Institute of High Current Electronics SB RAS
Tomsk Scientific Center SB RAS
National Research Tomsk Polytechnic University
Tomsk Region Administration
P.N. Lebedev Physical Institute RAS
National Research Tomsk State University
Tomsk State University of Control Systems and Radioelectronics
Tomsk State University of Architecture and Building

Proceedings
of 8th International Congress
on Energy Fluxes and Radiation Effects

EFRE-2022 Congress Proceedings

October 2-8, 2022

Tomsk 2022



P93

UDC 539.16.04(063)+537.533.2(063)
BBC 22.3830+32.850
P93

Proceedings of 8th International Congress on Energy Fluxes and Radiation Effects /
Edited by Dr. Dmitry Sorokin and Anton GrishkovIemsk : TPU Publishing House, 2022. — 1520 p.

ISBN 978-5-4387-1112-4

This book comprises the proceedings of the repgortof VIII International Congress on Energy
Fluxes and Radiation Effects (EFRE-2022). The Cesgrconsists of four International Conferences
regularly hosted in Tomsk: International SymposiomHigh-Current Electronics, International Confaren
on Modification of Materials with Particle BeamsdaRlasma Flows, International Conference on Ramiati
Physics and Chemistry of Condensed Matter, andnat®nal Conference on New Materials and High
Technologies. The Congress is a good platform ésearchers to discuss a wide range of scientific,
engineering, and technical problems in the fielidsutsed power technologies; ion and electron beigh
power microwaves; plasma and particle beam souroeslification of material properties; pulsed power
applications in chemistry, biology, and medicinéyygical and chemical nonlinear processes excited in
inorganic dielectrics by particle and photon beapisysical principles of radiation-related and agdit
technologies; self-propagating high-temperaturdhmgis; and combustion waves in heterogeneousnsyste
synchrotron and neutron research.

Peer review statement

All papers published in Proceedings of 8th Inteamal Congress on Energy Fluxes and Radiation
Effects have been peer reviewed through processamistered by the proceedings Editors. Reviewswer
conducted by expert referees to the professional.

UDC 539.16.04(063)+537.533.2(063)
BBC 22.38310+32.8510

ISBN 978-5-4387-1112-4 © FSAEI HI NR TPU, 2022
© IHCE SB RAS, 2022



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

Table of contents

22" | nternational Symposium on High Current Electronics

S1-0-006402

S1-0-009601

S1-0-016501

S1-0-024202

S1-0-042001

S1-0-051301

S1-P-016502

S1-P-020602

S1-P-023601

S1-P-025002

S1-P-029301

S1-P-029604

S1-P-038101

OcobeHHOCTH (DYHKIIMOHUPOBAHMS M SMUCCHOHHBIE XapaKTEPUCTHKN 23
KOHTParupoBaHHOT'O IyrOBOTO pa3psia, OPMHUPYIOIIEro SMUCCHOHHYIO TU1a3My B
(hopBaKyyMHOM IITA3MEHHOM UCTOYHHKE UMITYJIBCHOTO 3JIEKTPOHHOTO ITyYKa

A.B. Kaszaxoe, E.M. Oxe, HA. [lanuenxo

Device for estimation of current and energy density distribution in the cross section of a9
pulsed submicrosecond electron beam
M.A. Serebrennikov, A.V. Poloskov, |.S. Egorov

CHIIBHOTOYHAS JICKTPOHHAS MYIIKA C PaIHAIbHO CXOJSIIUMCS Ty4KOM 35
I1.I1. Kuzupuou, I'.E. O3yp, B.U. [lempos

Ring structure of electron-ion beams ejected by a picosecond high-current electron 41
accelerator
V.l. Baryshnikov, V.L. Paperny, A.B. Chernyh

Extraction into the atmosphere of a focused beam with an energy of 2.5 MeV a7
E.V. Domarov, D.S. Vorobev, M.G. Golkovsky, Y.I. Golubenko, A.l. Korchagin,
N.K. Kuksanov, R.A. Salimov, S.N. Fadeev, V.G. Cherepkov, I.K. Chakin, Zhang
Changyou

Irradiation effect of intense pulsed ion beam on (TiZrNbTaCr)C 53
S.J. Zhang, L. Chen, A.V. Stepanov, O.P. Lapteva, G.E. Kholodnaya, X. Yu, M.F. Xu,
Y.J. Wang, G.E. Remnev, X.Y. Le

Bnusiaue gapneHus U pojia pabodero raza Ha XapaKTePUCTHKH CUIIbHOTOYHOU 59
3JIEKTPOHHOM MYIIKH
I1.I1. Kuzupuou, I'.E. O3yp

Investigation of the characteristics of an intense ion beam propagated outside the diode
A.V. Stepanov, I.N. Pyatkov, Shijian Zhang, E.N. Stepanova

Propagation of a pulsed electron beam in gas compositions of carbon-containing 70
composite nanomaterial synthesis reagents
G. Kholodnaya, D. Ponomarev, R. Sazonov, M. Serebrennikov, O. Lapteva

Measurement of the energy and mass-charge composition of the ion flux of the vacuum®
spark on a tungsten cathode coated with fuzz nanostructures
I. Muzyukin, S. Barengolts

DIeKTPOHHBII HCTOYHKK C IIA3MEHHBIM aHOJOM H BBIBOJOM 3JIEKTPOHHOTO ITyYKa yepes 82
(honeroroe okHo B atmochepy
3.H. A6oynaun, I'.®. bacos

Testing of the water supplying system for the cathode of a vacuum electron diode 87
I.S. Egorov, M.A. Serebrennikov, A.V. Poloskov

Development of photoinjector in IAP RAS 93
A.V. Afanasiev, |.V. Bandurkin, A.M. Gorbachev, K.V. Mineev, N.Yu. Peskov,
A.V. Savilov, A.A. Vikharev

64



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

S1-P-041101

S1-P-044901

S1-P-049002

S1-P-049004

S2-0-007301

S2-0-009807

S2-0-011601

S2-0-019901

S2-0-038701

S2-0-043801

S2-0-046201

S2-0-048501

S2-P-003401

S2-P-007302

S2-P-019601

Promptand neutron spectrometry of intense nanosecond ion bunches collectively 98
accelerated in a Luce diode
V.A. Ryzhkov, I.N. Pyatkov

Electrostatic cumulation: a convenient research instrument to obtain Mbar pressures103
solids
S. Anishchenko, V. Baryshevsky, A. Gurinovich

Auxiliary orbitron discharge of a wide aperture electron accelerator based onion- 109
electron emission
A.A. Grishkov, M.S. Vorobyov, S.Yu. Doroshkevich, V.A. Shklyaev

Simulation of a wide-aperture electron accelerator based on ion-electron emission in118
repetitively pulsed mode
A.A. Grishkov, M.S. Vorobyov, S.Yu. Doroshkevich, V.A. Shklyaev
Fast switching of megaampere current to the load 128
S.A. Sorokin
Leakage of current from MITL with ceramic coating cathode 134
G.M. Oleinik, V.V. Aleksandrov, A.V. Branitskii, I.N. Frolov, E.V. Grabovskii,
E.l. Predkova, O.B. Reshetnjak, and S.I. Tkachenko

Generation of Ar K-shell radiation using a hybrid gas puff with an outer plasma shell
A.V. Shishlov, R.K. Cherdizov, V.A. Kokshenev, N.E. Kurmaev, S.A. Vagaytsev
Optimization of double shell hybrid gas-puff with outer plasma shell for efficient 148
generation of K-shell radiation in the microsecond implosion regime
R.K. Cherdizov, V.A. Kokshenev, N.E. Kurmaev, A.V. Shishlov, S.A. Vagaytsev

[T1a3mMo000pa3oBaHKe B CUIIBHBIX MATHUTHBIX MOJISIX HA MMOBEPXHOCTHU JIBYXCIIOHHBIX
MIPOBOJHUKOB
H. Jlabeyxas, U. /layro, C. Yatixosckuil, B. Banvrkesuy, B. Opewrxun

154

FRC collider
A. Mozgovoy

160

Study of processes in polymer targets under high-energy exposure 166

O. Olkhovskaya, D. Boykov, V. Gasilov, E. Kazakov, S. Tkachenko, A. Smirnova

Evolution of MITL parameters during the passage of a powerful current pulse 172
S.l.Tkachenko, V.V.Aleksandrov, A.V.Branitskii, I.N.Frolov, E.V.Grabovskii,
K.V.Khishchenko, K.N.Mitrofanov, G.M.Oleinik

Conduction current in low-density plasma opening switches 177

S. Loginov

Time-resolved measurement of the temperature of a pinched dense plasma by the rat&3of

the signals of two X-ray diodes with different spectral response
S.A. Sorokin

TokoBbIi cllol B THOPUIHOM ra30IuIa3MEHHOM JlaiiHepe 187

B. Koxwenes, A. lluwnos, P. Yepouszos, H. Kypmaeg

140



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

S2-P-019602

S2-P-024801

S2-P-033502

S3-0-018201

S3-0-020502

S3-0-023301

S3-0-028901

S3-0-032801

S3-0-033701

S3-0-034101

S3-0-034602

S3-0-034901

S3-0-038201

S3-0-038301

XapaKTepUCTUKH IJIA3MEHHBIX CTPYH CHIBHOTOYHOTO BAKYYMHOTO pa3psiia 193
B. Koxwenes, H. Kypmaes

PacmpenencHue IIOTHOCTH IIPUIIOBEPXHOCTHOIO BEIIECTBA HA HAYAJIBHOMN CTAIUN 199
npoiiecca mIa3Moo0pa30BaHus MPH CKMHOBOM B3PBIBE MIMJIMHAPUICCKUX MPOBOIHUKOB
U. Jlayxo, H. Jlabeyxasa, C. Yatikoseckuil, B. Banvkesuu, B. Opewrun

Numerical study of radiatively cooling partially ionized plasma expansion in neutral 206
environment
Y.S Sharova, D.S. Shidlovski

WznyueHne MOIHBIX JIMHEHHO MOJISIPU30BAHHBIX CBEPXIIMPOKOIIOJIIOCHBIX UMITYJIbCOB 213
CyOHAHOCEKYH/THOH JUIMTEIbHOCTH THOPUIHOM aHTEHHOM

E.B. bansosckuii, I0.1. Byanos, A.M. E¢ppemos, B.U. Kowenes, 3.C. Hexpacos,

C.C. Cmupnos

High-power terahertz Cherenkov radiation in oversized slow-wave structure 219
V. Chazov, M. Deichuly, V. Koshelev, and A. Petkun

YucrieHHOE MOJICTMPOBAaHNE U TIPOSKTUPOBaHUE pe3oHaTopHOU kamepbl CBU-peakTopa 225
CvD
E.B. bBansoecxuii, C.C. Cmupros

Efficiency of moderately relativistic resonant S-band BWO 229
P.V. Molchanov, E.A. Gurnevich

Development and studies of a high-current relativistic gyrotron with a TM-type operati®p
mode
E. Abubakirov, Yu. Danilov, A. Denisenko, A. Leontyev, R. Rozental

Terahertz free electron laser with an electrodynamic system based on the excitation @88
Talbot-type supermode
Yu.S. Oparina, N.Yu. Peskov, A.V. Savilov

Microwave generators with passive mode-locking 243
N.S. Ginzburg, S.V. Samsonov, G.G. Denisov, M.N. Vilkov, I.V. Zotova, A.A. Bogdashov,
I.G. Gachev, A.S. Sergeev, R.M. Rozental, Yu.Yu. Danilov, E.V. llyakov, I.S. Kulagin

Design of one-octave bandwidth gyro-BWO with zigzag quasi-optical transmission line

S.V. Samsonov, G.G. Denisov, A.A. Bogdashov, I.G. Gachev, M.V. Kamenskiy,
K.A. Leshcheva

Development of W-band short pulse generator with passive mode-locking 254

M.N. Vilkov, N.S. Ginzburg, I.V. Zotova, A.S. Sergeev

Transverse radiation input and output for planar relativistic surface-wave oscillators a2f68
amplifiers
A.E. Fedotov, A.M. Malkin, V.Yu. Zaslavsky, A.S. Sergeev, N.S. Ginzburg

Influence of Coulomb fields on formation of emittance in photoguns 262
V. lvanov

248



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

S3-0-045201

S3-P-016807

S3-P-016808

S3-P-027601

S3-P-031802

S3-P-032802

S3-P-033703

S3-P-034601

S3-P-038102

S3-P-921201

S4-0-001004

S4-0-005401

S4-0-008301

S4-0-008705

S4-0-014401

Design and experimental testing of W-band planar surface-wave oscillator driven by 269
sheet high-current relativistic electron beam
A.V. Palitsin, V.Yu. Zaslavsky, Yu.V. Rodin, M.B. Goykhman, A.V. Gromov,
Yu.M. Guznov, A.N. Panin, V.V. Parshin, A.M. Malkin, N.S. Ginzburg

Thermal losses in the dielectric case of the absorbing load of liquid calorimeterin 275
measuring the energy of high-power microwave pulses
A.l. Klimov, V.Yu. Konev

Schemes for recording nanosecond high-power microwave pulses by detectors on h@81
carriers

A.l. Klimov

Diffraction of a monopolar electromagnetic pulse on a slit 284
V.N. Kornienko, V.V. Kulagin

High-gradient acceleration of electron beam by superradiative microwave pulse 288

K.A. Sharypov, N.S. Ginzburg, V.G. Shpak, S.A. Shunailov, M.I. Yalandin, |.V. Zotova

High-current THz-band gyrotrons based on axial-slit cavities 294
Yu. Danilov, A. Leontyev, A. Malkin, R. Rozental, D. Shchegolkov

Nonlinear amplification of powerful terahertz pulses by electron bunches 298
D.D. Krygina, Yu.S. Oparina, A.V. Savilov

Simplified theory of gyro-BWO with zigzag quasi-optical system 304
E.M. Novak, S.V. Samsonov, A.V. Savilov

Sub-terahertz gyrotron based on the use of external frequency-tunable mirror 309
I.V. Bandurkin, Yu.K. Kalynov, I.V. Osharin, N.Yu. Peskov, A.V. Savilov,
D.Yu. Shchegolkov

Influence of voltage pulse polarity on excitation of high-frequency oscillationsina 315
nonlinear transmission line with saturated ferrite
P. Priputnev, I. Romanchenko, S. Maltsev, R. Sobyanin

Trigger circuit optimization of the oil-insulated LTD cavity 322
V.M. Alexeenko, A.A. Kim, V.A. Sinebryukhov, S.S. Kondratiev, S.N. Volkov

Surface irradiation installation based on URT-0.5M accelerator 328
S.Yu. Sokovnin, M.E. Balezin
TexHoMorHYeCcKre aCIeKThl MPOU3BOJICTBA PA3PSITHUKOB-000CTpUTENIEH Ha HANIPSIKCHHE 334
o 500xB
J1.C. Maxanviko

Visualization of the temperature distribution in a DBD driven helium atmospheric 340
pressure plasma jet
A.A. Dyachenko, O.M. Stepanova, I.L. lov, and M.E. Pinchuk

The influence of DC pulse current pattern on the different materials properties of 344

samples obtained by spark plasma sintering
Thet Naing Soe, I.M. Makhadilov, A.P. Malakhinsk and N.W. Solis Pinargote



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

S4-0-017504

S4-0-026401

S4-0-026701

S4-0-027404

S4-0-038401

S4-0-041801

S4-0-044902

S4-0-052301

S4-P-001001

S4-P-012701

S4-P-017101

S4-P-021901

S4-P-027101

S4-P-035203

Gas discharge lasers with pulse repetition frequency up to 100 kHz on RM transition 851
alkali earth metal ions
M.A. Lavrukhin, P.A. Bokhan, P.P. Gugin, .M. Ananyev, D.E. Zakrevsky

Plasma instability in a laser controlled high-voltage switch for RADAN type electron 355
accelerator
A.l. Lipchak, N.B. Volkov, S.V. Barakhvostov, E.A. Chingina, I.S. Turmyshev

Effect on the GaAs parameters of a photoconductive semiconductor switch with a sili86t
oxide layer when switched by 355-nm laser radiation
V.V. Barmin, V.yu. Konev, .V. Romanchenko

Operation of multi-gigawatt magnetic compression lines 367
S. Tsyranov

Development of material based on nanostructured Cu-Nb alloy for high magnetic fiel@75
coils of microsecond duration
E. Zaytsev, A. Spirin, V. Krutikov, S. Paranin, S. Zayats,A. Kaigorodov, D. Koleukh,
A. Kebets
TTMKOCEeKyHIHBI MarHUTHBIH KOMIIPECCOP THTaBaTTHOTO YPOBHS MOITHOCTH 382
M.C. Ileooc, E.A. Anuuxun, B.E. I[lampaxos, A.B. [lonomapes, C.H. Pykun,
C.I1. Tumowenxos, C.H. [{oipanos

Simulation and design of helical FCG with simultaneous initiation of explosion from 388
both liner ends
S. Anishchenko, P. Bogdanovich, A. Gurinovich, D. Leonenko

Decomposition of gk the plasma medium of an electron beam 393
Hongda Li, S. Sosnovskiy, A. Pushkarev, V. Sachkov, N. Golovkov
BbICOKOBOJIETHBI MHOTOKaHAIBHBIM UMITYJILCHBIN T€HEPATOP AJIS AJEKTPOPA3PSAHBIX 399

TEXHOJIOT Uil
B.M. Anexceenxo, A.A. XKepruyvin, C.C. Konopamoeg

Comparison of the effects of exposure to nanosecond pulsed microwaves on a burn 405
injury depending on the pulse repetition frequency
A.V. Samoylova, A.A. Gostyukhina, V.V. Yartsev, S.S. Evseeva,
V.M. Mochalova,M.A. Bolshakov, K.V. Zaitsev, O.P. Kutenkov, V.V. Rostov
dopmupoBaHe OUIOJIIPHBIX HAHOCEKYTHBIX HMITYJIbCOB PA3IMYHON JITUTEILHOCTH B 409
CXE€ME C OOHUM pPa3psIHUKOM
AM. E¢ppemos, B.M. Anexceenxo

Non-equilibrium plasma of pulsed corona discharge for the purpose of air purificationd15
from typical ventilation exhausts of polymer production
I. Filatov, V. Uvarin, D. Kuznetsov

BnusiHMe XMMHYECKOTO cOCTaBa pabouMX TeJ Ha MHTErpaitbHoe conpoTuBieHne AUTI] 421
JI.K. ®edoposa, /].A. Ecowmun, A.B. Ilasnos, /].0. Hosukos, B./[. Tenex
Onrumusaius nepenaun sueprun u3 LC-KOHTypa B KHHETHYCECKYIO DHEPTHIO 426

METaJUIN4eCKOIl TOKOHEeCyIIel MIaCTUHBI
A.B. Ko3zvipes, A.A. XKepruyvin



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

S4-P-039301

S4-P-039401

S4-P-040801

S4-P-040802

S4-P-042404

S4-P-042405

S4-P-044601

S4-P-045001

S4-P-045301

S4-P-046101

S4-P-046601

S4-P-050101

S4-P-926701

S4-P-944601

S5-0-000208

Mertoauka u3MepeHns NafeHUs HAIIPSKCHUSI B 00JIaCTH HArPy3KU Ha CUIBHOTOYHOM 430
renepatope MUT

A.I'. Pycckux, A.C. Kueanun, B.A. Opewrun

MeroyKa KaInOpPOBKU CTPUK-CIIEKTPOMETPA B YCJIOBUSX PAOOTHI HMITYJILCHOTO 434
re"eparopa MUT'

A. Kueanun, A. Pycckux, B. Banvkesuu, B. Opewkun

[IaTHKaHATBHBIN YCHIUTEIh 3aIyCKAOIIUX UMITYJIECOB 438
A.Il. Apmémos, A.B. ®edwnun, A1 Pycckux, B.M. Opewxun

KoMmnaxkTHbIM UMITYIbCHBIN T€HEpaTOp Il MUTAHUS IIA3MEHHBIX ITyIIEK 442
A.Il. Apmémos, A.B. Deownun, H.B. Kapoea, A,J]. Jlenckuii, A.I'. Pycckux,/].B. Pvibka,
B.U. Opewrxun

Study of URT-1M accelerator in submicrosecond operation 447
M.E. Balezin, S.Yu. Sokovnin, A.S. Gerasimov

Production of iron oxide nanopowders by radiation-chemical method 453
M.E. Balezin, S.Yu. Sokovnin

JIvHeWHbIH UMITYJIBCHBIH TpaHchopmaTop ¢ yactoTol pabotsl 511y 458
C.C. Konopamves, A.A. Kepruyvin, B.M. Anexceenko

Controlled pulsed injection for HV gas blast circuit breakers 463
N. Kurakina, E. Tonkonogov, lu. Murashov, R. Zhiligotov, N. Obraztsov

Investigation of wires layout in exploding wire array 470
S. Anishchenko, A. Gurinovich, E. Gurnevich, D. Leonenko, A. Rouba

Methodology for conducting in-pile experiments to study spectral-temporal characteri4id
of gas media upon excitation by the(n,a)*H nuclear reaction
K.K. Samarkhanov, E.G. Batyrbekov, M.U. Khasenov, Yu.N. Gordienko, A.N. Kotlyar,
A.A. Miller, V.K. Tskhe, Ye.A. Martynenko, Z.B. Kozhabayev

Pa3paboTka 1 ucciaenoBaHue BHICOKOBOJIBTHOTO HMITYJIBCHOTO KOHICHCATOPA IS 480
3MEKTPO(YU3NIECKUX YCTAHOBOK
JI.A. Jlaposan, AJ]. Jlenckuil, B.A. Jloeynos, O.A. Huxumun, J{.B. Pvibka

[Mosy4eHre HAHOMIOPOIIIKA OKCH/IA 0JI0BA METOZOM MCKPOBOTO pa3psijia C YIpaBiIsieMbIM 485
CPEHUM Pa3MepOM HacCTHUI]
A.JI. Makcumos, U.B. Bexemos, A.H. Meosedes, A.M. Mypzakaes, C.A. @apenobpyx

High-voltage pulse sharpening using corrugated NLTLs with ferrites 489
R. Sobyanin, P. Priputnev, I. Romanchenko, S. Maltsev

OnTuMu3anus PeKUIMOB JIEKTPOPA3PSTHOTO APOOJICHUS KBAPIIEBOTO CHIPHS 494

C.C. Konopamves, A.A. Kepruyvin, B.M. Anexceenxo, A.M. Henomnauux,
A.Il. >Kaboeoos, B.C. Pomanos

BitusiHre CKOPOCTH BOJTHBI HOHU3ALMHU HA HAMPSHKCHUE B JIMHUU MIPH Pa3BUTHN 498
UMITYJIbCHOTO TIPO00s
B.A. Llxnses, A.A. I puwuxos CA. Beromwimyes, [.B. benonnomos, /[.A. Copoxun



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

S5-0-014002

S5-0-018901

S5-0-018902

S5-0-019701

S5-0-022602

S5-0-026303

S5-0-954301

S5-P-000702

S5-P-019502

S5-P-020803

S5-P-026202

S5-P-031801

S5-P-041703

S6-0-005202

MopenupoBaHue KPacHBIX CITPANTOB B 1aO0OPaTOPHBIX IKCIIEPUMEHTAX 505

H.II. Bunoepaoos, B.®. Tapacenxo, E.X. Baxuim
VIMIynbCHBIE TTa3MEHHO-TIYIKOBEIE Pa3psiabl C MPOTSHKEHHBIM IIEIEeBBIM KaTOJOM U UX 511
TEXHOJIOTHYECKUE TTPHIIOKCHHUS
H.A. Awypbexos, M.3. 3axapvsesa, K.O. Umunos, K.M. Pabaoanos, I'IL. [llaxcurnos
Bimsiane tina GyHKIEM pactpeaeneHus 3JeKTPOHOB Ha XapaKTePUCTHKH 515
HAHOCCKYHHOTO pa3psjia B MPOTSHKCHHBIX SKPAHUPOBAHHBIX TPYOKax ¢
UTMHIPUYCCKUMHE TOJIBIMU JICKTPOJAMHE
H.A. Awypbexos, K.O. Hmunos, I' 1Ll. [llaxcunos, M.B. Kypbanzaoorcuesa,
K.M. Pabaoaros

Runaway electrons in an air gap in the presence of a magnetic field 520
Y. Mamontov, G. Mesyats, K. Sharypov, V. Shpak, S. Shunailov, M. Yalandin,
N. Zubarev, O. Zubareva
OreHKa BO3MOXKHOCTH I'€HEPAIUU PEHTTCHOBCKUX KBAHTOB B UMITYJIbCHBIX pa3psiiax 524
CBEPXBBICOKOTO JIaBJICHUS
FO.U. Mamonmos, B.B. Jlucenxos, U.B. Yimarnos
HMmynsCHBIE TEHEPAaTOPHI AJIsl HAKAYKH a30THBIX JIa3epOB HU3KOTO JIaBJICHUS Ha 531
4acTOTax MOBTOPEHUS UMITYJbCoB 10 10k 11
b.A. Ko3snos, U.B. Jlocun

Nanosecond discharge in atmospheric air in submillimeter gaps in a uniform electric 537
field
G.A. Mesyats, I.V. Vasenina

Influence of a voltage pulse rise time and pressure of air and nitrogen on the paramebeé
of runaway electron beams
D.V. Beloplotov, V.F. Tarasenko, D.A. Sorokin

Characteristics of stationary negative corona discharge in atmospheric air 550
A.O. Kokovin, A.V. Kozyrev, V.Yu. Kozhevnikov, N.S. Semeniuk

UV and VUV radiation of rare gases and nitrogen in diffuse discharges, formed in an554
inhomogeneous electric field
V.V. Kozhevnikov, A.N. Panchenko, V.F. Tarasenko

NmimynbcHO—TIepuoIuieckie 00beMHble paspsasl B CO,-J1a3epHBIX CMECIX 560
CBEpPXaTMOC(HEPHOTO JaBICHUS
b.A. Kosnos, /1.C. Maxanvko

Parameters of a paraxial magnetized bunch of runaway electrons 566
K. Sharypov, E. Osipenko, V. Shpak, S. Shunailov, M. Yalandin, N. Zubarev

Nanosecond pulse discharge in helium 572
P.A. Bokhan, N. Glubokov, P.P. Gugin, M.A. Lavrukhin, D.E. Zakrevsky

Modeling of plasma dynamics parameters of magnetoplasma compressor 577

N.V. Batrak, N.G. Kopaleishuvili



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

S6-0-010005

S6-0-012201

S6-0-029605

S6-P-017001

S6-P-021101

S6-P-021102

S6-P-021201

S6-P-022601

S6-P-023902

S6-P-028801

S6-P-028802

Numerical simulation of individual cell of the electron beam source with a plasma
cathode
V.T. Astrelin, 1.V. Kandaurov, V.P. Tarakanov

Investigation of negative glow plasma in helium and its application in gas analysis
A.l. Saifutdinov

Computation of output parameters of a submicrosecond electron accelerator
I.S. Egorov, M.A. Serebrennikov, A.V. Poloskov

Computer simulation of multi-gigawatt magnetic compression lines
V. Patrakov, S. Rukin

2D kinetic modeling of plasma jet in external magnetic field
D.L. Shmelev, I.V. Uimanov, S.A. Barengolts, M.M. Tsventoukh

Numerical model of high current plasma source
D.L. Shmelev, S.A Chaikovsky, I.V. Uimanov, A.G. Rousskikh, V.I. Oreshkin

583

601

606

612

617

Dependence of the oscillations frequency in a nonlinear transmission line with saturaé&d

ferrite on magnetic fields and line dimensions
0.0. Mutylin, P.V. Priputnev, I.V. Romanchenko, V.P. Tarakanov

Moernb 37EeKTPOHHOM SMUCCUU U3 TPAHUIIBI B3PHIBOIMUCCHOHHOM IT1a3MbI
FO.U. Mamonmos, H.B. Yiimanos

Teoperudeckoe n3yueHHe BIUSHUSA NEPEMEHHBIX 3JIEKTPUUECKUX M0JIeH Ha
(dopmupoBanue npoduiei TMHUHI B CIEKTpaxX M3JIy4eHUs aproHa
E.B. Koprokuna

DNEKTPUUECKUA B3PbIB )KUJIKOMETATMYECKUX CTPYH MPU B3aUMOAECHCTBUHU C TIa3MOU
KaTOAHOTO ISTHA BAKYYMHOM yTu
U. Viimanos, I'. Mecsiy

MopenupoBaHue IpeanpoOOHHBIX SBICHHUA B MUKPOBBICTYTIE Ha KaTtoae B CBY mosx ¢
YYeTOM JABIKCHHS pacIliaBa
U. Viimanos, J]. llmenes, C. Bapeneonvy

629

635

641

648

10

591



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

16" I nter national Conference on Modification of Materials with Particle Beams
and Plasma Flows

C1-0-002401

C1-0-002402

C1-0-004101

C1-0-008401

C1-0-015201

C1-0-018103

C1-0-025401

C1-0-028101

C1-0-029901

C1-0-030501

C1-0-035601

C1-0-037201

C1-0-039701

C1-0-042601

Electrical characteristics of a hot-target HiPIMS discharge in reagfreeNvironment 655

A.S. Isakova, D.V. Kolodko, V.Yu. Lisenkov, A.V. Kaziev, G.l. Rykunov, A.V. Tumarkin

Plasma parameters of a pulsed high-current low-voltage non-sputtering magnetron 659
discharge in light gases
A.V. Kaziev, D.V. Kolodko, V.A. Tumarkin, N.P. Orlov
[ToBbInIeHNE IIEKTPUUECKOI MPOYHOCTH YCKOPSIOIIEH CUCTEMBI MaJIOTabapuTHOTO 663
YCKOpPHUTEJIsl HOHOB
U.A. Kanvuiun
BiusiHre OTEHIMATA Y3KOW META/UTMYECKOM TpyOKH Ha pacpOCTpaHCHHE B HEH 669
c(hoKyCHpOBaHHOTO AJIEKTPOHHOTO ITyYKa B (POpBaKyyMHOH 001acTH AaBJICHUN
U IO. baxees
MoenupoBaHue JBHKSHUSI HOHOB U PACIIbLICHUSI JJIEKTPOOB B MUHHATIOPHOM 675
JIMHEHHOM YCKOpHTEIe
U.A. Kanvwun, H.B. Mameoos, A.A. Conodosnuxos, H.E. E¢pumos, A.C. Poxmanenkog

Investigation of the functional parameters of cold plasma jet generated in device with681
microchannel
P.P. Gugin, E.V. Milakhina, 1.V. Schweigert, D.E. Zakrevsky

Cucrema mia3MeHHO-aCCUCTHPOBAHHOTO BU-HaHEeCEHHs TIOKPBITHIT U3 TIOPOIIKOBBIX 685
JMIJIEKTPUYECKIX MaTepPHaIOB

H.U. Asxcadwca, B.B. lllyeypos

Ipumenenne Pd-BanokpbiTis B IEHHUHIOBCKOM HOHHOM MCTOYHUKE 690

A.I". Caounxun, H.H. [lJumos

Prediction of extinguish boundary of radio frequency thermal plasma torch within caré96
gas injector
Mingging Nie, Xiangyang Liu, Long Miao, Ruoyu Han, Xiaoyu Wang, ZhengXi Zhu, Yuri
Mihailovich Grishin, and Ningfei Wang

Electric arc plasma pyrolysis of natural gas by a high-voltage AC plasma torch 702
S.D. Popov, V.E. Popov, D.I. Subbotin, A.V. Surov, E.O Serba, A.V. Nikonov,
Gh.V. Nakonechny, V.A. Spodobin
Nwmnynbcnas moayssinus PIG ucTouHuKOB HOHOB 708
H.H. ll]lumos
Cold plasma jet optimization for cancer treatment 715
I.V. Schweigert, D.E. Zakrevsky, E.V. Milakhina, P.P. Gugin, M. Biryukov, O. Koval
ELV-15 — new accelerator for industrial applications 720

D. Vorobev, E. Domarov, M. Golkovskii, Y. Golubenko, A. Korchagin,
D. Kogut. N. Kuksanov, R. Salimov, A. Semenov, S. Fadeev, V. Cherepkov, A. Lavrukhin,
Zhang Changyou

Material processing using arc plasmatrons with thermochemical cathodes 726

A. Anshakov, P. Domarov, V. Faleev

11



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

C1-0-043402

C1-0-047001

C1-P-001601

C1-P-002501

C1-P-009102

C1-P-009301

C1-P-012101

C1-P-014602

C1-P-018301

C1-P-019702

C1-P-021302

C1-P-022503

C1-P-025703

C1-P-027701

Diffuse vacuum arc discharge with heated cathode made of mixture of ceramic and nT&4l
powders
R.A. Usmanov, A.D. Melnikov, V.P. Polistchook, S.B. Vetrova

Influence of magnetic field induction on the energy of ions and injection processes of740
ionized flows of working substances in a plasma mass separator
N.N. Antonov, S.B. Vetrova, R.A. Usmanov, G.D. Liziakin, A.D. Melnikov

Konctpykius u paboune XapakTepPUCTHKH HIEKTPOHHOTO HCTOYHHUKA C TIOJBIM KaTOA0M 746
1 HECAMOCTOSITENIbHBIM BHICOKOBOJIBTHBIM TJICIOLIUM Pa3psioM
B.U. I'vweney, A.C. byzaes, E.M. Oxc.

BitusiHre 4acTOThI HMITYJIBCOB Ha HHUIIMUPOBAHKUE U (DYHKITHOHHPOBAHUE 752
CPEIHEYaCTOTHOTO UMITYJIBCHOTO pa3psiia aTMOC(HEPHOTo TaBJICHHUS B IOTOKE aproHa
K.II. Casxun, E.M. Oxc, I'.FO. Owxkos, A.C. Byeaes, A.I'. Huxonaes, M.B. [llanopuxog

Pacman mma3Mbel BaKyyMHOTO JYTOBOTO pa3psizia ocje oOpbIBa TOKa 758
I'1O. FOwxoe, A.I'. Huxonaes, E.M. Oxc, K.Il. Casxun B.Il. @porosa

Study of the structure of SIAION obtained by synthesis with low-temperature plasma 762
energy
V. Vlasov, A. Klopotov, K. Bezukhov, N. Golobokov, M. Syrtanov, G. Volokitin

Biusiaue ckopoctu HaTekaHus paboyero rasa Ha pacnpeie]ICHUE KOHICHTPAIMHY TIIa3MbI 767
BHYTPH IOJIOT0 KAaTOa HECAMOCTOSTEIBHOTO TICIOIICTO pa3psiia
J1.IO. Henamos, B.B. Jlenucos, C.C. Koganvckuii

Partial discharge emission characteristics in the UV range 771
Y. Yakovlev, N. Kaliaskarov, N. Zholmahambetov, L. Zinovyev, U. Arkabaev,
I. Galimyanov

High-intensity ion beams with submillisecond duration for synergistic of ion 774
implantation and energy impact on the surface
A.l. Ryabchikov, D.O. Sivin, S.V. Dektyarev, D.O.Vakhrushev

Conical structures on the surface of a liquid with surface ionic conductivity: the space781
charge effect
M. Belyaev, N. Zubarev, O. Zubareva

Numerical simulation of the features and regularities of the high-power density ion bezdb
formation
A.l. Ryabchikov, V.P. Tarakanov

Beccerounas cucrema reHepaliii HU3K0O3HEPTUTHYECKOTO HOHHOTO MyYKa Ha OCHOBE 791
TJICIOIIETO Pa3psijia ¢ MOJIbIM KAaTOJOM M BHEITHEH MHKEKI[HEH 3JIEKTPOHOB
U. Jlonamun, IO. Axmaoees, A. I[lempos

HccnenoBanne n3MEHEHHUH 3apsiIOBOrO COCTaBa HOHOB SNB MIIa3Me CI1ab0TOYHON 797
BaKyyMHOU JIyTH Ha KaTOJIC U3 0JIOBA
FO.A. 3emcros, U.B. Yimanos

Plasma reactor for material synthesis and waste recycling 801

Zh. Bolatova, A.YA. Pak, A.A. Gumovskaya, P.V. Povalyaev, R.S. Martynov,
K.B. Larionov

12



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

C1-P-030502

C1-P-036302

C2-0-047203

C2-P-018602

C2-P-025702

C2-P-028502

C2-P-936201

C2-P-956001

C3-0-005301

C3-0-007201

C3-0-007601

C3-0-017802

C3-0-024201

The production of calcium nitrate by the air high-voltage ac plasma torch 806
S.D. Popov, V.E. Popov, D.I. Subbotin, A.V. Surov, E.O Serba, A.V. Nikonov,
Gh.V. Nakonechny, V.A. Spodobin

DKCTIIepUMEHTAIBHOE MCCIIE0BAHNE CBOMCTB MUKPOBOJIIHOBOTO pa3psiia B 810
TIUDJIEKTPUIECKON OapbepHO KOH(PUTYpAITH

B.H. Tuxonos, C.H. Anmunoe, M X. I'aooicues, C.A. ['opbamos, U.A. Heanos,

A.B. Tuxonos

Modeling of reactive sputtering and evaporation in a hot-target magnetron discharge
D.V. Kolodko, S.M. Sorokin, A.V. Kaziev

MonenupoBaHue TEMIIEPATYPHBIX MOJICH B MUILICHSIX PU COBMEIIICHUH UMITYJIbCHO- 820
MEPUOTUYCCKON BHICOKOMHTCHCUBHOM UMILIAHTALUH HOHOB U SHEPTeTUICCKOM

BO3/ICCTBUY HA IIOBEPXHOCTh

A. Hsanosa, /]. Cueun, O. Kopnesa, I'. Breiixep

W3MeHeHus 3apsI0BOr0 COCTaBa HOHOB B MOTOKE IIA3MBI O] BIUSTHIEM MHOTOKPAaTHOM 826
00paboTKN HAHOCTPYKTYPUPOBAHHON MOBEPXHOCTH BOJIH(MPAMOBOTO KaToa

MHKPOCEKYHIHOW BaKyyMHOM Iyron

I0.A. 3emckos, U.B. Viimanos, FO.1U. Mamonmos, C.A. bapenzonvy

DKCIIEPUMEHTAIBHOE HCCIICI0OBAHNE NCIIAPEHHIS IEPCIICKTUBHBIX PA00YMX TE MUKPO- 832
AUII]

E.O. Yeovixun, A.B. Ilasnos, /[.K. @edoposa, A.I1. I[loonocunckas, T.C. ll]enaniox,

B.JI. Tenex

OKcnepuMeHTaIbHbIE UCCIIEIOBAaHHUS M MOJCIIMPOBAHUE UMITYJIECHOTO JICKTPOHHO- 837
MYYKOBOTO BO3/ICHCTBHUS Ha cHCTeMY «ZIN-OKphITHE/TOII0KKA U3 CUITyMHHA»

H.H. Kosanw, T.B. Kosanw, O.B. Kpvicuna, FO.®. Heanos, A.J]. Tepecos, I1.B. Mockeun,

My Kim An TranH.4. Ilpoxonenxo, E.A. [lempuxosa

Study of the influence of plastic deformation of the HSS M2 surface on ion-plasma 851
nitriding in the glow discharge
R. Vafin, A. Asylbae, D. Mamontov, I. Sklizkov

KommnekcHast MonurKamus MOBEPXHOCTHOTO CIIOS HEPKaBEIOIEeH 858
BBICOKOJIETMPOBAHHOM CTaJIM — CTPYKTypa U CBOWCTBA
IO. Usanos, E. [lempukosa, A. Tepecos, U. Jlonamun, C. Jlbikos

Nickel-based superalloy, relation between non-linear ultrasound and microstructure 863
changes due to creep damages
Yutaka Ishii, Kuniaki Ishihara, Toshihiro Ohtani, Takayuki Sakakibara, Masayuki
Kamaya, Yutarou Ohta, Keiji Kubusiro

Hanoctpykrypuposanue nosepxnocta MoHokpuctamia KTP ¢ momomsio 869
60MOapANPOBKH KIIaCTEPHBIMU HOHAMH
U.B. Huxonaes, H.I'. Kopobetiwuxos

Phase transformations under thermal treatment in Al-12%Si-Zr system with metastaby 4
structure synthesized by compression plasma flows impact
N.N. Cherenda, N.V. Bibik, V.M. Astashynski, A.M. Kuzmitski

Optical absorption of radiation defects in alkali halide crystals implanted magnesium &80
silver ions
V. Paperny, N. lvanov, S. Nebogin, L. Bryukvina

13

816



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

C3-0-024701

C3-0-025001

C3-0-030002

C3-0-033101

C3-P-004001

C3-P-005001

C3-P-005701

C3-P-012501

C3-P-017602

C3-P-018001

C3-P-018303

C3-P-020705

C3-P-024002

C3-P-037702

H3MepeHne MopOoTroBOro TOKa BAaKyyYMHOM IyTH Ul HAHOCTPYKTYPHPOBAHHOTO 886
BoJIb(ppama
11. Muxaiinos, U. Myswkun, FO. Mamonmos, 1. Viimanos, FO. 3emcros, C. Bapeneonvy
BakyymHas 1yra Ha OBEPXHOCTH BOJIb()pama, MOKPBITOro HaHOCTpyKTypamu FUZZ 890
U .Myswoxun, I1. Muxaiinos, FO. Mamoumos, FO.3emcros, U.Yiimanos, C.bapenzonvy

Structure changes in metals after their laser treating in different conditions 896
A. Ivanov, E. Karpovich, A. Sitkevich, N. Valko, S. Vasiliev
TpuboTexHHUECKUE U HU3UKO-MEXaHUUECKUE CBOMCTBA IITAMIIOBOM CTalIH, 902

MOJBEPrHYTONH KOMOMHUPOBAaHHON HOHHO-IIA3MEHHOM 00paboTKe
A. Jleonos, I0. Jlenucosa, B. /lenucos, M. Casuyx, B. Tuwenko

High-power nanosecond electromagnetic pulses and dielectric barrier discharge in ai®06
consequences on structural and structure sensitive properties of ilmenite surfa
I. Bunin, N. Anashkina
BrnusiHME MOIIHOTO MMITYJIECHOT'O HOHHOTO ITy4dKa Ha TOMOrpaduIo OBEPXHOCTH 912
TaHTaJIa
A.E.Jlucaues, M.B. JKuoxos, FO.P. Konobos, I'.B. [lomemxun, M.B. Jlykawosa,

I'.E. Pemnes, C.K. Ilasnos, B.A. Tapboxos

Heat transfer estimation during laser-assisted metal-induced crystallization of amorp@difis
silicon films
L.D. Volkovoynova, I.O. Kozhevnikov, A.M. Pavlov, A.A. Serdobintsev, A.V. Starodubov

Evolution of the structure and properties of AlSI 1020 steel subjected to elion nitridin@21
in a low-pressure gas discharge plasma
I.V. Lopatin, Yu.H. Akhmadeev, E.A. Petrikova, M.E. Rygina, Yu.F. lvanov
Improvement properties of protective coatings on zirconium alloys and austenitic 927
stainless steels by pre-treatment with high-intense pulsed ion beams
A.V. Tarbokov, M.S. Slobodyan, S.K. Pavlov, E.A. Smolyanskiy, D.G. Krotkevich,
V.A. Ryzhkov, V.V. Uglov, G.E. Remnev

Composition of catalytic layers prepared by ion beam assisted deposition of dysprosiQgs
and platinum from a pulsed arc discharge plasnta carbon catalysts carriers
V. Poplavsky, A. Dorozhko, V. Matys
HonHo-nmy4yeBas 00pabOTKH BHYTPEHHEH MOBEPXHOCTH OTBEPCTHH M3 THTaHA 942
BBICOKOMHTCHCUBHBIMU ITYYKaMU HOHOB aJIOMUHUSA
A.U. Pabuuxos, /1.0. Cusun, A.1. Hsanosa, O.C. Kopresa, /].O. Baxpywes

Repetitively-pulsed nitrogen implantation in titanium by a high-power density ion beam
A.l. Ryabchikov, O.S. Korneva, D.O. Sivin, A.A. Chernyshev

Formation of a boron-based protective coating on the surface of D2 die steel by elect®®5
beam processing
A.S. Milonov, D.E. Dasheev, A.P. Semenov, U.L. Mishigdorzhiyn

The effect of annealing in air on the physicochemical propertiessaidelparticles 962
produced by pulsed electron evaporation
V. llives, O. Malova, A. Murzakaev, T. Sultanova, S. Sokavhidjmin, M. Ulitko,
M. Zuev

14

948



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

C3-P-041404

C3-P-045002

C3-P-048002

C3-P-948701

C4-0-018701

C4-0-022801

C4-0-023502

C4-0-037801

C4-0-040502

C4-0-047204

C4-0-048401

C4-P-005302

C4-P-005501

C4-P-015702

Multilayer corrosion-resistant ceramic-metal coatings on stainless steel obtained by 970
magnetron sputtering
M. Dorofeeva, T. Dorofeeva, M. Fedorischeva, T. Gubaidulina, V. Sergeev
Electro-erosion resistance of different electrodes materials for plasma generators 975
lu. Murashov, N. Obraztsov, N. Kurakina, R Zhiligotov, S. Zverev
Hot-target HiPIMS deposition of W-fuzz layers 981
M.M. Kharkov, D.V. Kolodko, M.S. Kukushkina, A.V. Kaziev, O.V. Ogorodnikova,
G.S. Lomonosov, A.V. Tumarkin
OnruMuzanys pexxuMOB TIPeIBAPUTEIbHON 3JIEKTPOHHO-HOHHO-TUIA3MEHHON 00paboTKH 985
TMOBEPXHOCTHOI'O CJIOSI CUIIYMHHA 10 HAHCCCHNUA HUTPUAHBIX HOKpLITI/Iﬁ
H.A. Ilpoxonenxo, A.J]. Tepecos, O.B. Kpvicuna, E.A. [lempuxosa, M.E. Pvicuna
BeicokockopocTHO# cuHTe3 ToHKHX tuieHOK LIPON Tepmudeckim ucnaperuem LizPO, B 992
a30THOM T1a3Me
A.C. Kameneyxux, H.B. I'aspunos, I1.B. Tpemnuxos, 1.C. JKuokoe, U.A. Mopo30s,
A.A.Epwos
Mixed-mode magnetron and arc deposition of aluminum oxide films 1000
V.O. Oskirko, I.M. Goncharenko, V.A. Semenov, M.l. Azhgikhin, M.I. Goncharenko,
A.A. Solovyev

Diagnostics of a low-pressure arc plasrpa0(i-1 Pa) in the mode of aluminum anodic1007
evaporation
A. Ershov, A. Kamenetskikh

Tailoring of optical, mechanical and surface properties of high-entropy ceramic thin 1014
films
S. Zenkin, A. Gaydaychuk, A. Mitulinsky, S. Linnik

Hybrid simulation of plasma synthesis of linear-chain carbon on a semiconductor 1022
substrate
E.A. Buntov, A.l. Matitsev

Mass-resolved spectrometry of ion flux from hot-target reactive HIPIMS discharge with28
Si target
D.V. Kolodko, A.V. Kaziev, A.V. Tumarkin

Layer-by-layer deposition of transparent AZO coatings on polymer surfaceS ina D 1032
magnetron discharge
D.G. Ageychenkov, A.V. Kaziev, D.V. Kolodko, A.S. Isakova
DIEKTPOHHO-HOHHO-IIA3MEHHOE JISTHPOBAHKE [TOBEPXHOCTHOTO CJIOSI ayCTCHUTHOM 1036
CTaJIu MCAbKO
1O. Hsanos, E. Ilempuxosa, A. Tepecos, H. [Ipoxonenxo, M. Ilemioxeguy

Effect of carbon cathode plasma parameters on the structure and properties of depd<iwt
coatings
Y.M. Liu, Z.Ch. Song, X.H. Jiang, D.G. Piliptsou, A.V. Rogachev
IToTok 5HEPTHHU Ha TIOJTOKKY B IIPOIIECCE AYATHHOTO MarHETPOHHOTO OCaXICHUS 1047
nokpeituii TIAIN
A.C. I'penaoépos, A.H. 3axapos, B.O. Ockupxko, /[.B. Cudenes, A.A. Conosves

15



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

C4-P-018702

C4-P-021601

C4-P-022802

C4-P-048001

C5-0-912601

C5-P-052802

C5-P-934201

C6-0-007905

C6-0-023001

C6-0-033604

C6-0-952201

C6-P-018801

Effect of ion assistance parameters on the properties of Ir coatings 1053

A.S. Kamenetskikh, N.V. Gavrilov

Influence of parameters of the discharge with a self-heating hollow cathode and a 1061
sectional anode on the activation degree of a vapor-gas medium
A.l. Menshakov, Yu.A. Bryukhanova
MaruetrpoHHO€ pacibuUIeHHE MEAN KOPOTKUMHU UMITYJIHCAMHU BHICOKOH MOIIIHOCTH 1067
B.O. Ockupxo, A.H. 3axapos, C.B. Pabomxun, A.I1. Ilasnos, B.A. Cemenos,
A.A. Conosves

Preparation of copper oxide films on alumina in a hot-target HiPIMS process 1073

V.Yu. Lisenkov, A.V. Kaziev, D.G. Ageychenkov, A.V. Tumarkin, D.V. Kolodko,
M.M. Kharkov, M.S. Kukushkina, M.M. Zaripova

HccnenoBanne ycnoBuid CTa0MIBHOTO 32KUTAHUS HECAMOCTOSITEIIBHOTO TIICIOIIECTO 1077
paspsijia Ipu HU3KOM JIaBJICHUU B aTMoc(depe Bo3ayxa

H.H. Kosanv, B.B. /lenucos, B.B. fkoenes, A.O. Ecopog

Stress evolution in NiCoFeCrMn and NiCoFeCr high-entropy alloys irradiated by helin®2
and krypton ions
M.M. Belov, I.A. lvanov, V.V. Uglov, S.V. Zlotski, K. Jin, N.A. Stepanjuk, A.E. Ryskulov,
A.L. Kozlovskiy, M.V. Koloberdin, A.E. Kurakhmedov, A.D. Sapar
CuHTE3 MHOTOKOMITOHEHTHOI'O TIOBEPXHOCTHOTO ciutaBa Fe-Cr-Alna nupkoHueBoOi 1088
MOJIOXKKE C TOMOIIBIO HU3KOIHEPTeTUIECKOTO CUIIbHOTOYHOTO AJIEKTPOHHOTO y4Ka
E.B. Axoenes, E.A. Ilecmepes, B.1. [lempos, A.5. Mapkos
BrnusiHUE 37IEKTPOHHO-ITYYKOBOTO MOBEPXHOCTHOTO MHOTOKOMIIOHEHTHOTO JISTHPOBAHUS 1093
Ha HEYMPYrue CBOWCTBA HUKEJM/Ia TUTAHA
B.O. Cemun, @.A. Jvsuenxo, M.I'. Ocmanenxo, A.A. Heiiman, CH. Meiicuep,
B.B. Jlobanw, JI.JI. Meticuep
MexaHH3Mbl MOBBIIICHUS YCTAIOCTHOM JOIrOBEYHOCTH HUKEIUIA TUTAHA, 1099
00YCIIOBIICHHBIC 3JICKTPOHHO-IIYYKOBOW MOBEPXHOCTHOI 06paboTKOi
JILJI. Meiicnep, C.H. Meiicnep, @.A. Josauenxo, M.I'. Ocmanenko

Influence of helium ion irradiation on the stress evolution in nc-ZrN/a-ZrCu multilayetd®5
films
V.V. Uglov, S.V. Zlotski, G. Abadias, I1.S. Veremei

CBolicTBa MHOTOKOMITOHEHTHBIX MHOTOCJIOWHBIN IMTOKPBITHH, TIOJTYISHHBIX BAKYYMHO- 1111
JYTOBBIM IJIa3MEHHO-2CCUCTUPOBAHHBIM METOIOM

M.B. Casuyk, B.B. [lenucos, IO.A. [lenucosa, AA. Jleonos, B.H. Tuwenxo,

A. Crocuvipckuii, B.M. Casocmukos

Bnusane napamerpo MJIO-mporiecca Ha epoOXOBaTOCTh U YAAPOIPOYHOCTh 1117

HOKPBITHH, CHOPMUPOBAHHBIX Ha cIuIaBax amomMuHus 116 u AMr3
A.U. Konopamenxo, [1.U. Bymszun, 1.A. Exumosa, C.C. Apby3zosa, A.B. Borvuwanun

16



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

20" International Conference on Radiation Physics and Chemistry of Condensed M atter

R1-0-013102

R1-P-013501

R1-P-016702

R1-P-035802

R1-P-037701

R1-P-047802

R2-0-019001

R2-0-031601

R3-0-018401

R3-0-953201

R3-P-013603

R3-P-908801

R3-P-914301

R4-0-031202

R4-0-039201

Luminescence of dye after exposure to electron beam radiation 1127
E.N. Bocharnikova, O.N. Tchaikovskaya, G.V. Mayer, V.l. Solomonov, A.S. Makarova,
V.V. Osipov, S.A. Chaikovsky

Distribution in the material of the absorbed energy of a space-limited beam flow of hgi33
energy electrons
D.A. Mussakhanov, V.M. Lisitsyn, M.G. Golkovskii

Electron-hole trapping centers in uv-irradiate®®aMn and KSO,-Mn 1139
T.N. Nurakhmetov, A.M. Zhunusbekov, A.Zh. Kainarbay, D.H. Daurenbekov,
D.A.Tolekov, B.M. Sadykova, K.B. Zhangylyssov, T.T. Alibay, R.K. Shamiyeva,

A.E. Agzhalbekova
JIroMHHECIIEHTHBI KOHTPOJb CBETOAUOIHBIX T€TEPOCTPYKTYP, BBIPAILIEHHBIX METOAOM 1143

METaNIO0PraHHYeCKO ra3odazHoil anuTakcHu Ha canpupe
Ju L3vicioans, B.A. Onewxo, JI.B. Bopobvesa

Luminescence of compacts from mixtures of nano and micro calcium fluoride powders
V. llves, S. Sokovnin, S. Zayats, M. Zuev

Glow of own defects in ZnO polycrystals 1156
N.L. Aluker

Comparative study of the response of plastic materials to the high-current electron bekéA
of theKalmar facility impact
E.D. Kazakov, M.Yu. Orlov, D.N. Sadovnichii, M.G. Strizhakov, K.Yu. Sheremet’ev

Luminescence of coals excited by a pulsed electron beam 1171
I.YU. Liskov, B.P. Aduev, G.M. Belokurov, Z.R. Ismagilov
VYO uznydarens ¢ MOBBIICHHOH BUPYIAIAAHON 3P (HEKTUBHOCTHIO 1177
M.U. Jlomaes, B.®. Tapacenxo
PanuanmoHHbIi CHHTE3 TYTOTUIABKOW ONITHYECKOH KEPAMHUKH 1181

B.M. Jlucuyvin

Outcome comparison of treatment of brain metastases in hypofractionation and stageB7
radiosurgery
K.O. Stavitskaya, V.V. Krasnyuk, D.A. Butovskaya, A.V. Shilenko

Creation of ZnSe nanoclusters in a silicon dioxide track template on silicon 1192
A.D. Akylbekova, Z.K. Baimukhanov, A.K. Dauletbekova
[penmnocesnas crumyssinus kaprodens Y Pb-uznyuennem XeCl-okcunamn 1198
A.T". Bypauenxo, 3.A. Cochun, U.A. Buxmoposa, FO.B. Yyounosa, JI.B. Jlawesa

Positron annihilation analysis of nanosized metal coatings Zr/Nb dfienkteadiation 1203
R. Laptev, A. Lomygin, D. Krotkevich

Defect-related luminescence in Ki@doped with PY ions after irradiation with fast 1208

electrons and neutrons
S.A. Kiselev, V.A. Pustovarov, M.O. Petrova, D.A. Tavrunov

17

1148



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

R4-P-033601

R4-P-052701

R5-P-003102

R5-P-003103

R5-P-047801

Microstructural stability and mechanical properties of the system V-Nb-Ta-Ti under 1216
helium ion irradiation
A.E. Ryskulov, M.M. Belov, V.V. Uglov, S.V. Zlotski, K. Jin, .A. lvanov, A.L. Kozlovskiy,
M.V. Zdorovets, A.E. Kurakhmedov, A.D. Sapar, D.A. Mustafin, Y.V. Bikhert,
T.A. Kuznetsova, V.A. Lapitskaya, A.V. Khabarava

Microstructure and phase state of a composite based on silicon carbide irradiated with23
krypton ions
V.V. Uglov, V.M. Kholad, P.S. Grinchuk, M.V. Kiyashko, I.A. lvanov, A. L. Kozlovskiy,
M.V. Zdorovets

The electron-optical scheme of the energy analyzer of small-sized electron spectrometer
Zh.T. Kambarova, A.O. Saulebekov, K.B. Kopbalina

Features of modeling corpuscular-optical systems for the analysis of charged particl&233
beams
Zh.T. Kambarova, A.O. Saulebekov

Ensuring radiation safety of medical examinations using thermoluminescent dosimetry
N. Aluker,4. Artamonov

18

1228

1237



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

5" | nternational Conference on New Materials and High Technologies

N1-O-007701

N1-O-010802

N1-O-011003

N1-O-015601

N1-O-016403

N1-O-016405

N1-O-025204

N1-O-027801

N1-0-028201

N1-O-028202

N1-O-038601

N1-0-038602

N1-O-046701

N1-0-051401

High-current pulsed electron beams for modification of the surface layer of parts of th245
flow part of a modern gas turbine engine
O.A. Bytsenko
BiusiHre MEeXaHOXMMUYECKON aKTUBAIlUKM HA BRICOKOTEMIICPATYPHBIN CHHTE3 U 1249
(azoobpazosanue B cucteme ZnO-CgO4 Mg(NOs),-6H,0-AlLOs-Al
O.B. JIvsos, H.U. Paouwesckas, A.FO. Hazaposa
[ToydeHne NOKPBITHI C YBETMUSHHON YAEIBHON IIOBEPXHOCTHIO Ha ocHOBE ZMN,SNQ, 1257
METOJIOM PaCHbLIUTEIHHOTO MHPOJIN3a
A.A. Axynunxun, K.A. Boaeapy, A.A. Pezep
JnarnocTuka rjaa3Mbl METOAOM ONTUYECKOW SMUCCUOHHOM CIIEKTPOCKOIINU TIPU 1261
ocaxxaenun nokpeituii Mo-Hf-Si-B ¢ nomorusto rexnonoruun HIPIMS
@.B. Kupioxanyes-Kopnees, A,J]. Coimuenko
Cunre3 Hanonopoiuka ZnO npy ropeHuy reiisi «<HUTPAT HUHKA-TIULIH» U OLICHKA €T 1266
(hoTOKATATUTUYECKON aKTUBHOCTHU B Pa3jI0KECHUU (PeHoIa
A.Il. Amocos, B.A. Hosuxos, E.M. Kaukun, H.A. Kpokxoe, A.A. Tumos, U.M. Cocnun,
JJI. Mepcon
[pumenenue ropenuns cmecu nopowkos Ti-NaN;-NH4CI-C mist cunresa 1272
BhICOKOAUCTIEpCHOM Kommo3unuu TIN-TIC
A.Il. Amocos, FO.B. Tumosa, A.®. Munexanosa, J{.A. Matioan, A.B. [Llonomosa
KopposrnonHble cBOMCTBa IUPKOHUS, 00TyIEHHOTO HU3KOIHEPTETUIECKUM 1278
CHJIbHOTOYHBIM JJICKTPOHHBIM ITyYKOM
E.A. Ilecmepes, E.B. flxoenes, M.C. Cnoboosn, A.b. Mapkos, A.B. Conogves,
B.U. Ilempos

Self-powered Photodetectors based on #f@BaGaAs 1282

V.M. Kalygina, O.S. Kisleleva, B.O. Kushnarev, Y.S. Petrova, A.V. Almaev, V.L. Oleinik,
A.V.Tsymbalov

Investigation of the photocatalytic activity and radiopacity of nanopowders produced1t389
pulsed electron beam evaporation in vacuum
A.S. Gerasimov, A.S. Chepusov, V.G. llves, O.A. Svetlova, S. Yu. Sokovnin

Investigation of antioxidant properties of cerium oxide nanopowders under nanosecdr2$3
bremsstrahlung
A.S. Gerasimov, M.E. Balezin, V.G. llves, S. Yu. Sokovnin

The mechanical response of titanium alloys to dynamic impacts in a wide temperatul®98
range
V.A. Skripnyak, V.V. Skripnyak, K.V. lohim, E.G. Skripnyak
Dynamic fracture of hexagonal close packed alloys 1308
V.V. Skripnyak, E.G. Skripnyak, V.A. Skripnyak

Plasma-solution synthesis of a solid phase from solutions of iron and cobalt nitrates 1318
various concentrations
K.V. Smirnova, D.A. Shutov, A.N. Ilvanov, V.V. Rybkin

Thermo-visco-elastic model of powder layer modification by moving heat source
A.G. Knyazeva

19

1324



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

N1-P-004601 BiusHre MECXaHHYCCKOW aKTHBALIMK B aprOHE Ha PE3yJIbTAT MOCICAYIONICH 1330
MEXaHUYECKON aKTHBAIIMU TUTAHA B a30TeE
0.A4. HIkooa

N1-P-004602 CBC cucrema Ti-Co-N: Mexauusm $ha3zo00pa3oBaHus i POJIb IPOMEKYTOUHBIX (a3 1336
0.A4. HIkooa

N1-P-010601 BsaumopeiicTBre cMecH «(HEPPOCHIMINI — IIMPKOH — aTJFOMHHHUI» C a30TOM B IIPOLIECCE 1340
CBC
O.I'. Kproxosa

N1-P-010602 BuusHue n06aBKu yriepoja U AaBICHHUsS a30Ta Ha mpoiiecc BoccTtanoBieHus ZrO, u 1346

TiO, xanplyeM

A.H. Aépamuux, b.I1I. bpasepman, O.I". Kproxosa,

N1-P-010801 CuHTE3 MUrMEHTOB Ha OCHOBE COCJMHEHNH MapraHiia METOJIOM TOPEHHUS PacTBOPOB 1351
0.B. JIv0s, H.U. Paouwesckas, A.FO. Hazaposa, P.B. Munun

N1-P-010901 Hewusorepmuyeckuii cHHTE3 TPHOOJIOTUUECKUX KOMIIO3UIIMOHHBIX MaTepHajioB Ha 1359
ocHoBe MAX-da3 u coenunenus AIMgB 14
O.K. Jlenaxosa, HH. Agpanacves, P.B. Munun

N1-P-015602 MUccnenoBanue CTPYKTYphI U CBOMCTB mokpeiTHii M0O-(Y)-Zr-Si-B, mony4yeHHbIX 1364
METOJIOM MAarHEeTPOHHOTO PACIBUICHHUS
A.J[. Cuimuenxo, P.A. Baxpywes, @.B. Kupioxanyes-Kopnees

N1-P-025205 KomnbroTepHOE MOACIMPOBAHNE TEILIOBBIX MOJieH cucteMbl MO-Zr mist popMupoBaHust 1369
MOKPBITUH C TIOMOIIBI0 HU3KOIHEPI€THIECKOTO CHIIbHOTOYHOI'O JIEKTPOHHOTO MyYKa
A.B. Conosves, A.B. Mapxos, E.A. I[lecmepes, E.B. Axoenes, B.U. [lempos

N1-P-027501  Arc plasma synthesis of V-V groups transition metals high-entropy carbides cubic 1374
phases
A.A. Gumovskaya, A.Ya. Pak, Zh.S. Bolatova, P.V. Povalyaev, R.D. Gerasimov

N1-P-037601 dopmupoBaHue MOBEPXHOCTHOTO ciuiaBa MO-Zr ¢ TOMOIIBI0 HU3KOIHEPTETHIECKOTO 1379
CHJIBHOTOYHOTO JJIEKTPOHHOTO ITy4Ka
B.U. Ilempos, E.B. fIxoeres, A.B Conosves, E.A. [lecmepes, A.B. Mapros

N1-P-037602 CpaBHeHHE KapOCTORKOCTH IIOKPBITOIO XPOMOM ITUPKOHKS 1 IIUPKOHHUS C 1384
MOBEPXHOCTHBIM CILJIABOM XPOM LIUPKOHHI
B. Ilempos, A. Mapxos, A. Conosves, E. [lecmepes, E. Axosnes

N1-P-040001 Crpykrypoobpa3oBaHue B MOPOIIKOBBIX MaTepraiax cucreMsl Ti-Al-O B yclioBusax 1390
PEAKLHOHHOTO CIIEKAHUS
E. Kopocmenesa, Y. Huxonaes

N1-P-040401 W ccnenoanne CBC —nporeccoB B TEPMUYECKH — COIIPSKEHHOM CII0€BOI MOPOIIKOBO 1396
cucteme (Ni + Al)/(PbO, + B + AlL,O3 + cTekio)
A.M. lynvnexos, P.M. I'abbacos

N1-P-051402 Basic models of phase formation at the mesolevel under reactive sintering of Ti-Al- 1401

Fe,0; powder mixture
M. Anisimova, A. Knyazeva

20



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

N1-P-052501

N1-P-910903

N1-P-925901

N2-0-023201

N2-0-024303

N2-P-024304

N3-0-007702

N3-0-020301

N3-0-042501

N4-0-009501

N4-0-011102

N4-0-011202

N4-0-011801

N4-O-037802

Thin nitrogen-containing titanium coatings formed on the PLLA scaffolds surface by 1406
reactive magnetron sputtering
P.V. Maryin, Tuan-Hoang Tran, S.I. Tverdokhlebov

Cunre3 ogaodasusix cununuaos Huoous NbSh u NbsSis 1412

B.I". Canamamos, O.K.Jlenaxosa, O.A.Illlkooa, AC. Il]ykun, U /]. Kosanes
BimsiHue ycnoBuit MEXaHOXUMHUYECKOTO CHHTE3a Ha MOTydeHHe HaHOPa3MEPHOTO 1417
MOPOIIKA MarHEeTUTa

AA. Hesmwigaxa (A.A. Mazaesa), B.U. Umun

OKcIeprMEHTaIbHOE UCCIIEI0BAaHUE MTOTYyYSHHUS MHOTOCIOHBIX KOMITO3UITHOHHBIX 1423
MaTepuanos B yciaoBusix CBC

O.K. Kamvinuna, C.I. Baouenxo, U J]. Kosanes, /I.B. [Ipoxopos

MareMaTHuecKoe MOJICIIMPOBAHHE HECTAIMIOHAPHOTO TOPEHUS 0€3ra30BbIX CHCTEM C 1429
KOHBEKTHBHBIM TCYCHUECM paciiiaBa

O.B. Jlanwun, B.I'. [Ipokogves,

TemnoBoii B3psIB B moporkoBoii cmecu 3Ni+Al, nmpeasapurebHO aKTUBUPOBAHHOM B 1435
HU3KOHEPTOHATIPSHKCHHOW METbHUIIE

O.B. Jlanwun, E.H. Boaneun

Formation of residual stresses in the surface layers of corrosion-resistant steel samplé¢40
after irradiation with high-current pulsed electron beams
O.A. Bytsenko, I.G. Steshenko

Ti-Mg surface alloys synthesized by Magnetron Sputtering deposition and LEHCEB 1445
technique
Chiara Leto, Andrea Lucchini Huspek, Antonello Vicenzo, Silvia Franz, Massimiliano
Bestetti

Composite material of the Ti-Ta-Zr system intended to work in boiling sulfuric and 1451
hydrochloric acids
V.V. Samoylenko, M.G. Golkovski, I.S. lvanchik, I.K. Chakin, I.A. Polyakov

CIeKTpOCKOMMYECKOE HCCIE0OBaHNE IPUMECHO-IE()EKTHOTO COCTaBa aIMa3HBIX 1461
o00pasioB

A.I'. Bypauenxo, B.C. Punenxo, JI.A. Ilepecedosa, A.A. Kpvinos, E.H. Jlunamos,

H.B. Psabosa

TemneparypHast 3aBHCUMOCTH Kpasi pyHIaMEHTATHLHOTO MOTJIOMIEHHUS . IKCUTOHBI FITH 1467

TEILUIOBOE PACIIUPEHUEC?
B. Punenxo, C. [[3a0yx, A. I[lonosa, /[. [ puecopves, E. Jlunamos

Superluminescence of NV centers in diamond pumped by the second harmonic of al474
Nd:YAG laser
D.E. Genin, V.P. Mironov, E.N. Tel'minov, M.A. Shulepov

Calculation of the one-dimensional photonic crystals based on diamond 1480

V.V. Chashchin, E.I. Lipatov

Properties of ultrananocrystalline diamond grown under different deposition conditions
A. Gaydaychuk, S. Linnik, A. Mitulinsky, S. Zenkin

21

1484



Proceedings of'8International Congress on Energy Fluxes and Radiation Effects (EFRE—2022) | Tomsk, Russia

N4-0-909501 TemnepaTypHOE TYIICHHE KATOAOIIOMUHECIICHIIMH TPUMECHO-IE(EKTHBIX [ICHTPOB B 1494
anMase B auamnazone remmepatyp 300—800K
A.I'. Bypauenxo, JI.A. Ilepecedosa, A.A. Kpvinos, B.C. Punenxo, E.H. Jlunamos,
K.II. Apmémos

N4-P-014802 DnekTpOJIFOMUHECUCHIIHS B aIMa3e 1499
3.U. Fopooynun, M.A. lllyrnenos

N4-P-022002 NV center emulation in an external magnetic field 1503
A.V. Kozorez, E.I. Lipatov

N4-P-052901 Dark current behaviour analysis for avalanche photodiodes 1508
R.M.H. Douhan, A.P. Kokhanenko, K.A. Lozovoy

N4-P-911101 CuHTe3 HOMUKPUCTAUTMYCCKUX AJIMa3HBIX IICHOK METOIOM ra30XHUMHYCCKOTO 1511
ocaxxaeHus u3 mna3mel CBY-paspsina
B. Punenxo, E. banzosckuii, C. Cuupnos, C. Jlunnuxk, E. Jlunamos

N4-P-955301 Biodegradable polymer/graphene oxadeposite for in vivo use 1516

E.G. Abyzova, E.M. Dogadina, E.N. Bolbasov, E.V. Plotnikov, S.I. Tverdokhlebov,
R.D. Rodriguez, E. Sheremet

22



Scientific Edition

Tpyab! 8-ro MexxgyHapoaHOro KoHrpecca
«[oTOKM 3Heprum u pagmaumoHHble aheKTbI»
(EFRE-2022)

Typesetting V. Shklyaev

Registered in TPU Publishing House
Available at the TPU corporate portal in full accordance
with the quality of the given make up page

=222 PUBLISHING HOUSE

z TOMSK POLYTECHNIC UNIVERSITY



Proceedings of 8" International Congress on Energy Fluxes and Radiation Effects (EFRE-2022) | Tomsk, Russia

doi: 10.56761/EFRE2022.C3-0-007601

HanoctpykrypupoBanue nosepxHoctu MmoHokpucraia KTP ¢ noMorsro
O0MOapAMPOBKH KJIACTEPHBIMU HOHAMU

U.B. Huxonaes", H.I'. Kopobeiiuuxos

Hoeocubupcxuii cocydapcmeennviii ynusepcumem, Hosocubupck, Poccus
“i.nikolaev@nsu.ru

AHHoTanus. PaccMoTpeHo GopMupoBaHHE CaMOYIOPSIOUYCHHBIX NEPHOANIECKIX HAHOCTPYKTYpP Ha
noBepxHocTH TUTaHUI-pochara kamms (KTP) mpu 6omMOapaupoBKH KiIacTepHBIMA HOHAMH aproHa.
[IpoBeneHo cpaBHeHHE pe3yabTATOB OOMOApAMPOBKH KJIACTEPHBIMM HOHAMH aproHa C pa3jIMYHOM
sHepruel, npuxondmeics Ha 1 aroM xnactepa E/Nyean — 12.5 1 110 3B/atom. IIponemoncTpupoBano
U3MEHCHHE penbeda TOBEPXHOCTH C TOMOIIBI0 aTOMHO-CHIIOBOW MuKpockormuu (ACM). [lns
ONpEeNeICHUs] IIepHoJla HAHOCTPYKTYP HCIIOJb30BAJIaCh (DYHKIHMS CIEKTPajIbHOW IUIOTHOCTH
MmomiHocTH (power spectral density, PSD). BrisiBineHs! ocoOeHHOCTH 00MOapANPOBKH ITOBEPXHOCTH
MoHokpucTaiuia KTP npu HopManbHOM U HAaKIIOHHOM TafEHUSX KJIACTEPHBIX HOHOB.

KnaroueBble ciioBa: HaHOCTPYKTYPHPOBAaHHE, KIACTEpHBI HMOH, THTaHWI-pochaT Kamus,
MIOBEPXHOCTb.

1. Beenenue

Turanun-gpocpar  kamus  (KTiOPOs, KTP)  saBnsercs  HETMHEHHO-ONTUYECKHM
MOHOKPHCTAJJIOM U IIUPOKO TPUMEHSETCS B MapaMEeTPUYECKHX TEHepaTropax BHUAMMOIO H
MH(PAKPACHOTO JUANa30HOB M3IYUYEHUs, B JJA3€PHBIX CUCTEMAax OOJBIION MOIIHOCTH, ONTHYECKUX
BOJIHOBOJIaX B MHTETPaJbHOM ONTHUKE U AJIEKTPOONTUYECKHMX MOIYJIATOpPAaX C BBICOKOU
3¢ HEKTUBHOCTHIO MPEOOpazoBaHMst YacTOThI U Ap. [1, 2].

M3BecTHO, 4YTO My4YOK MOHOMEPHBIX HOHOB MOXET (OpMHUPOBATH MNEPUOAUYECKUE
HAHOCTPYKTYPBI Ha MOBEPXHOCTH PAa3IUYHBIX MaTepuanoB [3—5]. Takue CTpyKTypbl Ha pa3InYHbBIX
MOBEPXHOCTSAX BBI3BIBAIOT MHTEPEC VIS MIMPOKOI0 MPAaKTHUECKOIro MCHoiab3oBaHus [6]. braronaps
CBOUM OCOOEHHOCTSIM, ra3zodasHble HMOHHO-KJIACTepHbIE NMY4YKH >(PPEKTHUBHO NPUMEHSIOTCS IS
BBICOKOA()(DEKTUBHOTO CTIIaKUBAaHUsI TTOBEPXHOCTH, HO OHU MOTYT OBITh A((DEKTUBHBI TaKKE IS
(dbopMHpOBaHUS TEPUOJUMUECKUX HAHOCTPYKTYP MpPHU SHEPTUH, MPHUXOJAIICHCS HAa OJUH aTOM B
KJIaCTepEe, €AUHULIBI-IECCATKHA IEKTPOH-BOIBT [7—11]. Caeayer oTMETUTbh, YTO KIACTEPHBIC HOHBI
MEHBILIE TOBPEXAAI0T MPUIIOBEPXHOCTHBIA CIIOM mocie o0paboTKH, Tak Kak MMEIOT MEHBIIYIO
riyOUHY BO3JCHCTBUS M MOTYT UMETh MEHBUIYIO DHEPIrHI0, MPUXOMAIIYIOCS Ha OJUH aToM, IO
CpaBHEHHMIO C MOHOMepHbIMH HOHamu [8—11]. B mannoit pabore cpaBHuBaercs 3((HEKTUBHOCTH
(dhopMHUpPOBaHKS HAHOCTPYKTYpP Ta30(ha3HbIMHU KJIacTepaMy ¢ HU3KOW M BBICOKOM DHEpruel atoma B
KJlacTepe.

2. MaTepuaJjibl 4 MeTOAbI

B kawectBe MuIlIEHEH  UCHOJB30BaIMCh  MOHOKpuctamwisl  KTP, mnpenBaputensHO
00paboTaHHbIE XUMUKO-MeXaHU4ecKoi nmomupoBkoit (Puc.1). [nsg uzyuenus penbeda mnoBepXHOCTH
MOHOKPHUCTAJIJIOB /10 U Mociie O0oMOapAMpPOBKH KJIACTEPHBIMHM HMOHAMHU aproHa MCIOJIb30BalCs
atoMHO-cuiioBoii Mukpockon (ACM) NTEGRA Prima HD. Pa3mep obnacreli ckaHMpOBaHUS
coctaBsut 1 MKkM X 1 MKM ¢ pazpemenueM 512x512 nukceneit.

[IpuHIMNIMaTBPHOE ONMUCAaHME HKCIEPUMEHTAIBHOTrO 00opymoBaHus mnpuseneHo B [11]. s
ONpENIeJICHUs] MapaMeTpoB IydKa KIACTEPHBIX HOHOB HCIIOJIb30BAJIaCh BPEMSIIPOJIETHAS
nuarHocTuka [12]. bom6apanposky noBepxnoctu MoHokpuctaioB KTP npoBoauiu kiacTepHbIMU
MOHAMU aproHa ¢ pa3INYHOM dHEPTrUei, MPUXOIAIIAscsS Ha OJUH aToM B Kiactepe, — E/Nmean = 12.5
u 110 sB/arom. BoMOapaupoBKy HOBEPXHOCTHM MHIICHEH NPOBOAMIM MPHU PA3TUYHBIX YIiax
najgeHus kimactepHbix noHoB: 0°, 45°, 60°, 70°. MakcumanbHas a03a OOJy4YeHHUsS COCTaBWJIA
3.7-10" uon/cm?.
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Y am
’ 0,2 0,2
0O O

Puc.1. ACM-n300paxxeHust ICXOJHOM NOBepXHOCTH MOHOKpHcTaiuia KTP.

3. Pe3yabTaThl H 00CyXKIeHUE

Ha Puc2 u Puc3 mnpeacraBnensr 3D ACM-nzobpaxenuss noepxHoctu KTP mocne
O60MOapIMPOBKH KJIACTEPHBIMM MOHAMU aproHa. BricoTa penbeda MoBEepXHOCTH OTCUUTHIBAECTCS OT
caMoil HM3KOW TOYKM oOsiacTu ckaHupoBaHus (Z = 0 HM). BuaHo, yto penbed MOBEpXHOCTH U
(dbopMHpOBaHNE HAHOCTPYKTYP 3HAUUTENIBHO 3aBUCAT OT yAETIbHOU 3Hepruu kiactepa E/Npean.

Ha Puc.2 u Puc.3 BugHO, uro npu OG0oMOapAMpPOBKE HHU3KOIHEPTETUYECKHMMHU KJIACTEPHBIMHU
noHamu aprona (12.5 sB/atrom) makcumanbHas BbICOTa pelibeda B 3aBHCUMOCTH OT HAKJIOHHOTO
yria mnajgeHuss B 3-7 pa3 BhIIE, YEM I[P BBICOKODHEPIeTUYECKMX KJIACTEPHBIX HMOHaX
(110 sB/aTtom). Taxxe BHAHO, YTO BBICOKOdHEpTeTHUYECKass OoMOapaMpoBKa HE TPUBOJIUT K
¢bopmupoBanuio HaHOCTPYKTYp (Puc.3).

Jlns  ompeneneHus nepuoAa HAHOCTPYKTYP HCHOJIb30BaIach (YHKIUS CHEKTPaJIbHOU
wioTHOcTH MotHocTu (power spectral density, PSD-yukumst). PSD-dyHKIMS mepoxoBaTocTu
npeacTaBisieT coborr OpicTpoe Dypre-npeodpazoBanrne HabOpa JaHHBIX BBICOT HAa TOBEPXHOCTH
[13, 14]. Jannas QyHKIHS TO3BOJISIET YUUTHIBATH JIaTEPATbHBIN pa3Mep HEPOBHOCTEH U OLIEHUBATh
MepUoI HEPOBHOCTEH ¢ oamHaKoBoW BbicoTOM [11, 13—15]. B nHamem ciydae, muk PSD-dyHkmmm
XapaKTepU3yeT MEPUOJ CAMOYIOPSAJOUEHHBIX HAHOCTPYKTYp. CTOUT OTMETUTH, YTO UHTErpas PSD-
GYHKIMHM IEPOXOBATOCTH MPEACTABISET cO00W A(DPEKTUBHBIA TapaMeTp IIEPOXOBATOCTH Oeff,
YUMTBIBAIOLIUH JIATEpaIbHBIN pasMep HEPOBHOCTEN HAa IIOBEPXHOCTH.

Kak BugHo Ha Puc.4, mociie 60MOapAMpOBKH B 00OHMX PEKHUMaX NMPH HOPMAIBHOM TaJCHUU
KJIACTEPHBIX HOHOB aproHa PSD-QyHkium nexar HWKe uCXoAHbIX PSD-gyHkuuum, uto
XapakTepHU3yeT CrIIaKUBaHWE MOBEPXHOCTH MOHOKpuctaiuioB KTP. Ilpu HakiIOHHOM mnajeHuu
kiactepoB, PSD-¢GyHKIMK 3HAUNTENFHO OTIIMYAIOTCA JJIS Pa3sHBIX yIENbHBIX SHEpruil kiacrepa. B
OTJIMYUU OT BBICOKOIHEPreTHuueckoro pexxnma (Puc.40), HU3KOIHEPTeTHUECKHE KIACTEPHBIC HOHBI
(Puc.4a) npuBoasaT K (HOpMUPOBAHHIO HAHOCTPYKTYp ¢ mepuogoM = 167, 200, 250-300 um npu
yriax majaeHus kimacrepoB 45°, 60°, 70°, coorBeTcTBeHHO. Hanbomee spko BbIpaKEHHBIM SIBIISIETCS
nuk PSD-pynkuuu npu 60° — 3T0 03Hayaer, 4To MPU JAHHOM YIJieé HAHOCTPYKTYpPHI SBISIOTCS
HauboJjee ynopsA0YeHHbIMU C HAMMEHBIIUM pa30pocoM MO NEPUOAY.

B Ta6muue 1 mpuBeneHsl JaHHBIE MapaMeTphl mepoxoBarocTu MoHokpuctamuia KTP. Kax
BUJHO W3 TaONMIbI, NMPU HUIKOAPHEPreTHUECKOM peXUME MaKCUMallbHas BbIcOoTa penbeda
noBepxHocTu R; BozpactaeT B 17 pa3 mpu 60°, koTopslii siBisieTcst HanbOonee Y3PPEKTUBHBIM IS
dbopmupoBanust HaHOCTPYKTYp (Puc.4a). CTtouT OTMETHTb, 4YTO CpeAHEKBaApaTU4Has R, u
3 (HEeKTHBHAS Gefr MIEPOXOBATOCTH ONM3KU, HO PA3NIMYAIOTCS NPU HAKJIOHHOM IaJICHUU KJIacTEePOB,
9TO OOBSACHSETCS TEM, UTO O YUUTHIBACT JaTepajbHBIH pa3Mep HEPOBHOCTEH, YTO BHOCHUT
JIOTIOJTHUTENBHBIN BKJIAJ] B BEIMYMHY IIEPOXOBATOCTH IIOBEPXHOCTH.
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Puc.2. ACM-n300paxeHus] TOBEPXHOCTH Puc.3. ACM-n300paxeHus] TOBEPXHOCTH
moHokpuctaia KTP nocie 6oMbGapaupoBKu mpu moHokpuctaia KTP nocie 6oMGapaupoBKu mpu
E/Nyean = 12.5 3B/aToM 1 ipu yriie mageHus E/Niean = 110 3B/aTom u ipu yrite mageHus KJIACTEPHBIX
KJIAaCTepHBIX HOHOB: a) 0°, 6) 45°, B) 60°, T) 70°. noHoB: a) 0°, 6) 45°, B) 60°, r) 70°.
107 3 10"
10° _ Hcxonusi . _ Wcxonubrit (6)_ 10°
P —0—0° .0
_ ——45° J10°
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~ F ——70° e 110
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s 107"
410"
1072 Ltz . . ; - ' 107
10 100 1000 10 100 1000
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Puc.4. PSD-¢yaxmmm noBepxHoctit KTP 1o n mocite 6oM0apAnpoBKH KITaCTEPHBIMA
HOHAMU aproHa nph E/Nyea:: a) 12.5, (6) 110 sB/aTom.

871



W.B. Hukomnaes u ap.

Ta6auna 1. [TapameTphl mepoX0BaTOCTH MOBEPXHOCTH MOHOKpHUcTaIa KTP

Yroa nagenns 12 3B/aTtom 110 3B/aTom
KJIaCTepPOB R:, um Ry, HM Geff, HM Ri,uam Ry, M Geff, HM
WcxomHblii 2.6 0.40 0.38 2.6 0.40 0.38

0° 2.0 0.25 0.23 2.2 0.30 0.30
45° 35 5.8 6.5 4.7 0.75 0.78
60° 44 8.5 9.2 14 1.5 1.7
70° 51 11.0 11.8 17 2.3 2.5

4. 3akio4ueHue

DKCIepUMEHTAIbHO N3YYEHO BIUSHHE MPUHLIUIHAIBHO PA3JIMYHBIX PEKUMOB OOMOAPAUPOBKH
KJIaCTEPHBIMM MOHAMHU aproHa Ha ()OpMUPOBaHHE HAHOCTPYKTYpP HA MOBEPXHOCTH MOHOKPHUCTAIIJIOB
KTP. Ilpu HopManpHOM NAJAEHUM HHU3KO- M BBICOKODHEPIETUYECKUX KIIACTEPHBIX HOHOB
IEPOXOBATOCTh MOBEPXHOCTH yMeHbInaercss Ha 23% u 15%, coorBercTBeHHO. BoMOapaupoBka
BBICOKOOHEPIreTUYECKUMH  KJIacTepHbIMU HOHAMU (E/Nmean = 110 3B/atom) He mnpuBoaut K
(hOpPMHUPOBAHHIO  YHOPSIOYCHHBIX HAHOCTPYKTYp. Ilpeamonaraercs, dyrto OomMOapaupoBka
HU3KOPHEPTeTHUECKUMH KJIacTepHbIMH HoHamu (12.5 sB/atom) mnpuBoautr K >PQPeKTHBHOMY
(OpPMHPOBAHUIO CaMOYIOPSIOUYEHHBIX MEPUOJUUECKUX HAHOCTPYKTYp, T.K. JAHHOH yJelbHOU
SHEPIUU KJIAcTEepPOB HEIOCTATOYHO i 3(PPEKTUBHOTO pacmbUICHUS] MUIICHHU, HO AOCTATOYHO IS
3HAYUTEIBHOTO JIATEPaIbHOIO CMEIICHHUs MPUIIOBEPXHOCTHBIX aTOMOB MumieHH. Hawmbonee
YIOPSIOYEHHBIE HAHOCTPYKTYPhI (POPMATUPYIOTCS IpU OOMOAPAUPOBKE MOBEPXHOCTH MO YIJIOM
60° u umerot nepuoa ~200 aM. OTHUM U3 MPHUIOKEHUN SABISETCS HOPMUPOBAHHUE TTEPHUOIMUECKUX
HaHOCTPYKTYp Ha MOAJIOKKAX MPOCBETIIAIONIMX MOKPBITUH [T yIy4IIEHUs UX KauecTBa.
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