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Abstract. The paper highlights the contribution of the employ-
ees of the Institute of Metal Physics of the Ural Branch of the
Russian Academy of Sciences to the first stage of the USSR
Atomic Project. The main challenge of the project was the
need to solve one of the most difficult problems that the
developers of the USSR atomic shield faced — industrial sep-
aration of uranium isotopes. Thus, in 1943, I K Kikoin direc-
ted the first work on isotope separation using diffusion and
centrifuge methods at the institute. I K Kikoin was appointed
I V Kurchatov’s deputy and was the main person responsible
for the development of an industrial method for producing
uranium-235 isotopes.
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...Perhaps more than any other group in the project,

those who have worked on gaseous diffusion deserve credit for courage

and persistence as well as scientific and technical ability...

Smith H D Atomic Energy for Military Purposes:

Official Report on the Development of the Atomic Bomb Under the Auspices
of the United States Government, 1940—1945

(Princeton, New Jersey: Princeton University Press, 1945)

1. Introduction

Henry Smith— the author of the Manhattan Project report,
whose words are quoted as an epigraph to this paper—
emphasizes the complexity of the task of separating uranium
isotopes and singles it out among the huge number of
challenging problems solved during the creation of atomic
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weapons. The Soviet Union lagged several years behind the
USA and Great Britain in work on the Atomic Project. In the
USSR, scientists from the Institute of Metal Physics of the
Ural Branch of the Russian Academy of Sciences (IPM UB
RAS; hereinafter referred to, for brevity, as the IPM) in
Ekaterinburg took direct part in solving the problem of
separating uranium isotopes.

The present paper highlights the contribution of the
IPM research fellows who participated in the work on the
first stage of the Soviet Atomic Project. This contribution

I K Kikoin with his wife V N Tyushevskaya and daughter Lyuba
at a demonstration (1940s).

is little known, mainly due to the transfer of those recruited
to the Atomic Project to work in such specially established
institutions as Laboratory No. 2 of the USSR Academy of
Sciences, the Ural Electrochemical Combine (Novouralsk),
and KB-11 (RFNC-VNIIEF, Sarov). Thus, history could
have taken a different path. This is how Isaak Konstanti-
novich Kikoin, I V Kurchatov’s deputy, recalls things: I
proposed to organize all the work in Sverdlovsk, where I had
a good laboratory, and where there was also an institute of
physics that could be used as well. All this was in a big
industrial city, away from the front lines and with a power
plant and a qualified workforce. But my proposal was
rejected, since the uranium problem was considered problem
number one, and the government, which fully appreciated the
vital necessity to solve this problem, was directly interested
in its fastest completion. Therefore, it was decided to build
the institute, or Laboratory No.2 (as it was coded), in
Moscow, so that no purely formal issues regarding the
resolution of certain questions would slow down the already
difficult progress of the work [1, p. 34].

2. Beginning of Atomic Project

On September 28, 1942, the USSR State Defense Commit-
tee adopted classified decree GKO No.2352ss on the
Organization of Work on Uranium [2], and in mid-
October 1942, 1 V Kurchatov was summoned to Moscow,
where S V Kaftanov, an authorized representative of the
State Defense Committee, informed him that ““the govern-
ment had decided to resume and widely expand work on
the uranium problem” [3]. On February 11, 1943, a new
decree of the State Defense Committee was adopted,
according to which Igor Vasil’evich Kurchatov was
appointed scientific director of work on the ‘uranium
problem.’

At the end of 1942, I V Kurchatov visited the laboratory
of T K Kikoin in Sverdlovsk and, apparently, was satisfied
with the quality and quantity of work and their connection
with industry, and soon Isaak Konstantinovich, as Kurcha-
tov’s deputy, was involved in the work on developing an
industrial method for separating uranium isotopes in order to
obtain uranium-235.

In early 1943, I K Kikoin was transferred to Moscow. On
September 29, 1943, the USSR Academy of Sciences elected
I K Kikoin a corresponding member of the USSR Academy
of Sciences, and I V Kurchatov became a full member of the
USSR Academy of Sciences. Kikoin was appointed scientific
director of one of the research areas of the uranium project —
the separation of uranium isotopes in order to obtain the
uranium-235 isotope. I K Kikoin wrote: Quite soon we, that is,
IV Kurchatov and I, divided ‘the spheres of influence.” Igor
Vasil’evich was a great specialist in nuclear physics. I took on
solving the problem of separating uranium isotopes, that is,
obtaining the fissionable material necessary for producing an
atomic bomb... [4, p. 6]. The part related to I V Kurchatov’s
sphere of influence has been studied quite well to date [5-17],
and therefore this paper is devoted to I K Kikoin’s sphere of
influence.

At the first stage, many researchers from the IMP UB
RAS were involved in the Atomic Project. I was able to find
the names of 17 people: I K Kikoin, V S Obukhov,
D L Simonenko, M V Yakutovich, SV Karpachev, I N Polya-
kov, P A Khalileev, S K Sidorov, A P Komar, D M Tarasov,
N N Buinov, V S Averkiev, L V Bulanaya, V N Tyushevskaya,
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and A K Kikoin, as well as Bardin and Korsunskii, whose
initials, unfortunately, I failed to establish.*

Who were these people, why were they involved in the
Atomic Project, and had they been involved in atomic
research before? The IPM UB RAS was founded in 1932 on
the basis of a group of scientists from the Leningrad
Physicotechnical Institute; hence, the first name was the
Ural Physico-Technical Institute, where I K Kikoin headed
the Laboratory of Electrical Phenomena.

In 1942, I K Kikoin, S V Gubar, and V S Obukhov
published a paper entitled “A new system of electrical
measuring equipment for measuring high-intensity direct
currents” [18]. That same year, they were awarded the Stalin
Prize of the third degree for the work described in their paper,
with the wording “‘for the invention of a new system of
electrical measurements on high-intensity direct currents.”
Thus, scientists the at Institute of Metal Physics were
honored with the first State Prize. What was so interesting
and important about this development? Let us turn to the
memoirs of I K Kikoin [19, p. 583]: ...comrades from
Kamensk-Uralsk came to my laboratory and introduced
themselves as employees of an aluminum plant; they said that
their plant had been built, but its launch was delayed because
they could not make adjustments to the electrolysis baths; this
was done by eye, since there was no way to control huge currents
of several ten thousand amperes flowing through the baths, and
so the baths either were burnt or frozen.

— Could you help us?

— I personally have never dealt with such issues, but we can
try.

Together with my fellow workers, I went to the plant to see
what the matter was and whether there was any way to help. We
were shown a brand new bath through which a current of
50,000 amperes should flow. The conductors were huge
aluminum boards, and, of course, it was unknown how to
measure such a current. But the problem had been formulated
and had to be solved. This is where my accumulated experience

* When the Russian version of the paper had already been published, one
of the veterans of the Institute of Metal Physics, Doctor of Physics and
Mathematics Vitalii II'ich Zel’dovich, who read it, informed us of
Korsunskii’s first and middle names, and provided some information
about him: 7 know Korsunskii’s initials. His full name was Moisei (Mikhail)
Izrailevich Korsunskii, and he was the author of the popular book The
Atomic Nucleus (Moscow, 1949). He read us (students in the Engineering
Physics Department at the Order of Lenin Kharkov Polytechnic Institute)
lectures on Experimental Physics, and his assistant demonstrated experi-
ments. 1 would like to take this opportunity to sincerely thank
V 1 Zel’dovich for the information he provided, which allowed us to find
articles about M I Korsunskii published in Physics—Uspekhi [84-86]. Little
is known about Moisei Izrailevich in the period from 1943 to 1945; it is
only known that he took part in the Atomic Project. It is quite possible that
when Lange was assigned to the Institute of Metal Physics, the same
happened to Korsunskii, who before the Great Patriotic War had headed
the Shock Voltage Laboratory (SVL) in Kharkov (F Lange was the
scientific director of the laboratory). In his report to I V Kurchatov on
the results of the trip to Sverdlovsk and the state of work on the centrifuge
and diffusion machine as of September 21, 1943 [46], I K Kikoin
mentioned Korsunskii. Later, Korsunskii was sent to Kharkov, and so
the letter from L P Beria to I V Stalin of November 1946 [87, p. 664] states
that M I Korsunskii during these years was involved in the same topics as
1 K Kikoin: The department ‘M’ organized as part of the Physicotechnical
Institute of the Academy of Sciences of the Ukrainian SSR had the task to
conduct research under the supervision of Professor Korsunskii on the
separation of uranium isotopes by the molecular magnetic method. Unfortu-
nately, we have failed to find Bardin’s full name. Perhaps one of our
readers will be able to help us. (Author’s note to English proof.)

and knowledge came in handy. I realized that there could be no
direct measurement of the current, but the magnetic field
directly near the conductor through which the current flows
depends on this current, and therefore I decided to replace the
direct measurement of the current with the measurement of the
magnetic field of the conductor. The necessary experiments
were performed immediately right in the workshop. Having
returned from the plant, we began to design the device. Soon a
necessary device was developed, which we tested at the plant. It
turned out that it meets absolutely all the conditions and allows
the current to be measured with the specified accuracy or even
better.

A series of devices was immediately fabricated, which we
took to the plant. Together with the plant workers, we
assembled them, tested them and began debugging the bath.
The baths worked normally, and the first metal was soon
produced. The first ingots were cast. As a very special reward,
we were presented with souvenir ingots from this first aluminum
of the Kamensk-Uralsk plant. Of course, the first ingot was sent
to Stalin, the second was delivered to the regional committee
secretary, and the third was given to me as a souvenir of the
plant’s launch. T will cite excerpts from the paper entitled “A
new system of electrical measuring equipment for measuring
high-intensity direct currents” [18]. The paper was published
in 1942 and explained the difficulties in using the traditional
approach, that is, the shunt method of current measurement:
Such shunts, designed for currents on the order of several ten
thousand amperes, are very bulky structures. For example, a
10,000-A shunt weighs about 35 kg (the weight of a shunt'
grows proportionally to the square of the current). ...In the
USSR, shunts for currents above 5000 A have been imported up
to now. But abroad, shunts were also manufactured for currents
no higher than 30,000 A, while at a number of our plants,
currents reach 70,000 A or higher. Manufacturing shunts for
high currents runs into fundamental difficulties. It is difficult to
obtain a casting of a homogeneous alloy.

I K Kikoin, S V Gubar, and V S Obukhov developed,
designed, and fabricated the following devices that made it
possible to take measurements at currents up to 70,000 A:
portable kiloammeters (for measuring the distribution of
currents across the anodes of electrolytic baths), stationary
kiloammeters (for measuring the current in the main circuit
with the transmission of readings to the control panel),
workshop kiloammeters with a large scale of a diameter up
to 800 mm, kilowatt-hour meters, and ampere-hour meters.
During the war, I K Kikoin’s laboratory equipped many Ural
factories with these devices. Contacts with the factories
continued to be maintained. In the character reference of
V S Obukhov of November 15, 1942 [20], I K Kikoin writes:
With his participation, equipment for automatic control of
hardening of products in electric furnaces was developed.
Moreover, in his latest work, he developed a very original
design of a contact mechanism. At present, Comrade Obukhov
is participating in a number of defense projects carried out in the
laboratory. Some of them are being successfully completed. All
of V'S Obukhov’s work bears the stamp of great initiative and
independence. Since 1942, V'S Obukhov has been a laureate of
the Stalin Prize. Therefore, I consider it absolutely correct and
extremely desirable to award Comrade Obukhov the title of
senior research fellow. The proposal of the Presidium of the
Ural Branch of the USSR Academy of Sciences to award the
academic title of senior research fellow to V S Obukhov was

! Based on this information, a 70,000-A shunt should weigh about 1700 kg.
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rejected at a meeting of the Presidium on September 2, 1943
(speaker Secretary of the Presidium of the USSR Academy of
Sciences, Academician N G Bruevich) [21], ““as not having the
academic degree of candidate of sciences.” The personal file
of V S Obukhov contains a petition from N V Demenev —
assistant to the chair of the Ural Branch of the USSR
Academy of Sciences for scientific affairs, director of the
Institute of Metal Physics and Metallurgy (another former
name of the IPM UB RAS)—to the Committee for Higher
School Affairs under the Council of People’s Commissars of
the USSR dated June 16, 1943: Considering the long and
successful scientific work of Stalin Prize Laureate V'S Obukhov,
I ask that he be allowed to defend his candidate’s dissertation
without passing candidate’s exams [22]. The question arises as
to why such a seemingly simple matter as passing candidate’s
exams was considered at the highest level. In Sverdlovsk,
there was no dissertation council at that time and, in order to
pass these exams, it was necessary to go to Moscow. With the
war going on, Obukhov was already involved in intense work
related to solving defense problems.

By December 1941, on the orders of the People’s
Commissariat of Mortar Armament, an anti-tank magnetic
mine (deeply buried) had been developed. In the Report to the
Commander of the Troops of the Ural Military District,
Major General A V Katkov, dated December 6, 1941 [23,
p- 252], I K Kikoin wrote: “A prototype of the mine has now
been manufactured and is being tested. ... The development of

Deeply buried anti-tank mine designed by I K Kikoin, V S Obukhov,
and V S Averkiev.

an anti-tank aviation mine, etc., is being prepared.”
V S Averkiev recalls, We were developing a design for a
portable mine for partisans. The requirements were very strict:
small size and weight, airtightness (so that the mines could be
left in a swamp and they would not deteriorate for several days);
it was also necessary that the mines not explode from
detonation. Several people worked on it, including I K Kikoin,
V'S Obukhov, and V'S Averkiev; they worked very enthusias-
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Classified
Registration No. 00519
December 9, 1941
Secretariat of the troops
of the Ural military district

Academy of Sciences
of the Soviet Socialist
Republics Ural branch
December 6, 1941

No. 130ss Sverdlovsk,
central post

box No. 101
Telephone:
Presidium-—D1-42-24,

TO THE COMMANDER OF THE TROOPS
general-—D1-68-82

OF THE URAL MILITARY DISTRICT
Major General Comrade KATKOV

Reference

The following work is being carried out at the Laboratory of
Electrical Phenomena of the Ural Branch of the USSR Academy of
Sciences:

1. An anti-tank magnetic /deeply buried/ mine has been
developed on the instructions of the Mortar Armament Department
of the People’s Commissariat of Defense.

— The work is being carried out in contact with the Armored
Troops Department of the Ural Military District. An experimental
model of the mine has now been manufactured and is being tested.

2. A mine detector for deeply buried mines is being developed on
the instructions of the Central Military Engineering Institute of the
Red Army. Its operation is based on a change in the resistance of the
wire under the influence of a weak magnetic field.

3. A method for analyzing toxic agents has been developed; tests
are currently being carried out on the developed equipment.

4. Development of an anti-tank air mine, etc., is in preparation.

Testing all these devices naturally requires an isolated room of
sufficient size.

The work specified in paragraphs 1 and 2 is absolutely
impossible to carry out near the high-power, high-frequency
installations that VEI operates.

Head of the Laboratory of Electrical Phenomena,
Professor, Doctor of Physical and Mathematical Sciences
/T K Kikoin/
2 copies printed
1— to the addressee
2—in the file December 6, 1941 O.B.

I K Kikoin’s certificate for developments at Laboratory of Electrical Phenomena, dated December 6, 1941
(TsDOOSO F_4_op_31_D_197_L_530Ts_02_4_31_197_53).
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Red Army Invention Department

REFERENCE
(in lieu of author’s certificate)

This reference is given to citizens Averkiev, Obukhov,
and Kikoin stating that, on December 23, 1944, the Red
Army Invention Department issued them an author’s
certificate, not subject to publication, registered in the
Bureau of Inventions under the State Planning Committee
of the USSR under No. 4897s.

The author’s certificate of citizens Averkiev, Obu-
khov, and Kikoin is kept in the Red Army Invention
Department in file No. 7680inzh.

Head of the Red Army Invention Department,
Colonel-Engineer:
(V Glukhov)

January 25, 1945

Moscow, Red Square,

2nd Department of the Office

of the People’s Commissariat of Defense

Reference (in lieu of author’s certificate) to I K Kikoin, V' S Obukhov, and V S Averkiev of January 25, 1945.

tically. The basis of the design was a magnetic needle rotating in
avertical plane. In the normal state, it was located horizontally,
but if something iron was above the mine, the needle deflected
upward and closed the contact. Aluminum soldier’s mess tins
with a screw-on lid were used as housings. The mines were
manufactured and passed tests quite successfully [23, p. 250].
On December 23, 1944, 1 K Kikoin, V S Obukhov, and
V S Averkiev were issued inventor’s certificate No. 4897c¢ for
a “‘Deeply buried anti-tank mine” [23, p. 253].

As can be seen, the developments of Kikoin’s laboratory
were quite diverse, effective, and in demand by industry. So
that the reader does not get the impression that the
laboratory’s work was purely applied, I will also mention
the fundamental research conducted there, which enriched
world science: unique research on the gyromagnetic effect in

superconductors, the discovery of the Kikoin—Noskov
photoelectromagnetic effect in 1933, and a monograph,
“The Physics of Metals” by Ya G Dorfman and I K Kikoin
[24]. This is how I K Kikoin himself evaluates the work on the
gyromagnetic effect: This experiment was not only very
difficult, but also beautiful in terms of technique, and I am still
proud that we young experimental physicists of the 1930s
managed to do this virtuoso experiment, which has now entered
all textbooks and monographs as a classic. The results of the
work were published in 1938 [19, p. 576]. The Kikoin—Noskov
effect consists in the formation of an electric field in an
illuminated semiconductor placed in a magnetic field.

In 1943, T K Kikoin involved only a few laboratory
researchers in his work on atomic topics. Thus, Abram
Konstantinovich Kikoin recalled: My brother often left for
Moscow, where the main work was being carried out, but the

Vasilii Sergeevich Averkiev. Vladimir Semenovich Obukhov.

Construction of Ural Physico-Technical Institute in Sverdlovsk, 1935.
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1 K Kikoin and M M Noskov, late 1930s (see the Kikoin—Noskov effect).

three researchers who remained in Sverdlovsk worked hard.
Unfortunately, this work finally showed that the solution we
were developing for the problem, given the technology available
at the time, was not leading to the goal. In 1945, my brother and
his family moved to Moscow [25, p. 17]. Abram Konstantino-
vich is referring to the development of a centrifuge method for
enriching uranium. Fritz Lange—a German who emigrated
from Nazi Germany in 1933 and accepted Soviet citizenship
in 1937 —was ordered by the above-mentioned State Defense
Decree No. 2352ss on the Organization of Work on Uranium
of September 28, 1942 to develop a centrifuge for enriching
uranium. The third participant in this work was Danil
(Daniil) Lukich Simonenko.

Before starting the work, it was necessary to decide on a
separation method. D L Simonenko recalled [26, p. 146] that
three methods were discussed: diffusion using cascading
according to the Hertz scheme, centrifugal using sectioned
centrifuges with axial circulation and, oddly enough, the
photochemical method [26, p. 146]. I K Kikoin wrote: In the
end, we decided to settle on the three methods. The centrifuge
method was assigned to Kharkov professor F Lange, who had
been working on this method while still in Germany. The
electromagnetic method was taken over by L A Artsimovich,
who had previously been working on electron optics.
Ya B Zeldovich, who was involved in these matters, and I took
up diffusion [4, p. 6].

3. Electromagnetic separation
of uranium isotopes

I will mention briefly the electromagnetic separation of
uranium isotopes. Unlike the diffusion and centrifuge
methods, in which the separation coefficient is fractions of a
percent, for the electromagnetic method the separation
coefficient theoretically reaches 100%, but the volume of the
flow of the initial substance participating in the separation is
small; that is, the amount of the separated substance obtained
is correspondingly small [27, p. 11]. Of course, in practice, the
electromagnetic method does not lead to complete separation
of isotopes, but “high enrichment is achieved in a single
operation” [28, p. 40]. Functionally and technically, this
method is simpler than the diffusion or centrifuge methods:
the only problem is the low efficiency of the method, although
a combination of methods gives a synergistic effect. If, for
example, an electromagnetic installation can produce one gram

of 40% U-235 per day from natural uranium, then, by
increasing the concentration of U-235 in the source material
by two times compared to the natural one (1.4% instead of
0.7%), the same installation can produce 2 grams of 80%
U-235 per day [29, p. 223]. A plant for separating uranium
isotopes by the electromagnetic method was built near the
North Ural settlement of Nizhnyaya Tura (Sverdlovsk-45,
now the city of Lesnoi) [30, p. 434]. After the start of
industrial production of 90% uranium-235 by the diffusion
method, the plant in Lesnoi was repurposed for other tasks.

4. First studies using Lange centrifuge

The centrifuge method had a significant lead. In 1940,
Lange’s group filed an application for an invention “On the
use of uranium as an explosive and toxic agent™ (October 17,
1940, V A Maslov and V S Shpinel [31]). Soon after this, in
1940, F Lange, V A Maslov, and V S Shpinel filed an
application for the invention of a “Method for preparing a
uranium mixture enriched in uranium with a mass number of
235. Multichamber centrifuge,” for which Author’s Certifi-
cate No.6359¢c was issued (the index ¢, meaning that the
certificate was classified, appeared in 1945) [32]. No earlier
than January 1 and no later than February 3, 1941, Lange’s
group filed an application for an invention ““Thermocircula-
tion centrifuge” [33]. If we have a close look at the mentioned
documents, it becomes clear that these applications are
actually just documented and patented ideas, and, as we can
see, when organizing the USSR Atomic Project, the govern-
ment went over the details of these applications.

I K Kikoin supervised the fabrication of the centrifugal
machine in Ufa in 1943. Already at the assembly stage, he had
to make improvements to the design [during initial tests, due
to high loads (vibration), the bearings and torque shafts failed
at high speeds]. Thus, they switched from ball to sliding
bearings, improved the forced lubrication system, estab-
lished constant temperature control of the bearings, carried
out very careful balancing of the design, and manufactured
centrifuges with several shaft diameters.

In a memorandum from I V Kurchatov to M G Pervukhin
about the centrifuge tests on April 29, 1943 [34, p. 344],
I K Kikoin wrote, I consider it necessary to note that Professor
Lange informed us in a very frivolous manner about the work
he had done. Absolutely no experiments were performed on
any model.... The machine parts are ill-conceived; in
particular, I am very concerned about the vacuum sealing
system, which was not tested even in a stationary state. In the
presence of colossal centrifugal forces in a rotating machine,

First building of Ural Physico-Technical Institute, 1935.
Lange centrifuge was installed here.
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Autobiography

of Professor Fritz Fritsevich Lange

I was born on December 14, 1899, into a family of an employee in Friedrichshagen,
Berlin. There were two of us. My sister, a librarian by profession, died in 1917.

I studied at a real gymnasium and began to give mathematics lessons at the age of 14.
In 1918, I graduated from the gymnasium and, in the summer of 1918, during the war, I
was mobilized as a private. I spent 4 months in the army. I did not participate in battle.

From the end of 1918, I studied at the universities of Berlin, Freiburg, and Kiel. I was
interested in physics, chemistry, and mathematics. As a student of Walther Nernst, I
received a PhD in 1924 for my work “Heat capacity at low temperatures.” From then until
1933, T worked as an assistant to Nernst at the Physics Institute of the University of Berlin.
He was engaged in the development of a high-voltage discharge tube, a pulsed method for
obtaining fast particles; I was the first to obtain artificial cathode rays and X-rays
corresponding to the beta and gamma rays of radium and applied these rays in nuclear
physics for other purposes.

In the period 1930-1934, I worked as a consultant for AEG and partially for IG
Farbenindustrie AG and General Electric (USA).

At the invitation of A F Toffe, I visited the Soviet Union (Leningrad) in 1930.

After Hitler came to power, I decided not to continue my work in Germany. In 1934,
living in London, T accepted an offer to move to the Soviet Union to work at the Ukrainian
Physics and Technology Institute in Kharkov. There, I founded a high-voltage laboratory
and was its scientific director.

Together with my team, I continued the development and improvement of the pulsed
method. There, I built the world’s largest pulse unit for 5 million volts, which was used for
various work in the field of nuclear physics and the technical application of fast cathode
rays. I supervised postgraduate studies. Four people defended candidate dissertations; two
of them worked on doctoral dissertations.

In February 1937, I received Soviet citizenship. On October 12, 1940, I was awarded
the academic degree of Doctor of Physical and Mathematical Sciences without defending a
dissertation.

In September 1941, I was among other researchers at the Ukrainian Physics and
Technology Institute of the Academy of Sciences of the Ukrainian SSR evacuated to the
city of Ufa, where the Presidium of the Academy of Sciences of the Ukrainian SSR was
located. There, I worked as head of a department at the Kiev Institute of Physics and from
July 1943 I was seconded to the Ural branch of the USSR Academy of Sciences, in the city
of Sverdlovsk, to carry out a special assignment, which I continue to do.

F Lange

Autobiography of Lange. Department of Collections and Information Services of Central Scientific Library
of Ural Branch of Russian Academy of Sciences (F. 1. Op. 2. D. 1114. L.1).

the situation will be significantly aggravated. We tried to fix
some things on the spot, but the rest will have to be completed
here.

F Lange brought to Sverdlovsk—to Kikoin’s labora-
tory — a centrifuge manufactured at the Ufa Aviation Plant,
designed by him specifically for experimental work on
separating isotopes in the gas phase. The centrifuge, weigh-
ing about a ton, was mounted on a special foundation in the

@. Ranre ( Bpauw. 1933

F Lange (left) and A Brasch, 1930;
https://www.biblioatom.rU/persons/lange_fritz/#gallery.

basement of the institute. In his memoirs, D L Simonenko
wrote [26, p. 138], In the spring of 1943, F Lange was assigned
to the Laboratory of Electrical Phenomena of the Ural Branch
of the USSR Academy of Sciences, headed by I K Kikoin. He

A

F Lange in the laboratory;
https://www.biblioatom.ru/persons/lange_fritz/#gallery.
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arrived at the laboratory in a somewhat unusual way. In the
morning, a truck drove up to the main entrance to the building of
the laboratory. Three soldiers and one man in civilian clothes
were sitting in the open back of the truck on some boxes. One of
the soldiers jumped off the truck, went inside the building, and
quickly returned. After that, the soldiers began to unload the
truck — heavy boxes and several suitcases were thrown out onto
a flower bed. A woman got out of the cabin— she was dragging
some bags and packages. The soldiers saluted the man in civilian
clothes, jumped in the car, and drove away. The man and woman
carried the suitcases under the pine trees, sat down, unwrapped
the packages, and began to have breakfast. I was called to the
directorate and told that there, at the entrance, is Professor
Lange; he arrived from Ufa and brought with him some of the
scientific equipment. I was instructed to arrange for Lange and
his wife a temporary room in one of the small laboratories. The
same day, all the boxes were moved to the laboratory and
opened. The boxes contained the main parts of the centrifuge for
separating isotopes.... As it turned out, this machine had never
been assembled or tested in action. From 1 V Kurchatov’s
memorandum to the People’s Commissar of the Chemical
Industry M G Pervukhin of April 1, 1943 [35], Professor
Lange does not have a single employee at the moment, and
Laboratory No.2 is assigning him two of Kikoin's fellow
researchers to speed up the work, that is, Comrades Simonenko
and Polyakov....

In his report to I V Kurchatov on the results of the trip to
Sverdlovsk and the state of work on the centrifuge and
diffusion unit, dated September 21, 1943 [36, pp. 391-393],
I K Kikoin wrote, It must be stated that too little has been done
during the elapsed period. Professor Lange arrived in Sver-
dlovsk on July 17 of this year, and so by the time of my arrival he
had been working together with Comrade Simonenko for about

Danil (Daniil) Lukich Simonenko.

two months. Meanwhile, the centrifuge separation machine has
not yet been put into operation. Moreover, the sealing system
has not been checked. With a comparatively large number of
alterations that were clearly necessary and which were not
made, such a qualified mechanic as Comrade Polyakov was not
busy with work. ...I was forced to admit that the state of the
work was completely unsatisfactory. In connection with this, it
was necessary to change the direction and nature of the work.
During the eight days Kikoin spent in Sverdlovsk, the
situation changed for the better: The seal at the gas inlet and
outlet to the centrifuge, that is, in places where the system of
concentric capillaries is sealed, was tested in a static state and at
a low number of revolutions of the machine. The sealing system,
after it was reconstructed with the help of comrade Polyakov,
works quite satisfactorily.... Designers Comrades Averkiev and
Bardin have now begun to draw up a draft design for a small
installation with paired membranes. As a result, the centrifuge
was launched, and in the fall of 1943, F Lange and
D L Simonenko performed more than 20 experiments on the
centrifuge. They used mixtures of hydrogen with air and air
with carbon dioxide as model mixtures. D L Simonenko
recalled, By the spring of 1944, we had already conducted a

fairly large number of experiments, but we were unable to

obtain stable gas circulation and repeatable enrichment data;
we were getting completely random numbers from which it was
impossible to draw any conclusions [26, p. 150].

5. Assistance from Soviet intelligence

Soviet intelligence provided significant assistance in “‘orga-
nizing work on uranium.” According to Vladimir Matveevich
Chikov (all unreferenced quotes from this section are taken
from V Chikov’s book Russian Illegals in the USA [37]), the
only scientist involved in studying the data obtained by
intelligence was I V Kurchatov, who, realizing the full extent
of his responsibility (it was assumed that some of the data
could be erroneous or disinformation deliberately planted by
American intelligence services), asked to allow I K Kikoin
and his own brother B V Kurchatov to access the intelligence
data. As Yu B Khariton recalls, Kurchatov was very critical
of the intelligence materials, and “He doubted whether the
materials received reflected the actual course of scientific
research work,” and assumed that they could turn out to be
“a fabrication whose purpose is to disinform our science” [38,
p. 135]. I V Kurchatov was surprised that * Western scientists
preferred the diffusion separation of isotopes to centrifuge
separation” [38, p. 135]. The intelligence data received from
the intelligence officers [Dr. Emil Julius Klaus Fuchs (code-
named ‘Charles’) and Arthur Fielding (code-named ‘Per-
seus’)] had to be rechecked in order to determine their
“objectivity and reliability of the sources.” Kikoin’s group
was engaged in the verification. In his review (July 27, 1944)
about the materials received from intelligence and related to
the gaseous diffusion method of separating isotopes, Kikoin
wrote, “We ourselves were engaged in solving this problem and
came to similar conclusions.” In the Manhattan Project, Klaus
Fuchs was involved in the development of the gaseous
diffusion method of separating uranium isotopes, which was
adopted as an industrial method in England and the USA. Of
course, the intelligence data significantly accelerated the
process. Thus, I K Kikoin writes, The calculation made in
this work is very ingenious and can be used in the detailed design
of the machine. ...This last work is of the greatest interest,
because it gives an idea of the production scheme of the
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separation plant. In a memorandum of March 7, 1943,
devoted to the analysis of data provided by Soviet intelli-
gence, I V Kurchatov wrote, The most valuable part of the
materials relates to the problem of isotope separation. 1. The
only rational way to solve it is to separate the isotopes using
diffusion through a membrane with small holes. The preference
for the centrifuge method was unexpected for our physicists and
chemists. We had a widespread point of view according to which
the prospects of the centrifuge method were significantly higher
than the prospects of the diffusion method, which was
considered practically inapplicable for separating the isotopes
of heavy elements. In accordance with this point of view, when
initially setting up work on the uranium problem, research was
envisaged only by centrifuge (Lange’s method) [39, p. 314]. The
fact that the Soviet Atomic Project was not a blind copy of the
American one is evidenced by the fact that the centrifuge
method, as more energy-efficient, was not discarded and,
despite the fact that it was technically more complex, was
brought to fruition. Thus, on January 15, 1958, the experi-
mental centrifuge plant of the Urals Electrochemical Com-
bine began producing the first highly enriched uranium-235
of specified concentration [40]. Thus, diffusion cascades were
subsequently replaced with centrifuge cascades in the USSR.

6. Beginning of work on Atomic Project
in Sverdlovsk

On April 12, 1943, based on a decision by the State Defense
Committee, the Academy of Sciences adopted a resolution on
the creation of a new Laboratory No. 2 under the leadership
of Kurchatov. While the laboratory did not have its own
premises, the scientists involved in the Atomic Project worked
at their ‘old” workplaces, formally listed as seconded from
Laboratory No. 2 to their former work.

From a memorandum of I V Kurchatov on the work plan
of Laboratory No. 2 for the second half of 1943: By the end of
1943, Laboratory No.2 assumes: 1. To separate uranium
isotopes and obtain several milligrams of uranium-235 using
an ultracentrifuge. ...3. To conduct experiments and calcula-
tions necessary for the design of a diffusion machine for isotope
separation[41, p. 386]. The work plan itself states that Kikoin,
Lange, and Simonenko were working on point 1. Point 3 of
the program was implemented by Kikoin and Polyakov.

This point was specified: (a) selection and study of the
physicochemical properties of the working liquid, September 1,
1943; (b) selection and calculation of the main dimensions of the
machine, October 1, 1943; and (c) development of a method for
obtaining membranes for a model of a diffusion machine,
December 1, 1943. In his report to I V Kurchatov on the
results of the trip to Sverdlovsk and the state of work on the
centrifuge and diffusion installation of September 21, 1943
[36, p. 392], I K Kikoin stated that “‘experiments on the
diffusion method of separation were not carried out during my
absence because Comrade Simonenko was very busy with the
centrifuge.”

The level of secrecy can be judged by the memoirs of Pavel
Akimovich Khalileev, a fellow researcher at the Institute of
Metal Physics of the Ural Branch of the Russian Academy of
Sciences [42, p. 19], who was involved in the work on
separating uranium isotopes several years later in January
1947. I knew very little about him [Fritz Lange]. I heard that he
fled Germany from Hitler long before the war and worked in
Kharkov. Then, during the war, he was evacuated along with the
Kharkov Physicotechnical Institute somewhere in Central Asia,

and, in 1943, Kikoin took him to Sverdlovsk and set up a
laboratory for him in the basement, where outsiders were
strictly prohibited from entering, since Fritz was conducting
very secret work. [Many years later, I learned that Fritz was
developing a centrifuge for separating isotopes in his basement
(alas, unsuccessfully)].

In September 1945, in his report “On the Separation of
Uranium Isotopes™ at a meeting of the Technical Council of
the Special Committee under the State Defense Committee,
Kikoin gave a “brief overview of isotope separation meth-
ods” implemented at Laboratory No.2 of the USSR
Academy of Sciences. The report discussed the centrifuge
method [43, p. 370]: In 1943, an experimental centrifuge using
the Lange method (a centrifuge with a ‘countercurrent’) was
built at Plant No.26 of the People’s Commissariat of the
Aviation Industry (in Ufa), and the same year it was installed
in Kikoin’s laboratory in the Ural branch of the USSR
Academy of Sciences in Sverdlovsk. For almost two years,
with the participation of Professor Lange, experiments were
conducted on it to separate gas mixtures with the aim of
studying the properties of such a centrifuge and in the hope of
obtaining small quantities of uranium enriched in light
isotope.... But, in view of the complexity and capriciousness of
this method and, mainly, in view of the low productivity that can
be expected from such a device (about 0.01 g per day per meter
of length), we decided to abandon the industrial implementation
of such a machine. From the above documents, it follows that
Kikoin was not very pleased with Lange. Khalileev recalls the
time (1943-1944) when Lange and Obukhov were still
working in Sverdlovsk [42, p. 19]: Volodya Obukhov, on his
own initiative, told me that Lange and Kikoin had had a
skirmish, that they had had a heated argument and quarreled.
And after this quarrel, Lange, agitated, walked back and forth
in his room and talked loudly to himself. Obukhov heard this
speech perfectly well through the loosely closed door that
connected their rooms. The essence of Lange’s outpourings
was that he was beating himself up.— I shouldn’t have argued
so sharply with Kikoin. I should have made concessions. After
all, I owe him so much; he got me out of some jams. And the
work must be continued; if successful, it will be such help to the
Soviets and the middle finger to Hitler! But the main reason for
the refusal ‘from the industrial implementation’ of Lange’s
centrifuge was not Fritz Lange’s mastery of the ‘noble art of
spoiling relations with his superiors’ (V P Nasonov even put
this statement in the title of his article about Fritz Lange [44]),
but the fact that it became clear that the centrifuge method
had more difficulties than the diffusion method and that the
required quick result could not be achieved.

However, work on the centrifuge method was not
completely closed. In a report on the state of work on
obtaining and using atomic energy of January 17, 1946 in
the section “Organization of new laboratories” [45, p. 418],
the First Chief Directorate informed I V Stalin: The Special
Committee decided to organize the following laboratories with
special tasks in the field of the use of atomic energy in 1946.
2. Laboratory No.4 (under the direction of Professor Lange)

for the development of a method for enriching the uranium-235

isotope using centrifugation.

In their memorandum “The state of the problem of
separating uranium isotopes,” dated January 4, 1944 to
M G Pervukhin (deputy chair of the Council of People’s
Commissars of the USSR, people’s commissar of the
Chemical Industry, curator of the creation of the Soviet
atomic bomb on behalf of the Council of People’s Commis-



726 S A Gudin

Physics— Uspekhi 67 (7)

sars of the USSR), I K Kikoin and A T Alikhanov wrote [46,
p. 339], “The problem of making membranes is one of the
decisive ones for the construction of a large installation. ...It
seems to us necessary to organize a group of people specifically
working on this problem. We are currently busy finding the
appropriate workers. Although it should be noted that we do not
know of any specialists in this area at the moment.”

In his report ““On the state of work on the problem as of
27 November 19437 to M G Pervukhin [47, p. 405],
I V Kurchatov stated: Independently of the Central Aerohy-
drodynamic Institute (TsAGI), the laboratory in Sverdlovsk
(Kikoin) is developing a simplified model of a diffusion machine.
At the moment, design work is underway and individual units
are being manufactured.” Already at the end of 1943, Kikoin’s
group began research on the only gaseous compound of
uranium at relatively low temperatures: The first small
portion of uranium hexafluoride in the amount of 100 g was
synthesized at the request of I K Kikoin at the end of 1943 at the
Radium Institute, headed by Professor V' G Khlopin. Having
synthesized this substance, I K Kikoin, still in Sverdlovsk, with
the help of his colleagues D L Simonenko, V' S Obukhov, and
V' N Tyushevskaya, conducted a detailed study of its main
physical properties, which must be known to carry out the
diffusion process. They are the dependence of vapor elasticity
on temperature, heat capacity, viscosity, and the speed of sound
[4, p. 14].... It was shown that the triple point of uranium
hexafluoride, where three phases (gas, liquid, and solid)
converge, is the temperature of 64°C and pressure of about
1.5 atm. At a pressure below 1 atm and a temperature below
56°C, uranium hexafluoride vapors are close in their properties
to an ideal gas and can be condensed into a solid crystalline
phase” [4, p. 14]. T will add information about the high
chemical aggressiveness of uranium hexafluoride, which has
added many difficulties to the development of gas-diffusion
technology for separating uranium isotopes.

It reacts with almost all chemical elements and, having given
up some of its fluorine, turns into a stable solid compound—
uranium tetrafluoride. Uranium hexafluoride reacts with water,
forming aggressive hydrofluoric acid, and does not tolerate
organic compounds or oils. Other products of uranium hexa-
Sfluoride reactions form solid corrosive deposits on the surfaces
of equipment [4, p. 15].

“We—recalls D L Simonenko—did not imagine how
many technical difficulties would be associated with the proper-
ties of the vapors of this compound: the ability to react with
metal surfaces and water vapor, to decompose, to settle on walls
in the form of nonvolatile compounds, etc. It was known that to
work with it, it was necessary to have vacuum-tight equipment
with well-dehydrated surfaces™ [4, p. 40].

7. Porous filters

One of the main elements of gaseous diffusion technology is
porous filters, in which the isotope separation process takes
place. Lighter atoms pass through the pores of the filter more
easily, and the gas mixture at the outlet is enriched with the
light fraction. Thus, the enrichment factor, the separation
performance of diffusion cascades, the duration of their
service life, and the cost-effectiveness of the method are
determined by the quality of the porous filters. I K Kikoin
wrote, ““The filters were made by experienced mechanic Ivan
Nikolaevich Polyakov. They were made of copper foil several
hundredths of a mm thick, pricked with a thin needle” [4, p. 8].
In 1944, “‘skilled mechanic I N Polyakov designed an

automatic machine that punched holes in thin copper foil
(0.2 mm)” [4, p. 17]. The average pore diameter should be as
small as possible to approach the theoretical limit of uranium
isotope separation (maximum enrichment factor on the filter
is 4.3 x 107%), and so the mechanical principle of filter
manufacturing had to be abandoned soon.

8. Transfer of work from Sverdlovsk to Moscow

In 1945, the scientific group of I K Kikoin’s fellow researchers
was transferred from Sverdlovsk to Laboratory No. 2 of the
USSR Academy of Sciences in Moscow (later, the I V Kurcha-
tov Institute of Atomic Energy). In the report on the state of
work on obtaining and using atomic energy of January 17,
1946 [45, p. 415], the First Chief Directorate informed
1 V Stalin: Laboratory No.2 is working on the following
issues: ...2. On the development of an industrial method for
obtaining uranium-235 by the diffusion method, on the design
and construction of diffusors using this method. The work is
headed by Corresponding Member of the USSR Academy of
Sciences Professor I K Kikoin and Corresponding Member
Professor I N Voznesensky. Academician S L Sobolev and
senior research fellows D L Simonenko and V'S Obukhov take
part in the work... .

In 1948, Vladimir Semenovich Obukhov became head of
the porous partitions sector in Laboratory No. 2. Sector No. 2
(I K Kikoin, V'S Obukhov, V Kh Volkov, K V Glinskii,
VN Tyushevskaya, and others) together with the Moscow
Hard Alloy Plant (MKTS) developed a technology for
manufacturing flat filters in the form of porous plates from
finely dispersed powder with the formation of a blank in a press
mold installed on a vibration stand, with subsequent sintering.
The first such filters were fabricated and tested at the end of
1945. At the beginning of 1946, a closed competition was
announced for the development of flat filters according to the
technical specifications developed by Sector No.2. Six devel-
opment areas were tested in parallel. The most successful was
the above-mentioned version, developed under the supervision of
I K Kikoin. It was accepted for production at the MKTS. All the
machines of the first gaseous diffusion plant D-1 were equipped
with these filters. ...For reasons of secrecy, the flat filters were
called “cards’ (they were similar in size to a playing card). The
characteristics of these filters have been determined since 1946
in Department ‘D’ (former Sector No.2) in V'S Obukhov’s
sector. On an experimental setup manufactured in mechanical
workshops according to drawings by the Design Bureau of
Department ‘D, K S Panyukhina and V'S Obukhov were the
first to study the primary separation effect on small samples of a
flat filter [4, p. 17]. Later, more advanced tubular filters were
developed. The first detailed studies of tubular filters in
I K Kikoin’s department were conducted in mid-1948 by a
group that included S S Shalyt, V'S Obukhov, M N Sagalovich,
K V Glinsky, BV Zhigalovsky, and B N Denisov. As a result,
the significant advantages of tubular filters were confirmed,
ways to improve them were outlined, and recommendations
were issued for their use in second-generation diffusion
machines. In addition to improving the separation properties,
tubular filters made it possible to significantly simplify the
design of parts, that is, to make them more compact and
convenient for assembly [4, p. 19]. Below is an excerpt from
Appendix No.2 of the Resolution of the USSR Council of
Ministers (No. 1127-402ss/op “On the plan for special
scientific research work for 1948”") [51]. According to the
work plan, the development of tubular filters with small pores
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and experiments with them on a 20-stage frame were planned
for the 2nd quarter of 1948 [S1, p. 415].

Until 1952-1953, V S Obukhov continued research aimed
at improving porous filters. This is how P E Suetin recalls it in
his article, ““At the origins of the atomic problem” [52]: 4
week later, we entered the laboratory territory and found
ourselves in the Department of Thermal Control Devices
(OPTK), which at that time was headed by Professor
I K Kikoin. We were assigned to different facilities of the
OPTK. I ended up in the department headed by Professor
V'S Obukhov, who was brought to Moscow, to the laboratory,
by I K Kikoin from the Urals from the Ural Branch of the USSR
Academy of Sciences in 1944. Viadimir Semenovich suggested
that I study the resistance of a tubular diffusion filter as a
Sfunction of the amount of gas outflow through its porous wall.
We discussed the layout of the experimental setup. In my
supervisor’s office they put a drawing table for me, on which I
spent a month drawing the layout of the setup. During this time,
I met many participants in the diffusion project, who often came
into Vladimir Semenovich’s office. They were project theoreti-
cians S L Sobolev, M E Millionshchikov, and Ya A Smoro-
dinsky, and experimenters D L Simonenko and I A Savel’ev... .
After the drawings of the setup were made, they were handed
over to the workshop. I should say that the laboratory had a

large mechanical workshop equipped with all the necessary
machines and serviced by highly qualified craftsmen. ...The
manufacture of the setup was delayed, since many fundamental
problems of diffusion separation had been solved or were
already being solved at the plant in Verkh-Neyvinsky
(Sverdlovsk-44) in the Urals. ...Getting acquainted with other
work of the laboratory, to put it mildly, was not welcome. For
example, I did not know the topics of the diploma theses of my
[friends and graduate students. We did not discuss our work with
people who were not directly related to the given topic, and also
did not visit the neighboring rooms. The laboratory also had a
mini-factory consisting of several dozen OK-6 machines,
making up a model of a cascade, access to which was strictly
limited and watched over by a separate guard. I got to this plant
in 1955, when centrifuges were already there. Finally, in
January 1951, the setup was complete, and we began experi-
ments. Experimental studies, as often happens, were conducted
in a completely different direction. The fact is that the gas
passing through the porous wall is depleted of a light isotope
(uranium) near its surface, which reduces the separation
efficiency. It is necessary to organize intensive mixing of the
gas inside the cylindrical tube. Natural turbulence is insufficient
for this. It was proposed to improve gas mixing by placing a wire
spiral inside the tube along its entire length, with the wire

IMocranosaeune CM CCCP Ne 1127-402cc/on

«O naase Hay KHX paGor Ha 1948 roa»
r. Mocksa, Kpew 6anpeas 1948T.
Cos. cexpemto
(Ocobas narnka)
Haumenosanne pabor Cpomt Ocrossie
Paduayuonnas nabopamopus
MH CCCP
(Hayuwwi pykosogurens —
npod. dpanx M.)
12. 6 MeTOR08 oc-
XONK08 PARMOIKTHBHLIX INEMENHTOD, B 1. 4.
a) -1V xs. HHH-42
1948 r. laspunos W,
3umaros
6) mep - Paduayuonnan
na6opamopus
Spanx [ M.
Pa3den Ill.
Na6opamopusn N2 2 AH CCCP
(Hayunbie pyxosogutenn —
wn.-x0p. AH CCCP Kuxomn UK.
axap. Cobones C.N.)
13, fansuediwne pabote NO METOAY, NPHHATO-

uy 8 npoexte Ne 1865 ¢ yenswo colnanna

60nee NPOMIBOAMTENBHIX MALMH, B T. 4.

a) asrycr NaGopamopun Ne 2
(MCCNEeROBAHNE MONEKYNRPHOIO TEYEHHR, Kuxoun UK.

BNMAHKR (EOMETPHN, YCTAHOBNEHNE KOH- Co6ones C.N.
CTaHT MONEKYNAPHOIO TEYEHNR), Huemumym <>
lepy

6) pa3paboTka M MIFOTOBNENME ONBITHMX k1RGPS NaGopamopun Ne 2

Kuxoun UK.

RO 2,5 xrlc u mx 32000 N2 92
Casnn AW,
Kupoecxud 3-0
Knauma AN
Cunes HU.

8) paspaborxa Tpy6uarex GunbTPos ¢ Ma- I 8. NaGopamopun Ne 2
NBMK NOPANM M ONBITHI C HHMM HA ouH UK.
20-CTynenaTom xackage; O6yx0e8.C.

WaneY’C.C.
Huemumym <A»
Appenne

Huecmumym <>

Tepy

Kom6[uwam)] meopd[six]
cnnaeoe

Kosanscumit A.E.

f) pasp: P Rexabpy NaGopamopus Ne 2
10 J3N3HMR HA NPOEKTMPOBAHME I3BOAA Knxoun UK.
NPOKIBOANTENBHOCTHIO R0 2 000 yen. eq. CoGones C.N.

8 CYTKH KOHONNOIO NPOAYKTa A-9S; rCnu-11
lyros AW.
R) [ 6 Il xs. NaGopamopun Ne 2
61 " P Knxoun UK.
MOTOQ08 PaInenenns A-9. CoGones C.N.
Hu-m ¢u3. npobnem
Anexcangpos AN,

Resolution of the USSR Council of Ministers No. 1127-402ss/op
“On the plan for special scientific research work for 1948
Moscow, Kremlin April 6, 1948

Top secret (Special folder)

Name of work Completion Main performers
dates
Radiation laboratory of the USSR Academy
of Medical Sciences
(Scientific supervisor: Prof. G M Frank)
12. Development of methods for using fragments of radioactive
clements, including:
(a) military-chemical use 1I-1V quar- Research Institute-42
ter, 1948 Gavrilov G 1
Zimakov
(b) medical-biological use. . Radiation laboratory
Frank G M
Section I1T
Laboratory No. 2 of the USSR Academy of Sciences
(Scientific supervisors: Corresponding Member
of the USSR Academy of Sciences I K Kikoin,
and Academician S L Sobolev)
13. Further work on the method adopted in project No. 1865 with the
aim of creating more productive machines, including:
(a) study of the enrichment mechanism (study of molecular flow, August Laboratory No.2
influence of geometry, i of molecular flow constants); Kikoin I K,
Sobolev S L
Institute ‘G”
Hertz
(b) development and manufacture of pilot compressor models with ~ October Laboratory No.2
a capacity of up to 2.5 kg per day and their testing; Kikoin I K
Plant No.92
Elyan A S, Savin A I,
Kirov Plant
Kizima A L, Sinev N I
(¢) development of tubular filters with small pores and experiments I quarter Laboratory No.2
with them on a 20-stage cascade: Kikoin I K,
Obukhov VS,
Shalyt S S
Institute ‘A’
Ardenne
Institute ‘G’ Hertz
Hard alloys plant
Kovalsky A E
(d) development of a preliminary design assignment for the design ~ December Laboratory No.2
of a plant with a capacity of up to 2000 conventional units per day Kikoin I K,
of the final product A-95; Sobolev S L
GSPI-11
Gutov AT
(e) study and clarification of the most appropriate combinations of  IIT quarter Laboratory No.2
various methods of separating A-9. Kikoin TK,
Sobolev S L
Institute for Physical Pro-
blems

Aleksandrov A P

Excerpt from Appendix No. 2 of the Resolution of the USSR Council of Ministers
(No. 1127-402ss/op ““On the plan of special scientific research work for 1948”) [51].
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diameter being equal to the internal diameter of the separation
tube. It was necessary to experimentally find the optimal
dimensions of this spiral, that is, the diameter of the wire from
which the spiral is made, and the pitch of the spiral. ...The
experiments were conducted on a model gas— sulfur hexa-
fluoride, which facilitated the analysis, since one of the sulfur
isotopes was beta-active. We worked a lot, without regard for
time or holidays. And we had nothing to be distracted by (our
Sfamilies were in Sverdlovsk); despite the fact that we worked
with gaseous sulfur, no special safety measures were taken. All
safety was guaranteed by a mug of milk and a free lunch. ...On
May 16, 1951, the defense of diploma theses took place in
I K Kikoin’s office. ...The State Examination Commission was
chaired by I K Kikoin; also in attendance were L A Artsimovich,
N A Dollezhal, S L Sobolev, M D Millionshchikov, V'S Obu-
khov, Ya M Smorodinskii, and others.

9. Reviewer’s question

The reviewer asked an interesting and difficult question,
which makes us look at the uranium enrichment epic from a
different angle. Since we created and tested a plutonium bomb
2 years earlier than a uranium bomb, what are the reasons
(physical, economic, political, etc.) that forced the country to
deal with the most difficult problem of separating uranium
isotopes? Uranium-235 and plutonium-239 have different
physical characteristics, and by testing nuclear charges
based on only plutonium-239, scientists would have had less
experimental data on the processes occurring during a nuclear
explosion.

Therefore, I believe that testing uranium bombs provided
more information and allowed a better theoretical description
and, accordingly, understanding of nuclear fission processes.
In addition, combining plutonium and uranium charges
made it possible to expand the characteristics of the nuclear
charges being developed. It is clear that if thermonuclear
bombs had not been created, then, in order to increase the
range, for example, by the power of the explosion of the
nuclear bombs used, uranium, plutonium, and combined
nuclear charges would have been created. But in 1951, we
began to develop thermonuclear devices. RDS-6s is the first
Soviet hydrogen bomb, the so-called ““Sakharov layer cake.”
(Work on creating the bomb began in 1950; it was tested at the
Semipalatinsk test site on August 12, 1953.) One of the layers
of RDS-6s consisted of uranium-235. The fact that a
hydrogen bomb was being developed in the West, the design
of which included “40% wuranium-235 in the amount of 71 kg”
[7, p. 247] was known in the USSR since 1948 from
intelligence materials transferred by Klaus Fuchs. Thus, the
main need to create highly enriched uranium-235 is to use
uranium-235 as a component of a thermonuclear bomb.

Since the neutron background of plutonium is signifi-
cantly greater than that of uranium-235, its transfer to a
supercritical state without an incomplete explosion requires
very fast cumulative spherically symmetric compression,
unlike uranium-235, the transfer of which to a supercritical
state can be carried out by the gun method.

Another factor determining the need to obtain enriched
uranium is its use in research reactors. If in an RBMK-type
industrial uranium-graphite reactor (high-power channel
reactor) the enrichment of uranium-235 does not exceed
3.2%, then, in research reactors, the enrichment of uranium-
235 can reach 90%. Thus, V V Goncharov recalls, In 1957—
1958, in order to expand the front of research work on atomic

energy conducted under the author’s supervision, a graphite
research reactor (RFT) was reconstructed.... For the recon-
structed reactor, fuel elements of a new design were developed
with a highly developed cooling surface and uranium enriched
with isotope-235 to 90% (instead of 10%) [53, p. 235].

How scientists and the government viewed this issue in
1951 can be understood from the report, “On the progress of
fulfilling the tasks for 1951 and on the work program for the
development of the atomic industry in 1951-1955" of
November 16, 1951. The report was handed over to I V Stalin
and signed by L P Beria, B L Vannikov, A P Zavenyagin,
1V Kurchatov, Yu B Khariton, and K I Shchelkin [54, p. 342].
Some data were removed from the document for reasons of
secrecy, but what remains is sufficient to clarify the situation.
In connection with the significantly greater power of the RDS-2
[with a charge of (...) plutonium and a total weight of 3.1 tons]
and RDS-3 [with a charge of (...) uranium-235 and (...)
plutonium)] tested in 1951, production of RDS-1 products has
been discontinued and production of RDS-2 and RDS-3 has
begun. In 1952, 40 RDS products will be manufactured
(including 24 RDS-2 and 16 RDS-3). The 29 RDS-1 products
manufactured before November 1, 1951 will be converted into
RDS-2 products (19 in 1952 and 10 in the first half of 1953) [54,
p. 342].... The successful results of testing the RDS-3 product
with a composite charge of uranium-235 and plutonium showed
the need to expand the production of uranium-235. In
connection with this, a decision was made to build a second
diffusion plant with a capacity of 600 kg of uranium-235 per
year. The new diffusion plant will duplicate Plant No.813 and
will be built as part of Plant No.816 [54, p.348].... The
production of uranium-235 (75% concentration) will be 77 kg
in1951,152kgin 1952,600 kg in 1955, and 1242 kg in total for
the five-year period (1951-1955). At present, uranium-235 is
produced at Combine No.813, which includes one diffusion
plant and a second one under construction. The total capacity of
both plants at Combine No. 813 will be 600 kg of uranium-235
per year. Nine thousand eight hundred eighty diffusion
machines are operating at the first plant. The second plant will
be put into operation in the second half of 1952. A total of
15,800 diffusion machines will be operating at Combine No. 813
[54, p. 347]. The same report [54, p. 344] describes the
advantages of uranium-235 compared to plutonium: Accord-
ing to preliminary calculations by Design Bureau No. 11, the
atomic charge of such an RDS product should consist of (...)
uranium-235 with a small addition of (...) plutonium. The
possibility of using large quantities of uranium-235 in atomic
charges is explained by the fact that, unlike plutonium,
uranium-235 has a low neutron background. The report also
highlights possible difficulties: Development of a charge
weighing (...) uranium-235 will require a great deal of work on
the additional study of the nuclear properties of uranium-235
and complex development of the design of the atomic charge of
the product.”

10. Ural Electrochemical Combine

The uranium isotope separation plant (Ural Electrochemical
Combine or Combine No. 813) built in the city of Sverdlovsk-
44 near the settlement of Verkh-Neyvinsky was mentioned
above. It is impossible to cover this part of history in detail
within the framework of one article. I will only mention a few
facts. Yu M Kagan wrote, “Back in 1945, I K Kikoin chose a
site for the construction of a diffusion plant in the Urals,
60 km from Sverdlovsk™ [55, p. 13]. I K Kikoin was one of the
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founders of the combine, supervised commissioning work in
1948-1949, and from 1949 to 1953 was deputy director of the
plant for scientific work. To intensify work on launching the
diffusion plant, on May 22, 1948, I K Kikoin was appointed
“scientific director and deputy director of the State Machine-
Building Plant™ (referring to the Ural Electrochemical
Combine in Sverdlovsk-44) [56, p. 472].

11. Pavel Akimovich Khalileev

Pavel Akimovich Khalileev defended his candidate’s disserta-
tion under the supervision of I K Kikoin in 1936.

Beginning in 1937, he was engaged in magnetic flaw
detection, and, in 1946, he received the Stalin Prize of the

P A Khalileev testing his magnetometer
(“‘marine magnetic direction finder’), 1945-1946.

P A Khalileev after receiving the Stalin Prize
(USSR State Prize), 1946.

Pavel Akimovich Khalileev.

Xaruzreedy.
Habry. RX2IOBUERY

B.1946.. rogy npucyxzena l'ocysapcrsennas npemus CCCP
mpemaeyd

M MPUCBOEHO 3BaHUE

JIAYPEATA TOCYJAPCTBEHHOW NMPEMHHU CCCP
u  PAIpabornKy.. HOBOU.  QARROAPATAYPIL. ARA
0O RAPYNCERYS. _ SAMORYBRIRX. Kopabned. .

Ipedosdamens Komumema Fuentid ooxpomaps EKoxumema
70 TeHuHOXUM

UAM
6 o0uaomu
HAYKYU Ut MEDHUKYU Ha
npu Coseme Munuompoo
s %P occP
AL
(M. K?um)' R0 .« 0XmMAOPA 168 .. (H. Afamuxos)

Pavel Akimovich Khalileev
in 1946 was awarded the USSR State Prize
of the third degree and the title
of LAUREATE OF THE USSR STATE PRIZE
for the development of new equipment
for detecting sunken ships

Scientific Secretary
of the Committee on
Lenin Prizes in Science
and Technology under
the Council of Ministers
of the USSR
(N Arzhanikov)

Chairman
of the Committee on
Lenin Prizes in Science
and Technology under
the Council of Ministers
of the USSR

(M Keldysh) October 20, 1962

P A Khalileev’s certificate of the Laureate of the State Prize.
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third degree for the development of new equipment for
detecting sunken ships. With the help of the “marine
magnetic direction finder,” at the end of the Great Patriotic
War and in the first post-war years, more than 130 German
and our sunken or submerged ships were found and raised.
This was the second State Prize received by researchers from
the institute. In May 1947, P A Khalileev was transferred to
Plant No. 813 in Sverdlovsk-44, as the head of the physical
sector of the Central Plant Laboratory (CPL) of the Ural
Electrochemical Combine, and later headed the Gas Centri-
fuge Laboratory founded on May 3, 1954. In 1961, for the
“development and mastering of the centrifuge method of

separating uranium isotopes,” P A Khalileev (together with
M D Millionshchikov, V T Sergeev, H A Murinson,
E M Kamenev, K V Glinsky, B S Chistov, and M L Raikh-
man) was awarded the Lenin Prize [57, p. 143].

12. Trip to Berlin in May 1945

I would like to mention one more episode of our history
connected with the Atomic Project, namely, the trip of the
‘trophy team’ of nuclear scientists from Moscow to Berlin in
early May 1945. This episode, based on the memoirs of
I K Kikoin, Yu B Khariton, and D L Simonenko, is
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Order No. 16
for the Institute of Metal Physics and Metallurgy of the Ural Branch of
the USSR Academy of Sciences
May 8, 1945

No. 1
Senior research fellow P A Pozdnyakov is to be sent from May 7 to
May 12, 1945 to the Kirovograd Copper Smelter to report on reflective
smelting.
Reason: report by head of the laboratory, comrade Diev N P.

No. 2
Laboratory assistant V'V Toporova is to be allowed unpaid leave to
complete her thesis from April 26 to July 15, 1945.
Reason: statement by V'V Toporova

No. 3
Junior research fellow L A Shubina is to be allowed unpaid leave for
one day (May 8, 1945) due to family circumstances.

Order No. 16 of May 8, 1945 (page 1) signed by N V Demenev.
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No. 4

Head of the Laboratory of Electrical Phenomena Kikoin I K and
research associates D L Simonenko and V S Obukhova are to be sent to the
USSR Academy of Sciences in Moscow from May 6 to June 6, 1945.

During I K Kikoin’s business trip, the duties of the acting head of the
laboratory shall be assigned to Comrade Fakidov I G with the right to
draw up laboratory documents.

Basis: report of Head of Laboratory Kikoin I K.

No. 5
Senior research associate Buinov N N is to be allowed unpaid leave for
one day (May 8, 1945) due to family circumstances (daughter’s illness).
Basis: statement of Comrade Buinov with the resolution of the
scientific secretary of the institute comrade Volkenshtein.
Director
of the Institute of Metal Physics and Metallurgy N V Demenev
Order No. 17
for the Institute of Metal Physics and Metallurgy of the Ural Branch of the
USSR Academy of Sciences May 17, 1945

No. 1
To consider the head of the metal science laboratory, Comrade
V D Sadovsky, to have returned from a business trip to Moscow and to
have begun work on May 8, 1945.
Acting Head of the Laboratory N M Rodigin shall begin performing
his duties.
Basis: report by Comrade V D Sadovsky.

No. 2
Junior research fellow V'V Paduchev is to be allowed unpaid leave for
two days (May 18 and 19, 1945).

Order No. 16 of May 8, 1945 (page 2), signed by N V Demenev. Point 4: order to send I K Kikoin, D L Simonenko, and V S Obukhov to Moscow.
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described quite well, and so it will be presented here only in
brief.

The group of ‘trophy men’ was headed by the Deputy
People’s Commissar of Internal Affairs, Colonel General
Avraamii Pavlovich Zavenyagin, who was appointed on
December 8, 1944 (GKO Resolution No.7102ss/ov on
accelerating geological exploration work for uranium) and
was responsible for the search for uranium in the USSR and
in the occupied territories.

All the scientists temporarily became Soviet officers.
Thus, I K Kikoin and Yu B Khariton received uniforms
with colonel’s shoulder straps, and D L Simonenko had the
rank of major.

This is how Simonenko recalls it: The next day (May 6), [
witnessed I K Kikoin putting on a colonel’s uniform. It was
strange and unusual to see him with shoulder straps. ‘I'm going
to Germany,’ he said, but where exactly and why remained
unclear. The next day (May 7), I V' Kurchatov told me on the
phone, ‘Tomorrow you must receive a uniform and go to Berlin
with a group of comrades.’ ‘Why? I asked, somewhat
impertinently. This, apparently, angered I V Kurchatov. He
said quite authoritatively, ‘What do you mean, why? You want
to work in an equipped laboratory, don’t you? So, go and get
everything you need. Got it? You need to think! Report to
Colonel PV Khudyakov at once? [58, p. 660].

During their 45-day stay in Germany, the ‘trophy hunters’
accomplished a lot. Thus, D L Simonenko participated in the
events to deliver uranium oxide reserves discovered in
Germany and a huge magnet for the cyclotron seized from
M Ardenne to the USSR. The obtained equipment and
materials, of course, were extremely useful for the atomic
project, being developed from scratch, but the most valuable
items were the 130 tons of uranium oxide U;Oyg ‘obtained’ by
I K Kikoin and Yu B Khariton through an almost detective
search [59, p. 120].

As I K Kikoin and Yu B Khariton understood from the
obtained reports on the German Atomic Project, the Ger-
mans lagged significantly behind the USSR.

Therefore, Kikoin and I decided— recalled Yu B Khari-
ton— that we needed to do something else. Since the Germans
had occupied practically all of Europe, they were also in
Belgium. As everyone knows, there are large uranium deposits
in the Congo, a Belgian colony in Africa, and therefore it is very
likely that the Germans had captured some uranium in Belgium,
and we needed to find out where this uranium was. So, we
started working.... We told A P Zavenyagin about the need to
search for uranium, and he warmly supported it. He put a car
with a driver at our disposal so that we could travel freely
around Germany” [60].

Yulii Borisovich Khariton recalled, ““Kurchatov once told
me that the uranium found in Germany had shortened the
launch date of the first industrial reactor for plutonium
production by about a year” [59, p. 121].

13. Second wave of Sverdlovsk scientists
to the Atomic Project

In 1949, other fellow researchers at the Institute of Metal
Physics of the Ural Branch of the USSR Academy of Sciences
were attracted to the Atomic Project in Sverdlovsk-44 at the
Ural Electrochemical Combine, including M V Yakutovich,
S V Karpachev, and S K Sidorov. Also, “candidates of the
chemical sciences Yu V Karyakin and B N Lundin came from
Sverdlovsk™ [61, p. 103].

Mikhail Vasil’evich Yakutovich.

Mikhail Vasil’evich Yakutovich, who worked as deputy
director and head of the laboratory of mechanical properties
before his transfer, was appointed deputy scientific director of
the Ural Electrochemical Combine (from 1953 to 1962,
scientific director). M V Yakutovich supervised the work on
the development of new equipment for separation production and
the improvement of technological processes for isotope separa-
tion by gaseous diffusion and centrifuge methods [61, p. 103].

Sergei Vasil’evich Karpachev was director of the Institute
of Metal Physics from July 1, 1948 to July 1949, and head of
the Electrochemistry Laboratory [part of the Ural Physico-
Technical Institute (Institute of Metal Physics UB RAS) in
1936-1939]. In November 1949, I K Kikoin— the scientific
director of the Combine — was concurrently appointed head
of the Central Plant Laboratory (CPL), and his deputy was
S V Karpachev (in 1953-1956, head of the CPL) [62, p. 237].

Sergei Vasil’evich Karpachev.

14. First diffusion plant D-1

The reason why the ‘second wave’ of scientists was sent to
Combine No. 813 was the failure to meet the deadlines for
commissioning the first diffusion plant D-1 for separating
uranium isotopes. When starting up the cascades of diffusion
machines, the level of corrosion (decomposition) of uranium
hexafluoride was found to be unacceptably high. It turned out
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that, when passing a flow of uranium hexafluoride enriched in
uranium-235, a significant portion of it gradually converted into
uranium tetrafluoride and was deposited in the form of powder
on the internal surfaces of equipment and pipelines. As a result,
a significantly smaller portion of the gas reached the final stage
of the cascade [63].... At the Central Plant Laboratory,

S V' Karpachev is involved in research on the interaction of

new materials and products with the working gas (uranium
hexafluoride), the development of improved tubular cards, and
the creation of new types of diffusion filters” [63].

In 1950, four sectors were formed in the Central Plant
Laboratory, including physical (headed by P A Khalileev)
“for studying the measurement of the isotopic composition of
uranium and research into the various capabilities and
structure of porous media”; chemical (headed by
Yu V Karyakin) “for analyzing the quality of products
(uranium and impurity content), research into anti-corro-
sion protection of equipment, development of lubricants
resistant to aggressive environments, and chemical-technolo-
gical research’; and technological (headed by S K Sidorov)
“for testing the main equipment, condensation/evaporation
installations, and diffusion filters” [61, p. 104]; laboratories
were also organized: the Laboratory of Mass Spectrometry
and the Laboratory of Radioactive Methods. “Their general
supervision was carried out by P A Khalileev, the head of the
physical sector” [61, p. 108].

In general, how many machines were included in the
cascades of the first diffusion plant and how reliably did the
compressors work? For a long time, it was necessary to replace
around the clock the stopped compressors with new or repaired
ones. Only in 1949 was the true cause of the failure of the
bearings established— their excessive precision and incorrect
fitin the electric motor housing. After replacing the bearings on
all (more than 5500) compressors and adjusting the fit, the
machines stopped failing. There were enough problems even
without compressors. Thus, in 1948, ...the plant worked, but
did not produce the designed products. Uranium enriched to
only 40% was produced. I V Kurchatov instructed L A Artsimo-
vich to bring this uranium to bomb condition in the experimental
electromagnetic installation in Laboratory No.2. During a
month of its round-the-clock operation, 400 g of uranium
containing from 92% to 98% uranium-235 were produced
from 40% enriched uranium. By mid-1948, theoreticians’
calculations demonstrated that it was impossible to produce
uranium enriched to 90% with the plant’s design configuration

Cascade of the largest T-56M diffusion machines;
https://www.biblioatom.ru/persons/karpachev_sergey_vasilevich/#gallery.

Diffusion cascade;
https://www.biblioatom.ru/persons/simonenko_daniil_lukich/#gallery.

of diffusion stages. It was necessary to change the D-1 design
and introduce an additional 1000 gas diffusion stages into the
process flow chart. New machines were developed for the
additional stages, featuring reduced corrosion losses of highly
enriched gas and an increased degree of gas compression in
the compressor. To ensure the design capacity and start-up of
the plant, it was permitted to replace 896 LB-7 machines with
1696 small LB-6 machines with reduced losses, and assemble
and commission them by May 15, 1949. In November 1949, ““it
was possible to obtain the first 715% enriched product in a small
(far from the calculated) amount; it was decided to take this still
substandard product from the D-1 plant and enrich it to 90% at
the electromagnetic plant created under the leadership of
L A Artsimovich in the Northern Urals. ...In 1950, after
replacing all engines on the LB-7 and LB-8 machines and
performing passivation treatment on all internal surfaces of
the machines, including porous filters, and fully commissioning
the water cooling station (to 8—10°C) and the dry air shop, the
D-1 plant finally began to operate normally. The enrichment of
the final product with uranium-235 was brought from 75% to
90% of the calculated value. The electromagnetic plant stopped
additional enrichment of uranium and started separating stable
isotopes [4, pp. 40—44].

The difficulties were overcome, and the diffusion plant
was put into operation. The merits of the developers were
highly appreciated. Thus, on December 6, 1951, the group
headed by I K Kikoin, which included the above-mentioned
V S Obukhov, D L Simonenko, M V Yakutovich, SV Karpa-
chev, and I N Polyakov, was awarded the Stalin Prize of the
first degree for the development and industrial implementa-
tion of the production of uranium-235 by the gaseous
diffusion method with the wording: ““to the leaders of work
on the separation of uranium isotopes by the diffusion
method” (see document excerpt below [64]). In 1951, a year
after the first kilograms of uranium enriched to 90% with
uranium-235 were produced at the D-1 plant, the first uranium
bomb made from this explosive material was tested. This was
two years after the first plutonium bomb was tested (1949).
Subsequently, domestic plants also began to produce uranium of
low enrichment (up to 5%) for nuclear power plants [4, p. 53].

Soon after the first gaseous diffusion plant, new plants D-3,
D-4, D-5, and others were built. At the end of 1955, the D-1
plant was dismantled due to its uneconomical operation and low
capacity [4, p. 49]. From 1949 to 1964, three more diffusion
plants for uranium enrichment were built: in Tomsk-7 at the



July 2024

Employees of the Institute of Metal Physics of the Ural Branch of the Russian Academy of Sciences 733

Tocranornenne CM CCCP Ne 4964-2148cc/on
«QO narpaxaenuu ¥ np 3a Bb nayynsie paGors
B 061aCTH MCNONB3OBANHA ATOMIO/ 3NEPrHH, 32 CO3QaKHHE HOBBIX BHIAOB
uanenuii PIIC, pocTiokenns B 061acTH NPOM3BOACTBA IUIYTONUA
H ypana-235 W pa3BuTHA CbIPbEBOH 6a3bl AN ATOMNON NPOMBILLIEHHOCTH>

r. Mocksa, Kpemib 6 nexabps 1951 1.
Cos. cexpemo

(OcoBas nanka)

1. 3a pasp y u
2a30606 QugpPysuu:

13. Mpeacranute Kukonna Hcaaka Kywenepuua, uneHa-koppcCnoHacHTa Aka-
aemuy Hayk CCCP, Hayuhoro pykosoautens pabot, K NpUCBOCHKIO 3Baius [epost
Counanscruyieckoro Tpya, npesmuposats ero cymmort 500 Toic. py6. u asToMauim-
Holt «3UM>».

IMpucsouts Kuxonny U.K., uneny-koppecrionnenty Axasemun Hayk CCCP, 3pa-
Hue naypeata CTaiMHCKON NpeMKH NEPBOH CTeneHU.

MocTtpouTs 3a cuer rocynapcTsa W nepesath B coberpeHHocts Kukonua UK.,
4neHa-koppecrnionaenta Akagemuy Hayk CCCP, nauy ¢ o6cTaHOBKOM.

Ycranosuts Kukouny U.K., uneny-koppecnonneHty Axkanemun Hayk CCCP,
NBOMHON OKJIall XalOBaHWs Ha BCC BpeMs €ro paboTbl B 0GNACTH MCMONBL3OBAHWS
amomuoll nepauu.

14. Beaymwum pyKoBOAMTENAM paGoOT MO pasfeNeHHIO u ypana dugpgh
noum metoioM CoGoneBy Cepreio JIbBoBuuy, akanemuxy, SIkyrosuuy Muxauny Ba-
CHJIBEBHYY, KaHIMAATy (U3MKO-MaTeMarnueckux Hayk, Kapnauesy Ceprero Ba-
CHUIIbEBMUY, AOKTOPY XuMuueckux Hayk, CumoHenko [anuny Jlykudy, KaHaumaty
pH3MKO-MaATEMATHYECKUX HAyK, Muinnonwmukosy Muxanny Imurpresnyy, 10KTo-
Py TexHuueckux Hayk, CmopoauHckomy Slkosy AGpamoBuuy, KaHAMAATY GH3NKO-
MaTtemaTuueckux Hayk, OGyxosy Bnaaumupy CemeHOBMYY, Hay4HOMY COTDYAHHKY,
TIPUCBOMTH 3BaHKe JlaypeaToB CTATMHCKOW NpeMun MepBOH CTeneHu.

Mpemuposats 1. Cobonesa C.JI., Skyrouua M.B., Kapnauesa C.B., CumoHen-
ko JLJ1., Muanuonwmxosa M.J., Cmopoautckoro S1.A. u O6yxosa B.C. cymmoit
250 TeiC. Y. (Ha BCex).

Npeacrasutb T. CoGonesa C.JI. k npucsoennio 3sanus epos Counanuctuye-
ckoro Tpyna, a Tt. Sikyrosuuya M.B., Kapnauesa C.B., CmopoasnHckoro S1.A., Mua-
auoHwmkosa M., Cumonerko [1.J1. u Obyxosa B.C. — k HarpaxaeHu1o opaecHOM
Jlenuna.

1p npoussodcmea ypana-235 memodom

Resolution of the USSR Council of Ministers No. 4964-2148ss/op
“On awarding and rewarding outstanding scientific work
in the field of atomic energy use, for the creation of new types
of RDS products, achievements in the field of plutonium
and uranium-235 production, and the development
of a raw material base for the atomic industry”

December 6, 1951
Top Secret
(Special Folder)

Moscow, Kremlin

I11. For the development and industrial implementation of uranium-235 production by the
gaseous diffusion method:

13. To recommend Isaak Kushelevich Kikoin, corresponding member of the USSR
Academy of Sciences, scientific director of the work, for the title of Hero of Socialist Labor,
and to award him 500 thousand rubles and a ZIM car.

To award I K Kikoin, corresponding member of the USSR Academy of Sciences, the
title of laureate of the Stalin Prize of the first degree.

To build at the expense of the state and transfer to the ownership of I K Kikoin,
corresponding member of the USSR Academy of Sciences, a dacha with furnishings.

To establish for I K Kikoin, corresponding member of the USSR Academy of
Sciences, a double salary for the entire period of his work in the field of using atomic energy.

14. To award the leading supervisors of work on separating uranium isotopes by the
diffusion method (Academician Sergei L’vovich Sobolev, Candidate of Physical and
Mathematical Sciences Mikhail Vasil’evich Yakutovich, Doctor of Chemical Sciences
Sergei Vasilyevich Karpachev, Candidate of Physical and Mathematical Sciences Danil
Lukich Simonenko, Doctor of Technical Sciences Mikhail Dmitrievich Millionshchikov,
Candidate of Physical and Mathematical Sciences Yakov Abramovich Smorodinsky,
Research Associate Vladimir Semenovich Obukhov) the title of laureates of the Stalin
Prize of the first degree.

Award comrades Sobolev S L, Yakutovich M V, Karpachev S V, Simonenko D L,
Millionshchikov M D, Smorodinsky Ya A, and Obukhov V S the sum of 250 thousand
rubles (for all).

Nominate comrade Sobolev S L for the title of Hero of Socialist Labor, and comrades
YakutovichM V,KarpachevSV, Smorodinsky Ya A, MillionshchikovM D, Simonenko D L,
and Obukhov V S for the Order of Lenin.

Resolution of the USSR Council of Ministers No. 4964-2148ss/op of December 6, 1951 (Strictly confidential/special folder).
“On awarding and rewarding outstanding scientific work in the field of atomic energy use, for the creation of new types of RDS products, achievements in
the field of plutonium and uranium-235 production, and the development of a raw material base for the atomic industry.”
The USSR Atomic Project: documents and materials (excerpt) [64].

Siberian Chemical Combine, in Angarsk at the Electrolysis
Chemical Combine, and in Krasnoyarsk-45 at the Electro-
chemical Combine. “D L Simonenko was the chair of the
State Acceptance Committee for Gas Diffusion Plants (1949—
1956)” [61, p. 120].

15. Centrifuge technology
for uranium enrichment

Gaseous diffusion technology for uranium enrichment
reached its peak, meeting all the Soviet Union’s needs for
uranium-235. But, sooner or later, technologies replace each
other: gradually, gaseous diffusion stages at plants were
stopped and dismantled, and cascades of gas centrifuges were
installed in their place. The last gaseous diffusion cascade was
stopped in 1991 [4, p. 54]. The stage of centrifuge separation of
uranium isotopes began much earlier, and so the plant using
centrifuge enrichment technology was brought to full
capacity in 1964 [65, p. 22], but this was preceded by a decade
of hard work on the development of this method.

In the spring of 1954, Academician I K Kikoin was
appointed scientific director for the development of indus-
trial centrifuge technology, and in the next 10 years this
difficult task was successfully accomplished. Many of the
above-mentioned scientists took direct part in solving this
problem and were given state awards. Here is how P E Suetin
recalls the initiation of work on the development of industrial
centrifuge technology: In November 1952, we were all accepted
into post-graduate school at the Department of Thermal
Control Devices (headed by I K Kikoin) at the Laboratory of
Measuring Devices of the USSR Academy of Sciences
(Moscow). ...The problem of gaseous diffusion separation of
uranium isotopes was solved in scientific terms, and under his

Isaak Konstantinovich Kikoin.

scientific supervision, near-scientific production and semi-
production tasks were successfully accomplished by the
laboratory at the diffusion plant in Verkh-Neyvinsky. So, the
laboratory was faced with the problem of what to do next. There
was serious talk about developing an atomic engine for an
airplane, as well as centrifuge separation of isotopes and other
problems close to the problem of isotope separation. In the end,
the centrifuge method of isotope separation won, since there
appeared an idea of organizing a cascade of machines not only
inside counter-current centrifuges but primarily outside them,
according to a method already proven in diffusion production
[52, p. 92]. The importance of the transition to a new
separation method can be demonstrated by two facts. Fact 1:
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The World Nuclear Association claims that, at the height of
the Cold War, three US gaseous diffusion plants at their peak
consumed 7% of all electricity produced in the US at that time
[66]. Fact 2: The experimental centrifuge plant of the Ural
Electrochemical Combine in 1958 “‘reached the design regime
and showed that, with this method, energy consumption per
unit of separation is reduced by at least twenty times (!)”
compared to the gaseous diffusion method of separating
uranium isotopes [65, p. 10].

The Technology Readiness Level (TRL) scale developed
by the US National Aeronautics and Space Administration
(NASA) has nine gradation levels. The article “Gas centri-
fuges for isotope separation. Part 4 [40] states that the
development of Lange’s centrifuge overcame the first two
stages (concept, model), and the development of Steenbeck’s
centrifuge reached the third stage (laboratory sample). These
developments were not in vain: only when discussing the
experience gained and examining the shortcomings of the
designs of these centrifuges was it possible to develop a
modern concept of the centrifuge. I will give two examples
that characterize that the work begun by F Lange and
D L Simonenko was not in vain. The experiments with
Lange’s centrifuge in Sverdlovsk (1943—1944) resulted in the
development of an original installation—a self-cascading
counter-current column for separating gas mixtures and
isotopes. The idea for its design came to the experimenters
when they were trying to determine the causes of the recorded
effect of ‘spontaneous’ separation of a gas mixture in a
stationary centrifuge. By March 1945, F Lange and D L Simo-
nenko had conducted a number of successful experiments with a
counter-current column. This was the end of their joint work.
F Lange was transferred to Moscow, where he headed
Laboratory No.4 at the First Chief Directorate. In 1956, he
left for the German Democratic Republic. In 1945, D L Simo-
nenko was transferred to Moscow to Sector No.2 of Labora-
tory No.2 of the USSR Academy of Sciences, headed by
I K Kikoin. Here, D L Simonenko continued his work on a
counter-current diffusion column” [67, p. 441]. The idea of
counter-current found further application in the development
of centrifuges, allowing them to be cascaded. Here is how
O D Simonenko writes about the results obtained in the
experiments of F Lange and D L Simonenko: Nevertheless,
the experimentally obtained physical information about a
drastic change in both the magnitude and direction of circula-
tion under the influence of stationary gas outlet tubes
introduced into the compacted part of the gas near the inner
surface of the walls of the rotating rotor found application in
1950-1954. At the suggestion of I K Kikoin, the effect of
braking the oncoming gas flow was used in vertical centrifuges
with a short rigid thin-walled rotor, the idea of creating which
was put forward by Evgenii Mikhailovich Kamenev (1910—
1963). This ensured the emergence of counter-current circula-
tion inside the rotor and made it possible to implement the flow
of gas through inter-machine communications, that is, cascad-
ing of centrifuges [67, p. 441].

16. Development of methods
for recording nuclear explosions

I would like to dwell on one more problem that arose for the
participants in the Atomic Project. In early 1954, work on
centrifuges at Laboratory No.2 of the USSR Academy of
Sciences slowed down somewhat, because Kurchatov issued
an urgent order to Kikoin’s department to develop methods

for registering nuclear explosions. On November 1, 1952, the
USA detonated the world’s first thermonuclear charge using
the Teller—Ulam scheme at Enewetak atoll. At that time, the
USSR was also developing a thermonuclear bomb. Let us
turn to G Gorelik’s article [68], which reports that Soviet
scientists decided to compare the American ‘product’ with their
own by collecting the ‘fragments’ of the explosion that entered
the atmosphere. They collected freshly fallen snow, hoping to
isolate from it the characteristic isotopes formed during the
nuclear explosion, but the hope was not justified— the
sensitivity of the devices was not sufficient, that is, the
experimenters were not skilled enough (only a year later,
systematic research into the detection of distant nuclear
explosions began in the USSR). Beginning in 1951, the first
domestic studies of the possibilities of long-range detection of
nuclear explosions began. I K Kikoin headed the work on the
development of methods and means for selecting radioactive
products of nuclear explosions, as well as highly sensitive
installations for measuring the activity of the collected
samples. His loyal associates, who had worked with him
back in Sverdlovsk, were also involved in this research.
Soon, this difficult task was successfully solved, and, as a
result, a system for detecting nuclear and thermonuclear
explosions was developed. “Sampling of the air by sounding
aircraft and their radiochemical analysis made it possible to
determine the nuclear fuel and some structural materials of
nuclear charges” [69, p. 245]. In his book The system of early
warning of nuclear explosions and the Soviet Atomic Project,
A P Vasil’ev wrote, In 1957, at the Institute of Atomic Energy,
under the scientific supervision of Academician I K Kikoin, a
two-volume work entitled ‘Development of a system for
detecting nuclear explosions at long distances’ was completed.
This work, with the results of theoretical and experimental
studies of methods for registering nuclear explosions and a
summary of the experience of research and implementation of
technical means of long-range detection at observation points,
was awarded the Lenin Prize in the competition of classified
works in science and technology for 1958. The author’s
collective included seven representatives from the Institute of
Atomic Energy [I K Kikoin (scientific supervisor), K I Balashov,
S A Baranov, V'S Obukhov, D L Simonenko, V'V Sokol’skii,
and Yu I Shcherbinal, two representatives from the Special
Surveillance Service of the Ministry of Defense
(A I Ustyumenko and V' I Lebedev), and one representative

from the Institute of Physics of the Earth (I P Pasechnik). The

contribution of V'S Obukhov and D L Simonenko’s involve-
ment in this work can be judged by the fact that the first
representative of the USSR in the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR)
from 1955 (the year of its founding) to 1959 was V S Obukhov,
and from 1959 to 1961, D L Simonenko.

17. Sergei Konstantinovich Sidorov

Sergei Konstantinovich Sidorov was head of the Phase
Transformation Laboratory at the Institute of Metal Physics
in 1947-1949. In her article ““Sketches of Sergei Konstantino-
vich Sidorov’s portrait,” T S Prekul —S K Sidorov’s daugh-
ter—wrote, In 1949, our family’s life changed dramatically.
Against his own will, by a personal decree of the USSR Council
of Ministers, dad, together with P A Khalileev, M 'V Yakutovich,
and S 'V Karpachev, was sent to work at the Ural base of
Glavstroy, which was at that time the name of P.O. Box 318 of
the Ministry of Medium Machine Building of the USSR
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Sergei Konstantinovich

S K Sidorov in the army in 1940. Sidorov.

(Novouralsk), as the head of the technological sector. As is now
known, this sector was engaged in the development and
improvement of gas diffusion and centrifuge methods for
separating uranium isotopes [70, p. 262]. In 1953, S K Sidorov
was transferred and promoted to a plant for the production of
highly enriched uranium-235 and plutonium-239, with the
plant being built near the city of Tomsk. T S Prekul recalls,
The established way of life and warm companionship were all
gonein 1953. By the decree of the Ministry of Medium Machine
Building of the USSR, dad was transferred to the city of
Tomsk-7 (Seversk) to the position of scientific director of the
Siberian Chemical Plant, enterprise P.O. Box 153. For mom,
this was a tragedy. She was very upset by the separation from
her loved ones, relatives, and friends. The construction of the
new town was just beginning [70, p. 263]. The construction of
Combine No. 816 (JSC Siberian Chemical Plant) in the city of
Seversk (Tomsk-7) was discussed in the report “On the
progress of fulfilling the tasks for 1951 and on the program
of work on the development of the atomic industry in 1951—
1955 (November 16, 1951) to I V Stalin. The report was
signed by L P Beria, B L Vannikov, A P Zavenyagin,
I V Kurchatov, Yu B Khariton, and K I Shchelkin [54,
p. 348]. To provide the tritium plant with uranium-235 enriched
to 1.5-2%, two diffusion plants are being built as part of
Combine No.816. In addition, two chemical plants and power
plants with a capacity of 200 thousand kilowatts will be built at
the combine. For his contribution to the construction and
launch of the plant, in 1960 Sergei Konstantinovich was
honored with the Lenin Prize “for participation in work on
the radical improvement of production.”

18. Researchers at Phase Transformation
Laboratory of Institute of Metal Physics

In this paper, an attempt is made to describe the most notable
contributions of the scientists of the Institute of Metal Physics
to the Atomic Project. Obviously, not all the names of the
researchers are mentioned here, since for many years the
activities related to the Atomic Project were classified, and
after 80 years some information was lost. Only fragmentary
mentions of some of them have survived. I will add back-
ground information about fellow researchers at the Phase
Transformation Laboratory at the Institute of Metal Physics,
which was headed by A P Komar from 1933 to 1948: After the
war, N N Buinov took part in the Atomic Project together with
the laboratory researchers who subsequently left for closed

cities (D M Tarasov went to Arzamas, and S K Sidorov left for
to Verkh-Neyvinsky). Together with other colleagues of
A P Komar, he developed for the atomic industry filters for
separating radioactive isotopes. Methods of X-ray spectral
chemical analysis of the composition of different ores were
developed and applied [71, p. 334].

In 1947, Nikolai Nikolaevich Buinov headed the electron
microscopy group founded on the initiative of A P Komar at
the institute [71, p. 335] (in 1946, one of the first two EMI-2
transmission electron microscopes purchased in the USA was
allocated to the Institute). As it seems to me, such generosity
is explained, among other things, by the need to study the
structure of the fabricated “filters for separating radioactive
isotopes.”

N N Buinov in front of institute’s first electron microscope EMI-2, 1947.
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Diodor Mikhailovich Tarasov.
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This ticket entitles one to

1. Free travel within the territory of the
USSR by rail (on all trains intended for the
carriage of passengers, 3rd, 2nd and Ist class
cars); by sea and river transport (on all ships of
passenger lines in cabins of 1st, 2nd, and 3rd
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Director of the Affairs of the Council of fleet).
Ministers of the USSR Pomaznev F T.
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Ticket P No. 593

issued on the basis of the Resolution of the
Council of Ministers of the USSR
dated October 29, 1949
to Diodor Mikhailovich
Tarasov

2. Priority receipt of a seat for travel.

D M Tarasov’s certificate entitling
him to free travel on all types of transport, 1950.
https://www.biblioatom.ru/persons/tarasov_diodor_mikhailovich/#gallery.

In the Atomic Project, Diodor Mikhailovich Tarasov
participated in the development and assimilation of methods
for studying shock and detonation waves. In addition to pulsed
X-ray installations, at that time we had only a modified
Dautrich method and photochronographs with a scanning
speed of up to 100 meters per second. High-speed oscilloscopes
and photochronographs were still being developed [59, p. 96].
He was awarded the Stalin Prize of the third degree for the
development of new methods of ultra-high-speed radio-
graphy for studying the central part of the atomic bomb
charge (1949) and the Stalin Prize of the second degree for the
development of the kinematics and dynamics of explosive
compression applied to the RDS-6s and RDS-5 products
(1953). He was also decorated with the Order of the Red
Banner of Labor for testing the most powerful thermonuclear

Researcher of the Phase Transformations Laboratory in 1945.
From right to left are shown sitting M A Manakova, N N Buinov,
A P Komar, NV Volkenshtein, M A Blokhin,
and an unidentified person; S K Sidorov (standing).

bomb in the world, also knows as AN602 (1962), and two
Orders of Lenin (1949 and 1956) for participation in the
development of a new type of RDS-37 thermonuclear charge
[72].

From 1937 to 1946, D M Tarasov worked in the Phase
Transformation Laboratory of the Ural Physico-Technical
Institute (Institute of Metal Physics of the Ural Branch of
RAS) (September 1941-July 1945 service in the Soviet Army).
From April 1938, D M Tarasov was a postgraduate student of
A P Komar in the specialty “X-ray physics and X-ray
structural analysis.” In 1946, he was seconded to the First
Chief Directorate under the Council of Ministers of the
USSR to staff P.O. Box 975, Sarov, founded April 9, 1946
(Laboratory No. 2 of the USSR Academy of Sciences, which
received the name KB-11, now RFNC-VNIIEF) with a
recommendation “for a research worker in radiography”
[73, p. 75]. From December 1947, he worked in the
laboratory of X-ray Studies of Explosive Processes headed
by V A Tsukerman, and developed high-speed methods of
X-ray imaging of fast processes. The adjective ‘first’ in relation

First row, from left to right are shown N V Volkenshtein,
S K Sidorov, and N N Buinov; second row, M A Manakova
and an unidentified person (1947).
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to him can be repeated at least three times: the first research
fellow, the first leader of explosive X-ray experiments at the
sites, and the first director and organizer of the branch of the
Moscow Engineering Physics Institute [59, p. 97]. This is how
the ‘explosive X-ray experiments’ began in 1947: Two weeks
before our arrival, the forms were removed from a large
reinforced concrete ‘barrel’ on the same forest site, intended
for experimental explosions of charges weighing 1-2 kg. In
May of the same year, D M Tarasov carried out the first
experimental explosion in this barrel [58, p. 48]. Thus, in 1947,
he obtained the first data on the compressibility of metals.

The next problem that needed to be solved was to obtain
data on the convergence and focusing of shock blast waves,
since it was necessary to produce a spherically converging
shock blast wave to initiate a nuclear bomb. The developers
were also interested in many other physical characteristics of
the processes occurring during the explosion of a nuclear
bomb. The group in which Diodor Mikhailovich worked
received answers to these questions. In 1948, D M Tarasov’s
group was transformed into an independent department, the
main task of which was to study compressibility using the
X-ray method [59, p. 97].

Boris Vasil’evich Litvinov, academician of the Russian
Academy of Sciences and chief designer of NII-1011
(Zababakhin All-Russia Research Institute of Technical
Physics, Snezhinsk) dedicated a chapter “Teacher (about
D M Tarasov)” to Diodor Mikhailovich Tarasov in his
book Facets of the past (triptych) [74, p. 478].

Anton Panteleimonovich Komar was a researcher at the
Institute of Metal Physics in Sverdlovsk from its foundation
in 1932 until 1947. In 1946, in Sverdlovsk, together with his
colleagues, he launched the first betatron in the USSR. In
1951, he was awarded the Stalin Prize of the second degree for
his participation in the development of the project, the
manufacture of equipment, and the launch of the synchro-
tron. This is what he himself writes in his autobiography:
After the war, from 1945 to 1948, I began to work on cyclic
electron accelerators and X-ray spectroscopic analysis of
special ores. Work on accelerators was continued at the
P N Lebedev Physical Institute of the USSR Academy of
Sciences, where I was transferred in 1948 by the decision of the
Presidium of the USSR Academy of Sciences. A scan of
A P Komar’s autobiography is placed on the stand “Anton
Panteleimonovich Komar” at the High Energy Physics
Department of the National Research Center Kurchatov

Anton Panteleimonovich Komar.

Institute [75]. In 1948, he was elected a full member of the
Academy of Sciences of the Ukrainian Soviet Socialist
Republic and transferred to Moscow to the position of
deputy director of the P N Lebedev Physical Institute of the
USSR Academy of Sciences (1948—1950); from 1950 to 1957,
he was director of the Leningrad Physical-Technical Institute
[76]. His name is also associated with the construction of the
nuclear research center in Gatchina, where in 1963 he organized
and headed one of the largest high-energy physics laboratories
at the Leningrad Physical-Technical Institute (1963—1976) [17,
p- 394]. A P Komar was the head of the sector for studying the
mechanism of phase transformations [later the Department
of Phase Transformations and X-Ray Analysis) from the
moment of the formation of the Ural Physico-Technical
Institute. Graduate student V S Obukhov was initially
enrolled in this sector and they even published a joint paper
[Komar A R, Obukhoff W S Sov. Phys. 54 635 (1934)].

19. Involvement in Atomic Project work
without transfer from main workplace
and relations with Ural Polytechnic Institute

The present paper dwells on scientists from the Institute of
Metal Physics (IMP) who were transferred from the institute
to organizations of the created atomic complex of the USSR,
but there were quite a lot of people who were involved in work
related to the Atomic Project without being transferred to
institutions ensuring its implementation. Thus, Yurii Pavlo-
vich Irkhin, Doctor of Physical and Mathematical Sciences, a
theoretical physicist who joined the IMP in 1953 after
graduating from Saratov University, recalled that the
theoretical department of the institute was then involved in
calculations related to nuclear topics (from the memoirs of his
student E V Rosenfeld). At the Ural Polytechnic Institute
(UPI), as well as at the IMP, filters for diffusion machines
were developed, and work was underway to study these
filters. The Soviet atomic industry needed thousands of
specialists in physics engineering, who had to be taken from
somewhere. In the main scientific centers of the country,
students were trained in the created physical and technical
specialties; thus, in September 1949, the physical and
technical faculty was set up at the UPI. The best students
who completed the 4th year of the Energy Faculty (20 people)
and the Metallurgical Faculty (50 people) were transferred to
it. P E Suetin recalled, The curriculum was apparently drawn
up by Professor S V Vonsovsky at the time. He also invited
lecturers from among the research staff of the Institute of Metal
Physics of the Ural Branch of the Academy of Sciences. ...In the
second semester, we were sent for practical training to the IPM
to install one of the first particle accelerators— a betatron—in
the Urals and in the country. After completing the years of study
in the Physics and Technology Department, in the fall, we were
sent to write and defend our diplomas. Part of the group was
sent to the Ural Branch of the Academy of Sciences to complete
the installation and adjustment of the betatron, and V' I Akimov,
S A Bazhenov, R G Vaganov, N A Plotnikov, VM Ryzhkov,
G V Solov’ev, and P E Suetin were sent to the I V Kurchatov
Institute of Atomic Energy. On May 16, 1951, the defense of
diploma theses took place in I K Kikoin’s office. After the
defense of our diploma theses, the three of us (G V Solov’ev,
V' M Ryzhkov, and I) were sent to the Physics and Technology
Department of the UPI, and the rest were sent to the diffusion
plant in Sverdlovsk-44 (Verkh-Neyvinsky). The diploma
students from the Ural Branch of the Academy of Sciences
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were sent to Sverdlovsk-45 (Nizhnyaya Tura) for electro-
magnetic separation of isotopes, and one graduate was sent
to the city of Elektrostal to a plant producing porous
partitions (N A Plotnikov) [52, p. 85]. Parigory Evstafie-
vich Suetin, studying at the Physics and Technology
Department of the UPI, defended his diploma in 1951
under the supervision of V' S Obukhov, and then his PhD
dissertation under the supervision of Evgeny Mikhailovich
Kamenev in 1955 at the Kurchatov Institute of Atomic
Energy. P E Suetin was the rector of Ural University from
1976 to 1993.

The UPI and IMP are located a stone’s throw from each
other, and researchers from these institutes often combined
work or did joint work. Thus, the Kikoins not only worked at
the IMP, but also taught at the UPI. All this is recalled with
gratitude; for example, the Ural Federal University holds an
annual competition of research work of schoolchildren in
memory of A K Kikoin and I K Kikoin. F Lange, who
worked in the Laboratory of Electrical Phenomena at the
Institute of Metal Science, Metal Physics, and Metallurgy of
the Ural Branch of the USSR Academy of Sciences (one of the
names of the IMP), which was headed by I K Kikoin, while
being listed as a senior research fellow at Laboratory No. 2 in
Moscow from July 1943 to December 1945, simultaneously
taught at the SM Kirov Ural Industrial Institute, being a
professor in the High Voltage Engineering Department [78,
p- 205]. I will quote the autobiography of D L Simonenko: In
1938, I went to work at the Ural Physico-Technical Institute,
now the Ural Branch of the USSR Academy of Sciences. There,
I work as a senior research fellow in the Laboratory of
Electrical Phenomena, headed by Corresponding Member of
the USSR Academy of Sciences, Professor I K Kikoin. Since
1938, I have been teaching physics at the S M Kirov Ural
Industrial Institute, where I am an associate professor in the
Physics Department [19, p. 294]. V S Obukhov led “pedago-
gical work at the Ural Industrial Institute” [80]. A P Komar
was the head of the Phase Transformation Laboratory at the
Ural Physico-Technical Institute in 1936-1947, and simulta-
neously, in 1937-1947, he headed the Departments of X-ray
Structural Analysis and the X-ray Laboratory, which he
founded at Ural State University [62, p. 391]. S V Karpachev
(director of the Institute of Metal Physics from 1948 to 1949),
having worked on the Atomic Project from 1949 to 1956, was
a rector at Ural State University from 1956 to 1963 (Ural
State University is now part of Ural Federal University), a
director of the Institute of Electrochemistry of the Ural
Scientific Center of the USSR Academy of Sciences from
1963 to 1984, and a corresponding member of the USSR
Academy of Sciences since 1970.

20. Scientists/chemists

Chemists Yurii Viktorovich Karyakin and Boris Nikolaevich
Lundin were the “‘second-wave researchers” at the Ural
Electrochemical Combine, apparently at the invitation of
I K Kikoin. In her memoirs, T S Prekul—S K Sidorov’s
daughter — wrote about life in the city of Novouralsk (Verkh-
Neyvinsky), “The close company of my parents included the
families of P A Khalileev, B N Lundin, and Yu V Karyakin.
Yurii Viadimirovich was dad’s cousin™ (here, apparently, there
is a typo: the correct version is Yurii Viktorovich Karyakin)
[70, p. 262].

From the memoirs of Vladimir Vladimirovich Volkov, a
1956 graduate of the Physics and Technology Department of

the UPI, who defended his diploma thesis at the Ural Base of
Technical Supply of the USSR Main Construction Directo-
rate in Department No. 16 in Sverdlovsk-44: “my diploma
work was supervised by Professors Yurii Viktorovich Karyakin
and Boris Nikolaevich Lundin™ [80].

Yurii Viktorovich Karyakin was the organizer and first
head of the Department of Physicochemical Methods of
Analysis at the Physics and Technology Faculty of the UPI.
From 1949 to 1963, he worked at the Ural Electrochemical
Combine (Novouralsk, Sverdlovsk oblast) as head of the
chemical sector, head of the chemical analytical laboratory
that he founded at the Central Plant Laboratory, and, from
1956, head of the Central Plant Laboratory. He supervised
work on obtaining pure uranium products and highly
enriched uranium metal. In 1951, he was awarded the Stalin
Prize of the second degree “‘for the development of methods
for combating corrosion at the diffusion plant” [64, p. 357]. He
was given the award as part of a team headed by
Academician Alexander Naumovich Frumkin, who was
attracted to the Atomic Project precisely because of the
aforementioned failure to “‘put into operation the first
diffusion plant D-1.”

Boris Nikolaevich Lundin undertook postgraduate train-
ing at the Department of Organic Chemistry of the UPI in
1936 and ““was enrolled part-time as a junior research fellow at
the Ural Branch of the Academy of Sciences.” In 1939, he
defended his candidate’s dissertation under the supervision of
1 Ya Postovskii [82, p. 41].

“The creation of a special lubricant for compressor
bearings that is resistant to fluorine-containing environments,
nonhygroscopic, and chemically stable” was a very important
and difficult task. To solve it, two organizations were
involved: Research Institute-42 (NII-42) of the USSR
Ministry of the Chemical Industry and the Ural Polytechnic
Institute (headed by Doctor of Engineering Sciences
I Ya Postovskii and Candidate of Engineering Sciences
B N Lundin). NII-42 created the ‘extra’ lubricant, but its
production in 1948 was very expensive, approximately
1 million rubles per kg. At the beginning of 1947, a report
was published in the American press about the production of
inert lubricants by vapor-phase fluorination of various
petroleum oils with cobalt trifluoride. The Ural Polytechnic
Institute checked this data and synthesized a special organo-
fluorine lubricant called *“UPI oil, which was put into
production in 1948 [61, p. 116]. For the creation of the UPI
oil, its introduction into production, and solving a number of
issues related to its operation, I Ya Postovskii and B N Lundin
were awarded the Stalin Prize of the second degree in 1951
[61, p. 116] ...for the development of the technology for the
production of uranium hexafluoride and new types of lubricat-
ing oils that are stable in a uranium hexafluoride environment
[64, p. 358]. The creation of a special fluorinated UPI
lubricant (named after the place of its creation, i.e., the Ural
Polytechnic Institute), operating in a uranium hexafluoride
environment, opened up the possibility of designing simpler-to-
manufacture single-stage diffusion machines [4, p. 23].

21. Instead of an epilogue

In the report (On the progress of fulfilling assignments for
1951 and on the work program for the development of the
atomic industry in 1951-1955) of November 16, 1951 to
I V Stalin, signed by L P Beria, B L Vannikov, A P Zavenya-
gin, I V Kurchatov, Yu B Khariton, and K I Shchelkin [54,
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p. 347], some results are conveyed characterizing the complex-

ity of the task of producing uranium-235: Production of

uranium-235 by the diffusion method was one of the most
complex tasks. Work on the problem of producing uranium-
235 by the diffusion method began in 1946 with the development
of machines with a capacity of 8 grams per second. Scientists,

designers, and engineers had to construct several types of

complex diffusion machines, completely sealed and operating
continuously in a deep vacuum. It was also necessary to find
corrosion-resistant materials for these machines that would not
be affected by the highly active chemical working gas—a
compound of uranium with fluorine. The extensive work
carried out over the past years by physicists, chemists, and
designers made it possible to organize the industrial production
of diffusion machines with a capacity of 1200 and 2200 grams
per second in 1951, which ensured a significant increase in the
production of uranium-235. An even more difficult task was to
produce uranium by centrifugation. If, when developing
diffusion machines, it was possible to rely on results from
the USA and Great Britain, then the development of the
centrifuge separation method was several decades ahead of
the world nuclear industry.

A reason for writing this paper was the 90th anniversary
of the M N Mikheev Institute of Metal Physics, founded in
1932. The IPM celebrated its anniversary (90 years) at the end
of 2022. There were also anniversaries in 2023 —80 years
since the IPM was involved in the work on the Atomic Project
in 1943 and 80 years since the construction of the first
centrifuge based on Lange’s invention in the USSR. The
years 2023 and 2024 have two memorable dates associated
with Isaak Konstantinovich Kikoin (March 28, 1908-
December 28, 1984): 115 years since his birth and 40 years
since his death [82]. Also, 80 years ago, in 1943, Laboratory
No. 2 of the USSR Academy of Sciences [82] was founded
(now the National Research Center Kurchatov Institute).
However, this paper is being published on the eve of the
75th anniversary of the first nuclear explosion in the USSR
(August 29, 1949), which put an end to the US monopoly on
the possession of nuclear weapons.

The author dedicates this paper to the selfless work of the
creators of the nuclear shield of our Motherland.
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22. Appendix

22.1 Historical background

The institutes, universities, and cities mentioned in the paper
had different names in different years, and to avoid confu-
sion, the main ones are listed in this section.

From its foundationin 1932 to 1939, the Institute of Metal
Physics was called the Ural Physico-Technical Institute
(UralPTI); from 1939 to 1943, the Institute of Metal
Physics, Metal Science, and Metallurgy as part of the Ural
Branch of the USSR Academy of Sciences; from 1943 to 1945,
the Institute of Metal Physics and Metallurgy of the Ural

Branch of the USSR Academy of Sciences; and beginning in
1945, the Institute of Metal Physics of the Ural Branch of the
USSR Academy of Sciences.

The city of Ekaterinburg was called Sverdlovsk from 1924
to 1991.

The city of Novouralsk (Sverdlovsk-44 from 1954 to 1994)
is a city in the Sverdlovsk oblast, a closed administrative-
territorial entity located next to the village of Verkh-
Neyvinsky.

The city of Seversk (former names Post Office Box No. 5,
Berezki, Tomsk-7) is a city in the Tomsk oblast, a closed
administrative-territorial entity.

Ural Federal University (UrFU) in Yekaterinburg was
called Ural State University from its foundation in 1920 until
1925. In 1925, it was renamed the Ural Polytechnic Institute
(UPI). In 1930, the faculties of UPI were transformed into
higher technical universities. In 1931, Sverdlovsk State
University (SSU) was separated (revived) from some of
the higher technical universities. In 1934, the Ural
Industrial Institute (UIT) was founded on the basis of the
higher technical universities remaining from the UPI that
were not included in the SSU. In 1945, the SSU was
renamed Ural State University (USU). In 1948, UII was
renamed Ural Polytechnic Institute. In 1992, the UPI was
renamed Ural State Technical University (USTU-UPI). In
2010, Ural Federal University (UrFU) was founded, uniting
USTU-UPI and USU.

22.2 Physical reference data

This section provides information about physical character-
istics of uranium and its compounds, as well as about
plutonium and uranium bombs.

Natural uranium contains three radioisotopes. The
percentage content in natural uranium and its half-life 7',
are given in brackets after the isotope designation: U-234
(0.0055%, T/, =2.45 x 10° years); U-235 (0.7200%, T}, =
7.04x10% years); U-238 (99.2745%, T}/, =4.47x10° years);
and U-233 is also present in very small quantities [48].

Uranium is a silvery-white metal with a density of
18.95 g ecm~ and a melting point 1135°C. UF, and UFg
uranium tetra- and hexafluorides are important compounds
for industry. UF, is an intermediate product in the produc-
tion of metallic uranium. UFg is the only uranium compound
that is gaseous at a relatively low temperature (boiling point
56°C and used in the separation of uranium isotopes in
gaseous diffusion and centrifuge methods) [49, p. 6].

Nuclear weapons are produced using so-called “weapons-
grade plutonium”; this is plutonium, according to the
isotopic composition, containing at least 94% of the Pu-239
isotope with a half-life of 24,110 years.

Fat Man was the codename for an atomic bomb
developed as part of the Manhattan Project and detonated
over the Japanese city of Nagasaki on August 9, 1945 by the
United States. It contained a plutonium core weighing about
6.2 kg and had an implosion detonation scheme. The mass of
the bomb was 4670 kg. The power of the explosion was 21 kt
TNT equivalent (kilotons of trinitrotoluene) [50, p. 10].

Little Boy (uranium charge, nuclear) was detonated over
the Japanese city of Hiroshima on August 6, 1945. This was
an aviation bomb with a warhead based on 64 kg of uranium
and an actual power of 1518 kt TNT. It had a gun-type design,
which has a low efficiency. Therefore, the USSR decided not
to reproduce this bomb, immediately developing an implo-
sion-type atomic bomb [50, p. 5].
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