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Monday, September 26

1 000_ 1 030

Opening ceremony
Prof. Dr. sc. Nat. V.I. Mazhukin, Chairman
XV Seminar. The goals and objectives of the Seminar

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Photo for memory

1040_1 120

Plenary Presentation
A.A. Samokhin’, S.I. Kudryashovz, A.E. Zubko', A.V. Sidorin'
Modelling of nanosecond laser ablation. Continual approach

'Prokhorov General Physics Institute, Russian Academy of Sciences, Moscow, Russia
?P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

1 120_ 1 200

Plenary Presentation
V.I. Mazhukin, A.V.Shapranov, M.M.Demin

Features of ns pulse ablation of Al in the conditions of occurrence of laser plasma in
the evaporated material and the surrounding gas

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Coffee break

1220_1300

Plenary Presentation
M.P. Galanin, V.V. Lukin, A.S. Rodin

Integrated software platform TEMETOS for computational experiment maintenance:
architecture and tasks

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

13%0-14%

Lunch time

1490_1 440

Plenary Presentation
0.G. Tsarkova, V.B. Tsvetkov, A.A. Rukhadze

Definition of unknown properties of material and parameters of the torch at the laser
ablation of CSCM

A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia
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14%-15"

Invite Presentation
LF. Potapenkol’z, S.A. Karpov2
Deterministic aproach to modelling of a weakly collison lazer plasma

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
Dukhov Research Institute of Automatics (VNIIA), Rosatom, Moscow, Russia

Invite Presentation
A.G. Kaptilniy', A.A. Karabutov >
Nanoparticles generation and surface nanostructure during laser-induced ablation of
irradiated matter in condensed substance

LJoint Institute for High Temperatures of RAS, Moscow, Russia
?International Laser Center of Lomonosov Moscow State University, Moscow, Russia

1540_1610

Invite Presentation
K.V. Khishchenko

Equation of state and phase transformations of carbon under intense pulsed influences

Joint Institute for High Temperatures of RAS, Moscow, Russia

1610_1640

Coffee break

1 700_ 1 730

Invite Presentation
N.N. Smirnov, V.F. Nikitin, M.V. Mikhailiuk, P.Yu. Timokhin

Modeling and visualisation of unstable displacement of oil from porous medium

FSC Scientific Research Institute for System Studies of RAS, Moscow, Russia
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Tuesday, September 27

1 000_ 1 030

Invite Presentation
V.I. Mazhukin, A.V.Shapranov, M.M.Demin

Atomistic modeling of phase explosion in the metal near the threshold intensity of
nanosecond laser pulse

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1030_1 100

Invite Presentation
B.I. Denkerl, EM. Dianovz, O.N. Egorovaz, B. L Galaganl, S.L. Semjonovz,
S. E. Sverchkov'

Active composite fibers with phosphate core and silica cladding

'A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia
“Fiber Optics Research Center of RAS, Moscow, Russia

1100_1130

Invite Presentation
L.F. Turkanov
On a nontrivial zeros of the Riemann zeta function

Institute of Cryptography, Telecommunications and Computer Science of Academy of the
Federal Security Service of Russia, Moscow, Russia

Coffee break

1200_1215

Oral Presentation
Zarko Pavicevié
The converse assertion to Theorem Khinchin-Ostrovsky on convergence of boundary
value of the sequence of continuously differentiable functions

Faculty of Natural Sciences and Mathematics,
University of Montenegro, Podgorica, Montenegro
National Research Nuclear University, MEPhI, Moscow, Russia

1215_1230

Oral Presentation
Romeo Me§tr0viél, Zarko Paviéevi¢>? s
Algebraic properties of some F-algebras of holomorphic functions

'Maritime Faculty, University of Montenegro, Kotor, Montenegro
®Faculty of Natural Sciences and Mathematics, University of Montenegro, Podgorica,
Montenegro
*National Research Nuclear University, MEPhI, Moscow, Russia
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Oral Presentation
Kovijanic Vukicevic Zana
Graph Theory in Mathematical Modeling of Chemical Phenomena
Faculty of Science, University of Montenegro, Podgorica, Montenegro

1245_1300

Oral Presentation
O.N. Koroleva, A.V. Mazhukin, P.V. Breslavskiy
Determination of thermophysical properties of silicon electronic component
Keldysh Institute for Applied Mathematics of RAS Moscow, Russia

13°°-14%

Lunch time

14%-14"

Oral Presentation
A.V. Mazhukin, O.N. Koroleva

Atomistic simulation of silicon phonon subsystem properties

Keldysh Institute for Applied Mathematics of RAS Moscow, Russia

14°-14%°

Oral Presentation
A.V. Shapranov, V.I. Mazhukin

Heterogeneous melting/crystallization of metals
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1430_14%

Oral Presentation
I.A. Tarakanov
Radiative conductivity and electric field in PiN diode
Keldysh Institute of Applied Mathematics RAS, Moscow, Russia

14%-15%

Oral Presentation
M.E. Zhukovskiy, V. A. Egorova
The handling of results of the radiation transport statistical modeling by use of the
neural networks
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1500_1515

Oral Presentation
V.0. Podryga’, S.V. Polyakov'?

Multiscale modeling of nonlinear processes of passing the fluid through a core
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
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1515_1530

Oral Presentation
S.A. Stumpf

Imitational simulation of high-intensive laser beams in dielectric media with induced
plasma

Saint Petersburg National Research University of Information Technologies, Mechanics and
Optics (ITMO), Saint Petersburg, Russia

1530_1600

Coffee break

1600- 1 640

Plenary Presentation
Z.A. Chekantseva

The French Revolution of the XVIII century as a future event: between scientific
discourse and memory’s mirrors

Institute of World History RAS Moscow, Russia

1 640_ 1 800

THEMATIC HEADING "HISTORICAL RESEARCHES"
ROUND-TABLE DISCUSSION
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Thursday, September 29

RUSSIAN SPACE

Oral Presentation
S.G. Moiseenko', G.S.Bisnovatyi-Kogan'? N.V.Ardelyan’
MagnetoRotational mechanism of core-collapsed supernova explosion

!Space Research Institute of RAS, Moscow, Russia
National Research Nuclear University MEPhI, Moscow, Russia
$Moscow State University, Moscow, Russia

Oral Presentation

V.V. Tyurenkova, V.B. Betelin, V.F. Nikitin, N.N. Smirnov, B.P. Rybakin,
L.I. Stamov

Modeling of space vehicle protection from high frequency electromagnetic radiation

FSC Scientific Research Institute for System Studies of RAS, Moscow, Russia

1 030_ 1 045

Oral Presentation
A.Pozanenko', E. Mazaeva', A. Volnova', L. Elenin®, and etc.
GRB afterglow observations by International Scientific Optical Network (ISON)

!Space Research Institute of RAS, Moscow, Russia
“Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1045_1 100

Oral Presentation
M.E. Zhukovskiy, S.V. Podoliako, R.V. Uskov, M.B. Markov
Constant support for statistical modeling of radiation transport

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation
K.K. Inozemtseva, A.E. Lutsky, M.B. Markov
The high-current electron beam propagation in exited gas

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
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1113_1130

Oral Presentation
M.E. Zhukovskiy', M.B. Markov', S.V. Podoliako', R.V. Uskov', E.D. Kazakov”

Modelling the exposure of bremsstrahlung generated by the CALAMARY electron
accelerator in pinhole camera

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
National Research Center “Kurchatov Institute”; Moscow, Russia

1 130_1200

Coffee break

Oral Presentation
Djordjije Vujadinovi¢
Spectral estimates of Cauchy's operator on Bergman space of harmonic functions

Faculty of Natural Science and Mathematics, University of Montenegro,
Podgorica, Montenegro

Oral Presentation
David Kalaj
Schwarz lemma for harmonic mappings

Faculty of Natural Science and Mathematics, University of Montenegro,
Podgorica, Montenegro

1 230_ 1 245

Oral Presentation
M.M. Krasnovl, P.A. Kuchugovl, M.E. Ladonkinal’z, V.F. Tishkin'

Application of Discontinuous Galerkin Method for modeling of three-dimensional
problems of flow past solid bodies

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
?Lavrentyev Institute of Hydrodynamics of SB RAS, Novosibirsk, Russia

Oral Presentation
L.S. Novikov, L.A. Galanina, N.P. Chirskaia

Simulation of radiation effects from laser-plasma sources in microelectronic
components

Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University
Moscow, Russia

13%-14%

Lunch time
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14%-14"

Oral Presentation
L.1 Ivleva

Crystallization and shaping proccesses of oxide crystals

A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia

14"°-14%°

Oral Presentation

N.S. Kozlova', O.A.Buzanovz, V.M. Kasimova', A.P. Kozloval, E.V. Zabelinal,
D.A. Spasskiy’

Scintillation Ce-doped Gds;Al,GaszO,; crystals and its optical properties

!National University of Science and Technology "MISIS", Moscow, Russia;
2Company Fomos-Materials, Moscow, Russia;
$Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University,
Moscow, Russia

Oral Presentation
A.V. Berezin, F.N. Voronin, V.A. Gasilov, M.B. Markov, M.E. Zhukovskiy
High-energy electrons beam interactions with solid-state barrier

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1445_1500

Oral Presentation
L.V. Klochkova, V F. Tishkin
Mathematical modeling of the spread of viral infections drip-by air

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1500_ 1515

Oral Presentation
M.A. Galchenkova'®, A.S. Demidov'?, A.S. Kochurov?
A flat approximation of inverse MEG-problems

Moscow Institute of Physics and Technology, Dolgoprudny, Russia
M.V. Lomonosov Moscow State University, Moscow, Russia
*Theoretical Department, DEPHAN, Skolkovo, Russia

Coffee break

Plenary Presentation
A.A. Samokhin
Scientific community in modern Russian society

A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia

1615_1 800

THEMATIC HEADING "SCIENCE LIFE"
ROUND-TABLE DISCUSSION
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Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
Oral Presentation
B. Zekovich, V.A. Artamonov
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Jelena Dakié
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Generalized programming in development of the codes for the continuous media
models
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G. Bagdasarovl, 0.G. Olhovskaia', P.V. Sosorovl, S.V. Bulanovz, S.S. Bulanov3, ILV.
Gasiloval, V.V. Gasilov'
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Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
2L awrence Berkeley National Laboratory, Berkeley, California, USA
®National Institutes for Quantum and Radiological Science and Technology (QST),
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XV INTERNATIONAL SEMINAR “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA
PROCESSES & ADVANCED SCIENCE TECHNOLOGIES”

MODELLING OF NANOSECOND LASER ABLATION. CONTINUAL APPROACH
A.A. Samokhin', S.1. Kudryashovz, A.E. Zubko', A.V. Sidorin'

' Prokhorov General Physics Institute, Russian Academy of Sciences,
Russia, 119991, Moscow, Vavilov Str., 38.
’P.N. Lebedev Physical Institute of the Russian Academy of Sciences,
Russia, 119991, Moscow, 53 Leninskiy Prospekt.
email: asam40@mail.ru

Theoretical description of nanosecond laser ablation is frequently made in the framework of
continual approach which includes hydrodynamic equations with appropriate boundary
conditions. The approach is additionally complicated if non-equilibrium phase transitions are
involved in the processes under consideration. The problems concern with formulation of the
boundary conditions on moving phase fronts as well as with applicability limits of the model used
which are determined, in particular, by stability limits of superheated metastable phases. Also, the
behavior of thermophysical and optical parameters near the limits as not sufficiently known. Such
non-equilibrium processes as explosive boiling cannot in general case be described in the
framework of the continual approach without additional assumptions.

Analysis of continual approaches and its applications for description of nanosecond laser
ablation in various papers is given in the present report together with some new results on
modeling of laser ablation in the case of modulated laser intensity. Fig a,b show dependence on
modulation period of pressure signals due to thermoacoustic (blue curves — total and slow parts)
and vaporization (black curves) mechanisms generated in metal (Hg) irradiated with intensity
modulated (7% depth) laser pulses (red curve). Modulation periods are 3.5 ns (a) and 7 ns (b),
laser pulse duration 100 ns and absorbed fluence E = 22 mJ/cm’.
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In previous papers (see, e.g., [1]) it was mentioned some difference between theoretical and
experimental results on pressure behavior in irradiated dielectric liquids. For metals such
experiments are also necessary to investigate important aspects of laser ablation phenomena and
applicability limits of the corresponding theoretical models.

References:

1. A.E. Zubko, A.A. Samokhin, “Modeling of thermoacoustic and evaporation pressure signals in
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FEATURES OF NS PULSE ABLATION OF AL IN THE CONDITIONS OF
OCCURRENCE OF LASER PLASMA IN THE EVAPORATED MATERIAL AND
THE SURROUNDING GAS

V.I. Mazhukin, A.V. Shapranov, M.M. Demin

Keldysh Institute of Applied Mathematics of RAS, 125047 Moscow, Miusskaya pl. 4,
e-mail:-vim@modhef.ru

Various mechanisms of nanosecond ablation, the emergence and evolution of laser plasma in
the evaporated material and the surrounding gas are modeled within the framework of 1D —
radiation gas dynamics model joined with the multi-front model of phase transitions in Al
target [1]. The simulation results show the key role of laser plasma interaction with the target.
High pressure in the plasma contributes to a change in the mechanism of laser ablation by
surface condensation of previously vaporised material. Shock waves appear in plasma that
interact with the target surface and with the shock wave traveling through the cold gas, Fig.1.
Radiation transport of energy from the hot plasma region continued after the laser pulse
results in unusually long duration (up to microsecond range) of the processes of surface
evaporation and melting. Similar phenomena are not observed when exposed to shorter fs, ps
- laser pulses [2].
Acknowledgements, the present studies were supported by RSF grants 15 - 11-00032
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Fig. 1. Two shock waves after generation of plasma, J = 70 J/cm®, T = 20 ns.
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OCOBEHHOCTH NS UMITYJIbCHOM ABJISAIUUA AL B YCJIOBUAX
BO3HUKHOBEHMS JIASEPHOM ITIA3MbI B UICHAPEHHOM BEIIIECTBE U
OKPYXAIOIIEM I'A3E

B.M. MaxyxkuH, A.B. Hlanpanos, M.M. [Iémun

Hucmumym npuxnaonoti mamemamuxu um. M.B. Kenoviwa PAH, 125047 Mockea, Muycckas nia.4
e-mail:vim@modhef.ru

B pamkax 1D - PI'Jl momenu compsikeHHOM C MHOTO(PPOHTOBOM MOJENbI0 (Pa3oBBIX
npespamiennii B Al mumenu [1] MomenupyroTcs pa3inuHbIe MEXaHU3MBI NS  aOJsIuH,
BO3HMKHOBEHUSI U 3BOJIOLMHU JA3€PHON MJIa3Mbl B UCIIAPEHHOM BEILIECTBE U OKpY:KarolleM Tase.
Pe3ynbrartel MOJIENMpOBaHMs CBUAETENBCTBYIOT O KIIIOUEBOH POJIM B3aUMOACHCTBHUS JIA3€pHOU
IUTa3MbI ¢ MHUIIEHBIO. BbICOKOE JaBieHne B IU1a3Me CIIOCOOCTBYET CMEHE MEXaHHM3Ma JIa3epHOro
UCIIApEHUsI MEXAaHW3MOM ITOBEPXHOCTHOW KOHJEHCALIMM paHee MCIIApeHHOro BeunlecTa. B miaze
BO3HUKAIOT yAApHBIE BOJHBI, B3aUMO/ICHCTBYIOIIME C TOBEPXHOCTHIO MUILEHH U YJAPHOI BOJHOM
Oerymedl 1Mo XoyiogHOMy rasy, Puc.l. PaguarnvoHHBI BBIHOC 3HEPTMH M3 O0JACTH TOpSYCH
IUIa3Mbl, IPOJOJDKAIOIIMNCS MOCIEe OKOHYAHMS JIa3€pHOTO0 UMITYJIbCa, IPUBOAUT K HEMPUBBIYHO
OOJBIIMM  JJIMTENBHOCTAM  (BIUIOTH /10  MHUKPOCEKYHJHOTO  JMana3oHa)  MPOLECCOB
MOBEPXHOCTHOTO ucHapeHuss M IuiaBineHus. [lomoOHble sBIeHUS He HaOIIOAAIOTCS MpU
BO3/IeHCTBHM O0iee KOPOTKHUX fS, ps - Ja3epHBIX UMITYJIbCOB [2].

Baaropapuocts: PaGorta nmonnepxana Poccuiickum HayunbiM @onpom, rpant Ne 15-11-
00032.

100:-
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Puc. 1. /IBe ynapHbIe BoNHBI Toce 0Opa3oBaHus mia3msl, J = 70 Jem?, =20 ns.
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2. V.I. Mazhukin, A.V. Mazhukin, M.G. Lobok, “Comparison of Nano- and Femtosecond Laser
Ablation of Aluminium”, Laser Physics, Vol. 19, No 5, 1169 - 1178 (2009).

26



PLENARY PRESENTATIONS ABSTRACTS

WHTETPUPOBAHHAS ITIPOTPAMMHAS IIJIAT®OPMA COITPOBOK/IEHUS
BBIYMCJUTEIBHOIO DKCIEPUMEHTA TEMETOC: APXUTEKTYPA 1
3AAUM

M.II. I"'ananun, B.B. JIykun, A.C. Pogun

UIIM um. M.B. Kenovuuua PAH, 125047, Mockea, Muycckas ni., 0. 4
galan@keldysh.ru

[IpencraBnena apxuTekTypa, UHTepdeiicbl U (HopMaThl BXOJHBIX U BBIXOJHBIX JTaHHBIX
UHTETPUPOBAHHOM  MPOrpaMMHON  MIaTGOpMbl  CONPOBOXKICHHUS  BBIUYUCIUTEIHLHOTO
AKCIIEpUMEHTA TEMETOC. [TnaTdhopma TEMETOC MpeHa3HauYCHa TUIst
MOJHOMACIITA0HOTO0 MaTEeMaTUYECKOT0 MOJICIIMPOBAHUS B MPHUKJIAAHBIX U (PyHIaMEHTaIbHBIX
obmactsax. OHa TpenoCTaBisieT BO3MOXKHOCTH TOJATOTOBKH T€OMETPUUYECKOW U (pu3nyeckoin
MoJIeNIel HccIelyeMO KOHCTPYKIMU WK (PU3NYECKOTo Mpolecca K pacueTy, HHCTPYMEHTBI
HACTPOIMKM BHEUIHUX WU BCTPOEHHBIX MPOOJIEMHO-OPUEHTUPOBAHHBIX MOJYJIEH, MO3BOJISET
OCYLIECTBIIATH 3aITyCK, KOHTPOJIb IIPOXO0XKICHUS U aHAJIN3 PE3YJIbTaTOB PAacUETOB.

[Tnatpopma COCTOMT U3 TPEX OCHOBHBIX IIOJCHUCTEM: pPACYCTHOM MAaTeMaTHYECKON
MOJICHCTEMBI, BKIIIOYAIOIIEH DSl MPOOJIEMHO-OPHEHTUPOBAHHBIX pelnaTeneii; rpapuueckoi
MOJICUCTEMBI, 00ecleynBalonieil BU3YyalbHYIO TOATOTOBKY COCTAaBJISIONIMX —MOJEJEH;
MOJICHCTEMBl TPEAMETHBIX OHOIMOTEK, CoAepXkalleil CTPYKTYPHUPOBAHHYIO MOIOJIHAEMYIO
0a3y 3HaHMI O MOJETUPYEMBIX KOHCTPYKIHUAX U (PU3NYECKUX Mpoleccax. B pamkax paboTsl
Haja TUIATGOPMON pealn30BaHbl MUJIOTHBIE BEPCHM WHCTPYMEHTAJIBHBIX U MPOOIEMHO-
OpUEHTHUPOBAHHBIX MOAYJEi, B YacTHOCTH, HabOp MNPOrpaMM-TIIOCTPOUTENEH CETOK
(IBYMEpPHBIX TPEYIOJbHBIX M UYETBIPEXYTOJbHBIX; TPEXMEPHBIX), a TaKXKe pPsJ INpOrpaMM-
pemaTenei, peau3yonux BHIOPaHHBIC METObl PEIICHUS] CUCTEM yPaBHEHUN TOW WM MHOU
NpeMETHOW 00JacTh: ypaBHEHUH MarHUTHON TMAPOJUHAMUKH, CBSI3aHHOW TEPMOMEXAaHUKU
U Jp.

PaboTa BhINOSHEHA MpH YacTUYHOH (uHaHCOBOM nojaep:kke PODU (mpoextsr NeNe 15-
01-03073, 16-31-00302).
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INTEGRATED SOFTWARE PLATFORM TEMETOS FOR COMPUTATIONAL
EXPERIMENT MAINTENANCE: ARCHITECTURE AND TASKS

M.P. Galanin, V.V. Lukin, A.S. Rodin

KIAM of RAS, 125047, Moscow, Miusskaya sq., 4
galan@keldysh.ru

The architecture, interfaces and formats of input and output data an integrated software
platform TEMETOS for being computational experiment maintenance are presented. Platform
TEMETOS is designed for the mathematical modeling in applied and fundamental fields in
full scale. It provides geometric and physical models of the investigated structure or physical
processes, calculation tools for configuration of external or built-in task-oriented modules, it
enables to start, execution control and analysis of the calculations results.

The platform consists of three main subsystems: the calculation mathematical subsystem,
including a number of problem-oriented solvers; the graphics subsystem, providing visual
preparation of models components; the subsystem for subject libraries containing structured
maintains a knowledge base about the simulated structures and physical processes. There
were implemented during the work under the platform the pilot version of the tool and task-
oriented modules, in particular, a set of programs for region triangulation (two-dimensional
triangular and quadrangular; three-dimensional) as well as a number of software-solvers that
realize the selected methods for solving systems of equations in one or another subject area:
magnetic hydrodynamics equations, associated thermo mechanics etc.

The work is done with partial financial support of RFBR (projects NN 15-01-03073, 16-
31-00302).
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ONPEJEJEHUE HEU3BECTHBIX CBOMCTB MATEPUAJIA U IAPAMETPOB
®AKEJIA ITIPH JIASEPHOU ABJISIIUA YKKM

[lapskoBa O.I., IIsetkoB B.B.!, Pyxame A.A.'

'Unemumym o6weii pusuru um. A.M. Ipoxoposa PAH, 2. Mockea, Poccusi.
olga@kapella.gpi.ru

HccnenoBaHo BO3JEHCTBHE HEMPEPHIBHOTO JIA3€PHOTO M3Iy4YeHUs A=1.3 MKM IJIOTHOCTHIO
MoIHoct 1+4 kBT/cM® B TeueHHe HECKOJIBKHUX CeKyHJ Ha miomans 1+20 om? obpasia
KOHCTPYKIMOHHOTO YTJIEpOJI-KapOUJOKpEMHUEBOr0 Kommo3uunoHHoro Matepuaia (YKKM)
tosHoM 0.35 ¢M B BO3/1yXe IIpY HOPMAJIbHOM JIaBJICHUHU.

Pa3paboTaHa KOMIUIEKCHAsE METOJWKA OMpPEISICHUsS HEM3BECTHBIX 3apaHee ONTHYECKUX H
TEIIO(U3UYECKUX CBOMCTB O00JIydaeMOro Marepualia, MapameTpoB aOsIHMOHHOrO (akena H
BJIMsHUE (paKena Ha HarpeB U a0manuio oopasna. MoenupoBaHue nporecca Ja3epHOro HarpeBa ¢
nomompio porpammbl KAPAT ¢ y4eToM sKCHepUMEHTANbHBIX 3aBUCHUMOCTEH TeMIlepaTyp OT
BPEMEHH, MOJYUYEHHBIX C IIOMOILBIO TEPMOIIAPHBIX U3MEPEHUI Ha THUIBHOM CTOPOHE U NMOKa3aHUN
NUPOMETPa Ha JIMIEBOM CTOPOHE MO3BOJIAET PACCUUTATh U OLEHUTD:

e TeMIepaTypHbIE 3aBUCUMOCTH KO3 (HUIIMEHTOB MOTIIOIIEHHs MaTepruana (0e3 yyera norepb B
¢axkene) Boie 800 0C,

o TEMIIEpaTypHbIe 3aBUCUMOCTH TEIUIOEMKOCTH BelecTBa B nuanazone 2000+4500 0C,

e DHEPruM aKTHBAIMH BaKaHCHIA,

e JIOJIFO PAacCEWBAHUS U TOTJIOMIECHHS JIa3epPHOTO U3JTyUYeHHUsI B BO3HUKAIOIIEM (akee,

« pacmpezeneHue B axelie YaCTHUIL 0 pa3Mepy U Macce,

o  KOHIIEHTpAIMIO YacTull B (hakere,

e CKOpOCTH BBUIETA YACTHUI[ C 00Ty4aeMOl TOBEPXHOCTH.

[Ipu aHanu3e pe3yabTaTOB MPOBEACHHBIX IKCIEPUMEHTOB U PACUETOB ONPEACIECHBI MPUYHHBI
o0Opa3oBaHMsI BaKaHCHIl B BEIIECTBE U TeMIepaTypHoro mnpouecca aectpykiun YKKM, a taxke
0OHApY KEHBI:

o 3HAUMTENIbHOE BIMAHHUE pa3Mepa O00JyyaeMOW MOBEPXHOCTH Ha TEIIOPHU3UUECKHE
3aBUCHUMOCTH MaTepHasa (pa3MepHbIi pe30HaHC),

o BO3HHMKHOBEHHE (akera Ha THUIBHOW CTOpOHE oOpasma 0e3 o0pa3oBaHHsS B HEM CKBO3HOTO
MPOXKHUTa IPU 3a3eMIIEHUU GPOHTAILHOTO (haKeina v MPEeBBIIICHHEe MAaKCUMaIbHO JOCTUTHYTON
TEeMIEpaTypbl THUIBHOW IMOBEPXHOCTH HAJ TEMIEpaTypol JUIEBOM MOBEPXHOCTH B ITOM
ciydae,

e TPONOJDKHUTENIBHOE TOpeHHe Takoro (akema Ha THUIBHOH CTOpOHE oOpasma 1mocie
MPEKpPaLICHHs TOPEHUS JIMLEBOM MOBEPXHOCTHU MPHU BBIKJIIOUEHUH JIA3EPHOTO U3ITyYEHUS,

o addexr HaBeneHHOH «mpo3padHocT» YKKM c mokasartenem moriomieHus okojo 6 cMm-1 B
CpeIHEeM IO TONIIMHE o0pa3la B Mpolecce CTOKa OOBEMHBIX 3apsIOB HEMpO3padyHOro Ha
JUTHHE BOJIHBI A=1.3 MKM o0Opasia,

e  TEPMOJMHAMUYECKUH MEPUOIUYECKUN OTKIMK 00JydyaeMoro JIa3epHbIM U3IydeHneM o0pasia
YKKM 1 BO3HUKHOBEHHUE TEMIIEPATypPHOTO aBTOKOJIEOATEIBHOTO MPOIiecca B €ro o0beMe.

Jluteparypa:

1. O. Lapskoa, A. Pyxamse, B. Tapakanos, B. LigetkoB, C. I'apnos, B. Hazapenxo, I1. Hocaterko, b.
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2. O. apwkoBa, B .IlsetkoB, A. Pyxanze, C. I'apHoB, B. Hazapenko, I1. Hocarenko “Ananu3 pa3mepoB u
KOJINYECTBA MHKPOYACTHI[ B SPO3MOHHOM (pakesne, OCIabisMIoieM J1a3epHOe HU3Iy4YCeHHE MPH alsiuu
KoHcTpyKImoHHoro Matepuana” Tpynst MIODAH, T.67, C. 32-52 (2011).
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DEFINITION OF UNKNOWN PROPERTIES OF MATERIAL AND PARAMETERS
OF THE TORCH AT THE LASER ABLATION OF CSCM

Tsarkova O. G., Tsvetkov V. B.', Rukhadze A. A.'

'Prokhorov General Physics Institute of RAS, Moscow, Russia
olga@kapella.gpi.ru

Influence of the continuous laser radiation (A=1.3 um) with an intensity of /= 1+4 kW/cm?, a
size of the beam of 1-20 cm? and a duration of several seconds on a sample (0.35 cm thick) of
carbon silicon carbide composite material (CSCM) in air at normal pressure is investigated.

The complex method as of definition of unknown in advance optical and thermal properties of
the irradiated material, and parameters of an ablative torch and influence of the torch on heating
and an ablation of a sample was developed. Model operation of process of laser heating by means
of the KARAT program with the accounting of the experimental dependences of temperatures vs
time measured by using of thermocouples on the back surface and a pyrometer on an obverse
allows to calculate and to estimate:

o temperature dependences of absorptivity of material (without losses in the torch) higher than
800 0C,

. temperature dependences of a thermal capacity of substance in the range of 2000+4500 0C,

. activation energies of vacancies,

« ashare of a dispelling and absorption of a laser radiation in the arising torch,

« distributions in the torch of particles by the size and weight,

« aconcentration of particles in the torch,

« aspeed of a departure of the particles from the irradiated surface.

In the analysis of results of the experiments and calculations the reasons of formation of the
vacancies and of a temperature destruction of CSCM are defined as well as there are found:

« the considerable influence of the size of the irradiated surface on thermal dependences of
material (a dimensional resonance),

« an emergence of the torch on the back surface without forming a through hole by burning
while earthing the frontal torch, after that a maximum of a temperature of the back surface
higher than a temperature of the front,

« along combustion of the torch on the back surface after the termination of combustion of the
frontal surface at switching off of a laser radiation,

« an effect of the induced "transparency" of CSCM with extinction coefficient about 6 cm-1 on
average on sample thickness in the course of a drain of volume charges of the opaque on a
wavelength of A=1.3 um sample,

o a thermodynamic periodic response of the sample of CSCM irradiated by a laser radiation
and an emergence of temperature self-oscillatory processes in its volume.

References
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PPAHIY3CKASA PEBOJIIONUA XVIII BEKA KAK COBBITHUE BY AYIIEI'O:
MEXAY HAYUYHBIM JUCKYPCOM U 3EPKAJIAMU TAMSATHU

3unanna AnekceesHa UekaHiiesa

Unemumym sceobweii ucmopuu Poccuiickoti akademuu HAyK
Mocksa, Jlenunckuti npocnexkm, 32 a.
email: zinaidachekantseva@gmail.com

@pannysckas pepomonuss XVIII B. — onHO U3 BakHEHMMX COOBITHI HE TOJIBKO
HAIMOHAJFHON, HO M MUPOBOW HcTOopuH. Ee repou, mpuHIMIEI 1 00pa3sl MIMPOKO U3BECTHEI.
Kpome Toro, PeBomronus 370 MeCTO MaMsTH, KOTOpasi U CErOAHs MPOJOJIKAET NMOANUTHIBATh
COBPEMEHHYIO  HCTOpHIO/UCTOpHUOTpaduio, mpoOMBaOIIyl0  cebe  JOpory  MEXIy
U/ICOJIOTUSIMH, BOCIIOMHHAHMUAMU U TOJIMTUYECKON OopbOoi. He yauBHUTENbHO, YTO 3TOMY
COOBITHIO MOCBSIIEHB OMOMMOTEKN KHUT, co3faHHble BO dpaniuu u 3a pyodexoM. OnHako
Opy TPAJUIMOHHOM IMOHMMAHUM COOBITHS M3 NPUYMH €r0 BO3HUKHOBEHHMS M KOHTEKCTa
PeBonronus mpoaomKaeT CKphIBaThb CBOM CMBICIIBI, «ycKoiib3ast B Oyaymee» (C. XKuxek). B
JIOKJIaIe Ha OCHOBE paboOT (paHIy3CKMX HMHTEIJIEKTYaloB IOKa3aHO, KakMM oOpa3oM Ha
NPOTSDKEHUH JIBYX CTOJETHH TpaHchopMHUpoBaiics o0pa3 PeBoirommm mocie AecCsTHIICTHS,
KOTOpOE NOTPSCIIO MUP, HA MPECEYEHNN HAYYHOI'O AUCKYpca, KOMMEMOPATUBHBIX NPAKTUK U
COLMANIBHBIX PEIMpe3eHTAlii BO ()PAHIy3CKOM COIIMyME CKBO3b INPU3MY MEHSIOIIETOCS
«Topsiika BpeMeHW». TakolW IOAXOX TIO3BOJISIET BBIABUTH CKpbIThIE B PeBomtonuun
BO3MOXKHOCTM M BIHMCAaThb  HEHUCYEPIIAEMYIO0  PEBOJIOLUOHHYIO  COOBITMMHOCTH B
KOHTUHI€HTHOCTb UCTOPHH.
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SCIENTIFIC COMMUNITY IN MODERN RUSSIAN SOCIETY
A.A. Samokhin

Prokhorov General Physics Institute, Russian Academy of Sciences,
Russia, 119991, Moscow, Vavilov Str., 38.
email: asam40@mail.ru

Possible and real roles of scientific community in modern Russian society are discussed. It
is suggested that the scientific community should pay more attention to current social
economic and political events and to the ways of its presentations in Mass Media. Some of the
events and its MM presentations need immediate or even beforehand action. Unfortunately
such a behavior is not still typical for the scientific community and this situation should be
changed. The problem of such changes is also discussed.

HAYYHOE COOBIIECTBO B OBIIIECTBEHHOM ’KU3HU COBPEMEHHOM
POCCHUUA

A.A. CamoxuH

Unemumym obweti pusuxu um. A.M. I[Ipoxoposa PAH, 119991 Mockea, yi. Basunosa, 0.38.
email: asam40@mail.ru

OO6cyxnatoTcs peanbHas M BO3MOXHBIE POJIM HAYYHOI'O COOOIIECTBA B OOIIECTBEHHOM
XKU3HU coBpeMeHHOW Poccum. Ilpeamonaraercsi, 4ro Hay4YHOMY COOOMIECTBY CIIEAYET
oOpamate Oojblllee BHUMAaHHWE HAa TNPOMUCXOISIIME COLHUAIBHBIE, 3KOHOMHMYECKHE H
NOJUTHYECKHE COOBITHS M Ha TO, Kak OHU oTpaxarorcs B CMMU. Hekoropele m3 Takux
coObITuil M X oTpaxkeHuil B CMU TpeOyroT He3aMeTUTENbHBIX WIN JaXKe YNPEeKIaroIuX
nevicteuif. K coxanennto, mojgoOHOE TOBEACHHE IMOKAa €Ile HE TUIHMYHO IJIsi HAyYHOTO
cooOlIecTBa U TaKyl CUTYalMIO clieyeT MeHAThb. [Ipo0ieMa mooOHBIX U3MEHEHUH TaKxke
00CyX)aaroTcs.
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NTETEPMUHUCTHUYECKHNN NOAX0/ K MOJAEJIUPOBAHUIO CJIABO
CTOJIKHOBUTEJBbHOM JIASEPHOM ILIA3MBbI

.. Toranenko'?, C.A.Kapmos®

TAIIM um.M.B. Kenowvia PAH, Muycckas na.,4, Mockea, 125047, P®
’BHUMA um.H.JI [yxoea , Cywesckas yn.,22, Mockea, 127055, P®
irina@keldysh.ru, karpov.st@yandex.ru

[IpennokeH aJropuT™M YUCIEHHOTO PEUICHHS KMHETHMYECKOIO YPaBHEHUS IS IUIa3Mbl C
HEJIMHEWHBIM HMHTerpajioM crojkHoBeHul Jlannay-®dokkepa-Ilnanka B 1D2V reomerpuun.
HenunelHbli MHTErpan  CTOJIKHOBEHMM PACCUMTBIBAETCS C IOMOLIBI  ITOJHOCTBIO
KOHCEPBATHUBHBIX PA3HOCTHBIX CXEM.

CamocoryiacoBaHHOE INEKTPUYECKOE nojue BBIYHCIISETCS u3 YCIIOBUS
AJIEKTPOHEUTPAIIBHOCTH Ha KaXXIOM Miare mo BpeMeHu. CpaBHHUBAIOTCS MpPEUMYINECTBAa U
HEJOCTaTKU JPYroro Noaxoja K PElICHUIO0 aHAJOTMYHOM 3amaun MeronoM Monte-Kapio B
1D3V reometpun.

PaccmaTtpuBaerca 3agadya O paclnpoCTpaHEHMM TEIUIOBOM BOJIHBI OT HArpeToll CTEHKHU
BriyOb TMIa3mbl. 3agadd  MOJOOHOTO poja HWHTEPECHBI C (yHIAMEHTaJIbHOM TOYKH,
IOCKOJIBKY, B  YaCTHOCTHM, BaXHOH mpoOneMoil  sBIseTcs  pa3HOMACIITaOHOCTb
paccMaTpuBaeMbIX (PU3MYECKUX TPOLECCOB (TPaJHEeHTHI TEMIIEpaTyp W IUIOTHOCTH). Kpome
TOTO, 3TH 3aJa4d HMEIOT IIHPOKOE NPUIIOKEHUE B HCCIECIOBAaHUM JUHAMHMKHU JIA3€pHOU
IJ1a3MBl.

BaaronapuocTu: Pabota nognep:xana rpantom PODOU Ne 14-01-00251 u Ne 16-01-00256

Jluteparypa:

1. A.V. Bobylev, L.F. Potapenko, “Monte Carlo methods and their analysis for Coulomb collisions in
multicomponent plasmas”, Journal of Computational Physics. V.246, pp.123-144 (2013).

2. JLIL bacc, I'.B. Jonronesa, 1.®. Iloranenko, “UucneHHbIN pacdeT mepeHoca Teria dJIeKTpOHaMU
B CTOJKHOBHTEIHHOH IIa3Me METOJOM KOHEWHBIX paszHocteit”, [Ipempuat UIIM Ne 86, Mocksa,
(2015).
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FEHEPAIIMSI HAHOYACTHI 1 HAHOCTPYKTYPHPOBAHME ITIOBEPXHOCTHU
ITPU JIASBEPHO-UHAYIIMPOBAHHOU ABJIAIINMN OBJIYYAEMOI'O
BEIMECTBA B KOHAEHCHUPOBAHHYIO CPEY

A.T. Kanruesiii®, A.A. Kapa6yTtos™

@ O06veounennviii Hnemumym Boicokux Temnepamyp PAH, Mocksa, Poccus
 Meorcoynapoonsiii Jazepuwiii Llenmp MI'Y um. M.B. Jlomonocosa, Mocksa, Poccust

['eneparusi HAHOYACTHII M HAHOCTPYKTYPHPOBaHHUSI 00pabaThIBAeMOI MOBEPXHOCTH HMIMPOKOTO
KJacca BEIIECTB METOJOM JIa3epHOM aliiuM B KOHICHCHUPOBAHHYIO Cpely OCHOBaHa Ha
BO3/JICHCTBUM MMITyJIbCa JIQ3€PHOTO H3JIyuYE€HUS Ha TMOBEPXHOCTh BEIIECTBA MEXaHUYECKH
Harpy>keHHYI0 CJO€M JHIJIeKTpUKa (MMIIEJAHCHYIO TOBepXHOCTh). Ilpomecc Harpesa
0o0JyyaemMoro BeIIeCTBAa MPOUCXOAWT B  KBAa3HMH30XOPHBIX  YCIOBHSAX TMPH  TOJHOM
WHCTPYMEHTAJILHOM KOHTPOJIE€ 3a BCEMH TMapamMeTpaMu HarpeBa. D(PGEeKTUBHOCTh TEHEpaluu
JMABJICHHUS BO3pacTaeT Ha JBa TMopsAaka. HVHAynupoBaHHBIE TPH ITOMMETACTaOMIbHBIC
OKOJIOKPHUTUYECKHE COCTOSHHS BEIIECTBA B IPOIECCE YIPABISEMON pasrpy3Kd peamu3yroTcs B
Buze (a30BOrO B3pbIBAa WJIM B BHJE CIMHOJAIBHOTO paclajga W 3aKaHUYMBAIOTCS aOsaImen
00JIyd4aeMoro BeIIeCTBa B HATPY)KAIOUIMKA JHAJICKTPUK — KOHACHCHPOBAHHYIO cpeny (KHIKYIO
WJIU TBEPJIYIO).

B obnactu kpuTHuYecKol 00JacTH BEMIECTBO HAXOIHMTCS B KJIACTEPU30BAHHOM — Hamboiee
«TUCTIEPTUPOBAHHOM» COCTOSIHUM U KOHTpPOJIMpyeMas pas3rpys3ka - pe3kuil cOpoc aaBiieHus U3
ATOr0 OKOJIOKPUTUYECKOTO COCTOSIHUSA MPEACTaBIsAeT co00i 3((HheKTUBHBIN CcIOCO0 «3aMOPO3UTH
U TOy4YaTh HAHOpPa3MEpHBIE CTPYKTYPHl IMUPOKOTO Kiacca BEIIeCTB (B MEPBYI OdYepenb
METAJJIOB), a TaKXe IMPOBOAWTh HAHOCTPYKTYpPUPOBAHHWE — YIPABIAEMYIO MOIUPHUKAIIUIO
IIOBEPXHOCTH 00 Ty4aeMoro BellecTBa.

NANOPARTICLES GENERATION AND SURFACE NANOSTRUCTURE DURING
LASER-INDUCED ABLATION OF IRRADIATED MATTER IN CONDENSED
SUBSTANCE

A.G. Kaptilniy®, A.A. Karabutov®,

@ Joint Institute for High Temperatures of RAS, Moscow, Russia
E-mail: Kalexandr48@gmail.com
® International Laser Center, Moscow State University, Moscow, Russia

E-mail: aak@ilc.edu.ru

The method of laser ablation in condensed substance is used for nanoparticles generation and
nanostructure of irradiated surface of wide range of matter. This method is based on the influence
of laser irradiation pulse on the matter surface covered by the layer of dielectric (impedance
surface).

The process of irradiated matter heating is realized in quasiizochoric conditions with
instrumental control of all parameters of heating. Effectiveness of pressure generation increases
more than two orders.Metastable near-critical states of matter induced during the process of
controlled impact unloading is realized as phase explosive or as spinodal decomposition.This
process ended by ablation of irradiated matter in covered dielectric - condensed substance.In near-
critical area the matter exists in cluster structure — mainly dispersed condition. Controlled impact
unloading of pressure from near critical condition represents an effective mode “to freeze” and get
nano-size structure of wide range of matter (mainly — metals). This method makes it possible to
realize nano-structure process on surface — modification of the surface of matter.
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EQUATION OF STATE AND PHASE TRANSFORMATIONS OF CARBON UNDER
INTENSE PULSED INFLUENCES

Khishchenko K. V.

Joint Institute for High Temperatures RAS, Izhorskaya 13 Bldg 2, Moscow 125412, Russia
konst@ihed.ras.ru

Description of thermodynamic properties and phase transformations of carbon under
conditions of intense pulsed influences is of great interest for solving of problems in different
physical areas and techniques. Equation of state for carbon in a broad region of phase diagram
from normal conditions to extremely high pressures and temperatures is necessary for
numerical simulations of non-steady hydrodynamic processes at high concentration of energy.
In the present work, a semiempirical model of the thermodynamic potential Helmholtz free
energy is developed for carbon with taking into account polymorphic transformations, melting
and evaporation. Based on the developed model, a multiphase equation of state is constructed,
and calculations of parameters of the phase diagram of the graphite—diamond-liquid—gas
system are carried out over a wide range of pressures and temperatures. A critical comparison
of calculated results with available data of static and dynamic experiments at high pressures
and temperatures is presented.

YPABHEHHUE COCTOSIHUAA U ®A30BBIE IIPEBPAIIIEHUS YIVIEPOJIA ITPH
MHTEHCHUBHBIX UMITYJIbCHBIX BO3JEUCTBHUAX

Xumenko K.B.

Obvedunennvlii uncmumym vlcokux memnepamyp PAH,
Hbicopexas 13, emp. 2, Mockea 125412, Poccus
konst@ihed.ras.ru

Onucanue TepMOAMHAMMYECKHUX CBOMCTB U (pa30BBIX MPEBPALLEHUN yIIepoaa B YCIOBUAX
MHTEHCUBHBIX HMMIYJBbCHBIX BO3AEHCTBHM MpPENCTaBISET OOJBIION MHTEpeC Ul pELIeHUs
3ala4 B pas3IMYHbIX 00acTax (bHSI/IKI/I N TEXHOJIOTHAX. YPaBHeHI/Ie COCTOSAHUA YIJICpOJa B
MIUPOKON obsnactu (a3oBOi auarpaMMbl OT HOPMAIbHBIX YCIOBHH J0 3KCTpEMalbHO
BBICOKMX JIABJICHHM © TEMIEparyp HEOOXOAWMO IS YHCICHHOTO MOJEITUPOBAHUS
HECTAIMOHAPHBIX TUAPOJIUHAMUYECKHX MPOLIECCOB MPU BBICOKON KOHLEHTpAalMK >Hepruu. B
HacToAmel paboTe pa3BUTA MOITYy3MIUPUYECKast MOJEIb TEPMOJMHAMHYECKOTO ITOTEHIIHANa
CBOOOJTHOM PHEPIUH YIIIepoJia ¢ y4eTOM NOJUMOP(PHOro $pazoBOro NpeBpalleHusl, MIaBICHHs
u ucnapenus. Ha ocHoBe pa3BUTOI MOJienH MOITYyYEeHO MHOTO(A3HOE YPAaBHEHUE COCTOSTHUS U
IPOBE/IEHBI PacyeThl MapaMeTpoB (Pa30Boil quarpaMMbl CUCTEMBI I'padUT—aIMa3—KUIKOCTb—
nap B IHUPOKOM JUAIIA30HC [[aBJ'IeHI/Iﬁ H TEMIICparyp. Brmoaeno KPHUTHYCCKOC
COIIOCTABJICHHUE pPACUETHBIX pE3YyJbTATOB C COBOKYHNHOCTbIO HMEIOIIUXCA JIAaHHBIX
CTaTUYCCKUX U TUHAMHWYCCKUX SKCIICPUMCHTOB IIPHU BBICOKUX NABJICHUAX W TEMIICpATypax.
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MOJEJIMPOBAHHUE U BU3YAJU3ALUS ITIPOIIECCA HEYCTOHMYHUBOI'O
BBITECHEHUS HE®TH W3 ITIOPUCTOM CPEIbI
H.H.Cwmupsos, B.®.Hukutun, M.B.Muxaiinok, I1.1O. Tumoxun
QI'Y « ©HI] Hayuno-ucciredosamenbckutli uncmumym cucmemuuix uccieoosanuti PAH», Mockea, Poccus
e-mail: mix@niisi.ras.ru

OnHOll W3 aKTyalnbHBIX (DyHIAMEHTAIBHBIX 3aJa4 SIBISETCS MOCIUPOBAHNUE BBITCCHEHUS
He(TH U3 MOPHUCTBIX Cpell HEPTIHBIX MECTOPOXK/IeHUI. B Hameil cTpaHe W3BECTHBIE K CeperHe
20 Beka MOJENU JABMKEHHUS >KUJIKOCTEH M ra3oB B MOPHUCTOH cpene 000OIIeHbI B MOHOTpaduu
JleitOen3ona [1]. BasxHbIM THUIIOM SIBJISIFOTCS. OJHOCKOPOCTHBIE MOJIENIH C YYETOM MOBEPXHOCTHOTO
HATSOKEHUS, T.K. OHM SKOHOMHUYHBI C TPAKTHYECKON TOUKH 3pEHUs, OJAHAKO MPHU IPOCTOM
0000I1IeHNH 3TU MOJIEJIM HE MOTYT ONMCaTh HEYCTOMYMBOCTh (DpOHTA BhITeCHEHUs. B HacTosmen
paboTe UCIONB3yeTCss MOJIEh HEYCTOMYMBOTO BBEITECHEHHUS KHUIKOCTH M3 TIOPHUCTHIX cpen [2]. B
Hell oHUM U3 3(PPEKTUBHBIX MMOKA3aTeNeH SBISETCS HACBIIICHHOCTh BBHITECHSIOMICH YKUIKOCTH B
KOKIOW sSYeHKe TPOCUYUTHIBAEMOTO0 O0beMa B KaXIbId JTUCKPETHBIH MOMEHT BPEMEHH.
IIpencraBisieT MHTEpPEC TAKKE IOBEPXHOCTh YPOBHSI HACBIIIEHHOCTH s"», T.e. MTOBEPXHOCTh, C
OIHOU CTOPOHBI KOTOPOH § < s,ac JIIpyTrou — s > s Kpome Toro, B MOJIENTH MOJICYUTHIBAETCS P
WHTErpallbHBIX TIOKa3aTeliel, TaKuX Kak, MPOIEHT BBITECHEHUS W3 o0pasia, mepenaj JAaBiICHUS
MEXJly BXOJOM M BBIXOJOM, OTHOIIEHHE 00beMa MOAAHHON BBITECHSIOUICH MKUAKOCTU K 00BEMY
0P U JpYTHE.

Jns  ananm3a pe3yJbTaTOB MOJCIMPOBAHUSA TIpeUlaraercs BU3YalbHbBIM uHTEpdeiic,
BKJIFOYAIONINI OKHO TPHIIOKEHHUs, MEHIo, o6iacTh uHCTpyMeHToB (Toolbars), obmacts BBOnA
mapaMeTpoB MOJICIH, TOJIe BU3yaJIM3allMd TIOBEPXHOCTH YPOBHS HACHIIICHHOCTH W 00J1acTh
BEIBOJIa TpaMKOB HMHTETPANBHBIX IOKazaresiei. VMcrmomb3ys MEHI0, MOXKHO CO3/1aTh HOBBIN
MpOeKT (HOBBIH HAOOP MapaMEeTPOB MOJICIH), OTKPBITh COXPAHEHHBIN MPOEKT, a TAK)KE COXPAHUTH
W3MEHEHHBIM MPOEKT Ha aucke. O0iacTh MHCTPYMEHTOB IMO3BOJISIET M3ydaTh BHJI TTOBEPXHOCTH
YPOBHS HACHIIIEHHOCTH KakK B IMPOIEecCe MOAEIUPOBAHUA, TaK W MO IIaram, ¢ BO3MOXHOCTBIO
nepexoja Ha NPEeABIIYIIUN, CIEIYIOMNM, HayadbHBIM WM KOHEUHbIA mmaru. Ilpu stom mis
BH3yaJIM3aIlii TaKOH MMOBEPXHOCTH TIPeiaracTcsl UCIOJb30BaTh METOJT peiikacTuHra (ray casting,
cM. [3]), mpu KOTOpPOM M3 TOYKH TOJOKECHHS HaOromaress depe3 KakAbld TUKcel 00JacTh
BBIBOJIa M300paXEHHsI TIOBEPXHOCTH BBITECHEHHS TPOBOJIUTCS JIyd M BJOJb ATOTO Jy4ya WIIETCA
mepBasi sdeiika MOJEIMPOBAHMSA, B KOTOpOH 3HaueHHe s<s. IIpH ITOM KaMepy MOXKHO
nepeMeniaTh, pacCMaTpHUBasi MOBEPXHOCTh C Pa3HBIX CTOpOH. Hapsimy ¢ rpadmkaMu MOITydeHHBIX
MHTETPATLHBIX TMOKA3aTeled MOXHO BBIBECTH TpadHKH ITHX e TOoKa3aTelied, MOJyuYeHHBIX B
HEKOTOPBIX 3apaHee HW3BECTHBIX MOJCIBHBIX SKCIIEPUMEHTAaX. JTO YAOOHO [UIsl CpPaBHEHHS
MOJTYYEHHBIX PE3YIBTATOB C HEKOTOPHIMH 3TATIOHHBIMH.

Amnpobarus pazpadoranasix B ©I'Y OHI[ HUMCHU PAH meTonoB BU3yanu3auu pe3yibTaToB
MOJICJTMPOBAHMS HEYCTOMYMBOTO BBITCCHCHUsS He(DTH H3 TOPUCTOM cpeabl IoKaszajga uX
aJICKBaTHOCThH TPEOOBAHUSAM SPrOHOMUYHOTO UHTEpdeiica.

baaronapuoctu: Pa6orta Bemmonsserca npu noxanep:xkke PODU (rpant Ne 16-29-15099-
opu_m).
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(1947).

2. N.N. Smirnov, V.F. Nikitin, V.R. Dushin, Yu.G. Phylippov, V.A. Nerchenko, “Three-dimensional convection
and unstable displacement of viscous fluids from strongly encumbered space”, Acta Astronautica Vol. 66, 844-
863 (2010).

3. M.B. Muxaiintok, M.A. Topraiues, “MoaenipoBaHue U BU3yaau3alisi OObEMHBIX IMHAMUYECKUX d(PPEKTOB
JUTSI AMATAIMOHHO-TPEHAXEPHBIX KOMIUIEKCOB”, TH(. TexH. u BbI4. cuctemsl, Ne 4, 44-50 (2014).
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ATOMISTIC MODELING OF PHASE EXPLOSION IN THE METAL NEAR THE
THRESHOLD INTENSITY OF NANOSECOND LASER PULSE

V.I. Mazhukin, A.V. Shapranov, M.M. Demin

Keldysh Institute of Applied Mathematics of RAS, 125047 Moscow, Russia
e-mail:-vim@modhef

Atomistic simulations of nanosecond laser action on Al sample with size 5x5%x200 nm
allowed to establish basic mechanisms of ablation: surface evaporation, phase explosion,
spinodal decomposition and disintegration of supercritical substances [1,2]. Increasing the
sample size to 39x39x450 nm leads to a curious change in the mechanism of phase explosion.
Near the threshold intensity, the picture of the processes varies significantly. Initially, droplets
with size of 5-10 nm are ejected in the surface region of the entire cross section. The
boundary is defined by the position of the surface temperature maximum. Further, the time of
explosive boiling increases due to the incubation period of the cavity. The conditions of
explosive removal of substances at the same time are determined not only by the position of
the surface temperature maximum but also by the pressure in the target. The fragments of
droplet material increase up to 50 - 70 nm, Fig.1 . Increasing the laser intensity leads to a
reduction of droplets to 5 nm. Further growth of the laser fluence promotes gradual change of
the phase explosion mechanism by the spinodal decomposition mechanism, Fig.2.

Acknowledgements: the present studies were supported by RSF grant 15 - 11-00032
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ATOMUCTHYECKOE MOJAEJIMPOBAHHUE ®A30BOI'O B3PbIBA B METAJLJIE
BBJIN3U IOPOTIOBOM HMHTEHCUBHOCTU HAHOCEKYH/THOT'O
JIABEPHOI'O UMIIYJIbCA

B.1. MaxyxkuH, A.B. lllanpanos, M.M. JIémuu

Hnemumym npuxnaonou mamemamuxu um.M.B.Kenoviua PAH, 125047 Mocksa, Poccus
e-mail:-vim@modhef.ru

ATOMHCTHYECKOE MOJICIMPOBAHKE NS - Ja3epPHOTO BO3/aeHCTBUS Ha Al oOpaser ¢ pasmepamMu
5x5x200 HM  TO3BOJHWJIO YCTAaHOBHTh OCHOBHBIC MEXaHU3MbI aOJSIUH: TIOBEPXHOCTHOE
ucnapenue, (a3oBblil B3pbIB, CIMHOJANBHBIN pacmaj U 3aKpUTHYECKH pasier BemecTBa [1,2].
VYBenuueHue MOMepedHbX pazMepoB obpasma a0 39x39x450 HM TPUBOAMT K JFOOOTBITHBIM
M3MEHEHUsIM B MexaHu3Me (a30Boro B3pbiBa. BOJIM3M MOpPOroBOi HMHTEHCHUBHOCTH KapTHHA
MPOIECCOB CYIIECTBEHHO MeEHseTCs. BHawane #3 MNPUMOBEPXHOCTHOM 0OJAacCTH TIO BCEMY
MOTIEPEYHOMY CEUYEHHIO BhIOpachIBaloTCs Karuu pasmepoMm 5-10 uM. ['panuma ompenensiercs
MOJIOKEHUEM TPUIIOBEPXHOCTHOTO TEMIIEpaTypHOTO MakcumMyma. B janbHeiimeM Bpemst
B3PBIBHOTO BCKHUTIAHWSI YBEITMYMBACTCS 3a CUET WHKYOAIlMOHHOTO TEPHOIa PA3BUTHUS ITOJIOCTH.
VYcnoBusi B3pBIBHOIO BBIHOCA BEIIECTBA MPU 3TOM OMPEICISIIOTCS HE TOJBKO MOJIOKEHUEM
MPUTIOBEPXHOCTHOTO TEMIIEPATypPHOTO MaKCMMyMa, HO M JIaBICHHEM B MHIIEHU. DPparMeHThI
KarelbHOro MaTepuana BospactatoT go 50 - 70 HM, puc.l. VYBennueHne WHTEHCUBHOCTHU
JIA3€pHOT0 M3JIyUYEHUS MPUBOJUT K YMEHBILIECHUIO Karesb 10 5 HM. JlabHEUIIUK poCT J1a3€pHOro
¢mrosHCa CcHOCOOCTBYET MOCTENEHHOW CMeHe MexaHu3Mma (Ha30BOro B3pbIBa MEXaHU3MOM
CIIMHOAAJIBHOTO pacnaja.

Baaropapuocts: Pabota nognepkana Poccuiickum Hayunsim @onjom, rpant 15-11-00032
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ACTIVE COMPOSITE FIBERS WITH PHOSPHATE CORE AND SILICA
CLADDING

B. I. Denker', E.M. Dianov’, O.N. Egorova®, B. I. Galagan', S.L. Semjonov?, S. E. Sverchkov'

"A.M. Prokhorov General Physics Institute, Russian Academy of Sciences, Vavilova 38, 119991,
Moscow, Russia
’Fiber Optics Research Center, Russian Academy of Sciences, Vavilova 38,119333 Moscow, Russia
denker@Lst.gpi.ru

We describe composite optical fibers with rare-earth co-doped phosphate-glass core in a
silica-glass cladding. High RE ions concentrations in the phosphate core of the composite
fiber allow fiber length reduction in comparison with silica fibers. The silica cladding
provides high mechanical strength and protects the phosphate core from air moisture while
making it easier to splice with silica fibers.

Acknowledgements: This work was supported by Russian foundation for basic research
(RFBR) grant No 14-29-08168.

Keywords: active fiber, fiber laser, phosphate glass, rare-earth doping, fiber design and
fabrication, fiber materials
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ON A NONTRIVIAL ZEROS OF THE RIEMANN ZETA FUNCTION
LF. Turkanov
turkanov.igor@mail.ru

The gaps between the nontrivial zeros of the Riemann zeta function statistically behave the
same as the eigenvalues of random matrices that describe the complex quantum dynamical
systems.

In the work presented a valid location parts theorem nontrivial zeros of the Riemann zeta
function on the critical line.

As the main function of the derivative used in Theorem logarithm of the Riemann zeta
function. The decomposition of this function allocates the imaginary part of the rational
functions in the neighborhood randomly taken zero. The condition to which should satisfy any
zero is deduced from properties of rational function. The received condition is carried out
only if the valid part of zero is equal %%.

As a consequence of the proof of the Theorem is allocated equality between all nontrivial
zeros of the Riemann zeta function. Assuming that all zeros are simple, at first 100000 zeros
calculated this equality.

O HETPUBHUAJIBHBIX HYJISAX I3ETA-@YHKIIMUN PUMAHA
HN.®. TypkaHoB

turkanov.igor@mail.ru

[TpomexxyTKl MeXIy HETPHUBHAIBHBIMHU HyJsiMH JI3eTa-(pyHKimn PumaHa craTHCTHYECKH
BeAyT cels Tak ke, Kak COOCTBEHHbIE UMCIIAa CIIy4YallHBIX MATPHII, ONUCHIBAIOLINX CIOXKHBIE
KBAHTOBbIE TUHAMUYECKHE CUCTEMBI.

B pabore mpencraBieHa TeopeMa O paclOJIOKEHUM JI€HCTBUTENBHBIX  4YacTel
HETPUBHAIBHBIX HyJeH [[3eTa-pyHKn Pumana Ha KpUTHYECKOM TTPSIMOIA.

B kauecTtBe OCHOBHOW (yHKIMM B TeOpeMe HCIOJIb30BaHA MPOM3BOJHAs Jorapudpma
J3era-pynkrun Pumana. B pasznoxkxeHun 3Toi (YHKIUM BBIACISCTCS MHHMAas 4YacTb
palMoOHAIBHOM (YHKIMM B OKPECTHOCTH HPOM3BOJBHO B3ATOro Hyids. M3 cBoiicTB
panMoHanbHOW  (YHKIMM  BBIBOAWTCS  YCJIOBHE, KOTOPOMY JIOJDKEH  YIOBJIETBOPSTH
IIPOU3BOJIbHBINA HyNb. [lodyueHHOE yCIOBHE BBINOJHAETCSA TOJIBKO €CIM JEHCTBUTEIbHAS
4acTh KOpPHS paBHa /5.

B kadectBe CIENCTBUS W3 JI0Ka3aTelIbCTBA TEOPEMBl  BBIIEISETCS  PaBEHCTBO,
CBSI3BIBAOINIEE BCE HETpUBHANIBHBIC HyNMW J[3erta-¢pyHkumu Pumana. B mpeamonosxenun, 9To
BC€ HyJH NpocThie, Ha nepBbix 100000 KOpHSAX paccUUTaHO 3TO PaBEHCTBO.
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OBPATHBIE YTBEPXKIEHMA K TEOPEME XNHYNHA-OCTPOBCKOI'O O
CXOMUMOCTU 'PAHMYHNX 3HAYEHUU ITOCJIENOBATEJIBHOCTEN
HEITPEPBIBHO IMO®EPEHIINPYEMbIX ®YHKINN

12
Kapko [laBuueBuy ’

"Faculty of Natural Sciences and Mathematics, University of Montenegro,
Dzordza Vasingtona 92,81000 Podgorica, Montenegro
’National Research Nuclear University, MEPhI,

Moscow, Russia

e-mail: zarkop@ac.me

N3BectHass Teopema XwununHa-OCTPOBCKOIO  yKa3bIBAET YCJIOBHUSA, MPH  KOTOPBIX
CXOAUMOCTb Ha TIpaHUIC IMOCICAOBATCIBHOCTU YIJIOBBIX TI'PAHUYHBIX 3HAUCHUU B I[&HOﬁ
MOCJIEIOBATEILHOCTH TOJOMOP(MHBIX (YHKIHMA OrPaHWMYCHOTO BHJJA BiIeYeT 3a CcoOoH
PAaBHOMCPHYIO CXOAUMOCTDH 3TOU II0CJICA0BATCIIBHOCTU HA KOMITaKTaX €AMHNUYHOT'O AHUCKaA.

B Hacrosimem noknane m3ydaercsa oOpaTHas 3ajgada: yKasaTb YCJIOBHSI, NPU KOTOPBIX
PaBHOMCpHAsA CXOAUMOCTL Ha KOMIIAKTaX CAWHHUYHOI'O0 JHCKa MOCJICA0BAaTCIbHOCTU
HernpepblBHO  nuddepeHpyeMbix  QYHKIIMH  BIIEYET  CXOAMMOCTH HA  TpPaHHIE
MOCJIEI0BATEIBHOCTH XOPJAJIbHO TPAHUYHBIX 3HAYCHUN ATUX (DYHKITUI.
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ALGEBRAIC PROPERTIES OF SOME F-ALGEBRAS OF HOLOMORPHIC
FUNCTIONS
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For any fixed p >1, the class N7, introduced in 1941 by LI. Privalov, is defined as the
space of holomorphic functions f on the open unit disk D:|z|<1 in the complex plane for

which the function (log” | f(z)])” has a harmonic majorant on D. In 1977 M. Stoll
introduced the d, - metric topology on N, and showed that the space N” with the topology

given by this metric becomes an F —algebra. Our results are motivated by the fact that N”
becomes a ring of Nevanlinna-Smirnov type in the sense of Mortini. In particular, we prove

that N has the Corona Property. Moreover, we give sufficient conditions for an ideal in the
algebra N7, generated by a finite number of inner functions, to be equal to the whole algebra
N?”. Furthermore, we investigate ideals in the spaces N’ generated by inner functions. This
is closely related to the characterization of closed invariant subspaces of N”.
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GRAPH THEORY IN MATCHEMATICAL MODELING OF CHEMICAL
PHENOMENA

Zana Kovijani¢ Vukicevié

Faculty of Science, University of Montenegro, DzZordza Vasingtona b.b. Podgorica, Montenegro

e-mail: zanak@ac.me

Chemical graph theory is a branch of mathematical chemistry that applies graph theory to
the study of molecular structures. Molecules or chemical compounds are modeled by an
undirected graph — the molecular graph. Topological descriptors on the molecular graphs are
defined in a way that they correlate with physic-chemical properties of molecular compound.
The final aim is use of theoretical predictions to gain chemical insights even for not yet
existing molecules.

Molecular graph G = (V,E) is a simple graph whose vertices represent non-hydrogen atoms
and the edges (v;v)) € Erepresent covalent bonds between the corresponding atoms. Since the
hydrocarbons are formed only by carbon and hydrogen atoms, molecular graph associated to a
molecule of hydrocarbon represents the carbon skeleton of the molecule.

A topological index of molecular graphs is any mapping f from the set of graphs to the set
of real numbers such that for any two isomorphic graphs G and H is true f(G) = f(H). Thus
topological index is a graph invariant, since it does not depend on the labeling or pictorial
representation of the graph.

The simplest topological indices are defined for connected undirected molecular graph
only, so they ignore hydrogen atoms and they do not recognize multiply bounds and atom
types. More sophisticated topological indices also take account each of atoms contained in the
molecule.

Here we consider a few types of topological indices, their bounds on the molecular trees
and characterize the case of equality for each of these topological invariants.
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DETERMINATION OF THERMOPHYSICAL PROPERTIES OF SILICON
ELECTRONIC COMPONENT

O.N. Koroleva, A.V. Mazhukin, P.V. Breslavskiy

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
email: koroleva.on@mail.ru

The most important element of mathematical modeling is the determination properties of
the target material [1]. Nonequilibrium heating of semiconductors takes place with a wide
margin of temperatures of carriers from the grid one, so in problems of laser action a silicon
target can be considered as an object consisting of two interacting subsystems - electron and
phonon. In this case, for each of subsystems is necessary to determine thermophysical, optical
and thermodynamic properties, varying over a wide temperature and frequency ranges. To
determine the properties of the electronic subsystem been used continuum approach and for
the phonon subsystem - molecular dynamics approach [2]. In report we discuss the definition
of main thermophysical and thermodynamic characteristics of the electronic subsystem (Fig.
1-2), using the continuum approach. The continuum approach is carried out by calculation
using the statistics of electron gas of semiconductors, in which the central place is occupied
by the law of distribution of charge carriers on energy states. Because of this, for the
determination of silicon electron gas properties was used technique of Fermi-Dirac integrals

13].
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Fig. 1. The dependence of the electron density and Fig. 2. The thermal conductivity of electrons
temperature with degeneration of electron gas of silicon. and holes of silicon.
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ONPEJEJEHUE TENJIO®U3NYECKUX CBOMCTB SJIEKTPOHHOM
KOMIIOHEHTBI KPEMHMUSA

O.H. Koponesa, A.B. Maxykus, I1.B. bpecnaBckmuii

Hnemumym npuxnaouoii mamemamuru um. M.B. Kenoviuwa PAH, Mockea, Poccus
email: koroleva.on@mail.ru

Baxxne#iuM 351€MEHTOM MaTEMaTUYECKOTO MOJEIUPOBAHUS SIBJISIETCS ONPEJEIICHHE CBOMCTB
marepuana mumieHu [1]. HepaBHOBecHbIII HarpeB IMOJyNPOBOJHUKOB MPOTEKAET C OOJBIIUM
OTPBIBOM TEMIIEPATyp HOCHUTENIEH TOKA OT PEIIETKH, O3TOMY B 3ajadax J1a3epHOr0 BO3/ICUCTBU
KPEMHHEBYI0 MUIICHh MOXHO paccMaTpuBaTh Kak OOBEKT, COCTOSIIMA W3  JIBYX
B3aMMOJICHCTBYIONINX ITOJCUCTEM — J3JICKTPOHHOW M (QoHOHHOW. [lpm 3TOoM, IS Kaxmol u3
MOJICUCTEM HEOOXOAMMO ONPEICNIATh TeIIo(pH3NIecKHe, ONTHUYSCKHEe M TEPMOJINHAMUYCCKHEC
XapaKTEPUCTUKH, U3MEHSIIONIUECS B IIUPOKOM TEMIIEpaTypHOM M 4YacTOTHOM Juaria3onax. Jlms
OIpeACICHUSI CBOMCTB 3JIEKTPOHHOU MOJICUCTEMBI UCIIOIB30BANICS KOHTUHYJIBHBIN OAXO, a JJIst
(OHOHHOW MOACUCTEMBI — MOJIEKyIsIpHO-TuHaMu4eckuii [2]. B mokmane paccmarpuBaetcs
orpeziesieHNe OCHOBHBIX TETUIOPU3NIECKUX U TEPMOIMHAMUYECKUX XapaKTEPUCTUK IIEKTPOHHOM
MoJICUCTeMBI (pHUC. 1-2) ¢ UCTOIB30BaHMEM KOHTHHYAJIBHOTO Moaxoaa. KOHTHHYanbHBIN MOAXO0/
OCYILECTBIISIETCS. IIyTEM PACUYETOB C HCIIOJIb30BAHUEM CTAaTUCTUKH 3JIEKTPOHHOTO Tasa
MOJIYITPOBOJTHUKOB, B KOTOPBIX IIEHTPAIHLHOE MECTO 3aHUMAET 3aKOH PaCIpEACNICHUs] HOCUTEIei
3apsiia Mo SHEPTeTUYECKUM COCTOSIHUSIM. B cuity 3TOro asist onpeneneHus CBOMCTB JIEKTPOHHOTO
raza KpeMHHsI HCTIONb3yeTcsl TexHuka naterpanoB Gepmu-/lupaka [3].
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Puc. 1. 3aBUCHMOCTD KOHIICHTPALMU OJIIEKTPOHOB H Puc. 2. TennompoBOJHOCTh 3NEKTPOHOB U
TEeMIEpaTypbl HPH BBIPOXKICHHH JJIEKTPOHHOTO Trasa JBIPOK KPEMHHUSL.
KPEMHHSL.
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ATOMISTIC SIMULATION OF SILICON PHONON SUBSYSTEM PROPERTIES
A.V. Mazhukin, O.N. Koroleva
Keldysh Institute for Applied Mathematics of RAS Moscow, Russia

Statement of computational experiment is associated with the problem of determining the
thermophysical, thermodynamic, optical, mechanical and other characteristics of the
substance [1]. In case of violation of local thermodynamic equilibrium in the semiconductor
material (silicon) material is presented in the form of two subsystems: electron and phonon
(lattice). To determine phonon properties of the silicon used molecular dynamic approach.
Figures 1 and 2 show dependences the melting temperature 7, of the pressure p and heat of
vaporization L, on temperature 7, obtained from atomistic simulation. As one of the most
important problems in molecular-dynamic approach is the choice of the interparticle potential
in the figures are shown simulation results with Stillinger-Weber and KIHS potentials. The
melting temperature is compared with the experimental data. Stillinger-Weber potential better
conveys the dependence of melting temperature vs pressure and KIHS better conveys
temperature dependence of heat of vaporization.

Melting temperature vs pressure Heat of evaporation vs temperature
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Fig. 1. Dependence T,,(P) for Stillinger- Fig. 2. Dependence L,(7) for Stillinger-Weber
Weber potential (blue line) and KIHS potential (red line) and KIHS (green line)
(black line).
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ATOMUCTHUYECKOE MOJEJUPOBAHUE CBOMCTB ®OHOHHOM
INOACUCTEMbI KPEMHUA

A.B. Maxyxkun, O.H. Koponesa

HUnemumym npuxnaonoi mamemamuxu um. M.B. Kenoviuua PAH,
Mocksa, Poccus

[TocTaHOBKA BBIYMCIMUTEIBHOTO 3KCIIEPUMEHTA COMpPsHKEHA C MPOoOIeMOil ompeneneHus
TEINIOPU3NUECKUX, TEPMOAMHAMUYECKUX, ONTHUYECKUX, MEXAHWYECKMX U  JIPyIrHux
XapakTepucTuK BemectBa [1]. B ciydae HapylleHHs JOKaJbHOTO TEPMOJMHAMHYECKOIO
paBHOBECHS B MOJYNPOBOJHUKOBOM BEILECTBE (KPEMHUI) BEIIECTBO NPEICTABISAECTCA B BHUJIE
JIBYX TIOJICUCTEM: 3JIEKTPOHHOW M (oHOHHOU (pemierka). [ns ompeneneHus (pOHOHHBIX
CBOMCTB KPEMHHUSI UCIOJIB3YETCS MOJEKYJSIpHO-IMHaMudeckuil noaxon. Ha pucynkax 1, 2
IPEJCTaBJICHbl 3aBUCUMOCTU TEMIIEpaTyphl IUIaBleHUs 1, OT JABICHUS p U TEIIOTHI
ucrnaperus L, on temmneparypsl 7, ONpeleieHHbIE U3 ATOMUCTHYECKOIO MOJECIUPOBAHMSL.
[TockonbKy onHOM M3 Hanbosiee BaKHBIX MPOOJIEM B MOJEKYJISIPHO-IMHAMUYECKOM IOAX0/IE
ABISIETCA BBIOOP MEKXYACTUYHOTO MOTEHLMAla HAa PHCYHKaxX IPUBEIECHBI pe3yJIbTaThl
monenupoBanus ¢ norenuuanamu Stillinger—Weber u KIHS. Temnepatypa muaBieHus
CpPaBHUBACTCS C OSKCHEpPUMEHTATbHBIMH JMaHHbIMU. [lotenmman Stillinger—Weber myumie
nepeaeT 3aBUCUMOCTh Temneparypbl oT nasieHus, a KIHS mydme 3aBucumMocTh TEIIOTHI
UCTIAPEHHUS.
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muansg) 1 KIHS (wepras muaMSN).
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HETEROGENEOUS MELTING/CRYSTALLIZATION OF METALS
V.I. Mazhukin, A.V. Shapranov
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

The necessity of modeling of processes of phase transformation in a wide range of
overheating/overcooling of metals is associated with the appearance of new modes of laser
action. The kinetic approach to the description of the melting/crystallization processes leads to
two main alternative expressions for the phase front velocity: with diffusion and thermal
limiting. Kinetic version of Stefan problem needs to obtain a functional relationship in a broad
range of deviations from the equilibrium melting temperature. However, which of the two
expressions, suggested by kinetic approach should be used here - no clarity so far [1-3].

Was carried out molecular dynamics simulation of heterogeneous melting/crystallization of
the three metals with two types of crystal lattices: face centered (aluminum, copper), and a
body-centered cubic (iron). Modeling was carried out under conditions where the
melting/crystallization front propogates over overheated/overcooled phase, for two values of
the external pressure - 0 and 80 kbar in two crystallographic directions - (100) and (111). Was
obtained the dependence of the phase front velocity on the deviation from local
thermodynamic equilibrium in a wide temperature range.
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Fig.1. Dependence of the phase front velocity on overheating.

Was obtained approximation of simulation results by both kinetic expressions within the
whole temperature range. Equally good agreement has been achieved due to the introduction
of additional adjustable factor a in the index of exponent of both expressions.
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I'ETEPOI'EHHOE IIVIABJIEHUE/KPUCTAJJIM3ALIAA METAJIJIOB
B.1. Maxyxkun, A.B. lllanpaHos

Hncmumym npuxnaonou mamemamurxu um. M.B. Kenoviuua PAH, Mocksa, Poccus

Heo6xonumMocTh MOAEIMPOBAHUS IIPOLIECCOB (Pa30BOro MPEBpaILEHNs B IIUPOKUX JUANA30HAX
neperpeBa/nepeoxaakACHUs] METaUIOB CBsi3aHA C IOSBICHHEM HOBBIX PEXHMOB JIa3epHOIO
Bo3zeicTBUsL. KuHeTnueckuit MOAXOA K OINUCAHHIO IPOLIECCOB IUIABJIECHUS/KPUCTALIM3ALNN
IPUBOJUT K JIByM OCHOBHBIM QJIbTEPHATUBHBIM BBIPAKEHHUSM JUIsl CKOPOCTH (ha3oBoro (ppoHTa: ¢
TUQPy3MOHHBIM OTpaHWYCHHEM M TelIoBbIM. Kunetnueckwii BapuanT 3ajgaun Credana
HYX/JaeTcs B IONYYCHHH TaKOM (YHKIMOHAIBHOM 3aBUCHMOCTH B IIHPOKOM JHANa30He
OTKJIOHEHHH OT PaBHOBECHOH TeMIlepaTypbl IuiaBieHus. OQHAKO, KaKOe M3 JIBYX BBIPKEHHIA,
npeyiaraéMblX KHHETHYEeCKUM TMOJIXOJO0M, HaJ0 3[eChb HCIIONb30BaTh — SICHOCTH HET 10
Hacrosiero Bpemenu [1-3].

BbInonHeHO  MOJIEKYJIIPHO-TUHAMUYECKOE  MOJCIMPOBAaHME IpolLEecca TeTepOreHHOIO
IUIaBJICHUS/KPUCTAIUIM3AMN TPEX METAJUIOB C JBYMs THUIIAMU KPUCTAJUIMYECKUX PELIETOK:
IpaHeleHTPUPOBAHHON (aIOMUHUMN, Me/Ib) U 00BEMHO-IICHTPUPOBAHHON KyOMYecKon (kKene3o).
MogenupoBaHue NPOBOAMIOCHE B YCJIOBUAX, KOTrJa (POHT IUIABJICHUS/KPUCTAIIN3ALUN
pacmpocTpaHseTcs MO MeperpeToi/mepeoxiaxaeHHon ¢asze, ans IByX 3HAUYEHUN BHEIIHETO
nmasineans — 0 m 80 kbOap, B AByx Kpucramiorpaduuecknx HampasieHmsx — (100) u (111).
[Tomydena 3aBUCUMOCTH CKOPOCTH (pa30BOro (ppoHTa OT BEIMUYHHBI OTKIOHEHHS OT JIOKAJIHLHOTO
TEPMOJIMHAMUYECKOTO PAaBHOBECHS B ITMPOKOM TeMIEepaTypHOM auarna3zoHe (puc. 1).
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Puc.1. 3aBucuMocTh ckopocTu Ga30Boro (ppoHTa OT BETHMYUHEI IIEPETPEBa.

Bo Bcem TEMIICPATYPHOM JHAIIA30HE IMOJYUCHA alllIpOKCUMaAIus pe3yjIbTaTOB MOACIMPOBAHNA
000MMH KHHETUYECKUMH BbIpaKeHUSAMHU. OIMHAKOBO XOPOIIIErO COTJIACOBAHMSI yAaJI0Ch JOCTHYb
Omarozmapss BBEJICHHIO JOMOJHHUTENBHOTO PETYIHPYIOMEro Kod(pQHIUEeHTa o B IOKa3aTelb
9KCHOHEHTHI 000MX BBIPAKCHHH.

baaronapuoctu: Pabora BemonHeHa npu ¢puHaHCOBOH moanep:kke PODU, rpanter NoNe 16-
07-00263, 15-07-05025.
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Space satellites operate in very complex radiation environment. One of physical phenomena
that affects satellites operability is radiation conductivity generation in active areas of
microelectronic devices. The main problem of this effect investigation is to connect the
radioactive exposure with radiation conductivity current density. The electric field that is
generated by operating volt-ages is should be taken into consideration. Silicon PiN diode is an
effective device for such a connection establishment. This instrument is designed to have very
high sensitivity to visible light and infrared radiation. Diodes are also capable to register X-ray
and low energy gamma radiation. Instrument calibration connects directly light reverse current of
irradiated PiN diode with the radiation dose absorbed in active zone by. Alternatively, light
reverse current is equal to full current of charge carriers from diode active zone.

Therefore, silicon PiN diode is a dosimeter and the simplest semiconductor device at the same
time. It makes PiN diode an effective feature for experimental validation of radiation conductivity
mathematical model. One can compare measured light reverse current with calculated current of
charge carriers in active area. Additionally, it is possible to control radiation dose by comparing
the calculated value with measured one. It is of great importance, that experimental value of
radioactive dose is connected by calibration with the light reverse current from the same
experiment. So PiN diodes mathematical modeling is an important stage of radiation induced
conductivity of microelectronics theoretical investigation. Another self-sufficing purpose is the
investigation of PiN diode behavior in experiments with high intensity radiation of accelerators.

Specialists of Keldysh Institute of Applied Mathematics design software package for modeling
the interaction of charged particles and photons with complex technical objects in real operating
conditions. Package includes computation modules with unified data exchange protocol and user
interface. In addition, package includes supporting modules.

Mathematical model of radiation conductivity in semiconductors is based on jointed solution
of classic and quantum kinetic equations with scattering and Maxwell equations for
electromagnetic field. Computational module for calculating radiation conductivity in active areas
of micro-electronic devices is included as a part of complex radiation effects code. External free
particles create excess charge carriers — electrons of conductivity and holes of valence band.
Collision’s integral in quantum kinetic equations describes charge carriers scattering on phonons
and impurities. The statistic particle method is carried out numerical solving of quantum and
classic kinetic equations. This method combines stochastic modeling of carrier scattering and
particles motion in self-consistent and external electromagnetic field.

Commercial BPW34 PIN photodiode was chosen for modeling radiation detector. This
photodiode usually is used in photo-interrupters or infrared control devices. Our software package
is used for modeling field distribution in operating BPW-34 diode and to calculate dark and light
reverse current. Calculation of radiation source by radiation transport module is based on RIUS-5
accelerators experiments.

Results of reverse dark current calculations are comparable with basic, experimental measured
characteristics. Results of light reverse currents calculation are compared with accelerators
experiment.

Acknowledgement: The reported study was partially supported by RFBR, research project
No. 14-01-00350, No. 15-01-03027
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Varvara A. Egorova, Mikhail E. Zhukovskiy
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eva24372@gmail.com

The modeling of radiation transport often requires to approximate its results from one
detector points system to another. In particular, it needs when modeling is carried out using
the discrete model of irradiated object and the results have to be obtained on the real object.
Modeling of the radiative electromagnetic field, for instance, requires approximation of
electron emission simulation results from radiation transport detector system to differential
grid used for solving the Maxwell equation. The approximation of functions in 3D geometry
is non-trivial problem.

An approach based on using the neural networks is developed for solving the
approximation problem [1]. The multi-layer perceptron is chosen for construction neural
network (fig. 1).

Fig. 2. Multi-layer perceptron.

Network training is worked out by using the algorithm of back propagation of error [2].
The elaborated method is applied for approximating the 3D data calculated by Monte Carlo
modeling of electron emission generated by X-ray radiation from boundary surfaces of
irradiated object. Results of modeling are required to transfer from given detector point
system to the set of the points on the boundary surface. The approximation is obtained as the
response of constructed neural network. The results of approximation show applicability of
the neural networks for solving the problems in question.

Acknowledgments: This work is supported by Russian Fund for Basic Researches, grants
N 14-01-00350 and N 15-01-03027
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MHOI'OMACHITABHOE MOJIEJIMPOBAHUE HEJIMHEMHBIX ITPOIECCOB
MMPOXOXIEHUSA ®JIIOUNIA YEPE3 KEPH
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Hacroamuii noKiIaj IOCBALICH TEXHOJIOTHUAM MOJEIMPOBAHUS HEJIHMHEHHBIX IIPOLIECCOB B
KEpHax, U3BJIEKAEMBbIX U3 He(Te- U ra3000bIBAIOIINX CKBAXHH C 1I€JIBbI0 UCCIIEJOBAaHUS CBOWCTB
YTIEBOJOPOAHBIX IUIACTOB. OOHMM U3 COBPEMEHHBIX IOAXOI0B K PEUICHHIO JAaHHOIO Kiacca
3aJa4 sIBJIsETCSA CO3J[aHHue MYJIbTH(PU3NYHON MHOrOMAacIITaOHOW MaTeMaTH4eCKOM MO KepHa
U UCCIICJIOBAHNE €€ KOMIIBIOTEPHBIMH METOAaMHU. J[aHHBII MOAXOM MO3BOJIIET MUHUMU3UPOBATH
KOJIMYECTBO HATYPHBIX OSKCIIEPUMEHTOB, IPEACKa3aThb HBOJIOLMUIO CBOWCTB IIJIACTOB H
NPOTHO3MPOBATh MX HedTe- M ra300THady B TeUeHHE OOJBIIOr0 BpeMeHHoro mnepuona. s
peanu3alMM  YKa3aHHOTO IOJAXO0Ja HeoOXOoauMmo cieayromiee: 1) co3aaTh MaKCHUMAalIbHO
NpUOMKEHHYI0O K PpEaJbHOCTH MHOTONapaMeTPHUYECKYI0 MOJeNb KepHa; 2) BKIIOYUTH B
paccMOTpeHHe MHOTOKOMIIOHEHTHBIH U MHOTO(a3HBIi COCTaB U CIOXKHYIO PEATbHYI0 T€OMETPHIO
KepHa; 3) pa3paboTaTh BHIYUCIUTEIIbHBIE OCHOBBI I MOJEJINPOBAHUS IIPOLIECCOB IPOCAYMBAHUS
MHOTOKOMIIOHEHTHBIX JKUAKMX M Ta30BbIX CMecell uepe3 KepH; 4) MpoBeCTH MacluTaOHbIe
KaJTMOPOBOYHbIE PacUeThI.

B Hacrosmedt paboTe mpeanpuHATa IOMBITKA CO3JAaHUS TAKOM MHOTO(aKTOPHOM
MaTEMaTUYECKOM MOJENM M  BBIUUCIMUTEIBHBIX OCHOB JUIsl €€  KOMIIBIOTEPHOTO U
CYIIEpKOMIBIOTEPHOr0 aHanmu3a. [Ipym pa3paboTke MOAENM YYHUTBHIBAINCH YETHIPE OCHOBHBIX
MacmTala: [UIMHA U AUaMeTp KepHa, XapakTepHBIN pa3Mmep MOp MOPOIbI, U3 KOTOPOHl COCTOUT
KepH, U MUKpoMaciTad, Ha KOTOPOM IPOUCXOJAT HENWHEHHbIE B3aUMOACUCTBHS (uIonga co
CTeHKaMu 1op. B kadectBe (uromma B TONMHOM Moaenud OyAeT HCIOJIb30BATHCS
MHOTOKOMITOHEHTHasI ABYX(a3Hast )KUIKOCTh, COCTOAIIAst U3 He(TH, BOJIBI U My3BIPHKOB Ta30BOH
CMeCH BO3/lyXa U MeTaHa. Takxke He UCKIII0UAeTCsl, UTO (DO MOXKET COJepkKaTh OTKOJIOBIIMECS
OT CTEHOK IIOp MEJIKME 4acTHLbl opoabl. Ha naHHOM 3Tarne HaMu pacCMaTpUBAETCs YIPOLICHHAs
MOJIeNb, TJI€ B KauecTBe (pIrom1a UCTIONIb3yeTCs CMeCh MeTaHa U Bo3jayXa. [ 3Toit yrporeHHoH
MOJIEJH MPEJIararoTCsl YUCIECHHBIE METO/Ibl pacyeTa Ha OCHOBE YPaBHEHHM MHOIOKOMIIOHEHTHOM
KBa3urazoguHamuku [l, 2] c Koppeknued KHHETHYECKHUX KO3((UIMEHTOB M ypaBHEHUH
COCTOSIHUS, (OPMUPYEMBIX C MOMOIIBIO METOJOB MOJIEKYJsipHOM nuHamuku [3]. Ilpemnmoxena
TaK)Ke NapajuieNbHas pean3alys JaHHOW METOJUKH, CO3/laHa COOTBETCTBYIOLIAs MapajuiesbHas
IpOorpaMmMa, BBIIIOJHEHBI IPEIBAPUTEIbHBIE TECTOBBIE PACUETHI.

baaromapuoctu:  PaGora  BeImosHeHa  mpu  mojyiepkke  Poccmiickoro  (onma
dynaamMeHTanbHBIX UcchenoBaHui (poekThl NeNe 16-29-15081-odpu_m, 16-29-15095- opu_m).
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MAGNETOROTATIONAL MECHANISM OF CORE-COLLAPSED SUPERNOVA
EXPLOSION
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Moscow, Russia
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We discuss results of 2D numerical simulationsi23 of the MagnetoRotational(MR)

mechanism of core-collapsed supernova explosion. The simulations were done using free
Lagrange completely conservative method on triangular grid of variable structure using
operator-difference scheme. Equation of state for the hot dense matter was applied. Neutrino
losses were taken into account.

Acknowledgements: This work was partially supported by grants RFBR 14-02-00728 and

grant for leading scientific schools NSH -6579.2016.2.
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MOJEJHUPOBAHUE 3AIIUTBI BOPTOBBIX CUCTEM KOCMHUYECKHX AIIIIAPATOB
OT BBICOKOYACTOTHOI'O 2JIEKTPOMATHUTHOI'O U3JITYUEHUA

B.B. Twopenkosa, B.b. berennn, B.®. Hukurnn, H.H. Cvupnos, b.I1. Peidakun, JI.M. Ctamos
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Llenpto HacTosmiedl pabOTBI  SBISETCS U3YYEHUE BIUSHHUSA  PasiUuHbIX  (PakTOpOB
UIEKTPOMAarHUTHOIO  MOJS  CBEPXBBICOKOW  4acTOThl Ha  3()(EKTUBHOCTb  3aLUTHI
PaIUOdIEKTPOHHBIX YCTPOMCTB OT 3TOrO MOJIsl; BaKHBIM (DaKTOPOM SIBJISIETCSI HE TOJIBKO HEPTHS
M 4YacTOTa, HO M CKOPOCTh 3aIlMINAEMOro IMPOBOJSMIEH 000J0YKOH 00BEKTa OTHOCHTEIBHO
HCTOYHMKA NOJIS. DTOT (aKTop, Kak MpaBUiIo, cl1abo akTyaleH sl Ha3eMHBIX OOBEKTOB, HO JUIs
00BEKTOB, IBMXKYILUXCS C KOCMHUUECKON CKOPOCTBIO BaKHOCTb €0 CTAHOBUTCS BBICOKA.

CKOpOCTh UCTOYHUKA I10JI1 OTHOCUTEIBHO 3alUINAEMOr0 0OBbEKTa OKa3bIBAET OYEHb CUIBHOE
BJIMSIHUE HA INIyOWHY IPOHUKHOBEHHUS MOJIS B 3AILUTHBIN IPOBOJHUK U, COOTBETCTBEHHO, HA €r0
BHYTpPEHHUI pa3orpeB. Ecian 0OBEKT IBMXKETCS HABCTPEdy HCTOUHHUKY IO C KOCMHUYECKOH
CKOpPOCTBIO, TO CKHH-CJIOM, KyJa HpPOHMKAeT Ioje, o4yeHb TOHKWH. Hamportus, eciau oObekT
ylansercs OT UCTOYHMKA, ITyOMHA NPOHMKHOBEHUs IIOJI CTaHOBUTCSA BEJIMKAa, COCTaBIsAsi B
UCCIIEIOBAHHOM ClIy4ae JIECSATKH IPOLEHTOB OT TOJINMHBI 3aIIMTHOrO ciod. OdYeBUAHO, IpH
COOTBETCTBYIOIIEM BBIOOpPE MapaMETPOB MOXKHO MOJOOpaTh TaKHe, YTO 3AIUTHBINA CIONH M HE
OyZeT BBINOJIHATH CBOM (DyHKIMH, NPOIyCKas HECKOJBKO ociabiieHHoe mojie BrryOb. M3 atoro
ClIelyeT HECKOJIBKO B&)KHBIX BBIBOJOB: INIyOMHAa IPOHMKHOBEHHsS MO (BaskHeHIas
XapaKTepUCTUKA MarHUTO3AIIUTHBIX MaT€pPUAIOB) JOKHA PACCUUTBHIBATHCS C YUETOM JBHIKEHHS
00BbEKTa 3aIlUTBl OTHOCUTEIBHO BO3JeicTBytomero mnoyiss. OOBYHO 3alllUTHBIE MaTepHasbl
TECTUPYIOT B 3€MHBIX YCJIOBUSX, TJI€ TAKYIO CKOPOCTb CO3JaTh IPAKTUYECKH HEBO3MOXKHO, TAKOU
TECT M KOCMHYECKHMX OOBEKTOB HejmocTtaTodeH. [IpakTuuecku BcTaeT HEOOXOAMMOCTD
TEOPETUYECKOT0 pacyeTa IPOHUKHOBEHUS TAKOrO OIS U COOTBETCTBYIOLIEH 10pabOTKH
UMeEIOIIEICs TEOPUH TITyOUHBI CKMH-CJIOS C YYETOM 3TOTO JIBIKEHHUS.

[Tomepeunplii  OCHMJUTMPYIONMA TOK B 3alUTHOM IUTACTHHE BO30YXKmaeTcs 3a CYeT
KOMITIOHEHTBI CKOPOCTH, KaCaTeJIbHON K IIJIOCKOCTH 3TOM IJIACTUHBI, €70 BIMSHUEM Ha BBIACICHUE
terya J[xoyins nmpeHeOperaTh Helb3sl, IOCKOJIBKY B PsJI€ CIy4aeB OH MOXKET OBbITh JAaXe CUJIbHEe
TOKa, BO30Y>KJAIOIIErocst BJOJIb IIACTUHBL. Takoi TOK BhI3bIBaeT 00pa30BaHUE OCLULINPYIOLIETO
MOBEPXHOCTHOT'O 3apsi/ia Ha BHELIHEN I'PaHULE IPOBOIHUKA.

JUis 10CTaTOYHO TOHKOM IIACTUHBI M3 METa/Ula IpU HAJIMYMM OXJIAXJIEHHS TepMOCTaTOM
U3HYTPU M TEIUIOBBIM M3JIyY€HHEM CHapyXu NpoQwib TEeMIepaTypbl yCTaHABIUBAeTCs, IS
BBIOpPaHHBIX IapaMeTpoB, NMpuMepHo 3a 0.1 cexkyHay, U AanbHENIINI Mpolece CTa0MIN3UpyeTcs.
Crnenyer OTMETUTh, YTO MAKCHUMAJIBHBIN ITOABEM TEMIIEPATyphl — CBbIIIE YeM Ha 150 rpagycos ot
[IEPBOHAYAJILHOIO YPOBHSI — IIOJIYYEH IPU MAKCUMAJIBHOM CKOPOCTH YJAJIECHHS OT HCTOYHUKA
HOJIA.

Ouenp Oonplloe 3HaueHHE MJIS TOJAEP)KAHUS 3alUTHBIX CBOWCTB HMEET CHCTEMaA
oxnaxaeHus. lcnonb3oBaHHble B pa0oTe TIpaHUYHBIE YCIOBHS TepMoOcTara H3HYTpU
CTaOMIM3UPYIOT CHCTEMY, HE JIOITycKasih KpUTHUYECKOTO €€ pa3orpeBa, HO TEIUIOBOE M3JIydYeHHE B
BaKyyM IIpM 3aJaHHBIX YMEPEHHBIX TEMIIepaTypax OKa3aJoch 3HAUUTEIbHO ciabee, YeM
TpeOyeTcsi B pacCCMOTPEHHBIX YCIOBHSAX JUIsI KOMIEHCALMM BbLAEISIONIIErocs Teria JKoyuis.
Crnenyer 0XXuaaTh 3HAUUTEIbHO 0OJI€€ BHICOKUX TEMIIEPATyp B MEHEe OJIarONpUsATHBIX YCIOBHIX
BHEIIIHUX TEIJIOBBIX IIOTOKOB.

Baaropapnoctu: PabGota BemonHsgercs npu nojuaepxkke PODU (rpant Ne 14-29-09128-

opu_M).
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2Byurakan Astrophysical Observatory, Byurakan 0213, Aragatzotn province, Armenia

The International Scientific Optical Network (ISON) [1] is devoted to space debris
observations, search and follow up comets and asteroids and GRB follow up observations.
Currently the ISON consists of 46 worldwide automated and two robotized telescopes of
small apertures (0.22 — 1.0 m). Since 2010 we observed more than 140 GRBs (~30 per year)
and detected about 40 GRB afterglows.

The fastest observation started 72 seconds [2] (35 seconds after alert receiving) after GRB
150203A trigger onboard Swift observatory. The most interesting GRB optical transient
discovered and reported for the first time is GRB 130427A [3]. Also we performed long term
monitoring of V404Cygni outburst in 2015 [4].

We present statistics of ISON GRB observations, consider light curves of most important
GRB afterglows, and discuss requirements for a future development of ISON for GRB
observations. We also discuss the efficiency of the ISON for follow up future LIGO/Virgo
gravitational wave sources.
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KOHCTAHTHOE OBECIIEYEHUE CTATUCTHYECKOI'O MOAEJIMPOBAHUA
INEPEHOCA U3JIYYEHUSA

M.E. XKykosckuii, C.B. Ilogoasko, P.B. Yckos, M.b. Mapkos

HIIM um. M.B. Kenoviuwa PAH
e-mail: psv66@mail.ru

CDYHI[aMeHTaJ'II)HYI-O POJIb P CTATUCTUICCKOM MOACIMPOBAHNU NEPEHOCA U3IIYUCHUS UT'PAKOT
BCPOATHOCTHBIC PACIPECACIICHNUA XapaKTCPUCTUK YaCTHL, HU3MCHAIOIIMXCA B IPOoHCCCax HUX
B3aUMOJICMCTBUSI ¢ BemecTBOM [1]. OTu pacmpezieleHds pPAacCUMTHIBAIOTCS B BUJE
TaOyIMPOBAaHHBIX (PYHKIINH HA OCHOBE 00paOOTKU CEUCHUH paccMaTPHUBAaEMbIX TIPOIIECCOB.

Jnis modydeHus: ykazaHHBIX TaOnuIl pa3paboTaH MpOrpaMMHBIA MOAYIb, MpeIHa3HAUYCHHBIN
JUISL IOATOTOBKM BEPOSATHOCTHBIX PacIpeesICHHi ISl 3JIEMEHTapHBIX U COCTABHBIX BEIECTB.

Ha Puc. 1 u Puc.2 npuBeneHs! mpuMeps! pe3ybTaToB paboThl MPOTPAMMHOTO MOIYJIS.
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Puc. 1. CedeHHA IpoLIeccOB B3aHMOOSHCTEHA Puc. 2. BepoATHOCTHEIE paclpeIeleHH YIUIa
Y - KBAaHTOB B BOIB(paMe VIPYTOTo paccedHH MEKTPOHA B KeIe3e

IToxazaHbl IpEeMMyILIECTBA PEAIN30BAHHOTO MOJIX0Ja K IMOCTPOCHUIO pAaCIpeAeIeHUI A
IIPOrPaMMBbl CTaTUCTHYECKOTO MOAENupoBaHus B3anmMoxenctsua MU ¢ BemectBamu npu
peanu3anyy Ha TeTePOreHHbIX CYNEPKOMITBIOTEPAX.

OCHOBHBIM HCTOYHUKOM HCXOAHBIX JaHHBIX [UId MOJIYJs sBiseTcsl 0a3a JaHHBIX
HanumonaneHoro uneHtpa snepHbIX JaHHbIX. JlIg IIpOBEpKM KayecTBa IOIy4aeMbIX C
IIOMOUIBIO CO3AAHHOIO MPOTrPAMMHOIO MOAYJISI SHEPTETUYECKUX M YIVIOBBIX PaCHpeleIICHUN
(OTOHOB M DJEKTPOHOB MPH UX B3aUMOJCHCTBUM C BEIIECTBOM IPOBEACHBI CPaBHEHUS
pe3yabTaToB pacueToB ¢ AaHHBIMH 0a3el NIST XCOM.

Pa3zpaOotanHblii MOAYNb BKJIIOUYEH B KauyeCTBE COCTAaBHOW 4YacTH B MPOTPaAMMHBIH
komruiekc POMII [2], pazpaborannsiii B UTIM um. M.B. Kennpima PAH.

Baarogapuoctu: Pabora BeimonHeHa npu noajepxkke rpantoB PODU Ne 15-01-03027 u
Ne 14-01-00350.
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THE HIGH-CURRENT ELECTRON BEAM PROPAGATION IN EXITED GAS
Inozemtseva K.K., Lutsky A.E., Markov M.B.

Keldysh Institute of Applied Mathematics of Russian Academy of Sciences, Moscow, Russia
e-mail: inozem.kO@gmail.com

The report presents a mathematical model of the relativistic electron beam propagation in a
linear accelerator’s testing volume. We consider relativistic electrons transport in a gas, which
transfers in a weakly ionized medium under the radiation influence. All substantial collisions
of electrons with gas neutral molecules are taken into account: elastic scattering, impact
ionization, bremsstrahlung and excitation. Secondary electrons appear in continuous spectrum
due to impact ionization of gas by primary beam electrons. They are proposed to achieve an
equilibrium with a gas instantly. An electron beam generates self-consistent electromagnetic
field, affecting its propagation. Because of electron scattering energy releases into the
medium and causes various and enduring gas disturbance which affects thermodynamic and,
therefore, scattering properties of gas. Next beam emerging from output device interacts with
the new scattering medium. One can obtain new distribution of beam electrons using
information about thermodynamic state of medium at given moment. The report presents
comparison of several beam emergences.

The model includes hydrodynamic equations describing the dynamics of heated gas
considered to be a perfect fluid and Vlasov-Maxwell equations describing the beam electrons
distribution and self-consistent electromagnetic field. Time scale corresponding
hydrodynamic processes notably differs from time scale corresponding electromagnetic
processes, which can be presumed instantaneous in terms of hydrodynamics. Such a situation
allows separate calculation of each type of processes with the only connection between the
two is implemented through one-time data exchange. Energy distribution obtained from
electrodynamic calculation acts as initial conditions for hydrodynamic part. Hydrodynamic
calculation gives density distribution that enables to obtain scattering properties of medium
and use them as initial conditions for beam propagation modelling.

Acknowledgements: The reported study was partially supported by RFBR, research
project No. 14-01-00350, No. 15-01-03027
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MODELLING THE EXPOSURE OF BREMSSTRAHLUNG GENERATED BY THE
CALAMARY ELECTRON ACCELERATOR IN PINHOLE CAMERA

Mikhail E. Zhukovskiy', Mikhail B. Markov', Sergey V. Podoliako', Roman V. Uskov',
Evgeny D. Kazakov’

'Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia
’National Research Center “Kurchatov Institute”; Moscow, Russia
roman.uskov@gmail.com

The generation of bremsstrahlung produced by interaction between CALAMARY (fig. 1)
electron beam and epoxy target is considered. X-ray film located in pinhole camera is then
exposed by generated bremsstrahlung. The probability of bremsstrahlung getting through the
pinhole is very small. This is considered as small parameter of the experiment and taken into
account explicitly. Weight modification of Monte-Carlo is built for both electron and photon
transport to increase statistical value of every simulated trajectory. Parallel code is designed
for modeling of electron and photon transport by usage of graphical processors as arithmetical
coprocessors and using the NVIDIA© CUDA technology. Simulated distribution of radiation
dose received by the film is then converted into exposure levels distribution. Sensitivity
function of the film is considered.

Fig. 1. CALAMARY high current generator Fig. 2. Comparison of exposure modeling results and
expenmental data

The comparison between the exposure simulation and the exposure of actual film is carried
out. It shows qualitative coincidence between the calculated and experimental data (fig. 2).

Acknowledgments: This work is supported by Russian Fund for Basic Researches, grants
N 14-01-00350 and N 15-01-03027.
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SPECTRAL ESTIMATES OF CAUCHY'S OPERATOR ON BERGMAN SPACE OF
HARMONIC FUNCTIONS

Djordjije Vujadinovié
Faculty of Natural Science and Mathematics, University of Montenegro, Podgorica 81 000

web page:http://www.pmf.ac.me
e-mail: djordjijevuj@t-com.me

In this paper we investigate the asymptotic behaviour of singular numbers of the operator
P,CP;; where C is Cauchy's operator and Pj is the orthogonal projection from L?(D) onto

harmonic function subspace. We prove that s,(P,CP;) = O(1/n); as n — +o. Moreover, we
find the upper and lower asymptotic estimate,

s 21 =
7l < lim na,( FRCFy) < 7! (35 + —,_) + TV 6.

Ton—toc

Key words: Cauchy's operator, harmonic functions, singular numbers of a compact
operator.

SCHWARZ LEMMA FOR HARMONIC MAPPINGS

David Kalaj1

"University of Montenegro, Dzordza Vasingtona br 18, Podgorica Montenegro
e-mail: davidkalaj@gmail.com

We prove the following generalization of Schwarz lemma for harmonic mappings. If u a
harmonic mapping of the unit ball Bn into itself such that «(0)=0 and

1/p
[[eflp = sup (/ |tt|:1r'r}:||PrE:I|:r;j) <)
r \Js

p > 1 then we obtain the sharp inequality |u(x)| <gp(|x|)||u||p for some smooth function gp
vanishing in 0. Moreover, we obtain an explicit form of the sharp constant Cp in the

inequality ||Du(0) || < Cp||u||p. Those two results extend some known result from harmonic
mapping theory ([Chapter VI, 1]).

References:
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(1992).
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IIPUMEHEHHE PA3PBIBHOI'O METOJA FAJIEPKI/IHA__I[JI}I
MOAEJIMPOBAHUSA TPEXMEPHbBIX 3ATAY OB TEKAHUSA TBEP/bBIX TEJI
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[Tpy YncIeHHOM MOJENUPOBAHMM T'a30MHAMUYECKHUX TEYEHHUI B 00JACTAX CO CIOXKHOM
reoMeTprel HeoOXOAMMO HCMONb30BaTh MOJAPOOHBIE HECTPYKTYPUPOBAHHBIE CETKU U
YHUCJICHHBIE METOABl BBICOKOW TOYHOCTH. [l pelleHus 3azad Takoro THUIA XOPOLIO
3apeKoMeHAoBan ce0si Meron [amepkuHa ¢ pa3pbIBHBIMH Oa3MCHBIMH (DYHKIUSMH HITH
Discontinuous Galerkin Method (DGM) [1]. Jauubiii MeTon oOnagaeT psSAOM AOCTOMHCTB,
NPUCYIIMX KaK KOHEYHO-3JIEMEHTHBIM, TaK U KOHEYHO-Pa3HOCTHBIM aIlllpOKCUMALUM [2].
[Ipu »sTom pa3peiBHBI Meron ['anépkuHa o00namaeT CyIMIECTBEHHOW BBIYMUCIUTEIHHOU
CJIO)KHOCTBIO, TIO9TOMY BCTA€T BOIPOC O MaKCUMAaIbHO 3()()EKTUBHOM HCIOIB30BAHUU BCEX
BO3MO>KHOCTEM BBIYUCIUTENBHON TEXHUKH. C 1ENIbI0 YCKOPEHUS BBIUYMCIICHUI TPU CO3/IaHUU
pPacyeTHOTO MOJYyJI MCIIOJIb30BAJIMCh OMNEPATOPHBIM METOJ MPOrpaMMHpPOBAHUS, a TaKXKe
METO/bI IAOJIOHHOTO MeTanporpaMmMupoBanus si3pika C++ [3].

[Ipumep pe3ynbTaTOB UHWCIEHHBIX pacy€ToB, IOIYYEHHBIX IPU MOJAEIUPOBAHUU C
IIPUMEHEHUEM pa3pbIBHOTO MeToa ["anépkuHa U uX CONOCTABIEHUE C DKCIIEPUMEHTAIbHBIMU
JaHHBIMU [4] B OJTMH MOMEHT BPEMEHHU IpuBeeH Ha Puc. 1.

Puc. 3. Pe3ynpTaThl YUCIEHHOTO MOJETHPOBAHMS B3aUMOACHCTBUS yIapHOI BOJHBI C TPEYTOIbHOM
MPU3MOI a) U SKCIIEpUMEHTANIbHBIE TaHHbIE U3 [4] 0) B MOMeHT BpeMeHH 130 MKc.

baaromapuoctu: lccienoBaHue BBINOJHEHO 3a CUET rpaHTa POCCHIICKOrO HAay4dHOIO
donna (mpoext Nel6-11-10033).

Jlurepartypa:

1. B. Cockburn, “An Introduction to the Discontinuous Galerkin Method for Convection - Dominated
Problems, Advanced Numerical Approximation of Nonlinear Hyperbolic Equations (Lecture Notes in
Mathematics) , Vol. 1697, 151-268 (1998).

2. M.E. Jlanoukuna, B.®. Tumkun, “O60b6menne Meroma ['oxyHoBa, HCHIONB3YIONIECE KYCOTHO-TIONH-
HOMHAJIbHBIC annpokcuManuu” Juddepennnansupie ypapaenus, T. 51, Ne 7, 899-907 (2015).

3. M.M. KpacHos, “OmnepaTopHast OMOIHOTEKa AJIS PEIISHHs] MHOTOMEPHBIX 33/1a4 MaTeMaTHIeCKOi
¢mukn Ha CUDA” Maremartnueckoe momenupoBanune, T. 27, Ne 3, 109-120 (2015).

4. S.-M. Chang, K,-S. Chang, “On the shock—vortex interaction in Schardin’s problem”, Shock
Waves, Vol. 10, 333-343E (2000).

60



ORAL PRESENTATIONS ABSTRACTS

APPLICATION OF DISCONTINUOUS GALERKIN METHOD FOR MODELING OF
THREE-DIMENSIONAL PROBLEMS OF FLOW PAST SOLID BODIES

Krasnov M.M.", Kuchugov P.A.", Ladonkina M.E."?, Tishkin V.F.'

"Keldysh Institute of Applied Mathematics of RAS, Russia, Moscow, Miusskaya Sq., 4
Lavrentyev Institute of Hydrodynamics of SB RAS, Novosibirsk, Av. ac. Lavrentyeva, 15
kmm@kiam.ru, pkuchugov@gmail com, ladonkina@imamod.ru, v.f.tishkin@mail.ru

In the numerical simulation of gasdynamic flows in areas with complex geometry it is
necessary to use detailed unstructured grids and numerical methods of high accuracy.
Galerkin method with discontinuous basis functions or Discontinuous Galerkin Method
(DGM) [1] works well in dealing with such problems. This approach has several advantages
inherent in both finite-element and finite-difference approximations [2]. At the same time
discontinuous Galerkin method has a significant computational complexity, so the
corresponding implementation should efficiently use all available computational capacity. In
order to speed up the calculations operator programming method as well as methods of
template meta-programming of C++ language [3] were applied while creating the
computational module.

An example of the results of numerical calculations obtained by the modeling using a
discontinuous Galerkin method and their comparison with the experimental data [4] at the
same time is shown on Fig 1.

Fig. 1. The results of numerical modeling of the shock wave interaction with a triangular prism a) and
experimental data from [4] b) in time moment 130 ps.

Acknowledgements: The research was performed under financial support of Russian
Science Foundation, grant No. 16-11-10033.
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MOJIEJIMPOBAHUE PAJTUMAIIMOHHBIX BO3JAENCTBUM OT JIABEPHO-
IIVIABMEHHOI'O UICTOYHHUKA HA 9JIEMEHTBI MUKPOJ3JIEKTPOHUKH

JI.C. HoBuxkosg, JL.W. 'ananuna, H.I1. Ynpckas

HUU soepnoii puszurxu umenu J1.B. Crobenvyvina MI'Y, Mockea, Poccus
galan_lidiya@mail.ru

[Ipy wWMIyIBCHOM BO3JEUCTBMM HA BEIIECTBO JIA3€PHOIO M3IYUYEHUS TEHEPUPYETCS
BBICOKOTEMIIEpaTypHas TUIOTHAs TIUIa3Ma, SBJISIONIASCS WMCTOYHUKOM HOHHM3UPYIOIIETO
U3Ty4YeHUs, KOTOPOE MOXKET ObITh UCTIOIB30BAHO JIJISl U3YUCHHS PaTUAIlIOHHBIX BO3ICHCTBUI
HAa MaTepHaibl M OJEMEHTHI S3JEKTPOHHOTO OOOpYJOBaHUS KOCMHUYECKOW TEXHHKHU.
NMnynbCHBIN  XapakTep Te€HEPUPYEMbIX M3IYYEHUN TMO3BOJSET UCIOJIb30BaTh HUX A
HCCIICIOBAHUS SBJICHUS BO3HUKHOBEHHS OJMHOYHBIX cO0eB [1].

Morabie HeMTOCEKyHIHBIE JTa3epsl (~ 10* Br.cM™), obecrieunBaromie MPUHLHUITHAIBHY O
BO3MOKHOCTh MOJICTTUPOBAHMS BO3HUKHOBEHHE COOEB 3a CUET MEXaHHM3Ma SIJICPHBIX PEaKITHil
M 32 CYET BO3JICUCTBUS TSKEIBIX HOHOB BBICOKOM SHEPrHM, J0 HACTOAIIETO BPEMEHU
OCTAIOTCSI YHUKAJIBHBIMU. B 9T0# CBSA3M aKkTyaapbHO M3yUYEeHHUE PUMEHEHHUSI IJIs1 UCCIEA0OBaHUS
OIMHOYHBIX CcOOEB MEHEe MOIIHBIX MalorabapuTHBIX (EMTOCEKYHIHBIX JIa3epoB,
MPOU3BOAMMBIX HA CEPUITHOM OCHOBE M JOCTATOYHO MPOCTHIX B KCILTyaTaIlHH.

B nacTosmeit paboTe naHbI OIICHKH BO3MOXKHOCTH IpuMeHeHus Ti:Sa nmazepHoii cCuCTeMbl
MJIL] MI'Y nana u3ydeHusi OIMHOYHBIX COOEB B MHUKpOCXeMmaX. BbUIM  MCClIeIOBaHbBI
YHEPreTHUECKHUE CIEKTPhl PEHTTCHOBCKOTO M raMMa — H3JIYYCHHH TUTa3Mbl, 00pa3yromencs
npu Bo3zeiictun demrocexysnroro Ti:Sapphire nasepa ¢ HHTEHCHBHOCTBIO M3nydeHus 10
Br.cm? Ha TaUTMEBYI0 W MOJHOJCHOBYI0 MuieHu [2]. .JI7s TOMydeHHBIX CHEKTPOB C
nomompio mporpaMmMbl  GEANT4 [3] Oblim paccuuTaHbl paclpeiesiecHuss Mo TIyOuHe
KPEMHHEBOM MUIIEHHU TOJIIMHON 2 MM YHCIa 3JIEKTPOHOB, CO3aBA€MbIX B MUILIEHU OJHUM
HUMITYJIbCOM PEHTT€HOBCKOTO WJIM raMMa — W3JIYYCHHS U OLICHEHO KOJIMYECTBO 3JIEKTPOHOB,
CO3/1aBacMbIX B BEILIECTBE MUKPOCXEMBI IIPH 3a/IaHHBIX €€ TE€OMETPUIECKHIX apaMeTpax.

brino mokazaHo, 4YTO Ja3epHO-IUIA3MEHHBIE MCTOYHUKM HMOHU3ZHPYIOMIUX U3ITyUYCHHH,
co3laHHble Ha 0a3e eMTOCEKYHAHBIX J1a3ePOB ONTHUYECKOrO JUANa30Ha ¢ MHTEHCHUBHOCTHIO
U3IIy4CHHUS] HAa MUIICHU ~10" Br.em?, obecrneunsaror MPUHIIUIIAATILHYI0 BO3MOXHOCTD
UMUTAIMM BO3HMKHOBEHHS OJMHOYHBIX COOEB B COBPEMEHHBIX MHKPOCXEMax 3a CueT
MEXaHuU3Ma TMPSIMOM MOHU3AIMU BEIIECTBA MHIICHH C MCIOJb30BAaHUEM HMITYJIHCOB
PEHTTEHOBCKOTO M TaMMa — W3IyYeHUH, BO3HUKAIOIMIMX TPU BO3ACUCTBUU JIA3E€PHOTO
HMITYJIbCa HA METATUYECKYIO MUIIICHb.

Pa6ora nonnepxana PODU (mpoekt Ne 14-29-09244).
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CRYSTALLIZATION AND SHAPING PROCCESSES OF OXIDE CRYSTALS
Ivleva L.I.

A.M. Prokhorov General Physics Institute RAS, Moscow, Russia
e-mail: ivleva@ran.gpi.ru

The problem of creating of profiled single crystals has practical importance due to using of
different materials in the form of plates, tubes, rods, fibers for development of devices in such
fields of science and technology as electronics, optics, laser techniques and some others. In
the present work the modern state of investigations on fabrication of shaping oxide single
crystal was considered. In 1938 N.V. Stepanov developed the new technique for shaping of
solids of definite form from melts when melt near the crystallization front doesn’t contact to
walls of the vessel — Stepanov technique. Now Stepanov technique has many various
modifications (morel0) which operate by the form of profile taking into account Curie
symmetry principle, thermal properties of melt and growing crystal. The different
modifications of Stepanov technique allows to grow structures of constant and variable
compositions, to obtain crystals of given composition, to carry out the processes of collective
growth and to optimize of techniques of capillary formation. Advantages and disadvantages of
different variants of the Stepanov technique for obtaining of profiled oxide crystals will be
considered. The peculiarities of the crystallization processes for different modifications of
Stepanov technique will be indicated. Main growth defects, the reasons of their formation and
methods of their elimination will be given. The growth conditions for obtaining from the melt
sapphire crystals and strontium barium niobate single crystals in bulk-profiled configuration
will be presented.

Refarences:

1. P.I. Antonov, L.M. Zatulovskii, A.S. Kostygov, «Fabrication of shaping single crystals and products
by Stepanov technique», Liningrad, Nauka, (1981).

2. S.T. Mileiko, V.I. Kazmin, “Crystallization of fibres inside a matrix: a new way of fabrication of
composites”, J.Mater.Sci., Vol.27, 2165-2172 (1992).

3. V.N. Kurlov, S.V. Belenko «Fabrication of different structure combinations in profiled sapphire
crystals of variable composition by modified EFG- and NCS methods”, Neorg.Mater., Vol.34, 1461-
1465 (1998).

4. L.I. Ivleva, «Physico-chemical and technological peculiarities of fabrication of multicomponent
oxide crystals from the melt by modified Stepanov technique”, Izv.RAS, Ser. Phys., Vol.73, 1413-
1415 (2009).

5. V.A. Tatarchenko, “Shaped crystal growth”(Fluid mechanics and its applications”, Klawer
Academic Publushers, Netherlands, (2010).

63



XV INTERNATIONAL SEMINAR “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA
PROCESSES & ADVANCED SCIENCE TECHNOLOGIES”

IMPOLECCHI KPUCTAJ/VIM3ALIUN U ®OPMOOBPA30OBAHUA OKCHUJIHBIX
KPUCTAJIJIOB

HBnesa JI.U.

HUnemumym obwett pusuxu um. A.M. [Ipoxoposa PAH, Mockea, 119991, ya. Basunosa, 38
e-mail: ivleva@ran.gpi.ru

[Tpobnema mosryueHus: TPOPHUINPOBAHHBIX MOHOKPHCTAJIOB MMEET Ba)KHOE g3HAUCHUE,
OOYCIIOBIICHHOE TE€M, YTO MOHOKPHCTAUIBI PA3IMYHBIX MaTEepHaloB B BHJE IUIACTHH,
BOJIOKOH, TPYOOK, CTEpKHEH pa3IMYHOrO MOMEPEUHOr0 CEYCHUS IIUPOKO MCIIONIB3YIOTCS MPU
CO3JJaHWUU TIPUOOPOB M YCTPOMCTB B TAKMX OTPACIAX HAYKH W TEXHUKH, KaK 3JICKTPOHHKA,
ONTHKA, Jla3epHas TEeXHMKa W pAn Jpyrux. B Hacrosmeilt paboTe paccMaTpuBacTcs
COBPEMEHHOE COCTOSHME HCCIICIOBAHUI MO TONYYEHHIO NPO(UINPOBAHHBIX OKCHIHBIX
MoHokpuctaiuioB. Ilpemnoxxennsiii Brepsole H.B.CremanoBeiMm B 1938 romy cmoco6
dbopmMooOpa3oBaHusi TBEPABIX TeJN, IPH KOTOPOM CO3JaHUE OMpeaeIeHHOW (PopMBbI
MaTepHaioB OCYIIECTBISIETCS B JKUJKOM pAacIlIaBICHHOM COCTOSIHUM, KOTJa pacIuiaB y
(GpoHTa KpHCTAUIM3AMH HE KOHTAKTHPYET CO CTEHKaMH cocyna, HOocUT ero mms. Croco0
CrenanoBa uMeeT cerofHs Ooyiee AecATKa pa3IMYHBIX MOAM(UKALWN, TPU KOTOPBIX
yrpasiaeHue (popmMoil mpoduias OCYIMIECTBISAETCS C YYETOM TEIIOPU3NUECKUX MapaMeTpoOB
paciuiaBa M BBIPAIIMBAEMOr0 KpUCTaJIa Ha OCHOBE mpuHIMNa cummerpun Kropu. Paznuunsie
BapUaHTHl JAHHOTO CIOCO0a TO3BOJSIOT HE TOJBKO YMPaBisATh (GopMOH KpHCTaula, HO U
(GopMHPOBATH CTPYKTYpPHI IMOCTOSHHOTO M IEPEMEHHOTO0 COCTABOB, MOJy4YaTh KPUCTAJUIBI C
3aaHHBIMH ~ CBOWCTBAaMH, OCYIIECTBISATH METOABI TPYNIIOBOTO  BBIPALIMBAHHUS U
ONTUMHU3UPOBATh  TEXHOJOTMM  KamWULIpHOrOo  ¢GopMooOpa3oBaHus.  YKa3bIBalOTCA
NPEHMYIIECTBA M HEJOCTATKH MIPeyIaraeMbIX BapHaHTOB criocoba CTemanoBa Ay MOTyYeHUS
npopUINPOBAHHBIX OKCHIHBIX MOHOKPHUCTAJIOB. McciemoBaHbl OCOOCHHOCTH IPOLIECCOB
KPUCTAJUIM3AIMA TP BBIPALIMBAaHUM  NPO(GMIMPOBAHHBIX  OKCHIHBIX  KPHUCTAJUIOB.
PaccmarpuBaroTcsi OCHOBHBIE POCTOBBIE JNE(EKTHI, MPUUUHBI MX OOpa30BaHMUA U CIIOCOOBI
ycrpanenus. IlpuBomstcs mpuMmepsl pocTta 00BEMHO-NPOGMINPOBAHHBIX  KPUCTAJIIOB
carnupa ¥ OCOOCHHOCTH BBIPAIIMBAHUS KPHCTAIOB TBEPABIX PACTBOPOB HHOOaTa Oapusi-
CTPOHIIHS.
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SCINTILLATION Ce-DOPED Gd;AlLGa3z01; CRYSTALS AND ITS OPTICAL
PROPERTIES

N.S. Kozlova'*, O.A.Buzanov®, V.M. Kasimova' , A.P. Kozlova', E.V. Zabelina', D.A. Spasskiy”

'National University of Science and Technology "MISIS", Moscow, Russia; 2 Company Fomos-
Materials, Moscow, Russia; 3Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State
University, Moscow, Russia;

*e-mail: Kozlova nina@mail.ru

Cerium-doped gadolinium—gallium—aluminum garnet (Gd;Al,Ga;01,:Ce’", GGAG:Ce) is a
promising scintillating crystal. This new material was synthesized for the first time in 2011
[1,2]. The crystal structure of GGAG belongs to the cubic system, space group /a3d. It is non-
hygroscopic, and it has high stopping power. Such properties allows to consider the
GGAG:Ce crystals for the application in various highly demanded areas including radiation
monitoring and medical imaging. However the origin of the high light yield is not clear so far.
Moreover an analysis of the literature data shows that some fundamental characteristics of this
material, in particular the refractive index, have not been measured. Thus, the purpose of this
study was to determine the optical characteristics of GGAG:Ce crystals.

GGAG:Ce crystals were grown at “Fomos-Materials” Ltd. by the Czochralski method on
an upgraded Kristall-3m set-up.

The spectral dependences of the absorption and reflection coefficients of GGAG:Ce were
obtained under normal incidence of naturally polarized light in the wavelength range of 250—
800 nm using the UV-Vis-NIR spectrophotometer Cary-5000 (Agilent Technologies) with the
accessory “UMA”. Luminescence and excitation spectra were measured using a deuterium D
200 VUV lamp at T =79 K

The reflectance and transmittance spectra were measured for p and s-polarized light in the
wavelength range of 300-800 nm at the angle of light incidence 10° — 75° with a step of 5°.
Based on these data, the spectral dependences of the absorption coefficient were calculated
taking into account the reflection. Three absorption bands were detected in the absorption and
luminescence excitation spectra. The bands at 420-460 nm and 340 nm are ascribed to Ce®”
while the band at 270 nm arise due to electron transitions in Gd*".

Two spectrophotometric methods were used for obtaining the refractive indices: (1)
definition of the Brewster angles and (2) measurements of the reflection spectra from one
surface at the angle of incidence close to normal [3]. As a result we have calculated the
refractive indices, plotted the dispersion dependence, and approximated the experimental data
using the Cauchy equation [3].

References:

1. K. Kamada, T. Yanagida, T. Endo, et al., I[EEE Nuclear Science Symposium Conference Record., p.
1927 (2011)

2. K. Kamada, T. Yanagida, T. Endo, K. Tsutumi, Y. Usuki, M. Nikl, Y. Fujimoto, A. Fukabori, and
A. Yoshikawa, J. Cryst. Growth 352, 35 — 38 (2012)

3. N.S. Kozlova, O.A. Busanov, E.V. Zabelina, A.P. Kozlova, and V.M. Kasimova, Crystallography
Reports, vol. 61, No. 3, 474—478 (2016)

65



XV INTERNATIONAL SEMINAR “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA
PROCESSES & ADVANCED SCIENCE TECHNOLOGIES”

HIGH-ENERGY ELECTRONS BEAM INTERACTIONS WITH SOLID-STATE
BARRIER

A.V. Berezin, F.N. Voronin, V.A. Gasilov, M.B. Markov, M.E. Zhukovskiy

Keldysh Institute of Applied Mathematics of Russian Academy of Sciences,
Miusskaya sq. 4, Moscow, 125047, Russia
e-mail: raveaprouch@mail.ru

High-energy electrons and photons beam spreads in a vacuum and interacts with solid-state
barrier, erasing it and generating electromagnetic field. Mathematical model of the
phenomena includes high-energy electrons transfer, elastic and inelastic scattering,
bremsstrahlung and medium excitation [1]. We apply Monte Carlo method to compute
particle propagation [2, 3]. Current of high-energy electrons generate electromagnetic field,
energy release of high-energy electrons results in the melting and deformation of a solid-state
barrier. Finite-difference scheme for Maxwell equations is used to compute electromagnetic
field [4]. The dynamics of solid-state barrier under influence of electrons flux are modeled by
equations of two-temperature fluid dynamics [5]. We consider influence of fluid dynamics
effects on scattering medium properties. It is assumed that electrodynamic and
thermomechanical behavior change are insignificant during particle life time. The key feature
is a straight account of cross-coupling of electromagnetic field and dynamics of solid-state
barrier. Finite-difference scheme for Maxwell equations contains convective current caused
by the motion of ionized substance of solid-state barrier. The Lorentz force is taken into
account in equations of fluid dynamics, subject to the conservation of the entire system of
equations describing the electromagnetic field and substance. Preliminary results of numerical
methods development and testing are represented.

The calculations were performed on supercomputers K-100 (KIAM RAS), MVS-100K
(JSCC RAS), and Lomonosov (RCC MSU).

References:

1. N. Mott, H.S.W. Massey, “The theory of atomic collisions”, IIL.,, Moscow, (1949)

2. A. Andrianov, A. Berezin, A. Vorontsov, K. Efimkin, V. Zinchenko, M. Markov, “The radiational
electromagnetic fields modeling at the multiprocessor computing systems”, Mahtematical Modeling,
Vol. 20, No 3, 98-114 (2008)

3. M. Zhukovskiy, R. Uskov, “Modeling of interaction between gamma rays and matter on hybrid
computers”, Mahtematical Modeling, Vol. 23, No 7, 20-32 (2011)

4. A. Berezin, A. Krukov, B. Plyushchenkov, “The method of electromagnetic field with the given
wavefront calculation” Mahtematical Modeling, Vol. 23, No 3, 109-126 (2011)

5. V. Gasilov, et al. “Towards an Application of High-Performance Computer Systems to 3D
Simulations of High Energy Density Plasmas in Z-Pinches”, Applications, Tools and Techniques on
the Road to Exascale Computing. IOS Press: Advances in Parallel Computing, Vol. 22, 235-242
(2012).

66



ORAL PRESENTATIONS ABSTRACTS

MATEMATHUYECKOE MOJIEJIMPOBAHUE PACITIPOCTPAHEHWS BUPYCHBIX
WHOEKINHN KATIEJBHO-BO3JYIIHBIM ITYTEM

JI.B. KnoukoBa, B.®. Tumkua

HIIM um. M.B. Kenoviua PAH
klud@imamod.ru

Venexu UMBUIW3ALNKM, HAyYHO-TEXHUYECKUU MPOTPECC, JOCTHKEHUS MEIOUIUHBI, K
COKaJeHHWIO, Ha JaHHBIK MOMEHT HE TPHUBEIM K CHIDKEHHI0O WH(QEKIMOHHBIX U
HEeMH(EKIMOHHBIX OONe3HeH cpeau HaceleHus IUTaHeThl. boyiee TOro, pacTeT YHUCIO
OHKOJIOTUYECKUX, CEPJIEYHO - COCYIUCTBIX, PECHUPATOPHBIX, SHIOKPUHHBIX 3a00JI€BaHUIA,
HEPBHO-TICUXMUYECKUX paccTpoicTB. llosiBunmace rpynma HOBBIX, TaK Ha3bIBAEMbBIX
sMepKkeHTHBIX WHpeknui, B Tom uyucie CIIN]/l, mapeHTepanbHbIe TENAaTUTHI WU JIPyTHE.
OnHOI M3 MPUYMH TAaKOTO MOJIOKEHUS SIBJISIETCSI CHUYKEHUE KOJJIEKTUBHOM PE3UCTEHTHOCTH
HACeJIeHHs IUIaHeThl B pe3yJibTaTe TJ00albHOr0 HEOJAronpusITHOIO BO3JIEHCTBUS Ha
OpraHMW3M 4YEJOBEKa COIMAIbHBIX (HEIOCTATOYHOE M  HEMOJHOLICHHOE IHUTaHuE),
9KOJIOTMUECKUX  (3arpsi3HEHHE aTMoc(epbl U  OKpY)KalIleHd Ccpelbl TEXHOTEHHBIMU
dakropamMu), MEIULIMHCKUX (HEONMpPaBIaHHOE TMPUMEHEHHUE HEKOTOPHIX JIEKAPCTBEHHBIX
CPEJIICTB, HAPKOTUKOB, aJIKOTOJIs, CTpecc U 1p.) GakTopoB. Bece 3TH mpUUMHBI OTPULIATENBHO
BIIUSIOT HA MMMYHHYIO CHCTEMY, BBI3BIBAIOT UMMYHOIC(QHUIIUTHI.

'punn  mepenaeTcss BO3AYIIHO-KANEIbHBIM IyTEM U  YpPE3BbIYAlHO KOHTaruo3eH.
Hexotopsie Moaenu npeanoiaraioT, YTo JaIbHOCTh PACCEMBAaHUS BUpYyca HE MpEBbIIIACT 2-3
MeTpa. HemocpeacTBeHHO BOKPYT OOJBHOIO 00pa3yeTcsl 3apakeHHasi 30Ha ¢ MaKCUMalbHON
KOHIIEHTpALMEN MEJIKOJUCIEPCHBIX a’p030JIbHBIX dacTull. Yactuipsl pazmepoM 100 MxkM u
Oosee (kpymHOauctiepcHasi ¢aza) ObicTpo ocenaroT. [Ipu mpsMoOM KOHTaKTe ¢ MUCTOYHHUKOM
WHQEKIUA B 3apaXCHHOW 30HE BUPYCHBIC YACTHUIIBI ACHUPUPYIOTCS U 3aJCPKHBAIOTCS Ha
SMUTENINU JIBIXaTEeNbHBIX IyTeH BOCHPUMMYUBOTO opraHu3Ma. WHKyOalMOHHBIM mepuoa
00JIe3HM B CpEIHEM COCTaBIseT 2 CYTOK, WH(EKIHOHHBIH (JIMXOpaJOuHBIA) MEpUoa
npomoipkaercs 2-4 nmHS, W 3a0ofieBaHHWE 3aKaHuuWBaeTcs B TedyeHue 8-10 nmHei. Ora
AMIIMPUYECKass MOJAEINb AMUAEMUU TPUIINA OTPAXKAET AUHAMHUKY Pa3BUTHUS SMUAEMUU CPEIU
HaCEeJIEHUs Topo/ia MPU HENPEPHIBHOM 3apaKCHUHM KOHTAKTUPYIOIIMX JIMIL 33 CYET BO3AYLIHO-
KaneJibHOro Mexanusma. COOTHOIIEHUS MOCTPOCHHON Ha €€ OCHOBE MaTeMaTHYECKON MOIeNn
MPEJICTABISIIOT CUCTEMY HENMHEHHBIX MHTErpo-nuddepeHnaibHbIX ypaBHEHUH B YaCTHBIX
MPOU3BOAHBIX C COOTBETCTBYIONIMMHU HAYaJIbHBIMU W TPAHUYHBIMU yCIOBHsIMU. OmHaKo
MoJI0OHOTO pPojJia MOJAENTU OMPOBEPralOTCs MHOTOYHCIEHHBIMU 3MIHUPUYECKUMH (haKTOPaMHU.
B coBpeMeHHBIX YCIOBUSAX yTIPO3bI PACIPOCTPAHCHUS DMUIEMUHN MOJAOOHOTO pojaa TpedyroT
OoJsee azekBaTHBIX Mojeneld. B moknaae nmpeiaraercs 6osee o01Iast MoIeb.

Pabora BeimonHeHa npu GpuHancoBoil noanepxke PODU (rpant 14-01-00145 a).
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PEILIEHUE OBPATHOM MDJI'-3AJIAYM B IJIOCKOM AIIIIPOKCUMAIINHA
M.A. FanquKOBa1’3, A.C. HGMI/I,Z[OBl’z, A.C. KoqypOB2

1 . . .
Mockoseckuti ¢huzuxo-mexnuueckuti UHCMuUmym (20CyO0apCmeeH bl YHugepcument),
Jloneonpyousiii, Poccus,
e-mail: galchenkova.mari@gmail.com

’Mockosckuii 2ocyoapcmeennviii ynusepcumem um. M.B. Jlomonocosa, Mockea, Poccus
e-mail: demidov.alexandre(@gmail.com, kochurov@mech.math.msu.su
STheoretical Department, DEPHAN, Skolkovo

Maruaurossnedanorpadus (MOI') — 370 HEMHBA3MBHOE HM3MEPECHHE MArHUTHBIX MOJICH,
CO3aHHBIX 2JIEKTPUUYECKON aKTUBHOCTBIO B Mo3re. IIpocTpaHCTBEHHOE paspelieHne MeTona
IPU HCIOJIb30BAaHUU HauboJee COBPEMEHHBIX HPUOOPOB JOCTHUTAaeT BCEr0 HECKOJIBKHX
MUUIMMETPOB, & BPEMEHHOE pa3pelleHUuEe COCTaBIAECT MUJUIMCEKYHABI, 4YTO IO3BOJIIET
pEerucTpupoBaTh pacIpOCTPAHEHNE aKTUBHOCTH U3 OJHOM 00JIacTH B APYTYIO.

OcHoBHas TexHuuecKas TpyaHocTh MOI' 3aKkimtouaeTcs B TOM, 4TO MpobiieMa onpeeneHHs
U3MEHEHUH B MO3re, UCXOAS U3 M3MEPEHUH MAarHUTHOIO IOJIsI BHE TOJOBBI («oOpaTHas
npobiemay»), He UMEeT, IO CYILIECTBY, €IUHOro pemeHus. [Ipobiema moucka HawIydlIero
pelieHus ABiseTcss 00bEKTOM UHTEHCUBHBIX MCCIIEJOBAaHUM B HACTOSIILIEE BPEMSL.

B oranume ot mpsmoil 3amaum  MarHuTo’HUEdanorpaduu, TAE 1O 3aJaHHOMY
pacopenenennto ummyiabcoB Q:Y—Rj3 anexkTpuyeckoro TOka, TpeOyeTcsi BBIUHUCIUTH
MarHuTHoe mnoisie B cormacHo 3akoHy buo-CaBapa, oOparnas MOI'-3amaua — 310 3ajaya, B
KOTOpO# TpedyeTcs HaiiTh pacnpenenerne nMityibcoB Q=(Q;; Q,; Q3) AMEKTPUIECKOTO TOKA,
CO3/1aBa€MOI'0 CHHXPOHHOI aKTHBHOCTBIO OOJIBIIMX Macc HEMpOHOB B MHOeCTBe Y C Rj;
COOTBETCTBYIOIIEM KOpE TOJOBHOIO MO3ra, MCHOJIb3ys AaHHBIE WHAYLUPOBAHHOIO HMU
cnaboro mMarHuTHOrO Toyis B, mopsiaka 101 — 10" Tecna. Dru JIaHHbIE U3MEPSIOTCS Ha
JIBYMEpHOI MOBEpXHOCTU X, MPUMBIKAIONICH K TOJOBE MallMeHTa, Onarojaps HageToMy Ha
Hero nuiemy ¢ gatankamu SQUID. Takum oGpa3om, oOpatHas MOI'-3amava — 310 3amaya, B
KoTopoil mpu 3agaHHoM none B=(B;; B; B3) : Rz 3 x—B(x) TpeOyercst HailTu BekTOp-
bynakuo Q=(Q;; Q2; Q3) U3 cucteMsbl 3-X UHTETPANBHBIX YpaBHEHUH 1-T0 poxa:

ZIKM (x=»)0,()dy=B,(x). 1=123,

rae
h —-s

0 3 2 3

‘sf+s§+h2‘ ‘sf+s§+h2‘
—h s
K(s s, h)=| — =" 0 1

2 2

2 2 2 2 2 2
‘s1+sz+h ‘ ‘s1+sz+h ‘
S, — S

0

2 2
2 2 2 2 2 2
‘sl—i-sz—i-h ‘ ‘s1+s2+h ‘

Htorom paHHOW pabOThl SBISIOTCS TOYHBIC PpEIICHUS B  YCJIOBUSX IUIOCKOM
annpoOKCHMAaIUH.
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BAPUAHTBI PEAJIM3AIIMA METOJIA MHOXKHUTEJEN JIATPAHKA JIJIS
PEHIEHUSA IBYMEPHBIX KOHTAKTHbBIX 3AJIAY

M.IIL. T'ananun, I11.B. I'nusnynuna, B.B. Jlykun, A.C. Poaun

Hucmumym npuxnaonoti mamemamuxu um. M.B. Kenoviuwa PAH, Mockea, Poccus
e-mail: gliznutsinapv@gmail.com

KiroueBble ci10Ba: KOHTAaKTHas 3a/1a4a, METO/l KOHEYHBIX 3JIEMEHTOB, METOJ MHOKHUTEJIEN
Jlarpanxa, METOl KOHTaKT TOYKA-IIOBEPXHOCTh, METOJ KOHTAKT IIOBEPXHOCTb-IIOBEPXHOCTb,
METOJ] KOHTAKT IIOBEPXHOCTH-IIOBEPXHOCTD C IIOJACETMEHTAMH.

PaccmoTpena 3a1aua 0 KOHTAKTHOM B3aUMOJIEMCTBUU ABYX 1€()OPMUPYEMBIX YIPYTUX TEl
B JBYMEpHOM mOCTaHOBKe. JlId anmpokcuManuu YHOpPyroW 3aJadyd IIPUMEHEH METOJ
KOHEUHBIX JJIEMEHTOB Ha YEThIPEXYTOJbHBIX OWJIMHEHHBIX »d1eMeHTax. Jnsg yuera
KOHTaKTHBIX YCJIOBUM peall30BaH METOJ MHOMTened Jlarpamxka ¢ Tpems BapuaHTaMu
peanu3anyu: «KOHTAaKT TOYKAa - MOBEPXHOCTHY», «KOHTAKT IOBEPXHOCTH - IIOBEPXHOCTBY H
«KOHTAKT IIOBEPXHOCTb - IIOBEPXHOCTb C MOJCErMEHTaMmu». [IpoBenEeHBI TECTOBBIE PACYETHI.
CpaBHUTENBHBI aHAJIW3 METOJOB IIOKa3al, 4YTO METOAbl «KOHTAKT IOBEPXHOCTB-
IIOBEPXHOCTb» M «KOHTAaKT IIOBEPXHOCTH - IOBEPXHOCTH C IIOJCETMEHTAaMM» IO3BOJISIOT
nojay4arb 0oJjiee TOYHBIE PE3yJbTaThl, YEM METOJ «KOHTAaKT TOYKA - MOBEPXHOCTH». Metoa
«KOHTAKT MOBEPXHOCTH - HOBEPXHOCTH C MOJICErMEHTaMM» TTO3BOJIAET CTIIAXKUBATh KOJIEOaHHS
IOJIS1 HATTPSDKEHHH, OJTHAKO ATOT 3((HEKT MPOSIBIIIETCS HA OTPaHNYEHHOM KpyTe 3ajad.

LAGRANGE MULTIPLIER METHOD IMPLEMENTATIONS FOR TWO-
DIMENSIONAL CONTACT PROBLEMS

M.P. Galanin, P.V. Gliznutsina, V.V. Lukin, A.S. Rodin

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia,
e-mail: gliznutsinapv@gmail.com

Key words: contact problem, finite element method, Lagrange multiplier, node-to-surface
method, standart mortar method, advanced mortar method.

Two-dimensional elastic contact problem is considered. Finite element method with
bilinear shape functions is used. The Lagrange multiplier method for contact conditions
implementation is used in three ways: node-to-surface method, mortar method and advanced
mortar method. In the first method integration is performed with one point from master body
and one point from slave body (for each finite element), in the second method integral over a
segment of master body is evaluated. The third method is more like the second, except
dividing each segment of master body on subsegments according to segments of slave body.
Tests showed that the mortar method and the advanced mortar method are more accurate than
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the node-to-surface method. The advanced mortar method is able to smooth the stress field
fluctuations, but only in limited number of problems. A plane problem of contact interaction
of the metal rail and composite orthotropic shell in cross-cut section of the electromagnetic
accelerator barrel (railgun) is considered. Parallel software package for sparse linear systems
of equations solving with MPI technology is designed.

DECOMPOSITION OF TENSOR-PRODUCTS OF IRREDUCIBLE MODULES
OVER n-ARY BIALGEBRAS

B. Zekovich, V.A. Artamonov

Faculty of Natural Science, Department of Mathematics, University of Montenegro,
Podgorica, Montenegro
e-mail:biljanaz@t-com.me

In this paper, we consider semisimple decomposition of tensor products of some
irreducible modules over n-ary bialgebras, which have dimension >1. It is assumed that
irreducible modules of the same dimension >1 are isomorphic. In the last paper, it is described
semisimple decomposition of the tensor products of # irreducible modules, when the number
of irreducible modules of dimension >1 does not exceed 2.

In this paper, we consider a more general case, when there are several irreducible modules
of dimension >1, in the tensor product. Under some restrictions, it is shown that this product
contains a one-dimensional module as a direct summand and it is described decomposition of
tensor products of irreducible modules in direct sum of irreducible ones.
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BIFURCATION THEORY IN REACTION DIFFUSION SYSTEMS
Jelena Dakic

Faculty of Natural Sciences and Mathematics, University of Montenegro
e-mail: jelenaadakic@gmail.com

This work focuses on the application of abstract bifurcation theorems to concrete dynamic
system described by ODE and PDE. We formulate an abstract bifurcation task and give
classical and contemporary abstract theorems about bifurcations. Also, there is described how
the abstract results are applied to prove the existance of periodic solutions in system of ODE.
In this way we prove the classical Hopf bifurcation theorem, as well as some important
generalizations of it. In the second part od work we apply the abstract theorems to examine
the periodic solutions of reaction-diffusion systems. This application requires complex
mathematical techniques because the dynamic systems are infinite-dimensional. Some
attention we also give to applications of reaction-diffusion systems for describing the
processes known in chemistry and biology.

ON THE GENERALIZATION OF SEVERAL CLASSICAL THEOREMS RELATED
TO RING THEORY

Sanja Jancic Rasovic

Faculty of Natural Science and Mathematics, University of Montenegro,
Dzordza Vasingtona bb, 81000 Podgorica, Montenegro.
Email: sabu@t-com.me

In the first part of this paper we construct the class of P-hyperrings and we show that
between P-hyperring and the hyperring of its left translations it is possible to establish
isomorphism under certain conditios. This is generalization of the analogue theorem related to
classical rings.

Then, we deal with the hyperring of polynomials . We show that under certain conditions
hyperring of polynomials satsfies the theorem analogue to the Hilbert's thorem about base and
theorem related to Euclidean agorithm.

References:

1. S. Jancic Rasovic, “On a class of P-hyperrings”, Mathematica Montesnigri, Vol. XVIII-XIX,
(2005-20006).

2. S. Jancic Rasovic, “About the hyperring of polynomials™, Italian Journal of Pure and Applied
Mathematics, Vol. 21, (2007).

3. L Ciristea, S.Jancic Raovic, “Composition hyperring, in Analele Stiintifice ale Universitatii
Ovidius Constanta”, Seria Matematica, Vol. 21(2), (2013).

71



XV INTERNATIONAL SEMINAR “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA
PROCESSES & ADVANCED SCIENCE TECHNOLOGIES”

ON AN APPROACH OF DEFINING 6> WITH APPLICATIONS
Jela Sugi¢
University of Montenegro, Faculty of Mathematics, Cetinjski put bb, Montenegro
e-mail: jela.susic@gmail.com

We define a space of bounded linear functionals over discontinuous functions which we
call a new distributions space. We show that the product of approximation of d-distributions
converges toward a o distribution. We apply the latter conclusion on the photon distribution
equation and prove existence of a physically reasonable solution in a special situation.
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OBOBIEHHOE ITPOI'PAMMMHWPOBAHMUME B PASPABOTKE KOJOB JJIs1
MOJIEJE MEXAHUKH CIJIOIIHBIX CPE]

A. C. bonnapes

Hucemumym Ipuxnaonou Mamemamuxu um. M. B. Keaoviua PAH, Mocksa
boldar@imamod.ru

B teuenne psana ner B MUIIM PAH pa3pabareiBaeTcsi U HCIOJIB3YETCS TPEXMEPHBIH KOA
MARPLE nnga  MoJenupoBaHHMs  MOPOLIECCOB B BBICOKOTEMIIEPATypPHOM  IIa3Me.
HccnenoBaTenbckuil XxapakTep 3TOr0 KOAa HajaraeT TpeOOBaHUE YHHBEPCATIBHOCTH, YTOOBI
MOKHO OBUIO JIETKO J00aBIATH y4WUThIBaeMble (U3MUECKHE MPOLECChl, MEHSTh
TEPMOJMHAMHUYECKYIO MOJETb CpENbl, aNNpOKCHUMAIIUU, CIIOCOOBI y4yeTa TeX WIM HHBIX
aBieHud u T. 1. PasHoOoOpasue THMOB pellaeMbIX HaMH 3aJlad U €CTECTBEHHOE >KEIaHHe
UCTONB30BaTh Npu  uX pemeHnn umeromyiocss B MARPLE  undpactpykTypy
(pactipenienieHHas paboTa ¢ HECTPYKTYPUPOBAaHHBIMH CETKaMH, OOIas OpraHu3aius
BBIUMCJIEHUM, alllIpOKCUMAalLMM, BU3yalu3alus pe3ysibTaToB U T. J.) MPUBEIO K TOMY, 4TO C
nomoinbio koga MARPLE nipoBoasITCst pacueThl B pa3IMUHbBIX MPEIMETHBIX 00JIacTsX.

Kox co3pmaBancs kak yHHMBEpPCaJIbHBIA JIETKO JIOCTPAMBAEMBIM KO, 3TO JIOCTHIajloCh
Onmarojgapsi €ro CTPYKType M IIHPOKOMY HCIOJIb30BaHUI0 OOBEKTHO-OPUEHTHUPOBAHHBIX
BO3MOXHOCTeH si3pika C++. B Hacrosimee Bpemsi K KOAY JIETKO MOTYT OBITh JOOaBIIEHBI
HOBBIE COJIBEPBI, YPAaBHEHUS COCTOSIHUS, I'PAaHMYHBIE yCJIOBHS M T. A. OQHAKO OCTalIUCh
HEKOTOPBIE “XKECTKO 3aIIUThIC’ SJIEMEHTHI, TAKUE KaK HA0Op BETUYHH B sil9€HKaX CETKH, U 3TO
IPUBOJUT K OMNpEAeNeHHbIM Mpo0iieMaM IpHU Mepexoje K APYyroil mpeamMeTHON oO0IacTu.
Hanpumep, razoguHaMuyeckue 3aJayd IPUXOJUTCA TPAKTOBATh KAaK YAaCTHBIM Clydau
nByxtemneparypHoit MI'Jl, B pe3ysbrare XxpaHsaTcss 1 00pabdaThIBalOTCS HEPEJICBAHTHBIE IS
JAHHOW TMpPEeIMETHOW O00JIACTH BEIMYMHBI, TaKWe KaK BTOpas JHEPrusi, KOMIIOHEHTHI
MarHuTHOTO HOJIA...

['pamoTHOE HCIIONB30BaHUE 00OOIEHHOTO MPOrPaMMHUPOBaHUA (C TOMOIIBIO MIAOJIOHOB B
C++) no3BoJIsIeT pemUTh MpoOIeMy CO31aHusl OOJBIIONO KOJUYECTBA OJHOTUITHBIX COJIBEPOB
— HampuMep, OJHO- U JIByXTemmneparypHoit MI'Jl, razoaunamMuku, Mojeneil TypOyIeHTHOCTH
u gap. ConBep craHOBUTCA IIa0JOHOM, B KOTOPOM COJEp)KaTrcsi Bce OOLIUMEe YepThl
NIEPEYUCIICHHBIX YaCTHBIX COJBEPOB — OpPraHU3alusl BBIUMCICHHA IHOTOKOB M HX Y4YETa,
BBIYMCIICHHE ‘‘HABETPEHHBIX BEJIMYMH C TOM WJIM MHON KOPPEKIMEH U T. A., B TO BpeMs Kak
KOHKPETHBIE aJTOPUTMBI BBIYUCIICHUS M CJIOXEHHS IMOTOKOB W T. M. JJIsS BBIOpaHHOUN
KOHKPETHON CUCTEMbl YpaBHEHU MepeaaroTcs B 1a0JIOH B BUJIE TapaMETPOB.

C  gpyroit  CTOpPOHBI, IIMPOKOE  MPUMEHEHHE  KOHCTPYKIHHA  000OIIEHHOTO
porpaMMupoBaHus (Ia0JIOHBI, BUPTyabHbIC ()YHKIIMH U T. JI.) BCTYMAET B MPOTUBOPEUHE C
HEOOXOJUMOCTBIO ONTUMHU3ALNNA CKOPOCTH BBIYMCICHUI Ha BBIYUCIUTEIBHBIX CHCTEMax
COBPEMEHHOMN apXUTEKTYPBHI.
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MI' MOAEJUPOBAHUE KAIMAJIAPHBIX PA3PSJIOB C PASHOU ®OPMOM
CEYEHUS KAHAJIA

[.A. Bargacapos', O.I'. OnbxoBckas', I1.B. CacopOBl, C.B. BynaHOBZ, C.C.EynaHOB3 , I.B. Tacuosa',
B.A. lacuios'

IHHcmumym npuxnaono mamemamuru um. M.B. Kenoviuua PAH, Mockea 125047, Poccus
’Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
National Institutes for Quantum and Radiological Science and Technology (OST),
Kansai Photon Science Institute, 8-1-7 Umemidai, Kizugawa, Kyoto 619-0215, Japan
gennadiy3.14@gmail.com

Kanunnspueie paspsabpl UCHOIB3YIOTCS BO MHOXKECTBE AIKCIEPUMEHTOB, HAmpuUMeEp, IO
JIA3epHOMY YCKOPEHHUIO 3JIEKTPOHOB [1] W TreHepanuu peHTreHOBCKOTO HM3IyudeHus [2], Kak
MPOCThIe U pOOACTHBIE YCTPONCTBA JUIS TMOJIYUYEHHS IUTa3Mbl ¢ 33aHHBIMU TapaMmeTrpamu. B
OOJIBIIMHCTBE TAKUX YKCIIEPUMEHTOB HCITOJIB3YIOTCS KAWILISAPBI ¢ KPYTIIOH (OpMOid ceueHuUs
kaHana. Takast popma KaHana CyIIECTBEHHO YMPOIIAET KaK TEOPETUUECKUE, TaK U YUCIICHHbBIE
WCCJICIOBAHMS TIPOUCXOISIINX B HHUX IMPOIECCOB, T.K. YMCHBIIACT Pa3MEPHOCTh 3a/a4u U
MO3BOJIAET UCTONB30BaTh 1D Monenu u konbl. [ToaTOMy Kanmuiuispsl ¢ HHOUM opMOii ceueHus
KaHalla HCIOJB3YIOTCA, TOpa3lo peke, HE CMOTpS Ha HUX npeumyiiectBa. Hampumep,
KalmWuIApel ¢ KBaJpaTHBIM CEUYEHHWEM KaHaja Mpolle Kak B IJIaHE MPOW3BOJACTBA, TaK U
MPOBEJICHUS JIMATHOCTUKH MPOUCXOJANINX BHYTpU TporieccoB. [lanHas pabora mocBsIIeHA
YUCIIEHHOMY MarHutorujapoauHamudeckomy (MI'J]) MoaenupoBaHuio KamuuIIpoOB C pa3HOM
dopMoii ceuenus kanana ¢ nomoiubio 3D kona MARPLE [3].

baaronapuocTu: Pabora mongepxkana rpantamu PODU NoNe 15-01-06195 u 16-31-
00360.

JIureparypa:

1. W.P. Leemans, et al., Phys. Rev. Lett. 113, 245002 (2014)
2. B.R. Benware, et al., Phys. Rev. Lett. 81 (1998)
3. V.A. Gasilov, et al., IOS Press, “Advances in parallel computing” 22, 235 (2012)
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METOIbI IOCTPOEHUSA U PACYHETA CJIOKHBIX ®YHKIIMOHAJIBHBIX
CXEM YIIPABJIEHUS POBOTAMMU

M.B.Muxairok, M.A.Topramies

QI'Y « OHI] Hayuno-uccredosamenbCKuii UHCMUMym CUCMEMHBIX ucciedosanuii Poccutickoil
axademuu Hayky, Mocksa,
mix@niisi.ras.ru

MogenupoBaHie JAMHAMMKM M YIpaBleHUs poOOTaMH B CHCTEMaxX BHPTYalbHOTO
OKpYXEHHs TpeOyeT UMUTALMKU paOOThl SJIEKTPUUECKUX ABUraTeNed U ANEKTPUUYECKUX CXEM
BBIUMCJICHUS YNPABIAIOUIMX CHUTHANOB. MMWTanus BBIYMCICHUS YINPABISIOIIAX CUTHAJIOB
3aKJIIOYAETCs B BBIYMCICHUM BEIMYMHBI HANPSDKCHMS, ITOAABAEMOIO Ha JJIEKTPUYECKUU
JIBUTATEIIb B 3aBUCUMOCTH OT CTEIIEHU BO3JCICTBHS OllepaTopa Ha dJIEMEHT ypasieHus. s
3TOr0 yA0OHO HCIOJIb30BaTh TaK Ha3blBa€Mble (YHKIMOHAIbHBIE CXeMbl. OHM COCTOST W3
(GYHKIIMOHATBHBIX  OJIOKOB, peamu3yIoluX MHPOKuid Habop QyHkuuii (Jloruyeckue,
anreOpanyeckre, WHTETpaIbHO-IU(p(EepeHIInaTbHBIE, TPUTOHOMETPUYECKHE, IH(POBHIE,
JUHaMU4eckue u ap.). s noctpoeHus GyHKIMOHAIBHON CXeMbl pa3paboTaH cHelHaIbHbIH
BuU3yanbHBIH  pemaktop BlockEditor, B koTtopoMm pa3paboTd4MK MOXKET pacroyiaratb
(GyHKLIHMOHAJIbHBIE OJIOKM B €ro pabo4yeM MOJie U COEAUHATh UX BXOJbl U BBIXOJBI B HY’KHOM
nopsinke. OctaBmiiecs ¢cBOOOIHBIMU BXOJABI M BBIXOJBI OJIOKOB 0Opa3yrOT COOTBETCTBEHHO
BXOAbl M BBIXOJbl (YHKIHMOHAJIBHOM cXeMbl. PemakTop aBTOMaTHUYECKH ONpeAesseT
ONTHMAJIbHBIE JIMHUU COEAUHEHHS OJIOKOB, a TaKKe NPEJOCTaBIsSET BO3MOMXHOCTU
KOPPEKTUPOBKM W MacIITaOUpOBaHMS CXEMBbI, 3arpy3Kd M BBITPY3KM €€ 4acTed, a TaKxke
OTJIAJOYHBIN PEKUM BBIUHCIICHUS 3HAYEHHUI €€ BBIXOJI0B.

BaxHOll 0COOEHHOCTBIO MOJYJS YHPABISIONMX CXEM  SBISETCS  BO3MOXHOCTb
MOJIL30BATENIsI CAMOMY CO3/1aBaTh HOBBIC, HCOOXOAMMBIE eMy (YHKIIMOHATIbHBIC OJIOKH. DTO
MOJET MOHaJ00UThCs, KOrAa 00JacTb €ro MCCIEIOBAHUM SBISETCS HECTaHIAPTHOW WM
KOIJla aJlfOPUTM YIpaBIAIOLIEro OjoKa sBIsSETCS KoMMepueckoi TailHON. Takue Osoku
Ha3bIBAIOTCS IUIATMHAMH M IOMELIAIOTCA B OTACIbHYIO OMONIMOTEKY OJIOKOB penakTopa
BlockEditor. Jlns 3amaHust (yHKIMOHAJIBHOCTH TaKHUX OJIOKOB IMOJB30BATEII0 HY)KHO
pa3paboraTh crnenuanbHble DLL-Moqynu Ha s3bIKe IPOrpaMMUPOBAHUS BBICOKOIO YPOBHS -
Microsoft Visual C++.

Ha kaxxpom mare MozaenupoBaHusl TMHAMHUKHM poOOTa Ha BXOJbl (PYHKIMOHAIBHOM CXEMBI
NOCTYyNalOT BO3JCHCTBUS OlepaTopa Ha JJIEMEHTHl YIpaBleHUs (KHOIKH, JHKOWCTUKH,
peryJsTopsl M T.1.). 3aT€M IPOM3BOIUTCS BBIUMCIIEHHUE 3HAYEHUN BBIXOJOB 3TOH CXEMBI,
KOTOpbIE HANpPaBIIAIOTCS HA JIEKTPUUECKUE JBUTATENIM BUPTYAJIbHBIX Mojienell poooTos. [lns
HOBBIIIEHUS] CKOPOCTU BBIYMCIEHUH B MOACHUCTEME pacdeTa (YyHKIMOHAJIBHBIX CXEM C
pacmupeHHoN (YyHKIIMOHATBHOCTHIO Ha TEKYILEM Ilare rnepecyUThIBAIOTCA TOJIBKO T€ BETBU
CXEMBI, B KOTOPBIX U3MEHWINCH 3HAYEHUS BXOIHBIX CUTHAJIOB 110 CPABHEHMIO C MPEABIIY UM
I1aroM.

PazpabGorannsie B ®I'Y ®OHI HUHWCU PAH mnporpamMMHbIe MOIYIH, peaU3yIOIINE
OIMCAaHHBIE METOJbl IMOCTPOEHHS M pacueTa CIOKHBIX (YHKIMOHAIBHBIX CXEM YIpaBICHUS
pobotamu mpounu anpobarnuio Ha kKomIiuiekce RobSim B pamkax coszmannoit B ®I'Y OHI]
HUUCHU PAH cucrempr Busyanusanuu «GLView» s  MMHUTAIMOHHO-TPEHAKEPHBIX
KOMIIJIEKCOB, KOTOpasi IMOKa3aja uX a/IeKBaTHOCTh TPEOOBAHUSAM 3prOHOMUYHOT0 HHTEpdetica.

Baaropapuoctu: Pabora Beinonnsercs npu nojaepsxkke PODU (rpant Ne 16-07-01104).
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METObI MOJAEJIUPOBAHUS U BU3YAJIM3AIIAA HA GPU CTPYI BOJIbI K
ITEHBI B BUPTYAJIBHBIX CHEHAX

A.B. Mans1ies, M.A. Toprarmies

QI'Y « DHI] Hayuno-uccredosamenbCKutl UKCMUMYmM CUCMEMHBIX ucciedosanuti PAH»,
Mocksa, Poccus
avmaltcev@mail.ru

OOBEKTBl pealbHON Ccpelbl, MOJEIHUPYEMble B BHUPTYaJIbHOM IPOCTPAHCTBE, 00JaAal0T
paznuuHoi popmoi, mpoucxoxkaeHueM u cBoiictBamu. [Iupokuil Kiacc cpean HUX COCTABIISIOT
OOBEKTHI, HE UMEIOIINE YETKUX TeOMETPUUYECKUX TPAHHUII, TAKUE KAK CTPYH >KUIKOCTEH W TEHBI.
JlaHHbIe 0OBEKTHI IPEACTABIAIOT COO0I COBOKYITHOCTH OOJIBIIOTO KOJIMYECTBA MEIKOPa3MEPHBIX
YaCTHILl, YMCIO KOTOPBIX JOCTUIAaeT COTEH ThICAY U Jaxe MWUIMOHOB. [loaTOMy MHOrue us
CYLIECTBYIOIMX METOJOB M QJIrOPUTMOB HE IO3BOJISIIOT MPOBOJIUTH HX MOJEIHMPOBAHHUE U
PEATUCTUYHYIO BU3yaJH3alMIO B pEalbHOM BpPEMEHH, HEOOXOIUMOM Il KOPPEKTHOM paboThI B
COCTaBE€ CUCTEM BHUPTYAJbHOTO OKPYXEHHS M MMUTAMOHHO-TPEHAKEPHBIX KOMIUIEKCOB. [l
pemeHust 3Toi mpoOsieMbl B AaHHOW pabore mpemaraiorcs 3((GEeKTUBHBIE pacHpeeliCHHbIC
METOJbl M QJITOPUTMbl MOJETUPOBAHUS JUHAMHMKH W PEHJIEPUHra BUPTYaJbHBIX OOBEKTOB,
00pa30BaHHBIX MHOXKECTBOM MEJIKOPa3MEpPHBIX YacTHll, Ha MHorosiepHbix GPU ¢ npumeHeHnem
apXUTeKTypsl napamuienabHblXx BbluuciaeHuit CUDA u  meiiaepHoil MoJend MOCIEIHEro
MIOKOJICHHUSL.

B mMoMmeHT hopmupoBaHus M300paxeHnsT KaXJ0ro Kajpa BBIMOJIHAETCS JBa 3Tana o0paboTKu
cucrteMbl yacTull. IlepBblii coctour B BbIYMCIEHHH c ucnoib3oBanueM CUDA cocTosiHus
CUCTEMBI B 3a/IaHHBIII MOMEHT BPEMEHM B BUJE MAacCUBa JaHHBIX O yacTuiax. Ha sTtom atame
npou3BOAUTCA  (OpMUpOBAaHME HOBBIX YACTHIl W pacyeT TEKyIIUX IapaMeTpoB yiKe
CYLIECTBYIOIIMX, a TaKK€ YJAJICHHWE YacTHLl, BpeMsl KU3HU KOTOpbIX HcCTekno. Jlnd
PEATUCTUYHOTO MOJEIMPOBAaHMUS CTPYH BOJABI M TEHbI B paboTe pealn30oBaHa BO3MOXKHOCTb
BbIOOpa (POpPMBI SMHUTTEpa CHUCTEMBI (KPYTJBIH WM TMPSMOYTOJBHBIN), a TaKXKe MPeIOKEHBI
aIropuTMbl nosydenus B nporpamme-aape CUDA nceBaocitydaiflHbIX YuCesl ¢ paBHOMEPHBIM U
HOpPMAaJIbHBIM paclpeesIeHusIMU 0€3 UCTI0Ib30BAHUS JOMOIHUTENbHOM OnbimoTekn cuRAND.

Bropoil stan npeanosaraeT BU3YalU3alUI0 IOJYYEHHOI'O MAacCUBa C CHHTE30M «HA JIETY»
HEOOXOIMMOM T'€OMETPUM YacTHl], pacue€TOM HX OCBELICHHOCTH W HaJIOK€HHEeM TeKcTyp. s
peanu3alMy JTAaHHOTO 3Tana 3aj]leficTBOBaHbI BEPIIMHHBIM, reoMeTpu4ecKuil U (QparMeHTHBIH
menaeprl. ['eoMeTprudecknii MERAEP BBITTOMHSAECT CUHTE3 IMOJMUTOHAIBHOW MOJENW 4YacThlbl. B
JTAHHOM paloTe /ISl YaCTHUII )KUIKOCTH MPUMEHSETCS MOJIENb B BUI€ TPUTOHAILHON OUITUPAMHUIBL,
a NI 4YacTHIl IMEHbl — «cHpaidT» (KBaapaT, MOCTOSHHO IMOBEPHYTHIM JMIIEBOM CTOPOHOW K
BUPTYaJIbHOH KaMepe) ¢ HAJIOXCHHOHW Ha HEro aHMMHPOBAHHON TeKCTypou. Bo ¢parmeHTHOM
mieiaepe A Kaxaoro ¢pparMeHTa KaXKJIOW Karuli JKMIKOCTH (YacTHIBI TEHBI) ONpeaessieTcs
OCBEILIEHHOCTb OT HCTOYHUKOB CBETa, Pa3MELICHHBIX B BHUPTYalbHOW CLEHE, C Y4YETOM
NPUMEHAEMBIX K YacTULAaM MaTepUualioB M Pa3IUYHbIX TEKCTyp (Iuddy3Ho#, oTpaxkeHus,
IOPO3PaYHOCTH M T.I.). JIJIi BBIUMCIIEHUS DPEATUCTHYHON IONUKCEIbHOM OCBEIIEHHOCTH OT
KaXJIOT0O M3 HCTOYHHUKOB, HCIIOJIB3yeTCSd COOCTBEHHAs pacIIMpeHHas MOJelb OCBELIeHN,
ocHoBaHHas Ha Mozaenu PoHra-biauHHA, HO yYUTHIBAaIOIAs TEHU OT OOBEKTOB M HAIpaBJICHHbIE
VCTOYHHUKH CBETA.

Pesynbrarel paboThl anpoOHpoBaHBl B cocTaBe cucTembl Buzyanmmzamun «GLView» mis
MMUTAIMOHHO-TPEHAKEPHBIX KOMIUIEKCOB, co3nannoi B ®I'Y ®HI[ HUMCH PAH.

Baaroagapuoctu: Padora Beimonasercs npu noaaep:xkke PODU (rpant Ne 16-07-00796).
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