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FORUM TOPICS

13" International Conference “Nuclear and Radiation Physics”

1. Nuclear Physics
e Mechanisms of nuclear reactions and structure of nuclei
e Heavy and super heavy elements: synthesis and fission
e Nuclear physics of low and medium energy, nuclear astrophysics
e Nuclear data measurement, compilation, evaluation and dissemination

2. Materials Science and Radiation Solid State Physics

= Formation and evolution of defects in solids

= Structural and fuel materials of nuclear and thermonuclear facilities

= Modification of materials with the beams of plasma and charged particles
= New materials and methods of their production, nano-materials

3. Atomic Energy

e Nuclear research facilities and power plants
e Controlled thermonuclear fusion
e Safety of nuclear energy and issues of non-proliferation of nuclear materials and technologies

4. Radiation Ecology and Methods of Analysis

= Radioecological studies of the former nuclear test sites, risk assessment and
issues of radiation monitoring

= Technologies to reduce the environmental risk of the radiation-hazardous
facilities and territories, radioactive waste management

= Analytical methods in radioecology and nuclear forensics

2"? International Conference “Nuclear and Radiation Technologies
in Medicine, Industry and Agriculture”

1. Nuclear and Radiation Technologies in Medicine
2. Radiation Technologies in Industry and Agriculture



YBaxaemblie y4actHuku u roctu lll MexxgyHapogHoro
Hay4Horo popyma
«flpepHasa Hayka u TeXHOnoruu»!

OT wnmeHn MuHucTepctea aHepretukn Pecnybnukn
KazaxctaH n OpraHmsaunoHHOro kKomuTeTa NpuUBETCTBYIO Bac Ha
Il MexagyHapogHom HaydHOM dopyme «HApepHas Hayka WU
TexHonorun», npuypodyeHHoro Kk 30-neTurc Hes3aBUCMMOCTU
Pecnybnukn KasaxcTtaH, opraHusoBaHHOro Ha 6ase WHcTuTyTa
sAepHON bU3MKKU B ropoae AnmaTsl.

3a rogbl HesaBUCUMOCTW, WHCTUTYT sapepHoin  Ouankm
nepexun Hemano cobObITUW, KOTopble onpenenusini OCHOBHOMN
BEKTOp pasBuTMA Haykum Ha Oyaywee. C 1997 roga UHCTUTYT
npoBoAMT MeXayHapOoaHY0 Hay4YHYIO KOHGOEpPEeHLMIo No saepHon
N pagnaunoHHon uanke, KoTopas 3aHaAna [OCTOMHOE MECTO
cpean 3HaduMbIix cobbiT B HaydHOW XM3HUM KasaxctaHa, B
4aCTHOCTM B aTOMHOMN OTpacnu.

C 2017 ropa TpaguuuMoHHas KoHdepeHuma Obina
npeobpasoBaHa B MexayHapoaHbll Hay4Hbl dpopym «AgepHas
HayKa N TEXHOMOrMN» y4acTHUKaMM KOTOPOro ABMNAKOTCA yYeHble U
Hay4Hble COTPYAHUKN CUNbHENLINX Hay4HbIX -
nccnenoBaTesibCKUX MHCTUTYTOB MO BCEMY MUPY.

Enbacki HypcyntaH AbGuwesndy HaszapbaeB BbICOKO
OTMEeYaeT 3HA4YMMOCTb pas3BUTUA OTEYECTBEHHOW Hayku WU
nog4yepkMBaeT, 4YTO OCHOBa Halero pJ[onroro nytm — 3T0
oOpa3oBaHMe M Hayka W nobegut TOT, Yy KOro cCunbHoe
obpas3oBaHue 1 nepegosas Hayka.

MpesnaenT PK Kaceim->KomapT Kemernesuy TokaeB B CBOEM
nocrnaHMM OTMETUII, YTO «HayKa paccmaTpuBaeTCs KakK BakHas
cocTaBnsawLAaa Hay4YHO-TEXHUYECKOro nporpecca, 6e3 Kotoporo
HEBO3MOXHO pa3BuTUE obuiecTsa, rocygapcresa U [OBUXEHUE
BRepen».

B Pecnybnuku KasaxctaH B KayecTBe BaKHEWLLUX
NPOPbIBHBIX U3MEeHeHMn OyaeT peanu3oBaHa CUCTEMHasd
pedopmMma NO TEXHOMOrMYECKOMY ODHOBNEHWIO U LMpoBN3aLnm
NHAYCTPUUX, B paMKax KOTOPOW NnaHupyeTcs NnepeopueHTMpoBaTh
CYLLECTBYIOLLYIO CUCTEMY Hay4HbIX MCCNeaoBaHUA Ha aKTUBHYIO
MoA4EePXKY TEXHOMNOTMYECKON MOAEPHM3aLNN.



ApepHble UM pagnauUoOHHbIE  TEXHOMOMMW  HaxoaaT
nPpUMEHeHNe B caMbiX pasHoobpasHbiX o0bnacTsax, KoTopble
BKSlOMAIOT 3paBooOXpaHeHue, cernbckoe X03AMNCTBO,
OKpY>aroLLyto cpefy, BOAHbIE PeCypChl, 3HEPreTuky, siAEpPHY n
pagnaunoHHyo 6e30nacHoOCTb.

dopym aABNAETCA Nowankon ona obcyxaeHna akTyanbHbIX
npobnem aaepHon n pagvaumoHHON dounaukn,
MaTtepuanoBegeHvs,  paguauuoHHOM — 3KONOrMn,  MeTodoB
aHanusa, fgepHbiX U paguauMoHHbIX MEeTo40B B MeauLluHe,
NPOMBbILLNEHHOCTU N CEMbCKOM XO3ANCTBE BEAYLLUNMUN YYEHbIMU U3
pasHbiX CTpaH Mupa.

[MpoBeneHne cdopyma cnocobCTBYET MOBbLIWEHUIO NHTEpeca
CTYAEHTOB, MarucTpaHTOB, [AOKTOPAHTOB, MOMNOAbIX YY€eHbIX,
cneunanucToB  OTpacneBbiX  OpraHusauum K Hay4HoOMn
AEATENBbHOCTN, YTO MOMOXMUTENBbHO OTPa3NTCA Ha YpPOBHE
npodeccMoHanbHON NOANOTOBKM cneuManncToB.

Boipaxkaem Haaexay, 4YTO dopym obbeanHuT
BbICOKOKBANMUMUUMPOBAHHbBIX  CNeunanucToB,  TanaHTNUBbIX
MonoAbiX nAen W3  pasHbiX CTpaH W  npefocTtaBuT UM
BO3MOXHOCTb NOAENUTLCA NNoAaMn Hay4YHbIX UCcrnegoBaHUn.

YKenaw yvacTHukam copyma cogep)kaTenbHbIX AUCKYCCUN,
NnogoTBOPHOWN paboThl U ycrnexos! ,

ﬂ- MuUHUCTpP 3HEpPreTuKu
7W Mup3saranues M.M.



Dear participants and guests of the
lll International Scientific Forum
«Nuclear Science and Technologies»!

On behalf of the Ministry of Energy of the Republic of
Kazakhstan and the Organizing committee, | welcome you to the
Il International Scientific Forum «Nuclear Science and
Technologies», devoted to the 30th anniversary of Independence of
the Republic of Kazakhstan, which is organized on the basis of the
Institute of Nuclear Physics in Almaty city.

Over the years of the country's independence, the Institute has
experienced many events that have determined the main direction of
science development for the future. Since 1997, the Institute has
been holding the International Scientific Conference on Nuclear and
Radiation Physics, which occupies a worthy place among the
significant events in the scientific life of Kazakhstan, in particular in
the nuclear industry.

Since 2017, the traditional conference has been transformed
into the International Scientific Forum «Nuclear Science and
Technologies», whose patrticipants are scientists and researchers
from the strongest scientific research institutes around the world.

Elbasy Nursultan Abishevich Nazarbayev always highlights the
high importance of domestic science and emphasizes: «The basis of
our long journey is education and science, and the one who has a
strong education and advanced science will win».

The President of the Republic of Kazakhstan Kassym-Jomart
Kemelevich Tokayev in his message noted that «Science is
considered as an important component of scientific and technological
progress, without which the development of society, the state and
progress forward is impossible».

In the Republic of Kazakhstan, as the most important
breakthrough changes, a systemic reform on technological renewal
and digitalization of the industry will be implemented, within the
framework of which it is planned to reorient the existing system of
scientific research to active support of technological modernization.

Nuclear and radiation technologies find applications in a wide
variety of areas, which include health care, agriculture, the
environment, water resources, energy, nuclear and radiation safety.



The Forum is a platform for discussion of current problems of
nuclear and radiation physics, materials science, radiation ecology,
methods of analysis, nuclear and radiation methods in medicine,
industry and agriculture by leading scientists from different countries
of the world.

The Forum promotes the interest growth of students,
undergraduates, doctoral students, young scientists, specialists from
industry organizations to the scientific activities, which will be
positively reflected in the level of professional training of the
specialists.

We express the hope that the forum will bring together highly
qualified specialists, talented young people from different countries
and will provide them an opportunity to share the results of scientific
research.

| wish the participants of the Forum meaningful discussions,
efficient work and success!

Minister of Energy
M. Mirzagaliev



13" INTERNATIONAL CONFERENCE
“NUCLEAR AND RADIATION PHYSICS”

1. Nuclear Physics

Mechanisms of nuclear reactions and structure of nuclei

Heavy and super heavy elements: synthesis and fission

Nuclear physics of low and medium energy, nuclear astrophysics

Nuclear data measurement, compilation, evaluation and dissemination

13-1 MEJKTYHAPOTHASI KOH®EPEHIMS
«ITEPHAS Yl PATUALIMOHHA ST ®W3UKA»

1. Hoepnan ¢puszuxa

e MexaHu3MBI AIEPHBIX PEAKIUd U CTPYKTYypa sSaep
e TspKENbIC U CBEPXTSKEIIBIEC SJIEMEHTBI: CUHTE3 U JICJICHUE
o fnepHas pu3nMKa HU3KUX U CPEAHUX IHEPTUH, siepHas acTpopu3uKa

L I[CSITCJIBHOCTI) B 00J1aCTH AACPHBIX JaHHBIX



1. NUCLEAR PHYSICS

ACHIEVEMENTS AND PROSPECTS OF DEVELOPMENT OF THE RSE INP FOR 2021-2025

Karakozov B.K.

RSE "Institute of Nuclear Physics" RK ME, Kazakhstan

During establishment of the INP in 1957, the President of the Academy of Sciences of the Kazakh SSR, the
Academician Satpayev K.I. in his address to the Council of Ministers of the USSR and the Central Committee of the
CPSU wrote the following: "The huge expansion of the productive forces of Kazakhstan requires, first of all, introduction
of the latest achievements of nuclear physics into all sectors of industry, agriculture and healthcare.” These words are still
relevant today.

The RSE INP is the unique specialized organization in the Republic of Kazakhstan that implements complex
fundamental and applied scientific research in the area of nuclear and radiation physics, materials science, radioecology,
radiochemistry, radiopharmaceuticals, physics of nuclear reactors and charged particle accelerators.

The Institute was planned as a basic organization for training of the highly qualified personnel in nuclear physics,
high energy physics and instrumentation. In addition, the experimental and scientific-technical infrastructure of the
Institute was created as the basic structure for the country's leading universities for industrial and course practice and
preparation of diploma papers by the students studying in nuclear specialties through direct participation in the scientific-
technical research in the area of peaceful use of atomic energy.

It should be noted that, for more than half a century of scientific-technical activity of the Institute of Nuclear
Physics, its main strategic goals have remained unchanged, which emphasizes the role and significance of the Institute in
the nuclear science of Kazakhstan.

For the next 5 years, the Development Strategy of the Institute includes the following areas of fundamental and
applied research, development and application of new nuclear and radiation technologies in industry, medicine and
agriculture:

. Nuclear physics.

o Radiation physics of solids and materials science.

o Physics and technology of nuclear reactors and charged particle accelerators.

. Radioecology and ecology.

. Development of nuclear-physical methods in biology and medicine.

. Development and practical implementation of the nuclear-physical methods, nuclear and radiation

technologies for production of finished products and provision of the services in the interests of industry, healthcare,
agriculture, science and education.

. Nuclear and radiation safety at the operating and designed nuclear facilities.

o Support of the nuclear non-proliferation regime.

o Organization of training and advanced training, attestation and certification of personnel for the nuclear
industry of the Republic of Kazakhstan jointly with the country's leading universities and international nuclear centers.

. International cooperation, holding the seminars, meetings and conferences.

In the period 2021-2023, the scientific-technological research at the Institute is performed within the framework
of four scientific-technical programs of the Ministry of Energy of the Republic of Kazakhstan (2 programs) and the
Ministry of Education and Science of the Republic of Kazakhstan (2 programs), as well as on 11 topics of grant funding
of the Ministry of Education and Science of the Republic of Kazakhstan. This made it possible to double the funding of
science at the Institute for the next three years compared to 2018-2020. Currently, the fifth scientific-technical program
on hydrogen energy is being formed. On the ongoing basis, the works are continued on preparation of new Grant Projects
for participation in the upcoming Call of Proposals of the Ministry of Education and Science of the Republic of
Kazakhstan.
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1. NUCLEAR PHYSICS

APPLICATION OF GEOMETROTHERMODYNAMICS TO SOME THERMODYNAMICS SYSTEMS AT
FINITE BARYON DENSITY AND TEMPERATURE PREDICTED BY THE METHOD OF HOLOGRAPHIC
DUALITIES

Kemelzhanova S.E.1, Zazulin D.M.22*, Sidorov Ya.V.t, Tursumbekov A.Sh.!

tal-Farabi Kazakh National University, Almaty, Kazakhstan;
2Institute of Nuclear Physics, Almaty, Kazakhstan
“denis_zazulin@mail.ru

The geometric properties of the equilibrium manifolds of two thermodynamic systems with strong interactions at
finite baryon density and temperature described by the holographic dualities method [1,2] have been studied in this work.
Geometrothermodynamics [3,4] was used as the formalism of the study, which allows to obtain results invariant with
respect to the Legendre transformations, i.e. independent of the choice of thermodynamic potentials. Moreover, in the
regions near the phase transitions, the scalar curvature of the corresponding equilibrium manifolds tends to infinity. This
fact is convenient for searches of unknown phase transitions in insufficiently explored thermodynamic systems.

In this approach, thermodynamic system with a finite baryon density at zero particle mass [1] have been
considered. For the system the thermodynamic potentials Q that depend on the chemical potential p and temperature T
was taken as thermodynamic potential.

Also we considered a new type of quantum liquid with a zero-sound mode at low temperatures in its spectrum and
with an exotic temperature dependence of the specific heat [2]. For this liquid, entropy and thermodynamic potential Q
were taken as the thermodynamic potentials, depending on the temperature and the baryon density.

For the systems under consideration, the results of numerical calculations of the corresponding metrics, the metric
tensors determinants and scalar curvatures are presented in the form of 3-dimensional graphs. The graphs presented clearly
show at what values of thermodynamic variables the scalar curvatures tend to infinity or to zero, which indicates possible
phase transitions and possible compensation of interactions by quantum effects, respectively.

References:

1. A. Karch, A. O'Bannon, (2007) Holographic thermodynamics at finite baryon density: some exact results, JHEP
0711:074, DOI: 10.1088/1126-6708/2007/11/074.

2. A. Karch, D.T. Son, and A.O. Starinets, (2009) Zero sound from holography, Phys. Rev. Lett. 102, 051602, DOI:
10.1103/PhysRevLett.102.051602.

3. H. Quevedo, (2007) Geometrothermodynamics, J. Math. Phys. 48, 013506, DOI: https://doi.org/10.1063/1.2409524.

4. H. Quevedo, A. Sanchez, S. Taj, A. Vazquez, (2011) Phase transitions in Geometrothermodynamics, Gen. Rel.
Grav. 43: 1153. arXiv:1010.5599.

ASTROPARTICLE PHYSICS AND MULTIMESSENGER ASTRONOMY

Kostunin D.
DESY, Zeuthen, D-15738, Germany

Elementary particles accelerated at the astrophysical sources gain energies orders of magnitude higher that ones,
which can be achieved at modern colliders. This allows us to study ultra-high energy processes by measuring the fluxes
of these particles as well as by studying the particle cascades induced by them in Earth's atmosphere. Astroparticle physics
studying these phenomena was grown from the cosmic-ray studies emerged more than hundred years ago and now is
including very-high energy neutrino and gamma astronomy. With significant progress in instrumentation and cooperation
between different facilities the simultaneous detection of different type of radiation — messengers (electromagnetic,
neutrino and gravitation) from the same source became possible in recent years, which brings us to the multimessenger
astronomy, a brand new field in astrophysics. In my talk | overview the history and recent progress in astroparticle physics
and multimessenger astronomy and discuss the results which can bring insights to nuclear physics.
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1. NUCLEAR PHYSICS

ASYMPTOTIC NORMALIZATION COEFFICIENTS FOR %Zr+n—%Zr FOR NUCLEAR ASTROPHYSICS

Tursunmakhatov K.I. 2, Yarmukhamedov R.2

'Physical Department, Gulistan state university, Gulistan, Uzbekistan
2L_aboratory of theoretical nuclear physics, Institute of Nuclear Physics, Tashkent, Uzbekistan

The angular distributions of *Zr(*?C,*3C)%Zr one neutron transfer reaction has been measured at E;,;, (13C ) = 66
MeV and used to extract the spectroscopic factor of %Zr—%Zr+n  with the Distorted-Wave Born Approximation
(DWBA) analysis [1]. In the present work, the analysis of the differential cross sections of the above mentioned neutron
transfer 94Zr(*2C,**C)%Zr reaction has been performed within the modified DWBA [3] to obtain the “indirectly
determined” values of the asymptotic normalization coefficient (Css,, ) for %Zr—%Zr+n. To determine the absolute

values of the ANCs in %4Zr, the ANC for 3C—12C+n was taken to be Cfgc 12 = 2.35 4+ 0.12 fm as calculated from the

value of the nuclear vertex constant, G2 = 0.39 ¥ 0.02 fm, extracted in Ref. [2]. All calculations were carried out with
the code LOLA [4].

The contribution of the three particle Coulomb dynamics in the pole neutron transfer mechanisms was taken into
account. The explicit expressions of the Coulomb renormalization factors were given in Refs. [5]. The Coulomb
renormalization factors depend on the projectile energy, the binding energies of the *3C and *Zr nuclei in the (*3C+n) and
(®3Zr+n) channels, respectively, and Coulomb parameters for the bound states of the *3C and %Zr nuclei in the entrance
and exit channels.

We have changed the geometric parameters r, and a of the Woods-Saxon potential, used for calculation of the
bound (*Zr+n) state wave functions, in wide physically acceptable ranges (r, = 1.15 = 1.40 fm and a = 0.50 = 0.75
fm) with respect to their “standart” values (1, = 1.25 fm and a = 0.65 fm). Such variation of the 7, and a results in
changing the single-particle ANCS ( bos,,.,, = bosy,.,, (1, @) With jos,,. = ;

It was shown that the neutron transfer %Zr(*2C,*C)%Zr reaction at the projectile energy E;,, (*2C) = 66 MeV
was peripheral and the weighted mean value of the extracted ANCs were found to be Cc?ng . = 526.6+£183 fm™. The
uncertainty involves the uncertainty arising because of a change of the R(E, 8; b1z, besy,.,,) function at variation of
the free parameter besy,. ,, where bos,,.,, = bos,,.,, (1, @) in which 1, and a are the geometry parameters of the Woods-
Saxon potential adopted, the uncertainty of the ANC for 13C—2C+n and the experimental errors for the differential cross
section. The different optical potentials also were used in the calculation for estimation of the values of ANC for
%47Zr—%Zr+n and its uncertainty.

The weighted mean value of the extracted values of the asymptotic normalization coefficients was used for
calculating astrophysical S factors of the %Zr(n,y)**Zr reaction at low energies including E=0.

References:
1. L.Ganetal., Phys. Rev. C 97, 064614 (2018).
2. N.K. Timofeyuk et al., Nucl. Phys. A 620, 29 (1997).
3. A.M. Mukhamedjhanov et al. Phys. Rev. C 56, 3, (1997).
4. R.M. DeVries, Phys. Rev. C 8, 3, (1973).
5. Sh. S. Kajumov, Z. Phys. A-atomic Nuclei 336,297-302 (1990).
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1. NUCLEAR PHYSICS

AXIALLY SYMMETRIC PARTICLE LIKE SOLUTIONS IN PROCA-HIGGS THEORY

Dzhunushaliev V.22, Folomeev V.3

1Department of Theoretical and Nuclear Physics, al-Farabi Kazakh National University, Almaty 050040, Kazakhstan
2Institute of Nuclear Physics, Almaty 050032, Kazakhstan
3Academician J.~Jeenbaev Institute of Physics of the NAS of the Kyrgyz Republic, 265 a, Chui Street,
Bishkek 720071, Kyrgyzstan

We study localized axially symmetric solutions in the SU(2) non-Abelian Proca-Higgs theory, which have a finite
total field energy. It is shown that such solutions are analogous to the Nielsen-Olesen tube, since they have a longitudinal
magnetic field that creates a flux of this field through the central section of the Proca tube. The main difference between
the Proca tube and the Nielsen-Olesen tube is that the Proca tube is a topologically trivial solution and has finite
dimensions, since its energy density decreases exponentially asymptotically. The dependence of the total field mass of
the Proca tube on one of the parameters determining the solution is investigated. Solutions are obtained both in the
presence and in the absence of sources (charge and current densities).

B MESON RARE DECAYS

Issadykov 4.12, Tyulemissov Zh. +?

The Institute of Nuclear Physics, Ministry of Energy of the Republic of Kazakhstan, 1 Ibragimova, 050032,
Almaty, Kazakhstan
2Joint Institute for Nuclear Research, 6 Joliot-Curie, 141980, Dubna, Moscow region, Russia

We study the rare decays corresponding to b — d transition in the framework of covariant confined quark model.
The transition form factors for the channels B— (7,p,0) and Bs — K(x) are computed in the entire dynamical range of
momentum transfer squared. Using the form factors, we compute the branching fractions of the rare decays and our results
are found to be matching well with the experimental data. We also compute the ratios of the branching fractions of the b
— s to b — d rare decays using the inputs from previous papers on this model.

CHARGE CHANGING CROSS SECTIONS FOR Ca ISOTOPES AND EFFECT OF CHARGED PARTICLE
EVAPORATION

Tanaka M.

RIKEN Nishina Center, Wako, Japan for RIBF123 collaboration

A nuclear matter radius is one of the fundamental quantities to study the nuclear structures. Especially, the
measurement of interaction cross section is a powerful tool to deduce matter radii of unstable nuclei far from the stability
line. This method has played a crucial role not only in the discovery of halo and skin structures [1-3] but also in probing
the drastic change of nuclear structure across the magic number [4].

A nuclear charge radius, which represents charge spreads in nuclei, also gives complemental information on the
size of the nucleus. To extract charge radii of unstable nuclei, the isotope-shift (IS) method is generally regarded as the
only way. However, the IS method cannot be applied to unstable nuclei far from the stability line and particular elements
due to the difficulty in the beam production technique.
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A charge-changing cross section (ccc) is one of the possible quantities to derive charge radii. The 6cc measurement
can be performed even with the low intense heavy-ion beams such as a few particles per second. Therefore, this method
has the potential to study the charge radius of a very neutron-rich nucleus. The occ measurement has so far been utilized
to derive charge radii of light-mass nuclei [5]. However, the empirical scaling factor is usually required for the derivation
of charge radius from occ [6].

To understand the relation between occ and the charge radius in detail, we extended the study of occ to heavier
isotopes, 4>°1Ca, whose charge radii have already been measured via the IS method [7]. The experiment was performed
at the RIBF facility (RIKEN) by using the BigRIPS fragment separator. From the comparison between the experimental
results and the conventional Glauber-model calculations with the known charge-radius data as input values, the effect of
charged-particle evaporation induced by neutron removal reaction was indicated. By taking this effect into account in
addition to the conventional calculation, the experimental occ data for nuclides from Be to Fe were simultaneously
explained without the phenomenological scaling.
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CHARGE DISTRIBUTIONS OF HEAVY FISSION PRODUCTS FROM #Pu(nw,f) REACTION

Abdullaeva G.A., Kulabdullaev G.A.

Institute of nuclear physics Academy of Science of the Republic of Uzbekistan, Tashkent

Fission yields are very important data for nuclear applications. For example, they represent part of the input data
of the various simulation codes. Similarly, theoretical models that attempt to reproduce these distributions need
experimental values to which they can compare. In the past, the INP mass spectrometer has made it possible due to its
very good mass and energy resolution, to determine with great precision the yields of heavy fission products for many
fission systems - 22U(ny, f), 2°U(nw, T), Z°Pu(nm,f) and *Pu(ne, ) were measured [1-3]. An available exhaustive
experimental data of the heavy fission products mass yields Y (A) allows to obtain the charge and energy distributions.

In this research the ion charge distributions of 2*°Pu(ns, f) reaction heavy products were particularly studied. The
ionic charges of heavy fission products have been described by the V. Nikolaev model [4].
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CHROMODYNAMICS OF FISSION

Kunakov S.K.

al-Farabi Kazakh National University, Almaty, Kazakhstan

It should also be noted that the transformation of the energy of strong interactions into the kinetic energy of fission
fragments can not occur without the appearance of neutrinos or antineutrinos due to the weak interaction processes. Any
radioactive decay, as well as any process of nuclear fission results in the formation of fast particles, necessarily including
their immanent satellites, antineutrinos and neutrinos. Numerous experimental studies prove that these antineutrinos and
neutrinos propagate in all directions and berry practically all information about what happens inside the reactor on the

Earth or in outer space where the fissioning processes take place. This paper ana- lyzes the fission process 32He + 1on

— 1p + 31T +0.76 MeV with a focus on the problem. This fission reaction is unknown from the point of view of quantum

chromodynamics. The presented outcome of this nuclear reaction is certainly not the only one. The construction of the
Lagrangian function of the process and the solution of the correspondent Dirac equations is beyond the scope of the
present paper. However, as a first step in solving this problem, the fourth- coming general analysis of the ways how fission
processes proceed analogously to the nuclear reaction of the helium-3 isotope interaction with thermal neutrons is
presented.

CLARIFICATION OF THE SPECTROSCOPIC FACTOR FOR #»Mg—*Mg+n VIA THE
"EXPERIMENTAL™ ANC

Tojiboev O.R. %, Artemov S.V. 1, Burtebayev N.2, Ergashev F.Kh. !, Kayumov M.A. !, Karakhodjaev A.A. !

YInstitute of Nuclear Physics, 100214 Tashkent, Uzbekistan
2Institute of Nuclear Physics, 050032 Almaty, Kazakhstan

Usually the differential cross sections (DCSs) of nucleon transfer reactions are analyzed within the DWBA for
determination of spectroscopic factors (SFs) (see, e.g., [1] and references therein). Even when the error bars in the
experimental differential cross section are small, the uncertainty of the SF resulting from normalization of the calculated
DCS is often large, regardless of whether it agrees with the shell-model prediction. One of the main reasons for this fault
is the strong dependence of the extracted SF on the model single-particle potential parameters.

In this work the SF is obtained for the *Mg—*Mg+n configuration from the analysis of the reaction
%Mg(d,p)**Mg at Eq = 13.6 [2] and 14.5 MeV [3] is presented. The analysis is fulfilled within the framework of the
MDWBA method (see [4] and references therein). In this method, to exclude the strong dependence of results on the
single-particle potential parameters the additional information about the asymptotic normalization coefficient (ANC),
C2xp for ®Mg—2*Mg+n [3] is introduced into the DWBA analysis which determines amplitude of the tail of radial overlap
function for the appropriate (A+p)-channel [4].

The study of the behavior of the test functions R(b) [4] with selected optical potentials in the region of the main
maximum of the angular distribution at both energies indicates a strong non-peripherality of the neutron transfer process
in this reaction Here b is the one-particle normalization coefficient, that determines the amplitude of the tail of the one-
particle wave function of the neutron in the nucleus 2®Mg. So, owning to the MDWBA conception, one can’t extract the
correct value of ANC for the configuration {#Mg=?*Mg+n} from the MDWBA analysis. But, one can obtain the SF
Zosmg+n Value if the geometry parameters of the neutron bound state potential are known (or known the single particle
ANC b).

With that, owing to the established value of the ANC of this configuration from the analysis of the peripheral
reaction 2*Mg(d,t)>*Mg, it is possible to establish the value of the spectroscopic factor from the DWBA analysis with the
additional restriction on b value. As shown in [4], the square of ANC is uniquely related to the SF Z by the relation C? =

. . 0.13 _
Zb?, and the SF value for the bound state 2Mg—?*Mg+n can be obtained which is equal to Z = 0-41f0.11. In this case,

the uncertainty of its value, associated with the ambiguity of the choice of the geometrical parameters of the nuclear
potential of the bound state 2*Mg + n, turns out to be significantly minimized.
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CONTRIBUTION OF AKDENIZ UNIVERSITY TO EXPERIMENTAL NUCLEAR PHYSICS
RESEARCH AND APPLICATION IN TURKEY: THE RESULTS OF PHOTONUCLEAR REACTIONS AND
PHOTOFISSION

Boztosun I.

Akdeniz University, Faculty of Science, Department of Physics, Antalya, Turkey
boztosun@akdeniz.edu.tr

In this talk, recent results on (y,n) and (y,p) photo-nuclear reactions and photo-fission of heavy nuclei such as
Thorium, Uranium and Americium will be presented. The brems strahlung photons obtained by using an electron
accelerator with 18 MeV electron beam energy has been used to irridiate the targets of mid-heavy and heavy nuclei. In
the first part of this talk, half-life and energies of gamma-ray transitions of diffeent nuclei such as Ga, Sc and Z nwill be
presented. Then, the application of the brems strahlung photons produced by this electron linear accelerator (e-LINAC)
in different fields of fundamental and applied sciences such as agriculture and foods tuffs, engineering sciences, health
and medicine as well as research and development studies will also be presented.

CROSS SECTIONS FOR THE “N(n,a)!!B REACTION IN THE MeV ENERGY REGION

Chuprakov 1187, Sansarbayar E.!, Gledenov Yu.M.t, Anmadov G.S.%, Zolotaryova V.%7, Krupa L.2°, Zhang Guohui?,
Jiang Haoyu®, Khuukhenkhuu G.#, Wilhelm 1.5, Solar M.5, Sykora R.®, Kohout Z.%, Zhumadilov K.Sh.®

!Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna 141980, Russia
2Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, Dubna 141980, Russia
3State Key Laboratory of Nuclear Physics and Technology, Institute of Heavy lon Physics, Peking University,
Beijing 100871, China
“Nuclear Research Centre, National University of Mongolia, Ulaanbaatar 210646, Mongolia
SInstitute of Experimental and Applied Physics, Czech Technical University in Prague, Horska 3a/22,
Prague 2 12800, Czech Republic
®L.N. Gumilyov Eurasian National University, Nur-sultan 010000, Kazakhstan
"The Institute of Nuclear Physics, Ministry of Energy of the Republic of Kazakhstan, Almaty 050032, Kazakhstan

We have measured the cross sections of the 1*N(n,a)!!B reaction in the 3.9-5.3 MeV. Experiments were performed
at the Van de Graaff Accelerator EG5 of Frank Laboratory Neutron Physics, JINR. Fast monoenergetic neutrons were
obtained from the reaction ?H(d,n)®He using a gaseous deuterium target. The gridded ionization chamber was used as an
alpha particle detector. Thin solid samples of adenine (CsHsNs) deposited on a tantalum backing were used as a target.
The absolute and relative neutron flux was determined by two highly enriched 2%U3;Og samples inside the GIC. The
present results are compared with existing data and libraries.
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DECAY RATES t—K*(892)nv AND 1—K*(892)Kv IN THE NJL MODEL

Volkov M.K.1, Nurlan K. 123 Pjvovarov A.A.1

LJoint Institute for Nuclear Research, Dubna 141980, Russia
2Institute of Nuclear Physics, 050032 Almaty, Kazakhstan
3al-Farabi Kazakh National University, Almaty, 050040 Kazakhstan

The branching fractions and the differential decay width of T—K*(892)[K,n]v were calculated in the Nambu—
Jona-Lasinio model in the mean field approximation, which corresponds to considering quark loops in the leading order
of 1/Nc. The contributions from the contact diagram (the final states are directly producted from the lepton current without
any intermediate meson states) and the diagrams with intermediate axial-vector, vector and pseudoscalar mesons in the
ground and first radially excited states are taken into account. It is shown that an axial-vector and vector channel with a
contact diagram give a dominant contribution to the branching fraction of t—K*(892)Kv and only an axial-vector diagram
with contact term give the dominant contribution to the decay width of T—K*(892)nv. A prediction for the differential
distribution over the invariant mass of the meson pairs K*(892)[K,n] are presented. We make a numerical estimate for
the branching fractions Br(t->K*(892)Kv)=2.0*10"-3 and Br(t->K*(892)nv)=1.23*10"-4.

DEVELOPMENT OF NEW SOFTWARE FOR NUCLEAR DATA COMPILATION

Sarsembayeva A", Odsuren M?7, Belisarova F!, Taukenova Al, Sarsembay A3

!Department of Physics and Technology, al-Farabi Kazakh National University, Almaty 050040, Kazakhstan
2School of Engineering and Applied Sciences,
National University of Mongolia, Ulaanbaatar 14200, Mongolia
3School-Lyceum Ne250 n.a. T. Komekbayev, Karmakchi area, Kyzylorda region, Kazakhstan
“sarsembaeva.a@kaznu.kz
fodsuren@seas.num.edu.mn

Nuclear reaction data is essential for research and development in nuclear physics, astrophysics, nuclear
engineering, radiation ecology and radiation medicine. These fields require a variety of nuclear reactions data in the form
of database accessible to nuclear data users around the world. NRDC network uses a special format of nuclear data
EXFOR (EXchangeFORmat) containing extensive data on nuclear reactions with photons, neutrons, charged particles,
heavy ions, the properties and structure of atomic nuclei [1]. Today EXFOR contains data from more than 20,000
experiments [2].

Maintenance of such a massive array of various data requires specialized tools with the possibility to compile,
input and digitize numerical and graphic information. Al-Farabi Kazakh National University in collaboration with
National University of Mongolia are developing a new user-friendly software for nuclear data input with possibility of
output in EXFOR [3, 4]. We give the description and analysis of available software for nuclear data compilation.
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DIGITAL SPECTROMETRY TRACT PROTOTYPE FOR THE GABRIELA DETECTORS ASSEMBLY

Mukhin R.S. 2, Chelnokov M.L. 2 Chepigin V.I. 2, Izosimov I.N. 3 Isaev A.V. 2 Kuznetsova A.A. 2 Malyshev O.N. P,
Popeko A.G.2?, Popov Y.A.2?, Sokol E.A. 2, Svirikhin A.l. 2, Tezekbayeva M.S.2¢, Yeremin A.V.2?, Hauschild K.

2 Joint Institute for Nuclear Research, Russia, Dubna
b Dubna State University, Russia, Dubna
¢ Institute of Nuclear Physics, Republic of Kazahstan, Almaty
d1JCLab, IN2P3-CNRS, France, Orsay

The experiments in transfermium isotope spectroscopy using the SHELS (the Separator for Heavy Element
Spectroscopy) and the GABRIELA (Gamma Alpha Beta Recoil Investigations with the Electromagnetic Analyser)
detector are conducted at the Flerov Laboratory of Nuclear Reactions (Dubna, Russia). At the moment, the information
from the detectors is processed using the classical analogue spectrometric path, which allows for excellent energy
resolution. However, the dead time of this system is on the order of units of microseconds, which does not allow us to
study the properties of isotopes with half-lives shorter than this value. To improve the time characteristics of the system,
it was decided to develop a new digital spectrometric path consisting of a chain "preamplifier - ADC - analyzer”. The
dead time of the new system can be reduced, in the long term, to tens of hanoseconds. The main goal was to develop an
easily scalable system for online experiments. The prototype digital spectrometric tract was assembled and tested on a
beam (reaction “8Ca + "*Yb—??2Th*). These tests demonstrated the ability to search for correlations of the "recoil-
nucleus-alpha-particle” and "alpha-particle-alpha-particle” types. The energy resolution of the digital system was also
measured and comparisons with that of the analogue tract are given.

DISTRIBUTED COMPUTING AND BIG DATA TECHNOLOGIES FOR LARGE SCALE PROJECTS

Korenkov V.

Joint Institute for Nuclear Research, 141980 Dubna, Russia

The experiments at the Large Hadron Collider (LHC) at CERN (Geneva, Switzerland) played a leading role in
scientific research not only in elementary particle physics and nuclear physics, but also in the field of Big Data Analytics.
Global distributed system for processing, storage and analyzing data WLCG (Worldwide LHC Computing GRID) brings
together the resources of about 180 computer centres in 50 countries, the total storage capacity is more than 1 Exabytes.
Data processing and analysis is carried out using high-performance complexes (Grid), academic, national and commercial
resources of cloud computing, supercomputers and other resources. JINR is actively involved in the integration of
distributed heterogeneous resources and the development of Big data technologies to provide modern megaprojects in
such high-intensity fields of science as high energy physics, astrophysics, bioinformatics and others. JINR is actively
working on the construction of a unique NICA accelerator complex, which requires new approaches to the implementation
of distributed infrastructure for processing and analysis of experimental data.

The report provides an overview of major integrated infrastructures to support mega-projects and trends in their
evolution. The report also presents the main results of the Meshcheryakov Laboratory of Information Technologies Joint
Institute for Nuclear Research (MLIT JINR) in the development of distributed computing.

A brief overview of the projects in the field of the development of distributed computations performed by MLIT
in Russia, CERN, the USA, China, JINR Member States. The analysis works on the integration of technology HPC, grid,
cloud, BigData for large international projects.
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EFFECTIVE TRIAXIALITY OF EVEN-EVEN NUCLEI WITH QUADRUPOLE AND OCTUPOLE
DEFORMATIONS

Nadirbekov M.S., Bozarov O.A.

Institute of Nuclear Physics, Tashkent, 100214, Uzbekistan

The fundamental properties of the nuclear shape are expressed by the parameter quadrupole deformation B and
asymmetry parameter y. The parameter § is related to the intrinsic quadrupole moment and describes the magnitude of
departure from the spherical shape along given axis. At y=0 and y=n/3 corresponds to the axially symmetric prolate and
oblate shapes, respectively. The intermediate values of vy, within 0<y<n/3, give the triaxial shapes. Furthermore, evidence
of triaxial y-deformations of the nuclear form has long been known in nuclear spectroscopy. For example, some
characteristics such as surface oscillations, signature inversion, and chiral doublets, possibly caused by y-deformations
are observed in many nuclei. The non-axially-symmetric nuclei are soft or triaxial has been extensively investigated in
the framework theoretical approaches that are based on a rigid triaxial potential and a completely y-flat (y-unstable)
potential. Recently, for description energy levels with alternating parity of even-even nuclei with triaxial quadrupole and
octupole deformations (y-n-deformations), in the region lanthanides and actinides an approximation triaxial rotator model
(in the case K-mixing, K are the projections of the angular momentum on the third axes of the intrinsic frames) was used.

The collective spectra of atomic nuclei with axial-symmetry (K=0) quadrupole and octupole deformations are
characterized by rotational bands with alternating parity. Yrast and non-yrast energy bands with alternating parity of
deformed axial-symmetry even-even nuclei was described within a collective model with non-adiabatically coupled
quadrupole and octupole degrees of freedom. Where satisfactorily reproduced the strucutre of the yrast and first non-yrast
alternating-parity sequences in the rare-earth nuclei *°Nd, 521%4Sm, 1%4Gd, %Dy, 162184Er and the actinides 232234236238,
Where the hamiltonian of the axial-symmetry even-even nuclei has an exact I1(1+1) dependence and the observed or
estimated deviations from such a simple energy dependence is actual task.

It should be noted that in the experiments one can observe energy bands, which cannot be explained within
framework the nuclei models with axially-symmetric multipole deformations. For example, the spectrum of y-band energy
levels. Therefore, the purpose of the present work is to develop the model of atomic nuclei with triaxial quadrupole and
octupole deformations. We calculate values energy levels and are compared with available experimental data and the
implemented analysis allows us to make a conclusion about the relevance of the applied model formalism.

EFFECT OF CLUSTER POLARIZATION ON THE SPECTRUM OF THE SLi NUCLEUS

Kalzhigitov N. ¥*, Vasilevsky V.S. 2, Takibayev N.Zh. !, Kurmangaliyeva V.O. !

tal-Farabi Kazakh National University, Almaty 050040, Kazakhstan
2Bogolyubov Institute for Theoretical Physics, Kiev 03143, Ukraine

Recently, a significant influence of different types of polarization has been detected in numerous theoretical
investigations of thermonuclear reactions and the structure of some light nuclei involved. It has been demonstrated that
among different types of polarization, the cluster polarization has largest impact in light nuclei, as it significantly affects
the formation of bound and resonant states of compound nuclei. In the present paper, we study effects of cluster
polarization on the spectrum of resonance states and cross sections of nuclear reactions in the SLi nucleus.

To study the structure of the SLi nucleus and the effects of cluster polarization, a microscopic three-cluster model
is used [1]. This model involves two three-cluster configurations a+p+n and 3H+d+p and it therefore allows us to take
into account all dominant binary channels: a+d, SHe+p, SLi+n and 3H+3He. Thus, the model reduces three-cluster problem
to a set of binary channels. The Gaussian and oscillator basis of functions are employed to expand the wave functions of
two-cluster subsystems and three-cluster compound system as well. The main advantages of the model used are: (i) it
takes into account the Pauli principle, (ii) it provides an accurate description of the internal structure of interacting two-
cluster subsystems, and (iii) reduces the Schrodinger equation to a system of linear algebraic equations.

The pairwise semi-realistic nucleon-nucleon potential of Minnesota [2] was chosen as the potential describing the
interactions between nucleons.
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The analysis of the obtained results shows that cluster polarization has a rather strong effects on the structure of
the bound and resonance states of the SLi nucleus, it significantly changes their energies and widths. It is demonstrated
that the polarization shifts the energy of the ground state of the nucleus and the 3+ resonant state by more than 1MeV.
We also noticed a decrease of the total widths of all the considered resonances, especially the resonant 3+ state, the width
of which is decreased by almost 14 times.

Visualization of cluster polarization is performed for two channels: “He+d and ®He+p. For the first channel, the
polarizability of the deuteron d (i.e., the change of its size) is shown when it approaches “He, and for the second channel,
the polarizability of SHe is displayed when it interacts with a proton. It is also shown that the results obtained within
present model are consistent with results of other microscopic models and are in a fairly good agreement available
experimental data.
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ESTIMATION OF MULTIPLICITY AND CHARACTERISTICS OF THERMALIZATION OBTAINED IN
THE HOLOGRAPHIC APPROACH USING ADSs WITH PHANTOM BLACK HOLE

Sidorov Ya.V. 1, Zazulin D.M. 12", Kemelzhanova S.E. 1, Tursumbekov A.Sh. !

tal-Farabi Kazakh National University, Almaty, Kazakhstan;
2Institute of Nuclear Physics, Almaty, Kazakhstan
“denis_zazulin@mail.ru

Study of the quark-gluon plasma formed as a result of the collision of heavy ions is currently being underway both
in experimental facilities and in theoretical works. In the holographic approach, the formation of quark-gluon plasma in
four-dimensional Minkowski space is described by the formation of black holes in a five-dimensional anti-de Sitter space
AdSs. And with the help of the entropy of five-dimensional black hole, determined by the area of the trapped surface, the
multiplicity of particle formation in the heavy ions collision is estimated [1-5]. At the same time, the process of black
hole formation in the AdSs in holographic language also describes the process of the transition of quark-gluon plasma in
the four-dimensional Minkowski space to the state of thermodynamic equilibrium [6-8]. For a more accurate description
of the experimental data, the AdSs is modified, for example, by adding some fields to it.

In our work, for a holographic fluid dual to the AdSs with phantom black hole, taken as a model of quark-gluon
plasma formed by heavy ions collisions in the corresponding problem of five-dimensional gravity, we have investigated
the thermalization process and have estimated produced particles multiplicity.
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EXCITATION OF ISOMERIC STATES IN REACTIONS (y,n) AND (n,2n) ON &Br AND #Sr NUCLEI

Palvanov S.R.}, Egamova F.R.}, Palvanova G.S.}, Ramazanov A.H.}, Egamov S.R.2, Mamajusupova M.l.!
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This work presents work results of investigation of the isomeric yield ratios of the 8Br(y,n)®™9Br,
81Br(n,2n)%™9Br, 86Sr(y,n)®MmISr and 86Sr(n,2n)&™ISr reactions. The isomeric yield ratios were measured by the induced
radioactivity method. Samples of natural Br and Sr have been irradiated in the bremsstrahlung beam of the betatron SB-
50 in the energy range of 10+35 MeV with energy step of 1 MeV. For 14 MeV neutron irradiation, we used the NG-150
neutron generator.

The gamma spectra reactions products were measured with a spectroscopic system consisting of HPGe detector
CANBERRA with energy resolution of 1,8 keV at 1332 keV gamma ray of ®Co, amplifier 2022 and multichannel
analyzer 8192 connected to computer for data processing. The filling of the isomeric and ground levels was identified
according to their y lines. Values Ym /Yq at Eymax = 30 MeV for the reaction (y, n) on nuclei 8'Br and ®Sr are respectively:
0,46+0,02 and 0,56+0,04. In the range 26-35 MeV the isomeric yield ratios of the reaction (y,n) on ®Br and %Sr are
obtained at first. Using the isomer yield ratio and the total cross section of the (y, n) reaction on 8Br and 6Sr [1] received
the cross sections of (y,n)™ and (y,n)? reactions. The cross section isomeric ratios at E,=E, are estimated.

The isomeric cross-section ratios om/cg Was determined in the case of the reaction (n, 2n). To obtain the absolute
values of the cross sections of the ground and isomeric states. we used the methods of comparing the yields of the studied
and monitor reactions. As a monitor reaction we used Al (n,a)?**Na (T12 = 15 h. E, = 1368 keV) the cross section of
which is: om = 121.57 £ 0.57 mb at E, = 14.1 MeV [2]. For E, = 14.1 MeV, the following results were obtained: om =
737446 mb, og = 391447 mb(for #Br); om = 221+£7mb, 64 = 884+62mb(for Sr).

The experimental results have been discussed, compared with those of other authors as well as considered by the
statistical model [3,4]. Theoretical values of the isomeric yield ratios have been calculated by using code TALYS-1.6.
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FISSILE NUCLEI ROTATION EFFECT IN 25U(n,yf) PROCESS
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T-odd effects in fission of heavy nuclei have been extensively studied during more than a decade in order to study
the dynamics of the process. A collaboration of Russian and European institutes discovered the effects in the ternary
fission in a series of experiments performed at the ILL reactor (Grenoble) [1-3] and the effects were carefully measured
for a number of fissioning nuclei. The analogous effects for gammas and neutrons in fission of 23U and »**U was also
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measured [3-6] after the observation of T-odd effects for ternary particles accompanying the reaction 23°U(n,f) induced
by cold polarized neutrons. All experiments up to now were performed with cold polarized neutrons, which suggests a
mixture of several spin states of the compound nucleus, the relative contributions of which are not well known. The
measurements of gamma and neutron asymmetries in an isolated resonance of uranium is important in order to get “clean”
data. Therefore, our team continues to carry out a series of experiments by polarized neutrons with different energies. The
present work describes a number of our team’s measurements that include the results of T-odd effects in the fission of
uranium isotopes by polarized neutrons with different energies at the POLI facility of the FRM II reactor in Garching.
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FOUR-NEUTRON DECAY CORRELATIONS
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Mechanism of simultaneous non-sequential four-neutron emission (or ““true" four-neutron decay) has been
considered in phenomenological five-body approach.

This approach is analogous to the model of the direct decay to the continuum often applied to two-neutron and
two-proton decays. It is demonstrated that four-neutron decay fragments should have specific energy and angular
correlations reflecting strong spatial correlations of ~“valence" nucleons orbiting in their four-neutron precursors. Due to
the Pauli exclusion principle, the valence neutrons are pushed to the symmetry-allowed configurations in the four-neutron
precursor structure, which causes a ~"Pauli focusing" effect.

Prospects of the observation of the Pauli focusing have been considered for the hydrogen-7 nucleus, which ground
state decays through the four-neutron emission. Fingerprints of it nuclear structure or/and decay dynamics are predicted.

HADRON AND QUARK FORM FACTORS IN THE RELATIVISTIC HARMONIC OSCILLATOR MODEL

Sagimbayeva N.*?, Burov V.V.!

Mnucturyt spepuoit Ppusnkn, Anmartel, Kasaxcran
200beIeHHBIN MHCTUTYT AEPHBIX MCCenoBanni, JlyOna, Poccus

Nucleon, pion and quark form factors are studied within the relativistic harmonic oscillator model including the
quark spin. The nucleon charge, magnetic and axial form factors and the pion charge form factor can be explained with
one oscillator parameter if one accounts for the scaling rule and the size of the constituent quarks. We analyze the proton
electromagnetic and weak form factors (FFs) and the pion charge FF in the framework of the Relativistic Harmonic
Oscillator Model (RHOM). A method for building a covariant and gauge-invariant current within the 7(12) ® O (3, 1)
model was proposed. Covariant and gauge-invariant current for the SU (6) @ O (3, 1) model was found and it was shown
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that all the nucleon FFs can be described in this case. However, the agreement with the experimental data is here much
worse than within the nonrelativistic model that takes into account the Lorentz contraction of the nucleon wave function,
although the latter model fails to describe the electric FF of the neutron.

The aim of the present note is to describe the nucleon FFs within RHOM using the SU (6) @ O (3, 1) scheme of
derivation of the covariant and gauge-invariant currents under the assumption that the behavior of the FFs when g2 — o
is governed by the quark counting and that there holds the experimentally observable scaling, i.e.GE(q%) = G, @*)/u, =

u(9?)/uy, where p,, ,, are the magnetic moments of neutron and proton.

The model gives a simple description of the experimental data on nucleon and pion FFs provided by only one
arbitrary parameter is used. Note that the quality of the description can be improved upon by using g,,(q?) and g,(q?)
to fit the nucleon FFs. The model could then be used, with all the parameters fixed, in investigations of the strong NN
vertex, A- isobar FFs, and nucleon structure functions etc. Besides, the model can be easily extended to systems with a
number of quarks larger than three, e. g. to the study of the deuteron FFs.

HOLOGRAPHIC LIQUID DUAL TO ADSs WITH PHANTOM BLACK HOLE

Tursumbekov A.Sh. 1, Zazulin D.M. 12*, Kemelzhanova S.E. %, Sidorov Ya.V. !
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Today, one of the most reliable calculation methods in the field of viscous hydrodynamic systems with strong
interactions (for example, system of quark-gluon plasma) is the holographic method with hydrodynamics/gravity duality
[1]. In turn, for a more accurate description of the dynamics of the quark-gluon plasma obtained in the collision of heavy
ions at colliders (for example, RHIC, LHC and NICA) from the side of gravity electromagnetic, scalar, etc. additional
fields are added to the action [2-7].

In our work, we consider the hydrodynamics of a viscous fluid dual to a five-dimensional anti-de-Sitter space with
a charged phantom [8] black hole. The transport coefficients of the 15 and 2" order for this liquid are calculated. Various
relations are found for the transport coefficients. The ranges of the parameters of the theory are determined, in which the
holographic liquid is free from pathologies (instability and causality violation).
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IMPACT OF COSMIC RAYS AND SOLAR ACTIVITY ON TEMPERATURE OF LOWER ATMOSPHERE

Karimov K.A., Gainutdinova R.D., Krylov S.V.

Institute of Physics of National Academy of Sciences Bishkek, Kyrgyz Republic

The results of analysis of cosmic rays variations together with variations of solar activity are considered in this
work for a 14-year period. During this time the data of temperature regime changes are also shown for three levels of
atmosphere. The influence of intensity of cosmic rays and solar activity on surface atmosphere regime is under
consideration. It is shown, that cosmic rays can control cloudiness, and through it temperature regime of surface
atmosphere, including regional and global Earth’s climate change.

Cosmic rays can indirectly (through the lowering clouds and condensed on aerosol particles drops) influence lower
cloudiness formation up to 3 km. Lower cloudiness makes up 40% from the total and obtains the highest albedo. It is
estimated by reflective capacity in 20 Wt/m?. The average monthly temperatures for winter in surface atmosphere vary
after solar activity and are in antiphase with cosmic rays intensity.

Thus, cosmic rays can regularly influence the cloudiness, and through it, the climate. The lower solar activity, the
higher cloudiness and cosmic rays intensity results in temperature decrease in lower atmosphere.

It is assumed that cosmic rays consist of nucleons of solar and extragalactic origin. When passing the interstellar
environment, partial cosmic rays dissipation occurs, so cosmic rays give up a part of their energy to cosmic space. It is
guessed that cosmic rays consist of nucleons, and interstellar gas mainly consists of unionized hydrogen, though it is
ionized partially up to 10%.

INDIRECT METHODS IN NUCLEAR ASTROPHYSICS

Bertulani C.A.

Texas A&M University, USA

Reactions with radioactive nuclear beams at relativistic energies have opened new doors to clarify the mechanisms
of stellar evolution and cataclysmic events involving stars and during the big bang epoch. Numerous nuclear reactions of
astrophysical interest can not be assessed directly in laboratory experiments. Ironically, some of the information needed
to describe such reactions, at extremely low energies (e.g., keVs), can only be studied on Earth by using relativistic
collisions between heavy ions at GeV energies. A short review of the theoretical methods needed to understand the physics
of stars, adding to the knowledge inferred from astronomical observations will be made.
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INVESTIGATION OF CONTINUOUS ENERGY SPECTRA OF LIGHT CHARGED PARTICLES FROM
INTERACTION OF ®He IONS WITH #Al IN WIDE ENERGY RANGE
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At present, it is established that the pre-equilibrium mechanism plays a dominant role at the energies of incident
particles from 10 to 100 MeV/nucleon. The main integral characteristics of pre-equilibrium decay in reactions with
nucleons have been studied, but its role in reactions with complex particles remains an open problem.

The aim of this work is to study the inclusive spectra of light charged particles emitted from the interaction of He
ions with 2’Al nucleus in the energy 34 MeV and 50 MeV. Experimental data were measured on the isochronous cyclotron
U-150M of the Institute of Nuclear Physics. The double-differential cross sections of the reactions (*He, xp), (*He, xd)
and (®He, xt) were measured in the angular range 15-165° with angle increments of 15°. The energy distributions
integrated over angle were determined on the base of these experimental results. The experimental cross-sections of the
reactions are analyzed in accordance with the exciton model of pre-equilibrium nuclear decay, which describes the
emission of particles from compound nucleus. Additional components calculated semi-empirically to determine the
contributions of direct transfer and knockout reactions, including cluster degrees of freedom. In all calculations the

h )= (2,0,1,0) was taken as the initial in Griffin’s model. A satisfactory

particle-hole configuration (pﬁ,hﬂ, p,.n,
agreement between experimental and calculated values in the energy region corresponded to the pre-equilibrium

mechanism has been achieved.

INVESTIGATION OF THE 7%H STATES IN ®He+d INTERACTION

Muzalevskii 1.A.22, Bezbakh A.A.*?Belogurov S.G.%#, Biare D.%, Chudoba V.*?, Fomichev A.S.1%, Gazeeva E.M.%,
Gorshkov A.V.%, Grigorenko L.V.%48Kaminski G.»7, Kiselev 0.8, Kostyleva D.A.2°, Kozlov M.Yu.*, Mauyey B.%,
Mukha 1.8, Nikolskii E.Yu.6*, Parfenova Yu.L.%, Piatek W.%7, Quynh A.M.%%, Schetinin V.N.%, Serikov A.%,
Sidorchuk S.1.1, Sharov P.G.%?, Slepnev R.S.%, Stepantsov S.V.%, Swiercz A2, Szymkiewicz P.%%2,
Ter-Akopian G.M.>®, Wolski R.113, Zalewski B.:, Zhukov M.V.*

IFlerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna, Russia
2Institute of Physics, Silesian University in Opava, 74601 Opava, Czech Republic
3SSC RF ITEP of NRC “Kurchatov Institute”, 117218 Moscow, Russia
“National Research Nuclear University “MEPhI”, 115409 Moscow, Russia
SDubna State University, 141982 Dubna, Russia
®National Research Centre “Kurchatov Institute”, Kurchatov sq. 1, 123182 Moscow, Russia
"Heavy lon Laboratory, University of Warsaw, 02-093 Warsaw, Poland
8GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany
°Il. Physikalisches Institut, Justus-Liebig-Universitit, 35392 Giessen, Germany
0L aboratory of Information Technologies, JINR, 141980 Dubna, Russia
INuclear Research Institute, 670000 Dalat, Vietnam
L2AGH University of Science and Technology, Faculty of Physics and Applied Computer Science,
30-059 Krakéw, Poland
Bnstitute of Nuclear Physics PAN, Radzikowskiego 152, 31342 Krakow, Poland
4Department of Physics, Chalmers University of Technology, S-41296 Géteborg, Sweden

Investigation of the ®H and "H isotopes, the lightest chemical element of hydrogen, has long history which goes
up to these days. They are the most neutron rich systems with the biggest ratio of mass-over charge, which makes these
systems attractive to study. The high intensity 8He secondary beam with energy 26 AMeV, produced at the recently
commissioned ACCULINNA-2 fragment separator [1], was used for the population of the systems of interest in the 8He+d
interaction. The detection the low-energy recoils “He and *He made with high energy and angular resolution allowed us
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to reconstruct the missing-mass spectra of ®H and “H populated in the 2H(®He,*He)®H and 2H(®He,®He)"H reactions. The
applied experimental techniques, the results of the data analysis and simulations are be presented in our report. The ground
state 1/2* at 2.2(5) MeV of "H and (possibly) the 5/2*-3/2* doublet of the first excited states, located in the energy range
5.5-7.5 MeV, were populated in the proton transfer reaction from the ®He beam on D, cryogenic gas target [2,3]. As
compared to previous works, the experiment [2,3] features the reliable channel identification, high energy resolution, and
additional support from the obtained angular and energy distributions. The obtained results presumably resolve the
problem of search for the "H ground state which was not successful for more than 40 years. The ®H studies were a “satellite
activity” of the "H investigation [4]. Finally, this allowed us to observe a resonant state in ®H at 6.8 MeV above the *H+3n
decay threshold and to obtain an indication on a resonant state at 4.5 MeV, which is a realistic candidate for the ®H ground
state. In addition, the measured momentum distributions of the 3H fragments, represented in the ¢H rest frame, provided
evidence for an extremely strong “dineutron-type” correlation occurring in the decay of °H ground state.

All together the obtained data on the low-energy spectra of ®H and "H systems shed light on the spectroscopy of
these exotic systems and decay mechanisms of their ground and exited states.
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INVESTIGATION OF THE PROTON TRANSFER REACTION ?2C(1°B,°Be)®N AT 41.3 MeV FOR 2C(p,7)*N
S-FACTOR AND REACTION RATE CALCULATION
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Radiative proton capture 2C(p,y)'*N is one of the key reactions in nuclear astrophysics. The study of the
2C(p,y)N(B+)*3C process is also of interest for obtaining information on the formation of the 3C nuclei required for the
183C(0,n)*®0 reaction, competing with the most popular ?*Ne(a,n)?®Mg reaction as a neutron source for the s-processes [1]
in the low-mass AGB stars.

Here the results of the analysis of the experimental differential cross section (DCS) of the proton transfer
12C(1°B,°Be)*®N reaction at the projectile 1°B energy of 41.3 MeV are presented. As a comparison, we also reanalyze the
experimental DCS of the 2C(®He,d)*®N reaction at the projectile ®He energies of 24.8 [2], 34.0 and 42.0 MeV, which was
earlier measured and analyzed within the framework of the finite range of the “post"-approximation of the MDWBA
[3,4].

2

The averaged value of the ANC C13N

was used for calculation of the astrophysical S factor and reaction rate of the radiative proton capture *>C(p,y)**N. The
results of the present work for the S(E) factor at the stellar energies E=0, 25 and 50 keV are 1.76+0.14, 1.88+0.15 and
2.03+0.15 keV b, respectively.

for ?C+p—3N recommended in the present work, C2, =2,55+0,36 fm?
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Currently, there is experimental information on the cross sections of the reaction °Be(p,d) obtained at low
astrophysical energies by different authors [1-8]. However, the extrapolation of the S-factors of this reaction to zero
energy as shown in the review paper [9] has a large uncertainty (the difference is up to 10 times). This is basically due to
the many resonances present at low energies. For accurate extrapolation of experimental data, for example, by the R-
matrix method, it is very important to have reliable experimental data in the regions of the maxima and minima of the
available resonances. Obtaining these data for the region Ey, 1a0.= 300 - 1400 keV the present work that has been carried
out at the electrostatic tandem accelerator UKP-2-1 of the Institute of Nuclear Physics (Almaty) is devoted. The Be film
of natural isotopic composition (°Be ~ 100%) was used as a target. Detailed description of the experimental methods and
the accelerator can be found in [10, 11] and in their references.

The measurement of the differential cross sections of the reaction *Be(p,do) at Ep, 1an. = 400, 600, 940, 1050, 1200,
1300 and 1400 keV at the range of angles 01, = 20° - 165° with a step of 10° has been carried out with an error of about
15%. We also have measured the excitation functions of this process in the energy range of E . = 300 - 1400 keV with
a step of 10 - 20 keV for the angles 015, = 70° and 160°. Within the limits of error, the results of the present experiment
coincided with the literature data in the overlapping areas.
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The inelastic scattering and multi-nucleon transfer reactions was studied by bombarding a °Be target with a 2H
beam at the incident energy of 30, 40 and 47 MeV. The experimental angular distributions for °Be(d, d)°Be, °Be(d,
“He)®Be, °Be(d, "Be)°He, °Be(® d, Li)®Li and °Be(d, "Li)°Li reaction channels were measured on the extracted beams of
the cyclotronsK-120 of the University of Jyvaskula (Jyvaskula, Finland) and U-120 of the Institute of Nuclear Physics
(Rez, Czech Republic). Registration and identification of the scattered reaction products was carried out by the AE-E
telescope of silicon semiconductor detectors [1].

Experimental angular distributions for the corresponding ground states (g.s.) were analyzed within the framework
of the optical model, the coupled-channel approach and the distorted-wave Born approximation. The contributions of
different exit channels have been determined confirming that the (o, + °He) configuration plays an important role [2]. °Be
consisting of two bound helium clusters (*He + ®He) is significantly suppressed, whereas the two-body configurations (n
+ 8Be) and (a + °He) including unbound ®Be and °He are found more probable. From the analysis of these data, the
probabilities of cluster configurations n + 8Be and a + >He were determined, which were 69% and 25%, respectively.

Keywords: cluster structure, optical model, CRC, DWBA, spectroscopic amplitudes, double folding, elastic and
inelastic scattering.
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NEW ANALOG SPECTROMETER OF THE DGFRS2 SETUP FOR REAL-TIME SEARCHING OF ER-a
AND a-a CORRELATED SEQUENCES IN HEAVY-ION INDUCED COMPLETE FUSION NUCLEAR
REACTIONS

Tsyganov Yu.S., Ibadullayev D.%2, Polyakov A.N.%, Voinov A.A.%, Subbotin V.G., Schlattauer L.%, Kuznetsov D.A. %,
Shubin V.1
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New analog spectrometer of the DGFRS2 [1] setup installed at new FLNR DC-280 [2] ultra intense cyclotron has
been designed. The main goal of application this spectrometer is to provide deep backgrounds suppression in different
heavy ion induced nuclear reactions using real-time detection mode of short correlated sequences like ER-alpha, alpha-
alpha or even ER-alpha-alpha. Integral 1M CAMAC analog-to-digital processor TekhInvest ADP-16 [3,4] is used as a
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basic unit in the spectrometer design. Three new real-time flexible algorithms are presented in addition to conventional
ER-o one which is in use for a few years at the DGFRS1 setup installed at U-400 FLNR cyclotron. Note that the
spectrometer operates together with 48x128 strip DSSSD (Double Side Silicon Strip detector) detector and low pressure
pentane-filled gaseous detector. To perform real-time operation mode we define an abstract mathematical object like
“correlation graph” containing n(n-1)/2 links. An experimentalist can use each link as trigger signal for beam stop. Here
n is number of nodes for this graph. In a present YDA Builder C++ program in use we apply three links as a trigger
signals. First tests of the spectrometer at intense beam of “Ca projectile are presented too. One of them is related with
changing pre-setting parameters to create a beam-off short time interval during a data acquisition process automatically.
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NEW CASES OF HALO IN ISOBAR-ANALOG STATES

Demyanova A.S.

NRC Kurchatov Institute, Moscow 123182, Russia

One of the most striking discoveries in nuclear physics made at the end of the last century was the discovery of
the neutron halo in the ground states of some light nuclei located near the neutron stability boundary.

The discovery of the halo led to a revision of many existing ideas in nuclear physics. The purpose of this research
is to search and study halo in isobar - analog states of light nuclei. The study of states with a halo in isobar analogs allows
one to investigate the manifestation of isotopic invariance at new objects and to relate the properties of the neutron and
proton halo. The question of the existence of halo in isobar - analog states has so far not been practically raised in the
experimental plan.

The proposed approach is based on measuring the radii of states in which the halo exists or can exist. Its first
application made it possible to determine the proton halo in an unbound state of *N. Isobaric invariance leads to the fact
that the states of two neighboring nuclei obtained by replacing a neutron with a proton are analogous, i.e. have in the first
approximation the same structure. In the case of isobar analogs having a halo, the situation is more complicated, since
such a change leads to a change in the thresholds that determine the very fact of the appearance of the halo. The data on
the radii can give new information for solving the long-standing problem of a single description of the halo in both parts
of the spectrum - discrete and continuous. It is proposed to solve problem: Experimentally determine the radii of a number
of states in which there can be a halo in nuclei from 6Li to 1O, forming isobar - analog doublets and triplets.

We have discovered new possible candidates for a halo in the isobar-analog multiplets A = 12 and A = 14. Signs
of a halo were found for the 2- and 1- states in the A = 12 multiplet terms: 1.19 and 1.80 MeV in ‘B, 16.57 MeV and
17.23 MeV in *2C and 1.67 and 2.62 MeV in N. In the multiplet A = 14, the 1~ 8.06 MeV state in *N turned out to be a
candidate for the halo. It should be noted that this is a rather nontrivial result. First, most of the states lie in the continuous
spectrum. Secondly, the results were obtained within the framework of two independent methods: ANK (method of
asymptotic normalization coefficients) and MDM method (Modified diffraction model). A great achievement was the
development of the ANC method for studying resonance states, which made it possible to identify new cases of a proton
halo in isobaric analog states. The research results correspond to the world level.
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NEW GAMMA-SPECTROSCOPY SETUP FOR NUCLEAR RESONANCE FLUORESCENCE AT TURKISH
ACCELERATOR AND RADIATION LABORATORY

Papo H1?, Aksoy A.M2, Karsli 0.2, Yilmaz Alan H.12, Yildiz H.2

! Ankara University, Ankara, Turkey
2 Turkish Accelerator and Radiation Laboratory, Golbasi, Ankara, Turkey

Abstract: A new facility based on a superconducting linac with 40 MeV energy and 1.6 mA current is taking shape
at Turkish Accelerator and Radiation Laboratory (TARLA). With a multidisciplinary, multi-purpose focus TARLA is a
user facility promoting scientific research and technical development. TARLA is equipped with two beamlines one of
which is intended for bremsstrahlung and electron beam use and the other for the free electron laser (FEL). Currently the
y/e” beamline is set to become operational until the end of the year. The y/e- beamline will be dedicated to nuclear physics
studies with bremsstrahlung and electron beams. One of the research focuses at TARLA will be studies of Nuclear
resonance fluorescence (NRF). In NRF a nucleus absorbs and then re-emits high-energy photons up to nucleon separation
energy. By observing the emitted photons one can study nuclear properties such as level schemes, spin and polarity,
branching ratios, transition strengths, collective behavior, pygmy dipole resonance and photon cross section as well as
others. By observing these quantities NRF can provide information about nuclear processes relevant to astrophysics as
wall production and study of exotic neutron—rich nuclei. By using a multi-detector setup utilizing a combination of high-
resolution high-efficiency HPGe detectors in coincidence with fast LaBr3(Ce) it is possible to obtain detailed spectra of
nuclei. TARLA Gamma-spectroscopy system (TAGSS) will be based on 2 Clover HPGe, 2 single crystal HPGe and 4
large volume LaBr3(Ce) detectors. Since there are no similar facilities in Turkey or neighborhood countries, it is our aim
to present both TARLA as well as TAGSS capabilities to potential user and to promote international collaborations in
science research and technology development.

Key words: superconducting linac, y/e” beam system, nuclear resonance fluorescence, gamma-ray spectroscopy.

NEW MEASUREMENTS AND THEORETICAL ANALYSIS FOR C+°Be ELASTIC TRANSFER

Nassurlla Marzhan ¢, Burtebayev N.12, Karakozov B.K. 1, Amangeldi N. 3, Morzabayev 4.K. 3, Yergaliuly G.3,
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Hamada Sh.”
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Many previous studies have shown that the angular distributions of elastic scattering are enhanced at backward
angles, when the projectile and target nuclei belong to the 1p - shell [1-2]. Most often, this increase in cross sections is
associated with the mechanism of cluster and/or nucleon transfer. The study of nuclear systems such as 2C+°Be and
13C+°Be is interesting because the spectroscopic factors of the ®He cluster in 2C, as well as the “He cluster in 3C, are
rather large [3]. In previous experimental works [4-6], the analysis within the framework of the optical model could not
explain the large scattering at the backward angles. Agreement with the experiment was achieved only by taking into
account the exchange mechanism with the transfer of the alpha cluster. Previously obtained data of elastic scattering of
13C ions by °Be nuclei at a beam energy of 22.75 MeV [7]. The results of this work were in good agreement with the
literature data. After that, it was decided to test such an exchange mechanism at energies of 19.5 and 16.25 MeV.

At the DC-60 cyclotron (Institute of Nuclear Physics of the Republic of Kazakhstan, Nur-Sultan), the differential
cross sections for elastic scattering of 13C ions by °Be nuclei were measured at Elab = 16.25 and 19.5 MeV, in the range
of angles Ocm = 33 © - 165 °. Thin carbon °Be films with a thickness of ~ 50 pg/cm? were used as targets. Charged particles
and products of nuclear reactions were recorded by a telescope of AE-E counters. The energy spectra of scattered particles
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were measured using the Win_EdE program with particle type identification. The systematic error of the measured cross
sections did not exceed 10%.

The cross-section growth at large angles was calculated within the finite DWBA range by including the alpha
cluster transfer exchange mechanism. The calculations of elastic scattering and alpha transfer were carried out using the
same potentials. Using the potential parameters obtained by us, other experimental data were also reproduced, as a result
of which the average value of the spectroscopic amplitude SA = 0.569 for the *C — (°Be + a) configuration was obtained.
This value is in good agreement with the theoretical values SA = 0.63 [2] and SA = 0.63[8].
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NON-STATISTICAL EFFECTS IN BETA & GAMMA DECAYS AND BETA-DELAYED FISSION
ANALYSIS

Izosimov I.N.

Joint Institute for Nuclear Research, Dubna, Russia
E-mail: izosimov@jinr.ru

The p—transition probability is proportional to the product of the lepton part described by the Fermi function f(Qg
— E) and the nucleon part described by the B-decay strength function Sg(E), where E is the excitation energy in daughter
nuclei and Qg is the total energy of B-decay.

The previously dominant statistical model assumed that there were no resonances in Sg(E) in Qg-window and the
relations Sg(E) = Const or Sg(E)~p(E), where p(E) is the level density of the daughter nucleus, were considered to be a
good approximation for medium and heavy nuclei for excitation energies E > 2-3 MeV. The effect of the non-statistical
resonance structure of the Sg(E) on the probability of delayed fission was first investigated in [1]. Then the method
developed in [1] for the description of delayed processes by considering the Sg(E) structure was used to analyze delayed
fission of a wide range of nuclei [2—6]. Ideas about the non-statistical structure of the strength functions Sg(E) have turned
out to be important for widely differing areas of nuclear physics [4].

When studying delayed fission, (i.e., fission of nuclei after the B-decay) one can obtain information on fission
barriers for nuclei rather far from the stability line [1-3]. The delayed fission probability substantially depends on the
resonance structure of the Sg(E) both for B~ and B*/EC decays [1-6]. It can therefore be concluded from this analysis of
the experimental data on delayed fission [1-6] that delayed fission can be correctly described only by using the non-
statistical B-transition strength function reflecting nuclear-structure effects.

In B-decay the simple (non-statistical) configurations are populated and as a consequence the non-statistical effects
may be observed in y-decay of such configurations. In delayed fission analysis the y-decay widths I'y calculated using the
statistical model, which, in general, can only be an approximation. Non-statistical effects in (p,y) nuclear reactions in the
excitation and decay of the non-analog resonances, for which simple configurations play an important role, were analyzed
in [5]. The strong non-statistical effects were observed for M1 and E2 y-transitions. Because the information about y-
decay is very important for delayed fission analysis, it is necessary to consider the influence of non-statistical effects on
delayed fission probability not only for f-decay, but also for y-decay.

In this report some features of B-delayed fission probability analysis are considered. It is shown that only after
proper consideration of non-statistical effects both for -decay and y-decay it is possible to make a quantitative conclusion
about fission barriers.
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NONLINEAR DYNAMICS OF PARTON DISTRIBUTION FUNCTIONS: THE LIMIT OF MULTIPLE
HADRON PRODUCTION AND THE REGIME OF DYNAMICALLY DETERMINED CHAQOS
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On the basis of nonlinear dynamics approach, computer simulation of multiple hadronic processes and dynamic
transition to quark-gluon plasma has been carried out. The method of Poincaré sections is used for bifurcation analysis of
the evolution of parton distribution functions. A dynamical system has been considered as a Markov process in phase
space with discrete time. The parton momentum at a given time moment is determined by the momentum distribution of
partons at the previous time moment. The control parameter (0 < A < 1) grows with energy/ temperature and effectively
determines the correlation degree of partons.

Nonlinear dynamics equation of the quark-gluon system in vacuum, in the frame of phase representation could be
presented as follows: |xj,1) = A f(xl-)|x]-).

Here x is the Bjorken variable (i.e. momentum fraction), j corresponds to iteration number, X is the evolution
parameter, x - f (x) is the momentum distributions of partons, revealed from deep inelastic reactions. Numerical solution
of parton cascade nonlinear equation in vacuum shows stable attractor structures (by Poisson) emerging in bifurcation
points, corresponding to hadrons. Relativistic invariance of the equation has been ensured by proper time system. It is
shown, that at a sufficiently high energy of nuclear collisions, the cascade processes of multiple hadron production pass
into the regime of dynamic chaos. Due to the strong coupling mode, the cascade process is terminated by a transition to
an irregular chaotic state of partons. This explains the experimentally observed rapid plasma thermalization. Irregular
quark-gluon chaotic dynamics is a signal of the appearance of the initial phase of the quark-gluon plasma, its
thermalization and phase transition.

The nonlinear equation of evolution of the momentum distribution of partons (taking into account the distribution
functions of Bose-Einstein and Fermi-Dirac) for the final stage of plasma hadronization, when the control parameter
decreases in magnitude, has been solved numerically. For plasma, a term with the second derivative with respect to the
spatial coordinate with the viscosity coefficient of the medium should be added to right side of the evolution equation:

{Z_i +(x V)x} = AF(x) +nV%x + (n + 1) V(V - x).

The compressibility of the medium upon expansion
and cooling of the plasma is taken into account by the

0.8F momentum divergence. The figure 1 shows the transition
of the multiple processes to quark-gluon plasma with the
P; . 0.4F parameter close to unity and then, the hadronization of the
T plasma medium with a decrease in the parameter from
0 unity.
0

Fig. 1 - The quark-gluon system evolution
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OPEN QUESTIONS IN STUDY OF 3C EXOTIC EXCITED STATES
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13C is a good example of a “normal” nucleus that is well described in the framework of the shell model. Its level
scheme is reliably determined up to excitation energies ~ 10 MeV.

However, some open questions remain regarding the structure of low-lying *C states. This leads to increased
attention to *3C so far.

In 2014, our group announced the discovery of a state of *3C with an abnormally small radius. In the framework
of the Modified diffraction model (MDM) method, when analyzing data on a-scattering on 3C at energies of 65 and 90
MeV, it was shown that this state has a radius reduced by 10%. At the same time, in the works of theoreticians dilute
structure and increased radius were predicted for this state, and in part of the works, assumptions were made about the
rotational structure of this state and the possibility of the formation of a rotational band on it.

Another important question is the search for possible analogues of the Hoyle state in *3C in highly excited states.
Confirmed analog of the Hoyle state is the 1/2° (8.86 MeV) state in *C. Other possible candidate is the next 1/2- state -
11.08 MeV. Increased radius close to the radius of the 8.86 MeV state was obtained within MDM method analysis for
this state. However, result was obtained previously based on data at single energy.

Moreover, in [1] a hypothesis was put forward about a new type of symmetry in the 3C structure - D’s, symmetry.
Earlier in the work of the same team of authors, a similar type of Da, symmetry was predicted for the *2C nucleus. On the
basis of D’z symmetry, the rotational nature of a whole group of low-lying *3C states was predicted. If this hypothesis is
confirmed, our understanding about the *3C structure will radically change. In the work, 6 rotational bands were proposed,
that is, almost all low-lying *°C states were distributed among the rotational bands.

So a critical analysis of the available data is required to answer the question about the nature of low-lying excited
states in *3C.
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QUARKS IN NUCLEI: FROM NEUTRON HALO TO THE BOUNDARY OF NUCLEAR STABILITY

Musulmanbekov G.

JINR, Dubna, Russia

We propose a quark model of nuclear structure, where quark correlations result in nucleon-nucleon correlations
and arrangement of nucleons inside nuclei into lattice-like structure. The model called Strongly Correlated Quark Model
(SCQM) is built on consideration of color quarks as solitons. It is based on SU(3)-color symmetry and meets gauge
invariance principle. According to the model a nucleon is a system of three correlated valence quarks executing oscillatory
motion. During oscillations quarks transit dynamically from the current/constituent state to the constituent/current state
that corresponds to chiral symmetry breaking/restoration. Nuclei are constructed due to junctions of SU(3) color fields of
quarks of neighbor nucleons [1]. At any junction two quarks of neighbor nucleons should be of different color (r, g, b),
different flavor (u, d), and have parallel spins. Binding of nucleons in stable nuclei are provided by quark loops which
form three and four nucleon correlations. Application of the model to larger collections of nucleons reveals the emergence
of the face-centered cubic (FCC) symmetry at a nuclear level where nucleons are arranged in alternating spin—isospin
layers [2]. The model of nuclear structure becomes isomorphic to the shell model and, moreover, composes the features
of the liquid drop and cluster models. On a quark level the nuclear shell closures correspond to the octahedral or truncated
tetrahedral symmetry. Thus all nuclei even with closed shells are non-spherically symmetric. The quark loop that can be
identified with three nucleon force results in a **pairing”’ effect and **halo’” nuclei. Quark loops resulting in three nucleon
correlations form ®He and ®He halo nuclei. According to the SCQM there is no room for *®He. And namely quark loops
leading to four-nucleon correlations are responsible for the binding energy enhancement in even-even nuclei which are
formed by virtual alpha-clusters. Closure of a subsequent shells (p, d, f, ...) rearranges the previous shells (s, p, d, f, ...) in
such a way, that nucleons of the previous shell become the common ones for neighbor virtual alpha-clusters. At the same
time, the common nucleons become binding between pairs of virtual alpha-clusters [3]. In this way all inner closure shells
are rearranged into the face-centered cubic lattice with alternating spin-isospin layers. For medium and heavy nuclei the
arrangement of nucleons in alternating spin-isospin layers is modified by Coulomb repulsion of protons. This effect
together with quark/nucleon correlations leads to deviation from the shell model expectations. The model can predict the
boundary of the maximal numbers of proton and neutron excess, i.e. proton and neutron drip lines.
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REANALYSIS OF ELASTIC SCATTERING OF ALPHA PARTICLES ON B NUCLEI AT LOW ENERGIES
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In this work, in addition to our experimental data for “He+!'B at energy 29 MeV, we also reanalyzed the
experimental data for this nuclear system at other energies 48.7 and 54.1 MeV [1].
Calculations on an optical model at energy of 29 MeV have shown the efficiency of using an imaginary surface
type of potential. While, at energies 40, 48.7, 50, 54.1 and 65 MeV, the imaginary part of the potential was taken as a
volume part. This may be due to that the energy in this case is high enough for the interaction between the projectile (“He)
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and the target nucleus (*!B) to take place deep in the volume part. While, at lower energies such as 29 MeV, the interaction
at the surface part plays a significant role.

The parameters of the potentials were chosen from the condition of the best fit of the theoretical cross sections to
the experimental ones. One of the starting potentials was taken by us from [2], in which empirical expressions were
proposed for the central potential with purely surface absorption, the values of the parameters of which depend on the
3He energy and the mass of the target nucleus. This potential describes well the scattering of ®He in the energy range from
10 to 220 MeV by nuclei from beryllium to lead. Other starting values of the parameters were taken from [3, 4]. Seven
sets of potentials were obtained for each energy, equally well describing the experimental data. The volume integrals of
the real parts of the potential (Jv), normalized to a pair of interacting particles, as seen from the tables, have a significant
scatter from 250 to 530 MeV*fm?.

For further discussion, it is useful to identify the areas of maximum sensitivity to the real and imaginary parts of
the potentials. For this purpose, a series of calculations was carried out with an exactly found potential, the values of
which were set on a grid of radii with a step of 0.1 fm. For a set of points in the range r from 0 to 6.5 fm (for each of them
separately), the upper and lower boundaries of V(r) and W(r) were sought, within which the changes in ¥%N did not
exceed 25%.

Correlations between V and W, also V/W were established as a function of radius. It can be seen that the region
of maximum sensitivity to the real potential falls within the interval from 0.5 to 6 fm. It is somewhat narrower for the
imaginary part and is in the range of 2.5-5.5 fm. These conclusions correlate with the results of [5, 6]. Calculations show
that, in the sensitivity region, changes in V(r) and W(r) by about 10% only at one point lead to an increase in ¢%/N by
20%. On the contrary, in the central and peripheral regions, the same increase in 2 corresponds to a more than twofold
change in the value of the potential.

To avoid ambiguity, we performed additional analysis using a double folding model. The results obtained are in
good agreement with the results of calculations using the optical model.
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4Cyclotron Institute, Texas A&M University, College Station, Texas, USA
Department of Physics, Florida State University, Tallahassee, FL, USA
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"al Farabi Kazakh National University, Almaty, Kazakhstan
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The a-induced reactions play an important role in various astrophysical scenarios. The reaction sequence
N (a,y)BF(B*, V)'80(ar,y)??Ne(a,n)?*Mg is considered to be the main neutron source for the s-process during core He
burning in massive stars [1-2]. The}’O(a,n)?*°Ne,*’O(a,y)**Ne, and*®0(a,n)?'Ne reactions affect the neutron balance via
the potential neutron poison %0. Depending on the rates of these reactions, a neutron may be first absorbed by the highly
abundant %0 nucleus in the 1*0(n,y)1’O reaction, but later the neutron can be recycled in the ¥’O(a,n)?°Ne reaction [3-5].
Direct measurements of nuclear reaction cross sections with 180 are hampered by low abundance of these isotopes and
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solid target preparation difficulties and at low astrophysical energies by the hindering effects of the Coulomb barrier
between interacting nuclei. Therefore it is important to develop new experimental approaches to obtain the needed
information and develop theory to predict alpha cluster properties of the states close to alpha particle decay threshold [6-
7].

We made the measurements of the 180+q elastic scattering using the Thick Target Inverse Kinematic [8,9]
method in the excitation energy region 9-13 MeV (*!Ne) and 11-14 MeV (?*Ne) at heavy ion accelerator DC-60 [9] (Nur-
Sultan, Kazakhstan). The excitation functions are analyzed in the framework R-matrix formalism [10]. Preliminary
results indicate a developed alpha cluster structure in 2-22Ne similar to that in 22Ne. We’ll discuss specific experimental
results, their description by a contemporary cluster model [11] and their possible influence on calculations of the
corresponding reaction rates in astrophysics.
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Due to recent advances in shell-model studies on spin modes in nuclei, precise evaluations of Gamow-Teller (GT)
strengths become feasible and electron-capture and beta-decay rates in stellar environments have been updated. For
example, a new shell-model Hamiltonian, GXPF1J, is found to reproduce GT strengths in Ni and Fe isotopes quite well
[1]. In particular, experimental GT distribution in %Ni is well reproduced [2]. The weak rates in fp-shell updated with the
GXPF1J are applied to nucleosynthesis in Type la supernova explosions [3]. Effects of the electron screening on the rates
and nucleosynthesis are also studied [4]. Overproduction problem of neutron-rich iron-group elements for the previous
weak rates is found to be considerably suppressed.

The weak rates important for the Urca processes in accreted neutron star crusts [5] are investigated. The nuclear
pairs, 3'Mg-3'Al and 6V -51Cr, are such examples. The GT strengths in 51V is evaluated with the GXPF1J Hamiltonian.
The calculated strength between the ground states of 5V and ®Cr is found to be consistent with the recent experimental
data [6]. This suggests that the Urca process for the A=61 pair would be more moderate than considered before. Results
with an extension to the fp-gd shell-model space will be also reported.

Electron capture on 2°Ne is critically important for the final stage of evolution of stars with initial masses of 8-10
Mo. Electron-capture rates for the second-forbidden transition in 2°Ne in stellar environments are evaluated by the
multipole expansion method with the use of shell-model Hamiltonians [7]. A comparison is made with the rates obtained
by the Behrens-Buhring method [8,9]. The e-capture rates on 2°Ne are applied to the calculation of the evolution of high
density ONeMg cores of 8-10 Mo stars toward e-capture supernovae (ECSN), and the final fate of the cores is discussed
[10,11].
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SHORT-RANGE NN CORRELATIONS AND QUASI-DEUTERON CLUSTERS IN THE 2C IN THE
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Short-range correlated (SRC) NN pairs play an important role in structure of atomic nuclei and are studied using
mainly electron beams [1]. Anew step was done at BM@N in JINR [2] where the reaction >)C+p—'°A+pp+N was studied
using the '?C beam at energy of 4 GeV/nucleon in inverse kinematics providing interaction with the hydrogen target to
probe the SRC pairs in the '2C. In theoretical analysis [3] of the SRC effects in this reaction a properly modified approach
is used developed earlier (see Ref. [4] and references therein) to describe the quasi-elastic knock-out of fast deuterons
from the light nuclei >C and "°Li by protons in the reactions (p,pd) and (p,nd) at the proton beam energy 670 MeV [5].
Elementary sub-processes in the (p,Nd) reactions were the backward quasi-elastic scattering of the proton on the two-
nucleon clusters p{pn}—pd and p{nn}—nd. As in Ref. [4], the spectroscopic amplitudes for NN-pairs in the ground
state of the '>C nucleus are calculated here within the translation-invariant shell model (TISM) with mixing
configurations. Factorization of the two-nucleon momentum distribution over the internal n (qre1) and the c.m.s. nem
(ke.m) momenta is assumed and for the nyei (qrer) distribution the squared deuteron (or singlet deuteron) wave function for
the CD Bonn NN-interaction potential is used. Relativistic effects in the sub-process p+{NN} p+N+N of quasi-elastic
knockout of nucleon from the SRC pair are taken into account in the light-front dynamics [6]. Here the initial and final
state interaction effects are estimated within the eikonal approximation using the Glauber model for the N-19A scattering.
The one-loop approximation with elastic N-'°A rescatterings is applied and the effect is found to be moderate. Since
the effects of the detector acceptance were not eliminated from the data [2] a direct comparison with the theory now is
difficult. We found that the c.m. distribution of the deuteron clusters obtained within the TISM and used in [4], [5] to
describe the (p,Nd) data [4] has to be modified considerably [6] to describe the k.m, distribution of the SCR NN pairs
measured in the electron data [7]. The ratio of the spin-singlet to spin-triplet pairs {pp}s/{pn}. is calculated and found to
be in agreement with the existing data.

This work is supported in part by the RFBR grant Ne 18-02-40046.
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STATUS OF THE NICA-MPD-PLATFORM

Roslon K.
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At JINR (Joint Institute for Nuclear Research) in Dubna, a project called NICA (Nuclotron-based lon Collider
fAcility), (NICA is the JINR flagship project for the next decade), is being implemented to create an ionic collider based
on the Nuclotron as part of a program to study nuclear matter in a hot and dense state. The main objectives of the program:
the creation of an accelerator complex of ions with high luminosity in the energy range up to 11 GeV/nucleon and a
modern multi-functional detector for the study of heavy-ion collisions.

The collider has two meeting points for the beams, which makes it possible to install two detectors and
simultaneously carry out two experiments.

One of the detectors, the MPD (Multi-Purpose Detector), is planned to study the properties of hot and dense nuclear
matter formed during collisions of high-energy heavy ions, in particular, to search for effects associated with
deconfiguration and/or restoration of chiral symmetry, to study the properties of phase transitions and mixed hadron and
quark-gluon phases.

The planned accelerator-accumulative complex will open new great opportunities for carrying out applied
programs at JINR in the fields of radiation technology, biology and medicine.

An important goal of the NICA project is to provide users with a research machine that will allow them to acquire
new scientific knowledge, research and understand the physical properties of a substance at an early stage of its
occurrence.

The multi-functional detector MPD is an advanced technical device with many parameters and features that require
constant monitoring and control in online mode.

Therefore, the MPD construction requires the designing and execution of dedicated technical installations using
advanced technologies that will meet the task. Service requirements for MPD made it an integrated structure placed on
the wagon, allowing the entire module to be moved within 12 meters for service purposes. Therefore, the MPD data
collecting room will be placed on a special mechanical structure on four floors. This mechanical block is referred to as
the NICA-MPD-Platform. In this design, the MPD infrastructure will be installed at 24 RACKSs.

The talk will describe the designed solutions and the way of their implementation. NICA-MPD-Platform is
designed as a mobile device integrated with MPD. The expected weight of the wagon is about 150 t. The NICA-MPD-
Platform has four floors. The lowest, LEVEL 1, is intended for power equipment, supplying MPD and the Platform itself
and underpressure cooling system for cooling Frond-end electronics of MPD. The next three LEVELS (2, 3, 4) are for the
SSC Slow Control System and DCS Detector Control System for the MPD-NICA project.

STUDIES OF THE REACTION °Be(p,a) IN THE ENERGY RANGE OF 300-1400 KeV

Gluchshenko N.V.%, Burtebayev N.12, Zazulin D.M.%*?, Nassurlla Marzhan'?, Sakuta S.B.3, Nassurlla Maulen*?,
Burtebayeva D.T.%, Alimov D.K.%, Sabidolda A}, Khojayev R.22

Unstitute of Nuclear Physics, Almaty, Kazakhstan
2 al-Farabi Kazakh National University, Almaty, Kazakhstan
3National Research Center "Kurchatov Institute", Moscow, Russia

At present, at low astrophysical energies there is experimental information on the cross sections of the reaction
°Be(p,u) obtained by different authors [1-12]. Nevertheless, as shown in the review [13], the extrapolation of the S-factors
of this reaction to zero energy has a large uncertainty (the difference is up to 10 times). This is partly due to the many
resonances present at low energies. For reliable extrapolation of experimental data, for example, by the R-matrix method,
it is very important to have accurate experimental data in the regions of the maxima and minima of the available
resonances. Obtaining these data for the region E,, 1a0.= 300 - 1400 keV the present work that has been carried out at the
electrostatic tandem accelerator UKP-2-1 of the Institute of Nuclear Physics (Almaty) is devoted. The Be film of natural
isotopic composition (°Be ~ 100%) was used as a target. Detailed description of the accelerator and experimental methods
can be found in [14, 15] and in their references.
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The measurement of the differential cross sections of the reaction ®Be(p,ao) at the range of angles 0jap, = 20° - 165°
with a step of 10° at E,, 1. = 400, 600, 940, 1050, 1200, 1300 and 1400 keV has been carried out with an error of about
15%. We also measured the excitation functions of this process for the angles 0. = 70° and 160° in the energy range
Ep,lab. = 300 - 1400 keV with a step of 10 - 20 keV. Within the limits of error, the results of the present experiment
coincided with the literature data in the overlapping areas.
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STUDY OF (d,d) AND (d,t) REACTIONS ON !B NUCLEI AT ENERGY OF 14.5 MeV
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The differential cross sections of elastic and inelastic scattering of deuterons on B nuclei with excitation of low-
lying states of 0.0 MeV (3/2°), 4.445 MeV (5/2°) and 6.74 MeV (7/2°), as well as the reaction (d,t) with transitions to the
ground (0%) and excited states with energies of 0.718 MeV (1), 1.74 MeV (0%, T = 1), and 2.15 MeV (1%) have been
measured at an energy of 14.5 MeV. From the scattering analysis, the optical potentials of the 1B + d system were found,
with which a good description of the experimental sections of elastic and inelastic scattering in the full range of angles
was obtained, and the value of the quadrupole strain parameter B, = 0.80 + 0.2 was extracted in accordance with the results
obtained from scattering of protons, a particles and *He.

Assuming a direct neutron capture mechanism in reaction (d, t), it is possible to describe fairly well the angular
distributions for transitions to the ground (0*) and excited states with energies of 0.718 MeV (1%), 1.74 MeV (0, T = 1),
and 2.15 MeV (1*) °B nucleus. Spectroscopic amplitudes extracted from the analysis are consistent with the theoretical
predictions of the shell model. The possible contribution to the reaction of the exchange mechanism of the transfer of the
heavy ®Be cluster in the reaction B (d,'°B) t, which is physically indistinguishable from the reaction (d, t), is estimated.
It was shown that both single-stage (with ®Be transfer) and two-stage (with sequential transfer of a-particles) mechanisms
do not play a significant role at a deuteron energy of 14.5 MeV.
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STUDY OF FISSION OF 8pt and 80182Hg FORMED IN THE REACTIONS WITH HEAVY IONS AT
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Observation of asymmetric fission of 8°Hg has led to the intensive theoretical and experimental studies of fission
of neutron-deficient nuclei in the lead region. Determination of deformed proton and neutron shells affecting the
properties of asymmetric fission of preactinide nuclei is a one of the main goals in these investigations.

In order to investigate the symmetric and asymmetric fission of preactinide nuclei in dependence on the excitation
energy and proton and neutron numbers of CN’s the mass and energy distributions of fission fragments of 8Pt (two
protons less than ®Hg) and '#2Hg (two neutrons more than ®°Hg) formed in the *Ar + 2Nd and “°Ca + *42Nd reactions
were measured at the energies near and above the Coulomb barrier at the Flerov Laboratory of Nuclear Reactions (Joint
Institute for Nuclear Research, Dubna) U400 cyclotron using the double-arm time-of-flight spectrometer CORSET. Mass-
energy distributions of fission fragments of 18Pt and 82Hg have been decomposed into symmetric and asymmetric modes.
The TKE distributions of fission fragments for different mass regions have been analyzed to determine more accurately
the proton and neutron numbers that affect the asymmetric fission properties of preactinides.

This work was supported by the joint grant from the Russian Foundation for Basic Research and the Department
of Science and Technology of the Ministry of Science and Technology of India (Project No. 19-52-45023).
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STUDY OF ONE-PROTON PICKUP REACTION 2H(*°Be,*He)°Li WITH 44 AMeV °Be RADIOACTIVE
BEAM AT ACCULINNA-2 FRAGMENT-SEPARATOR
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The one-proton pickup reaction 2H(*°Be,3He)°Li was studied with 44 AMeV °Be radioactive beam produced by
recently commissioned new fragment-separator ACCULINNA-2 [1] at FLNR, JINR. The key issues of the measurements
were i) clear *He identification at low energies (~ 8-20 MeV), ii) good energy and angular resolution of the experimental
setup and iii) high efficiency of coincidences between 3He and °Li. These measurements were also motivated as a test
reaction for the search for "H in the 2H(®He,He)"H reaction using the same setup [2,3].

As a result, the ground (3/2°) and first excited state (E = 2.69 MeV, (1/2°)) of °Li nucleus were identified in the
missing mass spectrum at low excitation energies. The differential cross sections for the °Lig.s. state were extracted at
forward center-of-mass angles (3° — 13°% which compared with the FRESCO calculations. A spectroscopic factor for the
19Be = p + °Lig.s. clustering was derived that found to be closed to the theoretical prediction.

In the same experiment the direct 2H(*°Be,*He)Li reaction was measured by detecting low-energy “He recoils.
The corresponding excitation energy spectra of 8Li were studied applying coincidences with &Li and "Li (from the decays
8Li* > "Li + n). The structure of the ground and low-lying excited states of ®Li is discussed.

The obtained results demonstrate a high potential of the ACCULINNA-2 facility and experimental setup for
detection charged particles and neutrons for studies of exotic nuclei near and beyond the borders of nucleon stability.
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STUDY OF THE CHARACTERISTICS OF FRAGMENTS FORMED IN THE REACTION #°Ca + *sm AT
ENERGIES OF INCIDENT IONS OF 212, 263, and 277 MeV
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This work is devoted to the study of fusion-fission and fast fission processes in the interaction of *°Ca ions with a
144sm target. The work was carried out at the U-400 accelerator at the laboratory of nuclear reaction Flerova using a
CORSET time-of-flight spectrometer (correlation setup). We measured the mass-energy distributions of fragments
formed in the reaction *°Ca + **Sm at energies of incident ions of 212, 263, and 277 MeV. The analysis of mass-
energy distributions made it possible for the first time to experimentally obtain the mass-energy distributions of fragments
formed only in the process of fast fission. The value of the total kinetic energy (TKE) of fragments formed in fast fission,
as well as the value of TKE of fragments formed in the process of fast fission at energies of ions *°Ca 212, 263 and 277
MeV were obtained. The average kinetic energy of fast fission fragments is ~ 151 MeV, which is slightly higher than the
average kinetic energy of fission fragments determined from Viola's systematics, which is 147-148 MeV. A broadening
of the kinetic energy distribution is also observed.

This work was supported by the Indian Department of Science and Technology and the Russian Science
Foundation (project no. 19-42-02014).

STUDY OF THE FORMATION AND DECAY PROPERTIES OF THE NEUTRON-DEFICIENT
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In the FLNR JINR at the kinematic separator SHELS the experiment with complete fusion reaction
204pp(“8Ca,xn)®2*No was performed. This study describes the experiment on investigating radioactive decay properties
and formation of the No isotopes. The new neutron-deficient isotope 2*°No was produced in the 3n reaction channel and
its a-decay has been measured Eo = 9129+1.2 keV, T1/,=38.3+2.6 msec. The cross section production in the maximum of
the excitation function of this isotope equals to ¢(3n) = 0.466 + 0.003 nb at the beam energy in the center of target
225.4 MeV. A spontaneous fission branch of O<bsg <5.7-10- was estimated for 2**No under one fission event. The group
of a-events with an average energy 7701.3 £ 19.2 keV and with a half-life time of T1,=0.8 33 min, attributed to >*°Es, is
suggested to originate from the electron capture (EC) of 2*°Fm, which in turn is the daughter nucleus in the a-decay of
249No. Cross sections production of 1n, 2n and 3n channels of the reaction have been measured.
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STUDY OF THE REACTION BC(*He,a)?)C AT ENERGIES OF 50 and 60 MeV

Burtebayev N. 2, Janseitov D.}?4, Karakozov B.K. %, Nassurlla Maulen 12, Sakuta S.B. 3, Nassurlla Marzhan?®,
Alimov D. 1, Burtebayeva J. !, Sabidolda A.?, Kemper K.W. 6, Hamada Sh.”

Unstitute of Nuclear Physics, 050032, Almaty, Kazakhstan
2al-Farabi Kazakh National University, 050040, Almaty, Kazakhstan
3National Research Center “Kurchatov Institute”, 123182, Moscow, Russia
“4Joint Institute for Nuclear Research, 141980, Dubna, JINR
SSatbayev University, Institute of Physics and Technology, 050032, Almaty, Kazakhstan
Department of Physics, Florida State University, Tallahassee, Florida 32306, USA
"Faculty of Science, Tanta University, 31111, Tanta, Egypt

Cross sections for the 3C(®He,a)'?C reaction were measured for 2C states up to excitation energies of about 20
MeV for 3He energies of 50 and 60 MeV. The analysis of the measured angular distributions was carried out by the exact
finite range DWBA in the framework of the coupled reaction channels method under the assumption of a direct one-step
pick-up mechanism of a neutron from*3C. In the calculations both phenomenological potentials were used with Woods-
Saxon parameterization and potentials, the real part of which was constructed within the framework of the double folding
model. The analysis made it possible to extract the values of the spectroscopic amplitudes for the 3Cys— 2Cqs (*2C*) +
n configurations, which were found to be in reasonable agreement with the results of theoretical calculations.

STUDY OF THE EXCITED STATES OF “Ti and “Ti NUCLEI IN THE “Sc + 3He REACTION AT
a *He BEAM ENERGY OF 29 MeV

Issatayev T.%?3, Lukyanov S.M.%, Penionzhkevich Yu.E.**, Borcea C.°, Maslov V.1, Aznabayev D.*?, Mendibayev K.%?,
Shakhov A.!

LJoint Institute for Nuclear Research, Dubna, Russia,
2Institute of Nuclear Physics, 050032 Almaty Kazakhstan
3L.N. Gumilyov Eurasian National University, 010008 Nur-Sultan, Kazakhstan
“National Research Nuclear University MEPhI, Moscow, 115409 Russia
SNational Institute for Physics and Nuclear Engineering, Bucharest-Magurele, Romania
e-mail: issatayev@jinr.ru

Experiments performed at FLNR-JINR Dubna [1, 2] using a magnetic spectrometer revealed that the energy
spectra of alpha particles emitted at zero degree in heavy ion induced reactions at energies slightly above the Coulomb
barrier extend up to the so-called kinematic limit (KL).

With interest to SHE [3] we studied for the two-body reaction “4Ca(280 MeV)+28U—*He+%%Ds and *6Fe(320
MeV)+28U—*He+2°Lv at zero degree. The energy spectrum of alpha particles was previously measured with a magnetic
spectrometer. As described in [1], alpha particles with high energies were

detected, close to the so called kinematic limit (KL) where the whole incoming energy minus the reaction Q value
(defined only by the masses of the reactants) is transformed in the kinetic energy of the reaction products that emerge
unexcited (alpha and 26?Ds or ?*Lv in these particular case). The observed cross section for alphas issued from this
reaction with energies close to the KL was close to 10ub. The logical consequence of that observation is that 282Ds or
2901 v were produced unexcited and with a similar cross section. If so, a new possibility of SHE synthesis, alternative to
the existing one (fusion-evaporation reactions) can be used.

The experiments were aimed at proving in practice this newly proposed possibility by trying to unambiguously
identify and measure the cross section of 2¢2Ds or 2®°Lv production using the specific means of SHE detection (gas filled
spectrometers, pixelized end cap silicon detectors for recording the radioactive filiations of the reaction products). at these
energies, the alpha cross section is almost 10 times higher. However, it is still unknown what is the survival probability
of the excited 22Ds or 2*°Lv resulted from such a mechanism via evaporation residue or fission reaction channels.

For the first step of the series of the experiments, we studied a correlation between emitted at zero- degree alpha
particles with energy region 30+100 MeV with fission fragments. The preliminary result will be presented.
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The next planned experiment will be devoted to detect evaporation Ds or Lv residues by using gass- filled mode
of the magnetic spectometer.
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SUB-BARRIER HEAVY-ION FUSION REACTIONS WITHIN THE SUDDEN APPROXIMATION
APPROACH

Gusev A.A.12, Chuluunbaatar O.%3, Nazmitdinov R.G. *?, Vinitsky S.1.24, Wen P.W. 15,
Lin C.J. >%, Jia H.M. 3, Krassovitskiy P.M.”
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We analyze the origin of the unexpected deep subbarrier heavy-ion fusion hindrance in 8Ni+®°Mo, *Ni+%*Ni,
and 28Si+%Ni reactions. Our analysis is based on the coupled-channels description with the correct incoming wave
boundary conditions, implemented by means of the finite element method. With the aid of the Woods-Saxon potential the
experimental cross sections and the so-called S factors of these reactions are remarkably well reproduced within the
sudden approximation approach with the correct incoming wave boundary conditions. We found that accounting for the
nondiagonal matrix elements of the coupling matrix, traditionally neglected in the conventional coupled-channels
approaches in setting the entangled left boundary conditions inside the potential pocket, and its minimal value are crucially
important for the interpretation of experimental data. Computer accuracy of the calculations of the order of 10-12 of the
applied code KANBP 3.0 for solving such class of the boundary problems is checked also by means of numerical solving
an exact solvable scattering problem with entangled channels. We found as well a good agreement with the general trend
of the experimental data for the S factor of the fusion reaction *2C+!2C, which has no pronounced maximum for this
system.

THE ASTROPHYSICAL S FACTOR FOR THE 3He(a,y)’Be REACTION

Tursunmakhatov K. I. 22, Yarmukhamedov R.1

Lnstitute of Nuclear Physics, Tashkent, Uzbekistan
2 Gulistan State University, Gulistan, Uzbekistan

The values of the experimental total astrophysical S factors S;,* and the experimental branching ratios with their

uncertainties in the energy region E=303.4-1452.0 keV were measured in Ref.[1]. The analysis of the directly measured
experimental astrophysical S factor for the nuclear-astrophysical 3He(a,y)”Be reaction has been performed within the
modified two body potential method (MTBPM) [2-4]. The method involves to conditions, which verify the peripheral

character of the direct capture reaction. They are R (E; bljf) = const and Clzjf = Se P /R(E; bljf). In this paper the
separated experimental astrophysical S factor for the direct radiative capture 3He(a, y)”Be reaction populating the ground
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(E* =0.0; /™ = 3/27) and first excited (E* = 0.429 MeV; J™ = 1/27) states of "Be nucleus has been analyzed within
MTBPM [2- 4].

For testing the peripheral character of the 3He(a, y)”Be reaction we vary the geometric parameters of the adopted
Woods-Saxon potential. Varying the geometric parameters of the adopted Woods-Saxon potential in the physically
acceptable ranges 1.62< R <1.98 and 0.63<a<0.77 fm with respect to the standard values using the procedure of adjusting
the depth to fit the binding energies changes the single particle ANC within the ranges 3.204 < by 32 < 4.397 fm"¥2 and
2.777 <b112<3.763 fm™2, The calculated phase shifts of 3He-*He elastic scattering by variation of the parameters R and
a of the adopted Woods-Saxon potential within the same intervals gave the same result with the determined phase shifts
in [4]. For energy E=384.9 keV the calculated value of the (C1 3:2)? and (C1 12)? is weakly depend on the value of by 3 and
b1 152, respectively. The values of the spectroscopic factors Zi s and Z; 1,2 change strongly for energy E=384.9 keV. They
change within the ranges 13.67< R(E;b13) <14.78, 8.35 < R(E;b112) <8.91, 24.26 <(C132)?<26.19, 16.49 < (C11,2)?
<17.57, 1.35<7Z132<2.36 and 1.24<Z11,,<2.12  The similar dependence is also observed at other above mentioned
experimental energies. As shown from here the 3He(a, y)”Be reaction is peripheral in the considered energy region.

The values of the weighted means for the ANC values for ground and first excited states obtained from all

experimental data [1] are equal to (C;3), * =25.18+0.82 fm™ and (i * =16.18£0.22 fm™ , respectively. The
extracted values of ANC is in good agreement with the results of [4]. Using these values of ANC for ground and first
excited states the corresponding astrophysical S factor is extrapolated to low energies including E=0 within MTBPM.

The total S-factor found to be Sz4(0)=0.646+0.063 keV b.
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THE B-PHYSICS ANOMALIES: OBSERVATIONS AND POSSIBLE EXPLANATIONS

lvanov M.A.

Joint Institute for Nuclear Research, Dubna 141980, Russia

We discuss the deviations from the Standard Model (SM) predictions which have been observed in semileptonic
decays of B-mesons by various experimental collaborations. Such deviations are now known as B-physics anomalies.
They can be divided into two groups: (1) deviations from t — £ universality (£ = . or e) in the decays mediated by b —
clv charged currents, and (2) deviations from p — e universality in the decays mediated by b — s{*£™ neutral currents.
Here we will concentrate our discussion on the first group of the deviations since these decays are more clean both
experimentally and theoretically.

Theoretical attempts to explain these deviations can also be conditionally divided into two groups. First, by
extending the SM group at the expense of introducing new particles such as leptoquark, extra Higgs boson, and their
interactions. Second, by adding new four-fermion operators with unknown Wilson coefficients to the effective theory of
the SM. We study possible new physics (NP) effects in the exclusive decays B — Dtv: .

We extend the Standard Model by taking into account right-handed vector (axial), left- and right-handed
(pseudo)scalar, and tensor current contributions. The B — D transition form factors are calculated in the full kinematic
g? range by employing a covariant quark model developed by us. We provide constraints on NP operators based on
measurements of the ratios of branching fractions and consider the effects of these operators on physical observables in
different NP scenarios.

In the semileptonic decays of heavy mesons and baryons the lepton-mass dependence factors out in the quadratic
cos2 0 coefficient of the differential cos 0 distribution. We call the corresponding normalized coefficient the convexity
parameter. This observation opens the path to a test of lepton universality in semileptonic heavy meson and baryon decays
that is independent of form-factor effects. By projecting out the quadratic rate coefficient, dividing out the lepton-mass-
dependent factor and restricting the phase space integration to the 1 lepton phase space, one can define optimized partial
rates which, in the Standard Model, are the same for all three (e, p, T ) modes in a given semileptonic decay process. We
discuss how the identity is spoiled by New Physics effects.
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THE EXCITATION CROSS SECTIONS OF THE ISOMERIC STATES ¥mdCe
IN THE REACTIONS (n,2n) and (y,n) ON THE °Ce NUCLEUS

Palvanov S.R.%, Egamova F.%, Palvanova G.S.}, Mamajusupova M.I.%, Todjibaev H.?2

1Department of Physics, National University of Uzbekistan, Tashkent, Uzbekistan
2Institute of Nuclear Physics, Tashkent, Uzbekistan
E-mail: satimbay@yandex.ru, palvanov1960@gmail.com

The cross section of the excitation of isomeric states of **™9Ce in reactions (n,2n) and (y, n) on the nucleus 4°Ce
was investigated by the method.

For reaction (n, 2n), the experiments were carried out on the NG-150 neutron generator at neutron energy E, =
14.1 MeV. The target y-activity was measured on a Canberra gamma spectrometer, consisting of a HPGE germanium
detector (with relative efficiency - 15%, resolution for ©°Co 1332 keV - 1.8 keV), DSA 1000 digital analyzer and personal
computer with a Genie software package 2000 for recruitment and processing of gamma spectra.

On the bases, the data on the isomeric ratio of outputs is calculated by the cross section of reactions (y, n) m on
the core 1400 in the energy range of gamma quanta 11-22 MeV in increments of 1 MeV. Using the isomer yield ratio and
the total cross section of the (y, n) reaction on %°Ce [1] received the cross sections of (y,n)™ and (y, n)? reactions. The
cross section isomeric ratios at E,=En, are estimated.

In the case of reaction (n,2n), cross sections of the formation of isomeric and the main state and their isomeric
ratios om /og are determined. To obtain the absolute values of the cross sections of the ground and isomeric states. we
used the methods of comparing the yields of the studied and monitor reactions. As a monitor reaction. we used %Al
(n,0)**Na (T12 = 15 h. E, = 1368 keV). the cross section of which is: om = 121.57 £ 0.57 mb at E, = 14.1 MeV [15]. For
En = 14.1 MeV, the following results were obtained: om =797 £ 39 mb, 64 =906 = 71 mb, om/cg=0.88 = 0.08.

The experimental results have been discussed, compared with those of other authors as well as considered by the
statistical model [3]. Theoretical values of the isomeric yield ratios have been calculated by using code TALYS-1.6.
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THE TOTAL NEUTRON CROSS SECTIONS FOR THE ELEMENTS N, O, Al and Si
AT THE ENERGY OF 14.1 MeV

Ergashev F.Kh., Artemov S.V., Ikromkhonov E.Sh., Kayumov M.A., Karakhodzhaev A.A., Tojiboev Kh.R.,
Ruziev E.T., Tatarchuk V.A.

Institute of Nuclear Physics, Tashkent, Uzbekistan

Experimental total neutron cross sections as a function of neutron energy are fundamental data set for the
evaluation of nuclear data libraries. The neutron cross-section data should be provided for all nuclides included in
materials to be used in nuclear research installations and power plants, and nuclear technologies, with a particular focus
on high-quality data of about 14 MeV. Also, the experimental total neutron cross sections ¢' are a touchstone for the
correctness of the optical potentials (OP) of the n+A interaction, which are now in demand for calculations of cross
sections of nuclear-astrophysical processes involving light nuclei.

A new simple method for measuring the total neutron cross section based on the NG-150 neutron generator was
developed by us earlier, and the total neutron cross sections for a number of elements at the energy E,=14.1 MeV was
measured [1]. In continuation of this work, theags},.values for nitrogen, oxygen, aluminum, and silicon of natural isotopic
composition were measured using this method at the same energy. The obtained values are in good agreement with the
literature data at close energies.

These and published experimental c', as well as the available data on elastic neutron scattering, were used to
specify the parameters of the optical n+A potentials. Usually, the OP parameters from the original articles on elastic
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neutron scattering were used as starting ones and then the depth and geometric parameters (in the form of Woods-Saxon)
of the real and imaginary parts of the OP were varied. The parameters were varied according to the 2 criterion with use
the programs NRV [2] and Spi-Genoa [3]. In some cases, the parameters were adjusted "manually” to obtain the correct
value of the total cross-section while maintaining a good fit of the angular distributions of elastic scattering.

As an example, we demonstrate the procedure of analyzing the oxygen+n system. To find the starting OP
parameters, we used the ExFor data [4] and the original data on the elastic scattering of n + O in [5,6], which also contain
the optical model fitting of the neutron angular distributions at E, = 14.1 MeV. Calculations within the optical model of
the total neutron cross section with two OP sets from [6] give value that is poorly consistent with the literature data
(0exper=1.56 = 1.70 barn, [4]) and the value obtained by usotqyer = 1.68 + 0.08 barn. Next, we varied the depth parameters
of the volume and imaginary parts of the OP and the corresponding geometric parameters (in the Woods-Saxon form)
according to the 2 criterion. As a result, the calculated value is 6* = 1.56 barn. Then, by manually adjusting the values
of the depth parameters, the calculated value ' = 1.61 barn was obtained. At the same time, the fitting of the experimental
angular distribution of elastic scattering remains some better than the starting literature set of OP.

A similar method was used to refine the OP sets for a number of light elements of natural composition in the range
A =10 - 32 using the values ofcey,e,measured by us in [1] and in this work.
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THE UNIVERSITY OF BIRMINGHAM NUCLEAR SCIENCE FACILITIES

Freer M.

School of Physics and Astronomy, University of Birmingham, Birmingham, B15 2TT

The University of Birmingham has a long tradition of operating accelerator based facilities going back to the
1950s. These include the RF machines such as the Radial Ridge Cyclotron, the Nuffield Cyclotron, the first proton
synchrotron and a electrostatic Dynamitron. At present the university is host to an MC40 Scanditronix cyclotron which
delivers beams of light ions of protons, deuterons, 3He and “He with energies of up to 50 MeV in the case of *He. The
accelerator is used for a variety of applications which range from medical isotope production, materials irradiation through
to fundamental nuclear physics.

At present a second accelerator based facility is being constructed. This is a proton driven, neutron irradiation
facility. The facility will deliver fluences of up to 10% neutrons cms™*. The beams are to be produced by an 30-50 mA
proton accelerator developed by the US based company Neutron Therapeutics for BNCT applications. The protons are
incident on a rotating, water cooled, lithium target converting them through the 7Li(p,n) reaction to neutrons. The facility
will be capable of performing a range of studies from materials irradiation to nuclear science. Future plans also include
the development of a dual beam facility, where the protons from the new accelerator are combined with helium beams
from the cyclotron. The presentation will describe the facilities and range of science programmes being performed.
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VARIATIONAL SOLUTION OF THE RELATIVISTIC TWO-HEAVY CENTER PROBLEM:
APPLICATION OF THE SLATER TYPE BASIS FUNCTIONS AND THE MINIMAX OPTIMIZATION

Chuluunbaatar O.%2, Joulakian B.B.3, Chuluunbaatar G.**, Busa Jr.J.1®, Koshcheev G.O.16

LJoint Institute for Nuclear Research, Dubna, Moscow Region, 141980, Russia
2Institute of Mathematics and Digital Technology, Mongolian Academy of Sciences, Ulaanbaatar, 13330, Mongolia
SUniversité de Lorraine, LPCT (UMR CNRS 7019), 1 bld Arago, bat. ICPM 57078 Metz Cedex 3, France
“4Peoples’ Friendship University of Russia (RUDN University), 117198 Moscow, Russia
SInstitute of Experimental Physics, Slovak Academy of Sciences, Watsonova 47, 04001 Kogice, Slovakia
SInstitute of System Analysis and Management, Dubna State University, Dubna, Moscow region, 141980, Russia

The relativistic Dirac equation for a bound electron in the field of two fixed positive charges is revisited. In contrast
to the one center case this three-dimensional equation is separable only partially around the azimuthal angle, because of
the commutation of the Dirac Hamiltonian only with the z component of the total angular momentum J. In this talk we
determine the variational exact solution of this two-center problem using a basis constructed by linear combinations of
relativistic Slater type spinor wave functions with non-integer powers of the radii on the two centers. We present in some
detail the determination of the two center integrations involved. The solutions are obtained by a minimax procedure, that
we have developed with a new iterative scheme. We use independent large and small components of the Dirac spinor.
This permits us to take control of the spurious solutions, and gives us the possibility to avoid them by the appropriate
choice of the wave function parameters. We investigate the behavior of the electron in its /5oy level of the diatomic homo-

nuclear systems Ag” “D* where A represents the heavy element and Z its atomic number. Our approach has the advantage
of needing small basis sets for a relative error of the of 10-7-108.

VARIATIONS OF COSMIC RAYS ACCORDING TO OBSERVATIONS IN MARCH 2021

Tulekov Ye.A.L, Morzabaev A.K.*, Makhmutov V.S.2, Yerkhov V.1.2

IL.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan,
2P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

In recent years, special attention has been drawn to the problem of the influence of geophysical factors on the state
of the environment. Phenomena on the Sun affect the operation of technical means (failures and violations) on Earth.
Thus, during geomagnetic disturbances, the number of failures in the operation of electronic equipment increases
dramatically. Magnetic storms have an impact on performance, speed of reaction and decision-making, and the general
well-being of a person. Currently, the monitoring of phenomena on the Sun and in near-Earth space is carried out
continuously, there is a network of ground stations that record data.

To this end, in 2016, the L. N. Gumilyov Eurasian National University (ENU), in cooperation with the P. N.
Lebedev Physical Institute of the Russian Academy of Sciences, created a scientific cosmophysical complex.

It is designed to continuously monitor the flow of cosmic rays at ground level. The main purpose of working with
the detector is to register cosmic rays and study their correlation with solar activity and atmospheric phenomena, to
conduct comparative and correlation analyses between existing data, obtained data and atmospheric variables.

The following are (Figure 1) plots of the scattering between the values of the CR observations recorded at the
CARPET detector and the neutron detector in March 2021 and the atmospheric pressure during the study period. Despite
the presence of some variation in the data, it is clear that the rate of the CR count rate decreases with increasing
atmospheric pressure, i.e., the inverse relationship is observed.

The analysis of the obtained experimental data shows that the scientific complex allows us to study the nature of
CR variations for different time intervals. The data of the ground-based complex allow for long-term research and can
qualitatively supplement the global data bank along with the data of the existing network of ground-based detectors of
secondary CR fluxes.
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Figure 1 —Dynamics of the count data in the TEL channel of the CARPET detector (top and bottom) and changes in
atmospheric pressure (in the middle) (a); Dynamics of the neutron detector count data (top) and atmospheric pressure
changes (bottom) (b)

WEAK FACTORIZABLE DECAYS OF DOUBLY HEAVY BARYON

Tyulemissov Zh.Zh.

Institute of Nuclear Physics, Kazakhstan, Almaty

We calculated nonleptonic two-body weak decays of the double charm baryon ground states Z*. Nonleptonic
decays can be divided into two group: factorizable and nonfactorizable decays. The first one can be easily calculated from
first principles. Therefore, its good example understands all pros and cons of a model. We focused on a weak two-body
nonleptonic decay consists only from the factorizing contribution precluding a contamination from W-exchange. We use
the covariant confined quark model previously developed by us to calculate the various helicity amplitudes which describe
the dynamics of the transition induced by the Cabibbo-favored effective currents. We then proceed to calculate the rates
of the decay and the branching fractions.
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YDA C++ PROGRAM PACKAGE FOR OPERATING WITH A NEW ANALOG SPECTROMETER OF THE
DUBNA GAS - FILLED RECOIL SEPARATOR#2 INSTALLED AT MAIN FLNR DC-280 CYCLOTRON IN
HEAVY ION INDUCED NUCLEAR REACTIONS

Ibadullayev D.12, Tsyganov Yu.S., Shumeiko M.!

IFLNR, JINR, 141980 Dubna, Moscow Region, Russia
2The Institute of Nuclear Physics, 050032 Almaty, Kazakhstan

YDA (Yury&DAstan) Builder C++ PC based code has been developed. It allow to provide a data acquisition using
48x128 DSSSD(Double Side Silicon Strip Detector) detector and multi - wire pentane filled low pressure gaseous detector
[1]. Main specific of the developed program package is to use flexible real-time algorithms to provide in-fact background
free conditions for ultra-rare alpha decays registration [2,3]. Three scenarios of these algorithms are under consideration.
Two of them deal with the relatively low rate of beam stops, whereas the third one corresponds to high beam stop rate.
First results of application of YDA code are presented too. Electronics modules, operating together with YDA code are
considered in brief too as well as the programs to visualize the experimental data [4]. Programs to test electronics modules
are also under consideration.
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AHAJIN3 MOJIEJIEH Yl AJITOPUTMOB JJISI PACIPEJIEJTEHHON OBPABOTKH BOJIBIIIAX
MACCHUBOB JAHHBIX B OBJIACTHU AJEPHOMN Y PATMAIIMOHHON ®U3UKN

Kopenvkoe B.Y, Bypmebaes H.>3, Maxcumosa E.*>", Camviues H.*?
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Jus 00paboTKH OOJBIIMX MACCHBOB JAaHHBIX HEOOXOOMMO MOATOTOBUTH HHQPACTPYKTYPY, COCTOSIIYIO W3
annapaTHOro, MPOrpaMMHOTO oOecreueHus: M KaHaloB cBs3W. OJHOM M3 OCHOBHBIX 33/1a4 IOCTPOEHHS TaKou
MHQPACTPYKTYpHl SIBISIETCSI M3Y4YEHHE CYIIECTBYIOUIMX pEIICHHH W BHIOOP MOAXOISIIMX MOJEIH M ajJrOPHUTMOB
pacnpesieneHHOW 00paObOTKM JaHHBIX. V3-3a yBeNMUYEHHs KOJMYECTBAa IOJy4aeMOW pa3HOpPOAHOW HWH(OpManuH,
MOSIBJISIIOTCS HOBBIE METOJBbI 00pabOTKH, XpaHEHWs W TEepeAavyd JaHHBIX, aKTUBHO pa3BHBAeTCsi Teopus bosbiimx
naHHbIX. [logxon Bonbminx naHHBIX 00s3aH CBOMM POXKJICHHEM DKOHOMHKE M OW3HECy, HO B HACTOsIIEEe BpeMs
NPUMEHSIETCS K Pa3IMYHBIM OOJIACTSM HayKH. DMIIMPUYECKUE Pe3yNbTaTbhl MOTYT OBbITh IIEHHBI B HOBBIX 00JIacTIX
3HAHWH, B MPUKJIAAHBIX O0NACTAX, TPAHUYAIINX C TEXHUKOH, P MOJECIHUPOBAHUN CIIOKHBIX SBJICHHH B TOM YHCIIC B
obyactu saepHO M paguanuoHHOW ¢Gu3ukn. CeromHs HW OAWH KPYIHBIH IPOEKT HEBO3MOXCEH 0€3 HCIIOJIb30BAHUS
pacnpeneneHHOH HH(pacTpyKTyps! At 00pabOTKH AaHHBIX. PaspaboTaHHbIE TPOrpaMMHbIE IIIAT(HOPMBI U TEXHOJIOTHI
pacrpeieneHHbIX BEIYUCICHUH 1 BombIINX JaHHBIX afanTHPYIOTCS U1 PEIICHHsI MacIITaOHBIX 3a/1a4 B HYKHOH o0nactn
uccienoBanus. OOmayHble TEXHONOTMM W paclpelelieHHBIE CHUCTEMBl BMECTE€ C IIOCICIHHMH pa3paboTKaMu
MPOTPAaMMHOT0 OOECHEYCHUSI I COBPEMEHHBIMH METOJaMH aHajHW3a IAaHHBIX MO3BOJITIOT CBOJUTH BOEIAWHO IAHHBIC
Pa3HBIX THIIOB, alOT BO3MOKHOCTh 00padaThIBaTh U KJIACCH(PUIIMPOBATH OTPOMHBII 00bEM JaHHBIX U MO3BOJISIOT BBIUTH
Ha HOBBI YPOBEHb 0OPa0OTKH M aHAIM3a, YTO B MPUHIUIIE HEBO3MOXKHO 0€3 HCII0JIb30BAHUS ATUX TEXHOJIOTHH.

JIyist ocTpoeHus pacrpeeieHHol HHPPaCTPYKTyphl TpeOyeTCs MporpaMMHOE 00ecIedeHre, CIOCOOHOE peliaTh
TaKWe 3aJayd KakK TpolecC ayTeHTU(PUKAIMM W aBTOPU3AlMHU; CO3AaHHe HH(POPMAIIMOHHOW CHCTEMBI M CPEACTB
MOHHUTOPHHI'A; YIIPABJICHHE BHIYUCIUTEILHBIMY 33/1a4aMK, XpPaHEHUEM U Nepeiaueii TaHHbIX.

Ot0 yXe pemanoch B paMkax npoekta WLCG, m Obuto pa3pabOTaHO CHEIHMANIN3UPOBAHHOE MPOTrpPaMMHOE
obecrieuerne EMI/glite, mpenocTasisoniee Bce HEOOXOIMMBIE KOMIIOHEHTHI Ul OPTaHM3AIllMM paclpene’eHHON
HHPPACTPYKTYPHI, 1 OJHOBPEMEHHO C 3THM aHaJOTH4YHBIC 3aqaun pemannck B CIIA B pamkax mpoekra OSG (Open
Science Grid). Onmnako, mockonbky Bce 310 [1O ciy)xuT mns co3gaHus HHOPACTPYKTYPHl OOMIero Ha3HAYCHHS, HE
YUUTHIBAIOIIEH WHIMBHIyaJIbHBIE OCOOCHHOCTH 3KcrepuMeHToB Ha BAKe, To nomonmHmTensHO paspabaThiBainch
nporpamMHble HancTpoiiku Han EMI/gLlite mw OSG (BigPanDA — cucrema ympaBneHus 3amaHusMu, Rucio —
yopamieHue OoibmiuMH  O0ObeMaMu — pacmpeneneHHbix  maHHbix, DIRAC (diracgrid.org) — ympaBicHue
pacnpesielieHHBIMH  pecypcamu), ONTHMHU3UPYIOIINE pAacIpelieSieHHble BBIYUCICHHUS I10JI CTPYKTYpY, HOTOKH U
npoueaypsl 00pabOTKU JaHHBIX KOHKPETHOT'O SKCIepuMenTa. HeKoTophle 13 3THX HAJICTPOEK B ONPEJEICHHBI MOMEHT
cTanu 001a1aTh (YHKIIMOHATBHOCTRIO, MOJHOCTHIO 3aMEeHsIOIIeH oTaenbHbie cepBuckl EMI/gLite u OSG. [lns co3manus
uH(pacTpyKTypsl s 00paboTKM OOJBIIMX MAacCHBOB JaHHbIX Oblia BeiOpana miuardopma DIRAC, kotopas Oyzaer
0a3upoBaThCs Ha OOJIAYHBIX peCcypcax, Pa3BepHYTHIX ¢ wHcmoiab3oBanueM mmiardgopmel OpenNebula. DIRAC -
pacrpezeneHHas MporpaMMHasl cpena JJsl BBIYMCICHHH, KOTOopas OOeCIeurBaeT IOJHOE pEIICHHE AJsl COOOIIecTB
TMIOJIb30BATEIICH, KOTOPBIM TPeOyeTCsl TOCTYI K pacHpe/ielIeHHbIM pecypcaM, CO3/IaeT CJIOH MEeX.Iy IOJIb30BATEeNsIMA U
pecypcamu, npeiarasi ooumi uHTEpdeic It psia pasHOPOJHBIX MPOBalIEpOB, OECIPENSTCTBEHHO X WHTETPHPYS,
obecrieunBasi COBMECTHMOCTh IPH ONTHMH3ALNH, TIPO3PAvYHOM 1 HAJIC)KHOM HCIOIb30BaHUHU PECYPCOB.

Pabora mommepkana IIporpammoit Ne BR10965191 MunucrepctBa oOpa3oBaHus W Hayku PecmyOnukn
Kazaxcran.

CIIMCOK JIUTEpaTypHI:
1. Biagumup KopeHbkoB, Anekcanap YKHHCKHHA. APXHUTEKTYpa cepBHca mepenadn AaHHbIX B grid // OTKpbIThIE
cuctemsl. CYB]I, 2008, Ne2, C. 52-56. URL.: http://www.0sp.ru/0s/2008/02/4926522 (nata obparenns 20.06.2021).
2. Barreiro Megino F.H. et al. PanDA for ATLAS distributed computing in the next decade // IOP Conf. Series:
Journal of Physics: Conf. Series 898 (2017) 052002, https://doi.org/10.1088/1742-6596/898/5/052002.
3. Gergel V., Korenkov V., Pelevanyuk 1., Sapunov M., Tsaregorodtsev A., Zrelov P. Hybrid Distributed Computing
Service Based on the DIRAC Interware // Commun. Comp. Inform. Sci. 2017. V. 706; https://doi.org/10.1007/978-3-
319-57135-5_8.
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ACTPO®M3NYECKHI S-®AKTOP M CKOPOCTb PEAKIIUM CHHTE3A p+'Be—B+y B
JIBYXYACTHYHOM MOJIEJIA

Typcynoe 3.M., Typaxynog C.A.
Wuctutyt saepHoit usuku AH PY3, 100214, TamkenT, Y30ekuctan

B pamkax AByX4YaCTHYHOH MOTCHIIMATBFHOW MOJIENH IPOBEICH TECOPETHYECKHH aHaNM3 acTpodu3mdeckoro S-
(akTOpa M CKOPOCTH PEAKIIMH MPOIECCa IPAMOTO SIEPHOTO 3axBaTa P+'Be—8B-+y. PacdyeTsl mpoBenIeHBI C HCXOIHBIM P-
"Be-norenuuanomM Vp u3 pabotel [1] U MoAM(UIMPOBAHHBIM NOTEHIMANOM Vi, KOTOPBIH KOPPEKTHO OMHCHIBAET
SKCMEpPUMEHTANbHYIO JIuHy P-'Be-paccesnus B °Si-BosiHe. JJONOJHUTENBHO, HapaMeTphl NoTeHmuana Vi B *P-BosHe
BBIOpaHbI COMIACHO TeOpUH U3 paboTe [2], a B °Dp-BojIHE MOJOrHAHBI, YTOOBI BOCHPOU3BECTH PE3OHAHCHBIH UK 0KOJIO
3 MbsB. A B OCTanbHBIX MapIMaibHBIX BOJHAX 3TH MOTEHIIMANBl COBIMAAaloT. B Tabmume | mpuBeneHBI mapameTphl
MCXO/IHOTO LEHTpaIbHOTO noTeHmuania Vp B l'ayccoom Busie V (1) =Vo exp(-a. r?) u3 pa6ots! [ 1] 1 MOAMpUIMPOBAHHOTO
noteHiuaiza Vy  BO BCeX INapUUalbHBIX BojHaX. Kak BHIHO W3 pHUCYHKa |, IOJyYeHHBIE pPE3yNbTaThl JUIs
acTpoduzndyeckoro S-hakTopa B paMKax MOIU(PHUIMPOBAHHOTO MOTEHIHMana V) OYEHb XOPOIIO COTJIACYIOTCS C
9KCIIepUMEHTAbHBIMU AaHHbIME Hammache et al. [2, 3], ueM pe3ynbTaThl, MOJy4YEHHBIE C UCXOJHBIM IOTEHIMAIOM
Jy6oBuuenko u ap. [1]. 3Hadenue actpodusmyeckoro S-(akTopa, SKCTPAMOJHMPOBAHHOE HA HYJICBYIO JHEPTHIO
okasbiBaeTcsi paBHBIM S17(0) = (20.5 + 0.5) 3B 6H, uto cornacyercs ¢ ouenkoir SF II [4]. Ha pucyHke 2 npuBeaeHbI
Pe3yJIBTaThI ISl CKOPOCTH PEaKIMy Mpolecca 3axpara P+’ Be—°B+y, HopMUpOBaHHbIE Ha SKCTIEPUMEHTAILHBIX TAHHBIX
NACRE 1999 [10] B CPaBHCHUH C IAHHBIMU NACRE 2013 [11],u ¢ TeopeTII/II{eCKoﬁ Kp{/IBOI\/'I u3 pa69TLI [12].

10° + A Junghans et al. (2010)

*  Takacs et al. (2018)

® Schiimann et al. (2006)
Hammache et al. (1998)
Hammache et al. (2001)

NACRE

< Iwasa et al. (1999) B
[ e L,
=~ Z === NACRE I (2013)
& = e Du et al. (2015)
2} = =<V
2
' —VM
() 1 1 1
10" 1 L 0.01 0.1 1 10
0.01 0.1 1 r
E,, [MeV] ’
Puc. 1 - Actpodusuueckuii S-paxtop peakuuu 3axpata Puc. 2 - Cxopoctw peakuuu Tpouecca 'Be(p,y)®B,

"Be(p,y)®B, paccumrammblii ¢ noteHmmanamu Vo W VM B PacCUMTaHHBIH ¢ moTeHnmanamu Vp u VM, HOPMUPOBaHHbIE
CpaBHEHHH C IKCIIEPUMEHTAIBHBIMU JaHHBIMU 13 pabor [3-4,6-9]  na sxcnepumentansabix qanHbeix NACRE 1999 [6]

Tabnunal - ITapamerps! noteHmanoB Vp u Vv .

25| 4 Vo, MaB o, hm? Esc, MaB 254 4 Vo, MaB o, pm? Esc, MaB
331 -343.0 1.0 -110.13 3D, -343.0 1.0 -
3S1(Vm) -100.0 0.876 -2.42 D2 -116.04 0.095 -20.45
3Po -580.0 1.0 -102.25 3D2(Vm) -193.0 0.15 -37.92
3Py -709.85 0.83 -205.38 D3 -343.0 1.0 -
3P, -330.414634 0.375 -96.59 3F3 -104.555 0.055 -15.99
3Py (Vm) -300.5003 0.34 -87.86

Kak BHIHO U3 PUCYHKa 2, HAIIIM TEOPETHICCKHIE PE3YIBTATHI UIsl CKOPOCTH PEAKIIUH CYIECTBEHHO MEHBIIIE, YeM
pesynbrarst koymraboparmun NACRE 11 [7].
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. D. Baye, Phys. Rev. C 62, 065803 (2000).
. F. Hammache et al., Phys. Rev. Lett. 80, 928 (1998).
. F. Hammache et al., Phys. Rev. Lett. 86, 3985 (2001).
. E. G. Adelberger et al., Rev. Mod. Phys. 83, 195 (2011).
. A.R. Junghans et al., Phys. Rev. C 81, 012801 (2010).
. N. Iwasa et al., Phys. Rev. Lett. 83, 2910 (1999).
. F. Schumann et al., Phys. Rev. C 73, 015806 (2006).
. M.P. Takacs, D. Bemmerer, A.R. Junghans, K. Zuber, Nucl. Phys. A 970, 78 (2018).
10. NACRE Collaboration (C.Angulo et al.) Nucl. Phys. A656, 3 (1999)
11. NACRE Il Collaboration (Xu Y. et al.) Nucl. Phys. A918, 61 (2013)
12. X. Ch. Du et al., Jour. Sci. China Phys., Mech.& Astron. 58, 062001 (2015).
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1. NUCLEAR PHYSICS

BAPUAIIMOHHBIE PACYHETBI ATOMA I'EJIUSI: KBAHTOBASI 3AJIAYA TPEX TEJI

Asznabaes JI.T.V>3, bexbaes A.K.*?

Mucruryt speproit Gpusuku MunucTEpCTBO 3HEpreTHKHU PecyOnuku Kaszaxcran, r. Anvarel, Kazaxcran
2JTabopatopus TeopeTHueckoii Gpusuku, OObeIMHEHHBIH HHCTUTYTA SAepHBIX HccaenoBanmii, r. lyona, Poccus
SEppasuiickuii HaupoHanbHbli yausepcuter umenu JL.H. T'ymunesa, r. Hyp-Cynran, Kazaxcran

B paGoTe BHINMONHEH pacdeT HEPENSATUBMCTCKUX YPOBHEW SHEPTUM MOHU3ALUM aTOMa TeIHs Ui OCHOBHOTO
COCTOSHMSA. PacueTsl OCHOBaHBI HA BApMALIMOHHOM METOJE DKCIIOHEHIMAILHOro" pasjoxenus. Hccmegyercs
CXOIMMOCTh BBIYMCIIAEMBIX YPOBHEM JSHEPIHM B 3aBUCUMOCTU OT uucia OasucHbIX GyHKkuuid N. D10 mossosser
YTBEPKAATD, YTO NOJYYCHHBIC 3HAYCHUA DHEPTUN UMCHOT TOYHOCTDH 35 3Ha4Yalux I_[I/I(i)p

Camoii IpocToii peanbHO CHCTEMOI, B KOTOPOU 00HAPYKMBAIOTCA MHOIOYaCTUYHBIC Y()(MEKTHI, IBISETCA ATOM C
JBYMsI DIIEKTPOHAMH, J(BIKYIIIUMUCS B KYJIOHOBCKOM I10JI€ siipa ¢ 3apsigoM Ze. K Hum otHocuTes atom He (Z=2).

3aHI/IH_IeM HCPCIIATUBUCTCKOC YPABHCHUE Hlpe):LHHFepa 1A aToOMa C IByMs DJICKTPOHAMU U 6eCKOHe‘IHO TSXKECIIBIM
SPOM

— [P+ V] + (—f—1—5+ri

T2 12

)w=Ep @

Haiftu TouHbIe pelieHus 3TOro ypaBHEHHUS ¢ FaMUIBTOHMAHOM JI0 CHX IOpP HE YAaJOoCh, IO3TOMY IPUXOIUTCS
HCTIONIb30BaTh MPHOJIC)KEHHBIE METOABI. B 3T0# paboTe MBI MPUMEHNM BapHalMOHHBINA MeTol PuTna /it BEIYHCICHUS
9HEPIHH OCHOBHOI'O COCTOsIHUS aToMa reius [1]. Mcxonuoii Toukoit Metoaa ciryxut ypaBHenue Lllpenunrepa.

Hy =Ey @

st HekoTroporo raMmuiabTOHHAHA H , ABIISETCA BapHALMOHHBIA TpUHIWI Xwulepaaca-YHAreima, Ooiee

U3BECTHBIM B MaTeMaTUKE KaK BaApUALMOHHBIM npuHIMN Penes-PuTtna, KOTOpPBIM CYMTAETCS YHUBEPCAIBHBIM METOJOM
NPY TOJTyYSHUU TPUOIMIKEHHOTo pemeHnsi. OCHOBHBIMH 3aJlauaMy BapUAllMOHHOTO UCYHUCIICHUS, SBJISIOTCS 3a/1a4ud Ha
OTIpeieNeHUs SKCTPEMYMOB HJIH CTaIllMOHAPHBIX 3HAYCHUH (PyHKIIMOHATIOB. CYIIHOCTh 3TOI0 METO/Ia COCTOUT B 3aMEHE
3aJja4yd IOUCKA CTAalMOHAPHBIX 3HAa4YeHUIl (YHKIMOHAJIOB TNPUHLHUIKAIBLHO OoJiee IPOCTOW 3ajadeil IMoucka
CTAallMOHAPHBIX 3HAUYEHUH (QYHKIMHA HECKOIBKUX TEPEMEHHBIX [5].

Ta6m/1ua 1- CpaBHeHI/Ie HCPCIIATUBUCTCKUX SHGpFI/Iﬁ OCHOBHOT'O COCTOSHUA aTOMa I'CJINA

ABTOpHI (TOT) ccol | N- OHepruii (a. €.M)
aku | basuc
Schwartz (2006) [1] [ 24099 | —2.90372 43770 3411959831 11592 45194 40444 66969 25310
Nakashima Nakatsuji (2007) | [2] [ 22709 | —2.90372 43770 34119 59831 11592 45194 40444 66969
Hamu pacuerst 22000 | —2.90372 43770 34119 59831 11592 45194 40443
Korobov (2002) [3] [ 5200 —2.90372 43770 34119 59831 1159
Drake (2002) [4] | 2358 —2.90372 43770 34119 598311
Jlureparypa:
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2. H. Nakashima and H. Nakatsuji, / Solving the Schrédinger equation for helium atom and its isoelectronic ions
with the free iterative complement interaction (ICI) method, // J. Chem. Phys. 127, 224104 (2007).
3. V. I. Korobov, Nonrelativistic ionization energy for the helium ground state, // Phys. Rev. A 66, 024501 (2002).
4. G.W.F. Drake, M. M. Cassar, and R. A. Nistor, // Ground-state energies for helium, H—, and Ps—, Phys. Rev. // A

65, 054501 (2002).
5. D.T. Aznabayev, A. K. Bekbaev, V.l. Korobov // Nonrelativistic energy levels of helium atoms // Phys. Rev A, V
98, 012510, (2018).
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BKJIAJT HU3KOJIEXAIIIMX PE3OHAHCHBIX COCTOSSHU B CEUEHUE PA3BAJIA
T'AJIO SIJIPA 'Be

Banuonoa JI.C.Y%3, [Iucanceiimos [4.M. Y>3, Menexcux B.C.3, JKayzawesa C.A. *

asaxckuil HanMoHaabHEIN YHUBEPCUTET UM. anb-Dapadbu Matbl, Kazaxcran
K H ®dapabu, A , K
2MuctuTyT sAaepHoit husuku, Anmatsl, Kazaxcran
3006beanHEHHBII WHCTHTYT SAEPHBIX Uccaenoannii, lyona, Poccus

Lenpto paboTHI ABISIETCSI TEOPETHUECKOE M3yUEHNE BKIaa HU3KOJIEKAIINX PE30HAHCHBIX COCTOSHAN B CEUCHUE
KyJIOHOBCKOT0 pa3Baia rajo saep ‘'‘Be Ha Tsxenoii mumenu (°Pb) ot npomesxyTounoro (70 MaB / HyKIIOH) 10 HU3KHX
sHepruii (5 MaB / Hyki10H) B paMKax HECTAlIMOHAPHOTO MOX0/1a.

B mHacrosimeit pabGore HectanuonapHoe ypaBHeHue lllpeanHrepa HHTErpupyercs ¢ HeNepTypOaTUBHBIM
ITOPUTMOM Ha TPEXMEPHOU IPOCTPaHCTBEHHOH ceTke. [IposeMoHCcTpupoBaHa CXOANMOCTD BEIYHCIUTEIBHON CXEMBI B
IIMPOKOM JIMaNa3oHe SHEPIUid, BKIIFOYas HU3KOJIexkalue pe3oHancsl n+'Be B pasiuuHbIX NapUUaIbHBIX M CIIMHOBBIX
cocrosHusx 'Be. O6GHapyeH 3HaYMTENbHBIN BKnan pesonanca 5/2 * (E = 1,23 MbB) B ceuenne passana mpu 30
MDb>B/HYKIOH U HUXE, B TO BpeMsi Kak IpH 0oJiee BBICOKUX SHEPTHAX Pe30HAHCHBIE cocTostHus 3/2° n 3/2* (c E=2,78 u
3,3 M»sB) BHOcAT Hambonee 3aMeTHBIM BKial. IlosydeHHBIC Pe3yNbTaThl XOPOIIO COTTACYIOTCS C CYNIECTBYIOIINMH
SKCIEPUMEHTANBHBIMA JaHHBIMU TIpH 69 1 72 M5B / HyKI10H.

Pa3zpaboTaHHas BBIMHCIHMTENbHAS CXEMa OTKPHIBACT HOBBIC BO3MOKHOCTH B HCCIICAOBAHHUHU KYJIOHOBCKOTO, a
TaKKe SAEPHOTO, pa3Baya APYTHX Tallo saep Kak Ha TSHKEIBIX, TaK M Ha JIETKUX MHIICHSIX. JTa TeopeTHYecKas MOJEIb
MOTEHIMAIbHO MOXKET OBITH TOJIE3HA I MHTEPIPETANH U IUTAHUPOBAHUS SKCIIEPUMEHTOB C HU3KO-3HEPr€THUECKAM
IYYKOM IIPU HU3yYCHHUHU CTPYKTYPBI TAJIO SIAEP.

BO3MOKHOCTDb AHAJIN3A U30TOIMHOI'O COCTABA YIVIEPOJA METOAOM PAJIMATMOHHOI'O
3AXBATA MTPOTOHA

Epoicueumos XK.E. 1, Maxmyoos C.K.>2*, Mymunos T.M. *, Pymu P.®. %, Xanuxoe P.X. 1,
Xonbaes U. *?, Dwnaszapos A.U. *, Baxpanos O.0. ®

"HUW ®usuku nosaynpoBOJIHUKOE U MUKPO3JIeKTpoHrk: HYY3 um. M. Yiyr6eka, Taikent, Y36ekuctan
2HaumoHanbHblil yHuBEpcuTeT Y30ekucTtana um.MupsoYiayroexa, TakeHT, Y36eKucTaH
SHUncturyt spepHoit pusuku AH, Tamkent, Y36exkucran
“E-mail: sirojiddin_8922@mail.ru

W3oTonHbIil aHaMM3 CTaOMIBHBIX XUMHUYECKHX 3JIEMEHTOB IPOBOJATCS KaK MPABWIO BHICOKOUYBCTBUTEIBHBIMU
MacC-CIIEKTPOCKOIIMYECKUMH WM JlasepHbIMH Metomamu [1]. B Hacrtosimedl paGorte mpemnaraetcs HOBBIH METOX
OIIpeZIeTIeHNsI U30TOITHOTO COCTaBa yIJIeposia IMyTeM PETHCTPAlK raMMa-KBaHTa IIPH PaJHAllIOHHOM 3axBaTe IPOTOHA
Ha 3eKkTpocTarnaeckoM yckopurene I1'-2 COKOJI HUM®IIM HYVY3 um. M. Viryroeka.

Yriepos mpeicTaBiseT coboii cMech BYX cTabMIbHBIX n30Tonos 2C u *C, u 01HOTO pajMOaKTHBHOTO M30TOMNA
¢ Maccoit *C. TTocieHuii HCTIOJIB3Y€eTCS B FE0JIOTMH M apXEOJIOTHU IS ONPEIeIEHHs BO3PAcTa PasIuIHbIX 00pa3LoB 1
apredakxToB. Bapmannu B COOTHOMIEHUIX CTAOUIBHBIX H30TOMOB YTIIEPO/ia B IPUPOIHBIX 00pa30BaHUAX JOCTUTAIOT 12%
[2]. V3MeHeHHMS HW30TOITHOTO COCTaBa YIJIEpoJia MCIONB3YIOTCS B TEOJOTMH IS PEIICHHS BOIPOCOB, KACAIOIINXCS
HCTOYHHKA PYyI000pa3yloNuX pacTBOPOB M T'€HE3HMCa MHUHEPAJIIOB, TOPHBIX MOPOX M PyA. Pasnnume B COOTHOIICHUH
W30TONOB yTIJepoJa B MPHUPOAHBIX YCIOBHSAX BBI3BIBAETCS H30TOIHO-OOMEHHBIMH PEAKIUSIMH, MPUBOAALIINMH K
NPEUMYIIECTBEHHOMY HAKOIUIEHHIO Tshkenoro uzorona C B kapOoHarax,  GMOJIOTMYECKUX MPOLECCAX, B T. YUCIE
(oTocHHTE30M, B Ppe3yJbTAaTe KOTOPHIX OPTaHMYECKOE BEIIECTBO PACTHTEILHOTO M SKUBOTHOTO ITPOMCXOXKICHUS
oboramaercs jerkuM uzoTonoMm 2C [1,2].
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Channal
Prcynok 1 - ®parmMenTsI cIeKTpoB raMma-nydeit u3 peaximii 2C(p,y) N u *C(p,y)**N Ha peakropHOM rpadure

Pabora BBRIMONHsIACH HA MOHHOM Iy4Ke 3JEKTpocTatmdeckoro yckopurens JI'-2 Cokoa ¢ HCHONb30BaHHEM
mydka MpoToHoB ¢ 3Hepruer 400-700 k3B mpu Toke 1-2 MKA. OOIydCHHIO MOABEPTaM JBE MHIICHU HPHUPOTHOTO
yI7Iepoia: peakTopHbIi rpadut pasmepamu 1,5x6x15 MM 1 ToHKas MumeHs 40 MKI/cM?, H3rOTOBJIEHHAs HAMbIIIEHHEM Ha
MOJUIOKKY M3 MEeTHOH IacTUHKY pazMepamu 10x20 mm. Ha pucynke | npuBeneHs! y4acTKH CIIEKTPOB raMMa-Iydeit u3
peakmuit 2C(p,y)®N u BC(p,y)N ans peaxroproro rpadura. CHekTpbl perucTpupoBaIuch ¢ momombio HPGe
nerekropa Tuna GC4018 ¢ sueprerudeckum paspernenueM 1,8 k3B mpu 1332 k9B usorona *°Co. IMuxu npu 2365 u
2312 k3B, oTBeuarolMe STHM pEaklMsAM, COOTBETCTBEHHO MO3BOJISIET CleNaTh BBIBOJ O BO3MOYKHOCTH NMPHUMEHEHHS
JIaHHOT'O METOJa /ISl yCIEHOro OnpeieleHUs COOTHOIEH s cTa0UIbHbIX n30TonoB 3C/*2C B pasnuuHbIX 00bEKTaX.

Jlureparypa:
1. Xummueckas sHIEKIONETUS B 5 Tomax, M, 1990. FO.A. lllykomokoB. Cratest «/30TONHEIIH aHaMm3y, ¢.197.
2. Teomormueckuii cmoBaps B 2-x ToMax, M, 1978. M. H. I'omry6kuHa. CtaThst «30TOMEI yTiepoia B TEOIOTHNY.
http://www.cnshb.ru/AKDiL/0042/base/R1/001567.shtm.

BPEMAIIPOJIETHAS CUCTEMA VI U3BMEPEHHN A OCKOJIKOB JEJTEHUS HA YCTAHOBKE MABP

Asnabaes 1.2, Jlykvanoe C. M. 2 3eiinynna XK.% > ¢, Hcamaee T.** Y Macnog B.A.2,
Menoubaes K. ¢, Menvnux E.B. 2 Cmyxanos C.C. *, Cuupnos B.H. 2, Ilaxoe A.B. * ¢

a) Oovenunennbrit Uacturyt SAnepusix Uccnenosanmii, [yoHa, Poccus
b) Uncturyt AnepHoii ®uznku, Anmater, Kazaxcran
¢) l'ocynapcreennsiii Yausepcuret “Jlyona”, Iyona, Poccus
d) EBpasuiickuii HarmoHansHbIH yHUBepcuteT uM. JI. H. 'ymunesa, Hyp-Cynran, Kazaxcran
e) HAO KasHY um. anp-®apadu, Anmater, Kazaxcran

Jlis perucTparyi MpOAYKTOB SACPHBIX PEaKINi M MPOBENEHHS KOPPEIAINOHHBIX M3MEpEeHUH Ha MarHUTHOM
aHanmu3aTope BeICOKOro paspemenns (MABP) Oputa co3gana BpeMsANpoJieTHAs CHCTeMa. Y CTAHOBKA pacIiojiaraeTcst Ha
KaHajie BBIBEJICHHOTO My4ka MuKioTpoHa ¥Y-400 Jlaboparopun SAnepubix Peakiuit OMAN. OnuceiBaroTCs pe3yIbTaThl
W3MEPEHUs TapaMeTPOB BPEMSIIIPOIIETHOTO CIIEKTPOMETPA, MOTyYSHHBIE Ha OCHOBE M3MEPEHHUS OCKOJIKOB CIIOHTAHHOTO
nenenus 252Cf. TIpencTaBiieHbl Takke Pe3yJbTaThl M3MEPEHMs MPOAYKTOB B peakuuu *8Ca+?®U. B stom ciyuae
UCIIOJNIb30BAJINCH JIBA BPEMSIIPOJICTHBIX IUIeYa, C MOMOIIBI0 KOTOPBIX IUIAHUPYETCS IPOBOJUTH KOPPEIISIIHOHHBIC
U3MEPEHUs OCKOJIKOB BBIHYKJICHHOT'O JEJICHUsI TSLKEIOH COCTaBHOU cUcTeMBl. [lpyroe Ha3HaueHHUEe OIMMCAHHON CHCTEMBI
— perucTpanys ynpyro paccestHHbIX HOHOB, YTO HCIIOJIb3YETCsI KaK MOHUTOPHAsI CHCTEMA ISl H3MEPEHHS SHEPTUH ITydKa
Y TIOJTHOTO MOTOKA YacTHII, MOMaJAI0UINX Ha MUILIEHb ycTaHOBKU MABP.

Jlureparypa:
1. TlenmomxxkeBud 10.3. ®usnka sx3o0Trueckux saep // CopocoBckuit O6pazoBarenbubiid Kypaam. 1995. Ne 1. C. 92.
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2. Wrtkuc M.T'., Oranecsn F0.11., ITonieko A.I'. PazButue pusukm TsoKEIbIX HOHOB B JIaboparopun Snepubix Pearnmii
um.I".H.®neposa // duzuka Dnementapubix Yactun u Aromuoro Snpa 2001 T. 32, Beim. 7

3. Oganessian Yu. Ts., Gulbekyan G.G., Gikal B.N., Kalagin 1.V. Status report of the U400 cyclotron at the FLNR
JINR // Proc. of APAC2004 Int. Conf., Gyeongju, Korea, 2004, pp. 52-54.

4. mutpues B./1., JIykesHoB C.M., [leanomxkkesnd H0.3., Carrapos /I.K. MukpokaHaabHBIE ITIACTHHBI B
9KCIIepUMEHTANBbHOM siaepHor dusuke // [TTD. 1982. Ne2, ¢.7-18.

5. Asnabaes JI., CmupHoB B. U., Hcaros A., Mennub6aes K., Vcaraes T. M3meperne BpeMeHH MpoJieTa 3apsKeHHBIX
4acTUI] BpeMeHHBIM AeTekTopoM Ha ocHoBe MKII mis ycranoBkn MABP // TTncema B DUASL. 2019. T. 16, Ne
6(225). C.620-626

6. Kozymun 3. M., boraues A. A., Utkuc M. I'"., Utkuc 10. M., Kuskesa I'. H., Konaparees H. A., Kpyna JI.,
Ioxporckuit U. B., IIpoxoposa E. B.; Bpemsmponernsrii ciekrpomerp CORSET st m3mepenust OMHapHBIX
npoaykToB 9 simepHbIX peakimii // [Tpnbops! u Texunka Dxcnepumenta. — 2008. —T.51, Ne.1. — C.44-58.

TFAMMA-CIHIEKTPOMETP U3 9xCeBrs-Nal(Tl) ®OCBUY-AETEKTOPOB

Betinyana JK.2?*, Cmyxanos C.C.L, Cobonee FO.I'*®, Ienuonockesuu FO.2.%4, Cusauex U.>°

! O6benuuennsnii UnctutyT Snepusix Uccnenosanmii, 141980, y6na, Poccns;
2 Nucturyt SAnepuoit ®usuxu, Anmatsl, Kazaxcran;

8 HarmoHanbHBIH HccIeaoBaTeIbeKuit neHTp «Kypuatosckuii MHcTHTYT» Mocksa, 123182, Poccus;
Tp «KRyp Y

4 HanmoHanbHBIH HccIen0BaTeIbCKHi saepHbIil yauBepceuter « MUDW», 115409, Mocksa, Poccns;
p y p

® UncrutyT SIneproii ®usuxu, CZ 250 68, Pxesx, Yemckas Pecry6inka;
“E-mail: zeinulla@jinr.ru

B Hacrosmielr paboTe mccienoBaHa METOAMKA PETMCTPALUM BBHICOKOIHEPTETHYECKUX Y-KBAHTOB C IOMOILBIO
coopku m3 9xCeBrz-Nal(Tl) pocBuu-merexropos [1]. MeToanka mo3BoseT HASHTH(PHINPOBATH BEBICOKOYHEPT € THICCKUE
Y-KBaHTBI, OOpa3yIOIMXCSl MpW Yy-paclaje TUTAaHTCKUX JAunonbHbBIX pe3zoHaHcoB (I'IP) ot  kackanos
HU3KO’HEPTeTHUECKHUX «yrast» y-KBaHTOB C OJIM3KOH CyMMapHOW 3HEpruei.

B pabote mnpencTaBiIeHBl OCHOBHBIE XapaKTEPHUCTHKH Y-CHEKTPOMETpa: 3HepreTudeckue paspemenus AE,
3 PEeKTUBHOCTH perucTpanuu Oy U 3GPEKTUBHOCTH PETHUCTPALIMU B IIHKE ITOJIHOTO MOTJIONIEHHS OpEaK B 3aBUCHMOCTH OT
9Hepruil Ey perucTpupyeMbix y—KBaHTOB U OT PACCTOSIHUM 10 UCTOYHUKA. VI3MEpEeHUs XapaKTEPUCTHK Y -CIIEKTPOMETPA
npoBefieHbl ¢ nomomniblo  VME-cucreMbl Ha0opa JaHHBIX METOAOM MEYEHBIX Y—KBaHTOB. CioxHble (HOpPMBI
CIMHTWULIIIMOHHBIX CHTHAJOB (OCBHY-IETEKTOPOB HCCIeNoBaHbl ¢ nomouibio 1udposoit (Mesytec MDPP-16) u
ananoropoit (Mesytec MADC-32, MQDC-32) snektponukoii [2]. O6a moaxona (aHanoroBblid ¥ HU(GPOBOiT) TO3BOIHIH
yetko pa3nenuts CeBrz u Nal(Tl) KoMIOHEHTH CITUHTIIIISINN. MI3MepeHbl XapaKTepUCTUKH Y-CIIEKTPOMETPa B PeXHUMeE
AQHTH-KOMIITOHOBCKOM 3aIIMTHI HA OCHOBE aHAIHM3a (POPMBI CHMHTHIIISIINOHHBIX CUTHATIOB. DKCIIEPUMEHTANILHBIE TaHHBIC

ObLTH cpaBHEHEHI ¢ pacdetamu (cM. Puc. 1), mpoenéuasiMu MetooM Monte-Kapio nporpammoit GEANT4 [3].
B .
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Pucynox 1 - DddexruBHOCTH peructpanuu oy (cnesa) 1 3PPEKTUBHOCTH PETUCTPALIMN B ITUKE ITOTHOTO TOTIIOIEHHS
dpeak (CripaBa) B 3aBUCMMOCTH OT pacctosuus L npu sneprun 1173 k3B ucrounuka ©Co
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Jlureparypa:
1. https://scionix.nl/scintillation-detectors/ -caiit nmpou3BoaUTENS CHUHTHLUISIIHOHHBIX JETEKTOPOB ScioNiX;
https://www.mesytec.com/ - opunmanbHsiil caiiT Mesytec;
3. https://geant4.web.cern.ch/support/download - GEANT4 (CERN).

o

JETEKTUPYIOIIASA CUCTEMA SFiNx

Hcaes A.B.%, Epémun A.B.2%, 3amamun H.MU.2, Uzocumos U.H?2, Kysneyoea A.A.2, Manvuues O.H.>%, Myxun P.C.2,
Ionexo A.I'3°, [Tonoe }0.4.2°, Caiinaybexoe B.2¢, Ceupuxun A.1M.2%, Coxon E.A.2, Tesexbaesa M.C.2*,
Yennokoe M.J1.2, Yenuzun B.1.2, Bpuone I17?, l'ann B2, Keccacu K.?, Cennam A2, Jopeo O.2, Jlonez-Mapmenc A.°,
Xowuno K.2, Aumanux C.¢, Mowamp I1.¢

2O0BbeIMHEHHBIN HHCTUTYT SOCPHBIX HcciienoBanmid, JlyoHa, Poccns
TocynapcTeennbiit ynusepcuteT «Jly6na», Jlyona, Poccus
*MHcTUTyT sipepHol Gusuku, Anmatel, Kazaxcran
"IPHC, IN2P3-CNRS, CrpacOypr, ®panuus
A1JCLab, IN2P3-CNRS, Yuusepcurer Ilapmxk-Cakie, Opca, OpaHius
“Yuusepcuret uM. 5. Komenckoro, bpatucnasa, CioBakus

B OHMAM co3nana HOBas NETEKTHPYIOLIAas CHCTEMa, NpPEAHA3HA4YEHHas Uil M3y4eHUs CBOMCTB CIIOHTAHHOIO
JEJCHHsT KOPOTKOXKUBYIIUX TDKENBIX saep. CucTeMa COCTOMT M3 COOPKM MHOTOCTPHUIIOBBIX JABYCTOPOHHHX Si-
JIETEKTOPOB, BOKPYT KOTOpOiHl pasMmelneHsl 116 NponopuuoHanbHeX SHe-cuéTuukoB HeHTpoHOB. D(PEKTHBHOCTH
perucTpanyy oIMHOYHOro Heiftpona ot 248Cm cocrasuna 55.0+0.2%. JleTeKTop GBI MPOBEPEH B XOJI€ IKCTIEPUMEHTA MO

M3Y4YEHHIO CHIOHTAHHOTO JeNeHus n30Tona 2°’NO, KOTopslii 06pa3oBEIBANCA B PEAKIMH MOTHOTO CIHSHHUS ITyYKa HOHOB
4Ca ¢ sgpamu mummenu 2%Ph.

MN3YYEHUE ACCOLIMATHBHOI'O POXKJAEHUS BO3OHA XUITCA C W- IJIM Z- BO3OHOM C
HCIIOJb30BAHUEM PA3JIMYHBIX T'EHEPATOPOB

Manawosa M.

OO0BeAMHEHHBII HHCTUTYT SAEPHBIX UccaenoBanuil, [lyona , Poccus
SAnepnsrit Uactutyt ®Ousuxu, Anmatel, Kasaxcran

B nanHOM paboTe npeacTaBiIeHb! yIIIOBbIE 0COOCHHOCTH CUTHAJIBHOTO U ()OHOBBIX IIPOLIECCOB aCCOLMIPOBAHHOTO
poxnenust 603ona Xurrca ¢ W- mwnu Z- 6030H0M. CHrHaJIBHBIE U (DOHOBBIE ITPOIECCH TEHEPHUPOBAINCH C TTOMOIIBIO
renepatopoB CompHEP, POWHEG u PYTHIA. Monte-Kapno naHHble 00pa0aThIBAINCH C ITOMOIIBIO IPOTPaMMBI
ROOT. Takxe Obun cpaBHEHBI (HPOPMBI paclpeneiIeHH KUHEMaTHYeCKHX INEPEMEHHBIX, IOJyYEHHBIX OT Pas3HBIX
reHepaTopoB. BersicHMIOCH, 4TO popMma 3THX paclpeAenNeHHi OJMHAKOBA ISl pa3HbIX T'eHEPaTOpOB. 3HAYHUTEIHHOE
otkionenue pacrpeanenennii POWHEG ot npyrux renepaTopoB OOBSCHSAETCS TEM, YTO OH MCIOJIB3YET CIEAYIONNH 3a
JUIUPYIOIINM HOPSIKOM TEOPHUH BO3MYILECHUH ISl CEUEHHs, B TO BPEMsI KaK JAPYTrHe reHepaTophl HCIOJIB3YIOT BE YN
MOPSIJIOK.
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M3YYEHUE KJIACTEPHBIX COCTOSTHUM B PEAKITAH d+''B ITPH DHEPT UM 14,5 M>B

Bypmebaes H.'?, [lvsiuxoe B.B.%, 3apunosa F0.4.%, IOwxos A.B.?, Hacypnna Maynen*?, Xooxcaee P.A.*?, Sabidolda A.*

Mucruryt sapepuoit pusuxkn MD PK, r. Anmarel, Kasaxcran
?KazaxcKuii HAlIMOHANIBHBIN YHUBEPCUTET M. anb-Dapabu, Anmarel, Kazaxcran

B HacTosimee BpeMs MIMPOKO M3YYAIOTCS KJIACTEPHBIC MOIETH JUIS OIMHCAHUS CTPYKTYPBI JIETKHX, CPETHHUX H
9K30THYECKHUX sifep. Takue MOAeNM MO3BOJLSIIOT OOBSICHHUTH HEPAaBHOMEPHOE DACIpENENICHHE IUIOTHOCTH SIAEPHON
MaTepuy, KOTOpast MOKET MPOSIBISITECS B BUJE aHOMAJIBHO OOJIBIINX PAJANyCOB MIIH «PBIXJIOCTH» AP, C TOUKU 3PECHHA
JVMHAMHYIECKOro 00pa30BaHMs HyKJIOHHBIX aCCOLMANNil BHYTpPH sapa.

JIns u3ydeHUs KIACTEPHBIX COCTOSHUH BO3OYyxIeHHBbIX yposHeill 'B B HacTosmiel paGoTe ObUIM MPOBEICHBI
SKCIIEPUMEHTBI 110 YIIPYTOMY PacCesHUI0 AeHTPOHOB ¢ Heprueii 14,5 MaB na 1'B Ha nuknorpone Y-150M U BBINOIHEHBI
pacyeTsl panyCcoB U Pa3MbITUsI Kpas siipa OCHOBHOTO M BO30Y)XKIEHHBIX cocTostHui 11-B nudpakunonHsiM MeTomoM
napameTpu3oBanHoro ¢azoporo ananusza (IIOA). C nomoripio [TOA no ocrmuisaiusm audpakiwpii ppayHrohepoBCKOro
THUIIa SKCIIEPUMEHTAIBHBIX YIVIOBBIX pacnpeneneHuil quddepeHunanpHpIX ceueHHid yNnpyro paccesHHBIX HOHOB Ha
AApax-MULICHAX ONPEACIAIUCE MMapaMETpPhl S-ManI/IIII)I METOAOM IIOJAIOHOK II0 OJAHO3HAYHBIM MHWHHMAJIbHBIM
3HAa4YCHUAM Xz-KapT IJIA ACCATH Iap CBO60}1HI)IX mapaMeTpoOB TCOPUH. 130 () MPOBEACHO CPAaBHCHUC SKCIICPUMCEHTAJIbHBIX
MaTEpHaIoB IO YIPYIOMY PacCesHUIO AEHTPOoHOB ¢ E¢=14.5 M5B Ha Mumenu B 111 OCHOBHOTO COCTOSHHS C
9KCIIEPHUMEHTAIBHBIMY TaHHBIMHU 13 [1-4].

U3 IpOBEIEHHOTO aHaKM3a ObUIN MOJTyYeHbl 3HAYEHNS PaINyCOB B3aMMOJIEHCTBHS U Pa3MBITOCTH Kpas spa 11B.
YcTaHOBIIEHO, YTO C YBEIHMUYCHUEM SHEPTUM HAJCTAIOIINX ICHTPOHOB, PACTET PasMbBITOCTh «PBIXJIOCTH» SAApa. JTO, B
CBOIO Ouepenb, MOKA3bIBAaCT, YTO HAYMHAIOT BHOCHTH CBOM BKJIAJ B OCHOBHYIO aMIUTUTYIy pacCesHHs NEHTPOHOB
NapIyaJbHBIE BOJIHBI, PACCCHBAIOIIMECS HA HYKIOHAX M HYKJIOHHBIX acCOIMalMAX (SAepHBIX KiacTepax). Takum
o0pa3zoM, AR MOXeT XapaKTepu30BaTh CTENEHb HHTETPAIBHOTO BKJIAAa KIACTEPHBIX COCTOSHHUH SApa B IIOJIHYIO
aMIUIATYAy pacCestHusl.

Jlutepatypa:

1. Fitz W., Jahr R., Santo R. Scattering and pick-up reactions with deuterons on Be, B, C, N and O at 11.8 MeV //
Nuclear Physics, Section A. —1967. — Vol.101. — P.449.

2. Vereshchagin A.N., Korostova I.N., Sokolov L.S., Tokarevskii V.V., Chernov I.P. Investigation of elastic scattering
of 13.6 MeV deuterons on light nuclei // Bull.Russian Academy of Sciences — Physics. — 1969. — VVol.32. — P.573.

3. Dyachkov V.V., Burtebaev N.T., Yushkov A.V. Measuring elastically scattered 18 MeV deuterons and the shape of
nuclei // Bull.Russian Academy of Sciences — Physics. — 2012. — Vol.76. — P. 895.

4. Belyaeva T.L., Goncharov., S.A., Demyanova A.S., Ogloblin A.A., Danilov A.N., Maslov V.A., Sobolev Yu.G.,
Trzaska W., Khlebnikov S.V., Tyurin G.P., Burtebaev N., Janseitov D., Mukhamejanov E. Neutron halos in the
excited states of *2B // Physical Review C. Nuclear Physics. — 2018. — Vol. 98. — P.034602.

MN3YYEHHUE PEJJIKOI'O PACITAJTA Km4 B OKCIIEPUMEHTE NA62 HA SPS B CERN

Kepeibaii /]., baiieapauies [].

Wueruryt sinepusiit pusuku, Anmarsl, Kasaxcras,
OObearHeHHBI MHCTUTYT SIEPHBIX HccienoBanui, lyona, Poccus

OxcriepumeHT NA62, Ha BeiBeneHHOM mydke Cynep-IIpororHoro Cuuxporpona (SPS) B EBponeiickom 1ieHTpe
anepuslx uccienoanuii (CERN), xoropsiii mpeacraBiseT co0oil «kaoHHYIO (paOpuky» BBICOKOM HWHTEHCHBHOCTH
TIOCBSIIIEH H3yYEHHIO yabTpapenkoro pacnana K*—p*nn. OcHOBHas 1eh TAaHHOTO SKCIIEPUMEHTA TTOIYYHUTh PE3YITbTATHI
¢ TOYHOCTH Topsiaka 10%, 9TO MO3BOUT MOATBEPAUTH WM OIPOBEPTHYTH HEKOTOPHIE aclieKThl CTaHIapTHON MOJIEIH.
Taroke OoibIIasi CTATUCTUKH PACIaoB TOJOXKHATENbHBIX KaoHOB 3a 2017 u 2018 roms! mo3BosseT U3y4arb U APyTHE
penkue pacnaibl, OJHUM U3 KOTOpbIX siBisiercs pacnan Kf—p'p'm*n(Km4). Ilocnennuii 3KCIEPUMEHT HO H3yUYCHUIO
JTAaHHOTO pacnaja OblT mpoBeseH B 1965 roxy Ha IMy3bIpBKOBBIX KaMepax, M M3MEpeHHas: BEpOsITHOCTh cocTaBmia Br =
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(1.4+£0.9) * 10° [1]. AKTyaIbHOCTH JAHHOTO HCCJIEA0BAHKS HOATBEPKAACTCS IPEIBIAYLINM H3MEPEHNEM BEPOSTHOCTH
M3y4aeMoro pacmaza ¢ 6ounblieit omubdkoii. HayuHast HOBU3HA JaHHOTO UCCIISOBAHMS 3aKIF0YACTCS B M3YUCHHUHU JaHHOTO
pacmaja Ha OOJbIICH CTATHCTUYCCKOM BHIOOPKE IKCIICPUMEHTAIBHBIX JaHHBIX. Takoro UCCie0BaHus TAaHHOTO PEIKOTO
pacmajia paHee He IPOBOIIOCE. B HacTosmIel paboTe MpeCTaBICHa METOINKA UCCIICIOBAHUS U PE3YJIbTAThI CEICKIIUU
CUTHAJIA, a TAK)KE U3YUYCHBI HCTOYHHUKH (DOHA K JAHHOMY pacrajy.

Jlureparypa:
[1]  D. Cline and W.F.Fry, Phys. Let 3(1965) 293.

N3YYEHUE ®PATMEHTALIMOHHBIX MTPOLUECCOB B pp — ppr*n~ PEAKLIUU INIPU UMITYJIbCE
32 I'B/C BBIAEJIEHHBIX METOJAMUM ITIONCKA KJJACTEPOB B MHOI'OMEPHOM ®A30BOM
ITPOCTPAHCTBE

JKaymuixos B.0.%, [[loxposckuii H.C.| *Caowixos T.X.Y, Kanmap6aesa JI.0.:

Satbayev University, Institute of Physics and Technology, Almaty, Kazakhstan

MBI fAeTadbHO OMHMCATIM METO/IBI TOMCKA KIIACTEPOB B MHOTOMEPHOM (ha30BOM IPOCTPAHCTBE. DTH METOIBI OBIIH
IpUMEHEHBl K Pp — pprtn~ pexanuu npu ummyinsce 32 [3B/c u GbUIO BBIENEHBI KIACTEPHL. BBUIM MOTyYEHBI
XapaKTEePUCTUKH KIIacTepoB. B 3Toil peakuny npeobia aroT 1Ba MEXaHU3Ma POXKICHHSI: OTHOBEPIINHHAS (hparMeHTaIHs
Y OJIHOBPEMEHHOE BO30YKICHHUE JBYX M300ap (AByXBepIIUHHAs (parMeHTanus).

Jns neranbHOTO M3ydeHHs OJHOBEPUIMHHOM (parMeHTanuu ObLI MCIIOJIb30BaH METOJ ITIOMCKa KIACTEpOB B
CHCTeME IOKOSl TPeX 4YacThl] 6 BHIOPAHHBIX W3 KOHEYHOTO COCTOSIHMS, M OBUIO BBIAEIEHO WIECTh KiacTepoB. Mx
uccie0BaHre 00HAPYKHIIIO CYIECTBEHHYIO POJIb HHTEP(EPEHIIMN aMILTUTY I PE30HAHCOB.

Beenenue.

Tak kak IUQpaKIMOHHBIC MPOIECCH B CHCTEMaX 3JIEMEHTApHBIX YaCTHI] UTPAIOT (yHIAMEHTAIBHYIO pOJb B
M3YYEHUH CTPYKTYPBI MATEPHH, TO METO/IBI X Pa3JeICHHUs UTPAIOT UCKIIIOUNTEIBHO OO0JIbIIOE 3HAUCHHE. DKCKITIO3UBHAS
peakIust MaJIoi MHOXKECTBEHHOCTH SIBJISIETCS] NICTOYHUKOM MH(opManuu o 1ndpakMOHHBIX Iporeccax. Mcnonszyembre
B JTOH CTaThbe METOABI HE MMEIOT TaKMX Ne(EeKTOB M OHM SIBISIOTCS IAJbHEHIINM YCOBEpIICHCTBOBAHHEM paHee
01Ty OJINKOBAaHHBIX.

B 37011 cTaThE OMMUCHIBAIOTCS METO/IBI ITONCKA KIIACTEPOB B MHOTOMEPHOM (Da30BOM U pe3yJIbTaThl X IPUMEHEHUS
K 9eTBIPEXYaCTUYHOMY KOHEUHOMY COCTOSTHHIO.

pp - pprtn” @

nonyueHHsIx U3 BITIK «Mupabesby», 3KCIOHUPOBaHHOM aHTHUIIPOTOHAaMH ¢ UMITyJibcoM 32 ['9B/c. Uncno coObiTuii

npuHa iexkanux peakuuu (1) pasao 5983. HccnenoBanue peaxnuu (1) mpoBOAMIOCH paHee IPYTUMU METOJaMU Ha
cratuctake 3606 COOBITHIA.

Hcnone3yercs 1Ba MOJETHbHO HE3aBUCHMBIX METO/Ia TIOMCKA KJIACTEPOB, KOTOPHIE IMTO3BOJISIIOT 0TOOPATh KJIACTEPHI
C MPOM3BOJILHOM (hopMOii B MHOrOMepHOM (ha30BOM mpocTpaHcTBe. CpaBHEHHE PacCTOSHUN MEXKTy MapaMy 4acTHIl B
(ha30BOM IPOCTPAHCTBE SABJIAETCS OCHOBON STHX METOJIOB.

2
Mepa paccTostHus Mesk Ty coObITHsAMH A 1 B Gbiia onpejienena kak dip = — Z?(Pi a4~ Pl-Bi) 2).
Jist Toro 4To0bI YYECTh 3apANOBOE CONMPSDKEHUE PPTHm~ KOHEYHOrO0 COCTOSHHS, KOMOMHAIMH TArOIIre

MUHHMAIBHOE d4p BBIOMPAIIUCH U3 CIETYFOIIHX:
ITouck kmacTepoB B (pa30BOM MPOCTPAHCTBE MPOBOJAMICS 000UMHU METOAAMH

Py
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p
p
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+

p
p
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- C’I‘pOI/ITCH COBOKYITHOCTbB JIOKAJIbHBIX IUIOTHOCTEH B MHOTOMEPHOM (l)aBOBOM IMPOCTPAHCTBE KAaK 3TO 00BsICHSIETCS
HHXC.
- Bce miotHOCTH YHopsaa04YrMBAKOTCA COIJIaCHO UX 3HAYCHUAM.
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- Kiaccudukanms coObITHI TPOBOANTCS IIAT 3a IIArOM, HAYMHAS C BHICIIHNX MJIOTHOCTEH MOCTENEHHO MEPEX0As K
MaJIbIM.

[epBeIii MeTon OazupyeTcss Ha NOCTPOSHUH MHUHHMAJIBHOTO MOKPBIBAIOIIETo JiepeBa. JIoKalibHasl IUIOTHOCTD B
3TOM METO/IE CBA3aHa C BETKOH JIepeBa U €€ 3HaUCHHUE ONPEAEIICTCS AIHMHON BETKH.

Bropoit Meron — aHanm3 paccrosHuil mwim meron «K-Ommkaiimmx» cocemei. DToT Meron Oonee THOKHMA H
YCTOWYMBBIN, HO MMEET OJWH CYLICCTBEHHBIH HEOCTATOK: OH HE IMO3BOJISICT YUHTHIBATH Pa3JIMUHbIE KOMOWHAIWH
KOHEYHOTO COCTOSTHHA.

W3 5983 coObiThii NPUHANNEKAIMX PPTTT~ KOHEYHOMY COCTOSHHUIO ObLIA BBIIECICHA OJIHOBEPIIMHHAS
IU(paKIMOHHAS JIUCCOIMAIMS W OBUTO OIIEHEHO MolepeyHoe ceueHne storo mporecca 0.908 + 0.014 mb, kotopoe
COBNA/AET C paHee MOMydeHHBIM. KBa3nIByXUaCTHYHBIM KaHAI C ACHMMETPHYHBIM POXKIEHUEM JBYX JIETKHX Ajh, n
A}, w306ap ObLT BbIAENEH M OBLIO OLEHEHO €r0 CeYeHHe, KOTOpoe okasanoch paBHbM 0.168 + 0.006 mb.
KBasuByX4aCcTHYHBIN KaHAT C aCCHMETPUYHBIM BO30yXkKIeHHEM 00EUX CTANKMBAIOIIMXCS YAaCTHIL 10 u306ap Al n
A}, ObUT BBIIENEH U OBLIO OTpesiesieHo ero nonepeunoe ceuenue 0.128 + 0.005 mb.

Bce mosryueHHBIE pE3yNbTaThl SABISIFOTCS CBHUAETENBCTBOM MPEHMYIECTBA METONOB IIOMCKA KIIACTEPOB B
MHOTOMEPHOM (ha30BOM NPOCTPAHCTBE.

UHTET'PAJIBHBIE CEUEHU S PEAKIIMH (p,xp) U3 B3BAMMOJIEVCTBUSA IPOTOHOB C SHEPTUEM
22 MbB C POOUEM U MEJBIO

Konovibaee T.K. 23, Myxan XK. 2, Kepumxynoe JK.K. 2, Hacypana M. %, Cadvixos 5.M. ?,
Anuesa I'JK. Y, YVcabaesa I'2

Mucruryt spepuoit gpusukn, Anmarter, Kasaxcran;
?Kasaxckuit Hauponansuelii Yausepcurer uM. anb-®apadu, Anmarsl, Kasaxcran;
SEppasuiicknii Haunonansusiii Yausepcurer um. I'ymunesa, Hyp-Cyoiran, Kasaxcran

Co3nanue THOPUAHOW sIIEpHO-(HU3MYECKOW YCTaHOBKH, COCTOSIIIEH W3 YCKOPHUTENb W MOJIKPUTHYECKOTO
peakropa) [l] craBuT 3amady MO KOPPEKTHOMY MOJEIMPOBAHWIO HEHTPOHHBIX IMOTOKOB. Heobxoammo uMeTh
9KCIIEpUMEHTANIbHbIE JaHHBIE JUIS Peaklni ¢ UCITyCKaHHEeM HEHTPOHOB OT HECKOJBKO eIMHHUI] M AecsATKoB M»aB. s
3TOr0 HE0OXOIMMO JAaHHBIE 10 CIIEKTPAIFHOMY COCTaBY M YTJIOBBIM paclipeAeieHHsIM BTOPHUYHBIX IIPOTOHOB M JIETKHX
3apsDKEHHBIX YaCTHUII, 00pa3yIOMXCsl P ralleHuH IEPBUYHOTO IyYKa B MUILICHHOM ycTpoiicTBe. BriOop nccnemxyemoit
MHIIEHH CBS3aH C TEM, YTO MeJlb SIBIISIETCS OJJTHUM M3 HMIMPOKO MCIOIb3YEMbIX KOHCTPYKIIMOHHBIX 3JIEMEHTOB.

OKcIepUMEHTaJIbHbIE JaHHBIE MTOJYYeHbI Ha BBIBEJICHHOM ITy4YKe IPOTOHOB M30XPOHHOIO HUKJIOTpoHa Y—150M
WHcrutyta sinepHoit ¢puzuku. M3mMepeHus cedeHuil NpoyKTOB SIIEPHBIX PeakiUii MPOBOIMINCH: C MOMOIIBIO KaMephl
paccesHust auameTpoM 60 CM, OCHAIIEHHON MOBOPOTHBIM CIIEKTPOMETPOM 3apsDKEHHBIX YacTHI[; MOHHTOPOM M3
CLUMHTHJUIAIIMOHHOTO JIETEKTOPA, YCTAHOBJIEHHBIM 1o yriioMm 300 cucTeMaMu MpUBOJa MHILEHEH; KOJUIMMAI[MOHHOM
cucteMoil u ImwinHApoM Papazes IS U3MEPEHHs YHCa YacTHIl, NPOMISANINX depe3 MUlIeHb. CeueHHs SIepHBIX
peakuuit (p,xp) Ha sapax Cu u ®Rh nosnyuensl B yriosom auanasone 30°— 135°, Jlng upeHTHdUKALMU TPOIXYKTOB
PEaKIK HMCIOJIb30BAJICS JIBYXJICTEKTOPHBIH TEJIECKOI, COCTOSIINI M3 MPOJETHOIO TOHKOTO KPEMHHEBOTO JIETEKTOpa
tomuuHOU 100 MKM 1 AerekTopa monHoro nornomenus (cuuaTIuatop CsI(T1)) Tommuao# 2,5 oM.

PacueTsl B paMKax 3KCUTOHHOM MOJEIM MpeApaBHOBECHOro pacnaga [2] BeimosnHeHsl no nporpamme PRECO-
2006 [3]. B pamkax 3TOi MOIeNH NPHUHUMAETCS, YTO SIAPO XapaKTepU3yeTcs mapameTpamu Pr, Nz, Py u h,, rme p u h
0003HAYaAIOT YacTHUYHBIE M JBIPOYHBIE, & 7T M V — NPOTOHHBIE W HEWTPOHHBIE CTEIEHU CBOOOJBI, COOTBETCTBEHHO.
YcnoxHEHHe 4aCTUYHO-ABIPOYHBIX KOHQUIYpaui OyleT MpOMCXOANUTh 10 TEX II0p, IIOKa BEPOSITHOCTH NEPEX0JI0B B
€MHUITY BPEMEHH B COCTOSIHUS C MEHBIIIM YHCIIOM SKCUTOHOB HE CPABHAETCS C BEPOSITHOCTHIO IIEPEXO0/I0B B COCTOSHUS
¢ OOJBIINM YHCIOM PKCUTOHOB. M3 CpaBHEHUS IKCHEPHUMEHTAIBHBIX UM TEOPETUYECKH PACCUMTAHHBIX HHTETPATBHBIX
CHEKTPOB CJEQYeT, YTO OCHOBHOI BKJIAaJ B JKECTKYI0 YacTh HHTETPAIFHOTO CEeUeHHs peakuuid (P,XP) Ha Bcex
HCCIIeTyeMbIX SiApax OOYCIIOBJIEH NPeIpaBHOBECHBIM MEXaHHU3MOM, B TO BpeMs KaK B HH3KOIHEPreTHYECKYIO YacTh
CTAHOBWTCSI 3HAYMTENIFHBIM BKJIAJ] COCTABHBIX MPOIECCOB. BKIag OMHOCTYIICHYATHIX MEXaHM3MOB B peakuuu (p,xp)
HE3HAUUTEIICH.

[JanHoe wuccnenoBanue Obu0 TpoduHAHCHpOBaHO MuHHCTEpcTBOM 3Hepretukn PecrmyOnmmkm Kaszaxcran
(BR09158499).

Jluteparypa:
1 I'epacumoB A.C., Kucenes I'.B. // DUAS. — 2001. — T.32, Bemn.1. — C.143.
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2 Griffin J. J. // Phys. Rev. Lett. — 1966. — Ne9. — P.478.
3 Kalbach C. PRECO-2006: Exiton model preequilibrium nuclear reaction code with direct reaction. Durham NC
27708-0308, 2007.

HCCIEJOBAHHUE YIIPYTOI'O PACCEAHMSI IPOTOHOB HA SIIPE "Be BPAMKAX
JUDPPAKIIMOHHOU TEOPUU I'NTAYBEPA

Ab6opamanosa I'., Umambexos O.

Kazaxckuit HarmonansHeIi yHUBepcuTeT MMeHH ainb Papadu, HUMDT®, Anvatsr, Kazaxcran

B Hacrositee Bpemst CBOMCTBa HECTAOMITBHBIX S9K30THUECKHX S1/Iep MHTEHCHBHO UCCIIEAYIOTCS BO MHOTHX BEIYIINX
Hay4YHBIX LIEHTpax MHpa. Takue ucciesoBanus CTaId BO3MOKHBIMH ITOCIIE TOTO, KaK HAYYHIIUCh CO3/1aBaTh HHTEHCHBHBIE
BTOPUYHBIE TIyYKH PpAJAUOAKTHBHBIX sJep. OKCIEPUMEHT IPOBOAMTCS B HWHBEPCHOW KUHEMAaTHKe, KOrjaa
BBICOKOOHEPTMYHBIN TTOTOK HMCCIIEyEMbIX PaJMOaKTUBHBIX SJep HAIpPaBIseTCs HA MOKOSIIUICSA CTaOWIBbHBII MUILLIEHBb
(mpotoH, npyrue cTaOWiBHBIC sOApa W T.J.) U HU3IMEPSAIOTCS CEYCHHE B3aWMOICHCTBHS M TOJIPU3AIMOHHBIC
XapaKTePUCTHKH.

W3 MHOXecTBa paboT MOCBAMICHHBIX M3YYCHUIO CBOMCTB JIETKMX IK30TUYECKHX AIEp CIeAyeT 0co00 BEHIIEIUTH
UK paboT, BeIoHEeHHON Kojutaboparueit GSI-ITUA® (I'epmanus-Poccnst) B 2002-2019 rogpl. B Hux U3 roga B rofn
OuYeHb AKKYpPaTHO U3MepeHbl AuddepeHiuanbHble CeueH s B3auMOAEHCTBUS IPOTOHOB CO CIEAYIOIMMY sapamu: SHe,
8He, 8L, °Li, *Li, 1?Be, *Be. DxcrnepuMeHTHI IIPOBOAMINCH HA pafuoakTuBHoM myuke GSI (Japmmranr, [epmanus) B
MHBEPCHOI1 KHeMaTHKe, pu sHepruu 0.7 ['5B/HyKIIOH, B IMana3oHe nepeaaHHbx uMimyscos 0.002< [t] < 0.05 (T'aB/c)?.
Droil ke Hay4HO} KOoITabopaLyeli HeJaBHO BBIIONHEH HOBBIH U 04eHb BaXKHLIH skcrepuMenT [1] s saep 'Be u ®B.

BeI6op 3THX simep B KauecTBe 0OBbEKTa MCCIEAOBAHMS He CiiydaeH. Bo-TepBbIX, sl HUX KaK CKa3aHO BBIIIE,
HEJ]aBHO BBINIOJHEH HOBBIH OKCIEPUMEHT W €ro pe3ylibTaThl CIEAYyeT BCECTOPOHHE MHMKPOCKOIHMYECKH
MHTEPIPETHPOBaTh. BO-BTOPBIX, 3T s/Ipa TECHO CBSI3aHbI C CAaMbIM 00CYKJa€MbIM B HACTOsIIEE BPEMs IIPHIIOKEHUEM
AzlepHoit Gu3UKU — AnepHoit actpodusukoii [2]. SIapo 8B obpasyercs na ComnHue B pesynbrate peakiuu ‘Be(p,y)éB u
HCITyCKaeT BRICOKOPHEPTeTUIECKOE HEHTPHHO, KOTOPOE MOXKHO OOHAPYKHUTh B HA3eMHBIX 3KcrepuMeHTax [3]. CkopocTh
3aXBaTa MPOTOHOB B 'Be CUJILHO 3aBUCHUT OT CTPYKTYphl °B. Pasmep B u dopma pacnpeienenys NIOTHOCTH NPOTOHOB
Ha OOJIBIIMX PACCTOSHHAX OIPEIEIIAIOT CKOPOCTh 3aXBaTa MPOTOHOB W MOTYT OBITh HCITOJIB30BAHEI B TEOPETHUECKUX
pacdueTax TOTOKa COJHEYHBIX HeHTpuHO. [lo3TOMYy BCECTOpOHHEE HCCIENOBAHHE CTPYKTYPHI ATHX SACP C Pa3sHBIMHU
crioco0amu, M IPEKIe BCETO Uepe3 paccessHue aipOHOB, SBISIETCS OYCHb BaKHBIM.

B manHOM paboTe MBI IIPOBOJMM TEOPETUIECKUH aHAIN3 PACCEsHUS IPOTOHOB ¢ »Heprueil 0.7 I'>B Ha supe ‘Be
Ha Majble YIJIBl B paMKax AnppaknuoHHON Teopun ['nmayGepa. BHemHnMu nmapamerpamu teopun I'maybepa sBisieTcs
BOJIHOBast QyHKIUS sIpa-MHUIICHH U dJIEMEHTaPHBIE aMIUIUTY/Ibl B3aUMOZCHUCTBHUS HAJIETAIONEH YaCTHIBI C HY KIIOHAMH
¥ KJlacTepamu sapa. BHyTpeHHee coCTOsHHME fApa 'Be ONMCHIBAEM B JIMHAMMYECKOH JIBYXKIIACTEPHOM (0-T) MOJIENH C
3alpelleHHbIMU cOoCcTOSTHUAME [2]. JlaHHas BosHOBasi (yHKIMSI XOPOILIO OIMKMCHIBAET OCHOBHBIE XapaKTEPHCTHKH Kak
OCHOBHOT'O, TaK ¥ HMU3KOBO30YK/IEHHBIX COCTOSIHUU UccienyeMoro siapa. CleqyomyM BHEITHUM NapaMeTpoOM TEOpHH
I'mayGepa sBnsieTcst 3NeMEeHTapHBIE aMIDTATY Bl TIPOTOH-HYKIIOHHOTO U MPOTOH-KJIACTEPHOTO paccesHus. OHH 0OBITHO
JUISE MHTEPECYIOIIEH YHePreTHUECKod 00IacTH MapaMeTPU3yIOTCS M3 HE3aBUCHMBIX JKCIIEPUMEHTAJIbHBIX JaHHBIX. B
Hallel 3ajade O-9acTHIa CUYUTAeTCS OCCCTPYKTYPHOW M JUIi Hee B HAYYHOH JHTEpaType HMEIOTCS ITapaMeTphl
3JIEMEHTAPHBIX aMIUIATY[, TOTJa KaK JUIS MPOTOH-T PACCESHHUS MapaMeTphl OTCYTCTBYIOT. [loaTomy B3amMoneHcTBUS
HaJIETAIOIETO MPOTOHA C T-KJIACTEPOM BBIPAXKACTCS Yepe3 B3aUMOJICHCTBHS C OT/IENIbHBIMU HYKJIOHAMHU BXOASIINE B 3TOT
kiactep. B pamkax andpakiioHHON TEOPUH, HAMU 3/1€Ch ITOYYEHBI BHIPAKEHHUE JJIsI MATPHUYHBIX 3JIEMEHTOB yIIPYTOro
p’Be-paccesinus. BonHoBas QyHKLHS SApO-MUIIEHH Pa3jloKeHa 0 rayCCoMiaM, O3TOMY BCE MHTErPajbl B MATPHYHOM
aNIeMEHTEe OepeTcs aHAIMTHYECKH. DTO 3HAYUTEIbHO MOBBIIIAET TOYHOCTh BhlYMCIeHHH. CaMO BbIpaKEHUE MAaTPUIHOTO
JJIEMEHTAa MBI 37eCh HE NPHUBEAEM H3-3a €ro TI'POMO3IKOCTH. IIpOBEOEHHBIE pPAaCcUYeThl XOPOIIO COIJIACYETCS C
IKCTIEPUMEHTAJIbHBIMU AaHHbIMU. K cOXKalleHuIo, TaHHbIE UMEETCSI TOJIBKO MPU MaJbIX yriiax. Mbl MPOBENU PacueT JI0
yrioB paccesiHuss 40°, ¢ ydyeToM OJIHO- M JIBYXKPaTHOTO paccesiHus. B nanpHeiieM mpenrosiaraercsi CpaBHHUTh
MOJIyYEHHBIN pe3yJIbTaT C pacCesHUEM ME30HOB B JAHHON KMHEMATHYeCKOil o0nacTu.

[JanHas paboTta BBIIIOJIHEHA B paMKax Hay4Horo rnpoekra AP08855589.

Jluteparypa:
[1] A.V. Dobrovolsky et al. / Nuclear-matter distribution in the proton-rich nuclei Be and B from intermediate energy
proton elastic scattering in inverse kinematics/ Nuclear Physics A 989 (2019) 40-58.
[2] S. B. Dubovichenko, Thermonuclear Processes of the Universe (NOVA Science Publisher, New York, 2012) p.
196, https://lwww.novapublishers.com/catalog/.
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[3] E. G. Adelberger. Solar fusion cross sections. I. The pp chain and CNO cycles / A.Garcia, R.H.Robertson et al.// Rev.
Mod. Phys . -12.Apr.2011. — Val. 83. —P.195-246. https://doi.org/10.1103/RevModPhys.83.195.

UCCJIEJOBAHME DJEMEHTAPHON AMILJIUTY Ibl BBAUMOJIEMCTBHA AJTPOHOB C
HYKJIIOHAMH U MAJIOHYKJIOHHBIMU KJIACTEPAMUA

Ab6opamanosa I'., Haoup A., Meipsabaesa M., Umamberos O.

Kazaxckuit HarronansHbIH yHUBepcuTeT nMeHH anb Papadu, HUMDTO®, Anvatsr, Kazaxcran

OnmHUM U3 BHEIIHUX MapaMeTpoB IU(pakInoHHONH Teopun [naybepa siBiseTcs 3JeMeHTapHas aMILIMTY.a,
(heHOMEHOJIOTHUECKH OTHCHIBAIONIAs B3aMMOJCHCTBHE pacceMBaeMOW dYacTHIp! (TMpoToHa, m- M K - Me30HOB) ¢
HYKJIOHaMH WY MaJOHYKJIOHHBIMHU KjacTepaMu siapa. OOBIYHO OHM MapaMeTpU3YyIOTCs CTaHAApTHBIM 00pa3oM B BHIE
TayCCOUBI

kUXA . 2
fxa = F(l + exa)exp(—Pxaq”/2)

3nech 0y, — MOJHOE CEUCHHE B3aUMOJCHCTBHS HAIETAIOUICH YACTHIBI X C HYKIOHAMH WM MaTOHYKJIOHHBIMH
KinactepaMi A (0-94acTHIA, TPUTOH WITH T) B SMPE, Exy — OTHOIICHHE MHIUMOMN YaCTH aMIUTUTYIbI K JICHCTBUTEIBHOI ee
4acTH, [Py, —HAKIOH 3aBHCUMOCTH CEYEHHMs. OTH MapaMeTpbl ONPEACISIOTCS M3 HAWJIy4IIero OIUCAHUS
9KCIIEPUMEHTAIIBHBIX JaHHBIX B COOTBETCTBYIOIIEH SHEPTETHIECKOH 00IacTH.

CpaBHEHHE 3TUX MAPAMETPOB AJISI Pa3INYHBIX YACTHUI] IIOKa3bIBACT, YTO BEIMYMH ITOJHBIX CEUCHUH AT paccesHUs
MPOTOHOB M T — ME30HOB 3HAUMTENHHO OoJbiie, uyeM s K — Me30HOB. M3BecTHO, 4TO TOJIHOE CEUeHHE CBSI3aHO C
aMIUIMTYZOM yIpyroro paccesHusl INpH HyJeBOM yrie (ONTHYecKas TeopeMa): MHUMas 4YacTh aMILIUTY/IbI,
JIOMHHHUPYIOIIasi B paCCESHUU 3aBUCHUT OT IOJHOTO cedeHus, a oHo aiust KN-paccestHus CyliecTBEHHO MEHIIe, YeM IS
JPYTHX aIpOHOB.

Bennunna £, 4, Xapakrepu3syommas paanyc xA-B3auMoAeHCTBYS JUI1 KAOH HyKJIOHHOTO PaccestHUs TaKkKe Ha OJTHO-
JIBYX TIOpSIKa MEHBIIIE TIO CPABHEHHMIO C OCTAIBHBIMH, YTO yKa3bIBA€T Ha JOMUHHUPYIOMINI BKIIa]] paccesHue S-BOIHBI. A
a0coroTHas BelnnurHa &, 4 1U1st KN-paccesHus cymecTBeHHO O0bIlie, YeM JIJIsl IPOTOH-HYKIOHHOTO ¥ TMOH-HYKJIOHHOTO
B3aUMO/ICHCTBUSI. JTO TOBOPUT O TOM, 4TO moriomenne K-Me30HOB Masio, B OCHOBHOM B3aMMOJICHCTBHE HJIET Yepes3
YOpPYIUid KaHai.

OTH 0COOEHHOCTH aMIUIUTYZ Kaue€CTBEHHO MOJKHO MOHSTb, €CII PaCCMOTPETh MX KBapKOBYIO CTPYKTYpy. M3-3a
TOTO, YTO B COCTAaB T -ME30HOB BXOJAT aHTHKBApKH (d M 1) B3aMMOJEHCTBHE MX C HYKIOHAMH JIOCTATOYHO CHIIBHOE,
MMeeT Pe30HaHCHBIN XapakTep. OcobeHHO 3To IposBiseTcsa B 7 1 -B3ammoeiicTeuy, rae npu sHeprum cebme 0,1 B
UMEeT MECTO [OCTaTOYHO INMUPOKUH Ajzz-pe3oHaHc. B obOmactm pesoHaHca cedeHue pocturaet okomo 200 MO.
B3anmozeiicTBre KAOHOB C HYKIIOHAMH KOPEHHBIM 00pa30M OTJIMYAETCS OT OMMCAHHBIX BBIIIE U3-32 HAIMYUS CTPAHHOTO
KBapKa M BCJIEACTBHE 3TOro KBaHTOBOro ymcna S#0. Tak kak y K* ctpannocts S=1, a y K -Me30Ha cOOTBETCTBEHHO S=-
1, ro B3aumoseiicteust K'N u K'N cunbHo otinuarotest Mexy coboit. B K'N B3auMoeiicTBiM U3 32 aHHUTHIISIIIAHN UL
KBapKOB 00pa3yloTCsl y3KHE pe30HaHCHBIE cOCTOSHHMA (A m X) M uMeroTcs oTKpbiTHe KaHansl Hke K'N mopora.
B3aumogeiictBue cunbhoe, auddepeHnuansHoe cedenue jgocturaer 42 mo/cp. Hamporus, B K'N cucreme
ISITHKBAPKOBAask CTPYKTYpa HE 00pa3yeT pe30HaHCOB U B OCHOBHOM B3aMMOJAEHCTBHE UET Yepe3 ynpyruil kanai. O Tom,
gyro K*N Hanbosee cnabee U3 BceX CUIIBHBIX B3aUMOACHCTBHN TOBOPHUT M OOJbILIAst CPEHSA IJIMHA CBOOOJHOrO mpobera
K*-mMe30HOB B sizpe.

B nanHO# paboTe HalAEHBI U CHCTEMATH3MPOBAHBI TAPAMETPHI B3aUMOICHCTBHS IIPOTOHOB, T - M K — Me30HOB ¢
HYKJIOHaMH TIPH NPOMEXYTOUHBIX dHeprusx. HaliieHHble MapaMeTpbl YAOBJIETBOPUTENHHO OMUCHIBAET MMEHOLMXCS
JKCIEPUMEHTAIIbHBIC TaHHBIE BILIOTH 110 ~50°. Takke HaiiieHbI TapaMeTphl JJIEeMEHTAPHBIX aMILTUTY/I X0.-paCcCEesIHUS, T1e
0. paccMmarpuBaeTrcsi Kak OecCTpyKTypHas 4YacTulld. DTH HaiJIeHHbIE MapaMeTphbl MO3BOJISIIOT IPOBECTH PacdeThl C
UCIIOJIb30BAaHUEM KJIACTEPBIX BOJHOBBIX (DYHKIMH JIETKUX sijiep. HaiineHHble mapaMeTpsl MpecTaBlieHbl B BUIE TaOIHI]
yIOOHBIX JUISI HCIIOJIb30BAHMSI.

[JanHast paboTa BBIIIOJIHEHA B paMKax Hay4Horo rnpoekra AP08855589.
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MCCJIEJOBAHUE SHEPTETUYECKHUX CHEKTPOB JIEATPOHOB 13 B3AUMOJIENCTBUS
MPOTOHOB C SIAPAMMU #Al u 12°Sn

Anueea I' )K. Y, Kepumxynos XK.K. %, Anumos JI.K. ?, Xooacaee P.2, Myxan JK.*?, JKonowibaes T.K. >3,
Caovixoe 5.M. ? Ycabaeea I. ®

! Eppasuiickuit Hanuonanbhelii Yausepcuter um. I'ymunesa, Hyp-Cynran, Kaszaxcran;
2 MuctutyT snepHoit pusuku, Anmatsl, Kazaxcran;
SKazaxckuii HanuonansHelii YHusepcureT uM. anb-Dapabu, AnMarel, Kazaxcran

OKCcHeprMEHTaNbHbBIE JaHHBIC IT0 HETIPEPHIBHBIM SHEPTETHIECKUM CIIEKTPaM BTOPUYHBIX YaCTHII, 00Pa3yIOIIIXCS
B pe3yJIbTaTe B3aMMOJACHCTBUS HYKJIOHOB C SIIpaMU, MO3BOJISIIOT MIPOCIIEIUTh 32 AWHAMUKONW 00pa3oBaHMs U SBOJIOLNHT
BO30YK/IEHHOW CUCTEMBI K PABHOBECHOMY COCTOSIHHIO, UTO OCTAETCs aKTyaJIbHOH 3a1a4eii TEOpUH sLIepHBIX peakuuii [1].
[Ipy 5TOM CTOMT OTMETHTH, YTO TaKHWE€ JaHHbIE HEOOXOAMMBI Ui KOPPEKTHOIO MOJCIHMPOBAHHUS IIPOLIECCOB,
MPOUCXOAMUX B KOHCTPYKIMOHHBIX MaTepHanax CYIIECTBYIOUIMX M IPOEKTUPYEMBIX SAJEpPHBIX YCTaHOBKax, B
YaCTHOCTH, THOPUIHBIX ycTaHOBKax ADS.

OkcnepuMeHT ObUT BBINOJIHEH Ha W30XPOHHOM IMKIOTpoHe Y-150M MWueruryta sipepHOW (u3UKM C
UCTIONB30BaHUEM YCKOpeHHbIX A0 odHeprun 30 M»dB mnporoHoB. B kadecTBe MHUIIEHEH HCIOJIB30BAIUCH
camonoiepuBaromue (Gpoisru u3 MoHomsotornHoro Al m oboramennoro 10 97% msorona 2°Sn. Vismepenus
BBINOJIHEHBI B YIJI0BOM auanasone 30-135° B maGopartopHoii cucteme koopauHaT ¢ marom 15° BropuuHsle neHTpoHbI
PETHCTPUPOBAINCH TEIECKOIIOM JIETEKTOPOB, COCTOSIIEM W3 KPEMHHEBOrO JeTekTopa TonmmHod 100 MHKpoH H
CIMHTWULIIMOHHOTO JAETeKTopa ToumuHON 25 MM. Mcmonp3oBaHWe Takol KOH(UIYypaluu AETEKTOPOB ITO3BOJIMIIO
HaJIe)KHO OTCOPTHPOBATH MIPOXYKTHI SAEPHBIX PEAKIHIT 10 THUITAM BBUICTAIOMINX BTOPHYHBIX dacTull. CHcTeMaTHIecKue
OLIMOKHM U3MEPEHHBIX CEYCHU ObLIM 00YCIIOBJICHBI MOTPEMIHOCTSIMHU B ONPECICHUH TONIIWHBI MUILIEHH U TEJIECHOTO
yria criektpoMerpa. CraTucTidyeckas olnMOKa M3MEHsIach JUIsl ISHTPOHOB U3MEHsIach OT 5 % B HU3KODHEPreTUUECKOM
10 10 % B BBICOKORHEPreTHUECKOH 00acTsIX sHepruil. [locie HHTErpupoBaHus 1Mo YTy NBaXAbl-auddepeHnanbHbIX
CeueHU i ObUIN MOJy4YEeHbl HHTETPAIbHBIC CEUCHHUS ITAHHBIX PEaKIH.

Peakuuu, B KOTOPBIX JIETKHE CIIOKHBIE YACTHIIB! (IEHTPOHBI, TPUTOHBI, HE 1 0-4acTHIIB) HAXOAATCA BO BXOJIHOM
W/WIM BBIXOAHOM KaHanaxX, TPYOHEE OMHCATh, MOCKOJBKY YK€ JaBHO OBLIO NMPHU3HAHO, YTO OHM BKIIIOYAIOT JpYyTrHe
MEXaHN3MBI PEaKny, TAKAE KaK NPSAMYIO IIepeaady U BHIONBaHNE HYKJIOHOB, BKJIIOYAsl KJIIACTEPHBIC CTETIEHH CBOOOIBI U
pa3Bajl HaJeTalouleld 4acTHIbl. AHAIN3 HKCIIEPUMEHTAIBHBIX PE3yJIbTATOB BBHINOJIHEH B PaMKaxX 3KCHTOHHOW MOJIENH
I'pudduna [2] mpenpaBHOBecHOTO pacmaza siaep mo nporpamme PRECO-2006 [3]. YcTaHOBICHO, UTO CEYCHUE B PeaKIIUN
(p,xd) Ha mccienOBaHHBIX SIpaX HMPEHMYIIECTBEHHO (DOPMHpPYETCS depe3 MEXaHW3M MpelIpaBHOBECHOro pacmazna. B
BBICOKOHEPI€THYECKOH YacTH CIIEKTPa, B JJOMOIHEHNE K MPEAPAaBHOBECHOMY, SIBIISIETCS] 3HAYMTEIILHBIM BKJIAJ IPSMBIX
nporieccoB. IlomydeHHBIe HOBBIE YKCIEPHUMEHTAIBHBIC S/IEPHBIE JaHHBIC HANPABICHBI Ha PAa3BUTHE TEOPHHU SIEPHBIX
peaKILuii, a TakxKe 1Sl pa3paboTKU MEePCHEKTUBHBIX SIEPHBIX TEXHOJIOTHH.

JlanHoe wuccnenoBaHue OBIIO MPOGHHAHCHPOBAHO MMUHHCTEPCTBOM 00pa3oBaHHMsA U Haykd PecmyOmuku
Kazaxcran (AP08955998).

Jlureparypa:
1 Gadioli E., Hodgson P.E. // Oxford Univ. Press, New York, 1992,
2 Griffin J. J. // Phys. Rev. Lett. — 1966. — Ne9. — P.478.
3 Kalbach C. PRECO-2006: Exiton model preequilibrium nuclear reaction code with direct reaction. — Durham
NC 27708-0308, 2007.
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1. NUCLEAR PHYSICS

KBA3UYIIPYTHUE IMTPOIECCHI TPA B3AUMOJIEMCTBAY MOHOB *He C SIJIPAMH *Mg

Caovikos 5.M. %, XKonowibaes T.K. ', Hacypana M.*, [yiicebaee 5.A. 1,
Bypmebaesa /%, Ian A.H. , Caxyma C.B. ?

lI/IHCTMTyT Snepuoit ®uzuku, Anmatsel, Kazaxcran;
?HanuoHanbHbli HccleoBaTelbekuii ienTp «KypuaToBckuii MHCTUTYT», MockBa, Poccus

HWccnenoBanms mpomeccoB B3aNMOICHCTBHS YaCTHII U SIAEP C SAPAMHU SABISETCS OJHUM U3 OCHOBHBIX HAIIPABIICHUH
AaepHON (M3WKU M CBA3aHO C ITOyYCHHEM HOBBIX JAaHHBIX O CTPYKTYPHBIX CBOMCTBaX sAep M MEXaHM3Max SACPHBIX
peaxmmii. B HacTosmIe# paboTe OB TPOBEACH TEOPSTHUESCKIH aHAIH3 OJIYYCHHBIX paHee SKCIICPUMEHTAIBHBIX JaHHBIX
no peakuuu (*He, o) Ha sape 2*Mg.

W3mepennst npoBOAMIIMCH HA H30XPOHHOM LUKIOTpoHe VIHCTUTYTa sinepHON (DU3UKK MPH SHEPTUH HOHOB TelIHs
60 M»>B. B kauecTBe siipa-MUIIEHN UCTIOJIL30BAIaCh CAMOHECYILAs, H3TOTOBJIEHHAs! METOIOM TEPMHUYECKOTO HCTIApEHHS,
TOHKasl IUIeHKa U3 oboramienHoro usorona 2*Mg — 99,1 % co cpexueii sgdextusHoi Tommmuol 1 Mr/cm?. Tonmuna
MHUILIEHH OTIpeJIeNIAIack METOIOM B3BELIMBAHMUS, a TAKXKE 10 MOTEPSIM PHEPTUHU 0—4YaCTHUI] PaJIHOAKTUBHOIO HCTOYHHKA
241Am-243Am-244Cm ¢ TouHocThio 6 — 9 %.

Peructpanus u uneHTHGUKAINS TPOTYKTOB SICPHBIX PEAKIMHA OCYIIECTBILIIACH CIEKTPOMETPHUUECKUM OJIOKOM,
COCTOSIINM H3 IBYX KPEMHHEBBIX MOJYIPOBOJHHUKOBEIX NETEKTOPOB: mposieTHoro AE u momnHoro mormomienus E.
HckoMble HOHBI OTIEISUTHCE OT IPYTHX 3apsKEHHBIX YaCTHII C TOMOIIBI0 METOANKH AByXMepHoro aHamu3a (AE - E) [1].

YrioBele pacnpeneneHus IPOIyKTOB SIISPHBIX PEaKINii Ha HCCIISyEeMOM sIpe U3MEPEHHI B AHana3oHe yrios 11-
120° ¢ Tounocthio 0,1° B naGopartopHoii cucTeMe KoopauHat ¢ maroM ~ 2 — 3°, TlonHas HOrpelmHOCTh U3MEPEHHbIX
ceueHunil He mpesbiiaia 10 % , rae BKIag CTaTUCTHYECKUX onbok coctaBisiet (1 — 3) % i Heynpyroro paccesHus U
HOTPEITHOCTh KATHOPOBKK HHTErpaTopa Toka (~ 1 %).

OKcIlepUMEHTaJIbHbIE JaHHBIE AHAIM3UPOBANINCH B paMKaX METOJa HCKaKEHHBIX BOJH C TOYHBIM YYETOM
KOHEYHOTO pajinyca B3auMojeiicTeus *He-n B IpeamnosoxeHuy mojaxsara p-Heiitpona mo nporpammve DWUCKS [2].
[ToTeHnMangpl B3aMMOJCHCTBHMSA JUIl BBIXOJIHOTO KaHalla pacCYMTaHbl Ha OCHOBE IVI00AJbHOW 3aBUCHMOCTH,
yctaHoBneHHoW B pabore [3]. IlomyyeHO yJIOBIIETBOPUTENHHOE COTJIACHE TEOPETHUYECKHX PpacyeToB C
SKCIICPUMCHTANGHBIMA JTaHHBIMH 110 YTJIOBBIM paclpefelieHHsIM MPOAYKTOB SACPHBIX peakmuid. OrmnpeneneHsl
(heHOMEHOIOruIecKHe 1 MOTyMHKPOCKOMYECKHE apaMeTphl HOTEHIUANA, CIEKTpOMeTprdeckue (GakTopsl sapa 2*Mg.

Jluteparypa:
1. Bypre6aes H.T., Bunorpanos A.A., Bonraii A.J]. CiicreMa MHOTOMEPHOTO aHAJIN3a JIJIS HCCIICIOBAHUS SICPHBIX
peakiuii Ha rukinoTpone USID AH Ka3zCCP // 3s. AH Ka3CCP. Cep. ¢usz.-mat. — 1975. — No 2. — C.65-68.
2. P. Kunz. Finite range DWBA code DWUCK-5. http://spot.colorado.edu/~kunz/DWBA.html, 1990.
3. Nolte M., Machner H., Bojowald J. Global optical potential for a-particles with energies above 80 MeV // Phys.
Rev. —1987. - Vol.C36. — P.1312.
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1. NUCLEAR PHYSICS

KOJUIEKTUBHOE OBPA3OBAHWE BTOPUYHBIX YACTHIL BO B3AUMOJIENCTBUAX
ACCUMETPUYHBIX SAJEP

@eoocumosa A.U. 1, Jlebedes U.A.?, Ubpaumoea C.A.%, Imumpuesa E.A. ?, Bondapv E.A.?

PI'TI «IHCTHTYT sinepHOii Qusukm», T. Anmatel, Kasaxcran
2TOO «DU3UKO-TEXHUUECKUIT HHCTUTYT», I'. Anmartsl, Kazaxcran

Om3uKa KBapK-TIIOOHHOW MaTepUH MPEICTABIAET coOOH ONHY M3 KIFOUEBBIX 00JIaCTel COBpEMEHHOM (DH3HKH,
O0BEIUHSIONIYIO SIEPHYI0 (PHM3HUKY, (H3UKY SJIEMEHTApHBIX YacTHUI U KOocMoJoTuio. CIIOKHOCTh HIICHTH(UKAIIUI
(hopMupoBaHHS KBAaPK-TIIIOOHHOH IJIa3MBI CBs3aHA TJIABHBIM 00pa3oM ¢ TeM, 94TO OHa oOpasyeTcs Ha OoibimoM (doHe,
00yCIJIOBICHHOM OOBIYHBIMH ITPOLIECCAMU CHIIBHOTO B3aMOJIeicTBHA. HauanpHOe coCcTOsTHKE, O KOTOPOM OOBIYHO OYEHb
MaJi0 TPSAMOM DKCIEPUMEHTAJIbHOW HH(GOpPMAIMU, NPUBOJUT K CYIIECTBEHHBIM (UIYKTyalusM B paclpeieieHUH
BTOPHUYHBIX YaCTHIl ¥ ()ParMeHTOB.

Jns noucka curHanoB (a3oBOrO Iepexo]a BELIeCTBA U3 aJPOHHOIO COCTOSIHHUS B KBAPK-TJIIOOHHYIO ILIA3My
HCCIIEAYIOT B3aUMOAEHCTBHS C IKCTPEMAaJIbHBIMU XapaKTePUCTUKAMHU.

B nmanHO#l paboTe npencraBieH aHanu3 COOBITHH TIOJIHOTO paspylIeHWs sapa cHapsjga. Takue coObITHA
paccMaTpuBarOTCsl Kak COOBITHS, B KOTOPBIX CO3/aHBI HanOosee OiaromnpusATHBIE YCIOBHA IS 00pa3oBaHUS KBapK-
TIIOOHHOH mna3Mel. Ilpennonaraercs, 94To TakWe COOBITHS NPEACTaBIIOT cOOOH IEHTPaIbHBIE B3aWMOICHCTBHUS, B
KOTOPBIX TIEpefacTcsi MakCHMallbHAsl 3HEPIHs HaJETAIOIIEro spa B oOyiacTe B3amMopaeHcTBus. [l MccnemoBaHUs
0COOCHHOCTEH pacIpeneneHss COOBITHI 10 MHOXECTBEHHOCTH BTOPHYHBIX YacTHIl B 3aBUCHMOCTH OT JHEPTHH
CTOJIKHOBEHMS OBUIN MPOAHAIN3NPOBAHBI CIICTYIONINE IKCIIEPUMEHTANIBHbIC JaHHbIE: 837 HEYNpPYTHX B3aUMOJACHCTBUH
S+Em 200 AIB [1] ¢ sgpamu smynbecuu NIKFI BR-2, monyuennsie Ha SPS B CERN 1 924 Heynpyrux B3auMOACHCTBUS
S+Em 3.7 AI'3B ¢ sapamu smynscun NIKFI BR-2, nosnydennsie Ha Cuaxpogazorpone 8 OUAUN ([1y6na, Poccust) [2].

B nporiecce BbIoHEHHUS UCCIEI0BaHN ObUIO 0OHAPY)KEHO aHOMAJILHO BHICOKOE KOJIMYECTBO COOBITHI MOJTHOTO
pa3pyLIeHus sAapa CHapsa B HeyNpyTrux B3aUMOJICHCTBHH siiep cepbl ¢ siapamu potosamynscun S+EM mpu snepruu 200
AIB.

Jis  BBIACHEHHMsT OCOOEGHHOCTEH BIMSHHMA IapaMeTpoB ACHMMETPUYHOCTH (OTHOCHTEIBHBIX pPa3MepoB)
B3aMMO/ICHCTBYIOIIEH CHCTEMbl HAa BEPOSTHOCTh MOSBICHHS COOBITHH IIOJIHOTO pPa3pyIICHHs HAICTAIOMIEro sapa
PacCMOTPEHBI COOBITHS C pa3lUYHBIM 4ncioM ¢parMeHToB sinpa mMumeHn Np<8 m Np>8. Ilpmuem mnst cpaBHEHMSA
TpeJCTaBJICHEI B3auMoneicTBrusa S+EM u ¢ sHeprueit Haneratorero siapa 200 A 5B u ¢ sneprueit 3.7 A IB.

Jnis omeHKM YHcia NpOB3aMMOAEHCTBOBABIIMX HYKJIOHOB SJIpa CHapsia WCIIOIB3YyeTCs BCIIOMOTaTeNbHast
BenmunHa $=A4-A/nyQ, roe A— aToMHBIH Bec, Np— YUCIIO MPOTOHOB sifipa-cHapsiaa, Q— cymma 3apsiioB (hparMeHToB siipa
cHapsza Y Zr. J1yis OLCHKH YKCIIa MPOB3aUMOICHCTBOBABIIMX POTOHOB BETMYHHA Ny =np/A.

B coGbiTusix ¢ Nh<8 pacripeneneHus 1o Ng Moj00HbI BHE 3aBUCHUMOCTH OT 3Hepruu. CylieCTBEHHOE OTIIMYHE
00OHapy>XKMBaeTCsl BCOOBITUSAX B3aMMOJCUCTBHS CEPhl S C THKEIBIMHU siipamu poToamynbenu AgBr. Tlpu Oonee HU3KKX
sHeprusx HaOmromaeTcs modtH (QuetooOpa3Hoe pacmpeneneHue, a npu sHepruax 200 AIBB o6HapyxuBaercs
CYIIECTBEHHBIH MUK B 00J1aCTH OONBIINX 3HAUCHUH Ng'.

Jis MOHMMAaHHS OTJIIMYHUTEIBHBIX OCOOEHHOCTEH COOBITHH MOJHOTO pa3pyIIeHUs HAJETAIOIIEro siapa Cephl
MIPOBE/ICH CPABHUTENbHBIN aHATIN3 pacpeeIeHN BTOPUIHBIX YACTHII B COOBITHSAX C Ng' < 14 1 Ng> 15.

PacnipenenieHne 1Mo MHOKECTBEHHOCTH JIMHEBBIX YaCTHIl Uit COOBITHI Ng< 14 CKOHIEHTPHPOBaHHI B 00JIACTH
MaJlbIX 3HauYeHUH CO CpeHUM 3HaueHneM Ns=66.83. MHOXKeCTBEHHOCTh COOBITHIA C Ng> 15 B 5 pa3 BhILIE.

KonmuecTBo hparMeHTOB s1pa MUIICHH B OOJIBITMHCTBE COOBITHII ¢ Ng=> 15 Oonbmie BockMu. Takum obpazom, B
OCHOBHOM TaKHe COOBITHS MOSIBIISIFOTCS] BO B3aMMOJIEHCTBHSAX CEPBI C TSDKEIIBIMU SiApaMu (OTOIMYJIbCHH. B To ke Bpems,
HEOOXOANMO OTMETHUTH, YTO B COOBITHSX C Ng< 14 MpHCYTCTBYeT NOBOJBHHO OONbIIAs 4acCTh B3aMMOJCHCTBHI CEpHI C
TSDKEJIBIMU pamMu poToaMybeni. Takum 00pa3oM, B JAHHOM CIIydae HET JKECTKOTO pa3/iesIeHHs] TUHAMHUKH Pa3BUTHUS
mpoIiecca B3aNMOACHCTBHS 0 TapaMeTPy aCHMMETPHH B3aHMOAEHCTBYIOIINX Sep.

B cronkHoBeHusix S+EM nipu sHeprun 200 AIBB ¢ simpamu (OTOIMYIIBCHH COOBITHSI B3PHIBHOTO THIIA C BHICOKOM
MHOXECTBEHHOCTBIO M TIOJHBIM pa3pylIeHHEM sIpa CHapsga JAlOT MOTOK BTOPHYHBIX YaCTHI[ B y3KOM HHTEpBaje
CpeIHel ICeBIOOBICTPOTHI M CYIIECTBEHHO CMEIICHHBIN B CTOPOHY HU3KHMX 3HAYCHHUH CpeHEH ICeBIOOBICTPOTH <#>.

Pabora monnep:xana MunuctepcTBoM obpasoBanus u Hayku PK, rpant Ne AP09562078.

Jluteparypa:

1. Gaitinov A. Sh., Kharchevnikov P.B., Lebedev I.A., Lebedeva A.l. // HEP-Ph.. 1-10, 1 (2012).
2. Adamovich M.I. et al. // Part. Nucl. Lett.. 75-82, 4 (2000).
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KOMILIEKCHASI YCTAHOBKA /1711 PETHCTPALIMY IIHPOKNX ATMOC®EPHBIX JIMBHEN
AJIPOH-55

Hopucoea T.K.Y?, Caovixoe TX.Y, Pabos B.A.2, Huckans C.2, XKykoe B.B.2

! KasHUTY um. K.M. Catnaesa, TOO «PH3UKO-TeXHHMYECKHIl HHCTUTYT», YiLIIL.Oparumosa, 11, AnMarsl,
Kazaxcraun
2 duznvecKuii nHctuTyT UMenu I11.H. JlebeneBa Poccuiickoii akagemMun HayK, JIeHMHCKHI IpocTiekT, 53,
Mocksa, Poccuiickas @enepanus

KommekcHas ycranoBka «AJIPOH-55» pacmonoxena Ha TsHb-IIlaHBCKOH BBHICOKOTOPHOW HAYYHOW CTaHITHH
KOCMHMYeCKHX Jy4ded Ha BbicoTe 3340 MeTpoB Hajx YpoBHEM Mops. B cocTaB KOMIUIEKCHOH YCTaHOBKM BXOJIAT
HMOHU3AI[MOHHO-HEUTPOHHBIN KAJIOPUMETP U CEeTh CHUHTWIIAIMOHHBIX AeTeKTopoB (Ciu/l) pacrnonoskeHHBIX BHYTPU U
CHapy>Xu J1abopaToOpHOTo KOpIyca.

Hanunume pasjeneHHbIX raMMa W aJpOHHBIX OJIOKOB, a TakXe PsAJ HEHTPOHHBIX NETEKTOPOB B KaJIOPHMETpPE
MO3BOJISIET KOMITJIEKCHOM YCTaHOBKE pelaTh HECKOJIBKO 3a/1a4:

- HMCCIeJ0BaHUE KOppessaluil Mexay nepBudHoi sHeprueil EO, ompenensemoil mo u3MepsieMbIX HapameTpam
ITAJI n sHeprueil mepenaBacMble agpOHaM, HEHTPOHAM, a TaK)Ke B JJICKTPOHHO-(OTOHHYIO KOMIIOHEHTY (pacdeTsl
MOKAa3bIBAIOT, YTO 3TH KOPPEISIINU OUYCHb YyBCTBUTENIBHBI K IIPHPOAE IIEPBUIHON YACTHUIIHI);

- M3yYeHHE AHOMAJIBHOTO IIOTJIONMICHHUS aJPOHOB, OOHAPYKCHHOTO paHee B IITyOOKHX CBHHIIOBBIX PEHTTECHO-
SMYJIBCHOHHBIX KaMepax sKkcnepumenTa «llamup-UakanTasy»;

- HCCIEeJOBaHWE ACTPOHOMUYECKHX TaMMa-KBaHTOB B obOmactu sHepruil Oomeme 1012 3B Ha ocHoBanuH
CIOMHTWULIIMOHHOH METOAMKM M C HCIOJb30BAaHMEM TraMMa-O0J0Ka YCTaHOBKM HOHH3AIIMOHHO-HEHTPOHHOTO
kajopumetpa (MHKA);

- IOUCK SK30THUYECKUX YaCTHUI[ U COOBITHI (THUIIA CTPAHTIIETOB M KEHTABPOB, XapaKTEPU3YIOIIUXCS aHOMAJIbHBIM
COOTHOILIEHHEM 3apsDKCHHBIX U HEHTPAIBHBIX a[pOHOB).

«MHKA», Bxojsmias B KOMIUIEKCHYIO ycraHoBKY «AJIPOH-55», mnpencraBinsier co0Oi IBYXSpYCHBIH
KOOPAMHATHO-NOHMU3ALMOHHBIA KanopumeTp. BepxHuit sipyc, Ha3plBaeMbli TraMMa-0JOKOM COAEPKUT JIBa pAna
MOHU3AIMOHHBIX KaMep, PACHOJIOKEHHBIX BO B3aMMHO MEPNEHAMKYIAPHBIX HANPAaBICHUAX, NEPEN0KEHHBIX CBUHIIOM.
HwxHuit sipyc, Ha3pIBaeMbIid alpOHHBINA OJIOK, CONEPXKUT ACCATH PSI0B MOHW3AIMOHHBIX KaMep, U OJMH psix (TIATHII)
MOJIyJI ¢ HEUTPOHHBIMY U F€HTepOBCKUMH CUETUYMKAMH, TIEPENIOKEHHBIMU MTOTJIOTUTEIEM U3 CBHHLA H XKeJle3a.

DU3NKO-TEXHUUECKUE XaPAKTEPUCTUKN YCTAHOBKH «AJIPOH-55»

1) DdpdexrusHas miomans ycranosku «AJIPOH-55» cocrasiser - 30000 M2,

2) [Tnomanp HOHKU3AIMOHHO — HeliTpoHHOTO Kanopumerpa « MHKA» - 55 M2

3) KomuuaecTBo psnoB ¢ perekropamu- 11

4) Tommuna ycraHoBku «MTHKA» - 1200 r/cM2.

5) Obmiee KOMMIECTBO U3MEPUTENHHBIX KaHANOB B 11 psamax - 1140

6) JlnHaMUYecKuid AUAana3oH U3MEPEHUs HOHU3AIUN KaHaJIOB - 3¢10°

7) Tounocts u3mepenus sHepruu ~ 10 %

8) D¢ dexTuBHAL MIOIANL BHYTPEHHErO KOBPA CLUHTUILIALUOHHBIX I€TEKTOPOB JIMBHEBOH MOACUCTEMBI - 324 M?

9) KomuuectBo BHyTpennux Cu/l - 30

10) KomunuectBo nepudepuiinpix Cr/Jl - 12.

11) Tounocts n3mepenus yriaos cteoia [IIAJI- 0.2 rpax.

12) O6mas noTpedisiemMas aeKTpUIecKas MOITHOCTb -3 kBt

HoHn3annoHHO-HEHTPOHHBIN KATOPUMETP MPOJOIDKACT U3yUeHHE XapaKTEePUCTHK B3aUMOJICHCTBUI aJpOHOB B
CTBOJIaX OIMPOKHUX aTMOC(EPHBIX THBHEH. ['aMMa-0J10K U aIpOHHBIN OJIOK YCTAHOBIICHBI IPYT OT IPYTa IO BEPTHKAIH Ha
paccrosiaun 2.2M. ['amMmma-0J10K COCTOUT M3 ABYX-PsI0B HOHM3aIMOHHBIX kKamep 100 kamep B nepBoM psiay u 138 xamep
BO BTOPOM, pPa3JCICHHBIMH TOTJIOTUTENEM W3 CBUHIA. AJIPOHHBIH OJOK COCTOMT M3 IKEJIE3HOIO IOTJIOTHTEIS C
MOJIOCTSIMH, B KOTOPbIE YCTAHOBJIEHBI JECITh PSIOB HOHU3ALMOHHBIX KaMep U MATOTO psija, CoAepkallero HeHTpoHHbIe
u lelirepoBckue cueryuku CU-5T.
OTu OGJIOKHM CIIyKaT JUISI U3MEPEHUs] SHEPTUH KOMIOHEHT KOCMHYECKOTO M3Iy4YeHHs, (JIEKTPOHHO-(OTOHHOM,

HEUTPOHHOM, afpOHHOW) U ompeaencHus TpaekTopuu nerxenns IIAJI. J[Ba cMeXHBIX psjga — YETHBIA U HEUETHBIN
00pa3yIoT YpOBeHb HAOJIIOICHNSI.
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MATHUTHBIE XAPAKTEPUCTUKHU COCTOSSHUN MMOJIOKUTEJLHOM YETHOCTH SAJIPA °Gd

Yemanos I1L.H.Y, Boosun A.1.2, FOcynos D.K.*

! Hamanranckuil HHKeHepHO-TeXHONOruecKuil MHCTUTYT, 160115, Hamanran, Y30exucran;
2 MexmyHapoiHas MEKIPABUTEIbLCTBEHHAS opranu3anys OObeMHEHHBI HHCTUTYT S€PHBIX HCCIIEe0BAHHIA,
141980, dy6na, Poccus.
E-mail: usmanov1956.56@mail.ru

AHanu3upys UMeroLrecs KCnepuMeHTalIbHbIE JaHHbIE, TOTYyUYeHHbIE B PeaKIHIX ((x,2n) , (n, y) u (n,n'y) Ha

156
aape GO, MOXHO TIPEIONOKHUTE, YTO B 3TOM AApe OOHAPYKEHE! BCE MITH MOYTH BCE BO3OYKICHHBIE YPOBHH JIO
sHepruu Bo3byxaenus 2.0 MaB [1]. DkcrnepuMeHTaIbHO M3BECTHBI NPHBEICHHEIE BepostHoctn E2—m M1—
o i + + T _ 2+ o
nepexonos u3 cocrosuuii K = 02 , 03— m K"= 1 — TOJIOC Ha YPOBHM OCHOBHOH monockl. Takxke U3BECTHBI
OTHOIICHHUS BEpOsATHOCTell E2 —mepexonos, koddduuuentsl cvecu Mynstunoneir O(E2/M1) u maruutabie

MoMmeHTsI [1,2].

B pa6orax [4,5] B pamkax (eHOMeHONMOrnIecKoi Monen [3], KoTopast yuuThIBAET KOPHOIMCOBO CMEIIMBAHHE
COCTOSIHMI BpAI[aTENbHBIX 110J0C, OBLTM HCCICAOBAHBI HH3KOJEKAIINE COCTOSHHS SApa 18Gd . Brum serucrens:
9HEPTHH, BOJHOBBIC (GYHKIHMH U DICKTPHYIECKHE XaPAaKTEPUCTHKH COCTOSHHN BpaIaTelbHBIX I10J0c. Iloka3aHsl
OPUYUHBL, MPUBOIAIINE K HeaguabatmaeckuM 3(@deKraM, MPOSBISIOMMMCS B JHEPIUSX, BONHOBBIX (DYHKIHSX
BpALIATENIbHBIX COCTOSIHMA M OTHOIICHHSX [E2 — MepexofoB M3 BHOPALMOHHBIX COCTOSIHHN HAa YPOBHH OCHOBHOIM
THOJIOCHL

. 156 d
B HacTosimieii paboTe Mbl TIPOIODKANH M3ydeHHe crektpa supa - G0 . Mcnmons3oBaB BONHOBEIE (DYHKIHH,

MOJIYYCHHBIC B [4], MBI pacCcyuTalId MPUBEACHHBIC BEPOATHOCTH M 1_ NePexXoa0B U UCCIICAOBAIN Hea,Z[I/I6aTI/I‘IHOCTI/I,
MPOABIAOININCCA B MArHUTHBIX XAPAKTCPUCTHUKAX COCTOSIHUI POTAONMOHHBIX TIOJIOC. I/I3y‘I€HO BJIMSIHUC BpAILICHUSA Ha

MAarHHTHbBIE XapaKTEPHCTHKH BO3OYKICHHBIX COCTOSIHIIA. BhIdMCIeHHbIE 3HAYeHIs npuBeieHHbIX BepositHoctein M1 —
LT + n +
nepexo 0B u3 coctosnuii K™ = O3 un K" = 21 MOJIOC TIPUBEICHBI B TaOHIIe | ¥ JaI0TCS CPAaBHCHUE C UMCIOITUMHUCS

OKCICPUMECHTAJIbHBIMH JaHHBIMU.

Ta6mmma 1.
£ Dker. [1] Teopust
Ki | & v B(M1) W.u B(M) () BM) (1)
2%2, | 1154 1065.2 6-107°(4) 1.07-107%(72) 1.7-10°3
959.8 6-107°(4 1.07-1074(72 76-107
32, e f ) 4( ) 6.76-10
1159 1.4-107(3) 2.51-107%(54) 9.80-107*
4+2, 1355 1067.2 0.014(+7,-8) 2.51-103(+1.25,-1.43) 4.10-1073
270, | 125801 | 1169. 0.0078(+9,-7) 1.40-1072(+16,-13) 2.9.1073

B Tabnuue 2 mnpuBOAATCS CpaBHEHUS KOO(PQPUIMEHTOB CMECU MYJILTHIONEH S(EZ/ M1) sbraucnennsix B
i v o 9 + b +
paMKaX HCIIOJIb3yEMOH MOJICIH M SKCIIEPHMEHTAIIBHBIX 3HaueHHi1 1t niepexozos u3 coctosamii K™ =05, K™ =03,

KTC _ 2+ KTE _ 1t o
=4 nu _1\/ B COCTOSHHMSA OCHOBHOM Ioyiockl. Kak BHUIHO U3 Ta6J'II/II_[BI Hamia MOICjIb KaK YUCJIICHHBIC

3HAUEHHs TaK U 3HAKH Kodhduunentos cvecu myastunoneilt (E2/ML) ynosnersoprrensHo BocponssommTs.
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Tab6auna 2 - KoappuuueHTs cMecu MyJIbTHIIONEH 8(E2/ MI) ans 16 <E2>i (o <M1>i ; — TpHBEIEHIbIC

matpuansie snementl E2 — n M1 — nepexonos, cootsercreenHo; EY — SHeprus nepexo/a

E2).
LK | LK, | E MoB | (B2 M) | 6 B 1e0p
e dm?
221 | 201 1.0652 1881 0.0412 _16(5) 41
32, | 20, 1.159 19.46 ~0.0313 _11.8(+6-7) 6.0
32, | 40, 0.9598 ~16.23 0.0260 _12(+13,-5) 50
42, | 40, 1.0672 ~18.60 0.0639 +4.0(+9.16) 26
521 | 40 1.2187 16.83 0.0488 §>7 35
521 | 601 0.922 19.21 ~0.0417 - 35
621 | 60 1.060 17.00 ~0.063 8 <-08 nm 2.4
0 >25
720 | 601 1.2648 15.06 -0.0634 - 25
82, | 80 1.0457 15.84 -0.0584 8 <-06 nm 24
0 >1.6
92, | 80, 1.2843 1373 0.0758 6<-08 19
0.39(6)
200 | 20 1.0405 10.31 -0.1011 +5.9(+14,-28) 09
40, | 40, 1.0106 1275 0.2176 - 0.49
+0.41(+2514)
11 | 20 1.876 14.66 0.5503 +0.95(0) 0.41
11, | 20 1.938 14.61 -0.3812 _055(3) 0,63
-1.2(2) win
115 | 20 2.0977 14.49 -0.1888 108005 0.22) ~1.34
114 | 20 2.1807 14.44 ~0.3579 —0.66(+0.06,-0.08) ~0.73
205 | 201 1.1691 753 00539 0.38(6) 1.4
40s | 40 1.1741 8,65 ~0.0934 - 0.91
Jluteparypa:

1. C. W. Reich. // Nucl. Data Sheets. 2012. V. 113. P. 2537.
2. P. b. berxkanos, B. M. Benenbkuit, U. U. 3amo6osckuii. // CipaBouHuK 110 siaepHoit Gpusuke. Tamkent: dan, 1989.
3. I1. H. Ycmanos, M.H. Muxaiinos. // DUASL. 1997. 1. 28 (4). P. 887; P. N. Usmanov, I. N. Mikhailov. // Phys. Part.

Nucl. Letters. 1997. V. 28(4). P. 348.

4. P. N. Usmanov, E. K. Yusupov. // IIUM Engineering Journal. 2021. V. 22 (1) P. 167.
5.I1. H. Ycemanos, A. 1. Brosun, 3. K. FOcynos. // 3. PAH. Cep. ¢us. 2021, B neyarn.
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aprwnE

METO/ TIPABAOIIOAOBUS TP AHAJIM3E JAHHBIX B AJEPHO-®U3NYECKOM SKCIIEPUMEHTE

Hemaunosa A2, [lapoe IT.T 2

a) OowenuneHnbrit MuctutyT Snepusix Mccnenosanuii, Jlyona, Poccus
b) Uucturyt Snepuoii ®usuku, Anmatel, Kazaxcran

B mHacrosmee BpeMs pa3BHTHE SACPHOH (DU3WKH SBIACTCS BaXKHOH COCTAaBIIIONIEH COBPEMEHHOI'O OOIIECTBA.
WHTEepec K JKCIEepUMEHTaM MO WM3YYCHHIO SIIEPHBIX peaknuii mpuBOAWT K co3manmio 0a3 maHHBIX (EXFOR) m
nporpaMMHBIX makeToB (ROOT, GEANT), HampaBieHHBIX Ha MOJECIUPOBAHHE SIIEPHBIX IPOIECCOB C 3aJaHHBIMH
ycnoBusIMA M Tapamerpamu. CpaBHEHHE SAECPHO-(QM3MUECKUX MAHHBIX, MOTYYEHHBIX METOJAaMH KOMIBIOTEPHOTO
MOJICTIMPOBaHUSl C pe3yJibTaTaMH IPOBEJCHHOI'O OJKCIIEPUMEHTa, SBISETCS BaKHOW 3ajadyell TpH  aHamuse
9KCIIEPUMEHTAILHBIX JaHHbIX. Takoe CcpaBHEHHE HEOOXOOMMO TIIpH BBIOOpPE TEOPETHYECKMX OO0OCHOBAHMM,
MO3BOJISIIOIMX BEPHO OIMCHIBATH PE3YJIbTAaThl SIEPHBIX SKCIEPUMEHTOB. B nmanHoW paboTte ObLia mpejcTaBiicHa
MCTOAWKA CTATUCTHYCCKOI'O aHaJIn3a )I,HepHO-(i)I/ISI/ILIeCKI/IX JAHHBIX, TOJYYCHHBIX B pPE3YyJIbTATC OKCIEPUMCHTA U MomnTte-
Kapno MonenupoBaHHs, OCHOBaHHas Ha METOAE MAaKCHUMalbHOTO IpaBpononodus. IIpeacTaBieHBl pe3ysbTaThl
CpaBHEHUsI TaKOro aHajM3a Uil JaHHBIX, KaK C M3BECTHBIM paclpeieieHHeM, TaKk M C paclpeaeieHUEM,
BOCCTAHOBJICHHBIM P TIOMOIIH SAEPHON OICHKHU IJIOTHOCTH.

Takoif MeTo aHamM3a JAHHBIX MOXKET OBITH HCIIOIB30BaH IJISI CPABHEHUS JAHHBIX, TTOJYYEHHBIX B Pa3IMYHBIX
9KCIIEPUMEHTAX, a TAKXKE IKCIIEPUMEHTAIBHBIX U MOJICIUPOBAHHBIX SIEPHO-(DH3HIECKNX JaHHBIX.

Jluteparypa:
EXFOR Library http://cdfe.sinp.msu.ru/exfor/index.php.
ROOT Data Analysis Framework https://root.cern/.
GEANT Data Network https://www.geant.org/.
Kahn H., Random sampling techniques in neutron attenuation problems // Nucleonics 6 1950, p. 27-33.
Chepurko V., Antonov A., Zyulyaeva N.G. UccnenoBanie MeToia SAEPHO# OICHKH TUIOTHOCTH pacipenesicHust //
Haznexuocts, 2007 1. 1(20). ctp. 4-12.
M. Jafarizadeh, N. Fouladi, H. Sabri, and B. R. Maleki, Investigation of spectral statistics of nuclear systems by
maximum likelihood estimation method // Nuclear Physics A 890, 29 (2012).
K. Hanson, Lessons about likelihood functions from nuclear physics // AIP Conf. Proc., VVol. 954, 458 (2007).

O HEPABHOBECHOM I'MAPOJAUMHAMMNYECKOM INIOJAXOJE 1 O CTOJIKHOBEHUUN ATOMHBIX
AAEP KAK O CTOJIKHOBEHHUU COJIUTOHOB KOPTEBET'A-JIE ®PU3A

Moauenxo A.T. 12

IbenepanbHoE TOCYIAPCTBEHHOE GHOPKETHOE 0OPA30BATENBHOE YUPEK/IEHUE BhICIIETO 00pa3oBanus “TleTepOyprexmii
rOCYTapCTBCHHBIA YHUBEPCUTET IMyTel coobmenms mnepatopa Anekcanapa [”,Cankr- [letepOypr, Poccns
2MenepanbHOE OCY1apCTBEHHOE O10KeTHOE yupexaenue “TletepOyprekuil MHCTHTYT saepHOi Gusuky um. B.I1.
KoncrantrHoBa” HanuonansHsl HecnenoBarensekuit neHTp “Kypuarosckuit unctutyT”’, ['atunna, Poccus

OCHOBHO# 1ENbI0 HCCIIEIOBaHHUS CTOJIKHOBEHHH TSDKENIBIX WOHOB SIBJISETCS W3Y4YCHHE YPaBHEHHS COCTOSHHMS
speproro Bemectsa (EOS — equation of state). Hapsiny ¢ MosieKysspHOM JMHAMHUKOM M JUHAMUYECKUM ypaBHEHHEM
BnacoBa 3(eKTUBHBIM METOJOM OINUCAHUS B3aUMOJACHCTBHUSI TSDHKEJBIX HOHOB HPU CPEJHHUX U HPOMEXYTOYHBIX
SHEPTUAX SABISIETCS sJepHas TUApoAWHaMHKa. B Hammx pabortax [1-3] Opulo mMOKa3aHO, 4YTO JIOKAJbHOE
TEPMOIMHAMUYECKOE PABHOBECHE B MPOLIECCE CTOIKHOBEHHUH TSKEIbIX HOHOB YCTAHABJIMBAETCS HE Cpa3y, OCKOJBbKY Ha
CTaIMN CKaTusl BaKHA HEPaBHOBECHAs KOMIIOHEHTa (QYHKIMH paclpelesieHns, NMpHUBOIIIAs K (OPMHUPOBAHHIO
0eCcCTOKHOBUTEIBHON YAapHOH BOJIHBI.

B Hacrosimeit paboTe McIonb3yeTcs KHHETHYECKOE YPaBHEHHE JUIi HAaXOXKAEHHS (YHKLIUH paclpelelieHus
HYKJIOHOB, KOTOPOE PEIIAeTCs] COBMECTHO C YPAaBHEHMSIMHM THIPOJUHAMHUKH, W TPH HHU3KHX DHEPTUSAX NPHUBOIUT K
YpaBHEHHSIM JUIMHHONIPOOEKHOW TMIPOJMHAMUKH. B paMKax rHaApoAMHaMUYECKOTO MOAX0/a HallIeHO aHAIMTHYECKOe
peleHne ypaBHEHUI B NMPUOIMKEHUN COJIMTOHOB JUIS CTOJKHOBEHHS SIIEPHBIX CIIOEB-cI300B. PaccMoTpeHsl craaus
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CXKaTHsl, CTANS PACIIMPEHUS U CTalusl pa3ieTa B paMKax €JUHON (OPMyIIBI IS CIIOEB C SHEPTUAMH TOPSIIKA AECITH
Mb»B nHa HykioH (puc. 1). Takoe cBeieHHE pelIeHWH ypaBHEHHWH THAPOTUHAMHUKHA K PEHICHHIO IBYX ypaBHEHHA
Kopresera — ne ®pusa, HaCKOJIBKO HaM HM3BECTHO, paHee HE pacCMaTpHUBANOCh M IMPECTABISIET CaMOCTOSATENbHBIN
UHTEepec IJIs IUPOKOTO Kpyra MPUKIIaJHBIX 3a/1a4.

p. M E =10 M5B
25F
t=0

=10"¢
1.5 7
P t=5*10"c
1,0 ,

1=107¢

0.5 e 3
t=3*10""¢c

0.0 ) n PO o TR s 1 , TN
-50 -40 -30 -20 -10 0 10 20 30 40 50
X, pm

Pucynok 1 - MrHoseHHbIE (poTOrpadvu CTOJKHOBEHHS AEPHBIX CIOEB-CI300B NpH sHeprun Eg =10 MaB Ha HykI0H

B pazmuunble MomenTsl Bpemenu npu £ =0;0.1,0.51 u 3 B exununax spemenn 102 ¢c

B pesynbrate Mbl yOeannuch, 4TO BBEACHHE IOHCHEpPCHU B 3(Q(EKTHBHBIC CHIBI M B AABJICHHE HE HAPYIIAeT
npencrapieHus o0 obpasoBanuu hot Spot. BeeeHne NOMOMHHUTEIBHBIX Pa3MEPHOCTEH He HAPYIIHT 3TO MPEICTaBICHHE
KapauHaisHO. HepaBHOBecHOE ypaBHEHHE COCTOSHHSA, BXOJSIIEE B THAPOAWHAMHUYECKHE YPaBHEHHS, ITO3BOJISIET
OIMCHIBATh SKCIIEPUMEHTAIBHBIE JHEPIETUUECKUE CIEKTPHl BTOPHYHBIX YACTHIl, 00pa3yIOIIMXCS B CTOJKHOBCHHMSIX
TSDKEJIBIX HOHOB NMPOMEXKYTOUHBIX HEPruil Mydie [2-3], yeM ypaBHEHHE COCTOSIHHE, COOTBETCTBYIOIEE TPaIUIIIOHHOMN
THIPOAMHAMHUKE, H3HAYAJIbHO Mpeosararoieil yCTaHOBIEHHE JOKaIbHOTO TEPMOANHAMUYECKOTO pPaBHOBECHS.

Jlureparypa:
1. A.T. D’yachenko, K. A. Gridnev, W. Greiner, J. Phys. G, 40, 085101(2013)

2. A.T. D’yachenko, I.A. Mitropolsky, Phys. Atom.Nucl. 83, 558 (2020).

3. A.T. D’yachenko, I.A. Mitropolsky, Bull.. Russ. Acad. Sci..: Physics, 84, 301 (2020).

OIIUCAHHME CIIEKTPOB KYMYJIATUBHBIX IPOTOHOB, IMOHOB 1 ®OTOHOB B
CTOJIKHOBEHMSIX TSKEJIBIX MOHOB ITPOMEXKYTOYHbBIX SHEPT A HA OCHOBE
r'mapPOIMHAMUYECKOTI'O ITIOAXOJA

Ivsauenxo A.T. Y2 , Mumpononvckuii M.A. 2

ldenepansHOE rocyIapCTBEHHOE BI0IKETHOE 00pa30BaTEILHOE YUpeXKAeHHE BhIcIIero obpasonanus “TletepOyprekuii
rOCyJITapCTBEHHBIM YHUBEPCUTET ImyTel coobmenus imnepatopa Anekcanapa I”,Canxr- [letepbypr, Poccns
2(DenepanbHOE TOCYIAPCTBEHHOE O10/KETHOE yupexaenue “TletepOyprekuii HHCTHTYT saepHOM (usuku um. B.I1.
KoncrantrHoBa” HanuonansHbli uccnenoBarensckuil neHTp “Kypuarosckuit uHcTuTyT”, I'aTunna, Poccus

Ha ocHOBe TrHIpOAMHAMHYECKOTO MOIX0/Aa C HEPaBHOBECHBIM YypaBHEHHEM cocTostHus [1-3] paccMoTpeHsI
CTOJIKHOBEHHS ¢ GepUILIMeBOit MulieHbko auep 2C npu sHeprusx 0.3-3.2 T5B/HYKIIOH, UCCIIEI0BABIINECS HA YCKOPHUTEINE
NTO® c ncmyckanmeM npotoHoB [4], mHoHOB [5] 1 poToHOB [6]. DKCIIepUMEHTANbHBIE CIIEKTPHI IPOTOHOB COAEPIKAT
BBICOKOOHEPI€THYECKYIO KYMYJISITUBHYIO 4acTh, a TAK)Ke MATKYIO YacTh, BKJIaJl B KOTOpYyIO JaeT gparmentanus. Ham
yAaJgoCh B paMKaX HEPaBHOBECHOTO THIPOAMHAMHUYECKOTO MOAXOJA C Y4ETOM SAEPHOM BA3KOCTH M MOIpPABKU HA
MHKPOKaHOHHYECKOE paclpe/ielieHHe OIMcaTh KyMYJSITHBHYIO YacTh CHEKTpa HMPOTOHOB [2] M JOIOJIHHUTH pacyeThl
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y4eTOM BKJIa/ia MPOTOHOB HAa OCHOBE CTATHCTHYECKOTO MEeXaHW3Ma (pparMeHTanuu B MATKOH oOmactu cnektpa [3]. B
TaKOM ITOJXOJE, BBLIEIISS CTaJHIO CKATHS, CTaHIO PACIIMPEHHS U CTAAUIO pa3yieTa ¢ 00pa3oBaHHEM BTOPHYHBIX YaCTHII,
MBI OIMCAIN 3KCHEPHMEHTAIbHBIE MHKIIO3MBHBIC NBOWHBIE IUddepeHIranpHble ceueHus UCIyCKaHUs MHOHOB INPH
sHepruu 3.2 [B/HyknoH ans saaep yriepona [S], KoTopble ObUIM IPEICTaBICHB B CaMO€ MOCIEAHEe BPEMsl, a TaKKe
KeCcTKUX (OTOHOB [6], mpencraBieHHble paHee. KyMyJsTUBHBIHN 3((EKT Mo ONIpeNesieHHI0 MpeACTaBIsieT co0oit
KOJUISKTHBHBIH 3((eKT, THApOJUMHAMHUYECKash TEOpHs KOTOPOro BIIEpBhIE Oblla co3/aHa axkageMukoM ML.A.
JlaBpenTheBbIM. B Hamem mojaxoje ommcaHue KyMYJISATHBHBIX CIIEKTPOB BTOPHYHBIX YacTHI| JOCTUTAETCS 33 CYET
BBIICIICHHS M THIPOIHHAMIIECKON BOJIOLMH JIOKAJbHOTO HarpeBa — hot SpOt B 061aCTH MepEeKPBITHS CTAIKHBAIOIIHXCSI
TSDKEJIBIX HOHOB. MBI PacCMOTpPENH B JaHHOM IOJXOAE SMUCCHIO IIPOTOHOB U IIMOHOB JUTS PA3IMYHbIX SAEp TaKKe MPU
sueprusx yckoputens SIS (GSI). Coracue ¢ 3KCIiepUMEHTaTBHBIME JAHHBIMH TOCTUTACTCS 63 BBEACHHS OATOHOTHBIX
[apaMeTPOB, U MOXKET ObITh PACIPOCTPAHEHO Ha 06MacTh crposuierocs B Jlybue yekopurensaoro komriekca NICA.

JIurepatypa:
1 A.T. D’yachenko, K.A. Gridnev, W. Greiner, J. Phys. G. 40, 085101 (2013).
2. A.T. D’yachenko, I.A. Mitropolsky, Phys. Atom. Nucl. 83, 558 (2020).
3. A.T. D’yachenko, [.A. Mitropolsky, Bull. Russ. Acad. Sci. Phys. 85, 554 (2021).
4. B.M. Abramov et al., Phys. Atom. Nucl. 78, 373 (2015).
5. V.V. Kulikov et al., Phys. Atom. Nucl. 84, no.4 (2021);Book of Abstracts of LXX Int. Conference ‘“Nucleus-2020” P.
168.
6. I.G. Alekseev et al., Phys. Atom. Nucl. 78, 936 (2015).

ONPEJEJEHUE JUO®O®EPEHIUATBHOIO CEYEHUS PEAKIIH pp — {pp}s

Baiimypzunosa b. C., Lupxos /]. A.

OOBpenMHEHHBI HHCTUTYT SAICPHBIX HccaenoBaHui, . Jlyona, Poccus
EBpasuiickuii HanmoHanbHbIN YHUBepcuteT uM. JL.H. I'ymunesa, r. Hypcynran, Kazaxcran

Peakuus pp — drn*, sBisironiascs KiaccuyeckuM cpenctBoM m3ydenuss NN BzaumozeiicTBui, IMeeT JBa MuKa B
OHEPreTUUECKON 3aBUCHMOCTH IUddepeHanbHoro ceueHus moj HysneBbiM yriiom do(0)/dQ. [Ins mepBoro muka,
PACIIONOKEHHOTO B 061acTH cymmbl Mace NA(1232), Vs~ 2,15 I'3B, npu anamuse gauaeix ANKE-COSY 6but oGHapykeH
aHajor y peakuuu pp — {pp}sn’ — cnmu-u3ocnuHOBOro naptaépa pp — drt. 3nech {PpP}s 0603HaUAET JUIPOTOH, T. €.
HECBSA3aHHYIO B3aMMOJIEHCTRY IOIILY IO IIPOTOHHYIO T1apy B 'So coctosHuu. Panee ony6nukosanuble ganHbie ANKE-COSY
TaKKe COJIEPIKAT yKa3aHWe HA BO3ZMOKHOCTh CYIIECTBOBAHHUS aHAJIOTMYHOTO BTOPOTO IHKA.

[TapuuaibHO-BOJHOBOW aHANW3 MOKAa3bIBAET, YTO TMEPBBI MUK OOYCIOBICH Ui peakuuu PP — dr' Tpems
JIOMHHHUPYOLMMH TI€PEX0AaMH, POSBILIONIMMHI PE30HAHCHOE MOBE/ICHHE B IPOMEXKYTOUHOH IByX0apHOHHOH cucTeMe:
'Dyp, 3Fsd u 3Pod; u ans peaxuuu pp — {pp}sr’ apyms nepexonamu SPod u 3Pos. Ilepexoibl, OTBETCTBEHHBIE 32 BTOPOIL
MK, OCTAIOTCSI TOPa3io MEHee SICHBIMH.

C uenblo u3yueHHs BTOpOro muka Ha ycraHoke ANKE-COSY peaxuus pp — {pp}sz° Obl1a JOHOJHUTENILHO
HCCIIeIOBaHAa TP MAJBIX YIJaxX B JHWANa30He SHEPTHi IMydka Tpeam = 1,0-2,8 I'»B. bpumm momydeHbl yriioBble
3aBuCMMOCTH Judepenuuanbioro cedenns do/dQ peakuun pp — {Pp}s7’ NPH HECKOIBKUX SHEPTHSX, SHEPIETHUECKHE
3asucumoctu do(0)/dQ u Hakmona K yrimosoit 3aBucumocti do/dQ.

[Mony4eHHbIe pe3yJbTaThl IOATBEPXKIAIOT CYIIECTBOBAHHME BTOPOrO IMHKAa B JHEPreTHYECKOW 3aBUCHMOCTH
1 epeHINaNLHOr0 ceueHns peakiuu PP — {PP}sz’ 101 HyJIeBBIM YIJIOM H HO3BOISIOT OLIEHUTh €10 MAKCUMYM, MacCy
u mupuHy. CMeHa 3HaKa HAakIOHa K MO CpaBHEHHIO C paliOHOM IEpBOTO THKa JaéT yKa3aHWe Ha H3MEHEHHE
JIMHAMHYECKOT0 MEXaHU3Ma peaKI[uu PHU SHEPTUAX Vs = 2,3-2,6 I'3B.

[omy4eHHble pe3ynabTAaTHl MOTYT CIOCOOCTBOBAaTH pPa3BUTHIO TEOPETHYECKOTO ITOHUMAHUS MEXaHH3MOB
a/IPOHHBIX B3aUMOJEHCTBUI B paccCMaTpUBaeMOM 00JIaCTH SHEPTHH.
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ONTUMAJIBHASA TAPAMETPU3AIIUA TPAEKTOPUM DJIEMEHTAPHBIX YACTHII B 3ATAUE
HUX PEKOHCTPYKIMH JJIS1I BEPIHMHHOI'O JETEKTOPA 9KCIIEPUMEHTA SPD NICA

Mancypoea M.E.*, Ocockos I'.A.?, Kynuycoea JKX.X.*, l'onuapos I1.B.2, Pessas E.I1.%, llomanos A.C.3

'Kasaxckuii HallMOHATLHEIH YHUBEpCUTET UMeHH anb-Papabu, r. Anmartsl, Kasaxcran
206beIMHERHBIA HHCTUTYT SAEPHBIX HCCIENOBAHMIA, T. Hy6na, Poccus
*Hasap6aep Yuusepcuret, r. Hyp-Cyntan, Kasaxcran

Ha onno# w3 skcmepuMeHTanbHBIX ycraHoBok SPD (SpinPhysicsDetector-merektop CnuHOBO#M (GU3HKH) Ha
coopykaemMoM B OObeTMHEHHOM MHCTUTYTE siiepHbIx uccnenoBanuii (OMSN) komnaiinepe NICA [1] mpexnonaraercs
YCTaHOBUTH BEPIIMHHBIN JETEKTOP Ha OCHOBE MOHOJHUTHBIX aKTHBHBIX MUKCENbHBIX ceHcopoB MAPS [2].HecMmoTps Ha
SIBHBIE IPEMMYIIIECTBA ITMKCEIFHOT'O CheéMa IaHHBIX C 1eTeKTOpoB MAPS 110 cpaBHEHHIO CO CTPUIIOBBIMHU U TPYyOOUYHBIMU
JIETEKTOpaMH, MeJUICHHBIH CbeM HH(pOpMauu ¢ 1eTeKTopoB Tirna MAPS npuBoauT k 3¢ (GeKTy HaloKeHHs JaHHBIX OT
10-15 coOblTHH, HAYIMX B MOTOKE, YTO CEPhE3HO 3aTPyIHSET 3aa4y ObICTPOil PEKOHCTPYKLIMH TPEKOB M BepuinH. B
nabopatopuu HHGOpMaMOHHBIX TexHonoruid OMSIN npensoxkeHo perieHre ObICTPOro paciyThIBaHUS JaHHBIX O TPEKaXx,
HaJIO>KEHHBIX IIPH cheMe ¢ neTekTopa MAPS ¢ momormnsio rimy6okoii ceepTounoit Hetipocetn tunia LOOT [3], crermanbHO
00y4eHHOH 7 W3BICUYCHHUS IapaMETpPOB BHHTOBOM JIMHHUM, ONMCHIBAIONIEH MABI)KEHHWE 3apsKEHHOH YacTHIBI B
MarHuTHOM mone getekropa SPD. Ypaunas mapaMeTpusanus BUHTOBOM JIMHHMU IIO3BOJIIET MOTOM, MOCIE OLEHKH
[apaMeTpoB IO JAaHHBIM H3MEPEHHH BOCCTAHOBUTH MMITYJbC W JPYIHME CBOWCTBA YACTHIIBI, HEOOXOTUMBIE UIS €€
nociexyroniel naeHTuuKanui. B HacTosmem uccine0BaHNH BBIOIHACTCS OLIEHKA KOPPEISIIIMOHHBIX CBOMCTB BEKTOpa
CTaH/IApTHHIX IapaMETPOB BHHTOBOW JIMHWM JUIA TOCJIEAYIOUNIETO COKpPAIIEHWS €ro pa3MEpHOCTH 0e3 MOoTepH
MH(OpPMALMOHHBIX CBOWCTB. Takas ONTHMH3alMs NapaMeTPU3alMU TPACKTOPUHM YaCTHIIbI, MO3BOJHUT CYIIECTBEHHO
COKpaTHUTh BpeMst Ha 00y4YeHHe HEWPOCETH U YCKOPUTH 00pab0TKy SKCIIEPUMEHTAILHBIX TaHHbIX.

Jlurepatypa:
1. Conceptual design of the Spin Physics Detector, arXiv:2102.00442v2 [hep-ex] 2 Jun 2021.
https://indico.cern.ch/event/730177/contributions/3008653/attachments/1650961/2640499/pdf.
3. P. Goncharov, G. Ososkov, D. Baranov, S. Shengsen, and Z. Yao. LOOT: Novel End-To-End Trainable
Convolutional Neural Network for Particle Track Reconstruction. CEUR Workshop Proc. — Vol. 2507. — pp. 130-
134 (2019).

N

MNOJABJIEHUE ®OHA B UCCJIEJJOBAHUU PEAKIIAM MO/ JEMCTBUEM BBICTPbIX HEUTPOHOB
C UCITOJIB3OBAHUMEM AE-E — METOJIUKH

Pysues D.T., Apmemos C.B., Baxpanos O.0., Kapaxooocaes A.A.

Wucruryt speproit pusuxku AH, TamkeHT, Y30ekucran

[Ipenu3noHHBIE 3KCIIEPUMEHTAIbHBIE JaHHBIE N0 AU((EepeHINaIbHEIM CEUCHUSIM B3aHMOJECHUCTBHS OBICTPBIX
HEWTPOHOB C SpaMH BOCTPEOOBaHBI KaK B IPUKJIAJHBIX, TaK ¥ (PyHAAMEHTAJILHBIX HCCIICTOBAHUIX.

B 70 — 90 romp! 3TH peaknuu TOCTATOYHO HHTCHCUBHO MCCIIEIOBAITUCH, 0COOCHHO B 00JIaCTH SHEPTUI HEUTPOHOB
En =13 — 15 M»3B, nonyuaembix no peakiun T+d—n+o. Ho nmorpemHocTy B onpeAeie iy CeYeHn i ¢ UCI0Ib30BaHUEM
AE-E —metona coctaBisuii ~15 — 20%, 9To B OONBIION Mepe CBS3aHO CO 3HAYUTEIIbHONW BETMIMHON (POHOBBIX COOBITHI
B Takux sKcrepuMenTax [1].OCHOBHBIMM HCTOUHUKaMM (POHOBBIX COOBITHIA citykaT peakiuuzS(n,p)28Al, 28Si(n,d)>’ Al n
2Si(n,0)®Mg, TpoUCXOAALIME B MaTepuaje MOMyIPOBOJHUKOBBIX KPEMHHEBBIX JETEKTOPOB. BBeleHHE B TelecKom
JIOTIOTHUTEIBHOTOTOHKOTO AFE —/I€TeKTOpa M HWCHOJB30BAHHWE TPONHBIX COBIAJCHWH CYNIECTBEHHO MOHMKAeT
BEPOSTHOCTHCIYYaWHBIX COBHAICHHHA OT PEaKUnii, MPONCXOIAMNX B KaXJOM M3 JeTeKTOpoB. OIHAKO pErucTpaIus
NPOJIYKTOB peakluy, Mpou3oLIe e B nepBoM aerekrope AE (c BBIJIETOM BIIEpea) WM B KOHEYHOM E-nerexrope
TeJsiecKona (¢ BBUIETOM Ha3a/l) MPUBOIMT K PEaTbHBIM TPOMHBIM COBIMAAEHUM, oOpasyromum (oH. /st ero nmoxasneHns
HaMu ObLIa MCIIOJb30BaHA TEXHUMKAa MedYeHbIX HeHTpoHoB [2]. IlpuHiun mnopaBneHus ¢(oOHA WILIIOCTPUPYETCS
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pucyHkoM 1. Anbda-4acTHIsl, BOSHUKAIONINE MIPU MaJCHUHU JCHTPOHHOTO IMyYKa HA TPUTUI-COAEPIKAIIYI0 MHUIICHb,
PETHCTPUPYIOTCS TTOJ OOPATHBIM YIJIOM TOJIYIIPOBOAHUKOBEIM AETEKTOpoM E, B HEKOTOpoM TenmecHOM yrie . Ilpu
9TOM MYYOK MEUYEHBIX perucrpaimeil anba-4yacTHLIaMH HEHTPOHOB JICTUT BIEpE] B HEKOTOPOM TEJIECHOM yrie .
Hccnenyemast MUILIEHb yCTaHABIMBAECTCSl B BAKyyMUPYEMOH KaMepe Ha OCH 3TOro Iydka. Terneckor, cocTosmuii u3 Si-
nerektopoB AE1, AE> u E Moxer ObITb yCTaHOBJEH I0J TpeOyeMBbIMH YriaMu 6 OTHOCHTEIBHO ITyYKa MEUeHBIX
HeWTpoHoB. [Ipu 3TOM Kamepa ¢ MUILIEHBIO U TEJIECKOIIOM OYEBHIHO HAaXOJIUTCS B MOTOKE OBICTPHIX (B T. YUCIE HE
MEUCHBIX ) HEHTPOHOB, TEHEPUPYEMBIX B TPUTHEBOM MHUIIEHH HEHTPOHHOTO TeHEepaTopa, Tak 4YTo (JOHOBBIC PEAKIIMH HAYT
Ha MHUIIICHU U Ha BCEX JICTEKTOPaxX M 3JIEMEHTaX KOHCTPYKIUH (CM. TPaeKTOPHH HEUTPOHOB | 1 2 Ha pHCYHKeE).

rpadur —_J| AE, E
=
- >
AE, z
HCCJIG)[)’GM{IH o) - 0
MHUITIICHb 1 -
K z
) /2 ——B—--— —
JIeUTpOHHBIN Iy"IOK — ——H=—— ]

0
Eu

\

Q,

T Mumenn

Teneckorr

(MedeHble HeHTPOHBI)

Pucynok 1 - Cxema nzmepenuii ¢ nonasieHrem hoHa

Ecnm perucrpanus coBmafaromux COOBITHH B TEJIECKOIE pa3pelaeTcs CUTHajIoM OT aerekropa Eq, To Bce
MPOIYKTHl PEAKINi, BO3HUKAIOIINE BHE 00JIACTH IEPECCUCHHMS ITyIKa MEUCHBIX HEHTPOHOB C MCCIIEyEeMO MHIICHBIO,
He OyzmyT 3apeructpupoBasbl. KoHedHO, peaknus pOHOBBIX COOBITHIT HE OyIeT peann30oBaHa I MabIX 3HAUCHUH yria
0, Kora anepTypa TelIecKoa IepeKpPBIBACTCS C ITyYKOM MEUEHBIX HEHTPOHOB.

CrenieHp monaBiieHnst (hoHA ObLIa SKCHEPHMEHTAIBHO OIEHEHA B M3MEPEHUSIX (DOHOBBIX ABYMEpHBIX AE,-E —
CHEKTPOB (TIPU OTCYTCTBUH HCCIIEAyeMOI MUIIIEHN) Ha HelTpoHHOM rereparope HI'-150 MSAD AH PVY3. Ymopasienune
HabOpPOM OCYIIECTBIISJIOCH CHUTHAJIOM COBIAJCHUS HMMITYJIbCOB OT BCEX YETBIPEX JETEKTOPOB (PEXKHUM MEYCHUs
HEUTPOHOB), U CHUIHAJIOM COBIAJCHHUS HMIIYJIbCOB TOJBKO OT TpPEeX AETEKTOPOB TelecKoma. Teneckom COCTOSN U3
JETeKTOpoB ¢ TommuHaMu Wagr = 60 MkM, Wagz = 75mMxkMu We = 1200 mxM. [To npenBapuTesbHBIM OLIEHKaM, 3aCEB
(hOHOBBIMU COOBITHSMH B KHHEMATHUECKH Pa3pelIeHHO# 00NacTH perucTpaldy YMEHBIIWICS B HECKOJbKO pa3 MpH
BKJTIOYEHUH PEKMMa MEUCHBIX HEUTPOHOB.

Takol pexUM M3MEPCHUI TUIAHUPYETCS UCIIOJIb30BaTh IS HCCIIC0BaHUs peakiuii (n,d) Ha psijie Jerkux saep ¢
LETIbIO MOTYYEHHs CTIEKTPOCKOMYECKOH MH(POPMAIH, HEOOXOMMOH JUTA SIIePHO-aCTPOPHU3NIECKUX PAaCUETOB.

Jlutepatypa:

1. G.Pai¢, L Slaus and P. Tomas. // Nucl. Instr.&Meth. 34 (1965) 40.
2. https://neutrontech.ru/index.php?id=about&content=method
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HOCTPOEHHME TEOMETPOTEPMO/JUHAMNYECKHUX '’EOJAE3ZNYECKHUX JJIs1 HEKOTOPBIX
CUCTEM C CWJIbHBIM B3AUMOJIEMCTBHUEM, ONNCAHHBIM METOJAOM I'OJIOTPAOUYECKHX
AYAJIBHOCTEHN

3azynun J].M. 2, Kemenncanosa C.E. 1, Cuoopos A.B. %, Typcymbexos A1 *

1Ka3HY um. anp-®apabu, Anmarter, Kazaxcras;
2 WucrutyT SAnepnoit ®usuku, Anmatel, Kazaxcran;
e-mail: denis_zazulin@mail.ru

B pabote, ¢ MOMOIIBI0 MOCTPOCHUS T€OAC3MICCKUX, PACCMOTPEHBI T€OMETPHUYECKHIE CBOMCTBA PAaBHOBECHBIX
MHOT000pa3uii  TEPMOJMHAMHYECKHX CHCTEM C CHJIBHBIM  B3aWMOJEHCTBHEM, MpPEACKa3aHHBIX  METOJOM
ronorpagpuueckux  ayanpHocted  [1,2]. B kauectBe  (dopmanm3Ma  HCCIENOBaHMS  HCIIOJIb30BANACh
reoMeTpoTepMogrHaMuKa [3,4], mo3BossIoNnast oIy4yarh pe3ysbTaThl HHBapUaHTHbIE OTHOCHTENBHO Mpeo0pa3oBaHuii
Jlexannpa, T.e. HE3aBUCHMBIE OT BHIOOpA TEPMOANHAMUYECKHUX TOTECHIINAIIOB.

B sTom MOAX0JAC HaMH paCCMOTPCHBI HOBBIC TUIIBI KBaAHTOBOH KHUAKOCTHU HMeIOHIeﬁ IIpyU HU3KUX TEMIIEpATypax B
CBOEM CIIEKTpe MOJY HYJIEBOI'O 3BYKa M C dK30THUECKON TeMIIepaTypHOH 3aBUCUMOCTBIO TeruoeMkocTH [1]. s atoit
JKUIKOCTH B KA4eCTBE TEPMOIMHAMUYECKHX ITOTEHIAJIOB Opaluch OONBIIONH TEePMOAWHAMHYCCKHUNA IOTCHIIHAI,
SHTPOTNS ¥ XUMHICCKUN IOTEHIIHAN 3aBHUCSIINE OT TEMIICPATYPHI U INIOTHOCTH OAPHOHOB.

Tarxke pPaccCMOTPEHBI TEPMOIMHAMUYECCKHE CHUCTEMBI C KOHEYHOH OapHOHHOW IIIOTHOCTHIO TPH HYJEBOU
Temmeparype [2], I KOTOPBIX B Ka4eCTBE TEPMOIMHAMUIECKOTO IMOTEHIHAaa Opaics OOBIIOH TepMOAMHAMIYCSCKUI
MOTEHIIHA, 3aBUCAIINAN OT XMMHYECKOTO TIOTCHIIHAIA |1 U MACChl YaCTHUII M.

Jis BceX pacCMOTPEHHBIX CHUCTEM IIPEICTaBICHB (B BUAC 3-MEPHBIX TpadUKOB) pe3yNbTaThl MOCTPOCHHUS
COOTBETCTBYIOIIUX I'€OJAC3NICCKHUX KPUBBIX. Ha rpa(bm(ax XOpo1Io BUAHO, IMTPU KaKUX 3HAYCHUAX TEPMOANHAMUYCCKUX
MEPEMCHHBIX TI'€COAC3NYCCKUEC KPHUBLIC O6pI)IBaIOTC)I, YTO YKa3bIBa€T Ha BO3MOYKHBIC (ba30131)1e nepexoabl Mpu 3THUX
3HaueHHsAX. B yacTHOCTH, HaMu ObUT BOCTIpOM3BECH (pa30BbIil Iepex0] BTOPOTO pojia B CUCTEME C KOHEUHON OapHOHHON
IUIOTHOCTBIO TIPH HYJIEBOH TeMIeparype, onpeieieHHbId B padore [2] mpu m = .

Jluteparypa:

1. A. Karch, A. O'Bannon, (2007) Holographic thermodynamics at finite baryon density: some exact results, JHEP
0711:074, DOI: 10.1088/1126-6708/2007/11/074.

2. A. Karch, D.T. Son, and A.O. Starinets, (2009) Zero sound from holography, Phys. Rev. Lett. 102, 051602, DOI:
10.1103/PhysRevLett.102.051602.

3. H. Quevedo, (2007) Geometrothermodynamics, J. Math. Phys. 48, 013506, DOI: https://doi.org/10.1063/1.2409524.

4. H. Quevedo, A. Sanchez, S. Taj, A. Vazquez, (2011) Phase transitions in Geometrothermodynamics, Gen. Rel.
Grav. 43: 1153. arXiv:1010.5599.
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INPUMEHEHHE METOJA HAKOIIVIEHUSA CUT'HAJIA BJ1OJIb CIIEKTPA K
SKCIIEPUMEHTAJIbHBIM JAHHBIM PAMELA

@edocumosa A.U. 2, Jlebedes H.A.%, Imumpuesa E.A.%, Ubpaumosa C.A% Bonoapw E.A.?,
Kpacosuyxuti IT.M.*

Mucruryt spepnoit gpusuxu, Kazaxcran, r. AaMaTsl
2DIBHKO-TEXHIYECKUH MHCTUTYT, Kazaxcra, r. AnmaTsl

PAMELA — MeXIyHapOAHBIH SKCIEPUMEHT, OCHOBHBIMH IIETISIMH KOTOPOTO SBIISIOTCS IOMCK aHTHMATEPHH H
M3MEPEHHUE CIIEKTPOB MPOTOHOB, SAEP B IIMPOKOM JHANa30He SHEPTUH. DKCIEpIMEHTANbHAsl yCTAaHOBKA BKJIOYAET B ce0s
MarHUTHBII CIEKTPOMETp M HOHM3ALMOHHBIM KalopuMmeTp. MarHUTHBIH CHEKTPOMETp MO3BOJISET BOCCTAHABIHUBATh
CHEeKTp KocMuueckux Jyuedl mpu sHepruax no 1 TsB [1]. DOueprum Boime 1| T?B ompenensioT ¢ NOMOIIBIO
MOHHM3aLMOHHOTO KalopuMeTpa. MOHHM3alMOHHBIA TeTepOreHHBIH KaJOpUMETp MMEET TONMIMHY 16 paauaroHHBIX
€/IMHMILL U COCTOMT U3 YEePEIYIOIINXCS CJIOEB BOJb(ppaMa U U3MEPHUTENIBHBIX CII0EB (KpeMHHEBbIE AeTeKTOpHI). YacTuna
BXOJIUT B IUIOTHOE BELIECTBO KAJIOpUMETpa U pOXKJaeT Kacka dacTull. Ecnu kackaj JOCTHraeT cBoero MakCuMyma, To
oTpenieNnseTcs SHeprus najaromnei yactumpl. JJaHHBIN MeTo Xopomo paboTaeT Ipu OONBLINX pa3Mepax KaJopuMeTpa,
m00 Uil HU3KHX 3Hepruil. OAHAKO, WCIONB3ys CTAHIApTHYI0 METOIUKY KacKaIHBIX KPHBBIX U JKCIEPHMEHTA
PAMELA, TO4YHOCTB OIpeeNeH s SHEPIHY BEICOKOYHEPIHYHBIX YACTUIl U SAEP LOCTATOYHO HHU3Kas. 1151 yMEHbLICHUS
OmMMOOK IIpH HW3MEPEHWH DSHEPIUU TPEUIOKCHa METOAMKA HAKOIUICHWS CHTHala BJOJNb CHEKTpa M aHaIHu3a
KOPPEJSIIMOHHBIX KPUBBIX.

CyTh METOIMKH 3aKITI0YAETCA B IIEPEXOE OT aHAIN3a BHEIIHNX XapaKTEPHUCTHK KacKaia (9HEpProBIJEICHUE Ha
K2)XIOM CJO€ KaJopuMeTpa OT NIyOMHBI ypOBHS HAOMIONCHMS) K aHAIM3y BHYTPEHHHX XapaKTEPUCTHK JIUBHS
(3HeproBeIICTICHHE HAa KaXIOM CJO€ KaJoOpUMeTpa OT CKOPOCTH Pa3BUTHA Kackaaa). IIpu 3ToM B HOBOHM MeETOAMKE
olpeielieHHe 3HEPruM He 3aBHCUT OT TOTO B KAaKOM CJIO€ KaJOpHMeTpa IIPOB3aMMOJCHCTBOBAa YaCTHUIA M Kakas
MHO>KECTBEHHOCTh ObLiIa B IEPBBIX B3aUMOCHCTBHUSIX.

Ha nepBom 3Tame ObUIO NMPOBENEHO MOJEIMPOBAHUE MPOXOXKICHUS YaCTHL[ 4Yepe3 BEIIECTBO KallOPHMETpa.
OdunmanbHas nporpamma koiutadbopaunu PAMELA juis onpeseneHus CBOHCTB MarHUTHOTO CIIEKTPOMETPA METOIOM
MozaenupoBaHusi Monte-Kapio npoxoxkaeHus depe3 Hero 3apspkeHHbIX vactull HasbiBaeTrcs GPAMELA [2]. Ona
MO3BOJISIET N3y4aTh OTKJIMK JETEKTOPOB, ONPEEIATh XapaKTepPHbIe OCOOCHHOCTH PErHCTPAMH YacTHUIl pa3HOTO TUIA U
pa3pabareiBate amroputMbl ux BeigeneHus [3]. GPAMELA ocHoBana na makere mnporpamm GEANT 3.2.
MonenmupoBanue TpoBeneHO s BbicokodHepruuHbIX (1 ToB m 10 TaB) wactum yriepona, skemeza u mpoTtoHa. Ha
CIIEIYIOIIEM 3Talle aHAIM3UPOBAIKCH SKCIIEpUMEHTaNbHBIC NaHHbIe, noixydeHHsle PAMELA Ha GopTy poccHiicKOTO
coyrtHuKa “Pecypc IK1”, 3anmymenHoro 15 urons 2006 T. Ha OKOII03EMHYIO OKOJIOTIOJIIPHYIO OPOUTY.

C MOMOIIBIO CTaHJAPTHONH METOAMKH YHEPTHs BHICOKOIHEPTHUHBIX YAaCTHIl HE MOXET OBITh OIpeaeneHa i TeX
YacTHI[, KOTOPBIE HE JIOCTUTIHM CBOETO MAaKCHMyMa B KaJIOPUMETPE, MO3TOMY OHH HCKIIIOYAIOTCA NPH IOCTPOCHUH
CIeKTpa, YTO NMPHBOIHUT K CYIIECTBEHHBIM HCKaKEHHSAM. UeM BbIIIE HHEPTHS YaCTHUIIB, TEM MEHBIIE BEPOATHOCTH
MOJTHOTO TOTJIOIIEHHS 3HEPruu KanopumerpoM. K ToMy ke Ipu HMCHONBb30BaHUHM CTaHAAPTHOM METOIMKH BO3HUKACT
npobjeMa HACHIIEHHOCTH CTPHUIIOB, YTO MPHUBOAUT K TPEKICBPEMEHHOMY MAaKCHMyMy KacKagHOM KpUBOH U
HETOYHOCTSM B pe3yibTaTax.

[Ipennaraemast METOMKA KOPPEISIIMOHHBIX KPUBBIX MO3BOJISIET ONPEEISTh SHEPTHIO YACTUIBI Ha BOCXOSIIEH
BETBM JINBHS, YTO IO3BOJISIET HCIIOIB30BaTh OOJIbIIEE KOJMYECTBO JAHHBIX HKCIIEPUMEHTA, a TaKKe HE 3aBHUCHUT OT
HACBIIIEHHOCTH JIETEKTOPOB, YTO MIPUBOIMT K YJIYUIICHUIO TOYHOCTHU CIIEKTPAa KOCMUYECKHUX JIydeH.

Pabora monnep:xana MunuctepcTBoM obpasoBanus u Hayku PK, rpant Ne AP08855403

JIuteparypa:
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IMPOT'PAMMHOE NCITOJIb30BAHUE JAHHBIX ENSDF NNDC B AAJJEPHO-®OU3UYECKHUX
PACYETAX

Ivsiukoe B.B., 3apunosa FO.A, FOwxos A.B., bucenvouesa M.T.

Kazaxckuit HaumoHaNBHBIN yHUBEpCHTET UM. anb-DPapabu, Anmarsl, Kazaxcran
E-mail: slava_kpss@mail.ru

Jis smepHBIX pacdeToB, a TAK)KE PAacueTOB PA3IUIHBIX TEOPUI U CPaBHEHHS C SKCIIEPUMEHTAIBLHBIMU SICPHBIMA
JMAaHHBIMH HEOOXOJWMO HCIOJB30BaTh aKTyalbHBIC UHCICHHBIC 3HAYCHHS MapaMEeTPOB W CBOWCTB saep. [locTosHHO
TIOTIOJTHSTOIIUUACS ¥ OOHOBJISIOMINIACS MEXIyHAPOAHBIH HHTEPHET-PECYpC SIEPHBIX JAaHHBIX CO CBOOOIHBIM IOCTYIIOM
the National Nuclear Data Center (NNDC) [1] B Brookhaven National Laboratory (CILIA) naet Takyto BO3MOXHOCTb.

B macrosimeit pabote mpencraBieHa pa3paboTka aBTOpcKoro mporpammuoe obecneuenue (I10), xortopoe
MO3BOJISIET HCIONB30BaTh (Gopmar ENSDF-¢aitnoB ¢ naHHBIMH B COOCTBCHHBIX alTOPUTMAax JUIi pPAacdyeToB U
MOJICIUpOBaHus  sifepHO-(Gu3nueckux mnporeccoB. Evaluated Nuclear Structure Data File (ENSDF) comepxut
OLIEHEHHYIO SIIEPHYIO CTPYKTYPY H JaHHBIE O pacnaje B popMaTe, KOTOPBIH ObUT BriepBhie pazpaboran W.B. Ewbank u
M.R. Schmorak B 1978 roay. Ha texymuii MomenT 6a3a qanasix ENSDF conepxut nanusie s 3403 nykmuaos [2].
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Pucynoxk 1 — Aeropckoe 10 3arpy3ku ENSDF-¢aiinos Pucynok 2 — [IpuMeHeHne TaHHBIX YPOBHEH

BO30YXKIIEHUH U raMMa-TIepexo/10B B aBTopckom [10
JUIsl pacuera siICPHBIX peaKLui

Ha pucynke 1 mpencrasieno [10, koTopoe 3arpyskaet crpykrypupoBannbiii ENSDF-¢aiin (*.ens), koHBepTHpYET
€ro ¥ 100aBIIseT JaHHBIC B JIOKANBHYIO 0a3y naHHbIX [3]. JlokanpHas 6a3a saepHbIX JaHHBIX YK€ UCTIONb3YeTCs B APYTUX
pacdeTHbIX nporpamMMmax. HeckosbKo HHTEpECHBIX IPUMEHEHHH, TOMUMO HCCIIEI0BATENLCKUX PAacyeTOB, pa3paboTaHHbIE
ABTOPCKON HAyYHOH TpYyMIIOH, HAMUIH ce0s B KOMITBIOTEPHOM JIA00OPaTOPHOM TpakTukyMme (puc. 2) [4], mabopaTopHOii
pabortsr [5].

Pabota BrimonHeHa B pamkax npoekra MPH AP09258978 ¢unancupyemoro Komurerom Haykn MuHHCTEpCTBA
obpazoBanus u Hayku Pecny6nnku Kazaxcras.

Jlureparypa:
1. National Nuclear Data Center // https://www.nndc.bnl.gov/.

2. Evaluated Nuclear Structure Data File (ENSDF) // https://www.nndc.bnl.gov/ensdf/.

3. Jpsuxos B.B. CnpaBounuk aromusix siiep — NDBR & C (Nuclear Data Base Reviewer & Calculator) //
CBUJIETENILCTBO O FOCYJApPCTBEHHON perucrpanuu aBropckux mpas Ne 344 ot 16 mapta 2012 roga C 0008104.

4. Jlxymarynosa K.H., baumberos @.b., Pamazanos T.C., Komanosa C.K., [IssuxoB B.B., )Korabaes JK.P., Mykymiesa
M.K. KomnbrotepHslit 1a00paTopHbIii mpakTukyM «HekoTopbie npoOieMbl aTOMHOM, SaepHOI GU3NKH U Gu3nKu
KOHJICHCHUPOBAHHOTO COCTOSTHUSY // YueOHO-MeToanueckoe nocooue, Anmatei-Kypuaros, 2010. — 77 c.

5. B.B. Ipsukos, M.T. burensaunesa, A.B. FOmxkoB, F0.A. 3apunosa. Pacuer 103080 Harpy3ku pagroHyKIIHIOB B
opranu3Me 4denoBeka | / CBHIETETECTBO O BHECEHUH CBEACHUH B IOCYIapCTBEHHBIH peecTp MpaB Ha 0OBEKTHI,
oxpansiemble aBTopckuM npaBoM Ne8416 ot 27 despaist 2020 roga. OxpaHHBIH JOKyMeHT (porpaMma st OBM).
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PACITIPEJEJIEHUS BTOPUYHBIX YACTHI 11O ITIOITEPEYHOMY UMITYJIBCY B
BBICOKODHEPTETUYECKHUX CTOJKHOBEHUAX ITPOTOHOB U CUTHAJIBI TEMHOM MATEPHUH B
CHEKTPAX ®OTOHOB

Joauenxo A.T.1?

IdenepanbHoe rocyaapcTBEHHOE GI0IKETHOE 00pa30BaTeIbHOE YUPEKIEHHUE BhIclIero 00pasosanus “TletepOyprekuit
rOCyIapCTBEHHBIH YHUBEPCUTET IyTel coobmmenus Mmnepatopa Anekcarzapa |7, Cankr- IlerepOypr, Poccus
2MeepanbHOE TOCYIAPCTBEHHOE OFOKETHOE yupexaenue “IleTepOyprckuii MHCTHTYT saepHol ¢pusuku um. b.I1.
KoncrantuHoBa” HarroHnanbHelH HccnenoBaTenbekuil neHTp “Kypuarosckuit unctutyt”, I'aTunna, Poccus

Pa3BuBast CTATHCTHYECKYIO MOJEIb MHOXECTBEHHOTO POJKICHHS YacTHIl, OCHOBaHHYI0 Ha paborax [1-3]),
TIPEILTOKEH aTOPUTM HaXOY/ICHHS PacIpe/eIeH s 0 ToTepeqHoMy UMITY Ihey /\ - TumepoHoB, oGpasyromuxcs B pp

CTONKHOBEHHSAX TPH 3Hepruax A/ S 53,200, 900 u 7000 I'3B [4]. Berunciennsle ciektpsl /\ - THIEpOHOB cormacyroTes
C 3KCTIEPUMEHTAJIbHBIMY JAHHBIMU U pacueTaMu I10 MOJEH KBapK-TJIFOOHHBIX CTPYH [5].

AHanuzupys Bcliex 3a [6] SKCnepuMeHTaNbHBIe JaHHBIE [7] O CHEeKTpaM MATKUX (POTOHOB B 3aBUCHUMOCTH OT
MONIEPEYHOTO UMITYJIbCa, B TAaHHON paboTe MpeaaraeTcst HHTEPIPETHPOBATh YXKECTOUCHHE CIIEKTpa [ 7], Kak MposIBICHNE
BKJIaJla HOBOW "actuilel 0o30Ha X17, Maccoil okomo 17 M»1B, sBISOMIyIOCS KaHAWAATOM Ha POJb YaCTHI TEMHOM
marepun. [IpeanoxeH anroputM HaxoxIeHUs Macchl 0030Ha X17 Ha ocHOBe Mojenu TpyOku. /laHa MHTepHperanns
SKCIEPUMEHTANBHBIX JAHHBIX 110 CIIEKTPaM MATKUX (POTOHOB C MOMOIIIBI0 HOBBIX YacTuIl - 0030HOB X17 u X38 [8]. Onn
MOT'yT 00pa30BBIBaTh MACCHBHBIC OOBEKTHI TEMHOM MaTepuH B acTpo¢usnke. OOOCHOBBIBACTCS HATHYIHE MACCH 0030HA
X17, paBHoii 17 M»aB, a X38, paBnoii 38 MaB, ncxons u3 eKTpoMarHUTHOW TpyOKU MpU 00BbEIMHEHUU JIBYMEPHBIX
KX 1> x K912,

Jlurepatypa:
1. E. Fermi, Prog. Theor. Phys. 5, 570 (1950).
2. Ya. l. Pomeranchuk, Doklady Akad. Nauk 78, 889 (1951).
3. L.D. Landau, Izvestiya AN SSSR Ser. Fiz. 17, 51(1953).
4. A.T. D’yachenko, Phys. Atom. Nucl. 83, 1557 (2020).
5. O. Piskounova, arXiv: 1908.10759v5 [hep-ph].
6. C.Y.Wong, arXiv: 2001.04864v1 [nucl-th].
7. A.Belogianni et al. (WA91 Collaboration), Phys. Lett. B548, 129 (2002).
8. Kh.U. Abraamyan et al. Observation of the E(38)-boson. arXiv: 1208.3829v1.

PEAKIIMU MHOT'OHYKJIOHHBIX TIEPEJJAY KAK METO/J ITIOJIYYEHU A
HEATPOHOM3BBITOUYHBIX U30TOIMOB TAXKEJBIX U CBEPXTSI)KEJIBIX 3JIEMEHTOB

Caiixo B.B., Kapnos A.B.

Jlabopatopus snepHbix peakunii um. I'.H. ®nepoa, OObeJMHEHHBI HHCTUTYT SJAEPHBIX HCCIIEI0BAHHM,
r. [lyOHa, Poccus

WuTepecHoit 00MacTpi0 MPUMEHEHUS SAPO-AICPHBIX CTOJKHOBEHHH TSDKEIBIX HOHOB SIBISICTCS MOJy4YCHHE U
W3ydYeHHe sep, 0OOTalIeHHBIX HEUTpOHaMHU. B mocnegHne Toabl mIMpoKo 00CyX AaeTcs BO3MOKHOCTh CHHTE3a TaKHX
afep B Iporieccax MHOTOHYKIOHHBIX mepenad (MHII), mpoucxoadmux B peakuusx riryOOKOHEYIIPYroTro pacCesHUs
TSKENBIX MIOHOB HU3KUX 3HEpTUid. Llenblil psll 5KCIEpUMEHTaIbHBIX YCTAHOBOK, CO3JaHHBIX U CO3/JaBAEMBIX B BELYLIUX
MHUPOBBIX SIEPHODU3NIECKUX IEHTPaX, BOBJICUCHBI B PEIICHHE 3TOH 3a1aun. OTHON U3 OCHOBHBIX IeJIeH HCCIIeJOBAaHUS
s71ep, 00orameHHbIX HEeHTPOHAMHU, SBISIETCS IeTaIbHOE MOHUMaHKHe acTpO(pU3MYECKOTO I-TIpoliecca, KOTOPBI IpoTeKaeT
yepe3 HEHTPOHON3OBITOUHBIE S1/Ipa BJIAJIM OT JIMHUM OeTa-cTabmiIbHOCTH. Takue spa, pacrojoXeHHbIE B OKPECTHOCTH
3aMKHYTBIX HEHTPOHHBIX 000JI0UEK, 0Opa3yIOT TaK Ha3bIBa€Mble TOYKM OXKHAAHHS r-Ipolrecca. 3HaHWE CBOWCTB 3THX
HYKIIU/IOB UIPaeT KIIIOYEBYIO POJIb B MOAEIMPOBAHUY I-TIpoLecca.
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C TOYKH 3peHHs TEOPETHUECKOTO aHAIN3a APO-SIAEPHBIX CTOJIKHOBEHUH, TPEACTABIIETCS YPE3BHIUANHO BasKHBIM
MIOCTPOCHHE MOJENeH, MAMNUX MaKCHMaJbHO IIOJIHOE ONHMCaHWE IIPOLECCOB, MPOHMCXOIAIINX IHPH CTOJIKHOBEHUH
TSDKEJIBIX MOHOB C YYE€TOM CHIJIBHOMN CBSI3H M MEPEKPBITUS BCEX PEAKLHOHHBIX KaHAIOB: ITyOOKOHEYIIPYyTroro paccesHus,
KBa3W/ICNEHNs, CIMSHUSA M OOBIMHOrO JeneHus. B mpencraBieHHOM nukie paboT paspaboTaHa MHOTOMEpHas
JUHAMHYECKass MOJENb SAPO-S/IepHBIX CTOJIKHOBEHHMH, Oasupyromasicss Ha ypaBHeHMsX JlamkeBeHa. Monenb
obecrieynBaeT HEMPEPHIBHOE ONMCAHNE DBOJIIOIUU CUCTEMBI CTAIKUBAIOLIMXCS SIep BO BPEMEHH, HAYMHAS CO CTaUU
COIKEHMsI CHapsa 1 MUIIEHU BO BXOJIHOM KaHaJjle peaKliy U BIUIOTh JI0 00pa30BaHUs KOHEYHBIX MIPOIYKTOB PEaKIIHy.

Pa3paboTaHHBI MOAXOJ MPUMEHSUICS K ONMCAHMIO PEAaKIUH MHOTOHYKJIOHHBIX IIepefad, MPOHUCXOMAIINX B
IITyOOKOHEYIIPYTUX CTOJKHOBEHHMSX TSDKENBIX MOHOB. Pe3ynbTaThl pacdéToB pa3iMMYHBIX XapaKTEPHCTHK NPOTYKTOB
peakiuii MHOTOHYKJIOHHBIX TIepefad XOpOIIO COTJacyloTcsi ¢  OONBIIOW  COBOKYNHOCTBIO — HMEIOIIHXCS
9KCIIEPUMEHTAIBHBIX JaHHBIX.

BrinosHEHHBIE pacdeTs! MOKA3alH, YTO PEAKIMM MHOTOHYKJIOHHBIX IT€peiad UMEIOT OOJIbIIYI0 IEPCIICKTHBY IS
CHHTE3a TSDKENBIX HEHTPOHOM3OBITOUHBIX SNep, IS KOTOPBIX JAPYTHEe METONBl JHO0 Manod(p(eKTHBHBI, JTHOO
HENpUMEHUMBI. B 4acTHOCTH, Takue sipa PacIoJIOKeHbI BOJIM3M 3allOJHEHHOH HelTpoHHOW oOomouku N=126 u B
00JIacTH TPaHCYPaHOBBIX DJIEMEHTOB, JJIsI KOTOPBIX IPEICKAa3bIBAIOTCSl SKCHEPHUMEHTANBHO JOCTH)KMMBIE CEYEHUS, B
HEKOTOPBIX CiTydasx Ipepbimaroniue 1 Mx0.

[MTonyueHHble pe3yNbTaThl YK€ HCIOJB3YIOTCS JJIsi HMPOEKTHPOBAHMS IKCIIEPUMEHTAIBHBIX YCTaHOBOK, IPH
MOCTaHOBKE 3KCIIEPUMEHTOB 10 3yUEHHIO peaKkIMii MHOTOHYKJIOHHBIX Iepe/iay, a TAKKe IPH aHajIu3e UX pe3yJIbTaToB,
B BeAylUX siaepHo-¢usnueckux nadoparopusx: JISIP OUSU ([y6na), GSI (I'epmanus), GANIL (dpannus) u
Yuausepcuret FOBsickromnst (OUHISHIN).

CEYEHME AKTUBAIIU JJIA TOJYYEHUA MEJUIITUMHCKUX PAJIMON30TOIIOB

Oboixanu K. H.
Hayunvle pyxosooumenu: 0.¢.-m.n., 3a6. kaghedpoii meopemuueckou u sioephou usuxu Abuwes M. E.,
Masayuki Aikawa, professor of nuclear medicine

KasHY um. ans-®Dapabu, r. AnMaTsl

COBEpIICHCTBOBAHUE METOAOB CIIEKTPOMETPHH BBICOKOHEPTETHUECKUX HEHTPOHOB SBISAETCS aKTyaJbHOMN
3a/1a4eil B CBS3M C PSAJOM HOBBIX HAayYHO-TEXHHUYECKHX MPOrpaMM, PeaM3yIONINXCcs B mocnenHee Bpems. Cpeau HUX
MO>XHO Ha3BaTh CO3JJaHUE MOIIHBIX HCTOYHUKOB HEHTPOHOB Ha OCHOBE MPOTOHHBIX YCKOPUTENEH JJIsl UCCIIEJIOBAHUS
MaTepHajoB, JJIEKTPOSIACPHBIA OPUAMHT M TPaHCMYyTAlMS PAJUOAKTUBHBIX OTXOAOB. CIOXXHOCTH CHEKTPOMETPHUH
HEUTPOHOB C YHEPTHUSIMH BBIIIE HECKOJIBKUX JIECITKOB M3B 3akirouaercs B TOM, 9TO B 9TOM JHama30He HEIPUMEHUMO
OONBIIMHCTBO METOIOB, UCTIOJB3YIOLTUXCS JJII U3MEPEHUST HU3KOOHEPTEeTHUECKUX CTIEKTPOB HEUTPOHOB.

B paboTe ObLT0 MOKA3aHO, YTO PEAKIHSI COTTIACYETCS ¢ IKCIIEPUMEHTOM I10 TIOJTHBIM CCUCHISIM PEaKI[HK HYKJIOHOB
¢ sapamu B auamna3one 3Hepruii 10 MaB-10 3B 6e3 ucronp30BaHus CBOOOIHBIX MapaMETPOB IS OTIACIBHBIX SIEp.
Pacmmmpenne nuama3oHa MPUMEHHMOCTH KAacKaJHOW MOJENH B OOJIACTh HU3KHX SHEPTHH IMO3BOJIIIO OTKA3aThCSA OT
MPeJPaBHOBECHOW CTaIWH SIOCPHON peakIiy, MPEAIISCTBYIOMICH HCIApPUTEIEHOMY KacKamy. YCIICIIHOE OIHCaHHUE
JMBOWHBIX Au((epeHIHaNTBHBIX CCUCHHH BBIXOJAa HYKIOHOB W CIOKHBIX YacTHUI] IPU B3aWMOJICHCTBUU HYKIOHOB C
sapaMu Tpu dHeprusx Hmke 100 MaB maeT ocHOBaHHWE mpearoyarath, 4TO CIIEKTP OCTATOYHBIX SIEP TaKKEe MOXKHO
paccuuTaTth ¢ JOCTaTOYHOM TOYHOCTBHIO B pamMkaX. KpoMme Toro, pe3yinbTaThl U3MEPEHUH UMEIOT JOCTATOYHO OOJIBIIHE
MOTPEITHOCTH, JOCTUTAIOIINE HECKOJBKUX JIECATKOB MPOIIEHTOB. B CBS3M ¢ 3TUM €CTh HEOOXOAMMOCTh YTOYHECHHS
CeYeHMId, 0COOCHHO B Tuamna3oHe 3uepruii Beime 100 MaB.

JlanHast paboTa MOCBAIIEHA PACYETHOMY UCCIIEIOBAHHUIO CEUSHHII aKTUBAIIMA BUCMYTa HEHTPOHAMH C SHEPTUSIMHU
15-1000 M»B, BeITOTHEHHOMY B pamKax 00o6mieHHOW KackamHod mozenu (OKM), u cpaBHEHHIO MOIyYEeHHBIX
PE3YNBTATOB C DKCIIEPUMEHTAIHHBIMU JJAHHBIMH JIBYX HE3aBUCHMBIX TPYIII B TIOJISIX BRICOKOIHEPTETUIECKUX HEUTPOHOB
Ha YCKOPUTENIbHBIX KOMIUIeKcaX. [IpoBeeHO BOCCTaHOBJIEHHE HEHUTPOHHBIX CIEKTPOB MO H3MEPEHHBIM CKOPOCTAM
peakuui.

Jluteparypa:
1. E.Kim, T.Nakamura, A.Konno et al. Measurements of Neutron Spallation Cross Sections of 12C and 209Bi in the
20- to 150-MeV Energy Range. Nucl. Sci. Eng. 129, 209-223 (1998).
2. T.Fukahori. Review of Evaluation in the Medium Energy Region. Proc. 1991 Symp. Nuclear Data, Tokai, Japan,
1991, JAERI-M 91-032, p. 106 (1991).
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3. M.Blann. New Precompound Decay Model. Phys. Rev. C54, 1341-1349 (1996).

4. A.V.Sannikov and E.N.Savitskaya. Total Nucleon-Nucleus Reaction Cross Sections Calculated in the Frame of the
Cascade Model. Radiat. Prot. Dosim. 110, 27-31 (2004).

5. A.B.Cannmnkos, E.H.Casunkas. O6o0uieHHas KackaJHas MOAETb aaepHBIX peaknuid. | X Poccuiickas HayuyHas

KoH(pepeHIus «PagnalonHas 3alliTa M pagualMoHHas 6e30IaCHOCTD B SIEPHBIX TEXHOJIOTHSIX». TEe3HCHI
JIOKJIAJ0B, ¢. 276-281, O6uuuck, 2006.

CUCTEMBI JUMATHOCTUKHU ITAPAMETPOB YCKOPEHHBIX ITYYKOB TAKEJIBIX UOHOB
YCKOPUTEJIBHOI'O KOMILJIEKCA JISIP OUSsIN

Hcamos A.T.*%¢, Temepee FO.T.°, Mumpoganos C.B.

* O0BeIMHEHHBIN HHCTUTYT SACPHBIX UccenoBaHni, JlabopaTopus SAepHBIX peaknit
Poccns, 141980, Iyona MockoBckoit 00:1., yi. XKommo-Kropu, 6
6 Eppasuiickuii HallMOHAIBHEIA yHUBepcuteT umenn JI.H. I'ymuesa
Kazaxcran, 010000, Hyp-Cynran, yn. Catnaesa, 2
® PI'TI «HCTHTYT simepHOU pusukmy MO PK
yin. Uoparumosa, 1, Anmatsl, Kazaxcran, 050032

YcxoputensHslii komiieke JISIP OUSIU coctout U3 4 HUKIOTPOHOB U | MUKpOTpOHa. J{namna3oH HHTEHCUBHOCTEH
BBIBOJIMMBIX M3 YCKODMTENsS dacTull Bapbupyercs oT 10! momow/cm?c¢ 1o nmecatkoB MKA. COOTBETCTBEHHO, IJIst
JUArHOCTHKY MapaMeTPOB YCKOPEHHBIX ITyYKOB TSDKEIBIX HOHOB MPHUMEHSIOTCA pa3iM4yHbIC THUIIBI JETEKTOPOB:
CIMHTWULIIMOHHBIE, HOHU3AIIMOHHBIE JETEKTOPbI, MOHUTOPHI, paboTaromye o NPUHIUITY PETHCTPAlMy BTOPHIHON
SMUCCHU 3JIEKTPOHOB, HuimHAps Dapanes u T.1.

CUMHTHIUIAUOHHBIE IETEKTOPHI IPUMEHSIOTCA AJIsl KOHTPOJISA IaPAMETPOB YCKOPEHHBIX ITyYKOB TSKEIBIX HOHOB
B JlMana3soHe HMHTEHCHUBHOCTEH oT enunun noHoB 10 10° wonoB/cM?c. OHM WCHOJNB3YIOTCS NPH TPOBEIEHUH
HCCIeIOBaHNI B 00J1aCTH pauodJIeKTPOHHUKH, painodnosorun 1 Gpu3nku TBepaoro tena. Ha 6a3e CHMHTHILIAMOHHBIX
JIETEKTOPOB CO3JJaHbl CUCTEMBI JUIsl ©3MEPEHHMSI IJIOTHOCTH OTOKA HOHOB M ()JIOEHCA, MHOTOKaHAIbHBIE MPO(MHIOMETPHI
U CUCTEMbI U3MEPEHHUS SHEPTUU HOHOB.

B numana3one wnTeHcuBHOcTel oT 10° 10 N-10° moHOB/CcM2'C AJIsI AMATHOCTHKH MIPUMEHATCS MOHU3aLMOHHbIE
JIETEKTOPBI U YCTPOICTBa, pabOTaIOIIKE [0 IPUHIUITY PETHCTPAIIMU BTOPHYHON IMUCCHH 3JIEKTPOHOB.

[Ipu unTeHcuBHOCTsX Bbime 10° MonoB/cM*c mpumenstoTcs muamHApsl Papanes (LID) ans uzMepeHus Toka
nyuka. Taxke, ObUTH pa3paboTansl crienuanbubie LD a1 n3MepeHus Toka Imydka ¢ MOIIHOCTRIO 3,5 KBT Ha yckoputerne
J11-280.

Jis m3mepenns nmpodwis mydka Ha yekopurene J1[-280 6putm pazpaboTaH U co31aH CKaHUPYFOIIII IBYXMEPHBIH
MOHHM3ALMOHHBIH MOHHUTOpP NMpoQuiIs mydka. JJaHHOE yCTPOHCTBO OTHOCHTCSI K HEMHBAa3HMBHOMY METOJy AWArHOCTHKH,
paboTaroliee 1o MPHUHIMITY PErHCTPALUK IPOJYKTOB HOHH3ALNH OCTATOYHOTO Ta3a.
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CIIEHU®NYECKHUE OCOBEHHOCTH YIIPYT'OI'O PACCESHUS 0-YACTHI HA JIETKHUX
CJIABOCBSI3AHHBIX SIJIPAX ®He u ®Li

Vpasbexos 5.A.%%, JJenuxun A.C.13, Iacanceumos J.*2

106benMHEHHBIH MHCTUTYT SEPHBIX HCciIenoBanumii, JlybHa, Poccus
2HMucTutyT apepHoil Gpusuku, Anmatel, Kazaxcran
STocynapcTBeHHblit yHuBepcuteT «Jly6Ha», ly6Ha, Poccus

B mocnenane pecstuneTws Onaromaps pasBUTHIO OKCIIEPHMEHTANbHOM TEXHHKH W pa3pabOTKH HOBBIX
TEOPETHYECKMX METOJIOB HE YTHXAET MHTEPEC B UCCIENOBAHMH KJIACTEPHOM CTPYKTYpBI JeTkuX sep. Slapo °Be, B oToit
CBS3U, SBJSIETCS YHHUKAIBHBIM MPUMEPOM KJIACTEPHOH CTPYKTYpBl. OTOMY CBHJETEIbCTBYIOT KOCBEHHBIE
SKCIEpUMEHTANbHbBIE [10KA3aTelbCTBA, TAKHE KaK OTHOCUTENBHO OOJBIIOE 3HAUCHHE KBAIPYHNOJIHHOTO MOMEHTA,
MOJIOKUTEIBHO IMPOCTPAHCTBEHHAs] YETHOCTh IIEPBOTO BO30YKICHHOTO COCTOSIHMSA, HEMOIIAIOLIETOCS K OMUCaHHIO
CTaH/IapPTHBIMH 000JI0YEYHBIMH MOJIEISIMH C KOPOM.

B nensx jgeranbHoro msydenus sapa ‘Be mamu [1, 2] ObulM NpoBeleHbl pabOTHI Ha TPEAMET HCCIIEJOBAHMS
nepeAayn KIacTepoB B NPSAMBIX SAIEPHBIX pPEaKUUsAX. PacueTbl MO SAEpHBIM pPEaKUUsAM IPOBEACHBI Ha OCHOBE
TpexTesbHO Mojenu 20 + N, yuuTsiBarontyro crenupuKy BHyTpeHHel cTpykTyphl sapa *Be. [TonyueHHbIe pe3yIbTaThl
ms °Be(d, o)’Li mokasanm, urto paccumtaHHOe AU(QPEPEHIMATBHOE CEUYEHHE XOPOIIO COTIACYeTCs C
9KCIIEPUMEHTAILHBIMA JaHHBIMH, €CIIH yYeCTh MEXaHH3M II0CIEeJOBAaTEIbHON mepenadn N-p cucreMbl. Takxke ObLIO
TOKA3aHO, 4YTO CTOJNb 3HAYMMOE CEYEHHME BBI3BAHO CJIA0OI CBA3BI0 BAIEHTHOrO HeliTpoHa °Be, a Taxke
CIEKTPOCKOIMIECKUMH aMIUTUTyAaMH Onn3kne K 3HadeHuto 1.0. HeoOXoauMo Takke OTMETHTh, YTO Ha 3aJHHUX yIiiax
paccesnus peakuuu °Be(d, o)’Li B OCHOBHOM BBHI3BAHO MEXaHM3MOM Iepenadeil Tsxenoro uona °He, a
MOCJIeI0BaTeNbHAS TIepeada N- o 0Ka3aJach HIDKE 3HAYEHHEM Ha OJHY CTCICHb.

C moMouipi0 METOI0B PAaCueTOB BApHAIMOHHOM U runepcdeprdeckux GpyHKIUi B paMKax TeOPETHIECKONH MOJICIIH
a +2N B padoTax [3, 4] ObIIO OKA3aHO, YTO KOPPEISAIUOHHBIE ITIOTHOCTH BOJHOBBIX (DYHKIIHH MOTYT HMETh B OCHOBHOM
JIBE€ TEOMETPUYECKHE KOH(QHUIYpaLlMid: TPU Tela paclojOKEHbl Ha OJHOM OCH, TaK Ha3bIBacMas «CHrapooOpazHas»
KOH(UTypanusi, 1 1Be P-000JI04eYHbIE HYKIIOHBI PACIIOJIOKEHBI HAMHOTO OJIVDKE APYT-APYTY YEM J0 PACCTOSHUS OT KOpa,
TaK Ha3bIBaeMasi «BEpPTOJIETO-00pa3Has» KoH(purypanus. KimactepHble CTPyKTYphl TAaKOrO poAa CHIBHO BIIUSIOT Ha
TEUCHHE MPSIMBIX SAEPHBIX peakuuii. Hanmpumep, CTONT OTMETHTB SKCTIEPUMEHTAIbHbIE JAHHBIE T10 YIPYTOMY PACCESTHUIO
a-yactuil Ha sapa °He wu SLi [5, 6]. TnaBHON OCOGEHHOCTBIO STUX JAHHBIX SBJAETCS BO3PACTAIONIME XapakKTep
muddepeHInanbHbIX CeUeHUH Ha 3aJHUX YIJIax paccesHHs. ABTopamu u3 pabor [5, 6] 0OTMEUYEeHO, YTO 3TO BHI3BAHO
ynpyroi nepenaueit kinacrepa 2N.

WuTepecHo caenaTh CleIyONIHA mar ¥ MPUMEHUTh pa3pad0TaHHYI0 HaMH TEOPETHUYECKYIO MOk [1] k saapam
®He u 6Li. B pamkax sToii Mozenu sapa °He u SLi paccmatpuBaroTcs Kak CHCTEMBI, HMEIONIUE KIACTEPHYIO CTPYKTYPY O
+ 2N. IIpu 3TOM TpexTesibHasi BOJHOBas (yHKIMS HCCIEYyEeMbIX JIETKUX s/Iep TOJIydeHa BapHallMOHHBIM METOJIOM Ha
ocHoBe (yHKImMi ['aycca. [[aMHUIBTOHMAH COAEPKUT IApHBIE MCEBIONOTEHINAIBI, KOTOPhIE HCKIIOYAIOT S-BOJHOBOE
3amnpemieHHoe cocrosuue. [lomydeHs! B sIBHOM BHIE (QOPMYJBl U pacdeTa (QyHKIMH pacHpesesieHHsl IIOTHOCTH
ANIEPHOTO BELIECTBA M 3apsija, a TakkKe MX CPEAHEKBaJpaTHYHbIe 3Ha4eHHWs. PaccumrtaHbl (OIIUHT-ITOTECHIHAIBI
B3auMoieHcTBYs st cucteM o + ®He u o + 6Li. Tlony4eHHble NOTEHIMANIBI IPUMEHEHBI J1JIsl PACYETOB SEPHBIX PEAKIIHIA
ynpyroro paccestHus, o + He u a + 8L, ¢ momoipsio MeTona casanHbx kananos (CRC).

Jlureparypa:
Urazbekov, B. A, et al. Bulletin of the Russian Academy of Sciences: Physics 80.3 (2016): 247-251.
Urazbekov, B. A, et al. Journal of Physics G: Nuclear and Particle Physics 46.10 (2019): 105110.
Zhukov, M. V., et al. Physics reports 231.4 (1993): 151-199.
Kukulin, V. I., et al. Nuclear Physics A 453.3 (1986): 365-388.
Khoa, Dao T., and W. Von Oertzen. Physics Letters B 595.1-4 (2004): 193-201.
Oganessian, Yu Ts, V. |. Zagrebaev, and J. S. Vaagen. Physical Review C 60.4 (1999): 044605.
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CTPYKTYPA BO3BYXKIEHHBIX COCTOSHUN AJIEP JJISI MTEPEXOIHOW OBJACTH N = (89-91)
JIE@OPMAIIUI B SIJTPAX ‘5Ho, '**Ho, **Ho. ©3OMEPHUS. F-3ANTIPEIIIEHHBIE ITEPEXO/IBI

Cmezaiinos B.1.}, [Kamunnuxos B.I'Y, Cywixos A.B., T'onc 3.X, @unocogos J.B.%, lupukosa H.IO.,
Tiomionnuxos C.U.2, Hlaxyn HI'Y, Kobey B.B.Y, Yan T.H.'?, Bazanoe }O.A.*

1 O0beMHeHHbIH HHCTUTYT SAAEPHBIX HccneqoBanuii, 141980, Jly6na, Poccuiickas ®enepaius
2HMucTuTyT Qu3uku BreTHAMCKOM akafeMUu HayK U TeXHOJIOruii, XaHoii, BreTHam
E-mail: stegajlov2013@yandex.ru

HccrnenoBanmns MpOBOMWIMCH B paMkax Tmpoekta «OHeprus + Tpancmyrammsa» u <« SICHAII-2» ¢
ucnonb3oBanueM yckopureneit OWSU: Hyxnorpon, ®azorpon m JIMHAK-200. M3mepeHus NpOBOAMINCE C
UCIIONIB30BAaHUEM  PA3IMYHBIX CIEKTPOMETPHYECKUX METOAMK U IIONYNPOBOAHUKOBBIX JETEKTOPOB Ha 0asze
MHOTO/IETEKTOPHBIX CIIEKTPOMETPOB CoBMaAeHui (puc.l).

B Hacrosmem noxnane npeAcTaBIeHO 3aBepIlieHIe UCCISN0BaHUN IO CIIEAYIOIUM HaIIPABICHUSAM.

1. 3aBepiueHo Hccle0BaHHE BO3OYKISHHBIX COTOSHUM M MX paclaja HeuéTHO-HedéTHHIX axep *°Ho, 158Ho,
1604,

2. B maHHBIX s1pax U3MepeHbl BpeMeHa KU3HHU U1 BOCBMH [ 1] BO30YXKIEHHBIX COTOSHUM, U3 HUX TPH BPEMEHU
JKHH3HHM BBICOKOCTIMHOBBIX M30MepoB **™?Ho. VX 3HaueHHUs TOBTOPEHBI W PE3YJILTaThl MOATBEPHKIEHBI U3MEPEHUIMU
CIEKTPOB MHILEHH MeTauTueckoro °*Ho B mone Heiitponos B peaximsx (0, f), (N, Xn), va myuke npotonos Ma30TpoHa
B JIAII-OUAUN ¢ nocnenyroluM paguOXUMHUYECKHM pa3lEleHUEM, a TaKXKe Ha IMyYyKe TOPMO3HOIO H3JIyYEHHUs B
(dorosinepHsIx peakiuii (y, XN) yckopurenst anekrponos JINHAK-200 JIATI-OUAN [2].

3. B aapax **®Ho u °Ho onpenenensl 3Ha4eHus (pakTopoB BeTBIeHUs ypoBHeil 67.2 u 60.0 x3B.

4. C 1enbIo MOKMCKa HOBBIX CIA00MHTEHCHBHBIX NepexooB B aape ‘*°Ho npoananusuposansl Ky(Ho)-y u Ly(Ho)-
Y COBIIAICHUS W TIPOBe/IcHa HOBas 00paboTka raMMa criekTpa B auamna3one (5-300) x3B.

5. Onpe/eneHsl SHEPTUM M MHTEHCHBHOCTH TaMMa TIEpeXo/10B pu pacnaze aaep “°°Ho u *®Ho B auanasone (5-
5000) k3B, 1 IpoBeIeHO CPaBHEHUE PE3YJIBTATOB C JTUTEPATYPHBIMU JaHHBIMHU.

6. BceM HU3KONEXKAIMM COCTOSHHSM B BTHX s/paX NPUITMCAHA CTPYKTypa ypoBHel, npudem B sape '*Ho
OCHOBHOMY COCTOSIHMIO mpuiucad cnuH 4% u ctpykrypa 4*/p 5/2* 4041 + n 3/2° 521/, 4r0 MO3BONMIIO OMPEAETUTH
CTPYKTYpY OCTalIbHBIX HU3KOJIEKAIMX BO30YKIEHHLIX ypoBHeii B 1°¢Ho.

7. CoBmectHo ¢ Teoperukamu JITO-OUSM B sapax romemus ¢ A = 156,158,160 BbinosHEHB B paMKax
KBa3MYaCTUYHO-()OHOHHON MOJEJNM pacueThl CTPYKTYyphl IBYKBa3sHYaCTHUHBIX COCTOSHHA W  BEpOATHOCTEH
3JIEKTPOMAarHUTHBIX IEPEXOOB.

CnekrpomerTp e--y-y=-T

1- Nal; 2 - SiLi; 3 - HPGe;

4 - npegycunurenu;

§ - annaparypa anna
perncrpauum e y,e-y-y- -T;
6 - KoMnbloTepP;

7- p/a NCTOYHMK. =

 E—
—

I

Pucynok 1 - MHOTOAETEKTOPHBII CIIEKTPOMETP [UIS UCCIIEIOBaHNS BPEMEHHBIX (TaMMa 3JIEKTPOH raMMa) COBIIAACHUH
Jlureparypa:

1. V.G. Kalinnikov, A.A. Sushkov, V.I. Stegailov et al. «Nucleus-2017». Almaty. 2017. P. 170.
2. S.I. Tyutyunnikov, V.I. Stegailov, V.V. Kobets et al. «Nucleus-2021». St-Petersburg. 2021.
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TEOPETHYECKHUE U ITPUKJIAIHBIE ACHHEKTbBI IPEOBPA30OBAHUS DQHEPTHH B
IJIEKTPOHHO-YIIPABJISIEMBIX IIVTASMEHHBIX YCTAHOBKAX «PLASMA DYNAMICS»

Paoenxo B.B.Y, Yunypa A.C.2, I'vpckas A.B.3, Jonzononoe M.B.3

1Camapckuii rocyiapcTBeHHBIN TexHUYECKHiT yHuBepcuTeT, Camapa, Poccust
2000 HIIK «Hosas Dueprus», Camapa, Poccus,
SCamapckuii HALMOHANBHBIN HCCeN0BaTeNbLCKUH yHUBepcUTeT uM. akaaemuka C.I1. Koponesa, Camapa, Poccus

Jis pemreHust 3aaqy yIIPaBIsIEMOT0 CHHTE3a JIETKUX sIep M mpeoOpa3oBaHus YHEPTUH pa3paboTaHa METOIUKA
co3maHus M (OPMHUPOBAHUS IEKTPOHHO-YIIPABISAEMBIX HOHHBIX IIOTOKOB B CHCTEME IIMKINYECKUX COJCHOWIANBHBIX U
MarHUTOKBAJIPYNOJIBHBIX MOJIEH MyTeM IpyNNUPOBKY IOTOKOB MOCPEACTBOM AUCKPETH3ALIUH U 33aJaHUs ONPEIeIeHHBIX
3aKOHOB IOCTIEI0BATEIbHOCTH M3MEHEHHUs ympaBisiromux napamerpos [1,2]. OmpeneneHa maremaTHdecKas MOJENb,
OIMUCHIBAIONIAsl POPMUPOBAHHE DIICKTPOHHO-YIIPABISIEMBIX HOHHBIX ITy4KoB. CHOPMYIHPOBaHbI yCIOBHS CTA0MIBHOCTH
SJIEpPHOTO CHHTe3a. PaccMOTpEeHBI BO3ZMOKHOCTH NMPAKTUYECKOT0 IPUMEHEHUS pa3paboTaHHOHN YCTaHOBKH U CO3/JaHHOTO
SKCIEPUMEHTANBHOTO 00pa3lia yCTAaHOBKM, HCIONB3YIOUIEH B KauecTBe ToIulMBa TIuapupa nutud. [IpuBoaurcs
Ki1accuuKams, CpaBHEHNE YCTAHOBOK U OCOOEHHOCTEH TEXHUYECKOTO HCIIOTHEHHS IPE0Opa30BaHus SHEPTUH CUHTE3a
JIETKAX AJIEMEHTOB.

UroOrI MOmacTh B 001aCTh JEHCTBUS SOCPHBIX CHII B TEX CIy4asX, KOTJa MUCIIONB3YIOTCS 3apsDKEHHBIC YaCTHITBI
WA MOHBI, NX KHHETHIECKOW SYHEPTUH TOJDKHO OBITH JOCTATOYHO IJIS MIPEOAONICHHUS KYJIOHOBCKOTO OTTAIKUBAHUS SIPA.
B tex cmywasx, Koraa SHEprus 3apsHKEHHOW YacTHUIIHI WM MOHA MEHBIIE BBICOTHI KYJIOHOBCKOTO Oaphepa, BEpOATHOCTh
SIIEPHOM peakuu OyAeT cTpeMHUThbes K Hymto [3]. Tlyduku yactuil Tpedyemoii sHepruu (MeHbIne 1 MaB) jerko noayJuTh
B COBPEMEHHBIX YCKOPHUTEISIX. Ecnm sHeprum gacTHIBI HEAOCTATOYHO I IPEOJOJICHUS KyJIOHOBCKOTO Oaphepa, oHa
Oy/ieT UCTIBITHIBATh YIPYTOE paccesiHue B KyJIOHOBCKOM II0JIE siApa, onuckiBaeMoe Gopmystoit Pezepdopaa. st nerkux
s1ep, Tie KyJOHOBCKHI Oaphep HU30K, 3TO MPABHJIO He NpuMeHsieTcs. J{ist mosrydeHus: cTabuiIbHOM peakiuy SAepHOTO
CHHTE3a HEOOXOAUMO BBITIOIHUTH PSiJI YCIOBHH:

1) cymmapHas sHeprus BXOISIIEH YacTUIBI M MUIIEHH [OJDKHA OBITh BBIIIE, YE€M JHEPrHs KyJIOHOBCKOTO

OTTaJIKUBAHUS;
2) MIOTHOCTH Nj BXOAAIMIETO MOTOKA M IUNIOTHOCTh MHIICHU N UIS UMITYJIECHOTO PEKUMA JOJDKHBI OBITH PaBHEI
WIH BBIIIE, 4eM N = Nm > 102 cn3;

3) Bpems npeObIBaHHS B MATHUTOOIITHYECKOM Kamepe T > [ ¢;

4) DHeprust HoHOB Bo BXomsmieM motoke Wi > 200 kaB.

I'enepanus U1 BAPHAHTOB ILIOTHOTO ITOTOKA MPOTOHOB, aTOMOB JEUTEpUS WIH TPUTHUS U CHHTE3a HEUTPOHOB
Ha MOHHO-IDIA3MECHHOW MUIICHW NEHTEPHs, TPUTHSA WM JIUTHS MPOUCXOTUT B PE3yNbTaTe MEPBUYHOTO YIUIOTHEHHUS
MOTOKA M AUCKPETU3ALIMH TI0 TPOrPaMMHO-ONPeeIieMOi KOHIIEHTPAINH U CpeiHeil HepTruu oToKa. /|1 3TOro MoToKu
(hopMHUpYIOTCA B CTPOTO 3aJaHHBIX MapaMeTpax: - MepuoJ MOCIeNOBaTENbHOCTH, N — KOHIGHTPALUS U YacToTa
JUCKPETHBIX IOTOKOB (.

B npouecce ¢hopmupoBaHuUsl 3JEKTPOHHO-YIPABISIEMbIX HOHHBIX MOTOKOB M SIJICPHOTO CHHTE3a OMNPEAEIISIOTCS
MEePCIEeKTUBHI MCIOJIB30BaHNUS pa3pabOTaHHON TEXHOIOTMH B Pa3IMYHBIX OONACTSIX MPUMEHEHHS, OT YHEPIeTHUYECKUX
YCTaHOBOK [0 3JEKTpHUecKuX nBurateneil. OJHIM W3 BapHaHTOB SBISIETCS HCIOJIB30BAHUE 3TOM TEXHOJIOTHH IS
Harpepa cTpyiHOro moroka CO; mwin a30Ta B HEPTIHOM IUIACTE AJIS TTOTyYEHUS SJICKTPUIECKON U TeIIOBOH SHEPTHH, a
TaKXke, HarpuMmep, Uil 00bEMHON BEICOKOYACTOTHOW CYIIKU.

Jluteparypa:
1. Radenko A.V., Radenko V.V., Dolgopolov M.V. // Il International Scientific Conference Material Science.
Nonequilibrium phase transformations. 2017. 1 (1). p. 107-108.
2. Akimchenko A., Chepurnov V., Dolgopolov M. etc. // EPJ Web of Conferences. - 2017. - Vol. 158, 06004.
3. Forrester A.T., Alton G.D. // Physics Today. V. 42(6). 1989. p. 77.
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TECT IIPOTOTUIIA OLVE-HERO HA YCKOPUTEIJIE SPS B IIEPH

Camviwes M.V % ", Ilan A.Y2, Txaues JI.T 23

106benunennbiii Uncturyt Snepusix Mcenenosannii, Jly6na, Poccus
2HMucturyt spepHoit Gpusnku, AnMarel, Kazaxcran
TocynapcTeenHslit yHusepcuteT «Jly6Ha», lyoHa, Poccus
* E-mail: satyshevi@gmail.com

CorylacHO mporpaMMme KOCMHYECKHX HccienoBaHuii PP, pa3zpabaTsiBacTCsi MPOEKT KOCMHYECKOTO AETEKTOpa
OLVE-HERO mnsa mmepenns kocmuaeckux sydeit (KJI) B mnamazone 1012-1016 3B. OcunoBubiM nerextopom OLVE-
HERO sBnsietcst OONBIIONH HOHH3AIIMOHHO-HEHTPOHHBIH 3D TPEKOBBIN KaJIOpUMETpP HAa OCHOBE OOpHUPOBAHHOTO
CIMHTWUIITOPAa C BOJb(QPAMOBBIM MOTJOTHTENEM. Takol KaJOpUMETp TO3BOJHUT H3MEPSATH JOMOJHHUTEIbHBIA
HEUTPOHHBIN CUTHAJ, YTO MO3BOJUT YIyULIUTh SHEPreTHUECKOE pa3pellIeHue JETeKTOPa, a TAKKe YBEIUYUTh YPOBEHb
PEKEKIIUU MEXIy 3JIEKTpOMarHUTHOM U snepHoil kommoHeHTamu KJI B 30-50 pa3 Bo BceM auama3oHe 3HEpPTHi.
Usrorosnennsii B OMSUN npororun nerexkropa OLVE-HERO ¢ GopupoBaHHBIM CIHHTHIUIITOPOM, HCIBITAH Ha
tectoBbix nyukax SPS B IIEPH B 2018 r. B nanHoit pabote npencraBieHbl pe3yibTaThl UCIIBITAHUN U MOJICIUPOBAHUS
nporotuna metogomMm Monte-Kapio.

IIpencraBnensl pe3ynbTaThl UcHbITaHui mpoToTHma kamopumerpa OLVE-HERO Ha myuke yckoputens SPS
CERN Bo Bpewms pana ¢ noHoB Pb 2018 roxy. M3 pe3ynbTaToB HCHIBITAHAN My4YKa U MOJCIUPOBAHUS METOJOM MoOHTe-
Kapno MoXHO crenats BBIBOJ, YTO OOpMpPOBAHHBIE CHMHTWIISIIMOHHbBIC AETEKTOPHI IAI0T BO3MOXKHOCTH Ka4E€CTBEHHO
YBEIMYHUTh CIIOCOOHOCTH pPAa3/eNICHUs MEXIy aIpOHHON M 3JIEKTPOMAarHUTHONH KoMHoHeHTamu. Mcmonb3oBanme B
MpOTOTUIIE OOPHPOBAHHOTO CIHUHTHIUIITOPA BMECTE C ITOJMITHICHOBBIM 3aMEIJIMTENIEM IAeT HarJIAHYI0 KapTHHY
TIOSIBJICHUS 3aMa3/bIBAIONINX CUTHAJIOB OT 3axBaTa HedTpoHa simpoM 10B B amamazone 0—16 MKc mocie TepBHYHOTO
B3aUMOJICHCTBUS YacTHUIIBI IIy4yKa. Pe3ynbTaTsl KauyecTBEHHO corjacyroTcs ¢ mojenupoBanueM Monte-Kapno. Takum
o0pa3oM, paBHOBecHe MHTEHCUBHOCTH NoToka KJI M MIIOTHOCTH TEMJIOBBIX HEHTPOHOB OYyJET ONpeAesaTh BEIUUUHY
MOCTOSIHHOTO (DOHOBOTO CHrHana B OOPHPOBAHHBIX CUMHTHULIIMOHHBIX JETEKTOpax. DTOT (POHOBBIA CHIHANT MOXKET
«3aCOPUTHY CHUTHaJ OT HadanbHbIX JuBHeW KJI, mostoMy ecTh omaceHus, 4To TaKOH JETEKTOp JacT HEBEpHBIE
pe3ynbTathl. s MOTydeHHs OKOHYATEIHbHOTO OTBETAa HEOOXOJMMO IPOBECTH JOMOIHNUTEIBHBIE UCIIBITAHUS IyYKOB U
CIEIMaIbHOE MOAEINPOBaHUE 3TOT0 dddekra ¢ yueroMm crnekrpa u coctaa KJI, a Takxke reomerpun aerexropa. s
onrtumm3anuu KoHCTpyKiun aerektopa OLVE-HERO TpeOyroTcs MOMOMHUTENBHEIA aHaN3 TaHHBIX, MOACIHPOBaHUE
MeToA0M MonTe-Kapio 1 JonoJHUTEeNbHbIE SKCIIEPUMEHTBI, B YaCTHOCTH, HA ITy4Ke JIEKTPOHOB BEICOKOW DHEPrUH.

XAPAKTEPUCTUKHM BAPUALIUI SJIEKTPUYECKOI'O IMOJISI U IOTOKOB KOCMUYECKHX
JYYEN B MIPUBEMHOM ATMOC®EPE B PETUOHE r. HYP-CYJITAH

Mopsabaes A.K.?, Maxmymos B.C.?3, Epxoe B.H.>® , Bypmebaes H.', Amanzenvoi H.*?, Tynexos E.A.*?

MucturyT spepHoii pusuxu, 050032, r. Anmarel, Kazaxcran
2Eppasuiickuii HauuoHanbHbl yausepeutetr um. JLH. T'ymunesa, r. Hyp-Cynran, Kazaxcran
Sdusnueckuii nactutyT umenu [1.H. Jlebenesa Poccuiickoii akagemun HayK, T. Mocksa, Poccust
E-mail: morzabaev@mail.ru

B mepuon 2013-2019 rr. Ha 6a3e EBpasuiickoro HanmuoHaisHOTO YHUBepcuTeTa B T. Hyp-Cynran (Pecmy0Oimka
KazaxcraH) co3aH KOMIUIEKC Ha3eMHOW ammaparypbl, MpeaHa3HAuYEHHBIA ISl UCCISTOBaHUS (PU3NIECKON MPHPOJIBI
BapHaIlH MIEKTPUIECKOTO MOJIST M KOCMHYECKHX JIydeH (3apspKeHHBIX YacTHI) MPH MOBEPXHOCTHOM cJioe atMochepsl
[1-3]. B cocra komIUIeKca BXOJAT [Ba JETEKTOpa 3apsDKCHHBIX YacCTHIl, HEWTPOHHOIO JETeKTOpa H
anekTpocrarnaeckoro ¢iaroxkemerpa EFM-100.

B nanHOl pabore mpescTaBlieHbl pe3yNbTaThl aHAIM3a JAHHBIX, MOJYYEHHBIX Ha ATOM KOMIUIEKCE, a TaKKe
JITaHHBIE O XapaKTEePUCTHKAX MEXKIIAHETHOTO U T€OMAarHUTHOIO MOJS B UCCIENYEMOM BPEMEHHOM UHTEpBAJE U3 IPYTHX
UCTOYHUKOB. J[aHHBIE HA3€MHOIO KOMIUIEKCA TakKXe MO3BOJSIOT IPOBOJAUTH MCCIEJOBAHUS Ha JOJITOBPEMEHHYIO
MEPCICKTHBY U MOTYT Ka4eCTBEHHO JOMOJIHUTH O0MIEMUPOBOM OaHK JaHHBIX HAPSAY C JaHHBIMU CYIICCTBYIOMICH CETH
Ha3€MHBIX ICTCKTOPOB.

Pabota mopmepxkana Ilporpammoit Ne BR10965191 MununctepctBa oOpa3oBaHHs W Hayku PecmyOmuku
Kazaxcrah.
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HNU®POBAS JIEKTPOHHUKA 2.0 J1JIAA IIOCTPOEHUS ITOJTHOCTBIO OIU®POBAHHBIX CUCTEM
CBOPA U OBPABOTKH JJAHHBIX: OT JIABOPATOPUI K METATTIPOEKTAM

bpeouxun U.

00O «I"'ammarex», Poccusa, MockBa
ivan@gammatech.pro

[MocTpoeHne HUPPOBBIX cXeM /I 00pabOTKH U yIpaBJIeHUs IKCIIEPUMEHTAIbHBIMHI YCTAHOBKaMU 3a 15 JieT ¢ Tex
nop, kak CAEN BbInycTHII Ha PBIHOK NEPBBIE AUPKUTAN3EPHI CTAIIO, [0 CYTH, CTAHAAPTOM. 3a MPOIIEAIINE AeCATHICTHS
COTHH CPETHHUX U KPYIHBIX SKCIIEPUMEHTOB B MUpe OBbUIH BBITIOJIHEHBI Ha ocHoBe npojBurasmeiicss CAEN napanurmoi
dpoBOro moaxona. ITo M IKCIEPUMEHTHI 110 UCCICIOBAHHUIO TEMHOI YHEpruH, raMMma-cepbl, TOCTPOSHHBIE 33 ATH
roAbl BO MHOTHX CTpaHaX MHpA, 3KCHEPHUMEHTHI 1O HEHTPUHHBIM OCHWUIIIMAM, SKCIEPHMEHTHl Ha Pa3IUIHBIX
TOKaMaKax, SAEpHBIX PeakToOpax, acTpOPHU3NKa, NCCIEOBAHMS SAEPHBIX PACIIaOB 1 MHOTOE-MHOTOE JIpYTOe.

Pactymiyie CiI0’KHOCTB OKCIIEPUMEHTOB NPHUBOAAT K TMOSBICHHIO BCE HOBBIX TpeOOBaHMI K HH(POBOI
anekTpoHuke. OHM yKe HE OTPaHMYMBAIOTCS POCTa CKOPOCTEH ONM(DPOBKH, MIM POCTOM CKOPOCTH Iepeladd H
00paboTku naHHEIX. PacTymiie o0bEMBI JaHHBIX /1eNatoT B Ooree U OoJee 3aMaHYMBON MICI0 HE IEPEHOCUTD JJaHHbBIE
Ha KOMIIBIOTEp, a 00pabaThIBaTh UX MPSAMO Ha >Kelle3e, HEIOCPEACTBEHHO BO BpeMs cOopa naHHbIX. [Ipobiemoit TyT
BCTa€T JINOO HEBO3MOXHOCTh M3MEHATH BCTpoeHHyI0 B IIJIMC mpommBky, 1160 TpeOOBaHUS K HAMMCAHHUIO CI0KHOTO
HU3KOYPOBHETO Koja /i pabotsl ¢ IIJIUC.

MBbI pajipl IpecTaBUTh HaydHOMY coobiectBy 2-¢ nokosienue DIGITIZERS 2.0, koTopoe peliiaer Bce cTosiue
Hepes COBPEMEHHBIM HayYHBIM COOOIIECTBOM 3a/1auH.

- Bounbiie ckopoctr oudpoBKu

- Bospirast GutTHOCTE curHaNa

- Bosbiime 00bEMBI TaMsITH

- Bospiine ckopocTyn nepeaadyn JaHHBIX

- Bostbiiast mroTHOCTH KaHAIOB

- Bosmoxnocts nerxko m3mensate npomuBku [IJIMC u oOpabaTeiBaTh JaHHBIE Ha CaMoOM TUIDKHTaii3epe.
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Hlaxyn HIY, Yan T.HYS, FOnoawes 5.C.%, Pozoe C.B.%, Cuupnos A.A.% Jlemos A.T?

'O6beuHeH B MHCTUTYT A1epHBIX ucclenoBanuii, 141980, [lyouna, Poccuiickas ®eneparus
2MucTutyT pU3MKO-TEXHUUECKUX TIpobnem, 141980, Jly6una, Poccuiickas ®enepanus
SHucTuTyT Qusuku BreTHaMCKOl akajeMuy HayK W TEXHONOTMi, XaHoM, BreTHam
E-mail: stegajlov2013@yandex.ru

Hccnenosanne TponeccoB B ypanoBoil mumenu (8U), o6nydeHHOM B TOJISX HEWTPOHOB M 3JIEKTPOHOB

yckopureneit OUSIU, ¢ uensto onpenenenns 3PQEKTUBHOCTH MOJyYEHHS MHUHOPHBIX akTHHHIOB 2'Np u 2Py

MMPpOBOAUJIIOCH B paMKaX TEMbI «aHepFI/IH + TpaHCMyTaIII/ISI».

B noknazme o06cyxmaroTcs:
- 9KCIIepUMEHTAaJIbHAS METOAMYecKast 0a3a MPOBOIUMBIX HCCIICIOBAHMIA,

- BKCTIEPUMEHTAIILHBIE PE3YIIBTATHI 110 BBIXO/IaM PeaKIuii, mosydeHHsie Ha 6ase 238U B nose neiirponos [1] (puc.1)
U TI0JIe TOPMO3HOTO HU3JIy4EHHS Ha IIy4Ke IeKTpoHOB (n, f) u (y, xn),
- SKCIEPUMEHTANbHBIE PE3YNbTaThl IO BBIXOJAM MPOAYKTOB (Y, XN) peakiui, MOTydeHHbIE Ha 0a3e MUIICHU

MoHousoTona 2°Bi, ¢ 11e/bI0 UCCileI0BaHUS BO3MOKHOCTEH U3yUEHHs H30MEPHH SJIEP Ha ITyYKe 3J1EKTPOHOB YCKOPHTENS

JIMHAK-200,

- uccneopanus peakiuit B Mutuensx 2'Np u 2°Pu B monsx HeliTpoHOB.
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e Formation and evolution of defects in solids

e Structural and fuel materials of nuclear and thermonuclear facilities

e Modification of materials with the beams of plasma and charged
particles

e New materials and methods of their production, nano-materials

2. Paouauuonnan gpuzuka meepoozo mea u npoonemol
MamepuanoeeoeHus

DopMupOBaHKE U IBOIIOLUS A(DEKTOB B TBEPJIBIX TEIaX

KOHCTpYKHI/IOHHI)IC " TOIINIMBHBIC MaTCPHUAJIbI ﬂI[CpHOfI n

TepMOHI[epHOﬁ TCXHHUKU

MOI[I/I(I)I/IKEII_II/IH MAaTCPUAJIOB ITYUYKaMU IJIa3MbI U 3aPSKCHHBIX YaCTHIL

Hosrie MarcepHrualibl 1 METOJAbI UX ITOJIYUCHUSA, HAHOMATCPHUAJIbI
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A NOVEL CuO/ZnO/PET COMPOSITE FOR THE UV-VIS ASSISTED PHOTOCATALYTIC
DECOMPOSITION OF CARDENDAZIME

Nurmakhan A.E.!, Mashenseva A.A.%, Aimanova N.A.12, Altynbayeva L.Sh.%2

The Institute of Nuclear Physics of the Republic of Kazakhstan, Almaty, Kazakhstan
2 L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: akerke.nurmakhan@bk.ru

Carbendazim (Czm) or methyl-2-benzimidazole carbamate is the most widely used active ingredient in the
benzimidazole fungicide carbamate class [1]. This fungicide has protective and curative activity against of wide range of
fungal diseases and it is the main decomposition product of other benzimidazole fungicides, such as benomyl or
thiophanate-methyl [3]. Czm is very stable in water (with a half-life of 5-26 days), sewage, soil, crops and food, but it is
toxic to humans, animals and plants [4]. As Czm is identified as a pollutant of water resources where it can accumulate,
it is interesting to study the processes of its detection [5,6], decomposition [7] and disposal. Currently, radiolytic and
catalytic decomposition, oxidation and ozonation, membrane distillation, microbiological methods, etc. are successfully
used to remove Czm. Various types of nanomaterials such as titanium dioxide, Fe/TiO,, Ti2O3/BiFeOs; have been
successfully used for the photocatalytic decomposition of Czm under UV radiation. The work aims to investigate the
possibility of using monocomponent composite track membranes (CTM) with chemically deposited microtubules (MT)
of copper oxide, zinc oxide and CuO/ZnO/PET composites as potential catalysts for purifying Czm from aquatic
environments.

We synthesized samples of composite track membranes based on CuO/PET copper oxide microtubules, ZnO/PET
zinc oxide, and samples of mixed CuO/ZnO/PET composition, in which the content of Cuzn substitutional solid solution
phase was 13.2%. In research the catalytic properties of the synthesized composite membranes, the decomposition
reaction of the toxic pesticide carbendazima was determined, it was found that the greatest efficiency of the catalysts is
observed at a pH of the reaction medium equal to 6.0. In the presence of CTM, kinetics reaction of the photocatalytic
decomposition of carbendazim is investigated. It is shown that the largest value of the reaction rate constant was observed
in the ZnO/PET CTM samples, which is more than the similar parameter in the CuO samples. CUO/PET by 3.7 times.
The effect of temperature on the efficiency of Czm decomposition in the temperature range of 14-52°C is investigated.
Thermodynamic parameters such as energy, enthalpy, and entropy of activation were calculated. It is shown that the
lowest Ea value is found in samples of the mixed CuO/ZnO/PET (18.6 kJ/mol) composition. For ZnO/PET and CuO/PET
CTMs, this indicator was 36.90 and 51.2 kJ/mol, respectively. The results show that the CuO/ZnO/PET composite
material is an active catalyst for the decomposition of Czm in 6 consecutive test cycles, while the monocomponent
material-only in 4 cycles.

The Ministry of Education and Science of the Republic of Kazakhstan under project AP08855527 supported this
work.
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ATMOSPHERIC PRESSURE PLASMA JET PRINTING OF SILVER CONTAINED THIN FILMS

Ussenov Y.A. 12, Toktamyssova M.T.%2 , Mutalip A2, Dosbolayev M.K.%, Gabdullin M.T.#, Ramazanov T.S.3

INNLOT, Faculty of Physics and Technology, al-Farabi Kazakh National University, Almaty, Kazakhstan
2Institute of Applied Science and Information Technologies, Almaty, Kazakhstan
SIETP, Faculty of Physics and Technology, Al-Farabi Kazakh National University, Almaty, Kazakhstan
“4Kazakh - British Technical University, Almaty, Kazakhstan

Nuclear and radiation physics, including ion beam and plasma technology are the important fields for the
application in different technological process, including novel material synthesis and surface engineering [1-3]. Screen
and inkjet printing have become some of the preferred processes for creating patterns on flat substrates over the past two
decades, but disadvantages include poor resolution, organic impurities and the need for post-print heat treatment. The
step of removing impurities leads to the formation of voids, which affects the quality of the film and the subsequent
performance of the device. Thus, the development of an additional technique capable of synthesizing functional coatings
on various substrates is of great interest.

We present direct atmospheric pressure plasma jet printing using a dielectric barrier discharge to eliminate all of
the above disadvantages. Plasma is formed inside a quartz tube with a diameter of 3 mm, which is wrapped on the outside
by two dielectric barrier discharge electrodes. The quartz tube sharply narrows in the area below the electrodes, creating
an exit orifice up to 100 um in diameter. The plasma-forming gas is helium and / or argon. A solution of silver nitrate in
distilled water is fed into the zone of the dielectric barrier discharge in the form of an aerosol, and then leaves the quartz
tube through the exit orifice. At a distance of 1.5 mm from the exit hole, there is a polymer substrate that moves to draw
a given pattern. As a result of the experiments, silver-containing thin lines up to 570 pm wide were obtained. The material
coated on the substrate was studied using a scanning electron microscope, Raman spectroscopy and energy dispersive X-
ray spectroscopy.

The demonstrated technology is suitable for coating conformal and 3D objects in large scale production. The
presence of a dielectric material between the electrodes reduces the filament current, resulting in low temperature
deposition, suitable for heat-sensitive materials. Consequently, plasma printing technology has the potential for a wide
range of applications in flexible electronics.

References:
1. Nassurlla M., Burtebayev N.,Sadykov T.Kh. et. al., Chinese Physics C, 44 (10), ( 2020), 104103.
2. Sadykov B.M., Zholdybayev T.K., Burtebayev N., European Physical Journal A, 57 (4), (2021), 130.
3. Ussenov, Y.A., Toktamyssova, M.T., Dosbolayev, M.K. et. al., Contributions to Plasma Physics, 2021, 61(3),
€202000140.

COMBINED STUDY OF LIPID BILAYERS BY RAMAN SPECTROSCOPY, NEUTRON
SCATTERING AND MD SIMULATION: THE COMPETITIVE EFFECT OF CHOLESTEROL AND
MELATONIN

Arynbek Ye.!*3, Vorobyeva M. !, Mamatkulov K. !, Kucerka N. !, Arzumanyan G. !

"Frank Lab of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russian Federation
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
3Institute of Nuclear Physics, Almaty, Kazakhstan

The changes of the structural properties of membrane - most likely underlying its functional modification, are
known to be accompanied by the changes in membrane physico-chemical properties. The role of lipid membrane
alternation in Alzheimer’s disease has been proposed as a trigger mechanism of amyloid toxicity, thus the membrane-
active molecules such as cholesterol and melatonin and their key role in lipid membrane properties is of great importance
in understanding molecular mechanisms of membrane functioning.

In the present work, we have studied the impact of cholesterol and/or melatonin on the dynamical-and static
properties of DPPC phospholipid bilayers using spontaneous Raman spectroscopy, neutron scattering techniques (SANS)
and molecular dynamics (MD) simulations. Raman spectroscopy is known to be a sensitive instrument for probing
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conformational changes manifested in the Raman spectra of biological samples under certain conditions. Primary
information regarding the bilayer thickness parameters was obtained from SANS experiments. Molecular dynamics (MD)
simulation on the lipid membrane system was performed using the CHARMM-GUI, VMD, PyMOL and GROMACS
packages. Figure 1 illustrates some key results of our studies.
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Figure 1 - Normalized Raman spectra of DPPC/cholesterol (a); DPPC/melatonin complexes at different
concentrations (b); Values of trans/gauche relation calculated by MD simulation (c); Neutron Scattering Length Density
profiles (NSLD) for DPPC based unilamellar vesicle samples dispersed in 100% DO (d)

The impact of cholesterol on the increase of the ratio of trans/gauche conformers, accompanied by thickness
increase of DPPC bilayers, prompt us to conclude that the region of hydrocarbon chains has been a primary target of
cholesterol interactions and its location. These interactions were observed to be modulated by the additional presence of
melatonin, though on the studied concentration range it influenced almost solely the dynamics of hydrocarbon chains
while has no impact on the bilayer static structure.

DISTRIBUTION OF RESIDUAL STRESSES IN REINFORCING STEEL BARS

Badmaarag A.'?, Sangaa D. !, Sikolenko V. 23, Enkhtur L. 4

YInstitute of Physics and Technology, Ulaanbaatar, Mongolia
2Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
3Karlsruhe Institute of Technology, Institute of Applied Geosciences, Karlsruhe, Germany
“4National University of Mongolia, Ulaanbaatar, Mongolia

The residual stress distributions investigation on reinforcing steel bars (rebar) samples manufactured by a thermo-
mechanical (Tempcore) process has been performed. In respect to the fatigue resistance it was aimed at to measure the
longitudinal (axial) residual stresses. The stresses were assessed by deformation measurements during and after the slitting
processes. Additional investigations of chemical composition, structural texture, hardness, density and strength were
carried out. The main result was that contrary to the former assumption compression stresses exist in the inner cross-
section part and tensile stresses near or even at the surface.
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ELECTROCHEMICAL SENSORS BASED ON TRACK-ETCHED MEMBRANES

Yeszhanov A.B.%%"., Muslimova 1.B.12,, Shakayeva A.Kh.%., Korolkov 1.V.*2,, Zdorovets M.V.12
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Monitoring ions of toxic metals, as well as uranium in the environment and food is important, since they can
occur naturally and technologically in soil, water and air and harm human health. Their accumulation in the body can lead
to various diseases. Various systems of the body, such as the nervous, reproductive, cardiovascular and renal, suffer from
the effects of heavy metal ions. In this regard, the search for effective methods for the detection of heavy metal ions is an
urgent task [1]. Analytical methods such as mass spectrometry and optical emission spectrometry, X-ray fluorescence
spectroscopy, absorption spectroscopy and flame atomic absorption spectrometry are standard and certified methods for
detecting heavy metal ions in microconcentrations. However, these methods are characterized by hardware complexity,
high cost, and duration. At the same time, electrochemical analysis is portable, sensitive, easy to computerize and
automate, which can be used for the analysis of heavy metals in trace amounts. Among the methods of electrochemical
detection, one can single out the methods of polarography and square-wave and pulse voltammetry, which are
distinguished by high sensitivity (10° - 1012 M), selectivity and reproducibility. Mercury and bismuth electrodes are the
best studied for stripping voltammetry, but these materials are toxic and difficult to use. In this regard, at present, a search
is underway for new materials that would be able to replace mercury and bismuth electrodes [2].

Recently, there has been a growing interest in the use of ion-track membranes as a two-electrode sensor for the
detection of certain heavy metal ions. lon track membranes are characterized by a small thickness (5-24 microns), it is a
light and flexible material with pores that have a narrow size distribution. It is possible to precisely control the pore size
from 30-50 nm to 3-6 microns and the channel shape. lon track membranes can be relatively easily modified with
functional polymers and metallized with nanoparticles and nanotubes [3]. All these factors make them an attractive object
for research in the field of stripping voltammetry. The obtained polyethylene terephthalate (PET) ion-track membranes
(TeMs) will be modified for the first time by graft polymerization of acrylonitrile (AN) and glycidyl methacrylate (GMA).
Then, polymer-analogous transformations of grafted polyacrylonitrile (PAN) and GMA on ion-track membranes will be
carried out in order to create selective groups to the uranyl anion.

Figure 1 shows the dependences of various parameters on the degree of grafting: the concentration of monomers
(20-40%), the ratio of monomers (90:10; 70:30; 50:50; 30:70; 10:90). With an increase in concentration, the degree of
inoculation increases slightly, however, at 40%, the degree of inoculation begins to decrease. Different ratios of monomers
also have little effect on the grafting degree. Thus, in Figure 1b it is shown that at a monomer ratio of 30:70, the value of
the degree of grafting reaches its maximum value.
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Figure 1 — Dependence of the degree of grafting of AN and GMA on the surface of PET TeMs
at various concentrations (a) and monomer ratios (b)

This research has been funded by the Ministry of Energy of the Republic of Kazakhstan (BR09158958).
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INVESTIGATION OF RESIDUAL LATTICE STRAIN IN APOLYCRYSTALLINE SANDSTONE
SAMPLE USING THE NEUTRON TIME-OF-FLIGHT DIFFRACTION

Badmaarag A. 12, Sangaa D. !, Sikolenko V. 23, Enkhtur L. 4
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In this work we investigated residual lattice strain of an polycrystalline sandstone sample. We used the neutron
time-of-flight diffraction method. The residual lattice strain was detected on different sample directions, so that we turned
the sample in steps of 30° by 180° around the cylindrical z axis. Using the Rietveld refinement of the diffraction pattern
we determined the residual lattice strain at five different  crystallographic lattice  planes
(1010), (0111),(1120), (0112),and (1121). A tensional residual strain of ue = 1.67 to 201.5, and a compressional

residual strain of pe = -1.8 t0 -182.5 has been detected. These different strains are arranged in the sample by a sinusoidal
distribution in radial directions.
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INVESTIGATION OF THE EFFECT OF IONIZING RADIATION ON THE RADIATION
RESISTANCE OF NITRIDE CERAMICS

Nashekina E. 12, Kozlovskiy A.L. ?

1L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
2The Institute of Nuclear Physics, Almaty, Kazakhstan

Nowadays, there is an acute question of increasing radiation and corrosion resistance to various types of ionizing
radiation, as well as to the accumulation of gas inclusions in the structure of new generation nuclear reactors [1-3]. The
main materials possessing the above properties have ceramic structural materials based on carbides, nitrides or borides.
However, information on the radiation resistance of ceramic materials and their resistance to radiation exposure is
relatively scarce, which opens up great opportunities for studying the resistance of this class of materials to ionizing
radiation. As is known, in the case of irradiation with heavy ions, a large number of point defects arise in the structure of
ceramics, most of which annihilate in a short time of the order of 101513 sec. In this case, the surviving part of point
defects is capable of introducing a certain disorder into the structure of the surface layer along the entire depth of the
passage of ions in the material. Unlike heavy ions, irradiation with helium ions leads to the formation of helium inclusions,
which are due to the low solubility of helium and high mobility, which leads to the formation of helium bubbles in the
surface layer. In turn, the creation of additional defects upon exposure to heavy ions can significantly reduce the mobility
of helium in the structure of the surface layer. The work shows the promise of using heavy ion irradiation with fluences
of 1x10%-5x10%% jon/cm? to reduce helium swelling of aluminum nitride ceramics when irradiated with helium ions with
3x10%7 ion/cm? fluences, which are characteristic for the formation of helium bubbles.
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INVESTIGATION OF THE EFFECT OF MG DOPING ON THE PROPERTIES OF ZrO2 CERAMICS

Tleubay I., Kozlovskiy A.L.

L.N. Gumilyov Eurasian National University, 010008, Astana, Kazakhstan
The Institute of Nuclear Physics, 050032, Almaty, Kazakhstan

The work is devoted to studying the effect of doping with magnesium on the electrical and structural properties of
ferroelectric ceramics Zr1-xMgxO,. The magnesium concentration ranged from x = 0.01 to x = 0.1. The main problem of
Zr-based ceramics is the restructuring of the crystal lattice structure, leading to accelerated wear of the material.

The solution to the problem is to synthesize the material with the smallest scale structure with high uniformity,
minimal porosity and with well-formed intergranular boundaries. It was found that an increase in magnesium during the
synthesis leads to an increase in anticorrosion properties and a decrease in the dispersion of the particles of the
composition. Advances in the technology for producing nanosized powder materials with a low degree of dispersion have
made it possible to increase the specific conductivity of zirconium dioxide by several orders of magnitude. The considered
method for producing zirconium oxide nanoparticles is based on solid-phase synthesis methods: mechanical mixing with
simultaneous grinding of reagents with subsequent heat treatment. Zirconium oxide nanopowders are in demand products
for obtaining finely dispersed ceramics with a wide range of applications: prosthetics (joints, dentures), environmental
catalysts, SOFC, structural ceramics. Interest in this type of ceramics is explained by its ferroelectric properties, resistance
to external influences. allows you to use it as solid electrolytes for operation at high temperatures. The synthesis of
ceramics based on zirconium oxide with different dopant contents in the structure was carried out by mechanical grinding
of the reagents in a mortar and sequential sintering in a furnace.
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MEMBRANE DISTILLATION OF PESTICIDE SOLUTIONS
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At the current level of agricultural development using intensive technologies, the role of pesticides is growing
significantly. The widespread use of pesticides leads to environmental pollution and negatively affects human health.
Pesticides adversely affect the environmental, surface and groundwater intended for consumption. Daily use of pesticide-
infected water lead to increase the risk of disease of central nervous system, reproductive system, and cardiovascular
system [1]. Nowadays, various methods for treating pesticides from wastewater, such as coagulation, chemical oxidation,
carbon adsorption, ozonation process are known. Membrane technologies are also effective methods for water treatment
which are widely used in industry. Nano- and ultrafiltration processes, as well as reverse osmosis have found their
application in the treatment of drinking water from pesticides. Recently, a promising method of membrane distillation
(MD) is being studied as a water treatment from pesticides [2].

Various types of polymers, for instance, polytetrafluoroethylene (PTFE), polyamide (PA), polypropylene (PP),
polyethylene terephthalate (PET) and other can be used in MD. In recent years, there has been a significant amount of
interest for use of track-etched membranes (TeMs) in MD. Nowadays, various types of polymers are known, intended as
a material for TeMs. PET films have high thermal and chemical resistance, transparency, high-tensile strength [3]. At the
same time, for the application MD process, PET based membranes require a significant expansion of its hydrophobic
characteristics. In this paper, UV-induced graft polymerization of triethoxyvinylsilane (TEVS) with addition of N-
vinylimidazole (VIM) and covalent binding of perfluorododecyltrichlorosilane (PFDTS) were used to increase
hydrophobic properties of the surface and inner pore walls of PET TeMs. Hydrophobized PET TeMs membranes were
tested to decontaminate water from pesticides (carbendazim) with concentrations of 5, 10, 20 mg/l by MD. The average
water flux at these concentrations of carbendazim for PET TeMs-PFDTS was 214 g/m?-h, 142.85 g/m?-h and 119 g/m?-h
respectively. It was found that the concentration of carbendazim measured by UV spectroscopy in all selected samples
was below the detection limit (100 pg/1).
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Figure 1 — Scheme of surface modification of PET TeMs (a), characteristics of the pristine and modified PET
TeMs (b), water flux for modified PET TeMs-PDFTS (c) and PET TeMs-g-TEVS (d) of pesticide solution
(carbendazim) with different concentrations
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MONOSILANE (SiHs) PLASMA KINETICS GENERATED BY E-BEAM AND ELECTRONS'
ENERGY DISTRIBUTION IMPACT ON SILICON CHEMICAL VAPOR DEPOSITION

Kunakov S.K.1, Imash A.A.2

tal Farabi Kazakh National State University, Department of Nuclear and Theoretical Physics,
Kazakhstan, Almaty
2Satbayev University, Engineering physics, Kazakhstan, Almaty

Monosilanium SiHs chemical kinetics directly depends on the electrons’ energy distribution as well as from the
initial electrons cloud formation by external source of ionization. In the present paper electrons’ energy, distribution
calculated from Monte Carlo technique coupled with chemical kinetics. Time dependent species densities are ruling the
formation of electric currents and break down conditions as well as the rate of the silicon deposition substrate. The
proposed statistical calculations validated by correspondent Boltzmann equation solutions present drastically different
picture of chemical kinetics evolution compared with that depicted by Maxwell distribution. The electrons transport
coefficients are also evaluated in strong electric fields and analyzed with the accent on the rate of useful chemical reactions
controlled and managed by external forces.

Plasma enhanced chemical vapor deposition (PECVD) was widely used in several technological devices among
which the first one is the most detailed primary reactions in SiH:H; plasmas are presented and described. The formation
of chemical bonds and their chemical properties are also described in. Chemical reactions usually choose the way to the
equilibrium state resulting in output components and the most undesirable form. It should be pointed out that the
unimolecular decomposition of SiH4 is accompanied by ions and excited states formation. However, the plasma phase
within which the ions and excited states like SiH4*, H*, H", Hy"were not taken into consideration. In the research the
electron-molecule collisions, cluster growth Kinetics in dusty in low-pressure SH4 plasma analyzed.

A series of works were undertaken to analyze the chemical kinetics in (SiHs+H,), mixtures by the Monte Carlo
technique. Homogeneous pyrolysis of silane and detailed research up to 5 eV of SiHs4 was theoretically studded
decomposition of SiHa.

Main conclusions:

. The time dependent solution of Boltzmann kinetic equation solution for electrons function of energy
distribution was obtained.

. Monte Carlo technique applied to the simulation of the electrons energy spectra evolution to the Maxwellian
one was developed

. Relaxation of electrons energy spectra to the local Maxwellian distribution demonstrates wave like nature

. Chemical kinetics shows drastic dependence of ions formation from the time dependent electrons energy

spectra in PECVD technology for (SiH4: H2), plasma.

NANO- AND MICRO- SCALE PHONON HEAT TRANSPORT IN SWIFT HEAVY ION
IRRADIATED INSULATORS

Utegulov Z.N.}, Abdullaev A.}, Koshkinbayeva A.l, Chauhan V.2, Wang Y.2, Muminov B., Nurekeyev Z.,
O’Connell 3.3, van Vuuren A.J. 3, Khafizov M.2, Skuratov V.#

!Department of Physics, School of Sciences and Humanities, Nazarbayev University, Nur-Sultan, Kazakhstan
2Department of Mechanical and Aerospace Engineering, Ohio State University, Columbus, OH, USA
Centre for HRTEM, Nelson Mandela University, Port Elizabeth, South Africa
4Joint Institute for Nuclear Research, Dubna, Russia
E-mail: zhutegulov@nu.edu.kz

We present our latest results on phonon-mediated thermal transport in swift heavy ion (SHI) irradiated insulating
single metal oxide crystals: sapphire (Al>Os) [1-3], yttrium aluminum garnet- Y3Als012 (YAG) [2], zinc oxide (ZnO) [2],
magnesium oxide (MgO) [2] irradiated by 167 MeV Xe ions at 102 — 10 ions/cm? fluences and alkali halide (LiF)
irradiated by 710 MeV Bi ions at 10% - 10'* ions/cm? [4]. Depth profiling of cross-plane thermal conductivity was
examined across nanometer and micrometer depth scales, by femtosecond laser-based time-domain thermoreflectance
(TDTR) and continuum laser wave-based modulated thermoreflectance (MTR) methods, respectively.
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In sapphire, using TDTR [1], we were able to probe nanoscale nonhomogeneous damage profile by distinguishing
two structural regions resulting from different regimes of microstructure evolution caused by electronic energy loss as a
function of ion fluence. By tuning the penetration depth of the thermal waves using different laser modulation frequencies,
these two regions with distinct conductivities were determined to be a several micrometer thick ion track region and
several tens of nanometer-thick amorphous layer present only above 5.0 x 103 ions/cm?. Anisotropic thermal transport
behavior [3] was investigated in sapphire patterned by vertically aligned few-nanometer diameter and several micrometer
long cylindrical latent ion tracks formed by SHIs. In the low ion-track density regime, cross-plane thermal conductivity
is larger, whereas in the high track density regime, the trend reverses and in-plane conductivity becomes larger. The
crossover between these regimes is attributed to the interplay between phonon scattering with ion track boundaries and
phonon confinement effects. In the low track density regime, the material is described by bulk phonon dispersion and
anisotropy in thermal transport is attributed to the aligned nature of tracks that effectively reduce the mean free path of
phonons traveling in the in-plane direction more than in the cross-plane direction. In the high-density regime, larger
conductivity reduction in the cross-plane direction is consistent with previous observations, where the anisotropic
reduction in thermal conductivity is owed to the anisotropic reduction of acoustic velocity caused by phonon confinement.

Comparative nano- and micro-scale thermal depth profiling [2] in such metal oxides such as sapphire, YAG, MgO
and ZnO revealed that thermal conductivity degradation in SHI irradiated YAG and Al,Os is attributed to formation of
ion tracks and subsequent amorphization, while in ZnO and MgO it is mostly due to point defects. Additionally, notably
lower conductivity when probed by very low penetrating waves is consistent with hillock formation. An analytical model
based on Klemens-Callaway method for thermal conductivity coupled with a simplified microstructure evolution
capturing saturation in defect generation was used to obtain depth dependent damage across the ion impacted region. The
study demonstrated that YAG (MgO) has the highest (lowest) damage profile resulting in weak (strong) dependence of
thermal conductivity with the depth.

The proliferation of SHI-induced structural defects (color centers) in alkali halides, such as LiF [4], was qualified
and quantified by optical absorption and photoluminescence spectroscopies. Klemens thermal model was applied to
correlate the concentrations of color center defects to thermal conductivity reduction in irradiated LiF crystals. From
estimated densities of various defects, the color centers contribution to phonon scattering is highest at fluences up to
6x10* cm 2. Further degradation of the thermal conductivity was ascribed to increasing impact of extended defects such
as dislocations and ion tracks.

The presented advanced laser-based approach facilitates future studies aiming at resolving the impact of distinct
damage resulting from electronic and nuclear stopping regimes under irradiation across nano- and micro-subsurface scales
in insulators. Our work sheds new light on how SHI induced defects affect thermal transport degradation and recovery of
oxide ceramics as promising candidates for next generation nuclear reactor applications.
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NANOSCALE PHASE SEPARATION AND SUPPRESSION OF SUPERCONDUCTIVITY
OF HIGH-Tc CUPRATES

Dzhumanov S., Kurbanov U.T.
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(E-mail: dzhumanov@inp.uz, ukurbanov@inp.uz)

The mechanisms of metal-insulator transitions and related nanoscale phase separation, and subsequent evolution
of insulating and metallic/superconducting phases in underdoped high-T. cuprates have not yet been completely clarified,
because these materials in the intermediate doping regime exhibit the unusual insulating, metallic, and superconducting
states [1-4]. The lightly doped, underdoped, and optimally doped cuprates share the most intriguing insulating, metallic
and superconducting properties, which can not be understood in terms of the existing theories of insulators, metals, and
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superconductors. There are also indications for the coexistence of insulating and metallic/superconducting phases in high-
T. cuprates [5-7] and for the manifestations of these coexisting phases in the normal and superconducting properties of
underdoped and optimally doped cuprates [7,8]. Despite the considerable theoretical effort [9,10], our understanding of
the unusual behaviors of the underdoped and optimally doped cuprates both in the normal state (above the
superconducting transition temperature T¢) and in the superconducting state is still far from the satisfactory. The main
problem is that the insulating and metallic/superconducting properties of these materials depend on the nature and types
of charge carriers introduced by the doping, which have especially been the subject of controversy, being attributed either
to some hypothetical quasiparticles (e.g., holons and quasifree electrons or holes) [2,11] or self-trapped quasiparticles
(large and small polarons) [3,12].

In this work, we study the mechanisms of the metal-insulator transitions, nanoscale phase separation, and
subsequent evolution of coexisting insulating and metallic/superconducting phases in hole-doped cuprates. We will clarify
how these interrelated phenomena in La- and Y- based cuprates can occur in a wide doping range from lightly to optimally
doped regime. We will examine thoroughly the possible effects of nanoscale phase separation and evolution of coexisting
insulating and metallic/superconducting phases on high-T. superconductivity in underdoped and optimally doped
cuprates. In so doing, we will show that the nanoscale phase separation and effects of coexisting insulating and
metallic/superconducting phases manifest themselves in the doping-dependent electronic properties of underdoped
cuprates, in the suppression of their superconductivity.
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PHOTOLUMINESCENCE OF MgAI204 IRRADIATED WITH HIGH ENERGY HEAVY IONS
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Radiation-resistant optical components, such as radio-frequency and diagnostics windows are an important integral
part of nuclear fusion reactors. Among many dielectrics, MgAl»O4 is known for its transparency in a wide spectral range,
thermal stability and high radiation tolerance [1]. At present, most of experimental studies about radiation defects in spinel
were received using high-energy electrons, neutrons and low energy ions [2 — 4], contrary to data for swift heavy ions.
The aim of this work is to study radiation defects in MgAl,O, irradiated with high energy heavy ions using picosecond
pulse pholuminescence.
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Spinel samples were irradiated with 710 MeV Bi, 167 MeV Xe, 107 MeV Kr and 46 MeV Ar ions up to the fluence
2-10%% cm at 1C-100 and U-400 cyclotrons in Flerov Laboratory of Nuclear Reactions JINR (Dubna, Russia). The
photoluminescence spectra excited by picosecond laser source (wavelength 445 nm, pulse duration FWHM < 80 ps) have
been measured at room temperature using the confocal microscope Integra Spectra, NT-MDT. It was shown that the PL
spectra from intact (unirradiated) MgAl,O4 contain sharp lines with a maximum at 1.8 eV related to emission of Cr3* ions
and a band at 2.35 eV, which is assigned to Mn?* ions emission. As a result of irradiation with high energy Kr ions, a
broad emission band appears at 1.7 — 2.5 eV (500 — 750 nm), which indicates the radiation origin of the corresponding
luminescence centers. The luminescence intensity increases with the fluence of ions, while the emissions of Cr3* and
Mn?* impurities completely disappears for these samples. Similar bands were observed in the PL spectra of MgAl,O4
irradiated with Bi, Ar and Xe ions. It was found that radiative lifetimes equal 8 ns, 8.9 ns, 12.3 ns and 13.7 ns for the
emission wavelength 500 nm, 520 nm, 620 nm and 650 nm, respectively. Further studies of the pulse photoluminescence
of spinel are suggested for better understanding the nature of this emission.
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RADIOTERMOLUMINESCENCE OF y-IRRADIATED NANOCOMPOSITES

Kuliev M.M., Ismayilova R.S.
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It is well known that thanks to processing of composite materials by ionizing radiation new possibilities appear in
this direction. On the other hand, the stability of the electroactive properties of polymer composites is determined both
by relaxation processes that occur during heating of the sample and are associated with molecular mobility, as well as by
including the movement of individual large and small kinetic units of polymers. In this regard, it is interesting and
important from both a theoretical and a practical point of view to study the effect of polar organic and inorganic additives
on relaxation processes and the electroactive properties of composites.

It is known that the stability of the electroactive properties of materials is determined by relaxation processes in
them. From this point of view, the study of the effect of additives of organic and inorganic nature on the electroactive
properties of polymers is an important issue in modern materials science. One of the methods for studying relaxation
processes is the method of radiothermoluminescence (RTL). Therefore, the presented work presents the results of
studying the RTL of y-irradiated nanocomposite materials ultra-high molecular weight polyethylene (UHMWPE) / a-
SiO,. Samples in the form of films 180+10um thick were obtained by hot pressing (at a pressure of 15 MPa for 5 minutes
and at a temperature of 190°C). Irradiation was carried out with 8Co y- radiation on a PXM-y-20M installation at liquid
nitrogen temperature. The dose rate was 3.3 x 103 Gy / h. The absorbed dose is 1-10*Gy. Irradiation has been performed
by the y-radiation of 8°Co on the RXM-y-20M equipment at the liquid nitrogen temperature. The dose rate was 3,3-10°
3Gr/h . Absorbed dose was 1-10*Gr . RTL spectra have been prepared by the use of the equipment TLG-69M. The method
is described in velocity in the temperature range from 100 to 300 K. As usually, the reproducibility of the positions of the
RTL maxima was 2-3 degrees. Luminosity of the sample was registered in the range 300...820 nm by the use of
photomultiplier FEU-51 and signal was recorded to the line of the electronic line recorder TZ-4620. Sample temperature
was registered by the use of thermocouple.

On the RTL spectra of pure UHMWPE and a nanocomposite with a volume content of 1% «-SiO», two maxima
are observed at temperatures (116 and 110K) and (205 and 203K), respectively, and an inflection after a low temperature
maximum. We believe that these maxima (y- and (- relaxation) are due to the recombination of trapped electrons with
positive ions. The glass transition process (B-process) of UHMWPE is caused by the segmental mobility of CH, groups
in the amorphous phase.
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The introduction of nanosized a-SiO; into UHMWPE leads to the following changes in the RTL curves: an
increase in the concentration of a-SiO; to 5 vol% practically does not affect the luminous intensity of the low-temperature
region and does not change the position of the maximum of the high-temperature peak (except for UHMWPE -3 vol% a-
SiOy) . For UHMWPE + 3% a-SiO. samples, this maximum is observed at 212 K i.e. shifts towards high temperatures
by 8°C. Such a shift can be associated with an increase in the number of overstressed chemical bonds, as well as with an
increase in the decrease in the segmental mobility of macromolecules near the solid surface of the filler particles. The
kink observed after the low-temperature peak in the case of composites with a-SiO, concentrations of 3 and 5 vol%
disappears and a doublet is observed in these samples, the nature of which is not yet clear. To clarify the nature of this
doublet, a series of model experiments is required.

With increase of the volume content of the nano-filler and as a consequence of UHMWPE polymer rate located in
border layers, molecular mobility of the polymer chains and their kinetical units responsible for the RTL formation will
decrease. This causes a shift in the low-temperature peak of the luminosity. Shift of the glassing peaks towards high
temperature region at higher content of the filler is connected with the increase of the number of the overvoltage chemical
bonds as well as with the strength of the processes of the decrease of the segmental mobility of the macromolecules
around the solid surface of the nanofiller

An increase in the concentration of the filler a-SiO; in UHMWPE from 0 to 3 vol% leads to an increase in the
intensity of the B- maximum, and at a concentration of 5 vol% the amplitude of the maximum remains almost unchanged.
It is known that most of the electrons responsible for the luminescence of the irradiated composite are released during the
destruction of trap cavities. It turns out that up to about 3% of the a-SiO, content, the number of traps for electrons grows,
and then their saturation occurs.

Thus, it was found that changes in the molecular structure of UHMWPE by the introduction of nanoscale a-SiO>
and y-radiation into it manifest themselves in the RTL spectra, the temperature and intensity (amplitude) of the B-
maximum can be used as diagnostic parameters for changing the segmental mobility of the nanocomposite matrix.

REAL AND PECULIAR ISOTOPE EFFECTS ON THE CRITICAL TEMPERATURE OF THE
SUPERCONDUCTING TRANSITION IN HIGH-T. CUPRATES

Dzhumanov Sh., Malikov Sh.R., Djumanov Sh.S.

Institute of Nuclear Physics, Uzbek Academy of Sciences, Ulugbek, Tashkent, 100214, Uzbekistan.
sherzoddjumanov1984@gmail.com

High-T, cuprates are unconventional superconductors, since they exhibit unusual superconducting properties,
which cannot be understood within the Bardeen-Cooper-Schrieffer (BCS) theory of superconductivity [1] or within the
other theories based on the different BCS-like models (including also the combined Hubbard-and BCS-like models) of
Fermi-liquid superconductivity (see Refs.[2-4]). One of the important properties of conventional BCS superconductors
and unconventional non-BCS superconductors is the dependence of the superconducting transition temperature T, on the
isotope mass M of the atoms in these materials. In weak-coupling BCS superconductors, T, dependence on the Debye
temperature (which is proportional to M~%/2), and on the electron-phonon coupling constant (weakly depending on M)
and therefore, T, various as M~%, where «a is the isotope-effect exponent equal to 0.5. For these superconductors, the
isotope effect on T, was discovered well before the BCS theory and the measured value of a was actually closer to 0.5.
Such an isotope effect on T, was not found in high-T, cuprates. The well-established experimental data for isotope effects
on T, in these materials provided strong evidence that the high-T, cuprate superconductors exhibit strongly reduced and
most interestingly, sing reversed isotope effects on T, and rather different values of the oxygen isotope-effect exponent
a, varying from the negative value a, = —0.013 [5] to the positive value @, = 0.16 [6]. The origin of such anomalous
isotope effects on T, are still poorly understood since many competing theories proposed for explaining the observed
values of T, and a, in high-T. cuprates are based on the above-mentioned BCS-like models of Fermi-liquid
superconductivity. But the applicability of these theories can be justified only for overdoped cuprates with large enough
Fermi surfaces. In these systems Cooper pairs behave like fermions. While the underdoped and optimally doped cuprates
might be in the bosonic limit of Cooper pairs and in the regime of Bose-liquid superconductivity [7-10].

In this work we show that the essential features of the observed unusual isotope effects on T, in high-T, cuprates
can be explained naturally within a mean-field theory of Bose-liquid superconductivity [11]. We argue that the polaronic
effects and Bose-liquid superconductivity give rise to the novel and peculiar isotope effects on T, observed in various
high-T,. cuprates, since the mass of large polarons and the optical phonon energy entering into the expressions for the
renormalized Bose-Einstein condensation temperature T and the T, defined as the true superfluid condensation
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temperature of bosonic Cooper pairs could be the origins of such isotope effects on T,. Our calculation results for T, and
a, show that the real and peculiar isotope effects on T, in these high-T,. materials are strongly suppressed and weak in
full accordance with various well performed experiments.

References:

J. Bardeen, L.N. Cooper, J.R. Schrieffer, Phys. Rev. 108, 1175 (1957).
X.-Y. Su, J. Shen, L.-Y. Zhang, Phys. Lett. A143, 489 (1990).

P.A. Lee, N. Nagaosa, X.-G. Wen, Rev. Mod. Phys. 78, 17 (2006).
V.Z. Kresin, S.A. Wolf, Rev. Mod. Phys. 81, 481 (2009).

H.J. Bornermann, D.E. Morris, H.B. Liu, Physica C182, 132 (1991).
K.A. Miiller, Z. Phys. B80, 193 (1990).

S. Andergassen et al. Phys. Rev. Lett. 87, 056401 (2001).

Yu.V. Kopaev et al., Physica C460-462, 261 (2007).

R. Zeyher, A. Greco, Phys. Rev. B80, 064519 (2009).

S. Dzhumanov et al., Phys. Lett. A380, 2173 (2016).

S. Dzhumanov, Physica A517, 197 (2019).

Rpoo~NookhwhE

o

REMOVAL EFFICIENCY OF VARIOUS CLASSES OF TOXIC CONTAMINANTS BY COMPOSITE
TRACK-ETCHED MEMBRANES WITH DEPOSITED COPPER MICROTUBES

Altynbaeva L.Sh.22, Nurmakhan 4.E.1, Mendibaeva 4.Zh.}, Mashentseva 4.4.1, Aimanova N.4.%2

The Institute of Nuclear Physics of the Republic of Kazakhstan, Almaty, Kazakhstan
2 L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: lilija310378@gmail.com

The effective treatment of contaminated water from toxic pollutants is an urgent and relevant problem. Currently
available water treatment technologies, such as adsorption or coagulation, only concentrate the pollutants or convert them
to other phases, but contaminants still remain and are not completely “destroyed” [1]. Other traditional methods of water
purification, such as sedimentation, filtration, chemical and membrane technologies, are associated with high operating
costs and can generate toxic secondary pollutants in the ecosystem [2]. The most common and widely used disinfection
process is chlorination, but the by-products of chlorine-based disinfection are mutagenic and carcinogenic to human health
[3]. To date, many papers have dealt with the reaction of liquid-phase hydrogenation of aromatic nitro compounds and
photocatalytic dyes degradation on by using nanoscale heterogeneous catalysts [4,5]. Composite TeMs with deposited
NTs of copper subgroup metals have also been successfully tested as catalysts for 4-NP reduction reaction in our previous
studies [6,7].

We suggest simple electroless template synthesis approach that doesn’t required complicated equipment and
expensive chemicals for nanotubes deposition and nanoparticles synthesis and an eco-friendly reducing agents could be
applied (DMAB, ascorbic and glyoxilic acids et al).

In this study a catalytic ability of composite track-etched membranes (CTeMs) with embedded copper microtubes
were examined. Removal of the next toxic pollutants such as p-nitrophenol, potassium ferrocyanide (111), Cr (V1) ions as
well as carbendazim fungicide was studied using UV-Vis spectroscopy in bath mode.

Main kinetic and thermodynamic parameters were determined for all studied reactions. Effect of reducing agent
(on the synthesis stage) on the CTeMs catalysts effectiveness was discussed.

This work was supported by the Ministry of Education and Science of the Republic of Kazakhstan under project
AP08855527.
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SOLVING MAJOR CHALLENGES FOR ADVANCED REACTORS: COUPLED EFFECTS AND
RADIATION DAMAGE MEASUREMENT

Short M.%, Connick R.%, Dacus B., Hirst Ch.}, Zheng G.%, Zhou W.%, Cao P.?, Hattar K.3, Buller D 3,
Middlemas S.4, Bachav M.#, Kombibah B.#, Yang Y.%, Minor A%

IMIT, USA
2U. California Irvine, USA
3Sandia National Laboratory, USA
“ldaho National Laboratory, USA
5U. California Berkeley, USA

Advanced fission and fusion reactors are absolutely necessary to combat climate change in our lifetime. Their
performance hinges upon the continued health of their materials, and because few have ever been constructed, few data
exist which predict how structural materials will behave in these advanced reactors. In this talk, recent work will be
presented regarding three major topics, which represent key findings and capabilities for advanced reactors. (1) The
coupled effects of radiation and corrosion in molten salt and liquid lead, where we observe radiation decelerated corrosion
in some cases, and (2) The direct measurement of radiation damage via Wigner energy, in which defect reactions reveal
a sixth stage of radiation damage recovery previously unknown from resistivity measurements. (3) In situ monitoring of
structural material health during irradiation to 100 DPA using picosecond ultrasonic spectroscopy, where changes in
surface acoustic waves indicate the onset of radiation void swelling. These new findings and capabilities help us to derisk
advanced reactor designs, making their safe operation more certain and predictable.

STRUCTURAL-PHASE STATE OF MULTILAYER CO-CR-AL-Y COATINGS

Zhilkashinova As.M.%, Skakov M.K. 2, Gradoboyev A.V.3, Zhilkashinova Al.M. !

1 Sarsen Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan
2 National Nuclear Center, Kurchatov, Kazakhstan
3National Research Tomsk Polytechnic University, Tomsk, Russia

It is known the search for new high-temperature coatings is associated first of all with the optimization of the
chemical composition of new compositions with the development and mastering of new technological processes, as well
as with the use of newly created coatings [1]. The basic system of heat-resistant coatings is Me-Cr-Al where Fe, Co, Ni,
etc. can act as Me [2].

In the present work technological modes have been developed and a method for applying a coating of the Co-Cr-
Al-Y composition with a controlled concentration of constituent elements has been studied. To obtain multilayer Co-Cr-
Al-Y coatings a magnetron system with dual magnetrons with a pulse frequency of 40 kHz and a duty cycle of 0.5 was
used.

The main limiting factor was that cobalt being a ferromagnetic closes the lines of the magnetic system of the
magnetron transferring it to the diode mode of operation, which makes it impossible to use a disk cobalt target. To solve
this problem it was used a composite target.

In the erosion zone of the aluminum disk (matrix), discs of metals were inserted, the amount (cobalt - 6 pcs. And
yttrium - 1 pcs.) and the diameter of which was chosen in proportion to the coefficient of sputtering of this element and
its required concentration in the final coating. As a result of the partial closure of the magnetic lines of the magnetron the
discharge did switches into the diode mode which made it possible to control the power density on the target and control
the composition of the resulting final coating.

The results of experimental studies have shown that the Co-Cr-Al-Y system forms dense coatings without a
pronounced columnar structure characteristic of traditional metal coatings. The thickness of all synthesized Co-Cr-Al-Y
coatings is 2 + 0.2 pm.

It is shown in the work that with a relatively uniform distribution of Al and Y in the coating thickness the layers
of enriched / depleted Co / Cr alternate in accordance with the parameters of magnetron sputtering.

Diffraction studies have shown an almost complete absence of a crystal structure for all types of synthesized
multilayer Co-Cr-Al-Y coatings. Apparently, this is due to the amorphizing properties of cobalt and its tendency to form
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metallic glasses. The absence of Co and Al peaks in XRD images is due to the fact that they form an X-ray amorphous
layer.

Summarizing the results of TEM and XRD analyzes we can state the formation of an amorphous Co / Al matrix
with Cr and Y nanocrystals distributed in the thickness of the coating.

The work was carried out within the state budget project of the Ministry of Education and Science of the Republic
of Kazakhstan No. 306/2020 (Contract No. 113 dated June 01, 2020) "Creation of composite coatings to improve the
operational properties of critical units of industrial equipment"” (2020 - 2022).
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STUDYING OF THE EFFECT OF RADIATION DEFECTS ON THE ELECTROPHYSICAL
PROPERTIES IN THE p-CuTIS SINGLE CRYSTAL

Madatov R.S.% 2, Baylarov G.B.%, Mamishova R.M.*?, Faradjova U.F.?

Institute of Radiation Problems, Azerbaijan National Academy of Sciences, Baku, Azerbaijan
2National Aviation Academy, Baku, Azerbaijan

One of the important issues of modern materials science, as well as solid state physics is the acquisition of new
materials with high thermal conductivity and the development of methods for the purposeful management of their
properties. Based on the literature, we can say that copper thallium chalcogenides- Cu-TI-X (x = S, Se) are an interesting
research object for the creation of new thermo materials. Triple compounds of the A'B"'CY' ; type with a chalcopyrite
structure have long attracted the attention of researchers in connection with the prospects for their practical application
as elements of solar energy converters, nonlinear optics, efficient emitting LEDs and photodetectors. In the study of phase
transitions (PT), one of the important aspects is to identify the relationship between the structural and thermal
characteristics of the material. To determine this relationship, it is necessary to investigate the physical properties of the
material in the temperature range of PT.

There is no more information about the electrical conductivity, thermoelectric and optical properties of this crystal
in the scientific literature. Although there is some information about their electronic structure and anomalies of
conductivity at low temperatures, but they do not allow to make model suggestions about the properties of conductivity.
In order to complete the above theoretical and experimental results and obtain new data, the current transfer mechanism
in the CuTIS single crystal was studied in the temperature range of 100—300K.

The studied p-CuTIS compound was grown at high temperature using the Bridgman-Stockbarger method. The
obtained single crystal had a diameter of 1cm, a length of 8cm and a specific resistance of ~ 40 Q - cm. Crystal structure
and lattice parameters of the sample obtained by X-ray analysis method a = 4.08; ¢ = 8.16A; z = 2 were calculated, and it
was determined that the compound crystallizes in tetragonal crystal system.

Silver paste was used for the conductive ohmic contact and the distance between the contacts was L = 6mm. The
size of the studied sample is 2 x 0.5 x 6mm. Measurements were made on a B7-30 universal ampere-voltmeter at a voltage
of 0-20V (E ~ 10-105V/cm) and a temperature range of 100-300K.

Herein, both initial(before irradiation) and y-irradiated electrical and photoelectric properties of p-CuTIS
monocrystal with specific resistance p= 40 Q-cm have been studied at various temperatures and electrical fields. It was
determined that the cause of the conduction disorder observed in the CuTIS single crystal at low electric fields and high
radiation doses is the formation of defect clusters dominated by cation vacancies. A sharp increase in current at high
electric fields and temperatures occurs as a result of thermo-field ionization of the acceptor level with activation energy
AEa=0,08 eV and the ionization voltage decreases with increasing radiation dose. Based on the determination of the
parameters (A, rm, n0, €) that determine the mechanism of current flow, the dependence of the shape of the potential hole
on the radiation dose was determined.
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SWIFT HEAVY ION IRRADIATION INDUCED LATENT TRACKS IN
NANOCRYSTALLINE Y4Al209

Mutali A.K. 223 lbrayeva A.D.23, Skuratov V.A. 3, Sohatsky A.S.3, Korneeva E.3, van Vuuren A.J.4,
O’Connell J.H. *, Zdorovets M.V, 125
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3G.N. Flerov Laboratory of Nuclear Reactions of Joint Institute for Nuclear Research, 141980 Dubna, Russia
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SUral Federal University, Yeketerinburg, Russia

In this work, we present the results of the study of structural changes in monoclinic yttrium aluminum oxide
Y:Al,Oy (YAM) obtained using high-resolution scanning/transmission electron microscopy (S/TEM). Previous
theoretical [1,2] and experimental [3,4] investigations have demonstrated that YAM has a unique combination of high
melting point (2020 °C), low density (4.44 g/cm?®), low high-temperature thermal conductivity (the minimum thermal
conductivity is 1.13 W-m™K'1) and relative low Young’s modulus (191 GPa). The samples were irradiated with swift Bi
and Xe ions with energies ranging from 156 to 714 MeV. These ions have electronic stopping powers in the range from
5 to 35 keV/nm. The ion fluence was within the non-overlapping track regime for latent ion tracks, i.e. 510" cm™.
Studies of the structure by S/TEM methods have shown that after irradiation with swift heavy ions, latent tracks are
formed, which constitute an amorphous formation in YAM particles. Large track sizes at low energies of Xe ions and a
decrease of track diameters at the highest energy of Bi ions are associated with the so-called "velocity effect” [5,6]. A
direct correlation was revealed between the track diameters and the electron energy losses Se, the analysis of which made
it possible to estimate the threshold value for formation of latent tracks in nanocrystalline YAM Set ~7-8 keV/nm.
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SYNTHESIS AND STUDY OF ZIRCONIUM DIOXIDE COMPACTS IRRADIATED WITH
ELECTRONS AND IONS
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Zirconium dioxide of various phase composition, widely used in modern technology, should have high stability of
characteristics under various radiation effects. This is especially important when used in military and space technology,
as well as in the nuclear industry. The determining factor influencing the stability of the luminescence properties of oxide
dielectrics under irradiation is the formation of radiation-induced defects in the anion sublattice (oxygen vacancies).
Investigation of the effect of the size of nanoparticles, doping in the synthesis of micro- and nanostructured compacts and
ceramics based on ZrO; is necessary to predict and increase the radiation resistance, as well as to elucidate the nature of
the intrinsic luminescence of ZrO,, which has not yet been finally established [1-3].

Micro- and nanostructured compacts were prepared by uniaxial cold pressing of monoclinic ZrO, nanopowder and
tested using SEM (Carl Zeiss Sigma VP), and X-ray fluorescent analysis. The compacts were irradiated by 130 keV and
10 MeV electrons (Linear Electron RADAN Accelerator, LERA-10-10C, Yekaterinburg, Russia) and 200 MeV Xe ions
(cyclotron DC-60, Nur-Sultan, Kazakhstan). Thermo stimulated luminescence (TSL) of irradiated samples showed the
presence of different peaks. A number of TSL peaks have been identified. The kinetic parameters of the TSL were also
calculated.
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SYNTHESIS OF THE METAL OXIDES NANOPOWDERS BY WET-COMBUSTION TECHNIQUE
USING ECO-FRIENDLY PLANT REDUCTION AGENTS
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A rapid progress of nanotechnologies and the intensive use of nanosized materials in biological and medical fields
are the driving force for the development of new and improvement of existing methods and technologies of synthesizing
nanomaterials. The methods of green chemistry relying on the use of highly effective, inexpensive, and nontoxic
biological resources for the synthesis of nanoparticles of metals and their oxides are of particular concern for researchers.
In contrast to conventional synthetic methods the methods of green chemistry are not only environmentally friendly but
also make it possible to synthesize nanoparticles free of trace impurities used in the synthesis of precursors and reducers.
Nanoparticles of copper (I1), zinc and nickel oxides are synthesized by wet combustion of the extract of Serratula coronata
L. growing on the territory of Central Kazakhstan. The study of the chemical composition of the starting plant material
by HPLC and spectrophotometry showed the presence of a significant amount of various fractions of phenolic compounds
in the composition of the extracts [1]. The complex study of the structure and composition of the synthesized nanoparticles
by scanning electron microscopy, energy-dispersive spectroscopy, and X-ray phase analysis shows that the nanoparticles
contain no additional impurities, have the monoclinic structure, and possess a high degree of crystallinity. Catalytic
activity is tested in methylene blue dye degradation under exposure to visible light (500 W, 7500 Im). The degradation
efficiency is studied as a function of catalyst mass and initial dye concentration. When studying the effect of catalyst mass
on the efficiency of dye degradation the mass of nanoparticles was varied from 25 to 100 mg, the methylene blue
concentration was 1.0 mg/L, and the time of mixture exposure in all experiments was 100 min. The effect of initial dye
concentration on the efficiency of its degradation was studied in the range of methylene blue concentration of 1.0-10.0
mg/L, and the amount of the loaded catalyst in all experiments was 100 mg.

This work was supported by the Ministry of Education and Science of the Republic of Kazakhstan under project
AP09057856.

References:
1. A. A. Mashentseva, N. A. Aimanova, B. S. Temirgaziev, A. T. Zhumazhanova, and B. I. Tuleuov, Pet. Chem. 60,
1141 (2020).

THE PHYSICO-MECHANICAL PROPERTIES OF y-IRRADIATED BUTADIENE
NITRILE RUBBER NANOCOMPOSITE

Khankishieva R.F., Akhundzada H.N., Ismayilova P.I., Aliev A.K., Valieva S.A., Azizova A.S.

Institute of Radiation Problems, Azerbaijan National Academy of Sciences, Baku, Azerbaijan

The current work presents a study of the radiation crosslinking process of NBR in the presence of crosslinking
agent-1,3-disulphochloridebenzene (DSChB) and 2, 4-diamino-6-phenylsymmetriazine (DAPhST) and the effect of metal
nano oxides on the plasto-elastic, physical, mechanical and operational properties of NBR. NBR (SKN-40), in which the
amount of bounded nitrile groups in the molecule was 40%, was used as an object of study (Production of Rosspolimer,
Russia). Zinc oxide 20-30 nm (ZnO, CAS 1314-13-2) and alumina oxide 25-30 (Al203, CAS 1344-28-1) nanopowders
were used to activate crosslinking of the polymer. Nanomaterials were purchased from Sky Spring Nanomaterials Inc,
Houston, USA. The aromatic chlorine-containing compound 1,3-disulphochloridebenzene (DSChB) was used as a
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crosslinking agent, which readily reacts with NBR macromolecules in the process. For decreasing the absorbed doses, 2,
4-diamino-6-phenylsymmetriazine (DAPhST) was used as a sensitizer and polyester resin as a plasticizer (emollient).

Composites were irradiated at the Co® gamma ray irradiation source (the dose rate of 0,49 Gy/s) which was
supplied by Institute of radiation Problem of Azerbaijan National Academy of Science with various gamma ray radiation
(300 KGy). The hardness tests of the samples were performed according to 1SO 868 standard with a Shore Durometer
type. The tensile tests were carried out using a Zwick 1435 universal testing machine. The samples had a standard
dumbbell shape. At least three dumbbell-shaped tensile samples (crosslinked by sulphur, irradiation and thermo-radiation)
were tested for each kind of NBR composite and then the average was taken as the final result. Tensile properties, such
as tensile strength (TS) and elongation at break (EB), were measured before and after the aging procedure. The
coefficients of aging in terms ofthe tensile strength (Ko) and elongation at break (Ke) were calculated using equations (1)
and (2):

(0aged—Ounaged)

K== 100% 1
g Ounaged M
(eaged —Eunaged)
Ke=—="""—""—"100% @
unaged

where 6 aged and 6 unaged re the tensile strength of the aged and unaged specimens, €aged aNd gunaged are the elongation
at break of the aged and unaged specimens, respectively. It is known that hardness values of rubber samples decrease due
to environmental factors. As a result, this study provides an alternative approach for preventing reduction of hardness
values by minimizing frequently occurring thermo-oxidative aging of rubber in the oil industry.

The results of this study allows to conclude that elastomeric materials (EM) based on NBR and metal nanooxide
obtained by the thermoradiation method in the presence of a crosslinking agent and sensitizer (DSChB, DAPhST) are
superior to sulfuric and irradiated vulcanizates in terms of thermal aging resistance and dynamic endurance of repeated
stretching in aggressive environments. Radiation vulcanization with the participation of nano metal oxides can overcome
the drawbacks of chemical vulcanization such as pollution, energy-saving and reduced time of vulcanization.

In conclusion, this work has achieved enhancement of the curing process and mechanical properties of elastomer
composites by using a combination of nano metal oxides and a crosslinking agent DSChB, which may give a valuable
inspiration for the preparation of high-performance rubber composite materials.

TITANIUM BERYLLIDE AS AN ALTERNATIVE TO BERILLIUM IN NUCLEAR AND
THERMONUCLEAR TECHNOLOGY. POSSIBILITIES OF UMP JSC IN DEVELOPMENT OF
TECHNOLOGY AND MANUFACTURING OF PRODUCTS FROM BERYLLIDES

Frants E.V., Borsuk A.N., Vechkutov A.N., Zenkov K.V., Zorin B.L., Kylyshkanov M.K., Podoinikov M.A.,
Udartsev S.V.

JSC "Ulba Metallurgical Plant", Ust-Kamenogorsk, Republic of Kazakhstan

For many decades, beryllium has been used as a structural element in nuclear installations as a moderator / breeder
of fast neutrons. The consequence of neutron irradiation is a significant production of gas products in the form of helium
and tritium, which leads to swelling and loss of strength properties of beryllium reflectors. The relatively low melting
point of beryllium also imposes restrictions on the high-limit temperature regimes of the reactor core.

As an alternative to pure beryllium, it is necessary to consider intermetallic compounds based on it, in particular
titanium beryllide. Preliminary studies on the thermal desorption of helium and tritium from titanium beryllide have
shown that this material has a much lower retention tendency and a lower release temperature. The higher melting point
of titanium beryllide compared to pure beryllium is also an advantageous characteristic.

Over the past years, UMP JSC, thanks to its research in this area, has achieved significant success in the
development of technology for obtaining intermetallic billets and articles based on titanium and chromium beryllides. As
a technology demonstrator, prototypes of structural elements of a helium-cooled blanket breeder module of the projected
DEMO reactor were made by order of the Karlsruhe Institute of Technology, Germany.

The advantages of titanium beryllide, as well as the success achieved in the production of billets and products from
it, open up opportunities for a more extensive study of the nuclear, physical and mechanical properties of this material
with the possibility of further use in nuclear technology, including thermonuclear reactors, and in high-temperature
instrumentation.
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AHAJIN3 U3MEHEHUS MEXAHUYECKHAX CBOVICTB CIIJTABA W-6Re ITIOCJIE
HOHHOI'O OBJIYYEHUA
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IOI'BHY TUCHYM, Tpounk, Mocksa, Poccust
2HUII «KypuaroBckuit uHCTUTYT» - UTD®, Mocksa, Poccus

B HacTosmielt paboTe mpoBeaeHO KOMIDIEKCHOE HCCIIeJOBaHHE oOpas3ia MOHOKpHcTamia ciuiaa W-6Re mocie
YCKOPEHHOro obmydenus 5.6 Ma>B nonamu Fe?*. O6i1yueHne o6pasoB IpoBOAWIOCH B YCKOpHTEIbHOM LieHTpe HULT
"KypuaroBckuit maHcTHTYT' — UTO® Ha TsxkenomonHoMm yckopurene TUIIp [1,2]. ObmydeHne NpoBOAWIOCH B
temrnieparypHoM uHTtepBane 300-500 °C mo mo3bl 35 cmemieHuid Ha aToM. [JyOMHA NMOBPEXIEHHOTO CIOSI TIPH 3TOM
cocraBmia 1.2 MKM.

MeToJ0M JMHAMHUYECKOTO HMHCTPYMEHTAJIbHOTO WHIeHTHpoBaHus [3] Ha ycraHoBke «HanoCkan-4D»
MPOJIEMOHCTPUPOBAH CIIOCO0 aHAIN3 MEXAHUYECKHX XapaKTEPUCTHK B 00JAaCTH PaJHalliOHHOTO Bo3aeicTBYsL. JlaHHbIi
METOA 3aK/JII0YacTCsad B HEIMPCPHLIBHOM BJAaBJIWMBAaHUU HWHIACHTOpA (aJ'IMa?;HOFO HAaKOHCYHHKA B BHJC TpCXFpaHHOI‘/II
nupamubl Tuna bepkoBuya) ¢ 0THOBPEMEHHBIM KoJieOaTeIbHBIM ABMKEHHUEM. TaKoi Mpolecc aHaIOTHYeH MHOXKECTBY
IIUKJIOB HArpy3KU-pasTPy)KEHHs W JaeT 3HAUCHHS TBEPAOCTH W MOJIYINS YHIPYTOCTH KaK MPAKTHYECKH HETPEPHIBHYIO
3aBUCHMOCTbH OT TTyOWHBI BHEAPEHUS HHICHTOPA.

Ha manmbeix rmyOnHax HaOmiofaeTcs HENMHEWHBIH XapakTep IIOMYdYEHHBIX JaHHBIX, OOYCIIOBJICHHBIH Tak
Ha3bIBAEMBIM pa3MepHbIM 3¢dexrom [3]. s ycrpaHeHust 3Toro 3ddexra HWHICHTOpa HPOU3BOIUTCS MEpecdeT
NOJIyY4EeHHbIX 3HaueHul B koopauHatsl H? ot 1/h (nuarpamma Nix-Gao [4]). 3HaueHus TBEpAOCTH A1 0OIy4EHHOrO U
HEOOTyUeHHOTO CJIOS OIPEACIAINCh ITOCTPOCHHEM JIMHEHHOM aNNpOKCHMAIlMM 3KCICPUMEHTAIbHBIX IAaHHBIX Ha
nuarpamme Nix-Gao MEeToJJ0M HAUMEHBIINX KBAJAPaTOB.

Honyquo, YTO B PE3YJbTATEC O6Hy‘leHI/Iﬂ MPOUCXOAUT 3HAYUTCIIbHOC NpHUpAIICHUE MMPOUYHOCTH MaT€pHualia, Ha
BenuuuHy mopsnka (1.6+0.2) T'Tla. M3MeHeHHe MeXaHHYECKHX CBOWCTB MaTepuana CBs3aHO C o0Opa3oBaHHEM
paanualiMOHHO-UHAYIIUPOBAHHBIX KJIACTEPOB U Z[e(i)eKTOB CTPYKTYpPbI B BUAC JUCIOKAIIMOHHBIX METEJIb, O6Hapy)KeHHI)IX
METOJIaMH 3JIEKTPOHHONW MUKPOCKOIIHH.

Jluteparypa:
1. Poroxxxun C.B., Hukutua A.A., Xomna A.A. u npyrue, TpeboBaHus k koMOMHHpOBaHHOMY TyuKky Fe + H/He Ha
yckopurene TUIP nyis monenupoBanus HeWTpoHHOTO Bo3zelicTus // SnepHas ¢pusuka u urxkuHupHHr. 2019. T. 9, Ne 3.
C. 245-258.
2. Kulevoy T., Aleev A., Ivanov S., Kozlov A., Kropachev G., Kuibeda R., Nikitin A., Rogozhkin S., Semennikov
A., Sharkov B. and Zaluzhny A. // Proceedings of International Topical Meeting on Nuclear Research Applications and
Utilization of Accelerators. 2009. V. AP/P5 07. P.1.

3. Cheng Y.-T., Cheng C.-M. Scaling, dimensional analysis, and indentation measurements / Materials Science and
Engineering R. 2004. Vol. 44. P. 91-149.
4., Nix W.D., Gao H. Indentation size effects in crystalline materials: a law for strain gradient plasticity / Journal

Mech. Phys. Solids. 1998. Vol. 46, Ne 3. P. 411-425.

BJIMAHUE 'AMMA U3JIYUYEHUA HA TOHOTI'PA®UU NOBEPXHOCTHU NOJIMDITUJIEHA
HU3KOM IVIOTHOCTH

Tawmemos M.IO.X, Caudog P.I1.X, Hcmamos H.B.Y, A6oamunos A.b.2

Mucruryt speproit usuxku AH PY3, 100214, r.Tamkent, Y36ekucTan
’HanumonansHelil YHuBepcuteT Y3bexucrana uM. Mupso-Yiyroeka, 100174, r.Tamkent, Y36ekucTan

OfHUM U3 MIMPOKO MCIOJB3YEMBIX MOJUITUICHOB B INPOMBIIUIEHHOCTH M OTpacisX SKOHOMHKH SIBIISETCS
noydTIIeH HU3Ko# miotHocTu ([IDHIT). IMOHIT nMeer HU3KYI KPHCTALIHYHOCTH (50-60 % KPHCTAIINYHOCTH) H
OCHOBHasl LIENb COJICP)KUT MHOKECTBO OOKOBBIX Iemeil u3 2-4 aToMOB yryiepoja, YTO NPHBOAWT K HENPaBHIILHOM
YIIaKOBKE MOJIEKYJISIPHOM LEMOYKH, HU3KOW KpuUcTAIMYHOCTH [1]. BimsHuMe BHEmHMX (AaKTOPOB TaKMX Kak:
TeMIIepaTypa, JaBJIieHUE U paJuanys Ha TOJIUITIIICH HU3KOI IUIOTHOCTH CITIOCOOCTBYET IMOTYYEHUIO KaYeCTBEHHO HOBBIX
MaTepHajoB C yJIy4YIIeHHBIMHA CBOWCTBaMu. B [2] mccnenoBaHO BIMSHUE paJWallMd HA TOMOTPaQHIO MOBEPXHOCTH
MOJIMATIIIEHA HU3KOW IUIOTHOCTH. Y CTAHOBIIEHO, YTO C YBEIWYCHHEM MOTIIOMEHHON 10361 y-m3myderus no 100 x['p
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YBEIMUYNBACTCSl KpUCTALTHUecKas o0iacTh, a najpHewmee yBenmmdeHue n03 10 2000 x['p mpuUBOAWT K W3MEHEHHUIO
MOp(OJIOTHH 3TOI 007aCTH, TO €CTh CPETHUH pa3Mep KpUCTALUTHIeCKoi o0macTi ymenbiraercs ¢ 30 no 20 mm [2].

Hacrosias paboTa mocBsiieHa HCCIEA0BAHUIO BIUSHHE Y-paHaliy Ha MOP(HOJIOr U OBEPXHOCTH MOTUITHIICHA
HH3KOM IJIOTHOCTH.

HccnenoBanue Mopdoioruy MoBepXHOCTH 00pasiia MPOBOAUIOCH Ha CKAHUPYIOILEM 30HI0BOM MHKpockore SPM
9700HT (Shimadzu). dnst aToro BeiOupacs yaactok obpasua pazmepom 30x30 pum. O6ayueHre 06pa3iioB MoIUITHIEHA
IPOBOJIMIIOCH Ha KaHalle ucTouHukoM u3otona °Co (E.,=1.25 MaB) npu MorHocTH 10361 90 P/c 10 3KCHO3MIMOHHOM
no3er 5-107P.

Ha pucynke 1 mokasaHbl pe3yJbTaThl HCCICTOBAHHUS IIEPOXOBATOCTH MOBEPXHOCTH MONMITHICHA HU3KON
IUIOTHOCTH, U3MEPEHHBIC HA CKAHUPYIOIIEM 30HI0BOM MHKPOCKOIIE.

695.22nm 1.34um

2024 29.24um
.Z4aum
29.24um

Pucynoxk 1 - lllepoxoBaToCcTh MOBEPXHOCTH MOMMATHICHA HI3KOM TUIOTHOCTH: @ —MCXOIHBIN 00paserr;
6-1ocyIe 00JTy9IEHH raMMa H3IyYeHHEM SKCIIO3UIMOHHOM 103011 5-107 P

WzyueHne BIUSAHUS paJuallii Ha MIEPOXOBATOCTh MOBEPXHOCTH MOJMATHIICHA HU3KOH INIOTHOCTH MOKA3aJIH, ITO
IIPY BO3/ICHCTBUH Y-M3IIydCHHUS IEPOXOBATOCTH ONMATIIICHA crilakuBaeTcst. OJJHaKO, yBEINYMINCH IUPUHA Oyropka u
BEIpocia ero BeicoTa (Puc.1(0)). PacueTs MakcHMabHOTO 3HAYCHUS CPEIHETO apU(YPMETHISCKOTO OTKIOHCHHUS POt
ucxonuoro odpasna [T9HII cocraBmser R.=73,1 HM, BBIcoTa cpenneii mepoxoBaroctu R;=417 um. [locne oOxydeHus
ramMma Jy4aMH MaKCHMaJbHOE 3HAYCHHE CPEIHETO apH(pMETHIecKoro OTKIOHEHHMs mpoduis coctaBmsieT R,=93 HwM,
BBICOTA CpenHel mepoxoBaTocT R,=618 HM.

[Tpu Bo3AeHCTBUM pagualiy Ha MOJMATUIICH IEPOXOBATOCTh TIOBEPXHOCTH CIIIAYKUBACTCS], HO M3-3a YBEINYCHHS
BBICOTHI OYTOpKa, 3HAUCHHUS CPEJIHEH MIEPOXOBATOCTH MOBEPXHOCTH YBEINIUBAIMCH TI0C/e 00J1yueHus 1030 5-107 P na
48 %. 310 MOXeT OBITH 00YCIOBICHO TEM, YTO MPH BO3JAEHCTBUM paJMaIlM Ha MOJIMATHIICH IPOUCXOTUT TONepedHas
CIIMBKA MEX]Iy MaKpOMOJIEKYJIaMH MOJIMdTHIIEeHa [3].

Jluteparypa:
1. S. Alnaimi, B. Elouadi, I. Kamal. Structural, Thermal and Morphology Characteristics of Low Density
Polyethylene Produced by QAPCO// https://www.researchgate.net/publication/281818492, p.10.
2. J. C. M. Suarez, E. E. C. Monteirob, E. B. Mano. Study of the effect of gamma irradiation on polyolefins - low-
density polyethylene// Polymer Degradation and Stability 75, 2002, pp.143—-151.
3. M.IO. TammeroB, H.b. HcmaroB. PaguanuvoHHble TEXHOJIOIMM HAa OCHOBE YCKOPHUTENEH 3IIEKTPOHOB.
Momnorpadmus, Tamkent, 2020, ctp.144.
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BJIMSAHUE MUKPOCTPYKTYPbI HOJTOXKXUTEJBbHbBIX U OTPUHATEJIBHBIX 3JIEKTPOJ10OB
JIMTUMA-UOHHBIX AKKYMYJSITOPOB HA UX ®YHKIIMOHAJILHBIE XAPAKTEPUCTHUKA

Epoaynemos M., 3, Hanonvckuii @.%, Aedees M.*?, Kpusuenxo B.

Tocynapcrennsiii Yuusepcurer «Jy6Ha», Poccus
200 beAMHCHHBIHI WHCTUTYT SAEPHBIX UcCienoBaHui, Poccust
SEppasuiickuii HaunonansHeiil yausepcurer um JL.H. T'ymunesa, Kazaxcran

OrpaHWYeHHBIH 3a1ac HCKOMAEMbIX HCTOYHUKOB SHEPTIHH, a TAK)KE IIOBCEMECTHOE YXYIIICHHE 3KOJIOTHIECKOH
00CTaHOBKH, IPUBOIUT K HEOOXOAUMOCTH YBEITUUCHUS JJOTH TOTPEOICHISI BO30OHOBIISIEMOI SHEPTUH U K HEU30E)KHOMY
UCIIOJIB30BAaHUIO 3JIEKTPUUECKUX NMPHUBOAOB Ul TPAHCHOPTHBIX cpeAcTB. lllupokoe nCroiabp30BaHUE BO30OHOBIIAEMBIX
UCTOYHUKOB SHEPrMM M JJIEKTPUUECKUX TPAHCIOPTHBIX CPEACTB OrPAHUYMBACT OTCYTCTBUE BBICOKOEMKHX MU
9Heprod(GEeKTUBHBIX HAKOIUTENECH YHEPIHH, CPeIH KOTOPHIX Iepe3apshkaeMble XMMUUeckre UcTOYHUKU Toka (XUT)
3aHUMAlOT BakKHOe MecTo. B obmactu «3enénoi» sHepretukn XWUT HeoOXoauMBI Ui BhIDAaBHUBAHUS HArpy3KH B
JMEKTPUUYCCKUX CETSIX, PErYIMPOBAHHS YACTOTHI U 00CCIICUCHHUS MOTPEOUTENICH BO30OOHOBIIAEMOM YHEPTUCH B MOMEHTHI
MpoBaJIOB TCHEpALlMU DOHEPIUHU, BO3HPIKaIOHleI>i Ipyu  HUCIOJIb30BAHUU BETPAHBIX, COJHCYHBIX WU BOJIHOBBIX
JMEKTPOCTAHIMNA. B CBs3M ¢ 3THM akTyaJbHOH 3amadell SIBISICTCS COBEPLICHCTBOBAHHE CYIIECTBYIOUIMX, HMOWCK H
pa3BHUTHE HOBBIX PHEPrOEMKHX 1 3()(PEKTUBHBIX Iepe3apsokaeMbix XUT.

OCHOBHOM 1IeNBI0 PabOTHI SBIAETCS BBHIPAOOTKA OOMIMX HAYYHO-TEXHHUECKHX KPHTEPHUEB K ONTHMM3AINH
MHKPOCTPYKTYPBI, KaK 3JICKTPOJOB Ha OCHOBE IIMPOKOTO CIIEKTPA aKTUBHBIX aHOIHBIX M KATOJHBIX MaTEpPHAIOB H
rpaeHO COAEpXKaIUX YIJIEPOAHBIX [00aBOK, TaK M MOJU(UIMPOBAHHBIX Teb-TIOJMMEPHBIX 3JIEKTPOIHUTOB,
TIO3BOJISIOIINX JTOOUTHCS CYIIECTBEHHOT'O BBIMTPHINIA B yICIBbHON SHEPTUH W MOIIHOCTH aKKyMYJISITOPOB B IIUPOKOM
JranazoHe pabouynx TeMIepaTyp.

OTIenbHO METONOM MaJIOyTJIOBOTO PACCESHHUsS HEHTPOHOB OYAET MCCIIe[OBaHA IMOPHCTOCTH AIIEKTPOAHBIX
MOKPBITHIL, a TaK)Ke €€ BIUAHUE HA CTEINICHb 3alI0JHEHUS MOpP 3JIEKTPOIUTAMH.

3ajaveii pabOTHI CTABUTCS UCCIIE0BAHNE CTPYKTYPHBIX OCOOCHHOCTEH 3IEKTPOIHBIX OKPBITHH U ONpe/ieieHHe
UX BIMSHHSA Ha 3JIEKTPOXMMMYECKHE XapaKTepHCTUKH. B Xxome paboOTBI paccMOTpeH IIUPOKUN KpPyr aKTHUBHBIX
MaTepuagoB M INPOBEICHO CTPYKTYPHOE HCCIEIOBAaHHME IMOKPBITHH, COAEPIKAINX pPa3Hble HAaHOCTPYKTYPHPOBAHHBIC
MPOBOAAIINE NOOABKU: CTaHAAPTHBIC CaXH, MPOW3BOJHBIC TpadeHa, MOANPHUIUPOBAHHBIE YTIIICPOJHBIE HAHOTPYOKH.
[Ipn sTtom Oyzner mpocnekeHa 3BOMIONMS (OPMHUPOBAHMS KOMIO3HUIIMOHHBIX JJICKTPOJHBIX TNOKPBITHHA, HauWHAs C
HCXOJHBIX PacTBOPOB, W, Jajee, Ha BCEX IMOCIEAYIOIMX JTamax, BKIIOYas HAHECEHWE MACT Ha IIO/UIOXKKY, CYIIKY,
IPECcCOBaHUE, 3aII0THEHUE AIICKTPOIUTOM.

3akmrouenune: Duektpoas! ¢ 1% YHT neMoHCTpHpYIOT OoJiee BBICOKYIO yAEJNBHYIO €MKOCTH 10 CPaBHEHHIO C
3NIEKTpoIaMu, cojiepkamiue 5-15% caxu. Tem He MeHee, yBenuuenue coaepkanust YHT g0 10% 3HaunTensHO CHUXKAET
00BEMHYIO €MKOCTh DJIEKTPOJIa, KOTOpasi aXKe HIXKe, YeM JJIs dJeKTpoja ¢ caxkeld. Mamepernns SANS mokasanu, 4To
ceth YHT BcTpoeHa B 3JEKTPOIHBIN CIIOI 00€CcTIeYnBaET €ro OOJBIIYI0 CMAYHMBAEMOCTh SJIEKTPOIUTOM TI0 CPABHEHHIO C
Ca)keH, UCTIONb3yeMOi B KadecTBe NMPOBOAAIIAs J0OaBKa. DTO MPUBOAMT K JyUIICH MPOU3BOIUTEIHHOCTH C-CKOPOCTH
anekTposa. Ilpu M3roToBIEHUH TOJICTHIX 3JEKTPOJOB HEOOXOAMMO YUUTHIBATH PEOJIOTHIECKHE CBOMCTBA IEKTPOAHOM
cycneH3un. Hamm pe3ynbpTaThl MOKaszaiu, YTO yBeIWUeHHE maccoBoro cojepxkanuss YHT Gonee 5% 3HaunTensHO
YCIIOXKHSIET TPOIIECC UX AMCIEPTUPOBAHUS B PACTBOPUTENIE M N3TOTOBJICHHE TOJICTHIX OJHOPOJIHBIX CJIOEB CTAHOBHUTCS
poOJIEeMAaTHIHBIM.

Jluteparypa:
1. Wenxin Mei, Haodong Chen, Jinhua Suna and Qingsong Wang, Sustainable Energy Fuels 2019, 3, 148.
2. Tyler Du Beshter, Puneet K. Sinha, Alex Sakars, Gerald W. Fly and Jacob Jorne, J. Electrochem. Soc. 2014, volumE
161, Issue 4, A599-A605.
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BJIMAHUE IiEI‘/‘ITPOHHOl"O OBJIYYEHHA HA CKJIOHHOCTD K KOPPO3HUH
MO MOCTOSHHOM HATPY3KOM AYCTEHUTHOM CTAJIM 12X18H10T, HAXOJISAIIENACS B
PA3JIMYHOM CTPYKTYPHO-®A30BOM COCTOAHUUN

Sposuyk A.B., Lait K.B., lukoB A.C., MakCUMKIH O.H.|

WueruryT sinepHoit pusuku, Anmarsl, Pecriyonuka Kazaxcran

H3y4yeHo BNMSHHE TEPMUYECKOTO M PAIMALIOHHOTO BO3JCHCTBHS Ha CONPOTUBICHHE K KOPPO3HOHHOMY
pacTpeckuBaHUIO oA octossHHON Harpyskoit (KPITH) aycrenurnoit ctamu 12X18H10T.

O06pa3isl I nccieAoBaHmi nMend popMy miockux miactu pasmepamu (0,3 x 10,0 x 7,0) MM, B IieHTpe paboueit
4acTH KOTOPHIX BEIpe3anach (packa rirybmHo# 1,0 MM m mmpuHO# 1,5 MM, 9TO oOecmedmBaiO KOHIICHTPALHIO
pacTATMBAONINX HAMPSHKEHUH B y3KOH 30HE. DKCIEPUMEHTH MPOBOAMIM Ha BO3AyXe M B arpeccuBHOi cpezae (30%
pactBop FeCls). TlomydeHsl maHHBIE W3MEHEHUs KOI(DQPHUIHUEHTa TPEHIMHOCTONKOCTH, KPHTHYECKOW CKOPOCTH
BBICBOOOXKICHHS DHEPTUHU U CKOPOCTH PACKPHITHS TpeluHbL 11t ctand 12X 18H10T B pa3snuaHBIX CTPYKTYpPHO-(Pa30BEIX
COCTOSHHUAX: ayCTEHU3MPOBAHHOM, OOIydeHHOM HeiirpoHamu 10 ¢moenca ~10%° n/cM? U TOcCIe OTKMIOB HpH
temneparypax 400, 650, 700 u 800°C, nnurensHOCTHIO 3 Haca.

[TokazaHo, 4TO OOJyueHHass HEHTPOHAMHU ayCTEHHTHAs CTalb OO0JIaJIaeT MOHIKCHHBIMH XapaKTePUCTHKAMH
TPELIMHOCTOMKOCTH M KPUTHYECKOH CKOPOCTH BBICBOOOXKICHHUSI DHEPIHU IO CPABHEHHMIO C ayCTEHW3UPOBAHHBIM M
OTOMOKEHHBIM MaTepuaioM. [ o0sydeHHOH HeWTpOHAMM CTald KPUTHYECKas CKOPOCTb BBICBOOOXKICHUS YHEPTHU
noutd B 10 pa3 MeHbIE, a CKOPOCTh PAaCKPHITHA TPELIMHBI HA J[BAa MOPSAKA BBINIE, YeM JUIi HEOOJIyueHHOH, uTO
CBHJIETEIBCTBYET 00 yCHIICHUH CKIOHHOCTH K KOPPO3HH.

Metonamn ¢pakTorpauecKoro aHain3a, ONTHYECKOH MeTaorpaduu W IPOCBEUMBAIOIICH 3JIEKTPOHHOMN
MHUKPOCKOTIMM ONpENeNIeH XapakTep pa3pylleHHs CTaJIbHBIX O00pa3loB TPH HCHBITAHUAX HAa BO3AYyXe M B
XJIopcozepxaiiei cpene. YcraHoBieHo, uyto nokaszatenn KPITH 3aBuCAT OT COCTOSIHMS TpaHHIl 3€peH, HAINYUSA U
JIMCTIEPCHOCTH BKJIFOUCHMH, IUIOTHOCTH paclpenesieHus W BHIa Ae(EeKTOB, a Takke OT pa3BuThsA (azoBoro y—a’
MapTEHCHTHOTO MPEBPAIICHHSI.

AHanu3 Moy4YeHHBIX JaHHBIX MO3BOJIMII OIPEICINTh MEXaHU3M Pa3BUTHS KOPPO3HOHHOTO PACTPECKUBAHMUS IO
HaIpsHKCHUEM ayCTEHUTHOW CTaIM NPU U3MEHEHHHU CPEJibl CTIBITaHUS U CTPYKTYPHO-(ha30BOTO COCTOSIHHS MaTepuana.
HccnenoBaHusAMHU yCTaHOBIICHO, YTO B arPECCUBHOM cpeJie, COiep Kalliel akTUBHBIE HOHBI XJIOpa, MEXaHU3M pa3pyIIeHU]
HeoOJyueHHBIX U 00JIydeHHbIX HeifiTpoHamu oOpa3ioB craiu 12X18H10T nepBoHavyanbHO HOCHUT MEXKKPHUCTAUTUTHBIN
XapakTep, KOTOPBIH 3aTeM IpeoOpazyeTcsa B TPAHCKPUCTAJUIUTHBII.

Pabora BbinosiHeHa npu ¢uHaHcoBoi noanepxkke [Iporpammel No BR09158499 MuHucTepcTBa 3HEPreTHKH
Pecny6muku Kaszaxcras.

BJUSHUE OBJYUYEHUS UOHAMU APTOHA HA CBOMCTBA ITPOTOHHBIX MPOBOJHHUKOB
HA OCHOBE LaScOs3

Xpomywun U.B., Axkcenosa T.H.

Wncruryt sipeproit pusnkn Munncrepersa sHepretuku PK, Anmarer, Kazaxcran

Ha ceromssmHuii JIeHb M3BECTHO MHOXECTBO CJIOXKHBIX OKCHJOB, OOJNAJaOMIMX CBOMCTBOM HPOTOHHOM
npoBoauMocTu. [IpakTiHyeckn Bcex N3 HUX 0ObEANHIET HAINYME BaKaHCHH B KHCIIOPOJHOM IO/IpEIIeTKe.

[Ipn oTxure Bo BIAXHON aTMocdepe Takue MaTepHallbl HHTEPKATUPYIOT BOJY B COOTBETCTBUU CO CIIeTyIOLIEH
KBa3UXMMMUYECKOH peakuuel, 3anucaHHoi B Hotauuu Kperepa-Bunka

H2o + V..o + OXO = ZOH.O

rae V*°%, — BakaHCHUs B KUCJIOpOaHOU moaperiterke, OH®, — mpoToH, J0KaaM30BaHHbIN Ha HOHE Kuciopoaa, 0%, —
KHCIIOPOJT PEIIETKH.

Takum 00pa3oM, BOAOPOA MOMAJacT B PEIICTKY OKCHIOB, M MaTepHallbl MPHUOOPETAIOT CBOWCTBA MPOTOHHOU
MPOBOJIMMOCTH, KOTOPasi 00yCIaBiuBaeTcs mepeckokamMu H* - mpoTOHOB 10 KUCIOPOAHON noaperneTke. Jis co3nanus
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BaKaHCHH B PEIIETKE CJIOKHBIX OKCHIOB, KaK IIPABHIIO, HCIIOJIB3YETCS YaCTHYHOE 3aMELICHHE OJJHOT0 U3 METAJUIMYECKUX
KOMIIOHEHT OKCHJIA JIEMEHTOM, BaJICHTHOCTb KOTOpOro Hrke. [Ipy 3ToM, ecin KOHIEHTpaLHs 3aMeIaloIero 3JIeMeHTa
MaJia, MaTepHall COXpaHsIeT HCXOIHYIO CTPYKTYpY, a B HeM 00pa3yroTcsl KUCIOpoAHble BakaHcuu. [locneHee cinenyeT u3
COXpaHEHHMsI DJIEKTPOHEHTPAILHOCTH OKCHA.

B nanHo# pabote u3yueHo BiusiHUE criocoba GpopMupoBaHus Ae(EKTOB B MOJPEIIETKE JaHTAHA U UMILIAHTALUH
HHU3KOPHEPreTHUECKUX HOHOB aproHa Ha CTPYKTYpPY U CBOMCTBA CKaHaTa JIaHTaHa.

B kadectBe 0OBEKTOB HCCIENOBAaHHWS HCIIOJNB30BAIM KEepaMH4Yeckne o0pas3lbl CKaHAaTa JIaHTaHa
La1«(Ca,Sr)xScOs.5, CHHTE3MpPOBAHHBIC IyTEeM AaKIENTOPHOTO IOMMUPOBAHUS, T.e. YACTHYHOTO 3aMEIICHHSI
TPEXBaJEHTHOTO JlaHTaHa aByxBaneHTHBIM Ca wim Sr (x = 0.05,0.1). B nanHoM ciiydae, B MaTepuaiie 06pa3oBEIBaIOCH
0=X/2 KuCIOpOmHBIX BakaHCHA. Hapsiay ¢ 9TM OBUTH HCCIIEMOBaHBI 00pasilbl CKAHIATA JIAHTaHA C JACPHUIIUTOM IO
manTany La;«ScOs.s (x=0.03, 0.05, 0.1). B stom ciyuae B okcuae 06pa3oBBIBAIOCH 0=1.5X KHUCIOPOIHBIX BaKAHCHH.
IMocne cuHTe3a 00pa3IBl OTKUTATNCH HA BO3Myxe mpu Temmeparype 650°C B Teuennn 8 gacos. [locne oTxura 4acTh
00pa31oB 00Iyyanach MOHaMM aprona ¢ sueprueii 100 k3B Ha yckopurene JLI-60 no ¢mroenca 1017 cm2,

[okazaHo, uto ciocob hopmMupoBaHus 1e()EKTOB B ITOIPELIETKE JTaHTaHA HE OKa3bIBAET CYIIECTBEHHOTO BIMSHUS
Ha crpykrypy LaScOsz. CormacHo peHTreHO(a30BBIM HCCIEAOBAHUSIM CHHTE3MpOBaHHBIE 00pasubl LaScOs, mmeror
OPTOPOMOHMYECKYIO CTPYKTYpY U XapaKTepU3YIOTCS PaBHOMEPHBIM paclpelesieHUEM 3JIEMEHTOB BO BCeM O0BeMe
o6pa3noB. Uckimouenne coctapisiet oopaser] Lag9eSCO2 g5, CTPYKTYpa KOTOPOTO CYIIECTBEHHO OTIMYAETCS OT CTPYKTYPBI
oe3nedururaoro LaScO3. MeTogoM TepMOoaeCOPOIIMOHHOM CIIEKTPOCKONUH MTOKAa3aHO, YTO Ha JOMHPOBAHHBIX 00pa3iax
Laz-«(Sr,Ca)xScO3-5 pacTBOpEHIE BOIBI MIMEIO MECTO MPHU BBIEPKKE 00pa3IioB Ha BO3MyXe IPH KOMHATHOM TeMIeparype.
[IpenBaputenbHBIE OTXKUT 00pa3noB Ha Bo3gyxe npu 650°C mPUBOAMI K CYIIECTBEHHOMY POCTY KOJIHYECTBA
pPacTBOpeHHOW B oOpasuax Boxbl. [IpH 3TOM KOJNMYECTBO MHTEPKAJIMPOBAaHHBIX IPOTOHOB POCIO C POCTOM CTCICHH
KaTHOHHOTO JomupoBaHus X. OKazaloch, YTO KOJHMYECTBO BOABI, PAacTBOPEHHOW B oOpasuax Lai ScOss, ObUIO
CYIIECTBEHHO HIDKe, YyeM B obOpasmax Lai«(Sr,Ca)xScOszs mpu oaMHaKkoBbIX 3Ha4YeHWsX x. I[Ipeamonaraercs, 4Tto B
nehuuuTHBIX 1Mo La oOpasnax TOMHHHPYIOLIMM CTaHOBHUTCS B3aUMOJCHCTBHE Ne(EKTOB - OJIOKHPOBKA KHUCIOPOIHBIX

BaKaHCHM 3a CUeT O6p330BaHI/I$I KOMIIJICKCOB (VLa )Z(VC.;)3 ", KaK CJICACTBUC, CHMIKCHUC PACTBOPUMOCTU BOJBI.

Pe3ynbTaThl TEpMOrpaBUMETPUYECKOTO aHAIN3a XOPOILO COIIACYIOTCs ¢ JAHHBIMH TEPMOAECOPOLIHH.

VmnnmaHTanus HU3KOYHEPTeTHYECKUX HOHOB aproHa IMpakTHUECKH He TOBIHsIIa HAa CTPYKTYpy CKaHaTa JaHTaHa
UCCJICJIOBAaHHBIX COCTAaBOB, HO H3MEHWIa MOPQOJIOTHI0O HX MOBEPXHOCTH. Tak, MOBEPXHOCTh HEOOIY4EHHOTO
JOMUPOBAHHOTO CKaHJATa JIAHTaHA COCTOSUIA M3 OTPAaHEHHBIX 3epeH pa3MepoM 1-3 MKM, KOTOpbIEe HOCIe OOIydYeHHs
CTAaHOBMIUCH OBalbHBIMH. Ha oOpasmax ¢ pgeduuuroM JaHTaHa Mociie OONXydeHHs Oosiee YETKO MPOABIIIACH
rpaHyJIsIpHasi CTPyKTypa.

[lo nmaHHBIM TEPMOJIECOPOLMOHHOM CIEKTPOCKOIUH W TEPMOTPABUMETPUYECKOTO aHAIH3a yCTaHOBIEHO, YTO
MMIUIaHTAIMsI NOHOB aproHa B TBEp/ble KepaMH4ecKne oOpaslbl CKaHJaTa JIaHTAaHA HE OKa3bIBAE€T CYNIECTBEHHOTO
BIMSHUS Ha KOHIEHTPALMIO HHTEPKAaIUPOBAHHBIX IPOTOHOB. B TO ke B X0/l TEPMOTrpaBUMETPUUECKHUX HCCIEJOBAHUI
Ha OOJIydeHHBIX IOpPOMIKOOOpa3HbIX oOpasliax CKaHJaTa JIaHTaHa B HHU3KOTEMIIEpaTypHOH 0O0JIaCTH BBISBIICHBI
JIOTIOJTHUTENbHBIE TUKH MTOTEPH MACChI IO CPABHEHMIO C HEOOIydEHHOH KEPaMUKOH, UTO CBHIETENBCTBYET O MOSBICHUN
paIraoHHO-aKTHBHPOBAHHBIX IIEHTPOB COPOINH aTMOC(EPHBIX I'a30B.

N3yueHo BmusHWe OOIy4eHHS HMOHAMH aproHa Ha IPOBOAAINME CBONCTBa CKaHAaTa JjaHTaHa. IlomydeHs
TeMIlepaTypHble 3aBUCHMOCTH MPOBOANMOCTH «00BbEMay W I'paHHMI] 3€peH, ONpelesieHbl COOTBETCTBYIOIIUE YHEPTHU
aktuBanuy. CpenmaH BBIBOJA, YTO OOJydYeHHE HOHAMM aproHa CIIOCOOCTBOBAJIO YMYYIIEHHIO NPOBOJASAIINX CBOMCTB
CKaH/laTa JIJaHTaHa, CHHTE3UPOBAHHOTO IIOCPEACTBOM CO3JaHUS ASPUIUTA 1O JIAHTAHY.

Pabota Oblia BhINOJNIHEHA TIPH NoJyepkke MuHucTepcTBa 3HepreTiku Pecryonukn Kasaxcran. (Ilporpamma
neneoro ¢unancupoBanusi BR09158499 «Pa3BuTre KOMIUIEKCHBIX HAyYHBIX MCCJIEJOBAaHMN B 00JIACTH sIIEpHOM U
paauaoHHON (GU3UKH Ha 0a3e Ka3aXCTAaHCKHUX YCKOPHTEIBHBIX KOMIUICKCOBY).
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BJUSHUE NMPEJIBAPUTEJBLHOW TEPMOOBPABOTKH HA CIIEKTPBI JU®P®Y3IHOT O
OTPAKEHHUA (J1I0) CTEATUTOBOM KEPAMMKM CHIJ

Hypumounos 1., Caudaxmeoos K.X.

Wncruryt SAnepHoit ®uszuku AH PVY3, 100214, TamkeHT.
skhahramon@yandex.ru

Pa3BuTHe aTOMHOI TEXHUKN M 3HEPTE€THKH ITOTPEOOBAIIO PEIICHHS HOBBIX IIPOOIIEM, CBA3aHHBIX C paJlHalliOHHON
(U3HUKON THIJIEKTPUKOB. B 3TOM acriekte KepaMuiecKue TU3JIEKTPHKH Ha ocHoBe MgSiO3 T.e. cTeaTHTOBBIE KEPAMHUKH
UMEIOT 0coboe MecTo. DTH MaTepHalbl IMUPOKO HCHIONB3YIOTCS B OCHOBHBIX y3max ADC Kak BBICOKOYACTOTHEHIC,
TEPMOCTOMKHE JHANEKTPUKH. M3yueHue Jerpajalvu B MOJSX paJdallid CBOMCTB KEPaMHUYECKHX MAaTepHajoB HMEET
Ba)XKHOE 3Ha4YeHue. B nanHoii padote MetonoMm nuddysHoro orpakenus (J1O) ObuM M3yueHbI paluallioHHbIe Ae(EeKThI,
BO3HMKAIOIHE 0] BO3IEHCTBUEM BBICOKUX J103 Y-00imyuenus (>10°P) B creatntoroii kepamuke CHII. TIpu nsydenun
TepMHUYecKoii cradminbHocTH nonoc noriomenus (I111) ¢ makcumymamu ipu A=220 1 260 uM B Y@ 061acTi U BUAUMON
obmnactu (BO) cnextpa ¢ makcumymamu 400-550 HM BBIBICHO, YTO IO Mepe YBEIMYEHHS TEMIEpaTypbl OTXKHra 10
T~800°C nabmonaercs ysenudenue kodpduuenta nuddysHoro oTpaxeHus-R, To ecT HabIIOAAETCA OTKUT LIEHTPOB
okpacku (I1O), oTBeTcTBeHHBIX 3a Bbllle oTMedeHHble N1 ITpu Temmneparypax >800°C HabmoaeTcss yMeHbIICHHE
ko3¢ ¢unnenrta orpaxkeHus-R. 31o ABiIeHNE HeNb3sg OBUIO OOBICHHUTH, HCXOAS U3 OTXKHra paanannoHHex 11O, Tak kak
Ipu BeICOKOTeMHeparypHoM omxure 1{O momxHbEI ObUTH MCYe3HYTh. BeposTHO, 3TOT 3ddekT 00ycimoBiIeH OTKHUIOM
camMux o0Opasnos (6e3 yuéra OT)KHra pagnalMoOHHBIX AedekToB). /I BBIICHEHHS 3TOTO OBLIO MCCIIEIOBAHO BIMSHHE
TEMIIEpaTypbl OTXKHI'a HA OTPAXKATEIbHYIO CIIOCOOHOCTH HEOONMyd4eHHOH Kepamuku. /[l sToro Opammch 1Ba
HEOOTy4eHHBIX 00pa31ia KepaMUKH, OJIUH, N3 KOTOPBIX CIIY KW 3TaJIOHOM, a IPyTroi MOABEPTaCcs TEPMUUECKOMY OTXKUTY
NpU Pa3IMYHBIX TEMIeparypax, IOcie Yero NpoBOAWIOCH M3MepeHHe nuddys3Horo orpakeHusi-R orHocurensHO
stanona. Kak nokasaim usmepenus crektpoB JJO 0TOXIKEHHBIX 00pa3loB 10 Mepe YBEIUUCHHUS TEMIIEPATyphl OTXKHT' A
HaOJro1aeTCs yMeHbleHne kodddunmenta nuddys3Horo orpaxkerus-R B8 YO obdnactu u 6mmwke k BO. Otcroaa BumHO,
4TO yMeHbIeHre Kod(pduinenTa oTpaxkenus-R B y-00i1yueHHbIx obpasuax npu T>850°C 06ycnoBneHo M3MEHEHHEM
YCIIOBUI OTpakeHHs CBeTa o0pa3loM B pe3yibrare TepMooOpaboTku. CTeaTHUTOBBIE MaTepualibl, SBISIFOTCS
MHOTO()a3HBIMH MaTepuallaMH, IPHU BBICOKOTEMIIEPATYPHBIX TEepMOOOpabOTKaXx MOIYT HU3MEHATh CBOE (azoBoe
COCTOSIHHE TI0 CPaBHEHHIO C HMCXOAHBIM. OTHOCHTENBHO MOJUMOP(GHBIX MNpEeBpaIleHUH, 00JacTH YCTOHYMBOCTH
yKa3aHHBIX ()OPM M TeMIlepaTyp MX B3aUMHOTO IPEBPAIEHHs, CYIIECTBYIOT IPOTHBOpPEYNBBIC NaHHBIE. OCHOBHBIE
CBeJIeHUs 110 monuMop¢u3My npuseaeHs! B [1]. ITo ux 1aHHBIM, TOJIBKO 3HCTATHT M NMPOTO3HCTATHUT UMEIOT 0OJIACTH
ycToiumBOro cymecrtsoBanua. Ilpm 1042°C SHCTaTMT IepeXOmUT B BHICOKOTEMIICPATYPHBIM IIPOTOSHCTATHT.
Knunosnerarut, mo [1] 3To MeracrabmibHas Qasza, mpuyeM TeMIlepaTypa MeTacTaOWJIBHOTO NPEBPALICHUS MEXIY
KJIMHOSHCTATHTOM M TIPOTOSHCTATHTOM cocTaBisieT > 865 °C. Dta cxeMa J10 H3BECTHOM CTENEHHU COTIIACYETCs CO CXEMON
nomMopdHbIX npeBpaiennii MgSiOs. Tlo 3Toll cxeme HCTaTHT paccMaTpUBaeTCs Kak HU3KOTeMIeparypHas dopma
METAacHIIMKaTa MarHusi, HeoOparumo mnepexogsmas npu 1260°C B MPOTOSHCTATHT; MOCTENHME TPH OXJIAXKICHUH
NpEeBpaIlaeTcsi He B DHCTATUT, & B KIMHOIHCTATUT, KOTOPBIH NPH COOTBETCTBYIOUIMX YCIIOBHSIX MOXET IEpEeHTH B
sHcTaTuT. OTCI0/Ia MOXKHO CIIETIaTh BBIBOJI, YTO YMEHbIIEHNE KOG PHUINEHTa OTPpaXKEHHA-R MOKeT ObITh 00yCIOBIEHO
(a3oBBIM TIpeBpallleHUEM, T. €. METACTa0MJIBHBIM IIPEBPALCHUEM MEXIy IMPOTOIHCTATHTOM M KIMHOIHCTATUTOM,
KOTOPBIH UMeET MECTO NpHu Temnepatype > 865°C [1].

Jlureparypa:

1. IopmkoB B.C., CaBenseB B.I., ®emopor H.®D. Dusmueckas XUMHUS CHJIMKAaTOB M JPYTHX TYTOIUIABKHUX
coenuHeHn. —Mocksa: Beicmas mikosna.1988r. —399c¢.
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BBITPABJIMBAHUE TPEKOB B OKCHUJIE U HUTPUJIE KPEMHUS 1 UCCIEJOBAHUE
MOP®OJIOI'MH COOPMUPOBAHHBIX OBJIYYEHUEM BTH HAHOIIOPUCTBIX CJIOEB

Dedocumosa A.U.1, Mypzanunoe [].0.%, Jlebeoes U.A.?, Hopaumoea C.A.%, uumpuesa E.A.%, Bonoape E.A.?

IPTTI «HCcTHTYT sinepHOii husukm», T. AnMarel, Kazaxcran
2TOO «DU3UKO-TEeXHUUECKUIT HHCTUTYT», I'. Anmartsl, KazaxcTan

Jnist u3rotoBiieHust OfHOCIOWHON cTpYKTYphl SiO2/Si merogom PECVD Ha kpemHmeByio momioxky Kb 12
mramerpoMm 100 MM ¢ kxpuctamutorpadudeckoit opuernranuert (111) HaHOCHIACH TIEHKA OHOKCHAA KPEMHHUS M3 CMECH
TeTpa’dTOKCHCHIIaHau Kuciopoaa. Temmeparypa ocaxaeHus coctaBiusia 300 °C, tonmmua SiOpno  JaHHBIM
9JUIMIICOMETPUH COCTABIAIA 1 MKM.

st oTpaboTKH Mpoliecca BHITPABIMBAHUS TPEKOB B CJIOE AMOKCH/A KPEMHUs ObLI BBHIOpAH PEXUM OOITydeHUs
MOHaMH KceHoHa ¢ sHeprued 133 MaB ¢urosncom 1x10° cm2. Kak nokasanu pe3ysbTaThl MOJEIMPOBAHHS B PAMKax
MOJIEIN TEPMUUECKOT0 MHKa, P 06paboTke BO PTOPHCTOBOJOPOAHOM KicioTe 00pa3ioB SiO2/Si, 061yueHHBIX HOHAMI
KCeHOHa ¢ 3Heprueil 133 M»aB, MOXXHO J10CTHYL BOCIIPOM3BOJMMOTO CO3JaHUsI HAHOKAHAJIOB C PETYJIAPHOH (opMoii B
CJIO€ IMOKCUJIA KPEMHUS, IPUYEM OKHJIAJIOCh, YTO TUIOTHOCTD 3TUX KaHAJIOB OyAET COOTBETCTBOBATH (DIIFOCHCY.

Kak BumHO U3 pricyHKa 1, mocie oOmydeHus 1 00padoTku B pactBope HF B MecTax BXOKICHHUS HOHOB B OKCHIHBIH
CJIOH BEITPABIMBAIOTCS OTBEPCTHSA (TIOPHI) MOYTH MPAaBUIIbHOM chepudeckoit ¢opMbl.  [IMOTHOCTH  BBITPaBICHHBIX
TPEKOB MPUMEPHO COOTBETCTBYET (DIIIORHCY.

a - [ToBepXHOCTH OKCH/IHOTO CJIOS 1TociIe 00pabOTKU B TeUCHHE 2,5 MUHYT
b - TToBepxHOCTH OKCHIHOTO CIIOS TTOCIIE 0OPaObOTKH B TEUCHHE 5 MUHYT
C - [ToBepXHOCTh OKCH/IHOTO CJI0s1 1Tociie 00paboTku B TeueHue 10 MUHYT

d - TToBepXHOCTh OKCHIHOTO CJIOS TT0Cie 06paboTKH B TeueHne 12,5 MUHYT
e - [ToBepXHOCTH OKCHAHOTO CJIOS IOciie 00pabOTKH B TeUeHNE 15 MUHYT

Pucynok 1- O6pasen SiO2/Si 06:yuen nonamu Xe (133 MaB, 1x10° cm?)

[Tpu manbpIx BpemMeHax 00paOOTKH B TpaBHUTEJE CPEIHUN ANaMETp HOP JIMHEWHO pacTeT C YBEJINYEHHEM BPEMEHH
TpaBieHus. ONTUMabHBIH HHTEPBaJl JUIUTEIEHOCTH 00pabOTKH B pacTBOpPE (TOPHUCTOBOIOPOJHON KHCIOTHI COCTABIISIET
2 - 8§ munyT. [Ipn paboTe B 3TOM BpeMEHHOM MHTEpBaJIe JUaMETP BBITPABICHHBIX HOHHBIX TPEKOB MOXKET OBITh H3MEHEH
ot 100 1o 400 HM IIpU yBEIMUYEHUH BPEMEHU TPABICHMUS.

Pabora monnep:xana MunuctepcTBoM obpazosanus u Hayku PK, rpant Ne AP09058002.
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BbBISIBJIEHHUE BJIMSIHUSA BBICOKOJO3HOI'O HOHHOI'O OBJIYYEHUSA HA CTPYKTYPHO-
®A30BOE COCTOSHUE CILJIABA Zr-5"Fe

Bepewax M.D.Y, Manaxosa U.A.Y, Lloxanos A.K.?, Cycnos E.E.%, Tneybepzenoe JK.K.*

Mucruryt speproit Gpusuxu, Anvarel, Kazaxcran
?Kazaxckuii HallMOHAbHBIHN Negarornyeckuii yaupepeuteT uM. Abas, AnMatel, Kazaxcran

Metomamu abcopOironaoit (MS) n kouBepcnonHoi (CEMS) meccOay3poBcKoii CIEKTPOCKOINH, PEHTT€HOBCKON
mudpakauu (XRD) u pacTpoBoif 37eKTPOHHOW MUKPOCKOIIMY IIPOBEACHBI HCCIICOBAHUS BIMSIHUS BEICOKOIHEPTHIHBIX
OJIHO3apSTHBIX HOHOB °'Fe Ha CTPYKTYypHO-()a30BOE COCTOSIHUE UPKOHKs. J[JIst pacueTa CTENEHN BO3IEHCTBAS HOHHOTO
Myyka Ha KPUCTAJUIMYECKYIO PEIIeTKy LHUPKOHUS Hcmoyib3oBanu mporpamMmy SRIM-2008. IIporpamma mo3Bosmia
ONpPENENNTL JUIMHY TNPOEKTHBHOTO TpoOera HOHOB °'Fe B LMPKOHMHM W PacCYWTaTh YHCIO aTOMOB MHLIEHH,
MOABEPTHYTHIX 00JIYy4YEHHIO, a TAK)KEe OLIEHUTh YUCIIO CMEILEHNH, BEI3BAHHBIX STUMU HOHAMH.

OO6pa31pl MUPKOHHUS TOCIIEe MPOKAaTKU 10 20 MKM M FOMOTCHH3HMPYIOLIETO OTXKUra B BaKyyMe IpH TeMIlepaType
850°C moxsepranu oOnyueHHio Ha yckoputene Tsxenbix MoHOB UKP-2-1 UMHctutyTa sinepHoit ¢usuku (AjmMaTsl,
KazaxcTan). DHeprus uoHos 1 MaB, Tok myuka Ha Mumend ~ 100 HA, mo3a 5x10% non/cm?. JlokanbHoe OKpysKeHHE
atoMoB °'Fe ompenensam METOIOM MeccOaydpOBCKOH CIHEKTPOCKONHMH Ha creKTpoMmeTpe MS-1104Em 1mpu KoMHATHOR
Temmepatype. VcTounnkom y-kBaHTOB ciyxui °'Co B Cr. O6paGoTKy MeccOaydpOBCKHX CIEKTPOB OCYINECTBISIN
METOJIOM MOZEIBbHON pacmrdpoBKu ¢ moMombio nporpammsl SpectrRelax. CTpyKTypHOE cOCTOSHHE IUPKOHUS 10 U
nocyie o0mydeHus peructpupoBaan Ha mudpaxromerpe D8 Advance ¢upmber Bruker ¢ memHeIM m3mydaTtenem u
rpaduTOBEIM OTpakaTeraeM. MopQOoIOTHio MOBEPXHOCTH U 3JIEMEHTHBIN COCTaB M OIIPEAEIISIIN C IIOMOIIBIO PACTPOBOTO
anekTpoHHOro Mukpockona JEOLJSM-6610, ocHalleHHBIM 3SHEProJUCIEPCUOHHBIM aHanu3aTopoM. ConepxaHue
MMILUTAHTHPOBAHHOTO °'Fe B MaTpuile IMPKOHHUS OKa3anock paBHbM 1.51+0.09%. MS- u CEMS-cniektpsi Ha sapax °'Fe,
UMIUIAHTHPOBAaHHOTO B KPUCTAJUIMYECKYIO PpEIIeTKY LUPKOHHUS, MPEICTAaBIIIOT CcOo00M CYNEeprno3uIMI0 IBYX
nyonero:ayoner D1 unrencuBHocThio 17.4% ¢ n3omepHbiM caurom — 0.38 MM/C M KBaipyIOJIBHBIM pacIerIeHHeM
0.96 mm/c; ny6ner D2 unteHcuBHOCTBIO 82.6% ¢ n3oMepHbIM ciBUroM — 0.25 MM/C U KBaJIpyIOJIbHBIM pacIIeIICHHEM
0.49 mM/c. MeccbayspoBckre MmapaMeTphbl TyOJIeTOB COOTBETCTBYIOT AHAJOTHYHBIM MapaMeTpaM HHTEPMETAJLIHIOB
ZrsFe u ZrFe,. 3BecTHO, 4TO Jierupyronye 3i1eMeHTsl 3d-rpynnbl UIMEIOT HU3KYI0 PacTBOPUMOCTH B LIMPKOHHH, YTO
HCKITIOYaeT 00pa3oBaHKE TBEPJOIO PacTBOpPA 3aMEIICHHUS B KPUCTAJUINYECKOH perieTke HupkoHUs. CleayeT OTMETUTH,
YTO TeMIepaTypa Ha MUIIIEHH B Ipoliecce o0urydeHns He npesbimana 60°C, 4To SIBHO HEIOCTATOYHO ISl OCYIIECTBICHUS
KpPHUCTAJUTM3alnu U (GOpMUPOBaHHS HAHOKPHUCTAJUIMYECKUX (a3 B IPHIIOBEPXHOCTHBIX ClIOAX M oObeme Zr Fe-crtasa.
TepMmuueckass peKOMOHMHAIMS BAaKaHCHMH M MEXJIOY3eNbHBIX aTOMOB BHYTPHM Kackaja CMEHICHHH BO3MOXHA H
00ycCIIOBJIEeHA TEPMHYECKUMH IHKaMu. PeHTreHocTpykTypHbIH anamu3 (XRD) mokasbiBaeT MOCTOSIHCTBO HapaMeTpa
KPHUCTAJUTMYECKOI penIeTK NUPKOHMS 10 U mocie oOmyuyeHnsi. Ha peHTreHorpaMmax 0OJIy4eHHOTO LIMPKOHUS TaKXkKe
HaOromaroTcs peduiekcs nHTepMeTaTuaoB ZraFe u ZrFe,.

Pabora Oblna BbINONHEHA NpH NOAJEp)KKke MunuctepctBa sHepreTuku Pecny0Oiuku Kazaxcran. (IIporpamma
neneBoro ¢uxHancupoBanust BR09158499 «Pa3BuTne KOMIJIEKCHBIX HAYYHBIX HCCIEIOBAaHHMN B 00JIACTH SAACPHOH H
paaraoHHON (GU3UKK Ha 0a3e Ka3axCTaHCKUX YCKOPHUTENIbHBIX KOMIUIEKCOBY).

JAEJOKAJIM3ALIAA SJIEKTPOHOB HA TIOBEPXHOCTH HAHOYACTUIL KPEMHUA

Myxmapoe A.T1*? Vemanosa C.A.°

Mucruryt speproit pusuxka AH PY3, TamkenT, V30ekucran
2Anmansikekuii punuman HUTY MUCuC, Tamkent, Y36exucran, amukhtarov@gmail.com
SHWMU oxpykarolieii cpeibl ¥ IIPHPOJI00XPAHHBIX TEXHONOTHI, TalkeHT, Y36eKkucTan

B mocnenHee BpeMs KpEeMHHEBBIE HAaHOYACTHUIIBI BBI3BIBAIOT OTPOMHBIA HMHTEPEC B CBSI3M C OOHApy>KCHHEM
YHHKAIIbHBIX CBOMCTB, KOTOPBIE€ OTKPBIBAIOT IIMPOKHE BO3MOXKHOCTHU AalbHEHIIEH MUHUATIOPU3ALUK B JIEKTPOHUKE U
(hoTOHMKE, NCTIONB30BAaHMS B KAUeCTBE KBAaHTOBBIX TOYEK B Pa3lIMUHBIX YCTPOMCTBAax M Apyrue. B wacTHocTH, mpupona
HEOOBIYHBIX CBOIMCTB KpeMHHEBBIX HaHOTPYOOK (Si HT) 00ycnoBiieHO XapakTepoM MeXaTOMHBIX CBSI3€H U COCTOSHHEM
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JJIEKTPOHHBIX OpOWTanell Ha IOBEPXHOCTH HAHOTPYOOK. OnHAKO, HCCIENOBAaHMAM MEXaHW3Ma EIOKaIU3alnuu
3JIEKTPOHOB XUMHYECKNX CBS3€H M MX CBS3U CO CBONCTBAMH HAHOTPYOOK KPEMHHMS YACIACTCS HEJOCTATOYHO BHUMAHNS.

B nanHOW paboTe HaAMM MCCIIEOBaH XapakTep 7T-CBA3M Mexay aromamu kpemHus B Si HT u mpupona
JIeTIOKAIN3aIMU 3JIEKTPOHOB Ha ITOBEPXHOCTH TPYOKH C MCIIOJIb30BaHUEM METO/a (DYHKIMOHANA JIOKAJIbHOH IUIOTHOCTH
¢ 00MEHHO-KOPPEISIIMOHHBIM ToTeHIanoM bekke-Ilepapio B 6a3uice BaIeHTHBIX ABOMHBIX JI3€Ta C MOJISIPU3ALIHOHHBIMH
¢ynknuamu [1]. OnTumu3anys reoMeTpun OblIa MIPOBEJCHA C COXPAaHEHHEM CUMMETPHU MOJEIH.

Hawmu BeIsiBiIE€HO, 4TO (n,n)-SiHT nmeer mepoxoatyto popmy, Toraa kax (n,0)-SiHT rnaakyto noBepxHOCTh. DTO
OOBSACHIETCS OTHOCHUTEIBHBIM IIOJO)KEHHEM HECBS3aHHBIX p-opOuTaneii aromMoB kpemHus. CHibHas T-CBSI3b
CTa0MIM3NpPYeT MIAAKYI0 CTPYKTYpy. Crabas T-CBS3b Ha MOBEPXHOCTH TPYOKH MPUBOIUT K peOPHCTON TOBEPXHOCTH.

Cuna T7-CBSI3M ONIpeneNnseTcs CTENEHBI0 [ENOKaIW3allid  T-JIEKTPOHOB. JIsl OIpEAENeHHs CTCIeHH
JIEITOKANIN3AIH 3JIEKTPOHOB OBLT HMCIONB30BaH HMHACKC Baitbepra-Maiiepa (BM). Unamekc BM Obpi1 BBIYHCICH C
ucronb3oBanueM nporpamMMel JANPA [2] ma 06aze HaOopa HaTypaJpHBIX MW ONTHMH3WPOBAaHHBIX IO CBOHCTBAM
JoKam30BaHHBIX opouTtanei (CLPO).

JIureparypa:
1. F. Neese // Software update: the ORCA program system, version 4.0, Wiley Interdiscip. Rev.: Comput. Mol. Sci.
2018, 8, e1327.
2. Huxomaenko 1O., bymasun JI.A., XosopyH [.M.; JANPA: kxpoccmiardop MeHHas peanu3amiisi ¢ OTKPBITHIM
ucxoausiM koj0oM Natural Population Analysis na mnardopme Java, Bera. u teop.xumus 2014, V.1050, P.15-22.

JIUDJIEKTPUUECKHUE CBOMCTBA y-OBJIYYEHHBIX KOMIIO3UTOB

Habuesa A.H.

Wucruryt Paguanmonssix [Ipodiem HAH Aszep6aiimxana

B Hacrosmiee Bpemsi Bce Oosbliiee NMPUMEHEHHWE HAXOIAT ITOJMMEPHBIE KOMIIO3UTHI, TIOCKOJIBKY BBEICHHE B
MOJIMMEPBI Pa3IMYHBIX MOJU(HUKATOPOB CHOCOOCTBYET IMOBBIMICHUIO MX JKCIUTyaTalMOHHBIX pecypcoB. B mpomecce
9KCIUTyaTallM OHU TTOJIIAI0TCS BO3/ICHCTBUIO BHEIIHUX (PaKTOPOB U B TOM YHCJIE PaJHallIOHHOTO oOsrydenus. OgHako,
HECMOTpS Ha HAJINYUE TEOPETUUECKUX U AKCIIEPUMEHTAIBHBIX PaboT, BOIPOC BIMSHUS PaJHUalliOHHOTO OOJIy4YeHHs Ha
CBOWCTBA HAHO- U MHUKPO KOMIIO3UTHBIX MaTepHaJIOB BCE €Ille OCTA&TCsS aKTyaldbHBIM. [3-3a TOTO, YTO MOTUMEpHBIE
KOMIIO3UTHl HAXOJAT LIMPOKOE NMPHUMEHEHHE B aBHAIlMM M PAKETOCTPOCHHUE NPH pa3pabOTKe CPEeiCTB HCCIEIOBAHUS
KOCMHMYECKOTO ITPOCTPAaHCTBa TPeOYIOTCA HOBBIE MaTepHaIIbl, KOTOPBIE JOJDKHBI BBIAEPIKUBATh HArPY3KH KOCMHUYECKUX
MOJIETOB (BBICOKAsI TeMIlEpaTypa W JaBlIeHHe, BHOPALMOHHBIE HAarpy3KH Ha JTare BBIBEICHHS, HU3KHE TEeMIepaTyphl
KOCMHMYECKOTO NPOCTPAHCTBA, TIyOOKHI BaKyyM, paJHalliOHHOE BO3JECWCTBHE M T.A.) U MMETh JOCTATOYHO HHU3KYIO
yIeNnpHyI0 Maccy. Mcxoas U3 3Toro, MOKHO TpeZroiararb, 4To Uil KOMIIO3UIMOHHBIX MaTepHaIoB, MPUMEHIEMBIX B
KOCMHYECKON MHYCTPHH, OJHOH M3 HanboJjee MepCHeKTUBHON MaTpHUIlbl SBISETCS MONINATIICHA BHICOKOW IIIOTHOCTH
(ITSBII), KOTOPBIit OTHOCHTCS C YHUKAIBHBIMH (PU3MKO-MEXaHNIECKUMH CBOHCTBAMH M KOMITO3UTHI HA €TO0 OCHOBE MOTYT
OTBeYaTh TPeOOBAHMSM, TPEABABIIEMBIM K KOMIIO3UTHBIM MaTepuaiaM, MpeaHa3HaueHHbIX JUIs 3TOH HHAYCTPHU.

B naHHO# paboTe McciienoBaUCh AMAICKTPUYECKUe cBoWCTBa (& tgJ,) cMcTeM MONMMEP-OKCHA METaJIOB Ha
npuMepe cMeceil MOMMATHICHA BBICOKOM toTHOCTH Mapku 20806 -024 ¢ Hano oxuck amomunust (Al,O3) ¢ pasmepom
40HM M IUTOTHOCTHIO 3,89 I/cM? . O0pas3Isl KOMIIO3UTOB B BUAE TUCKA MOTYYaIl U3 TOMOTCHHOM cMecH opomkos [19BI1
Y HAIOJHMUTENS C MOMOIIBIO pyyHOTo oborpeBaemoro npecca npu 433K u nasnennst 15Mma. PexxuM kpucramzanun
3aKajka —oxXJaxaeHue obpasia B cMecu Bojia jiea. Tommuna o6pasnos (100-130)mkm. O6myderne 00pa3ioB KOMIIO3UTa
IPOM3BOJIMIIOCH HA UCTOUHUKE Y-u3aydenus ©Co Ha ycranoske PXM-y-20M. MoHocTh 10361 u3itydenus 3,3-103Tp/u.
Jusnektpudeckasl MPOHUIIAEMOCTh (&) W TaHTEHC yIiia AWdIEKTPUYECKUX moTepsh (1g6) oOpasioB wccienoBaid Ha
TUTOCKUX KOHAEHCATOPAaX MO IBYXAJIEKTPOIHOM CHCTEME B SKBHBAJICHTHON CXeMe MapaJljIeIbHO COSTMHEHHBIX PE3UCTOpa
¥ KOHJIeHCaTOpa B AuanazoHe 4actoT 25+108 Hz nmpu aMmuty e usmepurensHoro Hanpsxkenus Ux1B ¢ npumeneHnem
CIIELMAJIbHOM 9KPAaHUPOBAHHON U3MEPUTEIBHON STUEHKHU TUIA «COHIBUY.

PesynbraTe nccnegoBaHus 4acTOTHBIX 3aBucuMocTeil € [IDBII ¢ pa3HbIM 00BEMHBIM COIepKaHUEM HATIOTHHATEIIS
Al;O3 mokasainm, 94To IpH YBEIUYECHUN KOHIEHTPAIMU HAMOMHUTENS 10 10%06. IHAIeKTprIecKas MpOHUIAEMOCTh Ha
gactore 1k['1] yBeTMUnBaeTCs 1O CPAaBHEHHIO C TIOJUMEPHON Matpuiei ot 2,3 no 3,3; T.e. yBenuuuBaercs B 1,5 pasa.
IIpu Bcex xonnentpamusax Al.Os 1o 10%06. 3nauenue € B cucreme IIDBIT+Al,O3 npu KoMHaTHO# TeMmeparype B
uHTepBane uyactor v=25-10° T npakTMueckd ocTaeTcs MOCTOSHHBIM. Takoe mnoBeieHue 3aBucumoct &=f(V)
nokaseiBaet, uto CO rpymnimbl, KOTOpbIe MOSBISIOTCS B MOJMMEPHOH MaTpUIE MPU M3TOTOBJICHUH U 00pabOTKe ITOTOo
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MaTepHuaia He CIIOCOOHBI OPHEHTHPOBATHCS MO ACHCTBUEM ICKTPHIECKOro mossi. Ilapamerp Ae=(&-&x ), 20e & U &x -
HHM3KOYacTOTHAasE M BBICOKOYACTOTHAs AWIJICKTPHUYECKHE MPOHULIAEMOCTH COOTBETCTBEHHO, OIMCHIBAIONIME IOJHYIO
MIMPHHY TUCTIEPCHH BCEX 00Pa3IOB COCTABIIET MPUOTUIUTEIBHO &£-&x» =2,01-1,99=0,02.

Crnemyer OTMETHTB, 4TO Bo3nelicTBre y-u3nydeHus ([1=100k[p) mpuBoanT Kk yBenn4ueHHto 3Ha4eHUs €. [Ipu 3ToM
cTeneHb yMeHblIeHns € st kommoszuta [19BII+10% Al,O3 yBennuuBaetcss u mapametp Ag COCTaBISCT &-&x—4,28-
3,23=1,03.

3asucumocts tgS=F(T) must uncroro IIOBII 1 kommozuros IIIBII+10% 06 Al,O3 06HapyKHBacT MaKCHUMYMBI IIPU
gacrotax 200I'm;200k['m u S500x['m coorBercTBeHHO. Ilocie BO3mEHCTBHSA Y-OONMydeHHs YKa3aHHBIE MaKCHMYyMBI
HCYEe3a0T, Xapakrep 3aBucumoctH tgS=f(v) wmeHsercs: 3Hauenme (g0 Bcex OOpasUOB € YBEIMYCHHEM YaCTOTHI
YMEHBIIAETCS .

JUABJEKTPUUECKHUE CBOMCTBA TAMMA OBJIYYEHHBIX HAHOKOMITIO3UTOB
HA OCHOBE ITIOPUCTOI'O NOJIUDTUJIEHTEPE®TAJIATA

Hypues M A., Illykioposa A.A., I'acvimosa A.U., Mammaoosa A. 111

Wucturyt Pamnanmonnsix [Ipodnem HAH AzepOaiimkana

B nocnenHue rozpl 60nblnoe BHUMaHUE yIeNseTcsl pa3paboTKe TEXHOJIOTUH MOTYyUeHHs U U3YYeHHs (PH3HYECKIX
CBOMCTB HAHOKOMIIO3UTOB C TIOJYNIPOBOJAHUKOBBIMH YacTUIAMH. M3yueHHe IUIIEKTPHUECKUX XapaKTEPUCTHK
HAHOKOMIIO3UTOB, B YaCTHOCTH, TEMIIEPATYPHOM 3aBUCHMOCTEH OCHOBHBIX JUIJICKTPHUYCCKUX MapaMeTpoB (&, tgd u pv)
MPE/ICTABISIET OOJIBIION HHTEPEC JJIsl UX MPUMEHEHHUS B Pa3IMuHOI 00J1aCTH HayKH U 2JIEKTPOTEXHUKH. B nanHoii padborte
OBUIHM MCCIIEIOBAaHBI 1030BBIE 3aBUCUMOCTH AMIIEKTPHUYECKUX MapaMeTpoB raMMa OOJyUCHHBIX HAaHOKOMIIO3UTOB Ha
OCHOBE TIOPHCTHIX IUICHOK nonmdTHiIeHaTepedTanata ([I9TD) u nanovyacturl cynbduaa kaagmus (CdS).

OOBeKTaMH UCCIIeNOBAaHUS ABSUINCE HaHOKOMIO3uTHl [19T®/CdS momydyeHHbIe Ha OCHOBE NPOMBIIIICHHBIX
TPEKOBBIX MeMOpaH (TOpHUCTHIX TuIeHOK) 13 [IDT® TonmuHo#i ~27MKkM u3rotoBieHHsIXx B OMAU B [lyOone. B manHoU
pabore, B mopax TpekoBeIXx MeMOpan [I9T® meronom nocioiHOH xeMmocopOiyu Oblin chOpMUPOBAHBI HAHOYACTHIIBI
CdS. beutn uccnenosanbl 06pasinl [IITD u nHanokomno3utsl [IDTD/CAS Ha ero oCHOBE ¢ TPEMsI U JCBITHIO [IUKIAMHU
(opmupoBanus. V3MeHeHHE NUAIEKTPUUECKUX MapaMeTpoB (g, tgd W p) B MEPEeMEHHOM I0JIE M3MEPSUIN C TIOMOIIBIO
nmepurenss ummuTanca E7-20 npu ckopoctu HarpeBa 2,5K/mMun. O0iydeHre o0pa3ioB MPOM3BEACHO HA YCTaHOBKE
MPX-y-25M Ha ocHose uzortona Co .

OO0cyxneHus pe3ynbTaToB: M3 3aBUCHMOCTEl TUAJIEKTPUYECKUX MapaMeTpoB (€, tgd U p) OT J03bl 00yueHus D
BUAHO, 4TO [IDT® OTHOCHTENHHO YCTOMUYMB K BO3JCMCTBHUIO TaMMa W3My4YeHUS. A B JIUAJIEKTPUUYECKUX TapaMeTpax
komIt03uToB [IDTD/CAS Habsr01aeTCSl HEKOTOPOE U3MEHEHHE B JO30BBIX 3aBHCUMOCTAX (Puc.1).

28 003 9 98 #\Iqr —+PETF
9,6 3ts.Cd¢
2,2 0,02 94 15\ A1 9ts.Cde
16 0,01 9.2 1= ”=L' -
» ' 9
A i 9t5.Cd
1 0 8,8 ;
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
D, kGy D, kGy D, kGy
A 0 c

Pucynox 1 - 3aBUCHMOCTD AMAJIEKTPUUECKHX ITApaMETPOB OT /1036l 00yueHus mopucroro [I19T® n komno3uTos
Ha ero ocHoBe [I9TD/CdS chopmupoBaHHBIX NpH pa3nudHbIX Tcukiax: a-g(D); 0- tgd(D); c- 1gp(D)

Tak, HayaNbHOE 3HAYCHUS € JJIT KOMIIO3UTOB UMEET MOHIKEHHOE 3HAYCHHE B CPaBHEHUHU C UCXOMHBIM [1DTO.
[Tocne Bo3neiicTBHE TaMMa U3ITydeHHUs HAOIIOJAeTCs POCT 3HAYCHHS JUAJICKTPUIECKON MPOHUIIAEMOCTH C JanbHeIei
crabunmusaitieil mocne ompeneneHHoi 10361, Crabunuzanust st koMno3utoB [IDT®/9uukn.CdS Habmromaercs mpu
sHagennn 10361 100 kI'p, a st kommo3utoB [IDT®/31mkn.CdS npu 3navenun 10361 300k 'p. Habmroqaembre addexTsi
Ut uasiekTpudeckoi mponutaemMoct [I9TD/CAS cumraem, 9To ABISETCS PE3yNbTaTOM MOJsipu3anuu MakcBeia —
Barnepa B Mexx¢a3HOIl TpaHuUIle MaTPHIBI C HAIOJHHUTEIEM M KPOME 3TOTO JIBYX APYTHX NpuuuH. [lepBbId U3 3THX
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NPUYMH SBJISETCS ASCTPYKLUS B MOJMMEPHOM MaTpHlle IPH BO3ACHCTBHM raMMa H3JIy4eHHs, KOTOPBIA HNPUBOIUT K
00pa30BaHUIO B LEmsiX (parMeHTOB AWIOIBHOIO THIA IMOBBHIMIAIONIMN IOJSPHOCTH CHCTEMBI M BTOpas, MHIPALHs
cOpMHUPOBAaHHBIX B MOBEPXHOCTHOW M MPUIIOBEPXHOCTHOCTHOW 001acTH TUIeHOK HaHouactui CdS B riyOuHy mop
TpekoBbIX MeMOpaH u3 [I3T®. M3BecTHO, 4TO MOCiE BO3AEHCTBHE NOHU3UPYIOLIEH paaralii pa3Mepbl HAHOYACTHUIIBI
MIOHIKAETCSI B PE3yJIbTAaTe PA3IOKEHUSI X U MOXKEM CKa3aTh, YTO MUTpAlMs 10 IopaM MeMOpaH oOieruaercs. U3
3aBUCHMOCTEH BHIHO, YTO C YBEIMYECHHUEM J103bl OOJIyYeHHWs, TNPHYHMHBI, IEPEUUCICHHBIC HAaBEPXY, MPUBOIHUT K
HEKOTOPOMY TOHIDKEHHUIO Y/IENBbHOIO COIPOTUBIICHHS, KOTOPOH CONPOBOXKAACTCS IOBBINICHUEM TaHTEHca Yyria
TURJICKTPUIECKUX MOTEP UCCieayeMbIX koMmo3nToB [I9Td/CdS.

Takum 00pa3om, MOKHO CKa3aTh, 9TO H3MEHEHHE B TUAIICKTPUICCKUX MapaMeTpax HaHokommo3utoB [IOHIT/CAS
3aBHCHUT OT YJIYYIICHHWS B3aMMOJACHCTBHS IOJMMEpHOH MaTpuibl ¢ HaHodactuiamu CdS B oOwpeme mommmepa u
B3aMMOOTHOLICHHS IPOLIECCOB CIIMBKHU U JECTPYKLMH MOCIIE BO3ACHCTBUS palHalliH.

U3MEHEHUE MUKPOCTPYKTYPbI U KOPPO3SMOHHBIX CBOMCTB PEAKTOPHOI'O CILIABA
CAB-1 IIOCJIE JJIUTEJILHOIO HEUTPOHHOI'O OBJIYYEHMS U TOCTPAIUAIIMOHHOI'O
TEPMHUYECKOI'O CTAPEHUA

Lait K.B., Pogpman O.B., Aposuyx A.B., Omcmasnoe M.A.| Maxcumxun O.I1

WucTtutyT sinepHo#t Gprsuku, AnMatsl, Pecrrybnmka Kazaxcran

AJTIOMUHUEBBIE CIUIaBBI, COAEPIKAIIMe KPEMHH, IPUMEHSIOTCS B SIEPHOM DHEpreTUKe Onaronapsi KOMILUICKCY
ANEePHO-(PU3UUECKUX CBOMCTB, BKIIOYAIOUIMX BBICOKYIO IUIACTUYHOCTB, TEIUIONPOBOJHOCTh M YIOBIETBOPHTEIHHYIO
CTOMKOCTB K BoiHOH Koppo3un. CriaBbl cuctembl Al-Mg-Si (CAB, PAR) 1 nx 6au3kue ananoru (cruassl 6061 u 6063)
UCTIONIB3YIOTCSI B KOHCTPYKIIMOHHBIX JJIEMEHTaX AaKTUBHON 30HBI, B CHCTEMaX OXJAXKICHUS U yIpaBJICHUS
HCCIIEIOBATEeIbCKIX SIEPHBIX peakTopoB. B  mccienoBatenmsckom peakrope BBP-K  (Ammater, Kaszaxcran)
HU3KonerupoBaHHblii cruilaB CAB-1 B 3akaJleHHOM M €CTECTBEHHO COCTAPEHHOM COCTOSHHM CIYXKHT MaTepHaIoOM
3aIIUTHBIX 000JI0YEK TBAJIOB M CTEPIKHEH aBTOMATHIECKOTO PETYINPOBAHNS, a TAKXKE KaHAJIOB, YEXJIOB, TPyOOTIPOBOJIOB.

B pabote npezcraBieHbl pe3yIbTaThl MaTEPUAIIOBEYECKHX HCCIIEIOBAHNH BIMSHUS HEUTPOHHOT'O OOIydeHHS U
CTapeHUs] Ha MHUKPOCTPYKTYPY, MHKPOTBEPIOCTb W KOPPO3HOHHYIO croiikocTh cmiaBa CAB-1  (Al-Mg-Si).
PaccmarpuBaeMbie 00pasIpl BEIpE3ald W3 OTPaOOTABIIMX JeTajeil aKTHBHOW 30HBI peaktopa BBP-K, o0myueHHBIX
Helitponamu n0 Qmoencos 10?1 — 10%° u/m? npu Temmeparype <100°C u, mocie BbIBOJAa M3 DKCILTyaTaluH,
HAXOJMBIINXCA B CyXOM XpaHuiumie okojo 20 ier. M3ydeHue MUKPOCTPYKTYPBI U CBOICTB OOIyUYeHHBIX MaTepHajoB
MPOBOIIIIN C TIOMOIIBI0 METOAUK IPOCBEUMBAIOIIEH AIEKTPOHHON Mukpockonuu U D/]C-ananu3a (Mukpockon JEM-
2100 (JEOL) c mnpucraBkoif X-max), H3MEpeHHS MHUKpOTBepaocTH Bukxepca (mukporBepmomep IIMT-3) u
KOPPO3HOHHBIX HCIIBITAHUH.

[Tokazano Bo3pacTaHue MHUKPOTBEPAOCTH peakTopHoro cruiaBa CAB-1 ¢ poctom (roeHca HEUTPOHHOTO
00JIydeHHs, a TAKXKE YXyALIEHHE CTOWKOCTH K MATTUHTOBOW KOPPO3UH IO CPAaBHEHMIO ¢ HEOOJIyHdEHHBIM MaTepHajioM.
HcxomHass MUKpOCTPYKTypa cIulaBa IOCie OOMydeHHs MaKCHMAaIbHBIM (DIFOGHCOM HEHTPOHOB XapaKTepHU30BaIACh
HaJIMYMEM CJIEJIOB PAANAIIMOHHO - TEPMHUUYECKOTO CTapeHus: KiacTepoB Ae(eKToB U 3apoabiuieit 30H ['unpe — [Ipectona
(T'1D).

C 1enp0 MMHUTAlMM KPUTHYECKUX YCJIIOBHH CyXOTO XpaHEHHS OTpabOTaBIIMX TBIJIOB C SAEPHBIM TOIUITHBOM
NPOBEIEHBI N30XPOHHBIE OTXKUTH (JUTUTENBbHOCTHIO 1 ac) nmpu temmieparypax 100 —300°C it 00mydeHHBIX HEHTPOHAMU
o0pasunoB CAB-1, ¢ nmocieayonmM u3MepeHneM MUKPOTBEPIAOCTH U KOPPO3HOHHBIMU HCTIBITAHUSMH.

BrisBiieHBI OCOOEHHOCTH HW3MEHEHHS MHKPOCTPYKTYpHl 00iaydeHHoro HeiTpoHamu cruaBa CAB-1 mpu
MOCTPaMallnOHHOM TEPMHUYECKOM cTapeHuu: |)oOpasoBanue pa3BUTHIX 30H T m 3apoapimeil BTOpHIHBIX (a3 mpu
temneparypax <200°C; 2) crabuim3anus U poCT YacTUIl BTOpUUHBIX (a3 (MgzSi, Si, B” u ap.) npu 250°C. OtmeueHo,
YTO HAKOIUICHHWE MEIKOAMCIEPCHBIX YacTUI] KPEMHHUS IMPUBOJIUT K JIOKAIBHOMY OOEIHEHHMIO MaTpPHIIBI 3€peH 1Mo Si u
oborammeHuro Mo Mg, 9To CymecTBEHHO BIMAET Ha KOPPO3HOHHBIE CBOWCTBA CILIABA.

Pabora BrimonHeHa npu ¢uHAHCOBOM momnepxke IIporpammer Ne BR09158499 MunmncrepcTBa 3HEPreTHKH
Pecny6nmkn Kazaxcran.
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W3MEHEHUE DJEKTPUYECKHX CBOMCTB GaS<Yb> TP OBJIYYEHUU
I'AMMA KBAHTAMH

Maoamos P. C., Tazuee T. b., Xanuzzaoe A. L11.

Huctutyt Pagnanuonnsix [Ipooiem HAH. 370143, Baky, Azepbaiimkan

B manHO# paboTe MpHBEAEHBI PE3YIILTATHl UCCIIEI0BAHMM 3JEKTPUUECKUX CBOMCTB MOHOKpHCTaLIoB GaS<Yh>
0.1 at% oOmydeHHBIME TaMMa-KBaHTAMH C IIETbI0 BBEISICHEHUS BIMSHUS B3aWMOICHCTBHA CTPYKTYPHBIX IE(EKTOB C
paaralMOHHBIMU Je(eKTaMH Ha 3JeKTPHYECKHE CBOUCTBA CIIOMCTOr0 MOHOKpucTaia GaS<Yh>.

MomnokpucTamisl GaS, nerupoBarnsie YD GbUIM Moay4eHBl METOAOM BpHkMeHa 1 061afaiy IPOBOJUMOCTBIO
p-tuna. [Ipumecs utepOus BBOAWINCH B IIUXTY IIEPe]] CHHTE30M. Y IeIbHOE CONPOTHBIICHHE MTOTyYeHHBIX 00pa3IoB IpH
KOMHATHOIi Temnepatype coctassio ~10%-108 Om cm.

O61y4enne 00pa3LoB raMMa- KBAHTaMH OCYIIECTBIAIOCh Ha ycTaHoBke Co® npu koMHOTHOM Temneparype. [
CO3/IaHUs] OMHYECKHX KOHTAKTOB, B KaueCTBE Marepuana ObLla, MCIOJB30BABCSA WHAWN, KOTOPOH BHIIIABISIICS Ha
MPOTHBOIOBEPXHOCTH KPUCTAJIIA.

HccnenoBana TeMmepaTrypHas 3aBHCHMOCTh 3JICKTPONPOBOJHOCTH HEJICTHPOBAHHBIX M JICTHPOBAHHBIX
pEeIKO3eMENbHBIX IIEMEHTaMH Y b MOHOKpHCTaIDIoB GaS o u mociie 00MydeHus y- KBaHTaMU.

B nenmerupoBanHoro kpuctamie GaS 3JIeKTponpoBOIHOCTH B 00acTh TemiepaTypsl T=120+240 K He 3aBHCHTH
OT TeMIIepaTypy, a B 00JacTH BBICKHX Temmeparyp T>240 K pactér ¢ temmeparypoit. IIpu 3ToM HaiineHHBIC IO
HAKJIOHY BBICOKOTEMIIEPATYpHOM BeTBH KpuBbIX o(10%/T) 3HaueHHs 3HEpPrus aKTMBALUU IIPOBOJUMOCTH COCTABJIAET
~0.905B. JIns 7nermpoBaHHBIX 00pasnoB m0 M mocie obyueHns Ha kpuBeiX o(10%/T) wabGmromaercss mo aBa
NPSMOJIMHEWHBIX Y4aCTKa, COOTBETCTBYIOIINX YPOBHSM, CBsI3aHHBIM ¢ TipucyTcTByeM Yb -0.05 1 0,04 3B. D10 03Hauaer,
9TO IpH 00IyUYeHnH KpuctauioB GaS<Yb> BBoasTCsa JONONHUTENBHBIN YPOBEHD C yuacTHeM utepoust. OHOKO ClieLyeT
OTMETUTh, YTO TIOBEJECHHE XOJ KPHBHX JJICKTPOIIPOBOAMMOCTH B OOJy4eHHBIX oOpasuax GaS<Yb> B uHTepBaie
temriepatyp T=200+270 K oTnuyaercss mo cpaBHEHHIO C HeoONydeHHbIX oOpasuoB. B oOmactu Ttemmepatyp
T=200+270 K B 00ay4eHHbIx obOpasznax GaS<Yb> Habmromaercs, raieHue MPOBOAMMOCTU, KOTOPOE C YBEIMYCHUEM
JI03bI OOJIyYeHHsI TITyOWHA TalllCHUS YMEHBINACTCS, a TAKKe IIMPHHA TallCHUS CMEIIACTCS B BHICOKOTEMIIEPATYPHOTO
cropony. OBHOpPY)eHO, uTo Tocie obnyuerus GaS<Yb>, D=20, 50 kpax 3HaueHHe PHEPIHs AKTHBAI[MHA MPUMECHOTO
MPOBOAMMOCTH MEHSETCS C yBeIMUeHHuEeM 110361 00mydeHus ot E=0.055B mo E=0.016 3B cootBercTBeHHO. B 00nacTh
BbICOKHX Temreparypax (T>200-240 K) 31mexkTponpoBoANMOCTE 00pa3loB PACTET C YBEIMYEHHEM IO3bI OOIyUYCHHUS.
BrrunciienHOe 3HAuUCHWS SHEPIHs aKTHBAIWU JIs OOMydeHHBIX o0pas3ioB m3Mensercs ot 0.863.B mo 0.68 3B, uto
CBSI3aHO TeHepalys JOMONHUTEIHHBIX COOCTBCHHBIX 3apsDKCHHBIX PAJAHAIMOHHBIX Ie()EKTOB M HM3MEHEHHEM WX
HaXOXXICHUS B KPUCTAIUIMIECKUX CTPYKTYpax.

N3MEHEHMUSA B CTPYKTYPE CTAJIA OK-181 BBI3BBAHHBIE OBJIYHEHUEM HOHAMM KPUIITOHA
ITPU TEMIIEPATYPE 350 °C

Jlukoe A.C., Popman O.B., Heanose U.A., baiieonoe M.T

Wucturyt spepHoit pusukn MunHCcTepcTBa SHepreTuku Pecyonmku Kazaxcran, Anmater, KazaxcTaH.

Deppurto-MapTeHCUTHBIE 12%- € XpOMHCTBIE CTaH ¢ OBICTPBIM CIIaJIOM HABEJICHHOM PaliOaKTUBHOCTH SIBIISIOTCS
MEePCIEeKTUBHBIMU KOHCTPYKIIHOHHBIMU MaTepHajIaMH JIJIsl aKTUBHBIX 30H SIZICPHBIX SHEPreTHYECKUX PEaKTOPOB HOBOTO
MOKOJIEHUS. YCIOBUS pabOThI B TaKMX YCTAaHOBKAX XapaKTEPH3YIOTCS KOMIUIEKCHBIM COYETaHHEM CIIOXKHBIX
3KCILTyaTalMOHHBIX (aKTopoB — Temmneparypa 320 — 700 °C, Heiirponnsie notoku a0 10 cm?-cl, repmomexannueckue
Harpy3ku jaocturaromue 3HadyeHudt 0,5-0,6 nmpepena Tekydectd u T.1. [1]. B 3TOil cBs3M, HccleaoBaHHE TaKUX
XapaKTEePUCTHK KaK CKIOHHOCTH K paJHalliOHHOMY OXPYIYHMBAHMIO B JAWAla30HE TEMIIEPaTyp 3KCIUTyaTaluH, a TaKkxKe
JIeTpajialiisi MUKPOCTPYKTYPBI CTaIM MO BO3/ICHCTBIEM OOJyUYeHHS SBIISETCS aKTyaJbHOW 3a/1aueil.

B pabore uzyueHo BiusiHue o6mydenus nonamu Kré4* mpu temneparype 330 °C Ha MOp(OJIOTHIO TIOBEPXHOCTH,
MHKPOCTPYKTYpY M (ha30BbIii COCTAB MalIOaKTUBHPYEMOU >KapornpoyHoit deppuro-mapreHcutHoil cramn DK-181 (Fe-
12Cr-2W-V-Ta-Ba).

Obny4yenne moHamu Kr mo3BoisieT MOJeNHMpoOBaTh KacKagHOE POXKICHHWE AE()EKTOB CTPYKTYpPHI M HAKOIUIEHHE
MIPOAYKTOB AETICHHS SACPHOTO TOILTHBA.
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B ucxomaom coctosHuu cranb DK-181 xapakrepusyercs AYIIIEKCHOCTBIO CTPYKTYPBI ¢ BBICOKOW ILIOTHOCTBIO
HAHOYACTHUIl pa3MepaMH OO 5 HM, KOTOPbIE MPEACTABISIIOT c000il BTOpmuHbIC BbIAeNeHHS THna VC ORXHOPOAHO
pacripenenéHHble B oObeMe Matepuana. MapreHcuTHas ¢asza, chopMmMHpoBaHHas B pe3ysbTare IMOIMMOP(HOro
NpeBpaILeHHNs, IPEACTABICHA B BUE TNIACTUHYATOTO M PEEYHOI'0 MapTEHCUTA C COOTHOIIEHHEM ~ 1:3.

HUccnenoBanus mosepxHocTu ctainu DK-181 mocie noHHOro 00aydeHUs mokasaid, 4to obmydeHue noHamu Kr*
NPUBOAUT K MOAW(GHUIUPOBAHUIO ITOBEPXHOCTHOTO CJIOS W (OPMHUPOBAHHMIO HAHOKPUCTAJUIMYECKOW CTPYKTYPBI
M3MEHSIOIIEH IIepOXOBAaTOCTh MOBepXHOCTH [2]. MonuduuupoBaHHEIH CIOH 3aTpyAHSET HICHTH(UKAIHIO
MHUKPOCTPYKTYPHBIX OCOOEHHOCTEH CTaH.

Pabora BrmonHeHa mpu ¢uHaHCOBOH momnepxkke [Iporpammer Ne BR09158499 MunncrtepcTBa SHEPreTHKA
Pecny6mmkn Kazaxcran.

Jlutepartypa:
1. PemernukoB ®.I'., bubmmamsumn 10.X., Tomosur W.C. m nmp. Pa3paborTka, mpoW3BOACTBO W OIKCILTyaTaIHs
TEIJIOBBIACISIIONINX  DJIEMEHTOB JHepreTndeckux peakropoB / Ilox pen. @.I'. Pemernumkoa. Ku. 1. M.:
Dueproatomuzaart, 1995, 320 c.
2. MomuduiupoBaHye 1 JIETHPOBaHHUE TOBEPXHOCTH JIa3ePHBIMU, HOHHBIMH ¥ 3JIEKTPOHHBIMU ITyukamu / [Tox pex. .M.
[Toyra, I'. ®otu, .K. Ixexobcona — M.: Mup, 1987. — 424 c.

HN3YYEHUE CIIEKTPOB KATOJO/JIOMUHECHEHIIUU KPUCTAJIJIOB CaF2, OBJITYYEHHbBIX
HNOHAMMU Xe'*?

Acvinbaes P.H.*, Bay6exosa I M.?, Axunbexos A.T.?, Anaeea 3.111.

HAO «IlaBnoaapckuii iegaroruueckuii yausepeuter», 140000, r. ITasnoaap, Pecny6nuka Kazaxcran
Eppaszuiickuii HanmoHanbHbIi yausepcuter um. JLH. T'ymunesa,
010008, r. Hyp-Cynran, Peciyonuka Kazaxcran

MonokpucTtamn (ropuia Kaiblus cO CTPYKTYpoH (hIIoopuTa SIBISIETCS IIMPOKOIIENEBBIM JIHIIEKTPUKOM C
LIMpUHON 3ampernieHHOM 30HBI 12,2 3B. PacnpocrpanéHHOe NpUMEHEHUE IaHHOrO MaTepuasa CBS3aHO, B MEPBYIO
ouepelb, C MPO3PaYHOCTHI0 B IMIMPOKOM CIeKTpanbHOM auamaszone ot 0,12 mo 9,55B. JlaHHOE CBOWCTBO MO3BOIIIET
NPUMEHSTh KPHUCTAJUI B Pa3IMYHBIX ONTHYECKHX INpHUOOpax, OCOOCHHO B KayecTBE JIMH3 B yIbTPadUOJIETOBOM
¢dorommrTorpadun ¢ paboueit mHONW BodHBI 193 HM. Kpome Toro, CaF, sBnsercs MO3UMETPHYSCKHUM U
CIMHTWISIITUOHHBIM MaTePHUaJIOM.

B wuccienoBaHMu ObLIM  HCIOJIB30BaHbl MOHOKpUcTamibl CaFp ¢ ManbiM cojepxkanueM npumeceit Y3,
BBIpALlIEHHbIE M3 paciuiaBa B rpaduToBOM THIIIE 10 MeToay bpumkmana-Crokbaprepa B ['ocy1apcTBEHHOM ONTHYECKOM
UHCTHTYTE M. BaBuosa. OOpasiibl ObLIH BHIKOJIOTHI BI0JE T0cKocTH (111) B BH/E MIACTHHOK C pasMepaMu MPUMEPHO
5x5 MM u tommmHOU 0.8-1 MM. B pabore ObUIM HCIONB30BaHBI Kak HE OOJydeHHBIE 0Opasmbl, Tak W 00pasIlbl,
o6nyuennble nonamu Xe'¥, O6yuenue nonamu Xe'¥ ppinonusnock Ha nukiaotpode DC-60 (Hyp-Cynran, Pecry6iuka
Kasaxcran) ¢ aHeprueii uonos 1,75 MaB/HykioH B auanasoHe ¢moencos 5-102-10' non/cm?. OcHOBHBIE PE3yIbTATHI
MpeIblIyIIUX UCCaeA0BaHUN IpeacTaBieHbl B [1,2]

[ M3ydeHUWs CIEeKTPOB KaTOMOJIIOMHHECIEHINH HCIIOIb30Bajlach yCTAaHOBKA C JIBOWHBIM BaKyyMHBIM
MOHOXPOMAaTOpOM (Jinara3oH sHeprun ¢potoHoB 4,5-11 3B). O6pasen ycraHaBINBaJICS B TEIMEBBIH BAKYYMHBIH KDHOCTAT
(temmiepatypubiii auanaszon 5-400 K). Xapakrepuctuku oOiydeHus: 3Heprusi dekrponoB 10 koB, miuTensHOCTH
ummynbca 3mekTpoHoB 10 He, Tok 0,5 MKA. Tlpm M3y4YeHWM KHHETHKH 3aTyXaHHS KaTOMONIOMHUHECUEHINH OBLTH
MPUMEHEHBI CIEAYIONINe IMapaMeTphl: dHeprus 3ekTpoHoB 10 k3B, Tok 0,5 MKA, uwacrota mmmynbca S5 klm. Jlms
aNNpOKCHMAIlMM KWHETHKH 3aTyXaHUs JIOMHHECHEHIWH B TIEPBOM MNPHONKEHHH OBUIM  HCIOJIH30BAHBEI
SKCIOHEHINAIbHbIE ()YHKITHH.

[ u3ydeHus cBedeHUs! IPUMECHBIX LIEHTPOB, a TAK)Ke BIMSHHUI HOHHOTO 00iydyeHuns Ha csedenue AJID Oblm
M3MEPEHBl CIHEKTPBl KaTOAOJIOMHHECHEeHIMM B Kpucraiuax CaF, kak HeoONlydeHHBIX, TaK W HpeABapUTEIHHO
TI0/IBEPTHY THIX BO3/IEHCTBHIO POTOHAMH WM MoHaMu Xe'*2, Bee M3MepeHHbIE HAMH CIIEKTPBI KaTO 10 IOMUHECIIEHITH
kpucramioB CaF, conepkaT MHTEHCHBHYIO MOJIOCY JTIOMHUHECHEHIIUU ¢ MAaKCUMYyMOM 11pH 4,4 5B, KoTopast COOTBETCTBYET
CBEUYCHHUIO aBTOJIOKAIN30BAHHBIX 3KCUTOHOB. Hamboiee MHTEHCHBHA JIIOMMHECLEHIUS B HEOOJIy4EHHOM KpHCTajlIe,
TOrja Kak OOJIydeHHble NpOTOHaMM UM HoHamu Xe'®2 obpasuax HaOIIONAETCs 3aMETHOE TYIIEHHE JIAHHON
moMuHecHieHnuu. Jlns HeoOmydeHHBIX oOpasmoB CaF, Ovmmm m3mepensl mpu 77 um 295 K KMHETHKH 3aTyXaHWS
KaTOJOJTIOMHHECIICHIINM U3 PA3HBIX CHEKTPAIBHBIX 00NacTe. ANMMPOKCUMANNN KWHETHK 3aTyXaHWS CBEUCHHH OBLIH
BBINTOJIHEHBI C HCIOJB30BAHHWEM TPEX OSKCIOHEHIWANBHBIX (YHKIUH. B pesympraTe OBLIM BBIUMCIIEHBI BpEeMEHa
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3aTyXaHUs CBEYCHHH, pETHCTPUPYEMBIX B PA3INYHBIX 00JIACTSX CIIEKTPa KaTOJIO0JIIOMUHECIICHIMH IIPH TeMIeparypax 77
n 295 K.

[IpenBaputenbHOoe OO0JyYEHUE TSDKEIBIMH BBICOKOIHEPTETHYECKMMH HOHAMHU BBI3BIBAJIO CHJIBHOE TYILICHHUE
JIFOMUHECICHIINHM aBTOJIOKAJIM30BaHHBIX 3KCHTOHOB, BO30Yy)KAaeMOIl CTAallMOHAPHBIM IYYKOM 3JIEKTpOHOB. Ciemyer
OTMETHUTb, YTO HHTEHCHBHOCTH COOCTBEHHOH JIFOMMHECLIEHIIMM MOKET CIIY>KUTh KaKk Mepa paJuallMOHHBIX pa3pyLIeHHN
B [IMPOKOLIENEBEIX Marepuanax. Hampumep, SKCHUTOHBI SBISIOTCS YPE3BBIYANHO UyBCTBUTEIBHBIMH K CTPYKTYPHBIM
nedekraM B TBEPIBIX TeNaX.

Pabora monnep:xana MunuctepcTBoM obpa3oBanus u Hayku PK, rpaat Ne AP09562859.

Jluteparypa:
1. Assylbayev R., Akilbekov A., Dauletbekova A., Lushchik A., Shablonin E., Vasil’chenko E. Radiation damage
caused by swift heavy ions in CaF; single crystals // Radiation measurements. — 2016. — Vol. 90. — P. 18-22.
2. Assylbayev R., Lushchik A., Lushchik Ch., Kudryavtseva I., Shablonin E., Vasil’chenko E., Akilbekov A.,
Zdorovets M. Structural defects caused by swift ions in fluorite single crystals // Optical materials. —2018. — Vol. 75. — P.
196-203.

N3YYEHUE ®OPMHUPOBAHUA KOBAJIBTOBBIX HAHOCTPYKTYP B IIOPAX

HOJIMMEPHBIX MATPHIL

Tonoma UK., Koznosckuii A.JI.

Uucturyt speproit pmsuxu MO PK, Anmarter, Kazaxcran

HHTepec K HaHOCTPYKTypaM Ha OCHOBE KoOaimbTa OOYCIOBIEH HE TOJBKO BO3MOXKHOCTBIO MONy4YEHHS
MeTacTabMWIbHBIX (Da30BBIX COCTOSIHHI, HO M €ro OrPOMHBIM MOTEHIMAJIOM B MPAaKTHYECKOM IMPUMEHEHHH B TaKUX
00acTsaX Kak KaTajln3, akKyMyJIATOpHBIC HCTOYHHUKH TUTaHKSA, OMOMEIULIMHA U T.J.

OCHOBHOW 11€JIbI0 JTaHHOH PadOThI SBJISIETCS CHCTEMAaTHYEeCKOE M3YUEHHE BIIMSIHUS MPUKJIIAbIBAEMON Pa3HOCTH
MOTEHIMAJIOB Ha CTPYKTYpPHBIE CBOWCTBa, (pa3oBblii coctaB Co-HAaHOCTPYKTYpP HOJIYYEHHBIX C HPUMEHCHHEM
TEeMIUIATHOTO MeToza cuHTe3a. HoBu3Ha paboThl 3aKiIroyaeTcst B JETaJbHOM HM3yUeHHMH (a30BBIX NMPEBPALICHHH NpH
Pa3IMYHBIX Pa3HOCTSAX IIPHUKIIABIBAEMBIX MOTEHIMAJIOB W MX BIMSHHUU pa3sHOro (a3oBOr0 cOCTaBa Ha MarHUTHBIE W
NPOBOIAIINE CBOMCTBA, a TAK)KE OLIEHKE BO3MOXKHOCTH HOJIyYEeHHsI HAHOIPOBOJIOK HE TOJIbKO o7HO(a3Horo cocrasa (hep)
wnu (fCC), HO M MX CMEIIAHHOIO THIIA C PA3IMYHBIM COJEp)KaHUeM (a3, 4TO MOXKHO B JalbHEHIIEM HCIOJIB30BaTh B
MPaKTHIECKOM MPUMEHEHHH ISl MarHUTHOH 3ammcy uin Katanuse. CMemaHHbIi ()a30BbIiH cOCTaB HAHOIPOBOJIOK MOKET
MPHUBECTH K HEOPAWHAPHBIM H3MEHEHHUSIM B MAaTrHUTHBIX U MPOBOASAIINX CBOWCTBAX.

B pabote paccMOTpeHO BIUSHHME PA3HOCTH IPHUKIAABIBAEMBIX MOTEHIHMATIOB Ha CTPYKTypHBIC, MarHUTHBIE U
MPOBOJAIINE CBOICTBA, a Takxke (a3oBbIii cocTaBa CO HAHOMPOBOJOK MOJYYCHHBIX METOJOM 3JIEKTPOXMMUYECKOTO
CHHTe3a. Y CTaHOBJICHBI 3aBUCUMOCTH W3MEHEHHS CTPYKTYPHBIX napamerpoB st Co HAaHONPOBOJIOK, a Takxke (azoBbie
MpeBpalieHus OT Pa3HOCTH IPHUKIAAbIBAEMBIX IOTEHIMAJOB. [loka3aHO, YTO WCIONB30BaHHE Ppa3HOCTH
MPUKJIabIBAEMBIX TOTeHIManoB 1.25-1.5B mo3Boiser monydaTh HAHONPOBOJIOKM C TEKCaroHaJbHOTO THIIA
KPUCTATMYECKON PEILETKH, 8 YBEIMYEHUE PAa3HOCTH NOTEHUUANOB 110 2.5-2.75 B no3BosseT noiayyaTb CTPYKTYpPHI C
JIOMHPOBAaHHEM KyOW4eCKOW TpaHEleHTPHUPOBAHHOW (a30il C BBIJICICHHBIM HANpaBIEHHEM TEKCTYphl. M3MmeHeHne
CTeNeHU TeKcTypupoBaHus Co HaHOIIPOBOJIOK MPUBOAUT K U3MEHEHHIO MATHUTHBIX XapaKTEPUCTHUK, a TAKXKe U3MEHEHUIO
rpadMKoOB BOJIbT-aMIIEpHBIX KpUBBIX. [I0Ka3aHa MepCHeKTUBHOCTh MPUMEHEHHS METO/a 3JIEKTPOXUMHUYECKOTO CHHTE3a
Jutst tosrydeHust Co HaHONPOBOJIOK K Pa3sIMUHBIM (pa30BBIM COCTABOM, ITyTeM M3MEHEHHUS! pPa3HOCTH HMPHKJIAIbIBAEMbIX
MOTEHIHAJIOB.
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HCCJIEJOBAHME BJUAHUSA HEUTPOHHOT'O OBJIYYEHUS HA CTPYKTYPHBIE U
IJEKTPOPUBUYECKUE NAPAMETPBI TETEPOCTPYKTYPHBIX HIOJTYITIPOBOJAHHUKOB

blckaxos AY%® Bacunvescxuii U.C*, Bynasun M.B.3

'Epaszuiickuii HanmonanbHbli yausepcutet umenn JL.H. T'ymunesa, r.Hyp Cynran, Kasaxcran
2HucTutyT apepHoil pusuku Pecny6iauku Kasaxcran, r. Anmatsl, Kasaxcran
300beInHEeHHbIH WHCTHUTYT SICPHBIX UccaenoBanui, r./lyona, Poccns
4 HanmoHATBHBIH HCCIIe0BATEIbCKIUH snepHblil yHuBepeuteT « MUy, r.Mocksa, Poccus

[TomynpoBOTHUKOBBIE TE€TEPOCTPYKTYPHI SIBISIFOTCSL OOJNEE CIOKHBIMH, COCTaBHBIMH MAaTE€pHAlIaMH, YeM
OJTHOPOJHBIE TONYyNPOBOAHUKU. B CBSI3M C TeM, YTO B COBPEMEHHBIX TI'eTEPOCTPYKTypaxX 3JIEKTPOHHBINH MOTOK
JIOKaJHM30BaH B IONEPEUHOM IIPOCTPAHCTBEHHOM H3MEpPEHUHU pazMepamu nopsaka 10-20 HM, nerpaganus 3MeKTpUUECKUX
Y ONTUYECKHX [TapaMETPOB B TAKUX CTYPKTYpax OyAeT OTIMYAThCS OT OOBEMHBIX MOIYTIPOBOIHHUKOB.

I'eTepocTyKTyphl UMEIOT BaykHOE 3HaueHHe B obmactu CBY anextpoHuky, ga3epoB, GporoHnku u cencopon. C
JPYTOi CTOPOHBI, B OTJIMYME OT CBEJCHUI 110 MEXaHU3MaM pPaJHallMOHHON JIeTpafallii B 00bEMHBIX ITOJIYITPOBOAHUKAX,
B MHOTOCJIOMHBIX COBPEMEHHBIX I'€TepPOCTPYKTYpax MaHHBIX IO PaAUAllMOHHON AErpajallidl B OTKPBITBIX HCTOYHHMKAX
OKaspIBaeTcad KpaiiHe Mano. OmHako, B CBA3M C PACTYIIMMHU IOTPEOHOCTSAMH pPaOOTHI 3IEKTPOHHBIX YCTPOMCTB
HaOII0aeTcsl pPacIlUpeHNE PEXMMOB PAaOOTHI YCTPOWCTB B IKCTPEMANIBHBIC AMANA30HBI — BO3JCHCTBHS BBICOKHX
TEeMIIepaTyp, WOHU3UPYIOIINX U3JIyYCHUH, IIOTOKOB 3apsDKEHHBIX 4YacTHI, pajdanuy, oO0JacTH MNpPUMEHEHHS
JJIEKTPOHHBIX MaTepuaioB. B obmacTu pagualMOHHOTO MaTepHalOBEACHHS MOIYNPOBOJHHKOB OCOOCHHO BaKHBIMHU
HalpaBJICHAMH SBIIIETCS KOCMHUYECKHE NMPUMEHEHHMS, CIIyTHHUKOBAs CBs3b B PEXHMME BBIOpOCA COJIHEUHOH paananuy,
SKCTpEMaNbHAas Paanall. Harpy3Ka yCTPOWCTB BOJIM3H CTEHKH PEaKTOpa TEPMOSIIEPHOTO CHHTE3A.

B cBA3M C 3TUM KOMIUIEKCHOE HCCIIEOBaHHE MPOIECCOB JIeTpajallid CBOWCTB MONYHIPOBOIHUKOBBIX
rerepocTpyktyp InAlGaAs moj nedicTBHEM HEHTPOHHOTO OOJIy4YEeHHs IPECTAaBIISIETCS BAKHOM M CBOEBPEMEHHOM
3a1a4en.»

PesynpraThl uccienoBaHME BIHMSHUE J030BBIX O(GQEKTOB MNpu 00JydYeHHH OBICTPBIMH HEWTpOHAMHU
SMHUTAKCHANBHBIX MOJIYIPOBOHIUKOBBIX HAHOTETEPOCTPYKTYP A3AS C pa3IHUHBIM cosepkaHueM InAs B HaHOpa3MEpHOM
kanane InyGal-yAs ¢ BbICOKO#M 31eKTpoHHOM m10THOCTBIO (0,5+ 3x10%2 cM?) Ha MX CTPYKTypHbIE CBOHCTBA B AUANA30HEe
¢mroencos 5x10% cM? st OLEHKHM M aHAIM3a PAJMALMOHHON CTOWKOCTH COBPEMEHHBIX MATEPHANIOB JIEKTPOHHOM
KomroHeHTHOH 6a3b1 CBY U (yHKIMOHANBEHON 3JICKTPOHHKH HA OCHOBE apCEHUIHBIX TE€TEPOCTPYKTYp IOKa3aHBI Ha
puc .1.

1.00e5

1.00e4

1.00e3

Intensity (cps)

66 68 — e

a 0
Pucynok 1— PenTreHoandpakinOHHBIN aHAIN3 [0 | TTocie obmydenus (a),
ontuaeckas Mukpodororpadus nosepxaoctu MHEMT o6pa3nos 1o 1 nocie obirydenust (6)

64
2-theta (deg)

B umenom, ans naHHOrO (uIOeHCA HE HAOMIONAETCSl 3aMETHOTO HM3MEHEHUs! CTPYKTYPHBIX IapaMeTpoB H
Jerpajallii TOHKOW CTPYKTYpBI PEHTTEHOBCKOW An(pakmyy, TakuM o0pa3oM, CTPYKTYpHBIE CBOHCTBa 00pa3IoB
OCTAIOTCS I0CTaTOYHO Xopoumu. He HaOmogaeTcst ”3MeHEHHE NapaMeTpOB PeNIeTKH HAHOPa3MEPHBIX aKTHBHBIX CIIOEB
(3T0 mpuBENO OB K CMEIICHUIO YIJIOBBIX IIOJIOKEHUH MaKCHMMyMa), WJIM TeHEpaliH KIACTEepHBIX Ne(eKTOB WIIN
JIMCIIOKAMi ¢ BBICOKOW IUIOTHOCTBIO, (3TO MPUBOAMIO OBl K YBEJIMUYECHHUIO IMOJYIIUPUHBI ITHUKOB M POCTY (OHOBOTO
CUTHaJIa BAAJIH OT OCHOBHBIX ITHKOB).
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WCCJIEJOBAHUE MEXAHU3MOB PAJTUAITAOHHBIX IMTOBPEXKIEHUAMN
B HUTPUJE AJTIOMHUHUS

Koznosckuii A.JI.

Wueruryt sinepuoit puzukn M3 PK, Anmarsl, Kazaxcran

OnHUM U3 NEPCIEKTUBHBIX MATEPHAIOB IS SIICPHOI SHEPIreTHKH, B YACTHOCTH, KOHCTPYKIIMOHHBIX MaTepUaoB
JUIL BBICOKOTEMIIEPATYypPHBIX PEaKTOPOB HOBOTO ITOKOJICHHS, SBISIOTCS KEPaMHUKH Ha OCHOBE HUTpHIA AJIIOMHHUS,
o0Jaaronye BEICOKUMH IPOYHOCTHBIMH M TEIUIOM30JIIIIIOHHBIMHI CBOHCTBAaMU. JJaHHBIN THII KEpaMHK HAIIEN IHPOKOE
IPUMEHEHNE B KAYECTBE OCHOBBI AJISI MUKPO3JIEKTPOHHBIX YCTPONUCTB, TEIUION30SAIMOHHBIX MaTEPHalIOB, KOCMIYECKOH
U peakTopHo# TexHukH [1-3].

B pabore, npuMeHsist METOJT CheMKH PEHTTEHOBCKHX qudpakTorpamMm B pasBepTke —=0-360°, mokazaHa KUHETHKA
M3MEHEHHSI TEOMETPHH KPHUCTAJUIUTOB, a Takxke AeopMalui KPUCTAJUIMUECKON PEelIeTKN BIOJIb OCel a M C KepaMHUK
HUTPHU/A ATIOMUAHKS B PE3yJIbTaTe TeMeBoro pacmyxanus. Kuneruka nerpanaiiu kepamuk AIN Oblia cMoenupoBaHa
nyTeM OOJyYeHHs HM3KOdHepreTuuecknmu nonamu He?* (40 x3B) ¢ mozamum obmyuenus 10%6-10'® non/cm?. Bribop
SHEpPIUi, [03 M THUIA HOHOB OOYCIOBIEH BO3MOXKHOCTBIO MOJEIUPOBAHUS IIPOLIECCOB TENIUEBOrO PACIyXaHHSA U
MOCJIEAYIONIEH NECTPYKIIMH MPHUITOBEPXHOCTHOTO CJIOS TOMIIUHOHN 10 0.5 MKM. B X07e mpoBeeHHBIX SKCIEPUMEHTOB
TI0Ka3aHO, YTO OCHOBHBIE CTPYKTYPHBIE MCKaKEHHS MPOUCXOMAT TpH jo3ax Beuume 101 wow/cm? m cBssambl C
BO3HMKHOBEHHEM aHU30TPONHUH (POPMBI KPHUCTAJUINTOB, a TaKKe Ae(opManiyl KPHCTAIUINIECKON PEIIETKH BAOJIb 00enX
oceil. AHn3oTponHs (POPMBI KPUCTAIIIMTOB, BO3HUKAIOIIAs IIPH OOJIBIIEI03HOM 00JIydeHNH, 00yCIIOBICHA MPOLIECCAMH
IpoOsieHnst 3epeH, (OpPMHUPOBAHHEM aMOP(HBIX BKIIOYEHHH B CTPYKTYpE IPUIOBEPXHOCTHOTO CIIOS, a TaKKe
IpoLeccaMy OKHUCIICHHS M MOCIeAyIonIeld KOPPO3UH MPUIIOBEPXHOCTHOTO CIIOS, ITOJBEPKEHHOTO OOIydeHNI0. AHAIN3
Tornorpau4eckux U300paKeHUH MOBEPXHOCTU KEpaMHK J0 M MOCIE OOJMy4eHHs, a TaKKe pe3yJbTaTbl KapTUPOBAHUS
CBHJIETENBCTBYIOT O (hOPMHUPOBaHUH BOIM3HM JeheKTHBIX 00s1acTeil 00IbIIOro CKOIIEHHS KHCIOPO/a, HATHYUE KOTOPOTO
CBSI3aHO C NIPOLIECCaMU JIeTpalallii ¥ BHEAPEHHA C HOCIEAYIONMM 00pa30BaHUEM OKCHIHBIX BKIIOUCHUH.

Jlurepatypa:
1. Kozlovskiy, A. L., et al. "The influence of the energy of incident protons on the defect formation and radiation
resistance of AIN ceramics.” Solid State Sciences 107 (2020): 106367.
2. Kozlovskiy, A. L., I. E. Kenzhina, and M. V. Zdorovets. "Study of radiation resistance to helium swelling of AIN
ceramics in case of irradiation with low-energy He 2+ ions with energy of 40 keV."Journal of Materials Science: Materials
in Electronics (2021): 1-11.
3. Kozlovskiy, Artem L., et al. "Dynamics of radiation damage in AIN ceramics under high-dose irradiation, typical
for the processes of swelling and hydrogenation.” Crystals 10.6 (2020): 546.

UCCJEJOBAHUE HOBBIX KOMIIO3UTHBIX TEPMOPET YJIUPYIOHUX MOKPHITUI
B BAKYYMHOM YJIbTPA®UOJIETOBOM OBJIACTH

Apymionsn B. B., Anexcansn 3. M., baodansan A. O.

HarmmonansHas HaygHast mabopaTtopus uMm A. AnuxaHsHa, EpeBan, Apmenus

IIpu pa3paboTke KOCMHYECKHX CPEACTB TPeOYIOTCS HOBBIE MaTepUaNIbl, KOTOPHIE OJDKHBI BBIJICPKHBATH
Harpy3Kd KOCMHYECKHX IOJIETOB (BBICOKHE TEMIepaTypa M AaBJCHHE, BUOPAIIMOHHBIE HATPY3KH Ha HTaIle BHIBEACHUS,
HHU3KHE TeMIepaTypbl KOCMHYECKOTO ITPOCTPAHCTBA, INIyOOKHH BaKyyM, paHallMOHHOE BO3EHCTBHE, MUKPOYACTHIIEl 1
T.A.) U UIMETh JOCTaTOYHO HU3KYIO yAEIbHYIO MACCy.

Lenpto HacTOsmIed paOOTHI SBISETCS HCCIEAOBAHUE pAJUAlMOHHBIX M (DU3WYECKMX CBOMCTB HOBBIX
KOMIIO3UTHBIX TEPMOPETYIUPYIOIMMUX TOKPBITUA € MPUMEHEHHEM CHHXPOTPOHHOIO H3IY4YEHUS B BaKyyMHOM
yibTpadroaeToBoii oomacTy.

Tepmoperynupytomue nokpsitis (TPIT) HoBoro mokoneHus npeaHa3HaveHsl Ui OCYIECTBICHHUS Kak (DyHKIUH
MTACCHBHOTO TEPMOPETYIMPOBAHUS, TaK U TEPMOCTATHpoBaHus. HazHaueHNe u MpuMeHeHne pa3pabOTaHHBIX MOKPBITHI
HE OTPaHWUYMBACTCA TOJBKO HAHO CIyTHHKAaMH, B OyAyIIeM CTaHyT HE3aMEHUMBIMHU IUIS TOIAEPIKaHUS TEIIOBOTO
pexnuMa JII0OBIX KOCMHYECKHX OOBEKTOB, BKJIIOUAsl CITyTHHWKH, CTAHIIMH, BO3BpamiaeMble ammapaTsl. Martepuanst TPII
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st KA TOJDKHBI IMETh HU3KHK KOA()(PHUIIMEHT MOTIIOMEHuUs (0is) ¥ BEICOKHA KOI(PPHUITHMEHT OTpaKeHUS (€) B IIMPOKOM
JMana3oHe M3TyYeHHs, a TAK)Ke BBICOKYIO PAIHAIlMOHHYIO CTOMKOCTB. [ pOBeAEHHs MCCIECIOBaHUIN 10 M3yUEHHIO
paluanMoOHHBIX M CIIEKTPOCKOIMYECKUX CBOMCTB KOMMO3UTHBIX TPIl ObuM MCHONB30BaHBl 0Opasibl IOJTy4YEHHbIE
METOJIOM THIPOTEPMAJIbHOTO MHUKPOBOJHOBOTO CHHTE3a CHJIMKaTa UHMPKOHWsA. CHIMKAT IUPKOHUS SBISIETCS
MEPCIEKTUBHBIM ONTHYECKUM JIIOMHHECLEHTHBIM MaTepHalioM Onarojapsi BBICOKOMY KBaHTOBOMY BBIXOAY IIpH
BO30YK/ICHNH, CTAOMIBHOCTH TEXHOJIOTHYECKHX CBOWCTB, YCTOMYMBOCTH K XUMUYECKUM U TEIJIOBBIM BO3JCHCTBUSM.

HccnenoBaHbl CIEKTPOCKOIMYECKHE XapakTepUCTUKH mnurMmeHta i TPII-cumukara tupkonust (ZrSiOs)
(BO30Y K IECHHUE JIIOMHUHECIIEHIINY 1 JTIOMUHECIICHTHBIE CBOWCTBA) C IPUMEHEHNEM CHHXPOTPOHHOTO M3IIYICHNUS MINPOKOH
obmacti cmektpa 2-20 3B ma crannmm SUPERLUMI ma6oparopun HASYLAB. DkcnepuMEHTHI BBIIOTHEHBI IPU
temneparypax 300 u 10K. Habmrogaemsie B criekTpax Bo30yKICHHUS TIOMUHECLICHIINY W JTFOMHHECIICHITUH UCCIIETy eMbIX
ZrSiO4 mmpokomosiocHble monockl B obmacti 3.0-11.0 5B xapakTepHbI I MHOTHX CHJIMKATOB, YTO OOBIYHO
CBAI3BIBAIOTCS € M3NTyYeHHEM Ne(EKTHBIX HPUMECHBIX HeHTpoB U [Si04]*, 06yCIOBIEHHBIX IPUCYTCTBHEM MPMMECHBIX
HMOHOB M JIOKAJBHBIMH HCKKCHMUSAMH KPEMHHMH-KHCIOPOIHBIX TETpasApoB. HapymieHume peryispHbIX CBs3ed B
IIUPKOHUEBBIX M KPEMHHUEBBIX IOJPEIICTKAX MOXKET NPHBECTH K BO3ZHHUKHOBEHUIO KOPOTKOXXKHMBYLIMX ONTHYECKH-
AKTHUBHBIX JC(PEKTOB, KaK HAIPUMEP, AHHOHHBIC BAKAHCHOHHBIC LIEHTPBI IFoMUHecHeHIuH, Tiina F u F* B YO u BY®
obnactsix criektpa. OOpa3oBaHHe yKa3aHHBIX aHHOHHBIX IIEHTPOB JIIOMHHECLICHIIMM MOXKET TIPOUCXOJMUT MOA JIeHCTBUH
KBaHTOB CBETa BHICOKOH YHEPIHH, KaK HAIPUMEP, CHHXPOTPOHHOE U3JIyYECHHUE, B Pe3yJIbTeTe B 00beMe KPUCTALTHYECKIA
PELIETKU IeHEPUPYIOTCS AIEKTPOHHO-IBIPOYHBIE MApPhI, YAaCTh U3 HUX PEKOMOUHUPYIOT.

BO36y)KI[eHI/IC JJIOMUHCCIICHIINH U (I)OTOHIOMI/IHCCHCHI/IH B CUJIMKaTax B ONTUYCCKU- aKTUBHBIX ICHTPOB q)OTOHaMI/I
C oSHeprued B 00JacTH MEX30HHBIX IE€PEXOJOB MPOLECC HX peJaKCallMM BKIIOYaeT CTaAWio (OPMHUPOBAHUSA
MHOTOKOMITOHETHBIX JIe(EKTHBIX KOMIUIEKCOB 1 3P PeKTHBHO BO30y KnatoTcs B obnactu Y P—BY D nznydenus.

UCCJEJOBAHUE ONTUYECKHUX CBOMCTB MOHOKPUCTAJIJIOB U HAHOKEPAMMK
TBEPABIX PACTBOPOB CaF2:SrF2:YbFs

Awypos M. X.*?, Hypumounoe U.%, Boiiboboesa C.T.2

YIHIIIT “®onon” PY3., ya. Kuyux Xanka ﬁjﬂu 50, Tawxenm, 100054, Y36exucman
2 Hucmumym Hoeprou @uszuku AH PV3., noc. Ynyebex, Tawkenm, 100214, V3b6exucman.

Kpucrasnsl CaF,, akTHBUPOBaHHBIX PEIKO3EMENbHBIMH 3JIEMEHTAMHU, UCIIOJB3YIOTCS B KAUECTBE aKTUBHOM CPEJIbI
Jazepa B CBSI3M C W3BECTHBIMH XOPOUIMMH ONTHYECKUMH, MEXaHHYECKHMMH W TEPMHUYECKMMH cBoWcTBamH. [lo 3Toil
NPUYUHE HA CETOAHSIIHUM IEHb CYUTAIOTCS OJJHUMH M3 HauboJiee epCreKTUBHBIX MaTPHUIL JJISl TBEPIOTEINILHBIX J1a3€pOB.
[MomyssipHOCTh UTTEPOUEBBIX JIa3epPOB 00YCIABIMBAIOTCS OTCYTCTBUEM COOCTBEHHOTO KOHIIEHTPAIMOHHOTO TYIICHHS,
T.. BO3MOXKHOCTh CO3JaHHS Cpel C BBICOKOW KOHIIEHTpanueil axtuBatopa [1]. Tem He MeHee, H3BECTHBIM
moHokpucramiam CaF2:Yb3* npucyin u psj Kak TEXHOJIOTHYECKHX, TAK H CIIEKTPOCKOMMYECKUX HEJOCTATKOB, KOTOPbIE
MOTYT OTpaHMYMBAaTh HMX HCIOJb30BaHMe. OJHMM W3 HANpaBJICHWH MOWCKA HOBBIX MAaTEpPHAIOB C HEOOXOANMBIMH
CBOHCTBAMH B COBPEMEHHOM MAaTEpHAIOBEICHNUH SBIISICTCS YCIOKHEHHE XUMHYECKOTO COCTaBa, T.€. ITEPeXo] OT
OJTHOKOMIIOHEHTHBIX K MHOTOKOMIIOHEHTHBIM KpHCTaiiaM. IIporecc cHHTe3a MOHOKPHCTA/UIOB TBEPABIX PacTBOPOB
CaF,-SrF2-YDbF3, koTopbie o6ecnieurnBaroT 60Jiee HU3KOTO [OPOra reHepanuy 1 6oee BHICOKOM 3PPEeKTUBHOCTH (TTOTHBIIH
KIIA cocraBmser 53%, mudpdepenmmansueiii KIIA-83%) mazepoB Ha uX oOcHOBe, Oojiee NPOCT, Ye€M CHHTE3
MoHOKpucTaioB tuma MeF.:YbFs (Me=Ca, Sr) [2]. [dpyruM HampaBieHHeM HOHCKa 3(G(EKTHBHBIX Ja3epHBIX H
CIMHTHUILSIIIMOHHBIX MAaTEPUAIIOB SIBJSIETCSI CHHTE3 ONTHYECKUX HAHOKEPAMHK Ha OCHOBE (PTOPH/IOB HIEJIOYHO3EMENIbHBIX
3JIEMEHTOB COOTBETCTBYIOMmIEro coctaBa [3]. B Hacrosmieir paboTe MNPOBOIWINCH CPaBHHUTEIbHBIE HCCIIEIOBAHUS
Pa3IMYHBIX HTTEPOUEBBIX IICHTPOB B MOHOKPHCTAIAX W HAHOKEpaMHKax TBepAbIX pacTBopoB CaF,:SrF,:YbFs.

Crektpsl  ontmdeckoro morjomennss (OIl) HCXOAHBIX KPHUCTAIUIMYECKHX M KEepaMHYECKHX 00pa3IoB
65CaF2:30SrF2:5YbF; conepsxanu nonoc mornomienus (IIT) ¢ makcumymamu mipu 227, 261, 273, 300 u 361 um B Y-
obuacty, a Taroke rpymniy Juaui npu 860-1060 HM ¢ Mmakcumymamu nipu 922, 930, 966, 975, 1010 am B K- obnacTu.
CriexTp moryonienust HoHoB Yb?* kpuctammueckux o6pasios CaF,:YbF; xapakrepusyeTcst 4eThIpbMsI HHTEHCUBHBIMH
[1I1 B Y®— obnacTu criekTpa ¢ MakcuMyMmamu npu: A1=227 uM, A>=262 um, As=274 um, A4;=364 um [4]. Pacrionoxenue
MaKCHMYMOB 3THX I10JIOC TIPAKTHYECKH HE U3MEHSIOTCS U B MOHOKPHCTAJUIE, U B HAaHOKepaMuKke. B Kkprcramumaeckux
obpasuax CaF.:YbF; npu koHueHTpaumsx aktusaropa 1~5 Monb % Kak miedo nosiockl Ay Habmoaaetcs nonoca G=214
HM, HO 3TO Mojioca He HalOJoJaiach B MOHOKpHcTamie M HaHOkepamuke 65CaF2:30SrF.:5YbFs. Kpome Toro,
MaJIOMHTEHCHBHAs mojoca ¢ Makcumyma 320 uMm, Habmomaemas B obpasmax CaF::YbFs, B TBepmpix pactBopax
65CaF,:30SrF2:5YbF; He o6Hapy:xuBaeTcst. BMecTo 3TOTO B TBEPIBIX pacTBOpax 3a)HKCHPOBAHA MTOJIOCA C MAKCHMYMOM
~300 HM.
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B kpucramia CaF,:YbF; npi xoHmenTpanumsx aktusaropa 1~5 Moib % caMblii HHTEHCHBHBIN TIHK MTOTIIOIICHHSI
Haxoxurcst ipu 978 um [4]. OnHako B MOHOKPHCTAIIIAX M HAHOKEpaMUKe TBepIoro pactBopa 65CaF2:30SrF,:5YbF; ato
MK CMEIIAeTCss B KOPOTKOBOJHOBYIO CTOpoHY g0 975uM. Ilpu mepexome kpuctamioB ot CaFaYbFs «k
65CaF2:30SrF2:5YbF; BMecTo mosocel MakcuMyMyMoM mipu 922 uMm Habmrogaercs asa muka: 922 um u 930 uM. Ecnu
y4ecThb, YTO T0JIoca ¢ MakcUMyMoM 1ipu 930, 967-969 HM o0ycnoBieHa TeTparoHaabHBIMU IieHTpamu Cyy, a moJioca
975HM — K TpuroHanbHbIM HeHTpaM Cay [1,4], TO MOXXKHO yTBEpXkIaTh O TOM, YTO B MOHOKPHCTaJUIAX U HAHOKEPaMHKax
TBepaoro pactBopa 65CaF2:30SrF2:5YDbF3, B ocHoBHOM, 00pasyiotcs Tetparonanbhbie Cay U Cay LIEHTPBL.

Hamm »skcnepuMeHTanbHBIE pe3yibTaThl IOKA3BIBAIOT, YTO W3MEHEHHE COCTaBa TBEPIABIX pacTBOPOB
CaF2:SrF2:YbF; mpu nobasnennn SrF, B KPHCTAIMYECKYIO CHCTEMY NPUBOAUT K HM3MEHEHHIO (DOPMBI CIICKTPOB
TIOTJIONIEHAS, a TaK K€ K M3MEHEHHIO HMHTCHCHBHOCTEH OTAEIBHBIX JIMHUM W CMEIICHHI0 MaKCHMyMa CHEeKTpa
TIOTJIOIIEHHS B KOPOTKOBOIHOBYIO 001acTh B K- o6actu cnextpa. [Ipn 3TOM, TOMIMO CMEIICHHUS B KOPOTKOBOJTHOBYIO
o0acTh, HAOMIOACTCS U Cy’KEHHE CaMO HHTEHCUBHOM 1otock! nornomenns B NK-o0macty, kotopoe, mo-BUANMOMY,
CBSI3aHO C YMEHbIICHHEM YHUCIa Pa3IM4HBIX ONTHYECKHX LEHTPoB MOHOB YD®*, KoTopble MPMBOAUT K YMEHbLICHHIO
HEO/IHOPO/IHOTO YIIMPEHUs! JIMHUI MOTJIOMEHUs. DTO MO3BOJISET MOJIy4aTh TpeOyeMble CIIEKTPOCKOINYECKHE CBOCTBA
PEIKO3EMENBHOTO HMOHA, T.€. ITO3BOJAET YNPABISATH IOJIOKEHUEM M HMHTEHCHBHOCTBIO JIMHUH TIOTJIOIICHHS 33 CYET
M3MEHEHHS COCTaBa TBEP/BIX PACTBOPOB.

Jluteparypa:
1. Peyt E.I'. Onrtuka u cnekrpockonust. C.ITerepoypr, 1976. T.40. C.99-103.
2. T.T. bacues, C.B. Bacuibes, u n1p. KBanToBas anektponuka, 2007, Tom 37, Nel10, 934-937.
3. T. T. Basiev, M. E. Doroshenko, P. P. Fedorov, V. A. Konyushkin, S. V. Kuznetsov, V. V. Osiko, and M. Sh. Akchurin.
4. Optics letters 2008 Vol. 33, No. 5 Pp.521-524.
5. Amypos M.X., boiitbo6oesa C.T., Hypuamunos 1 u ap. Heopranndeckue marepuainsl. - Mocksa, 2016. -T. 52, Ne 8. -
C.842-850.

HNCCIEJOBAHUE ITAPAMETPOB ITIOBEPXHOCTH CJIONCTOT'O MOHOKPUCTAJLJTIA
GaSe IIPU OBJIYYEHUMU y- KBAHTAMHA HA ACM

Caowienvl JLE., Baxviwosa K.3.

Wucturyt Pagnanmonnsix [Ipodbnem HAxamgemus Hayk AzepOaiimkana baky, AzepOaifmkan

B mocnennee Bpemsi pacTeT MHTEpEC K KPUCTANIMYECKUM BEIECTBAM C BBICOKOW aHM30TpONHEH (U3HMYECKUX
CBOMCTB. DTOT HMHTEPEC CBS3aH C WX BO3MOXHBIMH TPUIOKEHUSAMHU JUid ycTpodcTB. GaSe mpeacTaBisieT coOoii
MOHOKPHCTAJUI TTOJyIIPOBOAHUKA CO CIOMCTOH CTPYKTYpPOH, U MHTEpEC K 3TOMY MaTepHally CTUMYJIUPYETCS HE TOJIBKO
€ro OCHOBHBIMH CBOWCTBAMM, HO M BO3MOXHOCTBIO €r0 MpPaKTHYEeCKOr0 HpuMeHeHHs. Kpucramiel co ciouctoit
CTPYKTYpOii, Takne kak GaSe, XapakTepH3ylOTCsl CHIIbHOHN (KOBaJIEHTHOMN) CBSI3bIO BHYTPH CJIOEB M c1aboi (BEpoOsTHO,
Ban-/lep-BaanbcoBoif) CBSI3bI0 MEXKAY CIOSIMHU.

HUccrnenoBannerit Hamu GaSe TpeACTaBIsIeT COO0H CIOUCTHIN KPUCTAJLI, MTOyYeHHBIH METOJIOM HalpaBIICHHOH
KpucTammusanny bpnmxmena-CrokGeprepa, 1 B MOHOKPHCTAIUIE CJION PACIONOKEHBI B 4-CIIOWHOI MOCIIe10BaTeIbHOCTH
Se-Ga-Ga-Se Boms ocu «C»-atomoB. [1omynpoBotHUKOBEII MOHOKpHCTAILT GaSe P-THIIa XapaKTepHU3yeTcs 3epKaIbHOM
MOBEPXHOCTBIO, JIe(PEKTHHIM MOHOKPUCTAIIJIOM C HEPETYJISIpHON CTPYKTYpOii. M3-3a BEICOKOI KOHIIEHTpalnu Ae(eKTOB
B kpuctamie (107 cm®) cpoiicTBa KpHUCTanIa 3aBUCAT OT KOHIEHTpauuu fedexra [1]. Jisd KOHTpONsS KOHLEHTPALUU
WCTIONIB3YETCS paJuallioHHasl TEXHOJIOTHA. B mpencraBieHHol paboTe moBepXHOCTHBIE 3 PexThl MOHOKpHcTaiIa GaSe
JI0 ¥ Tociie 00mydeHus (TIpy pasiUYHbIX 103ax o0mydeHus y-kBantamu: 50 u 100 kpax) ucciaenoBaiuch B KOHTAKTHOM
pexuMe ¢ momonibio AToMHO-CuioBoro Mukpockona (ACM) ¢ HCHOIB30BAaHUEM 30HIOBOTO CKaHWPYIOIIETO
mukpockorna NanoEducator, ¢ ropuzoHTaIbHEIM 0030poM 50 HM.

Ha n3o0paxeHusx mokazaHsl MOP(HOJIOTHYECKHE MU3MEHEHHS B TPEXMEPHBIX N300paKEHHSX MOBEPXHOCTH Ha
UCXOIHO (10 00myyeHus) noBepxHocT MoHOKpHcTaina GaSe (puc.la), Dy =50 kpan (puc.16) u D,=100 kpax (puc.lc),
COOTBETCTBEHHO.
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a) 6) c)
Pucynox 1 - a) Ucxomnoe (no obmyuenns) 3D m3obpaxenne moBepxHocTH kKpuctamia GaSe;
6) 3D m3obpaxenue nosepxuoctr kpucraina GaSe mpu g103e obmyuerus D,=50 kpaz;
¢) 3D u3o0pakeHue noBepxHocTH kprcraiuia GaSe npu no3e oomydenust D,=100 kpan

[Tpu uccnenoBaHuM MOBEPXHOCTHBIX 3 dekToB MeTogoM ACM ObuI0 0OHApYKEHO, YTO C YBEIHYCHHUEM O3B
o0JryyeHus1 HaOJIIOAAIOTCS U3MEHEHUS Ne(DeKTHOH CTPYKTYpHI 10 00beMy KpHcTayuia. Tak, npu yBeJIHYeHUH JeEeKTOB
CTPYKTYpHI (p-THIa) mpu ao3e odmyderust D,=50 kpan m30bTok Se, npu mo3e odmayuenus D,=100 xpan HabmromaeTcs
«CTIIaXUBaHUE» Ie(PEKTOB C YBEIMYCHHEM CTPYKTYPHO HPOTHBOIIONOKHBIX A¢(EKTOB (N-THIIA).

Jlutepartypa:
1. A.3. Abacosa, P.C. Magaros, B.U.CradeeB, PagnanmoHHO-CTUMYITUPOBaHHBIE MPOIECCH B XaIbKOTCHUIHBIX
CTPYKTypax, baky - «3JIM»-2010, 349 c.

NCCIEJOBAHUE IPUMEHUMOCTHU HAHOYACTHUIL OKCHUIA KEJIE3A
JOINMUPOBAHHBIX Gd B TUIIEPTEPMUU

Ezizbex K.B.Y, Koznosckuii A.JI.1

"MnctutyT SAneproit ®usuku, Hyp-Cynran, Kazaxcran

B coBpeMeHHOM MHpE MAarHUTHbIE HAHOYACTHIBI SIBISIOTCS OJHHMM H3 BaXKHBIX KJIACCOB MAarHUTHBIX
HaHoMatepuayioB [1,2]. VIx maneie pa3mepbl, Oonblias MIomMaab yIeIbHONH MOBEPXHOCTH, a TAKKE KPHCTATUIMYECKas
CTPYKTYpa M YCTOWYMBOCTH K AErpajlaliii OTKPHIBAIOT IIMPOKHE MEPCIEKTHUBBI IPUMEHEHUS! B PA3IMYHBIX 00JIaCcTAX
HAYKH U TEXHUKH.

Henpro manHON pabOTHI SBIACTCS M3YYCHUE BIMSTHHS (Pa30BOTO COCTaBa CHHTE3HPOBAHHBIX HaHOYACTHI Fe,03-
Gd»03 Ha 3 PekTUBHOCTh PHUMEHEHHUSI B KAYECTBE OCHOBBI JIJIsl IKCIICPUMEHTOB MATHUTHOW TUIlepTepMuu. J[aHHbIH
KJIacC CTPYKTYp SBIISIETCS OJHUM W3 HawOoJee MEPCIeKTHBHBIX MATEPUANIOB JUIS OMOMETUIIMHCKOTO MPUMEHCHUS H
magnetic resonance imaging. B xo/ie uccienoBanus ycTaHOBJIEHA JuHaMuKa (ha30BbIX MpeBparieHnii HaHodactul] Fe;03
— Fe;03/GdFeO3; — GdFeOs B 3aBHCUMOCTH OT TeMIeparypbl omxura. OnpeesieHo, 4To npeodiaiaHie B CTPYKTYpe
Hanoyactuil (azelr GAFeO3 IpUBOAUT K YKPYMHEHUIO UX pa3MepoB ¢ 15 10 40 um. OIHAKO B XOJ€ SKCIEPUMEHTOB T10
OTIpe/IeNIEHUI0 YCTOWYMBOCTH K JeTpajaliid U KOPPO3UH YCTAHOBIJIEHO, YTO HAUOOJBIIEH KOPPO3ZHMOHHOW CTOHKOCTBHIO
obnanaror Hanowactuiel GAFeOs. B xoe rumepTepMHUUECKHX HCIBITAHUIA YCTAHOBICHO, YTO M3MEHEHHE (Ha3oBOTO
cocTaBa HAHOYACTHI] IPUBOIUT HE TOJBKO K YBEIWYCHUIO CKOPOCTH HArpeBa HAHOYACTHII, HO M YBEIMUYCHHIO YACTbHOM
BEJIMYMHBI MOTJIOMIEHHS], YTO CBUIETEIBCTBYET O OOJBIIOM KOJMYECTBE BBIACIISEMOTrO TEIIa B €IUHHILy BPEMEHHU B
JIOKaJbHOM oOsacTr. B X0/1e MCbITaHNi Ha IUTOTOKCHYHOCTh YCTAaHOBJIEHO, YTO BCE CHHTE3UPOBAHHBIE HAHOYACTHUIIHI
00J1a/1a10T HU3KOH TOKCHYHOCTBIO U HE BBI3BIBAIOT OYPHON TMOENN KIIETOK.

Jluteparypa:
1. Frimpong, Reynolds A., and J. Zach Hilt. "Magnetic nanoparticles in biomedicine: synthesis, functionalization
and applications." Nanomedicine 5.9 (2010): 1401-1414.
2. Mohammed, Leena, et al. "Magnetic nanoparticles for environmental and biomedical applications: A review."

Particuology 30 (2017): 1-14.
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HCCJIEJOBAHHE Y3KHX ®PAKIUHI JETYYEN 30JIbI, NOJIYYEHHBIX
TPAHYJOMETPUYECKOM, TPABUTAIIMOHHON 1 MATHUTHOM CENTAPAITAEM

Lloxanoe A.K.%, Bepewax M.®.2, Manaxoea U.A.%, Trneybepzenoe JK.K.2, Cuuxan E.A*

1Kazaxckuii HalMOHANLHBIH Mearornyeckuil yHUBepcHTeT UM. Abasi, Anmartel, Kasaxcran
2HucTutyT apepHoil Gpusuku, Anmatel, Kazaxcran

MeToamMu SIEpHOM TaMMa-pe30HAHCHOM CIIEKTPOCKONIMH Ha sjpax °'Fe, peHTreHOCTPYKTYyPHOTO aHaum3a
CKaHMPYIOIEH 3JIEKTPOHHONH MHMKPOCKOIHMH IMIPOBEJCHBI HCCIEIOBAaHUA y3KUX (pakiuii MUKpochep, BBIICICHHBIX U3
JIeTydel 3016l IPU MBIICBHIHOM CKHTAaHUH YT DKHOacTy3cKoro dacceifHa B TormoyHoM komioarperare bK3-420-140
TBIL-2 r. Anmarter ipu Temmeparype 1500-1900°C.

Beinenenne y3kux ¢pakiuid MUKpocep OCYIIECTBISUIN IpaHyJIOMETPUUYECKOl cemapanuell Ha CTaHIAapTHBIX
cuTax ¢ pazmepami staeek 15, 25, 40 u 100 mxMm. Takum 0Opa3om, ObLIM IPUTOTOBIICHBI YeThIpe cepur 00pasnos. s
Ka)XJ0H (pakuuy onpesesieH JIeMeHTHBIH 1 (a3oBbIil cOCTaB, a TaKke MOP(HOIOTUUECKHIA TUI TPaHYJI.

MarauTHy0 cenapanuio y3kux (Gpakiuid oCyIeCcTBIISUIN ¢ IOMOIIBI0 MarHUTHOTO CerapaTropa ¢ peryjIupyeMoi
HaIpsHKEHHOCTBIO MarHUTHOTO MOJIS MyTeM 10100pa MOCTOSIHHBIX MarHWTOB, OTJIMYAIONIUXCS BEMYUHON MarHUTHOM
MHIYKIUH. B pe3ynbrare mosydeH MarHeTUTOBBIM MPOIYKT ¢ YUCTOTOH ~ 95% deppocdep.

MeccbayspoBCKre CIIEKTPHI PETHCTPUPOBAIN B TCOMETPHH Ha MPOIyCKaHue Ha ciekTpoMerpe MS-1104Em mpu
KOMHATHOI TEMIIEpaType, MCTOYHMKOM Y-KBaHTOB Ciyxun >'Co B marpuie xpoma. OGpaGoTKy MeccOaydpOBCKHX
CIIEKTPOB BBINOJIHIN C MOMOIIBI0 IporpaMMel SpectrRelax. MukpodoTorpadun o0pasioB moTydand ¢ MOMOLIBIO
CKaHUpYIOILEro 31ekTpoHHoro mukpockona JEOL JSM-6610, ocHalleHHOrO 3HEProJUMCIEPCUOHHBIM aHAIU3aTOPOM
IncaX-act, ¢ paspemennem 3 HM mpu yckopstomeM HanpspkeHnd 0.3-30 kB m Bpemenn HakomneHwus 10 MuHYT.
OJeMeHTHBII cOCTaB epecUYUTHIBAIN Ha OKCHBI, cyMMy IpuBoauwin kK 100%.

Mecc6ay poBCKHii CIIEKTp JIeTy4ell 30716l JO Celapaliy UMeeT JOBOJIBHO CIOXKHYIO CTPYKTYpPY. ATOMBI JXelle3a
3aHUMAIOT HECKOJIBKO MO3UIMH B MarHUTOYNOPSAOYEHHBIX M IAapaMarHUTHBIX COCTOSIHUSAX. MarHuTHas 4acTb B
oOpasuax JieTydeil 3016l IpejcTaBiieHa MarHurocdepamu, a IapaMardHuTHas 4YacTh — aJIOMOCHJIMKATHBIMHU
MHKpoc(epaMu. YCTaHOBIEHO, YTO C YBEIMYCHHEM pa3Mepa 3epeH B y3KHX (pakuuax MuKpocdep Habmomaercs
MOHOTOHHOE YMEHBIIIEHHE MarHUTHOW COCTaBIIONICH B MeccOay’pOBCKMX CIEKTpax. B oOpasie ¢ pasmepom 3epeH
6osiee 100 MkM copepxanue GeppoOKCHIOB — MUHUMAIBHO. [IpeobianaromyumMy KOMIIOHEHTAMH SIBIISIFOTCSI MUHEPAJIbI
MYJUIATA ¥ TEPLIMHUTA, BXOSIIIE B COCTAaB ATFOMOCWINKATHBIX T100y11. [TokazaHo, 4To pasMep ri1o0yI1 amtoMOCHIINKATOB
HaIpsMyIo CBsI3aH C COJep)KaHUE aJFOMUHHS B HUX.

UCCJIEJOBAHUE DO®EKTUBHOCTHU DKPAHUPOBAHUS TAMMA-U3JT1YUYEHUS
CTEKJIAMM 0.5TeO,-(0.5-X)WOs3-xBi203

Temip A.*?, XKymaounoe K112, Kosnoscxuii A.J1.*

"MnctutyT smepHoii pusuku MO PK, Anmartsl, Kasaxcran
2 Eppasuiickuil HanuoHanbHbi yausepcuteT uM. JL.H. T'ymunesa, Hyp-Cyntan, Kasaxcran

B mocneaHue rojipl, OMHUMHU U3 TEPCIEKTHBHBIX 3aIMTHBIX MaTepUasioB, 00JaJafolIUX TOCTATOYHO XOPOILei
TPO3PAYHOCTRIO, SIBISFOTCS aMOP(hHOMOJ00HBIE CTeKIa Wi Kepamuku Ha ocHoBe T€0z, WOs, SiOz, BiOs, Smy0s,
Nb2Os, MoO, NaO, CeO; u T.1. [1-3]. MHTEpec co CTOPOHBI HCCIIeIOBATENeH K JaHHBIM CTPYKTYpaM OOYCIIOBICH HX
YHUKAJIbHBIM COYETAHHEM CTPYKTYPHBIX, ONTHYECKHUX, MPOYHOCTHBIX CBOWCTB, a TaK)KE BBICOKOW INIOTHOCTBIO,
CPaBHMMOH C IUIOTHOCTBIO cBUHIA [1-3]. Bonbinol nHTEpec cpeny Bcex KOMOMHAILMK JaHHBIX OKCHJIOB ITPEACTABIISIOT
cTpykTypbl Ha ocHoBe TeO2, WO3 u BixO3, 06:1aaaromnye He TOIbKO XOPOLIMMH MOKA3aTeNIIMUA IPOYHOCTH U ONTHYESCKUX
XapaKTEePUCTHK, HO ¥ BHICOKMMH ITOKa3aTeNIIMH IKPaHUPYIOIINX XapaKTEPUCTHK.

Pabora mocesileHa HCCIIEeIOBAHUIO BIUSHUS H3MEHEHHUs KOHIeHTpalmu BioO3 B CTpyKType TeITypuaAHBIX CTEKOI
0.5Te0,-(0.5-X)WO3-xBi,O3 Ha onTHYeckue, IKPaHUPYIOLIME M MPOYHOCTHBIE XapaKTePUCTUKH. B KadecTBe mMeToza
MOJYYCHHUST CTEKOJI OBLT BRIOpAH MEXaHOXUMHUUYECKUI CrIoco0 ¢ MOCIeqyromuM criekanreM npu temneparype 1000°C.
JaHHBI CcHIOCOO TONyYeHHsS CTEKOJN MO3BOJSET MOIy4aTh aMOp(HOMOJOOHBIE CTEKJIa C BBICOKMMH ITOKa3aTEeNsIMHU
TPOYHOCTH. B X071€ OTpeiesieH st MPOYHOCTHBIX CBOMCTB YCTAHOBIIEHO, UTO YBEIMIeHNE KOHIeHTparmu Bi,Os mpuBoaut
K yBenuueHuto npouHocty Ha 30-50 % npu xonnerTpanusax x=0.2-0.25. B xoxe n3MepeHuil ONTHIeCKUX CBOICTB OBLIO
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OIPEJIETIEHO, YTO yBEIMYEeHHe KOoHUeHTparuu BiO3 NpUBOAMT K W3MEHEHHIO BEIUYMHBI MPOIYCKAHUS, a TaKKe
CMEUICHHIO Kpasi pyHIaMEHTAJIbHOIO MOTJIOIICHHS. AHAIN3 SKPAHUPYIOIINX XapaKTEPUCTHK MTOKA3al, YTO YBEIHUCHUE
KoHIeHTpauu Bi;O3 NpUBOINT K YBETUUSHHUIO MOTJIOMIAIOIIEH CIIOCOOHOCTH CTEKOI, a B CITyYae SKPaHUPOBAHUSI TaMMa-
u3ay4eHus ¢ sHeprusaMu 130 k3B mpakTHYSCKU MOJHOMY MOTJIONICHUIO raMMa-KBaHTOB, BEPOSTHOCTH IMOTJIOIICHUS
cocrasuia 6oiee 96 %.

JIureparypa:
1. Kozlovskiy, A. L., and M. V. Zdorovets. "Effect of doping of Ce4+/3+ on optical, strength and shielding properties
of (0.5-x) Te02-0.25 M00-0.25 Bi203-xCe02 glasses." Materials Chemistry and Physics (2021): 124444,
2. Temir, A., et al. "Study of the effect of doping CeO2 in TeO2-MoO-Bi203 ceramics on the phase composition,
optical properties and shielding efficiency of gamma radiation.” Optical Materials 115 (2021): 111037.
3. Temir, A, et al. "Synthesis, phase transformations, optical properties and efficiency of gamma radiation shielding
by Bi203-TeO2-WO3 ceramics." Optical Materials 113 (2021): 110846.

KHNHETHUKA JECOPBIIUU I'EJIUA N3 CTAJIN 12X18H10T ITPU PA3HBIX YCJIIOBUAX
HACBIINEHUA

Axaee C.0.2?, Kucnuyun C.5.2, apmwixa A.°

1Satbayev University, AnmMarsl, Kazaxcram.
2HMucTutyT saepHoil pusnku MunucTepCTBa SHepreTHkH Pecnybmuku Kazaxcran, Anmatel, Kazaxcras.
3Tro6nunckuit TexHuueckuil yauBepeuTet, Jio6mun, Tonbua.

IIpuBeneHsl pe3ynbTaThl CPAaBHUTEIBHBIX HCCIEIOBAHMM KMHETUKU JECOpOIMU Iefus MpPH JHMHEHHOM Harpene
o0pa3moB aycreHuTHOW HepkaBeromed ctamu 12X18H10T HachIIEHHBIX pa3HBIMH cCIOocoO0aMu: OOJydeHHe Ha
yckxopurene A11-60 Acranmackoro punmana USAD, peakropax BBP-K u BH-350.

OO6nyueHne Ha ycKOpuUTese MPOBOAMIOCH HAa HU3KOIHEPreTHUECKOM KaHalle JBYX3apsAHBIMH HOHAMH TEIHs C
sHepruel 22.5 k3B/3apsiy, T.e. MONHBINA 3apsiy anbha-dacTHIbl paBeH 45 k3B. Temneparypa o0ay4eHus: He TpeBbIIIana
473 K. ®moenc a-uactur cocrasui 1108 non/ecm2

Haceimenne o6pasnos B peaktope BBP-K npoBoamiock B HamoJHEHHBIX TelIEM aMIlyllaX IpU TeMIeparype
1033 K. [lapnenue reius npu oOJNydyeHHWH HE INpeBbIano armocgepHoro. daroeHC 3a BpeMsi 0OJIydeHHs COCTaBWII
9102 n/M?, uto cocTapisieT ~ | cMelleHUs Ha aToM (CHa), TIPH IJIOTHOCTH HelftpoHHoro notoka (E>0,1 MaB) 7.6:1016
H/(cm?).

B kauectBe 00pa3loB i UCCIeIOBaHUs, 00yueHHBIX B peakrope BH-350, ObutM MCIIONIB30BaHBI 00pa3IlbI
BbIpe3aHHbIe 13 rpanei yexia OTBC H-214 ¢ pa3HpIX 0OTMETOK 11O BBICOTE COOPKH OTHOCUTENHHO LIEHTPa aKTUBHOM 30HBI
peaktopa. J[o3a 00TyueHHsI HCCIIeyEeMBIX 00pa3IoB cocTaBsuia ~ 2 ¥ ~ 15 cHa, TemmnepaTypa obaydenus 673 u 610 K
COOTBETCTBEHHO.

[IpoBeneHHble MCCIENOBAaHHUS TEPMOJICCOPOLUH TeNus MOKA3ald, YTO KWHETHKA €ro BBIIENCHUS M3 00pa3loB
OOJIy4eHHBIX MOHaMH, T.€. TIPH OJHOBPEMEHHOM BBEACHHM B CTAJb TeJUS W PaJUAlMOHHBIX Ne()EeKTOB, OTIMYHA OT
KWHETHKHM BBIICJICHHUS Teins W3 o0pas3loB, oOJIydeHHBIX B peakropax. Ha cmekrpax TtepmonecopOium 00pasoB
HACBIIIEHHBIX TeJINEM IPH PEaKTOPHOM OOJyYEHWH IMUKH WHTEHCHBHOTO BBIJICJICHHS TEJIUSI U3 CTAIH PACIIOJIOKEHBI B
HHU3KOTeMIepaTypHoii obmacty, 10 680 K, B To BpeMst Kak OCHOBHOE BBI/ICIIEHHE I'€JIHsI MMIUIAHTUPOBAHHOTO B CTAJIb IIPH
MOHHOM OOJIyYe€HUHU MPOUCXOTUT Tpu Oosiee BhICOKOH Temmeparype ~ 823 K. Ilo Bceil BEpOSATHOCTH, 3TO CBS3aHO C
0COOEHHOCTSIMH €T0 TOABIKHOCTH M yJIepXKaHUA Ha NedeKTax CTPYKTypbl. UTHOpHpoBaHKe 3THX 0COOEHHOCTEH MOXKET
MIPUBECTH K HEKOPPEKTHOH TPAKTOBKE PE3yJIbTATOB MPH MPOBEICHIH UMHUTAIIHIOHHBIX UCCIIETOBAHUN BOCIPOM3BOISAIINX
peakTopHOe 00TyUeHHeE.

Pabora Oplma BEIMONHEHa NpH MojAep)kke MuHncTepcTBa 3Hepretukn Pecmyomuku Kaszaxcran. (IIporpamma
neneoro ¢unancupoBanusi BR09158499 «Pa3BuTne KOMIIEKCHBIX HAay4YHBIX HCCJIEJOBaHMN B 00JIACTH sIJIEpHOM M
panuanmoHHOM (QU3MKK Ha 0a3e Ka3aXCTaHCKUX YCKOPUTEIBbHBIX KOMILUIEKCOBY).
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JIOKAJIN3AIASA TVIACTUYECKOM JE®OPMAIIAA B OUINHAPAYECKHX OBPA3LAX
MEJIM 1 AYCTEHUTHBIX CTAJIEHM 12X18H10T U AISI 304, OBJIYUEHHBIX HEUTPOHAMMU

Mepeacko M. C., Mepeaicko /. A., |Ma1ccuMKuH 0. H.|

WncrutyT sinepHoit pusuku PK, r. Anmatsl, Pecriy6nuka Kazaxcran

B nmponecce mnacTuieckoit aeopmManuy MaTepral METAIMIECKOro 00pasia caMOIpPON3BOIBHO PacCIanBacTCs
Ha aKTHUBHO nedopMupyomecs o0macTu M oOmacTu, nedopMmanus B KOTOPHIX Oim3ka K Hymo. COBpeMEHHBIC
MPECTABICHUS O MIPUPOJIE ITACTUIECKON 1e()OPMAIINK OCHOBBIBAIOTCS HA TOM, YTO B METANTHIECKUX TTOJIMKPUCTANIIAX
OHA Pa3BHBACTCS JIOKAJIM30BAaHO IIOCIEIOBATENbHO MM OJHOMOMEHTHO HA PAa3IMYHBIX MAacIITaOHO-CTPYKTYPHBIX
YPOBHSIX — Ha MHKPOCKOIIMYECKOM, ME30CKOIHMIECKOM M MAaKpOCKOMHW4eckoM. Ilmactuueckas HECTaOMIBHOCTH
NPUHAMAET Pa3INYHbIe, HEMHOTOYHCICHHbIE (DOPMBI, 3aKOHOMEPHO CMEHSAIOIINE OIHA JAPYIyi0, M OKa3bIBacT
3HAYUTEJbHOE BIHMAHUE Ha (OPMHUPOBAHME MEXaHMYECKUX CBOWCTB MaTepHalIOB, B TOM 4YHCJIE OOJIyYEHHBIX
BBICOKOHEPIeTHYECKUMHU YaCTULIAMH.

[TpoBeneHsl MexaHUYECKHE MCIBITAaHMS MEOU U PeakTOPHbIX aycTeHWTHBIX ctaned 12X18H10T u AISI 304,
KOTOpPBIE IIPU CXOXKEM COJAEP)KaHUM JETHPYIOIIUX 3JIEMEHTOB, OTIMYAIOTCS COJEpXKaHWeM HHKens U TuTaHa. Ilocie
TEPMOOOPAOOTKH B BaKyyMe 00pa3iibl ObLTH 00JyueHBI B aKTHBHO# 30HE HccienoBaTenbekoro peakropa BBP-K (MUAD,
Anmvatel) nipu Temmepatype He Bbimie 80°C mo maxkcumanbHOW mospexparomeit no3sl 0,4 cHa. C HCIOIB30BaHUEM
METOJI0B “IU(PPOBOH MapKEpHOHW SKCTEH30METPHH’ W MarHUTOMETPHU OINpPEICICHBl KPUTHYECKHE XapaKTEPHCTHKU
MPOYHOCTH M IUIACTUYHOCTH, COOTBETCTBYIOIIME Hadyaly MICHKOOOpa30BaHUS M ITIOKa3aHO XOPOIIEEe COOTBETCTBHE
PE3yNBTAaTOB, MTOMYYCHHBIX TPEMS HE3aBUCHMBIMH CIIOCOOaMH.

B pesympTare 3KCIEpHMEHTOB OBUIO YCTaHOBIICHO, YTO BEJIMYMHA ‘“HCTUHHON JOKaNbHOH HedopMmaruy,
COOTBETCTBYIOIIASl Hadalxy oOpa3oBaHWS CTaOMIBHOM MICHKHM B HCCIENyeMbIX MaTepHanax, C POCTOM (iroeHca
CHIKAETCS, B TO BpeMsI KaK BEIMYMHA “UCTHHHOTO” KPUTHUYECKOTO HANPSHKCHUS MPAKTHYECKH OCTAETCS MOCTOSIHHOM.
Iloxa3aHo, 4yTO HEUTpPOHHOE OOIy4YeHHE 3HAUUTEIHHO BIMSET HA IIACTUYHOCTh METAJUIOB C I'PaHELEHTPHUPOBAHHOM
KyOMUYeCcKO# pelIeTKoN TONbKO Ha CTaauu paBHOMepHOH nedopmanuu. [Ipu sToM Nokanu3zoBaHHas nedopMarnusi He
3aBHCHUT OT JI03BI TSI BCEX UCCIIEAYEMBIX MaTepHaoB.

YcraHoBieHo, uTO 00pa3zoBaHue IIeiikK mpoTekaeT B 2 craauu. Ha | cranuu nedopmanus cocpeporaunBaercs B
HeOoJsplIoM 00beMe paboueit yactu obpasua. Ha Il cragumu nposiBisiercst reoMeTpysi LISHKH B BUJIE [IECOYHBIX YacoB,
3HAYUTENbHAs JIOKaIbHas Aedopmalust oOpasia B 3TOM ce4eHHH 00pa3iia IPUBOANT K €r0 YTOHEHHUIO, U 3aKaHYMBACTCS
paspyLieHHeM.

B pabote obcyxmaercst posib HEUTPOHHOTO OOIydeHHs M (a30BBIX IPEBPALICHUH B IMpPOIECcCe IIACTHYECKOH
nedopmanny Ha KPUTHYECKHE XAPAKTEPUCTUKH MPOYHOCTH U IUTACTHYHOCTH, COOTBETCTBYIOIINE HAYalTy 00pa3oBaHUs
IICHKH, a TaK)Ke HA CTaluK ee (POPMHUPOBAHHSI.

Pabora BemoxaeHa npu punHancoBoit nognepkke MOH PK (I'pant Ne AP08052488).

JIIOMUHECHEHLUUSA KPUCTAJIJIOB GSO OBJIYYEHHBIE UOHU3UPYIOLIUM U3JTYUYEHUEM

Hypumounos U., Cauoaxmedos K.X., Dcanog 3.V.

Wucrutyt Anepnoit ®usuku AH PVY3, 100214, Tamkent
skhahramon@yandex.ru

CunukaTel PENKO3eMENbHBIX JJIEMEHTOB OTHOCATCA K J(PQGEKTUBHBIM JTIOMHUHO(OpaM, KOTOPBIE YCIEITHO
NPUMEHSIOTCS. B Ka4eCTBE JETEKTOPOB B (pu3mKe BBICOKHMX dHepruit. Kpucramnsr cunukara ragomuaus-GdaSiOs(Ce)
TaK)Ke OTHOCATCS K 3TOH rpynme. Tak kak, 3ToT MoHOKpucTaiwt GSO, MIMPOKO MCIONB3YETCs B KAYeCTBE JETEKTOPa, TO
M3y4YEeHHUE JIIOMMHECLICHTHBIX CBOWCTB I10]1 BO3/ICHICTBUEM MOHU3HMPYIOMINX M3TY4YEHHUH SBISETCS OUYEHb aKTyalbHBIM. B
JaHHOM paboTe GblIa MCCIIE0BAHA TEMIIEPATYPHAS 3aBUCUMOCTE JIIOMUHECLIEHTHBIX XapakTepucTuk (y-mom-TJI) y u no-
y-06myueHHbIx KpuctamioB GSO. Cnektp momuHecneHIMM MoHokpuctaula GSO sermpoBaHHBIM € IiepueM
(conmepxanme nepust cocraisuio 0,5 mon.%) npu temneparype 300K mpexacraBnsier co0oif DIMPOKYIO IOJOCY C
MakcUMyMoM Tipu A=440HM, ¢ IepernOoM B JUIMHHOBOJIHOBYIO 00nacTh criektpa. C yBeanyeHueM ¢uiioeHca HeHTPOHOB
Ha0Io1aeTcs TyeHNEe JTIOMHUHECIIEHIINN. DTO MOXET OBITH 00YCIIOBIIEHO TEM, YTO ITpX OONBIINX (IrtoeHcax o0paszyercst
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MHOXECTBO CTPYKTYPHBIX Ne(PEKTOB KaK TOYCUHBIX TaK WX KOMIUIEKCOB, CMEIICHHBIE aTOMBI U T.1. OHH MOTYT OBITH
KOHKYPEHTaMH IIpH 3aXBaTe 3apsAoB, TEM CaMbIM H3MEHSA JIOKaJbHOE OKpYy)KeHHe moHa akTuBaTopa Ce, mpHUBOISA K
YMEHBIICHUIO MHTEHCUBHOCTH JIIOMUHECTIeHIIMH. Kak M3BeCTHO B Liepuil JerupoBaHubix kpuctamiax (Gd,SiOs-Ce) non
aktuBaTop Ce M30BajieHTHO 3amernas atoMbl Gd 3aHMMAaeT JBa KPHUCTAUIOPAPUIECKUX IOJOKEHUS OTHOCHUTEIHHO
aTomoB kucnoposa aessarepraoe CN(9) u cemeprnoe CN(7). DTu 1Ba 1IeHTpa CBEUCHHS IMEIOT CBOH TIOJIOCHI BO30YKICHUS
U MOMHUHecIHeHnH, Tak Ha3biBaeMble Ce(l) Aupy=284 u 345HM JIFOMHUHECUCHIIMH B OOJACTH Amon~430-440 mM, Ce(2)
As0s=300 1 378HM JTFOMHHECIICHIIUN B 00JIACTH Anon~480 HM [1]. B 1anHOM ciydae, ¢ OTHUM MaKCHMYMOM 3TO CBSI3aHO
CO CIIEKTPAIbHOW HIMPUHONH M CIIOCOOOM pETHCTPAlliil CBEYCHUSA. B OONBIIMHCTBE CiIydasx IIOMHHECICHIUHUS C
MakcuMyMoM mipu A~430-440 aM, nomuHUpyeT. XOT, HA ()OHE MHTCHCUBHOTO cBedeHUs Npu A~430-440 HM, MOXKHO
BBIJICNIUTH CIA0OBBIPaYKCHHBIE IMOJIOCH JToMHHECHeHInH npu A=450 u 510uM. [Tonmkennem temmepatypsl go 80K
HaOJromaeTcss yMEHBIIEHNE HWHTCHCHBHOCTH Toiochkl CBeueHwms [JI. Habmiomaemoe yMeHBIIEHHWE HWHTCHCHBHOCTH
JFOMHHECIICHIINY MOKHO OOBSICHUTBH aBTOJIOKAJIHM3aNHeH IeKTPOHHBIX Bo30yxaeHuit (AJIDB), kotopas HabmromatoTcs
B OOJIBIIIMHCTBE OKCHIHBIX, B TOM YHCJIE U B CHIIMKATHBIX, COSIMHEHUIX IIPH HU3KIX TeMIIEpaTypax.

JIureparypa:
1. Suzuki H., Tombrelo N.A., Melcher L.C. and Schweitzer J.S. UV and gamma-ray excited luminescence of cerium-
doped rare-earth oxyorthosilicates. //Nucl. Instr. and methods in Physics Research 1992. A320. Issues 1-2. P.263-272.

HEHTPOHOI'PA®UYECKOE UCCJIEJJOBAHUE CILJIABA TiixM0xC

Xuoupos U., Paxmanos C [c., Ilapnues A.C., Maxmyoos L. A., 'emmancxuii B.B., ’Kaxcumypamos HU. 7K.

WucrutyT sinepHoit puszuku AH PY3, Tamkenr, 100214, Y36exuctan
e-mail: parpiev@inp.uz

B nocnieniHee Bpemst B CBS3H C OCTPBIM JI€(HUIIMTOM BOIb(paMa BO3HUKIIA HEOOXOANMOCTD HAX0XKCHHUS CILIAaBOB,
3aMeniaromux Boibdpam. OIHMM M3 TaKUX CIUIABOB MOTYT ObITh cIulaBbl cucteMbl Ti-Mo-C. Hamu momydeHsl
onHo(azueie cruaBbl TixM01.4C (toe x = 0.74 1 x = 0.70 ) METOIOM MOPOIIKOBOW METaJLTypruu Ipu Temmepatype 2400
K u ompenenensl kpucrammdeckas CTPYKTypa M CpEAHEKBaJIpaTHYHOE CMeIleHHe aroMoB B HuX. CoriacHo
HEWTPOHOCTPYKTYPHOMY aHAJIN3Y, 3TU CIUIABBI HMEIOT TPAHEIIEHTPUPOBAHHYIO KyOHUECKYIO CTPYKTYPY, ONIUCHIBAEMYIO

B paMKaX MpoCTpaHCTBeHHOH rpymmsl Fm 3 m ¢ mapamerpamu pemetku a = 4.330 £0.001 u a = 4.338 +£0.001 A,
COOTBETCTBEHHO. B paMkax MaHHO#M MPOCTPaHCTBEHHOW Tpymmbl aTOMbI Ti M Mo B3aHMO3aMelIeHbl U CTATHCTHYECKH
pacmoxeHsl B no3uuusx 4 (b), a aromsr C pacnosoxxeHsl B HO3ULUSX 4 ().

I, orn. ex. Hamu TaKxe oIpeesIeHO YCpeIHEeHHOE
2

0 CPEHEKBaIPATUYHOE CMEIICHUE aTOMOB Us B

Na"HHeIX cmiaBax Tip7aM0026C u  Tio.70M00.30C

METOIaMU HAaUMEHBIIUX KBaJ[PaToOB u

7 MOJHONPOGUIBHOTO aHAIN3a 10 JaHHBIM IH(PaKIIUK

HEHTPOHOB W CPaBHEHO CO CPEIHEKBAIPATHIHBIMU
CMENIEHUSMH TYTOIJIaBKHX CIUIaBOB cucteM Ti-C,
Ti-N, Ti-C-N (ta6mn. 1).
Cyns o JaHHBIM, TIPUBEJACHHBIM B TaOII. 1, TO-
BHINMOMY, B TPEXKOMITOHEHTHBIX cILIaBax
TIOSIBJISIFOTCST CTATUYECKHE UCKAXESHISI N3-32 Pa3IHIus
BO BHELIHHUX JIEKTPOHHBIX KOH(pUTyparusx
N | N | | COCTAaBISIOLUX 3JIEMEHTOB Wi 11 1 Mo. OHM UMEoT
Bun 3d%4s? mns Ti m 4d°5s! gnst Mo. Onu Takke
e pasnuunbl Takxke s C (2s22p?) u N (2522p%).
30 40 50 60 70 20, rpan.

"I"[E""I""I""I"

[
=]

Puc. 1 - Heiitponorpamma crinasa Tio70Moo30C (A = 1.085 A)
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Tabmmna 1 - CpenHekBagpaTHIHOE CMEIICHNE aTOMOB B PEIISTKE W apaMeTPHl pelIeTka psaga KyOndecKux

TYTOIUIaBKHUX CIIJIaBOB

O6paszen — IMapamerp pemerku a, A
Us , A
Ti0.74Mo00.26C 0.101+ 0.002 4.330+0.001
1
Tio.70M00.30C 0.110+ 0.003 4.338+0.001
TiCoor 0.084+ 0.003 4.326+0.001
TiNo.g7 0.089+ 0.002 4.226+0.003
TiCo.50Nos0 0.105+0.001 4.302+0.002
TiCo.50Nos0 0.105+ 0.001 4.302+0.002

Iockoneky ctexuomerpuueckue cmiaBbl TiIC u TiN umeror Bechma Onmskue 3uHaueHne CKC U OTCYyTCTBYIOT
CTaTHYECKUE HCKAXKCHUsS, TO B CTEXMOMETPUYECKUX TPEXKOMIIOHEHTHBIX CIUIaBax pa3jiMude B KOH(QHUIYparusx
BJICHTHBIX BHEIITHBIX JICKTPOHOB IIPUBOJNT K MOSBICHUIO CTATHYECKUX UCKAXECHUH B pemeTke. M3-3a 3Tux pasnnunit
BO3HUKAIOT HEOJTHOPOIHBIE CHIIBI IPUTSDKCHUS, TIPUBOIAIINE K HCKKCHHUIO KPHCTAIUTNIECKON pemeTkd. O0 3TOM Takxke
CBHACTEIBCTBYET 3HAYMTEIBHOE 3aBBIICHHOEC 3HAYCHHE MapaMeTpa pelIeTKH ciuiaBa Tio70M0o30C mo cpaBHeHHIO ¢
JPYTHMH CIUTaBaMH.

OPITAHM3AIIMA PU3NKO-XUMHNYECKHUX ITPOIECCOB B IOPOBOM ITPOCTPAHCTBE
JABOOBPA3HBIX TOILJIMBOCOJEPKAIIIUX MATEPHUAJIOB 4-I'0O BJIOKA YEPHOBBLJIbBCKOM A3C

Tabenxos C.B.%, 3yéro A.B.%, Jonun B.B.?, Kueaniox U.B.*

MucTHTYT mpo6iaeM 6e30MacCHOCTH aTOMHBIX diekTpoctannuii HAH Vkpaunsr, r. UepHoOBUIb, YKpanHa
2['ocy1apcTBEHHOE yupexkIeHre «IHCTUTYT reOXMMHUHU OKpPYIKarollel cpeabl HanuoHanbHOM akaieMiun HayK
Yxpauns», r. Kues, Ykpanna

bonee 35 ner tomy Hazam, 26 ampenst 1986 roma mpousonuia aBapusi Ha 4-m Onoke YepHoObuibckoir ADC. B
pe3yipTaTe 00pa3oBaICh COTHH TOHH JIABOOOPA3HBIX TOILTHBOCOAepkamux MaTepuainos (JITCM), koTopble U CeToIHS
OMPENENAIOT JKOJOTUYECKYIO, DPATHOIOTHYECKYI0 U SIEpHYI Oe3omacHOCTh komiuiekca “HoBwiii Oe3omacHbIit
koHpaitaMeHT — O0BekT YipoiTHe” (HBK-OVY). I[Ipobnema obpamenus ¢ JITCM sBisieTcst KITIOYeBO# mpoOiieMol Ha
myTH npeodpazoBanns komiuiekca HBK-OVY B skomorndeckn 6e30macHy0 CUCTEMY.

Hempro wuccrnenoBanmii (HUIUKO-XUMHYCCKUX IPOLECCOB B JIABOOOPA3HBIX TOILIMBOCOICPKANINX MaTepratax
SIBIISICTCS BBINIENIAYMBAaHUE YPaHA M €r0 IPOIYKTOB JCTCHHUS U3 MUKPOBKIIIOUCHUI OKCH/Ia ypaHa U IepepacipeielicHue
ux B iopoBoM mpoctparctse JITCM B Buze ypaHcoAepKaIuX COSIMHEHIH CTORKUX K OKHCIICHHIO U THAPATHPOBAHUIO.
B nanpHeiiem, Takoe nepepacnpeaeicHIe MOKET CTaTh OJJHAM H3 3JICMEHTOB TEXHOJIOTHH KoHIuIHoHupoBanus JITCM
JUIA JajbHEHIIero KOHTPOIMPYEMOTO UX XpaHEeHUS.

HccnenoBanuch 00pasiibl KOpUIHEBOW KepaMUKH, XapaKkTepHblie s oMenienus 304/2 u nmapopacnpeaeauTeasHOTO
kopunopa 4-ro 6noka YepHooOsuibekoit ADC. B pabore [1] mokazano, uyto kopuuneBas kepamuka JITCM conmepxut
ypaHCOIep)Kalue KpUCTauIMdeckne (a3pl  ypaHa, OKCHJI W ypaHWI CWIMKAT THApPAT HATpUA-Kamus
(Na,K)2(UO2)2(Si205)3:4H20. Vpanun cuiaukarT Tuapar Harpus-kauds oopasoBaics B JITCM B pesyibrare
panuanOHHOCTUMYJIUPOBAHHBIX MPOLECCOB B3aUMOJEUCTBUS OKCHIA ypaHa BO BKIIOUEHUSX C OKCHUAAMHU KPEMHHS,
KaJINsl 1 MarHusl U3 CTEKI0(a3bl U BOJBI U3 BHELTHEH Cpebl.

OU3HKO-XUMUYECKUE TIPOLECCH MHUIMUPOBaHEI B 00pa3ie JITCM ¢ ucrnoip30BaHHEM 3JICKTPOXUMHUYCCKON STUCHKA
[2] ¢ nnadparmoii, B neHTpe mocieqHel MOMEIIeH HccileqyeMblid oOpasen. Sluyeiika 3amojHeHa BOJHBIM PacTBOPOM
HUTpaTa HaTpHs Pa3IMYHONM KOHIEHTpaluu. B pesyiibTare 351eKTposn3a B aHOJHOM M KaTOIHOHN peakuuu oOpasyercs
a30THAs KUCIOTa U TUAPOKCU HATPHsI, KOHLEHTPUPYIOIUECS COOTBETCTBEHHO B KATOJHOM M aHOJHOM IPOCTpaHCTBE. B
MPOIIECCE DJIEKTPOJIM3a ATHU TPOIECCh (DUKCUPYIOTCS W3MepeHHeM YpoBHsS pH B KaTOMHOW M aHOMHOW 00JIacTH.
I'enepupyemsble peareHTHl B3aUMOICHCTBYIOT C TNpoAyKTamu neneHuss W aktuBanuud w3 JITCM mpuBomar K ux
BBIIIEJIAYMBAHUIO H MIEPEpaCIIPEICIEHUIO B IPHAHOIHON M IPUKATOAHOM 007acTH. DTH MPOLECcCH (UKCUPYIOTCS IyTeM
W3MEpEeHNl ypOBHEH Y-aKTUBHOBHOCTM B TIPUAHOJHONM W TPUKATOAHON obmacTsax suedku. [Ipomcxoaut
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MOCJIeIOBAaTEIbHOE aHOIHOE BhINIENadynBaHue KOMIOHEHTOB JITCM B COOTBETCTBHE C WX IMOJBIKHOCTAMH (II€3UH,
CTPOHIIUH, ypaH).

B obnactu, HemocpencTBeHHO mprieraromieil k oopasiny JITCM mpoXoasT kak pacTBOPCHHE, TaK M OCAXKICHHC
MUKPOBKJIFOUCHU TIPU B3aUMOJCUCTBUY THIPOKCHUIA HATPHUS, TCHEPUPYEMOTO Ha KaToJIe. ITH PEaKIUHU MIPOUCXOIAT Oe3
BBIBCJICHHS PAJMOAKTHBHBIX BEIICCTB 3a MPECNbl TBEPAOH (Pa3bl WM HETOCPEICTBEHHO MPHICTAIONICH K HEl 30HBI,
OTrpaHUYCHHON TUadpParMEHHBIM MPOCTPAHCTBOM.

B pesymbraTe wuccrnemnoBaHMN (PU3MKO-XMMHUYECKHAX PEAKIUN B JICKTPOXUMHUCCKOW sUeiike 00ecreueHo
BBIIIENIAYNBAaHUE W OPTAaHIM30BAHO OCAXKICHUE ypaHa U IPOIYyKTOB AEJCHUS B IOpoBoM mpoctpancTee JITCM.

Jlutepartypa:
1. S.V. Gabielkov, L.V. Zhyganiuk, V.G. Kudlai, A.V. Nosovsky, P.E. Parkhomchuk, S.O. Chikolovets, and V.M.
Shcherbin, Phase Composition of Brown Ceramics of Lava-like Fuel-Containing Materials of the Object “Shelter”
ChNPP. // Nucl. Phys. At. Energy 20, (2019) — P. 388. https://doi.org/10.15407/jnpae2019.04.388.
2.T'abenxo C.B., lonmmn B.B., Kurantok 1.B., 3yoxo A.B., Kpacros B.A. JlabopaTopHast ycTaHOBKa 115l HCCIIEAOBaHUS
(H3UKO-XUMHYECKUX TPOIIECCOB B TIOPOBOM IMPOCTPAHCTBE JIABOOOPA3HBIX TOILTMBOCOIACPIKALIMX Marepuanos. // VI
MexnayHnapoanas koupepenims INUDECO 21 (27-29 anpens 2021, r. CnaBytuy) — C. 56.

OCOBEHHOCTH JIUJIEKTPUUYECKHUX CBOMCTB TAMMA-OBJIYUYEHHBIX KOMIIO3UTOB
HA OCHOBE NOJIMA3TUJEHA HA3KOM IJIOTHOCTH U IIEOJIMTA

Baiipamos M.H.*, Anuee H.III*, Abviee I'A.?

Mucruryr Papnanuonnsix [po6iem HAH Asepbaiinkana, AZ 1143, Baky, Azep6aiikaH,
2AsepOaiimxanckuii Meauuunckuii Yuausepcutet, AZ 1022, Baky, Asep6aiimkan,

B HacTosmmiee BpeMs, OJHUM M3 NMEPCIEKTUBHBIX HAIIPABICHUN B PaJUAllMOHHOM MaTepHalOBe/IeHHUE SBIACTCA
CO3JJaHUSI HOBBIX PaJMAllMOHHOCTOMKHX ITOJIMMEPHBIX KOMIIO3WIIMOHHBIX MAaTepHaJoB Ha OCHOBE IOJIMATWIICHA C
MHUHEPIbHBIMH HATIOJHUTEISIMU B TOM 4ncie nuanuramu [1, 2].ITo cpaBHEHHIO ¢ TOPOTOCTOSIIMMHI CHHTETHYECKUMHU
LIEOJINTaMH, TIPUPOJIHBIE IIEOJIUTHI HAMHOTO JICTIEBIIE U OTIMYAIOTCS] BOJOCTOHKOCTHIO [2].

OOBeKTOM HCCheIoBaHMs BBIOpaH monudTWieH Hu3koi miotHoctu ([IOHIT) mapkm 15803-20. B kauectBe
MHHEPILHOTO HAIIOJHUTENS UCIIOIb30BaH NPUPOJHBIH EOIUT (MUHEPANIBHBIA COCTaB: KIMHONTHOJIUT U TeHIaHINT —
Atimarckoe mectopoxaeHus AszepOaiimkanckoii PecnyOmuku). IlnmeHownbie oOpasubl TommuHOH 140-200 MKM ©
JuameTpoM 20MM, NOTy4YeHbl IYTEM IOPsTYEro MPECCOBAHMSI Ha FHApaBiIMYecKoM npecce npu temneparype 403-413K u
nmasieHun 15 MlIla ¢ mocienyromei 3akaikoid UX B CMECH Je-Boja. B koMmo3ute 00beMHOE COOTHOIICHUE MaTpHIIa:
HanoJHuTeNb cocTapisuio 60:40 u 40:60.

Onexrpudeckas eMKocTbC (IeHCTBUTENbHOE 3HAYCHUS JUIIIEKTPUUECKON MPOHUIIAEMOCTH €' PAaCCUUTHIBAIN T10
u3BecTHON (opmyne €'=C-d/ep-S) U TaHreHC yria JUANEKTPUYSCKUX NOTeph tgd 00pasLoB U3MEPSIIOCh H3MEpPHUTEIEM
ummuranca E7-20 npu remnepatype 293 K u wactore 1 k['11. CKkopocTh u3MeHeHus Temneparypbl 2K/MuH. y-001ydeHne
00pa3IoB KOMIO3UTOB NPOBOJMIIOCH IIPU KOMHATHOH TemitepaType Ha yctaHoBke RXM-y-20 ¢ HCTOYHHUKOM M3ITydeHUs
0Co. MoIHOCTb NOrIOLEeH Ol 103kl 16,5-1072 p/cek.

14 4
e 0,06 -
12 4 tgd 2
0,05
0,04 1
0,03

0,02 -

b —— “ 1 0,01 1

T T T T T T 1 0 T T T T T T 1

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
a D,xIp ] D, xI'p

Pucynok 1 - JlozoBas 3aBucumetsb €' = f(D) (a) u tgd = f(D) (6) obpasuos [IDHII (1) u kommnosuros IIHIT-40
00.% mneonur (2) u [19HI1-6006.% neomnut (3)
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V3MeHeHNs 3HAYEHUN TUAJICKTPHICCKON mpoHumaeMoctd (&) u amdekTpudeckux motepb (1gd) B obpasmax
xomno3utoB [IDHII-nieonuT nocie y-00IydeHus CBA3aHBI ¢ 00pa30BaHUEM IIPH OOIYYCHUH JOTOIHUTEIBHBIX HOCHTEIIeH
3apsAA0B (IEKTPOHHO-UOHHBIX MAp) M PaTHalMOHHEIX AehekToB [2].

Kax BugHO m3 pucynka 1 (a u 0), 3Hauenue ¢'1 mua obpasuoB [IDHII npu mozax D=0+300xI'p m3mensercs
HEe3HaUUTENbHO (£'=2,25-2,65), ms o6pasnos [IDHII- 40 06.% wneomut no D=100xI"p &'» pe3ko cHmkaercs (0T €'2=12,6
1o 3,97-murnMyMm) u ganee mpu gozax D=100+300x[p nuHeHO yBenmmuuBaeTcs 10 €2=5,04, a st oopasmos [1OHII-
60 06.% meommt mo no3e1 D=50kI"p &'s yBemmuauBaercs (oT 10 mo 12,3 - makcumym), nanee cHrkaercs 1o D=100kxIp
(g's=9,73- munmMyM™m), mipu go3ax D=100+300x['p suueitHo yBenmumBaercs no €'s=10,32. U3 puc.16. BUmHO, YTO
HaWMEHBIINE TUAIICKTpUIecKre nmotepu Habmomaercs mpu D=100xI'p y o6pasmos I[TDHII. (t93:=0,005) a, HauGonsImce
npu D=300xI'p y obpasuor II19HII-60 06.% teomut (tgd3=0,052). M3MeHeHHE ANITEKTPHUCCKUX TapaMETPOB 3aBHCHT
KaKk OT KOHIEHTpAlMd ICOJIUTa, TaK W OT BIWSHHE Y-O0JMy4deHHss Ha OO0paslbl HMCXOJHOTO IIOJNIMITHICHA U
MOJIMATUIIEHOBOTO KoMIio3uTta HamojHeHHbIX 40 u 60 00.% neonutoM. DTH M3MEHEHUs] OCOOCHHO MPOSIBISIETCS TPH
KOHLeHTpamu neosnuta 60 00.% u nozax obmyyenust no 100 k['p. Habmonaemble n3meHeHus nocie y-o0JIydeHus: B
obpasmax kommo3utoB [I1OHIT-40 06.% neommt u [IOHII-6006.% meonutT MOKHO CBSI3aTh C MPOLECCAMHU AECTPYKIIUI
Ha HA4YaJIbHOH cTajnn 00IydeHns U cuIiuBKoi nocie 10361 100 xI'p.

Jlureparypa:
1. AM. MareppamoB, M.M. Kymme, H.III. Amwmes, P.C. HcmaiimnoBa, M.H. BbaiipamoB, N.M. A6Gacos
JusnekTpuueckne CBOHCTBa MOAWGHUIMPOBAHHBIX Y — H3IyYCHHEM KOMIIO3UTOB TMOJHITHIIEHA BBICOKOH IUIOTHOCTH
/ZnO. Becauk HTY «X11».2017. Ne44(1266), Xapbkos, €.3-18.
2. AM. Mareppamos, B.JIx. Ixadapos, M.H. Bbaiipamo, H.III. Amues, ILII. Anxanos, I'.X. Mycaepa.
DnekTpoduznyecKie CBOWCTBA KOMIIO3UTOB HAa OCHOBE MOJMATHIICHA HU3KOHM IUIOTHOCTH IIMOJUTOBOTO MHUHEpasa.
INepcnexTrBHbIe MaTepuaisl. 2020 Ne8, ¢.67-72.

OCOBEHHOCTHU KPUCTAJJIMYECKOMW U MATHUTHOM CTPYKTYPbI ®EPPUTA
KOBAJIBTA, MOAN®PUIINPOBAHHOI'O PEAKO3EMEJIbBHBIMA NOHAMMU

Apevimbex B.K.Y3, Xawxaw A2, Kosnenxo J]. I1.Y, Kaiizep M.2, Casenxo B.H.*

1OMsIH, [dy6mna, Poccus
2ynpapienue 1o aToMHo# sHepruu Erunta, I{eHTp sSAepHBIX HCCIeN0BaHMIM
SHucturyT apepHoit gpusuku MD PK, Anmatsl, Kasaxcran

Kpucramnmueckyro 1 MarHuTHy1 cTpykrypy deppura mmunens CoFexxCexOs ¢ pasnnuHOl KOHIEHTpauuei
penko3eMenpHBIX 31eMeHTOB (X < 0,1) m3ydanu ¢ momormipio peHTreHoBckoi mudpakuun (XRD), marauromerpa c
BuOpupyromuM obpasiiom (VSM) u audpakiuu weiitponos (ND). (XRD) noarBepxaaer obpasoBaHue 06pasioB B
HAHOPa3MEPHOM MaciTabe ¢ oqHO(pa3HON KyOudeckoit cTpykTypoii. [TeTiiu MmarautHoro rucrepesuca M-H, monyueHHbie
n3 VSM mpu 100 K, BBoasT marHutHble napamerpsl; MsS, HC, Mr co 3HayeHMsIMM, NPEBBILAIONUMUA HUX aHAJIOT
koMmHaTHOU Temmeparypsl (RT). beum momydens! mapamerpsl kpucrauioB ¢ nomoimsio ND, takme kak mapameTps
pELIETKH, JUIMHBI MEXaTOMHBIX CBSI3e M paclipeieeHHe KaTHOHOB MEX/Y OKTadJIpHYECKUMH M TETpa’pHueCKUMHU
KpPHUCTAIUIOrpaUIeCKUMH OJ0XKEHUSAMH, a TaK)Ke MarHUTHBIH MOMEHT MOHOB jkesie3a. C yBelTMYeHHEM KOHICHTPAIUU
1epus HaOoaeTcsi N3MEHEHHE COOTBETCTBYIOIINX JUTMH CBSI3€H M MAarHUTHOTO MOMEHTA JKelle3a B OKTadAPHYECKOH
KHCJIOPOJHOH cpejie n3-3a Mpeo0IIalatomiero 3aHsITHS 3TOr0 KPUCTAINIOrpaUuecKOro MoJjI0KeHHs HOHAMU Lepusl.
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MOJYYEHUE BUHAPHBIX CIIJIABOB TYT'OIIJIABKUX METAJIJIOB Vo u VI6
HOArPYIII C JIETKOINITABKUMHA KAJMHUEM, CBUHIIOM U OJIOBOM
OCAKIEHUEM HAHOYACTUI]

Bonooun B.H., Kanuesa A.K., Tyneywes FO.JK., Kaxanbaes E.A.

PI'TI UnctutyT sipepHOt pusuku, AnvaTsl, Pecrrybmnmka Kazaxcran

K HacTosimemy BpeMeHH CyIIeCTBYeT IpoOJieMa IOMYYCHHs CIIABOB METAIJIOB, UMEIOIINX BEcbMa OOJIbIINE
pasnmuus B Gpu3HUecKuX cBoiicTBax. OAHUM M3 CIIOCOO0B HUBEIMPOBAHUS PA3IWYMs, B IEPBYIO OYEPEb, TEMIIEPATYP
IUIABJICHHS. TIPH TIOJYYECHHHM TBEPABIX PAacTBOPOB — CIUIABOB SIBIIICTCS HCIIOJIBb30BAaHWE pa3MEpHOro (hakTopa.
HccnenoBaTensiMu pa3sHBIME METOAAMHU YCTAHOBJICHO 3HAUUTEIBHOE — OT HECKOJBKUX AECATKOB JIO COTEH IpajycoB
MOHM)KEHUE TeMIIepaTyphl IJIABJICHUS JUCIIEPCHBIX YaCTHUI] Pa3IMYHBIX METAJUIOB C YMEHBIICHUEM pa3MepOB Kareb.

Poaynep D. (Roduner E.) [1, 2] npu pacCMOTpEHHH TEPMOAWHAMHUKH MaJbIX CHCTEM OTMETHJ HECKOJIBKO
KJIFOYEBBIX MOMEHTOB, YaCTHOCTH: JJISl JOCTATOYHO MajbIX CUCTEM IPEACTaBICHUS O (Ja30BOM COCTOSHUU U (pa3oBBIX
nepexoAax TepsloT CMBICH; U OYeHb MalblX M HM30JMPOBAaHHBIX CHCTEM OIPOMHYIO PpOJIb HAUMHAIOT WIPaTh
¢GnykTyanuu; B TaKMX CHCTEMax CTaHOBUTCS HEBO3MOXKHBIM pa3yMHOE OIpenesieHHe TOHATUS TeMIIepaTyphbl;
TeMIlepaTypa IUIABICHHS M KHUIECHWA >KUJKUX HAHOPAa3MEpHBIX Kallesib BEIIECTBA BCErZa OKa3bIBAeTCA HIDKE
COOTBETCTBYIOIINX 3HAYCHUH B 00BEMHOM (ha3e TOTo Ke MaTepuana u ap.

[IprHIMAas BO BHUMaHHE U3JI0KEHHOE, a TAKXKE TOT (hakT, ITO 00pa30BaHUE CIIaBa — TBEPOTO PaCTBOPA SIBISICTCS
MOATBEPXKICHNEM IPEOBIBAHNSA YIBTPAAUCIIEPCHBIX YaCTHI B KBA3VDKUAKOM COCTOSIHUY IIPH HU3KOH TeMIlepaType, HaMu
BBINIOJTHEHO HCCIICJOBAaHHWE IO IIOJMYYCHHUIO ABOMHBIX CIUIABOB TYromuiaBkux MetamwioB VO m VIO moarpymm c
JIETKOIUIABKUMHM KaJIMHEM, CBUHIIOM U OJIOBOM OC2)KJCHHEM HAHOYACTHII, UMEIOLINX LEJIBI0 OIPECICHNE KPUTHIECKUX
pa3sMepoB HAHOKJIACTEPOB, CIIOCOOHBIX K KOAQJIECIICHLIMH, KOHIIEHTPALMOHHBIX T'PAHUIl CYIIECTBOBAaHUA U CTPYKTYpPHI
MOJYYCHHBIX TAKUM 00pa30M MaTepHAIIOB.

B skcneprMeHTax HCIOJIB30BaHbI METAIBI C COJEp)KaHHEM OCHOBHOTO dJjieMeHTa, mMacc. %: Huobus — 99,6;
TaHTajga, MoJauOJcHa, BoabhpamMa — 99,9, kaamus, cBuHIA U ojoBa — 99.99. IIpurotoBineHue 00Pa3lOB BKIHOYAIO
paclbplUICHHE MUIICHEH B IUIa3Me HM3KOT'O JABICHUSA M OCAKICHUS PACHBUICHHBIX YAacTHI] Ha IepeMellaroluecs He
oborpeBaemMble MOUIOKKH B BH/IE OCTPOBKOBBIX INICHOK — HAHOMETPOBBIX CyOCIIOEB 10 MPEAIOIaraeéMoil cyMMapHOH
TOJIIMHBI HOKPBITHS.

Hcnons3oBaHue TOMIIUHBI CyOCTOSl B KadecTBE pa3MEepHOTO (akTopa OOYCIOBICHO TEM, YTO HM3MEHEHHE
TEeMITepaTyphl TUIABJICHUS TUICHOK C YMEHBIICHWEM WX TOJIIMHBI aHAJIOTMYHO TaKOBOMY Ul Maiblx dactui [l, 2]
BCJIC/ICTBHE TOTO, YTO (JOPMUPOBAHHE UX BEAETCS MO KOCTPOBKOBOMY» IPHUHIIHILY.

B pesynbrare BBIMOJHEHHOTO HCCIEJOBAaHMS IMOJATBEPKAEHA BO3MOKHOCTH NPEOBIBAHUS YIBTPAIUCIEPCHBIX
YacTHIl METAJUIOB B KBAa3MXKHMJKOM COCTOSIHUH, CIIOCOOHBIX K KOAJIECUCHIMH U OOpa30BaHUIO CIUIABOB IPU HHU3KOM
TemIiepaType. Y CTaHOBJICHO, YTO YMEHBIICHHE pa3MepOB YacTHIl HUOOHs MeHee 2,2 HM, TaHTaja — 1,7 HM, MoJnO/ieHa —
1,5 M, Bose¢ppama — 0,68 HM u KaaMus - MeHee 3,2-2,2 HM, IPUBOJUT K CAMOIIPOU3BOIBHOMY 00Opa30BaHUIO TBEPIBIX
PacTBOPOB Ha OCHOBE TYTOIJIABKHUX METAJUIOB IpH TemmepaTtype okoso 100 °C. ITapamerpsr OLIK-pemeTokx TBepAbIX
pacTBOpPOB HUOOHS, MOJIMO/IEHA ¥ BOJIb()pamMa JIMHEHHO yBEIMYMBAIOTCS U3-32 OOJIBIIETO pa3Mepa aToMOB Kaiamusi. [1iist
CHCTEMBI HIOOHS CO CBMHIIOM M KaJMHEM OTMEuUeHa CMEHa TeMIIa POCTa KPUCTATMUECKON pelIeTkH, 00yCIoBICHHAS
M3MEHEHHEM CXEMbI pa3MelIeHHsI aTOMOB NPUMECH B MaTPHYHON pemieTke HHoOWsA. OTCyTCTBHE BIMSHHS BBICOKOTO
JIaBJICHU ITapa KaJMHs TIOATBEP KIaeT IPOTEKaHKe Ipoliecca 00pa3oBaHus CIUIABOB IPHU HU3KOM TeMIiepaType.

Ha ocHOBaHMM KPUTHYECKHX Pa3MEpOB YaCTHI] METAJUIOB MOJIyYCHBI OLICHOYHBIC BEIMYMHBI HOBEPXHOCTHOTO
HATSKEHMS HA TPAHMIIE KPUCTAILI — PACILIaB, cOCTaBuBLINE Beauuuny 0,56-1,22 Jlax/m? ans uuobus, 1,21 Tx/m? — s
taHTana, 1,25 Jx/M? - it momuonena, 0,53 Jx/m? — ms BoNb()paMa, Ha OAWH-IIBA MOPSAKAa MEHBIIE JJIS OJOBa U
cBuHIa u (5,77-14,2)-102 IIx/M? pns KaaMus.

[Tosmyuenne TBEpABIX PAaCTBOPOB — CIUIABOB TYTOIUIABKUX METAJIOB C KaJMHEM SBISIETCS TEXHOJIOTHMYECKHM
MPUMEPOM HCIOIB30BaHUS pa3MepHOTo 3¢ heKTa MPHU U3TOTOBICHNH HOBBIX MaTePHAIIOB.

Pabora BrImoTHEHA TIpU (DMHAHCOBOH MOAIEp)kKKe MHUHHCTEpCTBa 00pa3oBaHus u Hayku PecrryOmuku Kazaxcran
(mporpamma PBIIT 029).

Jluteparypa:

1. Roduner E. Size matters: why nanomaterials are different// Chem. Soc. Rev. 2006. V.35. P.583-592.
2. Ponynep 3. Pazmepnsie adpdexrs! B HanHoMaTepuanax. M.: Texnocgepa, 2010. C. 192.

132



2. MATERIALS SCIENCE AND RADIATION SOLID STATE PHYSICS

PATUATAOHHO-XUMHUYECKOE CTPYKTYPUPOBAHUE I'MIPUPOBAHHOI'O BHK
C YYACTHEM HU3KOMOJIEKYJISIPHBIX COEJJUHEHUN

Mameonu III.M., Mameooe A.X, Mameoos /[.I1I., Canexos A.X., Xankuwuesa P.®., Mameoosa I".A.

Wucrutyt Pagnannonnsix [Ipoonem HAH Azep6aiimkana, baky, Azepbaiimxan

BricokoHackImeHnbIH OyTanueH-HuTpmibHbIH kKayayk (BHBHK) sBisieTcst oqauM 13 Hanboiee mepcrneKTHBHBIX
Kay4dyKoB crneuuanbHoro HazHaueHus. BHBHK u maTepuansl Ha ero oCHOBE yCTOMYHMBBEI K Pa3IM4YHBIM XUMHYECKUM
areHTaM, OOJIAZaf0T BBICOKUM COIPOTHBICHHEM K JEHCTBHIO aTMOC(EpHBIX (DaKTOPOB, XOPOIIUMH (HHU3HKO-
MEXaHUYECKUMHU CBOMCTBaMHU.

B cBs13u ¢ TeM, UTO ABNSETCS HACBIIICHHBIM 3JIaCTOMEpaM BYJIKaHU3alMs €r0 BHI3BIBAET U3BECTHBIE TPYJHOCTH. B
HacTosiIIee BpeMsl IMPOKO NPUMEHSETCS BYJIKaHU3ALM 3TUX COMOJIMMEPOB MEPOKCHIAMHU B IIPUCYTCTBUHM HEOOJBIINX
KOJIMYECTB cepbl. J[JIs moy4yeHust ByJIKaHU3aTOB C BHICOKMMH (PU3UKO-MEXaHNYECKHUMHU XapaKTEPUCTUKAMK IPUXOUTCS
NPUMEHSTH OOJbLIME NO3UPOBKH INEepokcH] aAukymumna (4-5 mac.y. Ha 100 mac.y. xaydyka) 4TO SIBISIeTCSl KpaiiHe
HE)KeJNaTeNbHBIM B IPOM3BOJCTBEHHBIX YCIOBHAX H3-3a BPEJHOCTH MPOAYKTOB pachana mnepokcuipa. Kpome Toro,
HaJIM4Ke NMEePOKCUIA, KaK H3BECTHO, OTPUIATEIBHO CKA3bIBACTCS IIPU TEIUIOBOM M PAAHAIIIOHHOM CTapEeHUH MaTepHaJIOB.

B cBsi3M ¢ M3MOXKEHHBIM TMPEICTABIIIOCH IIeJIeco00pa3HeIM ucnonb3oBaTh A BHBHK Meton paamanmoHHOM
BYJIKAHW3AIM1, KOTOPOH MO3BOJIAET TIOJIHOCTHIO HCKIIFOUUTD M3 PELETITYPHI PE3UH BYJIKaHH3YIOIIHE areHThl B YaCTHOCTH
MepOKCHUIA.

O6wekToM uccnemoBanus ciyxun TexHudeckuiih BHBHK wmapku 3ermon (Anonust) 98% HacHIIEHHOCTH.
PanuanuonHas ByJKaHM3allUs OCYyIIeCTBsnach Ha ucrtounuke Co® mommocthio 7800 r-exB pamusa. B mporuecce
o0JryyeHus TeMIIepaTypa B 00pasIiax He NpeBbIIaia KOMHATHYI0 Oostee yeM 10°. OOpa3ubl 00rydanick B BaKyyMe IpH
0CTaTO4HOM JjaBieHun 1072 MM pT. cT. nin B npecc-popmax.

ITpu 06y4ueHnu nonumMepa 6e3 700aBOK MaIbIMK JO3aMHU HE IIPOUCXOIUT 00pa30BaHUsI IPOCTPAHCTBCHHOM CETKH.
Bonee Toro, eciu npu pacTBOPEHUH B TOIyOJIe HCXOAHOTO MOJMMEpa, He MIPpeIBepraBIIerocs 00JydeHNIo, UMeeTCs I'ellb
¢dpakiusa, TOo mocae obmyudenus go3amu  150-300 k['p mommMep MOJHOCTBIO CTAHOBUTCS PACTBOPHMBIM, HYTO
CBUJIETENILCTBYET O ACCTPYKIIMU MOJIEKYJISIPHBIX LIEeHeH.

YcTaHOBIIEHO, YTO NMpH OOTy4YeHHH OOJBIIMMH J03aMH NPOMCXOANUT YKPYHMHEHHE MOJIEKYJI M MX IOIEpEeYHOEe
CIIMBAHUE BIUIOTH IO OOpa30BaHHE IPOCTPAHCTBEHHOW CETKM BBEACHHE HAIOJHHUTENS M CEHCHOMIM3aTOpa THUIIA
TprasnHoBbIX coeanHeHnit (TAC) npuBOAMT K HEKOTOPOMY YBEIMYEHHIO CKOPOCTH CHIMBAaHMSA, DPaJHAllMOHHO-
XUMHUYECKHUX BBIXOJ CUIMBaHUs YBEJIMUMUBAETCS NpUMEpPHO B 1,5 pasza cocrasisier 2,6 cinBok Ha 100 3B.

IToka3aHo, 4TO BBeOeHHE B CMeCh NeyHOW TexHW4eckoi yriepon (I1324) mpuBOIUT pe3KOMYy YBETHYCHHIO
CKOPOCTH M BBIXOJ] CIIUBAaHUS Bo3pactaeT 3-4 pa3 mpu BBeaeHun 60 mac.d. TexHudeckoro yriaepozaa. [Ipu stom pesko
YBEJIMYMBACTCSI IPOYHOCTHBIE CBOMCTBA ByJNKaHM3aTOB. ONTHMaibHAs 1032 OOIydYEeHUS BYJIKAHW3ATHl, HATIOJTHEHHBIN
nevyHou cozeit, cocrabnsiet 400-500 xIp.

CHUHTE3 KPUCTAJIJIOB 'NBPUJIHOI'O TEPOBCKHUTA CHsNHsPbls 1J151 @OPMHUPOBAHUS
HUX TOHKHUX IVIEHOK METOJOM FLASH-UCITAPEHUA

JTocemberosa C.B.2, Kunes B. A.%, Inadvuues I1.11.7

! Unctutyt spepHoii Gpusuku, T. AnMatel, Pecny6iuka Kazaxcran
TocynapcTeeHHblii yHusepcuteT «Jly6Ha, r. Jly6Ha, Poccus.

OpraHo-HeopraHu4YecKue ruOpuIHbIe TePOBCKUTHL ¢ obwel hopmynoit ABX3(A=CHsNHz*, HC(NH.)."; B=Pb,
Sn; X=I, Br,Cl) npeacTaBisioT peBOIOLHOHHBIN KJIACC CBETOYYBCTBUTENBHBIX MATEPHATIOB IIUPOKO KCILTYaTHPYEMBIX
B HOBBIX IIOKOJICHHSIX COJIHEUHBIX OaTtapel. Kpucramumdeckas CTpyKTypa OpraHO-HEOPraHWYECKOTO IEePOBCKHTHOTO
coenunenust CH3NH3PbXs, B KOTOpBIX mNpenMylnecTBa HEOPraHHMYECKOr0 Kapkaca, BKIIOYas TEPMHUYECKYIO
CTa0MJIBHOCTh U BBICOKYIO CTENCHb CTPYKTYPHOTO IOpSAIKA, MOTYT OBITH TakXke OOBEIMHEHbI C HMHTEPECHBIMH
XapaKTePUCTUKAMH OPraHMYeCKUX MaTepUalioB, TaKWe Kak (YyHKLIHOHAIbHAS YHHBEPCAIbHOCTb, MeEXaHHYECKast
THOKOCTh M HM3Kas CTOMMOCTh Tpom3BozacTBa [1]. DTa KOMOHMHAIMS CO34aeT MHOTOOOCHIAIOIINI ITOTEHIIHAN I
pa3pabOTKK YYBCTBUTEJBHBIX M OBICTPBIX (DOTONETEKTOPOB, MpeIHA3HAUYEHHBIX Ui PACHO3HABAHUS W300paKeHUH,
ONTHYECKOW  CBfA3M, OOHApYXKEHHS  XUMHUYECKHMX M  OHOJNIOTHYECKMX  coeluHeHuid. ['omMoreHHeile U
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BBICOKOKPHCTAJUIMIECKUE THOPHIHBIC TOHKHUE IUICHKU IEPOBCKUTA MOTYT OBITh MOJIy4deHbl MeTonoM Flash-ucmaperns ¢
YHHKaJIbHBIM KOHTPOJIEM COCTaBa MaTEepHasa M TOJIIMHBI IUIEHKH [2]. MeTo MOHMKEHHS TeMITEpaTyphl MOAXOINT [T
pocTa KpHUCTAJIOB MEPOBCKUTA, MMOHMKEHUE TEeMIIepaTypbl pPacTBOpa BBI3BIBACT HACHILEHHE PAaCTBOPEHHOIO
HaceleHHoro BogHoro pactsopa HX (X = Cl, Br, I) npeamecTBeHHUKa IEPOBCKHUTA, COAEPIKALIETO HEOPTaHUUECKYIO
COJIb METaJlIa U OPTaHUYECKYIO TaJOreHUAHYIO cOJlb [3].

CuHTEe3UpOBaHbl MOHOKPHCTAJUIBI MEPOBCKUTHOTO COCTaBa, JHMHEWHOro pasmepa 2*2*4 mm. IlpenmyiiectBa
JAHHOTO METOJIa COCTOMT B TOM, YTO POCT KPHCTAJUIOB JIETKO KOHTPOJHMPOBATh W MOJJEPKHUBATh CTAaOWIBHBIM, B
pe3yNbTaTe Yero IMOTyYeHbl BBICOKOKAYECTBEHHBIC MOHOKPHCTAILTEI OOJIBIIOTO pa3Mepa.

Jns  wupeHTHOUKAIMM — KPUCTAJUIMYECKOH  CTPYKTYpPHl — INOJMYYEHHBIX  KPHCTA/UIOB  OBUI  NPOBEICH
PEHTTEHOCTPYKTYPHBIH aHaM3, IOATBEPX K IAIOIINI 00pa3oBaHue IEPOBCKUTHOM CTpyKTYphl. Metomom Flash-ucmapenust
ObLITa TOJTy4eHa U IPOaHaIM3MPOBaHA IIEPOBCKUTHAS IUICHKA, C HCIOJIh30BaHUEM KpHCTaLIoB coctraBa MAPDI3
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Pucynok 2 - Tudpakrorpamma CH3NH3PDbl3

Jlurepatypa:
1. P.P. Gladyshev, M. Banavoth, T. Swetha, N. Bingwa, Ya.B. Martynov, T.Yu. Zelenyak, V.A. Kinev and R.G.
Nazmitdinov (2019). Hybrid Organo-Inorganic Perovskite Solar Cells: Architecture Evolution, Materials of Functional
Layers, Photoelectric Characteristics, Properties, and Efficiency. Nova Science Publishers, Renewable Energy: Research,
Development and Policies, Perovskite Solar Cells: Properties, Application and Efficiency, 1-76.
2. Gevorgyan, V. A., Hakhoyan, L. A., Mangasaryan, N. R., & Gladyshev, P. P. (2016). Substrate temperature and
annealing effects on the structural and optical properties of nano-CdS films deposited by vacuum flash evaporation
technique. Chalcogenide Letters, 13(8).
3. Dang Y., LiuY., SunY., YuanD., Liu X., LuW., Tao X. (2015). Bulk crystal growth of hybrid perovskite material
CH3sNH3Pbls. CrystEngComm, 17(3), 665-670.
4. Papikyan, A. K., Gevorgyan, V. A., Mangasaryan, N. R., & Gladyshev, P. P. (2018, January). Characterization of
vacuum flash evaporated CdTe thin films for solar cell application. In Journal of Physics: Conference Series (Vol. 945,
No. 1, p. 012013). IOP Publishing.

CHUHTE3 YTJIEPOJHBIX HAHOCTEH B IIJIABME BBICOKOYACTOTHOI'O EMKOCTHOI'O PA3PAIA

Epranyner E2, Pamaszanos T.C.2, Ta6dynun M.T.

!Kazaxcrancko-Bpuranckuii Texuudeckuii ynusepcuret, Anmatsl, Kasaxcran
?Kazaxckuii HallMOHAIBHBIN YHUBEPCUTET UMEHU anb-DPapadu, Anmatsl, Kazaxcran

Yraeponusie HaHocTeHBI (YHC) ABNSAIOTCS OHOM M3 aJUIOTPOITHBIX MOAM(HUKALINN yIIepoa, KOTOPBIE COCTOST
U3 CaMOBBIPABHUBAIOIIMXCS JINCTOB HaHOTpa)eHa, BEPTUKAIBHO CTOSMIMX HAa TMOJUIOKKAaX W 00pa30BHIBAIOIIUC
nabupuHTO00pa3HyIO CTPYKTYpY [1-2]. HecMoTps Ha TO, 4TO yriaepoIHbIe HAHOCTEHBI OBUTH OTKPBITHI COBCEM HEJIABHO,
2002 roxy [1], 3a mocneHUE ABa NECSTUICTUS OHH MPUBIICKA OTPOMHOE BHUMaHKE OOJIBITUHCTBO YYCHBIX BO BCEM MUpE.
YHC npencrasiser coboif MHOTOOOCIIAIONIMIA MaTepuall il IPUMEHECHUS B TOIUIMBHBIX JJIEMEHTAaX, JTUTHH-HOHHBIX
Oarapesx, (QOTOIIEKTPHICCKUX YCTPOHUCTBAX, TOHKOIUICHOYHBIX TPAH3UCTOPAX, NATYMKAX OIPEICICHHBIX Ta30BBIX
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MOJIEKYJl, AaBTOSMHCCHOHHBIX YCTPOWCTBaX, Oarapesx, IOIJIOTHTENSX CBETa, YIYYIICHHBIX JETEKTOPHI Ul
JNMEKTPOXMUMHIECKUX M Fa30BBIX CEHCOPOB, CYIIEPKOHACHCATOPHI M KAPKACHI sl TKAHEBOM HHKeHepuu [3-6].

B Hacrosieit paboTte mpuBOIATCS pe3yIbTaThl SKCIIEPUMEHTANIBHBIX HccieaoBanuii no cunresy YHC Ha ocHOBe
XMUMHYECKOTO OCaXKJECHUSI B Ta30BOM (Da3pl B YCHJIEHHOH IuIa3Me BBICOKOYACTOTHOTO eMKocTHoro paspsima (CCP-
PECVD). Onpenenensl onTuMalbHble YCIOBUSA pacxoaa MeraHa, BU MomHocTH U BpeMeHH pocTa Jid cuHTe3a YHC
BBICOKOTO KauecTBa. YCTaHOBJICHO, YTO CYIIECTBYeT HEOOJbIIas 3aBUCUMOCTH [UIMHBI CHHTe3upoBaHHbIX YHC ot
napaMeTpoB paspsaa, Torja Kak HaOmogaeTcs cuibHas 3aBHUcUMOCTh (opmbel YHC oT mapamerpoB paspsiza.
[lomydyeHHbIe pe3ynbTaThl OBUIM HWCCIEHOBAHBI METOAAMH CKaHUPYIOIMIEH 3IeKTpoHHOH MuKpockomun (COM),
CKaHUpYIoIIei 30H10BO# criekTpockonuy (C3M) u criekTpockomnueit komOuHannonHoro paccesans ceera (KPC). ACM-
aHanM3 TMokasa, 4ro TonmmHa Bcex YHC mpumepHo onmHakoBa. Ho kakmas HaHOCTEHKa, IOJTydeHHast IpH Ooee
HU3K0HM BU-MoOmHOCTH, MOKET COCTOATH U3 2 WM 3 TOHKUX HAHOCTEHOK, KOTOPHIE 3aTeM IIEPEKPBIBAIOTCS M 00pa3yroT
YTO-TO BPOJE «UEUTyHdaTon» CTPYKTYpHI ¢ yBennueHnem BU-momrHocTH. Cornacao COM, KPCu ACM ananu3zy Obuia
pa3paborana kKapTa mporecca Uit 0003HaueHHs 30H oOpa3oBanus HaHokitacTepoB (NC) B YHC, mmoxoro u 6oratoro
ocaxaenuss YHC u mHorocnoiiHoro rpadgena (MLG).

JIurepatypa:
1. H. Wu, P.-W. Qiao, T.-C. Chong, and Z.-X. Shen, Adv. Mater. 14, 64 (2002).
2. Hiramatsu M., Hori M. Carbon Nanowalls: Synthesis and Emerging Applications. Springer; Wien, Austria:
2010.
3. S. Ghosh, G. Sahoo, S.R. Polaki, N.G. Krishna, M. Kamruddin, T. Mathews, Journal of Applied Physics, 122,
214902 (2017).
4, S. Hosu, M. Sobaszek, M. Ficek, R. Bogdanowicz, H. Drobecq, L. Boussekey, A. Barras, O. Melnyk, R.
Boukherroub, Y. Coffinier, Carbon nanowalls: A new versatile graphene based interface for the laser
desorption/ionization-mass spectrometry detection of small compounds in real samples, Nanoscale. (2017).
https://doi.org/10.1039/c7nr01069a.
5. D.G. Batryshev, Ye.Yerlanuly, B Alpysbaeva, R Nemkaeva, T.S. Ramazanov, M.T. Gabdullin, Obtaining of
carbon nanowalls in the plasma of radio-frequency discharge// Applied Surface Science- Volume 503, 15 February
2020, No 144119.
6. Yerlanuly, Y. et al. Synthesis of carbon nanowalls on the surface of hanoporous alumina membranes by RI-
PECVD method. Appl. Surf. Sci. (2020) doi:10.1016/j.apsusc.2020.146533.

COBPEMEHHBIE KOHCTPYKIIMOHHBIE MATEPUAJIbI B SIEPHOM SHEPT YU U
MHOBBIINEHNU EE BE3OITACHOCTH

T'yceunosa JI.P.

BKTK, r. Cemeii, Kazaxcran

CoBpeMeHHBII KOHCTPYKLIMOHHBIA MaTepHal ¢ YITy4IICHHBIMU XapaKTePHUCTHKAMH SBIISICTCS OJJTHAM M3 KIHOYEBBIX
B HCIIOJIb30BAHUE TEXHOJIOTHI JUIsl CHHYKEHHS KAlIUTaJbHBIX 3aTPaT U MOBBILCHUS JKOHOMUYECKOH OTIAYH.

C y4eToM MOCIeHHX TEHICHLUH W MPOTHO30B BEAYLIMX MHPOBBIX YYCHBIX KapOWI KPEMHHUsS CTaHET OIHUM
U3 OCHOBHBIX MaTepuaiioB 21 Beka. Obnanas HabOpOM YHHUKAIBHBIX CBOMCTB, OH MOXKET OBITh HCIIOJIB30BaH MPAKTHYCCKH
BO BCEX 00J1aCTAX HAYKH U TEXHUKH.

Cy1mecTByeT peaibHas IOTPeOHOCTh B BCEOOBEMIIIOIEM U IOJPOOHOM COTTIACOBAHHOM CTAaHJAPTE UCTIBITAHHUH.

KoMro3uTsl, paccCMOTpPEHHbIE B XOJ€ MWCCIEIOBaHHs, MMOKA3aIM YIYYIISHHS Pa3IHYHBIX XapaKTEPUCTUK C
yBenmaenueM no6asku SiCr / SiC.

B 11e710M, 110 TaHHBIM HCCIIEIOBaHHM, CYIIECTBYET TPH BapUaHTA TEXHOJIOTMH U3TOTOBJICHHUS 000JI04YEUYHBIX TPYO,
KOTOpBIE, O0ecIe4yaT COOTBETCTBHE TpPEOOBAHMSIM, MpPEABSIBISEMbIM K 00osodkaM TBAOB (TeruioBbiaenstomuii
anemenT). [lepBbIli BapuaHT 3akimovaeTcs B GOPMHUPOBAHMM KOMIIO3MTA M3 BOJOKHHCTOIO apMHpYIOIIETo Kapkaca,
crteteHHoro u3 SiC-BonokHa nox yriom 45-52°, u SiC-MaTpuibl, NOJYYeHHOU IyTeM XHUAKO(Aa3HO miu ra3odasHoi
nporutku. brnaromapst Takoit crpykrype SiC/ SiC-xommnosura HCKIIOYAaeTCs XPYNKOE pa3pylIeHHE W IOBBIIIAETCS
MPOYHOCTB TOTOBOTO M3/IeNHst. BTopoii u TpeTnii BapuaHTHI IpelyCMaTpUBaOT HAHECEHHUE I0TIOTHUTENHLHOTO 3allIUTHOTO
cios SiC meronoMm razogasHoro ocaxzaeHus (CVD) Ha BHYTPEHHIOIO WM BHEIIHIOIO ITOBEPXHOCTh KOMIIO3MTA,
M3TOTOBJICHHOTO COTJIACHO MEPBOMY BApPHAHTY TEXHOJIOTHH. Takoi CII0i MO3BOJIMT yIepKaTh ra3000pa3HbIe MPOIYKTHI
JICTICHUS] U YBEJIMYUTh KOPPO3MOHHYIO CTOWKOCTh W3JIEHs IPH B3aUMOJAEHCTBUH C BOJASHBIM IApOM, B TOM 4YHCIIE
MOBBICUTD €TI0 MMPOYHOCTb, OJTHAKO BO3MOXKHO IMOSIBICHHE MPOOJIEM ¢ TeOMETPHUYECKUMH pazMepaMu 00osouku. Takke
MUMEIOTCS TIPEIUIOKEHNSI COBMECTHTh TPU MPEAJOKEHHBIX BapHaHTa TEXHOJIOTHUH, CO3/1aB KOMIIO3UT C BHYTPEHHHUM
Y BHEIIHUM 3aIIUTHBIMH CJIOSIMU.
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COCTOSIHHUE KPUCTAJVIMYECKHUX ®A3 TABOOBPA3HbBIX TOININBOCOAEPKAIINX
MATEPHAJIOB 4-TO BJIOKA YEPHOBBLJIBCKOM A9C

Tabenxos C.B., Kueaniox U.B., Kyonaii B.I'., [lapxomuyx ILE., Cxopbyn A.Jl., Quxonosey C.A.

Wucrutyt npobiem 6e30macHOCTH aTOMHBIX 3ekTpoctaHinii HAH Ykpaussl, r. UepHoObLIb, YKpanHa

JlaBooOpa3usie TormBocoaepkamme Marepuainsl (JITCM) chopmuposamucs B 4-M 010ke UepHOOBLTECKOIT ADC
B pe3ynbTare aBapuu 26 ampens 1986 roma. Ot MaTepuansl TpeOYIOT IIOCTOSSHHOTO BHUMAHMS CIICIIHATICTOB TaK KaK
coZieprkaT OCHOBHYIO 9acTh PaJANOHYKIIHIOB pa3pymleHHoOro peakropa [1, 2]. 3a Tpu ¢ MOIOBUHON JECATUIICTHS H3ydEHbI
¢usnko-xummdeckue croiictBa JITCM, paspaboran cueHapuii mx 0Opa30BaHWU BO BpeMs aBapHHd, CO3IaHA MOICIh
9BOJIOLIMK UX MUKPOCTPYKTYPHBI, OTPEJENeHbl CTaANU WX JAerpafgaiuud u T.1. [2, 3]. OgHako Juis NMporHO3MPOBaHUS
nosezieHust JITCM u obpatieHus ¢ HUMH B OyAyIieM He0OXOJMMO NMETh aKTyalbHYIO Ha JaHHBIIl MOMEHT HH(OPMALHIO
00 MX CTPYKTYPHBIX XapaKTEPHUCTHKaX, B TOM YHCIE O COCTOSHHU KpucTamimdeckux ¢a3. Hamo BBIIBUTH (H3HKO-
XHUMHYECKHE MPOIECChI, MPOTEKAIOIIKE B 3TUX MaTepuanax, ONpeAeInThb, B YaCTHOCTH, UX UHTEHCUBHOCTD, CTaJUIHOCTb,
MPOJIOIDKUTENILHOCTh, 0COOCHHOCTH U BBIIEINTh HanOoJiee akTUBHBIC U3 HUX JUIs IPOrHo3upoBaHus noseneHus JITCM.

HccnenoBanuch  00pa3ibl  KOPHUYHCBOW  KEpaMHUKH,  XapakTepHble Ui momerineHus  304/2  wu
MapopacIpeIeTUTeIFHOTO Kopuaopa 4-ro 6moka YepHoOsuthcKol ADC.

@Da30BBIl COCTAB KPHCTAJUIMYECKUX (a3 HCCIEAYEMBIX MATEpHAJIOB ONPEACISUIM METOAOM pPEHTI€HOBCKOU
mudpaknuu (IPOH-4, cxema 6 - 0, nznydenne Cu Ko, MOHOXpOMaTOp - MOHOKpPHUCTAILI Tpadura).

Merton 06pabOTKH JaHHBIX PEHTTEHOBCKOM MU(paKkIuy 111 MHOTO(a3HbIX MATEPHATIOB C HU3KUM COJEP)KaHUEM
(a3 ObLT pa3paboOTaH U UCTIOIB30BAH MPH 00PAOOTKE AAHHBIX AU(paKTOMEeTpuH. M croap30BaHO CrIeanbHO CO3MaHHOE
nporpaMMHOe obecrieucHue [4].

Kak ycranoBieHo Hamu paHee [2], KOpUuHEBas KepaMUKa COACPIKUT TaKue KpUCTaTHUecKue (as3bl: OKCH ypaHa
UO3,34, opropombuueckuii (1) okcun kpemuus SiO2, cunukat ypana (BUukcut) Kz(UO2)2(Si20s)3-H20, okcuabl UPpKOHKS
ZrO; (kyOHYeCKHil U TeTparoHaIbHBIN), CHITHKAT IUpKOHUS ZrSiOy, cunukar amroMunus AloSiOs i, BO3MOXKHO, CHIIHKAT
kanblusi CapSiOy, a TaKIKe OKCHIIBI KPEMHHS: OPTOPOMOMIECKHA (2), TPUTOHAIBHBIN, BO3MOXHO, TETPAarOHAIBHBIH.

C nenplo BBISABICHUS YHIMPEHHBIX COCTABISIONIMX B OTPKEHUSAX OT KPUCTALIMYECKHX (a3 B KOPUUHEBOIL
kepamuke JITCM ckaHHpOBaHHUE SKCIIEPUMEHTAIBFHON IH(PpPaKTOrpaMMBI IPOBENX TayCCOBOI JIMHUEH C IUPUHAMH Ha
nostyBeicoTe paBHeiMu 0,3, 0,6, 0,8 u 1,2° rpan.

C yBemmuenneM ymmpenus ot 0,3 mo 1,2° waTeHcHBHOCTH OTpakeHWi okcuma UOz3s m cmimkaTta ypaHa
K2(UO2)2(Si205)3-H20 He u3MeHsttoTesl, KyOn4ecKoro okcuia nupkonust ZrOz — yMeHbIIaTes, a opropomoudeckoro (1),
opTopomMOuueckoro (2), TPUrOHAILHOTO W TETPArOHANLHOrO OKCHIOB Kpemuusi SiOj, cuimkarta 1upkoHus ZrSiOs,
cuirkara amomunust AlpSiOs u cunnkara kanbiust CapSiOs IOCTUTAIOT HYJIEBBIX 3HAYCHU.

YCTaHOBJIEHO, YTO BKJIFOYCHHSI OKCHOB ypaHa HAXOIATCS B CKATOM COCTOSHHH, CXKaThl CTekiogaszon [2].
Hanuune ymmpeHHBIX OTpaKeHUI CHIIMKATa ypaHa MOJATBEp)KIaeT Hallle IPEATOJIOKEHHEe O TOM, YTO CHJIMKAT ypaHa
TOXE HAXOAUTCS B CIKATOM COCTOSIHUH, @ 3HAUUT PACIIOJIOKEH MEXK/1y BKIIOUSHUSIMH ypaHa U CTeKI0]a3oii.

OTCyTCTBHE YIIMPEHHBIX COCTABIISAIONINX Y OTpakeHH Bcex (a3 okcuma kpemuust SiOp, CHIIUKATa aTFOMHHUS
Al;SiOs n cunukata Kanbius CazSiOs BO3MOXKHO 00YCIOBIEHO MAJIOW HHTEHCHBHOCTHIO OCHOBHBIX OTPa)KEHHH 3THX
thas.

Hanuuue yimmpeHHbIX COCTaBIIOMMX oTpaxeHuid okcuaa ypana UO; 34, cunukara ypana Ka(UO2)2(Si20s)3-H20
1 KyOndeckoro okcnzaa mupkouns ZrO2 yka3siBaet o ToM, uTo B JITCM uMeroTcss MexaHW4ecKHe HapsDKEHUS U 9TH (asbl
HAXOIATCS B CXKAaToM coctosHud. Ilpm paszpabotrke B mampHeimem crocobos obOpamenus ¢ JITCM HeoOxommmo
YUUTBHIBATh METACTAOMIBHOE COCTOSIHUE CTEKIJIO(Da3BI.
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TEOPETHYECKHUE ACIIEKTBI ITPSIMOI'O ITIPEOBPA30OBAHUSA DQHEPT N PAI[PIOXPIMPI}IECKOIZ
B 9JIEKTPUYECKYIO IIOCPEACTBOM PAIJUAIIMOHHO-CTUMYJIMPOBAHHOU
TETEPOCTPYKTYPBI SiC*/Si

TI'ypckas A.B.Y, [lonzononoe M.B.%, Yenypnos B.MU.2, ITysvipuas I B.?, Anyghpues A.B.%, Ilemenxo U.A.?

!Camapckuii rocyapcTBeHHbIH TexHudeckuil yuusepcurer, Camapa, Poccus
2CalMapCKHP“I HAIMOHABHBIN MCCIeI0BaTeNbCKUN yHIBepcuTeT nMeHu akanemuka C.I1. Koponesa,
Camapa, Poccus

JlanHass paboTa TOCBAIEHA HMCCIEAOBaHHI0 OeTa-ipeoOpa3oBarens Ha yriepoze-14, CKOHCTpYHMPOBAHHOM B
Camapckom yauBepcuteTe [1]. DkcnepuMeHTalbHbIC UCCIICTOBAHUS TTOKA CIIe HEe TOIYYMIH MTOJTHOT0 TEOPETHIECKOTO
omucaHusi [2], 4TO CBSI3aHO CO CIOXXKHOCTBIO TMPOIECCOB, MPOHCXOJSIINAX BHYTPH CTPYKTYPBI, BHYTPh KOTOPOWH
UMIUTAaHTHPOBaHbl aToMbl C-14, He sBISIETCS OMHO3HAYHBIM BOMPOC O MEXaHH3ME 3aMCUICHHS WM BHEIPCHUS B
MEXA0Y3/IHs, BBIACPKUBACTCS CTEXHOMETpUsi WM HapyueHa. OpHa u3 mpoOiieM cBs3aHa C 3(QQEeKTHBHOCTBIO
9HEPronpeodpPa3oBaHms, UTO HATPSIMYIO CBA3AHO HE TOJIBKO CO CTPYKTYPHBIMU OCOOCHHOCTSIMH, HO B GOJIBIIICH CTETICHH
C BHYTPUCTPYKTYPHBIMH MpOILIECCaMH, OOYCIIOBJICHHBIMH C(EepHYecKn CUMMETPUYHON sMHccHeil ObICTphIX Oera-
JJIEKTPOHOB B OKPECTHOCTH paluoHyKIHIa. Mimeercs psan GakTopoB, KOTOpbIE OJHO3HAYHO NPHUBOIAT K YXYIIICHHIO
9Hepromnpeodpa3oBanus (M30UpaTeNbHOE MOTIIOIICHAE H3JIYYCHHS IMOTYNPOBOIHUKOM, T.C. B OIPEACICHHON YacTh
CIICKTpPa, MPUEMIIEMOM JUTs TaHHOTO HOJIYIPOBOJHUKA):

1. BrIcokoaHEpreTHYecKas YacTh CIEeKTpa IOrJIONIAeT s ¥ Ipeodpasyercs B pagyce chepbl, PUMBIKAIOMIeH
K PaJuOHYKIIUIY, BBI3bIBask KaCKaJbl U BTOPHYHBIX AJIEKTPOH-IBIPOYHBIX MAp, U H3IYYCHHE C YHEPTUEH, COMOCTaBUMON
¢ IIMPHHO 3ampenieHHO 30HBI B cdepe OOJBIICro paguyca, SHEPTUs CIEKTpa MEHee IIUPHHBI 3alpPEIleHHON 30HbI
npeoOpasyeTcs B TEIIO;

2. TexHoJIOTHS JIErnPOBaHUS U MOJIOKEHUE HECUMMETPUYHOTO P-N-Tiepexoa (IiyOrHa ero 3ajieraHus);

3. IMpouecchl cobcTBeHHOTO NIeekT00Opa3oBaHus B CTPYKType KapOUTOKPEMHUEBON U KPEMHUEBOH (ha3bl
reTeponepexona;

4. HMuddysnonHas mminHA mpobera cOOCTBEHHBIX T€HEPUPOBAHHBIX BTOPHYHBIX AIICKTPOH-IBIPOYHBIX Tap
HOCHTEJICil U BEICOKOIHEPTeTHYHBIX OeTa-dJIeKTPOHOB;

5. ['eoMeTpuyeckie OCOOCHHOCTHM TOTOBBIX OOpa3LOB CTPYKTYp B IUTAHAPDHOM WM BEPTUKAIBLHOM
UCIIOJTHCHHH;

6. SIBiieHHE caMOIIOTTIOIIEHUE OeTa-3IeKTPOHOB PaIUOHYKIIUIA U €r0 AKTHBHOCTD;

7. SIB7IeHHs IPH METAJUTM3AIMHE KOHTAKTHBIX TIIOIIAIO0K 3715 3 dekTuBHOrO cOopa HocuTeneit 3apsa;

8. Croco6 BHepeHNUs paAuOHYKIIUIA B MaTepUall OTyIPOBOIHNKA, OIPEICISIONIErO BH CTPYKTY PBL

MpblI ocTaHaBiIMBaeM CBOE BHUMaHHUE Ha MPOILIECCE IHAOTAKCHUH, T.€. HA CAMOM PaHHEM dTare M3roTOBJICHHs Oera-
npeoOpa3oBaTelis, KOrja Ha MOJIOXKKE KPeMHHUsl o0pasyercsi KapOua kpemuus ¢ Mosekyinamu C-14 u 0JHOBpEMEHHO
CO3JJaHHBIM P-N-TIEPEX0Z0M JIMOO B MPOCTOM BapHaHTe Oe3 P-N-Tepexoja, Ha OCHOBE W30THUITHOIO IeTepolepexo/a.
Iporecc dazoobpazoBanus kapOuaa KpeMHUs M0 1u(h(Gy3HOHHOMY MEXaHH3MY POCTA IUICHKH OMMCHIBACTCS CUCTEMOM
YpaBHEHHI B MPUCYTCTBUH 3JIEKTPUYECKOTO T0JISl U OMMCHIBAET BCTPEUHYIO AUGQY3UIO yIiIeposa, KpeMHHS U APYIUX
JIETUPYIOIIMX DJJIEMEHTOB BHYTPHM KpPEMHHUEBOW IJIaCTUHB. B  KOHEUYHOM cu€Te Hac HWHTEpPECyeT TakKxke
nedexTooOpa3oBaHie, HO Ha 3TOM JTalle OHO HE YYHTHIBaeTcs. Bompoc coOcTBeHHOTO MedeKTo00pa3oBaHUs U MPHU
YYaCTHH TOCTOPOHHEW MPUMECH BEIHECEH Ha OTAEIhHOE 00CYKICHUE.

Pemenne cucteMbl ypaBHEHHI MOXET OBITh TOJBKO UYHCIICHHBIM. B WTOTe pemieHus BO3MOXHO HaOIrOIaTh
MOJIOXKEHUE p-N-Tiepexoaa B cHOPMUPOBAHHON CTPYKTYpe. DTO OMpPEAEIAeTCs 0 3aBHCUMOCTH KOHIICHTPAIIUY 3apsIIOB
OT TOJIIIMHBI CTPYKTYPHI, & TAKKE 10 PACIIPEICICHHUIO IIEKTPHICCKOTO MOJIs B Heil. MBI OJKHIaeM, 9TO B MECTEe KOHTaKTa
MOJIYTIPOBOJJHUKOB P- M N-THIOB OyJeT HaOJfoAaThesl Hanboslee CHIbHOE T0JIe, a TAaK)Ke MPUMEPHO PaBHOE KOJINYECTBO
JIBYX THIIOB HOCHUTEJIEH 3aps/I0B: IIPOK H DJIEKTPOHOB.

[lomyueHHbIt  GeTa-IerMPOBaHHBIH  TIpeoOpa3oBaTeNb ~ MMEET  NPEHMyINecTBa  Tepel  APYTHMH
sHEeprompeoOpa3oBaTeNsiMu, B YaCTHOCTH, 3a cUeT nepuojaa nonypacmnanga C-14 8 5730 ner, 1imHBI CBOOOTHOTO Mpodera
¥ OOJTBIIIETO CIIEKTPa MOTJIONICHHS, & TAK)Ke PaIHalHOHHON CTOMKOCTH MCIONB3yeMoro B paspabotke SiC. OTaenbHO
MOXXHO OTMETHTHh CTOHKOCTh K aedekroobpa3zoBaHmio (moporoBas sHeprus aedexkroodpazoBammsa 0,17 MsB B
KPEMHHEBBIX CTPYKTYpax BbIIIE MaKCUMalIbHOM Heprun Oera-usmydyenus 0,156 MaB).
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