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Building 42

1 —Installation for ion implantation of silicon plates "DNEPR" (JSC "Micron");

2 — lon beam spectrometer module, including atmospheric * and PIGE;

3 — Neutron-induced particle emission research facility / Radiation treatment chamber;
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4 — Positron annihilation method*:

5 — Channeling method*;

6 — Nuclear microprobe*; *_ will be after
7 — Chemical Laboratory; modernization
8 — Engineering laboratory *;
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Building 120

9 — Spectral ellipsometer;
10 — Impedance Meter;

11 — Potentiostat;

12 — Optical microscopes.
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Electrostatic accelerator EG-5  FLuP,

Significant advantage

- high energy stability of ion beam;
- high intensity of ion beam;

(from 1,1 MeV to 3,5MeV);
- possibility of obtaining of high-intensity ion beams.

Areas of use

- Nuclear reactions with fast quasimonoenergetic neutrons;

- Ion Beam Spectrometry (Multilayer structures, isotope
determination, elemental depth profiling);
- - Radiation technologies (Science, technology, medicine, etc.).

Ion beam parameters
- Range of ion beam currents - 0,01 - 30 MxA (100 — 150mkA*);

* T l - T - lon beam energy range — 1,1 — 3,5MeV (4,1 MeV*);
1 | - Energy resolution (H*, He?*) - not worse than 15keV;
i _.:\_/_ vetor g - Charged particles flow (H", He?") — 1012—10'3 part /s sm?;
g e - Neutrons flow — 5 107 pat/s sm?; it (S
) - Neutrons energy -20 — 800keV; 3,5 - 5,1MeV 0,1 MeV.

modernization
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study of surface layers of materials
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features),

- Impedance meter and

- Potentiostat (electrical properties),
- Microweights,

- Optical microscope,
Comprehensive study of physical properties and elemental - General laboratory equipment.
composition of multilayer structures for optics, electronics,
materials science.

Remote control
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Sector staff: 24 employees:
5 - Directorate staff;

11 — Technical staff;

10 - Scientific staff;

2 — Doctor of science;

3 - PhD;

4 — Students (bachelors / masters );
5 — Postgraduates;

2 — Undergraduates;

The average age is 43.
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Based on the JINR PTP, there are three main directions that we plan to develop using an
electrostatic accelerator

2. Condensed matter physics. Application of
neutron physics methods in different fields of science
and technology:

1. Nuclear physics. The study of the properties of
excited nuclei, reactions with the emission of charged
particles, fission physics, obtaining relevant data for

astrophysics, nuclear energy and the problem of - Radiation material science;
transmutation of nuclear waste using neutron- and gamma- - Radiobiology;
induced reactions. - Nuclear medicine;

- Solid state Physics.

Reactions

'@-;@. %
e 3. Applied and methodical
research.
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Nuclear physics

Nuclear reactions with fast quasimonoenergetic neutrons, including:

- research of fast neutron fission: measurements of the prompt fission neutron (PFN) spectra and total kinetic
energies (TKE) in reactions 23°U(n,f), 238U(n,f), 23’Np(n,f), 2>°Pu(n,f) in the range of neutron energies 1-5
MeV/core;

- study of the multiplicity of PFNs in these fast neutron reactions in geometry with high efficiency of PFN
registration;

- measurement of the spectra of charged particles from the reactions (n, a), (n, p) depending on the neutron
energy in the range of up to 5 MeV and higher;

- measurement of the integral and differential cross sections of these reactions depending on the neutron
energy;

- study of the spectrum and angular distributions of charged particles at a neutron energy of ~ 20 MeV aimed
at investigating non-statistical effects;

- investigation of reactions (o, n) and (p, n) in combination, respectively, with reactions (n, a) and (n, p);

- study of elastic and inelastic scattering of fast neutrons on atomic nuclei;

- using the TOF technique in a pulsed accelerator mode (f~ 1 MHz, dt~1-10 ns).
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_ | EG-5 Accelerator staff activityes ] 2019 - 2024
Industrial Partners.k2024 Formal results 2024 e 35(Q1, Q2) publications;
' e 19 publications; * 205 reports

3. State Corporation "ROSATOM"

ROSATOM | ®11 oral reports

EDM-24 MSU (Russia

=

Scientific cooperation
intensified

—
Scientific cooperation -%
12 countries; §-
7 projects; | <N KN p— DIPLOMA
26 cooperation agreements; B — B0 etsonder ettt
3 industrial partners, including — :

R. Balvanovich

a major electronics manufacturer (Mikron JSC)
(Serbia)

and the State Corporation ROSATOM. @ ‘‘‘‘‘‘‘‘‘‘
Latin America, Africa and Middle East countries :
were added: Cuba and Mexico, Egypt, Turkey.

4 )
Scientific projects within the framework
of cooperation programs JINR - Republic
of Serbia; JINR - Republic of Belarus, etc.

- )

\ Ni Kucherka (JINR) and
~ gR. Chavez Lomeli

Prof. Lagov P.B. __(Mexico)
NRNU MEPhI
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National University of Uzbekistan, Tashkent, Uzbekistan (Additional agreement N1k from 07.10.2022 to 07.10.2027 );

Donetsk Galkin Institute of Physics and Technology, No. 140;

JSC "SNIP" (Rosatom State Corporation) No. 231 until 12/31/2026;

Institute of Radiation Problems, Ministry of Science and Education of the Republic of Azerbaijan No.410, until 12/31/2028 ;
Frumkin Institute of Physical Chemistry and Electrochemistry of the Russian Academy of Sciences, RF, No. 271 until 12/31/2026;
Kyzylorda University named after Korkyt Ata, Kazakhstan, No.286, until 12/31/2026 ;

Bandirma Onyedi Eylul University Turkey No.409, until 12/31/2026 ;

University of Novi Sad, Faculty of Technology of Novi Sad and University of Belgrade, Vinca Institute of Nuclear Sciences No.289
until 01.01.2031;

Institute of General and Inorganic Chemistry of the National Academy of Sciences of Belarus No. 408, until 12/31/2028 ;

NAO "Karaganda Industrial University" No. 336, until 01.01.2026 ;

" Federal State Budgetary Institution "All-Russian Scientific Research Institute of Forest Genetics, Breeding and Biotechnology"”
No. 356, until 12/31/2026;

Kazakh Research Institute of Management named after |.Zhakhaev (4964-4-21/22 ) NUST — MISIS, RF, No.233, until 30.06.2024 ;
Budker Institute of Nuclear Physics SB RAS;

Ural Federal University named after the first President of Russia B.N. Yeltsin No. 415, until 12/31/2028 ;

Institute of Materials Science of NPO "Physics-the Sun" of the Academy of Sciences of Uzbekistan, Tashkent, No.232, until
12/31/2026

Institute of Materials Science of NPO "Physics-the Sun" of the Academy of Sciences of the Republic of Uzbekistan

Federal State Educational Institution "Dubna University" No. 404, until 01.01.2031

Litvinenko Institute of Physical and Organic Chemistry and Carbon Chemistry No.314, until 12/31/2031

University of Havana (Cuba) No.379 until 12/31/2026

JSC "Micron" No.160 until 12/31/2030

JSC ANGSTROM JSC No. 13.02.23/01 to 12/31/2030

BSU (Minsk, Belarus);

Joint Institute of Solid State Physics and Semiconductors of the National Academy of Sciences of Belarus, Minsk, Belarus.
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HORIZON 2020

curopean The EU Framework Programme for Research and Innovation

From 2019 to 2024, 27 international projects were implemented, including
HORIZON 2020 program project

Nanotechcenter

L -
Universitat .
- THE MIMNISTRY OF TRAMSPORT,

de les Illes Balears ( ) COMMUNICATIONS AND HIGH TECHNOLOGIES

S OF THE REPUBLIC OF AZERBAIJAN
FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Quimica d f\
Associogdo pa
Desenvolvimen fo d FCT 5

L3
«s BLUEORIZON
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1. Nguyen Thi Bao My , Trinh Thi Thu My, Inga Zinicovscaia, Le Hong Khiem,- Konstantin Vergel, Phan Luong Tuan, Ha Lan Anh,-Nguyen Thi Thu Ha.
Modeling of the Arsenic Uptake by Brassica perviridis (L. H. Bailey) (Spinach Mustard) Growing on Diferent Soils Collected in Northern Vietnam //
Water Air Soil Pollut (2024) 235:180 https://doi.org/10.1007/s11270-024-06989-7 (Q2, IF=3,8)

2. Carmen Mita, Mariana Frenti, Nicoleta Cornei, Georgiana Bulai, Marius Dobromir, Alexandr Doroshkevich, Zhanna V. Mezentseva, Diana Mardare
High stability and photocatalytic activity of N-doped ZrO2 thin films // Journal of Alloys and Compounds Available online 13 June 2024, 175134.
https://doi.org/10.1016/j.jallcom.2024.175134 (Q1, IF=6,37)

3. Polyakov AY., Vasilev A.A., Kochkova A.l., Shchemerov I.V., Yakimov E.B., Miakonkikh A.V., Chernykh A.V., Lagov P.B., Pavlov Y.S., Doroshkevich A.S.,
Isaev R.S., Romanov A.A., Alexanyan L.A., Matros N., Azarov A., Kuznetsov, A., &Pearton, S. (2024). Proton damage effects in double polymorph y/B-
Ga203 diodes. Journal of Materials Chemistry C, 12(3), 1020-1029.https://doi.org/10.1039/D3TC04171A(Q1, IF —5.7).

4. Dobromir, Alexandr Doroshkevich, and Abdullah Yildiz. 2024. "Electrical Conduction Mechanism of Mg-Doped ZrO2 Thin Films" Materials 17, no. 15:
3652. https://doi.org/10.3390/mal17153652(Q2, IF — 3.1).

5. A.V. Maletskii, G.K. Volkova, D.R. Belichko, V.A. Glazunova, A.S. Doroshkevich, A.A. Tatarinova, S.l. Lyubchyk, S.B. Lyubchyk Influence of stabilized
zirconium dioxide and high hydrostatic pressure on the kinetics of sintering nanopowders of metastable aluminum oxide // Ceramics International
2024, https://doi.org/10.1016/j.ceramint.2024.09.002 (Q1, IF=5,1).

Patents

1. Rospatent N0.2019135580 (070225) "Solid-state capacitor-ionistor with a dielectric layer of dielectric nanopowder" Authors Doroshkevich A.S., Shilo AV,
Zelenyak TYu., Konstantinova T.E., Lyubchik A.V., Tatarinova A.A., Gridina E.A., Doroshkevich N.V. Patent holder: JINR. Application No. 2019135580; priority of the
invention 5.11.2019; Date of registration in the State Register of Inventions of the Russian Federation 13.09.2020, the validity period of the exclusive right is 2039.
2. PCT - patent WO 2021/10/107909 A1l from 03.06.2021 CHEMOELECTRONIC CONVERTER BASED ON ZrO2-3mol%Y203 NANOPOWADERS", applicant LIMITED
LIABILITY COMPANY "NANOTECHCENTER", Ukraine Authors: Shylo Artem, Doroshkevich Oleksandr, Zelenyak Tatyana, Konstantinova Tetyana, Lyubchyk Svitlana,
Lyubchyk Sergiy, Lyubchyk Andriy, Lygina Olena. Patent Application Number No.PCT/UA2019/000147 (26.11.2019).

3. Isaev R.Sh., Dzhumaev P.S., Leontieva-Smirnova M.V., Naumenko I.A. "Method of electrodeposition of chromium-molybdenum coating on the inner surface of
thin-walled pipes made of chromium steel" // Application for Patent of Russia No.2023125747.


https://doi.org/10.1007/s11270-024-06989-7
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds
https://doi.org/10.1016/j.jallcom.2024.175134
https://doi.org/10.1039/D3TC04171A
https://doi.org/10.3390/ma17153652
https://www.sciencedirect.com/journal/ceramics-international
https://doi.org/10.1016/j.ceramint.2024.09.002
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Prof. Romanov V.A.

investigates ion beam
profile (2021)

Modernization of the EG-5

[ EG-5 Accelerator Modernization Progress

Gas cylinder system

Vacuum system

| / RESULTS OF 2024
The EG-5 device passport values of

Acceleration tube

lon source

EG-5 Infrastructure

Automation of the EG-5

Personnel

1. The gas cylinder system modernization project is at the approval stage;

2. Acceleration tube at the gluing stage;

3. Interlocking system for radiation protection of personnel at the installation stage;
4. Theion source is completely ready, a control system is required;

5. The solid target is ready for operation;

6. Documents for obtaining a certificate SEC are ready.

The limiting factor for EG-5 commissioning is the approval of the project for
modernization of the gas cylinder system and installation of the radiation

monitoring system.

“ELnP
\9’ FRANK LABORATORY

OF NEUTRON PHYSICS

the ion beam current (30 pA) have
been achieved.

The beam energy is 85% of the
technical specification value of 3.5
MeV have been achieved.

PLANS for 2024
By the end of 2024, obtain a Sanitary

and epidemiological certificate (SEC)
and commissioning of the accelerator
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1. Engineering of oxide and semiconductor structures using ion beams
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Radiation technologies for processing high-energy light ions are now a universally recognized powerful "technological
tool" that allows to create new types of semiconductor devices and improve the characteristics of existing ones.
lon implantation is the only method of non—growth local doping of SiC.
It provides the formation of local doped regions, a controlled spatial distribution of impurities [[i]].
The main advantages of ion implantation as a method of creating modified surface nanolayers are:
-the ability to obtain almost any combination of materials in the surface nanolayer [[ii]],
- independence from the limits of solubility of components in the solid phase (i.e., it is possible to obtain such alloys that are
impossible under normal conditions due to thermodynamic limitations),
- low temperatures of the modified material and the absence of an explicit interface,
- the absence of an adhesion problem,
- the controllability of the processing depth,
- good reproducibility and stability of the process,
- high purity of the process in vacuum,
- the ability to create complex surface nanostructures, etc. [[iii], [iv]].

[i] A. B. AdpaHacbes, B. A. UnbuH, B. B. JlyunHuH MoHHOe nermposBaHue Kapbuaa KpemHUs B TEXHONOTMKU NPUBOPOB CMA0BOIM 3neKTpoHUKKN. O630p M3BecTua By308. dnekTpoHuKa / Proceedings of Universities. Electronics 2022
27(4) C. 439-458. d0i:10.24151/1561-5405-2022-27-4-439-462

[ii] Poate J.M., Foti G., Jacobson D.C. Surface Modification and Alloying by Laser, lon, and Electron Beams. - New York: Plenum Press, 1983. - 243 p.

[iii] Aroaxun 10.[. NoHHO-ny4eBasa 06paboTKa MeTannos 1 cniasos // UTorn Hayku 1 TexHuKu cep. «MeTannoseaeHue n tepmud. obpaboTtka metannos». M.: BUHUTK, 1980. T.14. C.142-185.

[iv] Xatopoe C.C. Tepmuyeckas n XummnkoTepmmudeckas o6paboTka MeTana0B v CNAaBOB C UCMNO/b30BAHNMEM MOHHDBIX U J1a3epHbIX Ny4KoB // UTOrn HayKku 1 TexHUKKM cep. «MeTannoseaeHune n tepmuy. ob6paboTka meTannios».
M.: BUHUTWU, 1990. T.24. C.167-221.



JOINT INSTITUTE Unique features Of the EG-5 ﬂy‘PFRANK LABORATORY

=s»Be229) FOR NUCLEAR RESEARCH OF NEUTRON PHYSICS

- processes of structural relaxation of the surface layers of solids, accompanied by oxidation or hydrogenation
(Metallic (Fe, Cu) and metal oxide (ZrO,, CuO, ZnO, SnO,) solid solutions - ceramics, etc.);

- studies of the oxygen subsystem of the surface layers of materials by the method of nuclear reactions (> 3.1
MeV, NRA).

Structural - phase transformations as a result of
alloying / pore formation / hardening

Chemical transformations
/ as a result of hydrogenation

T '\Ad r AEI/IOHOB

Relaxation processes,
Diffusion processes

l Surface

- Interaction of nuclear radiation with matter, comprehensive studies of the radiation resistance of materials for
various purposes, research of materials for nuclear reactors;

- The use of ionic surface treatment of metals in order to increase their hardness, wear resistance, corrosion
resistance;

- Radiobiological research.
- Neutron activation analysis
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Silicon Wafer Radiation Treatment System for |

Electronics e CEie
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F

L.M. Ledo
Pereda

] Luminescence of a quartz
plate in a beam of H* ions

A system for scanning an ion beam into a raster was developed and applied by employees of the Nuclear Physics Materials
Science and lon Implantation Nanotechnology Sector [1].

Works on ion beam treatment of industrial batches of silicon wafers for high-voltage electronics is planned for early 2025.

[1]L. M. Ledo Pereda et al., Physics of Particles and Nuclei Letters, Vol. 21, No. 4, pp. 938—-945 (2024) 17
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Puc. 6. DasoBad IHArpaMMa 08 UeHIPATBHOH TOYUEH KOHTIPOIBHOTO obpasma Oes (a) m obpasma mocie

pagHanHoHHOH 06paboTn (b).

According to Fig. 11, current transfer channels with fractal dimension appear after processing D;=

2.362 u D; = 2.264, (corresponding to the surface fractal) in frequency intervals 100 — 1000Hz 1 10* -
10° Hz correspondingly (0.5<a< 1.0). Reducing the tangent of the slope angle of the graph at extremely

high frequencies f > 10°Hz means that charge transfer is carried out mainly in a thin surface layer.
Presumably, after radiation treatment, the specific density of the skin layer increases due to the
discontinuities of the crystal formed as a result of ion implantation. Such a morphological

transformation probably leads to an improvement in the dynamic characteristics of the silicon structure
at high frequencies and in pulsed modes.

ReZ

W
-

Phase shift, rad
=
T *
o
{

s & =
~
3

d Kirillov A.K.
cars®®

1 10 100 1000 10000 100 000
Fregquency, Hz

b

y=+1.12: 803

0 2 4 ) 2 4 -
gl e

Prc. 11. 33aBECHMOCTE 3IKIPONPOBOIHOCTH 0DPA3IIOE OT YacTOTHL B ABOMHBIX JOTapH(MHUTe CKHX
KOOPAHHATAX: a — KOHTPOIBHEIH obpaserr; b - JoMHPOBAHHEIE oOpaser.
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‘ Elastic recoil detection ‘

lnn Raam Absorber foil \2(“'42 0 rfIY6MHa d, nm
The RBS method - Fig. 2. Schematic representation of the technique for
- . —-H" | determining the location of the implanted ion layer
_I‘::,E,,,‘lfg % 20] —_He'
- o [ 15_ ol ] . L]
T i IBA methods make it possible to determine the
A -] spatial localization of the implanted ion layer.
2 2 2 0
MV MV, +MZV2 (1) O 012 14 16 18 20 22 24 26
2 2 2 E, MeV

lon beam technologies allow both the physical
modification of Si materials by an ion beam and
MV, sin(0) - M.V, sin(®) =0 (3) the study of the effects of radiation exposure.

MV, =MV, cos(0) + M,V cos(P@) () Fig.3. lon mileage in zrO,
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elemental composition of Si-plates === s sassrarear,
Research on silicon multilayer architectures. Silicon substrate

——

- — o — o
1500 |- Ea =2 MeV, a=30°, ©=170 a)
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‘ ]
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{ 3 ]
- 500 Si substrate
Fig. 1. Cross section of SIPOS
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Ea = 2 MeV, 0=60°, ©=170° b)

Si substrate
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Channel number

Fig.2. Experimental and theoretical spectra of RBS ions*He* (E, = 2 MeV) for pure silicon KDB-Si-12 obtained at incidence

angles of 30° n 60°.

Table 1. Distributions of elements over the thickness of the KDB-Si-12 silicon substrate.

layer number Layer thickness, Elemental composition averaged The silicon/oxygen ratio
nm over the layer volume corresponds to the composition of
the layer
1 9,7 £2 HM Si; .04 14 Sig ,0
2 9,7 £2 HM Siy 40 Si; 0
Substrate oo Si3 00

The thickness of the Si—O layer is 19,4 am
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Puc. 3 Experimental and theoretical spectra of RBS ions “He* (E, = 2 MeV) for KDB-Si-12 silicon with an oxide film (sublayer)

obtained at angles of incidence30° u 60°.

Table 1. Distributions of elements over the thickness.

The thickness of the Si—0O layer is 33,4 Hm

layer number Layer thickness, nm Elemental composition averaged over the The silicon/oxygen ratio corresponds to the
layer volume composition of the layer
1 112 um Siy SO Sig ,0
2 512 Hm Siy 40 Si,40
3 13,7 £2 Hm Siy o:0 Si,40
4 13,7 £2 Hm Siy 4:0 Si,40
5 75,2 £2 Hm Si; ,0p 33 Si,O
Moanoskka ©o Siy 00

The presence on the silicon substrate of a silicon oxide film of substoichiometric composition Sij 5,0, 35 With a thickness of about 75 nm, which

corresponds to the composition of Si,O.



Research on silicon multilayer architectures.
I llicon substrate + SlO2 + SIPOS LayerS“" g il et
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Fig. 1. Cross section of SIPOS nuclei of Si atoms
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Puc. 4 RBS spectrum from a sample with a Si-O sublayer and a SIPOS layer Ne9 ( 0,1 (N,0/SiH,)) obtained at angles of incidence
30° n 60°.
Table 1. Distributions of elements over the thickness.

layer number Layer thickness, nm Elemental composition averaged over the The silicon/oxygen ratio corresponds to the
layer volume composition of the layer
1 1 £2 am S1, .0, S1,0
2 2 12 HM SIS T Si, ;O
3 11,7 £2 am S1, 5,0 Si;, 50
5 10,9 £2 am S1, 0 S1,,0
4 80 +2 HM STEF @ S1,0
[Homnoxka 00 Sil’OO

It is shown that with an adding the dopant N,O/SiH,, the silicon/oxygen ratio monotonic increases.
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Study of elemental composition of crystals CaF, and BaF, before and after neutron irradiation
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Fig. 1. Installation for obtaining and appearance of
the original Fluorine crystalline drusen.
West University of Timisoara
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n general, the obtained results provide evidence supporting the existence of
pores inside ErF3 doped CaF2 crystals prepared by the Bridgman method.

Fig. 2. Photographic shot of CaF, crystals with x The likely ranges for the porosity volume ratio and pore diameter are
mol% ErF, dopant for RBS study. approximately 18% to 22% and 2.4 x 108 to 3.0 x 10'® atoms per cm?2,
respectively. Regrettably, the current study is hindered by a significant level

[1] Ph.L. Tuan, M. Kulik, M. Stef, T.V. Phuc. An examination on the porosity of ErF3 of uncertainty in the methodology, impeding our ability to yield more

doped CaF2 crystal using the Rutherford back-scattering method // Nuclear Instruments and

Methods in Physics Rescarch B 547 (2024) 163178, accurate findings and draw definitive conclusions regarding the relationship

between porosity characteristics and doping ratios.
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Non-beam methods

o2 STUDYING THE INFLUENCE OF PROTON IRRADIATION ON THE
DISTRIBUTION PROFILE OF Pt AND Cr IN SURFACE LAYERS n-Si<Pt>, n-Si<Cr> USING ELLIPSOMETRIC SPECTROSCOPY (ES)
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The effect of high-temperature doping and proton irradiation on the depth profile and the creation of layers on the surface of single-crystal
silicon was studied. The study used single crystal n-type silicon samples doped with phosphorus during growth. These samples were first

doped with platinum and chromium and after polishing they were irradiated with protons with an energy of 2 MeV, a dose of 5.1 x 104 cm™

2, Studies of the optical properties of the sample surface were carried out using an ELLIPS-1991 ellipsometer.

35
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/The presence of oxide layers on the surface of the original, doped and irradiated samples was
established by ES. After alloying with platinum and chromium, the thickness of the surface
layers in silicon doped with chromium is almost 2 times greater than in silicon samples doped
with platinum. Further irradiation with protons leads to a decrease in the oxide and
subsurface layers on the surface of silicon samples. We assume that this happens due to a

\_disruption in the crystal structure of these samples.

Utamuradova, Sh.B., P. L. Tuan et al. Studying the influence of proton irradiation on the distribution profile of Pt and Cr in surface lgyers n-

Si<Pt>, n-Si<Cr> using ellipsometric spectroscopy. Advanced Physical Research, 6(2), 83-89 (2024).
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2. lon implantation nanotechnology,
powder nanotechnology
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Modified by nanoparticles

=, o lomBeam treatment of oxide nanoparticles =52 e sorarons

OF NEUTRON PHYSICS

After IBT

-The reactivity of the
surface increases
Changes:

-The zone structure of
the material

- Atomic density

- Electrical properties at
high frequencies.
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Elaboration and research of sensors anq’ﬂyP
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Development of the design and geometry of the E-nose elements
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Microstructural modification at the sub-nanoscale level makes it A

possible to obtain materials with unique physico-chemical properties
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Devices for microsystem electronic
technology

Theory
Tunneling
effect
Y
L
i+l __.___,_-f"”
e ]
F T

Virtual electron

electrode

1,2 - Nanoparticle
3, 4 - Adsorption layer

-

Q- Tonic
electrode
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pc= 10-3F/g

A. Doroshkevich and el. // Nanomaterials 2022, 12, 1783. https://doi.org/10.3390/nano12111783
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Result

Semples design
?=16 mM; h=1+3MmMm.

Experimental circuitry
Z- sample
R - resistive load
i K - switch
E - Power Supply

=

7 HM
10 Hm

The YSZ nanopowder
system is capable of

storing electricity.

0 50 100 150 200 250 300

t,s

Discharge curves for particles of

different sizes

Tasks for potential projects
1) Improving the efficiency.
2) Use of polymer electrolytes.
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NANOQO Electronics based on new
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Theory

Ve=—1/2(Eq\—E»)#0

1/2

1 4, = e2p27
E,= ;Eg [1—2)71(3 [ EEh” |

Fig.1. The schematic interpretation of the effect
of the rectifying contact, where, m and e are the mass
and charge of the electron, & is the dielectric constant

[2].

[1] B.R. Kutlimurotov, B.L. Oksengendler et al., Uzbek Journal of
Physics, Vol. 24, No. 4, pp. 254-262, 2022.
[2] K.L. Keldysh, Soviet Physics JETF, 1964, 18, 1, 253

physical principles

The rectifying contact of hydrated different sizes YSZ - nanoparticles

Experiment

Fig.2. Experimental setup.
1, 2-compacts under study;
3-contact pads;

4-current collectors;
5-locking racks6-spring
loaded clamp.

Composition
! h0, TNy 20305

Operating Parameter

Maximum severse voliage, V > 5401 >
Maxioom reverse cument, 5 TE10 §=5
Mavimum forward voltage, V S5 5505 50,5
Mavimu reverse cument, g 55 205 2505

[6] A.S. Doroshkevich,

Oksengendler et al.,
Nanomaterials 2022, 12, 4493.
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Result
[ HOVETE Dissociation
0,0002; .. B E’fmh Of water
| = P
0,0001 - = o l
0,0000 -, B
-0 ()0()1_- i 1 Vw\ Linear =
’ : o characteristic
-0,0002{ |/ pirect T Diode
1 branch E \ characteristic
'0,0003 |I = ™ w = b :'r : T T T T
6 4 2 0 4 6
U,

<.

Fig.3. The contact of powders YSZ compacts.
YSZ = ZrO, - x mol%Y,0; (x = 0. 3, 8). The
annealing temperatures of the powders are 400°C
and 500°C. The particle sizes are 7.5 and 9 nm,
respectively.

[2] K.L. Keldysh, Soviet Physics JETF, 1964, 18, 1, 253



New energy sources
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Adsorption heat and electric generator

OplAN_“\A‘-" Institute of Nuclear

Sciences Vinéa

HayuHble OCHOBbI L oo
‘' Zr0,-Y,0, R
nanoparticle \\
@ el iad @ & Iy *|® \\\ S I ’/
ﬂW‘: —( V ¥ - -
ate ebsc # Project objectives: Development of
o Ska - —@> theoretical ~ foundations and practical
\ @ o : implementation on the basis of oxide
. nanopowders and basalt fibers of the energy-
] producing  structure and  technological
SR infrastructure of new generation building
materials. Investigation of their functional
B d characteristics and physico-mechanical
. . . . . . properties Maructpans
The principle of operation is adsorption-induced e
phase transformation in structurally metastable W™
nanopowder systems [1]. i
710, — Y,05+ H,0, 45,1, — P-0 (revers)
YAenbHas TennoBaa MOLHOCTS YaenbHas sN1eKTpuyeckas MOLHOCTb
720 kW / 1200T maTepuana / u1KA 4.32 kW / 1200T matepurana 3a UyKA

Expected result: A laboratory mock-up of an energy-
producing structure of the “smart brick” type with built-

; in technological infrastructure will be produced
d =1 MOhm ; <U>=300 mV ; <Scnoa>=1cm? ;W = 1 mW / m? R joad = 100 kOhm ; <U>=120 mV ; W = 5 mkW/kg

Rioa
[1] E. B. Asgerov, A. |. Beskrovnyy, N. V. Doroshkevich, Martensitic phase transition in yttrium-stabilized ZrO2 nanopowders by MSCA Research and Innovation Staff Exchange (RISE) H2020-MSCA-RISE-2014. Project Acronym: HUNTER — Project Number: 691010.
adsorption of water // Nanomaterials 2022, 12, 435. [4] MSCA Research and Innovation Staff Exchange (RISE) H2020-MSCA-RISE-2019. Project Acronym: SSHARE — Project Number: 871284.
[21 A.S. Doroshkevich, B.L. Oksengendler Nanomaterials 2022, 12, 4493. https://doi.org/10.3390/nano12244493. [5] A. Shilo, A. Doroshkevich et. al, PCT/UA2019/000147 (11/26/2019) “CHEMOELECTRONIC CONVERTER BASED ON ZrO,-3mol%Y,05

NANOPOWDERS”.



Radioisotope energy source
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Radiolysis products

Tons Electrons —, .

The Y-containing oxide nanoparticle is a radiation source and carrier of chemically
(2) and physically (3) bound molecular water Radiolysis of water by the surface of
nanoparticles will lead to the formation of free charge carriers separated by an external
electric field.

?gg' . 3,5_' Radioactive chemoelectronic element In the radioaCtive element, the
] Radioacti o ] - i . .
160- \ e - ‘-‘ﬁé = 30l \ A A~ N short-circuit current exceeds the
140 . 1 m-u — .
T 120 S 28] L value in the control sample by an
(a4 1201 Non-radioactive e ——l B 1 &a .\./ / \.\_ g 1
y Iggf L chemoelectronic T 2’0'_ A\ - "'\ order of magnltude, the VOltage 1S
] lement _ _ ) s .
60 \.\& /-'eemen E=200V/sm o \  E=200V/sm " 1.5 times, the cycle time is 3
= 401 : \ g 107 \ Non-radioactive ti
7 ] O\ e . _ imes.
28: .\.,.\f._._ e ™ —— I S 5 0,54 ™\ chemoelectronic element
201— : . . : : . 0,04, - ; : . |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t, min t, min
Fig. 1. Short-circuit current of the element Fig. 2. The voltage of the element during the

during the working cycle. working cycle.
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A multlparametrlc gas analysis method using impedance spectroscopy on individual sensors from the kit will be

tested. Electrochemical impedance spectroscopy

a)
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Fig. 1. Experimental hodograph

Q)
ImZ i)

ReZ(Q)

spectrum of a circuit-electronic converter Fig. 2. Geometric representation of Fig. 3. Comparison of the
cell and its approximated curve using CPE the ~functional layer of the converter o i alent electrical circuit of the
(a) elements. An equivalent scheme of the system (a) and the relationship of its  ,4o5raphs (a) with the physical
approximated curve of the hodograph spatial and temporal coordinates with the structure of the sample (b):

spectrum (b). shape of the hodograph (b);
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3. Other areas of research
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New ionization chamber for

the IREN faclilty
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Investigation of neutron-induced reactions “LLnk, ., .. .corarons
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with charge particles emission
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Yu M Gledenov et.al «63Cu(n, a)60Co cross sections in the MeV region»
J. Phys. G: Nucl. Part. Phys., Vol. 50, (2023)
DOI 10.1088/13616471/acb960 29.01.2024

Work is planned to measure cross sections for
reactions (n,p), (n,a) on various isotopes.

In 2024, it is planned to measure reaction cross
sections (n,a) on gas samples Ar, F, O, Ne at EG-5,
FLNP JINR (En=3-5 MeV) and at the tandem
accelerator HI-13 CIAE (En=8-11 MeV) using
specially constructed ionization chamber.

Cross sections will also be measured for
148Sm(n,a) at EG-5, FLNP JINR.

It is also planned to conduct test measurements
of reactions (n,p), (n,a) on éLi and Cl at the IREN
facility.

Developing a proposal for experiments at CSNS
(China) is undergoing.

34
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Obtaining economically valuable features of triticale member of the

(xTriticosecale) using fast neutrons mutagenesis Kazakh
Academy of

Drought-resistant Sciences
Prof. K.B.
Bakiruly

JINR Association =)
of Young Scientists and Specialists
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Anexceerox 1€V Isolation every mutant M2
10.B. jonitor plant
of the PIXE-4 ~
%Th Mutant forms M2 (the second year of
. ours

research) with desired properties are going
to be used as initial forms in synthetic
selection

o v

Joint study of JINR and All-Russia Research Institute of Agricultural Biotechnology and All-Russian Plant Quarantine Center

 35-40 million
particles / hour
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Particle Beam Analysis Methods in ~ELnP o
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Project No: JINR-Serbia P16 No178 from 03.03.2022, No 7

Pl from JINR: Aleksandr S. Doroshkevich, Mikhail Avdeev
Pl from Serbia: Roman Balvanovi¢

Fig. 1. Samples of archaeologlcal glasses

Si - Investigation of the elemental composition of
I— 3000 1 S T archaeological glasses using nuclear physics
= 3 best fit 2500 | ‘ 1004} |® ) meth OdS 5
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Fig. 2. RBS (a) and PIXE (b) spectra of sample C-48. Alpha particles energy: 2000 keV; reports
Calibration sample: SiO,/Si; Incidence Angle: 300 and 600; Scattering angle: 1700.
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SOPC MODEL LIPID SYSTEMS

FOR NUCLEAR RESEARCH
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(a) Structural formula (b) Sp 3HpaBKa CHaBKOBa
https://parksystems.com/medias/nano-academy/ articles/24a8-nano-pipette-based-scanning-probe-microscopy-2
K.p.- m.H., C.H.C
|.|p|ds. have pulymurp‘uhm. nature and undergo several phase transn.m.ns. Mast important frt.|m a hlnlngu:.al standpoint s the m[fltlng (main SOPE Multi-bilayers in sucrose water salution
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SOPC MULTI-BILAYERS
MAIN PHASE TRANSITION AT DIFFERENT
HYDRATIONS VIA DSC:
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are considered to be the cell's simplest model in terms of physics.

Generally, Chol when mixed with SOPC slightly shifts the gel (Lg)-liquid crystal (L,) phase
transition temperature, decreases cooperativity, expressed by the van't Hoff enthalpy, markedly
and progressively reduces the transition enthalpy to a very low value at 30 mol.%. Concentrations
below 30 mol.%, and especially those in the range 10-20 maol.%, were revealed as the optimal
concentrations with regard to effective miscibility of SOPC and Chol components. The effective
miscibility mainly fulfills in the gel and liquid crystal phases.
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Table I Transition temperature and the associated enthalpy at different concentrations of cholesterol in the system

Pure SOPC SOPC with 10 mol.% Chol

SOPC with 30 mol.% Chol SOPC with 50 mol.% Chol

Enthalpy: 20.093 Jig

75 100

Temperature, °C
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DSC analysis shows that hydration of SOPC, expressed by adding different water quantities ranging
0 to 33 wt% dramatically influences the behaviour of thermodynamic quantities. At fixed wate
concentrations. Only one of both SOPC hydrophabic tail chains is invalved in the H-bonding, which we

identify as the sn-Z chain
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434

SOPC Multi-bilayers and cholesterol
main phase transition via DSC
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Transition temperature (°C) 3.06
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SOPC with 10w% H,0 20w% H,0 3w H,0 Dry SOPC Li i d t o i c s
Heating velocity (‘C/min) 0.1 2 5 2 5 2 5 5 p p
Transition enthalpy (J/g) 0269 0289 0300 0128 0147 005 0057 29093
Transition temperature (°C) 345 393 391 3.90 434 380 463 3339

model lipid system.
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In the present study, both, DSC measurements and ATR-FTIR revealed a substantial influence of the disaccharide sucrose on the phase behaviour and structural properties of SOPC



Perovskite solar cells (PSC) with p-i-n structure
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Crystal structure of the perovskite type: Architecture of the Perovskite
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Future plans

Prospective projects using lon Beam Treatment
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of the NIKA project
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~ Radiation treatment of silicon wafers for
mikron |
electronics

The ion implanter "DNEPR" (JSC Micron) was set up in the left experimental

Ion implantator of JSC "Micron"
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2. New installations planned for production
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Methodological and technological capabilities:

1. Precision studies of elemental depth profiles (1 ppm) with a step of 1 microns (two-dimensional distribution of
elements / mapping) without destruction of the sample :

- IBA of planar objects with an area of less than 0.1 mm?;

- IBA of objects with a rough surface (powder objects, etc.);

- scanning transmission ion microscopy (STIM);

- measurement of ion beam induced charge (IBIC) in semiconductors.

2. Direct proton beam Exposure (PBW):

- proton lithography,

- creation of small 3D nanostructures (electronic nanotechnology);

- physical (phase transformations) and chemical modification (chemical reduction) of localized areas of samples at a

strictly defined depth (microelectronics, photonics etc.). -

s e <
The prospects: fi: ,«ﬂ
Determination of small concentrations of elements in local zones (1 ppm at ~1 microns): ,_;-"‘;__“‘-‘H-E_t.ﬁ;;,:-
- zones of segregation of impurities in structural materials under operating loads; ) B bl Ltz 25N

- definition of diseases [2];

- cancer cell research [3];

- study of geological samples;

- effects caused by single events (SEE - Single Event Effect) [4,5];

- The possibility of obtaining nanocomponents (electronics) with a high aspect ratio (160:1), which allows us to
consider such a structure as essentially three-dimensional:

- local exposure of organoids.

[1] A.G. Ponomarev NUCLEAR SCANNING MICROPROBE: THE CURRENT STATE IN THE WORLD, FIELDS OF APPLICATION AND PROSPECTS OF DEVELOPMENT // 9th International Conference
"Interaction of radiation with a solid body", September 20-22, 2011, Minsk, Belarus pp.438-440,

[2]. Barapatre N., Morawski M., Butz T. et al. / Nucl. Instr. and Meth. B. — 2010. - Vol. 268. - P. 2156.

[3]. Kirkby K.J., 260. - P. 97.

[4]. Watt F., van Kan J.A., Rajta I. et al. / Nucl. Instr. and Meth. B. — 2003. - Vol. 210. - P. 14.

[5]. Spemann D., Reinert T., Vogt J. et al. // Nucl. Instr. and Meth. B. — 2002. - Vol. 190. - P. 312.
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Other promising options

3. Positronic annihilation

4. Atmospheric RBS module
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Promising areas of work

Area of interest:

Developed areas:
- powder nanotechnology;

- lon beam analysis;

- ion implantation nanotechnology; - lon beam nanotechnology;
-renewable energy; - Adsorption hydropower;

- direct and alternating current electrical - Electronics based on new physical
measurements; principles (homogeneous

- dimensional effects in dielectric electronics, nanoionic capacitors);

nanoparticles;
- Radiation materials science;

- ion beam analysis.
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We invite all interested parties to cooperation!
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Aleksandr Doroshkevich
Head of group “Installation of EG-5"
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AV Chernykh, A | Kochkova, L Guzilova, Yu S Pavlov, T V Kulevoy, A S Doroshkevich,
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[1] Oksengendler BL, Turaeva NN, Kh. Ashirmetov A, Ivanov NV, Karpova OV, Maksimov SE, Pelenovich VO. Kh. B. Ashurov. Nanofractals, their properties and applications. In Horizons in World Physics,
(Ed. A. Reimer). — N.Y.: Nova Science Publishers. 2019; Ch.1: 1-36.
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paboTa BbIXoAa
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Fig. 2. Energy structure of the gradient gap of the near-surface zone of an
ionic crystal with the parameters of the gradient gap (energy difference and
depth), the diagram of the origin of surface local states (1, 2, 3 means the
incidence of electron waves on the surface for various energy ranges and
their derivatives when the wave functions free space and crystal coincide;
within zone "1" states appear that are different from the Tamm states)

B ctaTtbe [1], ocHOBaHHOW Ha nepeocMbicrieHnn cxembl 3anTua (1940), npeanaraeTca HoBasg KOHUENUNSA 31EKTPOHHOM
CTPYKTYPbl rpaHuL pasgena (BKNYassi MOBEPXHOCTb) KPUCTansoB C WMOHHOM cBA3blo. [Moka3aHO, Y4TO KyNMOHOBCKOEe
AanbHogeucTBUeE npeodpasyeT 0ObIYHYHO CTPYKTYPY C YPOBHAMU Tamma B rpynny fiokasibHbIX YpOBHE HOBOro Tuna.
[TonyyeHHble pesyrnbraThl OKasanucb 04eHb NMonesHbIMU AN4a peweHnsa paga 3agady B HAHOSSEKTPOHUKE.

[11 Z. 1. Karimov, B. L. Oksengendler, S. Kh. Suleymanov, A. S. Doroshkevich, A. F. Zatsepin, N. N. Nikiforova and N. A. Kulagina Varisonality and Surface Levels in
Crystals with an lonic Bond / Chapter 7 in book Research Highlights in Science and Technology Vol. 1. Pp. 130-150. doi: 10.9734/bpi/rhst/v1/5397E.
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The rectifying contact of hydrated different sizes YSZ - nanoparticles

Theory

I/c=_ 1 ""vz(Edl_ 11'2)#0

E, =%Eg [l —2me* / Eg't';:fz: ]l ?

Fig.1. The schematic interpretation of
the effect of the rectifying contact, where,
m and e are the mass and charge of the
electron, ¢ is the dielectric constant [2].

[1] B.R. Kutlimurotov, B.L. Oksengendler et al., Uzbek
Journal of Physics, Vol. 24, No. 4, pp. 254-262, 2022.

[2] K.L. Keldysh, Soviet Physics JETF, 1964, 18, 1, 253

Experiment

Fig.2. Experimental setup.
1, 2-compacts under study;
3-contact pads;

4-current collectors;
5-locking racks6-spring
loaded clamp.

Composition
: 210y | Z105#3%Y20; | 710513%Y;05
Operating Parameter
Maximum reverse voltage, V >6 -0,540,1 >6
Maximum reverse current, uA 55 10410 545
Maximum forward voltage, V 50,5 55405 50,5
Maximum reverse current, uA 543 25045 25045

[3] A.S. Doroshkevich, B.L. Oksengendler et al.,

Nanomaterials 2022, 12, 4493.
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MeseHueBa 3axapoBa
Result
Reverse Dissociation
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0,00014 ! o !
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— 0 0001_- 1 i Linear
, ] \ characteristic
-0,00021 Direct | Diode
' branch ! ! characteristic
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Fig.3. The contact of povUeerSZ compacts. YSZ =
Zr0, — x mol%Y,0; (x = 0. 3, 8). The annealing
temperatures of the powders are 400°C and 500°C. The
particle sizes are 7.5 and 9 nm, respectively.
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Fig. The mechanism for controlling the electronic spectrum of the near-
surface region using the curvature of the surface.

[1] Oksengendler BL, Turaeva NN, Kh. Ashirmetov A, lvanov NV, Karpova OV, Maksimov SE, Pelenovich VO. Kh. B. Ashurov. Nanofractals, their properties and applications. In Horizons in World Physics,
(Ed. A. Reimer). — N.Y.: Nova Science Publishers. 2019; Ch.1: 1-36.
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BnvaHue narmba noBepxHOCTU Ha
AKTUBHOCTb XMMUNYECKNX LLEHTPOB Ha NOBEPXHOCTHU

1. WckpuBneHne nNOBEPXHOCTU
CyLLecTBeHHO U3MeHaAeT 30HHYIO
CTPYKTYPY HAHOMATEPUANOB.

2. HanpasneHHO N3MeHAA
* 9, : TOMOJIOFNKD MOBEPXHOCTU HAHOYaCTUL,
P I U S E W G G P F BO3MOXKHO YNPaBAATb UX PEAKLMOHHOM

CNoCObHOCTbIO M KN3bMpPaTeNbHOCTbIO
MO  OTHOLWEHMID K  XUMUYECKUM
anemeHTam (M3MeHATb 3NEeKTPOHHOe

T CPOACTBO).

Figure 9. Diagram of directions of neighboring Tamm orbitals ( L, and L, ), differing by

angle @ , hemispherical nanoparticle in case of its rough (fractal) surface.

[1] Oksengendler BL, Turaeva NN, Kh. Ashirmetov A, lvanov NV,
Karpova OV, Maksimov SE, Pelenovich VO. Kh. B. Ashurov.
Figure 10. Passivation of surface § due to the chemical-bond saturation at neighboring Nanofractals, their properties and applications. In Horizons in

. ; . World Physics, (Ed. A. Reimer). — N.Y.: Nova Science Publishers.
Tamm orbitals in the concave regions. 2019; Ch.1: 1-36.
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Significant advantage:

- high energy stability of ion beam;
- high intensity of ion beam;

(from 800 keV to 3MeV).
- possibility of obtaining of high-intensity ion beams.

Areas of use:

- Nuclear reactions with fast quasimonoenergetic neutrons;

- lon Beam Spectrometry (Multilayer structures, isotope determination, elemental depth profiling);
- Radiation technologies (Science, technology, medicine, etc.).

j lon beam parameters
el fffé - Range of ion beam currents - (100 — 150mkA*);
e - eied) - Real ion beam energy range - 900 keV — (4,1 MeV*);
T—1 - Energy resolution (H*, He?*) - not worse than 15keV;
T l § et - Charged particles flow (H*, He?*) — 102-10*3 part /s sm=
T [ -Neutrons flow — 5 107 pat/s sm?
Lower —— _'?v—immgmﬁe: - Max. neutrons energy - 5,5+0,1 MeV (Deutron current — 2mkA, deutron energy — 2,5MeV);

/ Controllable
Spray Voltage

*_ will be aftermodernization
29.01.2024 58



Methods of modification and
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He* (<2MeV) S S S Pat 4
+ (<) . 51 51 51
H* (<2MeV) | i+ :
— l i — |
1
: l
| X |
' > %, mkm
—» }<7 —» }<7 : >
51 g 48
<48mkm (H?) I 1yOoHHHEI NpodHIb
<48mkm (H7) - ATOMHOH IUTIOTHOCTH;
<7mkm (He*) - 3MeMeHTHOTO COCTABA;
HMumnaagTanmag ODEBEKT IoCIe FEBS-"HecaegoBaHHE - NoBepXHOCTHOrO O,
HMITTAHTAHHA - KOHIeHTpaHy H,
1. Cragusa MoJH(pHKAIHH 2. CtagHs KOHTPOJBHOTO HCEJIE,.IDBHHHH'
Puc. 4. CxemaTHdecKoe NpeicTaBleHHe MOJIH(QHEAamHH Si - MaTepHAIOE HOHAMH JeIKHX Ta3oB H

0eCKOHTAaKTHOTO0 HepaspyINAero KOHTPOAA IPOCTPAaHCTEEHHOTO PACHOI0KeHHS MOIH(QHITHPOBAHHOTO YIacTKa H
IUIOTHOCTH HMILTAHTHPOBAHHBIX HOHOE B obBeMe MaTepHald ¢ IOMOINBID IYVYeBhX MeToa0B ICY 3BI-5.

on beam technologies allow both the physical modification of Si materials by an ion beam and
the study of the effects of radiation exposure.
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1. AY Polyakov, V | Nikolaev, A | Pechnikov, P B Lagov, | V Shchemerov, A A Vasiley,
AV Chernykh, A | Kochkova, L Guzilova, Yu S Pavlov, T V Kulevoy, A S Doroshkevich,
R Sh Isaev, A V Panichkin and S J Pearton Carrier removal rates in 1.1 MeV proton
irradiated a-Ga203 (Sn) To cite this article: A'Y Polyakov et al 2023 J. Phys. D: Appl.
Phys. 56 305103 DOI 10.1088/1361-6463/acd06b (Q1, IF= 3.409).

2. Ivan Schemerov, A.Ya. Polyakov, P. B. Lagov, V. D. Kirilov, Svetlana Kobeleva, A. I.
Kochkova, Yu. O. Kulanchikov, O. S. Doroshkevich. The effect of trapping sites
introduced by 1 MeV proton irradiation on the reverse current recovery time in
Ga203-based Schottky diodes. Industrial laboratory Diagnostics of

materials 89(7):25-33 July 2023 DOI: 10.26896/1028-6861-2023-89-7-25-33 (Q4,
IF=0,28)

3. Polyakov, A. Y., Vasiley, A. A., Kochkova, A. I., Shchemeroy, I. V., Yakimoy, E. B.,
Miakonkikh, A. V., Chernykh, A. V., Lagov, P. B., Pavloy, Y. S., Doroshkevich, A. S.,
Isaev, R. S., Romanoy, A. A, Alexanyan, L. A., Matros, N., Azarov, A., Kuznetsov, A.,
&Pearton, S. (2024). Proton damage effects in double polymorph y/B-Ga203
diodes. Journal of Materials Chemistry C, 12(3), 1020—
1029.https://doi.org/10.1039/D3TC04171A (Q1, IF —5.7).
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PGAA facility for determining the
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- Determination of the elemental composition by the reaction of inelastic
neutron scattering.

Main advantages neutron . B-particle
- Lack of residual activity in samples, the ability to examine
samples in the future (which is very important in the case of
expensive items) - Y Ty
- Both directions, unique for JINR and the Russian Federation, Pt e
will add to the spectrum of available NAA methods at JINR.

Neutron
* capture
g —

Radicactive
decay

A A+1 * A+1
ZX ZX ZX

Prompt gamma
radiation
PGAA

rPynins 3JIEMEHTORB

I I 111 || v I v 1 wvi | wvm VIIT

= |ITepuon
Pan

? T ‘ Decay' gamma
| TS radiation
NAA

N. A. YenypueHko

PGAA complements existing methods of analysis by working with
the determination of isotopes of light particles, combining all the
advantages of the described methods, such as: completely indestructible
sample, simple sample preparation, as well as an extremely low degree
of activation with the possibility of further work with the material.

O | @ | S| | & W N \=
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ID View Target Reaction Quantity Energy range Sec.EfAngle Accuracy Cowv Field Date
2H - F5-0-18 (n,a),{n,abs)} 5IG 2 MeV-28 Mew See details ¥ Fission 12-SEP-@8
3H - S4-FPII-239 {n,¥) prompt g Thermal-Fast W 7.5 ¥ Fission 1Z2-MAY-86
AH - 92-U-235 (n,¥) prompt g Thermal-Fast W 7.5 ¥ Fission 12-MaY-86
8H - 1-H-2 {n,el) Da s DE 2.1 MeW-1 MeW 2-18a Deg 5 ¥ Fission 1e-APR-27
15H - S5-AM-241 (n,g),{n,tot) 510G Thermal-Fast See detaills Fission 12-SEFP-88
13H - 92-U-238 (n,iml) 551G B85 keW-28 Mel Emi= =spec. See details ¥ Fission 11-SEP-Q8
19H - SA-PII-238 {n,¥) 5IG S keV-& Mew Sese details ¥ Fission 11-SEFP-@8
21H - S5-AM-241 (n,¥) SIG 1838 keW-28 Mel S5ee details % Fissiaon 11-SEP-@8
22H L 95-AM-242M {n,¥) 5IG 2.5 keW-& Mew See details ¥ Fission 11-SEFP-@8
25H - S5-CM-244 (n,F) 5IG 65 keW-& MeW S5ee details % Fissiaon 12-SEP-@8
27H - S5~ CM-245 {n,F) 5IG 2.5 keW-& MeW Seese details ¥ Fission 1Z2-SEP-QB8
29H - 11-MNa-23 {n,inl) 5IG 2.5 MaeW-1.3 MeW Emis spec. See details ¥ Fission 12-SEP-@8
32H = DA -PIJ-235 (n,g) 51IG 2.1 VW-1.35 MeW See details ¥ Fission 12-SEP-Q8
33H - Sl -PI-241 (n,=) 51G @.1 =V-1.35 MeW See details ¥ Fission 12-SEFP-88
J4H - 26-FE-56 (n,inml) 551G B.5 MeWw-28 Mew Emi=z =pec. See details ¥ Fission 12-SEP-28
35H - Sa-PII-241 {n,F) 5IG 2.5 eW-1.35 MeW Sese details ¥ Fission 1Z2-SEP-Q8
37H - Sa-PU-243 (n,¥) 5IG 2.5 keW-5 MeWV See details ¥ Fissiaon 15-SEP-@28
38H - Sl -PI- 243 {n,¥) nubar 288 keWV-2 MeW Sese details ¥ Fission 15-SEFP-Q8
39H = Sa-PIU-242 (n,F) 5IG 288 keWW-28 MeW S5ee details % Fissiaon 15-SEP-@8
41H L E2-PE-208 {n,inl) 5IG 2.5 MaW-& Mew See details ¥ Fission 15-SEFP-@8
A42H - S2-PB-287 {n,inl) 5IG 2.5 Mav-& Mew See details ¥ Fission 15-SEP-@8
45H - 19 -K-39 ({n,p), (n,np) 5IG 18 MeWw-28 Mew 1@ ¥ Fusion 11-JJL-17
97H h T 24-CR-5& (n,g) 5IG 1 keWV-128 keW 2-1@ ¥ Fiszsion a5-FEE-18
98H @ 24-CR-53 (n,z) 5IG 1 keW-1a keW B-1a ¥ Fission a5-FEE-18
99+ = Sl -PII-235 (n,¥) nubar Thermal-5 eV 1 ¥ Fission 12-4APR-18
1@2H = 64-GD-155 (n,g),{n,tot) SIG Thermal-188 eV 4 ¥ Fission 89-MAY-18
1&3H @' &4 -Gl-157 (n,el),{n,tot) 5IG Thermal-188 eV 4 %W Fission a9-MAY-18
1144 = 83-BI-209 (n,g)Bi-218g,m ER SEE eW-3I88 keV 1@ ¥ ADS,Fission 89-MNoV-18
115H "E}" S4-PILI-239 {n,tot) 5IG Thermal-5 eV 1 % Fission as-APR-19

Most of the required neutron energies are in the range, which can be achieved in our accelerator. These tasks are difficult
and expensive to solve at other types of neutron
facilities.

[2] https://www.oecd-nea.org/dbdata/hprl/search.pl?vhp=on
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1. Phan Luong Tuan, Mirsolaw Kulik, Marius Stef, Tran Van Phuc, Nguyen Thi Bao My, Tatyana Yuryevna Zelenyak, Gabriel Buse, Andrei Racu, Aleksandr Doroshkevich, Le Hong Khiem, Vu Duc
Cong, Andriy Igorevych Lyubchyk, Sergiy Igorevich Lyubchyk, Svitlana Borisovna Lyubchyk, Nguyen Ngoc Anh. An examination on the porosity of ErF3 doped CaF2 crystal using the Rutherford back-
scattering method. Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms. Volume 547, February 2024, 165178,
https://doi.org/10.1016/j.nimb.2023.165178. (Q3, IF=1,4)

2. A. B. MANIELLKMIA, T. K. BONIKOBA, T. E. KOHCTAHTUHOBA, . P. BENIMYKO, U. K. HOCOJIEB, A. C. IOPOLLKEBUY, XK. B. ME3EHLLEBA, B. /1. OKCEHTEHA/IEP, B. TEO®UNOBWY, T. SPLIET, W.
PUCTUY BJIMAHMUE Y3AI5012 HA CTPYKTYPOOEPA3OBAHWUE M CBOMCTBA KEPAMUKU CUCTEMbI Al203 — Y203 MATEPUA/IOBEZEHUA», 2024, Ne 1 (117) DOI: 10.22349/1994-6716-2024-118-2-
33-45

3. L. M. Ledo Pereda, V. N. Semenov, V. S. Rikhvitsky, A. N. Likhachev, R. Sh. Isaev, I. A. Chepurchenkoa, A. S. Doroshkevich, V. A. Alexandrov lon Beam Scanning System for EG-5 Accelerator //
Physics of Particles and Nuclei Letters, 2024, Vol. 21, No. 4, pp. 938-945, 2024. DOI: 10.1134/S1547477124701061 (Q3, IF=0,3)

4, B L Oksengendler, S Kh Suleymanov, Z | Karimov, N NTuraeva, A S Doroshkevich and J Mezentseva, 2024 J. Phys.: Conf. Ser. 2697 012061https://doi.org/10.1088/1742-
6596/2697/1/012061(Q4, IF — 0.48).

5. E.V. Raksha, A.A. Davydova, V.A. Glazunova, Y.V. Berestneva, A. B. Eresko, O.N. Oskolkova, P.V. Sukhov, V.V. Gnatovskaya, G.K. Volkova, V.V. Burkhovetskij, A.S. Doroshkevich & M.V. Savoskin,
Carbon Nanoparticles from Thermally Expanded Cointercalates of Graphite Nitrate with Organic Substances. In: Parinov, I.A., Chang, SH., Putri, E.P. (eds) Physics and Mechanics of New Materials and
Their Applications. PHENMA 2023. Springer Proceedings in Materials, vol 41. Springer, Cham.(Conference paper) https://doi.org/10.1007/978-3-031-52239-0 4

6. Sh.B. Utamuradova, D.A. Rakhmanov, P.L. Tuan, A.S. Doroshkevich, R.Sh. Isayev, A.S. Abiyev, Studying the influence of proton irradiation on the distribution profile of Pt and Cr in surface
layers n-Si<Pt>, n-Si<Cr>using ellipsometric spectroscopyAdvanced Physical Research, Vol.6, No.2, 2024, pp.83-89, https://doi.org/10.62476/apr62.83(Q4).

7. D.M. Mirzayeva, S.P. Kaplina, M.V. Gustova, I.Z. Kamanina, O.V. Anisimova, A.S. Abiyev, A.G. Asadov, A.S. Doroshkevich, A. Vladescu, S.H. Jabarov, Y.I. Aliyev, R.N. Mehdiyeva, M.N. Mirzayev,
L.Slavov, E. Demir, and E. Popov, Modern Physics Letters B, Vol. 38, No. 02, 2350260 (2024)https://doi.org/10.1142/S0217984923502603(Q3, IF — 1.8).

8. Bennuko A.P, Bonkosa I.K., Maneukunin A.B., Ucaes P.LLU. BavaHue npoToHHOro ob6ayvyeHUs Ha CTPYKTYPY M CBOMCTBA KOMMO3WUTHOM KepamuKu coctaBa YSZ-SiO2-AL203 // Bonpocbl
martepuanosegeHus. — 2024, — Neo. 3 (119).

9. Isayev R. S. et al. Corrosion resistance of chromium coating on the inner surface of EP823-Sh steel cladding //Nuclear Energy and Technology. — 2024. — T. 10. — Ne. 2. — C. 81-88.
https://doi.org/10.3897/nucet.10.119642

10. J1.M. Nlego MNepepa, B.H. CemeHos, B.C. Puxsnuknin, A.H. Nluxaues, P.LLU. Ucaes, U.A. YenypueHko, A.C. [lopowikesny CucTema pa3BePTKM B PacTp MOHHOMO Ny4Ka Aans yckoputensa 3r-5 //
Mucoma B YASA. 2024. T. 21, Ne4(255). C. 902-910

11. Isayev R., Natalia P., Evgeniy M., Dzhumaev P., Korenevski E. Corrosion of EP823 steel cladding under heavy liquid metal coolant reactor conditions: A review// Nuclear Science and
Engineeringhttps://doi.org/10.1080/00295639.2024.2383110

12. P.LWU. Ucaes, N.C. Axymaes «B3anmogeinicTene xpomoBoro nokpbiTua ¢ 060104Koi TB3na 13 ctanm IMN823-LU B ananasoHe Temnepatyp 420-650 oC // BectHuk HUAY MUDU. — 2024. —T. 13. —
Ne. 4.

13. P.W. Ucaesa, N.C. Akymaesa, M.B. /leoHTbeBa-CMmnpHoBoi, U.A. HaymeHKo «KOppO3MOHHbIE CBOMCTBA XPOMOBOIO MOKPbLITUA Ha BHYTPEHHEel NoBepxHOCTU 060104KM TB3NA U3 GeppuUTHO-
MapTeHCUTHOM cTanm 3MN823 // Bonpocbl aTOMHOM HayKu 1 TexHUKu. Cepua: MatepuanosegeHue u HoBble matepuanbl— 2024 — No2(123).
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1. Aleksandr Doroshkevich, Zhanna Mezentseva, Boris Oksengendler, Sultan Suleymanov, Ekaterina Didenko, Odilkhoja Parpiev. ADVANCED NUCLEAR PHYSICS AND
NANOTECHNOLOGICAL RESEARCH ON THE BASE OF THE EG-5 ACCELERATOR AT JINR // Third International Forum “Physics -2024”, Samarkand State University and Institute of
Engineering Physics Samarkand, Uzbekistan, April 23-25, 2024 (ycTHbIN aoKnag,).

2.Mezentseva Zh.V., Doroshkevich A.S., Oksengendler B.L., Kirillov A.K., Didenko E.A., Nikiforova N.N., Carmen Mita, Diana Mardare, Nicoleta Cornei, Suleimanov S.H., ParpievO.R.
ELECTRICAL PROPERTIES OF INTERFACES OF HYDRATED MULTI-DIMENSIONAL YSZ NANOPOWDERS FOR PROMISING APPLICATIONS OF RENEWABLE ENERGY AND HOMOGENEOUS
ELECTRONICS // Third International Forum “Physics -2024”, Samarkand State University and Institute of Engineering Physics Samarkand, Uzbekistan, April 23-25, 2024 (ycTHbIi
JoKnag).
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Conclusion

1. The technique has been developed that allows both the physical modification of Si materials
by an ion beam and the study of the effects of radiation exposure.

2. It has been established that radiation treatment with light gas ions leads to the appearance
of discontinuities in the volume of a single silicon crystal and, as a result, an increase in the
specific density of the skin layer and an improvement in the dynamic characteristics of structures
in pulsed modes and at high frequencies.

3. lIrradiation of oxide nanoparticles with an ion beam is promising as a method of modifying
their physical properties.

4. Impedance spectroscopy makes it possible to study changes in the electrical structure and
electrical properties of semiconductor and nanostructured materials both as a result of radiation
exposure and under changing external conditions.
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