Keldysh Institute of Applied Mathematics of RAS
A.M. Prokhorov Institute of General Physics of RAS
University of Montenegro
Forum of University Professors and Researches of Montenegro
Scientific Journal "Mathematica Montisnigri”

XVI International Seminar

MATHEMATICAL MODELS & MODELING IN
LASER PLASMA PROCESSES & ADVANCED SCIENCE
TECHNOLOGIES

PROGRAM and ABSTRACTS

leMJ.ru

5 — 10 June, 2017

Petrovac, Montenegro



Computer processing of the press Olga Koroleva, Moscow, Russia.
Press: “AP PRINT”, Podgorica, Montenegro



SCIENTIFIC COMMITTEE

Chairman - Prof. Dr. sc.
Nat. Viadimir I.
Mazhukin (Russia)

lpedcedamens -
npod., 0.¢h.-M.H.
Bnadumup UeaHosuY
Maxxykun (Poccus)

Vice-Chairman - Prof.
Dr. sc. Nat. Zarko
Pavicéevi¢ (Montenegro)

Buue-npedcedamens -
npog., 0.¢h.-M.H.
Xapko lNasuyesu4
(YepHozopusi)

Prof. Dr. sc. Nat.
Boris N. Chichkov
(Germany)

lMpog., 0.¢h.-M.H.
Bbopuc Hukonaesu4
Yuukoe (FepmaHus)

Vice-Chairman -
Corresponding Member
of RAS, Prof. Dr. sc. Nat.
Serge V. Garnov
(Russia)

Buye-npedcedamens -
YneH-koppecnoHOeHmM
PAH, npog., 0.¢h.-M.H.
Cepzeli Bnadumupoeu4
raproe (Poccus)

Academician of RAS,
Prof. Dr. sc. Nat.
Vitaly I. Konov (Russia)

Akademuk PAH, npod.,
0.¢b.-M.H. Bumanulu
UNeaHosu4Y KoHoe

Prof. Dr. sc. Nat.
Hranislav Milosevic
(Serbia)

Mpog., 0.¢h.-M.H.
XpaHucnae Munowesuy
(Cepbus)



Organizing Committee
Op2aHu3ayuoHHbIlU KOMumem

Chairman - Prof. Dr. sc. Nat. Zarko Pavicevié¢
(Montenegro)

Koroleva O.N. (Russia) — Keldysh Institute of
Applied Mathematics of RAS
Zdravko Vukcevic (Montenegro)

Mazhukin A.V. (Russia) — Keldysh Institute
of Applied Mathematics of RAS

Dejana Popovic (Montenegro)

Shapranov A.V. (Russia) — Keldysh Institute
of Applied Mathematics of RAS

Tamara Pavicevic (Montenegro)

Nikola Konatar (Montenegro)

lMpedcedamens - npog., 0.¢h.-M.H.
Xapko lNasu4yesu4 (YepHoz2opusi)

Koponeea O.H. (Poccusi) — UM um. M.B.
Kendbiwa PAH

3dpaeko Bykyeeuy (YepHozopusi)

MaxxykuH A.B. (Poccusi) — UTTM um. M.B.
Kendbiwa PAH

HasiHa lNonosuy4 (YepHoz2opusi)

WanpaHoe A.B. (Poccusi)) — UMMM um. M.B.
Kendbiwa PAH

Tamapa lNMasu4yesuy (YepHoz2opusi)

Hukona KaHamap (YepHozopusi)



CONTENTS

PROGRAM. ... e
AB S T R A T S
PLENARY PRESENTATIONS

IIJIEHAPHBIE JOKJIA/IbI

A. S. Boldarev, G. A. Bagdasarov, V. A. Gasilov, P. V. Sasorov, O.G. Olkhovskaiy, D. R.
Khikhluha. Simulations of Plasma Dynamics and Laser-Plasma Processes in Capillary
D] 13 el

V.I. Mazhukin, P.V. Breslavskiy. Dynamic adaptation in problems of gas dynamics..................
INVITE PRESENTATIONS
[MPUTJIAIIEHHBIE JOKJIAJIbI

A.A. Samokhin, V.I. Mazhukin, M.M. Demin, A.V. Shapranov, A.E. Zubko. Molecular
dynamics modeling of nanosecond laser ablation: subcritical and transcritical regime............

V.P. Veiko, A. Samokhvalov, R. Zakoldaev, M. Sergeev. The features of laser-induced p-
plasma (LuP) for transparent materialS proCesSINg .........ooueevuriiirieinieiiieeieeiieeeieenneannn

A.G. Kaptilniy, A.A. Karabutov. Dynamic control of thermodynamic cycle of laser heating of
metal with impedance border of irradiation ...

M.P. Galanin, A.P. Lototckiy, A.S. Rodin. The task of high-speed loading of an aluminum
strip simulation at large plastic deformations ................ooiiiiiiiii i

V.I. Mazhukin, A.V.Shapranov, M.M.Demin. Simulation of ns-laser explosive boiling of metal
in approximation of continuum approach ..............coiiiiiiiiii e

V.I. Mazhukin. Methods of mathematical modeling in historical research...........................

M.M. Gorbunov-Posadov, M.P. Galanin, T.A. Polilova. The preparation and publication of
scientific monographs in Russia

A.A. Samokhin. Russian scientific community external and internal challenges ...................
V.I. Mazhukin. About some features of SCIENtOMEIICS. ......ouieuiiiiiiiiiiii i,

ORAL PRESENTATIONS
VCTHBIE JIOKJIAJIBI

B.I. Denker, B.I.Galagan, S.E. Sverchkov, V.V. Velmiskin Fluorescent properties of tin
CONLATNING GlASSES. ...ttt ettt et et e e s

L.I. Ivleva, E. Dunaeva. Crystallization and shaping proccesses of oxide crystals..................

N.S. Kozlova, Goreeva G.A., Bykova M.B., Didenko L.S., Zabekina E.V., Kozlova A.P. The
role of reference Samples in obtaining veliable experiental results.....................ooooiiinia

O.N. Koroleva, A.V. Mazhukin, V.I. Mazhukin. Simulation of the narrowing of band gap of
STLICOM Lttt e e

K.V. Khishchenko. Equation of state and phase transformations of silicon at high temperatures
081 500 (TS 0 1

A.V. Berezin, M.B. Markov, [.A. Tarakanov, Y.A. Volkov. Conductivity current in silicon............

B.P. Rybakin. Computer simulation of shock wave interaction with molecular clouds............

26
27

29

31

32

34

35
37
38

39
40

41
43

44



A.V. Berezin, F.N. Voronin, V.A. Gasilov, K.K. Inozemtseva, M.B. Markov, S.V. Parotkin.
Fluid dynamic effects in high-energy electrons flux................c.ooiiiiiiii i

V.A. Egorova, M.E. Zhukovskiy, R.V. Uskov. An approach to the radiation effects modeling
by the application of the cascade correlation neural networks. ...,

E.N. Bykovskaya. Application of cabaret difference scheme to the method of dynamic
adaptation on the example of burgers equation............occcoevieriiiiiinieiiee e .

O.N. Koroleva, A.V. Mazhukin. Modeling of the properties of electron and phonon subsystems
(o) B3 1§ UeTe) §

A.A. Samokhin, A.E. Zubko. Acoustical monitoring modeling of metals ablation induced with
intensity modulated nanosecond laser pulsSes..........occueeuieiiieiiiniiiiiece e

A.V. Shapranov, V.I. Mazhukin, M.M. Demin. The significance of the electrical double layer
at the surface of metal during laser ablation.................ooii i,

V.0. Podryga, S.V. Polyakov. Multiscale twolevel modeling of the binary gas mixture outflow
t0 The VACUUIML. ...t e e et et e e e e et e

G.K. Borovin, V.V. Lapshin. About a motion of free—floating space robot.........................

S.G. Moiseenko, G.S.Bisnovatyi-Kogan. Isentropic 'shock waves' in numercal simulations of
AStTOPNYSICAL FlOWS. ...ttt

I. Molotov, V. Voropaev, G. Borovin, A. Yudin, D. Ivanov, M. Tereshina, E. Pavlova.
Prototype of new ison telescope to improve the completeness and accuracy of the catalog of
] L L6 S 010 171 1

0O.D. Toropina, S.G. Moiseenko, G.S.Bisnovatyi-Kogan, V.S. Beliaev, A.P. Matafonov. MHD
simulation of 1aboratory Jets....... ..o

L. Elenin, I. Molotov, T. Schildknecht. ISON asteroid survey program: current state and future
8 C0ES] 0157 1

E.V. Strashnov, M.V. Michaylyuk. Multibody dynamics simulation using impulses and
articulated body method. ... ...

M.A. Torgashev, D.A. Kononov. Simulation of jet engine dynamics in training complexes.......

A.V. Maltsev, P.Yu. Timokhin. Simulation of gravitation and wind influence on particle
systems using high-performance gpu calculations................cooooiiiiiiiiiiiiii e,

M.V. Mikhaylyuk, A.V. Maltsev. Control signal synthesis methods for robot management by
L 0T Ty 1D

Zarko Paviéevié. Fragments of the dynamics single disk and statics of the Riemannian sphere...

M.M. Krasnov, P.A. Kuchugov, M.E. Ladonkina, V.F. Tishkin. Application of discontinuous
Galerkin method for modeling of aerodynamic problems on various parallel
ATCRIEECTUTES .. ..ottt ettt e e et

M.E. Ladonkina, O.A. Neklyudova, V.F. Tishkin. Construction of high order limiters for
discontinuous Galerkin method........ ...

V.T. Zhukov, O.B. Feodoritova, N.D. Novikova. Adaptive algebraic multigrid method for
three-dimensional diffusion €qUAtIONS. ..........ouiieiitii e

0O.B. Feodoritova, N.D. Novikova, V.T. Zhukov. Numerical simulation of flow regimes in
high-speed combustion ChambeT. . ...........oiiiiiii e

Nikola Mihaljevich. Formatiom of the integral equations for the potential q and the function of

51

52

54

56

58

60
62

64

65

66

67

68
70

72

74

76

77

79

81

&3



B. Zekovich, V.A. Artamonov. Semisimple n-ary bialgebras and one-dimensional
1007016 101 1T

Romeo Mestrovi¢, Zarko Pavicevi¢. Some approximation results in Privalov spaces on the unit

Nikola Konatar. Elements of stability and bifurcation theory and applications to the problem of
synchronization of nonlinear 0Scillators ............ ..o

Djordjije Vujadinovié¢. Spectral asymptotic of Cauchy's operator and logarithmic potential type
operator on harmonic Bergman space on a simple connected domain................................

L.V. Klochkova, V.F. Tishkin. Mathematical simulation of the spread of infections in the
&3 1TA 0] 010013 1 2

N.N. Bulgakova. Laser induced fluoresense of biological tissues in diagnostics of socially
SIZNITICANT AISEASES. ...t ut ettt ettt ettt e ettt et e e

Emilija Nikoli¢, Tijana Brandmajer. Mathematical modeling application in integrative therapy
within asthma patients. ... ... e

M.E. Zhukovskiy, S.V. Podoliako, A.A. Kryukov. The function reconstruction using the
integral charaChteriStiCs. ... ....uit e

T.S. Popova. Variational methods in the problem about thin elastic inclusion in a two-
dimensional viscoelastic body......... ..o

M.S. Grigoryeva, I.LN. Zavestovskaya, A.P. Kanavin. Model of porosity reduction under the
laser action on the metal Surface.............ooooiiii i

L.I. Galanina, L.S. Novikov. Simulation of radiation effects on materials and microelectronic
L070) 81010 5 1S5 115

Jela Susi¢. Well posedness for a class of ultra-parabolic equations with discontinuous flux......

86

87

88

89

90

91

93

94

95

96






LPPM: . XVI INTERNATIONAL SEMINAR “MATHEMATICAL MODELS & MODELING IN LASER-
) PLASMA PROCESSES & ADVANCED SCIENCE TECHNOLOGIES”

PROGRAM



LPPM3.cu

PROGRAM
Saturday, June 3
11.00-20.00 Registration, Check-in at Hotel
Sunday, June 4
10.00-17.00 Registration, Check-in at Hotel
19.00 WELCOME PARTY
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PROGRAM LPpM3.n

Monday, June 5
Opening ceremony
Prof. Dr. sc. Nat. V.I. Mazhukin, Chairman
9%_1013 XVI Seminar. The goals and objectives of the Seminar
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
Photo for memory
Plenary Presentation
A.S. Boldarev', G.A. Bagdasarovl, V.A. Gasilov', P.V. Sasorov', O.G. Olkhovskaiy],
D.R. Khikhluha®.
1510350
107-10 Simulations of Plasma Dynamics and Laser-Plasma Processes in Capillary Discharges
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
2ELI Beamlines, Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic
Plenary Presentation
V.I. Mazhukin'?, P.V. Breslavskiy'
10°°-112° Dynamic adaptation in problems of gas dynamics
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
“National Research Nuclear University*“MEPhI””, Moscow, Russia
11%°-11% Coffee break
Invite Presentation
A.A. Samokhin', V.I. Mazhukin®, M.M. Demin®, A.V. Shapranov’, A.E. Zubko'.
11401205 Molecular dynamics modeling of nanosecond laser ablation: subcritical and
) transcritical regime
'A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia
?Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
Invite Presentation
V.P. Veiko, A. Samokhvalov, R. Zakoldaev, M. Sergeev
1205.1230 The features of laser-induced p-plasma (LuP) for transparent materials processing
Saint Petersburg National Research University of Information Technologies, Mechanics and
Optics (ITMO), Saint Petersburg, Russia
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Invite Presentation
A.G. Kaptilniy', A.A. Karabutov
Dynamic control of thermodynamic cycle of laser heating of metal with impedance
border of irradiation

LJ0int Institute for High Temperatures of RAS, Moscow, Russia
?International Laser Center of Lomonosov Moscow State University, Moscow, Russia

13%0-14%

Lunch time

14%-14"

Oral Presentation
B. I. Denker', B. I.Galaganl, S. E. Sverchkov', V. V. Velmiskin®

Fluorescent properties of tin containing glasses

1A.M.Prokhorov General Physics Institute of RAS, Moscow, Russia
’Fiber Optics Research Center of RAS, Moscow, Russia

14°-14%°

Oral Presentation
L.IL Ivleva, E. Dunaeva

Development of srmoo4:re single crystals doped with rare-earth ions for creation of
solid state lasers for mid and ir spectral range

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

14%0-14%

Oral Presentation
N.S. Kozlova, G.A. Goreeva, M.B. Bykova, 1.S. Didenko,
E.V. Zabekina, A.P. Kozlova

The role of reference Samples in obtaining veliable experiental results

National University of Science and Technology "MISIS", Moscow, Russia

14%-15%

Oral Presentation
O.N. Koroleva, A.V. Mazhukin, V.I. Mazhukin.
Simulation of the narrowing of band gap of silicon

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

1500_1515

Oral Presentation
K.V. Khishchenko.

Equation of state and phase transformations of silicon at high temperatures and
pressures

Joint Institute for High Temperatures of RAS, Moscow, Russia

12
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1515_1530

Oral Presentation
A.V. Berezin, M.B. Markov, I.A. Tarakanov, Y.A. Volkov.
Conductivity current in silicon

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1530_1600

Coffee break

1600_1615

Oral Presentation
B.P. Rybakin
Computer simulation of shock wave interaction with molecular clouds

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

Oral Presentation

Berezin A.V., Voronin F.N., Gasilov V.A., Inozemtseva K.K.,
Markov M.B., Parotkin S.V.

Fluid dynamic effects in high-energy electrons flux

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation
V.A. Egorova, M.E. Zhukovskiy, R.V. Uskov

An approach to the radiation effects modeling by the application of the cascade
correlation neural networks

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1 645_ 1 700

Oral Presentation
E.N. Bykovskaya

Application of cabaret difference scheme to the method of dynamic adaptation on the
example of burgers equation

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1700_1715

Oral Presentation
O.N. Koroleva, A.V. Mazhukin
Modeling of the properties of electron and phonon subsystems of silicon

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

13
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Oral Presentation
A.A. Samokhin, A.E. Zubko

1715.17%0 Acoustical monitoring modeling of metals ablation induced with intensity modulated
nanosecond laser pulses

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

17°0-18% POSTER SECTION

M.S. Grigoryeva, [.N. Zavestovskaya, A.P. Kanavin
175072 Model of porosity reduction under the laser action on the metal surface

National Research Nuclear University MEPhI, Moscow, Russia
P.N. Lebedev Physics Institute of RAS, Moscow, Russia

L.I. Galanina, L.S. Novikov
17250 7+ Simulation of radiation effects on materials and microelectronic components

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

Jela Susié
1740_17% Well posedness for a class of ultra-parabolic equations with discontinuous flux

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

14
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Tuesday, June 6

Invite Presentation

M.P. Galanin, A.P. Lototsky, A.S. Rodin

10™-10% The task of high-speed loading of an aluminum strip simulation at large plastic
deformations
Keldysh Institute for Applied Mathematics of RAS Moscow, Russia
Invite Presentation
V.IL Mazhukinl’z, A.V. Shapranovl’z, M.M. Demin'
55 50 Simulation of ns-laser explosive boiling of metal in approximation of continuum
107-10 approach
Keldysh Institute for Applied Mathematics of RAS Moscow, Russia
’National Research Nuclear University“MEPhI”, Moscow, Russia
Oral Presentation
A.V. Shapranov'?, V.I. Mazhukin'? M.M. Demin'
) i The significance of the electrical double layer at the surface of metal during laser
107-11 ablation
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
’National Research Nuclear University“MEPhI”’, Moscow, Russia
Oral Presentation
V.0. Podrygal, S.V. Polyakovl’2
11%-112° Multiscale twolevel modeling of the binary gas mixture outflow to the vacuum
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
’National Research Nuclear University“MEPhI”’, Moscow, Russia
117°-11% Coffee break
RUSSIAN SPACE
Oral Presentation
G.K. Borovin', V.V. Lapshin®
11%-12% About a motion of free—floating space robot

'Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
2Bauman Moscow State Technical University, Moscow, Russia

15
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Oral Presentation
S.G. Moiseenko', G.S.Bisnovatyi-Kogan'*
Isentropic 'shock waves' in numercal simulations of astrophysical flows

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

1215_1230

Oral Presentation

L. Molotovl’z, V. Voropaevl, G. Borovinl, A. Yudinl, D. Ivanovz,
M. Tereshina', E. Pavlova'

Prototype of new ison telescope to improve the completeness and accuracy of the
catalog of space objects

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
2Small innovation enterprise «KIAM Ballistics-Service», Moscow, Russia

Oral Presentation
O.D. Toropina, S.G. Moiseenko, G.S.Bisnovatyi-Kogan,
V.S. Beliaev, A.P. Matafonov

MHD simulation of laboratory jets

Space Research Institute of RAS, Moscow, Russia

Oral Presentation
L. Elenin’, I. Molotov', T. Schildknecht®
ISON asteroid survey program: current state and future prospects

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia
ZAstronomical Institute University of Bern, Bern, Switzerland

13%-14%

Lunch time

14%-14"

Oral Presentation
E.V. Strashnov, M.V. Michaylyuk

Multibody dynamics simulation using impulses and articulated body method

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

14°-14%°

Oral Presentation
M.A. Torgashev, D.A. Kononov

Simulation of jet engine dynamics in training complexes

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

16
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Oral Presentation
A.V. Maltsev, P.Yu. Timokhin

Simulation of gravitation and wind influence on particle systems using high-
performance gpu calculations

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

1445_1500

Oral Presentation
M.V. Mikhaylyuk, A.V. Maltsev
Control signal synthesis methods for robot management by using gestures

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

1500_1530

Coffee break

1530_1800

THEMATIC HEADING "HISTORICAL RESEARCHES"

ROUND-TABLE DISCUSSION

Invite Presentation
V.I. Mazhukin
Methods of mathematical modeling in historical research

Keldysh Institute for Applied Mathematics of RAS Moscow, Russia

17




PROGRAM

LPpM3.n

Wednesday, June 7

g00_n (00

SOCIAL PROGRAM
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Thursday, June 8

1000_1015

Oral Presentation
Zarko Pavicevié
Fragments of the dynamics single disk and statics of the Riemannian sphere

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

Oral Presentation
M.M. Krasnov ', P.A. Kuchugov 2 M.E. Ladonkina %, V.F. Tishkin'*

Application of discontinuous Galerkin method for modeling of aerodynamic problems
on various parallel architectures

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

Oral Presentation
M.E. Ladonkina'?, O.A. Neklyudova', V.F. Tishkin'~
Construction of high order limiters for discontinuous Galerkin method

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

Oral Presentation
V.T. Zhukov, O.B. Feodoritova, N.D. Novikova
Adaptive algebraic multigrid method for three-dimensional diffusion equations

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1100_1115

Oral Presentation
0.B. Feodoritova, N.D. Novikova, V.T. Zhukov
Numerical simulation of flow regimes in high-speed combustion chamber

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1115_1130

Oral Presentation
Nikola Mihaljevich
Formatiom of the integral equations for the potential q and the function of delay

Maritime Faculty, University of Montenegro, Kotor, Montenegro

1 130_1200

Coffee break
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Oral Presentation
B. Zekovich!, V.A. Artamonov?
Semisimple n-ary bialgebras and one-dimensional modules

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

1215_1230

Oral Presentation
v orl 5 .7 - ,23
Romeo MesStrovic¢ ', Zarko Pavicevic”

Some approximation results in Privalov spaces on the unit disk

'Maritime FacultyKotor, University of Montenegro, Kotor, Montenegro
2 University of Montenegro, Podgorica, Montenegro

’National Research Nuclear University MEPhI, Moscow, Russia

Oral Presentation
Nikola Konatar

Elements of stability and bifurcation theory and applications to the problem of
synchronization of nonlinear oscillators

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

Oral Presentation
Djordjije Vujadinovi¢
Spectral asymptotic of Cauchy's operator and logarithmic potential type operator on
harmonic Bergman space on a simple connected domain

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

13%-14%

Lunch time

14%-14"

Oral Presentation
Sanja Jancic Rasovic

On some classes of hypernear-rings

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

20
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14%-17%

THEMATIC HEADING "SCIENCE LIFE"
ROUND-TABLE DISCUSSION

14%-14%

Invite Presentation
M.M. Gorbunov-Posadov, M.P. Galanin, T.A. Polilova.
The preparation and publication of scientific monographs in Russia

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

147-14%°

Invite Presentation
A.A. Samokhin
Russian scientific community external and internal challenges

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

14°°-15"

Invite Presentation
V.I. Mazhukin

About some features of scientometrics
Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

1515_1535

Coffee break

21
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Friday, June 9

1000_1015

Oral Presentation
L.V. Klochkova, V.F. Tishkin
Mathematical simulation of the spread of infections in the environment

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation
N.N. Bulgakova

Laser induced fluoresense of biological tissues in diagnostics of socially significant
diseases

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

1 030_ 1 045

Oral Presentation
Emilija Nikoli¢, Tijana Brandmajer
Mathematical modeling application in integrative therapy within asthma patients

Medicine FacultyPodgorica, University of Montenegro,
Podgorica, Montenegro

Oral Presentation
M.E. Zhukovskiy, S.V. Podoliako, A.A. Kryukov
The function reconstruction using the integral charachteristics

Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia

Oral Presentation
T.S. Popova

Variational methods in the problem about thin elastic inclusion in a two-dimensional
viscoelastic body

North-Eastern FederalUniversity in Yakutsk, Yakutsk, Russia

Coffee break

SUMMING. CLOSING of the XVI INTERNATIONAL SEMINAR

13.00-14.00

Lunch time

BANQUET, CLOSING SPEECH

22
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Saturday, June 10

Departure
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5-10 JUNE, 2017 PLENARY PRESENTATIONS

MOJAEJUPOBAHUE TMHAMHUKM ILTA3MbI U JTASEPHO-IVIASMEHHOI'O
B3AMMOJIENCTBUSA B KAITNJIJIAPHBIX PA3PAIAX

A. C. Bomapes', T. A. Bar;[acapOBl, B. A. Tacunos', I1. B. CaC0p0Bl, 0. T. OnbxoBckas',
JI. P. Xuxnyxa®

II/IHcmumym THpurnaonoit Mamemamuxu um. M. B. Kerovuua PAH, Mockea, Poccus
’ELI Beamlines, Hucmumym ®usuxu Yewickoii Akademuu Hayx, Ipaea, Yewckas Pecny6nuka
boldar@imamod.ru

YckopeHue 3apsKEHHBIX YacTULl B KUJIBBATEPHOM BOJIHE KOPOTKOTO JIA3€PHOTO MMITYJIbCa
CTaJI0 B MOCJEAHHE TOJbl OJHUM M3 HauOojiee aKTHBHO DPAa3BUBAIOLIUXCS HaIpaBlICHUMN
npuMeHeHHs (EMTOCEKYHIHBIX JiazepoB. [Ipy 3TOM BO3HUKAaeT HEOOXOAWMOCTH CO3JaHMS
pabodeil cpeabl ¢ MPaBUIBHBIM MPOCTPAHCTBEHHBIM DPACIpPEAEICHUEM IUIOTHOCTH, KOTOpPas
oOecrieynBana Obl CaMO(OKYCHPOBKY W CaMOKAHAJIMPOBAHUE JIA3€PHOTO HMITyJIbCca Ha
JUIMHAX, HEOOXOAMMBIX IJIsi JOCTHKEHMs 3aJaHHOTO YCKOpeHus wyactuil. lcronb3oBaHue
KaIlWJUISIPHOTO pa3psjia SBISAETCS OJHUM U3 BO3MOXKHBIX pelIeHU 3Toi 3anaun. CyliecTByeT
psan mpoektoB (BELLA B LBNL, ELI Beamlines B [Ipare u ap.), CBA3aHHBIX ¢ KUJIbBATEPHBIM
YCKOPEHHEM YacTUIl B IUIa3Me€ KanwusipHoro paspsaa. HenaBuue skcnepumeHtsl [1, 2]
MPOAEMOHCTPUPOBATIN BO3MOKHOCTh YCKOPEHUSI ANIEKTPOHOB 10 3Hepruii mopsiaka 10 I'HB na
JUTMHE Topsazika 1 m.

MaremaTnueckoe MOAEIMPOBAHUE UCIIOIb3YETCA Ha BCEX TPEX MPUHLMUIHUAIBHBIX CTaJAMIX
IKCIIEPUMEHTA:

*  3aMoJHEHHWE Kammuisipa pabodnM razoM (BOAOPOJAOM);

* DIEKTPUYECKHUM pa3psal ¢ LETbl0 o0ecreueHus: HY)>KHOTO NMpoQuiis MIOTHOCTH B
MIOTIEPEYHOM CEUEHUH;

*  pacnpoCTpaHEHUE JIA3EPHOTO UMITYJIbCA.

MopenupoBaHue IpoLECCOB, IPOUCXOASIINX HA MEPBBIX JIBYX dTanax (TMAPOJMHAMUKA U
MarHUTOTUJIpOJIMHAMKKA) MpoBoAuTcs ¢ nomoinbio koga MARPLE [3, 4]. B pesynbraTe
MOJIyYEHO pacIipesiesieHle IUIOTHOCTH pabovyero BellecTBa, UCCAEA0BAHO BIUSHUE OTKPBITHIX
KOHIIOB Kanmwuisipa M (OpMBI NPUCOCTUHEHHBIX K HHUM JJIEKTPOIOB, IOATBEPKICHA
IIPUMEHUMOCTb OJJHOMEPHOW MOJEINN IPHU UCCIETOBAHUM MPOLIECCOB B CEYEHUAX NATIEKUX OT
KOHIIOB, M3y4YeHO (M NMPHU3HAHO HE3HAYUTEIBHBIM) BIUSHHE (POPMBI IMOMEPEUHOTO CEUCHUS
Kanwusipa.

Taxxe mpencraBieHsl HOBble pesyiapraTel PIC  MopenupoBaHus B3aMMOAEHCTBUS
Ja3epHOro MMITyJbca ¢ pabounM BemiecTBoM. [loaTBep:kaeHo oOpa3oBaHHE ONTHYECKOIO
KaHaJla BJOJb OCH KallWUISPa, COXPAHSIOLIETO0 YCTOMYMBOCTH IMpPH HEOOJBIIUX YTIOBBIX
OTKJIOHEHMSIX HAINPABICHUS PACHpOCTPAHEHUs Ja3€pHOTO HMMITYJIbCAa OTHOCUTEIBHO OCH
Kanwuisipa.

JIntepartypa:

1. W. P. Leemans et al., Phys. Rev. Lett., 113, 245002 (2014).

2. X. Wang et al., Nature Comm, 4, 1988 (2013).

3. B. A. T'acunos u nap., Marematuueckoe MoieinupoBanue, 24, 55-87 (2012).

4. V. Gasilov et al., IOS Press: Advances in Parallel Computing, 22, 235-242 (2012).
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Ha pspe MomenbHbIX M TECTOBBIX 3a7ady JEMOHCTPUPYIOTCS BO3MOXXHOCTH METOJa
JUHaMu4eckol anmantauuu g 1-D razonmHammueckux mnpobimem. B ocHoBy Metona
MOJIOKEHA UJes Tepexo/ia K MPOM3BOJIbLHON HEeCTallMOHAPHOM cucTemMe KoopauHar [1]. Merog
NO3BOJISIET HAa CEeTKaxX C YIPAaBIsEMbIM paclpeselieHueM Y3JI0B IPOU3BOAUTH PacyeThl
TEYEHUH C MPOU3BOJILHBIM YHCJIOM U SIBHBIM BbIIEJIEHHEM Pa3pbIBOB (pHC.1) - yAapHBIX BOJIH,
KOHTAKTHBIX M MeX(ha3HbIX rpanull [2,3].

O¢ddexkTBHOCTE MeETONAa OICHMBACTCS CpPAaBHEHHMEM C pacueTaMH Ha CeTKax ¢
(UKCUPOBAHHBIMU y3J1aMHU.
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Puc.1. B3aI/IMO,Hef/'ICTBI/I€ JABYX YJapHBIX BOJIH; CJICBA - IEPE€A CTOJIKHOBCHUCM, CIIpaBa - -Cpa3y IOCJIC.
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16-07-00263, 15-07-05025.
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DYNAMIC ADAPTATION IN PROBLEMS OF GAS DYNAMICS
V.L. Mazhukin'?, P.V. Breslavskiy'

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

A number of model and test problems demonstrate the capabilities of the dynamic
adaptation method for 1-D gas-dynamic problems. The method is based on the idea of
transition to an arbitrary nonstationary coordinate system [1]. The method makes it possible to
calculate flows with an arbitrary number and explicit allocation of discontinuities (Fig.1) -
shock-waves, contact and interphase boundaries on grids with a controlled distribution of
nodes [2,3].

The efficiency of the method is estimated by comparison with calculations on grids with
fixed nodes.

61 p o 71 P
5- Shock 61
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4.
4
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‘—
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X
Fig. 1. Interaction of two shock waves; on the left - before the collision, on right - after him.
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MOLECULAR DYNAMICS MODELING OF NANOSECOND LASER ABLATION:
SUBCRITICAL AND TRANSCRITICAL REGIME
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Molecular dynamic modeling is widely used for analysis of laser ablation. However
nanosecond regime is not sufficiently investigated yet. Recent modeling of nanosecond laser
ablation [1,2] permits for the first time to obtain new important details of recoil pressure and
irradiated surface temperature behavior during the laser pulse action as it is shown in fig. 1.
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Fig. 1. Pressure (curves 1,2,5,6) and temperature (curves 3,4,7,8) behavior at the irradiated surface of liquid
Al at different constant radiation intensity 7 = 33 (cur. 1,3); 44 (cur. 2,4); 66 (cur. 5,7); 110 (cur. 6,8) MW/cm’.
In (b) P¢, T are critical pressure and temperature values for the considered metal model. T = 6400 K at t = 0 ns.

Curves 1,2 show pressure jumps during explosive boiling due to subsurface temperature
maximum as it was supposed in [3]. This behavior differs from the picture described in ref.
[4,5]. It is clear also from cur. 3,4 that the pressure jumps at sufficiently high radiation
intensity disappear already in subcritical regime where spinodal decomposition develops.

Acknowledgements. The work was supported by the RFBR projects Nos. 16-07-00263, 15-07-05025.
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MoutekynapHO-TUHAMHYECKOE MOACIUPOBAHNE IIMHUPOKO MCIOJB3YeTCsS JUIsl aHalu3a
Ja3epHON a0NSIMK, OJHAKO HAHOCEKYHIIHBIN PEKUM HCCIEIOBAH IMOKa eIle HEe MOJHOCTHIO.
HenaBHee MmonenupoBanue HaHOCEKYHAHOU a0y Al [1,2] mo3BosIET BiepBbIe TOJIYYHUTh
HOBYIO Ba)XKHYIO MH(OpPMAIIMIO O MOBEACHUH JIABJICHUS OTAAaYH U TEMIIEpaTyphl 00ydaeMon
MMOBEPXHOCTH BO BPEMsI JCHCTBHUS JITA3€PHOTO UMITYJIbCa, KaK 3TO IMOKa3aHo Ha puc. 1.
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Puc. 1. TloBenenne naBinenus (kpuBble 1,2,5,6) m Ttemmeparypsl (kpuBbie 3,4,7,8) Ha oOmydaeMoi
MOBEPXHOCTH KUAKOro Al mpu pasnuyHoii moctosiHHO#M mHTeHCHBHOCTH [ = 33 (kp. 1,3); 44 (xp. 2,4); 66 (xp.
5,7); 110 (xp. 6,8) MW/cm®. P, T¢ — kputnueckoe gapnenne i remmeparypa (b). T = 6400 K mpu t = 0 ns.

Kpusbie 1,2 TOKa3pIBalOT CKAaykK{d JaBJICHUS TPH B3PHIBHOM BCKHIIAHWUH, OOYCJIOBICHHOM
MOJITIOBEPXHOCTHBIM TEMITEPATYPHBIM MaKCHMYMOM, KaK 3TO IMpearnojiaranock B [3] B OTIMYHE OT
[4,5]. U3 xpuBeix 3,4 BHOHO TakKe, YTO CKAYKH ABJIICHUS TIPAKTHUCCKH WCUC3AIOT YK€ B
JIOKPUTHIECKOM PEIKUME TIPH MEPEX0JIe K CIMHOAAILHOMY pacmay.

Bbaarogapuocru. Pabora BeimonHeHna npu puHancoBoit nmoauepxkke PODU (mpoextbr NoNo
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The features of laser-induced p-plasma (LuP) for transparent materials processing
V. Veiko*, A. Samokhvalov, R. Zakoldaev, M. Sergeev

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

Laser microplasma induced at the interface of glass and absorbing target has off great
interest nowadays [1, 2]. The research with the special mode of these methods was carried out
and titled by us as laser-induced microplasma (LIuP), where the highly absorbing plate (HAP)
is placed in the direct contact with the transparent material (TM) (Fig. 1 a), which has to be
processed. To investigate the mechanism of LIuP method, we utilized photoacoustic methods.
As a result, the ablation pressure (in case of graphite target covered by glass) raised by 5
times in comparison with the ablation at normal atmosphere.
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Fig.1. LIpP method: schematic view (a), the depth of the crater in transparent dielectric at different power
density (b), emission spectra of laser plasma (c); formed optical elements: microlens array (d) and periodical
microstructure with a complex form (e).

The depth of the crater have a threshold dependence on the laser power density, the depth
of the crater in transparent dielectric increases linearly in the range before 70 MW/cm?, but at
100 MW/cm? dependence demonstrate a leap (Fig. 1 c). That is quite good correlate with the
photoacoustical signal dependence on the power density. Laser-induced p-plasma method
described here gives opportunities for fast and cost-effective microoptical components
fabrication on glass surface (microlens array, phase plates or gratings) (Fig. 1 d, e) [3].

Acknowledgements: The reported study was financially supported by the Ministry of
Education and  Science of Russia, research agreement Ne14.578.21.0197
(RFMEF157816X0197).
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OnHUM U3 OCHOBHBIX (PAKTOPOB, ONPEIEAIONIMX B3aUMOJCHCTBUE JIA3€PHOTO U3ITyYCHUS
C BEIIECTBOM SIBIIIETCSI CIIOCOO COMNPSDKEHUS TOBEPXHOCTH, MOTJIOMIAIOMICH JHEPTHUI0
Ja3epHOro  MMIyJbca ¢  BHemHed cpenoil. Ilpeanmoxken  merox — ynmpaBieHHs
TEPMOJMHAMHYECKUM LIMKIOM «HAarpeBa — OXJAXKICHUs (pa3rpy3ku)», pealn3yeMblil mpu
BO3JCHCTBUM Ha BEIIECTBO MOIIHOTO HMMITyJbCa Ja3€pHOTO M3IY4YEHUS Ha HMMIIEAAHCHYIO
rpaHully OOJy4aeMoro BEIIECTBAa, T.€. MOBEPXHOCTb, MEXAHWYECKU HArpyKEHHYIO CJIOEM
JURJIEKTPUKA TPO3PAvYHOro AJIs U3ITy4EHU Jla3epa.

Ha «Bocxopsmield BeTBU HarpeBa» TEPMOJMHAMUYECKOTO LUKJIA TepMalu3alus dHEPruu
Ja3€pHOr0 HMITYJIbCA CONPOBOXKIAETCSI TEHEpalMed BBICOKOTO YPOBHS JMHAMHUYECKOTO
JaBJIEHWs B TOHKOW MPHUMOBEPXHOCTHOM 30He. I[Iporecc HarpeBa 00iiydaeMoro BeIIECTBa
IIPOUCXOOUT B KBAa3sMU30XOPHBIX YCIOBHAX. B cilydae DIOBEpXHOCTHOIO Xapakrepa
NOTJIOUIEHUS (METaJuIbl) UMITYJIbC JIaBJIEHUS paclpoCTpaHseTcsl U3 00JacTH HarpeBa B BUJIE
JIByX MOIIHBIX aKyCTH4YecKMX (yAapHbIX) BosiH. OJlHa BOJHA YXOAWT B INIyOMHY MeTalia,
MOTJIOUIAIOIIETO U3JIyUYEHHUE, Ipyras - B CJIOW AUDJIEKTPUKA — IPO3PavHON KOHAEHCHPOBAHHON
cpepl, Harpyxarmomeil o0idydaeMyl0 HOBEPXHOCTb. OJTa BOJHA MNMpH €€ OTpPaKeHUH OT
BHEIIIHEH TOBEPXHOCTH JMANICKTPHKA MeHseT pa3y Ha 180° i Bo3Bpamaercs B 30Hy Harpesa B
BUJIC BOJHBI «OTPULATEILHOIO» JABJICHHUS — BOJHBI Pasrpy3ku (HOPMHUPYS «HUCXOASIIYIO
BETBb TEPMOJIMHAMUYECKOTO IMKJIa». YIpaBlIEHHE IPOLECCOM pPa3Tpy3KH - aMILIUTyaa
BOJIHBl Pa3rpy3Kd OMNpEENseTcs COOTHOIIEHHEM (U3NYECKUX CBOMCTB IMOTJIONIAIOIIErO
BellecTBa (MeTaia) U JUAJIEKTPUKA - OTHOLIEHUEM UX aKyCTHYECKHX MMIIEaHCOB, a BpeMst
Hayala pasrpy3Kd OIpeNeNseTcsl YABOSHHBIM BpEMEHEM IpoOera ynapHOM BOJIHBI MO
TOJILIMHE CJIOS TUAJIEKTPUKA, T.€. MPOLECC Pa3rpy3KU OIMpenesieTcsl TOIMMHON 3TOro Cllos
JURJIEKTPUKAa U €ro (hU3MYeCKMMM CBOMCTBAMHU. AKYCTUYECKMH HMMIIEAAHC IPEJICTaBIseT
coboii mpou3sBeieHne "pc"TUIOTHOCTH BellecTBa"p" Ha CKOPOCTh 3ByKa B BemlectBe “c”’. B
KayecTBE IMPO3pauyHOi cpelbl MOXET HCIIOJIb30BaThCsl camndup, CTEKIOo, KUAKOCTb,
MoJIMMEpHast MJICHKA, MPO3payHasi cpefa MOXKeT ObITh MHOTOCJIOIHOMN U T.I1.

IIpu »TOM B ciydae pe3koro cOpoca JaBieHUs - pa3rpy3ke B 0O0JacTH Harpesa,
CYILIECTBYET BO3MOXKHOCTh DPAa3BUTHUS COOBITUH MO JBYM OJU3KUM cleHapusm: 1) eciu
TEPMOJMHAMHYECKUE IapaMETPbl TOHKOI'O  pa3orpeToro  MPUIOBEPXHOCTHOIO  CIIOS
OKa3bIBAIOTCS B METAcTaOWUIIbHON OOJAcTH - MPOUCXOAUT (Da3oBBIM B3pBHIB. 2) - €CIIU B
001acTH a0COMIOTHON TePMOANHAMHYECKON HEYCTOWIMBOCTH — CIIMHOIAIBHBINA pachai.
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DYNAMIC CONTROL OF THERMODYNAMIC CYCLE OF LASER HEATING OF
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® International Laser Center, Moscow State University, Moscow, Russia
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One of the main factors that determinates interaction of laser irradiation and matter, is the
way of interfacing of surface that absorbs the energy of laser pulse with environment.

We propose the method that controls the "heating — cooling” thermodynamic cycle. This
cycle is realized when the matter is irradiated by a powerful laser pulse through a layer of
dielectric. The dielectric is placed on the surface of metal.

Absorption of laser pulse energy is accompanied by generation of high level of dynamic
pressure in thin surface zone. Heating process of irradiated matter is realized in quasiisochoric
conditions. In this case the pulse of pressure, as two shock waves, extends from the heating
area to the dielectric layer and the metal depth. One shock wave reflects from free surface of
dielectric and reverses the phase (-180°) and returns to the heating zone as unloading wave.

Control of unloading process is determined by correlation of physical properties of
absorbing matter and dielectric — correlation of their acoustic impedance. The beginning of
unloading time is determined by double time of shock wave run in dielectric. Unloading
process is determined by layer thickness and their physical properties. Acoustic
impedance "pc" is the result of multiplication of density "p" and velocity of sound “c”.
Dielectric may be represented by sapphire, glass, polymeric film, etc. and it may be multi-
layer. When the pressure unloads short, there are two variants of realization:

1) Phase explosion in metastable area or

2) Spinodal decomposition in the area of absolute thermodynamic instability
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PEHIEHUE 3AJJAYU MOJAEJIMPOBAHUSA BBICOKOCKOPOCTHOI'O
HAT'PYXKEHUS AJIIOMUHUEBOM JIEHTBI C YYETOM BOJIBIINX
HNIJACTHYECKUX JE®@OPMALIUU

MLIL. I"'anagun, A.I1. Jlorouxuii, A.C. Pogun
UIIM um. M.B. Kenovuua PAH, 125047, Mockea, Muycckas na., 0. 4
galan@keldysh.ru

IIpennokeH METOX YHWCIEHHOTO MOJEIUPOBAaHUS [BIKEHHUS IUIOCKOrO JlaiiHEpa B
MarHUTHOM KOMIIPECCOpE, OCHOBAaHHBIH Ha KOMOHMHALIMU TMONEPEYHOW M TPOJIOJIBHOU
JIIBYMEPHBIX Mojesneil. MeTo mo3BoJsieT MOACIUPOBATh B3aMMOACHCTBUE JICHTHI JIaliHEpa ¢
TBEpJIOW OMOpO TpUM KUHEMAaTHUYECKUX XapaKTepUCTHKAaX JaiiHepa, ONU3KUX K
JKCHepuMeHTaldbHbIM.  [lig  oOOocHOBaHMsS ~ BbIOOpa ~ MaTeMaTHYECKOM  MojeH
yHOPYTOIIACTUYECKOTO TeJa, MOIXOMIIICH s pelieHus MoJOOHBIX 3ajad, PACCMOTPEHO TPH
pasmuuHbIX Mozenu. lIpoBeneHa cepust pacueToB, BBIIOJHEH aHAIM3  IIOJYYECHHBIX
pe3yNbTaToOB U MPUMEHUMOCTHU KaXA0H MOJIEIH.

[Toapo6HOCTH pabOTHI IpHUBEACHBI B [1].

PaboTa BeImosnHeHa npu yacTU4YHOHN (uHaHCOBOW momnepxkke PODU (mpoekt Ne 15-01-
03073).

Jluteparypa.

1. MLIL. I 'ananun, M.K. Kpeutos, A.I1. Jloronkuii, A.C. PoauH. “Yder OONBIIMX MIACTUYSCKUX
nedopmanmii B 3alaue€ BBICOKOCKOPOCTHOTO HArpyXeHHsS aJTIOMHHHEBOH IJIeHTHI , V3BecTus
Poccutickoit akameMun HayK. MexaHHKa TBEpIOTO Tena, 2, 66 - 79 (2017)
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MOAEJIMPOBAHMUME NS-JIAZEPHOI'O B3PBIBHOI'O BCKUITAHUA METAJIJIA B
IMPUBJIM)KEHUU KOHTUHYAJIBHOI'O ITOAXOJJA

B.1. Ma)KVKI/IHl’z, A.B. H_[aHpaHOBl’z, M.M. ﬂeMI/IHl

1 o
Hucmumym npuxnaouoti mamemamuxu um. M.B. Kenoviwa PAH, Mockea, Poccus

2 o . o « ,

Hayuonanvusiii uccnedosamenvcxutl sioepruuiti ynusepcumem “MHDH”, Mockea, Poccus

B pamkax enuHOW THIPOJMHAMMYECKONM MOJENH OIMCHIBAIOTCSA IPOLECCHI JIA3EPHOTO
HarpeBa, IUIaBJIEHHS M  IOBEPXHOCTHOrO ucnapeHusAl wmuimeHn B cpely ¢
NPOTUBOAABICHHEM. B NpUIOBEPXHOCTHOW 00MACTH JKUAKOIO MeTajula MOJ BO3JEHCTBHEM
MOBEPXHOCTHOTO HMCHApeHUss M OOBEMHOTO BBIIEICHHSI SHEPrHUHM NS-JIA3€PHOTO0 UMITYJIbCa
dopmupyeTcss TeMmmepaTypHbli MaKCHMyM, B KOTOPOM B OKOJOKPHUTHYECKOW OJJacTh
MPOUCXOAUT TOMOTEHHBIH (a30BBI INEpexoa — B3PBIBHOE BCKHUMaHME. MojaenupoBaHue
JUHAMUKHA (a30BOrO B3pbIBa, B paMKaX KOHTMHYalbHOW MOJENH, OCYIIECTBISAETCS
BBEJICHUEM B TOYKE MAaKCUMyMa TeMIepaTypbl KBa3u3zapojblied HoOBOM ¢a3bl [1].
Pe3ynbpTaThl KOHTMHYAIBHOIO MOJEIMPOBAHUS CPABHUBAIOTCS C PE3YJIbTaTaMHU MOJIEKYJIIPHO-
JUHAMHUYECKHUX pacueTosB [2,3] (puc.1-2).
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, 6,80
X ‘©
S 6,80 =
- 6,75
— 1
6,75
6.79° ' ' ' ' 707056 028 030 0,32
300 350 400 450 500 ' ' ’ ’
X, Nm X, um
Puc 1. MonekynspHO-TMHAMHYECKHE PACIETHI. Fig 2. Calculation by continuum model.

BbaarogapHocTu. Pabora BbinonHeHa npu ¢uHaHcoBoi mopnepxkke PODU mpoextsr NeNe
16-07-00263, 15-07-05025.

Jlutepartypa:

1. Mazhukin V.I., Demin M.M., Shapranov A.V., “High-speed laser ablation of metal with pico- and
subpicosecond pulses”, Appl. Surf. Sci., 302, 6-10 (2014).

2. V.I. Mazhukin, A.A. Samokhin, M.M. Demin, A.V. Shapranov. “Explosive boiling of metals
upon irradiation by a nanosecond laser pulse”, Quantum Electronics, 44 (4),283 — 285 (2014).

3. V I Mazhukin, A A Samokhin, A V Shapranov, M M Demin. “Modeling of thinfilm explosive
boiling—surface evaporation and electron thermal conductivity effect”, Mater. Res. Express, 2,
016402 (1-9) (2015).
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SIMULATION OF NS-LASER EXPLOSIVE BOILING OF METAL IN
APPROXIMATION OF CONTINUUM APPROACH

V.I. Mazhukin'?, A.V. Shapranovl’z, M.M. Demin'

'Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, Moscow, Russia
’National Research Nuclear University “MEPhI”, Moscow, Russia

In the framework of a single hydrodynamic model were described the processes of laser
heating, melting, and surface evaporation of Al target in a medium with backpressure. In the
near-surface region of a liquid metal under the influence of surface evaporation and
volumetric energy release of ns-laser pulse, a temperature maximum is formed in which a
homogeneous phase transition - explosive boiling occurs in the near-critical subdomain.
Simulation of the dynamics of a phase explosion, within the continuum model, is carried out
by introducing a new phase nuclei at the point of maximum of the temperature [1]. The results
of the continuum simulation are compared with the results of molecular dynamics calculations
[2,3] (Fig.1-2).
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X~ 0,80
S 6,80 S
- -
6.75 6,75
6,70+ , i ' ! 6,7 , v , '
300 350 400 450 500 ' 0,26 0,28 0,30 0,32
X, Nm ’ X, um’ ’
Fig 1. Calculation of molecular dynamics. Fig 2. Calculation by continuum model.

Acknowledgements. The work was carried out with the financial support of the RFBR
projects Nos. 16-07-00263, 15-07-05025.
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METOAbI MATEMATHYECKOI'O MOAEJIUPOBAHUSA B UCTOPUYECKHUX
NCCIIEJOBAHUAX

B.1. Maxykun

Unemumym npuxnaonoii mamemamuru um. M.B. Kenoviua PAH, Mockesa, Poccus
Hayuonanvuwiii uccnedosamenvcxuil soepruiil ynugepcumem “MUDU”, Mockea, Poccus

PaccmaTpuBaroTcst moaxoAs! K MOCTPOSHUID MAaTEMaTUYECKUX MOJENEH B MCCIEAOBAHUAX
HUCTOPUUYECKUX NTEPUOIOB PA3IINYHOU UIUTEIBHOCTH.

METHODS OF MATHEMATICAL MODELING IN HISTORICAL RESEARCH
V.I. Mazhukin

Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, Moscow, Russia
National Research Nuclear University “MEPhI”, Moscow, Russia

Approaches to the construction of mathematical models in studies of historical periods of
different duration are considered.
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TEXHOJIOTMM MOATOTOBKH U U3JIAHUA HAYYHOIU MOHOI'PA®UN
B POCCHUHA

M.M.I"opoyHoB-ITocagos, M.I1.I'ananun, T.A.Ilonunosa

HUITIM um. M.B.Kenoviua PAH
gorbunov@keldysh.ru

Cornmacio I'OCT 7.60-2003 [1], monorpadwueit sBisercs "HaydHOE WM HAYYHO-
MOIYJISIPHOE M3JIaHKE, COJIepIKaIIee MOJTHOE M BCECTOPOHHEE MCCIIEIOBAHUE OHOM MPOOIEMBI
WIN TEMBI U TIpUHAJIeKAIee OJTHOMY WM HECKOJIbKUM aBTopaM'. M3nanue monorpadpun —
3aKOHOMEpHAas 3aKJIIOYUTEIbHAs (a3a MPaKTUIECKH JII000T0 YCIENTHOTO KPYITHOTO HAYYHOTO
uccnenoBanus. CHOKOH BeKy MoOHorpadusi cuyurTaiach Hamboiee BecOMOM myOsmKanuei,
aBTOPBI MOHOTpaduii HEM3MEHHO TOJIF30BAJIKCH B HAIICH CTpaHe 3aciTy’)KEHHBIM BCEOOIINM
YBa)KEHHEM.

Onnako B Poccun B Havane 1990-x ro0B OTHOIIEHHWE K MOHOTpa(Uu MEHSETCS B CHUITY
OTKpBIBIICHCS BO3MOXHOCTH HM3/aTh 3a JEHBI'W JIOOYI0 KHHT'Y BHE 3aBUCUMOCTH OT €€
conepxkanus. TyT ke OOBSBWINCH TpadOMaHbI, MOCIEHIMBIINE TPOCIABUTHCS, MOTYYHThH
MOYETHBIM CTaTyC aBTOpa HAay4yHOHW MoOHOTrpaduu, OECKOHTPOJIBHO M3[aB CBOM HHUKYEMHBIC
Tpyabl. Ha 3t oOcrosiTenbecTBa OBICTPO OTpEarupoBaId YHHOBHHKH OT HAYKH, OTYIIBHO
UCKJIIOUMBIINE JIIOOBIE OOBEMHBIE HayyHble MNyOnMKanmuM W3 4ucia  (popManbHBIX
nokasaresieid, CBUICTEIbCTBYIOIINX O BKJIAJE YYEHOro B HayKy. Kak HU cTpaHHO, Beieq 3a
YMHOBHUKAMHM IMOHEMHOTY W3MEHWJIO CBOE€ OTHOIIEHHE K MOHOrpaguu U HaydHOE
COOOIIIECTBO, CMECTUB B HE(POPMAILHOM PEUTHHIe HAyYHBIX MyOJUKAIMi MOHOTpaduio Ha
BTOPOE MECTO U IIOCTaBUB HAa 0CBOOOAMBIIIEECS TOYETHOE ITEPBOE MECTO HAYYHYIO CTATHIO.

Pazymeercs, copeBHOBaHHE 3a TIEPBOE MECTO MEXIY CTaTbel M MOHOTpaduel JUIIECHO
CMBICJIa, HayKe XH3HEHHO HeoOXOoauMbl o0a »kaHpa. B ToO jxe Bpems W3-3a yHMOMSHYTBIX
KOHBIOHKTYPHBIX 00CTOSITEIbCTB MOHOTpadUsi OKa3ajach HECKOJIBKO B TeHH. [1o cpaBHEHHUIO
C aBTOPOM CTaTbH, CO BCEX CTOPOH MOIYYAIOUIMM Pa3HOOOpPA3HbIE CTUMYJIBI U MOAICPKKY,
aBTOP MOHOTpauM ceiuac HEPEeIKO HCIBITHIBACT OINPEACICHHBIC OpPraHU3allMOHHBIC
3aTpyAHeHus. B HacTosIeM cOOOIEHNN MBI OCTapaeMcsl PaccKaszaTh, Kak MpPeosIoNeTh 3TH
3aTpyIHEHHS, KAaKUE CYIIECTBYIOT CIIOCOOBI IMyOIMKAIIK HAy9HOW MOHOTpaHH U KaK JIydIie
JIOHECTH COJepKaHUE MOHOTPa(UU 10 YUTATEIIS.

OO6cyxaarTcst TPOOIEMBI

e o0BeMa u THpaxka, BIOOpa TUIOrpaduH UM N3JaTEIbCTBA,
nonyuenust uaaekcos ISBN, DOI, ORCID, PUHII u np.,

COCYILECTBOBAHMS I€YaTHOTO U OHJIAWHOBOT'O M3/1aHUSI MOHOTpaduH,
UCTIPABJICHUS] ¥ OOHOBIICHUS TEKCTA BBIIIEIICH MOHOTpad U,
OpraHu3alluy PEIICH3UPOBAHUS KHUTH B PA3JIMYHBIX U3/IATEIBCTBAX M OPTaHU3AIUSX.

Bbaaromapuocru: PaGora BemmonHeHa mpu  mojdepkke — Poccmiickoro - donma
byHaaMeHTaNbHBIX HccenoBanuil, mpoekt 16-01-00158 A.

JIntepartypa:
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2. M.M.T'op6ynos-ITocamos. UHTepHET-aKTUBHOCTh KaK 0053aHHOCTh YY€HOT0 — [0. M.]:
Wznarensckue pemenus, 2017. — 64 c. — doi:10.20948/ridero-2017-gorbunov
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RUSSIAN SCIENTIFIC COMMUNITY
EXTERNAL AND INTERNAL CHALLENGES

A.A. Samokhin

Prokhorov General Physics Institute, Russian Academy of Sciences, Vavilov Str., 38, Moscow, Russia
E-mail: asam@maill.ru

Problems of Russian scientific community and its various structures (Russian Academy of
Sciences, Russian Academy of Sciences Employees’ Trade Union and others) are discussed.
Some aspects of the problems were considered recently in the article [1].

References:

1. A.A. Samokhin, “Scientific community: external and internal challenges”, Scientific
community, 2(186), 1617 (2017): http://ras.ru/FStorage/Download.aspx?id=4c7¢1129-2651-489a-
831e-09a63eef571d

POCCHUICKOE HAYYHOE COOBIIECTBO
BHEIIHMWE 1 BHYTPEHHUE BbI3OBbI

A.A. Camoxun

Unemumym obweti pusuxu um. A.M. I[Ipoxoposa PAH, yn. Basunosa, 38, Mockea, Poccus
E-mail: asam@maill.ru

Ob6cyxnatoTcs mpobinembl Poccuiickoro HayyHOro cooOmiecTBa M €ro pasin4HbIX
ctpyktyp (Poccumiickas Axamemus Hayk, Ilpodcoro3 Pabornukos PAH wu apyrux).
HexoTtopble acniekTsl 3TUX MPOOJIEM pacCMaTPUBAIOTCS TaK)Ke B HeJaBHel myOnmukanuu [1].

References:

1. A.A. CamoxuH, “Hay4yHoe co0OIIECTBO: BHEIIHKE M BHYTPEHHUE BBI30BHI , Hay4HOE cO000IIECTBO,
2(186), 16-17  (2017):  http://ras.ru/FStorage/Download.aspx?id=4c7¢1129-2651-489a-83 1e-

09a63eef571d
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O HEKOTOPBIX OCOBEHHOCTAX HAYKOMETPUH
B.1. Maxykun

Hncmumym npurknaonoi mamemamuxu um. M.B. Kenovuuua PAH, Mockea, Poccus
Hayuonanvuwiii uccneoosamenvckuil adepuwiti yuusepcumem “MHDU”, Mockea, Poccus

Kak u3BecTHO, HAyKOMETpHUs O3TO AMCLMILIMHA, HAlpaBiI€HHas HA WU3Y4YEHHE DPA3BUTHS
Hayku. M3ydarommue HCIONB3YyIOT MHOTOYMCICHHBIE W3MEPEHHA TAaKUE KaK KOJUYECTBO
MoHOTrpaduii, AuccepTanyii, HayyHbIX cTaTteil M T.1. JlaHHBIE W3MEpEeHUil MOoABEepraroTcs
cTaTucTHYeCKo 00paboTke. B HacTosIiee BpeMs pe3ysbTaThl, HOJTYYEHHbIE B BUJIE HHIEKCOB
UTUPYEMOCTH, XHUpIIa, UMIAKT-(PAKTOPOB HAYYHBIX JKypHAJIOB H.T.J., II0JIOKEHBI B OCHOBY
(MHAHCOBOM MOAJIEPKKU HHCTUTYTOB, J1a00OPATOpUil M OTJEJIBHBIX IPYII UCCIIE0BATENIEH.

B noknaze paccMaTpuBarOTCs HENOCTATKU CYLIECTBYIOLIUX KPUTEPUEB OLEHKH HAy4YHOU
NESITEIbHOCTH U OOCYXKAAIOTCA BO3MOMKHOCTH YCHJICHUS! OOBEKTUBHOCTU M TIOBBILICHUS
YHUBEPCAJIbHOCTH UCIOJIb30BAHUS HAYKOMETPUUECHUX ITOKA3ATEIICH.

ABOUT SOME FEATURES OF SCIENTOMETRICS
V.I. Mazhukin

Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, Moscow, Russia
National Research Nuclear University “MEPhI”, Moscow, Russia

As is known, sciencemetry is a discipline aimed at studying the development of science.
Students use numerous measurements such as the number of monographs, dissertations,
scientific articles, etc. The measurement data are subjected to statistical processing. Currently,
the results obtained in the form of citation indexes, Hirsch, impact factors of scientific
journals, etc., are the basis for financial support for institutions, laboratories and individual
groups of researchers.

The report considers the shortcomings of the existing criteria for assessing scientific
activity and discusses the possibilities of enhancing the objectivity and increasing the
universality of the use of science metrics.
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FLUORESCENT PROPERTIES OF TIN CONTAINING GLASSES.
B. 1. Denker', B. I.Galaganl, S. E. Sverchkov', V. V. Velmiskin?,

'A.M.Prokhorov General Physics Institute of RAS, Vavilov str. 38, 119991, Moscow, Russia
’Fiber Optics Research Center of RAS, Vavilov str.38, 119991, Moscow, Russia

Our recent paper [1] described the wideband infrared photoluminescence in divalent tin-
containing silicate glass. Its relatively long (~100 ps) lifetime and good overlapping of its
excitation spectra with the wavelengths of common laser diodes have made it a new promising
material for tunable fiber lasers and amplifiers. Nevertheless, SnO-SiO, glass system is very
difficult from technological point of view. The main difficulty of the glass synthesis is the partial
disproportionation of SnO into SnO, and metallic tin, both insoluble in the glass melt. We have
tried to overcome this difficulty by total or partial substitution of SiO, by GeO, as a more fusible
oxide. Starting from SnO-GeO, mixture, a set of glass samples with SnO content variable from
0% to 40% mol. was prepared in alumina and silica crucibles. In contrast to tin-silicate glasses, all
the tin-germanate ones showed no traces of tin disproportionation: the glasses had no metal tin or
SnO; inclusions.

All the tin-germanate glass samples showed photoluminescent properties resembling those of
tin-silicate glasses, but with certain differences. The emission band of tin-germanate glasses
(when excited at 950 nm) was peaking at 1.6 um, while tin-silicate glass emission peaks at 1.5
um, see Fig.1. The e-fold emission decay lifetimes of tin-germanate glasses varied from 150 for
the glass with 40%mol SnO to 450 us for the glass with 5%mol SnO, see Fig.2).
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Fig.1.Luminescence spectra of glass samples excited ~ Fig.2.Luminescence decay of the tin-germanate gasses
at 950 nm excited by OPO pulse at 950 nm

It is interesting to note, that the samples prepared in silica glass crucibles contained large amounts
(tens of percent) of SiO,, but were free of SnO, or metal Sn inclusions typical for tin-silicate glasses.
We have tried to use this opportunity to prepare a clear SnO and SiO, containing glass and to develop
an original way of manufacturing an optical fiber with divalent tin-containing core. In the first stage
the SnO-GeO,charge was placed in the Heraeus Suprasil F300 silica tube tightly sealed from one end.
The tube was filled with ultra-pure argon and passed through a hot zone of the drawing tower. In this
process the molten charge and the support tube formed respectively the core and the cladding of fiber
preform. In the second stage, the preform was jacketed with another F300 tube. The multimode optical
fiber with polymer protection coating was drawn from the fabricated preform at 1820 °C. Its outer
diameter was 120 um and the core diameter - 10 pm.

Due to strong mutual diffusion of the core and cladding components the concentrations of tin and
germanium in the fiber core were much less than those in the charge. The silicon content even in the
core center was about 20 times higher than that of germanium.

Acknowledgements: The work is supported by RFBR grant 17-02-00368.
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JJIOMUHECHEHTHBIE CBOMCTBA OJIOBOCOJEPKAIIUX CTEKOJI
B.I/I.ZIeHKepl, B.U.Tanaran’, C.E.CBequOBl, B.B.BenbMuckus’

"Hnemumym obweii pusuxu um.A.M.IIpoxoposa PAH, yn.Basunosa 38, 119991, Mockea, Poccus
Hayumwiii yenmp eonoxonnoti onmuxu PAH, , yn.Basunosa 38, 119991, Mocksa, Poccus

B nameit HegaBHe# padore [1] Obuta 0OHapYKeHA MIMPOKOIIONIOCAs UK JIIoMuHEcTeHus (~1.5
MKM) B OJIOBOCOJEPIKAIINX CHJIMKATHBIX CTEKJIaX. XOpoIllee MEePeKpPhITHE CHEKTpa BO30YKIACHUSI
ATOM JIOMHUHECUEHIIMM C JUIMHAMH  BOJIH HM3JIy4EHUS JIOCTYNHBIX JHUOJIHBIX JIa3epOB H €€
OTHOCHUTENLHO Oouibiioe Bpemsi Ku3HH (~100MKC) TO3BONSIET paccMaTpUBaTh 3TH CTEKIa Kak
HOBBIM TMEPCIEKTUBHBIN aKTUBHBIA MaTepHai Uil MEepecTparnBaeMbIX JIa3€POB M YCHIUTEICH.
OnHako OYEBHAHBIM HEAOCTAaTKOM CTEKISIHHOM cuctembl SnO-SiO, sBisercs yacTHYHAs
qucnponopuronupoanHoct SnO B SnO, M MeTaJuIMYecKoe OJ0BO B pacijlaBe CTEKJIa B
nporecce cuHTe3a. B HacTosimel paGoTe Mbl NMOMNBITAINCH NMPEOAOJIETh 3Ty MpoOiIeMy IMyTeM
YaCTUYHOI0 WIM mOJIHOro 3amemneHus SiO, Ha Oonee merkormuiaBkuii okucen GeO,. B
KOPYHIOBBIX M KBapueBbiXx THIIIIX B cucreMax SnO-GeO; um  SnO-GeO,-SiO, Opura
CHUHTE3UpPOBaHA KOHIIEHTPAIMOHHAS CepUs CTEKON C padmyHbiM coaepxkanueM SnO u SiO,.
[Tomydyennsie o0pa3ipl HE HMMENU CJEIOB BKIIOUEHHH MeTaudeckoro ojoBa win SnO, u
00J1a1ay JIIOMUHECIIEHTHBIMH CBOMCTBaMU MOJOOHBIMH TE€M, KOTOpPBIE paHee ObUTH 00HAPYIKEHBI
B [1]. Pa3Huma coctosiza B TOM, 4YTO MAaKCHMyM UX IIHKa JIIOMUHECLEHIIMH OBbLJI CMEIeH B Ooee
JUIMHHOBOJTHOBYIO0 001acth (~1.6 MkMm) (cMm. Puc 1) u momuHecueHus nuMesna Oosbliee BpeMs
KU3HU, KOTOpOoe 3aBHcelo OT KoHueHTpauuu SnO. Hampumep, B oOpasuax c coiepkaHHEeM
40%mol SnO ono paBusock 150 Mkc, a B obpasiax ¢ coaepxkanueMm 5%mol SnO - 450 Mkc.
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BO30yxkneHnu 950 nm 0JIOBOCOJIEPIKAIIMX T€pMaHaTHBIX CTEKOJ IIPU

BO30yxeHun 950 nm
[To Texuomoruum "powder in tube" (powder - SnO-GeO,, tube - Heraeus Suprasil F300 silica
tube) ObUTH U3rOTOBJIEHBI MHOTOMOIOBBIE ONTHYECKHE BOJIOKHA C BHEIIHEM AuaMeTpoM 120 MkM
u cepauesuHoi 10 mxm. M3-3a cuiabHON B3auMHOM u((dy3un KOMIIOHEHT CEpALEBUHBI U
000JI0UKH BO BpeMs TEXHOJIOTHYECKOIO MpoLecca, CoAepKaHue 0JIOBa M T€PMaHUs B CEp/ILIEBUHE
TOTOBOT'O BOJOKHA OKa3aJloCh 3HAYUTENBHO MEHbINE M3HAYAJIILHOTO M 0oJiee TOro CoAepKaHHe
KPEMHHUSI B CEp/ILIEBUHE MPEBBICUIIO COJIEPKAHUE TePMaHUSI.

Baaroagapuoctb: Pabota mognepxxusaercsa rpantom POOU 17-02-00368.
JIuteparypa.

1. B. I. Denker, B. I. Galagan, L. D. Iskhakova, S. E. Sverchkov and E. M. Dianov, "Infrared
luminescent properties of tin-silicate oxide glass," Appl. Phys. B 120, 13 (2015)
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MNOJYYEHUE MOHOKPUCTAJIJIOB SrMoO4, TETUPOBAHHbIX
PEJAKO3EMEJIbHBIMHU NOHAMMY, 1JIs1 CO3JAHUA HA X OCHOBE
TBEPJOTEJIbBHBIX JIASEPOB BJIM’)KHET'O U CPEJJTHEI'O UK TUAITA30OHOB

Usnesa JL.U. , lynaeBa E.O.

HUnemumym ooweti puzuxu PAH um.A.M.Ilpoxoposa, Mockea 119991, yn Basunosa 38
ivleva@Ist.gpi.ru

Coznanue HOBBIX MHOTO()YHKIMOHAJIBHBIX JIa3€PHO-PAMAHOBCKUX CpeJl, MO3BOJISIFOIINX
TE€HEPUPOBATH MOIIHOE KOTE€PEHTHOE U3JIy4eHHE Ha HOBBIX JIMHaxX BOJH B cpenHeM UK (1.5-
5 MKM) CIEKTpaJbHOM [Hara3oHe MU OCYIIECTBIATh IUCKPETHYIO NEPECTPOMKY YacCTOTHI
U3ITy4eHUs, SIBISETCS aKTyalbHOW 3ajayeil, MOCKOJIbKY TaKHe Jia3epHble HCTOYHUKHU
HEOOXOIUMBI JJISi ONTHKO-BOJOKOHHBIX CHCTEM CBSI3M, Ha3€MHOW CBSI3U C JICTAIOIIUMHU U
KOCMUYECKHUMH OOBEKTaMH, AUCTAHLIMOHHOTO BO3JCWCTBHUS HA ATOMHBIE U MOJIEKYJISIPHbBIE
CHCTEMBI, 00Jalaronue y3KUMHU CHEKTPaJbHBIMH PE30HAHCAMH, B TOM YHUCIE I CUCTEM
9KOJIOTHYECKOTO KOHTPOJIS, ¥ CO3IaHuUs IPUOOPOB MEIUIIMHCKOM TexHukH [1,2].

Hacrosimass paborta mocBsiieHa pa3paboTKe TEXHOJOTUH ONTUYECKH COBEPIIECHHBIX
MOHOKPHUCTAJIJIOB MOJHMOJaTa CTPOHIMUS, JIETUPOBAaHHBIX HOHAMHU Ipa3eouMa, rOoJbMHUS U
Tynusi, TPUTOAHBIX JUIS CO3JaHHUS Ja3epoB C OJHOBpeMeHHOW reHeparuedn u BKP-
npeoOpa3oBaHUEM JIA3EPHOTO U3IIYYCHHS B 00J1aCcTh 1 — 2MKM.

OcCyIIecTBICHO KOMIUIEKCHOE HCCIEIOBAHNE MPOIECCOB KPUCTAJUIM3ALUU MOIubOIaTa
cTpoHuus, JeruposanHoro wuonamu Prit, Ho®, Tm*, onrumusuposasst mapamerpsl
BBIPAIIMBAHUS ONTHYECKH OJHOPOJHBIX MOHOKPHCTAJUIOB METOJOM YOXpalbCKOro u3
pacrnaBa; ompeaenieHbl 3¢ @dekTuBHbIE KOG (HUIIMEHTHI  pacmpenesieHuss IMPUMECeH
npazeoauma, TonbMus U Tynus B marpuiie SIM0O, B 3aBUCUMOCTH OT HaU4Hsl (OTCYTCTBUS)
MOHOB-KOMIIEHCATOPOB  3apsifia; Ha OCHOBE aHaliM3a CIEKTPAIbHO-TFOMHUHECLEHTHBIX
XapaKTEPUCTUK KOHLEHTPAIIMOHHBIX cepuil KpucTamioB SIM0O,, JerupoBaHHbBIX Pr**, Ho*,
Tm®*, ocymiecTBieH 10AGOP ONTHMAIBHBIX COCTABOB JUIS IPHMCHEHHUS B KAYCCTBE aKTHBHBIX
U HEJIMHEHHO-ONTHYECKUX CpEeI; HCCIEAOBAaHBl CIEKTPaTbHO-ITIOMUHECIICHTHBIE CBONCTBA
KPUCTAJIJIOB MOJMOJaTa CTPOHIMS, COAKTHBUPOBAHHBIX MOHAMHU TOJBMHS M TYJIHS;
UCCIIEIOBaHa peajibHasi CTPYKTypa KpPUCTAJUIOB M YCTAHOBJIEHBI 3aKOHOMEPHOCTH COCTaB-
CTPYKTYpa-CBOMCTBO; M3y4€HBI MPOLIECCHl JIa3epHON TIeHepaluyu B KpUcCTaliax Moynbaara
CTPOHLIMS, JIESTUPOBAHHBIX Ho® Tm*", Ho*+ Tm** B Pa3IMYHBIX pEXKUMaAX.

[Tomyuyenbl  KpucCTalIbl ~ MOJMOIaTa  CTPOHLHMSA,  JIETHPOBaHHBbIE  MPUMECIMHU
PEIKO3EMENbHBIX ~ METAUIOB,  yJOBICTBOPSIOIIME TPEOOBaHMSM, NPEABABISIEMBIM K
KPUCTAJUIMYECKUM MaTepuaigaM, HUCHojab3yembiM 1t co3ganus BKP-nazepoB u BKP-
npeoOpa3oBaTesiei 1a3epHOT0 H3ITyUSHHS.

JlutepaTtypa

1. T.T Bacues, “HoBble KpuCTayUIBl IS JIA3¢POB HA BBIHY)KICHHOM KOMOWHAIIHOHHOM pacCesiHhu’
dwusnka tBepHoro tena, 4(8), c. 1354-1358 (2005).

2. J. Sulc, H.Jelinkova, T. T.Basiev, M. E.Doroshenko, L. I.lvleva, V. V.Osiko, P. G. Zverev,
“Nd:SrwQ, and Nd:BawO, Raman lasers” Optical Materials, 30, pp. 195-197 (2007).
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POJIb CTAHOIAPTHBIX OBPA3LHOB JJIS ITIOJIYYEHUA TOCTOBEPHBIX
IKCIIEPUMEHTAJIBHBIX PE3YJIbTATOB

Kosnosa H. C.%, Topeesa XK.A., Brikoa M. B.%, Tunenxo U.C.%,
3a6emuna E.B.Y, Kosnosa A.IT.!

YHUTY « MHCuC», Mexckagedpanshas yuebno-ucnsimamensnas 1a60pamopus
NOAYNPOBOOHUKOBLIX MAMEPUALO8 U OUINEKMPUKOE « MOHOKpUCAIbI U 3A20MOBKU HA UX OCHOBEY,
119049, Mocxksa, Jlenunckuii npocnexm, 0. 4

men.lgpaxc: (495) 638-45-60. E-mail: kozlova_nina@mail.ru

B mHacrosmiee BpeMsi B HAay4HBIX W HCHBITATENBHBIX JIA0OPATOPUSAX HCIIOJIB3YETCS
CJIO’KHOE, BBICOKOTOYHOE 00opyaoBaHue. [l METpoJoru4ecku KOPPEKTHBIX U3MEpEeHUil U
JNaTbHEHIIeHl JOCTOBEpHOW MHTEpPIPETAllMd IOJYYEHHBIX pe3yJIbTaTOB HEOOXOIUMO
HaJIN4ue:

- MIOBEPEHHOT'0 WJIU KaJTuOPOBAaHHOTO 000PYI0BaHMUS; - CTaHIapTHBIX 00pasios (CO);

- aTTECTOBAHHBIX METOJIUK U3MEPEHUM.

B nanHoii pabote paccMaTpuBarOTCs BOIPOCH pa3pabOTKH U MPUMEHEHUS CTaHAAapPTHBIX
00pa3l0B B aKKpPEIUTOBAaHHOW HCHBITaTeNbHOM Jlaboparopuu. Hageemcs, 4yro 310 Oyzer
UHTEPECHO M IOJIE3HO [Vl HAyYHO-HCCIEI0BATEIbCKUX J1a00OpaTopuii, a TakkKe YYEHBIX —
TEOPETUKOB, UCIOIb3YIOIINX SKCIEPUMEHTAIbHbIE JAHHBIE 11 CBOMX PACUETOB.

Ponp cTanmapTHbIX 00pa3LoB A o0ecreyeHHs eJMHCTBA M3MEPEHUH, METPOIOrHYECKON
MPOCJIEKUBAEMOCTH, COIMOCTAaBUMOCTH  pE3YJbTaTOB H3MEPEHUH B HCHBITATEIbHBIX
nabopaTopusx TPYOHO MepeoleHuTh. DP(PEKTUBHOCTb METPOJIOIMYECKOr0 KOHTPOJS, a B
UTOTE JOCTOBEPHOCTh IIOJIy4a€MbIX pe3yJbTaTOB HANpsSMYyI0 CBS3aHbl C YpPOBHEM
oOecrieyeHus J1labOpaTOpuil CTaHIApPTHBIMU oOpa3namu. BakHoe 3HaueHHMe HUMeeT U
000CHOBAaHHOCTh MeToIn4YeckuXx MpuémMoB (crocobos) npumeHeHuss CO. CO npenHazHayYeHbI
JUTsl TPUMEHEHUsSI B CHCTEMe 00ecIedeH s eIMHCTBa n3Mepenuit 1 [1, 2]:

- TOBEpKHM/ KaJdMOpOBKH, TpPagyHpPOBKH CPEACTB M3MEPEHMH, a Takke KOHTpPOJISI
METPOJIOTMYECKHUX XapPAKTEPUCTHK MPU MPOBEACHUHM UX UCIBITAHUH, B TOM YHCIE C LIEIBIO
YTBEPKACHUS TUIIA;

- KOHTpons morpemHocred MBHW B mpomecce HMX NpPUMEHEHHS B COOTBETCTBHHM C
YCTaHOBJEHHBIMU B HUX QJIrOPUTMaMH, a TakXe JUIs JAPYTUX BUJOB METPOJIOTMYECKOTO
KOHTpOJIS;

—  TMPOCIEKHUBAEMOCTH U OOeCIeueHus €IMHCTBAa U3MEPEHUII;

— KOHTpOJIsi CTaOWUJIBHOCTH M TOYHOCTH pe3yJIbTaTOB HM3MEPEHUN (B COOTBETCTBHM C
ITOPUTMaMH YCTAaHOBJICHHBIMH B METOJIMKaX M3MepeHuid [1];

— pa3pabotku HOBEIX MBU;

— pelieHHsl CIOPHBIX BOMPOCOB NPH BO3HUKHOBEHHWU TPETEH3MH 3aKa3uMKOB K
pe3yJbTaTaM U3MEPEHU.

Jluteparypa

1 ®enepanbHelii 3akoH 0T 26.06.2088 Ne 102-®3 «O06 obecrieueHNH €AMHCTBA U3MEPESHUN.

2 T'OCT 8.315-97 I'CH. CrangapTHble 00pa3Libl COCTaBa U CBOMCTB BEILIECTB U MATEPUAIIOB.
OCHOBHBIE TIOJOKEHUSI. — MEXrocylapCTBEHHBI COBET [0 CTaHJApTH3alWH, METPOJIOTHH U
ceprudukanmu, Munck, U1K M3gatensctBo ctangapTos, 1998 1.-26 c.
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MOJIEJUPOBAHUE CYXKEHWSA 3ANPEINIEHHOM 30HbI KPEMHU S

O.H. Koposesa'?, A.B. Ma)Ky'KI/IHl’z, B.A. Ma)KYKI/IHl’2

1 o
Hncmumym npuxaaonoit mamemamuru um. M.B. Kenoviuwa PAH, Mocksa, Poccus
e-mail: koroleva.on@mail.ru
2 i ~ ~ ‘
Hayuonanvuwiti uccredosamenvcxuil aoepuwiil yuusepcumem “MHOU”, Mockea, Poccus

PaccmarpuBatoTcss MeXaHM3MbI CY>KEHMsI 3alpelIeHHON 30HbI B CHJIBHO HarpeToM
kpeMHUU. C pOCTOM BBIPOXKACHUS DJIEKTPOHHOTO U JIBIPOYHOTO ra3a B 00JacTH BBICOKHUX
TEMIlepaTyp [JIi MaTEeMaTUYeCKOro MOJEIMPOBAHMS I[IUPUHBI  3aMPEHICHHOW 30HBI
CTaHOBUTCS HEOOXOJIMMBIM HCIOIb30BaHNE KBAHTOBOW CTATUCTHKU U UHTErpasioB depmu-
Hupaka [1,2]. MopgenupoBaHue 3alpelieHHOW 30HBI HEOOXOAMMO MJIs MONyYeHUs
XapaKTepUCTHK DJEKTPOHHOM moacucteMbl KpeMHus. Ocoboe BHUMaHHUE yHAenseTrcs
ONPEIETICHUI0 PABHOBECHOM KOHIIeHTpauuu Hocutenen 3apsaa N(T) B 30He mpOBOIUMOCTH
(puc.1) u uccrenoBaHUIO BIUSHUS HA HEE CYKEHHsI 3alpeIieHHON 30Hbl. 3HAUCHUS CYKEHUS
mupuHel 3anpewmeHHod 30Hbl Eg(T,N) (puc. 2), paccumTaHHble C MCHOJIb30BAaHUEM
TEOPETUYECKON MOJEIH, CPABHUBAIOTCS C SKCIEPUMEHTAIBHBIMU pe3yJbTatamiu [3].
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Puc. 1. TemmeparypHbie 3aBUCHMOCTH KOHIleHTpanuu Puc. 2. TemnepaTypHble 3aBUCUMOCTH  LIMPHHBI

HOCHTENEeH, pacCUMTaHHBIE C  HWCIONB30BAaHWEM 3alpELICHHOM 30HBI  KPEMHMS, DPACCUMTAHHBIE C

cratuctuk  ®epmu-/lupaka (1) u MakcBemma- HMCIOJNB30BaHMEM — KBaHTOBOM  cratuctuku (1) w

Bonpervana (2). MakcBemna-bonsumana  (2). Mapkepsl - jaHHbBIC
sKcrepuMenTa [3].

BbaarogapHocTu. PaGora BbinonHeHa npu ¢uHaHcoBoi mopnepxkke PODU mpoextsr NeNe
16-07-00263, 15-07-05025.
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SIMULATION OF THE NARROWING OF BAND GAP OF SILICON
0.N. Koroleval?, A.V. Mazhukin'?, V. 1. Mazhukin?

Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, Miusskaya sq. 4, Moscow,
125047 Russia;
’National Research Nuclear University*““MEPhII”, Kashirskoe sh. 31, Moscow, 115409 Russia
e-mail: koroleva.on@mail.ru

The mechanisms of narrowing of band gap in strongly heated silicon are considered. With
increasing degeneracy of the electron and hole gas in the high-temperature region, it is
necessary to use quantum statistics and Fermi-Dirac integrals for mathematical modeling of
the band gap width [1, 2]. Simulation of the band gap is necessary to obtain the characteristics
of the electron subsystem of silicon. Particular attention is paid to the determination of the
equilibrium carrier concentration N(T) in the conduction band (Fig. 1) and to the investigation
of the influence of the narrowing of the band gap on it. The narrowing values of the band gap
Eg(T,N) (Fig. 2) calculated using the theoretical model are compared with the experimental
results [3].
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. . Fig. 2. Temperature dependences of the band gap
Fig. 1. Temperature dependences of the carrier of silicon, calculated using quantum statistics (1)
concentration calculated using the Fermi-Dirac (1) and  Maxwell-Boltzmann  (2). Markers -
and Maxwell-Boltzmann (2) statistics. experimental data [31.

Acknowledgements. The work was carried out with the financial support of the RFBR
projects Nos. 16-07-00263, 15-07-05025.
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EQUATION OF STATE AND PHASE TRANSFORMATIONS OF SILICON AT
HIGH TEMPERATURES AND PRESSURES

Khishchenko K. V.

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

Models of thermodynamic properties and phase transformations of silicon at high
temperatures and pressures are of great interest for solving of problems in different physical
areas and techniques. Equation of state for silicon in a broad region of phase diagram from
normal conditions to extremely high energy densities is necessary for numerical simulations
of nonsteady hydrodynamic processes of intense pulsed interactions with this material. In the
present work, a semiempirical model of the thermodynamic potential Helmholtz free energy
is developed for silicon with taking into account polymorphic transformations, melting and
evaporation effects. Based on the developed model, a multiphase equation of state is
constructed, and calculations of parameters of the phase diagram for the material over a wide
range of densities and temperatures are carried out. A critical comparison of calculated results
with available data of static and dynamic experiments is presented.

YPABHEHHUE COCTOSAHUSA U ®A3OBBIE IIPEBPAINEHUA KPEMHUS ITPU
BBICOKUX TEMIIEPATYPAX U JABJIEHUAX

Xwnmenko K.B.

ObveounenHbvlIll uHCmMumym gvlcokux memnepamyp PAH,
Hboicopekaa 13, cmp. 2, Mockea 125412, Poccusa
konst@ihed.ras.ru

Mogenu TepMOAMHAMUYECKUX CBOMCTB M (Da30BBIX MPEBPAIICHUN KPEMHUS MPH BHICOKUX
TEeMIepaTypax M JaBJICHUSX MPEACTaBIAIOT OOJIBIION HHTEpec A pelleHHs 3ajad B
pa3MYHBIX 00JacTAX (PU3UKUA U TEXHOJOTHSIX. YpAaBHEHHE COCTOSHHS KPEMHUS B IIMPOKOM
obmactu (a3oBoil amarpaMMbl (OT HOPMAIBHBIX YCJIOBHH /O SKCTPEMaJbHO BBICOKHX
IUIOTHOCTEH SHEPruM) HEOOXOAMMO MJIi YHUCICHHOTO MOJIEIMPOBAHUS HECTALMOHAPHBIX
TUAPOJIUHAMUYECKUX NPOLIECCOB IIPH MHTEHCUBHBIX UMITYJIBCHBIX B3aMMOJECHCTBHUSAX C OTUM
matepuaioM. B Hacrosmed — pabore  pasBuTa  MOJNySMIIMpHUYECKas  MOJEIb
TEPMOJIMHAMHUYECKOTO MOTEHIMala CBOOOIHONW SHEPIMH KPEMHHSI C Y4ETOM MOJIMMOP(HOro
¢a3zoBoro mpeBpalleHus, MIaBIeHus U ucnapeHus. Ha ocHoBe pa3BUTON MOJENM IMOJyYeHO
MHOro()a3HO€ YpaBHEHUE COCTOSHUS UM IPOBEAEHBl pacueThl MNapaMeTpoB (a30BoOH
JyarpaMMbl 3TOTO BELIECTBA B IIMPOKOM JIMANa30He IUIOTHOCTEN U TeMIieparyp. BrinmonHeHo
KPUTHYECKOE COIIOCTABJICHUE PACUYETHBIX pE3yJlbTATOB C COBOKYIHOCTBIO HMMEIOIIUXCS
JAHHBIX CTATUYECKUX U AMHAMHUYECKUX IKCIIEPUMEHTOB.
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CONDUCTIVITY CURRENT IN SILICON
Berezin A.V., Markov M.B., Tarakanov I.A., Volkov Y.A.

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

Many physical phenomena effects on space satellites. One of these physical phenomena is
space radiation effects. Electrons, heavy charged particles and photons of cosmic space can
destroy satellite protective coats, cause electrical pickups in radio equipment and failures of
microelectronic devices. The only mathematical modeling can describe these physical
phenomena, because the experimental research is a very complex, expensive and frequently
unsolvable problem.

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

One of these modules calculates the radiation conductivity in active areas of
microelectronic devices. Mathematical model of radiation conductivity in semiconductors is
based on jointed solution of classic and quantum kinetic equations with scattering and
Maxwell equations for electromagnetic field. External free particles create excess charge
carriers — electrons of conductivity and holes of valence band. The collisional integral in
quantum kinetic equations describes charge carriers scattering on phonons and impurities.
Numerical solving of quantum and classic kinetic equations is carried out by the statistic
particle method [1]. This method combines stochastic modeling of carrier scattering and
particles motion in selfconsistent and external electromagnetic field.

Recently we designed new improvement of statistic particle method and its connection to
Maxwell equations module. We calculated radiation conductivity directly from relaxation
time and effective mass of every particle. Conductivity current is used instead external current
in Maxwell equation. It improves convergence FDTD scheme. Conductivity gives all energy
losses, which give us energy, transferred to the lattice. This energy will be used as source in
perspective thermomechanics module.

The results obtained from testing calculations showed efficiency of this approach.

Acknowledgement : The reported study was partially supported by RFBR, research project
No. 17-01-00301, No. 15-01-03027
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KOMITBIOTEPHOE MOJIEJTUPOBAHUE ITPOIIECCOB B3AUMO/JIEVMCTBUSA
VJIAPHOM BOJIHBI C MOJIEKYJIIPHBIMH OBJIAKAMMU.

Poibaxun B.IL.

‘mry um.M.B.Jlomonocosa, Jlenunckue eopwi, 1, Mockea, HUHUCH PAH
rybakin@yvip.niisi.ru

B pabore mpexacraBneHbl pe3yibTaThl TPEXMEPHOTO YHCIEHHOTO MOJEIHPOBAHUS
0COOCHHOCTEN (OPMUPOBAaHUS U HBOJIOUMU (PUIAMEHT, CTpaTU(QUKAUN IUIOTHOCTH U
MpoIecCCOB  a0MAIMM  BEIIeCTBa B MpoOlecCe THIPOJUHAMHYECKOTO B3aHMMOJCHCTBHS
MOJICKYJIIpHBIX 00nmakoB MO ¢ ymapHbIMH BoJHaMH. B3aumonaeicTBUE yHapHBIX BOJIH
pa3INYHON HWHTEHCHBHOCTH C MEX3BE3IHBIMH OOJaKaMu SIBISETCS OJHUM M3 CaMBbIX
pacnpocTpaHEHHBIX MPOLIECCOB KpyroodopoTa BemecTBa B ['anakTukax. Mccnenosan npouecc
B3aUMOJICUCTBUS yAapHbIX BOJH HAa MO ¢ pa3inuYHbBIMU TUIIAMHU TPAHULl — CTJIQKEHHBIMH U
peskumu. M3ydeH mporecc CTpaTH(PHUKAINKA MOJEKYJSPHBIX OO0JIAKOB, T.€. JUHAMHUYECKOE
pacmpezeneHue TUIOTHOCTH. JlomuHHMpyromMM (akTopoM B AMHAMHUKE B3aUMOJEHUCTBUS
OKa3bIBaeTCs TypOyJieHTHbIE NBWXKeHUs cpenbl [1]. UccnenoBaHo BiusiHue Macchl U (POPMBI
o0jaka Ha paccerMBaHME KHUHETUYECKOW SHEpPrud yAapHOW BONHBI M 00pa3oBaHUS
pacnpenenenus miotHoctd MO 1o ¢hpakusM.

1 !0 jom
AERRRRRRENRNAND

Puc. 1. HavanpHOE pacmpeaeneHue IIIOTHOCTH B 00pa3oBaHue (GUIaMEHT.

Pe3ynbTaThl NMPOBEIEHHOTO MOJEIMPOBAHUS IOKAa3ald, 4YTO Tpouecc (popMupoBaHue
¢umaMeHT U cTpaTH(UKAIIS BEelecTBa MO IUIOTHOCTH CYIIECTBEHHO 3aBUCHT OT HECKOJIBKHX
(dakTOopoB. VYaapHble BOJHBI, KOTOpPBIE B3aMMOJEHCTBYIOT C MOJEKYJSPHBIM OOJaKOM,
paccenBaroOT CBOIO KHHETHYECKYIO SHEpTuio Ha abmsamio Bemectsa MO, oOpazoBaHue u yHOC
¢unament, ¢opmMupoBaHue OO0NACTEH MOBBIIIEHHOW IJIOTHOCTH pHUC. 1. YckopeHue u
3aMeJUIeHHE IIEHTpa MacChl CUCTEMBI MOJICKYJISIPHBIX OOJIAKOB TECHO CBS3aHO C IUIONIA/BIO
MOBEPXHOCTH O0JIaKa, C YBETUUECHUEM WM YMEHBIICHHEM JIOKAJBHOTO C)KAaTHs BEIECTBa, a
Taoke PparMeHTUPOBAHUS PACHICTUICHHBIX «Sep» U (PUITaMEHTOB.
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FLUID DYNAMIC EFFECTS IN HIGH-ENERGY ELECTRONS FLUX
Berezin A.V., Voronin F.N., Gasilov V.A., Inozemtseva K.K., Markov M.B., Parotkin S.V.

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

We consider electromagnetic field emerging during particle accelerator experiment [1].
High-energy electrons beam spreads in a gas medium, generating self-consistent
electromagnetic field. Mathematical model of the phenomena includes high-energy electrons
transport equation. Collision’s integral takes into account processes of elastic scattering,
impact ionization, bremsstrahlung and medium excitation [2]. To compute particle
propagation in a gas medium we apply modifications of particle-in-cell method [3].
Electromagnetic field is composed of currents generated by high-energy electrons and by
conductance current in ionized medium. It is obtained from finite-difference scheme for
Maxwell equations [4]. The dynamics of gas under influence of electrons flux is modeled by
equations of two-temperature fluid dynamics [5]. We consider the influence of fluid dynamics
effects on scattering medium properties. It is assumed that electrodynamic and
thermomechanical properties of gas substance change insignificantly during particle life time.
The key feature is a direct account of cross-coupling of electromagnetic field and dynamics of
gas medium. Finite-difference scheme for Maxwell equations contains convective current
density caused by the motion of ionized substance. The Lorentz force is taken into account in
equations of fluid dynamics, and the entire system of equations describing the electromagnetic
field and substance is conservative. Preliminary results of numerical methods development
and testing are presented.

Acknowledgement : The reported study was partially supported by RFBR, research
project No. 17-01-00301, 15-01-03027.
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AN APPROACH TO THE RADIATION EFFECTS MODELING BY THE
APPLICATION OF THE CASCADE CORRELATION NEURAL NETWORKS
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The problem of the estimation of radiation influence on the irradiated objects is considered.
The interaction between gamma radiation and matter leads to heating and ionization of the
object. The heating can cause thermomechanical effects engendering the structural changes in
the object. The ionization and secondary electrons have possibility to degrade the
semiconductor properties of the microchips. Electrons fluxes generated by photons can leave
the boundary surfaces of irradiated object result in production of the self-consistent
electromagnetic field, etc.

Thus, the mathematical modeling of the ionizing radiation effect requires to simulate the
various processes from different areas of physics:

— modeling of the photon-electron cascade creation in matter;

— the simulation of generating self-consistent electromagnetic fields;
— numerical solution of the thermomechanical problem;

— modeling of the degradation of the semiconductor properties.

The complete researching of the radiation effects implies the interrelated simulation of the
processes when the solution of one problem is the required data for other's solving. The
problems are solving by use of different mathematical models, various numerical methods
and dissimilar geometrical description of the object. The photon-electron cascade
development, for instance, is simulated by use of surface oriented method of the object
specification. The electrodynamic problem is numerically solved on the 3D grid in Cartesian
coordinates. Tetrahedral irregular grids are applied for modeling the thermomechanical
effects. The usage of different geometrical descriptions complicates the application of the
results of one modeled physical phenomena as the initial data of other’s simulation. For
example, the emitted electrons flux density “measured” on the triangulated surface of an
object must be interpolated on the cells of Cartesian rectangular mesh for solving the
electrodynamic problem.

The approximation of the functions in 3D geometry is non-trivial problem. An approach
based on using the neural networks is developed by authors of this work [1] for solving the
approximation problem. The multi-layer perceptron is chosen for construction neural network.
The elaborated method envisages to perform the network training and to define the perceptron
topology manually.

The mathematical modeling of the processes in question requires the automated process of
the neural network parameters adjustment and the automated process of the network topology
construction. The cascade correlation neural networks are applied for solving the mentioned
problems. Some examples are presented.

Acknowledgments: This work is partially supported by Russian Fund for Basic
Researches, grants N 17-01-00301 and N 15-01-03027
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APPLICATION OF CABARET DIFFERENCE SCHEME TO THE METHOD OF
DYNAMIC ADAPTATION ON THE EXAMPLE OF BURGERS EQUATION
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The method of dynamic adaptation [1] is one of the most promising methods for
constructing adaptive grids for nonstationary problems. Specifying of the particular form of
the dependence of the coordinate transformation function on the desired solution determines
the appropriate adaptation mechanism, which makes it possible to track the features of the
solution. The main ways of further improvement of the method of dynamic adaptation are
aimed, firstly, at the development of the principles of the transformation function
constructing, and secondly, at the search for more qualitative difference schemes, which
improves the quality of the method.

This work is devoted to the second direction. The authors [2] over many years have
developed the Cabaret scheme for improving the quality of modeling of convective processes.
This scheme is dissipationless and has improved dispersion properties in comparison with the
classical linear schemes. Its transport characteristics are orders of magnitude greater than the
transport characteristics of known linear scheme. The next step in the development of the
Cabaret scheme the authors suppose to apply it to the computational moving grids. This is of
interest for its use in conjunction with the method of dynamic adaptation.

In our work, Cabaret difference scheme was applied to the dynamic adaptation method for

solving Burgers equation with =10~ and the number of nodes N =26 . The evolution of

the initial condition in the form of an asymmetric sinusoid was obtained. A comparison with
the results of calculations using other finite-difference schemes was carried out.
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NMPUMEHEHUE PASHOCTHOM CXEMbI KABAPE K METOJTY
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MeTtoa nWHAMHYECKOW agamnTaluio sBISETCS  OJHUM M3 Hauboyiee MEpCHEKTHUBHBIX
METOAOB IOCTPOEHMs aJaNTHPYIOIUXCA CETOK JUIsl HECTalMOHapHBIX 3ajad. 3aJaHue
KOHKPETHOT'O BHJA 3aBUCHUMOCTH (DYHKIMH TNpeoOpa3oBaHUs KOOPJMHAT OT HMCKOMOI'O
pelIeHNs ONpeesieT COOTBETCTBYIOIIMN MEXaHU3M alalTalliy, TO3BOJISIOUINNA OTCIIEKUBATD
ocobenHocti pemeHus. OCHOBHBIE IyTH JajbHEUIIETO0 COBEPIICHCTBOBAHHE METO/a
JUHAMUYECKOH aJjanTaliy HalpaBJEeHbI, BO-NEPBbIX, HA Pa3BUTHE MPHHLUIIOB MOCTPOCHUS
¢yHKIMK TpeoOpazoBaHMs, BO-BTOPBIX, MOMUCK 0o0jee KadyeCTBEHHBIX PAa3HOCTHBIX CXEM,
CYLIECTBEHHO YJIYUIIAIOUINX BO3MOXXHOCTH METOAA.

Bropomy HampaBieHHIO TOCBSIEHA JaHHas pabora. ABTopamu [2] Ha MPOTHIKEHUU
MHOTMX JIET JJs YJIYYIIEHUs KadyecTBa MOJCIUPOBAHUS KOHBEKTUBHBIX IPOLIECCOB
pa3pabarbiBasiack cxema Kabape, koropas sBisercs Oe3AMCCUMATUBHOW M oOianaer
YJIyUIIEHHBIMU O CPABHEHHUIO C KJIACCHYECKMMHU JIMHEHHBIMH CXEMaMH JUCIIEPCHOHHBIMU
cBorictBaMu..E€ TpaHCIIOPTHBIE XapaKTEPUCTUKU Ha IOPSAKUA MPEBOCXOAAT TPAHCIIOPTHBIE
XapaKTEPUCTUKKM M3BECTHBIX JIMHEHHBIX cXeM. CIelyIouM aroM pa3BUTUS aBTOPbI CXEMBI
Kabape npennonaratoT mpuMEHHUTH €€ K MOJABHKHBIM PACYETHBIM CETKaM. DTO MPECTABISAET
UHTEpEC IS €€ UCII0Ib30BAHUS COBMECTHO C METOJIOM AIMHAMHUYECKON afanTalyH.

B nameii pabote pazHoctHas cxema Kabape Oblia mpuMeHEHa K METOIY AMHAMHYECKOM

aJlanTaluu 1Jis pelieHus ypapHenus broprepca npu u =10~ u uuciom y3n08 N = 26 . Beuta

MOJTy4€Ha HBOJIIOLIMS HAaYaIbHOTO yCIIOBUS B (pOopMe acCUMETpUUHOI cuHycouasl. [IpoBeaeno
CpaBHEHHUE C Pe3yJIbTaTaMH BBIUMCICHUN C MCHOJIb30BAaHUEM APYIMX KOHEUHO-PAa3HOCTHBIX
CXEM.
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MOJIEJUPOBAHUE CBOMUCTB JEKTPOHHON U ®OHOHHOM IMOJICUCTEM
KPEMHUA
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AHanM3UpyIOTCS  pe3ysbTaThl ~ MaTeMaTHYeCKOrOo  MOJETUPOBAHUS  XapaKTEPHCTUK
JJIEKTPOHHONH W (DOHOHHOW TMOJCUCTEM KPEMHHsI C COOCTBEHHOH NpoBOIMMOCThIO. CBoOiicTBa
3JIEKTPOHHOM MOJCUCTEMBI ONPENEIIAIOTCA B PaMKaX KOHTHHYAJIBHOTO MOAX0/1a UCIOIb3YIOIIETO
KBAaHTOBYIO CTaTHCTUKY OJJIeKTpoHHOro ra3a [1,2]. CgoiictBa (QOHOHHON TMOICHUCTEMBI
ONpEAEIAIOTCA B paMKax aTOMUCTHYECKOIO IOAXO0JA C HCIOJIb30BAaHUEM JABYX IOTEHIUAIOB
MexdactuuHoro B3aumozeiicteus KIHS wu  Crumnexepa-Bebepa [2]. Takue cBoiicTBa
3JIEKTPOHHOTO Tra3a Kak, KoHIeHTpanus 3MeKTpoHOB N¢(T), apipok Np(t), sneprus @epmu Ep(T),
mupuHa 3anpemieHHol 30HbI E (T,N), monsmwxnocts Hocuteneir u(T,N), amekTponpoBogHOCTH
o(T,N), xoapdunment amoumnonsapHod auddy3un, TEMIOEMKOCTb, TEIJIONPOBOAHOCTh
OTIPECTSIOTCA B MPOU3BOJBLHOM JIMANa30HE BBIPOMKACHUS SJIEKTPOHHOIO ra3a IMpHU HU3MEHEHUHU
temneparypsl oT 300K o 2000K. Onpenensrorcs Takue cBoicTBa (HOHOHHOM MOJICUCTEMBI, KaK
OapuyecKkre 3aBHCHMOCTH TeMIEepaTypbl IUiaBieHus KpemHuss T,(P) ¥ TemnoTel muiaBieHus
L..(P), Temneparyphubie 3aBucuMoctd TerutoTsl ucnapenus Ly(T), TermmoemMkocTu, kodgduimenra
JUHEWHOTO PACIIUPEHNUs, INIOTHOCTH. OTMEUalOTCsl IPEUMYILECTBA UCIIOIb30BaHUS NOTEHIMAIA
Crutexepa-Bebepa st MoenrpoBaHus CBOMCTB B 00JIacTH TIaBiieHus u noreHmana KIHS B
o0JacTH KpUTHYECKUX Temriepatyp. llpencraBneHa uucieHHas W Tpaduueckas UHPOpMAIUSL
(puc.1, 2) o moMy4eHHBIX CBONCTBAX M PE3yIbTaThl CPABHEHUS C JAHHBIMH SKCIIEPUMEHTOB [4].
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JlaHHbIe [4].
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The results of mathematical modeling of the characteristics of electron and phonon subsystems
of silicon with intrinsic conductivity are analyzed. The properties of the electronic subsystem are
determined within the framework of the continuum approach using the quantum statistics of
electron gas [1,2]. The properties of the phonon subsystem are determined within the framework
of the atomistic approach using two interparticle interaction potentials KIHS and Stilleger-Weber
[2]. Such electron gas properties as electron concentration N¢(T), hole concentration Ny(t), Fermi
energy Er(T), band gap E,(T,N), carrier mobility p(T,N), electrical conductivity o(T,N), the
coefficient of ambipolar diffusion, heat capacity, thermal conductivity are determined in an
arbitrary range of electron gas degeneracy with a temperature change from 300K to 2000K. Were
determined such properties of the phonon subsystem as pressure dependences of the melting
temperature of silicon T, (P) and the heat of melting L,,(P), the temperature dependence of the
heat of evaporation L,(T), heat capacity, the coefficient of linear expansion, and the density. The
advantages of using the Stilleger-Weber potential for modeling properties in the melting range
and KIHS potential in the critical temperature region are noted. Numerical and graphical
information (Fig. 1,2) on the properties obtained and comparison results with experimental data
are presented [4].
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Fig. 1. Temperature dependences of the electrical Fig. 2. Temperature dependence of the heat of
conductivity of electrons (1), holes (2). Markers - evaporation of silicon. The marker is the reference data
experimental and reference data [4]. [4].
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In ref. [1] it was demonstrated that recoil pressure response in condensed matter to
absorption of nanosecond laser pulses with periodically modulated intensity can
simultaneously give information about the pressure and ablation rate behavior. Irradiation
surface movement results in changes of the modulated pressure component due to acoustical
Doppler effect. However harmonic modulation used in ref. [1] in the case of water irradiated
with erbium laser pulses is not efficient in the case of metal ablation because of interplay
between two different mechanisms of pressure generation [2] which results in significant
distortion of the modulated pressure signal in addition to the acoustical Doppler effect.

In the present work another form of modulation is considered. Intensity of nanosecond
laser pulse is modulated with the help of short (0.1 ns) peaks train due to self mode-locking
with period 8 ns. The ablation process is described in the framework of continual approach
[2,3] where irradiation of liquid Hg was considered. Here the same modulation regimes as in
[2,3] are used in the case of Al target. The calculations results are given in fig. 1.
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Fig. 1. Curves 1, 2 and 3 (a, d) show absorbed modulated laser intensity, modulated pressure response and its
thermoacoustic component. Curves 4, 5, 6 and 7 (b, ¢) — fragments of modulated laser intensity, total pressure
response, its thermoacoustic and evaporation components. Curves 8 and 9 (c, f) — irradiated surface displacement
(mainly due to thermal expansion), and (in the same units) distortion of modulated part of pressure response due
to interplay between two pressure generation mechanisms. Curve 8 stops to grow when vaporization process
develops (curve 2).
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B pabote [1] OpuIO TOKa3aHO, YTO TEHEPUPYEMOE JIABJIICHHE B KOHJICHCUPOBAHHOU Cpejie
MPU TOTJIONIEHUH HAHOCEKYHIHBIX JIa3ePHBIX UMITYJIbCOB C MEPHOIUYECKH MOYJINPOBAHHOMN
WHTEHCHUBHOCTBIO MOKET OJHOBPEMEHHO JIaBaTh MH(POPMAIIUIO U O JaBJICHUHU, U O CKOPOCTH
abmsauuu. JIBrkeHue 0OTyyaeMoil TOBEPXHOCTH BIHAET HAa MOJAYJIMPOBAHHYIO YacTh
JaBIIEHUST HW3-3a aKyctudeckoro 3¢ddekra oruepa. OgHAaKO TapMOHUYECKas MOJYJISINS,
ucnonszyemas B padote [1], HeaddexTrBHA B cirydyae abnauu MeTalla U3-3a BKIAJO0B ABYX
pPa3IUYHBIX MEXaHW3MOB TCHEpallMH JaBJICHUS [2], 9TO TPHBOJUT K 3HAYUTCIHLHOMY
UCKaXEHUIO MOJYJIMPOBAHHOTO CUTHANIA B IOTIOJIHEHUE K akycTHaeckoMy 3 dexty ommnepa.

B nacrosimeit pabote paccMatpuBaeTcs 1pyras opMa MOAYIISINN, 00YCIOBIEHHAS IlyTOM
kopotkux (0,1 HC) muukoB ¢ mepuonoMm 8 Hc. [Iporecc abnsuu OMHMCHIBAETCS B paMKax
KOHTHHYaJIBHOTO MMOAX0/1a, UCIOJIb30BAHHOTO B [2,3], MpU pacCMOTPEHHUU AOJISIIAH JKUTKON
pTyTHU. Pe3ynbTaThl aHATOrMYHOTO MOAXO0AA JUISl )KUAKOTO aTIOMUHUS IPUBEICHBI Ha pHC. 1.
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Puc. 1. Kpussie 1, 2 u 3 (a,d) moka3pBarOT MOTIIOMIAEMY0 MOIYJIHPOBAHHYIO JIAa3ePHYI0 HHTCHCHBHOCTS,
MOJIYIMPOBAHHEIA OTKJIMK JABIICHUS W €r0 TEPMOAKyCTHYECKYIO cocTaBirsttonlyto. Kpusrie 4, 5, 6 u 7 (b, e) —
(parMeHTHl MOJYJIMPOBaHHOW Jla3epHONM WHTEHCHUBHOCTH, IIOJHOTO IaBJICHMS, €ro TEPMOAKYCTHYECKOH U
ncnapuTenbHoi coctapisonmx. Kpusbie 8§ u 9 (¢, f) — cMmemenne o0irydaeMoif IOBEPXHOCTH M (B TEX XKe
eIMHUNAX) HMCKaKEHHEe MOIYIMPOBAHHOM YacTH OTKIMKA IaBJCHHS W3-3a B3aUMOJCHCTBHUS MEXKIY IBYMS
MeXaHW3MaMH TeHepalny JaBieHus. POCT KpuBOi 8 ocTaHABIMBAEeTCA C pa3BUTHEM UCHapeHHs (KpuBas 2).
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POJIb IBOMHOTI'O SJIEKTPHUYECKOI'O CJI0SI HA IOBEPXHOCTH
METAJLJIOB B IIPOLIECCE JIASEPHOM ABJISIIUA

[Tannpanos AB.'"?, MaxykuH B.W."?, Temus M.M.'
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B mocnenHue ronpl BBINIENT PAL 3KCIEPUMEHTAIBHBIX Pa0OT, MOCBSIIEHHBIX HCCIEIOBAHHIO
pacnpezeneHusl abJIMPOBaHHBIX YACTHIl TI0 3HEPTUUSAM, MO pa3Mepam, MO 3apsA0BOMY COCTaBy MpHU
BO3ACUCTBUN (PEMTOCEKYHIHBIX Ja3epOB Ha METaJUIbl U MOJyNPOBOAHUKH. OJTHUM M3 HEOXHIAHHBIX
(haKTOB, OTMEUEHHBIX HKCIIEPUMEHTATOPaMH, ObUIO HAOJIIOJCHNUE JOCTATOYHO BBICOKOHEPTETHICCKUX
CyOHAaHOMETPOBBIX YaCTHI U OTAEIbHBIX aTOMOB (B HECKOJBKO 3JIEKTPOHBOJIBT Ha aToM) IIPHU
OTHOCHUTENILHO HU3KHX (PIIIOeHCaX J1a3epHOTro uMmyJbea [1].

Mpbl 3aHHMaJIUCh MOJETUPOBAHUEM Ja3€PHOTO BO3ACHCTBHA HAa METAUIBl C HCIIOJIB30BaHHUEM
KOHTUHYAJIbHOW M MOJICKYJISIPHO-ANHAMUYECKON MoJesiell B OHOCKOPOCTHOM JBYXTEMIIEPATYPHOM
npubmkeHud. llpu 3ToM CTONKHYNIHCH MPOOIEMON MOCTaHOBKHM TPAHWUYHOTO YCIOBHS IJIS CHJIBI
yBieueHus (blast force), neicTByIOILIEH CO CTOPOHBI JEKTPOHHOTO Ta3a Ha MOHHYIO TOJICHUCTEMY.
IIpoTrBOpeune BO3HMKANO U3-32 OrPAaHWYCHUIl OJHOCKOPOCTHOM MOZENHW, TNpearnoararomei
JIOKAJIbHYIO 3JIeKTPOHEUTPAIbHOCTh B KaXIOW TOYKE MPOCTPAHCTBA, BKIIOYas U OKPECTHOCTh
MOBEPXHOCTH MeTajia. B peaqbHOCTH Yy TOBEPXHOCTH MeTaljla Ha PaCCTOSTHUSX MOpPsIKa 1e0aeBCKOTO
paauyca CyIIecTBYET pa3iesieHue 3apsoB — IBOMHOMU cioi [2].

AHanu3 peuleHus 3aa4y O JABOMHOM cJI0€ IMO3BOJIMII C(HOPMYIHPOBaTh KOPPEKTHBIE TOCTAaHOBKU
3aJa4d U1 KOHTHHYQJIbHOTO W MOJIEKYJISIPHO-TUHAMHUYECKOTO  MoJenupoBaHus. [ nmaBHOM
0COOEHHOCTBIO 3THX IIOCTAHOBOK SBIAETCS Y4Y€T JOMOJIHUTEIbHOW CHIIBI, HEWCTBYIOLIEH Ha
IPUIIOBEPXHOCTHBIE MOHBI METajljla CO CTOPOHBI IEKTPOHHOM moxacuctemsl. Ilpu demTocexyHAHBIX
peXuMax Jla3epHOro BO3IEMCTBHA HAa METAUIBl 3TOM CHMJIBI OKa3bIBaeTcsd JOCTATOYHO Ui CpHIBA
TOHKOTO TPUIIOBEPXHOCTHOTO CyOHAaHOMETPOBOTO CJIOS BELIECTBA HAa PAaHHHUX CTAaIUSIX Pa3BHTHUS
npouecca abIsiuuu Jake Ui OTHOCHUTENIFHO HE OOJBIIMX MHTEHCUBHOCTEH. MIMEHHO 3TOT mpouecc
(dbopMupyeT OTOK OBICTPBIX YaCTHUILI, HAOMIOAABIIUXCS B YIOMSHYTBIX SKCIIEPUMEHTAX.

BaarogapHocTs. PaGoTta BeImonHeHa npu GuHancoBoi moaaepkke PH® npoekt Ne 15-11-00032.

60 - 18
] 0.70 J/em® ‘ 16 3 0.70 Jem® |
az 507 OAGOJ/cmi 1 Z ] N 0.60 Jiem” ||
g 1 =——0.50 J/cm E E ! 0.50 J/em’
B 404 ——0.40Jem®’ 7 = 124 F 0.40 J/em® |
3 | ——030/em’® — | . o E AN —030Jcm’ ||
T 301 ,‘ / 8 10: N
& ] / 2 8 \ ~—
- : ° ]
£ 209 = A —
° ] > ]
< 10 %/ < 4
] %/ 24
0 === <o N N L N S N S 0]
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Time, [ps] Time, [ps]
Puc.1. Yucmo "OwlcTphix" aOmupoBaHHBIX dYacTui ¢ Puc.2. CpemHss CKOpOCTh aOJIMPOBAHHBIX YACTHII C
OJIHOTO KBaIpaTHOTO HaHOMeETpa IUION[AIM  TOBEPXHOCTH MeTajula Ui pasHbIX  (DIFOeHCOB
[IOBEPXHOCTH METAJLIA. JIA3EpHOr0 UMITYJIbCA .

Jlutepartypa:

1. H. Dachraoui, W. Husinsky, G. Betz. Ultra-short laser ablation of metals and semiconductors: evidence of
ultra-fast Coulomb explosion. Appl. Phys. A, V.83(2), pp.333-336 (2006)

2. S1.A bapanos, }10.B.Mapteinenko, C.O.1lenenesuy, FO.H.fABnmunckuii. Heynpyroe pacnbuieHue TBEpIABIX TENl
nonamu. YOH, T.156, B3, ¢.477-511 (1988)

58



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

THE SIGNIFICANCE OF THE ELECTRICAL DOUBLE LAYER AT THE
SURFACE OF METAL DURING LASER ABLATION
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"Keldysh Institute for Applied Mathematics RAS, Moscow, Russia, shap@spnet.ru
“National Research Nuclear University “MEPhI”, Moscow, Russia

In recent years, a number of experimental studies have been devoted to the study of the
distribution of ablated particles in terms of energy, size and charge composition under the action
of femtosecond lasers on metals and semiconductors. One of the unexpected facts noted by the
experimenters was the observation of sufficiently high-energy subnanometric particles and
individual atoms (several electron-volts per atom) at relatively low fluences of the laser pulse [1].

We were engaged in modeling of laser effects on metals using continual and molecular
dynamics models in a single-velocity two-temperature approximation. At the same time, the
problem of setting the boundary condition for the blast force, acting from the side of the electron
gas to the ionic subsystem, was encountered. The contradiction arose because of the limitations of
the single-velocity model, which assumes local electroneutrality at each point of space, including
the neighborhood of the metal surface. In reality, at the metal surface, at distances of the order of
the Debye radius, there is a separation of charges — a double layer [2].

An analysis of the solution of the double-layer problem made it possible to set the correct
formulation of the problem for continual and molecular-dynamic modeling. The main feature of
these formulations is the consideration of the additional force acting on the near-surface metal
ions from the side of the electronic subsystem. In femtosecond laser exposure to metals, this force
is sufficient to disrupt a thin near-surface subnanometric layer of matter in the early stages of the
development of the ablation process, even for relatively low intensities. It is this process that
forms the flow of fast particles observed in the above experiments.

Acknowledgements. The work was carried out with the financial support of the RSCF project
No 15-11-00032
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Fig.2. The average velocity of the ablated particles from
the metal surface for different fluences of the laser
pulse.

Fig.1. The number of "fast" ablated particles from one
square nanometer of the metal surface area.
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MHOI'OMACHITABHOE JIBYXYPOBHEBOE MOJAEJIMPOBAHUE
UCTEYEHWS BUHAPHOM T'A30BOM CMECH B BAKYYM
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PaGoTta mocBsieHa MOACIMPOBAHUIO HEIMHEHHBIX Ta30JJMHAMUYECKHX IPOIIECCOB B
TEXHUYECKUX MHUKpPO- U HaHocucTemax. JlaHHOe HarpaBiieHUE SIBISETCS aKTYyaJbHBIM st
MHOTHX MPWIOKEHHI IO BHEIPEHHUIO M HCIOJIb30BAHUIO HAHOTEXHOJOTHH B Pa3IMYHBIX
oTpaciisix mpombinuieHHOCTH [1]. B pabote npemiosken MHOroMaciuTaOHbIH BYXYpOBHEBBIN
noaxoa [2], KOTOpbIii OCHOBAaH Ha OOBEAMHEHHHM MOJEICH MEXaHHWKH CIUIOIIHOW Cpeabl U
nuHaMuku HbroTOHA JUist OTAENBHBIX YacTHI] U pa3/eisieTcs Ha MaKpo- U MUKPOYpOBHU. B
KaueCTBE MOJIENIM CIUIOIIHOM CpEeIbl pacCcMaTpPUBAETCA KBAa3Wra3oJlMHAMUYECKash CHCTEMa
ypaBHeHwii [3]. DTa cucTeMa MCIob3yeTCs Ha MAaKpOYPOBHE JIJISl PACUCTOB TEUCHUS Ia30BOM
CMECH M ydyeTa BIIMSHUS BHEIIHEH cpeabl. B KauecTBe MoOneNM YacTUI] paccMaTpUBAETCs
MOJICNTb MOJICKYJISIpHOM quHaMuku [4]. JlaHHas MOJeNb UCTIOJIB3YETCsl HA MUKPOYPOBHE ISt
OTIpENICTICHUSI: TPAHCIOPTHBIX  KOY(PPHUIIMEHTOB, TMapaMeTPOB ypaBHEHUN  COCTOSTHUS
peabHBIX Ta30B U UX CMECEH, TUIAa U TapaMEeTPOB I'PAHUYHBIX YCIOBUM.

[IpenyiokeHHBI MHOTOMACIITAOHBIN JABYXYPOBHEBBIM MOJIXO0J IMO3BOJIIET MOICIUPOBATH
MHOTOKOMIIOHEHTHBIE TEUYEHHS! PEaJIbHBbIX T'a30B B MHUKpOKaHalaX CIOKHOW T€OMETpUM B
MPOKOM auana3zoHe yucen KHyncena. B ocHOBe ero 4MCiIeHHON peanu3aluy JEKUT METOT
pacumierieHuss 1Mo (QU3MYECKUM IpolieccaM. YpaBHEHUS KBa3WTa30JMHAMUKHU PEIIAlOTCS
METO/IOM KOHEUHBIX 00bEMOB Ha CETKAaX Pa3jJUYHOrO THUIA. Y paBHEHHUS TUHAMUKU HbroToHa
pematoTcst Mo cxeme Bepne nmbo B Kaxkao#l sueiike CEeTKH HE3aBHCHUMO, JHOO B TpyIMIax
CBsI3aHHBIX sgueek. [lapamnenbHas peanuzaius MOAXO0JIa OCHOBAHA HA METOJNIE Pa3lelICHUS
obnacreill, reoMeTpru4eckoM H (YHKIIMOHATHHOM Mapajljieiu3Me W OpPHUEHTHUPOBaHA Ha
HCITOJIb30BAHUE BBIYMCIUTENHHBIX CUCTEM C IIEHTPAIBHONU U THOPUTHON apXUTEKTYpamHu.

B kaudecTBe nmpuMepa paccMOTpeHa 3a/1aya UCTEUYECHUs Ta30BOM CMECH a30Ta U BOJOPOJa B
BakyyM. B ee pamMkax wuccieqoBaHa KOPPEKTHOCTh YHUCJIEHHOW peav3allui MOAX0oJa U
MPOBEICHO CPAaBHEHHE IMOJYYEHHBIX UHCIEHHBIX pPE3yJIbTAaTOB C HSKCIEPUMEHTATbHBIMU
JTaHHBIMU. B pe3ynbrare moaTBepkIeHa poOacTHOCTh W 3(P(HEKTUBHOCTH pa3pabOTaHHOTO
MO/AX0/a MO CPABHEHUIO C TPATULIUOHHBIMU METOJIaMU pacyeTa.
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The work is devoted to modeling of nonlinear gasdynamic processes in technical micro-
and nanosystems. This problem is relevant for many applications on introducing and using the
nanotechnology in various industries [1]. A multiscale twolevel approach is proposed [2],
which is based on combining models of continuum mechanics and Newton’s dynamics for
individual particles and is divided into macro- and microlevels. A quasigasdynamic system of
equations is considered as a model of continuous medium [3]. This system is used at the
macrolevel for calculating the flow of a gas mixture and takes into account the influence of
the external environment. A model of molecular dynamics is considered as a model of
particles [4]. This model is used at the microlevel for determining the real gases and their
mixture parameters, such as: transport coefficients, parameters of the equations of state, type
and parameters of the boundary conditions.

The proposed multiscale twolevel approach allows modeling multicomponent flows of real
gases in microchannels of complex geometry in a wide range of Knudsen numbers. The basis
of its numerical implementation is a method of splitting into physical processes. Equations of
quasigasdynamics are solved by the method of finite volumes on grids of various types.
Equations of Newton's dynamics are solved according to the Verlet integration either in each
grid cell independently or in groups of coupled cells. Parallel implementation of the approach
is based on the method of domain decomposition, geometric and functional parallelism and is
oriented towards the use of computer systems with central and hybrid architectures.

As an example, the problem of the outflow of nitrogen and hydrogen gas mixture to the
vacuum is considered. In its framework, the correctness of the numerical implementation of
the approach is investigated and the numerical results obtained in calculations are compared
with the experimental data. As a result, the robustness and the efficiency of the developed
approach are confirmed in comparison with the traditional methods of calculations.

Acknowledgements: This work was supported by Russian Foundation for Basic Research
(projects no. 15-07-06082-a, 16-37-00417-mol_a).
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PaccmarpuBaercs 3aj1aua ynpaBieHUs IBUKEHUEM KOCMHUYECKOro poO0Ta, COCTOSILIETO U3
Kopiyca u pyku manunyistopa (PM). Po6oT HaxonuTcss B COCTOSIHUM NMACCHBHOIO IOJIETA,
T.. He uMeeT (10O He UCTONb3YeT) IBUTATENIN, KOTOPbIE MTO3BOJISIOT YIPABIAThH IBHKEHUEM
KP. Ilpu ympaBneHuM OBMKEHHEM DPOOOTA, WCHOJIB3YIOTCA TOJBKO JABHTaTEeH B CTEIEHSX
noaBmwxHocTH PM. JIBmxenue PM otHocuTensHO Kopiryca pobota (KP) oka3piBaeT 3ameTHOE
BiIMsHUE Ha JBwkeHue KP B cwiry TeopeM 00 HM3MEHEHHMHM KOJIMYECTBAa JIBUKEHUH U
KMHETUYECKOTO MOMEHTa OTHOCHUTENIBHO lLIeHTpa Macc [1-6]. [lpenmnonaraercs, 4To BEKTOP
KOJINYECTBA JIBUKCHUN M KHHETHMYECKHM MOMEHT pO0OTa OTHOCHTEIBHO LIEHTPA MACC PaBHBI
HYJIIO.

B ornmuune oT paHee NMoJy4eHHBIX pe3ynbTaroB [1-4] mokasaHo, 4To 3ajaya nepeMeneHUs
cxBara po0OTa W3 IMPOU3BOJIBHOTO HAYaJIbHOIO IIOJOXKEHHS B IPOU3BOJBHOE KOHEUHOE
NOJIOKEHWE BHYTPH OOJAcCTH JOCTHXKUMOCTH BCETa HMEET pelleHHe. Takux peleHun
OeckoHeuHOe MHOXecTBO. [Ipu 3TOM cpeaM HHX CYIIECTBYIOT pELIEHHs, KOTOphIE
o0ecreynBaroT BBIXOJ B KOHEUHOE IOJOXKEHHE cXBaTa poOOTa MpU 3adaHHOM (Hambosee
yZ10OHOM JUIsl BHIIOJHEHUsI pabouuX omepanuii) 3HaUeHUH YIla MeXy pyKOH MaHMITyJIATOpa
U KOpITyCcOM poboTa.

BaarogapuocTu: padora BeInosiHeHa mpu noaaepkke rpanta PODOU Ne 16-01-00521.
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The problem of motion control of free-floating space robot plane was investigated. The
robot consists of a body and a telescopic manipulator arm. The robot is in a state of passive
flight, i.e. does no have (or do not uses) engines, which allow to control the movement of
space robot. When controlling the movement of the robot, used engines only in the degrees of
freedom of manipulator arm. The movement of the manipulator arm relative to the body of
the robot has a significant impact on the movement of space robot in virtue of theorems on
change of amount of motion and kinetic moment about the center of mass [1 - 6]. It is
assumed that the vector amount of movement and angular momentum of the robot about the
center of mass is zero.

In contrast to earlier published results of [1- 4] we demonstrated that it is possible to
provide movement of the robot gripper from an arbitrary initial to arbitrary final position
inside the workspace and provide the desired (most comfortable for the job) the angle
between by the manipulator arm and by the robot body in the final position.

Such solutions are endless. Moreover, among them there are solutions, which provide
access to the end position of the gripper of the robot at a given (most useful for performing
working operations) the value of the angle between the manipulator arm and the body of the
robot.

Acknowledgements: this work was performed under support of RFBR grant Ne 16 01
00521.
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PaccmoTpena 3aaua 0 CHIIBHBIX pa3pblBaXx B PELICHUU YpPaBHEHHUI ra3oBOM JIWHAMHKH B
NPEIIOJIOKEHUN HW303HTPONIMYHOCTH, T.€. HENPEPBIBHOCTH SHTPOIMM Ha pas3pblBe.
[IpencraBneHo cpaBHEHHME PELICHMs Ui CTAHJAPTHOM YJApHOW BOJIHBI, TJE€ MCIOJb3yeTCs
YCIJIOBHE HENIPEPBIBHOCTU SHEPTUU HA Pa3pbIBE, U JUIsl N30HTPONMUYECKOH "y JapHON BOJIHBI".
[Toka3aHo, YTO YHMCIIEHHOE MOJEIMPOBAHUE AacTPO(U3NYECKUX 3a7ad, B KOTOPBIX
BCTPEYAIOTCS YJapHbIE BOJIHBI OOJIBIION aMIUTUTYbI (B3PhIBBI CBEPXHOBBIX, MOACITHUPOBAHNE
JDKETOB), C MCIIOJIb30BAaHUEM COXPAaHEHHsI SHTPOIHMHU, BMECTO COXPAHEHUsI SHEPTUHU, TIPUBOJIUT
K OOJBIIMM OIIMOKaM TMpH pacyeTe yAapHbIX BOJH. [IpuMeHeHHe W303HTPONHUYECKUX
YpaBHEHMH Ta30BOM JMHAMMKHM AOIMYCTUMO TOJIBKO B Cllyyae, KOTJa TEUCHHE SBIIAETCS B
TEUYEHUH Ta3a OTCYTCTBYIOT CHJIbHBIE pPa3pbIBbl pEIIEHUs, JHUOO KOrJla HHTEHCHBHOCTD
yZapHbIX BOJH HEBEJIMKA U OHU HE OKa3bIBAIOT CYIIECTBEHHOI'O BIMSHUS HA TCUCHHUE. .

Jannast paboTta Oblia BBIIIOJIHEHA 3a cueT rpaHta Poccuiickoro HayyHoro ¢oHaa ( MpoOeKT
Nel15-12-30016).
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2Small innovation enterprise «KIAM Ballistics-Service», Miusskaya sq. 4, Moscow, Russia
im62@mail.ru

Interagency International Scientific Optical Network (ISON) represents one of largest
systems specializing in observation of space objects. ISON provides permanent monitoring of
the whole GEO region, regular surveying of the Molniya type orbits, and tracking of objects
at GEO, GTO, HEO and LEO.

Few steps plan of the ISON network development have been finished. Currently ISON
cooperates with 38 observation facilities of various affiliations with 90 telescopes in 15
countries. Six telescope subsets have been completed to the date.

Almost 19 millions measurements for about 5067 objects (2094 GEO, 2635 HEO and 338
MEO objects) have been collected in 2016. 339 new faint objects were discovered and 307
previously lost rediscovered in 2015, 550 new faint objects were discovered and 480
previously lost rediscovered in 2016. This means that catalog maintenance is stable for
respectively bright objects only - faint objects are regularly lost and then rediscovered. Other
problem of the KIAM catalog is connected with HEO objects that are observed in around
apogee area mainly and therefore the accuracy of its orbits is not too high in average.

Therefore KIAM have been started the elaboration of new telescope for panoramic survey.
The 10-element cluster of 40-cm aperture telescopes must provide common oblong field of
view as 6x90 degree. It is planned that the optical barrier will be oriented along GEO orbit so
that provide quasi-continuously observations of all GEO-object with small inclination.

Herewith significant part of other GEO-objects with brightness down to 17 star magnitude
must cross this barrier during the night. Also it is expected that many HEO objects will be
crossing this barrier in both apogee and perigee areas that will result the improving the
accuracy of its orbits.

The prototype (6-elements cluster of 20-cm aperture telescope with common oblong field
of view as 4.5x42 degree) is close to completion to verify the correctness of the
implementation of new telescope idea.
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Mbr  npoBenu uyucinenHoe MI'Jl wmonenupoBanue 1abOpPaTOPHOTO IKCIEPUMEHTA,
UMUTHPYIOIIETO 00pa3oBaHue acTpOPU3MUECKUX CTPYWHBIX BBIOPOCOB (mkeroB). Jlis
OTHMCAHUS TIPOIECCCOB, MPOMCXOMSANIUX C BEIMIECTBOM MHIICHU TIPW MTHOBEHHOM HarpeBe
Ja3epHBIM IMYYKOM W MOJICIIMPOBAHUS TECUCHMs TUIa3Mbl ObLT BBIOPAaH OCECHMMETpHUYHAS
Pa3HOCTHasI cxeMa C KOHEYHOW IPOBOJUMOCTBIO, OCHOBaHHAs HAa METOJE JIOKAJIBHBIX
uteparuuid (JKykos, 3a0poaun u ®eog0puTOBa) U METOJIE KOPPEKIIMH ITOTOKOB, OIPEICICHBI
IpaHUYHBIC U HAYAJIbHBIE yCIOBHs. J1JI pacueToB UCITOJIb30BaNIaCh OPUTHHAIIbHAS POTPAMMA,
pa3pabotannas B.B. CasenbeBsiM (UIIM PAH), koTopas Obuia anantupoBaHa u nepepadorana
HAMU JIJIs1 peIIeHUs acTPOPU3NICCKUX 3a]1a4.

Bbun ncciieoBaHbl HECKOJIBKO CITyYaeB: Cliydail 0e3 MarHUTHOTO TOJIsA, CITy4ai ¢ BHEITHUM
MOCTOSTHHBIM TIOJIOUIATbHBIM MarHUTHBIM TI0JIEM, HAIIPABICHHBIM MEPIICHANKYISIPHO MUIIICHU
U cinydail ¢ ¢-mojemM. MBI M3y4YWiid KapTHHY TEUEHHUS BEIIECTBA M COMOCTAaBUIU €€ C
OKCIIEPUMEHTOM. MBI HalNUIA paclpeeliCcHHe IUIOTHOCTH BEIIECTBA HA  Pa3IMIHBIX
pPacCTOSHUSAX OT MHILIEHU U B PA3IUYHBIE MOMEHTHI BPEMEHHU, U HCCIIEIOBAIA BO3MOKHBIE
CTPYKTYPHI BEIIECTBA HAa IIOBEPXHOCTH JIETEKTOPA.

0 22 4 g p 22 4 logp

Puc. 1. Kaptuna Teduenus s 1a00paTOPHOTO SKCIEPUMEHTA C YI€TOM MarHUTHOTO OIS
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ISON (International Science Observation Network) asteroid survey program started in September
2003 at Andrushivka astronomical observatory (MPC code: A50, Andrushivka, Ukraine).

Second phase of this work — using remotely controlled wide-field survey telescopes has begun in
2010 (ISON-NM observatory, MPC code: H15, USA). We used 0.45-m f/2.8 telescope with full-
format CCD camera. This telescope was replaced in 2013 by new Santel-400AN (0.4-m f/3), which
can be equipped by photometric filters for photometric study.

Second survey telescope (ISON-SSO observatory, MPC code: Q60, Australia) is a joint
project with Astronomical Institute University of Bern. It’s the ASA 16” Deltagraph, equipped with
CCD camera, which similarly to camera installed at ISON-NM observatory. For now, ISON used this
telescopes for regularly survey observations. Both observatories remotely controlled and all obtained
data was processed at Keldysh Institute of Applied Mathematics RAS (Moscow).

At now, both observatories (H15 and Q60) obtained more than 980,000 astrometric observations.
Discovered more than 1,600 asteroids, include 14 NEO and 1 PHA (2015 LK24). Furthermore,
discovered 5 comets (C/2010 X1 (Elenin), P/2011 NOL1 (Elenin), P/2014 X1 (Elenin), P/2015 PD229
(Cameron-ISON) and C/2015 X4 (Elenin).

At ISON-NM observatory obtained dozens lightcurves, determined rotational period for more than 20
NEAs, include extremely close and fast rotators, such a 2012 KP24, 2012 KT42, 2012 LZ1, Duende
(2012 DA14)[1] and 2015 HD1.

In near future ISON planned replace both survey telescope by new extremely large wide-field
telescope 0.4-m /1.25. With CCD cameras based on KAF-51000 chip, this telescope should have
FOV 5.6x4.2 degrees, which dramatically increased our survey performance.

In addition to the two observatories, we will install third dedicated survey telescope 0.5-m /2.4 at
Altai region, Russia. After that, ISON practically cover all latitudes.

Besides upgrading a telescopes and CCD cameras we also improving our telescope controlling

software and image processing pipeline, which also improve ISON asteroid survey program.

Acknowledgements: ISON greatly appreciate Astronomical Institute University of Bern for
cooperation.
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MOAEJIHNPOBAHME TUHAMUKHU INAPHUPHO
CBA3AHHBIX TEJI C IOMOIIBIO UMITYJBCOB 1
METOJA COCTABHBIX TEJI

E.B. Crpamnos, M.B. Muxaiintok
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B 3aauax v TEXHOJOTHUSIX BHACOTPEHAKEPOB YACTO HEOOXOAMMO MOJICTUPOBATEH IIMPOKUI
KJIaCC YIPAaBIIIEMbIX OMEpaTOpoM poOOTOB, MEXAHU3MOB U MaHHUIIYJSTOPOB, KOTOPbIE MOTYT
B3aUMOJICCTBOBaTh C BHUPTyaIbHBIM OKPYKEHHEM. TpPEHUPOBKM Ha BHICOTpPEHaKepax
MO3BOJIAIOT  TMOBBICUTH KAayeCTBO H  CKOPOCTh OOY4YEHHS OINEpaTopoB  HaBbIKaM
JTUCTAHIIMOHHOTO yIpPAaBIeHUs pealbHbIMU poboTamu. [ToaToMy pazpaboTka HOBBIX METO/IOB
MOJCJINPOBAHUS JUHAMUKN MHOTHX TEJI, CBSI3aHHBIX IIAPHUPAMHU, SIBISETCS BaXKHOM 3aJa4yeil.

Jns monenupoBaHUST AMHAMUKH CHCTEMbl IIAPHUPHO CBS3aHHBIX TEI C Y4YE€TOM
JTOTIOTHUTEJIBHBIX OTPaHUYEHHUH (OrpaHUYEHUs yapa, KOHTaKTa U TPEHUs 3B€Ha CUCTEMBI Tell
C IpyruMH 00BEKTaMH, OTPAaHUYCHIE TPEHUS B MIAPHUPE U T.[.) MpeiaracTcs UCIOIb30BaTh
METOJ COCTaBHBIX Tel [1] m ero pasnuyHbie Bapuanuu JUisi 00paOOTKM OTpaHWYEHUN Ha
OCHOBE MMITYJIbCOB [2]. [y peanmu3any MCIONb3yeMbIX METOJOB pa3paboTaH aliropuTM, B
KOTOPOM 3aJIeMCTBOBAaHA TIOJIYHESIBHAsI CXeMa OJilliepa ISl WHTETPUPOBAHUS ypaBHEHUH
JIBIDKEHUSI OTHOCUTEIIBHO OOOOIIEHHBIX KOOPAMHAT, OMHMCHIBAIOIIUX IOJIOKEHHE CUCTEMBI
Ten. B 3aBucHMMOCTH OT crmoco0a BBIYMCIEHHUS HMITYJICOB BBIIIOJHUMOCTh OrpaHUYECHUN
o0ecrieynBaeTcsi ¢ MOMOIIbIO OJHOTO M3 JABYX MoJaXxoaoB. IlepBblii moaxon siBisercs: 6onee
YHUBEPCAJIbHBIM M AHAJIOTMYEH METOAY IOCIEN0BATENbHBIX UMIYJbCOB [3], KOraa Kaxuoe
orpaHnueHue oOpabaThIBacTCsl TOCIENOBATEILHO C BBIUYKUCICHHEM W TPUMEHEHUEM
uMIyJibca. Bo BTOpOM MOAXOJE COCTaBIAETCS CHUCTEMa ypaBHEHHM W HepaBeHCTB LCP
(3amaua ¢ TUHEHHBIMU JOMOJHEHUSMU) OTHOCUTEIHHO BCEX HEU3BECTHBIX HUMITYJIbCOB, IS
pelIeHUsT KOTOPOM UCTOJIb3yeTCs MPOEKIMOHHBIN MeToA ['aycca-3elaens. [Ipu aTom kaxnas
CTpoKa MaTpulbl U 2yeMeHT Bekropa LCP Bberumcastorcs HezaBucumo Ha GPU ¢
ucrnonb3oBanueM apxutekTypbel CUDA. [[ns oGecnedyeHus: maciirtada peajbHOTO BPEMEHHU
MOJCIIUPOBAHUS, WTEpAllMU TMpeJlaraéMblIX METOJOB JJi BBIYUCICHUS HMITYJIbCOB
MIPOJIOJIKAKOTCS 10 TEX MOP, MOKA HE UCTEUET 331aHHbBIN N0JIb30BATEIEM KBAHT BPEMEHH.

[IpennoxeHHBIE METOABI W aNTOPUTMBI OBLIM PEATU30BAaHBI B MOJCHUCTEME IUHAMHKHU
MMHUTAlMOHHO-TPEHAXKEPHOIrO  KOMIUIEKCA, MPEAHA3HAYEHHOTO Uil  MOJEIUPOBAHMS
BUPTYaJIbHBIX POOOTOB.

Baaronapuocru: Paborta BemomHeHa npu mogaepkke PODU (rpant Ne 16-37-00107
MOII_a).
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One of actual challenges of video simulators is simulation of wide class of operator-
controlled robots, mechanisms and manipulators that can interact with a virtual environment.
The video simulator trainings allow to improve the quality and rate of operator skills learning
for real robot controlling. Therefore, the development of new methods of articulated dynamics
simulation is an important task.

To simulate articulated multibody dynamics with additional constraints (impacts, contacts
and frictions of multibody system with other objects, joint frictions, etc), it is proposed to use
an articulated body method [1] and it’s variants of constraint processing using impulses [2].
To implement these methods it is developed an algorithm involving semi-implicit Euler
integration scheme for motion equations respect to generalized coordinates of multibody
position. According to impulse calculation technique, the realization of constraints is provided
by one of two approaches. First approach is more universal and similar to sequential impulses
method [3], when each constraint is processed sequentially with impulse calculation and
application. In second approach, it is formed a system of LCP (Linear Complementarity
Problem) equations and inequalities respect to all unknown impulses which is solved by the
Gauss-Seidel projection method. In this case, each LCP matrix row and vector unit are
calculated independently on GPU using the CUDA architecture. To provide the simulation in
real-time, iterations of proposed methods are processed until a user-defined time quantum is
not expired.

Proposed methods and algorithms were implemented in the dynamics subsystem of the
training complex designed for virtual robots simulation.

Acknowledgements: The work is done with support of RFBR (grant No 16-37-00107
mol a).
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B kocmuueckux TpeHaxepax yacTo TpeOyeTcs peliaTh 3aJadyd U3MEHEHHs] OpHEHTalluH,
cTabunu3anuu, KOPPEeKIHUH OPOUTHI, CTHIKOBKM H TIOCAIKA KOCMHYECKOTO armapara.
JIBukeHMe TakuX amnmapaTtoB OCYIIECTBISETCS MyTeM BKIIOYEHUS COOTBETCTBYIOLIMX
PCAKTUBHBIX HBHFaTGHCﬁ, COI'JIaCHO YIIPaBJIAKOIIMM KOMaHJaM, IOAaBaCMbIM Ha CXCMY
yOpaBiieHus. 3agadya COCTOMT B TOM, YTOOBI CMOJEIUPOBAaTH JUHAMHKY PpPEaKTHBHOTO
JIBUraTessl B BUPTyaJIbHOU CLICHE HAa OCHOBE €0 IapamMeTpOB U I1ApaMETPOB, MOCTYIAIOIINX
U3 CUCTEMBI yIPaBICHUS.

I[JISI MOACIINPOBAHUA paGOTBI PCAKTUBHOI'O ABUTATCIIA HUCIOJB3YIOTCA CJICAYIOIIUC
napaMeTpbl: MaKCUMallbHas CHJIa TATH, PacXo]] TOIUIMBA, CKOPOCTh HCTEUYEHMsI Ta30B W3
COIUIa, BpeMsl HEMpPEPBIBHOW pabOThl, MUHUMAJIbHAS U MAaKCHMaJbHas MPOJOJKUTEIBHOCTD
OJIHOTO BKJIIOYEHHMS, Tay3a MEXAy IByMs BKIIOYEHHUSMHU U T.I. BONBIIMHCTBO ABHUraTenei,
YCTAaHOBJICHHBIX Ha KOCMHUYCCKUX allllaparax, ABJIAIOTCA ABUTaTCIISIMU Majou TATH, IIOTOMY
crocoOHbI (PYHKIIMOHUPOBATh B JIBYX pexumax [l]: HempepblBHOM M UMMyJbCcHOM. [lpu
HCIIPCPBIBHOM  PCIKHUMCE pa60T1>1 ABUTATC]Ib CO3AA€T MAKCUMAJIbHYIO TATY F'max Ha

OPOTSDKEHUHM BCErO BpEeMEHM ero paloTbl. MMMyJNbCHBIA pPEXUM XapaKTepu3yeTcs
KPAaTKOBPEMEHHBIMU BKJIIOYEHUSAMH C HEKOTOPOM YacTOTOM, OMNpeaAessieMONd CHCTEMOM
ypasieHus. 1Ipy MoaenupoBaHuy IMHAMHUKU PEAKTUBHOIO JBUIaTells UMITYJILCHBIM PEXUM
paccMaTpuBaeTCsd KaK HENpPEpbIBHBIM ¢ MeHbLIEH TArod pasHol F =t fF /7, roe 7, -

max
MNpOAOJDKUTCIIBHOCTE OJHOTO  BKINOYCHUA  ABUTATCIIA, 7 - BpEeMI MCKIAY OBYyMHA
IIOCJICAOBATCIbHBIMU BKIKOYCHUIMU. OTtHomeHne Y=7 /t<1 , Ha3bIBAEMOE€ CKBa>XHOCTHBIO,

3a/1aeTCs B CUCTEME YNPAaBICHUs. B HEKOTOPBIX THNAaX PEAKTUBHBIX JIBUTATEIEH CYIECTBYET
BO3MOXKHOCTh YMEHbIIIEHUs TIru ¢ kKodddunuentom 0 < k <1 myTem ympaBlieHUs 3aCIIOHKOMN
JUIs YMEHBIIIEHUsI pacxojaa TomuMBa. Torga nBuratens Oyner co3maBaTh TAry F = ykF

max *
[Tocne yyera cuil TSIrM OT BCEX PEAKTUBHBIX JIBUraTellel BBIYMCIISIOTCS HOBBIE CKOPOCTHU
KOCMHMYECKOI'0 amrnapara Ha OCHOBE €r0 MacCO-MHEPIIMOHHBIX XapaKTEPUCTHK.

B pamkax mporpamMMHOTO KOMILUIEKca, pa3padorannoro B ®I'Y OHI[ HUMCU PAH, 6bun
CO3/laH MOJyJIb pacyera JUHAMUKUA PEaKTUBHOIO JBUTATENs, a TaKXe MOJeNb MUJIOTH-
pyemoro kopabins «Coro3 TMAy, Bkiatoyaromast B ce0s 2 cOnMKaroe-KOppeKTUPYIOLINX
nsurateneit ¢ tarou 4170 H, 14 neurareneit npudanuBanus U opueHtauuu ¢ tsroi 100 H u 8
nBurareneil opuenranuu ¢ taroi no 10 H. Anpobanust pazpaboTaHHBIX METO/IOB Ha JaHHOU
MOJENIM TIOKa3aja MX MPUMEHHMOCTh B KOCMMYECKHMX HMHTALMOHHO-TPEHAXKEPHBIX
KOMILIEKCaXx.

BaarogapuocTu: Pabota BeinonneHa npu noanepxke POOU (rpant Ne 16-07-01104).
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In space simulators it is often necessary to solve spacecraft problems of attitude control,
stabilization, orbit correction, docking and landing. The movement of such spacecrafts is
performed by activation of the relevant jet engines, according to the control commands
submitted to the control circuit. The objective is to simulate jet engine dynamics in virtual
scene based on jet’s parameters and parameters incoming from the control system.

To simulate a jet engine following parameters are used: maximal engine thrust, fuel
consumption, velocity of gas outflow from a nozzle, time of continuous operation, minimal
and maximal duration of one activation, pause between two starts, etc. Most of engines
installed on spacecrafts are low-thrust engines with dual operation mode: continuous and
pulsed [1]. In continuous operation mode the engine creates maximal engine thrust F
throughout its operation time. Pulsed operation mode is described by short duration
activations with a certain frequency determined by the control system. Simulation of jet
engine dynamics in pulsed operation is considered as continuous with lower thrust
F=rF. /7, where 7 is the duration of one engine activation, z is the time between two
successive starts. The ratio y =7, /7 <1, called the pulse duty cycle, is defined in the control
system. In some types of jet engines there is a possibility of reducing engine thrust with a
coefficient 0 <k <1 by controlling a valve to reduce fuel consumption. Then the engine will
create thrust F = ykF,_, . After accounting engine thrusts for all jet engines, new velocities of
spacecraft are calculated based on its mass properties.

In the software, developed in SRISA RAS, there were created a jet engine dynamics
calculation module and 3D model of manned spacecraft Soyuz TMA including 2 vernier
engines with a thrust of 4170 N, 14 berthing and orientation engines with a thrust of 100 N
and 8 orientation low-thrust engines of 10 N. Approbation of developed methods on this
model has shown their applicability in space training complexes.

Acknowledgements: The work is done with support of RFBR (grant No 16-07-01104).
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[IupokuM KJIaCCOM BaXXHBIX C TOYKH 3PEHHs] NMPAaBUIBHOTO BOCIPHATHS OKPYXKAroIIen
cpenbl 0OBEKTOB SBISIOTCA AUHAMHUYECKHUE OOBEKTHI, HE MMEIOIINE YETKUX FCOMETPHUECKUX
TpaHUIl, HAPUMEP, CTPYH KHUJIKOCTH, NMATAIONINI CHET, J0XK/b, lecyanble Oypu u T.1. Takue
O0BEKTHI COCTOSAT M3 OrPOMHOrO KOJMYECTBA MEIKOPa3MEPHBIX JJIEMEHTOB M OOBIYHO
MOJICIUPYIOTCSI B BUPTYAJIbHOM MPOCTPAHCTBE C MOMOIIBI0 cucTeM vacTull [1]. Taxke kak u
Ipyrue OOBEKTBhl PEalbHOTO MHUpPA, NAHHBIA KiIacc OOBEKTOB IOABEPKEH BO3ICHCTBHUIO
MHOKECTBA BHEIIHUX CHJI, B TOM YHCJIE UMEIOUIUX MPUPOIHOE MpoucxoxaeHue. OcoOeHHO
BaXHBIMU CPEU HUX, C TOUKHU 3PCHUSI MOJACTUPOBAHNUS B TPEHAXKEPHBIX CUCTEMAX U CHCTEMax
BUPTYaJIbHOW PEabHOCTH, SBJISAIOTCS TPABUTAIIMOHHAS CHJIA, a TAaK)KE CHIIA, OKa3bIBaeMas
JBUKEHHEM BO3JIYIIHBIX Macc — BETPOM.

Panee B [2] Hamu ObUIM NPEIJIOKEHBI PEIICHUS [0 peaTM3alUl B TPEXMEPHBIX
BUPTYAIbHBIX CIIEHAX MHOTO’JEMEHTHBIX CHCTEM YacCTHI] C HUCIOJIb30BAHHEM COBPEMEHHBIX
rpadpuueckux mnponeccopoB komnanuu NVIDIA, ocHoBaHHBIE Ha ABYXATanmHOW 00paboTKe
TaKUX CHUCTEM B Ipouecce (GopMupoBaHUs H300pakeHHMs Kaxkaoro kaapa. Ilepmelii stan
3aKIJII0YAETCSl B BBIYMCICHUH C UCIIOJNB30BAaHUEM apXHTEKTYPHI MMapajuIeIbHBIX BBIYMCICHHN
CUDA cocTosiHHMSI CHCTEMBbl B 3a/IaHHBIII MOMEHT BpPEMEHH B BHUJE MaccHBa JAaHHBIX O
yactunax. Ha sToM sTame mpou3BoauTcst (OPMHUPOBAHUE HOBBIX YACTHIl U PACUYET TEKYIIHX
MapaMeTpoB YXKe CYIIECTBYIOIIUX, a TakKe yJIaleHHE 4YacTHIl, BpeMs KH3HU KOTOPBIX
UCTEKJI0. BTOpO#t ATam npenmonaraeT BU3yaqu3aIiio MOJTyYeHHOTO MAaCCHBA C CHHTE30M «Ha
JeTy» HeoOXOAMMOH TIeOMeTpUM 4YacTHIl, PacyeToM HX OCBEIIEHHOCTH M HaJOKEHHEM
TekcTyp. s ero peanusanuu 3a1eiCTBOBaH MEXAaHU3M LIEHAEpHON 00pabOTKH.

Ha 06aze »Tux pemeHuil B AaHHOW paboTe CO3AaHBI HOBBIE TEXHOJIOTHMH, METOAbI U
QITOPUTMBI MOJICTTUPOBAHHUS B MaciuiTabe peaqbHOr0 BPEMEHH PEATMCTHYHOW JHHAMHKH
CHUCTEM MEJIKOPa3MEPHBIX YACTHI] C YYETOM BO3ACWCTBUS HA HUX TPABUTALIMU M CHIIBI BETpA.
Bbruucnienrie CHIIbl M HAlpaBlIeHHsI BETpa B TPOU3BOJBHBIX TOYKAX BUPTYAITBHOH CIICHBI
POU3BOJIUTCS C UCTIOIB30BAHUEM BEKTOPHBIX IOJIEH, PACCUUTHIBAEMBIX B pealbHOM BPEMEHU
Ha TpapUYecKOM NpoIeccope ¢ MPUMEHEHHEM MpPOTrpaMMHO-aNNapaTHBIX BO3MOXHOCTEH
CUDA wu 1meiinepHold Mojenud TOCIENHEro ToOKojJeHus. PaspabortanHbl OBICTpBIE
pacripesielieHHble METOJbl W AITOPUTMBI, YYUTHIBAIOIINE HECKOJIBKO Pa3IMYHBIX MOJEIeH
JBUKEHHST BO3IYIIHBIX Macc (THIOB BETpa) TaKWX, KaK YMEpPEHHBI BETep, MOPHIB BETPA,
BUXPb U T.JI.
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Wide class of objects being important for correct perception of the environment is dynamic
objects which don't have clear geometric boundaries, for example, fluid jets, falling snow,
rain, sandstorms, etc. Such objects consist of a huge number of small-sized elements and
usually are simulated in virtual space by particle systems [1]. As well as other real-world
objects, this object class is subjected to influence of many external forces including natural
ones. The gravitational force and force made by air mass movement (wind) are particularly
important for simulation in training and virtual reality systems.

Earlier in [2], we proposed solutions for multi-element particle system implementation in
3D virtual scenes using modern NVIDIA graphics processors. They are based on two-stage
processing of such systems during each frame image synthesis. The first stage is to calculate a
state of the system at given time moment in the form of particle data array. It is performed
using the CUDA parallel computing architecture. Creation of new particles, calculation of
existing particles’ parameters and removal of particles with expired lifetime are produced at
this step. The second stage is to visualize obtained array with "on the fly" synthesis of
necessary particle geometry, lighting calculation and texture mapping. To implement this
stage, shader processing technique is involved.

At the work new technologies, methods and algorithms based on these solutions were
created to simulate in real-time realistic dynamics of small-sized particle systems accounting
for gravity and wind force influence on them. The calculation of wind force and direction at
arbitrary points of virtual scene is performed using vector fields which are real-time
calculated on graphics processor that supports software and hardware capabilities of CUDA
and the latest generation of shader model. Fast distributed methods and algorithms taking into
account several different models of air mass motion (wind types), such as breeze, gust, vortex,
etc. were developed.

Acknowledgments: This work was supported by the Russian Foundation for Basic
Research (grant Ne 16-07-00796).
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OpHuM M3 aKTUBHO M3y4aeMbIX ceiuac METOJIOB YIPaBJICHUS POOOTOTEXHHUYECKUMU
Cpe/ICTBAMHU SIBJISICTCSI JKECTOBBIM HMHTEepdeiic. Ero mpeuMyIiecTBo COCTOMT B HMCIOJIB30BAHUU
SPrOHOMHUYHBIX, UHTYUTUBHBIX M €CTECTBEHHBIX JUIs YEJIOBEKa 03 U JKeCTOB. [ 9THX 1eneit B
OCHOBHOM HCIIOJIB3YIOTCS pyKH omeparopa. [lo3y omepatopa MOKHO onpenenuts [1] kak
HEKOTOPOE TMOJIOKEHUE €ro pPyK, XapaKTepU3yIoIeecs COBOKYMHOCTBIO 3HAYEHUI YTJIOB B
CyCTaBax M COCTOSIHMS JIaJIOHEH (CcxkKaThl B KyJaK WM pa3karbl). KecT pyku MOXKHO 3a/1aTh B
Bujie 1enoro yncna N > 1 mocnenoBaTenbHO MPONHACHHBIX €10 1o3. Kax ol mo3e mim xecTy pyK
COIIOCTABJISIETCS. HEKOTOPOE AKTUBHOE 3BEHO POOOTa, B KOTOPOM OCYILECTBIISIETCS JIBUKEHUE.
Hanpumep, cornyrasi B JIOKTe JieBas pyka O3HAa4aeT BBIOOp YIpaBleHUs ABIXKEHHEM poOoTa, a
OTBE/IEHHAs IIPU 3TOM B CTOPOHY IIpaBasi pyKa 03Ha4aeT oBOPOT poOOTa BIIPABO.

UYrtoObl 3amaTh CKOPOCTb W YCKOPEHHE BIDKEHHS, HYKHO B 3aBUCHMOCTH OT BEJIMYMHBI
OTKJIOHEHUSI PYK OT CTaHJAPTHBIX MOJI0KEHUH BBIYUCIIUTD YIIPABIISIOIIME CUTHAJIbI, [I01aBacMble Ha
COOTBETCTBYIOIIME SIIEKTPUYECKUE JBUraTelld poboTa M O0ECHeUMBAIOIIME JBIKEHHE po0oTa.
Brruncnenne mpou3BOIUTCS C TIOMOIIBIO HEKOTOPOM — (PYHKIMOHATBHOM CcXeMbl. [isi cozmaHust
TAKMX CXEM pa3paboTaH CIeIMaIbHBIA BU3yalIbHBIH pemaktop [2] ¢ Oomblioi OHOMMOTEKOI
(YHKIMOHAIBHBIX OJIOKOB, KOTOPbIE MOXHO PacrojiaraTb B €ro pabo4eM I10J1€ U COSUHSTh MEXKITY
co0oil. OcraBimecss CBOOOTHBIMM BXO[bI OJIOKOB CIIyXKaT BXOAaMH (PYHKIMOHAIBHON CXEMBl,
NPUHUMAIOIIUMU MJIEHTU(HKATOPBI 103 U JKECTOB, a TaKKe YIIbl B cowieHeHHsX. OcraBlvecs
CBOOOTHBIMH BBIXO/IbI — BBIXO/IAMH CXEMBI, Ha KOTOPBIX OYIyT BEIYHCIIEHBI YIIPABIISIOLINE CUTHAIIBL.

But koHKpeTHOM cXeMbl 3aBUCHT OT ()yHKIIMOHAILHOW HArpy3KH YIPaBIISIONIEro skecTa. Ecmu
KECT OIpeNeNseT TOJMbKO JEWCTBHE, a YCKOPEHHE 3TOro AEHCTBHUsS (PMKCHPOBAHO, TO CXeMma
JIOJKHA CUHTe3upoBath | (Hayath neiictBue) unn 0 (mpekpaTtuth aeiicTBue). B cinydae 3ananus
KECTOM TakKe BEJIMYMHBI YCKOPEHHS JaHHOrO JEWCTBUs, (YHKIMOHAIbHAs CcXeMma
BbIpa0aThIBaET YIPABJSIOMIMI CUTHAI B BHUJIE HAlpsDKEHHS, MOJABa€MOro Ha 3JIEKTPUYECKUMN
JIBUTATENh poOOTa JJIsl PA3BUTHUS B HEM TPEOYEMOTo YCKOPEHHUSI.

AmnpoOarys MpeyIoKEHHBIX METOJOB CHHTE3a YIPABISIOUIMX CHUTHAJIOB Ui peau3aliu
’KECTOBOTO HHTepdelica MPOoM3BOMIACE C HUCIONb30BaHMeM YycrpolictBa Kinect B pamkax
pazpadoransoro B ®I'Y OHI[ HUNCHU PAH komruiekca, BKIFOYAIOIIETO CUCTEMBI YIIPABICHUS,
JMHAMUKU U BU3yaJdM3aluu. Pe3ynbraTel anpoOayu Moka3aliu aJeKBaTHOCTh IMPEII0KEHHbBIX
METOJI0B TPeOOBAHUSAM K CUCTEMaM YIIPABJIEHUS pOOOTaMHU B TPEHAKEPHBIX CUCTEMAX.
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Currently, one of actively studied methods of robotics device control is a gesture interface.
Its advantage is in using postures and gestures which are ergonomic, intuitive and natural for
humans. For these purposes, operator's hands are mainly used. The posture of an operator can
be determined [1] as some position of his hands, characterizing by a set of angle values in
joints and states of hand palms (clenched to fist or unclenched). Hand gesture can be given as
whole number N of consecutively passed postures, where N > 1. Every hand posture or
gesture is associated to some active robot link in which movement is carried out. For
example, left hand bent at the elbow means a choice of robot motion control. Wherein right
hand diverted to the side means robot rotation to the right.

To set movement speed and acceleration, it is necessary to calculate control signals
depending on the amount of hand deviation from standard position and transmit them to
corresponding electrical engine that provide robot motion. The computation is performed with
using a certain functional scheme. To create such schemes, special visual editor has been
developed [2] with a large library of function blocks that can be placed in its working field
and connected to each other. Remained free block inputs are functional scheme inputs which
take identifiers of postures and gestures and also angles in joints. Remained free outputs are
the scheme outputs which control signals will be calculated on.

The type of a particular scheme depends on functional load of control gesture. If a gesture
only defines the action and acceleration of this action is constant, the scheme must generate 1
(start the action) or O (stop the action). When a gesture also defines a value of acceleration for
the action, functional scheme generates control signal in the form of voltage transmitted to
robot’s electrical engine for providing necessary acceleration to it.

The approbation of control signal synthesis methods, proposed at this work for gesture
interface implementation, was carried out using Kinect device and software complex
developed at SRISA RAS, which includes control, dynamics and visualization systems.
Results of this approbation showed the adequacy of proposed methods to requirements for
robot control systems in training complexes.

Acknowledgments: This work was supported by the Russian Foundation for Basic
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KomnekcHplii aHaW3 SBIAETCS MATEMATUYECKOW JUCHMIUIMHOM, KOTOpas MOpOJHIIa
MHOTHE COBPEMEHHBbIE MaTeMaTHUeCKHe AWCLUUIUIMHBI M TEOpUH, TaKUX KakK: TEOpHUs
PUMaHOBBIX TIOBEPXHOCTH, MaTEMATUIECKUI aHAIN3 Ha MHOTO00Pa3HsIX, TEOPHUs MPEICIbHBIX
MHO>KECTB, TEOPHSI HOPMAJIbHBIX CEMEHCTB (yHKIUH, Teopus (PpakTanoB, anreOpanyeckoit
TE€OMETPUH, TEOPUH TPOCTpaHCTB GyHKIWA u T.4. OHa TaKkKe Hamela NPUMEHEHHE
MPAKTHYECKH BO BCEX MAaTEMATHMUYECKUX JUCIMILIUH U MHOTHX €CTECTBEHHBIX U TEXHHUUYECKHUX
HayK. JTO MOATBEPKIAETCS HAYYHOH JINTepaType BCEX ATHX HAYK M TUCIUILIHH.

OcHOBHOM OOBEKT KOTOPBI H3y4yaeTcss B KOMIUIEKCHOM aHalu3e -rojoMopdHbie
(aHanmuTHUYECKHE) (YHKIMH, OTOOpakarollyue pa3inyHble 00JIaCTH KOMIUIEKCHOM IIOCKOCTH
nunu chepsl Pumana Ha chepy Pumana ([1]).

B smom O0oknade b6ydem paccmampusams 60npoc 0 mom, No4emy meopusi 2010MOPPHbIX
@yHKYyull, onpedeneHHbIX HA eOUHUYHOM OUCKe OUHAMUYECKU PA38UBANACHL U PA36UBAMbCA,
xXoms makas cumyayusi He cyujecmseyem OJis 20I0MOP@HBIX QYHKYULl, OnpeodesieHHbIX Ha
cpepe Pumana.

JlunamMuka Teopuu ToOJOMOP(HBIX (YHKIMI Ha €JUHUYHOM JIUCKE ONHMpaeTcs Ha
TUHAMHYECKYI0 CTPYKTypy JHUCKa. OTa CTpPyKTypa B OCHOBHOM COCTOMTCA U3
runepOonuueckoil MmeTpuku Monenu Ilyankape reomerpun Jlob6adeBckoro u rosomMopdHoit
TuHaMUKe npeobpazoBanus Méoduyca ([2], [3]). 3aech MbI IpeICTaBUM OCHOBHBIC DJIEMEHTHI
3TUX CTPYKTYp M TOKaXXeM, MPHUBOJS HECKOJIBKO MPUMEpOB ((PpparMeHTOB) TOro, Kak OHHU
BIIUSIIOT Ha OOTaTCTBO UCCIIEOBAHUHN TOJOMOP(MHBIX (PYHKITHH.

Ha cdepe Pumana He MOXET pa3BHBAaeTCS B OTOM CMBICIE TEOPHUS TOJIOMOPQHBIX
¢ynkuuii. [Touemy? D10 sgBIsSETCS NPSAMBIM CIEACTBUEM TeopeMbl JIMyBHIUIA IUISL LENBIX
byukumii . B camom gene, romomopdHbie GyHKIHMH, ONpeicieHHble Ha cdepe Pumana,
ABJIAKOTCS ITIOCTOAHHBIMU. I[aI[I/IM HOBO€ AOKa3aTCJIbCTBO 3TOU TCOPCMEI.
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Kak wu3BecTHO, HpW YKHCIEHHOM pEHICHUU MPUKIAAHBIX 3a/7ad a’3pOJUHAMHKHU
BO3HUKAET HEOOXOIMMOCTh HCIOIH30BAHUS YHCICHHBIX METOJOB BBICOKOW TOYHOCTH. DTO
OCOOCHHO aKTyalbHO MJIs PELICHHsS CJIOXKHBIX PA3HOMACIITA0HBIX 3a/ad, B KOTOPBIX
MOJIYYUTh PEHICHUE TOJBKO U3MEIBYCHHEM CETKH U METOJIaMH TEPBOTO MOPsIKa TOYHOCTH
HepocTaToyHo. [IpuMepoM mMeToj1a, 00eCcIeunBaroIEro BEICOKYO TOUHOCTb, SIBJISIETCS METO]
lanmepkuna ¢ paspeiBHBIME OasucHbIMEH QyHKIUAMH[1]. OmHako, pa3pbIBHBIH METOJ
["anepkuHa oOJagaeT CYMIECTBEHHOW BBIYMCIUTEIHHOM CIIOKHOCTBIO, IMOATOMY IIPH €0
NPUMEHEHUH BCTAaeT BOIMNPOC O MAKCUMaJIbHO 3()PPEKTUBHOM HCIOJIB30BAHUU BCEX
BO3MOXHOCTE  COBPEMEHHOM  BBIYMCIUTENBbHOW  TEeXHHMKU. JlMHamuka  pa3BUTHUS
BBICOKOIIPOM3BOIUTENIBHON BBIUMCIUTENBHON TEXHUKU JHUKTYET CO3JaHUE IMPOTPAMMHBIX
KOMIUIEKCOB, CPaBHUTEIBHO JIETKO aalTUPYEMbIX UIsi pabOThl HA Pa3IUYHBIX THOPUIHBIX
napajuleNbHBIX apXUTEKTypax. ABTopamu OblUT pa3paOoTaH MPUHIUIIMATHHO HOBBIA MOIXO]
K MPOrpaMMHUPOBAHHMIO 33/Jad MATeMaTUYeCKOW (DHU3MKH, TMO3BOJSIONINN KOMITAKTHO
3amMuchIBaTh ¥ 3PPEKTUBHO pean30BbIBATH MaTEMaTHUECKHE (DOPMYIIbI, B YACTHOCTH, 33 CUET
BBEJCHHUS  TIOHATHS  «CETOYHOTO  OMeparopa», aHAJOTMUYHOTO  MaTEMaTUYECKOMY,
€IMHOOOPa3HO pEalM30BBIBATh TOAXOJ Ha pPa3HBIX THUIAX CETOK W IS Pa3IudHBIX
BBIYUCIIUTENBHBIX  apXuTeKkTyp[2,3]. Ha ocHOBe ceTo4YHO-OmepaTopHOro IMoaxojaa K
POrPaMMHUPOBAHUIO OBUT pa3paboTaH MPOTPaMMHBIA KOMIUICKC, PeaTu3yIOIHid pa3phIBHBIN
MeToJl ["aiepkuHa Ha HECTPYKTYPUPOBAHHBIX TETPAIPATIBbHBIX CETKaX [4], KOTOPHIA MOKa3al
CBOI0 3()EKTUBHOCTH JIJIS1 YUCICHHOTO MOJIETIMPOBAHUS 3aa4 adPOAMHAMUKH.
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It is well known that applied aerodynamic problems when solved numerically require the
usage of high accurate numerical methods. This is especially true for solving complex
different-scale problems, in which it is not enough to obtain a solution by grinding the grid
and using first-order accurate methods. As an example of a method that provides high
accuracy let’s discuss the Discontinuous Galerkin method [1]. However, the Discontinuous
Galerkin method has a significant computational complexity. So the usage of this method
requires maximizing the use of all the possibilities of modern computer technology. The
dynamics of the development of high-performance computing technology dictates the creation
of software complexes that are relatively easy adaptable for work on various hybrid parallel
architectures. The authors have developed a fundamentally new approach to programming
problems in mathematical physics that allows you to compactly write and effectively
implement mathematical formulas, in particular, by introducing the concept of "grid
operator", similar to mathematical, to implement the approach on different types of grids and
for various computing architectures [2,3]. Based on the grid-operator programming approach,
a software package was developed that implements the Discontinuous Galerkin method on
unstructured tetrahedral grids [4], which showed its effectiveness for numerical simulation of
aerodynamic problems.

Acknowledgements: The work was partially supported by RFBR under research projects
No.14-01-00145 and 16-01-00333.
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Jnis pemieHus 3ajad ra3oBod JUHAMUKU IIUPOKO MpuMeHsercs Mmero] ['anepkuHa c
pa3pbIBHBIMU 0a3UCHBIMM (DYHKIMSIMH, KOTOPBIA XapaKTepU3yeTCsl BBICOKUM IOPSIKOM
TOYHOCTH THOJy4aeMoro pemieHus. Kak M3BECTHO, NOMHMO MHOXECTBAa IPEUMYILIECTB
IPUMEHEHMS Pa3pbIBHOIO MeToJ1a [anepkuHa, OH, IMEET HEKOTOPbIE CII0KHOCTHU pealn3alliu.
Tak, g oOecrieueHHss MOHOTOHHOCTHU pELICHMs, IOJIYYEHHOI'O JIaHHBIM METOOM,
HEOOXOJUMO BBOJWUTh TaK Ha3bIlBa€Mble OTPAaHUYMUTEIM HAKIOHA, WIM JIUMUTEPHI, B
0COOEHHOCTH B TOM CIIydae, eCiii pelIeHue COACPKUT CHIIbHBIE pa3pbiBbl. Hanbomnee mupoko
UCIIOJIb3YEMBIM, siBiIseTcs Kiaccuueckuil numutep KoxOypna [1]. Maes nanHoro nmumutepa
JIETKO pPEau3yeTcsi B MHOIOMEPHOM CiIy4ae Ha CEeTKax MPOM3BOJIIBHOM CTPyKTypel. K
CO’KaJICHUIO, JTAHHBIM JIMMHUTEpP CHM)KA€T TOYHOCTH Iosydyaemoro pemenus [2,3]. Iloatomy
BOIIPOC COXPAHEHUs MOPSAIKA TOUHOCTH pPeleHHsI 1 00ecrieYeHUss MOHOTOHHOCTH PELICHHUs B
HACTOSIIIMH MOMEHT OCTaeTcs akTyalbHbIM. B naHHOM paboTe paccMOTpeHBI XOPOILO
3apeKOMEHI0BABIINI ce0s criiakuBaromuii oneparop Ha ocHoBe WENO pexoHcTpykiuu [4]
U CIVIXXHBAIOIIUI ONEepaTop HOBOI'O THIA, YUUTHIBAIOIIUN CKOPOCTh U3MEHEHUs peIleHUs U
CKOpPOCTh U3MEHEHUS €ro MPOU3BOIHBIX.
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Discontinuous Galerkin method is widely used to solve gas dynamics problems. This
method uses discontinuous basis functions which allows it maintain a high order of accuracy
of the solution. Despite all the benefits of using Galerkin method, it requires some tricky
implementation. So to ensure the smoothness of the solution it is necessary to use so called
limiters especially when the solution contains discontinuities. The most popular limiter is the
one described by Cockburn in [1]. This limiter can be easily developed on multidimensional
grids with arbitrary structure. Unfortunately it reduces the accuracy of the solution [2,3].
Thereby the vital goal is to keep the order of accuracy of the solution. In this paper we review
two different methods. The first one is well proved smoothing operator based on WENO
reconstruction [4]. The other one is a new smoothing operator which takes into account the
speed of change of solution and it's derivatives.

Acknowledgements: The research was performed under financial support of Russian
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References:

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

2. M. E. Ladonkina, O. A. Neklyudova, V. F. Tishkin, Research of the impact of different limiting
functions on the order of solution obtained by RKDG, Matem. Mod., 24:12 (2012), 124-128; Math.
Models Comput. Simul., 5:4 (2013), 346-349

3. M. E. Ladonkina, O. A. Neklyudova, V. F. Tishkin, Application of the RKDG method for gas
dynamics problems, Matem. Mod., 26:1 (2014), 17-32; Math. Models Comput. Simul., 6:4
(2014), 397407

4. X.Zhong, Chi-Wang Shu, A simple weighted essentially nonoscillatory limiter for Runge-Kutta
discontinuous Galerkin methods, Journal of Computational Physics, V.232, Is., 2013, Pp.397-415

80



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

AJAIITUBHBINA ANTEBPAUMYECKUI MHOI'OCETOYHBI METO/I JIJISI
TPEXMEPHBIX YPABHEHUH JJU®DY3UN

B.T. }I(yKOBl, O.b. q)eILOpI/ITOBal, H./. Hosukosa'

YHIIM um. M.B. Kenoviuua PAH
Mockea, Poccus
e-mail: zhukov@kiam.ru

[IpencraBiaeH amanTUBHBIA anreOpandeckuii MHOrOCETOYHbIM Meton (AMM) [1] mis
YHUCIICHHOTO PEIICHUs TPEXMEPHOTOo ypaBHeHUs auddy3uu. KirtoueBbIMEH 3lIeMEHTaMU
METO/a SIBJIAIOTCS JIBE aJalTUBHBIE MNPOLEAYpPbl CIIaXXKMBaHUS HAa OCHOBE ONTHUMAJbHBIX
MHOrOouwIeHoB  YeOwimieBa. [loka3aHbl  BO3MOXHOCTH  aBTOMATHYECKOW  aJanTaiuu
CriaXuBaTeNell K IpaHuIaM JAUCKPETHBIX orepaTopoB AMM. O6cyxnaroTcs CBONCTBA 3TUX
CIUIQKUBATENICH, OAWMH U3 KOTOPBIX SIBJISETCS OINEPATOPHBIM IOJIMHOMOM, JApYro —
panoHanbHOM  ¢GyHkiueil. [IpuBoasTcs pe3ynbTaThl SKCIEPUMEHTAIBHON MPOBEPKH.
Peanu3zanus crimaxkmBareneil W anropuTMa pelieHUs ypaBHEHHH HA caMOM TPyOOM YpOBHE
SBHO-UTEPAIMOHHBIMU CXE€MaMu oOOecreunBaeT MapaieNbHyl0 3(QQGEeKTUBHOCTh METOJa.
MHOroceToyHble METOMABI SBJSIOTCS MACIITAOUPYEMBIMHU WM ONTUMAJIbHBIMH, TaK Kak
MO3BOJIAIOT pemiarh JuHelHble cucteMbl ¢ N HewsBectHeiME 32 O (N) omeparmii, To ecTh
MOXHO Tipu pocte N monmydare pemieHHe 3a TIOCTOSHHOE BpeMsi TIPH  YCIOBHH
MPOMOPIMOHAIBHOTO POCTAa 4YHUCIAa MPOLECCOPOB KommbioTepa. OTMETHM, 4YTO MHOTHE
W3BECTHBIE WTEpAIMOHHBIE METOABl He MacmTabupyrorcs. OIHAKO, TPEXMEpPHbIE 3aJavu
mubdy3un ¢ aHU30TPONMHBIMU Pa3pPBIBHBIMU KOd(PPUIIMEHTaAMU SBISIIOTCS TPYAHBIMHU IS
MHOTUX METOJI0OB, BKJIIO4asi MHOrOceTOuHbIN. /[t neMoHcTpanuu padotocrocooHocty AMM
paccmotpuMm TecT [2]. PacuerHas oOnacTb — eOUHWYHBIM KyO — pa3OUT Ha deThIpe
nomobmactu Q,, i=1,..,4:

Q, ={(x,y,2): y<05,2<05}, Q,={(xy,2):y>0.5,2<0.5},
Q,={(x.y,2):y>05,2>05}, Q,={(xy,2):y<0.5,2>05}.
Tenszop nudpdys3un k(X, Y, Z) = diag{k;,kiy,k;} ¥ TOUHOE permenue umeero Bui: K. =1,
ki =10, ky2 =01 , kj =0.01, k;‘ =100 , k'=0.04 k*=100, k> =10, k!=0.1 wu
u(x,y,z)=a;sin(2nx)sin(2ny)sin(2nz) ¢ o, =0.1, o, =10, o, =100, o, = 0.01.

B pacuerax mo mociefoBaTENbHOCTH CETOK MOIyY4€HO HOATBEPXkKAEHHE, YTO aJanTalus
CTTaXWBaTeNed M pemarens TpyObIX ypaBHEHHH OOECIeYMBaeT JKEITaeMyl CKOPOCTh
CXOJMMOCTH alre0panyeckoro MHOTOCETOYHOT0 alnropuT™a Buaa [3].
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We propose an adaptive algebraic multigrid method (AMG) [1] for numerical solution of
three-dimensional diffusion equation The key elements of the method are two adaptive
smoothing procedures based on optimal Chebyshev polynomials. The possibilities of
automatic adaptation to the bounds of the AMG discrete operators are shown. The properties
of these smoothers, the polynomial and the rational function, are discussed. The results of
verification of the AMG are given. Effective implementation of the smoothers and the coarse
equation solver with the help of Chebyshev explicit-iterative algorithms enables the
functioning of the code on parallel machines. Multigrid methods are so-called scalable or
optimal methods because these methods can solve a linear system with N unknowns with only
O(N) work. This property makes it possible to solve ever larger problems on proportionally
larger parallel machines in constant time. Many classical well-known iterative methods are
not scalable. Three-dimensional diffusion problems with anisotropic discontinuous
coefficients are difficult for many methods including the multigrid. To demonstrate
robustness of the adaptive AMG we consider the benchmark [2] for 3D anisotropic diffusion.

The unit cube Q=[0; 1]3 is split into four subdomains €, i = 1, ..., 4, which are given by
Q, ={(xy,2): y<05,2<05}, Q,={(xy,2):y>0.5,2<0.5},
Q,={(x.y,2):y>05,2>05}, Q,={(xy,2):y<0.5,2>05}.

The diffusion tensor k(X, y,z)=diag{ki,k‘y,k2‘} and the exact solution are given by

ki=1 k=10, k2=01, k®=001 k=100, k!=0.01, k? =100, k% =10, k*=0.1 and

u(x,y,z)=a;sin(2nx)sin(2ny)sin(2nz) with o, =0.1,a, =10, a1, =100, ot = 0.01.
In the computations on the sequence of the grids we obtain the confirmation that the
adaption of the smoothers and the coarse equation solver provides good improvement in the

convergence rate of the algebraic multigrid algorithm [3].
Acknowledgements: This work is supported by RSCF project Ne 14-21-0025-TI1.
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PaccmarpuBaroTcss  pe3yabTaTbl YHUCIEHHOTO MOJEIUPOBAaHUS MHOTIOKOMIIOHEHTHOM
XMMHYECKH aKTUBHOW Cpe/ibl B KaMepe CropaHusi BBICOKOCKOpocTHOro ammapata [1]. s
IPOBE/ICHUS YHCICHHBIX SKCIIEPUMEHTOB OBl HCHOIb30BAH OTKPBITHIN MTPOrPaMMHBIM KOMII-
aexkc OpenFOAM. Pacuerbl TeueHH TIa30BOM CMECH MPOBOJAATCS HAa OCHOBE CHUCTEMBI
ocpenHeHHbIX N0 PelfHonbiacy ypaBHeHuii HaBbe-CTOkca ¢ BBEIEHHEM JONOJHHUTEIbHBIX
YJICHOB M YpaBHEHHI 115 yueTra 3(¢(GexToB TypOyJIeHTHOCTH M TopeHus. st onucanus Typ-
OyneHTHOCTH ucnonb3oBaHa SST-moznens Menrtepa. Ha Bxoje B KaHai 3a1aeTcsi CBEPX3BY-
KOBOI MOTOK IOJOTPETOr0 BO3/1yXa, COAEpXKAIUUW MPOAYKTHl CTOPAaHMS YIJIEBOJOPOIHOTO
toruBa. Yucno Maxa B siipe noroka M~2.5. B cepeuHe U30/1TOpa pacioaaratoTcsi MHKeK-
TOPBI YIJIEBOIOPOAHOIO TOILIUBA.

Mpbl HcIONB30BaNIM TpeXCTaauiiHyto TexHosnoruto. CHayana (GopMupyroTcs ra3oiu-
HAMUYECKUE TOJsI B paMKax MOJEIU HACAILHOTO ra3a Ha OCHOBe perarens SonicFoam.
Bropoii 3Tanm HauMHaeTcs MOCIE YCTaHOBIEHHUs peuieHus. Ha 3ToM srame BKirodaeTcs
BIIPBICK TOIUIMBA, a pEIlIEeHUE, IOJYyYeHHOE Ha NEpBOM JTare, NMPUHUMAeTCs] B KayecTBE
HayalbHOTO NpUONIMKeHus. Mojenb uaealbHOro rasa 3aMeHsIeTCs Ha MOJIelb MHOTOKOM-
MIOHEHTHOT'O XMMHYECKH pearupyroriero rasa (pemarens reactingFoam). Ilociie moBTopHOTO
YCTAQHOBJICHHsI PEIICHUs] HauWHaeT paboTaTh mpoueaypa apoccenrpoBanus. OJHOBPEMEHHO
BKJIIOUYAIOTCS MOJIENIb FOPEHUS] U MHUIMAIM3UPYIOTCS Bce peakiuu. s obecriedeHust 3axu-
raHusl CMECH HCIIOJIb30BAHO KPATKOBPEMEHHOE 3allMpaHUE KaHajla MOTOKOM C)KaToro BO3MAY-
Xa, MoJlaya KOTOPOro OCYILIECTBISIETCS IONEPEK OCHOBHOI'O TOTOKA € MOMOILIBI0 MTHEBMO-
Apoccens.

[Ipennaraemass paboTa NOCBSIIEHA MOJEIMPOBAHUIO U aHAIM3y PEXHUMOB pabOThHI
MOJIEJIbHOW KaMepbl CrOpaHHs, pEaJU3yeMble NPU H3MEHEHUHM 3HAUYEHUs HHTETPAIbHOTO
Koa(uimenTa U30bITKA BO3AyXa.

Pe3ynbTaThl MOIY4YEeHBI ¢ UCIOIB30BaHUEM NapaibHON peanuzanuu nakera OpenFOAM
Ha cynepkommbiorepe K-100 w  moka3pBalOT  MPUHIUNHAIBHYIO  BO3MOXXHOCTB
MOJIEJIMPOBAaHUS  BBICOKOCKOPOCTHBIX  TE€UEHMH  HEpearupyrolMxX M  pearupyromux
BBICOKOCKOPDOCTHBIX TE€YEHHH B JBYMEpPHOH IIOCTaHOBKE C BepU(HUKalUell pacuyeToB
JIeMOHCTpaIMel CXOIMMOCTH MPUOJIMKEHHBIX PEIICHUH TPU U3MEIbYSHUN CETKH.

PaGora BbimosHeHa mpu ¢uHAHCOBOM moanep:xkke IIlporpammbsl (pyHIaAMEHTaIbHBIX
uccnenoBanuii [Ipesunuyma PAH Ne 1.33I1.
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We present the results of numerical simulations of multi-component reacting flows in high-
speed combustion chamber [1] which is a key part of the model ramjet engine. Ramjets are
the air-breathing engines working at high supersonic speeds. The flow simulation software
OpenFOAM is used. Computations are based on the time-averaged compressible Navier-
Stokes equations with the turbulence SST model. In the inlet of the chamber, heated air-
hydrocarbon mixture (combustion products) is blown. The Mach number in the core of the
stream is about 2.5. A few injectors of hydrocarbon fuel are mounted in the entrance of the
chamber.

We use the three-stage technique. First, ideal gas flow is computed by the sonicFoam
solver. The second stage begins after achieving the steady-state solution. At this stage, fuel
injection is activated, and the solution obtained in the first stage is adopted as the initial
approximation. Instead of the ideal gas model it is used a model of a multicomponent
chemically reacting gas (reactingFoam solver). After re-establishing the solution, the
combustion model is switched on and all chemical reactions are initialized.

In connection with this three-stage technique we study high speed flow structures inside
the chamber in three regimes: the ideal gas flow, multicomponent (air-hydrocarbon mixture)
gas flow without combustion, and flow with intensive combustion process. To ensure the
ignition of the mixture, a short-term locking of the channel by a compressed air stream is
used, the supply of which is carried out across the main flow by means of a pneumatic hub.

The proposed work is devoted to numerical simulation and analysis of the combustion
modes in the chamber with respect to such important parameter as the integral excess-air
factor. As a result of numerical simulation we observe some pulsation regimes of combustion.

The results are obtained by running OpenFOAM in parallel on the supercomputer K-100
and they show the principal possibility of the use of this package for the numerical simulation
of high-speed flows of both non-reacting and reacting multicomponent mixtures in the model
ramjet engine. In this way, we have received a confirmation of the efficiency of the three-step
computation procedure based on OpenFoam numerical methodology (with few necessary
modifications), and have specified the needed solvers, the sequence of their application, the
level of the grid refinement.

Acknowledgements: This work is supported by Program of Presidium of Russian Academy
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Z HJ.Q T,,z cosz( —tl—i-a(t,))d]}

J:zq(tl)cos Z(ﬁ —t - a(zl ))dtl _
Z i J.Q T;,Z Cosz( —t, _a(fl))dT,

J: q(t,)sin Z(ﬂ' —t, +alt,))dt, =

Z HJ.Q T,,z smz( —tl—i—a(t,))d]}

J.Oz q(t,)sinz(z -1, — al(t,))dt, =
)= 35 [ QTP 2Jsinis = ale

KOTOPEIE MOSIBIIAECTCS KAaK TOXKJIECTBA B CTarbe [2]. DTH TOXKIECTBA MBI MCIOJBL30BAIHA IS
(bopMHpOBaHUE UHTETPATLHEIX YPABHEHUH 111 HEU3BECTHHIX (DYHKIIHI, KOTOpPBIE 3aBUCST OT
noTeHuuana ¢ u QyHKUUN 3aJIepKKU « .
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omeparopa Ll typm-JInysuns”, Mathematica Montisnigri, Vol XXXIV, 13-24 (2015)
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SEMISIMPLE n-ARY BIALGEBRAS AND ONE-DIMENSIONAL MODULES

V.A. ArtamonoVv?, B. Zekovich?

'Department of Algebra, Faculty of Mechanics and Mathematics, Moscow State University, Moscow,

Russia
e-mail : artamon@mech.math.msu.su
?Faculty of Mathematics and Natural Sciences, University of
Montenegro, Podgorica, Montenegro
e-mail: biljanaz@t-com.me

In this paper, we apply semisimple decomposition of some irreducible modules over n-ary

bialgebra for investigation of comultiplication in it. It is described one-dimensional
summands of tensor n-ary degree. It is assumed do have only one irreducible module of
dimension d>1.

Besides, there is found an explicit form of one-dimensional submodules in tensor-products.

At the end, it is given an example of n-ary bialgebra.
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SOME APPROXIMATION RESULTS IN PRIVALOV SPACES
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For any fixed p > 1, the class N ”, introduced in 1941 by LI. Privalov, is defined as the space of
holomorphic functions f on the open unit disk D:|z|<1 in the complex plane for which the

function (log™ | f(2)[)" has a harmonic majorant on D . In 1977 M. Stoll introduced the d , - metric

topology on NP, and showed that the space N " with the topology given by this metric becomes an

F — algebra. In the paper by R. Mestrovi¢ and Z. Pavicevi¢, from 1998, the authors proved the
logarithmic version of famous Szego’s theorem. More precisely, they proved a Szego-type theorem

given in terms of “weighted” Stoll’s d p - metrics. For any given P > 1, here we prove a similar result
for the “weighted” p,, - metric on the space N P involving the usual maximal radial limit function of a

function f e NP,
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ELEMENTS OD STABILITY AND BIFURCATION THEORY AND APPLICATIONS
TO THE PROBLEM OF SYNCHRONIZATION OF NONLINEAR OSCILLATORS

Nikola Konatar'

'University of Montenegro, Faculty of Natural Sciences and Mathematics, DZordza Vasingtona bb
81000 Podgorica
konatarn@yahoo.com

The problem of bifurcation control, i.e. the control of a system undergoing bifurcation, is a
complex problem which can be studied in different ways, depending of the goal. We define
the problem of bifurcation control as the problem of finding the right directions of control in
order to steer the system into the targeted solution. We will introduce the notions of stationary
state stability and bifurcation, mathematically define our problem, and give a method for
finding these right directions of control, with illustrative examples. We will pay special
attention to the problem of synchronization of nonlinear oscillators, which has significant
applications in science and in industry. Also, we give a method for choosing the direction of
control of the oscillators in order for them to synchronize, which relies on the method given.
Finally, we illustrate our method on the problem of synchronization of coupled Duffing
oscillators.

References :

1. V. Ja¢imovi¢, N. Konatar. “Determination of optimal forcing directions for synchronization of
nonlinear oscillations” (under review)

2. V. Ja¢imovi¢, N. Konatar. “Directional control of bifurcation into targeted Trajectory” In: Int. J.
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SPECTRAL ASYMPTOTIC OF CAUCHY'S OPERATOR AND LOGARITHMIC
POTENTIAL TYPE OPERATOR ON HARMONIC BERGMAN SPACE ON A
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We find the asymptotic behaviour of the singular numbers for the Cauchy operator

Cf(z) = — %_fq %dﬁl(w}, (éA — Lebesgue measure] restricted to the harmonic subspace

of L% (€¥),where Q is a simply connected domain in the complex plane. More precisely, we

proved
5. (PEC) = @(nY),n =+ =, by giving the upper and lower asymptotic

estimates

A (la0* + 8lg12)
I T m 2o '
where |#£2| is the length of the boundary of the £, ¢: & — &1 is a conformal mapping of the

unit disc D onto Q and P§* is harmonic Bergman projection.
Also, we consider the Logarithmic potential type of operator on the unit disc D,

Lfiz) = —%_[:D In|z —w| fiw)ddlw), and we prove

Hm, ...ws (PPL) = {% - %}E

&9
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MATEMATHYECKOE MOJEJUPOBAHUE HECTAIITMOHAPHBIX
IPOIIECCOB PACITIPOCTPAHEHUSA UHO®EKIIUN B CPEJIE OBUTAHUSA
JIOJIEN

JI.B. KnoukoBa, B.®. Tumkua

Hucmumym npuxnaonoti mamemamuxu um. M.B. Kenoviuwa PAH
e-mail: klud@imamod.ru

Jlis Toro yToOBI OpraHbl OOLIECTBEHHOIO 3ApPaBOOXPAHEHHUS MOIIM MPHUHATH Haubolee
3¢ dexTUBHBIE Mepbl B 00pb0e ¢ 3nuaeMueii, HEOOX0IUMO YMETh KOJUUECTBEHHO OLIEHUBATh
CPaBHUTEJbHBIE JOCTOMHCTBA PA3JIMYHBIX METOJNOB: BBEACHMSA KapaHTHHA, BaKIMHALUH,
BBISIBJICHHUSI KOHTaKTOB, 3aKPBITUE IIKOJ MM OOIIECTBEHHBIX OaHb U T. A. U T.N. OCHOBHOU
UHTEpEC s  aBTOPOB IMPEACTaBISI YpPOBEHb 3aKOHOB PpAacCIpOCTPAaHEHUsS HWHPEKUUN
KalelbHO-BO3YIIHBIM NyTEM. BpIOupanuch Takue XapakTepUCTUKH,  KOTOpbIE IpH
HEOOXOMMOCTH MOTJIHM OBl omucath Oosiee TOHKHE AeTand. OCHOBHON SMIUPUYECKUN (aKT,
KOTOpbII uMen (yHIaMEeHTalbHOE 3HAUE€HUE — TO, YTO BHPYChl 0€3 KOHTAaKTa C >KUBBIMH
KJIETKAaMH TPEACTABISIFOT COOOW HMHEPTHBIC YaCTHIBI, HUYEM HE OTJIMYAIOIIHECS OT HaHO
qyacTul] HeXKUBoW npuposl. Ouu npenctasisitoT codort ¢pparmentsl JJHK nnu PHK. ITonanas
B JKMBOW OpraHu3M, OHHU IIPUKPEIUIAIOTCS K KIETKaM, BHEAPAIOTCS B HUX M Tam
pazmHoxaroTcs. [Ipu 3Tom kieTtka nmorubaer. Ha Mecte oCTaTKoB Kak B MHUTATEIbHOW Cpefe
pa3BHUBaIOTCS OAKTEPUHU, KOTOPbIE MOTYT BbI3BaTh I'MOEIb BCETO KMBOI'O OpraHuszMa. Takum
0o0pa3oM, paclpoCTpaHEHHE CaMUX BUPYCOB B OKPYXKAIOLIEH cpefie MPOMCXOIUT MO 3aKOHAM
MHEPTHBIX npumMeceil. 110CKobKy Haml KOJUIEKTMB aKTHBHO 3aHMMAETCS MAaT€MAaTHYECKUM
MO/JICIMPOBAHUEM PACIPOCTPAHEHUH pa3IMUHBIX 3arPSI3HEHUN B OKPYXKAIOIUX cpelax, ObLI
pa3paboTaH MCHOJHUTEIBHBIN MOAylbh B mporpamMmmMHoM KoMmiuiekce TIMES nns omucanus
IIPOLIECCOB PACIpPOCTPAHEHUSI BUPYCOB C Y4ETOM HM3BECTHBIX U3 NMPAKTUYECKOW MEIULIMHBI
0COOEHHOCTEHN U3yyaeMbIX BUPYCOB, PACIPOCTPAHSIOUINXCS BO3 Y LIHO-KAMEIbHBIM Ty TEM.

Pa6ota BeimonHeHa npu ¢punancoBoil noanepxke POOU rpant Ne 17-01-00361 a
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JASEP-UHAYIIUPOBAHHAS ®@J1YOPECHEHIUA BUOJTOT'HMYECKHUX
TKAHEHN B JIUATHOCTHUKE COLIMAJBHO 3HAYUMBbIX 3ABOJIEBAHUM

H.H. bynrakosa
HUnemumym obwett pusuxu um. A.M. I[Ipoxoposa PAH, 119991, Mockea, yn. Basunosa, 0.38

B nanHoii paboTe mpencTaBieHbl pe3yJIbTaThl UCCIENOBaHUI (DIIyOpECIIeHTHBIX CBOMCTB
OMOJIOTMYECKUX TKAaHEH M peleHHs aKTyalbHBIX 3aJad JUarHOCTUKU COLMAIbHO-
3HaYMMBbIX 3a00JI€BaHUH, B IEPBYIO OYepeb - paHHUX (OPM paka.

OHJOreHHass  WMIM  ayTOQuIyOpecLUEeHIMs,  OHOJOTMYECKUX  TKAaHEH  SABJISAIOTCA
YyBCTBUTEIbHBIM HEMHBA3UBHBIM MapKepoM MPOUCXOISAMIMX B HUX mporeccoB. [lo mepe
CTapeHMs TKaHEH, NMpU pa3BUTHM Pa3IMYHbIX 3a00J€BaHUNA M MATOJIOTMYECKUX IPOLIECCOB,
BKJIIOYAs 3JIOKAYECTBEHHOE IEPEpOXKICHHE, ayTO(IyOpPEeCUEHTHbIE CBOMCTBA TKaHU
IpeTepreBalOT 3HAYUTEIbHBIE N3MEHEHHs. Peructpanus BO3HUKAIOUIMX pa3iM4yuil JEKUT B
OCHOBE BBICOKOUYBCTBHUTEIBHBIX ONITUYECKUX METO0B (DIIyOPECIICHTHON AMArHOCTHKH.

B noxnage OynyT mpeiacTaBiieHbl Pe3yibTaThl HCCIENOBAHUM Jla3ep-UHAYLHUPOBAHHOTO
ayTO(IIyOpPEeCHEHTHOT0 U3IYyYeHHUs HOPMAJbHBIX U MAaTOJOTUYECKUX TKAaHEH MpH OCBELICHUU
MX TOBEPXHOCTH JIa3epHbIM H3TyuyeHHeM B Y@ U cuHEM Auamna3oHax crnekrpa. M3mydenue
YKa3aHHBIX CIEKTPAJbHBIX JWANA30HOB A(PQPEKTHUBHO MOTJIOMIACTCS COACPKALMMUCA B
TKaHSIX YHAOTEHHBIMHU XpoModopamu (TJIaBHBIM 00pa3oM, TeMOTJIOOMHOM U ero (opmamu), a
TaKXke HHIOTCHHBIMH (IyopodopaMu, K KOTOPBIM OTHOCSTCS OIpPECNICHHBIE MOJICKYJIBI
COEJMHUTEJIBHONM TKaHH, JbIXaTeIbHOM LEMH, a TaKKe MPOLYKThI METa00JIN3Ma U CTapEHUs.

Bonbmoe BHMMaHue OyJer yaeneHo pa3paboTaHHOW KOHLEMIMH  CHEKTPalIbHO-
(J1yOpeCLIEHTHOTO aIrOpUTMa MOIY4YEHUS] JOCTOBEPHOM TUArHOCTUYECKOM MH(pOpManuu Ha
ocHOBe online MOHHUTOpPHHTA «CHIEKTpaJIbHOTO oO0pa3a» Ouojorumueckoi TkaHu. I[lomumo
COBOKYIHOCTH  MPOCTBIX KAa4E€CTBEHHBIX OCOOCHHOCTEH BM3yalbHO HaOJIH0/1aeMOro
MaHOPAMHOTO M300paKEHUSI TKAHU B CBETE ayTO(IIyOPECLEHINH, B «CIEKTPAIbHBIA 00pa3»
IPEUI0KEHO, TOMUMO aMIUIUTYAHBIX XapaKTepPUCTUK, BKIIOYaTh 0a30Bble KOJIMUYECTBEHHBIE
XapakTEepUCTHKH  (GOpPMBI  CHEKTpa  JIa3ep-UHAYLUPOBAaHHOM  ayTodiyopecieHuu,
U3MEPEHHBIX B JOKAJIbHBIX TOYKAX OBEPXHOCTH.

Byner Takke mpenacraBneHa —ammapartypa, paspaboranHas B MO®PAH, s
(J1yOpecLieHTHON TMarHOCTUKK PaHHUX (POPM paka CIM3HUCTBIX 000JI0YEK IMOJIBIX OPTaHOB U
pe3ybTaThl €€ KIMHUYECKOTO IPUMEHEHUS B ITyJIbBMOHOJIOTUH, THHEKOJIOTUH, CTOMATOJIOTHH.

BbaarogapHocTh: [Tporpamma (dbyHIaMEHTATBHBIX HCCIIeIOBAaHU M PAH
«DyHIaMeHTaNbHbIE U MPUKIAAHbIE MPoOJeMbl (POTOHUKKM M (U3MKA HOBBIX ONTHYECKUX
MaTepuasoB», poekT «l3yueHue crekTpaibHbIX 00pa30B TKaHEW U BBISBICHUE UX CBSI3U C
MATOJIOTMYECKUMU MTPOLIECCAMM.

JIuteparypa:

1. N. Bulgakova, V. Sokolov, L. Telegina et al. “Study of laser-induced autofluorescence emission
spectra from normal and malignant bronchial epithelium”, Photon Lasers Med, 2(2), 93-99 (2013).
2. HMNU. Kpuxemu, T.U. IlosgmsxoBa, H.H. bynrakosa, E.}O. IIpokymuna, ‘“Pe3ynbrarsl

ayTO(IIyOpeCieHTHOM CTOMAaTOCKOIMHU IUIOCKOTO JIMIIAas KAaK CKPUHMHIOBOTO METOJA BBIABICHUS
MPeIpaKkoBBIX U PAKOBBIX M3MEHEHWH ciu3ucToi o0omouku pra”, Poccuiickas cromaronorus, 4(80),
13-17 (2016).
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LASER INDUCED FLUORESENSE OF BIOLOGICAL TISSUES IN DIAGNOSTICS
OF SOCIALLY SIGNIFICANT DISEASES

Natalia Bulgakova
A.M. Prokhorov General Physics Institute of the R A S, 119991 Moscow, Vavilov str.38, Russia

This paper presents the investigations of fluorescence properties of biological tissues for
the decision of actual problems of diagnostics of socially significant diseases, primarily early
stage cancer.

Endogenous or autofluorescence of biological tissues is the sensitive non-invasive marker
of existent processes. Such process as tissue aging, the occurrence and growing of various
diseases and pathological processes, including malignant transformation, cause the significant
alterations in tissue autofluorescence properties. The registration of this alterations is the basis
of a highly sensitive optical methods of fluorescence diagnosis.

The results of the study of laser-induced autofluorescence emission of normal and
pathological tissues under the laser excitation in the UV and blue spectral ranges will be
presented. The radiation of defined spectral ranges is effectively absorbed by the endogenous
chromophores (mainly hemoglobin and its forms), as well as endogenous fluorophores, which
include the certain molecules of connective tissue, the respiratory chain, as well as products of
metabolism and aging.

The attention will be paid to the developed the concept of spectral-fluorescence algorithm
of obtaining the reliable diagnostic information based on online monitoring the spectral
pattern of biological tissue. In addition to the complex of simple qualitative features of the
autofluorescence images, the spectral pattern involves the basic characteristics of amplitude
and shape of the laser-induced autofluorescence spectra measured at local points on the tissue
surface.

The equipment developed in General Physics Institute for fluorescence diagnosis of early
stage cancer and the results of its clinical application in pulmonology, gynecology, dentistry
will be presented also.

Acknowledge: The RAS Program of the Fundamental Researches: «Basic and applied
problems of photonics and physics of new optical materials», the Project «Study of the
spectral pattern of biological tissue and its correlation with pathological processes»
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MATHEMATICAL MODELING APPLICATION IN INTEGRATIVE THERAPY
WITHIN ASTHMA PATIENTS
Emilija Nikoli¢', Tijana Brandmajer’,
! Medicine FacultyPodgorica, University of Montenegro,
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2 Medicine FacultyPodgorica , University of Montenegro,
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Asthma is uninfective chronic disease, which can produce to physical, emotional, and social
disability for patients and weak quality of life. Asthma patients were treated in Mediterranean Center
Igalo. The control group (60) was subjected to physical rehabilitation and medicament therapy; the
experimental group (60) was subjected to had rehabilitation, medicament therapy and acupuncture
stimulation. Spirometry parameters were measured at the beginning and the end this therapy.
Symptoms of Asthma in patients were recorded every day. Also, Asthma Control Test (ACT) and
Asthma Quality of life Questionnaire (AQoLQ) related to overall health condition were made in both
groups. High correlation between summary value of ACT (0-20 points), AQoLQ(SCORE) and
parameters of pulmonary function were recognized respectively: 1) Control group: a)-0.461(score —
PEF) b)-0.432(score-FEV1) ¢)-0.401(score-FVC) d)-0.331 (score-point) 2) Experimental group: a)-
0.258(score-PEF) b)-0.312(score FEV1) ¢)-0.340 (score-FVC) d)-0.642(score-point). By using of
nonlinear regression analysis, an admissible mathematical model was developed to provide the values
of AQoLQ on the basic spirometric parameters, and exacerbation results. All investigated parameters
indicated improvement at the end treatment in both groups. The highest improvement was noted for
the parameter FEV1. Also, improvement in all symptoms in Asthmatic patients was noted for both
group. At the end of research the Asthmatic patients experimental group had better Quality of life,
emotional function, and activity than patients control group. Acupuncture stimulation has positive
effect on Asthmatic patients. Research results suggested that the acupuncture therapy in primary health
protection should be included two times a year.
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BOCCTAHOBJIEHUE ®YHKIIAM 110 3AJIAHHBIM HHTEI PAJIbHBIM
XAPAKTEPUCTUKAM

M.E. Kykosckuii, C.B. [lononsko, A.A. KprokoB

HUIIM um. M.B. Kenoviua PAH
psv66@mail.ru

PaccmaTpuBaercs 3aaua 0 HAXOXKJICHUH ONPEIeNICHHOM Ha OTpe3Ke ¢ € [a, b] bynkpm u(t),

KOTOpas yaoBJICTBOPIACT COBOKYITHOCTH UHTCTPAJIbHBIX COOTHOIIICHUM BUAA:

b
[htwat nt—t nt, —td=f k=1..n,

rae 1 z — eauHWYHAs QYHKIUS XeBUCcaiIa.

Ha uckomyro ¢pynkuuto U(t) HakIaIpIBalOTCS CIEAYIONME OTPAaHHYCHUS:
t

k41
fk TutT dr— f||<e; aétkétkﬂéb;tk <t.,; >0,
t,

k

Takue 3amaun SABISAIOTCS HEKOPPEKTHO IOCTABJICHHBIMH. 11 MX peleHus IpemsioKeH
BapMaHT yCTOMYMBOrO BapHalMOHHOrO Meroga [1]. B kadecTBe CTaOHIM3HMPYIOLIETO
(GyHKIIMOHaa UCIOJIb3YeTCsl Bapualusl QyHKIUU W/WIHN €€ MPOU3BOJHBIX, B 3aBUCUMOCTH OT
U3BECTHOI anpuopHoil uHpopMmanuu o riaaakoctu peureHus U (t) [2]. TIpemnaraemsiii MeTos
MO3BOJIIET YYUTHIBATh JOMOJHUTENIBbHYI0 HH(OPMALIMI0 00 UICKOMOM pPEIIEHUH, 33aJJaHHYIO0 B
BUJIC JIMHEHHBIX OTpaHWYeHU Ha (QyHKIMoHanmbl F(U) Ha mpoctpaHcTBe pemreHuid U(t) u Ha
npou3BoiHbIe HcKoMoit hyHkuuu U(t) [3].

PaccMoTpeHa BO3MOXKHOCTb PAacCIpOCTPAHEHHs IMPEUIOKEHHOIO METOAA HAa JBYMEPHBIN
ciyyaii [4]

ffK Enoux &y &n o dédn — f < 5w, COCRk=1...,n

Wy

Baarogapuocts: Pabora BeimonHeHa npu nojiepkke rpanta PODU Ne 15-01-03027.
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BAPUAIIMOHHBIA METO/ B 3AJTAYE O TOHKOM YIIPYT'OM BKJIIOYEHUH
B IBYMEPHOM BA3KOYIIPYI'OM TEJIE

onosa T.C.

YCesepo-Bocmounwiii pedepanvuviii ynusepcumem um.M.K.Ammocosa,
Poccusa, Axymck, benunckoeo, 58
e-mail: ptsokt@mail.ru

B pabote paccmaTpuBaercs KpaeBas 3aJadya O pPaBHOBECHH JBYMEPHOI'O BS3KOYIIPYIOro
T€Ja, UMEIOILEro TOHKOE yIpyroe BKIOueHUE. MoaenupoBaHue BA3KOYNPYroro mMarepualia
mpeanoyiiaraeT MPUMEHEHHE TaK Ha3blBaEMBbIX HACJIEJCTBEHHBIX HHTErpayioB. ToHKOE
BKIIIOUGHUE MOJENUpyeTcs Kak ympyras Oanka bepHymiu-Diinepa, pacnoiiokeHHas B
BA3KOYIIPYIOM JIByMEpHOM Teine. PaccMarpuBatoTcst ciayyau HEOTCIOMBIIETOCS BKJIIOUEHUS, a
TakKe ciydait 6anku ¢ otcioenuem. [locnennuii cinydait popmynupyercs Kak AByMEpHOE T,
UMeEIOLIee TPELIUHY, IPOXOIAIIYIO 10 Bcel IMHe BKItoueHus. [Ipeanonaraercs, 4ro TpemuHa
uMeeT J1Ba Oepera, Ha OJTHOM U3 KOTOPBIX UMEETCS YIIPYroe BKIIIOUEHUE.

3amaya B 00OMX CilydasX CTaBUTCS B BHJE KpaeBoW 3amaud. B ciydae oTciouBiierocs
BKJIIOUEHUSI Ha Oeperax TPEIIMHBI JTOTOJHUTENIBHO 3a/laHbl HETMHEIHbIE KpaeBble YCIOBHS
BU/Ia HEPABEHCTB, KOTOPbIE MHTEPIPETUPYIOTCS KaK B3aMMHOE HENIPOHUKAHME TOYEK OJHOI0
u3 OeperoB TpeHMHbI U BKItOUEHUS. HelMHEeHHOCTh MOCTaBIEHHOM 3a/aun 00yClIaBIUBaET
HEOOXOJUMOCTh BAapUALlMOHHOIO MOJXOJAa B HCCIEIOBAaHUU pPa3peliuMOCTH, I1OITOMY
MPUBOJIUTCS MOCTAHOBKA B BHJIC BapUAllMOHHOT'O HEPABEHCTBA U JIOKAa3aHA YKBUBAJICHTHOCTh
yKa3aHHBIX Ju(QepeHInanbHON 1 BapuaiOHHON (OPMYIHPOBOK MPH YCIOBUH JOCTATOYHOM
[JIaJIKOCTH PEIICHUH.

VYcraHoB/IeHAa OJHO3HAYHAS pa3peIlMMOCTh BAPUAILMOHHOTO HEPABEHCTBA, MOJYyYEHO
JIOTIOJIHUTEIIbHOE CBOWCTBO IUIAJKOCTH PEIIEHUH 110 BpeMEHHOW nepeMeHHoi. Kpome Toro,
MOKa3aHO, YTO BBEJEHHE B 3ajJaue IapaMmeTpa, XapaKTepU3YIOIIEro >KeCTKOCTh Marepuala
BKJIIOYEHUS TIO3BOJISIET pacCMaTPUBATh CEMEICTBO 3a/1a4 00 YIIPYIUX BKIIOYEHUSX Pa3IUuHON
JKECTKOCTH M JIOKa3aHO, 4YTO 3ajJadya O TOHKOM JKECTKOM BKJIIOUEHUU B JIBYMEPHOM
BA3KOYIIPYIOM TeJe SABJIAETCA MpPENEIbHOW Ul JAHHOTO CEMEHCTBA IIPH CTPEMIICHUU
YKa3aHHOT'O NapaMeTpa K 0ECKOHEUHOCTH.

Jluteparypa:
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MOJEJIb YMEHBIIEHUS TIOPUCTOCTH ITPH JIASEPHOM BO3JENCTBUAU
HA ITOBEPXHOCTb METAJIJIOB.

I'puropbeBa M.C.l’z, 3asectoBckas M.H. 1’2, Kanasun A.I1."?

IHaI/;uOHa]lebllj uccredosamenvckutl si0epHulii ynugepcumem « MUDHUy», 115409, 2. Mocksa,
Kawupckoe wiocce, 31.
? usuveckuii uncmumym umenu I1. H. Jlebedesa Poccuiickoii akademuu nayk, 119991
2. Mocxaa, Jlenunckuti npocnekm, 0. 53
msgrigoryeva@mephi.ru

[TopucTtocTh  MaTepwania  SBISCTCS  OJHUM W3 PaCIpPOCTPAHCHHBIX  JICPEKTOB
METAINIMYECKNX TMOKpHITUN. JlazepHas o00paboTka CyIIECTBEHHBIM OOpa3oM MOKET
YMEHBIIIUTh TOPUCTOCTh MaTepwalia, H3MEHUTh peibed TOBEPXHOCTH, a Takke e&
MUKPOCTPYKTYPY U LIEPOXOBATOCTh. B 3aBUCHUMOCTH OT METO/1a HAaHECEHUS MOKPBITHII MOPHI
MOTYT OBITh KaK MyCTBIMHU, TaK U TA30HAMOJHEHHBIMH. ECIN NeeKThl MpeICTaBIsIIoT cOO0H
MyCThIE TOpPBI, TO  BEPOSTHBIM MEXaHU3MOM YMEHBIICHHS TOPUCTOCTH OyIeT Hux
CXJIONIBIBAHUC B PpaCIUIaBJICHHOM Marepuajaic 101 I[Gf/iCTBPICM CHUJI TOBCPXHOCTHOI'O
HATSDKCHUS.

B npencraBinenHoit paboTe TOCTpOEHA CaMOCOTJIACOBAaHHAs MOJIENb YMEHBIICHUS
MOPUCTOCTU TIPH JIA3€pPHOM BO3JCUCTBUM Ha MOBEPXHOCTh METauioB. Eciu mophl cuuTaTh
MyCTbIMH, TO [JBHKCHHC JKHIKOCTU B pacCiijiaB€ MOXKHO XapaKTCPU30BaTh ABYMH
MPOCTPAHCTBEHHBIMH MaclITabaMu: JOKAJIbHBIM JIBYKEHHEM Ha pa3Mepax maciirada pazmepa
IMOopbel U YCPCAHCHHBIM T'OMOI'CHHBIM ABUXXCHUCM paciuiaBa, MpUYCM 3TU ABUIKCHHUA MOTYT
ObITh pazaenenbl. JIokaapbHOE ABMKEHUE KUIKOCTH MPUBOAUT K 3aTEKAHUIO PACIUIaBICHHOTO
MaTepuanga BHYTpPb MOpP M HX cXJonbIBaHHIO. CKOPOCTb TAaKOro 3aT€KaHWsl 3aBUCUT OT
COOTHOIIEHUS MEXJy KamWwUIApHBIM JaBJICHHEM U JaBJICHHEM BOJU3U MOpbI. 3aTeKaHUE
MaTepHajia BHYTPb MOp JOJDKHO COINPOBOXKIATHCS MOCTYIJICHHMEM paciilaBa OT 0OIydaeMoin
MOBEPXHOCTU K OOJIACTH CXJIOMBIBAHUS, a 3HAYUT BO3HMKHOBEHHEM COOTBETCTBYIOLIETO
YCPEeTHEHHOTO MaKPOCKOTTMYECKOTO BUKEHHSI, KOTOPOE OMPEENISIeTCS PA3HOCTHIO JaBICHUN
Ha CBOOOJHOW IMOBEPXHOCTH W 3aJaHHON TriayOuWHe pacruiaBa. Takum o0pa3oMm, JTWHAMHKA
3aTCKAaHUs pacCiuiaBa B MOPLI U €ro MOCTYNAaTCIbHOC ycpe):[HéHHoe ABUKCHUC OT MOBCPXHOCTH
K o0O0JacTu CXJIOTIBIBAHUS OKAa3bIBAIOTCS CBS3aHHBIMU CAaMOCOTJIACOBAHHBIM 00pazoM
MOCpCACTBOM HABJICHUA HA 3aIIaHHOI\/JI FJIY6I/IH€.

YucneHHbIM METOJOM ObLIO MOJYYEHO H3MEHEHHE pa3Mepa IMop Ho IiyOuHe B LHUKIIE
(IJTAaBJICHHUC-3aTBCPACBAHUC) TIPU JIA3CPHOM BO3I[€I>1CTBHH HaHOCGKYHHHOﬁ JIJIIUTECIIbHOCTH.
Haiinena xputnyeckasi CKOPOCTh IUIaBJICHUS IOPUCTOTO MaTepuaa, sIBISIOMIAsICsl KpUTEpUEM
[IPUMEHUMOCTH IIPEIII0KECHHOW MOJIEIIH.
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MOJIEJIMPOBAHUE PAJIMAITHOHHBIX BO3JIEHCTBUI HA MATEPHAJIBI U
SJEMEHTBI MHKRPOS3JIERTPOHUKH

JLH. I'anapuna, JI.C. Hopukos

HHI aoepnoti puszuru umenu J.B. Crobenvyvina MI'Y, Mockea, Poccus
galan lidiya(@mail.ru

[TocneacTeueM YMEHBIIEHHS pa3sMepoB RJIEMEHTHOH 0asbl MHKPOSJIEKTPOHHKH CTAJo
VBEJMUCHHE €€ UYBCTBHTEILHOCTH K OTKasy. OcoOblil HHTEepeC TPICTaBIBIIOT OIMHOYHBIE
paguarponssie 3dpextel (OP3), BhIZBaHHBIE CTONKHOBEHHEM € OJHHOYHBIM 3HEPTHYHBIM
ronoM. OCHOBHBIMH HcTOUHHKaMU OPD SIBISIIOTCS MPOTOHBI, aib(a H TSUKENbie HOHEL

C 1990 rogos uMMyJabLCcHAS Ja3epHasl TSXHHKA OIHPOKO HCTIONBLIYETCA KaK HHCTPYMEHT
cTeH1oBoro uccnenopanusa OPD, NMOCKOIBKY BpPEMEHHBIE H CHEKTPAJIbHBIE XapaKTepHCTHKH
MOJIYYSHHBIX HMOHHUZHPYIONIMX YacTHIl XOpoHio W3pecTHL. B pabore npoaHaIM3HpOBAHBI
BO3MOKHOCTH TIPHMEHEHHSI (DEMTOCEKYH/THOT O JIa3ePHO-TUIA3MEHHOT'0 HCTOYHHKA HRITYUESHUS
MIPOTOHOB, pazpaboTaHHOTO B JazepHoM HeHTpe MI'Y, nis mogemiporanus OPD.

JIst 2-X CIIEKTpOB IPOTOHOB ¢ MakcHMaibHOH sHepruei 10 MbB (2.15 10" wactun 3a
umoyase) w50 MpB (1.19 10" wactum sa HMITYJIbC), yeKopeHHBIX W3 CH2 doasrm
ONTUMAJILHOH TOMIUHLI JlazepHbIMH HmnyiascamMd B 0.3 Ik w 3 Jx, npoaHaiMszHpoBaHa
BEpOATHOCTH 00Opazoeanus OPD npH UX Bo3/elCTBHUA HA MaTepHall MUKPOCXeMbI (KpeMHUI).
[Monyueno, urto musi o0OMX CHeKTpoB coOuUpaHHe 3apsia B YYBCTBHTENILHOH 00JacTH
MIPOHCXOIUT 3a CUET IPAMOH HOHHRAIHH MPOTOHAMH ¢ sHeprueH g0 2 M»aB. bonee 6vicTphie
MPOTOHBI 00pazyIoT siapa ocTaTku (Si u Al) B pesyabTaTe SZISpHOTO B3aUMOISHCTBHSL
OpaHako MOCKOMBKY JOJ8 TAKMX MPOTOHOR B o0OHX CHEKTpax cocTapisaeT He Gosee 4%, a
CEUCHHE S/ISPHOTO B3aHMOJICHCTBHS MaJlo, BKJIA/I OT BTOPHYHOH MOHHU3AIMH NpeHeOpekuMo
MaJl.

OnpejefieHbl 3aBUCHMOCTH BepodaTHocTH OPD moj jedcTBHeM NPOTOHOB € pasHbIMH
sHepruaMu E ot noporoeoit sHeprun EO. IlokazaHo, yTo npoToHBI ¢ 3HeprHed ~ 2 MaB He
MOTYT MHHIIMHPOBATL B KPEeMHHUH siiepHble peakiuu. [lpm ykazanHol >Hepruu mpoTOHOB
OCHOBHBIM MEXaHH3MOM MepeIadd UX dHEPIHHU BEUISCTBY SIBISICTCA Mpoliece HoHM3auu. 1lpu
sHepruM 1poToHOB ~ 10 M»pB 3a cuer MexaHuW3Ma YHPYroro W HeYIPYroro paccesiHusd
MOSIBJISAIOTC  S7ipa OTJAYW KPEMHHS, KOTOPbI€ BBI3BIBAOT BTOPHUYHYI HOHH3AIHIO TIpH
MPOXOK/ICHHH B BellecTBe YCTpOUCTBA W crocoOHbI BhI3BIBaTE OPD B snemeHTax ¢
MOPOTOBLIMH 3HAUCHHSIMHE MeHee 2 Mo, 9To coOTBeTCTBYET U3ACIUAM MHKPODIICKTPOHUKH ©
MPOSKTHLIMU HOpMaMu MeHee S50 HM.
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WELL POSEDNESS FOR A CLASS OF ULTRA-PARABOLIC EQUATIONS WITH
DISCONTINUOUS FLUX

Jela Susi¢
University of Montenegro, Cetinjski put bb, 81000 Podgorica, Montenegro

We prove existence and uniqueness of a weak solution to an ultra-parabolic equation with
discontinuous convection term. Due to degeneracy in the parabolic term, the equation does
not admit the classical solution. Equations of this type describe processes where transport is
negligible in some directions.
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