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ESTIMATION THE PARASITIC PARAMETERS OF POWER
PULSED DEVICES BY IMAGE REC OGNITION AN D
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 wii$tibuted 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 asrmptdr sharing these methods.
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9. N

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 soligns, 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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INationd 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 ao heterostructure
containing ten CdS/ZnSe coupled quantum wells with-typand offsets is studied.
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BROADBAND (851 3. 5 ¢ m)PULSH 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 ¢peeerated.
Using this source folintrapulse different frequency generation in LiGaSe
experimentally obtainedmidn f r ared coherent radiation \
to 13.5e m a t-?leveh(eorresponds to 47 fs of transform limited pulse duration or
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V.E. GRISHKOW}, S.A. URYUPIN?
1P.N. Lebedev Physical Institute of the Raisshcademy 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 pectrum 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
sizeis comparable to the pulse length and skin depth. If an odd number-ofehal$
of highfrequency radiation are stacked doubled semiconductor thickness, the
generation efficiency increases sharply. In particular, for GaAs and GaSbh, the
efficiency incrases 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 radi@mn of Q
switched CGlaser at intracavity conversion in a nonlinear crystal ZnGeére
investigated.
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THE EFFECT OF PULSED AND CONTINUOUS LOW -
INTENSITY IR -RADIATION ON MORPHOLOGY OF CELL
CULTURES HEK -293

Theeffect of pulsed and continuous lémtensity 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 stimwftion
periodicmicrodeformations 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 nanagticles 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 specsampy. 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 ultravioét 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 experiental 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 chondritéstone) 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 B5 &; 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 chga
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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 iadiation 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 nanoparticldormationareconsdered
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INFLUENCE OF LASER HARDENIN G 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 war 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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DETERMINATION OF THE GEOMETRIC PARAMETERS
AND TRIBOLOGICAL PROPERTIES OF CO ATINGS 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 factogaperment, 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 spaesgloltained. The corrosion resistance
and wear resistance of the coatings are higher than the steel base.
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FILAMENTATION HIGH INTENSITY 248 NM
ULTRAVIOLET LASER PULSE IN AIR WITH DIFERRENT
HUMIDITY A ND ITS CONSTITUENT GASES

In this work, we experimentally studied the influence of air humidity on high
intensity ultraviolet laser pulse nonlinear propagation ilamentation mode.
Filamentation was observed in air with deferent humidity, oxygen arajaitr
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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 pu{saergy 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 fiigld physcs. 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 fieklns of
oscillations in the near and mid infrared ranges.
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STRETCHER-COMPRESSOR SYSTEM BASED ON
VOLUMETRIC CHIRPED BRAGG GRATINGS FOR A
HIGH -POWER DISK LASER

This researchvork is devoted to the study of the temparadracteristics 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 disregenerative amplifier, which will later hesed 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 Physit Institute of the Rissan 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 radian on a metal filmhas 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 nonlinearrents are calcufed. It 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 thahe skinlayer 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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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-xAsiyPy films.
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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
nanopartles 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
IPTRAS,FSRE Cr yst al | ogr ap hy,10884@ Mdstow,t oni cs e
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 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 Univesity named after A.G. and N.Gtoletovs, 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 ytterbitihe 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, sphericgpestand narrow particle
size dstribution. These results can be used in the synthesis ofphiify laser
ceramics.
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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 wavelengtof 248 nm.
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FEMTOSECOND LASERMODIFICATION OF AMORPHOUS
GE>SB;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 andcation of surface lattices with period
which is c¢close to inci deThisfeatueiddorfitmedo n wa v
with SipeDrudetheorysimulations
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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 delg of the beginning of lasing of the NHaser 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.:¢
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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 thepstgeler” 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 Institutecbihdogy
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 inducddlation
instability of wavepackets propagating in nonlinear optical fibers with different
profiles of dispersion on length.
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I. O. ZOLOTOVSKII, V. A. LAPIN, D. I. SEMENTSOV
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: OPTI CAL, 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
microhardnesslong 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 fsm initial powder materials apgresented.

The efficiency of the sintering process was determined by the resultgaf X
diffraction analysis, Raman scattering and electron microscopy studies.
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AN. MARESEV, M.A. SHEVCHENKQ N.V. TCHERNIEGA SF.

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

NTERACTION OF PULSED LASE R RADIATION WITH
DISORDERED NANO AND SUBMICRON SYSTEMS

The conversion of laser nano and picosecond radiation in systems of randomly
distributed nanoparticles with two different mechargsshinitial energy conversion:
stimulated Raman scattering of lighmd 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 temperatuithe temperature of
liquid nitrogen.
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A.D. KUDRYAVTSEVA, SF. UMANSKAYA
P.N.Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia

SECOND HARMONIC GENERATION IN NANO AND
SUBMICRON STRUCTURES

This paper presents the results of experimental studies on tretehistics of
second harmonic radiation on systewfs 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 picosecond ranges of duration
have been investigated. The dependences of thesaateristics 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 repot presents the results of development laser additive technologies for the
formation of functional tissuengineered structures for the regeneration of bone
tissue. The results of the formation of thdimensional biocompatible structures
using tle methodof two-photon femtosecond polymerization from biocompatible
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 printhg techntogy by the method of lasénduced forward transfer for

printing with cellular spheroids will be presented.
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Timashev P., Minaev N. Lasérduced Forward Transfer Hydrogelinting: A Defired 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 PERIO DIC SURFACE
STRUCTURES FOR STRUCTURAL COLORING

This work demonstrates a method of structural coloring of the metal surface by
formation of laseinduced periodic surface structures (LIPSS) under the exposure of
nanosecond laser radiation with a wavelergth 1 . 0 6-direensionalCandetwo
dimens on al structures with a period of abo
stainless steel films and titanium, as well as structures with a continuous change in the
orientation of the LIPPS during laser scanrafgng 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

WhenUV filaments with a wavelength of 248 nm propagate in Xe, natrand
monochromatic IR conical emission (IR CE) is generated. We investigated the
tenporal dynamics of this IR CE during the propagation of filamented UV pulses in
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 dilstvs 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 stgofight
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 effectof 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 levets 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 realil 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 scientific inddstrial
spheres. Moreover, its high optical transmission over a wide range of wavelengths
make them highly valuable in photonics, optoelectronics, bio photonics, and
biomedical applicions [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. Accordinglya 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 argther 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 lexeeasy
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 calanarking 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 oftenly 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%ickness 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 laseaygpar
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, respdively, the substratéarget 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.

=l Laser beam J

Deposited brass fim [ :

Plasma plume

in direct contact

Fig. 1. a) Experimental setup) Bolychrome marks on glass bagille surface.
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 coloark 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 traasgnt 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 sulite 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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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:C&sers 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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BROADBAND GENERATION OF X -RAY RADIATION
FROM RELATIVISTIC CRYPTON NANOPLASM A

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, obtaind in the relativistic regime of femtosecond Ti:Sa laser irradiation
(1~3x10*®W/cn?), have been carried out.
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APPLICATION OF GEANT4 TOOLKIT FOR MODELING
OF EXPERIMENTS ON LASER -DRIVEN NEUTRON A ND
GAMMA GENERATION
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which can be used to reach by 300 factor
140 factor of higher neutron fl ux.
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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 L ASER 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 dfe 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 &blgiarticles of the irradiated
material in accordance with the profile of the lines of force of the electrostatic field.
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TERAHERTZ RADIATION AT THE INTERACTION OF S -
POLARIZED LASER PULSE WITH RAREFIED PLASMA

The terahertz wave packet emission theory issttanted when as-polarized
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 atigde 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 plasimaundary 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 § Ctedilsdud i) Cdets jts L dz
slstcOy j dzd j ZOL jtedesets dL dzzuj dedv §tod MS ts
yts ftcd fOHjddd HtsH Lkedzsd {sddseéts i
ZOL jtedetsets L dzeyd dzdv o  dzOL B dd3d 4 Is d3C
Ldzjteedd o 1lktsd MbkzyOj {ttdin® swigds odsjs d
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?
Wdrduimedy ~O0OSCjdmisdcd viy dLdkzyjc
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fl sBcOlds? f§ ZOL &) dedgts?2 Y OMIs sl s zd dadte d
@O f ZOL &) dedzs?2  yOMstsils| § sy G szt d
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,
i s dzztste @y jsdsd W ZOL jedetsets L dzz yj dzd w . R dgls
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d B zd MPtedoesdfdstslse jIslsokzs Is dzsted3d tetso Odzdz j
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{BMEYHOs MY ksl d § &4y iplsdafdzj dizdsts
ftodofgMwisyj dzCd HdW ROLBOSIkjtedMisdS uviy -
EmMmizseo dv a3 Mo tcj d3jfddd® Lrdsj dzdeOE j o detk MY § tod
) sdkzyjdedz §] 2 ByjdSd MmodHjljd Msaksls
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1. FrolovA. A., PlasmaPhys Control. Fusion 2020,V. 62, P. 095002.
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t OMmdssistcj dz di3jlstsH O f-azif &Pty ts HaB dzdzis cABO L 1§
ZOdzs yOMmisdy H dzw Ozl B OC I jted Oz dzs@ 15 fted
dMidzj Hiseo Oded™w o dzdw dzdw Istsdzh dg § dzj detsS d
sfdzse Odzdd Yj G5 B idd W] VI8 diziediry dz@sd B 5 dzj

L.F. KHAERTDINOVA, A.A. NASTULYAVICHUS,
E. R. TOLORDAVA, S.I. KUDRYASHOV, A.A. IONIN
P. N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia N.F. Gamaleya Federal Research Centre of Epidemiology and
Microbiology, Moscow, Russia

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
cariied 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
EMmists2udotsmis: ¥ ¢ CdgjdeCAagfisias , d3 datf H @B MY s
BOCIsjted? W ts tc dzdidaftzio. O lsu Is taezdhdstizdzni© B d 5§ dzj dz
BOCIsjtedvds procdfel®igsodd OdzsdeBdtslsdCtse o
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 " 90Ol 6jdzjteOy
oLOdABBH|2Msoadw dLdzkyjddwy M bHEHyMlse s
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tdm 1. wC¢f odL kz0OddL®yiglddzst tcdz®dits y@fyls
f sdzd i3 odets Y l2OH detey WsEfElsdfjON(-B) Gy Btets; 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) dz2d Isd] =rlz@les M h 8 + d Ry B d
fsdzkor Mslsj 120 dzfn , BOC Md B3Odzy s 1+ dzj
Yyomsslsts? ftseoltstej dedvw ddsf zdzr Mtse HB 80
dzOdzs yOMmisd y z0 dB 0 Gls Odaf{dn’ d IS tctsB d & dzts
Mot i3 dede’ § BICtesMC sy dydmBdS [seicls Oz d
Bty dzj dets € .
sf dMs¢ ddls]j ttOlskztr
1. A. Nastulyavichus et all, Nanomaterials, 2020, 10(11), 2259
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flsjdydodz Mmisj tH@ayj ifls o jL i fCtAJFswtcOL S8 Ols j dzv Yo
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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 tdnologies, 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 photontracing 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 additienstudied 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 thaih 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 efficienaye 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 petegoower 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 photormsvard 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 introduee@r: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 016.5% was determineds® 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
experimentallyobtained 2.3% [2] to 4.4%. In " ™ rifbing scfar powerw

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 birefringent crystal.

10 MjetsHd"hdzad?2 Hjde RBjlstsHr yjtelsods
teOL H j dzv s dzO Hoj shdetso dzr | Ctokzif fr : W
WsC Odz dzts?2 f desC Bl f e shdd d( 5B Oy
Mso jh jdader 7 1 f dzsMCtsfls! ¥ dzOL jtedats? tsBte
Bisdz hejdpd 3O ded j bkHjdw jlsmw dhimdzg Hise Oded
ftoeddzj dzgj dedji B stsHBo ol ¢ telz fstdzts o fdzjs
] OdkzdL 8 smw ) f tod &3] dzfr dzcigisdy Lztfiaw tsfiplcts® dzfif)e
dLBjYyOddj BfldujmMitet ftosBY (slstter o
L 2Oy jidedjtse dd d Hdzdlsj dz detsflsd d B zdz Mse
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BOLdtelzjlsw dz0 ftoddj dj dzdd W OLBor 7 RO
Hozdz yd f toj ts ®dgis'ddaPrilzO § dets 2 C tod s O dzdzd Yy J M
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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 ablmn of a composite goldilver 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.

l1tcj HMNlsOo dzj f G ydid S d dzls O udz@ B dd3j Is

O yOMmlsdy Au/ Ag KBibsHdR & kzd mds?2
Msmisswh j2 L Hobknmn §dOMddz L sdzslsO d MmJ
Hf S MdHO Gdzj toctsH O. 1 s5C0OL Odets, Ylsts HC

74
oW H ttfdis dzj L dz" A f zOL d3ts dzdz’ - d COHOd&zdIsd
ltoj HdzsY § tpdetlzB j K2 SOCdm yYyoOmlsdy ¢ tSHASH
CL Jjdzj dzis2 ~daidde, fted Jjets tj OdzdL Oyd
Citdi) st uiMddzttOoydd LOMYsdsyjedy Bdh,
dmlssyded € G5 dfALdgtadgdzd v . 1 fjtwos?2 CsdWdg
O sdztsy j dzOdztse jdeds d B Bzs 9 52 Mmisj daf § toj C
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tdfm. 1. Rdzdz'ffnlstsOuc[W BsHjdzd tSBteOL tso Odzd W
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V.M. YAMSHCHIKOV
Institute of lasers and physical investigations, RFXIIEF, 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 levelsdafion 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. Inflae of spontaneous
radiation on energy levels kinetics and transfer of pumping radiation is shown.
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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 deosition density (kJ/cg) under
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 transitiarttee 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. Methds for controlling the colorimetrigroperties 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 thsize of the nanoparticles, theirmm®@ntration, 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 impodsibtherefore, 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".
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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 eleatnagnetic fields, induced in miniature
structured targets under the action of intense laser pulses. Main data
processing specifics and prospective methods of analysiisatessed.
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1 National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
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MODELING OF LASER TH ERMAL 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 tlaltieg
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 nelting.
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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, gnétkjpossible 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 1.66 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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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 colloidiinsolu
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 somamoparticles 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.
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O.B. ANANIN, R.S. RAMAKOTIY, A.P. MELEKHOV?, V.V.

KRAVCHENKO?, I.A. GERASIMOV?, 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 spectra tfie 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.
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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 for measuring 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 aectromagnetic field on the measurement
resut is investigated. The level of noise generated by-higtage pulsed sources is
estimated.
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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), Mosow, 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¢fieally 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.
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A.S. SHCHEKIN*? D.R. GASHIGULLIN?, SA. GLASYRINAZ,
A.A. GAVRIKOV?, V.N. PETROVSKUI, A.A. ORESHKIN
INational Research Nuclear Univaéty 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 hédseen 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 waeseratongas made by savingdtbe 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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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 amlyzed. By means of methods of the theory of dynamical system, an existence
of stationary solutions of the Lugiatefever equation is analyzed. Profilasd
parametersf stationarysolitonsarefound

stsdz yjots?2 tojLtsdzOlsste Mtsfls dsdzistzdz]1dz! ddBd36
Mow L Odedelseg s 9 dzj S slsctots? yomilsd fnl  dzd c
ol L bdzQfigssitaizs toj Odzd L s9 Ols! dmMfsdz L 2w, (
skojlsodlsjd , k Cthtstsct Ctdy' BGHoEEES
McBtses Ctdz ytss. stdzr yjorj tjLtsdzOltster
HdzZv teOL dzdyde' 7 fteddzsy jded?2 WslkstsddSd [ 1]
o jls, twOMY tetshlstcQjd2vdstdd 2 fyus dzdats o tizd gz, 1
Skzdedz] dzdtclz jls © Ctsdz yjots?2 otsdzdzsotsH d ¢
Csdz yjosdzs obdzdzso sHO . 9 [ § te@i3q|§ ®@sdio § Is
sfdmre0jlsm¥ [t Osfdjjvdgde)jdic @ [HD}, d Os]ts:

T -6 [PSO ] QO OfY (1)

CGHY T sedBOs hOw 1 dzj Sl QUpigbtdtzOlf & dze H t
odzs€id.clzh j j b gtOjdR0,a - OtsqUedus Hd MY jtefpd s
dzj dzd dzj 2 dets fyls* WOLtsea "2 fMHoedcé S |gL Olskzi C
expligg T o dgj " dg"w  dzOCOYSC O. vdmdzj dede’ § dMmfdzj
fsCOLr 908, yYlsts HOY] JjMdzd dOCOYS O dzj
Bsckls ¢jdjtedtess O iy f tzaziils sdzr . 1 |
OBl JLEZYO:sMw Eknmdksesdw ¢jdjttoydd
SftejHjdvs kMY §OwOdRjlster +Idn d&fkzd fse

185



RN jds tejhjddj kiteOo akf dzchlt) Xl () ) & &4

pjhjMmlseaf)ddd) j SUtjnjdvesl foskd@ d W
Go O% 16 1 & SEOmIR

DL h eA TR

%q .
oo )

2

GHE=/(MT g Cdflsj B8O (2) db3jjlb Mmawiysw ddW
Msslse jIsMmilsealze h dJ fdzsmCdds o slszfledd dzo ts dpdzy
sfejHjdvishy dL M€ o 1° rd 1 “isod?
O A%~ (G 1 T. 0dzOdzdL 1 Isdn Mtstsisdatsh j dzd 2
L OH Odglzt’B 3P dBBsy j s MEkh jMseose Ok! lEied S5
2B ks figpl Ofsthls atadtBdadz’ls tefiff tc OL dz' d3d O3 dzd Is
SH dz0 o 5dzdzO.

tOMmMfted Hydzj dzd® Y tsdzv © o9dH| MIsOyYydesdzOte
CedBsCdzddzd yi McOw MmJj f OteOIstedmMO [ 31 , o f
ftojrnjd dr 2 ydsdz Mdmbsjdr (2). FBPEHE 8
ddzo Oted Odzlsdz" = IteOj CIststed 2 MmdMmlsy dis d f( R .
mMemMisswdzd?2 tOodeso jmdw, dz02 H j dz" f Otc O3,
fMeh ijmMsekzels fHteiHjd dzgr | yds dz dizvfnd § Ot
dzOB dzt Hj dzdv Mstslse jIsflsezs h drn di3f Edz' Mtse
ftced {otdz¢ dd o Htsdz!

vOCddz sBteOL s, o twOBBI] dO2Hjd Ot
d do¢oysd, ftod SCtlstern HftesdmMantsHdls ¢
f tesW ddzd d f OteOd3j Iste" t jiLlzdfid |s Qs3] z dz! | fitptice
Emists?2 ydoe sfls! d®f zdzt Mtse f tefigdrj dzdzidzs s
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).

186



. 1. I¢Ul11], l. 1. Yruvtflusre
1 O0ydsdzOdz dzr 2 d Migdzj HisdePss jj A dls B frigredz Rsf

{ shfdw
Red[ (L1 d1RY JIRC1RC Uflfilili
todezRt [LRC 19 vlwth%mﬂ Rt {1 91R
Irvlrll Forrtrvd1d 1} t¥JolJrR

RMMdzj H 59 Odzts o dzd W dzd § Is j Bt dz@ O Istiztiddasy jsdzd jo
fjtedcHd BBt O o j toidzsdos Pl BRBGE Yyt
fMtsL HOdzd d B ssHBR EOL jtedetsets f4dted f dzOo O.
cOMmh dtoj €GP | HOo s ©BtOBBISSd ftod dzOL jtods » |
Isjtstejlsdyud ¢ dJ dekyjdas®Odiz dizr jC figl Ltz dz' s Ols ™ .

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 creation obdierisurface
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 been wthduc
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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
applicatins.In 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;

GENERATIO N 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. Agmnising 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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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 oflsmpherical 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.
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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 IONPLASMA 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 tB 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
stressesrising in the neasurface 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 at@mbevccurs 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 withinetiPVVD 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 ftheamahieténgsteh ayer s
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 reactiveponent of working
gas mixture are proposed.
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COLLISIONAL POTENTIAL INSTABILITY OF INERT GAS

WEAKLY IONIZED BY SHORT LASER PULSE

R1

AdLdy t s
I

U

T— o

S ]
4 q
s RU
{ 1 d

— 3

1d 4 I?
BYR U ?
I o1 »f

=

The possibility of the existence of unstable longitudinal electron mode in the long
wavelength region is predicted foragima 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 UnivéssMEPhI (Moscow 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 limitats introdiced 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 itiflaenceof the deviation of
the coil geometry, taking into account the technical holes for the flanges, on the
distribution of scattered magnetic fields was estimated.
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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 experimental fpciit¢ L ar ge Ma s s
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 a
presented.
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R.O. GAVRILIN* |,  &KHURCHIEV, A.V. KANTSYREV,
M.M.BASKO, SA. VISOTSKIY, D.S. KOLESNIKOV, |.V.
ROUDSKOY, A.A. GOLUBEV, V. AVOLKOV, ¢ . ¢ .
DROZDOVSKY, R.P. KUIBEDA , P.A. FEDIN, SM. SAVIN, A.P.
KYZNETSOV

Institute for Theoretical and Experimental Physics named by A.l. Alikhanov of
National Research Centre fAKurchatov |

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 ioitis & 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
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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 coifer 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 investigatedhe 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 possibilitgf controlling the discharge
parameters by tuning the resonator is demonstrated.
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1. ZhukovV 1., Karfidov D.M., K.F. SergeicheV/ Plasma Physics Reports. 2012. Vol. 456

8, 1H68. 760
2. Moisan M., Zakrewski Z. // J. Phys. D: Appl. Phys. 1991. ¥4|p. 1025.
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A.O. TOLOKONSKYI
National Research Nuclear UniversMEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

E.Yu. MIRONOVA, S.S. PORTONE

Institution "Project Center ITER"

EPICS SOFTWARE TOOLKIT ROLE IN FUSION
EXPERIMENTS

The application of the open licenssoftware environment EPICS (Argonne
National Laboratory), which has proven itself as a software toolkit for SCADA control
systems development for large scientific fusion experiments (ITEBTKR), is
considered in this article. Distributed control syssefor physical plant systems
usually consist of tens or even hundreds of computers connected in a network to
provide communication between them and provide control and feedback to various
parts of the plant from a central control room or even remotepeitnternet. EPICS
uses a client/seer model to access data from multiple computers. The protocols
included in EPICS are designed for software network applications with high
bandwidth in real time and are one of the reasons why EPICS is conveniemfdo us
building large and easily configable control systems.

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

EPICS allows to implement many of the functions necessary to perform a large
physical experiment: create control panelsmbine the control of various hardie
devices for measuring and controlling technological parameters, and simplify the
analysis of the data obtained as a 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, Fusion Engineering and Design 82 (2007 118X,
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Institute of ionplasma and laser technologies, Uzbek Academy of Sciences,
Tashkent, Uzbekistan

ON THE QUESTION OF INITIATING A VACUUM ARC
DISCHARGE
The gerration of a vacuum alwy 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 discharge during the
implementation of the mission of electrons in.it

RLEYjdzady sy mMmse vbdzjs)) o @OUsksdadissds H G c
OCIskzOdz' dats? LOHOVYJ 2, Hdzw  tOMmh diej dedv  ftej+
sfhdtseo OF I stedd sl d tOL o dIsfitsaftigjo s Isdz@ Jnéaca
d3jdls drlzyj dedy [&Mdztseidddd i Majs@dedig@y d de tsaizd s lo
ftesyj MO IsqiffdOtcj dzd ¥ ObE@IE s 'Olsasdzias RO o @S
COISHO. dtsc dzO fi easts Hdede dslz@fj ts W QGCdzdets fipls+ L dzj € Is
SftejHJd&ZYjlsmw or Oy jddid [ 6, 7] :

- 8 . .
O xdx pmtY: — Q Q (iR

CHUT COlstgs ] f OHj dzdj (itdlshtzny OzOMBo J dedzts, 1 o
k¢ O ddso (i) Bddfis GBAE0 a0 d 1 dzj S sEets

8 ..
(M/M)°S> > f 5 dzz YO @ - 16 jg gz 4———— (B &) 2.

[dzv COoldHO¢#AY tod MihiHdi & { §dzz6Wd J083

It ds 1 s dzlz Y jFelesBojdnsl v L dzj Clstesdzse o s} R OwLOSIs
flee® 1156 11 1td hddhsods> 282 sBddtg dfdsjHjd,
O OC kTRadE Midw { dzj Stesdgse o CObsHsH §Wl
COL W H @O v L@ dzso 2 ) OkdL Oydd §tsyj Mise
Hsdi3d ded e tBH Odgdffidd  dzj Slstotsdatse dzOH oL te' o dz' d
odzdw dzdj ftjHoOtdlsj d ddy dedudg B3 dzdg’OB sl ?D j fl
sjfdslsts? dMf ot ddy, 1 djiEcHisls Hosseafsds S g O

225



uj f &zsls O dMmy Otej deg v Ols ts 3O COlsHO q o5
8 foaen
_ (11) o

IO jddj (3).4 6§ dsjsdy Oy qtsjddzd s sAldstsdfs
B MBsBd MMdy 1 dzj Slstesdese o s) 90CkEzddts? HE
fzj Hizjls, Ylsts kjfdztsls® dfyf Otcj dzd¥ OltsBO § Olst
9 COltHdsd §wlisdy FuifybhhQdipleodgizy j s Gmaftidus v Hsds
f OttOdi) st o@IOWISH] ¢ Ots S Wsdz0b, ) , ds ¢ dzOo dzts
LdzOyjdedjy dodsj jls tcOB tylsdd oir CofiifHj Qe dLd3iz jdElslOets dids. ¢ t
tej OzdL Oydd fesyj mMRsazdingd de@rj Shuzsezpo dzO
C Ols 5 H Of oGl fNaOHG H BRI j tod Ocdzr . ) ez yj dets ylsts
Wsted3dtese Oded ™ s1 dzOKOHI 5§ dzj UG &ic @20y Qf Sfig j t6 A
ZOdzj iy dedzgs e 5 fMdzsw h jdzsyd. (ftejHflsOs dzj dzO dac

| !

05ld

] 10 20 30 40 50
Kouuetpas (%)

tdf. 1. Jjteswisdtsmls! LOyJcOddY ©OLEYHO d
f ZOfishdeOL 5o Oded W  dzO dgjKOHs 1 ftod dzOdzj Mj dzd d
ltod {lstsd o jtesWisdsils! SBLOLG Oddy ddsj jls
Ctdzyd dalsteOydd o KOHzNaOE te Medgisicl® BOSC Md diz ds,

Il ™weodzj dzO yd Is¢ Ow Ctstetej dzw ydw BiYHE dsyd
9 j esslgfdztifiptcdsd totso Odad v s , 9 j dzd yd dz O tew ¥y j
syudms Chdsdagly dzlsteOydd o). Cbts fLotsdjl ]
fteduddo ofjn dL & dj ded? dd@ Yuslo jitc@ Uakinle @ Isof
dLdBidzi dzgdj o jtesWisdesisd tBtcOL s Oded™ € s .

v MBS deflsj 0k

1.1. o¢otkmsOdse, m.J. ohktetss, Rl OeO dgjzsid? Cczadgtsats
Mizswe VYstdkdiok,] Bocmskdfseds? o GEmOEdEES §  flsOd dats 2
CObtHA B ¢A~EGEPUFHRBIY SBtOBSCd KBOkjtedOdss & {
© 6.

226



ol sd¥xIfort. s ft 1 fensdd wsWBLt ALT G
6. 6. wltfsrR1
IRdzlsdlsizls BN j2 WdLdSd ddzjg dad ¢ . [ l tolsr t
ZzOkzC, 6. [BMCoO, { shmidw
2t sMMd2MS d2 kdad o dz@ipegisGds, HEEZYBBEMS 0 O, |
3 OydsdzOdz! dzf 2 dMmMmdzj Hise Olsj dz' RG22 GW H | todz
[sMCo O,  sMhdWw
‘RdeMisdlsizls ftodC dzOHdets?2 WL dSd t ¢ G . 1 C
[TJrrRARSOARC V[l tMJuBUR UOLUO[ O
[JI RO 1 grUJut VLS tOYtcCcrce |
tr4dJrRUD

kOdzls OzO0 (O difstsizq B & [ dzH | oq
{ OLEOBlsOdz Od¢ stod Bz dafplc Of s £ id - W& figsds § dzO M
OdzOdzdL O ©MOY HJj dedz” B YOMsdy. Od®dzdy H jegzL tmdzOl
fsdzzyjddzr = HozYW Ho&rlz) 5 OB I Exfadgis<f dzd B t6C
Hd4 dzj Slstedud MSdd3 BOW! jtcdzr d@F tcOL t6W H BB

V.V. KACHMAR™ 2 V.D. BORZOSEKOW?, N.N.

SKVORTSOVAL3, . ¢. $OROKI N

1Prokhorov General Physics Institute of tRassian Academy of Sciences,

Moscow, Russia
2Peopleds Friendship Unismersity of
3 National Research Nuclear University MEPhI, Moscow, Russia

4Institute of Applied Physics of the Russian Academy of Sciences, Nizhny
Novgorod, Russia

SURFACE MODIFICATION OF TANTALUM AND

MOLYBDENUM INDUCED BY GYROTRON DISCHARGE

IN REGOLITH

The distibution 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 fotwo types of metal sample® untreated 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 digelteas 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.
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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 STRUCTU RES ON
ELECTRODES OF LOW INDUCTIVE VACUUM SPARK

The processes of interaction of periphery plasma of low inductive vacuum
spark with the surface of electrodes were researctectrical oscillations of
this discharge in region 500 kH¥0 MHz are registetke The origin of three types of
surface microstrctures is observed. More detail the research of Wkeestructures
with dimensionsinrangeGlL6 0 e m was observed.
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D.S. KOLESNIKOV, A.V. SKOBLIAKOV, A.V.
KANTSYREV, ¢ GQLUBEV

Institute for Theoretical and Experimental Physics named.byAlikhanov of
Nati onal Resear ch Ce Moscow, Riiskiaar chat ov |

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. Reconstruofi
experimental spectra obtained on the Angataf&cility performed.
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A.A.KOLESNICHENKO
National Research Nuclear University MEPhI (8¢ow Engineering Physics
Institute), Moscow, Russia

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

DEMO-FNS

Thermophysical calculations were performed of the elements of ti@heeam
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 estimates of the tatal pow
losses. Thevork is supportecdby NRC "Kurchatovinstitut¢' .  (28. 09. 2020 -~
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S.D. KOLOKOLCHIKQV, Y.V. SENICHEV
Institute for nuclear research of RAS, Moscow, Russia
Moscow Institute of Physics and Technology, Dolgoprudny, Russia

MAGNETO -OPTICAL STRUCTURE OF THE NICA

COLLIDER WITH HIGH CRITICAL ENERGY.

Methods ofincreasing 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 compeate for the sextupole component. The Twiss parameters for
the proposed structures are given, as well as the dynamic apertures and working points
are investigated.
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A.V. BERNATSKIY, V.V. LAGUNQV, V.N. OCHKIN
t .N.Lebedev Physical Institute of the Russian Academy of Scidhassow,
Russia

DYNAMICS OF THE DENSITY OF O2 MOLECULES IN A
GLOW DISCHARGE

In this paper, we descrilibe results of measurements of the time behavior of the
oxygen concentration in the plasiza glow discharge in mixtures of HeD2 by the
method of diode laser spectroscopy in an external cavity.
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I.G. LEBO, G.V. DOLGOLEVA
Russian Technotpcal University MIREA, Moscow, Russia

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

It is discussed the feasibility of developing a hgwer thermonuclear neutron
source for hybrid reactor, driven by lagailses. Using 1D numerical simulations for
targets made in the fornf doublesided 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 prerequisite to the commencement of work
to develop a hybrid nucleginermonuclear reactor.
vistsBr LOBCdizls: L dzgjteejlsdyuimed2  yde¢
Sjted3dsWHjtodesdyz toj OCIststcy , dzz y dzts B Htso dzj Ise
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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 poswility 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. Saptes 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 samplegere evaluated.
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Adhesion Properties by Delamination of Ceraiivietal Interfa@s in
Four Point BendingT TP. 2018.
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K. YU. VAGINY, T. V. MAMONTOVA!? S. A. URYUPIN: 2

!Lebedev Physical Institute the Russian Academy of Sciendésscow, Russia
2National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

INTERACTIO N OF LOW-FREQUENCY FIELD WITH PLASMA
PRODUCED BY MULTIPHOTON IONIZATION OF INERT GASES

The interaction of a lovfrequency probe electromagnetic wawith a weakly
ionized plasma produced by multiphoton ionization of inert gases is considered. It is
shown hat in the normal skin effect regime, the absorption of the wave, caused by
collisions of photoelectrons with neutral atoms, increases due to ahedrer
Townsend effect. We reveal conditions in which the response of the inert gas plasma
to a probe fields similar to that of a dielectric.
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1. Bogatskaya, A.V., Popow.M. Jetp Lett97,388 392 (2013).
2. K.Yu. Vagin, T. V. Mamontova, and S. A. Uryupihys. Rev. AL02, 023105
(2020).
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I sHdWdydietss Odz0 dBsHjdz2 L tesLdd dBBOI| ted Odzts ¢
dfifdz L 2j 3O © CtsHj SOLPS 4. 3: oCdzs yjdgr 1 W
ddmy @y, Mdd ds LOsdmwhdj s IsjBYfjtOlkzter
Hdo jtolstste® M dzdlsdjots?2 didh j df . ol =G Aadg)dstdsd dn
atsLddCOjIs L+ WWiCls { CtcOdatotod®dgdsy , § ClsHdLiAcr 13 j
Bdhjdz fejor ffdlsd &sgmifjl Isth dsls JfoszO L BO G telrdLisddj ddsf .
et dBOR M o MsCts?2 d@shdshmis: & BCOLT 90O lsmw
cOMmMdBsOIstcd 9 Ols* 1+ CtwOdzdtetso Odzedy COC HBMISOIs Y
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E.D. MARENKOV?, A.S. KUKUSHKIN®? A.A. PSHENOW}?
INational Research Nucleamiversity 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 erosiondeldn SOLPS taking this dependence into
account. Simulations of the TA8D tokamak divertor with Licoated divertor targets
have been performed. Li erosion is determined by physicélesimg, evaporation,
and thermal sputtering. The results of the satiahs show that the shielding effect
occurs, providing a reduction of the target heat flux to the values below 8 RIVWm
the same time, the upstream plasma dilution in the high posgmes, where
shielding is most efficient, is very strong, meaninat thractically, it may be difficult
to rely on the shielding effect for the heat flux control in the configuration considered.
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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 inpomposition and size are presented.
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EFFECT OF A BUFFER LAYER FE -CR-AL ON THE
EFFICIENC Y 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 oaponents 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 penation 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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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 lowtenperature
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 piescurrent 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 vacutmanaber 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 @otaand 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 MEASUR E 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 longitlinal 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 ams). Thismethodhasseveraladvantagesveralternativeones
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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 amgoa), operating
pressures (from 0.01 to 1 Pa) and settings ofethetron 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
1 tod tcOL tOBSISC § Isj ed3tswW H j tedz’ n z s O dzt
ftcsB@zj dgOL tolzh j dzd W fjtots? Misd dz¢ d f SH

f &ZOL &3j dedzr & d dzj2lstesdzdyr & 2 fsksCtse. w
CeRBfsLdlsde § ddzd B3jlsOdzdzdud MCdy dBsHJ dzd
5B d&ZOH O% |5 jlolsifEstOls Mase, fMoW L Odedzr & f)

o jtorndshisdd By d@Gdhs & tsyj MMOdd J o ddv
fOtcOi) ster §f dzOL &3 o yYjdzsd3. wj2yof oj HLE
BOIsjtedOdzse f jteots?2 MlsjdeSd MmMkh jMmlseokzs h
dz0f ted d3j te, otsdz WicOMBD tc IBIGIS." o Qs ACiywy tdeO L
WEdS ydesdzOdzr dz" § BOIsjted Qlizr , o fpff g g dzis j o |
d § d&zOL d3j dzdz’ = fssCtso zO0 yj dztsmilsdetsfyls !
2O ted Bj t6, ¢ EgR]] (fiaf dn@erveOj[ 2Bj Is Odzdzd uJ M
264



teOL dzd ydz' § g Gfed ddv tp dztijaitsids | W3 dzjo ¢ sy 5L
BOIlsjtedOdzr [4] (9 MzEyoj M dHECt2 Mmilsj dzl c
[ 2 tetseo jHjdedW fsHtsBd 7 dMMdzj Hise Odzd 2
BdzdL Cdj ¢ bkfmdzsedwds fjteats? MmlsjdSd wcu
2O o jtendesMmls! COdzHdHOIdE » OIS ted Odzts
dgideEff sz COC bifdksesr n, LOS d f§ &zOL 3] dedz
f dzQrddglz” 2 6 OL 66y , (Widad Iz ' 2 Bsh d" B
fkzyt sd. ] Ote! Jieso Odedj tWOBEBYJ GBS HO9 dzj &

fzh¢d o HOddsdl Mdekzyoj foLesdkvjlk {§t
HdOf OLAtE d3j stetse (4 dzj § Isitaittzd2@v  4lslj, Bt detOds
THES PdfHdYy otsHsStesSHO) fsls tojHES2 fE2yS tse
1 dzj Stetsdedz” &3 EHOWEEdR) HB 11t, GCESEHO L &
GOLO detOsls CwoddzjSlsdods j sy mmr
Ldzj CBtEtsdelets B sdzj dzlstso . v OCyj dz0 dzd y d §
L dzj Clstetsdadats? & ts dffceOdzjciizls ¥ 1 1t fsLotsdzv jIs

bjfdeso 52 ftslstsC &zO §tso jtendesimls:  mfydzj
sBdzzyj dd¥ flklksjd3 kojdduyjdd¥ djtcdd
LdZ2Oydlsj dz¢ detse ts d tedsjodzj flzdz® L dFf OtcO@dgP Is W stcd
COLEWHO fjteeodydy 2 <+ dzj Oss tedsBiAy 2 dzjf z dsd )
dlssdls Gldgjilsdls , Yylsts o o0Ckizdgdesdz toj ) C
L dzj Sstetsdedets? g2 Cd fLotsdzwjls ftososHdIs
udmdzy ydSedduimcdi, dhfrsodadw.

] tOoftslizzyj 20 COtlsO dksSOd d 7 - §f OO,
f zOL B dzdzts 6 t© tiz@UstOUHB® C g L W toj dzd v oo &S
fsiRsh 8 SHddsydscts LsdHO [ jdeds €0 Hd
Cjdzd?2 d Owetdy) , LdAdOyYyjdd?2 tw©OBBYJ et HOS9
1 dzj € dzdats 2 fzh¢d (kmStstwvesh jes {(lsjdyd
ltetso j H] dz0 HsjydpdgSds 2o rdz0@ f tso j ton desMisd s
BEh dshisd, O 1sO¢ Y] dMmMmdzi Hiseo Odets o dzd W dzd .
Codzdzj Cltste® { dzj Cltetsdadzgsets fEYS O (HJteyC
f d&zOL 3" .

utf dfigesfds j cOlskzter

1. lalovega M., Bernard E., Bisson R., et al // Physicgp&cr2020. 2020(T171)
DOI:10.1088/14024896/ab68bd.

2. Litnovsky A., Schmitz J., Klein F., et al // Fusion Engineering and Design.
2020. 159. 111742. DOI: 10.1016/j.fusengdes.20204417

3. Klein F., Litnovsky A., Tan X., et al // Fusion Engineering angi@e 2021.
166. 112272. DOI:10.1016/j.fusengdes.2021.112272

265



4. Suwarno S., Ngene P., Nale A,, et al // Journal of Physical Chemistry C. Vol.
121. ~ 84205PDOI: 101 @ ¥/acpgc.6b13094.

5. Gutorov K.M., Vizgalov I.V., Sorokin I.A., Podolyako F/8Journal of Surface
Investigation. 2016. Vol. 10. No. 3. P. 6B16.

6. Kurnaev V., Vizgalov I., Gutorov K., et al // Journal of Nuclear Mater24l§5.
Vol. 463.P. 228232.

266



V- 8. s rdl . Csod RES L ¢PeY 0L C
1qutsd201dﬁjﬁﬂzi242HtSSOISszJ Med?2 yjdaste ¢cskteyoOls
fsmMCo 0O, t sMigdw
2 0ydsdzOd dF 2 dhmMmdjHse Ojd MSd2 WHJedr 2

{ shfdw
vyvlduvlRrup[?21{ueu? gl suvtfuesf I RY[HS
fruvfreo rrovrsvrRt fRgUpR U Lr Lt dro |
Yoy fr RiruvsArRf it drlct

|  t©OBts@ffdsiste, ds dqL d3j dzj dzd j ketsedw Mg
M j CbteOdz dz' = dzd ded 2 o HHBdNES S, QY M) jf eesdfd du D3z dafp dae
flesyj dsdscts MtH, ey OddY fddjind oGHSLEHO
qdzH S yd s dzdete O 5 6 W HIGY. ltetso j Hj dzO sigg dzs O

MfjChetMCtfdyujMStets ®jstsHO HjlsjClsdeso Oded
H Of OL tsdzj Hdzd dz o ts5dzdz. Vtoj Hdzsy § dzr M smsB "
dL Bjtejded? HOdzdz' 3 BjbtsHBE i Yhtd Do)
L Mg sdzdets? MY jSktesMCsidd o §dzOLdBf JYR o

N.S. SERGEEV? A.V.KAZIEV? Y.M. GASPARYAN

INational Researcenterii Kur chatov I nstituteodo (NRC
’National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

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 studieddér to do so,
the measurements of Beer series lines intensities &lRdn= 3, 4, § are considered.

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

A kinetic model of amicrowave discharge with the electroyclotron 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 excessizh leads to a
sharp "runaway" of eleains, 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 ofExperimental and Theoretit®hysics, 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, dsch 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
tcOL dzd ydfB,c s wisHtcdRBIBW H j tedats? 1 dzj 6 JIsd G § |
B@BsH] zZdtetseo Odedw o dzdw dzgdwW t©OHJ Oyd tedzdzts?2
MsjdStk uvclt, tsB te O j] dedz" [FH d&d dzf df@L dgjOy[dA -
f zOL 3" wo dzw jIsfyw mMse Mise j dzdzts § BO G ded Is dzt
LOtew y jefipls G yy v Ofr d@zd twOMYf tesMmistc Odzj dzdz’ d3c
BOG dzd Is dzts ¢ 5 f s dzw 9 f dzOL d3d W dzw b Isfpyw
Hd@EMisd ¢ O. JHEZOCB 1 Isd d&JIsBHT HIEMIsOIs s
1Ists?2 tOBBIS] ZOd3d Brdz dMitsdz L s9 Odz BO
tOL tej M j dzd Jo @B uF s AlipcziRy 1B § dzi 2 C Isd o dztsfyls
LSsdzH O e(Udd¥ 1 MEB teslsdodzj dzdjy S80S M Odz dztsc
1 sdeH s P Odzmw o dgzlsted 9 OCkEdRRdes?2 € Od
mdMmlisj d3r L dzj ClstetsH 59 d ¢ tsHGCdzs yodmnw C
50001y Ui ety dididjLedpady ddY MSstshisd §d
dmMftsdz! L so Odzd M’ L Bedz®O B3O G thed § ZOE S50 &3 ¢ O
LIssds Mz yo] olbttets? LtsdzH tOMYi sdzOE O dzipw
LsdzH O. S stesMmis! f 0L i3] deczs e s f sSIssC O
ot 3 MM (Bzdzsctc OB BBIs Holkr L sdzH 59 .

271



CCMmfjteddii dalst ff tetse sH d dzddndzO A tedfO etV Ydzdde
ZO CBdgHj dzZMOlststedz" = B OO jwrn d HO8 dzj da
vO0Cdds BBtOL B, f§todkzyjdd j tjLbkzd Ol

10 T T T T 7.5
9
84 1 6,04
7]
64 4,54
B, 57T d B, uflz
44 3,04
3]
24 1 1,54
14 p 40 Byt
0 T T T T T T T 0,0 T T T T T T
20 25 30 35 40 45 50 0,0 40,0m 80,0m120,0nL60,0n200,0m240,0m
u, ¢l p, utts

tdm. 1. ) OadMmddssmis: o j dzd yd de
f 0L i3] decetsets fslstsC O BIs dzOf tew y
cOL O

(&

— T T T T 100
= :
B

o

1 1 80 4 /\
601 ] 601

~ 40

C o/ Mmyc

201 J 209 3 ¢

0 T T T T T T T T T T
T T T T T T T 0 20 40 60 80 100 120 140 160 180 200
2,0 25 3,0 35 4,0 45 5,0
U, ¢l p, ®wUBHE

tdfm. 2. 1 OedMmdwshis: MCsshisdad
&ZO CtdzH j dzZMOlssteOr d HOso d

sfdMmMse dzdlsj tcOlskzter
1. Dosbolayev M.K., Raiymkhanov Zh.R., Tazhen A.B., Ramazanov T.S. // |EEE
Transaction on plasma scien2e0 1 9 . P. 30478051.

2. Dosbolayev M.K., Utegenov A.U., Tazhen A.B., Ramazanov T.S. // lzaskParticle
Beams2017.Vol. 35 P. 741749,

3. DosbolayevM.K., Raiymkhanovzh., TazhenA.B., Ramazanow.S. // Acta Physica

PolonicaA. 2019V o | . 136,1350. 2, P. 348
4. Tazhen A.B., Dosholayev M.K., Raiymkhanov Zh.R., Ramazanov T.S. // Plasma
PhysicsReports2 020. Vol . i4®, -~ 4, P. 465

urs 533.9.08

272



1.}. uvrRfsfluwsrB, O.(. (18R, R.|
g. 8] L1 s,chI)lrlJ, [ 1. aratefary
1 Oy d ts dzQidfy itz j2H 59 Ols j dz' MC 2 WHjtedsr 2 kdedo jte

t sfyfdw

{seRITRULIOLVRL R VOILr Lt LrfrIrRPO R[ AR
ViR Cfrsuvt LS rR IS LS Lo o
toYfRYLZIM vef [IRCM
] ©OBtlj JLEYO! MW htej ddshisd sSHdHd
ydieStsddy ftod B drfy]dzd 0 dftEds o5 dzQi® L dzd Yy dz’
1 sCOLOdets, yYbts fsH Hij2Mlsedj &3 thpddatiugjtsdedodzdtvtc |
q’ LOR90OSO otHBESHO o yYydeitsdd?2. [ 0¢MHdBOd
MsrtcOdzj dedd dr R OLOCIjttO® COC o Ooltl dzOo
f dzOLodiidglz OdetsH Jtetso Odzd ( ybsts wsBEMdZzOs dzd o O Is
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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 AN D PLASMA IRRADIATION IN
VARIOUS CONDITIONS

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

The maximum rates of both processes, while maintaining their character as in
autoclave testsre 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 thencentral
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 theiegue
data were compared and the camerdéxebn the results was examined.
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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 obn flux 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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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 fourat th
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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TO THE QUESTION OF F-T MECHANISMS OF
ELECTRON EMI SSIONS 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 chrge system of a cathode spot in a vacuum arc
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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 radiation 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
andhighe 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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| R.1. frzs{|
[B jHddgj dedz 2 d dzif (g I8 5% O i @z, = [ £B 2O, {

gsdvovg R 1[ 13 YtJrsuvd NICA [R
NICA (Nuclotronbased lon Collider fAfillity) 1 dzs " 2 EmMEstcdlsj dz o

Codfdzj €M, ©OLwLOBOLr 00 dsr 2 o [BI jHJdzj dzdats o
kB O, (shfdy Hdv dLkyj ddwo lshjoesRdils ol 1 rirsSsct
BHEl ftjHMlsOodzj d& tjLbd kOKT ©NCASOB SIS

I.N. MESHKOV

JointInstitute 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 6dense baryonic matter. Current results of NICA complex development
and construction will present in the report.

298



g. 0. [
I BiHddz] dzdzr 2 R

ITRYUR[RYGARC R[II[T O s [A s

[Hdzd &5 djted§tedls sftwjHjdves hdn EMmbs2yds s
yomsdy odizlsted fEYySseats?2 COBjter, Wodw,jlsiw
HOdzdzs? tOBGEY fogd £Em GOl ud mdzj dzdzts 2 fd o
d3f j HOEMO 1 dzj di3j delstse SCsdzjy SBdzdzO2HjO NI
LdgQ dzd 2, BB iMfjudeOsnhdn kEfmlss2ydetsil: {2y
o CtdhmbtelS ydu s wapzdsd lSzsdriodz |  SteOder , kMistcOd
fsdzsMlsj?2 d Is. H. 10 shdssj MdBzdYydd 1§t
syjdSd kfmss2ydosmisd HddzOzdSd fEzyso.

S.A. MELNIKOV, I.N. MESHKOV
Joint Institute for Nuclear Research (JINR), Dubna, Russia

7]

MINIMIZATION THE NICA COLLIDER RINGS
IMPEDANCE

One of thecriteria determining the stability of the motion of charged particles
inside the beam vacuum chamber is the valflts impedances. In the course of this
work, the values of the impedance rings of the NICA collider rings elements are
numerically simulatedo minimize it to the values that provides the stability of the
beam. For this purpose, changes are made toetigrdof the elementsadditional
screens, elimination of resonant cavities, etc. Based on minimization results,
analytical calculations amarried out to assess the stability of the beam dynamics.

lLOoddsHj2Misady EkZzySoO L Otwyjdeler 7 Yo
Emestedlsjdvw ftdosHdls ¢ oftsL de S daetse jdads d
(wakefields) d dr ©BBEOldsdkz otsLHJj2Mlsods  dac
dzj EMlodisdd Hody jdedw fsMmdzjrndzjegts o foE
ZOf ttOo dzj dzd W 7 .

] w©OoB®lsy fttjHMisOs dzj dz' to jcf dglfdg’ HsGRasi ©
Eyomkeo fkzySiseas?2 CORjter o OtlOn ¢ td
CO®j e’ ts5lsC @UCOfdzy df{d SO d dz W scdzdztse 5 2L dz
SHEE S Ctd yo SCtsdzdzO2H jtO® EMlsOdzOse dzdo O Is
l wBhjdg Mzkyo] cjitdjltedyjmMed?2 fitotsH
COMBj tor By jls B' Is! L Odp dijrendz 9 9
Lo duaQ Qo can g - oduimdQQa  RrRL

lsj Stojl @z W MICjcEYs) dzv fdzj Hizjls, ybt &
Mo w L Odz fi) ftotsH tsdz' ozs tsj dacfupi ddyian fMstsls
—n & Gffih

J
dz

299



ydmdzj dedetsy dBsH ] dzdtetseo Oded j f totsoQSH d dzts iy
Studio( edfm. 1) .

6000
£ 4000
©
& 2000 ll
0 A AL \~~3-0~VI\L-L&-_-M-
0 0,5 1 f,GHz 15 2 25

tdfm. 1. oévym OBftsdzs sdzsets L dzOyj dzdw ftetsHtsdz
(YjtedzOv CtedoOw) o sflddg) f@ss Ouuas@" £ 15
10 tfidktse foodzkzyjdd = tjLEzd sOlstss B!

syjdSd kmss2ydotsmisd §zuyso (tdfm. 2).

Z_coupling+Z_sc+Z_rw
- -

SO
400
300
200f

.
wop, T+

OX
X

ok

1 1 L 1
0 50 100 150 200 250

tdm. 2. 1 siReD Ohte Mo Mty § ImEZE, 1OHz0 Is
[ JdzfdteOdzd y' Ekfmlss2ydosets Ho dy jtaddf'd Hidx'dzGe OL
Y dzis i &OGeVIu, N Is tc d 7 sHCOMEZO ¥ {5 i 4F GEO/Y.
SYS OB GBL ZOYj dd O®fddkH' gz 630 dzfiso
COdsddCd: dMa sildowYs K sdapdusd € e ® dzdz0 W

10

[§)

300



S. 1. d

- (1 bser1uv?r ], b .
RAzMIs dlszls W

i, 0
Jtede » dimMmdzj Hse Odzd?2 {1, [ B
{

gl R JIoOc mi{Jf odbuvsrY L JHU? JTUuYysod: or [
[t1REZ R J{UOBLILLOC MLLfOURYL [
Ifmdeseo d&z2Ov dHJiVw dL dBjtedddy { dzjCltedyd MEses
dL d&3j t6jdzdd EMtcj Hdz dadzs?2 yYOMlstslsS jif 6] tpfsiyitd dzO
BOC fd BOdz! detsets otej d3j dzed S GG jtoj dzsdesimisd o]
MotsHdlMw ¢ d3dded BOdz! eseRlpj EOLOin. H &tz B
99 jHjdd]jdB MjSMskzy sdzj 2 m f sdv & Chlsster |
Yomlssisr ftejyjmindd dGHiddO0d s 8 @OHEEY dd
g dzd Bd L Oydw [tesdiO H ¢
(

Isdy
~lesBOdydetsfisd  fudoo Is fig s
oL Odi@smew L ! .

YU. SENICHEV, A. AKSENTEV, A. MELNIKOV,,

Institute for nuclear research ofAS, Moscow, Russia

SPIN CHROMATICITY OF BEAM: ORBIT LENGTHENING
AND BETATRON CHROMATICITY

The main idea afneasuring the electric dipole moment is based on measuring the
averaged precession frequency of the spin of particles in a bunch. The problem of th
maximum coherence time for the spin of particles in a bunch is reduced to the
minimum spread in the lertgtof the orbits of all particles. This is achieved by
introducing sextupoles with fields that minimize the chromaticity of the spin
frequency. We hay found experimentally that minimizing the chromaticity of
betatron motion leads to minimizing the chroroityi of the spin frequency. Ithis
paperwe explorethis relationship
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2National Research Nuclear University MEPMoscow Russia
SLNF-INFN Frascati, Italy

MICROWAVE INSTABILITY IN THE DESIGNED USSR
SYNCHROTRON RADIATION SOURCE*

The study of instabilities arising from the interaction of a charged particle beam
with vacuum chamber elements of modern synchrotrdiatian sairces and colliders
is a necessary task, since it is practically impossible to obtain the required beam
parameters in fourth generation synchrotron radiation sources without taking them
into account. The conditions for the occurrence of microwiagéability in the
designed USSR fourth generation synchrotron radiation source with an energy of 6
GeV and an emittance of 70 pm are considered. The possibilities of decreasing its
influence on the parameters of the beam accumulated in the ring aehitheorthe
output parameters of the USSR machine are investigated.
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SV. MATSIEVSKIY, V.I. RASHCHIKOV
National Research Nuclear bier si ty ¢ MEPhOI e

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

Particle dynamics calculations in USSR synchrotron radiation source require
taking into account instabilities, arising due to partidiegeraction with beamline
elements. For this, impedance of separate ring elements are imported into dynamics
calculations with inter beam scattering. There calculations may be carried out by a
number of implementations with different upsides and downskiewe describe
dynamics calculation infrastructure preparation for the USSR project: software
selection and preparation, its deployment on the Kurchatov Institute computational
cluster.
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V.S. DYUBKOV, M.V. LALAYAN , SM. POLOZOV,
V.. RASHCHIKOV
National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute), Moscow,sRus

PRELIMINARY RESULTS OF THE DEVELOPMENT
COMPACT RADIATION SOURCE BASED 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 linsaurces based
on inverse Compton scattering was started in MEPhlatice and parameters of
optics elements of 260 MeV compact synchrotron, which is part of the generation
facility, are chosen. Variants oflmac, that can be used either an injectr the
synchrotron or an standalone source 6BR(MeV electrons,r@ proposed.
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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 stigpicomposed 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 Reearch 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, contaiextignded accelerating
stction, is considered. Theém having small transverse and longitudinal emittances
only can be accelerated in such channel. Various lattices of focusing period are
analyzed. Estimation of focusing field values proves the posgilfitdesign and
created such channels in practice.
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S.M. POLOZOW, V.l. 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 charge in radio 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 emisssahanism,
limited by the space charge of emitted particles. In this case, it is necessary to consider
the influence of the ions positive charge, dynamically arising on the cathode surface,
associated with finite time of photoelectron transport to théssiom region.
Comparison of the calculation results with the experimental observations at the Photo
Injector Test facility at DESY in Zeuthen (PITZ), showed good agreement.
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D.l. GARAEV*? A. A. TISHCHENKO"?2 D. YU. SERGEEVA?
INational Resarch NucleatUniversity MEPhI, Moscow, Russia
National Research Center ¢Kurchatov |
SLaboratory of Radiation Physics, Belgorod National Research University,
Belgorod, Russia

SCATTERING OF THE FIELD OF A RELATIVISTIC
CHARGE ON A CLUSTER OF MICR OPARTICLES

The scattering of the field of a relativistic charged particle by 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. dispersion redtions that determine
the directions of the radiation peaks are derived. Spemti@llar distributions of the
radiation energy density were plotted using the analytic expressions obtained.
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AV. NESTEROVICH
National Research Nuclear University MEPhI , Moscow, Russia

ACCELERATOR OF PERTICLE WITH AM AGNETIC
CHARGE

In this paper, the possibility of constructiagcelerators 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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Institute for nuclear research of RAS, Moscow, Russia

MAN IPULATION OF BEAM POLARIZATION
ORIENTATION IN A SPIN -TRANSPARENT STORAGE
RING

The feasibility of manipulating the beam polarization axis in a gpinsparent
storage ring by means of spiavigating solenoids has been investigated. In
particular,deuteroneam spin dynamics in the given |
with respecta beam depolarization via spin decoherence have been considered.
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A.V.ZIIATDINOVA !, P. A. FEDIN}, T. V. KULEVOY 1,
A.A. MALISHEV?, S. L. BOGOMOLOV?, A. A. EFREMO\®
linstitute for Theoretical and Experimental Physics named by A.l. Alikhanov of
National Research Centre ¢Kurchat
2Joint Institute for Nuclear Research

BEAM DYNAMIC SIMULATION FOR HIGH CURRENT
MULTICHARGED IONS INJECTOR BASED ON SC ECR
ION SOURCEWI TH ¢ REIEBUDS.

ECR ion source is under development at JINR as part of superheavy element
research program. Development of a low energy beam transport (LEBT) system for a
high current multicharged ions i sutcea& ried
- ITEP. The paper describes the second step results of ion beams dynamic simulation
in the LEBT with fArealo field approxi mat:i
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RADIATION EFFECTS IN HIERARCHICAL STRUCTURES

Within the framework of the modef two interacting platforms X and Y of the
hierarchical ladderthe 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 semiconduadevices (inanimate nature), and the
formation of a new straiupon mutation of viruses (wildlife). Theaysof suppressing
theseprocessearediscussed
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IMITATION IRRADIATION EXPERIMENTS ON THE
ACCELERATOR HEAVY IONS HIPR -1

Simulation irradiation experiments on heavy icgaims are part ofnaexpress
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 accaeuin structural materiais
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 ewpmris enables the
investigaion 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 particutaniaprobe tomography.

325



Simulation experiments are performed on the HlPmeavyion accelerator at the
NRC "Kurchatov Institute® ITEP. The report provides an overview of the irradiation
experiments carried out at the HiPrfacility and describes the maration for
experiments wh copper ion beams.

l 1RA ¢skteyOltso HLWRA s s&tsted Is | dzj
dedzse - RMHM2009 EBHO ftosotsHWIisMWw JBISO
1 €My jtod d3j dalsT . v-he tted B HizOo dzk J & MisB 52
MsckzC bzl fn dzifzs s dizfs o © dzizts @ | CoOHtkY
WsCkmdtese CREQ () [ds Astsy j s EMCtsEwis: dfsdz
BOMMr ¢ LOWHE HB 60 HEt L djtted?2 101 ¢
d s dzts o dmf sdz’ L 24 isdntwe 58 O ¢ defizlsigstatsdzd ¢ d s dzts
(MEWA) . [ dzdlsj dz' dztsfyls® dzwdjdsy 47 5 O d3%its ) 5O oy
festej ddw 1 dJ&fkzd' i o 2 MmjSkdmH' . [ B dL
Bsy il fesosHdIlsMw ) tSHdBso ey .d3j dedz” d3 dr

RBISOyddadz j L Sy jted d3j dzls f todz® tskafy stz d
LOHOY §8dMS0O dtser 2 § sdzffls k& tgtf s dzdz on
YOofmsdesmisd, so 30K jedz® Uz tej OCIststets o [ 1]
or Mol clsj B J tOlsktodz = dzj dzZlstsydz" = fpe jton f t

rdzv ftetsojHjdzd" ddi3dlsOydtsdedz’ = + S MY j ted
sBtOL Yytse 9" MsCtslsj i3 j teOlskztcdz n dzj dzls s
BOIlsj tod Odzsp dztis f @ v wits 0 5§ tc fdedzls B YW detf flzts & M &
Hdzv tOfMydlsO Wdz¢ j dzMO d or § sdzdzj dzO dzOMlis
sRI-L, MmMemkswhjes dL kttjn CoOHEk{ sd c
btejBlkj B2 tOo desj tedatsfmisd §sCter sdw {21
~nOOCIsj odisef ¢ BY FlsE Bd" jfed d fif fotsdrtsiH tf alz® dge

iy d dzls d dzdzv IsOs@d®)j tefr .} | o
s dMsC ddlsj Okt

lL.isesySdd w. 1., 1dSdisddz ¢6. ¢. , msa®dy o¢. ¢.
ddzyddzdteddzs. 2019258. . 9, -~ 3. w. 245

326



S.d. w0 0
1 OydsdzOdz dzr 2 d Miydzj Hisde®ds j tdn dyl§ if @S TFCronig dzr 2
t siimdw

toevyro 1 Jtf4¢ [rest I /1Ll B 1 (vey [l
rfc RevsJYlLRsO Ry M Jut f11{4d RISV
veuvlrtrtuofod ¥YLsd{Jr1RrRC (RedR 4) u 1

JRJI J v (PYHEADTAIL ) 3s ¢
l4t¢IIR {1 BYTHON
ltGdSJHJdZ toj L Iz dz lsOls . OM Uz k@ISR mE o ® hdds B

4. 1 Odzdzr 2 tejLbdz 5O fodkzyjd @O thdss | O

HdqdzOd3d S d flkzyStse LOwLwWYjdeder = yomlsdy o HO

[BH]jdZdteseo Odzdj B' dzs  tetsBL B B ZEBIEAPTA(LN ] S dz' L &

woL B " dzd

[

Y
1
R

rCO  f e ts O tcs® Oz J COMmdBslstej d
fMdzso dzr j BSHEdd HOdbs?2 BdBddskjtd.

K.S. SAGAN
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CALCULATION OF THE LON GITUDINAL 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 (USSRpiesented. This result is obtained on the
basisof 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. Btricture and main modules of this
library werealso considered.
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