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COLLABORATION WITH JINR
AS KEY FOR NUCLEAR PHYSICS
DEVELOPMENT IN UKRAINE

Introduction. Today, the Joint Institute for Nuclear Research (JINR) is a kind of scientific and technical frame-
work for Ukrainian nuclear researchers who are directly involved in conducting the cutting-edge nuclear physics
experiments.

Problem Statement. An important aspect of international cooperation for the Ukrainian researchers in the
field of nuclear physics and materials science is to consolidate scholarly research, engineering, and financial re-
sources of countries for creating international research organizations and implementing large-scale projects in
modern science and technology.

Purpose. Analysis of the factors that contribute to the development of nuclear physics and research in related
disciplines in Ukraine, involvement of Ukrainian researchers in international research processes, and assessment
of the future prospects.

Materials and Methods. Analysis of scholarly research trends in the Joint Institute for Nuclear Research
(JINR) and review of achievements of Ukrainian researchers, in particular, young researchers, in implementation
of international projects in nuclear physics and related disciplines.

Results. The background of nuclear physics research in Ukraine, the way of international cooperation deve-
lopment, and its impact on education and training of researchers have been analyzed. The examples of research
results of Ukrainian nuclear physicists have been given. The cooperation of Ukrainian R&D organizations and
companies with JINR has been shown to have a positive effect on creative and innovative processes, including the
development and study of new high-tech materials.

Conclusions. Collaboration with JINR gives Ukrainian researchers access to modern methods of physical re-
search and unique equipment at leading international R&D centers, while planning and implementing large-
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scale experiments in nuclear physics, and enables studying the problems of the Universe. Teachers, students, and
schoolchildren from Ukraine have additional opportunities to work with the cutting-edge methods, modern equip-
ment and innovative approaches in the field of science and technology.

Keywords: nuclear physics, research, and cooperation.

The beginning of systematic research in nuclear
physics in Ukraine dates back to 1928, when the
Ukrainian Institute of Physics and Technology
(UTFT) was established in Kharkiv. According to
one of the founders and the first director of the
UIFT, later Full Member of the USSR Academy
of Sciences, I.V. Obreimov, the Institute of Phys-
ics and Technology in Kharkov initiated the de-
velopment of nuclear physics in the country. In
his opinion, at that time, none of other institutes
was interested in this problem or going to study
it, since they believed for the national economy it
was a matter of the distant future [1]. Nuclear
physical research in UIFT started already at the
stage of its formation, upon the initiative of then
young researcher, later the UIFT director, Full
Member of the Ukrainian Academy of Sciences
O.I. Leipunsky [2]. Only three years after the es-
tablishment of the institute, he together with a
group of young Kharkiv researchers K. Sinelni-
kov, A. Walter, and G. Latyshev, experimentally
confirmed the accomplishment of the Cavendish
Laboratory (where the "father" of nuclear phy-
sics E. Rutherford (England) did his experiments)
on the successful split of lithium atomic nucleus
with the use of artificially accelerated protons ob-
tained several months before. The year 1932 was
marked with a series of brilliant discoveries in the
field of young nuclear physics. In addition to the
mentioned event, this year, J. Chadwick, one of
the Rutherford most talented students discov-
ered neutron, while C. D. Anderson from the Ca-
lifornia Institute of Technology (USA), was the
first to find positron. These results allowed young
researcher D.D. Ivanenko, then the chief of the
Theoretical Department of UTFT, to put forward
a hypothesis about the neutron-proton structure
of the atomic nucleus and the absence of light
particles, electrons and positrons, and later to theo-
retically prove its correctness [3]. Further, UTFT
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researchers were actively involved in neutron phy-
sics research, the main result of which was syste-
matic study of the cross sections of neutron scat-
tering and capture by a large group of elements
within the energy range of 0.1—1 MeV. In 1933,
the UTFT action plan included the topic research
of neutron as new type of matter, and in 1939, the
Institute started studying a new problem, ura-
nium fission [4].

In 1941, when the Second World War came to
Ukraine, the Institute was evacuated to the eas-
tern cities of the USSR, and almost all fundamen-
tal research at the UIFT was suspended for the
sake of focusing on defensive technologies. After
the liberation of Ukraine from fascist invaders,
nuclear research was resumed not only in the UTFT.
In 1943, the Department of Nuclear Physics was
established at the Kyiv Institute of Physics and
Mathematics of the USSR Academy of Sciences.
The main problem to be studied there was neut-
ron-nuclear interaction in terms of the develop-
ment of nuclear technology and, in particular,
nuclear reactors.

At that time, around the world, nuclear phy-
sics research, figuratively speaking, were develo-
ping as a chain reaction. The nucleus studies and
the discovery of new elementary particles gained
such a scope and required such material costs for
the experiments that it was too difficult, or even
impossible for one country alone to carry out them.
Therefore, a group of prominent physicists pro-
posed international cooperation in the peaceful
uses of atomic energy in order to consolidate the
efforts of many countries for conducting larger-
scale experiments in high-energy physics, given
their ever-increasing value.

In 1954, 12 European countries signed an ag-
reement to establish a European Organization for
Nuclear Research (CERN), which today has grown
into the largest and the most influential research
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organization in the world in the field of high-ener-
gy physics [5]. The center is located in Switzer-
land, near Geneva. As of 2020, its members are
23 countries, 6 countries have the status of asso-
ciate members and several states and internation-
al organizations have the status of observers at
CERN. In 2016, Ukraine also joined CERN as an
associate member, which gave Ukrainian resear-
chers, specialists, and students an unprecedented
opportunity to join the practice of working and
conducting research on unique equipment, at the
highest level and to attend lectures given by pro-
minent modern researchers. Ukrainian corpora-
tions and organizations got entitled to take part
in CERN competitions, demonstrating to the world
the high level of Ukrainian science, professiona-
lism of researchers and specialists, and the course
of Ukrainian industry for innovation and high
technology [6].

In 1956, representatives of 11 countries in Eas-
tern Europe and Asia signed an agreement in Mos-
cow to establish an international intergovern-
mental research organization, the Joint Institute
for Nuclear Research (JINR), to combine their re-
search and material capabilities to study the fun-
damental properties of matter. The institute is lo-
cated in Dubna (Russia) and was registered with
the UN on February 1, 1957. After the collapse of
the USSR, former union republics became inde-
pendent states, most of which joined the JINR as
sovereign countries. Thus, today, the JINR has
counted 18 member states. Agreements on coope-
ration within the JINR framework at the govern-
mental level have been concluded with Hungary,
Germany, Egypt, Italy, South Africa, and Serbia [7].
The highest governing body of the Institute is the
Committee of Plenipotentiaries of all 18 member
states. The JINR research policy is determined by
the Academic Council that, in addition to promi-
nent researchers representing the member states,
includes well-known physicists from Germany,
Greece, India, China, the United States, France,
and Switzerland.

The main areas of theoretical and experimental
research in JINR are: particle physics, nuclear phy-
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sics, and condensed matter physics. At the Insti-
tute, researchers for the first ever time have syn-
thesized new superheavy elements of the Mende-
leev Periodic Table with ordinal numbers 105, 113,
114, 115,116, 117, and 118.

The Institute maintains scientific relations with
more than 800 research centers and universities
from 62 countries, has its representative in the
Expert Committee of the European Science
Foundation.

CERN and the JINR have had the mutual ob-
server status since 2014: CERN is an observer in
the Committee of Plenipotentiaries of the govern-
ments of the member states, and so is JINR in the
CERN Council. JINR physicists are involved in
the implementation of 20 CERN projects.

Ukrainian researchers have been actively in-
volved in conducting fundamental and applied
research in all three areas of JINR since its foun-
dation. Among them, there was Mykola Bogolyu-
bov, a world-famous scientist in the field of mathe-
matics and theoretical physics, who was develo-
ped into an outstanding scientist at the Univer-
sity of Kyiv. Since the JINR establishment, he was
elected Director of the Laboratory of Theoreti-
cal Physics, and later, since 1965, he was holding
the Director’s office of this international institu-
te for 23 years.

Today, the JINR consists of 7 laboratories, each
being commensurate with a separate R&D insti-
tution in terms of the scope of research. JINR
laboratories are equipped with many unique ex-
perimental facilities that enable conducting re-
search in various fields of physics, chemistry, bio-
logy, and medicine. In addition, new experimental
complexes are being built to implement promi-
sing research programs [8].

Ukraine, as an independent state, has been a
member of the JINR since 1991. This internatio-
nal organization has become a kind of research
and technical base for Ukrainian nuclear resear-
chers who are directly involved in conducting
cutting-edge nuclear physics experiments. Young
researchers gain practical experience working on
unique equipment for research in condensed mat-
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ter physics; at the JINR request, R&D institu-
tions and corporations of Ukraine are engaged in
the development and creation of devices and com-
ponents for modern research facilities and comp-
lexes, without which it is impossible to imagine
today's nuclear experiments. Novokramatorsk Ma-
chine-Building Plant has mastered the manufac-
ture of unique products for elements of magnetic
systems of cyclotrons and synchrotrons, Lvivska
Politekhnika has created ferromagnetic sensors
for measuring magnetic fields with unique accu-
racy at cryogenic temperature. Representatives
of Karazin Kharkiv National University have been
participated in the calculations of superconduc-
ting magnets for the unique collider NICA that is
under construction at the JINR. Its main diffe-
rence from the Large Hadron Collider operating
at CERN is low particle energies [9].

The National Academy of Sciences of Ukraine
has been working side by side with the JINR. Two
members of the NAS of Ukraine are members of
the JINR Academic Council (Associate Member
of the NAS of Ukraine G.M Zinoviev and Full
Member of the NAS of Ukraine B.V. Grynyov.
Full Member of the NAS of Ukraine L.A. Bulavin
is a member of the JINR Program Advisory Com-
mittee. B.V. Grynyov has been successfully acting
as the Plenipotentiary Representative of the Go-
vernment of Ukraine in the JINR highest govern-
ing body for over 10 years. Coordinating Council
for Cooperation with JINR and CERN has been
established at the National Academy of Sciences
of Ukraine. The JINR and the Junior Academy of
Sciences of Ukraine have been closely cooperating.

The JINR actively cooperates with 25 organi-
zations of Ukraine, in particular with 15 acade-
mic institutions and 8 leading universities: re-
searchers of the Institute for Nuclear Research of
the NAS of Ukraine are doing theoretical calcula-
tions of diffraction interaction of hyperons with
nuclei within R&D program of the JINR High-
Energy Physics Laboratory; the Faculty of Phy-
sics of the Taras Shevchenko National University
of Kyiv have been taking part in joint research to
study the structure and physicochemical proper-
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ties of various nanosystems: magnetic fluids, so-
lutions of surfactants, and fullerenes; Kharkiv Ins-
titute of Physics and Technology of the NAS of
Ukraine, National Research Center (former UTFT)
has been doing theoretical research on experi-
ments with the use of polarized beams and pola-
rized targets, etc. [10]. For many years, the JINR
has been fruitfully collaborating with the Insti-
tute of Scintillation Materials of the NAS of Uk-
raine (ISMA). Once, plastic scintillators were de-
veloped for the CDF spectrometric complex at
Tevatron Fermilab (Fermi National Accelerator
Laboratory, USA) [11]. Subsequently, based on
them, advanced scintillators were created for the
ATLAS experiment at CERN. ISMA specialists
have made more than 20,000 scintillation strips,
each having a length of 7 m, of which JINR re-
searchers have created a unique detector system
for international neutrino oscillation experiment
(OPERA project, Italy). Also, ISMA has develo-
ped and manufactured unique crystals for scintil-
lation detectors used in neutrino experiments on
rare meson decays at an accelerator in Zurich,
Switzerland.

This list of researches within the framework of
cooperation between the JINR and R&D institu-
tions and universities of Ukraine may be exten-
ded. It should be noted that most works on the
creation of unique new materials and technolo-
gies have been made at the expense of Ukraine's
contributions to the JINR, instead of their pay-
ment in foreign currency. The agreement signed
in March 2011 by the Plenipotentiary Represen-
tative of the Government (PRU) of Ukraine in
the JINR B.V. Grynyov and the JINR Acting Di-
rector M.G. Itkis on the launch of the JINR-Uk-
raine Program in Theoretical Physics (Bogolyu-
bov Program) significantly expanded the coope-
ration of Ukrainian researchers with the JINR.
The purpose of the Program is to support bila-
teral and multilateral cooperation in the field of
theoretical and mathematical physics and related
disciplines. Thus, it provides support for funda-
mental research in the areas of high-energy physics,
physics of interaction of heavy ions, the theory of
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nuclear structure, the theory of condensed matter
and new materials, modern mathematical physics,
and others. To achieve this goal, the parties have
undertaken to provide financial support for high-
level research projects, to support mutual exchan-
ges of scientists, to encourage talented young re-
searchers to participate in cutting-edge projects,
to organize and to support the training of bache-
lors, masters and graduate students engaged in
JINR-Ukraine programs, to help organize sum-
mer schools, student scientific seminars and other
thematic events, to encourage cooperation of re-
searchers of the Parties with well-known resear-
chers from other countries. The Bogolyubov Insti-
tute for Theoretical Physics of the NAS of Uk-
raine has taken responsibility for efficient mana-
gement of the Bogolyubov Program budget.

The JINR plan for research and international
cooperation for 2020, foresees cooperation bet-
ween Ukrainian organizations and specialists and
the JINR in the following fields: theoretical phy-
sics (5 projects), elementary particle physics and
relativistic nuclear physics (8 projects), nuclear
physics (4 projects), physics of condensed mat-
ter, radiation, and radiobiological research (4 pro-
jects), networks, computing, computational phy-
sics (1 project), and academic program (1 pro-
ject) [10,12].

Given the opportunities for creative growth of
young Ukrainian physicists, a particularly inte-
resting area of cooperation between Ukraine and
the JINR is training programs through which
Ukrainian researchers have access to unique phy-
sical equipment, participate in modern research
in nuclear physics, condensed matter physics, ra-
diobiology, and so on.

From the first years of the JINR's existence, its
top managers started pursuing a policy to attract
talented young researchers to the Institute. They
realized that undergraduate students shall be
trained at the Institute laboratories, under the gui-
dance of leading Institute researchers, with the
use of all available state-of-the-art equipment.
To begin with, D.I. Blokhintsev, the first Direc-
tor of the Institute and V.I. Wexler, the Director
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of the Laboratory of High Energies opened bran-
ches of the departments they chaired at the Mos-
cow State University, the Branch Department of
Theoretical Nuclear Physics and the Branch De-
partment of Elementary Particles, respectively.

Later it became clear that the branch depart-
ments could not meet the needs of the JINR in
training a wide range of majors that were neces-
sary for ensuring R&D activities of the Institute
at the proper level and take into account the app-
lications of other member states for internship of
their young researchers and their involvement
into creative research at the Institute. Given this,
in 1991, the JINR, together with the leading Mos-
cow higher educational institutions, established
the JINR Training and Research Center (TRC).
Since 1993, the TRC has been a JINR structural
unit entrusted with organization, support, and de-
velopment of the Institute's independent curricu-
lum. In 1994, the Dubna international university
of nature, society, and human being was estab-
lished in Dubna, with the JINR involved, and in
1995, the JINR opened its own postgraduate edu-
cation/fellowship program, the activities of which
are supervised by the TRC. Today, the TRC pro-
vides targeted training for students from the mem-
ber states, creates special lecture courses for un-
dergraduates, and conducts important interna-
tional events, including the International Summer
Student Internship. Every year, several hundred
senior and junior students of universities from
the JINR member states are trained within vari-
ous educational programs at the TRC. The TRC
plays an important role in the activities aimed at
students: conducting research conferences for
students, workshops, tours to the basic facilities
of the JINR, and so on. Workshops at the Insti-
tute's facilities are organized annually for univer-
sity students of the JINR member countries.

In addition to the traditional forms of educa-
tional process, the TRC practices regular summer
schools and specialized seminars, which are at-
tended by students of the Institute and from Wes-
tern Europe, Egypt, South Africa, and others. For
future physicists from developing countries, the
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Participants of the 7" annual reporting seminar of the Ukrainian researchers who work at the JINR in the research field of
the Plenipotentiary Representative of the Government of Ukraine in the JINR

JINR provides scholarships to study at the Dub-
na International University. Among the teaching
staff of the university are leading researchers of
the Institute, world-class scientists. The JINR
annually holds up to 10 major conferences, mo-
re than 30 international scientific meetings and
seminars, traditional schools of young resear-
chers, etc. [14].

In the community of JINR researchers, espe-
cially among the young researchers and interns,
it is common to create informal national associa-
tions whose members are united by national tra-
ditions and interests, in addition to scientific is-
sues. Over the years of its existence, in the JINR
there have been established both relationships
within national groups and forms of coopera-
tion with between them. The Ukrainian national
group is historically considered one of the most
numerous associations [9]. Since 2011, on the ini-
tiative of the Plenipotentiary Representative of
the Government of Ukraine in the JINR B.V. Gry-
nyov, the Ukrainian group has launched annual
scientific reporting seminars for Ukrainian resear-
chers sent to the JINR, the results of which large-
ly affect the decision of the Plenipotentiary Rep-
resentative to extend or to terminate contracts
for work at the JINR.

The Ukrainian national group in the JINR has
become an example for other groups in conduc-
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ting similar reporting seminars (Figure). Current-
ly, such seminars are going mainstream among
researchers in Poland, Kazakhstan, Azerbaijan, and
other countries. To improve coordination and to
increase efficiency, the group members elect a
group leader at their meetings. Since 2015, the
group leader for 5 consecutive years has been
D.V. Solovyov, a senior researcher at the Franko
Laboratory of Neutron Physics (LNF).

The majority of Ukrainian researchers who
work at the JINR in the same research field as the
PRU carry out research in the LNE Among the
LNF research directions there is materials scien-
ce represented by the Department for Neutron
Studies of the Condensed Matter. The Depart-
ment uses neutronography techniques to study
both crystalline bodies and soft matter. In par-
ticular, the structure of multicomponent liquid
systems at the superatomic level is studied by the
methods of low-angle neutron scattering and
neutron reflectometry. The neutron scattering fa-
cility built around the IBR-2 pulse reactor has
enabled measuring the characteristic sizes of inc-
lusions (in colloidal systems, powders, and solid
matrices) in the scale from 1—2 nm to 100 nm,
which ensures the popularity of diffraction met-
hods for solving problems of molecular physics
and colloid chemistry [15]. Ukrainian researchers
are regularly involved in the state-of-the-art labo-
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ratory research in the field of materials science,
which has yielded many interesting results: dis-
persion curves of lipid membranes have been
studied by the method of inelastic scattering of
high-resolution X-rays; the existence of acoustic
longitudinal and transverse phonon modes in li-
pid membranes, which testify to the presence of
two different mechanisms of sound propagation
has been proved; based on the obtained experi-
mental data, a model of the lipid membrane struc-
ture according to which the passive transport of
molecules through the membrane is realized by
their transit between the areas of local ordering
has been proposed [16]; the collective oscillations
of molecules in two-component lipid membranes
with cholesterol have been studied; the existence
in such systems of optical phonon mode that is
associated with antiphase oscillations of the lipid
molecule and the cholesterol molecule in the lipid
pair has been proven,; for the first time, it has been
found that the optical phonon mode in the lipid
membrane has a gap because of the presence of
lipid complexes, the size of which does not de-
pend on the concentration of cholesterol in the
membrane [17]; the behavior of lithium elements
that are currently widely used in various fields of
technology has been studied. The studies have
shown that the lithium battery electrodes degra-
de in two stages: firstly, on the electrode surface,
a dense layer of enriched lithium is formed from
the products of chemical interaction between
lithium ions and solvent, and at the second stage,
a transition layer begins to form, which indicates
the beginning of appearance of large mesoscopic
inhomogeneities (needle structures). When modi-
fying the electrolyte by adding a non-electroac-
tive substance, a strong inhibition of growth and
significant changes in the composition of the near-
surface layer are reported.

Using the method of low-angle neutron scat-
tering (LANS), the JINR researchers have stud-
ied the filling of carbon cathode wells with the
final product of the electrochemical reaction — li-
thium peroxide — when discharging lithium-oxy-
gen cells. This type of battery has a much larger
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capacity as compared with more widely used lit-
hium-ion batteries. However, their use is compli-
cated by many difficulties in blocking the diffu-
sion of oxygen in the electrolyte because of clog-
ging of the wells with lithium peroxide. LANS
data have made it possible to combine nanome-
ter-scale changes in the cathode with the electri-
cal characteristics of the cells and helped to iden-
tify the mechanisms that limit cell capacity [18].

Ukrainian experts are directly involved in in-
ternational studies of the crystal and magnetic
structures of compounds based on barium and
strontium hexaferrites [19] and double perovs-
kites [20]. The evolution of the crystalline and
magnetic structures of solid hexaferrites (Ba/SR)
Fe, In O (x=0,1—-1,2) has been studied by
X-ray and neutron diffraction methods. The deg-
ree of structural disorder of the Ba,FeMoO, samp-
le has been determined by the X-ray diffraction
analysis method from the ratio of the integral in-
tensities of diffraction peaks I, /= (L, + 1)
The magnetoresistive effect in a wide range of
temperature (10—300 K) and the intensity of
magnetic field induction (0—12 T) has been mea-
sured. The influence of temperature on the spin
polarization of Ba,FeMoO, charge carriers has
been established

The structural changes of ferrofluids caused by
an electric field have been studied. It has been
found that these changes in the ferrofluid visco-
sity are similar to the magnetically viscous effect
and are caused by the effective electric polari-
zation of nanoparticles in solution. It has been
shown that this electro-reological effect shall be
taken into account when choosing ferrofluids for
use in high-voltage engineering, because it can af-
fect the thermomagnetic convection or dielectric
breakdown characteristics [21]. The theoretical
calculations have shown that the homogeneous
distribution of dielectric particles in a dielectric
carrier can become inhomogeneous under the ac-
tion of an electric field. The transition to a hete-
rogeneous distribution has the threshold nature.
The critical value of the applied field increases as
the temperature grows, the number of particles
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and their radius decrease, and the difference be-
tween the dielectric constants of the particle and
the medium is leveled. The distribution of nano-
particle concentration in accordance with the pro-
posed theoretical approach is in good agreement
with the experimental observations of the inho-
mogeneous distribution of ferrofluid particles un-
der the action of an external electric field [22].

Over the last 10 years, researchers of the Ukrai-
nian national group have defended more than ten
PhD theses and three doctoral dissertations. In
2013, a series of joint works by young researchers
of the Taras Shevchenko National University of
Kyiv and the JINR was awarded with the Prize of
the President of Ukraine. The active involvement
of Ukrainian researchers in the implementation
of mega-science project NICA, a world leader in
research on physics of heavy high-energy nuclei
is also noteworthy. More than 300 researchers
and 70 R&D institutions from 32 countries have
been already engaged in its preparation. The pur-
pose of the project is to conduct fundamental re-
search works not realizable in other world accel-
erating centers, which aim primarily at studying
the superdense nuclear matter that had existed in
the early stages of evolution of the universe and
exist in the bowels of neutron stars, as well as at
implementing a wide range of innovative and app-
lied projects [12].

These examples clearly demonstrate the fruit-
fulness of cooperation with the JINR for Ukrai-
nian scientists, especially for young researchers.
Thanks to cooperation, there appears an oppor-
tunity to conduct experiments on unique equip-
ment that Ukraine could not have built or manu-
factured alone. Another important factor in favor

REFERENCES

of this cooperation is numerous large internatio-
nal experiments of the European Union, the United
States, Germany, France, and Italy, in the imple-
mentation of which nuclear researchers of Ukrai-
ne are directly involved through the JINR. It is
difficult to quantify the benefits of this coopera-
tion for teachers, high school students, and stu-
dents of the Ukrainian community.

A serious obstacle to obtaining the highest re-
sults from cooperation is that Ukraine has not
paid membership fees to the JINR since 2014. Al-
though in 2017, the long-term efforts of the Pleni-
potentiary Representative of the Government of
Ukraine in the JINR resulted in fixing Ukraine's
debt to the JINR, the lack of current payments
significantly reduces the possibility of sending Uk-
rainian researchers to this institution. For examp-
le, in 2015, the Plenipotentiary Representative of
the Government of Ukraine sent 31 researchers
to the JINR, while in 2020, their amount went
down to 20. Because of the nonpayment, accor-
ding to the JINR Statute, the Institute cannot
send Ukrainian young researchers on business
trips abroad to leading research centers in other
countries, and the number of delegates from Uk-
raine to research and educational events regular-
ly held at the JINR, etc. decreases.

The only hope is that Ukraine, having recove-
red from the coronavirus and the crisis associated
with it, will be able to fulfill its financial obliga-
tions under international agreements, including
those on conducting research, and the Ukrainian
national group in the JINR will regain its leading
place as one of the most effective and influential
groups among the member states of one of the lar-
gest interstate scientific organizations.

1. Obreimov, 1. V. (1971). History of natural science thought tor half a century. Newsletter of the Academy of Sciences of the

Ukrainian RSR. 10 [in Ukrainian].

Noakwh

ISSN 2409-9066. Sci. innov. 2020. 16 (6)

Leipunskiy, A. L. (1990). Selected works. Memories (Ed. B.F. Gromova). Kyiv. P. 133 [in Russian].

50 years of modern nuclear physics. Moscow, 1982. P. 255 [in Russian].

Ranjuk Yu. (2001) Laboratory Ne1. Nuclear physics in Ukraine. Kharkiv. P. 588. [in Ukrainian].

CERN. URL: ru.wikipedia.org/wiki/ZERN (Last accessed: 15.04.2020). [in Russian].

Grinyoo B.V., Titov M.P, Stadnyk P.O. (2019). Ukraine — CERN: cooperation way. Nauka innov,, 5,93—105 [in Ukrainian].
JINR. URL;jinr.ru/about/ (Last accessed: 15.04.2020) [in Russian].

79



Grynyov, B.V., Bulavin, L.A., Soloviov, D.V., and Stadnik, P.O.

8.
9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

JINR foundation history. URL:jinr.ru/wp-content/uploads/JINR_Docs/Booklet 2015-rus.pdf
Trubnikov G. The technological level of many Ukrainian enterprises is the highest by world standards. URL:https://Itu.
ua/ru/news/technological_level/ (Last accessed: 17.04.2020) [in Russian].
Grinyov B.V., Volkova Yu.G. (2015). Ukraine and Joint Institute for Nuclear Research: experience and prospects for
cooperation. Nauka innov., 11(4), 55—61. )[in Russian].
Artikov A., Budagov Ju., Grinyov B., Zhmurin P. (2013). JINR detectors based on Ukrainian plastic scintillators in TeV
energy experiments. Kharkov. P. 86 [in Russian].
Olshevskiy A.G. JINR — Ukraine. URL:;jinr.ru/posts/map maps/ukraina/ (Last accessed: 17.04.2020) [in Russian].
JINR university center. URL:newuc,jinr.ru (Last accessed: 17.04.2020) [in Russian].
JINR education program. URL:ucnew,jinr.ru/ru/about (Last accessed: 17.04.2020) [in Russian].
Bulavin, L. A, Avdeev, M. V., Klyuchnikov, O. O., Nagornyy, A. V., Petrenko, V. 1. (2015). Neutronography of magnetic
Sluid systems. Kyiv. P. 244 [in Ukrainian].
Zhernenkov, M., Bolmatov, D., Soloviov, D., Zhernenkov, K., Toperverg, B., Cunsolo, A., Bosak, A., Cai, Y. Q. (2016). Re-
vealing the mechanism of passive transport in lipid bilayers via phonon-mediated nanometre-scale density fluctuations.
Nature Communications, 7, 11575. doi: 10.1038 /ncomms11575.
Soloviov, D., Cai, Y. Q., Bolmatov, D., Suvorov, A., Zhernenkov, K., Zav’yalov, D., Bosak, A., Uchiyama, H., Zhernenkov, M.
(2020). Functional lipid pairs as building blocks of phase-separated membranes. Proceedings of the National Academy of
Sciences, 117(9), 4749—4757. doi: 10.1073/pnas.1919264117.
Avdeev, M. V,, Rulev, A. A., Ushakova, E. E., Kosiachkin, Ye. N., Petrenko, V. 1., Gapon, I. V., Kataev, E. Yu., Matveey, V. A.,
Yashina, L. V, Itkis, D. M. (2019). On nanoscale structure of planar electrochemical interfaces metal /liquid lithium ion
electrolyte by neutron reflectometry. Applied Surface Science, 486, 287—291. doi: 10.1016/j.apsusc.2019.04.241
Turchenko, V. A., Balagurov, A. M., Trukhanov, S. V., Trukhanov, A. V. Refinement of the Atomic and Magnetic Structures
of Solid Solutions BaFe , In O, (x = 0.1—1.2) by the Neutron Diffraction Method (2019). Journal of Surface Investi-
gation: X-ray, Synchrotron and Neutron Techniques, 13(1), 69—81. doi: 10.1016/j.jmmm.2018.12.096
Turchenko, V., Kalanda, N., Yarmolich, M., Balasoiu, M., Lupu, N. (2019). Features of crystalline and magnetic structure
of barium ferromolybdate in a wide temperature range. Journal of Magnetism and Magnetic Materials, 477, 42—48. doi:
10.1016 /) jmmm.2018.12.096
Rajnak, M., Timko, M., Kopcansky, P.,, Paulovicova, K., Tothova, J., Kurimsky, J., Dolnik, B., Cimbala, R., Avdeev, M. V.,
Petrenko, V. L., Feoktystov, A. (2017). Structure and viscosity of a transformer oil-based ferrofluid under an external
electric field. JMMM, 431, 99—102. doi: 10.1016/j.,jmmm.2016.10.008
Selyshchey, P. A., Petrenko, V. 1., Rajnak, M., Dolnik, B., Kurimsky, J., Kopcansky, P, Timko, M., Bulavin, L. A. (2019).
Non-uniformdistribution of ferrofluids spherical particles under external electric field: Theoretical description. Journal
Mol. Lig., 278, 491—495. doi: 10.1016/j.molliq.2019.01.001
Received 23.04.20
Revised 26.06.20
Accepted 07.07.20

bB.B. Ipunvos’, JI.A. Byaasin?, /I.B. Coxosiiog?, I1.0. Cmadnux’
!TueruryT cunntuianiiinux matepiamis HAH Ykpainu,
npocit. Hayku 60, Xapkis, 61072, Ykpaina,
+380 57 341 0161, isma@isc.kharkov.com
2 KuiBcbkuii HationasbHUi yHiBepeureT imeni Tapaca I1leBuenka,
ByJ1. Bosonumupcenka, 60, Kuis, 01033, Ykpaina,
+380 44 239 3333, office.chief@univ.net.ua
3OO0’ eHaHUI IHCTUTYT SIA€PHIX JOCIIKEHbD,
By.1. JKosio-Kiopi, 6, [ly6na, 141980, Pociiicbka Meneparis,
+7 496 216 4040, post@jinr.ru

CIIBPOBITHUIITBO 3 OIA[ — 3AIIOPYKA PO3BUTKY IJAEPHOI OGI3UKU B YKPATHI

Beryn. Ha choroani miskiapoata oprauisaitis O6’equanuii incturyT saepuux gociimpkens (OI5/1) € cBoepianoio HayKoBO-
TEXHIUHOW 6a3010 U151 yKPaiHCbKUX (DaXiBIliB-sIIEPHUKIB, sIKi O6e3110cepeiHbo OepyTh yUacTh y IIPOBEIEHH] HOBITHIX sIIEPHO-
(hismuHUX eKCTIIepUMEHTIB.
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IIpo6GaemaTuka. BaximBum acrieKToM MiKHAPOIHOTO CIIIBPOGITHUIITBA HAYKOBIIIB YKPaiHU y rajrysi 0C/Ii/IKeHb 3 sep-
HoI (isuKn i MaTepiaso3HaBcTBa € 00’€IHAHHA HAYKOBO-TEXHIUHKX 1 (PIHAHCOBUX PECYPCIB KPalH JJIsI CTBOPEHHS MiKHAPO/I-
HUX HAYKOBO-AOCJIIHNX OpraHisaiiiii i peasizaiii MaciiTabHUX POEKTIB 3 CYYaCHUX MPOOIEM HAYKH i TEXHIKH.

Merta. AHami3 HaKkTopiB, 1110 CHPUSIOTh PO3BUTKY JOCJIIZKEHD B Tasly3i s/epHoi (Di3uKK Ta CYIyTHIX AUCIUILIIH B YKpaiHi,
a TAKO’K 3aJTyYEeHHIO YKPAIHChKUX YUEHHX JI0 MIsKHAPOJAHUX JOCIJHIX IIPOIIECIB Ta OKPECJEHHs IIEPCIIEKTHB Ha MallOy THE.

Marepiaiu it MeToau. AHastiz HalpsiMiB HayKoBUX focaizkerb OIS/] ta oriisi 1ocsirienb yKpaiHChKUX BUEHHX, 30KpEMa
Mostofinx (haxiBIliB, y peasizailii MiXKHAPOIHUX MTPOEKTIB 3 si7iepHOi DI3UKY i CYITyTHIX TUCIUTLIIH.

PesyabraTu. [IpoananizoBaHO BUTOKU JOCJI/IKEHD 3 /1epHOI (hi3WKN B YKPAiHi, MIJISX PO3BUTKY Mi’KHAPOHOTO CITiBPO-
GiTHUITBA Ta WOr0 BIIMB HA MiJATOTOBKY BYeHHUX i (haXiBIiB 1bOrO HAYKOBOIO HANpsiMKY. HaBeseHo pukIaam HayKOBUX
Pe3yIBTaTiB MiTBHOCTI YKPAIHCHKIX (Di3UKiB-S/I€PHUKIB, TO3UTUBHOTO BILJTUBY CITIiBIIPAIli YKPaiHChbKUX HAYKOBUX YCTAaHOB
ta mignpueMcts 3 OIS/] Ha TBopyYi Ta iIHHOBALINHI TIPOIECH, 30KpeMa B Tajry3i po3poOKH i BUBYEHHS HOBUX BUCOKOTEXHOJIO-
rivanx MaTepianis. OKpecIeHo epCIeKTUBY TTOABINOI CITiBITPALLi.

Bucuosku. Criispo6itauirro 3 OIS /] ga€ yKpalHCKUM yUeHUM MOKJIUBICTD OCTYILY 10 CyYaCHUX METO/IB IIPOBEIEHHS
saepHO-(IBUYHKX JOCIIKEHD, 10 YHIKAIBHOIO HAyKOBOTO 00JIalHAHHSM IPOBIAHMX MiKHAPOAHUX HAYKOBHX IIEHTPIB IpU
MJTaHyBaHHI 1 peasizariii MacTaGHIX eKCIIEPUMEHTIB 3 aiepHoi i3k, BUBYEHHS pobeM icnyBanus Beecsity. Buknana-
YaM, CTYJ€HTAM Ta YYHSIM 3 YKPaiHU BiIKPUBAIOTHCS OJATKOBI MOKJIUBOCTI POOOTHU 3 HOBITHIMU METOIaMU, CydacHUM 00-
JTAHAHHSAM Ta IHHOBAIIITHIM TTi/IX0/IaMU B TaTy3i HAYKH 1 TEXHIKH.

Kniouogi crosa: spepra (isuka, JOCTIKEHHS, CIIIBPOOI THUIITBO.

ISSN 2409-9066. Sci. innov. 2020. 16 (6) 81



