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G.P. AVAVERYANOV %, V.V. DMITRIEVA Y,
A. M. KONEV?, ILA. KUNOVY, [ . M. NOSOVA?

INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2The Moscow State Technical University of Civil Aviation (MSTU CA), Russia

ESTIMATION THE PARASITIC PARAMETERS OF POWER
PULSED DEVICES BY IMAGE RECOGNITION AND
MACHINE LEARNING METHODS

The article reviews the problem of detecting parasitic parameters based on the
form classification of the output signals of based on machine learning methods and
pattern recognition in powerful pulse devices with distributed parameters. Considered
the linear regression methods, the "Random Forest" model;nhe b r e s t neighb
algorithm, a onalimensional convolutional neural network model. Comparison of the
performance of each approach is given, as well as options for sharing these methods.
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G.A. MEEROVICH!? E.V. AKHLYUSTINA 2,
[.D. ROMANISHKIN?, E.A. KOGANS3, M.G.
STRAKHOVSKAYA* K.G. LINKOV?!, SA. GONCHUKOV2, V .B.

LOSCHENOW?

1Prokhorov GeneraPhysics Institute of the Russian Academy of Sciences
2NRNU MEPhI3Sechenov FMSMULomonosowWSU, Moscow, Russia

THE EFFICIENCY OF USING LIGHT IN PHOTODYNAMIC
TREATMENT OF THIN SENSITIZED LAYERS

In the work, we evaluate the fraction of light eneaipsorbed in a thin layer of
photosensitizer solutions, which depends on the photosensitizer extinction, its
concentration, layer thickness, the shape and wavelength of the light source emission
spectrum. The efficiency of photodynamic action varies depgndn the type of
radiation source.
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[ R BUTAEV?!? V.. KOZLOVSKY?? Y.K. SKASYRSKY?
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
°P.N. Lebedev Physical Institute, Moscow, Russia

SEMICONDUCTOR DISK LASER WITH A RADIATION
WAVELENGTH OF 497 NM

An optically pumped semiconductor disk laser based on a heterostructure
containing ten CdS/ZnSe coupled quantum wells with-typand offsets is studied.
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BROADBAND (851 3. 5 & m)PULSE DIRFERENT
FREQUENCY GENERATION AFTER RED SHIFT IN POST -
FILAMENT CHANNEL

In the posffilament channel propagation regime of Ti:Sapphire laser pulse
redshifted SPMike spectrum in the range from 720 nm to 840 nm has been generated
Using this source for intrapulse different frequency generation in LiGeS
experimentally obtainedmidn f r ared coherent radiation \
to 13.5e m a t-?leveh(eorresponds to 47 fs of transform limited pulse duration or
1.3 periodllz2x8490. 9 & m) .
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V.E. GRISHKOW}, S.A. URYUPIN?
1P.N. Lebedev Physical Institute of the Russian Academy of Sciences (LPI RAS),
Moscow, Russia
°National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

GENERATION OF THZ RADIATION IN
SEMICONDUCTOR -METAL NANOSTRUCTURE
IRRADIATED BY FOCUSED FEMTOSECOND PULSE

Generation of terahertz (THz) radiation under the ponderomotive action of a
femtosecond laser pulse on a doped semicondlagter deposited on a metal surface
is investigated. In semiconductors transparent to THz radiation, there is a peak in the
emission spectrum at the plasma electron frequency which leads to a relative increase
in the total energy and manifests itself sciflations of the magnetic field after the
pulse is switched off. Optimal generation conditions are realized when the focal spot
size is comparable to the pulse length and skin depth. If an odd numberwaheatf
of highfrequency radiation are stacked doubled semiconductor thickness, the
generation efficiency increases sharply. In particular, for GaAs and GaSbh, the
efficiency increases by more than two orders of magnitude.
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SUM FREQUENCY GENERATI ON OF CO
RADI ATI ON AT I NTRACAVI TY CONVER
NONLI NEAR CRNMEBRAL

Energetic characteristics of fundamental anth ftequencies radiation of -Q
switched CGlaser at intracavity conversion in a nonlinear crystal ZnGeére
investigated.
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Institute), Moscow, Russia
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University MEPhI (Moscow Engineering Physics Institute), Obninsk, Russia

THE EFFECT OF PULSED AND CONTINUOUS LOW -
INTENSITY IR -RADIATION ON MORPHOLOGY OF CELL
CULTURES HEK-293

The effect of pulsed and continuous lawvtensity IRirradiation on cell cultures
HEK-293 was compared. It is experimentally shown that the optical contrast between
cell boundaries increases after pulsed irradiation. This is due to the stimwhtion
periodic microdeformations of cell membranes.
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POLYMERIC MICROPARTICLES FOR BIOMEDICINE
CONTAINING HYDROXYAPAT ITE NANOPARTICLES

Biocompatible polymer microparticles containing on the surface and in the
volume hydroxyapatite nanoparticles were fabricated for future formation of artificial
scaffolds for bone tissue engineering and studied. Various types of microparticles
were invesgjated in terms of distribution of hydroxyapatite nanoparticles over sample
volume using Raman spectroscopy. Distribution of components within the composite
microparticles was evaluated as a function of particle fabrication conditions.
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INFLUENCE OF UV RADIATION AT 3 70NM AND 405 NM
ON INFECTING PROPERTIES OF CORONAVIRUS

The experimental study results of timepact of ultraviolet radiation on bovine
coronavirus had been presented in paper. An assessment of the effect of the radiation
dose on the infecting properties of bovine coronavirus was carried out.
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The results of experimental studies on determination of criterion of destruction
of stone and ice targetsmailating substance of asteroids and comets are presented.
The effect of low temperature of the target on the value of the criterion of destruction
of ice, and chondrite (stone) targets when exposed to laser radiation with intensity
from 1 to 102 W/cn? was investigated. For experimental studies, the Saturn laser
complex was used [1]. The targets were irradiated in two temperature ranges: ice
from minus 264 to minus 155¢; chondrite- from +224 to minus 1554.
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Experiments demonstrated that with a lgatve change in the nature of
destruction of cooled to minus I%btargets, the value of the energy failure criterion
( Jf m(J/g) practically did not have critical change.
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OBTAINING NICKEL NANOPARTICLES BY LASER
ABLATION

This paper presents the preparation of nickel nanoparticles byalalsgion in
water. To generate hightensity pulses of irradiation on the Ni target, an LS 2137
frequency laser based on YAG: Nd was used. Nickel nanoparticles formed as a result
of laser ablation in a liquid have been studied by transmission electroosoupy.
Themechanismef nanoparticldormationareconsidered
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INFLUENCE OF LASER HARDENING OF 34KhNi3MoA
STEEL ON THE PARAMETERS OF QUENCHING ZONES
AND TRIBOTECHNICAL CHARACTERISTICS

Metallographic studies of the laseeam quenching paths of 34Ki#WoA steel
samples are presented. TihBuence of the treatment modes on the depth and width
of the quenching zones was established using a full factorial experiment. It is shown
that the microhardness varies in the range of MPa with a beam defocus of
135155 mm, a beam travel spe&fd’-9 mm/s, and a radiation power of 70000 W.

The wear resistance of the friction surface with laser quenching in 5 mm increments
is increased by 130 and 40% compared to the original and volumetrically quenched
steel, respectively.
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V. P. BIRYUKOV
Mechanical Engineering Research Institute of the Russian Academy of Sciences,
Moscow

DETERMINATION OF THE GEOMETRIC PARAMETERS
AND TRIBOLOGICAL PROPERTIES OF COATINGS ON
STEEL BY THE LASER CLADDING

The paper presents the results of metallographic and tribological studies of
multicomponent coatings with the addition of ultradiosperse titanium carbide to the
composition of the charge. Using a full factogaperiment, the geometric parameters
of the deposited coatings were determined depending on the power, processing speed,
and diameter of the laser beam. The regularities of the change in the coefficients of
friction from the pressure and the sliding spaeglobtained. The corrosion resistance
and wear resistance of the coatings are higher than the steel base.
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A.D. VORONTSOVA A. D. SHUTOV

Bauman Moscow State Technical University, Russia
Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

FILAMENTATION HIGH INTENSITY 248 NM
ULTRAVIOLET LASER PULSE IN AIR WITH DIFERRENT
HUMIDITY AND ITS CONSTITUENT GASES

In this work, we experimentally studied the influence of air humidity on high
intensity ultraviolet laser pulse nonlinear propagation iilanfentation mode.
Filamentation was observed in air with deferent humidity, oxygen and nitrogen.
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INational Research Centre c¢Kurchatov |
2Faculty of Physics M.V. Lomonosov Moscow State University, Moscow, Russia
SInstitute of Problems of Chemical Physics, Chernogolovka, Russia

X-RAY RESPONSE UNDER CONTROLLED INTERACTION
OF A FEMTOSECOND LASER BEAM TO A TARGET IN A
GAS MEDIA

The dependence of the-Kay output from a copper target placed in air on the
duration of a femtosecond laser pulse (energy 6mJ) and the focusing conditions is
studied. It is found that the output is maximal when focusing with aaxiéfparabola
of 5 cm and gulse duration of about 700 fs. The output efa¥ photons is about
2*10° phot/pulse in 2. Helium blowing into the interaction zone makes it possible to
increase the output of-Kay by more than an order of magnitude and achieve the value
about 107 phid pulse in 2.
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K.A. GLUSHKOQV, I.B. MUKHIN
IAP RAS, Nizhny Novgorod

GENERATION OF FEMTOSECOND PULSES IN THE NEAR
AND MID -IR RANGES FROM A SUB-PS LASER WITH
PARAMETRIC PUMPING

Femtosecond pulses with sevepafriods of field oscillations are indispensable
tools for research both in nonlinear optics and in ffigld physics. Using a new
approach to generating femtosecond pulses directly from the radiation of a pump laser,
a parametric system was developed amhufactured that generates femtosecond
pul ses with an energy | evel of tens of
oscillations in the near and mid infrared ranges.
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1. Frontend system for few circle OPCPA amplification; I. B. Mukhin, I. I. Kuznetsov,
E. A. Perevezentsev, O. V. Palashov; Institute of Applied Physics RAS, Nizhny Novgorod,
Russia

2. Bal t ugka AKobpaydshiT.iin PAysicalaReview Letters vol. 88: American
Physical Society, 2002, p. 133901
3. https://www.femtoeasy.eu/products/frog.php
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A.l. GOROKHOV, |.B. MWKHIN
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

STRETCHER-COMPRESSOR SYSTEM BASED ON
VOLUMETRIC CHIRPED BRAGG GRATINGS FOR A
HIGH -POWER DISK LASER

This research work is devoted to the study of the tempbeahcteristics of laser
radiation of a femtosecond laser device in the-imichred range being developed at
IAP RAS. In particular, a stretcheompressor system has developed for amplifying
ps pulses in a disk regenerative amplifier, which will latea®ed as a pump for the
next parametric gain stage. Including, studies have conducted, aimed at finding the
optimal solution that allows reducing the duration of the ps pulses to the required
values.
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E.A. DANILOV, S.A. URYUPIN
Moscowy .N. Lebedev Physical Institute of the Bles Academy of Sciences

GENERATION OF LOW -FREQUENCY RADIATION UNDER
THE EFFECT OF A LASER PULSE ON A THIN METAL
FILM

The generation of terahertz radiation generated at the effect of a femtosecond
pulse of spolarized laser radiation on a metal filras been studied. Expressions are
obtained for lowfrequency currents arising due to the drag force, as well as due to
inhomogeneous heating of the sample. The Fourier transforms of-felguency
magnetic field generated by nonlinear currents are cagall#t is shown that when
the film thickness is less than the scale of the inhomogeneity of th&rdquency
field, the amplitude of the terahertz signal increases inversely with the film thickness.
If the film thickness is less than the skayer depthat the laser frequency, then the
low-frequency signal is amplified in inverse proportion to the square of the film
thickness
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1. Danilov E.A, Uryupin S.A. Quantum Electro9), 241 (2019).
2. Oladyshkin L.V., Fadeev D.A., Mironov V.A., J. Ofit7), 075502 (2015).
3. Bezhanov S.G., Uryupin S.A. Quantum Electi@3), 1048 (2013).
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O.V. DEVITSKY

Federal Research Center Southern Scientific Center of the Russian Academy of
Scienes, Moscow. Rostow-Don, Russia
North Caucasus Federal University, Moscow. Stavropol, RussiaRussia
COMPOSITION FLUCTUATIONS IN THIN FILMS
InxGaixAs1yPy OBTAINED BY PULSED LASER DEPOSITION
ON Si SUBSTRATES

The effect of dispersion for a target charge on the compositibi®#&.-xAs1-yPy
films on Si obtained by pulsed laser deposition is studied. It is shown that when the
di spersion of the charge for the target i
composition in thinnxGa.-xAsi-yPy films.
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1.L.S Lunin, M.L. Lunina O.V. Devitskyandothers// Semiconductors2017.Vol. 55,
3,P. 387 391.
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E.O. EPIFANOV Y, A.G. SHYBNII }, N.V. MINAEV 1,

A.O. RYBALTOVSKII %, O.P. PARENAGO?

Y nstitute Photon Technologies, FSRC ¢Cr)
2A.V. Topchiev Institute of Petrochemical Synthesis RAS, RF

FORMATION OF SUPPLIED HETEROGENEOUS
CATALYSTS USING THE METHOD OF LASER
ABLATION IN A SUPERCRITICAL CO2 MEDIUM

A method for obtaining a chemically pure heterogeneous catalyst based on
palladium NP and porous inorganic carriers such as alumina and sibunite is
demonstrated. The study of the dependence of the saturation of carriers with palladium
nanoparticles in supercritical carbon dioxide on the time of ablation of a palladium
metal taget has been carried out.
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V.S. ZHIGARKOV, N.V. MINAEV, V.I. YUSUPOV
Il PT RAS, FSRC ¢Crystal | 1®840aMobcgw, and Pho
Troitsk, Pionerskaya 2

LASER ENGINEERING OF MICROBIAL SYSTEMS:
SCOPEAND PROSPECTS

Laser printing with gel microdroplets (laser engineering of microbial systems,
LEMS) containing living organisms is a promising method for microbiology,
biotechnology, and medicine. Theractical capabilities of this technology are
demonstrated. Possible limitations of the technology when working with live
microorganisms cultures are presented.
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A.V.IVASHCHENKO, D.A. KOCHUEYV, N.N. DAVIDOV
Vladimir State University named after A.G. and NS&letovs, Vladimir, Russia

FEMTOSECOND LASER SYNTHESIS OF NANOPARTICLES
FROM ALUMINUM OXIDE

This paper presents the results of an experiment on laser processing of an
aluminum oxide target doped with terbium and ytterbium. The analysis of the obtained
powder material was carried out using a scanning electron microscope. In the course
of the study, a powder material was synthesized from aluminum oxide with impurities
of terbium and ytterbium, which has nanosize, spherical shape and narrow particle
size dstribution. These results can be used in the synthesis ofphiify laser
ceramics.

Oflsswh jj otej 3w Bdz P82 HtOSCIsdyd
sQodzw jIs MtsBB2 d&OL jtedzOWY € jteOdRRdE O
4 sO¢dj BOIsjtedOdz dqsEBEH 4 hHd @ sde
), COteB dH Ctcj dzded v (Si C) d Htk
solzjls Bsdz " 5§ Csdzd yj Mlse s d34
SfteL teOydes?2 dzOL jtedets?2 S jwOBISd.
BISCj BBdziJ bkdedo jtemOdz dets?2 3 IstsH:
dzdL S 82 MsOHdldesMmisd d MssddktsMmisd dJ stsH
fstcsh Ctsor 2 BOIsjtedOdz or MsSCsets COYJ Miso (
] HOdzdzts2 t©OBTSIsy Brdz ftetsojHjdz Sy,
zOL J todets 2 ZmMsOdzse € d fMs MmMdzjHukzsh ddid i
d&zf zdz? MG 280 W, 1001d6j0c cdfWr 3d, B3Y Hzddef dg@® o ts¢
dzd3, Yyomlssls® fmdzj Hs9 Odad W g zdz Mtse 10
sBi j €il2d0e00 d3d3. ]l €OyjMmksej tBLGOLYO B' d&Z
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fisdyr B dzd dMmdjHtse Od" ftod §sdishd
CtosME O (tedmbzdss 1) .

tdm. 1. t¢f dLBtO)yjddwY {teth Ctso t5¢
Odzt Bdded v, dzjcdteseo Odzdetse s IsjteB dj O
10 tdmkzdzs J 1  d3tsy dztE tc the® © dzéizH O Is ' dzO biptf ugld |
sCMdHO Odzs 3q ded v, dzj e Jtetso Odedz | Isj teB d
ZORBHWISMW o EZLCBHR ttOL Bjtedesds HJ Of OL tsdzj
tcOL d3j te yoflsdy MsMilsOs dzv dz dHdded yr
CteOdz zs 3 stedyud ME d2 MMisOe f shsis§ Hy Sct
ylsts sBtcOBSISE O sBtOL Yyo ftesdmn sH d d&zO
ZzOL jtoder B3 dzzytsds, yYbsts fftsL o sdzv dzts ff tsdzdats fiyle
9 ®tHdk d Ik xJj sB dzOMmlis* . Il sLHj2Mse W
wZOL jtede” 5 dLazzyjdedj &3 M fteddij dzj dadj d3 1 ¢

stsdz! ¢ s B M j ydls: I WWJiClsdodetsy EHOdMz) dzo
9C ZOHO 1 dzjteedd o Lbdek BtBtOBGISd, dats
dr ttsmdzjHkehd2 MeBts.

4 dmsS ddlsjtcOkkEr

1. AjHBteses 1.1 ., [ Ofmdse 1. 4¢., vimoydie 1. ¢.,
CjttOBddSd O thdase j GOdtsH MY j eidy ° fstesh (s
Y3AI 5012/ /1 jMmlsdds [fLuvuv dd3. 1.¢. 10diz0d. ] ts.
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rR1LOfRsd tod1yIJRURC SfJrsutf1rds [9¢
AU RITRYIOARS VUL T Lryrvzyls 1] ¢
1¢1lur501r1l1ﬂ RYBJ v [ 249 KRF [ o]
l Ol dMidzjHEzs sy &j A O0ddL &3¥ o tcj d&3j dedzts

Codf sdzgj dzZlstse WislssdtsdedL Oydisdedzs? oL HEN dzls2
Hj2Mmlsodjd d&ZOL jtedy & d &Y &z d® fysoad dajdzdelst dartz' dzt2fipiss

E.V.IONUSHYTE!, A.V. SHUTOV

1Bauman Moscow State Technical Universitypscow, Russia
2P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia

TEMPORAL DYNAMICS OF AN ELECTRON AVALANCHE
IN THE PHOTOIONIZATION PLASMA OF A 25 -
NANOSECOND 248 NM KRF LASER PULSE IN AIR

In this work we investigate the mechanism of the time evolution of charged
components of the photoionization air plasma formed under the action of laser pulses
with a duration of 2%is at a wavelength of 248 nm.

Il L di3sy dztsmls? ML HOddY o eotLHEA] § dzOL
oL jtedzse s dJL dzzyj dzedvw ftej HMisOs dzv jIs B t5dz!
sO¢ co¢ MsH jtey O dj mw ) WelssdtsdzdL Oy
Ldzj Slstetsdy o dtsdy o dedbjeClds tedadf tassfolssiHyyjhiplid Ji
oBLHERO, vybkt lsCtr o0jls Bd "dj §jtf
f dzOL d&3j dede' 7 S OdzOdztse d o Bdzdzso SHiS® Hdzv d

Il 1 ¢ j ted di3j dzls KrF tz© M3 j 1E0dMSE (Lambda
PhysikGmbh ¢ j dzj tedtetso @dzd st detsfi? 5 defp ) H &
o ts dzdz 248 dzdls fp L dzgjtecdji2 130 d3r . R
fsdsh & dddr M WsCkMd & LOmhlssw dd,
fteiHMsOQadzwoh jes dL MiBYWY HOO IstekzB yols!
st WSk dddl' d&OntsHJENNOddsn] & H
SHdR@E dL Ldzj ClstesHise BM dz f sHC dz¥ yj dz
Cohsets o djy! djSltesHdtsd ftesdiykzss
fsdzj dzOftewy j dzdetsfls’ ¢ t5ls 0.5 Hts 10 G/
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di3f zdz? MO ©® eotLHEZA] d@JYHE 1 dzj Osits ts Hf GBd3d
Cohstos il fteslsi SOz Iks¢, Cslstster 2 ted G
sMyd zdzse cOW O.

] twijLkd sOIsj ttOBGIsr BN dzs B 2Otz y j dets
ftsdzv BBdzjj 3,6 Cl/Md3 ats otej BY HJj2AMIse d
dzi MOBIsMIstsw Isj dzt dzOW 1 odzj § buc@GULa2y d o @az® d) dz
fOnHjdedj ds ddalsj dzidoe detsfplsd dzOL jtedetsets d o3
esmistsd3 dzOf tew y j dzdzsisd §sdzv, BHAOCB HO
~10 Sl / MmMd3 1+ SO dzZOoa ddzO dzj ftwdotsHddZO &
LIssdy fted ko jdzdyd dedd Hrsdd', 44 € IL/défdy J igzd 2
LOHjte B2 ftmdz StdyoOddw d&OL jtdscet
zOL jUcfdsOo dzv j d3F 2 f tdfesds 24 lottsg HzdBJOdz o34 Mis s
Hydlklsjtt ftetsBW. s fteddij telz, fted L dzOyd
BiNHE ftoshntsHBAR dzO LY]judpdscHz ¥ d dftidiz dz! dig & Isds ¢
ftesBsj B3 MsMisOQo dzv &zO tslIs 0. 2 HB 2 &¢f (t

t Is s dz! Bsdz " dJ L &H jetOp af | dtOd t§ tcdptic sSB t5°
sBi wWfdgv Is! mw Isj d3, ylsts dz dzdets tOLod9
dzj eSCsdsdedL zj 3" 7 (odike, zE®HEtcd @) td) ud tsdzts
iz 4 J dedw  § deslsdzsfplsd cOL O [ 1], ftedotsHW
ftcedoj HJ dedee 5 5 dzv
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t,MKC
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1. Y.-H. Cheng, J. K. Wahlstrand, N. Jhajj, H. M. Milchbéfge effect & long
timescale gas dynamics on femtosecond filamentation 25 February 2013 / Vol. 21,
No. 4 / OPTICS EXPRESS 4749
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D.V. SHULEIKO?, L.A GOLOVAN!, D.E. PRESNOV,
T.P. KAMINSKAYA 1, P.I. LAZARENKO?, SA.

KOZYUKHIN 3, T.S. KUNKEL*4, P.K. KASHKAROV?

Lomonosov Moscow State University
2National Research University of Electronic Technology, Zelenograd, Russia
3Institute of General and Inorganic Chemistry RAS, Moscow, Russia
4Moscow Institute of Physics afi@chnology

FEMTOSECOND LASERMODIFICATION OF AMORPHOUS
GE2SB,TEs THIN FILMS ON DIELECTRIC SUBSTRATES:
THEORY AND EXPERIMENT

Femtosecond laser treatment of amorphousS&es thin films at the different
exposure times was performed and theoretically analyzed. Exposure time growth
leads to both reversible phase transitions and fabrication of surface lattices with period
which is c¢close to inci deThisfeatueiddorfitmedo n wa v
with SipeDrudetheorysimulations
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&ZOdetsdzj J ojteWilsdests, ModHjlsjdzt Mlsakzils GE
t OBtSISO orf fsdzdzj d2O0 fted ¢ SHBEPMEYS ] t AAR
uf IS¢ ddljtOlkzter
1. GuoP,, etal. // Appl. Sci. 2019.V. 9(3). P.530.

2. Kozyukhin S., et al. // Physica Status Solidi B. 2020. V. 257(11). P. 1900617.
3. J. Bonse and S Gr2&af [/ Laser Photonics Rev.

83



ré.1¢13f/ srRYSPRJ1TRIRSSRLCI[ ] EHERE.
SIRIOYUOL sV [ LTdrs Lt [ &z [Uddd
s{fuskdaf ol ﬁp--IRUC4hﬂ¢
gl RULAS wo L RUL IR RAZ
[ JR[1RY
WdLduimed? damkiskis] g6 { sHd2MEs2 OC OH | d
Rdmsdlskzls + dzj CtesdzdSd, BIS st dzj Slstesdad S d
AtcOdzydWw
RGOS RSO L1t OARR vt oyt AL L1
Forrt o6 v Jlurypruws s 1o¢s0ovysis R[ITU
gfd o1t d rfrRopf?21feu?5 ~ 100
[Hdzso 6] 03 dedats L &Bj toj dz' dZOdzs M j € bz dzH dz' d

5j tOE ] toysl@icjte NH] 1 dzj € Is t6 s AdOipdjf 408 §f 15 jzdzjs dzts ¢
Hdzd Isj dz! desfylsd G J dej eOydd d dEH jitdeCE ds Isddesufdsl)
ZOUO O d BHde@ Jif@0.u [RL d3j o dz' Hzd dz¥ o czdz st
NHszOL j 6O, MthlsOsdehdqj 67.2, 83.8 d 88.9
D.A. ZAZYMKINA %, A.A. IONINZ, 1.0, KINYAEVSKY 1,
YU.M. KLIMACHEV %, A.YU. KOZLOV?, D.I. KORMASHOVA!,
A.A. KOTKOV?Y, JF. LAMPIN2, YU.A. MITYAGIN }, SA.
SAVINOV?, A.M. SAGITOVAL D.V. SINITSYNL, M.V. IONIN?,

IThe P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow
2Institute ofElectronics, Microelectronics and Nanotechnology, Lille, France

DI NAMIOCFS v ERAHE RLASERIGENERATION AT
OPTI CAL PUMPI NG BYYASERRUL®ESes CO

Pulses of a terahertz Nlthser and electreheamsurstaineetischarge C@laser
were measured semulteneasly with a nanosecond resolution. The lasing durations and
the delay of the beginning of lasing of the NEiser relative to the beginning of the
pumping pulse of the CQaserare determined. The wavelengths of terahertz NH
|l aser radiation were measured: 67.2, 83.:¢
f OLcOBBIEO IIsjtcOGjtoytser n (vs1vY) dmls s
stej BlZj Ismw H dzw toj h j deqw ttWHO L OHOY,
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POLYMER COATINGS AS A METHOD FOR INCREASING
THE RANGE OF WETTING ANGLES OF A STEEL
SUBSTRATE IN ONE-STAGE LASER PROCESSING

The paper investigates the laser structuring of systems of thepstgsler” type.
The dependence of the contact angles ofsteel substrate and the systems "steel
polymethyl methacrylate” and "steeMi cr o Coat E coating" on tt
radiation is analyzed. It is shown that, with the same parameters of laser treatment,
coating a steel substrate with a polymer filrak®s it possible to increase the range
of contact angles. The process of an autonomous gradient flow of water droplets and
blood plasma on the simplest microfluidic modules has been implemented.
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I. 0. ZOLOTOVSKII, V. A. LAPIN, D. I. SEMENTSOV

Ulyanovsk State University, S.P. Kapitsa Research Institute of Technology
Ulyanovsk, Russia

MODULATION INSTABILITY OF WAVE PACKETS
PROPAGATING IN INHOMOGENEOQOUS LIGHT GUIDES

We investigated the generation of sequences of ultrashort pulses from -a quasi
continuous modulated wave, which occurs as a result of the induced modulation
instability of wavepackets propagating in nonlinear optical fibers with different
profiles of dispersion on length.

[ SHEdY ydsdedzOY dzj Eis®2 b sMEOOS ) t6d
Bese dn  dzgj dzd dgj 2dz' = MdMmisj &5, oL ddSOshd
Hij2Mmise dw dzj dzd dzj 2 dzt A Wd) SHsofsfiey j[ tafp d ts dzdz’ R

F ddz0BdC O otoj d3j dedets? tsedBOs h j2 11 sqq
O zdIlskHr ®BEedBOB N j2 9dHO 1vVvz [1, 3]:

KA d, ﬁA d, °A

uz Ean i 3 g1A|A 0 (1)

GH=t zIvyiotj Y o BJGEMNj2 MEMLdY) CtbteH
i fOLOBjilste HdMfjtehdd cRzFfIHcOLAR] HEG1
dzj dzd dzj 2 dets s d .

1 Oedm.fetf otsHw sy L OodMmddisiisd «KBOCMdd3
otsdzdzr o dHO:

A(O,t)=[R[1 +0.01cos( Y, 7) 2
fodzuyj dd § f§Eisjd udmdj @idydsts BBEA. j dzd v &
1ted MdzjHkshdh L dOyjddvas §Oc®ddjlldssss: d

88



H dzd dzj o L s1000EsH O dz2O Y Odz' dals® 107 1if o5
HdMY jemdd dzO0 o' B,6W/M,d0l, MadhEsemdPd o'
fstew d, @1 R} /, (OO stej RELQEJ dejls¥dds fls d

Yomistsisj Bts H Y ﬂ/@gFo/Idzol d fed
A (2 do=ex( 9 (1 DI bE ek pF(L LF

Ctedor j§ (1;2;3;4,;5).

RL L Os d fdtdzfiplsfjRdztizO ylsts dzOdsBtsdzr h dj
Cidgitdelkzjddr @ dJ@Bfkd Mse HBMIsdec Os smw
RS H Iz dz¥ LOoadMdd@3smis ¥ o HdMmY jtemdd: dzq
f OtcOBtsdzd Uj MSCts2. O)defifj 2 Isksdl] dzjs yfisalj ldas o tsH O
fisjfjd MyObdw HeMisdecOjmw fted cOkzMmMmt
fOtcOBtsdzd yj MS sz oW dz dzdh ¢ ZO or °f
sOCtsd3 ftesWddzy ftesdmrtsHdl tjLC¢d2 tmis
. PodgzdeO)

27
187 | 1
0 250 500
9,
07 T T ! L 1 L
0 250 500 750 Zom

tdf ckEddiese Odede’ | §etsH sdz dzr jo jLe@o d fpddys fyls d
BOSC d BBz BO  Bis H & dzd dedsyp dR.dzeielzp ) .0 )© &z d (Bsfls j 2 H
d,(2)/ do=exp( ©3 {1 pr{1 b} ;ex;é ;)2)(1 pr)z'l'thcfafj
(1;2;3;4;5).

t OBBISO o' ftsdzdzj dzO0 Hfted YSHHJWYC] [ AAR ¢
T 1 Y12-730013.

k
q

s NS ddlsjcOlkztr

1. Agrawal G. Nonlinear fiber optics (Springer, 2007).

2. v. J. o¢rdBBjlshddz, 1. ¢. J1BGE0OILrtjo, o¢. s. wij
ZOdzr 6dde/ /| s90Odzlstso OW 1 dzj R2&/e280%d ¢ O, uv. 33, ~ 3,
3. I.O. Zolotovskii, V.A. Lapin, D.l. SementsoyA.A. Fotiadi S. V. Popov// Opt

Commun V. 426,P. 333 340, 2018.

89



R. [. 1JJJfuvflusrEB, 1.¢. [OlrR1, 1}
. R. swrfr1AJ1

Vdz Wdgse MC d2 ctMmizu Otefise j-lszid dts detea] & | jofmP Y L

ddzimisdlskzls ddg. w.1. sOfdyr, vd wWdgsah

FR1LOSRsd Youmu[flunuff] RT L1 P11 3IM
I{f1413z3m Yosrull 1 vef[ [IRCM
gRY Mt 1 RIYRT IOV JLL TV1oRI [T (BHUI
lrquvzre 1ffvd VY sdrydouvrfc Yt df

{ OMMdstslstej dets WistodBdtoseo Odedj bz bOStetsls S
yddzddHted ujmMStsd Mo jlstsotsH dL SCqg@zebz Jtojter
otsdzdyr IsdfO dssHT Mjfykhj2 cOodjtid (fz1).
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Ulyanovsk State University, S.P. Kapitsa Research Institute of Technology
Ulyanovsk, Russia

DYNAMICS OF FREQUENCY -MODULATED WAVE
PACKETS UNDER CONDITIONS OF SYNCHRONIZED
INTERACTION WITH A RUNNING WAVE REFRACTIVE
INDICATOR

The formation of ultrashort laser pulses in a cylindrical fiber from a quasi
continuous background tunneling wave of the type of a whispering gallery mode
(WGM) is considered.
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LASER CERAMIC: OPTICAL, STRUCTURE AND
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Main properties of ytterbium doped lutetieyttrium aluminum garnet ceramics
with different raios of lutetium to yttrium substitution (x=0) are investigated.
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INFLUENCE OF ELEMENTAL COMPOSITION OF NICKEL
AND BRONZE TRACKS CLADDED BY LASER ON
MICROHARDNESS

The article investigates the change in the elemental composition and
microhardness along the depth of the deposited tracks made of an alloy based on
nickeland bronze. It is shown that the change in the content of nickélandlong
the depth of the corresponding tracks directly affects the change in the value of
microhardness.
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N.P. VAGIN., S. A. LYSENKO, N. N. YURYSHV
P.N. Lebedev Physical Institute RA&scow, Russia
LASER SINTERING OF SI-SIC COMPOSITE LAYERS

Preliminary results of studies on the production of siktayer and doubkayer
samples of a SiC composite from initial powder materials gresented.

The efficiency of the sintering process was determined by the resultgaf X
diffraction analysis, Raman scattering and electron microscopy studies.

S B3 SiFAY o dzv j sMW sHddd dL fjtemyjCisde
ftod d3j dzj dzd v 9 Mo toj d3j dzdzts 2 ftotsd3r " dzj d
Sedzi 2 st67 stczB ' H dzw Octed MMMdoe dzr n fntc
hdiesl s fted d3j dzj dzd 4 H Odzdzts G 5 Codif sL d|
Miter jLrdzer » e dzjagddfitdd [ g5 L EBIstso

J fmhd dzlz e sdn wdLrduyd MS&dna o 82 Mise ¢
dZOctej o Odedd dzj ¢ &zOe dlsmw, d MmMyfjcoddi d
oL sy des Istsdzt €5 yYJtejdL stec Odzed L Oyd s a:
teOL dzd ydz" 3d Isj B3 j 6Ollztedz d3d toj 3 d BOB], L
tej OCydji?2 MddalsjL © Eedzj esHO® d Ctoj dzded v .

1 tod d3d dzd dzd 4§ dzoL j odes @ 5 OSi-SilgA{usjLdadvdzw H dgw
slsC OL Ol Mmw tsls dmf sdz L s Odzd W 9" MtsC t
St Odzd L 59 Ols ftesyj MM Wstedzd totso Oded W Is
BX@zOGtSHOtew Bk tcOo dzj dzd &€ Ol jHifsRis ds'tsdg C O d s L H

] dZzOMmilsswh j2 OB sls j ftcd HMIsOo dzj dz e
sBtcOL GitS&C, dipf j i dzder = ) fsdish i ¥ &OL J6O.
fMtcj HOR (9 0CkE, Ot G s dz, oL 81Is) 9 Ote’ (
fstesh Csots?2 Md3d d d tejydd' dL dzzyj dadv.

99



ltod dsspicj] Yoodzlzyj dzde" = BBKLOL ytsses dzO L
fsHIso jteHddzsMm! dOdzduydy BsMisdSse dL olst
Yyofmsdyowkd Si C d tBteOLkshdrn LOSCdd tsBtS
Cowe¢Om (dO tdfm. 1 dzj Ssbtster §j dsmisdsd f

ltetso j H§ dzr dzlLrin g jftsd 3¥ sted3d tctso Odzgd ® d3dz
sBtOL YyO. tdLEd Ol My JjSOdedw Ho lzn fi)
I BdzOtelzy j dz" tsB dzOMIsd (SHdO ftH yYydWtts?2
LIREE: fr]dztswdsd

© 100pm JEOL 4/5/2019
20.0kV SEI SEM WD 16mm  16:54:37

tdf 1dL dztHg@ = SBiGfsigcp 2o j dAfUg@ed,d (oW slsts
Ldzj Chtscdgit§ e sMC s ©) ¢ sfdzj ltcOodzj dzgdv o ©
[ Odzdz" | tejLEzdz sOIr f8COLTr 90jls otsL d@igtsy
gL dkEyjddj Hdzv s dscets M jSE Odedfv  dL
ftesojHjddw OSdm ttOBBI, C0O0¢ ddfeodHOYC
BjLOclzj o0 ofmjet MsOd dscéts dLHj &Y,
90y dets ftod tOBBI] M JBSEsMiswdhd Hozv i Of

s M ddlsjtcOlkztr
1. J OL jtedsr 2 Mddzlsj 16 taVOmdgtj yflsidzCrdz dggts. sfplstelzCIskzte o
qLHjdd2. zdhCsemMCdR220R9-4241).: AdL BOIsdzd s,

100



6.v. [fotrcwcd, [ .0. zrlyrrsd, 1.1
vfdresdc, 6.1 . svuvrtclArlo

AdLduj med?2 ofdzfntsoftslzts d d3j dzd ) 1. JdBjnj

INMorR[ [rrsauvlrr RO 280 (1L [ Oyt

RYJuyr1RrRc & 1ol ftcrdyrvr 3frR 101
sl Rt {11 3fR #rREUI[O[R

{ OffmBslstc des fio ) BBEOL 5o Odzd ] ZOL j bdeSE & dzO
fdfMlsj BOR MdzEzy0?2 ds ©OMYfwjH,  d ddz &  dz0dets y
B 7 Odzd L OB fcj cBEOL Bo Odzd d ZOYOd' dzts 2
CokeqdOyqedadzy &3 ©OMMjwddjd Mojlso o  dz
Ldzjjsaf ujMS i, MEjShkteOd d j, otejdsj dedzr j 7 Ot
dLizzyj dzd® ® L OsdMmddsslsd ©Is Isj & j Okt
sj By jteOlktr YdHCGEE OLEBO.

AN. MARESEV, M.A. SHEVCHENKQ N.V. TCHERNIEGA SF.

UMANSKAYA , A.D. KUDRYAVTSEVA
The P.NLebedev Physical Institute, Moscow, Russia

NTERACTION OF PULSED LASER RADIATION WITH
DISORDERED NANO AND SUBMICRON SYSTEMS

The conversion of laser nano and picosecond radiation in systems of randomly
distributed nanoparticles with two different mecharssshinitial energy conversion:
stimulated Raman scattering of light and luminescence is considered. The energy,
spectral, and temporal characteristics of the converted radiation were measured as a
function of temperature in the range from room temperaturthe temperature of
liquid nitrogen.
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SECOND HARMONIC GENERATION IN NANO AND
SUBMICRON STRUCTURES

This paper presents the results of experimentalies$ on the characteristics of
second harmonic radiation on systems of nano and submicron lithium niobate
particles. The spectral, energy, and temporal characteristics of the second harmonic
radiation upon excitation by pulses of the nano and picoseeomygs of duration
have been investigated. The dependences of these characteristics on the excitation
conditions at temperatures from room temperature to the temperature of liquid
nitrogen are obtained.
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FEMTOSECOND TWO-PHOTON
MICROSTEREOLITOGRAPHY AND BIOPROPRINTING BY
LASER INDUCED FORWARD TRANSFER FOR BONE
TISSUE REGENERATION

The report presents the results of development laser adiitkirologies for the
formation of functional tissuengineered structures for the regeneration of bone
tissue. The results of the formation of thdimensional biocompatible structures
using the method of twphoton femtosecond polymerization from biocatilple
polymer materials based on aliphatic polyesters using the technique of simultaneous
spatiotemporal focusing of laser radiation will be presented. The results of adaptation
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of laser printing technology by the method of laiseluced forward transfefor
printing with cellular spheroids will be presented.
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Timashev P., Minaev N. Lasérduced Forward Transfer Hydrogel Printing: A Defined Route
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M.K.MOSKVIN, D.S. YUZHAKOVA, N.A. AFANASEV, E.V.
PROKOFEV, D.A. SINEV, G.V. ODINTSOVA
ITMO University, Saint Petersburg, Russia
FORMATION OF LASER -INDUCED PERIODIC SURFACE
STRUCTURES FOR STRUCTURAL COLORING

This work demonstras a method of structural coloring of the metal surface by
formation of laseinduced periodic surface structures (LIPSS) under the exposure of
nanosecond | aser radiat i ormensitnalandtwwavel e
dimensional structures with@&p i od of about 1 em were ob
stainless steel films and titanium, as well as structures with a continuous change in the
orientation of the LIPPS during laser scanning along various trajectories.
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INVESTIGATION OF THE TIME DYNAMICS OF
INFRARED CONICAL EMISSION DURING THE
PROPAGATION OF GIGAWATT UV PULSE FILAMENTS
IN XENON

When UV filaments with a wavelength of 248 nm propagate in Xe, naeowd
monochromatic IR conical emission (IR CE) is generated. We investigated the
temporal dynamics of this IR CE during the propagation of flamented UV pualses
Xe.
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DIGITAL HOLOGRAPHY METHOD FOR RECORDING
DUST FLOWS IN THE PRESENCE OF STRONG LIGHT
INTERFERENCE

The problem ofight exposure during the registration of dust flows by the method
of shadow photaegistration, during explosive experiments, is considered. The ways
of solving this problem are suggested. A number of experiments confirming the
possibility of using the dital holography method in conditions of strong light
interference and obtaining higtuality images were carried out. The use of the
holographic method additionally eliminates the problem of the depth of the sharp
image.
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INVESTIGATION OF SPATIAL -TEMPORAL, SPECTRAL
AND ENERGY CHARACTERISTICS OF A HIGH -POWER
ALEXANDRITE LASER

The effect of the dependence of the Alexandrite crystal temperature on its
luminescence and lasing characteristics is considered. The output radiation spectrum
tuning to longerwavelengths with increasing temperature is demonstrated. An
analysis of the energy levels of the alexandrite crystal has been carried out. The
influence of the resonator base and the reflection coefficient of the output mirror on
the output laser radiatioanergy are studied experimentally. Optimization of the
resonator characteristics is realized to achieve the maximum pulse energy and average
power.
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POLYCHROME LABELS ON GLASS SURFACE BY LASER -
INDUCED TRANSFERING

Currently glass materials are widely used in different scientificinddstrial
spheres. Moreover, its high optical transmission over a wide range of wavelengths
make them highly valuable in photonics, optoelectronics, bio photonics, and
biomedical applications [1,2]. Laser labeling of glass is currently considered as an
important operation for many completely different industries, from tools production
to pharmaceuticals and jewelry needs [3]. A label on the glass provides wealth
information. Accordingly, a label presents two principal aspects, the pure decorative
side andhe trace ability or identification of products i.e., it makes possible to include
in a permanent way macgized images such as logotypes, graphic symbols or matrix
codes of data or any other important information on a product.

Direct laser glass labelinis often characterized by low optical contrast
between background and mark. Additionally, often the color of the mark is
limited to black or gray shades, which offers a fairly high level of easy
duplicity. This weakness is often presented when direetr lagarking is
employed, however, by adding some special features i.e., color shades, the
level of protection against counterfeiting can be increased. In the literature
laser assisted color marking of glass has been reported by adding chemical
pigments andhen burning it withCO; laser radiation [4]. On the other hand,
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color marking of glass has been reported by using -iageiced plasma
assisted ablation (LIPAA) [5]. However most often only one color can be
obtained depending on the target materialthils paper, it is proposed to
expand the color palette of labels on glass made by-iladeced forward
transfer LIFT using a single target material. In particular, the formation of a
color palette consisting of 5 different colors with different shades is
demonstrated.

In our method polychrome marks are formed on borosilicate glass
(Levenhuk G50, thickness, 1.0 mm), the target material is a commercial plate
of brass (Cu65%,Fe0.2%,Zn34.8% thickness 1.5mm). Before the laser
processing the glass plate weleaned with ethanol. The substrate was
irradiated by a fiber ytterbium laser pulsed with a wavelength of 1064 ns the
time pulse was 100 ns and 20 kHz for the repetition rate. The laser apparatus
is fitted with a galvanometer beam steering system athdt& lens with flat
field focus of 110 mm, to allow scanning the substrate within the XY plane.
Different laser scanning speeds and power values were set40000nm/s
and 1.63.5 W, respectively, the substratgget distance was defined by
roughness ofnaterial. In this technique the laser beam is strongly focused on
the surface of a metal target that is placed on the back of the borosilicate glass
plate.

a Laser beam

Plasma plume

in direct contact
Fig. 1. a) Experimental setup. b) Polychrome marks on glasssigelsurface.
c) High resolutiorpolychrome shapes on the glass.

During the process, the glass plate is located on the surface of the target
material. The laser shots impact the surface of the brass and it is heated,
followed by the creation of a plasma plume, the plasma encourages the
interaction of the chemical components of the brass with the atmospheric
glasses while transferring material onto the back surface of the glass plate
mostly oxides. As a result, a thin color mark is formed on the surface of the
optically transparent matetjaghe minimal resolution of a polychrome mark
is 35 Om. The polychrome marks were
(ZEISS AXIO Imager.Alm), and spectrophotometry (LOMO-53}. The
optical images were obtained with the digital camera AxioCam ICc 3. In
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conjunction with we propose an application for designing the glass surface,
applying amplitude labels for the automation tasks in the field of laser
processing and positioning optically transparent objects in microscopy.
Acknowledgment
The study is fundedybthe grant of Russian Science Foundation (project
©  270-10103)
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EFFECT OF THE MORPHOLOGY OF WSe: NANO-PLATE
FILMS ON THE EFFICIENCY OF HYDROGEN
PHOTOELECTROCATALYSIS ON THE HYBRID
STRUCTURE a-MoS4/WSe

The influence of the chemical state of the fiim precursor WQ on the
formation of the morphology of W@@anofilms during rapid selenation is died.
The most efficient hydrogen evolution was found for théaS4/WSe photocathode
that contained WSén the form of petal crystals of ~ 50 nm thickness and these petals
were oriented perpendicular to the substrate surface.
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V.S. RYMKEVICH, M.M. SERGEEV
ITMO University, SairPetersburg, Russia
BEAM FOCUSING INFLUENCE ON MICRO -PROCESSING
OF GLASS BY LASER-INDUCED MICROPLASMA

In this study, we ensidered the effect of a mictrack on the glass surface,
formed during a surface micsiructuring by a lasenduced microplasma, on the
laser beam waist position displacement. This displacement affects the plasma plume
inducing radiation spot and, asresult, reduces the efficiency and accuracy of glass
processing. The study contributes to understanding the importance of experimental
conditions - the air gap, the focal plane position, for improving the quality of
processing by the indirect lasgiasna method.
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2. Ehrhardt M., Lorenz P., Bayer L., Han B., Zimmer K. Studies of the confinement at laser
induced backside dry etching using infrared nanosecond laser pulses // Applied Surface Science.

2018. T-692.4 2 7 . C. 686

3. Shkuratova V., Rymkevich V., Kostyuk G., Sergeev M. Lasduced microplasma as

effective tool for phase elements fabrication on amorphous and crystalline materials // Journal
of Laser Micro Nanoengi nee+i5ng. 2018. T.
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A.A. IONIN, 1.O. KINYAEVSKIY, Y u.M. KLIMACHEYV,
A.Yu. KOZLOV, A.A. KOTKOV, A.M. SAGITOVA, D.V.

SINITSYN
P.N. Lebedev Physical Institute of Russian Academy of Sciences, Moscow, Russia
BROADBAND-l MFBARED LASER SOURCE?:
Broadband midR hybrid laser systems based on CO and> GBers and
nonlinear crystals (ZnGeP GaSe, AgGaSg PbinTeio and BaGeGeSe) were
developed that emitted hundreds of spectral lines in the wavelength range from 1.7 to
19.3em.
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T.A. SEMENOV, K.A. IVANOV 4 |.N. TSYMBALOV?,
R.V.VOLKOV!Y, I.A. ZHVANIYA 1, M.S. DZHIDZHOEV?,
AV.LAZAREV?, A .B. SAVEL&EV?, V.M. GORDIENKO®
1Physical and Chemical faculties of Lomonosov Moscow State University
ALITRASIiBr anch of the FSRC ¢Crystallography
SFeder al Reseaatho@Geaphygy e€dyPhotonicse
4P.N. Lebedev Physical Institute, RAS, Moscow

BROADBAND GENERATION OF X -RAY RADIATION
FROM RELATIVISTIC CRYPTON NANOPLASMA

For the first time the Xay spectrum of relativistic laser nanoplasma Kr has been
studied ina wide range of 200 keV. The nanoparticles jet was formed during the
supersonic expansion of Kr from a supercritical readtbe features of the formation
of nanoaggregates in a supersonic gas jet under supercritical initial conditions are
considered.
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X-RAY PLASMA RADIATION OF SOLID -STATE
TARGETS AND NANOPARTICLES UNDER IRRADIATION
BY RELATIVISTIC LASER FIELD

For the first time, comparative studies of broadbardyradiation from a Kr
nanoplasma with the plasma radiation of ssligte Mo and Ta targgin the range of
5-200keV, obtained in the relativistic regime of femtosecond Ti:Sa laser irradiation
(1~3x10*®W/cn?), have been carried out.
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o] dels ¢ j dzso MC wDL to o tg jdages 2 HgWLOCydd,
JLBBLOY jdzd2, ©jdlscjdsomMCts? MY jClstets
%O BdttBi jC WSSO SUSOEMNH dzdv  dzd L § s dzj
btetse dzj 2, O ted &Bj o, dLB%JmO Kr8s3 f
fitseo f OH Ok blgdXzqfj 2 v O, L WWjiClkdodasimis! ¢j dz
dL ) toj dz0 ZOBd ' ShYjted B dels O dzs dzO I tot
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La 8 xoB
Lp 9.3 B
Ly 10.8 k3B

Ka 17.3 k2B
Kp 19.6 x3B

—
T

Ka 12.6 xaB
Kp 14.1 ;oB

D®or/umn/2n

10 100 10 100
JHeprus, k3B JHeprus, k3B
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f ZOL " O S GG g & f zOL " Bq" J dag
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t AAR 2986035 ) yomlsd dLEyj dzdw W st
RZOdZsOctcj G Olsso gL MejtwnCtedlsdyj MSdn z
Wstodddtetso Odzedw Mlstelkz?2 dOdtsyOmisdy ftetso St
Al RA gsmdthmmBGm@Wq¢1q;@&@hmﬁﬁ@bao
ormhjicects tBtOLBosOddY t A. tJdzls-856ztsdMmEd.
JLBjtejdr M fodksh!s sBsttkzHtses Odedw, ftedt
t 1 A -75-80160.
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VERICVIVRE Y dsruvd GEANT4 [
fLrofrt Ll orvrRe sl pt RVl 3L [0
LrlrteoARrRR 1ot 1L IRRI iy RC
ltotso jHjdets ydmdzj dedetsy BtsH

Jd&zdtetse Odadd d + C MY j
dzj stesdzgse d SOBRBO dL dzzyj dedv  dzO szr]lsO 50 € j
Il sdzzyj des A tstetsh j J fMsc dzOMm Bi Y HE 1Sy j te
MsH j Zdteso Odzdz’ B o' "EHOB] JL o . lljts;
BzHENMNjets Sy Jted d3j dzls Od3tshy dzffigfisef' ! ¢ 3 COS s @® R
o jddujddj o' fitHBse JLoksfses g 140 CiOlsdsts,

X
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A. SKOBLIAKOV 1, A. KANTSYREV , O. N. ROSMEJ??
M.GYRDYMOV 3 M. M. G} NTHER? P. TAVANA 3 N.
ANDREEV*,

A.GOLUBEV!?
institute for Theoretical anBxperimental Physics named by A.l. Alikhanov of NRC
"Kurchatov Institute", Moscow

GS| Hel mholtzzentrum f¢r Schwerionenfors
Germany
3Goethe University, Frankfurt, Mawon-Laue Str. 1,60438Frankfurt am Main,
Germany
4 Joint Institute for High Temperatures, RAS)orskaya st.13, Bldg. 2, 125412
Moscow

APPLICATION OF GEANT4 TOOLKIT FOR MODELING
OF EXPERIMENTS ON LASER -DRIVEN NEUTRON A ND

GAMMA GENERATION
Numer i cal simulation of an experiment
gamma radiation at the PHELI X facility (I
Good agreement was obtained beswmehat édc
i sotope yields. An optimized scheme of t
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which can be used to reach by 300 factor
140 factor of higher neutron fl ux.
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Electrons > 7.5 MeV Photons > 7.5 MeV Neutrons
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Au Au
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----- e-> 7.5 MeV
—-=—- g>7.5MeV
o = neutrons

107 |1 ~~.

S

107

0Ty Aéu & 10 12 14 16
Distance, mm
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LASER SUPERLENSING IN THE OPAL -BASED GLOBULAR
PHOTONIC CRYSTAL

The paper deals with the laser superlensing at the photonic bandgap edges in the
opatlike globular photonic crystal. Theesultsare importantfor the cold (lase)
fusion
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[.V.FIRSOV, D.A. A. N. KOCHUEV ZOLOTOV, A.F. GALKIN,

A.S. CHERNIKOV.
Vladimir StateUniversity, Vladimir, Russia

RESEARCH OF ELECTRICAL CHARACTERISTICS OF
LASER EROSION TORCH IN LASER ABLATION

The character of the deflection of the laser erosion plume and ablated particles of
the irradiated target as a result of laser ablation in ttempoe of an electrostatic field
with a strength of 1.5*10v/m is investigated. Micrographs of the longitudinal profile
of the laser erosion plume were obtained depending on the position of the tilting high
voltage electrodes. Data are obtained on thaénite of the position of the electrodes
on the deviation of the scattering trajectories of ablated particles of the irradiated
material in accordance with the profile of the lines of force of the electrostatic field.
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P.N.Lebedev PhysicdhstituteRAS, Moscow, Russia

TERAHERTZ RADIATION AT THE INTERACTION OF S -
POLARIZED LASER PULSE WITH RAREFIED PLASMA

The terahertz wave packet emission theory is constructed whsipaarized
laser pulse is incident on a seimiinite plasma whose density is much lower than the
critical value. The angular, spectral and energy characteristics of a terahertz pulse are
studied as the function of the plasma density, the angle of incidence and the duration
of laser radiation. It is shown thitte energy of the terahertz signal has the maximum
value at the fall of the laser pulsegafzingangles, when the effect of total reflection
of the laser radiation from the plasma boundary takes.place

{ OMMdslstej 20 L OHOYO s te@® tzdpdztizes ® 1§ C
ZOL jedzsets R kd MO dz0 cwOddyk ©OL tej
fsdkkfesmstcOdhlsets [1]. 1 8S0LOds, ykt
L dz20ydlsj dz' dzts dzd oz M § Cedlsdud ME sEts L dz
slstcOy j dedj OL jtedesets dL dzzuj dedv §ted MS ts
yts ftcd fOHjddd HtsH Lkedzsd {sddseéts i
ZOL jtedetsets L dzeyd dzdv o  dzOL B dd3d 4 Is d3C
1 dzgjteedd o 1t Mdzzyo] ftesdmatsHdls I[Istsd
EtcOodzj dzd?2 [ OC Mo j dzdzO, Ekfptej Hdzj dedz’, 7 5
d ZtcOo dzj dzd W HodX J ddw H dzw 1 dzj Clstetso
ftsdzH j s lststcdzse s oL HJ2Mlsadw zOL | ftc da
osLBEYHjdd] bkjwtOejttyser s (uvqy) §tsdj?
vdrduimedy ~0tOCjtdmisdcd viy drdzzyj
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sdz Mih jflse jdedzes L Oodmdl tls zedO § OHj dzc
d Hoidls) & dsflsd &OLjtdses dL dzyj ddv.
My dCisted dL dzizyg ded v ftedmizlsmisezj Is my d
f &zOL d3j dzdzs? yOMmisslsr , jdzd H d]tsQ axizdiai®)ls -
f) sBOlds? § oL &) ddzts? YOMbstslsts2. 1t
@O f ZOL Bj dedzs?2  yOMstsils| § sy G dgisass d f
ficjo@jls §jtedtsH § &zOL d&3j dedzr 7 Ctsdzj B Odeq 2,
BOS Mg Bz &0 yYOMmstsist)- chePds@o qidsds j iz
oL jedesets ddfbd MO. uvfmlsOdtse dzj dats, ylst
BOCMIBERBO ddi3d ils dOdetSd "E¥ o j dzduddtz,
f 5 dzdztste @y jsdsd W zOL jedzsets L dzzyg ded W . R dzks
or yqdfdzj dz0 § sdzdzgOW | dzgjtecdV vy dL dzzuj o
BOC M BOd datsj L dzOyj dedj fGted § OHjdedd dzOL
bedesds § sdedescts Oy j dzd™ (todfm. 1) .
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Emdzseo d v o3 Mtse toj Bifddd@ Lrd3j dzdeOE | to j to
1 sdzkz yj dedzr | syjdSd MmMoeadHjlsjdz M
o' MsCtsddalsj demdode” = vy dd3flzd Mtse
duLdzzyjdedv fted MCHE&HjBZIYr €E5&OO i J
fsdzdesets tSlstcOy j dad W .
s dmMsS dzdlsj tOlskzter
1. FrolovA. A., PlasmaPhys Control. Fusion 2020,V. 62, P. 095002.
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LASER-INDUCED FORWARD TRANSFER (LIFT) FOR
ANTIBACTERIAL APPLICATION

A method of lasemnduced forward transfer of nanoparticles for antibacterial use
is considered. Variable laser beam energy and thickness of metal coat stsidy w
carried out and the optimal regime is revealed.

J Hdets 2 gL 90)dzi 2P dn ftosBdzj &8 di3jHdyd
Fojddydes O hzs fqw EmMss2 yde smis: BOCIsjtod
OdzsdB dtslsd € Oc3. Clsts sBi wWfdzv j Ismw dzj
EMmlsts2udotsmis: ¥ ¢ CdgjdgCAagfisias , d3 datfH @B MY s
BOCIsjted? Wstcdzdtotso Ols ! Bdt dzj dz€ d . dlstol
BOSCIjtedwds 9" YdoOls! o ftedmbkzlsmisedd Odzlsc
1000 ©OL BB hdnr, dzj q J dzd o f dzO dz€ Is ts dzdzt

J &ZOMmstswh d2 dsdzj dzls dL zyOdglsiw o3 ids i s alz
BfsStc! BT ig] Bt dzj dzC Oz . T O ffegedi V2O G Py dizclz?
dzOL jdojdats] cdtotso Odadz” 2 T et HietlsTROEC D BT J dzO € |
BOCIsjted?2 M fodish! s dOddsyoOmisdy mMjtjst
Is 5 dz§ ts5 2 fzOoMmMisdC so t52 fsHdY Cd [ig] dzoO d
BiGezdzd g MEdd3 Mmdzsjds o L " 90l 6jdzjteOy
oLOdABBH|2Msoadw dLdzkyjddwy M ojhjMmlse s
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fsf OHOsIs dgj  sMtej HMIse j dzgdes dz0@ Mlsj ¢ dzvv dzd
Bt dzj dzgC ts2. v OCt?2 Myt ftesMmls d + WW
Ajdz s ttOB BIsT W dzw j is izt ) J dladdisg jsdzd gsd Istfst
9" Wy dzj dzd LOodMmd diigtsmls d BOCIsjtedydH dzts ¢
B sOdkzdzd yj MS 2  dzj dz€ d, O OCyj BIs Ot
vOCYJ B 20 ftetsHj zOdzO tcOBBIO 5 0OdOd

B ssHOB] w¢f, HJdOB]d Y Ms sdseddnmy v dzd "

Becosoll % Arommmit®e
89.38 98.33
1068 167

tdm 1. u¢f odLEZOdL Oydw {ftsCtrilsdw dr f
f sdzd 3d tedzts 2 ff sSH dzis » IS  dztEAOds JS He(-BR)EE g0 6 ©;) o MisOo !

tejLiEzd O Crtuw, tOMftejHjdzjdedj Au, Cu,
] H O dzdzts 2d fridf@Bd= 19 jts 9 O dzfpw dzOdztsfj € &z dzH dzr 2
HTF MARK (1 2dzO1s) dZzO0 JddzOn Yb3+ ig] H C
fsdzkor Mslsj 120 dzfn , BOSC Md 3O dz! dzts 2 L dzj
Yyomsslsts? ftseoltstej dedvw ddsf zdzr Mtse HB 80
dzOdzs yOMmisd y z0 dB 0 Gls Odaf{dn’ d IS tctsB d & dzts
Mot &3 dedz" § BICsMESfduiMEd) &JIssHT
Bty dzj dets € .

sf dMs¢ ddls]j ttOlskztr
1. A. Nastulyavichus et all, Nanomaterials, 2020, 10(11), 2259
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dmMfsdz! LsoOdzgdj 3 btcOMMdiese C§ OWdsts.c dzgs ©® @3 ldas
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Ce: Nd: YAG. ltosH ] BBsdzgMmistedtctso Odz® L W W j Clisd o dat
&ZOSOysd Hdzw ftsdzdzgj ydgr = &zOL jtese Ce: Nd: YAG
flsjdydodz Mmisj tH@ayj ifls o jL i fCtAJFswtcOL S8 Ols j dzv Yo
ZzOL j teso Ce: Nd: YAG. 1 COL Odets, Mmtsdzdzj ydzr@ 2
5,3% 1 WWjCkdodesmisd ftcj sBtcOL s Odzad™ B dztsr
fsdzzyj dedzlzs + WW jClsdodetsfls: 2, 6 %.

A.A. SHERNIYOZOV, SH.D. PAYZIYEV, KH.F.
ZIKRILLAYEV , A.G. QAHHOROQYV, SHA. BEGIMKULOV,
A.G.ALIBOYEV, F.M. KAMOLIDDINOV , F. A. SHERMATOVA

Institute of lorplasma and laser technologies, Durmon yuli Street 33, 100125,
Tashkent, Uzbekistan

SIDE-PUMPED EFFICIENT CE:Nd:YAG SOLAR LASER IN
MULTI -PASS SCHEME

Abstract. A simulation model for a recently realized gidenped Ce:Nd:YAG
solar laser is developed using Moi@arlo photon tracing method. Based on the
simulation model, we studied possible techniques for increasing fovpemer
conversion efficiency of Ce:Nd:YAG solar laser. Effectiveness of mpaltis pumping
scheme for Ce:Nd:YAG solar lasers is demonstrated. In addition, we studied the
potential of Cr:LiCAF rod as a color converter for Ce:Nd:YAG solar lasers. It is
shown that @:Nd:YAG solar laser can achieve 5.3 % potegepower conversion
efficiency improving recently obtained 2.6% efficiency.

The main obstacle on the path forward in the field of solar lasers is low
powerto-power conversion efficiency. Recent advancesaiar lasers [1,
2] showed that doubly doped laser mediums such as Cr:Nd:YAG or
Ce:Nd:YAG can significantly improve pow#o-power conversion
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efficiency. Therefore, here we studied Ce:Nd:YAG solar lasers with the aim
of further increase in conversion efficnby applying two methods: multi
pass pumping scheme and using a color convéfteradequate assessment
of multi-pass pumping scheme efficiency, we initially modeled a simple
pumping scheme used in the latest experimental study [2] on Ce:Nd:YAG,
where gcondary concentrator consists of the fused silica semispherical lens
and 2D trapezoidahaped cavity. After validating the simulation model, we
studied possible techniques for increasing petegrower conversion
efficiency of Ce:Nd:YAG solar lasers. Wgj parameters given in the study,
we modeled Ce:Nd:YAG soldaser on multipass scheme. (Fig. 1). The
retro-reflector is used to redirect photons toward the lasing medium. In the
Fig. 1a trajectories of four sampled solar photons are presented. The multi
pass pumping cavity significantly increases

a)

Homogenizator
A

Solar rays \

LU A

Pabant ce b) c) Cr:LiCAF—__
.
Retro-reflector

Fig. 1. General view of secondary concentrator
absorption probability of photons. Then we introduced a Cr:LICAF rod in
close proximity to the laser medium, as in Fig. 1c. Size of the converter was
the same sthe lasing medium: 5 mm diameter35
and 40 mm length. Under the similar conditior
used in [2], using a simulation Model, & ' s pmpswmmoncrior —
absorption efficiency of 16.5% was determinez® A -
achieving 32 W laser output doubling thi® \

Double pass pumping scheme

experimentally obtained result with doublesysag15 -
pumping cavity. Graphic shows that applyinin
multi-pass pumping scheme can increase = s e

powerto-power conversion efficiency from
experimentally obtained 2.3% [2] to 4.4%. | " ™ rifbing sifarpowertw

addition, the use of Cr:LiCAF rod as color converter can further inctb#se
efficiency up to 5.3%.

Laser rod

X:600
Y:3201

500 600
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V.A. SHKURATOVA, G.K. KOSTUYK, A.A. PETROV,

A.A. SAMOKHVALQOV
ITMO University, SainPetersburg, Russia

PHASE MASKS FROM BIREFRINGENT CRYSTAL PLATES
FOR LASER BEAM SHAPING IN THE IMAGE PLANE

In this work, a theoretical and experimental background of a method for shaping
intensity distribution of Gaussian linearly polarized beams to various configurations
in the image plane is presented. The proposed method is bagssthg phase masks
made on plates from a birefringent crystal.

10 MjetsHd"hdzd?2 Hjde BjIlstsHT Isq,;tclsOdzd
teOL H j dzv s dzO Hoj shdetso dzr | Ctokzif fr : W
WisC Odzt dzts 2 f s ®misd zg M smMgdd d( B Oy
Mso jh jdader 7 1 f dzsMCtsfls! ¥ dzOL jtedats? tsBte
Btsdz " jj o dzd d30 dzd J EHjdv,jlsmw dmimdzj Hs¢
ftoeddzj dzgj dedj dBjlstsHBe oltstes? ctkzfdfr . [ j
tcd Odzq’L e lsmw ) § ted d3j def dzdfiycdy ity tshiplcis® dzfif)e
d i sflduyjmMitets ftespY Clstster A
L n ldgjteedd d Hdzdlsj dz' desflsd d a3t L
j HdZOGOj d3 BBdZj J ftesmists2 9 e O
L fzys o, Colstsigr D Is sl vzl iy o lasiip ff
L mMw d20 fteddsjdzj dzdd WOLBoar 7 BOT
Fdzzuyj ftoj sdzdzw ¢ e fRAZO Y de® M Is dde@ ™ Is O dzdzd y 4 T
teOdzdzj dz! dzes?2 ff so indedes Mls d At dzOfrddepddz" ( Mt
r'lste©o dzj dzdz" j sB d&zOMisd, Moclse BIstigge z&
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zO0 90A. lted EfMOdtsoCj AM &jxHE dzd dzj

OLd Bzl ftosfzMS Oddw, Gtdj dsdtss Odzdz d
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dLsBKOY J§ dzad v .

7 dLetslsdpifirpd s Ogzd A f Istejn S lsdyd M
( odfy.. r dzw dLcectslsse dzj dgd W A BN dzO ]
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METHOD OF LASER ABLATION IN A MEDIUM OF
SUPERCRITICAL CARBON DIOXIDE TO OBTAIN
BIMETALLIC AU / AG NANOPARTICLES

A method of laser ablation of a composite gsilder target in a supercritical
carbon dioxide medium for the synthesis of bimetallic ggbder nanoparticles of
various types is coidered. A simple model is proposed to explain the results
obtained.

ltciHMIsOo dzj dz 4§ SHRA BH C tej OdzdL Oydd f
ZOdzs yOmisdy Au/ Ag BIlssHtsdB JifEzd fdes?2
MemMlsswh j2 dL Heka § &ZzOMisddz LtsdzslsO d My
HfsSECMdHO Ekcdzj tesH O. 1 85COL Odets, Yylsts HOQG
CWHBAR §djL d n f dzOL d3ts dzdz" - d -2].¢€ Ols Odzc

ltejHdzsy Jdadgr 2 € MddesjL 2 OS¢ dms yomlsdy
CL J dzj dets 2 nddidde, fted et tjOddL Oyd
Citd) st uiMddzteOoydd ©LOMYsdsyjedy Bdh,
dmMstsyded ¢ 0 dzOL Jtodesets duL dzeyd dedvw . 1 f J toe
cOMf sdztsy j dz2O 9 jtelsdC Odz! des dz©O BBCtsots2
HOo dzj dzd v d OB dzw ydw dd Colf sdzj dzlstso
dzi f sHodY dz' d©3 e BUads Bdzmdzdzd L € 52 yYOMmbsts
zoL jtedzr = dBf 2z Mse (50 1 y) . Il 5 ottt
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V.M. YAMSHCHIKOV
Institute of lasers and physical investigations, RFXIEF, Sarov, Russia

INFLUENCE OF SPONTANEOUS RADIATION IN CYLINDRICAL
GEOMETRY ON ENERGY LEVELS KINETICS AND TRANSFER
OF PUMPING RADIATION

The algorithm for investigation kinetics of energy levels population taking into
account transfer of spontaneous radiation in cylindrical geometry is described. On the
example of the environment consisting of sodium and heditoms, the analysis of
transfer radiations and higgpeed equations is carried out. Influence of spontaneous
radiation on energy levels kinetics and transfer of pumping radiation is shown.
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InstituteofPhot oni ¢ Technol ogies FSRC fiCrystal
108840, Troitsk, Russia.

3The National University of Science and Technology MISIS, Leninski Prospect 6,
119049, Moscow, Russia.

DIAGNOSTICS OF PLASMA AND SHOCK -WAVE EFFECTS
UNDER EXTREME IN -TERACTION OF FOCUSED
FEMTOSECOND LASER RADIATION WITH THE BULK OF
THE MEDIUM

The experimental optoacoustic method aimed to measure the spatial distribution
of the plasma electron density (ejrand energy deposition density (kJ&mnder
local generation of the lasénduced plasma is developed. The impact of the daser
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induced shock wave on the surface of the silicon (Si) sample is studied. The conditions
required for the excitation of the phase transition on the silicon sample surface under
shock wave impact is determined.
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D.S. LUTOSHINA, A.A. MOROZOVA, V.V. ROMANOV,

G.V. ODINTSOVA
ITMO University, Saint Petersburg, Russia

PROPERTIES OF SILVER NANOPARTICLES FORMED BY
DIRECT
LASER ABLATION WITH NANOSECOND PULSES

In this paper, we consider the method of coloring surfaces made of silver due to
plasmon effects in lasénduced nanoparticles formed with nanosecond pulse
duration. Methods for controlling the colorimetpimperties of a surface by modeling
the reflection spectra of a silver surface are also discussed. The simulation allows
analyzing the plasmonic properties of nanoparticles synthesized by laser ablation,
depending on the size of the nanoparticles, theiceotration, and volume.
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A.S.BELOV, K.L. GUBSKIY, A.P. KUZNETSOV.
National Research Nuear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

DESIGN OF HETERODYNE INTERFEROMETER TO
LINEAR PLASMA DENSITY MEASUMENTS ON
AMEPHISTO TOKAMAK

Electron density is one of the fundamental parameters used to control the
operating of tokamaks. Théncorporation of probes into a lodiyed high
temperature plasma is impossible; therefore, remote optical methods are used to
measure the electrondensit A het erodyne interferometer
will be used to measure the electron density of the plasma at the small spherical
tokamak "MEPhIST".

1 sfdzj LOfEMC O 9 tcOBtSYd B3 toj y ddij,
syYdHOs MW fdzj HEs M dj f @is@dgPk tcf dAd dz@as 'ls
0 gk MCtesMmis! dzOtc O MlsQd@ W5 fdglirs Is datstdiy Iscgfv
f zOL 3" 3ffEt], 306tej B tMydddy yd?2 o §dzOL &j I

[ dzw dmimdzji Hise Odzd W H Qui@iztdc?0 B tf I82@dz d3rd  Bift
CGilsjtesHddzdz" 2 ddzlsj oW jtosdgiIste M Hdzd dzs?2 ¢
ftced Hdzddzi HJOcGdzsfisdyj ME 2 =7 difeR r ,H Off tdsh ks
WOLtseor 2 MHade ~0, 12 twOH Mg  @ffls § kztzls
fpdsd " § dzd § ) ddzls § oW d ae@®pRg figtej O Wivf it § fuls
BSHEZEYIsstetsds, Mdijh 0 M d& dJf dzzuj dedfs dzCa@
tej ¢ dMmlstcCiHgTlel fisls sH d tSH s d3, tcOBtslsOs h gz 1 te
sj B j tOskzteOR .
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O fitoasdy L IsOfj H dzw sBtOBBISECd cEjls
ftsdz L s Ols! Mw fa J ROf Hffifarjdgt h § 9 d Syafsiotd
OB tSIsC 52 . vOCB2 ftsHAtH BBIMY Jjuyude Ok
LtejNidedj, uybsts ItejBlzjlsmMw Hdv ltcOB |
dz dzj 20§ d3, H dzW OolstsdzOIsdL Oydd L C M
OHteOlskztcdz 2 OOz e tso ' 2ts o DAt Id3g tsdzd Is [
dzz yOls H Odzdz" | tsB Lodzy € Is te ts dzdats 2 f dzts Is
JBJdd d dMfitsd LtsoaOls! dr o HJilsdzi 5B
¢ L Ists tej Odzd L 59 Odzts dz0 Btsdz h d dzmlse j
OL i3d dzdz’ =~ R MisOdztse €

Ofmyy Is dzOw Istsydztsmls ! dgdzls j oW J etsd3j Istc ©
sldesflsd f dzOL d3r 9 w©OLwOB Big@detzg?2 M-
J Bj dedzs 3 OL 6" jddd d3jdzjj 10 dzfp.

sf dMmMtsS dzdlsj teOlskzter
1. KurnaevV .A. etal. The Project of MEPhIST Tokamak // Physics of Atomic Nuclei,

O FENOIHINI §FH
FR~ROEFC00® I~

2019. Vol . 8i2331.- 10. P. 1329
2. Kornejew P. et al. Design of multichannel laser interferometry forX\V7Review
of Scientific |nstlOR128ents, Vol . 77, -~ 10. P
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Tt fuvfrv1oc torrRJLT OARC JIURY[ &SI
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trrrtovftfl ToLrrRuLV St HsRFfEHSOC
trof RYOARC R JuwJarr v JfeurR [at 1]
Cswl [ tRI[1UO[ 21 3IM 111 3IM
J OB sls ttOfMdzOlstcd o O] (
foslstddts? ©wOHdSEwEOWdd HAdY HJOGdshisdSd o

MsLH O Oj &3 = fteod tsB dziz fig I w2 ¢ Is dsdf deds® l©O«dzeatz’»
BN jdzj 2 Bsh dz B dzOL jtedy B d B kzd MHOR].
st j dedetsMyls d OdzOdzdL © + €Y jted d3d dzls Odz! dz' n H
fsHAatsHT € dm BKBOBISE .

N.D. BUKHARSKII?, IU.V. KOCHETKOV?,

PHA. KORNEEW?
1 National Research Nuclear University MERMoscow Engineering Physics
Institute), Moscow, Russia
2P.N. Lebedev Physical Institute, Moscow, Russia

sfpw L Cyjted d3j dals
W 1
Lo

PROTON RADIOGRAPHY OF OPTICAL MAGNETIC FIELD
GENERATORS: PRACTICAL IMPLEMENTATION AND
EXPERIMENTAL DATA PROCESSING SPECIFICS

This work considers experimental implementation of proton
radiography for diagnostics of electromagnetic fields, induced in miniature
structured targets under the action of intense laser pulses. Main data
processing specifics and prospective methods of analysiisatessed.

g45L HOdMz] | dmssydzed € 59 fmMd dz2 dz" - CoOL
BOG ded Is dz' = f sdzj 2 ftcjHMsOoadzw jIs BESdz M52
otsL By desfls: ¥ drn dMfsdz! L tso OdegdWw Hdzw tej b
L OH Oy, O ted dzj o6 Qo dzj dzdw f tslstsC O]
LOtwy j dzgdzr ° yOMmlsd O dis@aid uij sadss@ dzd i dzOw o'
ftsLotsdwe h j2 BtsH j dzd tets o Ols tGOLdZdudZ’ '
ftesy MM o &OBBEKOIStsStedzr = bkMdseo dw A . te d
stejBlzjls, Yylstser dmistsydzd ¢ d306dzdlsdzisdts t
CesBf OCIsdzr @3 d ®BeiMfJjydeaOdz G dzaj tOyds
dej MEsdzr C5. MEbJdg itk Bso Odegdw d&3 o § tsdzdzj
PHtsodzj Iso sted Is sfilsduyd MSdJ GJ dzj tOIsBt6"
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sfdzse ] MlskSlsktedieso Odedz’ 7 &M j dzj 2, dzO4
ckddls¢oe [1, 2].

] w©OBGlk] OMMEslkie] kO MojkO tj OddL
COHdBEEOW dd Hdv Jhid fite Odgd™ j dzbd ~ d |
o (dCtsMmjChdrdisds wjydadsj oLHj2Msadw.

Lsdzi qtel j Isw HgOc dasfisduj MS dds fesls s
Cdzj CliicsBOE dzdlsdzr § §tsdw ggh j dod sl € dzts d
fjttotsdzOYOd d&F 7 kw©OjClsted?2, o tojL kzd

btk j sy Mdsy dzOW ts jipEshdipls sozidA), Is i@ ts lsats te
9dHj Ho Zd3j toder = dL B Oy j ded 2 fted it
COHdBRtesdgde' » fdzj detsC . 1 dzv o sffilsOdeso dzj
dzj sBosSH] RS tjhdls! IstejRdjodz ©BcOIlsdzl

f)H j d&zOls ! LIsts dzOftew dBlzs dzj ftej HinlsOo dzv
Cdzj ClstetsBOG ded Isdz" j e fsydyasih Hdj daksj¢ ldstip O
ftotsB dz' n yomisduy, shdeso Odzdets G s dzO ud

ttOHdB G teOBRNB fiy dimf sdz’ L s9 Oded j O tc OL dzd 1
tcOMY toj HJ dzj dzd 2 B3O G dzd s dzts G 5 d 1 dzj CSIsted
dlsjtcOlsdodets ftsHBJOj B3 &3 § OtcOd3j Istc ©dzd .
[ dzw fsHBBtO Cti WWdydd dzstse BBHj dzd dgr
BsHls Brils! dmftsd L soOdets dzf MEtsdz S8 Bd Ists
sBfMEyHOjIsMY Ho O o -wzOREipdztsse jf tfrHc-CoHAE dzd v
SlsH | dz dz" ~ GBI Istedyd Medn fOtcOd3j Istets o
fioslsddztsds fzysd MmMbtckClsbkztsr d Ctstetej dzw y
sMdetseo j dzd QtesMmi Isjlo.r nf omgdstdgtdsidztso o idzts o ©
sMmMtse j dzgdesisd 1 Isdr d&jlssHtse d o C0Oyj Mmlse
tcjLEzdz sOIst sBteOBsSIsC d COYHT & gL dzc
fsdzzyjdedzr = © =oSBH| {SMfjtdd3j delsO dzO
C s B dAGHEIjo GSl, R dEh sOH Is.

s MBS ddlsjttOlskzter
1. Korneevulhh. redodoH and Tikhonchuk V. /1 Phy
P.043107.
2. Law K.F.F.et al.// Phys.Rev. E. 2020. Vol. 102. Iss. 3. P. 033202.

3. Chen N.F.Yet al.// Phys.Rev. E. 2017. Vol. 95. Iss. 4. ®43305.
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srtffuvlitfyrvriRre

| ©ORCOR ftesojH,j ddzs? OB BT kO st
BsHjd fsyjMnO &OL jeds?2 L OSodiehmsl fES sk
Multiphysics iy tjtsdd34 dzj dzdf § d3 twOL dzd ydz" » Isj m dzsdzs 6 d Y
ltetso j HJ dz 1Ot jtod d3d dzls ' ts ez j didasstdte | Gts i jodkd €
pjted¥dSOyYdqd. RIGCBO OV BSHjd BF &O fEso s,
bjtessBEOBBISCH. (jLbd O §8COLT 908 ls, 1
sfdmre0jls 1 SMfjtedd) dsOdz dats  sczlzyy dzdzr §
tej > ddBOR ©BcO@HIBY dz! BizsE sL dgf dzOo dzj dzed W § 59 j tor

V.D. VORONOVW,, E.D. ISHKINYAEVY? E.V. KHRIPTOVICH?, V.N.
PETROVSKIY
1 National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2Scientific and Technical Association "IFBBlyus" LLC, Fryazino, Russia

MODELING OF LASER THERMAL HARDENING PROCESS

In the current work a theoretical computer model of laser thermal hardening
process of higitarbon steel under various processing modes was built in the Comsol
Multiphysics environment. Experiments were carried out to correct the resulting
model and verify it. The final model was tested over a wide range of processing
modes. The results show that the model describes with high accuracy the
experimentally obtained data for eilestigated processing modes without significant
surface melting.

Il dzj HiMseadj Mkh jMlsotseo OdedYy BEletsdidescts
Mots2Miso O3 BOILjtedOdzse d ~ROOCIjttO dna
dL oziz yj dzd § o3, Yyd dzj MstsB te OL dzts ftci Ho Ota( I
cjLzd BO®OEOBISSd, dmMisd kv ojtedW dyc
fsHARBBH oLotsdvwjls ftsHBBKOIS! fSHARBHWH (
f OOl steso, dzgj sBrtsHdA = HA&v § sdkzyj dd
syjddls! cedzzeddzz (vl M dBBdded 3ZOdz! dz' i3 € 50
H Odzdz" = .

Il HOdzdzts?2 t©OBBIsj o OgresplMyltiphysist |z tals o O d;
tej hjdedw stey - d3j tedz" - dzj MisOyd sdzOtedz’ ~
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sjf dzsf tetso sH desfls d ttOMMmydlsr o Odzd ¢ |
JdzH zydtctse Odedz | zOL j tedz" o3 dL d&zz uj dzd § o3
Isj B j Okt o teBtpdgs fopjdEplstd, ¢ j sk |
f OO st B EOMISd LOSOESd 5 dLtslksj ttdj
stsySCad dfisdz s zOo dzj dedw 4 ts dLiSlSth&d?,J fn |
sydlsojilsmw, Yylsts mMetstosmls! S5A d&ZOY H J dedVw
ftcjorhOjls L GuwHdEdR ,j djdty ftojotOh jddw
@BOwIs j dzmdls. J teOB tsls BsH | dzd o ts 9 O dzfip
or MsCskedzj tesH dMmists? fMlsOdzd &BOteSd 9mu,
ddeistclz d3j dzls Odz! dets2 ,  tf edfr htelf) dztlzfsinds’' s d3ts h
HdOd3J IsteOr dzO L} e dais 5 sz cif! WidsQig®le] deGPldrfupg JISIES ts
BsHjdd ftdzyj dz0 "deddd d cdksddkd L td
ZOL jedese s L dzzyj ded™w dzO BB OB OIS 98 O Bz ¥
fsMistetsj dedj ctcOW FOEDCIs] dtfld EOSsm CHR  dzO
sSBtcOL YyoO.
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tdm. 1. uvuj &y tedszjtedets jf SeCdetijH jfdgd B OB TS

zlz y s d3.

10 EkfmsOdtse ¢j, tMdOh | ddets?2 o' fsC sdBsh
Bsh dsfils! 8 Hts 10 Clls, Bfdd fteso jHjdgr !
fsmistcts | dadats 2 CliRY ! v Is] todets 2 BB Hj dzd .
sjtstejlsduimcda d Hile®d dzsh d dz@Ru] detkBj &3
sj B jeOlkzte, ftdzyjdd » M §tddjdidd]:
TOEOCkjtedy B sYSOR &0 ftojthdtshisd RBC
MtcOo dzj dzd™ BT dzd ©OL d3j 67 5B &ZOMIsd L OC Ok
BOCtesh dzd¥% OF ) f cd3she @hnoeylsalyj NS se s dq ¢

[ dzw ssydzssé s t©0OMYUJlsO® ddzHEZydtese Odzdz
BjsBAsHd®BE L dOk: WYdLduimSdj Mets2Mmise O
lsj &3 j ©Olkter d kydlk' o Ols! ofj fsyy
fesdmMRsHYh dR o fMtekSkkiej. uvO¢ COC
Eujmisjrn o shse j dedetsfls j 2 fesyj MmO Bt
Bj sBRtsH]®BsMS: CstejCldesoCd Mot ise
f sMmistetsj dadzts 2 B Hj dzd dzO sMhdets o § fjto
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s f{trovrYy[dgsdc R Gsal ([ RI[1VUO] 21 0C
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Tfrdsdvvd4d Jorctd

liesdLojHjdzO Isistejlsdyd M oOw sy 2¢O oMy
fsLotsdw jls ttejHjddls! tOL &Gt |) sdf clogksdddz.
dMmf Otcj dedv ROl jteddzO o CtiftsL lsdsd fsdddkj tsd
oL H]j2Mlsadd dzgjftejter odzgse s dzOL jtedesets oL dziz
[YjdzC 0 fesdLoHdkOM! Hklsjdk tejh jddy EtkOs dz
&ZOL jtodzs B dzOctcPlsj . B dztej f Bdzzr 5] dz7 @ O&zOdzd s d y
CoBf! “IsjtedOv dkd sdWdLdujmsow mddzdyydw
flsj Cdzsf ZOMsdSj, O OCYj ftesojHjdO da 1§t

A.S. SHCHEKIN'? D.R. GASHIGULLIN?, SA. GLASYRINAL,

A.A. GAVRIKOV?, V.N. PETROVSKUI, A.A. ORESHKIN
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
NTO¢ | PBbl usé, Fryazino, Russia

THEORETICAL AND EXPERIMENTAL ESTIMATION OF
THE HEAT AFFECTED ZONE IN CUTTING GLASS FIBER
REINFORCED PLASTIC WITH CW FIBER LASER

The heat propagation has been theoretically estimated, making it possible to
determine the size of the heat affected zone (HAZ) the depth of material
evaporation in glass fiber reinforced plastic (GFRP) under the influence-lafsew
radiation with a wavelength of 1.06 Om.
Fourier's law of heat conduction under laser heating. As a rdsitinalytical model
of heat propagation and multiphysics simulation obtained was proven by the
experiment.

ulsj C dzts de@fyflsid SHsdzd 3j edzsets CHBf L dyds
GHj Obddlzshdd ojhjflsotsd wodv,jlhw MM
dMfsd L so Oded s g lisjdfisvdaRdzets € dzOud s § dz dats

By nOddud MSdy MosAIMla O dLHjdd2 dL MmMisg S
By nOded ud MSdr Moats2MmMlse dqLHuHjdzdw dL MmMlsy ¢o
9 ®BOh dqdzsMmistetsj dedd, Mbstetsdlsj dzr Mlsej d o f
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RELO dzj sH dzceiBlfi etkhtZfsd CtsBftsL Jdlsdz -~ d3
dL slstetstf datsfyls d dn mMots2 Mo fMeh jmMsolzs Is
M j Cizsf zOMIsdC O. 1 ted dMmiitsdy Lso Odadd Iste
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B3d - Oded yd ME BE B Ctsdzls Qs O f tfiyf L4 Csclstis s Gis 2
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BilstsHse to]j dzZscj dzsW OL sotsets OdzOdzdL O, teOBROdzts
Ldzj Slstetsdgdets? B S tesMS s dd, O I8OLxQje dHnd dizds it t
9 J dzd ud dz dZO 306 ded Y J dedetslsd tsls o j dzd yd dz’ f to
UE OL Odadz | B SHT f 8¢ 0L Odzd , Ylsts Mmddzlsj L d
O yomisdyr StedmlsOdzizd yj MSsets Ctoj dgdedw d
¥OoLr f woOLdBjtodd o disHbwdols [OFRHsUdasyg dz
fsHlseo jtcHddzd ftedfmkzlsMmlsodj W jtetosdizOc dedlIlsdats?2 W
f sdzz yj dedz" | deOdetsyOMmlsdyr fjtemtfjCisdeder Hddzv ¢

R.R. KOKOEV, YU.V. KARGINA, G.V. TIKHONOVSKIY, A.YU.
KHARIN, A.A. POPOV, M.V. SHESTAKQOV, V. YU.
TIMOSHENKO

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

METHODICAL ERRORS CAUSED BY SUPERPOSITIONOF
ELECTRICAL AND OPTICAL SIGNALS IN A
HETERODYNE LASER INTERFEROMETER

In this work, iron doped silicon nanoparticles were synthesized using the method
of femtosecond laser ablation in water and acetone. The resultant colloidal solutions
were investigated by means of the methods @AY Diffraction analysis, Raman
microscopy scanning electron microscopy and magnetic measurements. The
indicated methods show the synthesized samples contain crystalline silicon
nanoparticles and some nanoparticles of amorphous phase with sizes of several tens
of nanometers. Magnetic measuremertgefirmed the presence of a ferromagnetic
phase in the samples. We think the obtained nanoparticles are promising for use in
biomedicine.

s tsdzdzts d H dz" § Ctojdsded j 7 § dZzOdzs yoOmisd yr
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o fsdgsh dsddL Oydd fiedfse el dasfls dz
MW sCkmdtse Odzdz &5 B cCd B toj dalscj dzsomMCdads i
Ldzi € Istets dzO &3 d fwedhinhddd dtL G dfizp ST IEftE" fdz
fsoj el dsmisdscts MdsY oL ddyd' & Mt Hddg dad 2 .

O.B. ANANIN, R.S. RAMAKOTIY, A.P. MELEKHOV?, V.V.

KRAVCHENKO?, I.A. GERASIMOV?Y, G.S. BOGDANOW!
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ON THE POSSIBILITY OF USING SOFT X -RAY LASER
PLASMA RADIATION FOR STUDYING THE
COMPOSITION OF ORGANIC COMPOUNDS

The mass spectrd the surface layer of various compounds were obtained by
ionizing the neasurface layer of a substance by focused seftyradiation from a
laser plasma and electrons coming from deep layers.

s O¢ dL e j Mmisdats, [1R zOL j todats 2 f dzOL
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K.S. LUKYANOV , K.L. GUBSKIY, L.Y. TISHCHENKO
National ResearciNuclearUniversityMEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

DEVELOPMENT OF THE PLASMA ELECTRON DENSITY
MEASUREMENT SYSTEM ON QSPA-T

A system formeasuring the electron density of a plasma based on a fiber
heterodyne interferometer is presented and the first results of experiments are
presented. The influence of vibrations and electromagnetic field on the measurement
result is investigated. The ldvaf noise generated by higloltage pulsed sources is
estimated.

Il sLtcOMmMsOs hd?2 ddasjteim ¢ dmmdzj Hise Odzd
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CemMBd U MEdd3 Isj &zOK.

RMY sdz' L tso9 Odzd j Cdzommdud MSdn Is j tod3ts
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1L dzj Clstetstej OCIsdoader i t©OC jIsde" 7 HoadcEOlsj dzj :
s OCts@BE ik EMsOdtses sl tlsdtsdlsmw {§ dz
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dimimdzi Hise Odzd | BOMMBe 56 tcOfMmntsH O tc C

dzj sBrsH B &3 1 sOf Odsd o wWOLtOBBISE | 1§ dzl
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A.S. SHCHEKIN!? SA. GLASYRINA?L A.A. GAVRIKOV? V.N.

PETROVSKIJ, A.A. ORESHKIN

INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
°NTO IREPolus, Fryazino, Russia

PULSED LASER MODIFICATION OF AL203 CERAMICS
TO CONTROLLING THE SURFACEWETTABILITY

Different strategies for the fabrication of microstructures on the surface®©f Al
ceramics by nanosecond pulsed laser are theoretically evaluated. The basis wettability
models were the Wenzel and CasBaxter. The dependences of the value of the
wettability angle on the laser radiation parameters were construction.

stsdzls tetsdzd to s 9 @ dz@ § 3@ ftso jtendetsmisd d

ftod d3zj dzj dzd | ) tcOL dzd ydz' = mMtse toj d3j dadz" n
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ltesdLojHjd&zO bittejlsdyjmMsiow yjdto woOMnmf
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oL H]j2Mlsadd dzgjftejter odzgse s dzOL jtedesets oL dziz
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ZOL jtodzsds d&zOctjoj. | tjLbkd O] B' dd {§isc
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sy Cdzsf dzOMIsdCyj, O LOCYJ HwetsojHjdzO da 1 €Mt
A.S. SHCHEKIN*? D.R. GASHIGULLIN?, SA. GLASYRINAZ,
A.A. GAVRIKOV?, V.N. PETROVSKUI, A.A. ORESHKIN
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
NTO¢ | PBbl usé, Fryazino, Russia

THEORETICAL AND EXPERIMENTAL ESTIMATION OF
THE HEAT AFFECTED ZONE IN CUTTING GLASS FIBER
REINFORCED PLASTIC WITH CW FIBER LASER

The heat propagation has been theoretically estimated, making it possible to
determine the size of the heat affected zone (HAZ) the depth of material
evaporation in glass fiber reinforced plastic (GFRP) under the influence-lafsew
radiation with a wavelength of 1.06 Om.
Fourier's law of heat conduction under laser heating. As a rdsitinalytical model

of heat propagation and multiphysics simulation obtained was proven by the
experiment.
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C. 1. MAfewgufdy [
AL dSjth ded uyj MSd2 ddemisdlskzls ¢1 touL v Oh ¢
I 1Ty ff{r1f8uvRrR L1 (tOARR RIJU[?H,
sy ?2Arl3m JlYuoRrRY[HdsSRM [ J1LOU T
RL EZyJ dz Zmdztse d W Gjdaj 6OYdd sfkdujmSdn

CjL5ROEEOS M CjtessmCs? daj dzd dajstamElils ' & .
HddZzOBd Ui Medr MdMmisj B ftese jHjd OdOddL Mmikhj
EtcOodzj dzd W [ [jH G @BOs | O2Hjdd GfosWddkd d §Ot

fts dzd Is s dzs o .

E.N. TSOY, L. A. SUYUNOV
PhysicatTechnical Institute of Uzbek Acad. Sci., TashKdrbekistan

ON A POSSIBILITY OF PULSE GENERATION
IN RING OPTICAL CAVITIES

Conditions for generation of optical solitons in ring cavities with Kerr nonlinearity
are analyzed. By means of methods of the theory of dynamical system, an existence
of stationary solutions of the Lugiatefever equation is analyzed. Profilasd
parametersf stationarysolitonsarefound
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Efmlsts?2 ydo tsfls: dBfzd Mo ftotso j toj dzf fi
BsHj dzdtctseo OdedW dMrtsHdsets kZteOo dzj dadw (1)

o d igts[ds j e Olskzter
1. Nonlinear Optical Cavity Dynamics: From Microresonators to Fiber Lasers, Grelu P.
(Ed.), (Wiley-VCH, 2016).
2. Lugiato, L. A. et al, PhilTrans. Royal Soc. A2018,V.376, 0113.
3.10Bddzsadmwy. , veeeg ySbo jrujdedd o Isjtsteds Ctsdzis
2000).
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A.V.PLATONQV, V.N. PETROVSKIY, O.M. ORESHKIN
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

INVESTIGATION OF THERMAL EXPANSION INFLUENCE
ACCURACY OF THE STRUCTURING BY REMELTING
PROCESS

The influence of temperature expansion on the creatiopeabdic surface
structures of the Tig\l-4V alloy by laser remelting has been studied. A significant
influence of thermal expansion on the quality of processing in laser processes has been
shown. Theoretical estimation and experimental results has beduaoted.

I fesyj g Os g Ydej to dz@l §i3te dpl dglz yj ded § o3
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sj B j cOskztcdz &3 wwOMftcjHjdzj ded j A3 o dzzlsted
dzj SHegtizlcty Isj f dzsor d3 teOMh dtej dad § 3.

RMMdzi Hise Odzd § 9 dzd W dzd § sjf zseotsets 0O
MstekzC sk s, fisL H Odzdz’ = BissHBdE fMistekzC Ist
(WaveShape [ 1, 2] ftetse sH d dzts z0 f dzsm¢ d -
HJOMJ Istetsds 60 dids d Istsdzh ddes?2 10 BBc3.

[ dzw tsyj dedafil v o iz B3 j cOsktcdzsets twWOMh dte
ftesosHddzOM! dzO tBtLOL Y4y SCtd@3dzOlsdzts?2 Isj d3
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400Aa .
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| RB 4600 dedas) dz@©O2 j htedBdL® sHMlso O % Jtod3r ¢
1 sdz¢ me. JBtcOBSISCO ftotsdL o sHd RBY'sd®. Mt
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[ dzv Helkr MbkzSlEkts, ML HOdzdzr = d2O 5B
sj 3 J eOlskzter X 4  tdtc syl , ftej Ho Otcd s j dz
Isj &3 j O Ads,” MR j dedd MistekzClskzte lsdatsd
MsmMsOodzv jls 242,5 &BCd3 (tedim. 1).
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By @OMMUdsOls: , COCOY MistekzCkkztt® ©BEOL |
COMyujl ftddjddd HE' CttkjSldtesesd MM
gL &z yj v o fttsyjmmj MbtekzSkkzttdets Odz
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ftotsj § IsE8-120069
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1. Temmler, A.; Comiotto, M.; Ross, I.; Kuepper, M.; Liu, D. M.; Poprawe, R. (2019):
Surface structuring by laser remelting of 1.2379 (D2) for cold Forgios tin automotive
applicationsin Journal of Laser Applications 31 (2), p.22017. DOI: 10.2351/1.5070077.

2. Temmler, A., Liu, D., Drinck, S., Luo, J., & Poprawe, R. (2019). Experimental
investigation on a new hybrid laser process for surface Structuringapgr pressure on
Ti6AI4V. Journal of Materials Processing Technology, 116450.
D0i:10.1016/j.jmatprotec.2019.116450
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A.A. GARMATINAY, A.G. SHUBNYP, V.E. ASADCHIKOV?,
A.D. NUZDIN?, A.l. BARANOV? D.V. MYASNIKOV 3,
N.V. MINAEV?, V.M. GORDIENKCG**

INRC ¢Kurchatov Instituteé, Mos

°FSRC "Crystallography and Photonics" RAS, Moscow, Russia;
SNTOIRE-Polus, Fryazino, Moscow region, Russia;

4Moscow State University M.V. Lomonosov, Faculty of Physics, Moscow,
Russia;
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GENERATION OF X -RAY UNDER INTERACTION OF
FEMTOSECOND FIBER LASER WITH A TARGET IN AIR
AND PROSPECTS OF LASERPLASMA X -RAY
MICROSCOPY

The possible use of radiation from a femtosecond fiber laser interacting with a
target in air as an Xay source is considered. A promising scheme is proposed for
creating a source of spectrally brightray radiation with a number of photons more
than 10" 6 phot / s per solid angle for solving problems efay microscopy.
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t OL OB 5ls OdzdzOW MmdMisj B teff 81 tsalal L Y e y G igkdts Ie
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A.l. ALIEVA, SA. KRAT, SA. GANIN, N.E. EFIMOV, A.S.

PRISHVITSYN, G.M. VOROBYOQV, V.A. KURNAEV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

MICROWAVE PREIONIZATION SYSTEM OF SMALL
SPHERICAL TOKAMAK MEPHIST

The developed microwave preionization system of small spherical tokamak
MEPHIST has beerested in a series of experiments. The study presents obtained
results of the interaction of electragclotron resonance microwaves with gas at the
breakdown The systenallowed to obtain prplasma with an up t80 ms duration at
a given distance from d@nner wall of the tokamak vacuum vessel.

Il ttOdi¢ OnH jEfigidefifisc O yd sdedz” = d dMmdzj Hiso
ddzmisdlskzlsy [ O} dzOL 1RCU [RAR Br dz ML H
SsCOBOS [RARBU. s shdzso dzr &3  Ote Od3] Is te
Bsdz' " 52 ReD®h digdg; d&3Cedz" LA 3tc @iz @MY § S Is dats §
¢ Ra= 1.9; or v dirlsMIs s sGc@AHIOdz'Bdzs] § tsd
0.5 wvudz Hdzd Is j o2 1643 0s ! d3ffc O[L W HD] . 1 © H O
9jHEIsMY ©OBBISr 5 SEEZOHE] Jjets ttOBSIST .

s BHdsBz dL fjttern 1s0ftse CMYjted did
tslsdej Misd Edkzyh jddi 0Ok lstetss dzOyOdz' dz
U HtSB dzts fted d3j dzw Is! d3d IstsH fMsL HOdzd W i to
ftojH" sded L Oyds . RMytsdz L s9 Odzd § mMdMmisj a3

195



fMdzed L d Is oY tew y j ded J§ ftoetse sw -figfj C ezl ts dat
fsdzsdH Odz! dzgs?2 fdMmlsji B, ybts Hdzv BOd -
M dr BGeteOded Y dzdz" d3d tcOL d3j OB W o dzw § IS
sdMshegPtern o MsC sYOMmistslsdegs?2 (HOdzj i ol v)
sBjMmfjyde Ols: gsdzdL Oyde d dzOHY Y dzr 2
L OH O dzdzs 2 sB dzOMIs d 9 0C zk dzdzts 2 COdJ to

fsHsBds?2 MdMhmlsj d3r fsLotsdvjls ¢jdzj tcdtetse
f dzOL 3 dzdz' s fifdRo, sHqls € t©WOLoadIlsd® IsCO
cOHdEMi, Moslse jlsmswpdsl:dt it deddig] s tads)dzditsd

4 Yyjdzs HtsMisdyjddw dzyhdrs §O0OLOd] Istets
[ RARHU B z0 Metdmlsickzdtetso O dzO mdmls i d3cC
fsLotsdzves h OV HtsBdlssdagdL OYdidi.C sl Y@ yHMIse §
gl y Bsh desls d BEClzls dmf sdz’ L s9iOIs! Mmw
BOC dzj stesdz Cdzd Mistets dzr , cdteislstctsds . ]
dmMf sdz’ L s Ozlmw BOG dzj Is tc ts dz, ttOB tsyoOw YOfr
11Y.

] OB sls ftoj HMNISOo dzj dzd vV t6 e Ok OB BI5 O dz
fnd misj d3r ftejH sdzdL Oydd. RMY sdz' L s9 Odzd
cOLddyde" J Mri " TdkOdedw dBOGdzj IstetsdzO,
ttOBtslslz MdMmisj &3* o dhiY oz fpgalbtly] ©1 o dptRds, ¢
sBtcOL tsd3, ) COyjmiso j i d s Gogeinw  d§OCdzj
s OdeH Otels dzOVY MR j BO kZHoatsjdzedw, IsOC d B
CeL WWdydj dzsO L Of tskizdzj ded v ydsdsf ztfias dnedOs H d Is
ftoj ddBzh jmlse. uvOCY] BN dzd fteso jHjdgm 1 ¢
dmf sdz! L s9 Oded j 5 ftBLdEERdER .~ 1u&ICYOL O dg d
f OtcOd3j Ister ddzed yd d tetseo Odzdz" ~ ftoj HY d&zO
ftoes0dzOdzd L dtctso Odg dn FnO0wOClsjtedmisds d
HOdz! dgj 2N j sz Edzeyh j dzds H OteOd3j stetso  ff totSE

t OBtslsO or fsdzdgj d20 fted fsHHJBYC] CBteff:
c10E¢0O d ddzdzse Oyd d e .

sf dMsftc@fBtcr
1. sktodzOj o 1. ¢ . d Hts. gsduvsovoe 161101 JusrR U
1 OydtsdzOdz! detsets dMmMmdzi Hise Ols j dz' S BROBI.TWH j Bdets 6 ts Iz dzd ¢
Ta. -499.1

2. skttdOjo 1. ¢. d HE. 1t frsv v isodfdsd [RARH
120197 v . 1I0.1ua. V24

196



d.a. duHrdlrR. HoRAGS 130
o 114 t A vtesdySd?2 ddmisdlkizls

dimimdzj Hso Odzd 2, vwsdy

2 0ydsdzOdz dz" 2 dimMmdzj Hise Ol j dz' f

{

t3sd

d M 9 0y(dtsc
¢
©d

2 kdedo jte
( B rruvrsuvd{t 1 sovyrt
{ Clrfrivd rfc tr4Rry
N}livlsll trirvdrvdlesd

I dffdzj H 5o Odzg qdzj tydOdz degse s fdd
bjtdsWHjod' ° &M jdzj?2 RO®OSCIjtedy'j oty d
87 109c, O disfbkdr MdzOv dstsh diizfyg dzd o s f daPL @
Hisflsd ¢ @3184 1 1s0 Vteqdsj dzj dedj Wz steso,
qdzls j dzpd o desfls! §lssCO L dkzyjddy, dmns
{ssC0O. [fdMmro0jlsmw HjljClste ©j disc ] dz

: . A

<
C
S
e
c
S
WH

]
CoOoyjmlse j ykze mis J dz' dztsG ts L zEdjj dzls O (
sflsdyd MS 4 fMlsj Cdzs suvl (tedf. 1) . i OF
sB dzOtclzy j dedesdz Qo lststeOdzd + WWJiClIlsjg otsL dzed € o
H1 dzj Slsted € § f sH Hi2Mlsoaddd3 t©WOHJdOYdd.
EMmMlsOdzso € j-5-1f0 ¢ deGcHgiO dMmistsyded S sd3 dL dzlz yj &
BB OOHBY j-Edeteg ®@. Z1 5C OL Odzfs, ylsts fted f O

Bsh dsiisd  dqLdzujddy ~1 [lk/ k2 S d
@i MStd Cts otsd ks ftod ©OLAs] tzhdzd(dicd it
RLG3jt6j dzd™ §&COLOdd, Ykt Is0Y@vdzy,z0Cc 6
Wodzws h @ MY sdig ydesds  sOfj My Obdw Jhfk
dLd&zEyj Y f] OOk seOdkd: Hddls] d dshls-
B h desMmls o di3d Mls g o Oy Bzt [ jldsf/ Wiy 32 § Is,
My jSkeOd dF 2 MmO dL &z yj ded" dzOF sH Lk
251000 4.

2
Puec. 1. Mavepurensmaa cxema. | — koHTakTHoe Al-no- 680 700 720 740 760 780800 ,hﬁ[g
kpuitHe (TomumHa 30 BM); 2 — DHANEKTPHK (ToNHHA
0.5 nint); 7 — ofAacTs NOMMOIMEHHA HITYYEHHA B THIIEK-
TpHEe; 4 — cornacylomes conporHiiente 50 Owm; 5 — oc-
unnorpadg TDS 2024; 6§ — HCTOYHHEK MHTAHHA.

197



I tefrursdl, 1. 4. 1010351J, 0.
HJ

1ouq ZOdz! dz" 2 dffqdzj Hise Olsj dz' M¢C d w to dz 2
t shidw

1ol 3J (LRI R [JITRARSOGARC [ OU[tRO]S
ViAo RYL OIS L4 L4JuovyprrRe 3LR
srflrtovuvtdom ¢cdsuvrRIV LB T RAAU]TRRE

{ Ofmdslstej df I icstpjEpH Q4 " dj oL OddsHj2Mise dj
BOjtedOZOB] tod kjdkfjttOskztOn, Moslse jIsfise L
fesyj MMOR. 1 8S0LOdets, Yt hdssd &3d W OSktstk

fesyj mMitse Oy " dzj dedv d d3tsH dW d<-O te@iddegidsdElsy] tod C
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L.B. BEGRAMBEKOV, N.S. PUNTAKOV, A.M.ZAKHAROV

National Research Nuclear University MEPMdscow Engineering Physics
Institute), Moscow, Russia

SPUTTERING AND MODIFICATION OF MATERIALS IN
THE PROCESS OF ION-PLASMA IRRADIATION AT
TEMPERATURES OF "ACTIVE DIFFUSION

The processes accompanying the interaction of ions and plasma with materials at
temperatures corresponding to the activation of diffusion processes are considered. It is
shown that the main factors determining the features of the processes of sputtering and
modification of materials in the process of dplasma irradiation at temperads of
"active diffusion” are the diffusion of embedded particles and radiation vacancies and
stresses arising in the nearrface layers.
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TWO MECHANISMS OF ION ACCELARATION IN THE
EXPERIMENT ON THE GENERATORREP ¢ KATRANE&

This paper presents the results of experiments on the Kgramatori@ 1 2 0 k A,
Ud 250 tak8\0, ns), where a thin foil serves
acceleration occurs in the same direction are identified. One acceleration occurs in the
high voltage diode from the cathode to the anode, and the -Otfedind the anode
foil towards the virtual cathode These processes are associated with different
acceleration mechanisms.
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V.V. KRAVCHENKO, D.P. KNYAZHEV, D.D. BERNT,
A.A. PISAREV
i Oct o PG Masabw, Russia
*National Research Nuclear University MEPhI, Moscow, Russia

MAGNETRON PLASMA SPUTTER DEPOSITED W -
LAYERSO PERMEABI LI TY I NFLUENCE ON
STABILITY OF THIN FILM ELECTROCHROMIC
MODULES

The processes of thin filnelectrochromic modules degradation during their
cycling through the formation of blisters within the PVD sputtered tungsten oxide
electrode layers are considered. The formation of blisters is shown to be caused by the
retention of radical components trandged into the tungsten films from the
underneath | ayers of the moduleds -l ayers
oxide layers of varying stoichiometry is studied by the means of thermodesorption
spectroscopy and the ways for increasing the cyedlirgainability of tungsten layers
through their reactive magnetron PVD in deficiency of reactive component of working
gas mixture are proposed.
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The possibility of the existence of unstable longitudinal electron mode in the long
wavelength region is predicted for plasma formed by multiphoton ionization of inert
gas. The appearance of such a mode is associated withethdiapties of
photoelectron elastic scattering of neutral gas atoms arising from the Ramsauer
Townsend effect.
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E.A . VINITSKIY , D.G. BULGADATYAN, A.S. PRISHVITSYN
G.M.VOROBYOQV, V.A. KURNAEV, N.E. EFIMOV, SA. KRAT

National Research Nuclear University MERMoscow Engineering Physics

Institute), Moscow, Russia

THE OPTIMIZATION OF THE TOROIDAL COILS
GEOMETRY OF THE TOKAMAK MEPHIST

The geometry of the toroidal magnetic field coils for the MEPHIST tokamak is
designed taking into account the limitations introeld by the chamber geometry,
based on the problem of minimizing the scattered field. The values of the scattered
fields formed inside the chamber due to the inclination of the toroidal coils are
determined. By modeling in the COMSOL package, the influefitiee deviation of
the coil geometry, taking into account the technical holes for the flanges, on the
distribution of scattered magnetic fields was estimated.

[ dzw Ists CMERIDNISTOY toj Hdzsy J d20 o d dzlstseo OW ¢t
sstesdH Odz! dzgse 5 dB3OGdedIsdegse s §f sdzv S Olsfzh j ¢
fjtojrtsHdls & Htokzets2[ 1] . | OWa dzj dzdzOW € ts¢
tcOMmMMmiwdeder | sdzv IsCBfSHOIBHEB L O Mmyy |
Efteshisdls! 1 dzjWBrcd ] Moo dlzds M f§todd]
sstesdHOdz dg" = S OIkhj¢ d BifMfjydeOjls
yOmlsd IktstesdHOdz! desets MmdMmlisj d3r .

] fMewcrL d ! 9" B tc O dzdats 2 Csd dezteOyd
seiMmfjujddd CsBfjdhoydd {(sdsdHOod! d -
COBRjMslsster §j otLddC Ol o tjLbkd SO dz0

209



sBBsIsCd. [HdddB dL oBLEBBYd » d@j ssHBO
sflsddi3dL Oydd cjtsdijbtedujmMidns §OLOB] Stets:
tcOMmf tcj HI dzj dad W EedzO dzOC dzsdz0 odls¢ e |
L Oo dffrplisdg tsls dn H dzd dz" . 1 s d3d d3ts 1sts
CibBibtedui MEsets fOLOR] sted®, sdzscdHOd
spkfmMdzseo dzj dz dZdded B3d L ©OydJ ? slster 9 dz" 7 fMd dz,
] ftoj HMISOo dzj dedets?2 OB SIS fteseo sH Jd dzOTr
odlsC so sstesdH O dzdsss OMEBRIFN. dzts daHEs t6 &3O
fsdzsdHOdz degse s M yd ded v tOMmmydlsr o ©dzO M
tej hJdedw H dzw Gl sted d COlkh j¢ 9 z
Hd2Mlsekzs hdrn d© dzi vy [ 2] . Il so jton dzsfls: fr
dHjOdz! dets HtesotsHWH j2 IststcsddH Odzd s H jif dsch
cOfmMftcj HJ dzj ded W E ¢ dzO dz0 ¢ dzts dzO odlsC e
sstetsdH Odzt dzOW CoBkf sdzgj dzs© Iss5€ O, ftotsy t
COkhCd. 1 OR BH (J dzts fy ! sOC¢ts] twWOMmMYftejH| dz
fsdzsdH Odz! descsz Mj yd dzds, Sttt jgsdi ML
ftsojterndzsmisd tOmMMmjwdader = §tsdzj 2[ 3] .

10 BMmdsej HOMmkSets djilstsHO, B' dzO s to,

kstesdHOd dsc s fMsdj dsdH O MEPHISY Is &
) esH ] B dzlstedeso Odes ©OMY toj Hj dzj ded j O
COLBYHAGE? CO®Rje'. o fsd&sh OGMSALOC IO

syj daj dets o dzd W dzq tsls € dzts dzj dzd j Gjtsdzj Isted
ftocotsHWh j2 ItesdHOM ds?2 ftso jton dzsflsd.

s MBS ddkjtOblktsr
1. b .\ [doadyscd?, . 1. AjJHBEEBYO, g.
Sh 3Oddsp OL OB BISCO IsstetsdH Odz! detse ts d3®Gdzq’lsdzt

stsC O@EIBYS 1 toj f tcepbdply, 1898.C
2. 10r089 [ .. [/ roan, 1975, Is.45 M. 1
3. zOWtwOdetse 1 .. [/ ruvA, 1972, .42 M

210



S. L dwl dtcr4ivfra@rotcw RIS PAIRSS],
. {dyrrvsdrArff], tARESI, StOO,
|
[

4
f
J¢
1 0ydtsdzOdz' dzr 2 df
¢

Y—

1 {
fMdzj Htse OlIsj dz ME 2 WwWHJ tedsr
90 I A

Lorvfersovrrid4d |
1 1

g U o [ 1
tdro¢ burt RO
t OfmBsistej df  + CMY jteddj delsr , o § sdzdgj dzdz" §
Bsdesm s BOIsste [ RARE M yddzrs tOLwOBISSCd d
H dzW HdfMils Odzy d s dadzts citsw a c3ifaieep |y thete: iz d BOIs § te

fgdzjdv jdi3" = © btsCOROSCOR. ltedoe j Hj da tej L zdz
B ssHOBI-Jdz@ bz jjftetso OdzdztsR | B fstes ydd d

¢ {
? 3
r I

cw?®

o] 0]
0] z M
f ( {1

YUM.GASPARYD\®NBUL GADARYAN
DN.SI| NELN|IBODOWOVCHENKBEFI MOV

VSEFI MGA.KRAMA.POPOVA
NationalResear ch Nucl ear University ¢MEP

ANALYSI S FROM THE EFFECT OF A N
LASER PULSE ON THE SURFACE OF M
SATURATED WI TH HYDROGEN | SOTO

The experiments carried out on -the e
monochromator MEPhI & for the development
remote monitoringn-vacuoof the materials surface used in tokamaks are considered.

The results of testing aterials by laseinduced desorption and LIBS methods are
presented.
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STOPPING POWER MEASUREMENT FOR 100 keV/u Fe

IONS IN HYDROGEN PLASMA

Interaction ofheavy ion beam with matter is fundamental problem of the plasma
physic and high energy density in matter physic. In the report presents the first
obtained results of experimental studies of Fe+2 ions with an energy of 100 keV/u
energy losses in a hydrogghasma. Plasma density, temperature and ionization
degree measurements produced. Obtained ion stopping data compared with
theoretical models.
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ALIEVA SA.KRAT
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

OPTIMIZATION OF THE TRANSFOR MER SYSTEM OF
THE MEPHIST TOKAMAK

This work provides modeling and experimental results of optimization of the
system for a vortex magnetic field creating. Also the result of searching of optimal
configuration of compensation coils for vertical magnetic field minimization in a
plasma area is siam.
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MICROWAVE SURFACE -WAVE -SUSTAINED LOW
PRESSURE DISCHARGE FORMATION IN A GIVEN FIELD

The selfconsistent propagation of a microwave surfaeee sustained discharge
in a quartz tube placed in apen cavity is investigated. The plasma column is injected
into the cavity and excites a standing wave. Then it stops in the nearest field minimum.

The discharge propagates in the form of
column supported by a dace wave. The possibility of controlling the discharge
parameters by tuning the resonator is demonstrated.
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A.O. TOLOKONSKYI
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
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EPICS SOFTWARE TOOLKIT ROLE IN FUSION
EXPERIMENTS

The application of the open license software environment EPICS (Argonne
National Laboratory), which has proven itself as a software toolkit for SCADA control
systems development for largeientific fusion experiments (ITER,-BTAR), is
considered in this article. Distributed control systems for physical plant systems
usually consist of tens or even hundreds of computers connected in a network to
provide communication between them and pievcontrol and feedback to various
parts of the plant from a central control room or even remotely via the Internet. EPICS
uses a client/server model to access data from multiple computers. The protocols
included in EPICS are designed for software netwapplications with high
bandwidth in real time and are one of the reasons why EPICS is convenient to use for
building large and easily configurable control systems.

In addition to a set of readp-use software modules, EPICS assumes the use of
a specific eftware and hardware architecture. For example, the network control
infrastructure relies on a fast, dedicated and highly reliable Etheased software
bus called Channel Access (CA), which also provides a single interface between the
central control sstem and the local control of various systems. The EPICS database,
which contains many managed variables (EPICS PVs) and can access them in real
time, is distributed in a scalable manner across many network infrastructure access
channels.

EPICS allows tormplement many of the functions necessary to perform a large
physical experiment: create control panels, combine the control of various hardware
devices for measuring and controlling technological parameters, and simplify the
analysis of the data obtainesl @result of the experiment.

s dMsC ddlsjttolskter

1. EPICS, http://www.aps.anl.gov/epics/index.php

2. J.B. Lister, J.W. Farthing, M. Greenwald, I. Yonekawa, The ITER CODAC
conceptual design, Fusi@ngineering and Design 82 (2007) 116773.
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Tashkent, Uzbekistan

ON THE QUESTION OF INITIATING A VACUUM ARC
DISCHARGE
The generation of a vacuum arc by a breakdown in an igniter over a graphite and
silver powder is investigated.
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FEATURES OF PLASMA VACUUM ARC PROCESSING OF

STEEL SURFACE
Processes in the cathode spot of a vacuum arc dischdugag the
implementation of the mission of electrons in.it
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SURFACE MODIFICATION OF TANTALUM AND

MOLYBDENUM INDUCED BY GYROTRON DISCHARGE

IN REGOLITH
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The distribution of regolith particles deposited on the surface of tantalum and
molybdenum under gyrotron pulsed radiation is studied. To analyze the deposited
partides, an image processing algorithm is developed. A comparative analysis of the
results obtained for two types of metal sampdesuntreated and treated with a
dielectric barrier discharg® is carried out.
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RESEARCH OF MICRO STRUCTURES ON ELECTRODE
SURFACE AT ELECTROLYTE DISCHARGE

The research of interaction of electrolyte discharge to the electrode system in
magnetic field icarried out. The origin of microstructures on the surface of tungsten
and titan electrodes is registered. Spectrum of this discharge has been studied. For a
case of tungsten cathodes the origin of elifeformations with dimensions3 0 & m
is observed. @ has researched the influence of magnetic field to the formations
appearance.

{ OL W HT 9 Ldzj Sstesdzd s On CoO¢ ftcOo
Ldzj SstesHORI odezlstcd Y dHSBMIs, ddzd d3d !
NdHCsMIsd. [ Odzdz" | ©OLtGWHT dzO ntgHH Y Isd ff te d
Htezedmr YdHSECtMIs] 2, Hdzv fsdzdtetso € d d3i IsO
BdziJ 1 WWjiClkdodesets fftsdzzyj dzdv o tsHEStetsH
tcOdzd J WdEMdtetseo Odzd My teOL dzd ydzr § { dzj € Iste
100 20y f 14 [ 1

CCMY J tod d3j dzls Odz’HdO v {f isigdz QudpElaf O tc OL W H O
MsH j ey OdzO 1 dzj CIstetsHdzzy MmdMmilsj Bz, tcOL d3j |
COyj mise j Ldzj CSstesazdls© dMmf sz L s9 Odzd My
HdMis d dzdzd te ts 9 O dzdzts 2 d dzd Isjrdzdyj M ts2 9 S
cOLteYHO ftotsdmn sHAidas tf detelh GzHig)] dR OIStSH O  H |
f dztsh OH ! 8 2C tsitfatls [ Ozv 5 ML HOdedwY tOL W HO

229



ddsf zdz' mdetsy §dlsOddd fy yuofflsls@DPIG 3 j ded ¢
sts¢ j-1,00 2¢ .

1l totso tsH d dzts iy dL zug ded § tcOL dzd ydzr = to j
LOoadMmd ddsMmislaj ctsls DAz Isdesets §sdzv  fted o4
B=50240 ;. ltd ! Istsdidf SHdgsdhEeadyd¥ siss d
tOLWEGWHO M otejdij dzder d3 tOLtejh jdzdjdz 1 o
W s ted3r tOLYHO ddzd Jjets MyoOlkdy o Htd¢t
Fojdzduyj ddds dPsdzlsdzise sBi j &3 By HE 4 dzj
BOCddIsdeséts fsdzv ftedoatsHdl € tjoebkzdwtedL C

1 smdzy 6wt Hjd dddses otj &3 dzd -20 stcj dzd
a&z3q dz. dL 2yodzq M ftsojtern dzsfisd dmyf sdz! L
dfmfdzj Hise Odzd ¥ § 5o torciss filds M) lffO o © dzj foig izt
d3d € te s iYEGA] 3 SEM. 1 OdBBdzj J ddzlsj tej mdz J f
5B dzOtclz ) j dgr dz0 COlstsH On ) sB dzOMis d €
otsdz WicORBsor n COSSHOR dzOBdz¢E HOJ Isfyw  ff 5w ¢
sBteOL s Odzd 2 fir2 Otc O 3Bz tec © Wiz &34 dzls dzf 2 M
MstczClskzte f8C0OL" 90 ftedmikzsMmisadj dzOtew
sOCyJ COdz ydw Hts 25%. 1 twkzeddz aduBdz &
otsdz! WtcORs9 ' n L dzj ClstetsH s wo dzw jIsfpw 9
ZOf sdzd dzOe h drn fAfEzro ddzd AdRs~o. 1 0 Isdls(
BOCcddlsdesd s fsdzv ftosdmMasHdls EZME stej dads
BdzdL € dn ¢ BdCtesmMi j tOd3 Mm-40 dQklids tc Odzdzw
sBl widzj dedv oL dzd S datso j dzedw twOMMdisiste ) dade
WddzOd3j dzZlsOydw IssC O tOLtWHO dzO d3d § tc s dede”
1-5 o< d3.

s dftsC dzdlsj cOlskztsr
1.,02Mddz ¢dz. A., sONOftse 1.A., skifkzBOdBaso®. ¢. F
88, Irf.725. w. 717
2. s0dz0t6§ o T 1dLSSO0diY § teder 2 1L dzj Clstetsdzd L 95

sttOMdztsH OteME sEts vdedo jtemdlsjlsG, 2010, 81 M.
3sdteSts . [ . [/ [/ 2020fL € © Qu. FOBSD2. d3" .
4.Kirko D.L., SavjolovA.S. // J. Phys: Conf Ser 2017.Vol. 941,P. 012018.
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Redw[ (rflovrRr I fL1td113Mm dUfULSUY
Clrsvtlrom I 1 RrRYys{RyUTUSURIV B 1¢S5

RS [
RL EZyodzd m! ftetsyd Mmr oaLOdhsHj2Miseadw
dedL StsddzH 2C Isd 9 dats 2 9 OC Iz Iz d3dzts 2 dgmster m i

tdedimstedtolzy IsMWE 5 dig] - BdeffyJ eSSy d ©WOLLYWHO o
10 f1y. 10BdZ*EHOjIsMW BKLOLBOOd] Iteijn Id{f
22O MisOdz desd3 OdztsH j . IBdzji foHEtBds (ot
MstezClskzte ) tcOL d3j tA@BRI dpS dj. d Of OL tsdzj 0, 1

D.L. KIRKO, P.P. SIDOROV, O.A. BASHUTIN, A.S.

SAVJOLOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

RESEARCH OF WAVE -LIKE STRUCTURES ON
ELECTRODES OF LOW INDUCTIVE VACUUM SPARK

The processes of interaction of peripheigsma of low inductive vacuum
spark with the surface of electrodes were researctectrical oscillations of
this discharge in region 500 kHZ0 MHz are registered. The origin of three types of
surface microstructures is observed. More detail the rds@dwavelike structures
with dimensionsinrangeGlL6 0 e m was observed.

] dzOL d3j dzdz" 2 W sC bk wodzwjlsfMw HEMOItsyYd
9" MsC Iy B j tcOIs Iz tcdats 2 f dzOL d3" ftcd + CMmy
COBjter Hij2bjtedjd [1,2]. 1 tsyjdip fisdud
fsdzbyj dz dz0 dBJ sOdzdzd yj ME 2 dzOL o34 o d
dmctey [3]. 1 +¢Mfjtdd) ddsOs dL zyOdzd !
tOLYHO, C(ltster j B"'dd MtfsmisOs dzj dz M

viMstes2Mlsots dzdL SsdaznizCIsd o dzts?2 90CkE®d
L dzj SIstetsH O, cOmy sdztsy j dadz" J 9 90CEEddzas:
dmfsdz Lizjlsmw L OsMistej dzdz-52 dips j tedfj &OIs B K
ydadzddzHte H O8] BB iiz) CIstesH’ dL eslsOo dzd o
45) ddzd BIHd. 1 dzv fdlOdedy tOLBY 20 (Mt
M doOftewydddfd.1q OLtewvH dddyddizjlsmhw I
fted bts¢] ©OLEGGWHDS® HPOd O ptziis4pP 8, 5
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fsojtondessd OdesHO dzOB dz8 HOj sy W stcdzd te
f dzOL d3j dzdz" = Istsyd €, dL dzzyoOs M - Ligsiddgls ¢ j dz

130 G4, ltej Bj dedz' j LOoadmddsmisd to]
tjedmisted ttse Odzd f- i M sd L 5o Odzq j d
Wil dzj Chtosdzdgse s Edsdesy dlsj dzv . v d

Cdzi BOdzd?2 © ydfd t©OLEGYHO dMfisd Ltso O
LOWdSCMdtetse Oddy Bd@AEARY pj5 BWEOLQOYS 5 dpj

t OL W H MsHjtey dls &Bsh dats g otsLHj2Misady
o jten dzsiyls L dzy SIstesH s9 fted Clsstes(
fdzOodzj dzdy d dmMiOwjdedd Gtsojten dzsMmisdetse s
tcOL dzd yBef GlesMistczC sz ts. 1 ©Odesdz' h j Bz 9 dzc
LOMIstej dzdzOw 59 jtorn dztsls! OdztsH O.

l teseo sH d dzts ! dL z2yd dzd § BISCtesmMistczC Iskzter
f smdzj O9oBLHJj2MIsodw tcOL tew HO -10Od & wslrd
dMmMmdz Hise Odzed W ftsojtern dztsfisd d Odzindzj dzls o
BISCtYECGABSEM. 1 0 e jtemndesflsd OdesH O BT

e OL dzd ydz J 9 qdHT MtezCIskzte: dzd Isj ® d H dg" |
o sdzdzs s Bt OL dz' | . 1 0detsdz h d2 Jqdelsjtejm
MstezClslzter tcOMY sdztsy § dedz" § oBdzdL d ¢t

sSBtcOL SaPdaf[v tedL dzd ydzr | H dzd dz' osdzdz d W
otsdzdzr dJd3d dzd tcOL d3j-1c6 0 o dzSHAE, O1f B dzutihj ¢ j8 0o
5B dzOMBG &S &, d Mol j-3 d@zgzde CldgjL 3t Y d
sBi widzj dzgdj GtejHYft®EOCOjIls Bf fistetsj tOMmY
d3d Is © dzdz© Ldzj HgREHS® d jfdsH f sIstsC O f dzOL d3"
f dzOL d3j dede’ = o tsdzdg, Wstcdddtelze h dr° H Odadzkz ®
fsfdzjHEzs hdd shisr 9 Odedj &3 d Ctod fMls Odzdzg L O
sfdMmMse dzdlsj tcOlskzter

1. ShumlakU. // J. Appl. Phys, 2020,Vol.127,P. 20090%1.

2r HOdztse, wotgszBddC O 1. 9. // 1dMms &56. © rCuvan, 19

3 0hElsddz [. ¢., nefOoff @sq dzpL 63" , C/B3R3E6., v. 42, ~ 4,

4.Kirko D.L., SavjolovA.S. // J. Phys: Conf. Ser, 2018. Vol 1115,P. 022010.
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6. 6. LJJuoarl
Rdziisdlskzls IsjtstejlsdyjMSts?2 d + M jtoddj dzls O
bdzZd R Odzgso O | OYyddzOdz! degscé s dMmMmdzj Hise Ols j dz' M
ddzmisdlskzlse, [sMSos O, | sMmidw

fruofrrese JJluwevodr I r1RC 8} [suUtl{
trrovirrdlesd1d RIZFBRUMIRC
1ot 4Rt RS IOV L IM sl psut {4t on
gs{f?1czr4d 1orriRrc
t OLtcOBBIOdZO B IssHdSC O otMmfisOdatse dzj dzgdw Mt j
f &zOL 3" sj tcXZafQ@ssyddsets L Otcj e dMistcd tetso Odzdz” A
MifpetsctcOW sz MEd LwWh jets f OH-] ded Wt dztzO e fylg Pt
Of f OOl des?2 WhkdzCydd Gegnj COsEOOEBROdOME]g B o
| sdEs Ptedzts BsHjdz2 . o dhMfsd LseO0ddj 3 ttjL kzd |
dfmMmdzj Hise Odad j f OtcOi3] stdtso ff BfiAz Qi Edsdzisi2] WOHE D
ftcdBdzd x4 dzd J . I f tsdzdzj dzO 6 Ssdzmistez € ydw 1
fsdzz yd dgdz' » dzO EfMlsOdseo ] ¢ dec OtcO 5
D.S. KOLESNIKOV, A.V. SKOBLIAKOV, A.V.
KANTSYREYV, ¢ GOLUBEV
Institute for Theoretical and Experimental Physics named.byAlikhanov of
Nati onal Research Centre AKurchatov |

METHOD FOR RECONSTRUCTION OF Z -PINCH X-RAY
SPECTRUM OBTAINED BY GRAZING -INCIDENCE
SPECTROMETER

Method for reconstruction of a terawatipihch X-ray plasma spectruwbtained
by grazing incidence diffraction spectrometer at Angataf&cility developed. In
order to compute the instrumental function of spectrometer its virtual Meare
model developed. Parameters of the instrumental function analyzed with the use of
simulation results and its analytical approximation obtained. Reconstruction of
experimental spectra obtained on the Angataf&cility performed.

RAWsteBOYdY & tojdascj degsomSsds M jSlstey
f dzOL di3ts 2 Is j ZefOcp dPUsTs, dztsdzjtsts B - S oy @ digp™ H diz" ts ff dB O
feslsj COoshdrn o djd3s WdLdud MEdn sy Mt
BOI § BOIdUI MEdn BSH § dzj 2 ftsodH]ddW 9
fMshssw dzd d .

[dzv tjedmsteOoydd tj discj dzse MSdzm My j ¢
fqddzy® &0 EkimlsOdsse C[j1] ¢ daf ©déyd, dsslsjdstipvic O W
Metsd LWh jets §OHjddw [2], dMfitsd LEkshoc
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eJhilClz. I Mdeso dz" di3d  tetsB dzj RO 3] , ftod gV
COYyd Mo j dzdes iz d S dzd yd Mlse j dedes 3z o sy
gL H Odzdz’ =, Mudilsr 9 ©§ d3" A 9 f zs9¢ sMisd
weo dzw e Isfyw dzO dzts % § dzd | Mde dzOdzts o sls tOL d
mMAzsy dzr 2 adH Of§f OtcOldets?2 WkdzS ydd ¢tedsst
teiedmstedtoclzj BBsets dL dzzyJ ded v . [ OdzdzOv L (
O0dOdzdIsdyj ME sets tjh jdedw.

[ dzv OfMudi O Off OttOlsdes@ & Zzpkapd d Mt J
lcOL ttOBSISO®RZO o dtelskzOdz d&zOWvW dBBHJ dzt , fsL 9
fosy MmMses oL Od@BsHj2MiseadwY toj dzlse j datso MG t
tejhjlets?2 d ejRkjbtedd 1M jteddsj degls®, o
Zz0 §dasmSshmisd HJIsj Sds k@Y Hisfo CdiEtg =i O ® @
f sz yj dede' -& Ot detszls Z3tsH | dzd tctso Oded j A3 Mt j S st
dgimfmdzi Hse Odzdj § OttORj steseo Of f OtcOlsdets2 W
9 ts dzdz ciedmstedtclz j Btse s dL dzz ygJ ded v , ]
ftodsdzd >y j ded g .

{ OLOBISOdRO d&j stsH §B@ dzts § & ts dgft I§ 1€ s T Pd df L
Zq d dzy O f Eyjlssds o¢ dzOH O Of f Ot Ols dzts 2
Il smMimisOdzs o dzj dzd J§ ontSHMets M jClstc® HBT
ftodpdzdy jdedj 3 Jets Wistedr WkdSydwdd [Cc
ntesh jes Mo OHjddw EBijyHE iEEOkdsEOISt
PdzCydji2 d +SMyjtedd3d delsOdz! dzr &3 Mmd ¢ dzO dzt
sMimls Odzts o dzj dz’ My J Sister Z-f df daizl®O\y j dzdzw § ozl
CMyf jtedd3j delsse dzO -lzMMisOdeso € j ¢ dzc Ot O 5

L
1

A~ — s5

t OBBIO fttso jHjdO ftod HYoHHjYC] 1 RJ
T177064133482006090 (R G/ Z2A67//70865461 334820

sfdmMse ddlsj ttOlskzter
.oz B dCtso 1.6. d HE., REfbd Mdr 2 kjts
"0 B0 / /| dlssBROY 1 dzj tcdw3s 1990, u.
2.6.1. zjeojd S, .. Jddmfm, (.. sOL
2008 ,102M1982.
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1 0ydsdzOdz dzr 2 dMmMmdzj Hise Olsj dzr ¢ d

t sfidw

2 WHjtedz 2

IlrrIRtiJ¢1Rr sl JARTRY[HSRM 1 0T O
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17 { cdzdsjjdfrdzsy L duj MSdj w©WOMyUjlsr 1 dzj Bj delstso
Wisto 3z dzd tets & O dz" MstsBte Oy j dad W fts tteeOdzdL O
56 dzsh v dadzts 2 i h dzs fls d H dzw o dzj MJj ded w Nt
ddzy j debteted yj MCd2 ftsjSls w1 RrR. [OddE j 6O
shdsedOdd toj Ho Otedlsj dz' dg 7 Sy desS fsdzde 7 f Sk
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A.A.KOLESNICHENKO
National Research Nuclear UniversMEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

MODELING OF THERMOPHYSICAL PARAMETRS OF
THE COMPONENTS OF NEUTRAL BEAM INJECTION FOR
PLASMA HEATING FOR FUSION NEUTRON SOURCE

DEMO-FNS

Thermophysical calculations were performed of the elemédnitemeutral beam
injecton and considerations on the organization of effective power absorption were
formulated to make appropriate modifications in the engineering design. These
calculations are performed on the basis of the preliminary estimatestotatgower
losses. Thevork is supportecdby NRC "Kurchatovinstitut¢' .  (28. 09. 2020 -~

1 0detsdzjd fitemyjCisdods &3 dimistsydzd ¢ sd3 ¢
wodw jlsfpw toj OCydw Olstsdidesets HJ dzj dedv, 51
j mls! Motsd (ftgce&jisds” ¢ LOBS dzskz i
5C tcOded UJ dedzts fyls ¢ Istsf dzd © dz' A toj Mzemse

Ldzj CtesMisOdzyd?2 d dzaj HEMIsOIssS dzj 2 Istets dzts
BOLT Hhkv tojOClktstetse dzO0 Isjff dzseor = dzgj 2 Istot
wHjtcdses st ddeoddr o4 ke BeiEhss? §tcdo d
sjteddsWH jtodets?2 1 dzgjtecjilsdsed tOMmMdzOtcde O
Mse Bj Misdes M | TER sy jls BT Is! d M sdz
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Ldj Cltetst dzgj ecadd. wvjd3 daj d3jdejd ., dmy tsdz
Mddzls j L O dzO0 fj ¢ sH dzvQ EHAER I teiditalis o Odgj! digys tg Jls
Hjdzj dedw 5 ftesdLoatsHMlsoak Ctdidjteyd S 52
LOHOY VYHjtedetets Istsf dzdo dese s yd ¢ dzO.

wkh jflsolzs h Ow dzj 5B A SHJ B MIs: ttOfh d te
dzj 2 lstctsdzgtse Hdz?W L OHOY WHJjtodsts?2 1 dzjtecjlsd€
fkzlsj &3 ndgealyg Md M sdz’ L s Oded ™ toj OCyd2 Mmde
EMlsOdetso € j. stesdd] ftosdLotsHMmisa O 1 dzj Clste
Bseklk t©jhOk! ftosBdjd' tBjMmfjudddy It
ElsddzdL Oydd [cuv bjfdtsern tojOCItstctses d +
[sdkdudlj d ds? ity di®iszss s iyl § @t ov
fdedy jdedz" j] (BBdAdZjj YUjd&B ® 10 tOL) Istej BtS
1 dzj d3j dalsr EmMsOdeso € d 6 MteOodej dzads |
slsdetsfdls j dzr dzOw ¢ s i3 OCsrias ks dzv § lsfipy € fd dzt
fesjChtsd® (A §t MSLHOR]Y &@QegEigshy L
fzh jlsekzs hdi IsjndsdsedyuyjMSdn tjh jddwr
t OBtk O ¢cdBtodH dzts 2 EmlsOdztse € d dzd d
dzj Qlstesdzse  ( UR ) O hdtssej ksCOBOCO
fsHH ) OdedY ISBSCO o dzgj?2 M fodigsh s  ddgy,

[1]. J fospilsy i H OGO sy dMmY &dz
qdzy j Cstetse HdW ©BjMYjujddy &Esh dshlsd
[lls. 10HOYUO 1WWjiClkdods?2 IstcOdsy sclsd

dzj 2 Istc O dz! dzts 2 ddzyd Sydd (81 R) Istej B Iz j ks
SfisddBdL Oydd Hdv fded ) jedmfOrded fuly sz tg' Ist b o
OctlzL 8¢ 0 ¢ i sdzj dzls OR dday j Ssst6 O
1LWWjCSlsdodes] BrdOYHjddj [ 3] .

]l HOdzdets?2 tcOBfsls] o' fsdzdaj dg' Isjf dzts¥W L «
dgdey i Sydosdzdetse s stcOC IO d MW stcdiz dzd tetso Odg
L WWiClsdeo dgsc s dsdetenjyHdpddas(2v  dftsh detsfls d H dzv
Msslse jIsMiseakzs h dr HEGOpBdEREG] S R detfj ek jtCd
t OBtslsO fYtHSHHJjty O0dzO 1 RA csktoyOlssoame d2
19340)

sfdMmMse dzdlsj tOlskzter
1. ¢dzOde' jo #.8., [.1. [ dkecOy, ¢.RrR.0 Istquzse, 1.
ditc. vjteddsWHjtdr 2 MddesjL, 2018, Is. 41, or |
2. Azizov E.A, Ananyev S.S., Belyakov V.A. et dl. Physics of Atomic Nuclei, 2016,
vol . 79, 01136 pp. 1125
3. ¢dzOdz' jo w.w., [.. [XkZzcOUWw Il P b.upgkIsSjjo, ¢
vjtodsswHjtodsr 2 Mddelsj., 2018, Is. 41, o7 . 3.
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g. 1. s{fdsdl[?Yyrsf1, S. 1. &[]
Rd&ziIsdlsizls WHjteds = dMmMdzj Hise Oded?2 t o1, |
[sMStsoaMS IR Aded dEfSS d2 R dzMIsdlsizls, | tdze it

o4 VR JIUuRY[HSOC vutUsvUL O s )] ¢B]
¢ l3ufsf{s stRuRY[Es B CL[lLLlR[HB
RMfdzj H s Odz mf smtse r ftsorhjddw Stedlsdud M
sfydd SCtodBAIH] A dzj dz ofi3i stsH Mz jtolf j ted SH
GtcOHd | dzlsts o CoOHWkY sdzj 2. Jdfg M jHndewe dzff ten @9 dzjt
dzOls z tc O dz! dats 2 ntes@OIsd ydesmils d d Csdizf 4§ dzlhOydd
ltcdoe j Hj dar f OcOd3j Ister vodMmioO H dzw f toj H dzts >
dimmdzj Hse Odz" HddZOBdYJ MEd] Of jtelskzter d tcOB 51
S.D. KOLOKOLCHIKQV, Y.V. SENICHEV
Institute for nuclear reearch of RAS, Moscow, Russia
Moscow Institute of Physics and Technology, Dolgoprudny, Russia

MAGNETO -OPTICAL STRUCTURE OF THE NICA

COLLIDER WITH HIGH CRITICAL ENERGY.

Methods of increasing the critical energy for the proton option of the NICA
collider are investigated. The method of superperiodic modulation of quadrupole
gradients is applied. The selection of sextupoles is carried out to suppress the natural
chromaticity and compensate for the sextupole component. The Twiss parameters for
the poposed structures are given, as well as the dynamic apertures and working points
are investigated.

[ kojddujddy Stdlsdujmes? {djtecdd kf
tOMMBEOIstcd o0 Oj Ismw 9 s5L di3tsy dzsmls dL a3 dZCf
BsHEZdY ydd ¢tcOl 6 ilzgzR ts azOS o Gro tistis s s dzr 7 ©¢ OR
tOMMBOItedo Ofj smw Med jEf AEdEH Y UGBS Mg 2 ydr
WsCkmdlkzs hd2 CoOHEEY tsd tslsdzduOJlsfr]W sls He
GtcOHJd | dzls O.
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Cjebdvtdks DeCdHd®OScd' 7 MEfjtfjtedcHss.
dzj sBRsHd®Bs tsBj MY judls! fsHOodzjdedj HJMY j tefc
2 otLEsYd & fMdaEyOvY §sHOsdjddY HdMYyjehdd:
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2 Hokn Mjdj2Mmise.

JBO fttdojHjdedzr » MIMsBO fsorhjddy Ctedl
HiMiIsd y! stejBEZj @3sE 15 L dzOyj ded® s C pafisi s j fifotisy
sfmtse J dzdzsMmisd ftod Ctsdzj ydets?2 toj OdzdL Oydd .

sfdmMsS dzdlsj tOlskzter
1. Yu. V. Senichev and A. N. Chechenin. Theory
with Negative Momentum Compaction Factor. Journal of Experimental and Theoretical

Physics, 2007, Vol.a5, No. 5, pp. 98897
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qdzlsdlskls dqd. 1.

rRUOIRSG 1[Jurfuur QU fufswIzr ]
tortcrt
l dZzOMmlsswh j2 OBy GfdMreoslsmw tjLlzd IsC
otej a3 dzd G tsdzyj dzZstcOyd?2 SCdMmMdzstesH O o F220L d3d |
By ssHESd HdBSHAs?2 dzOL jedes?2 MY jClswesMisfdd ot
A.V. BERNATSKIY, V.V. LAGUNQV, V.N. OCHKIN
t .N. Lebedev Rysical Institute of the Russian Academy of Scigdescow,
Russia

DYNAMICS OF THE DENSITY OF O2 MOLECULES IN A
GLOW DISCHARGE

srR, 1. 1. Joéruvrfl,
EHOteMmlse j dzdetsy B¥ HY jIsdzts L
JiBjHjo O tBMMd2MEB2 O

In this paper, we describe the results of measurements of the time behavior of the
oxygen concentration in the plasma aflew discharge in mixtures of HeOz by the
method of diode laser spectroscopy in an external cavity.

[ dzv Bshdr 7 tej OCIststese, 9 Cdzg yovw RrRuCt,
f &zOL d3" 9 kmdzcedwr oL By detse s ff tetsdzd € dz
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JHdddydzr d OdzOdzdL HYetsosHdIMmw, o cMdas
f dzOL dI3sr ddi3d ud MS 82 € d dzfnisdnlsPod? ] Is w6 dris
Coltstets? sftej HJ dzv dzd f* fE ) € tsazy j faz@@LOdgid d ) .
oLBEYHjddj B Md3i Md SdmMdstesHO® M Ekcdzj ot
Yylsts cibbjtesejdede §j Htetsyj M’ 90ydzgr o WSt

]l dz2OMmlsswh j2 t©OBBl] GidHtp@dbhfsdjufz
ots otejdgided CBdeyj delstcOyd?2 CdMdzstesHO 9
M3 MW r 2RBilssHEdE HIBHAE2 dOL jtodas?2 M j ¢ I
tojLsdzOlsstey Y5 §J 66 HFHIPE )0 of swexz fij sz d7 ¢
[ dzvw  or" wodzj dzdw R~ OteOC Is ] tsjOdzdowdzd v tdaq & ts Hirplsdg dc
oCdzg yjdedjdz d or Szt yjdedg s cOL W HO.
Hd dz0d3d ¢ 2 Ctsdzw) dzlsy Oy dudo 2 7 te OL dzd ydz' =
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ftejHOo Otedlsj dz' des?2 LS OYSd ©WOLtWwWHMS?2 Ist
fd3j fHe¥O, o Cdzs Yjdzed j B ©OLWHO. 1ted BISC
sl Oysc | &Zz0 eoMmjn fMlsOH WA ftoslsj € Oded v
Fojddyde Oj sfiyw . tdLkd OIsT fsolssteds -
oMmMftetsdL o sHW Isw . Clsts MmeoawrL' 90j sw dzo
fso jtondzsfls! 8 C os@tc UsitoAB2C dic O Litdvdrjdg H dzd Is |
sMosBYHOjIs BBBd hjj yYydmdzs yj dalstetsa OH
Yd elsOR®d sy MmO wodvw jlsmw Ists, ylsts
ftesdmMAatsHdls B' Mister 2 t©OMfOH &sdjskzd
MsftesotsyHO] &' = Bisdzj j  dgj agdzj dfdm =] M) fg QP ¢
O ftsteB ydd. 1 sfdzy or Codz¢ yj dzdw tOLYWHO
LOYdEeOdedw) ftosdmMasHdls dzj Csbtes o tsfyf
{skOcOj &, <yt ks ModHjlkjd Mkokjlk
OHftsteBydd Obtdkss [, o tsL dzdeCtd @zt & d Ac O
Bsdzj Sdzr o fetsyjmmi HiMmstesydd.

ol v N _ em® ;
3.5x1077 K Noa: ___—discharge off

3,0x10"

2,5x10" 1

2,0x10" -

1,5x10" -

1,0x10™ -

0 100 200 300 400 500 f, $600

tdfm. 1. RL & dzj dagfo] tEAadmpjrdgls O fdteindg Jjets o
([2H=3.%L1Q j]1®tnmfeifOftcj Ho OtedIlsj dz des?2 IsC OY

(1) d 18 yomsemA.2). vl t©OLKBWHO
t OBBISO o' § sdedzjfils@ HINB o MHOdzISO | sMid 2
Wtsdzh O ( f te2j0Q3K)). - 19

sfdMmMse dzdlsj cOlskzter
1. A.V. Bernatskiy, I.V. Kochetov, V.N. Ochkin Plasma Physics Reports. 2020, V.
46, No. 9, P. 874919.https://doi.org/10.1134/S1063780X20090020
2. AV. Bernatskiy, I.V. Kochetov, V.N. Ochkin // Plasma Sources Science and
Technology. 2019, V. 28, No. 10, 105002 (10fyips://doi.org/10.1088/1368595/ab4301
3. C. Busch, | Moller and H Soltwikd/ Plasma Sources Science and Technol®@y2001)
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R.J. [dBts, 1.1. [ Bdzetsdzj o C
FrECo ttsfnfndi’fn‘idi’ s = detsdzts 6 d YJstipid(2 Mg df o |
AjJHJjtOydw

s I1Jltfweu [ tod1tda1fuvsr 1ot fr1dd1d

rfc crersatdfdcretvdd4d trosviteo & [ o)
IF{yrvrr1vRrRrS

[BMMEYHO]j Isw £)t5Ld3ts>|dzIsfr]lsJ ML HOdzd v  dBish dzts

dzj Qstosdztse dazdyddielz fl fs®Rsh: s &OL jted

g OCksEO. 10 Ghdss Oddd udhdj dd & ©O0fyjl
or ftsdzdgj dzdz" = © odH] HobkroMmlsttetsdzded m KrIE-tsdzz s o
dzOL j e ONd{dz2qf g 6@ &O&Hsdd<j) ~ 1 [fry d Hddlj
100 daf) sy des HEmisdy Gl W oy s © i da
Efddj dzdv § SL o sdzddsts dalgBE@S s s BHE & jzs ©OB BIsT
¢ dBtedH dzs sy WGV s C s ) OC K BEO.

I.G. LEBO, G.V. DOLGOLEVA
Russian Technological University MIREA, Moscow, Russia

ON THE ISSUE OF NEUTRON SOURCE DEVELOPMENT FOR
A LASER-DRIVEN NUCLEAR -THERMONUCLEAR REACTOR.

It is discussed the feasibility of developing a hgwer thermonuclear neutron
source for hybrid reactor, driven by laser pulses. Using 1D numerical simulations for
targets made in the form of douldEled cones, for an absorbed energy of aldger
(or 3rd harmonics of Ndaser) ~ 1 MJ and pulse duration~ 100 ns it is possible to
achieve gain &1. This neutron yield is a prerequisite to the commencement of work
to develop a hybrid nucleginermonuctar reactor.
YIstsB T L Od3¢ dzlz Is Ldzgj e dIsdyd M¢ d-2 yde¢
Sjted3dsWHjtodesdyz toj OCIststcy , dzz y dzts B Htso dzj Ise
(2-+) b ( 0 .M)G10/. A8 ( > HOW 5 B dzi[1j2,3) 31 Jofigs)
zOoL GOt WW dydj dals k& Mmd tjsdedry ot jdsBh g Qledis 0 O
Sjf dztsots2 1 dzj te6 d dL TeH tsidalrj @ lsig o idfig§ 2 8¢, 5 1s 5 to
sBiMfJudddd tdBSkkY Y& JOQYI§ HAsO 2 dzdztsy j dzd W
FtcOdztso tsd3 B dz® 695, MsG0, h=016,t6€[0 . 3, HEEFK Qs ts y dat
Yylstser ¢cLOBCdzlzlsr é 1 dzjtegjilsduyud MSd2 yd¢ dz
J [ 3,4,5] tcOfmMmdstslstej 20 Mn j B3O d3dh j ded
5B dzz yj dzd v dd CodiBddzd tetso Odzdz” d3 ¢ H dzd dzck
ddi3f zdz' MO [ 6] .
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t Ofpyud Ist My OdwY tHdtsets CdkzmMO B dzd
colsdzOdzlse [ PBg @dzd fif: Mg O @alzdz' i3, f s5dzkz yj dzd
celre [5]. I1tdkyjd f§0ttOdjlster d&dh j dzj
HMisd YG~ded Wdz©@ Etetso dzj 56 HetshljMgzdets 2H d2v dzj to
Hdzd dedets e 5 HréRtdlz d28 M @ O tc BZEAEFA L] tcts o . Il sftets
ZsC Odz) desds ZHjtoy Offzd de s yij sistsceigjsdj ?
disf zdz? Mtse IstejBlzjls HBY sdddlsj d d 7 dMic

vsdzj HEZjls BB®OIdIs! o9ded BOdedj, uybsts o ¢t
a3d " J dzj L= jg/r(a-dly 3 d3) o tsL i3y dats teOL o dlsd
MOy sCEmMdtetsa Cd HOXYJ HAEY Az yo2s Sttt
BEd3) [7]. CCMfjteddjdads, ftetso jHjdade §
sBMisswisj dz hise ts.

1. 10fmMse 1.1 . d Ht. [/ s90dkstssOw 1 dzj CIstetsdad € C
2. 10fmMse 1 .4., HwkBBBISdd I.R., AjBCIsdMisse [ .1
3. [iB=ORS.40..,, R iBB ¢.R. // s00dkstsoOWw 1 dzjClsts
4. [dBtS R.J|. [/ so0OdkkstseOw 1dzj ClstetsdzdS O, 30(5)
5. 1sdzetsdzjo©®© 4.1., [iBB R.J]. [/] so0Odstse OW 1 ¢
6. Zvorykin V.D., Lebo I.G. // Laser and Particle Beaftig, 69, (1999)

7. [diBB R. . [ t(6ihd2M¢d2 bjijrndtsdzsedud MSd2 >
8. Zvorykin V.D. et al. // Matter and Radiation at Extrent83541, (2020)
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.5 IRHtlSiJ, 6. 1. soéyrRpI, [
¢. 1. UUI¢I R1 , 1-1- gof fvorl, s.
lTor L1 ¢

1 O0ydesdzOdz: dz" 2 dMmMmdzi Hs9 Olsj dzr MEd2 WHJ tede 2
frvof T RYOGARC sttt OfRY[EHSRM L[ rr(s
I foeqrvewowtdrer & toedfolfrr13f sou
RYUY[1R[ sl Baul 1érvrer11d1d #]
RLEYOjIlsmw otsL ditsy dztsfyls ML HOdzd W d3J Is O dzc
f zOfMlsddzetsS! Ligo Gdgdf sdg KOG dzj stesdkzO® f tOMY dzOso
f tod &34 dzj dzd W 9 (BICts) + dzj Slstetsdzdzsds ftots L -
fMkzh jmlsekze hdn 3jlssHtses d3jlsOdzezdL Oydd, 9w
dzj HsMIsOIsC d . ] SHGEtsIsso dzj dg sBtOL Y’ d ftos
ZOdzj My dzd v SkjelOdzd GA® Al 203 o BOGdzj stetsdzj M
Bgh jdz ¥ 9 tejyxddy MOBsteOmMY ™ dzj dzgdw o twWOL dz' -
d td&zjShteduyjMSdj Mot2afflso® fodkzyj ddzr » B tOL

V.Yu. LISENKOV, A.V. KAZIEV, M.M. KHARKOQV,
A.V. TUMARKIN, N.N. SAMOTAEYV, K.Yu. OBLOV, A.V.

IVANOVA
National Research Nuclear University MEPhI (Moscow Engineering
Physics
Institute), Moscow, Russia

METALLIZATION OF CERAMIC SUBSTRATES WITH
COPPER IN
HOT TARGET MAGNETRON AND RESEARCH ON
PROPERTIES OF DEPOSITED LAYER

The possibility of creating metallized ceramic plates in a magnetron with hot
target for applications in (micro)electronic production is studied. The analysis of
existing methods of mdteation is carried out, their advantages and disadvantages
are revealed. Samples were prepared, and a number of experiments were carried out
on the deposition of copper on28k ceramics in a hot target magnetron in the-self
sputtering mode under diffareconditions. The adhesive and electrical properties of
the obtained samples were evaluated.

lted fsdLosHMIsea ®BilsOdzdzdL Jtese Odzdz" 7 f SH
otsLdzdC Ojls teWwH IstczHdetsfilsj 2. | 20 ©dz0e'O L dzg § ezt
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Sj f dzseo 5@ ts O difidgj Rddgtelss e OMh dtej dzdv  (vsft)
tejLlzd O] Bdesetsydmdzj dzgdz" = Isjted3syd<C dztso o
f OtcOdzdzj dz! dz@ | o jterdetsisd ToHdsySd [1].
a3 dzd d3kz d3, ERrEHh OjIsmw Isjfdtsf jtei HOYO wls djH
slsmdzOde O sfqw Yylsts o Ctsdzgj ydesds Mudlsd fYtedoe
f slstcj B dgsfiyls ! 9 dmf sdz' L s Oded d ftosd3d Y 2Istsyc
Clstster § OditstelsdL qtekzs Is otsL dzd € O h dj dzO0f tow
sj B j cOlskztedz" = Ctsdzj BOdzdW 7 d f tQHock dewds dsdzdisz® €
fMss2 CsMmis .

] HOdds?2 tOBtlj dhfdjHEzjlshy oL @Bisy dtsh
CjteOBdUiMSd) GBHEEYSCH o ©ORSOR ®KOcd ks
HOdz dzj2Nh jets dMfsdz L soa Odedw o COyYdMlseaj  dzOLk
]l AtHj] fttse jHj dedss ot "HHI® 1dEj i tisjlstasdfeds jrdz d L 5B f&
0 Bddz wOMYr dzj dedj YesdL o tsH edsti0 Iflde)d ed3Ongits j-
dmdzstctsH O 1ig] yJ dzt # ML HOdd W ftosd3j y 2lstsyd
drnOdzdyj MSEtsets dzOftewy jdedw, MmoewL Odzdzsets M) teC
Yilbrtey aLtsdzHiseo " i3 Bi IstsHid tsyj dzgj des EH | dz2 dzts
O ftsdzlzyd dedzr n sBOL yon. [ dzw afMmjn sB Ol
fsdzz yd dsh: f§toddkj teds S& diz0%fsdiods Rds s asdz’ o
Mstslse jIsMisolzjls kHjd dtdz fHIESEB] ozdzj dds ydf

dLBBtOY j dzdWw Hdz

10 tdMmkzdC) 1 f560L Od

t dMzdzsC Sl sleEg 8O dv YoMkt O HBEHRI[YO, o
dLsBOY jdadV SHdes?2 dL Isiflsser o § dzsh OHsE M

g dmMsC dzdlsj cOlskzter
1. M. Lederer, A.B. Kotas, G. Khatibi, H. Danning&haracterization of
Adhesion Properties by Delamination of Cerai¥ietal Interfaces in
Four Point BendingT TP. 2018.
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s. 5. HLoywrr1 1. [¢ffwu o PVt S RY
MqLdqucqz d dzfls d l§tBlY HA oMzt PR O, 1 t shmdw
3 0ydisdzOdz dzr 2 dimfdzj Hise Olsj dzr MCd2 WHJteds 2
t sifmdw

( 1rRYIS]Y
{101 lB
RR O RU[tulL {4 1010
Od dBtsH § 2 fr]lsa ddzj Sdifta < deCueCippisldsoists
o ts dzdz' ) MdzOB tsd Sdzd L 59 O dzdats 2 f zOL dsts 2, 1;’t51
dsdedL Oydd ddzj telsde" 7 cOLtso. 1 5C OHANdE,C Isy@sts
du O LWWI SO -uv QRgh Gz @ O 5B EZMdztse dzj dedets § i
Wslstst dzj Sstesdzse M) dzj ¥ Isi Geizh dgedzdgy ©IstdgO dzde L
lrweodzjdgr BEmdzsedw, o Cbtter n GlsSdds¢ § dzOL d
ftosBdtse s fsdzv fsHBBjdz SSCdzd Sk HAL dzj SIsted € (

K. YU. VAGIN?, T. V. MAMONTOVA?®?2 S. A. URYUPIN- 2

!Lebedev Physical Institute the Russian Academy of Sciendésscow, Russia

2National Research Nuclear University MEPhI (Moscow Engineering Physics

Institute), Moscow, Russia
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INTERACTION OF LOW -FREQUENCY FIELD WITH PLASMA
PRODUCED BY MULTIPHOTON IONIZATION OF INERT GASES

The inkeraction of a lowfrequency probe electromagnetic wave with a weakly
ionized plasma produced by multiphoton ionization of inert gases is considered. It is
shown that in the normal skin effect regime, the absorption of the wave, caused by
collisions of phobelectrons with neutral atoms, increases due to the Ramzauer
Townsend effect. We reveal conditions in which the response of the inert gas plasma
to a probe field is similar to that of a dielectric.

Aslssdtsdzd L 59 OdzdzOW f zOL &3O ddzj telsdz" n
fp s2Mmlse O. [Hdzs?2 dL feeduydds § swedzj ded VW
{ OsL GO e j dzH O ( M d3. , dzO0f ted d3d ts, [1, 2]
gL 3 dzgj dzgdw 3 S L W W Jydj dzelsO § scdztsh jdedw
WsksdtsdadL tso Odadzts 2 f dzOL 5 ftedo sy dils dzOadz
ylbsts MdzOB sdtsdzd L 59 O dzdzOW f zOL BO, f tsdzlz 1
desdedL Oydd ddzj elsdetsdts ¢ OL O,z> 0. O dadlis2Sj Usd s1
tcOMftcj Hjdzj dadwV Wislstsi dzj Clstetsdzgsoa™ QU f tets € o
eft“v]l 0 L, AH jif dzts s dzts fyls ! W s 10 s Pl j S tdstdrdsiz s o
Wilstst dzj Clstetsdes o 1 ® MifizO J dgidzd f © ydetgtc 3O dzd €
fOHOjIs Ldzj CstetsdBOG dzd Is dzO W 9 5 dzdzO ig] Yo
fosyjHkte] fMmMicjHMmMlsotsdy Mseo &3] Misdegse s tej h
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d EktOo dzj dzdRO, [ ORGP i3 { sdzj 9 f dzOL d3j
f sedzshor zdvw Mz yoy oL Hj2Mseodw dzdL €
Cst WWdydj delsO ftsedzsh j dedwy dzORsHIB [ 2]

07 1 Wi1p 4fo Th ap JFo | Y, )

07 1ol A T B hup 7o L SL sh (2)

GHJjrL T ff dzOL d3j dzdzOW Y Ofrldrdsldsds, @ 3fis ts dz$ dats
Wslktst dzj Clstetsdetse M) dzjl 11 4TH Or &3y dzO1g fs dzD 3
f OtOd), steOydlsr 9 Os h j e 5 -8 ®W gzl Jsdzn @,d5L Odz1 6 €
d StedflstsdzO ftej HMisPadzOdgls ' dz@ OtePf bs dzlc fz" L
1 dzgj oot Blstst dzj Clstetsdzts o f sfmdzj Bdets e s W sl
mMtsslse jIsMisakzjls fsdzsydlsjdz' dzr a3 L dzOyj daed v

{dfm. 1. 1 dz0wjURd jts s Ged dajdR0 « dzj ecdd W slsst dzj Cls:
Cted f IstsdzO.

Ht5C ZOMMpEEO@d U] § OttOdjlstc® U ftedotsHdls
tdyddise fHotsded Cdeso jdedwy d f§tsedztsh j dedw da
ddzj wlsdz" = cOLBo. Jegfsfsbdatgl] bizthj o ( L) % d BJ
MCfdW jSlO. WU LAz dginQ ddaH @k {ftdedf o sH g s
fsedksh .p |jo TteOL, jMdd + dzgjtecdw Wil dz
i3 dz' hgvdezd5 Bed e Hhdzy € M j dzts dzOeVd| dalfj de'shdg h Q.
5eV Hdv Ctd{ls dufaRdy fids. s eSdedtilyd jdz0 ted fy). 1

1 Ofteslsdo Msslsdes jdedd | 0] s g j ybj ydzlz
fsdztsfr de® TEEsE) 7 SlsCddd § oL 3" &0 o
fsHsBjdz kS dzdSk Hd1 dzj Sted $ O. 1 tod 1
Hdt dzj Clstedud ME 52 f totsdzddyjj di3tsdgds dd {f i jddn Is
Bdz M j Bded Bs2  YOMiIsd .3 <& 5D fifiditsd yd g dzls
fsedzsh jdad (e steydsdzOdzj dz wOfiplsisdls j  fils
oL tcOMIOjls Hts jHddedyr , Yylsts MmMsslse j Isfy
gL dzeyj ddw ecdzzB! MdzOBdtdzdL 5o Odzdztsc 5 ¢

t OBtslsO o' ftsdzdzj dzO fted  SHIPAHS j t AAR

uf S ddlsjtOlkztsr

1. Bogatskaya, A.V., Popov, A.Metp Lett97,388 392 (2013).

2. K.Yu. Vagin, T. V. Mamontova, and S. A. Uryupihys. Rev. AL02, 023105
(2020).

246



(.1r. fotiy1¢fd. svduvzmpsm. Fzr1J]
HhOoydtsdzOdz! dzr 2 dfimdzi Hse Olsj dz' MSd2 wWHjteds 2
t smipdw
1A skttyOlsemeéd?2 ddfmisdlskzls, [ tMmtec

fArofrt LI oV R S8t OV RESLIOVRC J RURY
[RZ1VR TRICtUultd I sfrr SOLPS
I BHdWdydieseo Odz0 B H | iz€ SizeBC § d tc H3OAsq Ac d 1 dztf €
dmfsdz LEzj B3OY ©® CtSHy SOLPS 4. 3: 9o¢Cdzs yj dgr
d dmfOtejddy, MmMdd ds LOoadmwhdj ©ls Isj &fjtco
Hdo jtolststc® M dzdlsdjots?2 &dh jdfrs. ol tw¢ @Ldf)dstsd d
oL dzd € O jlds LU WQdB] tets© Odzd v Colbster 2 daj L e
Bdhjdz fjor ffdlsd dsgMiJ sthdslsj o5, L Octew L dzj dad,
et dBOR M o MsCts?2 d@shdshmis: & BCOLT 90O lsmw
cOMmMdB3OIstcd 9 Ols* + CtwOdzdtetso Odedy ¢ EOcwwEME @ls e
BN § dz .
E.D. MARENKOV?, A.S. KUKUSHKIN?'2 A.A. PSHENOW?
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
National Research Center g¢Kurchatov

MODELING OF VAPOR SHIELDING OF LIQUID LITHIUM
DIVERTOR TARGET WITH SOLPS 4.3 CODE

We have implemented a new erosion model in SOLPS taking this dependence into
account. Simulations of the TA8D tokamak divertor with Licoated divertor targets
have been performed. Erosion is determined by physical sputtering, evaporation,
and thermal sputtering. The results of the simulations show that the shielding effect
occurs, providing a reduction of the target heat flux to the values below 8 RIVWm
the same time, the upsar@ plasma dilution in the high power regimes, where
shielding is most efficient, is very strong, meaning that practically, it may be difficult
to rely on the shielding effect for the heat flux control in the configuration considered.

r dHC tsd3j Is O dzdiddzyfjfiriigiddgls ¥ ¢ CtsdzlsOCIsdtelzs h d
cOmMMd3OIstcdo O Isfpw COC Odz sjtedzOlsdoa © diBj Is
d dzi Cshstster n 9 0OtedOdzstse (¢ f[. 1 COyjMmlbse
9 tsMdsts o dats d3, dmMfsdzt L 59 Ols! dzd Is d 2 (Li)
INdHO] Ismw ybtsy dfe d B tHdis i lais®@ M C stetsmis d
sO¢tsets fsCter Isdw, wdts d@Bsyjl LOMdlsdls!
CCMmt Jtod d3gd dals' , ftocso sHd A" | dz0 dzd dzj ? dzr
dzO § tc d Bggt-8S| PSIF2, PISCESB, selu, fsCOL Odzq , Y|
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fisslse jlsflse s h js2 s idtsdedzdedv oo f sdzdzj o fsL
ftoj HdztsY | dets dzej ME sdzt € 5 90t Odzlsts 9 Cts
otsLcBdsodzv j 3" 5 fsCter Isdids, cor" ydo Os h dc
fistslke jlsflsoks hddgd bkhksedwd HJo jtsceO,
d &3y Iz dz fdzr 3.

[HBZOCE 1Isd-stv tsBle ¢ dig] fisd ydzdz s OlsT Is t
2O tew Bz 1 CMistcOf skzdtetso Ols! dzO0 Iss¢ ORBOS
dd3j jIs d@BBHj s Odedj o CwHOR, GfdMmr o0
ksCOBOC]. [r doHd¥dydtese Odzd CtH SOL
ftesyjmmr twsLdd, LOsdMmwh djdOds sk G t
cOBBIS] & ftojHMlsOoadw jd& fjteor j tojL zd
Bdh jded Hdo jtelsse® ©®© CtsHj SOLPS 4.3. o9
1. StsLdw &Bdh jdd MSEZOHT 9 0Ojlsmw dL Isf
Oy " dzj dzgdw, IsjtedRduj MEtsets twOMY " dzj dzdw

st deztcOfygdvw o8 #B yoOJils 2 Hdo j tolststedzr
ZOMmistswh j2 OBl IjteRdyj MSOw 1 tesL dw
Bdh jded. 17" &ZO or fsdzdzj 2O fjtedw tOMYJ ISt
ydfdzsds o sHSteSHO (1) N f 8@ .Mis ) izt Y dzts s o3
dL Bj dzv zOf*:  f sdzdzOv RBsh detsfyls: ,  f j toj dztsf
ftoj HPOI20 [ll. tjLEdr O §sPHL Odzq,
> 10 [l {ttwesLdw Li MksOdssdlshy HE&MsOIls
ftedotsHdls o zd3j dzt M J dad ¥ fslstsC Ols slskj §f dzO
dzOB dz¢ H Oj Isfyw  + WV j1CG Shroldnts t tg aas WO Sdffiy f 3O dz
20 &dh jdz dzj f to o SASEEH flsh W7j SId s odglzw j Is fiy
sitse j dedetsls! 6 1 CtcOdegdtetso Oded v , dL 2y dzdzts
Zddzj 2dz2' 7 EMlsOdtsoa COR d Isjtstejlsduj MSd.

roxg ftod dztzs@EMd dgBPeglztsMBG [ 1 s flstse

sMisOj sy lsdtsdls| d dBbed LeC d i3 4 s jodgw ¢
Mezh jmMsoks hdj CodmbbtezSydd o&dh jdd Lo
His WP, kOS¢ Ykt otLtBdsody dadj (tsCter Isd
ftetsB dzj 3.

1 & fls jis j dg, fd &z dzOw L tesL d¥ ftedotsHdL
LOGEWL dzj dzd ¥ f dzOL BPsepeizd 8 @ § d5.] Isv sszs i thds O d
fSteWHSO 40% o tB&OMd fMjfOtOlstedmr .
Ldzj Slotetsdzdzts? § deslsdegsfisd, MowL Odedetsj IsOFC
ftedotsHdls § (g0 dfted HO, Clstster 2
3. 5%E0 Piged 14 [ 1. N Jj Rfsusisdedsic 5 &y dats
OfEMC G 1, ftdotsHdls ¢ Mmdady jdeds L OCte
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EojddudoOjl 1 djCltesdadgz 4 deslsdasfls! . o
@O Rg Shua@iyided J iy ddi OBk Hdo stk
foClsdujmMCdr ftjddkh jmise, daj Mdlstew dz
5§ &zO.
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s. 1. [fIZsriOr. 1ty fuwrsdl
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3 National Research Nuclear University MEPhI (Moscow Engineering Physics
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SIMULATION EXP ERIMENTS ON THE DEPOSITION OF
REGOLITH ON TANTALUM AND MOLYBDENUM PLATES IN A
GYROTRON DISCHARGE

The results of the study of the chain plasthamical processes initiated by pulsed
gyrotron radiation in powder mixtures imitating lunar regolith tantalum and
molybdenum plates in composition and size are presented.
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EFFECT OF A BUFFER LAYER FE -CR-AL ON THE
EFFICIENCY OF ALUMINUM OXIDE PROTECTIVE
COATING IN INTERACTION WITH A LEAD FLOW

In this work, we studied the possibility of increasing the efficiency of aluminum
oxide protective coatings oBP-823 steel by applying a buffer layer consisted of
aluminum and steel components before the coating deposition. It is shown that the
buffer layer prevents corrosion and oxidation of steel in the lead flow in case of
accidental mechanical damage of thatogy. In addition, the presence of the buffer
layer slows down the penetration of iron atoms from steel into the coating.
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DEVEL OPMENT OF POWERFUL BACTERICIDAL
MICROWAVE DISCHARGE RECIRCULATOR

11w C

It is proposed to use microwave discharges to produce powerful sources of UV
radiation, which can be used to create powerful bactericidal air recirculators. The
technicalcharacteristics of the developed air recirculator were evaluated. The design
of resonator working chamber for ignition and efficient combustion of the microwave
discharge in mercury vapor is calculated and developed.
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INational Research Universitijvloscow Power Engineering Institute”,
°P. G.Demidov Yaroslavtate University
PORTABLE PLASMA TORCH FOR LOW -
TEMPERATURE PLASMA TREATMENT OF HOUSEHOLD
AND MEDICAL SURFACES

A device for treating household and medical surfaces withtéoaperature
plasma for disinfection and activation is proposede Efffect of lowtemperature
plasma generated by a sliding arc discharge on various surfaces is considered. The
plasma parameters required for activation and disinfection of various surfaces were
evaluated.
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CONVERSION OF THE MAGNETIC ENERGY OF THE

PLASMA CURRENT INTO THE KINETIC ENERGY OF

RUNAWAY ELECTRONS DURING DISRUPTIONS IN A
TOKAMAK

The conversion of the energy of the plasma current magnetic field into the kinetic
energy of runaway electrons (RE) during the termination phase of the discharge
disruption in the tokamak is analyzed. The dependences of the total plamet
and the induced current in the wall of the vacuum chamber on time have been obtained
under the condition of an exponential decay of the RE current in the framework of the
zerodimensional model. Within the framework of the 3D analysis, an equiation
the change in the kinetic energy of REs has been obtained, and an estimate of the
indicated conversion have been received for the flat profile of the plasma current
density.
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APPLICATION OF CHARGE EXCHANGE SPECTROSCOPY
METHOD TO MEASURE OF DISTRIBUTION FUNCTION
OF PLASMA IONS IN A LINEAR MAGNETIC TRAP

Measurement of the distribution function of plasma ions in linear magnetic traps
is important for studying the processes of axial transport of particles and energy. The
decrease in longitudinal losses is the critical condition for the implementation of the
fusion power in an open magnetic trap. In this work the spectroscopic method was
used which based on the charge exchange of plasma ions on an artificial target (in a
stream of injected atoms). Thigethodhasseveraladvantagesveralternativeones
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INVESTIGATION OF BEAM -PLASMA DISCHARGE
PARAMETERS AT THE PR -2 FACILITY

We determine the range of the main parameters of the-pkmma discharge at
the linear device PR for various gases (hydrogen, helium and argon), operating
pressures (from 0.01 to Ra) and settings of the electron gun. The effect of bias
potential to the electron beam receiving plate on the plasma parameters is considered.
The flow of thermal power to the receiving plate surface is estimated.
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SENSITIVITY OF MEASUREMENTS OF HYDROGEN
IMPURITY SPECTRA IN ICP PLASMA DISCHARGE

In this work, the change of the spectral lines ratio of the H impurity radiation and
He/Ar plasma emission spectrum of the ICP discharge is studied. In order to do so,
the measurements of Balmer series lines intensitié&d n= 3, 4, § are considered.

The measurements were carried out with a different impurity to working gas
percentage ratidvlethods for increasing the sensitivity ldBS measurements in the
ICP dasma discharge are proposed.
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OPTIMAL PARAMETERS OF THE ELECTRONIC -
CYCLOTRON RESONANCE IN THE MICROWAVE ION
SOURCE

A kinetic model of a microwave discharge with the eleccpdotron resonance
is considered, taking into account the evolution of the DF of electrons. The existence
of critical values of the electric and magnetic fields, the excess of which leads to a
sharp "runaway" of electrons, is shown. Experimentally observed dependence of the
microwave source ion current density on the distribution of the magnetic field
explained.
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A.B. TAZHEN, M.K. DOSBOLAYEV, T.S. RAMAZANOV
Institute of Experimental and Theoretical Physics, KazNU, Almaty, Kazakhstan

STUDY OF THE MAGNETIC FIELD OF A PLASMA FLOW
IN A PULSED PLASMA ACCELERATOR

This work presents the results of pulsed plasma diagnostics using a high
frequency magnetic probe. The magnetic probe is measuring coil, which has a 7 turn.
The coil diameter is 2,80m coil inductance is 0,118H and a temporal resolution
time is 2,3ns
sBOCMdOdz dzr | f dzOL d3j dzdz" | EmMCtedlsj dzd
tcj OCsdodzr » HOodGEOIsj dzj 2, 9 COyjMmlsej EMmls
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G.P. TIMKOVKSIY , A.E. EVSIN, |.E. KONDRATIEV,
S.S. DOVGANYUK, I.D. ZHDANOV, L.B. BEGRAMBEKOV
National ResearciNuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
OXIDATION AND HYDROGENATION OF ZIRCONIUM
UNDER ELECTRON AND PLASMA IRRADIATION IN
VARIOUS CONDITIONS

The features of oxidation and hydrogenation of zirconium is studreter
electron and plasma irradiation in various conditions. It is shown that under
irradiation, the oxide growth and the hydrogen trapping in zirconium is accelerated.

The maximum rates of both processes, while maintaining their character as in
autoclavetests, are achieved with plasma anodizing, which determines its choice as
an accelerated test of Zr alloys.
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D.L. ULASEVICH, R. R. KHAYRUTDINOV, V. E. LUKASH

A.S. PRISHVITSYN N. E. EFIMOV, A. I. ALIYEVA |, S. A.

KRAT

MEPHI National Nuclear Research University, Moscow, Russia
Kurchatov Institute, Moscow, Russia

STUDY OF EQUILIBRIUM CONFIGURATIONS IN
PLASMA OF MEPHIST -0 TOKAMAK

The equilibriumconfigurations of the MIFIS™ tokamak plasma were simulated
with an updated polyoidal magnetic system, in particular, considering the
"transformer” part of it, responsible for balancing the magnetic field from the central
solenoid. Calibration experimemntgere conducted without considering the vacuum
chamber using a pulsed current source, based on which the dynamic task of calculating
plasma equilibrium was formulated. The results of the simulation with the experiment
data were compared and the camerdéxebn the results was examined.
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M.M. KHARKOV?, G.I. RYKUNOV?Y, AV. KAZIEV Y,
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I.S. BABINETS?3, P.P. BESCHAPOV3 A.M. STASENKG?3,
S.V. CHERNYSHO\??
INational Research Nuclear University MEPhI
Blagonravov Institute of Machine Science
3 BaumanMoscow State Technical University
MAGNETRON DISCHARGE PLASMA
CHARACTERIZATION IN THE PROCESS OF MoS
DEPOSITION

Mid-frequency and direct current modes of magnetron sputtering from a sintered
Mo$; target have been investigated. Mapgctrometry study of ioflux and probe
diagnostics of plasma have been carried out. Deposition rate and coating thickness
have been measured for different operation modes and bias voltage values.
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National Research Nuclear University MEPhI (Mosdemgineering Physics
Institute), Moscow, Russia
THE INFLUENCE OF ULTRAVIOLET RADIATION ON THE
CONTENT AND DESORPTION OF DEUTERIUM FROM CO -
DEPOSITED LITHIUM FILMS

The influence of ultraviolet irradiation of ateposited lithium layers on the
content and desption of deuterium from them is considered. It was found that
exposure to ultraviolet radiation suppresses desorption at high temperatures,
facilitates desorption at low temperatures. The effects are considered which can form
the basis for the creation ofethods for determining the places of accumulation of
lithium hydride in tokamaks with lithium walls, as well as for removing heavy
hydrogen isotopes from the walls of installations at sufficiently low temperatures.
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Tashkent, Uzbekistan

TO THE QUESTION OF F-T MECHANISMS OF
ELECTRON EMISSIONS IN THE CATHODE SPOT OF A
VACUUM ARC

Hot-cathode field emission conditions.
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IONIZATION PROCESSES IN THE CATHODE FRIDAY OF

THE VACUUM ARC
lonization in the charge system of a cathode spot in a vacuum arc

Odchuq’J ) f &zOL d3j HEe BB tsEts tcOL toW
dizgzh jMmlse j degdets Bls COLSHO € d'Odedadlz,
Sotd3 D0V Hd 10z tceldbd { df 5¥etidzw2jBlOM W
J 6 Mdz" o3 Wdrduyd MSdad LWWJCIlstsds. 1 te
Qo dzj dzts dzO tsftej Hj dzj dedj ttsdzd o 1 Istsc
s} 9 0CkE dzdzts 2 HEZzed, BJd MC sdaj ydats
tcrndesfisd § dzsmMitsets € OlsHO. ] tsB dzO M
ifMmlse jdzdets ftojor "hOjls Codzyj delstcOyds
jCtedyi MSsdd fsdzj [ 2], dzj 2 Istc © dz' dtso
SHO d EmMSttej dzdz” dsd + Isdd3 f tsdzj d3 ¢ dzj €|
yes 2 fsdzsy dlsjdzt dg 2 dtsdeder 2 L OteWH.
H
fn

“gan-IegcgoTa
N~ OQN#OLOgNE&~
OX W F+ To. quwaq_

b fslsjdydOdsd d SCwodyjdstoydy?2 L
Msd0 (1) .

Ty

I ™ (1)

1 &

H dzw @OU&WXJM@SMBd LdzjChtedyj MStsets §ts
shdse | Wottddzd [ O0CCtEdO, dMrtHdscet 9
0 — ?MT Na Y —p i oa ia VY

n n

@ o

G H7j= (ni-ne), - f dzts Is dats ) Is Wi 1L dDjtetv IS+t s rfiisCsOrdzdzO W .
dne S sdzyj dzlstcOydd dsdese d { dzjSCltesdatses fts

fted dLoj Misdes? r L(Boidfird B MOF Is W ftetsmls
qdzsj ctedtetse Odzd j .

—

284



] ftotsmistcOdzmise j dedesd3 L OteW H § e OMY tsdzts
9" Ms¢ 52 Ldzj Clstesf oso sHdzsMisf wtseo HH W MEBE
CoOLddzj 2 5tcOdz dzs?2 f d&zOL &' , | fMlsU=Udbslzts ¢ s f
- BOSC fd B3O dzj dz, 2O oo Q ,dzdztOM Is ) Iz d3fi3©dediz" [
ZORBHWHh JjMY 5 B Mbttd s 1562
1 54 bsdsz tsB dzOMls:  tesis tc @ @i B of Js dzdztiz@ts Is tc @ te
1 jtco OW S 1d2®0dz@ dzOj Isiw  dzO f tso jten detsfglsd €O
o Cdztk yojls o MmjBw YoOMmls! sB dzOMmisd f tsdztsy
LOGWHO, dzts M Ed3jde " O h ddsmw Stp Blsjdzlsd Oz
B dZOMis! f fsMmisteOdzils ¢ [ dedighe 5 SUs @i YOG | Tz
f slsj dzyd Oadzts s, LOo jteh O h Qw fyw 9 tsB dzO Ml
fslsi dzydoOodze € ObUspH detsets § OH § dzd W

Ue, 3B

| 1OH

Zxn 7
MKM

NEKMPOH
~

{ Ik demQ ddj.dzj dzd § §slsj dgyd Oz dets?2 1 dzjtecdd o € Obts

©OL &z udy 7 ©OMMlssY ddW R & I5Z,CdoaSimdatlz ds dfj B lshjtectmiztsd iz @,

EsUCO §jt6jcdE&PCBEEjdku)B@OS OlssH das ¢ I ISJeouSjcdzd v § &
kidztsts ddsstod3tsy j ded W { dzj Slstetsdztso .

) teso jHj dzdes U GSIdEd] th Qs wisdgny ¢ G
polsteisP IStj e jOdztSHE, daj oMmistej yow §lsjo
fsCdHOY s ©OMMEOEeds O % B d&Ofls: .
fslsjdydOd diz¢ dsekhCk. uwdmlsj O L OBLYHTE

EmCttej dzdw 1 Bflsdtetso Odzdz' 7 1 dzj Slstetsdzse o
ij dO0 EfMSttjtdfscdaydsol dff Ctotsdzdzse s @
dLdzkzyj dzdj d woOMmMmjvdd] dtdss fttd 1btB
Hisdze tsls L SEJ §fdkgedzsmisd <+ dzf ¢ b HRdzdzs 6 &
l jtesvwW Isdzts s dgsdzdL Oydd Ol tsdi3s o BdzdL C
Codayd dzlste AQRY s ¢, 5 dg@aDj Is f OH Ols! f tod
Csdzyd dzesteOydwrn. | tjLbkzd O] HAPtej L Otew +
1053 tsls COLtSHO MBLHOj MY Mdis2A0] sdtse ,
1/ fds.

285



sfdmMsS dzdlsj tOlskztcO
1. fdgfmwy 1. ¢., 10tejdzetsdzr y . ¢. [JjrOoddL &3 ¢J daj
[ 1oy dad WdLiROP.RE.d -1 HAE &. 11131130.
2. Arustamov, V.N., Ashurov, K.B., Mirkarimov, A.Mt al. Features of the effect of vacuum
arc dischage on a metal cathode surface in the presence of -afieaéil hydroxides and
chlorides J. Synch. Investig, 1104 1109 (2013).
https://doi.org/10.1134/S1027451013060049
3.0 dddezdHtd sSLHj2Misod] BHdSttsHdSEs GOcddlsdsets
Odzsc OB Otcdlsdzse s EZftcOo dzv j dB3se s 9 OCkZEZd3dzseisc tOL oW i
20147v. 12. T&a. -188.2

286



B Y J1fdz0
1LRC 1 [¢f

l1tej Hinls 0o dzj dz" t6j Lzdz IsOIsT yd mdzj dedets ¢ ts (
fsedztsh j ded W d fJ tcjLddzhQ dzdz®L jotc dzty® tzts foizis Is dzts
oajhifmlsaj. RMMdzjHBsoOdy Mtsej dzdetsMisd tOMY 6ts
Mz yoj f(sotedmissets ojhifmMse® M f dslsdsmis! s,
f zslsdzsmisd § dzOL d3r , ftotseo j H] des MtcOo dzj dad § fi
tejLld sOBdz] dzOf 820 f s5dME B j dgj 2 &OL j tedels@ s

—_——
—_

R.A. YAKHIN %, SlY. GUSKKOV?, N.N. DEMCHENKO* N.V.

ZMITRENKO?, P.A. KUCHUGOV?
1Lebedev Physical Institute of the Russian Academy of Sciences, Russia
2Keldysh Institute of Appliesathematics of the Russian Academy of Sciences,
Russia

INVESTIGATION OF THE FEATURES OF LASER
RADIATION ABSORPTION AND TRANSPORT IN A LOW -
DENSITY POROUS MATTER

The results of numerical simulation of the processes of transfer and absorption of
laser radiatin in a lowdensity porous matter are presented. The features of the
hydrothermal wave propagation in the case of a porous matter with a density lower
and higher than the critical plasma density are investigated, and a comparison with
experiments is madd.he results are addressed to the development of design of
laser thermonuclear target.
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gsdvovg R 1[ 13 YtJrsuvd NICA [R
NICA (Nuclotronbased lon Collider fAfility) 7 dztse ' 2 EmMetsted s dz
Cedifdzj ¢, ©OLLOBOIST 90 3" 2 © [ B jHJdz dzdztsd3
r e dz0,  tsidw Hdv dLEyjddvY MmMet2fMmlse f dzsisd
BzHlkls ftejHMISOodzj dz@r tejLzdz SOIsT wWMNCAOB BSISC d

I.N. MESHKOV

Joint Institute for Nuclear Research, Dubna, Russia

NICA PROJECT AT JINR: CURRNT STATUS AND PLANS

NICA (Nuclotronbased lon Collider fAjlity) is a new accelerator complex
designed at the Joint Institute for Nuclear Research (Dubna, Russia) to study
properties of dense baryonic matter. Current results of NICA complex development

and construction will present in the report.
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S.A. MELNIKOV, I.N. MESHKOV
Joint Institute for Nuclear Research (JINR), Dubna, Russia

MINIMIZATION THE NICA COLLIDER RINGS
IMPEDANCE

One of the criteria determining the stability of the motion of charged particles
inside the beam vacuum chambgthe value of its impedances. In the course of this
work, the values of the impedance rings of the NICA collider rings elements are
numerically simulated to minimize it to the values that provides the stability of the
beam. For this purpose, changes aeglento the design of the elementdditional
screens, elimination of resonant cavities, etc. Based on minimization results,
analytical calculations are carried out to assess the stability of the beam dynamics.
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YU. SENICHEV, A. AKSENTEV, A. MELNIKOV,,

Institute for nuclear research of RAS, Moscow, Russia

SPIN CHROMATICITY OF BEAM: ORBIT LENGTHENING
AND BETATRON CHROMATICITY

The main idea afneasuring the etéric dipole moment is based on measuring the
averaged precession frequency of the spin of particles in a bunch. The problem of the
maximum coherence time for the spin of particles in a bunch is reduced to the
minimum spread in the length of the orbits aif particles. This is achieved by
introducing sextupoles with fields that minimize the chromaticity of the spin
frequency. We have found experimentally that minimizing the chromaticity of
betatron motion leads to minimizing the chromaticity of the spgguency. Irthis
paperwe explorethis relationship
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B Ctotso sdzdzso 52  dzj Efilsts2 ydoe sisffd der tf ticldstg t€ dedfticdz!
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Y.CHAE} SV. MATSIYEVSKIJ? V.I.RASHCHIKOV?, M.

ZOBOV?
, IDESY, Hamburg, Germany
°National Research Nuclear University MEPhI, Moscow, Russia
SLNF-INFN Frascati, Italy

MICROWAVE INSTABILITY IN THE DESIGNED USSR
SYNCHROTRON RADIATION SOURCE*

The study ofinstabilities arising from the interaction of a charged particle beam
with vacuum chamber elements of modern synchrotron radiation sources and colliders
is a necessary task, since it is practically impossible to obtain the required beam
parameters in fount generation synchrotron radiation sources without taking them
into account. The conditions for the occurrence of microwave instability in the
designed USSR fourth generation synchrotron radiation source with an energy of 6
GeV and an emittance of 70 pmeatonsidered. The possibilities of decreasing its
influence on the parameters of the beam accumulated in the ring and, therefore, on the
output parameters of the USSR machine are investigated.
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S\V. MATSIEVSKIY, V.I. RASHCHIKOV
Nati onal Research Nuclear Univers

SOFTWARE AND HARDWARE PREPARATION FOR
DYNAMICS CALCULATIONS IN USSR SYNCHROTRON
RADIATION SOURCE*

Partide dynamics calculations in USSR synchrotron radiation source require
taking into account instabilities, arising due to particles interaction with beamline
elements. For this, impedance of separate ring elements are imported into dynamics
calculations withinter beam scattering. There calculations may be carried out by a
number of implementations with different upsides and downsides. Here we describe
dynamics calculation infrastructure preparation for the USSR project: software
selection and preparationsitleployment on the Kurchatov Institute computational
cluster.
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3. https://github.com/atcollab/at/
4. https://github.com/radiasoft/sirepo

*This project has received funding from the I
innovation programme under grant agreement No.87XH®2 has been carried out using
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V.S. DYUBKOV, M.V. LALAYAN , SM. POLOZOV,

V.. RASHCHIKOV
National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute), Moscow, Russia

PRELIMINARY RESULTS OF THE DEVELOPMENT
COMPACT RADIATION SOURCE BA SED ON INVERSE
COMPTON SCATTERING

Developing a compact system fofr&y radiation production in the energy range
of 5-30 keV in a nexgeneration light undulator for circular and linear sources based
on inverse Compton scattering was started in MEPhI.ticéaand parameters of
optics elements of 260 MeV compact synchrotron, which is part of the generation
facility, are chosen. Variants oflimac, that can be used either an injector for the
synchrotron or an standalone source eBR(MeV electrons, arproposed.
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1. H. Primakoff, Applications for Nuclear Phenomena Generated by-liitease Lasers,
Phys. Rev., 1948. Vol. 73. B49.

2. A. Wolski. Beam dynamics in high energy particle accelerators. Imperial College Press.
London, 2014
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T.A. LOZEEVA, SM. POLOZQOV, A.V. SAMOSHIN

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

FAST OSCILLATION AVERAGING METHOD FOR ION
BEAM DYNAMICS ANALYSIS

The results on the nemlativistic ion beam dynamics investigation using
averagingmethod of the motion equations are presented in this work. Motion
equations systems in averaged fields and effective potential functions are derived for
the accelerating systems with phase slipping, composed of the periodically spaced
short multigap cavids with focusing quadrupoles or doublets between them.
Averaged motion beam dynamics was also numerically compared to the full
multiharmonic field dynamics.
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A.P. DURKIN, A.A. KOLOMIETS, V.V.PARAMONOV

Institute for Nuclear Research of RAS, Moscow, Russia

ANALYSIS OF FOCUSING SCHEMES IN THE MAIN PART
OF A LINEAR PROTON ACCELERATOR FOR MEDICINE

The Accelerating=ocusing Channel (AFC) in the main part of the linear
accelerator of protons for energies up to ~230 MeV, containing extended accelerating
stction, is considered. The beam having small transverse and longitudinal emittances
only can be accelerated in suchannel. Various lattices of focusing period are
analyzed. Estimation of focusing field values proves the possibility of design and
created such channels in practice.
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2.A. Ghaitset al., PermaneniagnetBasedQuadrupolesor PlasmaAccelerationSourses
Instruments v. 3(2), n. 27; https//doi.org/10.3390ihstrument8020027, 2019
3. V.Paramonov, A. Durkine, A. Kolomiets. Initial Part of a Compact Proton Linac for
Applied Purposes. Physics of Particles and Nuclei Letters, v. 17, n.4. p. 624, 2020
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S.M. POLOZOVY, V.I. RASHCHIKOV?, M. KRASILNIKOV 2
INational Research Nuclear University MEPhI, Moscow, Russia
°DESY, Zeuthen, Germany

PHOTOEMISSION OF HIGHLY CHARGED
PICOSECOND ELECTRON BUNCHES IN RF GUN

The emission of short electron bunches with a large chargadia frequency
guns is considered. With picosecond laser pulse durations and a strong electric field
at the cathode, the picture is very different from the traditional emission mechanism,
limited by the space charge of emitted particles. In this cdseetessary to consider
the influence of the ions positive charge, dynamically arising on the cathode surface,
associated with finite time of photoelectron transport to the emission region.
Comparison of the calculation results with the experimental vhtsens at the Photo
Injector Test facility at DESY in Zeuthen (PITZ), showed good agreement.

t Ommisistedds Isdf qydzze COtwlsqddalz + &3 MM c
gly fkhSqd dz©0 feddjte WsksfkzhSd, ©LOL
PITZ[1].
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SCATTERING OF THE FIELD OF A RELATIVISTIC
CHARGE ON A CLUSTER OF MICROPARTICLES

The scattering of the field of a relativistic chargedipkerby a periodic cluster of
spherical micreobjects is considered. The influence of the angle of flight of the charge
relative to the structure is taken into account. The dispersion relations that determine
the directions of the radiation peaks are dativSpectrahngular distributions of the
radiation energy density were plotted using the analytic expressions obtained.
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ACCELERATOR OF PERTICLE WITH A MAGNETIC
CHARGE

In this paper, the possibility of constructing accelerators for accelerating protons
having a magnetic charge is shown, in particular, an accelerator scheme is proposed,
as well as a method for obtaining magnetic charges.
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MANIPULATION OF BEAM POLARIZATION
ORIENTATION IN A SPIN -TRANSPARENT STORAGE
RING

The feasibility of manipulating the beam polarization axis in a-Bpimsparent
storage ring by means of spiavigating solenoids has been investigated. In
particulat deut eron beam spin dynamics in the
with respect to beam depolarization via spin decoherence have been considered.
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National Research Centre ¢Kurchat
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BEAM DYNAMIC SIMULATION FOR HIGH CURRENT
MULTICHARGED IONS INJECTOR BASED ON SC ECR
| ON SOURCE WI TH ¢REALé FI ELD

ECR ion source is under development at JINR as part of superheavy element
research program. Development dba energy beam transport (LEBT) system for a
high current multicharged ions is carried
- ITEP. The paper describes the second step results of ion beams dynamic simulation
in the LEBT wit h idgnfoeapticélemferitse | d appr oxi mat
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Tashkent
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RADIATION EFFECTS IN HIERARCHICAL STRUCTURES

Within the framework of the model of two interacting platforms X and Y of the
hierarchical ladderhe change in the transmission of compacted information under
radiation exposure to the X platform is considered. The developed algorithm is applied
to the radiation degradation of semiconductor devices (inanimate nature), and the
formation of a new straimpon mutation of viruses (wildlife). Theaysof suppressing
theseprocessearediscussed
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K.E. PRIANISHNIKOV, P.A. FEDIN, R.P. KUIBEDA,
AV.KOZLOV, A.YU. LUKASHIN, P.A. BOGOSLOVSKIY,

S\V. LESHCHENKQ S A. TRYAPKIN, T.V. KULEVOY
NRC nAKur c hatit¢rgP, Masew, Rissia e 0

IMITATION IRRADIATION EXPERIMENTS ON THE
ACCELERATOR HEAVY IONS HIPR -1

Simulation irradiation experiments on heavy ion beams are par ek@ress
analysis to examine the performance of materials exposed to ionizing radiation. For
structural materials of reactors, such experiments make it possible to generate defects
in the material, similar in nature to those that accumulate in structutatiais in
reactors. Experiments on ion beams can reduce the research time, in comparison with
similar experiments carried out at reactors using neutron fluxes. Fotamgierature
superconducting composites ion beam irradiation experiments enables the
investigation of the influence of radiation effects on superconductor characteristics.
The absence of induced radiation in the irradiated sample makes it possible to use the
entire set of modern instruments for research, in particular, atomic probe tomograph
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Simulation experiments are performed on the HIRreavyion accelerator at the
NRC "Kurchatov Institute® ITEP. The report provides an overview of the irradiation
experiments carried out at the HiPrfacility and describes the preparation for
experinents with copper ion beams.
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K.S. SAGAN

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

CALCULATION OF THE LONGITUDINAL MODE
COUPLING INSTABILITY THRESHOLD IN A
SYNCHROTRON USING THE PYHEADTAIL LIBRARY OF
THE PYTHON PROGRAMMING LANGUAGE

The result of the calculation of the microwave instability threshold in the Ultimate
Source for Synchrotron Radiation (USSR) is presented. This result is obtained on the
basis 6 the analysis of the results of modeling the dynamics of charged particle beams
in this synchrotron source. The simulation was performed using the PyHEADTAIL
library of the python programming language. The structure and main modules of this
library were &0 considered.
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