related to the Soviet space program that were very useful for my 
own work were David Holloway's Stalin and the Bomb: The Soviet Union and Atomic Energy: 
1939-1956 (New Haven: Yale University Press. 1994) and Steven j. Zaloga's Target America: 
The Soviet Union and the Strategic Arms Race, 1945- 1964 (Novato. CA: Presidio, 1993). Both 
benefit greatly from the fact that the authors were able to extensively use recently declassified 
information from Russian sources. Combined together, these two works are probably the best 
existing studies in English on the development of Soviet strategic weapons in the immediate 1 
postwar era. I 



The Congressional Research Service at the Library of Congress published a series of excel- 
lent summaries of the Soviet space program during the Cold War titled Soviet Space Programs. 
They covered the years 1962. 1962-65, 1966-70. 197 1-75. 1976-80, and i 98 1-87, Packed with 
vast amounts of information, all of these books are now out of print but can be found at any 
major university library. I highly recommend these volumes to any serious scholar of the Soviet 
space program. Unlike many other works on Soviet space history. these books are particularly 
useful for analyses of space law, institutions, resource burdens, political motives, and interna- 
tional cooperation in the Soviet space program. Soviet-U.S. international cooperation in space is 
also the subject of Dodd L. Harvey and Linda C. Ciccoritti's excellent U.5.-Soviet Cooperation in 
Space (Miami: Center for Advanced lnternational Studies, University of Miami. 1974). 

The political motives of the early Soviet space program are the subject of two seminal 
works. These are Walter McDougall's . . . the Heavens and the Earth: A Political History of the 
Space Age (New York: Basic Books. 1985) and William H. Schauer's The Politics of Space: A 
Comparison of the Soviet and American Space Programs (New York: Holmes 6 Meier. 1976). 
Although both have dated somewhat in terms of their interpretations of the Soviet space pro- 
gram. I would particularly recommend McDougall's work as an excellent starting place to 
understand the Soviet government's views toward the role of technology in society. For a more 
recent scholarly view from a political science perspective, I would recommend William P. 
Barry's excellent The Missile Design Bureaux and Soviet Piloted Space Policy. 1953-1974. 
which is a doctoral dissertation at the University of Oxford from 1995. 

The American Astronautical Society (AAS) publishes a series titled History of Rocketry and 
Astronautics as part of the AAS History Series. Many of these volumes contain very informa- 
tive articles by direct participants of the Soviet space program. The AAS can be reached at AAS 
Publicatrons, P.O. Box 28 130. San Diego, CA 92 198. 

One important English-language source for Soviet space history are papers presented at the 
annual congresses of the lnternational Astronautical Federation. These can be obtained at the 
lnternational Astronautical Federation, 3-5 Rue Mario-Nikis, 75015. France. There are usually 
several papers every year that address important aspects of Soviet space history. 

Uncovering the institutional machinations of the Soviet defense industry. and thus their 
space program, has been a difficult process, but some Soviet-era works have been useful as 
starting points. These included Michael McCwire. Ken Booth, and john McDonnell's Soviet 
Naval Policy: Objectives and Constraints (Halifax. NS: Centre for Foreign Policy Studies. 1975). 
David Holloway's The Soviet Union and the Arms Race (New Haven, CT: Yale University Press. 
1984). Jiri Valenta and William C. Potter's Soviet Decisionmaking for National Security 
(London: George Allen & Unwin, 1984). David Lane's Elites and Political Power in the USSR 
(Edward Elgar, 1988). Timothy 1. Colton and Thane Gustafson's Soldiers and the Soviet State: 
Civil-Military Relations From Brezhnev to Gorbachev (Princeton. N]: Princeton University Press. 
1990), and Peter Almqu~st's Red Forge: Soviet Military Industry Since 1965 (New York: 
Columbia University Press. 1990). ArthurJ. Alexander's still-remarkable work "Decision-Making 
in Soviet Weapons Procurement" in the Winter 19781 1979 issue of Adelphi Papers is a gold 
mine of information on the operations of the Soviet defense industry. A useful summary of 
information on the organization of the Soviet space program is contained in the August and 
September I994 issues of the magazine Spaceflight. There is also an excellent Web site main- 
tained by the Federation of American Scientists that contains detailed historical information on 
dozens of Soviet-era design bureaus and institutes specializing in space and missile technolo- 
gy. See http:llwww.fas.orglspplcivil/russia/index.html. 

Despite its age, particularly useful in excavating the shifts in the Kremlin power structure 
during the Khrushchev era was Michael Tatu's Power in the Kremlin: From Khrushchev's Decline 
to Collective Leadership (London: Collins. 1969). An indispensable reference of information on 
the Sov~et government and Communist Party was Edward L. Crowley. Andrew I. Lebed, and 



Dr. Heinrich E. Schulz's Party and Government Officials of the Soviet Union 19\7-1967 
(Metuchen, NJ: The Scarecrow Press. 1968), which contains lists of al l  senior Party and gov- 
ernment officials in the Soviet era up to 1968. A post-Soviet English-language book highly rec- 

I 
ommended for those interested in the Cold War in general is Vladislav Lubok and Constantine 1 
Pleshakov's Inside the Kremlin's Cold War: From Stalin to Khrushchev (Cambridge. MA: Harvard 
University Press. 1996). which is based on recently declassified archival material. 

A vast amount of technical information on the history of the Soviet space program has 
i 

been published in English since 1989. Quest: The journal of Spaceflight History should be a 1 
starting point for anyone with a cursory interest in the topic. Although not strictly focused on 
history, Spaceflight, a magazine of the British Interplanetary Society, has published many inter- 
esting articles on the history of the Soviet space program. For those interested in technical 
aspects, i would recommend articles by Timothy Varfolomeyev in the August 1995. February 
1996. June 1996, January 1998. March 1998. and May 1998 issues on the development of 
Soviet launch vehicles. The journal ofthe British Interplanetary Society also publishes an annu- 
al Soviet astronautics issue. For example, readers can search out an article by Mikhail 
Tikhonravov in the May 1994 issue of the magazine on the creation of Sputnik. An ongoing 
series in the same journal on military space topics, edited by Dwayne Day, has also included 

i 
several important articles on Soviet space history. 

I would highly recommend two books written in neither English nor Russian. The first is 
I 

Christian Lardier's Lgstronautique Sovietique (Paris: Armand Colin. 1992). For those interested 
in the technical arcana of the Soviet space program, this is the best book ever written on the 
subject. It uses much information declassified by the Soviets following 1988 and is incompara- 

! 
ble in its breadth and ambition to any other book published on the subject in either English or 

i 
Russian. Although published during the Soviet era. I would also highly recommend Peter 
Stache's Sowjetischer Raketen (Berlin: Militarverlad der DDR. 1987), which is in Polish. 
Fortunately, a complete English translation is available at the NASA H~story Division as prepared 
by the Translation Division of the Foreign Technology Division at Wright-Patterson Air Force 
Base. The translation reference number is FTD-ID(RS)T-0619-88; it is dated November 29. 
1988. 

Declassified Documents I 
A vast number of 

missile programs have 
NlEs issued on: 

the CIA'S National Intelligence Estimates (NIE) on the Soviet space and 
now been declassified. For the space program in part~cular, these include 

I 
I 

December 5. 1962 (NIE 1 1- 1-62) 
January 27. 1965 (NIE 1 1 - 1-65) 
March 2, 1967 (NIE 1 1 - 1-67) 
April 4.  1968 (NIE 1 1 - 1-68) 
June 19. 1969 (NIE 1 1 - 1-69) 
March 26, 1970 (NIE 1 1-1-70) 
July I, 1971 (NIE 11-1-71) 
December 20. 1973 (NIE 1 1 - 1-73) 
July 19. 1983 (NIE 1 1 -  1-83) 
July 19. 1983 (NIE I I-I-83JX) 
December 1985 (NIE I I-I-85J) 

All of these were titled The Soviet Space Program or (from 1973) Soviet Space Programs. I 



1 For the Soviet missile program in particular, most of the NlEs have also been declassified. 
Until 1962, assessments of the Soviet space program were included with the missile reports. I 1 would recommend the following: 

October 5. 1954 (NIE I 1-6-54) 
August 19. 1958 (NIE I i -5-58) 
November 3. 1959 (NIE 1 1-5-59) 
May 3, 1960 (NIE 1 1-5-60) 
April 25. 196 1 (NIE I 1-5-6 I )  

I These were titled Soviet Capabilities and Probable Programs in the Guided Missile Field (in 

i 1954) and then Soviet Capabilities in Guided Missiles and Space Vehicles. All of these NlEs are 
invaluable for confirming or debunking unsubstantiated claims from the Russian media on var- 

I ious aspects of the Soviet space program. At the same time. I would caution researchers to use 
them with care, because it is clear that in certain areas, such as the institutional backdrop of 

1 the Soviet program, the CIA knew very little until well into the late 1960s. 
One particularly useful CIA document is the agency's Office of Scientific Intelligence's 

Scientific Research Institute and Experimental Factory 88 for Guided Missile Development, 1 MoskvaiKaliningrad. This report is numbered OSI-C-RAI60-2 and was issued on March 4. 
1960. It addresses U.S. knowledge of the famous Nll-88 institute in the late 1950s. Another 1 useful report is the CIA Directorate of Science and Technology's Scientific and Technical 

I Intelligence Report: The Major Soviet Missile Design Bureaus. This report was issued in June 

I 
1973. The study is notable because it illustrates not only what the CIA knew but also what it 
guessed completely wrong. For the defense industry in general, I would recommend the CIA 
Directorate of Intelligence's The Soviet Weapons Industry: An Overview, numbered Dl 1 86- I W I6 and dated September 1986. A useful report on Soviet science is the N l t  I 1-6-59 titled 
"Soviet Science and Technology." issued on July 2 1 .  1959. Several articles in the CIA journal 
Studies in Intelligence on the Soviet space program have also been declassified as part of the I CIA'S Historical Review Program. A of the declassified CIA documents are readily available to 
any researcher at the National Archives at 8601 Adelphi Road, College Park. MD 20740-6001. 
The phone number is (301) 7 13-6645. The National Archives can also be reached by e-mail at 

I cer@nara.gov. 

I 

I 
Interviews and Correspondence 

1 The final category is interviews and correspondence. These are listed in chapter references. 







Mission Name 

Vostok Program 
Korabl-Sputn~k 

KorabCSputnik 2 
Korabl-Sputnik 3 

Korabl-Sputn~k 4 
Korabl-Sputn~k 5 
Vostok 
Vostok 2 
Vostok 3 
Vostok 4 
Vostok 5 
Vostok 6 

Voskhod Program 
Kosmos-47 
Voskhod 
Kosmos-57 
Kosrnos-59 
Voskhod 2 
Kosmos- l I 0  

Soyuz Program 
Kosmos- 133 
- 

Kosmos- 140 
Soyuz I 
Kosmos- 186 
Kosrnos- 188 

Table IA 
Orbital Launch Attempts in the Soviet Piloted Space Program, 1960-74 

Production 
Launch Launch Time Index of Spacecraft Spacecraft 
Date (Moscow Time) Spacecraft Type Serial No. Launcher 

May 15. 1960 
July 28. 1960 
Aug. 19. 1960 
Dec. 1 .  1960 
Dec. 22. 1960 
Mar. 9. 1961 
Mar. 25. 1961 
Apr. 12. 1961 
Aug. 6. 1961 
Aug. l I, 1962 
Aug. 12. 1962 
jun. 14, 1963 
Jun. 16. 1963 

Oct. 6. 1964 1000 I I F63 3 KV 2 I IA57 
Oct. 12. 1964 1030:O 1 I I F63 3 KV 3 I I A57 
Feb 22, 1965 1030 I I F63 3KD I I IA57 
Mar. 7, 1965 - I I F69 4 K - I IA57 
Mar. 18. 1965 1 0OO:OO I I F63 3KD 4 I I A57 
Feb. 22, 1966 2309.36 I I F63 3 KV 5 I IA57 

Nov. 28. 1966 1400 I IF615 7K-OK(A) 2 I l A 5 l  I 
Dec. 14. 1966 1400 I IF615 7K-OK(P) I I IA5 I  I 
Feb. 7. 1967 0620 I IF615 7K-OK(P) 3 I IA51 I 
Apr. 23. 1967 0035:OO I IF615 7K-OK(&) 4 I IA51 I 
Oct. 27. 1967 1230 I IF615 7K-OK(A) 6 I IA51 I 
Oct. 30. 1967 I I I2  I IF615 7K-OK(P) 5 I IA51 I 

Launcher 
Serial No. 

L I - l  I 
L I - I 0  
L I - I 2  
LI-13 
LI-13A 
E103-I4 
E103-I5 
E103-16 
E103-17 
- 

- 

- 

- 

- 
- 

- 

- 

- 

- 

U 150002 
U 150001 
- 
- 
- 
- 

Launch Site 
at Tyura-Tam 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
- 

I 
I 

3 1 
3 1 
I 
I 
3 1 
I 



Mission Name 

Kosmos-2 12 
Kosmos-2 I3  
Kosmos-238 
Soyuz 2 
soyuz 3 
Soyuz 4 
Soyuz 5 
Soyuz 6 
soyuz 7 
Soyuz 8 
soyuz 9 
soyuz 10 
Soyuz I I 
Kosrnos-496 
Kosmos-573 
soyuz I2  
Kosmos-6 13 
Soyuz 13 
Kosmos-638 
Kosmos-656 
Soyuz 14 
Kosmos-670 
Kosmos-672 
Soyuz 15 
Soyuz 16 

Zond Program 
Kosrnos- 146 
Kosmos 154 
- 

Zond 4 
- 

Lunch 
Date 

Apr 14, 1968 
Apr IS. 1968 
Aug. 28. 1968 
Oct. 25. 1968 
Oct. 26. 1968 
Jan 14. 1969 
Jan. IS. 1969 
Oct l l ,  1969 
Oct 12, 1969 
Oct 13. 1969 
June 1 ,  1970 
Apr. 23. 1971 
June 6. 1971 
June 26. 1972 
June 15. 1973 
Sept. 27. 1973 
Nov 30, 1973 
Dec. 18. 1973 
Apr. 3. 1974 
May 27. 1974 
July 3, 1974 
Aug. 6. 1974 
Aug. 12. 1974 
Aug. 26. 1974 
Dec 2, 1974 

Mar. 10. 1967 
Apr. 8. 1967 
Sept. 28. 1967 
Nov. 22. 1967 
Mar 2.  1968 
Apr 23. 1968 

Production 
Launch Time Index of 
(Moscow Time) Spacecraft 

Spacecraft 
Trpc 

7K-OK(&) 
7K-OK(P) 
7K-OK(P) 
7K-OK(P) 
7K-OK(A) 
7K-OK(A) 
7K-OK(P) 
7K-OK(D) 
7K-OK(P) 
7K-OK(A) 
7K-OK(D) 
7K-T 
7 K-T 
7 K-T 
7 K-T 
7 K-T 
7 K-T 
7 K-T 
7 K-T M 
7 K-TA 
7K-TA 
7K-S 
7K-TM 
7K-TA 
7 K-T M 

Spacecraft 
Serial No. Launcher 

8 I IA51 I 
7 I IASI I 
9 I l A 5 l  I 
I I I IA51I 
10 I IA51 I 
I 2  I l A 5 l  l 
13 I lASl  I 
14 I IASI I 
15 I I A S I  I 
16 I IASI I 
17 I l A 5 l  I 
3 1 I IA51 I 
3 2 I IASl  I 
33L I IASI I 
3 5 I IA51 I 
36 I l A 5 l  I 
34L l la51  I 
334 I lASl I 
7 1 I IASI I U  
6 1 I l A 5 l  I 
62 I IA51 I 
I L I IA51 1U 
72 I IASI I U  
63 I lA5 l  I 
73 I IA511U 

Launcher 
Serial No. 

Lunch Site 
at Tyura-Tam 



Production 
Index of 
Spacecraft 

Launcher 
Serial No. 

launch Site 
at Tyura-Tam 

launch 
Date 

launch Time 
(Moscow Time) 

Spacecraft 

Tme 

7K-LI 
7K-LI 
7K-L I 
7K-LI 
7K-LI 
7K-L I 

7K-L I S 
7K-LIS 
- 

7K-LOK 

7K-LIE 
7K-L I E 

T2K 
T2 K 
T2K 

17K 
17K 
17K 
17K 

- 
- 

Spacecraft 
Serial No. 

8 
9 L 
12L 
13L 
I I 
I 4  

3s 
5 L 
- 

6A 

I 
2 K 

I 
2 
3 

12 1 
122 
123 
124 

101-1 
101-2 

Mission Name Launcher 

July 14, 1968 
Sept. 15. 1968 
Nov. 10. 1968 
Jan. 20. 1969 
Aug. 8. 1969 
Oct. 20. 1970 

- 

Zond 5 
Zond 6 
- 
Zond 7 
Zond 8 

N I -I3 Program 
- Feb. 2 I ,  1969 

July 3. 1969 
Iune 28. 1971 

I I F92 
I I F92 
I I F9411 I F93 
mock-ups 
I I F93 

I IOP 
I IOP 
I IOL 

I IOL Nov. 23. 1972 

7K-LI E Program 
- 
Kosrnos-382 

Nov. 28. 1969 
Dec. 2. 1970 

Nov. 24. 1970 
Feb. 26. 197 1 
Aug. 12. 1971 

DOSISalyut Program 
Salyut 
- 
Kosrnos-557 
Salyut 4 

Apr. 19. 1971 
July 29, 1972 
May l I, 1973 
Dec 26, 1974 

AlmazlSalyut Program 
Salyut 2 
Salyut 3 

Apr. 3. 1973 
June 25. 1974 



Name 

Vostok 
Korabl Sputnik 
Korabl Sputn~k 2 
Korabl Sputnik 3 
Korabl Sputn~k 4 
Korabl Sputnik 5 
Vostok 
Vostok 2 
Vostok 3 
Vostok 4 
Vostok 5 
Vostok 6 

Voskhod 
Kosrnos-47 
Voskhod 
Kosrnos-57 
Kosrnos-59 
Voskhod 2 
Kosrnos- I I 0  

Sruz 
Kosrnos- 133 
Kosrnos- 140 
Soyuz I 
Kosmos- 186 
Kosrnos- 188 
Kosmos-2 I2  
Kosmos-2 13 
Kosmos-238 
Soyuz 2 

Mass (kg) 

Table IB 
Mission Parameters for Selected Orbital Flighb 

Initial Orbital Orbital Duration 
Orbits Parameters (km)* Inclination (') (days:hrs:min:sec)** Crew 

Gagarln 
T~tov 
Nikolayev 
Popovich 
Bykovsk~y 
Teresh kova 

- 177x413 64.77 01.00 18 - 

16 177.5 X 408 - 0 1 .OO' 17.03 Kornarov. Feoktistov. Yegorov 
- 175 X 512 64.77 03 00.02 - 

- 209 x 339 65 8 days - 

18 137 X 498 65 0 1.02.02.17 Belyayev. Leonov 
- 187 X 904 5 1.9 2 1.18.00 - 



Name 

soyuz 3 
soyuz 4 
Soyuz 5 
Soyuz 6 
Soyuz 7 
Soyuz 8 
Soyuz 9 
Soyuz 10 
soyuz I I 
Kosmos-496 
Kosmos-573 
Soyuz I2 
Kosmos-6 13 
Soyuz 13 
Kosmos-638 
Kosmos-656 
Soyuz 14 
Kosmos-670 
Kosmos-672 
Soyuz 15 
Soyuz 16 

Zond 
Kosmos- 146 
Kosmos- I54 
Zond 4 
Zond 5 
Zond 6 
Zond 7 
Zond 8 

Mass (kg) Orbits 
Initial Orbital 
Parameters (km)* 

Orbital Duration 
Inclination (') (days:hrs:min:sec)** Crew 

Beregovoy 
Shatalov 
Volynov. Yel~seyev, Khrunov 
Shonin. Kubasov 
Filipchenko, Volkov, Corbatko 
Shatalov. N~kolayev 
N~kolayev. Sevastyanov 
Shatalov. Yel~seyev. Rukav~shn~kov 
Dobrovolskiy, Volkov, Patsayev 

Lazarev, Makarov 
- 

Kllrnuk. Lebedev 

51.6 4.686 days - 
51.63 Dec 10. 1995 

(decayed) 



Name 
Initial Orbital Orbital Duration 

Mass (kg) Orbits Parameters (km)* Inclination (') (days:hrs:min:sec)** Crew 

Kosmos-434 c.  7000 - 197 X 285 51.6 3.653 days 

DOSISalyut 
Salyut c 18.500 - 200 X 222 
K O S ~ O S - 5 5 7  c 19.400 - 2 1 8 x 2 6 6  
Salyut 4 c 18,900 - 219 X 270 

175 days 
1 1.02:39 
769.19: I2  

AlmazISalyut 
Salyut 2 c 18,500 - 215 X 260 51 6 55:02:39 
Salyut 3 c 18.500 - 219 X 270 51 6 2 13 days 

* The orb~tal parameters announced by Sov~etIRuss~an sources (shown above) d~ffer from those tracked by Western sources because the Sov~et Un~on used a different model of Earth 
* *  For durat~ons w ~ t h  only three f~gures such as 00 01 48 for the flrst Vostok the seconds were not Included 



launch 
Date 

July 22. 195 1 
July 29, 195 1 
Aug. IS. 195 1 
Aug. 19. 1951 
Aug. 28, 195 1 
Sept. 3. 195 1 
July 2. 1954 
July 7. 1954 
July 26. 1954 
Jan 25. 1955 
Feb 5. 1955 
Nov 4. 1955 
May 14. 1956 
May 31. 1956 
June 7. 1956 
May 16. 1957 
May 24, 1957 
Aug. 25. 1957 
Aug. 3 1 ,  1957 
Sept 9. 1957 
Feb. 2 1 .  1958 
Aug. 2. 1958 
Aug. 13. 1958 
Aug. 27. 1958 
Sept. 19. 1958 
Oct. 3 1 .  1958 
June 22. 1959 
July 2. 1959 
July 10. 1959 
July 14. 1959 

Table IC 
Nonorbital launch Attempts Supporting the Soviet Piloted Space Program, 195 1-74 

Launch 
Time Altitude Launch 
(Moscow Time) (km) Vehicle Site Comments 

R- IV  
R-IB 
R-IB 
R- IV 
R- I B 
R- I B 
R- I D 
R-ID 
R-ID 
R- I Ye 
R- I Ye 
R- I Ye 
R- I Ye 
R- I Ye 
R- I Ye 
R-2A 
R-2A 
R-2A 
R-2A 
R-2A 
R-5 A 
R-2A 
R-2A 
R-5A 
R-5A 
R-SA 
R-2A 
R-2A 
R-2A 
R-2A 

Kapustln Yar 
Kapustin Yar 
Kapustin Yar 
Kapustin Yar 
Kapust~n Yar 
Kapustln Yar 
Kapust~n Yar 
Kapust~n Yar 
Kapustln Yar 
Kapustln Yar 
Kapustin Yar 
Kapustln Yar 
Kapust~n Yar 
Kapustln Yar 
Kapust~n Yar 
Kapustln Yar 
Kapustln Yar 
Kapust~n Yar 
Kapustln Yar 
Kapust~n Yar 
Kapust~n Yar 
Kapustin Yar 
Kapustin Yar 
Kapustin Yar 
Kapustin Yar 
Kapustin Yar 
Kapustln Yar 
Kapustln Yar 
Kapustln Yar 
Ka~ust ln  Yar 

Dogs Dezik and Tsygan. recovered 
Dogs Dez~k and L~sa. both k~lled 
Smelaya and unnamed dog recovered, spectral compos~t~on studies 
Two dogs successfully recovered 
Failure. two dogs kllled 
ZIB and unnamed dog recovered 
Two dogs. one successfully recovered 
Two dogs, one successfully recovered 
Dogs Llsa and Ryzhrk. one recovered 
Two dogs, spurlous payload separation at T+22 seconds 
Two dogs. nether recovered 
Two dogs, recovered 
Two dogs. recovered 
Two dogs, recovered, first w ~ t h  SO1 spectrograph 
Two dogs. recovered 
Dogs Ryzha and Darnka, both recovered 

Dogs Palrna and Pushuk, rad~at~on research 
Two dogs 
Two dogs 

Dogs Otvazhnaya and Snezhlnka 
Does Otvazhnaya and unnamed. solar ultraviolet study 



bunch 
Date 

June 15, 1960 
June 24. 1960 
Sept 16. 1960 
Sept 22. 1960 
Dec. 27, 1961 
Mar. 21. 1963 
Sept. 26, 1964 

July IS. 1969 
Aug 18. 1970 

bunch 
Time Altitude bunch 
(Moscow Time) (km) Vehicle Site Comments 

Kapust~n Yar 
Kapust~n Yar 
Kapust~n Yar 
Kapustln Yar 
Vlad~m~rovka 
Kapust~n Yar 
Kapust~n Yar 
srte 84 
Plesetsk 
Tyura-Tam 
slte 8 1 L 

Does Otvazhnaya and unnamed solar ultravrolet study 
Two dogs 
Two dogs 
Two dogs 
MP-I spaceplane testbed, recovered 
M - I 2  spaceplane testbed, destroyed 
VAO payload w ~ t h  Soyuz descent apparatus, shroud breakup 

BORI  SpiralIEPOS subscale model 
82EV. Proton-K test 

Note There were a total of seven BOR-2 and BOR-3 suborb~tal launches between 1969 and 1974 No dates are known 

Selected Sources for Tables IA. 18, and IC 

I E-ma11 correspondence Vladrm~r Agapov to the author September 27 1996 
2 E mall correspondence V lad~m~r  Agapov to the author September 30 1996 
3 The p~loted rnrsslon parameters are from V P Glushko ed Kosmonautrka entstklopedtya (Moscow Sovetskaya ents~kloped~ya 1985) and V P Clushko Razuitrye rake- 

tostroyen~ya i kosmonautlki u sssr izdaniye utoroye dopolnennoye (Moscow Mash~nostroyen~ye 198 1 ) 
4 The automated mrssron durat~ons are from Sergey A Voevod~n VSA074 electron~c newsletter June 5 1997 



Table II 
Cosmonaut Selection Groups, 1960-74 

Name Birth Resign. Death Space Missions 

March-June 1960 (by order of the GK W S ) - W S  Group I' 
I. SL Ivan N~kolayev~ch Anikeyev 02- 12-33 
2 M Pavel lvanovlch Belyayev 06-26-25 
3. SL Valent~n Vasllyevich Bondarenko 02- 16-37 
4. SL Valery Fedorovich Bykovskly 08-02-34 
5 .  SL Valentln lgnatyevlch Fllatyev 01-21-30 
6. SL Yurly Alekseyev~ch Gagarln 03-09-34 
7. SL V~ktor Vasilyev~ch Gorbatko 12-03-34 
8 C Anatoliy Yakovlev~ch Kartashov 08-25-32 
9. SL Yevgeniy Vasllyevich Khrunov 09- 10-33 

10 CE Vladimlr M~khaylovich Komarov 03- 16-27 
I I L Aleksey Arkhipovich Leonov 05-30-34 
12. SL Grlgorly Grlgoryevlch Nelyubov 03-2 1-34 
13. SL Andrlan Grlgoryevich N~kolayev 09-25-29 
14. C Pavel Romanovich Popov~ch 10-05-30 
15. SL Mars Zaklrovich Raflkov 09-30-33 
16. SL Georgly Stepanovlch Shonln 08-03-35 
17. SL German Stepanov~ch Tltov 09- 1 1-35 
18 SL Valentln Stepanovlch Varlamov 08- 15-34 
19 SL Bor~s Valentlnovlch Volynov 12- 18-34 
20. SL Dmitriy Alekseyevlch Zaykin 04-29-32 

March-April 1962 (GK WS)-TsPK Women' 
I P Tatyana Dmltrlyevna Kuznetsova 07- 14-4 1 10-0 1-69 
2. P Valent~na Leonodovna Ponornareva 09- 18-33 10-0 1-69 
3. P lrlna Baenovna Solovyeva 09-06-37 10-0 1-69 
4. P Valentlna Vladim~rovna Tereshkova 03-06-37 04-30-97 
5. P Zhanna Dmitriyevna Yerklna 05-06-39 10-0 1-69 

Voskhod 2 ( 1965) 

Vostok 5 ( 1963), Soyuz 22 ( 1976). Soyuz 3 1 ( 1978) 

Vostok ( 196 1 ) 
Soyuz 7 (1969). Soyuz 24 (1977). Soyuz 37 (1980) 

Soyuz 5 ( 1969) 
Voskhod ( 1964). Soyuz 1 ( 1967) 
Voskhod 2 (1965). Soyuz 19 (1975) 

Vostok 3 ( 1963). Soyuz 9 (1970) 
Vostok 4 (1960). Soyuz 14 (1974) 

Soyuz 6 (1 969) 
Vostok 2 (1961) 

Soyuz 5 ( 1969). Soyuz 2 1 (1976) 

Vostok 6 ( 1963) 

January 10, 1963 (GK W S ) - W S  Group 2 
Pilots 

I. M Georgly Timofeyevlch Dobrovolskly 



Name Birth Resign. Death Space Missions 

2 M Anatol~y Vasllyevlch Flllpchenko 
3 M Aleksey Aleksandrov~ch Cubarev 
4 M Anatolly Petrovlch Kuklln 
5 LC Vladlrnlr Aleksandrov~ch Shatalov 
6 M Lev Vasllyevlch Vorobyev 

tngrneers 
7 ME Yurly Petrovlch Artyukhln 
8 SLE Eduard lvanov~ch Buynovskly 
9 LCE Lev Stepanovlch Demln 

10 SLE Vladlslav lvanovlch Gulyayev 
I I CE Petr lvanovlch Kolodln 
I2 SLE Eduard Pavlovlch Kugno 
13 CE Aleksandr Nlkolayevlch Matlnchenko 
14 C Anatolly Fedorovlch Voronov 
I S  SLE Vitally Mlkhaylovlch Zholobov 

soyuz 7 (1969). Soyuz 16 (1974) 
Soyuz 17 ( 1975). Soyuz 28 ( 1978) 

Soyuz 4 (1969). Soyuz 8 (1969). SOYUZ 10 (1971 ) 

Soyuz 14 (1 974) 

Soyuz 15 ( 1974) 

Soyuz 2 1 ( 1976) 

Soyuz 3 ( 1968) 
January 25, 1964 (GK W S ) - W S  Group 2 Supplementary 

I. LC Ceorg~y Tirnofeyevich Beregovoy 04- 15-2 1 

May-June 1964 (MK)-Vorkhod' 
/AT A N  SSSR 

I. Ceorgly Petrovich Katys4 
IMBP 

2. Borls lvanovich Polyakov 
GosNll AtKM 

3 LC Vasllly Crlgoryevich Lazarev' 

Unknown 

4. Boris Borlsov~ch Yegorov 
OKB- I 

Voskhod ( 1964) 

Voskhod ( 1964) 5 .  Konstantin Petrovlch FeoktistoV 
OKB- 156 

6. Vladlmlr Nikolayevlch Benderov 
TsPK 

7. Aleksey Vasilyevlch Sorokln 



Name Birth 

October 28, 1965 (CK WS)-WS Croup 3 
Pilots 

I L Leonld Denlsovlch Klzlm 
2 L Petr lllch Kllrnuk 
3 L Aleksandr Yakovlevlch Krarnarenko 
4 L Aleksandr Yakovlevlch Petrushenko 
5 L Cennadly Vasllyevlch Sarafanov 
6 L Ansar llgarnovlch Sharafutdlnov 
7 L Vasllly Drnltrlyevlch Shcheglov 
8 L Aleksandr Aleksandrovlch Skvortsov 
9 L Valerly Abramovlch Voloshln 

1 0  L Oleg Anatolyevlch Yakovlev 
I I L Vyecheslav Drnltrlyev~ch Zudov 

Engrneers 
I2 ME Boris Nlkolayevlch Belousev 
13 M Vladlrnlr Aleksandrovlch Degtyarev 
14 L Anatolly Pavlov~ch Fedorov 
15 SLE Yurly Nlkolayevlch Clazkov 
16 L Vitally Andreyevlch Crlshchenko 
I7  SLE Yevgen~y N~kolayevlch Khludeyev 
18 CE Cennadly M~khaylovlch Kolesnlkov 
19 CE Mlkhall lvanovlch Llsun 
20 SC Vlad Yevenyevlch Preobrazhensk~y 
2 1 SLE Valerly lllch Rozhdestvensk~y 
22 CE Eduard Nlkolayevlch Stepanov 

January 17, 1966 (GK WS)-WS Group 3 Supplementary 
I. LC Vas~ly Crlgorlyevlch Lazarev' 02-23-28 

May 23, 1966-TsKBEM' 
I CO Sergey Nlkolayevlch Anokhln 03 19 10 
2 Vlad~rnlr Yefgralovlch Bugrov 01 18 33 
3 Gennadly Aleksandrov~ch Dolgopolov 11-14 35 
4 Ceorgly Mlkhaylovlch Crechko' 05 25-3 1 
5 Valerly N~kolayev~ch Kubasov 01 07-35 

Resign. Death Space Missions 

Soyuz T-3 ( 1980). Soyuz T- 1 O( 1984). Soyuz T- 15( 1986) 
Soyuz 13 (1973). Soyuz 18 (1975). Soyuz 30 (1978) 

Soyuz 15 ( 1974) 

Soyuz 23 (1976) 

Soyuz 24 ( 1 977) 

Soyuz 23  ( 1976) 

SO~UZ 12 ( 1973). SOYUZ 18- 1 ( 1975) 

SOYUZ 17 (1975). SOYUZ 26 (1977). SOYUZ T- 14 (1985) 
Soyuz 6 ( 1969). Soyuz 19 ( 1975). Soyuz 36 ( 1980) 



Name 

6 Oleg Gr~goryevlch Makarov 

7 Vladislav Nlkolayevlch Volkov 
8 Aleksey Stanlslovlch Yeliseyev 

January-February I 967-TsKBEM1* 
I N~kolay Nlkolayevlch Rukavlshnlkov 
2 Vitally Ivanov~ch Sevastyanov 

April-May 1967 (GK W S ) - W S  Group 4" 
Pilots 

I SL Valerly Mlkhaylovich Beloborodov 
2 C Sergey Nlkolayev~ch Caydukov 
3 SLE Vladlrnlr Vasllyevlch Kovalenok 
4 SL Vladlmir Sergeyevlch Kozelskly 
5. SL Vladlm~r Afanasevich Lyakhov 
6. SL Yurly Vas~lyevich Malyshev 
7. SL Vlktor Mlkhaylovlch Plsarev 
8. C Mikhall Vladlmirovich Sologub 

Engineers 
9. ME Vladlrnlr Borlsovich Alekseyev 

10 ME M~khail Nikolayevich Burdayev 
I I .  SL Vladlmir Tirnofeyevlch lsakov 
12 ME Nlkolay Stepanovlch Porvatkln 

May 22, 1967 (AN SSSR) 
I Z M I R A N  AN SSSR 

I. Mars Nurgallyev~ch Fatkullln 
2 Rudolf Alekseyevlch Culyayev 
3 Ordinard Panteleymonov~ch Kolomlytsev 

IPM AN SSSR 
4 Valentln Cavr~~lov~ch Yershov 

May 27. 1968 (MOM)-TsKBEM Group I " 
I Vladlmlr Grlgoryevlch Fartushnlyl' 

Birth Resign. Death Space Missions 

0 1-06-33 04-04-86 SOYUZ 12 (1973). SOYUZ 181 (1975). SOYUZ 27 (1978). 
Soyuz 7-3 (1980) 

1 1-23-35 06-30-7 1 06-30-7 1 SO~UZ 7 ( 1969). S O ~ U Z  I I ( 197 1 ) 
07-1 3-34 0 1 - 10-86 SOYUZ 5 ( 1969). SOYUZ 8 (1969). SOYUZ 10 ( 1971) 

Soyuz 10 (1971). Soyuz 16 (1974). Soyuz 33 (1979) 
Soyuz 9 ( 1970). Soyuz 18 ( 1975) 

08-29-69 
12-04-78 
06-23-84 Soyuz 25 ( 1977). Soyuz 29 ( 1978). Soyuz T-4 ( 198 1 ) 
04-20-83 
08- 19-94 Soyuz 32 (1 979). Soyuz T-9 ( 1983). Soyuz T-6 ( 1988) 
07-02-88 1 1-08-99 SOYUZ T-2 ( 1980). SOYUZ T- l 1 ( 1984) 
05-2 1-68 
09-20-68 08-04-96 



Name 

2 Konstantln Petrovlch Feoktlstov* 
3 Ceorgly Mlkhaylov~ch Crechko ' 
4 Valer~y N~kolayev~ch Kubasov 
5 Oleg Cr~goryevlch Makarov 

6 V~ktor lvanovlch Patsayev 
7 Nlkolay N~kolayev~ch Rukav~shn~kov 
8. Vitaliy lvanovlch Sevastyanov 
9 Vlad~slav Nlkolayevlch Volkov 

10. Valerly Aleksandrovlch Yazdovskly 
I I .  Aleksey Stanislov~ch Yel~seyev 

April 27, 1970 (GK W S ) - W S  Group 5 
P1lots 

I C Anatoliy Nlkolayevich Berezovoy 
2 SL Anatolly lvanov~ch Dedkov 
3. C Vladim~r Aleksandrovlch Dzhanibekov 

4 SL Yurly Fedorovlch lsaulov 
5 L Vladlrnlr lvanovlch Kozlov 
6 L Leon~d lvanov~ch Popov 
7 SL Yurly Vlktorovlch Rornanenko 

Engineers 
8 L N~kolay Nlkolayevlch Fefelov 
9 Valerly Vasll~ev~ch lllar~onov 

March 22, 1972 (GMVK) 
lMBP Group I 

I Georgly Vladlrn~rovlch Mach~nsk~y 
2 Valerly Vladrnlrovlch Polyakov 
3 Lev N~kolayevlch Smlrennyy 

TsKBEM Group 2 
4 Borls Dm~tr~yev~ch Andreyev 
5 Valentln Vltalyevlch Lebedev " 
6 Yurly Anatolyev~ch Ponornarev 

Birth Resign. Death Space Missions 

Voskhod ( 1964) 
Soyuz 17 (1975). Soyuz 26 (1977). Soyuz T-I4 (1985) 
Soyuz 6 ( 1969), Soyuz 19 ( 1975). Soyuz 36 ( 1980) 
S O Y U Z - I ~  (1973). SOYUZ- 18- l (1975). SO~UZ-27 (1978), 
SOYUZ 7-3 ( 1980) 

06-30-7 1 SOYUZ 1 1 (1 97 1 ) 
Soyuz 10 ( 197 1 ), Soyuz 16 ( 1974). Soyuz 33 ( 1979) 
Soyuz 9 (1 970). Soyuz 18 (1 975) 

06-30-7 1 Soyuz 7 (1 969). Soyuz I 1 ( 197 1) 

Soyuz 5 (1969). Soyuz 8 (1969). Soyuz 10 (1971) 

Soyuz T-5 ( 1982) 

Soyuz 27 (1978). Soyuz 39 (1981). Soyuz T-6 (1982). 
Soyuz T- I2  ( 1984). Soyuz T- 13 ( 1985) 

Soyuz 35 (1980). Soyuz 40 (1981). Soyuz T-7 (1982) 
Soyuz 26 ( 1977). Soyuz 38 ( 1980). Soyuz TM-2 ( 1987) 

Soyuz TM-6 (1 988). Soyuz TM- 18 (1 994) 

Soyuz 13 ( 1973). SOYUZ T-5 ( 1982) 



Name 

TsKBM Group I 
7. Valerry Crlgoryevlch Makrush~n 

March 27, 1973 (GMVK) 
TsKBEM Group 3 

I .  Vladirnir Viktorovich Aksenov 
2. Aleksandr Seregeyevich lvanchenkov 
3. Valeriy Viktorovich Ryurnln 

4 Cennadiy Mikhaylovich Strekalov 

TsKBM Group 2 
5.  Drnitriy Andreyevich Yuyukov 

Birth Resign. Death Space Missions 

Soyuz 22 ( 1976). Soyuz T-2 ( 1980) 
SOYUZ 29 ( 1978). SOYUZ T-6 ( 1982) 
Soyuz 25 ( 1977). Soyuz 32 ( 1979). Soyuz 35 ( 1980). 
STS-9 1 ( 1998) 
Soyuz T-3 (1980). Soyuz T-8 (1983). Soyuz T-I 1 (1984). 
Soyuz TM- I0  (1990). Soyuz TM-21 (1995) 



Notes 

I .  Anlkeyev, Bykovsk~y, Gagarln. Corbatko. Komarov. Leonov, Nelyubov. Nlkolayev. Popovich. Shonln. Tltov, and Volynov jolned the TsPK cosmonaut detachment by an order 
of the GK of W S  dated March 7. 1960. Khrunov jo~ned on March 9, 1960. Zaykln and Filatyev joined on March 25, 1960, Belyayev. Bondarenko. and Raflkov joined on 
Aprll 28. 1960, and Kartashov joined on June 17. 1960 

2 Kuznetsova. Solovyeva. and Tereshkova jolned the TsPK cosmonaut detachment by an order of the GK of W S  dated March 12. 1962. Yerklna and Ponomareva joined on 
April 3 .  1962 

3 MK selected Lazarev. Polyakov. Sorokin. and Yegorov on May 26. 1964 On May 29, they and Katys were ordered to begln tralnlng at TsPK. On June I.  1964, the flve of 
them began tralnlng. Feokt~stov was selected by MK on June l I. 1964 

4. Katys was selected later as a candldate cosmonaut In Aprll 1965. 
5. Lazarev was selected later as a p~lotlphys~c~an on January 17. 1966. 
6. Feokt~stov was reselected as a test-cosmonaut of MOM on May 27, 1968. Desplte the rank of cosmonaut 3rd class, Feoktistov was not transferred to the fl~ght-test depart- 

ment. He was offlclally named ~nstructor-test-cosmonaut on January 1, 1977, and remalned so untll October 28. 1987. 
7. Lazarev had already been selected as a candldate cosmonaut on June 1.  1964. 
8. Crechko. Kubasov, Makarov, Volkov. and Yellseyev were reselected on May 27, 1968. as test-cosmonauts of MOM'S TsKBEM. 
9 Grechko was selected later as a test-cosmonaut from AN SSSR on July 6. 1986. I 

10. Rukavlshnikov was named test-englneer on February 1 .  1967, while Sevastyanov was named the same on January 3 1 .  1967. Both were reselected later as test-cosmonauts 3 

of MOM's TsKBEM on May 27. 1968. m 
P 

I I. Alekseyev. Burdayev and Porvatkin joined by order of the GK of W S  on Aprll 12. 1967. and the remalnlng men joined on May 7. 1967. m 
12. Of the eleven, all except Fartushniy. Feokt~stov. and Yazdovskly had been selected as part of the OKB-I selections In May 1966 and January-February 1967. 
13. Fartushnly was originally a researcher at the Paton Institute of Weldlng at Klev. but he transferred to TsKBEM upon select~on. 1 

1 

14. Feokt~stov was selected as a Voskhod candidate cosmonaut from OKB-I on June 12, 1964. He was named a cosmonaut 3rd class on May 25, 1966. but did not officially 
joln the test-flight department. He was officially named an NPO Energlya ~nstructor-test-cosmonaut on January 1, 1977, and remained so untll October 28. 1987. 

15. Grechko was selected later as a test-cosmonaut from AN SSSR on July 6. 1986. 
16. Lebedev was later reselected as an NPO Energ~ya test-cosmonaut on November 1. 1989. 

Sources 

I I Marlnln "Russ~an Cosmonaut Scholars' (English tltle) Nouostr kosmonautlk~ 3 (January 28-February l l 1996) 49-54 
2 I Marlnln "The Flrst Clvlllan Cosmonauts" (English title) Novosti kosrnonautrki 12- 13 Uune 3-30 1996) 8 1-87 
3 V Semenov I Marlnln and 5 Shamsutdinov lz lstorrr kosmonautiki uypusk I nabory u otryady kosrnonautou i astronautou (Moscow A 0  Vldeokosmos 1995) 
4 S Yegupov and I Karpenko 'Detachment of Air Forces Cosmonauts" (Engllsh tltle) Auiats~ya r kosrnonautrka no 5 (May 1990) 46-47 
5 ' Air Force Cosmonaut Detachment" (Engllsh title) Auiatsrya I kosmonautrka no 6 uune 1990) 46-47 



Abbreviations 

AN SSSR 
C 
co 
CE 
GK W S  
CMVK 
GosNll AIKM 
I AT 
IMBP 
IPM 
IZMIRAN 
L 
LC 
LC E 
M 
ME 
M K 
MOM 
P 
SC 
SL 
SLE 
TsKBEM 
TsKBM 
Ts PK 
W S  

USSR Academy of Sc~ences 
Captain 
Colonel 
Captaln Englneer 
Commander ~n-Ch~ef  of the Air Force 
State Interdepartmental Comm~ssion for the Selection of Cand~date Cosmonauts 
State Scientific Research lnstltute for Aviation and Space Mediclne 
Institute of Automation and Telemechanics 
Institute of Medico-Biological Problems 
lnstttute of Applied Mathematics 
lnstltute of Terrestrial Magnetism and Radio Waves 
Lieutenant 
Lieutenant-Colonel 
Lieutenant Colonel Engineer 
Major 
Major-Engineer 
Mandate Comm~ssion 
Mlnistry of Machlne Building 
Private 
Sergeant 
Senior Lieutenant 
Senior Lieutenant-Englneer 
Central Des~gn Bureau of Experimental Machlne Bullding 
Central Des~gn Bureau of Machlne Burlding 
Cosmonaut Tralning Center 
Air Force 
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Table Ill 
Administrative Organizations in the Soviet Missile and Space Programs, 1945-91 

Policy 

Special Committee for Reactive Technology of the USSR Council of Ministers 
(establ~shed on May 13. 1946) 

Hlstory Thls committee was establ~shed by of f~c~al  decree no 101 7 4198s of the USSR Counc~l of M~nlsters 
dated May 13 1946 to oversee the development of all long-range ballist~c crulse, and alr defense rn~sslles The 
committee was dissolved In 1949 By 1957, pol~cy aspects of the m~sslle and space programs were moved to the 
Central Committee of the USSR Counc~l of Mlnlsters 

Designations Date From Date to 
Spec~al Cornm~ttee for Reactive Technology of the 
USSR Council of Ministers May 1946 June 1947 
Spec~al Cornrn~ttee No. 2 of the USSR Counc~l of Ministers June 1947 October 1949 

Chairmen 
C. M. Malenkov 
N. A. Bulganln 

May 1946 March 1947 
March 1947 October 1949 

Secretary for Defense Industries and Space of the Secretariat of the Central 
Committee of the Communist Party (established In june 1957) 

History The posltlon was established ~n June 1957 by Nlklta 5. Khrushchev as the locus of power In the Sovlet 
Unlon shlfted from the USSR Council of Mlnlsters to the Central Cornm~ttee of the Communist Party The hold- 
er of the post was the most powerful leader In the USSR in deterrnin~ng Sov~et space pollcy dur~ng the 1957-9 1 
period. 

Secretaries 
1. I. Brezhnev 
F. R Kozlov 
L. I .  Brezhnev 
D. F. Ust~nov 
Y P Ryabov 
A P. K~rilenko 
G .  V. Rornanov 
L. N. Zaykov 
0. 5 Baklanov 

Date From 
]uly 1957 
July 1960 
June 1963 
March 1965 
October 1976 
Aprll 1979 
August 1983 
July 1985 
February 1988 

Date to 
July 1960 
June 1963 
March 1965 
October 1976 
Apr~l  1979 
August 1983 
July 1985 
February 1988 
August 199 1 

Central Committee Defense Industries Department 

H~story The orlglns of thls department are obscure but ~t clearly assumed a greater role beg~nn~ng In 1958 when 
I D Serbln became its ch~ef Its role was to serve as doctr~nal overseer of the defense ~ndustr~al and space sec- 
tors The department reported dlrectly to the Secretary of the Central Commlttee for Defense lndustr~es and 
Space The department was abolished In June 1990 

Designations Date From Date to 
Defense lndustrles Department of the Central Comm~ttee Unknown September 1988 
Defense Department of the Central Cornmlttee September 1988 June 1990 

Chiefs 
I D. Serbln 
I. F. Dm~tr~yev 
0 S Belyakov 

February 1958 February 198 1 
February 198 1 August 1985 
August 1985 June 1990 
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First Deputy Chief

• I. E Dmitriyev 1965 February 1981

• N. M Luzhin 1988 June 1990

Sector Head for Space

• B g. Stroganov 1960s Unknown

Instructor for Space

• VL A. Popov 1960s Unknown

Implementation

Military-Industrial Commission (VPK) of the Presidium of the USSR Council of

Ministers (established on April 14, 1955)

History: VPK traces its ancestry back to the Third Chief Directorate (TGU) of the USSR Council of Ministers,

which was established on February 3, 195 I, to manage the development of all Soviet missile weapons (cruise,

ballistic, air defense, and naval), On July I. 1953, the TGU was combined with the First Chief Directorate of the

USSR Council of Ministers to form the new Ministry of Medium Machine Building (MSM). The TGU, now known

as GlavSpetsMash (Chief Directorate of Special Machine Building), became a subordinate department to MSM.

On April 14. 1955. GiavSpetsMash was separated from MSM. A portion, including all subordinate design bureaus

and subdivisions, was moved to the Ministry of Defense Industries. Simultaneously, the remainder (that is, the

old structure of the TGU) was used as the basis for the new Special Committee for Armaments for the Army and

VMF (the Navy) and subordinated directly to the USSR Council of Ministers. From then on, this Special

Committee supervised all tactical and strategic missile programs in the Soviet Union, In December 1957. this

Special Committee was renamed the Commission of the Presidium of the USSR Council of Ministers for Military-

Industrial Issues-or more familiarly, the Military-lndustrial Commission (VPK). Its supervisory duties were

expanded from missiles to the entire Soviet defense industry.

Designations

• Special Committee for Armaments for the Army and

VMF of the USSR Council of Ministers

• Commission of the Presidium of the USSR

Council of Ministers for Military-lndustrial Issues
• State Commission of the USSR Council of

Ministers for Military-lndustrial Issues

Date From Date to

April 1955 December 1957

December 1957 1986

1986 August 1991

Chairmen

• V, M. Ryabikov
• D. f Ustinov

• L. V. Smirnov

• Yu. D. Maslyukov

• I. S. Belousey

• Yu D. Maslyukov

April 1955 December 1957
December 1957 March 1963

March 1963 December 1985

December 1985 February 1988

February 1988 January 1991

January 1991 August 1991

First Deputy Chairmen

• G. A. Titov

• S. I. Vetoshkin

• N. S. Stroyev
• V. L, Koblov

April 1955 December 1957
December 1957 1964

1977 1981

1987 August 1991

Deputy Chairmen

• A K. Repro
• A. N. Shchukin

• G N. Pashkov

• G A. Titov

• N. S Stroyev
• L, I. Gorshkov

• S A. Arzhakov

Date From Date to

April 1955 Unknown

April 1955 1969

December 1957 1970

December 1957 1974

1966 1977

1966 1970s

Unknown Unknown
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TABLE !11

• g. A. Komissarov 1970s Unknown

• A I. Voznesenskiy Unknown Unknown

• L. B. Vasilyev March 1988 Unknown

Ministry of Rrmaments (MV) (established on January II, 1939)

History: This ministry was originally established in January 1939, having being split off from the People's

Commissariat of Defense Industry. Through its various incarnations, it managed the development of the Soviet

ballistic missile and space programs from 1946 to 1965 via its subordinate Seventh Chief Directorate. In March

1965, the Seventh Chief Directorate was removed from the ministry and became the basis for the new Ministry

of General Machine Building, Since that time, the ministry had little involvement in the ballistic missile and space

programs.

Designations

• People's Commissariat of Armaments (NKA)

• Ministry of Armaments (MV)

• Ministry of Defense Industry (MOP)

• State Committee for Defense Technology (GKOT)

People's Commissars/Ministers/Chairmen
• B. L Vannikov

• D. F. Ustinov

• A.V. Domrachev

• K N. Rudnev

• L. V. Smirnov

• S. A Zverev

First Deputies

• V M. Ryabikov
• A. V. Domrachev

• S. I. Vetoshkin

• S. A. Zverev

• G. A Tyulin

Deputies
• V N. Novikov

• K M. Gerasimov

• I. G Zubovich

• A. V, Domrachev

• S. A. Zverev

• K, N, Rudnev

• P. N. Gommykin
• K M. Gerasimov

• V. N, Novikov

• S. A. Zverev

• L A. Grishin

• G. N. Kozhevnikov

• V. M Larionov

• S. N. Makhonin

• L V Smirnov

Chiefs of the Chief Directorates

• N. E. Nosovskiy (First GU)
• K. M. Gerasimov

• K. M. Gerasimov

• L. A. Grishin

• S. A. Zverev (Second GU)

• S. A. Zverev (Eighth GU)

• V. N Novikov (Fifth GU)

Date From Date to

January 1939 March 1946

March 1946 March 1953

March 1953 December 1957

December 1957 March 1965

January 1939 June 1941

June 1941 December 1957

December 1957 March 1958

March 1958 June 196 I

June 1961 March 1963

March 1963 March 1965

1940 February 195 I
1951 1957

1955 December 1957

December 1959 March 1963

June 1961 March 1965

1941 1948

1949 1951

October 1949 March 1953

1951 1951

March 1952 March 1953

May 1952 March 1958

August 1953 April 1955

1954 1957

1954 April 1955
March 1954 December 1959

March 1958 October 1960

Late 1950s Unknown

Late 1950s Unknown

Late 1950s Unknown

February 1961 June 196l

1940 1947

1941 1949

1951 1954

October 1952 March 1958

March 1952 March 1952

March 1952 March 1954

1953 1953
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P V F~nogenov (Slxth GU) 
5 1 .  Vetoshkln (Seventh CU) 
1 C Zubov~ch (Seventh GU) 
L. V Smirnov (Seventh CU) 
M S. Ryazanskly (Seventh CU) 
V A Koiychev (Seventh CU) 
A S Tomilin (Seventh CU) 
8. A. Kornissarov (Seventh GU) 

1963 
1939 
October 1949 
August 195 1 
June 1952 
December 1955 
Late 1950s 
Early 1960s 

March 1965 
October 1949 
August 195 1 
June 1952 
1954 
Unknown 
Unknown 
Unknown 

Ministry of Aviation Industry (MAP) (established on January I 1. 1939) 

Hlstory This mln~stry was or~glnally establ~shed ~n January 1939 hav~ng be~ng spl~t off from the Peoples 
Comrnlssar~at of Defense lndustry As more and more av~atlon organizations began particlpat~ng In the mlsslle 
and space sector begtnnlng the late 1950s the mlnlstry took a greater role ~n such efforts Note that from March 
to August 1953. ~t was part of the Min~stry of Defense lndustr~es Many of the space and miss~le orgamzatlons 
were transferred from the Mlnlstry of Avlatlon lndustry to the new Ministry of General Mach~ne Bullding upon 
the latter s format~on In March 1965 

Designations Date From Date to 
Peoples Commissartat of Aviation Industry (NKAP) January 1939 March 1946 
Mlnlstry of Av~atron Industry (MAP) March 1946 December 1957 
State Comrn~ttee for Av~at~on Technology (GKAT) December 1957 March 1965 
M~nistry of Avratton Industry (MAP) March 1965 January 1992 

People's Commissars/MinisterslChairmen 
M M Kaganovlch 
A. I Shakhur~n 
M V Khrunlchev 
P V Dernentyev 
V. A Kazakov 
I S S~layev 
A 5. Svstov 

First Deputies 
P V Den~entyev 
V P Balandin 
S M Leshchenko 
V A Kozlov 
5 1 Kadyshev 
V A Kazakov 
1 5 S~layev 
A 5 Systov 

January 1939 January 1940 
January 1940 March 1946 
March 1946 March 1953 
August 1953 May 1977 
June 1977 February 198 1 
February 198 1 November 1985 
November 1985 November I99 1 

1941 
August 1953 
1957 
1964 
1965 
1974 
1977 
February 198 1 

1946 
1957 
1964 
1965 
1974 
June 1977 
December 1980 
November 1985 

Ministry of General Machine Building (MOM) (establ~shed on March 2 .  1965) 

History Thls m~nistry was established on the basis of the Seventh Ch~ef Directorate of the State Committee for 
Defense Technology (CKOT) wh~ch oversaw all ballistic missile and space programs MOM managed the devel- 
opment of almost all Sovlet ballistic mlsslles and spacecraft from 1965 to 1991 It was offic~ally abolrshed ~n 
November 199 1 

Ministers 
5 A Afanasyev 
0 D Baklanov 
V K Doguzh~yev 
0 N Sh~shkln 
R R K~ryush~n 

First Deputy Ministers 
C A Tyulin 

Date From Date to 
March 1965 April 1983 
April 1983 February 1988 
Apr~l  1988 July 1989 
July 1989 August 1991 
August 1991 November 1991 

Date From Date to 
March 1965 1976 



TABLE III

• B V. Balmont t976 February 1981

• O. D. Baklanov February 1981 April 1983

• M N, Konovalov April 1983 1987

• V. K. Doguzhiyev t987 March 1988

• O N Shishkin February 1988 July 1989

• R. R Kiryushin July 1989 August 1991

Deput), Ministers

• V. Ya. Litvinov March 1965 1973

• G. M. Tabakov (engines) March 1965 1981

• Ye V. Mazur (construction) March 1965 1982

• G R Udarov (launch complexes) March 1965 1979

• N. D. Khokhlov (quality) March 1965 i983

• L, I. Gusev (guidance) March 1965 1965

• M. g. Brezhnev (guidance systems) 1965 Unknown
• B V. Balmont 1973 1976

• M. V. Lobanov (finances) January 1974 1980s

• O. D. Baklanov t976 1981

• V. N Konovalov (naval) Unknown April f983

• V. N. Soshin (construction) 1982 Late 1980s

• V. K. Doguzhiyev 1983 1987
• Ye. A. Zhelonov 1984 Unknown

• A. S. Matrenin (quality) 1984 November 1991

• 0. N. Shishkin (space) Unknown February 1988

• G. f. Grigorenko f980s November 199i

• Yu. N. Koptev Unknown November I991
• AYe. Shestakov Unknown November 1991

• R. R Kiryushin Unknown 1989
• V, Ye, Sokoiov Unknown 1990s

• S. S Vanin (complexes) Unknown 1980s

• V, N Ivanov Mid-1980s Unknown

Chiefs of Chief Directorates

• K. A. Kerimov (Third GU) March 1965 June 1974

• v, D. Vachnadze (Third GU) June 1974 June 1977

• A. K. Vanitskiy 1974 1976

• B.V. Balmont (Sixth GU) 1965 1972

• B, V. BaJmont (Eighth GU) 1972 1973

• A, S. Matrenin (Seventh GU) 1969 1984

• A. S. Kirillov June 1969 November 1977

• Yu. N. Koptev (Third GU) Mid-1980s Unknown

• V, A. Andreyev (First GU) january 1989 Unknown

• A, I Dunayev (Thirteenth GU) June 1985 November 1991
• L N Gabetko Unknown November 199l

Ministry of Medium Machine Building (MSM) (established on July I, 1953)

History: This ministry was responsible for the manufacture of all Soviet nuclear warheads from 1953 to 199i, Its

lineage goes back to August 20, 1945, with the formation of the First Chief Directorate (PGU) of the USSR

Council of Ministers. On March 16, 1953, the PGU absorbed the Second Chief Directorate of the Council of

Ministers. On July I, 1953, the PGU and the Third Chief Directorate combined to form the Ministry of Medium

Machine Building (MSM). MSM oversaw all missile programs through its subordinate GlavSpetsMash between

July 1953 and April 1955.

Designations Date From Date to

• First Chief Directorate August 1945 June 1953

• Ministry of Medium Machine Building (MSM) July 1953 March 1963

• State Committee for Medium Machine Building (GKSM) March 1963 March 1965

• Ministry of Medium Machine Building (MSM) March 1965 June 1989
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ChiefslMinisterslChairmen 
B. L. Vannikov 
V. A Malyshev 
A P Zavenyagin 
M.  G Pervukh~n 
Ya. P Slavskiy 
L. D. Ryabev 

August 1945 June 1953 
July 1953 February 1955 
February 1955 December 1956 
April 1957 July 1957 
July 1957 November 1986 
November 1986 June 1989 

State Commissions in the Early Space and Missile Programs 

Product 
A-4 
R- I 
R-2 
R- 5 
R - I  I 
R-5M 
R- 7 

Sc~ent~fic vert~cal launches 
Sputnrk 
Luna 

Chairmen 
N D. Yakovlev 
S I. Vetoshk~n 
C I loffe 
P A Degtyarev 
A. I. Nesterenko 
P A Degtyarev 
V M. Ryabikov 
K. N. Rudnev 
M. I. Nedel~n. A. C Mryk~n. 
A. I. Nesterenko. K V Cerchik 
A. A. Blagonravov 
V M Ryabikov 
K. N. Rudnev 
M. I. Nedel~n 
G. A. Tyul~n 

Dates 
1947 
1948-50 
1950-5 1 
1953-55 
1953-55 
1954-56 
August 1956-57 
1957-59 

1959-60 
1951-61 
1957-58 
1958-60 
1960 
1963-76 

Product Chairmen Dates 

Vostok 

Voskhod 
Soyuz. DOSiSalyut. Mtr 

UR-500K-L I 
N I -L3 
T2K 
AlmaziSalyut 
MP- I 

M. I. Nedelin 
K. N. Rudnev 
L. V Smirnov 
C. A Tyul~n 
C. A Tyulin 
K A Ker~mov 
V L lvanov 
C A Tyul~n 
S. A. Afanasyev 
A. A. Maks~mov 
M C Crigoryev 
A. C. Zakharov 

1960 
1960-6 1 
196 1-63 
1963 
August 1964-66 
October 1966-9 1 
199 1-96 
December 1966-70 
1967-72 
1970-7 1 
1973-77 
196 1 

Ministry of Defense (established In postwar form on February 25. 1946) 

H~story The M ~ n ~ s t r y  of Defense was the prlmary client of the Soviet missile and space programs Its subordl- 
nate Strateg~c Missile Forces managed all m~ssrle and space operations during 1959-81. The Deputy M~nister of 
Defense for Armaments was responsrble for weapons (and spacecraft) procurement Note that between 1960 and 
1970. N N Alekseyev was the Chalrman of the Scientific-Technrcal Committee (NTK) of the General Staff of 
the Ministry of Defense. essentially performing the same dut~es as the Deputy Mlnister of Defense for 
Armaments. a post that d ~ d  not exist dur~ng that per~od 

Designations 
Mtn~stry of Armed Forces (MVS) 
M ~ n ~ s t r y  of War 
M ~ n ~ s t r y  of Defense (MO) 

Date From Date to 
February 1946 February 1950 
February 1950 March 1953 
March 1953 January 1992 



Ministers 
I V. Stalin 
N. A. Bulganln 
A M Vasilyevskiy 
N A. Bulganln 
C. K. Zhukov 
R. Ya. Mallnovskiy 
A.  A.  Crechko 
D. F. Ustinov 
5. 1. Sokolov 
D. T. Yazov 
Ye. I. Shaposhn~kov 

Deputy Ministers of Defense for Armaments 
M. I. Nedelln 
N N. Alekseyev 
V. M. Shabanov 

February 1946 
March 1947 
March 1949 
March 1953 
February 1955 
October 1957 
April 1967 
April 1976 
December 1984 
May 1987 
September 199 1 

March 1947 
March 1949 
March 1953 
February 1955 
October 1957 
March 1967 
April 1976 
December 1984 
May 1987 
September 199 1 
December 199 1 

March 1955 December 1959 
1960 1978 
1978 Unknown 

Missile Forces of Strategic Designation (RVSN) (establ~shed on December 17. 1959) 

Hrstory. RVSN managed all Soviet mlssile and space operations durtng 1959-81 

Commanders 
M. I Nedelin 
K 5. Moskalenko 
5. 5. E~ryuzov 
N.  I. Krylov 
V F. Tolubko 
Yu. P. Maksimov 

First Deputy Commanders 
V. F. Tolubko 
M C. Crtgoryev 
Yu. A. Yashln 
A. P Volkov 

Date From Date to 
December 1959 October 1960 
October 1960 April 1962 
Aprll 1962 March 1963 
March 1963 February 1972 
February 1972 July 1985 
July 1985 August 1992 

March 1960 1968 
1968 December I98 1 
December I98 1 1989 
1989 1994 

Chiefs of the Scientific-Technical Committee (NTK) 
V. P. Morozov June 1962 1967 
A A. Vasilyev 1967 1969 
A. 5. Kalashnlkov 1969 1974 
S. A. Sergeyev 1974 1979 
V M. Ryumkin 1979 1989 
V C. Popov 1989 

Chief Directorate of Reactive Armaments (GURVO) (establlshed on May 13. 1946) 

Hlstory From 1946 GURVO In ~ t s  varlous lncarnatlons oversaw the procurement of ball~st~c missiles into arma- 
ments of the Strateg~c M~sstle forces Between 1960 and 1970 CURVO s subord~nate TsUKOS was the primary 
client of the Sovlet space program 

Designations Date From Date to 
4th Directorate of the Chief Artillery Directorate May 1946 April 1953 
D~rectorate of the Deputy Commander of Art~llery (UZKA) Apr~l 1953 March 1955 
Directorate of the Commander of Reactive Armaments (UNRV) March 1955 December 1959 

Chlef D~rectorate of Reactive Armaments (CURVO) December 1959 1993 

Commanders 
A I Sokolov 
A I. Semenov 

Date From Date to 
May 1946 August 1954 
August 1954 August 1964 



August 1964 1967 
1967 December 1975 
December 1975 1984 
1984 1993 

Chief Directorate of Space Assets (GUKOS) (established in October I 964) 

H~story In October 1964 the Thlrd Dlrectorate of the Chief Directorate of Reactive Armaments (CURVO) of the 
Strateg~c Mlsslle Forces (RVSN) was reorganized into TsUKOS In March 1970 TsUKOS was comb~ned with the 
Center for Leadlng the Development and Production of Space Assets (rtself establ~shed In March 1963 wlthin 
GURVO) to form the new CUKOS and subord~nated to RVSN On November 10 1981. GUKOS was separated 
from RVSN and subordlnated d~rectly to the Mlnlstry of Defense GUKOS was the primary client for the Sovlet 
space program respons~ble for all operat~onal aspects including tracklng and launch activ~tles It had jurisd~ctlon 
over NllP 5 (Tyura Tam) military units at Mirnyy (Plesetsk) the Command Measurement Complex (KIK) the A 
F Mozhayskiy Milltary Academy TsN11 50 28 Arsenal (Kar~an Stroganov) and military representatives to 
research and development organlzatlons 

Designations Date From Date to 
Th~rd Directorate of the Chlef Dlrectorate of Reactive Armaments September 1960 October 1964 
Central Directorate of Space Assets (TsUKOS) October 1964 March 1970 
Chief Directorate of Space Assets (GUKOS) March 1970 November 1986 
D~rectorate of the Ch~ef of Space Assets (UNKS) November 1986 August 1992 

Commanders 
K. A Kerimov 
A G Karas 
A. A Makslmov 
V L lvanov 

First Deputy Commanders 
A A Maks~mov 
G S T~tov 
V L lvanov 

September 1960 March I965 
March 1965 January 1979 
January 1979 1989 
1989 October 1996 

Unknown January 1979 
July 1979 October 199 1 
1984 1989 

Command-Measurement Complex Center (TsKIK) 
(established by order dated September 3 ,  1956) 

History The Command Measurement Complex (KIK) was the ground communications network for the Soviet 
space program It was establ~shed on the basis of the Range Measurement Complex network of tracking stations 
established for early R 7 ICBM launches In 1956 57 the Range Measurement Complex was reconfigured Into the 
KIK to support the launch of the Object D satellite (launched as Sputn~k 3) The KIK includ~ng its maln center 
the Command Measurement Complex Center (TsKIK) was subord~nate to Nll-4 until March 7 1962 when it 
was subordinated drrectly to the Strateg~c Misslie Forces (RVSN) The TsKlK began operations on July I 2  1957 
In January 1982 the TsKlK was reorganized into the Chief Sclentillc-Research Testlng Center for Space Assets of 
the M~n~s t rv  of Defense (GNIITs KS MO) The center operated tracklng for all Sovlet era space operations via its 
varlous Scientific Measurement Polnts (NIP) spread across the Sovlet U n ~ o n  

Commanders of Military Unit No. 32103/TsKIK 
A A V~truk 
A C Karas 
I I Spitsa 
I D Statsenko 
N F Shlykov 
V N lvanov 

Date From Date to 
July 1957 1959 
1959 March 1965 
March 1965 January 1973 
January 1973 January 1976 
January 1976 1989 
1989 1989 

Scientific-Measurement Points (NIP) Location 
IP-I Tyura-Tam 
IP-2 Makat 
IP~3 Sary-Shagan 



Yeniseyesk 
lskhup 
Yelizovo (near Petropavlovsk Kamchatka) 
Klyuchi 
Krasnoye selo (near Len~ngrad) 
Simferopol 
Sartychaly 
Kolpashevo 
Ulan Ude 
Shchelkovo (near Moscow) 
TsDRS Galenk~y (near Ussur~ysk) 
TsDKS Yevpatoriya 
Yakutsk 
Vorkuta 
Dunyevtsy Khmelnitskaya oblast 
Solnechnyi (near Komsomolsk na Amur) 
Yevpator~ya? 
S~meiz 
Moscow 

Air Force ( W S )  

History The Deputy Ch~ef of Combat Preparations of the Air Force was directly responsible for the select~on and 
training of cosmonauts and the select~on of crews for all p~loted space missions By an order dated April 10. 
1962 the holder of these dut~es was made the General Staff Deputy Ch~ef for Space On March 29 1966 the 
holder of these duties was made the Commander-in Chiefs A~de for Space The A~de for Space off~cially super 
vised the Cosmonaut Train~ng Center the Air Force Biomedical Service and the Solar Servlce 

Commanders-in-Chief 
K. A. Versh~n~n 
P. F. Zh~garev 
K A Vershln~n 
P S Kutakhov 
A N Yef~mov 
Ye A Shaooshnikov 

First Deputy Commanders 
S 1 Rudenko 
P 5. Kutakhov 
A. N. Yeflmov 

Deputy Chiefs of Combat Preparations 
N. P. Karnanin 
V. A. Shatalov 

Date From Date to 
1946 1949 
1949 1957 
1957 March 1969 
March 1969 Decem her 1984 
December 1984 1990 
1990 August 1991 

1958 July 1968 
July 1968 March 1969 
March 1969 Decem her 1984 

1958 October 197 1 
October 1971 June 1986 

Science Sector 

USSR Academy of Sciences (AN SSSR) 

H~story The Russian Academy of Sc~ences was established on January 28, 1724 In 1925, ~t was renamed the 
USSR Academy of Sciences. 

Presidents 
S I Vavllov 
A. N. Nesmeyanov 
M. V Keldysh 
A.  P. Aleksandrov 
V A. Kotelnikov 
G I Marchuk 

Date From Date to 
July 1945 January 1951 
January 195 1 May 1961 
May 1961 November 1975 
November 1975 1986 
1986 October 1986 
October 1986 1991 



Launch Sites 

Kapuatin YarIState Central Test Range No. 4 (GTsP-4) 
(establ~shed by order dated May 13. 1946) 

H~story. The specif~c location of the range was confirmed by an order datedluly 27. 1947 

Commanders 
V I. Voznyuk 

* Yu A. Plchugin 
P. C. Degtyarenko 
N. Ya. Lopatin 
N. V. Mazyark~n 

Date From Date to 
August 1946 April 1973 
April I973 1975 
1975 September 198 1 
September 198 1 1983 
1983 1991 

Tyura-Tamtkientific Research and Testing Range No. 5 (NIIP-5) 
(established on June 2, 1955) 

H~slory- On January 29. 1958, the town of Zarya was renamed Len~nsk. In December 1995. Leninsk was renamed 
Baikonur (also spelled Baykonur) 

Commanders 
A. I. Nesterenko 
K V. Cerch~k 
A 6. Zakharov 
A. A. Kurush~n 
V I. Fadeyev 
Yu N. Sergunin 
Yu A Zhukov 
A. L. Kryzhko 

Date From 
June 1955 
July 1958 
May 196 1 
March 1965 
1973 
1978 
1983 
1989 

Date to 
July 1958 
Apr~l  1961 
March 1965 
1973 
1978 
1983 
1989 
1991 

MirnyytSeientific-Roraarch and Testing Range No. 53 (NIIP-53) 
(established on January l I .  1957) 

History- On August 30. 1963, this became a space launch center In 1982, one portion of NllP-53 became 
CTslPKS- 1278. 

Commanden 
M G .  Crigoryev 
S F. Shtanko 
C Ye. Alpaidze 
Yu. A. Yashin 
V. L. lvanov 
C A Kolesn~kov 
I I Oleymk 

Date From 
January 1957 
1962 
1963 
August 1975 
1979 
I984 
1985 

Date to 
1962 
1963 
August 1975 
1979 
1984 
1985 
1991 
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Designer 
Bureau Name 
Established 
Location Designations 

Spacecraft and launch Vehlcles 

Table IV 
Major Contractor Organizations in the Soviet Space Program, 1945-74 

Babakin OKB-30 1 (1 945-60) 
OKB-301 - CSMZ Lavochkin (1 960-62) 
July I. 1937 OKE-52 Branch No. 3 (1 962-65) 
Khimki CSMZ Lavochk~n (1965-74) 

NPO Lavochk~n (1 974-) 

Chelomey - OKB-52 ( 1955-66) 
OKB-St TsKBM ( 1966-83) 
August 8. 1955 NPO Mashinostroyenla ( 1983-) 
Reutov 

Iorifyan 
Nll-627 
September 194 1 
Moscow 

Korolev 
OKB- I 
August 26. 1946 
Kalln~ngrad 

Nll-627 (1944-53) . VNII EM (1953-92) - NPP VNll ElektroMekhanlkl 
( 1992-) 

Nll-88 SKB Dept. No. 3 
( 1 946-50) 
Nll-88 OKB- I ( 1950-56) . OKB- I ( 1956-66) 

ChieflGeneral Designers 

A A Dubrovn~n (1937-39) 
S A Lavochk~n (1939-60) 
M M Pashlnln (1960-62) 
A I E I ~ I S  (1962-65) 
C N Babakln (1965-71) 
S 5 Kryukov ( 197 1-77) 
V M Kovtunenko (1977-95) 
V A Serebrennlkov ( 1995-97) 
S P Kullkov (1 997-) 

V N Chelomey ( 1955-84) 
C A. Yefremov ( 1984-1 

History 

Thls was establlshed at Plant No 301 Dur~ng the war ~t was 
transferred to other locat~ons but returned to Khlmkl ~n October 1945 
OKB-301 was Branch N o  3 of OKB-52 from December 18 1962 to 
March 2 1965 At varlous times thls ent~ty speclal~red ~n alrcraft 
(1940s) mlss~les (1950s) and robot~c spacecraft (from 1965) In 1974 
OKB and the plant merged to form NPO Lavochkln 

Speclal Deslgn Croup No I0  (SKC 10) was establlshed at Plant No 
500 at Tushlno on June 9 1954 On August 8 1955 the group 
became OKB 52 movlng In 1956 to the Reutov Machlne Bulldlng 
Plant to focus on naval crulse mlss~les It  was subordlnate to 
CSNll 642 from November 6 1957 to March 8 1958, but thelr roles 
reversed when CSNII 642 drssolved and turned ~ n t o  a plant Dur~ng 
1958-59 OKB-52 began work on spacecraft and balllstlc mlss~les 

A C los~fyan (1 94 1-74) Th~s  was establ~shed at Plant No 627 ~n Moscow ~n 1941 and became 
N N Shermetyevskly (1974-9 1 ) NII ~n 1944 It orlgrnally developed power generators for balllstlc 
Yu N Tr~fonov (1993-) mlsslles In the 1940s and 1950s before movlng ~ n t o  spacecraft ~n the 

1960s after lnherlt~ng the Meteor program from OKB-586 

S. P. Korolev ( 1946-66) 
V. P M~shln ( 1966-74) 
V P. Clushko ( 1974-89) 
Yu. P. Semenov ( 1989-) 

Thls was established as Dept. No. 3 of Nll-88 at Plant n88 on August 
26. 1946. to develop long-range balllst~c missiles On April 24. 1950. 
thls department was restructured Into OKB-I. st111 subordlnate to Nll-88 
On August 14. 1956. OKB-l became Independent of Nll-88. On May 



Designer 
Bureau Name 
Established 
Location 

OKB-I cont. 

Kozlov 
TISKB 
july 23. 1959 
Kuybyshev 

Mikoyan 
OKB- 155 
December 8 
1939 
Moscow 

Myuishchev 
OKB-23 
March 24. 195 1 
Fili 

Designations 

TsKBEM ( 1966-74) 
NPO Energtya (1974-91) - Korolev NPO Energlya ( 199 1-94) 
Korolev AOOT RKK Energlya 
( 1994-1 

ChiefICeneral Designers 

OKB-I SKO NO. 25 (1959-60) D. I. Kozlov ( 1959-) 
OKB- I Branch No. 3 (1960-66) 
OKB- I ( 1956-66) 
TsKBEM Kuybyshev Branch 
( 1966-74) 
TsSKB ( 1974-96) 
CNPRKTs TsKB-Progress 
( 1 996-) 

O K 0  (1 939-42) . OKB- 155 ( 1942-66) 
* MMZ Zenlt (1966-71) 

MMZ M~koyan (1971-78) 
Mikoyan ANPK MIC 

A. I. Mikoyan (1939-71) 
R. A. Belyakov (1971-) 

OKB-23 ( I  95 1-60) V M Myas~shchev (195 1-60) 
OKB-521TsKBM Branch No I V N Bugayskty (1960-73) 
( 1960-8 1 ) D A Polukhln (1973-93) 
NPO Energlya KB Salyut A S Moyseyev (1993-94) 
( 198 1-88) A K Nedayvoda ( 1994-) 
NPO EM KB Salyut 
KB Salyut 
CKNPTs Khrunlchev KB Salyut 
( 1993-) 

History 

22 1974 OKB I (then called TsKBEM) merged wlth KB EnergoMash 
to form the new NPO Energlya KB EnergoMash separated from NPO 
Energlya on January 19 1990 From 1945 untll the early 1960s the 
prlrnary thernattc thrust was the development of long-range balllstlc 
mtsstles From the early 1960s on the organlzatlon focused prlmarlly 
on plloted and robotlc spacecraft 

Thls was establlshed on july 23. 1959, as Spec~al Design Department 
No 25 (SKO-25) at Plant No. I to supervise the manufacture of the 
R-7 and derivative launch vehlcles. becoming OKB- I Branch No. 3 on 
July 17. 1960. It lnherlted all work on robotic reconnaissance satellites 
and R-7-based launch vehicles in 1964 from OKB- I.  although it  
remained subordinate to its parent entrty until July 30, 1974, when ~t 
became Independent as TsSKB. It combined with the production 
faclllty Progress Plant (formerly Plant No. I )  on April 12. 1996. to 
form CNPRKTs TsSKB-Progress 

Thls was establ~shed as Experimental Deslgn Section (OKO) In 
December 1939 It was evacuated to Kuybyshev In October 1941 but 
returned to Moscow ~n March 1942 at Plant No 480 On March 16, 
1942 l t  was renamed Plant No 155 It  worked on the Splral spaceplane 
In 1965-78 

Thls was establlshed at F ~ l t  In Moscow at Plant No 23 (establlshed as 
a factory ~n Apr~l  19 16) to develop long range bombers and crulse 
mlsslles On October 3 1960 ~t became a branch of OKB 52 and began 
developrng spacecraft ICBMs and space launch vehlcles The avlatron 
database went to OKB-51 and OKB 156 Thls organlzatlon remalned 
an OKB-52 branch untll June 30 1981 when rt became a branch of 
NPO Energrya On June 22 1988 rt separated from NPO Energlya and 
formed NPO EM Thls NPO eventually dissolved and KB Salyut 
became Independent for a short whrle before jolnlng wlth the M V 
Khrumchev Mach~ne Bulldlng Plant to form CKNPTs Khrunrchev on 
june 7 1993 
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.cgner 
Jreau Name 

Established 
Location Designations 

Raspletin SB-l (1947-50) 
KB- I KB-l 
September 8. MKB Strela 
1947 TsKB Almaz (1967-71) 
Moscow NPO Almaz (1971-95) 

TsKB Almaz ( 1995-) 

Reshetnev 
OKB- I0 
June 4, 1959 
Krasnoyarsk 

Savin 
OKB4 1 
Aprll 1955 
Moscow 

Tsybin 
OKB-256 
May 23. 1955 
Dubna 

m r i n  
TsKB-7 
November 2 I, 
1949 
Lenlngrad 

OKB- I Branch ( 1959-60) 
OKB- I Branch No. 2 ( 1960-6 1 ) 
OKB- 10 ( 196 1-66) 
KB PM ( 1966-77) 
NPO Prlkladnoy mekhanlkl 
( 1977-96) 
Reshetnev NPO Prlkladnoy 
rnekhaniki (1 996-) 

K B I  SKB-41 (1955-62) 
KB-I OKB-41 
KB- I OKB Kometa 
TsNll Kometa (1973-??) 
TsNPO Kometa 

TsKB-7 ( 1949-67) 
Frunze KB Arsenal ( 1967-) 

ChieflGeneral Designers 

P. N. Kuksenko ( 1947-53) 
S L. Berlya ( 1947-53) 
S. M Vladimlrskly (1953) 
A A. Rasplet~n ( 1953-67) 
B. V. Bunkln (1967-) 

M F Reshetnev ( 196 1-96) 
A G. Kozlov ( 1996-) 

A A. Kolosov 
A. I Sawn ( 1962-) 

P. V. Tsybin ( 1955-59) 

N P Antonov ( 1949-52) 
P. A. Tyurln ( 1953-8 I )  
5. P Parnyakov ( 1981 -83) 
Yu F Valov (1983-95) 
B. I. Poletayev ( 1995-) 
V. F. Kalabln ( I  969-83) 
V G. Volkov 

History 

Thls was formed in 1947 to work on the Kometa system. In August 
1950, it was reorganized into KB- I to work on the Berkut Moscow 
defense system. In April 1955. three subdivisions were created within 
KB- I, one of whlch, SKB-3 I ,  was a primary subdlvlslon of KB-I and 
headed by Raspletln slnce ~ t s  founding. From 1960 on. when Raspletin 
became KB-I Director. SKB-3 I was headed by B V. Bunkin. It worked 
on robotlc military reconnaissance satellites via ~ t s  subordinate 
OKB-4 I 

Thls was formed at Plant No 1001 to supervise ICBM productlon for 
OKB I but ~t ~nher~ted a number of communlcatlons satellite projects 
from OKB 586 and OKB- I In 1962-67 and began lndlgenous space 
space projects On December 18 196 1 ~t separated from OKB I and 
became an Independent entlty (Prlkladnoy mekhanrkl means Applled 
Mechanics) 

Thls was established in 1955 as SKB-41. a subdivision of KB-I. to 
focus on rocket armaments for alrcraft. In 1973. OKB-41 (by then 
named OKB Kometa) detached from KB- I (by then MKB Strela) and 
became an Independent organlzation. TsNll Kometa. I t  worked on 
robotic military EORSATs. RORSATs, and ASATs. 

This was establlshed at Plant No. 256 in Dubna. When OKB-256 
dissolved on October 1, 1959, the database on spaceplane research was 
transferred to OKB-155. OKB-256 was absorbed by OKB-23. whlle the 
plant went to OKB-2- 155. Tsyb~n ended up at OKB- I In 1960. 

Thls was establlshed In 1949 at Plant No 7 at Lenlngrad and 
subordinated to MATsKB for deslgn~ng naval ant1 shlp artillery 
armaments In 1959-60 ~t began work on solid propellant balllstlc 
mlsslles In 1969 ~t began work on space themes after belng asslgned 
the productlon of US-P spacecraft from KB I In the late 1980s ~t was 
part of PO Arsenal rernalnlng so until the early 1990s 



Designer 
Bureau Name 
Established 
Location Designations 

Yangel SKB-586 ( I95 1-54) 
OKB-586 OKB-586 ( 1954-66) 
May 9, 195 1 KB Yuzhnoye ( 1966-86) 
Dnepropetrovsk NPO Yuzhnoye ( 1986-) 

Zulankiy VSNII Rad~olokats~~ (1943-46) 
TsNII- 108 TsNII-108 (1946-66) 
July 4. 1943 . TsNlRTl ( 1966-) 

NPO imen~ P S Pleshakova 

Rocket and Ramjet Engines 

Bondaryuk OKB-670 
OKB-670 MKB Krasnaya zvezda 
October 1950 NPO Krasnaya zvezda ( 1972-) 
Moscow 

Glushko . OKB-456 ( 1946-67) 
OKB456 KB EnergoMash ( 1967-74) 
September 29. NPO Energiya KB EnergoMash 
1946 ( 1974-90) 
Khimki Clushko NPO EnergoMash 

( 1990-) 

ChieflGeneral Designers 

V S Budn~k ( 195 1-54) 
M. K Yangel (1954-7 1) 
V. F U t k ~ n  (197 1-90) 
S N. Konyukhov (1 990-) 

M Ye Zaslavsk~y ( 1960s) 
A 1 Berg (1946-53) 
N Yemokhonov (1953-59) 
P 5 Pleshakov (1959-64) 
Yu N Mazhorou (1964-70s) 
A Shulunou (1987-1 

M M Bondaryuk ( 1947-69) 
V I. Serb~n 
N. I M~kh~yev~ch 
C. M. Cryaznov 

History 

Th~s was establ~shed at Plant No 586 through the transfer of personnel 
from Nil-88 OKB I as Ser~al Des~gn Bureau No 586 to supervise the 
product~on of OKB-I mlsslles On Apr~l  10 1954 another group of 
engineers from Nll-88 was transferred to the plant and OKB 586 was 
formally establ~shed 

Th~s 1s the overall systems Integrator for all Sov~et electron~c 
~ntell~gence satell~te systems It  also developed electron~c ~ntell~gence 
packages for all Sov~et ctv~l and mllltary satell~tes S I Babur~n and 
V L Crechk~ were D~rectors of the Kaluga Branch (space) of 
TsNII-108 wh~ch eventually became NPO Palma 

Th~s was establ~shed In 1940 as EKB 3 of NII CVF It became part of 
OKB-293 before becom~ng part of the new NII I ~n 1944 Bondaryuk 
was named Ch~ef Des~gner of NII- I OKB 3 on August 30 1947 
OKB-3 separated In 1950 to become the Independent OKB-670 It  
worked on ramjet englnes for a var~ety of mlsslles Actlvlt~es and 
personnel related to ramjets were transferred to TMKB Soyuz at 
Turayevo In December 1972 The remalnlng part became NPO 
Krasnaya zvezda to work on nuclear power reactors ~nher~ted from 
OKB 300 Ramjet personnel were reorganzed as the Plamya Branch of 
NII TP (later NPVO Plamya) In 1978 

Th~s was establ~shed at Plant No 16 at Kazan ~n July 1944 as 
OKB SD In 1946 the group moved to Khlmk~ near Moscow at the 
premlses of Plant No 456 (establ~shed on Aprll 16, 1942) to become 
OKB 456 It worked on rocket englnes for ICBMs and space launchers 
KB EnergoMash merged w ~ t h  TsKBEM on May 22 1974, to create 
NPO Energ~ya On January 19 1990 the two organ~zat~ons separated 
and KB EnergoMash became the ~ndependent NPO EnergoMash 



Designer 
Bureau Name 
Established 
Location 

lsayev 
OKB-2 
June 23. 1944 
Kallnlngrad 

Designations 

OKB-293 Dept. ( 1943-44) 
NII- l  Dept. ( 1944-48) 
N11-88 SKB Dept No. 9 
( 1948-52) 
Nll-88 OKB-2 (1 952-59) 
KB KhlmMash ( 1967-7 1 ) 
lsayev KB Kh~mMash (I97 I - )  

ChieflGeneral Designers 

A M lsayev ( 1947-71) 
V. N. Bogomolov ( 197 1-85) 
N. I Leontyev ( 1985-1 

lzotov OKB-1 17 V Ya. Klimov ( 1946-62) 
OKB- I I7  * Len~ngrad OKB Kl~mov ( 1963-75) S. P. lzotov (1 960-83) 
August 1935 Len~ngrad NPO Kl~mov ( 1975-92) V C. Stepanov (1983-88) 
Len~ngrad AOOT Klimov (1992-) A. A. Sark~sov 

Uartukov Plant No. 81 KB-2 
Plant No. 81 KB lskra 
1946 MKB lskra 
Moscow 

1 .  I Kartukov ( 1946-60s) 
B. A. Raysberg 
Yu. K. Kulikov ( I  980s) 

Kosberg OKB-296 ( I94 1-46) S A. Kosberg ( 194 1-65) 
OKB- 154 OKB- I54 ( 1946-57) A. D. Konopatov (1 965-93) 
October 13. 194 1 GSOKB- I54 ( 1957-66) V 5. Rachuk (1993-) 
Voronezh KB KhimAvtomat~k~ (1 966-) 

History 

Thls was established as part of KB-D In OKB-293 on February 4. 1943. 
On May 29, 1944, OKB-293 merged w ~ t h  NII RA to form the new 
NII- I. On  June 23, 1944. lsayev was named chief of the department at 
NII-I. He was then named Chief Des~gner on August 30. 1947. The 
department was transferred to Nll-88 on July 1 ,  1948, as the new SKB 
Department No. 9, which in March 1952 became OKB-2 of Nll-88. 
OKB-2 and Nll-88's OKB-3 comblned ~n December 1958. On January 
16. 1959. OKB-2 became Independent. I t  worked on  engines for SAMs. 
submarme-launched ball~stic missiles, spacecraft, and space launchers 
(Kh~rnMash means Chem~cal Machine Bu~ld~ng). 

Th~s  was establ~shed ~n 1935 at Plant No 26 at Ryblnsk wh~ch  later 
evacuated to Ufye There In 1941 ~t merged w ~ t h  the Krasnyy Oktyabr 
Plant (establ~shed or~glnally as Russk~y Reno Plant ~n 19 14 In St 
Petersburg) wh~ch  also evacuated to Ufye In August 1941 In 1946 
Kl~mov became head of the Len~ngrad OKB and simultaneously headed 
OKB 45 ~n Moscow In 1947-56 Th~s  organlzatlon worked on englnes 
for the upper stage of Chelomey s ICBMs and the LK 700 lunar lander 

Th~s  was established at Plant No. 81, which later became the lskra 
Plant I t  worked on solld-propellant accelerators for SAMs, naval 
miss~les. and space launcher escape systems. 

Th~s was establ~shed as OKB-296 at Berdsk as a result of the evacuat~on 
of Plant No. 296 from Kharkov and part of OKB of Plant No. 33 from 
Moscow In late 1945, i t  was transferred to Voronezh to Plant No 265. 
becom~ng OKB-I54 on May 30. 1946. On August 20. 1957. it was 
Reorganized ~ n t o  the State Union Experimental Design Bureau No. 154 
(CSOKB-154). I t  worked on englnes for SAMs, SLBMs. ICBMs. and 
space launch vehicles (KhimAvtomatiki means Chem~cal Automat~on). 



Designer 
Bureau Name 
Established 
Location 

Kuznatrov 
OKB-276 
April 17, 1946 
Kuybyshev 

Lyullu 
OKB- 165 
March 30. 1946 
Moscow 

Designations 

OKB-276 ( 1953-67) 
KB Trud (1 967-8 1) 
Kuybyshev NPO Trud ( 198 1-9 1 ) 
Samara GNPP Trud ( 199 1-94) 
Samara NTK NK Dvrgatel 
( 1994-96) 
AOOT Samara NTK Kuznetsov 
( 1996-) 

OKB- 165 ( 1946-67) 
KB Saturn (1967-82) 
NPO Saturn ( 1982-84) 
Lyulka NPO Saturn 
Lyulka OAO Saturn 

Stcchldn OKB Fakel ( I  97 1 -) 
OKB Fakal 
1959 
Kalin~ngrad 

Stepanov TMKB Soyuz 
TMKB Soyuz NPO Soyuz 
August 1. 1964 
Turayevo 

Tumanskiy OKB-300 ( 1943-66) 
OKB-300 MMZ Soyuz ( 1966-8 I )  
February 18. MNPO Soyuz 
1943 Tushino MKB Soyuz 
Tushino 

ChieflCeneral Designers 

N. D. Kuznetsov ( 1949-94) 
Ye A. Critsenko (1 994-) 

A M ,  Lyulka ( 1946-84) 
V M. Chepkln (1984-) 

8. S. Stechkin (1 955-69) 
A. S Moyegulov ( 1980s) 
M.  I. Shalamov 
V. V Suslennikov (1980s) 
A. 5. Bober ( 1989-) 

V. C. Stepanov ( 1964-83) 
D. D. Cilev~ch ( 1983-9 1 ) 
G V Komissarov ( 199 I - )  

A. A. Mikul~n (1943-55) 
5. K Tumansk~y (1955-73) 
0 .  N. Favorsk~y ( 1973-87) 
V. K. Kobchenko (1987-) 

History 

Th~s was establ~shed at Plant No 2 at Kuybyshev rn 1946 Plant No 
2 was re formed into Plant No 276 ~n June 1953 It  became NPO In 
1982 after merglng w ~ t h  the Kuybyshev Motor Plant Its maln work 
was jet englnes for alrcraft I t  moved lnto rocket englnes for ICBMs 
and space launch vehlcles rn the late 1950s 

Th~s was or~grnally a department at NII- l  and detached ~n 1946 to Plant 
No 165 (later MZ Saturn) In Moscow to form the Independent 
OKB- 165 In 1982. MKB Grant and MZ Saturn comb~ned to create 
NPO Saturn MKB Gramt had been establrshed tn 1945 as OKB-45 at 
Plant No 45 In Moscow In 1963 OKB 45 was renamed OKB-45-165 
and then MKB Gran~t In 1966 OKB 165's maln work was jet englnes 
but ~t developed the lrqu~d hydrogen engine for the lunar program ~n the 
1960s 

Th~s  was establrshed In 1959 as a laboratory under the USSR Academy 
of Sc~ences It was reorganzed ~n 197 1 as OKB Fakel It worked on 
attrtude control thrusters for spacecraft It may have been related to 
Nll-88's OKB-3 headed ~n 1952-58 by D D Sevruk 

Th~s  was establrshed ~n 1964 as a branch of OKB-300 for the 
development of attitude control englnes for spacecraft TMKB Soyuz 
lnher~ted all work on ramjet englnes from OKB-670 rn December 1972 
Eventually the space-related actlv~tres of TMKB Soyuz moved to a 
locat~on In Moscow wh~le ramjet research continued at Turayevo untll 
1978 

Thrs organlzatlon s orlglnal profrle was jet engrnes for arrcraft In the 
1960s ~t developed low thrust rocket englnes for robot~c spacecraft and 
small nuclear reactor power sources Its former prof~le moved to TMKB 
Soyuz whlle the latter moved to MKB Krasnaya zvezda both In 1972 



Designer 
Bureau Name 
Established 
Location Designations 

launch Complexes 

Barmin Kompressor Plant SKB ( 194 1-46) 
GSKB GSKB SpetsMash (1946-67) 
SpetsMash KB O M  (1 967-93) 
June 30. 1941 Barm~n KB Obshchego 
Moscow mash~nostroyen~ya ( 1993-) 

Solovyev CSKB ( 1948-67) 
TsKB KB TransMash ( 1967-) 
TransMash 
August 10, 1948 
Moscow 

Communtcations. Control, and Gutdance Systems 

Abramov NISO 
OKB-I2 OKB- I2  

Bogomolov ME1 ONIP (1947-58) 
OKB ME1 OKB Moskovskogo 
1947 energet~cheskogo ~nstituta ( 1958-) 
Moscow 

Bykov * Nll-695 (1950-65) 
Nll-695 MNll  Rad~oSvyazi 
1927 AOOT MNll RadioSvyazl 
Moscow 

ChieflCeneral Designers 

V P Barmin (1941-93) 
I. V. Barm~n (1993-) 

G. A. Yakovlevtch (1948-5 I )  
V P. Petrov ( 195 1-63) 
V. N. Solovyev ( 1963-9 I )  
C. P. B~ryukov (1992-) 

G A Levin ( 1940s) 
N. I. Petrov ( 1940s) 
A S Abramov (1960s) 

V. A. Koteln~kov ( 1947-54) 
A. F. Bogornolov ( 1954-88) 

B M. Konoplev ( 1955-59) 
Yu 5. Bykov ( 1959-70) 
A P Bllenko 
I D Bogachev 
N. N. Nesv~t 
N. A. Pochtar 
N Kh. Golshteyn 
M. R. Kaplanov 

History 

Thts was established at the Kompressor Plant in Moscow to produce 
Katyusha launchers dur~ng World War II. In May 1946, ~t began work 
on launch complexes for ballistic m~ssiles and SAMs. It  later d ~ d  the 
same for space launch vehicles. I t  also worked on robot~c soil scoopers 
and long-term lunar bases (SpetsMash means Spec~al Machine 
Bu~ldlng). 

This organization originally produced ground equipment for m~ssiles. In 
1963, ~t became the lead~ng developer of launch complexes for ICBMs 
and space launch veh~cles (TransMash means Transport Machine 
Bu~ld~ng). 

Thls organ~zation developed propellant loading control systems for the 
N I, as well as nuclear reactor control systems. 

Th~s  was established as the Expermental Scient~flc-Research Profile 
(ONIP) sector of ME1 (Moscow Power Institute) In 1947. In September 
1958. this sector became OKB. It  developed telemetry systems for 
ICBMs, space launchers, and spacecraft. 

This entity became involved In space and m~ss~le programs in 1957. It 
developed communications systems for plloted and automated spacecraft 
(RadioSvyaz~ means Rad~o Commun~cat~ons). 



Designer 
Bureau Name 
Established 
Location Designations 

Nll-695 cont. 

Gubenko 
SKB-567 
1950s 

KuznctMv Nll-944 
Nll-944 N11 PM 
September 1955 Kuznetsov NII Pr~kladnoy 
Moscow mekhan~kl 

Mnatsakanyan Nll-648 
NII-648 NII Tochnykh priborov 
1953 NPO Tochnykh pr~borov 
Moscow 

Pilyudn 
NII AP 
Apr~l 1963 
Moscow 

Ryazanskiy 
Nll-885 
February 20. 
1938 

Nll-885 Dept. No 31 
Complex No 1 ( 1948-63) 
NII AP ( 1963-78) 
NPO Avtomatlkt I 
pr~borostroyenlya ( 1978-) 
NPTs AP 

Nll-885 (1938-46) 
NII ST (1946) 
NII-885 (1946-63) 
NII P (1963-78) 
NPO RadloPrlbor ( 1978-92) 
RNII Kosmicheskogo 
pnborostroyen~ya ( 1992-) 

ChieflCeneral Designers 

M. S. Nem~rovsk~y ( 1960s) 
V I Mescheryakov ( 1980s) 
Yu N Matveyev ( 1990s) 

Ye 5 Gubenko (1950-59) 
A V Belousev ( 1959-77) 

V. I. Kuznetsov ( 1955-89) 
I N.  Sapozhn~kov (1969%) 

P. Z Stas ( 1953-55) 
N I Belov (1 955-6 1) 
A. S Mnatsakanyan (1961-77) 
0. N Sh~shkin (1977-81) 
A. V. Churkln ( 198 1-86) 
V A.  Corkovoy ( 1986-94) 
A V. Shishanov (1994-) 

N A Pilyug~n (1 948-82) 
V L. Lapygin ( 1982-97) 

M 5 .  Ryazansk~y (1 946-5 I )  
N A. Pilyug~n (1948-63) 
B M Konoplev ( 1950-55) 
M S Ryazanskiy (1955-87) 
N Ye Ivanov ( 1960s) 
M I Borisenko ( 1966-74) 
L 1 Cusev ( 1988-) 

History 

Thls was or~ginally Department No I2  of Nll-885 but ~t separated 
from the parent organ~zat~on In the 1950s It developed telemetry 
systems for ICBMs and robotic spacecraft 

Thls was establ~shed on the bass of NII- I 0  s SKB whlch separated ~n 
1955 Kuznetsov was Ch~ef Deslgner of NII 10 In 1946-55 Nll-944 
developed gyroscopes for ICBMs, space launchers. and spacecraft 
(Pr~kladnoy mekhanlk~ means Applled Mechan~cs) 

T h ~ s  entlty was established as Department No. 4 at Nll-885 before 
becomlng independent in 1953. It developed systems for robotlc and 
plloted spacecraft I t  later developed rendezvous radars for piloted 
spacecraft (Tochnykh pr~borov means Precision Instruments). 

Th~s  organlzatlon was establ~shed rn 1948 as Department No 3 at 
Nll-885 By the early 1960s. ~t was incorporated Into Complex No I 
whlch also Included other departments and P~lot Plant No I Complex 
No I separated from NII 885 In Aprll 1963 to become the Independent 
NII AP It developed lnert~al gu~dance systems for m~sslles and 
spacecraft (AP stands for Automation and Instrument Build~ng) 

In May 1946 thls ent~ty was transferred to the M~n~s t ry  of Electrical 
lndustr~es (MEP) wh~le changlng ~ t s  name to the Sclent~f~c Research 
lnst~tute of Spec~al Technology (NII ST) Plant No I (located at the 
slte or~g~nally bu~l t  for Plant No 192) of the Mlnistry of Armed 
Forces was handed over to NII ST on June 8 1946 In Apr~l  1963 
Complex No I separated from Nll-885 The rema~nder became the 
Sc~entrf~c Research lnstltute for Instrument Bu~ld~ng (NII P) It 



Designer 
Bureau Name 
Established 
Location Designations 

NlI-885 cont. 

Utkin NII IT (1 966-78) 
NII I T  NPO lzmer~telnoy tekhn~k~ 
July 22, 1966 ( 1978-) 
Kal~n~ngrad 

Chieflteneral Designers 

Ye N Calm 

Gazenko IMBP (1963-94) A V Lebed~nskiy (1963-65) 
IMBP CNTs RF-lnst~tut mediko- V V Par~n (1965-69) 
October 28, 1963 biolog~chesk~kh problem ( 1994-) 0. C; Gazenko (1969-88) 
Moscow A l Grrgoryev (1988-1 

Samoylov 
SKTB Biofiz 
Pribor 
June 3. 1955 
Len~ngrad 

Severin Plant No 9 18 
Plant No. 918 KB Zvezda 
1952 AOOT NPP Zvezda 
Tom~l~no 

A V Samoylov (1950s) 
G. S Mayorov ( 1992-) 

S. M Alekseyev (1952-73) 
C. I. Severln ( 1964-) 

History 

developed rad~o gu~dance systems for m~ss~les. launch veh~cles and 
spacecraft as well as remote senslng communlcatlons and navlgatlon 
spacecraft payloads 

This was establ~shed on December 17. 1953. as Department No. 20 for 
measurement technology at Nll-88. In October 1960, thls department 
was reorgan~zed Into Complex No. 5 for measuring systems at Nll-88. 
On July 22. 1966. Complex No. 5 separated from its parent ~nst~tute 
and became Independent. In July 1978. NII IT, its Ukra~ne Branch, and 
the lzmeritel Plant cornb~ned to become NPO IT. I t  developed data 
recorders for mlsslles and spacecraft (Ismeritelnoy tekhnlkl means 
Measurement Technology]. 

Th~s entlty was formed by the merger of subd~v~s~ons from the Air 
Force lnst~tute for Av~at~on and Space Med~c~ne and then transferred to 
the M~nlstry of Health It spec~al~zed In biomedlc~ne research and 
cosmonaut t ra~n~ng (IMBP stands for lnst~tute for B~omed~cal 
Problems) 

Th~s  organlzatlon developed feed~ng systems for b~olog~cal payloads In 
spacecraft 

Th~s  entlty developed ejectlon seats spacesuits, and a~rlocks for p~loted 
spacecraft It also developed Sov~et EVA maneuvering un~ts 



Designer 
Bureau Name 
Established 
Location Designations 

Volynlcin NII AM (1935-60) 
G o r N I l  AiKM GosNll AIKM (1960-) 
1935 
Moscow 

Voronin OKB- I24 
OKB- 124 KB Nauka 
1950s NPO Nauka 
Moscow AOOT NPO Nauka 

Testrng and Training 

Chieflteneral Designers 

A V Pokrouskiy (1950s) 
A G Kuznetsou (1959-60) 
Yu M Volynkrn (1960-69) 
N M .  Rudnry (1969-74) 
5 A. COZU~OU 11974-84) 
5 A Bugrou (1974-88) 
V A Ponomarenko (1 988-92) 

C. I Voronln ( 1939-85) 
I. V. T ~ s h ~ n  (1985-) 
C. F. Khomutov ( 1990s) 

b r p a ~  TsPK ( 1960-68) Ye A Karpou (1960-63) 
TsPK Cagarln TsPK ( 1968-95) M 1 Od~ntsou (1963) 
January 11, 1960 Gagarin RGNll Tsentr N. F Kuznetsou (1963-72) 
Zelenyy podgotovk~ kosmonavtov (1995-) G. T Beregouoy (1972-86) 

V A. Shatalou (1986-91) 
P I. Klimuk (1991-) 

L y z h  kov NII Kh~m~cheskikh I 

NII UhSM stro~telnykh mashin 
February 24. 
1960 
Zagorsk 

Stroyev Lll 
L I  I Grornov LII 
March 8, 194 1 Gromov GNTs Letno- 
Zhukovsk~y ~ssledovatelsk~y inst~tut 

M V Sukhopalko (1960-'7) 
V 5 Lyzhkou (1960s) 
G I Matysyak (1988-1 

M .  M.  Grornou (1941) 
A V Chesalou (1941-42) 
V 5 Molokou (1942-43) 
A V Chesalou ( 1  943-47) 
I F Petrou (1947-51) 
A A Kobzareu (195 1-54) 

History 

Thls entlty was establlshed subordinate to the Sovlet Alr Force It was 
was responslble for early cosmonaut selection and blorned~crne research. 
It duties for the most part were taken over by IMBP ~n the 1960s) 
(AIKM stands for Avlation and Space Medrclne). 

Plant No. 124 was establ~shed during the 1930s The des~gn branch of 
the plant became OKB-124 In the 1950s. It developed life support 
systems for all plloted spacecraft. 

From 1960 to 1962 thls center was subord~nate to the lnstrtute of 
Avlatlon and Space Med~c~ne (GosNII AIKM) of the Sovlet Alr Force 
By a declslon dated Aprll 10 1962. thls entlty was dlrectly subordinated 
to the Alr Force General Staff It has always been responslble for 
cosmonaut tralnlng 

Thls was establ~shed as the Sc~ent~f~c-Testlng Range (NIP) for testrng 
ground equipment On March 6 1966. ~t was reorganized as NII KhSM 
and served as the slte for testlng plloted lunar landers on a simulated 
lunar landscape (KhSM stands for Chemlcal and Bulldlng Equipment) 

The decree for establtsh~ng the Institute for Fllght Research was ~ssued 
on June 13 1940 On March 8 194 1 the Peoples Comm~ssar~at of 
Avlat~on Industry adopted a decree on the creatlon of LII (Flight- 
Research Center) from a number of subd~v~slons of TsACl Thls entlty 
was orlglnally establ~shed as an alrcraft and systems test center It 
engaged In research on parachutes, s~mulators f l~ght  tralntng and 



Designer 
Bureau Name 
Established 
Location Designations 

LII  cont. 

T a b a h  Nll-88 Branch No. 2 (1948-56) 
NlI-229 Nll-229 (1956-67) 
July 7. 1948 NII KhlrnMash (1967-) 
Zagorsk 

Research and Development 

GIPKh ClPKh 
May 13. I946 . NPO GlPKh 
Leningrad 

GO1 GO1 
December 15. Vavrlov COI 
19 18 Vavilov VNTs Gosudarstvennyy 
Len~ngrad opticheskiy institut ( 199 I-) 

IES IES 
1934 - Paton lnstrtut ElektroSvarky 
Kiev-5 

I KI lnstltut kosmichesk~kh 
July 14. 1965 issledovanly 
Moscow 

ChieflGeneral Designers 

N 5 Stroyeu (1954-66) 
V V Utkrn (1966-81) 
A D Mrronov (1981-85) 
K K. Vasrlchenko (1985-1 
F D Zolotareu 
V M Bakayev 

G M Tabakou (1948-49) 
V S Shachln 
A I Bykhovsk~y 
G M Tabakou (1957-63) 
V A Pukhou (1960s) 
N M Sarnsonou (1970s) 
Yu A Korneyev (1980s) 
A A Makarov (1988-) 

V 5. Shpak (1952-77) 
B. V Gidaspou (1977-89) 
G. F Tereshchenko (1989-) 

B A Yermakou 
L 8. Glebov (1990s) 
V I Puchkou (1990s) 
M M. Miroshnikov (1990s) 
G. T Petrovskiy (1994-) 

B. Ye. Paton (1953-) 

G. I Petrov (1965-73) 
R. Z Sagdeyeu (1973-88) 
A A Galeyeu (1988-) 

History 

aerodynarn~cs. I t  was responsible for buildlng the Spiral spaceplane 
testbeds during the 1960s-80s. 

This entity was established in 1948 as Branch No. 2 of Nll-88. O n  
August 14. 1956. it separated into an independent organization as 
Nll-229. I t  served as a rocket engine test facllity (KhlmMash means 
Chemrcal Machine Burldlng). 

This organization developed and synthesized new propellants for Sov~et 
missile and space programs (GIPKh stands for State lnstitute of Applled 
Chem~stry) 

Thls entlty deslgned optical instruments for robot~c and plloted 
spacecraft, both civilian and military (GO1 stands for State Optlcal 
Institute) 

This organization developed welding technology for the missile and 
space programs (IES stands for lnstitute of Electr~cal Welding). 

This entity was established on the basis of a department at the lnstltute 
of Applred Mathematrcs dedrcated to mrssron planning and data 
processing of sclentlflc information. I t  was responsible for scient~fic 
payloads (IKI stands for Institute of Space Research). 



Designer 
Bureau Name 
Established 
Location 

IPM 
1953 
Moscow 

LOMO 
February 4. I 9 4  
Leningrad 

NII-I 
September 2 1 
1933 
Moscow 

Nll4 
June 21. 1946 
Bolshevo 

Designations 

OPM MlAN ( 1953-66) . IPM (1966-78) 
Keldysh lnstitut prikladnoy 
mekhaniki ( 1978-) 

RAOOMP (1914-) 
LOMO (untll 1993) 
AOOT Leningradsoye optiko- 
mekhanicheskoye obedineniye 
( 1993-) 

RNlI ( 1933-36) 
Nl l-3 (1936-42) 
GIRT ( 1942-44) 
NII RA (1944) . NII- I ( 1944-48) 
TslAM Branch No. 1 (1948-52) 
NII- l  ( 1952-65) 
NII Teplovyy protsessy (1965-95) 
Keldysh issledovatelskiy tsentr 
( 1 9 9 s )  

Nll-88 Nil-88 (1946-67) 
May 16. 1946 TsNIIMash (1967-) 
Kaliningrad 

ChieflCeneral Designers 

M V Keldysh (1953-78) 
A N Trkhonou 
5 P Kurdyumou (1990s) 

M P Panfilou (1970-94) 
I I Klebanou (1994-97) 
A S Kobrtskly (1997-) 

I T Kfeyrnenou (1933-37) 
B N Sfonrmer (1937-39) 
A G Kostrkou (1939-44) 
V 1 Polrkouskry (1944) 
P f Fedorou (1944-45) 
Ya L Brbrkou (1945-46) 
M V Keldysh (1946-55) 
V Ya Ltkhush~n (1955-88) 
A 5 Koroteyev (1988-1 

A I Nesterenko (1946-50) 
G A Tyulrn (1950-51) 
P P Chechulrn (1951-55) 
A I Sokofou (1955-70) 
Ye B Volkou (1970-82) 
1 I VolkoU (1982-93) 
V Z Duorkrn (1993-) 

1 R Gonor (1946-50) 
K N Rudneu (1950-52) 
M K Yangel (1952-53) 

History 

This entity was established as the Department of Applied Mathmatics 
Of the Mathematics lnstltute Named After V A Steklov of the USSR 
Academy of Sciences (OPM MIAN) In 1966 it became independent 
It was responsible for misslon modeling and ballistics cornputattons 
(IPM means Institute of Applred Mathematics) 

This organization developed optical systems for robotic and piloted 
spacecraft (LOMO stands for Leningrad Optical Mechanical 
Association) 

Thls entity was established in 1933 with the merger of GIRD and CDL 
On July 15 1942 ~t was renamed the State Institute of Reactive 
Technology (GIRT) wlth subordinates Plant No 55 and Plant No 462 
On February 18 1944 rt was renamed NII RA and on May 29 1944 
it absorbed OKB-293 and became NI I - l  In June 1946 OKB-293 
separated Between 1948 and March 10 1952 NII I was a branch of 
TslAM It was responsible for research on high speed flight advanced 
rocket engines nuclear rocket engines and aerodynamic modeling A 
branch (established in 1958) of NII I separated in 1981 to become NII 
Mashinostroyen~ya which developed micro rocket engines for 
spacecraft (Teplovyy protsessy means Thermal Processes) 

This was established as a result of a Council of Ministers decree on 
May 13 1946 The Mlnistry of Armed Forces order for forrnat~on was 
dated May 24 1946 The entity was responsible for research on military 
applications of ballistic missiles and spacecraft O n  April 3 1972 the 
space branch of NII 4 (established on March l l 1968) separated to 
become the independent TsNII-50 

T h ~ s  entity was established on the premlses of Plant No 88 at 
Kalln~ngrad The plant was established in 1866 as Plant No 8 at St 
Petersburg The organizational structure of Nll-88 was fortified by a 



Designer 
Bureau Name 
Established 
Location Designations 

NITI40 
May 28. 1938 
Moscow 

TsAGl  
December I .  
1918 
Zhukovsk~y 

T s I A M  
December 3. 
1930 
Moscow 

TsNI I -SO 
April 3. 1972 
Moscow 

TsSKB-40 ( 1938-40) 
GSPI-40 ( 1940-46) 
NITI-40 (1946-67) - NII TekhnoMash (1967-90) 
NPO TekhnoMash ( 1990-92) - CP NPO TekhnoMash (1992-) 

TsAGI 
Zhukovsk~y TsAGl 
Zhukovsk~y CNTs 
RF-Tstentralnyy 
aerog~drod~nam~chesk~y lnstltut 

IAM (1930-32) . TslAM (1932-33) 
Baranov Tsentralnoye lnstltut 
avlatslonnogo motorostroyenlya 
( 1933-) 

ChieflGeneral Designers 

A 5 Sptrtdtnou (1953-59) 
G A Jyultn (1959-61) 
Yu A Mozrhortn (1961-90) 
V F Utkrn (1990-2000) 

A V Kolupayeu (1960s 1980s) 
0 Ye Ostrouskty (1960s) 
V A Isachenko (1990s) 
V V Bulaukln (199 I-) 

5 N Shtshktn (1941-50) 
A l Makareuskty (1950-60) 
V M Myastshcheu (1960-67) 
G P Su~shcheu (1967-89) 
G I Zagaynou (1989-93) 
V Ya Neyland (1993-1 
V G Dmttriyeu (1990s) 

G. P Suishcheu (1954-67) 
5 M Shlyakhtenko(l967-82) 
D A Ogorodntkou (1982-) 

G P Melntkou (1972-83) 
1 V Meshcheryakou (1983-88) 
E V Alekseyeu (1988-93) 
V A Menshtkou (1993-) 

History 

decision date August 26 1946 It was responslble for baslc research and 
development on varlous space proflles as well as for the long range 
plannlng of the Sovlet space program (TsNIIMash stands for Central 
Screntrfrc Research lnstltute of Machlne Bulldlng) 

GSPI 40 was establ~shed In 1940 on the bas18 of TsSKB-40 GSPI 3, 
and part of CSPI-7 cn NKOP In August 1946 ~t was renamed NITI-40 
It was responsrble for research and development on manufacturing 
processes and tool manufacture for the Sovlet mlssrle and space 
Industry 

Thls was responsible for baslc and applied research on high-speed flight. 
lncludlng the spaceplane and llfting body programs (TsAGI stands for 
Central Aerohydrodynam~cs Institute) 

Thls ent~ty  was responslble for research and testlng of alr breath~ng 
propulsion systems for spaceplanes and llftlng bodles (TslAM stands 
for Central Institute of Avlat~on Motor Bulldlng) 

Thls entlty was establ~shed the space branch of Nl l -4  on March I I 
1968 before separating from the parent ~nstrtute on Apr~l  3 1972 
Startlng In 1982 TsNll 50 was subordinated to UNKS It was also 
known as mllltary unrt no 73790 It became a branch of CKNPTs 
Khrunlchev In November 1997 It was responslble for plannlng 
mllltary applicat~ons of spacecraft 





Designer 
Bureau Name 
Established 
Location Designations 

llcachev NlEl PDS (1 946-66) 
NEE1 PDS NII AU (1 966-80s) 
1946 NII Parashutostroyenlya 
Moscow 

Offensiue Space Systems 

Kisunko KB- I SKB-30 ( 1955-6 I )  
OKB-30 OKB-30 ( 196 1-70) 
1962 TsNPO Vympel ( 1970-92) 

MAK Vympel ( 1992-) 

Nudelrnan OKB- 16 
OKB- 16 KB TochMash 

Ustinov TsKB Luch 
TsKB Luch TsKB Astrofizika 
1969 NPO Astrofizika 
Moscow 

ChiefIGeneral Designers 

F D. Tkachev (un t~ l  1968) 
N.  A. Lobanov ( 1968-77) 
0. V. Rysev ( 197%) 

C V Klsunko ( 1955-75) 
A C Basistov ( 1960s-90s) 
V. G. Repln (1970-) 
A. A. Kuzm~n (1990s) 
A. V. Menshlkov ( 1990s) 
M. A. Arkharov ( 1990s) 

A. E Nudelman ( 1943-87) 

History 

Th~s  entlty developed parachute systems for robotic and piloted 
spacecraft. 

Thls entlty was establlshed as SKB-30. a subdivision of KB- I, in Aprll 
1955 to focus on anti-ballist~c missiles. I t  separated from KB- I in 
August 1961 to become the Independent OKB-30. In 1970, i t  comblned 
w ~ t h  several other organ~zations (Radlotechnical Institute, NII DAR, 
KB Rad~oPribor. and Dnepropetrovsk Radio Plant) to  form TsNPO 
Vympel. I t  worked on anti-ball~st~c m~ssile systems and the Sov~et 
"Star Wars" program. 

Th~s  entlty was establ~shed to focus on anti-a~rcraft guns In the late 
1950s ~t shlfted to anti-tank mlsslles and later to lasers It des~gned 
space-based cannons for Chelomey and Kozlov (TochMash means 
Precls~on Mach~ne Bu~ld~ng) 

N. D. Ustlnov ( 1969-88) Thls entlty was established to work on ground and space-based lasers. 
B. Chemodanov ( 1988-92) NPO Astrofiz~ka eventually included KB Rub~n. KB Arnetist. KB 
N.  D. Belk~n (1992-) Granat, and Nov Electromechan~cal Plant. Thls organization was also 

V Orlov llnked to KB Raduga, whlch focused on the creat~on of laser weaponry. 
N. Sheburk~n Orlov and Sheburk~n were at KB Cranat. wh~ch separated ~n Apr~l  1992. 

followed by Nov Plant and KB Ametist. 

Note. Deslgn entlt~es often had a D~rector ~n add~tlon to a Chlef Des~gner or General Designer. For the sake of brevity, only the Ch~eflGeneral Designers are llsted In the cases of 
some lnstltutes, the Directors are l~sted (In italic type). 





Table V 
Space Launch Vehicle Designations 

Missile First 
Soviet Derived Production Orbital 
Public From Index Attempt 

U.S. Dept. 
of Defense Sheldon Payload 

Sputnik R-7 8K7 1 PS Oct. 4. 1957 
Sputn~k R-7 8A9 1 Apr~ l  27, 1958 

Luna R-7 8K72 Sept. 23. 1958 
Vostok R- 7 8K72K Dec. 22. 1960 

luna 
Korabl- 
Sputntk 
Kosrnos-7 
Kosmos- 1 I 2  

Vostok R-7A 8A92 July 28. 1962 
Vostok-M R-7A 8A92M March 17, 1966 

Voskhod R-7A l lA57 NOV. 16, 1963 
Soyuz R-7A I I A 5 1 I  Nov. 28. 1966 
Soyuz-L R-7A l lA5 1 1 L NOV. 24. 1970 
Soyuz-M R-7A l lA5 1 1 M Dec. 27. 1971 
Soyuz-U R-7A I IA5 1 I U  May 18. 1973 
Soyuz-U2 R-7A I IA5 1 1U2 Dec 28. 1982 

Kosmos-22 
Kosmos- 133 
Kosmos-379 
Kosmos-470 
Kosmos-559 
Kosmos- 1426 

R-7A I IA510 Dec. 22. 1965 Kosmos- 102 

Mars 
Venera 

Moln~ya R-7A 8K78 Oct. 10. 1960 
Moln~ya-M R-7A 8K78M Feb 19. 1964 

K O S ~ O S - 2  R- 12 635 1 Oct. 27. 196 1 
Kosmos-2 R-I2 6351 M i l  l K63 Oct 19. 1965 

Kosrnos 
Kosrnos-93 

K-38139140 
Kosrnos 
Kosmos- 158 
Kosmos- 1374 

K O S ~ O S -  l R-I4 6553 Aug. 18. 1964 
Kosmos-3 R- 14 I I K65 Nov 16. 1966 
Kosmos-3M R- 14 l lK65M May 15. 1967 
- R-I4 K65MR June 3. 1982 

Proton UR-500 8K82 July 16. 1965 Proton- l 

- R-7A I IA59 NOV. I. 1963 Polet I 

SL- I I 
SL- l I 
SL- l I 

- R-36-0 8K69 Dec. 16. 1965 
Ts~klon-2A R-36 I I K67 Oct. 27. 1967 
Tsiklon-2 R-36 I I K69 Aug. 6. 1969 

OGCh 
Kosmos- 185 
Kosmos-29 I 

Proton-K UR-500K 8K82K March 10. 1967 Kosmos- 146 

Proton-K UR-5OOK 8K82K Nov 16. 1968 

Ts~klon-3 R-36 I I K68 June 24. 1977 

N I - I IA52 Feb 21. 1969 

SL- 1 6 

Polyus 
Buran 

SL- 17 
SL- 1 7 

Energiya - 14A02 May IS, 1987 
Energiya - I l K25 Nov. 15. 1988 



Missile First 
U.S. Dept. Soviet Derived Production Orbital 
of Defense Sheldon Public From Index Attempt Payload 

SL- 18 L- l Start- I RT-2PM - March 25. 1993 Start-1-1 

SL-19 - Rokot UR.IOON - Dec. 26. 1994 RS- I5 

- - Start RT-2PM - March 28. 1995 Curw~n- I. 
UNAMSAT 
EKA 

Start- 1.2 RT-2PM - March 4, 1997 Zeya 

Abandoned Projects 

Name 

A-300 
UR-2OOK 
UR-2OOA 
U R- 700 
UR-700M 
UR-530 
RLA- l 50 
Vulkan 
- 

- 

N I 
N 2 
N I  I 
N I  I I 
GR- I 

M- l 
Ts~klon- l 
SK- I00 
R-56 

Production 
lndex 

Design 
Dates Bureau Description 

Late 1950s 
1960-64 
1960-64 
1964-69 
1969-7 1 
Late 1970s 
1974-76 
1974-76 
1957-60 
1958-59 
Early 1960s 
Early 1960s 
Early 1960s 
1960-62 
1962-63 
1962-63 
1960-62 
1960-62 
1962-65 
1962-65 
1962-65 
1964-65 
1959-60 
Early 1960s 
Early 1960s 
1962-64 

Chelorney 
Chelorney 
Chelorney 
Chelorney 
Chelorney 
Chelorney 
Glushko 
Glushko 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Kozlov 
Myas~shchev 
Yangel 
Yangel 
Yangel 

For Raketoplan 
For IS and US 
Orbital bomb 
Moon rocket 
Mars rocket 
For heavy Alrnaz 
Heavy l ~ f t  
Heavy llft 
For recon satell~te 
Lunar rocket 
Nuclear rocket 
Nuclear rocket 
Heavy~l~ft rocket 
For Sever 
For Soyuz-A 
For Soyuz-BIV 
Early N I 
Early N I 
N l var~ant 
N I varlant 
GR- I var~ant 
For Soyuz-R 

Based on R- 16 
Heavy rocket 
Moon rocket 



Notes 

I. The "SL" column refers to U.S. Department of Defense designations for "Satellite Launcher." The system 
IS roughly chronological from SL-8 to SL-17 ~n order of introduction of the launcher. The flrst mentlon of 
the "SL" system ~n a declass~f~ed CIA document dates from March 2. 1967. This was ~n U.S. Central 
Intelligence Agency. "Nat~onal lntell~gence Estimate 1 1 - 1-67: The Sov~et Space Program," Wash~ngton, DC, 
March 2. 1967. as declassif~ed December I 1. 1992. by the CIA H~storlcal Review Program. 

2. The one major discrepancy In the "SL" system is with SL-5 and SL-10. For almost three decades. Western 
analysts have equated SL-5 with the Polet launches in 1963-64 and SL-I0 with two isolated Kosrnos launch- 
es ~n 1965-66. When CIA NIE 11-1-67 was declass~f~ed ~n December 1992 (see first note above), i t  turned 
out that in truth ~t was exactly the opposite-that IS. SL-5 launched Kosmos-102 and Kosmos-105 in 
1965-66, whlle SL-I0 launched the two Polet satellites In 1963-64 

3. The "Sheldon" column denotes the system devlsed by Charles 5. Sheldon II, who was the Chief of the 
Science Policy Research D~v~sion at the Library of Congress. I t  was f~rst descrtbed ~n Charles 5. Sheldon II, 
"The Sov~et Space Program: A Crow~ng Enterprise," TAW Space Log 8(4) (Winter 1968-69): 3-23. 

4. If the payload IS listed rn italics, ~t ~nd~cates that the payload fa~led to attain Earth orbit. 

Selected Sources 

I. B. Ye. Chertok. Rakety i lyudr. goryachiye dni kholodnoy uoyny (Moscow: Mash~nostroyen~ye. 1997). 
2. 5. N. Konyukhov and V A Pashchenko. " H~story of Space Launch Vehlcles Development." paper present- 

ed at the 46th Congress of the International Astronautical Federation, IAA-95-IAA 2.2 09. Oslo. Norway. 
October 2-6. 1995. 

3. V. Pappo-Koryst~n, V. Platonov and V. Pashchenko, Dneprovskry raketna-kosmicheskry tsentr 
(Dnepropetrovsk: PO YuMZIKBYu, 1994). 

4. Yu. P. Sernenov, ed.. Raketno-Kosmrcheskaya Korporatsiya "Energ~ya" men1 5. P Koroleva (Korolev: RKK 
Energlya. named after S P. Korolev, 1996). 

5. U.S. Central Intelligence Agency, "Nat~onal lntell~gence Estrmate 11-1-71: The Soviet Space Program." 
Washington. DC. July I, 1971, as declassified In 1997 by the CIA Historical Rev~ew Program 





Table VI 
Details of Launch Vehicles Used in the Soviet Piloted Space Program, 1957-74 

Total Total 
Base Launch Launch 

OKB Length Diameter Thrust Mass Capacity* 
(meters) (meten) (tons) (tons) (tons) 

Stages and 
Engines 

Engine 
Contractors launcher Served 

1957 

1958 

1958-60 

I .  Glushko 
2. Glushko 

Korolev 29 17 10.3 398 267 3 c. 2 to LEO 8K7 1 PS 
Sputnik 

I .  Glushko 
2. Glushko 

Korolev 30.2 1 10.3 388 269.4 c. 2 to LEO 

I. Clushko 
2. Glushko 
3. Kosberg 

Korolev 33.5 10 3 407.5 279.1 c.  5 to LEO 8K72 
Luna 

Korolev 38.36 10.3 407.5 283.5 4 55 to LEO I. Glushko 
2. Glushko 
3. Kosberg 

8K72 
Vostok 

I Clushko 
2 Clushko 
3. Kosberg 

8K72K 
Vostok 

Korolev 38.36 10 3 409.8 287 4.73 to LEO 

I Glushko 
2 .  Clushko 
3. Kosberg 

Korolev 43 5- 10 303 413.3 - c 7 5 to LEO 

45.22 
I IA57 
Voskhod 

Chelorney 43.5 7.4 894 550 12.2 to LEO I.  Glushko 
2. Kosberg 

8K82 
Proton 

I .  4 x RD-107 
2 l x RD-108 
3 1 x RD-OI 10 

I. Clushko 
2. Clushko 
3. Kosberg 

Kozlov 49.9 13 10.303 413 3 310 c.  7.5 to LEO I IA51 I 
soyuz 



Total 
Launch 
Thrust 
(tons) 

Total 
Launch 
Mass 
(tons) 

Base 
Launcher Served OKB Length Diameter 

(meters) (meters) 

Stages and 
Engines 

Engine 
Contractors Capacity' 

(tons) 

8K82K 1967- Chelomey 57.1 - 7.4 
Proton-K 61.1 

4.8 to GTO. 
5.7 to Moon 

I .  Clushko 
2. Kosberg 
3.  Kosberg 
4. Korolev 

8K82K 1968- Chelorney 57.8 7.4 
Proton-K 

20-2 I to LEO I .  Clushko 
2. Kosberg 
3. Kosberg 

I IA52 1969-72 Korolev 105.286 16.875 
N I 

I .  Kuznetsov 
2. Kuznetsov 
3 .  Kuznetsov 
3. Kuznetsov 
3. Korolev 

I IA51 1L 1970-71 KOZ~OV 45 10.3 
SOYUZ-L 

c.  7.5 to LEO I. Clushko 
2. Clushko 
3 .  Kosberg 

l l A 5 l  l U  1973- Kozlov 49.3 10.303 
Soyuz-U 

I .  Clushko 
2. Clushko 
3. Kosberg 

LEO = low-Earth orb~t: GTO = geostationary transfer orb~t ,  krn = kilometer 
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8. T Varfolomeyev. "Soviet Rocketry that Conquered Space: Part 3: Lunar Launch~ngs for Impact and Photography." Spaceflight 38 ( 1996): 206-08. 
9. Phill~p Clark. ed.. lane's Space Directory: 1997-98 (Coulsdon. UK: Jane's lnforrnat~on Group Ltd.. 1997). 





Production 
Public Name KB Name Index 

Almaz Complex 

Salyut 

Kosmos 

Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Luna 
Lunokhod 

Ye- l 
Ye- I A 
Ye-2IYe-2A 
Ye-3 
Ye-2FIYe-3 
Ye-5 
Ye-6 
Ye-6M 
Ye-6s 
Ye-6LF 
Ye-6LS 
Ye-7 
Ye-8 
Ye-8-5 
Ye-8LS 
Ye-8-5M 
8YeL 

Table VII 
Designations for Piloted Space Vehicles 

System First Launch 

Almaz OPS Salyut 2 

TKS Kosmos-929 
TKS VA Kosmos-88 1 1882 
Almaz OPS On Salyut 2 
SpKIKSI On Salyut 2 
TKS FCB On Kosmos-929 
Almaz-KIMech-K 

(Sept. 23. 1958) 
(June 18. 1959) 
AMS 

(January 4. 1963) 
Luna 9 
Kosmos- l I I 
Luna I I 
Kosmos- 159 

Luna I7  
Luna 15 
Luna 19 
Luna 23 
Lunokhod ( I )  

OKB Comments 

Chelorney 
Chelomey and 
Kozlov 
Chelomey 
Chelorney 
Chelorney 
Chelomey 
Chelomey 
Bugayskiy 
Chelomey 

Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Babakln 
Babakln 
Babakln 
Babakln 
Babakln 
Babakln 
Babak~n 
Babak~n 

Military system 
Almaz OPS plus 
SOYUZ 7K-VI 
Alrnaz OPS plus TKS 
Transport ship 
TKS return shlp 
Maln part of OPS 
OPS capsule 
TKS maln module 
OPS wlth two ports 

Lunar Impact 
Lunar Impact 
Far side photography 
Lunar explosion 
Far side photography 
Far s~de photography 
Lunar lander 
Lunar lander 
Lunar orbiter 
Lunar orbiter 
Cornmunicat~ons test 
Lunar orbiter 
Lunar rover 
Lunar lander 
Lunar orb~ter 
Lunar lander 
Lunar rover 





Public Name KB Name 
Production 
Index System First Launch OKB Comments 

Korolev 
Korolev 
Korolev 

Short duration 
Long duration 
OIS tanker 

SOYUZ 7K-OK 
Soyuz 7 K-T 
SOYUZ 7 K-T 
Soyuz 7K-TM 
SOYUZ-T 7K-ST 
Soyuz-TM 7K-STM 
Soyuz-TM 7K-STM 

Kosrnos- 133 
Soyuz 10 
Kosrnos-656 
Kosmos-638 
Kosmos- 100 1 
SOYUZ TM(- I ) 
Soyuz TM- 16 

Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 
Korolev 

Bas~c Soyuz 
DOS ferry 
Almaz ferry 
EPAS Soyuz 
DOS ferry 
Mir ferry 
APAS-89 version 

Korolev Mir-2 crew ferry Zarya 

Space Shuttles and Spaceplanes 

Korolev and 
Lozino-Lozinskiy 
Lozino-Loz~nsk~y 
Lozino-Loz~nsk~y 
Korolev 
Korolev 

K O S ~ O S  BOR-4 
BOR-5 
LO 
N PC 

(Dec. 5, 1980) 
(June 5 ,  1984) 

Buran payload 
Buran payload 

Space Stations and Modules 

Salyut I 7K 
Mlr 17KS no 12701 
SM I7KSM no. 1280 1 

27KS 

DOS Zarya Salyut (I) 
Mir 

Korolev 
Korolev 
Korolev 
Korolev 

Station 
Station core 
ISS module 
Mir complex 

Korolev 
Korolev 
Korolev 
Korolev 

Astrophysics 
Kvant plus tug 
Augment module 
Tech. module 

Kvant 37KE 
377KE 
37KD 
37KT 

TsM-E 
TKM-E 

Kvant 
Kvant 



Public Name KB Name 
Production 
index System First Launch OKB Comments 

Korolev 
Korolev 

Remote senslng 
Cargo module 

BDP Korolev 
Korolev 
Korolev 
Korolev 

For Buran 
Research module 
Power module 
Ellotechnology 

Kva n t 77KSD 
Prlroda 77KSI 
Spektr 77KSO 
Kristall 77KST 
SO 3 16GK 

Kvant-2 
Pr~roda 
Spektr 
Kr~stall 
SO 

Korolev 
Korolev 
Korolev 
Korolev 
Korolev 

EVA module 
Earth observ. module 
Remote sensing 
Tech. module 
Dock~ng module 

FG B 77KSM no. 17501 FCB Korolev Core of IS5 

Kozlov 
Korolev 
Korolev 
Korolev 

M ~ l ~ t a r y  stat~on 
Mllltary stat~on 
OIS base station 
Large statlon 

OIK 
OB-VI 
19K MOK 

Sputnik 

Sputnik PS- I 
Sputn~k PS-2 
Sputnik D- I 

OD- I 
OD-2 

Sputnik ( I )  
Sputnlk 2 
(Aprll 27. 1958) 

Korolev 
Korolev 
Korolev 
Korolev 
Korolev 

First satell~te 
B~osatell~te 
Scientific 
Recon. satellite 
B~osatellite 

Vortok and Voskhod 

Korabl-Sputn~k I KP 
Korabl-Sputnik IK 
Vostok 3 KA 

Precursor 
Manned precursor 
Manned precursor 

Korabl Sputn~k 
KorabCSputn~k 2 
Korabl-Sputn~k 4 

Korolev 
Korolev 
Korolev 



Production 
Public Name KB Name Index System 

Voskhod 3 KV 
Voskhod 3KD 

7 K 

Sources 

I Var~ous Issues of Nouost~ kosrnonavt~k~ 
2 Sergey Voevod~n, VSA071, newsletter over Internet. Apr~l 30 1997 

First Launch OKB 

Korolev 
Korolev 
Korolev 

Comments 

Three-person Voskhod 
EVA Voskhod 
Uprated Vostok 





Table Vlll 
Automated Launches Related to the Soviet Piloted Space Program, 1957-76 

Launch Time Launcher and 
(Moscow Time) Spacecraft SIC No. Serial No. Comments 

Launch 
Date Name 

Sputnik 

Sputnik 
Sputnik 2 

Oct. 4. 1957 
Nov 3. 1957 
Apr~l 4. 1958 
May IS, 1958 

PS- l - 
PS-2 - 
D- I I 
D- l 2 

8K7IPS MI-IPS Successful launch 
8K71 PS MI-2PS Successful launch 
8A91 01-2 Launcher breakup at T+96.5 seconds 
8A91 01-1 Successful launch Sputnik 3 

F~rst-stage failure, no lunar Impact 
First-stage failure, no lunar Impact 
Second-stage fallure, no lunar Impact 
Missed Moon, no lunar Impact 
Second-stage failure. no lunar Impact 

Sept 23, 1958 
Oct. 12. 1958 
Dec. 4. 1958 
Jan. 2. 1959 
]une 18, 1959 

Ye- l I 
Ye- l 2 
Ye- l 3 
Ye- l 4 
Ye- I A 5 

Space Rocket 

Second Space 
Rocket 
Automat~c 
Interplanetary 
Stat~on 

8K72 1 1  -78 Successful lunar impact Sept. 12, 1959 

Successful far s~de photography 
No escape veloc~ty attained. no photography 
F~rst- and second-stage fa~lures. far side 
Photography 

Oct. 4. 1959 
April 15, 1960 
April 16. 1960 

Blok L transformer fa~lure, TLI fallure 
Blok L gu~dance fallure, no Earth o rb~ t  
Yup~ter astro-navlgatlon system fa~lure 
Th~rd-stage valve fallure. no Earth orb~t  
Blok I and Blok L fa~lure. no Earth o rb~ t  
Blok L gu~dance fa~lure. TLI fallure 
Blok I fa~lure, no Earth orb~t  
Incorrect command to englne landing fa~lure 

Jan. 4. 1963 
Feb. 3, 1963 
April 2. 1963 
Mar. 21, 1964 
Apr~l  20. 1964 
Mar 12. 1965 
Apr. 10, 1965 
May 9. 1965 

Luna 4 

Kosrnos-60 

Luna 5 
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Name 
Launch 
Date 

Feb. 19, 1964 

Kosmos-27 Mar. 27. 1964 
Zond I Apr~l 2. 1964 
Zond 2 Nov. 30. 1964 
Zond 3 July 18. 1965 

Launch Time Launcher and 
(Moscow Time) Spacecraft SIC No. Serial No. Comments 

Commun~cations loss with Blok L. Venus test 
flight. model variously reported as 3MV-IA 
and 3MV-4 
Blok L power supply fa~lure, Venus lander 
Lost pressure, no Venus land~ng 
Unopened solar panel, Mars photo failure 
Successful lunar far s~de photography 

Sources 

I .  B. Ye. Chertok. Rakety t lyudi, goryachiye dni kholodnoy uoyny (Moscow: Mash~nostroyen~ye. 1997). 
2. K. Lantratov, "Jub~lees. 25 Years for Lunokhod-I" (Engllsh t~tle). Nouosti kosmonautrk~ 23 (November 5-18. 1995). 79-83. 
3. K. Lantratov. "jub~lees. 25 Years for Lunokhod- I "  (Engl~sh title). Nouosti kosmonautiki 24 (November 19-December 2. 1995): 70-79. 
4. Chr~st~an Lardler, LRstronautique Sovtetique (Pars: Armand Col~n,  1992). 
5. Jonathan McDowell, Apr~l  26. 1994 and July 3 1. 1994. personal correspondence to the author. 
6. T~mothy Varfolomeyev. "Soviet Rocketry that Conquered Space. Part I .  From the F~rst ICBM to Sputnik Launcher." Spaceflight 37 (1995): 260-63 
7. T~mothy Varfolorneyev. "Sov~et Rocketry that Conquered Space. Part 2. Space Rockets for Lunar Probes." Spaceflight 38 (1996): 49-52. 
8. Tlmothy Varfolomeyev. "Sov~et Rocketry that Conquered Space: Part 5. The First Planetary Probe Attempts." Spaceflight 40 ( 1998): 85-88. 





Table IX 
Governmental Decrees in the Soviet Missile and Space Programs, 1945-76 

Date Decree No.* Title of Decree and Description 
Issuing 
Body** 

January 18 7350 On tasklng OKB-5 I to develop a copy of the FI-103 mlsslle NKAP 

May 26 8803 "On Measures to Reconstruct Industry ~n Connection with Malntalnlng Production of 
Armamentsn-postwar rearmament plan 

CKO 

August 20 98871ss/op "On a Special Comm~ttee Under the GKO's Jur~sdict~on"-creat~on of Special Committee and CKO 
1t.s subordinate Flrst Ch~ef Directorate of GKO (later of Counc~l of Ministers) for the 
develo~ment of atomic bomb 

November 30 On organization of Speclal Deslgn Bureau for rocket technology at Plant No. 88 N KA 

May 13 10 17-4 19ss "Questions of Reactlve Armamentsn-formation of Speclal Comrnlttee for Reactlve Technology S M 
(later Speclal Comrnlttee N o  2 )  of Councll of Mlnlsters for the coordlnatlon of work on rnlsslles 

June 2 1 On establishment of Nll-4 - 

July 3 424 On redirecting Plant No. 456 at Khlmkl for the production of rocket englnes MAP 

July 14 On establ~shment of BON of Fourth Directorate of GAU ~n Minlstry of Armed Forces - 

August 9 83-K On appointment of 5. P Korolev as Chief Deslgner of R-l MV 

August 26 On establ~shment of structure of Nil-88 - 

August 30 On appointment of 5. P Korolev as Ch~ef of Department No. 3 of Nll-88 SKB - 

September 29 1167 On establishment of OKB-456 at Plant No. 456 at Khlrnkl S M 



Date Decree No.* Title of Decree and Description 
Issuing 
Body** 

july 26 2643-8 1 8ss On test~ng of two series of A-4 rockets In 1947 S M 

July 27 O n  establ~shment of GTsP-4 at Kapust~n Yar MVS 

Apr~l 14 On work on the R- I and R-2 m~ss~les S M 

June I I 20 18-79 1 On construction of a test site to ground-test rocket engines SM 

July 7 256 On establishment of NII Branch No. 2 to ground-test rocket englnes MV 

1949 

December 27 5744-2 162 On creatlon of Second Ch~ef Directorate of Counc~l of M~n~sters to manage uranlum mlnlng S M 

December 30 On work on geophys~cal variants of the R-I missile SM 

Apr~l 26 On creatlon of OKB- I w ~ t h ~ n  Nil-88 MV 

August 13 3456- 1446 On termlnatlon of the work of German sclentlsts In the Sov~et mlsslle program S M 

November 28 On adoptlon of the R- I ~ n t o  armaments SM 

December 4 On themes N I N2. and N3 ~n the balllstlc mlsslle program S M 

December 7 947-7 12 On transfer of OKB-456 from the Mlnlstry of Av~at~on Industry to the M~n~s t ry  of Armaments SM 

February 3 On creatlon of the Thlrd Chlef Directorate of Councll of M~n~sters to manage mlsslle programs SM 



Date 

May 9 

Decree No." Title of Decree and Description 

"On the Transfer of the Dnepropetrovsk Automobile Plant From the Min~stry of Automob~le and 
Tractor lndustry to the Mlnrstry of Armamentsu-transfer of Dnepropetrovsk Plant No. 586 
~ n t o  the Mlnlstry of Armaments for mlsslle productlon 

Issuing 
Bodyf* 

May 24 On forrnat~on of OKB-23 at Fili S M 

June I On startlng of serles production of the R-I at Dnepropetrovsk Plant No 586 

November 27 4972-2096 On adoption of the R-2 into armaments 

November 30 On starting of serles product~on of the R-2 at Dnepropetrovsk Plant No. 586 MV 

February 13 

February 18 

February 19 

March 16 

March 27 

April 18 

July 29 

September 23 

On approval of work on themes T I  and T2, on approval of work on the R-5, R-I I, and EKR 
missiles. and on transferrlng draft plan work for the R- I2 from Nll-88 to SKB-586 

On formation of AN SSSR Comm~ss~on for Research on the Upper Layers of the Atmosphere AN SSSR 

On d~ssolution of OKB-5 I and ~ t s  transfer to OKB- 155 SM 

On uniting the Flrst and Second Chlef Directorates of Councll of Ministers SM 

On renamlng the Ministry of Armaments to the Ministry of Defense Industry 

On formation of UZKA of CAU 

S M 

MVS 

On unification of the Flrst and Thlrd Chlef Directorates of Council of M~nisters lnto the new S M 
M~n~s t ry  of Medlum Machlne Bulldlng 

On transferring all mlsslle work on gu~ded mlss~les to the Mlnlstry of Medlum Machlne Bu~ld~ng S M 

On order of sc~ent~f~c-des~gn work on new weapons systems SM 





Date Decree No.* Title of Decree and Description 

August 8 On establ~shment of OKB-52 at Reutov 

August 13 "On the Creat~on and Preparation of the R- I2 (8K63) M~ss~le"--start of work on the R- I 2  

Issuing 
Body* * 

TsK and SM 

SM 

1956 

January 30 149-88s On creat~on of the Object D art~ficial satellite SM 

March 20 

June 20 

June 2 1 

July I I 

August 14 310 

August 3 1 

On  means to ensure test~ng of the R-7 

On production of the R-5A and R-2A sc~ent~flc mlsslles at Plant No 586 

On adopt~on of the R-SM lnto armaments 

On approval of work on the R- I I A miss~le for the ICY 

On separation of OKB-I from Nll-88 

On creation of the State Commission for the R-7 

September 3 124 1-632 On creatlon of the Command-Measurement Complex 

September 30 On approval of the draft plan for Object D 

December I7 "On the Creation of the Intercont~nental Ballistic M~sslle R-16 (8K64) w ~ t h  Start of LKI in 
June 196 1 "-start of work on the R- 16 ICBM 

TsK and SM 

MOP 

- 

MOP 

SM 

TsK and SM 

VPK 

S M 

Ianuary I I 6 1-39ss On creat~on of launch complex Angara at NllP-53 

January I I On approval of flight-testlng program for the R-7 ICBM 

February IS 17 1.83% "On Measures to Carry Out Durlng the lnternatlonal Ceophys~cal Yearv-launch of slmple 
satellites In mid- 1957 



Date Decree No.' Title of Decree and Description 

May 10 "On Future Improvements in the Organizational Control of Industry and Construct~on"- 
abolishing the branch ministry system 

Issuing 
Body** 

VS SSSR 

August 20 On transfer of two R- 12 m~ssiles to China (or August 67) MV 

November On termmation of work on the 40 Buran intercont~nental cruise missile SM 

November 6 On subordlnatlng OKB-52 to CSNll-642 MAP 

December I 4  On creation of the Military-Industrial Commission on the basis of the Spec~al Committee of the TsK and SM 
Council of M~nisters and on change of the defense industry system from mlnistrles to 
State Cornmlttees 

January 2 On adding of space work to Plant No. I (later Progress Plant) at Kuybyshev 

January 29 On renaming town of Zarya to Leninsk at site I 0  at Tyura-Tam Kazakh VS 

March 8 293-140 On subordinating GSNll-642 to OKB-52 MAP 

March 20 On work on automated lunar probes and three-stage launch vehlcles for them - 

March 20 On creation of Branch No. I of OKB-456 - 

March 24 "On the Creation of the Burya Winged Missile"-course of work on 40 Burya GKOT 

April I 

April 3 

On adoption of the R- I I M into armaments 

On creation of O K B I  branch at Progress Plant 

April I I On creation of Branch No. I of OKB-456 G KO1 

June 30 "On the Creation of Rockets With Englnes on the Basis of Nuclear Energy Appl~cations"- 
work on a draft plan for rockets with nuclear engines 

TsK and SM 



Date Decree No.* Title of Decree and Description 
Issuing 
Body** 

July 2 726-346 On start of work on the R 14 mlsslle. on creat~on of the R 7A ICBM, and on creatlon of the TsK and SM 
w~nged-ball~st~c rocket at OKB-52 

On expansron of work on the R-16 ICBM August 28 

On launch of automated lunar probes September 2 

November On course of work on the plloted spacesh~p SCK 

December 6 1550-659 On reorganization of the mlsslle and space Industry SM 

January 5 22- loss On biomedical preparations for human spacefl~ght TsK and SM 

On separation of OKB-2 from Nll-88 January 16 - 

On adoption of the R- I I FM lnto armaments February 20 

March 4 On adoptron of the R-I2 lnto armaments - 

March 14 "On Work on the R-7 Product and Flight-Design Testrng of the R-7A Product"- 
test~ng of the R-7 and R-7A ICBMs 

TsK and SM 

On production o f  the R-7A m~ssrle at Plant No. 1001 at Krasnoyarsk-26 and establ~shrnent of a TsK and SM 
branch 

May 13 On start of dedicated work on the R-9 and R- 16 ICBMs TsK and SM 

On creation of the Computer Center of Nll-88 May 13 

May 22 569-264 On work on a reconnaissance satellrte and piloted spaceshrp TsK and SM 

June 4 191 On creatron of OKB- I Branch No. 2 at Krasnoyarsk-26 GKOT 

July 3 On attach~ng of TsNll-58 for solrd-propellant work to OKB- I GKOT 



Date Decree No.* Title of Decree and Description 
Issuing 
Body*' 

July IS On formatron of the Desrgn Department of OKB- I at the Progress Plant rn Kuybyshev 

November 15 On tasking Nll-4 to create a sea-based cornmunrcations network TsK and SM 

December 10 "On the Development of Research on Cosm~c Spacew-future of Sovret space program 
(prloted. rnterplanetary. spaceplane) TsK and SM 

December 10 1386-6 18 "On the Creat~on of AMS for Landrng on the Moon. and Flights to Venus and Mars"- 
approving automated lunar and interplanetary spacecraft TsK and SM 

December 17 2 54 "On the Establ~shrnent of the Post of Commander-~n-Ch~ef of M~sslle Forces in the 
Armed Forces of the SSSR"-creatron of the Strategic Missrle Forces 

December 17 1384-6 15 "On the Establ~shment of the Post of Commander-rn-Chief of Mrssile Forces ~n the SM 
Armed Forces of the SSSRU-creatron of the Strategrc Missrle Forces 

1960 

January I I On creatron of the Cosmonaut Tralning Center W S  

January 20 On adopt~on of the R-7 ICBM rnto armaments 

February 5 On termmation of work on the La-350 Burya at OKB-301 

February 22 On creat~on of the State Commissron for the R- 16 ICBM SM 

May 9 On approval of work on the Elektron scrent~frc satellite TsK and SM 

June 4 "On the Real~zatron of the Plan to Master Cosmrc Space In 1960 and the F~rst Half of 1961 "- TsK and SM 
creatlon of a four-stage launcher for Interplanetary mlssrons and schedule for the Korabl-Sputn~ks 

On creatlon of shaft units (silos) for the R-12. R-14. R-16, and R-9 missiles GKOT 

June 23 On approval of preliminary work on the Raketoplan, UR-200 ICBM, and IS antr-satellite system - 

June 23 "On the Creatron of Powerful Booster Rockets. Satellrtes. Spacecraft and the Mastery of 
Space in 1960-67"afuture of Soviet space program 

TsK and SM 



Date 

August 3 

August 3 

August 8 

August 30 

September 12 

Decree No.* Title of Decree and Description 
Issuing 
Body** 

On tralnlng of cosmonauts only at the Cosmonaut Training Center S M 

On naming June 2. 1955, as the b~rthday of NllP-5 MO 

"On the Creat~on of the Rocket-Carrler 6351 Based on the R-I 2 Missile. and the Development and TsK and SM 
Launch of I 0  Small ISZ"-start of work on launcher and satellites at OKB-586 

"On the Status of Cosmonauts"-medlcal requirements for cosmonauts 

On adoptlon of the R-7A lnto armaments - 

October 3 1057-434 On transfer of OKB-23 as Branch No I of OKB-52 and on course of work on 
IS anti-satellite system 

October I I On plan to launch the f~rst human in space on Vostok TsK and SM 

Durlng the year On formalizing powers of the Councrl of Chief Desrgners - 

March 16 420- 174 1 On  approval of work on the US satellite and UR-200 launch veh~clellCBM TsK and SM 

Apr~l 3 On approval for launch of Vostok TsK Presid~um 

April 24 On adopt~on of the R-14 missile ~ n t o  armaments - 

May 13 

"On the Organization of M~lltary Duty of the R- 16U (Un~fled Variant)"-putting the 
R- 16U mlsslle into operation 

G KOT 

"On the Revlslon of Plans for Space Objects to Dlrect~ons for Accompl~sh~ng Goals of Defense TsK and SM 
Deslgnatronsfl--heavy boosters. course of work on Elektron, and suspension of work on the 
Kosmoplan and Raketoplan wlth contlnuatlon of new Raketoplan work 

JULY 3 On  naming OKB-23 plant after M V. Khrunlchev S M 



Date Decree No.' Title of Decree and Description 
Issuing 
Body*" 

August I On course of work on the UR-200 mlsslle and launcher TsK and SM 

October 20 On adopt~on of the R- 16 lnto armaments 

October 30 On plans for the mllltary use of space durrng the perlod 196 1-65 TsK and SM 

October 30 On approval of work on the Moln~ya- I communicat~ons satell~te and Meteor- I weather satell~te TsK and SM 

October 3 1 

December 18 

"On the Creation of the Space Carrler 6553"-start of work on a launch vehicle based on the TsK and SM 
R-14 and Meteor. Strela, and Pchela satellites 

On establishment of the Independent OKB-I0 at Krasnoyarsk-26 on the basls of OKB-1's 
Branch No 2 

December 30 10119 On selection of sixty new cosmonauts, lncludlng flve women TsK and SM 

1962 

March 23 On Luna spacecraft for soft-landing on the Moon TsK and SM 

April 13 On restriction of work on the N I 

April 16 

"On Important Development of Intercontinental Balllstlc and Global Mlssiles and 
Carr~ers-Rockets for Space Objects"-work on the NI, R-36, R-36-0. and R-56 

"On the Development of the 'Soyuz' Complex for Plloted Fllght to the Moonf'-approv~ng the TsK and SM 
Soyuz program for circumlunar fllght 

Apr~l  29 On start of work on the UR-500 missile and carrler-rocket S M 

June 3 

June 27 

September 24 

On course of work on the US reconna~ssance satell~te system launched on the UR-200 - 

On formation of the Scientific-Techn~cal Council of the Strategic Mlss~le Forces MO 

On start of work on the N I and CR-I TsK and SM 



Date Decree No.* Title of Decree and Description 

October 13 640106 On start of work on the GR- I 

Issuing 
Body" 

G KOT 

p~ - 

January 2 15-5 On creat~on of the space and m~ssile cosmodrome at NllP-53 at M~rnyylPlesetsk - 

February 8 24 "On the Manufacture of 'Vostok' Objects"-manufacture of Vostok spacecraft in 1963 VPK 

March 2 I 
March 2 l 

On approval of work on the Soyuz complex 
On preparation of proposals on launches of Vostok spacecraft 

MNTS-KI 
TsK and SM 

Apr~l 13 On plans for Vostok launches ~n 1963 TsK and SM 

June 15 On adoption into armaments of the R-16 surface var~ant - 

July 15 On adoption into armaments of the R- I ZU, R- 14U, and R- 16U shaft verslons - 

August 30 On format~on of NllP-53 at Angara MO 

September 16 

October 

On creation of the space and m~ss~le cosmodrome at NllP-53 at M~rnyylPlesetsk - 

"Program for Space lnvest~gat~ons With Small ISZ, Launched on the Kosmos RN"- 
course of work on small satell~tes at OKB-586 

November 13 On approval of the schedule of work for the N I launch complexes VSNKh 

December 3 On approval of work on the Soyuz 7K-9K- I I K c~rcurnlunar complex TsK and SM 

December 2 4  On ensuring the manufacture of ground equ~pment for the N I 

January 9 On adopt~on of the R-l2U and R-l4U shaft vers~ons into armaments - 

March 10 0045 On adopt~ng the Zen~t-2 satell~te launched on the 8A92 Into armaments MO 



Date 

March 13 

April 

May 22 

June 14 

June 18 

June 19 

August 3 

August 3 

October 

Decree No.' Title of Decree and Description 
Issuing 
Body** 

59 On approval of work to convert Vostok to Voskhod and use ~t for three-person space m~ss~ons VPK 

On apporntlng KB TM as rnatn space launch pad des~gn organlzatlon - 

On approval of work on four Voskhods and ftve EVA-equ~pped Vykhods TsK and SM 

On termlnatlon of work on the Kosrnoplan and Raketoplan at OKB-52 and approval for the LK-I TsK and SM 

On approval of work on Voskhod and Vykhod 

On mllltary space programs for 1964-69. lncludrng the R spaceplane MO 

On termtnation of work on the R-56 launch vehicle and on schedule of the testlng for the N I 

"On Work on the Exploratron of the Moon and Mastery of Space"-piloted LK-I circumlunar 
and L3 lunar landlng projects and the Ye-6M lunar lander 

TsK and SM 

On formation of the State Comrn~ssron for Voskhod TsK and SM 

On formation of TsUKOS In the Strategic Missile Forces MO 

October 28 On assignment of lunar programs to OKB-52 and OKB- I VPK 

During the year On end of work on the Raketoplan at OKB-52 - 

Dur~ng the year On plan of work on Sp~ral at OKB- 155 

Durlng the year On work on space statlons at OKB-52 TsK and SM 

January 12 "On Detalled Work on Ampullzed R-36 and R-36-0 M~ss~les"--deslgn work on the 
R-36 and R-36-0 missiles 

GKOT 

February 10 On approval of the L3 draft plan MNTS-KI 



Date 

March 2 

Decree No.* Title of Decree and Description 
Issuing 
Body** 

-47 "On 
defe 
man 

I Improved Leadership of Defense Branch Industry"-creat~on of ministr~es for aviation. 
nse, sh~p building, rad~o-technology, electron~cs, and general machine build~ng for 
aging the Sov~et defense Industry 

TsK and SM 

TsK and SM "On 
Use 

I Cooperation of the USSR and Soc~al~st Countries in the Sphere of Research and 
of SpaceM-internatlonal cooperatlon 

establ~shment of the Institute of Space Research In the USSR Academy of Sc~ences on 
14. 1965 

TsK and SM May 15 

June 22 "Or  
Sc~e 

I Preparat~ons In 1965 66 of 18 Small Un~funct~onal Earth Satell~tes for Carrylng out 
nt l f~c Invest~gatlons"-creat~on of small sclentlf~c satellites at OKB-586 

MOM 

adoption of the R-9A In shaft and surface variants Into armaments july 2 I 

July 28 "Or 
vos 

I the Manufacture of 'Voskhod' Space Ship-Satell~tes"-manufacture of flve more 
khod spacecraft 

VPK 

VPK 

VPK 

August 

August 18 

creation of mllitary Voskhod and Soyuz spacecraft 

1 the Order of Work on the Soyuz Complex"-approval of the schedule of work for 
uz s~acecraft 

"Or 
Soy1 

August 24 "Or 
on ; 

1 Creatlon of an R-36 Based Carr~er Rocket for Launching the IS and US KA"-start of work 
an R-36-based launch veh~cle for the IS and US programs 

expansion of rnll~tary space research and on 7K-VI Zvezda TsK and SM 

MOM 

MOM 

TsK and SM 

August 24 

September 6 

October 20 

October 25 

delays In work on plloted lunar programs 

approval of work on the draft plan of the UR-700-LK-700 lunar complex 

1 the Concentrat~on of Forces of lndustr~al Des~gn Organ~zat~ons for the Creation of 
ket-Space Complex Means for Circling the Moonu-work on the UR-5OOK-LI program 

"Or 
Roc 



Date Decree No.* Title of Decree and Description 
Issuing 
Body** 

November 13 O n  work on the UR-5OOK-LI program MOM 

February 22 "On Performing ~n March 1966 the Launch of 3KV n6 Wlth Two Cosmonauts. for Solving 
Problems of Extended Space Flight ( 18-20 Days)" -course of Voskhod-3 preparatlons 

TsK and SM 

March 6 On renamlng OKB- I as TsKBEM and OKB-52 as TsKBM MOM 

March 30 145ss On approval of the 7K-TK as transport for the Almaz stat~on MOM 

"On Approving the Work Plan to Bu~ld the Plloted Spacecraft 7K LI "-approv~ng the plan 
for the UR-500K-LI and termlnatlng the UR-500K-LK-I 

VPK 

May IS I44 On assessing preparations for flights of the 7K-OK spacecraft VPK 

May 23 43 or 47 On creatlon of the c~v~l lan detachment of cosmonauts OKB- I 

June I 5  144 On preparation of crews for the 7K-OK spacecraft and c ~ v ~ l ~ a n  cosmonauts VPK 

June 2 I On long-range milrtary use of space cn 1966-70 TsK and SM 

September On approval of the N 1-13 mlsslon prof~le AN SSSR 

September 14 On course of work on the N I -L3 VPK 

September 17 On creatlon of a commiss~on to compare the UR-700-LK-700 and the N I -L3 MOM 

October On renaming OKB-586 as KB Yuzhnoye - 

November On lag of work on the N I -L3 and UR-SOOK-L I programs VPK 

December 28 3 04 On changes ~n the tlmel~ne for the Almaz program and suspension of the 7K-TK VPK 

December 28 305 On approval of work on the 7K-VI Zvezda and course of work on Almaz VPK 



Date Decree No.' Title of Decree and Description 
Issuing 
Body** 

Durlng the year 00 15 On transfer of Zenlt-2 from the 8A92 to the I IA57 launcher MO 

February 4 1 15-46 "On the Progress of the Work on the Development of the URSOOK-LI 'I-conflrmatlon of 
schedule for plloted lunar mlsslons 

February 9 

February 14 

March 15 

March 27 

March 30 

April 22 

June 

June 2 1 

July 2 l 

July 21 

TsK and SM 

On approval of work on Almaz MOM 

On construction of the N I payload falrlng by the Khrunlchev Plant MOM 

On search servlce for returning mlsslons from the Moon VPK 

"On Preparation of Cosmonaut-Testers and Cosmonaut Researchers1'-format~on of group of TsK and SM 
research and test-cosmonauts to support future mlsslons 

On formation of Antl-Space and Antl-Mlsslle Forces of the Air Defense Forces (RKO) to operate MO General 
Soviet ASAT systems Staff 

"On the Preparatlon of Test-Cosmonauts and Research-Cosmonauts"-selection of the group 
of engrneer-cosmonauts under the Mlnrstry of General Machrne Bullding MOM 

On adoptlon lnto armaments of the Raduga complex of DS-PI-YU - 

On full approval of the Almaz and 7K-TK programs TsK and SM 

On approval of the Almaz draft plan VPK 

On use of the R-36-based launcher for the Kosmos and Meteor satell~tes SM 

On approval of the R-36 ICBM var~ant with means to overcome PRO and on adopt~on 
of the R-36 ICBM Into armaments 

"On the Creat~on of Space Systems for Naval Reconnaissance Comprising the US ISZ 
and the Rocket-Carrier on the Basis of the R-36"-further work on the US naval reconnaissance 
satellite. approval of work on the Yantar-2K, and course of work on the 7K-VI Zvezda and OIS 



Date Decree No.* Title of Decree and Description 

July 24 220 On approval of work on the Yantar-2K 

August 14 On schedule of work on the Almaz space station 

November 14 On revislon of the t~metable for the N I -L3 

November 17 1070-363 On approval of work on the UR-700 launch vehlcle 

Issuing 
Bodyf 

MOM 

TsK and SM 

TsK and SM 

February 2 1 "On Introduction of Hydrogen ~n Rocket-Space Technologyv-future of llquld hydrogen stages TsK and SM 

March I I On formatlon of the Space Branch of Nll-4 

March 13 On approval of the tratnlng program for lunar cosmonauts W S  

March 19 

May 27 

On use of liquid hydrogen In the space program MOM 

On formation of a new group of engineer-cosmonauts under MOM MOM 

October 24 On establishment of the Kr~stall commun~cations system based on Molniya-2 satellites TsK and SM 

October 28 On renaming of Zelenyy as Zvezdnyy gorodok 

November 19 On adoptlon of the R-36-0 lnto armaments 

Moscow 
Oblast Exec 
Committee 

January 8 19-10 "On Work on Research of the Moon. Venus and Mars by Automat~c StatlonsV-work on 
automated lunar and Interplanetary spacecraft 

TsK and SM 

June 30 232 On start of work on the UR-700M rocket MOM 



Issuing 
Date Decree No.* Title of Decree and Description Body** 

January 2 "On the Creatlon of the Carr~er-Rocket I I K68 on The Basls of I I K69 RN and SSM Stage TsK and SM 
for Launch of Space Apparatus 'Tsel~na' and 'Meteor'"-approval of work on the Ts~klon-3 RN 

February 9 105-4 1 On creation of the DOS us~ng Almaz as a basts TsK and SM 

February 16 57ss On creatlon of the DOS using Almaz as a bass MOM 

March On formation of GUKOS on the basis of TsUKOS and subord~nated to RVSN MO 

June 4 On standard~zed weather satell~te system VPK 

June 16 437- 160 On creat~on of the TKS and termination of the 7K-TK TsK and SM 

1971 

June 8 On work on nuclear rocket englnes - 

September On cooperatton to build an lnd~an satell~te TsK and SM 

October 

October 

December 2 I 

"On the Development of a System of Global Televis~on Reconna~ssance (TCR)- - 

'Tayfun' ISZ"-approval of work on the Tayfun reconnaissance satell~te 

"On the Development of an Ad~ustment Complex with the 'Tayfun-2' 1SZ"-approval of work - 

on the Tayfun-2 system 

"On Expans~on of Work on Research of the Earth's Natural Resources by Space Systems 
Technology"-Meteor-Prlroda system 

TsK and SM 

1972 

February 16 On approval of work on the draft plan for the N I-L3M two-launch lunar land~ng proposal VPK 

February 23 On work on the technical proposal for the creat~on of the MOK VPK 



Date 

March 26 

April 5 

May 15 

June 15 

June 26 

September 

September 25 

November 19 

December 16 

Decree No.* Title of Decree and Description 

On adoption of Tsellna-0 Into armaments 

On use of Moln~ya and Gran for a un~fred satellrte communlcatlons system 

On approval of the N I -L3M proposal 

On schedule of work for the Almaz and TKS programs 

"On the Creat~on of Automatic Un~versal Orb~tal Statlons (AU0S)"-on approval of work 
on the AUOS satelllte bus 

On termmation of oroductlon work on the L3 

On formation of TsNII-50 on the basls of NII-4's Space Branch 

"On Cooperation of USSR and lndla on Space Research8'-USSR-lndla cooperation 

On establlshment of the Planeta-S weather satelllte system 

Issuing 
Body** 

TsK and SM 

TsK and SM 

SCK 

MOM 

MOM 

- 

TsK and SM 

VPK 

February On adoption of the Tayfun-l lnto armaments TsK and SM 

March 26 182-63 On development of the Yantar- I KFT reconnarssance and cartographic satellite 
and the I I AS I I K launcher 

TsK and SM 

Decem ber "On Carrylng out Work on Reusable Space Systems"-response to NASA's Space Shuttle VPK 

May 19 On suspension of further launches of the N I MO 

May 22 On formation of NPO Energrya - 

June 2 1 On establishment of the State Comm~ssron for testlng the Soyuz-T VPK 





Date Decree No.* Title of Decree and Description 
Issuing 
Body'* 

June 15 On course of work on nuclear rocket englnes 

November 8 On approval of a tact~cal-technrcal requlrement for Buran MO 

December "On Expansron of the Global Navlgatron Satellrte System (CLONASS) Srngle Space 
Navrgat~on Systemu-development of CLONASS 

TsK and SM 

December 10 On adoptron of the Tsel~na-D into armaments TsK and SM 

December 10 342 On development of the Topaz-I thermronrc nuclear reactor for Plazma-A spacecraft VPK 

December 18 On course of work on Energrya-Buran VPK 

All known decrees related to the Sov~et space program In the per~od 1945-76 are shown above All decrees related to ballistrc mrsslle development in the perrod 1945-57 are 
shown. In the per~od 1958-76, only the R-7A. R-9. and R-16 ICBMs are shown. 

** Acronyms for the lssurng bod~es are as follows 
AN SSSR USSR Academy of Sc~ences 
CKO State Commrttee for Defense 
CKOT State Commrttee for Defense Technology 
MAP M~nrstry of Avrat~on Industry 
MNTS-KI Interdepartmental Screntrfrc-Technrcal Councrl on Space Research 
MO Mrnrstry of Defense 
MOM Mrnrstry of General Mach~ne Bu~ldrng 
MOP Mrnrstry of Defense lndustr~es 
MV Mrnrstry of Armaments 
M VS M~n~s t ry  of Armed Forces 
N KA People's Cornmrssarrat of Armaments 
NKAP People's Comrn~ssarlat of Avratron Industry 
SGK Councrl of Chref Desrgners 
SM Councrl of M~nrsters 
Ts K Central Cornmrttee 
VPK Mrlrtary-lndustrral Commrssron 
W S  The Arr Force 
VS SSSR USSR Supreme Sov~et 
VSNKh All Russ~an Counc~l of the Nat~onal Economy 







Appendix A 
Soviet Piloted Space Projects, 1945-74 

Lead rnstrtutlons 
Lead desrgner 
lnltration of studies 
Project termlnatron 
Spacecraft 
Launch vehicle 
Objectrve 

NII- l ( 1945-46). Nll-4 (1946-49) 
M K Tlkhonravov 
1944-45 
1949 
VR- 190 
A-4 derlvatrve 
Launch of "stratonauts" on vertlcal flights to upper atmosphere 

2. Antipodal Bomber 

Lead institut~ons NII- l TslAM 
Lead scrent~sts M V Keldysh. V F Bolkhovitinov 
lnitrat~on of studres 1945-46 
Preparatlon of design documentation 1947 
Project termlnat~on 1950 
Spacecraft Sanger-Bredt winged bomber 
Objectrve Transatlant~c upper atmospher~c p~loted f l~ght 

3. VerticallSuborbital Program 

Lead institutions 
Chref Desrgner 
Lead designer 
lnitiatron of studres 
Preparation of desrgn documentation 
Terminatron of studies 
Launch vehrcles 
Objective 

4. Vostok 

Lead institut~on 
Chlef Deslgner 
Deputy Chlef Deslgner (for Vostok) 
Chief of Plannlng Department 
(for Vostok) 
Group Chref (for Vostok) 
Lead designers 
lnitratron of studres 
Preparatlon of design documentatron 
Approval by Council of Chref Designers 
TsK KPSSlSM approval 
Draft plan srgned 
Flrst orb~tal launch attempt 
Last orb~tal launch attempt 
Program termination 
Spacecraft 
Launch vehrcles 
Objective 

5. Gliding Cosmic Apparatus (PKA) 

Lead institutlons 
Chief Desrgner 

Nll-88 OKB- I ,  OKB- I 
S P. Korolev 
N P Belov 
Aprrl 1955 
May 1956 
November 1958 
R- lye. R-2A 
Launch of humans on vertrcal and suborbital tralectorles 

OKB- I 
S. P. Korolev 
K. D Bushuyev 

M K Tlkhonravov 
K. P. Feoktrstov 
0 .  C. Ivanovskry, Ye. A. Frolov 
April 1957 
August 18, 1958 
November 1958 
January 5, 1959. May 22. 1959 
Aprll-May 1959 (for l K). July 3 I. 1961 (for 3KA) 
May 15, 1960 (Korabl-Sputn~k) 
June 16, 1963 (Vostok 6) 
March-April 1964 
IKI I  IF6l. 3KAlllF63 
8K721Luna. 8K72KlVostok 
Piloted orbltal flight with a single cosmonaut 

OKB-256 (spacecraft), OKB- I (launcher) 
P V Tsybin 



I n ~ t ~ a t ~ o n  of design stud~es 1957-58 
Predraft plan signed May 17 1959 
Termination of stud~es October 1 1959 
Spacecraft PKAlLapotok 
Launcher 8K72KIVostok 
Objective P~loted milttary operat~ons in Earth orbit with reusable spaceplane 

Lead institutions 
General Des~gner 
ln~t~at ion of design studies 
TsK KPSSISM approval 
Project termination 
Spacecraft 
Launch veh~cles 
Objective 

OKB-23 (spacecraft and launcher), OKB- l (launcher) 
V M Myastshchev 
1957-58 
December 10, 1959 
October 3 .  1960 
M-48 
8K72KlVostok. M - l  
P~loted m~ l~ ta ry  operations In Earth orbit w ~ t h  reusable spaceplane 

7. SeverlSpace Station1 l L Circumlunar Spacecraft 

Lead institut~on 
Ch~ef Des~gner 
ln~tiation of studies 
Technical prospectus s~gned 
Termmation of studies 
Spacecraft 

Launch veh~cle 
Objectives 

8. Heavy Interplanetary Ship (TMK) 

Lead ~nst~tution 
Chiel Des~gners 
Ch~ef of Planning Department 
Group Chiefs 
ln i t~at~on of stud~es 
Predraft plan s~gned 
Exper~mental design signed 
Termination of stud~es 
Spacecraft 
Launch veh~cle 
Objective 

9. Raketoplan 

Lead instltut~ons 

General Des~gner 
ln~t~at ion of studies 
TsK KPSSISM approval 
First launch attempt in program 
Draft plan s~gned 
Project term~nat~on 
Spacecraft 
Launch vehlcles 
Objective 

OKB- I 
S P Korolev 
April 1959 
March 10. 1962 
mid- 1962 
5KlSever 5KA & 5KBlspace station 7KIVostok 9Klrocket stage 
I Llcircumlunar vehicle 
8K7 1 I 
All-purpose Earth orb~tal operations w ~ t h  gu~ded reentry, space 
station piloted circumlunar fl~ght 

OKB- I 
S P. Korolev. M. P M~shin 
M. K. Tikhonravov 
G Yu. Maksimov. K P Feoktistov 
1959 
May 1966 
1969 
1969 
MEK 
N I .  N I M  
Piloted spacecraft for orbiting and land~ng on Mars 

OKB-52 (spacecraft and launchers): OKB-586. OKB- I ,  and 
OKB-52 Branch No. I (launchers) 
V. N. Chelomey 
1959 
June 23. 1960 
December 22. 1961 (MP-I) 
1963 
1965 
SR. MP-I. M-12, R-I. R-2 
R- 12. R- 14. 8K8 1 K, 8K821Proton 
Piloted reusable spaceplane for suborb~tal, orb~tal, and lunar misslons 



10. Kosmoplan 

Lead ~nstitutions 

General Des~gner 
ln~t~at ion of studies 
TsK KPSSISM approval 
Predraft plan signed 
Project termination 
Spacecraft 
Launch vehicles 
Object~ve 

I I. Soyuz Complex 

Lead lnstltut~ons 
Chlef Deslgner 
Initiation of studies 
Predraft plan slgned 
Techn~cal prospectus s~gned 
TsK KPSSISM approval 
Program termlnatlon 
Spacecraft 
Launch veh~cles 
Object~ve 

Lead institution 
Chlef Des~gner 
TsK KPSSISM approval 
Terminat~on of studles 
Launch veh~cles 
Objectives 

OKB-52 (spacecraft and launchers), OKB- I and OKB-52 Branch 
No I (launchers) 
V N. Chelomey 
1959 
June 23. 1960 
1961 
May 22. 1964 
AK- 1-7. AK- 1-300. AK-3-300. AK-4 
8K72K. A-300. 8K821Proton 
Automated and piloted reusable spacecraft to the Moon. Mars. 
and Venus 

OKB-I (7K and launcher). SKB-I0 ( I  IK). SKB-385 (9K) 
5. P. Korolev 
January 26. 1962 
December 24, 1962 
May 10. 1963 
December 3. 1963 
August 3. 1964 
7KlSoyuz-A. 9KISoyuz-B. I I KISoyuz-V 
I IA55. I IA56 
P~loted circumlunar f l~ght 

13. ZvezdaIHeavy Orbital Station (TOS) 

OKB-586 
M. K. Yangel 
Aprll 16. 1962 
June 19, 1964 
R-56. SK- 100 
Robot~c lunar landing, piloted circumlunar mlsslons 

Lead ~nstitution 
Chlef Des~gners 
lnltiation of des~gn studies 
Predraft plan signed 
Termination of studies 
Spacecraft 
Launch veh~cle 
Objective 

Lead ~nstitutlon 
Chief Des~gner 
Initlation of studies 
M O  approval 
Predraft plan signed 
Program termlnation ( I  I F7 I stat~on) 
Program termlnation (7K-TK ferry) 
Spacecraft 
Launch vehlcle 
Oblectrve 

OKB- I 
5. P Korolev. V. P. M~shin 
1960 
May 3. 1961 
1969 
TOSlZvezda 
N 1 der~vatrves 
Large piloted space station ~n Earth orbit 

OKB- l Branch No 3 
D. I. Kozlov 
1962-63 
June 18. 1964 
July 15. 1965 
Early 1966 
June 2 1 .  1967 
7K-TKII I F72ISoyuz-R. I I F7 1 station 
Soyuz-type 
Piloted reconnaissance platform ~n Earth orbit 



Lead rnstrtut~on 
Chief Des~gner 
ln~tration of stud~es 
Program termrnat~on 
Spacecraft 
Launch vehicle 
Objective 

Lead tnstltut~on 
Ch~ef Des~gners 
Deputy Chiel Des~gners 
Intttat~on o l  studres 
TsK KPSSISM approval 
Predraft plan s~gned 
Draft plan signed 
F~rst orb~tal launch attempt 
Last orbltal launch attempt 
Project suspension 
Program termrnat~on 
Spacecraft 

Launch vehicles 
Objectrve 

I T .  Voskhod 

Lead tnstitutlons 
Chtef Des~gners 
Lead designer 
lnitiat~on of stud~es 
VPK approval 
TsK KPSSISM approval 
Draft plan s~gned 
Flrst orbital launch attempt 
Last orbital launch attempt 
Program termlnatron 
Spacecraft 
Launch vehlcle 
Objectrve 

Lead inst~tuttons 
General Desrgner 
lnrtiation of 5tud1es 
Predraft plan srgned 
TsK KPSSISM approval 
Draft plan srgned 
Project termlnatron 
Spacecraft 
Launch veh~cle 
Objectrve 

OKB-l Branch No  3 
D I Kozlov 
1962-63 
1965 
7K PPKISoyuz-P 
I IA514 
Prloted antr-satellite spacecraft in Earth orbtt 

OKB- I 
S P. Korolev. V P Mishin. B. A. Dorofeyev 
K D. Bushuyev. S. S Kryukov, S 0. Okhapkin 
March 1963 
August 3. 1964 
December 30, 1964 
November 1 1 .  1965 
February 21, 1969 
November 23, 1972 
June 24. 1974 
February 18. 1976 
7K-LIS11 1F92. 7K-LOKll lF93. LKll  IF94. T IK .  T2K. 7K-LIE 
Blok D (origtnally included LI, 12. 13. L4, and 15) 
N I .  N l der~vat~ves. 8K82KIProton-K 
Land~ng of one cosmonaut on the Moon 

OKB- I (spacecraft). OKB-I Branch No 3 (launcher) 
5. P Korolev, V P Mish~n 
Ye. A Frolov 
December 1963 
March 13. 1964 
April 13. 1964 
August 1964 
October 6, 1964 (Kosmos-47) 
February 22. 1966 (Kosmos- 1 10) 
September-October 1966 
3KVll  lF63. 3KDll  l F63 
I IA57IVoskhod 
Propaganda goals in Earth orb~t  (mult~crews. EVA. long 
duratron. tethers) 

OKB-52 (spacecraft). OKB-52 Branch No. I (launcher) 
V N Chelomey 
Late 1963 
August 3 .  1964 
August 3, 1964 
July 1965 
Apr~l  27. 1966 
LK- I .  Blok A 
8K82KIProton-K 
P~loted circumlunar f l~ght 



Lead ~nst~tut~ons 
General Des~gner 
lntttat~on of studies 
Approval for work on draft plan 
Predraft plan s~gned 
Program suspended 
TsK KPSSISM approval 
LK-700 draft plan signed 
Project termination 
Spacecraft 
Launch veh~cle 
Objective 

20. Soyuz 

Lead tnstitutlons 
Chief Designers 
Lead des~gners 

ln~t ia t~on of stud~es 
VPK approval 
Draft plan signed 
Ftrst orb~tal launch attempt 
Last orb~tal launch attempt 
Program term~nation 
Spacecraft 

Launch vehicles 
Object~ves 

OKB-52 (spacecraft). OKB-52 Branch No. I (launch vehicle) 
V. N.  Chelomey 
1964 
October 20. 1965 
August-September 1966 
November 1966 
September 17, 1967 
October 1968 
Early 1969 
LK-700 
UR-700 
D~rect ascent piloted lunar landing 

OKB-I (spacecraft). OKB- I Branch No 3 (launcher) 
5 P Korolev, V. P. Mlshln, V P Glushko 
Ye. A Frolov. A. F. Topol, Yu P Semenov. Ye. P Vyatk~n. 
V P. Guzenko 
Late 1964 
August 18. 1965 
October 23. 1965 
November 28, I966 (Kosmos- 133) 
May 14, 1981 (Soyuz 40) 
May 1981 
7K-OK11 IF615. 7K-TI1 IF6I5A8. 7K-TAII IF6I5A9. 
7K-TMil lF615A12 
I IA5 I I ISoyuz. I I45  1 IUISoyuz-U 
Master rendezvous and docking techniques in Earth orb~t. 
station ferry 

2 1. Almaz Orbital Piloted Station (0PS)ISalyut 

Lead institutions 
General Designer 
Lead des~gner 
lnlttation of studies 
Draft plan s~gned 
TsK KPSSISM approval 
First orbital launch attempt 
Last orb~tal launch attempt 
Project termtnation 
Spacecraft 

Launch vehtcle 
Object~ve 

Lead instltutlon 
Ch~ef Des~gner 
l n ~ t ~ a t ~ o n  of studies 
Techn~cal prospectus s~gned 
Termination of stud~es 
Spacecraft 
Launch vehicle 
Object~ve 

OKB-52 (spacecraft). OKB-52 Branch No. i (launch veh~cle) 
V N. Chelomey 
V. A. Polyachenko 
October 1964 
June 23, 1967 
August 14. 1967 
Apr~l  3 ,  1973 (Salyut 2) 
June 22. 1976 (Salyut 5) 
December 19. 198 1 
OPSI I I F7 I station. 7K-TKII I F72 ferry. 7K-TAI I I F6 159 ferry 
(see also TKS) 
8K82KlProton-K 
Piloted military statlon In Earth orb~t  

OKB- I 
5. P Korolev 
Late 1964 
February 5. 1965 
August 1965 
7K-PLK 
N I  I 
P~loted lunar orb~tal flight 



23. 7K-VI Zvezda 

Lead institution 
Chief Designer 
Initiation of studies 
TsK KPSSISM approval 
Draft plan signed (first variant) 
Draft plan s~gned (second variant) 
MOM approval 
Program terrnination 
Spacecraft 
Launch vehicle 
Oblective 

24. Spiral 

Lead instltutlons 

General Des~gner 
Chief Designer 
lnrtiation of studies 
Predraft plan s~gned 
First launch attempt 
Last launch attempt 
First airdrop 
Last airdrop 
Project terrnination 
Spacecraft 

Launch vehicle 
Objective 

25. Zvezda Spaceplane 

Lead institution 
General Designer 
lnrtiation of studres 
Term~nat~on of studies 
Spacecraft 
Launch vehicle 
Objective 

26. Zond 

Lead ~nstitutions 

Ch~e l  Des~gners 
Lead des~gners 
Initiation of stud~es 
TsK KPSSISM approval 
MOM approval 
Predralt plan signed 
First orbltal launch attempt 
Last orbital launch attempt 
Program termination 
Spacecraft 
Launch vehicle 
Objectrve 

OKB- l Branch No. 3 
D. I. Kozlov 
Late 1964 
August 24. 1965 
1965 
1967 
July 7. 1966 
January-February 1968 
7K-Vlll I F731Zvezda 
I I A5 I I MISoyuz-M 
Piloted m~ l~ ta ry  operations in Earth orbit 

OKB- 155 and Cromov LII (spaceplane), OKB- I 
(conventional launcher), OKB-52 (booster). OKB-156 (GSR) 
A I. Mikoyan 
C. Ye. Lozino-Lozinskiy 
1964 
Iune 29. 1966 
July 15, 1969 (BOR-I) 
1974 (BOR-3) 
October 1 1 .  1976 (105.1 I )  
September 1978 ( 105.1 1 ) 
September I978 
Orbital Aircraftl50. EPOS, booster rocket. BOR-I. BOR-2, BOR-3. 
105 l I. 105.12. 105.13 
GSWSO-50. I I A5 I I lSoyuz. Tu-95K 
Reusable mllitary spaceplane for Earth-orbital operations 

OKB 156 
A N Tupolev 
Early 1960s 
1966 
Zvezda 
Tu-95K 
Air-launched reusable military spaceplane 

OKB-I (spacecraft and upper stage). OKB-52 Branch No. I 
(launcher) 
S. P Korolev. V P. Mishin 
B. V. Rublev, Yu. P Semenov 
August 1965 
October 25. 1965 
November 13. 1965 
November 30, 1965 
March 10. 1967 (Kosmos- 146) 
October 20. 1970 (Zond 8) 
October 1970 
7K-LI I I I F9IIZond. 7K-OK-TISoyuz 
8K82KIProton-K 
Piloted c~rcumlunar flight 



27. Multirole Orbital Complex (MOK) 

Lead ~ n s t ~ t u t ~ o n  
Ch~ef Des~gners 
ln~t ia t~on of stud~es 
VPK decree on Issue of techn~cal plan 
Draft plan signed 
Program terminat~on 
Spacecraft 
Launch vehlcles 
Objective 

28. Long-Duration Lunar Base (DLB) 

Lead ~nst~tutions 

Ch~ef Designers 
ln~t~at ion of stud~es 
Termination of stud~es 
Spacecraft 
Launch veh~cles 
Object~ve 

29. Transport-Supply Ship (TKS) 

Lead inst~tutions 

lnitiat~on of stud~es 
Draft plan signed 
Ftrst orb~tal launch attempt1TKS 
Last orb~tal launch attemptlTKS 
First orbital launch attempt1TKS VA 
Last orb~tal launch attemptlTKS VA 
Project term~nat~on 
Spacecraft 
launch vehlcle 
Objective 

Lead inst~tutions 

Chief Designers 
ln~t ia t~on of stud~es 
Project approval 
Draft plan s~gned 
Project termination 
Spacecraft 

Launch veh~cle 
Oblectives 

Lead institut~ons 
General Des~gner 
Initiation of studies 
MOM approval 
Predraft plan signed (MK-700) 

TsKBEM 
S. P Korolev, V P Mishin 
September 30. 1963 
February 23, 1972 
Early 1973 
May 1974 
MBKS. 19K modules. TKS 
N I. N l derivatives 
Mass~ve piloted complex In Earth orb~t  

KB OM (spacecraft), GSMZ Lavochk~n (spacecraft). TsKBEM 
(spacecraft and launcher) 
V. P Barrnin. V. P. Mish~n 
1965-66 
Late 1970s 
Bolshoye koltso. Kolumb. Dal. Osvoyeniye 
N I .  N l der~vat~ves 
Permanent piloted base on lunar surface 

OKB-52 and OKB-52 Branch No. I (spacecraft). OKB-52 Branch 
No. I (launcher) 
1966-67 
1969 
July 17. 1977 (Kosmos-929) 
September 27. 1985 (Kosrnos- 1686) 
December 15. 1976 
May 23. 1979 (Kosrnos-1 10011 101) 
1986 
TKS/I I F72. TKS VA1l I F74. TKS FGB1l I F77 
8K82KlProton-K 
Transport ship for Almaz and Salyut space stat~ons 

TsKBEM an TsKBEM Branch No 3 (spacecraft), TsKBEM Branch 
No. 3 (launcher) 
V P M~shin. D. I. Kozlov 
Late 1967 
January-February 1968 
June 23. 1968 
February 1970 
OB-VI station11 IF73l. 7K-SII lF732. 7K-5-111 1 F733. 
7K-S-llll 1 F734. 7K-GI1 1 F735 
I I A5 1 11Soyuz 
Small military space station in Earth orbit with d~fferent ferry craft 

TsKBM (spacecraft), TsKBM Branch No I (launcher) 
V. N. Chelomey 
Early 1969 
June 30. 1969 
April 1970 



Predraft plan signed (UR-700M) October 1970 
Project term~nation Late 1970 
Spacecraft M K- 700 
Launch veh~cle UR-700M 
Objectrve Piloted landing on Mars 

32. Long-Duration Orbital Station (D0S)ISalyut 

Lead ~nstitut~ons 

ChiefIGeneral Designers 
Lead designer 
Initiation of studies 
TsK KPSISM approval 
First orb~tal launch attempt 
Last orbital launch attempt 
Project termination 
Spacecraft 
Launch vehicle 
Objective 

Lead rnstitution 
Ch~ef Designers 
lnitiat~on of studies 
Draft plan s~gned 
Approval by Council of Chief Designers 
Project termination 
Spacecraft 
Launch vehicle 
Objective 

TsKBEM and TsKBM Branch No. I (spacecraft), TsKBM Branch 
No I (launcher) 
V P Mish~n. V. P Glushko, Yu. P Sernenov. V N. Bugayskiy 
Yu. P Sernenov, V V Pallo 
December 1969 
February 9, 1970 
Apr~l  19. 1971 (Salyut) 
February 19. 1986 (Mrr) 
- 
I7KIDOS. I7KSIMlr. I7KSMIISS 
8K82KIProton-K 
Small piloted station in Earth orb~t  with ferry craft 

TsKBEM 
V P M~shin V A Borisov 
1969-70 
Late 197 1 
May IS. 1972 
May 1974 
L3 M 
NIF 
Long-duration piloted landtngs on the Moon 



Appendix B 
Dramatis Personae. 1945-74 

Contribution to the 
Date of BirthlDeath Soviet Space Program Full Name 

Designers and Scientrsts 

Abramov, Anatoliy Petrovich Deputy Ch~ef Des~gner in 1966-80 at OKB 
Korolev worked on launch complexes 

Chief Designer ~n 1952-73 at OKB Zvezda 
worked on soacesuits and atrlocks 

Alekseyev. Semyon Mikhaylovich 

Avduyevskiy, Vsevolod 
Sergeyevich 

July 28 1920- Scientist at NII-l in 1953-73 and First 
Deputy Director at TsNllMash in 1973-87 

Chief Designer in 1965-71 at OKB Lavochkin led 
work on lunar and interplanetary spacecraft 

Babakin, Georgiy Nikolayevich November 14. 1914- 
August 3. 197 1 

Barmin. Vladim~r Pavlovich March 17, 1909- 
July 17. 1993 

Chief Designer in 1941 -93 at CSKB 
SpetsMash des~gned launch complexes 

President of the Academy of Artillery 
Sciences in 1946-50 and public spokesperson 

Blagonravov, Anatoliy 
Arkadyevich 

June I, 1894- 
February 4. 1975 

Blokhin, Yuriy Dmitryevich Unknown Head of Mikoyan KB space branch worked on the 
Spiral spaceplane. 

Bogomolov, Aleksey Fedorov~ch Chief Des~gner in 1954-88 at OKB ME1 worked on 
telemetry and guidance systems 

Bogomolov, Vladislav Nikolayevich September 14, 19 19- 
February 9. 1997 

Ch~ef Designer in 197 1-85 at OKB lsayev worked 
on rocket engines and succeeded lsayev 

Boguslavskiy, Yevgeniy 
Yakovlev~ch 

Deputy Chief Des~gner in 1950-69 at 
Ryazansk~y NII worked on spacecraft guidance 
systems 

Bolkhovitinov. Viktor Fedorovich At NII-I. he worked on the Sanger~Bredt 
ant~podal bomber 

Chief Designer in 1950-69 at OKB-670 worked 
on ramjet engines for Burya and Buran 

Bondaryuk, Mikhail Makarovich 

Borodin, Sergey Aleksandrov~ch Chief Designer from 1975 on at SOKB of Gromov 
LII deslgned s~mulators and cockprt consoles 

Deputy Ch~ef Designer in 1954-72 at OKB 
Yangel worked on missiles and was a Korolev 
protege 

Budnik. Vasiliy Sergeyevich June 24. 1913- 

Bugayskiy. Viktor Nikifirovich Unknown He headed OKB Chelomey Branch No I in 
1960-73 and worked on rockets and spacecraft 

Bushuyev, Konstantin Davidovich Deputy Chief Designer In 1954-72 at 
OKB Korolev led piloted spacecraft projects 

May 23. 1914- 
October 26. 1978 



Contribution to the 
Soviet Space Program Full Name 

Bykov, Yur~y Sergeyev~ch 

Date of BirthlDeath 

1916-1970 Chlef Des~gner in 1959-70 at Nll-695 worked on 
commun~cations systems for p~loted spacecraft. 

Chelorney, Vlad~m~r Nikolayev~ch Ch~ef Des~gnerIGeneral Deslgner ~n 1955-84 at 
OKB-52 led work on crulse m~ss~les ICBMs, and 
spacecraft 

june 30. 19 14- 
December 8 1984 

Chertok, Bor~s Yevseyevlch 

Darevskiy, Sergey Grigoryevlch 

Dorofeyev, Bor~s Arkadyevlch 

March I, 1912- Deputy Chlef Des~gner in 1956-91 at OKB Korolev 
worked on gutdance systems 

Unknown Ch~ef Designer ~n 1965-75 at SOKB of Gromov i l l  
deslgned simulators and cockplt consoles 

November 25. 1927- 
july 9 1999 

Deputy Ch~ef Designer at OKB Korolev, was Ch~ef 
Designer for N l  rocket In 1972-74 (demoted In 

1974) 

Eidis, Arkadiy lonovich He headed OKB Chelomey Branch No. 3 in 
1962-65 and was later Chelomey's First Deputy 
General Des~gner. 

Feoktistov, Konstantin Petrov~ch 

Gazenko, Oleg Georgiyevich 

Glushko, Valent~n Petrovich 

February 7. 1926 Department Ch~ef at OKB Korolev worked on 
Vostok and other p~loted spacecraft 

December 12. 1918- Director of IMBP ~n 1969-88 performed early work 
on space medicme 

September 2 1908- 
January 10, 1989 

Ch~ef DesignerIGeneral Designer III 1946-89 at 
OKB-456 designed rocket englnes for missiles and 
launchers 

Gubanov, Boris lvanovich March 14. 1930- 
March 18. 1999 

He was Flrst Deputy Ch~ef Designer1 General 
Designer in 1972-82 at OKB Yangel and ~n 1982-93 
at OKB Korolev 

Gubenko, Yevgen~y Stepanovlch 

Gusev, Leonid lvanovich 

losifyan. Andron~k Gevondov~ch 

Isayev, Aleksey M~kha~lov~ch 

Irhlinskiy. Aleksandr Yulevich 

Ivanov, Ivan lvanovich 

Ivanovskiy, Oleg Genrlkhovich 

Unknown- 1959 Ch~ef Designer in 1950-59 at SKB-567 worked on 
ground cornrnun~catlons segment 

Director of Nil-695 and from I965 on Dlrector of 
NII Pled work on guidance systems. 

Chief Designer in 1941-74 at Nil-627 worked on 
power sources and remote-sens~ng craft 

October 24. 1908- 
june 10. 1971 

Ch~ef Des~gner in 1947-71 at OKB-2 
led work on englnes for p~loted spacecraft 

Director of lnst~tute of Mechan~cs in 1964-89 pre- 
pared space cornmun~ques 

Deputy Chief Designer at OKB Yangel led work on 
LK lander englne. 

January 18. 1922- He worked at OKB-l on Sputn~k and Vostok and 
was Deputy Chief Des~gner in I97 1-83 at OKB 
Lavoch k ~ n  



Contribution to the 
Soviet Space Program Date of BirthlDeath 

1908- 

Full Name 

Ivensen, Pavel Albertovich At OKB-52, he worked on the early development of 
Proton and Salyut 

Izotov, Sergey Petrovich June 30, 19 17- 
May 6. 1983 

Chief DesignerIGeneral Designer in 1960-83 at 
OKB- 1 17 worked on Chelomey's lunar lander 
engrnes 

Kartukov. Ivan lvanovich Unknown Chief Deslgner of KB-2 at Plant No 81 worked on 
solid-propellant engines for spacecraft 

Keldysh, Mstislav Vsevolodovich February 10. 19 1 l -  
June 24, 1978 

Director of NII -I  in 1946-55 Chlef of IPM in 
1953-78, and President of Academy of Sciences in 
196 1-75 led scientific work on missiles/spacecraft 

Kemurdzhian. Aleksandr Leonovlch Unknown Chief Designer at VNll-100 worked on robotic lunar 
rovers. 

At OKB-I, he was lead designer for Sputnik. later 
he was Deputy General Designer at NPO Energiya 

Khomyakov, Mikhail Stepanovich Unknown 

Khristianovich, Sergey 
Aleksandrovich 

November 9 1908 He worked on ICBMs at TsAGl in 1942-53 and 
then at Institute of Theoretical and Applied 
Mechanics 

Khrushchev, Sergey Nikitlch Deputy Department Chief in 1958-68 at OKB 
Chelomey is son of Nikita Khrushchev 

Kisunko, Grigoriy Vasllyevich July 20, 1918-1998 Chief DesignerlCeneral Designer in 1953-75 at KB-l 
and later at OKB-30 led work on early anti-ballistic 
missile1ASAT 

Chief Designer in 1965-93 at OKB Kosberg led 
work on rocket engines 

Konopatov, Aleksandr Dmitrlyevich March 10. 1922- 

Konoplev, Boris Mikhaylovich 

Korolev, Sergey Pavlovlch 

He worked on guidance at Nll-885. Nll-695. and 
OKB-692 and died in the R-16 accldent 

Chief Designer in 1946 at OKB-I and founder of the 
Sov~et space program, his early prewar rocketry work 
was at GIRD and Nll-3 

January 12, 1907- 
January 14, 1966 

Kosberg, Semyon Ariyevich December 14. 1903- 
January 3, 1965 

Chref Designer in 194 1-65 at OKB- i 54 led work on 
engines for ICBMs and launchers 

Kotelnikov, Vladirn~r 
Aleksandrovlch 

He was at OKB ME1 in 1947-54 and then at the 
Institute of Radlo Technology and Electronics 

Kovtunenko, Vyecheslav 
Mlkhaylovlch 

Wl th  early work at OKB Yangel, he later was Chlef 
DesignerlGeneral Des~gner at NPO Lavochkin in 
1977-95 

Kozlov, Dmitriy llich 

Kryukov, Sergey Sergeyevlch 

October 1 ,  1919- As head of OKB Korolev Branch No 3ITsSKB from 
1959 on, he worked on reconnaissance satellites 

He was Deputy Chief Designer in 1961-65 at OKB 
Korolev then Chief Designer in 1971-77 at OKB 
Lavoch kin 



Contribution to the 
Soviet Space Program Full Name 

Kurchatov, lgor Vasilyevich 

Date of BirthlDeath 

At KB-l I. he worked on first hydrogen bomb-work 
coordinated with OKB- I 

January I 2  1903- 
February 7, 1960 

Kuznetsov, Nikolay Dmitr~yevich June 23, 191 I-  
July 30, 1995 

Chief DesignerlGeneral Designer in 1949-94 at 
OKB.276 worked on rocket engines for the N I and 
GR-I 

Kuznetsov. Viktor lvanovich April 27, 1913- 
March 22. 1991 

Chief Designer in 1946-89 at NII I0  and Nil-944 
worked on missile and spaceship gyros 

lapygin, Vladimir Lavrentyevich February 4. 1925- Deputy Chief Designer at Pilyugin NII worked on 
guidance and succeeded Pilyugin in 1982 

lavochkin, Semyon Alekseyevich September l I. 1900- 
June 9, 1960 

Chief Designer in 1939-60 at OKB-301 worked 
on Burya cruise miss~le 

Lebedinskiy. Andrey Vladimirovich He was flrst D~rector of IMBP in 1963-65 and an 
early space medicine pioneer 

Lidorenko, Nikolay Stepanovlch Chief Designer at NII IT worked on power sources 
for spacecraft including Sputnik 

Likhushin, Valentin Yakovlevich May 29. 1918- 
December 4. 1982 

Director of NII- I in 1955-88 worked on advanced 
engines 

Lobanov, Nikolay Aleksandrovich Chief Designer in 1968-77 at NlEl PDS worked on 
parachutes and succeeded Tkachev 

Lozino-Lozinskiy, Gleb 
Yevgenyevich 

December 25. 1909- Chief Designer in 1966-76 at OK0 Mikoyan led 
work on the Spiral spaceplane 

Lyulka, Arkhip Mikhaylovlch March 23, 1908- 
June 2. 1984 

Chief DesignerlGeneral Designer in 1946-84 at 
OKB-I 65 worked on cryogenic engines for the N I 

Makeyev, V~ktor Petrovich October 25. 1924- 
October 25. 1985 

This Chief Des~gnerlGeneral Designer in 1955-85 
at SKB-385 was a Korolev protege 

Melnikov, Mikhail Vasilyevich September 22. 19 19- 
1996 

Deputy Chief Designer in 1960-74 at OKB Korolev 
worked on engines ~ncluding Blok D 

Mikoyan, Artem lvanovich August 5. 1905- 
December 9, 1970 

Chief DesignerlCeneral Designer in 
1942-69 at OKB- 155 led work on the Spiral space- 
plane system 

Mishin, Vasiliy Pavlovich January 18. 1917- Chief Designer in 1966-74 at OKB Korolev led work 
on the N I -L3 lunar program was fired in 1974 and 
was later at MA1 

Mnatsakanyan, Armen Sergeyevich November 7. 19 18- 1992 Chief Designer in 1953-69 at Nll-648 worked on 
spacecraft telemetry and radar systems 

Myasishchev, Vladimir 
Mikhaylovich 

September 28, 1902- 
October 14. 1978 

Chief Designer in 1951-60 at OKB-23 worked on a 
spaceplane and was later Director of TsAGl 

Nesmeyanov, Aleksandr 
N~kolayevich 

September 9. 1899- 1980 President of the Academy of Sciences in 1951-61 
approved the first satellite project 



Contribution to the 
Soviet Space Program Full Name Date of BirthlDeath 

1912-August 2, 1996 Ch~ef Destgner ~n 1965-87 at OKB-16 worked on a 
space cannon for Chelomey and Kozlov 

Nudelman. Aleksandr 
Ernmanuilov~ch 

Okhapkin, Sergey Osipovlch Deputy Ch~ef Designer in 1952-76 at OKB Korolev 
led work on the N I and was Mtsh~n's F~rst Deputy 

This scient~st at OPM MlAN d ~ d  research work on 
an early ICBM. 

Okhotsimskiy, Dmltrly 
Yevgenyevtch 

February 26. 1921- 

Deputy Chief Des~gner at OKB Chelomey Branch 
No I led work on the DOS and Salyut stations. 

Unknown 

March 18. 1903- 
June 15. 1971 

Dlrector of IMBP In 1965-69 was a premler space 
medtcine specialist 

Director of Institute of Electr~cal Weldlng from 1953 
on worked on the N I  and the Vulkan unlt 

Paton, Boils Yevgenyevtch November 27. 1918- 

Petrov, Boris N~kolavev~ch March 1 1 ,  1913- 
August 23. 1980 

Department Ch~ef in 195 1 - 1980 at lnstltute of 
Control Problems was a public spokesperson 

After conducting aerodynamtc research at NII- I 
he was D~rector of Inst~tute of Space Research ~n 
1965-73 

Petrov. Ceorgiy lvanovtch May 31, 1912 
May 17. 1987 

Pilyugin, Nikolay Alekseyevtch May 18. 1908- 
August 2. 1982 

Chief Destgner ~n 1948-82 at NII 885 and NII AP 
worked on missile and spacesh~p gu~dance 

He was Ch~ef Engineer In 1946-49 at Nll-88 and 
was later at NII-125 

Pobedonostsev. Yurly 
Aleksandrov~ch 

February 7. 1907- 
October 1973 

Polukhin, Dmitr~y Alekseyevich March 12. 1927- 
September 7. 1993 

Ch~ef Des~gner ~n 1973-93 at OK0 Chelomey 
Branch No. I led the development of Proton. 

Deputy Ch~ef Des~gner at 0K8-456 worked on 
rocket engines and succeeded Glushko in 1989 

Radovskiy, Vtktor Petrovich May 1 1 ,  1920- 

Raspletin, Aleksandr Andreyevich August 2 5 .  1908-1967 Chief Des~gner ~n 1953-67 at KB-I worked on the 
RORSAT. EORSAT. and ASAT programs 

Raushenbakh, Borts Vtktorovich Department Ch~ef In 1960-73 at OKB Korolev 
worked on gu~dance systems 

January 18. 1915- 

Reshetnev, M~khail Fedorovich November 10. 1924- 
January 26, 1996 

Chtef Des~gnerICeneral Des~gner in 1961-96 at 
OKB-I0 led work on cornmunlcat~ons satellites and 
was a Korolev protege 

Rosselevich, lgor Aleksandrovtch Ch~ef Des~gner ~n 1954-83 at Nll-380 worked on 
TV systems for spacecraft 

Chtef Destgner in 1946-51 and 1955-87 at N11b885 
worked on mlss~le and spacecraft radio gu~dance. 

Ryazanskiy, M~khail Sergeyev~ch Aprtl 5. 1909- 
August 7. 1987 

Savin, Anatol~y lvanov~ch Aprtl 6, 1920- General Designer from 1962 on at KB- I and TsNll 
Kometa worked on the RORSAT, EORSAT, and 
ASAT programs 



Date of BirthlDeath 

A ~ r i l  20. 1935- 

Contribution to the 
Soviet Space Program Full Name 

Sernenov, Yuriy Pavlovlch He was the lead deslgner of Soyuz and Zond at 
OK0 Korolev and then General Deslgner at RKK 
Energlya from 1989 on 

He chaired the Comm~ss~on for Prornotlon of Inter- 
planetary Flights and was a publlc spokesperson. 

November 14. 1907- 

Severin, Gay llich Chief DesignerlGeneral Destgner from 1964 on at 
OKB Zvezda worked on spacesuits and EVA a~rlocks 

Shabarov, Yevgenty Vasilyevlch Deputy Chief Des~gner at OKB Korolev led the flight 
testlng of p~loted spacecraft. 

Sherernetyevskiy, NI kolay 
N~kolayevich 

November 5 .  19 16- Chlef Deslgner in 1974-91 at NII losifyan in 
1974-9 1 worked on power sources and Earth survey 
satellites 

At the Second Dtvlslon of Biological Sciences under 
the Academy of Sciences, he was an early medicine 
specialist 

January 25, 1907- 
March 10. 1966 

Solovyev, Vsevolod Nlkolayevlch 

Stechkin, Borls Sergeyevlch 

Unknown Chlef Deslgner in 1963-92 at KB TransMash 
deslgned space launch complexes 

Chlef Deslgner In 1955-69 at OKB Fakel under the 
Academy of Sciences performed attltude control 
englne work 

Stroyev, Nlkolay Sergeyevich 

Strurninskiy, Vladimir Vasilyevlch 

Tikhonravov, Mikhall Klavdlyevlch 

Dtrector of Grornov Lll In 1954-66 worked on 
spacecraft testlng and later was at VPK 

Director of lnstltute of Theoretical and Applied 
Mechanics in 1966-71 worked on llquld hydrogen. 

July 29. 1900- 
March 4 .  1974 

Designer at Nll-4 and OKB Korolev worked on 
Sputnlk and Vostok and performed early ICBM work 
and earlv work at GIRD and Nll-3. 

Tkachev, Fedor Dmltriyevlch 

Tregub. Yakov lsayevlch 

Tritko. Karl lvanovtch 

Trufanov. Yurly N~kolayevich 

Unknown Chlef Deslgner at NlEl PDS worked on parachutes 
and was flred in 1968 after Soyuz I 

Deputy Chlef Deslgner ~n 1964-73 at OKB Korolev 
led fl~ght control for piloted flrghts 

Unknown 

Unknown Chtef of SKB at Nil-88 in 1946-49 led work on early 
mtsslles 

He was Deputy Chtef Designer at OKB Chelomey 
Branch No I and was then at NPO Energiya and 
NPO Lavochktn 

Unknown 

Tsybin, Pavel Viadlmirovich 

Tumanskiy. Sergey Konstant~nov~ch 

December 23. 1 905- 
February 4. 1992 

Deputy Chief Deslgner ~n 1960s at OKB Korolev 
performed early spaceplane work at OKB-256 

May 21. 1901- 
September 9. 1973 

Chlef Des~gnerICeneral Deslgner in 1955-73 at 
OKB-300 worked on spacecraft attitude engines 



Contribution to the 
Soviet Space Program Full Name 

Tupolev, Andrey Nikolayevich 

Date of BirthlDeath 

Chlef DesignerICeneral Deslgner ~n 1943-72 at 
OKB- 156 worked on spaceplane carrier aircraft 

November 10. 1888- 
December 23. 1972 

Tyurin, Petr Aleksandrovich June 25, 1917- 
February 26. 2000 

Ch~ef Deslgner ~n 1953-81 of KB Arsenal worked on 
L3 components and later performed EORSAT work. 

Utkin, Ivan lvanovlch April 23, 1910- 
August 29. 1985 

Chlef Deslgner in 1960-70 at NII IT worked on 
spacecraft memory data recorders. 

Utkin. Vladimlr Fedorovlch He was Deputy Chlef Designer ~n 1961-71 at OK0 
Yangel and succeeded Yangel ~n 197 1 

October 17. 1923- 
February 15. 2000 

Vernov, Sergey Nikolayev~ch July 1 1 ,  1910- 
September 26, 1982 

Dlrector of NII-YaF of Moscow State University ~n 
1960-82 worked on sclence experiments 

Vinogradov, Aleksandr Pavlovlch Dlrector of lnstltute of Ceochemical and Analytical 
Chemistry worked on lunar samples 

Vitka, Vladlm~r Andreyevlch November 19. 1901- 
January 10, 1989 

F~rst Deputy Chief Designer ~n 1954-6 1 at OKB 
Clushko worked on rocket englnes 

Chief Deslgner ~n 1939-85 at OKB- 124 worked on 
life support systems for spacecraft 

Voronin, Grigorly lvanovich December 2 I. 1906- 
1987 

Voskresenskiy, Leon~d 
Aleksandrovich 

July 14. 1913- 
December IS. 1965 

Deputy Ch~ef Designer In 1953-64 at OKB Korolev 
led fllght testlng of rnlssiles. 

Yangel, Mikhall Kuzmlch October 25, 191 1 -  
October 25. 1971 

Chief Designer ~n 1954-71 at OKB-586 led work on 
missiles and robot~c spacecraft. 

Yefremov, Cerbert Aleksandrovich March 15. 1933- Deputy General Designer ~n 1971 -84 at OKB 
Chelomey succeeded Chelomey In 1984 

Zaslavskiy, Mark Eflmovlch 

Mll~tary Offiers 

Agadzhanov, Pavel Artemyevlch 

He was Ch~ef Deslgner 11- the 1960s at TsNII- 108. 

May 21. 1923- Department Chlef in 1957-71 at TsKlK led fllght 
control for plloted missions. 

Agaltsov, F~lllp Aleksandrovlch Air Force Deputy Commander-in-Chlef ~n 1958-62 
prepared the select~on of cosmonauts. 

January 8. 1900- 1980 

Alekseyev, Nikolay Nlkolayevlch He chaired the Sclence and Technical Committee. 
General Staff. Mlnistry of Defense, in 1960-70 

Anokhin, Sergey Nikolayevlch He was a test pilot for Cromov LII in 1941 -64 and 
then worked at OKB Korolev 

March 19. 1910- 
April 15, 1986 

Babiychuk, Aleksandr Nikolayevich Unknown Ch~ef. Biomedical Serv~ce at Alr Force oversaw the 
early Vostok mlssions 

Beregovoy, Georgly Timofeyevlch April 15, 1921- 
]une 30. 1995 

He was a cosmonaut who later became Dlrector of 
the Cosmonaut Trainlng Center ~n 1972-86 

Bibikov, Yakov Lvovich Unknown He was Director of NII-l durlng German recovery 
operations ~n 1945-46 



Contribution to the 
Soviet Space Program Full Name 

Biryuzov. Sergey Semenovich 

Date of BirthlDeath 

He was Commander-rn-Ch~ef of RVSN In 1962-63 
and later Chief of General Staff M~n~st ry  of Defense 

August 2 I. 1904- 
October 19, 1964 

Bolshoy, Amos Aleksandrov~ch Unknown Department Ch~ef at TsKlK led flight control teams 
for early mlssions 

Bulychev, Ivan Timofeyevlch 

Chechulin, Petr Petrovich 

Unknown He was Chiel of Communlcatlons Directorate 
Mlnlstry of Defense In 1956-58 

September 10. 1906- 
September 16. 1971 

He was Dlrector of Nll-4 In 1951-55 dur~ng early 
research on satellites 

Fedorov. Petr lvanov~ch 

Gagarin, Yur~y Alekseyevich 

t~rst  Director of NII I in 1944-45 oversaw the early 
search for the A-4 

March 9. 1934- 
March 27 1968 

trst human in space later became Deputy Director 
of the Cosmonaut Tra~n~ng Center in 1963-67 and 
then d~ed In a plane crash 

Test p~lot at Gromov LII led train~ng at the 
Cosmonaut Tralning Center 

Gallay. Mark Lazarev~ch 

Caydukov. Lev M~khaylovich 

Cenin. Abram Mo~seyevlch 

Gerchik, Konstantln Vasilyevich 

Goreglyad, Leonid lvanov~ch 

Grechko, Andrey Antonovlch 

Grigoryev, Mlkhall Cr~goryev~ch 

Curovskiy. N~kolay N~kolayevich 

Kamanin. Nikolay Petrov~ch 

January 14. 191 I -  Ch~ef of the Interdepartmental Techn~cal 
Comm~ss~on In Germany in 1945-46 

He was D~rectorate Chief at lnst~tute of Av~at~on 
and Soace Medic~ne in 1964-75 

May I2 1922 

September 27 1918- He was Commander of Tyura-Tam dur~ng the R-I6 
disaster In 1958-61 

He was General Staff representative at the 
Cosmonaut Training Center and an a~de to Kamanln 

October 17, 1903- 
April 26. 1976 

Deputy M~n~ster of Defense ~n 1967-76 was against 
p~loted space programs 

F~rst Commander of Mlrnyy site in 1957-62 later 
chalred the State Commiss~on for Almaz 

October 23. 1917- 
November 12, 1 98 1 

Unknown He was a doctor at lnst~tute of Av~at~on and Space 
Medicine and later Deputy D~rector at IMBP 

Deputy Ch~ef of General Staff in 1958-66 and then 
Aide to Air Force Commander ~n 1966-7 1 oversaw 
cosmonaut tralnlng 

He was Chief of TsKlK ~n 1959-65 and later 
Commander of TsUKOSIGUKOS In 1965-79 

Karas, Andrey Gr~goryev~ch 

Karpov, Yevgen~y Anatolyev~ch 

Kerimov, Kerim Allyev~ch 

September 27, 19 18 
january 2 .  1979 

He was first D~rector of the Cosmonaut Training 
Center in 1960-63 

F~rst Commander of TsUKOS In 1964-65 and 
Dlrectorate Ch~ef at M~n~stry of General Mach~ne 
Bulldlng In 1965-74 chaired the State Comm~ss~on 
for Soyuz In 1966-9 1 

November 14. 1917 



Contribution to the 
Soviet Space Program Full Name 

Kirillov, Anatoliy Semenovich 

Date of BirthlDeath 

December 3 1. 1924- 
March 30, 1987 

Chlef First Directorate, at Tyura Tam in 1960-67 
oversaw launch teams 

Krylov, Nikolay lvanovich April 29. 1903- 
February 9. 1972 

Commander-in-Chlef. Strateglc Missile Forces. In 
1963-72 was against piloted space programs 

Kurushin, Aleksandl 
Aleksandrovlch 

March 14. 1922 He was Commander of Tyura-Tam in 1965-73 
during the N I  launches. 

Commander-in Chlef of Air Force ~n 1969-84 suc 
ceeded Vershinln 

Kutakhov, Pavel Stepanovlch 

Kuznetsov, Nikolay Fedorovich December 26, 1916- 
March 5, 2000 

He was Commander of the Cosmonaut Tralnlng 
Center In 1963-72 during the Voskhod and Soyuz 
programs 

He was first Chief of the Interdepartmental 
Technical Commission in Germany in 1945 

Kuznetsov, Nikolay N~kolayevich 

Maksimov, Aleksandr 
Aleksandrovich 

August 29. 1923- 
October 12. 1990 

Deputy Chief of TsKlK was later Commander of 
CUKOSIUNKS in 1979-89 

Minister of Defense in 1957-67 was against plloted 
space programs 

Malinovskiy, Rodion Yakovlevich November 23. 1898- 
March 31. 1967 

Morozov, Vlktor Pavlovich November 1 1918- 
July 4. 1981 

He chaired the Sc~entif~c-Technical Committee of the 
Strateglc Mlsslle Forces in 1962-67. 

He was Commander-in-Chief of the Strateglc Missile 
Forces In 1960-62 and succeeded Nedelin 

Moskalenko, Kirill Semenovich May l I. 1902-June 17. 
1985 

Mozzhorin, Yuriy Aleksandrovich December 28. 1920- 
May IS, 1998 

Director of Nll-88 in 1961-90 oversaw Soviet space 
policy 

He was First Deputy Commander of GURVO in 
1955-65 and Strategic Missile Forces liaison with 
space 

Mrykin, Aleksandr Grigoryevich August 15. 1905- 
October 6. 1972 

Nedelin, Mltrofan lvanovich November 9. 1902- 
October 24. 1960 

Deputy Mlnister of Defense ~n 1955-59 was first 
Commander-in Chief of the Strategic Missile Forces 
and died ~n the R 16 accident 

Nesterenko, Aleksey lvanovich March 30. 1908- 
July 18. 1995 

He was first Director of Nll-4 in 1946-50 and then 
first Commander of Tyura-Tam in 1955-58 

Englneer at TsPI-3 I deslgned Tyura-Tam launch 
range 

Nitochkin, Aleksey Alekseyevlch Unknown 

Nosov, Aleksandr lvanovich March 27. 1913- 
October 24. 1960 

Chief of launch command at Tyura Tam ~n 1955-58 
died ~n the R- 16 disaster 

Director of the Cosmonaut Trainlng Center ~n 1963 
was frred 

Odintsov, Mikhall Petrovich 

Ostashev. Yevgen~y llich March 22. 1924- 
October 24. 1960 

hrst Directorate Chref at Tyura-Tam in 1956-60 dled 
in the R- 16 disaster 



Contribution to the 
Soviet Space Program Full Name 

Pokrovskiy, Aleksey Vasilyevich 

Date of BirthlDeath 

1903- 1988 He was Director of Institute of Aviation and Space 
Medlc~ne from the 1940s to 1959. 

First Deputy Commander-in-Chief of Air Force In 
1958-68 oversaw cosmonaut training 

Rudenko, Sergey lgnatyev~ch 

Semenov, Anatoliy lvanovich 

October 7, 1904- 1990 

November I2 1908- 
April 16 1973 

He was Commander of CURVO during Sputnik and 
V08t0k in 1954-64. 

Shatalov, Vladlmir Aleksandrovtch 

Shubnikov, Georgiy Maksimovlch 

Smirnitskiy, Nikolay Nikolayevich 

Sokoiov, Andrey lllarionovich 

Spiridinov, Aleksey Sergeyevich 

Spitsa, Ivan lvanovich 

Titov, German Stepanovich 

Tolubko, Vladimir Fedorovich 

December 18. 1927- Commander-in-Ch~ef's Alde of Air Force in 1971 -87 
succeeded Kamanln. 

May I. 1903-July 31 
1965 

He was Chief of Construction Directorate at 
Tyura-Tam in 1955-65. 

August 9, 19 18- 
April 15. 1993 

Commander of CURVO in 1967-75 later moved to 
Ministry of General Machine Building 

October 30. 1910- 
February 5. 1976 

He was Director of Nil-4 during the early space 
program in 1955-70 

He was in Seventh Chief Directorate of Min~stry of 
Armaments and Dlrector of Nll-88 in 1953-59 

Unknown 

He was Commander of TsKlK during the N 1 
launches in 1965-73. 

September l I. 1935- Second human in orbit was later First Deputy 
Commander of GUKOS in 1979-9 1 

November 25. 1914- 
June 17. 1989 

F~rst Deputy Commander in-Chief of the Strategic 
M~ssile Forces in 1960-68 was later Commander-in- 
Chief in 1972-85 

Tveretskiy. Aleksandr Fedorovich 

Tyulin, Ceorgiy Aleksandrovich 

He was first Commander of Special Purpose Brigade 
precursor to the Strategic Missile Forces, in 1946-49 

November 1 7. 1904- 
December 3 1 .  1992 

October 9. 1914- 
April 22. 1990 

fcrst Deputy Chalrman of GKOT ~n 1961-65 and 
First Deputy Minister of General Machine Build~ng in 
1965-76 oversaw many State Commissions 

Vasilyev. Anatoliy Aiekeseyevich November 28. 192 1 - 
November 12. 1973 

Commander of CURVO In 1964-67 later chaired 
the Scientific-Technical Committee of the Strategic 
Missile Forces in 1967-69 

He was Commander of Air Force during the Vostok 
Voskhod and early Soyuz missions in 1957-69 

Vershinin, Konstantin Andreyevich 

Vitruk, Andrey Avksentyevlch 

Volynkin. Yuvenaliy Mikhaylovich 

Voronov. Nikolay Nikolayevich 

June 3. 1900- 
December 30. 1973 

He was first Commander of TsKlK during the 
Sputnik and Luna missions in 1957-59 

He was Director of Institute of Av~ation and Space 
Medicme in 1960-69 during Vostok. 

February 7. 1907 

Commander of Artillery Forces in 194 1 -  1950 later 
became President of Academy of Artillery Sclences 



Contribution to the 
Soviet Space Program Full Name 

Votintsev, Yuriy Vsevolodovich 

Date of BirthlDeath 

1919- First Commander of PROIPKO forces in 1967-85 
was in charge of ASAT forces 

First Commander of Kapustin Yar range ~n 1946-73 
selected the Tyura-Tam site 

Voznyuk, Vasiliy lvanovich 

Yakovlev, Nikolay Dmltryevich 

January 1. 1907- 
September 12, 1976 

He was Chlef of Chief Artillery Directorate ~n 
194 1 -48. 

Yazdovskiy, Vladlmir lvanovich 

Zakharov, Aleksandr Grlgoryevlch 

Deputy Director of lnstltute of Avlatlon and Space 
Medicine was a space medicine ploneer. 

He was Commander of Tyura-Tam range durlng 
Vostok and Voskhod ~n 1961-65. 

February 20. 192 1 - 

Zakharov, Matvey Vasllyevich He was Chlef o l  Min~stry of Defense General Staff in 
1960-73. 

He was Min~ster of Defense ~n 1955-57 during the 
selection of Tyura-Tam 

Zhukov, Georgiy Konstantlnovich December 1. 1896- 
June 18. 1974 

Party and Government Officcals 

Afanasyev, Sergey Aleksandrovlch First Minister of General Machine Budding In 
1965-83 oversaw N l project 

Balmont. Boris Vlad~m~rovich October 6 1927- He was Chlef of Ch~e l  Directorate at Ministry of 
General Mach~ne Building in 1965-73 and First 
Deputy Minister of General Machine Building in 
1976-8 1 

He was Soviet security apparatus chief through 1953 Beriya, Lavrentiy Pavlovich 

Brezhnev, leonid llllch 

Brezhnev, Mikhail Aleksandrovich 

Bulganin, Nikolay Aleksandrovlch 

Burnazyan, Avetik lgnatyevlch 

Butoma, Boris Yevstafyevich 

Dementyev, Petr Vasilyevich 

Dmitryev, lgor Fedorovlch 

March 29. 1899- 
December 23. 1953 

December 19. 1912- 
November 10. 1982 

He was Secretary of Central Commlttee for defense 
and space In 1957-60 and 1963-65. 

Deputy Minister of General Machlne Building was 
responsible for guldance systems 

Unknown 

June I 1. 1895- 
February 24. 1975 

Mlnister of Defense in 1947-49 and 1953-55 
chaired Special Committee No. 2 in 1947-49. 

Deputy Mlnlster of Health from 1947 was lnvolved 
in Voskhod crew selection 

May I, 1907-july I I 
1976 

He was Mlnlster of Ship Bullding Industry in 
1957-76 

Minlster of Aviation Industry in 1953-77 was a 
supporter of Chelomey 

January 24. 1907- 
May 14. 1977 

First Deputy Chief. Central Commlttee Defense 
Industries Department in 1965-81 succeeded 
Serbln 

Domrachev, Aleksandr Vasiliyevich October 1906- 
January 26. 1961 

First Chalrman of GKOT In 1957-58 participated in 
Tyura-Tam s selection 



Contribution to the 
Soviet Space Program Full Name 

Gonor, Lev Robertovich 

Date of BirthlDeath 

First Director of Nll-88 in 1946-50 was dismissed 
in 1950 

Grishin. Lev Arkhipovich Deputy Chairman of GKOT in 1958-60 died in the 
R- 16 drsaster 

Ivashutin. Petr lvanov~ch 

Kalmykov, Valeriy Dmitriyevich 

First Deputy Charrman of KGB during Vostok in 
1959-63 was later CRU Chief in 1963-88 

He was Min~ster of Radio-Technical Industry In 
1954-74 

August 28. 1908- 
March 22, 1974 

Khokhlov, Nikolay Dmitriyevich 

Khrunichev. Mikhail Vasilyevich 

Unknown Deputy Minister of General Machlne Budding In 
1965-83 was respons~ble for quality control 

April 4. 1901- 
june 2.  1961 

Minister of Aviation Industries in 1946-53 was later 
in Gosplan 

Khrushchev. Nikita Sergeyevich Apr~l 5. 1894- 
September 1 1  1971 

First Secretary of Central Committee in 1953-64 
during the early space era chaired Council of 
M~nisters in 1958-64 

Kozlov. Fro1 Romanovich August 18. 1908- 
January 30. 1965 

He was Secretary of Central Comm~ttee for defense 
and space dur~ng Vostok in 1960-63 

Leshchenko. Sergey Mikhaylovich 

Litvinov. Valent~n Yakovlevich 

Unknown He was First Deputy Minister of Av~ation Industries 
in 1957-64 

D~rector of Progress Plant in 1944-62 later was 
Deputy Minister of General Machine Building in 
1965-73 

first Chairman of Speclal Cornmlttee No 2 in 
1946-47 oversaw missile program 

Malenkov, Georgiy 
Maksimiliyanovich 

January 2 .  1902- 
January 23. 1988 

Malyshev, Vyecheslav 
Aleksandrovich 

February 16. 1902 
February 20. 1957 

Minister of Medium Machine Build~ng In 
1953-55 was first manager of Soviet defense indus 
try 

Mazur. Yevgen~y Vasilyevich Unknown- 1982 He was Deputy Minister of General Machine 
Building in 1965-82 

Pashkov, Ceorg~y Nikolayevich He was at Gosplan Second Department in 1946-5 1 
and Deputy Chairman of Mil~tary-Industrial 
Cornm~ssion in 1957-70 

Petrovskiy. Boris Vasilyevich 

Pleshakov. Petr Stepanovich 

June 27. 1908- Minister of Health from 1965 to 1980 operated on 
Korolev 

Director of TsNll 108 ~n 1958-64 was then Minister 
of Radio Industry 1974-87 

July 13, 1922- 
September 1 1, 1987 

Pravetskiy, Vlad~mir N~kolayevich 

Rudnev, Konstantln Ntkolayev~ch 

Unknown He was Chief of Third Ch~ef Directorate in Ministry 
of Health 

Director of Nll-88 in 1950-52 later chaired CKOT 
during Vostok In 1958-6 1 

June 22. 191 1 -  
August 13. 1980 



Contribution to the 
Soviet Space Program Full Name 

Ryabikov. Vasiliy Mikhailov~ch 

Date of BirthlDeath 

January 14 1907- 
July 19. 1974 

Chiel of Th~rd Ch~ef Directorate of Counc~l of 
M~nisters in 195 I -53 chaired Military-Industrial 
Commission ~n 1955-57 and Sputnik State 
Commission 

Serbin, lvan Dm~tryev~ch 

Serov, lvan Aleksandrovich 

Shakhurin, Aleksey lvanovich 

Smirnov, Leonid Vas~lyevich 

Stalin, los~f Vlssarionovich 

Stroganov. Boris Aleksandrovich 

Tabakov, Gleb Mikhaylovich 

Udarov, Grigoriy Rafailov~ch 

Ustinov, Dm~triy Fedorovich 

He was Chiel of Delense Industries Department 
in  1958-81 

September 29. 1905- 
July 1. 1990 

F~rst Deputy Mlnister of Internal Affairs later cha~red 
KGB in 1954-58 

February 25. 1904- 
July 3. 1975 

He was People's Commissar for Aviation Industries 
in 1940-46 

April 16. 1916- Director of YuzhMash Plant in 1952-61 chaired 
M~litarv lndustr~al Commission in 1963-85 

December 21. 1879- 
March 5, 1953 

General Secretary of Central Comm~ttee in 1924-53 
was Chalrman of Council of M~nisters in 1941-53 

Unknown He was Sector Chief. Central Committee Delense 
Industries Department 

Director of N i l  229 in 1958-63 was later Deputy 
M~nister of General Machine Bullding in 1965-81 

Deputy Minister of General Machine Building in 
1965-79 was responsible for ground complexes 

October 30. 1908- 
December 20. 1984 

Chairman of M~litary-Industrial Comm~ss~on during 
Sputnik and Vostok in 1957-63 was later Secretary 
of Central Committee for defense and space in 
1965-76 

Vetoshkin, Sergey lvanovich September 25, 1905- 
July 19. 1991 

Directorate Chief in Ministry of Armaments was 
then First Deputy Cha~rman of Mil~tary Industrial 
Cornmiss~on in 1958-65 

Vladiminkiy, Sergey Mikhaylovich 

Zubovich, lvan Geraslmovich 

Zverev, Sergey Alekseyevich 

Unknown Deputy Minister of Radio Techn~cal Industries in 
1954-79 was earher at KB I 

Deputy Chairman of Special Comm~ttee No 2 was 
then Deputy Minister of Armaments in 1949-51 

October 18. 1912- 
December 17, 1978 

He was Chairman of GKOT during the Voskhod 
program ~n 1963-65 
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Numbers

09 rocket, 6.63. 847

IK spaceship, 195,250: see also Object K spaceship

I KP spaceship, 251 ; see also Vostok-I P spaceship

I L circumlunar spaceship, 338-45, 346

I M I test vehicle of N I rocket, 555

2K spaceship, 195,250

2RS high-speed aircraft, 22J

3K spaceship, 195,250

3KA spaceship, 363,382, 386: see also Vostok-3A spaceship

3KD spaceship. 386.448, 451-54, 506: see also Voskhod 2

3KV spaceship, 386,410-13,422,423,506,507, 522,523.

524: see also Voskhod

3RS high-speed aircraft. 221

4K spaceship, 195

5D51 engine. 494

5KM space hghte,', 344

5NM Mars sample return project. 753-54

7K spaceship, 345-50. 383, 463, 493, 719, 801, 802; and

design of, 347-48: see also Soyuz circumlunar project

7K G spaceship. 635

7K-LI spaceship, 497-50& 546, 556-61. 654,699 701: and

launches in early 1967, 561-64: and launches in 1967-68,

610-22: see also L I circumlunar spaceship and Zond

7K-LIE spaceship, see LIE spaceship

7K L I S spaceship, see L I S spaceship

7K-LOK spaceship. 493,494,495: see also LOK lunar orbiter

7K-OK spaceship, 465-73. 492, 494. 501. 502. 503, 546,

556, 557, 561. 565. 567, 569. 570,571. 573. 575, 59t, 596,

624-26. 629-33, 635, 636, 659. 670, 701, 102, 705. 706.

716, 722. 723. 766, 804. 840: see also Soyuz spaceship

7K-OK-T spaceship, 559

7K-PLK spaceship. 498. 502

7K-PPK spaceship, 473: see also Soyuz-P spaceship

7K-S spaceship, 635. 636, 716,722. 769,770. 794,804,809:

and preparations for flight. 826

7K-T spaceship, 717, 774. 777, 804,805, 807. 809. 815,816:

and design of, 769,807-08, 810

7KTG spaceship, 826. see also Progress spaceship

7K-TK spaceship, 473,591. 592,597, see also Soyuz-R space-

ship

7K-VJ military spaceship, 527, 596-99. 633, 828; see aJso

Zvezda military station

8,_91 booster, 175, 176, 201

8t_92 booster, 15 t

8D423 engine, 545

8D726 engine. 322

8KII missile, see R-I

8K7t missile, see R-7

8K71PS booster, 163 64, 166, 173-74, 20 I: see also Sputnik

booster

8KTISN missile, 156

8K72booster, 201 02.203.206,226,235,251.252

8K?2K booste¢: 203,235,259, 273,276, 338, 343,353,355,

356, 366, 368: see also Vostok booster

8K73 booster, 201-02

8K78 booster, 328. 388, 488, 525, 529: see also Molniya

booster

8K78M booster, 640: see also Molniya booster

8K513 booster, 482

9K rocket block, 346-50. 463,465: and design of. 348: see

also Soyuz circumlunar project

10X cruise missile, 22, 227

IOXN cruise missile, 227

I I_51 booster, see N I booster

I I_52 booster, see N2 booster

IIA55 booster, 348

I IP.56 booster, 348

lhq57 booster, 410, 41 I, 421,448,469, 507. 523. 524, 525,

571: see also Voskhod booster

I IA59 booster, 394

I l,a,511 booster. 469,474,503,571,573,574,581,596,605.

610, 705. 826; see also Soyuz booster

* Note that page numbers in italics indicate photographs.

979



I I A5 I I L booster. 735 
I l A5 l l M booster 596 
l I A5 I 4  booster 473 
I I D23 engine. 543 
I ID54 engine. 483. 649. 677 
I l D56 englne. 483. 548. 649. 847 
I ID56M englne. 757. 759 

I ID57 englne. 483. 649. 757. 759. 847 
I I D58 englne 488 
I I D  I 2  I englne. 820 
I I D4 16 engine. 543 
1 ID417 englne. 531. 642. 739 
I IF25 space shuttle see Buran space shuttle 
I IF71 spaceship. 473, see also Soyuz-R spaceshtp 
I IF71 statlon (of Almaz). 591. 592. see also Alrnaz 
I I F72 spacesh~p. 473. see also Soyuz-R spacesh~p 
I I F72 spacesh~p (of Almaz). 806: see also Transport~Supply 

Sh~p 
1 I F74 spaceship (of Almaz). 592 
I 1  F75 spaceship (of Almaz). 592. 807 
I I F76 spaceship (of Almaz), 592. 593 
I I F77 spacesh~p (of TKS). 807: see also FGB 
I I F9 I spaceship. 503, see also 7K-LI, LI. and Zond space- 

sh~p 

I I F94 lunar lander. 491. see also LK lander 
I I F615 spacesh~p. 465, see also Soyuz spaceship 
l IF71 1 statlon. 597 
l I K  spacesh~p. 346-50 463. 465. and descgn of. 348. see 

also Soyuz circumlunar project 
I I K25 booster, see Energiya booster 
I IS824 payload block. 556 
14X crulse m~ss~le. 227 
I5D13 engine. 543 
16X cruise m~ssile 227 
l7K  space statlon see DO8 statlon 

19K module 802 
23rd Spec~al Purpose Eng~neer Br~gade of the Rocket Troops 

of the H~gh Command. 72 
25 bomber see M bomber 
45K attitude control sensor. 575. 582. 583. 584, 589 625. 

626 
50-50 spaceplane project see Sp~ral 
95 bomber, see Tu-95 bomber 
99K att~tude control sensor. 557. 655 
IOOK att~tude control sensor. 616, 6 18. 654 
101 att~tude control sensor. 557 
lOl  K attltude control sensor 655 
103 bomber 15 
I IOK attitude control sensor. 557 
I30  spaceplane carrler. 600 605 
212 mlrslie, l l I 3  
2 l 7 mlsslle. I 6  

A ~ 4  German missile, 18-2 1, 24-32. 34-35. 37. 40. 41 - 42.45. 
46 49 50. 53. 54. 58-60. 62. 64. 66.68 73. 76. 78. 81. 
83 8 4 . 8 8 . 9 2 . 9 8 .  101, 107. 130 131 185,212,275, 331. 

364. 380 477. 538. 570. 848. and Sov~et launches of 
55-57 

A-91A I 0  German m~ss~le concept, 75 
A-200 ICBM, see UR~2OO ICBM 
A-300 booster. 234. 307 
Abramov. Anatolry P . 50. 1 18. 137. 160. 80 1 

Abramovlch. Cenr~kh N . 5 1 53 
Academy of Armaments Industry 90 

Academy of Sc~ences see USSR Academy of Sc~ences 
Adm~ra camera. 510 
Advanced Research Projects Agency (ARPA). 3 17 
ADU- I 00  communccatlons antennas. 536 
Ael~ta Mars project. 745-54 
Aeiila novel. 745 
Aerobee m~ss~le. 92 
Aerojet Propuls~on Dcv~s~on. 846. 847 
AFA~4II2O camera. 767 
AFA-M-31 camera. 767. 779 
Afanasyev. A V . 64 
Afanasyev. Sergey A . 433.480.481.482. 500. 503. 5 14. 5 17. 

518. 527. 538. 539. 547. 553. 554. 570. 585. 591, 613. 

621. 631. 632. 634. 644. 645. 646. 647 648. 649. 658. 
659. 671. 675. 678. 679. 680, 699. 701. 703, 714, 720, 
722. 724, 728. 730. 731. 733. 738. 746. 750. 752. 759. 
762. 771, 781. 783. 786. 790. 796. 797. 800. 803. 806, 
809. 824: and background of, 430-3 I .  and end of N I -L3 
project. 832-33. and flrlng of M~shin. 830-3 I ,  and fourth 
N l  launch. 822. and latter-day career, 844-45, and on 
Ustinov. 434. and second N l  launch 692: and supported 
by Marshal Crechko 787 

Agadzhanov. Pave1 A .  I62 427. 337 583 584. 656 
Agafanov, Sergey P .  825 
Agaltsov. F~lipp A 243. 28 1. 29 I 
Agat- I telescope. 592 
Agence France Presse agency. 805 

Air Force Med~cal Serv~ce, 425 
A K I  7 Kosmoplan. 307 
AK- 1-300 Kosmoplan. 307 
AK~3-300 Kosmoplan. 307 
AK-4 Kosmoplan. 307 
Akademrk Sergey Koroleu commun~cat~ons sh~p. 8 16 
Akadern~k Shrrshou research ship, 726 
Ak~m.  Efra~m 835 
Alblna (dog). 95. 173. 181 
Albrlng. Werner. 30. 58. 63 
Aldrln. Edw~n E . J r .  694. 695. 696. 713 
Aleksandrov. Anatolty P .  313. 3 17. 750 
Aleksandrov. S 1 . 448 
Aleksandrov. V ,  220 
Alekseyev. Nckolay N.. 287 635 
Alekseyev, Semyon A .  172. 198. 199. 254. 264, 272. 356, 

359 
All-Un~on Conference on Rocket Research lnto the Upper 

Layers of the Atmosphere. 182-83 
All-Un~on Conference on Stratospheric Stud~es. 9 
All-Un~on Conference on the Uses of Rocket~Propelled Craft 

for the Explorat~on of the Stratosphere 9 
All-Un~on lnstltute for Av~at~on Mater~als, see VlAM 



All-Union Scientific-Research Institute for Digital Computer 
Technology. 594 

All-Union Scientific-Research Institute for Electromechanics. 
594, 683. see also Nll-627 

Almaz program 597. 598. 607. 633. 635. 729, 766 768. 770. 
787. 800. 804. 814. 840, and conversion to DOS. 720-2 l 
and coordination of schedules with DOS. 808-09, and 
delays in late 1960s. 716-17. and description of space- 
ship. 592-96. and first crews for, 808. and origins of. 
590-92, and preparations for launch of Almaz I ISalyui 2. 
810-1 1 ,  and Salyut 2 mission. 8\1-12, and work In 
1970-72. 806-07, and work in 1970s and 1980s. 84 1-43 

Amak-3 experiment. 778 
Ambartsumyan. Viktor A .  770 
An-2 aircraft, 248 
An-12 aircraft. 198. 263. 422. 473. 569. 630. 656 
Analytical Instrument Building Design Bureau. 472 
Anders (a German), 58 
Anders. William A . 667. 674 
Andropov. Yuriy. 432. 846 
Anikeyev. lvan N . 246. 247. 374-75 
Anna-) telescope. 767. 778 
Anokhin, Sergey N . 566. 567. 588 
Anti-Party Group affair, 161. 177 
antipodal bomber, see Sanger~Bredt bomber 
Antonov. Oleg K . 198. 2 18 
Appazov. Refat F . 44 
Apollo Applications Program (NASA). 714: see also Skyiab 
Apollo programlspaceship (NASA), 383. 384. 396 397. 398. 

399. 402. 405. 406, 408. 409. 444. 446. 471. 475, 482. 

483. 497. 499. 502. 539 544 550. 553, 554. 562. 595, 
607. 614. 641. 646. 655 661. 662 668. 712. 736. 739. 
741 742. 750. 757. 772. 779, 827. 853. 857. 859: and 
financial comparison with N I-L3. 838. and Soviet com- 
parison with Luna sample return missions. 740 

Apollo I fire 554. 562. 629 65 1 .  658 
Apollo 4 mission, 643. 644 
Apollo 5 mission. 734 
Apollo 7 mission. 658. 660. 663 
Apollo 8 mission. 667. 674. 693. 701. 713. 716. and decision 

on. 662-63, and Soviet response to. 665-68. 674-678. 
687. 746. 754 

Apollo 9 mission. 684. 734 
Apollo 10 mission. 684, 686. 687 
Apollo l l mission. 687. 688. 693 694-96. 699. 714. 729. 

733 737. 740. 750. 765. 788. 856, and Soviet response to. 
696-97. 703 

Apoilo I 2  mission, 729. 740 
Apollo 15 mission. 763 
Apollo 16 mission. 793. 804 
Apollo 17 mission. 793. 806 
Apollo-Soyuz Experimental Flight (EPAS), see Apollo-Soyuz 

Test Project 
Apollo-Soyuz Test Project (ASTP). 43. 814. 848: and crews 

for. 814-15 and origins of. 793-94. and test flights for. 
826 

Argon- I I computer. 558. 614 
Argonl2A computer. 594 
Armenian Academy of Sciences. 778. 81 7 

Armstrong. Neil A . 694. 695, 696. 699. 713. 724 
Arsenal Machine Building Plant. 648. 733. 754 
artificial gravity experiments. see IT project 
Artyukhin. Yuriy. 81 1 
Arzamas-16, I20  
AS-203 Apollo mission 734 
ASA-34R camera. 593 

Atlas booster. 846 
Atlar ICBM 80 
Atlet spacesuit. 767 
atomic bomb development. 36. 51. 86 
Avduyevskiy Vsevolod S 189. 313 

Avrat~on Week G Space Technology journal, 552 
Azov Machine Building Plant. 769 

B-29 bomber. 36 
8-524 bomber. 600 
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139 141 150 I51 I78 212 258 285 286 309. 331 
339 164 429 462 471. 477 480 530. 675. 704. 795, see 
also TsNllMash 

NII 88 Branch No I .  45. 80 82 
Nll-88 Branch No 2. 58 83 137 
NII - I  25 institute. 90. 199 
Nil-137 institute. 259 
Nll-229 Institute 258. 331. 389 483: see also Sclentific- 

Research lnstitute for Chemical Machine Building 
N11~380 instltute 353 41 I .  450 
Nil-627 Institute 487 594 see also All-Union Scientific- 

Research lnstitute for Electrornechan~cs 
Nll-642 institute 227 
N11~648 instltute. 340 366. 453. 470. 471. 492. see also 

Scientific Research lnstitute for Precision Instruments 
Nll-695 insttute. 201. 226 272. 274. 471 
Nll-885 institute. 46. 78. 91. 99. 131. 200 201. 331. 471 503 

504 536. 704. 705, see also Scientific-Research lnstitute 
of Radio Instrument Building 

N11 944 institute 201 258. 367 429 480 594 
N i l  UP institute. 340 
NII TekhnoMash. 732 
N i l  YaF institute. 56. 69. 407 
NllP 5 launch range. 3 5  136 138. 157: see also Tyura-Tam 
Nik~t in Nikifor. 135 
Nikltin Nikolay K 247 365 

Nikolayev. Andr~an G. 246. 247 249. 261. 274. 291 292. 
352. 353. 363. 370. 378. 568 577. 580. 588. 607. 631. 
674. 703. 779. and background of. 356, and Soyuz 9 mas- 
sion. 723-29, and Vostok 314 rnlssion. 356-6 I .  and wed- 
ding of. 373-74 

Nikolayeva, Elena, 726 
NIP-16 ground tracking station 536. 582. 703 see also 

Yevpatorlya 
NIT1 40. 331. 732 
Nitochkln Aleksey A . 135. 136 
Nixon. Richard M 765. 794 
NK-9 engine 3 16- 17. 322. 387. 388 482. 486 
NK-9V engine, 322, 387, 388 
NK-I5 engine, 387, 388, 479, 485. 486. 548. 644. 692. 730. 

73 1 

NK- l 5V engine 387. 485 547 649. 73 1 
N K ~ l 9  englne, 387. 487 
NK 2 I engine 187 485 73 1 

NK 3 1 englne 825 825 
NK-33 engine 820 825. 837 846 
NK-35 engine. 752 
NK-4 l engtne. 825 
NK-43 engine. 820. 825 846 
NKVD secret police. 10-15 18, 19. 258 
NORAD. see North American Alr Defense Command 
Nordhausen. 24 27. 29 32. 34. 35. 40 56 
North Rrner~can Air Defense Command (NORAD). 232 
North Amerlcan Aviation. 397 
North Atlantic Treaty Organization (NATO) I02 
Nosov Aleksandr I 1 5 5 .  157. 166 
Nova heavy boosters 54 1 75 I 
Novikov. Aleksandr A . 2 1 

Novikov Mikhail A . 266 
NPO Energiya 833 834. 839. 848 and acquires Chelomey's 

Fill Branch 842, and Energiya-Buran program. 836. and 
formation of. 830-3 1 .  and work in 1970s and 1980s 
839-41. see also OKB- I and TsKBEM 

NPO Mash~nostroyeniya. 843. see also OK0 52 and TsKBM 
NPO Molnlya. forrnatlon of. 836-37 
NPO Trud, 846, see also OKB~276 and KB Trud 
nuclear power sources 335. 749-50 
nuclear rocket engines 3 18. 389. 482. 677 752. and discus- 

sions about. 208 and early proposals for 207 
Nudelman Aleksandr E . 594 596 

Oazis- I greenhouse. 778 
Oazis-2 greenhouse, 818 
Oberth. Herrnann. 1 .  4. 716. 799 
Object A warhead I 5  I 
Object B warhead I 5  1 
Object D satellite. 149. 150. 151. 152. 154. 155. 162. 164. 

172. 180. 186. 187. 191. and goals of. 153. and instru~ 
ments on. 175 and launches of 175-76 see also Sputn~k 
3 

Object C warhead, 15 1 
Object K Kosmoplan see Kosrnoplan 



Object K spaceship. 193-95. 205. 210. 221. 225. 226. 232. 
235. 240. 244. and design of. 195-201. and renamed 
Vostok. 250. see also Object OD-2 satellite and Vostok 

spaceship 
Object KL spaceship. 240 
Object KMV spaceship, 240. 333 
Object KS spaceship. 240 

Object MV tracking station. 536 
Object OD- l satellite. 187 
Object OD-2 satellite. 187. 188. and design of. 189-92 

193-95 
Object R Raketoplan, see Raketoplan 
Object V warhead IS I 

Obraztsov (Academician) 609 
OD-4 viewfrnder. 767 
O D ~ 5  viewfinder, 593 
Ogorodnikov. Kirill F . 146 
OKB-l (Korolev), 90-91, 104. 107. 108. 1 13. 1 15. 120. 121. 

125. 129, 130. 133. 137 138. 146. 149. 159. 160, 161. 
162. 172. 175. 178. 183, 185. 186. 187. 189. 190. 195, 
197. 198 200-03 208.209. 212. 220.224.225.236 238. 
239-41. 243. 248-50 252 255. 256. 259. 264. 266. 273. 
285.309.319.321. 324-27.329. 331. 332.351, 355. 363 
364. 370. 377-79. 4 14 4 17. 429.434-45.462. 463.472 
473. 474. 511. 512. 513 514. 517. 521. 529. 536. 538. 
602. 745. 764. 848: and decision to pick successor to 
Korolev. 5 17-2 I ;  and design of 152. and design of N I 
483-87, and design of post-Vostok spaceship. 337-45. 
and design of Voskhod. 409- 13: and early development of 
N I rocket. 386-95: and "extended Vostok" plans. 
380-83 and L3 lunar landing program 474-83 and lack 
of money. 383 395 404, and projects for Mars missions. 
333-37, and renamed TsKBEM. 520. and selection of N l  
engines 3 14-18: and separation from Nll-88, 151-52, 
and size of. 290. 437, and Soviet declsion to go to Moon. 
395-408, and Soyuz orcumlunar project. 345-50, and 
Voskhod 2 mission. 448-60, and Voskhod proposals for 
1965-66, 506-1 I see also TsKBEM and NPO Energiya 

OKB-l Branch No 2 437 
OKB-I Branch No 3. 331. 437. 469 473 508. 521, see also 

TsKBEM Branch No 3 
OKB-2 (Isayev). 102. 199 21 7 315. 340 388 389,429,466, 

495. 53 I. 548. 768 795. and separation from Nll-88 200, 
see also Design Bureau of Chemical Machine Building 

OKB-3 (Sevruk), 114 
OKB~4 (Bisnovat). 836 
OKB-I0 (Reshetnev). 349 
OKB-I2 (Abramov). 331 
OKB- I6 (Nudelman). 594 
OKB-23 (Myasishchev). 126. 128. 133 223-26. and 

attached to OKB-52. 235-36. 242. 299-300. 718. see also 
OKB-52 Branch No I 

OKB-36 (Kolesov) 604 
OKB~5 I (Sukhoy). 235 236 
OKB-52 (Chelomey). 229-32. 305 307. 308. 309. 310. 312. 

344 393-94. 395 407 4 19. 420 429 and end of con- 
ception of LI Zond project 497-506, and expansion of. 
299-300, and fall of Khrushchev. 436-46. and format~on 

of. 228 and projects rn early 19608, 3 13 and renamed 
TsKBM. 520; see also TsKBM 

OKB-52 Branch No 1. 236. 301. 302. 303, 439, see also 
TsKBM Branch No I 

OKB-52 Branch No 2. 299-300 
OKB~52 Branch No 3. 300. 437 
O K B  I I5 (Yakovlev), 64 

OKB-l I 7  (lzotov). 545 
O K B l 2 4  (Voronrn) 199 264. 271. 472. 490, 524. see also 

KB Nauka 
OKB- I54 (Kosberg). 202. 220, 301, 3 15. 389. 429. 469. 5 1 1. 

524. 525. 541. 592 752 see also Design Bureau of 
Chemical Automation 

OKB 155 (Mrkoyan), 223. 227. 442, and work on Spiral 
spaceplane 599-607, see also MMZ Zen~t 

OKB-I56 (Tupolev). 126. 128. 236, 415. 599. 600. 605 
OKB-165 (Lyulka). 3 15 388. 389. 487. see also KB Saturn 
OKB-240 (Ilyushin). 72 1 

OKB~256 (Tsybin). 22 1-23 
OKB~276 (Kuznetsov). 218-19. 220. 236. 315. 31 6-1 7. 326. 

331. 387, 390 393. 395. 485. 547. 548. see also KB Trud 
OKB-300 (Tumanskiy) 340. 488 
OKB-301 (Lavochkin). 125-26. 133. 223-24. 300. 437-38. 

530, see also OKB-52 Branch No 3 and Lavochkin 
Machine Bucldtng Plant 

OKB-329 (Mil) 189. 340 
OKB~456 (Clushko). 46. 50. 57. 76. 100. 109. 129 201. 2 17. 

258. 303. 315, 318. 329. 331. 481. 613, see also KB 
EnergoMash 

OKB~482 (Myasishchev). 126 
OKB-586 (Yangel), I 14, 164, 2 12. 2 14 24 I. 492: see also KB 

Yuzhnoye 
OKB-670 (Bondaryuk). 107. 125. 3 18 
OKB-692 (Konoplev). 257-58 
OKB ME1 (Bogomolov). 155. 172. 175. 201. 340. 41 I .  421. 

820 
OKB-SD (Clushko). 16. 17, 2 I 22. 30 46 
Okhapkin Sergey 0 .  50. 73 I21 133. I51 152. 327 391. 

395. 397. 479. 554. 580. 634. 638. 644. 716. 794. 821. 
827. and background of. 521. and death of. 848. and 
demotion of. 833. and gets Hero of Socialist Labor. 177. 
and power struggle cn TsKBEM. 828; and space station 
decisron in 1969 7 17 

Okhotsimskiy. Dmltriy Ye , 103. 641 
Operatcon Bereza. 229-30 
Operation Kedr. 4 18-2 1. 427 
Operat~on Ost. 29-30 
OPM MIAN. 75, 102. 0 3  105. 139. 141. 161. 177. 187. 189. 

344. 353. 849 
Organization of Soviet space industry, description of 

284-90, and proposals for. 205. 206. 208-10. 428-36 
Orion-l telescope. 766 768. 778. 818 
Orion-2 telescope, 8 17. 8 18 
Orlan spacesuit. 493. 647. 668 
OSK-4 optccal instrument. 597 
Osoavcakhim. 4. 6 
OSTI telescope. 767. 773 778 
Ostashev Arkadry 1 . 44. 256 
Ostashev Yevgeniy. 256 



Osvoyeniye lunar base. 764 
OTK technical commission in Gerrnany. 28. 29-37, 40. 4 I .  49 
O'Toole. Thomas. 784 

Orerov. Georgiy A 16 

P 5 naval cruise missile 228-29 721 

P 6 naval cruise missile 24 1 
P 70 Ametist naval cruise missile 437 
Pacific Ocean Hydrographic Expedltcon No 4 263 
Palne Thomas 0 663 793 
Pallo Arvid V 17 25 29 31 198 260 
Pallo Vladimir V 719 
Parin Vasiliy V 93 173 29 1 376 620 
Pashinin Mikhail M 224 
Pashkov Georgiy N 40 I23 129 139 142 146 147 IS5 

156 305 06 446 547 655 
Patrick Air Force Base 153 
Patsayev Viktor 1 684 799 818 and becomes primary crew 

for Soyur l l 776-77 and reconstruction of Soyur I I 
accident 783 84 and Soyur I l mission 777-81 785 
and trainlng for SaiyutIDOS 1 772 

Paton Boris Ye 486 623 710 
Paton lnstltute of Electro Welding 331 486 623 702 
Pavlov Aleksandr P I2 I 
Pchelka (dog) 259 
Pe 8 bomber 22 
Peenemunde 18 24-27 30 32 35 42 51 55 56 75 83 
Peleng bparon system 197 201 
Peoples Conimissariat of Ammunitions 33 
People 5 Con~missariat of Armaments 30 33 37 
Peoples Commissariat of Avlation Industry 20 22 25 33 
Peoples Commissariat of Heavy Industry 7 
Peoples Commissariat of Internal Affairs see NKVD 
Peresypkin liar- 156 
Pershing m~sbiles 844 
Pervukhin 149 
Petlyakov Vlddimir M 14 218 
Petrov Borcs N 740 750 8 14 
Petrov Ceorc:iy 1 79 189 586 770 and appointment to 

Institute of Space Research 436 
Petrovich C (pseudonym for Clushko) 791 
Petrovskiy Boris V 5 14 
Phillips Sam~el C 662 663 
Physical Power Institute 335 389 
PIK ground tracking network 156-57 
piloted spartships approval of 193 and early design of 

I89 92 and early work on 186-89 see also Object OD 

2 satellite Object K spaceship and Vostok spaceship 
Pilyugin Nikolay A 19 28 29 34 35 39 46 47 57 72 

78 99 120 131 155 156 5 7  159 166 177 192 200 
201 237 254 272 289 331 356 359 393 403 429 
439 453 459 486 491 510 519 558 676 677 704 
820 85 1 and background of 503-05 and becomes 
Academic an 519 20 and death of 846 and gets first 
Hero of iociali,t Labor 121 and gets second Hero of 
Socialist Labor 284 

Pingvin spacesuit 725 767 780 

Pitsunda. 281. 304. and meeting in 1962. 322-24. 330 
PKA spaceplane. 225. 226. 338. 448. 600. and design of 

22 1-22. 223 
Planeta radar. 489. 49 I 496. 639 
Plant No I (in Germany) see Design Bureau Olimplya 
Plant No 2. 218 
Plant No 2 (in Germany), see Montania Plant 
Plant No 3 (in Germany), see Zentralwerke 
Plant No 4 (in Gerrnany) see Sonderhausen 
Plant No 16 15. 16 
Plant No 18 223 
PlantNo 19 613 
Plant No 22 462 
Plant No 23 126 224. 235-36 242 see also Khrunichev 

Machine Building Plant 
Plant No 5 1 23, 227 
Plant No 66. 115 
Plant No 8 196. 340. 410. 469. 471 
Plant No 84 46 
Plant No 88. 38. see also Experimental Machine Building 

Plant (of TsKBEM) 
Plant No 166. 606. 787 
Plant No 293, 17, 19 
Plant No 385, 1 15 
Plant No 500. 227 
Plant No 586 97. 1 13. 285 43 1 

Plant No 642. 299 
Plant No 918, 172, 181, 198. 264 267. 340. 362, 472 490. 

509. 51 1 and Voskhod 2 airlock. 448-50. see also KB 
Zvezda 

Platform ground test system 47 1 

Plesetsk. 72. 549; see also Mirnyy 
Plotnost instrument. 767. 778 
Pobedonostsev Yuriy A 5 .  6. 7 8. 13. 18. 19. 28. 29. 32. 34. 

44.45 53 59.81.85 90. 1 1 5  199 

Podgornly 628 
Poisk newspaper. 852 
Pokrovsk~y. Aleksey V . 93 
Poland. 18 31 
Polet I satellite 394 
Polkarpov. Nikolay N . 22 I I2  
Polinom~2M instrument. 767 778 
Politburo 36. 109 I10 129. 149 177 178. I80 213 270. 

385,423,428,433, 5 17. 598. 703 724.831.832 844.849 
Poyakov. Borls 1 414 
Polyakov. Valerly A . 840 
Polyarniy Aleksandr P 76. 99 
Ponomareva. Valentina L 353. 362. 365 366 369. 509 
Popkov, Ivan V 5 12 

Popov. Vitally 1 . 93 
Popovich. Pavel R .  246. 247. 249. 261. 267. 274 352. 353. 

363. 378 563 581 598 610. 613. 615. 616. 627 653. 
655. 667. 71 7. 81 I. 81 3. and background of. 356 and cap- 
cam on Vostok ( I )  mission 275-76 277, and Soyuz-VI 
program. 636. and training for Moon program. 561 657 
and Vostok 314 mission. 357-61 

Potopalov Aleksandr V 836 
Potsdam conference 36 
POU I I instrument. 593 



Powers. Franc~s Gary. 253 
Prauda newspaper. 168, 169. 295. 529. 79 I .  846 
Pres~dium, see Pol~tburo 
Pr~boy l~fe support instrument. 593 
Pr~roda module for Mlr. 840. 843 
Progress M spacesh~p. 840 
Progress Machine Bullding Plant. 315. 33 1 .  390. 549. 598, 

646 
Progress spacesh~p. 826. 839 
Project Starf~sh. 357 
propellants. debates over. 2 12- 19. 320-2 I .  327, 328-30 
Proton booster. 130. 440 487. 541. 542. 548. 550. 559. 560, 

563 591.610.612.615.616.621.639 641-42 654.665. 
666. 679. 681. 687, 688. 693. 718. 719. 734. 741. 742. 
748. 773. 793. 802. 81 1, 812. 813. 824. 835. 840. 843. 
and summary of poor launch record ~n 1967-70. 738-39. 
see also UR-500 and UR-SOOK boosters 

Proton satell~te. 440 
Prudnlkov, Ivan S . 44. 488. 576 
PS-I  satellite. 15 -55 ,  160. 172. 175. 180. and des~gn of. 

161-64 and launch of. 166-68. and permlsslon to 
launch 165: see also Sputn~k 

PS-2 satell~te. 154-55. 174. 175. 180. and des~gn of. 17 1-73: 

see also Sputn~k 2 
Put~lov Aleksandr I . 14 

R-020 h~gh-speed a~rcraft, see RSR h~gh-speed aircraft 
R ~ l  m~sslle. 41. 49 53. 56. 57. 58. 72-76. 78. 79. 83. 85. 86. 

9 3 . 9 4 . 9 6 .  100. 101. 109. 113. 118. 172 180. 183. 538. 
and approval of. 61: and descr~pt~on of, 50, and launches 
of. 61-62. 71 

R- l Raketoplan. 441-42. 599. 600 
R- I A  m~ss~le. 70. 71 94 
R I B  m~sslle. 94-97. 180, 182. 183 
R- l D mlss~ie. 180-8 1 

R - I M  missile 113 
R- l V rnlss~le. 94-97. 180 
R-IYemiss~le. 151. 180. 181-82. 185 
R 2 m~ssile 42. 49-50. 59-61. 63 68. 72 74-76. 78. 79. 85. 

86. 97, 100, 103 113. 118. 143. 152. 172. 183 185, 192; 
and descr~pt~on of. 57-58, and launches of, 72-73: and 
sent to Chlna. 290 

R ~ 2  Raketoplan. 441-42. 599. 600 
R-2A missile. 172 185. 186, 250 
R-2E missile, 72. 76 
R-2R mlss~le. 138 
R-3 miss~le 73-80. 81. 84-86. 97-99. 101. 103. 105. 108. 

125. and approval of. 73, and cancellat~on of. 105. 
1 1 1 - 12, and description of. 78 

R-3A missile. 78-79 98. 99. 101 
R 5 missile. 99. 114. 119. 143 172. 192. and description of. 

9 9 1 0 0 ,  and launches of. 100-01. 1 15. I 20  
R-5A missile. 15 1. 250 
R ~ 5 M  missile 124. 128, 15 1 .  858. and launches of. 120. 149 
R-5R mlss~le. 138. 151 
R-5V mlss~le. 506 
R 6 ~  l 17 englne. 444 

R 7  ICBM. 128. 129. 130. 135-43, 147, 149-51. 154 156. 
163. 173, 175, 179. 180, 186. 187. 195. 199 201. 202. 
206. 210 21 1 .  215. 221 223 224. 236. 240. 251. 256. 
276. 277 307. 308. 319. 332. 364. 394, 402. 473. 488. 
495. 499. 500. 549. 567. 605. 659. 735. 832. 855. 857. 
and declared operat~onal. 2 13, and design of. 13 1-33, and 
launches of. 157-61. 213 

R-7A ICBM. 25 1. 469, and declared operational. 2 13 
R-9 ICBM. 238. 240. 272. 316. 321-323. 327, 381. 388. 391. 

and origlns and debate over. 2 14- 19 

R-9A ICBM. 21 7, 328 418.421.  832 

R-9M ICBM, 316, 322 
R-9V ICBM. 217 
R-l I miss~le. 102 106. 114, 115, 118. 119 126 
R-I I FM rnlsslle, 15 1 .  195 
R- l  l M rnlsslle. I 20  15 1 .  195 

R- I2  rnlss~le. 114. 127. 164. 21 1 .  212. 215. 232. 310. 31 1 .  
323. and BOR spaceplanes. 788-89 

R-14 rniss~le. 21 1. 212. 215. 232, 308. 323 
R 1 6  d~saster In 1960. 256-58. 275. 3 19. 367 
R-16 ICBM. 418. 707. 796. 832, and confl~cts over. 214-19. 

256-58 

R-36 ICBM. 323.418.  419. 482. 796. 832 
R-36M ICBM 796. 832 
R-36-0 orbltal bombardment system. 323. 324. 482 
R-56 booster. 323. 324. 333. 402-03. 406. 408. 539. 796 
R O l  missile 101 
Rachevskaya. Esfir M . 16 
Rad~o journal. 165 
Radio satell~tes. 852 
Raduga communicat~ons system. 197. 201 
Raduga Instrument, 767 
Rafikov. Mars Z . 246. 247. 374 
Raketa group. 19-21. 25. 26. 29. 46 
Rakefi I 1yud1 mernolrs. 848 

Raketno-kosmrcheskaya tekhnika journal. 595 
Raketoplan spaceplane. 305-06, 313. 377. 395. 396. 443. 

445. 540, and early conceptions of 230.232.24 1-42. and 
project. 308- 12. and termination of. 440-42. 599 

Range Measurement Complex, see PIK 
Raushenbakh. Bor~s V .  252. 262. 273. 340. 355 370. 458. 

469. 507-08. 573. 575 580. 582. 584. 585. 740 and 
background of. 200. 792. and evaluation of Korolev. 
858-59. and leaves TsKBEM. 814. and name revealed, 
791 -92. and space station decision in 1969, 7 I 7  

Razumikhin. B 85 
RD-OI 2U ramlet engine. 126 
RD~018A ramjet engine 127 
RD-040 rarnjet englne 107 
RD-0105 englne. 202. 203. 259 
RD-0108 englne 422. 469 
RD-0109 englne. 203. 259. 277 
RD-OI I 0  englne. 469 
RD-02 15 englne. 54 1 

RD-0225 englne. 592 
RD-0410 nuclear englne. 752 
RD- I KhZ englne 16 
R D ~ 2  englne. 16 
RD-3 englne. 16 
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RD-36-35K turbojet engine. 604

RD I00 engine. 46. 50. 57. 58. 79

RD I01 engine, 57, 100

RD-IO3 engine, 100

RD-IO5 engine. 109. 129

RD 106 engine, 109. 129

RD 107 engine, 130

RD-IO8 engine, t30. 137

RD-109 engine. 202

RD I I0 engine. 76. 98. 99. 304. 329

RD-II I engine_ 2t8. 219. 238. 329

RD-211 engine, l i4-1S. 127

RD-212 engine. 127

RD-213 engine. 127

RD 253 engine. 303. 316. 320. 329. 388. 439. 480. 543. 548.

751. 824: and LIR-7OOM booster. 7SI-52

RD-254 engine. 316. 320. 542.5,43

RD-270 engine. 479.480 751: and UR-700 booster. 541-46

RD-410 nuclear engine. 752

RD 858 engine. 493

RD-859 engine. 493

RDKS-IOO engine. 53

Reactive Scientific-Research Institute, see RNII and NIl-3

Rebrov, Mikhait F, 850

Regulus missile, 229

Reikhrudol, Ye. 70

Reusable Vertical-Landing Transport Craft see MTKVP

Reutov Mechanical Plant. 228

Rezeda-2M instrument 767

Rezeda-5 experiment, 778

Rheinmetall 8orzig company, 35

Rheintochter, 40

Rifma spectrometer, 741

Ristne tracking ship. 534

RKK Energiya, 44. 567, 840,845,848: see also NPO Energiya

RL IOengine 759

RNII institute, 7 I0, IS, 16, 19, 45: see also NIl-3 institute

Romanov, Aleksandr P. II I

Roshchin, Vladimir F., 338, 339

Rosselevich. Igor A. 471

Rotor training device, 248

Rozenptenter, Gunther. 28

RP-3t8 rocket-plane, 9, Ih 13

RS high speed aircraft, 22t

RS- 132 rocket, 49

RSR high-speed aircraft. 22 I. 222

RSS I spectrograph, 672

RSS2 spectrograph 710. 726, 779,818

RTI missile, 381

RT2 ICBM. 381. 645, 658

RT-2PU ICBM. 794

RT-4 telescope. 767, 810

RTS 9 telemeasurement system, 768

Rubm trajectory measurement system, 197, 201,768-69

Rudenko. Sergey I. 356. 365. 373. 417, 418. 422. 459. 567.

629

Rudnev. Konstantin N. 91. 113. 146 155. 178. 180. 193.

210 215. 2t7. 264. 269. 284. 285. 332. 359. 585: and

background o[, t79; and becomes Chairman of State

Commission for Vostok, 258: and gets Hero of Socialist

Labor. 284: and Vostok (I) mission, 271-75

Rudnitskiy, Viktor A. 28.3 h 35

Rudolf. 63

Rukavishnikov, Nikolay N., 657, 684. 690, 785; and Soyuz I0

mission. 774-76: and training for SalyutlDOS-h 770, 772

Ryabikov Vasiliy M. 34, 37, 58.91, 123. 124, 129, 142, 147,

_48, /55, 157, 158, 159, t60, 165. 166. 167, 168; and

appointment as Chairman of State Commission for

Sputnik, 156; and death of. 845

Ryazanov, Yevgeniy F. 147, 152

Ryazanskiy, Mikhail S., 28, 35, 46, 47. 57, 78, 921 IO9-10,

131, 134, 146, 154, 135, 156, 167, 177, 192, 201, 254

272, 275. 289. 330, 331, 429, 453. 471, 503. 504, 505,

536, 562, 573, 611, 675, 676, 727: and background of,

704-05: and death of. 846: and gets Hero of Socialist

Labor, 121

Rybinsk Design Bureau oi Engine Building, 604

Ryzhaya (dog), 186

Ryzhik (dog). 181

Ryzhikh, Mikhail I, 718. 719

SI 5400 engine. 329

S21100engine. t26

$2 15OOengine. 126

$2253 engine. 102. 106

S55A engine, 528
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