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Series Introduction

In an extraordinary century, Academician Boris Yevseyevich Chertok
has lived an extraordinary life. He has witnessed and participated in many
important technological milestones of the 20th century, and in these volumes,
he recollects them with clarity, humanity, and humility. Chertok began his
career as an electrician in 1930 at an aviation factory near Moscow. Thirty
years later, he was one of the senior designers in charge of the Soviet Union’s
crowning achievement as a space power: the launch of Yuriy Gagarin, the
world’s first space voyager. Chertok’s 60-year-long career, punctuated by the
extraordinary accomplishments of both Sputnik and Gagarin, and continu-
ing to the many successes and failures of the Soviet space program, consti-
tutes the core of his memoirs, Rockets and People. In these four volumes,
Academician Chertok not only describes and remembers, but also elicits
and extracts profound insights from an epic story about a society’s quest to
explore the cosmos.

Academician Chertok’s memoirs, forged from experience in the Cold War,
provide a compelling perspective into a past that is indispensable to under-
standing the present relationship between the American and Russian space
programs. From the end of World War II to the present day, the missile and
space efforts of the United States and the Soviet Union (and now Russia) have
been inextricably linked. As such, although Chertok’s work focuses exclusively
on Soviet programs to explore space, it also prompts us to reconsider the entire
history of spaceflight, both Russian and American.

Chertok’s narrative underlines how, from the beginning of the Cold
War, the rocketry projects of the two nations evolved in independent but
parallel paths. Chertok’s first-hand recollections of the extraordinary Soviet
efforts to collect, catalog, and reproduce German rocket technology after
World War II provide a parallel view to what historian John Gimbel has
called the Western “exploitation and plunder” of German technology after
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the war.! Chertok describes how the Soviet design team under the famous
Chief Designer Sergey Pavlovich Korolev quickly outgrew German missile
technology. By the late 1950s, his team produced the majestic R-7, the
world’s first intercontinental ballistic missile. Using this rocket, the Soviet
Union launched the first Sputnik satellite on 4 October 1957 from a launch
site in remote central Asia.

The early Soviet accomplishments in space exploration, particularly the
launch of Sputnik in 1957 and the remarkable flight of Yuriy Gagarin in 1961,
were benchmarks of the Cold War. Spurred by the Soviet successes, the United
States formed a governmental agency, the National Aeronautics and Space
Administration (NASA), to conduct civilian space exploration. As a result of
Gagarin’s triumphant flight, in 1961, the Kennedy administration charged
NASA to achieve the goal of “landing a man on the Moon and returning him
safely to the Earth before the end of the decade.” Such an achievement would
demonstrate American supremacy in the arena of spaceflight at a time when
both American and Soviet politicians believed that victory in space would be
tantamount to preeminence on the global stage. The space programs of both
countries grew in leaps and bounds in the 1960s, but the Americans crossed
the finish line first when Apollo astronauts Neil A. Armstrong and Edwin
E. “Buzz” Aldrin, Jr., disembarked on the Moon’s surface in July 1969.

Shadowing Apollo’s success was an absent question: What happened to the
Soviets who had succeeded so brilliantly with Sputnik and Gagarin? Unknown
to most, the Soviets tried and failed to reach the Moon in a secret program that
came to naught. As a result of that disastrous failure, the Soviet Union pursued
a gradual and consistent space station program in the 1970s and 1980s that
eventually led to the Mir space station. The Americans developed a reusable
space transportation system known as the Space Shuttle. Despite their seemingly
separate paths, the space programs of the two powers remained dependent on
each other for rationale and direction. When the Soviet Union disintegrated
in 1991, cooperation replaced competition as the two countries embarked on
a joint program to establish the first permanent human habitation in space
through the International Space Station (ISS).

Academician Chertok’s reminiscences are particularly important because
he played key roles in almost every major milestone of the Soviet missile and

1. John Gimbel, Science, Technology, and Reparations: Exploitation and Plunder in Postwar
Germany (Stanford: Stanford University Press, 1990).

2. U.S. Congress, Senate Committee on Aeronautical and Space Sciences, Documents on
International Aspects of the Exploration and Uses of Outer Space, 1954—1962, 88th Cong., 1st
sess., S. Doc. 18 (Washington, DC: GPO, 1963), pp. 202-204.
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space programs, from the beginning of World War II to the dissolution of the
Soviet Union in 1991. During the war, he served on the team that developed
the Soviet Union’s first rocket-powered airplane, the BI. In the immediate after-
math of the war, Chertok, then in his early 30s, played a key role in studying
and collecting captured German rocket technology. In the latter days of the
Stalinist era, he worked to develop long-range missiles as deputy chief engineer
of the main research institute, the NII-88 (pronounced “nee-88”) near Moscow.
In 1956, Korolev’s famous OKB-1 design bureau spun off from the institute
and assumed a leading position in the emerging Soviet space program. As a
deputy chief designer at OKB-1, Chertok continued with his contributions to
the most important Soviet space projects of the day: the Vostok; the Voskhod;
the Soyuz; the world’s first space station, Salyut; the Energiya superbooster;
and the Buran space shuttle.

Chertok’s emergence from the secret world of the Soviet military-industrial
complex, into his current status as the most recognized living legacy of the
Soviet space program, coincided with the dismantling of the Soviet Union as
a political entity. Throughout most of his career, Chertok’s name remained a
state secret. When he occasionally wrote for the public, he used the pseudonym
“Boris Yevseyev.” Like others writing on the Soviet space program during the
Cold War, Chertok was not allowed to reveal any institutional or technical
details in his writings. What the state censors permitted for publication said
little; one could read a book several hundred pages long comprising nothing
beyond tedious and long personal anecdotes between anonymous participants
extolling the virtues of the Communist Party. The formerly immutable limits
on free expression in the Soviet Union irrevocably expanded only after Mikhail
Gorbachev’s rise to power in 1985 and the introduction of glasnost’ (openness).

Chertok’s name first appeared in print in the newspaper lzvestiya in an
article commemorating the 30th anniversary of the launch of Sputnik in 1987.
In a wide-ranging interview on the creation of Sputnik, Chertok spoke with
the utmost respect for his former boss, the late Korolev. He also eloquently
balanced love for his country with criticisms of the widespread inertia and inef-
ficiency that characterized late-period Soviet society. His first written works in
the glasnost’ period, published in early 1988 in the Air Force journal Aviatsiya
i kosmonavtika [Aviation and Cosmonautics], underlined Korolev’s central role

3. See, for example, his article “Chelovek or avtomat?” [“Human or Automation?”] in the
book M. Vasilyev, ed., Shagi k zvezdam [Footsteps to the Stars] (Moscow: Molodaya gvardiya,
1972), pp. 281-287.

4. B. Konovalov, “Ryvok k zvezdam” [“Dash to the Stars”], Jzvestiya (1 October 1987): 3.
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in the foundation and growth of the Soviet space program.’ By this time, it
was as if all the patched up straps that held together a stagnant empire were
falling apart one by one; even as Russia was in the midst of one of its most
historic transformations, the floodgates of free expression were transforming
the country’s own history. People like Chertok were now free to speak about
their experiences with candor. Readers could now learn about episodes such
as Korolev’s brutal incarceration in the late 1930s, the dramatic story behind
the fatal space mission of Soyuz-1 in 1967, and details of the failed and aban-
doned Moon project in the 1960s.° Chertok himself shed light on a missing
piece of history in a series of five articles published in Jzvestiya in early 1992
on the German contribution to the foundation of the Soviet missile program
after World War I1.7

Using these works as a starting point, Academician Chertok began working
on his memoirs. Originally, he had only intended to write about his experi-
ences from the postwar years in one volume, maybe two. Readers responded so
positively to the first volume, Rakety i lyudi [Rockets and People], published in
1994, that Chertok continued to write, eventually producing four substantial
volumes, published in 1996, 1997, and 1999, covering the entire history of
the Soviet missile and space programs.®

5. B. Chertok, “Lider” [“Leader”], Aviatsiya i kosmonavtika no. 1 (1988): 30-31 and no.
2 (1988): 40—41.

6. For early references to Korolev’s imprisonment, see Ye. Manucharova, “Kharakter
glavnogo konstruktora” [“The Character of the Chief Designer”], Jzvestiya (11 January 1987):
3. For early revelations on Soyuz-1 and the Moon program, see L. N. Kamanin, “Zvezdy
Komarova” [“Komarov’s Star”], Poisk no. 5 (June 1989): 4-5, and L. N. Kamanin, “S zemli na
lunu i obratno” [“From the Earth to the Moon and Back™], Poisk no. 12 (July 1989): 7-8.

7. Izvestiya correspondent Boris Konovalov prepared these publications, which had the
general title “U Sovetskikh raketnykh triumfov bylo nemetskoye nachalo” [“Soviets Rocket
Triumphs Had German Origins’]. See Jzvestiya, 4 March 1992, p. 5; 5 March 1992, p. 5;
6 March 1992, p. 5; 7 March 1992, p. 5; and 9 March 1992, p. 3. Konovalov also published a
sixth article on the German contribution to American rocketry. See “U amerikanskikh raketnykh
triumfov takzhe bylo nemetskoye nachalo” [“American Rocket Triumphs Also Had German
Origins’], lzvestiya (10 March 1992): 7. Konovalov later synthesized the five original articles
into a longer work that included the reminiscences of other participants in the German mission
such as Vladimir Barmin and Vasiliy Mishin. See Boris Konovalov, Zayna Sovetskogo raketnogo
orughiya [Secrets of Soviet Rocket Armaments) (Moscow: ZEVS, 1992).

8. Rakety i lyudi [Rockets and People] (Moscow: Mashinostroyeniye, 1994); Rakety i lyudi:
Fili Podlipki Tyuratam [Rockets and People: Fili Podlipki Tyuratam) (Moscow: Mashinostroyeniye,
1996); Rakety i lyudi: goryachiye dni kholodnoy voyny [Rockets and People: Hot Days of the Cold
War] (Moscow: Mashinostroyeniye, 1997); Rakety i lyudi: lunnaya gonka [Rockets and People:
The Moon Race] (Moscow: Mashinostroyeniye, 1999). All four volumes were subsequently
translated and published in Germany.
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Series Introduction

My initial interest in the memoirs was purely historical: I was fascinated by
the wealth of technical arcana in the books, specifically projects and concepts
that had remained hidden throughout much of the Cold War. Those interested
in dates, statistics, and the “nuts and bolts” of history will find much that is
useful in these pages. As I continued to read, however, I became engrossed by
the overall rhythm of Academician ChertoK’s narrative, which gave voice and
humanity to a story ostensibly about mathematics and technology. In his writ-
ings, I found a richness that had been nearly absent in most of the disembodied,
clinical, and often speculative writing by Westerners studying the Soviet space
program. Because of Chertok’s storytelling skills, his memoir is a much-needed
corrective to the outdated Western view of Soviet space achievements as a
mishmash of propaganda, self-delusion, and Cold War rhetoric. In ChertoK’s
story, we meet real people with real dreams who achieved extraordinary suc-
cesses under very difficult conditions.

ChertoK’s reminiscences are remarkably sharp and descriptive. In being
self-reflective, Chertok avoids the kind of solipsistic ruminations that often
characterize memoirs. He is both proud of his country’s accomplishments and
willing to admit failings with honesty. For example, Chertok juxtaposes accounts
of the famous aviation exploits of Soviet pilots in the 1930s, especially those
to the Arctic, with the much darker costs of the Great Terror in the late 1930s
when Stalin’s vicious purges decimated the Soviet aviation industry.

ChertoK’s descriptive powers are particularly evident in describing the cha-
otic nature of the Soviet mission to recover and collect rocketry equipment in
Germany after World War II. Interspersed with his contemporary diary entries,
his language conveys the combination of joy, confusion, and often anticlimax
that the end of the war presaged for Soviet representatives in Germany. In one
breath, Chertok and his team are looking for hidden caches of German matériel
in an underground mine, while in another they are face to face with the deadly
consequences of a soldier who had raped a young German woman (Volume I,
Chapter 21).” There are many such seemingly incongruous anecdotes during
ChertoK’s time in Germany, from the experience of visiting the Nazi slave labor
camp at Dora soon after liberation in 1945, to the deportation of hundreds
of German scientists to the USSR in 1946. Chertok’s massive work is of great
consequence for another reason—he cogently provides context. Since the
breakup of the Soviet Union in 1991, many participants have openly written

9. For the problem of rape in occupied Germany after the war, see Norman M. Naimark,
The Russians in Germany: A History of the Soviet Zone of Occupation, 1945—1949 (Cambridge,
MA: The Belknap Press of Harvard University Press, 1995), pp. 69-140.
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about their experiences, but few have successfully placed Soviet space achieve-
ments in the broader context of the history of Soviet science, the history of
the Soviet military-industrial complex, or indeed Soviet history in general.'
The volumes of memoirs compiled by the Russian State Archive of Scientific-
Technical Documentation in the early 1990s under the series Dorogi v kosmos
[Roads to Space] provided an undeniably rich and in-depth view of the origins
of the Soviet space program, but they were, for the most part, personal narra-
tives, i.e., fish-eye views of the world around them."" Chertok’s memoirs are a
rare exception in that they strive to locate the Soviet missile and space program
in the fabric of broader social, political, industrial, and scientific developments
in the former Soviet Union.

This combination—Chertok’s participation in the most important Soviet
space achievements, his capacity to lucidly communicate them to the reader,
and his skill in providing a broader social context—makes this work, in my
opinion, one of the most important memoirs written by a veteran of the Soviet
space program. The series will also be an important contribution to the history
of Soviet science and technology.'

In reading Academician ChertoK’s recollections, we should not lose sight
of the fact that these chapters, although full of history, have their particular

10. For the two most important histories of the Soviet military-industrial complex, see
N. S. Simonov, Vayenno-promyshlennyy kompleks SSSR v 1920-1950-ye gody: tempy ekonomicheskogo
rosta, struktura, organizatsiya proizvodstva i upravleniye [ The Military-Industrial Complex of the
USSR in the 19205 to 1950s: Rate of Economic Growth, Structure, Organization of Production and
Control] (Moscow: ROSSPEN, 1996), and 1. V. Bystrova, Vayenno-promyshlennyy kompleks sssr
v gody kholodnoy voyny (vtoraya polovina 40-kh — nachalo 60-kh godov) [ The Military-Industrial
Complex of the USSR in the Years of the Cold War (The Late 1940s to the Early 1960s)] (Moscow:
IRI RAN, 2000). For a history in English that builds on these seminal works and complements
them with original research, see John Barber and Mark Harrison, eds., 7he Sovier Defence-Industry
Complex from Stalin to Khrushchev (Houndmills, U.K.: Macmillan Press, 2000).

11. Yu. A. Mozzhorin et al., eds., Dorogi v kosmos: Vospominaniya veteranov raketno-kosmicheskoy
tekhniki i kosmonavtiki, tom 1 i Il [Roads to Space: Recollections of Veterans of Rocker-Space Technology
and Cosmonautics: Volumes I and II] (Moscow: MAI, 1992), and Yu. A. Mozzhorin et al., eds., Nachalo
kosmicheskoy ery: vospominaniya veteranov raketno-kosmicheskoy tekbniki i kosmonavtiki: vypusk vtoroy
[7he Beginning of the Space Era: Recollections of Veterans of Rocket-Space Technology and Cosmonautics:
Second Issue] (Moscow: RNITSKD, 1994). For a poorly translated and edited English version of the
series, see John Rhea, ed., Roads to Space: An Oral History of the Soviet Space Program (New York:
Aviation Week Group, 1995).

12. For key works on the history of Soviet science and technology, see Kendall E. Bailes,
Technology and Society Under Lenin and Stalin: Origins of the Soviet Technical Intelligentsia,
19171941 (Princeton, NJ: Princeton University Press, 1978); Loren R. Graham, Science in
Russia and the Soviet Union: A Short History (Cambridge, U.K.: Cambridge University Press,
1993); and Nikolai Krementsov, Stalinist Science (Princeton, NJ: Princeton University Press,

1997).
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perspective. In conveying to us the complex vista of the Soviet space program,
he has given us one man’s memories of a huge undertaking. Other participants
of these very same events will remember things differently. Soviet space history,
like any discipline of history, exists as a continuous process of revision and
restatement. Few historians in the 21st century would claim to be completely
objective.”® Memoirists would make even less of a claim to the “truth.” In his
introduction, Chertok acknowledges this, saying, “I...must warn the reader
that in no way do I have pretensions to the laurels of a scholarly historian.
Correspondingly, my books are not examples of strict historical research. In
any memoirs, narrative and thought are inevitably subjective.” Chertok ably
illustrates, however, that avoiding the pursuit of scholarly history does not
necessarily lessen the relevance of his story, especially because it represents
the opinion of an influential member of the postwar scientific and technical
intelligentsia in the Soviet Union.

Some, for example, might not share Chertok’s strong belief in the power
of scientists and engineers to solve social problems, a view that influenced
many who sought to transform the Soviet Union with modern science after the
Russian Revolution in 1917. Historians of Soviet science such as Loren Graham
have argued that narrowly technocratic views of social development cost the
Soviet Union dearly.'* Technological hubris was, of course, not unique to the
Soviet scientific community, but absent democratic processes of accountability,
many huge Soviet government projects—such as the construction of the Great
Dnepr Dam and the great Siberian railway in the 1970s and 1980s—ended up
as costly failures with many adverse social and environmental repercussions.
Whether one agrees or disagrees with ChertoK’s views, they are important to
understand because they represent the ideas of a generation who passionately
believed in the power of science to eliminate the ills of society. As such, his
memoirs add an important dimension to understanding the mentalité of the
Soviets’ drive to become a modern, industrialized state in the 20th century.

Chertok’s memoirs are part of the second generation of publications on
Soviet space history, one that eclipsed the (heavily censored) first generation
published during the Communist era. Memoirs constituted a large part of the
second generation. In the 1990s, when it was finally possible to write candidly

13. For the American historical discipline’s relationship to the changing standards of
objectivity, see Peter Novick, 7hat Noble Dream: The “Objectivity” Question and the American
Historical Profession (Cambridge, U.K.: Cambridge University Press, 1988).

14. For technological hubris, see for example, Loren Graham, 7he Ghost of the Executed
Engineer: Technology and the Fall of the Soviet Union (Cambridge, MA: Harvard University Press,
1993).
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about Soviet space history, a wave of personal recollections flooded the market.
Not only Boris Chertok, but also such luminaries as Vasiliy Mishin, Kerim
Kerimov, Boris Gubanov, Yuriy Mozzhorin, Konstantin Feoktistov, Vyacheslav
Filin, and others finally published their reminiscences. Official organizational
histories and journalistic accounts complemented these memoirs, written by
individuals with access to secret archival documents. Yaroslav Golovanov’s
magisterial Korolev: Fakty i Mify [ Korolev: Facts and Myths], as well as key insti-
tutional works from the Energiya corporation and the Russian Military Space
Forces, added richly to the canon.'® The diaries of Air Force General Nikolay
Kamanin from the 1960s to the early 1970s, published in four volumes in the
late 1990s, also gave scholars a candid look at the vicissitudes of the Soviet
human spaceflight program."”

The flood of works in Russian allowed Westerners to publish the first
works in English. Memoirs—for example, from Sergey Khrushchev and Roald
Sagdeyev—appeared in their English translations. James Harford published his
1997 biography of Sergey Korolev based upon extensive interviews with veterans
of the Soviet space program.'® My own book, Challenge to Apollo: The Soviet

15. V. M. Filin, Vospominaniya o lunnom korablye [ Recollections on the Lunar Ship] (Moscow:
Kultura, 1992); Kerim Kerimov, Doragi v kosmos (zapiski predsedatelya Gosudarstvennoy komissiz)
[Roads to Space (Notes of the Chairman of the State Commission)] (Baku, Azerbaijan: 1995);
V. M. Filin, Put k Energii’ [Path to Energiya] (Moscow: ‘GRAAL, 1996); V. P. Mishin, Ot
sozdaniya ballisticheskikh raket k raketno-kosmicheskomu mashinostroyeniya [From the Creation of
the Ballistic Rocket to Rocket-Space Machine Building] (Moscow: ‘Inform-Znaniye, 1998); B. L.
Gubanov, Triumfi tragediya energii- razmyshleniya glavnogo konstruktora [ The Triumph and Tragedy
of Energiya: The Reflections of a Chief Designer] (Nizhniy novgorod: NIER, four volumes in 1998
2000); Konstantin Feoktistov, Trayektoriya zhizni: mezhdu vchera i zavtra [Life’s Trajectory: Between
Yesterday and Tomorrow] (Moscow: Vagrius, 2000); N. A. Anifimoyv, ed., Zak eto bylo—Memuary
Yu. A. Mozzhorin: Mozzhorin v vospominaniyakh sovremennikov [How It Was—DMemoirs of Yu. A.
Mozzhorin: Mozzhorin in the Recollections of His Contemporaries] (Moscow: ZAO ‘Mezhdunarodnaya
programma obrazovaniya, 2000).

16. Yaroslav Golovanov, Korolev: fakty i mify [Korolev: Facts and Myths] (Moscow: Nauka,
1994); Yu. P. Semenov, ed., Raketno-Kosmicheskaya Korporatsiya “Energiya” imeni S. P Koroleva
[Energiya Rocket-Space Corporation Named After S. P Korolev] (Korolev: RKK Energiya, 1996);
V. V. Favorskiy and 1. V. Meshcheryakov, eds., Voyenno-kosmicheskiye sily (voyenno-istoricheskiy
trud): kniga I [ Military-Space Forces (A Military-Historical Work): Book I] (Moscow: VKS, 1997).
Subsequent volumes were published in 1998 and 2001.

17. The first published volume was N. P. Kamanin, Skrytiy kosmos: kniga pervaya, 1960—1963
g¢. [Hidden Space: Book One, 1960—1963) (Moscow: Infortekst IE, 1995). Subsequent volumes
covering 1964-66, 1967-68, and 196978 were published in 1997, 1999, and 2001 respectively.

18. Sergey N. Khrushchev, Nikita Khrushchev and the Creation of a Superpower (University
Park, PA: The Pennsylvania State University Press, 2000); Roald Z. Sagdeyev, The Making of a
Soviet Scientist: My Adventures in Nuclear Fusion and Space from Stalin to Star Wars (New York:
John Wiley & Sons, 1993); James Harford, Korolev: How One Man Masterminded the Soviet
Drive to Beat America to the Moon (New York: John Wiley & Sons, 1997).
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Union and the Space Race, 1945—1974, was an early attempt to synthesize the
wealth of information and narrate a complete history of the early Soviet human
spaceflight program.'® Steven Zaloga provided an indispensable counterpoint to
these space histories in 7he Kremlins Nuclear Sword: The Rise and Fall of Russia’s
Strategic Nuclear Forces, 1945—2000, which reconstructed the story of the Soviet
efforts to develop strategic weapons.?

With any new field of history that is bursting with information based
primarily on recollection and interviews, there are naturally many contradic-
tions and inconsistencies. For example, even on such a seemingly trivial issue
as the name of the earliest institute in Soviet-occupied Germany, “Institute
Rabe,” there is no firm agreement on the reason it was given this title. Chertok’s
recollections contradict the recollection of another Soviet veteran, Georgiy
Dyadin.?! In another case, many veterans have claimed that artillery general
Lev Gaydukov’s meeting with Stalin in 1945 was a key turning point in the
early Soviet missile program; Stalin apparently entrusted Gaydukov with the
responsibility to choose an industrial sector to assign the development of
long-range rockets (Volume I, Chapter 22). Lists of visitors to Stalin’s office
during that period—declassified only very recently—do not, however, show
that Gaydukov ever met with Stalin in 1945.% Similarly, many Russian sources
note that the “Second Main Directorate” of the USSR Council of Ministers
managed Soviet missile development in the early 1950s, when in fact, this
body actually supervised uranium procurement for the A-bomb project.” In
many cases, memoirs provide different and contradictory information on the
very same event (different dates, designations, locations, people involved, etc.).

Academician Chertok’s wonderful memoirs point to a solution to these
discrepancies: a “third generation” of Soviet space history, one that builds

19. Asif A. Siddiqi, Challenge to Apollo: The Soviet Union and the Space Race, 1945-1974
(Washington, DC: NASA SP-2000-4408, 2000). The book was republished as a two-volume
work as Spunik and the Soviet Space Challenge (Gainesville, FL: University Press of Florida, 2003)
and 7he Soviet Space Race with Apollo (Gainesville, FL: University Press of Florida, 2003).

20. Steven J. Zaloga, The Kremlins Nuclear Sword: The Rise and Fall of Russia’s Strategic
Nuclear Forces, 1945—-2000 (Washington, DC: Smithsonian Institution Press, 2002).

21. G.V.Dyadin, D. N. Filippovykh, and V. I. Ivkin, Pamyatnyye starty [Memorable Launches)
(Moscow: TsIPK, 2001), p. 69.

22. A. V. Korotkov, A. D. Chernev, and A. A. Chernobayev, “Alfavitnyi ukazatel posetitelei
kremlevskogo kabineta I. V. Stalina” [“Alphabetical List of Visitors to the Kremlin Office of
1. V. Stalin”], Ltoricheskii arkhiv no. 4 (1998): 50.

23. Vladislav Zubok and Constantine Pleshakov, [nside the Kremlins Cold War: From Stalin
to Khrushchev (Cambridge, MA: Harvard University Press), p. 172; Golovanov, Korolev, p. 454.
For the correct citation on the Second Main Directorate, established on 27 December 1949, see
Simonov, Vayenno-promyshlennyy komples sssr, pp. 225-226.



Rockets and People: The Moon Race

on the rich trove of the first and second generations but is primarily based
on documentary evidence. During the Soviet era, historians could not write
history based on documents since they could not obtain access to state and
design bureau archives. As the Soviet Union began to fall apart, historians
such as Georgiy Vetrov began to take the first steps in document-based his-
tory. Vetrov, a former engineer at Korolev’s design bureau, eventually compiled
and published two extraordinary collections of primary documents relating
to Korolev’s legacy. Now that all the state archives in Moscow—such as the
State Archive of the Russian Federation (GARF), the Russian State Archive of
the Economy (RGAE), and the Archive of the Russian Academy of Sciences
(ARAN)—are open to researchers, more results of this “third generation” are
beginning to appear. German historians such as Matthias Uhl and Christoph
Mick and those in the United States such as myself have been fortunate to
work in Russian archives.”” I would also note the enormous contributions of
the Russian monthly journal Novosti kosmonavtiki [ News of Cosmonautics) as
well as the Belgian historian Bart Hendrickx in advancing the state of Soviet
space history. The new work has opened opportunities for future research.
For example, we no longer have to guess about the government’s decision to
approve development of the Soyuz spacecraft; we can see the original decree
issued on 4 December 1963.% Similarly, instead of speculating about the
famous decree of 3 August 1964 that committed the Soviet Union to compet-
ing with the American Apollo program, we can study the actual government

24. M. V. Keldysh, ed., Tvorcheskoye naslediye Akademika Sergeya Pavlovicha Koroleva: izbrannyye
trudy i dokumenty [ The Creative Legacy of Sergey Pavlovich Korolev: Selected Works and Documents)
(Moscow: Nauka, 1980); G. S. Vetrov and B. V. Raushenbakh, eds., S. 2 Korolev i ego delo: svet i
teni v istorii kosmonavtiki: izbrannyye trudy i dokumenty [S. P Korolev and His Cause: Shadow and
Light in the History of Cosmonautics) (Moscow: Nauka, 1998). For two other published collections
of primary documents, see V. S. Avduyevskiy and T. M. Eneyev, eds. M. V. Keldysh: izbrannyye trudy:
raketnaya tekhnika i kosmonavtika [M. V. Keldysh: Selected Works: Rocket Technology and Cosmonautics)
(Moscow: Nauka, 1988), and B. V. Raushenbakh, ed., Materialy po istorii kosmicheskago korablya
vostok’: k 30-letiyu pervogo poleta cheloveka v kosmicheskoye prostranstvo [Materials on the History of
the Vostok’ Space Ship: On the 30th Anniversary of the First Flight of a Human in Space] (Moscow:
Nauka, 1991).

25. Matthias Uhl, Stalins V-2: Der Technolgictransfer der deutschen Fernlen-kwaffentechnik
in die UdSSR und der Aufbau der sowjetischen Raketenindustrie 1945 bis 1959 (Bonn, Germany:
Bernard & Graefe-Verlag, 2001); Christoph Mick, Forschen fiir Stalin: Deutsche Fachleute in
der sowjetischen Riistungsindustrie 1945—1958 (Munich: R. Oldenbourg, 2000); Asif A. Siddigi,
“The Rockets’ Red Glare: Spaceflight and the Russian Imagination, 1857-1957” (Ph.D. diss.,
Carnegie Mellon University, 2004).

26. “O sozdaniia kompleksa ‘Soyuz’ ” [“On the Creation of the Soyuz Complex”],
4 December 1963, RGAE, f. 298, op. 1, d. 3495, 1l. 167-292.
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document issued on that date.” Academician Chertok deserves much credit
for opening the doors for future historians, since his memoirs have guided
many to look even deeper.

The distribution of material spanning the four volumes of Chertok’s mem-
oirs is roughly chronological. In the first English volume, Chertok describes
his childhood, his formative years as an engineer at the aviation Plant No. 22
in Fili, his experiences during World War II, and the mission to Germany in
194546 to study captured German missile technology.

In the second volume, he continues the story with his return to the Soviet
Union, the reproduction of a Soviet version of the German V-2 and the devel-
opment of a domestic Soviet rocket industry at the famed NII-88 institute
in the Moscow suburb of Podlipki (now called Korolev). He describes the
development of the world’s first intercontinental ballistic missile ICBM), the
R-7; the launch of Sputnik; and the first-generation probes sent to the Moon,
Mars, and Venus.

In the third volume, he begins with the historic flight of Yuriy Gagarin, the
first human in space. He discusses several different aspects of the burgeoning
Soviet missile and space programs of the early 1960s, including the develop-
ment of early ICBMs, reconnaissance satellites, the Cuban missile crisis, the
first Soviet communications satellite Mo/niya-1, the early spectacular missions
of the Vostok and Voskhod programs, the dramatic Luna program to land a
probe on the Moon, and Sergey Korolev’s last days. He then continues into
chapters about the early development of the Soyuz spacecraft, with an in-depth
discussion of the tragic mission of Vladimir Komarov.

The fourth and final volume is largely devoted to the Soviet project to send
cosmonauts to the Moon in the 1960s, covering all aspects of the development
of the giant N-1 rocket. The last portion of this volume covers the origins of
the Salyut and Mir space station programs, ending with a fascinating descrip-
tion of the massive Energiya-Buran project, developed as a countermeasure to
the American Space Shuttle.

It was my great fortune to meet with Academician Chertok in the summer
of 2003. During the meeting, Chertok, a sprightly 91 years old, spoke pas-
sionately and emphatically about his life’s work and remained justifiably proud
of the achievements of the Russian space program. As I left the meeting, I
was reminded of something that Chertok had said in one of his first public

27. “Tsentralnyy komitet KPSS i Sovet ministrov SSSR, postanovleniye” [“Central Committee
KPSS and SSSR Council of Ministers Decree”], 3 August 1964, RGAE, f. 29, op. 1, d. 3441, Il.
299-300. For an English-language summary, see Asif A. Siddiqi, “A Secret Uncovered: The Soviet
Decision to Land Cosmonauts on the Moon,” Spaceflight 46 (2004): 205-213.
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interviews in 1987. In describing the contradictions of Sergey Korolev’s per-
sonality, Chertok had noted: “This realist, this calculating, [and] farsighted
individual was, in his soul, an incorrigible romantic.”*® Such a description would
also be an apt encapsulation of the contradictions of the entire Soviet drive to
explore space, one which was characterized by equal amounts of hardheaded
realism and romantic idealism. Academician Boris Yevseyevich Chertok has
communicated that idea very capably in his memoirs, and it is my hope that
we have managed to do justice to his own vision by bringing that story to an
English-speaking audience.

Asir A. SIDDIQI
Series Editor
October 2004

28. Konovalov, “Ryvok k zvezdam.”
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IN THIS, THE FOURTH AND FINAL VOLUME OF HIS MEMOIRS, Boris Chertok
concludes his monumental trek through a nearly 100-year life. As with the
previous English-language volumes, the text has been significantly modified and
extended over the original Russian versions published in the 1990s. The first
volume covered his childhood, early career, and transformation into a missile
engineer by the end of World War II. In the second volume, he took the story
up through the birth of the postwar Soviet ballistic-missile program and then
the launch of the world’s artificial satellite, Spusmik. This was followed, in the
third volume, by a description of the early and spectacular successes of the
Soviet space program in the 1960s, including such unprecedented achievements
as the flight of cosmonaut Yuriy Gagarin. The fourth volume concludes his
memoirs on the history of the Soviet space program with a lengthy meditation
on the failed Soviet human lunar program and then brings the story to a close
with the events of the 1970s, 1980s, and 1990s.

In the summer of 1989, Soviet censors finally allowed journalists to write
about an episode of Soviet history that had officially never happened: the mas-
sive Soviet effort to compete with Apollo in the 1960s to land a human being
on the Moon. U.S. President John E Kennedy had laid down the gauntlet
in a speech in May 1961 to recover some of the self-confidence lost by the
series of Soviet successes in space in the wake of Spumik. Kennedy’s challenge
was embodied in an enormous investment in human spaceflight in the 1960s
and culminated in the landing of NASA astronauts Neil A. Armstrong and
Edwin E. “Buzz” Aldrin, Jr., on the surface of the Moon in 1969 during the
Apollo 11 mission.

Although a number of Western analysts and observers (not to mention
U.S. intelligence analysts) suspected that the Soviets had been in the race to
the Moon, Soviet spokespersons officially disavowed or rejected the notion
that they had tried to preempt the Americans. This fagade eventually cracked
at the height of glasnost (“openness”) in the late 1980s. In the summer of
1989, Soviet censors permitted the publication of a number of articles and
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books that admitted the existence of a human lunar program in the 1960s." As
more and more information emerged in the early 1990s, some salient features
began to emerge: that the program had been massive, that it had involved the
development of a super booster known as the N-1, that all efforts to beat the
Americans had failed, and that evidence of the program had been whitewashed
out of existence.’

It has become increasingly clear to historians that it would be impossible
to understand the early history of the Soviet space program without accounting
for the motivations and operations of the human lunar landing program. By the
late 1960s, the N1-L3 project constituted about 20 percent of annual budget
expenditures on Soviet space exploration; by some estimates, total spending
on the Moon program may have been about 4 to 4.5 billion rubles, which
roughly translated to about 12 to 13.5 billion dollars in early 1970s numbers.”

But beyond the numbers, the program was undoubtedly one of the most
dramatic episodes in the history of the Soviet space program. During the
eventful and troubled period that Chertok covers in this volume, from about
1968 to 1974, the Korolev design bureau, now led by the talented but flawed
Vasiliy Mishin, stumbled from one setback to another. The heart of the pro-
gram during these years was the giant N-1 rocket, a massive and continually
evolving technological system whose development was hobbled by difficult
compromises in technical approaches, fighting between leading chief design-
ers, lack of money, and an absence of commitment from the Soviet military,
the primary operator of Soviet space infrastructure.

Chertok begins his narrative with a discussion of the origins of the N-1 in
the early 1960s and the acrimonious disagreement between Sergey Korolev, the

1. These included Lev Kamanin, “S zemli na lunu i obratno” [“From the Earth to the Moon
and Back”], Poisk no. 12 (July 1989): 7-8; S. Leskov, “Kak my ne sletali na lunu” [“How We
Didn't Fly to the Moon”], Jzvestiya (18 August, 1989): 3; A. Tarasov, “Polety vo sne i nayvu”
[“Flights in Dreams and Reality”], Pravda (20 October 1989): 4; and Grigoriy Reznichenko,
Kosmonavt-5 [ Cosmonaut-5] (Moscow: Politicheskoy literatury, 1989).

2. For some early revelations on the Soviet human lunar program, see M. Rebrov, “A delo
bylo tak: trudnaya sudba proyekea N-17 [“But Things Were Like That: The Difficult Fate of
the N-1 Project”], Krasnaya zvezda (13 January 1990); V. P. Mishin, “Pochemu my ne sletali
na Lunu?” [“Why Didn’t We Land on the Moon?”], Znanie: seriya Kosmonavtika, Astronomiya
no. 12 (1990): 3-43; S. Leskov, Kak my ne sletali na lunu [Why We Didn't Land on the Moon]
(Moscow: Panorama, 1991); I. B. Afanasyev, “Neizvestnyye korabli” [“Unknown Spacecraft’],
Znaniye: seriya Kosmonavtika, Astronomiya no. 12 (1991): 1-64; R. Dolgopyatov, B. Dorofeyeyv,
and S. Kryukov, “Proyekt N-1” [“The N-1 Project”], Aviatsiya i kosmonavtika no. 9 (1992):
34-37; and I. B. Afanasyev, “N-1: sovershenno sekretno” [“The N-1: Top Secret”], Krylya rodiny
no. 9 (1993): 1316, no. 10 (1993): 1-4, and no. 11 (1993): 4-5.

3. Asif A. Siddiqi, Challenge to Apollo: The Soviet Union and the Space Race, 19451974
(Washington, DC: NASA SP-2000-4408, 2000), p. 838.
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chief designer of spacecraft and launch vehicles, and Valentin Glushko, the chief
designer of liquid-propellant rocket engines. On one level, theirs was a disagree-
ment over arcane technical issues, particularly over the choice of propellants
for the N-1, but at a deeper level, the dispute involved fundamental differences
over the future of the Soviet space program. Korolev and Glushko’s differences
over propellants date back to the 1930s when Glushko had embraced storable,
hypergolic, and toxic propellants for his innovative engines. By the 1940s,
Korolev, meanwhile, had begun to favor cryogenic propellants and believed
that a particular cryogenic combination, liquid hydrogen and liquid oxygen,
was the most efficient way forward. Korolev was not alone in this belief. In
the United States, NASA had invested significant amounts in developing such
engines, but Glushko had an important ally on his side, the military. When
Korolev and Glushko refused to come to an agreement, a third party, Nikolay
Kuznetsov’s design bureau in the city of Kuybyshev (now Samara), was tasked
with the critical assignment to develop the engines of the N-1.

Having known both Korolev and Glushko, Chertok has much to say about
the relationship between the two giants of the Soviet space program. Contrary
to much innuendo that their relationship was marred by the experience of the
Great Terror in the late 1930s, Chertok shows that they enjoyed a collegial and
friendly rapport well into the 1950s. He reproduces a congratulatory telegram
(in Chapter 3) from Korolev to Glushko upon the latter’s election as a corre-
sponding member of the Academy of Sciences. It obviously reflects a warmth
and respect in their relationship that completely disappeared by the early 1960s
as the N-1 program ground down in rancorous meetings and angry memos.

Chertok has much to say about the development of the so-called KORD
system, designed to control and synchronize the operation of the 42 engines
on the first three changes of the giant rocket (see Chapters 5 and 7, especially).
One of the main challenges of developing the N-1’s engines was the decision to
forego integrated ground testing of the first stage, a critical lapse in judgment
that could have saved the engineers from the many launch accidents.

Chertok’s descriptions of the four launches of the N-1 (two in 1969, one
in 1971, and one in 1972) are superb. He delves into great technical detail but
also brings into relief all the human emotions of the thousands of engineers,
managers, and servicemen and -women involved in these massive undertak-
ings. His accounts are particularly valuable for giving details of the process
of investigations into the disasters, thus providing a unique perspective into
how the technical frequently intersected with the political and the personal.
His account in Chapter 17 of the investigation into the last N-1 failure in
1972 confirms that the process was fractured by factional politics, one side
representing the makers of the rocket (the Mishin design bureau) and other
representing the engine makers (the Kuznetsov design bureau). Some from the
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former, such as Vasiliy Mishin, made the critical error of allying themselves
with the latter, which contributed to their downfall. Historians have plenty of
examples of the impossibility of separating out such technological, political,
and personal factors in the function of large-scale technological systems, but
Chertok’s descriptions give a previously unseen perspective into the operation
of Soviet “Big Science.”

Chertok devotes a lengthy portion of the manuscript (five chapters!) to
the emergence of the piloted space station program from 1969 to 1971. We
see how the station program, later called Salyut, was essentially a “rebel” move-
ment within the Mishin design bureau to salvage something substantive in
the aftermath of two failed launches of the N-1. These “rebels,” who included
Chertok himself, were able to appropriate hardware originally developed for
a military space station program known as Almaz—developed by the design
bureau of Vladimir Chelomey—and use it as a foundation to develop a “quick”
civilian space station. This act effectively redirected resources from the falter-
ing human lunar program into a new stream of work—piloted Earth orbital
stations—that became the mainstay of the Soviet (and later Russian) space
program for the next 40 years. The station that Mishin’s engineers designed
and launched—the so-called Long-Duration Orbital Station (DOS)—became
the basis for the series of Salyut stations launched in the 1970s and 1980s, the
core of the Mir space station launched in 1986, and eventually the Zvezda
core of the International Space Station (ISS). In that respect, ChertoK’s story is
extremely important; when historians write the history of ISS, they will have
to go back to the events of 1969 and 1970 to understand how and why the
Russian segments look and operate the way they do.

ChertoK’s account of the dramatic mission of Soyuz-11 in the summer
of 1971 is particularly moving. The flight began with an episode that would
haunt the living: in the days leading up the launch, the primary crew of Aleksey
Leonov, Valeriy Kubasov, and Petr Kolodin were replaced by the backup crew
of Georgiy Dobrovolskiy, Vladislav Volkov, and Viktor Patsayev when Kubasov
apparently developed a problem in his lungs. The original backup crew flew
the mission and dealt with some taxing challenges such as a fire on board the
station and personality conflicts, and then they were tragically killed on reentry
when the pressurized atmosphere of the Soyuz spacecraft was sucked out due

4. For important literature on large-scale technological systems, see particularly Thomas
P. Hughes, Networks of Power: Electrification in Western Society, 1880—1930 (Baltimore: Johns
Hopkins University Press, 1983); Wiebe E. Bijker, Thomas P. Hughes, and Trevor J. Pinch,
eds., The Social Construction of Technological Systems (Cambridge, MA: MIT Press, 1987); and
‘Thomas P. Hughes, Rescuing Prometheus (New York: Pantheon Books, 1998).
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to an unexpected leak. The funeral of these three cosmonauts was made all the
more painful for, only days before, Chertok had lost one of his closest lifelong
friends, the engine chief designer Aleksey Isayev (see Chapter 16).

A chapter near the end of the manuscript is devoted to the cataclysmic
changes in the management of the Soviet space program that took place in
1974: Mishin was fired from his post, the giant Korolev and Glushko orga-
nizations were combined into a single entity known as NPO Energiya, and
Glushko was put in charge. These changes also coincided with the suspen-
sion of the N-1 program and the beginning of what would evolve in later
years into the Energiya-Buran reusable space transportation system, another
enormously expensive endeavor that would yield very little for the Soviet
space program. Since the early 1990s, there have appeared many conflict-
ing accounts of this turning point in 1974, but Chertok’s description adds
a useful perspective on the precise evolution from the death of the N-1 to
the beginning of Energiya-Buran.’ A recent collection of primary source
documents on Glushko’s engineering work suggests that Glushko came to
the table with incredibly ambitious plans to replace the N-1 and that these
plans had to be downsized significantly by the time that the final decree on
the system was issued in February 1976.

In a final chapter (Chapter 18) on the later years of the Soviet space pro-
gram, Chertok picks through a number of important episodes to highlight
the tension between human and automatic control of human spacecraft.
These included the failed Soyuz-2/3 docking in 1968, the short-lived flight of
DOS-3 (known as Kosmos-557) in 1973, a series of failed dockings of crews
flying to Salyut space stations (including Soyuz-15 in 1974, Soyuz-23 in 1976,
and Soyuz-25 in 1977) as well as successful dockings (including Soyuz 7-2 in
1980 and Soyuz 7-6 in 1982). All of these accounts underscore the enormous
investments the Soviets made in rendezvous and docking systems and proce-
dures that have paid off in the ISS era, when no Russian spacecraft has ever
failed to ultimately dock with its target.

5. For other accounts on this period, see B. I. Gubanov, Triumf i tragediya “Energii”:
razmyshleniya glavnogo konstruktora, t. 4 [The Triumph and Tragedy of Energiya: Reflections of a
Chief Designer, Vol. 4] (Nizhniy Novgorod: NIEP, 1999); V. M. Filin, Pur k “Energii” [Road
to Energiya] (Moscow: Logos, 2001); Bart Hendrickx and Bert Vis, Energiya-Buran: The Soviet
Space Shuttle (Chichester, U.K.: Springer-Praxis, 2007); V. P. Lukashevich and I. B. Afanasyev,
Kosmicheskaya krylya [Space Wings] (Moscow: OOO LenTa Stranstviy, 2009).

6. See the three-volume set titled Zzbrannyye raboty akademika V. P Glushko [Selected Works
of Academician V. P Glushko] (Khimki: NPO Energomash imeni akademika V. P. Glushko,
2008).
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On the human dimensions of the Soviet space program, Chertok shows a
rare ability to make small incidents both evocative and poignant. In Chapter
8, for example, he describes how, during a break while controlling a space mis-
sion in 1968, Chertok and his colleagues visited Sevastopol, the site of some
of the most brutal fighting during World War II. When a war veteran noticed
that Chertok had a “Hero of Socialist Labor” medal pinned on his lapel, he
inquired as to why. Chertok explained that he had been honored for his role
in the flight of Yuriy Gagarin. Given that Chertok’s identity and job were state
secrets, this was a rare moment of candor; bursting with pride, the war veteran
eloquently equated the sacrifices made during the war with Soviet successes in
space, a connection that many made during the 1960s.

I am often asked by interested readers about the relative worth of ChertoK’s
memoirs in the literature on the history of the Soviet space program; in other
words, where do these memoirs fit in the broader historiography? ChertoK’s
memoirs stand as probably the most important personal account of the history
of the Soviet space program. His ability to integrate technical detail, human
yearning, high politics, and institutional history makes Rockets and People
unusual for a memoir of the genre; the breadth of Chertok’s recollections,
covering nearly 100 years, makes it unique. As I have mentioned elsewhere,
in the absence of any syncretic work by a professional historian in the Russian
language on the history of the Soviet space program, the contents of Rockets
and People represent probably the most dominant narrative available.” Its
availability in both Russian and English means that it will have a significant
and enduring quality. That Chertok’s memoirs are taken to be important and
reliable does not mean, however, that it is the on/y narrative of this history
worth considering. In underscoring the significance of Chertok, we should
also acknowledge the abundance of other memoirs by Soviet space veterans.
Collectively considered, they provide an extremely rich resource for historians.
If Chertok represents the starting point for future researchers, I would rec-
ommend some other memoirs as crucial both in filling in spaces unexplored
by Chertok and in providing a counterpoint to Chertok, especially on those
events considered controversial. In this category of essential memoirs, I would
include those by the following individuals:

7. Asif A. Siddiqi, “Privatising Memory: The Soviet Space Programme Through Museums
and Memoirs,” in Showcasing Space: Artefacts Series: Studies in the History of Science and Technology,
ed. Martin Collins and Douglas Millard (London: The Science Museum, 2005), pp. 98-115.

XXVi



Introduction to Volume IV

* Vladimir Bugrov, the designer under Korolev (7he Martian Project of
S. P Korolev, 2006);°

* Konstantin Feoktistov, the cosmonaut who played a key role in the design
of Vostok, Voskhod, Soyuz, and DOS (Lifes Trajectory, 2000);°

* Oleg Ivanovskiy, the engineer and bureaucrat (Rockess and Space in the
USSR, 2005);'°

* Vyacheslav Filin, the designer under Korolev (Recollections on the Lunar
Vehicle, 1992, and The Road to Energiya, 2001);"!

* Boris Gubanov, the chief designer of the Energiya rocket (7he Triumph and
Tragedy of Energiya: Reflections of a Chief Designer, four volumes in 1999);'?

* Aleksey Isayev, the rocket engine designer (First Steps to Space Engines,
1979);13

* Kerim Kerimov, the chairman of the State Commission (Roads to Space,
1995);1

* Sergey Khrushchev, the son of the Soviet Party Secretary (Nikiza Khrushchev:
Crises and Rockets, 1994);1

* Grigoriy Kisunko, the chief designer of antiballistic missile systems (7he
Secret Zone, 1996);'°

* Sergey Kryukov, the leading designer of the N-1 rocket (Selected Works,
2010);"7

* Vasiliy Mishin, the successor to Korolev (From the Creation of Ballistic
Missiles to Rocket-Space Machine Building, 1998);'®

8. V. Ye. Bugrov, Marsianskiy proyekt S. P Koroleva (Moscow: Russkiye vityazi, 20006).
9. Konstantin Feoktistov, Trayektoriya zhizni: mezhdu vchera i zavira (Moscow: Vagrius,

2000).

10. Oleg Ivanovskiy, Rakety i kosmos v sssr: zapiski sekretnago konstruktora (Moscow: Molodaya
gvardiya, 2005).

11. V. M. Filin, Vospominaniya o lunnom korablye (Moscow: Kultura, 1992); V. M. Filin,
Put k “Energii” (Moscow: Logos, 2001).

12. B. 1. Gubanov, Triumf'i tragediya “Energii’: razmyshleniya glavnogo konstruktora (four
volumes) (Nizhniy Novgorod: NIEP, 1999).

13. A. M. Isayev, Pervyye shagi k kosmicheskim dvigatelyam (Moscow: Mashinostroyeniye,
1979).

14. Kerim Kerimov, Dorogi v kosmos (zapiski predsedatelya Gosudarstvennoy komissii) (Baku,
Azerbaydzhan: 1995).

15. Sergey Khrushchev, Nikita Khrushchev: krizisy i rakety: vaglyad iznutri (two volumes)
(Moscow: Novosti, 1994).

16. Grigoriy Kisunko, Sekretnaya zona: ispoved generalnogo konstruktora (Moscow:
Sovremennik, 1996).

17. S. S. Kryukov, Izbrannyye raboty: iz lichnogo arkhiva, ed. A. M. Peslyak (Moscow:
MGTU, 2010).

18. V. D Mishin, Ot sozdaniya ballisticheskikh raket k raketno-kosmicheskomu mashinostroyeniyu
(Moscow: Informatsionno-izdatel’skiy tsentr “Inform-Znaniye,” 1998).
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* Yuriy Mozzhorin, the head of the leading space research institute (How Ir
Was: The Memoirs of Yuriy Mozzhorin, 2000);"

* Arkadiy Ostashev, the senior operations manager (7ésting of Rocket-Space
Technology— The Business of My Life, 2001);*

* Boris Pokrovskiy, the senior official in the communications network (Space
Begins on the Ground, 1996);*!

e Valentina Ponomareva, the female cosmonaut trainee (4 Female Face in
Space, 2002);*

* Vladimir Polyachenko, the leading designer under Vladimir Chelomey
(On the Sea and in Space, 2008);*

* Vladimir Shatalov, the senior cosmonaut and cosmonaut manager (Space
Workdays, 2008);*

* Vladimir Syromyatnikov, the docking system designer under Korolev
(100 Conversations on Docking and on Other Rendezvous in Space and on
the Earth, 2003);*> and

* Vladimir Yazdovskiy, the senior space biomedicine specialist (On the Paths
of the Universe, 1996).%

I would also include in this category volumes that collect the recollections
of dozens of key actors in the Soviet missile and space programs:

* Academician S. P Korolev: Scientist, Engineer, Man (1986);* and

*  Roads to Space (three volumes in 1992 and 1994).%

19. Yu. A. Mozzhorin et al., eds., Dorogi v kosmos: Vospominaniya veteranov raketno-
kosmicheskoy tekhniki i kosmonavtiki (two volumes) (Moscow: MAI, 1992); Yu. A. Mozzhorin
et al., eds., Nachalo kosmicheskoy ery: vospominaniya veteranov raketno-kosmicheskoy tekhniki i
kosmonavtiki: vypusk vtoroy (Moscow: RNITsKD, 1994); N. A. Anfimov, ed., Zak eto bylo...:
Memuary Yu. A. Mozzhorin: Mozzhorin v vospominaniyakh sovremennikov (Moscow: ZAO
“Mezhdunarodnaya programma obrazovaniya,” 2000).

20. V. A. Polyachenko, Na morye i v kosmosye (St. Petersburg: Morsar Av, 2008).

21. B. A. Pokrovskiy, Kosmos nachinayetsya na zemlye (Moscow: Izdatelstvo Patriot, 1996).

22. V. Ponomareva, Zhenskoye litso kosmosa (Moscow: Gelios, 2002).

23. A. L. Ostashev, Ispytatelniye raketno-kosmicheskoye tekhniki: delo moyey zhizni (Moscow:
A. I. Ostashev, 2001).

24. V. A. Shatalov, Kosmicheskiye budni (Moscow: Mashinostroyeniye, 2008).

25. V. S. Syromyatnikov, 100 Rasskazov o stykovke i o drugikh priklyucheniyakh v kosmose i
na Zemle: chast 1: 20 let nazad (Moscow: “Logos,” 2003).

26. V. 1. Yazdovskiy, Na tropakh vselennoy: vklad kosmicheskoy biologii i meditsiny v osvoyeniye
kosmicheskogo prostranstva (Moscow: Firma “Slovo,” 1996).
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xxviii



Introduction to Volume IV

In addition to these memoirs, a stream of highly valuable collections of
primary documents has been published in Russia in recent times. These volumes
are essential starting points for anyone conducting a serious investigation into
the history of the Soviet space program. While one must exercise prudence in
the use of published documents—particularly the obvious problem of selection
bias—these volumes are excellent starting points for historians. In chronologi-
cal order, they include the following:

* Pioneers of Rocket Technology: Vetchinkin Glushko Korolev Tikhonravov:

Selected Works, which contains many documents on the early years (1972);%

* Path to Rocket Technology: Selected Works, 1924—1946, on the works of

Valentin Glushko, (1977);%

*  The Creative Legacy of Sergei Pavlovich Korolev: Selected Works and Documents,

a pre-glasnost volume that has held up remarkably well (1980);*'

* M. V. Keldysh: Selected Works: Rocket Technology and Cosmonautics, contain-
ing important documents on early ICBM development (1988);°*
* S. P Korolev and His Affairs: Light and Shadow in the History of Cosmonautics:

Selected Works and Documents, an indispensable collection of documents

on the early history of the Soviet space program (1998);*

*  The lender Letters of a Hardheaded Man: From the Archive of the Academician

S. P Korolev Memorial House-Museum, a collection of letters Korolev wrote

to his wife during his life (2007);*

*  The Soviet Space Initiative in Government Documents, 1946—1964, probably
the best in the list, which includes many declassified documents from the

Archive of the President of the Russian Federation (2008);*

29. S. A. Sokolova and T. M. Melkumov, eds., Pionery raketnoy tekhniki: Vetchinkin Glushko
Korolev Tikhonravov: izbrannyye trudy (1929—1945 gg.) (Moscow: Nauka, 1972).

30. V. P. Glushko, Put v raketnoy tekhniki: izbrannyye trudy, 1924—1946 gg. (Moscow:
Mashinostroyeniye, 1977).

31. M. V. Keldysh, ed., Tvorcheskoye naslediye Akademika Sergeya Paviovicha Koroleva:
izbrannyye trudy i dokumenty (Moscow: Nauka, 1980).

32. V. S. Avduyevskiy and T. M. Eneyev, eds. M. V. Keldysh: izbrannyye trudy: raketnaya
tekhnika i kosmonavtika (Moscow: Nauka, 1988).

33. G. S. Vetrov and B. V. Rauschenbach, eds., S. 2 Korolev i ego delo: svet i teni v istorii
kosmonavtiki: izbrannyye trudy i dokumenty (Moscow: Nauka, 1998).

34. L. A. Filina, ed., Nezhnyye pisma surovogo cheloveka: iz arkhiva Memorialnogo doma-
muzeya akademika S. P Koroleva (Moscow: Robin, 2007).

35. Yu. M. Baturin, ed., Sovetskaya kosmicheskaya initsiativa v gosudarstvennykh dokumentalkh,
1946-1964 gg. (Moscow: RTSoft, 2008).
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o Selected Works of Academician V. R Glushko, which collects a vast amount
of original documents on Valentin Glushko’s entire career (2008);*

» A Goal of Special State Importance: From the History of the Creation of
Rocket-Nuclear Armaments and the Strategic Rocket Forces (1945—1959), a
collection of declassified documents on the development of ballistic mis-
siles in the postwar period (2010);%

*  Man. Ship. Space: A Collection of Documents on the 50th Anniversary of the
Spaceflight of Yu. A. Gagarin, an 874-page collection of documents about
the creation of the Vostok spacecraft, the training of the first cosmonauts,
and the flight of Gagarin (2011);*®

*  The First Piloted Flight, a two-volume work collecting government docu-
ments from 1946 to 1961 on all aspects of the early Soviet space program
but focusing particularly on the Vostok and Vostok-2 missions in 1961
(2011);* and

*  Soviet Space: A Special Edition on the 50th Anniversary of the Flight of Yuriy
Gagarin, a 720-page compendium of declassified government documents
on all aspects of the Soviet space program from 1955 to 1966 (2011).%
Certainly, one should also include in this category the four-volume set of

diaries of Nikolay Kamanin, the Air Force representative in charge of cosmo-
naut training from 1960 to 1971. These volumes have been published under
the general title Hidden Space.*! This brief list should give the reader a sense of
the richness of the literature on Soviet space history but no one should have
any doubt that Chertok’s memoirs are the starting point. It is the foundation
upon which all the others rest.

36. V. S. Sudakov, ed., lzbrannyye raboty akademika V. P Glushko (three volumes) (Khimki:
NPO Energomash im. akademika V. P. Glushko, 2008).

37. V. 1. Ivkin and G. A. Sukhina, eds., Zadacha osoboy gosudarstvennoy vazhnosti: iz istorii
sozdaniya raketno-yadernogo oruzhiya i raketnykh voysk strategicheskogo naznacheniya (1945—1959
g¢.): sbornik dokumentov (Moscow: Rosspen, 2010).

38. A. N. Artizov, ed., Chelovek. Korabl. Kosmos: sbornik dokumentov k 50-letiyu poleta v
kosmos Yu. A. Gagarina (Moscow: Novyy khronograf, 2011).

39. A. M. Perminov, ed., Pervyy pilotiruyemyy poler (two volumes) (Moscow: Rodina MEDIA,
2011).

40. Sergey Kudryashov, ed., Sovetskiy kosmos: spetsialnoye izdaniye k 50-letiyu poleta Yuriya
Gagarina (Moscow: Archive of the President of the Russian Federation, 2011).

41. N. P. Kamanin, Skrytiy kosmos: kniga pervaya, 1960—1963 gg. (Moscow: Infortekst
IF, 1995); N. 2. Kamanin, Skrytyy kosmos: kniga vtoraya, 1964—1966 gg. (Moscow: Infortekst
IE, 1997); N. P. Kamanin, Skrytyy kosmos: kniga tretya, 1967-1968 gg. (Moscow: OOO 1ID
“Novosti kosmonavtiki,” 1999); N. P. Kamanin, Skrytyy kosmos: kniga chetvertaya, 1969-1978
g¢. (Moscow: OOO IID “Novosti kosmonavtiki,” 2001).
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I'd like to conclude this final introduction with a few words on the imple-
mentation of this enormous project. Working on this series for the past eight years
has been an extraordinary honor and pleasure for me. I owe a debt of gratitude
to many for their hard work in bringing these stories to the English-speaking
world. As before, I must thank NASA historian Steve Garber, who supervised the
entire project at the NASA History Program Office. He also provided insightful
comments at every stage of the editorial process. Former NASA Chief Historians
Roger D. Launius and Steven ]. Dick supported the birth of the project with firm
hands, and their eventual successor, William P. Barry, enthusiastically brought it to
its completion. Bill read the entire manuscript carefully and offered many useful
suggestions. Thanks are due to Jesco von Puttkamer at NASA for his sponsorship
of the project. He also facilitated communications between the two parties in
Russia and the United States and tirelessly promoted Rockets and People at home
and abroad. Without his enthusiasm, sponsorship, and support, this project
would not have been possible. I'd also like to thank Nadine Andreassen at the
NASA History Program Office for her support throughout the past eight years.
NASA History Program Office intern Anna J. Stolitzka is also due some thanks.

We were very fortunate to have a capable team of translators at the award-
winning Houston-based TechTrans International to facilitate this project. Their
team included translators/editors Cynthia Reiser, Laurel Nolen, Alexandra
Tussing, and Ksenia Shelkova, as well as document control specialists Lev
Genson and Yulia Schmalholz.

Thanks also are due to those who handled the post-editorial stage of the
work at the Communications Support Services Center (CSSC) at NASA
Headquarters: editors George Gonzalez and Lisa Jirousek; designer Chris Yates;
printing specialist Tun Hla; supervisors Gail Carter-Kane and Cindy Miller;
and civil servant Michael Crnkovic.

Every one of these aforementioned individuals put in long, hard hours to
ensure that we produced the best product possible.

I would like to thank David R. Woods and Alexander Shliadinsky for
kindly contributing supplementary images for Volume IV. Unless otherwise
noted, all images are from the collection of Chertok.

As the series editor, my job was first and foremost to ensure that the English
language version was as faithful to ChertoK’s original Russian version as pos-
sible. At the same time, I also had to account for the stylistic considerations
of English-language readers who may be put off by literal translations. The
process involved communicating directly with Chertok in many cases and, with
his permission, occasionally taking liberties to restructure a text to convey his
original spirit. I also made sure that technical terms and descriptions of rocket
and spacecraft design satisfied the demands of both Chertok and the English-
speaking audience. Readers should be aware that all weights and measures are
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in the metric system; thus “tons” denotes metric tons (1,000 kg or 2,205 lbs)
and not the English ton (2,240 Ibs) or the American ton (2,000 Ibs). Finally,
I provided numerous explanatory footnotes to elucidate points that may not
be evident to readers unversed in the intricacies of the Soviet space program,
or Soviet history and culture in general. Readers should be aware that all of
the footnotes are mine unless cited as “author’s note,” in which case they were

provided by Chertok.
Asif A. Siddiqi

Series Editor
February 2011
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A Few Notes About
Transliteration and Translation

THE RUSSIAN LANGUAGE 1s WRITTEN using the Cyrillic alphabet, which
consists of 33 letters. While some of the sounds that these letters symbolize
have equivalents in the English language, many have no equivalent, and two
of the letters have no sound of their own, but instead “soften” or “harden” the
preceding letter. Because of the lack of direct correlation, a number of systems
for transliterating Russian (i.e., rendering words using the Latin alphabet),

have been devised, all of them different.

Russian U.S. Board on Library of
Alphabet Pronunciation Geographic Names Congress

A, a a a a
B,6 b b b
B, B v v v
F, T g g g
A a d d d
E,e ye ye* /e e
E ¢ yo ye* /& é
XK, x zh zh zh
3,3 z z z
U, u € i i
W, i shortened & y i

‘K, k k k k
I 1 1 1
M, M m m m
H,n n n n
0,0 0 o o
I n P P P
P,p r r r
C, C S S s
T t t t
y7 y a u u
D, d f f f
X, x kh kh kh
I, ts ts ts
Y,y ch ch ch
111, sh sh sh
11, 11 shch shch shch
b (hard sign) « «
bl guttural é y y
b (soft sign) ¢ ¢
9,3 é e i
10, 10 yi yu iu
A, 0 ya ya ia

*Initially and after vowels
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For this series, editor Asif Siddiqi selected a modification of the U.S. Board
on Geographic Names system, also known as the University of Chicago system,
as he felt it better suited for a memoir such as Chertok’s, where the intricacies
of the Russian language are less important than accessibility to the reader. The
modifications are as follows:

e The Russian letters “b” and “b” are not transliterated, in order to make
reading easier.

* Russian letter “¢” is denoted by the English “¢” (or “ye” initially and after
vowels)—hence, the transliteration “Korolev,” though it is pronounced
“Korolyov”.

The reader may find some familiar names to be rendered in an unfamiliar
way. This occurs when a name has become known under its phonetic spelling,
such as “Yuri” versus the transliterated “Yuriy,” or under a different translitera-
tion system, such as “Baikonur” (LoC) versus “Baykonur” (USBGN).

In translating Rakety i lyudi, we on the TTI team strove to find the balance
between faithfulness to the original text and clear, idiomatic English. For issues
of technical nomenclature, we consulted with Asif Siddiqi to determine the
standards for this series. The cultural references, linguistic nuances, and “old
sayings” Chertok uses in his memoirs required a different approach from the
technical passages. They cannot be translated literally: the favorite saying of
Flight Mechanic Nikolay Godovikov (Vol. 1, Chapter 7) would mean nothing
to an English speaker if given as “There was a ball, there is no ball” but makes
perfect sense when translated as “Now you see it, now you don't.” The jargon
used by aircraft engineers and rocket engine developers in the 1930s and 1940s
posed yet another challenge. At times, we had to do linguistic detective work
to come up with a translation that conveyed both the idea and the “flavor”
of the original. Puns and plays on words are explained in footnotes. Rakery i
lyudi has been a very interesting project, and we have enjoyed the challenge
of bringing Chertok’s voice to the English-speaking world.

TTT TRANSLATION TEAM

Houston, TX
October 2004
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List of Abbreviations

ABM
ABMA
AFU
APAS
APO
APR
ARS
ASTP
ATG
ATV
AVD
BINS
BO
BTsVM
BUS
BV DPO
CEP
ChP
CSM
DARPA
DO
DOS
DP
DRS
DUS
DZZ
EIIM
EKhG
EO

Apollo Applications Project

antiballistic missile

Army Ballistic Missile Agency

antenna feeder unit
Androgynous-Peripheral Docking Assembly
emergency spacecraft destruction
emergency missile destruction system
emergency x-ray system

Apollo-Soyuz Test Project

autonomous turbo generator

Automated Transfer Vehicle

emergency engine shutdown

strapdown inertial navigation system

Living Compartment

on-board digital computing machine
rendezvous control unit

ignition assembly for approach and attitude-control engines
circular error probability

emergency event

Command and Service Module

Defense Advanced Research Projects Agency
control engine

Long-Duration Orbital Station

remote switch

remote radio communications system
angular rate sensor

Remote Sensing of Earth

equivalent isotropically radiated power
electrochemical generator

Primary Expeditions
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EPAS
ERD
ESTEC
EU
EYaRD
GAI
GDL
GEO
GKNII VVS
GKNPTs
GKOT
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GMKS
GOGU
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GP
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Institute of Space Research
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International Launch Services

Institute of Applied Mathematics

Satellite Fighter
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Introduction

Voice of the People...

On 20 July 1969, the first human being from the planet Earth set foot
on the surface of the Moon. This person was a citizen of the United States of
America.

“That’s one small step for [a] man, one giant leap for mankind”—Neil
Armstrong’s words flew around the entire world beneath the Moon.

In August 1969, getting into a taxi, I told the driver my home address:
“Academician Korolev Street.”! En route, the elderly taxi driver let me know
that he was aware of who lived in the “Korolev” apartments. Evidently he
decided that it was all right to tell me what the “man on the street” was think-
ing: “Korolev is not with us anymore and the Americans have become the first
to land on the Moon. Does that mean that they haven’t found another mind
like his among us?”

Until 1964, Nikita Khrushchev was so active that people associated our
triumphant victories in space with his name. In January 1966, the world
discovered that our success was primarily the result of the creative work of
Academician Sergey Pavlovich Korolev. But after Korolev’s death, once again
everything happened “under the wise leadership of the Communist Party
Central Committee.”

For our people, who had grown accustomed to the cascade of achievements
in Soviet cosmonautics, the Americans’ brilliant success was a complete surprise.
During the Cold War, the Soviet mass media made no mention of our work
on a human lunar program. All of this was strictly classified. Reports on the
Americans’ outstanding space achievements were also more than modest, but
not because they were classified. Television coverage of the first lunar landing in
the history of humankind was broadcast worldwide, with the exception of the

USSR and the People’s Republic of China. In order to see the U.S. broadcast

1. The original 3rd Ostankino Street in Moscow was renamed Academician Korolev Street
in January 1967, the first anniversary of Korolev’s death.
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that was available to the entire world, we had to drive over to NII-88 [the main
Soviet missile and space research institute], which received the television foot-
age via cable from the television center.” The television center in turn received
the footage via the Eurovision channel, but a live broadcast was forbidden.
Later, one of the television employees said that their request for a live broadcast
had passed through the entire hierarchy, but eventually Central Committee
Secretary Suslov had put a stop to it.?

For those of us involved in the Soviet lunar program, the Americans’
achievements were not surprising. The open press wasn't our only source of
information about the progress of the Americans’ projects. After the death of our
cosmonaut Vladimir Komarov on Soyuz-1 in April 1967, we had an 18-month
break in piloted flights.* During this interval, the Americans completed their
first piloted flight of the Apollo program.> Our Soyuz launches resumed with
maximum intensity. Three piloted Soyuzes lifted off before July 1969.¢ Our
newspapers tried to write up these flights as enthusiastically as those of the first
cosmonauts, beginning with Yuriy Gagarin. From 1961 through 1965, this
enthusiasm was genuine and sincere. It emanated from our national soul and
touched all social strata. The populace attributed the tragic death of Komarov
in April 1967 to the death of Chief Designer Korolev. No one knew who
was actually in charge of our space programs now. Only insiders were aware
that thousands of our specialists at secret enterprises and at the now-famous
Baykonur complex were preparing for a landing expedition to the Moon.

From 1957 through 1967, the Soviet Union was the clear leader in all
space endeavors and had achieved universally recognized superiority in piloted
space programs.” During the first decade of the Space Age, the Soviet Union’s
intellectual, industrial, and organizational potential enabled it to solve such
top-priority challenges as developing the world’s first intercontinental ballistic
missile; launching the first artificial satellites; delivering to the Moon the first
object from Earth (a pendant inscribed with the emblem of the Soviet Union);
photographing the far side of the Moon; being the first to launch a human

2. NII—Nauchno-issledovatelskiy institut (Scientific-Research Institute).

3. Mikhail Andreyevich Suslov (1902-1982) was a powerful Soviet Politburo member
responsible for ideological policing during the late Soviet era.

4. For the Soyuz-1 disaster, see Boris Chertok, Rockets and People, Vol. III: Hot Days of the
Cold War, ed. Asif A. Siddigi (Washington, DC: NASA-SP-2009-4110, 2009), Chapter 20.
The first Soviet human space mission after Soyuz-1 was Soyuz-3 in October 1968.

5. 'This was the Apollo 8 mission in October 1968.

6. These were Soyuz-3, -4, and -5.

7. Most historians would argue that the lead tipped in favor of the United States sometime
in 1966 with the achievements of the Gemini program.
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being (Yuriy Gagarin) into space; being the first to launch a woman (Valentina
Tereshkova) into space; conducting Aleksey Leonov’s spacewalk; executing the
soft landing of an automatic station on the Moon; televising the transmission
to Earth of a panoramic shot of the lunar surface; achieving the first penetra-
tion into the atmosphere of Venus; and completing the world’s first automatic
docking of spacecraft. This list of our “firsts” is described in detail in numerous
publications, in the memoirs of those involved, and in historical works.
After such a storybook succession of cosmic breakthroughs, it seemed com-
pletely natural that the next conquest to shake the imagination of Earthlings
would be the landing of Soviet cosmonauts on the surface of the Moon and
their safe return to Earth. But Americans turned out to be the first Earthlings
on the Moon. Today, few are aware that it was not until 1964 that the top
political leaders of the Soviet Union resolved to consider the landing of Soviet
cosmonauts on the Moon no later than 1968 a task of utmost importance.
The Soviet expedition to the Moon, which was conceived in Korolev’s lifetime
and supported by Khrushchev, simply never took place. Work on the Soviet
N1-L3 program—the piloted landing expedition to the Moon—ended in 1974.
Everything that had to do with the N1-L3 program remained a secret
until the late 1980s. The first publications, which primarily looked into the
technical problems of this program, appeared in the early 1990s.® As for other
aspects of the “Moon race,” the authors of the majority of the publications I
have read greatly simplified or distorted the actual situation in an attempt at a
sensational revelation of secrets. And today, 40 years later, for many it remains
an unanswered question: “Why wasn’t there a Soviet person on the Moon?™
In Volume III of my memoirs, the chapter “The Hard Road to a Soft
Landing” provides insight into the initial phase of lunar exploration involv-
ing the Ye-6 program, the world’s first soft landing of an automatic spacecraft
on the lunar surface.” In this volume, I continue my story with the Soviet
human lunar expedition programs. In the process, I attempt to weave my nar-
rative over the background of the general history of the development of rocket
and space technology, cosmonautics, and the military and political rivalry of
the two superpowers. During the 20th century, the USSR and United States
implemented global military technical programs on an unprecedented scale.

8. The first articles in the Soviet media confirming a human lunar landing program appeared
in the summer of 1989. See Lev Kamanin, “S zemli na lunu i obratno” [“From the Earth to the
Moon and Back™], Poisk no. 12 (July 1989): 7-8; Sergey Leskov, “Kak my ne sletali na lunu”
[“How We Didn’t Go to the Moon”], zvestiya (18 August 1989): 3.

9. Chertok wrote this introduction in 2009.

10. See Chertok, Rockets and People, Vol. III, Chapters 13 and 14.
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For this reason, a considerable portion of this volume is spent reminiscing
about events that took place at the same time as the N1-L3 lunar program.
Unfortunately, professional Moscow taxi drivers who are capable of expressing
the opinion of the “man on the street” are a thing of the past, too.

xliv



Chapter 1
Rocket-Space Chronology
(Historical Overview)

When comparing the economic and scientific-technical capabilities of the
USSR and the United States, one can’t help but wonder how the Soviet Union,
which lost more than 20 million people during World War II and sustained
inconceivably enormous material damage, overcame extraordinary economic
difficulties and—in just two decades from 1956 through 1976—made an
amazing breakthrough into space, forever leaving its mark on world history
and in the annals of the 20th century.'

The most outstanding successes in the development of space technology
and the highest rates of nuclear missile buildup both in the USSR and in the
U.S. took place during the period from 1960 through 1975. During this same
time, the so-called “Moon race” was also getting under way. The beginning and
end of operations on the N1-L3 program coincided with the tensest periods
of the nuclear arms race. Everything that happened after that, up to the end
of the 20th and beginning of the 21st centuries, was, to a significant degree,
predetermined during that very period. I am certain that an overwhelming
majority of readers cannot imagine the true scale of the operations of the two
superpowers in these areas. For this reason, I think it might be helpful, before
getting into the memoir part of this volume, to start out with some historical
information. This information, in the form of a list of the main projects, will
provide some idea of everything that was happening in the rocket-space field.
But it is also essential because the collective heroism of the intellectuals and
workers who secured strategic parity for the Soviet Union has yet to be properly
appreciated in historical works. If a similar list were also compiled for all the

1. Chertok’s figure of “more than twenty million” has been borne out by recent studies.
Most contemporary sources lean toward a figure of 26.6 million fatalities for Soviet losses (both
civilian and military) during the war. See G. F. Krivosheyev, ed., Grif sekretnosti snyat: poteri
vooruzhennykh sil sssr v voynakh, boyevykh deystviyakh i voyennykh konfliktakh: statisticheskoye
issledovaniye [Without the Stamp Secret: Losses of the USSR Armed Forces in War, Battle Actions
and Military Conflicts: Statistical Research] (Moscow: Voyenizdat, 1993).
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other areas of scientific and technical progress in the defense industries, then
today’s readers would find an impressive picture.

The Soviet Union’s centralized and authoritarian power system created a
progressive, mobilization-economy system for science and the defense indus-
try.” In the field of liberal arts and sciences, the Iron Curtain partially closed
off Soviet society from the culture of the outside world. However, in the field
of hard science and science-driven technologies, it was state policy to surpass
world achievements by any means.

Contemporary Russia is experiencing an extreme ideological and system-
wide crisis. If Russia still enjoys the respect of the world community, it is due
to the scientific-industrial potential accumulated by the Soviet superpower,
rather than her democratic achievements at the end of the 20th century.

In the process of developing strategic missile armaments and rocket-space
systems, both we and the Americans, in the majority of cases, strove to achieve
the very same ultimate objectives. However, the U.S. sailed toward these objec-
tives over a magnificent expressway that war had not touched, and we were
negotiating an unpaved, crater-pocked wilderness. Having spread out over
a very broad front of scientific-technical progress with surprising speed, we
pursued lofty goals and accomplished deeds comparable, in terms of heroism,
with the feats of the wartime years.

After we launched the first artificial satellite, and especially after Gagarin’s
triumph, the safe, sound, and self-satisfied U.S. realized that its many-fold
superiority in strategic nuclear weapons was clearly insufficient to win the
Cold War. A lavish investment of billions of dollars into a national campaign
to gain the upper hand in space ensued. We were ahead of the Americans in
the space race, but we repeatedly lost to them in the strategic nuclear arms race.

“All for the front, all for victory!” This was the call that went out to all
Soviet people during the war, no matter where they worked. Spurred on by this
rallying cry, the Soviet economy gathered such dynamic energy that for many
years after the war it continued to galvanize the most diverse social strata, united
by the military-industrial complex, the army, militarized science, and even art.

The defense industry’s managerial system was characterized by the strict
centralization of Party and state leadership, which made it possible, by dint of
the maximum concentration of financial, intellectual, and material resources,
to develop new complex weapons systems within extremely tight timeframes.

2. “Mobilization economics” was a term used to describe the wartime Soviet policy of
massive state direction of the Soviet economy to singular goals. This practice was modified for
the postwar period to galvanize state resources for specific projects, usually of a military nature.
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This is how the challenges of developing a broad spectrum of strategic nuclear
weapons, ground-based nuclear missiles, atomic submarines, missile-carrying
aircraft, and a surface naval missile fleet were met. Resolutions of the Central
Committee and Council of Ministers were required to implement priority arms
programs and to develop scientific-production facilities. The Military-Industrial
Commission painstakingly prepared these resolutions.’ As a rule, the technical
gist of the programs remained strictly secret. The progress of the most crucial
projects was discussed at sessions of the Politburo. The chief function of the
Commission was to coordinate the activity of all the ministries and departments
involved in the complete and mandatory execution of the task assigned to the
general designer or general director of the production enterprise.

TrEe N1-L3 LUNAR ROCKET-SPACE COMPLEX was under development concur-
rently with dozens of other high-technology programs. The highest governmen-
tal agency that was monitoring work on the program was the Military-Industrial
Commission under the auspices of the Presidium of the USSR Council of
Ministers.* In 1965, the Ministry of General Machine Building (MOM) became
the lead ministry responsible for program implementation.” Its primary “sub-
contractors” were the Ministry of Defense (MO), the Ministry of the Aviation
Industry (MAP), the Ministry of Medium Machine Building (MSM), the
Ministry of the Electronics Industry, the Ministry of the Radio Industry, the
Ministry of Heavy Machine Building, the Ministry of the Defense Industry
(MOP), the Ministry of the Communications Equipment Industry (MPSS),
the Ministry of the Electrical Engineering Industry, and many others.®

Neither the VPK nor the lead ministry, much less the other ministries,
had any specialized “main directorate” that dealt exclusively with the N1-L3
program.” OKB-1, headed by Chief Designer S. P. Korolev, remained the lead

3. The Military-Industrial Commission (VPK), established in December 1957, was a
high-level governmental body that coordinated the activities of the Soviet defense industry and,
essentially, was the epicenter of the Soviet military-industrial complex.

4. The more common name of this body was VPK—Voyenno-promyshlennaya komissiya
(Military-Industrial Commission).

5. MOM—Ministerstvo obshchego mashinostroyeniya.

6. MO—Ministerstvo oborony; MAP—Ministerstvo aviatsionnoy promyshlennosti; MSM—
Ministerstvo srednego mashinostroyeniya; MOP—DMinisterstvo oboronnoy promyshlennosti; MPSS—
Ministerstvo promyshlennosti sredstv svyazi. Author’s note: Until 1965 there were state committees
pertaining to the various branches of industry rather than ministries. The state committee
chairmen had the rank of ministers.

7. “Main directorates” were functional units within a particular ministry responsible for
specific areas of research, development, or production.
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organization for N1-L3 development.® In March 19606, after Korolev’s death,
OKB-1 was renamed the Central Design Bureau of Experimental Machine
Building (TsKBEM).? Chief Designer V. P. Mishin was in charge there until
May 1974. The main subcontractors for engines, control systems, on-board
and ground radio complexes, the ground-based launch complex, and dozens
of other systems were the chief designers who had already fulfilled a multitude
of other assignments and who continued to receive new projects pursuant to
Central Committee and Council of Ministers decrees.

8. OKB—Opytno-konstruktorskoye byuro (Experimental-Design Bureau).
9. TsKBEM— Tsentralnoye konstruktorskoye byuro eksperimentalnogo mashinostroyeniya.
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The production, optimization, and testing of launch vehicles, which were
unprecedented in terms of their scale, required the construction of specialized
shops, colossal assembly buildings, and launch complexes with numerous
support services.

Although the N-1 rocket was developed under Cold War conditions, it
was not intended for a possible preventive or retaliatory nuclear strike, and the
prospects for using it for military purposes were very vague.'® For this reason,
the nation’s top political leaders were ambivalent toward the development of
this rocket and toward the whole lunar program.

In the early 1960s, the threat of a nuclear strike against the Soviet Union
seemed entirely realistic. Although they had fallen behind in the space race, the
Americans had held the lead in the development of strategic nuclear systems
from the very beginning. Even the most glorious triumphs in space were no
guarantee against a sudden switch from a “cold war” to a hot one.

According to data cited by Robert McNamara, U.S. superiority over the
USSR in the field of strategic arms was overwhelming until the mid-1970s."
The table below provides some idea of only the quantitative side of the missile
race dynamic.

People who are far-removed from technology in general, and nuclear missile
technology in particular, cannot gain a sense of the true scale of this national
feat of science and labor, which is concealed behind dry statistics. Colossal
economic resources were invested into these projects, and millions of people
participated in them. However, a well-organized system of secrecy, which had
endured until recently, prevented an assessment of how much more difficult
and costly it was than the Moon race. The majority of those involved weren’t
even aware of what a potentially lethal game they had been drawn into. Unlike
the millions who toiled on the home front during World War II, these workers
were unwitting of their cause.

When analyzing the piloted lunar expedition programs of the U.S. and
USSR, one should take into consideration the crucial factor of the vastly
superior U.S. postwar economy. By the 1960s, it enabled the U.S. to achieve
a twentyfold advantage over the Soviet Union in terms of the total number of

10. The name of this rocket has been variously denoted as both “N-1” and N1.” For the
purposes of this volume, we use “N-1” when used alone and “N1” when used along with other
designations, such as “N1-L3.”

11. Chertok cites from a table published in the Russian translation: R. Maknamara, Putem
oshibok k katastrofe (Moscow: Nauka, 1988). The original was published as Robert McNamara,
Blundering Into Disaster: Surviving the First Century of the Nuclear Age (New York: Pantheon
Books, 1986), pp. 154—155. Robert Strange McNamara (1916-2009) served as U.S. Secretary
of Defense from 1961 to 1968.
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Ratio between U.S. and USSR strategic nuclear forces (1960-1980)

Year 1960 1965 1970 1975 1980

Warheads US. |USSR| U.S. |USSR| U.S. |USSR| U.S. |USSR| U.S. | USSR

Missiles 60 |some | 1050 | 225 | 1800 [ 1600 [ 6100 | 2500 | 7300 | 5500

Bombs 6000 [ 300 | 4500 [ 375 | 2200 [ 200 | 2400 | 300 | 2800 | 500

Total: 6068 | 300 [5550| 600 |4000|1800 (8500|2800 | 10100 | 6000

Delivery Systems| U.S. [USSR| U.S. |USSR| U.S. |USSR| U.S. |USSR| U.S. | USSR

Bombers 600 | 150 | 600 | 250 | 550 | 145 | 400 | 135 | 340 | 156

ICBMs 20 | some | 850 | 200 | 1054|1300 1054 | 1527 | 1050 | 1398
SLBMs 48 | 15 | 400 | 25 | 656 | 300 | 656 | 784 | 656 | 1028
Total: | 668 | 165 | 1850 | 475 |2260 | 1745|2110 | 2446 | 2046 | 2582
Ratio between
U'Ss't:':t‘i;zSR 202:1 9.2:1 22:1 3:1 1.6:1

nuclear forces

Notes:
ICBM: intercontinental ballistic missile
SLBM: submarine-launched ballistic missile

strategic nuclear weapons. Having secured such a margin of safety, the American
administration could allow itself to spend a significant portion of the taxpayers’
funds on the lunar program, which promised a real political victory over the
Soviet Union. Striving to achieve a decisive upper hand in all types of missile
armaments, the U.S. took the lead in more than the sheer number of ICBM:s.
For a long time, the U.S. maintained an advantage in target accuracy and was
the first to develop missile systems using multiple independently targetable
reentry vehicles (MIRVs).

For THE oPTIMIZATION of the N-1 rocket—the launch vehicle for the lunar
landing expedition—we executed four experimental launches. Experts assess-
ments showed that most likely another four or five launches would have been
required to bring the launch vehicle to the necessary degree of reliability. Usually
hundreds of launches are conducted in the process of flight-developmental
tests (LKI), both before combat missiles are put into service and afterwards to
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confirm their reliability.'> All told, the Strategic Rocket Forces (RVSN) and
Soviet Navy (VMF) conducted thousands of launches of combat missiles.'

Large-scale mass production of nuclear weapons and various missiles—
intercontinental missiles, mobile missiles, so-called medium-range and short-
range missiles, submarine-launched missiles—in and of itself was not the only
deciding factor in achieving parity. It was missile syszems that needed to be put
into service, not missiles. For each medium-range and intercontinental missile,
a launch silo needed to be built; systems for transport, remote monitoring,
control, and launch needed to be developed; thousands of soldiers and officers
needed to be trained; and then rocket regiments, divisions, and armies needed
to be formed. For naval missiles, submarines needed to be redesigned and built.
Each of them cost considerably more than the missiles they carried.

It took truly an incredible amount of work and an extreme amount of
strain on the economy in order to bring the ratio between the strategic arms
of the U.S. and USSR from 20.2:1 to 1.6:1 in 20 years! In so doing, an over-
whelming portion of this heroic work was carried out at enterprises and in
organizations that also performed assignments for the N1-L3 program. Having
lost the Moon race, the Soviet Union achieved parity with the U.S. in nuclear
missile armaments.

The triumphant space achievements of the USSR had a much greater
psychological impact on the world community than the boastful reports
about the number of U.S. Minuteman missiles and the capabilities of the
U.S. bomber fleet. Our cosmonauts, who visited various countries, and our
effectively delivered propaganda campaign demonstrated the advantages of the
Soviet system. That is why the U.S. government wagered billions of dollars in
the early 1960s and embraced the space program, figuring on surpassing the
USSR not only in terms of nuclear might, but also through the awe-inspiring
peaceful exploration of space.

There was one more sector of the broad front of the Cold War where the
rivalry between the two powers went on with alternating success or, more
accurately, almost on an equal footing. This was the direct use of space in the
interests of defense and the armed forces. The first phase of the use of space
for military purposes coincided with the period of the Moon race. In contrast
with the so-called “peaceful” programs, this activity was classified, and until

12. In Russian engineering vernacular, the common abbreviation for the test launch phase
for a new missile is LKI—Letno-konstruktorskiye ispytaniya (flight-development testing).
13. RVSN—Raketnyye voyska strategicheskogo naznacheniya; VMF—Voyenno-morskoy flot.
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the late 1980s there were very few overt publications about the achievements
in this field.

The most complete and historically authentic information about the
Military Space Forces in the Soviet Union did not appear until 1997."* This
is the definitive achievement of Lieutenant General Viktor Vyacheslavovich
Favorskiy, the former deputy chief of the Main Directorate of Space Assets
(GUKOS), and of Lieutenant General Ivan Vasilyevich Meshcheryakov,
the former chief of the Central Scientific-Research Institute of Space Assets
(TsNIIKS) No. 50." It is regrettable that no similar work about the history of
the Strategic Rocket Forces and strategic forces of the Navy has yet emerged.'

I believe that the reader will find it interesting to peruse the list of programs
and developments in the field of rocket technology and cosmonautics in the
Soviet Union. I have grouped them by head organizations rather than by subject
matter. In so doing, I have limited myself to the 1960s and 1970s—the period
of the Moon race. I begin with my own home organization.

OKB-1, later known as TsKBEM, then NPO Energiya, and currently S. P.
Korolev RKK Energiya
1. From 1957 through 1960, flight tests were conducted, and in early 1960
the first R-7 intercontinental missile went into service.
2. On 12 September 1960, the updated R-7A missile went into service.

14. Chertok is referring to a three-volume set published by the Russian Military Space
Forces on the history of the Soviet and Russian military space programs. These were published
in Moscow under the general title of Voyenno-kosmicheskiye sily (voyenno-istoricheskiy trud)
[7he Military Space Forces (A Military-Historical Work)] in 1997, 1998, and 2001. The first
two volumes were edited by V. V. Favorskiy and I. V. Meshcheryakov and published by the
Military Space Forces, while the third was edited by V. L. Ivanov and published by the VVF
Publishing House.

15. GUKOS—Glavnoye upravleniye kosmicheskikh sredstv; TsNIIKS— Tsentralnyy nauchno-
issledovatelskiy institut kosmicheskikh sistem.

16. There have been a number of important histories of the Strategic Rocket Forces published
in Russian. These include Yu. P. Maksimov, ed., Raketnyye voyska strategicheskogo naznacheniya
[Strategic Rocket Forces] (Moscow: RVSN, 1992); 1. D. Sergeyev, ed., Khronika osnovnykh sobytiy
istorii raketnykh voysk strategicheskogo naznacheniya [ Chronicle of the Primary Events of the History
of the Strategic Rocket Forces] (Moscow: RVSN, 1994); Mikhail Pervov, Mezhkontinentalnyye
ballisticheskiye rakety SSSR i Rossii: kratkii istoricheskiy ocherk [Intercontinental Ballistic Missiles
of the USSR and Russia: A Short Historical Account] (Moscow: Mikhail Pervov, 1998). Works
on the history of strategic missiles of the Soviet Navy have been rarer. For one of the few, see
Yu. V. Apalkov, D. I. Mant, and S. D. Mant, Otechestvennyye ballisticheskiye rakety morskogo
bazirovaniya i ikh nositeli [Native Naval Ballistic Missiles and Their Carriers] (St. Petersburg:
Galeya Pring, 20006).
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3. From 1957 to 1970, the R-7A underwent modifications and development
for use as a launch vehicle for the execution of various space programs.
Working jointly with the Kuybyshev branch of OKB-1 and with related
organizations, six main modifications were developed in two-, three-, and
four-stage versions.'” These were repeatedly updated.

4. Between 1959 and 1965, the R-9 (8K75) intercontinental missile was
developed and put into service. From 1965 through 1979, missile systems
using the R-9 missile were on combat alert. TSKBEM conducted tests on
and participated in routine firings of these on-alert missiles.

5. The GR-1 (8K713) global missile was developed from 1962 through 1964.
Just two missiles were fabricated, and a special launch complex with fully
automated launch preparation was built. In developing the design for the
GR-1, proposals were elaborated for the destruction of enemy combat
satellites.

6. In 1959, scientific-research and design projects for the RT-1 (8K95)
solid-propellant medium-range missile and RT-2 (8K98) intercon-
tinental missile got under way. Flight tests for the RT-1 were con-
ducted from 1962 through 1963. The RT-1 was not put into service.

Flight testing for the RT-2 began in 1966, and in 1968 the RT-2
went into service. The modified RT-2P (8K98P) solid-propellant missile
underwent flight testing from 1970 to 1971, and in 1972 it was put into
service. In all, over the course of its flight testing and duty, 100 launches
of the RT-2 and its RT-2P modification were conducted. Missile systems
using RT-2 and RT-2P missiles were on duty for more than 15 years.
The RT-2 missile was the first Soviet solid-propellant intercontinental
ballistic missile. Aleksandr Nadiradze, the chief designer of the Moscow
Institute of Thermal Technology, continued to develop solid-propellant
missile technology.

7. From February 1960 through March 1966, development continued on the
four-stage 8K78 launch vehicle using the R-7A for the exploration of Mars
and Venus. In all, from 1962 through 1966, 19 interplanetary stations in
four modifications were launched for the Mars-Venera (MV) program.
Later, the projects in this field were handed over to the S. A. Lavochkin
OKB, which was headed at that time by chief designer Georgiy Babakin.

8. In 1961, research began to develop an automatic spacecraft to perform a
soft landing on the Moon and transmit panoramic shots of its surface to

17. Chertok is probably referring here to the Sputnik, Luna, Vostok, Voskhod, Soyuz, and
Molniya variants of the launch vehicle. Each of these variants had many subvariants.
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10.

11

12.

13.

14.

15.

Earth. Flight tests, including an attempt at a soft landing on the Moon,
were conducted from 1963 through 1966. During this period, 12 Moon
launches took place. Only the last station executed the assignment com-
pletely.'® It was developed jointly with the S. A. Lavochkin OKB, which
then continued operations in this field.

. From 1961 through 1965, research and development (NIOKR) was

conducted on space communications systems.'” The first launch of the
Molniya-1 experimental satellite took place in June 1964. In 1967, after
seven launches and after the space communication system was put into
operation, subsequent operations were handed over to OKB-10, which
was located in Krasnoyarsk-26, the closed city of atomic scientists.

The Elektron satellite was developed over the course of 1962 and 1963.
In 1964, four of these satellites were launched and used to gather data to
model phenomena in space.

. Automatic spy satellites equipped with cameras and special radio recon-

naissance facilities were developed from 1959 through 1965. During this
time, the first Zeniz-2 spy satellite was developed, underwent flight testing,
and was put into service and the Zenit-4 satellite was developed. In 1965,
spy satellite projects were transferred to the OKB-1 branch in Kuybyshev.?
Piloted programs comprised a huge portion of OKB-1’s and later
TsKBEM'’s intellectual load.
The first phase of the piloted programs was the flights of Vostok spacecraft.
From 1960 through 1963, four unpiloted spacecraft and the first six piloted
spacecraft were successfully launched.
In 1964, after the experimental launch of the unpiloted 3KV (Kosmos-47)
vehicle, a three-seat Voskhod spacecraft was launched with a crew of three.
On 22 February 1965, the experimental launch of the unpiloted Kosmos-57
spacecraft occurred, and from 18 to 19 March, the flight of a two-seat
piloted Voskhod-2 vehicle took place. During the latter flight, the world’s
first spacewalk was performed.
From 1962 through 1963, the Soyuz design was developed for a piloted
circumlunar flight. The scenario for this flight entailed using four launches
of a launch vehicle based on the R-7: inserting into Earth orbit a piloted

18. For Chertok’s accounts of these launches, see Chertok, Rockets and People, Vol. I1I,

Chapters 13 and 14.

19. The common Russian abbreviation for the English term “research and development”

is NIOKR—nauchno-issledovatelskiye i opytno-konstruktorskiye raboty (scientific-research and
experimental-design work).

10

20. See Chertok, Rockets and People, Vol. 111, Chapter 12.
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7K vehicle, a 9K booster stage, and two 11K refuelers. To implement this
idea, it was first necessary to solve the problem of automatic rendezvous
and docking. The Soyuz design was completed in 1963. Considerable
efforts were expended on selecting the Descent Module for the return to
Earth at escape velocity and on developing a profile for guided descent.!
This multiple-launch configuration of the Soyuz space complex was not
successfully implemented. The most important results of the project were
the development of a new type of piloted spacecraft, the 7K-OK, which
inherited the name “Soyuz,” and the solution to the problem of automatic
rendezvous and docking. Completely new on-board motion control,
radio communications, telemetry, integrated power supply, television,
life-support, correcting engine, descent, landing, and emergency rescue
control systems were developed for the spacecraft. OKB-1 developed
the special ground complex 11N6110 for testing the new spacecraft.””
The first flight of an unpiloted Soyuz spacecraft (7K-OK No. 2—
Kosmos-133) ended on 28 November 1966 with its emergency destruc-
tion during an attempt to return to Earth. The second unpiloted launch
on 14 December 1966 (7K-OK No. 1) never got off the ground. The
rocket burned up on the launch pad at Site No. 31. The third unpiloted
vehicle (7K-OK No. 3—Kosmos-140) landed on the ice of the Aral Sea
on 7 February 1967. The flight of the fourth, piloted Soyuz-1 (7K-OK
No. 4) ended tragically with the death of cosmonaut Vladimir Komarov.”
In October 1967 and April 1968, two pairs of Soyuzes (Kosmos-186,
-188 and Kosmos-212, -213) were launched to test the rendezvous and dock-
ing systems. The qualification flight of the unpiloted 7K-OK (Kosm0s-238)
vehicle took place from 28 August through 1 September 1968. Flights of
piloted Soyuz vehicles started up again in October 1968 with the launch
of Soyuz-3. During the period from January 1969 through June 1970, six
more Soyuz vehicles were launched. This ended the flight-testing phase
of the first version of the Soyuz vehicle.
16. In 1969, in conjunction with Long-Duration Orbital Station projects,
development began on transport versions of the Soyuz spacecraft—7K-T

(11F615A8) and 7K-TA (11F615A9).*

21. The usual Russian term for “escape velocity” is “second cosmic velocity.” The “first
cosmic velocity” is the velocity necessary to reach Earth orbit.

22. See Chertok, Rockets and People, Vol. 111, pp. 476-477.

23. See Chertok, Rockets and People, Vol. III, Chapter 20.

24. These were transport vehicles for DOS and Almaz, respectively.

11
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17. In 1973, the design process got under way on a modification of the Soyuz
for docking with the American Apollo spacecraft.

18. In all, during the period from 1971 through 1975, 18 Soyuz spacecraft
flights took place for various programs.

19. TsKBEM started developing Long-Duration Orbital Stations (DOS) in
1969.% By 1977, five DOS-7K Long-Duration Orbital Stations had been
manufactured and launched: DOS No. 1 (Salyuz), DOS No. 2 (was not
inserted into orbit), DOS No. 3 (Kosmos-557), DOS No. 4 (Salyut-4),
and DOS No. 5 (Salyut-6).

20. The history of Soviet piloted circumlunar flight programs is quite con-
voluted. The resolution of the Central Committee and USSR Council of
Ministers, dated 3 August 1964, “On Work to Research the Moon and
Outer Space” named OKB-52 (General Designer Vladimir Chelomey)
as the head design bureau for circumlunar flight using the augmented
UR-500K launch vehicle. The deadline was the first half of 1967.

From 1964 to 1965, the optimal version for the circumlunar flight
was being selected from among three alternative configurations:
a. Soyuz-7K, -9K, and -11K (OKB-1);
b. UR-500K with piloted vehicle LK-1 (OKB-52); and
c. UR-500K with booster stage Block D, adopted from the N1-L3 program,
and a modified 7K vehicle (OKB-1 working jointly with OKB-52).
On 25 October 1965, the next resolution, “On Concentrating the Efforts
of Industrial Design Organizations in Industry to Create a Rocket-Space System

for a Circumlunar Flight and Preparing for the Subsequent Organization of a

Landing of an Expedition on the Surface of the Moon,” was issued. Despite its

leading role and being loaded down with the N1-L3 program, OKB-1 received

the assignment to perform the circumlunar flight using a piloted spacecraft
and the UR-500K launch vehicle. This same resolution proposed that OKB-52
concentrate on developing the UR-500K launch vehicle and the booster rocket
stage designed to support the circumlunar flight. Thus, OKB-52 was relieved
of manufacturing the piloted spacecraft.®

OKB-1 was assigned to develop the piloted spacecraft for the circumlunar
flight and the booster stage (on a competitive basis) using the UR-500K launch
vehicle. The circumlunar flight program was conducted independently of the

25. DOS—Dolgovremyennaya orbitalnaya stantsiya.
26. The original piloted vehicle for circumlunar flight designed by OKB-52 was known as
the LK-1.
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development of the N-1 launch vehicle and also independently of the Lunar

Orbital Vehicle (LOK) and the Lunar Vehicle (LK) for landing on the Moon.”
In December 1965, Korolev and Chelomey approved the “Fundamental

Principles for the UR-500K-7K-L1 Rocket-Space Complex.”

21. TsKBEM and collaborating organizations developed and manufactured 14
7K-L1 spacecraft for circumlunar flight. In all, from 1967 through 1970,
there were 13 launches of UR-500K-L1 complexes in the unpiloted ver-
sion. After a series of failed launches, they achieved satisfactory reliability.

Unlike the 7K-OK and the LOK of the L3 complex, the L1 control system

did not have to perform rendezvous and docking tasks. For the first time, special
99K and 100K solar and stellar orientation sensors, plus a gyrostabilized plat-
form, w ere installed on an orbital vehicle. The Scientific-Research Institute of
Automatics and Instrument Building (NIIAP) was named the lead organization
for the development of circumlunar flight control systems.?® At the initiative of
N. A. Pilyugin, the Argon-11 on-board digital computer (BTsVM) was used for
navigation and propulsion systems control for the first time.” S. A. Krutovskikh
originally developed this system for airplanes at the Scientific-Research Center
for Electronic Computer Technology (NITSEVT).** The working groups of the
departments of my complex, under the supervision of B. V. Rauschenbach, I.
Ye. Yurasov, and V. A. Kalashnikov, were tasked with developing orientation and
navigation systems using the optical sensors developed at NPO Geofizika, the
on-board control complex systems, emergency rescue systems, antenna-feeder
systems, and emergency destruction systems for unpiloted flights. The control
specialists at OKB-1, NIIAP, and NII-885 imbued the design with the experi-
ence they had gained from the development of Vostoks, Voskhods, the vehicles
for the Mars and Venera missions, and the numerous Luna Moon-shot vehicles.
A large rocket-space system with a fundamentally new control system
was actually developed. In addition to it, during the process of flight tests,

Block D—the UR-500K’s fourth stage—also underwent experimental develop-

ment. This booster stage subsequently proved useful for other programs and was

27. LOK—Lunnyy orbitalnyy korabl; LK— Lunnyy korabl.

28. NIIAP—Nauchno-issledovatelskiy institut avtomatiki i priborostroyeniya—was one of the
primary organizations developing guidance and control systems for the Soviet missile and space
programs.

29. N. A. Pilyugin (1908-1982) was an original member of the Council of Chief Designers.
As a chief designer, first at NII-885 and then at NIIAP, he oversaw the development of several
generations of guidance systems for Soviet missiles, launch vehicles, and spacecraft. The common
Russian abbreviation for digital computer is BIsVM—DBortovaya tsifrovaya vychislitelnaya mashina
(on-board digital computing machine).

30. NITsEVT—DNauchnyy institut tsifrovoy elektronnoy vychislitelnoy tekhniki.

13
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put into service. However, after the flight of Apollo 8 [in 1968], there was no

sense in performing a piloted circumlunar flight, and the decision was made to

suspend further L1 operations. The UR-500K-L1 program did not fulfill its
main mission, a piloted circumlunar flight. Fundamentally new developments
were, however, further refined in subsequent space programs.

22. Beginning in 1960, OKB-1, and later TSKBEM, conducted research and
developed designs for a landing expedition to Mars. The 1960 scenario
called for the use of electrical rocket engines and a nuclear reactor as
power sources. OKB-1 formed a special subdivision for this field of work.
In 1965, studies began on a project for an expedition to Mars using the
N-1 launch vehicle. The Mars expedition complex was supposed to have
been assembled in near-Earth orbit by means of several launches of the
N-1 launch vehicle.

Dozens of scientific-research institutes, design bureaus, and institutes of
higher learning were enlisted to develop the nuclear power plants for the heavy
interplanetary spacecraft. OKB-1 had the lead role in this project. From 1960
through 1975, a one-of-a-kind experimental facility was created for these pur-
poses. Research and development showed that it would be realistically possible
to create nuclear power plants using reactors with thermionic converters with
an electric output of up to 550 kilowatts.

23. Beginning in 1959, at OKB-1 and later at TsSKBEM, a scientific, design,
and production facility was created for the integrated development of space-
craft control systems, antenna-feeder units, power supply systems, actuator
assemblies for motion control in space, on-board life-support systems, and
docking assemblies. At the same time, spaceflight control methods and
methods for training test-engineers for spaceflights were being developed.

24. Despite the fact that a number of industry organizations had been suc-
cessfully involved in the development of liquid-propellant rocket engines
(ZhRDs), OKB-1 created its own design and process facility for the pro-
duction of low-thrust engines.” It developed and introduced six types of
power plants for booster rockets and for spacecraft control.

25. And finally, the N1-L3 rocket-space complex to fly two cosmonauts to
the Moon, land one cosmonaut on the lunar surface, and return to Earth
was developed at OKB-1 and later at TSKBEM. This is the program that
I shall tell about in this volume.

31. The common Russian abbreviation for liquid-propellant rocket engine is ZhRD—

Zhidkostnyy raketnyy dvigatel.

14



Rocker-Space Chronology (Historical Overview)

From the list cited above, it is clear that for the lead organization OKB-1,
headed by Korolev, and later for TsSKBEM under Mishin’s leadership, the N1-L3
program, despite its large scale, was only one of 20 programs!

During Korolev’s time, OKB-1 had three branches. Branch No. 1 was the
territory of TsNII-58, which was transferred to OKB-1 in 1959. Branch No. 2
was created in Krasnoyarsk and Branch No. 3 in Kuybyshev (now Samara). The
latter two branches eventually became independent rocket-space organizations.
The first chiefs of the branches during Korolev’s lifetime were his deputies
Chertok, Reshetnev, and Kozlov, respectively.

OKB-1 Branch No. 2, later known as OKB-10, then NPO PM
(Krasnoyarsk-26), currently Federal State Unitary Enterprise "Academician
M. F. Reshetnev Scientific-Production Association of Applied Mechanics"?
Branch No. 2 was formed in 1958 at the initiative of Korolev to set up
production of R-11M (8A61) tactical missiles for the ground forces. OKB-1
Deputy Chief Designer Mikhail Reshetnev, the missile’s lead designer, was
appointed chief of Branch No. 2. In 1961, Branch No. 2 became the inde-
pendent OKB-10, which was located in Krasnoyarsk-26, the closed city of
atomic scientists. Reshetnev was placed in charge of OKB-10 and became
its chief designer. In 1966, OKB-1 handed over its work on the Molniya-1
communications satellite and all work related to communications satellites
to OKB-10. OKB-10, subsequently the Scientific-Production Association
of Applied Mechanics (NPO PM), became the nation’s primary developer of
communication and navigation satellites.** Here is a list of its projects:

1. Medium-class launch vehicle for the insertion of satellites up to 1,000
kilograms into medium elliptical and circular orbits. Developments began
in 1962 (used design inventory of OKB-586 in Dnepropetrovsk).”

2. Strela (Arrow) system satellites for official communications. From 1962
through 1970, four modifications were developed and put into operation.

32. Since Chertok’s original writing, the name of the organization has changed again. In
early 2010, it was known as OAO “ISS”—imeni Akademika M. E Reshetnev (or Open Joint
Stock Company Academician M. E Reshetnev Information Satellite Systems).

33. A “lead designer” (vedushchiy konstruktor) was a different position than a “chief designer.”
In a Soviet-era design bureau, a lead designer was typically responsible for design support during
the experimental production phase of a new weapons system.

34. NPO PM—Nauchno-proizvodstvennoye obedineniye prikladnoy mekbaniki.

35. This was the 11K65M light launch vehicle, better known as the Kosmos-3M, derived
from OKB-586s R-14 intermediate range ballistic missile.

15



Rockets and People: The Moon Race

10.

. Molniya-1 (Lightning-1) high-elliptical orbit satellite. Mastery of produc-

tion and upgrading for broadcasting television programs. Beginning of
development—1968. Put into service in 1975.

. Molniya-2 television communications satellite. Beginning of develop-

ment—1967. Put into service in 1972.

. Isiklon (Cyclone) system navigation and communications satellite.

Beginning of development—1966. Put into service in 1972.

. Molniya-3 communications satellites. Developed for long-range telephone

and telegraph communications, for transmission of television programs
to Orbita (Orbit) system stations, and for the needs of the Ministry of
Defense. Put into service in 1974.

. Raduga (Rainbow) geosynchronous television communications satel-

lite. Beginning of development—1970. First launch took place on 22
December 1975.

. 'The Sfera (Sphere) system geodesic and topographical survey satellite. Put

into service in 1973.

. National, special departmental, and governmental communications systems

and navigation systems for the Navy produced using NPO PM develop-

ments. The following systems that were put into service should go down

in the history of cosmonautics:

* the Orbita national space-based telephone communications and Central
Television broadcast relay system;

* the Korund (Corundum) integrated system of space-, air-, and ground-
based governmental communications networks;

* the Sfera complex updating the geodesic survey of the continents;

* the Tsiklon navigation and long-range two-way radio communication
support system with active relay for submarines and surface ships; and

* the Strela standardized official communications space system using
standardized satellites.

Isikada (Cicada) space navigation system providing global navigation sup-

port for naval and civilian vessels. Its development began in 1974 based

on the Tsiklon system.

NPO PM developments were extremely important in providing effective

information support for the armed forces and creating a single national com-
munications and television broadcast system.
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]
From the author's archives.
Dmitriy Kozlov (left) and Boris Chertok at a meeting in Samara (formerly Kuybyshev).

OKB-1 Branch No. 3, later known as TsSKB (in Kuybyshev, now Samara),
currently GNPRKTs “TsSKB-Progress"3®

Branch No. 3 was formed under the auspices of Kuybyshev aviation Factory
No. 1, which soon thereafter was renamed the Progress Factory. Beginning in
1957, instead of aircraft, the factory was supposed to start up series production
of R-7 and R-7A combat missiles. R-7 missile lead designer Dmitriy Kozlov
was named chief of Branch No. 3. He faced the difficult task of setting up the
series production of combat missiles and launch vehicles for the first spacecraft.
Considering the crucial nature of this sector of operations, in 1961, Korolev
named Kozlov his deputy chief designer. In 1964, on Korolev’s recommenda-
tion, the government approved a decree calling for the Zenit-2 and Zenit-4 spy
satellite projects to be transferred to Branch No. 3 and the Progress Factory.
In 1966, Kozlov became the first deputy chief of TSKBEM and the chief and
chief designer of the TSKBEM Kuybyshev branch.

In 1974, the branch was spun off as an independent organization—the
Central Specialized Design Bureau (TsSKB). Dmitriy Kozlov was appointed as
its chief and chief designer. From 1983 through 2003, he was general designer
of TsSKB, the head design bureau for the development of space complexes

36. TsSKB— Tsentralnoye spetsializirovannoye konstruktorskoye byuro (Central Specialized
Design Bureau); GRKNPTs— Gosudarstvennyy nauchno-proizvodstvennyy raketno-kosmicheskiy
tsentr (State Scientific-Production Rocket-Space Center).
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for strategic photographic and optical-electronic reconnaissance, cartogra-
phy, exploration of Earth’s natural resources, ecological monitoring, and also
medium-class launch vehicles based on the R-7A missile. Dmitriy Ilyich Kozlov
is a two-time Hero of Socialist Labor and corresponding member of the USSR
Academy of Sciences (now the Russian Academy of Sciences).”’

The Progress Factory thereafter became the head enterprise for the series

production of all modifications of launch vehicles based on the R-7, of R-9
combat missiles, of spacecraft developed at TsSKB, and of N-1 launch vehicles.

Here I shall list only the main projects of Branch No. 3 and TsSKB from

1960 through 1975.

1.

Branch No. 3 was responsible for management of production setup,
modernization, and design follow-through on R-7, R-7A, and R-9

combat missiles.

. From 1966 through 1974 and later, the branch was independently in charge

of development of three- and four-stage launch vehicles using the R-7A
missile. Branch No. 3 (and later TsSKB) became the head organization
for the development of the USSR’s only rocket for the piloted program,
and D. I. Kozlov was the chief designer of all versions of launch vehicles
derived from the R-7A. Right up until 2003, the three-stage Soyuz-U
rocket was the only single-use ballistic launch vehicle in the world that

was trusted to insert piloted spacecraft into space.”®

. In 1964, design development began on a second generation of photorecon-

naissance satellites—Zeniz-4. It was put into service in late 1965. From
1965 through 1967 alone, 55 launches of Zenit-2 and Zenit-4 satellites
took place.

. In 1970, the Zenit-2M photoreconnaissance satellite went into service

and in 1971, the Zenit-4M. Subsequently, the Zenits were modified four
more times.>

. In 1972, a special precision cartography satellite—Zenit-4MK—was

developed.

. In 1970, development began on the next generations of Yantar (Amber)

reconnaissance spacecraft. By all parameters, this model of spacecraft sur-
passed the Zenits. They provided detailed high-resolution surveillance of
small objects, supplied a great degree of real-time information acquisition,
and performed cartographic and topographic missions.

37. Chertok wrote these words prior to Kozlov’s death on 7 March 2009.
38. In October 2003, a Chinese CZ-2F (Long March-2F) rocket launched the piloted

Shenzhou 5 spacecraft into orbit with Chinese astronaut Yang Liwei.
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7. Zenit-Resurs spacecraft for the exploration of natural resources, Foton
(Photon) spacecraft for scientific research, and Bion spacecraft for bio-
medical research were developed from 1968 through 1975 using Zenits.

8. Between 1968 and 1971, the Ministry of Defense ordered the development
of the 7K-VI piloted military spacecraft. Subsequently, this field of endeavor
was transferred from Branch No. 3 to TsKBEM. This development laid
the foundation for the development of the 7K-S piloted spacecraft, which
replaced the first generation of Soyuz (7K-OK) spacecraft.’

I shall not provide such a detailed list of the projects conducted in the entire
rocket-space industry. The list cited below contains only the main projects of
the other head organizations.

OKB-52, later known as TsKBM, currently OAO VPK NPO Mashinostroyeniya
and Khrunichev Factory (ZIKh)*

Submarine-launched cruise missiles constituted the main thrust of the
postwar work at OKB-52, where General Designer Vladimir Nikolayevich
Chelomey was in charge. In October 1960, a government decree attached
OKB-23 to OKB-52 as its Branch No. 1. Until that time, well-known designer
of heavy bombers Vladimir Mikhaylovich Myasishchev headed OKB-23. The
production facilities of OKB-52 became the M. V. Khrunichev Factory (ZIKh)
in Fili—one of the best enterprises of the aviation industry. The personnel of
ZIKh and OKB-23 demonstrated a high degree of manufacturing refinement
and discipline, which was often lacking in recently created enterprises of the
rocket industry. Chelomey—two-time Hero of Socialist Labor and full member
of the USSR Academy of Sciences—remained the permanent chief of TsKBM
until his death in 1984.%

From 1960 through 1975, OKB-52 worked in the following areas:

1. The design bureau developed the UR-100 (8K84) combat intercontinen-

tal ballistic missile. The first modification went into service in July 1967.

After this, the UR-100 underwent several upgrades. More than 1,000

40. The 7K-S variant of the Soyuz was the basis for the 7K-ST model, better known as the
Soyuz-T, which started flying crews in 1980.

41. TsKBM— Tsentralnoye konstruktorskoye byuro mashinostroyeniya (Central Design Bureau
of Machine Building); OAO VPK NPO Mashinostroyeniya—Otkrytoye aktsionernoye obshchestvo
Voyenno-promyshlennaya korporatsiya Nauchno-proizvodstvennoye obedineniye mashinostroyeniya’
(Joint-Stock Company Military-Industrial Corporation Scientific-Production Association of
Machine Building); ZIKh—Zavod imeni M. V. Khrunicheva (M. V. Khrunichev Factory).

42. Chelomey received two Hero of Socialist Labor awards, in 1959 and 1963. He became
a full member of the Academy of Sciences in 1962.
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UR-100 missiles in silo launchers constituted the main offensive force of
the Strategic Rocket Forces (RVSN).#

2. The production of UR-100s, their upgrading, and their operational sup-
port constituted ZIKh’s main workload until the mid-1970s. A modifica-
tion (of the UR-100) known as the UR-100K (RS-10 or 15A20) went
into service in December 1972. The next modification, the UR-100U,
which went into service in September 1974, had a nose cone contain-
ing three warheads with a TNT equivalent of 350 kilotons each. At a
maximum range of 10,000 kilometers, the inertial control system pro-
vided a circular error probability (CEP) of 900 meters.* Between 1972
and 1974, the new UR-100N missile was developed, and in 1975 it was
put into service. It was equipped with six individually targeted warheads
with a TNT equivalent of 0.75 megatons each. During the 1980s, it was
replaced with the modified UR-100NU, which is still in service today.

The UR-100N and UR-100NU intercontinental ballistic missiles, which
are relatively inexpensive and simple to operate, were mass-produced and
placed in lightly protected silos. According to Chelomey’s concept, in the
event of a nuclear attack on the Soviet Union, there must always be enough
missiles on hand for a retaliatory strike.

3. The Zaran (Ram) project, which called for the use of the UR-100 as
an antiballistic missile, was developed from 1964 to 1965. It was never
implemented.

4. After the UR-100, launch vehicle projects cropped up one after the other:
the medium-class UR-200, heavy-class UR-500, and super-heavy UR-700.
A small series of UR-200 launch vehicles underwent flight tests from
1963 to 1964. Chelomey proposed using the UR-200 as an all-purpose
launch vehicle for various payloads. The UR-200 carrying a nuclear war-
head was capable of reaching distances in excess of 12,000 kilometers.
Among the payloads developed at OKB-52 for the UR-200 were the
IS (Satellite Fighter) maneuvering spacecraft, satellites for global naval
reconnaissance, and even satellites capable of striking ground targets.”

43. Author’s note: Most domestic Soviet missiles had four or even five names: military,
industrial, international (as mentioned in treaties), U.S., and NATO designations. For example:
UR-100K, 15A20, RS-10, SS-11, and Sego, respectively.

44. The Russian term for CEP is KVO—Krugovoye veroyatnoye otkloneniye (circular probable
deviation).

45. IS—Istrebitel sputnikov. The first IS spacecraft were launched in 1963 and 1964 as
Polet-1 and Polet-2.
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Operations on the UR-200 stopped in 1965. By that time, Yangels
R-16 intercontinental ballistic missile had been put into service, and by
all parameters the new heavy R-36 had surpassed the UR-200.

. 'The draft plan of the two-stage UR-500 launch vehicle was completed in
1963.% At the firing range, fundamentally new ground-based launch sys-
tems for this missile were built. Military builders were blamed for disrupting
the N-1 schedule: construction on the large Assembly and Testing Building
(MIK), the launch site, and the residential area dragged on.*” They were
forced to throw all their efforts onto the “left flank”—the open “western
front” where Chelomey’s engineering facility and launch sites were under
construction. This “left flank” 70 kilometers northwest of the city of Leninsk
was the location of two launch sites with four UR-500 launchers, an engi-
neering facility with two MIKSs, and a residential area for 10,000 people.

According to our traditions, even for the first experimental launches
of a launch vehicle, we created an expensive payload. Using a third-
stage hull, OKB-52 manufactured the Proron satellite—a heavy space
laboratory designed to study cosmic rays and to interact with super-
high-energy particles. The block of science equipment containing
detectors for all types of space particles was developed under the super-
vision of Academician Sergey Nikolayevich Vernov at the Moscow
State University’s Scientific-Research Institute of Nuclear Physics.*®

The first launch of the two-stage UR-500 took place on 16 July 1965.

. In addition to the scientific equipment, Proton-1 was equipped
with a power plant with solar arrays, telemetry systems, spatial ori-
entation indicators, an on-board control complex with sequencer
(PVU), a command radio link, and a thermal control system.?

Flight-developmental tests (LKI) of the two-stage UR-500 Proton
rocket ended on 6 July 1966 with the launch of the Proron-3 space station.
Three out of the four launches were successful. The third launch failed
during the second-stage operational segment.”

46. In the Soviet research and development process, the “draft plan” (eskiznyy proyeks) represents a

multivolume set of documents describing in detail a vehicle’s basic design and performance elements.

47. MIK—Montazhno-ispytatelnyy korpus.
48. Sergey Nikolayevich Vernov (1910-1982) was a famous Soviet physicist specializing in

the physics of cosmic rays. From 1960 to 1982, he served as director of the Scientific-Research
Institute of Nuclear Physics (NITYaF) of Moscow State University (MGU). He became a full
member of the Academy of Sciences in 1968.

49. The literal Russian term for a sequencer is PVU—programmno-vremennoye ustroystvo

(programmable timing instrument).

50. This launch took place on 24 March 1966.
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7. The three-stage UR-500K was developed in response to the aforemen-
tioned decree of 3 August 1964 and in accordance with Khrushchev’s
admonition, “Don’t let the Americans have the Moon!” The decree named
OKB-52 as the top executor of the piloted circumlunar flight program.
The deadline: 1966 to the first half of 1967. There remained only two
and a half years from the day that Khrushchev signed the decree until the
piloted circumlunar flight. Understanding the vulnerability of the highly
complex Soyuz program for circumlunar flight, after the successful launch
of the two-stage UR-500, Korolev instructed his designers to study the
possibility of using stockpiled inventory from the piloted vehicle of the
Soyuz program and the Block D upper stage of the N1-L3 program.

After the overthrow of Nikita Khrushchev in October 1964, the top
governmental officials had the opportunity to exercise some common sense.
The Military-Industrial Commission, the head ministries, and the defense
department of the Communist Party Central Committee understood
that it was an unjustifiable dissipation of efforts to pursue two circum-
lunar flight projects—Korolev’s Soyuz using a three-stage Semyorka and
Chelomey’s using the UR-500K launch vehicle. In August 1965, the VPK
recommended that Korolev and Chelomey resolve the issue of whether it
would be possible to unify the piloted vehicles for the circumlunar flight
and use the UR-500K rocket in the Soyuz system program. The result of
this difficult joint operation of OKB-1 and OKB-52 was the develop-
ment of a version of the launch vehicle in which the third stage of the
UR-500K rocket fell into the ocean rather than inserting the circumlunar
flight vehicle into orbit. The Block D booster stage, adapted from N1-L3,
provided the acceleration to leave Earth orbit and achieve escape velocity.
In all, from March 1967 through December 1970, there were 25 launches
of the UR-500 and UR-500K rockets.”! Today, the UR-500K under the
name Proton is one of the most reliable heavy launch vehicles.

8. After the first successful launches of the UR-500, OKB-52’s initiative in
cosmonautics was not limited to ideas of circumlunar flight. In 1965,
Chelomey and his deputies Gerbert Yefremov and Arkadiy Eydis proposed
creating an Orbital Piloted Station (OPS) for integrated surveillance and
reconnaissance. The Main Intelligence Directorate (GRU) was extremely
interested in this.”> It was assumed that the presence of cosmonauts on

51. Of these 25 launches, at least 12 failed due to malfunctions in the main rocket or the
Block D upper stage.

52. OPS—Orbitalnaya pilotiruyemaya stantsiya; GRU— Glavnoye razvedyvatelnoye upravieniye.
The GRU was the primary military intelligence agency of the Soviet armed forces.
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board a spy spacecraft and their involvement in obtaining information using
optical, television, radar, and high-resolution cameras would help to make
a qualitative leap compared with specialized unpiloted spy satellites. The
Almaz (Diamond) orbital station was developed. We subsequently proposed
using its first hulls for the Salyut Long-Duration Orbital Stations (DOS).

The first Almaz launch took place on 3 April 1973. The three-stage
UR-500K, which underwent development testing with launches for the
L1 and DOS programs, inserted it into orbit. However, the station mal-
functioned before a piloted vehicle could lift off to meet up with it. For
reasons of secrecy, the Almaz was called Salyut-2 so there would be no doubt
that it had the same peaceful purpose as our DOS—the first in the Salyut
series. Almaz launches ended in 1976 due to an expansion of international
collaboration and concentration of efforts on a single type of Salyut piloted
Long-Duration Orbital Station. The
Almaz spacecraft that were inserted
into space were called Salyut-2, -3,
and -5. The DOSes were referred
to as Salyut-1, -4, -6, and -7 all the

way up until the Mir station.

Chelomey's successor Chief Designer
Gerbert Yefremov (left) and Boris
Chertok.

From the author's archives.

9. MOM supported the design that Chelomey proposed for the UR-700
super-heavy launch vehicle. The only work that OKB-52 performed on
this project was on its draft plan. However, Glushko at OKB-456 began
working on engines for the UR-700 and got as far as the manufacture
of prototype models.”® A design was developed for an engine operating
on such propellant components as nitrogen tetroxide and unsymmetrical
dimethyl hydrazine with a thrust of 640 tons. This engine was proposed
for use with the first stage of the UR-900 super-heavy launch vehicle.>*
But the design for this launch vehicle failed to find support.

53. These were the RD-270 engines, developed between 1962 and 1970.
54. Chertok is probably in error here and means the UR-700 launch vehicle.
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10. Between 1968 and 1973, US (Controlled Satellite) model satellites for a
naval space reconnaissance and target designation system were developed
and put into service.”

11. Despite its broad range of developments in the field of strategic combat
missiles and space technology, OKB-52 continued to produce new models
of naval cruise missiles. In 1965, due to successes in the development of
naval ballistic missiles, operations were halted on submarine-launched cruise
missiles for striking land-based targets. OKB-52 concentrated its efforts on
the production of antiship missiles—first designed for surface launch and
then for underwater launch. In 1968, the world’s first Ametist (Amethyst)
antiship cruise missile launched from underwater was put into service on
submarines. In 1972, the more advanced Malakhit (Malachite) cruise missile
was put into service. Both missiles used solid-propellant engines. In 1969,
OKB-52 began developing long-range antiship missiles using turbojet and
ramjet engines, including ones armed with nuclear warheads.

New generations of cruise missiles have gone into service on nuclear
submarines outside the timeframe we are examining here. However, for the
sake of history it is important to note that Vladimir Chelomey, while putting
forward new designs of super-heavy launch vehicles, did not stop arming the
Navy with small cruise missiles.

OKB-586, now known as GP M. K. Yangel KB Yuzhnoye and Yuzhmash
Factory (Dnepropetrovsk)®®

I have already discussed the creation of the rocket-building enterprise in
Dnepropetrovsk in my previous books. To recap, beginning in 1954, the chief
designer and later the general designer of OKB-586 was Mikhail Kuzmich Yangel.
The main managerial staff of OKB-
586 from 1949 to 1952 was made up
of NII-88 staff members, including
individuals from Korolev's OKB-1,
which was part of NII-88 until 1956.
I will also remind the reader that in

Former Chief Designer Vladimir
Utkin (Yangel's successor) and Boris
Chertok (right).

= — '-- =4S

From the author's archives.

55. US—Upravlyayemyy sputnik. In the West, these satellites were known as the Radar
Ocean Reconnaissance Satellite (RORSAT).
56. GP—Gosudarstvennoye predpriyatiye (State Enterprise).
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1951 Yangel worked as chief of department No. 5 of OKB-1, and I was his deputy.
Before moving to Dnepropetrovsk, Yangel was briefly the deputy of Chief Designer
Korolev and later director of NII-88.” Yangel passed away in 1971. Vladimir
Fedorovich Utkin replaced him as general designer. Both general directors were
two-time Heroes of Socialist Labor, and both were academicians.’® Yangel became
an Academy of Sciences member in 1966, and Utkin in 1984. From 1990 through
2000, Vladimir Utkin was director of TsNIImash (formerly NII-88).”

The first director of Factory No. 586 was Leonid Vasilyevich Smirnov.
Under his management the factory mastered the series production of Korolev’s
R-1, R-2, R-5, and R-5M rockets and Yangel’s R-12, R-14, and R-16 rockets.
In 1961, Aleksandr Maksimovich Makarov replaced him in the post of director
of Yuzhmash. The list of developments cited below spans the period of time
when Makarov ran the factory.

1. The R-12 (8K63) medium-range strategic ballistic missile was put into
service in 1959; its upgraded modification, the R-12U in a silo-based
version, was put into service in 1963. The R-12 is considered a record-
holder: in all, more than 2,300 missiles were manufactured, and the R-12U
remained in service for 30 years.

2. The R-14U medium-range strategic missile is a modification of the R-14
missile. Its first launch took place in 1962. It went into service in 1963.
The missile was supposed to be dismantled by 1990 in accordance with a
treaty regarding medium- and short-range missiles.*

3. After the disaster of 24 October 1960, the R-16 (8K64) missile was modified.!
Its flight tests resumed in February 1961. In 1963, the upgraded silo-based
version of the R-16U went into service. It was taken out of service in 1975.

4. The second generation of the R-36 (8K67) intercontinental strategic missile
gave rise to an entire line of Soviet heavy intercontinental strategic rockets car-
rying super-powerful warheads (the TNT equivalent of 18 to 25 megatons).
The R-36 went into service in 1967. This rocket was equipped with Glushko’s
engines, which operated on high-boiling components, just as its precursors

57. Yangel served as director of NII-88 from May 1952 to October 1953.

58. The “Hero of Socialist Labor” was the highest national honor bestowed to civilian
citizens during the Soviet era. It was first awarded in 1938. Yangel received his awards in 1959
and 1961, while Utkin received his in 1969 and 1976.

59. TsNIlmash— Tsentralnyy nauchno-issledovatelskiy institut mashinostroyeniye (Central
Scientific-Research Institute of Machine Building).

60. The last six R-14 missiles were destroyed as per the terms of the Intermediate-Range
Nuclear Forces Treaty by 21 May 1990.

61. For the R-16 disaster, see Boris Chertok, Rockets and People, Vol. II: Creating a Rocket
Industry, ed. Asif A. Siddiqi (Washington, DC: NASA SP-2006-4110, 2006), Chapter 32.
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had.®® The missile’s control system was produced at OKB-692 in Kharkov
(later NPO Elektropribor) under the supervision of General Director and
Chief Designer Vladimir Sergeyev.*® It was retired in the late 1970s.

5. The R-36M intercontinental strategic missile (15A14), or RS-20A, which inher-
ited all the best features of the R-36, was the third generation for OKB Yuzhnoye.
It became the most powerful in its class. Flight testing began in 1973, and in
1975 the R-36M missile went into service. A fundamentally new proposal came
out: arm the missile with a 24-megaton monoblock warhead or with eight inde-
pendently targetable reentry vehicles, each with a 0.9-megaton warhead. The
missile’s flight and preparation control system was developed using an on-board
computer. An advanced gyrostabilized platform equipped with a full set of iner-
tial navigation command instruments made it possible to ensure a high degree
of target kill accuracy. According to flight-test data, the CEP was 430 meters.
The North Adantic Treaty Organization (NATO) called this missile Satan.

Yangel and Utkin developed the R-36M missile according to the concept
“fewer but better is best.” The sophisticated and heavy missiles were substan-
tially better than the initial R-36. They had great resistance to the destructive
factors of a nuclear explosion, had better protected silo launchers (ShPU), and
had a high degree of combat readiness.** A fundamentally new concept was
the use of a so-called “mortar launch” from a container.”

6. The RS-16A intercontinental strategic missile, or MR-UR-100 (15A15).
This missile is distinguished by a high degree of automatic control over all
the launch systems and an increased capability to overcome the enemy’s
antiballistic missile systems.® The RS-16A missile went into service in 1975.

7. Mobile missile systems using heavy tank chassis and railroads. These systems
were also produced at KB Yuzhnoye, although in terms of their tactical
performance data, they were inferior to the mobile missile systems that
Aleksandr Nadiradze developed.

8. Two lines of Kosmos-series launch vehicles for small spacecraft were devel-

oped from 1959 to 1967 on the basis of R-12 and R-14 rockets. The light

62. The R-306 first stage used a single RD-251, and the second stage used a single RD-252.

63. Vladimir Grigoryevich Sergeyev (1914-2009) served as chief designer of OKB-692
from 1960 to 1986. He succeeded Boris Mikhaylovich Konoplev (1912-1960), who was killed
in the R-16 disaster in 1960.

64. ShPU—Shakhtnaya puskovaya ustanovka.

65. “Mortar launch” describes the practice of shooting the missile out of its silo, mortar fashion,
by a piston driven by the expansion of gases from a solid propellant charge inside the piston. The
missile’s main engines fire only after ejection of the missile from the silo, several meters aboveground.

66. The equivalent Russian term for antiballistic missile (ABM) systems is PRO—
Protivoraketnaya oborona (antimissile defense).
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Kosmos-2 launch vehicle was launched from 1961 through 1977. The
heavier launch vehicle, the last model of which was named Kosmos-3M,
has been used from 1967 to the present. It first went into series production
at the Krasnoyarsk Machine Building Factory (design support was handed
over to OKB-10), and later at PO Polet in Omsk.*”

. The Tsiklon line of launch vehicles with a mass up to 3 tons. It was pro-

duced on the basis of R-36 and R-36P rockets. Testing began in 1967 for
a two-stage model and in 1977 for a three-stage model. They are used for
various space programs to this day.
R-56 super-heavy launch vehicle. From 1964 to 1965, Yangel developed a
draft plan incorporating Glushko’s high-boiling component engines with up
to 640 tons of thrust. The proposal aimed to develop alternatives to Chelomey’s
UR-700and Korolev’s N-1. Operations were ceased during the draft plan phase.
In addition to combat missiles and launch vehicles, OKB-586 began
to design various spacecraft. Chief Designer Vyacheslav Kovtunenko,
subordinate to the general designer [Yangel], managed the majority of the
developments. The main areas of endeavor of KB-3, which he headed and
which was part of KB Yuzhnoye, were electronic reconnaissance spacecraft,
monitoring and calibrating complexes, and target satellites.
Tselina (Virgin Land) electronic reconnaissance satellites for surveillance and
detailed observation were developed for the Navy beginning in the mid-
1960s jointly with the TsNII-108 Radio Engineering Institute. The Zselina
electronic reconnaissance space complex went into service in the mid-1970s.
DS-P1-Yu, DS-P1-1, and 7ayfun (Typhoon) monitoring and calibrating
space complexes for the experimental development and testing of antimis-
sile and antispace defense (PRO and PKO).%® They were produced from
1967 through 1973.
The Lira (Lyre) auxiliary spacecraft was developed as a target for testing
IS satellite fighters. It went into service in 1973.
Block Ye was the propulsion system for the LK lunar landing vehicle
of the L3 complex. The project was conducted in accordance with the
governmental resolution on the N1-L3 program per design specifications
approved by OKB-1. The Block Ye underwent flight testing as part of
the LK mockup during three launches using the 11A511L (based on the
R-7A) launch vehicle.®

67. PO—"Proizvodstvennoye obyedineniye (Production Association).
68. PKO—"Protivokosmicheskaya oborona.
69. These launches were carried out in 1970 and 1971 under the Kosmos label.
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S. A. Lavochkin Factory and NPO, now known as S. A. Lavochkin
Scientific-Production Association or NPO imeni Lavochkina (Khimki)

The design bureau and Factory No. 301 of illustrious aviation designer
Semyon Lavochkin switched over from developing airplanes to producing
antiaircraft missiles in 1947. The transfer in 1949 of Georgiy Babakin’s staff
from NII-88 to Lavochkin contributed to the success in this field. In 1965,
Georgiy Babakin was appointed chief designer of Lavochkin’s firm. Korolev
trusted him and handed over the projects for automatic interplanetary vehicles
for the exploration of the Moon, Mars, and Venus for him to continue.

The design bureau and factory, transformed into NPO Lavochkin, were
transferred from the Ministry of the Aviation Industry to the Ministry of
General Machine Building.”’ Nowadays, this is the head organization for the
development of spacecraft for the exploration of the Moon and planets of
the solar system.”! When developing automatic spacecraft, the most complex
aspect is ensuring the reliability of the control system, radio communication,
and data transmission. Per government decrees, NII-885, KB Geofizika, NII-
944, NPO Elas, the All-Union Scientific-Research Institute (VNII) for Power
Sources, and a number of other organizations that had cooperated earlier on the
development of L3 systems participated in the development of these systems.”?

From 1966 through 1975, NPO Lavochkin developed 10 types of space-
craft, which maintained the Soviet Union’s superiority in solving fundamental
scientific problems. Here is a list of accomplishments:

* soft landing on the surface of the Moon;

* delivery to the Moon of the Lunokhod self-propelled lunar exploration
vehicle;

* exploration of the Moon from an orbital satellite;

* delivery of lunar soil to Earth by an automatic spacecraft;

* exploration of Venus from an orbital satellite;

* landing of an automatic spacecraft on the surface of Venus;

* exploration of Mars from an orbital satellite;

* landing of an automatic spacecraft on the surface of Mars; and

* research on the physics of the Sun and on geomagnetic and radiation
conditions.

70. NPO Lavochkin was established in 1974 by combining the design bureau with the
factory.

71. It should be noted that the last Soviet or Russian spacecraft that went beyond Earth
orbit (Fobos-1 and -2) were launched in 1988. The last attempt took place in 1996 when the
Mars-8 spacecraft failed to leave Earth orbit.

72. VNII—Vsesoyuznyy nauchno-issledovatelskiy institut.
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A formidable experimental facility for the developmental testing of auto-
matic spacecraft was set up at NPO Lavochkin. The organizer of the design
school for this most crucial scientific research was Georgiy Babakin, who
received the title Hero of Socialist Labor and was elected Corresponding
Member of the USSR Academy of Sciences.”” Each of the interplanetary devel-
opments and the results of the explorations of the Moon, Venus, and Mars
performed using spacecraft developed at the NPO Lavochkin have been broadly
discussed in the mass media and in special literature. As a rule, though, no
mention was made of the failed interplanetary program launches in those days.

After Babakin’s death in 1971, Korolev’s close associate Sergey Sergeyevich
Kryukov became chief designer. Under his supervision, projects for the develop-
ment of more advanced interplanetary spacecraft continued. NPO Lavochkin
remains the only space organization in Russia after OKB-1 that developed
automatic interplanetary spacecraft.

SKB-385, now known as Joint-Stock Company V. P. Makeyev State
Rocket Center (OAO GRTs imeni V. P. Makeyeva) (Miass)”*

From 1960 to 1975, the nation’s leadership devoted exceptional attention
to achieving nuclear parity with the help of not only ground-based missile
systems, but also nuclear submarine—launched missile systems. Former OKB-1
lead designer Viktor Makeyev was in charge of these projects. I wrote about the
beginning of work on ballistic missiles for submarines in Volume II of Rockets
and People.”” Viktor Makeyev was in charge of SKB-385 in the city of Miass
in the Ural Mountains. In addition to all of his other achievements, Makeyev’s
integrated systemic approach to the process of designing a large and complex
system should be considered one of his defining achievements.

The chief designer of a missile was in charge of a complex that, in addition
to the missile itself, comprised the launcher, the shipboard computer system
controlling the missile firing, the missile checkout equipment, the data-control
system processing the firing data, etc. The chief designer was also responsible for
preparing for and conducting launches. For this reason, governmental decrees
instructed Makeyev to develop a system rather than a missile.

The four head organizations that Korolev (followed by Mishin), Yangel
(and after him, Utkin), Chelomey, and Nadiradze oversaw produced surface-
to-surface missile systems for the Strategic Rocket Forces. The cooperative

73. He received both honors in 1970.
74. GRTs— Gosudarstvennyy raketnyy tsentr (State Rocket Center).
75. Chertok, Rockets and People, Vol. 11, Chapters 14 and 15.
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network that Viktor Makeyev oversaw was virtually the exclusive producer of
strategic missile systems to arm nuclear submarines. In terms of the numerous
parameters, especially the control system, a submarine-launched missile system
is more complex than a land-based missile system.

The first independent development of SKB-385 under Makeyev’s leadership
was the single-stage R-13 missile with a firing range of up to 600 kilometers.
The missile was the foundation of the D-2 system, which went into service in
1961 and remained in operation until 1973.

The first missile that SKB-385 produced specifically for subsurface launch
was the R-21 of system D-4. The first launch of a missile from a submerged
submarine took place on 10 September 1960, 40 days after the launch of the
U.S. Polaris missile from a submerged submarine.”® The D-4 system with its
R-21 missile went into service in May 1963. However, it was appreciably inferior
to the U.S. Polaris A-1 systems with a firing range of 2,200 kilometers and the
Polaris A-2 with a range of 2,800 kilometers. In 1962, development began on
the D-5 system, which was meant to bridge the qualitative gap between the
missile armaments of Soviet and U.S. nuclear submarines. The D-5 system’s
R-27 missile control system provided inertial navigation using a gyrostabilized
platform that had sensitive navigation elements mounted along three axes. The
missile was equipped with a homing warhead for firing against naval targets.
Isayev, who developed the engine for this missile, called it the “sinker”—in the
initial models the engine was “sunk” within a recess in the fuel tank.”” Later,
the “sinker” was also developed for an oxidizer tank.

The D-5 system with the R-27 missile went into service in 1968. In 1974,
the D-5U with R-27U missile, equipped with either a single warhead or three
independently targetable warheads, went into service. A modification of the
R-27U missile was also developed. Its warhead had a homing system for strik-
ing pinpoint targets on the shore and surface ships.

In 1974, system D-9 with the first R-29 naval intercontinental missile
went into service. Eighteen Murena-class submarines were equipped with this
system. The R-29 missile gave rise to three modifications with independently
targetable warheads. All three were given the designation RSM-50. A stellar
correction system was developed to control the missiles of the D-9 system.
This substantially improved the system’s firing accuracy.

76. The first launch of a Polaris missile from a submerged submarine, the USS George
Washington, took place on 20 July 1960.

77. This was the 4D10 engine, which comprised a main sustainer with a thrust of 23 tons
and two side verniers with a thrust of 3 tons.
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In 1971 under Makeyev’s leadership, development began on the D-19
system with R-39 missiles, which received the designation RSM-52. The pay-
load of this missile had 10 independently targeted warheads. The D-19 system
went into service on Akula-class heavy nuclear submarine cruisers.

In all, during Makeyev’s lifetime, his design bureau developed seven basic
models of submarine-launched missiles.”® Six of these had several modifica-
tions each. The missile systems and submarines were modified accordingly. All
told, over the 15 years from 1960 through 1975, hundreds of launches were
conducted for the developmental testing of naval missile systems before putting
them into service, to train personnel, and to check out the missiles in operation.

Makeyev was twice awarded the title Hero of Socialist Labor.”” He was
elected a corresponding member of the USSR Academy of Sciences in 1968
and full member in 1976. Those who headed up design projects for submarines
and missile system control systems also became academicians and Heroes of
Socialist Labor.

Today, the submarines that comprised the naval fleet during that period
have outlived their service life. The thousands of missiles that were on them
need to be destroyed. By the late 1990s, in Severodvinsk alone, more than 150
nuclear submarines were decommissioned because they had reached the end
of their service life.** They were disarmed and destroyed in accordance with
international agreements. In and of itself, this figure provides an impression
of the colossal work, in terms of both volume and cost, performed to achieve
superiority over the U.S. in the field of strategic ballistic missile submarines.

Moscow Institute of Thermal Technology (MIT), originally known as NII-18'

Undtil the end of his life, Chief Designer Aleksandr Davidovich Nadiradze
was in charge of the Moscow Institute of Thermal Technology, which joined
the Ministry of the Defense Industry system after 1964. The primary focus
of this organization was the production of short-range tactical missile systems
for the infantry.

The experience that OKB-1 had gained developing RT-2 solid-propellant
rockets, and the achievements of industry, which mastered the production of

78. These were the R-13 missile (of the D-2 system), the R-21 (D-4), the R-27 and variants
(D-5), the R-29 and variants (D-9), the R-29R and variants (D-9R), the R-39 and variants
(D-19), and the R-29RM and variants (D-9RM).

79. He was awarded the Hero of Socialist Labor in 1961 and 1974.

80. Severodvinsk is a city in Arkhangelsk Oblast situated in the delta of the Northern
Dvina River. It is the center of a massive defense-industrial infrastructure responsible for the
construction and repair of submarines.

81. MIT—Moskouvskiy institut teplotekhniki.
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effective composite solid propellants, enabled Nadiradze to develop first short-
range, and then medium-range, missiles that were supposed to replace the
R-5M, R-12, and R-14 liquid-propellant rockets. The main advantage of the
new missile systems was their abandonment of the silo-based launcher and use
of a mobile deployment mode. Mobile launchers could be covertly relocated,
and the uncertainty of their whereabouts offered substantially increased viability.

The design process for the short-range Zemp-2S system began in the late
1960s. One of the most difficult tasks was the development of a control system
that ensured a high-degree of combat readiness and precision when the launch
site changed. Zemp and Temp-2S were the first mobile systems using solid-
propellant ballistic missiles to be put into service. The missiles of these systems
were the first to be destroyed by the end of the 20th century in accordance
with U.S. demands during offensive arms reduction talks.*?

The development and testing of medium-range Pioner (Pioneer) missiles
(factory index 15Zh45) lasted for more than six years. In March 1976, the
Pioner mobile missile system (or RSD-10) went into service for the Strategic
Rocket Forces. NATO declared these Soviet missiles the “menace of Europe”
and assigned them the index SS-20.%3

The governmental decree assigned NIIAP the task of developing the iner-
tial control system for the Pioner. In the early 1970s, NIIAP was overloaded
with control system projects for N1-L3 and for Chelomey’s and Yangel’'s new
generation of intercontinental ballistic missiles. Nevertheless, Chief Designer
Pilyugin gave his consent for the development of the system for the Pioner
despite the objections of the minister of general machine building.®*

The self-propelled launcher carrying the Pioner missile was placed on a
Minsk Automobile Factory special six-axle tractor truck. The industry deliv-
ered more than 500 Pioner mobile missile systems to the Strategic Rocket
Forces. The wealth of experience gained by MIT from operating the Pioner
systems enabled them to switch to the production of 7opo/ (Poplar) mobile
solid-propellant intercontinental ballistic missile systems. A list of them goes
beyond the limits of the period of time we are studying here. However, the
successes in this field made it possible to drastically reduce the production and

82. The Zemp-2S missiles were declared operational in 1976 but then removed from duty by
1986 as a result of the Strategic Arms Limitations Talks (SALT) II treaty signed by the U.S. and
the USSR in 1979.

83. The “SS-20” designation was actually assigned by the U.S. Department of Defense.
The NATO name for the SS-20 was “Sabre.”

84. Chertok is referring to Sergey Aleksandrovich Afanasyev, the minister of general machine

building from 1965 to 1983.
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upgrading of stationary liquid-propellant combat missile systems. Aleksandr
Nadiradze became a full member of the USSR Academy of Sciences in 1981
and was twice awarded the title Hero of Socialist Labor.®

NII-627, later known as All-Union Scientific-Research Institute
of Electromechanics (VNIIEM), now known as the Scientific-
Production Enterprise All-Russian Scientific-Research Institute of
Electromechanics with the A. G. losifyan Factory (NPP VNIEM)®®

Beginning in 1947, NII-627 was in charge of developing on-board electrical
equipment for the rapidly growing field of rocket technology and later space
technology. As far back as during World War II, the institute had assembled
a staff of first-class scientists and engineers in the field of electrical machines,
electromechanical devices, and electroautomatic control engineering.

The scientific potential and experience accumulated during its 12-year
association with leading rocket-space organizations, plus the initiative and
irrepressible energy of the institute’s director, Andronik Iosifyan, enabled
NII-627 to take on the role of lead organization for the production of space-
based meteorological systems. A governmental decree on 30 October 1961
named NII-627 as the lead organization for the development of the Mezeor
spacecraft. The Main Directorate of the Hydro-meteorological Service (under
the auspices of the USSR Council of Ministers) and the Ministry of Defense
served as the customers.

In 1964, the first Meteor satellite was manufactured. From 1964 through
1967, four satellites underwent flight testing. As experience was gained, the
spacecraft became more advanced. From 1967 to 1971, a global space meteo-
rological system was produced based on Mezeor, then Meteor-2, and Mereor-3
satellites. The next advancement in this field was the development of the
Meteor-Priroda satellite for conducting research and meteorology observations
and ecological monitoring.”

In addition to the lead organization, VNIIEM, specialized organizations
that had already been involved in the programs of OKB-1 and its branches,
and also OKB-52, participated in the creation of meteorological satellites. OKB
Geofizika developed the sensitive elements for the attitude-control systems;

VNII-380 (subsequently VNIIT) developed the television system for observing

85. He was awarded the Hero of Socialist Labor in 1976 and 1982.
86. VNIIEM— Viesoyuznyy nauchno-issledovatelskiy institut elektromekhaniki.
87. The first Meteor-Priroda satellite was launched in 1974.

33



Rockets and People: The Moon Race

Earth’s surface and transmitting color images of it; and NII-648 (later NIITP)
developed the orbital monitoring and command transmission radio complex.®

VNIIEM was the only organization that independently developed space-
craft outside the Ministry of General Machine Building system. However,
launch vehicles were manufactured and preparation at the cosmodrome and
liftoff were carried out through the efforts of the Ministry of Defense and
Ministry of General Machine Building.

THE NINE ORGANIZATIONS LISTED ABOVE
were the lead organizations responsible for
achieving the ultimate goal: putting the final
product into service, into operation, or ful-
filling unique assignments for fundamental
research. A cooperative network comprising
dozens of scientific-research institutes and
design bureaus and hundreds of factories
worked for these lead organizations. They,
too, had their own lead entities in their
respective fields:

e OKB-456 (V. P Glushko NPO

Energomash) and OKB-2 (A. M. Isayev

KB Khimmash) were the lead organi-

zations for the development of liquid-

propellant rocket engines;* S

e NII-885 (Russian Scientific-Research “Erom the authors archives.

Institute of Space Instrument Building)  Valentin Glushko in a photo

was the head organization for the radio  probably taken in the 1970s.

system;

e NIIAP (N. A. Pilyugin Scientific-Production Center for Automatics and

Instrument Building) was the head organization for autonomous control

systems;

88. VNIIT—Vsesoyuznyy nauchno-issledovatelskiy institut televizionnoy tekhniki (All-Union
Scientific-Research Institute of Television Technology); NIITP—Nauchno-issledovatelskiy institut
tochnykh priborov (Scientific-Research Institute of Precision Instruments).

89. Author’s note: The contemporary names of these enterprises are given in parentheses.
The Isayev organization is now formally part of the M. V. Khrunichev State Space Scientific-
Production Center (GKNPTs im. M. V. Khrunicheva).
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* GSKB Spetsmash (V. P. Barmin Design Bureau of General Machine

Building) was the head organization for the ground complex;”® and

e NII-648 (Scientific-Research Institute of Precision Instruments) was the
head organization for command radio links and rendezvous radio systems.

Each of these organizations in turn had its own collaborative system set up.
Each head general designer was at the top of the pyramid. The pyramids were
built on the common foundation of the manufacturing industry, regardless
of the field—radio electronic, electrical, instrumentation, optical, mechanical
engineering, metallurgical, chemical, etc.

The atomic industry was another story, isolated in the Ministry of Medium
Machine Building (MSM). Almost all of its lead design bureaus, scientific-
research institutes, and factories were located in closed cities.”! They developed
a special warhead for each model of missile. The MSM surpassed other industry
ministries of the military-industrial complex in terms of its intellectual and
manufacturing power.

The common foundation for all the pyramids was a powerful base—the
Ministry of Defense. It was the Ministry of Defense that financed, built, and
equipped the rocket-space firing ranges Kapustin Yar, Baykonur, and Plesetsk,
as well as the sea-based firing ranges; the ministry also developed a universal
Command and Measurement Complex (KIK), including its own control
centers and ballistics centers.” In all, the Ministry of Defense system had
more than 20 launch pads just for inserting spacecraft into space. This was not
much compared with the thousands of combat missile launchers, but combat
launchers were single-use and “on alert,” while space rocket launch facilities
could be reused. They were used for hundreds of launches. In 1973 alone, the
total number of space launches exceeded 100.

Ground Tracking Stations (NIPs), consolidated under a single command
authority; a common timing system; and a common control, communica-

tions, and data transmission and processing system, formed the foundation
of the KIK.”?

90. GSKB Spetsmash—Gosudarstvennoye soyuznoye konstruktorskoye byuro spetsialnogo
mashinostroyeniya (State Union Design Bureau of Special Machine Building).

91. “Closed cities” were first established in the Soviet Union in the late 1940s. These loca-
tions were off-limits to regular Soviet citizens and were usually centered around military or
scientific facilities.

92. KIK—Komandno-izmeritelnyy kompleks.

93. NIP—Nazemnyy izmeritelnyy punkt.
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Sixteen NIPs were created on the territory of the USSR, including seven
at the firing ranges.” In addition, shipborne and airborne stations performed
the role of NIPs. All told, as many as 15 naval vessels composed a command
and measurement complex. At first, naval transport vessels retrofitted and
equipped with the necessary systems were used, and then they were replaced
with specially designed ships using the latest achievements in radio electronics
and antenna technology—these ships were the Academician Sergey Korolev,
the Cosmonaut Yuriy Gagarin, the Cosmonaut Viadimir Komarov, and others.

The Command and Measurement Complex, the firing ranges, and the
military NIIs were subordinate to the military-space command, which in turn
was subordinate to the Commander-in-Chief of the Strategic Rocket Forces.
By the late 1970s, permanently operating systems had been put into service
to provide the strategic forces with the space information needed to employ
nuclear missiles. The space forces implemented measures that enabled the armed
forces to achieve strategic parity with the U.S. not only in terms of nuclear
arms, but also in terms of the efficiency and precision of their employment!

Large military-space systems were produced on the basis of automatic
spacecraft developments:

 a network for photographic surveillance and cartography using Zenit,
Yantar-2K, and Yantar-1KFT satellites;

* the Tselina-2 radio-technical surveillance complex;

* an integrated system of communications satellites using the Molniya-2,

Molniya-3, and Raduga spacecraft;

* the Global Meteorological Space System (GMKS) consisting of the

Meteor-2 and Meteor-3 spacecraft;”

* the Tsikada space navigation system;

* the Zayfun calibration complex;

* the Strela space-based official communications system;

* asystem to provide the branches of the armed forces with real-time local
and global weather information; and

* asystem for real-time meteorological reconnaissance of regions scheduled
to be photographed by space-based photosurveillance facilities.

The development of an efficient military acceptance system should be
considered a great achievement of the Ministry of Defense. Historically, the
Institute of Military Acceptance had been in existence since the time of Peter I.

94. The Soviet Union had three space-launch firing ranges: NIIP-5 (at Tyuratam), NIIP-52
(at Mirnyy near Plesetsk), and GTsP-4 (at Kapustin Yar).
95. GMKS—Globalnaya meteorologicheskaya kosmicheskaya sistema.
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Matters of quality and reliability in the rocket-space industry were under the
control of military representatives at all stages of the engineering process—from
the draft plans until the hardware was released into service. The military accep-
tance engineering cadres weren't just brought in to perform inspections when
tulfilling orders for the armed forces. They actively participated in production
processes and in all types of testing of launch vehicles and space technology
for scientific and economic missions.

So that I will not be chided because the list of projects of the rocket-space
industry head organizations cited above is incomplete, I shall once again remind
the reader that I have intentionally confined myself to listing those projects that
were contemporary with the N1-L3 program. Therefore, I shall not mention
developments that were completed before 1960 or begun after 1974.

I am deliberately not mentioning the sophisticated antiaircraft and anti-
ballistic missile systems. This special field deserves serious scientific historical
research. Even given these temporal and thematic limitations, this list provides
an idea of the scale, the nomenclature, and the material and intellectual contri-
butions that dramatically changed the military-political situation in the world.

One more important factor contributed to the achievements of Soviet
military-industrial technology: almost all types of missile and space technol-
ogy, as well as strategic nuclear assets, were developed with the highly active
participation of the USSR Academy of Sciences. Almost all the chief designers
of the leading organizations of the rocket and nuclear industry were Academy
members. As a rule, the president of the Academy of Sciences was appointed
chairman of the expert commissions that the nation’s top political leadership
tasked with drawing up the proposals for the selection of strategic weapons.
Fundamental academic research and the applied science of the industry min-
istries enriched one another.
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Chapter 2
U.S. Lunar Program

The history of our N1-L3 lunar program can be compared with the U.S.
Apollo-Saturn program. Later, the American program came to be called simply
“Apollo,” like the lunar vehicle. Comparing the technology and operational
organization for the lunar programs in the U.S. and the USSR, one is compelled
to pay tribute to the efforts of the two superpowers in their realization of one
of the greatest engineering projects of the 20th century.

So, let’s take a brief look at what was happening in the U.S." As soon as it
was founded in February 1956, the Army Ballistic Missile Agency (ABMA) dealt
with the production of long-range ballistic missiles. The Redstone Arsenal in
Huntsville, Alabama, which is a center for practical missile developments, was
part of the agency. One of the arsenal’s directors was Wernher von Braun, who
headed a staff of German specialists who were transferred from Germany to the
U.S. in 1945. That same year, 127 German prisoners of war from Peenemiinde
started to work under von Braun’s supervision. In 1956, in addition to them,
1,600 Americans were working at the Redstone Arsenal. Incidentally, by 1955,
having obtained American citizenship, 765 German specialists were working in
various branches of the U.S. defense industry. The majority of them had come
to the U.S. from West Germany voluntarily and worked on a contractual basis.

The first Soviet satellites stunned the U.S. and made Americans ask them-
selves whether they were really the front-runners of human progress. Indirectly,
the Soviet satellites helped to strengthen the authority of the German specialists
in America. Von Braun convinced the American military leadership that only
a launch vehicle that was considerably more powerful than the one that had
inserted the first Soviet satellites and the first lunar vehicles would be able to
surpass the level of the Soviet Union.

1. We have preserved the spirit and content of Chertok’s original narrative on the U.S. space
program as much as possible so as to convey ChertoK’s perception of American achievements
rather than the reality of events in the U.S.
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Von Braun had dreamed of super-heavy rockets for interplanetary expedi-
tions even before the first artificial satellite was launched. In 1953, von Braun
and Willy Ley published the results of the research and the basic design data for
a three-stage launch vehicle intended for the creation of a large orbital station
and for piloted expeditions to the Moon. One of its versions was designed for a
mission with a crew of 25. The vehicle’s launch mass exceeded 7,000 metric tons.?

Von Braun’s team spent its first years working for the U.S. Army under
conditions of rivalry between the Army, Air Force, and Navy. After the launch
of the second Soviet satellite, the U.S. Secretary of Defense ordered the ABMA
to begin preparation for the launch of an artificial satellite using the Jupiter-C
rocket that von Braun’s team had developed.® It was a version of the Redstone
rocket with three additional solid-propellant stages. Von Braun requested 60
days for this task. General John Medaris, his boss, who was quite familiar with
von Braun’s optimism and enthusiasm, gave him 90 days. The team of rocket
specialists managed to fulfill their assignment in 84 days! On 31 January 1958,
Explorer I—the first U.S. satellite—went into orbit. America had entered the
space race.

Before the launch of the first Soviet artificial satellite, the attitude of
the U.S. military toward spaceflight was cool, to say the least. In September
1957, von Braun’s team was working at the Redstone Arsenal on developing
intermediate-range combat missiles.

I shall cite an excerpt from the memoirs of Ernst Stuhlinger—one of von
Braun’s closest associates:

Von Braun’s satellite project was brought to a complete halt by order
of the secretary of defense. My urgent appeal that von Braun go to
the Department of Defense requesting one more time that they allow
him to continue with our satellite project was to no avail.

“Please, leave me alone,” he said. “You know very well that my
hands are tied.”

Then on 27 September, I went to see General Medaris, our
commanding officer at the Redstone Arsenal.

‘A Russian satellite is going to be in orbit soon. Aren’t you going
to try one more time to ask the Secretary of Defense for permission to
work on our satellite? It will be an incredible shock for our nation

if they are in space first!”

2. Wernher von Braun and Willy Ley, Start in den Weltraum: Ein Buch uber Raketen,
Satelliten und Raumfahrzeuge [ Launching into Space: A Book About Rockets, Satellites, and Space
Launch Vehicles] (Frankfurt am Main: S. Fischer, 1959).

3. The Secretary of Defense at the time was Neil H. McElroy.
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“Listen,” said the general, “Don't get all worked up! You know how
complicated it is to build and launch a satellite. Those people won't
be able to do that.... Go back to your laboratory and don’t worry!”

A week later the first Sputnik was in orbit. Anyone who had
even the simplest radio receiver could listen to its soft “beep-beep!”
The shock for our nation was enormous. Von Braun asked me:

“Has the general spoken with you since this happened? I think
he owes you an apology.”

“Yes,” I answered, “But all he said was: “Those damned bastards!””
Von Braun had a different reaction.

“The Russians have taught us Americans a free lesson. We had
better capitalize on it!” he said and added:

“The majority of Americans committed serious errors in judg-
ment. They were unable to recognize the enormous psychological effect
of having an artificial Moon ever present in the sky. The majority
of Americans really underestimated the outstanding capabilities of
the Russian directors of the space project, their scientists, engineers,
and technical specialists. They also didn’t know how to properly
determine the scientific and production capabilities of a nation,
even one under a totalitarian government.”

IN DECEMBER 1957, VON BRAUN PROPOSED A DESIGN for a heavy rocket,
the first stage of which had an engine cluster with a total thrust at Earth’s surface
of 680 tons (the reader will recall that the R-7 five-engine cluster had a thrust
of 400 tons).

In August 1958, impressed by the roaring success of our third satellite,
the U.S. Defense Department’s Advanced Research Projects Agency (DARPA)
consented to finance the development of a design for the Saturn heavy launch
vehicle.” Subsequently, launch vehicles of varying capacities and configurations
were given the name Saturn with different alphanumeric designations. They
were all built for a common program with a single final objective—to produce
a heavy launch vehicle that far surpassed the achievements of the Soviet Union.

4. Ernst Stuhlinger (1913-2008) was a guidance systems expert who worked with von
Braun both in Germany and later in the United States. At NASA, he worked at the Marshall
Space Flight Center until his retirement in 1975. The excerpt is probably from Ernst Stuhlinger
and Frederick 1. Ordway III, Wernher von Braun, Crusader for Space: A Biographical Memoir
(Malabar, FL: Krieger, 1994).

5. DARPA was known as ARPA from its founding in January 1958 to March 1972, when
“Defense” was added to the designation. In August 1958, ARPA provided initial funding for a
powerful launch vehicle named Juno V, which later evolved into the Saturn.
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The company Rocketdyne received the order for the development of the
H-1 engine for the heavy rocket in September 1958, when it became obvious
that the Americans had fallen behind. To speed up operations, the decision was
made to make a relatively simple engine, achieving, above all, a high degree
of reliability rather than record-setting specific indices. The H-1 engine was
produced within a record-setting short period of time. On 27 October 1961,
the first launch of the Saturn I rocket took place. It had a cluster of eight H-1
engines, each with a thrust of 75 tons. The initial plans for the production of
heavy rockets in the U.S. had nothing to do with a peaceful lunar program.

Commander in Chief of the U.S. Strategic Air Command General Thomas
S. Power, supporting the allocation of funds to the space programs, declared:
“Whoever is first to make their claim in space will own it. And we simply
cannot allow ourselves to lose this contest for supremacy in space.”®

Other U.S. military officials also spoke rather candidly, declaring
that whoever controls space will control Earth. Despite President Dwight
D. Eisenhower’s obvious aversion to supporting the hysterical hype regarding
the “Russian threat” from space, the general public demanded that measures be
taken to get ahead of the USSR. Congressmen and senators demanded decisive
actions, arguing that the U.S. was running the risk of complete annihilation
by the USSR. Under these conditions, one can only marvel at the resoluteness
of Eisenhower, who insisted that space must not under any circumstances be
used for military purposes.

On 29 July 1958, President Eisenhower signed the National Aeronautics
and Space Act, authored by Senator Lyndon B. Johnson. This act defined the
basic programs and administrative structure for space exploration. A professional
military man, General Eisenhower clearly defined the civilian orientation of
operations in space. The act stated that space exploration must be developed
“in the name of peace for all mankind.” Later, these words were engraved on
a metal plaque that the crew of Apollo 11 left on the Moon.”

But first, the National Advisory Committee for Aeronautics (NACA)
was transformed into the National Aeronautics and Space Administration
(NASA). This enabled the government of the United States to create a new,
powerful government organization within a brief period of time. Subsequent
events showed that appointing Wernher von Braun as director of the design
and testing complex in Huntsville, Alabama, and making him responsible

6. General Thomas S. Power headed the U.S. Strategic Air Command from 1957 to 1964.
7. The actual inscription on the plaque read: “Here men from the planet Earth first set
foot upon the Moon—TJuly 1969, A.D.—We came in peace for all mankind.”
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for developing heavy launch vehicles was crucial for the success of the lunar
program. On 21 October 1959, Eisenhower held a meeting during which the
decision was made to transfer the Redstone Arsenal to NASA. On 15 March
1960, the president signed a directive transforming the Huntsville center
into the George C. Marshall Space Flight Center. The transfer took place on
1 July 1960, and Wernher von Braun officially became the director and sole
manager of the Center.®

This event was particularly significant for von Braun personally. His affili-
ation with the Nazi party had tainted him in the eyes of American democratic
society, but despite this, he had been given a high degree of trust. Finally he had
been given the opportunity to fulfill his dream of human interplanetary flight,
which had been under discussion back in Peenemiinde! In 1944, the Gestapo
had arrested Wernher von Braun and Helmut Gréttrup simply for talking
about interplanetary flight, thus taking their time away from work on the V-2.

The successes of Soviet cosmonautics didn’t leave the Americans time to
catch their breath for a calm reorganization and recruitment of personnel.
Scientific research organizations from the NACA, the Army, and the Navy
were hastily transferred to NASA. In December 1962, this federal agency had
more than 25,000 people working for it, and of these employees, 9,240 had
degrees in science or engineering. Scientific research centers, flight-testing
centers, the Jet Propulsion Laboratory, large testing complexes, and specialized
manufacturing plants were immediately subordinated to NASA. New centers
began to be set up.

In Houston, Texas, a government center for the development of manned
spacecraft was created.” The headquarters for the development and launch of
the Gemini and future Apollo spacecraft was located here.

A group of three men appointed by the President of the United States was
in charge of NASA. In Soviet terms, these three men fulfilled the function of
general designer and general director of all of NASA. The U.S. administra-
tion tasked NASA with attaining superiority over the USSR in the next few
years in all crucial areas of space utilization and exploration. The organizations
composing NASA were entitled to recruit other government organizations,
universities, and private industrial corporations.

8. The ABMA was subordinated to NASA on 1 July 1960 and renamed the George
C. Marshall Space Flight Center on 8 September 1960.

9. The Manned Spacecraft Center officially opened for work in September 1963. It was
renamed the Lyndon B. Johnson Space Center in February 1973.
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During World War II, President Franklin D. Roosevelt had created a
powerful governmental organization to develop atomic weaponry.'” Young
President Kennedy now used this experience. He strengthened NASA in every
way possible and monitored its work to see that the national goal was achieved:
overtake the USSR no matter what.

Von Braun convinced the NASA leadership that the only effective response
to the Soviet Union would be to develop more-powerful heavy rockets. NASA
gambled on “von Braun’s brigade” to develop a super-powerful launch vehicle.
The first stage of the new Saturn I launch vehicle was designed to use kero-
sene and liquid oxygen. The Marshall Space Flight Center proved capable of
manufacturing it on its own. It was proposed that liquid hydrogen and liquid
oxygen—revolutionary components for those times—be used in the second and
third stages. In addition, the third liquid-hydrogen stage required guaranteed
reliability for repeated firings to accelerate toward the Moon.

In January 2007, NASA’s leading historian on cosmonautics, Dr. Jesco von
Puttkamer, gave a speech entitled “My Years Working with von Braun’s Team
on the Saturn Project” in Moscow at the Korolev Lectures.!" Von Puttkamer has
been responsible for the publication
of the volumes of my book Rockets
and People at NASA Headquarters.

I shall cite an excerpt from his
speech: “In von Braun’s view, to be
an effective leader, which means to
be both planner and doer, a man-
ager should ‘keep his hands dirty
at the work bench.” This approach
derived directly from the ‘Arsenal’
concept first used at Peenemiinde,
then also encountered at ABMA. By
always being in the forefront and
immersing himself intimately in the
whole vehicle, with all its minute

Wernher von Braun shown at the
base of a Saturn V launch vehicle.

From the author's archives.

10. Chertok is referring to the Manhattan Project.

11. Dr. Jesco von Puttkamer, as of 2011, is stationed at NASA Headquarters in the Human
Exploration and Operations (HEO) Mission Directorate, where he holds special responsibilities
as a Russia expert for the Russian segment of the International Space Station (ISS).
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technical working-level details, von Braun constantly set an example himself.
In my 45 years with NASA (as of now), I have never met anyone else who
came even close to him in that respect.”

This is a German writing about a German. But I heard approximately the
same opinion about von Braun as a director from Jerry Clubb, a 100-percent
American who worked at Marshall Space Flight Center during the development
of the Saturn V launch vehicle and the lunar landing expeditions.'? According
to the testimonials of von Puttkamer and Jerry Clubb, von Braun’s lifestyle
represented the highest degree of technical expertise.

Reading or listening to testimonials about von Braun’s working style
and methods, I compared them with my own personal experience and close
acquaintance with S. P. Korolev and yet again realized what a decisive role an
individual plays in history. What these two now legendary but very different
leaders from the epoch of the development of the first rockets and the conquest
of space had in common was the exceptional ability to create a unified first-class
creative team in which each individual felt valued and strove to demonstrate
his or her best qualities."

New ideas that had been generated “at the grass roots,” at the level of
frontline workers, quickly reached the chief designer. He gave them an objective
evaluation or called for additional elaboration. As a rule, both here and there,
promising long-range plans were developed with such enthusiasm that the
authors had no doubt that it would be possible to implement them. Von Braun’s
and Korolev’s “teams” never abandoned their leaders in difficult situations.

American politicians and historians did not hide the fact that the National
Aeronautics and Space Administration was created in response to the gauntlet
that the Soviet Sputniks had thrown down. Unfortunately, neither we, the Soviet
rocket scientists, nor the top political leadership of the Soviet Union appreciated
back then the crucial importance of these actions by the U.S. administration.
The main mission of the cooperative network under the aegis of NASA was
a national program to land an expedition on the Moon before the end of the
1960s. Expenditures on this mission in the first years already amounted to
three-quarters of the entire NASA budget.

Gagarin’s flight was a very strong incentive for speeding up the U.S. lunar

program. After 12 April 1961, the world had no doubt about the Soviet Union’s

12. Jerry Clubb was the NASA representative at RKK Energiya for joint operations on
the ISS. Previously, he had worked at the Marshall Space Flight Center on the Apollo-Saturn
project.

13. For the most critically acclaimed biography of von Braun, see Michael J. Neufeld, Vor
Braun: Dreamer of Space, Engineer of War (New York: Alfred Knopf, 2007).

45



Rockets and People: The Moon Race

supremacy in space. The intimidating (to the Americans) slogan “the Russians
are coming” was used in America as proof of the military superiority of the
USSR over the U.S. After 12 April 1961, the young U.S. President John F.
Kennedy frantically searched for an answer to the question, is there any field
in which we can catch up with the Russians? He understood that he needed
to maintain his own leadership and return the American people’s confidence
and pride in their country and the respect that had been lost overseas.

On 20 April 1961, Kennedy sent a memorandum to Vice President Lyndon
B. Johnson calling on him, as chairman of the National Aeronautics and Space
Council, to conduct a general assessment of achievements in space exploration
and to answer the question, “Do we have a chance to beating the Soviets by
putting a laboratory in space, or by a trip around the moon, or by a rocket to
go to the moon and back with a man? Is there any other space program which
promises dramatic results in which we could win?”!

Lyndon B. Johnson was an avid proponent of developing a project for
landing a human being on the Moon. President Kennedy’s request spurred
him to active consultations with NASA, the Defense Department, various
agencies, committees, and finally with von Braun, whose work he held in very
high esteem. Von Braun answered the questions concerning the U.S. national
space program in great detail and cogently. He assured Johnson, “We have an
excellent chance of beating the Soviets to the first landing of a crew on the
moon.... With an all-out crash program, I think we could accomplish this
objective in 1967/68.7"

After intensive negotiations, meetings, and consultations, President
Kennedy reached a decision, and on 25 May 1961, he addressed Congress
and in fact all Americans. In his speech he said: “Now it is time to take longer
strides—time for a great new American enterprise—time for this nation to take
a clearly leading role in space achievement, which in many ways may hold the
key to our future on Earth.... 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 the Earth. No single space project in this period

14. For the complete memo that Chertok quotes from, see “John E Kennedy, Memorandum
for Vice President, April 20, 19617 in Exploring the Unknown: Selected Documents in the History
of the U.S. Civil Space Program, Vol. 1: Organizing for Exploration, ed. John M. Logsdon with
Linda]J. Lear, Jannelle Warren-Findley, Ray A. Williamson, and Dwayne A. Day (Washington,
DC: NASA SP-4407, 1995), pp. 423—424.

15. For the complete letter, see “Wernher von Braun to the Vice President of the United

States, April 29, 1961,” in Exploring the Unknown, Vol. 1, pp. 429-433.
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will be more impressive to mankind, or more important for the long-range
exploration of space; and none will be so difficult or expensive to accomplish.”*¢

Congress approved the decision to send an American to the Moon almost
unanimously. The mass media showed broad support.

Soon after Kennedy’s address, Keldysh paid a visit to Korolev at OKB-1 to
discuss our comparable program.'” He said that Khrushchev had asked him:
“How serious is President Kennedy’s announcement about landing a man on
the Moon?”

“I told Nikita Sergeyevich,” said Keldysh, “that technically the mission
can be accomplished, but it will require a very large amount of resources. They
will have to be found at the expense of other programs. Nikita Sergeyevich
was obviously worried and said that we would revisit this issue very soon.”

At that time we were the indisputable leaders in world cosmonautics.
However, the U.S. had already passed us in the lunar program because right
away it was proclaimed a national cause: “For all of us must work to put him
[the first man on the Moon] there.” “Space dollars” had begun to penetrate
into almost every area of the American economy. Thus, the entire American
public was in control of the preparations for a landing on the Moon. Unlike
the Soviet space projects, the U.S. lunar program was not classified.

The U.S. mass media did not cover up the fact that Yuriy Gagarin’s flight
on 12 April 1961 had shocked the nation. Americans were afraid that the rocket
that had carried Gagarin was capable of delivering an enormously powerful
hydrogen bomb to any point on the globe. One has to give President Kennedy
credit. He was able to find a quick response, reassure a nation, and simultane-
ously mobilize it to achieve great feats.

Titov’s flight on 6 August 1961 struck another blow against American
public opinion. But the lunar “psychotherapy” had already begun to take effect.
On 12 September 1962, speaking at Rice University, Kennedy declared: “We
choose to go to the moon in this decade and do the other things, not because
they are easy, but because they are hard, because that goal will serve to organize
and measure the best of our energies and skills, because that challenge is one

16. “John E Kennedy, Excerpts from ‘Urgent National Needs,” Speech to a Joint Session of
Congress, May 25, 1961,” in Exploring the Unknown, Vol. 1, pp. 453—-454.

17. Mstislav Vsevolodovich Keldysh (1911-1978) served as President of the USSR Academy
of Sciences from 1961 to 1975.
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that we are willing to accept, one we are unwilling to postpone, and one which
we intend to win, and the others, t00.”'®

In 1941, Hitler assigned von Braun the top-secret national mission of
developing the V-2 ballistic missile—the secret “weapon of vengeance” for
the mass annihilation of the British. In 1961, President Kennedy openly, in
front of the entire world, once again entrusted von Braun with a national mis-
sion—to develop the most powerful launch vehicle in the world for a piloted
flight to the Moon.

For the liquid-propellant rocket engine (ZhRD) of the first stage of the
new multistage Saturn V rocket, von Braun proposed using components that
were already well mastered—liquid oxygen and kerosene. On the second
and third stages, he proposed a new pair of components—Iliquid oxygen and
liquid hydrogen. Two factors stand out here. First, there were no proposals to
use high-boiling components (like nitrogen tetroxide and dimethylhydrazine)
for the new heavy rocket despite the fact that at that time, the Titan II heavy
intercontinental missile was being designed to run on these high-boiling
components. Second, right off the bat, as opposed to some time in the future,
they proposed using hydrogen for the other stages. By proposing hydrogen
as a propellant, von Braun showed his appreciation for the prophetic ideas of
Konstantin Tsiolkovskiy and Hermann Oberth."”” Moreover, for one of the
versions of the Atlas rocket, the Centaur second stage with a liquid-propellant
rocket engine operating on oxygen and hydrogen was already being developed.
The Centaur was later also successfully used as the third stage of the Titan
III rocket. Pratt & Whitney developed the RL-10 liquid-hydrogen propel-
lant engine for the Centaur. It had a thrust of just 6.8 tons. This was the first
liquid-propellant rocket engine with what was, for that time, a record specific
thrust of 420 units.”

In 1985, the encyclopedia Kosmonavtika [ Cosmonautics] made its debut.
Its editor-in-chief was Academician Valentin Glushko. In this publication,

18. John F. Kennedy, “Address at Rice University on Nation’s Space Effort” (speech, Rice
University, Houston, TX, 12 September 1962), hetp://www.jfklibrary.org/Research/Ready-Reference/
JFK-Speeches/Adedress-at-Rice-University-on-the-Nations-Space-Effort-September-12-1962. aspx
(accessed 2 March 2011).

19. Historians consider the Russian Konstantin Eduardovich Tsiolkovskiy (1857-1935) and
the Romanian-German Hermann Oberth (1894-1989) to be two of the three major pioneers
of rocketry and space exploration. Tsiolkovskiy, Oberth, and the American Robert Goddard
(1882-1945) all came to the same conclusions regarding the use of high-energy cryogenic
propellants, such as liquid hydrogen and liquid oxygen, as the most efficient for use in rockets.

20. The specific impulse (change in momentum per unit amount of propellant used) of the
original RL-10 engine was 433 seconds.
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Glushko paid tribute to liquid-hydrogen propellant rocket engines and to the
work of the Americans. The article entitled “Liquid-propellant Rocket Engine”
states: “Given the same [launch vehicle] launch mass, [liquid-propellant rocket
engines operating on oxygen and hydrogen] were capable of inserting on orbit
a payload that was three times greater than that of [liquid-propellant rocket
engines] operating on oxygen and kerosene.””!

However, early in his career developing liquid-propellant rocket engines,
Glushko had a negative attitude toward the idea of using liquid hydrogen
as a propellant. In his book Rockers, Their Design and Application, Glushko
provided a comparative analysis of rocket propellants for a case of motion in
space described by a Tsiolkovskiy formula. Summarizing his calculations, the
analysis of which is not part of my task here, the 27-year-old RNII engineer
wrote in 1935: “Thus, a rocket with hydrogen propellant will have greater
speed than a rocket of the same weight operating on gasoline, only if the
weight of the propellant exceeds the weight of the rest of the rocket by more
than 430 times.... From this we see that the notion of using liquid hydrogen
as a propellant must be abandoned.””

Judging by the fact that he later signed off on a decree calling for, among
various other measures, the development of a liquid-propellant rocket engine
operating on liquid hydrogen, Glushko had understood his youthful error at
least by 1958. Unfortunately, the USSR was behind the U.S. in practical devel-
opments of liquid-hydrogen rocket engines at the very beginning of the Moon
race. Over time, this gap widened, and ultimately it proved to be one of the
factors that determined the substantial advantage of the U.S. lunar program.

Glushko’s negative attitude toward pairing oxygen and hydrogen as pro-
pellant components for liquid-propellant rocket engines was one reason that
Korolev, and especially Mishin, harshly criticized him. Among rocket fuels, the
pairing of oxygen and hydrogen as propellant components ranked in second
place behind fluorine-hydrogen fuel. The announcement that Glushko was
creating a special branch for testing fluorine engines on the shore of the Gulf
of Finland caused particularly strong feelings. Mishin ranted, “He could poison
Leningrad with his fluorine.”

21. V. P. Glushko, ed., Kosmonavtika: entsiklopediya |Cosmonautics: An Encyclopedia)
(Moscow: Sovetskaya entsiklopediya, 1985), p. 528.

22. G. E. Langemak and V. . Glushko, Rakezy, ikh ustroystvo i primeneniye [Rockets, Their
Design and Application] (Moscow-Leningrad: ONTI NKTD 1935). RNII—Reaktivnyy nauchno-
issledovatelskiy institur (Reactive Scientific-Research Institute)—was the main government-
sponsored organization that developed rockets in the Soviet Union in the 1930s.
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To be fair, I must mention that, after becoming general designer of NPO
Energiya, during the development of the Energiya-Buran rocket-space complex,
Glushko decided to create a second stage using an oxygen-hydrogen engine. A
government resolution entrusted the development of the Energiya’s second-stage
oxygen-hydrogen engine to OKB Khimavtomatiki Chief Designer Aleksandr
Konopatov. He fulfilled this assignment, but it took place 15 years after the
Americans landed on the Moon.*

RELIABILITY AND SAFETY WERE THE STRICT CONDITIONS for all phases of
the U.S. lunar program. They were achieved as a result of thorough ground-
based developmental testing so that the only optimization performed in flight
was what couldn’t be performed on the ground given the level of technology
at that time. The Americans succeeded in achieving these results thanks to
the creation of a large experimental facility for performing ground tests on
each stage of the rocket and all the modules of the lunar vehicle. It is much
easier to take measurements during ground-based testing. Their accuracy is
increased, and it is possible to analyze them thoroughly after the tests. The
very high costs of flight-testing also dictated this principle of the maximum
use of ground-based experimental development. The Americans made it their
goal to reduce flight-testing to a minimum.

Our scrimping on ground-based development testing confirmed the old
saying that if you buy cheaply, you pay dearly. The Americans spared no
expense on ground-based developmental tests and conducted them on an
unprecedented scale. They built numerous firing test rigs for the developmental
testing of both single engines and all the full-scale stages of the flight rockets.
Each series-produced engine underwent standard firing tests at least three times
before flight: twice before delivery and a third time as part of the corresponding
rocket stage. Thus, engines that were intended for one-time use according to
the flight program were actually multiple-use engines.

One must keep in mind that to achieve the required reliability, both we
and the Americans had two basic types of tests. The first are conducted on a
single prototype unit (or on a small number of articles) in order to demonstrate
how reliably the design executes its functions in flight; at the same time, the
unit’s actual service life is determined. The second are conducted on each flight
article in order to guarantee that they have no random production defects or
flaws from the series production process.

23. This cryogenic engine was the RD-0120 (or 11D122) with a vacuum thrust of 190
tons. Its first flight test was in 1987 during the first launch of the Energiya launch vehicle.
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The first category of tests includes development tests during the design
phase. These are the so-called design-development tests (in American par-
lance—qualification tests) performed on test articles. In this case, when testing
individual engines, we and the Americans operated more or less the same way.
For the second category, entailing the acceptance testing of engines, rocket
stages, and a number of other items, in terms of procedures, it took 20 years,
during the development of the Energiya rocket, before we were able to catch up
with the Americans. A broad spectrum of tests, which could not be shortened
for the sake of deadlines, made it possible to achieve a high degree of reliability
for the Saturn V rocket and the Apollo spacecraft.

THE TRANSFER TO VON BRAUN'S GERMAN TEAM of all technical manage-
ment over launch-vehicle production in its entirety played a decisive role in the
success of the American lunar program. Even in the gyroscope technology for
the inertial navigation systems, they used two-gimbal gyrostabilized platforms,
which were based on earlier developments for A-4 rockets, which the Germans
had not managed to realize during the war.

The third-stage Instrument Unit contained the main portion of the flight
control equipment. This compartment housed the rocket’s “brain.” The German
specialists of the “von Braun team,” who utilized the latest breakthroughs of
American electronics, achieved a fundamentally new development. After the
basic design issues and the experimental development had been resolved, pro-
duction of the entire Instrument Unit was handed over to IBM.

FIRING RIG TESTS ON EACH STAGE were combined with the flight tests.
Flight testing began with the brief flight of Saturn I rocket number SA-1 as
early as 22 October 1961. Only its first stage was operational, and this launch
confirmed the viability of von Braun’s concept of clustering powerful engine
units. On 9 November 1967, a full-scale Saturn V lunar rocket executed the first
unpiloted flight in automatic mode. During this flight, the Americans tested
the refiring of the third stage in space after it had been in orbit for 3 hours.
For the first time, they tested out the return of the Apollo Command Module
into the atmosphere at a velocity corresponding to the lunar return velocity.

Failures, explosions, and fires on the test rigs occurred. The most horrible
disaster was the fire during ground testing of the Apollo spacecraft: three
astronauts perished on the launch pad on 27 January 1967.%

24. Chertok is referring to the Apollo 1 fire that killed astronauts Virgil I. “Gus” Grissom,
Edward H. White II, and Roger B. Chaffee.
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It is worth noting that the Americans developed the structure and equip-
ment of the Apollo spacecraft itself independently, without the input of von
Braun’s team.

Soon after the assassination of President Kennedy, at one of our rou-
tine meetings concerning the lunar operations schedule, Korolev disclosed
some information that he said our top political leaders had at their disposal.
Supposedly, the new American President, Lyndon B. Johnson, did not intend
to support the lunar program at the same pace and on the scale that NASA
proposed. Johnson was inclined to spend more money on intercontinental
ballistic missiles and economize on space.

However, our hopes that the Americans would cut back on space pro-
grams did not pan out. New U.S. President Lyndon B. Johnson sent a letter to
Congress, giving an account of the projects in the field of aerospace performed
in the U.S. in 1963. In this letter he said: “Nineteen sixty-three was a year of
continued success in the exploration of space. It was also a year of thorough
re-examination of our space program in terms of the interests of national secu-
rity. Consequently, a course to achieve and maintain our supremacy in space
exploration in the future has been broadly endorsed.... The achievement of
success in space exploration is crucial for our nation if we want to maintain
superiority in the development of technology and effectively contribute to
strengthening peace throughout the world. However, to achieve this goal will
require the expenditure of considerable material resources.”

Even Johnson recognized that the U.S. lagged behind the USSR “due
to the relatively late start of operations and the lack of enthusiasm for space
exploration in the beginning.” He noted: “During that period our chief rival
was not standing still and physically continued to set the pace in some fields.....
However, our remarkable success in the development of large rockets and
complex spacecraft is convincing proof that the United States is on its way
to new successes in space exploration and is catching up completely in this
field.... If we have made it our goal to achieve and maintain superiority, then
we must keep up our efforts and maintain our enthusiasm.”

Listing the achievements of 1963, Johnson felt it was necessary to men-
tion: “The Centaur rocket has been successfully launched.” It is the first
rocket using high-energy fuel. One in a series of tests on the first stage of the
Saturn rocket with a thrust of 680,000 kilograms-force has been successfully
conducted. It is the biggest of the launch vehicle first stages tested to date.

25. The first Centaur launch (a failure) was on 8 May 1962. The first successful launch as
part of an Atlas Centaur was on 27 November 1963.
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By late 1963 the U.S. has developed more powerful rockets than the USSR
has at this time.”

Switching directly to the lunar program, Johnson noted that in 1963 nine
mockups of the Apollo spacecraft had already been manufactured, the spacecraft
propulsion systems and numerous test rigs were being developed, and an escape
system in the event of an explosion on the launch pad was undergoing testing.

A similar report about operations on Saturn rockets confirmed our sketchy
information about the successful fulfillment of this program. In particular, the
report mentioned that the J-2 hydrogen engine designed for the second stage
of the Saturn V launch vehicle had successfully undergone factory tests and
the first deliveries of these engines had begun.? Finally, the report removed all
doubt as to the selection of the model of rocket for the lunar expedition: “At
this time, the most powerful Saturn V launch vehicle, designed to deliver two
men to the surface of the Moon, is in the developmental phase.”

Then the members of Congress were told in detail about the structure
and parameters of the Saturn V, its lunar mission flight plan, the production
status of the test rigs and launch facilities, and the development of the means
for transporting the gigantic rocket.

A comparison of the status of operations on the respective lunar programs
in the U.S. and USSR in early 1964 shows that we were at least two years
behind on the project as a whole. In regard to engines, at that time we had not
developed oxygen-kerosene liquid-propellant engines with a thrust on the order
of 600 tons and powerful oxygen-hydrogen liquid-propellant engines at all.

The information that had come to us through open channels over the course
of 1964 confirmed that operations on the lunar program were not prevent-
ing the Americans from developing combat missiles. Our foreign intelligence
service gathered more details. The scale of operations for the construction of
new assembly shops for the Saturn V and Apollo, test rigs, launch complexes
on Cape Canaveral (later the Kennedy Space Center), and launch and flight
control centers made a strong impression on us.” Lunar program developers
and von Braun’s entire team, which had developed the Saturn series, no longer
had anything to do with intercontinental ballistic missiles.

Leonid Voskresenskiy told me his most pessimistic thoughts on this subject
after several serious conversations with Korolev and then with Georgiy Tyulin

26. The first extended-duration firing test (lasting 8 minutes) of the J-2 engine occurred
on 27 November 1963.

27. 'The original Launch Operations Center at Cape Canaveral was renamed the John F.
Kennedy Space Center in December 1963 after Kennedy’s assassination.
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and Mstislav Keldysh.?® He wanted to persuade them to demand more vigor-
ously that funding be increased, first and foremost, to develop a firing test rig
for the full-scale first stage of a future rocket. He received no support from
Korolev. Voskresenskiy told me, “If we disregard the Americans’ experience
and continue to build a rocket, hoping that if it doesn’t fly the first time, then
maybe it will fly the second time, then we're up the creek without a paddle.
We did a full-scale burn for the R-7 rocket on the rig in Zagorsk, and even
then it took four attempts for it to take off.? If Sergey continues this game
of chance, 'm getting out of it.” The drastic deterioration of Voskresenskiy’s
health might also have explained his pessimism. However, his inborn tester’s
intuition, which amazed his friends time after time, proved to be prophetic.

In 1965, the “Americanese,” as Korolev used to say, had already performed
development tests on reusable engines for all the stages of the Saturn V and
had moved on to their series production. This was critical for the launch
vehicle’s reliability.

Single-handed creation of the Saturn V design itself proved to be beyond
the power of even the most powerful aviation corporations in the U.S. For this
reason, the design stage and manufacture of the launch vehicle were divided up
among the leading aviation corporations: Boeing manufactured the first stage;
North American Aviation, stage two; Douglas Aircraft, stage three; and IBM,
the world’s largest producer of electronic computers, delivered the Instrument
Unitand the hardware that it contained. The Instrument Unit contained a two-
gimbal gyrostabilized platform, which performed the function of a coordinate
system platform. It controlled the rocket’s spatial position and navigational
measurements (using a digital computer).

The launch complex was developed at the Kennedy Space Center on Cape
Kennedy (now Canaveral).*® The rockets were assembled within a building
of imposing dimensions.’" This structural-grade steel building is used to this
day. It is 160 meters high, 160 meters wide, and 220 meters long. Next to
the assembly site, 5 kilometers from the launch site, is the four-story mission

28. Leonid Aleksandrovich Voskresenskiy (1913—1965) was one of Korolev’s most senior
deputies. During his stint as deputy chief designer at OKB-1, from 1954 to 1963, he led
missile-testing operations at Kapustin Yar and Baykonur on behalf of Korolev’s design bureau.
Georgiy Aleksandrovich Tyulin (1914-1990) was a senior defense industry manager who, in
his many different positions in the 1950s, 1960s, and 1970s, was one of the key administrators
of the Soviet missile and space programs.

29. Zagorsk (now known as Sergeyev Posad) was the location of NII-229, the largest rocket
engine static test center in the Soviet Union.

30. Cape Canaveral was known as Cape Kennedy from 1963 to 1973.

31. Chertok is referring here to the Vehicle Assembly Building (VAB).
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control center, where, in addition to all the necessary services, there are also
cafeterias and even a gallery for visitors and distinguished guests.

The launch took place from a launch pad, but not one like ours. It was
arrayed with computers for conducting tests, equipment for the fueling system,
an air conditioning system, ventilation, and water supply systems. During
launch preparation, 114-meter-tall mobile service towers with two high-speed
elevators were used. The rocket was transported from the assembly site to the
launch site in a vertical position on a crawler transporter that had its own diesel
generator power plants. The mission control center had a control room that
accommodated more than 100 people sitting at electronic screens.

All subcontractors were subject to the most stringent reliability and security
requirements, which encompassed all phases of the program—from the design
phase until the spacecraft was inserted into its flight trajectory to the Moon.

DEVELOPMENTAL FLIGHTS OF THE APOLLO LUNAR VEHICLES began with
the use of an unpiloted version. Experimental models of the Apollo spacecraft
were tried out in unpiloted mode using the Saturn I and Saturn IB launch
vehicles. For these purposes, from May 1964 through January 1968, five
Saturn I launches and three Saturn IB launches took place. Two launches of
the Apollo spacecraft carrying no crew took place on 9 November 1967 and
on 4 April 1968 using a Saturn V launch vehicle.

When the crewless Apollo 4 was launched on the Saturn V launch vehicle
on 9 November 1967, a boost maneuver towards Earth was executed at a
velocity of more than 11 kilometers per second from an altitude of 18,317
kilometers! The unpiloted experimental development phase of the launch
vehicle and spacecraft was completed in 1968.

Launches of spacecraft carrying crews began considerably later than called
for by the initial plan. The day of 27 January 1967 became the darkest in the
history of the U.S. lunar program. At Cape Kennedy, three astronauts inside
the Apollo 1 spacecraft atop the Saturn IB launch vehicle perished in a fire. The
tragedy of the situation was intensified by the fact that neither the crew nor
the ground personnel were able to quickly open the hatch. Gus Grissom, Ed
White, and Roger Chaffee either burned to death or suffocated. The cause of
the fire turned out to be the atmosphere of pure oxygen that was used in the
Apollo life-support system. As fire specialists explained it to us, in an atmo-
sphere of pure oxygen everything burns, even metal. That is why all it took
was a spark from electrical equipment, which would be harmless in a normal
atmosphere. It took 20 months to perform fire-prevention modifications on
the Apollo spacecraft.

In our piloted spacecraft, beginning with the Vostoks, we used a gas com-
position that did not differ from normal air. Nevertheless, after what happened
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in America, in connection with our Soyuzes and 13, we launched studies that
culminated in the development of standards for materials and designs that
ensured fire safety.

A crew executed the first piloted flight in the Apollo 7 Command and
Service Module, which was inserted into Earth orbit by a Saturn IB in October
1968. The spacecraft without its Lunar Module was thoroughly checked out
during an 11-day flight.

In December 1968, a Saturn V inserted Apollo 8 on a flight trajectory to
the Moon. This was the world’s first flight of a crewed spacecraft to the Moon.
Apollo 8 completed 10 orbits around the Moon. In flight, the navigation and
control system was checked out on the Earth-Moon flight leg, during orbit
around the Moon, on the Moon-Earth flight leg, and then during the entry
of the Command Module carrying the crew into Earth’s atmosphere at reentry
velocity, ensuring the accuracy of splashdown in the ocean.

In March 1969, the Lunar Module and Command and Service Module
underwent joint testing in near-Earth orbit on Apollo 9. The Americans checked
out methods for controlling the entire lunar complex as an assembled unit and
verified communications between the vehicles and the ground, as well as the
procedures for rendezvous and docking. The Americans performed a very risky
experiment. Two astronauts in the Lunar Module undocked from the Command
and Service Module, separated from it, and then tested the rendezvous and
docking systems. If a failure had occurred in those systems, the crewmembers
in the Lunar Module would have been doomed. But everything went smoothly.

It seemed that now everything was ready for a landing on the Moon. But
lunar descent, liftoff, and navigation for rendezvous in orbit around the Moon
had still not been tested. The Americans used one more complete Apollo-Saturn
complex. They held a “dress rehearsal” on Apollo 10 in May 1969, during which
they checked out all the phases and operations except the actual landing on
the lunar surface.

In a series of flights, step by step, the range of procedures tested under
actual conditions leading to a reliable lunar landing gradually increased. Over
the course of seven months, Saturn V launch vehicles lifted four piloted vehicles
into orbit, making it possible to check out all the hardware, eliminate defects
that were discovered, train all of the ground personnel, and instill confidence
in the crew who had been entrusted to carry out this great mission.** For
comparison, one should keep in mind that it would be almost an impossible

32. In reality, before Apollo 11, the Saturn V launched three crews into orbit (Apollo 8,
Apollo 9, and Apollo 10).
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task to carry out four piloted Shuttle flights to the International Space Station
in seven months’ time, let alone the Moon!

By the summer of 1969, everything had been tested except the actual land-
ing and activities on the lunar surface. The Apollo 11 team had concentrated
all of its time and attention on these remaining tasks. On 16 July 1969, Neil
Armstrong, Michael Collins, and Edwin “Buzz” Aldrin lifted off on Apollo 11
to go down in the history of cosmonautics forever. Armstrong and Aldrin spent
21 hours, 36 minutes, and 21 seconds on the surface of the Moon. In July
1969, all of America celebrated, just as the Soviet Union had in April 1961.

After the first lunar expedition, America sent six more! Only one of the
seven lunar expeditions proved unsuccessful. Due to a malfunction on the
Earth-Moon leg of the flight, the crew of Apollo 13 was forced to abort its
landing on the Moon and return to Earth. This failed flight gave us engineers
even more cause for admiration than the successful lunar landings. Officially,
this was a failure, but it demonstrated high margins of reliability and safety.
In December 1972, Apollo 17 executed the last lunar expedition on the 12th
Saturn V. The United States spent around 25 billion dollars (at 1972 monetary
rates) on the entire program (at the time I am writing this chapter, this would
be at least 125 billion).

Having created the world’s most powerful launch vehicle, Wernher
von Braun left his team and transferred to work at NASA Headquarters in
Washington, DC. Two years later, he retired from NASA and went to work
in private industry. On 16 June 1977, von Braun passed away at the age of 65
after an operation for colon cancer.

Thirteen piloted flights on Saturn rockets, developed under the technical
management of von Braun’s German team, are convincing proof of the high
reliability and safety that technology and the political will of government
leaders in the 20th century could provide. At a roundtable discussion in 1997
dedicated to the 40th anniversary of the launch of the first Sputnik, Ernst
Stuhlinger, a veteran of von Braun’s team, cited the words of von Braun in a
conversation with a friend shortly before he died: “If I had had the opportunity
to meet and talk with any one of the many pioneers of space who helped to
make space flight a reality over the course of the last 80 to 100 years, then I
would have picked Sergey Korolev.”
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Chapter 3
N1-L3 Lunar Program Under Korolev

Someday, not before the mid-21st century, I believe that historians will
argue about whose idea it was to use atomic energy for interplanetary rocket
flight. In the early 1950s, after rocket scientists began to have access to the
operating principles of nuclear reactors, ideas emerged for using the energy
of nuclear reactors to convert rocket engine propellant into high-temperature
gas. An indisputable advantage of a nuclear rocket engine (YaRD) is its lack
of oxidizer." Liquid propellant is converted into gas, the temperature of which
is much higher than in the combustion chambers of liquid-propellant rocket
engines. When this high-temperature gas is discharged from the reaction
nozzle, thrust is generated. According to the thinking of these enthusiasts,
the nuclear reactor would replace the conventional liquid-propellant rocket
engine combustion chamber.

At NII-1, the scientific chief of which was Mstislav Keldysh at that time,
Vitaliy Iyevlev was the initiator and head of operations on nuclear rocket
engines.” In 1957, he reported on this subject to Igor Kurchatov, Anatoliy
Aleksandrov, and Aleksandr Leypunskiy.> These people were able to make
decisions without waiting for instructions from higher up. At their initiative,
within an unprecedentedly short period of time, a one-of-a-kind graphite reac-
tor was constructed at the Semipalatinsk nuclear test site. The initial successes

1. YaRD—Yadernyy raketnyy dvigatel.

2. Vitaliy Mikhaylovich Iyevlev (1926-) is a well-known Russian specialist in the theory
of engines, heat exchange, and the theory of the turbulent boundary layer. Much of his work
was focused on the hydrodynamics of high-temperature gas flows.

3. Igor Vasilyevich Kurchatov (1903-1960) was a Soviet physicist most well known for
being the leader of the Soviet atomic bomb project. Anatoliy Petrovich Aleksandrov (1903-1994),
who for a while was Kurchatov’s deputy, contributed to the Soviet nuclear project before even-
tually serving as president of the USSR Academy of Sciences from 1975 to 1986. Aleksandr
Ilyich Leypunskiy (1903-1972) played a significant role in the development of Soviet civilian
nuclear reactors in the postwar period.

59



Rockets and People: The Moon Race

provided the impetus for the subsequent steps toward the development of a
nuclear rocket engine.

The U.S. also announced that it was funding research for the development
of a rocket with a nuclear engine. This information also reached the nuclear
energy enthusiasts in the USSR. We could not lag behind in these matters.

Research work in this field began at the Institute of Atomic Energy under
Kurchatov, at OKB-456 under Glushko, at NII-1 under Keldysh, and at OKB-
670 under Bondaryuk.* On 30 June 1958, the first Central Committee and
Council of Ministers decree calling for the development of a heavy-lift rocket using
a nuclear rocket engine was issued. This same decree called for the development
of heavy-lift rockets with liquid-propellant engines using cryogenic high-energy
components—oxygen and hydrogen. Kurchatov, Korolev, Keldysh, Aleksandrov,
and Glushko actively participated in drawing up the decree. Although Glushko
had never undertaken any developments for liquid-propellant engines using
hydrogen, the idea of a nuclear rocket engine interested him. At his design bureau
in Khimki he organized design work in this field jointly with NII-1.

At OKB-1, Korolev assigned Mishin, Kryukov, and Melnikov to look into
the possibility of producing a rocket with a nuclear rocket engine.” Throughout
1959, they performed calculations, estimates, and layouts for various models of
heavy launch vehicles with oxygen-hydrogen liquid-propellant engines on the
first stage and nuclear rocket engines on the second. The decree of 30 June 1958
formalized these studies. A draft plan of a rocket using a nuclear rocket engine
was developed at OKB-1 and approved by Korolev on 30 December 1959.

The design called for using six R-7 first-stage blocks as the rocket’s first
stage. The second stage—the central block—was essentially a nuclear reactor
in which propellant was heated to a temperature in excess of 3,000 kelvins.
OKB-456 proposed using ammonia as the propellant, while OKB-670 pro-
posed using a mixture of ammonia and alcohol. The engine itself comprised
four nozzles through which streams of gases escaped, having been intensely
heated by the nuclear reaction.

The draft plan examined in detail several versions of rockets with nuclear
engines. The most impressive was a super rocket with a launch mass of 2,000
tons and a payload mass of up to 150 tons in Earth orbit. The first stage of

4. Mikhail Makarovich Bondaryuk (1908-1969) was a prominent Soviet engine designer
who specialized in ramjet engines. He served as chief designer of OKB-670 from 1950 to 1969.

5. Sergey Sergeyevich Kryukov (1918-2005) and Mikhail Vasilyevich Melnikov (1919
1996) were two of Korolev’s leading deputies during the 1950s and 1960s. Vasiliy Pavlovich
Mishin (1917-2001) was Korolev’s “first deputy,” i.e., “first among the deputies,” from 1946
to 1966, before succeeding him.
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this “super rocket” carried the number of liquid-propellant rocket engines
that enabled it to obtain a total launch thrust of 3,000 tons. For this, Glushko
proposed developing a liquid-propellant engine using toxic high-boiling com-
ponents with a thrust of from 500 to 600 tons. Korolev and Mishin categori-
cally rejected this version and used only Nikolay Kuznetsov’s oxygen-kerosene
liquid-propellant rocket engines in the design.® His NK-9 engine for the first
stage of the global rocket (GR) with a thrust up to 60 metric tons was still in
its initial stage of development.” Fifty of these engines were required for the
first stage of the rocket with a nuclear engine! This alone made the design of
the nuclear super rocket rather unrealistic.

At an early stage, the draft plan proposed a hybrid rocket with a launch
mass of 850 to 880 tons that would insert a payload of 35 to 40 metric tons into
orbit at an altitude of 300 kilometers. The first stage of the rocket, with a block
structure similar to that of the R-7 rocket, was composed of six liquid-propellant
rocket engine blocks. The central block was a nuclear-chemical rocket.

Despite the top-secret nature of all the work on nuclear rocket engines,
the engineers remained extremely optimistic about the exceptional efficiency
of nuclear power for rockets. Rumors that emanated not only from Kurchatov’s
institute, but also from Keldysh’s NII-1, heated up the nuclear boom. Tupolev
was working on the design of an airplane for which an aircraft nuclear power
plant was being developed.® Such an airplane would be capable of supersonic
speed and unlimited flight range.

Almost simultaneously, both we and the Americans were spending great
amounts of resources on research in this field and conducting experimental
work with various reactors. However, to this day, nuclear rocket engines have
obtained no practical use in aviation or in rocket technology. And complete
disappointment has replaced the optimism kindled by examples of the suc-
cessful use of atomic energy on submarines, icebreakers, and heavy warships.
But it took a while for attitudes toward nuclear rocket engines to cool, and in
1959 Korolev, who had access to Tupolev’s work, was still chiding his deputies

6. Nikolay Dmitriyevich Kuznetsov (1911-1995) headed a major design bureau in
Kuybyshev (now Samara) between 1949 and 1994 (now known as the N. D. Kuznetsov Samara
Scientific-Technical Complex) that developed many of the most efficient and reliable jet engines
for the Soviet aviation industry.

7. “Global rocket” (Globalnaya raketa) was a generic Russian term for orbital bombard-
ment systems. The Korolev, Yangel, and Chelomey design bureaus each proposed several orbital
bombardment systems in the early 1960s, only one of which, Yangel’s R-36-O, reached the
flight-testing stage.

8. 'This was Tupolev’s experimental Tu-119 aircraft, a modification of the more well-known
Tu-95 strategic bomber.
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From the author's archives.
Two rocket engine designers: Aleksey Isayev (left) and Valentin Glushko.

for insufficient zeal in the nuclear field, saying that they mustnt let an airplane
with a nuclear engine come out before a rocket with a nuclear engine.

However, the overwhelming majority of design engineers were in agree-
ment on the fact that it was quicker, more reliable, and safer to develop
heavy-lift rockets only using liquid-propellant rocket engines, while nuclear
rocket engines would find an application in the distant future. The Americans
demonstrated in practice the advantages of liquid hydrogen by producing the
Saturn I rocket with a second stage that ran on hydrogen. At that time, our
leading chief designers of liquid-propellant rocket engines—Glushko, Isayev,
and Kosberg—were carrying on heated debates on the problems of producing
liquid-propellant rocket engines using hydrogen.

Opponents and skeptics of the use of liquid hydrogen exaggerated the
difficulties of its practical usage. Supposedly, the low density of liquid hydro-
gen would require the creation of inordinately large fuel tanks, which would
increase the rocket’s dimensions. The rocket specialists told the engine spe-
cialists that that wasn't their problem. Then the engine specialists were afraid
that at a temperature of —235°C all the metals would become brittle. Impact
strength would supposedly drop by 30 percent. Under these conditions, the
use of pyrotechnic valves could not be allowed. Even schoolchildren knew that
a mixture of hydrogen and oxygen was an explosive gas and during the fuel-
ing process the least bit of sloppiness would cause an explosion. Just imagine,
the skeptics fretted, that the hydrogen leaks out imperceptibly and saturates
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the area around the launch site. All it will take is the slightest initiator and a
fuel-air explosion will take place. Whoever doesn’t die from the shock wave
will suffocate from lack of oxygen and burn up with the hydrogen. I mention
only the main arguments, but many more objections explained our lag in the
production of liquid-propellant rocket engines using hydrogen.

After all manner of discussions and consultations, the Military-Industrial
Commission (VPK) began to draw up a decree hoping to speed up work on
high-power rockets and, consequently, on high-performance engines. Korolev
personally inserted a demand for the development of liquid-hydrogen-
propellant engines into the draft text.

On 23 June 1960, the Central Committee and USSR Council of Ministers
decree “On the Creation of Powerful Launch Vehicles, Satellites, Spacecraft,
and the Mastery of Cosmic Space in 1960-1967,” which had been coordi-
nated with the Ministry of Defense and the ministers and State Committee
chairmen of all the necessary defense industries, was issued. This was the first
attempt to confirm the prospects for the development of cosmonautics at the
very highest level in the form of a seven-year plan. To some extent, the decree
was a response to Brezhnev’s visit to OKB-1.” By that time, Khrushchev felt
it was advisable to plan the development of the entire economy in seven-year
increments rather than the Stalinist five-year plans.

For history, the content of the decree can serve to illustrate that political
figures are not the only ones who make unrealistic, populist promises. Back
then, no one dared challenge Khrushchev’s announcement that “our generation
will live under communism.” Khrushchev himself probably sincerely believed
that would be the case. This remained on his conscience, and none of us was
required to take an oath that we actually promised to live to see communism.

The “top secret—of special importance” decrees were a different story. They
contained much more specific deadlines and spelled out the names of the responsible
administrators. They were the ones who had proposed writing down unrealistic
deadlines for their own organizations in the government plans. The administrators
were the chiefs of large staffs, and by that time they were already experienced chief
designers. The ministers, who had drawn up the decrees, had passed through the
grueling school of managing industry during wartime. They remembered quite
well that disrupting deadlines that Stalin had set or failing to fulfill promises could
cost your life. Now they all signed their names to unrealistic promises.

The decree called for the development from 1961 through 1963 of the
new N-1 high-power launch vehicle with liquid-propellant rocket engines that

9. See Boris Chertok, Rockets and People, Vol. II, pp. 553-555.
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would be capable of inserting into orbit a satellite with a mass of 40 to 50 tons
and accelerating a payload with a mass of 10 to 20 tons to escape velocity. Next,
on the basis of this rocket, from 1963 through 1967, the plan was to develop a
launch vehicle that would insert into Earth orbit a payload with a mass of 60 to
80 tons and accelerate a 20- to 40-ton payload to escape velocity. At the same
time, this decree ordered “the use of newly developed [nuclear rocket engines],
engines running on new chemical energy sources, and low-thrust electric rocket
engines on stage two and subsequent stages.” The decree stipulated developing
high-thrust liquid-hydrogen engines, autonomous control and radio control
systems, and experimental facilities for these projects and the performance
of scientific research work. On 9 September 1960, Korolev signed the report
“On the Possible Characteristics of Space Rockets Using Hydrogen,” which
demonstrated the advantages of hydrogen.

Let’s return to the figure of an 80-ton payload in Earth orbit. That’s the
maximum figure that all the chief designers combined took a stab at. Nobody
at the top dictated this figure by government directive to Korolev, Keldysh, the
other chiefs, and all the aides, deputies, planners, and designers. It so happened
that we ourselves did not dare go any further.

In the history of the Moon race, this was our first design error. As painful
as it is to admit, Korolev, Keldysh, and the entire Council of Chiefs all com-
mitted this conceptual error. What we should have taken into consideration
was what we actually needed to land on the Moon and return to Earth, rather
than what we could demand of the launch vehicle within the timeframe stipu-
lated in the directive. We should have begun our calculation of tons from the
surface of the Moon, not Earth.

But there were two extenuating circumstances. For one thing, Korolev
and all of us deputies could be excused by the fact that in 1960 we did not yet
consider a piloted landing expedition to the Moon to be our main, top-priority
mission and we had not imagined all the problems that we would have to deal
with. Secondly, back then, Korolev was already thinking about the possibility
of a multilaunch lunar flight plan. By assembling the spacecraft in Earth or
lunar orbit, the critical mass of the payload could be doubled or even tripled.

In September 1960, during a large “convention” of chief designers at the
firing range before the first launches of the four-stage 8K78 launch vehicles
carrying the 1M spacecraft for the exploration of Mars, a standing-room-only
meeting took place.'® During this session, we discussed the status of the draft

10. OKB-1 carried out two launches of 1M Mars probes on 10 and 14 October 1960.
Both failed to reach Earth orbit.
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development of the “N-1 phase one integrated rocket system.” While discussing
the mass of the payload that would be inserted into orbit, Mikhail Tikhonravov
gave the most radical presentation. He proposed that, in selecting our launch
vehicle version, we proceed from the assumption that in-orbit assembly was
the primary means for ensuring the payload’s requisite mass.

The universal triumph of 12 April 1961 threatened to decrease the zeal
of designers and scientists in the military field. At the initiative of the Central
Committee and the Ministry of Defense, a new decree soon appeared: “On
Revising Plans for Space Objects Dedicated to the Fulfillment of Defense Goals.”

It is significant that this decree appeared on 13 May, on a significant day
for USSR rocket technology. On 13 May 1946, the first decree calling for the
organization of operations for the production of long-range ballistic missiles
in general and the R-1 missile in particular was issued. Fifteen years later, on
13 May 1961, the order went out to produce the N-1 rocket in 1965.

We were actually quite serious that we would produce it in 1965! Perhaps
not for a landing expedition to the Moon, but certainly for defense and other
purposes. Overconfidently, we sought to produce the desired rather than
the feasible. Of course, the authorities encouraged us to behave like that.
However, the failure to meet deadlines for long-range projects is an interna-
tional phenomenon.

In the early 1950s, Wernher
von Braun published in the open
press his vision of a heavy three-
stage rocket to provide vehicle traf-
fic between satellites and spacecraft
in Earth orbit, to construct a per-
manent orbital station with a mass
of 400 metric tons, and to launch
interplanetary spacecraft. For his
rocket, von Braun proposed a
launch mass of 7,000 tons, a height
of 80 meters, and a diameter of 20
meters. The first stage was to have
51 engines with a thrust of 275
tons each. The second stage was to
have 22 engines, and the third—5

7

The Saturn V rocket shown here
exiting the Vehicle Assembly Building
(VAB) on the Crawler-Transporter.

From the author's archives.
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engines each with 55 metric tons of thrust. In 1953, von Braun asserted that
the creators of a structure such as this and an orbital station faced fewer prob-
lems than the inventors of the atomic bomb had faced in 1940. Von Braun
surmised that the flight of such a rocket would take place in 1977. Ten years
later, the same von Braun argued that it was not necessary to produce such a
rocket and that a launch mass of 3,000 tons, which his Saturn V launch vehicle
had, was quite adequate to land an expedition on the Moon.

Decrees aimed at long-range developments with knowingly unrealistic dead-
lines caused a rush of new enthusiasm in the various design teams. The awareness
of being involved in great achievements and of drawing the attention of the
nation’s top leadership boosted the ambitions of everyone who was responsible
for fulfilling the Central Committee and Council of Ministers decrees.

On 25 May 1961, 12 days after the Kremlin signing of the top-secret, high-
importance decree, President Kennedy quite openly appealed to the American
people on the very same subject. I am certain that espionage intrigues were
beside the point here. The idea of producing heavy rockets and expeditions to
the Moon “hung in the air,” as the saying goes. After Gagarin’s feat, this had
to be the next historical step for humankind.

In the preceding chapter I wrote that the U.S. publicly announced this
historic step as a national mission. In 1964, from the congressional podium,
President Lyndon B. Johnson exhorted Americans “to keep up their efforts
and enthusiasm.” Every American had to know that their country was prepar-
ing for a flight to the Moon. In the Soviet Union all programs and plans of
operations for piloted flights to the Moon were classified, and for that reason,
only those involved on the front lines of the secret programs with access to
the ongoing projects showed real enthusiasm. It is amazing that all the “top”
designers, who drew up and signed the decrees, believed that absolute secrecy
was every bit as necessary as when producing new combat missiles. At that
time, we had no specific ideas regarding the possible use of the Moon, even in
the distant future, for military purposes.

All three of the aforementioned decrees [from 1958, 1960, and 1961],
signed by First Secretary of the Central Committee and Chairman of the
USSR Council of Ministers Khrushchev, assigned the leading role in the
development of the new heavy launch vehicle to OKB-1 and, consequently,
to Chief Designer Sergey Korolev. The conflicts between Korolev and Glushko
in their views on the prospects for developing heavy launch vehicles had
escalated by that time. At first Glushko was critical, and then openly hos-
tile, to Korolev during the selection of propellant components for the new
liquid-propellant engines. For the first stage of the new heavy rocket, all of
the proposals from OKB-1 called for the use of a liquid-propellant rocket
engine that ran on liquid oxygen and kerosene. Subsequent stages called for
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the use of engines that ran on liquid hydrogen and, finally, in the distant
future, nuclear rocket engines. However, despite the wealth of experience
that Glushko and his design team had accumulated since 1946 in the pro-
duction of oxygen-kerosene engines, and despite the creation in Khimki of
a one-of-a-kind test rig facility for liquid-propellant rocket engines that used
oxygen, Glushko stubbornly proposed using high-thrust liquid-propellant
rocket engines operating on high-boiling components—nitrogen tetrox-
ide and unsymmetrical dimethyl hydrazine—for the future heavy rocket.
Glushko’s position can be explained by the fact that during this time he was
developing high-boiling component engines for Yangel’s and Chelomey’s
intercontinental ballistic missiles. A large experimental facility for these
engines had been created in Khimki.

The discord between Korolev and Glushko over propellant components,
which had arisen during the period from 1959 to 1960 in connection with the
design of the R-9A rocket, also affected the personal relationships of the two
pioneers of Soviet rocket technology.! Glushko did not forgive Korolev for
recruiting aviation industry engine-building organizations to produce powerful
liquid-propellant rocket engines: Lyulka’s OKB-165, which was developing a
liquid-hydrogen engine, and Kuznetsov’s OKB-276, which was producing an
engine that ran on liquid oxygen and kerosene.'? This was a direct affront to
Glushko—Korolev’s old comrade-in-arms from the RNII, the design bureau in
Kazan, the Institute Nordhausen, and the Council of Chief Designers, where
Glushko ranked second after Korolev.

As a rule, historians of cosmonautics mention the disagreements between
Korolev and Glushko either indirectly or not at all. The true causes of this
acrimonious conflict, which many of my contemporaries and I witnessed,
and which we were obliged to take sides on because of our duties, have not
been sorted out to this day. I cannot agree with the explanation that Glushko’s
towering ambition caused the downfall of our operations on powerful liquid-
propellant rocket engines in the 1960s. Supposedly, he envied Korolev and,
dreaming of rising above him and all the chief designers of rockets, he wanted
to prove, “Hey, look here, I am an engine expert; without me you can't do
anything, and I'm the only one who can help you out.”

11. As finally produced, the R-9A missile used Glushko’s RD-111 engine on the first stage
and Kosberg’s RD-0106 (or 8D715P) engine. Both used liquid oxygen and kerosene.

12. Arkhip Mikhaylovich Lyulka (1908-1984) was an aviation designer who is credited
with developing the first double jet turbofan engines. His former organization is now a part of
NPO Saturn.
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While discussing the problems of engines for the first stage of the N-1,
at all levels, Glushko declared that it would not be particularly difficult for
his organization to develop engines with a thrust as high as 600 tons using
high-boiling components: nitrogen tetroxide and unsymmetrical dimethyl
hydrazine. At the same time, the creation of an engine of this size and capac-
ity running on liquid oxygen and kerosene, in Glushko’s opinion, would take
way too much time.

In the U.S., von Braun was the one who came up with the idea for using
liquid hydrogen for the Saturn launch vehicle series. The NASA leadership
approved it, and in a relatively short time the U.S. aviation industry was able
to produce high-thrust liquid hydrogen engines. The American experience,
and later our own experience in Voronezh, showed that there was nothing
supernatural in the hydrogen engine manufacturing process.

Alas! Korolev’s will and even Central Committee and government decrees
proved insufficient for the oxygen-hydrogen liquid-propellant rocket engines
under development for the N1-L3 program to be produced in time to take
their place on the “lunar” rocket.

I worked with Korolev for 20 years, and with Glushko from 1974 until he
died. I was a deputy to both of them. I'm very well acquainted with Mishin,
who remained an ardent opponent of Glushko’s high-boiling component
concept (and Glushko reciprocated the opposition). I often met, both at and
outside of work, with engine specialists who were Glushko’s deputies, old and
young, colleagues who sincerely respected him. They all considered Glushko
to be a very complex human being, sometimes excessively fault-finding and
demanding not only in dealing with his immediate subordinates, but also
with subcontractors. At the same time, nobody doubted his technical prowess,
erudition, general refinement, and ability to quickly identify the main issue in
the heap of complicated day-to-day problems in large systems.

In the interests of business, Korolev sought to avoid conflicts, tried to
meet people halfway, and if any hope remained, he tried to persuade everyone
all the way up to the highest government officials. Glushko made it a point
to only defer to the highest-ranking leaders—the Party General Secretary
and members of the Politburo. Relationships with ministers certainly did not
always turn out to his benefit. Ustinov, who was very attentive to Glushko’s
ideas and proposals, was an exception.” While he was logically methodical in

13. Dmitriy Fedorovich Ustinov (1908-1984) was probably the most important Soviet
administrative figure involved in the Soviet space program during the Cold War. Through vari-
ous posts in both the government and Communist Party over a span of nearly 40 years, he was
instrumental in both setting Soviet space policy and executing it.
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most of his creative work, Glushko, especially in cases involving the selection
of propellants, sometimes engaged in actions that were logically inexplicable.

In March 1961, Korolev sent Glushko an official letter. In essence, it con-
tained a question rather than a complaint: “OKB-456’s unexpected position
concerning the use of supercooled liquid oxygen for the R-9A rocket is incom-
prehensible and difficult to explain. You have apparently forgotten that in our
joint report to the Central Committee in April 1959, which you signed, the
main and only version of the R-9A called specifically for the use of supercooled
liquid oxygen and kerosene. All this time, the design and experimental work,
in which your representatives have participated, by the way, was conducted
on the R-9A with the intention of using supercooled oxygen.”

Instead of a calm, businesslike discussion of an issue so vital not only for
the R-9A rocket, but also for the entire future of cosmonautics, Korolev and
Glushko were exchanging letters that were anything but amicable, copies of
which they were sending to the ministers and VPK. Lev Grishin, who was
a deputy minister at that time, attempted to bring Korolev and Glushko
together in his office for a private meeting during the summer of 1960."
Mishin and I were present during the conversation. With his innate sense of
humor, Grishin very calmly said that in a matter such as selecting a type of
liquid-propellant engine and propellant components for rockets, letters to the
Central Committee were not the best way to solve the problem. “Why drag
Khrushchev into matters that he tasked us to solve? Khrushchev trusts us, but
it turns out we don't trust each other.”

A heart-to-heart conversation didnt pan out. Glushko began to speak
very calmly, but in the process he stepped on Korolev’s pride, accusing him of
“playing footsie” with the aviation industry, where he, Korolev, wanted to have
new, obedient, but completely incompetent liquid-propellant rocket engine
developers. Korolev exploded. Tit for tat, both began to fling such insults at
each other that Grishin, Mishin, and I quickly left the office. Completely
despondent, we stood out in the corridor for about 20 minutes.

“I'm worried they’ll get into a fistfight there...,” Grishin fretted. But both
chief designers, red as boiled lobsters, came flying out of the office without
looking at each other, or at us, as if they didn’t realize where they were, and
bolted out of the ministry. Korolev didn’t want to see anyone and got in his
car and drove away without offering Mishin or me a ride. Grishin summed

14. Lev Arkhipovich Grishin (1920-1960) was deputy chairman of the State Committee
of Defense Technology from 1958 to 1960. He died as a result of injuries sustained during the
R-16 disaster on 24 October 1960.
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up the situation, saying, “It seems to me that two members of the Russian
intelligentsia just parted company after exhausting their entire repertoire of
obscenities.” After this absolutely wild altercation, I don’t recall Korolev having
a single warm, friendly conversation with Glushko.

The State Memorial Museum of Cosmonautics contains a globe of the
world—a gift from V. P. Glushko to S. P. Korolev with the following inscription:
“I send you this globe, Sergey, with the profound hope that one day we will
see the living Earth at the same size with our own eyes. 25.4.1952.” This same
museum contains an original telegram that Glushko received from Korolev
on 25 October 1953. Below is a reproduction of the text from a Xerox copy
that was kindly provided to me:

MOSCOW GORKOGO NO.43 APT 94

TO GLUSHKO VALENTIN PETROVICH

KAPUSTIN YAR 11:50

I EMBRACE YOU WARMLY FROM THE BOTTOM OF MY
HEART MY DEAREST FRIEND AND CONGRATULATE
YOU ON YOUR ELECTION TO THE USSR ACADEMY
OF SCIENCE STOP I RECALL THE MOUNTAINS
OF WORK THE DIFFICULTIES THE BITTERNESS
OF FAILURE AND JOY OF ACHIEVEMENT STOP I
WISH YOU MUCH GOOD HEALTH AND STRENGTH FOR
GREAT NEW TRIUMPHS FOR THE GOOD OF OUR
BELOVED SOVIET MOTHERLAND STOP I SEND MY
GREETINGS TO YOUR MAMA MAGDA AND A STRONG
HANDSHAKE TO YOU

YOUR SERGEY KOROLEV

In October 1953, Korolev and Glushko were simultaneously elected cor-
responding members of the USSR Academy of Sciences.

I was on an expedition to the State Central Firing Range (GTsP) in
Kapustin Yar with Korolev." At that time, the second phase of the flight tests
on the R-5 rocket was under way.'® The rocket was equipped with a new engine

15. GTsP—Gosudarstvennyy tsentralnyy poligon. Until the launch of the R-7 ICBM from
Tyuratam in 1957, all Soviet long-range ballistic missiles were launched from the Kapustin Yar
firing range, located southeast of the major city of Volgograd in Astrakhan Oblast.

16. 'The second phase of testing of the R-5 rocket spanned from 30 October to 9 December
1953. The R-5, with a range of 1,200 kilometers, was the first “strategic” rocket developed by
the Soviets.
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developed by Glushko, which ran on liquid oxygen and ethyl alcohol.” In terms
of its performance specifications, it greatly surpassed the preceding engines for
the R-1 and R-2 rockets, which were basically reproductions of the German
V-2 rocket engines. Glushko was also supposed to be at the firing range, but
because of their elections to the Academy of Sciences, Korolev decided that
one of them should stay in Moscow—ijust in case....

The news of their election brightened Korolev’s mood so much that no
amount of flight headaches could dampen his joy. Glushko was still the person
with whom he had to share these feelings. The words “my very best friend”
were undoubtedly sincere and came from the bottom of his heart. Just seven
years later, Korolev was no longer able to call Glushko “my very best friend.”

Korolev’s proposal to recruit Kuznetsov and Lyulka, chief designers of
aircraft turbojet engines, to develop powerful liquid-propellant rocket engines
[in the early 1960s] was accepted by Khrushchev and codified in decrees.

Glushko was the nation’s universally recognized chief authority on liquid-
propellant rocket engines. Forty years later, it seems to me that he made a big
mistake by refusing in the early 1960s to develop powerful oxygen-kerosene
and oxygen-hydrogen engines. It took us 20 years to overtake the U.S. in this
field with the production of the Energiya rocket! Glushko finally produced
an oxygen-kerosene engine, about which Korolev did not even dare to dream
in the early 1960s, when he occupied Korolev’s place as general designer of
NPO Energiya.'

The schism in the chief designers’ camp over engines for intercontinental
ballistic missiles and the new heavy rockets widened. Two new chief design-
ers—Yangel and Chelomey—joined the dispute between the two pillars of Soviet
rocket technology. Korolev’s monopoly in heavy launch vehicles threatened their
active participation in future space programs. A powerful attack began on the
government bureaucracy from various sides, as did criticism of earlier decisions.

Consequently, yet another decree appeared, signed by Khrushchev on 16
April 1962: “On the Creation of Models of Intercontinental Ballistic Missiles,
Global Rockets, and Launch Vehicles for Heavy Space Payloads.” This decree
proposed limiting N-1 operations to the draft plan phase and a cost assess-
ment of the rocket system. At the same time, it called for the development of
a three-stage global orbital rocket on the basis of our R-9A, but using the new
NK-9 engines being developed at Korolev’s initiative by Nikolay Kuznetsov

17. This was the RD-103 engine.
18. Glushko headed the development of the RD-170 engines for the Energiya booster.
This was his first liquid-oxygen-based engine since the 1960s.
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in Kuybyshev, rather than using Glushko’s engines. The document also called
for the production of Yangel’s new super-heavy R-56 rocket.

Then, on 29 April 1962, a decree was issued in which OKB-52, i.e.,
Chelomey, was tasked with developing the UR-500—the future Proton. The
expert commission under the chairmanship of Academy of Science President
Keldysh was not supposed to give its recommendations until it had reviewed
the draft plans. The decrees made no mention of organizing operations specifi-
cally oriented toward piloted flights to the Moon.

THROUGHOUT 1962, THE SELECTION OF THE DESIGN AND LAUNCH MASS for
the N-1 launch vehicle continued. According to Korolev’s concept, it would
perform numerous scientific and defense missions and by no means just deliver
an expedition to the Moon. In a letter to Sergey Kryukov, chief of the design
department, Korolev wrote: “Work with M. V. Melnikov to determine the
required weight for a flight using ERDs [electric rocket engines] to carry out
the primary missions: Moon, Mars, Venus (i.e. the TMK).”"

The Ministry of Defense was not interested in super-heavy launch vehicles.
At the same time, without the consent of military officers to directly participate
in the development of such a launch vehicle, the expert commission could not
approve the draft plan.

Korolev approved the draft plan of the rocket space systems based on the
N-1 on 16 May 1962. The plan was issued in accordance with the decree of
23 June 1960 mentioned above and officially responded to the latest decree
of April 1962. It contained 29 volumes and eight appendices. The draft plan,
which all of Korolev’s deputies, myself included, signed, assigned the follow-
ing primary objectives:

a. Insert heavy space vehicles (KLA) into orbit around Earth to study the
nature of cosmic radiation, the origins and development of the planets,
solar radiation, the nature of gravity, and the physical conditions on the
nearest planets, and to discover organic life-forms under conditions dif-
ferent from those on Earth, etc.?

b. The insertion of automatic and piloted heavy satellites into high orbits to
relay television and radio broadcasts, for weather forecasting, etc.

19. ERD—Elektricheskiy raketnyy dvigatel; TMK— Tyazhelyy mezhplanetnyy korabl (Heavy
Interplanetary Ship). Chertok’s excerpt is taken from S. P. Korolev, “Zametki po N-I” [“Notes
on the N-I"] in S. P Korolev i ego delo: svet i teni v istorii kosmonavtiki [S. P Korolev and His
Work: Light and Shadow in the History of Cosmonautics] (Moscow: Nauka, 1998), pp. 355-356.

20. KLA—Kosmicheskiy letatelnyy apparat.
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c. When necessary, the insertion of heavy automatic and piloted military
stations capable of staying in orbit for long periods of time and making it
possible to perform a maneuver for the simultaneous orbital insertion of
a large number of military satellites.

The plan declared the main phases for the further exploration of space:

* Execute circumlunar flight of a spacecraft with a crew of two or three
cosmonauts;

* Insert a spacecraft into lunar orbit, land on the Moon, explore its surface,
and return to Earth;

* Conduct an expedition to the lunar surface to study the soil and topography
and to search for a site for a research facility on the Moon;

* Build a research facility on the Moon and set up transport systems between
Earth and the Moon;

* Conduct a flight with a crew of two or three cosmonauts around Mars
and Venus and return to Earth;

* Conduct expeditions to the surface of Mars and Venus and select sites for
research facilities;

* Build research facilities on Mars and set up transport systems between
Earth and other planets; and

* Launch automatic spacecraft to explore circumsolar space and the distant
planets of the solar system (Jupiter, Saturn, etc.).

Even 45 years later, the text cited above seems like an amazing cascade of
missions capable of captivating thousands of enthusiasts. It is unfortunate that
not only were none of these missions ever announced to the public, or even
to the scientific community, but they were also shrouded under a “top secret”
classification. One might ask us, “In 1962, did you really not understand
that, aside from a lunar landing and the dispatching of automatic stations, the
remaining phases should have been planned for the 21st century?” Korolev and
everyone who signed the list of prospective missions had hoped to impart to
them the status of State plans. However, in the higher echelons of power, aside
from Khrushchev himself, there were no romantics who would be enthralled
with interplanetary expeditions.

The draft plan proposed a three-stage N-1 launch vehicle with a launch
mass of 2,200 tons capable of inserting a satellite with a mass of up to 75
tons into a circular orbit with an altitude of 300 kilometers. All three stages
of the rocket were designed for Kuznetsov’s liquid-propellant rocket engines
using liquid oxygen and kerosene. The first stage—Block A—would be
equipped with 24 engines each with 150 tons of thrust at liftoff. The second
stage—Block B—and the third—Block V—had eight and four engines,
respectively. Blocks A and B were equipped with Kuznetsov’s virtually identical
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NK-15 engines.”! Block V would have NK-9 engines with 40 tons of thrust
(sorokatonnitki) . *

Back when the R-7 was still in the design phase, Mishin came out with the
idea of controlling the rocket by boosting and throttling diametrically opposed
engines. At that time, his idea was not met with approval: Glushko disagreed
with regulating engine thrust over a broad range, which required diametrically
opposed engines to create control moments by means of varying thrust.

On the N-1, 24 engines arranged around its 15-meter diameter made it
possible to implement this idea, especially since the OKB-276 engine specialists
did not oppose it. For them, the aircraft engine developers, the requirement of
regulating thrust within the broadest limits was completely natural.

The structural layout of the rocket proposed in the draft plan was uncon-
ventional. Since the days of the R-2, we had been proud of the fact that we
had been the first to implement the concept of integral tanks: the metal tanks
were load-bearing and at the same time formed the outer shell of the rocket.
All of our combat missiles and launch vehicles were constructed using this
principle, as were the Americans’. Kryukov’s designers were studying a rocket
model that used fuel and oxidizer tanks as a load-bearing structure. Beginning
with the R-2 rocket, this principle had worked splendidly. The dimensions
of the tanks of the first and second stages for the N-1 prevented them from
being delivered from the Progress Factory in Kuybyshev to the firing range by
rail, by ship, or by air.

A factory for the welding of the tanks, and the manufacture and assembly
of all three stages of the rocket, had to be built at the firing range. The thickness
of the metal of the load-bearing tanks was selected taking into consideration the
internal pressure and the static and dynamic loads on the structure of the entire
rocket. The technology at that time could not ensure the weld reliability and
strength on a shell of that thickness. For this reason, after heated arguments,
the designers persuaded Korolev to forgo what had become the traditional
rocket technology design principle of integral tanks. The structural layout of
the rocket was an external load-bearing shell with thinner-walled spherical fuel
tanks, engines, and all the systems arranged inside it.

To weld the spherical tanks, Boris Paton, director of the Ye. O. Paton
Institute of Electric Welding, proposed a new technology and special welding
equipment. But in this case, the dimensions of the spherical tanks precluded

21. Block B used NK-15V engines, the “v” standing for vysoznyy or “altitude.”
22. 'This nickname is derived from the Russian word soroka meaning “forty” and ronn
meaning “ton.”
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their transportation from the factory to assemble them at the firing range. The
tanks would have to be manufactured right at the cosmodrome.

By no means had everything been considered in the design layout of the
rocket and its control system. Arguments continued over the methods for
delivering the untransportable parts. According to the decree, flight develop-
ment tests were supposed to begin in 1965. Over the three years that remained
before this deadline, they would first have to build a modern rocket-assembly
plant on the barren steppes and then master a new tank-welding process,
assemble the stages, and put the entire rocket as a whole there. All sorts of
rocket assembly operations and testing, except for firing tests, would have to
be performed for the first time at the firing range. This meant that, among
other things, they would have to build a residential town for the new factory’s
workers and specialists.

It was proposed that the project for the military be implemented in two
phases. First, on the basis of the second and third stages, produce a separate
N-11 rocket with a launch mass of 750 tons, capable of inserting a satellite with
a mass up to 25 tons into Earth orbit. Then produce the actual super-heavy
three-stage N-1 rocket with a launch mass of 2,200 tons. Despite its obvious
logic, this proposal to begin operations on the N-11 ultimately found no sup-
port from expert commissions, from the military, or in subsequent decrees.

In history, one should not resort to the “what ifs,” but I am not a his-
torian and I can allow myself to conjecture how everything would have
unfolded if our 1962 proposal had been enacted. There is no doubt that
we would have produced the N-11 considerably sooner than the first N-1
flight model. We could have conducted developmental testing on the second
and third stages of the rocket on the firing rigs near Zagorsk at NII-229 (as
later happened).”® The launch systems that were constructed for the N-1
would have been simplified to be used for the N-11 during the first phase.
We missed a real opportunity to produce an environmentally clean launch
vehicle for a 25-metric-ton payload. To this day, world cosmonautics has a
very acute need for such a clean launch vehicle. But at that time, that idea
could have interfered with Chelomey’s proposals for the UR-500 and Yangel’s
proposals for the R-56.

23. Scientific-Research Institute-229 (NII-229) was the primary facility dedicated to testing
liquid-propellant rocket engines in the Soviet Union. It is known today as the Scientific-Research
Institute of Chemical Machine Building (NIIkhimmash).
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Today, as I write this in 2007, Roscosmos is attempting to correct this
historic error, having called for the development of the Angara launch vehicle
in the Federal Space Program in the 21st century.?

The lunar landing expedition was still not the launch vehicle’s primary
mission in the draft plan [in 1962]. The mated configuration of two vehicles
(lunar orbital vehicle and the landing LK) and booster Blocks G and D was
very prosaically referred to as L3. Actually, there was not yet a design for the L3
vehicle in 1962. Moreover, to avoid getting anyone riled up, as S. P. sometimes
used to say, we intentionally did not calculate the distribution of the masses for
the lunar complex, and in particular, the requisite mass of the lunar (landing)
vehicle to perform a landing with a maneuver, a reliable liftoff from the lunar
surface, and subsequent rendezvous with the orbital vehicle.

At the plenary session of the expert commission Korolev reported that the
draft presented only the N-1 launch vehicle without the payload. He listed the
missions that such a launch vehicle would carry out in the following order:

* Defense missions, including a permanent system (several hundred satel-
lites) for tracking, detecting, and destroying enemy missiles;

* Scientific missions;

* Human exploration of the Moon and closest planets of the solar system

(Mars and Venus); and

* Global communications and radio and television broadcast relay.

It is interesting that the first mission on this list predated the development
of the Strategic Defense Initiative (SDI) concept, which the Americans started
20 years later!” And 10 years after that, in 1995, the U.S. sponsored an effort
to create a system of several hundred satellites for the purposes of global com-
munications. In 1962, in his report, Korolev referred to a similar system as an
“orbital belt.” The hundreds of satellites comprising this belt could have been
used for global monitoring and to observe everything happening on Earth
and in near-Earth space.

In the end, two rather large global personal communications systems were
deployed, Iridium and Globalstar, in which, all told, more that 100 satellites are

24. Roscosmos (or Roskosmos) is the convenient short form for the Federal Space Agency
of the Russian Federation.
25. 'The Russian abbreviation for SDI is SOI—Strategicheskaya oboronnaya initsiativa.
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operating. The historical paradox is that to create this orbital belt, the Americans
used Russian and Ukrainian launch vehicles: the Proton, Zenit, and Soyuz.*

EVEN THOUGH A SINGLE UR-500 ROCKET was not yet ready in 1962, the
decision to develop it was one of the reasons why the expert commission did
not support OKB-1’s proposal on the N-11 rocket. In July 1962, the expert
commission approved our draft plan for the N-1 launch vehicle capable of
inserting a satellite with a payload mass of 75 tons into circular orbit at an
altitude of 300 kilometers. Academy of Sciences President M. V. Keldysh
approved the findings of the expert commission on the N-1 project, which
named defense rather than lunar missions as the primary tasks for the N-1.
The VPK kept a very attentive eye on the status of operations on the N-1.
Despite the general background of success in the piloted space programs, the
triumphant press conferences, and lavish postflight receptions at the Kremlin,
Khrushchev once again reminded us of the N-1.

On 24 September 1962, a new Central Committee and Council of
Ministers decree on the N-1 came out. The main purpose of the document
consisted of the approval of the basic operations and the beginning of flight-
developmental tests of the launch vehicle in 1965. Despite the fact that the
main chief designers had worked with Korolev on the document’s text under
the supervision of Deputy Chairman of the State Committee on Defense
Technology (GKOT) Georgiy Tyulin, its specified deadlines for wrapping up
the work in the various phases prompted many ironic comments among the
main authors.”

In the preceding decrees of 1960 and 1961, we were ordered to produce
the N-1 in 1965. In April 1962, the same government and Central Committee
and the same First Secretary of the Central Committee Khrushchev proposed
that we limit ourselves strictly to the draft plan. The very cool attitude of the
Ministry of Defense toward the N-1 project and the influence of Yangel’s and
Chelomey’s proposals on Khrushchev resulted in the appearance of this interim
decree. A year before this decree came out, Leonid Smirnov, the director of

26. A total of 98 Iridium satellites have been launched using American Delta II, Russian
Proton-K, or Chinese CZ-2C launch vehicles. A total of 72 Globalstar satellites were launched
by a variety of launch vehicles, including the American Delta 7420, the Ukrainian Zenit-2, and
the Russian Soyuz-U and Soyuz-FG launch vehicles.

27. GKOT—Gosudarstvennyy komitet po oboronnoy tekhnike. The GKOT was the
Khrushchev-era incarnation of the old Ministry of the Defense Industry, which oversaw the
postwar missile program.
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Dnepropetrovsk Factory No. 586, was named deputy chairman of GKOT, and
soon thereafter, minister of the USSR—GKOT chairman.?

Considering the nation’s very difficult economic situation and Khrushchev’s
eagerness to find funding for residential construction, agricultural improve-
ments, and the production of fertilizers, he could have halted the funding of
the N-1 altogether. In the spring of 1962 Khrushchev was still wavering, but
the decree of 24 September showed that the wavering ended in the autumn.
The new decree ordered that rig testing of the third-stage on-board engines end
in 1964, and of the second- and first-stage engines in 1965. The rig testing of
the engines integrated into stages and propulsion systems was to end in the
first quarter of 1965. Completion of the launch site construction, its startup,
and beginning of flight tests—all were to happen in 1965.

Vladimir Barmin, who was stubbornly against signing his initials to what
was in his opinion an absurd plan, approached Korolev and stridently declared:

“According to the government decree, I officially have the right to sign
the certificate of clearance for the first launch at the launch site with all its
systems and facilities on 31 December. Until this document appears, you,
Sergey Pavlovich, do not have the right to deliver the flight rocket to the
launch pad. And there won't be anything to transport it on because, at your
recommendation, I also have the right to clear the erector for it no later than
31 December. You understand that the builders and I will use our rights in full.
What does that leave us for preparation and launch? Zero point zero seconds
right on New Year’s!”

Many similar sarcastic remarks were expressed as well in the offices of
the VPK, Council of Ministers, and even in the Central Committee. But in
the “halls of power” they threw up their hands—these deadlines were coordi-
nated with Korolev, and he not only didn’t protest, but he even declared that
no one had given us the right to revise the dates for the beginning of flight-
developmental testing, which had been set by previous decisions of the Central
Committee and Council of Ministers.

Besides the unrealistic deadlines, there was in fact one more serious prob-
lem, which evoked a pained reaction from Korolev. With Korolev’s consent,
an item on the construction of a rig for technological firing tests (OTI) for
the first stage had been crossed out of the draft of the latest decree at some
stage during the coordination process.”” When the draft plan was issued,
Voskresenskiy temporarily came to terms with this, but now he went on an

28. Smirnov became chairman of GKOT in June 1961.
29. OTI—Ognevyye tekhnologicheskiye ispytaniya.
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all-out offensive: he demanded the construction of rigs for full-scale testing of
each stage, including the first stage with all 24 of its engines.

Korolev and Voskresenskiy had fundamentally different opinions on matters
of experimental operations. Korolev wanted to completely avoid the need to
build new and very expensive firing test rigs for the rocket stages. He hoped that
the firing test rigs for all the stages could be limited to single-unit firing tests
on engines after adapting the already existing rigs of NII-229. Voskresenskiy
stubbornly insisted on designing and constructing the rigs, making it possible
to conduct firing tests on the rocket stages under conditions that were as close
to real as possible.

Novostroyka director Gleb Tabakov supported Voskresenskiy.” Novostroyka
was the unclassified name of the former branch of NII-88 in the Zagorsk
area.’! After becoming independent, this branch was later called NII-229,
and then NIIkhimmash.

Tabakov and I had been colleagues at one time—in 1949 we both worked
as deputy chief engineers at NII-88. Before that, I often bumped into Tabakov
when he was taking higher engineering courses at the Moscow Higher Technical
School (MVTU) where I taught a
course in control systems.** Later
I ran into him at Novostroyka near
Zagorsk when we were conducting
firing rig tests on rockets. Beginning
in 1948, Tabakov worked as chief
engineer at Novostroyka, then after
a break for design work, he returned
to Novostroyka in 1956 as direc-
tor. In 1958, Tabakov became my
neighbor on 3rd Ostankinskaya
Street, and so our families also
became acquainted.

Gleb Tabakov had a storied career in

the Soviet space program, beginning

as director of NII-229 and ending as
a deputy minister of general machine
building.

From the author's archives.

30. Gleb Mikhaylovich Tabakov (1912-1995) served as director of NIlkhimmash from
1958 to 1963. He later became a deputy minister at the Ministry of General Machine Building.
31. Novostroyka means “new construction project” in Russian.

32. MVTU—Moskovskoye vyssheye tekhnicheskoye uchilishche.
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Voskresenskiy and I—particularly Voskresenskiy—formed very trusting
relationships with Tabakov. He often told us: more than 10 years” experience
developing firing rigs, putting them into operation, conducting firing tests,
fighting fires and explosions, “plus common sense” cry out for and demand
full-scale firing rig tests for the first stage of the N-1, but.... That’s when the
“buts” started. It wasn't possible to build such a rig at NII-229. That is to say,
it would be possible to build such a grandiose structure, but there was no way
to deliver the first stage there. In actuality, the first stage of the N-1 rocket
would first be manufactured and then assembled in the new “large” MIK at
the firing range. It was not transportable. For that reason, they also needed to
build a firing test rig at the firing range near the launch sites and use all their
available fueling, measurement, launch control, security, and other services. ...
But if you manufacture the first stage for the sake of performing tests on it
right at Novostroyka—that means another factory needs to be built! So wouldn’t
it be better if one of the two launch sites at the firing range were used as a
firing test rig? But that requires time and finances. Tabakov would talk calmly,
simply acknowledging this departure from the experience and traditions that
had emerged in rocket technology, while Voskresenskiy would fly into a rage,
without regard for the authority of Mishin, Korolev, or the government leaders
standing over all of us.

A STRUCTURAL DIAGRAM OF THE LUNAR LANDING EXPEDITION had not yet
been selected before the end of 1963. Initially our designers proposed a ver-
sion with a good mass margin. It called for a three-launch configuration with
assembly of the space rocket with a total launch mass of 200 tons (including
fuel) in near-Earth assembly orbit. The payload mass for each of the three N-1
launches did not exceed 75 tons. The mass of the system for the flight to the
Moon in this version reached 62 metric tons, which was almost 20 tons more
than the corresponding mass of Apollo. The mass of the system executing the
landing on the Moon’s surface was 21 tons in our proposals, while it was 15
tons for Apollo. But, on the other hand, we had not just three launches in
our configuration, but four. It was proposed that a crew of two to three be
inserted into space on rocket 11A511—that is what the future rocket based
on the R-7A was named in late 1963.%° The Progress Factory was supposed to
manufacture it for piloted launches of 7K (Soyuz) spacecraft.

33. The 11A511 was a three-stage launch vehicle derived from the R-7 ICBM that was used
for the early Soyuz launches. Later derivations such as the 11A511U, 11A511U2, and 11A511FG
were used for Soyuz piloted launches from the 1970s onwards. Since that time, the launch vehicle
took the name of its most famous payload and has been generically called the Soyuz rocket.
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From the author's archives.
Two giants of the Soviet missile and space program: Valentin Glushko (left) and
Mikhail Yangel.

Theoretically, the three-launch configuration would enable us to compen-
sate for the large number of advantages of the American design, which used
hydrogen fuel for the second and third stages of the Saturn V launch vehicle.
Of course, in terms of cost-effectiveness and general system reliability at that
time, we were losing.

If Korolev had exhibited his inherent firmness in the subsequent defense
of this configuration when the project was passing through all the levels of
bureaucracy, the history of the N-1 might have been different. However, the
situation developed in such a way that he was forced to compromise in order
to simplify and reduce the costs of the project. The opposition from Chelomey,
Glushko, Yangel, and the Ministry of Defense proved to be too powerful.

On 17 March 1964, Korolev met with Khrushchev. Mishin, Nikolay
Kuznetsov, and Pilyugin accompanied him. In his report to Khrushchev
about the status of work on the N-1 project, Korolev put particular empha-
sis on the need to develop hydrogen and nuclear engines and to optimize
docking. According to Mishin and Pilyugin, on the whole, Khrushchev
supported proposals for the promotion of lunar operations, but he displayed
absolutely no enthusiasm for the idea of stepping up operations on hydrogen
and nuclear engines.

After the meeting with Khrushchev, there were no subsequent decisions to
revive the operations. The VPK and State Committees (or ministries) were pre-
occupied with implementing the programs of Chelomey, Yangel, and Makeyev
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for the series production of combat missiles and preparing the UR-500 for
flight tests. As for OKB-1, all of the attention of VPK and State Committee
on Defense Technology officials was directed at ensuring the launch of the
three-seat Voskhod vehicle and determining the causes for the streak of failures
of the four-stage 8K78. And really, how is a highly placed official supposed
to react to complaints about insufficient funding for a program involving a
lunar expedition in the distant future, if this very pushy chief designer has had
four failures in a row during launches of automatic stations to Venus and for
the soft landing of automatic vehicles on the Moon on 21 March, 27 March,
2 April, and 20 April?3

A week after the failed launch of Ye-6 No. 5 (20 April 1964), I was in
Korolev’s office to explain the causes of the failure in the power supply system
between Blocks I and L and to explain the reason why a heated argument had
flared up between losifyan and Pilyugin over the root cause.”® I was expect-
ing to be grilled and accused of poor quality control on our part. However,
instead of this, Korolev began to speak, with a pessimism that was rare for
him, about the very difficult situation surrounding all of our future plans.
State Committee and VPK officials were not monitoring the progress of opera-
tions on the N-1 at the majority of our subcontractors at all. The Ministry of
Defense had practically cut off funding for the construction at the launch site
and engineering facility. He continued, “Our old friend Kalmykov, to whom
you are partial, is not only not involved with the production of N-1 systems,
but he even proposed to Smirnov that these operations be postponed for a
couple of years because the radio electronic industry is overloaded with more
important defense orders.”

Korolev told me for the first time that Glushko actively supported
Chelomey in his development of the super-heavy UR-700 rocket, promising
to produce engines with 600 tons of thrust running on nitrogen tetroxide
and unsymmetrical dimethyl hydrazine. According to Korolev, Glushko had

34. There were several failures of the 8K78 launch vehicle (later known as the Molniya
launch vehicle) in 1964. The launches were 21 March (Ye-6 lunar probe), 27 March (3MV-1
Venus test probe), 2 April (3MV-1 deep space probe), and 20 April (Ye-6 lunar probe).

35. See Chertok, Rockets and Peaple, Vol. III, pp. 383, 396, 399.

36. Valeriy Dmitriyevich Kalmykov (1908-1974) headed the Ministry of the Radio
Engineering Industry in its various incarnations from 1954 to 1974. As such, he oversaw many
of the institutes and design bureaus in charge of developing guidance systems for the Soviet
missile and space programs. Leonid Vasilyevich Smirnov (1916-2001) was chairman of the
Military-Industrial Commission (VPK). He served in that position for nearly two decades,
from 1963 to 1985, thus being at the apex of the Soviet military-industrial complex for much

of the late Cold War.

82



NI-L3 Lunar Program Under Korolev

not only agreed to make powerful engines for Chelomey, but he was also
taking the liberty of criticizing the design and layout of the N-1. Supposedly,
somewhere among the top brass the opinion already existed that Korolev and
Glushko had been the first to produce the R-7 using a cluster configuration,
and now Korolev was rejecting this progressive path for the N-1 and Glushko
considered this a mistake.

“Under these circumstances we need to reconsider the concept of the
three-launch profile with a landing on the Moon. The whole time they will
accuse us of having a complicated, unreliable, and expensive version compared
with the Americans’ single-launch profile. But the Americans already have a
hydrogen engine and it’s already flying, while all our engine specialists have
for the time being are promises,” concluded Korolev.

AMONG THE MINISTERS/STATE COMMITTEE CHAIRMEN who were VPK
members, only Kalmykov found time to seriously study the situation with the
future payloads for the N-1 and with the lunar vehicles in particular.

In 1963, the organizations of chief designers Pilyugin, Ryazanskiy, Bykov,
and Rosselevich were subordinate to the State Committee on Radio Electronics
(GKRE), which Minister Kalmykov headed.?” In April 1963, instead of making
a soft landing, Luna-4 flew past the Moon due to a control system error. I wrote
about this in detail in Hoz Days of the Cold War, volume 111 of my memoirs.*®
Soon after the investigation into the actual causes, Kalmykov telephoned
Korolev and asked him whether he would have any objection to my coming
over to see him in order to acquaint him in depth with control problems for
a soft landing on the Moon. Not only did Korolev not object, but right then
and there he scheduled me to visit Kalmykov and at the same time to tell him
about our problems with Ryazanskiy and Pilyugin as far as their inactivity in
developing a radio complex and control system for the lunar landing expedi-
tion vehicles.

When I was one on one with Kalmykov, to my surprise he confessed that
rather than wanting to find out why the spacecraft flew past the Moon on
6 April 1963, he was more interested in the state of affairs with the designs of
the vehicles and their systems for the execution of a piloted landing expedition

37. GKRE—Goskomitet po radioelektronike. Nikolay Alekseyevich Pilyugin (1908-1982),
Mikhail Sergeyevich Ryazanskiy (1909-1987), Yuriy Sergeyevich Bykov (1916-1970), and Igor
Aleksandrovich Rosselevich (1918-1991) were leading chief designers in the Soviet missile and
space program who were responsible for the development of guidance and communications
systems.

38. Chertok, Rockets and People, Vol. I11, pp. 385-388.
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in 1967.%” Korolev and the chief designers directly subordinate to Kalmykov
had proposed this date in the draft decree that they had prepared. I was not
prepared for this turn in the topic of our conversation and began by telling
him what the Americans were doing, rather than by describing our develop-
ments. In the course of our casual conversation, Kalmykov realized that at this
point we not only had a poor grasp of control technology, but we had not even
decided who was responsible for what and, most importantly, who would be
general designer of the entire control systems complex.

Kalmykov had gotten a very good feel for what sort of complex this would
be and what sorts of problems it would entail during the development of air
defense (PVO) and missile defense systems (PRO) while working with such
headstrong chief designers as Raspletin and Kisunko.* After Kalmykov had
pulled out of me an approximate list of problems that needed to be solved, he
asked: “Tell me frankly, forgetting for a minute that I am a minister, a member
of the Central Committee and all that—you want to do all of this in three
years so that in 1967, the 50th anniversary of the Revolution, you can have a
fully tested system, and on 7 November, after returning from the Moon, our
cosmonauts can stand on Lenin’s Mausoleum [and watch the parade go by]?
Is this really what you thought?”

I confessed that I wasn’t certain that this date was realistic, but if a later
date were proposed, we would risk having the project prolonged indefinitely.

“This is not a reason,” objected Kalmykov. “I have already consulted with
Ryazanskiy and Pilyugin. I believe that everyone, and your OKB-1 first and
foremost, needs not three years, but six or seven years. Considering the actual
work load on the industry, you all deserve to have monuments erected to you in
your lifetime if our cosmonauts fly to the Moon and return safely before 1970.”

Soon after this conversation with Kalmykov, Korolev telephoned me on
the direct line. He was so angry he almost shouted: “Kalmykov sent a letter
to Smirnov and to the Central Committee. He is proposing that the dates for
the development of the lunar vehicles and spacecraft for the N-1 in general be
postponed indefinitely. I will not let this stand!” And Korolev actually personally
composed and sent a letter protesting Kalmykov’s position to the same recipients.

39. 'The lunar flyby spacecraft is a reference to Luna-4, which failed to reach the surface of
the Moon.

40. These abbreviations are the common terms in Russian for air defense and antiballistic
missile systems. Their literal translations are PVO—_Protivovozdushnaya oborona (antiaircraft
defense) and PRO—Protivoraketnaya oborona (antimissile defense). Grigoriy Vasilyevich Kisunko
(1918-1998) and Aleksandr Andreyevich Raspletin (1908-1967) were major chief (and later
general) designers responsible for the development of Soviet antiballistic missile and air defense
missile systems, respectively.
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My NEIGHBOR BUSHUYEV ON 3RD OSTANKINSKAYA STREET, known today as
Academician Korolev Street, had the habit of stepping out for a breath of fresh
air late in the evening before going to bed.*! Usually he called me up requesting
that I keep him company. On such evening strolls around Ostankino, which in
those days was not yet polluted by automobile exhaust, we shared our thoughts
more calmly and in greater depth than under our hectic work conditions.
Korolev had placed the main design responsibility for the L3 on Bushuyev. His
designers Feoktistov, Ryazanov, Frumkin, Sotnikov, and Timchenko managed
to put two and two together and convince him that the situation with mass
for future lunar vehicles in a single-launch scenario was already critical.** In
this regard, Bushuyev had very pointed squabbles with Mishin, who at that
time did not consider the Moon to be a primary objective and did not wish
to listen to proposals for launch vehicle modifications.

“If, with this launch mass,” lamented Bushuyev, “we could use hydrogen
on the second and third stages, then instead of 75 tons, we would have at least
all of 100 tons in Earth-orbit.”

This figure of 100 tons was mentioned in the draft plan as what we could
look forward to when hydrogen engines were introduced on the second and
third stages. This was understood up and down the chain of command, but for
the time being none of the engine specialists had developed liquid-hydrogen
rocket engines, and the leadership at that time couldn’t order them to.

That’s when Bushuyev and I arrived at a seditious thought. If the nation were
ruled by “Uncle Joe” and someone reported to him that new liquid-hydrogen
rocket engines needed to be developed to solve a problem that he had assigned,
you can bet that he would call in everyone he needed, set deadlines, ask how
he could help—and we would have engines as good as the Americans’.** Like
everyone else, great scientists, and especially chief designers, are not without sin
and are not free of vanity. If you combine that with fear and give them everything
they ask for to enhance the design bureau and production facility, they could
work wonders. Stalin understood this and used it to the full extent.

41. Konstantin Davidovich Bushuyev (1914-1978) was one of Korolev’s most senior
deputies. As deputy chief designer of OKB-1 from 1954 to 1972 (and then chief designer from
1972 to 1978), Bushuyev oversaw the development of piloted spaceships at the design bureau.

42. Konstantin Petrovich Feoktistov (1926-2009), Yuriy Mikhaylovich Frumkin, Yevgeniy
Fedorovich Ryazanov (1923-1975), Boris Ivanovich Skotnikov, and Vladimir Aleksandrovich
Timchenko (1931-2005) were senior designers at OKB-1 who were in charge of designing
human spacecraft.

43. Western media coined the nickname “Uncle Joe” to refer to Stalin during World War II.
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DESIGNING THE L3 VEHICLES AND ROCKET STAGES and also developing the
plans for the lunar expedition began in earnest in late 1963. Over the following
two years the engineering drawings of the actual rocket were released and the
predraft plans of the lunar vehicles appeared.

Dozens of government officials needed to grasp the immense production
and technical scale of the entire lunar program, to determine the gross vol-
umes of capital construction, and to make preliminary calculations of the total
required expenditures. The economics of those years did not require very precise
calculations. Nevertheless, the veteran Gosplan economists, with whom Korolev
usually consulted, warned that the actual figures of the required expenditures
would not make it past the Ministry of Finance and Gosplan.* In addition to
expenditures on the nuclear-missile shield, the USSR needed to find funding
for the new proposals for Chelomey’s and Yangel’s heavy-lift rockets. This was
the most aggravating thing. Even the officials understood what a disadvantage
it was to disperse funding for super-heavy launch vehicles. “But even that’s not
the most important thing,” said Korolev once after his latest meeting in the
offices of the Council of Ministers. “On Khrushchev’s command, all of them
are feverishly searching for a couple of billion rubles for agriculture.”

The figures that had been submitted to the Central Committee and Council
of Ministers were understated. The officials from the State Committee on
Defense Technology, Council of Ministers, and Gosplan made it clear that it
was not a good idea to frighten the Politburo with documents calling for many
billions of rubles. Otherwise, Chelomey and Yangel would start arguing that
their projects were much cheaper. Georgiy Pashkov, who had a great deal of
experience with Gosplan politics, advised: “Turn out production of at least four
launch vehicles per year and get everyone you need involved in the work, but
according to a single timetable. And then we'll issue yet another decree. There
is hardly anyone who would decide to shut down a project of that scale. It’s
going to work—we’ll find the money!”®

Ustinov tasked NII-88 to conduct an objective comparative assessment of
the lunar exploration capabilities of the N-1 (whose military index was 11A52),
UR-500 (8K82), and R-56 (8K68) to sort out the design controversies of Korolev,
Chelomey, and Yangel. The calculations of Mozzhorin and his specialists showed

44.  Gosplan— Gosudarstvennyy komitet po planirovaniyu (State Committee for Planning)
was a government-level body responsible for economic planning during the Soviet era. Prior to
1948, the body was known as the State Planning Commission.

45. Georgiy Nikolayevich Pashkov (1909-1993) headed the so-called second department
at Gosplan, responsible for the Soviet ballistic missile program, from 1946 to 1951. Later in his
career he rose to become a deputy chairman of the Military-Industrial Commission (VPK).
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that to ensure absolute superiority over the U.S., a 200-ton rocket complex
should be assembled in Earth orbit using three N-1 rockets.* This would require
three N-1 rockets or 20 UR-500 rockets. In this case, we could manage a lunar
landing of a vehicle weighing 21 metric tons and return a vehicle weighing 5
tons to Earth. All the economic calculations were in favor of the N-1. Despite

SECOND STAGE

| { FIRST STAGE

LK MANNED

Alexander Shliadinsky

the positive assessment of the leading
institute [NII-88], Korolev firmly
decided to move forward only with
the single-launch format.

“While the going is good, do a
study of a two-launch scenario with
your designers,” I recommended to
Bushuyev during our next evening
stroll. “Mozzhorin is right. We won't
manage to overtake the Americans
using a single-launch scenario now,
and with a two-launch scenario, we
might be two or three years behind
them, but we can land five or six
people on the Moon instead of two
and throw a real party up there for
the whole universe.”

Bushuyev didn’t support my
idea. That sort of study couldn’t
be conducted without the knowl-
edge of Mishin and Korolev, and
he would end up in serious trouble.
Korolev demanded that the design-
ers study ways to increase the load-
bearing capacity of the N-1 launch
vehicle alone. After that came a
series of proposals for modifica-
tions of the launch vehicle, first and

The final configuration of the N-1
rocket (with the six extra engines on
the first stage).

46. At the time, Yuriy Aleksandrovich Mozzhorin (1920-1998) was director of NII-88 (later
known as TsNIImash), the leading research institute of the Soviet missile and space program. In
this position he played a key role in developing long-term policy for the Soviet space program.

87



Rockets and People: The Moon Race

foremost, the installation of six more engines on the first stage and, unlike the
Americans’ layout, the appearance of fourth and fifth stages—Block G and
Block D for the boost to the Moon. The launch mass of the N1-L3, taking the
new proposals into account, had grown to 2,750 tons. All the measures made
it possible to increase the in-orbit payload mass from 75 tons to 93 tons. But
we still needed to work and work on these ideas!

Under these circumstances, the deadlines specified in the decrees for the
beginning of flight-developmental tests in 1965 looked absurd. Everyone
up and down the chain of command understood this. We needed an official
reason to revise the deadlines and, finally, a decision about the main mission
for the super-heavy N-1 launch vehicle that was under development. On
19 June 1964, the Central Committee and Council of Ministers issued a
decree allowing the deadlines for the beginning of flight-developmental tests
to be postponed to 1966.

Ryazanskiy had this to say about that: “Fox terriers get their tails docked
when they’re puppies. But in our case, so that it won’t be so painful, they’re
going to chop off a little piece every year.”

Everyone knew that shifting the deadline back a year wouldn’t save us—
common sense called for the deadlines for the beginning of flight-developmental
tests to be moved back at least three years. But no one dared go to the Central
Committee and then to the Politburo with such seditious proposals. This same
decree calling for a technical and scientific expert review of controversial issues
established a council on the N-1 complex under the chairmanship of Keldysh.

On 23 June 1964, Korolev convened the Council of Chief Designers to
discuss operations on the N-1 in view of the latest decree. In his introductory
speech, Korolev outlined the state of affairs, taking the opportunity to say that
the two design schools of engine specialists had not helped in the selection of
the type of liquid-propellant rocket engine and had delayed the design process.

Korolev informed them that there was a chance that another decree would
come out, which would finally say that a landing expedition to the Moon was
the main mission for the N-1. Then, going up to a poster, he briefly discussed
and showed what the whole rocket complex would look like for the flight
to the Moon. The three-stage N-1 launch vehicle would insert the upper
stage—the payload—into Earth orbit. The following were installed under the
fairing of the upper stage: Block G, which would initiate acceleration toward
the Moon; Block D, which would accelerate and brake to make the transition
into lunar orbit and brake to descend from lunar orbit; and two vehicles—the
Lunar Orbital Vehicle (LOK) and the Lunar (landing) Vehicle (LK). Each of
the vehicles had its own propulsion system. On the LOK this was Block I,
and on the LK—Block Ye. An Emergency Rescue System (SAS) was mounted
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over the fairing.”” The mass of this system was also included in the total mass
of the launch vehicle’s payload.

Keldysh, who had nodded off, woke with a start and remarked that our
greatest shortcoming was the fact that there was no hope that the liquid-
hydrogen engine would appear in the coming year. In his opinion, the chief
designers of engines, who had not fulfilled the preceding government decisions
with regard to the hydrogen problem, bore the responsibility for this lack of
progress. Korolev stood up for the engine specialists and said that we were
already developing a hydrogen block for the upper stages. This would be the
booster block instead of Blocks G and D to set the spacecraft on a trajectory
toward the Moon. He noted that “We are conducting the design with reference
to Isayev’s hydrogen engines with 7 to 8 tons of thrust. Lyulka’s OKB-165 is
working on an engine for the third stage with up to 40 tons of thrust.” If we
managed to build a third stage using these engines, we would get rid of all our
mass deficit problems for the lunar expedition.

Glushko did not miss the opportunity to remind us that three years ago
he had proposed developing a launch vehicle that ran on high-boiling propel-
lant components.

“Today we would already have closed-loop configuration engines with 150
tons of thrust each for all of the stages,” he declared.®®

Keldysh suddenly pounced on Glushko: “Valentin Petrovich, you have had
more opportunity to develop powerful oxygen-kerosene and oxygen-hydrogen
engines than the others. Returning to conversations about high-boiling components
for the N-1 today means killing the project completely. All the decisions on that
matter have been made. We don’t have time for arguments about the selection of
engines for the N-1. We must clearly define the priority objective for the launch
vehicle—this landing expedition to the Moon. We need to immediately nail down
the number of cosmonauts—two or three, the entire expedition plan, and revisit
the problem of reliability. First and foremost, 'm concerned about reliability issues.”

“Reliability is exactly what I had in mind,” Glushko retorted to Keldysh
very calmly. “The engine that we developed for the UR-500 has been optimized
and has already been handed over for series production.”

47. SAS—Sistema avariynogo spaseniya.

48. A “closed-loop” or “closed-cycle” rocket engine, typically known in the West as a staged
combustion cycle engine, provides higher efficiency than the standard “open-cycle” liquid-
propellant rocket engines because in a “closed-cycle” engine, a// of the engine’s gases and heat
pass through the combustion chamber. The first prototype “closed-cycle” rocket engine was
developed at NII-1 in the late 1950s. The first operational engine was the 11D33 used on the
8K78 launch vehicle’s Block I stage.

49. 'That engine was the RD-253 (or 11D43).
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Pilyugin felt compelled to remind us that in addition to the engines there
was also the control system: “We must unequivocally understand that we still
have to develop a system for the flight to the Moon with controlled landing
and return, and not simply some sort of all-purpose system. I request that
Sergey Pavlovich provide us with comprehensive baseline data for the upper
blocks and the vehicles. This is new work for us.”

Barmin also spoke up: “We have managed to speed up construction of
the launch site lately. There are a lot of problems there. But keep in mind that
we have made no provisions for hydrogen. If you decide to use it, even if only
for the booster block, for us this will be a new assignment, new funding, and
new deadlines.”

In closing, Korolev asked the Council to make the following decisions:

 Approve the configuration proposed by OKB-1 for the N-1 heavy launch
vehicle;

* Consider a landing expedition to the Moon to be the launch vehicle’s
primary mission;

* Use liquid oxygen and kerosene as the propellant components for the
launch vehicle’s rocket blocks, but at the same time speed up work on
hydrogen propellant; and

e Task all project participants with studying the plans and schedules stem-
ming from the decree of 19 June, and in a month convene once again to
consider one more decree, which would be issued in conjunction with our
proposal about the lunar expedition as a primary objective.

Everyone present nodded in approval, but Glushko, despite Keldysh’s rep-
rimand, said that if a protocol would be drawn up on this meeting, then he had
a dissenting opinion regarding the reliability of the engines under development
at OKB-276. This comment was directed at Nikolay Kuznetsov, who responded
that he had never rejected the advice and assistance of OKB-456 and would
be very grateful if, to speed up the optimization process, Valentin Petrovich
would make available his advice and test rigs. Glushko gave no response, and
on that note, Korolev closed the Council session.

ON BEHALF OF ALL THE CHIEFS, KOROLEV AND KELDYSH ASKED for VPK
Chairman Leonid Smirnov to resolve the matter about the primary objective
at the governmental level. Smirnov was in no hurry to approach Khrushchev
on his own. It was high time to face up to the radical decisions on a whole
gamut of problems—deadlines, construction of the factory and launch com-
plexes, production of the lunar vehicles, and finally crew training. Korolev and
Keldysh, with Ustinov’s support, approached Khrushchev: “Are we going to
fly to the Moon or not?” These were Khrushchev’s instructions: “Don't let the
Americans have the Moon! Whatever resources you need, we'll find them.”
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The Americans prompted the decision. This appeal fell on fertile soil.
On their desks VPK leaders had copies of “white TASS,” which had reported
about the flight of the heavy Saturn I rocket, which inserted the main unit
of the lunar orbital vehicle into geocentric orbit for a trial run on 28 May.”

On 3 August 1964, a decree was issued that mentioned for the first time
that the N-1 rocket’s most crucial objective in space exploration was to explore
the Moon by landing expeditions on its surface and then returning them to
Earth. The second most important item of the decree was new deadlines. The
year 1966 remained in place as the starting date for flight-developmental tests,
and a new date appeared for the expedition to the Moon—1967 to 1968.

This decree was the first to name the main chief designers and organizations
that would be responsible not only for the N-1 launch vehicle, but also for the
entire N1-L3 complex (the designation L3 denoted the part of the complex
that was needed only for the flight to the Moon).

e OKB-1 was the lead organization for the system as a whole and for the
development of Blocks G and D (including the engines for Block D) and
the lunar orbital and lunar landing vehicles;

e OKB-276 (N. D. Kuznetsov) was responsible for developing the engine
of Block G;

* OKB-586 (M. K. Yangel) was tasked with developing the rocket Block Ye
of the lunar vehicle and the engine for this block;

* OKB-2 (A. M. Isayev) was responsible for developing the propulsion
system (tanks, pneumohydraulic systems, and engine) of Block I of the
lunar orbital vehicle;

e NII-944 (V. I. Kuznetsov) was assigned to develop the control system for
the lunar complex;

e NIIAP (N. A. Pilyugin) was tasked with developing the motion control
system for the lunar landing and lunar orbital vehicles;

* NII-885 (M. S. Ryazanskiy) was responsible for the radio measuring

complex;

50. This was the launch of SA-6, which put the first Apollo boilerplate spacecraft into orbit.
“White TASS” represented one of three types of TASS news during the Soviet era. Green or blue
TASS was intended for the public and comprised extremely sanitized versions of domestic and
international news. White TASS—the equivalent of secret news—included very candid accounts
of domestic and international events prepared only for governmental ministries and Communist
Party offices. Red TASS was top-secret information, i.e., completely unexpurgated information
from foreign news agencies, delivered only to the topmost individuals of the government and
Party structure (including the Politburo).
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*  GSKB Spetsmash (V. P. Barmin) was responsible for the L3 system ground-
based equipment complex;’! and

e OKB MEI (A. E Bogomolov) was tasked with developing the mutual
measurement monitoring system for vehicle rendezvous in lunar orbit.”*

The addendum to the decree containing a complete list of all those involved
in developing systems for the L3 was a bulky document that showed that “no
one and nothing was forgotten.” Nevertheless, baffled questions about the
detailed breakdown of work—who issued requirements, to whom, and for
which systems—continued to be asked, and answers to them were written in
all sorts of individual resolutions and protocols for another three years.

Once the text of the government decree had been received, Korolev decided
to convene a wide-ranging technical review meeting in his office right away
to explain to everyone what we had come up with and what we would ask of
those involved in the project. This meeting took place on 13 August 1964.
All the chief designers; chiefs of the State Committees’ main directorates;
Council of National Economy (Sovnarkhoz) chairmen involved in the program;
officials from the VPK and Central Committee; officials from the Air Force
Command, rocket forces, and Ministry of Defense space assets; representa-
tives of the Academy of Sciences; and directors of NII-4, NII-88, and the
firing range were invited.’® Ryabikov, Pashkov, Zverev, Afanasyev, and Tyulin
attended the meeting.**

In his opening comments, Korolev remarked that this was the first
representative-level gathering for the lunar program. And the reason for this
was the latest decree of 3 August, which challenged us with a crucial government
mission. We, OKB-1, were the head organization, but each of us was personally

51. GSKB Spetsmash—Gosudarstvennoye soyuznoye konstruktorskoye byuro spetsialnogo
mashinostroyeniya (State Union Design Bureau of Special Machine Building).

52. OKB MEI—Osoboye konstruktorskoye byruo Moskovskogo energeticheskogo instituta (Special
Design Bureau of the Moscow Power Institute). Aleksey Fedorovich Bogomolov (1913-2009)
served as chief designer of OKB MEI from 1952 to 1988.

53. Sovnarkhoz—Soviet narodnogo khozyaystva. In 1957, Khrushchev introduced the
Sovnarkhoz system, whereby governmental ministries were replaced by local economic planning
organs all over the Soviet Union. This attempt to decentralize the Soviet economy was rolled
back in 1965 after Khrushchev’s ouster.

54. At the time, these four men were senior managers of the Soviet defense industry. Their
positions in 1964 were as follows: Vasiliy Mikhaylovich Ryabikov (first deputy chairman of the
USSR Sovnarkhoz), Georgiy Nikolayevich Pashkov (deputy chairman of the Military-Industrial
Commission), Sergey Alekseyevich Zverev (chairman of the State Committee for Defense
Technology), Sergey Aleksandrovich Afanasyev (chairman of the Russian Soviet Federated
Republic Sovnarkhoz), and Georgiy Aleksandrovich Tyulin (first deputy chairman of the State
Committee for Defense Technology).
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From the author's archives.
These men were the principal architects behind the design of the N-1. From left to right,
Yakov Kolyako, Sergey Kryukov, and Pavel Yermolayev. Here, they are shown looking over
a drawing of the L-1 circumlunar spacecraft.

responsible for that part of the system specified in the decree. Next, Kryukov
and Bushuyev, referring to posters, presented the schematic diagram of the
N1-L3, its basic performance data, and its flight program. It was difficult for
Bushuyev to deliver his report. The draft plan of the lunar vehicles had not yet
been completed, the specifications had not been drawn up for the subcontrac-
tors, and the whole plan for the flight to the Moon was still very rough.

At the risk of overloading my memoirs with details, I nevertheless feel that
I need to discuss the main issue and, in particular, provide a description of
the lunar expedition rocket-space complex. The N1-L3 rocket space complex
consisted of the three-stage N-1 rocket and the L3 lunar complex. The N-1
was a three-stage rocket with transverse division of structurally similar stages.
Intermediate trusses connected the stages, ensuring the free escape of gases
when the engines of the subsequent stage started up.

Liquid-propellant rocket engines operating on oxygen and kerosene devel-
oped at OKB-276 were used on all three stages of the rocket. The rocket’s
load-bearing structure was a braced shell taking up the external loads. Spherical
propellant tanks were housed inside this frame. In all the stages, the fuel
tanks were in front. The first-stage (Block A) propulsion system comprised
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24 NK-15 engines with a thrust of 150 tons each on the ground. Kryukov
reported that we were conducting a study to see if the number of engines
on the first stage could be increased to 30. Six engines would be mounted
around an inner ring, and the 24 engines on the outer ring would remain in
their places. The second stage (Block B) had eight of the same type of engines,
but with NK-15V high-altitude nozzles. The third stage (Block V) had four
NK-19 engines with high-altitude nozzles. All the engines would operate on
a closed-loop configuration, i.e., with after-burning of the gas after passing
through the turbopump assembly.

The instruments of the control and telemetry systems were arranged in
special compartments in their respective stages. The main instruments of the
control system for the three stages were in the third-stage instrument com-
partment. The accepted aerodynamic layout made it possible to minimize
the requisite control moments and to control pitch and yaw by using the
principle of thrust offset of opposing engines on the first and second stages.
Special control nozzles would be used for roll control. The special KORD
diagnostic system was being developed to monitor engine operation.” This
system would issue an engine shutdown command when signs of possible
failure occurred. The diametrically opposite engine would shut down simul-
taneously. Unlike all contemporary rockets, the electric energy source was an
alternating current turbo generator.

The rocket’s stages and compartments were very large. For that reason, the
factory/manufacturers would produce only transportable parts. The welding
of tanks and blocks and the assembly of the entire rocket were to be carried
out in the Assembly and Testing Building, which was then under construction
at the firing range. There would actually be a branch of the Kuybyshev-based
Progress Factory—the main rocket manufacturing plant—at the firing range.

In order to insert a payload with a mass of 90 to 93 tons into Earth orbit
at an altitude of 200 kilometers, we were undertaking a series of measures, the
most important of which was mounting six more engines on the first stage.
The height of the rocket including the L3 nose cone was 105.3 meters. The
launch mass was 2,820 tons. The mass of the oxygen was 1,730 tons, and the
mass of the kerosene was 680 tons. The L3 system consisted of the rocket
booster Blocks G and D; the LOK (the vehicle itself and the rocket Block I)
and the LK (the vehicle itself and the rocket Block Ye); the payload fairing,

55. The expansion for the KORD system has been variously described as Kontrol i
otklyucheniye rabotayushchogo dvigatelya (Operating Engine Monitoring and Shutdown) and
Kontrol raboty dvigateley (Engine Operation Monitoring).

94



NI-L3 Lunar Program Under Korolev

which would be jettisoned upon reaching specified acceleration loads; and the
emergency rescue system propulsion system.*®

The LOK consisted of the Earth-descent module and the habitation
module, on which were mounted a special compartment containing the
docking and attitude control engines and the docking system assembly, the
Instrumentation System Compartment (PAO), and the power compartment,
containing the rocket Block I and a power plant (EU) and three electrochemical
generators (EKhG) for the power supply system using hydrogen-oxygen fuel
cells.” The LOK habitation compartment would serve simultaneously as an

David R. Woods
This shows the LOK's Habitation Compartment (or Orbital Module) at the Moscow
Aviation Institute (MAI). The Compartment was cut in half for the benefit of engineering
students at MAL. The left half shows the circular hatch where the LK pilot would exit

and return for the surface phase of the mission. To the left of that is a large-format
camera for photography during the lunar orbital phase. The large rectangular opening is
where one of the two spacesuits would be carried. The other half shows the rack for the
other suit, controls for the various camera systems on the right, and the rendezvous and
docking control panel at the top.

56. It was common terminology to refer to each propulsion stage of a complete rocket
system as a “block.” Thus, in the case of the N1-L3 system, the first three stages of the N-1
were known as Block A, Block B, and Block V (A, B, and V being the first three letters of the
Cyrillic alphabet). The L3 payload itself comprised several propulsion stages. These were Block
G (a stage for translunar injection), Block D (a stage for lunar orbit insertion and powered
descent from lunar orbit), Block I (the propulsion stage of the lunar orbiter), and Block Ye (the
propulsion stage of the lunar lander).

57. PAO—Priborno-agregatnyy otsek; EU—Energoustanovka; EKhG—Elektrokhimicheskiy
generator.
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2 10
1. Descent Module 6. Propulsion System Compartment
2. Habitation Compartment 7. Fuel Cell Power Supply System
3. Docking Unit 8. Aftitude Control Engines
4. Orientation and Docking Engines 9. Rocket Block |
5, Afttitude Control Engines 10. Inst ion Ci

RKK Energiya and David R. Woods
The LOK was the Soviet equivalent of the Apollo Command and Service Module and
served as the living quarters of the two-person crew during most of the lunar trip.

airlock chamber when a cosmonaut was transferring through open space into
the lunar vehicle before descent to the Moon and during return. Cosmonauts
would execute the entire journey from Earth to the Moon without spacesuits.
They would don spacesuits before transferring from the LOK to the LK.
The LK consisted of the pressurized cosmonaut cabin, a compartment
with attitude control engines and “passive” docking assembly of the instrument
compartment, the lunar landing unit, and the rocket Block Ye. Storage bat-
teries mounted on the exterior provided power for all the LK systems. For the
first time in our space program, landing control would be conducted using an
on-board digital computer and partial backup would be provided by a manual
system, which would enable the cosmonaut to execute a limited maneuver to
select a landing site.
The N1-L3 flight would be executed according to the following program:
* Insertion of L3 into Earth orbit by the N-1 launch vehicle, where the readi-
ness of all L3 systems to depart for the Moon is tested over a 24-hour period;
* Boost of L3 onto Earth-Moon flight trajectory by Block G. In so doing,
the engine of the Block G completely exhausts its fuel supply, after which
Block G is jettisoned;
* Reboost using Block D until the designated velocity is attained, and then
two trajectory corrections and deceleration, followed by insertion of the
L3 system into lunar orbit. The flight time to the Moon will be three and a
half days, and the time spent in lunar orbit will be no more than four days;
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* Transition using Block D from circular orbit to elliptical orbit;

* Transfer of one of the cosmonauts from the LOK to the LK through
open space;

* Separation from LOK of lunar landing system—Block D and LK;

¢ Orientation of system using Block D and deceleration for descent from orbit;

* Separation of Block D and its escape maneuver to the side to avoid col-
lision with the LK;

* Deceleration for landing using Block Ye, maneuver to select landing site,
and landing on Moon;

* Egress of cosmonaut onto lunar surface, performance of specified explora-
tion, collection of soil samples, and return to the LK. Time of stay on the
lunar surface no more than 24 hours;

* Liftoff of the LK from the Moon using Block Ye, rendezvous and docking
with the LOK, transfer of cosmonaut from the LK to the LOK through
open space, and jettisoning of the LK;

* Acceleration of the LOK using Block I on Moon-Earth trajectory, per-
formance of one to two correction maneuvers. Flight time—three and a

half days; and
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David R. Woods
This simplified graphical description of the Soviet lunar landing profile using a single
N-1 rocket highlights details of the Earth-to-Moon and Moon-to-Earth segments. This
schematic is based on a plan issued in January 1970.
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* Separation of the LOK Descent Module, its entry into Earth’s atmosphere
at reentry velocity, gliding descent, and landing on USSR territory.
Total time of expedition: 11 to 12 days.

THE MAJORITY OF THOSE ATTENDING THE MEETING were learning about
the N1-L3 complex and the flight configuration for the first time and with
great interest. Questions followed:

“Aren’t we afraid to let the cosmonaut descend to the lunar surface alone?

“What if he falls and can’t return to the LK? What decision will the com-
mander who has remained in orbit make?”

“Why are the Americans planning to have two astronauts land on the
Moon, and we're only going to have one cosmonaut?”

- S > 6 T

LOK LUNAR ORBITER ACTIVE LOK RENDEZVOUS
AND DOCK WITH PASSIVE LK
“LOOP® MANEUVER TO
PREVENT BLOCK-D FROM

BLOCKING LK RADAR

BLOCK-D J
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BLOCK-D LEFT TO CRASH
ON THE LUNAR SURFACE

LUNAR LANDING APPARATUS (LPU)

LK LAND ON THE LUNAR SURFACE LEFT ON THE LUNAR SURFACE

David R. Woods

This graphic shows the operations of the LOK, LK, and Block D near the lunar surface.
The Lunar Takeoff Apparatus lifts off the lunar surface after a short stay and enters lunar
orbit, where it acts as a passive target for the LOK.
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But other questions were the most difficult: “In what phase of develop-
ment are all the blocks, vehicles, and systems? When will the general plan and
schedule of operations come out? When will the developers receive all the
baseline data? What experimental facilities are being provided and when will
the factories receive the working documentation for production?”

So that there would be no doubts, Korolev himself answered all the ques-
tions, sometimes humorously, but for the most part seriously, trying to show
that the success of the entire program depended on each person there.

This first, very broad meeting on the N1-L3 program was held when
preparation was under way for the flight of the three-seat Voskhod. It ended
on an optimistic note, despite the fact that in August 1964, there was still
no detailed design of the system as a whole. A design that more or less made
sense finally appeared in December 1964. Keldysh’s expert commission quickly
reviewed and approved it.

Decrees and subsequent orders from GKOT obliged us to issue specifica-
tions to all project participants before the end of 1964. This was extremely dif-
ficult, since we had to lay down conditions for assignments without yet really
understanding what answers we wanted to receive. In these cases, groups of
brainstorming enthusiasts helped to formulate the work statement and guided
us along the path of decision. The most heated debates flared up between the
customers and the contractors when, after stipulating principles and parameters,
the time came to specify the mass. Under pressure from Mishin and Korolev,
who were responsible for the launch vehicle’s performance characteristics, and
from Bushuyev, who was responsible for the design of the lunar vehicles, the
designers—rocket specialists and vehicle specialists—occupied an irreconcilable
position in the struggle to reduce the mass of the systems. All the developers of
on-board systems listed in the decrees, without exception, demanded that the
mass limits be increased. Sometimes they haggled for tons, sometimes for tens
of grams. However, the total amount of excess weight for all the systems and
assemblies, which for the time being was only on paper, already looked appalling.

Nowhere in our previous experience had the mass of the manufactured
systems matched what was stipulated in the designs. Frequently, after produc-
tion and modifications based on test results, the mass approved during the
design process was exceeded by as much as 100 percent.
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Chapter 4
A Difficult Conversation with Korolev

In mid-December 1964, I tore myself away from our futile searches for
and arguments about ways to reduce the mass of the L3 and immersed myself
in frenetic production and testing work. We were preparing for the launch of
the third Molniya (the previous launches were failures) and a Voskhod with
a cosmonaut performing a spacewalk, and for communication sessions with
an automatic interplanetary station on its way to Mars with solar arrays that
had failed to open.' Noisy colleagues were sitting in my ofhice smoking when
the rapid jingle of a direct call from Korolev rang out. Everyone in my office
quieted down and listened to my responses.

“Are you alone?”

“No, Sergey Pavlovich, my office is full and I'm surrounded by a cloud
of smoke.”

“Here’s the thing: tell everybody to get out, open the windows, and air the
place out. I'm on my way over there to curse at you, and I mean it!”

“But, why come over to my smoky office? I'll hurry over right now.”

“No, I want to curse at you on your territory. Make sure no one will
bother us.”

“What should I brace myself for, should I ask anyone to join the
conversation?”

“I don't need to see anyone but you. The conversation is going to be dif-
ficult for both of us!”

There was nothing left for me to do but to follow instructions. Intrigued
by the purpose of S. P’s sudden visit, the crowd left my office.

OKB-1’s ninth Party conference had taken place on 10 November. In
his speech, Korolev criticized me and my deputies for technical errors we had

1. The third Molniya-1 satellite was launched on 23 April 1965. See Chertok, Rockets and
People, Vol. I11, pp. 500-504. The Mars probe was Zond-2, launched on 30 November 1964.
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committed recently.* Could it be he felt he needed to speak with me more
harshly in private?

“It’s a good thing that Zoya Grigoryevna is on duty today as my reception-
ist,” I thought. S. P. had the habit of finding fault with disorder in the reception
rooms when he visited the offices of his deputies. Sometimes he would test the
secretaries by giving them tasks and checking to see how quickly and precisely
they carried them out. It was a disaster if something rubbed him the wrong way.
Rather than berate the secretary, he chewed out the one in charge of the office
and advised him to either retrain or replace the secretary. But Korolev himself
had hired Zoya Grigoryevna for the job. She was the wife of a staff colleague
at RNII, rocket propellant specialist Nikolay Chernyshev.? Before Korolev’s
arrest in 1938, they had lived in the same building on Konyushkovskaya Street.
The Korolev, Pobedonostsev, and Chernyshev families were friends. After
Chernyshev’s sudden death in 1953, Korolev offered Zoya Grigoryevna a job
at OKB-1. Thus, she became Bushuyev’s secretary, and when he was moved
to our first territory, she remained in her post in the reception room, which
was shared by two offices—Rauschenbach’s and mine.*

I warned Zoya Grigoryevna that S. P. was on his way over, that he was very
angry, and he should be received as amiably as possible. While S. P. called for
a car to pick him up and made his way to our second territory, we managed
to air out our offices and the reception room, posted a lookout in the adjacent
hallway to drive away loiterers, and a small group gathered in Rauschenbach’s
office in case I needed help in my conversation with S. P.

Looking out my window and seeing an approaching ZIS, I decided to go
out into the hallway to meet S. P, but Zoya Grigoryevna advised me: “Stay

2. Criticism of Chertok is evident in the published version of the proceedings. See
“Stenogramma vystupleniya na IX partkonferentsii OKB-1 [1964 g.]” [Stenogram report
of the 9th Party Conference of OKB-1 (1964)] in S. R Korolev i ego delo: svet i teni v istorii
kosmonavtiki: izbrannye trudy i dokumenty [S. R Korolev and His Works: Light and Shadow in
the History of Cosmonautics: Selected Works and Documents], ed. B. V. Rauschenbach and G. S.
Vetrov (Moscow: Nauka, 1998), pp. 465-471.

3. Nikolay Gavrilovich Chernyshev (1906-1953) was a noted pioneer of Soviet liquid-
propellant rocketry, having worked in the interwar years at the Gas Dynamics Laboratory
(GDL), the Reactive Scientific-Research Institute (RNII), and KB-7. After the war, he worked
at the military NII-4 institute until his death.

4. Boris Viktorovich Rauschenbach (1915-2001) was one the pioneers in the development
of control systems for Soviet spacecraft. He worked with Korolev at RNII during the interwar
years, but after the war he worked as a scientist at NII-1 under Mstislav Keldysh developing
concepts for the spacecraft control systems. In 1960, Rauschenbach transferred to work under
Korolev at OKB-1, where he remained until 1973. He became a Corresponding Member of
the Academy of Sciences in 1966 and a full member in 1986.
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in the office.” She greeted Korolev in the reception room with a lovely smile.
He had to pause and ask questions showing that he did not forget old friends
and abandon them in time of need. Korolev stayed less than a minute in the
reception room, but when he entered my office he was hardly furious, as I had
expected him to be. His tired face had an expression of conciliation.

For a few moments his eyes, usually attentive to his company, looked
somewhere off in space. It seemed that he was trying to recall why he was
here. But this only lasted a few seconds. Sergey Pavlovich approached my
desk, saw a thick volume—the report on the Americans’ Saturn project—and
immediately his demeanor changed. He slowly paced about my office, looking
things over and entering a new “coordinate system.” Then a long conversation
took place. I read so much nonsense now in my old notebooks, but this meet-
ing I reconstruct from memory. I'd say that over the entire course of 20 years
working together, this was the only one-on-one meeting I ever had with him
in my office that lasted so long.

Over the phone, S. P had warned me that he wanted to chew me out. Now
he had either forgotten or changed his mind, but the conversation began very
amicably. So many problems tormented him that he needed to talk, to think
out loud, and to take people whom he trusted into his confidence. On one of
my evening strolls along 3rd Ostankinskaya Street, I learned that Korolev had
spoken with Bushuyev and Voskresenskiy before me about the same thing.
Perhaps, they said, he had also met with Mishin and with Okhapkin.°

I must interrupt my account of my meeting with Korolev to explain the
urgency of the issues that were about to be discussed. After the three-launch
scenario was rejected, a very serious “weight crisis” developed for the entire
lunar expedition program.” It was not just the chief designer’s deputies and
leading design engineers who were grumbling about very strong pressure from
Korolev; the subcontractors’ chief designers were, too. After a detailed study of
the crisis situation that had formed during the very first phase of development
of the lunar vehicles, Korolev started looking for ways to save the project. In
so doing, he started at the very bottom. Here he discovered what appeared at
first glance to be insurmountable difficulties inherent to the project. But, at the
same time, there were redeeming features. The most radical was the installation
of an additional six engines on the first stage of the N-1 rocket.

5. The ZIS suffix was added to all automobiles that were produced by the ZIS—Zavod
imeni Stalina (Stalin Factory).

6. Sergey Osipovich Okhapkin (1910-1980) was one of Korolev’s most senior deputies
at OKB-1.

7. Author’ note: At that time the term “weight” was used; the term “mass” came into use later.
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In and of themselves, the engines with all their systems also constituted
tons of metal, but they added 900 tons of thrust, the thrust of Chelomey’s
entire Pyatisotka at that time.® It was necessary to modify the pneumohydraulic
and electrical systems of the first stage, manufacture additional instruments,
upgrade the engine control algorithms, increase the capacity of the tanks, review
the ballistic analysis, remake the bottom shield, and take into consideration a
whole array of odds and ends that come to light during any serious modifica-
tion of such a complex system.

According to preliminary calculations, the totality of these measures
increased the mass of the spacecraft to be inserted into orbit to 93 tons.
Compared with 75 tons in 1962, this was significant progress. Korolev
knew from experience that relaxing the rigid weight discipline would lead
to unchecked weight increases in dozens of systems, which would bring the
gains made from all the measures to naught. The situation was complicated
by the fact that the Progress Factory—the lead factory for the manufacture of
the N-1—had already built up some production inventory. If the factory was
informed that it would have to make modifications and needed to wait for new
drawings, then this would also affect the already missed production deadlines
for the first launch vehicle. Okhapkin and Kozlov, who supervised the work at
the Progress Factory, proposed introducing the measures in a phase-by-phase
plan: the in-orbit payload mass would not reach approximately 93 tons until
the rocket’s fourth flight model.”

Despite the current events, the latest piloted Voskhod launches, and
the development of the Soyuz—a circumlunar flight project using a “Baron
Miinchausen plan”™—S. . tried to be up to date on all the N-1 modifications.
He demanded that margins be sought everywhere, to the point of changing
the orbital inclination and altitude.

The meeting with Korolev described below took place during a period when
numerous measures were being developed to save the project from the fierce
criticism of experts. Despite the completely benevolent attitude of Keldysh, who
headed the expert commission, the most meticulous of its members, especially
the rocket design specialists, criticized the fact that the “rocket transports air,”
and there’s nothing left over for payload. You may laugh about it, but there
were development engineers who proposed purging all the air from the tubular
structural elements before liftoff, thereby gaining a few kilograms of payload.

8. Pyatisotka is the Russian noun form of the number “500” and was the nickname for
Chelomey’s UR-500 rocket.

9. Dmitriy Ilich Kozlov (1919-2009) was the chief of OKB-1’s Branch No. 1 based in
Kuybyshev (now Samara) where the N-1 was manufactured at the colocated Progress Factory.
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The initial version of the proposals for the N-1 called for three crewmem-
bers to participate in the lunar expedition. However, while drafting the decree
that came out in August 1964, it was determined that the three-cosmonaut
configuration simply wouldnt work with our launch vehicle. Assessing the situ-
ation with a clear eye, Bushuyev’s design engineers came to the firm conviction
that we could only carry out the expedition using a “2 + 1”7 configuration. In
this case, “2 + 17 did not equal three: two cosmonauts would fly to the Moon
in the LOK, and after the vehicle transferred to lunar orbit, just one of them
would perform a spacewalk, enter the LK landing vehicle, and descend to the
surface of the Moon. He would stroll around on the Moon in sublime solitude,
and, a couple of hours later, return to orbit to dock with the LOK, and once
again spacewalk over to his waiting comrade. After this, they would undock
the LK and jettison it to the Moon, and the LOK, using its propulsion system,
would return to Earth.

To coordinate the developments of the control system for the L3 vehicles
and for the landing and liftoff rocket blocks and the rendezvous and docking
system, OKB-1 and the organizations of Pilyugin, Ryazanskiy, Bogomolov,
Bykov, and Khrustalev created integrated brigades.'” The assignment of these
brigades was to “search for weight” so that there would be enough for the
“2 + 1”7 configuration. When I assembled plenary sessions of specialists, it
turned out that each time we strayed farther from the limits that Bushuyev’s
design engineers had given us. The situation seemed catastrophic.

BuT Now I'LL RETURN TO THE CONVERSATION with Korolev in my office.
The first subject of our meeting was, of course, the L3. I remember his request/
ultimatum quite well: “Boris, give me back 800 kilograms.”

Grabbing a previously prepared weight report with numerous handwrit-
ten amendments, I tried to demonstrate that “giving back” was out of the
question. All the systems for which my departments were responsible already
required more than 500 kilograms above our allotment. And there was still
so much documentation that hadn’t been issued, dozens of expert commis-
sion recommendations that hadn’t been implemented, and not a single bit of
experimental work had been completed yet! The automatic landing of the LK
was the least developed part of the program. For reliability, we needed triple
or, at least, double redundancy, diagnostics, and good communications with
Earth, and all of this meant weight and more weight.

10. Vladimir Aleksandrovich Khrustalev headed TsKB-598, later known as TsKB Geofizika,

which was responsible for developing optical sensors for Soviet spacecraft and missiles.
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Korolev was not about to look at the weight report. He interrupted my
explanations and calmly repeated, this time looking me straight in the eye (he
had a real knack for this): “All the same, give me back 800.”

Without allowing me once again to switch to a forceful defense, S. P. said
that he had held a very difficult discussion with Keldysh. He [Keldysh] didn’t
believe that we had yet solved the weight problem for landing even one cos-
monaut on the Moon. For that reason, in Keldysh’s opinion, the design as
a whole still had loose ends. Chelomey, who had his own alternative design
proposals, was putting pressure on Keldysh."

Tyulin was forming a new ministry, but evidently they weren't going to
appoint him minister of his own ministry."* “Uncle Mitya” had his own people,
and now in the Politburo you couldn’t get past Ustinov." The only one there
who really knew what we were doing was Khrushchev. Now he’s gone, and all
those who had seized power were not yet accustomed to making independent
decisions. The military officials couldn’t understand at all why it was necessary
to fly to the Moon. It’s a big headache that since Nedelin, “infantry” marshals
had been in command of space.' The Air Force should have piloted pro-
grams—they had a better understanding of human capabilities. Incidentally,
Air Force Commanders-in-Chief were being appointed, as a rule, from the
ranks of combat pilots. They knew human capabilities, but it was difficult for
them to get a sense of the scale of space systems.

“The ‘Americanese’ don't hesitate to say that the master of space will be
the master of the world,” continued S. P> “They have greater opportunities
than we do. We are poorer, and therefore our leaders, especially the military,
must be wiser.”

S. P expressed these thoughts as if verifying his reasoning to justify his
demand to “give back 800 kilograms.” Now, in his opinion, I knew every-
thing and I understood everything, and by hook or by crook I must bring
the weight reports down by 800 kilograms in the design materials. It turned

11. Chelomey proposed an alternative plan for a piloted lunar landing using the heavy-lift
UR-700 launch vehicle.

12. The new Ministry of General Machine Building (MOM) was established in March
1965, soon after this conversation, to manage the Soviet missile and space programs.

13. “Uncle Mitya” (dyadya Mitya) was the nickname for then-chairman of the Supreme
Council of the National Economy (VSNKh) of the USSR Council of Ministers, Dmitriy
Fedorovich Ustinov.

14. This is a reference to the domination of Soviet space activities by artillery (i.e., infantry)
officers since the formation of the Strategic Rocket Forces under the command of Marshal
Mitrofan Ivanovich Nedelin (1902—-1960) in 1959.

15. Korolev is paraphrasing a comment by then-President Lyndon B. Johnson that “whoever
controlled ‘the high ground’ of space would control the world.”
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out that he wanted to get 800 kilograms less than the limit stipulated in
Bushuyev’s design materials! This was completely unrealistic. But I wasn’t
about to argue. I knew that S. P. was “padding” his request. Feigning annoy-
ance, he said that because of such obstinate people as Voskresenskiy and me,
in our current situation they might cut back appropriations for the N-1.
Then the “Americanese” would certainly pass us. They are getting billions
for the Saturn V. The president is monitoring the program personally, while
our program is divided between aviation, rockets, and agriculture. Now, after
Nikita, Brezhnev is going to support Yangel. The Ukraine has a stranglehold
on this Central Committee Presidium.®

Here, I remember saying that perhaps this was a good thing—Pilyugin
wouldn’t be able to cope with the N-1 without the Kharkov instrumentation
group, and we also had the Kievpribor Factory working for us in Kiev."” We
would also have a difficult time without its help. As for Yangel, I reminded
Korolev of the quip the military officers had come up with: “Korolev works
for TASS, Chelomey’s [work] goes down the toilet, and Yangels is for us.”

S. P had already heard this aphorism, but it clearly offended him to hear it
repeated. His mood darkened. His facial expression, the glint in his eyes, and
the position of his head always betrayed Korolev’s mood and state of mind.
He did not have Glushko’s ability to maintain a completely impenetrable and
imperturbable appearance regardless of his inner state.

“What stupidity,” said Korolev, “and military men from Dnepropetrovsk
[where Yangel’s design bureau was located] started it. And they've got no grounds
to poke fun at Chelomey. He’s got Myasishchev’s magnificent aviation designers
and an aviation factory with production culture the likes of which Dnepropetrovsk
has never dreamed."® That’s precisely where Chelomey’s main strength lies, rather
than any special relationship he has with Nikita Sergeyevich.”

When Korolev mentioned the factory, I couldn’t restrain myself and boasted:
“The factory in Fili set me up in life and even provided me with a wife.”"’

16. Chertok is referring to the coterie of people surrounding Brezhnev who were either
from Ukraine or worked there and who later came to dominate Soviet Party and government
positions during the Brezhnev era. Yangel’s design bureau, OKB-586 (now KB Yuzhnoye), and
its associated factory are located in Dnepropetrovsk, Ukraine.

17. Kharkov and Kiev are major cities in Ukraine.

18. Chelomey’s OKB-52 acquired a number of important branches in the early 1960s. The
most important was Branch No. 1, a design bureau previously known as OKB-23 and headed
for nearly a decade by the famous Soviet aviation designer Vladimir Mikhaylovich Myasishchev
(1902-1978).

19. The “factory in Fili” is a reference to the M. V. Khrunichev Factory (ZIKh) colocated
with OKB-52’s Branch No. 1 located in the Moscow suburb of Fili.
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“Did your Katya really work there, t00?”

“Yes, all my personnel forms mention that.”

“I haven’t studied your personnel forms, but don’t forget to say hi to Katya
for me.”

After that little breather, Korolev returned to his thoughts about Chelomey’s
projects.

“Now that they've given Nikita the boot, officials whom Chelomey has
really annoyed have decided to show him who’s boss. Ustinov and Smirnov
talked Keldysh into heading a commission to investigate the work of OKB-52.
I advised him not to, but he consented. Look what’s happening. Keldysh is
chairman of the expert commission on the N-1, he was chairman of the com-
mission on Yangel’s combat missiles, and now he has been assigned the role of
inspector over all of Chelomey’s work. He has taken on a very large responsi-
bility. It will be interesting to see how he will act with the circumlunar flight
project using the UR-500.%° After all, the deadline for that was just recently
set for the first quarter of 1967. God willing, the rocket will fly for the first
time in a year, and in two years they’re already planning a piloted circumlunar
flight. T think that we should join forces with regard to the vehicle, rather
than fritter away our strength. Now, since we're soon going to be in the same
ministry, maybe we can make some arrangement. In any event, I gave Kostya
[Bushuyev] the assignment to look into whether it would be possible to adapt
a 7K from a Soyuz [launch vehicle] to a UR-500 launcher. After all, honestly,
I am not very convinced that your beloved Mnatsakanyan will make a system
that will go through three dockings in a row without a hitch.”*!

“Sergey Pavlovich! According to information from our ‘fifth column,
Chelomey hasn’t really gotten moving on the vehicle yet, while our landing on
the Moon is set for a year after the circumlunar flight, and we have to make
not just one, but two completely new vehicles.”

“That’s why you have to give me back 800 kilograms,” he said very sternly.

Suddenly Korolev brightened up.

“Butsstill, Yangel is doing a great job. I honestly didn't expect that he would
voluntarily shut down his R-56 project and agree to make Block Ye for us. You

20. Chelomey’s circumlunar program involved the use of a three-stage UR-500 rocket and
the LK-1 spacecraft.

21. This is a reference to OKB-1’s original circumlunar program, which involved a 7K crewed
spacecraft, several orbital propellant tankers, and a translunar stage. This early plan involved
at least three dockings in a row in Earth orbit before the crew headed to the Moon. Armen
Sergeyevich Mnatsakanyan (1918-1992) was a chief designer at NII-648 where he oversaw the
development of Soviet orbital rendezvous systems.
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and Pilyugin must quickly decide who will provide the baseline control data
so that Yangel’s work will under no circumstances be delayed.”

“Right before you arrived I broke up a big free-for-all here in my office
having to do with the allocation of projects between us and Pilyugin. Everything
worked out fine regarding the launch vehicle, but when it came to the vehicles,
especially the LK, there were heated debates. We still haven’t come to an agree-
ment as to who will make the integrated test rigs.”

At the mention of the test rigs, Korolev once again started talking about
Voskresenskiy. He was outraged with Leonid’s behavior regarding the construc-
tion of a test rig for full-scale firing tests of the N-1’s first stage. The rough
estimates that Voskresenskiy made with the assistance of the design institute
and NII-229 in Zagorsk showed that the production of this rig would cost
a hundred million and would take at least three to four years. At least a year
would be spent in the coordination and design process. As a result, no testing
would begin before 1968. And here’s another question: where would it be
built? If we built it in Tyuratam, the primary construction of the large MIK
and launch site were still in their embryonic stages there. There were enough
funds for materials, and that’s precisely the excuse the military builders were
using for their own falling behind.

“I paid a special visit to Dymshits,” continued Korolev, “to discuss fund-
ing.”> He is, you know, deputy chairman of the Council of Ministers and
chief of Gossnab.” 1 thought he could do anything. Ustinov himself advised
me to meet with him. Ustinov said, ‘In such cases personal contacts are more
reliable than decrees.””

“So what happened?”

“The meeting went just fine. He inquired about the N-1 in great detail.
It’s true, he didn’t understand why we or the Americans needed to fly to the
Moon so urgently. Dymshits is a smart but very tired Jew. He miraculously
survived under Stalin and supported Khrushchev’s idea about councils of
national economy (Sovnarkhozy). Now they were eliminating them and restor-
ing complete centralization of control and supply only from Moscow. There
were once again shakeups at Gossnab and Gosplan, reconsiderations of the
allocation of appropriations and funds, and everyone tried to grab the biggest

22. Veniamin Emmanuilovich Dymshits (1910-1993) was a deputy chairman of the USSR
Council of Ministers from 1962 to 1985 and chairman of the USSR Sovnarkhoz from 1962 to 1965.

23. Gossnab— Gosudarstvennyy komitet po materialno-tekhnicheskomu snabzheniyu (State
Committee for Logistics). Dymshits served as chairman of Gossnab from 1965 to 1976. Gossnab’s
primary duty was to provide logistical support to ensure proper functioning of the Soviet economy
(distributing products to Soviet consumers, supporting interindustry communications, etc.).
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piece of the pie. They hinted to Dymshits that he had given way too much
to the rocket specialists and it was time to restore ship building and aviation
after the toll Khrushchev had taken on them.”*

As he told me about his meeting with Dymshits, Korolev looked at me
searchingly and suddenly recalled the 1953 “Doctors’ Plot.” For the first time,
S. P. confessed that back then he had had a great deal of trouble defending me
against the personnel officers who were getting out of hand, especially since
he too was still somewhat tainted.?

“Even Ustinov, who knew you well, said that he would help, but if they
put any more pressure on him, he was not omnipotent. Then there was a call
on the ‘Kremlin line.” Boris, you can’t even guess who called, and I'll never tell
you. Among other things, this person told me that I shouldn’t worry about
you. Nobody’s going to touch you. I'm telling you this 11 years after the fact,
but who called—that I won’t tell you.”

To this day I haven’t unraveled the mystery and I haven’t confided with
anyone on this subject. The circumstances were too convoluted and compli-
cated in the upper echelons of power. But that is a completely different subject.

S. P never hinted to anyone and never implied that he required some sort
of reciprocity for his good deeds. All he required was work with full commit-
ment, enthusiasm, and decency. S. P. had a knack for discerning and appre-
ciating honest and decent people. He drew people to himself based on their
professional qualities, and in his inner circle he appreciated this same cultured
integrity. At one time it seemed to me that Voskresenskiy was more a kindred
spirit to him than the other deputies. Actually, S. P. appreciated Leonid not
just for his exceptional qualities as an investigative tester. He loved him as a
man of integrity and a comrade with whom he could “scout around.” And all
of a sudden, Leonid comes out publicly against the N-1 program of operations
that Korolev had approved.

During one of our evening strolls along 3rd Ostankinskaya Street,
Voskresenskiy joined Bushuyev and me. Leonid was genuinely surprised by
the stance that all of us deputy chiefs had taken. He took Korolev’s rejection

24. During Khrushchev’s time, the aviation industry was slighted in favor of massive invest-
ment into the missile industry. A number of major aviation industry enterprises were either
closed down or redirected to work on missiles.

25. The “Doctors’ Plot” was orchestrated by Stalin in 1953 to blame nine doctors, six of
them Jewish, for planning to poison the Soviet leadership. Their arrest was a pretext for the
future persecution of Jews in the Soviet Union. Fortunately, after Stalin’s death in March 1953,
all the accused were released.

26. Because Chertok is Jewish, Korolev was under pressure to marginalize Chertok in the
institutional work at NII-88, a pressure he tried to resist.
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(with Mishin’s active support) of the construction of a full-scale firing test
rig so personally that during this evening stroll that’s all he would talk about.
Leonid, who had quite recently recovered from a heart attack, appealed to my
experience, conscience, and common sense, saying that if the decision on the
test rig failed to come through, he would no longer be on good terms with
Korolev. He was prepared to go on fishing trips and mushroom hunts with
us, but he would refuse to be involved in N-1 projects.

Since Korolev started the conversation about Voskresenskiy, already know-
ing about their damaged relationship, I changed the subject to the monitoring,
diagnostics, and engine shutdown system (KORD). The development of this
system had forced my comrades and me to delve into the state of affairs with
Kuznetsov’s new engines. I expressed my misgivings to Korolev regarding the
deadlines for the experimental testing of the entire KORD system for the
simple reason that the very hardware that we were supposed to be performing
diagnostics on and save from a catastrophic explosion was still so unreliable
that it was difficult to select a stable parameter for diagnostics. We were firmly
convinced that the KORD system, on the whole, needed to be a lot more reli-
able than each individual engine, especially all 30 on the first stage.

“In this sense,” I said, “conducting firing rig tests on the entire fully-
assembled first stage is a better way to verify and confirm reliability.”

I tried to start my pitch in favor of the test rig, but S. P. once again scowled,
and his mood darkened. “You and Leonid think that I don’t understand the
rig’s benefits. Don't defend Leonid! I asked you to give up 800 kilograms, and
don’t bring up the issue of the test rig. We can't pose that question now, we don’t
have the right to, if we want to produce the N-1. You all want to be squeaky
clean, you demand rigs, experimental testing, reliability, but I, Korolev, dont
allow you this! Look, we’re putting in equipment for the manufacture of the
second and third stages at Tabakov’s facility in Zagorsk. After modifying the
existing rigs, they can be tested there. It’s unrealistic to build a test rig for the
first stage.”

I was afraid that now our calm conversation would fall apart, S. P. would
stand up and leave. Despite this danger, I nevertheless took a chance and insisted
that S. P pay some attention to the status of the KORD system’s development.
He promised to have a word with Kuznetsov about the final proposals for the
diagnostics program very soon.

“I just ask that you make sure, Sergey Pavlovich, that when any emergency
condition is determined, we will need 4 to 5 hundredths of a second to shut
down the engine along with Pilyugin’s control system. If the engine is going
to explode in thousandths of a second, there’s nothing we can do.”

Korolev smiled sadly. He was well aware of the state of affairs with the
experimental testing of engines at Kuznetsov’s facility. I had heard fragmentary

111



Rockets and People: The Moon Race

information from our engine specialists and KORD system experts that the
engine was going through its phase of childhood diseases. The Kuybyshev
developers had no experience with liquid-propellant rocket engines. They
were just learning and were still far from the level of the Khimki specialists.*”

Without a pause the conversation switched to the current Ye-6 program:
a soft landing on the Moon.

“How are things with Morachevskiy on the next Ye-62” asked Korolev.”®

I was ready to roll on this subject and wanted to explain in detail about
our efforts and the progress on this project, but once again S. P. stopped me.

“We absolutely must not let the Americans make the first soft landing.
Look what’s happening: we have already conducted five launches and only
reached the Moon once. Your beloved astronavigation didn't help us out. By
the way, what’s going on with Lisovich and those nice ‘star’ ladies who worked
in his shop?”*

I told him everything that I knew about them, jumping on the chance to
remind S. P. that he had inquired about these ladies back in 1949 and now
they were 15 years older. And then I started to justify myself: “The Americans
have also had five failures with their Rangers and it wasn't until their seventh
launch that they obtained an image of the lunar surface.”® And they aren’t
planning a soft landing until October 1965 with the Surveyor.”!

“If we work like that,” countered S. P, “then in 1966 our soft landing will
fail too. Keep in mind, from now on, I am not about to forgive you for an
astronavigation failure. Any day now, Keldysh is getting ready to hear in his
Council once again about the state of affairs on the Moon, Mars, and Venus
projects.”” I am arranging for you or Kostya [Bushuyev] to report.”

27. Kuznetsov’s OKB-276 was located in Kuybyshev while Glushko’s OKB-456 was located
in Khimki.

28. Valentin Leonidovich Morachevskiy led the development of stellar navigation systems
for Soviet spacecraft.

29. For details on these lunar launches, see Chertok, Rockets and Peaple, Vol. III, Chapters
13 and 14. Izrael Meyerovich Lisovich was involved in the development of stellar navigation
systems.

30. Ranger was a NASA program designed to obtain close images of the lunar surface as
the probes plummeted down from altitude. Ranger 7 returned the first images in July 1964.

31. NASA’s robotic Surveyor I accomplished the first successful U.S. soft landing on the
Moon on 2 June 1966.

32. This is a reference to the Interdepartmental Scientific-Technical Council on Space
Research (Mezhvedomstvennyy nauchno-tekhnicheskiy sovet po kosmicheskim issledovaniyam,
MNTS-KI), an interagency body attached to the Presidium of the USSR Academy of Sciences,
which directed the future research agenda of Soviet space science research.
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“I'll report, but there is a reason why our people are losing enthusiasm
for the Ye-6 and MV. If we transfer all the work to Babakin next year, then
naturally the main incentive disappears—the prospect of being involved with
this achievement.”® All our people will have left will be the failed launches.”

S. P. retorted that the point of honor for us was to ensure a soft landing
ourselves and as soon as possible. “Let Babakin continue to work on other
automatic spacecraft. Mars and Venus are programs that will go on for many
years. People need to understand that. After the Moon, we'll need to use the
N-1 to insert heavy automatic spacecraft in orbit toward Mars and Venus, and
beyond. And what about the TMK—the Heavy Interplanetary Ship?** Do you
really think that has no prospects? We can't manage it all. Lavochkin’s factory
is going to transfer into our new ministry; let it develop these projects to the
full extent of its capacity.”®

“I like Babakin. You've been on friendly terms with him for a long time; you're
not about to hide anything from him. Keep in mind, I know that too. Explain
everything to the people. They will understand,” said S. P. as consolation to me.

Then we once again talked about the reliability of the Ye-6 and the dates for
the upcoming launch. S. P. said that he personally would travel to Simferopol
as soon as there appeared to be hope for a soft landing.*

Korolev was right on the verge of leaving when it seemed something
occurred to him and he said: “Keldysh telephoned me. He wants to hear the
state of affairs with the L3 control system one more time in the expert com-
mission. I told him that I wouldn’t be able to be there. You and Kostya go.
I've already told Pilyugin about it; he’s not about to complain about us. Don't
you stir anything up. It’s very important now for us to show that there are no
disagreements and everything should work out. Keep in mind there are “friends”
who are just waiting for an opportunity to bark that all our work is coming
apart at the seams. Incidentally, Keldysh is now in over his head. His task is
to make sure that the Academy of Sciences comes to no harm under the new
[Brezhnev] regime. He had a smooth-running relationship with Khrushchev.
Nikita even forgave Keldysh for exposing Lysenko and for the failure of his best

33. Georgiy Nikolayevich Babakin (1914-1971) was appointed chief designer of the
Lavochkin Design Bureau in 1965 and, soon after, inherited all lunar and interplanetary pro-
grams from Korolev’s OKB-1.

34. In the early 1960s, Korolev’s designers devoted significant resources to studying piloted
interplanetary spacecraft. These concepts were generically known as the TMK.

35. Here, the new ministry in question was the Ministry of General Machine Building,
established in March 1965.

36. A major deep space tracking station known as NIP-10 was located at Simferopol in
Crimea. The early Soviet lunar and deep space probes were tracked from here.
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friend—Nuzhdin—to enter the Academy during the most recent elections.
Keldysh had the courage to listen to Sakharov rather than Khrushchev, who
asked him not to offend Lysenko.”” Now Keldysh is complaining that in the
new Politburo he doesnt understand very well with whom he is dealing. So
don’t worry, for the time being Keldysh doesn't have time for us!”

These were Korolev’s parting words on that very long day. S. P smiled
almost imperceptibly, struggled to get up from the deep armchair, and went
out into the reception room. Remembering Zoya Grigoryevna’s warning, I
did not see him out. As soon as Korolev’s ZIS pulled away, everyone whom I
had asked to leave before the meeting crowded back into my office. Having
patiently waited for more than 2 hours, my comrades demanded that I give
them a report.

As 1 wAs EDITING THIS CHAPTER for the new edition of my memoirs, I
recalled the words of Yuriy Mozzhorin, which he managed to tell me in 1996
after that year’s Korolev Lectures.*®

“You described Korolev as if you, his deputies, knew about the flaws and
unreliability of the N1-L3 design, and he, Korolev, stubbornly refused to look
into it. As director of NII-88 at that time, at the personal request of Uncle Mitya
[Ustinov], I tried to gain an under-
standing of all the lunar problems,
including what motivated people,
on whom much depended, in their
attitude toward the Moon. I was
convinced that Korolev, perhaps

Boris Chertok and A. K. Medvedeva,
the scientific secretary of the Korolev
Readings.

From the author's archives.

37. This is a reference to the Trofim Denisovich Lysenko (1898-1976), the infamous Soviet
agronomist whose ideologically driven vendetta against Soviet geneticists in the late 1940s gravely
and deleteriously affected the state of Soviet science. The careers of many Soviet biologists were
destroyed as a result. Khrushchev was sympathetic to Lysenko’s idiosyncratic scientific theories,
and his ideas were only officially discredited after Khrushchev’s fall in 1964. Keldysh was one of
the leading opponents of “Lysenkoism” in the Academy of Sciences. Nikolay Ivanovich Nuzhdin
was a protégé of Lysenko whose candidacy for full membership of the Academy was opposed
by many of the leading lights of Soviet science including Academician Andrey Dmitriyevich
Sakharov (1921-1989), the physicist considered the “father” of the Soviet hydrogen bomb.

38. The “Korolev Lectures,” officially known as the “Academic Readings on Cosmonautics,
Dedicated to the Memory of Academician S. P. Korolev and Other Prominent Native Scientist-
Pioneers in the Mastery of Cosmic Space.” Sponsored by the Russian Academy of Sciences, they
are held each year in late January and early February.
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better than we, felt and understood the general situation. Those 800 kilo-
grams that he demanded from you were a test of your loyalty to his policy. He
needed a super-heavy-lift launch vehicle and as soon as possible. Even if we
didn’t fulfill the mission in a one-launch version, then at least we were testing
out the launch vehicle. And then we could come out with new robust proposals

for the Moon and Mars.”

115






Chapter 5

N1-L3 Control

We always had heated debates centered around the assignment and super-
vision of work concerning motion control, electronic systems, and radio sys-
tems. My comrades at work were split into two camps. The most aggressive
enthusiasts had already experienced the joy of creative satisfaction during the
independent development of systems for robotic spacecraft and Vostoks. The
successes of the first years of the Space Age gave my closest colleagues courage
and confidence in their strengths and capabilities.
Why farm out interesting work, they asked, if we
understand better than others what needs to be
done and how to do it? It’s easier to do it ourselves
than to explain what we want to a new person at
an outside firm.

These enthusiasts included department chiefs
Viktor Legostayev, Yevgeniy Bashkin, Oleg Babkov,
Yuriy Karpov, and Petr Kupriyanchik. They had not
only experienced the pangs of creation, but had
also tasted the first fruits of secret celebrity. Those
who stood closer to the problems of the launch
vehicle—Viktor Kalashnikov, Oleg Voropayev, From the author's archives.
Leonid Alekseyev, Lev Vilnitskiy, and Viktor Petr Kupriyanchi!( was
Kuzmin—held the “pro-Pilyugin” position. They $ department chief at

i sKBEM who worked
felt we needed to have a share-and-share-alike rela- | 1o/ Chertok on the
tionship with Nikolay Pilyugin’s firm and with all  gesign of spacecraft
others we might be able to recruit.’ control systems.

1. Chertok is referring here to the distribution of responsibility in the development of control
systems. Pilyugin’s firm, known as the Scientific-Research Institute of Automatics and Instrument
Building (NIIAP), was responsible for guidance and control systems for the majority of Soviet
ground-based long-range ballistic missiles and space launch vehicles, but Chertok’s department
at OKB-1 had a significant role in the evolution of such systems, especially for Soviet spacecraft.
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I felt particularly strong pressure from the design departments and the
factory. They were overloaded with routine work on Mars, Venera, and Ye-6
systems; R-9, RT-1, RT-2, and GR combat missiles; and piloted vehicles. In
the shops of the instrument factory, hundreds of sophisticated instruments,
antenna-feeder units, control surface actuators, and thousands of cables of
every description were being manufactured simultaneously.

Korolev often intervened in our disputes. He didn't dampen the enthusi-
asm of the most aggressively disposed portion of my staff, who sought to seize
everything they could, but he did convince them that one cannot do everything.
Pilyugin and his powerful staff should be used to the greatest extent possible
rather than pushed away. This was his imperative demand, which he expressed
to Boris Rauschenbach and me in the form of an ultimatum.?

Finally, as 1964 was drawing to a close, a distribution of work assignments
for N1-L3 was devised, which for the most part continued throughout the next
decade of the program’s existence. Pilyugin was the head chief designer of the
N-1 launch vehicle control system. A government decree put this in writing.
My complex [at OKB-1] was given responsibility for assembling all the baseline
data needed to develop the control system and handing it over to Pilyugin.’
The baseline data on aerodynamics and gas dynamics, mass and inertial loads,
centers of gravity, external disturbances, necessary control moments, the effect
of liquids in the tanks, structural flexibility, engine characteristics, and many
other parameters of a large rocket system needed to be converted into a system
of differential equations. Voropayev’s department was responsible for this
mental processing. The multivolume calculations that were modestly referred
to as the launch vehicle’s mathematical model could only be performed using
computers that had only just begun to appear in our computer center. Back
then, the first computers were distributed by government decision. Korolev
and Mishin personally, wherever they could, pushed through decisions on
the procurement of computers for OKB-1. The leadership of the computer
center was entrusted to the “chief ballistics expert”—Svyastoslav “Svet” Lavrov.
Junior engineer Vladimir Stepanov was in charge of bringing the first computer
“monsters” on line and servicing them.

Thanks to the initiative and perseverance of Vladilen Finogeyev, head of
the integrated department at NIIAP—as Pilyugin’s new organization split off

2. Rauschenbach was the chief of the control systems department (subordinate to Chertok)
at OKB-1.

3. Thematic divisions within OKB-1 were known as “complexes.” In 1966, OKB-1 had
at least 10 complexes, each headed by a deputy chief designer. Chertok headed Complex 3,
which was responsible for control systems.
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From the author's archives.

Shown here are the developers of the control system for the N-1 at Pilyugin's
organization (NIIAP): B. P. Tkachey, V. I. Nikiforenko, A. V. Skripitsyn, V. P.
Finogeyev, and V. M. Bessonov.

from NII-885 was then called—in two years they rolled out the integrated stand
for the N-1 launch vehicle control system. A web of cables interconnected the
hundreds of different-caliber instruments for all the systems installed on the
launch vehicle. That’s how the working model of the full control system looked.

In the launch vehicle control system, I was responsible for developing all
the drives for Kuznetsov’s engines that controlled thrust and for all the types of
control surface actuators that might be needed for any of the stages and lunar
vehicles. Andronik losifyan’s firm developed the on-board 5-kilowatt power
plant for all the launch vehicle’s electrical systems.* Iosifyan and his deputy,
Nikolay Sheremetyevskiy, very actively promoted this new idea. They under-
took the development of the turbo generator, which would replace the set of
heavy storage batteries. Arkhip Lyulka designed the high-speed turbine for it.

The reliability prediction specialists were filled with superstitious fear at
the thought of 36 engines on the launch vehicle’s three stages. They were com-
pletely crushed when the proposal to install six 70re engines on Block A [first

4. This firm was the All-Union Scientific-Research Institute of Electromechanics (VNIIEM).
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stage] came out. The statistics of the last few years showed that even among
the well-tested engines of missiles that had been put into service, the frequency
of failures caused by propulsion systems was at least two per 100 launches.
Now they would have to figure the reliability for the N-1 with 42 engines.
Consequently, for the N-1 there would certainly be at least one failure every two
launches. To protect against the catastrophic consequences of engine failures,
back in 1960 the decision was made to develop a system that monitored engine
operation, performed diagnostics, and shut down the engine when signs of an
emergency situation arose. We called it KORD (Engine Operation Monitoring
[System]). Pilyugin refused to develop it for understandable reasons: “We are
not engine specialists and we can’t be responsible for the failure of a liquid-
propellant engine. God forbid that we shut down dozens of good engines and
send the rocket flying abroad.”

Once again Korolev gave me an ultimatum: “If you can’t persuade Pilyugin
and can’t find another reliable contractor—develop KORD yourself.”

I assembled my “small council of small chiefs,” as Kalashnikov joked, and
we ascertained by a poll that there were “no fools” as far as we could see and we
would have to make this system ourselves. I put Kalashnikov in charge of devel-
opment and assigned the electrical and circuitry problems to Viktor Kuzmin’s
department and the construction of instruments to Semyon Chizhikov’s and
Ivan Zverev’s departments. Nikolay Kuznetsov’s engine specialists specified the
emergency criteria. And, working with these criteria, it was up to us to develop
sensors and electrical instruments that would process information and manage
to shut down the engine before an explosion occurred, inevitably resulting in
a fire and loss of the rocket. The task of selecting the emergency criteria in this
system proved to be complicated and very contentious. A special laboratory
was set up to develop the KORD system, whose chief Yuriy Kunavin and a
small number of young colleagues bore such an important responsibility for
the fate of the N-1 that we felt it “ponderously, crudely, and tangibly” on the
very first launch.’

We once again realized that even under the most favorable conditions,
subcontracting organizations do not want to develop emergency systems. It
was that way with the emergency missile destruction (APR) and emergency
spacecraft destruction (APO) systems, the emergency rescue system (SAS) and
emergency landing system, and now with the KORD system.® If the emergency

5. The phrase in quotes is a reference to a 1930 poem (“At the Top of My Voice”) by
famous Russian poet and playwright Vladimir Vladimirovich Mayakovskiy (1893-1930).
6. APR—Avariynyy podryv rakety; APO—-Avariynyy podryv kosmicheskikh obyektov; SAS—

Sistema avariynogo spaseniya.
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system performed its task properly, then no one would say thank you, because
thanks are not in order for an accident. And if the emergency system were to
be erroneously activated, then there would be hell to pay—the system itself
might cause the destruction of a rocket or a spacecraft. I can remember at least
two such tragic events—the failure during the attempted launch of the first
Soyuz on 16 December 1966 and the failure of the first N-1 rocket.” I shall
tell about the latter event later on.

When it came to the very complex problems of controlling the flight of
the L3 lunar vehicle, which consisted of rocket Blocks G and D and the LOK
and LK spacecraft, it turned out that my staff received a sizable portion of the
work. My comrades grumbled that our branch was doing the lion’s share of
the total volume of control work for the entire lunar complex, while according
to the decrees, Pilyugin’s staff was considered to be the head team. I countered
such conversations by suggesting that anyone who wasn’t satisfied with the work
assignments could transfer from Chief Designer Korolev to Chief Designer
Pilyugin. I must say that I found no takers.

Vladilen Finogeyev and Mikhail Khitrik were quite helpful to me in coor-
dinating the work assignments. Formalism and the bureaucratic approach were
foreign to these two absolutely outstanding engineers, very decent men, and
future deputies of Pilyugin.® They talked Pilyugin into taking on as much of
the work as possible. Their efforts paved the way for us to work jointly in har-
mony, without any serious conflicts. They proposed an arrangement in which
NIIAP developed the L3 complex control system for the flight segments during
which the engines of Blocks G, D, Ye, and I were in operation; the automatic
control equipment for propulsion systems; and the means to maintain control
during the braking maneuvers to leave lunar orbit and decrease velocity for
the descent segment. They also took on control of the automatic soft landing,
control of the LK during liftoff from the lunar surface and insertion into lunar
orbit in the vicinity of the LOK, and a system to control descent during return
to Earth at reentry velocity.

We still backed up the automatic lunar landing system with manual con-
trol. Rauschenbach solved this problem very cleverly on paper and in graphic
models. Legostayev and Khitrik coordinated the automatic and manual dynam-
ics, while Savchenko invented the optics needed to select a landing site on the
surface of the Moon.

7. For ChertoK’s account of the second (and aborted) attempt to launch a Soyuz spaceship
in December 1966, see Chertok, Rockets and People, Vol. I1I, pp. 607-618.

8. Vladilen Petrovich Finogeyev (1928-) would later go on to serve as deputy minister
of the defense industry between 1970 and 1981.
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From the author's archives.

The theory of the motion control system of the N-1 rocket was developed by
scientists at NIIAP: A. G. Glazkov (left) and M. S. Khitrik.

The distribution of responsibilities among the radio firms was relatively
easy. The fierce struggle between the Kontakt (Contact) and Igla (Needle)
rendezvous radio systems for a spot in the lunar program continued for several
years. It clearly convinced us of the benefit of healthy competition even under
conditions of strictly centralized planning. It is difficult to say what the fate of
the Kontakt system would have been if our lunar program had been successfully
implemented. The small staff that took on this project at OKB MEI under the
supervision of radio enthusiast Petr Kriss demonstrated infinite capabilities in
inventing new technical systems using old principles of radio physics.

For some time the fate of the main sources of electrical power for the
lunar vehicles remained unclear. The option of using fuel cells (TE) or electro-
chemical generators (EKhG) started to be aggressively “promoted.” Nikolay
Lidorenko (of VNIIT) proposed his option first. At OKB-1, in view of the
complexity of the problem of oxygen and hydrogen supplies, we entrusted
Viktor Ovchinnikov’s team, which was experienced in cryogenic technology
and hydraulic automatic equipment, to oversee these orders and to develop a
pneumohydraulic system. Along the way, the projects changed hands among

9. TE—Toplivnyy element; EKhG—Elektrokhimicheskiy generator.
10. VNIIT— Vsesoyuznyy nauchno-issledovatelskiy institut istochnikov toka (All-Union
Scientific-Research Institute of Current Sources).
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three EKhG development firms, until finally one of the atomic energy enter-
prises in the Urals found a brilliant solution to this problem.!

It wasn’t until February 1965 that the VPK authorized the ministries to
develop and coordinate a plan for the production of the L3 lunar system. The
date of August 1965 was set for the draft plan as a whole. As for the schedule
for the development and manufacture of the L3 complex, the VPK did not
approve it in 1965 or in 19606.

Unlike conventional plans, where the design documentation is released
before the working documentation, in planning the N1-L3 production sched-
ule, the development of the draft plan for the system as a whole was scheduled
for completion in August 1965, and the working documentation—in April
through June 1965."2 This meant that we would prepare and issue the baseline
data to our designers and subcontracting organizations before the release of
the multivolume draft plan. The date for the manufacture of the experimental
units, the first models of the systems, and the mockups and engineering models
of the launch vehicle was the second quarter of 1966. “All of 1966 was set
aside for the experimental development of the engines, new blocks, systems,
and vehicles. The schedule also called for flight development testing (LKI) of
the N1-L3 complex in 1966.

Intelligent people worked in the offices of the VPK. They understood
full well that the proposed document contained a lot of “phony” dates, and
not wanting to put their own superiors on the spot, they were in no hurry to
present the plan schedule for approval.

Throughout 1965, I had to meet more often than usual with Pilyugin,
his deputies, and leading specialists. NIIAP developed the control system for
the N-1 launch vehicle more quickly than the others. For them, however,
as for the many other organizations involved, the development was one of a
kind. Pilyugin demanded from his developers that the main criterion for the
development of the system must be reliability, regardless of OKB-1’s “hyster-
ics” regarding weight. Wherever possible, there must be triple redundancy!

The N-1’s triple-redundant flight control system had three gyrostabilized
platforms, nine longitudinal accelerometers (instead of three), and 18 normal

11. This organization was the Ural Electrochemical Combine.

12. In the typical sequence of events in the Soviet R&D system, weapons makers first
issued a multivolume “draft plan” that represented the most complete design specification for
the vehicle. This was followed by the issuance of “design documentation” (detailed schematics of
each element of the system) followed by the “working documentation” (which allows engineers,
technicians, and workers to begin to produce an experimental model of the vehicle). Chertok is
noting that, in the case of N1-L3, the actual design of the vehicle wasn't finished before rushing
ahead to the stage of prototype manufacture.
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stabilization and lateral stabilization accelerators (NS-BS), in addition to three
on-board digital computers with peripheral devices and code-analog and analog-
code converters.'? All of the command and measurement circuitry operated on
the “two out of three” voting principle. Due to the very heavy vibro-acoustic
and temperature loads anticipated in the area of the launch vehicle’s propul-
sion system, the automatic control equipment for each engine had additional
backup. In this case, the entire cable network had redundancy, and in addition,
the most crucial circuit nodes also had part-by-part redundancy. The total
number of instruments developed by NIIAP alone exceeded 200, while the
mass of the cable network, according to various data, ranged from 3 to 5 tons.

Pilyugin loved to boast about the scope of work on the launch vehicle
control system: “We have to manufacture all of this almost simultaneously—for
the integrated stand, for type tests, for the first engineering model of the rocket,
and for the first flight model. Over the course of a year, just for the N-1 (not
counting all the other orders) I have to manufacture more than 2,000 new
instruments. My factory does not have the capacity for this. But others will
not take it up because there is still no tried-and-true documentation. But I'm
not about to be the first to raise a ruckus about it. We will not be last. We'll
see how you meet your deadlines with the new engines and who debugs their
part quicker.”

These were the sorts of conversations that went on about the launch vehicle.
And designers and the factory still had to manufacture the equipment for the
lunar vehicles as soon as possible. As Roman Turkov, the director of our fac-
tory, loved to say in 1965, “We haven't gotten in gear yet.”!*

When some new idea captivated Pilyugin, he could talk about it glowingly
and at great length, disregarding the fact that we had come over with the tough
assignment of coordinating dozens of designs.

Pilyugin telephoned to have them bring him the “latest thing” in gyroscopic
technology—the floating angular rate sensor. “The weight and dimensions
of Vitya Kuznetsov’s platforms are going to sink us all! Look here, we made
everything on floats and it’s all half the size and weighs half as much.”

Indeed, during the period from 1965 to 1967, NIIAP began to indepen-
dently develop and manufacture gyrostabilized platforms and accelerometers—
sensitive instruments for measuring accelerations. Despite the government
decree, at Pilyugin’s initiative, NIIAP’s gyro platforms were installed on the

13. NS-BS—Normalnaya stabilizatsiya-Bokovaya stabilizatsiya.
14. Roman Anisimovich Turkov (1901-1975) served as director of OKB-1’s experimental
production facility until 1966.
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N-1 (and later on the L3) rather than those platforms produced at Viktor
Kuznetsov’s NI1-944. This added fuel to the fire of disagreement over technical
matters between Pilyugin and Kuznetsov. My comrades and I had to observe
a strict “benevolent” neutrality. Kuznetsov’s gyroscopic instruments were not
only installed on all of our previous rockets and spacecraft, but they had already
been developed for a new spacecraft—the Soyuzes.

During the second half of 1965, my comrades and I visited NIIAP almost
every week to coordinate dozens of technical issues. Sipping tea and munching
on biscuits in Pilyugin’s office, we arrived at the off-the-record conclusion that
if the engines were ready, then we could still somehow manage to launch the
launch vehicle in 1968, but the LOK and LK—no way! The conversations
once again returned to the volume of production work and burdening of the
factories. We often departed from the hospitable Nikolay Alekseyevich without
having reached any sort of agreement, but with promises from both sides “to
think about it for another week, and then give each other a phone call.”

THE WEIGHT OF THE N-I CONTROL SYSTEM was a major issue of discus-
sion in late 1965. On Monday, 20 December 1965, Pilyugin telephoned me
on the Kremlin line: “Boris! Come on over. There’s something I need to talk
to you about. Keldysh was interrogating me about the L3 weights. Someone
filled his head with the idea that the weight deficit is greater than what you and
Bushuyev are reporting. He wants to investigate and he’s called for a session of
the expert commission on Wednesday. I telephoned Sergey [Korolev], and he
said that you are going to report about the work assignments and at the same
time, ‘among other things,” about the weights too. I'm only going to report on
my part, and 'm not about to talk about deadlines. That’s the wrong place.”

Nikita Khrushchev, and Leonid Brezhnev after him, considered Academy
of Sciences President Mstislav Keldysh the most competent and objective sci-
entist, standing above departmental interests and personal ambitions. Keldysh’s
authority was so great that they put him in charge of the widest range of
expert commissions—from selecting combat missile systems to measures to
save Lake Baikal.”

As chairman of various expert commissions on rocket-space technology
and of the Interdepartmental Scientific-Technical Council on Space Research,
he was forced to conduct a myriad of closed sessions on this subject, and as

15. In 1971, the Communist Party took firm steps to limit pollution in Lake Baikal, the
world’s oldest and deepest lake. The Party took these steps after much protest by locals and
others who were concerned by pollution largely caused by a nearby pulp and cellulose mill.
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president of the Academy of Sciences, he held public press conferences.'®
Keldysh’s primary workplace was considered to be the president’s office in the
palatial building of the Presidium of the Academy of Sciences at 14 Leninskiy
Prospekt. However, Keldysh held meetings on rocket-space matters in the small
office of the director of the Institute of Applied Mathematics on Miusskaya
Square. This was one of the “secure” institutes. Within its walls one could talk
about top-secret projects. This was forbidden in the Academy Presidium build-
ing because, among other reasons, foreign scientists, foreign delegations, and
the press visited it. Keldysh would arrive at Miusskaya Square in the afternoon,
spending the first very difficult and troublesome half of the day at the Academy
of Sciences on Leninskiy Prospekt. This time he convened the meeting of the
expert commission that Korolev had warned me about when he demanded:
“Give me back 800 kilograms.”

Bushuyev, Rauschenbach, and I arrived a little bit before the appointed
time of three o’clock, and I tacked up a poster displaying information about
the distribution of L3 work assignments. Opening up the expert commission
meeting, Keldysh said: “Korolev authorized Boris Yevseyevich to give us a
report on the distribution of work assignments and on the status of develop-
ments on the L3 systems. The main issue, which disturbs all of us, is weight.
I request that in your report you tell us what is really going on according to
the latest figures.”

I knew full well that you had to get up pretty early to fool Keldysh, but
nevertheless decided to draw out the report so that there would be no time left
for serious discussion of the weight reports. Before our departure Korolev had
instructed Bushuyev and me: “Two dozen curious individuals will be gathered
there. Don't get into a discussion with Keldysh about our weight problems
in front of them—under any circumstances! If it becomes difficult, Kostya
[Bushuyev] must help you out. He didn’t study at a diplomatic school for
nothing.” Korolev did not pass up the opportunity to take a jab at Bushuyeyv,
who had been enticed into diplomatic service before beginning his space career.

I began to talk about the number of systems and the distribution of
responsibility between the main contractors. In the interests of history I shall
cite its main content.

I noted that OKB-1 was performing the role of the lead organization but
at the same time independently was developing a number of systems for the L3

16. The Interdepartmental Scientific-Technical Council on Space Research was an advisory
body of the Academy of Sciences that brought together representatives from many different
branches of the Soviet space industry to deliberate on the future directions of the civilian space
program. Keldysh headed the body from its inception in 1960 until his death in 1978.
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lunar complex. By agreement with NIIAP, we had taken on the development
of systems with which we already had experience.

I noted that OKB-1 was developing the following systems:

. The attitude control system for the entire L3 complex.

. The LOK attitude control system.

. The LK attitude control system.

. The LOK-LK rendezvous control system.

. The autonomous manual attitude control and navigation system.

I added that Geofizika (TsKB-589) and the Ministry of the Defense
Industry’s Arsenal Factory in Kiev were developing the sensitive elements—
the optical-electronic devices—for all of these systems. The Konrakt radio
system developed at OKB MEI would be used for the rendezvous of the two
spacecraft. In order to draw out
the time and pay a compliment to
Keldysh, I said: “Boris Viktorovich
Rauschenbach is responsible for
these five items. Since his transfer to
us at the initiative of you and Sergey
Pavlovich, his staff has tripled in
size. If there are any questions on
this part, Boris Viktorovich can
brief you in greater detail.”

N N =

The Lunar Vehicle (LK), the Soviet
version of the American Apollo
Lunar Module (LM), shown here
in an assembly shop. The lander is
positioned on a trusslike circular
dolly set underneath the base.

From the author's archives.

Unfortunately, there were no questions, and I continued the list:

6. The control system that would run the LOK and LK on-board systems and
instruments in accordance with the flight program, the integrated electri-
cal circuit, and the on-board cable network. This system would receive,
transmit, and process the on-board systems’ control commands in order
to execute the logical operations that would run the on-board equipment.

7. The vehicles’ integrated power system. Electrochemical generators devel-

oped by a Minsredmash factory would serve as the electric power source
(EKhG) for the LOK, and silver-zinc batteries developed by the All-Union
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8.

9.

Scientific-Research Institute of Current Sources (VNIIT) would power
the LK."

The antenna-feeder units for all radio systems except the Kontakt system
and radio altimeter.

The ground testing equipment for the LOK and LK at the factory, engi-
neering facility, and launch site.

I coNTINUED, STATING THAT NIIAP and their cooperative network were

developing and manufacturing the following:

1.

N

[F NS

The motion control system for flight segments when the engines of Blocks
G, D, I, and Ye would be in operation. This system would provide stabiliza-
tion about the center of mass and control the motion of the center of mass.

. The control automatics for propulsion systems, including the apparent

velocity control automatics.

. The motion control system during braking segments for lunar deorbiting,

deceleration during descent, and soft lunar landing,.

. The control system for lunar liftoff and lunar orbital insertion in the area

of rendezvous with the LOK.

. The system for the controlled descent to Earth at reentry velocity.
. The gyrostabilized platforms for all segments when the following would

be operational: the motion and attitude-control system, accelerometers
controlling accelerations about all three axes, and the on-board computer.

FurTHERMORE, NII-88§ WAS DEVELOPING THE FOLLOWING:

. An integrated radio system providing transmission of control commands

and trajectory measurements to the spacecraft during all flight segments.

. Telemetry systems and telemetry transmission lines.
. Television-image transmission equipment (jointly with NII-380).
. Equipment for the transmission of voice and telegraph signals (jointly

with NII-695).

. An Earth-secking radio direction-finding system for orientation of pencil-

beam antennas.

. An altimeter and computer providing measurements and control during

the lunar vehicle’s landing segments.

17. Minsredmash was the abbreviation for Ministerstvo srednego mashinostroyeniya (Ministry

of Medium Machine Building), the ministry that oversaw the nuclear weapons and nuclear
energy industry during the post-Stalin era.
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I NotED THAT NII-695 WAS DEVELOPING THE FOLLOWING:

1. The autonomous communication system between cosmonauts when one
of them would egress onto the lunar surface and perform a spacewalk
while transferring from one vehicle to the other.

2. The radio system for descent module search after its return to Earth.

OKB MEI was DEVELOPING the new Kontakt relative-motion parameter
measurement system. I noted that because of its smaller mass and layout advan-
tages, we had decided to use this system instead of Iglz, which was developed
for the Soyuzes.

I informed those assembled that draft plans had been issued for all of the
aforementioned systems. The working documentation had been partially devel-
oped, but not a single system was yet in production for the flight version. Taking
into consideration the production cycle and subsequent debugging in the devel-
opers’ shops and on our experimental units, in the best-case scenario it would be
possible to deliver the systems for the flight vehicles and blocks in late 1967. Thus,
flight testing of the vehicles and L3 blocks would begin no sooner than 1968.

I had taken a forbidden tack. One was “not supposed” to mention 1968 in
official meetings. According to decrees, and also Korolev’s and Keldysh’s prom-
ises, flight testing was supposed to begin in 1967 when the 50th anniversary
of the Great October Socialist Revolution would take place.

The meeting started to get noisy—to start a discussion about deadlines was
dangerous for everyone. Keldysh understood this very well and, without asking
me any questions, he said, “Let’s hear what Nikolay Alekseyevich [Pilyugin]
and then Mikhail Sergeyevich [Ryazanskiy] have to say. First and foremost,
the fate of the control systems depends on them.”

Bearing in mind my faux pas, Pilyugin and Ryazanskiy reported in opti-
mistic tones about the state of affairs, bypassing the problem of masses and
deadlines. But both men felt they needed to turn the expert commission’s
attention to problematic issues that still had to be resolved. Pilyugin brought
up his achievements in the field of gyro platforms and accelerometers on
floating gyroscopes and said that he had established close contact with the
Scientific-Research Center for Electronic Computer Technology (NITSEVT)
for the development of on-board digital computers.'®

“We know how to control rockets and satellites without using on-board
digital computers,” remarked Pilyugin, “but for a descent to the Moon we

18. NITSEVT—DNauchno-issledovatelskiy tsentr elektronnoy vychislitelnoy tekhniki.
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Landing and Surface Configuration Ascent Configuration
1. Lunar Landing Aggregate - LPU 10. Alignment Sensors 19. Omni-Directional Antennas
2. Rocket Block E 11. Instrumentation Compartment 20. Rendezvous System Antennas
3. Cosmonaut Cabin 12. TV Camera 21. TV Antennas
4. Life Support System Equipment 13. Omni-Directional Antennas 22. Pressing Engine
5. Visual Observation Port For Landing 14. Power Supplies 23. Main engine
6. Block Of Attitude Control Engines 15. Support Leg With Shock Absorber 24, Reflector
7. Thermal Control System Radiator 16. Strut With Shock Absorber 25. Backup Engine
8. Docking Mechanism 17. Landing Radar Locator
9. Targeting Sensor 18. Strap-On Inst tation Comp

RKK Energiya & David R. Woods
These three views of the LK provide a good sense of the main systems of the Soviet
lunar lander. The on-board LK propulsion system is used for the final phase of
descent plus ascent from the surface back to lunar orbit. The propulsion system
consists of a variable-thrust primary system that can be throttled for landing,
plus a fixed-thrust backup system for emergency return to lunar orbit should the
primary system fail.

must have one. Without a computer we could burn up so much fuel trying to
land that there wouldn’t be enough for the return trip.”

Ryazanskiy supported Pilyugin with regard to the on-board digital com-
puter, saying that for NII-885 the most complex problem was the lunar altim-
eter, the measurements of which must be processed by a high-speed computer.
After back-and-forth banter about the reality of producing a computer within
the necessary timeframe Keldysh asked what was going on with the EKhG—the
so-called “fuel cells.”

“The thing is,” said Keldysh, “that Slavskiy called me and complained
that one of his Sverdlovsk factories supposedly is being dragged into the ‘lunar
adventure,” but he, the minister of Medium Machine Building, doesnt know
anything about this and is asking us not to count on them very much for the
time being.”"”

19. Yefim Pavlovich Slavskiy (1898-1991) was head of the Ministry of Medium Machine
Building (Minsredmash), i.e., the industrial ministry in charge of the Soviet atomic energy
branch. He served in this position from 1957 to 1986.
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This information came as a complete surprise to Bushuyev and me. The
day before, Viktor Ovchinnikov and Mikhail Melnikov, who had supported
him by means of his connections at the Ministry of Medium Machine Building
(MSM), reported to Korolev that in Sverdlovsk everything had been arranged
and we would receive much more reliable EKhGs than [Nikolay] Lidorenko’s
firm was offering.

We promised Keldysh “to look into it and report back.”

We looked into it about 10 days later and could hardly stop laughing.
Here is what Ovchinnikov, who was responsible for the EKhG negotiations,
told us. They really had come to an agreement with one very reliable design
bureau of an atomic industry plant in the Urals. The nuclear engineers were
very interested in the problem of obtaining electric energy from liquid oxygen
and liquid hydrogen, and also providing breathing oxygen and clean drinking
water for the cosmonauts. In order to authorize the agreement they needed the
blessing of the MSM—the atomic ministry. The officials didn’t object but said
that it would be good if someone from outside reported about this interest-
ing work to Slavskiy, and it would be bad if he were the last to hear about it.

A rather complicated relationship had formed between Korolev and
Slavskiy. Myriad problems had cropped up since the time when, under the
leadership of [Korolev’s deputy] Mikhail Melnikov and with the very active
support of Vasiliy Mishin, we had set up a large branch dealing with electric
nuclear rocket engines (EYaRD).? These problems required the involvement
of professionals from atomic firms under the nuclear ministry. The MSM
bureaucracy was very anxious about Korolev’s “independent activities” [in
nuclear energy].

Korolev felt that at the present time it was premature to turn to the all-
powerful Slavskiy. But then Melnikov decided to battle his way through to
the ministry of the atomic industry on his own. Someone in the bureaucracy
helped him, and he wound up in Slavskiy’s office. The rather short and thin
Melnikov boldly went on the attack against the tall, powerful minister and
former swashbuckling soldier of Budennyy’s.*' Slavskiy listened to Melnikov’s
long speech in which he described the future of atomic technology in cosmo-
nautics, his problems and requests for MSM regarding electric nuclear rocket
engines, and thanked him for beginning operations on the fuel cell. In closing,

20. EYaRD—FElektricheskiy yaderno-raketnyy dvigatel.
21. Slavskiy served under the famous Marshal S. M. Budennyy in the 1st Cavalry Army
during the Russian Civil War.
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Melnikov committed an unforgivable mistake—he switched to the issue of
controlled thermonuclear reaction.

“We have achieved great success,” he boasted, “in mastering deep vacuum
technology. Your specialists haven't mastered this technology—Ilet us teach them.”

Ovchinnikov found out about the meetings finale from the aide who was
in the office at that time. At this point, according to the aide, Yefim Pavlovich
[Slavskiy] turned red in the face, stood up to the full extent of his imposing
height and, pointing toward the door, he said:

“And you can go f-

Melnikov understood his mistake by the time he reached the reception
area, where the aide consoled him and explained that this kind of treatment
from Slavskiy is a good sign.

“He has made a mental note of everything and will certainly help.”

Evidently Slavskiy’s telephone call to Keldysh followed this “conversation.”

Everyone was already rather tired when Keldysh asked a question that I
really didn’t want to answer: “Well now, Boris Yevseyevich, the time has come
to have a look at what’s happening with weights. Please brief the commission
on the latest data.”

I could not conceal from the expert commission that now, while we were
coordinating work assignments, issuing working documentation, and design-
ing new systems, the most sensitive issue remained not the hardware, but
its weight. Keldysh was demanding that I specify the actual numbers of the
weight deficit. I did not wish to frighten the experts and did my best to avoid
a direct answer. Finally, having lost patience and become irritable, Keldysh
said: “Boris Yevseyevich, if you do not know what is really going on with the
systems’ weights, then at least give us a hint as to who at OKB-1 is capable
of answering this question. If there are no such people, it means that nobody
has a grip on this project and everything is happening willy-nilly. But I don’t
believe this. Don’t make me complain to Sergey Pavlovich.”

Bushuyev decided that it was time to come to my rescue.

“Mstislav Vsevolodovich, we have every gram under the strictest control.
The designers in my department are responsible for the weight report. We are
keeping track of all the systems, and Chertok does not have the right to exceed
the limits allotted him.”

Keldysh smiled knowingly and stopped tormenting us. But this didnt
make our lives any easier.

yourself....”
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Chapter 6

We're Behind, but We're Not Giving In

From 1963 to 1965, Dmitriy Ustinov was chairman of the Supreme
Council of the National Economy (VSNKh) and first deputy chairman of the
USSR Council of Ministers.! Having dove into the problems of coordinating
the work of the Councils of the National Economy, which exercised regional
authority over industry, Ustinov had temporarily stepped away from the man-
agement of rocket-space technology. After Khrushchev’s ouster the VSNKh
was phased out. Its functions were transferred to the Council of Ministers and
to the reinstated industry ministries.

Ustinov had not been actively involved in the overthrow of Nikita
Khrushchev, but in terms of his “specific gravity” after the “October Revolution
of 1964,” he could certainly count on the post of Chairman of the Council of
Ministers. However, many members of the new Brezhnev Politburo were appre-
hensive about Ustinov’s strong-willed nature and the possible consequences
of offering him the second position in the Party and government hierarchy.”
Instead, Aleksey Kosygin was named chairman of the Council of Ministers.
Kosygin had not been involved in the plot against Khrushchev and was non-
threatening because, involved in economics, he was not interested in political
leadership. Ustinov was offered the honorary post of Central Committee sec-
retary for defense matters. He was a candidate to become a Politburo member,
while Minister of Defense Rodion Malinovskiy was a Politburo member.

1. The Supreme Council of the National Economy was a short-lived body established by
Nikita Khrushchev in 1963 to coordinate Soviet industry. It was an extra layer of bureaucracy
that was eventually abolished in 1965, a year after Khrushchev’s overthrow. During its brief
period of existence, the VSNKh was headed by Ustinov. The governmental body was modeled
after a similarly named council that was much more powerful and longer-lasting that operated
between 1917 and 1932.

2. The “first position” was usually considered the General Secretary of the Central
Committee of the Communist Party, i.e., in the Party hierarchy.
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Central Committee General Secretary Brezhnev headed the Defense Council .?
The ministers of all the branches of industry were subordinate to the Council
of Ministers. Anastas Mikoyan, Nikolay Podgornyy, Andrey Kirilenko, and
other members of the Politburo could feel more secure with this alignment of
forces in the upper echelons of power.*

Some strictly secret “water cooler” anecdotes and jokes circulated after
Khrushchev’s downfall. Supposedly at the Plenum of the Central Committee,
some delegates from Odessa spoke out against Nikita Sergeyevich’s removal from
his post as General Secretary of the Central Committee: “Odessa will survive
without meat, but we can't live without jokes.” Historians, meanwhile, came up
with this quip: “There was Russia before Peter (dopetrovskaya), then there was
Russia under Peter (petrovskaya), and now there’s Russia under Dnepropetrovsk
(dnepropetrovskaya).’ This last joke referred to the new makeup of the Politburo,
where former Party leaders from Dnepropetrovsk played a decisive role.

Having ended up in the post of Central Committee secretary for defense
issues, Ustinov actually didn’t meddle in the affairs of the Ministry of Defense.® The
Minister of Defense and Chief of the General Staff preferred to deal directly with
Brezhnev. Ustinov focused all of his energy on the defense industry [rather than
the military] and was quite familiar with all of its branches. Between him and the
ministries was VPK Chairman Leonid Smirnov, whom Ustinov had promoted.”

3. The Defense Council was a highly secret body attached to the Politburo that was respon-
sible for all top-level defense policies in the Soviet Union. It was established in February 1955
by Nikita Khrushchev and usually headed by the General Secretary of the Central Committee
of the Communist Party, i.e., Khrushchev, then Leonid Brezhnev, then Yuriy Andropov, then
Konstantin Chernenko, and finally Mikhail Gorbachev. It was abolished in March 1991.

4. Anastas Ivanovich Mikoyan (1895-1978) was an extremely influential Soviet diplomat
who served under Stalin and then survived into the Khrushchev era before retiring in 1965.
Nikolay Viktorovich Podgornyy (1903-1983) served as the token President of the Supreme
Soviet from 1965 to 1977, while Andrey Pavlovich Kirilenko (1906-1990) was a leading
Party member and member of the Politburo from 1962 to 1982 with broad responsibilities for
supervising Soviet industry.

5. This is a pun that employs the Russian adjectival form of Peter (petrovskaya) referring to
Peter I (the Great) (1672-1725), who is credited with the modernization of Russia in his day.
Dnepropetrovsk is a major city in Ukraine from where a large of number of senior Party leaders
(including Leonid Brezhnev) hailed. This group was often known as the “Brezhnev mafia.”

6. Ustinov’s new post, the Secretary of the Central Committee for Defense Industry and
Space Affairs, effectively made him the topmost policy-making official in the Soviet space pro-
gram, a post that would be higher than a NASA Administrator (since managerial issues were left
to specific ministers). The Minister of Defense position was closer in analogy to the Secretary
of Defense in the United States.

7. Smirnov was one of Ustinov’s key protégés, having benefited from the latter’s patronage
through the years. In 1963, Smirnov was appointed chairman of the powerful Military-Industrial
Commission (VPK). He served in that position for nearly two decades until 1985.
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The leaders of the shipbuilding and aviation industries did not forget the
active support that Ustinov had rendered to Khrushchev in the development
of missiles at the expense of naval submarines and bomber aviation.® Ustinov
had to seek out new ways to work with the industry. Officially, he did not have
the authority to order or forbid or permit. However, the Central Committee
was the Central Committee—all the ministers understood that. The personal
fates of the minister, his deputies, chiefs of the main directorates, and direc-
tors of large enterprises depended on the offices of the Central Committee
and its defense department. The manager of the Department of the Defense
Industry, Ivan Serbin, was now officially subordinate to Ustinov. However,
this “unsinkable” official of the Central Committee bureaucracy was feared
more than Ustinov himself. The Central Committee offices did not prepare
any resolutions or decisions concerning the defense industry. That was done
by the VPK and offices of the Council of Ministers. But not a single govern-
ment resolution was issued without the Central Committee’s thorough review
and blessing.

After the death of Korolev, our letter to the Central Committee about
the appointment of Mishin as chief designer prevented Ustinov from put-
ting Georgiy Tyulin in this post.” He, Ustinov, had prepared everything. All
that remained was to obtain the signatures of the other Central Committee
secretaries and to brief Brezhnev. With our appeal we had short-circuited the
established system for appointing chiefs. We had not even consulted with
Ustinov and had not warned him. Perhaps for this reason, and possibly due to
other circumstances, for the first year and a half he “had no time for” the N-1.

ONE AFTER ANOTHER, INTELLIGENCE REPORTS AND SURVEYS— ‘white TASS”
articles reporting on the Americans’ successes—appeared. In August 1966, the
U.S. press reported on the second successful flight of the Saturn IB carrying
an experimental model of the Apollo."” Ustinov appealed directly to MOM
Minister Sergey Afanasyev and to USSR Academy of Sciences President Mstislav
Keldysh with a proposal to review the state of affairs with the lunar program
and to determine why we were lagging behind the Americans and failing to
meet the deadlines stipulated by the resolutions of the Central Committee and

8. In the late 1950s and early 1960s, Khrushchev had reduced the size and funding of the
Soviet aviation and naval industries to divert resources to develop ballistic missiles.
9. See Chertok, Rockets and People, Vol. I11, pp. 537-539.
10. This was AS-202 involving the launch on 25 August 1966 of an Apollo Command and
Service Module (CSM-011) on a suborbital flight.
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Council of Ministers. Ustinov assigned TsNIImash chief Yuriy Mozzhorin to
prepare a detailed and objective report.'!

In December 1966, Mishin was on vacation, and Sergey Okhapkin was per-
forming the duties of chief designer of TSKBEM (as OKB-1 was now known).
It was an unpleasant surprise for him to be invited to give a presentation about
the status of operations on the N-1 project at a Central Committee meeting
in Ustinov’s office. He asked Bushuyev, Kryukov, and me to provide him with
all the necessary reference materials for the report. I advised Okhapkin, either
through the minister or directly, to persuade Ustinov to postpone the meeting
until Mishin returned from vacation. He answered: “I have already tried to
do that. They insinuated that, on the contrary, Ustinov wants to conduct the
conversation in Mishin’s absence.”

Okhapkin knew better than others the state of affairs regarding the launch
vehicle’s design development. But he depicted what was going on with the
vehicles and their systems as utterly a “total failure.” I suggested, “You can’t
say ‘total failure,” you need to say that, through the fault of subcontractors,
operations on the vehicles are ‘under threat of missing deadlines.” ”

From our TsKBEM, only Okhapkin was invited to the meeting. From
among the other chiefs, Pilyugin and Barmin, who enjoyed Ustinov’s special
favor, were invited. Keldysh, Smirnov, Afanasyev, Tyulin, Serbin, Strogonov, and
Pashkov also participated in the meeting.'? After citing American information
sources, Ustinov said that the Americans are rigorously executing their plan
and had already announced the commencement of Saturn V flights in July
1967 and the beginning of piloted flights in 1968. According to him, we had
become bogged down with the circumlunar flight programs, we were missing
deadlines for the 7K (or Soyuz) vehicles, and it was unclear when we intended
to begin flight-developmental testing (LKI) on the N-1 launch vehicle. He,
Ustinov, asked Mozzhorin—the director of the head institute of the rocket-
space industry—not only to honestly speak about the status of operations, but
also to give an objective evaluation.

According to the accounts of Okhapkin and Mozzhorin himself, the report
he gave was in a completely different style than that to which Ustinov was
accustomed. First, Mozzhorin made his colleagues, who knew the fundamen-
tals of economics and information about the state of affairs in our industry

11. TsNIImash (Central Scientific-Research Institute of Machine Building) was the main
policy-making institution in the Soviet space industry.

12. Besides Keldysh, the other six men mentioned (Smirnov, Afanasyev, Tyulin, Serbin,
Strogonov, and Pashkov) were all senior officials in the government or Party hierarchy of the
Soviet defense industry.
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and among the subcontractors, honestly assess the scope of the operations.
Many years later, Mozzhorin recounted that he had prepared himself very
thoroughly, knowing that the report would provoke outraged surprise rather
than calm discussion.

Mozzhorin put up posters that very clearly displayed the year-by-year
schedules of expenditures that would be needed to support a lunar landing
expedition, compared with the actual funds that the state budget was capable
of setting aside for all cosmonautics programs. From Mozzhorin’s posters and
report, one could deduce that, even with the most heroic efforts, it would be
impossible to implement the project in 1968. It would be possible to assign
tasks for the beginning of flight-developmental testing in 1969, but this would
require new decisions to dramatically increase funding for this project. The
existing plans and timelines for the N-1 at this time were unrealistic.

In addition to everything else, Mozzhorin believed that significantly greater
resources needed to be spent on ground developmental testing than had previ-
ously been assumed. It was wrong to approach testing a rocket like the N-1,
using the rocket method of testing reliability in flight, when the number of failed
launches didn’t matter. By spending perhaps a greater percentage of funding
on ground developmental testing, in the final analysis, we would manage to
lower costs rather than raise the cost of the program as a whole.

Mozzhorin’s report caused an explosion of outrage. For the first time at
such a level, officially, a leader of a head institute had, in no uncertain terms,
declared that plans dictated by the Central Committee of the Communist Party
of the Soviet Union were unrealistic. Ustinov was more indignant than anyone.
Airing a report like this to the Politburo threatened his personal authority.
They might ask him: “And where were you all this time, Comrade Ustinov?
After all, you were both minister of the defense industry and VPK chairman.”"?

Keldysh and Serbin supported the perturbed Ustinov. Mozzhorin was nearly
branded an enemy of the people, as in the old days. Keldysh was worked up
because, as chairman of the expert commission on the N1-L3 project, such
figures had not been available to him and he had approved the clearly under-
estimated expenditures that were shown in our drafts. According to established
practice, we made everything cheaper on paper so as not to frighten the minister
of finance and Gosplan. Everyone knew about this practice but pretended that
no one was being deceived.

13. From 1946 to 1957, Ustinov was minister of the defense industry; from 1957 to 1963,
he was chairman of the VPK.
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As a first step, Keldysh proposed reviewing Ministry of Defense expen-
ditures on spy satellites and other military space needs and reducing them in
favor of the N-1. He reluctantly proposed doing the same thing with Babakin’s
automatic stations for scientific space exploration. However, Mozzhorin had
foreseen these proposals. He showed on each poster that the total funding for
all the space programs taken together was just one-fifth of the amount that
needed to be added on to the expenditures for the N-1. Even if funding were
found from other sources, at this time it was not really possible to trim the
cycles of construction, production, and subsequent reliability testing. He told
us to assume that at the beginning of next year, by some miracle, full-scale
funding would begin for the needs of all the operations’ participants. In that
case, in terms of the turnaround time for such a system, based on the available
inventories of stock and experience, we'd still need at least three years before
we could begin flight-developmental testing. Consequently, if there were full
funding and the necessary funds were transferred for construction and produc-
tion, we would be looking at the end of 1969 or more likely 1970!

Ustinov was a very experienced manager. Having suppressed his initial
flash of outrage and wanting to calm himself and the others, he posed the
following question to Okhapkin: “And you, the prime contractors, what do
you think about this?”

After returning from the meeting, Okhapkin told us: “What could I say?
My back was already drenched with sweat. I knew that this question was coming
and I answered: ‘Dmitriy Fedorovich, if they help us, then we will fulfill the
work within the deadlines set by the Central Committee.” ”

Outwardly, Ustinov seemed satisfied with the response. He did not dare
question Barmin, who had spent enormous amounts on the construction of
grandiose launch facilities. Barmin then said that inwardly he agreed with
Mozzhorin but decided that if they weren’t going to ask, he would remain silent.

Turning to Afanasyev, Ustinov proposed that the minister get to the bottom
of the “unhealthy attitude” of the director of the industry’s head institute.
Mozzhorin was not so naive that he had not familiarized his minister with
the figures beforehand. Afanasyev gave his word that he would “get to the
bottom of things” with Mozzhorin. Afanasyev and Mozzhorin understood
that Ustinov and Keldysh were playing up their indignation. In actual fact,
they had a better grasp of the general situation than the others, but out of
“instructional” considerations they could act no other way.

During the last two years of his administration, Khrushchev managed
to significantly reduce expenditures on conventional weapons, the construc-
tion of large surface ships, the production of heavy bombers, and the army
in general. Now, in order to please the military officials who supported him
in 1964, Brezhnev was supposed to correct Khrushchev’s “mistakes.” Under
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these conditions, Ustinov was leery of coming out with proposals to increase
funding for the lunar landing expedition project, the necessity of which the
marshals could not comprehend at all.

After finding out the details of the meeting, we once again realized that
if the actual status of the programs stipulated by the decrees of the nation’s
higher political leadership did not coincide with what they desired, then
even individuals with extensive experience in technology like Ustinov could
bring down their wrath on the one who dares speak the truth. Even Keldysh,
the chairman of the interdepartmental expert commission on N1-L3, who
had realized a year ago that we were in a very difficult “weight” crisis from
which we had yet to find a way out, supported the indignant Ustinov, rather
than Mozzhorin!

When Okhapkin called us together and gave us a detailed account of the
meeting in the Central Committee, Konstantin Bushuyev, who was responsible
for design work for the lunar vehicles; Dmitriy Kozlov, who was responsible
for monitoring design compliance during manufacture of the launch vehicle
at the Progress Factory and who had just flown in from Kuybyshev; and I let
it be known that we thought Mozzhorin was right. Before it was too late, we
needed to draw up proposals with his input for new deadlines and arrange-
ments. Taking advantage of Mishin’s absence, Bushuyev even went so far as to
say that we needed to draw up proposals for an alternative two-launch scenario.
I stated that my friend Bushuyev, who was now proposing a two- and even
three-launch scenario, was allotting values in his weight reports for the entire
control system that were one and a half times less than those we were aware
of from American data. Our control system was supposed to perform the very
same functions as the system of the future American lunar expedition. We
could reduce the mass, but only at the expense of reliability.

Bushuyev forcefully declared that the launch vehicle, which could insert
just 85 tons into orbit, would not allow him to give weight limits for systems
“on demand.” We had to honestly admit that the rocket was not suited for
landing a human being on the Moon.

Kryukov, cut to the quick, said that his departments had completed all
the design work for the installation of an additional six engines on the first
stage. This and other measures would make it possible to bring the in-orbit
mass up to 95 tons. Kozlov reproached Okhapkin for not having mentioned at
the meeting that the installation of 30 engines on the first stage instead of 24,
regardless of any measures, would move the deadlines for the readiness of the
first launch vehicle flight model back another year. We had agreed to have 30
engines installed on the first stage beginning with the first N-1 flight model,
No. 3L. The first two engineering models of the rocket—for static tests and
fit operations at the launch site—would have to be modified “during testing.”
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ALMOST 2,000 ENTERPRISES AND ORGANIZATIONS were involved in one
way or another with the preparation of the Soviet landing expedition to the
Moon. Two years—from 1966 to the beginning of 1969—had become the
most intense period in this program, and despite the avalanche of problems,
the people involved remained optimistic. The successes of the Vostoks and
Voskhods, the entry into service of one combat missile after another, the opera-
tion of the Molniya communications satellites, and the automatic docking of
the Soyuzes inspired hope for success.

Everything we had tackled under Korolev had panned out. But he had
been there when things had panned out. How would it be now without him
and his efforts? In 1966, Mozzhorin had predicted the beginning of flight-
developmental testing no earlier than 1969. It really did begin in 1969. The
Americans spent three and a half years on flight-developmental testing (before
the first landing on the Moon) if you consider the first flight of the Saturn IB
carrying the unmanned model of the main Apollo vehicle as the beginning of
testing. If we had come up with a more realistic schedule in 1966, we should
have set the deadline for accomplishing the mission in 1972!

I sensed in myself and realized in my comrades that in the general break-
down of our time and attention, the N1-L3 was not our top priority. The
7K-OK and 7K-L1, the Molniyas, the R-9, and solid-propellant RT-2s had
flown. Each flight brought new worries. An event such as the death of Komarov
had a decelerating effect on the N1-L3 program, if only because the manage-
ment of TsSKBEM and many of the subcontracting organizations cut them-
selves completely off from N1-L3 project issues for months. Myriad, various
smaller headaches also ripped us away from the lunar program. Incidents that
individually received a minimum of attention combined into a stream capable
of disrupting the most realistic planning. And nevertheless, the scope of opera-
tions over the entire front began to bring visible results.

Hills and valleys were few and far between in the topography of the
Tyuratam steppe. Site No. 2 and its hotels rose up barely perceptibly over the
surrounding countryside. Old-timers knew that if you looked from the top
stories of buildings, all you could see for dozens of kilometers to the northwest
was bare desert steppe. In 1964, despite the “hue and cry” about insufficient
funding, this desert was converted into a colossal construction site. By 1967,
hundreds of permanent structures had sprouted up. The enormous assembly
factory building, which we called the big MIK and a few smart alecks called
the “big barn,” was the centerpiece of the industrial landscape. Crowded all
around it were all kinds of entry gates, transformer sheds, and warehouses.
There were paved roads and railway lines. In the west, a large residential town
of five-story buildings went up. Insulated water lines stretched along the
roadways and, to the north, high-voltage power transmission towers advanced
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toward the launch complexes. There, the launch site teemed with its own
construction activity. Around the clock, dump trucks traveled over the dusty
steppe roads and motorized cranes and heavy hauling equipment crept along.
In 1967, engineering equipment was installed in the big MIK and production
activity began. Staff workers and engineers in white shop coats replaced the
dusty construction workers.

THE LARGEST-SCALE EXPERIMENTAL WORK BEING DONE at that time was
the experimental integrated developmental testing of the propulsion systems.
At NII-229, Gleb Tabakov, whose face had grown markedly drawn from the
sheer volume of work that fell upon him, not only had to manage the firing
tests of the propulsion systems, but also had to set up the manufacture of the
second- and third-stage rocket blocks. Because the N-1 launch vehicle stages
couldn’t be transported, the tanks of the second and third stages, which had
been stipulated for firing rig tests, were welded on the grounds of NII-229.
The Progress Factory set up its production there.

The firing rig tests took place in the specially retrofitted “facility No. 2,”
which until then had served as the firing rig for tests on the Semyorka. EU-15
was the experimental unit that simulated Block B, the second stage. When
its eight engines were started up, a total thrust of 1,200 tons was generated.

It wasn’t until 23 June 1968 that the first firing took place. This was the
most powerful firing test that the rig and the surrounding environment had
experienced since the Novostroyka facility had begun operation in 1948. Unit
EU-16, which also held four engines, simulated the third stage—Block V. This
made it possible to conduct three firing tests by early 1969. Block A with its
30 engines remained untested on the ground. Firing rig tests on individual
engines under the supervision of Nikolay Kuznetsov at OKB-276 were sup-
posed to prove the reliability of the first stage.

Mishin could not conceal his pleasure over the fact that once upon a time
he had persuaded Korolev to give Nikolay Kuznetsov the requirements for the
unique parameters to perfect the liquid-propellant rocket engine. Indeed, com-
pared with the parameters of the Saturn V oxygen-kerosene engines, the NK-15
engines of the N-1 first stage had very high indices. The specific impulse—the
main characteristic of a liquid-propellant rocket engine—was 294 seconds for
the NK-15 on the ground and 331 seconds at high altitudes. The Saturn V
first-stage engines had a specific impulse of 266 seconds on the ground and
304 seconds in space. To achieve these indices, Kuznetsov had to bring the
pressure in the combustion chamber to 150 atmospheres. The Saturn V F-1
engines had just 70 atmospheres of pressure in the combustion chamber.

OKB-276 was considered one of the nation’s leading design bureaus for the
development of turbojet aircraft engines. Nikolay Kuznetsov and his specialists
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did not think that it would be particularly difficult for such a highly quali-
fied staff to develop these relatively simply designed “pots,” which is what the
liquid-propellant rocket engines seemed like. However, life showed that the
main reasons why unreliable engines appeared on the first N-1s were a complete
lack of design experience and production discipline for liquid-propellant rocket
engines, no experimental facilities, and, above all, no firing rigs.

Mishin sent our engine specialists Raykov, Yershov, and Khaspekov on
temporary assignment [to OKB-276] in Kuybyshev to provide continuous
supervision, monitoring, and assistance. Raykov—my neighbor in building
No. 5 on Academician Korolev Street—told me when he was in Moscow that
in the new engines it was very difficult to achieve stable combustion in the
combustion chambers. At such a high pressure they needed to find a way to
get the oscillation energy out of the chamber. They already understood this
at OKB-276. The greatest difficulties showed up where they didn’t expect
them—in the turbopump assembly. It would seem that, of all places, in the
turbojet OKB it would be easier to deal with a turbine and pumps than with
a combustion chamber, injector assemblies, and burnt-through nozzles."
Sometimes they observed instantaneous flame erosions of the oxygen pump that
could not have been foreseen using any measurement techniques. The flame
erosion process lasted less than one-hundredth of a second from the moment
it began until the engine was completely destroyed. It was not as necessary to
have methods for the early warning of a defect as it was to preclude the very
possibility of this phenomenon. An engine explosion in flight inevitably would
lead to destruction in the immediate surroundings. An armor shield could not
be installed in the aft section.

“Your KORD isn’t likely to help there,” Raykov told me. “Your boys have
installed a KORD device on Kuznetsov’s rigs, and it often comes to the rescue,
but it can’t save engines from explosions like these.”

“Along with military acceptance,” explained Raykov, “we are obliged to
accept engines using the KONRID” system, which has been approved by
Mishin and Kuznetsov and coordinated with military acceptance.” Using
this system, engines are issued in batches of six. From each batch, a military
inspector selects two engines for firing tests. If they pass the tests, then the
other four engines from this batch are shipped off for assembly in rocket blocks
without any firing tests. The engines are strictly for one-time usage. After firing

14. OKB-276’s primary work profile was to design and manufacture turbojet engines for
Soviet civilian and military jets.

15. KONRID—Sistemoy kontrolya rabotosposobnosti dvigateley (Engine Performance
Monitoring System).

142



We're Behind, but Were Not Giving In

tests on such an engine, it is no longer fit to be installed on a rocket. This is
the fundamental distinction between Kuznetsov’s engines and the Americans’.
Each rocket engine installed on the Saturn has previously undergone three
firing tests without overhaul.

“Who can guarantee,” I asked, “that there isn’t some technological defect
lurking in those four engines that will manifest itself only under the condi-
tions of a real firing mode with all its vibrations, temperatures, mechanical and
acoustical loads, and other delights that rockets have to offer?”

“That is precisely the danger of such a system, that there is no absolute
guarantee. | argued that to Mishin, but for the time being he could recommend
only making the selection more rigorous. We need to have batches of eight
engines and select four of them for firing tests,” answered Raykov.

“That means,” Raykov continued, “in order to put 30 engines plus 8 plus 4
on the rocket—42 in all—we need to manufacture, test-fire, and then throw out
another 42 engines? According to the resolution for LKI [flight-developmental
testing], we're supposed to use up 12 rockets. So the series production factory
is supposed to manufacture around 500 flight engines. So we'll be left with
engines, but we'll lose the shirts off our backs and any other accessories!

“We've already persuaded Kuznetsov’s boys in Kuybyshev, on the sly for
the time being, to urgently begin modifying the engine so that it can be used
multiple times, so that it will endure at least three or four runs without over-
haul. But this won’t happen soon—it will take a couple of years.”

“And in the meantime?”

“In the meantime we'll be carrying on using the KONRID method. The
latest hypothesis for the sudden explosions, which they speak about only in a
whisper, is a shifting of the oxygen pump rotor. Under large loads, off-nominal
axial and radial shifting greater than the gap between the rotor and the hous-
ing is possible. In an atmosphere of pure oxygen, all it takes is for the rotor to
scrape against the housing and an explosion is guaranteed.”

“But perhaps everything is much simpler. What if there is dirt or foreign
objects’ in the tanks on the firing rig—this would also cause explosions.”

“We tested that. We intentionally threw metallic shavings and even nuts
(which supposedly could turn up in the tanks) into the turbopump assem-
bly.'* And nothing happened! The turbopump assembly swallowed them up
without a cough.”

16. The common Russian abbreviation for turbopump assembly is TNA— Turbonasosnyy

agregat.
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I had this gloomy conversation in 1967 with Raykov, whose eyes were
rimmed with the dark circles of fatigue. I was tormenting him with questions
in order to find out about the effectiveness of the KORD system. If we were to
determine the readiness of the lunar launch vehicle only through the develop-
ment tests on the propulsion systems, then based on this indicator, by 1968,
the N-1 would be five years behind the Saturn V.
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KORD and ATG

Back at the very beginning of the N-1 launch vehicle design process, the
need to create a diagnostics system to monitor the operation of the more than
40 engines of the N-1’s three stages was obvious. This system differed from the
telemetry system monitoring the parameters of the propulsion systems in that
not only did it identify the status of this or that parameter, but it also issued
a command to the control system to shut down the engine if the parameters
it was monitoring exceeded the permissible limits.

The inescapable need to develop the KORD system using our own resources
was becoming more and more obvious since all the subcontracting organiza-
tions to whom we had offered this project immediately understood the degree
of responsibility it involved, its labor intensity, and the lack of prospects in
terms of any credit for a job well done. After many hours of discussion with
very close comrades, we decided to assign conceptual development of the
electrical circuitry and its optimizing to Viktor Kuzmin’s department and
the design implementation and manufacturing application to Ivan Zverev’s
department. A VPK decision assigned the series production of KORD system
electronics to the Zagorsk Optical-Mechanical Factory (ZOMZ) using our
technical documentation.'

After studying the structure of Nikolay Kuznetsov’s equipment, our elec-
tronics engineers decided that they were fully capable of rescuing a propul-
sion system from a fire, explosion, and other disasters if the engine specialists
concisely formulated the criteria for the pre-emergency state. After insistent
appeals from Korolev, Chief Designer Kuznetsov finally specified which engine
parameter deviations would cause the KORD system to respond. In the process
of this work, Kuznetsov and his specialists changed both the list of parameters
that were to be monitored and the critical values that would prompt the KORD
system to transmit the engine shutdown command to the control system.

1. ZOMZ—Zagorskiy optiko-mekhanicheskiy zavod.
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Initially, four parameters were selected for diagnostic control of the engines
of the first flight model of the N-1 launch vehicle: the temperature of the gas
downstream from the turbopump turbine, the pressure pulsation in the gas
generator, the rotation speed of the main shaft of the turbopump, and the
pressure in the combustion chamber. When these parameters exceeded the
limits set by the engine specialists, the KORD system would issue a command
prompting the control system, based on its own algorithm, to completely shut
down the suspect engine.

Each of the 42 engines had its own monitoring equipment consisting
of primary sensors, an electronic block of amplifiers, a communication line,
and a system control block linked with the engine control automatics system.
The primary sensors—converters of physical values into electrical signals—
measured the critical parameters. Thus, for example, a triple-redundant
membrane-type contact sensor was especially developed to monitor pressure.
For other control channels, they developed generator-type sensors: piezo-
electric transducers in the pressure pulsations channel, induction sensors
in the rotational speed channel, and rapid-response thermocouples in the
temperature channel.

The amplifier/converter block performed the general coordination and
conversion of measurements into commands. This was a rather complex elec-
tronic instrument made up of 1,600 elements. Various organizations developed
all of the sensors from 1962 through 1963, and our engineers debugged them
on firing rigs during tests of the first-, second-, and third-stage engines.

The mandatory and most stringent requirement for an emergency system
is that it must be on the lookout for and respond only to an emergency flag.
Issuing a false signal in flight could cause a healthy engine to be shut down,
and for the first stage, a second, diametrically opposite engine as well.

The N-1 launch vehicle had a 25 percent margin in terms of thrust-to-
weight ratio. This allowed two pairs of liquid-propellant rocket engines to
malfunction even during liftoff. After receiving an engine failure signal, the
control system was supposed to augment the power of the working engines
and increase the total operating time of the first stage. On the second stage,
when emergency signals were received, no more than two engines could be
shut down; and on the third stage, one.

The most difficult problem during the development testing of the system
was protecting the KORD system against interference. During tests at the
engineering facility in the big MIK, interference—voltage up to 15 volts at
a frequency of 1,000 Hertz—was detected on the system’s power buses. This
dangerous interference came from the rocket’s main electric power source—the
special turbo generator. To shield against this interference we introduced a block
of capacitors, which bypassed the source and made sure that the interference
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was reduced to 1 volt. We relaxed too early—1,000 Hertz soon came back to
haunt us under “aggravating circumstances.”

Subsequent events showed that much of what had happened during the
first flight could have been discovered if there had been a full-scale firing rig to
test the first stage with the nominal cable network and nominal power sources
and control system.

DURING PREVIOUS PROJECTS involving the development of rocket systems
and spacecraft, Korolev had always encouraged business contacts between
managers strengthened by personal long-lasting friendship. When Pilyugin or I
was asked to resolve something related to the integration of propulsion systems
with control systems and actuators, we easily came to terms with Glushko,
Kosberg, Isayev, or their specialists. We quickly found common ground, and
then for the sake of “formality” we filled out the appropriate protocols.

The deputies of all the chief designers were on familiar “#y” terms with
one another, and in difficult situations they made arrangements among them-
selves about how best to “handle” one chief designer or another for the quick
acceptance of a decision that they had coordinated.?

Nikolay Kuznetsov and his engine experts, who had become part of our
cooperative network, were new to us. Moved by the desire to bring us together,
Korolev invited his closest deputies—Mishin, Bushuyev, Okhapkin, and me—
over to the “Korolev cottage” on 3rd Ostankinskaya Street. We were sure that
we were in for more shoptalk. But it turned out that it was Nina Ivanovna
who was hosting us rather than S. P, and the main guests of this companion-
able dinner were Mr. and Mrs. Kuznetsov. We arrived without our wives, and
Nina Ivanovna realized the gaffe that S. P. had committed, but it was too late
to correct his mistake.

At the dinner table, S. P. tried in every way possible to sustain the dying
conversations about culinary achievements, the latest movies (which hardly
anyone had seen), the theaters that almost none of us had visited, the weather,
and mushrooms. No matter how hard the mistress of the house tried, all one
had to do was mention rocket engine matters and the conversation livened
up. Kuznetsov said something about the construction of firing rigs away from
his factory; Mishin extolled the one-of-a-kind engine parameters used for the
development; I waited for a convenient moment to talk about the omnipo-
tence of the KORD system, which was capable of saving this one-of-a-kind

2. The Russian language has two different ways to express the second-person singular: vy
for formal or unfamiliar relationships, and #y for informal, familiar relationships.
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engine; and Bushuyev diplomatically attempted to switch the conversation to
Kuznetsov’s latest achievements in the development of aircraft turbojet engines.

On our way home Okhapkin was the first to speak his mind: “S. P. arranged
this dinner to bring us together with Kuznetsov. He feels that after the rift with
Glushko a void has formed in our personal contacts with the engine corpora-
tion and he understands that if worse comes to worst, we can weld our own
tanks and rivet the shell, but the engines will determine everything.”

Bushuyev agreed and added: “But Chertok would have been better off
keeping his mouth shut about his KORD. He hinted too soon about the
inevitability of engine failures.”

“Time will tell,” I said.

WaiLe THE KORD sysTEM was BEING DEBUGGED and put through test
runs on the rigs in Kuybyshev, many changes were introduced to it. The KORD
system was sometimes forgiven for unauthorized shutdowns, but in general
the engine experts had faith in it.

Kalashnikov, Kuzmin, and Kunavin came to me with disturbing news.
They had just received a phone call from Kuybyshev and were told that an
explosion had taken place on the rig and the engine was destroyed. So, the
KORD system was unable to prevent this event. Raykov reported on the inci-
dent to Mishin, convincing him that the engines had a defect that could lead
to destruction so rapidly that the KORD system wouldn’t even have time to
register the parameters’ deviation from the norm.

In early 1967, by decision of the VPK, an interdepartmental commission
was created to determine the reliability of the engines, to make the decision to
start up their series production, and to clear them for installation on the first
flight models of the rocket. Deputy Chief Valerian Levin of the P. I. Baranov
Central Institute of Aviation Engine Building (TsIAM) headed the commis-
sion, and Glushko was one of its members.? It seemed that the commission
could give an objective assessment of the new engines, which had such unique
performance characteristics for that time. As Raykov recounted to me, at one
of the commission sessions Glushko spoke out to the effect that no diagnostics
and monitoring system was capable of healing “rotten engines.”

Actually, the KORD system couldn’t save a rocket from the split-second
process of an engine explosion. It also had its own flaws that we discovered too
late. One of them is the previously mentioned sensitivity to spurious electrical

3. TSIAM— Tsentralnyy institut aviatsionnogo motorostroyeniya imeni I I. Baranova.
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pickup at a frequency of 1,000 Hertz, which from time to time exceeded the
emergency signal in the KORD system.

“You and Andronik [Tosifyan] thought up this primary alternating current
source instead of the reliable storage batteries that we've been flying with all
our lives. And now we are going to take the blame,” the testers reproached me.
These reproaches were justified.

Here I must tell about one more unique development that we undertook
solely for the sake of the N-1. Recalling my prewar research on an alternating
current system for heavy bombers, back in 1960 I figured how much mass
we could save on current sources and power cables if we did away with tradi-
tional storage batteries and installed a special generator driven by one of the
turbopump assemblies of the main liquid-propellant rocket engines.

In order to go anywhere with this proposal I needed Pilyugin’s consent and
support. The main electric power consumer on board a heavy launch vehicle
was the control system, and its chief designer, Pilyugin, would have to do away
with conventional power sources. I was almost certain that Pilyugin would
have a negative attitude—why should he take on yet another “headache” with
a system in which, as it is, everything needed to be done from scratch? First off,
I presented my proposals to Georgiy Priss, who was considered the head guru
of on-board electrical complex circuitry at NIIAD and to Serafima Kurkova,
who managed the laboratory for on-board power source systems at NIIAP.

To my surprise and great pleasure, they had arrived at similar ideas on
their own. There was no argument over authority, especially since the only
organization that could be responsible for the new electric power system was
VNIIEM. It didn’t take long to persuade Andronik losifyan to take on the
task of developing the powerful alternating current power source. Right off the
bat, Andronik invited his deputy for science matters, Nikolay Sheremetyevskiy,
and Yevgeniy Meyerovich, Naum Alper, and Arkadiy Platonov, people with
whom I was very familiar from the institute, and assigned the task to accept the
proposal and begin work immediately! Working together, OKB-1 and NIIAP
would need to determine the parameters and the outputs, select the voltages
and the frequency, and figure out how to turn the generator. He decided he
needed to have his own drive rather than get mixed up with the engine experts.

Thirty-five years later  admire the enthusiasm of Tosifyan, Sheremetyevskiy,
and other VNIIEM specialists—their work was literally at a boil. They quickly
rejected the idea of using the turbopump assembly of the main engines. They
decided to make an independent autonomous system. After debates and months
of calculations, VNIIEM came up with a draft plan, which revealed that the
optimal version would be a three-phase on-board turbo generator operating
on 60 volts and at a frequency of 1,000 Hertz. The generator turbine must run
on various gas components—compressed air, nitrogen, or helium—products
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available in abundance on board a rocket. Such a source did not require the
development of a capricious “ground-to-spacecraft” power transfer system; it
was reusable and made it possible to precisely maintain frequency and voltage.

Doubling the supply voltage substantially reduced the mass of the on-board
cable network. Creating a one-of-a-kind turbo generator also required a one-
of-a-kind turbine. The Saturn Factory, which was headed by Arkhip Lyulka,
was located on the bank of the Yauza River, just 10 minutes’ drive from my
house. When I drove out to see Chief Designer Lyulka—Hero of Socialist
Labor, Stalin Prize laureate, and corresponding member of the Academy of
Sciences—with a kind and crafty smile, he asked whether I'd come to persuade
him to develop a liquid-hydrogen engine for the third stage of the N-1.4

“Korolev will do a better job of that than I,” was my reply.

“Perhaps you remember how we used to gulp down that bilimbaikha in
the Urals?” Lyulka asked me.’

He clearly wanted to know why I had shown up first thing in the morn-
ing, even before I could come out with my explanation. When I explained
what had brought me to the office of the esteemed chief designer of aircraft
turbojet engines, he was somewhat disappointed. Developing such low-power
turbines—that was no problem, but there would be a lot of trouble with them.
To fan his interest I talked a lot about reliability, the precision control of the
rotation speed, the low mass—but he had already grasped all of this just fine
on his own.

“We can make the turbine,” Lyulka said. “Just let your boys come up with
how you're going to make it turn and you figure out how much and what kind
of gas it will take. That’s where the problem will be—not in my little wheel.”

Lyulka agreed to do this work. And subsequently, beginning in 1962,
VNIIEM developed autonomous turbo generators (ATGs) for the N-1 in
very close collaboration with the Saturn Factory.® Korolev assigned the OKB-1
engine specialists to develop the assemblies’ pneumohydraulic delivery systems,
compressed gas tanks, heat exchangers, filters, and pneumatic valves. At our
OKB-1, Petr Shulgin’s department took on these responsibilities. Korolev,

4. In the early 1960s, Lyulka’s OKB-165 had been contracted to develop a 40-ton-thrust
engine (the 11D57) for application on an upper stage of the N-1 rocket.

5. Lyulka is referring to their wartime experience when the NII-1 institute had been
evacuated to Bilimbay in the Urals. There, they would cook an unappetizing concoction of
brown noodles cooked in boiling water (without any fat), which they named after their new
home. Here and later, Lyulka’s diction as reproduced by Chertok in his original manuscript is
in Ukrainian.

6. ATG—Avtonomnyy turbogenerator.
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Pilyugin, losifyan, and Lyulka solemnly approved the technical specifications
for the whole system.

During the development process, the idea of a simple turbo generator became
overgrown with pressure regulators, valve blocks, throttles, dual frequency-
regulator channels, helium heat exchangers, and an electropneumatic converter
of an electrical signal into regulating pressure. Compared to this, a contactless
alternating current synchronous generator and direct current generator proved
to be the simplest and most reliable devices. Frequency and voltage regula-
tors and the pneumohydraulic mechanisms that surrounded them caused a
lot more trouble during test runs than the main issue—the turbine and two
electric motors.

The VNIIEM branch in Istrinsk had set up an integrated test stand to test
out all the assemblies jointly with the nominal “working fluid” feed system. Each
N-1 rocket had two turbo generator sources—one on Block A to supply all the
first-stage consumers and a second on Block V for the second and third stages.

At the same time that the on-board turbo generators were being produced,
VNIIEM was developing their on-the-ground equivalent, including a block
that contained a network frequency converter, transformers, and rectifier units.
During the testing process, the ground-based equivalent made it possible,
without consuming the on-board reserves of compressed air or helium, to feed
60 and 40 volts of alternating current at a frequency of 1,000 Hertz and 28
volts of direct current on board.

For the development tests alone, the project teams at VNIIEM and Saturn
manufactured 22 “air version” turbo drives, which ran for almost 3,000 hours,
and 17 “helium version” drives, which ran for 1,000 hours, for a flight time of
just 12 minutes! The reliability margin was enormous. The individual turbo
drives ran for more than 8,500 flight cycles.

At my request, one of the lead developers of the system at VNIIEM,
Vladimir Averbukh, compiled a briefing paper in which he listed the primary
individuals involved in the system’s development—developmental engineers
and testers. VNIIEM alone had more than 90 of these individuals working
there, not counting the production workers and machine operators—the on-
the-spot manufacturers of assemblies “in metal.” Not counting the production
engineers, Lyulka had 15 engineer specialists at the Saturn Factory who were
the hands-on creators of the air-helium turbo drive system. If you add to this
list the people who worked at NIIAP on the electric power supply system (at
TsKBEM on the rocket’s design and pneumohydraulic system, telemetry, and
test documentation) plus the military acceptance staff in all the organizations
and firing range specialists assigned solely to this project, then it turns out that
the implementation of a seemingly simple idea required the self-sacrificing
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creative work of more than 200 specialists. Once again, this does not count
the “working class,” which eventually cranked out the finished products.

My reason for dwelling in such detail on this instance was certainly not to
boast about my part in the project. The experience of the subsequent flight tests
on this system confirmed its reliability. One can consider this as the achieve-
ment of each individual participant in the development. But, first and foremost,
this was a victory for VNIIEM managers losifyan and Sheremetyevskiy, who
were unyielding in their demands for ground testing and conducted it on the
proper scale, despite cries from higher up the chain of command—from the
offices of the ministries and VPK—about missed deadlines.
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Chapter 8

Once Again We're Ahead
of the Whole World

During the last years of Korolev’s life we could not foresee, overburdened
as we were with a myriad of routine technical and organizational tasks, which
of our undertakings would attain further development and which projects that
seemed highly promising would prove to be dead ends. Forty years have passed.
Given today’s pace of scientific and technical progress, that is a considerable
period of time.

Practically all airplanes, rockets, and spacecraft developed in the 1960s in
the USSR and U.S. have long since become obsolete and removed from pro-
duction. But there are also exceptions. The R-7 and Proton launch vehicles, the
Soyuz spacecraft, and Molniya communications satellites are still alive in the
world of cosmonautics. The American Atlas and Titan launch vehicles, retaining
the basic designs of the 1950s and 1960s, continued to operate until the first
years of the 21st century. After Korolev, the Semyorka (R-7) launch vehicle, the
Soyuz spacecraft, and the Molniya communications satellite underwent numer-
ous updates. This process is natural for any article of hardware. Nevertheless,
the basic parameters, the look, and even the names remained the same.

One of the parameters determining the longevity of any rocket-space system
is reliability. Despite obsolescence, it is this high degree of reliability up until
the early 21st century that ensured the utilization of the Semyorka and Soyuzes.

Up until the end of the 20th century, the world had only two space trans-
port systems capable of inserting a human being into space—our Semyorka, in
conjunction with the Soyuz, and the American Space Shuttle. In 2003, China
disrupted the American-Russian monopoly in piloted space systems for the first
time. In October 2003, from its cosmodrome, China inserted a man into space
in a Chinese spacecraft on a Chinese launch vehicle. Various mass media sources
suggested that the Chinese Shenzhou spacecraft was very similar to the Russian
Soyuz vehicle. Indeed, the Chinese had studied our Soyuz very well, but this
in no way detracts from their own achievements. Our automakers have every
opportunity to study the best automobiles in the world down to the tiniest detail.
But for many decades they simply have not managed to reproduce anything even
approaching contemporary Mercedes or Toyota models.
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The history of the Soyuz series is rich with examples of successful engineer-
ing designs and just as many mistakes, which sometimes had tragic results. In
this respect, it is quite instructive for all creators of space technology.

IN 1966, KoroLEV's OKB-1 underwent a structural reorganization. We
were given a new name—Central Design Bureau of Experimental Machine
Building (TsKBEM). Minister Sergey Afanasyev approved the structure of
TsKBEM, the main elements of which were issue-related “complexes” that
combined a group of departments. A deputy chief designer was in charge of
each complex. A ministerial order appointed Sergey Osipovich Okhapkin first
deputy.' By early 1968, Okhapkin was up to his neck in N-1 issues—he had to
be involved in the design of rocket stages, structural tests on the launch vehicle
model, materials selection, aerodynamics, and a plethora of miscellaneous
everyday matters. If a director is in charge of more than 1,000 individuals, a
good half of whom are responsible for pending technical documentation, then
everyday matters don't leave him time for the in-depth understanding of the
strategic objectives of space politics.

After the edifying conversation that the minister held on 23 January 1968,
Mishin fell ill for a short while.? His first deputy, Okhapkin, recognizing his
responsibility, set aside the hundreds of drawings on Whatman paper and
tracing paper awaiting his review, and the pile of correspondence, and invited
Konstantin Bushuyev, Yakov Tregub, Viktor Klyucharev (who had been named
factory director—in 1966, Roman Anisimovich [Turkov] retired), and me to
come see him.> Okhapkin reminded us of the minister’s observation that we
were in the position of a rabbit facing a boa constrictor.

“Afanasyev saw the American space program as the boa constrictor,” said
Okhapkin. “But we have our own domestic, albeit smaller ‘boas—7K-OK,
7K-L1, N1-L3, and military-purpose RT-2s. If we have been unable up until
now to cope with any one of them without missing deadlines by one or two
years, then there’s no way we can deal with four. Let’s put our heads together
and see how we can deal with these ‘little boas’.”

I can't reconstruct everything that we said back then word for word, but
the gist was that our nation did not have a high-level managerial organization
that could rationally select the most urgent tasks and distribute them among

1. A “first deputy” was the person ranked first among the deputies.

2. For more about the minister’s “conversation” on 23 January 1968, see Chertok, Rockets
and People, Vol. 11, pp. 686-695.

3. The factory is a reference to the experimental production facility attached to TsSKBEM
that was colocated with the main design bureau.
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Chelomey, Yangel, aviation, and us. There was a time when Khrushchev had
personally convened the chiefs and determined who should do what, but even
he could not bring peace between Korolev and Glushko, who had refused to
develop the oxygen-kerosene engine for the N-1 rocket.

After sitting together an entire evening, we simply couldn’t come up with
any redeeming ideas. However, after calmly discussing the due dates for each
project and the actual volume of work necessary for their successful implemen-
tation, we once again proved to one another their complete irreconcilability.

Each of us thought to himself: what would Korolev have done in this
situation? He would have certainly come up with something, but what? It is
amazing that even our awareness of impending failure did not take away our
optimism. Perhaps the source of this optimism was precisely the vast amount
of assignments of “critical government importance” that we had been saddled
with. Ultimately, out of all the critical piloted space programs, history itself
selected only two: Soyuzes and orbital stations. But at that time, in 1968,
we didn’t know this yet and didn’t foresee that the Soyuzes would make up a
transport system without which the orbital stations would not be able to exist.
An enormous amount of work was invested in developing reliable Soyuzes. We
worked on these spacecraft at the same time we were conducting operations
on the L1 and N1-L3 lunar programs.

On 4 April 1968, the Americans launched an orbital vehicle, the sixth
Apollo spacecraft, into high elliptical orbit on a Saturn V rocket. The goal
was to check out the rocket-spacecraft system during orbital insertion, after
acceleration to escape velocity, before entry into the atmosphere, and during
landing.* Descriptions and photographs of the American Mission Control
Center in Houston appeared in the press. Judging by the enormous presence
of electronic computer technology and automatic data-processing and display
facilities, they had gotten so far ahead of us that our comment about our own
Center for Deep Space Communications in Yevpatoriya was: “It’s the Stone
Age, and we are cavemen admiring our cave drawings.”

From the literature that we could obtain, which was available to the whole
world but was “for official use only” for us, we knew that the American opera-
tors and flight control directors sat in an enormous hall, in comfortable seats,
with each individual at an electronic monitor displaying essential data in real
time. At any moment the flight director could request that any specialist tell
him what data is displayed on his screen, listen to his report, and study the

4. This was the AS-502 launch (also known as Apollo 6). There were a number of anomalies
on the mission, although none were serious enough to jeopardize the primary goals of the flight.
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problem without creating a ruckus. In contrast, when we were controlling a
flight, we sat on creaky chairs facing a wall covered with charts, grabbing for
various telephone receivers, and we still made correct decisions.

We were motivated far more effectively by American achievements—the
10 successful piloted Gemini flights, American public announcements about
their rendezvous and docking system tests scheduled for late 1968, and a piloted
circumlunar flight—rather than being constantly urged on by “the brass.”

The automatic docking of unpiloted vehicles Kosmos-186 and Kosmos-188,
which we had dedicated to the 50th anniversary of the October Revolution,
was not a full-fledged gift.” Few knew about that. Annoying mechanical neg-
ligence during assembly at the engineering facility (TP) prevented complete
retraction and mating of the electrical connectors of the two vehicles.® Adding
insult to injury, one of the vehicles was destroyed by the emergency destruction
system. Komarov’s ashes pounded in our hearts and beseeched us: “Spare no
effort in testing reliabilicy!””

Within our staff there were no arguments about whether we needed to repeat
the experimental docking of two unpiloted 7K-OK vehicles, solidly executing
the four phases—automatic rendezvous, docking, guided descent, and soft land-
ing. There had not yet been any serious discussion of the program of subsequent
operations. When disagreements cropped up with the Air Force representatives
concerning the makeup of the future crews, I avoided arguments and said: “First,
let’s achieve reliability in the unpiloted mode, and then we'll come to an agreement.”

At the engineering facility, work continued on the preparation of vehicles
7K-OK No. 7 and No. 8 and the latest Zond L1 No. 6 throughout February
and March 1968. In volume three of my book Rockets and People: Hot Days of
the Cold War, I mentioned that in 1968, my comrades and I had to celebrate
Cosmonautics Day in the air en route from Moscow to the Crimea, and then
in Yevpatoriya at NIP-16, the control center at that time, which was officially
called the Center for Deep Space Communications. Based on the number of
portraits and the mood, 12 April at NIP-16 had turned into a memorial day
for Gagarin. Just a month ago he had been here with us for the last time.

The launch of the rocket carrying the active vehicle, 7K-OK No. 8, was
scheduled for 1300 hours on 14 April. The next day, 15 April, they planned

5. See Chertok, Rockets and People, Vol. III, Chapter 22.

6. The common Russian abbreviation for the facility where the rocket and payload under-
goes prelaunch processing is TP— Tekhnicheskiy positsiya (literally “technical station” or more
generally “engineering facility”).

7. The “ashes pounding in our hearts” is a quote from 7he Legend of Thyl Ulenspiegel and
Lamme Goedzak, an 1867 novel by the Belgian novelist Charles De Coster (1827-1879).
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to launch the passive vehicle, 7K-OK No. 7. The precise liftoff time of the
passive vehicle was determined based on the trajectory parameters of the active
vehicle. An analysis of the various nominal and off-nominal situations, debates
about documentation and whether it conformed to what had actually been
done, and a readiness check of all the flight control groups confirmed that
“everything should pan out as long as they don’t shove some rag between the
vehicles’ docking interfaces again.” That was how the guys in Yevpatoriya bad-
mouthed the assembly workers who had prepared the preceding pair of vehicles.

At exactly 1300 hours on 14 April, 7K-OK No. 8 lifted off. Communication
with the cosmodrome was excellent. We received the same running commen-
tary that was taking place in the bunker. After 530.9 seconds, spacecraft No. 8
entered Earth orbit. The first reports were soothing: everything that should
have deployed, deployed.

At 1430 hours during the second orbit, active control from our center
began. We had already been informed from Moscow that instead of the TASS
report that had been prepared for publication announcing the launch of an
automated Soyuz, they were providing low-key information about the latest
launch of Kosmos-212.

During the second orbit, all 10 ground tracking stations reported good
telemetry reception. Eight stations measured orbital parameters. GOGU Chief
Pavel Agadzhanov polled each of the stations in succession.® They all reported
the normal operation of all systems. During the third orbit, spacecraft No. 8
began normal spinning on the Sun. For the first time in seven Soyuz launches,
we began to hope that everything would go according to the program despite
the fact that, just to be on the safe side, even when the mission was a success,
the Soyuzes would be called Kosmoses with the latest numbers attached.

At 1630 hours, at the recommendation of the ballistics specialists, the
operational and technical management (OTR) made the decision to perform
an orbital correction maneuver using the approach and correction engine
unit (SKDU) to reduce the perigee altitude.” Performing orbital correction
maneuvers was also a way to carry out general checkout procedures for all the
on-board motion control systems.

8. GOGU—=Glavnaya operativnaya gruppa upravleniya (Main Operations Control Group)—
was the flight control team for Soviet piloted missions.

9. OTR—Operativno-tekhnicheskoye rukovodstvo; SKDU—Sblizhayushche-korrektiruyushchaya
dvigatelnaya ustanovka. The SKDU was the main propulsion system of the Soyuz, consisting of
a primary engine (the $5.60) and a backup engine (the S5.35). The system was designed by KB
Khimmash under Chief Designer Aleksey Isayev.
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Beginning with vehicle No. 7, all Soyuzes had 76K infrared vertical sensors
installed on them. We should have done this on the very first vehicle. Our over-
estimation of the infallibility of the ionic system prevented us from using such
a natural, tried-and-true design on the Zenir [reconnaissance satellite] series.

The correction maneuver during the fifth orbit went as calculated. The apogee
was increased by 6 kilometers, while the perigee was reduced by 22 kilometers. We
had now reached the point where we needed to send a telegram to the cosmodrome
with the official report granting clearance for the launch of the second vehicle.

On the morning of 15 April, after “silent” orbits, we were convinced that
everything was okay on board. When we received the T-minus-2-hours alert
from the cosmodrome, something pulled me into the room of the analysis group.

“If everything is going well, it means we missed something.” I had only
just recalled this law of rocket-space launches when it made itself apparent. I
was hoping to receive assurances from Irina Yablokova, a specialist on storage
battery power sources, that the obvious overcharging of the silver-zinc buffer
batteries with a large amount of “solar current” during the “silent” orbits would
not require a report to the State Commission. All of Boris Rauschenbach’s avail-
able staffers, headed by Lev Zvorykin, were crowded together in the analysis
group room arguing and gesticulating. Fretting, he began to explain that they
had just discovered a serious glitch. Twice during solar inertial spin mode, the
effectiveness of the attitude-control engines (DO) for roll control had been 10
times lower than the design value.'® Perhaps the culprit was the main instrument
of the attitude-control system—the ignition assembly for the approach and
attitude-control engines (BV DPO), which issues the commands to the engines
controlling the rendezvous process?!! If that were the case, we were in danger
of messing up the upcoming rendezvous. Zvorykin was so perplexed by this
discovery that he proposed that I ask the State Commission to postpone the
launch of No. 7 for 24 hours.'” I was exasperated: “It’s T minus 2 hours at the
launch site! They've finished fueling the launch vehicle. Do you have any idea
what you are saying? Hold the rocket for 24 hours with tanks full of oxygen?!”

10. DO—Duwigatel orientatsii.

11. BV DPO—Blok vklyucheniya dvigateley prichalivaniya i orientatsii. The basic 7K-OK
Soyuz spacecraft’s DPO (approach and attitude-control engines) were used for attitude control
during rendezvous and docking. The system comprised 14 engines for docking and orientation
(10 kilograms thrust) and eight for orientation (1 to 1.5 kilograms thrust).

12. State Commissions were ad hoc operational bodies that made all final decisions during
flight testing of spacecraft and Soviet weapons systems. The Soviet government would appoint
senior designers, military officers, and industry representatives to serve on a particuiar State
Commission for every new weapons system (including spacecraft). They were usually dissolved
after the testing regime was concluded.
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Before reporting to Mishin at the cosmodrome, I tried to track down
Rauschenbach and Legostayev over the high-frequency communication line.
They hadn’t flown anywhere and were following events from Podlipki. Zvorykin
and his junior associate Pimenov began to explain themselves in an unbear-
ably long conversation with Legostayev over the high-frequency line, during
which the latter, breaking away from the phone, consulted with other on-duty
analysts. I lost patience, snatched the receiver, and demanded an official and
immediate statement from Rauschenbach authorizing the launch.

The analysts on the other end of the line debated and wavered. At this
point I did not care about the overcharged batteries anymore. After running
back to the control room, I barely had time to tell Agadzhanov about what
had happened, and I found Feoktistov on the direct communication line at
the command post at Site No. 2. After explaining the situation to him, I asked
him to brief Mishin." Feoktistov said that everyone was at the launch site;
he promised to drive out to the “apron” and to find Mishin, but he for one
thought that it was unacceptable to postpone the launch by 24 hours!

“These Rauschenbachers are always skeptical of something,” concluded
Feoktistov, “and no one will understand you.”

Ten minutes later Yurasov was calling from the bunker. He immediately
understood our misgivings.

“I'm going to find Vasiliy Pavlovich right now and bring him here,” he said.

Five minutes later an aggravated Mishin was on the line. Technically, he
had acted properly.

“Where is GOGU Chief Agadzhanov?”I handed the receiver to Agadzhanov.

Mishin demanded: “We're supposed to announce T minus 1 hour. 'm
giving everyone 10 minutes. Either you send us a ZAS-telegram confirming
readiness for launch or forbid us flat out and provide reasons.'* In any event,
you and Chertok will bear the responsibility.”

Agadzhanov took the secret notepad for the encrypted communications
system telegram and wrote the text confirming the readiness of the entire KIK
(Command and Measurement Complex) and vehicle No. 8 to work with vehicle
No. 7. He prepared the decoding of signatures and began polling the review
team. All members were “in favor” except for Zvorykin, Dubov, and Pimenov.

13. Those responsible for this mission were located in three different places: Chertok and
Agadzhanov were at NIP-16 at Yevpatoriya in Crimea; Mishin and Feoktistov were at Site No. 2 at
the launch range at Tyuratam; and Rauschenbach and Legostayev were back at OKB-1 in Podlipki.

14. In Soviet times, Russians used the abbreviation ZAS-telegram—_Zakrytaya apparatura
svyazi-telegram (encrypted communications system telegram) as shorthand for encrypted
telegrams.
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I asked Mishin to give us 10 more minutes. He gave us 2. I used up 3 just
determining that Rauschenbach and Legostayev were still wavering. These
were moments when our people in Tyuratam, Yevpatoriya, and Podlipki had
no time left for technical analysis of the situation and we needed to either
immediately make a risky decision or abort the program. Agadzhanov handed
me the notepad, which already contained nine signatures. I signed, and the
telegram [approving the launch] was sent off then and there.

Kerim Kerimov, the chairman of the State Commission, called up
Agadzhanov from the bunker: “Where have you been? We're announcing
T minus 30 minutes. Why couldn’t you get to the bottom of this? You have
all the specialists over there. What kind of a situation are you putting me and
the entire State Commission in?”

What could Agadzhanov say in his defense? The State Commission chairman
was right. But now the telegram had been sent—the decision had been made.

Agadzhanov handed me the telephone and Kerimov repeated the very same
questions to me. After hanging up, I tried to cheer up everyone who was standing
around waiting for feedback: “ ‘Cavemen’ who didn’t have all the information at
their disposal made correct decisions guided by their innate instincts.”

After receiving instructional compliments from the firing range, Agadzhanov
and I felt the urgent need to let off some steam, and right then and there we
convened the operational and technical management for a public excoriation
of Kravets and Zvorykin, the leaders of the analysis group.

AtT minus 5 minutes, Kerimov requested that I be on the line at all times
and report to him personally about the process after insertion, and he would
relay my reports to everyone in the bunker.

At 1234 hours, we heard the “Liftoff” announcement. After what was now
the standard 530 seconds for insertion came the announcement of entry into
orbit, and then after 20 seconds of intense anticipation came the soothing
message: “All elements have deployed.” I reported to Kerimov that the gz was
activated on the active vehicle and was ready to work with the passive one."”
Now all hope was on information from “35,” which was the code name used
in voice communications for NIP-15 in Ussuriysk.'

The well-being of dozens of people packed into the bunker at the cosmo-
drome’s Site No. 1 and in the control room in Yevpatoriya completely depended
on the speed with which the telemetry specialists in Ussuriysk could sort out

15. Igla was the name of the rendezvous radar system of the 7K-OK Soyuz spacecraft.
16. Ussuriysk, the location of the NIP-15 tracking station, is a city on the eastern seaboard
of the Russian landmass, near Vladivostok, just 60 kilometers from the Pacific Ocean.
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the information being sent from the two vehicles flying over them. At 1254
hours, Ussuriysk reported that its data indicated that we had radio lock-on
and the distance between the vehicles when they left the coverage zone was
just 335 meters and the relative approach rate was 2 meters per second. The
vehicles left the coverage zone at 1253 hours.

“What a job we're doing!” Colonel Aleksandr Rodin boasted for all the
telemetry specialists. “Just 1 minute for decoding, deliberation, and the report!”

Now, somewhere over the ocean for just the second time in the world,
the process of rendezvous, final approach, and docking of unpiloted spacecraft
was beginning and we had no way of monitoring it. I couldn’t shake a feeling
of aggravation over the incident caused by Zvorykin’s recommendation that
we postpone the launch. While we were in suspense awaiting the beginning
of communication, I said: “The ballistics specialists have lined up the passive
with the active so precisely that they’re going to meet up even without the BV
DPO.” Zvorykin and his comrades hung their heads in silence. They would
be the guilty ones no matter what. If the docking took place, they would be
a laughingstock for playing it too safe. And if it failed, they would be asked
sternly: “What happened there with you guys and why didn’t you insist on
postponing the launch? Your lack of principles has destroyed a good vehicle.”

Yuriy Bykov had supplemented the Zarya system on both vehicles with
a low-capacity shortwave telemetry line."” There was a faint glimmer of hope
that the shortwave centers would receive information before the vehicles
entered our station’s coverage zone. If the three members of the operations
and technical management who voted to postpone the launch were right,
then the irreversible process of DPO fuel depletion would now occur and the
active vehicle, which had appeared in our coverage zone, would only be able
to execute a ballistic descent.

Kerimov and Mishin drove over from the bunker to the KP (command
post) at Site No. 2 and requested reports: “Why is Zarya silent?”'®

We were pestering the communications operators, although they would
scream on their own as soon as Zarya detected signs of change in the shortwave
signals. But they calmly responded: “No changes in ‘parameter two.” Shortwave
centers are receiving.”

“Parameter two” was the code name of the channel for controlling the
electrical connection of the two vehicles’ interfaces. If the level jumped from

17. Yuriy Sergeyevich Bykov (1916-1970) was chief designer at NII-695 (later MNII
Radiosvyazi), which designed the communications systems for Soviet piloted spacecraft. The
common abbreviation for shortwave in Russian is KV (korotkovolnovyy).

18. KP—kommandnyy punks.
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zero to 100 percent, it meant that the vehicles had not only mated mechani-
cally, but that they had actually connected electrically.

“At 1320 hours there are no changes,” reported the chief of communications.

And then at 1321 hours, the situation quite clear, unable to restrain his
excitement, he shouted over the public address system: “Three shortwave
centers—Alma-Ata, Novosibirsk, and Tashkent—have reported: Parameter
two—100 percent!”

Someone mumbled a muffled “hoorah,” someone sobbed, but for the time
being, even blabbermouths fell silent out of superstitious caution.

Two more shortwave centers confirmed: “We have parameter two at
100 percent.”

And there on the screen of the jubilant television operators, obscurely
through a mesh of interference, one could make out the contours of a station-
ary spacecraft. This was the hull of the passive vehicle in the field of vision
of the active vehicle’s television camera. There were applause, embraces, and
handshakes. In short—there was universal jubilation. The television operators
felt like the main heroes.

Amidst all the noise, the telemetry specialists’ report came in confirming
complete mechanical and electrical mating. Now the telemetry specialists were
the heroes. In the general tumult, nobody remembered those who had devel-
oped and debugged the attitude-control, rendezvous, and docking systems.
After all, they weren’t the ones who had reported the earthshaking success.
Let them sort out the recordings and prepare the report about the rendezvous
and docking process.

Now everyone needed to quickly grab some lunch. The State Commission
would be flying out to us [at Yevpatoriya]. We needed to prepare a detailed
report about the rendezvous process before they arrived. I stayed behind so
that I could congratulate everyone who had suffered through this experience
on the high-frequency communication line in Podlipki. At 2100 hours, the
photogenic, smiling “Academy of Sciences research associate” Viktor Pavlovich
Legostayev appeared on our television screens. Wielding his pointer at the wall
charts, he told the television viewers of the Soviet Union (and the broadcast
was being relayed to all the countries of Eastern Europe over “Intervision”)
how the automatic hard docking of Kosmos-212 with Kosmos-213 took place."”

For some reason it was sad when, just 4 hours after such a long-awaited and
exciting docking, we gave the command to undock and separate the vehicles.

19. Intervision was an Eastern European radio and TV broadcasting network established
in 1960.
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Each assumed its own orbit. Multiple orbits of work lay ahead of each of them
to thoroughly check out their systems.

Mishin and Kerimov arrived. The future Soyuz cosmonauts also flew in to
Yevpatoriya. Now began mundane, strenuous work with all sorts of tests. The
developers of all the systems tried to track down a comment [from the mission
transcripts] that, rather than bring yet another State Commission investiga-
tion, would prove that it was precisely their system that had conducted itself
intelligently; it shouldn’t be forgotten in future glamorous reports and stories
about the docking,.

On 16 April, newspapers published a TASS report that stated: “The second
automatic docking is of great importance in space exploration.” Measures enhancing
the dynamics of the rendezvous process, which our specialists conducted in concert
with the developers of Igla, proved to be effective. The misgivings of Zvorykin and
his friends turned out to be unjustified. Compared with the preceding docking,
the process had gone considerably more smoothly. Instead of 28 engine burns
to accelerate, brake, and neutralize lateral velocity, in this case we had “just” 14.

On 17 April, discussing our first impressions about the docking processes
with Legostayev over the high-frequency communications line, I thanked him
and Rauschenbach both on my behalf and that of the State Commission for the
substantial improvement of the rendezvous process, and I asked him to pass along
our gratitude and congratulations to NII-648 for gla. For my own part I added:
“It’s terrific that you didn’t flinch when it came to the BV DPO.” In response
came the assurance, “you ain't seen nothing yet.” To be on the safe side, he asked
that all the BV DPO units that were still on the ground be thoroughly retested.

“Look how much work you've thrown at us. Don’t think that you there in
Yevpatoriya are the smartest. We're searching too, and maybe soon we'll come
up with a way to do without it altogether,” relayed Legostayev.

Alas! We weren't able to substantially simplify the BV DPO until the
computer came on board. But we had to wait five more years for that!

The vehicles had flown for just 3 hours and 50 minutes in a hard-docked
state. These were joyful orbits for everyone, sort of like the “victory laps” that
a speed skater takes after winning a race. The difficult prelanding workdays
had begun, interrupted by local emergencies. And once again Zvorykin’s team
stood out.

During the 51st orbit we were supposed to perform a test orbital correc-
tion maneuver of vehicle No. 8 in attitude-control mode using the infrared
vertical (IKV) and the ionic system followed by solar inertial spin mode.* All

20. IKV—Infrakrasnaya vertikal.
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the settings and commands for this mode proceeded normally on board, but
the correction engine unit (KDU) failed to start up.*!

Ten minutes after this first real emergency after 50 successful orbits,
Zvorykin appeared, accompanied by his advisers.*

“We've got it,” they reported. “We've got a device in the unit, in the ampli-
fier of the ionic orientation system, to check the whole circuit. It polls the
main circuit and, if it determines it’s malfunctioning, it switches the control
loop to the second backup circuit. That's how we backed up the ionic system
for reliability. After receiving the system poll about the performance of the first
ionic orientation circuit, this diagnostic system failed. The reliability monitor-
ing system itself turned out to be unreliable.”

“A fundamental rule was broken during the development of these instru-
ments,” is how I began my defense to Mishin. “They overlooked the fact that
this circuit, which was supposed to determine the reliability of the other circuits,
was itself unreliable! This is a conceptual error.”

When Zvorykin and I reported to Kerimov after Mishin, Kerimov did
not miss the opportunity to take a slight jab at us: “So I've been told that
supposedly the Japanese press is writing that the ‘second automatic docking
is a testament to the superiority of Soviet electronic computer technology’.”

It was very annoying. A mere test circuit wouldnt allow the functional
primary one to operate. The traditional question followed: “What are we
going to do?”

I proposed using manual control. We would replace the future cosmonaut
with commands from the ground. We would hold a “circus with acrobatics,”
using the television services of Bratslavets and Krichevskiy. One of the television
cameras was installed so that in attitude-control mode it could look at Earth just
like a cosmonaut in the vehicle. Using the position of the horizon in the television
cameras field of vision and also making note of Earth’s course, we would monitor
the position of the vehicle, having excluded the failed ionic system instrument
from the readiness loop. After orientation using the infrared vertical and televi-
sion, we would switch to gyroscopic stabilization. Before descent, we would avail
ourselves of the other ionic system for acceleration. For the time being, it was in
good working order. As had already been done, we would swing once around
180 degrees and fly “on gyroscopes,” monitoring the image on the screen from

21. KDU—Korrektiruyushchaya dvigatelnaya ustanovka.
22. Chertok uses the abbreviation ChP—chrezvychaynoye polozheniye (literally “emergency
event”)—to denote an emergency.
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the ground; we would have first loaded the settings for the calculated time of
the firing of the correcting braking engines (KTDU).*

During the landing orbits the control room was overflowing with spectators.
No one was asked to “clear out.” We understood how personal the success and
failure of any spacecraft system of the new generation was to each one there.

On 19 April, the active vehicle landed in guided descent mode. The
“acrobatics” of the ionic system during acceleration, the orientation using
the infrared vertical for pitch and roll, the 180-degree turn according to the
previously loaded settings, and the hour-long gyrostabilized flight proceeded
normally. We had had heated arguments—full of passion and feeling—over
the development of this program, since we had feared going outside the limits
of the emergency vehicle destruction “corridor.”

When this method of orientation is used, errors in determining the moment
to issue commands to begin the descent cycle or braking pulse could lead to
significant deviations from the calculated time. In such cases, the APO is
triggered. If we were to blow up such a good vehicle, after erring in dozens of
settings, we would not be forgiven.

At five o'clock in the morning, Feoktistov and I tracked down Pavel
Elyasberg over the high-frequency communications line at the NII-4 ballistics
center and asked him to perform one more control calculation of all the descent
parameters.” Our designated ballistics specialist, Zoya Degtyarenko, was already
at NII-4. She came up with someone else from among the TsNIImash descent
specialists. By 9 a.m., Elyasberg reassured us that “everything would be okay.”

The passions calmed down, but the tension did not abate. The landing
took place precisely according to schedule, although a strong wind in the
touchdown area prevented the parachutes from pooling on the ground, and
they dragged the Descent Module over the steppe for about 5 kilometers. The
following day, the passive vehicle touched down more smoothly.

Search groups confirmed that in both cases the soft landing system had
been actuated upon receiving a command from the gamma ray altimeter. This
instrument was the first serious work of a young special design bureau organized
by Professor Yevgeniy Yurevich at the Leningrad Polytechnic Institute. Oh,
what a lot of trouble this altimeter would cause! We provided a command to
jettison the parachutes so that they would not drag the Descent Module over

23. KTDU—Korrektiruyushchaya tormoznaya dvigatelnaya ustanovka.

24. NII-4 was a military research institution located in the Bolshevo suburb of Moscow.
It served as a center to develop strategic and operational plans for the Strategic Rocket Forces
and the Soviet military space program. The NII-4 ballistics center provided ballistics, tracking,
and communications support for the Soviet human space program in the early days.
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the steppe in a strong wind. We left out this command for vehicles No. 7 and
No. 8. Nevertheless, some time after the forced “stroll” over the steppe, the
parachute of vehicle No. 7 was jettisoned. It turned out that while it was drag-
ging over the ground, static electricity accumulated in the parachute material,
which then ignited the pyrocartridges.

On 21 April, TASS reported that “all vehicle systems functioned normally
and showed a high degree of reliability.” The main point in the TASS report was
a prediction that was soon proven true: “The entire complex of operations. ..is a
new major step in the creation of orbital stations and interplanetary spacecraft.”

A new set of cosmonaut candidates showed up in Yevpatoriya, in addition to
cosmonauts we knew well. Mishin picked a comparatively quiet time and orga-
nized an unofhcial meeting “for sizing each other up.” “We're always associating
with future cosmonauts through Kamanin or at official conferences,” he said.
“Let them talk with us themselves.” That was his reasoning behind the meeting.
We agreed that our side would have four representatives—Mishin, Feoktistov,
Kerimov, and myself. Hero of the Soviet Union Colonel Georgiy Beregovoy
and Lieutenant Colonel Vladimir Shatalov met with us and spoke their minds.

These were certainly not the young lieutenants who had made up the
first cosmonaut corps. Beginning in 1942, Beregovoy had fought as a pilot
on the famous II-2 fighter-bombers. He decided to fly into space, having
a great deal of experience as a test pilot at the Air Force State Red Banner
Scientific-Research Institute (GKNII VVS).” He was already 47 years old
and did not aspire to go into space for the sake of glory. Shatalov was 41
years old. He had already waited his turn for five years in the cosmonaut
corps.”® After graduating from the Air Force Academy in 1956, Vladimir
flew a great deal in a variety of airplanes.

Since the times of Korolev, we had been accustomed to the fact that the
cosmonauts treated the technical management with pronounced respect. Shatalov,
who was the first to speak his mind, did not exhibit this respect. He said that the
plans, not just for the distant future, but for the immediate future as well, were
completely unclear to them, the future cosmonauts. They were being kept in the
dark about what the chief designers and their closest associates thought. They

25. GKNII VVS— Gosudarstvennyy krasnoznamennyy nauchno-issledovatelskiy institut voyenno-
vosdushnykh sil.

26. Georgiy Timofeyevich Beregovoy (1921-1995) was selected for cosmonaut training on
25 January 1964 as a supplement to the 15 cosmonaut pilots and engineers selected earlier on
10 January 1963, which included Vladimir Aleksandrovich Shatalov (1927-). These men were
slightly older and more experienced than the original “Gagarin Group” selected in 1960. Both
Beregovoy and Shatalov went on to senior positions in the Air Force’s management hierarchy
for cosmonaut training.
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needed to determine, not in a week, but in a year or even sooner, who would fly
on what vehicle, and be bolder in recruiting them—experienced pilots—not just
for flight training on a vehicle that was already ready, but for the actual develop-
ment of the spacecraft, like they do in the field of aviation.

I liked Shatalov’s blunt observations. They differed from the speeches of
the obedient kids from Gagarin’s class. He spoke fervently and was not afraid
to step on our toes, having brought up the Americans’ successes and the oppor-
tunities afforded their astronauts for training sessions on special simulators.

When Beregovoy had his turn to speak, he was less vehement than Shatalov.
He said that the review team, State Commission, and other managers were too
cautious. They needed to first begin launching new vehicles with a cosmonaut
on board and not drag on for years with unpiloted launches. Then new space
technology would be developed faster. In his opinion, Komarov’s death was
not a disaster. In aviation, over a year’s time, at least a dozen crashes take place,
and two dozen crashes occur during the testing of new aircraft. And there’s
nothing horrible in that. It’s all to be expected. In aviation this is called an “air
accident with grave consequences.”

ON THE EVENING OF 20 APRIL, we conducted a ceremonial closing meeting
of the operational and technical leadership. Agadzhanov emphatically called
each of the systems testing managers up to report, while Volodya Suvorov,
who had specially prepared for this festive event, having arranged spotlights
around the entire hall, shot the first secret film about automatic docking at the
Yevpatoriya mission control center (TsUP).”” When Suvorov was still alive, I
asked him if he could track down this film. He promised but didn't manage
to do so. I simply haven't set aside time to search without him.

On 21 April, the State Commission and command of military unit 32103
rewarded all docking participants with an excursion to Sevastopol.”® Setting
out for the hero-city, everyone got dressed up. I pinned my Hero of Socialist
Labor star to my lapel. Mishin complained that he wanted to go with us but

27. Vladimir Andreyevich Suvorov was the main movie cameraman responsible for taking
films of the early Soviet piloted spaceflights. He began his career by taking films of the early
Soviet nuclear explosions. The common abbreviation for “mission control center” is TsUP ( Zsentr
upravleniya poletami), literally “Flight Control Center.”

28. “Military unit 32103” was the service designation for the staff of the Command and
Measurement Complex (KIK). Sevastopol is a port city on the Black Sea in current-day Ukraine.
During World War II (in 1941-1942), the city suffered a vicious German attack and siege. It
was finally liberated by Soviet forces in 1944.
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was unable to since he had to fly back to the firing range to participate in the
latest 7K-L1 circumlunar flight.”

We visited all the sites; their very names would inspire anyone who knew
the history of this truly Russian hero-city to pay tribute to the heroism of
those who lie beneath its earth and at the bottom of the sea. There were a lot
of tourists at Sapun Mountain outside the entrance to the city.”” A middle-
aged sailor in a pea jacket covered in military medals walked up to me. He
was clearly “in his cups,” but steady on his feet; he had something he had to
say to a new person. After politely pointing to my gold star, he asked: “What’s
it for, buddy?”*!

Instead of the usual evasive answer that I gave in such situations, I pulled
out the award certificate booklet and showed it to him. He read aloud:

For outstanding services in developing rocket technology models
and ensuring the successful flight of a Sovier cosmonaut into space,
the Presidium of the Supreme Soviet of the USSR by Decree on 17
June 1961 has awarded YOU the title of Hero of Socialist Labor.
Chairman of the Presidium of the Supreme Soviet of the USSR
L. Brezhnev
Secretary of the Presidium of the Supreme Soviet of the USSR
M. Georgadze
Kremlin, 19 June 1961°

“Look who I've stumbled into,” said the sailor after closing the booklet
with particular reverence and returning it to me. “So, I guess you received this
for Gagarin, and now the spacecraft are flying, docking, and landing without
people—why is this?”

Violating official security regulations, I said that we control those flights
here in the Crimea from Yevpatoriya. The spacecraft are undergoing tests, and
soon people will be flying again.

29. Mishin directed the launch of 7K-L1 vehicle No. 7L on 23 April 1968. The spacecraft
failed to reach Earth orbit.

30. Soviet troops began the bloody process of regaining Sevastopol from the Germans by
storming Sapun Gora (Sapun Mountain) on 7 May 1944.

31. Chertok is referring here to his Hero of Socialist Labor pin.

32. Chertok was one among many from the Soviet space industry who were awarded the
Hero of Socialist Labor on 17 June 1961 to honor them for their contributions to Yuriy Gagarin’s
flight on the Vostok spaceship. Mikhail Porfiryevich Georgadze (1912-1982) was Secretary
of the Presidium of the Supreme Soviet from 1957 until his death. This position was largely
ceremonial in nature.
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“So then my friends did not drench this land with their blood in vain.
You're really doing something there. I must tell you, when they retreated, and
then we stormed this mountain, 1 hour of that pandemonium is worth many
days there, in your space. How many heroes fell here for our Russian glory!
Forgive me if I said something wrong. Take care.”

I extended my hand and couldn’t help but embrace him. Weaving a bit,
he hurried off to look for his comrades.

WE RETURNED TO YEVPATORIYA LATE THAT EVENING, and that night (it
was already 23 April), we gathered in anticipation of the L1 launch. The
commentary came to us from Chelomey’s bunker. Liftoff took place at a few
seconds after 0201 hours. Separation of the spacecraft from the launch vehicle
was supposed to take place 589 seconds into the flight. But the launch vehicle
didn’t make it that far. What bad luck we were having with the lunar programs!
At 260 seconds the second-stage engines shut down and once again the emer-
gency rescue system (SAS) worked excellently. The spacecraft was unscathed. I
saw it in excellent condition several days later in shop No. 439. It landed 520
kilometers from the launch site. Three failures of the UR-500K launch vehicle
proved the high reliability of the emergency rescue and landing system that
we had developed for the L1.% As our confidence in the reliability of the SAS
grew, our hope that a Soviet cosmonaut would fly around the Moon before
the Americans waned. For the time being, our May Day present was just the
docking of the Kosmos-212 and -213. Why they couldn’t be called “Soyuzes,”
if only in honor of the holiday, no one could really understand. This playing
it safe was not a secrecy issue, but a political one.

The airplane that was supposed to transport the main contingent of people
from the Crimea to Moscow had been delayed in Tyuratam. Mishin and Tyulin
had counted on flying into Yevpatoriya on it. After the nighttime crash of the
UR-500K, the aviation schedule had been disrupted. I flew to Moscow with
cosmonaut Aleksey Leonov on a Tu-124—the brand new Air Force airplane
equipped for the navigational training of the cosmonauts, which still had its
pleasant, fresh-from-the-factory smell.?

Throughout the entire flight up until the landing at Chkalovskiy airfield,
we argued about the role of a human being in the control of spacecraft. The
cosmonauts saw me as one of the chief proponents of purely automatic control

33. The three failures took place on 28 September 1967, 22 November 1967, and 23 April
1968.

34. The Tu-124 was a short-range twin-jet passenger airliner that was introduced into service
in 1962.

169



Rockets and People: The Moon Race

and, using examples of the two latest Kosmos flights, they argued that docking
would have been more reliable if just one cosmonaut had been on each spacecratt.

AllT had left as a defense was to refer to the Komarov tragedy. Whoever
had been in his place still wouldn’t have been able to open the solar array and
pull the parachute out of the container. We made a mistake by deciding to let
a human being fly before we had tested all the new vehicle’s systems. The last
two Kosmos flights confirmed that, with a few exceptions, everything had been
tested out and the decision could be made to resume piloted flights.

The next day all of our comrades who had returned from the Crimea were
greeted at work like heroes. Naturally—the second automatic rendezvous and
automatic docking! This was an absolute victory for the control specialists.
The Americans still didn’t know how to do this. We were once again “ahead
of the whole world.”
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Chapter 9

“Sort It Out, and Report
on Your Endeavors”

Saturday, 21 December 1968, the weather was fine, but the mood was
anything but festive. At NII-88 on a big screen we were watching the liftoff of
a Saturn V carrying Apollo 8. Considering the complicated relay arrangement,
the image quality was quite decent. Even on a television screen the liftoff was
a sight to behold. When the first and second stages separated, everything was
shrouded in billows of smoke and flame. It created the impression that an
explosion had taken place, but seconds later the bright, pure plume rushed
onward. We compared everything that we had seen with our own liftoffs and
could not help but think about the launch of the first N-1 No. 3L coming
up in February.

The next day, Sunday, I went cross-country skiing around the Botanical
Garden. The snow wasn’t deep, and from time to time my skis scraped the
ground. I didn’t experience the usual pleasure I got from the exertion of skiing.

Usually while skiing I managed to escape all burdensome thoughts and tried
to look at things from an outside perspective. This time it didn't work. First I
thought about Vladimir Shatalov and Aleksey Yeliseyev—they were supposed
to fly in January, dock, and transfer from vehicle to vehicle. Then I thought
about the upcoming difficult State Commission on the N-1—this was at the
firing range—then I'd have to fly to Yevpatoriya. At the firing range and in
Yevpatoriya, we'd meet with Babakin—the launch of two Veneras was coming
up. On 20 January, there would be another L1 launch.... How would all of
this go? But most of all, the February N-1 launch would not let my mind rest.

On Monday, 23 December, “Uncle Mitya” summoned the leadership of the
“cuckoo’s nest” (as we privately referred to Ustinov and the MOM building on
Miusskaya Square, respectively) to his office. According to the shock waves that
had reached us by that evening, the conversation boiled down to the standard
questions and instructions: “How are we going to respond to the Americans?
Sort it out and tell me what you're going to do. The main problem is how to
shorten the timeframes. We have to report our proposals to the Politburo.”

Having come out to see us after the hoopla in the Central Committee, Viktor
Litvinov told us: “Dmitriy Fedorovich was complaining that the Americans
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have borrowed our basic method of operation—plan-based management and
networked schedules.! They have passed us in management and planning meth-
ods—they announce a launch preparation schedule in advance and strictly adhere
to it. In essence, they have put into effect the principle of democratic central-
ism—free discussion followed by the strictest discipline during implementation.”

According to Ustinov, we had let ourselves go. We had returned to the
times of feudalism. Each ministry was a separate feudal fiefdom. Instead of
working harmoniously, the chief designers were adopting aggressive stances
against one another; they had even stopped listening to their own ministers.
The Americans were concentrating enormous efforts. They had either 500,000
or 1,500,000 people working on the lunar program, and 20,000 companies.
And a government organization—NASA—was organizing and managing all of
this. We were presumptuous, Ustinov upbraided us, and it was time to make
a sober assessment of the situation.

On Monday, Mishin called in sick and didn’t show up at work. The min-
ister instructed Litvinov to ask Sergey Okhapkin—the chief designer’s first
deputy—for proposals for the upcoming meeting at the VPK with Smirnov
or in the Central Committee with Ustinov.

Okhapkin invited Konstantin Bushuyev, Sergey Kryukov, and me to consult
about what to do. I recalled Saltykov-Shchedrin, who last century wrote, “Any
administration acts through endeavors.”* We needed to compose umpteen neces-
sary and useful endeavors and propose them to the minister. He will cross out half
of them because there wont be enough money or authority for all of them, but
he’ll take some sort of action on the other half and at least render moral support.

I proposed: “Let’s consult with Pilyugin. He knows his way around the
political scene better than we do now. He meets almost every other day with
Keldysh, often with Yangel, the deputy Commander-in-Chief of the rocket
forces spends an hour drinking tea with him, and Ustinov is betting on him
to develop control systems for Nadiradze’s rockets.”

We accepted this proposal as the “first action.” Litvinov flared up: “What
are you doing to me? I've been ordered to report to the minister this evening
about your actions, and you're about to go on a field trip to see Pilyugin.”

1. Valentin Yakovlevich Litvinov (1910-1983) served as a deputy minister of the Ministry
of General Machine Building (MOM) from 1965 to 1973.

2. Mikhail Yevgrafovich Saltykov-Shchedrin (1826-1889) was a leading Russian satirist
of the 19th century.

3. Aleksandr Davidovich Nadiradze (1914-1987) was chief designer at the Moscow Institute
of Thermal Technology (MIT), where he led the development of long-range solid-propellant
ballistic missiles, which eventually replaced the liquid-propellant ones developed under Korolev,
Yangel, and Chelomey.
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“Viktor Yakovlevich,” reassured Okhapkin, “first of all, we're not going on
a field trip, were going for serious deliberation; and second, in a day or two,
Vasiliy Pavlovich [Mishin] will be back on the job, and anyway, without him
we won't deliver any actions to the minister.”

Litvinov gave a wave of his hand and left for the factory floor. He could
breathe easier there.*

Okhapkin telephoned Pilyugin on the “Kremlin line” and arranged for us
to come over on the 25th after lunch. “We can’t go see Pilyugin empty-handed;
we need to have proposals, an outline, so that the conversation will be more
concrete. | propose that we switch to the dual-launch scenario [for a lunar
landing],” I said, having decided to take advantage of the good company for
such a conversation.’

“But that means putting off the mission for four to five years,” objected
Bushuyev.

“We're already behind by at least three to four years. If we come out with
a scenario in three years—in the best case—that is clearly worse than the cur-
rent Apollo, then what good does this do anyone?”

After returning to my office, I convened a “small council” of my deputies
and department chiefs, who to a great extent determined both the deadlines
and weight reports. They did not always follow the instructions of manage-
ment, but they had their own opinions in store. Rauschenbach, Kalashnikov,
Karpov, Yurasov, Krayushkin, Vilnitskiy, Kuzmin, Chizhikov, Zverev, Penek,
and Babkov came. The group, whose members often clashed with one another
and got embroiled in heated arguments, supported me this time very keenly
and harmoniously. Only Rauschenbach was skeptical and said: “This won’t
get past Mishin.”

Yurasov retorted: “I will persuade Vasiliy Pavlovich.”

The dual-launch scenario that I drew on the board, referring to my note-
book to avoid using the secret notepad, was the subject of a heated discussion. I
like this scenario even today. If humankind had possessed N-1 launch vehicles,
then such a scenario could have been used for a long-duration expedition to
the Moon even in the early 21st century. I shall give a brief account of the
proposal as it has been preserved in my notebook.

4. For most of his early career, from 1944 to 1962, Litvinov had been director of one of
the largest aviation and missile production facilities in the Soviet Union, Factory No. 1 (later
known as the Progress Factory) in Kuybyshev.

5. At various times, such proposals involved either Earth-orbit rendezvous or lunar-orbit
rendezvous mission profiles using two N-1 rockets.
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The Saturn V inserts into Earth orbit a payload weighing 135 tons, of which
45 tons fly to the Moon, and of that amount, if one rounds off, 30 tons is in
the primary payload (what we call the LOK—the Lunar Orbital Vehicle), and
15 tons is in the lunar module. En route the Americans perform a restructur-
ing operation—the primary payload swings around and mates with the lunar
module.® This is their first docking. They perform the second after liftoff from
the Moon. And so the Americans have two dockings.

When we send off the N-1, then in the best-case scenario, instead of 45
tons to the Moon, we will be able to send just 30 tons. However, with the
dual-launch plan, we’ll be able to send 60 tons! Instead of restructuring with
a docking en route to the Moon, we will perform a docking of a piloted LOK
with the unpiloted LK in lunar orbit. We will necessarily develop a docking
assembly with internal transfer—there will be no need to crawl through open
space. Three cosmonauts will transfer to the new LK. One will remain in the
LOK. In all, we'll need to send at least four or five cosmonauts. That will be
sensational! The second docking, just as in the Americans’ plan and in our
current plan, will take place during the return from the Moon.

Each increment of payload needs to be designed so that when the launch
vehicle’s power generation increases, there would be the potential for expand-
ing the missions. The control and navigation systems need to be backed up
with manual operations. In the next two years, we absolutely must manage to
develop a reliable computer for the LOK and for the LK.

We will begin to design both spacecraft all over again. We will make them
more spacious and with reliable systems backup. The vehicles should stay in lunar
orbit and on its surface for a total of at least 30 days. That is the only way that
we will achieve technical and political advantage, by deliberately overtaking the
Americans rather than just catching up. We can substantially increase the value
of the lunar expedition if, before the piloted flights, we perform a preliminary
launch with an automatic landing on the Moon in order to deliver part of the
payload there and thus reduce the load of the subsequent piloted vehicles.

That is how the #hree-launch scenario shapes up. The first launch is an
unpiloted transport vehicle, and then there is a two-launch piloted expedition.
In this case, only the launch of the launch vehicle carrying the new LOK is
piloted. It will carry four or five cosmonauts. They will dock in lunar orbit with
the lunar module, which will have arrived there beforehand. The first unpiloted
reconnaissance vehicle could drop an electric power plant with an output of
3 to 5 kilowatts, a radio station with a pencil-beam antenna for television

6. In NASA parlance, this was known as the transposition and docking maneuver.
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broadcasts, and supplies of oxygen, water, and food for a month or so on the
surface of the Moon in advance. The same flight could deliver a lunar rover.
Such an automatic LK doesn’t need a liftoff stage, and therefore the mass of
the deliverable cargo is very great. The vehicle carrying the cosmonauts would
land next to this first automatic vehicle.

To speed up the design process, we need to separate permanent modules
that don’t change from launch to launch and variable ones that depend on
specific tasks. Permanent modules should perform all functions: orientation,
navigation, on-orbit docking, return to Earth, descent, and landing. These
functions need to be tested out in automatic and manual modes and in ground
control mode “until they are perfect.” We need to create the maximum comfort
level in the LOK and LK for the crew in view of the amount of time they will
be in orbit and on the surface of the Moon.

Having laid out these first, very general principles of the lunar program,
I hoped to receive the moral support of my comrades. Discussion of this pro-
posal and its details began immediately and turned up many full-fledged and
alarming problems. First and foremost, we needed to make a decision and stop
the development of modifications and new orbital vehicles, stop updating the
L1, halt operations on the already obsolete LOK and LK, and make a really
progressive leap. We needed to persuade Pilyugin to refine the launch vehicle
control system. We also needed to speed up the development of a system with
an on-board digital computer in order to have flexible trajectories. This would
give us an additional 3 to 5 tons of payload and would increase the reliability
of the launch vehicle, especially of Blocks G and D.” Nikolay Kuznetsov would
need at least a year to debug the engines of all three stages!

My still quite crude proposal found such ardent support among my com-
rades that I tried to “back up.”

“Don’t cause a stir before it’s time. We haven’t discussed these proposals
with Mishin. If word gets around about a new version, we risk disrupting our
current work.”

Yurasov and Bashkin were more excited than the others.

“We're in a real dead end in terms of weights. We're trying to pull the wool
over the eyes of the expert commission in the hope that in time everything will
sort itself out somehow. During the process of landing on the Moon, we need
to give the cosmonaut the ability, if only for a minute, to hover, look around,
and maneuver to select a spot so that he doesn’t topple into some crater. For this

7. Block G and Block D were the translunar injection stage and lunar orbit injection stage,
respectively. Block D also would perform the deorbit burn from lunar orbit.
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we need propellant, and there is neither room nor weight for that. The same is
true for the second docking, if the first one goes awry. There are no reserves!”

Everyone unanimously supported the idea but at the same time expressed
apprehension that this wouldn’t get past “the brass.”

On 25 December, we met in Pilyugin’s office. The conversation was long
and tumultuous. We started at 3 p.m. and it was after 9 p.m. when we left,
having drunk an incalculable number of cups of tea. Among those participating
in the conversation on the eternal subject of “what to propose” were Pilyuginites
Finogeyev and Khitrik.® He did not invite any other staff members. Finogeyev
and Khitrik received my revolutionary proposals concerning the two-launch
plan with interest and obvious sympathy, but Pilyugin showed no enthusiasm.

“Under the current circumstances, only Sergey [Korolev] could allow him-
self to deliver such proposals—and even then, only if Nikita [Khrushchev] were
in power. But whom can we turn to today? Glushko claims that Kuznetsov’s
engines are rotten and that it’s useless to make the N-1 using them. And instead
of one rocket using ‘rotten’ engines, you propose launching three.

“Chelomey will be against it. After all, you didn’t leave him anything, and
youre even proposing that the L1 be shut down. You're not enticing Yangel
with anything either. You want to do everything yourself. They will publicly
announce that Mishin won’t be able to cope with this work. Grechko is com-
pletely against it.” He now believes that our association with the Moon has
been on the whole all for naught, and he’s outraged that at the expense of the
Ministry of Defense budget, they’re paying expenses for naval telemetry ships,
Crimean tracking stations, all the preparation at Baykonur, and cosmonaut
training. Grechko believes that this is Ustinov’s policy, and supposedly he stated
flat out in the Defense Council that the Academy of Sciences and interested
ministries should pay for space. He, Grechko, does not need the Moon.

“You figure that Nikita merely threatened that we can make rockets like
sausages, but supposedly spared no expense for space. But they didn’t provide
money for the N-1 on a large scale until late 1964. And before that, Nikita
wavered: is it necessary or not? Now [i.e., early 1969] were about three years
behind the Americans and we need to catch up in terms of missiles in silos,
submarine-launched missiles, and the number of cosmonauts, and now you
announce that we've been doing it all wrong and that we need to do everything
differently for the Moon, so give us some more money.

8. Vladilen Petrovich Finogeyev (1928-) and Mikhail Samuilovich Khitrik were Pilyugin’s
two principal deputies.

9. Marshal Andrey Antonovich Grechko (1903-1976) served as USSR minister of defense
from 1967 to 1976.
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“Everyone whom Nikita had squeezed—sailors, shipbuilders, aviation—is
now rushing to restore what had been wrecked while he was in office, and this is
no small sum of money. And currently, to be honest, the Americans have three
times more nuclear warheads on intercontinental ballistic missiles and subma-
rines. That’s where we need to catch up and move ahead. That’s the only point
that Ustinov agrees on with Grechko. But, once again, whose rockets will they
be: Yangel’s or Chelomey’s? Uncle Mitya has outwitted everyone, he’s dragging
out Nadiradze, and I am helping him in this. We're ending up with an interest-
ing system. Sergey started focusing on solid-propellant engines late, and Vasiliy
came out against them; if their development had begun earlier, you wouldn’t
be involved with the Moon now, and everyone would be working for Grechko.

“The other day Tolubko was sitting in my office here.'” He said that the
generals were riled up: Afanasyev is now in charge of all rocket production,
and they are diverting him to lunar problems. Let Keldysh deal with that.

“Sergey is the only one who could accept everything that Boris just pro-
posed. He would have won over Keldysh and the two of them would have
gone to Brezhnev. If they ‘swung’ Brezhnev, he would have brought up the
discussion in the Defense Council or right in the Politburo. The problems are
not so much technical as they are political. Someone needs to find the courage
to say that we are not hurrying to the Moon, but instead we are going to settle
down there in around five years the right way. But who is that brave? Nobody.

“Now there is no one to turn to with these proposals. Look at Kosygin,
who proposed a good plan for industrial management, and they supported it
verbally but then didn’t let him do anything but experiment on taxi fleets."!

“Let’s finish up the N-1 as it was conceived. Now the most important
thing is for the first launch vehicle to fly. I am going to finish my system for the
time being without a computer. But they've talked so much to Keldysh about
Kuznetsov’s engines that he has already complained to me in the Academy
presidium, but he doesn’t know what’s to be done.”*?

We talked about all of this with interruptions and distractions.

10. Vladimir Fedorovich Tolubko (1914-1989), a friend of Pilyugin’s, served as First Deputy
Commander-in-Chief of the Strategic Rocket Forces from 1960 to 1968. Since the Rocket Forces had
full operational control over the Soviet space program, he was closely involved in many key decisions
of the period. Later in his career, from 1972 to 1985, Tolubko headed the Strategic Rocket Forces.

11. Aleksey Nikolayevich Kosygin (1904—1980) was the most powerful man in the Soviet govern-
ment during the Brezhnev era, serving as chairman of the USSR Council of Ministers from 1964 to
1980. Yet, many of his initiatives were left unfulfilled, partly due to opposition from Party leaders.

12. Pilyugin was a member of the Academy’s presidium, i.e., its highest deliberative body.
This was an extremely rare honor accorded to only one or two chief designers in the missile and
space industry.
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PILYUGIN WAS A CREATIVE INDIVIDUAL who got carried away at any given
time with some particular idea. We diverted him with our N1-L3 problems from
his own musings about problems that were totally different and quite removed
from the lunar expedition. Now he was absorbed in working on the control
system for the 7émp mobile missile system, the chief designer of which was
Aleksandr Nadiradze. Pilyugin simply could not keep silent about his project.
He didn’t need our advice; he needed us as an audience that could appreciate
the difficulty of the assignment. He demanded a great deal of himself and his
specialists when it came to his philosophy of the creative process.

“Chelomey and Yangel are disputing whose rocket is better. But Nadiradze
and I aren’t developing a rocket, but a new weapons system. By the way, Sergey
began to understand this when he first proposed the RT-2. You and Yangel
both had proposals for mobile missiles come up, but it’s interesting to work
with Nadiradze because he has an integrated approach that many of our mili-
tary men lack. We are helping him a lot now, although our ministry is clearly
insinuating that if it weren't for Ustinov, they would forbid me to work for
an outside agency."

“Dmitriy Fedorovich, in my opinion, now has a better grasp of how
good these mobile complexes are than the military. After all, this is much less
expensive than building a silo for each missile, which a satellite will detect
sooner or later. And now, submarines are always being followed by another
submarine. But if our land-based mobile complexes are well camouflaged, no
reconnaissance will detect them.”

The project that had engrossed Pilyugin at that time was not a passing
fancy, but a field that the NIIAP staff would be working on for decades. The
Moscow Institute of Thermal Technology, which Aleksandr Nadiradze headed
until the end of his life, developed the Zemp, Temp-2S, Pioner, Kuryer, and
finally the 7opol and Topol-M mobile missile systems, which were supposed
to become the main domestic strategic nuclear forces in the 21st century.

“Our system is set up so that battlefield marshals become defense minis-
ters. But in my opinion, if Ustinov were to be put in that post, it would make
a lot more sense,” said Pilyugin. His words proved to be prophetic. In 1976,

13. The “outside agency” alluded to here is the Ministry of the Defense Industry.

14. Nadiradze died in 1987. Probably the most famous of his creations was the Pioner
intermediate range ballistic missile, better known in the West as the SS-20. The Zemp (SS-12),
Temp-S (SS-12M), and Temp-2S (SS-16) were early solid-propellant missiles developed in the
late 1960s and mid-1970s. The Zopol/was the first ICBM developed by Nadiradze. The Zopol-M
ICBM was deployed for service duty in December 1988. An updated model of the Zopol-M
serves as the backbone of the Russian strategic Rocket Forces in the early 21st century. The
Kuryer was never deployed.
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Ustinov was appointed USSR Minister of Defense. Pilyugin said then what
many of us were thinking: “The appointment is correct. It just would have
been good to do this about ten years earlier.”

Back then, Politburo member and Defense Minister Ustinov essentially
could have become the second-ranking individual in the state leadership.
Combining the knowledge and experience of industrial management with
ascendancy over a great power’s armed forces in a single individual, especially
given the authority that Ustinov enjoyed in the scientific-technical sphere, he
could have influenced the nation’s history if'he had continued an active life
for another five years or so. But Ustinov survived Pilyugin by just two years."
Both of them were severely ill during the last year of their lives.

Here it is appropriate to write about how the missile projects in those days
were distributed between ministries. Short-range tactical missiles for land-based
troops were developed in the Ministry of the Defense Industry (MOP) system.
The main developer of these missiles was the Moscow Institute of Thermal
Technology, the chief designer of which was Aleksandr Nadiradze, and the
main customer was the Commander-in-Chief of the Ground Forces.

Medium-range and intercontinental ballistic missiles equipped with nuclear
warheads, and also ballistic missiles for submarines, were developed in the
Ministry of General Machine Building system. The customers for these missiles,
which were called strategic, were the Strategic Rocket Forces Commander-in-
Chief and Commander-in-Chief of the Navy, respectively.

The Ministry of the Aviation Industry developed missiles for PVO (air
defense) and PRO (missile defense) systems and for arming airplanes, and the
customers were, respectively, the PVO and VVS Commanders-in-Chief.'® Each
of the ministries had its own internal cooperative network for the development
of missile guidance and control systems.

Ministry of the Defense Industry organizations also developed control sys-
tems for Nadiradze’s tactical missiles. There were projects enough for everyone.
However, in the mid-1960s, with the very active support of Ustinov, Nadiradze
went outside the bounds of his departmental framework and began to develop
medium-range and then intercontinental missile systems. This was an area that
had been allocated to MOM and the Strategic Rocket Forces (RVSN), but not
to MOP and the Ground Forces. In so doing, it became clear that the MOP

15. Pilyugin died on 2 August 1982, while Ustinov passed away on 20 December 1984.

16. During the late Soviet era, the Soviet armed forces consisted of five services: the Ground
Forces, the Air Force (VVS—Voyenno-vozdushnyye sily), the National Air Defense Forces (PVO
Strany—Protivovozdushnaya oborona strany), the Navy (VME—Voyenno-morskoy flot), and the
Strategic Rocket Forces (RVSN—Raketnyye voyska strategicheskogo naznacheniya).
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system did not have an organization capable of developing control systems
for such complexes. Therefore, it was necessary to make use of the experience
and power of MOM’s main control system organization—Pilyugin’s NIIAP.
Thus, Ustinov found an optimal solution.

But in so doing, MOM’s monopoly on the development of medium-range
and intercontinental strategic missile complexes was broken. It turned out
that the head organization for control systems, NIIAP, together with other
instrument-building factories, was now obliged to work for MOP, the head
ministry for Nadiradze’s missile complexes. Meanwhile, Pilyugin was inundated
with orders for his own chiefs: Mishin, Yangel, and Chelomey. But the truth
was that nobody twisted Pilyugin’s arm. He voluntarily agreed to work for
another ministry without having asked for the approval of his own minister
[i.e., Afanasyev], who couldn’t have liked all of this.

WE DROVE oUT TO SEE P1ryuGIN in Okhapkin’s official car. Reckoning on a
long conversation, we arranged to have the car and driver stay on the premises in
awarm garage. After 8 p.m., Okhapkin remembered and started to fret: “We've
just drunk our 10th glass of tea with toast and our driver is starving out there!”

Pilyugin himself telephoned the garage. They reassured him: “We're keep-
ing the car from Podlipki warm. We've served the driver tea.”

Pilyugin was very pleased that, even without his intervention, they had
shown such hospitality.

Returning to the subject of our meeting, Pilyugin said that we also shouldnt
particularly count on Keldysh. He was up to his ears with problems at the
Academy. And relations had become even more strained with Suslov and the
entire Central Committee staff because of Andrey Sakharov. There were some
zealous types who were demanding that Keldysh make the decision in the
presidium to expel Sakharov from the Academy. He argued that this was a
gross violation of regulations. For the time being he seemed to have warded
them off."”

We continued to argue, discussing Chelomey’s and Yangel’s programs
more than our own problems, which was the reason we had driven out
there. Finogeyev and Khitrik were to a great extent better informed than

17. Andrey Dmitriyevich Sakharov (1921-1989) was an eminent Soviet nuclear physicist
whose concern about the destructive power and proliferation of nuclear weapons would later
transform him into a dissident and human rights activist who was a thorn in the side of the
Soviet regime throughout the 1960s and into the 1980s. Keldysh took some big risks and sup-
ported Sakharov at key points in the 1960s and early 1970s, incurring the wrath of senior Party
functionaries such as Mikhail Andreyevich Suslov.
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we. When it came to a discussion of the lunar landing plan, Khitrik listed
so many yet-to-be-resolved tasks concerning control of the Lunar Vehicle
alone that Bushuyev, who was supposed to find “weight” from the margin
for all of this, said frankly: “I've got nothing left. You solve these problems
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at the expense of your own systems. Day after
tomorrow I have to report to the VPK about
what caused the failed landing of 7K-L1 No.
12—Zond-6"

Pilyugin did not pass up an opportunity to
take a dig: “Finally all the L1 systems activated
without a glitch during the circumlunar flight,
and you managed to shoot off the parachute when
it was almost on the ground and crash the Descent
Module. And you were dreaming that we were
about to launch a human being on the L1!”

Indeed, the incident was extremely annoying.
The launch of vehicle 7K-L1 No. 12 took place
on 10 November 1968. The vehicle executed a
circumlunar flight. It managed to take black-
and-white and color photographs of the lunar
surface from distances of 8,000 and 2,600 kilo-
meters. The most important event was the return
to Earth. For the first time in the history of 7K-L1
launches, a guided descent to the territory of the
USSR was taking place during a return from the
Moon at reentry velocity. The Descent Module
came down just 16 kilometers from the launch
site from which it had lifted off to the Moon.

For the long-suffering circumlunar flight
control system of the L1 vehicle, this was a
great and long-awaited success. But just before
reaching the ground, once again a vexing slip-
up occurred. The cords of the fully deployed
parachute shot off at an altitude of 5,300 meters.
Fortunately, when it hit the ground, the 10
kilograms of TNT in the APO system failed to

The cutaway of the Proton-K/L-1 stack clearly
shows the Zond spacecraft and the Block D stage.
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The mission profile of the Zond circumlunar mission was relatively simple in
comparison to a more complex lunar orbital mission.

RKK Energiya & David R. Woods
This breakdown of the Zond reentry profile shows the double-dip reentry into
Earth's atmosphere designed to reduce stresses on the Descent Module. The normal
mode was to approach from the south with the first dip into the atmosphere over
the Indian Ocean, followed by a second dip and landing in the southern Soviet
Union. Zond-8 used a northern approach with the first dip over the Soviet Union
for more precise tracking, followed by a landing in the Indian Ocean.

explode. Bushuyev flew out to the crash site to lead the “minesweeping” of
the Descent Module and recovery of the intact film.

“Konstantin Davidovich, if you could please tell us, after such a good
flight, why did you crash the Descent Module?” Pilyugin insisted.

“Because,” answered Bushuyev, “depressurization occurred.” On the sixth
day of the flight the pressure fell to 380 millimeters of mercury, and during
descent it fell to just 25 millimeters.

“But why? After all, that could doom a crew!”

“It was an engineering error. There was a leak due to a bad seal in the
edging strip around the hatch. After power was supplied to the landing system,
a corona discharge occurred in the gamma-ray altimeter circuit due to the low
pressure. It issued a false command to start up the soft landing engines and,
simultaneously, to shoot off the parachute.”
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I felt partially responsible for the unforeseen occurrence of a corona dis-
charge in the gamma-ray altimeter. This was a blatant oversight that I had
committed along with my subordinates working on the landing system, which
the Leningrad Polytechnic Institute OKB had supervised. Professor Yevgeniy
Yurevich, the chief designer of the gamma-ray altimeter, admitted that no one
had tested the electrical reliability of the system at low pressures. The gamma-
ray altimeter was supposed to activate as the Descent Module neared the
ground. The instrument was simply dead until the module reached an altitude
0f 5,000 meters. The pressure in the Descent Module was also supposed to be
normal; otherwise the cosmonauts would die. It was all so logical that it never
occurred to anyone to test out the altimeter at a pressure of 25 millimeters of
mercury. Again and again we realized that in our technology, coincidences of
the “not-in-your-wildest-dreams” variety do occur.

THE DAY AFTER OUR CONVERSATION AT PILYUGIN'S OFFICE, no one from
the ministry harassed us regarding a lack of “actions.”

On 27 December, Bushuyev gave his account of the L1 failure in the
State Commission. Yurevich came forward with a confession, accepting full
responsibility for the occurrence of the corona discharge. One complaint was
lodged against me: the engineering specifications had mentioned high vacuum
conditions, but nothing had been said about the pressures at which a corona
discharge occurs.

Tyulin on the State Commission confined himself to a verbal castigation
of Yurevich and TsKBEM, but there would be no retaliatory organizational
consequences. The fact of depressurization aggravated everyone more than the
corona discharge. They decided to execute the next unpiloted launch of vehicle
7K-L1 No. 13 with the objective of a circumlunar flight on 20 January 1969.

When Tyulin was already bringing the State Commission session to a
close, Mrykin loudly asked: “But why should we launch No. 13 at all? After
all, tomorrow three Americans are returning to the Earth after flying around
the Moon. If, God forbid, something happens again [to our L1 spacecraft],
our launch will be considered a failure of our lunar landing program.” In their
thoughts, the majority of the State Commission members agreed with Mrykin,
but no one uttered a word in reply.

On 28 December, ministry leaders and our small group on the “special list”
were granted the opportunity to watch the splashdown of Apollo 8, which had
lifted off on 21 December. The vehicle consisted of a main section weighing 30
tons, which was supposed to have been inserted into selenocentric orbit carrying
three astronauts. From our point of view, this event stole the thunder from our
lunar program by the very fact that it was a piloted lunar orbital flight. This
was the first instance of using the Saturn V rocket to launch a piloted vehicle.
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Apollo 8 made 10 orbits around the Moon. Numerous television broadcasts
followed the flight along its route to and around the Moon. Television view-
ers saw images of Earth, the Moon, the cabin interior, the crew at work, and
activity in the mission control center.

We received the broadcast via the Eurovision channel. It didnt go over the
airwaves but was transmitted via cable to TsNIImash. When the crew capsule
entered the atmosphere, it passed over Siberia and China and splashed down
in the Pacific Ocean 6 kilometers from the precalculated position where the
aircraft carrier Yorktown was located. The splashdown, the search, the approach
of the rescue boats, the placement of the pontoons under the spacecraft, the
approach of the helicopters, and the evacuation and transport of the crew to
the aircraft carrier took just an hour and a half.

The splashdown area had waves up to 2 meters high, and a drizzly rain was
falling. In the dim predawn light the helicopter hovered over the Command
Module and illuminated it with its searchlight. Judging by the television pic-
tures, the astronauts were delivered on board the aircraft carrier hale and hearty,
and during the festive reception on board the aircraft carrier they felt pretty
well. Besides the subsequent landing expeditions to the Moon, the flight of
Apollo 8 was the greatest success in the entire history of American astronautics,
showing the whole world that the U.S. had finally managed to overtake the
Soviet Union in space.

ON 30 DECEMBER, AT THE DEMAND OF UsTINOV, the VPK held an emer-
gency session to discuss just one issue: “How can we respond to the Americans?”
From our organization only Okhapkin was present. Mishin was ill. Okhapkin
later told us: “Opening the session, Smirnov reminded us that on 3 August
1964, the Central Committee and Council of Ministers had adopted the reso-
lution ‘On Work on Researching the Moon and Cosmic Space.” According to
this resolution, a vehicle launched by the UR-500K rocket was supposed to
execute a circumlunar flight in the first half of 1967. Comrade Chelomey—
OKB-52—was named prime contractor.'® This same resolution called for the
landing of a crew on the surface of the Moon from a vehicle inserted by the
N-1 heavy launch vehicle, and the crew’s return and landing on Earth sometime
in 1967 or 1968. The prime contractor for the launch vehicle, the spacecraft,
and the expedition as a whole was OKB-1 (Chief Designer Korolev), later
TsKBEM (Chief Designer Mishin).”

18. This involved the use of Chelomey’s LK-1 piloted spacecraft, later abandoned.

184



“Sort It Out, and Report on Your Endeavors”

“After this, a whole series of VPK decisions appeared with further specifics
on the programs. On 25 October 1965, the resolution ‘On Concentrating the
Forces of the Industry’s Design Organizations on the Creation of a Rocket-
Space Complex for Flight Around the Moon’ came out. In fulfillment of these
resolutions, the Military-Industrial Commission routinely made decisions call-
ing for a circumlunar flight through the joint efforts of TsSKBEM and OKB-52
sometime between late 1967 and early 1968.

“These projects had remained crucial for the entire space industry over the
last three years. The first launches of the 7K-L1 vehicles for the circumlunar
flight program took place in March 1967." Since then, nine unpiloted 7K-L1
vehicles have been launched using the UR-500K launch vehicle.”” However,
either through the fault of the launch vehicle or of the spacecraft systems, a
decision cannot yet be made to go ahead with a piloted flight. Flight tests on
the N-1 launch vehicle have not even begun. Thus, all the deadlines stipulated
in the resolutions do not correspond to reality.”

Discussion of the 7K-L1 projects ended in the opening remarks. The main
subject of this pre—New Year’s VPK session was to approve the Ye-8-5 pro-
gram—the delivery to Earth of lunar soil by an automatic spacecraft. Back in
early 1968, Babakin had told me about this idea with his inherent enthusiasm
and confidence that everything would pan out and we would deliver a little
lunar soil to Earth, just around 100 grams, but before the Americans would
bring back a dozen kilograms on their Apollos. The project had so many purely
engineering problems that I expressed my doubt as to whether the problem
could be solved in the upcoming year. Babakin’s proposal seemed very bold,
but it found support in the Central Committee as a backup scenario that was
inexpensive.

Now, having become aware of the lack of prospects for the 7K-L1 and the
vague deadlines for the N1-L3, even Keldysh spoke out in favor of accelerat-
ing the Ye-8-5 project: “We can show that our way of studying the Moon is
through automatic spacecraft. We have no intention of foolishly risking human
life for the sake of political sensation.”

They made a tacit decision to give this explanation to the mass media.

19. These were Earth orbital test flights flown under the cover names Kosmos-146 (10 March
1967) and Kosmos-154 (8 April 1967).

20. Besides the two launches in March 1967, there were six further launches on 28 September
1967 (launch failure), 22 November 1967 (launch failure), 2 March 1968 (Zond-4), 23 April
1968 (launch failure), 15 September 1968 (Zond-5), and 10 November 1968 (Zond-6). Another

spacecraft suffered an accident on the ground on 14 July 1968 prior to launch.

185



Rockets and People: The Moon Race

THE YEAR 1969 BEGAN WITH A JUMBLE OF EVENTS, among which the first
launch of the N-1 rocket appeared to be far from the most important. In this
situation it would seem that we needed to throw everything “to the devil” and
use everything in our power (and we had an enormous arsenal) in order to cut
the Americans off at the pass.

Fat chance! The behavioral algorithm loaded into our consciousness for
adhering to Central Committee directives did not allow for showing such
initiative. Other space programs had gained such kinetic energy and had been
reinforced with such a number of Central Committee, Council of Ministers,
and VPK resolutions and ministers’ orders that a radical restructuring of plans
was out of the question. Despite genuine space patriotism and the enormous
potential of science and industry, Soviet cosmonautics had no true leader at
the helm capable of turning around its development as decisively as Korolev
had done in 1961.

After our long pre—New Year’s conversation with Pilyugin I realized that
even he, a true compatriot of Korolev, did not consider landing a crew on the
Moon to be our main mission. Personally, most of his time was devoted to
launching Nadiradze’s solid-propellant missiles from mobile launching systems,
the technology for MIRV (multiple independently targetable reentry vehicle)
separation, the development of his own on-board computers, and a competitive
system for remote control, monitoring, and launching of missiles. From time
to time Pilyugin was so enthralled with the very development process that it
was as if he had forgotten about the final objective.

However, there was no time left to indulge in grim reflections. At the begin-
ning of the year we celebrated our latest victory in space: on 14 and 15 January
we launched Soyuz-4 carrying cosmonaut Vladimir Shatalov and Soyuz-5 car-
rying cosmonauts Boris Volynov, Aleksey Yeliseyev, and Yevgeniy Khrunov.
The Soyuz vehicles executed an automatic docking, after which Yeliseyev and
Khrunov performed a spacewalk to Shatalov’s vehicle. The cosmonauts carried
out the risky trek through open space splendidly.

During these space operations, Tregub, Rauschenbach, Bushuyev, and I
were at the control center in Yevpatoriya. After the launch of Soyuz-5, Mishin
flew in with Kerimov and Minister Afanasyev. Of course, along with us there
were dozens of leading specialists involved in this truly engrossing work who
had a great deal of work left to do on the N1-L3 project. But during such
events we all forgot about N1-L3. This included Minister Afanasyev, who was
chairman of the State Commission on N1-L3.

The first piloted docking, which included a vehicle-to-vehicle spacewalk
to boot, went very smoothly. Among all the flight participants, Shatalov stood
out in particular for the organization and integrity of his reports and his work.
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Shatalov’s launch had been scheduled for 13 January. We did not believe
that 13 was an unlucky number. This time the ancient superstition proved
true. At 1030 hours Shatalov was comfortably settled into the spacecraft and
had begun to communicate with the bunker. Everything was going fine. Right
before the launch, when the launch site had already been cleared, the control
console issued a report revoking the readiness status of the launch vehicle
gyroscopes. At a temperature of —24 degrees [-11.2°F] and a slight wind, to
begin replacing gyroscopes when there was a cosmonaut on board was risky.
Shatalov was safely removed from the spacecraft. He was upbeat and joked that
he had “performed the most precise landing.” The gyroscopes were replaced,
all the ground cables were rechecked, and the launch took place successfully
the following day.

I followed these events with a large group of specialists and enthusiasts at
Yevpatoriya based on scanty dispatches from the firing range. Vehicle rendezvous
was conducted automatically. At a range of 100 meters in accordance with the
program, Shatalov and Volynov switched to manual control. Approach and
docking proceeded very precisely. The vehicles flew for more than 4 hours in
a mated state.

Soyuz-4 executed a normal landing, while the landing of Soyuz-5, which
carried cosmonaut Volynov, was off-nominal. The Instrument Systems
Compartment (PAO) didn’t want to separate when the electrical command
was issued from the Descent Module.?! It broke away only upon entry into the
atmosphere. Descent was ballistic with great g-forces; the hull of the Descent
Module was turned 180 degrees when it entered the atmosphere and almost
burned up. After the ballistic descent, when the main parachute came out,
its cords began to twist up. Before reaching the ground the cords untwisted,
but the landing was very hard. However, miraculously, Volynov was alive and
well. In this connection, local poets composed blank verse using the surnames
of the crewmembers:

PoShatalis, They swayed,
PoVolynili, They dawdled,

Ni Khruna ne sdelali, They didn’t do a thing,
Yeli seli. They barely landed.

21. The Soyuz was divided into three major sections, the Living Compartment (BO), the
Descent Module (SA), and the Instrument-Systems Compartment (PAO), often called the
Service Module in the West.
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It was four days after Volynov’s hard landing that the Soyuz-4 and -5
cosmonauts were exposed to mortal danger. On 22 January, Moscow féted
the new heroes. They were traveling to the traditional Kremlin banquet from
Vnukovo Airport in a motorcade. Right at the Kremlin’s Borovitskiy Gates,
someone hoping to kill Brezhnev fired on the motorcade. He fired on the
wrong vehicle. Eight shots were fired at the car carrying Beregovoy, Leonov,
Nikolayev, and Tereshkova. Their driver was mortally wounded, and a motor-
cyclist in the motorcade escort detail received a minor injury. The celebration
at the Kremlin took place as if nothing had happened. We found out about
the incident much later and enjoyed ourselves at the Kremlin Palace as we
had before. But our laughter didn't last long. The launch of N-1 No. 3L was
approaching, literally hanging over us.

i
From the author's archives.
After the completion of the Soyuz-4/5mission, the cosmonauts met with various
officials from TsKBEM, the military, and the government for an official portrait.
Sitting in the front row (left to right) are K. A. Kerimov, A. N. Ponomarey, V. A.
Shatalov, B. V. Volynoy, Ye. V. Khrunov, A. S. Yeliseyev, V. P. Mishin, N. P. Kamanin,
and V. D. Vachnadze. In the second row (left to right) are B. Ye. Chertok, B. A.
Strogonov, M. . Samokhin, S. O. Okhapkin, P. A. Agadzhanov, A. A. Leonov, . P.
Rumyantsey, A. I. Tsarev, unknown, V. M. Klyucharev, A. S. Smirnov, G. T. Beregovoy,
and N. A. Terentyev. In the back row (left to right) are A. T. Karev, M. F. Besserezhnov,
G. V. Sovkov, A. A. Nazarov, |. T. 