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Dear colleagues, 
 dear friends!

We are happy to welcome you to the Special 
Edition of our In the World of Science maga-
zine that is dedicated to the 70th anniversary 
of the world famous Kurchatov Institute. We 

attempted to do the impossible — tell you about our difficult 
and interesting history on just a few dozen pages. We want-
ed to tell you about our great predecessors, whose scientif-
ic work has become a feat, because it created a deep foun-
dation for our country’s defense for many decades to come, 
preserved its independence, and gave a powerful boost to the 
development of many scientific branches, schools, technolo-
gies, which still remain the pride of Russian and world sci-
ence. There is a popular expression: “f lagman” of the Soviet 
and Russians science — it can be fully applied to us, both 
literally and figuratively, because we always led the way, 
developing the atomic project and using it as a springboard 
for thermonuclear power, nuclear ice-breaking and subma-
rine f leet, nuclear medicine, superconductivity, controlled 
thermonuclear fusion, information and convergent technol-
ogies, and a lot more that you will learn about in this issue. 
Of course, there were errors, miscalculations, irreplaceable 
losses — primarily human. There was a time when it seemed 
that the Russian science will never revive from the conse-
quences of oblivion and troubled years, of taking to pieces 

all of the technical and in-
tellectual potential. But 

history made another 
turn — every thing 

flows, everything 
changes, ac-

cording to the 
Greek natural 
ph i los opher 
H e r a c l i t u s , 
the “father” 
of the atom-

ic theory. The 
changes af-

fected the polit-
ical system, the 

economy, the soci-
ety. A new scientific 
paradigm and tech-
nological structure 
developed. After a 

decade and a half 
of total disorder, loss 
of goals and ideals, our 
country began to res-
urrect. Gradually, in 
the course of solv-
ing the most acute 
and vital issues, the 
Russian government also began reviving the national sci-
ence. Neither was the Kurchatov Institute able to avoid the 
stagnation times and was kept afloat only by its old poten-
tial, struggling for survival in individual scientific divi-
sions, branches — just like a regimen getting out of an en-
trapment gets split into squadrons and pelotons. But our 
strategic reserve and potential was so mighty, the traditions 
and schools laid by our predecessors were so profound, that 
this saved the Kurchatov Institute and pushed it to a new 
level of development.

Not only were we able to survive and get out of this incred-
ibly tough period with “acceptable losses,” but start a funda-
mentally new stage in the Kurchatov Institute’s life. In recent 
years, the Kurchatov Institute has been given a brand new 
look — new buildings were erected, the experimental base is 
being constantly upgraded, young scientists and post-grad-
uates are again flowing into our laboratories. We keep devel-
oping our traditional priorities — the nuclear power sector 
and all related technologies. But also, within the framework 
of the new technological trend of creating new nature-like 
technologies and systems by convergence of sciences and 
technologies, for the first time in Russia, we started devel-
oping science, technology, and energy of the future, based on 
nano, bio, info, cognitive, and socio-humanistic (NBICS) sci-
ences and technologies. In just a short time, we were able to 
create the infrastructural, ideological, and personnel foun-
dation for new science. It is becoming prestigious and attrac-
tive to work at the Kurchatov NBICS Center for eminent Rus-
sian and foreign scientists, who are unable to hide their sur-
prise at the scale and the speed of changes that are taking 
place at our Center. Our main goal is to show, on the pages 
of this edition, that the renewed Kurchatov Institute lives an 
active and interesting scientific life, that it is alive and kick-
ing, that it is building the present and the future of the Rus-
sian science. And just as before, we remain the flagman of 
the Russian science and are proud to bear the name of its 
great founder.

RAS academician E.P. Velikhov, president 
of the Kurchatov Institute NRC

RAS corresponding member M.V. Kovalchuk, 
director of the Kurchatov Institute NRC
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With the discovery of X-rays in 1895 by Roentgen 
and the diffraction of X-ray radiation in 1912 
by M. Laue, V. Friedrich, and P. Knipping, the 
human was able to penetrate matter and see 

its three-dimensional structure, its atoms and molecules. 
After the discovery of radioactivity by A. Becquerel in 1896, 
a real scientific revolution erupted. Elementary particle 
physics, accelerator physics, nuclear physics determined the 
civilization’s look of the 20th century.

The 1938 discovery by the German scientists Otto Hahn 
and Fritz Strassman of uranium fission reaction with large 
energy emission from capturing neutrons showed that in 
terms of specific energy, nuclear “fuel” is a million times 
more efficient than any organic fuel. Thus, scientists under-
stood: uranium may become a promising fuel and as a su-
perexplosive.

Most Powerful source
The central figure in the complex radioactivity research in 
Russia was Vladimir Ivanovich Vernadskiy who, in 1908, 
successfully insisted that these studies be included in the 
list of priority topics for the Academy of Sciences. In 1922, on 
the initiative of V.I. Vernadskiy and under his supervision, 

the State Radium Institute was founded, and all then avail-
able radiological institutions in Petrograd became a part of it.

In the 1930’s, a range of Soviet institutes attained signif-
icant results in studying the uranium fission reaction and 
the prospects of nuclear energy use: the Institute of Phys-
ics and Technology (PhysTech) headed by academician 
A.F. Ioffe; the Institute of Chemical Physics headed by young 
N.N. Semenov; the Radium Institute headed by academi-
cian V.G. Khlopin; the Academy of Sciences Physics Institute 
headed by S.I. Vavilov; in Kharkov — the Kharkov Institute 
of Physics and Technology with the nuclear laboratories of 
K.D. Sinelnikov, A.K. Valter, and A.I. Leypunskiy.

The Ioffe’s school of sciences is a unique phenomenon not 
just in Soviet but in world science. Among its eventually fa-
mous students was young Igor Vasilyevich Kurchatov, who 
came to the Leningrad Institute of Physics and Technology 
(LIPT) in 1925. In the early 1930’s, a “special nuclear group” 

was created here, later transformed into the department of 
nuclear physics headed by Kurchatov. In 1937, the first cy-
clotron in Europe was launched in the Radium Institute by 
L.V. Mysovskiy and I.V. Kurchatov; in 1940, K.A. Petrzhak 
and G.N. Flerov discovered the spontaneous uranium fission 
here. In the second half of the 1930’s, the design and con-
struction of a large 10-MeV cyclotron began at LIPT, but the 
work was interrupted by the war.

secret note
On June 30, 1940, the Uranium Committee headed by Khlo-
pin, with Vernadskiy and Ioffe as his associates, was creat-
ed at the USSR Academy of Sciences. Among its members 
were academicians P.K. Kapitza, A.E. Fersman, I.V. Kurcha-
tov, Y.B. Khariton, and others. But the actual start of the So-
viet atomic project is considered to have happened on Sep-
tember 28, 1942, when the State Defense Committee (SDC) 
acknowledged the necessity of resuming the “research work 
for getting hold of nuclear energy” interrupted by the war. In 
seven years — on August 29, 1949, the first Soviet atomic 
bomb was successfully tested.

In these seven years, the impossible was accomplished — 
something that became legend, just as the people who cre-
ated this legend. But let’s return to the very beginning of the 
Soviet atomic project.

The topmost issue was selecting a scientific supervisor for 
the project. This person must combine the talents of an out-
standing scientist and organizer. There were several candi-
dates, including eminent academicians. Ioffe insisted on ap-
pointing 39-year-old Kurchatov — he was confident in him. 
And he happened to be right. In October 1942, Igor Kurcha-
tov was called to Moscow and was introduced to the intelli-
gence. Not just Germany, but even our war allies — England 
and the USA — completely stopped publishing any works on 
uranium since mid-1939 and made them classified. In his 
first note on the “uranium issue as a state program” (dated 
November 27, 1942), addressed to the USSR SDC chairman 
V.M. Molotov, the scientist talked about our retardation com-
pared to England and the USA and, consequently, about the 
necessity to “widely evolve in USSR the research of the ura-
nium problem.” The USSR State Defense Committee issued 
a degree 2872 dated February 11, 1943, where it formulated 
the goals on solving the uranium problem — to develop and 
build a nuclear weapon in our country. The appointed gov-
ernment project leader was Molotov, 2 years later replaced 
by L.P. Beriya. Igor Vasilyevich Kurchatov was named re-
sponsible for building a uranium bomb. On April 12, 1943, 

Even the ancient suspected that everything in the world is made 
of atoms — chemically indivisible particles of natural elements, 

but centuries passed before scientists were able to experimentally 
confirm their existence

Taming

the 

Atom

“The time is close when a human 
will get hold of atomic energy, the 

kind of power source that will allow 
him to build his life as he pleases… 

Will the human manage to make use 
of this force and direct it for good, 

rather than for self-destruction? Is he 
mature enough for being able to use 
this force that science will inevitably 

give him?”
Vladimir Ivanovich Vernadskiy, 1922

“Kurchatov has chosen an area of land between the 
Moscow suburb towns of Khoroshevo and Schukino 
for the placement of his secret facility. In the middle 

of a potato field the size of over 100 hectares, there were 
several buildings of the All-Union Institute of Experimental 
Medicine. In one of them, a three-story building, the 
laboratory’s first research associates were placed. Initially 
they lived and worked there, including Kurchatov and his 
wife. Gradually, a team started to form,” recalled Ivan Larin 
who worked for over forty years at the department of 
nuclear reactors of the Atomic Energy Institute.

!
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 plutonium on a uranium-graphite reactor, did nuclear phys-
ics research and calculations for bombs, and handled essen-
tial issues of radiochemistry, primarily in plutonium produc-
tion. The “D” department headed by Kikoin dealt with cre-
ating a diffusion plant for enriching uranium to 90% by the 
uranium-235 isotope. The “A” department headed by Artsi-
movich progressed toward the same goal by developing elec-
tromagnetic units. Kikoin and Artsimovich were appointed 
as Kurchatov’s assistants at the Laboratory #2. These emi-
nent scientists eventually became the founders of powerful 
and promising fields of science: the former — of molecular 
physics, the latter — of thermonuclear research.

In woody Meschera lands, in the small town of Sarov, the 
most secret affiliate of the Laboratory #2 was organized — 
KB-11. There, under Yuliy Borisovich Khariton’s supervision, 
the atomic bomb was engineered. Later, the Laboratory #2 
got two more affiliates: HTL — the Hydrotechnical Laborato-
ry in Dubna headed by M.G. Mescheryakov, and RTL — the 
Ratiotechnical Laboratory in Moscow headed by A.L. Mints. 
In a few years, each of the affiliates became an independent 
high-class science and research facility.

three, two, one, zero, go!
In April 1945, Kurchatov reports to Stalin the four major ob-
jectives: the uranium-graphite reactor, the diffusion plant for 
producing uranium-235, receiving heavy water for the urani-
um-heavy-water reactor, and finally building the bomb. The 
long-awaited end of the war against Germany allowed USSR 
to boost the work on the uranium project. The Americans’ 
atomic bombardment of the Japanese cities in 1945 further 
accelerated the work rate. A Special Committee headed by 
Beriya was created; it supervised the USSR Cabinet First 
Head Office (FHO) headed by B.L. Vannikov. A Technical 
Council was created in the FHO that included ministers of 
corresponding departments, as well as scientists and direc-
tors of design bureaus and atomic industry plants. Kurcha-
tov got virtually unlimited powers.

Approaching the goal, he used some theoretical, calculat-
ed, and engineering ideas “borrowed” from the Americans. 

Through the channels of NKVD scientific intelligence, docu-
ments were sent directly to Igor Kurchatov. He even had his 
own room on Lubyanka where he studied the received ma-
terials and formulated the important questions for the fu-
ture. The role of the intelligence in accelerating the Soviet 
nuclear project should not be underestimated. Just as it can-
not be attributed the decisive role. The information received 
from the intelligence was thoroughly analyzed by Kurcha-
tov and his colleagues and, no doubt, was very useful in ad-
justing the course of research, in some cases even helping to 
avoid errors. On some estimates, it saved about a year of re-
search time in creating the Soviet atomic bomb. In the situ-
ation back then, any delay could be fatal (now it is known for 
certain that Pentagon had a developed plan to launch a nu-
clear strike against the USSR).

In December 1946, the Laboratory #2 launched the first 
Soviet atomic reactor F-1; in summer 1948 the first commer-
cial atomic reactor started operating in the forbidden town 
Chelyabinsk-40 — it produced A-1 (“Annushka”) plutonium; 
and in August 1949, the first Soviet atomic bomb exploded on 
the Semipalatinsk nuclear range.

During the years of the Cold War and the Iron Curtain, 
the ideological confrontation and the psychological pressure 
reached such a level that the possibility of a nuclear interven-
tion was perceived in the USSR and the USA nearly as inev-
itability. Meanwhile, nuclear scientists began creating even 
more dangerous and destructive thermonuclear weapons. 
The “instigator” of this race was the outstanding American 
physicist of Hungarian origin Edward Teller. Igor  Kurchatov, 

A.A. Baykov, the vice-president of the USSR Academy of Sci-
ences, signed an order on creating the Laboratory #2 — the 
future Kurchatov Institute — to be headed by I.V. Kurchatov.

Matter of national importance
The first operations on the Soviet atomic project started in 
several rooms of the Seismological Institute. As the work ex-
panded, the question of a new location for the laboratory was 
raised.

Kurchatov was given large powers in engaging required in-
stitutes, design bureaus, and factories, as well as recalling 
specialists from the acting army. Y.B. Khariton, Y.B. Zeldov-
ich, G.N. Flerov, I.K. Kikoin, A.I. Alikhanov — they were fac-
ing the challenge of competing against the best physicists 
in the world, gathered in the USA to work on the Manhattan 
Project. During this period, the Soviet Union, with the ma-
jority of its European area under occupation, while suffer-
ing severe losses, directed all if its forces and resources to the 
frontline of the Great Patriotic War. By late 1944, there were 
about 100 people working in the Laboratory #2, including sci-
entists, technicians, automobile drivers, and the coal heaver.

Question of choice
It is possible to get a nuclear explosive from uranium either 
by isolating the uranium-235 isotope (its content in the raw 
material is below 1%), or by producing a non-existent chem-
ical element plutonium in nuclear reactors. Neither of the 
two technologies was available in the USSR, so they had to 
be engineered and built. As to the nuclear reactor (which 
was called an atomic boiler back then), it could have either a 
graphite or a heavy-water moderator. Production of heavy wa-
ter is an extremely energy-intensive process, while getting re-
actor-class ultrapure graphite is very labor-intensive. There 
were also differences in physical efficiency between the two 
types of moderators. Academician A.I. Alikhanov, the Ther-
motechnical Laboratory director, insisted on the heavy-wa-
ter reactor. Kurchatov disagreed and finally was able to suc-
ceed in having the uranium-graphite boiler version accepted.

The Laboratory #2 developed several methods of separat-
ing uranium isotopes: gas-diffusion, thermodiffusion, and 
electromagnetic.

In 1944, the Laboratory #2 scientists built and launched 
the cyclotron, which irradiated uranium with neutrons and 
allowed to accumulate tracer amounts of a new, non-exis-
tent in nature, element — plutonium, the basic metal for a 
nuclear charge. In early 1946, there were three departments 
formed in the Laboratory #2. The “K” department headed 
by Kurchatov developed the industrial-scale production of 
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1970’s
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moderated WWER reactors

1960’s
Start of the work in the field 
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fusion. Construction of the first 
tokamak in the world
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1950’s 
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world nuclear icebreaker Lenin, the first 
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Komsomol 
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the atomic 
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of the USSR 
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scientific worK at the laBoratory #2 
develoPed in the following 

directions:
 9 creating a nuclear reactor on natural uranium and regular  

 water (G.N. Flerov, V.A. Davidenko);
 9 creating a nuclear reactor on natural uranium and graphite  

 (I.V. Kurchatov, I.S. Panasyuk);
 9 creating a nuclear reactor on natural uranium and heavy  

 water (A.I Alikhanov, S.Y. Nikitin);
 9 creating the cyclotron (I.V. Kurchatov, L.M. Nemenov);
 9 separating natural uranium isotopes (I.K. Kikoin,  

 L.A. Artsimovich);
 9 developing the chemistry of transuranic elements and its  

 practical application (I.V. Kurchatov);
 9 physical research directed at creating a uranium industry  

 in manufacturing optimal fuel cells for nuclear reactors  
 (I.V. Kurchatov, I.S. Panasyuk);

 9 physico-chemical research directed at creating an industry  
 in manufacturing optimal graphite blocks for nuclear  
 reactors (I.V. Kurchatov, I.S. Panasyuk, N.F. Pravdyuk,  
 V.V. Goncharov);

 9 physico-chemical research directed at creating an industry  
 in obtaining heavy water for nuclear reactors (A.I. Alikhanov,  
 P.K. Serdyuk, D.M. Samoilovich, M.I. Kornfeld);

 9 measuring nuclear constants and neutron physics  
 (P.E. Spivak, I.S. Panasyuk, S.A. Baranov, M.I. Pevzner).

From the recollections by I.N. Golovin, one of the first 
Laboratory #2 associates: “The years 1944 to 1946 

were the years of searching for solutions that could lead to 
our goal in the shortest time. During this period, we analyzed 
the choice of the nuclear explosive matter… compared the 
means of obtaining it… juxtaposed uranium-graphite and 
uranium-heavy-water boilers… considered various methods of 
isotope separation: on ultracentrifuges, using diffusion, with 
electromagnetic methods, with thermodiffusion, and others.”

!
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In the early 1950’s, Kurchatov and Alexandrov super-
vised the inception of the project on creating nuclear power 
units for ships — nuclear submarines and nuclear icebreak-
ers that have strictly peaceful designation. Our country even 
had to catch-up with the USA in creating the nuclear sub-
marine. On July 4, 1958, six years after the project start, 
the nuclear submersion took place. The success of the proj-
ect was determined by the participation of the “three pillars:” 
A.P. Alexandrov (scientific supervisor), V.N. Peregudov (chief 
engineer of the ship), and N.A. Dollezhal (chief engineer of 
the power unit).

The start of the nuclear icebreakers design was given in 
1953. The nuclear icebreaker Lenin (chief engineer of the 
vessel — V.I. Neganov, chief engineer of the power unit — 
I.I. Afrikantov), put into commission in 1959, became the 
first in the world surface vessel with a nuclear power unit, 
unmatched in power among icebreakers worldwide. The sub-
sequently created unique Soviet fleet of nuclear icebreakers 
provided year-round navigation in the Northern Sea Route 
and played a crucial role in the commercial development of 
Russia’s northern territories.

new challenges
Since the early 1960’s, the Institute of Atomic Energy signifi-
cantly expanded the volume of research and development in 
using nuclear energy for space purposes, aircraft, and cre-
ating high-temperature nuclear power sources. These proj-
ects were concentrated in a specially created department 
and were done under the supervision by M.D. Millionschikov. 
They tested space nuclear units with thermionic cells, which 
demonstrated the capability of achieving long-term resource 
with high safety on all work stages on earth and in space, 
and ionic and plasma engines. These sources significant-
ly expanded the opportunities for direct high-quality tele-
vision broadcasting, improved the control over air and ma-
rine transport, created new conditions for information and 

telephone communications, and made it possible to accom-
plish previously impossible research of near-Earth and deep 
space.

The method of magnetic plasma confinement proposed by 
I.E. Tamm and A.D. Sakharov became the underlying prin-
ciple for controlled thermonuclear fusion, which was offi-
cially recognized as a priority task as early as 1951. The su-
pervision over the experimental research was delegated to 
L.A. Artsimovich, while the theoretical work was headed by 
M.A. Leontovich.

The initial stage of the Russian and foreign work on con-
trolled thermonuclear fusion (CTF) was characterized by 
abundance of ideas on traps for plasma. However, in real life, 
only inside the TOKAMAK (abbreviation from the Russian — 
Toroidal Chamber with Magnetic Coils) mega-installations, de-
signed by the Institute of Atomic Energy, were able to confine 
the plasma. Today, the term “tokamak,” in its Russian sound-
ing and meaning, exists almost in all world languages. One of 
the big achievements of the Soviet CTF program was the cre-
ation of the hot plasma physics school headed by Mikhail Leon-
tovich. Since the early 1970’s, the tokamak became the main 
object of researching CTF with magnetic confinement.

During these years, a whole range of installations were 
built at the Kurchatov Institute: the first in the world toka-
mak T-10, the first in the world tokamak with superconduc-
tive niobium-titanium winding T-7, the largest superconduc-
tive tokamak in the country T-15. Research that was con-
ducted on these units in Russia, as well as operations on 
controlled thermonuclear fusion in the USA, Japan, and Eu-
rope, paved the way for the next step — the development of 
the international experimental thermonuclear reactor ITER.

Initially, nuclear physics at the Institute of Atomic Ener-
gy was directed primarily at studying the fission chain re-
action, but then the spectrum of operations has expanded 
significantly. Besides fission physics, the subject of studies 
included nuclear reactions, nuclear spectroscopy, neutron 

Graphite stack of the nuclear reactor F-1, the first in the USSR

as the head of the Soviet atomic project in general, was also 
responsible for the development of the hydrogen, or ther-
monuclear bomb. The engineering of all versions of nucle-
ar weapons, the theoretical and experimental verification of 
the construction was done at KB-11 headed by Y.B. Khariton. 
This issue, starting in 1948, was also laid upon I.E. Tamm, 
V.L. Ginzburg, A.D. Sakharov, and Y.B. Zeldovich.

In 1953, the first in the world thermonuclear bomb was 
successfully tested at the Semipalatinsk weapons range.

Therefore, under scientific supervision of the Laboratory 
#2, transformed in 1949 on Kurchatov’s proposal into the 
Laboratory of Measuring Instruments of the Academy of Sci-
ences (LMIAS), the defense industry’s institutes and enter-
prises, primarily the Institute of Experimental Physics (Ar-
zamas-16) headed by Y.B. Khariton, the Institute of Chem-
ical Engineering headed by N.A. Dollezhal, the Institute of 
Technical Physics (Chelyabinsk-70), scientists and manufac-
turers of Leningrad, Krasnoyarsk, Sverdlovsk, Tomsk, and 
other nuclear centers, military personnel, and nuclear range 
specialists, created the country’s nuclear shield.

the atom Must Be Peaceful
Even before the completion of the bomb development, 
I.V. Kurchatov started thinking about the wide use of atomic 
energy for peaceful purposes. His sphere of interests included 
the nuclear power industry, fleet, aircraft, and later — space.

By the end of the 1940’s, Kurchatov made a suggestion 
to design and build an experimental commercial nuclear 
power station. The idea of the construction of the uranium-
graphite channel-type reactor core was proposed by Kurcha-
tov and his associate S.M. Feinberg. The first NPP was built 
in Obninsk on the base of the Institute of Physics and En-
ergy (chief engineer N.A. Dollezhal, operations supervisor 
L.B. Blokhintsev). The launch of the first commercial NPP 
in the world with the operating power of 5 thousand kW was 
performed on June 27, 1954, under direction by Kurchatov 
and his associate A.P. Alexandrov. This day is justly consid-
ered the birthday of nuclear power industry. In June 1955, 
Kurchatov and Alexandrov headed the program of nuclear 
power industry development in the USSR for power, trans-
port, and other peaceful purposes. The construction of large 
nuclear power plants has begun. As such, the Novovorone-
zh station (1964) built under the Kurchatov Institute’s su-
pervision became the first step towards the development of a 
large series of water-water energy reactor (WWER), for which 
physics and technology development became one of the 
mainstream directions of the institute’s scientific and en-
gineering activity for many years to come. The experience of 

 creating commercial uranium-graphite reactors served ba-
sis for the development of another direction of building pow-
er reactors — the high-power channel-type reactors (HPCR) 
whose scientific development was also done by the Kurchatov 
Institute. The first power-generating unit HPCR-1000 started 
operating at the Leningrad NPP in 1973.

In the meantime, in 1956, the LMIAS was renamed into the 
USSR Academy of Sciences Institute of Atomic Energy (IAE 
AS USSR). Its organizational structure corresponded to the 
fields of science that were established by then, even though, 
for secrecy reasons, its departments got weird names, to say 
the least. The department of optical devices (the reactor divi-
sion) was personally supervised by Kurchatov; the depart-
ment of thermal control devices (diffusion uranium separa-
tion) was headed by academician Kikoin; the department of 
electric accessories (electromagnetic separation) was headed 
by academician Artsimovich. He was also the director of the 
electrical devices bureau (later renamed into the department 
of audio equipment) — the division that handled thermonu-
clear energy research.

In 1956, Kurchatov accompanied N.S. Khruschev, the 
USSR Chairmen of the Council of Ministers, in his trip to 
Harwell, England, where he held his legendary speech on the 
development of nuclear power industry and thermonucle-
ar research in the USSR. Revealing classified work on ther-
monuclear research, on which Kurchatov insisted before the 
trip, he effectively offered the competing parties to take steps 
to rapprochement and solve this promising but very compli-
cated issue conjointly.

During the years of Kurchatov’s work in the Laboratory #2, 
it created nuclear and thermonuclear weapons, the first in the 
world nuclear power plant and nuclear icebreaker, the sec-
ond in the world nuclear submarine. The entire Soviet atom-
ic industry was established. It was essential that specifical-
ly during these years the level of the national nuclear science 
reached such a level that even today, 70 years later, we con-
tinue reaping its benefits, developing it on a new level. The im-
mense responsibility and the challenge he faced as the head 
of the atomic project have impacted Igor Kurchatov’s health. 
He died in February 1960 at the age of 57. The institute that 
Kurchatov created got his name and proudly bears it today.

In the speech at the session of the Supreme Soviet of the 
USSR, shortly before his death, Kurchatov said, “… The 
thought of a nuclear or hydrogen war starting is intolerable. 
We, scientists working in the atomic energy field, see it clear-
er than anyone that the use of nuclear and hydrogen weap-
ons leads mankind to innumerable disasters.” Back then, 
Kurchatov’s calls to stop nuclear weapons tests and to ban 
them remained unheard. The ceasefire in the Cold War was 
yet to come.

In 1960, after the death of Igor Kurchatov, the director’s 
position was taken by one of his closest associates — Ana-
toliy Petrovich Alexandrov. He was the creator of the ship de-
magnetizing technology, participated in the research of ther-
mal-diffusion isotope separation for the first Soviet atomic 
bomb, and later — in engineering commercial reactors. But 
the main deed of Alexandrov’s life was the creation of the So-
viet atomic fleet.

 “We, scientists working in the atomic 
energy field, see it clearer than 

anyone that the use of nuclear and 
hydrogen weapons leads mankind to 

innumerable disasters”
Igor Vasilyevich Kurchatov, 1958
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spectroscopy, weak interactions, and elementary particle 
physics. The challenges of nuclear energy required develop-
ing research in solid-state physics. The work in this area be-
gan in the 1960’s, when a whole range of advanced research 
reactor units of various types was created. In 1981, the re-
search reactor IR-8 with high neutron-physical character-
istics was built.

Fundamental research is the traditional field of research 
at the Kurchatov Institute. Since the day of inception, the in-
stitute conducts the research in various fields: nuclear phys-
ics, solid-state physics, including superconductivity, materi-
als science, plasma physics, physical chemistry, and others. 
Many have achieved world recognition.

superconductivity
By the late 1960’s, the Kurchatov Institute was designated 
on the state level as the scientific supervisor in issues of su-
perconductivity in nuclear science and technology, as well 
as other areas. By the mid-1970’s, principles of stabilizing 
the state of superconductivity were found and implemented 
in specific designs of technological superconductive materi-
als. One of the largest in the world commercial productions of 
wires, cables, and conductive buses was organized.

A special place in these operations was occupied by the 
problem of superconductive magnets with forced cooling by 
liquid helium, which opens up opportunities for creating 
large magnets with complicated magnetic field configura-
tion designated, among other things, for thermonuclear re-
actors of the future. Superconductive magnets created at the 
Kurchatov Institute are widely used in laboratories of the in-
stitute itself, as well as in other scientific organizations in 
our country and abroad.

gas centrifuges: new opportunities
The school of Isaak Konstantinovich Kikoin, established in 
the course of solving the issues of separating uranium iso-
topes, also kept demonstrating its success. The gas-diffu-
sion technology kept perfecting, new methods of uranium 
isotope separation were studied, primarily the gas centrifug-
es method (or simply the centrifugal method), which allowed 
the country’s separation industry to move to gas centrifug-
es and produced a significant cut in energy-intensity of the 
uranium isotope separation process. The centrifugal method 
opened up the opportunity for large-scale separation of sta-
ble isotopes. It is currently used to separate isotopes of doz-
ens of chemical elements. The use of separated isotopes ac-
quired not just scientific but also medical significance and 
laid the foundation for the development of nuclear medicine 
technologies in the Kurchatov Institute and in the country. 

Microelectronics
The Institute of Atomic Energy (IAE) was the pioneer in cre-
ating new technologies in the field of microelectronics. It is 
here that the results of global importance in microelectron-
ic technology were obtained in the late 1960’s — early 1970’s: 
ionic implantation, ultrapure substances, lithography, plas-
ma chemistry, thin films. Later, this led to creating the Insti-
tute of Microtechnologies within the framework of the IAE.

The technology of producing integrated circuits that was 
developed here included the entire sequence of technological 
operations — from preparing initial silicon plates to the final 
inspection of the circuit, mounted in the designated case. 
Such a powerful technological reserve allowed later to devel-
op, at the Kurchatov Institute, projects in nanotechnologies 
and create hybrid systems.

restructuring, conversion
For our institute, the late 1980’s — early 1990’s were a very 
tough period, just as for our entire science. This coincided 
with the Chernobyl disaster, the psychological, economic, 
and political implications of which for many years to come 
affected the entire country’s nuclear industry, as well as the 
Kurchatov Institute. Impacted by the rapidly changing socio-
political conditions in the country, the subjects, the struc-
ture, and the applicability of certain objectives were seri-
ously reconsidered. Not without loss, but we still managed to 
keep our powerful experimental base, personnel, and most 
importantly — the unique scientific school.

In the end of 1991, the Decree of the President of the Rus-
sian Federation renamed the Institute of Atomic Energy into 
the Kurchatov Institute Russian Science Center.

In the 1990’s, Evgeniy Pavlovich Velikhov, the president of 
the Kurchatov Institute RSC, introduced the idea of convert-
ing the Russian defense shipbuilding industry and proposed 
the managers of submarine shipbuilding enterprises and oil 
and gas industry to start the joint development of marine oil 
and gas fields in the arctic shelf. The shipyards of the ship-
building plant SevMash started the construction of a marine 
ice-resistant stationary platform for developing the Priraz-
lom oil field. This set the stage for the national sea hydrocar-
bon production industry in the Arctic.

Another important sphere of the Kurchatov Institute’s ac-
tivity was information technologies. The Kurchatov Science 
Center is the forebear of the Internet in our country. One of 
the first supercomputers in the Soviet Union started oper-
ating here, and today it has become one of the components 
of the Kurchatov NBICS Center. The supercomputer of the 
Kurchatov Institute NRC Data Processing Center has the 
peak performance at 123 and 127 teraflops, and this com-
plex is in the top-three list of the most powerful in the former 
USSR and in the top-100 list of the world rating. The Kurcha-
tov Institute is also one of the base science centers for GRID 
and GLORIAD technologies. 

synchrotron is our Power
In 1999, on the initiative of Evgeniy Velikhov and Alexander 
Rumyantsev, the then heads of the Kurchatov Institute RSC, 
the decision was made to organize the Kurchatov Center for 
Synchrotron Research (KCSR). Its organizing director was 
appointed Mikhail Kovalchuk. Soon, the first and so far the 
only in Russia and the CIS specialized synchrotron radiation 
source began functioning under his command.

Over the years, the Kurchatov synchrotron turned into a 
science complex, where research is being conducted in fun-
damental sciences, materials science, nano- and biotechnol-
ogies, molecular biology and medicine. Diagnostic methods 

with atomic resolution are being developed. It is the Kurcha-
tov Center of Synchrotron Radiation that became the core, 
around which the Kurchatov NBICS Center has appeared 
and is now developing.

The Kurchatov Institute has entered the 21st century with 
new global ideas. In 2005, Mikhail Valentinovich Kovalchuk, 
RAS corresponding member, became the institute’s direc-
tor. During the few years under his supervision, the team of 
Kurchatovians not only was able to overcome the tough con-
sequences of the breakdown of the 1990’s and the difficulties 
of the transition period to the early 2000’s, but also perform 
fundamental changes in the institute’s scientific life. The de-
velopment continues in traditional and new fields — atomic 
power and nuclear fuel cycles; the international thermonu-
clear reactor ITER and controlled thermonuclear fusion, fun-
damental research, information technologies and systems, 
technologies and projects of dual purpose, non-proliferation 
of nuclear materials and protection of nuclear-hazardous ob-
jects, biomedical technologies and nuclear medicine, isotope 
separation technologies, nanotechnologies, nanodiagnostics 
and materials science.

Large scale operations in the field of nanotechnologies 
started after the adoption of the Presidential initiative “Strat-
egy of Nanoindustry Development,” where the Kurchatov In-
stitute was named as the national research center for nan-
otechnologies, nanosystems, and nanomaterials, providing 
scientific activity coordination in this area of science and 
technology.

A new breakthrough direction for the Kurchatov Institute 
was the convergence of nano, bio, info, cognitive, and socio-
humanistic sciences and technologies. M.V. Kovalchuk for-
mulated the strategy of developing this scientific field in Rus-
sia, and in 2008 the unparalleled Kurchatov NBICS Center 
was created under his supervision, where full-scale research 
is being conducted in the area of converging modern technol-
ogies with wildlife “constructions”. A goal was set for scien-
tists — to create hybrid devices and technologically repro-
duce the living system on the basis of bioorganic material. 
The NBICS Center has a unique infrastructure for conduct-
ing convergent fundamental and applied research in the area 
of materials science, bionanotechnologies, informatics, in-
novational power. Research here is also being conducted on 
cognitive subjects — studying the nature of thought, forming 
memory processes and their modeling.

Young scientists take most active part in the Kurchatov 
NBICS Center operations — after all, a wide field of activity 
opens up before them, as well as interesting, promising proj-
ects and the opportunity to work in wonderful laboratories, 
equipped according to the world standards. Such interdisci-
plinary specialists are being prepared since 2005 by the de-
partment of nanosystem physics at the MSU School of Phys-
ics. M.V. Kovalchuk also founded and headed the first in the 
world department of NBIC technologies at the Moscow Insti-
tute of Physics and Technology (MIPT). Its students and post-
graduates already actively participate in the operations of 
the Kurchatov NBICS Center.

In the entire world, large nuclear physics centers that have 
powerful unique research and technology installations and 

complexes (Mega Science) act as incubators for the develop-
ment of fundamentally new branches of science and technol-
ogy. It is no accident that the Kurchatov Institute was the one 
to become the base for the first Russian national research 
center. In autumn of 2009, by the Decree of the President of 
the Russian Federation, the project was joined by the Kon-
stantinov Petersburg Institute of Nuclear Physics, the Insti-
tute of High Energy Physics, the Institute of Theoretical and 
Experimental Physics. Today, the consolidated Kurchatov In-
stitute National Research Center concentrated in itself a tre-
mendous scientific, technological, and personnel potential, a 
unique complex of research and technological mega-installa-
tions. The primary line of work for the common scientific pro-
gram of the consolidated institute is scientific research on 
large, unique mega-instllations both in Russia and abroad. 
Already today, work at the Kurchatov Institute NRC affiliates 
is at full swing in virtually all fields of modern science: from 
nuclear power and elementary particle physics to convergent 
nano-, bio-, info-, cognitive, and socio-humanistic sciences 
and technologies, as well as high-technological medicine.

The common objectives also include the development and 
creation of fundamentally new national world-class mega-in-
stallations, such as the biggest in the world neutron source 
PIK at the Petersburg Nuclear Physics Institute in the city of 
Gatchina. Its launch was accelerated after the institute joined 
the Kurchatov Institute NRC. The PIK reactor will become ba-
sis for a world-class international center for neutron research.

Despite the secrecy of some of its project, the Kurchatov In-
stitute always worked in close cooperation with foreign sci-
ence centers. Today it actively participates in most important 
international scientific projects that are being implemented 
by joint efforts of several countries, and Russia plays a sig-
nificant role in each of them. For example, the Large Hadron 
Collider at the Center for European Nuclear Research CERN 
in Switzerland; the thermonuclear reactor ITER in France — 
the “prototype of an artificial Sun,” the X-ray free electron la-
ser XFEL at the DESY science center, and the heavy ions ac-
celerator FAIR, both of which are in Germany.

The Kurchatov Institute’s uniqueness, its role in nation-
al and world science cannot be overestimated. Organized 
for solving the issue of creating the Soviet atomic bomb, 
the Kurchatov Institute played the key role in providing the 
country’s defense and developing crucial strategic fields, be-
coming the forebear of many branches of science virtually on 
the entire spectrum of modern science.

Any anniversary is the time to stop and think, look back, 
evaluate everything that was done. In the 70 years of its 
great history, the world famous Kurchatov Institute accu-
mulated a huge experience that consists, of course, not just 
of discoveries and triumphs. Any development, on all lev-
els, always encounters challenges. Today, when the Russian 
science has reentered the stage of growth, it became possi-
ble not just to make plans but implement them as well. In its 
anniversary, the Kurchatov Institute evaluates the results 
of the past and looks into the future, lays its foundation, and 
turns it into reality.

Prepared by Natalya Leskova
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 Titan
 of the Atomic 
 Era

“In your work and in life, do only the most important things”.
I.V. Kurchatov

Igor Vasilyevich Kurchatov, AS USSR academician, three times Hero of 
Socialist Labor, laureate of the Lenin and Stalin Prizes of the USSR. Awarded 

five Orders of Lenin, other orders and medals, including the Joliot-Curie Silver 
Peace Medal and the Honorary Citizen of the Soviet Union diploma

Igor Vasilyevich Kurchatov was born on January 12, 
1903, in the Uralian village Simskiy Zavod, to the family 
of an assistant forester. In 1911, the Kurchatov family 
moved to Simferopol, where the boy went to school. 

Since childhood, he enjoyed good music and, up to a certain 
age, was a clear humanist. As it is often the case, his fate 
was decided by accident. He got hold of the book by O.M. 
Corbino titled “Achievements of modern technology,” which 
overturned his imagination. Igor started collecting and 
studying scientific literature. Dreaming about becoming an 
engineer, he studied analytical geometry on the university 
level, solving multiple mathematical problems.

These plans were nearly interrupted by the World War I, 
when the financial situation of an already not too rich family 
became even tougher. The father needed help, so engineering 
had to wait. Igor got a wood sawing job at a can factory, and 
in the evenings he worked at a tipping workshop. Soon he en-
tered the Simferopol Evening Industrial School where he got 
the qualification of a mechanic. Despite the load, Igor kept 
reading avidly, becoming a straight-A student in the last two 
years; in 1920, he graduated from school with a gold medal. 
In September of the same year, he was admitted as a fresh-
man to the department of physics and mathematics at the 
Crimea University, where he mastered a four-year course in 
just the three years of education and brilliantly defended his 
graduation thesis. In autumn of 1923, he went to Petrograd, 
where he was admitted to the third year of the shipbuilding 
department at the Polytechnic Institute. At the same time, he 

began working as an observer at the Magneto-Meteorologi-
cal Observatory in Pavlovsk. His first experimental scientific 
work was dedicated to alpha-radioactivity of snow. In spring 
of 1924, Kurchatov interrupted his education at the Poly-
technic Institute and got into scientific activity. The transfer 
of the famous physicist Abram Fedorovich Ioffe to the Len-
ingrad Laboratory of Physics and Technology in September 
1925 became the turning point of Kurchatov’s scientific life.

complicated things in simple words
Very soon, Igor Kurchatov earned a great reputation at the 
institute and received the title of the first degree research as-
sociate, and later — senior engineer physicist. In addition to 
research work, Kurchatov lectured a special course in dielec-
tric physics at the department of physics and mechanics of 
the Leningrad Polytechnic Institute and in the Pedagogical 
Institute. A brilliant lecturer, he possessed the art of com-
municating the physical meaning of described events and 
enjoyed great admiration by students. Being a young scien-
tist himself, he often spoke about the results of his research, 
arousing in youngsters true interest to science.

A.F. Ioffe valued his students and never limited their free-
dom. When Igor Kurchatov started working at the Insti-
tute of Physics and Technology (PhysTech), he was 22 years 
old, while the institute itself, by Ioffe’s words, wa “just seven 
years old, so young age of its associates is normal.” The insti-
tute was jokingly called “Papa Ioffe’s kindergarten.” Kurcha-
tov was admired by co-workers for his enthusiasm, work 
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In 1941, the program of scientific work outlined by Kurcha-
tov was interrupted, and instead of nuclear physics, he par-
ticipated, along with A.P. Alexandrov and other LIPT associ-
ates, in operations on protecting ships from magnetic mines.

Not before the end of 1942 did the research on the pos-
sibility of using nuclear power was resumed. In 1943, Igor 
Kurchatov took charge of the Soviet atomic project, being the 
head of the Laboratory #2, which has later become the In-
stitute of Atomic Energy. The year 1944 was marked by the 
launch of the cyclotron that was built in just one year. Soon, 
it was used to obtain, for the first time in the USSR, a beam 
of deuterons. On this occasion, Kurchatov gathered at his 
home the participants of that launch and made a toast to the 
first victory of the new team.

In 1946, a cottage was built for I.V. Kurchatov on the ter-
ritory of the Laboratory #2, not far from the main building. 
He walked to his work through the forest and soon enough 
stamped a trail. Even today it can be seen weaving among 
the trees. Associates jokingly called his house the “forest-
er’s hut.”

Mobilizing the atom
I.V. Kurchatov provided scientific supervision of the entire 
atomic project and personally participated in operations 
on creating uranium-graphite reactors, beginning with the 
first atomic reactor in Eurasia — F-1, launched on Decem-
ber 25, 1946, in the Laboratory #2. In the official report to 
the country’s leaders, Kurchatov wrote, “As a result of heavy 
and strenuous work performed by the team from July 1943 to 
December 1946, it became possible, on December 25, 1946, 
at 1800 hours, to observe, for the first time, the chain self-
developing reaction in an implemented supercritical ura-
nium-graphite boiler with practically complete and appar-
ently most rational utilization of all uranium and graphite 
blocks prepared for this occasion.” An extremely important 
milestone in the scientist’s biography was engineering and 

testing the first Soviet atomic bomb that set the start for the 
development of the country’s nuclear shield. A dangerous 
weapon, as strange as it sounds, was necessary for keeping 
peace. Due to the extreme secrecy and urgency of the proj-
ect, Kurchatov was placed under constant surveillance by 
the national security organs, Beriya, and personally Stalin. 
Many years later, academician Alexandrov, recalling those 
years, said, “Stalin’s word could have fully decided the proj-
ect’s fate. One gesture by Beriya was sufficient to make any-
one of us become history. But Kurchatov was the top of the 
pyramid. We were very lucky that he combined competence, 
responsibility, and power.”

The successful test of the new weapon took place early 
morning on August 29, 1949, at a specially built for this pur-
pose nuclear range in the Semipalatinsk region. The bomb 
builders have fulfilled their duties. The USA’s monopoly on 
owning nuclear weapons has ended. Lavrentiy Beriya, as 
witnesses say, kissed Kurchatov and said, “What a blessing! 
We could have faced a disaster.” Everyone understood what 
he meant. The West was shocked: the Soviet Union got nu-
clear weapons! All of its creators were generously rewarded 
with various titles and prizes. In addition, they could travel 
for free anywhere inside the country.

Almost four years later, before the sunrise on August 12, 
1953, a thermonuclear explosion shattered the skies above 

 efficiency, and aspiration to become a part of the team. His 
first printed work in the dielectric laboratory happened was a 
research on the passage of slow electrons through thin met-
al films. Solving this problem showed one of Kurchatov’s typ-
ical traits — he was able to precisely notice contradictions 
and anomalies and determine their nature with direct exper-
iments. “This very feature,” Ioffe wrote, “led him to the discov-
ery of ferroelectricity, to searching for mechanisms of current 
rectification, to studying nonlinearity of currents in carbo-
rundum surge arresters, to studying prebreakdown currents 
in glasses and resins, unipolarity of currents in salts, and lat-
er — to discoveries in the field of atomic nucleus…”

Igor Kurchatov’s talent manifested particularly bright in 
the discovery of ferroelectricity. In the end of 1929, A.F. Iof-
fe intrusts I.V. Kurchatov and P.P. Kobeko to unscramble the 
phenomena of abnormally high dielectric permeability of 
the Seignette salt. The result of the experiment led to aban-
doning the previous interpretation of this phenomenon and 
showed that the Seignette salt acts as an electric version of a 
ferromagnetic. The class of dielectrics possessing the same 
properties as the Seignette salt was named ferroelectrics. As 
a result, Kurchatov laid the foundation for a new field of sci-
ence — ferroelectricity.

workaholic
In 1927, Igor Vasilievich Kurchatov married Marina Dmit-
rievna Sinelnikova, the sister of his friend Kirill Sinelnikov. 
They met in Crimea back in their childhood and were friends 
for all these years. Marina became his good friend and aide. 
They had no children, so Marina gave all her attention to 
Igor. She created the atmosphere of true amiability, which 

was felt by everyone who stepped inside their home. Kurcha-
tov worked at home just as intensively as he did at the insti-
tute.

In 1933, Kurchatov was appointed as director of the nucle-
ar physics department at the Leningrad Institute of Physics 
and Technology (LIPT). In April 1935, when studying artifi-
cial radioactivity that occurs when nuclei are irradiated with 
neutrons, or the Fermi effect, as it was known back then, 
Igor Kurchatov, along with his brother Boris, as well as L.V. 
Mysovskiy and L.I. Rusinov, discovered the phenomenon of 
nuclear isomerism. After this, nuclear isomers were heavily 
studied in many laboratories of different countries. Their re-
search considerably determined the development of under-
standing the atomic nucleus structure.

Simultaneously, Kurchatov performed other experiments 
with neutrons. Together with Lev Artsimovich, he conduct-
ed research on slow neutron absorption and attained fun-
damental results. The scientists managed to document the 
process of a proton capturing a neutron, forming a nucleus of 
heavy hydrogen — deuteron, and reliably measure the cross-
section of this reaction. Kurchatov is searching for the an-
swer to the main question: does neutron multiplication oc-
cur in various uranium-moderator compositions? Kurchatov 
delegated this delicate experimental task to his young asso-
ciates — Flerov and Petrzhak, who completed it brilliantly.

uranium in the center of attention
In the beginning of 1940, Flerov and Petrzhak submitted a 
short message about the new phenomena they just discov-
ered — spontaneous uranium fission — to the American 
magazine Physical Review, which published the majority of 
messages on uranium. The letter was published, but weeks 
passed with no response. Americans classified all their oper-
ations on the atomic nucleus. The world has entered the Sec-
ond World War.

Igor Kurchatov, school student

Igor Kurchatov at workI.V. Kurchatov with A.P. Alexandrov and his daughter Masha, 1954

Igor Kurchatov, young scientist at PhysTech
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 nuclei from the weapon of destruction into a powerful, vivify-
ing energy source that would carry prosperity and happiness 
for all the people on Earth.”

In his 1958 address at another Superme Soviet session, 
Kurchatov said, “The thought of an atomic or hydrogen war 
starting is intolerable. We, scientists, working in the atomic 
energy field, see it clearer than anyone that the use of nucle-
ar or hydrogen weapons would lead mankind to innumera-
ble disasters.”

During the years of working on the uranium problem un-
der Kurchatov’s scientific supervision, the first Soviet atom-
ic and thermonuclear weapon was created, the first in the 
world nuclear power plant was launched, the nuclear ice-
breaker and nuclear submarine were set afloat, and a strong 
national nuclear science school emerged, producing a pow-
erful nuclear industry. But years of hard work impacted 
Kurchatov’s health. Soon after returning from England, 
where Igor Kurchatov, in 1956, made a presentation at the 
atomic center in Harwell, he suffered a stroke.

His rehabilitation was slow; doctors limited Igor Kurcha-
tov in his activities and even in meetings with colleagues. 
This depressed Kurvchatov who was accustomed of being al-
ways at the center of operations. When the disease subsided, 
he dove into atomic power, transportation nuclear units, but 
especially enthusiastically — into the problems of thermo-
nuclear fusion. At home, Igor Kurchatov read books and lis-
tened to his wife playing the piano or to records that he col-
lected. He loved music, especially Rakhmaninov. If health 
permitted, he attended concerts at the Conservatory. A few 
days before dying, in February 1960, he was listening to Mo-
zart’s Requiem.

It happened offensively simple and matter-of-factly. Af-
ter the meeting with academicians Kapitza and Topchiev, 
Kurchatov went to Barvikha, where academician Yuliy 
Khariton was vacationing. They walked in the garden, then 
sat down to rest. Suddenly, there was a long pause in the 

 conversation. Khariton turned around and saw that Kurcha-
tov died. The life journey of a brilliant scientist and science 
organizer has ended. Everyone who knew him was in mourn-
ing. He departed — one of the greatest physicists on the plan-
et, the founder of the Institute of Atomic Energy, an out-
standing personage of Soviet and world science, an intellec-
tual, an encyclopedist, a charming person loved by everyone.

to remember
Kurchatov didn’t like to be sick; he was an optimist and be-

lieved that diseases are made to go away. In his recollection, 
academician Anatoliy Alexandrov describes, “While having 
pneumonia (at the very beginning of the atomic project — Ed-
itor’s note), Kurchatov grew a big black beard. His associ-
ates gave him the nickname ‘Beard.’ To the question, when 
is he going to shave it off, Kurchatov, with a cunning smile, 
replied, ‘What kind of a Beard will I be without a beard?’ He 
even developed habits that allowed associates to guess his 
mood. If he patted his beard, everything was fine, but if he 
picked it and pulled it down, then things were not so good…” 
Academician Andrey Dmitrievich Sakharov recalls, “Once 
our young team brought to the ‘hut’ a huge sheet of Whatman 
paper with dozens of problems written down in its checks, 
along with their solution sequences. Igor looked amused-
ly at these cells, whistled, and called this plan ‘nut rustle.’ 
To the question ‘why?’ he replied with a story about a Geor-
gian merchant who sold nuts at the market for the same price 
he purchased them, simply because he ‘loved the nut rus-
tle.’ Kurchatov ended his conversation with the youngsters 
with the following words, ‘In your work and in life, do only 
the most important things. Otherwise, secondary stuff, even 
if needed, will fill your life, take away your strength, and you 
will not reach your main goal… Research only that which 
leads you to your goal.’”

Prepared by Anna Pimenova

the nuclear range. The first in the world hydrogen bomb 
was successfully tested. The nuclear weapon was built, but 
Kurchatov was convinced that nuclear power must serve 
mankind, not kill it.

“lively” interest
Back in 1949, Kurchatov started working on the nuclear 

power station project. Along with S.M. Feinberg, he was of-
fered the idea of the reactor core construction for this sta-
tion. N.A. Dollezhal was the project’s chief engineer. On July 
27, 1954, the first in the world nuclear power station was 
launched.

But Kurchatov already set new tasks — to create power a 
station based on a controlled thermonuclear reaction. How-
ever, he did not have time to implement this plan. Kurcha-
tov supervised the construction of a rectilinear thermonu-
clear installation Orga for researching plasma confinement 
and its properties. During Kurchatov’s life, the first tokamak 
units were built at the IAE under L.A. Artsimovich’s supervi-
sion, and their operational principles were used as basis for 
creating the international experimental thermonuclear re-
actor ITER.

At the same time, Kurchatov started building the first in 
the USSR nuclear-powered submarine Leninskiy Komso-
mol (1958) and the first in the world nuclear icebreaker Len-
in (1959). This resulted in the appearance of a new field — 
atomic submarine and surface shipbuilding, a new science 
with new technologies.

Igor Kurchatov was concerned not only about atomic sci-
ence issues that were close to him, but seemingly distant 
topics, such as biology and genetics. He was very worried 
about the situation in biological science that developed in the 
late 1940’s — early 1950’s. Along with Alexander Nikolaevich 
Nesmeyanov, the USSR Academy of Science president, he ad-
dressed the government with a presentation on the necessi-
ty to develop some of its fields, organized a  special  biological 

seminar that involved outstanding scientists. Problems of 
the reaction of a living cell to nuclear radiation especially 
interested Kurchatov, who created, at the Institute of Atom-
ic Energy, a special scientific sector for genetics and micro-
organism selection that later became the basis for the ra-
diobiological department. Scientists of all kinds of special-
ties worked in this sector: biologists, chemists, physicists, 
engineers, who launched operations in biopolymer physics 
and molecular genetics. Later, this department got separat-
ed from the Institute of Atomic Energy and was transformed 
into the Institute of Molecular Genetics.

say no to the nuclear Blast
The area of Kurchatov’s interests included not just science. 
He was an avid peace advocate. Realizing the huge danger 
that the nuclear arms race poses for mankind, he consistent-
ly promoted the unconditional ban on nuclear weapons and 
the use of nuclear energy for peaceful purposes only. All of 
Kurchatov’s vigorous activity, the efforts of the entire coun-
try in those tough years of its history that on a tight schedule 
built a weapon of nuclear containment, contributed to pre-
serving peace.

On the session of the Superme Soviet of the USSR on 
March 13, 1958, Igor Kurchatov said the following words, 
“Scientists are deeply concerned about the lack of an in-
ternational treaty on the unconditional ban of nuclear and 
hydrogen weapons. We are addressing the scientists of the 
entire world, calling for converting the energy of hydrogen 

First nuclear power plant in the world, Obninsk

The USA media writes about the atomic bomb explosion in the USSR

“Forester’s Hut” – Kurchatov’s house museum Inside Kurchatov’s house museum
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Anatoliy Petrovich Alexandrov, academician of the USSR Academy of 
Sciences. Three times Hero of Socialist Labor, laureate of the Lenin and 

Stalin Prizes of the USSR. Awarded eleven Orders of Lenin, the Order of the 
Red Banner of Labor, the Order of the October Revolution, the Lomonosov 

Big Gold Medal of the AS USSR, the Kurchatov Gold Medal of the AS USSR, 
other orders and medals. Laureate of the Ioffe AS USSR Prize. Member of 

several foreign academies of sciences

They Called Him 
A.P.

Anatoliy Petrovich Alexandrov was born on 
February 13, 1903, in the city Tarascha of the Kiev 
Province (Ukraine). In 1906, the family moved to 
Kiev, where Anatoliy graduated from secondary 

school in 1919. In 1919–1920, during the Civil War, he served 
as a junker in the Wrangel army, later worked as an assistant 
at the Kiev Mining Institute, as an electrician and electrical 
engineer at the Kiev Physics and Chemistry Association, as a 
middle school teacher in the village Belki of the Kiev Province. 
For several years, the academician-to-be combined his 
education at the Department of Physics and Mathematics at 
the Kiev State University (1924-1930) with teaching physics 
and chemistry at the Kiev school of labor #79.

While still a student, Alexandrov started independent re-
search work at the Kiev X-ray Institute under scientific su-
pervision of Professor V.K. Roshe. This research drew at-
tention of academician Abram Federovich Ioffe, who invited 
the young scientist to the Leningrad Institute of Physics and 
Technology (LIPT).

Anatoliy Alexandrov started his scientific activity at LIPT 
in 1930 with researching electric strength of dielectrics. His 
precision experiments demonstrated that the isolation films’ 
electric strength is independent of their width and forced to 
abandon the avalanche theory of collision ionization that 
was being developed back then. In 1937, the young scientist 
successfully defended his master’s thesis titled “Breakdown 
of Solid Dielectrics.”

founder of Polymer Physics
In the mid-1930’s, Alexandrov got interested in a then new 
field of science — polymer physics. Together with his asso-
ciates and in constructive contact with P.P. Kobeko, the sci-
entist got results that enabled him to establish consistencies 
common for all polymers and reveal connections between 
mechanical and electrical relaxation processes. The work 
within this cycle, performed in 1933-1941, comprised the 
basis for Alexandrov’s doctorate thesis titled “Relaxation in 
Polymers,” which he successfully defended on June 27, 1941. 
The results had an important practical significance. For ex-
ample, Russian synthetic resin was used as the source ma-
terial for cold-resistant rubbers. Technical application was 
also found for polystyrene — a polymer dielectric that was 
first studied in detail by Alexandrov.

antimine defense
During the WWII years, Anatoliy Alexandrov took charge of 
operations in protecting ships from magnetic mines. The sci-
entific foundation of the defense method was laid under his 
supervision back in the pre-war years. The scientist’s coop-
eration with navy mariners started in 1932, when he created 
an arc cutter against antisubmarine network barriers and 
gave it the name “Catfish.”

Among the participants of the antimine ship defense proj-
ect there were many associates of the Institute of Physics and 
Technology, including I.V. Kurchatov. In 1942, for developing 

“The most important thing in life 
is to do a good job, but even more 

important is to teach others 
to do a good job”.

A.P. Alexandrov
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the method and technology of ship demagnetizing, Anatoliy 
Petrovich Alexandrov and his closest associates were award-
ed the Stalin Prize of the First Order.

uranium Problem: the Beginning
In 1942, the Soviet Union began the “uranium problem” op-
erations — building the atomic weapon. In the end of the war, 
already being a famous scientist and corresponding mem-
ber of the AS USSR (since 1943), Anatoliy Alexandrov, on 
Kurchatov’s invitation, got actively involved in this project 
and soon became one of its leading participants.

On the Decree of Council of Ministers of the USSR dated 
August 17, 1946, A.P. Alexandrov was appointed director of 
the Institute of Physical Problems (IPP). His entire laboratory, 
including personnel, equipment and materials, was trans-
ferred from LIPT to Moscow.

The implementation of the atomic project required urgent 
mobilization of scientists from the Institute of Physical Prob-
lems, including its theoretical department, which was one 
of the strongest in the country. Theoreticians headed by Lev 
Davidovich Landau got involved in calculation procedures on 
the atomic weapon, while experimenters, on Kurchatov’s re-
quest, studied nuclear constants for bomb materials.

A range of extremely complicated operations was complet-
ed under Alexandrov’s supervision, including research on 
thermal-diffusion isotope separation, as well as  obtaining 

deuterium and tritium. Starting in 1948, Anatoliy Alexan-
drov took active part in developing commercial reactors. 
Even then, the scientific fields developed earlier in the IPP 
under the supervision of his first director, academician P.L. 
Kapitza, were completely retained.

right-hand Man
On September 19, 1949, Alexandrov was appointed as as-
sistant director of the Laboratory of Measuring Instruments 
of the AS USSR (LMIAS) to I.V. Kurchatov. This was the new 
name that the Laboratory #2 got on September 4, 1949. Offi-
cially Alexandrov was only in charge of the scientific part, re-
maining part-time IPP’s director. Starting in March 1955, he 
completely focused on his work at LMIAS, where he became 
Kurchatov’s right-hand man.

Back in 1948, Alexandrov introduced into the Special 
Committee headed by Beriya a proposal to start operations 
on designing submarines with nuclear power units, but it 
was then declared untimely, because it distracted from cre-
ating the atomic bomb. In August 1952, a memorandum was 
sent to the government, signed by I.V. Kurchatov, A.P. Alex-
androv, and N.A. Dollezhal, that substantiated the necessi-
ty and the possibility of building the nuclear-powered sub-
marine (NPS). This proposal was accepted, and on Septem-
ber 9, Stalin signed a decree that appointed Alexandrov to be 
the scientific supervisor for developing the project of the NPS 
and its power unit. The first Soviet nuclear submarine, Len-
inskiy Komsomol, was set afloat in August 1957, and on Jan-
uary 17, 1959, it became part of the navy. But still more ad-
vanced projects followed.

The three generations of nuclear submarines created un-
der Alexandrov’s supervision and surface ships with nuclear 
power units became one of the most important components 
of the strategic parity between the two superpowers.

Peaceful atom
Jointly with Kurchatov, Alexandrov prepared a Government 
Decree dated November 28, 1953, on designing and building 
a nuclear icebreaker and got appointed as the project’s sci-
entific supervisor. In December 1959, the first in the world 
nuclear-powered icebreaker Lenin was put into experimen-
tal operation by the Ministry of Marine of the USSR. For this 
project, in 1960, Anatoliy Alexandrov got awarded the sec-
ond Star of the Hero of Socialist Labor. A total of eight nucle-
ar icebreakers and one nuclear lighter carrier ship were built 
in his lifetime. The creation of a unique fleet capable of solv-
ing crucial macroeconomic issues for the country in extreme 
polar sea conditions was another huge merit of the scientist.

In 1960, Kurchatov died, and academician Alexandrov 
took charge of the Institute of Atomic Energy. Despite all dif-
ficulties, the new director was able to keep inside the insti-
tute a creative, democratic atmosphere and, most impor-
tantly, its unity, which was quite a challenge: the multidirec-
tionality of the IAE’s scientific divisions and the strive of its 
leaders to independence were a big obstacle. 

Anatoliy Alexandrov remained the scientific supervisor 
for crucial fields of operations in creating nuclear reactors 
for various purposes. He managed to succeed because he 

worked with many talented reactorists, such as academician 
N.S. Khlopkin, N.N. Ponomarev-Stepnoy, RAS correspond-
ing member V.A. Sidorenko, Doctor of Science S.A. Skvortsov, 
S.M. Feinberg, Y.V. Shevelev, G.A. Gladkov, N.E. Kukharkin, 
and many others.

not only Physics
In the 1950’s that were tough on national biology, Alexandrov 
and Kurchatov supported the sprouts of molecular genetics 
just beginning to spring. Inside the institute, the department 
of radiobiology was created, which later separated to become 
an independent institute (today — the Institute of Molecular 
Genetics of the Russian Academy of Sciences) and turn into 
one of the leading centers for biological research.

In the 1960’s, the research on thermonuclear fusion was 
at the frontline of scientific and technical progress. Ther-
monuclear and experimental installations needed new ma-
terials and technologies (deep vacuum, powerful magnet-
ic fields, high temperatures, large fluxes of fast neutrons), 
and Alexandrov creates a new subdivision — the department 
of solid-state physics (headed by RAS corresponding mem-
ber N.A. Chernoplekov), where materials for thermonucle-
ar units were researched both theoretically and experimen-
tally. Specialists of this department developed, among other 
things, superconductive materials that were used in magnet 
winding for thermonuclear units of the tokamak type. On 

the  initiative of the Institute’s director, new fields of science 
were created and successfully developed — for example, hy-
drogen power. These operations were headed by academician 
V.A. Legasov.

nuclear fuel era
In the 1950’s, while persistently working on the atomic fleet, 
Anatoliy Alexandrov took active part in preparing essential 
decisions in developing reactors for nuclear power plants. A 
decree by the Council of Ministers of the USSR dated March 
15, 1956 provided for building and launching several nucle-
ar power plants with reactors of different types, in the time 
period 1956-1960. In August 1956, A.P. Alexandrov was ap-
pointed as scientific supervisor on reactor units WWER (wa-
ter-cooled water-moderated energy reactor — a reactor with 
pressurized water) and VK-50 (boiling water reactor).

After launching the head units at Novovoronezh and Be-
loyarsk NPPs and the VK-50 reactor in the city of Dimitro-
vgrad, the program of further development for nuclear pow-
er in the country was accepted. In 1966, Alexandrov was en-
trusted with further supervision of operations in creating 
water-water reactors with unit power of 400 MW and urani-
um-graphite reactors with 1000 MW power.

In 1968, Anatoliy Alexandrov addressed the World Ener-
gy Conference in Moscow. The Soviet scientist outlined his 
views on the strategy of developing the nuclear power  sector. 

Anatoliy Alexandrov, a young scientist in PhysTech

Visiting the USA Academicians I.V. Kurchatov and A.P. Alexandrov at the Institute of 
Atomic Energy
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 Alexandrovna. Her illness and death coincided with the 
Chernobyl disaster. Anatoliy Alexandrov courageously han-
dled both tragedies. He left the positions of the president of 
the Academy of Sciences and the IAE director on his own 
will, even though he was quite distressed, for he could not 
imagine himself without the big and important work.

Alexandrov perceived the Chernobyl disaster as a person-
al tragedy, but it did not break him. He mobilized a team of 
Kurchatovians to rectify its consequences and, despite his 
age, personally participated in this process. His office at the 
Kurchatov Institute of Atomic Energy turned into the head-
quarters that controlled the country’s scientific sources for 
solving urgent problems. From here, the institute’s best sci-
entific and engineering forces were sent to Chernobyl; from 
here, the results of calculations, advices, and orders were 
given. The information was also accumulated here, turning 
into technical assignments and projects, measuring meth-
ods, plans of activity. Many times Anatoliy Alexandrov per-
sonally visited Chernobyl.

Up to the last days of his life (academician Alexandrov 
died on February 3, 1994), still occupying the position of 
honorary director of the Kurchatov Institute, the scientist 
did not part with the labor of love. The light in his office 
stayed on until late at night. Institute associates, sailors, 
military, scientists from Moscow, Leningrad and remote 

corners of Russia and abroad constantly visited him. He 
set goals, discussed the obtained results and plans for new 
work. He simply was unable to live any other way.

Anatoliy Petrovich Alexandrov belongs to the wonderful 
galaxy of stars of Russian science and technology, whose 
scale of activity is impossible to overestimate. A tremendous 
contribution made by Anatoliy Alexandrov to the develop-
ment of the scientific and technical potential, reinforcing the 
country’s economy and defense, became possible thanks to 
the unique combination of talents of physical scientist and 
science organizer with best human qualities — deep integ-
rity, unselfishness, strong sense of responsibility. He was a 
happy and modest person, unexceptionally strict to himself 
and his colleagues, who truly loved his country.

Based on the biographic sketch from the first volume of 
Collected scientific Works by A.P. Alexandrov 

Prepared by Mariya Afanasieva

One of the main goals he saw in reducing the segment of 
burning organic fuel, primarily oil and gas. This required 
increasing the reliability of nuclear sources and going out-
side the frames of the electrical power sector of the fuel and 
energy complex. We must build nuclear reactors capable of 
producing an energy carrier needed for metallurgists, chem-
ists, transportation workers, and the municipal sphere, rath-
er than oil and gas.

In the long-term strategy, this required dependable supply 
of nuclear fuel for the country by creating fast-neutron reac-
tors in an optimal combination with thermal neutron reac-
tors. Considering the prospects that controlled thermonu-
clear fusion opens up before mankind, such structure of the 
nuclear power sector could provide nearly unlimited energy 
supply. Time has confirmed the correctness of Alexandrov’s 
reasoning and conclusions.

alexandrov style
The election of A.P. Alexandrov in November 1975 as presi-
dent of the USSR Academy of Sciences confirmed his high 
authority among specialists in various areas of science. The 
choice was a good one, because in addition to his broad er-
udition, deep sanity and sensibility to everything new and 
progressive, Alexandrov was able to introduce the “Alexan-
drov style” in various fields of research.

Alexandrov also headed several important science coun-
cils at the USSR Academy of Sciences, whose presidium he 
entered back in 1960. In addition, Alexandrov was a part of 
many interdepartmental scientific councils and committees.

A tremendous range of activity determined his work 
schedule. The scientist often stayed at his office until 11 
o’clock at night. As the president of the Academy of Scienc-
es, he demonstrated openness and accessibility to people. 
He was easily outgoing, gladly went to a place where some-
thing new appeared or there was an opportunity to learn 
something previously unknown and find an application for 
it. There is hardly a place in the Soviet Union that he didn’t 
visit. And virtually every visit of his ended in specific deci-
sions, new research programs, serious discussions of devel-
opment prospects for an institute, an engineering bureau, a 
factory, or a university.

Misfortunes never come alone
Being an intelligent, democratic, communicable person 
with a well developed sense of humor, Alexandrov was very 
easy with everyone he dealt with — from lab assistants to 
top leaders of the Communist Party. Most of them called him 
just “A.P.” In his family (Alexandrov had four children), po-
ems and home performance scripts were being written for 
birthdays. Especially talented was his wife —  Marianna 

Hydrophysics Council of the AS USSR, Sevastopol, early 1970’s A.P. Alexandrov with Admiral P.G. Kotov, Ships director-general
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AS USSR Academician. Hero of the Socialist Labor, 
laureate of the Lenin and State Prizes of the USSR.

Evgeniy Zavoyskiy was born on September 28 
(15), 1907, in the city of Mogilev-Podolskiy to a 

family of a military doctor, the eventual medical doctor. In 
1926, he graduated from high school and entered the physi-
cal-mathematical department of the Kazan State University. 
Back in his student years, E.K. Zavoyskiy got the idea of us-
ing the electromagnetic radiofrequency range for researching 
matter, just as it is done in optics.

In March 1931, he went to work at the Central Radio Lab-
oratory in Leningrad, where he was supposed to conduct re-
search on a superregenerative receiver. At the same time, he 
worked on a cophased UHF generator. Upon returning to Ka-
zan, he wrote an article on UHF.

Evgeniy Zavoyskiy is one of the pioneers in researching 
the physical and chemical effects of ultrashort waves on 
matter. This research was conducted in a specially founded 
UHF laboratory, and on November 19, 1934, he was appoint-
ed its head by the order from the Commissariat of Educa-
tion. In the course of the experiment, Zavoyskiy has proven 
that the effects he discovered reflect certain intramolecu-
lar processes, allowing to describe the molecule’s structure. 
This resulted in a method for further research of magnetic 
resonances.

In 1944, Zavoyskiy made a presentation at the seminar by 
P.L. Kapitza. Petr Kapitza gave him the opportunity to con-
duct experiments at the Institute of Physical Problems. A 
quarter of a century later, on June 23, 1970, the Committee 
on Inventions and Discoveries of the USSR Council of Min-
isters introduced into the USSR State Registry the discov-
ery by E.K. Zavoyskiy of the “Phenomenon of electronic para-
magnetic resonance.” This date is considered the official date 
of the EPR discovery, which is one of the major events in the 
20th century physics.

Soon after the first published works by Zavoyskiy, inten-
sive development of research in this area has begun. Many 
science centers utilizing the EPR technology started ap-
pearing all over the world. After the EPR, next to be discov-
ered were nuclear magnetic resonance, ferromagnetic reso-
nance, antiferromagnetic resonance, nuclear quadrupolar 
resonance, magnetic acoustic resonance, and many types of 
dual resonances. In industrially developed countries, entire 
industries were formed for manufacturing radiospectroscop-
ic equipment. Physics of magnetic phenomena, solid-state 
physics, physics of liquids, nonorganic chemistry, mineral-
ogy, biology, medicine — this is just a partial list of scienc-
es whose success is one way or another related to the use of 
EPR. The paramagnetic resonance led to an impressive prog-
ress in technology. For example, quantum paramagnetic am-
plifiers were acknowledged as being conceptually the best 
devices of this kind. Distant space communications are per-
formed with their help.

In 1947, Zavoyskiy came to Moscow on Kurchatov’s invi-
tation, leaving the brilliantly developing EPR line of work, 
and joined the Moscow Laboratory of Measuring Instru-
ments of the USSR Academy of Sciences (LMIAS). In late Au-
gust 1947, he was transferred to KB-11 (Arzamas-16), where 
he participated in developing the atomic bomb. He left Arza-
mas in 1951 and started working at LMIAS. In a short period 
of time, Evgeniy Zavoyskiy became one of the leading special-
ists in nuclear physics and enriched it with achievements no 
less significant than the discovery of electric paramagnetic 
resonance.

Evgeniy Zavoyskiy, whom colleagues called the “wizard of 
experiments,” died on October 9, 1976, in Moscow. He is bur-
ied at the Kuntsevo cemetery.

AS USSR Academician. Hero of the Socialist Labor, 
laureate of the Lenin, Stalin, and State Prizes of 
the USSR. Awarded three Orders of Lenin, two 
Orders of the Red Banner of Labor, other orders 

and medals. 
Lev Artsimovich was born on February 25, 1909, in Mos-

cow. During the Civil War, his family lived in misery, and 
in 1919, chased by hunger, moved to richer Belorussia. The 
parents were forced to send his son to an orphanage, from 
where he escaped and remained homeless for some time. Af-
ter the war ended, the family situation gradually improved. 
In 1992, his father was offered the position of the chairman 
of the statistics department at the Belorussian State Univer-
sity. In 1924, Artsimovich entered the physical-mathemati-
cal department of the Belorussian University, from which he 
graduated in 1928.

Upon graduation, he spent about a year in Moscow, 
working in various libraries to enrich his knowledge. In 
1929, he successfully defended his graduation project and 
moved to Leningrad, where, in 1930, he started his job at 
the Leningrad Institute of Physics and Technology (LIPT) 
on the position of supernumerary anatomist. Artsimovich 
started his scientific work at the X-ray department of the 
LIPT, but in half a year he transferred to the department of 
electronic phenomena and X-ray headed by P.I. Lukirskiy. 

In 1928, he graduated from the physical-mathematical de-
partment of the Belorussian State University.

Artsimovich’s scientific activity began in 1930, at the 
LIPT headed by A.F. Ioffe. In 1935, jointly with I.V. Kurcha-
tov, for the first time, he has experimentally strictly proven 
that the absorption of slow neutrons in hydrogen-contain-
ing substances happens due to the caption reaction of the 
neutron by a proton. In 1935, along with A.I. Alikhanov and 
A.I. Alikhanian, he has experimentally proven the validity 
of the laws of conservation of energy and momentum during 
positron annihilation. The central topic of his research at 
LIPT was studying the processes of interaction between fast 
electrons and matter.

During the years of WWII, Artsimovich was involved in 
electronic optics research, related to the creation of electron-
ic optical systems. In 1944, Kurchatov got Artsimovich in-
volved in his work on the atomic problem. Starting in July 
1944, Artsimovich was the scientific consultant and the sec-
tor supervisor, since 1947 — assistant director of the Labora-
tory #2 and the director of the “A” department, which worked 
on electromagnetic separation of uranium isotopes. For his 
achievements, in 1953, Lev Artsimovich was awarded the 
Stalin Prize.

In 1946, Artsimovich was elected corresponding mem-
ber, and in 1953 — acting member of AS USSR. Since 1952, 
Artsimovich heads the research on high-temperature plas-
ma physics and the problem of controlled thermonuclear 
fusion in the USSR. In 1952, along with his associates, he 
achieved first success: he was able to get neutrons in a gas 
discharge, and their non-thermonuclear origin was thus es-
tablished.

In the course of plasma research by the Kurchatov Insti-
tute of Atomic Energy that was headed by Artsimovich, fun-
damental work on the problem of controlled thermonuclear 
fusion was conducted. It included: discovery and research 
of plasma focus, experimental proof of the existence of plas-
ma flute instability and the stabilizing effect of the “magnet-
ic well,” obtaining a macroscopically steady high-tempera-
ture plasma column in closed toroidal “tokamak” systems, 
and performing a physical thermonuclear reaction in these 
systems.

In 1966, Artsimovich signed the letter from 25 cultural and 
scientific workers to L.I. Brezhnev, the General Secretary of 
the Central Committee of the CPSU, against rehabilitating 
Stalin. Lev Artsimovich was one of the founders of the Pug-
wash Scientists Movement. Every year, the presidium of the 
Russian Academy of Sciences awards the Artsimovich Prize 
for the best projects in experimental physics.

Lev Andreyevich

ARTSIMOVICH 
(1909–1973)

Evgeniy Konstantinovich 

ZAVOySKIy
(1907–1976)
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AS USSR Academician. Laureate of the Lenin Prize. 
Awarded three Orders of Lenin and five Orders of 
the Red Banner of Labor. Awarded the A.S. Popov 
Gold Medal of the AS USSR.

Mikhail Leontovich was born on March 7, 1903 in Saint 
Petersburg. In 1923, he graduated from the physical-math-
ematical department of the Moscow State University (MSU).

Before 1951, Leontovich worked at the MSU Science and 
Research Institute of Physics and at the AS USSR Physics In-
stitute. The work of this period is dedicated to the theory of 
oscillations, optics, general relativity theory, quantum me-
chanics. Together with K.I. Mandelshtam, he completed the 
pioneering work on the tunnel effect theory (1928) and par-
ticipated in creating the classical theory of Ramman scatter-
ing in crystals.

He formulated the approximate boundary conditions (“the 
Leontovich boundary conditions”) for electromagnetic fields 
on the surface of well-conducting bodies, which made it pos-
sible to solve a large class of radiophysics issues. In 1944, Le-
ontovich published a fundamental work on propagation of ra-
dio waves along the Earth surface and laid the foundation for 
the theory of thin wire antennas.

In 1939, Leontovich was elected as corresponding member, 
and in 1946 — acting member of the AS USSR.

Since 1951, he worked at the Institute of Atomic Energy.

In 1951, Leontovich took charge of theoretical research of 
plasma physics and the problem of controlled thermonucle-
ar fusion. He is the author of several fundamental physical 
ideas, including the ones based on the theory of the eventual 
thermonuclear reactor — tokamak.

Mikhail Leontovich’s supervision brought about the cre-
ation of the theory of plasma equilibrium, the theory of mag-
netohydrodynamic and multiple kinetic plasma instabili-
ties, the theory of classical and abnormal turbulent process-
es in plasma, the theory of atomic processes and radiation in 
high-temperature plasma — all that comprises the founda-
tion of modern plasma physics.

His ideas about balancing the toroidal stretch of the plas-
ma with current using a conducting casing and about stabi-
lizing the plasma wrap using a strong magnetic field became 
basis for the tokamak system.

For many years, Leontovich taught at MSU and MEPI. He 
is the creator of scientific schools on radiophysics and plas-
ma physics.

In 1958, Leontovich was awarded the Lenin Prize for his 
research on powerful pulse discharges in gas for receiving 
high-temperature plasma. Mikhail Leontovich was the ulti-
mate authority not only in scientific but also in panhuman 
questions. They called Leontovich the Academy’s conscience. 
Up to this day, you can hear colorful stories about the elec-
tion for the USSR Academy of Sciences, where his uncompro-
mising position caused an impassable barrier for Lysenko’s 
followers and pseudoscientific careerists.

“Picture this scene,” recalls academician Lev Okun. “A gen-
eral Academy meeting at the House of Scientists. The issue 
at hand is considering appointing a director of one chemical 
institute for another term. Leontovich is not sitting in place, 
he walks just in front of the stage back and forth, examining 
the hall. It seems that he is not particularly interested in the 
question being discussed. But the the characteristic is be-
ing read, where, among other things, it says that during the 
past term the director handled over three hundred (!) scien-
tific projects. The issue is put to vote. And at this moment, 
Mikhail Leontovich asks for the floor and proposes not to 
approve the director because ‘administrative functions will 
hinder such fruitful scientific work of his.’ There is laughter 
in the hall, while the scared and blushed director starts giv-
ing excuses: it is the associates who allegedly write me in as 
the author, even though I don’t require that… etc. There is a 
new burst of laughter in the hall. These kinds of lessons were 
given to the Academy by Mikhail Leontovich multiple times. 
‘They’ had reasons to be afraid of him! As to me, during the 
tough times I try to imagine how would Mikhail Alexandrov-
ich Leontovich act in my place…”

AS USSR Academician. Twice Hero of Socialist 
Labor. Laureate of the Lenin, Stalin, and State 
Prizes of the USSR. Awarded six Orders of Lenin, 
the Orders of the Red Banner of Labor, the Order 

of the Red star, the Order of the October Revolution. Awarded 
the AS USSR Kurchatov and Lebedev gold medals.

Isaac Konstantinovich Kikoin was born on March 28, 
1908, in the city Zhagory (Lithuania) to the family of Kushel 
Issacovich Kikoin and Bunya Izrailevna Mayofis. Since 1915, 
he lived with his family in the Pskov governorate. In 1923, 
at the age of 15, Isaac graduated from school in Pskov and 
immediately started the 3rd year at the Pskov land survey-
ing technical college, from which he graduated in 1925. The 
same year, he entered the Leningrad Polytechnic Institute. 
While still a student, he started working at the Leningrad In-
stitute of Physics and Technology.

In 1930, Kikoin graduated from the Leningrad Polytech-
nic Institute and continued working at the Leningrad Insti-
tute of Physics and Technology that was headed by academi-
cian A.F. Ioffe. In 1930, he took his internship in the phys-
ics laboratories of Germany and Holland. Since 1936, he 
worked at the Uralian Institute of Physics and Technology, 
since 1943 — at the Laboratory #2 of the AS USSR.

Isaac Kikoin discovered the effects that got settled in sci-
ence bearing his name.

In 1933, jointly with M.M. Noskov, Kikoin discovered the 
photoelectromagnetic effect phenomenon, named the Kikoin-
Noskov effect. The research of the Hall effect in ferromagnet-
ics led to the discovery of the anomalous Hall-Kikoin effect in 
ferro- and paramegnetics.

During the years of WWII, Kikoin developed a mine system 
that was added to the Soviet arsenal; it reacted to changes in 
the magnetic field from a passing tank or another machine. 
This got him, in 1942, the Stalin Prize of the USSR.

Isaac Kikoin is one of the first physicists with whom I.V. 
Kurchatov, in 1943, started to analyze and develop the en-
tire complex of operations on the atomic issue. He took ac-
tive part in creating the Laboratory #2 and was Kurchatov’s 
assistant. Kikoin was the scientific supervisor of one of the 
main fields of the uranium problem — uranium isotope sepa-
ration using the diffusion method. The Uralian Electrochem-
ical Plant, which he headed for many years, was built with 
his active participation.

In 1943, Kikoin was elected corresponding member, and in 
1953 — acting member of the AS USSR.

In the 1950’s, Kikoin supervised the research on the is-
sue of remote registration of atomic and hydrogen explo-
sions. The conducted research played a big role in signing 
the agreement on banning tests of nuclear weapons in open 
space.

In the early 1960’s, the industry started using the new cen-
trifugal method of separating uranium isotopes that was de-
veloped under Kikoin’s scientific supervision. This method 
has a significant advantage compared to the diffusion meth-
od — low power consumption.

In 1956-1965, he conducted large scale research of the 
photoelectromagnetic effect in monocrystals of germanium 
and silicon and discovered the anisotropy of this effect; in 
1966, the photopiezoelectric effect was discovered.

In 1966, Kikoin was the first in the world to observe quan-
tum oscillations of the photomagnetic effect at low tempera-
tures and discovered an abnormally high Hall effect in the 
chromium-tellurium alloy.

Since 1965, Isaac Kikoin was the chairman of the Com-
mittee for School Programs in Physics. He is the author of 
physics textbooks for middle school and higher education 
institutions — event today, many people study by his text-
books. Together with academician A.N. Kolmagorov, in 1970 
he founded a unique physics and mathematical magazine 
Quantum and became its first editor-in-chief. Kikoin was not 
only an outstanding scientist, but a popularize of science, 
trying to distribute knowledge among school and universi-
ty students, as well as regular people, trying to get them in-
terested in the process of scientific cognition of the world we 
live in.

Mikhail Alexandrovich 

LEONTOVICH 
(1903–1981)

Isaac Konstantinovich 

KIKOIN 
(1908–1984)
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AS USSR Academician. Three times Hero of Socialist 
Labor, laureate of the Lenin and Stalin Prizes of 
the USSR. Awarded five Orders of Lenin and an 
Order of the October Revolution. Awarded the 

Lomonosov Big Gold Medal of the AS USSR, the Kurchatov 
Gold Medal of the AS USSR.

Yyuliy Khariton was born on February 27, 1904, in Saint 
Petersburg. His father, Boris Osipovich Khariton, was a well-
known journalist exiled from the USSR in 1922. He raised 
the son alone: his wife got remarried and left for Germany. 
After Latvia was annexed to the USSR in 1940, Khariton Sr. 
was sentenced to seven years in a correctional labor camp, 
where he died two years later.

In 1925, Yuliy Khariton graduated from the Petrograd Poly-
technic Institute. In 1931-1946, he was in charge of the ex-
plosives laboratory at the Institute of Chemical Physics. In 
1943, Kurchatov brought in Khariton to work on the Soviet 
atomic project. In 1946-1958, Khariton was the chief engi-
neer at the KB-11. In 1958-1992, he became the scientific su-
pervisor of the All-Union Science and Research Institute of 
Experimental Physics.

In 1926-1928, Yuliy Khariton was on a scientific business 
trip at the Cavendish Laboratory in Cambridge (Great Brit-
ain), where he worked under the supervision of E. Rutherford 
and J. Chadwick. In 1939-1941, he became the first to make 

the calculation for the chain reaction of uranium fission. In 
the Laboratory #2, Khariton was the research assistant of 
the sector #3, created for engineering the atomic bomb. In 
1946, operations on building the atomic bomb were moved to 
the city of Sarov, to the Laboratory #2 affiliate — design bu-
reau KB-11.

For over 46 years, Yuliy Khariton was heading the Rus-
sian federal nuclear center — the All-Union Science and Re-
search Institute of Experimental Physics, working on engi-
neering and perfecting the Russian nuclear weapon, on cut-
ting the weight of nuclear charges, increasing their power 
and dependability. In the late 1980’s, almost at the age of 90, 
he addressed M.S. Gorbachev with a letter, which stated, “A 
deep concern for the future and current state of the nuclear 
weapons complex of our country made me turn to you with 
this letter. Created in the tough post-war years by the efforts 
of millions of Soviet people, this complex, with its produc-
tion, provided strategic equilibrium in the world. Soviet nu-
clear arms were a powerful restraining factor for world nu-
clear conflicts for over forty years. The nuclear complex of the 
USSR is a system possessing a huge military power. Such a 
system must be under strict, all-encompassing, unified state 
control. No duality of power or responsibility uncertainty are 
possible in such a system. This is why, in our opinion, the 
nuclear complex must be under the supervision of central 
structures that possess exclusive authority over the complex 
with the ability of its real-life fulfillment. I consider having 
no right to leave without addressing you with a request for 
a meeting with several scientists and heads of the nuclear 
weapons complex, despite your incredible busyness…”

In a letter, prepared for the Russian President B.N. Yeltsin 
in January 1992, which raised the question about the state 
of affairs in the nuclear weapons complex, it was proposed to 
preserve the unity of the sector and provide the Institute of 
Experimental Physics and the Institute of Theoretical Phys-
ics the status of Russian federal nuclear centers… Thanks 
to the unique organizational talent of Khariton, the problem 
was solved.

Colleagues recall that in the everyday life, Yuliy Khariton 
was modest and delicate, which in no way was an obstacle for 
his business firmness and determination. Hidden behind his 
self-containment there was a poetic soul. He was interesting 
to talk to not just about science but also about art. This is a 
nearly vanished kind — enthusiasts, encyclopedists, patri-
ots. Such were almost all big scientists — the creators of Rus-
sia’s nuclear shield.

AS USSR Academician. Hero of Socialist Labor. 
Laureate of the Lenin and Stalin Prizes of the 
USSR. Awarded five Orders of Lenin, Order of 
the Red Banner of Labor, Order of the October 

Revolution, other Soviet and foreign orders and medals.
Mikhail Dmitrievich Millionschikov was born on January 

16, 1913, in the city of Grozny, to the family of a turner at the 
railway depot of the North Caucasus Railway. In 1932, he 
graduated from the Grozny Oil Institute. In 1938-1946, he 
worked at the Moscow Aviation Institute (MAI).

In 1946-1949, Millionschikov was the assistant director of 
the AS USSR Institute of Mechanics. Scientific works by Mil-
lionschikov of this period made a significant contribution to 
the theory of turbulence and theory of oil and gas filtration in 
a porous environment. Jointly with academician S.A. Khris-
tianovich, Millionschikov became one of the founders of the 
gas ejectors theory.

From 1947 to 1973, Millionschikov worked at the Labora-
tory #2.

Since 1949, he was the assistant to I.K. Kikoin — the sci-
entific supervisor for operations in uranium isotope separa-
tion at the Laboratory #2; since 1960 — assistant director in 
scientific work at the Kurchatov Institute of Atomic Energy.

Millionschikov’s work in gas diffusion and centrifu-
gal methods of uranium isotopes separation has a great 

 practical and scientific significance. Under Kikoin’s supervi-
sion, he participated in developing the gas centrifuge with a 
short solid rotor for uranium isotopes separation.

Under Millionschikov’s supervision, significant success 
was attained in building high-temperature nuclear reactors, 
in developing magnetohydrodynamic (MHD) and thermoelec-
tric methods of energy conversion, in studying properties of 
low-temperature plasma. The work on using the MHD meth-
od for creating transportable switched energy sources has 
also started with his participation.

Millionschikov was the scientific supervisor of operations 
for creating the first in the world thermoelectrical nuclear 
converter reactor “Romashka” (Daisy) dated 1964 that set 
the stage for space reactor nuclear power units. He super-
vised the work in developing high-temperature gas-cooling 
reactors for the power sector, metallurgy, chemistry, and 
sea space surveillance systems. He proposed one of the ver-
sions of a thermal neutrons-based heterogenic reactor for 
the nuclear power unit “Buk” (Beech). The first generation 
of on-board nuclear power units launched into space in the 
1970’s-1980’s successfully operated in orbit, providing the 
country’s defense and reinforcing our country’s leadership in 
the field of space technology and nuclear power.

In 1953, Mikhail Millionschikov was elected corresponding 
member, and in 1962 — acting member of the AS USSR and 
the vice-president of the AS USSR.

For many years, Millionschikov lectured at the Moscow 
Engineering and Physics Institute (MEPI) and the Moscow 
Aviation Institute. In 1949, he founded the department of iso-
tope separation at MEPI. For a long time, he was the editor-
in-chief of the magazines “USSR Academy of Science News-
letter”, “Atomic Energy”, the international annual publication 
“Science and Mankind”, and the member of the Chief Editori-
al Board of the Big Soviet Encyclopedia.

Being the chairman of the Soviet Pugwash Committee, 
Mikhail Millioinshikov promoted the establishment of trust 
relations between scientists of the West and the East, espe-
cially during the period of formulating the Treaty on the Non-
Proliferation of Nuclear Weapons and the Treaty on the Limi-
tation of Anti-Ballistic Missile Systems, in the preparation of 
which he actively participated.

In 1973, the Grozny Oil Institute was named after acade-
mician Millionschikov. At the same time, a street in Moscow 
was named in his honor, and in 2009 — a street in Grozny 
where the scientist lived from birth until 1934. In 1983, the 
presidium of the AS USSR established the Millionschikov 
Prize for best projects in popularizing science. At the Troitsk 
Institute of Innovational and Thermonuclear Testing, the 
Millionschikov Prize was established for best engineering 
projects. The Kurchatov Institute RSC conducts seminars 
and chess tournaments in the honor of academician Mikhail 
Millionschikov.

yuliy Borisovich 
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in his style, “You have read both presentations, and you see 
the advantages of the American reactor. We must find and 
emphasize the pluses of our construction, so it would be pre-
sented worthily. These old geezers are unable to come up 
with anything clever. Sit down and write the theses for the 
oral presentation at the conference.” (It would be appropri-
ate to mention that the “old geezer” Georgiy Kruzhilin was 

only 43 years old back then.) I think I managed the task. As 
the main advantage of our construction and particularly the 
choice of the graphite moderator, we named the significant-
ly more favorable conditions for placing serpentine passages 
with various coolants at the reactor core, for testing the ex-
perimental fuel elements.

yuriy vasilyevich sivintsev
<….> After graduating from the MSU department of physics, 
I received a job referral and went to search, as it turned out, 
for the Laboratory #2 of the Academy of Sciences. <…>

<…> During the “hiring” process that took about a month 
and a half, I regularly called the human resources and 
sometime got instructions to come to a meeting with some 
of the laboratory’s senior associates. Stunning was the 
meeting with G.N. Flerov, whose name I knew from the his-
tory of nuclear physics. The future was somewhat cleared 
up by the conversation with L.V. Groshev, who lectured the 
spectroscopy course during my last semester. Others, just 
as young and energetic, were unfamiliar to me… As a rule, 
each meeting started with questions — what would I like 
to do and why. Having done my diploma work on latitude 
downpours of cosmic rays, I heaped praises on this phys-
ics and, as I now understand, did not present a great value 
to most of my interlocutors for their work on reactor phys-
ics. This period, depressing in its uncertainty, ended with 
me receiving access to Sector #7, to G.N. Flerov. <…> This 
is where, for the first time and by mere accident, I met Igor 
Vasilyevich Kurchatov.

andrey yurievich gagarinskiy
In the long nuclear race, the Soviet Union set several famous 
world records. In 1970, during the trial run of the K-162 
nuclear submarine, named the “Golden Fish” by the navy 
(Americans called it “Silver Whale”), a world record in under-
water speed was set — 44.7 knots (about 83 km/hr), which 
still remains unbeaten.

Several words must be said about the conditions, under 
which this record was set. The place and time (early Decem-
ber) were not too appropriate, to put it mildly, for test runs. 
The mariners say that it was related to a hurry: the birthday 
of the General Secretary was approaching (L.I. Brezhnev was 
born on December 19), and they were preparing him a pres-
ent. The depth of the White Sea in the test area was 200 me-
ters. A slightest steering error would cause the atomic ship’s 
nose to hit the ice or the seafloor in just 20 seconds. Piloting 
a six-thousand-ton bolide over 100 meters long under such 
conditions required exceptional precision. But it was done 
impeccably, and the record has been set.

 Recollections by the Kurchatovians

First row: V.I. Ozhogin, N.E. Kukharkin, I.I. Larin, V.S. Mukhkovatov, K.A. Razumova, A.A. Drozdov (standing).
second row: V.S. Strelkov, A.F. Yashin, V.A. Sidorenko, E.P. Ryazantsev, Y.V. Sivintsev, E.P. Gorbunov, V.A. Usov, V.M. Fedulenko, A.Y. Gagarinskiy.

victor alexeyevich sidorenko
I started my job at the LMIAS in 1952 as a senior lab assis-
tant, and Igor Vasilyevich Kurchatov died in 1960. Eight 
years is not much, but it’s enough. Mutual relations were de-
termined by the range of problems he was preoccupied with, 
by the behavior style, by the form of associating with col-
leagues in the institute, by the attention to the young. 

<…> The Beard gave the first and somewhat unusual assign-
ment on the eve of the First Geneva Conference on the Peace-
ful Uses of Atomic Energy. <…>

Our MR reactor with the graphite moderator looked some-
what old-fashioned. Georgiy Nikitovich Kruzhilin was sup-
posed to make the Soviet presentation at the conference. 
Kurchatov invited me to his office and formulated the task 
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Evgeniy Velikhov, RAS Academician and president of the Kurchatov Institute 
National Research Center, speaks about the Kurchatov Institute’s role in 

national science history and about its present day

the Kurchatov output
I spent my whole life here, at the Kurchatov Institute. When 
I was on my third year at the MSU, we were paid a visit by 
Igor Nikolaevich Golovin, Kurchatov’s first associate, who 
came to us to select talented students. I had good results on 
academic competitions and prizes for manufacturing vari-
ous devices. Igor Kurchatov invited me to the Kurchatov In-
stitute for my pre-graduation internship. Before graduating 
from the Department of Physics, I had some quite produc-
tive moments — in 1959 I published an article on rotation 
stability of conducting fluid in a magnetic field, which still 
remains the most cited (now this is called magnetorotation-
al instability).

At the same time, the famous physicist Victor Gavrilov, ac-
ademician Khariton’s aide, was selecting a team for organiz-
ing the second nuclear center after Sarov — Chelyabinsk-50 
(today it is known as Closed Administrative-Territorial Fac-
tility Snezhinsk — editor’s note). The selection was done us-
ing the carrot and stick approach — he first exhorted and 
persuaded, and those who did not agree (including myself) 
were subjected to severe pressure. I already started working 
at the Kurchatov Institute, and I liked it here; besides, I was 
about to get married. I had just one way to go — postgradu-
ate studies. But I wasn’t accepted at the university, because 

during my third year I was excluded from the trade-union for 
non-payment of fees on principle, so the Kurchatov Institute 
post-graduate education literally saved me, and Igor Vasily-
evich Kurchatov helped me here personally. I had the occa-
sion to speak to Kurchatov himself in his last years. He was 
generally quite an accessible and communicative person. He 
could come over and talk even with such a greenhorn as my-
self, in case of necessity.

Igor Kurchatov, as well as the Kurchatov Institute in gener-
al, from day one of the nuclear project generated a huge num-
ber of new scientific ideas and fields that later grew into inde-
pendent laboratories and institutes. This is why, when I say 
“Kurchatov Institute,” I also mean Dubna, Sarov, Protvino, 
Gatchina, etc. All of them initially appeared in the depths 
of this Kurchatov’s child, and only later, having grown old-
er and wiser, they separated and created new powerful sci-
ence institutes.

Sometimes they call Igor Kurchatov the Russian Oppen-
heimer, which, in my opinion, is quite misleading. Kurchatov 
was an experimenter; he liked and understood experiment-
ing and did real things — descended into a mine, where he 
measured spontaneous uranium decay, etc. As strange as it 
may seem, the degree of trust for scientists in the USSR was, 
in a way, much higher than in America.

TECHNOLOgIES 
 Come First.
PuBLICATIONS 

 Come Later.
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 patriarch — the graphite reactor F-1, the first in Eurasia, op-
erates since 1946 and, according to experts’ estimates, could 
operate for another 300 years.

We created a new industry in isotope separation, and here, 
trying to save time, we first followed the way of gaseous dif-
fusion paved by Americans. But we immediately started the 
work on developing the centrifugal method that later became 
the priority not only in our country but worldwide, primari-
ly because of lower — by tens of times — power consumption.

The Kurchatov Institute’s “end product” was always in high 
demand by the industry; it was needed for the country de-
fense and economy. The same happened to the next project 
after the atomic bomb — creating the nuclear submarine 
fleet. Anatoliy Petrovich Alexandrov, who is justly consid-
ered the “father” of the Soviet atomic fleet, created in this 
area a system so perfect that it still functions up to this day. 
From economic and geopolitical standpoints, Russia’s posi-
tion in the Arctic is very important, and the only atomic ice-
breaking fleet in the world, created under scientific supervi-
sion by the Kurchatov Institute, is a big help to the country. 
This was an extremely tough challenge — it wasn’t enough 
to just build the ship reactor, we needed to create new ship-
building technologies, develop a support system, and solve a 
tremendous number of problems — big and small, scientific 
and production.

The Kurchatov Institute also conducted the first success-
ful operations in mastering thermonuclear energy. It was here 
that the first tokamaks were created, the possibility of which 
was not believed for a long time by western scientists. Acade-
mician Artsimovich made a brave step by inviting Englishmen 
to the Kurchatov Institute, who also started working on the is-
sue of plasma confinement. They measured the temperature 
in the unit, which turned out even higher than our declared 
estimate — over 10 million degrees Centigrade. Our tokamaks 
were the ones that became basis for the world thermonuclear 
program, all the way to the ITER that is currently being built. 
Powerful international cooperation within the framework of 
this megaproject served basis for the development of a new 
branch of industry based on the superconductivity phenome-
non. We had to create production technologies for new super-
conductive materials, extra-long cables that consist of up to a 
million intertwined micron-size strands. These technologies 
were developed at the Kurchatov Institute and have success-
fully passed tests and international expert evaluation.

at the joint of sciences
In the 1990’s, the big science in Russia, being left without 
support, was in a deep crisis. Of course, our institute also 
suffered losses — both intellectual and financial — during 
this extremely tough period. But starting in the early 2000’s, 
active development began in our synchrotron radiation cen-
ter, and I invited Mikhail Valentinovich Kovalchuk, a well-
known specialist in this area, to take charge of it. Upon 
launching the synchrotron — the first mega-installation that 
started operating in Russia during these years of hardship, 
he moved the research in nanotechnology to a fundamen-
tally new level. Nobody at the Kurchatov Institute doubted 
their great potential. We have long appreciated the idea of 

 nanoworld endlessness by Richard Feynman, the creator of 
quantum electrodynamics and a Nobel Prize laureate. The 
interest in nanotechnologies at the Kurchatov Institute ap-
peared as early as the 1980’s. One of the first projects in this 
area was the development of the technology of admixture im-
plantation into semiconductor materials to give them special 
properties. This laid foundation for a whole new field in cre-
ating new materials for the power sector and mechanical en-
gineering, in various surface treatment, for example, for tur-
bines with high power efficiency.

However, moving nanotechnology development to a new 
level became possible only with the arrival of Mikhail Kov-
alchuk, who complemented nanotechnologies with informa-
tion, bio-, and later — cognitive technologies.

This was a pretty risky step that required a great deal of 
courage and scientific foresight. It resulted in the birth of a 
unique and unmatched in the world Kurchatov NBICS Cen-
ter, where convergent nano-, bio-, info-, cogno-, and socio-
humanistic technologies work towards one goal. This allows 
us to be at the cutting edge of world science development.

Although the Kurchatov NBICS Center is just over three 
years old, there already are interesting results, particularly 
in genomics linked to informatics. Today it is relatively easy 
to “disassemble” a genome, but in order to put it together, cal-
culate the result, analyze and decode it, we need tremendous 
computing powers. At one time, it was the Kurchatov Insti-
tute that acted as initiator of implementing supercomputers 
for this purpose. To create the programmatic basis for them, 
we are working closely with RusAtom and the Sarov Nuclear 
Center. Today it is clear that the industry efficiency is direct-
ly linked to using information technologies; without them 
there could be no high-tech medicine or construction of var-
ious mechanisms — from flying machines to microscopes. 
By the way, Internet in Russia also started at the Kurchatov 
Institute, and we had the first email address in the country.

Generally speaking, the unique personnel basis of the in-
stitute was laid not even by Igor Kurchatov, but by Abram Fe-
dorovich Ioffe. He transferred here almost the entire genius 
school from the Institute of Physics and Technology (Phys-
Tech): Kurchatov, Kikoin, Artsimovich, Alexandrov — these 
were his best students. For some time, he personally super-
vised their work, gave them cover, so to speak, and only then 
completely transferred the management to Kurchatov.

They say now that young scientists must be promoted, but 
what does it mean? No scholarships, prizes or awards can 
turn a student into a scientist. The only way to do it is to en-
trust him with a project and let him work on it day and night. 
Igor Kurchatov gathered a wonderful group of “young spe-
cialists” that very soon became heads of groups, laboratories, 
and entire divisions. Almost all of today’s heads of the insti-
tute’s major subdivisions also once started here as “young 
specialists.”

The main knowledge comes through specific work on a spe-
cific project with specific people. And it is essential to find 
such people in proper time. Today, thanks to the Federal 
Law on the Kurchatov Institute National Research Center, 
we have four affiliated institutes that comprise the signifi-
cant part of the nuclear physics potential of our country. To-
day we are a unique science complex. Since all internal bar-
riers have been broken, you can find here the required spe-
cialist for virtually any scientific issue — from dark matter 
to cognitive research. One of the Kurchatov Institute’s pecu-
liarities is in the fact that once you get some fresh idea, just 
a look around would be sufficient to find a scientist, in one of 
our subdivisions, who is already involved in this issue, and 
he will explain what to do.

technologies that didn’t exist
The Kurchatov Institute rests on three pillars: deep fun-
damental science, our scientific school, and “coupling” 
with production. The Kurchatov Institute was created for 
solving military and industrial problems in creating an 
atomic bomb, which is exactly what we did on a very tight 
 schedule.

The Kurchatov Institute tradition always was and still is 
orientation not on publications or citation index but on prac-
tical result. Of course, publications are important, but the 
main thing for the Kurchatovians was always to create such 
a new material, scientific approach, a mega-installation that 
could reinforce the country’s power and its defense capacity, 
help people, science and the new industry. From the stand-
point of our founding fathers, every “affair” at the Kurcha-
tov institute must be resolved with “labor,” and all subse-
quent generations of Kurchatovians follow this rule. The 
atomic bomb, the world’s first nuclear power plant, the nu-
clear submarine, the world’s first nuclear-powered icebreak-
er, the world’s first thermonuclear bomb, the world’s first to-
kamak, the IR-8 neutron reactor, the technologies of super-
conductivity and microelectronics, information technologies, 
the supercomputer, the only specialized synchrotron in the 
CIS, the unique NBICS Center — this is the list of our main 
achievements.

Here, at the outskirts of Moscow, a new atomic science and 
industry were created during the 1940’s–1950’s. Actually, 
it would be more accurate to call them “nuclear.” Scientific 
discoveries flowed into commercial production. In the pro-
cess of studying the chain reaction of uranium fission, we 
created ultrapure materials — graphite, for example. Our 

Main building of the Kurchatov Institute

ITER model
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to eliminate the problems related to threats from devastating 
accidents, spread of weapon materials, storage and spread of 
long-living radiotoxic wastes and fission products. Today we 
propose the initiative of creating next-generation hybrid nu-
clear energy systems — the so-called “green” nuclear power. 
It may be implemented using the concept of internally auto-
protective nuclear energy sources — molten-salt hybrid to-
kamaks, in which fuel self-sustainment and efficient energy 
conversion take place.

What is limiting the power sector development? If you add 
up all energy sources — coal, oil, gas, biofuel, wind, sun — 
this will output much more electrical power than all of man-
kind requires. But there is one limitation: mankind can use 
today no more than 10% of the globally produced product for 
providing energy needs, otherwise we get an economic crisis. 
This is what happened in 1980, in 2008, and now we are bal-
ancing around these critical 10%, so it’s very important not 
to cross this frontier.

There is only one solution to this situation. We must move 
away from such a “pleasant” thing as self-sustaining chain 
reaction. Move to subcritical systems. There is nothing too 
tricky about this approach, but it means that we must have 
a powerful neutron source. And the most realistic thing here 
is a thermonuclear source. But such thermonuclear instal-
lations cannot be made small. As a result, we get a system 
worth several electrical gigawatts. All talks about cold ther-
monuclear fusion are nonsense.

Such a hybrid energy system needs the combination of 
three things. First — the hybrid thermonuclear source 
that includes a powerful source of neutrons and a sub-
critical molten-salt energy-producing component. Such a 

system  produces about 20 times more plutonium per one 
gigawatt of electrical power than a nuclear reactor. Be-
sides, we need thermal and fast-neutron reactors that will 
function on this fuel. This is a functionally rich system. 
A large hybrid will generate energy and produce new fuel 
for other reactors. This is what our Russian ideology is all 
about, from the moment when Vladimir Putin, in 2006, 
came up with the initiative of creating international cen-
ters for the nuclear fuel cycle, where new fuel would be 
produced.

These will be powerful multigigawatt centers. They will 
produce energy and, most importantly, fuel. But there will 
be no need for many of them, because, as we already men-
tioned, they will produce 20 times more fuel than regular nu-
clear reactors. These will be singular centers under interna-
tional control. And then, we will have to strive to avoid a new 
Fukushima, where the destruction of reactors, as a result of 
cooling loss, led to the spread of radioactive fission products 
over a wide territory.

The power industry must be organized in a way that could 
avoid large accidents. This could be achieved by using regu-
lar and fast reactors of low power. We, at the Kurchatov In-
stitute, came to the conclusion that the power level, which 
would allow for providing tangible increase in safety, should 
be in the range of 200–300 electrical megawatts. Such a re-
actor, in case of emergency when everything in it falls apart, 
can self-cool using heat transmission into the environment. 
This provides passive safety. In addition, low-power reactors 
need not be built on site; they can be manufactured at the 
plant as a standard serial product and installed at any loca-
tion. More on this later.

But the most high-performance machine that we all use, 
constantly study, and depend upon is our own brain. The 
cognitive specialty that studies the functioning of our con-
sciousness is now actively developing in our institute. Pre-
viously, these processes were studied mostly using rather 
unrelated reasoning, hypotheses, and psychological experi-
ments. But now we placed this research on modern physical 
tracks — we involve MRT, PET, supercomputers, neurophys-
iology — and here we occupy decent positions.

from the nucleus
Being the president of the Kurchatov Institute NRC, I noticed 
that with the arrival of the new director, the institute got a 
new breath. Just as Kurchatov, Mikhail Kovalchuk has a 
good sense of which way to go. But even while developing new 
areas, he does not abandon the ones we were always respon-
sible for — nuclear and thermonuclear energy.

The aftermath of Chernobyl heavily affected our nuclear 
power sector and the Kurchatov Institute. Over a thousand of 
our associates participated in rectification of the Chernobyl 
accident consequences. Today we also participate in certain 
confinement operations, even though Chernobyl today be-
longs to another country.

The Kurchatov Center is responsible for nuclear technolo-
gies and for fundamental science that is linked to it. We con-
tinue developing nuclear physics not just within our walls 
but also outside. Russia actively participates in the interna-
tional project CERN, in large-scale experiments on the col-
lider. One of the six machines there — ALICE — is virtually a 
Kurchatov installation that was built according to our tech-
nologies.

Another project — XFEL — is a very powerful X-ray free 
electron laser that is now being built in Germany — not just 
with Russian participation but with our determinative in-

tellectual, technological, and financial contribution. The 
Kurchatov Institute is the project’s scientific leader from the 
Russian side, which moves us to the cutting edge of modern 
science. On the other hand, behind this fundamental science 
we can see a huge spectrum of commercial applications. It is 
commonly admitted by the scientific society that the partic-
ipation of the Kurchatov Institute already demonstrates the 
seriousness of the operations.

For several years now, we virtually “carry” on our shoul-
ders the entire ITER project, where there are many prob-
lems — not just technical or scientific, but organizational, 
political, and financial. But thanks to the Kurchatov Insti-
tute, the work continues.

neutrons at your service
We are now in such a state of development when the basic 
ideas of nuclear power must be principally and systematical-
ly reconsidered.

Mankind cannot do without nuclear energy; the energy cri-
sis cannot be overcome without it. Today nuclear energy is 
the most reliable and cheap method of obtaining industrial 
power. The main thing in the development of nuclear power is 

Cherenkov radiation

The energy crisis cannot be overcome 
by mankind without nuclear energy. 
Today nuclear energy is the most 
reliable and cheap method of obtaining 
industrial power. The main thing in 
the development of nuclear power is 
to eliminate the problems related to 
threats from devastating accidents, 
spread of weapon materials, storage 
and spread of long-living radiotoxic 
wastes and fission products

Near the IR-8 Neutron Reactor
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from oceanic Platform to serial reactor
In Russia, there always were, are, and will be talented peo-
ple, and I am also absolutely sure that there will be institutes 
and centers where the most state-of-the-art science is made. 
What I’m worried about is a different issue. The world sci-
ence is embedded into the world production system, i.e. it is 
paid for by the end product, by selling iPads, iPods, iPhones, 
by assembling cars, by launching rockets, by manufactur-
ing new medical drugs, materials, etc. In our country, such 
a flow of scientific ideas into production is missing, while the 
slogan about being able to just sell our intellectual property 
does not hold water. It turns out that we must work for some 
unknown entity, while the resulting revenue will be taken 
by large companies that 
are capable of creating 
a modern mass product 
and organize a market 
for it. This is our prob-
lem, and we, in Russia, 
need to learn. But we 
are gradually moving 
towards solving this 
problem.

We have global com-
panies, such as Gaz-
prom and Rosneft. We 
need such corpora-
tions, and not just in 
the raw materials in-
dustry. It is important 
for us to have our own 
powerful transnation-
al corporations. Then 
there will be a stra-
tegic need for science 
and finances to pay for 
it. Back in the 1990’s, I 
realized that our large 
companies must cre-
ate jobs and orders for 
the Russian industry. 
20 years ago, in association with 
Gazprom and Sevmash, with enthusiastic support from the 
government, we created the RusShelf company. We start-
ed a project on developing two arctic shelf hydrocarbon de-
posit sites: the Shtokman gas-condensate field, which, un-
fortunately, is very slow to develop, and the Prirazlomnyi oil 
field in the Barents Sea. This project also developed for a long 
time, but we still managed to complete it, and now the oce-
anic ice-resistant Prirazlomnaya platform has been erect-
ed near the southern tip of the Novaya Zemlya islands and 
is being transferred by the builder, Sevmash, to the opera-
tor, Gazprom. The annual rated capacity of the platform is 
seven million tons of oil. During the project development, we 
got an idea. In the early 1990’s, there was active promulgat-
ing of conversion of military industry, and the government 
of young reformists persistently advised us all but start 
manufacturing spoons. Our idea was to have large defense 

 industry factories manufacture both high-tech defense, as 
well as civilian products. For example, the large mechanical 
plant Sevmash in Severodvinsk, with which we started the 
Prirazlomnyi project development, was to combine the pro-
duction of both military and civilian goods. In other words, 
the idea was to fulfill military and peaceful orders simulta-
neously, balancing between these two tasks. Of course, each 
of them has its specifics, but they have a lot more in com-
mon. In the course of work, this position of ours was not al-
ways supported. We regularly heard of proposals to trans-
fer an order abroad. And no wonder! Supporting and creat-
ing high-skilled jobs in national industry is the main goal in 
competitive struggles between world companies. But we were 

still able to complete the 
construction of the Pri-
razlomnaya platform 
on the Sevmash facto-
ry and install it on the 
site. During the winter, 
a trace in the ice can be 
seen behind the plat-
form, running all the 
way to the horizon. A 
huge ice field reaches 
the platform, breaks on 
its frame, and there is 
only broken ice behind 
the Prirazlomnaya. To-
day it’s a fact — this is a 
gravitational platform, 
weighing about half a 
million tons. We proved 
that our large factories, 
such as Sevmash, are 
able to produce such 
immense construc-
tions for operations on 
the Arctic Shelf. A stan-
dard nuclear low-power 
plant will be smaller by 
an order of magnitude 

in required production scale. 
Such a station can be completely manufactured on Sevmash 
or another similar factory and then delivered to the needed 
location in assembled form.

In the 1990’s, RosShelf allowed us to stay afloat. This was 
a vital inflow into the Kurchatov Institute. Unlike many oth-
er institutes, we never reduced our infrastructure, never 
stopped heating our facilities, never rented out our institute 
for business offices. Speaking about people who worked here, 
there has always been a special brotherhood in the name 
of science, fastened together by the history, traditions, and 
special atmosphere of the Kurchatov Institute. Each our as-
sociate — even former one — or a very young scientist, can 
proudly say about himself, “I am Kurchatovian!” And this 
speaks volumes.

Prepared by Valeriy Chumakov

The experimental hall of the research reactor IR-8
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How old is 
MEgASCIENCE?
Mikhail Kovalchuk, director of the Kurchatov Institute National Research 

Center, RAS corresponding member, tells the story how the century-old 
discovery by Wilhelm Conrad Roentgen, who received the first in history 

Nobel Prize in physics, became the start of the tough development of 
megascience

From today’s standpoint, there is no doubt that 
the tool that Roentgen has given scientists, and 
not just physicists but also chemists, biologists, 
and medical workers, has been used to build the 

entire materials science of the 20th century. Today most 
complicated and advanced scientific devices that allow 
penetration into deep mysteries of the Universe utilize the 
X-ray radiation discovered by Roentgen. Admittedly, all 
breakthrough discoveries in early last century were made 
with the help of X-rays. They literally became a universal 
mean of studying matter’s properties, while the development 
of X-ray application methods played a key role in shaping the 
entire modern science.

One of the first Roentgen’s associates was Abram Fedoro-
vich Ioffe, who successfully underwent training with him at 
the Munich University. Having returned to Russia, he cre-
ated, in our country a Roentgen school, and in 1921, jointly 
with Mikhail Isaevich Nemenov, founded the State Physical 
Technical Roentgenological Institute (SPTRI).

X-ray radiation was also used to decode globular proteins 
(John Kendrew and Max Perutz, the 1962 Nobel Prize in 
chemistry). Additionally, X-ray radiation was directly related 
to decoding the DNA duplex (Francis Crick, James Watson, 
the 1962 Nobel Prize in medicine). In 1964, Dorothy Hodg-
kin received the Nobel Prize in chemistry “for her determina-
tions by X-ray techniques of the structures of important bio-
chemical substances.” In 1979, Allan Cormack and Godfrey 
Hounsfield received the Nobel Prize in medicine “for the de-
velopment of computer assisted tomography”. In 1981, Kai M. 
Siegbahn, “for his contribution to the development of high-
resolution electron spectroscopy.” in 2002, Riccardo Giacco-
ni, “for pioneering contributions to astrophysics, which have 
led to the discovery of cosmic X-ray sources.”

Roentgen’s rays proved themselves in various areas. In 
fact, they laid the foundation for modern materials science, 
which today reached such heights only thanks to the X-rays 
that made it possible to see the structure of a specific materi-
al. The crucial issue was the intensity and quality of the radi-
ation source. Today science moved to the atomic level, where 
it became possible to see individual atoms and determine 
their specific locations within the lattice. Quality research 
on such level requires bright radiation in continuous white 
spectrum. Already in the 1950’s, the brightness of existing 
sources for new breakthrough discoveries was insufficient.

It is the discoveries related to the X-ray radiation that collected 
the richest harvest of the most prestigious scientific awards. 
Besides the Nobel Prizes awarded to Roentgen and Laue, prizes 
in physics were awarded:

 9 in 1915, to Bragg father and son, “for their services  
 in the analysis of crystal structure by means of X-rays”;

 9 in 1917, to Charles Barkla, “for his discovery of the characteristic  
 Roentgen radiation of the elements”;

 9 in 1924, to Karl Manne Siegbahn, “for his discoveries  
 and research in the field of X-ray spectroscopy”;

 9 in 1927, to Arthur Compton, “for his discovery of the effect  
 named after him”;

 9 in 1937, to Clinton Davisson and George Thomson,  
 “for their experimental discovery of the diffraction  
 of electrons by crystals”;

 9 in 1936, to Peter Debye in chemistry “for his contributions  
 to our knowledge of molecular structure through his  
 investigations on dipole moments and on the diffraction  
 of X-rays and electrons in gases”;

 9 in 1946, to Hermann Muller in medicine “for the discovery  
 of the production of mutations by means of X-ray irradiation”.

Director of the Kurchatov Institute National Research Center, Mikhail Kovalchuk
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Serving as such a “springboard” were sources of synchro-
tron radiation. A synchrotron is a cyclic accelerator, in which 
electrons are accelerated to relativistic speeds, i.e. to the en-
ergy level that corresponds to speeds close to the speed of 
light. Initially, such cyclotrons were built for totally different 
needs. Charged particles accelerated inside them (electrons 
and positrons), hit a certain target, then the results of nucle-
ar reactions were analyzed using a detector — for example, 
the Wilson chamber. These accelerators were a tool of nuclear 
physics. But in order to retain the electron within the circu-
lar orbit of such a synchrotron, it needs to be pulled through 
the field of a special “bending magnet” that would bend its 
trajectory in the necessary way. It is well known from classi-
cal electrodynamics that an electron passing through such 
a “curve” emits electromagnetic radiation. This radiation, 
which was predicted back in 1944 by Russian physicists 
Isaac Pomeranchuk and Dmitriy Ivanenko and got them the 
Stalin prize six years later, limited the possibilities of parti-
cle acceleration and thus was considered harmful and even 
got the name “parasitic.”

This is why, at first, they tried to fight the synchrotron ra-
diation, while studying it at the same time. As it turned out, 
this radiation possesses absolutely unique qualities. It hap-
pens to be an ideal white light, i.e. a continuous spectrum 
that exceeds the brightness of standard X-ray radiation by 
many orders of magnitude. It is an electromagnetic radia-
tion of tremendous brightness that includes visible light, in-
frared and ultraviolet radiation, and — most importantly — 
X-ray radiation.

The uniqueness and importance of this phenomenon were 
evident. Nonetheless, first-generation synchrotrons were 

 being built for experiments in high-energy physics, while 
synchrotron radiation was simply a by-product. But it was on 
these synchrotrons that the early methods of its use in prac-
tice were refined. In the USSR, the first synchrotron B-4, as 
a part of the VEPP-4 complex, was built on the boundary of 
the 1960’s and 1970’s, at the Novosibirsk Institute of Nuclear 
Physics (INP) of the RAS Siberian Division.

Only in 1968, the USA launched the first synchrotron built 
specifically for synchrotron radiation — Tantalus. Such spe-
cialized accelerators are called “second-generation synchro-
trons.”

In the USSR, projects of the first two such synchrotrons 
were developed at the INP in the early 1980’s. The first was 
supposed to be built in the Soviet electronics capital — Zele-
nograd (a city in the Moscow suburbs), the second — with 
two storage rings — at the Kurchatov Institute. The Zeleno-
grad synchrotron was intended for lithography, which is nec-
essary for printing microcircuits, as well as other technologi-
cal needs; the Kurchatov machine was planned for conduct-
ing fundamental research.

Soon a small synchrotron was built at the Kurchatov in-
stitute — it was a source of soft X-ray radiation and got the 
name Sibir-1. The generation to which it belonged can be 
called “two plus,” as it used the first ever superconductive 
wiggler — a series of multidirectional high-power magnets 
whose field caused an electron to move in sinusoid trajecto-
ry, creating, figuratively speaking, the sought synchrotron 
radiation at every “curve.”

But with the start of the 1990’s, the country had more im-
portant things to worry about than big science. As a result, 
the Zelenograd synchrotron construction was suspended, 
while the one at the Kurchatov slowed down nearly to a halt. 
Titanic forces were needed to continue, even slowly. But the 
team of the Kurchatov Institute was able to overcome these 
obstacles and, finally, on October 1, 1999, the Kurchatov 
Source of Synchrotron Radiation (KSSR), which up to this 
day remains the only Russian scientific mega-installation 
put into operation after the USSR disintegration and the only 
specialized source of synchrotron radiation in the entire for-
mer Soviet Union, produced its first beam of synchrotron ra-
diation.

Back then, in the dying years of the previous century, just 
one part of the experimental hall and just one station were 
open in the accelerator building. The area of the entire syn-
chrotron complex was 6,000 square meters. Now it expanded 
to almost 16,000 square meters. New areas of the experimen-
tal hall contain stations where research in nanodiagnostics, 
nanobiotechnology, and microelectronics is being conducted. 
The nanotechnology division is equipped with unique X-ray 
machinery, atomic-force and electronic microscopes, clean 
room zones.

A few more stations are currently at different stages — from 
design to construction. Equipment of each station contains 
modules of monochromatization and control of radiation 
beams, precision goniometric devices and sample chambers, 
detectors, experiment automation and control systems. The 
plan is to have a total of 30 stations on the Kurchatov syn-
chrotron.

Today there is a total of fifteen experimental research stations 
that operate on the Sibir large Kurchatov accelerator:

 9  structural materials science;
 9 precision X-ray optics that enables conducting experiments in  

 flat-wave X-ray diffraction and standing X-ray waves;
 9 deep X-ray lithography;
 9 photoelectronic spectroscopy;
 9 X-ray refraction optics;
 9 X-ray crystallography and physical materials science;
 9 X-ray topography and microtomography;
 9 protein crystallography;
 9 low-angle station for researching biological objects;
 9 multipurpose installation complex of medical  

 and materials diagnostics;
 9 spectroscopy of condensed state;
 9 X-ray absorption spectroscopy in spatial-dispersion  

 mode EXAFS-D;
 9 research and technological complex for forming organic  

 and bioorganic nanosystems on the surface of fluids,  
 with the possibility of their characterization in the process  
 of nanoconstruction (LENGMUR);

 9 research and technological complex for obtaining nonorganic  
 nanosystems by method of molecular-ray epitaxy  
 with the possibility of characterization in the process  
 of their formation;

 9 X-ray construction analysis of powders.

Today, a new stage is starting for scientists 
working at the synchrotron — expanding and 
deepening research of bioorganic matter. It is 
the synchrotron that helped decode the spatial 
structure of protein, and today its research is one 
of the main working topics at the Kurchatov syn-
chrotron. Another important factor is that any 
experiments with radiation — optical, X-ray, in-
frared — may be conducted here, in one place. 
The works most demanded recently are those re-
lated to nano- and biotechnologies, high-resolu-
tion structural diagnostics, materials science, 
new methods of medical diagnostics, microme-
chanics, high-sensitivity chemical analysis, etc.

Such unique and multipurpose scientific me-
ga-installations as the Kurchatov synchrotron 
are simply destined to become centers of all pos-
sible interdisciplinary research. This is why it 
is no accident that the Kurachatov Institute is the one that 
set the trend for a brand new area of science, which start-
ed developing in the middle of the last decade — the conver-
gence of nano-, bio-, information, and cognitive socio-hu-
manity sciences and technology (NBICS). For them, the syn-
chrotron became not just the heart and the engine, but the 
body in which various organs-directions coexist on totally 
equal rights and jointly attain practical results that scien-
tists could not even think of just a couple of decades ago. To 
implement this new field, the new Kurchatov NBICS center, 
still unparalleled in the world, was created.

Today, third-generation synchrotrons operate in several 
science centers worldwide. The difference between them and 
their predecessors is in the fact that the synchrotron radi-
ation emerges from the beam of electrons passing through 
multipolar magnets “inserted” into the accelerator’s straight 
interspaces. These magnets are called wigglers and undu-
lators. Such devices make it possible to get significantly 
brighter beams of radiation and control its characteristics.

Russia has not fallen behind the rest of the world. And not 
just because wigglers are being used in the Kurchatov syn-
chrotron, but because we were able to jump over one step and 
immediately get involved in brand new next-generation syn-
chrotron radiation sources.

The synchrotron X-ray radiation today allows to pinpoint 
the location of any atom in space with incredible subang-
stromic accuracy (hundredths of an angstrom). At the same 
time, we register the final position of atoms that they took 
while moving, for example, as a result of a physicochemical 
reaction. In reality, the entire surrounding world is in mo-
tion. And this usually chaotic movement of atoms, for exam-
ple, in a melt or a solution, in the process of a chemical reac-
tion leads to their ordered arrangement in a newly formed 
crystal.

If we had the opportunity to see this movement that pro-
vides the transition from chaos to order in the arrangement 
of atoms in a structure, we could understand the “natural 
technology” that created the world around us. And this, in 
turn, could provide the civilization with a powerful techno-
logical breakthrough.

To see this movement of atoms in the process of reactions, 
we need to have an X-ray synchrotron source that, in addi-
tion to the ability of subangstrom position pinpointing in 
space, would allow recording this position in time with fem-
tosecond resolution. For this, we need new sources of syn-
chrotron radiation.

But this is the thing of the future, while today we are se-
riously participating in another international project: the 
construction of the European X-Ray Free Electron Laser 
(XFEL) — the most advanced in the world. The scientific lead-
ership of the project is imposed on the Kurchatov Institute 
National Research Center. 

Generally speaking, the Russian-German cooperation in 
the area of megascience is developing very successfully. Last 
year, for example, our synchrotron centers were used as ba-
sis for creating the Ioffe-Roentgen Institute (IRI) to create and 
develop mega-installations, as well as organizing research on 
them. It consists of two divisions, the first of which is located 
at the Kurchatov Institute, and the second one is in Germa-
ny, at the Particle Physics Research Center — DESY.

So it was no accident that Roentgen won the first Nobel 
Prize in history, and Max von Laue got the prize for discover-
ing X-ray diffraction, for it is these two “findings” that a cen-
tury ago opened the gate to the complicated world of megasci-
ence — science of mega-installations, mega-energies, mega-
projects, and mega-achievements, which today can perform 
a real mega-breakthrough in science and help mankind look 
even deeper into the mysteries of the universe.

Prepared by Valeriy Chumakov

Synchrotron radiation is used even in studying the brain of living 
organisms. It allows to selectively visualize ions of heavy metals 
in its tissues. Scientists may tag actively working brain cells of 
the examined animal in such a way that they accumulate these 
ions, and then visualize these working networks in the brain 
during the injection of the researched cognitive substance. 
This may answer a whole range of questions — how does the 
substance work, where, in what systems of the memory.

Russian President V.V. Putin at the Kurchatov Institute
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ultimate Russian 
SOuRCE

of X-Ray Light
The construction of the Dedicated Kurchatov Synchrotron Radiation Source 

for fundamental research began in 1986. At the time, many of our positions in 
the area of X-ray and synchrotron research were on the level or even ahead of 
foreign countries. But then the 1990’s came, and the Kurchatov synchrotron, 

by joint effort from several scientific organizations, was launched only in 
October 1999. The so-called inaugural procedure for the Kurchatov source 

took place with participation by V.V. Putin, the then Russian prime-minister, 
and became a landmark event for national science. We asked Vladimir 
Kvardakov, RAS corresponding member, about the present day of the 

Kurchatov synchrotron and about the research it is being used for

Today, the Kurchatov Synchrotron Radiation 
Source (KSRS) is the only specialized SR source 
in Russia, the so-called generation 2+ source. Our 
synchrotron’s uniqueness is, among other things, 

in its infrastructural surroundings, which allows to conduct 
research using a whole range of mutually complementing 
diagnostic methods that are being developed in the 
Kurchatov Institute and especially in its NBICS Center. When 
M.V. Kovalchuk took charge of the Kurchatov Synchrotron 
Center in the late 1990’s, he established this ideology of 
convergent interdisciplinary research and later extended it 
for the entire Kurchatov Institute. We are talking about such 
complementary methods as scattering neutrons, X-rays, and 
electrons, as well as methods of probe microscopy, optical 
and magnetic diagnostics. Such complementarity of methods 
allows us to be competitive against more advanced foreign 
SR sources.

Operations of the KSRS and the research neutron reactor 
IR-8 within a single complex also provide unique research 
opportunities. Neutrons are sensitive to magnetic proper-
ties, acoustic waves, and the location of light atoms, such 
as hydrogen. At the same time, SR possesses higher bright-
ness and coherence, and it helps in researching microsam-
ples, up to individual atomic layers on the surface of a crys-
tal or liquid. Using combinations of complementary methods, 
we obtain unique information. This is like looking at the mi-
cro- and nano-world from two different angles with two eyes, 

which gives us the ability to move to a totally new level of di-
agnostics, similar to how the binocular vision gives people 
the perception of depth — the third dimension.

The KSRS is regularly used, among other things, for study-
ing physics of interaction between radiation and matter. Al-
though, in 2012, 100 years have passed since the discovery 
of X-ray diffraction in crystals, this physics is still rapidly de-
veloping, because it is comprehensive, especially under the 
conditions when radiation becomes brighter and more coher-
ent due do the development of new generating sources.

A tremendous scientific breakthrough in optics, related to 
the invention of lasers, changed not just many areas of phys-
ics, but the technologies as well. However, an optical laser is 
a radiation generator in a rather narrow region of the spec-
trum: 0.5–1 micron. But the synchrotron radiation covers 
a huge wavelength range. Building new SR sources and up-
grading old ones, including the Kurchatov source, goes pri-
marily in the direction of increasing the brightness and co-
herence of radiation and extending the beam lifespan.

During interaction of coherent radiation with nearly per-
fect crystals, we observe a whole range of unusual — from 
the viewpoint of classical X-ray optics — effects, which are 
very sensitive to the structure of scattering objects. This 
underlies many diagnostic methods of subatomic resolu-
tion level that are in-demand not only by the Kurchatov In-
stitute scientific divisions, primarily by the center of con-
vergent NBICS technologies, but also by external users. For 
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accelerating pulses are passed to the electrons from the 
electromagnetic field in a HF chamber, which, speaking in 
household terms, is similar to a superpower microwave oven 
where a standing wave is formed. Electrons enter the cham-
ber at the moment when the electromagnetic wave direction 
coincides with the electron beam direction, i.e. the push al-
ways occurs in the proper direction and, repeated multiple 
times, accelerates the electrons almost to the speed of light.

I would like to note that the synchrotron, the wiggler, and 
the first experimental stations are all Russian projects. 
Some stations, from the idea to implementation, were fully 
created by M.V. Kovalchuk and his colleagues from the Shub-
nikov RAS Institute of Crystallography. Today we can afford 
to order new stations from abroad and concentrate our ef-
forts on the scientific program.

research stations
Our experimental stations implement the main research 
methods necessary for our users from the Kurchatov Insti-
tute and from external organizations, because the KSRS 
is a so-called collective use installation, and a part of the 
beam time is allocated upon request on 
a competitive basis. Our stations pro-
vide complex studies of structures of 
both nonorganic and bioorganic mate-
rials — proteins, bioorganic films, tis-
sues, and individual organs. We even 
develop new methods of medical diag-
nostics, including that of soft tissues, 
on the basis of SR refraction (deflec-
tion), i.e. we see what cannot be seen 
using traditional X-ray methods that 
are based on the absorption effect.

The SR source is an interdisciplinary 
installation for the NBICS Center lab-
oratories that require our diagnostics 
methods, while we require new sam-
ples for research. The joint interests 
literally meet in the synchrotron ex-
perimental hall. There are several so-
called clean areas with modern equip-
ment for developing nanotechnologies, 
and SR channels have been extended 
to these areas. Besides, our stations 
are used for training undergraduate 
and graduate students from the basic 
departments of many institutes.

A huge experimental hall is being filled with new stations. 
We plan to build a total of 35 of them. Every station special-
izes in a specific field of study and corresponding methods. 
For example, the new Faza (Phase) station is designated for 
developing X-ray methods with the use of world class equip-
ment. The station of microtomography allows conducting 
research of the brain structure (so far on laboratory ani-
mals) and even register the picture of cognitive processes, 
because our colleagues from the NBICS Center learned to 
introduce into the brain radiographic pigments that con-
centrate in those neurons where brain activity takes place. 
On the protein crystallography station, they study macro-
molecules that contain tens and hundreds of atoms, since 
the protein structure is the key to understanding the mech-
anisms of their functioning and to technologies for creating 
new drugs. The mechanisms of drugs penetrating the cell 
membranes are studied at the Lengmur station. Here, we 
develop diagnostic methods based on registering the effect 
of standing X-ray waves under conditions of full reflection 
of radiation from surfaces of liquids. Presently, under devel-
opment are methods of targeted medication delivery, includ-
ing the lipid nanocapsules method. The structure of these 
capsules is being studied at the stations of Structure Ma-
terials Science and Small-Angle Diffraction. Therefore, the 
advantage of our complementary research is clearly seen in 
this complex.

Interview by dmitriy romendik

 example, during coherent interaction of radiation with a 
crystal, there is the “effect of standing X-ray waves” in its 
surface layers, which has important practical implications 
for solving the so-called phase problem and specific tasks of 
materials science, microelectronics, biology. At present, it is 
regularly used for researching objects of nano-systems and 
nanobiotechnologies. One of the forebears of this unique 
method is doctor of physical-mathematical sciences, Profes-
sor M.V. Kovalchuk.

synchrotron radiation
When electrons in the mobile phone antenna get into peri-
odic motion, an electromagnetic wave is born, while the an-
tenna slightly heats up due to electrical resistance. Similar-
ly, electromagnetic waves are radiated by electrons that re-
volve in circles around the synchrotron magnetic field. But 
when electrons are accelerated to speeds close to the speed 
of light, relativistic effects come into play; the direction of 
waves changes in such a way that they concentrate in a nar-
row cone along the electronic beam, just like splashes fly off 
a rapidly spinning wheel. However, the brightness inside the 
cone increases, while the spectrum maximum gets shifted 
into the X-ray region. Such radiation can be made very pow-
erful, because electrons spin in vacuum, thus avoiding clas-
sical problems with the environment heating up. Studying 
relativistic electrons in the magnetic field of an accelerator-
storage complex (synchrotron) is called synchrotronic.

Synchrotron radiation possesses a range of unique proper-
ties, compared to radiation of laboratory X-ray tubes. First of 
all, it is higher brightness. Additionally, the SR is polarized 
and has a temporal pattern, because electrons revolve in one 
plane and are divided into bunches. In other words, the SR is 
like a stroboscope — it is not continuous, which is being used 
in studying dynamic processes.

generations  
of radiation sources
Second-generation SR sources became 
specialized, i.e. designated exclusively 
for generating and using SR, while its 
magnetic structure was optimized. The 
main goal of this structure is to make 
the beam as thin as possible and con-
tain it in orbit for as long as possible. 
The smaller the luminous dot — the 
higher the brightness; the longer the 
lifespan — the better the beam stability.

Presently, there are just several 
third-generation SR sources in the en-
tire world. These are very large, in di-
ameter, machines where radiation is 
generated not only in the turning mag-
nets but also in specialized undulator-
type devices. The most state-of-the-art 
third-generation source Petra-III is lo-
cated in the DESY synchrotron cen-
ter in Hamburg, Germany. We are ac-
tively cooperating with them, creat-
ing joint stations that complement our 

experimental opportunities. By the way, the third-genera-
tion sources do not exclude the need for previous-generation 
sources and even X-ray tubes, because they have different 
scopes of duties and user operation modes. The invention of 
airplanes did not abolish cars, bicycles, or walks on foot.

Our source has been significantly upgraded today and 
represents the generation 2+. Initially, the source’s magnet-
ic structure provided straight sections, where wigglers could 
be inserted. A wiggler is also a magnetic “snake,” but a short-
er one than the undulator and having a more powerful mag-
netic field, which is created by superconductive magnets. As 
a result, the wiggler’s radiation is just as bright, but due to 
its smoother spectrum, it is more suitable for certain appli-
cations than the undulator. We already launched the first 
wiggler, which increased the beam brightness by almost 100 
times and brought us closer to the third-generation sourc-
es. Our superconductive wiggler is a unique device. It has 
a very strong magnetic field — 7.5 Tesla, and its beam pro-
duces about 100 kW at full power in the X-ray wavelength 
spectrum. This requires special radiation shielding and pro-
ficiency in building the channels, the radiation plugs, and 
the cooling systems.

A fundamentally new SR source is currently being built in 
Germany — the X-Ray Free Electron Laser, XFEL. Its radia-
tion will be nearly fully coherent. Russia is the main part-
ner of Germany in this project, both financially (we own 25% 
shares of stock) and scientifically.

operating Process
The process of accelerating electrons consists of several 
phases: the linear accelerator, the small storage ring, and 
the large storage ring — 40 meters in diameter. The electron 
is accelerated about the same way as a stone in a sling, i.e. 
gradually increasing the speed with every revolution. The 

The discovery if the X-ray diffraction 
phenomena in crystals 100 years 
ago became the turning point in 

understanding the structure of matter 
and served basis for the development 

of science about materials and modern 
molecular biology

V.V. Kvardakov on one of the experimental stations

Experimental hall of the Kurchatov synchrotron
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ITERation
of Superconductivity

In 2011, physicists of the entire world celebrated the 
100th anniversary of a grand event — the discovery of 

superconductivity phenomenon by the Dutch scientist Heike 
Kamerlingh Onnes. Today we are talking to Alexander Shikov, 
assistant director of the Kurchatov NBICS Center, director of the 
science and technology complex of superconductivity, who tells 
us about the history, today’s day, and the prospects of applied 

superconductivity and its development.

When cooling down certain materials 
to very low temperatures — the 
boiling temperature of liquid helium, 
i.e. minus 269° C — the resistance 

to electrical current becomes equal to zero. This 
is superconductivity. In 1913, H. Kamerlingh 
Onnes discovered that superconductivity can be 
destroyed by strong magnetic fields. But only in 
the mid-1960’s, when the Soviet scientists Lev 
Landau, Alexey Abrikosov, and Vitaliy Ginzburg 
developed the theory of superconductivity, we got 
hope that superconductive materials may find 
their application in technology, because they were 
now able to keep the current-carrying capability 
in strong magnetic fields. They were called “type II 
superconductors.” This discovery got these 
scientists the Nobel Prize, albeit only in 2003.

Research in applied superconductivity began ac-
tively developing in the Soviet Union in the mid-
1960’s, and the Kurchatov Institute was its initia-
tor and organizer. In the late 1960’s, Kurchatovi-
ans, along with the Institute of Inorganic Materials 
(VNIINM), were the first to develop low-tempera-
ture composite superconductors based on alloys 

and compounds. Similarly, in the late 1980’s, we 
quickly got composites based on the newly discov-
ered high-temperature superconductors that lose 
resistance at the temperature of liquid nitrogen — 
minus 196° C.

The design of a superconductor is amazing: 
imagine a conductor having 0.5–1 mm in diameter 
and up to 20 km long, made of an ultrapure copper 
matrix containing several thousand superconduc-
tive material strands up to 10 microns in diameter. 
Soon, superconductors based on niobium-titani-
um (Nb-Ti) alloys were developed. They were widely 
used, since due to zero resistance they were able to 
transmit huge currents per square centimeter — 
around several million amperes. If you coil up this 
superconductor into a solenoid and run strong 
currents through it, it can generate a very strong 
magnetic field. Thus, in 1979, the Kurchatov In-
stitute was the first in the world to create a ther-
monuclear fusion machine — Tokamak-7 (a toroi-
dal chamber with magnetic coils) with Nb-Ti su-
perconductors.

Soon, a new idea was born at the Kurchatov 
Institute — to create a thermonuclear fusion 
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these areas, because now the power supply to cities is im-
peded by the high cost of land, and it will be possible to sup-
ply more power using smaller channels. The Federal Network 
Company, with the help of the Kurchatov Institute, has now 
begun developing the project for a power line 2.5 km long, for 
Saint Petersburg. But even this is not the limit. For exam-
ple, already today we started making calculations on routing 
electrical power cables from Russia to Japan on the ocean 
floor.

One of the Kurchatov Institute’s main specifics is to build 
the entire chain: from the idea to industrial production. To-
day, our Kurchatov Institute NRC generates ideas, develops 
technology for materials, and creates pilot prototypes. This 
is a very proper course of events, when everything — from 
the idea to the device — is concentrated in one 
place. In fact, superconductivity is another 
vivid example: had physicists, technol-
ogists, materials scientists, and con-
structors not interacted daily on one 
and the same site — the Kurchatov 
Institute, such success would be 
hardly achievable.

In 2011, on the initiative of 
M.V. Kovalchuk and M.N. Strikha-
nov, the applied superconductivity 
department was created at the Moscow 
Institute of Physics and Technology, and 
I was asked to head it. Currently our spe-
cialists give lectures at the Moscow Institute of En-
gineering and Physics and at the Kurchatov Institute. 
Here, students undergo practical training and conduct 

fundamental research; new materials technology interests 
them a lot, because they see the end result. The state-of-
the-art equipment that we use impresses them as well. For 
the last two years, we accepted 5 young postgraduates per 
year; all of them go through a complicated interview, and we 
accept only those young people who are willing to dedicate 
themselves to this very exciting subject — developing super-
conductors and their practical use.

Prepared by Victor Friedman

 machine that would use superconductors with niobium 
and tin — Nb3Sn. This compound was much better than 
its predecessors in all qualities. In 1988, the first in the 
world Tokamak-15 based on niobium-tin superconductors 
was built at the Kurchatov Institute. This was the first and 
very important step on the way to implementing the idea 
of building thermonuclear power plants, which laid the 
foundation for the international project — ITER. In 1992, 
the start was given to scientific, research, and technologi-
cal operations on creating the incredibly complicated me-
ga-installation. At the ITER’s heart is the superconductive 
magnetic system that consists of several subsystems. The 
main one is the hot plasma confining system. Altogether, 
this magnetic system required over 700 tons of supercon-
ductors. Moreover, the level of its primary characteristic — 
current-carrying capability — must be 2 or 3 times high-
er than that of T-7 and T-15. In 1992, ITER announced a 
tender for the production of such superconductors, where 
17 world manufacturers participated. Particularly chal-
lenging was the task of developing metallurgical technolo-
gies for obtaining superconductors. It was necessary to ob-
tain ultrathin “strands” with no disconnections over the 
20-km length. They also needed to have a special nano-
structure that would allow them to provide high current-
carrying capability. And the Russian  superconductors 
based on the niobium-titanium alloy and the niobium-tin 
compound completely satisfy the high international re-
quirements.

Russia won the tender for producing 220 tons of supercon-
ductor. In a very short time, 5 large floors were prepared at 
the Chepetsk Mechanical Plant. Specialists from VNIINM 

tested the technology on the equipment obtained from lead-
ing Russian and foreign manufacturers, while the Kurcha-
tov Institute scientists developed methods of diagnosing 
these materials — determining critical currents, critical 
temperatures, copper quality, homogeneity of properties 
over the entire length — a total of over 40 certified methods 
were used to classify the materials by international stan-
dards. In April 2009, we launched the factory. Large-scale 
production of superconductive material has begun. By the 
end of 2012, over half of the entire superconductor was pro-
duced. We made 7 niobium-tin current-carrying elements 
that totally satisfy the high international requirements. In 
the next 2.5 years, we must produce and test about 30 such 
current-carrying elements. They present a coil 4 meters in 
diameter and 5 meters high, weighing about 10 tons, inside 
of which this conductor — the current-carrying element — 
is distributed.

Thus, Russia now has its own large-scale unique super-
conductor production facilities. Specialists from the ITER 
central group located in Cadarache traveled all over the 
world and visited 12 manufacturing plants — and they ac-
knowledged our Russian production facilities as being one of 
the most advanced.

High-temperature superconductors were discovered in 
1986. Unlike their low-temperature counterparts that lose 
resistance at the boiling temperature of liquid helium, these 
lose resistance at the boiling temperature of liquid nitro-
gen. The transition itself from liquid helium to liquid nitro-
gen promised revolutionary changes in all of electronics, the 
power sector, medical care, i.e. in all areas where supercon-
ductive material is used. In the mid-2000’s, when Mikhail 
Valentinovich Kovalchuk became the Kurchatov Institute’s 
director, a large state-supported project in creating and us-
ing high-temperature superconductors was launched in co-
operation with RusAtom State Corporation and the Depart-
ment of Energy. The project consisted of two parts. The first 
part is developing high-temperature superconductors with 
the level of characteristics acceptable for technical use. The 
second part is dedicated to building equipment that would 
work with this superconductive material. In this project, the 
Kurchatov Institute got the most complicated part — develop-
ing the technology and increasing this conductor’s current-
carrying capacity.

We are installing a special line for manufacturing 100-me-
ter pieces of such superconductors; at the same time, we will 
research the relation between the superconductive ceram-
ics’ content and structure and its properties, in order to im-
prove them. Theory and experiments tell us that the current-
carrying capacity can be increased by up to 4 to 5 times com-
pared to what we have today. And this long-term meticulous 
work must result in a success. The Kurchatov Institute has 
one of the most powerful materials research complexes, not 
just in Russia but in the world, that includes synchrotron 
and neutron radiation sources, which is a unique combina-
tion.

High-temperature superconductivity will enter our every-
day life to a much greater extent than it did with industri-
al physics. It will definitely bring revolutionary changes to 

A.K. Shikov Kurchatov test hall for the ITER current-carrying elements
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In all times, the Kurchatov 
Institute set the style for 

fundamental research both in 
our country and abroad. And 

today, not only does it keep 
maintaining ground but has 
become the driving force for 

many international projects, 
putting into life the ideas and 

dreams of Igor Vasilyevich 
Kurchatov. Our guest today 
is Alexey Korsheninnikov, 

doctor of physical-mathematical 
sciences and corresponding 

member of the Russian Academy 
of Sciences. We are discussing 
the past, the present, and the 

future of fundamental science

planet. These three enterprises, in the process of develop-
ment, were joined into an industrial complex that was, for se-
crecy reasons, first named the 817th, and then became May-
ak (Beacon).

This is the scheme, according to which the development of 
the entire nuclear branch went on. Besides resolving mili-
tary issues, Kurchatov, of course, developed the peaceful use 
of atom concept. In 1954, on Kurchatov’s initiative and un-
der his supervision, the first in the world nuclear power sta-
tion was launched, and Dmitriy Ivanovich Blokhintsev was 
appointed as its scientific supervisor.

the evolvement
From the very beginning, Kurchatov placed extremely strong 
emphasis on fundamental research. It started with the story 
about the launch of the F-1 reactor, but at the same time, on 
the territory of the Kurchatov Institute (Laboratory #2 back 
then) a cyclotron was built, which was designated precisely 
for conducting fundamental research and studying nuclear 
reactions. Upon its launch in 1947, fundamental research on 
the cyclotron started. This cyclotron still exists and success-
fully operates; it has undergone a very serious upgrade dur-
ing these years, and today it is virtually a new installation — 
the only one in the entire former Soviet Union that acceler-
ates ions — from protons to medium nuclei.

Back in the days prior to the launch of F-1, Igor Kurchatov 
made a decision to create an accelerator center that would be 
fully directed at fundamental research. This center, which 
out of secrecy concerns got the name Hydrotechnical Labo-
ratory, was at fist created as an affiliate to the Kurchatov In-
stitute, near the town Bolshaya Volga — where the Volga Riv-
er merges the Moskva-Volga Canal. Today this place is the 
world famous Dubna Science Town. In 1946, Kurchatov de-
cides to build there a 480-MeV (million electronvolt) synchro-
cyclotron. The unit was launched, and it became an absolute 
world record. A similar unit in the United States at that time 
produced the power of 340 MeV. Fundamental research was 
started on the synchrocyclotron right away, and soon it was 
upgraded, with its power increased to 680 MeV.

After the 1947 launch of the cyclotron in the Laboratory 
#2, Kurchatov decides to create cyclotrons in Kharkov and 
in Gatchina. Today, the city of Gatchina hosts the Peters-
burg Nuclear Physics Institute (PNPI), which became the in-
tegral part of the Kurchatov Institute National Research Cen-
ter. Generally, the scale of Kurchatov’s initiatives in the area 
of fundamental research on nuclear and elementary particle 
physics was absolutely tremendous. At the same Hydrotech-
nical Laboratory near Bolshaya Volga, the start was given to 
the construction of a 10 GeV accelerator, based on totally new 
ideas by V.I. Veksler on phase stability. But there is more. At 
the same time, after conducting several meetings, Kurchatov 
decides to build a 70-GeV accelerator. This one was built in 
Protvino and functions up to this day. In fact, it was the one 
to become the basis for creating the Institute for High Ener-
gy Physics (IHEP), which is now a part of the Kurchatov Insti-
tute NRC. The predecessor of this accelerator was a 10-GeV 
accelerator built at the Laboratory #3, which today is called 
the Institute of Theoretical and Experimental Physics (ITEP) 

and is also the integral part of the Kurchatov Institute NRC.
In the meantime, the Hydrotechnical Laboratory on Bol-

shaya Volga receives a new status and is now called the Insti-
tute for Nuclear Problems of the Academy of Sciences. New re-
search centers keep appearing around this laboratory. G.N. 
Flerov, the discoverer of spontaneous nuclear fission, worked 
on the Kurchatov cyclotron and got interested in synthesis 
of transuranium elements and superheavy nuclei. Kurcha-
tov supported Flerov’s idea, and the latter moved to Bolshaya 
Volga. Subsequently, a nuclear reactions laboratory was cre-
ated there for him (today it bears Flerov’s name), and Kurcha-
tov made arrangements to build a conceptually new installa-
tion specifically for Flerov’s projects: it was the U-300 cyclo-
tron that, unlike all others, now accelerated heavy ions. In 
parallel, the discovery of transuranium elements took place 
on this cyclotron, and Flerov with colleagues discover the 
102nd element of the Mendeleyev’s Periodic Table, then the 
103rd, 104th, and 105th. Today the development of this field 
successfully continues in Dubna, where it is being headed 
by Yuriy Tsolakovich Oganesyan, Flerov’s student. Recently, 
the Dubna scientists reached the 118th element and the so-
called “island of stability.”

Here is another vivid example of fundamental science de-
velopment in our country. A highly talented group of physi-
cists, headed by Gersh Itskovich Budker, emerged at the Lab-
oratory #2. His laboratory later moved to Novosibirsk, where 
the Academic Town was being built and later became what 
today is known as the Institute of Nuclear Physics of the Si-
berian Branch of the Russian Academy of Sciences. Now it is 
the world leader in creating accelerator technology. This in-
stitute, which today carries Budker’s name, is the one that 
developed the principles and created the very concept of col-
liders — the devices where particles flying towards each oth-
er collide.

the internationalization
Kurchatov was dedicated to the idea that fundamental re-
search can be most efficiently conducted within the frame of 
international cooperation, and he was able to convince the 
government of his ideas, which was not an easy task. Best 
world scientists must work together to accomplish some-
thing, at which nobody previously succeeded. In 1956, 
Kurchatov comes to England where he speaks about the nu-
clear power industry in the Soviet Union and about the re-
search that was previously classified as top secret — study-
ing controlled thermonuclear fusion. He proposes that scien-
tists of the entire world join their efforts, because in this he 
sees a future source of cheap and virtually unlimited power 
for the entire mankind. Today we know that those first ideas 
by Kurchatov got evolved. Notably, thanks to the joint efforts 
of all developed countries, including Russia, the ITER ther-
monuclear reactor is being built in France.

In 1954, the Western countries have created, near Geneva, 
the European Center for Nuclear Research — CERN (French: 
Centre Européen pour la Recherche Nucléaire). USSR comes 
forward with a proposal to participate in this internation-
al scientific organization, however, the political situation 
back then was complicated, so the Soviet proposal, made on 

Fundamental 
Science as a Way of Life

the Beginning
The main objective of Laboratory #2 that was organized in 
1943 and became the precursor for the Kurchatov Center 
was the creation of a nuclear weapon. Implementing all this 
required solving issues of incredible complexity by building 
from scratch a brand new branch of industry — the nuclear 
branch. This was impossible to do just by efforts of one single 
Laboratory #2, which is why the nuclear project was develop-
ing on the national scale and according to approximately the 
following scheme. Once a new promising project appeared 
at the Laboratory #2, it was made into a separate organi-
zation as an affiliate. In case of successful  development,  

this organization, over time, became independent (a science 
and research institute, an affiliate, or an enterprise).

For example, this is how the affiliate in Sarov was creat-
ed, and in several years it became the Design Bureau #11, 
which later turned into an entire city — Arzamas-16, where 
the entire technological power in creating nuclear weapons 
was concentrated. In the late 1940’s, Igor Kurchatov creat-
ed the so-called enterprises A, B and C in the Chelyabinsk 
Region. Enterprise A was a commercial reactor for produc-
ing weapon-grade plutonium; Enterprise B performed iso-
tope separation; Enterprise C was involved in the metallurgy 
of this new element that was previously non-existent on our 
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Kurchatov’s initiative, is not accepted by the Western coun-
tries. But Kurchatov does not give up, and in 1956, on the ba-
sis of the initial Hydrotechnical Laboratory that further grew 
into a gigantic institute, he creates the Joint Institute for Nu-
clear Research (JINR). This is an international organization 
that initially, from its inception, was designated for funda-
mental research on nuclear and elementary particle phys-
ics and was open for participation by foreign scientists from 
any country. Evidently, the majority was represented by the 
Eastern Block countries, but most outstanding Western sci-
entists, nevertheless, regularly visited Dubna. Internation-
al scientific contacts were thus established, reinforced, and 
Kurchatov’s ideas about internationalization and globaliza-
tion of fundamental research finally started to conquer. One 
of the milestones on this path was the creation of IAEA in 
1957 — the International Atomic Energy Agency.

today’s day
Now let’s talk about today’s state of affairs with fundamen-
tal research conducted at the Kurchatov Institute. I will 
start with the example of activities that our institute per-
forms at CERN. Today CERN attracts the attention of physi-
cists worldwide with the fact that it hosts the Large Hadron 
Collider (LHC), which produces the highest particle energies 
in the world (among artificial sources, of course). When the 
Large Hadron Collider goes into its planned mode of opera-
tion, it will produce proton collision with the total energy of 
14 teraelectronvolts. The LHC is also being used to research 
the collision of lead nuclei, where its two nucleons in the cen-
ter of mass are expected to produce the energy of 5.5 TeV. 

Particles with such high energies are accelerated in a circu-
lar tunnel located at an average depth of 100 meters; the pe-
rimeter of the tunnel is 27 kilometers, and it is located un-
der the territory of two countries — Switzerland and France.

To accelerate particles to such high energy and bend them 
into a circular trajectory, they use superconductive magnets 
that are cooled to the temperature of 1.7° Kelvin. The par-
ticles in this circle are accelerated in two directions: some 
are being accelerated clockwise, others — counterclockwise. 
Particles are collected into bunches that fly toward one an-
other and collide in four places. In these four places there 
are 4 detectors that include multiple subsystems and repre-
sent, in fact, structures of gigantic sizes, resembling multi-
story buildings.

The first superdetector is called CMS (Compact Muon Sole-
noid) and represents a structure the size of a 5-story build-
ing. It is being used for discovering new particles and open-
ing the door to new physics. The first task that CMS faced 
was to search for the Higgs boson — the particle responsi-
ble for the spontaneous violation of electroweak symmetry, 
which is manifested in the fact that carriers of electromag-
netic interaction — photons — have zero mass, while carri-
ers of weak interaction (W- and Z-bosons) have a large mass. 
The Scotch physicist Peter Higgs suggested that the particles’ 
mass, in fact, appears as a dynamic effect due to their inter-
action with some scalar field. Since each field has its carrier, 
the carrier of this new proposed field that Higgs spoke about 
is a hypothetical particle, named the Higgs boson. There-
fore, the Higgs boson holds a totally fundamental meaning 
for the very bases of the Standard Model (the theory that 

 describes elementary particles and their interaction), since 
it is responsible for the appearance of the mass of particles. 
As was announced in the summer of 2012, there were exper-
iments going on at CERN on two installations (one of them is 
CMS, the other one — ATLAS), both of which produced mu-
tually agreed results in observing a particle that looks a lot 
like the Higgs boson.

ATLAS is the second superdetector, and it is even bigger 
than CMS. This is a detector of a different type; it uses differ-
ent principles but solves the exact same issues as CMS does. 
Such redundancy is needed because if something gets dis-
covered at the Large Hadron Collider, there is no other place 
to verify the results, except on the collider itself. This is why 
there is such duplication of two identical collaborations that 
independently from each other solve the same issues.

The third superdetector on the Large Hadron Collid-
er is called LHCb — where “b” stands for b-quark — “beau-
ty-quark.” The LHCb will be used for research dedicated to 
one of the most interesting and basic questions in our Uni-

verse: why does the Universe exist as it does, and why does 
it consist of matter? The Big Bang created equal amounts 
of matter and antimatter, however, today the Universe con-
sists of matter. In other words, annihilation of matter and 
antimatter took place, but for some reason a much bigger 
amount of matter remained. The answer 
to the question “Why does this happen?” 
was qualitatively given by academician 
Sakharov, but there are many things 
that we still don’t understand, and the 
research on the LHCb installation will 
help us deal with this issue at a more 
profound level.

The fourth superdetector on the Large 
Hadron Collider is called ALICE — A 
Large Ion Collider Experiment. This ex-
periment is targeted at researching the 
qualities of a new state of matter — the 
quark-gluon matter, in the form of which 
the Universe existed during the first mi-
croseconds after the Big Bang. This mat-
ter will be “photographed” using our de-
tectors, and its spectrum will help us de-
termine its temperature. The concept of 
studying quark-gluon matter using the 
registration of direct photons was pro-
posed by physicists of the Kurchatov In-
stitute and supported by the interna-
tional collaboration.

In whole, we are actively participating in the ALICE experi-
ment, being among its originators, while the three other ex-
periments — CMS, ATLAS, and LHCb — involve associates 
of the institutes that recently joined the Kurchatov Institute 
National Research Center — ITEP, IHEP, PNPI. In those re-
search works that announce the discovery of a particle re-
sembling the Higgs boson, there are also authors from the 
institutes that today make up the Kurchatov Institute NRC.

Additionally, we have subdivisions that are dedicated to 
studying exoticism — nuclei with a surplus of neutrons or 
protons that possess amazing properties. Today exotic nu-
clei are making us revise traditional nuclear physics, which 
is why they have become the main trend in modern nuclear 
physics. The department of relativistic nuclear physics is in-
volved in studying the quark-gluon matter. Intrinsically ad-
joining nuclear physics is neutron physics, where our role on 
the international arena is quite noticeable as well. Besides, 
we have subdivisions that deal with neutrino physics. In 
atomic physics, we conduct research on the origin of chem-
ical bond between elements. In radiation materials science, 
there is ongoing fundamental research in studying physical 
mechanisms of radiation tolerance of materials. Fundamen-
tal research in plasma physics is targeted at studying the 
conduct, the dynamics, and the stability of plasma; at solv-
ing fundamental issues of hydrodynamics. We also attained 
highly significant success in the area of condensed matter 
physics. To summarize, fundamental science at the Kurcha-
tov Institute extends over a broad range — from femtoworld 
to nuclear physics, and further — to solid state physics and 
astrophysics. And in every one of these disciplines, our sci-
entists are world-renown and play the defining role in many 
areas of research.

Prepared by Victor Friedman

Gas reservoirs in the Kurchatov Institute’s infrastructure

Element of the Kurchatov synchrotron storage ring

The Big Bang created equal amounts 
of matter and antimatter, however, 

14 billion years have passed, and we 
see that the Universe consists 

of matter
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What future does thermonuclear energy have and does mankind really 
need it? When will the first thermonuclear reactor be built and will 

mankind finally have an inexhaustible energy source? These questions, 
as well as many others, were discussed by Victor Ilgisonis, doctor of 
physical-mathematical sciences, head of the Nonequilibrium Plasma 

Physics Laboratory of the Institute of Tokamak Physics at the Kurchatov 
Institute NRC

 Trap
 for the 
 Sun

The reaction of thermonuclear fusion is the main 
source of the energy provided by the Sun, where 
such reactions take place at the temperature of 
about 20 million degrees. The thermonuclear 

reaction itself is basically the fusion of two nuclei of hydrogen 
isotopes — deuterium and tritium. The mixture of these two 
elements at high temperature gets converted to fully ionized 
plasma that consists of electrons and nuclei of deuterium and 
tritium. Such reactions result in emission of huge amounts 
of energy.

a game of chance
The history of controlled thermonuclear fusion (CTF) in Rus-
sia and the USSR started… by accident. In 1950, Soviet Army 
sergeant Oleg Lavrentiev sent a letter to the Communist Par-
ty Central Committee. The letter contained a proposal for 
electrostatic confinement of deuterium nuclei using spheri-
cal nets with negative and positive potential. It can be said 
that the letter by O. Lavrentiev served as a catalyst for the 
birth of the Soviet program in researching controlled ther-
monuclear fusion: although the drawbacks of this proposal 
were evident, I. Tamm and A. Sakharov began developing the 
idea with enthusiasm, and soon they realized that it would 
be possible to create a fundamentally new device — a mag-
netic thermonuclear reactor. The scientists proposed using 
the concept of a closed magnetic trap that later got the name 
“tokamak” (abbreviated from the Russian — toroidal cham-
ber with magnetic spools), which became an international 
neologism.

On May 5, 1951, the Decree of the Council of Ministers of the 
USSR laid the foundation for the first in the world state pro-
gram in thermonuclear research under direct supervision by 
I.V. Kurchatov. Subsequent national achievements in the area 
of controlled thermonuclear fusion were linked to the names 
of other great Kurchatovians — L.A Artsimovich, M.A. Leon-
tovich, E.P. Velikhov, B.B. Kadomtsev, V.D. Shafranov.

The first prototype of the TMF (Tokamak with Magnetic 
Field) was built here in 1955. And the real one — made of 
stainless steel — was the tokamak T-1 built in 1958 under 
supervision by our scientists Yavlinskiy and Golovin.

The apotheosis of the initial stage of tokamak develop-
ment were the test results obtained on the Kurchatov toka-
mak T-3 — an incredibly high, at the time, temperatures of 
electrons — around one keV, which is over 10 million degrees 
centigrade — and a relatively long period of plasma confine-
ment that significantly surpassed the corresponding param-
eter values obtained in other magnetic traps.

In the early 1950’s, this research was classified in all coun-
tries. But in 1956, on Kurchatov’s initiative, the decision was 
made to declassify these works. He was the first to realize 
that research of such scale is beyond the capabilities of one 
single country: it is very science-intensive, expensive, and 
requires large teams for its development. Since 1956, pub-
lications on thermonuclear research were opened, and in-
ternational cooperation in this area started. The worldwide 
“march” of tokamaks has begun — from the USA to Europe 
and Japan. There were a total of over one hundred tokamaks 
built worldwide, and this installation became the main de-
vice in researching high-temperature plasma in all thermo-
nuclear laboratories of the world.

In our country, the Kurchatov Institute built the T-10 unit 
that was the biggest in the world during the 1970’s. In 1979, 
we got the T-7 unit — the first superconductive tokamak with 
the non-inductive current sustenance system. The T-10 unit 
is still successfully operating. Its main feature was and still 
remains the organization of powerful heat-up of plasma’s 
electronic component using ultrahigh-frequency electromag-
netic waves. There were special devices invented in our coun-
try — gyrotrons, which made it possible to achieve the tem-
peratures of 100 million degrees. This also became a world 
record. Finally, in 1988, the superconductive tokamak T-15 
was launched, using a new advanced niobium-tin supercon-
ductor. In the 1990’s came the discovery of the phenomenon 
of improved confining of self-organizing plasma, which al-
lowed us to expect the soon transition to thermonuclear pa-
rameters.

ITER is not just a cooperation of scientists from different 
countries but a step forward for our entire civilization. Nev-
er before did mankind build installations of such incredible 
complexity and immense cost. This giant is about 30 meters 
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tall, weighing 23 thousand tons, holding 840 cubic meters 
of plasma. And most importantly: 150 million degrees cen-
tigrade in non-stop burning mode… I especially want to em-
phasize the merit of our country in creating ITER. Serving as 
its basis is the tokamak, the idea for which was proposed and 
implemented for the first time in the world by the Kurchatov 
Institute. The idea of creating an international experimen-
tal thermonuclear reactor ITER belonged to academician E.P. 
Velikhov, the president of the Kurchatov Institute NRC, back 
in the 1980’s. Since 1988, the concept of ITER developed in 
collaboration between four participants — Russia, the USA, 
the European Union, and Japan. Now the project has sev-
en participants — the initial group was joined by China, 
South Korea, and India. Each of the multiple systems in this 

 installation is unique in terms of manufacturing scale and 
complexity. There was nothing like it in the scientific world. 
The projected lifetime of ITER is 25 years. It is perceived that 
during this time, all knowledge that we plan to obtain from 
ITER will be mastered by scientists, and then either a transfer 
to next-generation machines (for example, DEMO) will take 
place, or… something fundamentally new will appear.

Being a full-fledged player in this project, Russia contrib-
utes 9% of the cost of building ITER in the form of unique 
high-tech equipment. To fulfill its obligations within the 
framework of the project, Russia employs about 30 scientif-
ic and production organizations. The Kurchatov Institute, to 
a large extent, coordinates their activity in this tremendous 
megaproject. This concerns the magnetic system develop-
ment, as well as the unique production of superconductors 
for ITER’s magnetic system.

By participating in the ITER project, we, among other 
things, are creating a unique technological base for our in-
dustry. It is necessary to organize tests for science-intensive 
products, especially unique ones. These tests are conducted 
on plasma machines at the Kurchatov Institute NRC. In cre-
ating the diagnostic complex systems assigned to the Rus-
sian Federation, the Kurchatov Institute, for example, devel-
ops the diagnostics of hydrogen isotope lines and provides 
scientific supervision over manufacturing the correspond-
ing elements for ITER.

Thermonuclear research also generated a by-product, if 
we can say so — multiple plasma technologies that already 
found their application in industry. These are, for example, 
powerful electromagnetic radiation generators, various plas-
matrons, which are used, by the way, not only to fill magnet-
ic traps with plasma but also for various technological pur-

poses. Another good example is the 
plasma scalpel, which is currently 
considered to be one of the best sur-
gical tools. Or the plasma acceler-
ator — a device capable of emitting 
a powerful stream of plasma, un-
like the tokamak, where plasma is 
confined in a closed space. Its idea, 
just as that of a stationary plasma 
thruster (SPT), belongs to A.I. Moro-
zov, a Kurchatov Institute scientist. 
Now SPTs get manufactured serial-
ly and are installed on many space 
vehicles.

Hardening the surface of mate-
rials (for example, the edges of cut-
ting tools) using plasma technolo-
gies may increase its durability by 
an order of magnitude. The technol-
ogy of ionic implantation for hard-
ening cutting tools materials devel-
oped at the Kurchatov Institute was 
one of the first nanotechnological 
projects in our country, implement-
ed and put into production by the 
Saturn R&D center.

Another example is pulse magnetic welding — the technol-
ogy that was also born in the Kurchatov Institute. It allows 
extremely tight fastening (rather, welding) of materials that 
are impossible to weld using any other method. Such junc-
tures are needed for handling special tasks in various ar-
eas, including space industry, physical experiments, medi-
cal equipment.

Hydrogen power is an independent area of alternative 
(compared to hydrocarbons) fuel. Its emergence happened 
largely due to plasma chemistry, while plasma-chemical pro-
cesses, in turn, started developing as an embranchment of 
thermonuclear research. A plasma charge possesses certain 
properties that allow conducting chemical reactions between 
substances, impossible under normal conditions. Some of 
the first plasma-chemical devices in our country were creat-
ed in the Kurchatov Center, where an entire subdivision was 
organized and gave scientists the opportunity to work on ma-
jor complicated plasma-chemical processes.

Currently, there are several known methods of obtaining 
and storing hydrogen. This gas can be obtained from water 
using electrolysis, from hydrocarbons, from methane us-
ing conversion, and even from biomass. It is best to store hy-
drogen in the form of chemical compounds or using carbon 
nanostructures.

Today, the advantages of thermonuclear power are evident, 
they have been proven, and the history of CTF has reached 
the point when the entire world is seriously considering proj-
ects of building thermonuclear power stations.

Does today’s mankind need thermonuclear energy? Pres-
ently, we are mentally not ready for it. This field now is sim-
ply incapable of occupying the appropriate economic niche — 
there are no mechanisms that would force oil-producing and 
other extracting companies to give up instant and continuous 
profits and surrender a part of the market to the thermonu-
clear power industry. But this in no way means that we must 
stop developing thermonuclear technologies; we just need to 
wait until the need for them becomes real and present.

When the first nuclear power station was being built, no-
body even talked about economic benefits from produc-
ing electrical power on nuclear power plants. But today the 
world’s leading countries cannot do without nuclear power. 
We also must remember about the political meaning of ther-
monuclear fusion. Only strong powers that look ahead devel-
op the thermonuclear program. And our country, as well as 
the Kurchatov Institute with its projects, have a strong posi-
tion in this area.

Prepared by olesya Penkina

Thermonuclear research also 
generated a by-product, if we can say 

so — multiple plasma technologies 
that already found their application 
in industry. These are, for example, 
powerful electromagnetic radiation 

generators, various plasmatrons, 
which are used, by the way, not only 

to fill magnetic traps with plasma 
but also for various technological 

purposes

T-3 tokamak

V.I. Ilgisonis

Today, the advantages of 
thermonuclear power are evident, 
they have been proven, and the 
history of CTF has reached the point 
when the entire world is seriously 
considering projects of building 
thermonuclear power stations
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Another aspect of solar neutrinos research is related to 
studying mechanisms of solar energy production. Studying 
the composition of solar neutrinos may shed light on various 
astrophysical problems. The Kurchatov Institute is taking 
part in likely the most technically complicated of such ex-
periments — the international Borexino project at the Italian 
underground laboratory in Gran Sasso d’Italia.

Our institute is the responsible party from the Russian 
side, and a total of 11 countries participated in the experi-
ment at different stages. Here they study the fundamental 
properties of neutrinos, check the Standard Model, conduct 
interdisciplinary research in solar physics and geophysics, 
and develop new technology.

The Borexino plant is actually a very big scintillation spec-
trometer. In the center, there is a transparent nylon ball with 
a 4.24 m radius, filled with 300 tons of pure scintillation flu-
id, in which neutrinos interact. This ball hangs inside an-
other fluid that fills a steel sphere. Around that, there are 2.4 
thousand tons of ultrapure water in a cylindrical case. And 
all this is hidden inside the rock mass. Such unique condi-
tions are needed to escape from the outside background ra-
diation. Today, Borexino is the most radiation-free environ-
ment on Earth.

Several impressive results have already been obtained. For 
example, for the first time ever precision measurements of 
solar neutrino fluxes with energies below 2MeV were taken 
in real time; the higher energy solar neutrino oscillation in-
crease has been confirmed; new limitations on probability of 
rare processes that violate the Standard Model have been ob-
tained, etc. We, at the Kurchatov Institute, created an inde-
pendent measuring complex to search for supernova explo-
sions. This Kurchatov segment of the Borexino experimen-
tal complex helps conduct constant monitoring of neutrino 
signals, and all the data are being transmitted to our insti-
tute for analysis.

Besides neutrinos from space, Borexino also detects neu-
trinos from the bowels of Earth — the so-called geoneutri-
nos, born in the process of radioactive decay of natural el-
ements. Registering geoneutrinos in the Borexino experi-
ment proves that a significant part of the heat generated by 
our planet has become inherently radiogenic. The applied 
relevance of the research stems from the effect produced by 
amounts of heat, generated in the depths of our planet, on 
the convective movement inside Earth’s mantle that causes 
volcanic activity, tectonic plate movement, and seismic ac-
tivity, as well as generating the geodynamo mechanism that 
produces Earth’s magnetic field.

There is an area where neutrino technologies can already be 
applied, and the leader here is the Kurchatov Institute NRC. 
Today, the internal control of a nuclear reactor core is handled 
by internal sensors. But in case of various circumstances or 
accidents, it would be nice to have sensors that monitor the 
nuclear reactor core situation from the outside, from behind 
the biological shield. Pioneer works on such remote diagnos-
tics have been conducted in the laboratory in the city of Rovno, 
headed by Lev Mikaelyan, back in the 1980’s. The only method 
of controlling the reactor modes of operation that would be im-
possible to fabricate is the neutrino method.

Among other cutting-edge technologies that were first 
tried out in Russia are detectors that operate on liquid inert 
gas. Charge emission detectors of liquid inert gases are most 
promising in the search for particles of dark matter.

Besides neutrino physics per se, such detectors are of big 
interest to nuclear medicine. New class tomographs can be 
created with their help. For example, if liquid xenon detectors 
are to replace the modern expensive crystals, it will be pos-
sible to develop and build a tomograph for the entire body — 
a 3D tomograph.

The next task which is relevant today is sterile neutri-
nos. At the Kurchatov Institute, they developed a methodol-
ogy and built a detector for precision measuring the cross-
section of the interaction of an electronic antineutrino with 
a proton. Measurements were conducted in the reactors in 
Rovno and Bugey (France) and resulted in a record accurate 
value that went down in all reference books and is used to 
standardize all reactor experiments. The situation became 
dramatic after French physicists were able to calculate the 
expected cross-section value, and this theoretical value ex-
ceeded the measured value by a few percent. This effect got 
the name “Reactor Antineutrino Anomaly,” and specifically 
for its explanation they proposed a hypothesis, according to 
which there is at least one more neutrino state that does not 
interact with matter in a regular way and thus was named 
sterile. Oscillations of reactor antineutrinos into this state 
became the reason for the observed deficit. To verify this hy-
pothesis, new experiments are planned, particularly in Rus-
sia, on the new research reactor PIK at the Petersburg Nucle-
ar Physics Institute and at the Borexino experimental com-
plex. I think that further research of neutrinos will bring us 
quite a few surprises and open the opportunity to study phe-
nomena beyond the boundaries of the Standard Model, just 
in time for building a more fundamental theory for subatom-
ic matter, the theory of Universe evolution, and solving other 
scientific problems.

Prepared by Alexey torgashev

to 3D Tomographs
From Neutrino

Neutrino research is the traditional area for the Kurchatov Institute. Today 
about 80% of all work in neutrino physics in Russia is concentrated here. 
We are speaking about the current and future projects in this area with 

Professor Mikhail Skorokhvatov, doctor of physical-mathematical sciences 
and assistant director of the Institute of General and Nuclear Physics of the 

Kurchatov Institute National Research Center

The Kurchatov Institute National Research Center 
(NRC) prepared a large-scale operating program in 
neutrino physics up to the year 2020. This program 
includes fundamental research, building latest-

generation detectors, interdisciplinary works in Sun physics, 
astro- and geo-physics, and even practical applications, for 
example, in monitoring nuclear reactors for IAEA purposes, 
or creating medical 3D tomographs.

neutrino Physics at the Kurchatov institute 
The existence of the neutrino was predicted by Wolfgang 

Pauli in 1930. The main property of the neutrino is its tre-
mendous penetration power. The neutrino’s interaction with 
matter is 19-20 orders of magnitude lower than typical in-
teraction of neutrons or gamma quanta. This is why they are 
extremely hard to register, so it wasn’t done until the mid-
1950’s.

A nuclear reactor is the most powerful artificial source of 
neutrinos (antineutrinos, to be exact) that form as a result of 
the fission chain reaction products decay. Registering anti-
neutrinos by their reaction with target protons is still used 
today in most state-of-the-art detectors.

At the Kurchatov Institute, in the late 1960’s, we devel-
oped a research program headed by our outstanding scien-
tists P.E. Spivak and L.A. Mikaelyan; two neutrino laborato-
ries were built at nuclear power plants in the cities of Rovno 
and Krasnoyarsk. We attained success, because the majori-
ty of the world statistics belonged to the Kurchatov Institute.

neutrino’s Properties
We know today that neutrino is a fermion, i.e. its spin is 
equal to one-half, and the neutrino has no charge. Processes, 
in which the neutrino participates, happen due to weak in-
teractions. It is also known that there are three generations 
of neutrino — electronic, muonic, and tau-neutrino. Each 
one of these three generations corresponds to the charged 
lepton (electron, muon, or tau) that accompanies the birth or 
absorption of a neutrino.

For a long time, it was believed that a neutrino does not 
have a rest mass; later this opinion changed to the opposite. 
Nonetheless, nobody ever measured the neutrino’s mass in a 
direct experiment. But there are experiments where its mass 
limitations were found for all three generations.

The best mass limitation for an electronic neutrino was re-
ceived on a spectrometer developed at the Kurchatov Insti-
tute. The experiment took place at the city of Troitsk, and 
they found out that the mass of an electronic neutrino can-
not exceed 2.2 electronvolts.

solar Paradox and neutrino oscillations
Verifications in several large-scale experiments confirmed 
that solar neutrino fluxes that reach the Earth are already 
of mixed composition — both electronic and muonic. The 
transformation of one neutrino generation into another was 
named neutrino oscillation, and this phenomenon is nowa-
days actively studied in experiments with solar and atmo-
spheric neutrinos, as well as in accelerators and reactors.

Installation of the BOREXINO spectrometer
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The Kurchatov Institute provides scientific 
leadership by building nuclear power units for 

transportation purposes and by developing 
marine nuclear power technologies.
The institute conducts a wide range 

of research — from neutron physics, 
thermohydraulics, and reactor dynamics 

to system analysis of nuclear safety and 
radiation problems. The performed 

operations develop and implement modern 
information technologies, 3D modeling, and 

supercomputations.
Under scientific supervision by the 

Kurchatovians, almost 500 nuclear reactors 
were created for objects of the naval forces 
and the atomic icebreaker fleet. Today, the 

institute’s specialists participate in the testing 
of reactor units on new-generation nuclear 

submarines, in creating equipment for a new 
universal nuclear icebreaker and a advanced 

floating nuclear heat and power plant 
Academician Lomonosov. The development 

is underway for simulators that will prepare 
personnel and train specialists of the naval 

forces and the atomic fleet.
The institute participates in conducting 

exploratory scientific operations in 
prospective projects on marine nuclear power 
units, new areas and methods of application 

for marine nuclear power technologies in 
national defense, arctic shelf exploration, and 

developing the country’s economy.
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nuclear reactors as a national asset
The Kurchatov Institute started as the secret Laboratory #2 
that was created for resolving the task of building the So-
viet atomic bomb. The first and most important step of this 
difficult path was the launch of the F-1 reactor in Decem-
ber 1946. This reactor was the first in Eurasia to perform 
the chain reaction of uranium fission. The American atomic 
bombs have already been dropped over Hiroshima and Naga-
saki. This demonstration of force meant that we must catch 
up to the Americans in the nearest future. Our “cat bar,” as 
the F-1 reactor was then called, still continues to work as the 
“neutron flux model.” Today the F-1 reactor is a monument to 
science and technology, a national asset.

The first commercial reactors for producing weapon-grade 
plutonium came from the Kurchatov Institute. At the same 
time, the second production line for making nuclear explo-
sives was launched — it was the line for isotope separation; 
first gas-diffusion cascades for enriching uranium were 
launched as well. On June 22, 1948, I.V. Kurchatov, along 
with his associates in the Urals, brought to full capacity a 
100 MW plutonium reactor. Soon systematic accumulation of 
plutonium has begun — this was the final stage before test-
ing the bomb.

In 1949, the first Soviet atomic bomb was tested under 
Kurchatov’s guidance at the Semipalatinsk test base. For all 
subsequent years, it was the nuclear shield created by our 
country that became the guarantor and the constraining 
factor against unleashing another world war.

reactor core
From the very first experiments on F-1 it became clear that in 
a reactor, where the chain reaction does not develop instant-
ly as it does during an explosion, the intensive heat emission 
could continue for months and even years, consuming just a 
few kilograms of uranium. All of the Kurchatov Institute’s de-
velopment during the 1950’s was happening in the name of 
atomic energy application in virtually all areas.

There were just two main directions to develop: military 
and peaceful. After that, everything started branching expo-
nentially, and the peaceful direction later overtook the mili-
tary direction. By the late 1940’s, Kurchatov set the task of 
developing and building a pilot nuclear power plant. The first 
in the world nuclear plant in Obninsk was launched in 1954 
under the supervision of Kurchatov and his associate Ana-
toliy Petrovich Alexandrov. The head engineer of the Obninsk 
NPP was academician Dollezhal, but all scientific work was 
headed by Kurchatov.

Many features, implemented first at the Obninsk NPP in 
metal and in constructions, were engineered and calculated 
here, at the Kurchatov Institute. This was the moment when 
the reactor materials science was born as an independent 
area of science. Just one year after the launch of the first NPP 
in the world, Kurchatov and Alexandrov headed the program 
of developing peaceful nuclear power industry in the USSR.

The design of the AM-1 reactor installed at the Obninsk 
NPP turned out to be a dead end. It became clear that the 
main problems in building and operating the new reactors 
would be related to materials. Nobody previously worked 

with materials that would be subjected to intense radiation. 
They radically change their properties under such condi-
tions. The first tests in radiating metallic uranium showed 
that the rods start to bend. Anisotropic expansion of urani-
um led to heavy deformations, loss of shape, etc. It was nec-
essary to find materials that would be radiation-resistant. 
The USSR potential in this area was so huge that in just a 
short period of time we were able to create a whole range of 
unique materials. The Kurchatov Institute, in collaboration 
with other materials science institutes, perfected them, cre-
ating real materials and constructions, new reactors. For 
example, we made the first research reactor — the Physical 
Heat Reactor (PHR) launched in 1952 and packaged with the 
“hot” materials laboratory. Active work was also underway to 
perfect the uranium fuel elements. Materials for other reac-
tors, later built in the country, were being tested here. At the 
same time, the experimental base for fundamental research 
was expanding — now we had a large cyclotron, electrostatic 
generators, and other equipment.

Marine atom
One of the Institute’s primary objectives in the early 1950’s 
was creating a reactor for submarines. This work was headed 
by Anatoliy Petrovich Alexandrov, who came to us from the 
Institute of Physical Problems.

The development of reactor cores led to the emergence of 
water-cooled water-moderated reactors (WWER). They are 
the foundation for our nuclear navy. Later, other machines 
appeared — LED-based, etc. But WWER remains the major 
trend. In 1958, the second submarine in the world (the first 
one was built by Americans) was floated off under the scien-
tific guidance of the Kurchatov Institute, and in 1959, the 
first ever atomic icebreaker Lenin was launched. This huge 
area is still being developed, with 4 generations of nuclear 
submarines already created.

research atom
Today most of the research reactors are stopped. But we re-
main an island where new reactors are still being put into op-
eration. Recently, the Petersburg Nuclear Physics Institute 
has joined the Kurchatov Institute National Research Cen-
ter, where the most powerful neutron flux reactor (beam re-
search reactor — BRR) is being launched. The ideology of a 
reactor with high flux was once developed by our outstand-
ing nuclear physicist Saveliy Moiseyevich Feinberg. The most 
powerful reactor of this kind was built in those times at the 
Atomic Reactor Research Institute in Dimitrovgrad, where 
we were able to obtain the highest in the world flux of ther-
mal neutrons. This idea was later developed by the scientists 
from the Petersburg Nuclear Physics Institute.

In 1958, the Kurchatov Institute launched the reactor that 
allowed physicists to conduct works in the area of solid-state 
physics, nuclear physics, neutron diffraction analysis, etc., 
using horizontal channel neutrons.

For a long time, the Kurchatov Institute has been the head 
scientific organization in developing research reactors. The 
laboratory of research reactors physics and technology at the 
Kurchatov Atomic Energy Institute participated in  creating 

Kurchatov 
SyntheSiS
There are no viable alternatives to nuclear energy, neither today nor for the 

distant future. This is the firm belief of Yaroslav Shtrombach, assistant 
director of the Kurchatov Institute National Research Center, director of the 
Kurchatov Nuclear Technology Center. We can and must continue working 
with these technologies, study and perfect them, making them safer, more 

efficient and dependable
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produced plutonium. Thus, the reactor for the nuclear pow-
er industry was created — HPCT. These are the types of re-
actors that worked in Chernobyl. After the 1986 events, this 
area of development nearly stopped, even though almost half 
of Russian nuclear electrical power is still being produced 
using HPCT reactors. After the Chernobyl events, a lot was 
done to make them absolutely safe from the physics stand-
point. The changes affected the safety control systems, the 
core composition, and the uranium-graphite ratio.

error control
For this purpose, several important experiments were con-
ducted at the Kurchatov Institute. As part of a set of interna-
tional projects, nuclear reactor core materials — shells, fuel 
magazines, structural materials — were melted in large elec-
tric ovens. We got a so-called corium and studied its prop-
erties. This work resulted in the development of so-called 
“melt traps,” which could minimize the consequences of se-
vere accidents related to core meltdown, when the melt es-
capes through the reactor’s shell. A cooled trap with “sac-
rificial” material that absorbs most of the melt energy is in-
serted under the reactor. Along with other modern means of 
active and passive safety, this trap significantly increases 
the degree of protection of the power plant. In the latest proj-
ect, we were able to lower the sanitary protection zone from 
3 km to 800 m, and the observation zone from 25 km to 8 km.

A total of 69 WWER reactors were created under our sci-
entific supervision. Some of the most successful were the 
ones we shipped to Finland for the Loviisa NPP — these were 
WWER-440 reactors.

The recent projects implemented abroad under scientific 
supervision and with direct participation by the Kurchatov 
Institute are the Tianwan nuclear power plant in China and 
the Kundankulam nuclear power plant in India.

Today, the Kurchatov Institute participates in creating the 
TOC (Typical Optimized Computerized) reactor that com-
bines all major achievements in providing high safety.

Today over 90% of power stored in Earth in the form of 
mineral resources can be obtained from fission of urani-
um-238, which constitutes 99.3% of natural uranium. This 
definitely sets the task of using this resource in the future 
nuclear power industry. However, it also raises a range of 
questions related to the development of nuclear power in-
dustry as a system with complicated technological conver-
sions inside. Our institute is working in the area of develop-
ing strategies for such a system, which in the future should 
become multiunit; it must also include, in addition to ther-
mal neutron reactors, a large number of fast neutron reac-
tors. This would enable the implementation of a so-called 
closed fuel cycle, providing the nuclear power industry with 
fuel that requires just minimal extraction of natural ura-
nium.

research reactors in many republics of the Soviet Union and 
abroad. Every two years, the institute conducted coordina-
tion meetings on research reactors over the entire Soviet 
Union — in Tomsk, Alma-Ata, Tashkent, in the Ukraine, etc.

understand and Prevent
We are now taking out of service a powerful 50-megawatt MP 
reactor that was built back in the 1960’s and has seen all 
of the fuel elements for thermal neutron reactors for the en-
tire Soviet Union go through it. This reactor had a maximum 
of 14 loops, i.e. emulated 14 different reactors with various 
coolants: water, steam water, liquid metal, gas. It was used 
for testing fuel elements for all kinds of reactors: subma-
rines, icebreaker ships, power and research reactors.

The “hot laboratory” that dealt with irradiated materials 
and nuclear fuel worked conjointly with the MP reactor. It 
contributed a lot to the issues of reactor materials science 
and creating new materials.

In recent years, after M.V. Kovalchuk joined the Kurcha-
tov Institute, a new era has set in — the institute’s revival. 
The “hot laboratory” is already successfully operating at the 
nanolevel. Thanks to the unique devices, it is now possible 
to detect the slightest changes in properties and functional-
ity of a material subjected to radiation. One of the main prob-
lems in the area of reactor materials science is brittleness 
of the reactors’ shells. The shell of a reactor is designed for 
30– 40 years of operation. Today we are able to extend its op-
erating life to 60 years without compromising safety.

In 2006, on M.V. Kovalchuk’s initiative, we gathered a team 
of organizations that developed steels for reactors’ shells and 

launched an operation cycle in creating new types of steels. 
Now we obtained materials that could extend the shells’ op-
erating life to 100 years.

In recent years, this activity moved to a fundamentally new 
level, because we have at our disposal a powerful research 
complex that includes the Dedicated Kurchatov Synchro-
tron Radiation Source, a neutron reactor, ultramodern elec-
tronic microscopy. Neutrons and the X-ray radiation comple-
ment each other nicely as research methods. Where X-ray ra-
diation fails, neutrons take over. Today, in the entire world, 
there are just a few science centers where neutron and syn-
chrotron sources operate simultaneously.

Our technologies make it possible to receive information on 
what’s going on inside the material on the nanolevel. For ex-
ample, precipitates that make the biggest contribution to ra-
diation embrittlement have an average size of 2–3 nanome-
ters. Changes that happen at this level lead to steel becoming 
brittle at a rather high temperature.

At the Kurchatov Institute, we also have zero-power reac-
tors that emulate reactor cores of various types — the so-
called critical builds. In other words, they are loaded with 
fuel but work at zero power. We use them to study physical 
parameters of reactor cores, the effect of various materials, 
absorbents, etc.

Now a few words about space projects. The Kurchatov Insti-
tute has contributed a lot to creating on-board power sources 
for spacecraft powered by thermoelectric and thermionic re-
actors. The first reactor of this type, Romashka, was a high-
temperature core with thermocouples. The Yenisei reactor 
used the thermionic method of energy conversion. Today the 
Kurchatov Institute, in cooperation with RusAtom organi-
zations (Power Engineering Research and Design Institute, 
Physics and Power Institute) is participating in creating a 
megawatt-power reactor for an orbiting spacecraft.

a toy for scientists
In the early 1950’s, just a few believed that the peaceful atom 
may become a serious factor in economics and the power in-
dustry. Reactors were far from perfect, nobody realized the 
boundaries of this whole idea, oil seemed to last forever, and 
no energy crisis was threatening.

Nonetheless, the genius prescience of such people as 
Kurchatov and Alexandrov led to the gradual development 
of the nuclear power industry. USSR created the program 
of power development, which included two main directions. 
These were water-cooled water-moderated energy reactors 
(WWER) and high-power channel-type reactors (HPCT). To-
day, mostly PWR (pressurized water reactors) are used world-
wide, while in Russia we mostly use HPCT reactors. In es-
timating the possibility of fast development of the atomic 
power industry, in the mid-1960’s, the Department of En-
gineering realized that it will be difficult for us to build the 
same number of WWER reactors as in America, which would 
put a huge load on the mechanical engineering industry.

Even today this is a hard task. Reactor and steam genera-
tor shells are extremely complicated structures. With this in 
mind, the decision was made to build a reactor based on the 
experience of operating industrial reactors on our plants that 

“Hot chamber” complex

Y.I. Shtrombach
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The thermonuclear research conducted at the Kurchatov 
Institute and the thermonuclear reactors created on its ba-
sis can also make a significant contribution to the strategy 
of developing nuclear technologies of the future.

Materials and equipment
The positive balance of a thermonuclear reactor is achieved 
primarily due to the neutron yield that can be used in some 
complicated scheme, i.e. to heat water and get vapor, like in a 
nuclear reactor. Another way is to use the thermonuclear re-
actor neutrons together with various nuclear installations. 
For example, create a blanket containing uranium-238 or 
thorium-232, where neutrons would be used to produce plu-
tonium-235 or uranium-233 for further use as fuel for nucle-
ar reactors.

This would be a more ecological method in comparison 
to obtaining plutonium in nuclear reactors, because no fis-
sion fragments form during radiation capture, and ten times 
less cooling is required. Next to the thermonuclear reactor, 
you could build a subcritical molten-salt reactor where mol-
ten salts would be pumped through. But in order for these 
schemes to turn into real-life technology, we must first deal 
with the materials.

clean up our Planet
In the process of building, operating, and eliminating nucle-
ar objects, there were very many so-called “storages of his-
torical heritage” formed. When new reactors were created, 
their design was changed, and radioactive products of this 
activity were buried on the institute’s territory — they were 
placed on concrete slabs and covered with more slabs. The 
institute’s territory had about a dozen such storages. When it 
became apparent that they needed to be taken out, this task 
turned out quite complicated.

To resolve the rehabilitation issues, a whole set of interest-
ing methods was developed, and special devices were creat-
ed — such as gamma-visors and gamma-scanners. Addition-
ally, we developed a method of soil cleaning, separating the 
radioactive part from non-radioactive. With its help, we were 
able to lower the volumes six-fold, i.e. only 15% were sent for 
burial, while the rest, completely safe, could be reused — and 
we even made a small park in that place.

Right now we have a huge fleet of robotic tools that help 
us remotely cut dangerous structures, compact, load, and 
transport them. In the future, this fleet will be used for oth-
er objects; we are also prepared to offer our services and ex-
perienced personnel.

The Kurchatov Institute and RusAtom are conducting im-
portant operations on the Northern and Pacific Fleet, on our 
northern facilities, where, after so many years, there is a large 
number of out-of-service submarines. The Kurchatov Insti-
tute showed high efficiency in conducting large-scale oper-
ations in disposal, core and nuclear submarine waste stor-
age, building physical shielding for such objects, i.e. we are 
involved not only in “pure” physics but also in organizing se-
rious work in the area of developing rehabilitation methods.

For further development of atomic power industry and nu-
clear technologies in general, it is extremely important to 
overcome the psychological barrier of much of the Earth pop-
ulation that is afraid of consequences of such activity. For 
this, we need to clean up the planet from the radiation left-
overs from the first period of nuclear technology development 
and keep it under tight control from now on. For this pur-
pose, Russia is implementing the Federal Program for Nu-
clear and Radiation Safety, and we are successfully partici-
pating in it. The Kurchatov Institute was the originator of the 
great atomic era in the USSR, and we assuredly continue to 
follow the footsteps of our great predecessors.

Prepared by Valeriy Chumakov

F-1 reactor building

IR-8 reactor control room

Initially, the facility was involved in “shaping up,” 
increasing the resources and work efficiency of fuel cells, 
graphite laying, channel pipes, i.e. materials used in 
cores of all kinds of thermal neutron reactors (except fast 

neutron reactors), as well as materials for water-cooled water-
moderated reactor shells that served for the USSR nuclear 
industry and were exported abroad. 

“Our area of interest included various reactor types. Firstly, 
commercial reactors that were used to produce weapon-grade 
plutonium, as well as generate electrical power — high-power 
channel-type reactor (HPCR). Secondly, water-cooled water-
moderated energy and transport reactors (WWER) for nucle-
ar submarines and icebreakers. The first generation of spe-
cialists in the nuclear field had not only their share of heavy 
loads but also fundamental ‘overloads:’ intellectual, physical, 
and certainly psychological. In a range of topics, the Kurcha-
tov Institute was the ‘scientific leader’ of the project for build-
ing and operating nuclear power plants that was carried out 
in the Soviet Union, specifically being the responsible party 
for the tests and selection of reactor materials. In those days, 
this area was new and not thoroughly studied yet. This is why 
when these reactors were put into service, all start-up opera-
tions, as well as their running support, were performed by the 
Kurchatov Institute. Today, when the country is in constant 
and ever increasing need of power generation, the work con-
ducted at IRMT is in high demand. The old objectives are con-
stantly being complemented by a range of new ones.

“For example, we are participating in the program for cre-
ating a transportation power module on the basis of a mega-
watt-class nuclear engine unit. By the way, our country thus 
far has no real competitors in this area. Besides, we have con-
tracts for supporting the reactor operation process, and not 
just from Russian customers but from foreign ones as well. 
In our institute, we have a chain of so-called ‘hot cells,’ where 
reactor materials are being researched under radiation con-
ditions. The way in which the material disintegrates helps 
us understand how the material gets embrittled when influ-
enced by reactor radiation. The search for and the substanti-
ation of extending the service life of WWER-type reactors to 
60 years is one of our top priority goals. Reaching it will bring 

a significant economic effect; after all, putting a reactor out of 
service always requires a replacement. At the same time, at 
the construction stage, reactors are a capital-intensive way of 
generating power. The cost of one new WWER power unit may 
exceed 3 billion dollars. And once the investment has paid 
off — which happens in about 20 years — they become the 
most profitable tool in power industry.

“In terms of our research capabilities, today we became one 
of the world’s most ‘advanced hot laboratories,’ i.e. laborato-
ries created for researching and testing radioactive and fis-
sionable materials. Our complex of shielded materials sci-
ence cells made it to the list of unique research facilities of 
Russia. We have a complex of the most state-of-the-art equip-
ment for conducting structural, thermophysical, all kinds of 
spectrometric, physico-mechanical, neutron-dosimetric re-
search and tests of materials.

“The scanning electronic microscope Zeiss Supra, which is 
installed in our laboratory of physical research methods, en-
ables us to research the structure and properties of samples 
directly related to the course of their degradation. This mi-
croscope that possesses very high resolution makes it pos-
sible to view the samples immediately after their mechanis-
tic tests, to see the phase, structural, chemical content of 
the material, determine the surface of destruction. Another 
example of unique equipment is the transmission electron-
ic microscope FEI Titan, one of the best in its class. With its 
help, we study very thin samples that we prepare a certain 
way. The samples are secured in the holder; they have the 
shape of a disk 3 mm in diameter with a hole in the center 
that is made by electrochemical or ionic thinning. Around 
this hole there is a certain area that we can analyze using 
this device. The samples thickness in this place is about 10-
20 nm. With just a few exceptions, it is the young specialists 
that work on our equipment. IRMT has great dynamics: even 
during the period of crisis, the number of contracts keeps 
growing. Simultaneously growing is the number of research 
associates under the age of 30 — now we have more than one-
third of them.”

Prepared by Anna shatalova

The Institute of Reactor Materials and 
Technologies (IRMT) of the Kurchatov 
Institute NRC grew from the materials 

science laboratory created on I.V. 
Kurchatov’s initiative in 1951 for the 
purpose of researching radiated and 

fissionable materials. Professor Boris 
Gurovich, IRMT director and doctor 

of technical sciences, tells us how it 
happened, about today’s day and the 

plans of the institute

Materials Science of the 21st Century
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“When did you first hear about the Kurchatov Institute 
and its founder?”

“In the USSR, every school student knew Kurchatov’s 
name. Igor Kurchatov, his associates, and the institute he 
created became a legend already in the 1950’s. It’s impossible 
to conceive how this person literally carried on his shoulders 
the entire Soviet atomic project. Igor Vasilyevich Kurchatov 
was an outstandingly educated scientist, which is why he 
was able to understand and solve the most complicated prob-
lems of the atomic power industry, encompassing the broad-
est range of areas of knowledge — chemistry, physics, ge-
ology, informatics. In essence, he was an interdisciplinary 
scientist, and this was a requirement for organizing a new 
atomic science. Kurchatov combined his brilliant talent of an 
organizer with the widest scientific erudition, intuition, the 
gift of gathering real supporters and concentrating all efforts 
on reaching the most important objective of that time. This 
is generally an extremely rare phenomenon in world science. 
During the toughest war years, he created from scratch such 
a perfect science system, which not only handled the mili-
tary task of building a nuclear weapon on an extremely tight 
schedule, but became the forebear for the rapid development 
of multiple unique technologies, areas of science, which up 
to this day remain the subject of our pride. The atomic bomb 
led to the atomic power industry, which later served basis for 
development of atomic-hydrogen power, where high-tempera-
ture gas reactors are used for getting hydrogen. The next step 
is to move from the process of atom nucleus fission to fusion, 
thermonuclear energy, controlled thermonuclear fusion — 
which required mastering magnetic plasma  confinement, 

thus requiring new materials with superconductive proper-
ties. In the process of building the atomic bomb, we created 
a nuclear reactor, which was installed on a submarine and 
gave it a previously unattainable resource of independence — 
in terms of transit time, submerging depth, etc. After the nu-
clear submarine, we made the first in the world nuclear ice-
breaker, thanks to which we are still actively present in the 
Arctic. In order for the atomic project to function, it was nec-
essary to learn to isolate and work with various isotopes, 
and we created an industry for isotope separation, which un-
derlies nuclear medicine, diagnostics, positron emission to-
mography, radiation therapy, etc. Then we started building 
accelerators and neutron reactors, which resulted in creat-
ing a unique research base that today fully functions at the 
Kurchatov Institute.

I personally knew well Kurchatov’s follower — Anatoliy 
Petrovich Alexandrov, the legendary A.P. He played an im-
portant role in my scientific life. For many years, A.P. was 
the Kurchatov Institute’s director and the president of the 
USSR Academy of Sciences; he had great authority, life expe-
rience, and possessed incredible intuition. He was an abso-
lutely outstanding scientist, an organizer, and a Man — com-
plete and real, with a capital ‘M.’ A.P. died in winter of 1994, 
in the mid-nineties — the disastrous years for science and for 
the country. The post-Chernobyl syndrome hit the Kurcha-
tov Institute really hard. The Chernobyl accident, in a way, 
was not just a technological catastrophe, but a catastrophe of 
the entire Soviet system, the ideological bomb for the USSR, 
extremely ‘convenient’ for promoting the image of an out-of-
control state that poses a threat to the entire world.”

From the 
Atomic Project 

to Convergence
Mikhail Kovalchuk, director of the Kurchatov Institute National Research 

Center, tells about the science and technology breakthroughs in modern 
science that have grown from the atomic project
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“How did you ‘enter’ the Kurchatov Institute?”
“In the early 1980’s, the entire world started developing mi-

croelectronics, and thanks to A.P., our joint work with the 
Kurchatov Institute was included in the interdepartmental 
microelectronics program. Within the framework of this ac-
tivity, I met with Evgeniy Pavlovich Velikhov. Back then, this 
was his main scientific interest, after plasma physics and 
CTF. Being a government man, Velikhov submitted the issue 
of developing microelectronics and information technologies 
in our country to the highest level, founded and took charge 
of the Information Technologies Department at the USSR 
Academy of Sciences, and began developing these technolo-
gies at the Kurchatov Institute, where the Russian Internet 
was later born. Since 1984, the synchrotron ‘epopee’ start-
ed: they were building a powerful commercial synchrotron 
for microelectronics in Zelenograd and, at the same time, a 
small research unit at the Kurchatov Institute. After the dis-
integration of the Soviet military industry sector and its key 
ministries, the construction of the Zelenograd synchrotron 
was suspended for many years, while the Kurchatov unit 
was completed after all. In 1998, thanks to our efforts and 
with active support from academicians A.F. Andreyev and 
Y.A. Osipyan, the Federal Program for Synchrotron Radia-
tion was launched by the Ministry of Science. E.P. Velikhov 
and A.Y. Rumyantsev, the then director of the institute, cre-
ated the Synchrotron Research division at the Kurchatov In-
stitute and asked me to become its director. Being a crystal 
physicist and, essentially, an interdisciplinary researcher, 
and thanks to my work on synchrotrons that united sci-
entists of all kinds of specialties — from theoretical physi-
cists to archaeologists, opticians, and acceleratorists, I kept 
deepening this interdisciplinarity, while the Kurchatov In-
stitute kept raising its standards. I got directly involved in 
the Kurchatov Institute operations starting in 1998, while 
being director of the Academic Institute of Crystallography. 

The synchrotron was still at its construction stage, with the 
very first stations, designed and engineered at the Institute 
of Crystallography, being mounted. In October 1999, the first 
beam was launched, and the opening ceremony was visited 
by Prime-Minister V.V. Putin. This was a landmark event —
for the first time in the last decade, we were able to make 
an important step for our entire science. Up to this day, the 
Kurchatov synchrotron remains the only specialized syn-
chrotron radiation source in the entire former Soviet Union.

In 2005, E.P. Velikhov offered me to become director of the 
Kurchatov Institute, which was totally unexpected for me. 
We just started getting ourselves out of the collapse of the 
previous decade, and the situation with science in the coun-
try gradually began improving. The Institute of Crystallog-
raphy, which I headed, successfully developed new fields re-
lated to protein crystallography, nanobiotechnologies, X-ray 
diagnostic methods, producing molecular membranes, etc. 
And all of a sudden, I was facing a totally new challenge of a 
unimaginable scale and complexity.

The previous perestroika years did not pass for nothing 
even for such a giant of Soviet science as the Kurchatov In-
stitute. The entire science system of Russia was completely 
destabilized during these years; it consisted of clusters, and 
each one of them struggled for survival. We survived only due 
to the great potential of Soviet science, its profound scientif-
ic schools that served as a carcass and kept this crumbling 
construction standing. Various scientific institutes were set 
out to sea — each tried to survive. Forget scientific develop-
ment — in these years, there was just one goal: keep the old 
potential afloat.”

“What helped the Kurchatov Institute survive?”
“The institute’s huge potential kept it running by inertia. 

Nuclear objects on its territory became a sort of safeguard 
form ‘privatization’ of our 100-hectar territory. Thanks to 
E.P. Velikhov, we were able to save the institute. During these 
years, it continued its work on developing the Internet in Rus-
sia, on launching the International Thermonuclear Experi-
mental Reactor ITER, on reclamation of the Arctic shelf. Gen-
erally, the Kurchatov Institute managed to keep ‘afloat’ the 
sections related to nuclear power — an important strategic 
area. Our atomic complex suffered to a much lesser degree 
than other branches of Russian science, because it remained 
in-demand by the technological cycle, which could not be 
stopped (submarines and icebreakers kept sailing, nuclear 
power plants continued their operations), while effective de-
mand for these technology existed in the world. Work con-
tinued on international projects related to rehabilitation of 
polluted territories and physical protection of nuclear sites. 
Two international projects played an important role as well — 
ITER and CERN where many of our physicists were involved. 
However, it was obvious that such sliding downstream will 
lead to nowhere. We needed a new global project that could 
‘drag out’ the existing areas of science, develop them on a new 
level, and give a fresh start to a fundamentally new science.”

“What happened to the ‘atomic project’?”
“At first, it seemed to me that the synchrotron could be-

come this kind of a locomotive, considering its interdisciplin-
ary essence, broad opportunities for materials science and 

diagnostics. But in the process it became clear that this is 
just a feature, albeit an important one. What we needed was 
an ideology, a scientific renaissance, if you will. Gradually, 
through materials science and crystallography, through con-
cepts of atomic-nuclear construction and bioorganics, this 
ideological line started to take shape. During the disastrous 
1990’s, the entire world made a gigantic leap in developing 
research using synchrotron radiation, for example, in mo-
lecular biology. It is no accident that the first large world cen-
ters for nanoresearch started appearing on the bases of syn-
chrotron sources, primarily in the USA national laboratories 
(Argonne, Brookhaven, Berkeley, and others). These Ameri-
can nanocenters were multidirectional — some were orient-
ed towards biotechnology, others worked with nanodiagnos-
tics, etc.

On the Kurchatov synchrotron, we launched the research 
in materials science, nano- and bio-technologies, molecu-
lar biology and medicine, methods of nanodiagnostics with 
atomic resolution. This is why, in 2005, the name ‘Kurcha-
tov Center for Synchrotron Radiation’ got supplemented 
with ‘and Nanotechnologies’ — by then, their close link and 
complementarity became evident. Nanotechnologies, whose 
essence is in constructing fundamentally new materials us-
ing directional manipulating of atoms and molecules, has 
been developing in our country, as well as abroad, for quite 
a while. But the understanding of the fact that this is not 
just another new technology but rather a technological cul-
ture and a transition to a new stage of scientific develop-
ment came only in the early 2000’s. In the American na-
no-initiative, nanotechonologies were defined as a national 
priority, and the USA attained great success in their de-
velopment, relying on a well structured system of science 
and education, on mechanisms — adjusted with great pre-
cision during the preceding decades — that make scientific 
knowledge f low into industry, with mutual and equal par-
ticipation by the state, business, and science. But Russia 
was building its strategy of nanotechnology development 
under totally different economic, political, and social condi-
tions. Our nano-initiative, besides its scientific component, 
played an important role in overcoming the scientific frag-
mentation, in the structuring of the country’s scientific en-
vironment. In 2006, after the government enacted the ‘Pro-
gram for coordinating operations in the area of nanotech-
nologies and nanomaterials in the Russian Federation,’ the 
forming of the national nanotechnological network, which 
encompassed the entire country, started. The Kurchatov In-
stitute became the scientific leader in this process, while 
the organizational issues were handled by the Ministry of 
Education and Science, which managed in just a couple of 
years, with the help of the Federal Target Programs, to cre-
ate an operational nanotechnological society all around the 
country. The Russian Academy of Sciences, as well as all 
kinds of scientific institutions, joined in on implementing 
these programs. Extremely important was a meeting called 
in 2007 at the Kurchatov Institute by President Putin. A de-
cision on launching the Russian national nanoproject was 
rendered, and V. Putin announced the so-called ‘Strategy 
of Nanoindustry Development.’ I believe that the Russian 

nano-initiative gave a boost to the development of our sci-
ence on a new level and significantly changed the scientif-
ic landscape.

On the territory of the Kurchatov Institute, we created the 
Center of Nanotechnologies, which included the new nano-
technology building, the upgraded Kurchatov Synchrotron 
Radiation Center, and the research reactor IR-8. The nano-
technological examples of those years include the develop-
ment of new nanoconstruction materials for nuclear reactor 
shells; nanostructure coating for various tools; new methods 
of synthesizing nanostructure catalysts and applying elec-
trocatalytic layers; creating an experimental pressure sen-
sor for liquid and gaseous environment with unique charac-
teristics using deep X-ray lithography method; new methods 
of producing current-carrying elements and ribbons from 
high-temperature superconductors; developing technologies 
for creating nanopowders for various applications — form 
aviation to biomedicine; creating nanoelectromechanical 
devices, including microrobots, capable of traveling inside 
blood vessels, etc. Gradually, all the logic of these operations 
led to the bond of nano- and biotechnologies, with all ‘sore 
points’ becoming evident, namely the lack of a biology sec-
tion at the Kurchatov Institute. Actually, it existed — back in 
the 1950’s–1960’s, the Kurchatov Institute’s Radiological De-
partment studied the effects of radiation on biological bodies, 
but later it was converted into the Institute of Molecular Ge-
netics. At the Institute of Crystallography, we conducted suc-
cessful research of biocrystals, worked with cosmic materi-
als science; the same operations were performed on the syn-
chrotron, which is why this is a congenial topic for me. The 
infrastructure of the Kurchatov Institute provided a power-
ful basis not just for materials science research. We began 
replenishing the deficient biological component, gathering 
a group of like-minded persons, got involved famous Rus-
sian biologists — first of all, academician K.G. Scryabin. His 
group promptly organized a biological building and launched 
the first projects — genetic engineering and the protein fac-
tory. The first results we got in genome decoding. In the ear-
ly 2000’s, a worldwide breakthrough in genomics took place 
related to the development of nanotechnologies and molecu-
lar biology, which resulted in a new area of science — expe-
dited decoding of genomes of living organisms. Decoding the 
human genome performed in the genomics laboratory of the 
Kurchatov NBICS Center in 2009 was the eighth in the world. 
Today the Kurchatov genomics laboratory is the only scien-
tific organization in Russia that already sequenced 20 ge-
nomes.

At the beginning of the genome decoding project, it be-
came clear that this can be done fast only with the help of 
sufficient computing powers. So the next stage was to put to-
gether a computation center powered by the Kurchatov su-
percomputer. We started upgrading it, increasing its power, 
because fast processing of large blocks of data was a neces-
sity not just for the genetic engineering department but also 
for the ‘atomic’ section and the synchrotron-neutron com-
plex. Our participation in international mega-installation 
projects was constantly expanding as well; we started ac-
tively developing GRID modeling and mega-installation data 

Big ring of the Kurchatov Synchrotron
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would be extremely technologically complicated and costly. 
This is why, on E.P. Velikhov’s initiative, 8 countries signed 
an agreement on building in southern France an internation-
al thermonuclear reactor ITER. Its objective is to perfect all 
technical ideas and make it so the energy output would ex-
ceed the energy consumed for its launch and operation. We 
are actively participating in this project. In recent years, we 
were also involved in bioenergy, i.e. obtaining fuel from bio-
mass: the Kurchatov Institute is working on biofuel based on 
a certain type of sea algae; for many decades, we were devel-
oping renewable solar energy systems, but all these technolo-
gies never became a powerful energy resource.”

“Why haven’t these types of energy systems become a 
valid alternative to traditional ones, despite their envi-
ronment-friendliness and a range of unconditional ad-
vantages?”

“In solar energy, we model the natural process of photosyn-
thesis, but instead of using the so far unreproducible com-
plicated bioorganic structure of a green leaf, we use a semi-
conductor structure model. In nature, every quantum of so-
lar light is used with high efficiency — after all, nature is a 
very economical and self-organized energy consumer. In the 
manmade technosphere, we use machines and mechanisms 
that consume huge amounts of energy and for which eco-
nomical ‘nature-like’ power technologies are insufficient by 
default. We can keep building new nuclear power stations 
and increasing the energy production. But there is another 
way — to create fundamentally new technologies and sys-
tems of consuming energy using hybrid materials and sys-
tems on their basis, i.e. to replace today’s end power consum-
er by systems that reproduce wildlife objects. Such hybrid 

systems, with totally different mechanisms of energy produc-
tion and consumption, will be created using the convergence 
of NBIC sciences and technologies. Therefore, we are fulfill-
ing the two top priorities of our scientific advance by develop-
ing nuclear power technologies, and at the same time we are 
preparing the foundation for the power industry of the fu-
ture, creating nature-like systems of its production and con-
sumption, which will be by orders of magnitude more eco-
nomical and operating according to the laws of nature.”

“In other words, the final objective of the NBIC project 
is power industry?”

“It’s one of the most important ones, because only suffi-
cient power supply will be able to provide sustainable devel-
opment for our civilization. But the NBIC project has a pro-
nounced focus on a human in general. We are talking about 
new materials and systems that are necessary primarily for 
medicine (including diagnostics, therapy, delivery and pro-
duction of drugs, replacement of damaged tissues and entire 
organs), transportation, communication, housing, environ-
ment protection, etc.

NBICS convergence is the breakthrough field of world sci-
ence. Research in this direction is being conducted in sci-
entific centers of several countries. But the Kurchatov In-
stitute is unique in its universality, in the fact that we are 
working and creating the infrastructure in all directions. 
Working with modern-day requirements, solving timely and 
prospective problems, providing great working conditions — 
all this attracts young researchers. Having the understand-
ing that our entire activity is meaningless without personnel, 
we created a good educational base. For seven years, I have 
been the head of the Department of Nanosystem Physics at 

 processing technologies. We, at the Kurchatov Institute NRC, 
are now creating a GRID-technology first-level computer cen-
ter (Tier-1) that processes the data from experiments taking 
place on the Large Hadron Collider. There are only 11 such 
first-level centers worldwide. In fact, all scientific depart-
ments of the institute are using the abilities of our supercom-
puter data processing center, which, by the way, is among the 
top three most powerful in the CIS and is in the world’s top-
100 list. Its active development became a follow-up to genome 
decoding projects and has clearly indicated the nano-bio-in-
fo connection. Sequencing a genome would be impossible 
without the protein factory, where genes are the initial mate-
rial and the output product is represented by protein crystals 
that serve as source material for creating artificial biologi-
cal objects. Therefore, the work model of one unified goal for 
physicists, chemists, biologists, and IT specialists has prov-
en itself in practice. Another reason for attaining success in 
such a short time period is that the synchrotron and the pro-
tein factory are both located in one science center — in two 
neighboring buildings. In other words, we launched a conver-
gent model that today became the basis for operation of the 
entire Kurchatov NBICS Center.”

“How long does the initial stage approximately last?”
“Coincidentally, it lasted around 9 months — we started 

organizing the biological building in February-March 2009, 
and the genome was decoded in December. Of course, there 
was a lot of preliminary work in constriction of the building 
and bringing it to specific technological requirements. To-
day, in addition to the genetic engineering department and 
the protein factory, it hosts the state-of-the-art laboratory of 
microscopy with virtually the entire spectrum of equipment 
of transmission, scanning, focused-beam electronic micros-
copy, as well as a neurophysiology department. Cognitive 
sciences became the next area of the NBICS Center develop-
ment. I was ‘pushed’ to this by E.P. Velikhov, and in the pro-
cess of transferring our IT complex to a new level, it became 
obvious that the next step would be their connection to cog-
nitive sciences. After all, a computer is basically nothing but 
a pale resemblance of a human brain. The brain is one of the 
most complicated objects of scientific cognition; its patterns 
of operations are being studied by psychologists, linguists, 
psychiatrists, and neurophysiologists, based on behavioral 
and speech reactions, as well as conditional and uncondi-
tional reflexes. Today the brain can be studied not just em-
pirically but also with the help of nuclear-medical methods 
(positron emission tomography, nuclear magnetic resonance, 
encephalography), i.e. on a molecular level. New discoveries 
open up prospects for revealing the complicated ‘brain-genes’ 
relation, i.e. blocks of genetic information that determine the 
specifics of human behavior.

Cognitive technologies are convergent by definition, be-
cause they represent a symbiosis of nanobio- and informa-
tion technologies and are based on mathematical predictive 
modeling, nuclear-medical research methods, and still have 
a certain humanistic ‘add-on’ in the form of linguistics, psy-
chology, sociology, etc. On the other hand, the development 
of our biologic sector and the protein factory demonstrated 
the necessity to include neurophysiology here as well. When 

the material NBIC base was created, we had to give it an ide-
ology and understand where did convergence come from, 
how it will develop, and in what perspective can human sci-
ences be applied here — thus, the abbreviation NBIC got an 
‘S’ — the socio-humanistic component. So this is how these 
links — with seemingly distant areas of science — of the fu-
ture NBICS were threaded and the infrastructure developed. 
I would say that these were the processes of self-organiza-
tion — some were happening in parallel, some followed from 
the others. Gradually, the idea of convergence as logical sub-
stantiation shaped up, thus interlocking all practical pro-
cesses.”

“What is the final goal of convergence?”
“Convergence is the next step of interdisciplinarity, into 

which the merging of science is initially embedded for achiev-
ing a uniform result. The basis of convergence is connect-
ing the capabilities of modern technologies, primarily micro-
electronics, with constructions created by the wildlife. In the 
process of developing science and technology, mankind cop-
ied wildlife, its principles and operation mechanisms in the 
form of simple model systems. At a certain stage, we learned 
to create materials with properties close to those of wildlife, 
and our next goal is to not just model but reproduce nature-
like schemes using convergent NBIC sciences and technolo-
gies. In this union, nanotechnologies act as material basis, 
as new technological culture based on the capability of di-
rectly manipulating atoms and molecules in order to receive 
fundamentally new substances, structure, and systems with 
given properties. The combination of nanotechnological ap-
proach with achievements of molecular biology, bioengineer-
ing, genetic engineering becomes the foundation for the de-
velopment of nanobiotechnologies that make it possible to 
artificially reproduce and create fundamentally new hybrid 
materials. But in order to research and reproduce multiple 
informational links, data transmission and transformation 
processes in living organisms — the consolidation of nano-
biotechnologies with IT technologies is a must. Moving along 
the way of synthesizing ‘nature-like’ systems and processes, 
we will get closer to creating anthropomorphic technologi-
cal systems that would possess elements of consciousness 
and cognitive abilities. Therefore, nano-bio-, and informa-
tion technologies are complemented with methods of cogni-
tive sciences that study and model human consciousness.”

“It turns out that the NBIC convergence became the top 
scientific priority for the Kurchatov Institute?”

“It’s all interconnected. The original scientific priority for 
the Kurchatov Institute development was and is the power in-
dustry. In the nuclear power sector, the main problem of the 
next decade is to ‘close’ the nuclear fuel cycle by improving 
technologies, lowering fuel consumption, and increasing the 
fuel reproduction coefficient. A good example is a fast neutron 
reactor — superconductor technologies are an important in-
novational factor in the power industry. A more distant pro-
spective is controlled thermonuclear fusion. The Kurcha-
tov Institute was the forebear of tokamaks, in which plasma 
heated to tens of millions of degrees was contained by a mag-
netic field. The race of national programs in controlled ther-
monuclear fusion has begun, but it soon became clear that it 

Kurchatov Dedicated Source of Synchrotron Radiation
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the MSU — perhaps, the first interdisciplinary natural sci-
ence department of this sort in the country. It has been al-
most three years since we opened the NBIC Department at 
the Moscow Institute of Physics and Technology — so far the 
only one in the country. Its students — both graduate and 
post-graduate — come for practical training to our NBICS 
Center. We also started our work at the Physics Department 
of the Saint Petersburg State University, which we plan to ac-
tively engage in practical training at the Petersburg Institute 
of Nuclear Physics, which is now also a part of the Kurchatov 
Institute NRC.”

“Please tell us more about the Kurchatov Institute Na-
tional Research Center.”

“As I already mentioned, in the early 2000’s, Russian insti-
tutes continued their participation in international projects, 
because our scientific school and our intellectual potential 
were always highly valued in world science. I already said a 
lot about the ambiguity of the ‘brain drain’ process, which, 
to a great extent, contributed to our fast integration into the 
international scientific society, with a whole Russian scien-
tific diaspora forming in the process. However, in such proj-
ects as CERN and ITER, we were represented very hetero-
geneously — each of the participating institutes, ministries, 
and individual scientists worked for themselves, without any 
intelligible state coordination. Gradually, this sphere was 
brought to order, we reinforced our presence virtually in all 
global projects — CERN, ITER, XFEL, FAIR, BOREXINO, and 
this time not as private persons or organizations but system-
atically, acquiring a new face, participating in this collab-
oration on equal rights, intellectually, organizationally, fi-
nancially — on all levels. One of the most vivid examples is 
the X-ray Free Electron Laser project — XFEL, which is being 
built in Hamburg with participation from 15 European coun-
tries, where Germany and Russian play the decisive role. The 
works by Soviet physicists underlie the XFEL laser opera-
tion principles. This will be a fundamentally new source of 
a new X-ray radiation — extremely bright, allowing to study 
processes that take place in matter in ultrashort (femtosec-
ond) time lapses. Russia’s participation in the XFEL project 
was initiated by the Kurchatov Institute, which was entrust-
ed by the government with the role of scientific coordinator. 
In the process of getting involved in international coopera-
tion, it became obvious that foreign institutes participate in 
such projects in a clear and organizer matter, with their na-
tional laboratories and entire scientific associations, such 
as, for example, the Helmholtz Association in Germany. But 
there was often a total mess with the Russian participation; 
certain functions were duplicated, while in some other  places 

we had gaps. The same state of affairs was reigning inside 
the Russian scientific society. Besides, all global interna-
tional projects are based on mega-installations — extreme-
ly complicated and costly machinery that concentrates all 
technological advances in certain areas, which are beyond 
the management ability of even one country, not to mention 
one institute. The biggest nuclear physics centers with large 
unique research and technological installations and com-
plexes (mega-science) are the ‘points of growth’ and devel-
opment of fundamentally new branches of science and tech-
nology. In other words, breakthrough projects are directly 
related to mega-installations. In the modern scientific land-
scape, mega-installations are proof of a country’s scientif-
ic potential, competitiveness, and an element of national se-
curity; but just a handful of countries know how to create 
them. Russia always was and remains the member of this 
elite ‘club.’ For obvious reasons, in the last two decades we 
experienced certain stagnation in this area. Our entrance 
onto the international scene in large megaprojects was the 
first step to regaining priorities in this area; the next stage 
will be the development of similar mega-installations inside 
the country — this will determine the future of our science. 
The Kurchatov Institute has a unique combination of world-
class mega-installations — synchrotron and neutron radia-
tion sources, and taking into account our thermonuclear fu-
sion tokamak units and the state-of-the-art equipment base, 
it most likely remains unmatched. So it’s no coincidence that 
the Kurchatov Institute, in April 2008, served base for the 
first Russian National Research Center. The scientific pro-
gram for the institutes that today compose the NRC — the 
Kurchatov Institute, the Institute of High-Energy Physics 
(IHEP), the Institute of Theoretical and Experimental Phys-
ics (ITEP), the Petersburg Nuclear Physics Institute (PNPI) — 
has been developed and approved, and its first and topmost 
objective is scientific research on large and unique mega-in-
stallations both in Russia and abroad. The second objective 
is to upgrade the existing mega-installations in Russia and 
shut down obsolete science complexes, which we, unlike oth-
er countries, never did before. And, of course, another goal is 
what we talked about — development and creation of funda-
mentally new national world-class mega-installations.”

“What mega-installations are we talking about?”
“The government approved six priority megaprojects se-

lected as a result of multilevel expert evaluation of the high 
scientific significance and novelty. The most well-developed 
were: a high-flux beam research reactor BRC (Kurchatov In-
stitute NRC), a complex of superconductive rings with collid-
ing beams of heavy ions NICA (JINR, Dubna), and the  project 

of the newest thermonuclear reactor Ignitor (RusAtom — 
Kurchatov Institute NRC). In every one of these projects, we 
have agreements with foreign partners on their financial 
participation. The Ignitor installation already has an inter-
national memorandum signed on it, according to which Italy 
will construct the Ignitor and transport it to Russia where we 
will build it into the prepared infrastructure in Troitsk. An-
other project of a high-flux neutron BRC reactor in Gatchi-
na already underwent a physical launch. Its electric-power 
launch will take about 2 more years. In the end, we will get 
the most advanced research neutron reactor in the world. 
The Kurchatov Institute will also develop a project on cre-
ating a fourth-generation specialized synchrotron radiation 
source that will enable us to perform a tremendous break-
through in biotechnologies, nanotechnologies, and materials 
science. The idea of this project has already been supported 
by our Japanese partners of the 8-SPRING synchrotron cen-
ter, by the European synchrotron center ESRF in Grenoble, 
and by the Germany synchrotron center DESY in Hamburg.”

“What recent-years projects by the Kurchatov Institute 
do you consider to be the most notable and massive?”

“Concerning the development of nuclear technologies that 
have no alternative for the coming decades, it develops in 
three directions. First, developing whatever is in operation, 
improving its parameters, and extending the reactors’ life 
cycle. Second, putting out of operation, i.e. rehabilitation of 
polluted territories and facilities, increasing radiation safe-
ty. And third, developing new radiation-resistant materials, 
producing isotopes using nanotechnologies, new diagnos-
tics, exploring new types of fuel. Another area of interest is 

controlled thermonuclear fusion and accompanying technol-
ogies, including plasma technologies. Participation in inter-
national projects — ITER, IGNITOR. Research in fundamen-
tal physics, which is the foundation of all area of our activity, 
with no exception. Here we also look quite good, which is con-
firmed by our participation in CERN, BOREXINO, and oth-
er international projects. Just as fundamental research un-
derlies the entire scientific spectrum of the Kurchatov Insti-
tute, from the top it is blanketed by the convergence of NBICS 
technologies. In addition to the fields and laboratories that 
I listed, the NBICS Center today actively develops nuclear 
medicine, production of isotopes, superconductivity, micros-
copy, all of which provide additional diagnostic opportunities 
in many directions. The uniqueness if the Kurchatov NBICS 
Center is in its universality.

We are the successors of great people and great scientific 
achievements. Igor Kurchatov and his followers created the 
nuclear science and industry of the country — our nation-
al asset and guaranty of national security. The uniqueness 
of the Kurchatov Institute as the world-scale science center 
cannot be overestimated. The Kurchatov institute, organized 
for solving the issue of creating the Soviet atomic bomb, be-
came the forebear of multiple fields in almost the entire spec-
trum of modern science. As the saying goes, only he who does 
nothing never errs. Those, who really want and can work and 
do good for science and the country, today have all the oppor-
tunities for implementation and success inside the great and 
revived Kurchatov Institute.”

Interview by Ekaterina yatsishina
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Is it a coincidence that the Kurchatov Institute hap-
pened to be the place for effectively developing such a 
new form of science as convergence of nano, bio, info, 
cognitive sciences and technologies?

O.S. Naraykin: The Kurchatov Institute, as it is well 
known, was founded precisely for handling just one single 
task of creating the atomic weapon, but from day one it gen-
erated ideas and conducted research over a broad spectrum 
of areas of science. Subsequently, it kept developing new ar-
eas, engineering projects, technical subjects — all of which 
were seemingly quite distant from the initial objective. Any 
scientific project of such a global nature is always interdis-
ciplinary by nature. In our case of the NBICS Center and 
convergence of science, we are talking about forming a fun-
damentally new technological culture, a new technological 
pattern of civilization. With the tremendous experience that 
the Kurchatov Institute has in developing the atomic project, 
nuclear and thermonuclear power, I think that it was logical 
and natural to move from solving interdisciplinary issues to 
their new superdisciplinary stage — convergence of scienc-
es and technologies.

P.K. Kashkarov: The successful megaprojects of the 20th 
century were those headed by interdisciplinary-thinking 
and erudite scientists. Kurchatov, no doubt, was such a 
leader, a scientific organizer. He was able to integrate, unite 
efforts by physicists, chemists, geologists, engineers, and 
materials scientists, which resulted in explosive growth of 
an entire range of branches of science. The Kurchatov In-
stitute and our entire science got very lucky that the atomic 
project was headed by a man ready for this kind of interdis-
ciplinary thinking and having the understanding of such 
global problems, possessing the widest integral approach. 
What happened at the Kurchatov Institute within the last 
five to seven years is a clear implementation of the ideas by 
Mikhail Valentinovich Kovalchuk. It is extremely important 
when a scientist can not only formulate the ideology of sci-
entific development and set clear goals, but also implement 
his ideas into practice. Especially when it concerns such 
major issues of national and global scale, starting with the 
Kurchatov synchrotron development, launching the nan-
otechnological project, and creating the Kurchatov NBICS 
Center.

The Kurchatov Institute has profound traditions of inter-
disciplinary research. For one, we can recall the develop-
ment of biological operations and information technologies 

back in the atomic project times. Today science has made 
a dialectic turn and has entered a fundamentally new level 
of understanding and development of new convergent tech-
nologies.

So, the profound traditions of interdisciplinarity, the 
science development logic as a whole, and the presence 
of an ideologist and organizer for a new scientific project 
have all come together. How did the NBICS Center start, 
and what composes its core?

O.S. Naraykin: Everywhere and at all times, the idea was 
primary, and only then came the material and the techni-
cal component. Of course, the Kurchatov specialized syn-
chrotron radiation source — an already interdisciplinary re-
search complex in itself — was the core of the NBICS Center. 
It was seriously upgraded; there was also a significant ex-
pansion in the range of stations for handling various tasks: 
materials science, diagnostics, protein structures, micro-
electronics, medicine, etc. In addition to the synchrotron, 
we have a neutron source IR-8, a supercomputer, a materials 
science complex — such a combination of powerful techno-
logical units under one roof, their complementarity is avail-
able in just a handful of science centers over the world. In 
addition, the precise understanding of goals and objectives, 
a significant technological reserve that remains back from 
the atomic project times, scientific schools and personnel — 
all this made it possible to create the Kurchatov NBICS Cen-
ter in just three years!

According to the chronology of events, the first to de-
velop was research in nanotechnologies, later it was 
joined by biological research?

O.S. Naraykin: Yes, the first stage was the development 
of nanotechnologies — a fundamentally new tool of working 
with materials on atomic level and thus changing their prop-
erties. The main distinction of nanotechnologies is their su-
perdisciplinarity; from the philosophical viewpoint, I would 
say that nanotechnologies encompass all things on the ba-
sis of the material, atomic-molecular unity of the world. Af-
ter all, everything that surrounds us is made of atoms and 
molecules. Therefore, nanotechnology is both a new technol-
ogy and also a culture that a human invented just recent-
ly, which allows him to directly and directionally manip-
ulate the primeval elements of our material world. During 
the next stage, it became clear that having such technolo-
gies will enable us to move from the goal of studying wild-
life to reproducing its certain elements and mechanisms. 

From Physics to Lyrics
Professor Pavel Kashkarov, doctor of physical-mathematical sciences, 
and RAS corresponding member Oleg Naraykin, assistant directors 
of the Kurchatov Institute NRC, talk about the deployment of NBICS 

technologies at the Kurchatov Institute
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 After realizing this, further steps became clear. Living or-
ganisms, in the course of evolution, upon reaching the high-
est life form, turned into entities capable of perceiving them-
selves, the world around them, and possessing cognition 
activity — intelligence. In order to reproduce some of the ele-
ments of these complicated connections, we must essential-
ly create artificial intelligence, where we cannot do without 
information technologies. Our entire world is covered by a 
huge number of various information links that continuous-
ly provide transmission of energy and information. Finally, 
on the top steps of matter organization we already deal not 
just with individual consciousness but with ‘socialization’ 
and the social being.

What is the main goal of the Kurchatov NBICS Centre?
O.S. Naraykin: The main goal is to form, on the basis of 

research in the area of convergent sciences, a foundation 
for technological exploration of its results and begin creat-
ing convergent technologies. In other words, we are talk-
ing about nature-like technologies and systems, with fun-
damentally new properties, including anthropomorphous 
ones.

P.K. Kashkarov: I would also like to note another point. 
The Kurchatov Institute, to a great extent, was the originator 
of forming and launching the nanotechnological program in 
Russia. In just a few years, the nanoindustry infrastructure 
and the national nanotechnology network was formed in the 
country, with the Kurchatov Institute becoming its scientific 
leader. Today nanotechnologies have literally entered our life 
already as part of household goods. And this is, no doubt, 
our direct achievement.

O.S. Naraykin: An important point to note is that the sci-
entific society and its part that already developed nano-
technologies were in a clustered state. But in our country, 
successful research in this area was conducted for quite a 
while, maintaining ground with foreign counterparts and 
even exceeding them in some aspects. So the Kurchatov In-
stitute and our director, as an ideologist of nanotechnolo-
gies in Russia, have initially accepted the responsibili-
ty to structure the Russian nanotechnology society, so the 
first thing that appeared was the program of developing 

the  nanoindustry’s infrastructure. The state has already 
started investing into science, but there was no effect due 
to the lagging infrastructure that was not touched for twen-
ty years. Once the infrastructure was given a boost, a quan-
tum leap occurred. I can say that the program of the na-
noindustry infrastructure development was well thought-
out, and it became the tool of technological support for the 
nanotechnological initiative by President Putin.

Let me return to the structure issue. As we learned, 
chronologically, the first to appear was the link between 
Nano- and Bio-. But the Kurchatov Institute was never in-
volved in biological research, so where did the bio come 
from?

P.K. Kashkarov: This is not so. Since the atomic project 
era, the Kurchatov Institute was involved in researching the 
impact of all kinds of radiation on living organisms — radio-
biology; we even created the molecular genetics institute. 
And today studying the impact of various external influenc-
es, primarily radiation, on living organisms has become very 
timely. So, I would say, it is quite natural that new biology 
appeared in this very place. The very development of nano-
technologies brought us to understanding the necessity of 
the fast development of biotechnological infrastructure. All 
of us, living organisms, are nothing but proteins, DNAs, i.e. 
biological structural elements of nanometer range. So the 
expansion of the nonliving solid-state nanoworld into wild-
life objects was natural.

But the development of genetic research requires large 
volumes of complicated calculations?

O.S. Naraykin: At initial stages of forming the NBICS Cen-
ter, M.V. Kovalchuk set the goal of complete decoding of the 
human genome. From the standpoint of calculations, this 
requires serious resources, since it involves very complicat-
ed algorithms. And we managed to resolve this issue in a 
very short time, because we, at the NBICS Center, besides 
experimental sequencing capabilities, have at our dispos-
al such a high-power computation resource as a supercom-
puter. But the thing is not just in the technological base and 
hardware. We have a strong school because we tradition-
ally provided algorithmic support — the so-called codes — 
for the nuclear industry. This is why the results that we re-
ceived in the course of sequencing the human genome we 
processed ourselves, on our supercomputer, rather than us-
ing some outside source. Besides, the software that we use 
was also developed in Russia.

P.K. Kashkarov: The task of genome decoding is extreme-
ly complicated. But in NBIC, convergent information tech-
nologies are important not just for bio, but also for nano. Af-
ter all, the nanoworld has many tools that allow us to real-
ly see nanoparticles. This is primarily electronic and probe 
microscopy. Other methods “see” the particles indirect-
ly, which is why modeling is one of the most important di-
agnostics methods that help us simulatively calculate and 
determine the properties of nano-objects. Then we build 
a substance made of these nanoparticles, a sort of nano-
composition, and study the properties — optical and elec-
trical — that this system consisting of multiple nanoparti-
cle possesses. The solution to this problem resulted in the 

 appearance of new branches of physics: nanophotonics, na-
noelectronics, etc. At the end, we are able to build a certain 
element or a system made of this material and, combining 
it with other systems, simulate its functional capabilities.

What is the structure of the NBICS Center today, and 
what are its main scientific units?

O.S. Naraykin: We already mentioned the first scientific 
unit, the core of the NBICS Center — our Center for Synchro-
tron and Neutron Research. Such a combination also serves 
basis for interdisciplinary research on mega-installations, 
as well as projects in convergent sciences and technologies. 
At first, concerning nanotechnologies, it wasn’t very clear 
how to measure nano-objects, for there was no scale or stan-
dards. While for macro-objects we have meter length stan-
dard or cesium frequency standard, the metrological tool of 
the new science and technology became the synchrotron ra-
diation source, neutrons. Therefore, this is both a research 
and a metrological tool, and as such it becomes also a tech-
nological tool. But the synchrotron by itself as a machine, 
with no experimental equipment or stations that make use 
of the X-ray radiation for research and technological purpos-
es, is of little use. This is why, in recent years, a lot of work 
has been done in expanding the experimental capabilities 
of our synchrotron source. New stations of extra high class 
were built, and three of them were launched just recently.

P.K. Kashkarov: The wavelength of the X-ray radiation — 
just as for thermal neutrons — lies in the nano-spectrum, 
which makes it an ideal research tool. This is why it is the 
synchrotron source that serves basis for development of 
many nanotechnology centers worldwide.

European synchrotron centers usually operate due to and 
for attracting users. They have certain competition, for ex-
ample, in beam brightness and some boundary parameters. 
But according to the users themselves, especially biologists, 
this is not always needed. At high brightness, a sample may 
simply burn under the beam, because organics cannot with-
stand such intensity. Our synchrotron is suitable for a wide 
range of experiments with various samples. After the launch 
of the planned stations, it will become particularly useful for 
operations with biological objects. Such an infrastructure is 
not just appealing for users, but it also is a center of attrac-
tion for scientists of various specialties — so a scientific so-
ciety gets formed around the synchrotron.

O.S. Naraykin: Returning to the NBICS Center structure, 
its second component is the institute of convergent scienc-
es and technologies itself, which includes a whole range of 
scientific divisions. Among them — the department of mo-
lecular biology and protein crystallography, the applied de-
partment of physico-chemical technologies, the department 
of robotics and micro-nano-electromechanical systems (so-
called MEMS and NEMS), the protein factory. In the bio-
logical complex, we can now conduct the entire spectrum 
of operations: from creating protein substances in large 
quantities to genomic research and forming biosimilar and 
biological objects and artificial cells. For this purpose we 
need the protein substance and genomics, because it is the 
genome that brings a substance alive and possesses certain 
properties.

P.K. Kashkarov: Thanks to modern equipment, we are 
able to solve such a socially important issue as accelerated 
drug design. Usually acting as basis for medical drugs are 
biological objects like proteins, which have certain receptor 
ligands that control certain functions in the human organ-
ism, enhancing or inhibiting them, i.e. performing medici-
nal functions. A protein gets various ligands successively at-
tached to it by biochemical methods, and the drug efficien-
cy is tested by search. The task is simplified if you know the 
protein’s structure, you can grow it, and then research it in 
the synchrotron center. On the synchrotron, we decode the 
structure of this protein, then, using methods of very com-
plicated biological modeling, we can “attach” certain ligands 
and watch the functional specifics that this drug develops. 
In other words, we are able to form a new medical drug “on 
paper.” After that, of course, there is still a long way, clinical 
testing, before the new drug is manufactured. But our foun-
dation and the set of interdisciplinary tools allow for expan-
sion of the entire cycle — from idea to production. It is essen-
tial that our infrastructure makes it possible to take into ac-
count the patient’s genetic qualities, i.e. make an optimal 
effect drug for him. We also have good progress in targeted 
delivery of this drug, when it impacts directly the affected 
organ and gets activated there without touching the healthy 
part of the organism. All this together is the foreseeable fu-
ture of medicine.

O.S. Naraykin: Speaking of succession. One more impor-
tant block of the NBICS Center is the nuclear medicine de-
partment. It operates with most state-of-the-art methods of 
treatment and diagnostics, based on molecular visualiza-
tion, as well as creating isotope-based medications, primar-
ily for treating oncologic diseases. And this division is the 
direct result of the atomic project.

P.K. Kashkarov: It is essential to have such production 
facilities in this very place, at the nuclear institute, where 
there exists the culture of handling such substances, the re-
quired technical conditions (including disposal), and qual-
ified personnel. This is why the Kurchatov Institute could 
well become the developer and manufacturer of such radio-
pharmaceuticals, primarily for diagnostics.

O.S. Naraykin: One of the key divisions of the NBICS Cen-
ter is the department of robotics and micro-nano-electrome-
chanical systems. The direct objective of this division is to 
create increasingly advanced and finally anthropomorphic 
robotics-class systems. Such systems are impossible to pro-
duce without hybrid components. Suppose, we have to de-
velop a sensitizing system for some robotic device — a sys-
tem of vision under minimal lighting conditions. Now this is 

“Clean Area” in the department of applied nanotechnologies

“Clean Area” in the department of applied nanotechnologies
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 possible with the use of an infrared receiver made of nonor-
ganic materials. But, for example, snake’s vision is also in-
frared, but very fine and selective, possessing a multitude of 
advantages. This means that we have to take a detector, i.e. 
a perceiving device, a sensitive element from wildlife. But in 
order for it to become a technological system and an operat-
ing device, the signal from such a detector must be received, 
processed, ridded of interferences, amplified, etc. These 
functions must be performed by an electronic circuit. So we 
are facing the problem of connecting the natural or biosimi-
lar detector to an electronic circuit — this is the most impor-
tant issue from the standpoint of reproducing elements of 
living systems and creating nature-like technology. This is 
what we need hybrid devices for.

We created a sophisticated infrastructure in microelec-
tronics, but this is just the microelectronic part of those hy-
brid devices I talked about. Another unalienable part of this 
complex is the protein factory, and we are yet to create the 
“biological shoulder” of the bioelectronics complex.

Very important and exciting are also the operations of our 
cognitive division, because anthropomorphic systems can-
not function without at least some elements of artificial in-
telligence. In the cognitive department, they work with neu-
rophysiology and cognitive technologies, i.e. there is a tech-
nological chain from researching neurophysiologic bases of 
cognitive activity to creating artificial devices that, to a cer-
tain degree, perform functions of the human’s neurocogni-
tive sphere. In particular, it is the creation of brain-machine 
and, in prospect, brain-brain interfaces, which would al-
low us to communicate without verbal means, without vi-
sualization, i.e. directly with the brain. On the other hand, 
these are dual technologies, which, of course, require ex-
treme caution.

P.K. Kashkarov: It is the cognitive sciences where we can 
clearly see the nano, bio, and information convergence. For 
researching brain functions, we used the so-called genet-
ically modified proteins, which give us neurons that glow 
upon wake-up. This is very delicate biotechnology that near-
ly allows tracking the thought movement on an open live 
brain of a test animal, and we use optical nanofibers to re-
trieve such information. By tracing a flash that takes place 
in these neurons we can see what parts of the brain get ex-
cited during certain activity. This is the so-called Blue Brain 
project. Here, we utilize the “bio” component, because these 
neurons must be modified in a certain way. We also use the 
“genophotonics,” which uses nanophotonics elements, i.e. 
optical fibers and the associated information retrieval. And, 
of course, we could do without information systems, because 
all these incredibly complicated processes are computerized 
and run according to certain programs.

Even digressing from the final goal of creating anthropo-
morphic systems, we keep learning ever deeper how infor-
mation in the brain gets processed and stored, which ele-
ment store it and which ones process it. It turns out that 
they are the same elements, which is the fundamental dif-
ference from the von Neumann informatics — the binary 
numeric system. The computer cannot be taught, but even 
one neuron is capable of learning, and when we  completely 

understand how this happens in our brain, we will have a 
straight road to new informatics. We will be building com-
puters on a new platform.

O.S. Naraykin: There already is an entire area, the so-
called “neuronal algorithms” that are based on the human 
neuronetwork principles. During the recent decades, comput-
er technologies developed in the direction of increasing the 
degree of integration of hardware components that were be-
coming ever smaller, and we have nearly reached the quan-
tum limit. Of course, we advanced a long way, but we are still 
infinitely far from the brain’s abilities. The “hardware compo-
nents,” the element base of the brain is totally different and 
has the topological norm of tens of microns. In other words, 
cognitive technologies that we are developing have essential-
ly shown that the brain’s efficiency is related not to its perfor-
mance, not to the high degree of integration or small topolog-
ical norms, but to incredibly complicated links that are not 
permanent but get restructured depending on the objective. 
Our brain is in the process of constant reformation and ad-
aptation to solving specific problems. But even then, a neu-
ron cannot be viewed as a prototype of a transistor on a mi-
crochip — it is so versatile that it is virtually a chip in itself.

The NBIC abbreviation recently got complemented 
with the letter “S”. What is its function and purpose?

O.S. Naraykin: This is related to the logic of convergent 
science and technology development. We mentioned earli-
er that matter socializes at its top organizational level. The 
conventional definition of a living substance means the abil-
ity to self-reproduce and possess genetic memory. But ani-
mals and, most of all, humans live in societies of similar be-
ings, communicate with them, i.e. socialize, and bring about 
another type of memory. History is also memory, but a social 
one. This is why we must obviously also research the social 
function and somehow control it. The convergence of science 
and technologies, on the one hand, certainly opens up to hu-
mans the absolutely fantastic prospects for surviving, sav-
ing the civilization and its development. But without revolu-
tionizing humans, without changing their consciousness, 
approaches to civilization and themselves, these prospects 
may amount to nothing. Today social sciences are turning 
into technologies.

P.K. Kashkarov: I would like to add that the brightest con-
vergence of natural disciplines with humanities is seen in 
cognitive sciences. We spoke about neurons and about the 
brain structure — this is biology, neurophysiology. But an-
other unalienable part of the human brain operation is the 
behavioral response reactions. A long time ago, psychology 
started studying these cognitive functions using human-
ities methods, which is what we also implement today as 
technologies. Cognitive technologies are one of the psycholo-
gy’s divisions. For example, in my teaching practice, I always 
opposed to remote lecturing, because there is no live con-
tact, whereas the direct contact provides a totally different 
level of perception. In pedagogy, the direct contact “teach-
er-student” will never be fully displaced by a computer or a 
book. As cognitive technologies tell us, the level of under-
standing and contact directly depends on whether we look 
in each other’s eyes.

Who will be working with NBICS technologies in Rus-
sia? Where do you get personnel?

P.K. Kashkarov: Until recently, there were no such spe-
cialized educational institutions in our country or in the 
world. Today there are essentially no “pure” specialists just 
in biology, or chemistry, or physics — everyone is doing re-
search at the joint and is working in adjacent areas: for ex-
ample, there are many successful biologists with basic ed-
ucation in physics, etc. Of course, we don’t expect to give 
knowledge to a student, say, in biology on the same level as 
the biology department does, where he digs it for six years. 
We will teach him the basic principles, the glossary, and 
when he comes to work to an interdisciplinary team, he can 
easily, if needed, deepen the basic knowledge he received in 
education. The foundation of our system of such interdis-
ciplinary education was laid at the physics department of 
the Moscow University, where the Nanosystem Physics Di-
vision was created in 2005 and headed by M.V. Kovalchuk, 
who formulated the education interdisciplinarity principle. 
Since 2006, the Kurchatov Institute had the department 
of informatics and nanotechnologies at the Moscow Insti-
tute of Physics and Technology (MIPT). Developing our con-
cept, we reformatted our department’s ideology and made 
it, indeed, deeply interdisciplinary. The department got the 
name of Nano- Bio- Information and Cognitive technologies 
(NBIC), and I can say with all responsibility that this is the 
only department of this sort in the entire world. We have an 
annual enrollment of 40–50 people. The first enrollment in 
the new program happened in 2009, while those who en-
tered earlier continued their studies according to the new 
program. We already had several master degree graduations 
from it. Starting with the 2009 enrollment, we created a to-
tally new program. Having studied at the institute of physics 
and technology, our students a priori received good knowl-
edge in physics and mathematics, but even they attend our 
courses in chemistry, general biology, biochemistry, bio-
physics, molecular biology, genetics, and even human stud-
ies. Of course, information technologies are being taught to 
them at a very decent level. It is essential that the NBIC de-
partment is located on the Kurchatov Institute campus, un-
like the MIPT system, where the first three years students 
attend general courses in the city of Dolgoprudnyi, and then 
move to the “bases” of various academic or sectoral insti-
tutes. The NBIC students are being nurtured here from their 
first year, we lecture them all general courses, but from the 
very beginning they regularly attend practical training at 
the Kurchatov Institute — we try to involve them in research 
work as early as possible.

The results can already be seen — we had several classes 
graduate in our interdisciplinary program, of which the ma-
jority goes to post-graduate studies and work at the Kurcha-
tov NBICS Center — we “saturate” the subdivisions of our 
center with young specialists. As the dean of the NBIC de-
partment, I am pleased to hear the comments by eminent 
biologists that our students at times understand biology 
better than graduates from biological departments of oth-
er institutes. We have a whole range of student support pro-
grams; we pay straight-A students personal  scholarships. 

All  students are accepted to the Kurchatov Institute. i.e. 
they can use all of its infrastructure — the library, the hos-
pital, etc. We especially support post-graduates, and I think 
you could hardly find another science center that would 
give them so much care. Each one of them receives special 
additional scholarships, which allow them to earn a de-
cent salary. The postdoc system gives them the opportuni-
ty, after defending their thesis, to get a place in our dormi-
tory and a good salary. We also have many basic depart-
ments in other educational institutions — the Moscow State 
University, the Moscow Institute of Engineering and Phys-
ics (MIEP), which have now new departments created spe-
cifically for the Kurchatov Institute’s needs. Our associ-
ates teach everywhere. At the MIEP, the department of ap-
plied superconductivity is headed by A.K. Shikov, the head 
of the superconductivity division of the Kurchatov NBICS 
Center. The department of elementary particles is headed by 
M.D. Skorokhvatov, assistant director of our Center of Fun-
damental Research. Recently we created the department 
of nuclear medicine, which is headed by D.Y. Chuvilin, our 
well-known specialist in the area of creating isotopes for tar-
geted medication delivery. We are also launching serious ed-
ucational activity in the Saint Petersburg region, where we 
have one of our NRC institutes in the city of Gatchina — the 
Petersburg Nuclear Physics Institute (PNPI). A year ago, we 
created the division of synchrotron neutron research at the 
physics department of the Saint Petersburg State Universi-
ty (SPBSU), and it is currently operating in full swing. The 
students spend three days (while they are in grad school) on 
practical training at the unique technological base at the 
PNPI. The physics department of the Saint Petersburg Uni-
versity as a whole became our educational base after M.V. 
Kovalchuk took charge of it in December 2012. Today, com-
bining the research opportunities of PNPI with SPBSU’s ed-
ucational potential, we create great prospects for young peo-
ple in our north-western region.

This is how we organize a complete chain in personnel 
preparation and retention, and things are going pretty well. 
It will not be an overestimation to say that in such a way we 
organize our future — for the Kurchatov Institute and for the 
entire Russian science!

Interview by Ekaterina yatsishina

“Clean Area” in the department of applied nanotechnologies
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Nothing mystical, 
just science

Maxim Zanaveskin, the director of the Applied Nanotechnologies 
Department of the Kurchatov NBICS Center, is a young, smiling, open 

person. By his own admission, he is the oldest in the department where 
the average age is 25

Despite the young age, the subdivision deals 
with solving very complicated practical issues; 
even a simple list looks impressive — creating 
nitride heterostructures, second-generation 

superconductors, producing latest-generation sensors for 
biometric purposes, neurointerfaces that enable nearly 
telepathic communication, neurocomputers that operate 
similarly to the human brain. Just a few years ago, the halls 
that today resemble decorations for a hypertechnological 
futuristic movie did not exist even on paper. Today, 
complicated electronic and ultrahigh vacuum equipment 
is all around. This is the so-called clean room, where a 
complicated system of filters provides the highest degree of 
dust elimination.

“Our history at the Kurchatov Synchrotron Radiation Cen-
ter started about four years ago, and then M.V. Kovalchuk, in 
the process of creating the Kurchatov NBICS Center, includ-
ed our department in the center’s structure. He formulat-
ed our main goal — to create all kinds of interfaces between 
living systems and solid-state electronic devices, such as a 
computer, a mobile phone, etc. Today we conduct both purely 

academic and applied research. For example, one of our cur-
rent tasks is to create new-generation high-temperature su-
perconductors, which are a vital necessity for the power sec-
tor. Our laboratory creates prototypes of second-generation 
superconductive ribbons. This year, we got machines that al-
low us to create such a ribbon up to 200 meters long.

“The main method of researching a solid-state structure is 
certainly X-ray radiation. So our adjacency with a synchro-
tron is no accident, because objects that we get here are be-
ing regularly researched using synchrotron X-ray radiation; 
in fact, two experimental stations are installed directly in the 
clean room. One is connected to the molecular-beam epitaxy 
unit, and we can research the grown heterostructures using 
the synchrotron radiation without retrieving them, right in 
the vacuum.

“One of the promising solid-state topics that we operate 
with is the growth of nitride heterostructures. This is the 
next step after silicon electronics, where one material created 
by nature itself — silicon — is given various electrophysical 
properties by introducing various admixtures. Heterostruc-
tures is the product of directional growth of a crystal on a 

crystal, where various layers of various content may be com-
bined, thus growing an artificial crystal! We are now work-
ing with several companies in Moscow that create complete 
UHF transistors on the basis of our heterostructures. In this 
respect, the Kurchatov NBICS Center provides unique condi-
tions. We have installations for molecular-beam epitaxy and 
for chemical vapor deposition. There are virtually no other 
such places in the country, because researchers usually em-
ploy either one method or the other. But it is the combina-
tion of these methods that opens up a great potential due to 
the difference in their essence and, consequently, capabili-
ties and specifics. There is a complex, which is currently be-
ing built and put into service, that will allow us to conduct 
post-growth processes. Now under one roof, we will be able 
to obtain the heterostructures themselves, as well as create 
complete devices. This is very efficient, since the same peo-
ple are involved in a complete through process, which is our 
ideology.

“In the first place, we are talking about sensors. We are 
now developing a system of a ‘laboratory on a chip’ type — 
these are very compact laboratory systems. In fact, this is a 
new type of modern biochemical laboratory that would re-
quire the minimal amount of tested material, there would be 
no need for laboratory assistants, massive expensive equip-
ment, and complicated manipulations. With all that, the ac-
curacy of the result would be significantly higher, while the 
waiting time would not exceed a few seconds.

“Another interesting topic is microfluidics. One of its appli-
cations is a microflulid crystallizing device for crystalliza-
tion of protein molecules for modern healthcare purposes. To 
create modern drugs, we need to know the structure of pro-
teins, understand their organization in various conforma-
tions, how they interact with cells inside the organism, how 
they penetrate the membrane, under what conditions they 
interact during certain diseases.

“Technologies have nearly reached the limit of spatial res-
olution. Now it is 32 nanometers, but soon we will hit against 
the size comparable to dozens of atoms, which will cause 
many problems: heat removal, leakages, quantum effects. 
In addition, introducing admixtures with a 10-nanome-
ter topological norm must be controlled up to individual at-
oms! Question: where do we go from here? There are inter-
esting ways: quantum computers, spintronics, single-elec-
tronics, etc. One of the directions that we want to develop is 
neuromorphic chips, i.e. chips that use approximately the 
same concept of operation as our brain does. A good example 
would be a ‘biocomputer,’ although we can mean anything 
by this. A human is essentially also a biocomputer, just a 
very advanced one. And not just a human. Almost any ani-
mal simultaneously deals with a huge number of tasks, in-
approachable by most modern robots. How to individual neu-
rons interact, and how do neuron networks function? There 
must be certain sensors that are implanted in the organism, 
and we’re talking about spatial resolution the size of a neu-
ron. We could introduce such a chip into the brain and track 
the behavior of neurons while the animal tries to complete 
some tasks. Or vice versa — we could take such a chip, plant 
a neuronal culture on it under biocompatible  conditions, 

watch its development and behavior, and try to make it com-
plete certain tasks. The next stage is simulating, creating 
adequate models that could describe all key processes that 
happen in living neurocultures. How to transfer the natu-
ral concept of neuronal network existence to a ‘semiconduc-
tor brain’? Such an element that provides synaptic plastici-
ty is a called a memristor — an ‘element with memory.’ They 
recently appeared ‘in metal,’ and now they are being used as 
bases for developing various constructions. This is a conduc-
tor whose resistance changes depending on the way the elec-
tric current runs through it. Now we are developing memris-
tor elements that will become the first stage in the process of 
creating neural-like chips — computers that are structured 
similarly to our brain.

“The objective that we set is an attempt to understand what 
life is, where and at what moment does consciousness ap-
pear? It is still a long way before we answer these questions, 
but setting challenging tasks is exciting!”

Interview by Natalya Leskova

Vacuum chamber
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 Just Learning  
 to be Magicians

A tidy white tube of bizarre shape 
is lying in front of me. “What does 
it look like? Take a guess!” says 
Sergey Chvalun, Doctor of Chemical 
Sciences, head of the Division of 
Crystallography and Materials 
Science of the Kurchatov NBICS 
Center. This tube turns out to be a 
synthetic vessel made of artificial 
nonwoven fabric, a miracle of modern 
biotechnology — the so-called matrix 
that fantasts could only dream about 
some 10–15 years ago. To put it 
simpler, it is an artificial trachea: the 
vessel can successfully replace this 
vital organ

constructors
Professor demonstrates the tricky method used in its pro-
duction. A mysterious twilight reigns In the laboratory of 
polymeric materials, with lucent transparent cube shows 
through. A rotating construction that remotely resem-
bles a spindle is contained therein. This is no accident: 
the thinnest nonwoven fiber gets spinned here and laced 
in the form of nearly invisible threads on a metal frame. 
This method of obtaining polymers is called electroform-
ing, when the applied high voltage is used to pull from the 
solution the superfine nanofibers, which then cover the ini-
tial blank.

“We learned to make matrices for synthetic organs,” ex-
plains S.N. Chvalun. “So far these are not the most compli-
cated organs — not the heart and not the brain, although 
some of their parts are being grown in the laboratory, but 
it is definitely possible to ‘repair’ a liver.” According to the 

 scientist, after the hepatectomy surgery, if such a truncated 
organ is covered with a matrix film, then after a while it will 
get completely restored. It is possible to create super-hydro-
philic haemostatic materials that withdraw excessive blood, 
causing it to coagulate instantly. But today’s biggest medical 
achievement of the Kurchatov NBICS Center is the prototype 
of an artificial trachea based on such polymers.

Previously, such operations were attempted using a donor 
trachea, but that caused problems with both size and surviv-
al. An artificially grown trachea has no such problems. Using 
3D-modeling, a trachea model of required size is created; it is 
then weaved using the method of electroforming, after which 
growth inducers and medications are added to the finished 
fabric — and the product is virtually ready. This is a vivid ex-
ample of the convergence of nano-, bio-, and info-: we create 
a new “tailor-made” hybrid material that consists of organic 
and non-organic substances.

According to S.N. Chvalun, we are now among the world 
leaders in matrix production. Using special equipment, sci-
entists at the Kurchatov NBICS Center laboratory conduct 
testing of the artificial trachea’s mechanical behavior — for 
example, its fatigue performance, which is determined by 
cyclic deformations. There is also a comparison of proper-
ties of the natural and artificial cartilages. The artificial ver-
sion still does not perform very well. In the natural cartilage, 
properties remain practically unchanged, and no mechani-
cal losses occur, be it at the moment of load or relief, where-
as we are still unable to reach the same effect in its artificial 
counterpart. Researchers are facing the challenge of making 
this hysteresis as low as possible. However, there are notice-
able advantages: the synthetic cartilage can be stored indef-
initely, whereas the natural one wears and dries out. A nat-
ural cartilage grows for 30 years, whereas the artificial one 
can be formed in five minutes — all it takes is to set the prop-
er shape and size.

There also exists a project in creating artificial bile 
ducts — small tubes that often get damaged, for example, 
during gallbladder resection. If they are not replaced, the 
person will suffer severe chronic diseases. Their replacement 
is quite easy. All kinds of vessels are next in line. According 
to S.N. Chvalun, this method will allow growing a multitude 
of “spare parts” for a human. He believes that already today 
scientific developers and Russian surgeons are prepared to 
perform such operations.

squid sponge
Matrices are not the only biomedical task for the Kurchatov 
NBICS Center specialists. Here they manufacture surgical 
suture with totally different plasticity that doesn’t cut the 
skin, sponges based on natural polymers — for example, chi-
tosan with collagen. Such a nano-sponge would be helpful, 
for example, as a wound-healing substance for burns, frost-
bites, trophic ulcers. It does not need to be removed — just as 
artificial skin, it infiltrates the skin, while filling the affect-
ed area with various medical and painkilling drugs. Such 
“healing napkins” passed tests at the Vishnevskiy Institute 
Burns Center; all that remains now is to implement them 
into clinical practice.

T.E. Grigoriev, assistant of S.N. Chvalun, is involved in 
studying biocompatible polymer-based materials — such as 
cellulose, collagen, chitin, chitosan — which can, for example, 
be extracted from crab shells, mushrooms, and cockroach-
es. These substances are in part extracted in the laborato-
ry — using squids. “It is a renewable resource, which is why we 
want to use it, and this looks very promising for wound dress-
ing, haemostatic, painkilling, and wound-healing substanc-
es,” explains T.E. Grigoriev. He demonstrates some samples — 
porous materials obtained from biopolymers. They resemble 
soft Styrofoam to the touch, but instead of many small balls, 
they consist of micropores the size of 10 to 50 microns, which 
are intercalated — connected with one another. This material 
sorbs very well various medical compounds, and the wound 
discharge sticks to it instantly. If we add various growth fac-
tors, protein increases its thermal stability. “This is a chitosan 
sponge with the bone growth factor,” Grigoriev demonstrates 
a small sponge resembling a band-aid. “It can be used, for ex-
ample, to grow a new jaw — and forget the nightmares of ar-
tificial implants, let alone removable dentures that must be 
placed in the glass for the night.”

nanoballs for Brain cure
In the laboratory, we widely use the long-term projects by 
the Institute of Crystallography in the field of nanocapsula-
tion and targeted medication delivery. They have learned to 
produce nanofibers, as well as nanoparticles and nanocap-
sules made of biodegradable polymers, which are used for 
transporting the medication. Using the chemical processing 
method, scientists first produce an emulsion of the solvent 
polymer, and then get micro- and nano-spheres from various 
polymers. The medication is then placed in this solution, and 
an ordinary injection into a muscle or a vein provides the de-
livery of required substances to a certain organ.

In case of intramuscular injection, the medicine made of 
micron-size particles would have a prolonged effect — from 
several months to a year. Smaller nanoparticles are capa-
ble of penetrating the cellular membrane directly into the 
cell and treat the affected organ. If a cell falls “ill,” for ex-
ample, with cancer, then the membrane penetrability is very 
high, and a 80-100-nanometer particle filled with medica-
tion quite easily moves through. Today the laboratory is con-
ducting massive experimental work in targeted active deliv-
ery of such particles.

The creation of new materials for nano-, bio-, information-
al, and cognitive technologies is the convergence that we talk 
so much about.

In the entire world, there are very few polymer materials 
laboratories with state-of-the-art equipment and proximity 
to the synchrotron radiation source — the crucial tool for re-
searching the structure of materials, which makes it really 
unique. The most amazing thing is that just two years ago, 
the building that hosts the laboratory did not even exist.

Today the laboratory faces very interesting long-range 
challenges, and it is no accident that it has a big team of en-
ergetic, talented, and quite young people.

Prepared by Natalya Leskova
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 Four-Note
  Symphony 
 of Life

The genomics laboratory of the Kurchatov Institute National Research 
Center is the only scientific organization in Russia where over 20 genomes 

have been sequenced

Music of genome
“It is on these sequencers that we decoded the genome of a 
Russian human,” says Nataliya Gruzdeva, the assistant di-
rector of the genomics laboratory, demonstrating the device 
and the laboratory’s instrumental base.

For an average person, the sequencer is an obscure device 
remotely resembling an office printer, whereas for a special-
ist it is almost a musical instrument. The melody that can 
be produced from it in this laboratory is being recorded us-
ing just four nucleotide-“notes” that compose the DNA: ade-
nine, guanine, cytosine, and thymine. But as a whole, com-
binations of these four notes merge into an incredible sym-
phony of life.

The genomics laboratory is the heart of the biological di-
vision of the Kurchatov NBICS Center. There are five people 
working in the genomics laboratory. All of them came here as 
molecular biologists — “drippers,” as they call themselves, 
and here they got the opportunity to acquire new skills and 
experience. Today the convergence of nano-, bio-, info-, and 
cogno- sciences allows the researchers to peek into neigh-
boring areas of knowledge — proteomics, bioinformatics, bio-
medicine, population genetics, structural biology.

“The research conducted in the area of genomics can ac-
tively stimulate other areas of knowledge,” says Natali-
ya Gruzdeva. “There are a huge number of areas of science 
where genetic information could be used: genetic therapy, 
treatment of oncologic diseases, targeted medication deliv-
ery, genetic genealogy, ‘domestication’ of microorganisms, 
and even ethnography.”

how Much siberian Blood do we carry?
The NBICS technologies open very exciting prospects for eth-
nographers. It is the convergence of several years of genetic 
and ethnographic research that made the scientists of this 
laboratory into real media stars. We are talking about their 
work not just on the complete decoding of a Russian human’s 
genome, but also on creating the ethnogenetic map of the 
Russian Federation.

“Our goal was to learn a bit more than the fact that we 
are just ‘Europeans’,” continues Nataliya. “Most of us 
contain a large amount of very different ‘layers’ — 
genes of Siberians and Caucasians, Slavic and 
Asian people. We can isolate six main groups 
based on this ethnic research. During ethno-
graphic expeditions to remote villages, we 
picked ‘branches with founder effect’ — in 
order to collect material on every ethnos. 
This material served basis for a genet-
ic analysis of over 36 different ethnic-
ities and creating the genetic map of 
Russia, i.e. we defined genetic charac-
teristics that differentiate ethnicities 
from one another.

As a result of comparing genotypes of 
various ethnic groups and places of their 
residence, the ethnogenetic map was creat-
ed, where ethnicities with higher relation degree 
happen to be closer to each other than those with distant re-
lations. Besides, the spread within the ethnos turns out to 

be much smaller 
than the inter-eth-

nic spread.
Without using all the 

powers of NBICS technol-
ogies, such as the Kurcha-

tov supercomputer, the anal-
ysis of such volumes of infor-

mation would be impossible. As 
a result, on the example of our 

map, we see how genetics became a 
“bridge” connecting humane and sci-

entific blocks. Today, armed with this 
information, an ethnographer can think 

historically: trace migration of peoples, an-
alyze the spread of languages, traditions, and 

cultural values.

Medication for yakuts
Another task, where the genetic map of Russia could 

help, is providing each ethnic group with individual 
medication that would be most effective for this partic-

ular group.
“There are groups amenable to ethno-specific hereditary 

diseases. Accordingly, there must also be individual treat-
ment for such diseases,” says Nataliya Gruzdeva. “We try to 
study polymorphisms that are responsible for these diseas-
es in different groups and look for those that affect the resis-
tance to drugs.”

Today any human can be “decomposed” into genetic char-
acteristics we determined in order to find out how many of 
his ancestors were from Siberia and how many from Ryazan; 
then prescribe him individual treatment based on his genetic 

specifics. Such treatment would produce the maximal result 
with minimal side effects. In the future, the goal of personal 
healthcare is to anticipate the disease long before it appears, 
particularly in family planning. Some genetic combinations, 
while not bothering each of the parents, can produce quite 
dangerous variations for the descendants.

“We would like all genetic research of biomedical nature 
to find its application in clinical practice,” elaborates Natali-
ya. “At the present moment, scientists already made the next 
step by opening the door to the world of DNA; now the matter 
depends on the achievements of science becoming available 
to any person at the appropriate moment.”

future at the doorstep
The most important issue that is being expected of mass 
genomics is definitely personal healthcare. If the state can 
equip even small medical facilities with sequencers, while 
the procedure itself will be something similar to a fluorog-
raphy, it will be a win-win situation for everyone. With time, 
our knowledge about the types of genes responsible for cer-
tain illnesses will accumulate. As a result, we will be able to 
approach treatment on the most delicate, individual level. 
Quite possibly, by that time most people will have their own 
genetic passport.

“Genetics as a part of biology interlocks today not just with 
mathematics and informatics, but with ethics as well. What 
to do with the genetic information obtained from an individ-
ual? At one time, taking blood samples also raised similar 
questions, but today it became the norm, didn’t it? The same, 
I’m sure, awaits genetic information,” assures Nataliya Gru-
zdeva.

Prepared by dmitry Nazarov
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Nuclear
Medicine

Recent years were marked by the 
revival of nuclear and radiation 

therapy in Russia. This is primarily 
related to the fact that nuclear 

medicine is one of the high-tech and 
efficient branches of diagnostics 

and treatment, believes Boris 
Chaivanov, doctor of chemical 

sciences and assistant director of 
the Kurchatov Institute NRC

Contrary to the common belief, it is not recent-
years know-how but one of the main areas that 
originated from the development of the atomic 
industry in our country.

The main methods of nuclear medicine got “started” in the 
physics laboratories or with their direct participation. The 
implementation of the nuclear project in our country was 
accompanied by the creation of a whole network of nuclear 
physics centers, special medical facilities, higher learning 
institutions, and computer centers.

In recent decades, science in our country went through a 
tough period, which also affected nuclear medicine. In 2008, 
an initiative group of the Kurchatov Institute explained to 
the country leaders the emergency necessity of reviving nu-
clear medicine in Russia. The topic received wide public at-
tention, including that of the Public Chamber of the Rus-
sian Federation. Today we can say that a lot has been done. 
Within the framework of the institutes that are a part of 
the Kurchatov Institute NRC, a unique infrastructure was 
formed that encompasses nearly all areas of nuclear medi-
cine, production of radioisotopes and radiopharmaceuticals, 
diagnostics, and radiation therapy.

By the way, the first research on the ionizing radiation 
influencing living organisms was conducted back in the 
1950’s, on I.V. Kurchatov’s initiative, at the radiobiological 
department that was specially created for this purpose. To-
day a wide spectrum of disciplines in the nuclear medicine 
area continues its development at the Kurchatov Institute 
NRC. In addition to producing stable isotopes, there is work 
on producing medical-purpose radionuclides using reactor 
technologies, whose primary installations are the experi-
mental reactor IR-8, the solution reactor ARGUS, and the re-
actor complex VVR-M. Also, on the PIK reactor in Gatchina, it 
will soon be possible to produce the entire range of medical-
purpose radionuclides.

The production of medical-purpose substances is being 
conducted on the Eclipse HP cyclotron and on the U-150 iso-
chronal cyclotron at the Kurchatov Institute. In addition, they 
develop innovational technologies for obtaining radioisotopes 
for nuclear medicine. Currently, undergoing development is 
the technology for receiving hybrid biocompatible nanosize 
constructions, as well as operations on using supermagnet-
ic nanoparticles for targeted medication delivery; methods of 
neutron-capturing therapy are also being mastered.

A science and technology complex of the most state-of-the-
art methods of nuclear-physical diagnostics has been cre-
ated at the Kurchatov NBICS Center. Scientists can get mo-
lecular images of human organs and systems using three 
technologies: magnetic resonance tomography, positron 
emission tomography, and computer tomography (CT, or 
PET-CT in a combined version). This division is designat-
ed primarily for researching cognitive processes in human 
brain operation and for molecular visualization of biological 
processes. Another task is to perfect the methods of medi-
cal diagnostics.

A partnership agreement was recently signed between 
the Kurchatov Institute NRC and the Federal Medical Bi-
ological Agency (FMBA) of the Russian Federation, as well 

as with the Moscow Government. The issue is primarily in 
medical equipment R&D, in developing new medications on 
major nosologies and rare diseases, in organizing supply of 
radiopharmaceuticals for diagnostics and therapy in Mos-
cow regional clinics. The scientists will also participate in 
creating and developing new nuclear medical technologies, 
implementing advanced projects in the area of information 
technologies for the needs of Moscow’s medical complex. It is 
also proposed to use Kurchatov Institute’s scientific and ex-
perimental bases for advanced training of medical and engi-
neering staff in the area of nuclear medicine.

atomic diagnostics, in the world of science
Nuclear medicine is one of the efficient methods of diagnos-
ing and treating severe illnesses. Until recently, the huge po-
tential of Soviet scientists in this area seemed nearly lost. 
But several years ago, largely due to the efforts of E.P. Velik-
hov and M.V. Kovalchuk, the attention of the country’s lead-
ers was drawn to the necessity of resurrecting the nuclear 
medicine.

“Today we already are able to get molecular images of hu-
man organs and systems using three technologies — mag-
netic resonance tomography (MRT), positron emission to-
mography (PET), and computer tomography (CT, in a com-
bined version — PET-CT),” says N.S. Marchenkov, director 

Positron emission tomograph

Magnetic resonance tomograph
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PHysICs

Perhaps, there is hardly a field of science where it 
wouldn’t be employed: bio- and photochemistry, 
thermonuclear fusion, weaponry, space sector, 
information technologies, communications, 

materials science of the widest spectrum where the laser 
helps in changing properties of a material and conducting a 
great variety or technological processes — welding, cutting, 
polishing. And finally, medicine, where laser technologies 
have firmly occupied their position.

In the meantime, despite the laser being theoretically “pre-
dicted” since the early 20th century, only in 1960 was the 
operation of the first quantum generator demonstrated by 
T. Maiman. The entire world immediately saw an explosive 
growth of military, medical, mechanical technologies us-
ing the laser, and our country, particularly the Kurchatov 
Institute with its branches and affiliates, was among the 
world leaders. Back then, the timeliest issue was the prob-
lem of propagating powerful beams in the atmosphere; vari-
ous solutions found their implementation in special-purpose 
lasers, and the concept of superpowerful laser machines 
was born. At the same time, starting in the late 1960’s, the 
Kurchatov Institute Molecular Physics division headed by 
I.K. Kikoin started active development of another line of op-
erations with laser and plasma isotope separation — molec-
ular (MLIS) and atomic (AVLIS). For AVLIS research, there 
was a device called Talisman created at the Kurchatov Insti-
tute, which still, up to this date, remains unmatched in Rus-
sia. It is used for optimizing the processes of enriching ura-
nium, i.e. it produces uranium with a very high fractionation 
factor — thousands and tens of thousands times higher than 
the coefficient obtained in the regular centrifugal method. 
Notably, there were just several such devices made in the en-
tire world. One of the main advantages of the Kurchatov de-
vice is its compactness; additionally, such production can 
easily be “reorganized” for new tasks. Such technologies are 
important for fundamental science and industry, because 
they allow the use of isotopes, laser and plasma technolo-
gies in the nuclear power sector, experimental nuclear phys-
ics, medicine, ecology. Laser methods make it possible to pro-
duce small amounts of a purpose-oriented isotope, such as 

neodymium-150, which has the biggest neutrino absorption 
section. Machines similar to our Talisman have already been 
disassembled abroad, whereas we keep using the same neo-
dymium-150 for researching neutrino. In other words, ura-
nium isotope separation is now requested by fundamental 
physics, and the monoisotopic materials produced by the 
Kurchatov Institute are used today in the biggest interna-
tional projects in neutrino physics and nuclear medicine.

V.y. Panchenko, academician,  
assistant director of the Kurchatov Institute NrC

of the Kurchatov Center of Nuclear Medicine and Doctor of 
Chemical Sciences. “Our subdivision is primarily dedicat-
ed to researching cognitive processes in order to create a 
new convergent technology and ‘eye — brain — comput-
er’ interfaces. The second objective is conducting patients’ 

 diagnostics. For this we need equipment that would enable 
us to visualize the condition of the organism being tested. 
The main unit here is the computer tomography device. With 
its help, after we inject the patient with a radiodrug, we get 
a three-dimensional image of the required organ. But with 
such a single-photon tomography, the resolution is quite low. 
This is why 30 years ago it was proposed to use the PET tech-
nology for diagnostics — positron emission, two-photon to-
mography. Today PET is the most state-of-the-art technolo-
gy that allows visualizing the internal organs up to the level 
of atoms and molecules. This means early diagnostics and, 
consequently, early treatment.

“However, nuclear medicine is not limited to diagnostics; 
it also includes therapy. Today we conduct nanotechnologi-
cal research that should help us develop efficient means of 
delivery, targeted or not. Three years ago, another attractive 
direction appeared — theranostics, when one drug has an 
isotope that works for both diagnostics and therapy. A good 
example is iodine-124, a great gamma-oscillator for thera-
py that contains a positron component, so it can easily be 
traced inside the organism. Positron emission tomography 
allows for easy planning of radionuclide treatment. Having 
calculated the tumor’s size and shape, we may accurately de-
termine the dosage necessary for treatment. The calculation 
can be such that the radiation will not penetrate outside the 
tumor and will not cause unnecessary damage.

“We are not talking only about oncology, but about car-
diovascular and neurological diseases, orthopedics, and 
a lot more. For myocardium diagnostics, they successfully 
use thallium-201 and several radiopharm drugs containing 
technetium-99m. The latter is one of the most in-demand di-
agnostic radionuclides, with drugs containing it being used 
in 85% of diagnostic tests. In the entire world it has long been 
named the ‘workhorse’ of nuclear medicine. In theranostics 
there is a good example of using golden nanoparticles for di-
agnostics and therapy. It is also known that gold, being an 
inert chemical matter under normal conditions, exhibits 
high chemical activity at nanoscale. We can tie any chemi-
cal compound to it, for example polyethylene glycol, to which 
some carrier may be ‘attached’ — the transport that delivers 
the nanoconstruction to its destination. Then, by directing 
an infrared wave to that particular area, the gold can be vi-
sualized. In this case the gold starts to fluoresce and we can 
see its location. Then, if we direct a more powerful beam, the 
golden particles will heat up to about 60°C, i.e. internal ther-
motherapy will take place.

“Nuclear medicine has now reached its peak. The next the 
thing of the future is nanomedicine; it will be in full swing 
near the middle of this century. But there are no — and can-
not be — any distinct boundaries. After all, nuclear medicine 
today is nanomedicine, since radionuclides and the delivery 
methods deal with nanosizes. Development of nanomedicine 
is impossible without bio- and information technologies. We 
also have many plans in the area of cooperation with cogni-
tive specialists. Today our institute happens to be at the very 
plexus of convergence of science and technologies.”

Prepared by Valeriy Chumakov

Computer tomography not only makes it possible to “dissect” 
or examine any organ from the inside, but also determine what 
zones get activated on performing certain tasks (red spot on the 
top picture)

Multifaced 
 Laser

Admittedly, the laser (LASER — light amplification by stimulated 
emission of radiation) is one of the biggest technological 

achievements of the 20th century
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“Vladimir Olegovich, please tell us, how did the Protein 
Factory get started?”

“The Protein Factory is a relatively new subdivision of the 
Kurchatov NBICS Center that was created just three years 
ago by Professor M.V. Kovalchuk. Our main goal is to create 
a brand new experimental base for mass crystallization of 
proteins and for determining the atomic structure of various 
protein molecules and their complexes. To achieve this, we 
need to have the closest interaction with the Kurchatov syn-
chrotron radiation center. For structural biology research, 
the Kurchatov synchrotron has a specialized station called 
‘Protein’ that has been there for many years. Today, at the 
Kurchatov Protein Factory, it is possible to isolate and char-
acterize almost any protein and obtain its crystalline form in 
order to calculate using a supercomputer the structure of po-
tential ligands of the given protein and propose, for example, 
a medication on their basis.”

“For what other purposes do you study the structure of 
proteins and macromolecules?”

“When you are able to see how one protein molecule inter-
acts with another, how its active center is built, this opens 
brand new opportunities. For example, you want to create a 
new catalyst for biotechnologies and improve its properties. 

This requires understanding its structure. For these pur-
poses, we widely employ the X-ray structural analysis meth-
od using, among others, a synchrotron source. Presently, 
structural biology is in demand by nearly all branches of life 
sciences. Its goal is to understand how the living cell com-
ponents are structured on all levels. Each cell can be con-
sidered a real nanosize factory. It also has its sources of pow-
er generation, roads that are used to transport various sub-
stances, as well as a place where all this gets engineered and 
synthesized — the cell nucleus.”

“So you peeped into nature’s mechanisms?”
“Yes, although we’re still far from understanding all the 

processes. Modern X-ray crystallography methods require 
the object to be in crystalline form. Since the theory of this 
process is still in development stages, this is virtually still a 
‘trial and error’ method — searching through various con-
ditions, under which it becomes possible to obtain crystals. 
Sometimes it takes hundreds of thousands of various states. 
We do it using special robots.”

“How often are you able to get a new protein?”
“In the 1980–1990’s, the number of new biomacromolecule 

structures grew exponentially, which was related to the rapid 
development of technologies, mainly because the  laboratory 

X-ray sources were replaced by synchrotron radiation sourc-
es. In Russia, this research of biomacromolecules was be-
ing developed under supervision by M.V. Kovalchuk — first 
at the Institute of Crystallography, and then, on a brand new 
level, at the Kurchatov NBICS Center. Currently, the growth 
rate of the number of new structures has more or less sta-
bilized. Nonetheless, every year it gets almost ten thousand 
new structures. This is all very important, for example, when 
researching pathogenesis of various diseases. Today any 
project related to searching for a new therapeutic substance 
usually requires a huge budget exceeding a billion dollars 
and taking up to 10–15 years. Besides, developing each med-
ical drug requires understanding the target it affects and the 
knowledge of this target’s structure. And while previously 
there was the same medication for all, in the future they will 
become individual remedies.”

“What were you specifically able to achieve during the 
two years that the laboratory at the Kurchatov NBICS 
Center existed?”

“We launched several projects, including those related to 
developing medications. One of these projects is connected to 
studying a protein called parkin — the name is self-explan-
atory: this protein is believed to participate in the Parkin-
son’s disease pathogenesis. Our goal is to establish the entire 
structure of this complicated molecule. This will eventually 
make it possible to develop prototypes of medical drugs that 
would be effective for this disease.

The second project is directly linked to autoimmune dis-
eases. We have a ‘panel’ of so-called tyrosine kinases — uni-
versal enzymes in the organism that participate in transmit-
ting various signals. As of today, we were able to select sev-
eral potential structures that may be efficient inhibitors of 
Sik-kinase — the prospective target for treating, for example, 
rheumatoid arthritis or lupus erythematosus.

Another object related to medicine is the so-called mech-
ano-growth factor. Its main feature is stimulating regenera-
tive processes in muscles. On the one hand, it may be used 
for growing strength and muscle mass; on the other hand, 
in can help during severe diseases, such as various muscle 
dystrophies. The drug we are trying to work with, unlike oth-
er similar ones, is targeted exclusively for muscular tissue. 
This is why it could be very promising as a substance, which 
would stimulate reparation and proliferation of muscles. It 
has a very good effect.

We tested the drug on laboratory mice and rats. After the 
injection, the rodents, for a certain period of time, became 
twice as stronger, were able to swim better, carried loads one 
and a half times heavier. However, it’s still a long way before 
the end of the tests.”

“What equipment do you need?”
“Modern methods of molecular biology enable us to create 

various biological constructions of various designations even 
in relatively small laboratories. However, when you move to 
the area of structural biology and protein crystallography, 
the infrastructure gets much more complicated: we need 
complex equipment, primarily synchrotron radiation sourc-
es. These are universal interdisciplinary mega-installations 
that service physicists, biologists, materials scientists, and 

nanotechnologists. The Kurchatov specialized source is the 
only one in the entire former Soviet Union. Besides, today 
we have quite complicated robotized complexes at our dis-
posal. This moves all our activity to a totally new technologi-
cal level. Efficiency increases; we are also spared the routine 
work and guaranteed from all kinds of inaccuracies and er-
rors. The robotized complex processes huge volumes of in-
formation, keeps track of the crystal growth process — and 
there can be many thousands of these crystals. The growth 
could take up to several weeks or even months, and at any 
time we can get access to all this information, repeat an ex-
periment, or somehow change its conditions. If you receive a 
crystal, there is still no guarantee that it will diffract well un-
der an X-ray radiation beam. Therefore, it’s possible that you 
may need to change the crystallization conditions, try to get 
a larger size object.”

“In other words, these processes are really complicated?”
“Proteins are still largely way over our heads. Some of them 

are extremely complicated. For example, the largest of known 
proteins, titin, which participates in muscle contraction, 
has a molecular weight of approximately 3 MDa. It can be 
represented as a strand of beads. It’s possible to determine 
the structure of one bead or several sequential beads but, of 
course, not the entire huge molecule. Many proteins have no 
structure whatsoever and acquire it only if they interact with 
their partner — only then it can be determined. Otherwise, 
we get some stochastic set of conformations — these are the 
so-called intrinsically unstructured proteins. They make up 
approximately 10% of all. Such proteins need not have struc-
ture: they perform a different physiological function.”

Crystallization 
of life

According to Vladimir Popov, doctor of chemical sciences and RAS 
corresponding member, heads the Protein Factory department of the 

Kurchatov Institute NBICS Center, the birth of a protein crystal is an event at 
the joint of science and art, for it requires knowledge, professional skills, and 
intuition peculiar to creative people, but most importantly — luck. Obtaining 
a high-quality crystal is the key to studying protein’s structure and properties
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“Is it true that you create biocomposites that are com-
patible with living organisms?”

“Such biocomposites are needed to create various im-
plantable nanodevices, for example, a power source for all 
kinds of medical equipment. Already today it is possible to 
undergo gastroenteroscopy without swallowing a probe, but 
rather by taking a special pill that travels inside the esoph-
agus and uses a Wi-Fi signal to show the picture to the doc-
tor. But this requires an energy source. This energy, for ex-
ample, could be drawn directly from the metabolites locat-
ed inside the human body. Glucose is a universal fuel; it is 
oxidized by oxygen that is dissolved in the blood. It outputs 
energy that can be transformed into electric current using 
biofuel cells. For this purpose, we are developing various 
potentially implantable devices, where the enzymes that we 
need — for example, to oxidize glucose or recover oxygen — 
are immobilized on the nanostructure electrode substrates. 
Similar constructions are applicable in creating biosensors, 
particularly for early diagnostics of glaucoma and cataract. 
The opportunities of this approach are quite promising, in-
deed.”

“So, your final goal is to obtain protein structure. But 
where do you see your uniqueness?”

“Presently, about 87% of all structures in the world are 
obtained using X-ray structural analysis, which so far is 
the main method of cognition in structural biology. All our 
thoughts are directed at obtaining perfect crystals that we 
then research using synchrotron radiation, getting diffrac-
tion images that further get processed and transformed into 
three-dimensional structures, which are a great pleasure to 
look at. Especially when you start to realize how they work — 
after all, these are sort of dynamic ensembles; they are not 
static, they live their own lives. Without those unique re-
search and technological opportunities provided to us by the 

NBICS Center, we would be a regular laboratory involved in 
molecular biology and biochemistry using standard meth-
ods. The uniqueness of our position is in the fact that we 
have everything connecting in one place, starting with ge-
nome and supercomputer centers, the Protein Factory, and 
ending with extremely complicated equipment at the syn-
chrotron radiation center and the nanotechnology science 
center. We also have the opportunity to perform crystalliz-
ing in space under microgravity conditions. All this allows us 
to solve the most complicated issues efficiently and fast and 
unite the competence of scientists representing various ar-
eas of science. The research conducted at the Protein Facto-
ry will make it possible in the nearest future to come close to 
creating commercial biotechnologies, biosensor devices, and 
biorobotic anthropomorphic systems.”

“According to F. Engels, life is a form of existence of 
protein bodies. So, would it be possible to once decode 
all proteins, learn about their structure, goals, functions, 
and thus self-actualize? Would this mean that we have 
matched the Creator?”

“Such questions are indeed philosophic, for they are eter-
nal. It is known that the protein structure is determined by 
the sequence of amino acids. But thus far nobody was able 
to accurately model the protein structure using the amino 
acid sequence. Therefore, we are still unable to understand 
the mechanism of the protein molecule twisting and why 
it twists this way and not the other. We can say a lot about 
proteins, but not everything, by a long shot. But generally, 
if we are to imagine that we learned everything about every-
thing… Perhaps, it would become boring. I, for one, am not 
ready to dig deep into my own genome. Perhaps, I am a fatal-
ist, as strange as it may sound.”

Interview by Nataliya Leskova

“Which one?”
“For one, it’s the recognition of various objects, i.e. they ‘ad-

just’ to them or to the so-called membrane proteins. A mem-
brane is a lipid structure, which means that they are lip-
id-soluble and cannot be obtained as crystals in water so-
lutions. For this, it is necessary to use various additional 
tricks and create a special environment. Membrane proteins 
constitute 25% of the cell proteins. By the way, they are also 
the favorite targets for medical drug search. That being said, 
they occupy less than 1% of the entire volume of the protein 
structure database. In other words, when new membrane 
protein structures appear, it becomes a big event for us.

Therefore, obtaining a high-quality protein crystal is an 
extremely complicated task. When all means have been ex-
hausted, there remains one more, a unique approach to crys-
tallizing under the microgravity conditions, which we are 
able to provide at the Kurchatov Institute thanks to the co-
operation with the Institute of Crystallography that was the 
originator of this research in our country. Crystals grown on 
Earth and grown under microgravity conditions are funda-
mentally different. Microgravity is the condition that can be 
achieved in space orbit. Crystallization there happens dif-
ferently due to the lack of certain obstacles, which is hard-

ly achievable in earth conditions. For this reason, when an 
object is extremely valuable and important, we use the Rus-
sian space research program of manned cosmonautics and 
send this object into orbit in special packing, after pre-se-
lecting all conditions on Earth. The operator on the Interna-
tional Space Station conducts all necessary experiments. A 
month or month and a half later, our samples return from or-
bit. A part of the experiments is being conducted jointly with 
our Japanese colleagues. There is a much bigger chance of 
getting a good crystal, i.e. a larger one and of higher quali-
ty, in microgravity than on Earth. For example, we have one 
object that is potentially important for biotechnology — the 
so-called uridine phosphorylase. In earth conditions, the 
structure that we obtained had the standard resolution of 
approximately two angstroms. But the transition to atomic 
resolution allows us to see all the details of the structure, up 
to the location of hydrogen atoms, which would require the 
resolution of one angstrom or even less, i.e. we need very good 
crystals, and we were able to get them only in space.”

“Is it true that there are proteins with already known 
structure, but their function is a murky secret?”

“Yes, it’s true. About 10 years ago, programs of mass 
screening of protein molecule structures were launched in 
several countries. They performed large-scale sequencing, 
cloning, expressing, and crystallizing. Whatever didn’t work 
was eliminated, and the rest was attempted to be brought to 
structure. The result showed that we know very many pro-
tein structures that have a certain number, but it remains 
unknown what specific function they perform in a living or-
ganism. Bio-information scientists, being thorough and me-
ticulous people, made a list of proteins with already known 
structure that, as they believe, may play an important role 
which is yet to be determined.

For example, there is a protein named DJ-1 whose struc-
ture we know; apparently, it is in one way or another relat-
ed to neurodegenerative diseases. However, the specifics of 
this relation are unknown — why is it related, what molecule 
happens to be its real substrate, how it participates in vari-
ous signal processes.

We are trying to document the binding of various natu-
ral metabolite fragments in active centers of similar pro-
teins using X-ray structural analysis, and then, modifying 
their structure, improve their binding and, finally, get to the 
structure that would firmly bind with the given protein.”

“I heard that in your work you involve not just leading 
scientists but also microorganisms that exist in specific 
conditions. For what?”

“The standard objective of modern biotechnology is using 
biocatalysts instead of chemical catalysts. This is another im-
portant and specific step towards convergence and creation of 
bionic systems. Biocatalysts are enzymes that function in liv-
ing organisms. They are already being widely used in certain 
large biotechnological processes — production of antibiotics, 
glucose-fructose syrups, etc. In fine organic synthesis, certain 
stages are very difficult to conduct using chemical methods, 
but much easier using enzymes that will directionally make 
those changes to a molecule that we need. We are conduct-
ing a wide search for these new enzymes with new activities, 
and various microorganisms act as sources for most enzymes. 
There are microorganisms that exist in extreme environment 
conditions — for example, in high temperatures, inside gey-
sers or underwater hot springs, in lakes with high concentra-
tion of salt. Such microorganisms possess a set of various use-
ful properties uncharacteristic of regular enzymes. We work 
very closely with the Institute of Microbiology that has a collec-
tion of such extremophile microorganisms, and their genomes 
are partially sequenced in the genomics laboratory at the 
Kurchatov NBICS Center. We are trying to ‘extract’ from these 
genomes such enzymes with unique properties that may be 
of practical interest — for example, for fine organic synthesis. 
There is a protein that lives in boiling water or enzymes that 
work in presence of 50% of organic solvents — this is important 
for technological purposes. Along with our colleagues from the 
Institute of Microbiology and the Bioengineering Center, we 
were able to obtain the structures of several such unique ob-
jects. These are enzymes of various classes — oxidoreductase, 
hydrolase, which possess unique stability at extreme temper-
ature around 90– 100° C. Now it would be interesting to under-
stand how exactly such remarkable stability is achieved.”

V.O. Popov with young associates of the “Protein Factory”

The operator on the International 
Space Station conducts all necessary 

experiments. A month or month 
and a half later, our samples return 

from orbit. There is a much bigger 
chance of getting a good crystal, i.e. 

a larger one and of higher quality, in 
microgravity than on Earth
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its academic advisor. When we begin engineering nano-lev-
el systems using multilevel modeling, the volume of required 
information increases by orders of magnitude. This is why all 
fields of development at the Kurchatov Institute are support-
ed by a single platform that supports this modeling and engi-
neering, uniting the entire technological base.

One of our priorities in this field is computer-oriented ma-
terials science, because the NBIC’s resource base is creating 
new materials based on nano- and bio-technologies, primari-
ly hybrid, which assume, among other things, a large volume 
of modeling and calculations. Without information systems, 
any structure created with the help of nanobiotechnologies 
would be ineffective.”

“An interesting thing, computational biology. What is 
it — creating a digital homunculus?”

“No, computational biology is a large interdisciplinary 
complex that includes: bioinformatics (applying computer 
algorithms and statistical methods to biological data sets), 
building computational models of biological systems, mod-
eling full-fledged biological interaction networks (for a whole 
cell or an entire organism), simulation modeling of molecules’ 
behavior (from several atoms to ‘gigantic’ biological chains), 
computing three-dimensional models of protein structures 
based on experimental data (X-ray and neutron), neuroinfor-
matics (that merges neuro-networking and neuro-computer 
technologies).

In the future, we plan to create an integrated computer mod-
el of humans’ basic subsystems, starting with the cellular lev-
el and, modeled on its basis, organism’s reactions to malicious 
agents (bacteria, viruses, etc.), as well as drugs directed at ac-
celerating the process of development and preclinical trials 
of medical products by means of preliminary screening and 
quantitative assessment of their preclinical efficiency.”

“But it is not genetics alone that keep the computer 
running. There are other areas that require ultra-compli-
cated calculations using supercomputers. For example, 
the nuclear industry.”

“This is the traditional line of work of the Kurchatov Insti-
tute. In cooperation with our subdivision — the Institute of 
Nuclear Reactors — we are developing methods, physical and 
mathematical models, and complexes of programs to ensure 
dependability and durability of structures made for the nu-
clear power industry; we conduct engineering, strength, and 
neutron calculations; we solve problems of gas-hydrodynam-
ics, heat and mass transfer. Our further plans include devel-
oping models and codes that allow predicting the behavior of 
construction materials of nuclear power installations during 
their interaction with flows of neutrons and ions, determin-
ing operation life and computer design of high-strength ma-
terials that are being used presently.

Another important field is high-energy physics, particular-
ly the tokamak physics. Today a new Russian-Italian mega-
project Ignitor has been launched, where specialists will en-
gineer machines requiring complicated multiphysics and 
strength calculations that will take place in our Data Pro-
cessing Center.”

a few Bytes for everyone
“All of your customers-partners have completely differ-
ent goals. Computer design of nano-materials and sys-
tems, calculating nuclear reactions, processing the re-
sults of proton beam collisions at the LHC. So how is this 
all being organized?”

“From time to time, we meet with representatives of our 
working groups and discuss what and how much they need 
for the current year. Today, when the power and productivity 
of supercomputers has increased, the number of performed 
tasks has increased accordingly. We are essentially manag-
ing a complicated multidisciplinary research complex. There 
are special program committees that handle applications 
and issue certain yearly quotas for different types of appli-
cations.”

“In addition to the projects you discussed, does your 
supercomputer have many third-party customers?”

300
Once upon a time, the Russian Internet (RuNet) was born at the Kurchatov 

Institute. It was also here that one of the first supercomputers in the 
Soviet Union started operating. We are talking to Vasiliy Velikhov, 

master of physical-mathematical sciences and assistant director of the 
Kurchatov Institute NRC, about the problems and challenges of modern 

supercomputers

As it is known, one of the main functions of any 
supercomputer is to significantly accelerate the 
calculation cycle when solving problems that deal 
with huge amounts of data and highly complicated 

calculations, which is what science today primarily 
demands. The Kurchatov Institute National Research Center 
(NRC) conducts interdisciplinary fundamental and applied 
research, has world-class mega-installations within its 
structure, and participates in large international projects. 
Therefore, a powerful information complex is a vital necessity.

The performance of modern supercomputers is mea-
sured in teraflops (one flop is one operation per second, tera-
flop — trillion operations per second). Supercomputers of the 
Kurchatov NRC Data Processing Center have a peak perfor-
mance of 123 and 127 teraflops, and this complex is among 
the three most powerful in the CIS and in the world’s top 
hundred.

Bringing Bytes to the Mill
“Vasiliy Evgenievich, after looking at the materials on 
your Data Processing Center, one interesting detail can 
be noticed. You do one job for the Kurchatov Center of 
Convergent Sciences and Technologies, the other one — 
for CERN, the third one — for ITER. So, in the end, who do 
you work for?”

“We work primarily for ourselves. As a scientific division of 
the Kurchatov NBIC Center, our technological computational 
complex provides support and development for the scientif-
ic infocommunicational infrastructure, including engineer-
ing. Our main function is to make high-performance calcula-
tions, most importantly, providing modeling tasks, engineer-
ing calculations, analysis, and visualization of received data. 
For these purposes, we use supercomputers that  constitute 

clusters interconnected by the InfiniBand system network. 
Today, the Kurchatov Institute utilizes clusters with pro-
ductivity of 35 teraflops, 123 teraflops, 127 teraflops (using 
graphics accelerators), and a variety of others that are joined 
in a petabyte data storage.

As an informational science and technology complex, we 
work on projects in the area of technological predictive mod-
eling and processing experimental data from mega-instal-
lations. These are primarily high-throughput calculations 
on the basis of grid technologies. We currently receive huge 
volumes of information (petabytes per year) on experiments 
conducted at the Large Hadron Collider (LHC) at CERN. In 
the future, we plan to provide modeling, storage, process-
ing, and analysis of data from mega-installations at the 
NRC — the source of synchrotron radiation, from the BRC 
(Beam Research Complex) reactor, as well as internation-
al experiments — XFEL, FAIR, ITER, in which Russia and 
the Kurchatov Institute in particular take an active part. 
For these tasks we use loosely coupled clusters and petabyte 
data storage sets; we also plan to install tape libraries.

Both fields are being integrated on grid technology basis 
and cloud computing, i.e. our Data Processing Center is es-
sentially a multiaccess multidisciplinary science center.”

from nano to Bio
“Within the framework of the NBIC convergence that 
is currently being developed by the Kurchatov Center, 
which of these four components — nano, bio, info, cog-
no — is yours?”

“A complete interdisciplinary complex, with the full range of 
nano-, bio-, info-, and cogno-technologies, has been created 
at the Kurchatov NBIC Center (of which our Data Processing 
Center is an integral part) on the initiative of M.V.  Kovalchuk, 

trillion
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Multidisplay videowall at the Kurchatov data processing center
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“In November 1953, a sequential electronic computer CEM-
1 was brought into action and successfully employed for sev-
en years at the Institute of Atomic Energy. Its speed of adding 
and subtracting averaged 495 operations per second, mul-
tiplying and dividing — 232. The machine used 1900 vacu-
um tubes that consumed about 16 kW of power. Later, the 
Kurchatov Institute used various Russian-made computer 
complexes — CEM-2, BESM, CM, ES-EVM; Elbrus was get-
ting prepared for installation.

In recent decades, we had to use mostly foreign technology. 
But today Russian manufacturers play an ever increasing 
role. For example, the Russian company T-Platform, the lead-
ing manufacturer of supercomputers in our country, is now 
launching, at the Kurchatov Institute, a computing cluster 
comparable in quality with top foreign competitors. In loosely 
coupled clusters (grid clusters), equipment of different manu-
facturers integrate quite easily, while in firmly coupled clus-
ters, where everything is tied into a high-speed system net-
work, a range of equipment linking issues exists. Especially 
considering the fact that a supercomputer, unlike a regular 
computer, is difficult to upgrade and expand. It is simply re-
placed every five to six years. For this purpose, we create a 
heterogenic complex of various clusters that can be upgrad-
ed in their life cycles, because replacing a big machine is very 
complicated both for us and for the users.”

human resources
“How are things with personnel? Do you hire young peo-
ple?”

“Personnel are always hard to find, especially today, as we 
start expanding. We restructured and segregated two groups: 
one for the supercomputer, the other for servicing the grid. 
This is especially timely due to creating the Tier1 center at the 
LHC that requires commercial servicing. We have students 
from the NBIC department of the Moscow Institute of Phys-
ics and Technology — nine people. This is very  important, 

 because only a few have their own faculty. So the difficulties 
are mostly related to selecting the engineering staff.”

“Where are specialists of this profile trained?”
“Today such specialists are being trained at the Supercom-

puter Consortium of the Russian Universities, headed by the 
Lomonosov Moscow State University. As to grid computing and 
grid technologies, there is specialized education and supple-
mental professional training only at the JINR in Dubna. But, 
frankly speaking, we still do not feel the inflow of these special-
ists. Don’t forget that we simultaneously operate the complex, 
continue its development, and work on projects. Such active 
development as was going on in recent years at the Kurchatov 
Institute can be handled by just a few science centers world-
wide. The load on the same people is very heavy. In fact, main-
tenance and development have to be done separately.”

“How old is your center?”
“It depends on how you count. We conducted high-speed 

computations for six years, but we had grid technologies for 
over a decade. We also still operate one of the first data cen-
ters in the USSR; now it holds the 35-teraflop cluster. The 
new Data Processing Center and the supercomputer com-
plex were launched just a year ago. In spring of 2012 two new 
rooms were opened, and in summer we installed the grid 
there. We are now launching into production the second line. 
Considering that just three years ago we started with an emp-
ty space, the development is happening really fast. We only 
had a concrete cube, some walls — and nothing else. These 
walls are not hosting the entire machine — it is distributed 
much wider. All organizations that are part of the NRC are 
participating in the LHC project and are included in a unified 
grid infrastructure, created for analyzing and modeling the 
LHC experimental data. Each has its own groups, appropri-
ate analysis data centers, and all this is interconnected using 
telecommunications into a grid infrastructure.”

Interview by Valeriy Chumakov

“This is not an easy question. The thing is, we give a part 
of the resource to the national nanotechnology network 
where the Kurchatov Institute is the head scientific orga-
nization, and it is this network that distributes it to all in-
terested parties within the allotted grid calculations. We 
already installed a rather big complex of various programs 
inside the network, primarily for developing nanomateri-
als and nanotechnologies, including such packages that 
can calculate any nanobiomaterials and structures, hybrid 
materials, and a lot more. We don’t interact with users di-
rectly, rather through organizations that represent them. 
This is a convenient way of scaling the projects. The vir-
tual organization, on behalf of its users, makes arrange-
ments with the center about the resources that may be al-
located to it.”

Preconstructor Modeller
“Is the digital ITER model already operational?”

“No, the comprehensive digital ITER model is not yet op-
erational. Ideas on a virtual tokamak are being suggested, 
but for this we need to understand well and be able to mod-
el the physics of its every part, primarily hot plasma phys-
ics, with which we are still having trouble. So this issue re-
mains open.

There are also other fields that we develop — mainly the 
modeling of technologically complicated objects, for exam-
ple, simulation modeling of central systems of ships, includ-
ing the steering system. This makes it possible to completely 
recreate the object as a digital model and study its behavior. 
On the one hand, this may be a simulator; on the other — 
a supplemental system for the chief designer that may help 
him in calculating the main parameters of the object and 
understand its behavior before it actually sails. Such tech-
nology allows performing situational modeling in order to 
quickly find the optimal solution. Previously, such facilities 
were made mostly for spacecraft. If something happens, say, 
aboard the International Space Station, the technologists on 
Earth recreate a similar situation on its simulation model, 
find a solution, and give the cosmonauts clear instructions 
on what to do in space.

Additionally, it is our center that is oriented to ultra-large 
petabyte amounts of data, their processing and analysis. 
This is a distinct branch of supercomputing, what is called 
data intensive supercomputing. Today’s scientific mega-in-
stallations — in material sciences, high energy physics, 
nano- and bio-technologies — due to introducing state-of-
the-art sensors and detectors, as well as fast development 
of information technologies (hundreds of petabytes in the 
case of the LHC), require constant increase in experimental 
data generation rates. Data sets of exabyte scale are already 
a part of the planning process for most prospective scientific 
projects related to mega-installations.”

having the cake and not eating it
“We have one problem. The CERN experimental data only 
gets processed in our center, but is not stored there, simply 
because we do not have storage centers for such large vol-
umes of information. There are 11 of them in the entire world, 
but none in Russia. Therefore, we receive data, process it, 
and return it to be stored. This is not quite right. We desper-
ately need such a storage center, as it will permit us to move 
to a new level of interaction with international science.

By the year 2013, in cooperation with the Joint Institute for 
Nuclear Research in the city of Dubna, we must form experi-
mental models of new generation complexes for initial storing 
and processing of data received from the LHC.”

“Aren’t you afraid of hacker attacks?”
“Not really. We do not store data, which is mostly the target 

of hackers’ interest; we are, after all, the competence center 
for the global CERN network, among other things, in infor-
mation security. We have specialists that work particularly 
in this ultralarge network that contains hundreds of nodes, 
huge volumes, hundreds of petabytes of data. They are be-
ing attacked from time to time, because breaking into CERN 
is considered high-class. They have a lot of experience; more-
over, they regularly conduct their own training. Recently, the 
security office of the National Institute for Subatomic Phys-
ics in the Netherlands simulated a global virus attack on the 
grid infrastructure. The ‘attack’ was undertaken on 40 sites 
in 20 countries, mostly those that are part of the data pro-
cessing system for the Large Hadron Collider. The experi-
ment organizers decided to test this particular network due 
to its high vulnerability to this type of aggression; after all, it 
serves over 8 thousand users and consists of 300 ‘elements’ — 
data centers, research institutes, and computer systems lo-
cated in 50 countries. Each of the LHC data processing cen-
ters is responsible for its own security, and not all of them give 
the necessary attention to this issue. E.A. Ryabinkin, one of 
our center’s associates, discovered the virus even before re-
ceiving the ‘alarm’ from the experiment’s organizers, acted 
on the attack before receiving the notification, activated the 
protection of his node, and tracked the source of the ‘inva-
sion.’ We were prepared for these kinds of attacks, we deal 
with them seriously, and we have a lot of experience in it.”

“During the Soviet times, there was a directive to have 
all computing complexes manufactured in the USSR — 
for national security purposes. And here, I see, you have 
HP, ATI, NVIDIA Tesla…”

Similarly to creating the Tier1 center for processing data from CERN 
(Tier is the hierarchical system of data storage and processing 
from the LHC, where Tier0 is CERN itself, Tier1 is a complex of large 
computer centers for complete reconstruction of events and data 
storage, Tier2 constitutes smaller centers for analysis, modeling, 
and calculating, Tier3 is a complex of clusters of individual working 
groups), a center for FAIR is in the plans but with even larger data 
volumes, as experiments will utilize new generation detectors and 
electronics.

* * *
Recently, we had a meeting on modeling graphene-based devices, 
and we are preparing a program of operation on this topic, 
jointly with the Institute of Theoretical and Experimental Physics 
(ITEP). At its basis lies our ability to model multilevel objects and 
transfer processes. Another area within the framework of NBICS 
technologies is computational biology.

Kurchatov supercomputer
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It is especially interesting to see the prospects of using 
such technology together with new optical materials, such 
as bidirectional glasses that allow, on the one hand, to ap-
ply additional information to the real picture in real time (the 
function of so-called augmented reality), and on the other 
hand, to control, using the eyes, the presentation of this in-
formation, as well as other processes.

Due to the small size of the fovea (the notch saturated with 
receptors in the back part of the eye where the visual axis in-
tersects with the retina), the visual perception at each mo-
ment of time is limited to an area with the angular dimension 
approximately the size of a thumbnail. The rest is the result 
of the combination of information received as a result of mul-
tiple saccadic eye movements. These ideas allow, to a certain 
degree, peeking inside another human’s conscience.

The practical importance of this research’s results cannot 
be overestimated. The proportion of misdiagnoses, for exam-
ple, in radiology remains approximately constant at 30%. 
The reason being is the subjectivity in establishing the di-
agnosis by a medical specialist. Any complicated image, the 
role of which in medicine and other areas keeps constantly 
growing, may be interpreted in a number of different ways. 
It is the method of landscape attention that can be used to 
resolve these issues. Having strictly objective data, we can 
compare subjective perceptions of one and the same visual-
ization by different specialists, which would allow them to 
ascertain the bases for various interpretations and collec-
tively make the right decision.

The scientific method of tracking the line of sight has a 
large number of concrete practical applications. In addition 
to those already mentioned, it can increase road safety. Just 
500 milliseconds before a dangerous situation, it is possi-
ble to tell by the eye movement whether or not an accident is 
about to happen.

What does the social in a human begin with? With atten-
tion to another person’s attention. The case in point is the so-
cial attention to the face and eyes of another person, as well 
as—and this is especially important—to objects of collective 
attention by other people. The specificity of this type of per-
ception is also supported by its disorder in people suffering 
from autism. Its most efficient early diagnostic form is consti-
tuted in children with such disorders looking wherever they 
will except the eyes of another person.

During neurodegenerative diseases, such as Alzheimer’s 
disease or Parkinson’s Dementia, the first to go are higher 
memory forms followed by various social skills. We get the 

question about the possible ways of increasing the socio-cog-
nitive “resource of a human.” Another very interesting inter-
disciplinary discovery is that bilingualism turns out to be 
an especially effective factor in increasing the cognitive re-
source.

The diffusive tensor visualization demonstrates better in-
tracerebral links development in bilinguals compared to 
monolingual subjects. In brain coordinates, this means the 
right frontal (or prefrontal) cortex areas.

It is interesting to note that when an eye-to-eye contact sit-
uation occurs, these are the areas that get activated. Simi-
larly, when in totally different experiments we ask the sub-
jects to evaluate the significance of particular information 
for them personally, then primarily the right prefrontal cor-
tex areas get activated. Finally, these are the areas that are 
often altered in patients suffering autism. Therefore, the re-
search showed an amazing interlacing of social and cognitive 
variables with physicochemical and physiological processes. 
This is a huge, still barely studied, continent of fundamental 
research and practical applications that would allow us, in 
the future, not only improve interaction with high-tech en-
vironment, but significantly expand the cognitive resource 
of a human.

Prepared by Valeriy Chumakov

ConvergenCe 
of ConSCIenCe

and
technological 

advance
The successful development of our civilization is possible only under the 

conditions of efficient cooperation between the fundamental and the applied 
in cognitive science — the interdisciplinary approach to studying human 
mentality and brain, where methods and models of natural sciences play 

an increasingly noticeable role

Science today, worldwide, has logically reached 
the development stage where research in various 
areas of science and technology takes nowadays 
an increasingly interdisciplinary form, moving 

to a fundamentally new stage associated with mutual 
convergence. The abbreviation NBIC (nano-, bio-, info-, 
cogno-) became the commonly accepted designation. Such 
practical interaction of main scientific megatrends is 
successfully happening at the Kurchatov NBICS Center. The 
current global processes are uniting the scientific knowledge 
landscape that previously seemed completely broken into 
isolated fragments.

The new conceptual point happened to be the recent addition 
of the letter “S” (socio-) to this abbreviation. The appearance of 
a “social human” is related to the emergence of reflexive forms 
of conscience, i.e. such acts of conscience where the human 
discovers self-cognition abilities. On the other hand, the con-
nection between the social and the cognitive is complemented 
by another connection, just as evident, between a human and 
the information processes, i.e. the processes of communication 
that underlie the operation of any social organism.

The crucial point in this research area is the development 
of cognitive technologies. We are talking about the tools, ma-
terials, and procedures that expand the cognitive powers 

and thus improve work performance, learning abilities, and 
the human health. Within the framework of convergent re-
search, such technologies, for the first time, rely upon ad-
vanced scientific methodology.

A particularly important role in the arsenal of cognitive 
research’s means today is played by two methods. The first 
one came to us from informatics and is associated with com-
puterized processing of large amounts of video data that al-
lows, with high speed and accuracy, to track the observer’s 
eye movements. The second one is the method of functional 
neurovisualization based on the magnetic resonance effect, 
the long development path of which, started by E.K. Zavoys-
kiy’s famous Kazan experiments, was later acknowledged 
with several Nobel prizes.

Since Homo sapiens is a predominantly visual creature, as 
are all higher primates, it was clear from the very beginning 
that the new technology must be based on methods of regis-
tering eye movement.

Each day we make over 120 thousand saccadic (i.e. ex-
tremely fast and strictly coordinated) eye movements that 
change the fixation point location. Of course, not all of these 
changes are related to the spatial attention shift. A portion of 
eye movements perform completely different functions, such 
as social ones.

If we can speak two languages, then 
the average age of acquiring elderly 

neurodegenerative diseases of old age, 
such as Alzheimer’s disease, is put off 
by four to five years. Each additional 

language additionally expands the 
cognitive resource of a human

B.M. Velichkovskiy, head of the science and research division of 
neurocognitive and socio-humanistic sciences, RAS corresponding 
member
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Codes of the Brain 
Library of Babel

Know your Brain
There are two key problems in science, a breakthrough in 
which can be expected within the next 20 years: the struc-
ture of the Universe and the biological bases of conscious-
ness. The first issue already has a working theory — the 
Standard Model. Brain research is a much more complicat-
ed issue. Brains of different animal species that have total 
different formations are capable of similar cognitive activi-
ties. This is why we need a fundamental, preferably mathe-
matical, theory of consciousness for various material carri-
ers, up to artificial ones. However, a mathematician or a the-
oretical physicist does not know the facts that must make 
up the foundation of such a theory, while a cellular neuro-
biologist dealing with such facts is not an expert in analyti-
cal philosophy of consciousness. It turns out that the prob-
lem belongs to all these and many other disciplines, but not 
to a single one individually, so it is an interdisciplinary issue. 

The Kurchatov NBICS Center was designed and created by 
M.V. Kovalchuk to solve precisely these types of convergent 
problems that have fundamental meaning for science and 
technologies of the future. The issues of brain and conscious-
ness are important in this respect for three reasons.

The first is the biomedical reason. We hope to at least to 
some degree alleviate the suffering that brain diseases cause 
mankind. Over a half of inherited diseases are related to 
brain malfunctions. Besides, mankind is moving into the di-
rection of gradual aging, and the problem of neurodegenera-
tive disorders and age-related memory and intellect derange-
ments is becoming more acute. Any information on how the 
brain performs its cognitive functions and what goes wrong 
in the process of aging have a great significance for millions 
of people.

The second issue is technological. Today the brain is the 
most perfect computation device. The best of existing com-
puters still lag behind in efficiency by 6 to 9 orders of mag-
nitude. Our brain is capable of performing incredibly fast 
searches in huge arrays of data, recognition and opera-
tion in “high-noise” environment, massive parallel calcula-
tions, widest associative learning, categorization, abstrac-
tions, emotions, and feelings — while consuming just about 
30 watts for all this activity. Even a small portion of every-
thing it does, implemented in technology, would be able to 
transform the society, the industry, the economy, and the life 
of every human.

The third part is the most important. In the process of 
studying how, in I.P. Pavlov’s words, “the brain matter pro-
duces a subjective event,” we strive to understand who we 
are, where did we come from, and how is our “self” struc-
tured.

library of Babel
A short story by Jorge Luis Borges tells about a huge “library 
of Babel,” which the author also calls the Universe, consist-
ing of an infinite number of rooms filled with bookcases full 
of books, each one of which has four hundred pages, with 
each page containing forty lines of eighty letters, while the 
total number of characters available for writing is equal to 
twenty-five. In the entire library, there are no two identical 
books. The author himself insists that this library is infinite. 
Enthusiasts calculated that its size would exceed the volume 
of the seeable Universe by about 10611,388 times. I think that 
the library metaphor depicts the Universe of our conscious-
ness’s states, the entire collection of all possible creations of 
our brain. And the codes that are used to write the content 
of these “books” in the nerve cell networks is what compris-
es the main problem for modern brain researchers. We only 
know the initial conditions of this code — our brain contains 
about 86 billion nerve cells, where each one can have up to 
10 thousand contacts with other cells, and the number of 
connections in such a network amounts to hundreds of tril-
lions. The number of possible combinations of activity that 
such a gigantic network can generate exceeds the number of 
elementary particles in the known Universe. Somewhere in 
this hypernetwork’s activity there hides the combinatorial 
code that we are looking for.

Today we have just one truly mathematical theory for cal-
culating consciousness — the so-called Integrated Informa-
tion Theory developed by Giulio Tononi, neurobiologist from 
the University of Wisconsin. The essence of this theory is 
that consciousness in a network is information that appears 
above the information contained in isolated interactions of 
its components — any of its elements, groups, and complex-
es. This is why the brain cortex, where everything is strongly 
intertangled, is so important for our consciousness, and the 
superior functions of our brain are related to it, while the cer-
ebellum, which contains much less — compared to the cor-
tex — nerve cells that work in separated modules, is not of 
particular importance to our consciousness. Damaging the 
cerebellum leads to dysmotility, moving dysfunctions, but 
the consciousness is barely affected.

This theory allows to compare the potential level of con-
sciousness in any system: an adult person, a baby, a dog, a 
worm, a robot. The simplest model system that scientists to-
day study in neurosciences is the nervous system of a milli-
meter worm, the soil nematode, that has just 302 neurons. 
All these neurons are known, and the entire network of con-
nections between them has been decoded. It contains about 
6 thousand contacts. Calculating the nematode’s potential 
level of consciousness using the capabilities of a modern 
computer would take 1079 years. Such is the level of complex-
ity that we face when addressing our brain and its degrees of 
freedom.

But it is possible to reduce the problem’s complexity using 
the brain theory, concurrently making the subjective experi-
ence available not just for mathematical but also for experi-
mental research.

Brain’s social networks
We already said that the brain can be considered as a giant 
neuron network — this is the first principle of our approach. 
Researching the brain as a network, we, on the one hand, ap-
ply all experimental neuroscience methods to it, on the oth-
er — we move in the direction of the brain and conscious-
ness theory.

The department of neurophysiology and cognitive scienc-
es of the Kurchatov NBICS Center was designed by M.V. Kov-
alchuk precisely for decoding the codes of the brain neuron 
networks. This is why its first task is to develop new experi-
mental approaches that make it possible to view the brain as 
a network, extract fundamental principles of its operation, 
understand the mechanisms of its “failures” as network mal-
functions.

In this research, we rely on the vast experience of cognitive 
neuroscience in Russia. Among the pioneering works by Rus-
sian scientists, there is the theory of functional systems that 
we use as the second principle in our work.

Imagine a big country with a multimillion population. 
Our brain, to a certain degree, resembles such a country. It 
has its republics, regions, metropolises, where tens of mil-
lions nerve cells are concentrated. This whole giant social 
system is covered by distributed networks — transporta-
tion, financial, industrial, military, communicational, and 
so on — up to criminal. Each one of them globally covers the 

Konstantin Anokhin, 
corresponding member of the 

Russian Academy of Sciences (RAS) 
and the Russian Academy of Medical 

Sciences (RAMS), director of the 
department of neurophysiology and 

cognitive sciences of the Kurchatov 
Institute NRC, tells us about 

cognitive research in the Kurchatov 
NBICS Center and modern brain 

science
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entire brain — the entire country, but in each city and region 
it is represented by just several elements — nerve cells, its 
agents. Each network handles its own task — all of its partic-
ipants scattered around the country, perhaps, know nothing 
of each other, but they are united by a common goal. Such a 
distributed network of elements that function conjointly to 
reach the common objective essentially is the functional sys-
tem. There is a large number of such networks in our nervous 
system; sometimes they sleep, sometimes they wake up — 
and this is when a human experiences certain sensations, 
images, thoughts, actions.

Concerning the codes of the brain library of Babel, the 
functional system theory says that these kinds of scattered 
networks are the ones that make up the works of this library. 
Their texts are not written in individual books, this is a dis-
tributed code where individual letters and words are taken 
from millions of books over the entire library. Only by simul-
taneously popping up in these books at a certain moment, 
they comprise one whole meaningful creation.

radical complexity reduction
We analyzed two fundamental principles of organization of 
brain cognitive networks: any brain can be described as a 
global neuron network, and information coding in it is done 
using distributed relational code. However, we did not solve 
the main issue — the incredible complexity and the unimag-
inable number of degrees of freedom in such a network. The 
third principle of our approach is directed at radical reduc-
tion of this complexity. It is related to memory mechanisms.

Research shows that a single “frame” of our conscious-
ness, sort of a “standing wave” of interlinked activity of neu-
rons distributed around the brain, lasts for fractions of a 
second. The average human lifespan is 70 years, which is 
about 2.2 billion seconds. About one-third of this time we 
spent sleeping, so we spend less than 1.5 billion seconds for 
interaction with the world outside. During this time peri-
od, we experience several billion states of consciousness. Of 
course, this is a lot, but not nearly the astronomical number 
that we get when considering all potential degrees of free-
dom of our brain.

However, the real reduction in the number of the brain Li-
brary of Babel’s degrees of freedom is done by the memo-
ry. Most “frames of consciousness” are not recorded in the 
long-term memory and do not leave traces on the shelves of 
our brain’s library. On the other hand, those episodes that 
make it there are grouped into conceptual segments, which 
further compress the record. In the end, our memory for 
the entire life, apparently, accumulates far less than a bil-
lion creations — probably not exceeding the number of books 
in the British Library. The brain of a mouse that has about 
70 million nerve cells and lives no longer than 3 years, i.e. 
90 million seconds, probably contains a million creations, at 
most. The nematode worm lifespan is 2 to 3 weeks, i.e. about 
1.5 million seconds. These are the volumes that could already 
be researched not just theoretically but experimentally.

Every distributed around the brain network of neurons 
that are linked by a uniform cognitive experience, every 
“creation” of our brain located in memory is one cognitive 

element. We are going to name these elements 
“cogs.” Collectively, they comprise a system of ex-
perience for a particular organism — its “cogni-
tome.” This term we are going to use to denote a 
special network of tightly intertangled and inter-
acting cognitive neuron networks.

We are born with a rudimentary cognitome 
that contains a very small repertoire of specific 
functional systems. But from the first moments 
of life, it begins to overgrow with a network of new 
cognitive elements that are different for each in-
dividual. With aging, it starts getting overlaid 
with cognitome aging processes — disintegra-
tion of cogs, weakening and loss of links between 
them.

The cognitome concept makes it possible to 
reveal the key properties of natural neural net-
works that are important for creating artificial 
cognitive networks. For example, activating indi-
vidual nodes in a natural cognitome by means of 
intersecting neural areas in these cognitive net-
works is capable of pulling along many other cogs 
out of memory. This explains why the brain pos-
sesses such incredible autoassociativeness.

neuron network catchers
Today, the best tomographic methods of scan-
ning the human brain have the resolution of 
about one cubic millimeter. One cubic  millimeter 

of brain cortex may contain up to 80 thou-
sand cells. This is a big city or eve several small 
towns. We could possibly be interested in just 
one resident-neuron, while all others remain 
just a background. Using traditional brain 
scanning methods, we would receive the map of 
sites, where activity in certain areas would be 
seemingly higher than in the others. It would be 
impossible, using such “thermal maps,” to open 
this network, understand the true principles of 
its operation, and decode it. Therefore, we need 
to see the network not in millimeter but in cel-
lular resolution. One such method we found in 
the late 1980’s. There are unique genes working 
inside nerve cells that record new information. 
In order for a thought or an event to be etched 
in memory for a long time, the nerve cells must 
switch on their genetic mechanism and synthe-
size new proteins. When you see or learn some-
thing new, flashes of genome activation happen 
in millions of neurons inside your brain. But it was unknown 
what genes start working in nerve cells to memorize new in-
formation.

We were able to find them together with our colleagues 
from the Institutes of Molecular Biology and Molecular Ge-
netics. The genes that we found, particular the c-fos gene, 
comprise a sort of bottleneck in complicated molecular net-
works and cascades inside the cell. The signals that reach 
the cell and must be memorized are unique for each cell, 
and their spectrum is immense. But then they all gather in 
the cell nucleus, and if there is a need to perform the signal 
“Memorize now!”, a special limited number of genes called 
“immediate early genes” get switched on. When a nerve cell 
memorizes something, it must activate one of these genes. 
This is a narrow neck that will show itself and indicate that 
the cell has “switched on the memory.” In other words, along 
with decoding the genetic mechanism of the cell memory, we 
got a unique tool to reveal the functional systems that get 
formed over the entire brain.

Breaking the code with Photons
These new approaches became possible only in the Kurchatov 
NBICS Center and reflect its ideology of convergence of various 
disciplines for the purpose of solving one common problem. 
For example, neurophotonics and neurooptogenetics methods 
that are being used in this research require the integration of 
the latest achievements in the field of behavior and learning 
analysis, neurophysiology, molecular biology and genetic en-
gineering, laser physics and fiber-optic technologies. Besides, 
we interact with the NBICS Center specialists in nanotechnol-
ogies and materials science to create new neuron activity sen-
sors; with specialists in nuclear physics methods — for tomog-
raphy of the brain structure and connections; with psychol-
ogists that study human cognitive functions and specialists 
in information technologies — to visualize and analyze the 
brain cognitive neuron networks; with mathematicians — to 
model them. In one of these convergent approaches, we use ge-
netically modified mice, whose genome has a special built- in 

 reporter construct, a neuron learning indicator. This is an ar-
tificial genetic cassette that, at its start, has a regular section 
that was cut out from the c-fos gene, which we identified as the 
cell learning signal activator. When the cell nucleus receives 
the “Memorize!” signal, it turns on this gene’s operation. Then, 
we place a gene of a green fluorescent protein inside this cas-
sette. When this protein gets synthesized, we can see all such 
neurons as flashing of individual electric lamps within a huge 
network over the entire “country.”

In two other methods of “harvesting” cognitive networks, 
the regulatory part of the c-fos gene turns on the operation 
of other genetic elements. In one of them, there is the recep-
tor gene that reacts to chemical signals, for example, that 
of diphtheria toxin. During activation of the cognitive net-
work, this receptor appears in all the cells that are a part of 
this network — and only in them. When a diphtheria toxin, 
harmless as such, is entered into the organism, it would kill 
only the cells containing its receptor, thus effectively kill-
ing the entire cognitive network, but not affecting its non-in-
volved neighbors.

We can selectively stimulate cognitive neuron networks 
using optical methods. For this purpose, we can adjust the 
genes, which code the receptors and make the cell light-sen-
sitive, to the regulatory section of our gene-hook for cogs. Ev-
ery time when such a neuron gets affected by light of a cer-
tain wavelength, this photosensitive receptor excites the cell. 
One light pulse — one cell nerve pulse. By injecting optical fi-
bers into the brain, or even illuminating the animals’ brain 
from the top, through the skull, we can now directionally 
control the nerve cells in such a cognitive network, in a spe-
cific cog that we “caught.”

These are just the first steps of researching cognitive brain 
networks and building the cognitome theory. The cognitome 
is real, it can be researched, however, the theory itself still 
needs polishing its axioms and postulates and building the 
collection of consequences and empirical predictions.

Prepared by Valeriy Chumakov

Genetically modified mice with a special reporting construct implanted in their genome

By introducing optical fibers into the brain, one can 
directionally control the nerve cells of the cognitive network
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Socio-Humanistic 
Sciences

at the Kurchatov 
NBICS Center

The avalanche-like, natural, and unavoidable 
process of differentiating a single block of natural 
philosophy has begun back in the 16-17th 
centuries, in the course of development of scientific 

knowledge, technology, and methods and principles of 
cognizing the outside world. In the process of isolating and 
fast development of individual science disciplines based 
on experimental approach to studying nature, the unified 
block of science — natural philosophy — got divided into the 
“natural” part, from which later natural sciences developed, 
and philosophy that became the “incubator” for humanities.

Approximately starting late 19th century, border-line sci-
ences start developing. An important contribution to this 
was made by Russian scientists: V. Vernadskiy, K. Tsiolkov-
skiy, V. Bekhterev, and others who, in their scientific cre-
ations, considered all natural processes as one whole, which 
develops according to general laws related to inextricable 
connections of the general system (the noosphere, the Uni-
verse, the antroposphere). In other words, two processes be-
gan simultaneously: the differentiation and the integration 
of sciences and unification of their methods, erasing borders 
between them — what we call interdisciplinarity. This coin-
cided with the replacement of analysis as cognition method 
by synthesis. One of the common laws of historical develop-
ment of science is the dialectic unity of differentiation and 
integration: the formation of new scientific branches and in-
dividual sciences is associated with erasing sharp bound-
aries that separate branches of science, while forming in-
tegrating areas of science and mutual exchange of meth-
ods, principles, notions, etc. The next stage of development 
is conversion from the field approach to forming science and 

 technology to the paradigm of convergence of sciences and 
building, on this basis, fundamentally new technologies. The 
main distinctive feature of such technologies should become 
their highest possible proximity to natural processes and the 
ability to be included into their unity and interconnection.

Evidently, moving along the way of synthesizing “nature-
like” systems and processes, mankind will arrive at creat-
ing anthropomorphic technological systems. Such systems, 
unlike lower organized “copies of living matter,” must at least 
possess elements of consciousness and ability to perform 
cognitive functions. The solution to these issues is possible 
only on the basis of combining the methods of nano-, bio-, in-
formation technologies with the approaches and methods of 
cognitive sciences and technologies that study and model the 
human consciousness and his cognitive activity.

Cognitive science is interdisciplinary by its nature; it en-
compasses many fields of knowledge that have one study 
object — the brain. In the course of penetration into the pat-
terns of brain operation mechanisms, it was studied by psy-
chologists, linguists, sociologists, psychiatrists, physiolo-
gists — based on certain behavioral, voice, and other reac-
tions, conditional and unconditional reflexes of a human or 
animal in response to external action. But today, using nu-
clear medicine methods, we can study the brain and con-
sciousness on molecular level, and this is a definite break-
through in this very complicated field. Therefore, cognitive 
science today is equally natural and human. We can clear-
ly see not just interpenetration and rapprochement of in-
dividual sciences in natural-science or socio-humanistic 
“blocks,” but also the processes of convergence of these two 
areas.

It is obvious that the existing division into multiple sciences, branches, and 
sectors is largely nominal, created by man for a more simple and comfortable 

understanding and arrangement of acquired scientific knowledge



CoNVErgENt sCIENCEs CoNVErgENt sCIENCEs

v mire nauki: special issue 2013 | w w w.scientificrussia.ru 119 118 w w w.scientificrussia.ru | v mire nauki: special issue 2013

genomicdepartmentsoftheKurchatovNBICSCenter,which
givesagoodexampleofconvergenceofnaturalscienceand
humanitarian knowledge. Genetics was formed as a part
of biology, where general heredity variability patterns were
studiedusinganthropology,ethnography,archaeology, lin-
guistics,history—bycomparativeanddescriptivemethods.
ButfromthemomentthedualDNAspiralwasdecodedus-
ing the X-ray structure analysis, biology became a natural
sciencediscipline.Thedevelopmentofnanotechnologiesand
molecularbiologybroughtaboutbionanotechnololgies,and
the genome reading moved to the nanolevel, thus enabling
thespeedydecodingofgenomesoflivingorganisms.Decod-
ingthehumangenomewasperformedatthegenomicslab-
oratoryof theKurchatovNBICSCenter in2009 (theeighth
in the world). Today, this center, along with other Russian
science institutes, created an ethnographic map of Russia,
whichisbasedoncomparinggenomesofrepresentativesof
certain ethnicities in 600 thousand features, which allows
studyinggeneticspecificsofvariousethnicgroups.Analysis

of such volumes of information would be totally impossi-
blewithoutconvergenttechnologies.Forexample,thereare
comparative methods that existed in linguistics for a long
time—theystudythelanguageevolutionandtheprotolan-
guage structure. Today, using genetic information calcula-
tions, linguistsareable toconductcross-cultureresearch,
thus analyzing various linguistic data. This is why genet-
icsbecamea“bridge”thatconnectsthehumanitiesandthe
naturalscienceblocks.Inotherwords,todayhumaneknowl-
edgeisturningintohumanetechnology.

AseparatefieldstudiesthegeneralizationoftheKurcahtov
NBICSconvergenceexperience,itshistoricalandphilosophi-
calfactors.Thisisextremelyimportantfromthestandpoint
of sociology and methodology for educational tasks and for
organizingfuturescientificresearch.

Ekaterina Yatsishina

Today in Russia, the convergent approach to developing 
sciences and technologies is already being implemented at 
the Kurchatov NBICS Center, created on the initiative and 
under supervision by M.V. Kovalchuk, where four global sci-
entific fields are combined into one — nanotechnologies, bio-
technologies, information, and cognitive technologies; and 
recently they were joined by the socio-humanistic component 
(which got the NBIC abbreviation another letter — NBICS). 
This extension of convergent sciences into a seemingly dis-
tant humanities area became a logical result of the first 
stage of developing NBIC sciences and technologies at the 
Kurchatov Center. In order to use and develop NBIC technol-
ogies wisely and efficiently, a radical transformation is need-
ed in the consciousness of a human as a social being. Such 
a transformation may be performed by means of joining the 
opportunities of NBIC technologies with the achievements of 
socio-humanistic sciences and technologies. In other words, 
the space of convergent technologies acquires another — so-
cio-humanistic — dimension (NBICS technologies). Due to its 
complexity and multidimensionality, this problem requires 
convergence of traditional science disciplines on a funda-
mentally new level: the joint work of psychologists, anthro-
pologists, linguists, sociologists, medical workers, biologists, 
neurophysiologists, artificial intelligence specialists, physi-
cists.

To develop the research of fundamental mechanisms of 
human cognitive and social activity within the framework 
of the NBICS Center, Kovalchuk’s proposal led to creating 
the department of socio-humanistic and cognitive technol-
ogies, where he invited famous scientists to work: B.M. Ve-
lichkovskiy, RAS corresponding member, psychologist and 
specialist in the field of cognitive research; and Professor 
T.V. Chernigovskaya, psycho- and neuro-linguist. The socio-
humanistic division works very closely with the department 
of neurophysiology, molecular visualization, mathematical 
modeling and information technologies, robotics and micro-
systems.

Among the main fields of activity of the department of so-
cio-humanistic and cognitive technologies is the research of 
cognitive and communicative processes in a human, primar-
ily from the standpoint of decision making processes, and 
the development of human-machine interfaces. This includes 
researching the mechanisms of human cognitive activity, 
particularly using the entire spectrum of nuclear physics 
methods available to the Kurchatov NBICS Center, the effect 
of linguistic, socio-cultural, and genetic factors on various 
cognitive processes.

One of the most promising research methods is the brain 
imaging of various psychophysical factors, as well as regis-
tering eye movements. An important aspect is studying hu-
man languages as interfaces between the brain and con-
sciousness, the brain and the environment. Another ex-
tremely promising field of activity is research of cognitive 
reaction mechanisms and actions by a human under the 
conditions of stress, fast adaptation to the change of opera-
tion algorithm, developing new skills in working with large 
volumes of data, in an unknown environment, etc. Just as 
timely is the research and development on cognitive defects 
compensation, development of cognitive defects diagnosing 
and correction methods, as well as their connection to neu-
rocybernetic technologies. In this respect, they are also de-
veloping technologies and telemetric equipment for register-
ing such cognitive processes and changes in brain mecha-
nisms during training and under the conditions of ultrafast 
task switching. Equally important is studying the social 
and cognitive interaction with the “man-computer” systems 
and the development of new “man-environment” interfac-
es. The global goal of the department activity, formulated by 
M.V. Kovalchuk, is the creation of technologies for using the 
obtained fundamental knowledge in neurocognitive biosim-
ilar devices and anthropomorphic artificial intelligence sys-
tems, as well as adequate algorithms for operations with “ex-
panded” and “other” reality.

Perhaps, the farthest advances for today took place in the 
area of developing prospective man-machine interfaces, in-
cluding the development of artificial intelligence systems, ad-
equate man-computer interaction modes. For example, bio-
prostheses , i.e. prostheses that are controlled by the human 
brain signals — this is already a very current reality and an 
important social project.

Research is also being conducted in the field of genetic 
and neurophysiological preconditions for cognitive and emo-
tional development on the base of the neurophysiology and 

E.B. Yatsishina, assistant director of the Kurchatov Institute NRC, 
division of neurocognitive and socio-humanistic sciences
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South Ukrainian NPP, 
Yuzhnoukrainsk, Ukraine

Rovno NPP, Kuzhetsovsk, Ukraine

Zaporozhie NPP, Energodar, Ukraine

Khmelnitsk NPP, Neteshin, Ukraine

Armenian NPP, Metsamor, Armenia

Kozloduy NPP, Kozloduy, Bulgaria

Paks NPP, Paks, Hungary

Bohunice NPP, Bohunice, Slovakia

Mochovce NPP, Mochovce, Slovakia

Loviisa NPP, near Loviisa, Finland

Dukovany NPP, Dukovany, Czech 
Republic

Temelin NPP, Ceske Budejovice, 

NUCLEAR POWER 
PLANTS

Gatchina 

Protvino

The International 
Thermonuclear 
Experimental Reactor 
(ITER), France

The European X-Ray 
Free Electron Laser 
(XFEL), Germany

The Large Hadron 
Collider at the European 
Center for Nuclear 
Research (CERN), 
Switzerland

The Facility for 
Antiproton and Ion 

AUSTRIA
•  Vienna research accelerator VERA, 
Vienna
•  IAEA, Vienna

BELARUS
Joint Institute for Energy and Nuclaer 
Research – Sosny, Minsk

CHINA
•  Southwestern Institute of Physics, 
Chengdu
•  Energy Institute of the Xi’an 
Polytechnic University, Xi’an

CZECH REPUBLIC
Czech Institute of Physics, Prague

FINLAND
University of Jyvaskyla, Jyvaskyla

FRANCE
•  European Synchrotron Radiation 
Facility ESRF, Grenoble

•  Center for Nuclear and Mass 
Spectroscopy, Orsay
•  Atomic Energy Commission, Paris

GERMANY
•  German electronic synchrotron 
DESY, Hamburg
•  Technical University Munich, 
Garching
•  Max Planck Institute for Nuclear 
Physics, Heidelberg

GREAT BRITAIN
DIAMOND Synchrotron, Oxfordshire

GREECE
National Center of Scientific 
Research DEMOKRITOS, Athens

HUNGARY
Center for Energy Research of the 
Hungary Academy of Sciences, 
Budapest

ITALY
•  Synchrotron ELETTRA, Trieste
•  National Institute of Nuclear 

Physics, Frascati

KAZAKHSTAN
National Nuclear Center of 
the Republic of Kazakhstan, 
Kurchatov

THE NETHERLANDS
Institute for Plasma Physics 
Rijnhuizen, Nieuwegein

NORWAY
Norwegian Radiation Protection 
Authority, near Oslo

SOUTH KOREA
Korean Institute of Science and 
Technology, Seoul

SPAIN
National Center for 
Thermonuclear Research CIEMAT, 
Madrid

SWEDEN
Institute of Fundamental Physics 
of the Chalmers University of 
Technology, Goteborg

Gatchina 

Protvino

The Kurchatov Institute 
NRC participants:

International
megaprojects

Международные 
партнеры НИЦ 

«Курчатовский институт»

The Kurchatov Institute, 
Moscow

The Institute of 
Theoretical and 
Experimental Physics 
(ITEP), Moscow

The Institute of High 
Energy Physics (IHEP), 
Protvino, Moscow 
Province

The Konstantinov 
Petersburg Nuclear 
Physics Institute (PNPI), 
Gatchina, Leningard 
Province

Research (FAIR), 
Germany

The International 
Experiment in 
Elementary Particle 
Physics (BOREXINO), 
Italy

International Partners of 
the Kurchatov Institute 
NRC

Czech Republic

Bushehr NPP, Bushehr, Iran

Tianwan NPP, Tianwan, Jiangsu 
Province, China

Kudankulam NPP, Tirunelveli, India

Russian Nuclear Power Plants

Novovoronezh NPP, Novovoronezh, 
Voronezh Province

Kola NPP, Polyarnye Zori, Murmansk 
Province

Balakovo NPP, Balakovo, Saratov 
Province

Kalinin NPP, Udomlya, Tver Province

Rostov NPP, Volgodonsk, Rostov 
Province

Leningrad NPP, Sosnovyi Bor, 
Leningrad Province

Kursk NPP, Kurchatov, Kursk 
Province

Smolensk NPP, Desnogorsk, 
Smolensk Province

IHEP

IHEP

NRC, ITEP 

NRC, ITEP 

PNPI

PNPI

SWITZERLAND
Polytechnic University, Lausanne

UKRAINE
National Science Center of the 
Kharkov Institute of Physics and 
Technology, Kharkov

USA
•  Argonne National Laboratory, 
Chicago, IL
•  Lawrence Livermore National 
Laboratory, Berkley, CA
•  Brookhaven National Laboratory, 
Upton, NY
•  Oakridge National Laboratory, 
Oakrdige, TN

VIETNAM
Institute of Atomic Energy of 
Vietnam, Hanoi

INTERNATIONAL PARTNERS OF THE 
KURCHATOV INSTITUTE NRC

Moscow

Moscow
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copying dna by the whole family
Anna Yasnaya and Evgeniy Cherkashin have been working 
at the Kurchatov NBICS Center for almost three years and 
are prepared to talk long and passionately about their scien-
tific research. Scientific work has become an important part 
of their life long before they joined the Kurchatov Institute — 
since the student years. After graduating from the chemical 
department of the Lomonosov MSU, they continued together 
their post-graduate education at the chemical zymology divi-
sion, in the laboratory of genetic engineering and protein de-
sign. This is where their journey started — and not just into 
science but also into family life. Now the Cherkashin family 
has two young scientists, two masters of sciences, two asso-
ciates of the Protein Factory at the Kurchatov NBICS Center. 
And three athletes — their seven-year-old son Alexey, just as 
his parents, greatly enjoys downhill skiing.

The Protein Factory, where Anna and Evgeniy come to 
work every morning, is a big collection of modern technol-
ogies that operate like a real conveyor. Here they obtain 
samples of highly purified proteins and their complexes for 

 subsequent crystallization and determining the three-di-
mensional structure. The information on this structure is 
needed, among other things, for searching and developing 
new medications — the so-called drug design.

“Another field of operations of the Protein Factory is related 
to biotechnology projects,” says Evgeniy. “It is possible to im-
prove a specific protein, modifying its properties using mu-
tagenesis, increase its efficiency or thermal stability, make 
it more active or adapt it to functioning in various environ-
ments. But this is just an application, whereas there are ac-
tually many more scientific tasks.”

Evgeniy and Anna are chemists by training, but they are 
comfortable with biology. The Protein Factory, in this re-
spect, is an interdisciplinary conveyor. Specialists in vari-
ous areas of science work together here — molecular biolo-
gists, biochemists, physicists, specialists in structural anal-
ysis, modeling, and bioinformatics.

“We all have a different view of the same problem,” says 
Anna. “For example, biologists are interested in specific con-
sequences that certain processes in the organism lead to, 

FaCtory  
For SCieNtiStS

while a chemist seeks for answers to the questions on the lev-
el of chemical reactions and atoms: why does it happen this 
way and not the other? This helps seeing one and the same 
issue from different aspects and trying to find the reasons, 
consequences, solutions, and get the necessary information.”

It is squeaky clean in the laboratory, almost like in an 
operating room. Many processes require sterility, and the 
young scientists are very happy that the Protein Factory sat-
isfies these requirements; manual labor is also minimized. 
The only robot in Russia for automatic crystallization of pro-
tein samples, automatic systems for protein purification, 
dishwashing machines, and autoclaves for sterilization save 
a lot of scientific time.

The best part, according to scientists, is that the entire 
process is concentrated in one place: genetic information ar-
rives at the Protein Factory from the genomic analysis labo-
ratory located in the same building. The produced protein-
containing biomass is sent for purification to biochemists 
to the neighboring building. The crystallization also takes 
place in the Protein Factory laboratory, and the protein’s spa-
tial structure is obtained on the Kurchatov synchrotron ra-
diation source.

“All these processes are very complicated,” explain Anna 
and Evgeniy. “Such operations require special knowledge 
and expertise. But here, at the NBICS Center, we work with 
people who have more knowledge in their narrow field than 
the others, yet everyone understands what others do. This is 
very important.”

experiment is a delicate thing
Immediately after graduating from the Institute of Natural 
Sciences and Ecology (today — the NBIC department of the 
Moscow Institute of Physics and Technology) in 2004, Alex-
ey Veligzhanin started his job at the Kurchatov Synchrotron 
Radiation Source (KSRS). This step was a pretty natural 
start of his scientific career. Alexey was at the synchrotron 
for the first time while still being a third year student, during 
his bachelor diploma work. In 2011, he defended his master’s 
thesis, and now he continues his research in a new status on 
the KSRS structural materials science station. The research 
conducted here is very timely: the group is studying multi-
functional nanostructure materials. Among these are cata-
lysts, sensors, biologic metal complexes, etc.

The work by Alexey and his colleagues is dedicated to re-
searching the structure of catalysts.

“Catalysts are widely used in industrial processes — in 
petrochemical synthesis, in automobile manufacturing,” ex-
plains Alexey. “For example, to create an environmentally 
friendly car, we need catalytic converters that would partic-
ipate in oxidizing substances that are a part of the exhaust 
fumes — carbon oxide and methane. These substances do 
not burn well in the automobile engine.”

According to Alexey, today virtually all automobiles use 
catalytic converters that lower pollution. A platinum con-
verter interacts with the molecules of carbon monoxide (CO) 
and additionally oxidizes it to become carbon dioxide (CO2), 
which causes significantly less harm and is not as toxic for 
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people. The catalytic converter can also remove methane 
that contributes to the global warming effect in the atmo-
sphere.

“Catalysts are made of platinum nanoparticles applied to a 
supporting aluminum oxide matrix, which, in turn, provides 
gas permeability. Generally, developing catalysts is a com-
plicated process,” emphasizes Alexey. “A directed  synthesis 

of catalysts is impossible without having the precise know-
ledge of their structure. This is why, on our station, we con-
duct complicated research of catalysts’ structure that in-
cludes several aspects. We figure out, for example, how they 
interact with reagent molecules, we determine their struc-
tural elements and reaction upon interacting with foreign 
impurities. The results of this research help our colleagues-
chemists strive for production of high-quality and efficient 
catalysts.”

According to Alexey, the station workers have the oppor-
tunity to study the structure of the same sample under the 
same conditions using different methods: research the crys-
talline texture of the sample using powder diffraction, the 
local structure around the selected atom using X-ray spec-
troscopy, as well as its nanosize characteristics. This, by the 
way, is where the uniqueness of the structural materials sci-
ence station lies.

“Nobody in Russia but us uses these methods simultane-
ously, especially under conditions close to the real catalyst 
operations. But we are able to do it thanks to the new equip-
ment. The model that we get as a result of our experimental 
data allows chemists to directly synthesize catalysts,” adds 
the scientist.

While working at the KSRS, Alexey also teaches at the 
Moscow Institute of Physics and Technology (MIPT), where 
he also looks for future associates.

“We try to draw students to work for the future, we show 
them the opportunities for self-actualization in science, our 
unique equipment; we tell them that we have a young team 
and an exciting scientific life,” concludes Veligzhanin.

“hot” spot
Back in 1952, there were “hot” materials science laboratories 
founded at the Kurchatov Institute, and today scientists con-
tinue their work on creating new materials for nuclear power 
engineering. Modern unique equipment installed in the lab-
oratory of structural methods of materials research of the 
Kurchatov NBICS Center enables to study construction ma-
terials for the nuclear power sector using several methods at 
the same time.

Kirill Prikhodko, the head of the laboratory, works at the 
Kurchatov Institute since his student years.

“We use methods of electronic microscopy in reactor mate-
rials science,” he says. “Today we have the most state-of-the-
art equipment available in this area, so we can conduct com-
plex research, see and study things that we could previous-
ly only guess.”

According to Kirill Prikhodko, Russia does not have anoth-
er complex this powerful, which would have a similar range 
of analytical equipment in “hot” laboratory conditions that 
makes it possible to research any reactor materials.

“This is a huge advantage for us: we can promptly solve the 
problems of reactor materials science by using various ap-
proaches to dealing with tasks at hand, by isolating key pro-
cesses that lead to the evolution of properties of substances 
in the course of operation, and by taking them into consider-
ation when engineering new materials for nuclear power gen-
erating,” says Prikhodko.

One of the major fields of the laboratory’s activities at pres-
ent time is extending the durability of the shells of water-
cooled water-moderated reactors to 60–80 years (now the 
maximum term is 40 years).

“With time, the structure of material affected by radiation 
and thermal impact changes,” explains Prikhodko. “And 
now, using unique equipment, we have the ability to see the 
rearrangement of elements and the structure changes on mi-
cro- and nano-levels, so we are able to design a concept for 
remedial actions in order to expand the durability of the ma-
terial, taking into account safety issues.”

Multidirectional research
Yan Zubavichus is the head of the laboratory of noncrystal-
line materials structure research of the Kurchatov NBICS 
Center and also a MIPT professor. He supervises the group 
operations on one of the first units at the Kurchatov synchro-
tron research center — the station of structure materials sci-
ence.

“We conduct research with the clearly applied field — we 
study and diagnose the structure of functional materials,” 
says Yan Zubavichus. “Our specialization is research of non-
crystalline nanostructure materials. This field has been ac-
tively developing recently, because such materials possess 
unique chemical, electrophysical, and mechanical proper-
ties — high chemical activity, durability, hardness, endur-
ance, heat resistance. They have wide application in various 
areas — from catalysis and solar energy to aircraft engineer-
ing. They are not easy to research, because not a single specif-
ic method can provide full information about the material — it 
is hard to figure out which structural characteristics are most 
important for understanding its functional specifics.

The specialized synchrotron radiation source is the most 
efficient diagnostic tool for such materials. Furthermore, our 

station combines several X-ray method groups — diffraction, 
X-ray absorption spectroscopy, X-ray small-angle scattering. 
Due to such complementary approach, we get full informa-
tion about the studied material, a wide range of structural 
parameters, and finally we can develop models of its struc-
ture. In the end, we help those who create new materials; 
their search is not a blind trial and error method, which is 
expensive and time-consuming, but a rational method of us-
ing a specific system base that takes into account the struc-
ture of its compounds.

from childhood
Mikhail and Nadezhda Nagel are connected to the Kurcha-
tov Institute from their very childhood. They went together 
to school #1189 that bears Kurchatov’s name, then they en-
rolled in the department of nanotechnologies and informat-
ics (today — the NBIC department) at the MIPT. During their 
student years, they not only managed to make a family but 
also got involved in scientific life of the Kurchatov Institute, 
where they underwent their pre-diploma training. They won 
many contests for the Kurchatov prize; they also taught in 
school and worked at the institute.

Today Mikhail Nagel is a post-graduate student at the 
Kurchatov Institute NRC, and Nadezhda Nagel is a research 
associate at the Institute of Nuclear Reactors and one of 
the most active organizers of youth conferences and scien-
tific schools. Recently, the family of young scientists had a 
daughter.

Prepared by olesya Penkina
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Memorial house Museum of i.v. Kurchatov 
The house was built for I.V. Kurchatov in 1946 upon the 

project by the Soviet architect I.V. Zholtovskiy. A unique city 
mansion of the mid-20th century remains wonderfully intact 
up to this day. Just as before, the house is surrounded by an 
apple grove; roses bloom just outside its windows until late 
autumn, and the porch is ivy-cloaked. Igor Kurchatov and 
his family lived in this house from 1946 to 1960.

The museum was opened in 1970. The house was not re-
built, and the memorial furnishing was fully preserved. Gov-
ernment-call telephones near the desk, the open lid of the 
grand piano, cozy cushions on the couch in the living room – 
everything looks as if the house’s residents are just about to 
return home and continue with their daily routine.

Museum of the Kurchatov institute nrc
The Kurchatov Institute museum opened its doors just re-
cently – in 2008. M.V. Kovalchuk directly ordered to allo-
cate finances, start the exhibit construction, and form the 
museum council that included the institute’s leading scien-
tists, administration members, and department specialists. 
In just several years of its activity, the Kurchatov Institute 
museum turned into a modern center for popularizing sci-
ence. The museum is visited by scientists from other scien-
tific organizations, students, members of delegations from 
different countries, leaders of government bodies and busi-
ness structures.

history of the Kurchatov institute  
is stored in its archive
The Kurchatov Institute has a department of scientific 
and technical reserves (the center’s archive). Thousands 
of unique documents related to the institute’s core activi-
ty since 1943, as well as scientific reports and associates’ 
personal files, are stored here. The archive is being updat-
ed constantly. Dozens of shelves with folders that contain 
documents on the institute’s more than half a century his-
tory occupy several big rooms in the basement of the Main 
Building.
The documents stored herein comprise the chronicle of sci-
ence, whose foundation was laid in the Laboratory #2 of AS 
USSR in the distant year 1943.

scientific and technical library  
The Central Scientific and Technical Library of the 
Kurchatov Institute NRC is as old as the institute itself. When 
the Laboratory #2 was created in 1943, virtually at the same 
time, the library sector was opened as a part of it. In 1960, 
the sector received the status of the Central Science and 
Technical Library. This is where national and foreign peri-
odicals and books in all of the institute’s scientific fields get 
packaged. Today the library’s storage includes over 500 thou-
sand units. The reading room is equipped with computers 
connected to the Internet. Access to publications is provided 
through the library’s electronic catalog that comprises over 
2 thousand electronic addresses. The database is constantly 
updated.

not only science…
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greenhouse
The Kurchatov Institute NRC has its own greenhouse, 
where f lowers, shrubs, and even trees are being cultivat-
ed. The department of gardening and landscaping of the 
Kurchatov Institute existed for many years and owns a 
complex of greenhouses. Not only are familiar houseplants 
grown here, but also junipers, hydrangeas, and spiraea – 
a deciduous ornamental shrub. The greenhouses also in-
clude such a relict plant as ginkgo biloba and bloomy mag-
nolias. The greenhouses’ pride is South African cactuses 
and cycads – ancient plants resembling palm trees, as well 
as tangerines, lemons, southern grapes, and delicate ever-
green camellia.

from a Printing Machine to a computer:  
the Kurchatov institute Printing and Publishing 
department

In 2008, when the pilot project of creating the national re-
search center on the basis of the Kurchatov Institute start-
ed, it became necessary to produce modern highest-quality 
printed material of a broad range.

In 2010, the decision was made to perform a complete up-
grade of the institute’s printing and publishing department. 
Modern printing machines and a digital printing complex 
were installed. Today the department expanded is spectrum 
of published printed materials from regular forms to full-col-
or magazines, brochures, and books. Now, that the opportu-
nity exists to implement many creative ideas, there is a de-
sign group working at the institute.




