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Volume I~ Creating a Rocket Industry

Much has been written in the West on the history of
the Soviet space program, but few Westerners have read
direct, first-hand accounts of the men and women who
were behind the many Russian accomplishments in
exploring space. The memoirs of Academician Boris
Chertok, translated from the original Russian texc, fill
that gap. In these writings, spread over four volumes,
Chertok not only describes and reflects upon his expe-
riences, but he also elicits and extracts profound insights
from an epic story about a society’s quest to explore the
COSITIOS,

In Volume [ of Rodkets and People, Chertok describes his
early life as an acronautical engineer and his adventures
as a member of the Soviet team that searched postwar,
occupied Germany for the remnants of the Nazi rocket
program. In Volume 11, Chertok takes up the story after
his return to the Soviet Union in 1946, when Stalin or-
dered the foundation of the postwar missile program

at an old artillery factory northeast of Moscow. Cher-
tok gives an unprecedented view nto the eady days of
the Soviet missile program. During this time, the new
rocket institute known as NII-88 mastered V-2 tech-
nology and then quickly outgrew German technologi-
cal influence by developing powerful new missiles such
as the R-2, the R-3M, and eventually the majesnc R-7,
the worlds first intercontinental ballistic nussile, With

a keen wlent for combining technical and human inter-
ests, Chertok writes of the origins and creation of the
Baykonur Cosmodrome m a remote desert region of
Kazakhstan.

He devotes a substantial portion of Volume I to de-
scribing the lunch of the first Spumik satellite and the
early lunar and interplanetary probes designed under
legendary Chief Designer Sergey Korolev in the late
195(k and early 196(k. He ends with a detailed descrip-
tion of the famous B-16 catastrophe known as the
“Nedelin disaster,” which killed scores of engineers
during preparations for a missile launch in 1960.
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Series Introduction

Inan extraordinary century, Academician Boris Yevseyevich Chertok lived an
extraordinary life. He witnessed and participated in many important technologi-
cal milestones of the twentieth 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 sixty-
year-long career, punctuated by the extraordinary accomplishments of both Sputnik
and Gagarin, and continuing to the many successes and failures of the Soviet space
program, constitutes the core of his memoirs, Rockets and People. In these four vol-
umes, 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, pro-
vide a compelling perspective into a past that is indispensable to understanding
the present relationship between the American and Russian space programs. From
the end of the 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. Cher-
tok’s first-hand recollections of the extraordinary Soviet efforts to collect, catalog,
and reproduce German rocket technology after the World War II provide a parallel
view to what historian John Gimbel has called the Western “exploitation and plun-
der” of German technology after the war.! Chertok describes how the Soviet design

1. John Gimbel, Science, Technology, and Reparations: Exploitation and Plunder in Postwar Germany
(Stanford: Stanford University Press, 1990).
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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 bench-
marks 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 “land-
ing 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 Sovi-
ets 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 space pro-
grams, 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 aftermath of the war, Cher-
tok, then in his early thirties, 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,

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., Ist sess., S. Doc. 18
(Washington, DC: GPO, 1963), pp. 202-204.
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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: Vostok, Voskhod, 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 com-
plex, 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 hun-
dred pages long comprised of 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 introduc-
tion of glasnost’ (openness).

Chertok’s name first appeared in print in the newspaper fzvestiya in an article
commemorating the thirtieth 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 inefficiency 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 Cos-
monautics), underlined Korolev’s central role 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 abandoned

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, October 1, 1987, p. 3.

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

xi
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Moon project in the 1960s.° Chertok himself shed light on a missing piece of his-
tory in a series of five articles published in Zzvestiya in early 1992 on the German
contribution to the foundation of the Soviet missile program after World War II.7

Using these works as a starting point, Academician Chertok began working on
his memoirs. Originally, he had only intended to write about his experiences from
the postwar years in one volume, maybe two. Readers responded so positively to the
first volume, Rakety i liudi (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.®

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 ostensi-
bly about mathematics and technology. In his writings, I found a richness that had
been nearly absent in most of the disembodied, clinical, and often speculative writ-
ing by Westerners studying the Soviet space program. Because of Chertok’s story-
telling 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 successes 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

6. For early references to Korolev’s imprisonment, see Ye. Manucharova, “Kharakter glavnogo
konstruktora” (The Character of the Chief Designer), Jzvestiya, January 11, 1987, p. 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): pp. 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): pp. 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, March 4, 1992, p. 5; March 5, 1992, p. 5; March 6, 1992, p. 5; March 7, 1992,
p. 55 and March 9, 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, March 10, 1992, p. 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,
Tayna Sovetskogo raketnogo oruzhiya (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 kbolodnoy 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.

xii
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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 avia-
tion 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 chaotic
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 anti-climax 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 sol-
dier 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 libera-
tion 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 about their experiences, but few have successfully
placed Soviet space achievements in the broader context of the history of Soviet
science, the history of the Soviet military-industrial complex, or indeed Soviet his-
tory 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 nar-

9. For the problem of rape in occupied Germany after the war, see Norman M. Naimark, 7he
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.

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 1920s to 1950s: Rate of Economic Growth, Structure, Organization of Production and Control)
(Moscow: ROSSPEN, 1996); and 1. V. Bystrova, Voyenno-promyshlennyy kompleks sssr v gody kholodnoy
voyny (veoraya polovina 40-kh — nachalo 60-kb 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 Soviet Defence-Industry Complex from Stalin to Khrushchev
(Houndmills, UK: Macmillan Press, 2000).

xiii
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ratives, 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—make 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 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
twenty-first 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 intelligen-
tsia in the Soviet Union.

Some, for example, might not share Chertok’s strong belief in the power of sci-
entists and engineers to solve social problems, a view that influenced many who
sought to transform the Soviet Union with modern science after the Russian Revo-

11. Yu. A. Mozzhorin et al., eds., Dorogi v kosmos: Vospominaniya veteranov raketno-kosmicheskoy
tekhniki i kosmonavtiki, tom I i II (Roads to Space: Recollections of Veterans of Rocket-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 tekhniki i kosmonavtiki:
vypusk vtoroy (The 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, Zechnology
and Society under Lenin and Stalin: Origins of the Soviet Technical Intelligentsia, 1917-1941 (Princeton,
NJ: Princeton University Press, 1978); Loren R. Graham, Science in Russia and the Soviet Union:
A Short History (Cambridge: Cambridge University Press, 1993); and Nikolai Krementsov, Stalinist
Science (Princeton, NJ: Princeton University Press, 1997).

13. For the American historical discipline’s relationship to the changing standards of objectivity,
see Peter Novick, 7har Noble Dream: The ‘Objectivity’ Question and the American Historical Proféssion
(Cambridge, UK: Cambridge University Press, 1988).
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lution 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 commu-
nity, but absent democratic processes of accountability, many huge Soviet govern-
ment 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 understand-
ing the mentalité of the Soviets’ drive to become a modern, industrialized state in
the twentieth 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 genera-
tion. In the 1990s, when it was finally possible to write candidly 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 institutional 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

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).

15. V. M. Filin, Vospominaniya o lunnom korablye (Recollections on the Lunar Ship) (Moscow:
Kultura, 1992); Kerim Kerimov, Dorogi v kosmos (zapiski predsedatelya Gosudarstvennoy komissii) [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 mashinostroyeniyu (From the Creation of the Ballistic Rocket to Rocket-
Space Machine Building) (Moscow: ‘Inform-Znaniye, 1998); B. 1. 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. Anifimov, ed., Tak eto bylo—Memuary Yu. A. Mozzhorin: Mozzhorin v vospominaniyakh
sovremennikov (How it Was—Memoirs 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 I. 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.
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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 Sagdeev—
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 Union and the Space Race,
1945-1974, was an early attempt to synthesize the wealth of information and nar-
rate a complete history of the early Soviet human spaceflight program." Steven
Zaloga provided an indispensable counterpoint to these space histories in 7he Krem-
lins 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 contradictions and incon-
sistencies. 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, how-
ever, 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

17. The first published volume was N. P. Kamanin, Skrytiy kosmos: kniga pervaya, 1960-1963¢g.
(Hidden Space: Book One, 1960-1963) (Moscow: Infortekst IF, 1995). Subsequent volumes covering
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18. Sergei N. Khrushchev, Nikita Khrushchev and the Creation of a Superpower (University Park,
PA: The Pennsylvania State University Press, 2000); Roald Z. Sagdeev, The Making of a Soviet Scientist:
My Adventures in Nuclear Fusion and Space From Stalin to Star Wars (New York: John Wiley & Sons,
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Moon (New York: John Wiley & Sons, 1997).

19. Asif A. Siddiqi, Challenge ro Apollo: The Sovier Union and the Space Race, 1945-1974
(Washington, D.C.: NASA SP-2000-4408, 2000). The book was republished as a two-volume work
as Sputnik 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. 1. Ivkin, Pamyatmyye starty (Memorable Launches)
(Moscow: TsIPK, 2001), p. 69.
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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 dis-
crepancies: a “third generation” of Soviet space history, one that builds 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 docu-
ments 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 history. 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 Cristoph
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 Rus-
sian 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,

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 December 27, 1949, see Simonov,
Voyenno-promyshlennyy komples sssr, pp. 225-226.

24. M. V. Keldysh, ed., Tvorcheskoye naslediye Akademika Sergeya Paviovicha Koroleva: izbrannyye
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(Moscow: Nauka, 1980); G. S. Vetrov and B. V. Raushenbakh, eds., S. 2 Korolev i ego delo: svet i teni v
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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); B. V. Raushenbakh, ed., Materialy po istorii kosmicheskogo korablya ‘vostok’: k
30-letiyu pervogo poleta cheloveka v kosmicheskoye prostranstvo (Materials on the History of the “Vostok’
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1991).
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instead of speculating about the famous decree of 3 August 1964 that committed
the Soviet Union to compete with the American Apollo program, we can study the
actual government 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 memoirs
is roughly chronological. In the first English volume, Chertok describes his child-
hood, his formative years as an engineer at the aviation Plant No. 22 in Fili, his
experiences during World War I, and the mission to Germany in 1945—46 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 development 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, the R-7; the launch of Sputnik; and the first gen-
eration 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 development of early
ICBMs, reconnaissance satellites, the Cuban missile crisis, the first Soviet com-
munications satellite Molniya-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 develop-
ment 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 cos-
monauts 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 description of the mas-
sive 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 ninety-one 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 interviews in
1987. In describing the contradictions of Sergey Korolev’s personality, Chertok had

27. “Tsentralnyy komitet KPSS i Sovet ministrov SSSR, postanovleniye” (Central Committee
KPSS and SSSR Council of Ministers Decree), August 3, 1964, RGAE, f. 29, op. 1, d. 3441, 1l. 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): pp. 205-213.
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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 char-
acterized by equal amounts of hard-headed realism and romantic idealism. Acade-
mician 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. S1pDIQI

Series Editor
October 2004

28. Konovalov, “Ryvok k zvezdam.”
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Introduction to Volume 11

As with Volume I, Boris Chertok has extensively revised and expanded the mate-
rial in Volume II from the original Russian text. In this volume, Chertok takes up
his life story after his return from Germany to the Soviet Union in 1946. At the
time, Stalin had ordered the foundation of the postwar missile program at an old
artillery factory northeast of Moscow. Chertok gives an unprecedented view into
the early days of the Soviet missile program. During this time, the new rocket insti-
tute known as NII-88 mastered V-2 technology and then quickly outgrew German
technological influence by developing powerful new missiles such as the R-2, the
R-5M, and eventually the majestic R-7, the world’s first intercontinental ballistic
missile. With a keen talent for combining technical and human interests, Chertok
writes of the origins and creation of the Baykonur Cosmodrome in a remote desert
region of Kazakhstan.

He devotes a substantial portion of Volume II to describing the launch of the
first Sputnik satellite and the early lunar and interplanetary probes designed under
legendary Chief Designer Sergey Korolev in the late 1950s and early 1960s. He ends
with a detailed description of the famous R-16 catastrophe known as the “Nedelin
disaster,” which killed scores of engineers during preparations for a missile launch
in 1960.

Working on this project continues to be an extraordinary honor and pleasure. 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 historian Steve Garber, who super-
vised the entire project at the NASA History Division. He also provided insightful
comments at every stage of the editorial process. Similarly, thanks are due to Jesco
von Puttkamer for his continuing support in facilitating communications between
the two parties in Russia and the United States. Without his enthusiasm, sponsor-
ship, and support, this project would not have been possible.

Many others at NASA Headquarters contributed to publication of these mem-
oirs, including NASA Chief Historian Steven J. Dick, Nadine J. Andreassen, Wil-
liam P. Barry, and others.

Heidi Pongratz at Maryland Composition oversaw the detailed and yet speedy
copyediting of this book. Tom Powers and Stanley Artis at Headquarters acted as
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invaluable liaisons with the talented graphic design group at Stennis Space Center.
At Stennis, Angela Lane handled the layout with skill and professional grace, Danny
Nowlin did an expert job proofreading this book, and Sheilah Ware oversaw the
production process. Headquarters printing specialists Jeffrey McLean and Henry
Spencer professionally handled this last and crucial stage of production.

As series editor, my work was not to translate, a job that was very capably done
by a team at award-winning TechTrans International, Inc., based in Houston, Texas.
Their team included: Cynthia Reiser (translator), Lydia Bryans and Laurel Nolen
(both editors), Alexandra Tussing and Alina Spradley (both involved in postedit-
ing), Trent Trittipo, Yulia Schmalholz, and Lev Genson (documents control), Daryl
Gandy (translation lead), Natasha Robarge (translation manager), and Elena Suk-
holutsky.

I would also like to thank Don P. Mitchell, Olaf Przybilski, Peter Gorin, Dr. Mat-
thias Uhl, and T. V. Prygichev for kindly providing photographs for use in Volume
I1. Finally, a heartfelt thank you to Anoo Siddigi for her support and encourage-
ment throughout this process.

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 possible. At
the same time, I also had to account for the stylistic considerations of English-lan-
guage readers who may be put off by literal translations. The process involved com-
municating directly with Chertok in many cases and, with his permission, taking
liberties to restructure paragraphs and chapters 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. Finally, I
provided many explanatory footnotes to elucidate points that may not be evident to
readers unversed in the intricacies of Russian history. 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.

Asir A. S1pDDIQI
Series Editor
June 2006
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A Few Notes about
Tiansliteration and Translation

I{E RUSSIAN LANGUAGE IS WRITTEN using the Cyrillic alphabet, which concists
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 US Board on Library of
Alphabet Pronunciation Geographic Names Congress

A a a a a
B,6 b b b
B,s v v \%
Ir g g g
A n d d d
E,e ye ye* /e e
E, & yo ye € é
K, x zh zh zh
3,3 z z z
U u é i i
", it shortened & y I

K,k k k k
I n 1 1 l
M, M m m m
H,n n n n
0,0 o o o
I n p p p
P’ P r r r
C, [+ N S S
T t t t
y7 y u u u
@, b f f f
X, x kh kh kh
Lo ts ts ts
Y,y ch ch ch
111, m sh sh sh
11, g shch shch shch
B (hard sign) « «
bl gutteral é y y
b (soft sign) ‘ ¢
9,3 é e 1
10,10 yu yu iu
a4 ya ya ia

* Unitially and after vowels
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For this series, Editor Asif Siddigi 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 Rus-
sion 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 readi-

ing easier;

* Russian letter “&” is denoted by the English “¢” (or “ye” initally 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 transliteration 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” Cher-
tok 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. Rakety i lyudi has been a very interesting project, and we have enjoyed
the challenge of bringing Chertok’s voice to the English-speaking world.

TTI TRANSLATION TEAM

Houston, TX
October 2004
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Chapter 1

Three New Technologies, Three State
Committees

During World War II, fundamentally new forms of weapons technology appeared—
the atomic bomb, radar, and guided missiles. Before I resume my narrative, in this
chapter, I will write about how the Soviet Union organized work in these three
new fields through a system of three “special committees” organized at the highest
levels.

WorLD WAaR II FORCED US TO LEARN QUICKLY. Despite evacuations, relocations,
reconstruction, building from scratch, and losing factories in the Ukraine and Bye-
lorussia, after two years of war, our aircraft, artillery, tank, and munitions industries
were producing such quantities of guns, tanks, and airplanes that the course of the
war was radically altered. We overcame the mortal danger of total defeat during
the first two years of the war. Beginning in mid-1943, we became hopeful that we
would not only save our country, but would also defeat Nazi Germany. However, to
achieve this superiority in manpower, the heroism of soldiers and officers was not
enough.

According to the most optimistic calculations, a year-and-a-half to two years of
war lay ahead of us. Despite the human losses—from prewar repressions, the deaths
of scientist-volunteers in the militias in 1941, and all those who starved to death
during the siege of Leningrad—the Soviet Union retained its intellectual potential,
enabling it not only to improve the weapons it had, but also develop fundamentally
new weapons.

Setting up operations to deal with the new challenges required the recruiting of
scientists released from their wartime work routine and necessitated the introduc-
tion of a new system of research and development. Soon, the People’s Commissars
recognized (and then prompted the members of Stalin’s Politburo to grasp) the need
to coordinate all the basic operations in these fields at the state level, conferring on
them the highest priority. But priority over what? Over all branches of the defense
industry?

The experience of war had taught us that conventional weapons attain new levels
of capability and become much more effective when combined with modern sys-
tems, for example, when aircraft are equipped with radar, when anti-aircraft batter-
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ies fire according to the precise target indications of radar fire control systems rather
than the readings of antediluvian sound rangers, when missiles use radio guidance,
when airplanes could carry atomic bombs, and on and on—the prospects were lim-
itless. During the war it was still too early to limit the production of conventional
weapons, but they had to be upgraded according to new trends. That being the case,
where were the resources to come from?

There remained the tried and true “mobilization economy” method, that is, take
everything you could from all the branches of industry responsible for producing
conventional civilian goods.' In addition, after the defeat of Germany, we could
restructure conventional weapons production to benefit new fields and also use the
potential of captured German technology.

During the war, the aircraft, artillery, and tank industries’ mass production pro-
cess had become highly developed and had accumulated tremendous organizational
experience. But what should be the path for new technologies? Should the new
industries be entrusted to individual People’s Commissariats?* Even before we began
our work on rockets in Germany, scientists—nuclear and radio engineers—had
sensed and had convinced high-ranking officials that such problems required an
integrated systematic approach not only in the field of science but also in terms of
management. The challenge required a special supervisory agency headed by a Polit-
buro member, who would report directly to Stalin and who would be authorized,
unhindered by bureaucratic red tape, to make rapid decisions on the development
of the new technology that would be binding for everyone, regardless of departmen-
tal subordination.

THE FIRST SUCH GOVERNMENTAL AGENCY TO BE ESTABLISHED WAS FOR DOMESTIC
RADAR TECHNOLOGY. With radar, the senior leadership had the most clarity as to its
“why and wherefore.” On 4 June 1943, on the eve of the great battle of Kursk, the
State Defense Committee (GOKO) issued a decree signed by Stalin “On the Cre-
ation of the GOKO Radar Council.” Stalin appointed G. M. Malenkov as Council
Chairman.* This decree, which appeared during the most trying wartime period,
was the most critical governmental resolution for our radar development. By form-
ing this council, supervision over the development of this new branch of technol-
ogy and the implementation of an extensive set of measures in what had previously
been isolated organizations was concentrated in the hands of a single governmental

1. Broadly speaking, “mobilization economics” in the Soviet context meant massive state diversion
of industrial resources to wartime needs, as happened during World War II.

2. People’s commissariats were governmental bodies equivalent to industrial ministries. After 1946,
all Commissariats were renamed ministries.

3. GOKO—Gusudarstvennyy komitet oborony.

4. Georgiy Maksimilianovich Malenkov (1902-88) was one of the top government administrators
during the Stalin era. In 1953, he succeeded Stalin as Chairman of the USSR Council of Ministers,
serving in that position until 1955, when he was effectively ousted by Nikita Khrushchev.
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Three New Technologies, Three State Committees

agency. However, no matter how perfect the organizational structure, it is the lead-
ers who determine the success. Amazingly, all three new fields were blessed with true
leaders, all engineer-scientists.

The most brilliant figure in the history of domestic radio engineering was Radar
Council Deputy Chairman Aksel Ivanovich Berg. He was a top-level scientist, mili-
tary chief, and bold government official combined in one person. I first met Aksel
Berg in late 1943. At Factory No. 293 in Khimki we were trying to develop the
Aircraft Coordinate Radio Locator (ROKS) system for the flight control of the BI
fighter.” My deputy for radio engineering, Roman Popov, said that without Aksel
Ivanovich’s help, nothing we were doing would work. He mustered the courage to
invite him to Khimki.

At that time, Berg occupied the post of Deputy People’s Commissar of the
Electrical Industry. He was also Malenkov’s deputy on the Radar Council, and a
month earlier he had been selected as a corresponding member of the Academy
of Sciences. In person, Aksel Ivanovich in no way matched the mental image that
I had formed in my high school days of this respected scientist with the title of
professor. I had spent my last two years in high school sitting long into the night
in the Lenin Library striving to grasp the theoretical fundamentals from Professor
Berg’s book Radio Engineering.® Fifteen years had passed since that time. Rather
than an elderly professor, it was a seaman with the rank of Vice Admiral who came
to see us in Khimki. Berg quickly went over the naive proposals of these young air
defense enthusiasts, gave us practical advice—not at all professorial—and promised
us real assistance. He made good on his promises, although we never finished ROKS
because of other circumstances.

Twenty-five years later, I saw 75-year-old academician Berg at a meeting of our
Academy of Sciences department. He was still as vibrant and unique as he had
always been.

Festive celebrations were held for Berg’s 70th birthday in 1963 and later his 75th
birthday in 1968. His unusual biography became available to the scientific com-
munity at the time. Aksel Berg’s father was a Swede and his mother an Italian. No
matter how hard the pseudo-patriotic biographers tried, they could not find a drop
of Russian blood in him. During World War I, the 22-year-old Berg was a subma-
rine navigator, becoming a submarine commander after the Revolution. Following
the civil war, Berg graduated from the Naval Academy, stayed on there as a radio
engineering instructor, and attained the academic title of professor and the military
rank of captain first class.

How could the vigilant security services resign themselves to the fact that a

5. ROKS—vadioopredelitel koordinat samoleta.

6. More recent editions were published as A. I. Berg, and 1. S. Dzhigit, Radiotekhnika i elektronika
i ikh tekhnicheskoye primeneniye [Radio Engineering and Electronics and Their Technical Applications)
(Moscow: AN SSSR, 1956).
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person of obscure nationality and a former tsarist officer was training Red Navy
commanders? To be on the safe side, they arrested this already well-known profes-
sor and author of the most current work on the fundamentals of radio engineering.
However, sober heads prevailed and they released Berg and conferred on him the
rank of rear admiral. Berg never lost his sense of humor. He had a simple explana-
tion for his elevation in rank: “They accused me of being a counterrevolutionary
conspirator. Over the course of the investigation the charge was dropped, but I held
onto the first part of the accusation and tacked on ‘admiral’.””

In March 1943, Berg was recalled from the Naval Academy and appointed
deputy people’s commissar of the electrical industry. Remaining in that office until
October 1944, Aksel Ivanovich managed the daily operations of the Radar Council
and of the entire radio industry, which was part of the People’s Commissariat of the
Electrical Industry.

In June 1947, the Radar Council was converted into Special Committee No.
3, or the Radar Council under the USSR Council of Ministers. M. Z. Saburov,
Chairman of the USSR Gosplan, was appointed council chairman.? A. 1. Shokin,
who would later become deputy minister of the radio electronic industry and then
minister of electronics industry, managed the committee’s day-to-day activity.

Berg organized and became the director of the head Central Scientific-Research
Institute No. 108 (TsNII-108) under the Radar Committee.” From 1953 through
1957, he occupied the high-ranking post of USSR deputy minister of defense. Berg
infused the working environment with new and creative plans. He immediately pro-
posed radical designs and unwaveringly rejected slipshod work. Among scientists,
Aksel Ivanovich possessed a vibrant individuality. In spite of years of repression, he
did not hesitate to express his sometimes very blunt opinions on matters of technical
progress and economic policy. During the postwar years, he very boldly spoke out in
defense of cybernetics as a science, despite the fact that officially, just like genetics,
it had also been persecuted.'” Berg, who had developed methods for calculating the
reliability of systems that contained a large number of elements, even got involved
in debates with our chief designers.

The Radar Committee was abolished in August 1949, and its responsibilities
were divided among the Ministry of Armed Forces and the ministries of the vari-
ous branches of the defense industry. In 1951, drawing on the personnel from the

7. The word for counterrevolutionary in Russian is kontrrevolutsionnyy, and the word for rear
admiral is kontr-admiral, hence the play on words.

8. Gosplan— Gosudarstvennaya planovaya komissiya (State Planning Committee)—founded in
1921 by the Council of People’s Commissars, was in charge of managing allocations for the Soviet
economy.

9. TsNII— Tsentralnyy nauchno-issledovatelskiy institut.

10. For works on the ideological battles over genetics and cybernetics in the Soviet Union,
see Nikolai Krementsov, Stalinist Science (Princeton, NJ: Princeton University Press 1997); Slava
Gerovitch, From Newspeak to Cyberspeak: A History of Soviet Cybernetics (Cambridge, MA: The MIT
Press, 2002).
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abolished committee, under the aegis of Lavrentiy Beriya, the Third Main Director-
ate (TGU) was created under the USSR Council of Ministers.!' The Third Main
Directorate was entrusted with the task of missile defense. Ryabikov was appointed
the direct chief, and Kalmykov, Vetoshkin, and Shchukin were appointed his depu-
ties."

By this time, Korolev and his deputies—Vasiliy Mishin, Konstantin Bushuyev,
and I—had already had the opportunity to develop a closer relationship with Valeriy
Kalmykov. In 1948, he was director of Scientific-Research Institute No. 10 (NII-
10) of the Ministry of the Shipbuilding Industry, where Viktor Kuznetsov worked."?
Kuznetsov had been appointed the chief designer of gyroscopic command instru-
ments for all of our rockets.

At the beginning, Kalmykov received us very cordially and personally led us on
a tour of the laboratories, demonstrating the mockups and newly developed opera-
tional detection and ranging systems. He was most interested in thermal detection
and ranging in the infrared range. He demonstrated one project, a thermal detec-
tor, aiming it from the laboratory window at distant factory smokestacks that were
barely perceptible by the naked eye. The effect was impressive. Kalmykov was very
well-liked, not only as the director of a giant institute, but simply as a friendly,
intelligent person with a good sense of humor, a quality he demonstrated over tea,
pulling Vitya Kuznetsov’s leg about his stay in Berlin in 1941 as a “prisoner” of the
Germans at the beginning of the war.'*

In 1954, Kalmykov was appointed minister of the radio engineering industry. I
often had to meet with him, in the different setting of his office or at the test range.
His unfailing tact, competence, and friendly nature (which not every minister is
able to maintain, even if he possessed those qualities before his appointment) facili-
tated decision-making on the most convoluted interdepartmental, organizational,
and technical matters. Among the very many ritual farewells that have taken place
over the last several decades at Novodevichye Cemetery, I recall with great sorrow
my final goodbye to Valeriy Dmitriyevich Kalmykov.” The successes of the radio
electronic industry were of decisive importance for the subsequent evolution of
rocket-space technology. That is why I felt it necessary to make this digression into
history.

11. TGU— Tretye glavnoye upravieniye. The Soviet government initiated the air defense project in
August 1950 and organized the TGU the following February to manage the program.

12. Valeriy Dmitriyevich Kalmykov (1908-74), Sergey Ivanovich Vetoshkin (1905-91), and
Aleksandr Nikolayevich Shchukin (1900-) later became high-level managers in the Soviet military-
industrial complex.

13. NII—Nauchno-issledovatelskiy institut.

14. Authors note: In the summer of 1941, V. I. Kuznetsov was sent to Berlin on a temporary
assignment. When the war started, like all Soviet citizens in Germany, he was interned and later made
a long trip through neutral countries to return to the USSR.

15. Kalmykov died in 1974 at the age of 65.
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From the author’s archives.

In 1947, Sergey Korolev created one of the most innovative management mechanisms in the
early Soviet missile program—the Council of Chief Designers. This photo, a still from a rare
film from the postwar years, shows the original members of the Council and Boris Chertok
at a meeting. From the left, Chertok, Vladimir Barmin, Mikhail Ryazanskiy, Korolev, Viktor
Kuznetsov, Valentin Glushko, and Nikolay Pilyugin (standing).

THE LEADERSHIP OF THE ATOMIC PROBLEM of, as it was sometimes called, the
“uranium project,” followed a slightly different script. While military and defense
industry leaders took the initiative in gathering specialists and organizing the Radar
Committee, in the case of atomic weaponry, it was the scientists and physicists who
advocated for centralization from the very beginning, as was the case in the United
States and Germany. However, because of their modesty, having been brought up
working on laboratory-sized projects, they did not always dare to take away the
country’s essential vital resources. As early as 1942, I. V. Kurchatov was entrusted
with managing the scientific aspects of the problem at the recommendation of Aca-
demician A. E loffe. Stalin personally supervised the operations. But as the scale of
operations expanded, a small governmental staff was required.

At first, Deputy Chairman of the Council of People’s Commissars M. G. Per-
vukhin was in charge of organizing atomic projects.’® He was simultaneously the
People’s Commissar of the Chemical Industry. Soon, it became apparent that the

16. The Council of People’s Commissars was the equivalent of the governmental cabinet in the
Soviet system. In 1946, it was renamed the USSR Council of Ministers.
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expenses and scale of the projects required new efforts from a half-starved people
and a country that had not yet recovered from wartime ravages. In addition, fol-
lowing the Americans’ example, the highest degree of secrecy needed to be ensured.
Only the department of the all-powerful Lavrentiy Beriya could provide such a
regime."”

On 20 August 1945, the State Defense Committee passed the decree for the
organization of a special committee under GOKO, which would be also called Spe-
cial Committee No. 1. According to the decree, the Special Committee comprised
the following members:

1. L. P Beriya (Chairman)

2. G. M. Malenkov

3. N. A. Voznesenskiy

4. B. L. Vannikov (Deputy Chairman)
5. A. P. Zavenyagin

6. I. V. Kurchatov

7. P L. Kapitsa

8. V. A. Makhnov

9.M. G. Pervukhin (Deputy Chairman)

The decree stated:

“The Special Committee under GOKO shall be entrusted with the management
of all projects researching the nuclear energy of uranium, as well as the construc-
tion of nuclear power plants and the development and production of an atomic
bomb.”*

The document was long and very detailed. It relieved Beriya of his duties as the
people’s commissar for internal affairs, but to make up for it he received absolutely
unlimited authority to create the nuclear industry. In connection with this, he was
soon named first Deputy Chairman of the Council of People’s Commissars. This
same decree entrusted B. L. Vannikov, the People’s Commissar of Ammunition to
be Beriyas first deputy in the Special Committee. Vannikov organized and headed
the First Main Directorate (PGU), which in fact meant he was the first nuclear
minister of the USSR."

Besides all the other advantages that Beriya had over conventional ministers,
he had at his disposal an unknown number of workers, laboring without pay—the

17. Lavrentiy Pavlovich Beriya (1899-1953) was the feared manager of the Soviet security services.
Between 1938 and 1945, he headed the NKVD, the predecessor to the KGB.

18. The GOKO decree No. 9887ss/op, issued on August 20, 1945 was first published in V. I.
Ivkin, “Posle Khirosimy i Nagasaki: s chego nachinalsya yadernyy paritet” [After Hiroshima and
Nagasaki: The Origin of Nuclear Parity], Voyenno-istoricheskiy Zhurnal [Military-Historical Journal],
4 (1995):65-67.

19. PGU—"Pervoye glavnoye upravleniye. The PGU was the management and administrative branch
of the Special Committee for the atomic bomb.
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inmates of the “GULAG Archipelago” and an army of the internal troops of the
People’s Commissariat of Internal Affairs (the NKVD) numbering many thou-
sands.?

Beriya’s deputy, Boris Lvovich Vannikov, was a very colorful figure. Not very tall,
quite energetic, typically Jewish in appearance, sometimes rudely cynical, some-
times very blunt, and friendly and amicable when necessary, he possessed quite
exceptional organizational skills. In 1941, he held the post of People’s Commissar
of Armaments, and right before the war he was arrested. He was kept in solitary
confinement at Lubyanka Prison, in the same building where the office of the all-
powerful People’s Commissar Beriya was located. Who would have surmised that
four years later he would be Beriya’s deputy for the creation of nuclear weaponry?
While Vannikov was in prison, his position was filled by the 33-year-old director of
the Bolshevik Factory in Leningrad, Dmitriy Fedorovich Ustinov.

The war required just as much effort and heroism from industry as it did from
the army. A story, which sounded like it might even be true, was in circulation to the
effect that two months into the war, when enormous lapses were discovered in sup-
plies of shells, mines, and even cartridges, Stalin asked Beriya about Vannikov’s fate.
He was quickly given some medical treatment to make him at least look healthy
after his stay in Lubyanka Prison and delivered to Stalin, who, as if nothing had
happened, offered Vannikov, an “enemy of the people,” the post of People’s Com-
missar of Ammunition and asked him “not to hold any grudges over what had
happened.”

Thus, Vannikov and Ustinov, who had replaced him, worked in tandem almost
throughout the entire war.*' During the war, Vannikov’s tremendous contribution
was to eliminate problems in ammunitions production and delivery. Therefore, it
was not the least bit surprising that Stalin and Beriya, despite Vannikov’s past and
his Jewish ethnicity, put him in charge of all operations for the development of the
atomic bomb as head of the First Main Directorate.

By late 1947, when we began our campaign in Moscow to bring in special-
ists from various enterprises and institutes for our work on rocketry, we often ran
up against the all-powerful, super-secret, but very broad-based personnel recruiting
system, which snatched the tastiest morsels right out of our mouths. This was Van-
nikov’s atomic system already at work. He was using Beriya’s staff on his own behalf.
In 1947, Kurchatov was the all-powerful scientific chief of the field. He was direc-
tor of the Academy of Sciences” Instrumentation Laboratory (LIPAN).? Today, the
enormous Kurchatov Atomic Energy Institute stands on the former site of LIPAN.

During those first years of the rocket industry’s formation, Korolev—who is

20. The Main Directorate of Correctional Labor Camps (Glavnoye upravieniye ispravitelno-
trudovykh lagerey, GULAG) was a vast system of prison labor camps spread throughout the remote
areas of the Soviet Union. The NKVD—Nzrodnyy komissariat vnutrennykh del (People’s Commissariat
of Internal Affairs)—was the precursor of the KGB.

21. Vannikov was the commissar of ammunition (1942—46), and Ustinov was the commissar of
armaments (1941-46)

22. LIPAN—Laboratoriya izmeritelnykh priborov akademii nauk.
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often compared with Kurchatov in history-themed journalism in terms of his
accomplishments—could in no way be compared with him in terms of power and
resources. And in terms of material support for the laboratories, and the scientists’
and specialists’ standard of living, we in the missile industry looked like “poor rela-
tives” compared with the nuclear scientists. Until the last few years, in terms of their
services and utilities, the comfortable standard of living, cultural and social ameni-
ties, child-care and medical services, and supplies of fresh produce and household
goods, there was absolutely no comparison between the closed atomic cities and
the “rocket towns” built at Kapustin Yar, Tyuratam, and Plesetsk and the numerous
ground measurement stations (NIPs) located throughout the country.” When our
professional collaboration with the nuclear scientists began in 1952, we discovered
with some envy what limitless resources they had for production, experimental facil-
ities, residential construction, and other goods in short supply. Korolev took the fact
that we were “lagging behind” very hard, and often complained to Ustinov, who,
he felt, underestimated our work. Now, many years later, one can see that it was
not Ustinov’s doing at all. The country wasnt capable of creating such comfortable
conditions for everyone working in the three fields of nuclear, missiles, and radar.

We in the rocket industry worked together with the Ministry of Defense and
with army personnel, but our facilities were built not by GULAG prisoners, but by
military builders; the corresponding main directorates of the Ministry of Defense
supervised the operation and acceptance of our work. In other words, we dealt with
soldiers and officers who themselves led a semi-destitute existence.

StaTE CoMMITTEE NoO. 2, OR SPECIAL CoMMITTEE NoO. 2, as it was sometimes
called, was second according to numeric designation, but it was the third one to be
organized after the atomic and radar committees. It was created by special decree of
the Central Committee and Council of Ministers dated 13 May 1946, No. 1017-
419. This decree is the document that marked the beginning of the organization of
large rocket technology operations in the Soviet Union. Naturally, this decree came
out too early to mention cosmonautics or the use of outer space for peaceful or
scientific purposes. It discussed the organization and distribution of responsibilities
among ministries and enterprises for the development of rockets for purely military
purposes and for the use of the contingent of German specialists.

The reader will find it useful to spend a little time perusing the full text of the
decree of the USSR Council of Ministers dated 13 May 1946, cited below. Studying
this text will facilitate the understanding of many subsequent events in the history
of the establishment of rocket technology and of the role of specific individuals in
this history.*

23. NIP—Nazemnyy izmeritelnyy punkt.

24. This text of this decree, which Chertok presents, was first published openly in 1994 in a book
published by the Russian Strategic Rocket Forces. See “Voprosy reaktivnogo vooruzheniya.” In I. D.
Sergeyev, ed., Khronika osnovnykh sobytiy istorii raketnykh voysk strategicheskogo naznacheniya (Moscow:
TOIPK 1994), pp. 227-234.
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10 be returned within 24 hours to the USSR Council of Ministers
Administration (U.D.) special group”

SECRET
(SPECIAL FILE)

USSR COUNCIL OF MINISTERS
DECREE No. 1017-419  top secret
13 May 1946, Moscow, Kremlin
On Questions of Reactive Armaments
Considering the creation of reactive armaments and the organization of scientific-
research and experimental work in this field a vital task, the USSR Council of Ministers
DECREES

I
1. To create a Special Committee for Reactive Technology under the USSR Council of

Ministers with the following members:
G. M. Malenkov — chairman

D. E Ustinov — deputy chairman
I G. Zubovich — deputy chairman, having been relieved of his
duties at the Ministry ofgtlae Electrical Industry

N. D. Yakovlev — Committee member

N. I Kirpichnikov ~ — Committee member

A. I Berg — Committee member

P N. Goremykin — Committee member

N. E. Nosouvskiy — Committee member

2. To entrust the Special Committee for Reactive Technology with the following
responsibilities:

a) Supervise the development of scientific-research, design, and practical operations
for reactive armaments; review and submit plans and programs directly for the approval
of the Chairman of the USSR Council of Ministers; develop scientific research and prac-
tical operations in the aforementioned field; and also specify and approve quarterly needs
Jfor monetary appropriations and material and technical resources for reactive arma-
ments projects;

b) Track the completion status of the scientific research, design, and practical opera-
tions assigned by the Council of Ministers to the ministries and departments involved
with reactive equipment;

¢) Cooperate effectively with the appropriate ministries and departmental directors to
ensure the timely fulfillment of the aforementioned assignments;

3. The Special Committee shall have its own staff-

4. To establish that the work fulfilled by the ministries and departments on reactive

25. UD—Upravleniye delami.
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armaments shall be monitored by the Special Committee for Reactive Technology. No
institutions, organizations, or individuals shall have the right to interfere with or ask for
information concerning the work being conducted on reactive armaments without the
special permission of the Council of Ministers.

5. The Special Committee for Reactive Technology must submit its plan of scientific
research and experimental operations for 1946-1948 to the Chairman of the USSR
Council of Ministers for approval. Its top-priority task will be the reproduction of V-2
(long-range guided missiles) and Wasserfall (surface-to-air guided missiles) rockets using
domestic materials.

11

6. The following shall be designated as the head ministries for the development and
production of reactive armaments:

a) Ministry of Armaments—for missiles with liquid-propellant rocket engines;

b) Ministry of Agricultural Machine Building—for missiles with solid-propellant
rocket engines;

¢) Ministry of Aviation Industry—for cruise missiles.

7. To establish that the primary ministries involved with subcontractor production
and tasked to carry out scientific research, design, and experimental operations, and also
to fulfill orders for the head ministries approved by the Committee shall be:

a) Ministry of Electrical Industry—for ground-based and onboard radio control
equipment, tuning equipment and television mechanisms, and radar stations for target
detection and ranging;

b) Ministry of Shipbuilding Industry—for gyroscopic stabilization equipment, resolv-
ers, naval radar stations for target detection and ranging, shipborne launcher stabiliza-
tion systems, homing missile warheads for use against undersea targets, and for [other]
instruments;

¢) Ministry of Chemical Industry—for liquid propellants, oxidizers, and catalysts;

d) Ministry of Aviation Industry—for liquid-propellant rocket engines for long-range
rockets and aerodynamic research and rocket tests;

¢) Ministry of Machine Building and Instrumentation—for mountings, launch
equipment, various compressors, pumps and equipment for them, as well as other acces-
sory equipment;

f) Ministry of Agricultural Machine Building—{for proximity fuses, munitions, and
gunpowder.

111

8. In the interests of fulfilling the tasks entrusted to the ministries, the following
directorates shall be created:

in the Ministries of Armaments, Agricultural Machine Building, and the Electrical
Industry—>Main Directorates for reactive technology;

in the USSR Ministry of Armed Forces—a Directorate of reactive armaments within
the structure of the GAU and a directorate of reactive armaments within the structure

of the Navy;*

26. GAU—Glavnoye artilleriyskoye upravleniye (Main Artillery Directorate).

11
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in the Ministries of Chemical Industry, Shipbuilding Industry, and Machine Build-
ing and Instrumentation—directorates of reactive technology;

in the Gosplan of the USSR Council of Ministers—a department of reactive technol-
ogy headed by a deputy chairman of Gosplan.

9. The following scientific-research institutes, design bureaus, and test ranges for reac-
tive technology shall be created in:

a) Ministry of Armaments—Scientific-Research Institute of Reactive Armaments and
Design Bureau using the facilities of Factory No. 88, taking all its other programs and
distributing them among the other Ministry of Armaments factories;”

b) Ministry of Agricultural Machine Building—Scientific-Research Institute of
Solid-propellant Reactive Projectiles using the facilities of State Central Design Bureau
No. 1 (GTKB-1), a design bureau using the facilities of the Ministry of Aviation Indus-
try NII-1 Branch No. 2, and the Scientific-Research lest Range for Reactive Projectiles
using the facilities of the Sofrinsk Test Range,™

¢) Ministry of Chemical Industry—Scientific-Research Institute of Chemicals and
Propellants for Rocket Engines;

d) Ministry of Electrical Industry—Scientific-Research Institute with a design bureau
Jfor radio and electronic control instruments for long-range and surface-to-air missiles
using the facilities of the NII-20 telemetry laboratory and Factory No. 1. Task Comrade
Bulganin with reviewing and making a decision on the issue of transferring Factory
No. 1 of the Ministry of Armed Forces to the Ministry of Electrical Industry so that
the responsibility for this factorys program will rest with the Ministry of the Electrical
Industry;

¢) USSR Armed Forces Ministry—GAU Scientific-Research Reactive Institute and
State Central lest Range for Reactive Technology for all of the ministries involved with
reactive armaments.

10. It shall be the responsibility of the Ministries of Armaments (Ustinov), Agri-
cultural Machine Building (Vannikov), Electrical Industry (Kabanov), Shipbuilding
Industry (Goreglyad), Machine Building and Instrumentation (Parshin), Aviation
Industry (Khrunichev), Chemical Industry (Pervukhin), and the Armed Forces (Bul-
ganin) to approve the structures and staff of the directorates, NIIs, and design bureaus of
the corresponding ministries.

IV.
11. The following work on reactive technology in Germany shall be considered rop-

27. This organization eventually became Scientific-Research Institute No. 88 (NII-88), which was
the seed of the Soviet missile and space industry.

28. GTsKB—Gousudarstvennoye tsentralnoye konstruktorskoye byuro. GTsKB-1 later became NII-1,
and finally the Moscow Institute of Thermal Technology, the developer of modern-day Russian mobile
ICBM:s such as the Topol. The NII-1 Branch No. 2 was later successively known as KB-2 and GSNII-
642. Currently, it is known as GNIP OKB Vympel and develops ground and launch equipment for
the Russian space program.
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priority tasks:

a) The complete restoration of the technical documentation and models of the V-2
long-range guided missile and Wasserfall, Rheintochter, and Schmetterling surface-to-air
guided missiles;

b) The restoration of the laboratories and test rigs with all the equipment and instru-
mentation required to perform research and experimentation on V-2, Wasserfall, Rhein-
tochter, Schmetterling, and other rockets;

¢) The training of Soviet specialists who would master the design of V-2, surface-to-
air guided missiles, and other rockets, testing methods, and production processes for rocket
parts, components, and their final assembly.

12. Comrade Nosovskiy shall be named director of operations for reactive technol-
ogy in Germany and shall reside in Germany. He shall be released from other work
not related to reactive armaments. Comrades Kuznetsov (GAU) and Gaydukov shall be
appointed as Comrade Nosovskiy’s assistants.

13. The Reactive Technology Committee shall be responsible for selecting the necessary
number of specialists with various backgrounds from the corresponding ministries and
sending them to Germany to study and work on reactive armaments, keeping in mind
that each German specialist shall be assigned a group of Soviet specialists so that the latter
may gain experience.

14. The ministries and departments shall be forbidden to recall, unbeknownst to the
Special Committee, their employees working on committees studying German reactive
armaments in Germany.

15. The Ministries of Armaments, Agricultural Machine Building, Aviation Industry,
Electrical Industry, Chemical Industry, Machine Building and Instrumentation, and the
USSR Armed Forces shall have one month to prepare and submit for the approval to the
Special Committee for Reactive Technology specific plans for design, scientific-research,
and experimental operations in Germany on reactive armaments, specifying assignments
and deadlines for each design bureau.

Comprades Ustinov, Yakovlev, and Kabanov shall be sent on assignment to Germany
with a group of specialists for 15 days in order to familiarize themselves with the work
being conducted on reactive armaments in Germany, with a view toward preparing a
plan for impending operations.

16. The USSR Ministry of Armed Forces shall be tasked with forming a special artil-
lery unit in Germany to master, prepare, and launch V-2 rockets.

17. The transfer of the design bureaus and German specialists from Germany to the
USSR by the end of 1946 shall be predetermined.

It shall be the responsibility of the Ministries of Armaments, Agricultural Machine
Building, Electrical Industry, Aviation Industry, Chemical Industry, and Machine Build-
ing and Instrumentation to prepare facilities for the placement of the German design
bureaus and specialists. The Special Committee for Reactive Technology shall submit
proposals on this matter to the USSR Council of Ministers within a month.

18. The Special Committee for Reactive Technology shall be permitted to pay a higher
salary to German specialists recruited for work involving reactive technology.

13
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19. It shall be the responsibility of the USSR Ministry of Armed Forces (Khrulev) ro
allocate the following items in support of all the Soviet and German specialists involved
in work on reactive armaments in Germany:

[ree rations per norm No. 11—1000 units;

supplementary rations per norm No. 2—3000 units;

vehicles: passenger cars—100 units;

trucks—100 units;

provide fuel and drivers.

20. It shall be the responsibility of the USSR Ministry of Finance and the Soviet
Military Administration in Germany to allocate 70 million marks to finance all of the
operations conducted by the Special Committee for Reactive Technology in Germany.

21. The Special Committee for Reactive Technology shall be granted permission to
order various special equipment and hardware in Germany for the laboratories of the
scientific-research institutes and for the State Central Test Range for Reactive Armaments
as reparations. The Special Committee jointly with Gosplan and Ministry of Foreign
Trade shall be charged with specifying a list of orders and their delivery dates.

22. The Special Committee shall be assigned to submit proposals to the USSR Coun-
cil of Ministers concerning a business trip by a commission to the U.S. to place orders
and procure equipment and instruments for the laboratories of the scientific-research
institutes for reactive technology, having stipulated in these proposals that the commission
be granted the right of procurement by public license for a sum of 2,000,000 dollars.

23. Deputy Minister of Internal Affairs Serov shall be responsible for creating the
requisite conditions for the normal operation of the design bureaus, institutes, laborato-
ries, and factories involved with reactive technology in Germany (food supply, housing,
transportation, etc.).

The USSR Ministry of Armed Forces (Khrulev) and SVA Supreme Commander
Sokolovskiy shall be responsible for assisting Comrade Serov as needed.”

Vv

24. The Special Committee for Reactive Technology shall be responsible for taking
inventory of all the equipment, tools, hardware, as well as materials and models of reac-
tive technology brought back ro the USSR by the various ministries and departments
and also for redistributing them among the appropriate ministries and departments in
accordance with the tasks assigned them.

25. The USSR Ministry of Armed Forces (Bulganin) shall be tasked with making
proposals to the Council of Ministers concerning the site for and construction of the State
Central Test Range for reactive armaments.

26. The Special Committee for Reactive lechnology shall be responsible for sub-
mitting for approval to the Chairman of the USSR Council of Ministers its policy on
awarding bonuses for the development and creation of reactive armaments, as well as

29. SVA—Sovetskaya voyennaya administratsiya (Soviet Military Administration).

14

Three New Technologies, Three State Committees

proposals for paying a higher salary to particularly highly qualified employees in the field
of reactive technology

27. The Special Committee for Reactive Technology shall be permitted to consider
the scientific-research institutes and design bureaus recently established by the Ministries
of Armaments, Agricultural Machine Building, Aviation Industry, Electrical Industry,
Machine Building and Instrumentation, Chemical Industry, and the USSR Armed
Forces as equal to the scientific institutions of the USSR Academy of Sciences in terms
of salaries and the provision of industrial and food supplies in accordance with USSR
Council of Peoples Commissars decree No. 514, dated 6 March 1946.

28. The Ministry of Aviation Industry (Khrunichev) shall be responsible for transfer-
ring 20 specialists in the fields of engines, aerodynamics, aircraft construction, etc. to the
Ministry of Armaments.

29. Minister of Higher Education Kaftanov shall be responsible for arranging for
engineers and scientific technician to be trained in the field of reactive technology at
institutions of higher learning and universities and also for retraining students close to
graduating who majored in other specialties for a reactive armaments specialty, ensuring
that the first graduating class from technical institutions of higher learning yields at least
200 specialists in the field of reactive armaments and at least 100 from universities by
the end of 1946

30. The Special Committee for Reactive Technology shall be entrusted, jointly with the
Ministry of Higher Education, with selecting 500 specialists from the scientific-research
organizations of the Ministry of Higher Education and other ministries, retraining them,
and sending them to work in ministries involved with reactive armaments.

31. In an effort to provide housing for the German reactive technology specialists
transferred to the USSR, Comrade Voznesenskiy shall be tasked with providing 150 pre-
fabricated sectional Finnish-style houses and 40 eight-apartment log houses per the order
of the Special Committee for Reactive Technology.

32. Work for the development of reactive technology shall be considered the most
important governmental task and it shall be the responsibility of all ministries and orga-
nizations to prioritize reactive tec/mology assignments.

USSR Council of Ministers Chairman I. Stalin
USSR Council of Ministers Adminstrator Ye. Chadayev

Lev Gaydukov, Georgiy Pashkov, and Vasiliy Ryabikov prepared the main text
of the decree with the direct involvement of Marshal Nikolay Yakovlev and Min-
ister Dmitriy Ustinov.?® The draft decree affected dozens of leading ministries and

30. Lev Mikhaylovich Gaydukov (1911-98) supervised recovery operations in Germany in 1946
47. Georgiy Nikolayevich Pashkov (1911-93) was a senior official in Gosplan responsible for the new
missile industry. Vasiliy Mikhaylovich Ryabikov (1907-74) was Ustinov’s first deputy in the Ministry
of Armaments.
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departments, determined the fates of many thousands of people, and demanded
truly heroic efforts for the creation of a new field of technology and industry from
a people bled dry by four years of war. Nevertheless, the text of the decree was con-
curred at all echelons with an urgency appropriate to wartime. As Gaydukov related
many years later, only about 20 days elapsed from the first handwritten outline to
the final text viewed by all the ministers and Malenkov himself. Stalin, to whom
Malenkov reported, read and signed the draft without comments. The long and
comprehensive document was essentially a strategic decision. In terms of its historic
significance, it was comparable to the decree on the nuclear problem that preceded
it.

Georgiy Malenkov, who headed the Special Committee for Reactive Technol-
ogy, remained a member of the Special Committee on the Atomic Problem. His
closeness to Stalin and the knowledge and experience he had gained preparing and
issuing all the “atomic” decrees aided the development and rapid passage through
the state and Communist Party bureaucracy of all the decisions implementing the
“rocket” decree of 13 May 1946. The 13 May decision served as the basis for sub-
sequent ones defining dozens of particular issues for decrees and prompted an ava-
lanche of orders within each ministry and department. Ustinov, the most enterpris-
ing and decisive of the ministers, without waiting for the appearance of the main
decree, issued his own order in May 1946 for Artillery Factory No. 88 to begin
studying the drawings of rockets arriving from Germany.

UsTINOV’S ORDER OF 16 MAY 1946 ANNOUNCED THE ORGANIZATION OF THE
State Heap Scientiric-ResearcH INsTITUTE No. 88 (NII-88), which was speci-
fied as the primary scientific-research, design, and experimental design facility for
missile armaments with liquid-propellant rocket engines. NII-88 was created using
the facilities of Artillery Factory No. 88, located in the suburban Moscow town of
Kaliningrad near the Podlipki station.

After meeting with us in Germany, Ustinov and the other ministers quickly
issued their orders in furtherance of the decree of 13 May on personnel assign-
ments, having obtained concurrence from the All-Union Communist Party of the
Bolsheviks (VKP[b)]).*" On 9 August 1946, as ordered by Ustinov, Korolev became
chief designer of “Article No. 1”—the long-range ballistic missile.

On 16 August a decree of the Council of Ministers and Ustinov’s subsequent
order made L. R. Gonor director of NII-88. Gonor would develop and Minister
Ustinov would approve the structure of the head institute, which would contain
a special design bureau (SKB).** Department No. 3 was part of the SKB. Gonor

31. VKP(b)— Vsesoyuznaya kommunisticheskaya partiya (bolshevikov), was the official designation of
the Soviet Communist Party between 1925 and 1952, after which it became the Kommunisticheskaya
partiya sovetskogo soyuza (KPSS) (Communist Party of the Soviet Union [CPSU]).

32. SKB—Spetsialnoye konstrukturskoye byuro.
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issued his own order to appoint Korolev chief of the NII-88 SKB’s Department
No. 3.

The Ministry of Armaments headed by D. F. Ustinov received the leading role
in the strategic decree. This was not coercion from above, but the result of Ustinov
and his first deputy Ryabikov’s initiative when they visited the Institute RABE in
1945. Both of them had already foreseen that rocket technology was the future for
the entire industry. The decree was prepared after the special commission headed by
Marshal Yakovlev visited Berlin, Nordhausen, and Bleicherode in February 1946.
We in Germany, of course, had no way of knowing about this decree that deter-
mined our future fate.

Sergey Ivanovich Vetoshkin, our direct chief within the Ministry, and later in the
Committee, scrutinized our affairs very carefully in Bleicherode. An artilleryman
through and through, he understood that the time had come to reeducate himself.
An intelligent man, kind and modest, with a great sense of responsibility, he tried
first and foremost to gain an understanding of this completely new field of technol-
ogy. Every free minute he could find away from commission meetings he would
very politely address any one of the old hands in Bleicherode and request, “Please
explain this to me—a mechanic who doesn’t understand much about electricity...”
asking for an explanation of how the gyroscopes worked or the mischgerir.>®
short, each answer required a lecture. On returning from Germany, Sergey Ivanov-
ich was one of the leaders in the ministry office, and then in the new committee,
who helped us daily.

Somewhat unexpectedly, Malenkov was named chairman of Committee No. 2.
He was already chairman of the Radar Committee and a member of Committee No.
1. Evidently, from Stalin’s viewpoint, things were going so well there that he could
throw Malenkov into another new field—missile production. However, Minister of
Armed Forces N. A. Bulganin soon replaced Malenkov as Committee chairman.?
Neither Malenkov nor Bulganin played a special role in establishing our field. Their
prominent role boiled down to looking through or signing draft decrees that the
committee office prepared with the active support of or on the initiative of Ustinov,
Yakovlev, and the chief designers.

Right from the beginning, Ustinov and Vetoshkin, who was appointed chief of
the Seventh Main Directorate within our ministry, paid special attention to rocketry
and even displayed infectious enthusiasm, which was unusual for leaders.> Unfor-
tunately, Ryabikov, one of our first patrons in the Ministry of Armaments, was soon
transferred from our field of rocket technology to “air defense and radar” to head

In

33. The mischgeriit was an amplifier that received signals from the gyroscopes on the V-2 rocket.

34. Bulganin replaced Malenkov in May 1947.

35. The Seventh Main Directorate was one of several “main directorates” within Ustinov’s Ministry
of Armaments. Soviet ministries typically had between six and a dozen such directorates, that is,
functional units, assigned to fulfill specific tasks. Other directorates in the Ministry of Armaments
focused on non—rocket-related weapons.
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the Council of Ministers’ Third Main Directorate. However, in 1955, Ryabikov
once again returned to deal with problems of long-range missiles. They appointed
him chairman of a new special committee for rockets and also chairman of the state
commission for testing the first R-7 intercontinental missiles.

ALONG WITH THE HEAD INSTITUTE OF NII-88, a number of other organizations
in other ministries played important roles in the early development of Soviet mis-
siles. OKB-456, headed by Chief Designer Valentin Glushko, was charged with
developing liquid-propellant rocket engines and their serial production.’ The OKB
was created using the facilities of aviation Factory No. 84. Before the war, Fac-
tory No. 84, located in Khimki on the outskirts of Moscow, had specialized in
the production of Li-2 transport aircraft, a copy of the famous American DC-3
airplane produced by Douglas. In 1938, the OKB headed by Viktor Bolkhovitinov
was relocated from Kazan to this factory. When completing my final thesis in 1939,
I returned to Bolkhovitinov’s OKB at Factory No. 84. Soon thereafter, next to this
large series-production factory, Bolkhovitinov built his new experimental Factory
No. 293, and his OKB relocated there as well.

After his return from Germany, Glushko was faced with setting up a factory where
the entire “Bolkhovitinov team”—Isayev, Chertok, Mishin, Bushuyev, Raykov, Mel-
nikov, and many others—had worked before him. They joked that Glushko had
exiled the native Khimki-ites to Podlipki.

MinisTRY OF ARMED FoRrces Factory No. 1 was designated as the lead fac-
tory for control systems and renamed NII-885. N. D. Maksimov was appointed its
director and Mikhail Ryazanskiy its first deputy director and chief designer. In the
beginning, Nikolay Pilyugin was the deputy chief designer for autonomous con-
trol systems. During the war, the factory that was later to be the site of NII-885
had specialized in the production of remote-controlled electric motors and mag-
neto generator field telephones. To make a call the user had to crank the handle.
The factory’s production and technology culture, equipment, and staff were so far
removed from those of rocket instrumentation that Ryazanskiy and Pilyugin com-
plained spitefully that, “Korolev will transform artillerymen into missile specialists,
Glushko will train aviation to use his beloved liquid-propellant rocket engines, and
we are going to provide them all with control technology, using telephone cranks as
our main component.”

Vladimir Barmin was appointed head developer of the ground-based launch-
ing complex and fueling and transport equipment, with Viktor Rudnitskiy as his
first deputy. Their organization was called GSKBSpetsMash and was located at the
Kompressor Factory site, which had been the head enterprise for the production

36. OKB stood for both Osoboye konstruktorskoye byuro (Special Design Bureau) and Opyino-
konstruktorskoye byuro (Experimental-Design Bureau). In the case of OKB-456, it was the latter.
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of Katyusha guards’ mortars, the vehicle-mounted multibarreled solid-fuel rocket
launchers.”

Of the six main chief designers, Viktor Kuznetsov and his associates were prob-
ably more fortunate. He returned to the shipbuilding NII organization, which held
him in high esteem, and to a well-equipped laboratory. At that time the organiza-
tion was developing gyroscopic navigation systems for ocean-going ships and had
created a unique gyroscopic stabilization system for a tank gun for mobile use. But
Kuznetsov did not like administrative work and had no aspirations for the director’s
chair. The position of chief designer suited him completely, and he was a true chief
in his field. He had no fear of theoretical mechanics equations and an excellent com-
mand of the theory of gyroscopic systems, but at the same time sensed a design’s
adaptability to the manufacturing process and loved to delve into the fine points of
production.

Once, I dropped in on Kuznetsov at home (at that time he lived on Aviamotor-
naya Street) and was amazed by the abundance of all sorts of electronic radio parts,
bundles of wires, and fitting tools scattered about the room and on the desk. Viktor
explained that he loved to unwind with a soldering iron in his hands. It turns out
that he had assembled a homemade television and a unique television tube with a
particularly high degree of clarity. This was at that time when televisions with tiny
screens had just barely begun to appear in Muscovites’ apartments.

A missile system, even the first—and by modern conceptions such an elementary
system as the A4 (R-1)—contained current converters in its control system—motor
generators, or, as we sometimes called them Umjformers.®® These assemblies trans-
formed 24 volts of direct current into 40 volts of alternating current with a fre-
quency of 500 hertz to supply power for gyroscopic instruments. They tasked Min-
istry of the Electrical Industry’s NII-627 to manufacture these assemblies. Andronik
Gevondovich losifyan headed this NII. He was responsible for manufacturing elec-
tric motors, trimming capacitors, and polarized relays for control-surface actuators.
Several years later Andronik, as Korolev intimately liked to refer to him, took on a
much larger challenge. He was appointed chief designer of onboard electrical equip-
ment for a wide range of rockets. NII-627 was already a ready-made scientific pro-
duction facility that specialized in servo drive technology and all sorts of low-power
electrical machines. The small Moscow Mashinoapparat Factory was designated as
the series-production facility for the onboard electrical equipment.

The Moscow Prozhektor Factory was charged with the development and manu-
facture of all of the ground-based electrical equipment. Aleksandr Mikhaylovich
Goltsman was appointed chief designer of these systems. Chief designer Mark
Izmaylovich Likhnitskiy, who had worked in the Leningrad fuse NII, was assigned

37. GSKB Spetsmash— Gosudarstvennoye spetsialnoye konstruktorskoye byuro spetsialnogo mashino-
stroyeniya (State Special Design Bureau for Special Machine Building).
38. Umformer is the German word for transformer.
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to develop fuses for the warheads. The Ministry of Higher Educational Institutions
was tasked with setting up special departments and training rocket technology spe-
cialists.

A WORD ABOUT THE CUSTOMER FOR ROCKETS— 'he Special Committee reserved
a special role for the Ministry of Defense’s Main Artillery Directorate (GAU). Artil-
lery Marshall Nikolay Yakovlev continued to be in charge of it. The Main Artillery
Directorate was designated the primary customer for long-range ballistic missile
systems. To this end, they created a special Fourth Main Directorate in the Main
Artillery Directorate headed by General Andrey Sokolov. Using the facilities of an
institute of the Academy of Artillery Sciences, a special military institute, NII-4, was
created under the Main Artillery Directorate to work on problems of the military
application of missiles. General Aleskey Nesterenko became the institute’s first chief.
General Lev Gaydukov was named Nesterenko’s deputy. Gaydukov had supported
all of our undertakings in Germany; had managed to get Stalin to bring in Korolev,
Glushko, and other formerly imprisoned missile specialists for our work; and had
headed the Institute Nordhausen. He was already well acquainted with those of us
who would be creating his new rocket technology. Why not then entrust him with
one of the defining leadership posts in the new Main Artillery Directorate missile
organizations? But the war had ended, and many combat generals were left without
jobs appropriate for the well-earned high ranks that they had gained in combat.
Soon thereafter, Nesterenko was relieved of his directorship at the NII-4 institute
of the Academy of Artillery Sciences, and some time later General Sokolov was put
in charge. He had been the first of the Soviet military specialists to “domesticate”
Peenemiinde in 1945.

Lieutenant Colonel Georgiy Tyulin, also a member of our “German” company,
became the chief of the theory of flight department in the Main Artillery Director-
ate.

In late 1946 Lieutenant-General Vasiliy Ivanovich Voznyuk, who had com-
manded major guards’ mortar subunits during the war, was appointed chief of the
State Central Test Range (GTsP), which technically still did not exist.*” Colonel
Andrey Grigoriyevich Karas became the chief of staff of the State Central Test Range.
He would later become the chief of the Defense Ministry’s Central Directorate of
Space Assets, the precursor to the Russian military space forces.

Voznyuk and Karas were very colorful figures in the history of the test range at
Kapustin Yar and during the first years of our rocket technology in general. During
the early days of our new assignments, these combat generals had to grapple with
such a multitude of problems that they recalled the most difficult battles of World
War II as heroic but simple work. Their work was complicated by the necessity to

39. GTsP—Gosudarstvennyy tsentralnyy polygon. The official name of the Kapustin Yar, the first

Soviet long-range missile testing facility, was GTsP-4.
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deal appropriately with “those civilians,” that is, the chief designers, to cede to a few
chiefs from Moscow, and to report not to the commander of an army or an army
group but to the Central Committee and additionally to General Ivan Serov of state
security.

They had to make time to resolve a plethora of domestic issues, to look after the
housing and amenities for the officers, their families, and thousands of construction
workers assigned to the projects. But they also had to gain an understanding of the
new technology. All of the newly created organizations were expected within a very
short time to determine their structure, fill out their staff, and begin the necessary
construction. A mass of organizational, scientific and technical, and social problems
crashed down on everyone. In spite of the very difficult postwar economic situation
in the country, this newly created field, like the atomic industry, was appropriately
prioritized in the Gosplan and Ministry of Finance to receive supplies, funds for cap-
ital construction and reconstruction, and production and laboratory equipment.

Here I feel it is fitting to make an observation in defense of the centralized
state “bureaucratic” planning and coordinating apparatus. The competence of the
officials of Committee No. 2 and their effective efforts not to shirk from making
decisions rendered us quick and energetic assistance in setting up our operations.
The decisions to recruit new firms for the work and drafting Council of Ministers’
decrees and similar matters were resolved with the urgency that had not been lost
since wartime.

OF THE THREE NEW TECHNOLOGIES—RADAR, ATOMIC, AND MISSILES—atomic
technology was the most science-intensive. Perhaps because of this, Special Com-
mittee No. 1 included two academicians: Igor Kurchatov and Petr Kapitsa.

Malenkov headed two of the three Special Committees (radar and missiles), cre-
ated in 1945-46; Beriya headed the third (atomic). Both Malenkov and Beriya
reported directly to Stalin, who attentively, strictly, and in a very demanding manner
monitored the execution of the scientific, technical, and production tasks assigned
to the committees. Stalin’s supervision was anything but detached. Stalin inserted
his corrections and additions into drafts of decrees that had already been accepted.
One such Stalin initiative was the top secret decree dated 21 March 1946, “On
Awards for Scientific Discovery and Technical Achievement in the Use of Atomic
Energy and for Cosmic Radiation Research Projects Contributing to the Solution
of This Problem.”

This decree called for large monetary awards to be granted to individuals who
solved specific scientific and technical problems. It stipulated prizes of one million
rubles for the directors of the work and would confer on them the titles of Hero
of Socialist Labor and Stalin Prize laureate. At government expense they would be
granted, in any region of the Soviet Union, ownership of a villa, a furnished dacha,
a car, double pay or salary for the entire period of time they worked in that field,
and the right to free transportation (for life for the individual and wife or husband
and for the children until they came of age) within the USSR by rail, water, or air
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transport. Large monetary awards were stipulated not only for the directors but also
for the primary scientific, engineering, and technical employees who were involved
in the work. The individuals who had distinguished themselves the most were pre-
sented with orders and medals of the USSR. No one but Stalin could dare offer
such bountiful generosity. For the atomic scientists and everyone associated with
them, this decree was unexpected. Scientists of all ranks, engineers, and technicians
were so accustomed to working for nearly nothing, to living poorly and sharing the
adversity of the entire populace, that the blessings promised by the decree shocked
them at first.

Stalin wasn’t just looking after the senior science staff. At his instruction, begin-
ning in the second half of 1946, wages were increased one-and-a-half to two times
for all employees in the atomic industry. Budgetary expenditures on science, in
particular on the Academy of Sciences, were tripled in 1946 compared with 1945
and then doubled again in 1947!

Ir 13 MAY 1946 (THE DAY THE DECREE WAS ISSUED) is considered the beginning
of broad-scale missile technology operations in the USSR, then it was eight months
behind the corresponding date for nuclear technology. This proved to be sufficient
time to train government officials on the basis of the nuclear experience to prepare
and issue decrees that had been worked out in minute detail to solve the most vital
strategic, military, and technical problems.

The State Defense Committee (GOKO), which was created at the very begin-
ning of World War II, held all the strings to control the economy. It created an
original centralized military-industrial and transport management system, which
supported the development of weapon prototypes and the production of all types of
military hardware. Under peacetime conditions at the very beginning of the Cold
War, centralization of the political and economic authority made it possible to effec-
tively use the wartime experience for organizing operations.

After the war, State Defense Committee functions were transferred to the Coun-
cil of Ministers.* The industrial ministries, formed from the people’s commissariats,
received a great deal of independence. However, solving the new and very complex
scientific and technical problems called for the formation of the special commit-
tees described previously. These committees allowed the higher political leadership
and Stalin personally to manage the solution of complex problems that required
enormous material expenditures, scientific leadership, and participation of various
branches of industry.

The complex government mechanism controlling the entire defense industry, as
well as all of the branches of industry composing the country’s economy, was under
the supervision of the Communist Party Central Committee. All of the decrees
affecting the life of the country, its science, and its defense were made on behalf of

40. The GOKO was a temporary body established to operate only under wartime conditions. The
Council of Ministers was the cabinet-level body managing Soviet industry and society.
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the Council of Ministers and the Central Committee of the All-Union Communist
Party of the Bolsheviks. To be sure, one should mention that Beriya, unlike Malen-
kov, tried to keep the Party apparatus from participating in generating decisions
on matters within the scope of the Special Committee that he headed and the First
Main Directorate subordinate to it.

After Beriya was overthrown, tried, and shot in 1953, stories leaked of his lead-
ership methods. On one occasion, the Ministry of Aviation Industry had received
instructions from Beriya to prepare a governmental decree to reassign one of its
factories producing aircraft instruments to the First Main Directorate. The minister
dared to inform Beriya that the decree must be issued in concordance with the
defense department of the Party Central Committee. “What is the Central Com-
mittee to you?” shot back Beriya in indignation. “Stalin is the Central Committee
and I will report this to him.”

In the mid-1950s, the interests of the three Special Committees became inter-
twined. They began to move atomic explosives from airborne bombs into missile
warheads. A massive campaign was underway to “missilize” the infantry forces,
navy, and air force. Radio electronic systems from auxiliary facilities were converted
into the primary means of determining the effectiveness of anti-aircraft defense and,
later, anti-missile defense. It was time to rethink the traditional division of the mili-
tary into the three branches of the armed forces: the infantry, navy, and air force.

A scientific theory for a systemic approach to the management of complex hierar-
chical systems did not yet exist, but the organizers of industry, having cast aside their
departmental differences, decided to consolidate the management of the country’s
entire military-industrial complex. And so the special committees were dissolved and
the managerial coordination of all the defense ministries was transferred to a new
agency—the Commission on Military-Industrial Issues under the USSR Council of
Ministers, or the VPK.*! T will write about this governmental agency later.

Here I would like to say a kind word about the mangers and bureaucrats during
that period—the staff members of all the special committees, the defense depart-
ments of the Party Central Committee, the people’s commissariats’ main director-
ates, and later the ministries, Gosplan, and military chiefs—with whom, in one way
or another, I had the occasion to come into contact during the period from 1945
through 1955, the period during which the three technologies came into being. The
overwhelming majority of the governmental and party officials who made up the
large managerial machine of the military-industrial complex were at their core dedi-
cated to their cause and competent organizers. They were a necessary component of
the driving force behind the creative process for the birth of a new technology.

41. The full name of this body was the Commission on Military-Industrial Issues, but it was
more commonly known as VPK—Komissiya po voyenno-promyshlennym voprosam (Military-Industrial
Commission). Officially formed in December 1957, the VPK was the top management body for
the entire Soviet defense industry. Commission members typically included the ministers of various
branches of the defense industry (including the rocket industry).

23






Chapter 2

The Return

I spent 21 months in Germany. The majority of the Soviet specialists who worked
at Institutes RABE and Nordhausen spent considerably less time there, 6 to 12
months. Korolev himself was in Germany for about 15 months. The future chief
designers of future new Soviet technology, including Valentin Petrovich Glushko,
Nikolay Alekseyevich Pilyugin, Viktor Ivanovich Kuznetsov, Vladimir Pavlovich
Barmin, Mikhail Sergeyevich Ryazanskiy, and almost all of their first deputies and
future leading specialists and researchers, designers, process engineers, and military
testers—several thousand people in all—for over a year had simultaneously under-
gone retraining, recertification, the difficult “breaking in” process, and getting to
know one another. Many of us acquired good friends that we would have for years
to come.

A plethora of new scientific and technological difficulties arose during the cre-
ation of these large and complex technical systems. One of them was totally unfore-
seen. It required the development of new “system-oriented” interrelationships
among the people creating all the elements of a large system. This factor, a purely
human one, had exceptionally great significance after our return and indeed from
the very beginning of our activity in 1947.

We returned almost two years after victory, but during a difficult and complex
time. Caught up in a new field of creative activity opening up boundless prospects,
we made the most optimistic plans for future rocket technology. Having lost touch
with the postwar reality of Moscow, before our return to the Soviet Union, we had
virtually no experience with the everyday cares that were normal for Soviet people at
that time. Finding ourselves plunged into this new atmosphere in the first months
of 1947, we were forced to expend time and energy readapting to our native land.

After returning from comfortable Thuringia, not everyone was able to find
quarters in conditions that were reasonable even by the postwar standards of that
time. My family—there were four of us now—returned to the NII-1 superstructure,
building No. 3 on Korolenko Street in Sokolniki. Here we occupied two adjacent
rooms. Yevgeniy Shchennikov’s family, which also had four members, occupied the
other two rooms. He was an official of the Russian Federation Council of Ministers.
The apartment had no bathtub and no shower. It had one toilet and one sink for
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everyone. The latter was also the kitchen sink for the small common kitchen. The
apartment had a wood-burning stove, for which the wood had to be carried up from
a shed in the courtyard to the fifth floor, and, of course, there was no elevator. After
our fashionable Villa Frank in Bleicherode, these circumstances required psycho-
logical adaptation. Yet, many envied us. First, we had an average of six square meters
per person, and, second, we had good neighbors. Our wives immediately became
friends, and our children were still friends a half-century later.

A year passed before Korolev received a separate apartment in the factory build-
ing, not far from the main entrance. Almost all of 1947 he spent nights on a couch
in the old apartment on Konyushkovskaya Street. After his arrest in 1938, his wife
Kseniya Vintsentini and daughter had been left with one tiny room.

Many lived wherever they could, “catch as catch can.” In other words, they
were registered at the factory dormitories so that their passports were in order, but
they lived without a residence permit with relatives or friends or rented rooms in
dachas on the outskirts of town. In Podlipki, where our new NII-88 rocket center
was located, only the old staff workers of the former artillery factory had separate
apartments. The newly hired young specialists and workers were housed in barracks
that had been built in abundance. However, we were not the least bit depressed!
Even when we were living and working for many months under arduous condi-
tions—verging on the impossible—at the Kapustin Yar test range, we saw things
with humor and optimism.

It was more difficult to adjust to the country’s general atmosphere of a stifling
ideologically repressive system. While enthusiastically working for some time as vic-
tors in another country, which previously had been under even harsher repressive
control, we were sure that the postwar life in our country would be much more
democratic. These same hopes were shared by the military intelligentsia, including
the many combat officers who had experienced the crucible of war.

During the war, people faced death and performed feats under the motto “For
the Fatherland!,” “For Stalin!,” or “For the tears of our mothers!” At the rear they
labored heroically under the motto “Everything for the front, everything for Vic-
tory!” We had triumphed at the cost of countless lives, with real heroism and genu-
ine unity of the people in the face of a common mortal danger. But now, once again,
they were demanding heroism, this time in the workplace.

Hope for a better life, faith in the wisdom of the “greatest leader of the peoples,”
and constant ideological Communist Party pressures proved so strong that in spite
of all the sacrifices made during the war, people were prepared to endure post-
war difficulties and to accomplish new feats for the even greater consolidation of
military might and for new accomplishments and triumphs in Soviet science and
technology.

There was a wave of triumphant euphoria, of genuine nationwide exultation, but
instead of being caught up by this enthusiasm and releasing the powerful spirit of
free creative initiative, against all logic and common sense, Stalin and his entourage
intensified their regime of repression. A new series of reprisals followed. A campaign
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of ideological repression against the intelligentsia intensified. The government car-
ried out resettlements, with the massive exile of entire ethnic groups, a process that
had begun during the war. And former prisoners of war, officers, and millions of
young Soviets, who had already undergone all manner of torments, were subjected
to totally inexplicable repressions for being forced by the Germans to work in Ger-
many.

During one of my first encounters with Isayev after returning from Germany, he
asked, “Do you remember the walking skeletons at the Dora camp that the Ameri-
cans didn’t take with them, but left behind for us just because they flat out refused,
and demanded to be handed over to the Soviet authorities?”

“Of course I remember. You don’t just forget things like that.”

“Well, all of them, who by some miracle survived the German camps, have now
been sent to our camps. Sure, our camps are different from the German camps.
Ours don't have crematoria and they don’t trust the prisoners to be involved with
the production of missiles or things like that!”

Applications for employment and admission to institutes of higher learning and
technical schools contained such questions as: “Were you or any of your relatives
held captive or on territories occupied by Nazi forces? Have you or any of your rela-
tives been repressed? Have you or any of your immediate relatives been abroad? If
yes, when and for what reason?”

Fifty years later I am trying and cannot find a satisfactory answer for myself to
the question of why all the strata of postwar Soviet society—the army, scientists,
intelligentsia from the applied sciences and humanities, the working class united by
labor unions, and the poverty-stricken peasantry—made no historically significant
attempts to change the state system or to stop the repression of millions of innocent
people and the political suppression of any dissent. Stalin, Roosevelt, and Churchill
were idols of the masses who had struggled with Hitler's Germany. After victory,
only Stalin remained. Up until 1953, there was no internal opposition whatsoever
to his dictatorship. If, in the late 1940s or early 1950s, a poll similar to the ones
nowadays had been taken to determine Stalin’s popularity, I am sure he would have
rated much higher than the subsequent leaders of the Soviet Union and contempo-
rary Russia.

While working in Germany, we had understood that after the war, interna-
tional scientific cooperation would be of utmost importance for the development of
domestic science and technical progress. We dreamed that instead of the confronta-
tion that had begun to emerge, the interaction of the scientists from the victorious
countries would be a natural continuation of the military alliance. In late 1946,
Korolev, who had returned from some meeting in Berlin, smiled enigmatically at
Vasiliy Kharchev and me, “Get ready to fly across the ocean.” Alas! Until the very
day he died, neither Korolev, nor any one of his closest associates was ever “across
the ocean.”

In autumn of 1947, many of the specialists returning from Germany, among
them Korolev, Pobedonostsev, Kosmodemyanskiy, Ryazanskiy, and I, began to give
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lectures for the higher engineering programs organized at the N. E. Bauman Higher
Technical Institution. There, the entire “elite” of the still quite young rocket industry
had been assembled to retrain military and civilian engineers. We were supposed to
pass on the experience and knowledge we had acquired in Germany. I was assigned
to teach the course “Long-range Missile Control Systems.” Korolev prepared the
first systematized work for these courses, “Fundamentals for the Design of Long-
Range Ballistic Missiles.” This was the first real engineering manual for designers
in our country.

In these courses it was impossible to avoid mention of history and German
achievements. Aside from the Katyusha, we still did not have our own combat rock-
ets. Our first “almost domestic” R-1 rocket was to fly only a year later in autumn
1948. In spite of that, the administrator who supervised the higher engineering
courses, averting his eyes, asked that we “remove mention of the Germans” work
from the lectures to the extent possible.” Preparing a cycle of lectures, I conscien-
tiously described the A4 missile’s control system and the basic history of its develop-
ment. At Pobedonostsev’s recommendation, one of the publishing houses accepted
this book for open publication, and by the middle of 1948 it had already been
submitted for printing. Pobedonostsev unexpectedly called me in and said that the
“powers that be” had really lit into him for agreeing to be the editor of my book.
The publishing house had already received the order to scratch the printing job and
to destroy all the printed copies of the manuscript.

“You in particular need to be circumspect and cautious now. If you have a type-
written copy, hide it, and I will report that everything was destroyed!”

Alas, I had nothing to hide. I had handed over all the copies to the publishing
house. I very much regretted that soon thereafter I had to part ways with Pobe-
donostsev. They transferred him to the managerial staff and to teach at a recently
established industrial academy to train leadership cadres for the Ministry of Arma-
ments.

THE SUBURBAN MOSCOW RAILROAD STATION with the poetic name Podlipki was
located 20 kilometers from the Yaroslavskiy station. That is where our special train
from Germany arrived. The A4 missiles that we had assembled in Thuringia were
housed in the airfield hangars on approximately the same site where the spaceflight
Mission Control Center is now located. During the war it was the site of one of the

1. The second and main part of these lectures has been published. See “Osnovy proyektirovaniya
ballisticheskikh raket dalnego deystviya” [“Fundamentals for the Design of Long-Range Ballistic
Missiles”]. In M. V. Keldysh, ed., Tvorcheskoye naslediye akademika Sergeya Pavlovicha Koroleva:
izbrannyye trudy i dokumenty [ The creative legacy of academician Sergey Paviovich Korolev: Selected works
and documents] (Moscow: Nauka, 1980), pp. 208-290.

2. Yuriy Aleksandrovich Pobedonostsev (1907-73) served as the Chief Engineer of NII-88 from
1946-49. In May 1950, he was transferred to the Scientific Department of the Academy of the
Defense Industry.

28

The Return

air defense airfields where the fighter aviation defending Moscow was based. For the
first years we used this airfield for its real purpose.

Truthfully, when we first saw the future missile factory in Podlipki, we were hor-
rified. There was dirt and primitive equipment, and even that equipment had been
ransacked. Compared with the aviation industry from whence we had transferred,
this seemed like the Stone Age to us. There was no need even to compare it with the
conditions in Germany. There was no comparison. Korolev and his entourage began
a stubborn struggle to establish a production culture. I must say that Minister of
Armaments Dmitriy Ustinov gave us vigorous support in this. He did a great deal
to establish the rocket industry and understood very well that rocket technology
required new conditions and a more elevated culture and technology than artillery,
which was the basis for the formation of our industry. But proper credit must also be
given to artillery technology and to the industrial and process engineers who took
part in the solution of our problems with wartime enthusiasm.

We had to create our own laboratory facilities and debug and test the missiles
that had been brought in. Based on the Germans’ experience, we knew that even
if a missile had been tested somewhere but was then transported to a different site,
during subsequent tests it might not fly. The German missiles failed in large num-
bers right on the launch pad if thorough tests and checks had not been conducted to
the end. For that reason we paid particular attention to debugging the missile tests.
In particular, in my department we developed a testing/simulating bench, where
we debugged all the test automatics, and in place of a “live” missile there was a set
of onboard equipment with the appropriate indicator lights simulating operations
during the launch phase of the trajectory.

In Germany, using Institute Nordhausen resources and then at NII-88 in Pod-
lipki, ewo missile series of 10 units each were prepared. We assembled series “N”
in Germany at the Kleinbodungen factory and also performed the horizontal tests
there, using the process previously employed at Mittelwerk. We assembled the “T”
series in Podlipki at the NII-88 experimental factory from assemblies and parts that
we had prepared in Germany.

The engines for the T series had undergone firing tests in 1946 in Lehesten, but
we retested them. The pairing of the engines with the turbopump assemblies and
steam gas generators required tests and the recording of data to precisely determine
parameters. OKB-456 in Khimki headed by Valentin Glushko performed all of
these procedures.

The control system hardware for both rocket series underwent retesting at NII-
885 before it was sent to the test range. Mikhail Ryazanskiy and Nikolay Pilyugin
supervised this work. A complex problem was solved at Naval Scientific-Research

Institute No. 1 (MNII-1) of the Ministry of the Shipbuilding Industry.’ Here,

3. MNII—Morskoy nauchno-issledovatelskiy institut.
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under the leadership of Viktor Kuznetsov and Zinoviy Tsetsior, the Gorizont, Ver-
tikant, and Integrator gyroscopic instruments were almost completely reassembled.
The conventional bearings that they had been fitted with at the Zeiss factory in Jena
were replaced with precision bearings, the rotors were balanced to reduce vibrations,
and the command potentiometers were adjusted. The latter were perhaps the most
delicate elements of the command gyroscopic instruments.

All of the ground equipment gave us a lot of trouble. The Vikroriya system was
designed to perform lateral flight correction. In Germany we had not managed to
come up with all the parts necessary to outfit it in its nominal form. Therefore, at
NII-885, under the supervision of Mikhail Borisenko, workers not only performed
restorative work but also partially developed and fabricated missing assemblies and
antennas for the ground control station and thoroughly tested out its joint opera-
tion with the onboard receiver. For this they even conducted special aircraft tests at
the Kapustin Yar State Central Test Range (GTsP) before we arrived there for the
rockets’ first launches.

Under the supervision of Vladimir Barmin and his deputy Viktor Rudnitskiy at
the Kompressor factory, workers repaired and checked out all of the ground-based
launching and fueling equipment. The ground-based electric equipment was com-
pleted, retested, and shipped to the test range by the Prozhektor Factory. Aleksandr
Goltsman was in charge there. He was one of the chief designers who had not been
with us in Germany.

The individuals responsible for the reproduction of the onboard electrical equip-
ment were Andronik losifyan, chief designer of the Moscow Electromechanical Sci-
entific-Research Institute (MNIIEM), and Nikolay Lidorenko, chief designer of
the Scientific-Research Institute of Current Sources (NIIIT).* The explosives for
the warheads made use of domestic development under the supervision of NII-46
Chief Designer Mark Likhnitskiy. NII-20 of the Ministry of the Communications
Systems Industry (MPSS) directed development of the telemetry systems.” Grigoriy
Degtyarenko and Special Purpose Brigade (BON) officer Captain Kerim Kerimoyv,
who had both undergone training in Germany, supervised the preparation and
operation of this system.® Thus, aside from the six “really chief” designers (Korolev,
Glushko, Pilyugin, Ryazanskiy, Barmin, and Kuznetsov), there were at least four
more who were not “not so chief” but were also chief designers (Goltsman, losifyan,
Lidorenko, and Likhnitskiy).

In September 1947, on our special train, we set out for Kapustin Yar, where
the Ministry of Defense had created the State Central Test Range for the testing of

4. MNIIEM—Moskovskiy nauchno-issledovatelskiy institut elektromekhaniki; NIIT—Nauchno-
issledovatelskiy institut istochnikov toka.

5. MPSS—Ministerstvo promyshlennosti sredstv svyazi.

6. BON—DBrigada osobogo naznacheniya. The BON was the artillery brigade assigned to operate
captured German missiles in the postwar era.
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rocket technology. We traveled in comfort in our two-berth compartments. I was
in the upper berth, and Viktor Kuznetsov was in the lower one. Only Korolev, as
the technical director of the State Commission had a deluxe compartment with a
small boardroom. NII-88 director Lev Robertovich Gonor traveled in a separate
compartment.

We were not involved in the test range site selection—military officials did this
on their own. Kapustin Yar was an old village in the lower reaches of the Volga River,
on a flood plain that was usually not covered with water. This was the area between
the Volga and Akhtuba Rivers. Further along the firing line were the uninhabited
Volga steppes. Lieutenant General Vasiliy Ivanovich Voznyuk was appointed chief
of the test range.

I met General Voznyuk for the first time during the hot summer of 1947 in the
NII-88 director’s office. Gonor invited Korolev, Voskresenskiy, and me to a meet-
ing with the chief of the country’s first state rocket test range. When we entered, a
broad-shouldered lieutenant-general of above-average height stood up to meet us.
His chest was decorated with row after row of service ribbons and the Gold Star of a
Hero of the Soviet Union. He gave each of us a firm handshake and wore a teasing,
kind smile as he studied us, looking us straight in the eyes.

“Well, well. I thought General Gonor had officers, but I see that you all are run-
ning around in undershirts quenching your thirst with Borzhomi mineral water.
Out there I've still got only barren steppe, the temperature is over 40°C (104°F),
there is no good water, no roads, and nowhere to live. I still dont know what you're
planning on building, where you're going to build it, where it’s coming from, where
it’s going to, or what you're going to fire it with.” Smiling broadly, Voznyuk said,
“Help me to gain some understanding of this,” happily downing yet another glass of
mineral water that Gonor poured for him. We explained our understanding of the
test range’s missions to Voznyuk as best we could.

“This will not be Peenemiinde, and we have no pretensions of building a
Schwabes Hotel,” joked Gonor. “To begin with, we will be arriving on our special
train and will be living in it. And then we will help design firing test rigs, a rocket
processing hangar, and launch pads.”

Military construction workers who had gained considerable experience on rush
jobs during the war carried out the construction at the test range. It started literally
from scratch. The officers were housed haphazardly in a small town of adobe huts.
The soldiers lived in tents and dugout huts. The task of providing electricity to all
of the test range facilities could be compared to a military operation.

But in September 1947, despite all of General VoznyuK’s energy, the test range
was still not ready for tests. The first thing that we had to do was to place one of
the rockets on a test rig and conduct integrated firing tests. The second thing was to
equip the launch pad and assembly and testing building. We were supposed to have
a concrete platform on which the launch pad would be installed and an assembly
and testing building where the rockets would be tested in the horizontal position
before they were brought out for launch. This building was called the “engineering
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facility.” We needed several cinetheodolite tracking stations, which were supposed
to film the rockets’ launch and flight.” The test range was supposed to have a rather
large meteorological service because the launches needed to be conducted under
good weather conditions in order to observe and film them. A synchronized time
service was needed so that all the test range services would use a synchronized time
system.

To begin with, efforts were focused on completing the test rig. This was a large
three-tiered rig, the design of which drew from the experience in Peenemiinde and
Lehesten. The rocket was secured to the rig in a gimbal ring brought from Peen-
emiinde. Our job was to equip it with everything it needed and to set up all of the
launch and fueling equipment. The firing rig was quite far from our special train.
It was next to the airfield, where airplanes landed on an unpaved airstrip. And the
launch pad was further away, approximately three kilometers. Here they also began
to build the command bunker. But missile launch control would be initiated not
from the bunker but from the German armored fighting vehicle, the Panzerwagen,
which were reminiscent of modern infantry armored fighting vehicles (BMP); the
Panzerwagen was widely used by the German military for V-2 launches.®

A large wooden structure, cold and drafty, was built to serve as the assembly and
testing building. There, we began the horizontal tests on the rocket before it was
hauled out to the firing rig, which was being finished with the help of a round-the-
clock all-hands rush job by the military construction workers under the supervision
of Marshal Vorobyev.

A state commission appointed by governmental decree managed and monitored
the conducting of the first long-range ballistic missile launches in the USSR.

The members of the commission were:

1. N. D. Yakovlev—Chairman, also Artillery Marshal and Head of the
Main Artillery Directorate

2. D. E Ustinov—Deputy Chairman, also Minister of Armaments

3. I. A. Serov—First Deputy Minister of Internal Affairs

4. S. N. Shishkin—Deputy Minister of Aviation Industry

5. N. I. Vorontsov—Deputy Minister of the Communications Industry

6. V. P. Terentyev—Deputy Minister of Shipbuilding

7. M. P. Vorobyev—M arshal, Commander of the Infantry Engineering
Troops

8. M. K. Sukov—Head of the Main Directorate of the Oxygen Industry
Under the Council of Ministers

9. S. L. Vetoshkin—Head of the Main Directorate of Reactive Armaments
of the Ministry of Armaments

10. P E Zhigarev—Deputy Commander-in-Chief of the Armed Forces

7. Cinetheodolites are optical cameras that record the position and movement of objects in flight.
8. BMP—Bronemashina pekhoty.
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Members of the State Commission were housed, and conducted their almost
round-the-clock activity, in two trains: in Special Train No. 2, where we lived, and
in Special Train No. 1, which was reserved for the military. The state commission
approved by decree industrial representatives who were allowed to participate in
operations; it also appointed technical management for the testers. Korolev was
appointed technical director of testing. His deputies, all chief designers, were mem-
bers of the Council of Chiefs. They were V. P. Glushko, V. P. Barmin, M. S. Ryazan-
skiy, and V. I. Kuznetsov. Pilyugin was not included in the technical management,
because the decree had named Ryazanskiy chief designer of the guidance system and
Pilyugin as his deputy. During the flight tests in 1947, Pilyugin had two duties at
the firing range. First, he was chief of Electrical Department No. 1 both at the engi-
neering facility and at the launch site during electrical testing of the missile. Second,
during launch he served as a firing department operator. I was also on the roster as
a firing department operator.

It bears mentioning that the organizational structures for the launches were
developed at General Tveretskiy’s Special Purpose Brigade (BON) back in Germany
and were applicable to troop operations, with provisions that took into consider-
ation the need for personnel training. Technical management required that each
military unit concerned with technology have monitors or industrial representatives
who worked with the military personnel.

The State Commission had to approve two organizational structures, one for
military personnel and one for civilian personnel. During work, no one thought
about who was where in the organizational hierarchy. Everyone worked harmoni-
ously. I cannot remember a single “who’s in charge here?” conflict. Special groups
were created in the vast mixed military-industrial staff to support missile prepara-
tion and launch. These included analytical groups, groups for science experiments,
instrumentation, meteorology, communications, medical assistance, and all the
services supporting the critical functions of the special trains and the hundreds of
individuals involved in testing.

German specialists occupied an entire railroad car in our special train. Helmut
Grottrup was in charge of the German “firing squad.” He brought almost all of the
leading specialists from Gorodomlya. In addition to them, Glushko wanted to have
his own German engine specialists from Khimki.

ON 14 OCTOBER, the missile was finally brought out to the almost completed
firing rig. The only difference between the rig version of the missile and the combat
version was that the “Heck,” or tail section, had been removed from it. This was
done in keeping with the German way of testing at Peenemiinde. It took days to
connect the ground-based electrical control and measurement networks, to test
them, sort them out, and eliminate problems that inevitably appeared in a large and
complex electrical system assembled for the first time and in a hurry. Barmin and
Rudnitskiy received personal instructions from Marshal Yakovlev to monitor and be
responsible for the fueling process.
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From the author’s archives.

Shown here are the leading participants who oversaw the historic first A4 (V-2) launches
from Kapustin Yar in the fall of 1947. Sitting huddled on the ground are (from left to right):
M. L. Likhnitskiy, N. A. Pilyugin, G. A. Tyulin, N. N. Khlybov, and S. S. Lavrov. In the middle
row (left to right) are: M. S. Ryazanskiy, V. P. Barmin, S. P. Koroley, S. I. Vetoshkin, L. M.
Gaydukov, and V. I. Kuznetsov. Standing at the back (from left to right) are: unknown (face
obscured), V. P. Glushko, D. D. Sevruk, B. Ye. Chertok, M. I. Borisenko, L. A. Voskresenskiy,
unknown, and V. A. Rudnitskiy.

The engine was started up directly from the Panzerwagen by the firing squad,
which included Captain Smirnitskiy and industry “operators” Voskresenskiy, Pilyu-
gin, Ginzburg, and me. No matter what we did, however, we couldn’t get the engine
to start up. The “lighters”—the special electrical devices that ignited the fuel—kept
getting knocked out during the very first firing, and the engine did not start up. For
the most part the defects were in the electrical starting system. First one relay would
fail, then another... All of these incidents were heatedly discussed in the bankobus
during State Commission sessions.” We testers had to report on each operation to
the State  Commission. There, in Kapustin Yar in 1947, was the birth of the term
bobik, which later became part of the missile field vernacular. Since then, testers
have called a failure that requires several hours to identify and eliminate a bobik. The
source of this folklore was an anecdote that Ginzburg told, very appropriately, in the
bankobus after the engine’s latest failure.

It was on perhaps the third day of our sufferings, after we had spent several sleep-

9. Author’s note: The term bankobus was formed by combining two words, “bank” (in the sense of
a collective discussion) and “bus.” We met in a dilapidated bus that had been pulled up close to the rig
so that we could have some sort of shelter from the wind and rain.
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less nights attempting to start up the engine, that an aggravated Serov addressed us
in the presence of the entire commission:

“Listen, why are you doing this to yourselves? We'll find a soldier. We'll wind
some twine onto a long stick, dunk it in gasoline, the soldier will insert it into the
nozzle, and you'll have your ignition!”

The idea was “splendid,” but in spite of the fact that it was Colonel General
Serov’s, no one fell for it. We continued to discuss the causes of the latest bobik. It
was cramped in the bankobus and everyone was chain-smoking. Thank goodness
there was a strong draft through the broken windows.

“Why was there was no ignition this time? Have you analyzed it?,” Serov med-
dled once again.

Korolev said that Pilyugin could give a report, adding, “His circuit failed.” Pilyu-
gin explained, “Yes, we found the cause. A relay in the ignition circuit didn’t trip.”

“And who is responsible for that relay?” asked Serov.

“Comrade Ginzburg,” responded Pilyugin after a brief pause.

“Show me this Ginzburg,” said Serov menacingly. Pilyugin, who was leaning on
Ginzburg’s shoulder, surreptitiously pressed him into the crowd that was huddled
around, and answered that he could not point Ginzburg out because he was at the
rig replacing the relay. I should say that over that entire time no harm came to any
of us, although the “Sword of Damocles” was constantly hanging over each of us.

Finally, on the night of 16-17 October, from one of the armored vehicles that
served as the command post where Pilyugin, Smirnitskiy, Voskresenskiy, Ginzburg,
and I were located, we started up the engine! The feeling of triumph was extraordi-
nary! For the first time, a liquid-propellant rocket engine had been started up at the
State Central Test Range in Kapustin Yar. Tired and worn out, we barely managed
to crawl out of the armored vehicle. I pulled an ordinary soldier’s flask filled with
pure alcohol out of my pocket and treated the entire crew of our armored vehicle.
And that was the first toast that we raised to the successful launch of our rocket,
albeit still only on the rig.

After the test-firing, we did not conduct any more tests on that rig. Instead of
spending more time on that, we switched to preparing and launching rockets from
the launch pad.

In those days, we didn't drive to the launch pad over a luxurious concrete road
as they do today. We drove along dusty roads in American Jeeps, and our favorite
hymn was the song, “Eh, roads, dust and fog...” The autumn weather tormented us
a great deal, and the most popular people then were the meteorologists. There were
two reasons for this: first, we waited for them to give us permission for launch; and
second, there were a lot of young women in this service, which relieved our difficult
workaday routine somewhat.

The launch team in our military unit was staffed primarily by servicemen from
the Special Purpose Brigade formed in Germany. Its personnel had worked with
us at the Institutes RABE and Nordhausen practically all of 1946, and each officer
knew his job. The most highly trained specialists from industry were included on
the launch team. Engineer Major Ya. I. Tregub was in charge of the launch team on
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From the author’s archives.

Shown here are Korolev and his principal associates during a break of the A4 (V-2) rocket
tests in Kapustin Yar in 1947. From left to right are N. N. Smirnitskiy, L. A. Voskresenskiy,
S. P. Koroley, Ya. I. Tregub, and an unknown associate.

behalf of the military and L. A. Voskresenskiy on behalf of industry. The assistant
commander of the launch team was Engineer Major Rafail Vannikov, the son of the
first minister of the atomic industry Boris Vannikov.

During the first launch, technical director Korolev was in the armored vehicle.
He had the last word on the operation. At Ustinov’s insistence, a German specialist,
Corporal Fritz Viebach, was there as controller and consultant.

THE FIRST LAUNCH WAS EXECUTED ON 18 OCTOBER 1947 AT 10:47 AM. It was a
series T rocket. During the launch, I was in the armored vehicle and was thus denied
the opportunity to delight for the first time in the spectacle of a launching rocket,
an event that never leaves anyone indifferent. The weather was quite decent, and
we were able to monitor the launch phase using test range systems. The rocket flew
206.7 kilometers and deviated to the left by almost 30 kilometers. They didn’t find
a large crater at the impact site. Subsequent analysis showed that the rocket disinte-
grated upon entry into the dense layers of the atmosphere.

They also used a series T rocket for the second launch. It was conducted on 20
October. During the launch phase, the rocket deviated significantly to the left of its
plotted course. No reports were received from the calculated site of impact, and the
test range observers announced rather tongue-in-cheek, “It went toward Saratov.”'

10. Saratov is a large industrial center about 800 kilometers southeast of Moscow on the banks of
the river Volga.

36

The Return

After a couple of hours, the State Commission promptly convened. At this meeting
Serov reprimanded us:

“Imagine what would have happened if the rocket had reached Saratov. I won't
even begin to tell you; you can guess what would have happened with all of you.”

We quickly grasped that it was much farther to Saratov than the 270 kilometers
that the rocket was supposed to fly, and so we were not very alarmed. Then it turned
out that the rocket had successfully covered 231.4 kilometers, but had deviated to
the left by 180 kilometers. We needed to find out why. And then, as annoying as
it was for us, Ustinov decided to seck advice from the Germans. For the analysis,
they enlisted the services of German specialists at the firing range who were in a
separate “German” railroad car in our special train. Before this, Dr. Kurt Magnus,
a specialist in the field of gyroscopy, and Dr. Hans Hoch, an expert in the field of
electronic transformations and control, had been sitting around at the test range
without anything in particular to do. Ustinov said to them, “This is your rocket and
your instruments; go figure it out. Our specialists don’t understand why it went so
far off course.”

The Germans sat down in the laboratory car, which was part of the special train,
and began to experiment with a complete set of all the nominal control instruments.
Dr. Magnus suggested testing the gyroscopic instruments on the vibration table. We
put the gyroscope on the vibration table, connected it to the mischgerit—the ampli-
fier-converter that received commands from the gyroscopic instruments—switched
on the control-surface actuators, and thus simulated the control process, exposing
it to vibrations under laboratory conditions. They succeeded in showing that in
a certain mode, vibration could cause detrimental interference to the legitimate
electrical signal. Dr. Magnus showed that the mukholapka, that is, the device that
picked up the current from the gyroscope potentiometer, reacted to frequencies
close to 100 hertz and began to “dance” and apply interference to the legitimate
signal."' Dr. Hoch explained that the process of differentiation in the amplifier-con-
verter amplifies the interference such that it jams the legitimate signal. As a result,
the rocket veers away from the assigned course in any direction and could even dive
into the ground. Former Corporal Viebach, a participant in many combat launches,
confirmed that in Germany there had been similar instances during test and combat
launches when they had not been able to explain the true causes of the large devia-
tions. Grottrup joked about this, “If Dr. Magnus and Dr. Hoch had worked with us
in Peenemiinde during the war, British losses during our bombardment of London
would have been considerably greater.”

The solution proved to be simple: we needed to put a filter between the gyro-
scopic instrument and the amplifier-converter that would allow only legitimate sig-
nals to pass and would cut off detrimental noise generated by vibration. Dr. Hoch
himself designed the filter right then. He found everything he needed among our

11. Mukholapka literally means “fly foot.”
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From the author’s archives.

Conditions at Kapustin Yar were difficult for even the most seasoned war veterans, with
weather oscillating from extreme heat to unbearable cold. Shown here in their rugged attire
are the armored vehicle crew for the first A4 (V-2) launches in the fall of 1947. From left to
right are: A. M. Ginzburg, B. Ye. Chertok, N. A. Pilyugin, L. A. Voskresenskiy, N. N. Smirnitskiy,
and Ya. I. Tregub. All of these men would later reach senior engineering or military positions
in the Soviet space program.

spare parts. We placed the filter on the next rocket, and the effect was immediately
evident. Lateral deviation was slight.

To celebrate, Ustinov ordered that all the German specialists and their assistants
be given what were for that time enormous bonuses—15,000 rubles each and a jer-
rican of alcohol for all of them. They, of course, couldn’t cope with it all and gener-
ously shared it with us. We celebrated the successful launch together. The authority
of the German specialists, whom up until then only the “technicians” had respected,
immediately rose in the eyes of the State Commission.

During the merrymaking in the German railroad car, having enjoyed a good
mutton pilaf, I boasted to Dr. Magnus that in April 1945, in Adlershof, I had
found a report, authored by him, on the development of a new type of gyroscope.
The report had been approved by Dr. Schiiler, and the title page had been stamped
Gebeim, that is, “Secret.”

Magnus, who had seemed tipsy, gave a start and immediately sobered up.

“Where is that report now?”

“I saved it, in violation of my instructions. But I can’t give it to you because that
would now be my second gross record-keeping violation.”

“On your instructions, Dr. Hoch and I are developing proposals for a new con-
trol system that would be much more reliable than the one on the A4. That report
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would be very useful to us.”

I never submitted the report for
declassification, and it got lost in the
chaos among my books. Two years
later, Magnus and Hoch reproduced the
report’s contents and it became part of
the design of the G-1 rocket now under
our “secret” stamp.

In 1953, Magnus returned to Ger-
many, where he pursued a brilliant sci-
entific career. He established a depart-
ment and then an institute of mechanics
at the Munich Technical University. In
1971, in West Berlin, Kurt Magnus’
monograph Gyroscop:. Theory and Appli-
cations was published."”” In 1974, the
monograph was translated into Russian
by the Mir publishing house and became
a reference book for three generations of
specialists.”” Magnus also established
an institute of mechanics at the Stutt-
gart Technical University. The Russian
launch of the first Soviet V-2, several Academy of Navigation and Motion
veterans reunited to celebrate in the event Control elected Professor Magnus as an
in 1977. Standing in front of the memorial honorary member. In September 2002,
are, from left to right: General A. G. Karas, I was invited along with other Russian
Ye. V. Shabaroy, _G_e“' V. A. Me“Shiko"'.B' Ye. scientists to Stuttgart Technical Univer-
Chertok, and [initials unknown] Kolomiytsev. . .

At the time, Karas was commander of the 51t.y t(? c'eleb.rate the 90th blrthday. of
Soviet military space forces. this distinguished Doctor of Technical

Sciences. Dr. Sorg, who officiated at the
festive gathering, reported that, to his great regret, Dr. Magnus was ill and would
not be able to attend the celebration in his honor.

Having been granted the opportunity to deliver the first congratulatory speech,
I told the attendees about Magnus’ work in the Soviet Union and about the epi-
sode at the Kapustin Yar test range in 1947. I asked that they pass on my gifts to
the birthday boy: his 60-year-old report approved by Dr. Schiiler and stamped
Geheim; a commemorative medal issued for the 90th birthday of academician S. P.
Korolev; and a commemorative souvenir from the Energia Rocket-Space Corpora-

From the author’s archives.

On the thirtieth anniversary of the first

12. Kurt Magnus, Kreisel: Theorie und Anwendungen [Gyroscope: Theory and Applications] (Betlin:
Springer-Verlag, 1971).
13. K. Magnus, Giroskap [Gyroscope] (Moscow: Mir, 1974).
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F - o
From the author’s archives.

Shown here are engineers responsible for the guidance and control systems during the historic
first A4 (V-2) launches from Kapustin Yar in the fall of 1947. Sitting in the front row are A. M.
Ginzburg, V. I. Kuznetsov, M. S. Ryazanskiy, N. A. Pilyugin, B. Ye. Chertok, and M. I. Borisenko.

tion." Without letting me leave the podium, Magnus™ protégé, President of the
Institute of Mechanics, Professor G. Sorg, reminded the assembled crowd that I was
also 90 years old and therefore was being awarded a model of the gyroscope. The
attendees were delighted.

Now LET’S RETURN TO THE EVENTS OF 1947 IN KaPUSTIN YAR. For everyone,
military and civilian, the work was hard. The most unpleasant procedure was wait-
ing for a clear sky during cold, rainy weather in the damp tents at the launch site.
The food was quite satisfactory and our mood was optimistic, although the living
conditions were like military field conditions.

On 7 November, on the occasion of the 30th anniversary of the Great October
Revolution, Minister Ustinov invited the senior technical staff and certain members
of the State Commission for an airplane ride over Stalingrad. We took off in an
18-seat Douglas from an unpaved area right by the special train. The cloud cover
was very low, and we flew to Stalingrad at an altitude of no more than 100 meters.
We crossed the Volga and suddenly found ourselves over the ruins of Stalingrad.

14. Magnus was also one of several from the German rocket experts brought to the Soviet Union in
1946 who published memoirs of their times there. See Kurt Magnus, Raketensklaven: deutsche Forscher
hinter rotem Stacheldraht [Rocket Slave: German Scientists Behind the Red Barbed Wire] (Stuttgart:
Deutsche Verlags-Anstalt, 1993).
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Ustinov emerged from the cockpit and shouted, “Look! Theyre already restoring
the city. Let’s fly to the Barrikady Factory that Gonor defended.”

We pressed up against the windows, and the airplane banked sharply, suddenly
climbed steeply, and turned once again. About 20 meters from the airplane the tall
factory smokestack flashed by.

“Dmitriy Fedorovich has taken over the controls,” commented Vetoshkin, the
color gone from his face.

The airplane rocked violently. It was flying at very low altitude and a collision
with Stalingrad seemed unavoidable. Gonor managed to shout, “What is he doing?
We're about to crash into the Barrikady Factory.” And with the next lurch of the
plane he flew out into the aisle. Korolev looked angry and somber. Glushko looked
straight ahead, calm and unruffled. Marshal Yakovlev could not contain himself,
and, barely able to stay on his feet, he headed for the cockpit. We could not hear
what he said when he confronted Ustinov, but the rocking stopped. Once again we
crossed the Volga, and, after 20 minutes of calm flight, we taxied safely up to our
special train.

In all we launched 11 German rockets and 5 of them reached their target. The
reliability of the rockets was roughly the same as what the Germans had experienced
during the war. Of the 11 rockets launched, 5 had been assembled in Nordhausen
and 6 at Factory No. 88. But the assemblies and parts were all German. And they all
proved to be equally unreliable.

The launch of an A4 rocket in the fall of 1947 was in some ways the fruit of our
18-month activity in Germany. The intense work in Germany during the period
from 1945 through 1946 with the help of German specialists enabled us to save
enormous resources and time for the formation of our domestic rocket technology.
The flight tests in 1947 showed that Soviet specialists, both military and civilian,
had mastered the fundamentals of practical rocket technology and had gained the
experience needed to make an accelerated transition to a now independent develop-
ment of this new, promising field of human endeavor.

Many years later, at the site of the first launch in 1947, an R-1 rocket was erected
as a monument. In its outward appearance it was an exact copy of an A4. Enriched
by the experience of the A4 tests, on our return from Kapustin Yar we immediately
switched over to the task of developing domestic rockets, as the saying goes, with-
out pausing to catch our breath. In the process of preparing for and conducting
launches, we had discovered too many defects. Each of these defects, each negative
observation and accident during launch needed to be thoroughly analyzed and a
decision made as to what modifications were necessary for the creation of our own
domestic R-1 rocket.

The tests also yielded other results that were certainly positive. First, combin-
ing all the services at the test range into a single collective during the process of the
flight tests allowed both individuals and organizations to adjust to each other. The
organizational experience of conducting such complex activities sometimes proves
to be as valuable as the scientific and technical achievements.
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Second, the participation on the State Commission of high-ranking military offi-
cials and the directors of a number of ministries definitely influenced their “rocket
world view.” Now it was not just the chief designers and all of their compatriots
but also those individuals on whom we were directly dependent, who understood
that a rocket was not simply a guided projectile. A rocket complex was a large,
complicated system that required a new systematic approach during all the stages of
its life cycle, such as design, development, fabrication, and testing. Given such an
approach there should not be primary and minor tasks. In the system, everything
should be subordinate to the interests of achieving a single final goal.

In this regard, I recall this episode, which later became an edifying anecdote,
from the State Commission sessions. While analyzing the latest in a series of unsuc-
cessful launches, it was determined that the most probable cause was the failure of
one of the multicontact relays in the primary onboard distributor. Exercising his
rights as the highest ranking minister and Deputy Chairman of the State Commis-
sion, Ustinov addressed Deputy Minister Vorontsov, who was in charge of rocket
technology at MPSS. “How was it that your people didn’t look through and check
each contact?” Vorontsov was offended and retorted, “There are 90 relays on board
and 23 on the ground. You can't look after every single one. Is it really that great a
calamity, after all, one relay failed!” What a commotion erupted! The indignation
reflected the gradual internalization of a new systematic thinking into our world
view.

Third, at the test range, directors and specialists from various levels worked and
lived together. In the future they would be implementing a national program on
an enormous scale. Here they were not only developing an understanding of each
other’s difficulties but they were strengthening amicable relations; real friendships
developed regardless of departmental affiliation. In the work that was to last for
years to come, this was enormously important.

Finally, during the process of the first range tests, an unofficial agency became
firmly established—the Council of the Chief Designers headed by Sergey Pavlovich
Korolev. The authority of this council as an interdepartmental, nonadministrative,
but scientific and technical governing body had critical importance for all of our
subsequent activities.
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Chapter 3
From Usedom Island to
Gorodomlya Island

A total of over 200 German specialists came to NII-88 from Germany. With fami-
lies, it was nearly 500 people. Among the new arrivals were highly qualified special-
ists—scientists and engineers who had worked with us at the Institutes RABE and
Nordhausen and at the Montania factory. The German collective included 13 pro-
fessors, 33 Ph.D. engineers, and 85 graduate engineers. As soon as they arrived in
the Soviet Union, 23 German specialists were sent to Khimki to work at OKB-456
to help set up production of engines for the A4 rockets. OKB-456 Chief Designer
V. P. Glushko was personally involved with their job placement.

The majority of the Germans were at the disposal of NII-88 director L. R.
Gonor. They spent some time at health and vacation resorts in the vicinity of Pod-
lipki. Beginning in the spring of 1947, they began to house the Germans in quickly
repaired and newly constructed homes on Gorodomlya Island in Lake Seliger. Before
the war, this lake had been known as the best lake for fishing and the most beautiful
lake in central Russia, thus the most favored by tourists. At the time, Gorodomlya
Island was closed to tourists; it was the location of a center for biological research
in the fight against foot-and-mouth disease and anthrax. In 1947 the entire island
was given to NII-88.

The organization of German specialists housed on Gorodomlya Island was given
the status of NII-88 Branch No. 1; thus, formally, the entire staff was subordi-
nated to NII-88 Director Gonor. At first, E G. Sukhomlinov, who had previously
worked in the offices of the Ministry of Armaments, was appointed director of the
branch. Soon, however, P. 1. Maloletov, the former wartime director of Factory No.
88, replaced him.

The former director of the Krupp Company’s ballistics department, Professor
Woldemar Wolf, was appointed director of the German contingent. Engineer/
designer Blass was appointed his deputy. The German collective included promi-
nent scientists whose works were well known in Germany: Peyse, thermodynam-
ics expert; Franz Lange, radar specialist; Werner Albring, aerodynamics expert and
pupil of Ludwig Prandtl; Kurt Magnus, physicist and prominent theoretician and
gyroscope specialist; Hans Hoch, theoretician and specialist in automatic control;
and Kurt Blasig, Askania Company specialist in control surface actuators.
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The vast majority of German specialists in NII-88 at that time were not former
associates of von Braun in Peenemiinde. They were introduced to rocket technol-
ogy at the Institutes RABE and Nordhausen, while working with us. Wernher von
Braun had this to say about the German specialists that we had brought in to work
with us: ... the USSR nevertheless succeeded in acquiring the chief electronics
specialist Helmut Gréttrup... But he was the only important catch from among the
Peenemiinde specialists.”

By mid-1947 more than 400 persons, including 177 Germans, were working on
Gorodomlya Island in NII-88 Branch No. 1. Among the German specialists were 5
professors, 24 Ph.D.’s, 17 graduate engineers, and 71 “engineer practitioners.”

Initially, the German specialists were combined into “collective 88.” In August
1947, the Germans carried out a reorganization, and “collective 88” was named
“Department G.” The Germans themselves selected graduate engineer Gréttrup to
be director of Department G; they also appointed him chief designer of new long-
range ballistic missile designs.

The German specialists brought in from Germany worked at other locations in
addition to NII-88 at Lake Seliger. For this reason, it is worth addressing their legal
and material status in our country. It was practically the same in various organiza-
tions, because it was determined by orders coming from the top in the correspond-
ing ministries. All of the specialists that had been brought to the USSR along with
their family members, were provided with foodstuffs on a par with those of Soviet
citizens, in accordance with the ration card system that existed in our country until
October 1947. Upon arrival in the Soviet Union, they were housed in buildings that
were quite comfortable. If the distance was sufficiently great, the specialists were
transported from their place of residence to work and back on buses. Residences on
Gorodomlya Island had undergone high-quality restoration, and the living condi-
tions were quite decent for those times. In any case, specialists with families received
separate two- and three-room apartments. When I arrived on the island, I could
only envy the way they lived, because in Moscow my family and I lived in a com-
munal four-room apartment, in which we occupied two rooms with a total area of
24 square meters. Many of our specialists and workers still lived in barracks, where
they did not have the most elementary conveniences.

The German specialists received fairly high salaries, depending on their qualifica-
tions, academic titles, and degrees. Thus, for example, Drs. Magnus, Umpfenbach,
and Schmidt each received 6,000 rubles per month, Gréttrup and Willi Schwarz
received 4,500 rubles each, and graduate engineers received, on average, 4,000
rubles each. For the sake of comparison I can cite the monthly wages of the primary
leading specialists of NII-88 (in 1947): Korolev (chief designer and department
chief)—6,000 rubles; Pobedonostsev (the institute’s chief engineer)—35,000 rubles;
and Mishin (Korolev’s deputy)—2,500 rubles. My monthly salary was 3,000 rubles.
The average salary of the German specialists in the Ministry of Aviation Industry,
to which OKB-456 was subordinate, also exceeded that of Soviet specialists. OKB-
456 chief designer V. P. Glushko received a salary of 6,000 rubles per month in
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1947-1948. In that same OKB-456, German specialist Dr. Oswald Putze, deputy
chief of engine production, received 5,000 rubles per month. Glushko’s deputy
V. A. Vitka had a salary of 3,500 rubles. The Germans were permitted to transfer
money to their relatives in Germany. On a par with all the Soviet specialists who
worked at NII-88 and OKB-456, in addition to the aforementioned salaries, the
Germans were given incentives in the form of large monetary awards for completing
phases of work within the scheduled deadlines.

On weekends and holidays they were permitted to make excursions to the
regional center of Ostashkov and to Moscow to go to shops, markets, theaters, and
museums. Therefore, life on the island surrounded by barbed wire could not in any
way be considered comparable to the status of prisoners of war.

The case of Ursula Shaefer, who left Bleicherode and ended up on Gorodom-
lya Island on Seliger Lake, was unusual. The wives of the German specialists were
not elated by the presence of a beautiful woman living alone in the rather closed
German community. Frau Schaefer appealed to the administration with a request
to find her husband, who was being held as a prisoner of war somewhere in the
Soviet Union. The appropriate agencies actually looked for her husband in one of
the POW camps. It turned out that he was an anti-fascist and quite possibly even
the organizer of a new German party among the prisoners. They released him from
the camp and sent him to his wife.

By that time, however, while he was being processed out of the camp and making
his way to the island, his charming wife had abruptly changed her political ori-
entation; among the German community, she turned out to be the most ardent
supporter of the crushed fascist regime. The State security authorities on the island
were in a complete state of confusion over it—such a beautiful woman and sud-
denly a true, unadulterated Nazi. What was to be done with her? Then her husband
showed up, virtually a communist. They asked him to exert some influence over his
unruly wife. It seems that he was unsuccessful in that venture. To get themselves
out of harm’s way, our security agencies sent them both to East Germany ahead of
schedule.

Officially all the German specialists were referred to as “foreign specialists” in
correspondence and were combined into “collective 88.” The Germans themselves
were divided into specialized structural subdivisions.

The NII-88 management had drawn up a thematic plan of work for the German
collective for 1946 and early 1947 that included consultations for issuing a set of
A4 rocket documentation in Russian, compiling diagrams of the A4 and surface-to-
air guided missile research laboratories, studying issues related to boosting the A4
rocket engine, developing the design for an engine with a thrust of 100 tons, and
preparing to assemble rockets that were made of German parts and had been outfit-
ted with equipment at the Institute Nordhausen.

Probably the most vital stage of this period was the development of proposals for
the A4 rocket launch program. Launches were scheduled for autumn 1947 at the
State Central Test Range in Kapustin Yar. The German specialists, among whose
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ranks were those who had participated in combat firing, as well as specialists in
measurements and ballistics, were tasked with obtaining as much information as
possible about the rockets with a minimum number of launches. Basically, the idea
was for a program of no more than 10 to 12 launches. The Germans handled the
work successfully, while Hoch and Magnus, as I have already mentioned, helped to
determine the cause of the A4’s pronounced deviation during the second launch.

In June 1947, the NII-88 director held a meeting on the prospects and organi-
zation of the German specialists’ subsequent work. Six months of experience had
shown that the German specialists, who were not fully staffed, were virtually iso-
lated from our newly formed production technology. They had no contact with our
recently initiated network of cooperation on engines, control systems, and mate-
rials and were not capable of developing new rocket complexes. Nevertheless, at
Grottrup’s recommendation, they were given the opportunity to test their creative
powers and to develop the design of a new long-range ballistic missile. The missile
design was assigned the designation G-1 (later the designation R-10 also appeared).
Groterup was named project director and chief designer of the new missile.

The newly formed department in “collective 88” received the same rights that
all of the institute’s other scientific-research departments enjoyed. It consisted of
branches for ballistics, aerodynamics, engines, control systems, missile testing, and
a design bureau. The institute’s chief engineer, Yuriy Aleksandrovich Pobedonostsev,
became the immediate director of the department, as well as of other NII-88 depart-
ments. As Pobedonostsev’s deputy for control systems, I was to supervise the work
of the German specialists on the new control system. The chief of the NII engine
department, Naum Lvovich Umanskiy, was assigned to help them with engines,
Viktor Nikolayevich lordanskiy with materials, and Leonid Aleksandrovich Voskre-
senskiy with testing, and so on.

THROUGHOUT 1947 AND 1948, I visited the “German” island many times. Usu-
ally after these business trips I had difficult and confidential conversations with
Pobedonostsev and Gonor. It seemed obvious to me that the group of specialists,
being completely out of the information loop, could not, in our system-oriented
times, develop a design for a new rocket system that would fit in with the design,
production, and most importantly, armament infrastructure being established in
the Soviet Union.

Occasionally when speaking his mind, Pobedonostsev ruefully tried to explain,
“Boris Yevseyevich! I can’t believe you still don't realize that our security agencies are
never, under any circumstances, going to allow the Germans to be involved in true
joint work! They are under double scrutiny—ours (as specialists) and that of the
state security agencies, who see in each of them a fascist who has gone over to the
U.S. intelligence services. And anyway, no matter what they come up with, it won't
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be in step with our current trend in ideology, which dictates that everything cre-
ated recently or previously in science and technology be done without any foreign
influence.”

I had similar frank conversations with others. NII-88 director Lev Robertovich
Gonor was a general and one of the first Heroes of Socialist Labor, but as a result
of his Jewish parentage, he too could not withstand the rising turbid wave of the
“struggle against foreign and cosmopolitan influence.” Soon he too was removed
from his job and then arrested on charges of complicity in a “Zionist” conspiracy. 1
will describe his fate later.

For the sake of fairness I must mention that the Germans, judging by the spe-
cialists with whom I was in close contact, adjusted quickly. In almost two years
of working in vanquished Germany and interacting with Germans from different
social groups, not once did I sense either anti-Semitism or a spirit of German chau-
vinism. At that time, I thought that it was the result of discipline, cowardice, and
submission to the victors. But after visiting the Federal Republic of Germany in
1990, 1992, and 2002, I once again detected no traces of anti-Semitism, or what
we referred to as revanchism.

Beginning in 1948, on orders of higher Communist Party authorities, all mass
media outlets and especially liberal arts institutions, institutes, cultural organiza-
tions, and educational institutions, mounted a struggle against what they called
“cosmopolitanism.” As part of this campaign, they organized active searches for
the Russian authors of all inventions, discoveries, and the latest scientific theories,
without exception. A widely known joke circulated: “Russia should also be declared
the birthplace of the elephant.”

But we should give credit to the directors of branches in the defense industry,
such as Ustinov, Malyshev, Ryabikov, Kalmykov, Vetoshkin, and to their many like-
minded associates—a fear of “cosmopolitanism” and “foreign influence” was not in
their nature. Korolev did not maintain close contact with Germans for completely
other, purely personal reasons. He was one of the founders of rocket technology in
our country and had to drink a full cup of humiliation beginning with his arrest
in 1938, only to find after his release in 1944 that many of the ideas that he had
hatched had already been implemented by others and that, in many regards, the
German rocket specialists had gone significantly farther than his most forward-

1. Here, Chertok is referring to the broader cultural trends of Zhdanovshchina [“time of Zhdanov’]
and “anti-cosmopolitanism” campaign promoted by the Soviet Communist Party in the late 1940s
and early 1950s, when many fields of intellectual inquiry were hostage to ideological interference
and distortion. One of the central dimensions of these campaigns was to negate any and all Western
influence on the development of Russian and Soviet science and technology. Another was to demonize
Jews in the Soviet Union.

2. For more on the anti-cosmopolitanism campaign, see Gavriel D. Raanan, International Policy
Formation in the USSR: Factional ‘Debates’ During the Zhdanovshchina (Hamden, CT: Archon Books,
1983).

47



Rockets and People: Creating a Rocket Industry

thinking plans. Once he had finally obtained the position of Chief Designer, it
offended him to be testing a German A4 rather than his own rocket and to design a
domestic R-1, which by government decree was an exact copy of the A4. Being by
nature a commanding and ambitious person who was easily hurt, he could not con-
ceal his feelings when they hinted to him that “you’re not making your own rocket,
you're reproducing a German one.” On this topic, Minister Ustinov, who initiated
the program for the exact reproduction of the German A4 rocket as practice for the
production process, had serious conflicts with Korolev on more than one occasion.

AFTER THE AFOREMENTIONED ENCOUNTER AT THE MEETING IN THE NII-88
DIRECTOR’S OFFICE IN JUNE 1947, the German collective was tasked with the inde-
pendent design for a ballistic missile with a range of at least 600 kilometers. Korolev
did not sympathize with this work assigned to the Germans, because he justly con-
sidered that priority in the development of this rocket should belong to his staff,
that is, the NII-88 Special Design Bureau (SKB) Department No. 3. Suddenly it
turned out that almost all of the NII-88 scientific-research departments under the
supervision of Pobedonostsev, his co-worker at RNII until 1938, would be work-
ing not only for him, but also for the newly appointed chief designer of the G-1,
Helmut Grottrup, Wernher von Braun’s closest associate.’

We had already begun developing the design for a rocket with a range of 600
kilometers back at the Institute Nordhausen. Tyulin, Mishin, Lavrov, Budnik, and
many other Soviet specialists had participated in the project there. The majority of
them were now working under Korolev’s supervision. In 1947, Korolev’s depart-
ment, already at work on the R-1 rocket, was working at full speed to design a
rocket with a range of 600 kilometers, with the designation R-2. Out of consider-
ation for the continuity of the technology, Korolev’s design called for the maximum
use of the available parts stock for A4 and R-1 missiles. This also included require-
ments not to exceed the A4 diameter and to use the same engine, after having
Glushko’s OKB-456 boost its performance characteristics. At Korolev’s initiative,
the government approved the inclusion of the R-2 rocket in the NII-88 work sched-
ule, although earlier they had envisioned developing the R-3 with a range of up to
3,000 kilometers immediately after the R-1. Korolev had quite correctly assessed the
difficulty of such a qualitative leap and decided that they should first try their hand
at an intermediate version. However, it was the engine specialists such as Glushko
who had the decisive word as to the possible deadlines for developing a rocket with
twice the range of the A4.

Here it is fitting to note the differences between the two leading luminaries of
our domestic rocket technology, Korolev and Glushko, in their attitudes to the

3. RNII—Reaktivnyy nauchno-issledovatelskiy institut (Reactive Scientific-Research Institute). RNII
was one of the founding organizations of Soviet rocketry. Chertok describes the history of RNII in

detail in Chapter 26.
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German specialists. Korolev simply, and sometimes even demonstratively, ignored
everything that had to do with the work the German collective was doing on Lake
Seliger. Not once did he visit Gorodomlya Island, nor did he associate with Grot-
trup or with the other leading German specialists. In contrast, Glushko placed the
German specialists at OKB-456 in positions of responsibility in engine production.
He dealt with them personally and had the same expectations of them as he did of
his own subordinates. However, the Germans still were not cleared to work on the
new design for the new engines. After the A4 rocket engine technology was restored
and production of its domestic analog, the RD-100 engine, had been mastered, the
German engine specialists were simply no longer needed.

ENGINE MODIFICATION WORK AT OKB-456 BEGAN IMMEDIATELY UPON THEIR
ARRIVAL FROM GERMANY. For reasons of secrecy, the Germans who worked at NII-
88 on Gorodomlya Island were not informed about the work that their German col-
leagues were conducting per Glushko’s instructions at OKB-456. However, at both
places, people understood that the A4 rocket engine could be upgraded. According
to calculations, its thrust on the ground could be increased to 35 to 37 metric tons
by increasing the turbopump assembly’s revolutions per minute and raising the pres-
sure in the chamber.

They had already discovered significant reserves in the engine’s layout and design
during the A4 engine firing tests in Germany. The firing tests in Lehesten, initi-
ated by Isayev and Pallo in 1945, continued under Glushko’s supervision. They
confirmed the feasibility of boosting the engine from a thrust of 25 metric tons
to 35 metric tons. With the A4’s structural mass of around 4 metric tons, this was
sufficient to hurl an 800- to 1,000-kilogram warhead 600 kilometers instead of the
270 to 300 kilometers that had been attained!

However, increasing the range required a considerably greater amount of propel-
lant and oxidizer. That meant larger tanks and a larger structural mass, which could
nullify the gains achieved by boosting the engine. They studied several alternative
versions, but in each of them they searched for reserves in structural volume and
mass that would make maximum use of rigging that was fabricated and already
available at the in-house factory. In early 1947, it was already evident that they
needed to introduce a fundamental change into the design of the future long-range
missile. Rather than the entire missile, only the nose section containing the warhead
would fly to the target. This immediately eliminated the problem of the missile’s
body strength during entry into the atmosphere—one of the A4 rocket’s weakest
points.

The issue as to whose idea it was to have a separating nose section is debatable
to this day. Beginning with the R-2, all modern long-range ballistic missiles have
had a separating nose section. For a modern designer, it is incomprehensible why
the Germans had the entire A4 enter the atmosphere and then were surprised that
it disintegrated without reaching its target. But in 1947, the idea of nose section
separation, like other daring proposals introduced during work on the design of the

49



Rockets and People: Creating a Rocket Industry

e

The Collection of Olaf Przybilski.

A rare photograph of the Gorodomlya group of Germans while at Kapustin Yar during the fall
of 1947 when the Soviets tested the A4 (V-2) missile. From left to right are Karl (Viktor)
Stahl, Dr. Johannes (Hans) Hoch, Helmut Gréttrup, Fritz Viebach, and Hans Vilter.

R-2 rocket, was not immediately and unequivocally approved. All the new issues
dealing with the separating nose section for the R-2 rocket were tested, first on a
modification of the R-1 rocket known as the R-1A and then on an experimental
version of the R-2 known as the R-2E .

Overtaking the project of Korolev—who was busy preparing for the A4 tests,
organizing R-1 production, and practically fighting to establish his doctrine at NII-
88—the Germans brought their G-1 (or R-10) design before the NII-88 Scientific-
Technical Council (NTS) for discussion in September 1947.4

Director of operations Helmut Gréttrup presented the main report. NII-88
director Lev Gonor conducted the meeting. Participating in the discussion were
Chief of the Main Directorate for Rocket Technology within the Ministry of Arma-
ments Sergey Vetoshkin; Chief Engineer of NII-88 Yuriy Pobedonostsev; rocket
technology pioneer Mikhail Tikhonravov; Chief Designers Ryazanskiy, Pilyugin,
and Kuznetsov; head of the N. E. Bauman Moscow Higher Technical Institute
Nikolayev; Chief Designer Isayev; Director of the USSR Academy of Sciences Insti-
tute of Automation Trapeznikov Professor Kosmodemyanskiy; Korolev’s deputies
Mishin and Bushuyev; and me, NII-88’s deputy chief engineer. Korolev himself did
not attend the meeting.

4. NTS—Nauchno-tekhnicheskiy sovet.
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Grottrup, Professor Umpfenbach, and Drs. Hoch, Albring, Anders, Wolf, and
Shaefer traveled from Gorodomlya Island to Podlipki to defend the G-1 design.
In his opening remarks, Gonor reported that the design had been developed with
the participation of NII-88 radio engineering specialist Dmitriy Sergeyev and
Naum Umanskiy, who specialized in the improvement of liquid-propellant rocket
engines.

In his report Grottrup said, “A rocket with a range of 600 kilometers should be
a stage for the subsequent development of long-range rockets, and it is precisely
our design that makes it possible to develop rockets with an even greater range of
effectiveness.” Reminding his audience that Soviet specialists were developing a
rocket with the same range, making maximum use of A4 parts, he proposed, “From
here on out it would also make sense to develop both designs simultaneously, but
completely independently of one another until the test articles are fabricated and
test launches are conducted.”

The main features of the G-1 design were the following:

* Retaining the A4 dimensions while reducing the dry weight and signifi-
cantly increasing the volume for propellant

* Greatly simplifying the onboard control system by transferring as many
control functions as possible to ground-based radio systems

* Simplifying the rocket itself and the ground systems as much as possible

* Increasing accuracy

* Separating the nose section during the descent portion of the trajectory

* Cutting the launch preparation time cycle in half

* Using two load-bearing tanks—alcohol and oxygen—in the design

In 1941, when von Braun invited his teacher Hermann Oberth to Peenemiinde,
Oberth noted the faulty design of the A4 rocket tanks. As early as the 1920s, Oberth
had written in his books that propellant tanks should be a load-bearing part of the
rocket design. Structural stability, he argued, should be maintained by increased
pressure, the pressurization of the tanks. Why, then, was von Braun not using such
a productive idea? Although faulty from the point of view of Oberth and of any
modern rocket designer, the load-bearing layout of the A4 did not require pro-
longed testing and verification. The A4 structural optimization was dictated not by
mass, but by a time factor. The war was going on and the time required to develop
a combat rocket played the decisive role. Pressurized tanks were not adopted at the
time. Grottrup’s design for the G-1 and Korolev’s design for the R-2 both used the
concept of load-bearing tanks.®

The layout of the A4 engine was also changed significantly. The turbine that

5. Author’s note: Disputes as to whose idea it was are pointless; Academician Rauschenbach
demonstrated this in his book. See B. V. Raushenbakh, German Obert, 1894-1989 [Hermann Oberth,
1894-1899] (Moscow: Nauka, 1993). The volume was translated and published in English as Boris V.
Rauschenbach, Hermann Oberth: The Father of Space Flight (Clarence, NY: West-Art, 1994).
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turned the pumps feeding alcohol and oxygen was driven by gas taken directly
from the engine’s combustion chamber. A new radio control system provided a high
degree of firing accuracy. The engine was shut down in one step when the rocket
reached a specific trajectory point and speed, which was measured from the ground
via radio. The speed was not only measured, but also corrected via radio during the
straight segment of the trajectory. Regulating the speed by controlling the engine’s
thrust was a very progressive idea. The weak point of this proposition was the neces-
sity for control via radio from the ground.

We first developed the apparent velocity regulation (RKS) system for a rocket in
1955, but did not put it to practical use until 1957, on the first R-7 intercontinen-
tal missile.® However, this system was purely autonomous and did not require the
presence of a radio measurement system for rocket speed during flight. Currently,
all liquid-propellant rockets, both for combat purposes and launch vehicles, have
autonomous RKS systems.

Helmut Gréttrup expressed his confidence in the great merit of the design, which
contained fundamentally new ideas and proposals. “The confidence with which we
have put forth our design for discussion is based on the knowledge and experience
of our colleagues. Accumulated experience provides the basis for the development of
a rocket, which at first glance seems unrealistic; the range has been doubled without
increasing the rocket’s size, and in spite of a significant reduction in the number of
control instruments, the striking accuracy has been increased tenfold.”

The main difference between the G-1 design and that of the A4 and R-1 rockets
(and our competing R-2 design) was the probabilistic error value, which was on
a different order of magnitude than what we had in mind. Instead of the Gorizont
and Vertikant free gyroscopes, the design called for a simple and inexpensive single-
degree-of-freedom gyroscope, the theory for which Dr. Kurt Magnus had already
developed in detail in 1941. The control loop as a whole was theoretically designed
by Dr. Hans Hoch.

Pneumatic control surface actuators replaced hydraulic ones under the rationale
that “pneumatic energy on board doesn’t cost anything.” Classic Askania control
surface actuators, on the other hand, required heavy storage batteries and electric
motors. The number of electrical instruments, connectors, and cables on board
was sharply reduced. As a result of all these measures, the A4’s structural mass was
reduced from 3.17 to 1.87 metric tons, and, in so doing, the mass of the payload
explosives was increased from 0.74 to 0.95 metric ton. Taking advantage of the
newly freed space, they increased the propellant mass. The new design for the rocket
layout featured a nose section that separated from the body at the end of the launch
phase, smaller tail fins, and a body fabricated primarily of light alloys.

In conclusion, Grottrup cited an estimate for the increase in the rocket’s combat
effectiveness: to completely destroy a 1.5- by 1.5-kilometer area from a range of
300 kilometers, 67,500 A4 rockets would need to be launched, while from a range

6. RKS—Regulirovaniye kazhushcheysya skorosti.
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of 600 kilometers, only 385 G-1 rockets would be required. These estimates seem
absurd from today’s nuclear standpoint, but they show how unreal Hitler’s hopes
had been for the destruction of London using the V-2 “vengeance weapon.”

The general assessment of the reviewers who had first studied the design in
groups by discipline was positive. In particular, Mishin’s speech was interesting. He
referred to the Soviet work that had begun with his participation at the Institute
Nordhausen. “Development of the proposed conceptual design [for an advanced
A4] began in Germany. Around August 1946 they tasked us with assessing the pos-
sibility of modernizing the A4 rocket in order to attain a 600 kilometer range. We
worked on this problem jointly with department No. 6 (Sémmerda) and depart-
ment No. 3 (Institute RABE).”

Mishin could not resist describing the rival design to the G-1 of which he was the
primary author. “We could see two ways to create such a rocket. The first way was to
create a rocket based on existing designs and the experience gained operating them,
taking into consideration the actual feasibility of realizing this rocket in metal. The
second way was to create a rocket based on fundamentally new principles that, in
and of themselves, require experimental testing. Meanwhile, existing designs would
be used to an extremely limited degree, requiring a radical restructuring of produc-
tion.”

In conclusion, responding to statements and criticism, including some polemics
from Mishin, Grottrup defended the idea of the forward-looking proposals. “We
are approaching our task to create a rocket with a 600-kilometer range from the
following standpoints. This rocket is not the end of the evolution of rocket science.
That means that we need to design new rockets so that they will also find applica-
tion in the future evolution of rockets. Therefore, we have adopted a large number
of new engineering solutions that could promote the further evolution of rocket
technology.”

In my evaluation, I supported the idea of simplifying the onboard control system
(housing the instruments in a single location, the aft compartment) and recalled
that: “the rocket of today has several tens of thousands of wires, thousands of two-
way make-before-break contacts, and dozens of relays, potentiometers, etc. The
operation of all of this equipment, even with well-trained personnel, is extremely
intricate, both because of the complexity of the electrical system itself, and because
all of the instruments are concentrated not only in the instrument compartment,
but in other parts of the rocket and ground equipment... This new design offers
a real and critical simplification of all the rocket’s electrical equipment. This pro-
vides not only an advantage in weight (although ultimately, this advantage is not so
important), but also an enormous operational gain... It seems to me that this is one
of the great merits of the design.”

Responding to the numerous critical remarks on the lack of calculations and
theoretical foundations, Grottrup made a statement referring to the experience of
Peenemiinde. In this mission statement, he said:

“Using our method to evaluate the design it is quite sufficient to present theoretical
principles. During the design process, we can update and confirm the theoretical prin-
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ciples via experimentation. Ours is an industry that demands an article be fabricated
within specific deadlines and, of course, we are not in a position to conduct theoretical
work on a large scale.

Therefore, as development progresses, we derive theory from experimentation. Essen-
tially, theory should help to find the right direction for the experiment. Scientific-research
institutes should provide the requisite textbooks for fundamental physics research. Many
cases show that an experiment leads more rapidly to the objective and gives better results
than theory. As one can easily understand, the second possible method requires some
time. We don’t have much time to develop our rockets, considering the work that is going
on in the U.S. Nor is this method more reliable. When design theory and experimenta-
tion cooperate closely, the end result is reliable and complete. This method—based only
on theory—bhas only one advantage: it makes it easier for the customer to evaluate the
design. But I think that this advantage is less important than the considerable failure to
meet deadlines.”

Grottrup’s view was essentially the design doctrine for complex rocket systems of
that period, but its main features still apply today. Today instead of simply criticiz-
ing the speaker for not presenting enough theoretical research, people would ask,
“But where are the simulation results?” Alas, at that time they did not yet have
modern simulation methods, nor did they do mathematical modeling using real
equipment.

In this regard, Korolev’s point of view concerning the procedure for evaluat-
ing rockets to make production decisions is also interesting. Immediately upon his
return from Germany, Korolev began to pester the upper management to speed
up rocket flight tests. In February 1947, Korolev prepared a memorandum for the
upcoming discussion of the future plan of operations for rocket technology at the
government level. Korolev wrote:

“It would be erroneous to think that the realization of the domestic R-1 rocket is a
matter of simply copying German technology, of just replacing the materials with domes-
tically produced materials. Besides replacing materials and restoring the entire manu-
Jacturing process for the rocket components and parts, we should keep in mind that the
Germans did not bring the A4 rocket to that degree of perfection that is required of a
product that has been accepted as an [operational] armament.

Our experience studying German rocket technology shows that to solve this problem,
i.e., to achieve the final optimization of the A4 rocket, the Germans expended enormous
manpower and resources. In addition to experimental design work, at numerous institu-
tions on a broad scale, the Germans conducted scientific-research work of both an applied
and problem-solving nature

It is also well known that a significant number of the Germans’ rockets broke up
in the air, and the causes for this were not determined with any degree of certainty. In
many cases they did not manage ro achieve the required flight trajectory and accuracy.
There were many well-known cases of failures during launch due to defects in the control
instruments, propulsion system assemblies and mechanisms, etc

So far, we have not succeeded in conducting tests in flight on the previously assembled
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German production models and, consequently, we do not even have a complete under-
standing of the design.

All of this and many other issues must be extensively studied and tested in our scien-
tific-research facilities, institutes, factories, on test benches, and at test ranges during the
development and fabrication of the first batch of domestic R-1 rockets.

10 do this, first of all, we need to conduct flight tests on existing A4 rockets that have
been lying in storage for a long time at the NII. This will give us the necessary practical
experience and will generate a whole series of new tasks for everyone working in the field
of long-range rockets

Right now we need to start equipping the launch pads and flight paths at the test
range to conduct flight tests and we need to build a test rig near the test range...”

Decisions were made based on Korolev’s memorandum. We set up experimental
rig tests and conducted A4 rocket flight tests at the State Central Test Range in
Kapustin Yar. I have already talked about this in the preceding chapter. It never
even occurred to anyone to argue with Korolev or try to prove that the experiments
should not be conducted and that we should focus on theoretical designs and then
determine the fate of the R-1 rocket.

But in the case of the G-1 design, in spite of the Germans’ sufficiently convinc-
ing arguments, the NTS decided not to hurry with decision-making. Moreover,
there were not only technical issues but others as well that the majority of us did not
utter out loud. Here is an excerpt from the NTS decision:

“The report on the G-1 rocket design contains a number of interesting, fundamen-
tally new designs for the rockets individual structural assemblies. On the whole the
design merits approval. Of particular interest is the rocket control system used in the
design, which solves the problem of improving the grouping capability compared with the
A4 rocket. However, the reports and the subsequent discussions show that many critical
control system assemblies have not yet been optimized and do not meet the requirements
of the draft plan... The idea of separating the warhead from the body of the rocket is a
new one and deserves approval, as does Mr. Grittrups proposal to conduct experimental
optimization of the payload on A4 rockets... The load-bearing propellant tanks con-
structed of light alloys might substantially lighten the structure of the G-1 rocket’s middle
section compared with the A4... The design of the G-1 (R-10) propulsion system makes
it possible to simplify the general layout of the propulsion system, to reduce its weight
and its dimensions... Driving the turbine with gases from the combustion chamber
certainly requires experimental testing. .. Before the development of the rocket’s detailed
design, individual experimental models of the aforementioned G-1 assemblies need to be
fabricated and tested under test rig conditions... We need to speed up in every possible
way the more detailed development of the control system as a whole and its fundamental
assemblies all the way to the mockup phase, and subject the design of the radio equipment
to an authoritative expert review. .. We also need to expedite follow-up on the theoretical
and experimental principles of the design and speed up its further development in draw-
ings so that at the next regularly scheduled NTS plenary session we can once again hear
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a presentation of the rockets draft plan.”

In theory, Groterup and his staff had no reason to protest the NTS decision. But
in reality not only the NTS, but the management of the institute and Ministry of
Armaments, at whose insistence this project had been implemented, found them-
selves in a very difficult situation.

Sergey Vetoshkin’s position was revealing in this regard. In the Ministry of Arma-
ments he was the chief of the main directorate which had authority over NII-88,
and he was basically Minister Ustinov’s right-hand man, managing the development
of rocket technology.® I became acquainted with Vetoshkin back in Germany. He
had flown in as a member of Marshal Yakovlev’s commission. We had the highest
regard for his genuine sophistication and intelligence, his ability to listen atten-
tively to advocates of the most diametrically opposed technical points of view, his
kindness, and his striving to delve, not just nominally, but into the essence of the
most complex scientific and technical problems, and finally, his amazing capacity
for work and unselfish devotion to our cause.

I also felt that he was well disposed toward me from our initial acquaintance.
Time and again he candidly expressed his views and prognoses on the development
of our technology and was also intent on getting my candid, rather than formal,
observations.

One of these conversations took place soon after Grottrup’s defense of his design
described above. Vetoshkin and I were squeezed into the aft single-seat cabin of a
Po-2 airplane that served us at the test range in Kapustin Yar. When neither time
nor automobiles were available to get from the special train where we lived to the
launch site and back, sometimes we availed ourselves of this “air taxi.”

On this particular occasion after takeoff, being to a certain extent an “aviator”
because of my previous work, I noticed an unusually vigorous rocking of the air-
craft’s wings. Usually pilots would do that at low altitude to greet someone. I hap-
pened to glance at the wings that the pilot was “waving” so intensely, and I saw that
the ailerons for roll control were clamped in control surface locks. These control
surface locks were supposed to be latched on the ailerons and rudders after landing
to prevent buffeting by the wind. In his haste, our pilot, evidently, forgot to remove
them before takeoff and took off with them still clamped to the ailerons. I decided
to keep quiet until we landed and not upset Vetoshkin. Thankfully the entire flight
only took 10 to 12 minutes. The pilot made a long approach into the wind to the
landing area near our special train and we touched down successfully. When we

7. The “draft plan” (eskiznyy proyekt) of a project typically denoted a document (usually several
volumes long) that substantiated in detail the overall design of the system in question. Once designers
signed off on the draft plan, they would then produce subsequent technical documentation for
production to experimental workshops.

8. This was the Seventh Main Directorate of the Ministry of Armaments, one of many in the
ministry overseeing weapons development.
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had gotten out of our cramped cabin, I showed Vetoshkin the control surface locks,
which did not look at all like they belonged on an airplane, and congratulated him
on our successful landing, telling him that we could have ended up in the hospital
because of that. Sergey Ivanovich decided to point this out to the pilot, but when
we showed him the ailerons he smiled, unfazed, and said, “That’s nothing, we've
flown with worse.”

After that, Vetoshkin asked me to drop by his compartment for some frank con-
versation over a glass of strong tea. After the “blowout” at the launch pad, after one
more failed rocket launch attempt, this was very tempting. Over tea in the warm
compartment he asked me straight out, “Boris Yevseyevich, you started all of this
activity in Germany. You organized the Germans” work. You know better than I do
what they are capable of. And now they are here with us designing a new rocket,
with your help, incidentally. How do you envision the future course of this work?
You and I heard them out at the NTS. There was quite a bit of criticism, and it was
all useful and interesting. But the main issue that continues to haunt me and that
Dmitriy Fedorovich castigated me out about is—what to do with the design of the
[G-1] rocket? After all, the Germans can't create it by themselves on that island.”

The issue was not a simple one. Lately, especially after the meeting with the Ger-
mans at the NTS in September, I had been mentally scrolling through all sorts of
alternatives for the subsequent process of combining our operations in order to uti-
lize the creative potential of the specialists we had brought in from Germany. It was
not just the official, but also the moral, weight of responsibility for their fate that
haunted me. Nevertheless, I did not see any real prospects for the German collective
to work effectively on the design they had proposed. Out of political and security
considerations, no one would allow us to create a mixed Soviet-German collective
at NII-88 like the one we had in Germany. But even if they did give us permission,
whose design would be developed there and who would be the chief designer? That
Korolev would work under Gréttrup was absolutely out of the question. And if
Grottrup worked under Korolev? This too was unrealistic, because Korolev would
immediately announce, “Why? We can handle it ourselves.” In other words, we
needed to set up two parallel design bureaus conducting parallel work. But this
was beyond the powers of our institute and our subcontractors, especially because
Ryazanskiy and Pilyugin would not implement the new ideas contained in the G-
1 design, not because the Germans had proposed it, but because they also wanted
to be the authors of their own developments and systems. Both Ryazanskiy and
Pilyugin, with whom I had very good relationships, viewed the A4 and its domestic
reproduction, the R-1, as practice, above all for technology, production, and set-
ting up a domestic control systems industry. Then they dreamed of creating their
own systems. In this regard, they shared Korolev’s general attitude. In other words,
we needed to use the Germans’ experience and those ideas that they expressed in
our subsequent work, and then, unless relevant decisions were conveyed from the
very top, gradually send them home. Those were approximately the thoughts that I
expressed to Vetoshkin.
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He agreed with what I had said, but alluding to Ustinov’s opinion, he said that
the availability of a creative staff of German specialists should serve as a stimulus for
our work. “After all, it is still unclear precisely what rockets we are going to need.
We have no one to fight against using A4 rockets. And even if we double its range,
it doesn’t matter, because nobody needs it in a war. But we will certainly make it.
Otherwise there will be no industry. And without factories, all the science in the
world won’t help us.”

I left Vetoshkin, having thanked him for the tea, sugar, cookies, and frank con-
versation. Having crossed over to my two-berth compartment, I woke up Viktor
Ivanovich Kuznetsov, who would later become a twice-recognized Hero of Socialist
Labor and academician. A bust of Viktor Ivanovich now stands near his institute on
Aviamotornaya Street. Over quite “allowable” portions of “Blue Danube”—that’s
what we called the 70% alcohol tinted with manganese crystals that we filled the
rockets with—I told Viktor about my conversation with Vetoshkin and asked for
his opinion. Soon thereafter a terribly worn out Voskresenskiy, who had just arrived
from the launch pad, knocked at our door and entered.

The conversation continued among the three of us. Voskresenskiy expressed some
really prophetic thoughts: “Sergey (as he called Korolev) wants to be the autocratic
master of the problem. I have studied him better than you have. And he will be able
to do it. For him the Germans have already done their job, and he doesnt need them
any more. But the authorities are afraid of Korolev. They need a counterweight, and
so for the time being we will pretend that we are interested in the German design.
No matter what clever thing the Germans might propose, Sergey, Mikhail, and
Nikolay will still do things their way. So there is no need to mess around. We have
to be up early tomorrow, the weather is supposed to be good, let’s say goodnight.”

When we returned to Podlipki in late 1947 after the A4 launches, I once again
had conversations with Pobedonostsev on that same subject.

In the winter of 1948—I don’t remember if it was January or February—a group
of colleagues, including my deputy for radio engineering Dmitriy Sergeyev, and I
set out for the island to—in institute Director Gonor’s parting words—“check how
the implementation of the NTS decision was going.” During these business trips
sometimes you got on friendlier terms with people than during the everyday hustle
and bustle on the job. I really liked Sergeyev, a “kindred spirit” and talented radio
engineer always filled with a lot of new ideas. He was really fascinated with the
proposals for G-1 radio control, which embodied new principles that were substan-
tially different from what had been done in Peenemiinde, but he had redone a lot
of things and it was difficult to determine what had actually been done without his
prompting or direct involvement.

During the aforementioned trip to the island, a meeting and difficult conversa-
tion with Gréttrup were unavoidable. In Bleicherode, I was “tsar, god, and military
commander” to him. The moment he was boarded onto the railroad car bound for
the Soviet Union, he understood that my authority had ended, and our interaction
during our meetings in Podlipki and at Lake Seliger was usually rather dry and
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formal.

But this time Grottrup was very happy about my arrival and announced that,
whether I liked it or not, he had a lot of unpleasant things to tell me. The gist of
the rather long speech that he unleashed upon me was that, in spite of the NTS’s
favorable decision regarding his design, he could not meet a single request listed on
that document.

The testing that they had been faulted for omitting had not begun and was not
scheduled on the island, in Podlipki at NII-88 itself, or in Khimki at Glushko’s
design bureau. In their small, closed collective, alienated and artificially isolated
from Soviet science and the Soviet OKBs, they continued to work on their design,
which would be criticized again, because not a single one of its fundamentally new
proposals would undergo experimental testing.

“They do not give us the opportunity to use your wind tunnels. We want to set
up experiments on rigs to test our new propulsion system layout, but we can’t. And
how can we prove that a turbine can actually be driven by taking gases straight out
of the combustion chambers? That isn't the kind of system you can corroborate with
analysis. You need an experiment. The radio system needs test range and aircraft
tests. But we aren’t capable of making the latest equipment here.”

I do not recall all of the criticisms now, but the list was sufficiently convincing.
Next, Grottrup switched to a calm, confidential tone. Although more and more he
was convinced that he was being deceived, he asked that I, a Soviet citizen whom he
trusted, tell him candidly what the future held for their work.

It was 1948; could I candidly tell him everything that I thought? I did not dare
tell Groterup what I had told Pobedonostsev, Vetoshkin, and Gonor about the Ger-
mans’ work prospects. My reason was both professional and based in concern for
Grottrup’s well-being. I did not think that I had the right to kill his hope for at least
a partial realization of the idea he had conceived. Gréttrup was an engineer genu-
inely committed to his work. He had lost his homeland, at least for a long time, so
he assumed. Now, except for his family, his only pleasure and goal in life was the
interesting, risky, next to impossible, but exceedingly fascinating task of creating
the rocket that they had not been able to, had not had time to come up with in
Peenemiinde. Even if it was for the Russians. To hell with them. But this would be
Grottrup’s and his collective’s creation. Half of Germany was under Stalinist Russia
anyway. That meant that this rocket could benefit not only the Russians, but the
Germans as well. In my mind, that was Grottrup’s reasoning. I must honestly admit
that I liked him, both as a person and as a talented engineer. He just had that “divine
spark.”

During that winter visit and one more subsequent visit to the “German island,”
I acquired detailed knowledge of the work being conducted on the control system.
Besides Sergeyev, who himself was actively involved in developing a radio control
system, Kalashnikov also worked with me. He was my department deputy at the
institute and the lead for electro-hydraulic control surface actuator development.

We confirmed that, in spite of the very primitive production equipment, the

59



Rockets and People: Creating a Rocket Industry

system’s main new instruments were manufactured and undergoing testing. These
instruments included a summing gyroscope proposed by Drs. Magnus and Hoch,
which had a spherical gyro wheel and an electric spring, an amplifier-converter with
magnetic amplifiers instead of the vacuum tubes that were used in the A4 rocket’s
mischgerit, a program mechanism, and pneumatic control surface actuators. Of the
ground equipment, they were finishing fabricating the launch console and launch
control system test panel.

Engineer Blasig, experienced from working at Askania, was developing the
pneumatic control surface actuator. We criticized this project more than any other.
Kalashnikov especially loved to argue with Blasig. A staunch proponent of hydraulic
drives, Kalashnikov would not tolerate even the thought of using pneumatic control
surface actuators on rockets. It is worth mentioning that the subsequent develop-
ment of both Russian and foreign actuator drive mechanism technology proved us
right. For a variety of reasons, all large rockets, ours and the Americans’, used only
hydraulic drives in various layouts and designs.

By late 1948, according to all indices, the G-1 design met the requirements of
the draft plan. By this time we had returned from Kapustin Yar enriched by our
experience from the range tests on the first series of R-1 rockets.

Right before the New Year, on 28 December 1948, the large NII-88 NTS gath-
ered once again to discuss the G-1 design. This time it was not Gonor who con-
ducted the session, but acting NII-88 Director Aleksey Sergeyevich Spiridonov.
Grottrup’s team of specialists, who had arrived to defend their design, included
Drs. Wolf, Umpfenbach, Albring, Hoch, Blass, Miiller, and Rudolph. Bushuyev,
Lapshin, Isayev, Glushko, and I were to review the design from the Soviet side.

Right off the bat Gréttrup decided to take the bull by the horns and announced
that “the majority of the design elements could be considered suitable only after
thorough check-out and testing...” The new rocket in its draft plan featured addi-
tional advantages compared with the attributes reported more than a year before.
The primary parameter, the range, was not 600 kilometers anymore, but 810! The
maximum targeting error was +2 kilometers for azimuth and +3 kilometers for
range.

They had thought through some of the more innovative design elements in
much greater detail and more thoroughly. In particular, the warhead separated from
the rocket as a result of the difference in aerodynamic forces. Two solid-fuel brak-
ing rockets were incorporated on the body for reliability. A single load-bearing tank
divided into two chambers by an intermediate plate was used for both compo-
nents. It is worth mentioning that this design proposal was not subsequently used
in Korolev’s rocket designs. Many years later, V. N. Chelomey made use of it.” The
idea of using the turbine exhaust gases to pressurize the alcohol tank was new.

9. Vladimir Nikolayevich Chelomey (1914-84) was a prominent Soviet designer of naval cruise
missiles, ICBMs, space launch vehicles, and spacecraft. These included the UR-100 ICBM (and its
various modifications), the Proton launch vehicle, the Soviet ASAT and ocean reconnaissance satellites,
and the Almaz piloted military space station.
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As he began addressing modifications to the propulsion system design, Grot-
trup did not miss an opportunity to upbraid the critics: “We performed theoretical
calculations in considerably greater detail than in Peenemiinde, but of course, it
would have been much better if, instead of excessively detailed theoretical research,
we could have performed experiments on a test rig.”

In spite of the criticism at the first NTS aimed at the radio control system, Grot-
trup, who had enjoyed Sergeyev’s genuine help and consultation over the past year,
announced, “A purely autonomous control system is not feasible. We envisioned
using instruments on the ground that had already undergone numerous tests, spe-
cifically radar.” The Germans did not have documentation on our radar, and the
control department that I directed made all of the primary ground radio equipment
for the design development. Also among the proposals were further simplifications
in the ground launching and fuelling equipment.

In the conclusion of his report Grottrup said, “It seems to me that we can
acknowledge that we have found a solution to the problem posed, and that the
R-10 [G-1] rocket, in addition to having an increased range, also has other signifi-
cant advantages over the A4: a streamlined and inexpensive manufacturing process;
simplicity of maintenance; and reliability in operation... Even if the rocket was
not attractive as a weapon, it would be needed as an object for the testing of the
aforementioned innovations (separating nose section, load-bearing tanks, improved
liquid-propellant rocket engine turbine, and new control), which are vital for the
future development of a long-range ballistic missile...”

By way of discussion, all the disciplinary groups reported their findings after
a preliminary study of the design of the G-1. On the whole, all of the findings
were positive and amiable. The control group ended up having the most negative
remarks, which I was forced to read out. I considered the most serious of these to
be such system vulnerabilities as: the unreliability of the pneumatic control surface
actuators at low temperatures, the transfer of the last electrical operations before
launch from an automatic system to a human being, the lack of an operator error
protection circuit in the preparation automatics, and an increase compared with
the A4 in the number of “air-to-ground” pneumatic connections. Nevertheless, the
control group approved the draft plan just as the other groups had. Everyone noted
that in terms of scope it surpassed the requirements for the draft plan and that it was
time to make the transition from designs to the realization of all of the stipulated
experimental work.

ONE OF THE FUNDAMENTALLY NEW FEATURES IN THE CONTROL SYSTEMS DESIGN
PROCEDURE WAS THE USE OF BAHNMODEL, the German term for trajectory simula-
tors. In modern terms, this was the first time we had used an electromechanical
analog simulator. This simulator was, of course, nothing like modern electronic
machines, but for the first time it made it possible to simulate equations of the
rocket’s motion relative to its center of mass with variable coefficients and to obtain
solutions for these equations, taking into account the characteristics of the indi-
vidual instruments connected to the simulator. The simulator’s inventor, Dr. Hoch,
announced that it was now possible to conduct a preliminary checkout of the A4
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rocket hardware before launches. There was no such simulator in Peenemiinde. At
that time, the Germans, and then we, used an elementary simulation involving a
“Hiusermann pendulum,” a simple instrument named after its inventor.

These days, when an engineer is designing a rocket motion control system, simu-
lation is the main way of selecting the system’s parameters at the beginning and
of performing a control check of the actual instruments at the end of the process.
Electronic analog and digital simulators have attained such a degree of sophistica-
tion that when they are used to solve differential equations of the highest order, the
results are more credible than the analytical calculations of the most distinguished
mathematicians. Today simulation is viewed not as a desirable process of design
and of the subsequent optimization of the control systems of any class of rocket, but
rather but as necessary and mandatory. In this sense rocket technology instigated
the evolution of a new and progressive method for the development of complex
systems and has had considerable influence on many other fields of science and
technology.

At least two ideas that were brought to the point of engineering realization and
experimental testing belong to Dr. Hoch. These included one of the first electro-
mechanical simulators in the Soviet Union and a simulating gyroscope. The latter
development was a joint effort with Dr. Magnus.

Unfortunately, Dr. Hoch’s very productive work was cut short. His reputation
extended beyond the confines of our NII and reached the organization where air
defense rocket control systems were being developed. Sergey Beriya, son of the all-
powerful Lavrentiy Beriya, had been appointed chief designer there.'” Without
asking for approval, the leaders of this organization could transfer anyone from any-
where to work there. They transferred Dr. Hoch to work for young Beriya. Accord-
ing to rumors that reached us, he had settled down there quite well, was having
great success on the job, and had asked to become a full-fledged Soviet citizen. But
suddenly he ended up in the hospital, where he died after an operation as a result of
purulent appendicitis.

THE DISCUSSION PROCESS IN THE N'TS WAS NOT WITHOUT A CURIOUS DISPUTE.
The person who caused a ruckus was an NII-88 consultant on issues of motion sta-
bility who was head of the department of celestial mechanics at Moscow State Uni-
versity, professor of mathematics from the N. Ye. Zhukovskiy Academy, Engineer
Colonel N. D. Moiseyev. He was an exceptional polemicist, a brilliant lecturer, and
vocal about his militant intolerance toward those displaying “dissident tendencies”
in science."!

10. This was the Special Bureau No. 1 (SB-1) organization, established in 1947 in Moscow to
develop air defense weapons. In 1950, SB-1 became Design Bureau No. 1 (KB-1), one of the most
secret Soviet weapons design organizations. It was tasked with developing a foolproof air defense
system around Moscow to protect against American strategic bombers.

11. In other words, Moiseyev supported the Communist Party’s position on strong ideological
control over Soviet science.
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This time he plunged into a debate, first with the design reviewer regarding
automatic stabilization systems and then with Dr. Hoch in connection with the
praise directed at the new simulator. Hoch believed that the simulator could do in
several hours what mathematicians took months to calculate. And even after years
of incredibly complex work the mathematicians would be less reliable. In response
the reviewer wrote, “...elements of the control system are presented in metal. The
control system proposed in this design is new and original.”

Regarding this same section of the design Moiseyev, on the other hand, declared,
“The section devoted to the analysis of stability during the active and passive flight
segments was not satisfactorily developed... The procedure used in the German
studies of freezing the variable coefficients and analyzing the signs of the real com-
ponents of the roots of characteristic equations was inadmissible, as the research of
Soviet scientists has shown.” Here he was speaking not about Soviet scientists in
general, but specifically about Moiseyev’s work on the “theory of technical stabil-

ity.”

Later he said, “I offered Dr. Hoch an example of linear differential equations
with variable coefficients. About a week has passed since I gave him this example.
However, so far we do not have a solution from Dr. Hoch for this simple example
using the Bahnmodel.... As a stability theory specialist, I believe that... coefficient
freezing and all of that is the kind of thing that, in 1948, is simply not worth writing
about in scientific reports to be submitted to serious scientific institutions.”

Regarding this position, Viktor Kuznetsov, who was well aware of the danger of
overestimating the value of multistage theoretical calculations when working with
gyroscopic systems, could not refrain from making this ironic statement: “Professor
Moiseyev said that the theoretical grounds were insufficient. For us designers, on
the contrary, what’s important is the experimental method, which no calculation
can replace, and the availability of such a method is a great achievement. Sergeyev,
who had spent many days working on the island during the development of the
design, was more blunt in his speech. “I think it is better to use the Bahnmodel than
to write very complex equations as is the way in 1948 and end up with no rocket.”
Shapiro, another notable Moscow professor from another military academy, the
artillery academy, supported Moiseyev’s opponents. “Considering that we are taking
hundreds of aerodynamic coefficients with insufficient accuracy, I think that we
need to have a sense of proportion and understand that mathematical methods
must be in keeping with the degree of accuracy of those parameters, particularly
aerodynamic ones, that we know.”

Moiseyev’s attacks did not disturb Dr. Hoch. He responded that in his report to
the group he had already cited an example of a solution for the system of equations
that convincingly showed the insubstantial effect of the coefficients’ variability. But
the main advantage to his method was the use of the actual equipment, which could
not be described with precise equations in theoretical studies. “If you look at any
electrical instrument, you will see tolerance values for all of its resistors. I cannot
order production to fabricate resistors with absolute precision.”

And as far as the examples that Professor Moiseyev proposed for solution on the
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Bahnmodel, he commented, “Unfortunately they transported this precise measuring
instrument as if it were a sack of nails, so it doesn’t have the accuracy it once did...
I would like to remind you of a case in which Helmholtz once theoretically proved
to Otto Lilienthal that human flight was altogether impossible.”"?

After long-winded squabbling with one another, in his final wide-ranging speech
Professor Moiseyev decided to divide the blame between his Soviet and German
opponents. “Dr. Hoch is undoubtedly an intelligent worker and he undoubtedly is
conscientious in his work. One can clearly sense this from the diligence with which
he has approached the solution of the problem... This department’s advocacy of
a simplistic treatment of theory and allowance for theoretical weakness is a gross
error, and this error has its political significance... Comrade Shapiro is profoundly
and fundamentally misguided, demonstrating his complete ignorance of elements
of stability theory... The fruits of the simplification efforts of comrades Kuznetsov,
Sergeyev, and Shapiro were immediately apparent. The authors of the design picked
up their simplistic approvals and also began to defend what they had been forced to
admit at NTS group reviews.”

I am giving such a detailed account of the polemics at the NTS because at that
time, even scientific problems that were far removed from politics and ideology,
such as matters of rocket stability, could acquire political overtones.'

A sudden and unwelcome was not unimaginable.... a German scientist in a new
secret rocket institute not only argues with a Russian professor and colonel, but even
receives support from Soviet scientists, including Professor Shapiro, who was also a
colonel and a Jew. The accusation that Moiseyev advanced (“this error has political
significance”), at that time could unceremoniously turn into an affair that could end
not only in loss of work, but also in an investigation by the security agencies to see
if there were not something along the lines of a conspiracy there.

But by and large, the institute’s staff of engineers and scientists did not support
Moiseyev’s line or similar attempts to insert political ideology into purely engineer-
ing problems. The general course of the discussion was friendly, but Glushko, Pobe-
donostsev, Bushuyev, and Mishin had consulted beforehand with Korolev and had a
sense of the mood in the ministry. They were sure that the [German] rocket design
on the whole could not be implemented.

In his closing remarks, Grottrup expressed himself unequivocally. “Without

12. The account here is somewhat garbled and probably refers to an episode involving Herman
Ludwig von Helmholtz (1821-94), the great German scientist, who pronounced in the 1870s that
human flight powered by muscles was probably an impossibility. Otto Lilienthal (1848-96) was the
famous German pioneer in the human conquest of the air, whose book Der Vogelflug als Grundlage
der Fliegekunst [Birdflight as the Basis of Aviation], published in 1889, greatly influenced the Wright
Brothers’ early designs.

13. Here, Chertok is once again referring to the broader cultural trends of Zhdanovshchina [“time
of Zhdanov”] and anti-cosmopolitanism promoted by the Soviet Communist Party in the late 1940s
and early 1950s, when many fields of intellectual inquiry were hostage to ideological interference and
distortion.
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experimentation it is impossible to develop this design... The experiments are not
simple, because in some instances we are dealing with tests of designs based on
completely new principles. For this reason, if these experiments are to be conducted
at an accelerated pace now, which I and all of the specialists working on this design
would like very much to see, I request that the delivery of materials and equipment
be increased accordingly so that experiments can be conducted... We need to com-
pletely change the method that we have used to develop this rocket up until now
and switch from theoretical and design work to broad experimentation.”

Nominally the council’s ensuing decision was quite favorable. It contained all
the necessary requests for experimental optimization and for the acceleration of all
activities

The council’s favorable decision was, however, little consolation. Scrapping the
two-year project—a constituent part of NII-88’s plan—was impossible both practi-
cally and for formal reasons. A great deal of resources had been expended for the
development of the G-1 (R-10) design, which was the basis for work at Branch No.
1. At the same time, there was neither enough engineering nor enough produc-
tion manpower to realize a design being developed simultaneously with plans being
executed under Korolev’s direction.

The further development of rocket technology required the concentration of
efforts in a single decisive area. The conditions that had been created at that time
had already made the R-10 design unfeasible. However, work on the design contin-
ued throughout 1949.

In October 1949, our institute had already conducted range tests on the R-2E
rocket—an experimental version of the R-2 developed by Korolev's OKB—at a
range of 600 kilometers. At Branch No. 1, work on the [G-1] design that had seen
so much effort poured into it were gradually curtailed. The German specialists were
still hearing many promises to begin the experiments, but they lost faith and began
to understand the futility of their activity.

Air defense guided missiles occupied a special place in the work of the German
specialists. The goal of this work was an attempt at modernizing the Wasserfall and
Schmetterling rockets. Chief designers Sinilshchikov and Rashkov conducted this
work at the main base in Podlipki.'"* However, with the transfer of air defense proj-
ects to the Ministry of Aviation Industry, where they entrusted rocket development
to well-known chief designer S. A. Lavochkin, and the development of the entire
control complex to the new KB-1 organization, it no longer made sense to continue

14. Chief Designer Yevgeniy Vasilyevich Sinilshchikov (1910-90) headed the NII-88 SKB’s
Department No. 4 responsible for reproducing the Wasserfall missile. Chief Designer Semyon
Yevelyevich Rashkov headed Department No. 5 responsible for reproducing the Schmetterling.
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these operations at the Ministry of Armaments."

During this same period and also under Grottrup’s leadership, on the island they
were studying ideas for developing the R-12 (G-2) rocket with a firing range of
2,500 kilometers and a warhead with a mass of at least 1 metric ton. They intended
that this rocket be developed immediately after the R-10 was put into production.
The propulsion system for this rocket was to be constructed as an assembly of three
R-10 engines, for a total thrust of over 100 metric tons. For the first time, this
design called for doing away with gas-jet control fins. Loss of thrust in the propul-
sion system—because of the gas-dynamic resistance of the control fins standing in
the stream of the hot gases—was thus eliminated, consequently increasing control
reliability. One should note that no such proposals had been made while we were
working in Germany. Eight years later we completely did away with graphite gas-
jet control fins on the famous R-7 intercontinental missile. In the R-12 design, the
Germans proposed that control be carried out by changing the thrust of the engines
arranged along the periphery of the tail section at an angle of 120 degrees. More
than 20 years later, we implemented a similar idea on the N-1 “lunar” rocket. If I am
not mistaken, these were the only examples of the control of a heavy rocket using
that method. But the R-12 did not go any further than a paper report, and work on
the N-1 was curtailed in 1974 after four failed launches. All modern liquid-propel-
lant rockets are controlled by special control engines, jet nozzles, or hydraulic drives
rotating the primary engines relative to the rocket’s body.

In addition to the detailed conceptual design of the R-10 rocket with a range of
800 kilometers and the proposal for the R-12 rocket with a range of 2,500 kilome-
ters, the Germans had performed preliminary calculations for more forward-look-
ing designs, such as the R-13 (G-1M) rocket, which was an R-10 body augmented
by a propulsion system from an A4, the G-4 (R-14) ballistic missile, and the G-
5 (R-15) cruise missile, with a range of 3,000 kilometers and a payload of three
metric tons. All of these developments were in the stage of layout drawings and
calculation of basic parameters. In terms of depth of developmental work they were
inferior to the Peenemiinde A9 and A10 designs and to the Singer intercontinental
rocket-bomber. The Germans conducted this work without having the opportunity
to consult with Soviet specialists. Our similar work on long-range plans was strictly
classified, and we did not have the authority even to discuss these subjects with the
Germans.

IN THE SAME PERIOD, WE WERE MOVING AHEAD WITH RESEARCH ON THE R-3
MISSILE, one of the most important stages in the development of Soviet long-range

15. In August 1951, the Soviet government transferred all tactical air defense and winged missile
projects from the Ministry of Armaments to the Ministry of Aviation Industry. As part of the move,
projects from NII-88 were moved to aviation-based organizations such as OKB-301 led by Semyon

Aleksandrovich Lavochkin (1900-60) and KB-1 led by Amo Sergeyevich Yelyan (1903-65).
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missiles in the postwar era. Work on the R-3 plan began, under Korolev’s supervi-
sion, as early as late 1947. The intention was to conduct broad-scale research for the
development of a rocket with a range of at least 3,000 kilometers. To this end, four
basic rocket design layouts were accepted for review: normal ballistic (BN), staged
ballistic (BS), normal winged (KN), and staged winged (KS).'® Primary attention
was devoted to work on the BN layout. As for the winged layouts, simultaneously
with work being conducted at NII-88, work on them had begun to a significant
extent under the influence of Singer’s report as early as 1945 at NII-1 under Bolk-
hovitinov and was developed on a broader scale when Keldysh became the NII-1
director.

Work had been conducted on the R-3 design as part of the cooperation that had
already taken shape during 1947. Korolev’s KB was in charge of developing the con-
ceptual design. Engines were being developed simultaneously in two organizations,
at OKB-456 by Chief Designer Valentin Glushko and at NII-1 of the aviation
industry by Aleksandr Polyarnyy."” Control system design as a whole was assigned
to NII-885 headed by Mikhail Ryazanskiy and Nikolay Pilyugin. A competitive
version of the radio-control system using a gyro-stabilized platform was being devel-
oped at the same time under the supervision of Boris Konoplev at NII-20 (in the
radio unit) and at NII-49 (in the gyroscope unit).

Korolev personally supervised all of the work on the R-3 plan. He took on the
responsibility for the content of the first volume of the draft plan, “Principles and
Methods for Designing Long-Range Rockets.” The entire design, which consisted
of 20 volumes, not counting the tens of volumes and reports by subcontracting
organizations, was completed in June 1949. In this work, I devoted a great deal of
attention to the development of a stellar navigation system, on astro-correction for
autonomous control systems, and above all, for winged versions that required con-
trol along the entire flight path. I will describe this in greater detail later.

On 7 December 1949, NII-88 held a meeting of its scientific-technical council,
during which it examined the draft plan of the R-3 rocket, engines and control
system. This meeting was held a year after the discussion of Grottrup’s R-10 design;
it finally shut off the prospects for the development of the German version.

The R-3 draft plan was approved on the whole, but at the same time the council
noted the tremendous complexity of the problem that had been posed and its “scale,
which was unusual for our field.” These words from Korolev’s memorandum show
his understanding of the need for a systemic approach and a concentration of great
effort on a common targeted objective. In his memorandum, upon completion of
the R-3 draft plan, referring to the organization of operations, Korolev concisely
formulated the organizational principles for operations on such a scale:

16. BN—ballisticheskaya normalnaya; BS—ballisticheskaya sostavnaya; KN—+krylataya normalnaya;
and KR—#krylataya sostavnaya.

17. Aleksandr Ivanovich Polyarnyy (1902-91) was a liquid propellant rocket engine designer who
had worked together with Korolev in the early 1930s at the amateur GIRD group.
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[ We must] conduct a set of large-scale measures in various fields of industry, result-
ing in a significant improvement in quality in the field of technology associated with the
development of the R-3;

[We must] set up operations so that individual organizations and groups would not
be actively working on the R-3 rocket, bur R-3 development would be handled by the
countrys best, with as great a workforce as is required. ..

In order to attract the very best technical staff;, a number of material conditions need
to be provided. One of the most important of these is the provision of housing and mate-
rial support... To a significant degree, [we must] expand and strengthen the experimental
base for the new technology, find the capital investment needed to reequip it... Entrust
the countrys appropriate scientific and technical organizations with a whole complex of
work and full responsibility for the solution of problems concerning the development of
the R-3 rocket. ..

[We must] combine all the specialized organizations currently working on rocker
technology into a single agency.”

These positions, which embodied the mission as seen not only by Korolev, but
also by his colleagues on the famous Council of Chief Designers, essentially defined
the requirements on a national scale for the subsequent rocket technology develop-
ment program. Common sense, however, suggested that even 3,000 kilometers was
not the range that our rockets needed. The R-3 design was a jumping point for a
program of long-term operations. It took five years before such a program began to
be realized on a national scale, when work was launched on a broad scale to develop
the R-7, the first intercontinental missile with a thermonuclear warhead.

IN 1950 THE NATURE OF THE WORK CONDUCTED BY NII-88 Brancu No. 1
cHANGED. The Ministry of Armaments officially decided to halt further work on the
design of long-range rockets in the German workforce. This decision was prompted
by the perfectly understandable pessimistic moods of the Germans, the lack of faith
in the purpose of their further work, and their loss of creative enthusiasm. The gap
between the problems posed in 1947 and the actual capabilities for solving them
was so obvious by 1950 that promises to correct the situation inspired little of the
confidence required for work. As I mentioned earlier, for further productive work
on the development of rockets, the main thing was that we needed to allow the
German specialists to participate in joint work in all areas of our cooperation. But
this would have involved “revealing state secrets.” The island’s isolation led to an
ever increasing gap between the German scientists’ level of knowledge and experi-
ence and that of the specialists from the “mainland.”

To keep the collective busy, they came up with a list of minor odd jobs of various
disciplines, which for one reason or another were not suitable to be performed on
the main center of NII-88 at Podlipki. Among these projects were control system
instruments, measurement instruments, and the optimization of the Bahnmodel.
The latter very timely work, unfortunately, did not receive the proper development
because of the departure of the primary author, Dr. Hoch, to another organiza-
tion.

In October 1950, all work at Branch No. 1 of a secret character was terminated
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and the future stay of the German specialists in such a location and with its associ-
ated status lost any meaning. Earlier, on 13 August 1950, the USSR Council of
Ministers made a decision concerning the further use of the German specialists.
This decision regulated the conditions for the return of the German specialists to
Germany. Those desiring to leave in the next two years could exchange their savings
in rubles for German Democratic Republic marks; a worker would receive 75% of
his wages and each member of his family, 25%. The trip home, transport of baggage
to the border, and special passenger and freight cars were provided.

This decision obliged the Soviet Supervisory Commission in Germany to pro-
vide free passage to the German specialists and their families on German territory
and ensure living quarters and work for them. Soviet organizations were allowed
with mutual consent to continue using German specialists to complete projects.

The decision to send German specialists to the German Democratic Republic
was made at the governmental level. They were sent in several groups. The first
batch was sent from NII-88 Branch No. 1 in December 1951, the second in June
1952, and the last special train left for the German Democratic Republic in Novem-
ber 1953. As is appropriate for the captain of a sinking ship, Gréttrup and his family
left the island last. We received only fragmentary and random information about
the subsequent fate of the German specialists.

IN 1990, AT A CONFERENCE OF THE INTERNATIONAL ASTRONAUTICAL FEDERATION
IN DrespEN, Mishin met up with German aerodynamics specialist Dr. Albring.
Their encounter was very warm. Albring reported that Grottrup had passed away
and that in the Federal Republic of Germany his wife Irmgardt had published a
memoir about working in the Soviet Union."®

In spring 1991, while in the Federal Republic of Germany, I got to know Dr.
Werner Auer, the leading specialist in space gyroscopic instruments. He turned out
to be a protégé of Professor Magnus. In the foreword to Magnus' famous Gyro-
scope: Theory and Application, published in 1971, the editor of the translation wrote,
“This is a fundamental monograph in which the author exhaustively elucidates the
main aspects and applications of modern gyroscopic theory, its methods and most
significant results, in particular those that belong to the author himself.”

Every time necessity compels me to take this well-published book off the shelf,
I remember the two jolly, young Drs. Magnus and Hoch, in 1947 intently working
in the laboratory car of the special train at the Kapustin Yar test range, trying to find
what caused the A4 rocket’s great deviations during the second launch. At that time
the mood of the German specialists was splendid. At any rate, it was better than
during all of the subsequent periods of our joint work.

It was not until 1992 that I was able to learn the fate of the Grottrup family after

18. The original German language monograph was published in English as Irmgard Gréttrup,
Rocket Wife (London: Andre Deutch, 1959).
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their departure from Moscow for the German Democratic Republic in 1953. In
March 1992, the newspaper Isvestiya published an abridged version of my memoirs
about our postwar activity in Germany and subsequent work of the German spe-
cialists in the USSR." This series of articles was under the general headline: “Soviet
Rocket Triumphs Had a German Origin.” Boris Konovalov prepared the articles
for publication, but he did not coordinate the headline with me. I called Editor-in-
Chief Igor Golembiovskiy and expressed my displeasure with the headline’s tenden-
tiousness. He was surprised at my reaction, but promised to correct the situation.
And so the last of the six articles in the series appeared under the headline “American
Rocket Triumphs Also Had a German Origin.” An fzvestiya reader in Hamburg
with whom I was not acquainted came across the surname of her friend, Gréttrup,
in the series of articles and asked her if the article was about her father. It turned
out that Ursula Gréttrup really was Helmut Grottrup’s daughter. Ursula wanted to
find out more details about her father and decided to travel to Moscow. She flew
in to Moscow on 7 August 1992 and stayed with a Russian friend of her German
acquaintance. This Muscovite woman, who had a beautiful command of German,
also arranged a meeting for Ursula Grottrup and me.

This was Ursula Grottrup’s story. She was eight years old when the Grottrup
family left Moscow for the German Democratic Republic in 1953. Her parents had
intended to start to work in the new Germany because many friends had gone there
and wrote that her father would be guaranteed good work.

But on the platform at the Berlin train station, instead of East German state
security agents or the Soviet guards that had protected them for almost eight years,
they were surrounded by young people who turned out to be agents of the U.S. and
British intelligence services. They were holding passports for the Gréttrups (which
later turned out to be fake) and used them to prove to the Berlin authorities that the
Grottrups had expressed the desire to live in West Berlin. They were taken directly
from the train station and driven to West Berlin, where they were placed in one of
the American residences.

After the initial processing of Ursula’s parents, the Americans announced that
they would create the necessary conditions for their work, but in Cologne rather
than West Berlin. There was only one autobahn for the journey from West Betlin to
Cologne through the German Democratic Republic and it was strictly controlled by
the East German border guards. Apparently, they feared that Grottrup, who did not
have the necessary documents, might be detained, resulting in an operational failure
of the mission, not to mention diplomatic unpleasantness. For that reason they did
not put Grottrup in a German vehicle, but in a station wagon with U.S. military
license plates. These vehicles were not subject to inspection or control. Before their

19. Izvestiya correspondent Boris Konovalov prepared these publications, which had the general
title “U Sovetskikh raketnykh triumfov bylo nemetskoye nachalo” [Soviets Rocket Triumphs Had a
German Origin]. See [zvestiya, March 4, 1992, p. 5; March 5, 1992, p. 5; March 6, 1992, p. 5; March
7,1992, p. 5; and March 9, 1992, p. 3.

70

From Usedom Island to Gorodomlya Island

departure, the raven that Grottrup’s wife Irmgardt had tamed before their departure
from Seliger Island—and was carrying in a large cage—became a source of conten-
tion. The Americans demanded that she get rid of the bird, but she firmly refused,
declaring that she was not going anywhere without the raven.

In Cologne they housed the Grottrups in a separate villa guarded by U.S. sol-
diers. Released into freedom in the interior chambers of the villa, the raven wasted
no time before it decorated the rich décor and smashed a precious vase.

Instead of work in West Germany, the Americans offered Grottrup a contract to
work on rockets in the United States. He said that he had to consult with his wife.
Irmgardt Gréterup declared that she had had enough rocket technology in Russia,
that she was not going to leave Germany for anywhere, and that she did not need
America. No amount of persuasion changed their minds; the Grottrups absolutely
refused to go to the United State. Six hours later they were simply put out on the
street in front of their luxurious residence, along with the raven.

Literally out on the street without any means, they lived in poverty for almost
a year. Finally, after a series of odd jobs, Grottrup managed to get a good job in a
department of the Siemens firm in Munich. This was during the beginning of the
big boom in computer development. Gréttrup proved to be a capable engineer in
this field, and soon he was in charge of more than 400 scientists and engineers. He
worked a lot and earned a good living.

Soon Gréttrup appointed a young and very talented engineer as his deputy. Sud-
denly this deputy was arrested and charged with being a Soviet spy. At the trial
Grottrup vouched for his deputy, but they did not believe him, especially because
he himself had worked for the communists for nine years. Insulted by the distrust,
Grottrup turned in his resignation to the Siemens firm and found himself once again
unemployed. Friends and acquaintances helped him find work at a firm that manu-
factured machine tools for printing currency and all sorts of automatic machines
for the banking industry. Already enriched from his experience in computer tech-
nology, here he developed the first automatic machines capable of counting paper
currency, scanning credit cards, exchanging currency, and so on.

He once again prospered and his family lived well. “Father spent the whole day
at work, and in the evening at his desk he wrote, calculated, and invented. Mother
spent money, was very eccentric and lively. She used to tell unbelievable stories
about her life in the Soviet Union.” Her father warned Ursula that a lot of it was
not quite that way.

Grottrup could not avoid a merciless killer—cancer. He died in 1981. His wife,
having obtained the freedom to follow her whim, published her diaries in 1958
under the title 7he Possessed and the Powerful in the Shadow of the Red Rocket.*

Not long before my encounter with Gréttrup’s daughter I had the opportunity

20. Irmgardt Gréttrup, Die Besessenen und die Michtigen im Schatten der roten Rakete [ The Possessed
and the Powerful in the Shadow of the Red Rocket] (Stuttgart: Steingriiben Verlag, 1958).
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to acquaint myself with these diaries. It turned out that Frau Gréttrup’s imagination
was focused not on exaggerating her husband’s role or that of the German specialists
in Soviet rocket history, but on describing utterly incredible events from the time
she had spent in Moscow, her association with certain high-ranking officials, and
Soviet figures who had fallen in love with her. In addition, she described her partici-
pation in rocket launches at the test range in Kapustin Yar. But she had never been
there, and everything that she described in her “diaries” was pure, unadulterated
fiction. I told all of this to Ursula.

It turned out that her mother had died just three years before our meeting.
Ursula agreed without protest that her mother had invented a great deal—that was
her nature. Rather than write what actually happened, she could write how she
wanted things to be. Alas, German readers have no way of figuring out which events
in these rather lively narratives are true and which ones are pure fabrication.

Finding myself in the Federal Republic of Germany in September and Octo-
ber 1992, at the initiative of German television, I once again met with Grottrup’s
daughter, who had already told the German television audience about her father
against the backdrop of the country estate in the village of Trebra, where I had
settled the Grottrups in 1945 after their transfer from the American zone.

What then, on the whole, was the role of German operations in establishing
our rocket and space technology? Rather than the work that the German specialists
performed while they were in the Soviet Union, their greatest achievement should
be considered what they managed to accomplish in Peenemiinde and other places
where they were developing rocket technology before their surrender in 1945.

The creation of a powerful scientific-research base such as Peenemiinde, the
development of the A4 rocket system and its mass production, the beginning of
work on forward-looking long-range ballistic, cruise, and multistage missiles, and
the development of various types of air defense missiles, in particular, the Wasser-
fall—all these achievements would serve as the foundation, the virtual launching
pad for our subsequent work and that of the Americans.

The organization of rocket development in Germany during the war was an
example of how a government, even in a difficult situation, was capable of concen-
trating its resources to solve a large-scale scientific and technical problem.

Doctrine that depended on the effectiveness of an unmanned rocket-powered
bomber against important strategic objectives was a miscalculation for the Germans
during the war years. For us, with the emergence of nuclear weapons, it became a
real hope for preserving peace by creating the equal threat of a reciprocal nuclear
strike. When missiles and nuclear weapons united into a single force, their use was
virtually dominated by the two parties that had become locked in the Cold War
struggle: the USSR and the United States. This arrangement has maintained peace
on our planet for a long time and continues to do so. Thanks to its integration with
nuclear weaponry and to its intense technical development, the Germans’ “ven-
geance weapon” was converted into a real threat of a terrible retribution for all
humankind, if the latter should lose its senses.
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The Germans’ technical experience, of course, saved us many years of creative
work. After all, Korolev, during his captivity in Kazan, was the only one thinking
about ballistic missiles. And even then he proposed making solid-propellant ballistic
missiles, because he did not believe that liquid-propellant engines could provide the
requisite colossal power.”! But we saw that the Germans had real liquid-propellant
engines with 30 metric tons of thrust and designs for engines with thrust up to 100
metric tons. This taught us not to fear scale. Our military leaders stopped looking
at a rocket as a projectile, for which all you had to do was come up with a little bit
better “powder” and then everything would be fine. When you think about it, that
was precisely what had served as the basis of our prewar doctrine for the develop-
ment of the celebrated Katyusha solid-propellant rocket-propelled projectiles of Pet-
ropavlovskiy, Langemak, Tikhomirov, Kleymenov, Slonimer, and Pobedonostsev.

In Germany we learned that a single organization or even a single ministry was
incapable of dealing with rocket technology. The development of missiles required
strong, nationwide cooperation. And the main thing was that we needed high-qual-
ity instrument building, radio engineering, and engine building infrastructure.

The fact that after a devastating war we mastered and surpassed German achieve-
ments over a very short time was enormously significant for the general rise of the
culture of technology in our country. The development of rocket technology was
an exceptionally strong stimulus for the evolution of new scientific fields such as
computer technology, cybernetics, gas dynamics, mathematical simulation, and the
search for new materials.

From the standpoint of the “human factor,” as they say these days, in Germany
we learned how important it was to have a solid intellectual nucleus of specialists
from various fields. The unity generated in Germany was preserved even after our
return to the USSR, although we were spread out over various ministries. And this
was not just words or slogans, but in actual fact, despite the sometimes compli-
cated personal relationships between the chief designers, their deputies, ministers,
military, and governmental officials. Before the historical day of 4 October 1957,
foreign publications wrote to the effect that the Russians were using German experi-
ence and German specialists to develop their rockets. All of these conversations and
stories ended after the world saw the first artificial Earth satellite. The famous R-7
rocket, the first intercontinental missile, free of the “birthmarks” of German rocket
technology, inserted this satellite into orbit. Its development was a leap in new qual-
ity and enabled the Soviet Union to take the lead in cosmonautics.

21. In 1944-45, Korolev proposed a series of long-range ballistic and winged missiles known as
the D-1 and D-2 to his superiors. According to his plans, they were to use solid propellants. These
proposals were never approved.
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Chapter 4
Institute No. 88 and Director Gonor

The government decree of 13 May 1946 made the Ministry of Armaments State
Union Scientific-Research Institute No. 88 (NII-88) the rocket industry’s primary
scientific-technical, design, and production facility. After many transformations,
this organization exists to this day, but since 1967, it has been called the Central
Scientific-Research Institute of Machine Building (TsNIIMash).!

I wrote earlier that during the summer of 1946, a high-ranking government
commission headed by Artillery Marshall Yakovlev visited Bleicherode. Commis-
sion deputy chairman (and also Minister of Armaments) Ustinov and acting Gos-
plan representative Pashkov, before leaving Moscow, had evidently arranged with
the personnel office of the VKP(b) Central Committee that, upon finishing our
work in Germany, Pobedonostsev, Mishin, Voskresenskiy, Budnik, Chizhikov, and
I would be transferred from the aviation industry’s NII-1 to the new NII-88 under
Ustinov. The decision for our transfer was formulated in paragraph 28 of the 13
May decree, but we did not yet know that such a decree existed.

This same commission also foreordained Sergey Pavlovich Korolev’s transfer to
NII-88 as department chief. When they offered him this post and the duties of head
of the development of long-range ballistic missiles in Germany, he did not yet know
that he would end up at NII-88, not under the authority of the director, but under
Special Design Bureau (SKB) Chief Karl Ivanovich Tritko.

The day after our arrival from Germany, after riding the commuter train to Pod-
lipki, I reported to NII-88 for the first time. I couldnt enter the grounds without a
pass, so I stopped by the office of State Security Colonel Ivashnikov, deputy director
for personnel and security. “I have an order on your assignment, but rules are rules.
Go get the forms and fill them out like you're supposed to, and bring two photos.
After you hand in the forms they’ll give you a temporary pass, and then it’s up to
the director.”

1. TsNIIMash— Tentralniy ~nauchno-issledovatelskiy institut mashinostroeniya. TsNI1IMash,
originally known as NII-88, remains the leading R&D institute of the Russian space program. It also
has supervision over the Russian Flight-Control Center (TsUP) at the Moscow suburb of Korolev.
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And so my first day on the job was spent filling out forms in duplicate and writ-
ing an autobiography. It wasn't until the following day that I appeared before my
immediate chief, NII-88 Chief Engineer Pobedonostsev. His office was located in
the old building of the former artillery Factory No. 88 plant management. This
pre-Revolutionary building was reminiscent of a monastery with its solid construc-
tion and thick walls. Pobedonostsev was very happy that I had finally showed up.
He complained that people were always coming to him with problems in my field,
and he already had a full plate. With that, he led me off to introduce me to Director
Gonor.

Until then, I had seen Gonor only once in Germany, when he arrived as a
member of Marshal Yakovlev’'s commission. At that time, he was in the uniform
of a major general of the engineer artillery service. A Hero of Socialist Labor star, a
Stalin Prize laureate medal, and three Orders of Lenin distinguished him from the
many other combat generals.

Now, as we entered his large office appointed with heavy antique style furniture,
he was also in his general’s uniform, but of his many decorations he wore only the
Hero star. We former aviation workers, still coming into our own as missile special-
ists, had an admittedly skeptical attitude toward artillerymen, and believed that,
among all the men of arms, only Ustinov understood us. Nevertheless, we were
going to have to work directly with Gonor and apparently for a long time. For
this reason, I made up my mind to be obedient and to prepare myself to listen to
instructions. Instead, what followed were simple questions: “How was your trip get-
ting here? How are your living quarters? Have you been to your department yet?”
He was clearly happy that I wasn’t requesting an apartment in Podlipki. He lit up
a Kazbek cigarette and offered the pack to me, to the obvious dissatisfaction of the
nonsmoking Pobedonostsev. Shifting to current business matters, Gonor made it
clear that I should quickly organize the work of the department, which was con-
stantly acquiring new specialists, and that I should help Pobedonostsev sort out the
job placement of the Germans. He said that intensive construction was underway
for their resettlement on the island of Gorodomlya, and for the intervening three
months they would live in health and vacation resorts in the vicinity nearby. There
were very many transportation and domestic issues to be worked out.

“However,” complained Gonor, “we’re having more trouble with your friends
than with the Germans.” But he did not expand on that subject. When we returned
to Pobedonostsev’s office, he explained that Korolev and Mishin, especially the
latter, had mounted an attack on Gonor from the very start, trying to circumvent
their subordination to SKB Chief Tritko. But Ustinov had approved the NII-88
structure; everything had been done with the approval of the Central Committee
office, and Gonor did not have the right to change anything. “We can work with
him. He’s a reasonable and sensible individual, and Sergey is picking a fight for no
good reason where he should be biding his time.” This was the first time I heard
disapproval about Korolev’s aggressive behavior.

Henceforth, I developed a completely professional, business-like relationship
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with Gonor, although once he even ordered that I be severely reprimanded. In that
instance, the matter concerned a fire that occurred one Sunday in my department.
The fire was trivial, but the times were not. The experienced Gonor signed the order
even before the cause was determined, and called the duty officer at the ministry
over the “Kremlin” telephone network and reported “The fire was extinguished and
the guilty parties have been punished.” After forcing me to sign my name to the
order, he explained that, “It is better to receive a severe reprimand from me than to
wait for a ministerial order removing you from the job. Should one of your people
make a mistake, punish them yourself and quickly, in order to report that the ‘cause
has been determined and the guilty parties have been punished.” You gain time
that way.” There was no reason to be offended. This was a lesson in administrative
leadership.

Gonor’s fate was tragic after his appointment as NII-88 director. In this regard, I
will allow myself to digress from the chronology to talk about him in greater detail.
Like Ustinov, Gonor graduated from Leningrad Military Mechanical Institute, or
Voyenmekh.* In general, this institute was the forge that produced the production
and technology intelligentsia for the People’s Commissariat of Armaments. Gonor
received an appointment to the Bolshevik Factory in Leningrad, where he rapidly
advanced from foreman to chief engineer. Thus, he actually became deputy to Usti-
nov, who was director of the factory. The personal qualities of the chief engineer
contributed to the fulfillment of Stalin’s immediate task for the mastery of new
artillery systems for the navy. For this, the Bolshevik Factory, Ustinov, and Gonor
received the first Orders of Lenin.

In 1938, they transferred the thirty-two-year-old Gonor from Leningrad to Stal-
ingrad, as director of another large artillery factory, Barrikady.? Barrikady specialized
in the production of 406-mm guns for battleship gun turrets, superpowerful infan-
try guns, and 122- to 305-mm howitzers. The factory had failed the reconstruction,
and Gonor was supposed to salvage it from collapse. He managed to do that.

There, in Stalingrad during World War II, Gonor showed true heroism, and in
the summer of 1942, he was among the first six military-industrial leaders to be
awarded the title Hero of Socialist Labor. To this day, Director Gonor is recalled
with greater affection at the Stalingrad Barrikady Factory than at TsNIIMash—the
former NII-88. During the Battle of Stalingrad, the Barrikady Factory was com-
pletely destroyed, and they transferred Gonor to Sverdlovsk to artillery Factory No.
9, which was being created under the auspices of Uralmash.” For the defense of

2. In Russian this institute is called the Leningradskiy voyenno-mekhanicheskiy institur (LVMI),
hence voyenmekh for short.

3. The Barrikady Factory was also known as Factory No. 221.

4. The Hero of Socialist Labor was the highest award for civilians during the Soviet era.

5. The Ural Heavy Machine Building Factory (Uralmashzavod) was one of the largest mining and
metallurgical enterprises existing during the Soviet period. Since its founding in 1933, it produced a
huge array of industrial equipment for the Soviet economy and military.
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Stalingrad and his subsequent activity during the war, Gonor was awarded the Stalin
Prize first degree, yet another Order of Lenin, an Order of Kutuzov first degree, and
the rank of major general of the engineer troops. On 24 June 1945, he attended the
famous Victory Parade and the festive reception at the Great Palace of the Kremlin.
But his most joyful assignment was his return to Leningrad in 1945 as director of
the Bolshevik Factory, where he had begun his career path.

It seems that, in search of a future NII-88 director, Ustinov was playing a game
of solitaire—only with people; he proceeded from the premise that, first of all, he
should be an individual who was unconditionally devoted to him personally. Second,
he should be a capable organizer, who had gone through a good school of produc-
tion, “through thick and thin.” And third, his candidacy should be supported by the
apparatus of the Central Committee and perhaps even by Stalin himself. Postwar
1946 marked the recurrent rise of anti-Semitic sentiments as per directives from the
top. But for the time being these were strategic appeals to the masses, who during
the war had been driven by anti-German sentiments but were rarely anti-Semitic. In
the defense industry, and in particular in the atomic industry, Stalin and Beriya not
only tolerated, but protected talented Jews such as Khariton, Zeldovich, and many
others.® They were guarded almost like members of the government.

Ustinov took a risk. He bet on Gonor and won. For the forty-year-old engineer
general, who had outstanding accomplishments and capabilities, Stalin’s confidence,
and Ustinov’s patronage, a brilliant future was opening up as the director of the first
Soviet rocket center. At Gonor’s disposal were missile specialists, whom Ustinov
had persuaded to transfer to work for him. Gonor received an assignment as early
as 1947 to begin flight tests on the German A4 missiles and, in 1948, to create the
domestic R-1 missile. The government authorized the recruitment of many for this
goal, including young specialists, those newly demobilized from the army, and sci-
entists from institutes of the Academy of Sciences and institutions of higher learn-
ing; they would be able to work while simultaneously holding their former jobs.
After becoming director, Gonor immediately created a scientific-technical council
made up of scientists who had already made a name for themselves in our country.

As an artilleryman, Gonor used to associate with a very tight circle of scien-
tists and military chiefs. Now dozens of individuals whom he hadn’t known before,
but who were extremely influential people, were asking for permission to visit his
institute and look at the rockets. The shops and interior of the old artillery factory
were completely unsuitable for meetings and for displaying the new technology. We
urgently needed to construct clean assembly shops, a tower for vertical testing of
the rockets, and demonstration laboratories where we wouldn’t be ashamed to bring
high-ranking guests and to show that less than a year after the decree was issued,
we already had an institute. After all, Dornberger was able to create the now world-

6. Yuliy Borisovich Khariton (1904-96) and Yakov Borisovich Zeldovich (1914-87) were two
pioneering physicists who played key roles in the development of the Soviet atomic bomb.
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famous Peenemiinde center from scratch.” Moreover, Gonor had to remember that
NII-88 was the head institute of the new field. He had to combine the ideas and
production output of engine specialists, guidance specialists, chemists, metallur-
gists, and mechanical engineers.

During the war, directors such as Gonor truly did accomplish great feats on the
production front. A factory’s director and chief engineer worked under the threat of
a military tribunal for failing to meet an armament production goal. Directors of his
rank were accustomed to giving completely of their physical and spiritual strength
and their professional knowledge on the job. Incompetence was simply not allowed.
They were monitored rigidly from above and watched constantly by the factory
workers from below. The workers could forgive even a strict boss for being demand-
ing if he was as demanding of himself, was interested in everything that affected his
workers’ living conditions, and showed sensitivity and humanity. Not every director
possessed these qualities.

Now Gonor had to show his competence in a completely new field. Here he
could not count on his reserve of knowledge and rich production experience. On
more than one occasion during business meetings with him, he asked me to explain
many problems of missile guidance that were incomprehensible to him. Yet, he
was very helpful during the creation of our first integrated testing laboratory with
operational test launching and onboard equipment, which included a large demon-
strational light board that simulated the missile’s launch process.

By late 1947, this laboratory had already become our pride and joy, and, for
Ustinov, it served as an occasion to invite high-ranking leaders of the army, who had
participated in the most recent session of the USSR Supreme Soviet, to NII-88.*
For the first time, I found myself in the role of speaker at a gathering of such illus-
trious military leaders such as Marshals Zhukov, Rokossovskiy, Konev, Bagramyan,
Vasilevskiy, Govorov, Sokolovskiy, and Voronov and army generals, whom I shall no
longer risk listing here.’

Beginning early in the morning, laboratory chief Emil Brodskiy and I checked
out the entire testing laboratory, and still during every routine cycle one glitch

7. Walter Dornberger (1895-1980) played a key role in the development of the German A4 (V-2)
missile. In 1937, he was appointed military commander of the research station at Peenemiinde and in
subsequent years served as the effective manager of the project.

8. The Supreme Soviet (Verkhovnyy sovet), formed in 1936, was the highest legislative body in
the Soviet Union, and the only one empowered to pass constitutional amendments. In practice, the
Supreme Soviet was more of a rubber stamp “parliament,” approving all decisions that came down
from the Politburo.

9. Georgiy Konstantinovich Zhukov (1896-1974), Konstantin Konstantinovich Rokossovskiy
(1896-1968), Ivan Stepanovich Konev (1897-1973), Ivan Khristoforovich Bagramyan (1897-1982),
Aleksandr Mikhailovich Vasilyevskiy (1895-1977), Leonid Aleksandrovich Govorov (1897-1955),
Vasiliy Danilovich Sokolovskiy (1897-1968), and Nikolay Nikolayevich Voronov (1899-1968) were
a few of the most important military commanders who served the Soviet armed forces during World
War II.
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or another occurred. It was Murphy’s Law. The laboratory—which had not been
designed for such a large number of guests—was cramped when the brass, decked
out with all their orders and medals, filled the room.

Ustinov began the explanations. With difficulty, Gonor and Korolev squeezed
through the crowd to join me standing by the console. Both of them wanted to
intercept Ustinov’s initiative to contribute to the presentation. But suddenly he said:
“And now our specialist Comrade Chertok will demonstrate the missile launching
process.”

During Ustinov’s speech the marshals and generals had clearly begun to get bored,
and I immediately switched to the demonstration, while providing commentary:

“The launch system is automated. Your attention, please! I am setting the switch
on start! Look at what is happening on the light board. I am monitoring the process
according to the message boards, and if I make a mistake, the system will not go
into an erroneous launch. The automatics will reset everything into the initial posi-
tion.

Actually, being nervous, I did something wrong, and Brodskiy didn't have time
to correct me; the lights on the light board suddenly went out.

“I have just demonstrated that the system is foolproof. And now we will repeat
the attempt to launch the missile.”

Now I was ready to start again; Brodskiy understood my error and was watch-
ing my every move like a hawk. The steam gas generator lit up on the light board, I
added the turbo pump assembly, and then the ignition began to glow. There went
the preliminary, then the primary! With gusto I explained that the liftoff contact
had been tripped and now “look, the engine is producing a full thrust flame—we
have flight! In sixty seconds, without our intervention, the engine will shut down.”
Everything went splendidly.

Nevertheless, instead of expressing his gratitude as we expected, Marshal Rokoss-
ovskiy loudly exclaimed with a cunning smile:

“But regarding ‘foolproof protection,” you were just pulling our leg.” I was taken
aback, but Ustinov kept a cool head.

“No, Comrade Marshal, the entire demonstration was free of deception. I per-
sonally have checked out the entire system a number of times both here and at the
test range.”

The marshals broke into smiles and began to exit the laboratory. They still needed
to get a look at the rocket in the assembly shop. I told Brodskiy, “When I was sitting
in the armored car during our first launch, my back was dry, and now I'm soaked.”

He burst out laughing and said, “Me too.”

Those were the kind of guests that director Gonor had to receive. But in this case
Ustinov personally took on the role of host. To be sure, he later gave Gonor a dress-
ing down because there was mud on the road to the assembly shop. What was he
to do? We were well into autumn, and instead of snow, a light rain fell incessantly.
But, in contrast to the factories that some of the marshals had occasionally visited
during the war, workers in the assembly shop were already working in white lab
coats. White lab coats at an artillery factory! What nonsense. Gradually there came
a turning point in the psychology of the factory workers.
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Gonor was far more demanding with regard to the factory than he was toward
the scientific and design elite. He was right in his element with production, the
mastery of new technological processes and the installation and reconfiguration of
equipment. During the prewar and war years, directors of his level went through
a sort of “production academy” and found themselves in situations that no formal
education at institutes of higher learning could ever have anticipated.

In 1947, Gonor identified two tasks for the institute. First, we should master
the technology for the clean assembly and testing of missiles from parts manufac-
tured by us and shipped from Germany. This was the assignment of that very new
assembly shop where the white lab coats had appeared for the first time. Second, we
should begin to implement fabrication of missiles from domestic materials accord-
ing to drawings that the Special Design Bureau had belatedly begun to issue. The
most important among them were the drawings for the R-1 missile that Depart-
ment No. 3, headed by Korolev, was issuing.

That year, Gonor traveled with us out to the State Central Test Range in Kapus-
tin Yar to participate in the tests on the German missiles and the following year, in
1948, to participate in the tests on the first series of R-1 missiles. Here, he was the
first to appear before the State Commission when production defects were discov-
ered in the missiles. But the most difficult thing for him was supporting the lifestyle
of all the big shots who did not want to depend on test range chief General Voznyuk
and counted on the all-powerful, rich director of NII-88.

Relations between Gonor and Korolev were complicated. Formally, Gonor was
not Korolev’s immediate boss. Special Design Bureau chief Tritko, Gonor’s former
compatriot at the Barrikady Factory in Stalingrad, still stood between them. But due
to Korolev’s nature and his ambition, he could not endure two artilleryman bosses.
Conflicts arose, often over irrelevant and immaterial matters. Korolev sometimes
went over the heads of Tritko and Gonor to Vetoshkin, Ustinov, and other chief
engineers on problems of design, new proposals, and relationships with contracting
chief designers. Such behavior irritated some. On a number of occasions, knowing
about the special relationship that Pobedonostsev and I had with Korolev, Gonor
appealed to us with the request: “You know his character better than I. Have a
litcle talk with him. Why must we have these quarrels?” We would have little suc-
cess trying to smooth out conflicts over Korolev’s demands—demands that he be
granted greater independence, allowed to create his own experimental shop, granted
privileges in the selection of specialists, and so on. After all, there were also many
other chief designers of various air defense missiles that were zealously monitoring
the actions of Gonor, Pobedonostsev, and Chertok. They might view any assistance
rendered to Department No. 3 as an infringement of their interests. Complaints
were making their way to the Party Committee and even to the local Party Munici-
pal Committee in Mytishchi.'

10. Mytishchi is a suburb of Moscow, about twenty-two kilometers northeast of Moscow, close to

Podlipki (Kaliningrad) where NII-88 was based.
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Because the government considered rocket development especially important,
using wartime experience, it sent a VKP(b) Central Committee organizer—instead
of an elected Party committee secretary—to manage the NII-88 Party organiza-
tion. Gonor was supposed to find a common language with this man, but this was
considerably more difficult than at the factories during the war, when everyone was
united by a single production program and a single motto: “All for the front, all for
victory.”

At that time, directors mingled with workers at Party conferences, at various
meetings of Party and managerial leaders, and later at Party meetings in the depart-
ments. On these occasions, directors could also come under reverse scrutiny of the
workers. At such gatherings, a director’s duties included not just giving speeches
in which he framed pressing problems, but he was also obliged to criticize the
actions and behavior of senior management. Typically, Gonor was accused of not
being demanding enough with regard to Korolev, who was not a Communist Party
member. Gonor was sufficiently wise not to press his luck when it came to criticism
from the top, especially because the general Party atmosphere was becoming increas-
ingly oppressive. A campaign of anti-Semitism, no longer local, but widespread, was
spreading under the slogan of “struggle against rootless cosmopolitans.” The more
accomplished and honored the campaign’s latest victim, the more effective it seemed
was the victory of the ideological champions of the general Party line.

During the war, Gonor, had been a member of the presidium of the Soviet Anti-
Fascist Jewish Committee.!’ When word emerged about the “accident” with com-
mittee head Mikhoels, Gonor blurted out during one of its business meetings, “This
is a very great misfortune. Bear in mind that now a purge will begin in our minis-
try.'* Our institute is too visible. Our subject matter is very enviable and promis-
ing. Ustinov won't be able to protect us.” And indeed, in August 1950, Gonor was
removed from his post as NII-88 director and sent off to be the director of an artil-
lery factory in Krasnoyarsk.'

Later, in January 1953, during the infamous “Doctors’ Plot,” Gonor was arrested.'
Almost simultaneously, the security services also arrested our protector Artillery

11. The Soviet Jewish Anti-Fascist Committee was formed in 1942 with the support of the
Soviet government to help foster support for the Soviet war effort and also to establish contacts with
supporters outside the USSR.

12. Theater actor Solomon Mikhaylovich Mikhoels (1890-1948) became chairman of the Soviet
Anti-fascist Jewish Committee in 1941. He was killed in an automobile crash in 1948 while visiting
Minsk. Evidence suggests that Stalin was directly involved in staging this “accident.”

13. This production facility, Factory No. 4 Named After K. Ye. Voroshilov, was an important
manufacturer of artillery, mortar, sea mines, and bombs.

14. In January 1953, certain Kremlin physicians, mostly Jewish, were arrested on charges of
medically mistreating and murdering various Soviet leaders. The Doctor’s Plot served as a pretext for
a broader society-wide anti-Jewish campaign that was interrupted only by Stalin’s death. See Joshua
Rubenstein and Vladimir P. Naumov, eds., Stalin’s Secret Pogrom: The Postwar Inquisition of the Jewish
Anti-Fascist Committee (New Haven: Yale University Press, 2001).
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From the author’s archives.
Shown here are (left) Maj.-General Lev Gonor (1906-69), the first director of NII-88, the
institute tasked with developing long-range ballistic missiles in the postwar years. Gonor and
Korolev (right) had a complex relationship during Gonor's tenure as NII-88 director. In the
early 1950s, Gonor spent time in prison as part of a wave of anti-Semitic persecution.

Marshall Yakovlev and a number of his GAU colleagues. They were charged with
deliberate sabotage during the production of the new automatic antiaircraft guns
designed by Grabin.” They were all saved by the death of Stalin. Gonor was com-
pletely rehabilitated. The government returned all of his awards and appointed him
director of the Central Institute of Aviation Motor Construction (TsIAM) branch
in Turayevo, located in the Moscow suburb of Lyubertsy.'®

It is difficult to explain what sort of logic governed our high-ranking officials in
many similar cases. Consider the course of events: a specialist in the field of artil-
lery production technology became the director of what was at that time the largest
missile scientific-research center in Europe and, perhaps, in the world. Four years of
managerial work in the field of rocketry provided the wise and experienced Gonor
with a great deal of valuable knowledge, connections, and contacts and would have
enabled him to be used to great advantage specifically in that field.

15. Vasiliy Gavrilovich Grabin (1900-80) was a famous wartime designer of guns and cannons.
Chertok describes his work at length in Chapter 27.

16. TSIAM— Tientralnyy institut aviatsionnogo motorostroyeniya. TSIAM was (and still is) one of the
leading Soviet/Russian research institutes doing fundamental research on aviation propulsion.
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But instead of bringing Gonor back to the missile industry, the Central Com-
mittee’s defense industry department decided that the aircraft engine building base
needed to be reinforced with experienced personnel. And so Gonor was once again
to start from square one and learn the technology for state-of-the-art aviation engine
building. But his health had already been undermined. He developed gangrene of
the extremities, and his fingers had to be amputated. On 13 November 1969, Gonor
died at the age of sixty-three. His name is practically forgotten in Kaliningrad, the
town outside Moscow for which he did so much in the most difficult early postwar
years."”

MORE THAN LIKELY, NOT WITHOUT PROMPTING FROM THE PARTY CENTRAL COM-
MITTEE MANAGEMENT, Ustinov approved the NII-88 structure so that the position
occupied by Korolev in the official hierarchy was not all that high. He was just a
department chief. And in 1947, the new NII already had more than twenty-five
departments. From his very first days on the job at the new NII, Korolev’s quest
for personal authority and to broaden his sphere of activity caused conflicts with
administrative and Party leadership.

In Germany, Korolev had been the chief engineer of the Institute Nordhausen
and Glushko, Ryazanskiy, Pilyugin, Kuznetsov, and many other civilian and mili-
tary specialists were under his authority. After Korolev returned to the Soviet Union,
it was decided that he not be given such freedom and authority. Now Glushko,
Ryazanskiy, Barmin, Kuznetsov, and Pilyugin stood considerably higher than
Korolev on the official “table of ranks” because they were directors or “first deputy”
directors of Soviet enterprises or institutes with experimental factories.

Structurally, NII-88 consisted of three major units:

* aspecial design bureau (SKB);

* a unit comprising scientific-research and design departments for various

disciplines; and

* alarge experimental factory.

K. I. Tritko was appointed SKB chief. He was the former chief engineer of the
Barrikady artillery factory. Tritko was a typical administrative director of a wartime
artillery factory. He had never come into contact with rocket technology or science
before being assigned to NII-88. The SKB consisted of design departments headed
by chief designers of rocket systems with the following tasks:

Department No. 3 (Chief Designer S. P. Korolev) was responsible for designing
the R-1 and R-2 long-range ballistic missiles and for reproducing the German A4
missile.

Department No. 4 (Chief Designer Ye. V. Sinilshchikov) was responsible for

17. Kaliningrad is the Moscow suburb now known as Korolev where NII-88 (TsNIIMash), along
with RKK Energiya, and a number of other Russian defense enterprises are still located.
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designing long-range surface-to-air guided missiles with a homing head (R-101)
and for modifying the captured Wasserfall missile (the Germans had not yet com-
pleted the acceptance process for it to become operational.).

Department No. 5 (Chief Designer S. Ye. Rashkov) was responsible for design-
ing the R-102 medium-range surface-to-air guided missile and for reconstructing
the German Schmetterling and Rheintochter missiles.

Department No. 6 (Chief Designer P. I. Kostin) was responsible for designing
R-103 and R-110 solid- and liquid-propellant unguided surface-to-air rockets, with
a range at altitude of up to fifteen kilometers, using as a basis the German solid-
propellant Zjphoon rocket, which had also not been optimized to the point of accep-
tance as an operational armament.

Department No. 8 (Chief Designer N. L. Umanskiy) was the special department
involved in liquid-propellant rocket engines using high boiling point oxidizers for
surface-to-air missiles. It had a test station and an experiment shop.

Department No. 9 (Chief Designer A. M. Isayev) was the department involved
with liquid-propellant rocket engines for surface-to-air missiles. This department
was created in 1948, incorporating the personnel transferred from NII-1. Two years
later Department No. 9 absorbed Department No. 8. I had something to with
that.

I shall digress in order to describe my involvement in Isayev’s fate. Isayev left
the Institute RABE in late 1945, and returned to his “home” Factory No. 293 in
Khimki. By this time, the factory had become a branch of Ministry of Aviation
Industry’s NII-1.

Let me remind the reader that NII-1 was created from NII-3, the former RNII
in Likhobory. To this day, the main building of this historical institute, where so
many “enemies of the people” worked, displays an inscription that in days gone by
concealed that institution’s activity: “All-Union Institute of Agricultural Machine
Building.”

In fact, the building really was erected for the Institute of Agricultural Machine
Building. But in 1933, when, at Tukhachevskiy’s insistence, the Leningrad Gas
Dynamics Laboratory (GDL) and the Moscow Group for Reactive Motion (GIRD)
merged, they were given the main building and referred to as the Reactive Scientific-
Research Institute (RNII).!®

In autumn 1947, when I returned from Kapustin Yar and was deeply involved
in setting up NII-88, Isayev tracked me down. He was in a terribly gloomy mood.
He told me that our beloved patron, Viktor Bolkhovitinov, who was the NII-1
institute’s scientific chief was not getting along with the ministry brass, had given
up on the whole future of rockets, and was returning to the field of aviation as

head of the design department at the N. Ye. Zhukovskiy Air Force Academy. A new

18. GDL—Guazodinamicheskaya  laboratoriya; GIRD—Gruppa  issledovaniya  reaktivnogo
dvizheniya.
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director, Mstislav Keldysh, was coming to NII-1 from the Central Aero-Hydro-
dynamic Institute (TsAGI).” “He doesn’t know anything about liquid-propellant
rocket engines, and there is nothing for me to do there.”

I told Isayev about the prospects for NII-88 and went on and on about what
Minister Ustinov—whom Isayev did not yet know—Vetoshkin, and Director
Gonor thought of our work. “And of course you know Pobedonostsev very well. He
will certainly support your transfer!”

Isayev knew how to make radical decisions. In both his personal and professional
life, he was not afraid of changing course if he had come to the conclusion that he
was on the wrong one. “Blow my brains out! Why didn’t I think of that before? Why
was | dragging my feet, what was I waiting for?”

The following day, I persuaded Pobedonostsev to take on Isayev and together we
visited Gonor in his office. He approved our proposal and immediately telephoned
Vetoshkin. Having received Vetoshkin’s approval, Gonor requested that I convince
Isayev and, so that there weren’t any misfires, tell him that the matter had already
been approved by the NII-88 director and the Ministry of Armaments.

Gonor told us that “Isayev himself must appeal to the Ministry of Aviation
Industry so that they don't accuse us of luring specialists away from the aviation
industry over and above the quota allowed by the [1946] decree.”

Isayev energetically sprung into action, and as a result, in 1948, the two min-
isters issued an order transferring Isayev’s entire staff from the Khimki branch of
NII-1 (Factory No. 293) to NII-88.

This decision was important for Isayev’s subsequent fate—as well as that of many
of his colleagues. At NII-88 an experimental facility was created for Isayev. He rap-
idly took over work on low-thrust liquid-propellant rocket engines using high boil-
ing point components for surface-to-air missiles, medium-range missiles, and, sub-
sequently, ship-borne missiles. In 1959, Isayev’s team was detached from NII-88
to become the independent special design bureau OKB-2, which later became the
Chemical Machine Building Design Bureau (KB Khimmash), one of the country’s
leading firms in rocket and space engine construction.”

Neither I nor Isayev could foresee that our heart-to-heart conversation in the
autumn of 1947 would be so fateful for cosmonautics. It has been said many times
that history does not care what might have been. But if Isayev had remained to
languish at NII-1, and if he had not accepted my offer, then who would have devel-
oped the maneuvering and braking propulsion system for the Vostok, Voskhod, and
Soyuz spacecraft? Someone, of course, would have developed it, but I am not sure

19. TsAGI— Tientralnyy aerogidrodynamicheskiy institut. TsAGI was (and still is) the leading Soviet/
Russian R&D institution in the aviation sector. Additionally, the entire Soviet aviation design bureau
system emerged from TsAGI in the 1930s.

20. This organization is today known as KB Khimmash imeni A. M. Isayeva (Design Bureau of
Chemical Machine Building Named After A. M. Isayev).
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that we would have launched a man into space on 12 April 1961.

IN 1948, I wAS DIRECTLY INVOLVED IN AUGMENTING NII-88 with yet another
group from the aviation industry. In March 1948, Gonor gave me, as he put it, a
delicate personnel assignment: “Yesterday I had a visit from Professor Karmanoyv,
who works in an aircraft design bureau. The chief designer of that KB is Engineer
Colonel Pavel Vladimirovich Tsybin.?! They are located somewhere in Beskud-
nikovo. Supposedly, they no longer have any work and they are ready to conduct
negotiations concerning collaboration. Your job is to see what kind of people they
have there, get acquainted with the chief designer, and have a discussion with him.
Don’t make any promises until we have made arrangements here in our own min-
istry.”

The next day I went to the northern edge of Moscow and barely managed to
find barracks housing the design bureau that was headed by Pavel Vladimirovich
Tsybin. Tall, well-built, and blue-eyed Engineer Colonel Tsybin received me cor-
dially. However, when I alluded to Professor Karmanov’s appeal to Gonor, he burst
out laughing and shouted:

“Boris Ivanovich!”

The same Karmanov who had visited Gonor approached.

“This is Karmanov, but he is still a long way from being a professor. It just made
it easier to gain access to your director.”

When we turned to business, it became clear that we had many common acquain-
tances. Above all, it turned out that Tsybin was the chief designer of various gliders
and before the war, he used to meet with Korolev.

“But in 1938, our association ended. Now I know why,” he said.*

When he heard that I had been involved with the BI rocket-plane, he became
very animated and said that now it was possible to explain the true cause for the
death of pilot Grigoriy Bakhchivandzhi, thanks to the experience that had been
gained using the flying laboratories that had been developed by Tsybin’s KB and the
flight research that was being conducted at the Flight-Research Institute (LII).” The
work was now completed, but its future was unclear.

I announced that I was not leaving “this barracks” until Pavel Vladimirovich
divulged the mystery of Bakhchivandzhi’s death. The crux of the matter was that,
having a great deal of experience in glider design, Tsybin had agreed to create gliders

21. KB—Konstruktorskoye byuro (Design Bureau).

22. Korolev spent six years in various Soviet prisons and labor camps after his arrest in 1938.

23. LII—Letno-issledovatelskiy institut. LII was one of the major Soviet testing facilities for high-
performance aircraft. For the history of the BI rocket-plane, see Boris Chertok, Rockets and People. Vol.
1, ed., Asif A. Siddiqi (Washington, DC: NASA SP-2005-4110, 2005), pp. 193-200.
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in the form of flying laboratories for acrodynamic studies at subsonic speeds.**

“In the wooden glider we reached near-sonic speeds, somewhat exceeding the
speed of the towing aircraft,” he noted.

The specially designed glider was equipped with a solid-propellant accelerator
and was loaded not only with a pilot, but also with water ballast. Once it was lifted
on the aircraft towline to a high altitude, the glider pilot released the craft from the
towline and dove steeply toward the ground, switching on the accelerator during the
dive. When the maximum allowable speed was reached, the pilot opened the water
drainage valve, pulled out of the dive, and went in for a landing in the glider, which
had dumped almost half its weight. The accelerators made it possible to reach a
speed of almost 1,000 kilometers per hour during the dive. The glider’s strong wing
was attached to the fuselage on a dynamic suspension bracket, making it possible to
determine the primary acrodynamic characteristics C, C, and M, and the distribu-
tion of pressure over the wing.*

For the first time in the USSR, snapshots were obtained in flight of sudden
changes in compression, the nature of the airflow over the wings, areas where the
flow was interrupted, and deterioration of the control surfaces” effectiveness.

“We conducted many dozens of flights and discovered very hazardous flight
modes that were accompanied by losses of controllability. Something like that
happened on the BI when Bakhchivandzhi reached maximum speed,” explained
Tsybin.

I could have listened to Tsybin for hours. But at that time, having painted an
alluring landscape of our field, I convinced Pavel Vladimirovich to transfer to us
at NII-88. A couple of days later, he met with Gonor and then with Vetoshkin.
The orders of the two ministers were drawn up rather quickly. More than twenty
of the thirty individuals who had worked at Tsybin’s OKB transferred to NII-88.
Tsybin himself was named chief of Department I for testing. His deputy was Leonid
Voskresenskiy. “Professor” Karmanov was put in charge of aiming technology and
worked at the launch pad.

LET’S RETURN TO 1946—47. The list of NII-88 SKB projects, taking into con-
sideration modifications of all kinds, surpassed all the activities conducted at Peen-
emiinde! And all of this was under the jurisdiction of a single chief, a mere artil-
leryman, Karl Ivanovich Tritko. Officially, Korolev was subordinate to him, as was
another department chief, Kostin. When asked by Ustinov during the inspection
of a V-2 in Germany in 1946, “Well, Pavel Ivanovich, can you make a missile like

24. While working at LII, Tsybin developed two advanced design rocket-planes, the LL-1 and the
LL-3, to test various innovative wing designs at subsonic speeds. These vehicles flew about 30 and 100
test-flights respectively.

25.C, denotes the drag-force coefficient, C}, the lift-force coefficient, and M, the pitching moment
coefficient.
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this?” Kostin’s reply was “Of course, Dmitriy Fedorovich, if you give me about ten
electricians.”

“Well, I see you're a bold man,” chuckled Ustinov. Tritko felt comfortable with
SKB chief designers Sinilshchikov, Kostin, and Rashkov, former artillerymen them-
selves, and saw them as kindred spirits, more so than he did the initially enigmatic
Korolev. And besides, Korolev had such a past. If pressure were brought to bear on
him, then very likely no one would stand up for him. But, it turns out someone did
stand up for him. Much, much later it came out that in 1946, before the order was
issued appointing Korolev as chief designer of long-range ballistic missiles, Yevgeniy
Sinilshchikov’s more amenable and “clean” candidacy had been proposed.?® Ustinov
had been pressured to pick Sinilshchikov, and he began to waver. After all, why take
someone from outside the fold if you have your own tried and true people? But
here again Gaydukov played a role, and not for the last time. He was very familiar
with the complex structure of the bureaucracy and the personal relationships that
controlled job placement. He did everything in his power to prevent a fatal mistake,
and the order appointing Korolev instead of Sinilshchikov was signed.

The second major structural unit at NII-88 was the block of scientific depart-
ments under the management of Chief Engineer Pobedonostsev. The primary
departments were:

Department M, materials technology (Chief V. N. Iordanskiy);

Department B, strength (Chief V. M. Panferov);

Department A, aerodynamics and gas-dynamics (Chief Rakhmatulin);

Department I, testing (Chief P. V. Tsybin);

Department U, control systems (Chief B. Ye. Chertok);

Department T, rocket propellants.

Having received my own department, as well as being deputy chief engineer
of the institute, I felt a certain degree of independence and on many issues went
straight to Director Gonor, to Vetoshkin at the ministry, or to the office of Spe-
cial Committee No. 2. As a result, by late 1947, it was possible to create within
the department a well-equipped experimental shop staffed with skilled workers, a
special instrument design bureau, and numerous specialized laboratories. The main
problem was personnel, but the ministry was not stingy in sending us young special-
ists and encouraged the transfer of specialists from other enterprises.

In December 1947, after our return from Kapustin Yar, where the first A4 missile
firings had taken place, Minister Ustinov ordered Gonor to assemble the Party and
operations leaders from all of NII-88. More than a thousand persons gathered in
the club of former Factory No. 88. After Gonor’s brief report on the state of affairs
at NII-88, Ustinov delivered scathing criticism of the leadership and especially of

26. In 1991, Korolev’s deputy Vasiliy Pavlovich Mishin revealed that Sinilshchikov had been
considered for Korolev’s post in 1946. See B. Konovalov, “Iz Germanii—v Kapustin Yar” (“From
Germany to Kapustin Yar”), lzvestiya, April 6, 1991, p. 3.
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the experimental factory for the slow pace of its reconstruction, which threatened to
disrupt the work schedule for the production of the first series of R-1 missiles.

During his speech he was handed a note, which he read aloud: “Comrade Usti-
nov, in your speech you praised Chertok for his organization of work on guidance
systems. But Chertok owes his success to you. You have helped him more than
others. Help the others and their projects will thrive.” After reading the note, Usti-
nov replied: “It isn’t signed. But it’s not hard to guess its author. It’s one of those
individuals who has been criticized today. I am assisting Chertok only because I see
that his projects are going somewhere and he is solving complex problems. I prom-
ise to help each one of you who organizes his work well. And if someone’s project
is still a mess, then why should I help him? He needs to be removed from the job.”
Ustinov’s response to the anonymous note did not increase my fan club.

My whole Department U developed good relations with Korolev and his entire
staff in SKB Department No. 3. We were united not only by our joint work in Ger-
many, but, to an even greater degree, by the missile flight tests at the Kapustin Yar
test range. There we were testing our characters as well as missiles.

Our relationships with the chief designers of surface-to-air missiles and SKB
Chief Tritko shaped up quite differently. Tritko and Sinilshchikov were faithful to
the artillery traditions. Surface-to-air guided missiles were shells to them. They con-
sidered that their main task was to produce good drawings so that these shells could
be manufactured. It was just dandy that there was no need to design the “cannon”
to shoot them. The missile would accelerate itself to a speed that surpassed that of
an artillery shell!

Sinilshchikov used to love to say, “My designers in Department No. 4 draw better
than the designers in the other departments.” It seemed that the most important
thing was the quality of the drawings, and whether an aircraft would be destroyed
by a well-drawn missile, that was the guidance specialists’ problem. Their guidance
specialists worked at the NII-885 institute. There Ryazanskiy had set up the guid-
ance department for surface-to-air missiles with Govyadinov in charge. He was a
radio engineer coming into contact with this field for the first time. There was no
qualified director of operations for the creation of the entire air defense missile
system.

Sinilshchikov and Tritko complained to Gonor and to the Party committee that
Department U, under Chertok’s management, was only working on Korolev’s proj-
ects—ballistic missiles—and was not devoting attention to surface-to-air missiles.

I ventured to tell Pobedonostsev that NII-88 was, in principle, not capable of
tulfilling two programs: the long-range guided missile program and the air defense
missile system program. He agreed with me, but who would dare report to the top
that we were not capable of implementing a task that the decree signed by Stalin
had entrusted to us?

Many of the conflicts between the NII-88 directors were temporarily elimi-
nated by Ustinov’s order dated 26 April 1950, which was prepared by Gonor with
Korolev’s involvement. According to that order, the SKB in NII-88 was abolished.
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Using the facilities of the eliminated SKB, Specialized Design Bureau No. 1 (OKB-
1) for the development of long-range missiles and OKB-2 for the development of
surface-to-air guided missiles were established. Korolev was appointed head and
chief designer of OKB-1. Tritko was assigned acting chief and chief designer of
OKB-2. Korolev’s appointment was logical and understandable. Everyone inter-
preted the second appointment, that is, Tritko’s posting, as temporary. Gonor told
me, “This is so we can catch our breath.”

The most difficult situation of all was mastering the missile technology at the
factory. The factory was the third, and to a great extent, the defining structural unit
of NII-88. The factory personnel—management and workers—were steeped in the
traditions of the artillery factory. We used to joke, “They’re still using technology
from the times of Peter the Great and Demidov.””

In 1941, the main part of artillery Factory No. 88 was evacuated.” In Podlipki,
for the most part, the work was armament repair. By the end of the war the factory
was partially restored and had been set up for the series production of automatic
antiaircraft guns. The factory personnel would have to be retrained. The new tech-
nology required a systemic approach not only during the design process, but also
during the organization of production. The entire missile production process, from
concept through the factory production process to the firing range tests, had to
proceed from principles of unity and interdependence in the work of the drafter,
designer, process engineer, and tester with great external cooperation. Reprimands
were heard from above and below about the factory’s slow reconstruction. Officially,
the factory had its own director and chief engineer. But Gonor was still considered
to be responsible for everything. The chief designers complained that the factory
was fulfilling their orders slowly and with poor quality.

During the first years working on rocket technology, virtually none of the insti-
tute directors criticizing the factory were able to specifically spell out what needed
to be done to improve the standard of production and to determine the role of each
shop chief, foreman, and worker. There were too many abstract decisions.

Ustinov’s attitude was merciless toward shop chiefs and production chiefs when
it came to filth and uncouth behavior. During factory visits, he started with the
bathrooms. As a rule, in the shops, long before you reached the bathroom, a dis-

27. Nikita Demidovich Antufyev (1656-1725) (he later took the surname Demidov) was a
blacksmith from Tula who accumulated great fortune by manufacturing weapons and building and
operating an iron foundry in Tula after receiving land grants from Peter the Great.

28. Here, Chertok is referring to the massive evacuation of industrial institutions (mostly factories)
that took place after the Nazi invasion of the Soviet Union in June 1941. Through the end of the year,
hundreds of factories were literally packed up and moved to the eastern Soviet Union. Like many
Soviet factory locations, the site occupied by the postwar Factory No. 88 had a confusing history.
During the Nazi invasion, this site was occupied by Factory No. 8, whose equipment was evacuated
to several different locations to the east in October 1941. A new plant, Factory No. 88, was then
established on the evacuated site in December 1942,
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tinctive “aroma” wafted toward you. In the bathrooms themselves, you had to walk
through puddles. Ustinov would fly into a rage and thunder, “I can look at a john
and see what the shop chief is like. Until your johns are a model of cleanliness, there
won't be cleanliness in your shops.”

Many years have passed since then. The problem of cleanliness in the public
toilets at our factories and institutes, however, just as in the country as a whole, has
yet to be solved. This has proved to be far more difficult than creating the most for-
midable nuclear missiles and fighting for world superiority in cosmonautics.

To this day, the blatant lack of manners and of a standard for general industrial
cleanliness and hygiene is one of the reasons for the low quality of many domestic
articles. During the war and in the ensuing years, concern about elementary com-
fort in the shops and the creation of a general atmosphere suitable for and attractive
to workers was considered an excessive and impermissible luxury. Yet, in the end,
expenditures on cleanliness, comfort, and elementary service were repaid with inter-
est by increased productivity and quality.
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Chapter 5
The Alliance with Science

Beginning February 1947, during the first three months of work at NII-88, it
seemed to me that I was recreating something resembling the Institute RABE in
the four-story building allocated for my department. The laboratories were being
stocked with equipment and staffed with artillery specialists left over from cannon
Factory No. 88, young specialists who had arrived voluntarily after their demobili-
zation from the army, and those ordered by the ministry to join us after graduating
from technical institutes, universities, and technical schools.

A similar process was underway in all the other departments of NII-88. Officially,
my direct chief was NII-88 Chief Engineer Pobedonostsev. We had established good
relations as early as 1944, when NII-3 was transformed into NII-1." He relied com-
pletely on my experience and did not bother with managerial instructions. Most of
Pobedonostsev’s time was taken up with a multitude of routine organizational prob-
lems concerning the departments of materials technology, testing, engines, acrody-
namics, and strength, plus the conflicts that arose in the design bureau.

The new SKB chief, artilleryman production worker and former blacksmith Karl
Ivanovich Tritko, was not highly esteemed among the chief engineers subordinate
to him. Each of them demanded independence, priority in production, and direct
access to the director and the ministry.

Director Gonor’s greatest concern was for factory reconstruction. All of us were
anxious over both the preparation for flight tests of the V-2 missiles brought in
from Germany and their production processes. On one of those hectic days in May,
Gonor requested that Pobedonostsev and I report immediately to his office. When
we had seated ourselves in the soft armchairs arranged before his enormous desk, he
leisurely opened a pack of Kazbeks, lit one up, offered the pack to us, and looking at
us slyly through half-closed eyes, he paused. Pobedonostsev was not a smoker, and
instead of having a cigarette, without asking permission, I poured myself a glass of

1. The original Reactive Scientific-Research Institute (RNII), formed in 1933, went through
several different incarnations. It was known as NII-3 in 1937—42 and then was united with a number
of other different teams and factories to become NII-1 in 1944,
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sparkling Borzhomi mineral water from the bottle standing on the director’s desk.
Gonor asked an unexpected question:

“Comrade missile specialists, what, in your opinion, should be the objective of
higher science in the postwar period?”

I recalled a statement from a philosophy course and answered, “The objective of
science is knowledge.”

“I just received a call from Dmitriy Fedorovich [Ustinov],” said Gonor, switch-
ing to an official tone, “He is not pleased that we have not yet established close
contacts with the Academy of Sciences. He insisted that we draw up proposals. To
begin with he asked that we personally acquaint President of the USSR Academy
of Sciences Sergey Ivanovich Vavilov with our problems. The president will visit us
next week; probably with a large retinue of scientists. Get ready. Think about what
to show them and what serious problems to pose before academic science. Keep
in mind that Vavilov is not an armchair scientist, but a prominent physicist with a
great deal of organizational experience. During the war he personally managed the
development of the most complex optical instruments and mobilized the Academy
of Sciences to help weapons production. According to my data, there are currently
more than 20,000 persons working at the Academy. Comrade Stalin personally
supports Vavilov.”

“While you were there in Germany studying German technology, very crucial
events were taking place here for Soviet science,” continued Gonor. “In July 1945,
there was a very festive celebration of the 220th anniversary of the Academy of Sci-
ences. | was not present for the festivities, but I have been told that supposedly the
old Academy president, botanist Komarov, said something wrong, but I don’t think
that was the issue.? Iosif Vissarionovich [Stalin] had understood for some time that
the Academy needed a president who was younger and more energetic and who
had a closer relationship to industry. A month after the anniversary celebration, the
Academy’s general assembly elected a new president, Academician Vavilov. Vavilov
is a scientist, a physicist with a worldwide reputation. He has been reorganizing the
Academy’s work for two years, and now is precisely the time to get the Academy
scientists interested in our work. You should have shown the initiative yourselves
without waiting for ministry instructions.”

I tried to defend myself by indicating that I had already established contact with
the Academy’s Institute of Automation and Remote Control, but Gonor showed us
out, having instructed Pobedonostsev to have the appropriate explanatory talk with
Korolev and Sinilshchikow.

After returning to my office, first of all, I assembled my “inner circle” to report to
them about the talk with Gonor and to get their ideas about the upcoming crucial
meeting with the Soviet Union’s foremost man of science.

2. Vladimir Leontyevich Komarov (1869-1945) served as President of the USSR Academy of
Sciences between 1936 and 1945.
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During the first months since our return from Germany I began to understand
that the situation in Soviet science had changed substantially compared with tri-
umphant 1945. Party and State monitoring of the behavior and attitudes of sci-
entists had intensified. Scientists recruited for work involving the most important
defense programs were, however, more protected from charges of “servility to the
West and capitalistic culture.” The scientific community supported proposals of the
Party Central Committee and ministries on their participation in missile technol-
ogy projects for three reasons. First, the participation of a scientist in such projects
was a sort of confirmation of his or her loyalty. Second, this new field of activity
really was an extremely beneficial field for creative forces freed from routine indus-
trial burdens. And third, participation in “Top Secret” operations strengthened the
authority of scientific organizations at the regional, municipal, and oblast level for
solving a multitude of economic problems.’

Aside from these practical factors, the field of missiles attracted true scientists
with its romantic appeal. Maybe we really would actually achieve the dream of
interplanetary flight in our lifetime! The war had shown that an inflexible armchair
scientist stood little chance of achieving great scientific and technical advancement.
But missile technology promised just such a chance!

THE DAY AFTER OUR TALK WITH GONOR, Pobedonostsev surprised me. He was
significantly better informed than I of the general political situation.

“At our upcoming meeting with President Vavilov, keep in mind that he had an
older brother Nikolay, who was also an academician with a worldwide reputation,
a famous biologist and botanist. He was elected an academician back in the 1920s,
while Sergey was elected in the early 1930s.”

I answered that I had heard about the scientific feats of the botanist Nikolay
Vavilov even when I was a schoolboy. “But why do you say ‘was’?”

“Here’s the deal. God forbid you should mention him. He was repressed. I think
he may no longer be among the living.”

“So how can the brother of an ‘enemy of the people’ be elected president of the
Academy of Sciences?” I asked.

“It’s a very complicated matter,” answered Pobedonostsev. “Perhaps by support-
ing the candidacy of Sergey Vavilov to the high post of president, Stalin wanted to
prove his objectivity or soften history’s verdict for the death of Nikolay Vavilov.”

“I see. If Stalin supported Sergey’s candidacy, then the academicians supported
him all the more so. They thereby expressed their solidarity with Vavilov.”

Sergey Vavilov was elected president by secret ballot at a general assembly of the
Academy of Sciences. This election proved a success for the Academy and for all of
Soviet science at that time.

3. Oblast is the Russian word for domestic geographical units just below the national level.
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The details of the tragic fate of Nikolay Vavilov were not discovered until the end
of the twentieth century, when historians gained access to the top secret archives.
Both brothers, Nikolay and Sergey, were scientists with worldwide reputations.
Sergey Vavilov headed the State Optical Institute and the P. N. Lebedev Physics
Institute of the USSR Academy of Sciences (FIAN)*. Before he became president,
Vavilov directed and coordinated all of the primary research in the field of optics
and participated directly in the establishment of the optical instrument industry,
which, from the beginning of the war, the People’s Commissariat of Armaments
managed. For this reason, Ustinov had known Vavilov well beforehand and deferred
to him, not only because he was president of the Academy of Sciences.

During the war and during the early postwar years, the leaders of the branches
of the defense industry, and above all of the People’s Commissariat of Armaments,
sensed the power that was possible from the interplay between creative scientific
thought and industry.

For Sergey Vavilov, rocket technology was a field that catalyzed a wide range
of research to be conducted in a whole series of new scientific areas. It was said
of Vavilov that he possessed great courage and perseverance; he especially consid-
ered the recently discovered potential in the combining of science with technology
promising. As early as 1934, it was Vavilov who had been appointed Chairman
of the Commission for the Study of the Stratosphere under the Presidium of the
Academy of Sciences. At that time, this was a very important new field of research.
Vavilov also organized the All-Union Conference on the Stratosphere, which was
held in Leningrad in 1934. At that conference, Koroley, still an unknown engineer,
gave a report on a rocket-powered stratospheric airplane.

One must assume that Vavilov’s collaboration with the influential leaders of the
military-industrial complex made it easier for him to defend the Academy and many
scientists against the new wave of repressions in the postwar years.

AS IT TURNED OUT, THE WEEK AFTER OUR CONVERSATION WITH GONOR, Acad-
emy President Vavilov came to see us, not with a retinue of venerable academicians,
but accompanied only by a woman. On the scheduled day of the meeting with our
high-ranking guest, Gonor telephoned and asked me an unexpected question:

“What institute did you graduate from?”

“V. M. Molotov Moscow Power Engineering Institute.”

“Who is the director there?”

“Valeriya Alekseyevna Golubtsova.”

“You must know she’s no longer Golubtsova, but Malenkova, the wife of Georgiy
Maksimilianovich [Malenkov].”

“I know very well, Lev Robertovich, but what do you want from me?”

4. FIAN—Fizicheskiy institut akademiy nauk.
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“You've got to tell her about the problems that her institute can help us with,
and I am going to introduce you as a graduate of the Moscow Power Engineering
Institute working here in a managerial position. Perhaps she really will be of some
benefit. Keep in mind that she is coming with Sergey Ivanovich Vavilov.”

Gonor clearly wanted the NII-88 institute to make an impression on Golubtsova.
After visiting us, who knew what she might say to Malenkov himself, who was not
only a Politburo member, but also the chairman of Special Committee No. 2! Such
a visit could have important consequences. Each serious undertaking for the devel-
opment of rocket technology required the government’s support, but, ultimately, it
was signed by Stalin. And Malenkov had to report to Stalin. I didn’t explain that I
knew Valeriya Golubtsova even before she became director of the Moscow Power
Engineering Institute (MEI), and I had no doubt that the meeting would be benefi-
cial for both NII-88 and MEI.

Gonor designated Pobedonostsev, Korolev, Sinilshchikov, and me to attend the
meeting with Vavilov and Golubtsova. At the appointed time we stood at the main
entrance of administrative building No. 49. Vavilov and Golubtsova arrived in the
same ZIS automobile.® Vavilov let Golubtsova pass through just slightly ahead.
Gonor decided to introduce each person. When she saw me, Golubtsova smiled
amiably, extended her hand, and—uncharacteristically for a woman—gave my
hand a firm squeeze.

“Well, Chertok, so this is where you've ended up.”

Then she turned to Vavilov, evidently continuing a conversation that they had
been having en route to Podlipki. “Look, Sergey Ivanovich, MEI can already report
that its graduates are making rockets.”

Thus, I was honored with the attention of the president, whom I was seeing for
the first time. Very likely I was embarrassed because I couldn’t for the life of me
remember whether Golubtsova and I were on a first name basis back in our student
days of long ago, but I quickly calmed down and adopted a business-like, focused
attitude.

Gonor was clearly pleased that his honored guest liked his institute’s first “exhibit.”
We went up to the second floor. I noticed that Vavilov climbed the stairs with great
effort. In Gonor’s office, Vavilov asked that we brief him on the institute’s tasks
and structure and, if we were prepared, that we tell him in the most general terms
about the problems that the Academy might be able to assist us with. “Actually,” he
added, “the Academy itself is interested in these projects. In particular, completely
new opportunities are emerging for studying cosmic rays, the upper layers of the
atmosphere, and various phenomena in the ionosphere. It would be possible to

5. MEI—Moskouvskiy energeticheskiy institut. The full name of the institute was the Moscow Power
Engineering Institute Named After V. M. Molotov.

6. ZIS—Zavod imeni Stalina (Stalin Factory). ZIS cars were the most common official vehicles
during the era.
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conduct very important joint work to study the passage of radio waves through the
ionosphere if we succeeded in installing the appropriate equipment on rockets.”

Korolev was enthusiastic about the ideas expressed by Vavilov. He proposed that
we switch from general ideas to specific proposals concerning experiments as early as
the autumn of that year. “To do that,” declared Korolev, “we need not only wishes,
but descriptions and drawings of instruments, connection diagrams, and specialists
with whom we could work on specific layouts.”

My “bag of tricks” contained proposals for research on the properties of the iono-
sphere to reduce errors in radio control systems and the development of problems
for the radio monitoring of flight trajectories. Gonor listed several problems in the
development of new materials. All in all, the list of tasks for the Academy of Sciences
became quite large. Vavilov listened attentively and took notes in his notebook.
Golubtsova listened attentively and also made notes in her notebook. The wife of
the second ranking figure in the government of the USSR behaved very modestly.
She was wearing an austere, but elegant, tailored suit and no jewelry. I had seen her
for the first time in 1936. At that time, she was beginning her graduate studies at
MEI. Now I would say she was forty-six years old, but she hadn’t put on weight, as
one might expect of the director of a major institute, a well-respected lady, and the
mother of three children.

The conversation with Vavilov ended with him saying, “Well, there is really
nothing to see here yet. It’s too soon. You'll have a special conversation with Valeriya
Alekseyevna.” Golubtsova did not disrupt our conversation with the president, but
at the end she suggested that I come to MEL

“We will assemble a small group of the faculty, and, if there are no objections,
Chertok will present a report on the main problems. After that we can reach some
agreement on the joint work of NII-88 departments with our departments. If neces-
sary, we are prepared to conclude a contract to conduct scientific-research work using
the personnel of our departments, but,” she added, and this comment betrayed the
experience of an administrator, “we are not terribly interested in simple remunera-
tion and compensation for expenditures. MEI is interested in creating specialized
laboratories, and for this we need help with equipment and instruments.”

At the conclusion of her proposals, Golubtsova accused the industry of being too
protective: “The People’s Commissariats hauled away everything that they possibly
could from Germany, and now they don’t want to share it with the Academy or with
institutions of higher learning. Therefore, if you want science to help, be so kind as
to help science t0o.” In contrast to Vavilov’s mild-mannered way, typical of the old
school intelligentsia, Valeriya Alekseyevna was tough-talking and exacting. “If you
want to have good young specialists, if you want our scientists to help you, if you
want us to conduct serious work for you in our departments, then really help us,
and not with vague wishes.”

Golubtsova felt it was necessary to speak about the differences between MEI’s
focus and that of other institutions of higher learning such as the Moscow Avia-
tion Institute, the N. E. Bauman Moscow Higher Technical School, the Leningrad

98

The Alliance with Science

Military Mechanical Institute, and several others. “MEI is very involved in issues of
the economy generally. The postwar restoration of the devastated power engineering
infrastructure, electric transportation, the mastery of the technologies of modern
electric machine building, the electric instrument industry, cable production,
vacuum tubes, and electric drives for the entire machine building industry—these
are the kind of problems that determine the specialization of MEI graduates and,
respectively, the scientific concerns of the departments.”

The gist of the MEI director’s very emotional speech was that she had decided
to put in their place the missile specialists, who had gone too far in their excessive
appetites. It is very likely that Golubtsova had already conducted similar “educa-
tional” work with the atomic specialists and with others aspiring to privilege in
postwar science. But it all ended peacefully. She repeated her proposal, “Let Chertok
come see us. I hope he still remembers how to get to MEI; we'll work it out.”

When the guests had departed, Korolev did not pass up his opportunity to ask
loudly, so that everyone could hear, “Well, Boris, confess, how did you distinguish
yourself so that a director like that still remembers you after all these years?”

Now I can write about that. Back then, I shrugged it off with a brief response that
I met Golubtsova during our studies at MEIL. From 1943 through 1952, Valeriya
Golubtsova was the director of the Moscow Power Engineering Institute, one of the
country’s largest institutions of higher learning. This amazing woman was a talented,
intelligent, and determined organizer. She fully deserved the title “first lady” of the
state, and in terms of her civic qualities, she personified the grand scale of the state.
Unfortunately, in the twentieth century the careers of female leaders ended before
they could reach their full potential. I have already mentioned the tragic fate of one
such woman, Olga Aleksandrovna Mitkevich, in the first book of this series.” The
story of her life, utterly unusual for a woman, would make a captivating novel. But
among professional writers and journalists, no interested parties have been found.
In this regard, Golubtsova was a bit more fortunate.

On the occasion of what would have been her 100th birthday, the MEI publish-
ing house issued a collection of remembrances about Valeriya Alekseyevna Gol-
ubtsova.? These recollections of her colleagues, former students, and daughter and
sons paint a picture of a courageous woman with a generous heart, “an amazing
director,” and a loving mother who determined the fate of many of our country’s
scientists. The collection contains a chronology that enabled me to fine-tune my
own recollections, which came out in the first volume of the publication Rockets
and People.

I became a student at the Moscow Power Engineering Institute in the autumn

7. Boris Chertok, Rockets and Peaple. Vol. 1, ed., Asif A. Siddigi (Washington, DC: NASA SP-
2005-4110, 2005), pp. 79-93.

8. Valeriya Alekseyevna Golubtsova: Sbornik vospominaniy [ Valeriya Alekseyevna Golubtsova: Collection
of remembrances] (Moscow: MEI, 2002).
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of 1934. At that time the prefix “V. M. Molotov” was an obligatory part of the
Institute’s name. I really didn’t want to quit my job at Factory No. 22, because the
pay was pretty good, and financial support from my parents wouldn't have been
enough to study full-time during the day. So I enrolled in night school without
terminating my factory service.

An incoming class of students made savvier through industrial and life experience
had been selected to enter the institute. Almost all of them had already advanced
on the job to the level of foreman or technician, and their studies at the institute
enriched them with knowledge not for successfully passing the next examination,
but for use in their selected specialty.

They all had the same specialty of electrical engineering. The electromechanical
department, where we were enrolled, had identical programs in all disciplines for
the first three years for the entire incoming class. The night school class turned out
to be very impressive. Many of my classmates later became chief engineers, chief
designers, and directors of design departments. We even had a future academician
in our midst. We were united not only by academic interests, but also by industrial
interests. Gathering for lectures and seminars from our various enterprises without
even having had a chance to cool off after the workday, we swapped news from our
factories.

We were supposed to begin our narrow specializations during our fourth year.
At that time our entire class was broken into three groups: electrical equipment for
industrial enterprises; aircraft and automotive electrical equipment; and cable tech-
nology. The majority of us already had three to five years of industrial experience
before entering the institute, and on average we were within two to three years of
each other in age.

For me, the most difficult times were the end of the third academic year in the
spring of 1937 and the beginning of the fourth in autumn 1937. This was the time
of the famous transpolar flights. I was saddled with the responsibility of preparing
the electrical and radio equipment, first for a squadron of TB-3 aircraft that landed
the Papanin expedition on the North Pole and then for the N-209 aircraft in which
Sigizmund Levanevskiy was supposed to have flown over the Pole to the United
States.”

Due to the heavy work load at the factory, I earned an academic incomplete. I
had no opportunity to take the last exam in the fundamentals of electrical engineer-
ing taught by Academy of Sciences Corresponding Member Professor Krug, nor
the first exam in future Academician Trapeznikov’s course on electric machines, nor
had I completed the course project on the strength of materials.'” The incompletes

9. See Chapter 7 of Chertok, Rockets and People. Vol. 1.

10. Karl Adolfovich Krug, who was elected Corresponding Member of the Academy of Sciences
in 1933, founded the Soviet school of theoretical electrical engineering. Academician Vadim
Aleksandrovich Trapeznikov (1905-), a pioneer in Soviet control theory, headed the Institute of
Automation and Remote Control (from 1969, the Institute of Control Sciences) from 1951 to 1987.
In 1998, the institute was renamed the V. A. Trapeznikov Institute of Control Sciences.
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were still standing in the fall. But in September, when my fourth academic year
had already begun and I was supposed to make up the incompletes within the first
two weeks, work was continuing on the aircraft for the search expeditions that were
being sent out to find Levanevskiy. I wasn't even able to show up at the institute for
the beginning of classes.

I hoped for a “bail out” in the form of a letter written on the letterhead of
the People’s Commissariat of Heavy Industry (specifically its Main Directorate of
Aviation Industry) signed by Andrey Nikolayevich Tupolev himself."" This letter,
addressed to MEI director Dudkin, said that I had been very busy with crucial
work on the preparation of transpolar flights and therefore the State Commission
requested permission for me to take the exams in October or November 1937."2

Appearing for the first time at the general lectures two months late, I received an
assortment of rebukes from my classmates and a warning from the dean’s office that
I should report immediately to the director for the decision as to my subsequent
fate.

My plight might have been harder on my classmates than it was on me. The
feeling of camaraderie and “one for all and all for one” among the night school
crowd was very strong at that time. Lev Macheret, our oldest classmate, whose stu-
dent nickname was Bambula, a sobriquet he had received for his solid, rotund phy-
sique, and who, incidentally, was to become the chief engineer of a cable factory,
announced that he knew how to help me.

“Bambula is coming to Bumba’s rescue,” proclaimed Macheret. “And ‘Sonny
Boy’ is going to help me.” As revenge for the nickname “Bambula,” he called me
“Bumba.” We called the very youngest among us long-in-the-tooth students “Sonny
Boy.” His real name was Germogen Pospelov, a technician at the Moscow Electric
Factory. Sonny Boy was a brilliant student and many years later became an academi-
cian and a world-famous scientist in the field of artificial intelligence."

At our next meeting Bambula and Sonny Boy told me that under no circum-
stances should I go to Director Dudkin. “Go to Golubtsova in the Party Commit-
tee. We explained everything to her.”

Student Golubtsova didn’t appear in our class until our third year. Naturally, at
first we wondered why a woman, clearly five or six years older than our average age,
needed to study with such blue-collar types. Outwardly very reserved, always mod-
estly but elegantly attired; from the very beginning Golubtsova enjoyed deferential
attention among us students. We concluded that a woman with such qualities was

11. Andrey Nikolayevich Tupolev (1888-1972) was the most influential and successful aviation
designer of the Soviet era. His organization, OKB-156, produced several generations of bombers and
civilian aircraft. Like many of his compatriots, Tupolev was arrested and thrown into prison during the
height of Stalin’s Great Terror in the late 1930s.

12. The State Commission was the ad hoc body composed of various industrial representatives
responsible for the polar flights.

13. Germogen Sergeyevich Pospelov (1914-), a specialist in automatic control, was elected an
Academician of the Academy of Sciences in 1984.
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fully capable of playing the movie role of a factory director who exposes a saboteur,
the factory’s chief engineer. The all-knowing secretary of the dean’s office hinted
that she was an official in the Central Committee apparatus and that we shouldnt
be up to any foolishness when she was around. But the outwardly severe Golubtsova
was compelled more than once to turn to her classmates for help. We established
good, comradely relations with her, including swapping course outlines, crib sheets,
and the usual mutual assistance that goes on among students.

Suddenly, the most informed person in our class, Teodor Orlovich, who went by
the nickname “Todya,” and who would later become the chief designer of the cable
industry Special Design Bureau, in strictest confidence informed a tight circle of
comrades that Golubtsova was her maiden name and that she was actually Malen-
kova, the wife of that very same Malenkov, who... “you know.”

We were filled with pride that such a distinguished woman shared our student
ranks, but we soon became accustomed to it because she treated us as equals, rode
public transportation after class in the evening, and got quite objective marks. We
decided that we should be happy that Comrade Malenkov, well-known to the entire
country, had such a good wife, who in the next three years would become a fine
electrical engineer.

However, we were wrong about her intentions. Golubtsova had graduated from
MEI back in 1934, and had been working as an engineer at the Dynamo factory,
while dreaming of leaving to pursue science. She entered the MEI graduate school in
1936. Here it became clear that the accelerated four-year course for engineers from
the ranks of so-called Parttysyachniki (“Party captains of thousands”), which she
entered in 1930, was too condensed.'* She would need to fill the gaps in the basic
electro-technical disciplines, and after enrolling in graduate school, she became a
part-time student of our night school.

Then it turned out that while I was working on transpolar flights and rescue
missions, they had elected a new Party Committee at the institute and Golubtsova,
a fellow student, became its secretary. At that time, the Party Committee secretary
of an institution of higher learning could have as much influence as a director. In
any event, it was impossible to expel a Party member from an institute without the
approval of the Party Committee. On the other hand, the Party Committee could
demand that a disagreeable student be expelled for any political sins. In that case,
the director did not resist.

Following the advice of Bambula and Sonny Boy, I went to the Party Commit-
tee. Golubtsova received me like an old acquaintance. Her Party authority had not
gone to her head in the least. As before, her outfit was modest, beautiful in its own

14. The parttysyachniki were a huge demographic granted preferential treatment for entrance into
institutions of higher learning in the late 1920s and early 1930s. The Soviet government sought to train
tens of thousands of younger workers and peasants for important industrial, military, and Communist
Party positions that had previously been occupied by those educated under the Tsarist regime.
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way, and tasteful. She stood up and with a kind and cheerful expression gave me a
firm handshake. Golubtsova did not start moralizing, but simply asked me when I
would be able to fulfill my incomplete work. And then, instead of a simple response,
I handed her the letter signed by Tupolev.

Recalling that episode now, I think that at that time I wanted to attach more
significance to my persona. Let the new Party Committee secretary know that I was
not some lazy student. Tupolev himself would intercede on my behalf! But the effect
was unexpected. The benevolent smile disappeared. Golubtsova frowned; she walked
over to the safe standing in the corner, placed the letter inside like a secret docu-
ment, and locked the safe. Turning to me, she said quietly, “Forget about Tupelov.
He’s been arrested. Don't even think about telling anybody about that letter, and if
you don’t pass your exams by December, you have only yourself to blame.”"

After such a warning I bolted from work for several days in a row and hunkered
down in the cozy reading room in the Park of Culture and Recreation. By Novem-
ber I had worked off my incompletes, while at the factory I had been reprimanded
for failing to issue the next batch of documentation on time.

Soon rumors were in broad circulation about enemies of the people in the avia-
tion industry and about the conspiracy that Tupolev himself had led. Comrades at
the institute asked bluntly, “What was going on there with you all in the aviation
industry?” My involvement with the transpolar flights was well known, and Bam-
bula, who had a keen wit, reassured me, “If they didn’t take you when they took
Tupolev, then it was simply a matter of sloppy work. Now they’re not about to cor-
rect their mistake, but you still better not fall behind, so it doesn’t catch up with
you.”

Bambula and Todya organized a separate group specializing in cable technology
and talked Golubtsova into switching to that group during her fifth and last year.
That way, she graduated from the institute, as it were, for a second time, receiving a
diploma in electrical engineering with a specialization in cable technology, although
she had been considered a graduate assistant in the cable technology department
since 1930.

During our fifth year we were supposed to have full-fledged daytime classes and
take a leave of absence from the factory. I took my leave of the factory and once
again met up with Golubtsova, this time in order to be placed on the Party roster
at the institute. She had time to complain about the difficulties of combining Party
leadership at the institute with her fifth year studies, and at the same time she asked
me to delve into the affairs of the electromechanical department’s Party organiza-
tion.

“Youve been a Party member since 1932, and now you could be in charge of
organizing your department.”

15. The Soviet secret police, the NKVD, arrested Tupolev on 31 October 1937. He remained
incarcerated until July 1941.
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I responded that I had a lot of gaps in my knowledge and would like to devote
all my spare time to new problems in electroautomation. Nevertheless, when all
was said and done, she had managed to persuade me to “bring order” to the Party
organization of the electromechanical department.

According to some unwritten law, Party members, even leaders who belonged
to the same Party organization, were on a first name basis. That is why seven years
later at our meeting at NII-88, Golubtsova addressed me with familiarity, letting me
know that she had not forgotten our Party association at MEI.

After defending my final thesis, I once again visited the Party committee office,
this time to remove my name from the Party roster. Beforehand someone had
warned me, “Don't forget to congratulate Valeriya Alekseyevna. She defended her
dissertation.” After we congratulated one another, Golubtsova recommended once
again that I enroll at the institute, but this time as a graduate student without taking
a leave of absence from the factory. When I wavered, she insisted, “You graduated
with distinction, you have a great deal of factory experience; consider it arranged.”
As I was leaving, Golubtsova said, “And you have good friends.” Bambula, Todya,
and Sonny Boy really were good friends.

In the fall of 1940, I became a graduate student in the MEI department of
aviation electrical equipment. Department head Professor Frolov even entrusted me
with giving some of his lectures, because he had a heavy load at the Air Force Acad-
emy. The war interrupted my scientific career, which had begun at Golubtsova’s
suggestion.

In the autumn of 1941, like all Moscow institutes, MEI was to be evacuated to
the east. Here is where Golubtsova’s character and will emerged. She organized, to
the extent possible, a normal evacuation, and then the continuation of the insti-
tute’s academic activity at its new site. Bambula and Todya were mobilized for some
particularly vital cable production projects and, having received exemptions from
being drafted into the army, were working in Moscow like soldiers. Sonny Boy was
called up for the army and fought to repel the Germans’ attack on Moscow using
an 1891-model rifle. Given his nearsightedness, this was terribly frustrating for him
and he sent us desperate letters. Now, instead of Bambula and Todya, it was Lev
Macheret and Teodor Orlovich, who appealed to Golubtsova in September 1941.
They requested that distinguished MEI graduate Germogen Pospelov be relieved of
his military duties and that he use his engineering knowledge for victory.

Golubtsova had not forgotten these men, whom she had referred to as my good
friends. Pospelov was detached to the air force just twenty-four hours before the
battle in which his rifle unit was completely wiped out. He finished the war at the
rank of captain as an engineer working on special equipment for a major air force
formation.

Having earned many combat decorations, Pospelov enrolled as a graduate stu-
dent at the N. Ye. Zhukovskiy Air Force Academy. He became an instructor, a senior
lecturer, a professor, and even a general. He developed the theory for and directed
the creation of an experimental blind landing system for airplanes. In 1964, he
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was elected a corresponding member, and in 1984, a full member of the USSR
Academy of Sciences. If not for the initiative of his classmates and the intervention
of Golubtsova, Sonny Boy would have laid down his brilliant head on the bloody
battlefields outside Moscow and Soviet science would not have had an Academician
Pospelov.

In October 1941, the families of all the VKP(b) Central Committee and Polit-
buro members were to be evacuated from Moscow. Malenkov and Stalin remained
in Moscow, having shifted into a state of siege, and Golubtsova was forced to travel
to Kuybyshev (now Samara) with her children and temporarily part with MEL
In Kuybyshev she was appointed instructor of the oblast Party committee for the
defense industry.

In late 1942, the State Defense Committee decided to return a contingent of stu-
dents and instructors to Moscow from evacuation. On 9 January 1943, yet another
decree was issued. It defined a new developmental phase for MEI, in particular, sub-
stantially increasing the number of students and calling back professors and instruc-
tors from active duty in the army. It called for building and equipping laboratories
with new equipment and providing students and instructors with housing and a
food supply. It was astonishing that during the country’s most difficult period of
the war, when Hitler still believed in final victory, the high-ranking political leaders
of the USSR made an unprecedented decision on mobilizing human resources for
the country’s future power in engineering systems! We still had the Battle of Kursk
and more than two years of war ahead of us! Decrees similar to the MEI decree were
also implemented for other principal Moscow institutes of higher learning and for
the Academy of Sciences. In a country that was bleeding to death, the top political
leaders made truly heroic efforts not only to preserve the scientific cadres, but also
to ensure their numbers increased in the future.

In June 1943, Valeriya Golubtsova, instructor for the Party defense industry
oblast committee, was called back from Kuybyshev and appointed director of the
Moscow Power Engineering Institute. A tremendous responsibility lay on the shoul-
ders of this forty-year-old woman. In Moscow, where air raids continued, she needed
not only to restore the academic process, but also build new academic buildings and
dormitories, acquire equipment for the laboratories, find food for the half-starved
students, and, most important, begin scientific developments to restore the devas-
tated power systems and for new radio electronic weapons systems.

Golubtsova was well-known in the upper echelons of state and Party organiza-
tions, and, in addition, they knew her as the wife of a Politburo and State Defense
Committee member. This helped, of course. But her personal qualities were the pri-
mary and decisive factors behind MEI’s success during the war years. So as not to be
accused of having a subjective attitude toward Golubtsova, I will cite excerpts from
the recollections of Petr Zhakovich Kriss, former MEI student and radio specialist,
who collaborated closely with all the various transmutations of the Korolev col-
lective. Of all the testimonials about Golubtsova published in the aforementioned
collection, I have selected these because I have known Kriss for many years. No one
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has ever doubted his objectivity, honesty, and decency.

This is how he recalls his first meeting with the director in 1943:

“Before us stood a very interesting woman who seemed young even to us, young men
twenty years of age. She was modestly, but elegantly and tastefully dressed, with a cheer-

ful, kind expression. .. In today’s terms, one might say that she radiated a powerful, posi-
tive energy, which each of us obviously sensed. She did not possess a drop of snobbishness,
which often alienates young people. She won people over both by her simple, ingenuous
manner of speaking, and by her kind, motherly look, and easy humor... I trusted her,
and subsequently there was nothing that could disillusion me about a single feature of
her blessed image.”

She was just as Petr Kriss so aptly described her when she met me in her director’s
office in 1947. This was a week after the meeting described several pages ago at NII-
88 attended by the president of the Academy of Sciences.

“In ten minutes our scientists and department heads will gather here. You tell
them everything that you think is necessary and topical for MEL.”

Out of all the institute scientists assembled there, the only one I recall is Vladi-
mir Aleksandrovich Kotelnikov, dean of the radio department. Later I found out
that senior lecturer Tkachev was also there. He was one of the pioneers in the devel-
opment of inertial navigation systems. I became acquainted with him much later.
His ideas at that time significantly surpassed the level of what we and the Germans
had brewing in terms of autonomous control systems.

I told them briefly about our program of operations at NII-88 and the principles
and problems of long-range missile flight control. I focused on the need to develop
new multichannel telemetry systems and reliable radio monitoring of the flight tra-
jectory along the entire flight path.

Within a short time, the results of this meeting exceeded our most optimis-
tic expectations. Thirty-nine-year-old Professor Vladimir Kotelnikov was in charge
of developing the ideas I had posed. But the efforts of a single radio engineering
department were insufficient. What we needed was an institute-wide effort and
pilot factory. Literally about ten days after my meeting with the MEI scientists,
Golubtsova’s office issued a governmental decree signed by Stalin on the creation
of a special operations sector at MEL® A year later, the collective that had rallied
around Kotelnikov was already developing the /ndikator-D system, which we used
during the flight tests of the first R-1 domestic missiles in 1948. Beginning with
this development, all subsequent missiles were equipped with MEI radio systems
during test flights.

In 1951, the MEI collective entered a competition for the creation of telemetry
systems, and the first R-7 intercontinental missile was equipped with its now leg-
endary 77al system. Soon Kotelnikov acquired a young, energetic, and hard-charg-

16. This “experimental scientific-research profile” sector was officially created on 25 April 1947.
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ing assistant, Aleksey Fedorovich Bogomolov.

In 1954, Kotelnikov became an academician and the director of the Academy of
Sciences Institute of Radio Engineering and Electronics. Later Bogomolov was put
in charge of operations at MEI. His hard work resulted in the creation of the Special
Design Bureau (OKB MEI), a powerful organization that was fully involved in the
production of complex radio electronic systems for the space industry. Kotelnikov
and Bogomolov staffed their collective with MEI’s most capable graduates."”

Unrestricted by previous projects in this field and by any rigid schedules imposed
by ministries, OKB MEI became famous for many original and unique develop-
ments. Sometimes their ideas outstripped industry’s technological capabilities, but
they always remained a very strong stimulus for the developers of the space indus-
try’s radio electronic systems. Kotelnikov and Bogomolov became indispensable
members of the Council of Chief Designers.

Academician Kotelnikov, who became vice president of the Academy of Sci-
ences, vice president of the International Academy of Cosmonautics, and chairman
of the Interkosmos council, always kept his activities associated with space.'® We
run into each other regularly at ceremonial sessions in honor of Cosmonautics Day
and many other occasions. Vladimir Aleksandrovich never forgets to remind me,
“You know, you were the one, Boris Yevseyevich, who got me into this business of
cosmonautics some time ago.” Now, that “some time ago” is more than fifty-five
years behind us.

After the war, director Golubtsova showed exceptional dedication to the con-
struction (of new academic buildings, the pilot factory, a Palace of Culture, dor-
mitories, and housing for professors and instructors) and expansion of the research
facilities. Thanks in large part to her energy, combined with her closeness to the
country’s higher authorities, an entire town sprouted in the area of Krasnokazar-
mennaya Street, consisting of the Moscow Power Engineering Institute and its
OKB, which to this day are the foremost organizations in the field of rocket and
space radio engineering.

Golubtsova, an engineer without any outstanding achievements in the funda-
mental or applied sciences, became the director of a major scientific technical insti-
tute. But in this case, the MEI was fortunate. God generously endowed her with
organizational talent. Her natural feminine sensitivity helped her fuse the efforts of
all the institute’s scientists with a minimum of conflicts. At any rate, the very repu-
table MEI faculty supported the director in all of her deeds.

Opver the ten-year period that Golubtsova was a member of the institute’s govern-
ing body, her perseverance and day-to-day exactitude, and the close interaction of

17. OKB MEI was created in September 1958 by expanding the original experimental scientific-
research profile sector at MEL

18. Interkosmos was the international cooperative effort between the Soviet Union and other
socialist countries, established to facilitate joint work on space research and applications satellites.
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the institute’s scientists with engineers from industry produced very tangible prac-
tical results. Golubtsova defended her Candidate of Science thesis in 1948 while
she was director. In 1952, she handed over her post as director to her deputy and
became a senior lecturer in the MEI department of general electrical engineering.
In 1953, she received the position of deputy director of the USSR Academy of
Sciences S. 1. Vavilov Institute of Natural History and Technology, the very same
Vavilov with whom we met at NII-88 in 1947. In 1955, she defended her thesis for
a Doctor of Science degree in the history of electrical engineering."

In 1957, after sacking a group of his former colleagues from Stalin’s Politburo,
Khrushchev sent Malenkov into exile in Kazakhstan, appointing him first director
of the Ust-Kamenogorskaya and then of the Ekibastuzkaya thermoelectric plants.
Golubtsova could have stayed in Moscow, but she and her children followed her
husband. She did not return to Moscow until 1968. She completed her journey on
Earth in 1987, and was buried in Moscow at the Kuntsevskaya Cemetery.

President Vavilov passed away on 25 January 1951. Throughout his tenure in
that post he closely observed the participation of Academy scientists in our work.
Almost all of the firing range test launches were attended by FIAN scientists and
future academicians S. N. Vernov and A. Ye. Chudakov and by a group of young
up-and-coming scientists, who later served as the nucleus of the Institute of Space
Research (IKI).?°

I PERMITTED MYSELF TO DESCRIBE IN SUCH DETAIL MY MEETING IN 1947 AT
NII-88 with Academy of Sciences president Vavilov and MEI director Golubtsova
because that event illustrates the quest to integrate three elements of our scientific
and industrial infrastructure—the Academy’s fundamental research in various fields
of science, the scientific potential of the institutes of higher learning, and the most
leading-edge industrial technology—into a single, systemic statewide program. In
subsequent years, this unity was actually attained. In the early 1950s, Korolev man-
aged to achieve relative independence, and in 1953 he was elected an Academy of
Sciences corresponding member. He took particular care to strengthen this triple
alliance of the sciences and zealously guarded it against destructive departmental
tendencies toward autonomy.

19. The Russian (and former Soviet) postgraduate educational system uses two academic degrees at
the doctorate level: Kandidat nauk (Candidate of Science) and Doktor nauk (Doctor of Science). The
former corresponds to the Ph.D. degree in the United States while the latter is equivalent to a higher,
second doctoral degree.

20. IKI—TInstitut kosmicheskikh issledovaniy (Institute for Space Research), founded in 1965, was
the Academy of Sciences’ foremost institution to manage the development of payloads for Soviet
scientific and deep space missions.
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Unlike the other scientific departments in the NII-88 structure—approved by Usti-
nov and based on the concept developed by Gonor and Pobedonostsev in 1946—
the head of the guidance systems department (Department U) also served as the
institute’s deputy chief engineer. I was indebted to Pobedonostsev for that. First,
he wanted to emphasize the importance of guidance systems for rocket technology
and, second, to grant me personally a position with greater authority and greater
independence. Moreover, Pobedonostsev told me in one of our first serious meet-
ings that he personally did not want to bear the responsibility for too great a variety
of guidance system projects. Not only he, but Gonor and the ministry entrusted this
responsibility completely to me. “As for Korolev,” Pobedonostsev added peevishly,
“Sergey always has his own opinion. He wants Department U to work entirely on
his projects. But now that’s impossible. We are obliged to work on surface-to-air
guided missiles and to help Sinilshchikov and Rashkov.” Skipping ahead a bit, I will
note that after I left this post in late 1950, no subsequent Department U chiefs were
appointed deputy chief engineers.

I was also pleasantly surprised that the department had been given what were for
those times quite nice accommodations. A separate five-story building was added
onto the old director’s building. Before I arrived from Germany, the young control
surface actuator specialist Georgiy Stepan, whom I had sent from Bleicherode, and
radio engineer Dmitriy Sergeyev, who was appointed as my deputy, had been run-
ning the show rather successfully. I agreed to their draft of the office layout.

The fifth floor housed the radio laboratory; the fourth floor was home to the
design bureau; the third floor contained the instrument laboratory (after late 1947,
this included gyroscopic, stabilization, and astronavigation instruments); the second
floor was allocated for the integrated laboratory for general schematics and tests;
and the first floor, which was practically half underground, but the most spacious,
housed the experimental instrument shop. Many young and capable specialists came
to the department with an ardent desire to work, and there was not a whiner among
them, which was pleasantly surprising. Sergeyev deserves a great deal of credit for
setting up the department during the first one-and-a-half to two years. He was cer-
tainly a talented radio engineer. He immediately established contact with German
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radio specialists and, for all intents and purposes, the development of proposals
for the radio control system of the rocket developed by Grottrup was conducted
under his leadership. But he also established contacts with the new NII-885 (with
Ryazanskiy, Boguslavskiy, and Borisenko), where they were developing radio con-
trol systems, and NII-20, where Degtyarenko was creating the Brazilionit telemetry
system in place of the German Messina system. However, Sergeyev soon realized that
we would not attain good missile flight control using those systems, and he created
groups to develop our own system for monitoring the speed and coordinates of a
missile in flight using standard radar systems.

The laboratory staff was quickly filled. Among its ranks were engineers who had
been demobilized from the army. That is how radio engineer Aleksey Shananin
came to the department. His frontline experience helped to quickly establish con-
tact with comrades working in the laboratory and with a multitude of subcontract-
ing firms. Later Shananin’s capabilities were noticed and he was lured away to work
at the Commission on Military-Industrial Issues (or Military-Industrial Commis-
sion, VPK) under the USSR Council of Ministers, where for a long time he was one
of the leading and truly competent specialists.

In March 1947, recently demobilized radio engineer Oleg Ivanovskiy, who had
worked at the neighboring Ministry of Defense’s Central Scientific-Research Insti-
tute of Communications (TsNII Svyazi), caught Stepan’s attention. Ivanovskiy’s
passion for the radio engineering field, organizational talent, and energy also did
not go unnoticed. He went down in history forever as the “lead designer” of the
Vostok that carried Yuriy Gagarin into space.' He also deserves credit for being the
first specialist, rather than a professional journalist, who described the epic of the
creation of Vostok and Gagarin’s launch in his memoir First Stages.* The censorship
office prohibited the book’s publication under the author’s real name, and so the
book appeared under the name of a totally unknown Aleksey Ivanov. Subsequently
Ivanovskiy also worked in the VPK offices in the Kremlin, and then transferred to
the Lavochkin Factory. When Ivanovskiy left the Kremlin, radio engineer Aleksandr
Ivanovich Tsarev from Department U was promoted to take his place in the VPK
offices.

Mikhail Krayushkin, former artillery battery commander, proved to be a very
serious theoretician in the field of radio wave propagation and antenna design. He
would go on to brilliantly defend his Doctor of Science dissertation and organize a

1. “Lead designers” were different from “chief designers,” in that the former were much more
junior in the design bureau hierarchy. Whereas chief and deputy chief designers were deeply involved
in the R&D stages of a program, lead designers were typically responsible for the production phase of
weapons development cycle.

2. Aleksey Ivanov [Oleg Genrikhovich Ivanovskiyl, Pervyye stupeni (zapiski inzhenera) [First Stages
(Notes of an Engineer)] (Moscow: Molodaya gvardiya, 1970). Later variations of this book appeared
under different names. See, for example, Aleksey Ivanov, Vpervyye: zapiski vedushchego konstruktora
[7he First: Notes of a Leading Designer] (Moscow: Moskovskiy rabochiy, 1982).
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unique group of rocket-space antenna specialists.

Nadya Shcherbakova was a colorful figure among radio specialists. A nurse
during the war, she graduated from a communications institute and attacked the
problems of monitoring flight trajectory during firing range tests with vigor unusual
for a woman. Her exacting nature, exceptional performance, and intolerance of
everything that, from her point of view, stood in the way of our technology, occa-
sionally led to conflicts that sometimes did not end in her favor. Nadezhda Pavlovna
Shcherbakova enjoyed great prestige among missile specialists and later headed the
radio department at TsNIIMash, which was formed at the NII-88 factory.

Shcherbakova’s dedication was not the exception. During the very first year in
the department other female engineers also began to work energetically on a par
with men. I think it’s fitting to mention Vera Frolova, Shcherbakova’s right-hand
woman for the organization of firing range tests, and Zoya Melnikova, the indis-
putable authority on telemetry sensors. Melnikova served as a sort of intermediary
between the physical value being measured, its electrical analog, and the data trans-
mission radio system. She had several other female engineers—sensor and telemetry
specialists—subordinate to her. Because they were still supposed to show up at “hot
spots,” at the factory, with the Germans on Gorodomlya Island, and at the firing
range, they used to joke about sharp-tongued Zoya Melnikova that she would be
perfect commanding a female “death battalion,” but all she got was a brigade of
“bluestockings.” However, these “bluestockings” were by no means totally devoid
of humanity. They fell in love, got married, and were happy not only when they
were on the job, and their unhappy times were not only due to technical failures.

I should also mention the great role that engineer electrician Aleksandra
Melikova played. Coming to us with experience from her work as an electrical engi-
neer involved with relay automatics, she quickly mastered the problems of devel-
oping and testing the general electrical circuits of a missile and simply became an
indispensable specialist in that field, especially when troubleshooting was required
for an off-nominal situation in the behavior of relay electroautomatics that wasnt
“by the book.”

The development, testing, and series production of control surface actuators,
on the other hand, ended up being strictly men’s business. After returning from
Germany, Stepan attracted several engineers to the department, including Ovchin-
nikov and Shumarov. Soon the strong-willed and broadly educated engineer Viktor
Kalashnikov transferred from the Mytishchi tank KB. He became the supervisor of
this entire direction of work and would go on to become one of the leading special-
ists in Korolev’s design bureau.

At first, engineer and optics specialist Kabalkin headed the design bureau of
our department, but soon Semyon Chizhikov replaced him. He spent most of

3. This is a reference to the famed Bluestocking societies of the late 19th century in England and
France, which advocated further educational and social advances for women.
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his entire life, practically side-by-side with me, beginning with Factory No. 22,
Institute RABE and NII-88 and then continuing on through all the Korolev pro-
grams. The work he did at NII-88 and then at Korolev’s OKB-1 created a rocket
instrument design bureau that was unique in terms of its universality. When I write
above of Chizhikov’s “entire life,” I can’t help but recall the last hours of his life.
I walked into his apartment when two emergency medical teams were already at
work. Oxygen, artificial respiration, numerous injections, and electroshock were to
no avail. A massive heart attack after a heavy work day ended his steady passion for
energetic work.

Chizhikov founded a dynasty. His son Boris leads a staff of designers working
on spacecraft docking assemblies, and his granddaughter, Marina, a mathematician,
calculated the dynamics and strength of spacecraft docking mechanisms.

In the beginning, the biggest concerns were for the integrated laboratory. Its
managers were engineer practitioners Valentin Filipov and Dmitriy Shilov, and its
true ideologue was engineer and communications specialist Emil Brodskiy. The lab-
oratory was supposed to develop a test rig that would serve as a simulator to test and
verify the circuits of automatic launch systems and as a site to test and verify opera-
tional documentation for factory and flight tests. The subject was not the problem;
daily tasks were so labor intensive that they swamped the staff’s resources.

The experimental shop was quickly outfitted with captured precision machine
tools. Using his connections at the factory, Troshin, the shop’s first chief, selected
the best all-round machinists, metal workers, and precision mechanics, that is, those
who had the “magic touch.” Thus, we were almost independent of the factory’s
production shops. We distributed the most unique mechanics among the labora-
tories.*

Despite establishing a strict secrecy regime at the institute, all the leading special-
ists understood the need for communications with scientific organizations that were
not directly involved in our cooperative network and with scientists from institutes
of higher learning. Thus, from the first months of 1947, there were joint projects
with the Academy of Sciences’ Institute of Automation and Remote Control. Future
Academicians Vadim Trapeznikov and Boris Petrov and future Academy of Sciences
Corresponding Member Vyacheslav Petrov cooperated in our project.” When the
Presidium of the Russian Academy of Sciences awarded me an Academician B. N.
Petrov Gold Medal in 1992, it was particularly gratifying because it reminded me
of my joint work with the fine gentleman Boris Petrov back in the very nascence of

4. Author’s note: This first instrument shop received the first administrative censure for failing to
meet deadlines for the production of control surface actuators for the first R-1 series. But that’s another
story.

5. Academician Boris Nikolayevich Petrov (1913-80) was one of the leading Soviet scientists
specializing in the theory of control systems. He contributed immensely to the early Soviet missile and
space program, especially in the field of propulsion system control for ballistic missiles and spacecraft.
From the 1960s, he was a prominent public spokesperson for the Soviet space program.
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rocket technology.

Speaking of scientific connections, I would like to note the essential difference
in the way our department formulated control theory problems—and, in particular,
controlled systems stability theory—and the methods that were proposed at that
time by pure theoreticians such as Nikolay Moiseyev, the N. Ye. Zhukovskiy Air
Force Academy professor and author of the so-called “theory of technical stability.”
We preferred to conduct research using more empirical methods, without excessive
use of profound and complex theoretical constructions that were not readily acces-
sible to a practical engineer.

At that time, so-called frequency methods, based on the analysis of phase ampli-
tude and frequency amplitude characteristics, were well developed at the Institute of
Automation and Remote Control. Admittedly, they came to us from abroad, from
the United States; we benefited from the famous research at the Massachusetts Insti-
tute of Technology (MIT). The work at MIT was the practical response of theoreti-
cians to the real wartime problem of creating a radar system capable of automatic
search and tracking of airborne targets.®

It turned out that if one didn’t try to use pseudopatriotic and excessively com-
plex approaches, then using these new methods [from the United States], one could
successfully solve the problems of missile stability and control. The engineer should
of course, have mastered classic oscillations theory. But that science was well devel-
oped and accessible in the works of our scientists Andronov, Bulgakov, Gorelik, and
others.” Moreover, as a result of the development of our own radar stations we had
also produced some interesting works on the theory of nonlinear systems. There-
fore, our young theoreticians observed the fierce battles of the “founding luminar-
ies” from the sidelines. They themselves did not meddle in the scuffle and laughed
at the theatrics of the scientific and technical councils on these subjects.

Out of critical necessity, specialists at NII-885 studied stability. Here Pilyugin,
an engineer with a great deal of experience, declared in a way typical of him, that
you could believe theoreticians as long as you were dealing with paper, but “if I am
responsible for selecting the parameters and adjusting the automatic stabilization
system, then I need a simulator that I can put my hands on and feel everything,
and the transitional processes must be visible on oscillograph tapes.” We were in
complete agreement about that. We had ordered the Institute of Automation and
Remote Control to develop simulators instead of the primitive and scarce “Hauser-
man pendulums,” but Pilyugin was bent on solving this problem on his own.

6. Here, Chertok is referring to the work of the Radiation Laboratory at MIT, which during World
War II focused enormous resources on developing microwave radar systems.

7. Aleksandr Aleksandrovich Andronov (1901-52) was one of the pioneers of Russian control
engineering. Boris Vladimirovich Bulgakov (1900-52) was a specialist in mechanics who contributed
to the theory of oscillations and the theory of gyroscopes.
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As DIRECTOR OF THE GUIDANCE DEPARTMENT
AND NII-88 DEPUTY CHIEF ENGINEER, | came under
criticism from the chief designers of surface-to-air
missiles. Sinilshchikov was particularly aggressive,
because his Department No. 4, which was subor-
dinate to Tritko, was marginalized. He argued that
“Chertok’s entire department is working only on
Korolev’s projects. Under these conditions we cannot
create a missile like the Wasserfall because its guid-
ance problems are a lot more complex than those
of missiles like the A4. Either you switch Chertok
to our project, or you create another similar depart-
ment in NII-88.”

At NII-885, departments were set up to develop

Dr. Matthias Uhl. guidance systems for surface-to-air guided missiles.
Many mistakenly misinterpret Guidance specialists who had previously worked at

the May 1946 decree that the Institute Berlin worked there. Govyadinov was
founded the Soviet missile in-

dustry as being entirely focused in charge of this sector under Ryazanskiy’s authority.
on reproducing the German The surface-to-air missile guidance specialists also
V-2 ballistic missile. In reality, ~ grumbled that the necessary conditions hadn’t been
the decree devoted comparable  provided for them at NII-885. Thus, the resent-
resources to both the V-2 and 1, oy of the NITI-88 and NII-885 surface-to-air mis-

the Wasserfall cruise missile . . .
which. unlike theu\ll—z \:v a; never Sile chief designers fused and by and large they were

used in battle by the Nazis. The  justified. The level of work on air defense missiles

original German Wasserfall is was clearly below even what the Germans had done
shown here in June 1944 ready i Peenemiinde.
for launch.

The successes achieved during the first three years
of establishing the two fields of domestic missile technology—long-range ballistic
missiles and surface-to-air guided missiles—differed very substantially. Admittedly,
the initial starting conditions for long-range ballistic missile technology had greater
advantages. This was very obvious when the two fields came together at the two
institutes, NII-88 and NII-885, under the same ministers, directors, and chief engi-
neers. Long-range ballistic missiles, even if they were a German model, had already
begun to fly in the autumn of 1947. In 1948 and the first half of 1949, there were
numerous firing tests, and whether they were good or bad, the missiles flew, new
ones were designed for longer and much longer ranges, various projects were dis-
cussed, factories were loaded down with orders for series production, and the mili-
tary had something to accept.

In that context, the surface-to-air teams working at the same two head insti-
tutes looked very colorless. Their work had not moved beyond drawings of missiles
very similar to the Wasserfall. After all, the Germans had conducted experiments
with a Wasserfall guidance system on an A4 as early as 1944. Before their evacu-
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ation from Peenemiinde in 1945,
they had already executed dozens of
flight tests, which, while unsuccess-
ful, provided them with invaluable
experience.

One cannot say that Sinilsh-
chikov and Rashkov had general
working conditions that were worse
than Korolevs. In terms of pay,
all sorts of “privileges,” budgetary
appropriations, and other benefits,
all the teams were in basically the
same situation. Nevertheless, no
urging from the top helped. Many
years of experience showed that even
the most well-provided-for groups
entrusted with special projects to

From the author’s archives.

Shown here are Sergey Korolev (left) and
develop new systems, no matter Sergey Vetoshkin (1905-91) during the R-1
what state-of-the-art equipment test-launches at Kapustin Yar in 1948. In later

they had at their disposal and no  Years, Vetoshkin would become a very powerful
administrator in the Soviet military-industrial

matter how much financial support
complex.

they received from the state budget,
were incapable of completing the project if the team as a whole did not have con-
fidence in the management. Faith in the management on all levels is considerably
more important for the success of the work than the pay scale, a comfortable work
site, and the prospect of receiving housing.

The surface-to-air missile specialists lacked such faith. Instead, they were sure
that sooner or later new management would appear and say, “Quit fussing, every-
thing needs to be done differently.” On many levels the time had come for reor-
ganizing surface-to-air missile technology. This gave me at least the moral right to
feign deafness to the criticism from Sinilshchikov; Tritko, who supported him; and
the Party Committee and to devote all of Department U’s working potential to
Korolev’s projects. Now I can admit that this happened with Pobedonostsev’s silent
approval. But Gonor warned me that if I didn’t find a good explanation for why we
had ignored surface-to-air missile projects, then during the next wave of anticosmo-
politism I would be risking my neck.

For some reason I had a firm conviction that salvation would come from the out-
side! After all, there must be sensible people in our country who would understand
that NII-88 was not going to save Moscow from the Americans’ atomic bombs
using R-1 missiles and future R-2 missiles.

Sergeyev and I discussed the situation and decided that the work of Sinilsh-
chikov, Rashkov, and the other surface-to-air missile specialists had no future at our
facility. It wouldn’t be long before that would become clear to higher management.
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They didnt have much time left at the institute, and it was no use for us to sink with
them. Therefore, relying on Pobedonostsev’s moral support and on Korolev’s criti-
cism that we were not putting out the volume of work that he demanded, we would
pursue a strategy of quietly ignoring surface-to-air missile related projects.

The tragic death of Dmitriy Sergeyev in the Caucasus was a very heavy blow for
me and for our entire team. He had dashed off to take part in what was for those
times a complicated traverse of several peaks. After Sergeyev’s tragic death, radio
engineer Anatoliy Shustov, who had come to the institute after his demobilization,
was designated chief of the radio laboratory and would later become chief of the
radio department. From the very beginning of the establishment of OKB MEI he
managed to set up a very productive collaboration with Kotelnikov’s collective.

Despite the fact that at that time it was fashionable to contend that “no one
is indispensable,” I was convinced of the opposite. Each person who does things
his own way is indispensable. We were all indispensable. I was convinced that if it
hadn’t been for the death of Roman Popov in 1944 and Dmitriy Sergeyev in 1948,
much in our missile radio engineering would have turned out to be considerably
more effective. Each of them had been capable of becoming a prominent scientist
or leader.

However, as they say, history does not care what might have been, “What would
have happened if...” In this regard the specific meetings and events that I have
described characterize the general atmosphere in the country and in the industry in
which we were working during those first postwar years. The events underscore the
thesis that sometimes the natural progression of historical events can be changed,
seemingly by chance. However, as a rule, these very chance incidents are the mani-
festation of the natural order of history.

I occuriep THE POSITION OF NII-88 DEPUTY CHIEF ENGINEER AND CHIEF OF
DEPARTMENT U FROM JANUARY 1947 UNTIL THE END OF 1950—ijust short of four
years. Of these four years almost a year was spent at the State Central Test Range
(GTsP) in Kapustin Yar. For three months, beginning in September 1950, I was
tormented by a special ministry commission that single-mindedly studied my activ-
ity. The formal justification for this were letters to the Party Committee, Minis-
try, and even to the Party Central Committee. The letters, whose authors were the
unsuccessful inventors of new missile guidance principles, accused me of sins, which
I considered to be accomplishments. The main charge was that I had created an
astronavigation laboratory, supposedly staffed with incompetent specialists, whom I
selected based on our personal compatibility.®

Two other charges ensued from the main one. The first was that the diversion of
manpower for the “stellar adventure” hampered the development of missile guid-

8. Authors note: My passion for stellar navigation was so serious that later I will devote a special
chapter (Chapter 12) to it.
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ance systems, which were more promising than those being developed at NII-885.
And the second charge was that I colluded with Ryazanskiy, Pilyugin, and their col-
leagues to undermine work on new domestic systems and to prioritize the reproduc-
tion of German technology, which did not require intellectual exertion.

All the leading associates of Department U were drawn into the squabbles during
the commission’s work. They all supported me. My deputy Viktor Kalashnikov
advised me, “Go on vacation, relax, and we'll deal with this mess without you.”
Gonor was no longer there. The new NII-88 director, Konstantin Rudnev, had
nothing against my taking a vacation, but said that he wasn’t going to get involved
with the squabbles and the Commission. It wasnt on his list. Pobedonostsev had
already transferred from NII-88 to the leadership of the Academy of the Industry.
I obtained a voucher to vacation at the Kislovodsk sanatorium and departed with
the hope that the curative powers of the Caucasus would not only strengthen my
cardiovascular system, but would also purge my brain of unhealthy worries. Upon
my return I was immediately summoned by First Deputy Minister Ivan Zubovich.
He upbraided me for deciding to take a vacation at an inopportune time, saying
that I should have defended myself against the charges. Now he couldn’t help me at
all. Based on the commission’s findings, I would be removed from work as NII-88
deputy chief engineer and chief of the guidance department. I was free to select my
future workplace, but he advised me to make an arrangement with Korolev and go
under his supervision.

Reflecting on the events of a half a century ago, I have come to the conclusion
that for the second time mysterious forces inflicted what appeared to be a shatter-
ing blow on my career. But in actual fact, these forces rescued me from potential
genuine disaster.

The first rescue force came in 1933, when I was removed from supervisory Kom-
somol work at Factory No. 22 and was almost expelled from the Party. If this hadn’t
happened, I would have surely advanced to the next stages of a political career. For
many of my comrades at that time—especially after the arrest of Olga Mitkevich—
such political work ended their careers or their lives with the 1937-38 repressions.
Seventeen years later, my removal from a high post rescued me from further enticing
advancement up the administrative ladder in the ministerial system and made me
one of Korolev’s closest colleagues.’

WITH THE PERSPECTIVE OF A HALF CENTURY, what accomplishments do I take
credit for during the first four years of the establishment of Soviet rocket technology?
I shall try to formulate them and, for simplicity’s sake, list them point by point:
1. The organization of the country’s first staff of specialists who initiated the
integrated method for creating complex guidance systems for long-range missiles in

9. In effect, Chertok’s move from being Chief Engineer of NII-88 to a senior designer in Korolev’s
OKB-1 led him to an entirely different career path.
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all aspects: development, production process, factory and prelaunch tests, in-flight
monitoring, processing of flight-test results, and introduction into series production.

2. For hundreds of engineers with the most varied backgrounds (in my depart-
ment by early 1950 there were more than 500) there was perhaps an intuitive sense
for a systemic approach. Each individual had to understand and feel that he or she
was participating in a large system of operations, and, accordingly, understand the
decisive importance of intersystem connections.

3. At my initiative, with the assistance of Director Gonor, the Ministry, and
Special Committee No. 2, new creative organizations were established in academic
institutes and affiliated with institutions of higher learning (OKB MEI, and depart-
ments at MGU and MVTU).!°

4. We studied and mastered virtually all of the basic experience on German
rocket technology guidance and measurement.

5. We established close creative and business ties with the staffs of all the chief
designers, the military specialists at the missile test range involved with the arma-
ment acceptance process, and with central directorates.

6. We developed the theory and technology for electrohydraulic power drives for
control surface actuators. We laid the foundation making it possible in later years to
create a unique school of power drives for missile and later for space technology.

7. We invented and experimentally tested automatic stellar navigation methods.
We set up an astronavigation laboratory, the staff of which, after being transferred to
the Ministry of Aviation Industry, became the basis for the independent astronavi-
gation design bureau that supported the world’s first soft landing on the Moon.

8. We set up an antenna systems laboratory, which served as the starting point
for the development of a scientific design school for onboard antenna feeder systems
for missiles and later also for spacecraft.

9. For the first time domestically, we developed a method for bench testing a
complex of electrical circuits and instruments and their interaction in a ground-to-
air system.

10. Working jointly with testers, we developed instructions in the form of tech-
nical documents for factory and flight-design missile tests.

11. We introduced methods into experimental instrument production for test-
ing the reliability of electrical and electromechanical instruments when exposed to
external factors such as temperature, vibration, and electrical interference.

12. I consider as one of my special personal accomplishments bringing the teams
of Chief Designers Isayev and Tsybin (in 1948) and Babakin (in 1949) into the NII-
88 institute structure. Officially, their transfer was formalized by ministers’ orders,
but it was up to me to prove to Isayev, Tsybin, and Babakin that their transfers to
NII-88 made sense and to persuade Gonor and Vetoshkin that it was an absolute
necessity to take these design groups into NII-88.

10. MGU—Moskouvskiy gosudarstvennyy wuniversitet (Moscow State University); MVTU—
Moskovskoye vysshyeye tekhnicheskoye uchilishche (Moscow Higher Technical School).
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Chapter 7

Face to Face with the R-1 Missile

I have already written about the 1947 firing range tests on the A4 missiles assembled
in Germany. After 1947, we stood face to face with the task of creating and launch-
ing R-1 missiles. These missiles were supposed to be precise copies of the German
Ads.

To this day, among connoisseurs of the history of our rocket technology, there is
still controversy over whether it was worth it in the years 1947-48 to begin broad-
scale projects for the reproduction of German rocket technology. The war’s results
had shown the ineffectiveness of A4 missiles, even when fired against such obvious
targets as London. It was clear that if the A4 missile had become obsolete as early as
1945, then its domestic analog, which could not appear in mass production before
1950, would be all the more hopelessly obsolete. We too had these same doubts
back then.

This situation was perhaps harder on Korolev than anyone. He had been desig-
nated chief designer of a rocket whose actual developers had only yesterday been our
mortal enemies. We had all experienced firsthand how difficult its field operation
could be and its low degree of reliability during firing range tests in 1947. Besides
that, at whom were we going to fire with a range of just 270 kilometers? This was a
more difficult issue for the Soviet Union than for Germany in 1944. As if that wasn’t
enough, the frantic campaign against foreign influence was still brewing.

From the standpoint of today’s understanding of history, one must admit that
the decision to reproduce the A4, approved by Stalin, was correct. However, the ini-
tiative belonged to Minister of Armaments Ustinov. Despite the wavering of design-
ers and many government officials, Ustinov, along with Ryabikov and Vetoshkin,
insisted on this decision, consistently and strictly monitoring its implementation.

The following considerations influenced the decision to precisely reproduce the
A4. First, large groups of engineers and workers needed to be brought together,
trained, and taught to work. To do this, they needed a specific and clear task and
not distant prospects. Second, the factories needed to be kept busy. If they were
left idle, somebody else might borrow them. The nuclear community’s paws were
particularly dangerous. They were not only building factories, but taking away
other people’s factories using Beriya’s protection. But to keep production going, we
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needed verified, good-quality, working documentation. Where were we going to get
it? Were we going to develop our own new documentation from scratch or rework
the Germans’? The answer was obvious. The second option was two years shorter.
Third, the military had already formed special units and they had actually created
the State Central Test Range. We couldn’t leave them with nothing to do! Fourth,
we needed to get domestic industry involved in missile technology as soon as pos-
sible. Let them immediately start making engines, instruments, fittings, wire, and
connectors, for which specifications already existed, and voila! our own drawings
would appear.

When all this new cooperation got the kinks worked out and started working on
a specific project—the series production of the R-1 missile—that’s when we, having
established a foundation, could allow ourselves to make a leap forward, switching
to the development of our own missiles, which, at that point, the army would really
need. These were the basic considerations that drove our planning, and I repeat,
from today’s standpoint they seem even more appropriate than they seemed back
then.

The Americans immediately took a different route." History has shown that
during that segment of time we were the wiser, although it is sometimes more dif-
ficult to reproduce something “exactly” than it is to make it your own way.

We faced our biggest problems during the stage when design documentation was
issued and during production. NII-88 SKB Department No. 3 headed by Korolev
had the main role in preparing the technical documentation for production. Issu-
ing the documentation, which had to meet the rigid artillery requirements of the
customer, GAU, was a very painful experience. Korolev, Mishin, Budnik, Bush-
uyev, Okhapkin, myself, Chizhikov—who was the director of my Department U’s
design bureau—and many others wanted to bring aviation production approaches
into NII-88. But we ran up against the harsh opposition of GAU officers and the
NII artillery leadership, particularly SKB Chief Tritko. At first, compliance with
the strict GAU specifications for technical documentation had seemed completely
unnecessary to us. The so-called GAU “TU 4000 specification, which defined the
drafting system, was very strict and rigid in terms of its formatting requirements.?
These specifications had been formulated during the war, drawing on the experi-
ence of infantry and artillery armaments mass production. According to this system,
the documentation that appeared in the shops of any factory, in any region of the

1. Instead of directly copying the V-2 rocket, in the postwar era, the U.S. Army fired dozens of
them for research purposes. Later, companies such as North American Aviation used the experience of
the V-2 design (such as propulsion) to develop the Navaho while the Aerojet and Martin companies
developed completely indigenous rockets such as the Aerobee and Viking, respectively. By the time
that more powerful American ICBMs and launch vehicles were available in the late 1950s, their lineage
stretched back to both domestic and German origins.

2. TU—Tekhnicheskiye usloviya—Iliterally “Technical Condition,” but more appropriately
“specifications.”
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country, had to enable production and product output without the assistance and
involvement of the designers who had developed this documentation.

In the aviation industry, “on the spot” adjustments and slight deviations from
the drawing that didn’t affect the general tactical and technical requirements were
considered normal, especially when running piping, cables, and so on. The artillery-
men did not allow this. The situation required not only a new frame of mind from
both sides, but also the judicious pursuit of compromises when daily job-related
conflicts arose during the production process.

From the very beginning of work on the R-1 missile, in addition to these primar-
ily formalistic conflicts, serious manufacturing problems also cropped up. The first
of these was the problem of replacing all of the German materials with domestic
equivalents. A problem affecting dozens of Soviet enterprises came crashing down
on our materials technologists, who, it is apropos to mention, were not subordinate
to Korolev at that time. In the production of A4 missiles, the Germans used eighty-
six brands and gauges of steel. In 1947, Soviet industry was capable of replacing
only thirty-two grades with steel that had analogous properties. The Germans used
fifty-nine brands of nonferrous metals, and we could only find twenty-one of them
domestically. It turned out that the most difficult materials were nonmetals: rubber,
gaskets, seals, insulation, plastic, and so on. We needed eighty-seven types of non-
metals, and our factories and institutes were capable of providing only forty-eight!

Great difficulties arose during the process of mastering the manufacturing pro-
cess for control surface actuators in the pilot-production shop of my Department
U. We executed the drawings in precise compliance with the GAU requirements,
but the first experimental control surface actuators assembled according to those
drawings did not satisfy a single requirement for static and dynamic characteristics.
Moreover, it turned out they werent airtight. The oil that served as the working
medium in these devices broke through the rubber seals when working pressure was
generated and puddles formed under the test rigs.

One day Voskresenskiy dropped into our shop, and watching the tests on the
first control surface actuators, he remarked, “You’ll blow up the missile that way!” It
was believed that the mixture of liquid oxygen that inevitably leaked during fueling
and the oil from the control surface actuators was highly explosive. We immediately
set up “explosion hazard” tests. Drop by drop we poured control surface actuator oil
into a chamber containing scalding liquid oxygen. Nothing happened!

After this, the emboldened testers poured oil right out of the measuring glass.
Again there was no explosion. Then they rigged up a device that mercilessly shook
the explosive chamber, simulating the impact and vibration of a missile in flight.
Still there was no explosion. Nevertheless, the fear of a possible explosion during
missile launch preparation remained. Before beginning the oxygen fueling process,
testers usually inspected the missile’s tail section in the area where the control sur-
face actuators were installed to make sure there were no traces of oil.

Late into the night, designers, factory process engineers, and metallurgists would
labor over the control surface actuator gear pumps in the material technologists’
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laboratories. The primary parts of the pumps, which were made of special iron and
steel, did not have the required cleanliness when treated. Sometimes the pumps fell
apart. The relay/slide valve unit gave even more trouble. If the smallest speck got
into the slide valve mechanism, it jammed. A “speck incident” would surely result
in a loss of controllability and the inevitable crash of the missile.

But the greatest trouble of all awaited us when we began tests on control surface
actuators cooled to temperatures below freezing. The oil thickened and caused such
increased torque on the shaft of the electric motor turning the gear pump that it
started to smoke from overload. The electric motor managed to burn out before it
heated up and ignited the oil with its own energy.

We began a new search for hydraulic drive oils that wouldnt freeze. But they
proved to be too liquid under summer temperatures at the test range, which had
soared as high as +50°C (122°F). It was discovered that our factory, which had just
mastered permanent mold casting of aluminum alloy actuator housings and had
cheerfully reported this technological accomplishment, was not maintaining quality
in casting. The actuator housings were porous. At high temperatures, the control
surface actuators would “sweat” because oil seeped through the pores. Once again,
talk started up about the explosion hazard posed by the control surface actuators.
These flashes of memory highlight only a minute portion of the everyday problems
that cropped up during the production process.

The USSR Academy of Sciences Institute of Automation and Remote Control
decided to render us scientific assistance on all aspects of the actuator drive problem,
and did so very enthusiastically, especially after Academy President Vavilov’s visit to
NII-88. Institute director Boris Nikolayevich Petrov, a young Doctor of Technical
Sciences, had just taken over the directorship from Academician V. S. Kulebakin,
who had been my guest in Bleicherode in September 1945. Petrov put his best
personnel, under the leadership of future Academician Trapeznikov at our disposal.
Academy scientists had a positive influence on raising our engineers” general theo-
retical level and cultivated a taste for strictness in technical reports and theoretical
generalizations. But they could not suggest anything to prevent the mass failure of
gear pumps or dirt jamming the slide valves.

If the scientific level was high, the general industrial culture was not up to the
level of our tasks. Workers and process engineers needed a new mindset. This
required a great deal more time than the plans and schedules had allotted.

A similar situation was developing in many other industrial sectors and among
our numerous contractors. Unlike the Germans, we experienced no difficulties with
graphite for the gas-jet control fins. Their fabrication was entrusted to the Elek-
trougli firm in Kudinovo. Fialkov, a specialist in carbon electrodes for primary-cell
batteries, was in charge of this production. He was subordinate to the “chief elec-
trician” of missile technology, Andronik losifyan. This facetious title invented by
Korolev really flattered Andronik. When he heard that Korolev called me a “rusty
electrician,” he was very amused, and after that he loved to proclaim, “I am the
‘chief electrician, but my assignments come from a ‘rusty electrician’.”

122

Face to Face with the R-1 Missile

The problem of the strength of the graphite control fins was so serious that
Gonor ordered materials technology Department Chief Tordanskiy to create a spe-
cial laboratory. Former GIRD engineer Fonarev was in charge of it. In his Depart-
ment No. 3 Korolev gave the responsibility for the graphite control fins to young
specialist Prudnikov. But the control fins remained a very unreliable part of the R-1
missile flight control system for a long time.

Kurchatov needed graphite for the moderator rods in nuclear reactors. He needed
graphite with a particularly high purity, but mechanical strength was secondary in
importance. We didnt need purity, but a high degree of strength was mandatory.
How the Germans had achieved the strength of their graphite control fins, we did
not know. Eventually, Prudnikov and the graphite production under his patronage
run by Fialkov developed all the process secrets using their own wits. The control
fins could be checked only on fire-testing rigs in the jet of a standard engine. NII-
88 did not yet have such a rig. Glushko had the only such stand (in Khimki), but
he had a heap of his own problems there. In Germany, it seemed that welding the
large combustion chambers was not at all tricky. But in Khimki, welded seams were
bumpy, burn-throughs abounded, and cracks occurred during tests.

All the engine specialists (or as we joked, the “trench people”) in Glushko’s
entourage— Vitka, Artamonov, Shabranskiy, Sevruk, and List—had been through
the Sharashka with him in Kazan and the fire-testing rigs in Lehesten.? They worked
intensively. Here was yet another paradox. These were people to whom the existing
regime had caused so much harm, against whom a scandalous injustice had been
committed—seven years in prison, camps, or Sharashki—and they worked with
self-denial and fanaticism that was rare even for those times. The tests on the gas-
jet control fins interfered with their firing test program because they put additional
stress and the consumption on the new engines. And there were never enough of
them.

THE HEAVY BURDEN OF QUALITY CONTROL AND THE PRECISION REPRODUCTION
OF THE GERMAN PROTOTYPES lay on the shoulders of military acceptance teams.
Military engineers and our own engineers had gone through all the peripeteia of
the Institutes RABE and Nordhausen. But while we had been workmates there,
had enjoyed ourselves at the Villa Frank officers” club, and had helped each other in
every way, now modest Colonel Engineer Trubachev, chief of military acceptance
(regional engineer) could stop production with a single telephone call: “Friendship
is friendship, but you better have a waiver anytime you deviate from documenta-
tion!”

I often used to recall a thought that Lavochkin expressed once when I met him in

3. Sharashka and sharaga were common slang words used to describe prison work camps for
scientists that operated during the Soviet era.
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Gonor’s office.” “It’ll take at least two or three years for us to get everything running

smoothly.” But we didn’t have time for that. The R-1 missile series flight-design tests
were scheduled to start in September 1948.

Operations on the R-1 had run full speed ahead since late 1947, but the decree
for the development of long-range domestic missiles had not come out until 14
April 1948. The higher offices of government and Special Committee No. 2 were
actively assisting us and our contractors to expand cooperation. This required pro-
cess restructuring at many enterprises of other ministries. We were also aided by the
spirit we still retained from wartime: “If the Motherland is in need, look for a solu-
tion, instead of an excuse if you fail.”

Just to provide the entire gamut of new materials, the decree signed by Stalin
stipulated that the following organizations be brought in for our projects: Central
Scientific-Research Institute of Ferrous Metals (TsNIIChermet), the Academy of
Sciences’ Metallurgy Institute, the Scientific-Research Institute of Rubber Industry,
the All-Union Institute of Aviation Materials, the Academy of Sciences’ Institute of
Physical Chemistry, the Central Institute of Aviation Fuels and Lubricants, the Serp
i Molot (Hammer and Sickle) and Elektrostal factories, the Stupinskiy Light Alloy
Industrial Complex, the Leningrad Rubber Technology Institute, and others.”

The decree made it incumbent upon the Ministry of Armaments to start build-
ing a rig to perform integrated firing tests on the missiles. In 1948, construction
began at a very picturesque site fifteen kilometers north of Zagorsk. The rig was
erected in a forest next to a deep ravine, which was to receive the rush of the engines’
fiery jets.

This new facility under the codename Novostroyka (New Construction) was
first declared the NII-88 institute’s Branch No. 2, but then it attained its sovereignty
and became the independent NII-229.¢ Nevertheless, this facility for missile firing
rig testing continued to be called Novostroyka for thirty years. For a long time Gleb
Tabakov was in charge of the facility. He was subsequently one of the deputies of
the missile industry ministry.”

WHILE TESTING GERMAN MISSILES, INCLUDING THE A4, IN 1947, we found cer-
tain defects that could not be ignored, problems that led us to modify the A4 some-
what. In the design of the missile body, the tail and instrument compartments were

4. Semyon Aleksandrovich Lavochkin (1900-60) served as Chief Designer of OKB-301 in Khimki
in 1945-60, during which time he directed the development of jet aircraft, supersonic cruise missiles,
antiaircraft missiles, and drones.

5. TsNIIChermet— Tientralnyy nauchno-issledovatelskiy institut chernoy metallurgiy.

6. On 14 August 1956, NII-88’s Branch No. 2 separated to become the independent NII-229.
The organization is known today as the Scientific-Research Institute of Machine Building (NII
Khimmash)

7. Gleb Mikhailovich Tabakov (1921-95) served as director of NII-229 in 1958—63 and then as
deputy minister of the Ministry of General Machine Building (MOM) in 1965-81.

124

Face to Face with the R-1 Missile

reinforced. Hatches were incorporated into the tail compartment, enabling the con-
trol surface actuators to be changed out without removing the entire compartment.
The nominal design range was increased from 250 to 270 kilometers. This required
increasing the amount of alcohol fuel by 215 kilograms and making the appropriate
ballistic recalculations, which were drawn up in the form of a range table. The work
of the Sparkasse (Savings Bank) group at the Institute Nordhausen, which included
Tyulin, Lavrov, Appazov, and German specialists, was used as the basis for the range
tables.

The nose sections of the missiles in the first series were filled not with explosives,
but with ballast, and were provided with an ampoule containing a smoke mixture,
which facilitated the search in the area where it came down. As with the A4, the
instrument compartment was located behind the nose section. It contained all the
primary motion control hardware, which was now strictly domestically produced.

Three command gyroscopes controlled autonomous flight control: the GG-1
horizon gyro, the GV-1 vertical gyro, and the IG-1 longitudinal acceleration inte-
grator. These instruments were substantially improved at the NII-10 institute after
Viktor Kuznetsov and Zinoviy Tsetsior did a detailed study of the German models’
defects. In particular, rather than pulses with a frequency of 45 Hz passing from the
vibrator—which was inconsistent in its performance—to the horizon gyro program
mechanism, they passed from a special collector mounted on a motor generator.

Other instruments installed in the instrument compartment had been devel-
oped with small changes by the staffs of Ryazanskiy and Pilyugin at NII-885. Based
on A4 experience, filters were inserted in the layout and design of the mischgerit
(amplifier-converter) for all three missile stabilization control channels. In 1947,
Ustinov thanked Drs. Hoch and Magnus for introducing these filters. At the time,
neither we nor the Germans knew that Ustinov had paid them a monetary reward
in the amount of three months’ pay with Stalin’s consent.

The missile’s general electrical system was identical to that of the A4 both in
terms of the operating logic and the number elements and their function. The sys-
tem’s entire relay-control segment was concentrated in the main distributor. Time
commands were issued by the “program current distributor” (PTR). That’s the term
we used to replace Zeitschaltwerk, the German phrase for timer. Lead batteries devel-
oped by Nikolay Lidorenko, and Andronik losifyan’s motor generators supported
the power supply system.

Instead of the four-channel Messina-1 telemetry system, our domestic eight-chan-
nel Brazilionir system was installed in the instrument compartment. Degtyarenko,
who was assigned this work back at the Institute RABE, developed this system at
NII-20. Yevgeniy Boguslavskiy developed the fundamentally new Don telemetry
system at NII-885. However, despite the developers’ enthusiasm, this system was
not ready to support missile flight tests in 1948. We used it only for the second
series of R-1 missiles in 1949.

The alcohol and oxygen tanks were welded using an aluminum-magnesium
alloy. The aviation industry supplied the material for the tanks. The welding pro-
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cess, which was new for Factory No. 88, was mastered under the supervision of
Leonid Mordvintsev. This was one of the key production problems for mastering
missile production at Podlipki.

The R-1 propulsion system was developed under Glushko’s supervision at OKB-
456 in Khimki. They assigned it the designation RD-100. The greatest headaches
during its reproduction and optimization had to do with the selection of nonmetal-
lic materials for seals, various rubber and metallic parts, and problems with leaks at
all the pneumatic and hydraulic interfaces.

As a rule, ignition was accompanied by a violent pop. Sometimes the engine
never started. This defect was a problem that the engine specialists who had devel-
oped the engines worked on for a long time. The engines’ components did not have
an auto-ignition feature. Apropos that, one day when we were talking about our
troubles, Isayev confessed that he had made a vow to develop engines with only
auto-ignition components so that he wouldnt have to use the “horns and hooves”
method that we had invented in Khimki in 1943, and he wouldn’t have to live in
perpetual fear of the ignition problem.

DURING THE FIRST DAYS OF SEPTEMBER 1948, the R-1 missiles designated for
flight tests arrived at the State Central Test Range. The missiles to be tested were
shipped in special enclosed freight cars under intensified guard in advance, so that
the first ones had already been unloaded by the time we arrived. With NII-88 Direc-
tor Gonor in charge, we followed the missiles out to Kapustin Yar to the State Cen-
tral Test Range to take our first exam. Our work on the manufacture of a domestic
long-range ballistic missile, the R-1, was about to be tested.

In today’s terminology, missiles with a range up to 1,500 kilometers are classified
as short and medium range. But at that time, 300 kilometers was a great distance.
After all, we were only just developing the R-2 with a range of 600 kilometers, and
the R-3 project with a range of 3,000 kilometers was in the distant future.

The launches were supposed to confirm that the R-1 was at least not inferior
to the A4. We rode out on our special train, in the sleeping cars that would be our
living quarters at the firing range. Vasiliy Ivanovich Voznyuk had not yet managed
to build hotels.® There had been too many problems to take care of getting the firing
range ready. The launch pad had been moved a little farther from the engineering
facility and a thick concrete bunker built for launch control. Alongside the “steppe
asphalt” road, a good concrete road was put down.

Construction workers also built sheds to house the three cinetheodolite stations.
The launch site had a well-equipped shed that served as the facility for the Academy
of Sciences’ Physics Institute (FIAN), where the physicists who studied the intensity
of cosmic rays during launches huddled together. This team of scientists included

8. Vasiliy Ivanovich Voznyuk (1907-76) served as Commander of the Kapustin Yar range in
1946-73.
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two future academicians, Sergey Nikolayevich Vernov and Aleksandr Yevgeniyevich
Chudakov. This was one of our country’s first scientific space teams, which was just
as interested as we were in penetrating into outer space. FIAN hardware was to be
installed on at least two missiles.

The tests on the first domestic missile series were called factory tests. Ustinov
approved the 1948 test program, and it was concurred with GAU. Vetoshkin was
the State Commission chairman, his deputy was General Sokolov, and Voznyuk,
Gonor, Korolev, Tretyakov, Yeremeyev, Vladimirskiy, and Muravyev were appointed
commission members. Chief Designers Korolev, Glushko, Barmin, Ryazanskiy,
Kuznetsov, Pilyugin, Likhnitskiy, and Degtyarenko were responsible for the techni-
cal management of the tests.

In all, twelve missiles were shipped for the tests. Of these, ten were equipped
with the new domestic Brazilionit telemetry system instead of the German Mes-
sina system. Having retained the frequency multiplexing principles of the channels,
the developers doubled the carrying capacity. It became possible to receive twice as
much data as on the A4. The entire radio monitoring system of the missiles’ flight
and behavior was considerably enhanced. The number of radar stations had been
increased, and their personnel had undergone preliminary training.

For the first time, the Indikator-D radar system responder was installed on sev-
eral missiles. The Indikator-D was developed at OKB MEI by Kotelnikov as a result
of our meeting with Valeriya Golubtsova.

We set aside a special railroad car for telemetry data processing. There, the mem-
bers of the first serious measurement service, consisting almost entirely of young
specialists who had graduated in 194647 from institutions of higher learning and
were immediately “thrown into battle,” began their careers. They all proved to be
enthusiasts and soon held leading positions and commanded respect. Among them
I need to name Nikolay Zhukov, Vadim Chernov, Arkadiy Ostashev, and Olga
Nevskaya. Major Kerim Aliyevich Kerimov commanded the telemetry receiving-
recording station. He would go on to become the permanent chairman of the State
Commissions on manned launches.’

Radar tracking stations were manned by a staff military contingent. But NII-88
Department U radio engineers coordinated their work, developed the observation
schedules, and processed the results. Nadezhda Shcherbakova and NII-4 radio engi-
neer Grigoriy Levin supervised the operations.

The technical management included a group of ballistics specialists. These were
men who would later become famous Soviet scientists and leaders in the space
industry: Yuriy Aleksandrovich Mozzhorin, who in 1961 became director of the

9. Kerim Aliyevich Kerimov (1917-2003) served as the First Deputy Director of NII-88
(TsNIIMash) in 1974-91. From 1966 to 1991, he also served as Chairman of the State Commission
for piloted space vehicles, that is, he oversaw flight operations for almost all Soviet human space
missions including Soyuz, Salyut, and Mir.
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main institute of the Ministry of General Machine Building; Svyatoslav Sergeyevich
Lavrov, who in 1968 became a corresponding member of the USSR Academy of
Sciences and in 1980, director of the Astronomical Institute; and Refat Appazov, a
leading ballistics specialist in Korolev’s OKB. Practically the entire ballistics Kompa-
shka, as we called it, under Georgiy Tyulin’s management, had worked well together
at the Sparkasse of Institute Nordhausen back in Germany.

In early September, the Volga steppes, which had been scorched over the summer,
were once again covered with vegetation. Ground squirrels scampered playfully
over the roads. Steppe eagles stood watch on the telephone poles and transmission
towers. Their life in the wild was continuously in danger. The ground squirrels, the
eagles’ main prey, were poisoned because it was believed that they were plague carri-
ers. The missile specialists who now occupied this area had a penchant for the great
eagle wings, a unique souvenir of the steppes, and this also became a reason for the
extermination of those remarkable birds. People, not missiles, were destroying the
unique animal world of that region.

In 1947, the electric firing, fueling, and other departments were staffed primar-
ily with civilian specialists who had undergone training at the Institutes RABE and
Nordhausen. German specialists attended the launches as consultants and prompt-
ers, but by 1948, there was not a single German specialist at the test range.

The launch crew was staffed with special purpose brigade (BON) officers and
soldiers under the command of General Aleksandr Fedorovich Tveretskiy. An indus-
trial specialist was paired up with each member of the military detail as a monitor.
Despite the industrial specialists’ obvious technical precedence, they quickly sorted
things out with the military men and their joint work proceeded very amicably.

The military officers—launch team chief Major Yakov Isayevich Tregub, electric
firing department chief Captain Nikolay Nikolayevich Smirnitskiy, his deputy Cap-
tain Viktor Ivanovich Menshikov, and stand-alone testing department chief Major
Boris Alekseyevich Komissarov—all advanced to the posts of high-ranking generals,
but they maintained their friendship with their missile launching comrades from
the late 1940s. During those years, that is, during the period of operations at the
Kapustin Yar test range in 1947-53, we all worked as a team.

Here, I'd like to give my due to Colonel (later General) Mrykin. In charge of
the GAU missile directorate, he took upon himself the primary work of formulat-
ing the military’s technical policies.' In the role of a strict and exacting taskmaster,
Mrykin demonstrated exceptional steadfastness in dealing with Korolev and other
chief designers, who were striving to rid themselves of the R-1 somewhat quicker
and switch to forward-looking tasks. As a chief they thought he was harsh and too
demanding. I have already mentioned that.

Mrykin’s subordinates were somewhat fearful of him, but they respected him.

10. Mrykin’s official title between 1946 and 1953 was First Deputy Commander of the 4th
Directorate of the Main Artillery Directorate (GAU).
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Industrial workers had mixed feelings. The chief designers who comprised the illus-
trious Council were obviously not overly fond of Mrykin because every time he
brought an issue to them, they had to either respond to all of his demands or find
some rational reason for declining. The chiefs” deputies and all the lower-ranking
supervisors respected Mrykin. They saw and understood that his negative com-
ments regarding technical imperfection, errors in calculations, or the need for solu-
tions based on the analysis of the results from failed launches were essentially correct
and required implementation.

Mrykin was not a military careerist. It wasn't easy for him to develop relation-
ships with high-ranking leadership precisely because, being very devoted to his work
and firm in his convictions and in the validity of his case, he fearlessly entered
conflicts from which he did not always emerge the victor. His work had a great
influence on raising the operational characteristics of all the long-range missiles of
the first decade.

The unflinching natures of Korolev and Mrykin often clashed, and higher-ups
had to resolve conflicts between them. The complexity of the relationships of these
two men devoted to their work affected those surrounding them. More than once
Korolev and Pilyugin reproached me for having good relations with Mrykin and
making concessions to him in various joint documents. In 1965, Mrykin retired
with the rank of lieutenant general. He went to work at TsNIIMash as deputy direc-
tor of the institute and began to study problems of reliability, and, as a hobby, he
collected and worked with materials on the history of aecrospace technology.!

THE FLIGHT TESTS OF THE FIRST SERIES OF R-1 MISSILES HAD A TRAGIC BEGIN-
NING. | must make a confession to the readers of the first volume of the Russian edi-
tion of Rockets and People.”” In chapter 4, “Getting Started on Our Home Turf,” on
page 191, I write about the tragic death of one of the finest BON officers, Captain
Kiselev. Over the eight years since the first volume was released, not a single reader
pointed out my mistake to me. Captain Kiselev’s death occurred not in October
1947, during preparation for the launch of the first missile, but during preparation
for the launch of the first R-1 missile on 13 September 1948!

One of the negative comments of the military testers based on the experience of
preparing the A4 missiles at the launch site was the inconvenient access to the instru-
ment compartment, which was located directly under the warhead. Responding to
the testers’ wishes, Korolev had commanded his designers to develop a “cradle,” a
service platform that would be suspended from the nose section. After the missile
was erected on the pad, the operator would be able to climb into this cradle from
the upper part of the erector. When he had completed his work, the operator would

11. Mrykin served as First Deputy Director of NII-88 (TsNIIMash) between 1965 and 1972. He
died in October 1972.
12. B. Ye. Chertok, Rakety i lyudi [Rockets and People] (Moscow: Mashinostroyeniye, 1994).
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climb back onto the erector, open the locks of the metal belt secured around the
warhead, and drag it onto the erector to descend to the ground.

The first missile was erected on the launch pad with the cradle placed on the
nose section. Before work started, launch crew department chief Kiselev decided to
personally check out the possibility of using the cradle for work in the instrument
compartment. Standing in the cradle, without any safety precautions, he began to
jump in the cradle to test the reliability of its fastenings. The catch clips did not
withstand the dynamic load. The cradle holding Kiselev broke off and came crash-
ing down from a height of twelve meters onto the concrete launch pad.

This happened right before the eyes of almost the entire launch crew. The ambu-
lance on duty at the launch site delivered Kiselev to the test range military hospital.
The hospital’s chief surgeon reported to the State commission that the trauma that
the captain experienced was fatal. Use of the cradle during missile tests was forbid-
den. All of this I have dragged out of my memory almost fifty-five years after the
fact.

Everything that happened on that sunny September morning at the Kapustin
Yar launch site I have tried to recreate in my memory by reading Korolev’s let-
ters published in the book ...7r Was a Time that Needed Korolev." The author who
compiled that book, Larisa Aleksandrovna Filina, director of the Korolev Memorial
House-Museum, has published the most vivid excerpts from Korolev’s letters from
the test range to his wife, Nina Ivanovna.

9-10 September 1948

“Our workday begins at six o'clock in the morning local time (5 oclock Moscow time)
and continues until late into the night.

Of course, I am very tired, being unaccustomed to it, but I think that I'll soon get into
the routine. Meanwhile everything is going rather well.”

30 September 1948

“On 13 September our dear friend and comrade-in-arms Pavel Yefimovich Kiselev
died tragically. He was one of our main testers. The accident happened on the 13th, and
he died without regaining consciousness on the 14th at 2:00 p.m.

A terrible chain of events led to his death. His personal courage and ardent love for
the job entrusted to him tragically pushed him towards death. But given all of that, we
designers and I, as their chief supervisor, bear a heavy responsibility for this incident.
Officially they are saying that he is to blame, but I personally am taking this hard
and cannot forgive myself that perhaps I might have overlooked something, and in any
event, I should have watched more attentively. During the 24 hours that he was battling
against death, all of us here lived with only one hope, that he would stay alive. On the

13. L. A. Filina, ed., “.. Byl veku nuzhen Korolev”: Po stranitsam arkhiva Memorialnogo doma-
muzeya akademika S. P Koroleva [“...It Was a Time that Needed Korolev”: From the Pages of the
Archives of the Memorial House-Museum of Academician S. P. Korolev] (Moscow: MDMA Koroleva,
2002).
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14th at noon I couldn’t help it, 1 fell asleep, and suddenly some force threw me from the
sofa. I jumped up—it was exactly 2:00 p.m. At that moment he died ...

1t seems so long since I had hoped for something so much, since I had prayed so hard
to the powers that be or to some powerful God that he would stay alive—and now its all
over for once and for all!

This situation is all the more tragic because five days later his daughter was born.

We buried our dear Pavel and the following day we returned once again to our work;
the work for which he gave up his life.”

12 October 1948

“The distant and dear-to-my-heart hours and happy minutes of our life. ..

Now, here in this windy, sandy wilderness, during my few minutes of rest and calm I
recall them. It is 1 a.m. Reveille is at 3:30. This is my second night without sleep, bur I
wanted to send you these few words of love and greeting. ..

1 want you to be strong and steadfast in life. Know that I, too, am trying to be the
same, and above all, for you.

No matter how hard our separation, it is necessary for the sake of this important work
for our Fatherland, and we must be steadfast.”

In 1948, Pavel Tsybin was the chief of testing at Department No. 12 at NII-88.
He had transferred to us from the aviation industry. His deputy was Leonid Voskre-
senskiy. Both of them were present at the launch when Kiselev tested the ill-fated
“cradle.” After Kiselev’s burial and the customary ceremonial funeral banquet, I lis-
tened to Voskresenskiy’s ruminations; he had clearly been shaken by what had hap-
pened. He was tearing himself up that he had not demanded any documents from
the designers clearing this cradle for operation, and there had been no preliminary
factory tests whatsoever.

THE TESTS OF THE FIRST SERIES OF R-I MISSILES SHOWED THAT WE HAD ADDED
OUR OWN DEEECTS TO THOSE OF THE A4. Whereas the A4 had endured in-flight
accidents, the R-1 stubbornly refused to lose contact with the launch pad. It took
twenty-one instances of the engine failing to go into main stage ignition to get nine
missile launches. To a certain extent, these failures came as a surprise to us. We had
not expected the R-1 to be so reluctant to fly. The cause turned out to be power-
ful pops from micro-explosions of fuel entering the combustion chamber after the
“ignition” command. The pyrotechnic igniter, located on a special device made of
wooden strips in the combustion chamber, was supposed to burn a portion of the
alcohol mixed with liquid oxygen vapor. After this, upon the issuance of the “pre-
liminary” command, a significantly greater quantity of fuel was fed to the fire that
had formed, and for seconds the steady, roaring jet of the preliminary stage was
formed. Then, the “main” command occurred. The main oxygen and alcohol valves
opened at full flow. The main stage jet was generated with the characteristic roar,
thrust increased, and the missile took off from the pad. But this did not happen
during the first attempt to launch the first R-1 missile.
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After the “ignition” command, a powerful “pop” sound could be heard, a noise
a lot louder than a rifle shot. The shock effect caused the message lights of the
selected commands on the launch console to begin blinking and the circuit to reset.
Transition to the intermediate stage was prevented, and power was cut off from the
electric motors of the control surface actuators. For another launch attempt they
had to reset the circuit to the initial state, cut off power to the onboard instruments,
and replace the igniter, which required climbing almost inside the engine’s already
“wet” nozzle. These operations, including all the discussions and arguments, took
one or two hours.

During the second launch attempt there was once again a powerful pop accom-
panied by the consequent resetting of the circuit. A significant evaporation of
oxygen accompanied the launch delay. Ground support needed to bring up the
oxygen filler again and top off the tank with oxygen. They preferred to drain the
oxygen back into the filler and investigate the causes of the launch failure. After
draining, the missile needed to be dried, for which they decided to bring in aircraft
air heaters. They decided to drain both the alcohol and the hydrogen peroxide in
order to completely repeat the electrical tests on a dry missile and find the cause.
This took three days. They never did find the exact cause. Everything seemed to be
working properly.

The ground crews fueled it up and began a third launch attempt. Using the idea
of one of Pilyugin’s testers, former seaman Nikolay Lakuzo, they decided to take the
extra precaution of manually ensuring the launch’s reliability. Even if a pop occurred,
they would not allow the system to reset. To do this, Lakuzo crawled behind the
launch console in the bunker, removed the back panel, and at the required moment,
he manually retracted the armature of those relays that popped loose during the
pop. That way, the system had to continue the automatic process of proceeding to
the “main” stage.

This forced start mode really did make it possible to proceed to the main stage
mode. But, evidently still reacting to the assault on its electrical system, and having
reluctantly taken off, the missile immediately leaned forward and went into hori-
zontal flight. All the observers jumped into the open trenches that had been dug
beforehand. After flying approximately ten kilometers with its engine running, the
missile went into a dive and crashed into the ground. But that’s not all. Not just the
missile, but also the heavy launch pad flew off and was hurled twenty meters from
the launch site, and all that was left there was fused or swept away by the force of
the fiery squall. Examining the mutilated launch pad, Glushko noted sarcastically,
“I didn’t think that my engine could make launch pads fly too.”

All night we analyzed the system and finally realized that when Lakuzo was pull-
ing in the relay armature, he didn’t pull in the armature of the control surface actua-
tors’ power supply. The missile had flown without control surface actuators, that is,
as an unguided projectile.

Forty-four years later, Dr. Vadim Chernov, who in 1948 had been at the test
range as an MAI student, told me his version of the crash of the first Soviet R-1
long-range guided missile.
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From the author’s archives.

Missile launch control members during a break in the winter of 1948 while launching the
R-1 ballistic missile. From left to right are B. Ye. Chertok, N. A. Pilyugin, L. A. Voskresenskiy,
and N. N. Smirnitskiy.

“I was responsible for the first crash,” declared Chernov. “At the launch site,
Korolev saw me, called me over to the launch pad, and explained, “This missile is
Soviet, but the launch pad is still German. Do you see the onboard skid contact? It
starts the timer at the moment of launch. Its rod rests in a corresponding niche on
the launch pad. The pad needs to be fixed so that everything will be ready by morn-
ing.” Chernov was devising and designing all evening. He woke up the metalwork-
ers in the middle of the night and by morning in the workshop on the special train
they had produced his version of the skid contact stop, or more correctly speaking,
the liftoff contact. According to Chernov’s version of the story, his student design
did not withstand the powerful pop, and the contact broke after the “ignition”
command rather than affer the missile lifted off from the launch pad. The horizon
gyro timer started ahead of time; a pitch command was sent to the control surfaces,
tilting the missile immediately while it was still on the pad. As the missile was leav-
ing the pad, the plume was pointed, not vertically, but at an angle, and it hurled the
pad off into the steppe.

After this incident, Korolev instructed Chernov to calculate what gas dynamic
forces were affecting the launch pad to the extent that it could fly so far. This was
the first scientific-research project of the MAI professor, prominent specialist in the
field of missile instrumentation, and member of the Russian Engineering Academy
and Russian Academy of Cosmonautics.
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The second missile proved to be even more obstinate. To begin with, the ground
crews eliminated all the defects in the ground-based cable network. Next, during
two launch attempts the engine did not start, despite the fact that the system did
not reset. After long experiments on a missile standing on the pad, they discovered
that the main oxygen valve had frozen. During subsequent attempts, resets were
sometimes accompanied by the intervention of firefighters. Puddles of propellant
components were burning under the launch pad.

Eventually they removed the oxygen valve from one of the missiles and checked
its ability to freeze. They determined that the cause of the failure was the stiffening
of the abundant amount of oil in its bellows assembly. The missile tests were dis-
continued. The main oxygen valves were removed from all the missiles and sent to
the factory in Khimki for degreasing. This was a powerful blow to engine designer
Glushko’s self-esteem. Up until that point he had been bad mouthing “the resetting
circuits of those guidance specialists and electricians.”

It wasn’t until 10 October that the missile reached the target area. But three days
later, after three attempts, the next missile once again remained on the launch pad.
In terms of psychological effect, the disruptions caused by the freezing of the oxygen
valves surpassed the pops that had accompanied the launch attempts.

Soon after the flight tests had begun, Ustinov, Artillery Marshal Voronov, and
former State Commission chairman Artillery Marshal Yakovlev flew in, not only
as observers and enthusiasts but also as supervisors and threatening bosses. Their
appearance coincided with the beginning of a whole series of failures and disap-
pointments, and left all the testing participants in a state of constant stress. The
high-ranking leaders had been fully convinced that we had not only studied and
reproduced German technology, but had substantially increased the missiles™ reli-
ability. And now suddenly they discovered that the missiles, for various reasons,
simply refused to fly.

According to the established traditions, we all were due strict reprimands. Sup-
posedly this would be beneficial. In the conference car of the special train a State
Commission meeting convened, including the chief designers and leading special-
ists. Glushko’s deputy Dominik Sevruk reported on the causes of the pops. He just
managed to explain the cause, but all he could offer in the way of solutions was:
“Let the guidance specialists figure out why their system resets. Pops during launch
are inevitable.”

Pilyugin was offended and tried to argue that if you “hit all the relays with a
sledge-hammer, you can’t help but disturb the contacts and that’s what causes the
system to reset. The German missiles did not have this backfiring problem.”

During the meeting, I was sitting in the far corner of the car between Smirnitskiy
and Tregub. Before this we had rejected the idea of the relay contacts in the main
distributor being disturbed. The main distributor was located far from the engine
and the missile’s entire structure should have damped the pop. I assumed that during
powerful pops, the contacts were disturbed between the multiple-strand ground
cable and the flange in the skid connector designed by the Prozhektor Factory.
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I liked this idea so much that, despite the threatening mood of the visiting brass,
I smiled and started to whisper this idea to Smirnitskiy. Infatuated with the hypoth-
esis, I didn’t notice that the meeting’s arguing had died down. A strong shove in my
side from Tregub stopped me. Ustinov’s menacing, mocking voice rang through the
silence. Turning to Voronov he said, “Nikolay Nikolayevich, have a look at Chertok.
We've all been sitting here for days and they can't explain to us why the missiles
won't leave the pad. We have to report to losif Vissarionovich [Stalin] that we have
mastered production of the missiles, but it turns out, they refuse to fly. And through
it all, Chertok is still smiling.”

I immediately stopped smiling. But now, looking in my direction, Voronov
smiled and kindly said, “So let’s hear Chertok’s explanation as to why the mis-
siles would fly for the Germans, but not for us.”
Despite the cramped quarters, I stood up and reported
that as yet not everything was clear, but that tomor-
row we would conduct an oscillographic analy-
sis of the contacts behavior, which would enable
us to understand and correct whatever was causing
the system to reset when powerful pops occurred.
After the meeting my comrades attacked me. “What
oscillograph? Where? What have you promised with-
out consulting with anyone? Start drying bread crusts!
Serov’s agents have already memorized your smile.”™
Together with Boguslavskiy, whose artistic abilities for
using an electronic oscillograph I had admired back
at the Institute RABE, we worked out a system for
monitoring the operation of the skid plug contacts.
Right away, helpers and fans of the idea appeared
out of nowhere. During the next pop we actually saw
“ the blips of the tripping contacts on the oscillograph

Asif Siddigi.gcreen, which explained the system’s reset logic. Golts-
The R-1, shown here just man, the chief designer of the ill-fated plug, devised an

after launch, was the Soviet . ) | spring that increasing the contact’s reliability.

version of the German A4 ..
(V-2) missile. Its reproduc- The missiles began to fly!

]

tion allowed Soviet industry I received no gratitude for the idea. But Voskresens-
to master a huge array of kiy kept his head, and after the next successful launch,
industrial practices neces- when the necessary quorum had gathered in one of
sary to develop much more . . .

- - the compartments of the special train, he explained,
complex missiles. The missile . . )
was eventually deployed for Everyone drinks his own booze, but for hors d'oeuvres
battle operations in 1950. we'll have Chertok’s dried bread crusts.” We drank to

14. The comment about bread crusts was a typical contemporary euphemism to warn about the
threat of arrest and imprisonment.
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our success too soon. In addition to the skid connector, we also needed to increase
the “pop resistance” of the skid contact. Chernov’s work on that problem had proved
insufficient.

Added to all our troubles was another incident that finally drove the visiting
brass to distraction. The next missile launch scheduled for 1 November was post-
poned due to severe fog. During the night, the sentry guarding the launch site
showed exceptional vigilance and for some unknown reason shouted, “Stop! Who
goes there?” No response came out of the fog and he fired a warning shot. The guard
raised by the alarm found nothing suspicious in the surrounding area.

Arriving at the site the next morning, the launch team immediately smelled the
strong scent of alcohol. An inspection showed that the shot the night before had not
been fired into the air, but rather into the filled alcohol tank. The missile’s entire tail
section was drenched with alcohol from the bullet hole. They removed the missile
and shipped it to the factory in Podlipki for restoration and sent the sentry to the
brig. Voznyuk was advised of the guards’ utterly unsatisfactory training.

Factory tests of the R-1 at the firing range had begun during the marvelous days
of September. They finished in cold and rainy November. Of the twelve missiles,
nine were launched. Despite the very discouraging results of the flight tests, the
findings of the State Commission were very generous:

“The first series of R-1 domestic missiles in terms of their flight characteristics, as
demonstrated by the flight tests, were not inferior to the captured A4 missiles. Funda-
mental issues during the reproduction of R-1 missiles from domestic materials were cor-
rectly resolved ... The flight characteristics of the first series of R-1 missiles conform to the
characteristics specified by the tactical and technical requirements, with the exception of
range scatter.”

Essentially, such an assessment was necessary to overcome the skeptical and even
hostile or negative attitude toward missile armaments on the part of many military
chiefs, who had gone through the war and emerged victorious using conventional
armaments.

This calls to mind a statement by one of the combat generals who was invited
to the firing range for familiarization with missile technology. After a modest ban-
quet arranged in the special train in honor of completing testing on the first series,
and being somewhat mellow from drinking our traditional “Blue Danube,” that is,
rocket fuel tinted with manganese crystals, turning to Pilyugin, Kuznetsov, and me,
he said confidentially so that the marshals sitting nearby could not hear: “What are
you doing? You pour over four metric tons of alcohol into a missile. And if you were
to give that alcohol to my division, they could take any city easily. And your missile
wouldn’t even hit that city! Who needs it?”

We, of course, started to defend ourselves, and to argue that the first airplanes
were not perfect either. But he proved to be not such a simpleton and crushed us
with this simple argument: “The Germans manufactured and released thousands
of missiles. But who could tell? In Berlin, I met both Brits and Americans. They
told me frankly that they did not suffer any particular loss from the missiles. So
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they only affected morale. And the troops had no idea that the Germans had such
a secret weapon. But what if; instead of thousands of their V-missiles, the Germans
had hurled thousands of tanks or aircraft at the front! Now that’s something we
would have felt!”

I don’t remember this general’s surname. His tunic was decorated with an impres-
sive abundance of sparkling medals. Having overheard our conversation, Vetoshkin
smiling cunningly, proposed a toast, addressing it more to that general than to the
rest of the gathering: “Don’t look at what’s on your chest, look at what’s ahead!”

I must give credit to the sense of the future and the courage of the high-ranking
military leaders Voronov, Nedelin, Yakovlev, and Marshal Zhukov himself, who at
that time was deputy defense minister. In spite of all their accomplishments and
highest authority, they risked more than we did. Ultimately, we were legally in the
clear: there was a decree signed by Stalin that each of us was obligated to fulfill. But
as regards this or that marshal, that same Beriya during his next meeting with Stalin
could say that so-and-so supports missile projects demanding enormous resources
and the ineffectiveness of such projects has been proven and was obvious already at
the end of the war. And with that, the marshal’s career, and perhaps his freedom,
would have come to an end. After all, it was in 1952 that the highly upstanding
Marshal Yakovlev was arrested on a much less serious charge!

Of course, Minister Ustinov, Vetoshkin, other ministers and the directors of Gos-
plan and Special Committee No. 2 were also taking a risk gambling on our obses-
sion. By late 1948, operations had expanded so broadly that doubts and retreats
would have been much more dangerous for everyone than their intense continu-
ation. But we had to keep in mind to ensure a “significant increase in reliability,
failure-free operation, and improvement of the operational parameters of all the
assemblies and systems comprising the R-1 missile.”

This is a citation from the State Commission’s resolution. In 1949, we were faced
with eliminating the defects discovered in the first series and once again traveled out
to the firing range no later than September for joint factory tests on the R-1 second
series. Before our departure from the firing range Korolev impressed on all the chiefs
and persuaded Vetoshkin that the second series must comprise at least twenty mis-
siles. No one objected to this proposal.

During work on the second series we were all, to a certain extent, freed from the
obligations to precisely reproduce German technology. For that reason, a great deal
of resources were devoted to experimental work, new ballistic calculations, compil-
ing new range tables, reviewing all the factors determining accuracy, and, finally,
developing new monitoring systems and instrumentation.

The year 1949 was also taken up with preparation for the production of the new
600-kilometer range R-2 missile, which was a departure from the German A4. The
fabrication of the R-2E experimental missile was already underway at full speed.
This missile was supposed to confirm the propriety of the primary design solutions
adopted for the R-2. But who would support the prospects if we didn’t vindicate
ourselves with the new R-1 series?
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At one of the unofficial meetings of the technical management upon returning
from the firing range, Korolev clearly expressed his belief that the primary work to
achieve failure-free launches “on the first attempt” must be conducted at NII-885
and OKB-456. As for NII-88, the main task would be bringing order and profes-
sionalism to the factory, increasing the reliability of the control surface actuators
(this was addressed to me), and establishing a way to monitor what was going on in
Pilyugin and Glushko’s organizations.

Upon our return, Gonor very actively set about redesigning the factory and
introducing new production processes. Traditionally, the factory had little trouble
with machining processes. New processes that required nonferrous castings, a large
volume of copper, riveting, and welding work were taken on very reluctantly.

By late 1948, Gonor had strengthened the management of the main shops, and
after making arrangements with Lavochkin, sent more than fifty process engineers
and factory foremen to Lavochkin’s pilot-production factory for training in aircraft
production.”” Their primary objective was to study the processes for bending, form-
ing, and welding aluminum alloys. They created an independent fittings shop with
a closed production and testing cycle. Later, this shop became a high-capacity and
very state-of-the-art engine fittings production facility.

While working on the guidance systems for the second series of R-1s, my com-
rades and I needed to concentrate on four primary areas: optimization of airtight
(nonleaky) control surface actuators; perfection of factory electrical testing proce-
dures and processes and, correspondingly, test equipment; mastery of the new Don
telemetry system; and keeping track of what was going on at NII-885.

A serious technical achievement of 1947 was the creation of the new Don telem-
etry system, which was installed on all “series two” missiles instead of the Brazilionit.
The Don was developed by Boguslavsky’s small team at NII-885, and a short time
later it went into series production.

The increase in the number of parameters measured on each missile, the devel-
opment of new sensors, and the general electrical circuitry of the telemetry system
required an increase in the number of telemetry specialists. The Doz system ground-
based receiving station was equipped with an electronic monitor that enabled real-
time observation, satisfying the curiosity of the authorities in the event of an acci-
dent, without waiting for the film to be developed and dried. Instead of recording
on paper using mirror-galvanometer oscillographs, for the first time measurement
results were recorded onto motion-picture film using an electronic oscillograph. All
the system ground tests were successful, and Boguslavskiy proposed that we also
conduct aircraft tests before the firing range tests. They were conducted at LII. For
the first time, the aircraft testers envied the missile specialists when they realized that
the system would make it possible to understand flight phenomena, especially in

15. This was Factory No. 301 located in Khimki near Moscow.
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critical situations, without waiting for the findings of the accident commission.

The year 1949 was the most stressful in terms of the number and variety of
missile launches. During April and May, experimental launches of the R-1A were
conducted. The primary objective of these launches was to optimize the separa-
tion principles of the nose section. But one could also not miss the opportunity
for conducting a whole series of experiments necessary for the future during these
launches.

The missile’s nose section was equipped with a cowling that ensured its static
resistance during entry into the atmosphere. A parachute system made it possible
to recover the nose section, which held containers of scientific equipment that were
designed to study the atmosphere up to an altitude of about 100 kilometers. Four
missiles were launched to a range of 210 kilometers, and two were launched to an
altitude of 100 kilometers.'® At the same time, the capability was tested for radar
tracking the missile body and the separated nose section separately. During the pro-
cess of vertical launches, for the first time serious research work was conducted on
the passage of SHF and UHF radio waves in the upper atmospheric layers. It turned
out that the main interference for reliable radio communications with the missile
was not in the ionosphere, but in the engine plume.

During vertical launches, patterns were very clearly recognized. While the engine
was operating, information proceeded from the missile with transient errors. As
soon as the engine was shut down, reliable communications were established, espe-
cially in the UHF band. Boris Konoplev at NII-20 had developed the equipment
for experiments in that band. He also developed the radio control system for the
future R-3 missile.

Konoplev was the staunchest supporter of combined control systems, that is,
the combination of an autonomous inertial radio system and one that corrects its
errors. I first became aware of his almost fanatical devotion to radio engineering
and his ineradicable desire to solve any radio engineering problem his own new way
after making his acquaintance back in 1937, during preparation for the transpolar
flights. At that time he was working in the Main Directorate of the North Sea Route
(Glavsevmorput) and, without having a degree in radio engineering, he was the most
authoritative radio specialist. During the war he set up radio communications on
the routes of northern sea convoys. Then he took a keen interest in radar. Finally, in
1947, he decided that his place was in missile technology, and he devoted all of his
enthusiasm and talent to it.

During tests, radiating optimism, he would report the results of his research
on the attenuation of radio waves in the engine’s plume and countermeasures
against this phenomenon to all whom he considered worthy of introducing to radio
engineering. Pavel Tsybin, who at that time was NII-88 testing department chief,

16. Six launches of the R-1A took place on 7, 10, 15, 17, 24, and 28 May. The last two were
“vertical” launches for reaching altitude rather than downrange.
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devoted a witty satirical ode to Konoplev and to the problem of the engine jets’
effect on radio waves. It was a sensational success among testers and radio specialists,
who considered Konoplev a great radio ham, but a dilettante in radio physics.

In early 1950, Konoplev transferred to NII-885, where he was in charge of the
entire field of radio engineering. Air defense problems were the exception. In this
case his aspirations did not always match the technical view of Ryazanskiy and Pil-
yugin. However, these differences did not lead to the antagonism that often occurs
in organizations when several outstanding talents are working on similar problems,
dividing an entire team into warring camps.
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The second series of twenty-one R-1 missiles was broken into two batches: ten so-
called ranging missiles and ten qualification missiles. One missile was designated for
firing rig tests. The grim lessons of the first series were not lost on us. The second
series, manufactured and tested at factories using newly revised documentation,
showed substantial progress in reliability.

From September through October 1949, all the launches were conducted under
incomparably calmer circumstances than in the past. It bears mentioning that the
living conditions at the firing range had also been substantially improved. For the
first time, we were living in hotels instead of the rather shabby special train. We now
dined in normal dining halls rather than tents. All the roads were concrete-paved,
and the old firing range song about “dust and fog” was receding farther and farther
into the realm of folklore. Finally, missiles at the engineering facility for horizontal
tests were given a significantly more comfortable assembly and testing building.

The new order at the firing range included brief periods of rest and relaxation. As
a rule, we took advantage of them to go fishing. The Akhtuba River and its myriad
tributaries were in the immediate vicinity of Kapustin Yar and our residential area. I
don’t consider myself much of an angler, but I genuinely enjoyed the fishing parties
back then, both the actual fishing, and the subsequent socializing, when the main
and only dish was marvelous fish soup cooked on the riverbank.

Flight tests on the second series of R-1 missiles were conducted in September
through October 1949. As for the numerical ratings, the results looked pretty good.
Of the 20 missiles, 16 landed in the 16- by 8-kilometer rectangle that the technical
requirements specified. Only two missiles fell short of the target. One instance was
caused by the “popping”; its shock triggered the premature uncaging of the integra-
tor, which generated additional error because of gravitational forces. The other was
caused by an error in the integrator tuning. Two missiles experienced mishaps in the
launch area: one from prelaunch leaks in the fuel lines, resulting from the violent
pops, and the other from an explosion of the oxygen tank during the fueling pro-
cess, resulting from a faulty pressure release valve.

There was not a single failure during engine startup caused by system reset.
Pilyugin and his people were very proud of this, although the pops still took a toll
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on the testers’ nerves. In the first series, six of the ten missiles were removed from
the launch pad because of launch failures. In the second series, not a single missile
was removed.

After the launches were completed, they set up a review commission, of which I
was a member. We worked from dawn to dusk, forcing our typing pool to collapse
from exhaustion. They revised and retyped the conclusions, proposals, and findings
dozens of times.

Mrykin believed that the missiles’ shortcomings were still so serious that it was
too soon to launch a large production run of them, much less propose putting
them into service. Korolev was extremely disgruntled by this stance. He insisted
on roughly the following wording: “begin series production, during which defects
identified during flight tests shall be eliminated.” These controversies would have to
be decided in Moscow at the level of ministers and marshals.

Ustinov, Vetoshkin, Gonor, Korolev, and all of us R-1 developers believed that to
give the new technology a sense of worth and to add to the respect of the entire field,
the series production documentation needed to begin with the statement “accepted
into service.” After four years of unyielding work, the failure to hand over for pro-
duction a missile that the Germans had been producing in series as early as 1944
would have been a blow to our prestige.

IN 1949, THE PRIMARY TASKS FOR NII-88 AND ITS PILOT-PRODUCTION FACTORY
were the manufacture of a second series of R-1 missiles and its preparation for flight
tests, which were scheduled for September through October. The factory was not
designed for large-scale series production and was working under tremendous stress.
Factory horizontal tests in the control and test station of assembly shop No. 39 were
conducted jointly by shop testers and Department U specialists, without whom it
would have been impossible to figure out the intricacies of the electrical circuits and
to master the new Don telemetry system. By brainstorming, we quickly learned to
overcome all the difficulties we encountered during tests at the factory. But Pilyugin,
our chief launch tester Voskresenskiy, and I were plagued by the memories of the
“popping incidents” during the 1948 missile launches. We very much wanted assur-
ance that the modifications to the electrical circuits, the strengthening of the cable
connectors fastenings, and the changes in the ignition devices were sufficient. How
could we verify the reliability of all these modifications before flight tests began?

At first we hoped it would be possible to conduct firing tests on the missiles’
launch process on the rig under construction near Zagorsk at NII-88 Branch No. 2.
But in a meeting with Gonor on the readiness of the first firing test rig we were told
that it would not be ready before December. The rig at the firing range was too far
away for us to use. It was inconvenient and very expensive. It was unrealistic to ship
a special missile and an expedition of hundreds of specialists to the firing range for
the sake of two or three “pops.”

“Pve got it!” announced Leonid Voskresenskiy, who was already recognized by
everyone as the highest authority in testing.

142

The R-1 Missile Goes Into Service

“I propose that we conduct experiments using
a real missile in the woods near our airfield. We'll
set the missile up on the launch pad. We'll fuel it
and start the engine until it goes to the prelimi-
nary stage. As soon as it goes into the preliminary
stage, we'll shut it down. We'll sort out the latest
‘pop.” Glushko, Pilyugin, and Chertok, if they are
capable, can devise modifications, and we can do
a restart. And so we'll start up the engine as many
times as we need to. Going to the preliminary
stage isn’t hazardous stuff.”

“We'll install all the electrical starting equip-
ment in the cab of a truck, and we’ll ask Barmin
and Goltsman to round up their assemblies from
their factories.” From the author’s archives.

At first the proposal seemed crazy. Leonid Voskresenskiy (1913-65)

“We're only fifteen kilometers from Moscow. ~ was one of Sergey Korolev's most
What if the engine accidentally goes to main stage ~ Well-liked and respected deputies,

.. 5 .. : responsible for all field operations
after preliminary? The missile will take off! Where and flight-testing at the launch

is it going to crash? range. A man who had little time
The engine’s not going to go to main stage!  for the formalities of official hi-

We'll switch off the circuits of the main stage erarchies, he had a well-deserved
valves, and that will be a full guarantee of safety.” reputation as a seat-of-the-pants

Back in Bleicherode, we counted Voskresens-  29/€"™re"
kiy among the ranks of the “hussars.”! This pro-
posal underscored his hussar nature.

Gonor placed Voskresenskiy in charge of the experiments. Everything was ready
in a week. Before the standard experiments began, Voskresenskiy decided to con-
duct a general rehearsal on a quiet Sunday in April, so that all the high-ranking
guests could be invited to the missile launches beginning Monday on the outskirts
of Moscow.

The missile was erected in a forest glade on approximately the same site where
the main building of world-famous TsNIIMash is located today. After a general
rehearsal for the fueling of all the propellant components, right down to the hydro-
gen peroxide and sodium permanganate, having made sure that everything was
going normally, the testers cast their fates to the wind and decided to take the
rehearsal up to the point of the first ignition and first “pop.”

On the first attempt the engine achieved nominal thrust without a pop. But

1.“Hussars” were members of various European light-cavalry units for advance scouting, modeled
on the 15th century Hungarian light-horse corps. Here, the word is used in the Russian stereotype of
hussars as good-natured, courageous, and “hard living.”
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despite all the commands from the control panel, the engine did not want to shut
down and roared into the preliminary stage. The fiery squall thundering against the
conical splitter of the launch pad spread out over the ground, igniting the grass, the
bushes, and various and sundry trash. All attempts to shut down the engine failed.
The launch pad and missile tail section were in danger of overheating. If the white-
hot launch pad did not bear up, the missile would fall and an explosion would
follow, shattering the windows in the nearby factory settlement of Finnish-style log
homes.

Voskresenskiy asked the fire-fighting crew that rushed to the fire to direct the
streams of water at the launch pad to cool it off as much as possible. The supply of
propellant components kept the engine running continuously in preliminary mode
for ten minutes. The propellant components were finally used up, but the launch
pad and missile tail section were still steaming for a long time from the drenching
with water.

On that sunny Sunday I was looking forward to strolling around Sokolniki with
my sons. But a call from the NII-88 duty officer cut short my plans: “Lev Robertov-
ich [Gonor] ordered that I find you immediately and bring you to the launch site. I
have already sent a car.” When I arrived, steam was still rising from the overheated
launch pad and missile tail section.

Surrounded by individuals unknown to me, Gonor was explaining something
to Deputy Minister Ivan Zubovich. Off to the side stood the small group of those
responsible. Judging by their appearance, they had really “gotten theirs” and were
waiting for further instructions. After the higher-ups had gone their separate ways,
Gonor calmly explained to all of us that a state security representative had asked for
a brief summary of why all of this was necessary and what had been the probability
of the missile actually taking off.

“Chertok and Voskresenskiy shall write this at once. And tomorrow I will send
Zubovich a copy of my order with severe reprimands for the gross violation of safety
procedures, for unauthorized deviation from the program of experiments, and for
lack of a backup means for shutting down the engine. But this is a precautionary
measure. Ivan Gerasimovich [Zubovich] will try to keep us from being hounded
by investigators.” And so the attempt to fire up the R-1 missile engine at Podlipki
ended in disgrace.

Novostroyka, NII-88’s Branch No. 2 in the vicinity of Zagorsk, had been con-
ceived to facilitate the integrated ground testing and verification of a missile with an
operating engine. Firing tests on rig No. 1 at Novostroyka began after the tests on
the second R-1 series in December 1949.

I wouldn’t even have remembered them if it hadn’t been for the 50th anniversary
of NIIKhimmash. At the ceremonial anniversary meeting, NIIKhimmash direc-
tor Aleksandr Makarov gave me a precious gift. It was a photocopy of the original
report on the first firing tests on rig No. 1, dated 18 December 1949, article 1R No.
24, with propulsion system RD-100.

At the time, factory Director Makarov announced that this document was his-
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torical because it had been presented to the Moscow regional administration as
material evidence allowing the anniversary events to be conducted. Moreover, over
the fifty years of its activity, the former Novostroyka had been transformed from a
small settlement into a flourishing modern scientific city. And it deserved its own
name and location on a map. It had been proposed that it be given the name “Peres-
vet,” the symbol of the ancient warrior hero, whom St. Sergius of Radonezh blessed
for battle with the Tatars.?

The report, from which the secret stamp had been removed so that it could cir-
culate freely among the administrative offices of the Moscow regional governor, was
bound in a beautiful gold-embossed hard cover. The functionaries had not noticed a
historical discrepancy: the gold embossing on the cover said “NIIKhimmash 1949.”
But in 1949 there was only an NII-88 branch, but no NIIKhimmash.? But let’s not
split hairs! For me the important thing was that I had received the right to refer in
my memoirs to my direct involvement in the birth of a new city in the Moscow
region.

The report on the first firing test on rig No. 1 of the NII-88 branch, now the
city of Peresvet, had only three signatures: those of chief of Department No. 12
flight-test station No.2 (LIS-2) Voskresenskiy; chief of NII-88 Department No. 16
Chertok; and NII-88 Branch No. 2 chief engineer Tabakov.

THE CONSTRUCTION OF BRANCH No. 2 BEGAN THE SUMMER OF 1948. By late
1949 Novostroyka was already a small, completely closed forest housing develop-
ment. Its central and first installation was rig No. 1, closed off from the residential
area. It also included service facilities supporting the missile’s preliminary prepara-
tion for tests, the compressor unit, and yet-to-be-completed propellant component
storage facilities, instrumentation building, and workshops. Rig No. 1 was built for
missiles with cryogenic components. They had in mind the R-1 missile, its develop-
ment, the R-2 missile, and subsequent modifications. A great deal of space remained
for the construction of missiles using high-boiling components.

The initiator and primary enthusiast behind the creation of Novostroyka was
Minister Ustinov. Its chief builder, and in the early years its actual manager, was
Georgiy Sovkov, who had transferred to our ministry from the Academy of Sci-
ences. Gleb Tabakov was the chief engineer overseeing the creation of the firing
section and the technical ideologue. My Department U, or No. 16, was tasked with

2. The monk Aleksandr Peresvet fought for the Russians against the Tatars in the great Battle of
Kulikovo in 1380 on the banks of the river Don. St. Sergius of Radonezh (1314-92) was a Russian
Orthodox monk whose spiritual beliefs and social programs gained him fame as a highly respected
spiritual leader. Zagorsk (now known as Sergeyev Posad) is the site of the monastery founded by St.
Sergius.

3. At the time, NIIKhimmash was still known as NII-88 Branch No. 1. In 1956, the branch
separated from NII-88 to become the independent NII-229. Today, the organization is known as
NIIKhimmash.
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developing and fabricating the electronic testing and launch equipment using the
manpower of the experimental shop and also with developing and setting up instru-
mentation during firing tests.

With the consent of Gonor and Korolev, Pavel Tsybin made Voskresens-
kiy responsible for organizing and conducting tests in Department I, or No. 12.
Together he and the rest of us verified the test rig’s readiness for all the departments
and the technical documentation for the first firing test. The factory was responsible
for delivering the assembled missile, preparing it for firing tests, and installing it in
the rig.

In 1949, Novostroyka did not yet have its own staff. For that reason, the pri-
mary functions were performed by mass expeditions from Podlipki to Zagorsk on
the commuter train, and from the station to Novostroyka on service buses. Gonor
ordered Voskresenskiy and me to arrive at Novostroyka a day before the launch,
having warned us that this was a historical event and that Minister Ustinov, Marshal
Yakovlev, and even Ivan Serbin from the Central Committee would be coming to
the “performance.”

“This launch is politically vital! It must go off without a hitch. And at precisely
the time announced! I will say 6:00 p.m. OK?”

Gonor addressed those parting words and that question to us on 16 December.
We agreed, and on the morning of 17 December we convened an operational meet-
ing at Novostroyka and heard reports. The horizontal tests were completed success-
fully. The missile was installed in the rig. The instrumentation was inspected and
calibrated, and stand-alone engine tests were performed.

“We've started general testing, but meanwhile we've discovered glitches in the
circuit. We'll find out whether it’s an onboard or ground problem,” Emil Brodskiy
reported to us. In effect, he was held responsible for the failings of the developers,
testers, component manufacturers, and “everybody who concocted that missile.”

The entire night of 17 to 18 December they worked to find the cause of the
launch control system failure. When the “ground-to-air” command was issued, the
circuit reset, and the engine’s automatic startup process terminated.

“Perhaps this situation is similar to the demonstration of our ‘foolproof” system
that Marshal Rokosovskiy didn’t trust.” I reminded Brodskiy how we had demon-
strated our smart automatic launch control system to almost all the marshals of the
Soviet Union in 19474

As we were searching for the cause, Pilyugin’s most scrupulous tester, Nikolay
Lakuzo, proved that Pilyugin’s onboard system was not the culprit. He asked us to
look for errors in the ground-based control panels. And, of course, we found them.
The great length of the cable network from the panel in the bunker to the rig caused
voltage drops. The relay in the panel failed to pick up the commands coming from

4. See Chapter 4.
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on board, and the failure to execute the necessary operation at the prescribed time
caused the automatic circuit reset.

“Yes, that very same ‘foolproof” feature.”

We changed the relay and increased the entire system’s power supply voltage to
the maximum allowable, but we still didn’t achieve stable operation.

Gonor arrived. When he found out that we, our eyes rimmed with dark cir-
cles from lack of sleep, had not yet granted permission for fueling the tanks, he
demanded an immediate decision:

“If there is no hope of a launch, then tell me honestly. I will call Ustinov and
request that the launch be postponed to another day.”

“There’s no need, Lev Robertovich. We have an idea and were going to check it
out. Give us thirty minutes.”

The idea was fundamentally simple. We would take the tester who was small-
est in size, but with a good head on his shoulders. We would shove him under the
console where the monitoring and launching equipment was installed. The relay
cabinet containing the unruly relay was located under the launch pad. The console
operator controlling the launch would track the process by monitoring the illumi-
nating display lights, and as soon as the process reached the point of the “ground-
to-air” command, he would nudge or press down on the “under-the-pad operator”
with his foot. The operator, in turn, having readied himself in front of the relay in
question, from which the protective cover had been removed, would press on the
armature with his finger, simulating its actuation.

Thirty minutes later, we had checked out the idea and the general tests pro-
ceeded “without incident.”

Voskresenskiy and I reported to Gonor and he called Moscow and gave the green
light for the high-ranking guests to make the trip out. We finally gave permission
to fuel the tanks.

“During the launch we will have ten guests in the bunker. God forbid that any-
body should notice that we have a man hidden behind the consoles, and that any-
body should get the notion to speak about that afterward.”

The fueling process proceeded with delays that were understandable because this
was the first time. It had also turned bitterly cold, and even wearing gloves it was
impossible to work on the rig exposed to the wind from all directions. The guests
had no desire to freeze and the bunker was packed to capacity. Petya Vishnyakov,
whom we had hidden behind the console before our guests arrived, was tired of
being scrunched up like a snail in its shell and he started asking to be let out to
stretch his legs.

Finally, at 8:50 p.m. Voskresenskiy announced momentary readiness. I nestled
up close to the console, monitoring the displays, and all I could think about was the
operator under the equipment.

The first fire up was successful. The engine ran for fifty-five seconds. Half of the
high-ranking guests were watching the fiery squall for the first time. The spectators
began to exchange hearty congratulations. Georgiy Sovkov proposed that all the
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guests and test directors come over to his Finnish log cabin for the post-test wrap-
up. The “wrap-up” lasted late into the night, as we sat around a table with unlimited
quantities of “rocket fuel,” hot potatoes, pickles, and sauerkraut. Gonor was one of
the first to get up to leave and suggested I ride with him.

“Afterward the driver will take you home,” he said.

I sat next to the driver. Despite my own intoxication, I had just had time to real-
ize that the official driver was drunk when I received a violent blow to the forehead.
Later I found out that all the drivers had received large portions of missile alcohol as
a reward. But not all of them could endure the long wait for their passengers. Our
driver swerved off of the road and was unable to make out a stump hidden under
the snow, and he hit it with the automobile’s front axel. I flew forward and hit my
head against the mounting of the windshield heater. I had a deep gash in my fore-
head and blood was streaming over my face.

Taking their prerogative as hosts, Sovkov and Tabakov gave me first aid. Voskre-
senskiy drove me to Podlipki with my head wrapped up in bandages.

“Alyona!” he shouted to his wife, as he dragged me, putting up a fight, into his
apartment. “I have brought our friend, who was injured during the execution of his
official duties. He can’t go home looking like this.”

Yelena Vladimirovna tried as best she could, and early in the morning, Voskre-
senskiy delivered me, cleaned up and rebandaged, to my home.

“The rig is poorly lit. Boris hit his head against the structure. But, according to
the trauma specialists’ findings, it's nothing serious.” That’s how he explained the
situation to [my wife] Katya.

ALMOST ALL OF 1950 WAS FRITTERED AWAY AT OKB-456 for the experimental
development of a new shock-free liquid ignition system to replace the pyrotechnic
system to battle the pops. Kuznetsov reworked the integrator’s impact resistance.
Pilyugin tormented his subcontractors with his striving to increase the reliability of
the relays and all of the contact couplings.

The production engineers and I had already announced for the umpteenth time
our campaign for cleanliness and high standards during the production of control
surface actuators. In this field I had a powerful assistant in Viktor Kalashnikov. In
1948, he transferred to us at NII-88 from the Mytishchi Machine Building Factory,
along with designer Falunin and tester Kartashev. While I was coping with the dust
at the firing ranges, my deputy Stepan got all three of them settled in to work on
the subject of control surface actuators. Kalashnikov showed extraordinary organi-
zational capabilities. By late 1949, he was already my deputy in Department No. 16
(Department U).

Kalashnikov managed the development, production, and testing of control sur-
face actuators. Despite digressions into several other fields, Kalashnikov remained
true to that subject until the end of his life. In 1951, Falunin left for Factory No.
586 in Dnepropetrovsk. There he later successfully headed the Ukrainian control
field, which was more than a little irritating to his former boss Kalashnikov, who
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believed that only he and I should define the technical policy for the development of
the ideas and principles behind control surface actuators for all types of missiles.

Soon thereafter the talented designer Lev Vilnitskiy transferred to us from the
SKB’s Department No. 4, involved with air defense missiles. He proved to be a really
remarkable designer and one who took a highly valued, unconventional approach to
complex designs and mechanisms. His authority among designers and production
engineers was indisputable. More than once, Vilnitskiy rescued Kalashnikov and me
from seemingly hopeless design fiascos in terms of reliability, mechanism character-
istics, and production deadlines. Later he was the one tasked with developing the
most complex electromechanical assemblies for spacecraft docking.’

Possessing design and engineering talent like a gift from God, Vilnitskiy could
not resign himself to the failure of his hip joint after a severe illness. Together with
some surgeons he developed an artificial joint mechanism. He persuaded some doc-
tors to perform an operation to replace his natural hip joint, and this restored his
ability to walk using just a cane instead of crutches. Over the course of many years
of joint work Kalashnikov and Vilnitskiy formed a duo that not only supervised the
development of control surface actuators and mechanisms, but also established a
discipline that became the leading one in our field.

AFTER LONG DISPUTES AND CONTROVERSY AT THE HIGHEST LEVELS, the decree on
the acceptance of the R-1 missile into service nevertheless was issued in November
1950. The reconstructed Dnepropetrovsk automobile and tractor plant was trans-
ferred to the Ministry of Armaments for the series production of missiles. The fac-
tory was assigned the number 586 and it became yet another “post box.”® A large
group of specialists headed by Korolev’s deputy Vasiliy Budnik was transferred from
NII-88 to Dnepropetrovsk on a voluntary basis.

Korolev believed that the primary task of the designers sent from OKB-1 of NII-
88 was to introduce the manufacturing process for the R-1 missile and then for the
R-2 missile—and none of their own inventions. Budnik, departing from Podlipki,
thought otherwise. When Korolev was no longer among the living, this is the story
Budnik told:

“When I left the Moscow suburb of Kaliningrad in 1952, S. P. Korolev person-
ally reviewed the list I had compiled of specialists to be transferred to the Ukraine
and he crossed off all the designers, saying that there would be nothing for them
to do there. At my request, Deputy Minister I. G. Zubovich put all the crossed off
names back on the list.””

5. Vilnitskiy participated in the development of docking systems for the early generations of Soyuz
spacecraft.

6. During the Soviet era, organizations conducting sensitive operations were assigned post box
numbers which were used as both official designations and addresses.

7. B. 1. Gubanov, Triumf i tragediya Energii’, t. 1 [Triumph and Tragedy of ‘Energiya, vol. 1]
(Nizhniy Novgorod: Izdatelstvo NIER, 2000), p. 126.

149



Rockets and People: Creating a Rocket Industry

Factory No. 586 was tasked with mastering not only missile assembly, but
the manufacture of engines, control surface actuators, and all the fittings for the
mechanical and hydraulic systems. The missile fabrication schedules were disrupted
from the moment production began. The situation with mastering the manufactur-
ing process of engines and control surface actuators was particularly critical. Ustinov
appointed Leonid Smirnov as director of the new factory. Smirnov gave exclusive
attention to the mastery of serial production at this major factory.

More than once I had to travel to Dnepropetrovsk to take part in setting up pro-
duction of control surface actuators and integrated missile tests. The second half of
1951 and all of 1952 were especially critical for the factory. Kalashnikov, Andronik
losifyan, and Nikolay Obolenskiy, director of the Moscow-based Mashinoapparat
Factory, and I spent more than two months at that factory involved in organizing
the large-scale series production of control surface actuators. Despite of all of his
ministerial duties, Ustinov worked almost this entire time at the factory, substitut-
ing for the director and chief engineer. Availing himself of his authority in industry
and contact with the local Party leadership, he stafted the factory with solid person-
nel. But they did not meet the missile rollout deadlines.

To help the factory master the manufacturing process for combustion chambers,
Ustinov sent technical directorate chief Sergey Afanasyev on temporary assignment
from the Ministry of Armaments. Afanasyev would later become minister of general
machine building.® In 1998, I was part of a large group of veterans who celebrated
the 80th birthday of our former minister. In his ceremonial speech at our conviv-
ial table he also recalled the difficult years of mastering missile production at the
Dnepropetrovsk factory. There was one episode that characterizes the general cir-
cumstances of those times, and he shared his reminiscences about it in greater detail
at other meetings later, as well.

I reconstruct Afanasyev’s story from memory:

“The factory in Dnepropetrovsk was still under construction while workers were
simultaneously mastering the production of the R-1 and R-2 there. There was a large
brigade of specialists at the factory from institutes, design bureaus, and other factories
of our industry. Minister of Armaments Dmitriy Fedorovich Ustinov was personally in
charge of the brigade. Being chief of the ministry’s technical directorate, as part of the
brigade I was appointed chief of the Factory No. 586 combustion chamber shop. After
the shop was up and running, I was appointed chief of the most complex engine shop at
the factory.

There were very many difficulties. According to Valentin Petrovich Glushko’s docu-
mentation, the missile engines were to be brought into large-scale series production first.
At that time Lavrentiy Beriya, who headed Special Committee No. 1 for the atomic

8. Sergey Aleksandrovich Afanasyev (1918-2001) served as head of the Ministry of General
Machine Building (MOM) in 1965-83. MOM supervised the development of nearly all Soviet missile
and spacecraft during the late Soviet era.
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problem, decided, supposedly on Stalins instructions, to check how things were going in
our ministry as far as getting missile technology into production and, in particular, at
the Dnepropetrovsk factory. He made an official phone call to Ustinov almost daily and
raked him over the coals. Almost a thousand kilometers away, Ustinov would stand at
attention as he carried on his conversation with Beriya, and would ask us to leave the
office.

One night Ustinov called me from the shop and ordered me to be ready in an hour to
fly to Moscow. He said nothing as to why and for what reason. We flew into Moscow and
drove straight from the airfield to the Kremlin for a meeting with Beriya. There we were
given an earful over our inability start producing engines at the Dnepropetrovsk factory.
Beriya asked Ustinov to give an explanation. But Ustinov replied that engine shop chief
Afanasyev was in charge of engines, so letr him give a report; in other words, he put the
whole burden on me.

1 started to report on the situation. I spoke about the difficulties we were having mas-
tering the new materials, the test rigs, the construction of which was behind schedule,
about our progress mastering parts and assemblies, the fabrication of rigging, and about
the necessary remedies and deadlines. All of this I knew perfectly well and reported from
memory without any notes.

“When will there be an operating engine and when will it go into series production?”
asked Beriya.

I responded that, according to the approved production preparation schedule, the
engine would be ready in eight months.

This angered Beriya. He started to shout and curse. Then he asked, “Whar will it take
Jfor the engine to be finished in two months?”

“Time,” I answered.

“We'll have your head!” bellowed Beriya.

L was in a difficult situation. The meeting ended, everyone started to leave, and I left
the room too. Beriyas secretary requested that I stay. Everyone passed by me, including
Ustinov, with whom I had flown in. The last one to leave was Deputy Minister lvan
Gerasimovich Zubovich. He was the one responsible for missile technology in the minis-
try. He came up to me and said, “Let’s go!”

“But the secretary forbade me to leave,” I said, referring to Beriyas instructions.

Ivan Gerasimovich, clearly agitated, returned to Beriyds office. The door was slightly
ajar, and [ was able to hear the conversation. Beriya shouted, “I will throw you and your
Afanasyev in prison.”

Ivan Gerasimovich kept his cool. I could hear Beriyas cursing. Zubovich lefi the
office, grabbed me by the arm and dragged me ro the exit, after telling the secretary that
it was all settled with Lavrentiy Pavlovich.

Ivan Gerasimovich and I fled onto Red Square through the Kremlins Spasskiy Gate
in a depressed state. Zubovich warned me that I should not stop off at home, nor at the
ministry, but that I should wait there by St. Basils Cathedral for the car to pick me up
and it would take me straight to the factory in Dnepropetrovsk. I hadn’t been home [in
Moscow] for almost a year. I so wanted ro drop in on them, if only for five minutes!
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Twenty-four hours after my return [to Dnepropetrovsk], I found that the strictest
confinement-to-barracks discipline had been established at the factory. All the specialists
involved in putting the engines into production lived in the break rooms of the tool-and-
die shop. They were not authorized to leave the factory premises. I had two KGB colonels
assigned to me. They worked around the clock since they also wrote down every one of my
oral or written instructions.

We slept no more than three or four hours. Just as I promised, the engines were up and
running and went into series production eight months later.”

In 1953, the series production of missiles—which had replaced automobiles at
the factory—was running smoothly. Incidentally, tractor production was set up as
a parallel operation. The factory began to produce them even for export. Later on,
everyone forgot about the factory’s number and the world came to know it as the
Southern Machine Building Factory (Yuzhnyy mashinostroitelnyy zavod or Yuzh-
mash).

The first ballistic missile, the R-1, was accepted into service in the Soviet Army
along with a set of ground equipment almost five years after the Institute Nordhau-
sen was established.!® We were all very well aware that, were a war to break out in
the very near future, this missile’s acceptance into service would frighten neither a
strong enemy nor a weak one. Moreover, it posed absolutely no threat to the NATO
block. The strategic importance of the R-1 missile was not in its frontline combat
qualities.

It served as good training material for many designers and scientific and testing
centers, for organizing missile production, consolidating military and civilian spe-
cialists scattered throughout various agencies, and, in the final analysis, creating in
the Soviet Union the foundation for a powerful missile infrastructure.

The R-1 missile was accepted into service with reservations. In order to ensure
that all the identified defects had been eliminated, it was stipulated that the third
and fourth production batches would undergo testing. Tests on the third production
batch took place in January 1951. In particular, the missiles were checked out at an
ambient temperature as low as minus 26°C (—14.8°F). The tests on the fourth pro-
duction batch, which were called verification tests because they verified the Dnepro-
petrovsk factory’s series production manufacturing process, also took place without
significant negative findings. One hundred percent of the two batches reached their
targets and landed within a 16- by 8-kilometer rectangle. The greatest deviations
under a purely autonomous guidance system did not exceed 5.5 kilometers.

Despite the apparent success and the decorous wording in the test reports, one of
the comments was not given proper attention. The matter concerned the breakup of

9. The incident that Chertok describes has been published in several different sources, including
an essay by Afanasyev himself. See Yu. A. Mozzhorin et al., eds., Dorogi v kosmos: I [Roads to Space: 1]
(Moscow: MAI 1992), pp. 40-42.

10. The R-1 missile was officially declared operational on 28 November 1950.
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missiles in the descent portion of the trajectory during entry into the dense layers of
the atmosphere. This phenomenon had been one of the primary defects of the A4
missiles. Of course, not every missile armed with explosives blew up, but, without
fail, one or two out of ten did. Despite the large number of experiments and the
organization of special measurements in the impact area, for a long time we were
unable to figure out the true cause for the aerial explosions.

It wasn’t until 1954, when we were already working on a missile with a nuclear
warhead, that we finally and unambiguously succeeded in figuring out the secret
of the R-1 missiles’ premature explosions. And the credit for solving the riddle
belongs not to the designers, but to military engineers—GTsP Deputy Chief A.
A. Vasilyev and the director of the firing range measurement service, A. L. Rodin.
Ultimately, the cause of the trajectory explosions turned out to be the heating of the
TNT charge. Its intense evaporation increased the pressure in the warhead’s pres-
surized compartment, which led to the rupture of the metal housing. The resulting
dynamic loads caused the graze percussion fuse to trip and naturally explode the
entire charge. If you begin counting with the Germans, who never managed to
figure out the true cause of the aerial explosions, then it took almost ten years to
solve this puzzle!

Altogether, from the beginning of development until a relatively reliable (com-
pared with other types of armaments) missile system was obtained, sixteen years
passed! Of these sixteen years, Germany spent seven; two years can be considered a
joint Russian-German project; and for seven years it was purely our project. In this
regard, the R-1 with its entire set of ground equipment set a record for the length of
time required for its total production cycle.

Evidently, the total number of missile launches conducted only for testing and
verification also remains a record to this day (here, we will not take into account the
Germans’ combat launches, although they provided information that was extremely
useful for developers). The total number of A4 and R-1 launches on Soviet territory
for testing and verification was over 200.

One must not downplay the historic significance of the A4 and R-1. This was
the first breakthrough into a completely new field of technology. Neither the Ger-
mans nor we had any practical experience or theory for creating large integrated
technical systems combining many scientific disciplines and the most diverse tech-
nologies. Both in Germany and in the Soviet Union, in terms of the equipment and
the top-level totalitarian state leadership, the optimal conditions were created for
this work. In addition, both in Nazi Germany and later in the Soviet Union, the
respective governments demanded a maximum reduction of the production cycle
from all those involved in the work. And still it took sixteen years! All subsequent
developments of much more complex and advanced missile weapons systems took
no longer than six to eight years.

It is not the threatening dictates of governmental leaders, but the experience and
knowledge of scientists, engineers, and all those involved in the development of
large systems that determine the cycle of their creation. Those who are responsible
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for the security of the nation must concern themselves not only with material sup-
port for experimental and design work. They must make sure that in creating new
and large systems, they find bright and forceful leaders with organizations devoted
both to the leaders and their ideas.
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Managers and Colleagues

The Communist Party Central Committee defense department paid particular
attention to selecting and appointing managers and administrators to implement
large government-sponsored military science and industry programs.'

When Stalin was alive, it was impossible to appoint directors of leading organiza-
tions without his approval. After Stalin’s death, a multistep procedure was gradually
authorized to regulate the appointment of directors for the entire hierarchy. The
Central Committee Secretariat passed decrees appointing missile industry directors
and chief designers or removing them from office.” Only after such a step did gov-
ernmental decrees and the corresponding orders of the industry minister appear.

In the one to three years since NII-88 was created, many new scientific-research,
design, and production teams were created. Almost all of them faced the problem
of finding qualified management. During the war, the office of the Central Com-
mittee, which monitored all scientific and design organizations and factories had
appointed directors without burdening itself with concern over their rapport with
the staff. The Committee favored strong-willed directors, who would spare neither
themselves nor their subordinates to meet a military technology production dead-
line while obeying precisely the instructions from their superiors.

For the most part, this tradition persisted during the first postwar years. How-
ever, new scientific and technical problems required technical management that
would play a much stronger role. The central figure became the chief designer,
rather than the director-administrator bestowed with many government awards.

1. Technically, the Central Committee was the highest body within the Communist Party of the
Soviet Union. In practice, because of its relatively huge membership and infrequent meetings, the
whole Central Committee rarely acted as a deliberative body. Instead smaller, more powerful bodies
within the Central Committee, such as the Politburo (also known as the Presidium) acted as the true
centers of power during the Soviet era. The Central Committee also had several departments (such
as the defense industries department) that effectively controlled almost every facet of Soviet political
and economic life. The Council of Ministers was the most powerful deliberative body in the Soviet
government (as opposed to the Party).

2. The Secretariat of the Central Committee was the cabinet-level body within the larger Central
Committee composed of several “secretaries,” each with a different portfolio.
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That is what happened in the aviation industry, and the intention was that the
nuclear field would work in the same way. At NII-88 in the rocket industry, some-
thing different took shape.

During the fall of 1949, Yuriy Pobedonostsev left his post as NII-88 chief
engineer to become the rector of the Academy of the Industry. Karl Tritko, while
remaining SKB chief, was temporarily assigned the post of chief engineer. Until
April 1950, Korolev remained only chief of the SKB’s Department No. 3, officially
subordinate to Tritko.

At the firing range, Korolev was the ultimate ideological and technical leader,
and every year his authority grew. Deputy ministers, industrial management central
office chiefs, and chief designers from other ministries implicitly recognized Korolev
as the missile program chief. Whenever he returned from the firing range, however,
everything changed. At NII-88, Korolev was losing his status as top leader, unlike
Glushko, Ryazanskiy, Barmin, Kuznetsov, and other chief designers who remained
at the top of their organizations in a rapidly developing cooperative project. This
depressed Korolev. His deputies, Vasiliy Mishin in particular, were also unable to
come to terms with this mistreatment. Korolev began a struggle within NII-88
for greater autonomy. All his colleagues from the Institute Nordhausen and people
arriving from the aviation industry supported him in this. Ustinov understood the
absurdity of the NII-88 structure, but did not immediately opt for a serious reor-
ganization. The paradox was that the minister himself could not resolve an issue
such as reorganizing an institute subordinate to him or conferring greater rights on
Korolev. The all-powerful office of the VKP(b) Central Committee defense depart-
ment headed by Ivan Serbin was over Ustinov. Sometimes Serbin was aptly referred
to as “Ivan the Terrible.”

It was mandatory that he approve all personnel reshuffling, firings, promotions,
awards, and punishment of directors. Later, at various conferences attended by
Serbin, I saw for myself that the ministers really were afraid of this man and never
risked an argument with him.

Only in the nuclear sector, and later also in the air defense sector, was the appoint-
ment, promotion, and transfer of directors not coordinated with the office of the
Central Committee. In the nuclear sector, where Lavrentiy Beriya was in charge,
decisions on the appointment of program managers, directors of institutes and fac-
tories, and design bureau chief designers were made by Boris Vannikov, coordinated
with Igor Kurchatov, and submitted for Beriya’s approval. The small office of Special
Committee No. 1 prepared draft resolutions on appointments, which Beriya pre-
sented to Stalin for signature. The power of “Ivan the Terrible” did not extend to the
managers of the atomic program. In modern lingo, they had a more powerful krysha

3. Ivan Dmitriyevich Serbin (1910-81) served as Chief of the Central Committee’s Defense
Industries Department in 1958-81, during which time he was responsible for approving all high-level
appointments in the defense industry on behalf of the Communist Party.
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(literally “roof,” or mafia protection).

At NII-88 DIRECTOR LEV GONOR’s REQUEST, Ustinov agreed to give an audience
to the obstinate Korolev. Under the pretext of discussing complex issues of the plan
for the year 1950, Ustinov summoned Gonor, Korolev, Tritko, and me to his office
on a Saturday night in May at 10 o’clock.

We took two cars; I rode with Korolev while Gonor rode with Tritko. On the
way, Korolev said that he would not so much lay out plans for the minister as
complaints about the structure and chaos at NII-88. He would demand that an
independent OKB with its own pilot production and its own guidance, testing, and
materials department be split off from the SKB. Disregarding the driver’s presence
(which was risky back then), rehearsing his speech, he turned to me and delivered
an impassioned argument:

“Youve got the entire guidance system with all of the cables. You pulled the guts out of
the live body of the missile. I have to ask you before I change anything, as if  were asking
for a favor. The testers obey me only at the firing range. Its a good thing that Chertok,
Tsybin, and Voskresenskiy are people that I can trust, and we can always talk things over.
But the material engineers could send me packing if they felt like it, if Tritko told them
not to listen to that Korolev. And the factory, it doesn’t consider my opinion at alll We
can’t continue our work without test rigs, without preliminary checkouts.

The factory has its own plan, and, plus, it does work for other projects. At the factory,
they say that they are working on Korolev’s project only now. But they dont want to listen
when we say, wed like you to do some testing using provisional sketches or something
not included in the plan. Unbelievably stupid! I must have my own production! I have
been to Glushko’ facility in Khimki. There everyone hangs on his every word. Bur I
have to kowtow to Gonor for every little thing. If Gonor were gone tomorrow and some
empry suit were in his place, then everything would go to hell. It seems like that’s what
its coming to.

Ryazanskiy complained ro me that when Chertok come from NII-88 ro NII-885,
you go to the director and ask to change the schedule or do something over and above any
plans, and they obey you at an institute that isnt even your own. And here at our own
place, we aren’t in charge. What's more, Gonor is afraid of spoiling relations with the
Party committee. Utkin is there, and at least he’s a decent man, but there are more than
enough complainers.” He is also afraid of catching grief from the Central Committee if

they receive letters complaining about Korolev.”

But Korolev wasn’t able to say all of that to the minister. First, Ustinov started
the meeting not at 10 p.m., but an hour and a half later. Sitting in the waiting room
chain smoking, half asleep, we wondered what time it would be when he dismissed

4. Ivan Ivanovich Utkin (1910-85) was the Communist Party secretary at NII-88 in 1947-50. Party
Committees within organizations typically had significant influence in personnel appointments.
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us. Second, he began the meeting by telling us about the prospects of a project
involving surface-to-air guided missiles. Here, he alluded to the possibility of trans-
ferring that entire field to the aviation industry, bearing in mind that the brass were
already reviewing such proposals for the reorganization of operations.” But for the
time being, it was early to make such a decision. Therefore, he requested that we
amicably and harmoniously work in the existing structure, taking into consider-
ation the extreme complexity of the plans for 1950. Ustinov asked that we devote
particular attention to the R-2 missile, saying that this was a test of our ability to
work independently. He mentioned that Sinilshchikov still hadn’t produced any
good results in reproducing the Wasserfall; therefore, Korolev’s work would become
decisive for the fate of NII-88.

Korolev tried to cut in on the minister’s lengthy lecture to express his views on
how operations were being run, but Ustinov was not disposed to opening up the
discussion. He glanced at his watch and said that we were all very tired, that it was
already 1 o’clock in the morning. He wished us success, told us to enjoy our Sunday
off, and dismissed us.

We left, terribly disappointed that not one of us had had the opportunity to
speak his mind at the meeting. Tritko suddenly proposed that we go have supper.
“The Moskva restaurant is open until 5 a.m.,” he said. “While we were waiting, I
called up and reserved a table. They’re expecting us.” Korolev and Gonor were not
overjoyed, but agreed. Despite the late hour, the third-floor restaurant was crowded
with people who, by the looks of things, had also just come from late-night meet-
ings. The military-industrial elite caroused into Sunday. It turned out that Tritko
was a regular here. The foreigners, the partying types, and the women, he explained,
were kicking up their heels on the roof of the Moskva, so we could all talk frankly
here. But in order to have a real “heart-to-heart” conversation, we all needed to toss
down a drink “artillery style.” Those who could drink “artillery style” would remain
combat buddies forever. Such, according to Tritko, was the tradition of true front-
line artillerymen. On his command, the experienced waitress quickly set our table
with four half-liter bottles of vodka, four empty beer mugs, and two large pitchers
of beer and filled soup bowls with steaming hot, fragrant solyanka.®

Gonor was the first to protest: “What were you thinking—ordering a half liter
for each of us?! Solyanka and beer is enough for me.” Korolev sat sullenly, waiting
for our “heart-to-heart” conversation. But Tritko quickly filled the beer mugs to the
brim with vodka and commanded: “You have to drink a half-liter of vodka in one
breath without taking your lips off the mug! Then we drink beer and eat solyanka.”
He demonstrated. I was the youngest in the group and felt compelled to show that

5. Ministry of Armaments’ NII-88 supervised development of both surface-to-surface and surface-
to-air missiles. By the late 1940s, Soviet industrial leaders believed that it might be more efficient to
transfer the latter to the Ministry of Aviation Industry.

6. Solyanka is a savory, somewhat sour soup made with meat or fish, vegetables, and pickles.
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artillery officers weren’t the only ones capable of such a feat. After I had chugged a
half-liter of vodka, chased it with a mug of beer, and finally started on my soup, I
have no recollection of what happened. I didn’t even see what Korolev and Gonor
did. I regained consciousness the next morning when I woke up at home, completely
fresh, and tried to remember how I had gotten home and in what condition.

My wife, Katya, said that I had showed up at 5 a.m., explaining that we had
had a very tough meeting with the minister; I asked her not to wake me up in the
morning and turned down any offers of food. In her sleepiness, she had not noticed
anything abnormal in my behavior. On Monday, Tritko felt obliged to verify by
telephone whether I had shown up for work. Finding that everything was in order,
he said, “You're a real artilleryman!”

Gonor’s chauffeur told me what had really happened: “We barely got Lev Rober-
tovich [Gonor] and Korolev into the cars. Korolev wanted to scuffle, and you and
Tritko separated them. I drove you home. You got out all right, but Gonor was in
really bad shape. When we got to his place, he couldn’ even get out of the car.”
Subsequently, neither Gonor nor Korolev ever mentioned this nocturnal “heart-to-
heart” conversation.

IN 1950, THEY BEGAN RESHUFFLING PERSONNEL ANYWAY, upsetting the stability
that Ustinov had asked us to maintain. In June, the director’s office was empty for a
while. Gonor flew off to Krasnoyarsk, without even being allowed time to say good-
bye. In August, Konstantin Rudnev was appointed the new NII-88 director. He
belonged to the young generation of military industry managers and was transferred
to us from Tula. In Tula, Rudnev had been director of the famous ordnance factory.
We began our acquaintance with the new director by peppering secretary Anna
Grigoryevna with questions. She had been the permanent secretary under Gonor.
As a rule, a new director would bring “his own” secretary with him, but from the
very beginning Rudnev aimed to inspire a sense of trust and had no intention of
reshuffling the staff, including the director’s secretary.

Anna Grigoryevna could tell many stories about the managerial personnel.
During her 56-year career as secretary or administrative assistant, she saw eight men
pass through the director’s office of NII-88, later renamed the Central Scientific-
Research Institute of Machine Building (TsNIIMash). She reassured us all that the
new director was very civil, had not yet manifested any despotic tendencies, and had
an open door policy for anyone who requested an audience.

I considered myself an experienced manager by that time and decided that, before
meeting the new director, I needed to find out about him in greater detail by taking
advantage of my acquaintances in the ministry offices. Sergey Vetoshkin’s secretary,
Irina, whom he renamed Irene, was my neighbor on Korolenko Street. When asked
what people in the central offices for industrial management were saying about our
new director, she said that everyone considered him a very capable manager with
a bright future. Acquaintances considered excessive leniency and civility his short-
coming. The people in Tula felt very sorry for him and thought that the missile
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specialists at NII-88 would “eat him alive,” while the Soviet ordnance manufacturers
were losing a good manager.

Gonor had worked as director in this hot spot since August 1946. He visited
us in Germany. He knew us all inside and out. Over the course of four years he
had gained an understanding of the technology and established good relations with
all the subcontractors. Everyone respected him. Korolev often clashed and argued
with him, but now he had to start everything from scratch. And why should the
experience and knowledge that Gonor had gained go right out the window while he
started making guns again? In meetings with other chief designers, Korolev grum-
bled, but he understood all too well that Gonor’s departure was not Ustinov’s whim,
but Stalin and Beriya’s policy, and it was better to keep quiet.

Rudnev actually turned out to be a polished, unobtrusive, and fairly modest
manager. Of course, he was not familiar with our technology and, therefore, he was
forced to study people in order to understand whom to lean on and whom to trust
completely. When they got to know Rudnev, managers who had grown accustomed
to stuffy conversations in the director’s office were surprised by his inexhaustible
good sense of humor. He didn't hide the fact that he favored people who under-
stood a joke and preferred to “work rather than just follow instructions.” Soon even
Korolev announced that he could work with Rudnev. They found a mutual under-
standing, and the new director supported Korolev’s proposal for reorganization.

Actually, already before that, Gonor had drawn up an order for the minister that
stipulated a change in the NII-88 structure. The SKB was divided into two OKBs.
Department No. 3 was converted into OKB-1, and Korolev was named its chief
designer and head. Tritko was relieved of his post as SKB chief and was named head
of OKB-2 in place of Sinilshchikov.

The post of institute chief engineer remained vacant. Here Rudnev, probably
with someone’s prompting, tried to explore the possibility of appointing me, espe-
cially since I was currently a deputy chief engineer. After his proposal was turned
down, he attempted to bring back Pobedonostsev. The latter also was declined.

A rumor spread through the ministry offices that Korolev was laying claim to
both posts, chief engineer and head of OKB-1. The ministry staff feared such a turn
of events since Korolev’s single-mindedness and character had always made the offi-
cials fearful that he would become uncontrollable and that all the projects at NII-88
would be completely under his influence.

Unexpectedly, Rudnev got Mikhail Ryazanskiy as “first deputy” and chief engi-
neer.’” It had not been very hard for Ustinov to persuade Ryazanskiy to abandon that
same post at NII-885 and come to the rescue of NII-88 to help the young director
straighten things up. Ryazanskiy felt uncomfortable about Korolev. He had been a
subcontractor to Korolev as the chief designer of a guidance system, and now sud-

7. Russians use the term “first deputy” to denote someone who is “first among the deputies.”
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denly he outranked Korolev, having been appointed Rudnev’s deputy. But Ryazan-
skiy explained to me frankly that when the Central Committee was discussing the
chief engineer vacancy, he had been warned that the Central Committee had many
denunciations directed at me. They primarily had to do with the development of the
automatic astronavigation system. But it wasn’t only a matter of technology; rather
it had to do with the fact that the current situation required a different personnel
lineup and therefore I could no longer remain in the post of deputy chief engineer. I
did not have the right ethnicity. If the fifth line of the personal history form had said
“Russian” or even “Ukrainian,” then it would have been a different story.®

With Ryazanskiy’s arrival, power at NII-88 was actually shared by the triumvi-
rate of Rudnev, Ryazanskiy, and Korolev. Korolev reorganized his Department No.
3 and began to form the full-fledged OKB-1, which soon was destined to become
a historic organization, ensuring the Soviet Union’s primacy in missile and space
technology.

As I muse over the past many years later, it occurs to me that there were many
blessings in disguise. More importantly, when the circumstances were bad, there
were good people. In late 1950, new Deputy Minister Ivan Zubovich announced
to me that he was very sorry, but by his order I was relieved of both posts—chief of
Department U and deputy chief engineer of the institute—and was being sent to
the disposal of the NII-88 personnel department. The directive was implemented,
and I was thus removed from the nomenklatura.> Above all, this was a blow to my
morale but I endured it relatively easily because Korolev and Rudnev had warned
me in advance. Both sympathetically told me that with the minister’s consent they
would not dismiss me from NII-88.

The personnel department obeyed the director’s command and transferred me to
the post of deputy chief of Department No. 5 in the new OKB-1. This department,
by Korolev’s design, was the foundation of an integrated guidance system depart-
ment, which was to be part of OKB-1 and subordinate to Korolev and not to the
institute chief engineer.

Ryazanskiy supported this line. If I hadn’t experienced such persecution, perhaps
my subsequent fate would have taken a different turn. Now I was not just subordi-
nate to Korolev in terms of subject matter, but also administratively."” My immedi-
ate boss was Mikhail Kuzmich Yangel. Someone from the top levels of management
clearly had his eye on him when, after working in the aviation industry and gradu-
ating from a year-long course at the Academy of the Industry, it was recommended
that Ustinov keep Yangel in the pool for further promotion. Korolev warned me

8. At the height of the anticosmopolitanism campaign, Chertok’s Jewish ethnicity was a huge
liability.

9. The nomenkletura was the list of Communist Party-approved individuals who could occupy
important positions in industry.

10. In other words, Chertok reported to the NII-88 chief engineer in 194650, but after that he
reported directly to Korolev, thus moving his career into a different direction.
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that I would serve as guidance department chief Yangel’s deputy on a temporary
basis. Yangel was not a specialist in matters of guidance and automatics; therefore,
Korolev would place the responsibility on me and I would answer to him.

The staff of the new department received both Yangel and me well since there
were too many projects and technical problems. In addition, no one tried to shirk
or shift the workload; on the contrary, everyone tried to take on a little more and
take full responsibility. Such a work ethic was one of the conditions for our success
during the first decade.

Yangel asked me to take on all the projects related to electrical circuitry, control
surface actuators, and telemetry and radio systems. I was given free rein to make the
decisions I deemed necessary without consulting him. But he retained the right to
review them with my participation and prepare proposals for Korolev on matters of
flight dynamics and the coordination of these matters with NII-885, that is, with
Pilyugin’s dynamics experts.

In 1951, the R-5 missile was already being designed. In terms of its dynamic
characteristics, the R-5 required fundamentally new approaches to guidance system
development. For that reason, we needed to be in constant contact with Pilyugin’s
theoreticians. Here, Yangel relied completely on my friendship with Pilyugin’s team
because conflicts arose from the very start.

Thus, Yangel and I came to terms and worked for almost a year in a very friendly
atmosphere. A year later, Yangel was transferred to the post of deputy chief designer.
Among other matters, Korolev assigned him design oversight over the series produc-
tion of R-1 and R-2 missiles in Dnepropetrovsk.

In June 1952, NII-88 once again lost its chief engineer. Ryazanskiy moved to the
ministry structure to head the main directorate—fortunately, not for long. Unable
to endure the bureaucratic rigmarole, he soon returned to his old NII-885 organi-
zation."" Also in 1952, Rudnev was transferred to the ministry to the high post of
deputy minister. To everyone’s surprise, including Korolev, Yangel was appointed
NII-88 director. Later the ministry officials said “in secret” that this had been the
Central Committee’s initiative. This appointment proved to be a difficult test of the
good relationship between Yangel and Korolev.

Unfortunately, they did not pass the test of peaceful, amicable, ideological, and
practical interactions. Both of them encouraged work contacts through their depu-
ties and staff and met with one another only for meetings when summoned to the
ministry or at other high levels. Our missile and space technology probably could
have developed even further if these two managers had consolidated their efforts
rather than being antagonists. Their relations were strained to the point that they
tried to avoid one another and would not speak to each other. Korolev used me,
Mishin, and his other deputies as go-betweens to communicate with the new director.

11. Ryazanskiy rejoined NII-885 in 1954.
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At that time, we, that is, OKB-1 staff members subordinate to Korolev, blamed
Yangel for the strained relations. Korolev’s lust for power, ambition—which was
rather understandable—and difficult personality irritated Yangel. Korolev’s merits
at the time—six years after beginning his work on the series production of domes-
tic missiles—were great even by today’s standards. Korolev and his organization
worked selflessly and obsessively.

Like almost any new director who suddenly finds himself heading a powerful
organization, Yangel decided to change its methods, goals, and structure to his
liking. He made it his goal to “reform” Korolev so that OKB-1 would serve NII-88,
but Korolev demanded that NII-88 projects be subordinated to OKB-1 tasks. At
that time Korolev was certainly right. But Korolev’s failure to accept Yangel’s lead-
ership threatened to destroy the institute structure, which was fragile at best. The
ministry and Central Committee reached a compromise, and in late 1953, they
removed Yangel to the post of institute chief engineer, thereby relieving him of the
right to be in charge of Korolev. Having worked for less than a year in that role, frit-
tering away his energies on workaday, routine administrative work, Yangel agreed to
leave for Dnepropetrovsk, where he became chief designer of the Dnepropetrovsk
OKB." Here he gained the opportunity to begin to actually implement ideas for the
production of missiles using high-boiling propellant components, rather than just
talking about it. Yangel began with the development of the R-12 missile as a coun-
terweight to Korolev’s R-5M. After Gonor, Rudnev, and Yangel, the NII-88 director
slot was filled by Aleksey Spiridonov, who until then had been chief engineer of the
ministry’s main directorate.

IN EARLY 1953, OKB-1 EMPLOYED OVER 1,000 PEOPLE and was an organization
capable of leading both practical work and scientific research for missile technol-
ogy development. The ministry, too, had finally realized that the missile industry
needed a head institute like TSAGI, which had emerged as the lead institute in the
aviation industry.

On 14 August 1956, the minister signed an order making OKB-1 an indepen-
dent organization, that is, separate from NII-88. The structure of this new organiza-
tion had already practically been worked out over the course of the last two years,
and, therefore, no radical shakeups were required in the ranks of the main staffs. But
it added many new concerns for Korolev personally and for his immediate retinue.

Under the new structure, the factory became subordinate to the OKB chief
and also separated from NII-88. Production is fundamental for any design bureau.
Without it, the most perfect ideas and designs will remain on paper. To have a
truly state-of-the-art factory transferred to OKB-1, Korolev had to endure frequent
battles at different levels. The factory’s primary work was, after all, manufacturing

12. Yangel was appointed chief designer of OKB-586 at Dnepropetrovsk in July 1954.
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missiles developed by OKB-1. The Dnepropetrovsk factory had already taken over
series production of R-1, R-5, and R-5M missiles. Production of naval modification
R-11M missiles had been transferred to the Urals." Specialized instrument building
design bureaus and factories were created in Kiev, Kharkov, and Sverdlovsk.

In 1955, the pilot production Factory No. 88 began manufacturing parts of
the first R-7 intercontinental missile at full steam. The government decree for the
development of this missile was issued on 20 May 1954. Before its final release, all
the chief designers, their immediate deputies, ministry offices, and Gosplan had
thoroughly reviewed the contents of the voluminous decree. The document devoted
proper attention to production problems. It was logical to make Factory No. 88
subordinate to the OKB chief, in this case, the chief designer. But, despite the fact
that it was officially part of the structure of OKB-1, at the ministry’s insistence,
the factory maintained a certain degree of independence. It had its own operating
account at the bank, and its plans had to be coordinated with the ministry.

Roman Anisimovich Turkov was appointed factory director. At the same time
he also acquired the status of Korolev’s first deputy. Turkov had gone through the
brutal school of war, when he served as chief engineer and then as director at a Kras-
noyarsk artillery factory. He considered it perfectly natural to take on, in addition to
production process problems, the burden of social problems—housing, public ser-
vices, kindergartens, schools, hospitals, transportation, and a lot of other concerns
that now would fall on Korolev.

Where, in what other country, must a scientist—a designer and director of a
highly complex scientific and technical program—concern himself with relocating
his staff out of ramshackle huts or with construction of roads and children’s daycare
centers? At that time, and even decades later, such was the hard lot of the director of
a large-scale enterprise in the Soviet Union.

Sometimes people try to compare the creative achievements of von Braun and
Korolev. They forget that while Korolev was developing the intercontinental mis-
sile and first spacecraft, he was going to great lengths to make sure that a municipal
Palace of Culture was built, taking care of the orphanage, reviewing all the housing
distribution lists, and making the rounds ordering food for the city.

Turkov was his invaluable assistant in this work. They understood each other
well. Turkov had a knack for recognizing real craftsmen and exposing slackers on
the production line and personally sorting out complex technological processes. He
quickly gained the respect not only of the factory workers, but also the designers,
with whom he loved to maintain contact, studying the drawings of the most com-
plex assemblies.

Korolev kept Vasiliy Mishin as first deputy chief designer for drafting and design
work. They had worked very well together back in Germany. In the process of form-

13. These two factories were Factory No. 586 (at Dnepropetrovsk) and Factory No. 385 (in the
Urals).
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ing a working team within the NII-88 system,
Mishin was even more aggressive than Korolev,
insisting on the unconditional subordination of
institute scientific department projects to the -
front-burner problems of the KB. 4

Responsibilities were distributed among the
other deputy chief designers approved by the
ministry order as follows:

Konstantin Davydovich Bushuyev—drafting
departments;

Sergey Osipovich Okhapkin—design depart-
ments and everything associated with technical
documentation;

Leonid Aleksandrovich Voskresenskiy—firing
rig and flight tests;

Anatoliy Petrovich Abramov—ground com- From the author’s archives.
plex, including construction at the firing range. Roman Turkov (1901-75) served

Somewhat later Mikhail Vasilyevich Melnikov,  as the director of the experimental
who transferred from NII-1, became deputy chief ~ Pilot production facility at Korolev's
designer for propulsion systems. So-called lead OKB-1 located in the outskirts of

. . Moscow. As such, early production
designers, on the other hand, were independently runs of all of Korolev's missiles and

close to Korolev despite being lower in the hier-  spacecraft were directed by Turkov.
archy. By that time Dmitriy Ilich Kozlov, Viktor

Petrovich Makeyev, and Mikhail Fedorovich Reshetnev had already distinguished
themselves. I mention them first, because while Korolev was still alive they ventured
outside OKB-1, first heading branches and then independent organizations.

The prestige of Viktor Makeyev—academician, two-time Hero of Socialist
Labor, general designer of submarine missiles—was so great that in 1976 he was
offered the post of minister of general machine building. However, Makeyev turned
it down.'*

In 1952, after Yangel’s transfer from OKB-1 to the post of NII-88 director, I
became department chief. But now it was no longer the NII-88 guidance depart-
ment, but NII-88 OKB-1 Department No. 5. The administration of this depart-
ment entailed problems of flight dynamics and guidance, telemetry and radio trajec-
tory measurements, development of emergency engine shutdown systems, general
onboard and ground electrical equipment, and a lot of other issues that, in one way
or another, had to do with electricity and information transmission and processing.

14. Viktor Petrovich Makeyev (1924-85) was the Chief/General Designer of SKB-385 (KB
Mashinostroyeniya) in 1955-85 and oversaw the development of several generations of submarine-
launched ballistic missiles, which constituted one of the most important elements of Soviet strategic
military power.
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Over the course of three years (from late 1950 through late 1953), as the old
song goes, the department’s primary staff went through “fire, water, dust, and fog”
on the expanses of the Kapustin Yar firing range and on the Novostroyka firing rigs
near Zagorsk. The department workers loved their work. They were sympathetic
to production difficulties, factory problems, and contractors and worked well as a
team. Personnel from NII-88 and new young specialists joined the department, and
its ranks grew rapidly.

In 1954, the department grew so much that we made arrangements with Mishin
and proposed to Korolev that it be converted into a three-department “complex.”
Department No. 5 held onto the development of guidance systems, onboard and
ground electrical equipment, antennas, supervision over all types of radio engineer-
ing, onboard telemetry, and measurement system sensors. Once again they set up
design Department No. 18 and tasked it with the independent development of
onboard and ground instrumentation and drafting. Design Department No. 4 was
set up to develop all sorts of control surface actuators, drives, and other mecha-
nisms. Korolev demanded a discussion over the structure of these three departments
and the candidates for the posts of department chiefs and primary subdivision chiefs
in each of the departments. If he personally did not know the individual very well
or was not sure about him, it was impossible to convince him that this person be
hired.

In early 1954, Igor Yevgenyevich Yurasov was appointed as my deputy. He had
already gotten his feet wet in his research work at NII-88, but gladly broke away
from his dead-end theorizing and immersed himself in our urgent and always event-
ful affairs. His involvement gave me the opportunity to shorten my stays at the
firing range.

In 1954, Oleg Voropayev and Valentin Mukhanov arrived from Bauman Moscow
Higher Technical Institute (MVTU). I sent Voropayev to Vetrov’s dynamics sector.
He did not object to design and theoretical work. Almost every young specialist
dreamed of this. Soon he became the lead specialist in Korolev’'s OKB for missile
dynamics and control systems. He distinguished himself with his ability to visualize
outwardly complex phenomena and find their inner simplicity. Many years have
passed since then. Two chief designers and two general designers have come and
gone, but Voropayev served continuously as director of the dynamics department
until his well-deserved retirement in 1992.

Mukhanov was very upset when I offered him work on control surface actua-
tors in the design bureau rather than in the research laboratory. It got to the point
that I gave my word to transfer him from the design department after six months if
it became unbearable for him there. That request never came. Mukhanov became
engrossed in the work of the control surface actuator design team and in optimizing
their parameters. He was one of the leading specialists in this field. Young special-
ists reluctantly went into design work, and more than once I had to resort to that
stratagem: to give my word that “if you don't like it, I'll transfer you in six months.”
As a rule, no one took advantage of my promise.
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One such headstrong individual was Vladimir Syromyatnikov. Having reluctantly
begun work on electrical drives and control surface actuators under the supervision
of the indefatigable Lev Vilnitskiy, he found a successful combination of theory and
practice in the development of complex mechanisms. Twenty years later, Candidate
of Technical Sciences Syromyatnikov used his experience to develop androgynous
docking assemblies for the famous Soviet-American Apollo-Soyuz Experimental
Flight (EPAS)."” Soon thereafter, Syromyatnikov defended his doctoral dissertation,
received recognition abroad, and, in 1992, was selected as a member of the Inter-
national Academy of Astronautics. Professor Syromyatnikov still heads the world’s
only team that designs docking assemblies.

We were also fortunate with our talented young theoreticians. Beginning in
1952, at my request, Mishin, who handled creative problems, sent graduates with a
good university education to Department No. 5, which was responsible for control
dynamics problems. He did this with the consent of Korolev, who understood that
in the field of theoretical mechanics, universities provided greater basic prepara-
tion in higher mathematics and physics than the Bauman MVTU, MAI, or the
Leningrad Military Mechanical Institute. Our design and testing departments were
staffed with an abundance of their graduates.

University theoreticians quickly got involved in the solution of practical prob-
lems and were recognized as having a mathematical background superior to that
of their bosses, who had a strictly engineering education. Over the course of many
years of work I found that a talented theoretician acquires engineering experience
more rapidly, while the theoretical heights of mathematics and mechanics that uni-
versities provide remain downright inaccessible to the engineer.

In 1953, three theoreticians arrived almost simultaneously in the dynamics
section that Georgiy Stepanovich Vetrov supervised: Igor Fedorovich Rubaylo, a
graduate of the Moscow State University (MGU) physics and technology depart-
ment; Leonid Ivanovich Alekseyev, a graduate of Rostov University; and Yevgeniy
Fedorovich Lebedev, a graduate of Gorky University.

The personnel department settled each newly arrived employee in a dormitory
for “young specialists,” and then, without giving much consideration to their indi-
vidual goals, sent them to NII-88 department chiefs or to Korolev in OKB-1. The
subsequent fate of each person, to a great extent, was determined during those first
days of wandering from office to office.

We had a rule at OKB-1: each young specialist must go through Korolev’s office.
Lebedev recounted: “I'm sitting in Korolev’s waiting room. I wait more than an
hour. The secretary says that Ustinov is meeting with Korolev, and that I might not
get in to see him. She took a chance and let me in to see Mishin. Once Mishin had
an idea of my background, he sent me to Svyatoslav Lavrov, who at that time was

15. EPAS— Eksperimentalnyy polet Apollon-Soyuz—was the Russian name for the Apollo-Soyuz
Test Project (ASTP).
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filling in for drafting department chief Bushuyev on design and theoretical projects.
Lavrov sent me to Vetrov, who was in charge of dynamics. Vetrov suggested I have
a look at a NII-4 report in which they were studying ideas for launching a missile
with a cluster configuration. Next, I was supposed to analyze the launch dynamics
of a missile, which by that time already had a configuration and parameters close to
those of the future R-7 intercontinental missile.”!¢

In 1954, Lebedev was developing the dynamic procedure for launching the R-
11FM ballistic missile from a rolling submarine. None of the “brass” had checked
his calculations, but the engineers who had developed the special rig that simulated
a submarine’s roll believed the young specialist and were not surprised that every-
thing turned out brilliantly. They weren’t elated because they never expected any
other outcome. It is difficult for today’s engineers to understand how, without a
single computer, specialists took on the responsibility for the critical solutions of
control problems for missiles carrying nuclear warheads, launched from the ground,
from a rolling submarine, from a submerged submarine, or from a silo.

Both the old and battle-seasoned personnel and the new young specialists worked
at a very intense pace. I wouldn’t say that the stress was generated from the top. The
often unrealistic schedules themselves had inflexible deadlines; all kinds of criticism
circulated among Party and business leaders, but these “signs of the times” did not
have much of an effect on the mood in the organization.

Korolev, whose lead we took, made no concessions for youth. This was a good
incentive for everyone who had come straight from college. Korolev loved to lecture
time and again: “Youth is not the main shortcoming.”

The overwhelming majority of engineers worked with genuine enthusiasm. The
technical problems that needed to be solved “come hell or high water” also distracted
them from their uncomfortable living conditions and the difficulties of daily life on
the other side of the front gate. They went to work not just because they had to, but
primarily because it was interesting. Despite poor conditions at the firing range, no
one had to be persuaded to drive or fly in for a temporary assignment there.

OF THE FIRST MISSILE DECADE, the last three years were certainly the most inter-
esting in terms of science and engineering. The people who joined the missile pro-
grams during 1954-56 to a great extent determined the subsequent development of
our cosmonautics program. While these people were still relatively young, someone’s
quip caught their fancy: “According to personal history forms, our personnel fall
into one of two categories: they are either Tsiolkovskiy’s best students or individuals
whose youth isn’t their main shortcoming.” “Tsiolkovskiy’s best students” referred to

16. Author’s footnote: 1 will write later about Rubaylo and Lebedev’s contribution to the theory
for the dynamic configuration of the R-7 missile—which to a great extent determined the missile’s

longevity—when I describe the history of the R-7 itself. (See Chapter 16.)
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the chief designers and everyone who began working with them in 1946-47."

Here I should put in a good word for Ivan Utkin, who was the first Central
Committee Party organizer and arrived at NII-88 in 1947. After graduating from
the physics department of Moscow State University, Utkin dreamed of a career as a
scientist and entered graduate school. The Central Committee unexpectedly sum-
moned him and informed him that as a Party member he would be going to the
newly created missile institute, where he would head the Party organization. A good
university education, good-natured temperament, and dreams of scientific work
were hardly required of a Central Committee Party organizer. After devoting three
years to administrative Party work, Utkin had not, however, earned the confidence
of the Party’s upper echelons that would have enabled him to rise in the ranks of the
central offices.

As soon as OKB-1 was set up within NII-88 in 1950, Utkin begged Korolev to
take him on. When I arrived in Yangel’s department, Utkin had already set up the
measurements laboratory. Soon, this laboratory developed into a department that
managed to acquire a staff of capable, energetic radio engineers. With the formation
of new missile design bureaus and factories, the problem of radio telemetry mea-
surements became so acute that it exceeded the OKB’s capabilities.

Korolev belonged to the category of managers who thought on the scale of the
national interests as opposed to financial considerations of the day. When Utkin
and I approached him with the idea of creating a specialized scientific-research insti-
tute of telemetry for the entire industry, he assessed the proposal’s prospects right
away and said that he would release Utkin and all his specialists to such an orga-
nization. And so, at the very entrance to the city of Kaliningrad (now the city of
Korolev) from Yaroslavskyoe highway, a state-of-the-art scientific-research institute
was founded, without which it would have been unthinkable to test a single modern
missile.'® Its first director was Ivan Utkin. He was replaced by Oleg Shishkin, who
would become the last minister of general machine building. After Shishkin’s depar-
ture, Oleg Sulimov became the institute’s director, while Oleg Komissarov became
chief engineer. They had begun their careers at the OKB-1 telemetry laboratory in
1950 under my supervision.

IN THE FALL OF 1953, at the GTsP there was a demonstration of missile tech-
nology for the managers of various ministries. Among the invitees were aviation
industry general designers, including A. N. Tupolev. Ustinov and Nedelin were the
gracious hosts. I had not seen Tupolev since 1937, when he came to the Air Force

17. Konstantin Eduardovich Tsiolkovskiy (1857-1935) was, of course, the “founding father” of
Russian cosmonautics.

18. This was the NII Izmeritelnoy tekhniki (Scientific-Research Institute for Measurement
Technology), which today is known as NPO Izmeritelnoy tekhniki (Scientific-Production Association
for Measurement Technology).
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NII Shchelkovsko airfield, where we were preparing Levanevskiy’s N-209 aircraft
for the transpolar flight to the U.S. At that time, as a government official and chair-
man of the State Commission for transpolar flights, he had painstakingly studied
the aircraft’s preparation.

Boris Konoplev had met with Tupolev both before and after the war to discuss
aircraft radio issues. He diverted me over to the car where the rotund and weary
Tupolev was sitting. Tupolev had already been shown the R-1, R-2, and R-11 mis-
siles. Konoplev announced, leaving no room for objections, the “old man” would
now see the R-5. The “old man” was then only 65 and would continue living and
working until he was 84! Konoplev drove Tupolev up to the R-5 standing on the
launch pad and, with his ever-present enthusiasm, began to explain the advantages
of the radio control system. When Tupolev learned that the missile would cover a
distance of 1,200 kilometers in 12 minutes, he smiled skeptically and said, “That’s
impossible.”

The demonstration launches took place several hours later. The R-5 was also
launched. During the launches I was at the Doz telemetry system receiving station.
Konoplev had stayed with Tupolev and later he told me that the “old man” was so
amazed that he was ready “to throw in the towel on his airplanes and build mis-
siles.” Luckily, that didn’t happen. Tupolev could be quite content with the work
of his former graduate student Korolev, who was then only 47 years old. Neither of
them yet knew that Korolev would attain posthumous worldwide fame as great as
Tupolev’s.

Back then, Tupolev believed he had a monopoly on nuclear bomb—carrying air-
planes. After the launches, at a dinner for a very select group, when Ustinov and
Nedelin in strictest confidence let it slip that Korolev was supposed to retrofit the
R-5 to carry an atomic bomb, Tupolev said, “That’s dreadful business. What if it
falls on our own territory?” We, too, understood that this was dreadful business and
developed interlock systems in case the missile went off course.

These episodes in autumn 1953 have also stuck in my memory because, after
seeing me in the assembly and testing building, Ustinov rapidly approached me,
gave me a firm handshake, and asked, “Is everything all right?” I assured him that
everything was “quite all right.” He wished me all the best and returned to the crowd
of distinguished visitors. I understood that my two years of disgrace had ended. In
part, the general thaw after Stalin’s death and Beriya’s arrest contributed to such
a change.” A period was dawning when slanderers and careerists had their tails
between their legs. The top-level leadership’s ubiquitous suspicion and distrust of
the managerial staffs was being replaced by sober assessments of business qualities,
talents, and real achievements. Unfortunately, even during the Khrushchev thaw, it

19. Three months after Stalin’s death in March 1953, the post-Stalin Politburo had Beriya arrested.
Six months later, in December, Beriya was tried, sentenced to death, and shot on orders from the new

leadership.

170

Managers and Colleagues

wasn’t everywhere, or for very long, that scientists and designers could demonstrate
their own will and work confidently without looking over their shoulders at the all-
powerful state and Party apparatus.

In February 1956, NII-88 Party activists held a meeting on the results of the
20th session of the CPSU.?° All present were surprised that Colonel General Serov,
Lavrentiy Beriya’s former deputy for counterintelligence, delivered the report on
behalf of the Central Committee. This was the same Serov who had arranged for
the German specialists to be sent from Germany to the USSR in 1946, and in 1947
had been a member of the State Commission on A4 missile launches. Serov’s report
depressed his audience. The people could not imagine that such horrible crimes
had been committed in their country at the will of a man whom each in attendance
believed to be great, infallible, all-powerful, wise, and gracious.

IN MARCH 1953, I WAS AT THE FIRING RANGE IN KAPUSTIN Yar. We were get-
ting ready for flight tests on the R-5 missile. Suddenly, in the assembly and testing
building the Moscow call-sign resounded over the loud speakers with the official
announcement of Stalin’s death. Combat officers, men who had gone through the
war, whom I had known from Germany and would never have suspected of senti-
mentality, broke down in tears! Unashamed of our tears, we turned to each other
with the question that was being asked by millions back then: “What will happen
now? How will we live?” Such was the hypnotic force that Stalin’s name possessed.
After all, we heard the announcement of Stalin’s death while standing next to the
missile we were developing on his instruction. Everything that had been created for
missile technology both here at the firing range and in our country had been his
will, aimed at protecting the country and each of us from the inevitable aggression
of American imperialism. Those were our thoughts at that time in 1953.

Three years later much had changed. Stalin’s name was no longer worshipped.
But what Khrushchev reported to the 20th session and Serov was telling us soon
after stunned us much more than the announcement of Stalin’s death in 1953. After
Serov finished his report, the dead silence of the auditorium was broken when a
woman cried out in a loud voice:

“Ivan Aleksandrovich! Explain to us, where were you? Who were you, what were
you doing? You probably shouted ‘Hail Stalin!” loudest of all. What right do you
have to talk about Beriya’s evil deed, if you were his deputy?”

Everyone looked at the elderly woman standing in the middle of the audito-
rium. As I later heard, she was from the metal working shop. Serov remained silent

20. The Twentieth Party Congress in 1956 was one of the most famous sessions of the Soviet
Communist Party. During the meeting of all the assembled delegates, Party Secretary Nikita Khrushchev
publicly denounced the late Stalin and his cronies and enumerated a list of their unimaginable crimes,
putting into motion a series of events that would result in the first stages of de-Stalinization of Soviet
society and culture.
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for a long time. The audience waited, also in silence. Finally, Serov stood up and
replied:

“I am certainly guilty in many respects. But so are all of you sitting here. Didn’t
you praise Stalin at all of your meetings? And how many times did each of you stand
up and applaud to exhaustion when you heard Stalin’s name at your conferences and
meetings? Now the Party wants to free itself from this cult. It is difficult for all of us,
and let’s not keep score with one another.”

There was no discussion or debate. As the meeting broke up, we departed feeling
ambivalent: depressed by the horrifying facts that had been exposed, but hopeful
that now everyone could breathe easier. Perhaps this might even lead to the end of
the Cold War.

Many years later I struck up a conversation with a quiet, modest, elderly col-
league who had worked in our secret documentation department. I had heard that
he was hired by OKB-1 at Serov’s personal request. I asked him what he knew about
Serov’s activity as Beriya’s deputy. It turned out that during the war he had been
Serov’s aide-de-camp. He related several episodes describing the exceptional fearless-
ness of Serov at the front during the most trying ordeals. Together they had gotten
into such messes that it was a wonder they had emerged alive. Serov had no direct
involvement with repressions, but, of course, he knew a lot. He was not afraid of
Beriya, and it isn’t clear why Beriya put up with him.*

AFTER MY FIRST BOOK, ROCKETS AND PEOPLE, CAME OUT IN RUSSIA IN 1994, I was
justly criticized for not mentioning or for saying very little about the accomplish-
ments not only of my immediate colleagues, but also upper management. I must
agree with this criticism. My only excuse is that some of the people worthy of inclu-
sion in this book are beyond the grasp of my memory and my literary and physical
capabilities. Nevertheless, I shall try to insert additional information into this new
publication of my memoirs, starting with the life of one of the leading managers of
our rocket and space industry.

In 1959, Yuriy Filippovich Dukhovnov was sent to work with us. He had gradu-
ated from MVTU after serving in the army. He had a difficult relationship with his
immediate boss. At that time, I was a deputy chief designer and chief of Branch No.
1 (“the second territory”), where Viktor Gladkiy’s department was located. Gladkiy,
who Pilyugin used to call “Mr. Rough,” was in charge of problems of rigidity, elastic-
ity, and the fundamentals of strength in missile hulls and large spacecraft designs.*

I don’t remember exactly when, but in 1963, Military-Industrial Commission
(VPK) Deputy Chairman Georgiy Nikolayevich Pashkov called me via the Kremlin

21.In the post—Cold War era, historians and scholars who have explored Serov’s life have illuminated
much of his callous disregard for the value of life. See for example, Michael Parrish, “The Last Relic:
Army General I. A. Serov, 1905-90,” The Journal of Slavic Military Studies 10 no. 3(1997):109-129.

22. “Gladkiy” in Russian means “smooth.”
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direct line.

“I could go directly to Korolev, but I am afraid he might do something rash. I
have a personal request of you. My nephew Yuriy Dukhovnov is working at your
facility. For some reason, he isn’t getting on with his immediate boss for theoretical
problems. I don’t want him to lose his job with you all, especially since he is also
enrolled at night school in the mechanical engineering and mathematics depart-
ment at MGU.”

I must admit that I personally knew nothing about Pashkovs relative, but I
carried out his request. My conversation with Viktor Fedotovich Gladkiy was very
difficult. He accused Dukhovnov of being unable and unwilling to work with an
organization that had its own traditions.

I had three more conversations with Pashkov on this subject. Unfortunately, the
time came when Gladkiy and I no longer had any administrative power, and under
the pretext of staff reduction in 1992, Yuriy Dukhovnov, who was a member of the
American Mathematical Society, was dismissed, supposedly “voluntarily.”

Yuriy Dukhovnov lived for many years with Georgiy Pashkov’s family, and, as
understand, was very close to him. Firsthand and with his approval, I have included
new information that I have found out about the life and work of Georgiy Pashkov
in this new edition of my memoirs.

Pashkov was born in 1909. He began his working career as a lathe operator. He
graduated from the Leningrad Military Mechanical Institute, was a correspondence
course graduate student of the same institute, and in 1948 defended his candidate’s
dissertation. In what were for our generation almost standard career phases, every-
thing seemed normal. After the repressions of 1937-38, there was an acute shortage
in the managerial ranks of the central state offices. During the period of 193948,
Pashkov headed the second department of USSR Gosplan, that is, its armaments
department. Actually he served as Gosplan Chairman Nikolay Voznesenskiy’s deputy
for defense industry planning and development of armaments.

I first became acquainted with Pashkov when he was in Bleicherode as part of
a government commission during the summer of 1946. He was actively involved
in distributing responsibilities for the future development of missile technology
between ministries and in dividing the German missile stock of the Institutes Nor-
dhausen and RABE.

Not only I, but even future Chief Designers Korolev, Glushko, and Ryazanskiy
were a bit surprised at how attentively and virtually without objection Artillery
Marshal Yakovlev, Minister Colonel-General Ustinov, Institute Nordhausen chief
Major General Gaydukov, and other masters of our future destiny received the
modest man dressed as a civilian.

During the war, Pashkov often made visits to Stalin’s office with his boss Vozne-
senskiy, the Gosplan chief, and Beriya, who was in charge of domestic intelligence,
including scientific and technical intelligence. But he also had several “face-to-face”
meetings with Stalin. The first meeting took place at his personal request in late
1942. Pashkov asked Stalin to let him go to the front in order to avenge the death
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of his brother who had died during the battle of Kharkov. Voznesenskiy had refused
Pashkov’s request, and now only Stalin could reverse his decision. Stalin heard Pash-
kov out in silence and calmly said, “We will avenge your brother’s death. But we
need arms to reckon with the fascists. You and your comrades will provide them for
the army.”

The second face-to-face meeting took place in 1945. Pashkov was included in
Artillery Marshal Yakovlev’s government commission and not just with the broad-
ranging rights of a Gosplan representative. The commission served as his “cover” for
carrying out a secret assignment to meet with the now legendary Soviet agent Kim
Philby.? Through Pashkov, Stalin gave Philby the assignment to copy documents
from the file of von Braun, who surrendered to the Americans in May 1945. Thanks
to Kim Philby’s efforts, supposedly the mission was a success.

I am just surprised that none of the individuals who were actually interested in
that file ever saw it! However, during the first years after the war, I had the oppor-
tunity to learn that the KGB leadership sometimes shelved scientific and technical
materials that were obtained through the efforts of its foreign agents.

During their third meeting, Stalin gave Pashkov a very delicate assignment. As
everybody knows, Joseph Kennedy, the older brother of future U.S. President John
E Kennedy, was a captain in the U.S. Army Air Force. At the end of the war, he was
the commander of a sabotage group that was assigned to destroy an industrial site,
which according to intelligence information was involved with the development
of new types of aircraft technology. To carry out this assignment, Joseph Kennedy
received an airplane packed with explosives. Several miles before reaching the target,
the crew was supposed to switch the aircraft into automatic control mode on course
to dive toward the target. The crew was supposed to bail out and parachute into an
area where underground resistance members were waiting for them. Several miles
before the bail out zone, however, the airplane exploded under mysterious circum-
stances. The crew perished, and the sabotage was not carried out.*

During this period, the Kennedy brothers’ father, Joseph P. Kennedy, Sr., was
the U.S. ambassador to Great Britain. He went to the USSR Ambassador to Great
Britain Mayskiy and also to Churchill and Stalin requesting assistance in an investi-
gation of the causes for the explosion. Stalin sent Pashkov to meet with Kim Philby
and, if necessary, to call in additional agents to uncover the causes for the loss of the
American sabotage group. Thanks to the efforts of the agents and Philby personally,
the assignment was fulfilled. The individuals who had placed a detonator with a
timing mechanism on the aircraft during its preparation were identified as intel-

23. Harold Adrian Russell (Kim) Philby (1921-88) served in the British Secret Intelligence Service
while simultaneously being a spy for the Soviet KGB during the early Cold War. He was quite possibly
one of the most successful spies in the history of espionage.

24. Joseph Patrick Kennedy, Jr. (1915-44) was killed on 12 August 1944 when his naval B-24
airplane exploded over the coast of England. He was involved in a mission to destroy V-1 and V-2
launch sites in German-occupied territory in France.
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ligence agents of Nazi Germany.

In 1948, Stalin summoned Voznesenskiy, Malyshev, Zhukov, Vasilevskiy, and
Ustinov to his office. He picked up a file on his desk and said: “These are the letters
of Academician Petr Kapitsa. He writes that Beriya is a good organizer but doesn’t
have a very good grasp of physics. Recommend a man for the post of Beriya’s deputy
on these matters.” No one said a word. Suddenly Ustinov uttered, “I know such a
man. Georgiy Nikolayevich Pashkov.”

Stalin smiled and said, “I approve of this candidate.”

At that time Pashkov was carrying out some routine assignment for Stalin in
Germany. Summoned back to Moscow, Pashkov flew in and set out to look for his
car at the airfield. Suddenly he was approached by two sturdily-built young men
in civilian clothes. They said, “Come with us. You need to get into this car.” They
pointed to a black ZIM.*

Pashkov understood that these people were from the KGB. All three sat down in
the back seat—DPashkov in the middle, and the KGB guys on either side.

“Those devils,” thought Pashkov, “They didn’t even let me say goodbye to my
family.”

They drove past the Gosplan building straight to the KGB building on Luby-
anka. However, rather than leading him into an interior prison cell, they took him
directly into Beriya’s office. Here, Beriya himself apprised Pashkov of the decree
signed by Stalin transferring him from Gosplan to the KGB.

In 1954, to centralize the planning and management of all scientific-research
and experimental design projects in the armaments and the defense industry sector,
Khrushchev personally formed the managerial staff of the VPK, the Commission on
Military-Industrial Affairs under the USSR Council of Ministers. Dmitriy Ustinov
was appointed chairman. His first deputy was KGB representative Georgiy Pash-
kov.2

Thus, in 1948, Ustinov recommended Pashkov as Beriya’s deputy, and, in 1954,
enriched by his wealth of KGB experience, he brought him into the Kremlin, above
all, to manage missile building. Pashkov spent over 15 years in that post.

At various large conferences Pashkov was always very reserved and all of his
speeches were extremely brief. Many times I had to visit him in his Kremlin office.
In face-to-face conversations or with other VPK colleagues he was far less laconic.
But at the same time, not once did I hear hurtful insults directed at anyone.

Sometimes his reticence was frustrating. But chief and general designers, their

25. ZIM—Zavod imeni Molotova (Molotov Factory). ZIM refers to a model of car manufactured
there.

26. Recent evidence suggests that the predecessor to the VPK, the Special Committee on
Armaments for the Army and Navy, was established in April 1955, not in 1954. It was renamed the
VPK in December 1957. In 1955-57, the Committee was headed not by Ustinov but by Vasiliy
Mikhaylovich Ryabikov. Pashkov served as deputy chairman of the Special Committee in 1955-57
and then of the VPK in 1957-70.
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deputies, ministers, and other figures of the defense-industrial elite knew they had
to go through Pashkov in order to solve problems of funding, deadlines, and recruit-
ment of subcontractors and to push through anything that required the help of the
central authority.

His great wartime experience planning for the military industry, his joint work
with “economic dictator” Voznesenskiy, and six years working in the KGB, which
gave him access to all the secrets of immediate developments and a wealth of infor-
mation about the state of military technology abroad, had made Pashkov a highly
competent government administrator; he managed the most important state pro-
grams in the missile and space technology sector and in associated industries using
the principles of mobilization economics.

He demanded that his staff and the managers of large programs develop a detailed
general schedule from the conception of the idea until the product was put into ser-
vice that overlooked nothing and clearly described everyone’s responsibilities.

I have failed to fulfill my wish to write about “managers and colleagues” in a
single chapter. I was intimately involved with too many interesting, talented, and
enthusiastic colleagues and managers. The life and work of each of them has in one
way or another remained as a contribution to world cosmonautics. But who has the
capacity to recall and write about each of them?
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NII-885 and Other Institutes

In this chapter, I write about the organizations that designed and built guidance
and control systems for Soviet missiles in the postwar period. The most important of
these was NII-885. The same decree that gave rise to NII-88 also created NII-885,
the head institute for long-range ballistic missile and air defense guided missile guid-
ance systems. The Ministry of Defense factory on Aviamotornaya Street in Moscow
was selected as the NII-885 facility. A large group of specialists in the field of relay
technology and telephone and telegraph equipment worked at this factory. Many of
them had been evacuated in the spring of 1942 from the Krasnaya Zarya Factory in
besieged Leningrad. To begin work on missile technology instruments, the factory
had absolutely state-of-the-art equipment and highly skilled workers, who had also
been evacuated from Leningrad and had settled in Moscow. Two weeks after the
13 May 1946 decree was issued, many telephone and telegraph control engineer-
ing specialists were sent to Germany and turned up at the Institute RABE. Among
them were Pilyugin’s future deputy Georgiy Petrovich Glazkov, Abram Markovich
Ginzburg, and Yakov Stepanovich Zhukov. Upon their return from Germany, they
held key engineering posts under Pilyugin’s supervision at NII-885.

While they were still in Germany, it was announced that NII-885, which was
being established at the Ministry of Defense factory, was being transferred to the
Ministry of the Communications Systems Industry (MPSS). This ministry assigned
its own director to the new institute. Unlike our Director Gonor, this man had
absolutely no knowledge of missile technology.'

At first he relied on Mikhail Ryazanskiy for everything. The latter had been
appointed chief designer and deputy scientific director. For the first three years
Pilyugin did not officially have the chief designer title and was referred to as deputy
chief designer. Actually, management of development at NII-885 was neatly divided
between Pilyugin and Ryazanskiy.

NII-885 received its share of German specialists from Germany. They had been
separated from our German specialists who came to work in Podlipki as soon as

1. N. D. Maksimov headed NII-885 in 1946-49.
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they arrived in the Soviet Union. They settled down in Monino, where a sanatorium
building had been made available for them. It was too far and costly to transport
the Germans to Aviamotornaya Street in Moscow. For that reason they worked in
Monino and specialists from NII-885 gladly commuted to see them at the sanato-
rium.

The NII-88 and NII-885 organizations worked very closely together, in terms of
both design and everyday routine work. For example, I was a member of the NII-
885 scientific technical council. Ryazanskiy and Pilyugin were in Podlipki almost
every week, participating in scientific-technical council sessions or meetings of the
Council of Chief Designers. We consulted with them not only on technical issues,
but also on organizational matters, including personnel problems.

From today’s perspective and a common sense perspective, it is incomprehen-
sible why the subsidiary branches of the NII-88 and NII-885 institutes and their
German specialists were completely isolated from one another when their main staff
people enjoyed such close contact. Back then this was attributed to “top priority
governmental interests for the absolute preservation of state secrets.” Presumably the
security services demanded such arrangements.

The group of German specialists who worked at Glushko’s OKB-456 was iso-
lated in precisely the same way from our NII-88’s German branch on the island of
Gorodomlya; we were, in fact, totally unaware of the German group at NII-885 in
the electrical industry. One can’t blame only the security services for this arrange-
ment. If the chief designers and three or four ministers had demanded that all the
Germans be combined for the benefit of a project, the government absolutely would
have accepted such a proposal.

It wasn't that being considerate was alien to our chief designers and the ministers
standing over them. A German team that was too strong could generate serious
competition for our own developments. And, above all, this group would have to
be provided with an experimental and production base. But at whose expense? Of
course, at the expense of Korolev, Ryazanskiy, Pilyugin, and Glushko, whose pro-
duction capabilities were already limited.

Once, I had indiscreetly expressed the idea of a merger to Ryazanskiy and Pilyu-
gin. I proposed that all the German guidance specialists be transferred from our
branch in Gorodomlya to NII-885 so that they could develop a guidance system for
the missile that Grottrup was designing. They both pounced on me and demanded
that I not dare come out with such an idea at NII-88, much less at the ministry. If
that’s the way friends reacted to this idea—and they really were my friends—then
naturally I never broached that subject anywhere again.

While equipping my guidance systems laboratories, I, as NII-88 deputy chief
engineer, consulted with Ryazanskiy and Pilyugin, who were remodeling the factory
areas for laboratories. We even started a competition to see who could acquire the
best laboratory setup.

Ryazanskiy complained that Minister Ustinov, a former artilleryman, was help-
ing me more than their “switchboard operator” minister. However, soon thereafter
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Sergey Mikhaylovich Vladimirskiy was appointed their deputy minister and the
immediate supervisor of guidance systems operations in the Ministry of the Com-
munications Systems Industry. He was a very energetic and knowledgeable man
and, in every sense of the word, a decent man. He was appointed after NII-885’s
historic fire, which destroyed almost the entire new laboratory facility.

One early Sunday morning in the summer of 1948, I was awakened by a tele-
phone call from Director Gonor.

“There’s been a great disaster. Ryazanskiy’s institute has burned down. I'm taking
Korolev with me, and I'll be by to pick you up. Be ready soon.”

When we drove up to the grounds of NII-885, we got a sense of the disaster by
the dozens of fire trucks. The fire was already out, but steam mixed with smoke
was rising up over the factory grounds. The administrative building was completely
packed with managers of all ranks. Sooty and dirty, Ryazanskiy, Pilyugin, Boguslavs-
kiy, and another five of their colleagues were busy writing explanatory memos list-
ing the laboratory equipment that had been destroyed.

The administrative building housing the managerial offices was unharmed, but
the factory had burned. The production shops and newly created laboratories had
been hard hit; the collapse of the burning ceiling and roof had damaged them. The
roof was held up by timber joists, and the ceilings had been coated with resin for
waterproofing. It was the perfect fuel for a fire. When we struggled through the
debris into the flooded shops and laboratories we sized up the scale of the disaster.
They sent someone to find Gonor, Korolev, and myself and led us into an office
where Zubovich, Vetoshkin, and the MPSS managerial staff were waiting.

“Lev Robertovich,” said Zubovich, turning to Gonor, “Ryazanskiy and Pilyugin
will be coming over to your place. They’re going to look around Chertok’s labo-
ratories. I want you to give them everything they ask for without any arguments.
Is that clear? We will assist them with machine tools and other factory equipment
ourselves.”

A week later we started to dismantle and transfer instruments and rigs from my
departments to NII-885. A month later, the sparkling clean and orderly factory
shops and restored laboratories of NII-885 were up and running as if no fire had
ever occurred. They found that the culprit for the blaze was a soldering iron that was
had been turned on in one of the shops over the weekend.

I visited NII-885 almost every week. I needed to coordinate layouts, check up on
instruments being prepared for missiles, and let off some steam from the daily grind
with Ryazanskiy, Pilyugin, and Boguslavskiy. We had some heated arguments about
the integrated guidance system.

Even during those first years I advocated a purely autonomous inertial guid-
ance system for long-range ballistic missiles. I started up arguments on this subject,
having first studied the prospects in Viktor Kuznetsov’s shop for increasing the pre-
cision of gyroscopic command instruments. Ryazanskiy argued that my proposals
were unrealistic. Pilyugin tried to stay out of the arguments, but privately he agreed
with me. At our next one-on-one meeting he said, “Don’t get Mikhail started again.
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It’s still early, and there’s no need to offend him. And don’t get Sergey set against
radio control. It’s not time yet.”

At the same time, Pilyugin was very jealous of my ideas and work on astronavi-
gation, since this directly encroached on his prospects. Unlike Pilyugin, Kuznetsov
was very interested in this work and promised any assistance from his production
operations when needed.

By late 1948, the structure of NII-885 had already taken shape. Laboratories
and shops for the development and production of onboard and ground equipment
for missiles were up and running at the former telephone and telegraph equipment
factory. Ryazanskiy, Pilyugin, and Boguslavskiy formed an alliance with other spe-
cialists, “buddies” from the Institute RABE. They had to endure many battles with
ministry bureaucrats, defending their structural concept and placement of manage-
rial personnel.

Right off the bat there was a split into two disciplines similar to what had occurred
at NII-88: long-range ballistic missiles and air defense missiles. Ryazanskiy held on
to his post as chief designer for long-range ballistic missile guidance. At the same
time he served as first deputy director and chief engineer, and therefore he was also
responsible for air defense missiles. Govyadinov was involved exclusively with air
defense missiles as chief designer of the guidance system. Like Sinilshchikov in our
operation at NII-88, Govyadinov thought that this field was being stifled. There
were similar conflicts on this subject at both institutes.

NII-885 was directly subordinate to communications equipment industry
Deputy Minister Sergey Vladimirskiy. At their respective ministries, he and Vetosh-
kin supported in every way a policy for forcing out air defense missile developments
to the Ministry of Aviation Industry. Ultimately, this happened and both NII-885
and NII-88 halted their developments in the field of air defense missiles. In 1950,
this project moved to KB-1 in the Third Main Directorate under the Council of
Ministers.

This certainly pleased Pilyugin because it freed up production facilities for his
projects and, in addition, transferred talented specialists to him. Among them was
Mikhail Samuilovich Khitrik, who subsequently became Pilyugin’s deputy. He was
one of our country’s leading scientists in missile guidance systems.

From the very beginning, projects on long-range ballistic missiles were split into
three areas at NII-885: inertial guidance systems, radio guidance systems, and radio
telemetry systems. By mid-1948 Pilyugin’s department had a staft of over 500 and
had been converted into a complex of specialized laboratories and departments.
Georgiy Glazkov became Pilyugin’s first deputy. We had become accustomed to
seeing him at the Institute RABE, where he constantly studied the operating prin-

2. The Third Main Directorate (TGU) of the Council of Ministers was a top secret body organized
in February 1951 to manage development of the Moscow air defense system code-named Berkut. KB-
1 was the primary systems integrator (and designer of missile control systems) within TGU.
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ciples and layouts of general electrical diagrams. In Germany we had considered
him the main Soviet specialist to have figured out all the fine points of the layout of
relay automation of the A4 missile’s “ground-to-air” integrated circuit.

Abram Ginzburg, who had also gone through the Institute RABE with Glazkov,
supervised the integrated laboratory. He possessed a unique “circuit memory” and
the gift for being able to react quickly to the unpredictable behavior of complex
relay circuits. When he needed to send for or find Ginzburg, Pilyugin’s memories
took him back to the historic bankobus in the autumn of 1947, where we used to
hold our meetings by the firing rig in Kapustin Yar. He repeated the words of Gen-
eral Serov: “Show me this Ginzburg.”® Ginzburg really made his mark in the field of
integrated design developments, and, in 1952, he was appointed chief designer of
the Kommunar Factory in Kharkov.*

The Kommunar Factory traced its lineage from a labor commune of homeless
children established by the renowned educator Makarenko. At this factory they
mastered the production of FED cameras—replicas of the German Leica—and also
electric drills.> All of this extremely necessary and useful production would be shut
down or squeezed to the side in order to begin making equipment for the R-1 and
many other missiles.

The Kommunar Factory became a series-production facility for the majority of
Pilyugin’s developments. But this was just the beginning of Kharkov’s relationship
with missile technology. The government of Ukraine, where the series production
of R-1 missiles was already under way in Dnepropetrovsk, had future plans for R-2
production and wanted very much to have “its own” production, without having to
rely on Russian contractors. Moscow encouraged such an initiative. Soon thereafter,
a very powerful cluster of missile instrumentation OKBs and factories sprouted up
in Kharkov. Chief Designer Ginzburg became a highly regarded figure in the town
and in the ministry. But he didn’t forget his first firing tests.

Many years later Ginzburg and I ran into each other in Kislovodsk at the entrance
to the Krasnyye kamni (Red Stones) sanatorium. I pointed my camera to take a pic-
ture of him with the sanatorium in the background and joked that now I could
show all my friends “this Ginzburg.” He confessed that he still got horrible chills
up his spine when he recalled Serov’s voice saying, “Show me this Ginzburg.” In the
early 1990s I wanted to revise my memoirs with Ginzburg’s reminiscences. He had
a good sense of humor and at one time had promised to tell me a lot of interesting
things about the establishment of the missile instrumentation industry in Kharkov.
Alas! I was unable to do it. Abram Ginzburg had moved to the U.S.

3. See Chapter 2.
4. This plant was also known as Factory No. 897.

5. FED stood for Feliks Edmundovich Dzerzhinskiy, who was the founder of the predecessor to
the KGB.
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MAKUSHECHEV, ANOTHER SPECIALIST WHO WENT THROUGH THE INSTITUTE
RABE 1~ BLEICHERODE, was appointed supervisor of the NII-885 laboratory for the
coordination of operations with gyroscopes and control surface actuators. Actually,
this was an external relations inspection laboratory, that is, its goal was to keep track
of what Kuznetsov and Chertok were doing, so that they wouldn’t come up with any
“independent actions” that were harmful to NII-885. Was this intermediate control
necessary? Makushechev’s laboratory became a source of conflicts. Viktor Kuznetsov
and I convinced Pilyugin that military acceptance was already monitoring us and
one more supervisor would only interfere with our work. Ultimately, under our
pressure Pilyugin adapted that laboratory for internal needs.

Pilyugin immediately established his own autocratic, totalitarian regime for
autonomous systems. Not all of Pilyugin’s associates liked his autocracy. There were
obstinate individuals who had their own ideas on various technical problems that
differed from the chief designer’s way of thinking. One of these recalcitrant types
was Nikolay Semikhatov, who managed the stabilization controller laboratory and
was responsible for developing all sorts of transducer amplifiers. Pilyugin’s differ-
ences of opinion with Semikhatov on technical issues affected their personal rela-
tionships, but benefited missile technology.

Pilyugin showed no enthusiasm for Korolev’s ideas and projects on the develop-
ment of submarine-launched missiles and disapproved of his young deputy Fino-
geyev’s enthusiasm.® After Korolev handed over the development of naval missiles to
Makeyev, he recommended that Pilyugin follow his example.”

Without any misgivings, Pilyugin agreed to Semikhatov’s departure to a newly
established firm for the development of naval missile guidance systems. Now the
manager of a new independent organization, Semikhatov exhibited engineering
talent and extraordinary organizational skills. Within a short period of time under
his management Semikhatov set up an instrumentation institute in Sverdlovsk with
its own pilot plant.® Enterprises in the Urals became the primary facilities produc-
ing submarine-launched missiles. Nikolay Semikhatov received every conceivable
governmental award in this field and attained all the academic degrees and titles; he
even became a full member of the Russian Academy of Sciences. He created his own
scientific and technological school of long-range submarine-launched missile guid-
ance. Even today, these missiles compose the primary armament of the submarine
fleet.

Semikhatov devoted 45 years of his life to solving the most difficult problems
of accuracy, reliability, safety, and the operation of flight control systems for mis-

6. Vladlen Petrovich Finogeyev (1928-) served as Pilyugin’s deputy in 1957-70.

7. In 1955, Korolev distributed the development of submarine launched ballistic missiles to a
branch in Miass under Makeyev’s tutelage.

8. Nikolay Aleksandrovich Semikhatov (1918-) served as Chief Designer of SKB-626, the primary
supplier of guidance systems for naval ballistic missiles.
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o From the athor’s archives.
Shown here at a meeting is Chief Designer Nikolay Pilyugin (1908-82), the founding pa-
triarch of guidance systems for early Soviet ballistic missiles. He is flanked by two senior
industrial managers of the Soviet space program, Vasiliy Ryabikov (left) and Sergey Vetoshkin
(right).

siles launched from submarines cruising at full speed. By the late 1970s, the Soviet
Union was on equal footing with the U.S. in terms of the strength of the submarine
component of its strategic nuclear missile forces. All submarine missile guidance
systems from the very first to the last were purely autonomous; that is, radio systems
were not used to increase the target striking accuracy.

THE SITUATION WITH RADIO SYSTEMS TURNED OUT TO BE MORE COMPLICATED.
Ryazanskiy entrusted the reproduction of the German Viktoriya lateral radio cor-
rection system to our new colleague Mikhail Borisenko. From the very beginning,
this was a bone of contention between the two managers of radio developments at
NII-885, Borisenko and Boguslavskiy.

Yevgeniy Boguslavskiy had begun to develop what was for those times the
advanced Don radio telemetry system in place of the very low-capacity German
Messina and its domestic modification, Brazilionit. The Don system was used widely
after the R-1 firing range tests in 1949. It found a secure niche on all subsequent
missiles up until the first intercontinental missile, when it was replaced by the 77/
system developed by the OKB MEI. The 774/ had an even greater information
handling capacity.

The transfer of Boris Konoplev from NII-20 appreciably enhanced the radio
engineering program at NII-885. During 1948-49, he served as chief designer of
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the R-3 missile guidance system. However, his arrival at NII-885 put quite a strain
on rapport between the managers.

Konoplev thought that he was fully qualified on all problems of missile radio
engineering and had no patience for Ryazanskiy’s guidance. Soon he took over all
the radio engineering projects in the institute. The strained situation was one of the
reasons why Ryazanskiy accepted the offer of Ustinov and Rudnev and took the
vacant position of NII-88 chief engineer after Yuriy Pobedonostsev left for a teach-
ing position in 1950.

NII-885’s frequently replaced directors had to spend a great deal of time resolv-
ing conflicts between Konoplev, who was striving for the “radiofication” of guid-
ance, and Pilyugin, the system’s actual manager. They usually dragged me, and then
Korolev, into heated arguments over these problems. Korolev sympathized with all
the warring factions, since all of them were top-notch, brilliant specialists, devoted
to their work. But diverse viewpoints on the prospects for the development of guid-
ance systems aggravated personal relationships. You couldn’t accuse any of them of
being dishonorable.

Not wanting to complicate his personal relations with Ryazanskiy, Pilyugin,
Konoplev, or Boguslavskiy, Korolev resorted to a very wise tactic if a technical matter
needed to be decided in favor of one of them. Once he had considered the situation
and prepared proposals to resolve the problem, he assigned me or another one of
his deputies to get involved in the conflict. If the conflict couldn’t be resolved with
our participation, all of us turned to Korolev with complaints against each other.
He took on the role of arbiter. Here, much to the delight of the subcontractors, he
pounced on his own people, who supposedly weren't reporting to him objectively or
hadn’t sorted it out. Everything usually ended with decisions that appeased every-
one, while Korolev, slyly smiling with obvious pleasure, signed them.

One such conflict arose over the control surface actuators for the R-2. The first
flight tests on R-2E missiles, which we had used for the experimental development
of principles for the R-2 in 1949, showed a dynamic stability problem in the stabi-
lization controller. For the first time, as an experiment, in place of the classic gyro
horizon and gyro vertical we installed a gyro-stabilized platform that Kuznetsov and
Tsetsior had developed.

Although the platform was very similar to the one that Kuznetsov had dem-
onstrated to us in Berlin at the Kreiselgerit factory, Tsetsior assured us that his
development was better. He had studied all the German achievements, found the
weak points there, and reworked a lot of things. This was not a copy but indeed his
own original development. Installing his platform in the R-2 pressurized instrument
compartment caused the designers a lot of trouble. We ran a risk, because unlike
the R-1 layout, the R-2 instrument compartment was located right by the engine,
a source of vibration and powerful acoustical effects that could be transferred along
the airframe.

The first R-2 missile with the new platform crashed. Our interpretations of the
causes differed. Tsetsior himself attributed it to the platform’s lack of vibration toler-
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ance. Resonance phenomena had occurred in the platform’s elements, and engine
vibrations caused oscillations of its substructure. The new engine had been boosted
appreciably compared with the RD-100 engine of the R-1 missile. Therefore, the
intensity of the vibrations had also increased.

Despite Tsetsior’s self-criticism, Pilyugin believed that the control surface actua-
tors were to blame. In his opinion, the linear part of their performance was too
small for the guidance principles underlying the stabilization controller developed
by NII-885. I contended that no amount of linearity would help us as long as he,
Pilyugin, was going to saturate the commands controlling the control surface actua-
tors with interference. The vibrations caused such high-frequency oscillations of the
sensors on the gyro-stabilization platform that interference blocked the legitimate
signal, and the entire stabilization controller became a nonlinear system. Moreover,
I chided Pilyugin for replacing the electronic tubes in the transducer amplifier with
static amplifiers without having thoroughly studied the transient phenomena occur-
ring in the electrical circuits containing iron-core windings. I maintained that doing
away with the tubes was a progressive measure, but the static amplifiers could intro-
duce much stronger nonlinearity than the control surface actuators.

It was a very heated argument. While preparing for the next R-2 launch, Pilyu-
gin and I debated the issue so loudly right on the launch pad that the chief of the
launch control team was forced to announce: “Since you are disturbing the peace
and using inappropriate language during prelaunch tests, I request that you step
away from the missile.”

Pilyugin found Korolev and asked for his help. But Pilyugin had already explained
his version to Korolev before our dispute, and Korolev had not given his approval to
develop the new, more powerful control surface actuators; instead, he had advised
that Pilyugin work it out with me. Now it was up to him to resolve the conflict.
explained that we were developing new control surface actuators strictly for future
use, but their series production would be no easy task for our factory. It would take
several months; the schedule for the R-2 flight tests would be disrupted.

In those days there were as yet no computers making it possible to conduct
an experiment under laboratory conditions. The first simulator, Dr. Hoch’s Bahn-
model, was not put into production after he left for KB-1. Pilyugin had just begun
to develop his own electronic simulators. Korolev had to compensate for the short-
comings of research technology with his own intuition and will. He made a decision,
which many years later served as a model to us for resolving seemingly dead-end
situations. “Given the information at our disposal, no one is justified in asserting
categorically the cause of the dynamic instability. Therefore, we are making the deci-
sion to hold all the suspects accountable.”

Right there on the launch pad Korolev announced: “Boris, youre going to make
new control surface actuators with our factory and you're going to coordinate their
performance data with Nikolay. Nikolay, you will show us the performance data of
your transducer amplifier using static amplifiers and if their performance is worse
than the tubes, then take it in stride and redo it. As far as the gyro-stabilizing plat-
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forms are concerned, as regrettable as it might be, I have already come to an agree-
ment with Kuznetsov without your input, to return to the gyro vertical and gyro
horizon. Apparently we're not quite ready for [Ginzburg’s] platform. But so that you
won't all be offended, I have decided to replace the duraluminum tail with a steel
one. Our strength experts think this will reduce the intensity of the vibrations in the
instrument compartment.”

As a result of these decisions, flight tests on the first series of R-2 missiles were
broken into two phases and conducted from October 1950 through July 1951. In
1952, Pilyugin put his first electronic simulators into operation, substantially facili-
tating decision-making “under conditions of uncertainty.”

THE ARRIVAL OF TALENTED YOUNG PEOPLE captivated by new problems played a
major role. In the late 1940s, a group of engineers who had graduated from MAI
came on board at NII-885. They included Georgiy Priss, Nina Zhernova, and
Mariya Khazan. Soon Priss became the leading specialist and supervisor of inte-
grated circuit development for the electroautomation of all the guidance systems
for Pilyugin. Zhernova had a rare combination of feminine charm and an intuitive
understanding of the dynamic processes of the stabilization controller. She bril-
liantly mastered research technology using the still faulty electronic simulators and
possessed the ability to predict the behavior of a guidance system under different
conditions.

I had to participate in the review of various accidents a number of times where
Zhernova had been tasked with analyzing the behavior of the stabilization control-
ler. She provided objective findings that did not always coincide with Pilyugin’s
views and were sometimes contrary to the departmental thinking of the entire firm.
In such cases, Zhernova asked for time to repeat the research and simulation.

After numerous flight simulation sessions on a rig incorporating an electronic
simulator, actual control surface actuators, and a transducer amplifier, Zhernova
and Khazan spread out still-wet oscillograms on huge tables to prove that they were
right.

When Mikhail Khitrik arrived in Pilyugin’s collective, all research on motion
control dynamics was transferred to him. He could combine profound theoreti-
cal research with practical recommendations for equipment under development.
Khitrik established close contact with Korolev’s dynamics specialists.

When I officially transferred from NII-88 to OKB-1, Georgiy Vetrov’s group
was already working there. It had been tasked with researching stability problems.
This was supposed to have been integrated research in very close contact with the
guidance system developers.

The chief developer of the guided missile did not have the right to categori-
cally dictate his requirements to the guidance system developer. Success could be
achieved only if the missile were designed as a single complex system. Problems of
the structure, propulsion system, guidance system, and flight dynamics had to be
studied in the closest cooperation with specialists from all the organizations respon-
sible for this work. One of the most important services of the Council of Chief
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Designers was the actual support of this activity. Korolev deliberately cracked down
on any manifestations of egotism among colleagues who considered themselves “top
dog.” This won over specialists from contractor organizations.

This continuous working cooperation aimed at solving guidance dynamics prob-
lems did not occur overnight. Quite conscious of the need for a systemic approach,
Korolev strove for direct contacts with the lead specialists of other organizations
and, above all, with the NII-885 dynamics specialists.

Matters of ballistics, acrodynamics, structural loads, stability, controllability,
accuracy, and inertia fell under the immediate purview of the chief designer. The
guidance system chief designer also needed all of the baseline data on these prob-
lems. Therefore, Pilyugin and his people were not the end users, but active creative
participants in the resolution of these problems.

During the development phase, integrated stands simulating the preparation and
launch processes and in-flight operation of the entire intricate guidance complex
were widely used. Integrated laboratories were developed for these simulators. The
chief of the integrated laboratory was responsible for providing the entire system’s
operating technology, for knowing the special features of the missile itself, and for
working in close contact with specialists from the entire institute and even closer
contact with the head design bureau. Priss was the chief of such an integrated labo-
ratory at NII-885 dealing with the R-2, R-5, and R-5M missiles.

Pilyugin appointed the young, talented, and very energetic engineer Vladlen
Finogeyev as chief of the integrated laboratory for R-11and R-11M missiles and the
R-11FM naval modification. While Korolev was absorbed with arming submarines
with missiles, Finogeyev took advantage of his special situation. Soon Finogeyev
became Pilyugin’s deputy. He was awarded the Lenin Prize, and in 1961 he was
named a Hero of Socialist Labor during a large award ceremony in honor of Gaga-
rin’s launch. But Finogeyev’s brilliant persona somehow got under Pilyugin’s skin.
Having known Nikolay Alekseyevich for a long time and quite well, it was pain-
ful for me to observe that as the years passed he began to display jealousy toward
his deputies who enjoyed great prestige outside his institute. Probably Khitrik was
the only member of Pilyugin’s inner circle who remained above suspicion until the
latter’s death. The spat that occurred through no fault of Finogeyev’s resulted in his
accepting the post of defense industry deputy minister. If Korolev had been alive, he
would not have put up with that. It turned out that bureaucracy was not Finogeyev’s
calling. He returned to engineering work, but in a different field.”

Vladimir Lapygin and Boris Dorofeyev arrived from MAI to work for Pilyugin
at the same time as Finogeyev. Lapygin was one of those individuals who were keen
on gyroscopic platforms and who supervised their development when they were
being produced under Pilyugin after the latter broke away from NII-885 in 1963

9. Finogeyev served as Deputy Minister of the Ministry of Defense Industry in 1970-81 and then
Deputy Director of TsNII Avtomatiki i gidravliki (Central Scientific-Research Institute of Automation
and Hydraulics) in 1981-2000.
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and headed NIIAP" After Pilyugin’s death in 1982, Lapygin was appointed NIIAP
director and chief designer.

Having passed through Pilyugin’s school and having gained firing test experi-
ence at Novostroyka outside Zagorsk, Dorofeyev transferred to OKB-1 to work for
Korolev. Soon thereafter he was appointed chief designer of the super-heavy N-1
launch vehicle for the lunar expedition. Dorofeyev shared the tragedy of this project
to the full extent."

THE FIRST FLIGHT TESTS OF THE R-5 MISSILE IN 1954 showed that the control
fins started to vibrate in flight, and then the entire missile. This had not occurred
at all in simulation during the design process on analog simulators of the “missile-
stabilization controller” closed loop system. In those cases, engineers returned most
meticulously to the analysis of previous launches of other missiles. Such excursions
into the past very frequently showed that, from the standpoint of theory, irregulari-
ties in the behavior of standard control systems and oscillatory processes had also
occurred earlier, but proper attention had not been paid to them if the flight ended
without a crash. If the missile flew along the designated trajectory but intense vibra-
tions developed throughout the entire hull around the center of mass, this posed a
hazard because the missile structure experienced additional loads, especially if devia-
tions during reentry into the atmosphere caused a high angle of attack. For future
structural strength analyses, the load factors needed to be determined and standard-
ized. Errors in load calculations meant unnecessary structural metal, a reduction of
the payload mass, or reduction of flight range.

While still setting up Department No. 3 at the SKB, Korolev included the few
load factor specialists he had in the design bureau and he pooled together strength
analysts and designers. Viktor Gladkiy was one of the leading load factor theoreti-
cians in Department No. 3 and later in Korolev’s OKB-1 from the very beginning of
NII-88’s involvement in missile projects. He was supposed to calculate loads, taking
into account acceleration forces, aecrodynamics, tank pressurization, control deflec-
tion, and even vibrations. The results of calculations sometimes required that guid-
ance specialists complicate the dynamic design to make control less rigid and more
flexible in reducing loads. This really got on Pilyugin’s nerves, and he would start to
argue with Gladkiy, whose name means “smooth.” After a typical quarrel, Pilyugin
declared to Korolev, “Your Gladkiy is not the least bit smooth. He’s rough.”

The Germans who developed the guidance system for the A4, and after them

10. NIIAP—Nauchno-issledovatelskiy institut avtomatiki i priborostroyeniya (Scientific-Research
Institute of Automation and Instrument Building).

11. Although relatively unknown in the West, Boris Arkadyevich Dorofeyev (1927-99) was one
of the chief architects behind the famous N-1 Moon rocket. Between July 1972 and May 1974, that
is, until the program was suspended, Dorofeyev served as chief designer of the N-1 program. Chertok
will describe the N-1 program in Volume 4.
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our specialists who developed the R-1 and R-2 guidance systems, viewed them as
controllable objects possessing the properties of a “solid body,” meaning that when
exposed to loads, the missile hull would not deform at all. Such an assumption
proved inapplicable for the R-5 missile, which was more than 20 meters long with
hull diameter of 1.65 meters, like the R-1. The missile hull bent under the effect of
loads from the control fins. The flexural elastic modes of the hull were transferred
to the gyroscope bases. The gyroscopes responded naturally to these modes and sent
commands to the guidance system, causing the control fins to shift. The loop closed
and entered an unexpected self-oscillation mode.

In a joint effort, the OKB-1 and NII-885 dynamics specialists developed mea-
sures to limit the effect that this newly discovered phenomenon had on guidance.
At one of the meetings that we had on this problem, I reminded Pilyugin about our
materials resistance course at the institute. They had taught us that we could use a
structure within the limits of its allowable elastic deformation. His comeback was,
“We'll rock the missile with the control fins so much that your Mr. Rough will have
to reinforce it with steel longerons.” We introduced various filters into the system,
but at NII-885 they continued to bad-mouth the “protection against Mr. Rough.”

Another new curse for the guidance specialists was the effect caused by filling
the missile with liquid. The control fins’ vibrations not only bent the missile hull,
but also disturbed the liquid oxygen and kerosene in the tanks. The fluctuations of
the liquid surface caused additional perturbances. We needed to develop ways to
counteract the effect of the filled tanks.

The effect of flexural vibrations and fueled tanks on stability proved very hazard-
ous. The frequency of these vibrations fell within the guidance system’s frequency
band. Cooperative research was set up at OKB-1, NII-885, in the scientific depart-
ments of NII-88, and the military’s NII-4 to study the new phenomena. Khitrik was
in charge of this work at NII-885; Vetrov, Degtyarenko, and Gladkiy headed the
project at OKB-1. At NII-4 Georgiy Narimanov made a special study of the effect
of the liquid in the missile’s tanks.

Through their combined efforts they developed a guidance theory allowing for
the new phenomena. During 1955-56, guidance equipment was developed that
was supposed to ensure stabilization over the entire dynamic structure. During this
period the R-7 missile was designed, applying the experience derived from the R-5.
To this day, missile and guidance system designers have to consider liquidity and
elasticity as integrated factors from the very initial design stage.

THE BALLISTICS THEORETICIANS WERE IN A MUCH MORE ADVANTAGEOUS POSI-
TION. Svyatoslav Lavrov and Refat Appazov, who had reconstructed the ballistics of
the A4 at Sparkasse in Bleicherode with Dr. Wolf, the chief ballistics expert of the
German arms firm Krupp, worked in Department No. 3, and later at OKB-1. Mis-
sile ballistics differs substantially from the ballistics concepts employed in artillery.
Calculating the flight trajectory was an extremely labor-intensive business. For the
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users of the first Strela domestic computers and large electronic calculators (BESM),
ballistics proved to be anything but simple.'* Ballistics specialists came into play at
the very beginning of missile design. They were also involved in the final phase of
flight assignments for missile launch.

Range, accuracy, payload mass, aiming procedures, and adjustment of the auto-
matic range control unit, consideration of the engine specifications, rate of propel-
lant component consumption, and a myriad of other problems, including predict-
ing the missile impact point in the event of possible crashes—all of this was part of
the ballistics experts’ job.

The first missile decade saw an unofficial interdepartmental association of bal-
listics experts from various organizations. Employees from the Academy of Sciences
Department of Applied Mathematics headed by Dmitriy Okhotsimskiy, military
theoreticians Georgiy Narimanov and Pavel Elyasberg under Tyulin’s leadership at
NII-4, the aforementioned Lavrov, Appazov, young Makarov, Karaulov, and Flori-
anskiy in OKB-1, and the group of “guidance system” ballistics specialists headed by
Nayshul set up in Khitrik’s department formed a sort of ideological association. The
military ballistics experts at the firing range were also part of the mix. They didnt
simply follow the calculations of their industry colleagues, but actively intervened in
drawing up the firing tables and flight profiles and tracking the flight trajectory.

One of the motives behind combining the ballistics experts from different sec-
tors was their common interest in developing facilities for extra-trajectory mea-
surements. It all began with the German cinetheodolites used to track launches in
1947. By late 1956, state-of-the-art radar tracking and data transmission systems
had already been produced. They covered the entire flight path of the future inter-
continental missiles. The combined ballistics experts initiated the creation of bal-
listics data processing centers. With the dawning of the space age, these centers and
their tracking stations served as the basis for the first mission control centers and the
entire Command and Measurement Complex (KIK)."

This example of interdepartmental ballistic solidarity is very illustrative. The var-
ious disparate teams coordinated their work not because of guidelines from the top,
but because of a natural need to unite for a more effective solution to a common
problem. The departmental quarrels that ensued among ministers, directors, and
other managers did not break this professional solidarity. This unity of the first gen-
eration of the scientists and engineers of the first missile decade had an enormous
significance for our work in the subsequent space age.

The joint work of the NII-88, OKB-1, NII-885, OPM, and NII-4 was not lim-

12. Russian language speakers typically refer to computers with the acronym BESM (Bolshaya
elektronnaya-schetnaya mashina), which literally stands for Large Electronic Computation Machine.

13. KIK—Komandno-izmeritelnyy kompleks. The KIK was the official name of the Soviet ground
communications network to support the missile and space program.

190

NII-885 and Other Institutes

ited to interaction strictly on routine experimental design projects.'* They also con-
ducted joint scientific-research projects to predict missile technology development
and to develop new ideas. They called in scientists from the Academy of Sciences,
NII-4, and other organizations for these research projects, but invariably OKB-1
played the lead role in the NII-88 system. Korolev strove by all means, both practi-
cally and legally in guideline documents, to strengthen his role as chief designer and
OKB-1 as the head organization. He did this very tactfully, with respect to everyone
involved in the projects—with the exception of the NII-88 management. Until
OKB-1 split off from NII-88 and became an independent organization, Glushko
was also jealous of OKB-1’s ever-increasing leading role and of Korolev personally.

Korolev strove to establish a completely independent organization. He wanted
not only to escape from the guardianship of the NII-88 director, but also to separate
completely from NII-88. It was not until 1956 that he finally succeeded. Inspired
by this example, Pilyugin strove to acquire a great degree of independence within
NII-885 and then to break away into an independent organization as well. But this
did not happen until 1963. After Pilyugin’s group departed, NII-885 became purely
a radio engineering organization."”” Mikhail Ryazanskiy was the technical director
until the day he died in 1987.

NII-10 SHARED THE SAME NEIGHBORHOOD ON AVIAMOTORNAYA STREET WITH
NII-885. This organization developed command gyroscopes for guidance systems
as ordered by the same historic decree of 13 May 1946. A high concrete wall sepa-
rated NII-10 from NII-885. But, in addition, a departmental wall also separated
them. NII-10 was subordinate to the Ministry of the Shipbuilding Industry. In
contrast to the new NII-88 and NII-885 organizations, in 1946 NII-10 was already
a fully operational facility for the development of new instruments and was ready
to fulfill “party and governmental” assignments. During the first years that NII-10
was involved with missile projects, its director was Valeriy Dmitriyevich Kalmykov,
future USSR Minister of the Radio Electronics Industry. In addition to gyroscope
technology for the navy, NII-10 developed naval radar, heat-sensitive radar, and
naval radio navigational systems.

For us, the most important man at NII-10 was Viktor Ivanovich Kuznetsov.
In Volume 1 of this series I wrote about my first encounter with Kuznetsov, in
May 1945, at the Kreiselgerit Factory in Berlin.'® Kuznetsov, whom we all simply
called Vitya, was such a colorful figure that I will briefly describe his engineering
background. Vitya Kuznetsov did his thesis project at the Elektropribor Factory
in Leningrad. By the mid-1930s, a subdivision had formed at this factory for the

14. OPM—Otdel prikladnoy matematiki (Department of Applied Mathematics).

15. NII-885 is currently known as the Russian Scientific-Research Institute of Space Device
Engineering (RNII KP).

16. Chertok, Rockets and People. Vol. 1, pp. 278-279.
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development of gyroscopic instruments under the supervision of Vasiliy Nikitovich
Tretyakov, future deputy minister of the shipbuilding industry, and distinguished
scientist and engineer Nikolay Nikolayevich Ostryakov. Sergey Fedorovich Farma-
kovskiy was also developing a ship artillery fire control system at the factory."”

YOUNG ENGINEER KUZNETSOV VERY QUICKLY ENTERED THE INNER CIRCLE OF
SELECT GYROSCOPE EXPERTS. In 1938, he received the first Stalin Prize for perfect-
ing a fire-control system. In 1939, scientist/gyroscope experts Academician A. N.
Krylov and Professors Ye. L. Nikolai and B. I. Kudrevich approached the govern-
ment with a proposal to create a diversified scientific production center for gyro-
scopes to develop domestic instruments. By order of the People’s Commissariat of
the Shipbuilding Industry a center was created in May 1940 at NII-10 in Moscow.
In 1940, Viktor Kuznetsov was appointed chief of the gyroscope section in the new
institute, just two years after defending his final undergraduate thesis. At that time,
Valeriy Dmitriyevich Kalmykov was NII-10 Chief Designer.

Physics and mathematics Candidate of Sciences Aleksandr Yulyevich Ishlinskiy,
the future world-famous scientist and member of many academies and international
science associations, was invited to Kuznetsov’s department to provide theoretical
reinforcement.

In October 1940, Kuznetsov departed on special assignment to Germany to take
over equipment for naval vessels that had been ordered on contract. The Germans
were preparing for war, but at the factories they hid nothing from him. The Gestapo
was keeping a special dossier on Kuznetsov, which our security agency discovered
after the war. The Germans highly appreciated his erudition and expertise.

On the morning of 22 June 1941, in Berlin, Kuznetsov was interned and taken
to a camp where all Soviet citizens in Germany at that time were gathered. They
offered him German citizenship. However, 22 days later the internees were trans-
ported through Austria, Yugoslavia, and Bulgaria to neutral Turkey. It was August
before Kuznetsov and the others deported from Germany managed to reach Moscow.
He immediately left for Leningrad to join his family and was evacuated with them
to Birsk. Through the “Road of Life,” the half-dead specialists of the Elektropribor
Factory moved across Lake Ladoga and evacuated to Moscow.'® Kuznetsov returned
to Moscow and rebuilt the scientific-research gyroscopic section in the deserted
NII-10 building.

In 1943, the NII-10 naval institute was reborn. Here, Kuznetsov and Ishlinskiy
headed a section in a special gyroscope design bureau. They succeeded in devel-

17. Author’s footnote: How our fates intertwine! I met Farmakovskiy in 1936 when I began visiting
the Elektropribor Factory to place orders for the aircraft bomb sight for Chief Designer Viktor
Bolkhovitinov's DB-A airplane.

18. The “Road of Life” (Doroga zhizni) was the transport route across the frozen Lake Lagoda that
provided the single access to the besieged city of Leningrad during the infamous 900-day Siege of
Leningrad in 1941-44 when German and Finnish forces cut off all land access into the city.
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oping a heavy-duty stabilizer for a tank gun. But
Germany surrendered, and, in May 1945, wear-
ing the uniform of a Red Army colonel, Kuznetsov
flew to Berlin, where he had been interned in June
1941. This is where I had my first encounter with
Kuznetsov.

The decree of 13 May 1946 switched the focus
of Kuznetsov’s work from ships and tanks to mis-
siles. From Berlin he came to see me at the Insti-
tute RABE. Together we traveled by automobile
to Peenemiinde. He was actively involved in the
reconstruction of German gyroscope technology
and arranged for supervision of gyroscope produc-
tion at the Zeiss factory in Jena and their simul-
taneous reproduction at NII-10 in Moscow. The
gyroscopes Gorizont, Vertikant, and Girointegrator

\ (there were just three to begin with) were guidance
(1913-91) was the main gy- . .
roscope specialist among the system components, and their official customers
Council of Chief Designers. Dur-  Were Ryazanskiy and Pilyugin. However, Korolev,
ing his career, he worked at the ~ who had a knack for quickly appraising a person’s
NII-10 and NII-944 institutes. intellectual potential, made Kuznetsov a full-fledged
member of the Council of Chief Designers. Soon,
Kuznetsov was appointed chief designer of gyroscopes both for the R-1 missile and
for all the subsequent missiles for which Korolev was chief designer. In 1953, a
special design bureau was created at NII-10 on the basis of Kuznetsov’s section. In
1955, this design bureau was reorganized into a gyroscopic stabilization institute
with Kuznetsov as its chief designer.” Korolev agreed with Kuznetsov’s decision to
decline the combined positions of institute director and chief designer. “Vitya is not
cut out for administrative work. If he had consented, we would have lost a chief
designer,” he said.

Despite his seeming naiveté, kindness, and openness, Kuznetsov had a knack for
selecting, drawing in, promoting, and protecting people; above all, he paid atten-
tion to engineering talent. He also had a certain innate sense of decency that pro-
tected his team against the intrusion of schemers and careerists.

During those hot days at the firing range, I often had to meet at various councils
and meetings and have regular personal contact with Nikolay Khlybov, Zinoviy
Tsetsior, Georgiy Geondzhan, Oskar Raykhman, Mark Effa, and Izrail Blyumin.
They were all close co-workers of Kuznetsov whose engineering and human quali-
ties commanded my respect. To this day, Kuznetsov’s deputies Illariy Nikolayevich

From the author’s archives.

Chief Designer Viktor Kuznetsov

19. The institute was known at the time as NI1I-944.
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Sapozhnikov and Valentin Ivanovich Reshetnikov help me in my work in the aca-
demic section of the Council on Motion Control. On the occasion of Kuznetsov’s
90th birthday, I had the honor, along with Sapozhnikov and Reshetnikov, to take
part in a historical film dedicated to his memory.

In 1965, Kuznetsov’s institute of gyroscopic technology became part of the
newly created Ministry of General Machine Building. Minister Sergey Aleksandrov-
ich Afanasyev loved to hold up Kuznetsov as an example. The latter had assured
him that “there would be no squabbling and intrigue in our ranks.” He created a
unified, efficient, close-knit organization that combined designers and researchers
with a highly disciplined production culture. Our domestic cosmonautics effort is
particularly indebted to Viktor Kuznetsov. With the dawning of the space age, com-
mand instruments for spacecraft attitude control and navigation became one of the
primary tasks of the Scientific-Research Institute of Applied Mechanics (NIIPM),
the new name conferred on NII-944 beginning in 1965.%°

“According to an ancient legend, the Earth rests on three whales. They ensure
the Earth’s proper orientation vis-a-vis the Sun, Moon, and Stars. Over the centuries
humankind has realized that the whales themselves are well stabilized in space. In
our nation, NII-885, NII-10, and NII-627 are the whales that stabilize and provide
electricity for missiles and spacecraft. In their work, the first two whales mentioned
[NII-885 and NII-10] must obey Maxwell’s equations, theoretical, and celestial
mechanics. As for the third one, NII-627, which is just twenty years old today,
knowledge of Ohm’s law is sufficient for its difficult work.”

With these words I began my congratulatory speech on the occasion of the 20th
anniversary of NII-627, which was renamed the All-Union Scientific-Research
Institute of Electromechanics (VNIIEM) in 1959.*' My first meeting with NII-627
director Andronik Gevondovich Iosifyan took place in 1946 in Germany. He had
come to the Institute RABE for just one day to find out which mechanical convert-
ers—“Umformers” and electric motors for missiles—he would need to manufacture
by order of the minister of the electrical industry.

I visited NII-627 during the first month after my return from Germany. I was
told that the address was at “Khoromnyy Cul-de-sac” and that “the only access pass
office [would be] there.” Upon arriving, I found myself on palatial grounds paved
with granite slabs. When I climbed the granite and marble steps of the main entry-
way, opened the heavy carved doors, and entered the main building, I continued to
be amazed by the magnificent and deeply artistic beauty of the surroundings. The
walls, ceiling, stairs to the second floor, and doors—everything drew you in and
shouted “feast your eyes while you are here.” An old friend of mine from our student

20. NIPM-—Nauchno-issledovatelskiy institut prikladnoy mekhaniki. Kuznetsovs team was
originally part of NII-10 in 1946-55 but then separated into the independent NII-944 in 1955.
Author’s note: 1 plan to describe NIIPM’s work separately.

21. VNIIEM— Viesoyuznyy nauchno-issledovatelskiy institut elektromekhaniki.
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days at MEI, Yevgeyiy Meyerovich, met me.

“How do you work here?” I asked him, pointing to the ceiling of the stateroom
into which he had led me. The ceilings in this hall and the offices that I visited were
colorfully ornamented with images of ideally beautiful nude female bodies. You
could linger over the pictures admiring them as if you were in a museum.

“We're already used to them,” explained Iosifyan, when I found myself in an office
where the walls were adorned with French Gobelin tapestries. “We very quickly find
a common language with everyone who comes here on electromechanical business.
The fine art that surrounds us has a humanizing effect even on bureaucrats from the
ministry when they come to do various and sundry inspections and audits.”

I was pleasantly surprised when I discovered old acquaintances at NII-627 from
my prewar work. Aleksandr Goldobenkov had been responsible for delivering elec-
tric generators and generator regulators for the N-209 aircraft before its transpolar
flight in 1937. Teodor Gustavovich Soroker was the chief designer in the electric
machine laboratory of the All-Union Electrical Engineering Institute (VEI).** He
had designed all sorts of alternating current electrical machines that Factory No.
293 had ordered for my long-range “B” bomber project that was supposed to fly
using alternating current. Nikolay Sheremetyevskiy was also an old prewar school
chum at MEIL. He was now involved with new, cutting-edge synchronous servos,
which I had needed so badly in 1939; they were needed for both the remote control
guns and machine guns on the exotic “I” fighter that Aleksey Isayev had designed
and on the “B” bomber, for which I had designed the high-frequency alternating
current system.

During my meeting with Teodor Soroker at NII-627, we reminisced about our
joint prewar developments and came to the conclusion that we had done a lot of
interesting things. “We were ahead of our time,” said Soroker. “True, we haven'
been bored here at Krasnyye vorota (Beautiful Gates) either.”* Visiting VNIIEM, 1
fought for setting deadlines for mastering the production of several devices: domes-
tic two-unit mechanical DC-to-AC converters to power combat missile guidance
and telemetry systems and electric motors and polarized relays for control surface
actuators and control fin drives. We needed these for our entire missile program,
although they were not of particular interest to the NII-627 organization at the
time.

Andronik Iosifyan became a celebrity among specialists back in 1930 when, as a
student at Baku Polytechnical Institute, he invented the “helically cammed electric
gun” and began to work in the VEI machine-hardware section under Academician

22. VEI—Vsesoyuznyy elektrotekbnicheskiy institut.
23. Krasnyye vorota is an area in northeast Moscow where the institute is located. A major Moscow
metro station is located there.
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K. I. Shefner.” Our electrical engineering and automation superstars worked in
this section. They supported my proposals to introduce alternating current systems
into aircraft.

Academy of Sciences Corresponding Member A. N. Larionov was the supervisor
of my diploma project. Academy of Sciences Corresponding Member K. A. Krug
was the founder of VEI, and at MEI he directed the “fundamentals of electrical
engineering” department.

In 1936, while trekking through the mountains of the Caucasus with my girl-
friend, I carried along Krug’s heavy fundamentals of electrical engineering textbook
in my backpack in the hopes of making up the academic incomplete I owed to Krug
in the fall. Professor G. N. Petrov was an authority in the field of transformers and
electric machines. When I was a student at MEI, he was deputy science director.
Among these men, the quite young losifyan was appointed director of the labora-
tory of electromechanical servo systems for antiaircraft artillery control.

To this day, various nations continue their attempts to create electric guns. Now
they are not for firing conventional shells, but for launching antimissile projectiles
armed with nuclear warheads or for boosting spacecraft. They are just as far from
practical realization as they were in the early 1930s. losifyan assessed the scope of
the problems and switched his inventive enthusiasm and incredible creative energy
to the creation of noncontact synchronized transmissions (selsyns).” In this field,
together with Svecharnik, he not only achieved real synchronous remote angular
transmission, but he also patented the invention in many countries. In 1940, Iosi-
fyan defended his doctoral dissertation, “The Theory and Practice of Non-contact
Selsyns.” Simultaneously, Iosifyan invented a centrifugal machine gun, an artillery
fire control system, and an electric helicopter, and, jointly with TsAGI, he was even
designing a twin-engine electric airplane.

In 1941, losifyan was already the chief of the VEI's OKB. When the Ger-
mans attacked Moscow, he and another inventor, future science-fiction writer A.
P. Kazantsev, were inventing small electric self-propelled wire-controlled tanks.?
According to the inventors’ conception, these “land torpedoes” were supposed to
spring out from the front gates of buildings and houses and blow up German tanks
if they broke through into the city.

On 24 September 1941, an order of the people’s commissar of electrical indus-
try named losifyan director of Factory No. 627, which occupied the building of
the former palace at the Krasnyye vorota in Khoromnyy Cul-de-sac. During the
war, history was the last thing on people’s minds; nevertheless, when the Germans

24. Academician Klavdiy Ippolitovich Shefner (1885-1946) was one of the pioneers of the Soviet
electrical engineering.

25. Selsyns are systems consisting of a synchronized generator and motor.

26. Aleksandr Kazantsev (1906-) was a well-known Soviet-era science fiction writer known for his
space-themed works. In 1946, Kazantsev advanced the theory that the mysterious Tunguska explosion
may have been caused by an extraterrestrial spaceship.
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were driven away from Moscow, the artistic monument protective services came to
losifyan requesting that during all necessary defense work he coordinate potential
reconstruction with them.

The palace, in which the factory’s managerial offices and losifyan’s office were
located, was built in the 1880s by Sergey Pavlovich Derviz, son of the railroad mag-
nate. In 1904, the building was sold to Lev Konstantinovich Zubanov, son of a petro-
leum industry millionaire who owned oil fields in Baku. Foreign master craftsmen
and top-notch artists remodeled, decorated, and painted the main building and its
interiors. After the October Revolution the Special Technical Bureau (Ostekhbyuro)
of the All-Russian Council of the National Economy (VSNKh) was located in the
mansion, and later NII-20.%” All the while, the artistic splendors were unharmed. In
September 1941, NII-20 was evacuated from Moscow and Iosifyan took possession
of the magnificent estate. Thus, to this day, since 1941, the VNIIEM management
has occupied the building, whose splendor the government protects.

Visiting NII-627 in the late 1940s and early 1950s, I felt like a “petty missile
electrician.” The list of missile technology orders for NII-627 was very small com-
pared with the creative interests of both losifyan and the representatives of Soviet
electrical engineering who had gathered around him.

At the factory, scientific-research projects for the development of new electrical
engineering materials and new principles of electrical machine building achieved a
broad scale. During the war the small “land torpedo” tanks were involved in combat
operations, but were not broadly used. The main project was the development and
production of electric power sources for combat radio stations, foot- and hand-
driven electric genera