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TENTH ANNIVERSARY SEMINAR LPpM3 IN MONTENEGRO I-PPMSI'U
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Vice Chairman of the program committee prof. Zharko Pavichevich (Montenegro),
Chairman of the program committee prof. V.I. Mazhukin (Russia),
Vice-Chairman of the program committee prof. S.V. Garnov (Russia)
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XVIIT INTERNATIONAL SEMINAR
I-PPM:’"-' “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA PROCESSES &
ADVANCED SCIENCE TECHNOLOGIES”

Opening of the Seminar. Chairman of the program committee prof. V.I. Mazhukin,
prof. Labud Vukcevic
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Opening of the Seminar.
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XVIII INTERNATIONAL SEMINAR
I_PPM'_",-U “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA PROCESSES &
ADVANCED SCIENCE TECHNOLOGIES”

Montenegrin Monastery Moracha. Participants of the Seminar Closing of the Seminar.
on excursions.
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TENTH ANNIVERSARY SEMINAR LPpM3 IN MONTENEGRO

s JXN
W 30.05. 70T

Participants of the IX International LPpM3 Seminar in 2011. Petrovac.

Opening of the Seminar. Left: welcoming speech by prof. A.A. Rukhadze.
Right: Corresponding Member Ran prof. V.I. Konov
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XVIIT INTERNATIONAL SEMINAR
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School of young scientists. Professors and students.
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Work done, have your fun. Sport is the best
relaxation.
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XVIII INTERNATIONAL SEMINAR
I_PPM'_",-U “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA PROCESSES &
ADVANCED SCIENCE TECHNOLOGIES”

12. Petrovac X International
sminar LPpM’

Photo at the top. Prof. Zarko Pavicevic opens the Seminar. Left, prof. V.I. Mazhukin,
on the right are representatives of the Russian Embassy in Montenegro. Photo below
left: prof. S.V. Garnov. Photo below right: prof. V.I. Mazhukin presents the journal
Mathematica Montisnigri.
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Photo above: excursion to Dubrovnik.

Photo below: prof. Zarko Pavicevic,
prof. V.I. Mazhukin, prof. A.A.
Khachaturov.
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ADVANCED SCIENCE TECHNOLOGIES”

Opening of the XI International Seminar LPpM3 in 2013.
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2014. Budva XII International
Seminar LPpM’

Participants of the XII International Seminar LPpM3 in 2014. Budva.

The opening of the XII International Seminar LPpM3 in 2014.
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XVIIT INTERNATIONAL SEMINAR
I-PPM:’"-' “MATHEMATICAL MODELS & MODELING IN LASER-PLASMA PROCESSES &
ADVANCED SCIENCE TECHNOLOGIES”

The seminar. The audience and speakers (left to right): prof. M.P. Galanin (Keldysh IPM of
RAS), prof. M.V. Mikhailuk (SRISA of RAS), A.G. Kaptilny (JIHT of RAS), prof. L.N.
Zavestovskaya (Lebedev Phl of RAS, MEPhI)
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_2015. Petrovac XIII International
- i B == ——

.
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2017 Petrovac XVI International
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Sunday, September 29
10.00-17.00 Registration, Check-in at Hotel
19.00 WELCOME PARTY
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Monday, September 30

Opening ceremony
Prof. Dr. sc. Nat. V.I. Mazhukin, Chairman

XVIII Seminar. The goals and objectives of the Seminar

15 100
9'-10 Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
Photo for memory
Plenary Presentation
V.1. Mazhukin
00 14 . . . . .
10"-10% The formation of mathematical modeling. To the 100th anniversary of academician
A.A. Samarskii
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
10%-11" Coffee break
Plenary Presentation
D.G. Kochiev, I.A. Shcherbakov, S.V. Garnov
111-12% Interaction of microsecond laser pulses with tissues: fundamentals and clinical
applications
A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia
Plenary Presentation
A.A. Samokhin, E.V. Shashkov, N.S. Vorob’ev, A.E. Zubko.
00 145
127-12 Recoil pressure behavior during nanosecond laser pulse irradiation of mercury
A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia
Oral Presentation
L.L. lIosilevskiy
45 100 Phase freezeout in binodal layer in adiabatically expanding matter in terrestrial and
127-13 astrophysical applications
Joint Institute for High Temperature RAS, Moscow, Russia
13%14% Lunch time
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ADVANCED SCIENCE TECHNOLOGIES’

14%-14%

Plenary Presentation
B. Luk’yanchuk', Z. Wang®, R. Paniagua-Dominguez’, A. Bekirov', A.A. Fedyanin'
High order Fano resonances and giant magnetic fields in dielectric microspheres

"Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
’School of Electronic Engineering, Bangor University, Bangor, UK
S Institute of Materials Research and Engineering, A*STAR, Singapore

14%-15'"°

Invite Presentation
V.P Veiko, V.A. Shkuratova, G.K. Kostyuk, M.M. Sergeev, R.A. Zakoldaev

Compressed laser-induced microplasma (CLIMP) and its application for fabrication of
new optical components

ITMO University, St. Petersburg, Russia

1510_1535

Invite Presentation
A.G. Kaptilny

The study of the thermophysical properties of substances at high pressures and
temperatures by the method of electrical explosion of conductors

Joint Institute for High Temperatures of RAS, Moscow, Russia

1535_1550

Oral Presentation
K.V. Khishchenko
Phase diagram of chromium at high energy densities

Joint Institute for High Temperatures of RAS, Moscow, Russia

1550_1605

Oral Presentation
AA. Aleksashkinal, M.M. Deminl, A.V. Mazhukin'?
Determination of the phonon thermal conductivity of copper by molecular dynamics

"Keldysh Institute of Applied Mathematics of RAS, Russia, Moscow
’National Research Nuclear University “MEPhI”, Moscow, Russia

1 605_ 1 640

Coffee break

1 640_ 1 655

Oral Presentation
O.N. Koroleval’z, A.V. Mazhukinl’z, M.M. Deminl, P.V. Breslavskii'
Simulation of heat capacity and thermal conductivity of Si in a wide temperature range

"Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
’National Research Nuclear University “MEPhI”, Moscow, Russia
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Oral Presentation
V.D. Zvorykinl’z, LV. Smetaninl, A.V. Shutovl, N.N. Ustinovskii'

Multiple filamentation of TW peak power sub-ps uv laser pulses in a course of a direct

55 110
167-17 amplification in KrF laser chain and propagation in atmospheric air
'P.N. Lebedev Physical Institute of RAS, Moscow, Russia
’National Research Nuclear University “MEPhI”, Moscow, Russia
17%-18% POSTER SECTION
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ADVANCED SCIENCE TECHNOLOGIES’

Tuesday, October 1

RUSSIAN SPACE

930_g55

Invite Presentation

0.G. Tsarkoval, S.N. Andreevz, V.V. Belkovl, P.S. Vasileval, N.E. Kondratyevl,
D.K. Kushnarev'

Thermal diameter of the Sun

'School of mathematics and physics no. 2007, Moscow
A.M. Prokhorov General Physics Institute of RAS, Moscow

955102

Invite Presentation
B.P. Rybakin
Computer simulation of the formation of clumps formed by the collision of molecular clouds

Scientific Research Institute for System Analysis of RAS, Moscow, Russia
Lomonosov Moscow State University, Moscow, Russia

1 020_ 1 035

Oral Presentation
M.V. Mikhaylyuk, E.V. Strashnov
Methods for space anthropomorphic robot control in virtual environment systems

Scientific Research Institute for System Analysis of RAS, Moscow, Russia

1035_1050

Oral Presentation
S.G. Moiseenko', I.A.Kondratiev', G.S.Bisnovatyi-Kogan'? M.V.Glushikhina'

3D numerical study of an anisotropic heat transfer in outer layers of magnetized neutron
stars

ISpace Research Institute of RAS, Moscow, Russia
’National Research Nuclear University MEPhI, Moscow, Russia

1050_1 105

Oral Presentation
G.K. Borovin, A.V. Grushevskii, A.G. Tuchin, D.A. Tuchin

Russian exploration of Venus: past and prospects

Keldysh Institute for Applied Mathematics of RAS Moscow, Russia

1105_1130

Coffee break
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Oral Presentation
E.A. Pavlova

11°-11" | The Features and Management system of the space industry in the Russian Federation

Keldysh Institute for Applied Mathematics of RAS Moscow, Russia

Oral Presentation
G.K. Borovin, Yu. F. Golubev, G. S. Zaslavsky, V. A. Stepanyants, A. G. Tuchin

11%-12% . oL .
} E.L. Akim's huge contribution to the Russian space research
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
Oral Presentation
V.A. Voropaev, G.K. Borovin, E.A. Pavlova, A.l. Streltcov, M.V. Zakhvatkin

The safety of high-orbit satellite spaceflights
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation
G.K. Borovin, Yu. F. Golubev, A.V. Grushevskii, A. G. Tuchin

12151230 Formation of the main methods of the scientific school of V.V. Beletsky studying the
rotational motions of artificial satellites and natural celestial bodies

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Invite Presentation
O.A. Kovyrkina', V.V. Ostapenko'~
1230_12% On the accuracy of MUSCL type shock capturing schemes

'Lavrentyev Institute of Hydrodynamics of SB RAS, Novosibirsk, Russia
’Novosibirsk State University, Novosibirsk, Russia

Oral Presentation
M.V. Yashina

1245.13% Metrical Properties of Symmetric Two-dimensional Wolfram Cellular Automata for
Image Processing

Moscow Automobile and Road State Technical University, Moscow, Russia

13%9-14% Lunch time
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Invite Presentation
M.P. Galanin, V.V. Lukin, A.S. Rodin, D.L. Sorokin

00 1425
147-14 Mathematical simulation of electromagnetic acceleration for solids and media with use
of program platform Temetos

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation
E.N. Bykovskayal, A.V. Shapranovl’z, V.I. Mazhukin'*

147-14% Solution of the Korteweg de Vries equation using an implicit two-layer difference
scheme on an euler grid
"M.V. Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
’National Research Nuclear University MEPhI, Russia, Moscow

Oral Presentation
M.E. Ladonkinal’z, O.A. Neklyudoval, V.V. Ostapenko 2’3, V.F. Tishkin'?
14%0.14° On the accuracy of a combined DG scheme computing solutions with shock waves

"Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
’Lavrentyev Institute of Hydrodynamics of SB RAS, Novosibirsk
’Novosibirsk State University, Novosibirsk, Russia

Oral Presentation

14551510 O.B. Feodoritova, V.T. Zhukov
On a new splitting-based numerical approach for Navier-Stokes equations

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation
M.E.Ladonkina, O.A.Nekliudova, V.F.Tishkin
Limiting in discontinuous Galerkin method

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1510_1525

Oral Presentation
R.V. Uskov, K.K. Inozemceva, M.E. Zhukovsky

25 1540
15715 Weight modification of improbable events registration algorithm in supercomputer
simulation of radiation transport

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation

15901555 0.A. Kovyrkina', V.V. Ostapenko'*
On the possibility of constructing WENO-schemes conserving increased accuracy in the

areas of shock influence
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'Lavrentyev Institute of Hydrodynamics of SB RAS, Novosibirsk, Russia
’Novosibirsk State University, Novosibirsk, Russia

1555_1610

Oral Presentation
B.P. Rybakin', M.N. Kravchenko”
Liner form influence on the efficiency of the formation of a cumulative jet in squib

'Lomonosov Moscow State University, Moscow
’Gubkin Russian State University of Oil and Gas, Moscow

1610_1625

Oral Presentation
Milenko T. Pikula', Dragana D. Nedi¢?, Milica C. Bogkovié®
Solution of the inverse boundary problem for the Sturm-Liouville operator with delay

'University of East Sarajevo, Faculty of Philosophy Pale
’University of East Sarajevo, Faculty of Transport and Traffic Engineering Doboj
SUniversity of East Sarajevo, Faculty of Mechanical Engineering

Coffee break

1 640_ 1 800

THEMATIC HEADING "SCIENCE LIFE"
ROUND-TABLE DISCUSSION

A.A. Samokhin
Scientometrics and expert estimations of scientific and trade union activities
A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia

17%-18%

POSTER SECTION
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Thursday, October 3

930_945

Oral Presentation
Z. Pavicevi¢
Hyperbolic variations chord in the points fatou of the bounded holomorphic functions

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

945_ 1 OOO

Oral Presentation
Y.A. Kriksin, V.F. Tishkin

Finite element model of a gasdynamic flow on the discontinuous Galerkin method
basis: conservation laws and the second law of thermodynamics

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1000_1015

Oral Presentation
O. Olkhovskaya, D. Boykov, S. Grigoriev, A. Boldarev, M. Yakobovskiy, V. Gasilov

Adaptive mesh refinement and dynamic load balance for HPC Multiphysics
simulations

Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia

Oral Presentation
F.N. Voronin, V.A. Egorova, E.B. Savenkov, M.E. Zhukovskiy

The modeling of radiation-induced thermomechanical effects in the finely dispersed
medium

Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia

1 030_ 1 045

Oral Presentation
S.V. Podolyako, S.A. Kazymov, M.B. Markov, S.V. Parotkin, [.A. Tarakanov

On an algorithm of the simulating the proton transport considering the nuclear
scattering

Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia

Oral Presentation
A.Yu. Popov
Minimum value of the modulus of an analytic function

Faculty of Mechanics and Mathematics, Lomonosov Moscow State University,

Moscow, Russia
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11°-11°° Coffee break

Oral Presentation

P.S. Aronov'”, M.P Galanin'’, A.S. Rodin'’
113%-11% Finding optimal iteration parameters for solving problem of elastic bodies contact
interaction by means of domain decomposition method
'Keldysh institute of applied mathematics RAS , Moscow, Russia
’Bauman Moscow State Technical University, Moscow, Russia

Oral Presentation

1145.100 V.A. Egorova, M.V. Alekseev, [.A. Tarakanov, R.V. Uskov
The modeling of radiation-induced charge effects in the finely dispersed medium
Keldysh institute of applied mathematics RAS , Moscow, Russia

Oral Presentation

Jokanovi¢ DuSan
12001715 ] o

Relation between McCoy and Armendariz rings
Bosnia i Hercegovina University of East Sarajevo, Production and Management Faculty
Trebinje
Oral Presentation
B. Zekovichl, V.A. Artamonov’
12151230 Antipode in n - ary bialgebra
"Faculty of Natural Science, Department of Mathematics, University of Montenegro,
Podgorica, Montenegro
’Department of Algebra, Faculty of Mechanics and Mathematics, Moscow State University,
Moscow, Russia
Oral Presentation
Romeo Mestrovi¢', Zarko Pavicevi¢™
1230 19% On some topological properties of Privalov spaces on the unit disk
'Maritime FacultyKotor, University of Montenegro, Kotor, Montenegro
’Faculty of Natural Sciences and Mathematics, University of Montenegro, Podgorica,
Montenegro;
’National Research Nuclear University MEPhI , Moscow, Russia
Oral Presentation
Kankara§ Milica', Irina Cristea’

1245.13%

Fuzzy reducibility in hypergroups

"University of Montenegro, Podgorica, Montenegro
’University of Nova Gorica, Slovenia
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13%0-14%

Lunch time

14%0-14"

Oral Presentation
Sanja Jancic Rasovic', Irina Cristea’, Jelena Dakic'
An overview on the theory of hypernear-rings

"Department of Mathematics, Faculty of Natural Science and Mathematics,
University of Montenegro, Podgorica, Montenegro
’Centre for Systems and Information Tecnologies, University of Nova Gorica, Slovenia

141°-14%°

Oral Presentation
Nikola Konatar

Behavior of the interface between two immiscible fluids in the three-dimensional case

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

Oral Presentation
Bozidar Popovi¢
Generalization of Azzalini's method with application in medicine

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

14%-15%

Oral Presentation
Marijan Markovic

Characterisation of smooth functions with given growth

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

15%-15"

Oral Presentation
Lazar Obradovic

On history dependent optimal stopping problems under multiple priors in finance

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

1515_1530

Oral Presentation
Daki¢ Jelena Momir

An overview of known hyper-power methods for computing of outer inverses and a
new general Newton method

University of Montenegro, Podgorica, Montenegro
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15°°-16% Coffee break

THEMATIC HEADING "EDUCATION: RESEARCH AND
DEVELOPMENT"
ROUND-TABLE DISCUSSION

1 600_ 1 800

V.I. Mazhukin', Z. Paviéevi¢’
'Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

?University of Montenegro, Montenegro

17%0-18% POSTER SECTION
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Friday, October 4

930_g4

Oral Presentation
S.A. Stumpfl, A.N. Tcypkinl, E.A. Ponomareval, S.E. Putilinl, S.V. Smirnovl,
M.V. Melnikl, Yiwen Ez, S.A. Kozlovl, Xi-Cheng Zhang2

On experiment and simulation demonstration of a highly efficient terahertz radiation
generation in a flat liquid jet

'Department of Photonics and Optical Information Technology, ITMO University,
Saint Petersburg, Russia
’The Institute of Optics, University of Rochester, Rochester, USA

945_ 1 OOO

Oral Presentation
V.D. Zvorykin'?, A.V. Shutov', N.N. Ustinovskii', LG. Lebo’

Multiple filamentation of TW peak power sub-ps uv laser pulses in a course of a direct
amplification in KrF laser chain and propagation in atmospheric air

P N. Lebedev Physical Institute of RAS, Moscow, Russia
’National Research Nuclear University “MEPhI”, Moscow, Russia
Russian T echnological University “MIREA”, Moscow, Russia

Oral Presentation
B.I. Denker', B.I. Galagan', V. Mashinsky? S. Sverchkov', E. Dianov?
Luminescence properties of BI doped (0 — 50)SnO - (100 — 50)GeO, glasses

!4 M. Prokhorov General Physics Institute of RAS, Moscow, Russia
’Fiber Optics Research Center of RAS, Moscow, Russia

1015_1030

Oral Presentation
L.I. Ivleva, L.S. Voronina, E.E. Dunaeva, E.E., Lykov, M.E. Doroshenko,
A.G. Papashvili

Tm3+ doped non-linear media

Prokhorov General Physics Institute of RAS, Moscow, Russia

1 030_ 1 045

Oral Presentation
N.S. Kozlova, A.P. Kozlova, E.V. Zabelina

Near-electrode processes in polar dielectric crystals
NUST MISiS,, Moscow, Russia
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Oral Presentation
L.V. Klochkova, Yu.N. Orlov, V.F. Tishkin

Description of the ensemble of random trajectories generated by the empirical

distribution function, with the help of mathematical modeling on the basis of kinetic

equations Fokker-Planck
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1100_1130

Coffee break

1100_1115

Oral Presentation
I. Starodumov', L. Nizovtseval, Peter Galenko”
The PFC model with atomic density fluctuations

! Laboratory of Multi-Scale Mathematical Modeling,
Ural Federal University, Ekaterinburg, Russia
? Friedrich-Schiller-Universitat Jena, Physikalisch-Astronomische Fakultat,
Jena, Germany

Oral Presentation
Jela Sugi¢
Extreme points of multidimensional functions

Faculty of Natural Science and Mathematics, University of Montenegro

Oral Presentation
R.A. Zakoldaev, V.A. Shkuratova, G.K. Kostyuk, M.M. Sergeev, V.P.Veiko

New phase-polarizing elements: fabrication by CLIMP and testing in real optical
schemes

ITMO University, St.Petersburg, Russia

SUMMING. CLOSING of the XVII INTERNATIONAL SEMINAR

13.00-14.00

Lunch time

BANQUET, CLOSING SPEECH
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The genesis of mathematical modeling.
To the 100th anniversary of academician A.A. SamarskKii.
V.1. Mazhukin
Keldysh Institute of Applied Mathematics of RAS

100 years have passed since the birth of the outstanding Soviet and Russian scientist,
academician of the USSR Academy of Sciences and the Russian Academy of Sciences
Alexander Andreevich Samarskii. Scientific activity of academician A.A. Samarskii is firmly
connected with the Keldysh Institute of Applied Mathematics of AS of USSR and the Russia and
the Institute of Mathematical Modeling of Russian Academy of Sciences, which he created and
headed. A brilliant scientist and an excellent organizer, he laid the potential to preserve the world
level of Russian science in the most important field of mathematical modeling for our country.
Academician A.A. Samarskii is the founder of the Soviet and Russian schools of mathematical
modeling, the creator of the fundamental general theory of difference schemes [1]. Based on a
synthesis of many years of experience in solving applied problems A.A. Samarsky formulated a
new methodology for scientific research, which he proposed to call Mathematical Modeling. The
new definition was supplemented by a simple and capacious interpretation of "Model -
Algorithm - Program”. Understanding the prospects of the methodology of Mathematical
Modeling, the academician introduced a more capacious and universal concept of
"Computational Experiment™ [2]. These approaches are widely used in applied problems [2],
including laser thermonuclear fusion, magnetic confinement of high-temperature plasma, study
of non-equilibrium laser plasma of arbitrary density, laser processing and ablation of materials,
creation of materials with predetermined properties, problems of gas-hydrodynamics and others.

The report analyzes the achievements and prospects of development of mathematical
modeling and computational experiment at present.

Acknowledgements: This work was supported by RFBR (project Ne 19-07-01001).

References:

[1] A.A. Samarskii, The Theory of Difference Schemes, New York: Marcel Dekker, Inc. (2001).

[2] B.N. Chetverushkin, A.l. Aptekarev, V.I. Mazhukin, O.N. Koroleva, M.M. Demin, A.V.
Mazhukin, Life long scientific feat. On the occasion of centenary of the birth of academician of RAS
A.A. Samarskii, Math. Montis., 44, 144-169 (2019)
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CraHoOBJ/IeHHEe MAaTEeMATHYECKOr0 MOIeJIMPOBAHUS.
K 100-neruto akagemuka A.A. Camapckoro
B.1. Maxykux
WHucrutyT npuknaanoi Mmatematuku M. M.B. Kennpia PAH

Wcnonaunoce 100 net co qHS posKACHUS BBIIAIOMIETOCS COBETCKOTO U POCCHICKOTO YUEHOTO,
akagemuka Akanemuun Hayk CCCP u Poccuiickoit Axkagemun Hayk Anekcannpa AnzapeeBuya
Camapckoro. Hayunas pesrenpHOCTh akageMuka A.A. CamapcKoro IpOYHO CBSi3aHA C
HNucturyrom npuknaanoit marematuku uMm. M.B. Kenapima AH CCCP u PAH u Uncturyrom
MareMmarnueckoro mojenupoBanust PAH, kotopelii oH co3ganm ¥ BO3TiaBisl. biectsmmii
YYEHbI M MPEKPACHbIA OPraHU3aToOp, OH 3aJ0KWJI MOTEHLHAJ, MO3BOJMBIIUKA COXPAHUTHh
MHUPOBOH YpOBEHb PpOCCHUHCKOM Hayku B BaxHeHmied s Hamell cTpaHbl 0051acTu
MaTeMaTH4ecKoro mojenupoanus. AkagemMuk A.A. Camapckuil sIBISIETCS OCHOBOIOJIOKHUKOM
COBETCKOM M  POCCHUMCKOM IIKOJbl MaTeMaTH4EeCKOTO  MOJCIHPOBAHHUA,  CO3JaTeleM
byHnamMeHTaNbHOM 001Iel Teopun pasHOCTHBIX cxeM [1]. Ha ocHOBe 0000IIIeHHsT MHOTOJIETHETO
OTIBITAa PEIICHUS] MPUKIAAHBIX 3a7ad A.A. Camapckuil chopMynupoBag HOBYIO METOJIOJOTHIO
Hay4YHBIX HCCIIEIOBAaHUMN, KOTOPYIO NPEUIOKWI Ha3BaTh MaTeMaTH4eCKUM MOJEIMPOBAHHUEM.
HoBoe omnpenenenue ObUI0 OMOTHEHO MPOCTOM M EMKOM TpakToBKOW "Monenb - AJITOpUTM -
[TIporpamMma". [loHMMas MEpPCHEKTUBHOCTh METOAOJOTMM MaTreMaTHYeCKOro MOJIETUPOBAHMS,
aKaJleMHUK BBeJ 00Jiee eMKOe M YHUBEpCalbHOE MOHATHE "BhIUMCIUTENbHBIN dKCIIepUMEHT '[2].
OTH MOIXOIbl HAIUIM IMUPOKOE PACIpPOCTPaHEHHWE B MPHUKIAAHBIX Mpobiaemax [2], cpemu
KOTOPBIX JIa3epHBIM TEpPMOSIEPHBIN CHHTE3, MAarHUTHOE YAEp:KaHHE BBICOKOTEMIIEpPATypHOI
IJIa3Mbl, HCCIECOBAHUE HEPABHOBECHOW JIA3€pHOM IJIa3Mbl MPOU3BOJIBHOW IUIOTHOCTH,
TEXHOJIOTHH JIa3epHOU 0O0pabOTKM M a0ISAIUK MaTepuajoB, CO3/IaHUE MATEPUAJIOB C Hamepén
3aJlaHHBIMH CBOMCTBaMH, MPOOIEMbI T'a30-TAPOIMHAMUKY U APYTHUE.

B noxmane aHamu3uMpyroTcs JOCTHMXKEHHS M NEPCIEKTUBBI Pa3BUTHS MaTEMaTHYECKOTO
MO/JIETMPOBAHUS U BBIYMCIUTENBHOIO SKCIIEPUMEHTA B HACTOSIIIEE BPEMSI.

BaaromapHocTu: Pa6ora BeinoiaHeHa mpu noaaep:kke PODU, npoekr Ne 19-07-01001.

Jluteparypa:

[1] A.A. Samarskii, The Theory of Difference Schemes, New York: Marcel Dekker, Inc. (2001).

[2] B.N. Chetverushkin, A.l. Aptekarev, V.I. Mazhukin, O.N. Koroleva, M.M. Demin, A.V.
Mazhukin, Life long scientific feat. On the occasion of centenary of the birth of academician of RAS
A A. Samarskii, Math. Montis., 44, 144-169 (2019).
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INTERACTION OF MICROSECOND LASER PULSES WITH TISSUES:
FUNDAMENTALS AND CLINICAL APPLICATIONS.

D.G. Kochiev, I.A. Shcherbakov, S.V. Garnov.

Prokhorov General Physics Institute of the Russian Academy of Sciences,
38 Vavilov street., Moscow, 119991, Russian Federation.
dkochiev@gmail.com

The report presents the results of studies of a laser-plasma source as an effective tool used
in surgery and treatment of urolithiasis disease.
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RECOIL PRESSURE BEHAVIOR DURING NANOSECOND LASER PULSE
IRRADIATION OF MERCURY

A.A. Samokhin, E.V. Shashkov, N.S. Vorob’ev, A.E. Zubko

Prokhorov General Physics Institute of the Russian Academy of Sciences,
ul. Vavilova 38, Moscow, 119991 Russia
e-mail: asam40@mail.ru

Experimental results on pressure behavior generated and detected in liquid mercury with
piezo-transducer during nanosecond laser pulse irradiation are presented. The pressure curves
show (fig. 1) transformation from thermoacoustic (curve 1a) to vaporization (curves 2a, 1b)
signals. Similar to fig. la transformation was observed and calculated earlier in [1,2] at
corresponding low fluences E. At higher fluences curves 2b, 1c, 2c, 1d and 2d demonstrate
pressure evolution peculiarities (additional broadening and forward shift) which are probably
due to metal-dielectric transition in near-critical region of mercury.
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Fig.1. Pressure (1,2) and laser pulse (3) curves at different fluences E = 0.23-4.3 J/cm? (a—d).
References:

1. ILA. Veselovskii, B.M. Zhiryakov, N.I. Popov, A.A. Samokhin, “The photoacoustic effect and phase
transitions in semiconductors and metals irradiated by laser pulses”, in Effect of laser radiation on
absorbing condensed matter, Nova Science Publishers, ed. by V.B. Fedorov, (1990).

2. A.E. Zubko, A.A. Samokhin, “Modeling of thermoacoustic and evaporation pressure signals in
absorbing liquids irradiated with nanosecond laser pulses”, Mathematica Montisnigri, Vol. 36, 78-85
(2016).
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HHOBEJAEHUE JABJIEHUA OTAAYMU ITPU OBJIYYEHUU PTYTHU
HAHOCEKYH/JHBIM JIASEPHBIM UMITYJIbCOM

A.A. CamoxuH, E.B. [llamkos, H.C. Bopo0rés, A.E. 3yOko

Hncmumym obweti puzuxu um. A.M. Ilpoxoposa Poccutickoii akademuu Hayx,
Mocksa, yn. Basunosa, 38, 119991 Poccus
e-mail: asam40@mail.ru

[IpencraBieHbI YKCIIEPUMEHTAIBHBIC PE3YJIBTAThI PETHCTPAIMH C ITOMOIIBIO MHE30IaTYHKA
MOBEJICHHUS JABJICHHWsI OTJA4d, BO3HUKAIONIETO B JKUJIKOW PTYTH TIPU BO3JCHCTBHU
HAHOCEKYHIHOTO Jla3epHOr0 uMmIyiabca. KpuBbie JnaBieHust nokaspiBaloT (puc. 1)
TpaHcPopMaIHI0 TEPMOAKyCTUYECKOro (KpuBast 1a) curHaia B UCHApUTEIbHBINA (KpUBBIE 24,
1b). IMogoOHoe moBeneHue (puc. 1a) HaOIHOIANIOCH M aHATM3UPOBAJIOCH panee B [1,2] mpu
COOTBETCTBYIOIIMX MaJbIX INIOTHOCTSIX 3Hepruu E. ITpu yBennuenun E xpussie 2b, 1c, 2c, 1d
u 2d IEeMOHCTPHUPYIOT OCOOCHHOCTH TOBEACHUS HMITYJIbCOB JABJICHUS (IOMOJHHUTEIBHOES
VITUPEHUE W CMEIICHUE BIEPE), KOTOPbIE, MPEANOI0KHUTEIBHO, MOTYT OBITh OOYCIIOBIICHBI
MEPEX0JI0M METAUT-IUAIICKTPUK B OKOJIOKPHUTHUYECKOHN 00JIACTH PTYTH.
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Puc.1. Curnans napnenus (1,2) u nasepsoro ummyinbca (3) npu pasmuuneix E = 0.23-4.3 JTx/cm? (a—d).
Jluteparypa:

1. L.A. Veselovskii, B.M. Zhiryakov, N.I. Popov, A.A. Samokhin, “The photoacoustic effect and phase
transitions in semiconductors and metals irradiated by laser pulses”, in Effect of laser radiation on
absorbing condensed matter, Nova Science Publishers, ed. by V.B. Fedorov, (1990).

2. A.E. Zubko, A.A. Samokhin, “Modeling of thermoacoustic and evaporation pressure signals in
absorbing liquids irradiated with nanosecond laser pulses”, Mathematica Montisnigri, Vol. 36, 78-85
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HIGH ORDER FANO RESONANCES AND GIANT MAGNETIC FIELDS IN

DIELECTRIC MICROSPHERES
Boris Luk’yanchuk', Zengbo Wang?, Ramon Paniagua-Dominguez®, Arlen Bekirov?,
Andrey A. Fedyanin'

Faculty of Physics, Lomonosov Moscow State University, Moscow 119991, Russia
2School of Electronic Engineering, Bangor University, Dean Street, Bangor, Gwynedd, LL57 1UT, UK
3Institute of Materials Research and Engineering, A*STAR (Agency for Science, Technology and
Research), 2 Fusionopolis Way, 138634, Singapore

e-mail of corresponding author™ lukiyanchuk@nanolab.phys.msu.ru

The weakly dissipating dielectric spheres (glass, quartz, etc.) permit to realize high order Fano
resonances for internal Mie modes. These resonances for specific values of the size parameter
yield field-intensity enhancement factors on the order of 10°-10’, which can be directly
obtained from analytical calculations. In the Fig. 1, one can see two “bright electric points”
within the particle, associated with very large field intensities (around 40 thousands) in the x-z
plane. The presented field distributions correspond to a particle with refractive index n =1.5 at
the super resonance condition of the ¢ =35 multipolar order, excited for a size parameter q =
26.9416. These ‘“‘super-resonances” provides magnetic nanojets with giant magnetic fields,
which is attractive for many applications.
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I v E'for n::spsumode only £
o~ v Hfor n=35 mode only _
w : 00
20k | . .
10k | ] ]
0 | i 0 ] T T T T u T .
-1.1 -1.0 -09 zR -0.8 -0.7 -0.4 -0.2 0.0 yyR 0.2 0.4

Fig.1. (a) Distribution of the electric E* and magnetic H? fields along the z-axis passing through the particle
centre and near the particle edges (where the field intensity localizes). The electric field in x-z plane is localized
in two “bright points” near the input and the output windows on the surface of particle. (b) Distribution of the
electric E? and magnetic H? fields along the y-axis at the output plane at R= z. 2D field distributions within these
planes are shown in the insets. The solid lines in the 2D insets indicate the position of the full width at half
maximum (FWHM). One can see high light localization along the y-direction: for electric field the FWHM is
0.215 A, less than the diffraction limit given by 0.333 /.

Acknowledgements: The work was supported by the Russian Ministry of Education and
Science (#14.W03.31.0008).

References: Wang Z. B.., Luk'yanchuk B. et al., “Super-resonances in microspheres: extreme effects
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COMPRESSED LASER-INDUCED MICROPLASMA (CLIMP) AND ITS
APPLICATION FOR FABRICATION OF NEW OPTICAL COMPONENTS

V.P Veiko*, V.A. Shkuratova, G.K. Kostyuk, M.M. Sergeev, R.A. Zakoldaev

ITMO University, Kronverkskiy Pr. 49, St. Petersburg 197101, Russia
*e-mail: vadim.veiko@mail.ru

Scientific and applied interest in laser plasma (LP) don’t fade away for many decades. LP
is essentially a “converter of laser energy” into other ranges of radiation, forms of matter and
motion. This is confirmed by such applications of LP as the generation of soft X-rays, laser
propulsion, nanoparticle synthesis, coating/deposition of thin films, shock metal hardening,
etc. However, in this talk, the focus is on a new variety of LP, namely, the plasma produced
by laser ablation of a highly absorbing target contacting with a transparent solid medium. This
kind of LP we will call “compressed laser-induced microplasma” (CLIMP).

CLIMP is basically a “focused” bunch of excited particles (electrons, ions, atoms and
molecules), and its temporal and spatial parameters are completely determined by the
characteristics of the laser beam and the parameters of the target together with the transparent
material (Figure a). The transparent material limiting the expansion of the LP is under the
action of controlled CLIMP that resulting in its precise and effective processing.

Laser beam

Polarization

@ lon Target
@ Electron
a

Fig.1. CLIMP process (a). RPP schematicall view (b), test (c) and micro-photo (d).

At the same time it is an actual task to find a new modern method for creation of
structured light beams with phase and polarization singularities features (Figure b). This can
be crucial for non-uniaxial stress mapping, determination of the regions with phase
separation, probing distribution of nanoparticles within thin films, interface characterization,
high resolution microscopy, laser trapping and laser cooling, laser processing of thin films etc.

Here we report on a new type of a random phase—polarizing plate (RPPP) fabricated at
the surface of an Iceland spar which necessary for effective homogenization of laser beam
ensuring the absence of speckles within the processing plane (Figure c¢). To realize such RPPP
it was specially developed and applied two orthogonally polarized beamlets with © phase
difference (Figure d). High speed fabrication of RPPP takes no more than 10 minutes to
fabricate 8 mm?.

Acknowledgements: The reported study was financially supported by the Ministry of
Education and Science of the Russian Federation, research agreement Nel4.587.21.0037
(RFMEFI58717X0037).
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CXKATASA JABEPHO-UHAYIIUPOBAHHASI MUKPOILVTA3SMA (CJIMMII) 1 EE
INPUMEHEHME JJIS1 U3IOTOBJIEHUSA HOBBIX OIITUYECKUX KOMITOHEHTOB

B.IT Beiiko*, B.A. IlIkypatoga, I'.K. Koctiok, M.M. Ceprees, P.A. 3akonnaes
ITMO University, Kronverkskiy Pr. 49, St. Petersburg 197101, Russia

*e-mail: vadim.veiko@mail.ru

Hayunsrii u npukiiagnoit uHTEpEC K azepHoi miazMe (JIIT) He yracaet yxe goaroe Bpems.
JIIT sBiIeTCSA MO CYTH «KOHBEPTEPOM JIa3€pHOM SHEPrUu» B APYIUE NUANA30HBI U3IYyYEHUS,
dbopMbl MaTepuu M JBIXKEHHUS. OJTO MOATBEpXk,AaeTca TakuMu mnpuioxenusmu JIIT kak
reHepanusi MATKOrO PEHTTEHOBCKOIO M3JIy4YEHMs, Jla3epHas pEeakTHBHas TAra, CUHTE3
HaHouacTHll, ¥ T.A4. OIHAKo, B HAcTOsIIEeH paboTe OCHOBHOE BHHMAaHME YAENAETCS IUIa3Me,
oOpa3zyromieiics Tpu Jla3epHOW aONSAIUM CHUIIBHO TMOTJIOMIAIONICH MUIICHH NpPU TOJTHOM
KOHTaKTe C TMpo3padyHoil TBepaoi cpemor. Takyro pasHoBuaHocTh JIII Oymem Ha3wiBaTh
«CXKATOH Na3zepHO-UHAYIIUPOBaHHOHN MuKporazmoi» (CIIMMIT).

CJIUMII sBasieTcss, 1O CYIIECTBY, «C(POKYCHPOBAHHBIM» CTYCTKOM BO30YKIEHHBIX
YacTHULI, IPUYEM €€ BPEMEHHBIE U TIPOCTPAHCTBEHHBIE TAPAMETPBI IIOJTHOCTBIO ONPEAEIAIOTCS
rapamMeTpaMHM JIa3epHOTO My4YKa, CBOMCTBAMM BEIIECTBA MMILEHU U IIPO3PAvyHOrO MaTepHaa.
[locnennuii okassiBaeTcs moj BosaelctBueM ympasimsiemon CJIIMMII u  nosBisiercs
BO3MOJKHOCTB €r0 MPEIU3UOHHON U 3P (HEKTUBHOI 00pabOTKH.
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Puc.1. IIpouenypa CJIMMII (a). Cxematmuaeckoe nzobpaxerane COIIII (b), ee TectpoBanue (c) u

mukpodoTorpadus (d).

B To0 ke Bpemsi, uMeeTcs HacylHasi MOTPeOHOCTh B CO3aHUHA HOBOTO COBPEMEHHOTO
MEeTOJa  TMOJIyYeHHS  CTPYKTYPHUPOBAaHHBIX  CBETOBBIX MYYKOB C  (ha3oBbIMH U
NOJISIPU3AMOHHBIMU ocobeHHOCTsIME (Figure b). 3To MOXkeT uMeTh pelnaroniee 3HaueHUE s
KapTUpOBaHUS HE OJHOOCHBIX HaIpsDKEHUU, ompeaeneHus obmactell ¢ (pa3oBbIM
pasaeneHueM, 30HAUPOBAHUS PACHPENCIICHUsS HAHOYACTHI[ B TOHKHX IUICHKaxX, B
CBepXpa3zpelaronieii MUKpOCKOINH, B 33aJlayax JIa3epHOro TPamMHHra, a Takke B psaie 3a1a4y
00pabOTKM TOHKHX TUICHOK U T.II.

B nokmagme coolmiaeTcss O CO3MaHUM  HOBOTO THIA  ClIy4ailHOW  (ha3oBo-
nossipuzanmonHoi mactubl (COIIII), M3roToBIeHHONH Ha MCIAHJACKOM IIMAaTe, KOTOPBIN
HeoOxomuM g 3(PPEKTUBHOM TOMOTECHM3AIlMK JIa3epHOTO JIy4da, OOeCIeYnBaOIICH
OTCYTCTBHE CIIEKJIOB B TNIOCKOCTH 00pabOTKH.

Baaronapuocth: MccnenoBanust mpoBOAMIIMCH IpH (PMHAHCOBOM MOJAep)Kke MUHHUCTEPCTBA
Oo6pazoBanuss u Haykm Poccuiickoit ®enepanuu, cornamenne Nel4.587.21.0037
(RFMEFI158717X0037).
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UCCJEIOBAHHUE TEIJIO®U3NYECKNX CBOMCTB BEIECTB ITPA
BBICOKHUX JABJEHUAX U TEMIIEPATYPAX METOAOM 2JIEKTPOB3PBIBA
IMPOBOJHUKOB

Kantunpueiii A.T.

kalexandr48@gmail.com

ObveouHennblll UHCMUmMym evlcokux memnepamyp Poccuiickoti akademuu nayk
Hboicopekas 13/19, Mockea 125412

AHHOTALMA

[Ipennoxena riayOokas MoOAU(UKALMS U3BECTHOTO S3KCIEPUMEHTAIBHOIO METoja
«3JIEKTPO-B3pbIBa MPOBOJIOYECK» Ul JUHAMUYECKOIO M3y4EHUs TEIUIO(PU3MUECKUX CBOMCTB
IMIMPOKOTO Kpyra MPOBOJSIIMX BEUIECTB NPH BHICOKOM YPOBHE TEMIIEpaTyp HaBiieHUil. B
npe/ylaraéMoM  MeToJie HarpeB oOpas3lia MCCIeIyeMOro BEleCTBa  OCYLIECTBISETCS
JDKOYJIEBBIM TETJIOM, BBIISISIOMUMCS TP MPOXOKICHUH 10 HEMY MOIIHOTO HMITYJbCa
JJIEKTPUUECKOr0 TOKa BBICOKOW MIOTHOCTH. OOpaser MIOCKOH reoMeTpuueckoil (opmbl
3aKaT MEXIY IBYMsI NMPO3PAYHBIMH IIaCTUHAMH (OKHAMH) (POPMHUPYIOIIUMHI HUMITEAAHCHYIO
IPaHUIy ¥ TO3BOJSIOIIMMH pPEaln30BaTh BBICOKHI YPOBEHb JaBJICHUH B SKCIIEPUMEHTE.
MeTto1 03BOJISIET TPOBOAUTH MCCIEIOBAHUS TEIIOPU3NYECKUX CBOWCTB BEUIECTB, KOTOPHIE
HaXOZATCS B TBEPAOM, KHUAKOM M IUIA3MEHHOM COCTOSHUU IIpH TemmnepaTtypax 10 30 000 K u
nmasiennsx go 10 I'Tla.

[Tpennaraemplif SKCHEPUMEHTAIBHBIA METOJ TO3BOJIMII TOJYYUTh HOBBIE JaHHbBIE I10
¢u3MKe KOHJIEHCUPOBAHHOTO COCTOSIHMS BEIIECTBA - ObUI 3aperucCTPUpPOBAaH IEPEXO]
pPaCHIMPEHHBIX >KUJKUX METAIJIOB (QJIIOMHHMH, *kKele30 U Boib(paM) B HEMETAIIIMUECKOE
cocrossHue. HecMoTpsi Ha BBICOKHME TeMIIepaTypbl, KOTOPBIE MJIs HMCCIEIOBAHHBIX HAaMHU
metaiioB gocturanu 10 000 — 20 000 K, sToT mepexoj OTYETIMBO PETUCTPUPOBAJICS IO
CMEHE 3HaKka HM30XOpPUYECKOTr0 TEMIIEpaTypHOro  Kod(pQuIueHTa  3IEKTPUYECKOTo
COIIPOTHUBJIEHUS. Y CTAaHOBJIEHO, YTO 3HAK 3TOro KO3 (UIMEHTa HE 3aBUCUT OT TEMIIEPATYypHI,
Y OH OMPEJEIISIICS OJHUM ITapaMEeTPOM — IUIOTHOCTHIO.

[Ipennaraemplii MeTOJ MOXKET OBITh HCIONB30BAaH Ui ONpEAETeHUs IapaMeTpoB
KPUTHYECKHX TOYECK METAJLIOB.
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THE STUDY OF THE THERMOPHYSICAL PROPERTIES OF SUBSTANCES AT
HIGH PRESSURES AND TEMPERATURES BY THE METHOD OF ELECTRICAL
EXPLOSION OF CONDUCTORS

Kaptilny A.G.

kalexandr48@gmail.com

Joint Institute for High Temperatures of the Russian Academy of Sciences
Izhorskaya 13/19, Moscow 125412

Abstract

A deep modification of the well-known experimental method of “electro-explosion of
wires” is proposed for the dynamic study of the thermophysical properties of a wide range of
conducting substances at a high level of temperature pressures. In the proposed method, the
sample of the test substance is heated by Joule heat generated by the passage of a powerful
high-density electric current pulse passing through it. A sample of a flat geometric shape is
sandwiched between two transparent plates (windows) that form the impedance boundary and
allow a high level of pressure to be realized in the experiment. The method allows to study the
thermophysical properties of substances that are in solid, liquid and plasma state at
temperatures up to 30,000 K and pressures up to 10 GPa.

The proposed experimental method allowed us to obtain new data on the physics of the
condensed state of matter — the transition of expanded liquid metals (aluminum, iron and
tungsten) to a non-metallic state was registered.

Despite the high temperatures, which for the metals we studied reached 10,000-20,000 K,
this transition was clearly recorded by a change in the sign of the isochoric temperature
coefficient of electrical resistance.

It was established that the sign of this coefficient does not depend on temperature and it
was was determined by one parameter - density.

The proposed method can be used to determine the parameters of critical points of metals.
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TEILIOBOM JUAMETP COJIHIIA

Or. L[apI:KOBal, C.H. AHz[peeBz, B.B. Bexkos', I1.C. Bacumbesa', H.E.Konnaparses',
JI.K Kymnapes'

'TBOY Ilkona Ne 2007 ®MIIL, Mockea
OI'BYH HO® PAH, Mockea
olga@kapella.gpi.ru

ConHile — camoe 3aMETHOE M3 BCeX HEOSCHBIX Te — BCE €I XPAHUT MHOXKECTBO 3araJiok.
[[Iupoko W3BECTHBIM YKa3bIBAEMbI B aCTPOHOMHUYECKHX CIPABOYHHKAX €r0 BUIUMBIN
TUaMeTp ompefensercs TpaHunamu ¢otochepbl. Mexay TeM, HECMOTps Ha CBOIO
Pa3peKEHHOCTh, TEMIEPATYPHI MOCIEAYIOMIUX CIOEB JTOCTUral0T MIJIJIMOHOB Tpaaycos. Jlo
CHUX TIOp OCTaBaJICs OTKPHITBIM BOMPOC O BIUSHUU CHIILHO HarpeToi atMocdepsl CBETHIA Ha
€ro TeIuioBoe H300pakeHue Ha mnpuemMHuke. llenpio (GyHIaMEHTaNIbHOrO HCCIEeTOBaHUS
SIBIISIETCS. M3MEpEeHue TerioBoro nuamerpa CoiHIla, KOTOPHIH, B COOTBETCTBHH C HAIICH
TUIOTE30M, MOXKET OBITh OOJIBIIIE BUAUMOTO.

Nnes okcmepuMeHTa TMpearnoyiaraeT MAacCMBHOE CKaHUpOBaHHE HebecHOW cdepsl
TEJIECKOMOM-Pe(IICKTOPOM € MapadOJUYECKUM 3epKajioM. B GOKyCHOM TUIOCKOCTH BHYTPH
U3MEPUTEIILHON TOJIOBKM PACIOJIOKEHBI J[BA CEHCOPHBIX PE3UCTOpa, HarpeBacMbIX
COJTHEYHBIM U3JTy4YeHHEM B TIpolecce ecTecTBeHHOro mnepemenienuss CoiHIa BIOJb
SKIUNTHKU. Pe3UCTOPHI, K THUILHOH CTOPOHE KOTOPBIX MOJKIIOYCHBI NaTYHNKH TEMIIepaTyphl,
COeIUHEHBI B MOCTHl YUTCTOHA. C MOMONIBIO CHEHATBLHOTO allapaTHOro U MPOrpPaMMHOTO
oOecrieyeHHsT BEJIMYUHBI HAMPSOHKCHHS pa30alaHCHUPOBKH MOCTOB YutrctoHa Ug u
TEMIEPATypbl TEPMOAATUYUKOB 7 3alMCHIBAIOTCS CUHXPOHHO B OJUMH MAacCUB JAHHBIX, 4YTO
MO3BOJIIET TOCTPOUTH Tpaduku 3aBucuMocteil ot Bpemenu Ug(?) u 1(t), a Takke Ug(T) nns
MOCIIEAYIOLIETr0 aHalIn3a.

B xone uccrnenoBanuii ObIITN PEIICHBI CIEAYIONINE 3aa9i: OIICHEHO BO3MOXKHOE BIIUSIHUE
U3ITy4eHUs] KOPOHBI Ha TeruioBble pasmepbl CoiHIA; mONy4YeHbl, 00paboTaHbl U
MPOAHATU3UPOBAHBI SKCTICPUMEHTAIBHBIE JAHHBIE; MOKA3aHO, YTO MPH XOPOIIeH KOPPEsIun

o o _ Um
SKCIIEPUMEHTAIBHBIX NAHHBIX ¢ JuHeWHOH Mmoxenslo Us =—T ma 3aBucumoctu Ug(T,
& 2

UMeeTCsl TMeTis THUCTepe3uca, BbI3BaHHAs WHEPLHOHHOCTBIO CHCTEMBI  «PE3UCTOP-
TEPMOJATUMKY; BIEPBBIE PACCUUTAHO, UYTO TETUIOBOU Aramerp CoiHIa OOJIbIIe BUANMOTO HE
MeHee, yeM Ha 12%, 4To corjacyercs ¢ TMIOOTE30M M O3HAadaeT, YTO TEIUIOBAas IUIONIAb
Comniia 6ogbIe BUIUMOi Ha ~25%.

Takum 00pa3oM, UCHOJIB30BAHUE COJHEYHOM OHHEPTUM C TOMOIIBIO  YCTPOWCTB,
KOHCTPYKTUBHO PAacCUMTAaHHBIX UMEHHO Ha TeIuioBOM nuamerp CoJHLIA, MOXKET MPUBECTU K
OIIYTUMOMY YBEJIIMYEHHIO UX BbIXOJHOU MomHOCTH U KIIJ[ mo cpaBHEHHIO C yCTpoHCTBamu,
paccuyuTaHHBIMHM Ha BUAUMBIN nuametp ConHIa.

Jlntepartypa:

1 B. benkos, II. Bacunsesa, H. Konapatses, J[. Kymnapes, O.llapskoBa, C. Anapees, «TemnoBoit
muametp ComHIa» DJNEKTPOHHOE HaydHoe m3faHue AsbMmanax IIpoctpancTtBo m Bpewms 16, 3-4
(2018). DOI: 10.24411/2227-9490-2018-12031. CraunoHapHslii cereBoii azapec: 2227-9490e-
aprovr_e-ast16-3 4.2018.31.
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THERMAL DIAMETER OF THE SUN
0.G. Tsarkova', S.N. Andreev?, V.V. Belkov', P.S. Vasileva', N.E. Kondratyev', D.K. Kushnarev'

'School of mathematics and physics no. 2007, Moscow
*A.M. Prokhorov General Physics Institute of RAS, Moscow
olga@kapella.opi.ru

The sun — the most visible of all celestial bodies — still holds many mysteries. Widely
known in astronomical reference books its visible diameter is determined by the edges of the
photosphere. Meanwhile, the temperatures of the subsequent layers reach millions of degrees
Kelvin, despite its low density. The problem of the influence of the strongly heated
atmosphere of the sun on its thermal image on the receiver has remained open until now. The
aim of our fundamental research is to measure the thermal diameter of the Sun, which,
according to our hypothesis, may be greater than the visible one.

The idea of the experiment involves passive scanning of the celestial sphere with a
telescope-reflector with a parabolic mirror. There are sensor resistors in the telescope focal
plane heated by solar radiation during the motion of the Sun along the Ecliptic. Resistors, to
the back side of which temperature sensors are glued, are connected to the Wheatstone
bridges. With the help of special hardware and software, the values of the unbalance voltage
of the Wheatstone bridges Ug and the temperature of the temperature sensors 7" are written
synchronously into one data array, which allows you to plot the time dependence of Ug(?) and
T(1), as well as Ug(T) for subsequent analysis.

In the course of the research the following problems are solved: the possible effect of
corona radiation on the measured thermal size of the Sun is estimated; experimental data are
obtained, processed and analyzed; it is shown that despite a correlation of the experimental

data with the linear model U; = % T, there is a hysteresis loop on the graph Ug(T) caused by

the thermal inertia of the "sensor resistor-thermal resistors" system; for the first time it is
calculated that the thermal diameter of the Sun is greater than the visible by at least 12%,
which is consistent with the hypothesis and means that the thermal area of the Sun is more
visible by ~25%.

Thus, the use of solar energy with devices designed specifically for the thermal diameter of
the Sun can lead to a significant increase in their output power and efficiency compared to
devices designed for the visible diameter of the Sun.

Keywords: Sun’s angular diameter; solar corona; reflecting telescope; Wheatstone bridge.

References:

1. V.Belkov, P. Vasileva, N. Kondratyev, D. Kushnarev, O. Tsarkova, S. Andreev, "Thermal Diameter
of the Sun" Electronic Scientific Edition Almanac Space and Time 16.3-4 (2018). DOLI:
10.24411/2227-9490-2018-12031. Web. <2227-9490¢-aprovr_e-ast16-3 4.2018.031>. (In Russian).
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COMPUTER SIMULATION OF THE FORMATION OF CLUMPS FORMED BY
THE COLLISION OF MOLECULAR CLOUDS

Rybakin B.P.}

1 SRISA RAS, MSU M.V. Lomonosov, Moscow
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The paper presents the results of mathematical modeling of the collision of two molecular
clouds (MC) during a frontal impact. Collisions of the MC are one of the key mechanisms for
the formation of new stars. The resulting motion is described by a system of conservation laws
in a three-dimensional rectangular coordinate system. The system of Euler equations is solved
using a high-resolution TVD-type scheme. As shown in [1], when performing calculations on
low resolution grids, non-physical fragmentation of MO occurs. Therefore, in our calculations,
the number of grid nodes varied in the range from 1024x1024x1024 to 2048x1024x1024 cells

[2].

Fig.1. Clumps and filament formations

To speed up the calculation, we used specially developed code using OpenMP and CUDA
parallel programming technologies. A simulation of the central and noncentral collisions of two
MOs of different masses and the distribution of the initial density along the radius was carried
out. The results of the interaction depend on a large number of factors: velocity, mass ratio,
pulse direction, large-scale gas heterogeneity and other cloud parameters. The evolution of the
collision process consists of three stages: mutual penetration of clouds, an increase in pressure
in the contact zone, the formation of stochastic dense clots in the center, and the appearance of
filaments (Fig. 1, left figure). These processes are accompanied by the Kelvin-Helmholtz
instability and violation of the gas density over the surface layers (Fig. 1, right figure).
Acknowledgements: This work has been supported by the Program of Fundamental Research
of the Presidium of the Russian Academy of Sciences No. 26.
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KOMIIBIOTEPHOE MOJIEJIMPOBAHHUE ITPOLIECCA OBPA30BAHUA
IMPOTOAAEP, BOSGHUKAIOIIHUX ITPU CTOJIKHOBEHUHN MOJIEKYJIAPHBIX
OBJIAKOB
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YHUCH PAH, MT'Y um. Jlomonocosa, Mockea
rybakin@vip.niisi.ru

B pabote mpencraBiaeHbl pe3yabTaTbl MaTEeMAaTUYECKOTO MOEIMPOBAHMS Ipoliecca
CTOJIKHOBEHHUS JBYX MOJIEKYJSIpHBIX 00nakoB (MO) mpu LEHTpaJbHOM CTOJKHOBEHUH.
CronkHoBenuss MO SBJSIOTCS OAHUM U3 KJIIOUEBBIX MEXaHU3MOB 00pa30BaHUs HOBBIX 3BE3/I.
Bosnukaromiee IBMKEHHE OINMCHIBACTCS CHCTEMOW 3aKOHOB COXPAaHEHHS B TPEXMEPHOM
JEKapTOBOH cucteMe KoopauHat. CucreMa ypaBHeHH Ditliepa pemiaercs ¢ IOMOIIbI0 METO/1a
BbICOKOTO Topsiika TouHocTr Tuma TVD. Kak nokasano B [1], mpu UCIOIIB30BaHUM CETOK
HEBBICOKON pasperiamoiieid CnocoOHOCTH, BO3HUKaeT Hedusuyeckas ¢parmentanus MO.
[TosTOMY BBIUMCIIEHUS TPOBOAWIMCH Ha CETKax OOJIBIIOrO pa3pemieHus, B KOTOPOM
KOJIMYECTBO y3JI0B BapbupoBasioch oT 1024x1024x1024 1o 2048x1024x1024 syeex [2].

Jnis yckopeHHsI BBIYHCICHHH ObUIa cO37aHa TMapajulelbHas NporpaMMa, B KOTOPOM
ucrnonb3oBaauch TexHoigorun CUDA u OpenMP. beumn mnpoBeneHBI CHCTEMAaTHYECKHE
pacyeTbl LIEHTPAJIBHOTO CTOJKHOBEHHS JByX MO, KOTOpble pa3iIuyaluCh MAacCou,
TUaMeTpaMu, 3aKOHAMH PacIpeIeICHUS MACChI [0 PAANYCY.

Pacuers! mokazanu, 4To pe3ysnbTaThl B3aUMOJCHCTBUS 3aBHCAT OT OOJBIIOTO KOJTHYECTBA
(bakTOpOB: CKOPOCTH COYAAapeHUs, OTHOILIEHHUS MacC, HaIpaBJICHUS UMIYJbCa U APYTUX
[apaMeTpoB. ODBOJIOLUSA IpOLEcca CTOJIKHOBEHMSI COCTOMT U3 TPEX H3TalloOB. B3aHMMHOIO
MPOHUKHOBEHUS IPYT B IPYTa, CUILHOTO YBEIWYCHHS TUIOTHOCTH U IaBIICHUS B 30HE KOHTAKTA,
o0pa3oBaHHe CBEPXIUIOTHBIX CTYCTKOB U nosiBieHue ¢punament (Puc.1, ciesa).

Puc.1. ®opmupoBanue punameHT 1 IpoTOsAED

OTH MpOLECcChl  COMPOBOXKIAKTCS  HEYCTOMUMBOCTHIO  KenbBuHa-I'enbmrosibiia
HapyIIeHWeM TJIOTHOCTHU Ta3a HaJl TOBEPXHOCTHRIMU ciiosiMu (Puc. 1, mpaBpiit pUCYHOK)
Buaarogapuocru: Pabora Beimonnena npu noaaepxkke [Iporpammer [pesnanyma PAH.
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ON THE ACCURACY OF MUSCL TYPE SHOCK CAPTURING SCHEMES
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Since in the classical work [1] it was shown that among linear two-layer in time schemes
there are no monotonic schemes with a higher approximation order, the development of the
theory of shock capturing numerical methods for hyperbolic systems of conservation laws
was largely aimed at overcoming this “Godunov’s taboo”. As a result, various classes of both
difference and projection schemes were developed, in which an increased order of
approximation on smooth solutions and monotonicity were achieved due to NFC (Nonlinear
Flux Correction) procedure. The main advantage of these schemes is that they localize shock
waves with high accuracy in the absence of significant non-physical oscillations.

Later on, for NFC schemes like TVD [2], WENO [3], DG [4], and CABARET [5] it was
shown that these schemes (regardless of their accuracy on the smooth solutions) have no more
than the first order of integral convergence at intervals, one of their boundaries is in the area
of the shock influence, which leads to a significant decrease in the scheme accuracy in this
area. In the present work, a similar result was obtained for the second-order central-difference
NT scheme [6], which construction uses the MUSCL-reconstruction of numerical flux. This
scheme is of particular interest because it underlies a whole class of monotonic central-
difference schemes of increased accuracy [7], which does not apply the solution of the
Riemann problem (unlike standard MUSCL schemes).

Acknowledgements: The work was carried out with support by the Russian Science
Foundation (grant No. 16-11-10033).
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B kmaccuueckoit pabore [1] ObUIO MOKa3aHO, YTO CPEAM JIMHEHHBIX JABYXCIOHWHBIX IO
BPEMEHH CXEM HET MOHOTOHHBIX CXEM MOBBIIICHHOTO MOPSIKA ammpokcumanuu. [loaromy
pa3BUTHE TEOPHUM YHMCICHHBIX METOJIOB CKBO3HOTO CyYeTa JUIsl THUIEepOOTUYECKHX CHCTEM
3aKOHOB COXpAHEHHS B 3HAYUTEIBHON CTENEHHM OBbLIO HANpPaBICHO HA MPEOJOJICHUE ITOTO
“3anpera ['omyHoBa”. B pe3ynbTaTe ObUTH pa3pabOTaHBl Pa3IMYHBIC KJIACCHI KaK Pa3HOCTHBIX,
TaK ¥ MPOEKIIMOHHBIX CXEM, B KOTOPBIX MOBBIIICHHBINA MOPSAOK allPOKCUMAIIUN HA TTIaJIKUX
pEelICHUSIX M MOHOTOHHOCTh JIOCTUTQJIUCh 3a CUET HEIWHEHHOW KOpPPEeKIUU IOTOKOB
(Nonlinear Flux Correction). OcHOBHOE JOCTOMHCTBO 3THUX CXEM 3aKJII0YaeTCS B TOM, YTO OHH
C BBICOKOW TOYHOCTHIO JIOKAJU3YIOT YAApHBIE BOJHBI MPH OTCYTCTBHHM CYIIECTBEHHBIX
HE(PU3UUECKUX OCHUIUIALINN.

B nansueitmem s NFC-cxem tumma TVD [2], WENO [3], DG [4] u CABARET [5] 65110
MOKA3aHO, YTO 3TU CXEeMbl (HE3aBUCHMO OT MX TOYHOCTH Ha TIIAJKUX PEUICHHSIX) UMEIOT He
Oojiee yeM MepBbIN MOPSAIOK HMHTETPAJTbHOM CXOOUMOCTH Ha MHTEpBajaxX, OJHA U3 T'PAHUIL
KOTOPBIX HaXOAMUTCS B OOJACTH BIUSHUS yIapHOW BOJIHBI, YTO MPHUBOJUT K CYIIECTBEHHOMY
CHIDKEHUIO MX TOYHOCTH B 3TOW oOsactu. B Hacrosmeit paboTe aHAJIOTHMYHBIA pe3yinbTaT
NOJYYeH Ui LEeHTpanbHO-pazHocTHOW NT-cxembl BTOporo mopsiaka [6], nmpu moctpoeHuu
kotoporr wucrnonb3yercss MUSCL-pekoHCTpYyKIIMsS YHCICHHBIX TOTOKOB. JTa cXema
MPEJICTaBISIET OCOOBI MHTEPEC, MOCKOJBKY JIS)KUT B OCHOBE IIEJIOTO Kjacca MOHOTOHHBIX
[ICHTPATBbHO-PA3HOCTHBIX CXEM TMOBBIIICHHONH TOYHOCTH [7], pW peaiu3alui KOTOPhIX He
NPUMEHSIETCS pelieHue 3a1adn PuMaHa Ha TpaHUIle CMEKHBIX SYE€eK Pa3HOCTHOU ceTKH (B
otanuune oT cranaapTHeix MUSCL-cxem).
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MatemaTuueckoe MOJEIHPOBAHIE YCKOPEHUS TBEPABIX TEIl U MJIa3MblI MO IeHCTBUEM
3JIEKTPOMArHUTHBIX CHUJI ABJISETCS BaKHBIM METOJIOM PELIEHUS MHOTHX (PYHIaMEHTAJIbHBIX U
NPUKIAIHBIX 3a1ad. K HUM OTHOCSTCS, HampuMmep, 3aJadyd pacyera (PU3MUECKUX TOoNeH u
ONTUMM3AIMH  XapaKTEPUCTHUK MPOBOJAHMKOB B MAarHUTHBIX  KoMmIpeccopax. Jlis
npeoOpa3oBaHus SJICKTPUUECKOTO UMITYIhCAa B HHUX HCIOJB3YIOT IJIOCKHE ATFOMHHHUEBBIC
JICHTBI WM IWIMHAPpUYECKHE 000JI0UKH, KOTOPBIE Pa3rOHSAIOTCS AIEKTPOMArHUTHBIMU CUJIAMU
JI0 CKOpOCTe mopsiika 1 KM/C U MPU TOPMOKEHUU CKUMAIOT MarHUTHOE T0JIe, HAXOsIIeecs
MeXy HUMH. [[pyroi kiacc 3ajja4 BOSHUKAET MPU pacueTe 3JIEKTPOMAarHUTHBIX YCKOPHUTENe
PENbCOTPOHHOTO THUMA. B 3TOM cllyd4ae JOMOJHUTENbHAS CIOXKHOCTh 3aKIIF0OYaeTCs B
HEOOXOUMOCTH COBMECTHO pelIaTh YPaBHEHMsI pa3HbIX THIIOB: B MPOBOJHUKE (peibcax U
METaeMOM TeJje) - MapadoIuYecKoe ypaBHEHHE, B TUAIIEKTPUKE — JIUIMITUYECKOE. 3aaada
MOJICTTUPOBAHUS DJIEKTPOMAarHUTHONW KOJUTUMAIMM U YCKOPEHHS IUIa3Mbl BO3HHUKAET MpHU
OIMHMCAHUU aCTPO(PU3NIECKUX CTPYUHBIX BEIOPOCOB — HKETOB, CKOPOCTh KOTOPBIX JOCTUTAET OT
0,25 mo 0,9 ckopoctm cBeTa, MPU ATOM MOTOK IUIA3MBI OCTACTCS CXKATHIM Ha OOJIBIINX
pPaCCTOSHUSX.

Jlyist yaera yka3aHHBIX OCOOEHHOCTEH pazpaboTana mporpaMmmHas miatdopma Temeroc,
MO3BOJIAIONIAs 33/1aBaTh MPOCTPAHCTBEHHBIE OOJACTU CIOXKHOW TreoMeTpudeckoid (HopMmbl U
CTPOUTh B HMX CTYILAIOIIMECs, B TOM YHCIE HECTPYKTYpHpOBaHHBIE, ceTku. [lmatdopma
COJICP)KUT P CIY)KEOHbIX MOJyJeHl Uis MOArOTOBKH, 3allyCKa M aHaju3a pe3ylbTaToB
pacueroB Ha cynepOBM, BkiIto4as BU3yalIn3aluIo OJTYYEHHOTO PELIEHUS.

Ou3nyecKkoMy HaIOJHEHHUIO TUIaT(GOPMBI MaTeMaTHUYECKOr0 MOoJeIupoBanus Temeroc
COOTBETCTBYIOT pa3paOOTaHHBIC BBIYMCIUTEIBHBIE MOIYJISMH, OPUEHTHUPOBAHHBIC Ha
KOHKPETHBIN KJacc 3a7a4. B kauecTBe Takux MOAyJsel pa3paboTaHbl HE3aBUCHUMbIE pacUETHbHIE
napajuieIbHbIe TIPOrPaMMHBIC KOMIUICKCHI, MPEAHA3HAUYEHHBIC I YHCICHHOTO DPEIICHUS
MHOTOMEPHBIX 33/1a4 MEXaHUKHU TBEPAOTo JehOpMUPYEMOTO Tella C UCIOIb30BaHUEM METOa
KOHEYHBIX 3JIEMEHTOB, YpaBHeHU MakcBelia B KBa3UCTAIIIOHAPHOM MPUOIMKEHUH KOHEYHO-
Pa3HOCTHBIMU U KOHEYHO-IJIEMEHTHBIMH METOJAMU, CHUCTEMbl YpPaBHEHHH MarHUTHOM
TUAPOIMHAMUKH C UCTIIONB30BaHUEM pa3pbIBHOTO MeTona [anepkuna. PazpaboTka MeToI0B U
QITOPUTMOB JJIsi YKa3aHHBIX KOMIUJIEKCOB BKJIIOYaeT B ce0s pEIIeHHE COMYTCTBYIOIIHUX
npo0JieM, TaKUX KaK HeeAMHCTBEHHOCTh PEUICHHS 3a1a4 B CIIy4ae HECBSI3HOTO O0bhEeIMHEHUS
MPOBOJIAIINX MOA00acTeN M TpaHuIlbl, 2P (HEKTUBHOE pelieHrue OONBIINX CUCTEM JIMHEHHBIX
anreOpanvdecKux ypaBHEHHUH Ha KIACTEPHBIX BBIUMCIUTEIHHBIX KOMIUICKCAX, MOHOTOHU3AIUS
YHUCIIEHHOTO PELICHHUS], [T0JIy4aeMOro METOJAOM BBICOKOTO MOPAIKA.

C momoIipio pa3pabOTaHHBIX MOJYJIEH BBIMOJHEHBI pacdeThl (PU3NYeCKUX MONeH s
psna KoH(GUTrypaluii MAarHUTHBIX YCKOPUTEJIeH, BKII0Yasi pelibCOTPOHHbBIE, TPOBEEHBI paOOTHI
M0 MOJEIHPOBAHUIO YCKOPEHHsSI TIa3Mbl B acTPO(PHU3UUECKUX YCIOBUSX M HCCIICIOBAHHUIO
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TOHKMX CTPYKTYpP TEUEHUN B aKKPELHMOHHBIX AMCKax. [losydeHHBIE pe3ynbTaTbl XOpOLIO
COTJIACYIOTCS C UMEIOIIMMUCS HKCIIEPUMEHTATIBHBIMH M HA0II01aTeIbHBIMU JAHHBIMH, a TAKXKe
C pe3ynbTaTaMHU APYTHUX UCCIEAOBATEICH.
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Mathematical simulation of acceleration for solid bodies and plasma under the influence
of electromagnetic forces is an important method for the solution of many fundamental and
applied tasks. Problems of calculation of physical fields and optimization of characteristics of
conductors in magnetic compressors concern them, for example. For transformation of an
electric impulse the compressors use flat aluminum tapes or cylindrical covers, which are
accelerated by electromagnetic forces up to velocities about 1 km/s and compress the magnetic
field between them at braking. Other class of tasks arises at calculation for electromagnetic
accelerators of railgun type. In this case the additional complexity consists in need of common
solving the equations of different types: in the conductor (rails and accelerated armatures) - the
parabolic equation, in dielectric — the elliptic one. The problem of modeling of electromagnetic
collimation and acceleration of plasma arises at the description of astrophysical jet emissions.
The speed of such jets reaches from 0,25 to 0,9 velocity of light, at the same time the stream of
plasma remains compressed at long distances.

The program platform Temetos is developed for accounting of the specified features. It
allows to set spatial areas of an irregular geometrical shape and to build in them condensed,
including unstructured, grids. The platform contains a number of service modules for
preparation, running and analysis of results of calculations on the super computer, including
visualization of the received solution.

According to physical content of Temetos platform for mathematical simulation there
were developed special computing modules, focused on a concrete class of tasks. As such
modules the independent parallel program complexes were developed. They are intended for
the numerical solution of multidimensional problems for mechanics of deformable solids by
use of finite element method, Maxwell's equations in quasistationary approach by final
difference and final element methods, the systems of equations of magnetic hydrodynamics
with use of discontinuous Galerkin method. Development of methods and algorithms for the
specified complexes includes the solution of accompanying problems, such as non-uniqueness
of the solution of a task in case of incoherent association of the conducting subareas and borders,
the effective solution of big systems of the linear algebraic equations on cluster computer
systems, a monotonization of the numerical solution received by method of a high order.

By means of the developed modules the calculations of physical fields for a number of
configurations of magnetic accelerators, including railgun accelerators are executed, there are
performed works on modeling of plasma acceleration in astrophysical conditions and on
simulation of thin structures of currents in accretion disks. The received results are in good
accordance with the available experimental and observation data and with results of other
researchers.

Acknowledgement: The work was done under partial financial support of Russian Fund
for Basic Researches (project No. 18-01-00252).
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Remarkable feature of non-congruent phase transition (NCPT) is more complicated
structure of two-phase boundaries. Non-standard hydrodynamic behavior of warm dense
matter (WDM) within NCPT region is under discussion. In contrast to ordinary VdW-like
transitions, thermodynamic path of adiabatic WDM expansion enters and leaves 2-phase
NCPT region at high enough entropies within so-called retrograde scenario. Two remarkable
events result from this double crossing of phase boundaries when expansion is going within
equilibrium (not metastable!) regime: (i ) so-called binodal layer [1] (“plateau’) appears when
adiabatically expanding WDM enters 2-phase region; (ii ) rarefaction shock appears when
expanding matter leaves this region. Features and parameters of both the events are discussed
on the base of adiabatic expansion within 2-phase NCPT region for chemically reacting
WDM of high-temperature uranium-oxygen plasma of products of extreme accident heating
of uranium dioxide [2].
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Description of thermodynamic properties and phase transformations of refractory metals at
high energy densities is of great interest for modeling of processes at various technologies. In
particular, an equation of state for chromium in a broad region of phase diagram from normal
conditions to extremely high pressures and temperatures is necessary for hydrodynamic simu-
lations of intense pulsed influences upon this material. In the present work, a semiempirical
model of the thermodynamic potential Helmholtz free energy is developed for chromium with
taking into account melting and evaporation effects. Based on the developed model, a multi-
phase equation of state is constructed, and calculations of parameters of the phase diagram for
the metal over a wide range of pressures and temperatures are carried out. A critical compari-
son of calculated results with available data from thermophysical experiments is presented.
The work is supported by the Russian Science Foundation (grant No. 19-19-00713).
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Onucanue TePMOAMHAMUYECKUX CBOMCTB M (Da30BBIX MPEBPALICHUN TYTOIUIABKHX METaj-
JIOB MPU BBICOKUX IIOTHOCTSIX SHEPTUU IMpeICTaBiseT O0MNbIION MHTEepec IS MOJEINPOBa-
HUA TPOLCCCOB B PA3JIMYHBIX TCXHOJIOIUAX. B YaCTHOCTHU, YPAaBHCHUC COCTOSSHUA XpOMa B
IUPOKON 001acTH (Ha30BOM AMArpaMMbl OT HOPMAJIBHBIX YCIIOBHUN /10 SKCTPEMAaJIbHO BBICO-
KUX JaBJICHUH M TeMIeparyp HEOOXOIUMO I THIPOJUHAMHUYECKOTO MOJEIHPOBAHUS HH-
TEHCHUBHBIX MMITYJbCHBIX BO3JICHCTBHI Ha 3TOT MaTtepuai. B HacTosmieit pabore pa3BuTa mo-
JIYSMITUPpHUYCCKAsA MOACIb TCPMOANMHAMHWYCCKOI'O MOTCHIMAIA CBOGOI[HOI\/JI OHCpPTrUu Xpoma C
y4eToM IUIaBlieHUs U ucnapeHus. Ha ocHoBe pa3BUTOM MoJenH MOCTpOeHO MHOorodasHoe
YpaBHEHHE COCTOSIHMS, U MPOBEACHBI pacueThl MapaMeTpoB (a3oBOH AMAarpaMMbl 3TOTO Me-
Tajyla B IIMPOKOM JUarna3oHe JAaBJICHUN U TemrepaTyp. BbloiHeHo KpUTHUECKOe COMOCTaB-
JICHUC TMOJYYCHHBIX PC3YJIbTATOB ¢ UMCHOIIUMUCA NJaHHBIMU TGHHO(l)I/BI/I‘ICCKI/IX OKCIICPUMCH-
ToB. PaGoTa mognepskana Poccuiickum HaydHbIM hoHI0M (TpanT Ne 19-19-00713).

70
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Determination of the thermophysical properties of copper at high temperatures is an urgent
task due to the fact that in most cases the formulation of the experiment is difficult or
impossible. One of the effective methods for calculating the thermophysical properties of
metals is the molecular dynamics method (MDM). In this work, using MDM, we studied the
phonon thermal conductivity of copper as a function of temperature. To determine the thermal
conductivity, the direct method was used, which consists in calculating the thermal
conductivity A from the Fourier law for the heat flux W= —10T/0x [1,2]. The thermal
conductivity coefficient turns out to be dependent on the length of the region due to phonon
scattering at the boundary when calculating with a small number of atoms. Therefore, to limit
the size of the simulation region, we used the scaling procedure, in which we constructed the inverse
dependence of the thermal conductivity 1/A relative to the inverse value of the length of the simulation
region, /L, and the thermal conductivity was determined by extrapolating the data //L — 0. This
value corresponds to the infinite length of the region. During the simulation, the interaction
potential between EAM particles was used. As a result of the work, the dependence of the
coefficient of thermal conductivity of copper in a wide temperature range from 300 K to a
critical point was obtained, Fig. 1. Polynomial analytical dependences were obtained for the
solid and liquid phases. The results obtained can then be used to simulate explosive boiling
during pulsed laser heating.
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Fig. 1. Temperature dependence of phonon thermal conductivity, inset — the dependence near the melting point
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Omnpenenenue Temno(GU3NIECKUX CBOMCTB MEIH MPU BBICOKUX 3HAYCHUSX TEMIIEPATypHl SBISETCS
aKTyaJbHOW 3a/adeil B CBSI3U TeM, YTO B OOJBIIMHCTBE CIIy9aeB MMOCTAHOBKA HKCIEPUMEHTa CIIOKHA
Wi HeBo3MOXkHA. OmHUM 13 3P (HEKTHBHBIX METOMIOB pacdera TeIIOPU3NISCKUX CBOMCTB METAIIOB
SIBIISIETCA MOJIEKyJIsipHO-AnHamMudeckuid meton (MIM). B manHo#t pabGote ¢ momompio MM Obiia
uccienoBaHa (OHOHHAS TEIJIONPOBOJHOCTh MEAM B 3aBHCHMOCTH OT Temmeparypbl. s
OTIpeIeTICHNs TETJIONMPOBOIHOCTHA HCIIONB30BANICA MPSIMON METOJ, 3aKITIOYAONINICS B BBIYUCICHUH
TETIONPOBOIHOCTH A U3 3akoHa Dypre ans temnoBoro motoka W= —J07/0x [1,2]. Ilpu pacuere c
HEeOOJBIINM YHCIIOM aTOMOB KO3((HUIMEHT TEIUIONPOBOIHOCTH OKAa3bIBAETCS 3aBHCUMBIM OT IJIUHBI
obmacti u3-3a paccesHusi (OHOHOB Ha Tpanwuile. [lo3TOMy il OTpaHWYEHHs] pa3Mepa o0iacTu
MOJIEJTMPOBAHMS HCIIOIB30BAIACh MPOLEAypa MaCIITAOUPOBAHUS, TIPH KOTOPOH CTpoMiach oOpaTHas
3aBUCUMOCTH TEIUIONPOBOAHOCTH [/, TIO OTHOLICHWIO K OOpaTHOH BeNWYMHE [UIMHBI 00JacTh
MOJIeNUpoBanusi, I/L, 3aTeM TEIUIONPOBOIHOCTh OINPENENsIach IMyTEM SKCTPANOISINN JaHHBIX
1/L — 0. Drto 3HauYeHHE COOTBETCTBYET OCCKOHEYHOH miuHe obOnactv. Ilpu mnpoBeacHUH
MOJIEJIMPOBAHMS UCTIONIF30BAJICS MTOTEHINAI B3aUMOACHCTBHA Mex Ty yactuiiamu EAM. B pesynbrare
paboTbl Obula TONMyYEHA 3aBUCUMOCTh KOI(D(HUIMEHTa TEIJIONPOBOJHOCTH MEAM B IIMPOKOM
nmuamnaszone remmnepatyp ot 300 K mo kxputudeckoi Touku, puc. 1. Beum moydeHbl TOJTMHOMUAIBHBIC
AHAJTUTUYECKUE 3aBUCUMOCTH [T TBEPAOH U ®KUIKOH (azbl. [lodydueHHbIe pe3yapTaThl B AadbHEHIIEM
MOTYT OBITh MCHOJB30BAHBI 11 MOAEIHPOBAHUS B3PHIBHOTO BCKUIIAHUS MPHU MUMITYJIBCHOM JIa3ePHOM
Harpese.
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Puc. 1. TeMnepaTypHa;I 3aBUCUMOCTH Q)OHOHHOfI TCIUIOMIPOBOAHOCTH, BPE3Ka — 3aBUCUMOCTDb BOJIM3U TOYKH
IJIaBJICHUA
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MOAEJHNPOBAHUME TEIIVIOEMKOCTH U TEIIVIOITPOBOJHOCTH SI B
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MetogaMu MaTEeMaTHYECKOTO MOJACIHUPOBAHUS MOIYYCHBl TEIJIOEMKOCTh U TEILIOMPOBOIHOCTH
KPEMHHS B IIMPOKOM TEMIEPATypHOM JUANa30HE, BKIFOYAIONIEM KPUTHYECKYIO O0JIACTh U 00JIACTh
($azoBbIX TpaHchopMamui HOaynpoBoAHUK-MeTa1 [1,2]. TIoCKONBKY MEpPEHOC TEIJIOBOM SHEPruu
OCYII[ECTBIISIETCST  CBOOOJHBIMH ~ HOCHUTENSIMH ~ 3apsiia ¥ (QOHOHAMH TPU  UCCIIENOBaHUHU
TEIJIOMPOBOJAHOCTH U  TEIUIOEMKOCTH KPEMHHUS YUMTHIBAJUCH pPEIIETOYHAs U AJICKTPOHHAA
cocrapisionme. Pemetounsie ((pOHOHHBIE) TEIDIOMPOBOJHOCTh M TEIIOEMKOCTH OTPEAEITSUINCH B
paMKax  aTOMHCTHYECKOTO  IOJXOJa, Oa3HpyIOIIerocss Ha  MOJICKYJSPHO-IHHAMHYECKOM
MOJICTUPOBaHUH. B JaHHOM WCCIEAOBAaHUM JII MOJACITUPOBAHMS CBOWCTB (JOHOHHOH MOJICUCTEMBI
KPEMHHS UCIOJIb30BAUCh TOTEHIMANLl B3aumojeicteust Crummmmmkepa-Bebdepa (SW) m KIHS.
MogenupoBanue  XapakTEPUCTHK  DJCKTPOHHOW  IMOJCHUCTEMBI  KPEMHHS C  COOCTBEHHOM
MPOBOAMMOCTBIO OCHOBBIBAJIOCH Ha WCIIOJNIb30BaHMM KBAaHTOBOW craTtucTukn @Depmu-lupaka c
ucrnonb3oBanueM uHTerpanoB ®epmu-lupaka [3]. IlogHble TEMIOEMKOCTh M TEILIONPOBOAHOCTH
KpeMHHUsI ObUIM ompefeNieHhl KaKk CYMMBI COOTBETCTBYIOIIMX CBOWCTB JJIEKTPOHHOH, (OHOHHOI
noncucteM. [lomydeHHBIe pe3yabTaThl MOJEIHMPOBAHUS CPAaBHUBAINCH C OJKCIIEPUMEHTATHHBIMHU
JAaHHBIMU U C allbTepHATUBHBIMH pe3yibTaTaMu BbluncieHuid. Ha puc. 1 mokasaHa TEmioeMKOCTb
KPEMHHUS TIOJIHASL ¥ PEILICTOYHAs, MOTYUYEHHAasl ¢ pa3HbIMU MOTECHLMAIaMu B3auMonaeicteus. Ha puc.2.

MpEeJICTaB/ICHA TCIUIONMPOBOAHOCTh KPEMHHS 3JICKTPOHHAs, (DOHOHHAs, IOJIYYCHHAs C MOTEHIIHATIOM
B3anMonaercTeua KIHS u monnas.
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Using the methods of mathematical modeling, the heat capacity and thermal conductivity
of silicon were obtained over a wide temperature range, including the critical region and the
region of semiconductor-metal phase transformations [1,2]. Since the transfer of thermal
energy is carried out by free charge carriers and phonons, the lattice and electronic
components were taken into account when studying the thermal conductivity and heat
capacity of silicon. Lattice (phonon) thermal conductivity and specific heat were determined
in the framework of the atomistic approach, based on molecular dynamics modeling. In this
study, the Stillinger — Weber (SW) and KIHS interaction potentials were used to model the
properties of the phonon subsystem of silicon. The simulation of the characteristics of the
electronic subsystem of silicon with intrinsic conductivity was based on the use of quantum
Fermi — Dirac statistics using Fermi — Dirac integrals [3]. The total heat capacity and thermal
conductivity of silicon were determined as the sum of the corresponding properties of the
electronic, phonon subsystems. The obtained simulation results were compared with
experimental data and with alternative calculation results. Figure 1 shows the total and lattice
heat capacity of silicon obtained with different interaction potentials. Figure 2 shows
complete, electronic, phonon and obtained with the KIHS interaction potential.
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Figure 1. Heat capacity of silicon. (a) Complete and lattice with SW Figure 2. Thermal conductivity of
potential; (b) complete and lattice with KIHS potential. Markers are electrons, lattice (KIHS) and full.
experimental data. Markers are experimental data.
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A Shock Ignition concept of the Inertial Confinement Fusion (SI ICF) being considered for
a Fusion Test Facility [1] is well compatible with KrF laser advantages such as short-
wavelength and broad-band radiation, uniform target illumination, high coupling efficiency,
focal spot zooming with imploding pellet, etc [2]. It implies that the main pulse of tens
nanoseconds duration compressing a pellet is followed by a final powerful spike of hundred
picoseconds, which uploads a convergent shock wave and ignites the thermonuclear fuel.
About 1000 TW delivered in 20 beamlines over ~ 100-m distance to a target, might undergo
strong nonlinear distortion. We have investigated at GARPUN-MTW Ti:Sapphire / KrF laser
facility [3] the effect of multiple filamentation of sub-ps TW UV pulses and its impact on a
amplification efficiency and propagation along 100-m air pass. As pulse power was 3-4 orders
of magnitude higher then the critical power of self-focusing in ambient air, a small-scale beam
filamentation took place being managed by either coherent Stimulated Rotational Raman
Scattering (SRRS) on transitions of N, molecules or Resonance Enhanced Multiphoton
Ionization (REMPI) of water vapor. The filamentation was followed up to about 60-m
distance ( a-b in Fig. 1), after that beam smothering spontaneously happened (c) due to a self-
induced destruction of laser radiation spatial coherence. Otherwise, multiple filamentation
could be suppressed by a Xe-filled cell inserted into the optical tract (d). Kerr de-focusing of
filaments in Xe explores a large negative nonlinear refractive index caused by a 2-photon
resonance of KrF laser radiation with 6p state [4]. An impact of filamentation on laser beam
focusing was also investigated at intensity ~ 10'® W/cm? which is required for the SI ICF.

(a) L=30 m (b) L=50 m (c) L=100 m (d) L=30 m, with Xe cell

Fig. 1. Distribution of radiation at various distances L from the amplifier (a, b, ¢) without and (d) with Xe cell.
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JlazepHblii TepMOSAIEPHBII CHHTE3 C yIapHBIM 3akuranuem [1], xopomo coderaercs ¢
takumu gocroumHctBamu KrF naszepa, kak KopoTkas AfuHA BOJHBI M IOIUPOKas IoJioca
W3JTy4eHUs, OJHOPOIHOE OOIydeHHe W MacITaOMpOBAHWE TSTHA MUIIEHH MPH WMIUIO3HH,
BbICOKas 3(h()EKTHUBHOCTH MOTJIONIECHUS B IJia3Me, U T. 1. [2]. B aToil cxeme 3a cxkUMArOIIUM
MUIIEHb OCHOBHBIM MMITYJIbCOM JJIUTEIBHOCTBIO B IECATKU HC, CIEAYEeT MOLIHBINA UMIIYJIbC B
COTHHU IIC, KOTOPBIA CO3JaeT CXOSIIYIOCS K LEHTPY YAApHYI0 BOJHY M BOCIUIAMEHSET
Tepmosiieproe roprodee. [Ipu Mommoctu oxomo 1000 TBT, mocraBmsemoe B 20 mydkax
U3TyYeHUE, MOKET IIOJIBEPraTbCsi CHJIbHBIM HEJIMHEHHBIM HMCKAKCHUSM Ha PACCTOSHHUU
~ 100 m go mumenu. Ha Ti: Sa/KrF nazepnoit ycranoBke I'APIIYH-MTB [3] uccnenoBana
MHOXeCTBeHHass (QunameHTanus cyo-nc, TBr Y@ wuMmmynscoB mpw yCWICHHH U
pacnpoctpaneHuu Brosib 100-m Bo3gymHO#N Tpaccel. Ilpu momHocTH MMmynbcoB Ha 3-4
MOpSIIKA ~ TPEBBINIAIONICH ~ KPUTHYECKYI0 Uil caMO(OKYyCHPOBKH,  MPOUCXOJUIIA
MeJIKoMaciTabHas puiiaMeHTalus Mmy4yka B BO3ayxe, o0ycioBieHHas korepeHTHbIM BKP Ha
BpalaTeIbHbIM Iepexoaax Mosiekysl Nj, 100 pe30HaHCHO-YCHJIEHHOH MHOro(pOTOHHON
noHm3anmel BojsHoro mapa. Ona mpocnexkuBanack o 60 m (Puc. 1, a-b), mocne uero
npoguiab MydKa BbIPAaBHMBAJCS 3a CYET HAPYIIEHUS NPOCTPAHCTBEHHONW KOTE€PEHTHOCTU
m3nydeHus (c). PuiameHTanus TaKXke TMOJaBIsIach B Xe€ 3a CUeT KEeppOBCKOM Je-
¢dhoxycupoBku nznydenus (d), o0ycnoBieHHON 2-(HOTOHHBIM PE30HAHCOM C COCTOSIHUEM 6Op B
Xe [4]. Ilpy MHTEHCUBHOCTH U3IyYEHHUS ~ 10'° Br/cm?, HeoGxomuMoii s YAapHOTO
saxuranus JITC, ucciaenoBano BiausiHUE (UIaMEHTAlMK Ha (HOKYCHPOBKY JIa3€pHOTO MydYKa.

(a) L=30m (b) L=50 m (c) L=100 m (d) L=30 m, ¢ Xe siueiikoit

Puc. 1. Pacnipenienienue n3iydeHus Ha pa3HbIX PacCTOSHUAX L OT ycunutens (a, b, ¢) 6e3 u (d) ¢ Xe sueiikoi.
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AHTponoMopdHBII POOOT — ATO MAaHUMYIALUOHHBIM POOOT, IO CBOEMY CTPOSHHIO MO100-
HBII 4enoBeKky. Ero Ha3HaueHHe COCTOUT B TOM, YTOOBI MOJHOCTHIO MJIM YACTUYHO 3aMEHUTh
YeJl0BeKa MPU BBIIOJHEHUH psijia paboT, B KOTOPHIX TpeOyeTcsi OCyIIeCTBIATh 3aXBaT, Iepe-
HOC U JIpyTU€ MAHUIYJALHMH ¢ O0BbeKTaMH. YIpaBlieHHE aHTPONOMOP(HBIM POOOTOM MOXKET
OCYILIECTBIIATHCS B KOIUPYIOLIEM PEKUME C IPUMEHEHUEM IK30CKEIIEeTa, HaJIeBaEMOI0 Ha Te-
JI0 YelOoBeKa, WM B aBTOMATUYECKOM PEKUME, B KOTOPOM HCIOJIb3YIOTCS 3apaHee MOATrOTOB-
JICHHBbIE IPOTPaMMBbI U TTOKa3aHUs TaTYNKOB CEHCOPHOTO OWYBCTBIIEHUS pobota. [Ipu paspa-
00TKE aBTOMATHUYECKUX CHCTEM YIIPaBICHHUS pPOOOTOM aKTyaJllbHO HCIOJIb30BaTh BUPTYyallb-
HbIE MOJIETI POOOTOB M OKpY)KaIoIIe 00CTaHOBKU. DTO, C OHOIN CTOPOHBI, 00JIeryaeT mpo-
L[ECC CO3/IaHUs U TECTUPOBAHUS CUCTEM YIPABIEHUS, a C APYroil — MO3BOJISET B JAIbHEHUIIIEM
YMEHBIIUTh PUCK MTOJIOMKH PeabHBIX POOOTOB.

B nanHoit pabote mpennararoTcs METOIbI M MOAXO0/bl aBTOMATUYECKOTO YIPaBICHUS BUP-
TyaJbHBIM aHTPOMOMOP(GHBIM POOOTOM, C MOMOIIBI0 KOTOPHIX PEAM3yIOTCS ONepaluu 3a-
XBaTa, yJAep>KaHUs U rmepeHoca 00beKTOB BUPTYyaJIbHOTO OKpyxeHus. [Ipennaraempie MeToabl
U MOJXO/bI 0a3uPYIOTCS Ha MPUMEHEHUH BUPTYaIbHBIX NaTYMKOB [1], pemennu 3amaum vH-
BEPCHOM KMHEMaTHKH [2] W CHHTEe3e yIpaBJICHUs 10 CHIIe. 3aXBaT M MEPEHOC 00BEKTa BbI-
MOJIHSAETCS. MOCPEICTBOM YIPABJICHUS IOJOKEHUEM U OPUEHTAIIMEN OCHOBHBIX COCTaBIISIO-
X pabodero opraHa (KMCTH U MajblieB pyku) pobota. Jlisg storo popmynupyercs 3amada
MHBEPCHOW KMHEMAaTHKH, B paMKaX KOTOPOH KUCTh M Majbllbl PyKH po0OOTa yNpaBisiOTCS
HE3aBUCHUMO JAPYT OT apyra. JlJis penieHus: 3Toi 3aaaun B paboTe ObLIT 3a/IeiCTBOBAH UTEpa-
IIUOHHBIA METOJI MOKOOPAUHATHOTO CIIyCKa ¢ OOpaTHBIM MOPAIKOM Ipoxoja IapHUpoB. B
npeyiaraeMoM MoAXo e AJsl yrpasiaeHus: podorom npumenstotes [1J[-perynstopsl, a ycnen-
HOCTb JIOCTM)KEHHUSI pabodnM OpraHOM €ro IIeJIeBBIX KOOPAMHAT MPOBEPSIETCS IMyTEM CpaBHE-
HUS C IOKa3aHUSMU BUPTYaJIbHBIX JTaTYMKOB MOJIOKEHUS U opueHTanuu. Onepauus ynepxa-
HUSL poOOTOM OO0BEKTa pealn30BaHa HAa OCHOBE COOTHOILIEHUS, CBSA3BIBAIOIIEIO MOMEHTHI B
JBUTATENAX MajibleB poO0OTa U CHIIbI KOHTaKTa MajbleB ¢ 00bekToM. [lpu 3TOM ympaBienue
poOOTOM peanu3yercsi MyTeM OINpeeICHUs BETMYUHBI PACCOTIIACOBAHUS MEXYy TEKYIIUMHU U
LEJIEBBIMU 3HAUEHUSIMU CHJI, TJ€ TEKYIIUEe 3HAUYEHUS BBIYHMCISAIOTCSA MOCPEICTBOM JATYHMKOB
CHJI, a I1eJIEBbIC 3HAYCHUS BRIYUCISIOTCS TAKUMH, YTOOBI yIepKaTh 00BEKT.

[TpennoxeHHble METOBI U MOAXOAbl YIIPABICHUS aHTPONOMOP(PHBIM pOOOTOM OBLIN pea-
JN30BaHbl B KOMIUIEKCE BUPTYaJIbHOTO OKpYyKeHus, co3aanHoM B OI'Y OHII HUNCU PAH.

Baaronapuoctu: VccienoBanue BoIIOTHEHO npy puHAHCOBOM moaaepkke PODU B pam-
Kax HayyHoro npoekta Ne 17-07-00137.
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2. E.B. CrpamnoB, M.B. Muxaiimok, “MonennpoBanue MojJyaBTOMaTHYECKOTO PEXUMa YIPABICHUS
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METHODS FOR SPACE ANTHROPOMORPHIC ROBOT CONTROL
IN VIRTUAL ENVIRONMENT SYSTEMS

M.V. Mikhaylyuk, E.V. Strashnov
Scientific Research Institute for System Analysis of RAS, Moscow, Russia

E-mail: mix@niisi.ras.ru

An anthropomorphic robot is an articulated robot with a human-like structure. Its purpose
is to completely or partially replace a human when performing a number of tasks in which
grasping, delivery and other manipulations with objects are required. The anthropomorphic
robot control can be implemented in copying mode using an exoskeleton worn on the human
body, or in automatic mode, which uses pre-prepared programs and robot sensors readings. In
the development of automatic robot control systems, it is actually to use virtual models of ro-
bots and the environment. This facilitates the process of creating and testing control systems
on the one hand, and reduces the risk of failure to real robots on the other hand.

This work proposes methods and approaches for automatic control of virtual anthropo-
morphic robot to implement grasp, hold and delivery of virtual environment objects. The pro-
posed methods and approaches are based on the use of virtual sensors [1], the solution of in-
verse kinematics problem [2], and the force control strategy. The grasping and object delivery
is performed by control of robot position and orientation for basic parts of the end effector
(robotic arm and its fingers). For this purpose, the inverse kinematics problem is considered,
in which the robotic arm and fingers are controlled independently of each other. The coordi-
nate descent method with backward joint iterations is used to solve this problem. In the pro-
posed approach, the robot control is realized by the PD controllers, and achievement of de-
sired coordinates for the end effector is verified by comparison with position and orientation
of virtual sensors readings. The object is held by the robot based on the relationship between
the joint finger torques and the contact forces of the fingers. In this case, the robot control is
implemented by determining the discrepancy magnitude between the current and target force
values, where the current values are calculated by fingertip force-torque sensors, and the tar-
get values are calculated such as to hold the object.

The proposed methods and approaches for anthropomorphic robot control were imple-
mented in virtual environment software complex created in SRISA RAS.

Acknowledgements: This work was supported by the Russian Foundation for Basic Re-
search (grant No. 17-07-00137).
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3D NUMERICAL STUDY OF AN ANISOTROPIC HEAT TRANSFER IN OUTER
LAYERS OF MAGNETIZED NEUTRON STARS

S.G.Moiseenko!, I.A.Kondratiev!, G.S.Bisnovatyi-Kogan!-?, M.V.Glushikhina!

ISpace Research Institute Profsouyznaya str. 84/32, Moscow 117997, Russia
°National Nuclear Research Institute MEPHI, Kashirskoe schosse 32, Moscow 115409,

Russia
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The results of three-dimensional numerical modeling of heat propagation in the outer layers of
magnetized neutron stars are presented. Determining the structure of the magnetic field on the
surface of a neutron star is an important task of modern astrophysics. In the presence of strong
magnetic fields, the thermal conductivity of a degenerate substance is anisotropic. The tensor
coefficient of thermal conductivity was obtained earlier in the works of Bisnovaty-Kogan and
Glushikhina by solving the Boltzmann equation by the Chapman-Enskog method. The
temperature distribution on the surface of a neutron star was obtained for magnetic fields of
the dipole and quadrupole type, as well as their superposition. For the numerical simulation of
the problem of the stationary temperature distribution in the outer layers of a magnetized
neutron star, the development of the support operator method for the three-dimensional case
was used. The problem was solved on a grid consisting of tetrahedra.

Acknowledgements : The research was supported by Russian Science Foundation, project
No. 18-12-00378.
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TPEXMEPHOE YA CJEHHOE MOJIEJINPOBAHUE AHU30TPOITHOM
TEIJIOITPOBOTHOCTH BO BHEIIHUX CJ0SX 3AMATHUYEHHBIX
HEUTPOHHBIX 3BE3/]

C.I''Mouceenko!, I.A Koungparses!, I'.C.Bucnosarsiii-Koran'2, M.B.I'nymuxuna'

Hnemumym xocmuueckux uccareoosanuti, yi. Ilpogcorosnas 84/32, Mockea 117997, Poccus

’Hayuonanvnwiti uccredosamenvckuti aoephwiil uncmumym MUDU (Mockosckuii nocenepHo-

Gusuueckuti uncmumym), Kawupcroe wocce 32, Mockea 115409, Poccus
moiseenko(@iki.rssi.ru

IIpencraBiaeHsl  pe3ysbTaTbl  TPEXMEPHOIO  YUCJICHHOIO  MOJECIMPOBAHMS
pacIupoCTpaHeHUs TeIUla BO BHEIIHUX CJIOAX 3aMAarHMYEHHBIX HEUTPOHHBIX 3BE3N.
Onpenenenne CTpyKTypbl MarHUTHOTO I0JISI HA TOBEPXHOCTU HEUTPOHHOMN 3BE3/bI SABISAETCS
BaXHOH 3a1ayeil coBpeMeHHON acTtpodusuku. [Ipy HanU4YMM CHUIBHBIX MAarHUTHBIX IOJIEH,
TEIUIONPOBOAHOCTh BBIPOKIEHHOTO BEIIECTBA AHM30TPONHA. TEeH30pHBIH KOAPPHUIUEHT
TEIUIONPOBOAHOCTH OBLI TMOJy4YeH paHee B paborax bucHoBatoro-Korana u I'mymmxunoit
IyTeM pelleHusl ypaBHeHUs boibplMaHa mertogoM YemnMmeHa-DHcKora. bpuio mnosydeHo
pacIpenesieHue TEMIEPATYphl Ha TOBEPXHOCTU HEUTPOHHOM 3BE3/bl U1 MArHUTHBIX IOJIEH
JUIIOJIBHOIO M KBAJPYIIOJIBHOIO THUIIA, & TAKXKE HX CyNnepno3uuuu. Jliusd 4uciaeHHoro
MOZEJIMPOBAHU 3a7a4y O CTAllMOHAPHOM PaCIIPEACIICHUH TEMIIEPATypbl BO BHEIIHUX CJIOAX
3aMarHWYeHHOM HEWTPOHHOM 3Be3/lbl ObUI TNPHUMEHEHO pa3BUTHE METOAA OMOPHBIX
OIIepaTOpPOB HAa TPEXMEPHBIN cilydail. 3ajjada pelanach Ha CETKE, COCTOSILEN U3 TETPAdAPOB.

Baarogapnocts : Pabota 6pu1a mognepskana Poccuiickum Hayunbim ponztom , mpoekt 18-12-
00378.
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POCCHUHCKOE OCBOEHUE BEHEPHI: IPEABICTOPUA U
IHHEPCIIEKTHUBBI

I'.K. bopoBuH, A.B. I'pymesckuii, A.I'. Tyuun, J[.A. Tyunn

Hucmumym npuxnaouoti mamemamuru um. M.B. Kenoviwa PAH
Mockea, Poccus
E-mail: borovin@keldysh.ru

OTteuecTBEHHBIE KOCMHMUYECKHME MHMCCUU K BeHepe TpaJullMOHHO JOMUHHUpPOBAIU B
ucclieoBaHusIX BeHeprbl, OCHOBHAs 4acTh (hYHJAMEHTAIBHBIX 3HAHWK O IUIAHETE TOJTy4eHa
coBeTckuMu MmuccusiMu B 1961-1985 rogax. B T1e roasl k Benepe Obuio 3amymieHo 18
aBTOMATUYCCKMX cTaHIMi U coBepumieHo 10 mocamok — Bce ycmemnbie [1]. HACA Tarke
OCYILECTBWJIO [IBAa YCHEIIHbIX OpOWUTanbHbIX HpoekTa «lInonep-Benepa» u, mosznnee —
«Maremnany.

[Tocne mHorosetHero mnepepsiBa BeHepa wu3ydanach JuIllb ¢ OpOMTHI, HaIpUMED,
eBporeiickuM rpoektoM «Benepa-Okcnpece» (2005-2015 rr.).

[TpoexT «Benepa-/|» sBiaseTcs cleayloUIMM LIaroM IMocje YCIEUIHOH CepuM MHUCCHH
«Benepa» u «Bel'a» B 1970-1980-x romax. KadecTBEHHBIM OTJIMYHEM COBPEMEHHOTO
[O0CAJI0YHOr0 amnmapara oT mnporpammbl «Bel'a» sBisercs OCHaIIEHHOCTb 3HAHUSAMU O
re0JIOTUU TOBEPXHOCTH 10 pe3ysbTaTaM pagapHbix uccienoBanuii KA «Benepa-15,16» u KA
«Maremnan». Ilocanounslii anmapatr OyneT caAMTbCA HE BCIENYK, Kak paHblle, a B
MECTHOCTb C U3BECTHBIM I'€0JIOTMUYE€CKUM KOHTEKCTOM.

Pa3zpaboTka SKOHOMHYHBIX Oamnuctuyeckux cxem mnonéroB KA k Benepe u
npoxoxaeHust e€ chepbl AEUCTBUS aKkTyallbHa M HEoOXOauMa JUIsl yBEJIWYEHMs IMOJIE3HON
Harpy3kn KA 3a cu€r cHmKeHMs Macchl TOIUIMBA. baimcTHdeckoe IPOEKTHPOBaHHE
MOJIOOHBIX CXEM, B HaCTHOCTH, SIBJIIETCS CYIIECTBEHHON COCTaBHOM YacCThIO NMEPCHEKTUBHOTO
OTEUECTBEHHOro IpoekTta «BeHepa-/l», mnpeaycMaTpuBaromero IMocajgky CIIyCKaeMOro
MOJIyJIsl Ha € MOBEPXHOCTh B 3aJIaHHOM paiioHe [2].

B paGore mnpuBomATCS pe3yibTaThl  MCIOJB30BAaHUS COBPEMEHHBIX  METOJIOB
0aJTMCTUYECKOTO MPOEKTUPOBAHMSI MEKIIJIAHETHBIX MEpeNETOB Ui IJIAHUPOBAHUS MOJIETOB
K Benepe (MuccuM JOCTaBKH U, B YAaCTHOCTH, C LeJblo nmocaaku KA Ha e€ moBepXHOCTh B
3a/laHHOM paiioHE), AHATU3UPYIOTCA CIOCOObl pealu3aldyd TeCHEPUaHCKUX IPOEKTOB U
NOBBIIIEHUS UX 3PPekTuBHOCTU. OCHOBHOE BHUMAaHHE B PabOTE y/IEICHO MOCTPOSHUIO OKOH
cTapTa U METOAMKE MOCTPOEHHUS M HEMOCPEICTBEHHOMY pacuéry olmacTtel AOCTHKHUMOCTH
CIIyCKaeMOro anmnapara Ha IOBEpXHOCTH BeHepsl.
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RUSSIAN EXPLORATION of VENUS: PAST and PROSPECTS
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Keldysh Institute of applied mathematics RAS

Moscow, Russia
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Domestic space missions to Venus traditionally dominated in the world research of
Venus, and the bulk of the fundamental knowledge about the planet by the Soviet missions in
1961-1985 was obtained. In those years, Venus was launched 18 automatic stations and made
10 landings — all successful [1]. NASA also carried out two successful orbital projects, the
“Pioneer-Venus” and later - the “Magellan”.

After a long break, Venus was studied only from orbit, for example, by the European
Venus Express project (2005-2015).

The Venus-D project is the next step after the successful series of Venus and VEGA
missions in the 1970s and 1980s. The qualitative difference between modern landing craft
from the programs "VEGA" is equipped with the knowledge of the geology of the surface
according to the results of radar studies of the spacecrafts "Venera 15,16" and the "Magellan”
spacecraft. The lander will land not blindly, as before, but in an area with a known geological
context.

The development of cost-effective ballistic schemes of spacecraft’s flights to Venus and
the passage of its scope is relevant and necessary to increase the payload of the spacecraft by
reducing the mass of fuel. Ballistic design of such schemes, in particular, is an essential part
of the promising domestic project "Venus-D", providing for the landing of the descent module
on its surface in a given area [2].

The paper presents the results of the use of modern methods of ballistic design of
interplanetary flights for planning flights to Venus (the mission of delivery and, in particular,
to land the spacecraft on its surface in a given area), analyzes the methods of implementation
of Hesperian projects and improve their efficiency. The main attention is paid to the
construction of the launch Windows and the method of construction and direct calculation of
the reachability areas of the descent vehicle on the surface of Venus.
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OCOBEHHOCTH U CUCTEMA YIIPABJIEHUSI KOCMAYECKOM OTPACJIBIO
POCCHUMICKOW ®EJEPALINA

E.A. ITaBnoBa

Unemumym npuxnaouoii mamemamuxu um. M.B. Kenovuuua PAH
Elenae312@gmail.com

CocTosiHME HANMOHAIBFHOW  KOCMHYECKOM OTpacid  SBISETCS  BaXXHBIM  HHAWKATOPOM,
ONpeIETSIONUM YPOBEHb pa3Butus Poccuiickoit denepanum, Kak nepeoBol KOCMHUUECKON NEp:KaBbl,
eé craryc, KOMIETECHIINU ¥ YPOBEHb BIUSHUS Ha MEXIyHAPOTHOW apeHe.

CoBpeMeHHBI YpOBEHb M HETaTUBHBIE TEHACHIIUH B POCCHICKONH KOCMOHABTHUKE MOTYT CIYXXHTb
CEPBE3HBIM BEKTOPOM, YIPOKAIOIIMM IMOTEpPEe CTaTyca MHPOBOTO KOCMHUYECKOTO JHUACpa YXKEe B
OJmKaiIeM NeCATUIICTHH.

Tak, HampuMmep, TOTepe CTaTyca MHPOBOTO KOCMHYECKOTO JIHAepa MOXKET MpPEeIIIecCTBOBATh
paszButue ['UI1 B Poccuiickoit denepanuu U CEKBECTUPOBAHUE MPOrPAMM, PEATU3YEMbIX COBMECTHO C
Poccwuiickoli akageMueil Hayk U MPEIIPUATASIMU IIPOMBIIIJICHHOCTH, HAIIPABJICHHBIX HA 00eCIeueHNe
Oe3omacHocTr ToNeTOB KA poccHifickol OpOWTAIBHON TPYIITUPOBKH, TOBBIIMICHUE HAISKHOCTH
KOCMHYECKHX OIepanuid B 1EJIOM, pa3paboTKy H MPAKTUYECKYIO0 peau3alliio MPHUHIUIIOB
JI00ATFHOTO YIPAaBICHUS KOCMHUYECKUM JBIDKEHUCM.

ABTOPUTET KOCMHYECKON OTpaciii, Kak BBICOKOTEXHOJOTMYHOW M HAYKOEMKOW COCTaBJISIOLIEH
Hay9IHO-TEXHUYECKOTo Tmporpecca Poccuiickoit @emepari HE0OXOIUMO ITOJDKHBIM — 00pazoMm
MOAJICP>KUBATh, B TOM YHUCIIE, ITyTEM MPUHATHS BEPHBIX YIIPABICHUCCKUX PEIICHUM.

Kocmuueckass oTpacinp  OTJIIMYAETCSt  CIOKHOCTBIO  CTPYKTYpBI, pEIIaeMbIX €0  3ajad,
HEOOXOIMMOCTHIO TIPUMEHEHHSI TIEPCIIEKTUBHOTO BUICHUSA U, COOTBETCTBEHHO, TPeOyeT MPUMEHEHUs
0COOBIX YIPABICHUECKUX ITOIXOJIOB.

I hbopMUpOBaHUS TOJOXKHUTEIBHBIX TCHICHIMA W MO3UTHUBHON IWHAMHUKU OTPACIH B IICIIOM
HEOOXOIMMO MPOBECTH PabOoTy, CBA3AHHYIO C aHATN30M KIIIOUEBBIX JIEMEHTOB CUCTEMEBI, B TOM YHCIIE,
SKOHOMHYECKOH, TEXHHYECKOH W aJIMHHHCTPATUBHON COCTABIISIIOIINX, OIEHKOW II€IIECO00Pa3HOCTH
y4acTHsI KOMMEPYECKUX (PUPM B KOCMHUYECKOW JIEATEIBHOCTH IMPH BBIMOJIHEHUH TOCYAAPCTBEHHOTO
00OpOHHOTO 3aKa3a W WHBIX aCIIEKTOB, TPEMATCTBYIONIMX Pa3BUTHI0 KOCMHYECKON OTpaciu
Poccuiickoit ®enepanuu.

B opranuzamum mpoiiecca BaXKHbl MPABHIIBHBIC TMOAXOABI K OCYILECTBICHHUIO YIPABICHUS,
MO3BOJISIONINE HAaMOOJIee KAa4eCTBEHHO W A(P(EKTUBHO pemiaTh CYMIECTBYIONIUE W IMEPCICKTHBHBIC
3aa4il C Y4€TOM MHOTOYHCIEHHBIX OcoOeHHocTed. [Ipm ympaBieHHH CIOXHBIMH CTPYKTYpaMH,
MPUCYIINMH POCCHHCKOH KOCMHYECKOW OTpaciii, ONTHMAajJbHBIM BapHaHTOM THPEICTABISETCS
MPUMEHEHUE CUCTEMHOIO MOAX0/a.

B noxmane paccMaTpuBarOTCS OCHOBHBIC TOHSTHS, NMPUHIUIBI M TOIXOABI, HEOOXOTUMBIE IS
yIpaBiIeHUS KOCMHUYECKOI OTPaCHbIO C UCIIOIF30BAHUEM yCOBEPIIEHCTBOBAHHBIX METOJIOJIOTMIECKIX
noaxonaoB. IlpennoxkeHa opuruHandbHash MOJEAb M aJTOPUTM ONTHUMU3AIMH CHCTEMBI YIPaBICHUS
OTpACIIBIO.

Oco0eHHOCTH U KITIOYEBBIE 3JIEMEHTHI CUCTEMBI YIPABICHUS KOCMHYECKOW OTPACIBIO BBISBICHBI
MyTeM aHaldu3a pa3IdyHOrO0 pOJAa HUMEIOUIUMXCS OTKPBITBIX M CHCHHAIBHBIX HCTOYHUKOB,
CTaTHCTUYECKHUX JAHHBIX M YIeOHO-METOAMYCSCKON TUTEPaTyPHI.

Jluteparypa:
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KOCMHUECKOM aedTenbHOCTH Ha mepuod A0 2030 rona W JanbHEHIIYIO MEPCIEeKTUBY», YTBEPXKICHHbIE
[Ipesnnentom P® ot 19.04.2013 Ne T1p-906.

2. «[Inan GpyHIaMEHTAFHBIX UCCICAOBaHMN Poccuiickoll akaeMun HayK Ha mepuon 1o 2025 romay.
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BKJIAJZ 2.J1. AKHMA B POCCUHMCKYIO IPOTPAMMY KOCMHUYECKHX
HUCCJEJIOBAHUN

I'.K. bopoBuH, FO.®. I'ony6es, I'.C. 3acnaBckwuii, B.A. Crenanpsamn, A.I'. Tyann

Hnuemumym npuxnaouoi mamemamuru um. M.B. Kenoviuwa PAH
Mockea, Poccus
E-mail: borovin@keldysh.ru

14 wmapra 2019 roma wucnomHwioch 90 €T co JHS POXKIACHUS BbLIAIOIIETOCS
OTEYECTBEHHOI'0 Y4YEHOro, ujeHa-koppecnonjaeHtra PAH DOdpauma JlazapeBuua Axuma
(1929-2010). Bcs mpodeccuonanbHas nmesitenbHOCTh  D.JILAkuma ObuUta CBsi3aHa C
WMHCTUTYTOM NPUKIaJHON MaTeMaTUKH, KyJla OH MpUIleT Ha paboTy cpa3y Mmocjae OKOHYaHUS
MI'Y um.M.B.JIomoHOCOBa.

JUis BBINOJIHEHUS 33/1a4, CBA3aHHBIX C YIpaBJIeHUEM KocMuyeckuMH annapatamu (KA),
B MHctuTyre OBLT co3maH oTAen, KoTopelid Bo3riaBwil J[.E.Oxouumckuii. B storT oTmen
npuuien Ha padory 3.JI. Axkum. Emy nopyuunu 3aHumartbces npobiaeMaMu HaBUraluu. JTOT
KpYT Tpo0JeM onpenenu JalbHEeHIIyo HaydHyto cyns0y D.JI. Akuma. D.JI. AKMM 3aIInTHII
KaHIUOATCKYI0O M JOKTOPCKYIO JHCCEPTALMM, CTall JjaypearoM JIEHMHCKOH M TpUXKIbI
naypeatoMm ['ocynapctBeHHbIX mpemuid. OH Bo3riaBmwi bammuctudeckuit nentp MHctutyTa,
co3nansbii pemienneM M.B. Kennpia u C.I1. Koponésa, u pykoBoamil UM 10 KOHIIA CBOEH
JKU3HU. BaskHBIN 3Tan 0cBOEHUSI KOCMUYECKOTO MPOCTPAaHCTBA OBLI CBSI3aH C UCCIIEI0BAaHUEM
Jlynsl. 3.J1. AkuMy u ero OimKaillliuM COTpyIHUKaM MPUHAAIEKAT TUOHEPCKUE PE3YIbTaThl
B IIOCTPOEHUM MOJIEJIM rpaBUTalinoHHOrO0 noss JIynsl. Ilox pykoBoacTeoMm D.JI. Akuma Ob1u
BBIMTOJIHEHBl TPOEKTHBIE MCCIEOBAHUS, CBS3aHHbIE C HABUTALMOHHBIM OOecleYeHneM
noneroB Kk JlyHe Bcex oredecTBeHHbIX KA («Jlyna 1-24»). Hapsmy c mepBoil Msrkou
nocaako Ha moBepxHocTh Jlynel (KA «JIyna-9»), cinemyer oTMeTHUTh U THEpBBIH
uckyccTBeHHbIN cryTHUK JIyHbl — «JlyHa-10» u KA «JIyna-16», BriepBbie OCYyIIECTBUBIIYIO
3a00p M JOCTaBKy Ha 3eMiIt0 00pa3IoB JIYHHOTO IPyHTA.

Jns 6annuctuyeckoro npoektrposanus noneroB KA xk Mapcy u Benepe 3.J1. Akumom
(Bmecte ¢ T.M. DHeeBbIM) ObLT BHIIIOJHEH aHAIN3 IUHAMMKH JBWKEHHS MEXIUIaHETHBIX KA,
pa3paboTaHa ¥ HaBUTAIIMOHHO 000CHOBaHa cxema mepBbix monetoB KA k Benepe u Mapcy,
KOTOpasi ObUIa MOJO0XKEHAa B OCHOBY NPOEKTUPOBAHMS BCEX IMOCIEAYIOIIUX IOJIETOB HAIINX
KA x atum nnaneram. K Benepe 6b110 otipaBnerHo 16 KA u B HaBUranmonHoe ooecrieueHue
ux D.JI. AkuM BHec cBOi TBopueckuii Bkiaa. Ocobo cieayeT OTMETUTh pabOThI IO CO3/1aHUI0
nepBoro atyiaca BeHepbl, MOCTPOEHHOIO MO JAHHBIM, IOJIYy4aeMbIM C HCKYCCTBEHHBIX
cinyTHUKOB Benepnl - KA «Benepa-15» n «Benepa-16».

Jo xonma xusHum O.JI. AKMM COXpaHHJI HAlEIEHHOCTh HAa HOBOE, Cpa3y yraJbIBaj
NIEPCIIEKTUBHBIE HAIIPABJIEHUS. 3/1€Ch CTOUT YIOMSHYTh O IPUMEHEHUHN CUCTEM CITyTHUKOBOU
Hapurauuu GPS u I'JTIOHACC s onpeneneHus nojaoXeHuss KOCMAYECKUX allapaToB.

Bes xu3ap D¢ppanma JlazapeBuua AxknMa — 3TO mpumep 0€33aBETHOIO CITY>KEHHS

HayKe.
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E.L. AKIM's HUGE CONTRIBUTION TO THE RUSSIAN SPACE RESEARCH
PROGRAM

G. K. Borovin, Yu. F. Golubev, G. S. Zaslavsky, V. A. Stepanyants, A. G. Tuchin

Keldysh Institute of applied mathematics RAS
Moscow, Russia
E-mail: borovin@keldysh.ru

On March 14, 2019 the 90th anniversary of birth of the outstanding Russian scientist,
corresponding member of the RAS Efraim Lazarevich Akim (1929-2010) was marked. All
professional activity of E.L. Akim was connected with the Institute of applied mathematics,
where he came to work immediately after graduating from Lomonosov Moscow State
University.

To perform tasks related to the management of spacecraft (SC), a department was
created at the Institute, which was headed by D.E. Okhotsimsky. E.L. Akim came to work in
this department. He was assigned to deal with the problems of navigation. The range of issues
identified for further research the fate of Akim. E.L. Akim defended his candidate's and
doctoral dissertations, became a laureate of Lenin Prize and three times a laureate of State
prizes. He headed the Ballistic center of the Institute and directed it until the end of his life.
An important stage of space exploration was associated with the exploration of the moon.
Akim and his closest employees have pioneering results in the construction of a model of the
gravitational field of the moon. Under the leadership of Akim, project studies were carried out
related to the navigation support of flights to the moon of all our SC ("Luna 1-24"). Along
with the first soft landing on the surface of the moon (SC "Luna-9"), it should be noted the
first artificial satellite of the moon — "Luna-10" and the SC "Luna-16", for the first time
carried out the fence and delivery to Earth samples of lunar soil.

After the decision to start designing the ballistic flights of an unmanned spacecrafts to
Mars and Venus was made, E.L. Akim (jointly with T.M. Eneev) was performing the analysis
of the dynamics of interplanetary spacecraft motion, developed and justified the navigation
scheme of the first flights of the spacecraft to Venus and Mars, forming the basis for all
subsequent flights of our spacecraft to these planets. Sixteen vehicles were sent to Venus and
into the navigation support of their flights an irreplaceable creative contribution by Akim was
made. Of particular note is the work on the creation of the first Atlas of Venus, built
according to the data obtained from the spacecrafts "Venus-15" and "Venus-16", were located
in the orbits of artificial satellites of Venus. Under the leadership of Akim, the mathematical
models were developed, allowed to obtain the necessary accuracy of spacecraft navigation for
the construction of high-quality images of the planet and its relief.

Until the end of his life, E.L. Akim kept his focus on the new, immediately guessed
promising directions. Here it is worth mentioning the use of GPS and GLONASS satellite
navigation systems to determine the spatial position of spacecraft.

The whole life of Efraim Lazarevich Akim is an example of selfless service to science.
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OBECIIEYEHHUE BE3OITACHOCTH ITOJIETOB BBICOKOOPBUTAJIBHBIX
KOCMHNYECKHUX AIIITIAPATOB

B.A. Boponaes, I'.K. bopoBun, E.A. IlaBnosa, A.W. Ctpenbuos, M.B. 3axBatkun
HUIIM um. M.B. Kenoviuwa PAH

voropaev@keldysh.ru, gkborovin@mail.ru, elenae312@keldysh.ru, arthur.streltsov@yandex.ru,
zmaxus@gmail.com

Bo3spacraromast yrpo3a CTOJKHOBEHHSI C KOCMHYECKMM MYCOPOM IIPEIBSBISIET HOBBIE
TpeOOBaHMUS K 3aja4aM oOOecTieueHHs] 0€301acCHOCTH TI0JIETOB KOCMHUYECKUX ammaparoB. B
UIIM um. M.B. Kenneima PAH Gonee necstu netr pa3padaThiBaloTCd M MPUMEHSIOTCS Ha
MPAKTUKE HOBBIE METOJAbl HM3yYEHHUS KOCMHYECKOW OOCTAaHOBKM B BBICOKOOPOUTAIbHOMN
00J1aCTH OKO0JIO3€MHOT0 KocMuueckoro npocrpanctsa (OKII).

Pa3BuBaercs MexIyHapoJHas Hay4HO-IIPHUKJIAAHAS KOOMEPALMs ONTUKO-IJIEKTPOHHBIX
cpeacts mouutopunara OKII, Bkirouatomias B ceOsi coOcTBeHHBIE Teneckonbsl MHcTuTyTa M
napTHepckux opranuzanuii. B MacTUTyTE co3man u skcrutyarupyercss CerMeHT MOHUTOPUHTA
OTIaCHBIX CUTYallMi B 00JaCTH reOCTallMOHAPHBIX, BBICOKOAIIUIITUYECKUX U CPETHEBBICOKUX
OopOUT ABTOMATH3MPOBAHHOM CHUCTEMbl MpPEAYyNpekIAeHUs 00 OMacHBIX CHUTyallUsIX B
OKOJIO3EMHOM KOCMUYECKOM MPOCTPAHCTBE (ACITIOC OKII). HenpepsiBHO
COBEpIICHCTBYIOTCS MPOTPaMMHO-MaTeMaTUYecKue CpeicTBa oOecreyeHus: OaTuCTHUECKUX
3ana4. OcCyIIecTBISETCS ONEpaTUBHOE NPOrHO3MPOBAHHUE ONACHBIX CHUTYyalMil, HENPEPHIBHO
nomnojHseTcs 6a3a TaHHBIX O BBICOKOOPOUTATIBHBIX KOCMUYECKMX O0BEKTaX, BKIIOYAIOIINX B
cebs1 merictByrome KA, pa3roHHble OJIOKH, OlepaTuBHbIE ()ParMEHTHl U MPOUYUE OOBEKTHI
KOCMHYECKOI'0 Mycopa.

WnpopmanimoHHO-aHATUTUYECKUN LIEHTP, CO37aBAaEMBbIii ¢ UCTIOJIB30BAHUEM MHOTOJIETHETO
3amena HayyHol ceTM  ONTHMYECKMX  MHCTPYMEHTOB Ui ACTPOMETPUYECKUX U
doromerpuueckux HaOmonenuit (HCOUM A®H), xoopaunmpyemoit WIIM wum. M.B.
Kenmeima PAH, B mepcrnekTWBe MO3BOJIMT peliaTh IIMPOKUA KpYr 3amad B 00JacTH
UCCIIEIOBAaHUA KOCMUYECKOT0 MPOCTPAHCTBA, BKIIIOYAs aKTyalbHbIe MPOOIeMbl OKOJI03EMHON
aCTPOHOMHMH, 3a7aud OaJUIMCTUKO-HABUTALMOHHOTO OOECIeUeHUs: IOJETOB U BOIPOCHI
0€30MaCHOCTH KOCMHUECKO AesTenbHocT Poccuiickoit Deneparui.

B noxnane paccMmarpuBaeTcs Tekyliee cocTosHue padbot MHcTUTyTa B 4acTH MOHUTOPHUHTA
OKII, ananm3a CuUTyallmOHHOW 0OCTaHOBKM, oOecrieueHus O€30MacHOCTH  IOJIETOB
KOCMHYECKHX aIllapaToB POCCUHUCKOW OpOUTATBHON TPYNIUPOBKH, MOAIEPIKKA OAITUCTUKO-
HABUTALMOHHBIX 3aJlay YOPaBJICHUS JaJbHUMHU KOCMHUYECKHMMH alapaTaMy, H3Y4CHUS
BBICOKOOPOUTAJIbHON (Ppaklid KOCMHYECKOTO Mycopa B HHTEpECax COBEPIICHCTBOBAHUS
MOJIETIN €TO PacpeeIICHHUS.

Pe3ynbTaThl, mNONydYeHHBIE chenuaaucTaMu WHCTUTYTa, CO3MAl0T HAy4YHBIA 3ajell,
HEOOXOIUMBINA, B TOM 4YHCIE, Ui pa3pabOTKH M BHEAPEHHUS B TOBCEAHEBHYIO MPAKTHKY
MPUHILIAIIOB JOJTOCPOYHON YCTOWYMBOCTH KOCMUYECKOM NeATEIbHOCTH U (hOpMHpOBaHUS
HAI[MOHAJbHOW KOHLENIMY YIPABIEHUS KOCMUUECKUM JIBUKEHUEM.
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®OPMHUPOBAHUE OCHOBHbBIX METO/0B HAYUYHOM IIKO.IbI
B.B. BEJIEIIKOT'O 110 UCCJIEJOBAHUIO BPAIIIATEJbHBIX JIBUKEHUN
NCKYCCTBEHHBIX 1 ECTECTBEHHBIX HEBECHBIX TEJI

I".K. bopoBuH, 10.®. 'ony6es, A.B. I'pymesckuii, A.I'. Tyunn
Hucmumym npuxnaouoti mamemamuru um. M.B. Kenoviuwa PAH

Mockea, Poccus
E-mail: borovin@keldysh.ru

B nokmane xpaTko HpeacTaBlieHA KW3Hb M HayyHas JEATEIbHOCTh BBLAAKOLIETOCs
y4€HOrO-ME€XaHHKa, KPYIHOIO Y4Y€HOro, wuieHa-koppecrnonaenta PAH, 3aciyxeHHOro
npodeccopa MI'Y um. M.B. JlomonocoBa Brnamumupa BacunbeBuya benenkoro. Ero mo
MpaBy CUUTAKOT OJJHUM M3 OTIOB-OCHOBATEJIC COBETCKOM M POCCHUIMCKOW IIKOJIbI JTUHAMUKH
KOCMHUYECKOro TMoyiéTa B 00JIACTH TEOPHH BpaIlaTeIbHBIX JIBH)KEHUN HMCKYCCTBEHHBIX U
€CTECTBEHHbIX HEOECHBIX TEII.

B 1954 r. oH OKOHYMJI ¢ OTJINYMEM MEXaHHUKO-MaTreMaThudeckuil paxkyiabrer MI'Y um.
M.B. JlomonocoBa. B Tom xe romy B.B. beneuxwii Obpim pacmpenenen Ha paboTy B
Otnenenne npukinaaHo wmarematukn MHUAH CCCP, TonbkO 4YTO  CO3/aHHOE
M.B. Kennpiuem (HbiHE - MHCcTUTYT npukinagHoit matematuku uMm. M.B. Kenapima PAH).
OTO Ompenenuo ero Hay4yHylo cyAbOy Kak OJHOTO W3 Iulesibl OJECTAIIMX YUYeHBIX -
IpeJCTaBUTeNIed BCEMUPHO MPU3HAHHOW IIKOJbI JUHAMUKA KOCMHYECKOIO IIOJIETa,
ocHoBanHoit M.B. Kenapimem u J[.E. Oxouumckum.

B.B. beneunkuil NpakTUYECKH OTKPBUI HOBYIO OTpacilb MEXaHHKH, YIPOCTUB
KJIACCUYECKHME TOCTAHOBKHM 3aJa4 W IOJY4YMB B PE3YJIbTATE TAaKOTO YNPOIIEHUS OCHOBHBIE
«CKpWXKanu» JJi1 MEXaHUKU BpalllaTelbHOrO JBMKEHMs CIIyTHUKOB. Ha ynauHbIX mpumepax
OH II0Ka3aJl, KaKk UX HaJ0 UCIOJIb30BaTh, MPUIAYMaN psJl MHTEPECHBIX 3a7ad BHE ITHX CXEM,
BIIEPBBIE PEIIWJ CTaHJApPTHBIE 33/Ja4yd B HOBOM cuTyauuud. B atom cmeicne Bnagumup
BacunbeBuu benenkuii, ¢ OneckoM pemmMB psa  YKa3aHHBIX 3a7ay, SIBHICS OTLIOM-
OCHOBATeJIeM II€JION0 HAINpaBJIEHUs] IO PEIIEHUI0 MNOJOOHBIX 3aJay, CO37aB HAyYHOMY
COOOIIECTBY Ul TOI0 COOTBETCTBYIOLIMIA HHCTPYMEHTAPHIA.

B stu xe romst B.B. benenkwuii BnepBeie B MHpe TOCTaBWJI OOMIyI0 3amady o0
ONpEACICHUN OPHEHTAllMU CIIyTHUKAa M YTOYHEHMsI IApaMeTpPoOB IEMCTBYIOIIUX HA HETO
BO3MYILAIOIIMX MOMEHTOB IO pe3yibTaraM oOpabOTKHM M3MEpPEeHHM NaTYMKOB OpHUEHTAIUH,
yCTaHOBJIEHHBIX Ha OopTy. OH pa3paboTan U BHEpBble NMPUMEHUIT dPPEKTUBHYIO METOAUKY
peleHus 3To! 3a7aun. JTOT MOAXO0]T YCIIEITHO UCTIONB3YEeTCS U B HAIIM JTHU.

WM co3mana pe3oHaHcHas Teopust "00OOIIEHHBIX 3akOHOB KaccuHu" BpaieHus
IUTAHET, KOTopas JaeT CTporoe oOOCHOBaHHWE SMIMpPUYECKHX 3aKOHOB Kaccunu BpaiieHus
JIynsr1 (1693).

Hayunsie noctmwkenns B.B. Benenkoro Beicoko onieHeHs B Poccun u 3a pyoesxxom. OH
aBiscs dineHoM HanmonaneHoro Komurera mo TeopeTHdecKOW M NMPHUKIAIHON MEXaHUKE,
3acnyxeHHsli  npodeccop MIY  (2002), akagemuk MexayHapOaHOW  aKaJIeMHUH
aCTPOHABTHKH, Jlaypeatr npemuu A. pon I'ymbonbara (I'epmanus), naypear npemuu PAH nm.
®.A. llanaepa. Manas ruranera Ne 14790 (otkpeita 30 urons 1970 r.), HazBana umenem B.B.
benenxoro.
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FORMATION OF THE MAIN METHODS OF THE SCIENTIFIC SCHOOL OF
V.V. BELETSKY STUDYING THE ROTATIONAL MOTIONS OF ARTIFICIAL
SATELLITES AND NATURAL CELESTIAL BODIES

G.K. Borovin, Yu.F. Golubev, A.V. Grushevskii, A.G. Tuchin

Keldysh Institute of Applied Mathematics RAS
Moscow, Russia
E-mail: borovin@keldysh.ru

The report briefly presents the life and scientific activities of the outstanding
mechanical scientist, a major scientist, corresponding member of RAS, honored Professor of
Lomonosov MSU Vladimir V. Beletsky. He is rightly considered one of the founding fathers
of the Soviet and Russian school of space flight dynamics in the field of the theory of
rotational movements of artificial and natural celestial bodies.

In 1954 he graduated with honors from the faculty of mechanics and mathematics of
M.V. Lomonosov Moscow state University. In the same year, V.V. Beletsky was assigned to
work in the Department of applied mathematics of the USSR MIAN, just created by M.V.
Keldysh (now — the Keldysh Institute of Applied Mathematics of RAS). This determined his
scientific destiny as one of the galaxy of brilliant scientists - representatives of the world-
renowned school of space flight dynamics, founded by M.V. Keldysh and D.E. Okhotsimsky.

V.V. Beletsky practically opened a new branch of mechanics, simplifying the classical
formulation of problems and received as a result of such simplification the main "tablets" for
the mechanics of rotational motion of satellites. On successful examples, he showed how they
should be used, came up with a number of interesting problems outside these schemes, for the
first time solved standard problems in the new situation. In this sense, Vladimir Beletsky
brilliantly solved a number of these problems, and was the father-founder of a whole direction
to solve such problems, establishing the corresponding tools for the scientific community.

In the same years, V.V. Beletsky for the first time in the world set the General task of
determining the actual orientation of the satellite and clarifying the parameters of the
perturbing moments acting on it based on the results of processing the measurements of the
orientation sensors installed on Board. He developed and applied an effective method of
solving this problem. This approach is successfully used today.

They created a resonance theory of "generalized Cassini's laws" of planetary rotation,
which gives a rigorous justification of the empirical laws of Cassini of the moon's rotation
(1693).

V.V. Beletsky's scientific achievements are highly appreciated in Russia and abroad.
He was awarded the title of corresponding member of the RAS, was a member of the National
Committee for theoretical and applied mechanics. He is an Honored Professor of Moscow
state University (2002), academician of the International Academy of Astronautics, laureate
of A. von Humboldt prize (Germany), laureate of RAS. F.A. Tsander. The small planet Ne
14790 (opened July 30, 1970), was named after V.V. Beletsky.
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METPUYECKUE CBOIICTBA CUMMETPUYHBIX IBYMEPHBIX
KJIETOUYHBIX ABTOMATOB BOJIbO®PAMA ITP1 OBPABOTKE
N30BPAYKEHUI

Ammra M.B.
MocKoBcK#iT aBTOMOOUILHO-TOPOXKHBIN TOCYIAPCTBEHHBIN TEXHUYIECKUN YHUBEPCUTET

(MAI1), Mocksa

Nwmeercst OunapHOe wu300paskeHHe HEKOTOPOro obbekTa. [IpobjieMa cOCTOUT B MOCTPOEHHUH
CUMMETPUYHOIO JIBYMEPHOI'O KJIETOYHOro apromara Bosibdpama s JeTeKTUpoBaHUusS (POPMbI
obbekTa. [lamHas 3ajada BO3HUKaeT B cdepe MUCKYCCTBEHHOIO HHTE/JIEKTa I [TPOEKTUPOBAHUSI
AJICOPUTMOB ~ MAIIIUHHOIO ~ 3pPEHUs, IPU MOHHMTOPUHIE AaBTOTPAHCHOPTHBIX cpeactB B  Un-
Te/UIEKTYATbHBIX TPAHCIOPTHBIX CUCTEMaxX W JAp. B omHoMepHOM ciiydae i 3JIeMEHTapPHBIX

KJIETOYHBIX aBTOMATOB B KJjaccudukamuu Bosibdpama Bbljie/€HbI TUIBI ABTOMATOB, COXPAHAIONIUX
Maccy.

Paccrosune JleBenrmreiina wuCHIOAb3yeTcss Kak TPaHCHOPMAIMOHHAS METPUKa B KOMIILIOTEPHO
smarBuctuke. OO000IIEHNE ee Ha JIBYMEDHBIH Cjiydail MOXKeT ObITh HCIIOIH30BAHO U JIjis aHAIN3a
nzobpaxkenuii. B pabore uccreayiorca TUIbI JBYMEPHBIX KJETOYHBIX aBTOMAaTOB Bosibdpama i
[OCTPOEHUS OBICTPBIX AJTOPUTMOB 00PAbOTKU M300PaKEHUs, COXPAHAIONNX (POPMbI 0OLEKTOB IIPH
MacIITabupOBaHUU U TIOBOPOTAaX.

Braromaproctu: Pabora Boitosiena ripu nogiepkke Poccutickoro gpouma dpyHIaMeHTaIbHBIX
uccienoBannit POOU, rpant Ne 17-29-0319-ocpu-m.
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SOLUTION OF THE KORTEWEG DE VRIES EQUATION USING AN IMPLICIT
TWO-LAYER DIFFERENCE SCHEME ON AN EULER GRID

E.N. Bykovskaya', A.V. Shapranov'?, V.I. Mazhukin'?

'M.V. Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
’National Research Nuclear University MEPhI, Russia, Moscow
e-mail: vim@modhef.ru

In this paper we consider the Korteweg de Vries equation (KDV)and its numerical
solution. A distinctive feature of this equation is the fact that any initial perturbation
exponentially decaying at infinity evolves over time into a finite set of solitons spaced in
space. For the formation of soliton solutions the most important role is played by the
competition of nonlinearity and dispersion. As a rule, monotonic 3-layer difference schemes
are used for the numerical solution of KDV [1]. In this paper, when considering different
variants of initial perturbations, soliton solutions were obtained on an implicit two-layer
difference scheme, decay into a group of solitons were obtained, and the process of
interaction of two solitons with each other was shown. An analytical solution in the form of a
traveling wave was also obtained and compared with a numerical solution. Fig. 1 shows the
process of interaction of two solitons with each other at different times: Fig.la-initial

perturbation, Fig.1b-the beginning of the interaction at time t=5 and Fig.1c - the process of
divergence of solitons at time t=6.
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PEIIEHUE YPABHEHUA KOPTEBEI'A IE-BPU3A C IIOMOUIbIO HESIBHOM
ABYXCJIOMHOU PASHOCTHOMU CXEMbI HA DUJIEPOBOU CETKE

E.H.BBIKOBCKaﬂl, A.B.U_[al'[paHOBl’z, B.H.Ma)KYKI/IHl’Z

1 .
HUncmumym npuxnaonoii mamemamuxu um. M.B. Kenovuua PAH, Mocksa, Poccus
2 . . .
Hayuonanvuwiii uccreoosamenvcxuil aoepuwiii ynusepcumem MHUDU, Poccus, Mockea
e-mail: vim@modhef.ru

B mnacrosimieit pabore paccmarpuBaercs ypaBHeHue KopreBera ne-Bpuza (KnB)um ero
yuciieHHoe perneHne. OTINYUTETHbHOW OCOOCHHOCTHIO JTaHHOTO YpPaBHEHUS SIBIISETCS TOT
dakt, uTo u000OE HavadbHOE BO3MYIIEHHE, JKCIOHEHLHMAJIbHO CIajaroliee Ha
OCCKOHEYHOCTH, C TEUEHHUEM BPEMEHHU SBOJIIOIHOHUPYET B KOHEUHBIM HA0Op COJIUTOHOB,
pa3HeceHHBIX B mpocTpaHcTBe. [ 00pa3oBaHMs COIMTOHHBIX PELICHUM Hanboliee BaXKHYIO
pOJIb UTPaeT KOHKYPEHIIMS HETWHEHHOCTH W aucrnepcuu. Kak mpaBwiio, Ui YUCIEHHOTO
peuiennss KnB ucnonp3yroTcsi MOHOTOHHBIE 3-X CIIOMHBIE Pa3HOCTHBIE cXeMbl [1]. B maHHOM
paboTe mpu  PacCMOTPEHUU PA3IUYHBIX BAPUAHTOB HAYAIBHBIX BO3MYIICHHUH, OBLIH
MOJIYYCHBI COJIUTOHHBIC PEUICHUSI HA HEsA8HOU O8YXCIOUHOU PA3ZHOCMHOU cXeMme, paclaj Ha
TPYNIy COJUTOHOB W IMOKAa3aH IMPOIECC B3aUMOACUCTBUS JBYX COJUTOHOB JAPYT C JIPYTOM.
Takxe ObUIO TOYYEHO AHATUTHUYECKOE pelleHHe B BUE Oeryiieil BOJHBI U MPOBEACHO €ro
CpaBHEHHE C YHCIEHHBIM pemieHrueM. Ha puc.]l mpeacraBiieH mporecc B3auMOACHCTBHS ABYX
COJIMTOHOB JPYT C JPYTOM B pa3IU4HbIE MOMEHTHI BpEMEHHU: pHC.]a-HauaabHOE BO3MYILIEHUE,
puc.lb-Hauano B3aUMOJEHUCTBUS B MOMEHT BpeMeHH t=5 u puc.lc-mporecc pacxoxaeHUs
COJIMTOHOB B MOMEHT BpEMEHH t=6.

2,0 & ] L@
1a) % b) iy
] s 157 =5
157 E ] 99
i 1,04 =B
— ] el ~ 107 g8
x 104 &3 ¥ g%
E] 35 B g &
¢l% 0.5 AR
0.5 bodKe @ &
S12 SR g |8
R/ / |3
0,0 G 0,0
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
X X

] c)

0 5 10 15 20

Puc.1
Baarogapuoctu: Pabora Beimontena mnpu noguepskke PODU, mpoext Ne 19-07-01001.
Jlureparypa:

1. A.A.Camapckuii, B.U.Maxykun, [L.I1.Matyc, N.A.Muxaiinuk. L,-koHCEpBaTHBHBIE
cxeMmsl 111 ypaBHeHus: Kopresera-ne Bpusa. Jloknansl. PAH, 357(4), 458-461 (1997)

91



WCCJIEJJOBAHUE TOYHOCTU KOMBUHUPOBAHHOMDG-CXEMBI
MMPUPACYETE PEIIEHUH C YIAPHBIMHA BOJTHAMUA

M.E.Jlajonkuna'?, O.A.Hekmonosa'?, B.B.Ocranenko®?, B.®. Tumkun'>

IHHcmumym npuxnaonou mamemamuxu um. M.B.Kenoviua PAH, Mockea, Muycckas na., 4
Uncmumym uopoounamuxu um. M.A. Jlaspenmvesa CO PAH, Hosocubupck
Hosocubupckuii 2oc. yu-m, Hosocubupck
ladonkina@imamod.ru, nek_olga@mail.ru, ostapenko_vv@ngs.ru,v.f-tishkin@mail.ru

B paGorte [1] Obu1 IpeIIOKEeH METOA MMOCTPOCHUSI KOMOMHHPOBAHHBIX CXEM CKBO3HOTO CYETa,
KOTOpbIE MOHOTOHHO JIOKQJIM3YIOT (PPOHTHI YAApPHBIX BOJH W OJHOBPEMEHHO COXPAHSIOT
MOBBIIIIEHHYIO TOYHOCTh B 00JIACTSAX TIAJIKOCTH PACCUUTHIBAEMBIX 00OOIIEHHBIX pemeHuid. B
HacTosmed paboTe mpeayiokeHa HoBass KOMOMHHPOBAHHAS CXeMa, MIOCTPOCHHAs Ha OCHOBE
DG (Discontinuous Galerkin) merona. IlpuBeneHbl pe3ynbTaThl pacueTOB IO ITOW CXeMe
yIapHBIX BOJIH, BOSHUKAIOIIUX MPU PELHICHUHM YPaBHEHHUN TCOPUU MEIKOW BOJbI U yPaBHEHHIA
Ditnepa.

i
=]
T

Density

Puc. 1. (a) [Ipodunu mioTHOCTH, (0) OTHOCHUTEIIBHBIC OIIMOKU YUCIICHHOTO PEIICHUS

Ha puc 1a nmpuBeneHbI 3HAYCHUATUIOTHOCTH T'a3a B OKPECTHOCTH (PPOHTA YJAPHOHN BOJIHEI IIPU
pellleHnr YpaBHEHM Diliepa;uepHasi TUHUS — TOUYHOE PeLIeHHe, 3eJeHast JIMHUS — PacyeT 1o
DG-metony 0e3 KoppeKiuu MOTOKOB, KpacHas JIMHUA — pacueT o DG-Merony ¢ Koppekuuen
MOTOKOB Ha oOcHOBe orpanuuutens KokOypHa, depHble TOYKM — pacyeTr Io
koMOuHMpoBaHHOUDG-cxeme.Ha puc 10mokazansl omuOky uncieHHoro pemenus aias DG-
MeTona 0e3 Koppekuuu (3ereHble KpyxkH), a1 DG-metoma ¢ koppekiueil (KpacHble
KBaJIpaTHKU) M 71 KOMOMHUpOBaHHOMDG-cxembl (d4epHble TOUKH). M3 3THX pacueroB
CIIeIyeT, 4TO MpeAsioKeHHass KoMOuHHpoBaHHasDG-cxeMa MOHOTOHHO JIOKATU3YIOT (POHT
yIapHOW BOJIHBI W OJHOBPEMEHHO COXPAHSIOT MOBBLIIIEHHYI0 TOYHOCTH B 0OJAcTH ee
BITUSTHUSL.
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In [1], a method was proposed for constructing combined end-to-end computational schemes
that monotonously localize the fronts of shock waves and at the same time retain increased
accuracy in the smoothness regions of the calculated generalized solutions. This paper
proposes a new combined scheme based on the DG (Discontinuous Galerkin) method. The
results of calculations according to this scheme of shock waves arising in solving the
equations of the theory of shallow water and the Euler equations are given.

—
=]
]

Densihy

H

a 0
Fig. 2. (a) Density, (b) relative errors of numerical solution

Figure 1a shows the gas density in the vicinity of the shock wave front when solving the Euler
equations; the black line is the exact solution, the green line is the numerical solution by the
DG method without flux correction, the red line is the calculation by the DG method with flux
correction based on the Cockburn limiter, the black dots correspond to the calculation by
combined DG scheme. Figure 1b shows the errors of numerical solution for the DG method
without correction (green circles), for the DG method with correction (red squares), and for
the combined DG scheme (black dots). From these calculations, it follows that the proposed
combined DG scheme monotonously localizes the front of the shock wave and at the same
time retains increased accuracy in the area of its influence.

Acknowledgments: The work was carried out with support by the Russian Science
Foundation (grant Ne 16-11-10033).
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A new splitting-based scheme is developed for time integration of the three-dimensional,
compressible Navier-Stokes system for the viscous and heat conducting gas flow. The scheme
IS based on the partition of the algorithm into convection (hyperbolic) and diffusion
(parabolic) parts. Integrating the Navier-Stokes system over the dual volumes associated with
the nodes of unstructured grid we write the semi-discrete finite-difference scheme

Qdu/dt+ FPMU)+F"(U)+F*U)=0, (1)
here U =(p, pu,, pu,, pu,;, E) is the vectors of unknowns (density, components of the
momentum vector and the total energy) at grid nodes, Q is the diagonal matrix whose
elements are the volumes of dual cells, F®", F#, F* are numerical approximations of the

convective, viscous and heat fluxes across the interfaces of dual cells. We assume that the
convective fluxes are determined by solving the Riemann problems at cell interfaces (exactly
or approximately), diffusion fluxes are obtained by the finite element approximations. We
integrate the equation (1) for a time interval [t,, t ], where t , =t +7 Teon 1S @ time

conv ! conv

step, restricted by the convective stability condition. The solution U™ at the new time level
t ., is obtained using the values U" = (p, pu,, pu,, pu,, E)" at the time level t, in two
substeps. The hyperbolic substep is carried out using a Godunov-type scheme with t The
parabolic substep solves two parabolic equations with the same time step t_ . :

conv *

conv *

dH"/dt+D*V* =g*, dH"/dt+D"V*=g".
Here D", D* are self-adjont discrete operators defined by fluxes F*, F”. The grid functions
H*, V* are the momentum and velocity vectors, and the functions H”, V*are the total
energy E :p(e+0.5u2) and temperature T . We assume that temperature T is associated

with the internal energy e by the equation of state e=e(T). The parabolic substep is
implemented by the explicit-iterative scheme [1] with Chebyshev's parameters, the number of
the iterations is determined by t_, and the upper bounds of the operators D", D*. The main
advantages of this integration scheme are fulfilment of conservation laws and the efficiency of
parallel implementation. Numerical experiments confirm the effectiveness of this approach.

Acknowledgements:This work is supported by the Russian Science Foundation, project Ne
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O HOBOM CXEME PACHIEILIEHUSA 1JIS1 YPABHEHUI HABBE-CTOKCA
B.T. Xykos', O. b. ®eomopuropa’

lHhtcmumym npuxnaonou mamemamuxu um. M.B. Kenovuuua PAH, Mockea, Poccus
e-mail: zhukov@kiam.ru, feodor@kiam.ru

Pazpaborana HoBas cxema paclielUIeHHs 10  (U3MYECKUM IpoleccaMm s
MHTETPUPOBAHUS 110 BPEMEHHU CUCTEMbI HECTALIMOHAPHBIX TPEXMEPHBIX YPABHEHUN TUHAMUKU
C)KMMAEMOro TEIJIONPOBOIHOrO ra3a. CxemMa OCHOBaHA Ha pa3/efIeHUMH alropUTMa peLIeHus
ypaBHeHnii HaBbe-CTokca Ha KOHBEKTHBHBIN (TumepOonmueckuit) u auddy3uoHHBINA
(mapaGonnueckuii) atanbl. HTErpupys 1o AyajibHbIM 00beMaM, aCCOLMUPOBAHHBIM C y3JIaMH
HECTPYKTYPUPOBAHHOM CETKH, 3alMILIEM MOIYJUCKPETHYIO CXEMY

QdU/dt+ F®U)+F*(U)+F*U)=0, 1)

rae U =(p, pu;, pu,, pu,, E) — BekTop HensBeCTHBIX (ILUIOTHOCTb, KOMIIOHEHTHI BEKTOpa
MMITyJIbCA M IOJIHAs DHEPIUs) B y3jaX CETKH, () — JWaroHalbHas MaTpHUIla, JIEMEHTaMU
KOTOpO#l SBNSIOTCS AyanbHble oObembl, F°", F#, F”— anmpokcuManuu KOHBEKTHBHOTO,
BSI3KOTO M TEIUIOBOTO MOTOKOB. KOHBEKTUBHBIE MOTOKH OIPEIEIIEHbI C MOMOIIBIO PEIICHUSI

3agay Pumana, mud@y3uoHHBIE TIOTOKM — KOHEYHO-3JIEMEHTHBIMHU ammpokcumarsivu [1].

[Ipounterpupyem ypaBHenue (1) mo Bpemenu Ha mHTepBane [t , t . ], roe t =t +71,,,

T - HeKOTOpHﬁ miar, Ol"paHI/I‘leHHHﬁ KOHBCKTHBHBIM YCJIIOBUEM YCTOﬁQHBOCTH. Pacuer

conv
nepemernbix U™ mHa crmoe t,, mo smasenmsm U" =(p, pu,, pu,, pU,, E)' co cros t,
ABJISETCS ABYXATalHBIM. I HMIIepOoIMYecKuii dTan peanusyeTcs o cXeMe I'oJyHOBCKOIO TUIIa

C IaroM T, . [lapabonnyeckuii 9Tar COCTOMT B HHTETPUPOBAHUY C IIATOM T, YPABHECHUM
dH"/dt+D"V* =g", dH"/dt+D'V*=g".
3necs DY, D* — ceTouHBIE CaMOCOMPSKEHHBIE ONEPATOpHI, OIpeaeseMble MOTOKAMH

F*, F*. Jlamee H", V" — Bextopsl mmmyinbca u ckopoctd, H”, V" — monmas smeprus
E:p(e+0.5u2) u temreparypa | . Ilpeamomaraem, 4tro TemmepaTypa | CBsi3aHa C

BHYTpEHHEH »JHeprueir e ypaBHeHweM coctosauss €=e€(T) . ITlapabonuyeckuii sTam
pear3yeTcs ¢ MOMOIIBIO SBHO-UTEPAIMOHHON YeObIIEeBCKOM cXeMblI [1] ¢ unciom urepanui,

OTIpesieNIAeMBIM IITarOM T, U BEpXHUMH IPaHHIAMH omepatopos D", D*.

conv

HOCTOI/IHCTBaMI/I Hpe)]J'IO)KeHHOI\/’I CXEMBbI SBJIAKOTCSA BBIIIOJIHCHUEC 3aKOHOB COXpaHeHI/IH nu
3¢ (HEeKTUBHOCTh MapayUIeNbHON peanu3anuu. YWCIeHHbIE IKCIEPUMEHTHI TOJTBEPKIAIOT
PaboTOCTIOCTIOCOOHOCTH TAHHOTO MOX0a.

BaarogapuocTu: Pabora BeimonHeHa npu ¢puHancoBoit nmopaepxke PH® Nel7-71-30014.
JIntepartypa:

1. Xyxor B.T., ®eomopuroBa O.b., JIyoens A.Il.,, HoukoBa H.Jl. “SIBHOe wmHTErpmMpoBaHHE IO
BpeMeHn ypaBHeHHMH HaBhe—CTOKCa ¢ IMOMOIIBIO METOa JIOKaIbHBIX uTepanuii”’, Ilpenpuatr WIIM
uMm. M. B. Kengeima, 12 (2019).

95
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B nocnennue nBa npecsTwiieTHs OCOOCHHO AaKTUBHO pa3BUBaeTcs MeTol ['ajepkuHa c
pa3pbIBHBIMU 0a3uCHBIMH (DyHKIUSAMH. J[aHHBI METOJ OTHOCHUTCS K YHCJICHHBIE METOJaM
BBICOKOM TouHOocTH. OH oOecrneynBaeT 3aJaHHbI MOPAJOK TOYHOCTH, IpUYEM Ha
HECTPYKTypupoBaHHbIX ceTkax [1]. Kak wm3BectHo, mnsi oOecriedeHHss MOHOTOHHOCTH
pelIeHHs], TOJY4YEHHOIO JIaHHBIM METOJIOM, HEOOXOJMMO BBOJHMTHb TaK Ha3bIBacMble
OTPaHUYUTENN HAKJIOHA, WU JIMMUTEPHl, B OCOOCHHOCTH B TOM CJydYae, €CIIM pPELICHHE
COJIEPKUT CHIIbHBIE Pa3phIBbl. B HacTosd1ee Bpems, B psijie paboT NOKa3aHo, YTO IPUMEHEHHE
JUMHUTEPOB MOXET OTPULIATEIbHO CKa3aTbCsd HA TOYHOCTHU Mojy4yaemoro pemieHus. [loatomy
BOIIPOC COXPAHEHUs MOPAAKAa TOUHOCTH PELIeHUs U 00ecledeHnss MOHOTOHHOCTHU pEIleHUs B
HACTOSALIMI MOMEHT OCTaeTCs AKTYaIbHBIM.

B nanHoil pabGore paccMOTpeHbl JUMHTHpYIOUIME (YHKIMM, Haubojee 4YacTo
IpUMEHSIEMblE B IPOrpaMMHBIX KoMmIuiekcax. Haubonee mMIHMPOKO HCHOIB3YEMbIM IS
pacyeToB Ha TeTpad/palibHBIX CeTKaX, sABsAeTcs kiaccuueckuil iaumurtep KokxOypna [1].
Wnero naHHOrO IUMMHUTEpPa BO3MOXHO pPEan30BaTh B MHOIOMEPHOM ClIydae M Ha CETKax
IIPOU3BOJIBHON CTPYKTYpbl. OJIHAKO, TaHHBIM JTUMUTEP, Kak U Bce TVD mMuTeps! CHUXKaeT
TOYHOCTH IOJIy4aeMoro pemeHus. st CTpyKTypUpOBaHHBIX CETOK HanOonee 3(ppeKTHBHBIM
JUMUTEPOM, COXPAHSIOLIUM IOBBIIICHHBI MOPAJOK TOYHOCTH, SIBISIETCS «MOMEHTHBIN»
mumutep [2]. CylecTBYOT W Jpyrue MOAXOAbl K CO3JIaHUIO JMMHUTEpPA IOBBILIEHHOI'O
NOpsilKa TOYHOCTM — OJTO orpaHuuurens Ha ocHoBe WENO-pekoncTpykuuu [3] u
CIIIQXXMBAIOIIMM ONEepaTop HOBOTO THIA HA OCHOBE YCPEIHEHHUS PELICHUH, YUMTHIBAIOLIUI
CKOPOCTh M3MEHEHHUS PELICHHUs M CKOPOCTh M3MEHEHHUs ero npousBoAHbIX [4]. HambGonee
IPOCTHIM B peaju3allid Ha MHOTOMEPHBIX HECTPYKTYPUPOBAHHBIX CeTKax sBiserca Slope-
mumutep [5]. OgHako M 3TOT JIMMHTEp HE JIMILEH HEAOCTaTKOB, T.K. €r0 IPUMEHEHHE HE
rapaHTUpyeT NojaBieHne He(PU3UUHBIX OCLUIUIALUMI.

BaaronapuocTu: lccienoBanue BBIOJIHEHO MpPU MOJJEpXKe rpaHTa Poccuiickoro
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In the past two decades, the Galerkin method with discontinuous basic functions has been
actively developed. This method one of the numerical methods of high accuracy. It provides
a given order of accuracy even on unstructured grids [1]. As is known, to ensure the
monotony of the solution obtained by this method, it is necessary to introduce so-called slope
limiters, especially if the solution contains strong gaps. Currently, a number of papers have
shown that the use of limiters can negatively affect accuracy of the resulting solution.
Therefore, the question of preserving the order of accuracy of the solution and ensuring the
monotony of the solution remains relevant today.

In this paper, the limiting functions most often used in software packages are considered.
The most widely used for calculations on tetrahedral grids is the classic Cockburn limiter [1].
The idea of this limiter can be implemented in the multidimensional case on the grids of
arbitrary structure. However, this limiter, like all TVD limiters, reduces the accuracy of the
resulting solution. For structured grids, the most effective limiter that maintains an increased
order of accuracy is the “moment” limiter [2]. There are other approaches to creating a limiter
of increased order of accuracy - this is a limiter based on WENO-reconstruction [3] and a
smoothing operator of a new type based on averaging solutions, taking into account the rate of
change of the solution and the rate of change of its derivatives [4]. The most simple to
implement on multidimensional unstructured grids is the Slope limiter [5]. However, this
limiter has its drawbacks, since its use does not guarantee the suppression of non-physical
oscillations.
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In [1, 2] we had proposed a method for constructing combined shock-capturing schemes that
monotonically localize the shock and at the same time preserve increased accuracy in all areas
of smoothness of the calculated weak solutions. In the combined scheme a basic non-
monotonic scheme is used, which has an increased order of convergence in the regions of
shock influence. According to the basic scheme, the difference solution is constructed in the
entire computational domain. In the vicinity of large gradients, where this solution has non-
physical oscillations, it is corrected by numerically solving internal initial-boundary value
problems using one of the NFC (Nonlinear Flux Correction) schemes. The symmetric
compact scheme [3] of the third order of weak approximation was used as the basic scheme
in [1], and in [2] was used the Rusanov scheme [4] of the third order of the classical
approximation. In both cases the CABARET scheme [5] of the second order on smooth
solutions was used as the internal NFC scheme.

The main disadvantage of the combined schemes proposed in [1, 2] is that the corresponding
basic and internal schemes have a significantly different type, which leads to certain
difficulties in the implementation of the numerical algorithm on the boundary of the internal
computational domain. Therefore, the purpose of this work is to study the possibility of
constructing new combined schemes, in which this deficiency is absent. In these schemes the
non-monotonic versions (without weights) of the WENO schemes [6] are used as the basic
algorithms, and the NFC versions of these schemes (with appropriate weights) are used as the
internal algorithms.
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Ynemumym 2udpoounamuru um. M.A. Jlaspenmvesa CO PAH, np. ax. Jlaspenmvesa, 15,
Hosocubupck, 630090, Poccus
2Hosocubupckuii 2ocydapemeennyiii yhusepcumen, yi. Iupozosa, 2, Hosocubupck, 630090, Poccus
olyana@ngs.ru

B [1, 2] npemniokeH METOJ MOCTPOCHUS KOMOWHHPOBAHHBIX CXEM CKBO3HOIO CUETa,
KOTOpPbIE MOHOTOHHO JIOKQJIMU3YIOT (POHTHI YJApHBIX BOJH M B TO K€ BPEMsl COXPAHSIOT
MOBBIIIICHHYI0O TOYHOCTh BO BCEX OOJIACTSAX TUIAJKOCTH PACCUYUTHIBAEMBIX 000OIEHHBIX
pemeHuii. B KOMOMHUPOBaHHOW CXeME€ HCIOJb3yeTcss Oa3WcHas HEMOHOTOHHAs CXeMma,
KOTOpasi IMEET MOBBIIICHHBIN MOPSIOK CXOIUMOCTH B 001aCTAX BIUSHUS yIapHBIX BOJH. [1o
0a3MCHOM CXeMe pa3HOCTHOE PEIICHWE CTPOMTCS BO BCEW pacyeTHOW obOmactu. B
OKPECTHOCTSIX OOJIBIIUX TPAJAMCHTOB, TJIe 3TO PEIIeHUE MMeeT He(DU3MUeCKHe OCIUIUISALINY,
OHO KOPPEKTHPYETCS MyTEeM YHUCICHHOIO PEelICeHHs BHYTPEHHHMX HadallbHO-KPaeBbIX 3aad C
ucnonb3oBanuem oanoit u3 NFC (Nonlinear Flux Correction) cxem. B kauectBe 6a3zucHoi
cxeMbl B [1] ucnonb3oBalach CUMMETPUYHAS KOMIIAKTHAs cxeMa [3] TpeThero mnopsiaka
cmaboif ammpokcumarmu, a B [2] — cxema PycanoBa [4] TpeThero mopsijaka KIaCCHUECKON
anmpokcuMannu. B oboux ciydasx B kadectBe BHyTpeHHer NFC cxembl mcmosp3oBanach
cxema CABARET [5] BTOpOro nopsiika Ha riaJKux pelieHusx.

OCHOBHBIM HEIOCTAaTKOM KOMOMHHPOBAHHBIX CXEM, MPEMIOKEHHBIX B [1, 2], saBiseTcs
TO, YTO COOTBETCTBYIOIIME HM Oa3uUCHbIE M BHYTPEHHHE CXEMBl HMEIOT CYIIECTBEHHO
Pa3IUYHBIN THII, YTO MPUBOJIUT K OIMpPENEICHHBIM TPYIHOCTSM MPH peah3aliy YHCIEHHOTO
QITOPUTMA Ha TPaHUIIe BHYTPEHHEH BBIUMCIUTENbHONW obnactu. [loaToMy Lenbio AaHHOM
paboThl SBISETCS M3y4YEHUE BO3MOXKHOCTU MOCTPOEHHUS HOBBIX KOMOMHHPOBAaHHBIX CXEM, B
KOTOPBIX ITOT HEAOCTAaTOK OTCYTCTBYEeT. B 3THX cXemax HEMOHOTOHHBIC BapuaHTHI (Oe3
BecoB) cxeM WENO [6] ucnons3yroTcst B KauecTBe OCHOBHBIX anropuTmoB, a NFC Bepcum
9TUX CXeM (C COOTBETCTBYIOIIMMH BECaMHU) HCIONB3YIOTCS B Ka4eCTBE BHYTPEHHUX
AITOPUTMOB.

BbaarogapaocTu: Paborta BbimonHeHa mpu (UHAHCOBOM moxanepxke Poccuiickoro
HayyHoro ¢onma (rpant Ne 16-11-10033).
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WEIGHT MODIFICATION OF IMPROBABLE EVENTS REGISTRATION
ALGORITHM IN SUPERCOMPUTER SIMULATION OF RADIATION
TRANSPORT

Roman V. Uskov, Kseniya K. Inozemceva, Mikhail E. Zhukovsky
Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia
roman.uskov@gmail.com

Radiation transport simulation using Monte-Carlo method is based on random trajectories
construction. The trajectories are constructed for particles of the photon-electron cascade [1]
developed in matter. It is important to maximize statistical value of every trajectory. Problem
becomes crucial in cases where measured value is contributed by improbable events. There are
good examples of that scenario. First is measuring the flux of electrons emitting from thick
plate being under X-radiation. Second is measuring the energy deposit into bremsstrahlung
detector behind the target of the electron accelerator.

Most of the photons in first example will either fly through the plate without interaction or
interact with matter deep in the plate. The electrons burning as the result of the interaction are
unable to emit and the photon trajectories in these cases will have zero statistical value.

The bremsstrahlung photon in second example must interact within the lightweight detector
rather than heavy target to have non-zero statistical value. The probability of this event is
extremely low. That make modelling of such trajectories very inefficient.

The general approach of solving such problems is developed. The idea is to introduce special
“areas of interest” around the volumes where values involving electrons interaction are
measured (charge, current, energy deposit). These areas are defined by bounding surfaces very
similar to how objects and detecting areas are defined. The size of the area is chosen basing on
the electron stopping path to maximize its (area) efficiency.

Photon trajectories intersecting such areas are split into parts having corresponding statistical
weight [2]. One part of the photon outside the area of interest interacts “as usual” while the
others interact within the areas of interest explicitly. This allows generating the electron close
to the area where it can give statistical contribution in the measured value.

Supercomputer simulation examples showing the efficiency of the developed approach used
for finely dispersed medium are given.

Acknowledgments: This work is partially supported by Russian Fund for Basic Researches,
grant N 18-01-00582.
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BECOBAS MOIUPUKALNUA AJI'OPUTMA PETUCTPALIUN
MAJIOBEPOSITHBIX COBBITUI ITPU CYHNEPKOMIIBIOTEPHOM
MOJAEJIHNPOBAHUMU NIEPEHOCA U3JTYYEHUSA

P.B. Yckos, K.K. Mno3emuesa, M.E. KykoBckuii, M.b. Mapkos
UIIM um. M.B. Keansmma PAH
roman.uskov@gmail.com

MopenupoBaHnue nepeHoca U3JydeHus B BellecTse Meto oM Monrte-Kapio, ocHoBaHO Ha
MOCTPOCHHUH CITy4alHBIX TPACKTOPUH YacTHIil Kackanaa [1]. Makcummu3anus CTaTUCTHYECKOTO
BKJIaJla TPACKTOPHI dYacTull (CTaTUCTUYECKONW IIEHHOCTH TpPAEGKTOPHii) BakHa, Koraa
u3MepseMasl BeIMuYMHa (3HaueHUs (PYHKIMOHANIA Ha TPOCTPAHCTBE pPEIICHHH ypaBHEHUS
NepeHoca) ONpeaeIseTcss MajloBEPOSITHBIMU COOBITUAMU. [IpriMepamu, 1eMOHCTPUPYIOLTUMHU
npoOiieMy, SBISIOTCA OLIGHKA II0TOKa 3JEKTPOHOB, SMUTHPYIOIIMX C TIPaHUYHBIX
MOBEPXHOCTEH 00BEKTa, HAXOJAIIETroCs] MOJ BO3JIEHCTBUEM PEHTTEHOBCKOTO W3IY4YECHHS, a
TaK)K€ OLIEHKAa SHEProBBIICIECHUS B JETEKTOPE TOPMO3HOIO H3JIy4yeHUs, HAXOAsIIEMCs 3a
MUIIEHbIO, 00Jy4aeMol S3JEKTpoHaMHU yckoputTens. B mepBom mpumepe Oonblias 4yacTh
¢$oTOHOB OyIeT MpoJNETaTh Yepes IIACTUHY 0e3 B3auMOICHCTBUS, UX TPAEKTOPHH OYIyT UMETh
HYJEBYI0  CTaTHCTUYECKYI0 IIeHHOCTh. Bo BTOopoM mpumepe (OTOH  IOIKEH
B3aMMOJICHICTBOBATh C JIETKUM JETEKTOPOM, YTOOBI BHECTH CTAaTUCTUYECKMH BKJIAJ B
SHEProBBIJCICHUE B TaHHOM JieTekTope. OnHaKo 00JbIIas 4acTh TeHEPUPYEMOTO TOPMO3HOTO
U3ITy4yeHus: OyJeT B3auMOIEHCTBOBATh C TSKEJION MUILIEHBIO, @ HE C JIETKUM JIETEKTOPOM, UTO
JIeJIaeT MOJICTUPOBAHNE TAKUX TPACKTOPHM CTATUCTHUECKU Hed((HEKTUBHBIM.

Pazpaboran oOmuii MoAXoj K PEHICHUIO yKa3aHHBIX TpoOiem. Mues 3akitodaercs BO
BBEJICHUU CIEIHUAIbHBIX «o0JjacTeii HHTEepecay — OO0bEMOB BOKPYT JI€TEKTOPOB,
PETUCTPUPYIOIIMX AJIEKTPOHBI (IHEPrOBBIIEICHUE, NOTOK AJIEKTPOHOB, TOK, 3apsn). OTu
00BbEMbI OMUCHIBAIOTCS OrpPaHHYMBAIOIIMMU MOBEPXHOCTAMHU. Pa3mep oGnactu BeIOMpaeTcs
TakUM 00pa3oM, YTOOBI €€ IPaHULIbl OTCTOSIM OT IPAHMUIL AETEKTOpa Ha pPacCTOSHUE, paBHOE
TOPMO3HOMY IIyTH JIEKTPOHA.

@oTOHHas TpaeKkTopus, Mepecekarollas TaKylo o0yacTh, pa3OuMBaeTcs Ha JBE YacTH,
UMEIOLINE COOTBETCTBYIOIME CTAaTUCTHUECKHE Beca. POTOH ONHOM YacTH MOZAEIUPYETCS
«0ObIYHBIM» 00pazoM. DOTOH Ipyrodl 4YacTu SBHO B3aMMOJEWCTBYET BHYTPU «00iacTu
UHTEpeca». JTO MO3BOJSET T'€HEPUPOBATH 3JIEKTPOHBI B HEMOCPEICTBEHHOM OMM30CTH OT
JETEKTOpa, 3HAUUTEIbHO YBEIMUYMBAsg CTATUCTHYECKYIO LIEHHOCTh TpaeKTopuu (oToHa.
[TomoGHOe paciiernyieHie TpaekTopuu [2] maer 371eKTPOHY BBICOKYIO BEPOSITHOCTBH IMepecedb
JETEKTOP M OCTaBUTh B HEM COOTBETCTBYIOIIMH BKIJIAJl B U3MEPSIEMYIO BETUUHUHY.

[TpoBeneHsl NpHUMEPBI CYNEPKOMIBIOTEPHOIO MOJEIMPOBAHUS IEPEHOCA HU3IYy4YEHHUS B
MEJIKOJIMCIIEPCHBIX Cpeslax ¢ MPUMEHEHHEM pa3pabOTaHHOIO MOAX0/a.

BaaropapHoctu. Pabota BeinosnHeHa npu puHaHcoBol noaaepkke rpantoB PODOU Ne 17-
01-00301 u Ne 18-01-00582
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LINER FORM INFLUENCE ON THE EFFICIENCY OF THE FORMATION OF A
CUMULATIVE JET IN SQUIB

B.P. Rybakin?!, M.N. Kravchenko 2

Lomonosov Moscow State University, Moscow
*Gubkin Russian State University of Oil and Gas, Moscow
kravchenko.m@gubkin.ru

The work is devoted to the numerical simulation of a gas-metal-liquid jet formation during
the initiation of a charge of solid explosive inside the shell device. The purpose of the study is
to optimize the form of the squib used in the oil and gas industry. The advantage of
cumulative perforators over other technological schemes is the ability to create elongated
channels in complex targets.

The paper proposed a mathematical model for calculating the initiation of a shaped charge,
followed by deformation and destruction of the charge body, the appearance of a cumulative
jet penetrating through the metal layer and casing. The shape of the inner shell, called the
liner, significantly affects to the cumulative jet characteristics. The outer shell of the
projectile, as a rule, is made of steel, the inner one can be made of both steel of various
thickness, and of aluminum, copper, tungsten or other metals. You can achieve an increase in
the length of the channel in the target by 20-25% due to changes in the parameters of the liner.
In experimental and theoretical works, it was found that at angles less than 13° the jet has
insufficient force. When the angle at the tip of the liner cone changes from 13° to 46°, the jet
speed gradually increases, and then at jet angles greater than 46° the jet speed decreases.

The original program code was created based on a mathematical model [1], which allowed
to calculate the detonation of solid explosives, deformation of the igniter shell when varying
the following parameters: the material of the outer shell and liner, explosive, and the shape of
the squib.

Mathematical modeling of charge initiation with subsequent penetration of a cumulative jet
into a combined barrier allows optimizing the charge characteristics and cumulative perforator
design taking into account the geometry of the charge arrangement, as well as improving the
hydrodynamic connection between the oil and gas reservoir and well. The reservoir
macrofracturing is simulated by splitting the Lagrangian computational grid.

It is established that for a given form of steel pyrocartridge, the speed of the jet
substantially depends on the angle and has a maximum value of 4785 m/sec at an angle of a
conical liner of 38 °.

Acknowledgements: This work was supported by a grant from the Russian Foundation for
Basic Research Ne18-07-01303 A.
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BJIUSTHUE ®OPMbI IAMHEPA HA D®P®EKTUBHOCTHh ®OPMHUPOBAHUSI
KYMVYJATUBHOM CTPYHU B IUPOIIATPOHE

B.I1.Pei6akun?, M.H. KpaBuenko 2
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kravchenko.m@gubkin.ru

Pabora mocBsilmieHAa YHCICHHOMY MOJCITHPOBAHHUIO (OPMHUPOBAHUS Ta30-METAIIO-
XKHUJIKOCTHOM CTpyM MNpH HHULMUPOBAHMM 3apsga TBepaoro BB BHyrpu 0005104HOrO
ycrpoiictBa. Llenp uccnenoBanust - ontumuszanus (GopMbel MUPONATPOHA, UCIOIB3YEMOTO B
He(Tera3oBoi MpOMBINUIEHHOCTH. [IpenMyiiecTBO KyMyJsSLUOHHBIX Iep(opaTopoB Haj
JPYTMMHM  TEXHOJOTMUYECKMMM CXEMaMM  3aKJII0YaeTcsi B  BO3MOXHOCTH  CO3/aHUsA
IIPOTSKEHHBIX KaHAJIOB B KOMIUIEKCHBIX MULICHSIX.

B pabote nmpennoxena MareMaTu4eckasi MOJI€b, KOTOPasi Ja€T BO3MOXKHOCTh paccuuTaTh
MHULMMPOBAaHUE KyMYJISITUBHOTO 3apsiia C Iocienyromeil nedopmanueid U paspylieHUEM
KOpIyca 3apsijia, BO3HUKHOBEHHEM KyMYJSITUBHOW CTpyH, NpPOHMKAIOUIEH depe3 clioil
MeTajula U 00cagHOW KOJOHHBL. Ha XapakTepuCTUKH KyMYJISTHBHOH CTPYHM CYLIECTBEHHO
BIHsieT (hopMa BHYTPEHHEH 000I0YKH, Ha3bIBaeMOil JlaitHepoM. BHemHsist o0omouka cHapsiaa,
KaK TMPaBUJIO, CTaJIbHAs, BHYTPEHHSAS MOXKET W3rOTaBIMBATLCS, KAaK M3 CTalIM Pa3INYHON
TOJILIMHBI, TAK U U3 ATIOMUHUS, MEJIU, BoJb(pama UK APYTUX METAJUIOB. 3a CUET U3MEHEHUS
apaMeTpoB JialiHepa MOKHO JTOOUThCS yBEIMUYEHHs MPOTSHKEHHOCTH KaHaja B MUIIEHU Ha
20-25%. B skcrieprMEHTANbHBIX M TEOPETHUECKUX paboTax YCTaHOBJIEHO, YTO MpPHU YIiIax
MmeHee 13° cTpyst MeeT HeJOCTATOUHYIO MPOOUBHYIO cUiTy. V3MeHeHHe yriia Mmpu BepIIUHE
KoHyca naiiHepa oT 13° mo 46° maer moCTENeHHOE BO3PACTaHHE CKOPOCTH CTPYH CO
cHIKeHHeM (P ()EeKTHBHOCTHU MpH yriax Ooubine 46°.

Bei1 co3man coOCTBEHHBIN MPOrpaMMHBIA KOJI HA OCHOBE MareMarudeckor mojenu [1],
MO3BOJIAIOIININ ITPOBOAMUTH YMCIIEHHBIE DKCIIEPUMEHTHI 10 pacyeTy JE€TOHALMM TBepAbiX BB,
ne(OpMUPOBAHUN O0OJIOYKHM MHPONATPOHA MPU BAPBUPOBAHUU CIEAYIOLIUX MapaMeTpOB:
MaTepHala BHEIIHe 00004Ky U JaiiHepa, BB, u ¢opmsl nuponarpona.

MaremaTnueckoe MOJENIMpPOBaHUE Mpollecca WHUIMUPOBAHUS 3apsla C IMOCIETYIOINUM
NPOHUKAaHUEM KyMYJISTUBHOW CTpyH B KOMOMHHUPOBAaHHYI TIperpaay IO3BOJISET
ONTUMU3UPOBATh XapaKTEPUCTUKHU 3apsla M KOHCTPYKIMIO THiepdoparopa € ydeToMm
TEOMETPHUH PACIIOJIOKEHHS 3apsI0B, a TAKXKE YJIyUIIEHUS THAPOJIUHAMUYECKON CBSI3U MEXKIY
NPOAYKTUBHBIM IIJJACTOM M CKBAXHUHOW. MojaennpoBaHue Makpopas3pylleHus Ij1acrta
OCYILIECTBIISIETCS IIyTEM PACLIEIUICHNUS JarpaHKeBON pacyeTHON CETKHU.

VYcTaHOBIEHO, YTO MpH 3aJaHHOM (opMe CTalbHOIO MHHUPONMATPOHA CKOPOCTh CTPYH
CYLIECTBEHHO 3aBHCUT OT yIJla U HMMEET MakcuMaibHOe 3HaueHue 4785 m/c mpu yrie
PacKpBITUSI KOHUYECKOT o JlaliHepa B 38°.

BnaromapuocTu: JlanHas paGota Oblia BBIIIOJHEHA MPU MOJAECPKKe rpanta Poccuiickoro ®oxaa
dynnamentaabHbiXx ccnenopannii Ne18-07-01303 A.
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Some problems in estimations of scientific and trade union activities with different
approaches are discussed. Despite the all differences in this approaches it is useful to consider
their common features. One of these features is a human factor which plays significant role
even in exact sciences not to mention about other branches of science or trade union activities.
The human factor problem was discussed many times, in particular, in references [1-5] but it
should be discussed more and more. It is evident, for example from recent text and remark
academician Vasil’ev V.A. and RAS president Sergeev A.M. [6-7]. Analysis of human factor
manifestations in science and different scientific communities is given in the present
communication.
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HAYKOMETPUYECKUE Y SKCIIEPTHBIE OLIEHKH
HAYYHOH ¥ TPO®COIO3HOM JESTEJIBHOCTH
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OO6cyxnalTcsi HEKOTOpbIEe MPOOJIEMbl, BO3HMKAIOUINE MPU HCIOJIB30BAHUU Pa3IUYHBIX
MOJIXOIOB ISl OLIEHKH HAYyYHOU M TPO(COIO3HOM NesTeNbHOCTH. HecMOoTps Ha Bce pa3nuuust
3TUX TOJXOOB II€JIeCO00pa3HO paccMOTpeTh oOuMe ux mnposeiaeHUs. OAHUM M3 TaKHUX
ACTICKTOB SIBJISIETCS YeJIOBEUECKUN (PaKTOpP, pOJIb KOTOPOTO OKA3bIBACTCS BEChMa BEJIMKA JTaXKe
B TOYHBIX HayKax, HE TOBOpS YK€ O Jpyrux pasjieiax Haykd WiH [podCcoro3HON
NEATENIbHOCTH. JTa TmpoOiieMa yKe HEOJHOKPATHO 3aTparuBaiach, B YacTHOCTH, B
nyonukarmusax [1-5], HO K Hel HEoOXOIWMO BO3BpAIIAThCS CHOBA W CHOBA. JTO BHIIHO,
HaIpuMep, MO HEJaBHUM BBICTYIUIEHUSIM akaaeMuka BacuibeBa B.A. u npesunenta PAH
Cepreea A.M. [6-7]. AHanu3 TPOSBIICHUIA YEJIOBEYECKOTO (aKTopa B HAYKE M PA3TUIHBIX
OpTraHM3aIMAX YUEHBIX COCTABISIET OCHOBHOE COJIEPIKaHNE JAHHOTO COOOIIECHUSI.
Bbaarogapuoctu: Asrop 6marogaput T.A. CymikeBud 3a JOTOJHUTEILHYIO HH(POPMAIIHUIO 110
myOIHKAIUSAM O XKU3HU Poccuiickol HayKH.
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HYPERBOLIC VARIATIONS CHORD IN THE POINTS FATOU OF THE
BOUNDED HOLOMORPHIC FUNCTIONS

7. Pavidevié
Faculty of Natural Sciences and Mathematics, University of Montenegro, Podgorica, Montenegro;
National Research Nuclear University MEPhI , Moscow, Russia
zarkop@ucg.ac.me

We will denote by D and T the disk {z‘ H <1} and circle{z‘ H :1} , respectively. The chord

of the disk D, ending in point & =e* I and forming with a radius at this point angle
o, oce(—n/z, n/z) will be denoted byh(é’;,oc). Let M be an arbitrary Borel measurable set

on I', mesM Lebesgue measure of the set M andG,, = §%{2‘|Z—p§| <l—p} ,1/2<p<1l.We

will consider sets M for which mesM > 0.

Lemma. If f:D— D is holomorphic functionand 1, (6,a)= I |f'(z)|(1_|f (Z)|2)*1|dz|<+oo,
h(z.a)

then lim f(z)=w, weD.
h(&,a)>x—¢&

Theorem. If f:D—D is holomorphic function and J |f'(z)|(1_|f(Z)|2)_1dxdy<+oo,
o

M
z=x+iy, then: i) for eacha, ae(-n/2, n/2), |;(6,a)is a summable function of the

argument 0, £=e°eM; i) exists setE, Ec M, mesE=mesM , that for each fixed
0, £=e" eE, 1,(0,0) is a summable function of the argument o, o e(—n/2, n/2);

iif) the function f on the set E has angular limit values; iv) I, (e,a)<+oo for all values
0, £=e"cE, andalla, ae(-n/2, n/2).

In [4, 5], interesting bounded holomorphic functions f, |f(z)|<c, ze D, such that
I|f’(z)|dxdy:oo were constructed. Then for f(z)=f(z)/c, ze D, the following holds:

D

J

X 2)(1-]t (2 )_ldxdy _ oo,

Corollary. Let the holomorphic function f satisfy the conditions of the Theorem, and

E,, E. c M, be the set of all points &= " for which there are angular boundary values f (e“’)
and|f (e” ) =1. Then mesE, =0.
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I'NMIIEPBOJIMYECKHUE BAPUALIUU XOPJ B TOUYKAX ®ATY
OI'PAHUYEHHBIX I'OJIOMOP®HBIX ®YHKIIAN

7. Pavicevié
Faculty of Natural Sciences and Mathematics, University of Montenegro, Podgorica, Montenegro;
National Research Nuclear University MEPhI , Moscow, Russia
zarkop@ucg.ac.me

Yepes D, T u h(&, o) 0603HauNM COOTBETCTBEHHO KDYT {Z‘ 7] <1},Opr)KHOCTL {Z‘ 7] <1},

1 xopay Kpyra D, okonuaromyrost B Touke & =€ €I u 00pasyloniyio ¢ paguycoM B JTOM

TOYKE Yroll O, O € (—Tc/ 2, o/ 2), M npousBosnbHOE H3MepuMo 1o bopento mHoxecTBO Ha I,

mesM  JleberoBa Mmepa MHOXECTBA M o5,=uU {z||z_p§| <1_p}, 1 p<1. bynem
teM 2

paccMmaTpuBaTh MHOKECTBa M JU1sl KOTOPBIX mesM > 0.

Jemma . Ecnu f : D — D romnomopdua dyHkums u

E,a)3X—E

1, (0,0) = J‘ |f'(2)|(1—|f(z)|2)_1|dz|<+oo’ Toraa " lim f(z)=o, 0eD.
h(&.o)
Teopema. Ecmu f :D — D ronomopdHa ¢yHKIUA U J' |f’(z)|(1—|f (Z)|2)4 dxdy < o0, Z=XHIY,
Sm

tora: i) mms kaxporoo, o€(-m/2, n/2), | (6,a)sBusres cymmmpyemoii dynkimei
aprymenta 0, &=e" e M; ii) cymectByer mMHOX)ectBO E, E = M, mesE =mesM uro mis
kaxjoro Qukcuposannoro 0, E=e°eE, |, (6,0) siBisiTest - cymmupyemoii  yHKImeit
aprymMeHTa d, ae(—n/z, n/z); i) ¢ynkums f  Ha MHOXKecTBe £ HMMeeT yIJOBbIE
npezenbHbIe 3HaYeHus; V) GpyHkuus |, (9, oc) < 400 s Beex 3HaueHuit 0, £ =e"° € E, uBcex
a, ae(-n/2 n/2).

B [4,5] mocTpoeHe nHTEpeCHbIE OrpaHHMYCHHBIE ToIoMOpHbIE PyHKIMH f, ‘ f (Z)‘ <c, zeD,
y KOTOPHXH f '(z)|dxdy =+o0, Torna 151 f,(z) = f (z)/c, ze D, H f ’(z)|(1—| f (z)|2)71dxdy = +00.
D D

Cneocmeue. Ecin s ronomopuoit  dynkimuu f  u3 Teopemn muoxectso E;, E, < M,

MHOXCECTBO TOUCK E.: = €I9 AJIs1 KOTOPpUX CYIICTBYIOT YTJIOBBIC I'DAHUYHBIC 3HAUYCHUA f (ele) u

‘f (eie)‘ =1, rorma mesg, =0.
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KOHEYHO-3JIEMEHTHASA MOJIEJIb 'A3OAUHAMHUYECKOI'O TEYUEHUSA HA
OCHOBE PA3PBIBHOI'O METOJA I'AJIEPKHUHA: 3AKOHbI COXPAHEHUS 1
BTOPOE HAYAJIO TEPMOJANHAMUKHU

Kpukcun FO.A.!, Tumkun B.®.!

TUTIM um. M.B.Kenowviua PAH, Muycckas na., 4, Mockea 125047, Poccus
e-mail: kriksin@imamod.ru

PaccMOTpeHBl SHTPONMIHO yCTOWYMBBIE METOMBI PEIICHUs ra30JMHAMUYECKHUX 3a]ad Ha
OCHOBe paspbiBHOro Merona [amepkuna (PMI'). Bmecte ¢ TpaaMIIMOHHO HCIIOJIB3YEMBIMU
3aKOHAMH COXPAaHEHMS MAacChl, UMITyJlbCa W IIOJIHOW DSHEPrUU IIPEAJIaraéMble METOMbI
YYHUTBHIBAIOT BTOPOE HA4yaJll0 TEPMOAMHAMMKH, KOJIMYECTBEHHBIM BBIPDA)KEHHEM KOTOPOTO
CITy>KUT SHTPONMUINHOE YCIOBHE.

B npemnmaraemoil  KOHEYHO-3JEMEHTHOM  MOJENIM  Ta30QMHAMMYECKOIO  TEUEHUS
UCIIOJIB3YIOTCS JMCKPETHBIE aHAJIOTM 3aKOHOB COXPAHEHMS M DHTPONMNHOIO HEPABEHCTBA,
KOTOpBIE BBIMOMHSAIOTCS B KAKIOM KOHEUHOM SIEMEHTE.

Camo 1o ceOe BBIMOIHEHUE TUCKPETHBIX aHAJIOTOB 3aKOHOB COXPAHEHUS U SHTPOIUHHOTO
HEpaBEHCTBA, BOOOIIE TOBOps, HE OOECNeYMBAET YCTOHYMBOCTU YHCICHHOTO PELICHMUS.
KitoueByto ponp  urpaer BbIOOp MHOXECTBAa  JOMYCTHUMBIX KOHEYHO-3JIEMEHTHBIX
annpokcuManui, cBs3aHHbIX ¢ PMI, mpum mnoMomM KOTOpPBIX CTPOMTCS 3TO YHCIEHHOE
pemeHue. YCTaHOBJIEHO, YTO MOHOTOHHOCTh KOHEYHO-3JIEMEHTHBIX allPOKCHMALMM TECHO
CBf3aHA C IIOJABJICHUEM IMAPA3UTHBIX OCUMWUIALUN YHUCICHHBIX PEIICHUN M BBIIOJHEHUEM
SHTPONHUUHOIO yCIOBHUS.

dopmanbHOE BBIMOIHEHUE SHTPONUHHOIO YCIOBHUS, BOOOIIE TOBOPS, HEAOCTATOUYHO IS
NoJy4YeHHsT (U3NYECKH peajM3yeMbIX UYWCIEHHBIX pemieHnid. Hampumep, eTMHCTBEHHBIM
MCTOYHUKOM IPOM3BOJCTBA DHTPONMM B ClIydac YpPaBHEHUN OWiepa SBIAIOTCS yIapHbIE
BOJIHBL. TeM He MeHee, MHOTME U3BECTHBIE YMCIICHHBIE METOJIbI, TaKHe Kak cxema ['oyHoBa,
pasnunuHble Bepcun PMIT u npyrue anropuTMbl MPOU3BOAAT B PAJE CIy4yaeB M30BITOUHYIO
DHTPOIUIO W3-32 YEro UHWCIICHHBIC pEIICHUS CTAHOBATCA HEPU3UYECKUMHU (3a1ada
OitHdenpaTa). [IpennoxeHHslid noaxoa 6o1ee TOYHO YUUTHIBAET SHTPOIUIHOE YCIOBUE IS
ypaBHEHUH Dijiepa o CpaBHEHUIO C IPYTUMH U3BECTHBIMU METOJaMHU.

Bbnaromapuoctu: ABTopel Onaromapst Poccuiickuii Hay4HbI (GOHO 32 (UHAHCOBYIO
nonepkky (mpoekt Ne 17-71-30014) u neHTp nHGOPMALMOHHBIX TEXHOJIOTUNA YHUBEPCUTETA
I'ponunrena (Huznepnanabl) 3a NpeoCTaBIECHHYIO BO3MOXHOCTb ITPOBEACHUS PaCcYETOB.
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FINITE ELEMENT MODEL OF A GASDYNAMIC FLOW ON THE
DISCONTINUOUS GALERKIN METHOD BASIS: CONSERVATION LAWS AND
THE SECOND LAW OF THERMODYNAMICS

Kriksin Y.A.!, Tishkin V.F.!

"Keldysh Institute of Applied Mathematics of RAS, Miusskaya sq. 4, Moscow 125047, Russia
e-mail: kriksin@imamod.ru

The entropy stable methods for solving gasdynamic problems based on the discontinuous
Galerkin method (DGM) are considered. The proposed methods take into account the second
law of thermodynamics, the quantitative expression of which is the entropic condition,
together with the traditionally used laws of conservation of mass, momentum and total
energy.

Discrete analogues of conservation laws and entropic inequality are used in the proposed
finite element model of a gasdynamic flow, which are satisfied in each finite element.'”

In itself, the implementation of discrete analogues of conservation laws and the entropy
inequality, generally speaking, does not ensure the stability of a numerical solution. A key
role is played by the choice of the set of admissible finite-element approximations associated
with the DGM, with the help of which this numerical solution is constructed. It is established
that the monotonicity of finite element approximations is closely related to the suppression of
parasitic oscillations of numerical solutions and the fulfillment of the entropy inequality.

The formal fulfillment of the entropy condition, generally speaking, is not enough to obtain
physically feasible numerical solutions. For example, the only source of entropy production in
the case of the Euler equations is shock wave. Nevertheless, many well-known numerical
methods, such as the Godunov scheme, different versions of the DGM and other algorithms,
in some cases, produce excessive entropy because of which the numerical solutions become
nonphysical (Einfeldt's problem). The proposed approach more accurately takes into account
the entropy condition for the Euler equations as compared to other known methods.
Acknowledgements: The authors thank the Russian Science Foundation for financial support
(project No. 17-71-30014) and the Center for Information Technology of the University of
Groningen (Netherlands) for the assistance in performing calculations.
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AJANITAOUA CETOK 1 JMHAMHUYECKAS BAJIAHCHUPOBKA 3AT'PY3KHU J1JIsA
BBICOKOITPOU3BOJIUTEJIBHBIX MYJIbTU®U3NUYECKUX BLIYNCJIEHUNA

O.T. OnwsxoBckas, [1. C. boiikos, C. K. I'puropses, A. C. bonmapes, M. B. SIko6oBckuid,
B. A. TI'acunos

Hncmumym npuxnaonot mamemamuxu um. M. B. Kenoviwa PAH, Mockea, Poccus
boldar@imamod.ru

bonpmmHCTBO  cTpareruii  3(Q(GEKTHUBHBIX  BBIYHCICHUA MPEAINOJaraloT CETOYHYIO
aganrtauuio. [IpsaMoyronbHble CETKM 4acTO pacCMaTpUBAIOTCA U INPUMEHSAIOTCS KaK OCHOBA
st 9(QQEeKTUBHBIX AJITOPUTMOB JTMHAMUYECKOW CeTOYHOW amantauuu. M3MmenbueHue
NPOM3BOUTCS IyTE€M IOCIEAOBATEILHOIO pa30ueHust KyOM4YecKoW sYeWKH Ha OKTaHTBHI,
o0pa3ysl TakuM 00pa3oM CETKY CO CTPYKTYpOH BOCBMEPHUYHOTO JepeBa. Takas TeXHOJOTrus
aKTUBHO MHCIIOJIb3YETCs; HAlpuMep, OHa sBisieTcs OcHOBHOM B makere OpenFOAM u
enuHcTBeHHOU B FlowVision. bubnuoreka nporpamm Ha C++ ¢ ucnonb3oBanueM MPI st
napauiensHoil  00paboTku  BocbMepuyHbIX ceTok PABLO ycmemHo wucmonb3yercss B
ruapoauHamuyeckoM mpoektre  MEMPHIS. B wactosmeldr pabGore MBI yMEHBIIHIA
BBIUMCJIUTENbHBIE 3aTPaThl M YJIYYIIMJIM TOYHOCTH IIOCPEICTBOM BHEIPEHMSI TEXHOJIOTUU
TUHAMUYECKOW CETOYHOW ajanTaiuu B 0O0BEeKTHO-opueHTHpoBaHHBIM kKo MARPLE 3D
(UIIM um. M. B. Kenasima PAH).

[IpeumyiiecTBOM  BOCBMEPHYHBIX CETOK SBJISIETCS MX IPsAMOYroJbHas OCHOBA,
JIOTIYCKAIoLasi TPEXUHAECKCHYIO aJpecaliio 3JIeMEHTOB. JKenarenbHO COXpPaHUTh TaKoe
ONHUCAHUE TAKXXE W JUIA CI0XXHOW reoMeTrpud. Mbl BBOAUM TakKKe YETBEPTHIA MHIEKC S —
ypOBeHb Apo0ieHus sueiku, s = 0 171 nepBoHavaIbHON (HEpa3apoOICHHOM) TUSHKH.

Hamm  anroputmel  00pabOTKM  CETOYHBIX  JaHHBIX  OCHOBaHbBI HAa  TEOPUU
IPOCTPAHCTBO3ATOIHSIIOMMX KPUBBIX. MOIU(HUIUPOBaHHBIA KOA MOpPTOHA HCIOJB3YETCS
JUIsL  CTPYKTYp  JJE€MEHTOB, TOMEYaeMbIX  HAabOpOM M3  YeThIpeX  HHJEKCOB.
MomudunupoBannas kpusas [leano npumensiercs A TpeXMEpHBIX 00acTeil MPonu3BOIBHOM
dopMbl. MBI mpeanoyuTaeM SBHO OTAEIUTH TOIMOJIOTHUIO CETKM OT T€OMETPUHU PaCUETHOM
001aCcTH, YTOOBI HCIIOJIB30BATh B KaX/IOM CIIy4ae ONTUMAIIbHYIO KPUBYIO.

[IpumeneHnue mapaienbHBIX BhIUUCICHUN B mapaaurme MPI npeanonaraer pazOueHue
aJaNTUBHON CETKH, T. €. MOJAECPKKY APEBECHON CTPYKTYpbl B PACIPENEICHHOW CHCTEME.
Kpome Ttoro, mpobGiiemoil siBisieTcsi OalaHCUPOBKA HArpy3KH, TaKk KakK KaxKaas oreparus
M3MEBYCHHUS STUCHKH YBEIMUMBAET KOJIMYECTBO SUYEEK HA 7, YTO B HAUXYJIIEM CIy4ae MOXKET
YBEIIMUUTh Harpy3ky otaenbHoro MPI-npouecca B 8 pa3. Takxke cieayer ydecTb
HEOOXOIMMOCTh TOJICPKKU BEPTHUKAIBHBIX CBSI3€ B ApeBECHOl cTpykType. BoszmoskHoe
pelleHre 3aKJo4yaeTcsli B IMepenadye JepeBa s4eeK LEeTUKOM Ipu IepedaraHCHPOBKE.
HauanbHas craTuueckas OalaHCHpPOBKAa HAarpy3KH INPOBOAUTCS C HCIOJIb30BAHUEM KPHUBOM
['mnpbepra — Ileano, aganTUpOBaHHOW K TPOM3BOIBHOW pacueTHou obmactu. Ilocne
ajanrtanuu CETKHU IIPUMEHSIETCS QG py3noHHAs OaraHCcUpOBKa BJIOJIb
MPOCTPAHCTBO3AIMOIHSAIONIEH KPUBOIA.

Uro kacaercsi «(PUKTUBHBIX» SYEEK JUISI MEXKIIPOLIECCOPHBIX OOMEHOB, TaK KakK €IMHUICH
uH(pOpMallUu SABIISETCS MEpPBUYHASA siUelKa, OHA JOJDKHA BKJIIOYATHCS IEJIMKOM, CO BCEMU
CBOMMH JTouepHUMH stueiikamu. [1IuprHa cinost «pUKTUBHBIX» STUEEK OMPEeNIeTCs IIa0JI0HOM
MCIIOJIb3yeMOIl KOHEUHOPA3HOCTHOM CXEMBI.
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ADAPTIVE MESH REFINEMENT AND DYNAMIC LOAD BALANCE
FOR HPC MULTIPHYSICS SIMULATIONS

0. Olkhovskaya, D. Boykov, S. Grigoriev, A. Boldarev, M. Yakobovskiy, V. Gasilov

Keldysh Institute of Applied Mathematics RAS, Moscow, Russia
boldar@imamod.ru

We reduced computational costs and improved accuracy by incorporating a new adaptive
mesh refinement technique in an object-oriented code for HPC multiphysics simulations. Data
structures based on combination of space-filling curves were developed for 3D octree meshes.
New diffusion dynamic load balance algorithms were implemented. The appropriate C++
software is designed for MPI parallelism using distributed memory and domain
decomposition.

Most strategies of efficient computations involve adaptive mesh refinement (ARM). In
practice rectangular meshes are usually considered and applied as a basis for resource
efficient dynamic mesh refinement algorithms. Refinement is performed by recursive
subdivision of a cube (or cartesian cuboid) cell into octants thus producing an octree mesh.
This technique is actively used; for example, it is the main one in the OpenFOAM package
and the only one in the FlowVision package. C++/MPI library for parallel linear
octree/quadtree PABLO is successfully employed in CFD project MEMPHIS. We have more
than ten-year experience in HPC multiphysics simulations and now reduce computational
costs and improve accuracy by incorporating AMR technique in object-oriented code
MARPLE 3D (KIAM RAS).

An advantage of the octree mesh is its rectangular nature allowing three-index description.
It is preferable to retain this description for complex geometry as well. We also introduce the
fourth index s, which is the level of the cell subdivision, s = 0 for an initial (undivided) cell.

Our mesh data processing algorithms are based on space-filling curves theory. Modified
Morton code is implemented for structures of elements labeled with a set of four indices, and
modified Peano curve is implemented for arbitrary shaped 3D domains. We prefer to separate
explicitly the topology of the mesh and the geometry of the computational domain in order to
apply the optimum curve in each case.

The implementation of parallel computing in the MPI paradigm involves the
decomposition of adaptive mesh, i. e. maintaining tree structure in a distributed system. In
addition, load balancing is a problem, because one refinement operation increases the number
of cells by 7, which in the worst case can increase 8 times the load of an individual MPI
process. One must also take into account the need to maintain vertical relationship in the tree
structure. The solution is to transfer a complete tree of cells when rebalancing, including those
that belong to the same subdivision tree, but are not used in any way in the calculations for
the MPI process under consideration. Static initial load balancing is carried out using the
Hilbert-Peano curve adapted to an arbitrary domain. Diffusion balancing is applied along the
space-filling curve after mesh refinement.

As for halo cells for interprocessor exchanges, since the primary cell is considered to be a
unit of information, it should be included as a whole, with all its child cells. The width of the
halo is determined by the finite-difference scheme stencil.
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THE MODELING OF RADIATION-INDUCED THERMOMECHANICAL
EFFECTS IN THE FINELY DISPERSED MEDIUM
Fedor N. Voronin, Varvara A. Egorova, Eugeniy B. Savenkov, Mikhail E. Zhukovskiy

Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia
raveaprouch@mail.ru

Modern high-tech construction materials are designed to withstand loads of various nature
under conditions of the complex physical effects, for instance, radiation and heat fluxes,
mechanical tension etc. The protective coating of satellite being under space radiation is an
example of the material in question. There is a problem of creation of the materials resistant to
external influence of various nature. One of the promising ways to solve this problem is the use
of composite materials of the finely dispersed structure.

A complex model for supercomputing the parameters of radiation-induced
thermomechanical fields in heterogeneous media of complex dispersed structure is developed.
A technique for calculating the parameters of the photon-electron cascade generated in the
object by the interaction of radiation with matter is worked out. A geometric model of the
medium with a direct resolution of its microstructure is worked out. A part of the geometric
description of the medium is a model of the detecting system for the statistical evaluation of the
energy deposit density of radiation. The detection system is adaptive to the complex structure
of the medium and is constructed as a set of non-intersecting spherical detectors. Energy deposit
of radiation is a source of thermodynamic processes. The approximation technique based on
the neural networks is developed for transferring the results of statistical modeling of the energy
deposit from used detector system to the thermodynamic spatial greed [1].

The ideal hydrodynamic Euler model of the compressible medium dynamics in a
conservative form is chosen as the basis for the modeling of thermomechanical processes [2].
The results of demonstration calculations of thermomechanical fields parameters are presented.

The applications of the developed simulation tool are presented in terms of results obtained
using the hybrid computing cluster K-100 (http://www.kiam.ru/MVS/resourses/k100.html ).
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MOJAEJIUPOBAHUE PAIMAIIUOHHO-UHAYHNPOBAHHBIX
TEPMOMEXAHUYECKUX DOP®EKTOB B I'ETEPOI'EHHBIX CPEJAX
®enop H. Boponun, Bapsapa A. Eroposa, Esrennii b. CaBenkos, Muxaun E. XXykoBckuii

HUnemumym npuxnaonoii mamemamuxu PAH; Mockea, Poccus
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CoBpeMeHHbIE BBICOKOTEXHOJIOTHYHbIE KOHCTPYKLMOHHBIE MaTepUallbl IPOEKTUPYIOTCS C
Y4ETOM YCTOWYMBOCTH K (PM3NYECKUM (haKTOpaM Pa3InIHOMN MPUPOJIbI, TAKUM KaK, HAIPHUMED,
Harpes, pajuanus, MEXaHu4ecKre HanpspkeHus u T.1. [IpumepoM Takoro marepuana siBisercs
3alIUTHOE TOKPBITHE CITYyTHUKA, MOJBEPraloieecss BO3ACHCTBUI0 KOCMHUECKOTO M3JIyUCHHS.
OfHUMM M3 NEPCHEKTUBHBIX CIIOCOOOB MOBBIMIEHHUS €ro (YHKLUMOHAIbHBIX XapaKTEPHUCTUK
ABJISIETCS] UCIIOJIb30BAaHUE KOMITO3UIIMOHHBIX MATEPUAIOB TOHKOAUCIIEPCHOM CTPYKTYPBI.

Pa3zpaGoTana KOMIIJIEKCHAs MOJIEINb Ul CYIIEPKOMIIBIOTEPHOTO MCCIEI0BAHUS TapaMeTPOB
paanaiuOHHO-MHAYIHUPOBAHHBIX TCPMOMEXAHUYCCKUX IoJIeH B TCTCPOrcHHbIX Cpecaax co
CJIIO)KHOM nucnepcHol cTpykTypoil. IlocTpoen cmoco6 pacuera mnapameTpoB (OTOH-
AIIEKTPOHHOTO KacKala, TeHEpUPYEeMOro B OOBEKTE IPH B3aMMOJACHCTBUHM H3IyYCHHS C
BemecTBOM. Co3faHa reoMeTpudeckas MOJAEIb CpeAbl C NPSAMBIM pa3pelieHHeM ee
MUKpPOCTPYKTYpbl. COCTaBHON 4aCThIO F€OMETPUUECKOIO ONUCAHUS CPEJbl ABISETCS MOJEINb
JETEKTUPYIOIIEH CHCTEeMbl JJIS CTATUCTUYECKOM OILCHKH SHEPrOBBIICICHUS W3IIyYCHHUS.
Jerextupyronias cucreMa aJaliTUpOBaHa K HEOJAHOPOIHOM CTPYKTYpe CPeAbl U MPEICTABIISAET
co0Ol MHOKECTBO HeIlepeceKaroluxcs Apyr ¢ aApyrom cdep. Ha ocHoBe HeHpOHHBIX ceTel
pa3paboTaHa METOAMKA aNMpPOKCUMAIUN SHEPrOBBIICICHHUS, MOJIYYCHHOTO IETEKTHPYIOUICH
CHCTEMOM, Ha TEPMOMEXaHUYECKYIO Pa3HOCTHYIO ceTKy [1].

OcHOBOW  ansi  pacueTa TEPMOMEXaHWYECKHX IPOLECCOB  BBHIOpaHa  HUACaIbHAsS
THJIpOAMHAMHUYECKask MoJieb Dilfiepa TMHAMUKN CKMMaeMOM cpe/ibl B KOHCEPBATUBHON (popme
[2]. [TpuBeneHbI pe3yabTaThl IEMOHCTPAIMOHHBIX PACYETOB MTAPAMETPOB TEPMOMEXAHUIECKUX
IOJIEH.

HpeI[CTaBJ'IeHHI)IC PE3YyJIbTAThl MOACITINPOBAHUA TOJTYYCHBI HA FI/I6pI/II[HOM BBIYUCIIUTCIBHOM
wiacrepe K-100 (http://www.kiam.ru/MVS/resourses/k100.html ).
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Ob AJI'OPUTME MOJAEJIMPOBAHUSA IIEPEHOCA ITPOTOHOB
C YYETOM AJEPHOI'O PACCEAAHUA

Hononsako C.B., Kazemvmog I11.A., Mapkos M.b., Ilapotekun C.B., Tapakanos 1. A.
HIIM um. M. B. Kenovuuua PAH, Mockea, Poccus
psv66@mail.ru

I[TepeHoC MPOTOHOB B BEILECTBE COMPOBOXKIAETCs paccesiHrueM. OHO 00YCIOBICHO B3aHMO-
JefiCTBHEM MPOTOHOB C HJIEKTPOHHOM MTOJICUCTEMON | C S[PAMU aTOMOB PaCCEUBAIOIICH CPEIbL.

B pesynbraTte B3auMOAEHCTBHSI C 3IEKTPOHHOM MOJCUCTEMOI aTOMOB CPEJIbl IIPOTOHBI Te-
PSIIOT SHEPTUIO HEMPEPHIBHO, IPAKTHYCCKH HE MCHSSI HATIPABIICHUSI BHKEHUS. SIepHbIe B3a-
VUMOJICHCTBUSL UMEIOT OTHOCHTEIBHO HEOOJBIINEG CEUYEHHsS, HO MOTYT COMPOBOXKIATHCS HE
TOJIBKO GOJIBITMMH W3MEHEHUSIMH UMITYIIbCA TPOTOHA, HO U SICPHBIMU peakuusiMu [1].

Pa3paboTtaHbl aITOPUTMBI IIEPEHOCA TIPOTOHOB, KOTOPHIC PEATH30BAHBI ISl KYCOYHO-O/IHO-
POIHBIX CPE/l B MPUOIKEHHN HEPEPHIBHOTO 3aME/JICHHSI TP PACCMOTPEHUH TPOIEcca Ie-
peHoca 0e3 ydera siiepHoro paccesHus [2].

JIiist yuerta siIepHOTO PACCESHUS IOCTPOSH CTATUCTHYECKHUI AlTOPUTM HA OCHOBE MOJIENN
WHIMBHIyJIbHBIX coynapeHuid [3].

C mpuMeHEHHEM aIrOpUTMa MPOBEACHBI CPABHHUTEIBHBIC PACcYeThl MOIU(PHUIMPOBAHHBIX
KpuBbIX Bparra 6e3 yuera sJepHOro paccesiHus 1 ¢ y4€ToM 3Toro mporecca (puc. 1).

s CY4ETOM AfEpHbIX PaccceaHni
6es yu&Ta f/lepHbIX pacccesiHuil

1041

K3B/cm

103

X, CM

Puc. 1. MonudunupoBannsie kpusble bparra juis mepeHoca MpoTOHOB
¢ JIMHEWUaThIM clieKTpoM B auana3zone 80120 MaB B cmone

baaronapuocTu: PaGota BhIMONIHEHA NMPU YacTHUYHOM (puHaHCOBOW moaaepxke Poccuii-
ckoro (oHma pyHaaMeHTaIbHBIX uccieaoBanuii (mpoekt Ne 17-01-00301)
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ON AN ALGORITHM OF THE SIMULATING THE PROTON TRANSPORT
CONSIDERING THE NUCLEAR SCATTERING

Sergey V. Podolyako, Shamil A. Kazymov, Mikhail B. Markov,
Sergey V. Parotkin, lliya A. Tarakanov
Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia

psv66@mail.ru

Proton transport in matter is accompanied by scattering. It is due to the interaction of protons
with the electron subsystem and with the nuclei of atoms of the scattering medium.

As a result of interaction with the electron subsystem of the atoms of the medium, protons
lose energy continuously, practically without changing the direction of motion. Nuclear inter-
actions have relatively small cross sections but can be accompanied not only by large changes
in the proton momentum, but also by nuclear reactions [1].

Developed proton transport algorithms are implemented for piecewise homogeneous media
in the continuous slow down approximation when considering the transport process without
nuclear scattering [2].

A statistical algorithm based on the model of individual collisions [3] considering the nuclear
scattering is constructed.

The comparative calculations of the modified Bragg curves aside the nuclear scattering and
regarding this process are carried out using the developed algorithm (fig. 1).

without nuclear scattering
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Fig. 1. Modified Bragg curves for proton transport
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LOWER-BOUND ESTIMATE FOR MINIMUM OF HOLOMORPHIC FUNCTION
MODULES

A.Yu. Popov
E-mail: elena.alferova@gmail.com

For each holomorphic function f in the disk |z| < r1, we consider

a real-variable function

m(f;r) = mz_n]f(z)], 0<r<mnr.

Theorem. Let R > 0 and function
f(z) =3 awz®, a, #0,
k=v

(v 1s the index of the first non-zero term of the series)

is holomorphic in the disk |z| < 3R and H'-norm

2
Ifll= sup 5= [|f(we")|dp < +oc.
0<z<3R”" 0
The following inequality is true:

mazx m(f;r) > 1 l‘fﬁfu.

N

Also, a more general results of lower-bound estimate for value Igzagptm( f;r) by means of
qR=Tr>

| £]17¢, d >0, q € (0,1) is deduced. The integral norm of function f is calculated on the circle of
radius AR, where A > 1 is a certain function of parameters ¢ and d.
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OIIEHKA CHU3Y MUHUMYMA MOJAYJIA AHAJII/ITI/I‘-IECK()ﬁ OYHKIINN
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E-mail: elena.alferova @ gmail.com

Kaxmoii pyHKIMH, aHATMTHYECKON B Kpyre |z| < 7, MOCTABUM B COOTBETCTBHE (DYHKIIHIO
JNEVCTBUTEJILHOW NMEPEMEHHOM 7

m(f;r) =min|f(z)], 0<r <.

|2|=r
Jokaszana ciaenyouias Teopema.

Teopema. Ilycte R > 0, pyHKIMA
f2) =3 ar?*, a, #0,
k=v

(v - HOMep NEPBOT0 HEHYJIEBOTO KOA(P(PUIIMEHTA CTENIEHHOTO Psijia)

AHAJIMTUYHA B KPyTe |Z ’ < 3Rmn o6nanaeT KoHeyHO H 1—HOpMOI‘/JI
) 27 )
fl[ = sup 5= [ |f(ze’®)|dp < +oo
0<z<3R 0

Torpa BHITIONHSAETCS HEPABEHCTBO

. IaVIQRQV
é?;ngm(ﬁ r) > S

HOJ'Iy"IeHI)I Takxe OoJsee O6H_II/IC PE3YIbTATEHI 00 OLICHKE CHU3Y BECJIWMYUHBI TMax m(f, T‘) qepes
qR<r<R

I|£]7¢, d > 0, ¢ € (0,1). Unterpanbuas nHopMa (pyHKIMK f GepeTcs Ha OKPYKHOCTH paadyca
AR, tne A sBisieTCs1 HEKOTOPOH (PYHKIMEH TapamMeTpoB ¢ u d.
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FINDING OPTIMAL ITERATION PARAMETERS FOR SOLVING PROBLEM OF
ELASTIC BODIES CONTACT INTERACTION BY MEANS OF
DOMAIN DECOMPOSITION METHOD

P.S. Aronov?, M.P Galanin'?, A.S. Rodin*?

! Keldysh institute of applied mathematics RAS , Moscow, Russia
“Bauman Moscow State Technical University, Moscow, Russia
e-mail: rals@bk.ru

Accounting of contact interaction of the adjoining details allows to receive more exact assessment
of the strain-stress distribution (SSD) of the considered construction. In the majority of situations it is
not possible to solve a contact problem analytically therefore apply numerical simulation. For problem
discretization usually use the finite-element method. The most widespread methods allowing to
consider necessary boundary conditions on contact surface are penalty function method, Lagrange
multiplier method or their combination [1], but there are also alternative methods, in particular,
domain decomposition method (DDM). The main advantage of DDM are data of a solution of the
general problem of contact interaction of several bodies to the sequence of solutions of standard
problems of mechanics for each body separately within iterative process. In work several versions of
DDM are considered. These versions differ from each other in order of setting kinematic (Dirichlet
condition) and stress (Neumann condition) conditions on a contact surface on different iterations. In
particular, it is algorithms Neumann- Dirichlet, Neumann-Neumann and Dirichlet - Dirichlet [2].

A number of two-dimensional problems with the contact surface having the irregular geometrical
shape are considered. The research of dependence of iterative process convergence on the choice of
iterative parameter is conducted. Two algorithms allowing to calculate best values of parameter are
offered. Comparison of the results received by means of different versions of DDM and Lagrange
multiplier method is executed. Influence of the choice of conditions on the contact surface, cases of
use of conforming and nonconforming meshes are considered.

Acknowledgements: Work is performed with partial financial support of the Russian Federal
Property Fund (project Ne 18-01-00252, Ne 18-31-20020).
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OIIPEAEJIEHUE OIITUMAJIBHBIX HTEPAIIMOHHbBIX ITAPAMETPOB JJIsA
PEIIEHHUS 3AJJAYH KOHTAKTHOI'O B3AUMOJIEVMCTBUS YIIPYTHUX TEJ
METOAOM JEKOMIIO3UM OBJIACTH
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lHhtcmumym npuriaounou mamemamuxu um. M.B. Kenovuua PAH, Mockea, Poccus
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VYyer KOHTAaKTHOIO B3aMMOJIEHCTBHS COIPUKACAIOMIMXCS JETajJed IMO3BOJISIET IOIYYUTh
Oojee  TOYHYIO  OLIGHKY  HampspkeHHo-IedopmupoBanHoro — cocrosHus  (H/AC)
paccMaTpuBaeMoil KOHCTPYKUMU. B OOJBIIMHCTBE CUTyallMd PELIUTh KOHTAaKTHYIO 3aJady
AQHAJTUTUYECKH HE TMPEACTABISICTCS BO3MOXHBIM, IIO3TOMY MPUMEHSAIOT YHCIEHHOE
MojenupoBanue. Jlis TUCKpeTH3aluM 33Ja4d  OOBIYHO HCIIONB3YIOT METOJ KOHEYHBIX
snemMeHToB.  CamMblMM  PAacOpOCTPAHEHHBIMM  METOJAMH,  IO3BOJSIOIIMMU  y4YECTh
HEOOXOJUMbIE T'DAaHUYHBIE YCIOBUS HAa IIOBEPXHOCTHM KOHTAKTa TEJ, SBIISIIOTCS METOJ
mrpadHblXx GyHKIUE, Meton MHoxuTened Jlarpamxka wunu ux kKomOunauuu [1], HO
CYLIECTBYIOT U aJlbTEPHATUBHBIE METO/bI, B YAaCTHOCTH, METOJl JEKOMIIO3ULIUU 00JIacTU
(MJIO). TI'naBubiM mpeumymiectBoM MJIO sBisseTCs CBEJCHHE pEIICHHS OOIIed 3aaadu
KOHTAKTHOTO  B3aUMOJCUCTBUS HECKOJIBKMX Te€l K IIOCIEAOBATEIbHOCTH PELICHHUU
CTaHJAPTHBIX 3a/1a4 MEXaHUKH Ul KaKIOT0 Teja M0 OTAEIBHOCTU B PAMKAaX UTEPAlMOHHOTIO
npouecca. B pabote paccmoTpensl Heckoibko BapuanToB M/1O, KOTOpbIe OTIIMYAIOTCS APYT
OT JIpyra HOpsIKOM ITOCTAaHOBKM KMHEMaTH4yeckux (yciaoBue [[upuxiie) u cuinoBsIx (ycioBue
Heiimana) ycnoBuil Ha KOHTAKTHOM MOBEPXHOCTH Ha pa3IMYHBIX UTepauusx. B uwactHocTH,
ato anroputmbl Heiiman-/{upuxie, Hefiman-Heiiman u {upuxie-Tupuxie [2].

Ha npumepe pemenus psiia IByMEpPHBIX 33J1a4 ¢ KOHTAaKTHOM MOBEPXHOCTHIO, UMEIOIIEH
CJIO)KHYIO TE€OMETPUYECKy0 (OpMYy, NMPOBEICHO HCCIEIO0BAHWE 3aBUCUMOCTH CXOAMMOCTHU
UTEPALlMOHHOIO IIpolecca OT BbIOOpa HTEpalMoHHOro napaMerpa. IlpenmoxkeHsl 1Ba
aJIropuTMa, IMO3BOJAIOIIME BBIYUCIATH ONTUMAJIbHBIE 3HAYEHUS MapaMerpa. DBeIoaHEeHO
CpPaBHEHME PE3YJIbTATOB, MOJTYYEHHBIX C MOMOIIbI0 pa3nu4HbIX BapuantoB MJIO u merona
MHOXHTesen Jlarpanxka. PaccMoTpeHo BinsiHUE BBIOOpA YCIIOBHM Ha MOBEPXHOCTH KOHTAKTa,
CJIy4au UCIOJIb30BAaHUs COTJIACOBAHHBIX M HECOIVIACOBAHHBIX CETOK.

BbaarogapHocTu: PaGoTa BbINOJIHEHA MpU YacTUYHOH (UHAHCOBOM MOJIEPIKKE
Poccwmiickoro ¢onma ¢pyHmaMeHTaIbHBIX HcchaeaoBannii (mpoekThl Ne 18-01-00252, Ne 18-31-

20020).
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THE MODELING OF RADIATION-INDUCED CHARGE EFFECTS
IN THE FINELY DISPERSED MEDIUM

Varvara A. Egorova, Mikhail V. Alekseev, llya A. Tarakanov, Roman V. Uskov
Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia
eva24372@gmail.com

Supercomputer simulation of radiation-induced effects (charges, thermodynamics, currents)
in heterogeneous materials of finely dispersed structure implies the development of geometric
models of matter with an open resolution of its microstructure. Stopping paths of the Compton
and photoelectron in heterogeneous finely dispersed medium of complex geometric structure
are comparable with the size of the inhomogeneities of the medium by the order of magnitude.
A detailed modeling of each collision of radiation particles with atoms of a finely dispersed
matter is required in this case [1].

For example, in a dielectric binder material with metal inclusions, the charge distribution
has a complex "non-smooth™ type. Much more electrons are born in the inclusions than in the
binder material, because usually the macroscopic cross-section of the photoionization and
Compton scattering in a metal is much larger than in a dielectric. The number of electrons
passing from the inclusion to the binder material is greater than the number of electrons moving
in the opposite direction (Fig. 1). That's why the metal inclusion will be charged positively, and
the binder material - negatively near the inclusion-binder boundary.

\
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Fig. 1 — Electron fluxes near the inclusion-binder boundary

As a result, the charge separation occurs near the boundaries. This may lead to electrical
breakdown and probably to the destruction of the material.

Developed high-precision algorithms of supercomputer modeling of radiation-induced
charge effects in heterogeneous dispersed materials taking into account their microstructure.

Examples of supercomputer modeling of charge distribution in finely dispersed materials
using the constructed algorithms are given. Calculations are carried out using the hybrid
computing cluster HCC K-100 (http://kiam.ru/MVS/resourses/k100.html ).
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RELATION BETWEEN McCOY AND ARMENDARIZ RINGS
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In this article R denotes a ring with identity, o denotes an endomorphism of R and R[x,c]
denotes skew polynomial ring. Recall that R is a right(left) McCoy ring ([4], [5],[6]) if the
equation f(x)g(x) = 0 holds, where f(x),g(x) € R[x] \ {0} implies that there exists a
nonzero ¢ € R such that f(x)c = 0 (cf(x) = 0).

We say that R is a weak right (lefty McCoy ring if whenever f(x) = Y% ,a;x" and
g(x) = Xj%o bix’ € R[x] \ {0} the equation f(x)g(x) = 0 holds, implies that there exists a
nonzero s € R\ {0} such that a;s € nil(R) (sa; € nil(R)), for all 0 < i < n, where
nil(R) is the set of all nilpotent elements of R.

From ([3]) we know that a ring R to be Armendariz if f(x)g(x)=0 implies a;b; = 0, for all
polynomials f(x) = ¥ ,a;x/ and g(x) = X7%,bjx’ from R[x]. A ring R is oc-skew
Armendariz if f(x)g(x) = 0 implies a;a'(b;) is the nilpotent element of R for all f(x) =

oaixt and g(x) = XL, bjx! from R[ x; o).

Every homomorphism o of rings R and S can be extended to the homomorphism of the
coresponding rings of polynomials R[x] and S[x] by Y™, a;x* +— Y™, (a;)x" which we
also denote by o (see [1] ,[2]).

In [7] is proved that if o is ring isomorphism of rings R and S and R is a-skew
Armendariz, then S is o @ =1 skew Armendariz ring. We give a generalization of this
theorem. We also give an interesanting example of upper triangular matrix weak skew
Armendariz ring V,,(R). At the and we deal with matrix rings of Armendariz and McCoy type
and Laurent power series rings.
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ANTIPODE IN n-ARY BIALGEBRA
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Abstract. In this paper a notation of antipode in n-ary bialgebra A is introduced. It is shown
that dual # -ary algebra A~ has antipode, t00. Beside, (2,7)-bialgebra H"™®and (n,2)-
bialgebra H""™ have antipode, too. They are dual and their duality is adjusted with

antipode. It is shown that H"™ is semisimple if H is semisimple. Connections with pierce
decomposition are considered.
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ON SOME TOPOLOGICAL PROPERTIES
OF PRIVALOYV SPACES ON THE UNIT DISK
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For any fixed real number p > 1, the class N”, introduced 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” | /(z)[)” has a harmonic majorant on D. Here we present some topological

properties of spaces N” with applications to the linear topological structure of these spaces.
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FUZZY REDUCIBILITY IN HYPERGROUPS
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The algebraic hypergroups are the most natural generalizations of the classical groups.
Binary operation is extended to a binary multivalued operation, called hyperoperation or
hyperproduct, that associates with any couple of elements of a given set, a nonempty subset
of it. In those hyperstructures we deal with notion of fuzzy reducibility, which is extension of
classical notion of reducibility, introduced by Jantosciak. New fundamental relations are
defined on a crisp hypergroup endowed with fuzzy set, which leads to a new concept of fuzzy
reduced hypergroup. Fuzzy reduced hypergroup is crisp hypergroup endowed with fuzzy set
such that class of equivalence of each element with respect to defined relation is singleton.
The well known fuzzy set called “grade fuzzy set” is used for studying of fuzzy reducibility.
We will consider reducibility and fuzzy reducibility for certain types of hypergroups.
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In this note the main properties of three classes of hypernear-rings are summarized. The
first part of this paper contains the main results about the hypernear-rings with a defect of
distributivity. The second part is devoted to the class of division hyernear-rings. The third part
contains our results about the general hypernear-rings associated with a hypergroup.
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Problems of flow in porous media are present in many branches of industry. We
investigate the dynamics of the boundary between two fluids of different densities. The flow
of the fluids is governed by Darcy’s law. The problem has been studied in the two-
dimensional case, where the stream function was used to describe the motion of the interface.
In the three-dimensional case, the stream function cannot be used, so we describe the
interaction between the fluids without using it.
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n the real life there are many situations where symmetric distributions are not
appropriate for fitting. In that way, Azzalini’s method [1] is widely used to get asymmetric
or skewed distribution. Shortly this technique can be described as follows: a random
variableZpo e e e e o a 0 paa ee poa 'y

c Yy
function (p ) flz;a) =2¢(az)e(z), eedl) a o) aec a ee vy
function (cdf)a p , epec ey,0 e a a o a a o aae € 0 ¢€
co 0 a o A a e 0 co 0 €00 e X, i=12
are independent a o a a e p filx)Ja ¢ F(x).Te eco oap
0 ¢ aX, =X,

fi(x)F, (ax)
fx(ﬂ-’]=m, (1)

where P{aX, > X,} = [Z[J7 £y (x,)dx, ] f, (x,)dx, = Ex (F,(ax)). The Eq.(1) can be
interpreted as weighted distribution with weight e» = F, (ax). Described method has been
used to construct new skewed distributions from a given symmetric distribution, for example,

skew-t  [2], skew-Cauchy [3], skew-Laplace [4] and skew-logistic  [5].
The aim of this note is to generalize Azzalini’s method such that it is applicable in case when

, are dependent random variables. Dependence can be modelled using copula function.
In case of dependence of the random variables X; i=1,2 the equation (1) becomes

fj_(xj _rj:: C(Fl (xj_]er (.7:2):5'] f: (x::]fixz
P{aX, = X,}

where P{aX,>X,} = Ey [ff‘f‘ c(F (X1).F, (X:]:ij:(x:]] dx, and (*) is the copula
function. Some statistical properties will be derived together with some particular cases. These
results are applied on two biochemical data sets: C- reactive protein and insulin.
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CHARACTERISATION OF SMOOTH FUNCTIONS WITH GIVEN GROWTH
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In this presentation we give a characterization of continuously differentiable mappings in a
domain with given growth which does not use the differential. We give application to normal
mappings and Bloch mappings — two important classes of mappings in the unit disc of the
plane.
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ON HISTORY DEPENDENT OPTIMAL STOPPING PROBLEMS
UNDER MULTIPLE PRIORS IN FINANCE
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The theory of optimal stopping problems under multiple priors in discrete time was
established in Riedel (2009) where the multiple priors are used to model ambiguity in
accordance with maxmin expected utility theory of Gilboa and Schmeidler (1981). While the
theory is rich only a handful of problems have been explicitly considered: financial
applications on a binomial tree in Riedel (2009) and best choice problems in Chudjakow and
Riedel (2013) and Obradovic (2018). In particular, the only financial problems that have been
considered were on an ambiguous version of a binomial tree in Riedel (2009).

Using the rich model for multiple priors introduced in Obradovic (2018) a more general
financial model is considered based on the standard log normal growth of financial assets. The
set of priors is parametrized by a mean-variance pair that belongs to a fixed interval which
allows for natural financial interpretations. Pricing, optimal exercise and minizing measure is
considered for multiple financial derivatives. Minimizing measure is obtained for vanilla
options. Furthermore, a class of history dependent derivatives is considered; minimizing
measures for several exotic options are fully characterized. Finally, extendibility of results in
a wider dynamic setting is demonstrated.
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Generalized inverses are defined as a suitable generalization of an ordinary matrix inverse,
to the non-invertible, even non-square matrices. We will present the known iterative methods
of the polynomial type for computing an outer inverse for given complex rectangular matrix
with some properties. Those methods are generalization of known Schultz iterative method.
Polynomials which are used in those methods are with constant coefficients, chosen in order
to get higher order of convergence and less matrix multiplication per iteration.

In the new method coefficients in polynomial are computed and different in every iteration
and method is convergent under the certain condition. We will show detailed procedure of
computing generalized inverses and make comparison to several existing ones on a series of
numerical tests.

All methods are demonstrated and confirmed by numerical examples in Matlab.
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Polar liquids are strong absorbers of electromagnetic waves in the terahertz range, therefore,
historically such liquids have not been considered as good candidates for terahertz sources.
However, flowing liquid medium has explicit advantages, such as a higher damage threshold
compared to solid-state sources and more efficient ionization process compared to gases. Here
we report systematic study of efficient generation of terahertz radiation in flat liquid jets under
sub-picosecond single-color optical excitation. We demonstrate how medium parameters such
as molecular density, ionization energy and linear absorption contribute to the terahertz
emission from the flat liquid jets. Our simulation and experimental measurements reveal that
the terahertz energy has quasi-quadratic dependence on the optical excitation pulse energy.
Moreover, the optimal pump pulse duration, which depends on the thickness of the jet is
theoretically predicted and experimentally confirmed. The obtained optical-to-terahertz energy
conversion efficiency is more than 0.05%. It is comparable to the commonly used optical
rectification in most of electro-optical crystals and two-color air filamentation.

These results, significantly advancing prior research, can be successfully applied to create a
new alternative source of terahertz radiation.
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Fig. 1. Comparison of experiment and simulation results for the jets of various liquids. Comparison of the
numerical simulation result (solid line) of the output terahertz energy dependence on the pump energy with
experimental data (scatter) in acetone (black), ethanol (red), heavy water (blue) and water (green) with thickness
of 150 um.
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It is well known that fast superthermal electrons with energies of a few keV exceeding
average electron energy produced in laser plasma constrains maximal intensity of nanosecond
pulses intended for a direct compression of thermonuclear targets in the ICF by values
10"-10" W/cm®. On the contrary, in a fast-ignition ICF scheme a collimated electron beam
is accelerated up to 1 MeV by very high intensity ~10" W/cm® to ignite a preliminary
compressed target [1]. In our modeling experiments on the GARPUN KrF laser system,
powerful pulses (100J, 100 ns) were focused into long channels obtained in PMMA
(Plexiglas) due to ablation by a sequence of low power pulses of the electric-discharge KrF
laser (1-3 mJ, 25 ns). At energy density of 10-30 Jem® in the focus spot of ~ 100-um
diameter (the numerical aperture of the lens is 1.75x10?%) and a pulse repetition rate of
~ 10 Hz, a long narrow channel with a “matching” input taper was formed in the samples
(Fig.1). Its maximum length reached 3 cm with an average width of about 30 microns, which
corresponds to the aspect ratio of ~ 1000.

10-20 um

1 mm

Fig.1. The channel in Plexiglas formed by repetition-rate radiation of KrF laser

Upon the subsequent focusing of powerful 100-ns pulses with intensity of 10'%-10"
W/em? in the 5-mm length channel, fast electrons with energy of several tens of keV
significantly exceeding the temperature of ~100 eV in the plasma corona were generated.
Comparison of experimental and calculated data showed that the development of thermal
filamentation of the laser beam in the extended plasma could lead to a local increase in the
radiation intensity by more than an order of magnitude.

Acknowledgements: This work was supported by the Russian Foundation for Basic Research
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HNOJYYEHUE JJIUHHBIX ABJAIINOHHBIX KAHAJIOB B
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U3BecTHO, 4TO OBICTpBIE JEKTPOHBI C PHEPTUSMU B HECKOJBKO K3B, mpeBblmarommmu
CPEIHIOI0 D3HEPrUI0 TEIUIOBBIX 3JEKTPOHOB B JIA3€PHOM IUIa3Me, YMEHBIIAIOT CKaTHE
vumiened B JITC mpum MHTEHCHBHOCTSIX HAHOCEKYHAHBIX HMITYJIBCOB 10"-10" Br/em®.
Hamporus, B JITC c ObICTpbIM 3aXMraHHEM KOJUIMMHUPOBAHHBIM Iy4OK 3JIEKTPOHOB
yckopsembiii 10 1 M»dB mnpu BBICOKOH HHTEHCHBHOCTH ~10" Br/em? CIYXKHUT JUISt
BOCIUIAMEHEHUS MpEeABApUTENbHO ckaTtoll MumieHu [1]. B Hamux skcnepumentax Ha KrF
nazepHoit ycranoBke ['APIIYH wMommnsle wumnynsesl u3mydenus (100 Ik, 100 Hc)
(boKycHpOBaIKCh B JUIMHHbIE KaHAJbI, IOJyYEHHbIE B MOJMMETWIMETaKpuiIaTe (Oprerexie) 3a
cueT alJIALUK MOCIIeI0BaTeIbHOCTBIO UMITYJIbCOB 3ieKTpopaspsaaHoro KrF naszepa ¢ Huzkoi
momHocThio (1-3 m/Ix, 25 HC). [lpm mmotHoctn snHeprum 10-30 Jhk/cm® B TSITHE
¢doxycupoBku ¢ amamerpoM ~ 100 MKM (ducioBas anepTypa JHH3BI 1.75x10%) u wacrote
noBTOpeHuss umnyiabcoB ~ 10 I'm B oOpa3nax ¢opmupoBancs JUIMHHBIA Y3KHH KaHal ¢
“cornmacyromum’ BXoAHbIM KoHycoM (Puc.l). Ero mpemenpHas qnmunHa gocturaia 3 cM mpu
cpenHeil mupuHe okojio 30 MKM, YTO COOTBETCTBYET aclieKTHOMY oTHouieHuto ~ 1000.

Puc.1. Kanan B oprcrekiie 00pa3oBaHHBII HMITYJILCHO-TIepuogrueckuM u3nydenuem KrF mnazepa.

[Ipn mocnenyromeit ¢doxycupoBke MomHbXx 100-HC WMOYIBCOB C WHTEHCHBHOCTHIO
10"2-10" Br/em® B 5-mm KaHame TEHEPUPOBAIIUCE JJIEKTPOHBI C DHEPTUEH B HECKOIBKO
JEecSITKOB K3B, 3HaunTensHo mpesblmatonieii remmnepatypy ~100 3B B mnasMeHHOW KOpoOHE.
CpaBHEeHHE OJKCINEPUMEHTAIBHBIX M PAacYeTHBIX JAaHHBIX [I0KA3ajo, YTO pa3BUTHE B
NPOTSDKEHHOM TUTa3Me TEIUIOBOW (pMIAMEHTAIlMH JIa3epHOTO ITydKa MOTJIO TPHUBOIHUTH K
JIOKaJIbHOMY BO3PACTaHUIO HHTEHCHBHOCTH M3ITydeHHs 00Jiee 4YeM Ha MOPSIOK BETUIHHBI.

Baaronapuoctu: PabGora moamepkana Poccuiickum  @onpom  DyHIaMEHTaNIbHBIX
Uccnengosanmii (I'pant 19-02-00875).
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It was found that SnO addition widens the emission spectrum of Bi:GeO2 glass and shifts
it in the short-wavelength direction. This emission band overlaps the spectral gap at 1540-
1600 nm where no laser action in Bi-activated materials has been obtained yet. The amplifiers
covering this gap may be of great interest for telecommunication systems of the next
generation. The changes in the spectra and in lifetimes give a reason to assume that a variety
of new types of bismuth emission centers are formed in these glasses.
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Fig.1. Emission spectra of the samples ## 1 (100GeQ,), 4 (20 SnO-80 GeO,) and 6 (50 SnO-50 GeO,) and their
luminescent lifetime dependencies (1',4' and 6").
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The possibilities of creation of effective laser-nonlinear media working in visible and near-
IR spectral range are of interest. The great intension is attracted to compact, chemically and
thermally stable solid-state nonlinear materials doped with rare earth ions. At the same time
the lasers based on crystals doped with Tm" ions are notable for their high efficiency and
wide spectral generation band.

The Tm®* doped materials that were studied in the work were: StMoOy belonged to the
crystals with scheelite structure, Ca3(VOy), with similar whitlockite-type structure,
Sro61Bag 30Nb,Og having the structure of tetragonal tungstate bronze. These structures are
partially disordered that gives wide possibilities to modify their characteristics due to
substitution of the host ions by the ions of rare-earth, while the local charge compensation can
be provided through formation of cationic and oxygen vacancies. Strontium molibdate
SrMoOy is well-known and highly efficient Raman medium. It can be doped with rare earth
ions to combine laser and SRS properties for compact self-Raman laser operation at
wavelengths from 1.06 um up to the transmission edge of 5 um [1]. Calcium orthovanadate
Ca3(VO,), has been investigated earlier for high-temperature ferroelectricity (Tc=1383 K),
second-harmonic generation, and stimulated Raman (=854 cm'l) scattering. Recently,
Cag(VO4)2:Tm3 " was suggested as a new crystalline medium for 2-um lasers [2].
Sto.61Bag 39NbOg (SBN:61) solid solution is effective photorefractive medium. Electro-optical
coefficients of the crystals are the highest ones among oxide materials [3].

In this work StMoO, and Ca3(VOy), single crystals were grown by Czochralski method.
SBN:61 crystals were obtained from the melt by modified Stepanov technique. The
concentration series of doped crystals were investigated and isomorphic capacity for the
doping ion was defined. The location of Tm®* doping ion in crystalline cell depending on
structure peculiarities of investigated material was considered. The direct comparison of the
individual characteristics of these Tm’" doped materials in the context of laser-nonlinear
media was made. Spectroscopic and laser properties were analyzed.
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Bo3MoxxHocTu co3znanus 3(PQGEKTHUBHBIX J1a3epHO-HENMHEHHBIX Cpef, padoTaromux B
BunuMmord u OmmwkHer HWK-o0Gmactu cmekTpa NpencTaBisiOT HECOMHEHHBIM HHTEpEC.
HauGonpiiee BHUMaHUE MPHUBICKAIOT KOMIAKTHBIC, XUMUYECKH U TEPMUYECKH CTaOUIbHBIC
TBEPAOTEIbHBIC HEIMHENHO-ONTUYECKUE MAaTepUalIbl, JIETHpOBaHHbIE HOHaMK P3 meTtamios. B
TO € BpeMsl Ja3epbl Ha OCHOBE KPHUCTAJUIOB, JIETHPOBAHHBIX HOHAMU Tm®*, ormmuarorcs
BBICOKOH 3()()eKTUBHOCTHIO U MTUPOKOU CIIEKTPATLHOMN MOJIOCOM TeHepaIuy.

B mHacrosmieit pabore ObUTHM HCCIIEOBAHBI HEKOTOPHIE OKCHJHBIE MOHOKPHUCTAILIHI,
JIETUPOBAHHBIE HOHAMH Tm®, a umenno: SrMoO,, KPUCTAJUITM3YIOIIHNICA B CTPYKType
meenuta; Caz(VO4), CO CTPYKTYpOH BHUTIOKUTA; Stpe1Bag3oNb,Og (SBN:61), umeromuii
CTPYKTYpY TE€TparoHajabHON BOIbGPAMOBOIl OPOH3BI. DTU CTPYKTYpPHl OTHOCATCS K YaCTUYHO
HEYNOPSAJOUYCHHBIM CTPYKTypaMm, 4YTO JaeT MIMPOKHE BO3MOXKHOCTH JII M3MEHEHHUS HUX
XapaKkTEpUCTUK 3a CYET 3aMEIICHUs MOHOB MATpULbl MOHaMu P3 351eMeHTOB, mpu 3TOM
JIOKaJIbHAsE KOMITGHCAIUS 3apsiia MOKET OBITh OCYIIECTBIIEHA 3a CYET KATHMOHHBIX H/WIN
KHCJIOPOJHBIX BakaHcuil. STM0Q, siBIIsieTcs U3BeCTHON U BhICOKOA G (hekTnBHON PamaHOBCKO#
cpenoif. StMoQ,, TErupoOBaHHBIN PEIKO3EMENTbHBIMU HOHAMU, 00bequHsEeT Ja3epubie © BKP
CBOICTBa, U MOXET ObITh UCIIOJB30BaH Ul co3anusi PamanoBckoro jazepa, paboTaroniero B
cniekTpaibHOM auamna3one ot 1,06 MM 10 5 Mkm [1]. Caz(VO,), ObuT paHee uccieqoBaH Kak
BbICOKOTEMIIEpaTypHbIil cerHeTornekTpuk (Tc=1383K), m1s renepaunu BTOpoil rapMOHUKHU U
BBIHY)KJICHHOTO KOMOHMHAIIMOHHOTO paccesHus (Qr=854 cM'). OTHOCHTENBHO HEJABHO
Ca3(VO4)2:Tm3+ OBLT MPEUIOKEH B KaUueCTBE HOBOM KPUCTAIUTMYECKOW Cpembl ISl 2-MKM
nazepoB [2]. SBN:61 TBepasiii pacTBop siBisieTcst 3pPekTuBHON (hoTopedpakTUBHOMN Cpemoi.
DnekTpoonTHueckue Kod()PUIMEHTh AaHHBIX KPHUCTAUIOB SBISIOTCS CAMBIMU BBICOKUMU
Cpenu OKCHIHBIX MaTepuainos [3].

Monokpuctamiel StMoOs u Caz(VOy), BeIpamiensl mMerogoM Yoxpamsckoro, SBN:61
noslydeH MoAuQUIMpoBaHHBIM criocobom CtemanoBa. MccnenoBaHbl KOHIEHTPALMOHHBIE
PAIBI TETUPOBAHHBIX KPUCTAJIOB M OINpejesieHa 30Mop(Has eMKOCTh JIETHPYIOIIEr0 MOHa
JUISL KaXKIOW MaTpuLbl. PAacCCMOTpEHBI BapUaHThI PACIIONIOKEHU JIETUPYIOLIEro HOHA Tm’ B
KPUCTAJUTMYECKOW sYeHKE B 3aBUCUMOCTH OT OCOOCHHOCTEH CTPYKTYPhl HCCIEIyEeMOTO
Matepuana. [IpoBeneHo cpaBHEHUE WMHIUBUYAIbHBIX XapaKTEPUCTUK JIETUPOBAHHBIX Tm™
MaTepHaloB B KOHTEKCTE J1a3epHO-HEINHEMHBIX cpen. [Ipoananu3upoBaHsl
CIEKTPOCKOMUYECKHE U JIA3€PHbIE CBOMCTBA MOJYYEHHBIX MOHOKPHUCTAILIIOB.
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It is known that the application of metal electrodes on the surface of crystals of polar cuts
leads to aging and degradation, and the nature of the electrodes significantly affects the
measured electrophysical parameters. For the first time this phenomenon was observed by us
on lithium iodate crystals (a-LilO3) and well studied. [1] This phenomenon is due to the
different chemical activity of the crystal surfaces perpendicular to the polar axis with applied
conductive coatings. This leads to electrochemical self-decomposition of the polar crystal
surfaces and manifests itself in spontaneous generation of electromotive force (EMF) and
short-circuits currents (SCC). [2]. This phenomenon is characteristic only for polar crystals
and only for the samples, which were cut in perpendicular direction to polar axis, is supported
by fixed short-circuits currents under room temperature for all investigation polar and the
polar-neutral crystals (LiNbO3, KH2POa, etc.).

In recent years, we have been actively studying the manifestation of this phenomenon in
the practically important crystals of the langasite group: lanthanum — gallium tantalate crystal
LasTaosGas 5014 and lanthanum — gallium silicate LazGasSiO14 are of interest as piezoelectric
material. Physical properties of these crystals make possible their wide application in
piezoelectronics and in the production of high-temperature devices.

The technology of high temperature devices based on crystals of the langasite group
includes the coating of the surfaces of their polar cuts with the thin layer of a metal
conducting material. Application of the metal electrodes leads to the degradation of surfaces,
which shortens the lifetime of devices, especially at the high temperatures. The investigation
of electrophysical properties of the structure «electrode / crystal/ electrode» is necessary to
understand the processes of degradation. The influence of the electrode material on the
electrical parameters was investigated. The following conductive coating materials were used:
iridium (Ir), gold (Au), gold with a titanium sublayer (Au(Ti)), silver with a chromium
sublayer (Ag(Cr)) and tantalum (Ta). Analysis of the data confirms that the polar cut of
crystals of the langasite group with coated electrodes in essence is the electrochemical cell.
This phenomenon was previously described on the other crystals. [1]. The electrochemical
interaction of the conductive coatings with the surfaces of the crystals of the langasite group
leads to the degradation of the conductive coating. To study the interaction a method of
current spectroscopy has been used in the temperature range from 20 to 600 °C.

Thus, identifying the causes and nature of changes in the state of the crystal, which
manifests itself in the anomalous behavior of some properties of crystals of the langasite
group and the occurrence of SCC, is not only of practical interest, but also important for
fundamental studies of a number of polar crystals.
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H3BecTHO, UTO HaHECEHHE METAIIMYECKHUX AJIEKTPOJIOB HA MOBEPXHOCTh KPUCTAIIJIOB
NOJISIPHBIX CPE30B NPUBOAUT K CTApEHHIO W JIETPajallid, a IMpHpoJa 3JIEKTPOJOB
CYIIECTBEHHO BIHSIET Ha H3MeEpseMble 3IEKTpo(pU3NYecKre mapaMeTpsl. BrepBeie 3To0
sSIBJICHUE HAOJI01aI0Ch HAMH Ha KprcTauiax noaara autus (o-LilO3) u xoporro uzydeno [1].
JanHoe sBJIeHHE OOYCJIOBJICHO pa3IMYHOM XWMHUYECKOW AaKTUBHOCTBIO IMOBEPXHOCTEH
KPHUCTAIOB, NEPHIEHIMKYISPHBIX TOJSPHOW OCH, C HAaHECEHHBIMH Ha HUX HPOBOISIINMHU
MOKPBITUSIMU. DTO MPHUBOJUT K JIIEKTPOXUMHUYECKOMY CaMOPA3NIOKEHUIO MOBEPXHOCTEH
HOJISIPHBIX KPUCTAJUIOB U TPOSBIISICTCS B CAMOIIPOU3BOIBHOTO BO3HUKHOBeHHS DJIC 1 TOKOB
koporkoro 3ambikanus (TK3). [2]. Jlauublii 3ddekT xapakTepeH TOIbKO sl MOJSPHBIX
KPUCTAIIJIOB M TOJBKO AJIs1 00pa3lioB, KOTOPbIE ObLIN BhIPE3aHbl MEPIECHAUKYIISIPHO MOJISIPHON
ocu, u HaOmonaercss B Buje TK3 yxe npu KOMHaTHOM TeMIiepaType BO BCEX HCCIIETYEMBbIX
KpHCTaJUIaX NOJSIPHBIX U NOJIIpHO-HeHTpanbHbIX KiaccoB (LINDO3z, KH2PO4 1 ap.).).

B nmnociennue rombl MBI aKTUBHO H3Yy4aeM NPOSBICHHUS JToro (¢eHoMeHa B
NPAaKTUYECKH BAXKHBIX KPHUCTAIIOB TPYIIBI JIAHTaCUTA: JIAHTaH — TaJUIMEBOTO TaHTallaTa
LasTaosGas 5014 1 mantan — ramimeBoro cuiankara LazGasSiO14, KOTOpBIE MPEACTABISAIOT
UHTEpEC B KauyecTBE IbE30UIEKTpHUUECKOro marepuana. Puszndyeckue CBONCTBA 3THUX
KPUCTAJIOB JIENAl0OT BO3MOXKHBIM WX IIHPOKOE TNPUMEHEHHE B THE30IJIEKTPOHUKE U B
MPOM3BOJICTBE BHICOKOTEMIIEPATYPHBIX MTPHOOPOB.

TexHoNOorusT BBICOKOTEMIEPATYPHBIX YCTPOWCTB Ha OCHOBE KpPUCTAJUIOB TIPYIIIBI
JAHTaCUTa BKIIOYAET IOKPHITHE IOBEPXHOCTEH WX TOJSAPHBIX CPE30B TOHKHM CJIOEM
METaJUIMYECKOr0 MPOBOJAIIEro Marepuana. MccnenoBaHue 3IeKTPOGU3NYECKUX CBOMCTB
CTPYKTYPBI «3JIEKTPOJ / KpUCTAJT / DIEKTPOa» HEOOXOAMMO Ul MOHUMAaHMS MPOIECCOB
nerpaaanyu. Mcrnonp30Bainuch Clienyonue MpoBOASIINE MaTepruaibl MOKpeITHs: upuauii (1r),
3051010 (AU), 30510TO ¢ moxacioeM tutaHa (Au(Ti)), cepedbpo ¢ moacnoem xpoma (Ag(Cr)) u
taHTan (Ta). AHamu3 AAHHBIX MOJATBEP)KIAECT, YTO MOJSPHBIE CPE3bl KPUCTAIOB TPYIIIBI
JAHTacWTa C HAHECEHHBIMH Ha HHX DJJIEKTPOJAMH, B CYIIHOCTH, NPEACTABISIOT COOOM
AIIEKTPOXUMHUYECKYIO STUEHKY. DTO siBIeHUE OBLJIO paHee OMUCAHO Ha JAPYruX Kpucramiax. [1].
DJIEKTPOXUMHUECKOE B3aMMOJCHCTBHE TOKOMPOBOASAIINX MOKPHITUH C TIOBEPXHOCTSIMH
KPUCTAJJIOB TPYIIIBI JIAHTACHTa TMPUBOTUT K JETpajalliyd TPOBOJSAIINX MOKpPHITHH. s
UCCIICIOBAaHHUS B3aMMOJICHCTBHS HCIOJB30BAH METOJ CIEKTPOCKONMH TOKa B HHTEpBaJe
temneparyp ot 20 go 600 °C.

Taxum 00pa3oM, BBISIBIICHHE MIPUYUH W XapaKTepa U3MEHEHUsI COCTOSHUS KPUCTAaJLIa,
HPOSIBJIAIONIETOCS] B AHOMAJIBHOM IIOBEJACHUU HEKOTOPBIX CBOWMCTB KPHUCTAJUIOB TPYIIIBI
JaHracuTa W BO3HMKHOBeHHMH TK3, mpencraBiseT HE TOJIBKO NPAKTUYECKUM MHTEPEC, HO H
Ba)XHO JUTsI QyHIIaMEHTAIBHBIX UCCIIETOBAHHNA PsiJia TIOJISPHBIX KPUCTAJIIOB.
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Jii MaTeMaTHyecKoro IMpOTrHO3UPOBAaHMs CTOXAaCTUYECKUX IIPOLECCOB B HEIMHEHMHBIX Cpenax
CTPOHUTCSL METOA OINpeleSiCHUsT BBIOOPOUHOro KO3(Q(HUIMEHTa KOppesiiMU Ul HECTalMOHAPHBIX
BPEMEHHBIX psAfoB. OTIUuYME OT CTAllMOHAPHOIO Clydas COCTOMT B TOM, YTO OJHOBPEMEHHO C
BEJIMYMHOW KO3 (HUIMEHTa KOPPEILSILUN CTPOSITCS SMIIMPUIECKHE CTATUCTUKH ONTUMAIBHON JJTUHBI
BBIOOPKM M JOBEPUTEILHOIO MHTEpPBaia, colepKamero Ko3(p@uuueHT Koppelsiiuu B HauOOIbLIeEM
yycie ciydaeB. BmecTo u3ydeHHs OJHOW W3 BO3MOXHBIX pealM3aldii BPEMEHHOro psaa
npeiaraeTcsi pacCMOTPETh aHCaMOIb CIIyYaHbIX TPACKTOPHMA, TOPOKAAEMBIX AMIUPUIECKOI
bynkimeii pacnpenenenus.  Mopaens TpemiaraeTcs Ui ONMMCAHMS HW3MEHEHHS BO BpEMEHH
(YHKIMOHAIOB, 33/IaHHBIX HA CIyYalHBIX TPAEKTOPHUSX M MMEIOUIMX MPaKTHYeCKoe 3HadeHHe. JTo,
HalpuMep, UHIUKATOP YPOBHS 3arps3HEHUS] MErarojiiuca B BHUJE CpelHEeld KOHLEHTPALUH BPEIHBIX
BEIIECTB 3a ONPEAENCHHBI MEepuoA  BPEMEHH, AaHAJOTHMYHBIM  WHIWKATOp  W3MEHEHHS
SMHUIEMHUONIOTHYECKOH OOCTAaHOBKM B  perroHe, (QYHKUUOHAN A(PQPEKTUBHOCTH YHpPaBICHUS
3arpsi3HEHUEM B BUJI€ CHUKCHUS YPOBHS 3arpPA3HEHHS B PE3YJIbTaTe ONPEENICHHbIX AeHcTBUM 1 T.11. C
9TOM MENbI0 paccMaTpuBaeTcs KUHeTHYeckoe ypaBHeHue @Dokkepa-Ilnanka 111 BeIOOpOUHOMN
IUIOTHOCTH (DYHKLUMHU pacHpeneeHus] CIydalHbIX BEJMYMH, HAOIOZAEMBIX Ha IMPAKTUKE B BHIE
BPEMEHHBIX PSIOB.
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DESCRIPTION OF THE ENSEMBLE OF RANDOM TRAJECTORIES
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For mathematical prediction of stochastic processes in non-linear media the method of
determination of sample correlation coefficient for non-stationary time series is constructed. The
difference from the stationary case is that simultaneously with the value of the correlation
coefficient, empirical statistics of the optimal sample length and the confidence interval
containing the correlation coefficient in the largest number of cases are constructed. Instead of
studying one of the possible realizations of the time series, it is proposed to consider an
ensemble of random trajectories generated by the empirical distribution function. The model is
offered for the description of change in time of the functionals given on random trajectories and
having practical value. This is, for example, an indicator of the level of pollution of the
metropolis in the form of an average concentration of harmful substances for a certain period of
time, a similar indicator of changes in the epidemiological situation in the region, the functional
of efficiency of pollution control in the form of time series.
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The mathematical modeling of crystal structures and their dynamics during the structural
transitions can be performed by the method of phase field crystal in the hyperbolic
formulation (MPFC method). The model can be considered from the Swift-Hohenberg
equation and the Density Functional Theory. This method is suitable for a continual modeling
of the atomic density field at diffusion time intervals. The unstable behavior of the solution
near local energy minima is discussed.

The authors propose the hypothesis of the formation of metastable structures during the
relaxation of domain to the stable state. Due to the presence of the set of different possible
structures on the system’s transformation path, the pattern of the atomic density field could
remain still when the system is in the vicinity of local free energy minima [1,2].

To perform reliable simulations, one should take into account the factors leading to the
appearance of instability. Special additional term for describe atomic vibrations in the field of
atomic density should allow the system to come out of metastable states and increase the rate
of formation of equilibrium and stable states consistent with diagrams of structures. The
approach of introducing the noise as a fluctuation effect developed for the WCT and mean-
field theories may be utilized in the PFC model. The narrow approach of introducing the
noise-terms in the stochastic hyperbolic phase-field models [3] could be used as a base for the
physically-consisted fluctuations.

We propose the simple stochastic extension of hyperbolic PFC-model to find the effect of
fluctuations on the dynamics of atomic density field. Results of simulations in presence and in
lack of noise indicate that the moderate noise of the atomic density field amplitude could
provide the quick relaxation.

Acknowledgements: Authors acknowledge the support by the Russian Science Foundation
under the project no. 19-71-10044.
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MOJIEJIb PFC C YYETOM ®JYKTYAILIUH TOJISI
ATOMHOM INIOTHOCTHU
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MaremaTrueckoe MOJETUPOBAHHE KPUCTALIMYECKHX CTPYKTYp M WX JWHAMUKH TpPU
CTPYKTYpHO-(Da30BBIX MEPEX0JIaX MOXET ObITh BBIMOJIHEHO METOJIOM KPHUCTAJUIMYECKOTO
dazoBoro monst B runepbonmueckoit mocranoBke (Metonq MPFC). Moapens MPFC moxer
OBITH TIOJTydeHa u3 ypaBHeHuss Cudra-Xo3u0epra u Teopun GyHKIIHOHANA TUIOTHOCTH. DTOT
METOJl MOAXOAWT JJiI MOJEIMPOBAHUS HEMPEPHIBHOTO IOJII ATOMHOM TIUIOTHOCTH Ha
b y3MOHHBIX BpPEMEHHBIX HHTepBaiax. Llenbio HacTOSIEro WCClIeIOBaHUS SBISETCS
W3YYCHUE TTOBEICHUS HEYCTOMYMBOTO PEUICHHS BOIM3H JTOKAIBHBIX MUHUMYMOB YHEPTHH.

Panee aBTopamu Oblia BBIIBUHYTA THIIOTE3a 00 00pa30BaHMHM METACTAOMIBHBIX CTPYKTYP
MIPH peaKcaliy IOMEeHa JI0 YCTOMYMBOTO COCTOSTHUS. M3-3a HAMunsi MHOXKECTBA PAa3IMUHBIX
BO3MOXKHBIX CTPYKTYp Ha MyTH TpaHC(OpMALMKU CUCTEMBI, [10JI€ ATOMHOM MJIOTHOCTH MOKET
OKa3aThCs CTAIlMOHAPHBIM M B TOM CJy4yae, KOTJIa CHUCTeMa HaxXOIUTCS B OKPECTHOCTHU
JIOKaJIbHBIX MUHUMYMOB CBOOOHOM sHepruH [ 1,2].

Jis  mpoBeneHUs HAACKHOTO MOJICIUPOBAHKUS HEOOXOAMMO YUYUTHIBATH (DAKTOPHI,
OPUBOJANINE K TOSIBICHUI0O HEYCTOMYMBOCTH BOJM3M TaKHUX JIOKAIBHBIX MHUHHUMYMOB.
JIOTIONMHUTENBHBIA YY4€T B MOJENU CIEHUATbHOTO AJAWUTHBHOTO 4YJICHA [JISl OMHCAHUS
KojeOaHusi TMOJds AaTOMHOM IUIOTHOCTH JOJDKEH TIO3BOJIATh CHCTEME BBIXOJIUTH W3
METacTa0MIBHBIX COCTOSSHUW ¥ YBEIHYMBATH CKOPOCTh OOpa3OBaHUs pPABHOBECHBIX U
YCTOMYMBBIX COCTOSHUN. B KkauecTBe agAUTHBHOIO YjeHa MOTYT OBITh HCIOJIb30BaHbI
MOJIEJIH IITyMa, paHee YCIENIHO MPUMEHEHHBIC B TUMIEPOOIHMUECKUX MOAEIAX (pa3oBOro mos
[3].

B Hacrosmieir paboTe  paccCMOTPEHO  TPOCTOE  CTOXACTHYECKOE  PAaCHIMpEHHUE
runiepbonmdeckoit PFC-mMonenu s onpeaenenust BIUsSHUSA QIYKTYalluid Ha JUHAMUKY TTOJIS
ATOMHOHM TJIOTHOCTU. Pe3ynbTaThl MOAETUPOBAHUS B MPUCYTCTBUU U B OTCYTCTBHE IIymMa
MOKAa3bIBAIOT, YTO YMEPEHHBIH IIyM TOJS AaTOMHOW IUIOTHOCTH JEHCTBUTEIHHO MOKET
o0ecnevnTh OBICTPYIO PellaKCaIUIO.

BaarogapuocTu: Pabora BeimonHeHa B pamkax rpanta PH® Ne 19-71-10044.
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Abstract. In this paper we give a generalizatio of the notion of the extremum of a real

function to the multidimensional case. Our aim consists in the fact that in this generalization
the usual properties.
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High refractive index contrast (An) is highly deserved for promoting the compactness of laser
direct written photonic circuits. But the An of dense silicate material irradiated by tightly focused
laser pulses come to approach its limit, because the applied pulse energy is close to the damage
threshold of material, which resulted in generation of cracks growing rapidly with increasing of
pulse energy [1]. Even if we achieve high An in a monolithic glass, there still exist shortcomings
such as hard control of stress distribution and non-uniform refractive index profile [2]. A novel
substrate based on a porous glass (PG) was proposed as a promising alternative for realizing high-
compact photonic circuits. Laser-induced nanopores collapse causes densification of glass
material leading to high An contrast with an extended limit of 0.1 [3].

In the present research, femtosecond laser induced nanopores collapse was exploited as a new
way of inscription of waveguides with high refractive index contrast (2x107) in PG, where the
densification region and surrounding rarefaction region act as core and suppressing cladding
respectively. These waveguides possess high average refractive index contrast of 6x107~, which is
estimated by rigorous coupled-wave analysis (RCWA) of waveguides array with a period of 60
um, and low evanescent coupling between adjacent waveguides even with a distance of 10 pum.

A combination of high refractive index contrast and stress-free properties opens a way for PG
as a promising substrate for fabrication of high compact and multifunctional photonic chips.

) . (©)

Figure 1. Experimental setup (a) for measurement of diffraction efficiencies of waveguide array (written by 1.6
wJ, 250 pm/s) with a period of 60 pm (b), where diffraction pattern (c) inserted. Measured near-field mode
profile (d) of waveguides array with a period of 10 um (e) and injected waveguide indicated by dashed ellipse.
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Abstract: The topic of this paper is spectral boundary problem generated by:
—y"(x)+a(x)y(x—7)=2y(x)=2*y(x), qel,[0,7]
_ z 2r
y(x-7)=0, xe[0,7), T€|:3, 5}
y'(0)-hy(0)=0, heR
y'(7)+Hy(7r)=0, HeR
We will present the problem in a shorter way further in the text
D’y =2y=2"y (*)
If potencial q is absolutely continius function, then inverse problem (*) is solved in [4].

For geL,[0,7z] and ; ¢ {2_””) inverse problem is also solved.
5

We emphasise that the problem of construction of the potential with the method of characteristic
functions is reduced to solving a linear integral equation of Wolterr's type with removable
argument.

The standard method of solving this equation without delay is based on the fact that Wolterr’s
operator is with a certain degree of contraction.

In this paper we used a new method of ,, small steps” and in that way we proved the

fundamental result: The two sequences of eigenvalues of the operator D? obtained by varying
the boundary condition at the right end uniquely generate the operator.
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