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

Saturday, July 2

11.00-20.00 Registration, Check-in at Hotel

Sunday, July 3

10.00-17.00 Registration, Check-in at Hotel

WELCOME PARTY
Monday, July 4

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

XIV Seminar. The goals and objectives of the Seminar

10%-10% Keldysh Institute of Applied Mathematics of RAS, Moscow
National Research Nuclear University MEPhI, Moscow

Photo for memory

Plenary Presentation
B.N. Chetverushkin

Kinetic models and algorithms for solution of the magnetogasdynamic problems on the
10%%-11% modern supercomputing systems

(scientific lecture)
Keldysh Institute of Applied Mathematics of RAS, Moscow

Plenary Presentation
S.V. Garnov

1190113 55 years of the laser era. On the 100th anniversary of the A.M. Prokhorov

(scientific lecture)
A.M. Prokhorov General Physics Institute of RAS, Moscow

11%-12% Coffee break
Plenary Presentation
V.I. Konov
Pulsed laser reactive etching of carbon materials
12%-12% (scientific lecture)

A.M. Prokhorov General Physics Institute of RAS, Moscow
National Research Nuclear University MEPhI, Moscow

12



PROGRAM LPpM3.n

1230_ 1 300

13%0-14%

14%-14%°

14%0-15%

15%-15%

15°-16"

1600- 1 630

Plenary Presentation
S.N. Andreevl, E.V. Barminal, V.G. Kalinnikovz, A.V. Simakinl, AA. Smirnovz, V.L
Stegailovz, S.L Tiutiunnikovz, G.A. Shafeev1’3, L.A. Shcherbakov'

Nonlinear quenching of Cs-137 radioactivity

'A.M. Prokhorov General Physics Institute of RAS, Moscow
2Joint Institute for Nuclear Research, Moscow
National Research Nuclear University MEPhI, Moscow

Lunch time

Plenary Presentation
N.A. Inogamovl’z, V.V. Zhakhovsky1’2, V.A. Khokhlov', Yu.V. Petrov'?,
K.P. Migdal*', D.K. Ilnitsky™'

Hydrodynamic phenomena caused by ultrashort laser pulse
(scientific lecture)

! andau Institute for Theoretical Physics of RAS
Dukhov Research Institute of Automatics (VNIIA), Rosatom, Moscow
*Moscow Institute for Physics and Technology, Moscow

Plenary Presentation
V.N. Bagratashvili', B.N. Chichkov’
Laser fabrication of scaffolds foe tissue engineering
(scientific lecture)

'ENITS Crystallography and photonics RAS, Moscow
%Laser Zentrum, Hannover, Germany

Plenary Presentation
M.P. Galanin, P.V. Gliznutcina, D.L. Sorokin

Mathematical modelling of multidimensional quasi-stationary electromagnetic fields in
the channel of electrodynamic accelerator

(scientific lecture)
Keldysh Institute of Applied Mathematics of RAS, Moscow
Plenary Presentation
A.G. Kaptilniy', A.A. Karabutov >

Thermodynamics of transport processes induced by super-short influence of strong
flows of energy on matter

(scientific lecture)

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

Coffee break

13
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PLASMA PROCESSES & ADVANCED SCIENCE TECHNOLOGIES”

17%-17%°

1730_ 1 800

1800

1000_ 1 030

14

Plenary Presentation
K.V. Khishchenko

Thermodynamic properties and boundaries of attainable states of matter in laser-plasma
processes

(scientific lecture)
Joint Institute for High Temperatures of RAS, Moscow

Plenary Presentation
G.K. Borovin, I.S. Ilin, A.G. Tuchin

Quasi-periodic orbits in a neighborhood of the L1 point of the system Sun-Earth and
their applications in the project "SODA"

(scientific lecture)
Keldysh Institute of Applied Mathematics of RAS, Moscow

Plenary Presentation
A.l. Aptekarev

Discrete D-dimensional electromagnetic Schrodinger operator with a completely
integrable potential: radial asymptotics of the potential and scattering problem

(scientific lecture)

Keldysh Institute of Applied Mathematics of RAS, Moscow

POSTER SECTION, ROUND TABLE DISCUSSION
Tuesday, July 5§

Plenary Presentation
O.N. Krokhin

What is photon?

(scientific lecture)

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

Plenary Presentation
Leonid V. Zhigilei

Large-scale atomistic simulations of material modification by short laser pulses and
optically-induced surface acoustic waves

University of Virginia, Department of Materials Science and Engineering, USA



PROGRAM LPpM3.n

1100_1 130

1 130_1200

1200_ 1 230

1230_ 1 300

1300_1330

13%0-14%

14%-14%

Plenary Presentation
N. Barbier!, A.L. Bondareva®, C. G. Fiorotto’, T.V. Levchenko4,
S. Mazzocato3, G. Maino’, and G.1. Zmievskaya4

On the porosity development in cultural heritage materials

'Department de Physique, University of Orsay Paris Sud 11, Paris, France
?Keldysh Institute of Applied Mathematics of RAS, Moscow
*Physics Department, University of Padova, Italy
VNI Geosystem Russian Federal Center, Moscow
*Italia University of Bologna, Italy

Plenary Presentation
I.N. Zavestovskaya
Laser nanostructurization of the materials
(scientific lecture)
P.N. Lebedev Physical Institute of RAS, Moscow
National Research Nuclear University MEPhI, Moscow
Coffee break

Plenary Presentation
A.A. Samokhin

Laser ablation mechanisms and effects during nanosecond irradiation of absorbing

condensed matter.
(scientific lecture)
A.M. Prokhorov General Physics Institute of RAS, Moscow

Plenary Presentation
V.1. Mazhukin

The morphology of plasma plume at nanosecond laser ablation of Al target in the air

(scientific lecture)

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

Lunch time

SECTION 1. LASER-PLASMA PROCESSES, LASER ACTION

1. Laser ablation - experiment, theory statement of the problem, modeling

Invited Presentation
S.M. Klimentovl, S. Gizar’, A. Muskeftaras®, N. Fedorov’, A. Bilde?

Characterization technique for ablation mechanisms in optical crystals exposed to

ultrashort laser pulses
A.M.Prokhorov General Physics Institute of RAS, Moscow
’Laboratoire des Solides Irradiés, Ecole Polytechnique, France
CELIA, Université Bordeaux I, France
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Invited Presentation
M.P. Galanin', M.K. Krylovz, A.P. Lototckii’, A.S. Rodin'
Investigation of influence of initial liner profile to liner motion near end part of
magnetic accelerator

Keldysh Institute of Applied Mathematics of RAS, Moscow
2Troitsk Institute for Innovation & Fusion Research, Troitsk

Invited Presentation
S.A. Karpov'?, LF. Potapenko'?, V.Yu. Bychenkov'”

Kinetic simulation of electron heat wave propagation in collisional laser produced
14%0-15% plasma

'All-Russia Research Institute of Automatics, Moscow
?Keldysh Institute of Applied Mathematics RAS, Moscow
*P.N. Lebedev Physical Institute RAS, Moscow

Invited Presentation
L.F. Potapenko

15%-15% Non equilibrium steady-state distributions for weakly collison
plasmas and gases

Keldysh Institute of Applied Mathematics of RAS, Moscow
15%°-16" Coffee break

Invited Presentation
S.M. Pimenovl, M.S. Komlenokl, E.V. Zavedeevl, V.D. Frolovl, N.R. Arutyunyanl,
M.L. Shupeginz, A.D. Barinovz, O.S. Zilovaz, T. Roch3,
H.-J. Scheibe3

Laser surface texturing to control friction of diamond-like carbon films

1600_ 1 620

'A.M. Prokhorov General Physics Institute of RAS, Moscow
’National Research University “MPEI”, Moscow
Fraunhofer Institute for Material and Beam Technology, Dresden Germany

Oral Presentation

Zygmunt Szymanski

20 1430
167-16 Modelling of the nanosecond laser ablation with the use of Ansys Fluent

Poland Institute of Fundamental Technological Research Polish Academy of Sciences

Oral Presentation
O.G. Proncheva

A model study of making choises by individuals during information warfare in
polarized society

Keldysh Institute of Applied Mathematics of RAS, Moscow
Moscow Institute of Physics and Technology (State University), Dolgoprudny

1 630_ 1 640
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1640_ 1 650

1800

14%-14%

14%0-14%

1440_ 1 500

1500_ 1 520

15%°-16"

1600_ 1 630

Oral Presentation
0.N.Koroleva'? s A.V.Mazhukin'*

Continual and molecular dynamic approaches in determining the thermal properties of
silicon

Keldysh Institute of Applied Mathematics of RAS, Moscow
’National Research Nuclear University MEPhI, Moscow

POSTER SECTION, ROUND TABLE DISCUSSION
SECTION 2. ADVANCED SCIENCE TECHNOLOGIES
1. Heterogeneous computational technologies.
Oral Presentation

A.S. Boldarev, V.A. Bakhtin, M.N. Pritula, D.A. Zaharov

Code developing for the high-performance computations: generality versus
performance

Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
B.I. Krasnopolsky', A.V. Medvedev*

Efficiency analysis of SparseLinSol library for solving large systems of linear algebraic
equations

!Institute of Mechanics, Lomonosov Moscow State University, Moscow
Company ““T-Services™, Moscow

Oral Presentation
G. Oyarzun', R. Borrell’, A.V. Gorobets®

Hybrid portable cfd solution for incompressible turbulent flows

'University of Patras, Grece
“Barclona supercomputing center, Spain
3Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
P.B. Bogdanov, O.Yu. Sudareva
General-purpose computations using Russian specialized CPUs «kKKOMDIV»
FSC Scientific Research Institute for System Studies of RAS, Moscow

Coffee break
Keynote Presentation
V.A. Titarev'”?, A.V. Chikitkin’, S.V. Utiuzhnikov’*

Parallel computational aerodynamics methods in FlowModellium solver

!Institution of Russian Academy of Sciences Dorodnicyn Computing Centre of RAS
2Moscow Institute of Physics and Technology (State University), Dolgoprudny
3University of Manchester, UK, Manchester
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16°-16>°

1650_1710

1800

1 000_ 1 020

1 020_ 1 030

1 030_ 1 040

18

Oral Presentation
R.V. Uskov, M.E. Zhukovskiy, M.B. Markov, S.V. Podoliako, I.A. Tarakanov

Reserching the spectrum of bremsstrahlung generated by the RIUS-5 electron
accelerator

Keldysh Institute of Applied Mathematics of RAS, Moscow
Oral Presentation
S.A. Sukov', P.B. Bogdanovz, A.V. Gorobets'

Modeling of compressible flows on unstuctured meshes using hybrid supercomputers
of various architectures

Keldysh Institute of Applied Mathematics of RAS, Moscow
?Institution of Russian Academy of Sciences Dorodnicyn Computing Centre of RAS

POSTER SECTION, ROUND TABLE DISCUSSION
Wednesday, July 6
SECTION 1. LASER-PLASMA PROCESSES, LASER ACTION

1. Laser ablation - experiment, theory statement of the problem, modeling

Invited Presentation
0.G. Tsar'kova

Induced “transparency” of CSCM during earthing of ablative torch at laser radiation
exposure

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

Oral Presentation
A.V. Pentol, S.S. Alimpievz, S.M. Nikiforovz, Ya.O. Simanovskyz,
A.B. Bukharina', R.S. Ablizen'

Laser ablation and VUV laser plasma ionization for direct MS analysis of organic
containing samples

'A.M. Prokhorov General Physics Institute RAS, Moscow
2Advanced Energy Technologies, Skolkovo, Russia.

Oral Presentation
S.A. Shulyapov, [.N. Tsymbalov, K.A. Ivanov, D.A. Krestovskih, R.V. Volkov, V.Yu.
Bychenkov, A.V. Brantov, P.A. Ksenofontov, A.B. Savel'ev

Experimental and numerical study of relativistic laser radiation interaction with long
pre-plasma

Lomonosov Moscow State University, Moscow
P.N. Lebedev Physical Institute of RAS, Moscow
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1 040_ 1 050

1050_1 100

1120_1130

1 130_1200

Oral Presentation
M.M. Demin', A.V. Shapranovl’z, V.1. Mazhukin'?, P.V. Breslavskii'

Modeling of laser evaporation of Aluminum with explicit tracking of interphase
boundaries and shock waves

Keldysh Institute of Applied Mathematics of RAS, Moscow
’National Research Nuclear University, MEPhI, Moscow

Oral Presentation
D.N. Mamonovl, S.M. Klimentov', S.I. Derzhavin', A.A. Sirotkin',
P.A. Pivovarovl, S.V. Podmazov?

Power scaling of fuel igniting microlasers by means of pulsed conjugated generation in
multiple channels

'A.M. Prokhorov General Physics Institute of RAS, Moscow
“Moscow Institute of Physics and Technology (State University), Dolgoprudny

Oral Presentation
N.Yu. Lopanitsyna'?, A.Yu. Kuksin %, S.V. Starikov >

Atomistic simulation of ablation and formation of nanostructures under the action of
subpicosecond laser pulses on the surface of metals

"Moscow Institute of Physics and Technology (State University), Moscow
2Joint Institute for High Temperatures of RAS, Moscow

Oral Presentation
P.A. Chizhovl, V.V. Bukinl, S.V. Garnovl, A.A. Ushakov'?

Laser plasma parameters measurement by transverse interferometry method

'A.M. Prokhorov General Physics Institute of RAS, Moscow
?Lomonosov Moscow State University

Oral Presentation
A.E. Zubko', A.A. Samokhin®

Modeling of thermoacoustic and evaporatio n pressure signals in absorbing liquids
irradiated with nanosecond laser pulses.

'Bauman Moscow State Technical University (BMSTU), Moscow
2A.M. Prokhorov General Physics Institute of RAS, Moscow

Coffee break
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2. Models of Mathematical Physics and Computational Methods

Invited Presentation
L.R. Evangelistal, G. Barbero >, M. Rossetol, R.S. Zola4, L. Lelidis®
Elastic continuum theory of the twist-bend nematic phases

1290.1220 !Departamento de Fisica, Universidade Estadual de Maringa, Brazil.
Department of Applied Science and Technology, Politecnico di Torino, Italy.
National Research Nuclear University MEPhI, Moscow
Universidade Tecnolégica Federal do Parand, Brazil.
*Solid State Section, Department of Physics, University of Athens, Greece.

Invited Presentation
G.A. Ummarino '*
Phenomenology of iron-pnictides superconductors explained in the framework of
multiband eliashberg theory

'Dipartimento di Scienza Applicata e Tecnologia, Politecnico di Torino, Italy
National Research Nuclear University, MEPhI, Moscow

1220_ 1 240

Invited Presentation
A.L. Afendikov

1A 50y Multilevel Cartesian Grids Adaptation by Means of Non-uniform Spline Wavelets
Keldysh Institute of Applied Mathematics of RAS, Moscow

13%0-14% Lunch time

Oral Presentation
V.F. Tiskin, M.E. Ladonkina

14%0-14'° Godunov method: a generalization using piecewise polynomial approximations in the
multidimensional case

Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
A.O. Gusevl, O.V.Scheritsaz, 0.S.Mazhorova®

Numerical method for solving the problem of phase transitions in multicomponent
solutions

'Bauman Moscow State Technical University (BMSTU), Moscow
2 Keldysh Institute of Applied Mathematics of RAS, Moscow

1419-14%

Oral Presentation
Yu.A. Poveschenko

14%°-14%° Algorithm of competing processes for the Richardson iteration method with the
Chebyshev parameters

Keldysh Institute of Applied Mathematics of RAS, Moscow
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1430_1 4%

14%0-15%

1500_ 1 530

1530_ 1 540

1540_1550

1550_ 1 600

Oral Presentation
V.T. Zhukov, O.B. Feodoritova, N.D. Novikova.

Multigrid method for diffusion equations based on adaptive smoothing.
Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
Zarko Pavicevic

Boundary properties of analytic functions along the sequence of a single drive point
University of Montenegro, Podgorica

Coffee break

Oral Presentation
A.V.Tolokonnikovl, K_.A. Sveshnikov?
Simulation of the dynamics of hydrogen atom in the cavity with third type boundary
condition
YFaculty of Physics, Lomonosov Moscow State University, Moscow

’N.N.Bogoliubov Institute for Theoretical Problems of Microphysics, Lomonosov
Moscow State University, Moscow

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

The interference of electric and hydrodynamic effects during electron beam interaction
with solid-state barrier

Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
Nguyen Trang Thi Huyen'*, S.I. Kudryashov'*?, Pavel A. Danilov',
Andrey A. Tonin', Roman A. Khmelnitskii', Andrey A. Rudenko', Irina N. Saraeva,
Dmitry A. Zayarny'
Surface-enhanced infrared absorption on diffraction micrograting in thin silver film
'P.N. Lebedev Physical Institute of RAS, Moscow
’National Research Nuclear University MEPhI, Moscow
ITMO University, St. Peterburg
*Moscow Institute of Physics and Technology, Dolgoprudny

Oral Presentation
A.V. Shilkov

Spectral momentum method in collisional-radiative modeling of plasmas
Keldysh Institute of Applied Mathematics of RAS, Moscow
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Oral Presentation
A.V. Kolesnichenko

16"~ 16" | Modification in framework of Tsallis statistics of gravitational instability criterions of
astrophysical disks with fractal structure of phase space
Keldysh Institute of Applied Mathematics of RAS, Moscow

THE CULTURAL PROGRAM
SECTION 2. ADVANCED SCIENCE TECHNOLOGIES.
2. Parallel technology in computational gas dynamics

Keynote Presentation
Yu.V. Vasilevskii', I.V. Kapyrin'?, I.N. Konshin'~

102°-10% Development of GeRa code based on parallel INMOST software platform using
distributed meshes of general kind

Y nstitute of Numerical Mathematics of RAS
Nuclear Safety Institute of RAS
Oral Presentation
S.V. Podoliako, M .E. Zhukovskii, M.B. Markov, P.V. Uskov, E.G. Lukianova

1011 The modeling of neutron transport in complex technical objects using the
supercomputers with extra massive parallelism

Keldysh Institute of Applied Mathematics of RAS, Moscow
Oral Presentation
A.IL Simakov, 1.G. Lebo
11%-11°° The modeling of shock wave passing through area with the whirls
Moscow Technological University (MIREA)

1139-12% Coffee break

Oral Presentation
A.V. Berezin, Y.A. Volkov, V.A. Gasilov, M.E. Zhukovsky, A.A. Krukov,
M.B. Markov, S.V. Parot’kin, A.V. Sysenko, I.A. Tarakanov

12%-12% . - .
Supercomputer modeling of space radiation effect on satellites
Keldysh Institute of Applied Mathematics of RAS, Moscow
Oral Presentation
Svetlana Tokareva
1920_1940 Parallel high-order Stochastic Finite Volume method for the uncertainty quantification

in CFD problems
University of Zurich, Switzerland
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1240_ 1 300

13%-14%

14%-14%

1420_1 4%

1500_ 1 530

1000_ 1 040

Oral Presentation
M.M. Gorbunov-Posadov

Alive publication: the advanced technology of presentation of investigation results
Keldysh Institute of Applied Mathematics of RAS, Moscow

Lunch time
Oral Presentation

P.A. Bakhvalov

Method of semi-transparent control volumes for constructing vertex-centered schemes
on hybrid meshes

Keldysh Institute of Applied Mathematics of RAS, Moscow
Oral Presentation
S.V. Polyakov'?, Yu.N. Karamzin', T.A. Kudryashova', V.O. Podryga'
Multiscale simulation of nonlinear processes in gas-metal Microsystems

Keldysh Institute of Applied Mathematics of RAS, Moscow
’National Research Nuclear University MEPhI, Moscow

Oral Presentation
A.E. Bondarev, V.A. Galaktionov

Implementation and Visualization of Parallel Solutions for Optimizing and Parametric
Studies in CFD

Keldysh Institute of Applied Mathematics of RAS, Moscow

Coffee break

THE CULTURAL PROGRAM
Thursday, July 7
YOUTH SCHOOL-CONFERENCE

Opening ceremony
Prof. Dr. sc. Nat. V.I. Mazhukin, Chairman
The goals and objectives of the Youth school-conference

Academic Lecture
G. Barbero
Ions in liquids

Department of Applied Science and Technology, Politecnico di Torino, Italy.
National Research Nuclear University MEPhI, Moscow

Pause
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Academic Lecture
Leonid V. Zhigilei

Molecular Dynamics Simulations of Laser-Materials Interactions
University of Virginia, Department of Materials Science and Engineering, USA

Pause

Academic Lecture
G.A. Ummarino

The theory and application of superconductivity

Dipartimento di Scienza Applicata e Tecnologia, Politecnico di Torino, Italy
National Research Nuclear University, MEPhI, Moscow

Coffee break
SECTION 2. ADVANCED SCIENCE TECHNOLOGIES.
Mathematical methods in biology

Oral Presentation
M.N. Ustinin

Functional structure of the human body reconstructed from multichannel magnetic
measurement

Institute of Mathematical Problems of Biology — the Branch of Keldysh Institute of
Applied Mathematics of RAS, Pushchino

Oral Presentation
S.A. Makhortykh

Generalized spectral-analytical method for biomedical and bioinformatics data
processing

Institute of Mathematical Problems of Biology — the Branch of Keldysh Institute of
Applied Mathematics of RAS, Pushchino

Lunch time

Oral Presentation
V.D. Lakhno

Charge Transfer in the Polynucleotide Chains

Institute of Mathematical Problems of Biology — the Branch of Keldysh Institute of
Applied Mathematics of RAS, Pushchino

Oral Presentation
A.V. Moskalenko
Cardiophysics as a revision of biophysics of the heart

Institute of Mathematical Problems of Biology — the Branch of Keldysh Institute of
Applied Mathematics of RAS, Pushchino
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14%0-14%°

1430_14%0

14%0_ 1450

14°°- 15%

15%-15%

1530_ 1 540

1540_1550

Oral Presentation
A.N. Pankratov, R.K. Tetuev, M.I. Piatkov

Spectral analytical approach for investigation of repeating structures in bioinformatics
Institute of Mathematical Problems of Biology — the Branch of Keldysh Institute of
Applied Mathematics of RAS, Pushchino

Oral Presentation
S.D. Rykunov, M.N. Ustinin

Calculation of the human brain partial spectra from MEG data

Institute of Mathematical Problems of Biology — the Branch of Keldysh Institute of
Applied Mathematics of RAS, Pushchino

Oral Presentation
Tsarkova O. G.

The study of the influence of microwave radiation of low intensity on live
microorganisms

A.M. Prokhorov General Physics Institute of RAS, Moscow
Oral Presentation
Nikoli¢ Emilija', Brandamajer Tijana?, Nikoli¢ Aleksandar’
Mathematical Modeling Application Within Ankylosing Spondylitis Patients

'Department of physiotherapy, Medicine Faculty, University of Montenegro
“Medicine Faculty, University of Montenegro
*Institute for phisical examination Montinspekt, Podgorica, Montenegro

Coffee break
SECTION 1. LASER-PLASMA PROCESSES, LASER ACTION

2. Models of Mathematical Physics and Computational Methods

Oral Presentation
M.A. Galchenkova'!, N.V. Smoliakov'*

Dynamics of electrons in the field of the undulator

'Moscow Institute of Physics and Technology, Dolgoprudny
2NRC “Kurchatov Institute”, Moscow

Oral Presentation
P.A. Bahvalovl, O.A. Doronina’

Dynamic adaptation of the triangular mesh to the boundary of the moving object, using
a predetermined method submerged boundaries based redistribution algorithm

Keldysh Institute of Applied Mathematics of RAS, Moscow
2Moscow Institute of Physics and Technology, Dolgoprudny
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1550_1600

1610_1620

1 620_ 1 630

1 630_ 1 640

1640- 1 650

1650_ 1 700

1330_1500

1500_ 1 530
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Oral Presentation
I.P. Tsygvintsev

Three-dimensional modeling in the task of developing EUV-sources based on laser
plasma

Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
D.S. Boykov'?, O.G. Olkhovskaya', V.A. Gasilov'~
Polymer destruction modeling under action of intensive energy deposition
Keldysh Institute of Applied Mathematics of RAS, Moscow
*National Research Nuclear University MEPhI, Moscow
Oral Presentation
M.E. Ladonkina, O.A. Neklyudova, V.F Tishkin
Utilization of averaging method to smooth solutions in discontinuous Galerkin method

Keldysh Institute of Applied Mathematics of RAS, Moscow
Oral Presentation
P.M. Strusinskii

Computer implementation of the cluster network traffic model
Moscow State Automobile and Road Technical University (MADI)
Oral Presentation
A.A. Chechina, N.G. Churbanova, M.A. Trapeznikova
Simulation of multilane vehicular traffic on the basis of cellular automata theory

Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
D.A. Kuchelev
The algebra of rational fractions and real-valued pendulums
Moscow Technical University of Communications and Informatics (MTUCI)
Oral Presentation
K.K. Inozemtseva, A.E. Lutsky, M.B. Markov
Dynamics of gas in electron beam
Keldysh Institute of Applied Mathematics of RAS, Moscow

YOUTH SCHOOL-CONFERENCE

Academic Lecture
Oleg Vasilyev
Adaptive wavelet paradigm for multiscale modeling and simulation in fluid mechanics
Department of Mechanical Engineering University of Colorado, Boulder, USA

Coffee break
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1530_1615

1615_1700

1120_1 150

1150_1320

13.00-14.00

1 000_ 1 040

Academic Lecture
Ricard Borrell

Portable and scalable solutions for CFD on modern supercomputers
CTTC UPC, Barcelona, Spain

Academic Lecture
Dinshaw S. Balsara

Multidimensional, Self-similar, strongly-Interacting, Consistent (MuSIC) Riemann
Solvers — Applications to Divergence-Free MHD and ALE Schemes (Path 1)

University of Notre Dame, USA

Friday, July 8
YOUTH SCHOOL-CONFERENCE

Academic Lecture
Dinshaw S. Balsara

Multidimensional, Self-similar, strongly-Interacting, Consistent (MuSIC) Riemann
Solvers — Applications to Divergence-Free MHD and ALE Schemes (Path 2)

University of Notre Dame, USA

Coffee break

Academic Lecture
Sergey Karabasov

Introduction to Computational Aeroacoustics
Queen Mary University of London, UK

Lunch time
YOUTH SCHOOL-CONFERENCE

Academic Lecture
Giuseppe Maino

Models of mathematical physics and complex analysis in the study of porous materials

including experimental techniques such as laser ablation inductively coupled plasma
mass spectrometry (LA-ICP-MS) and inductively coupled plasma atomic emission
spectroscopy (ICP-AES)

Faculty of Preservation of Cultural Heritage, University of Bologna Bologna, Italy

Pause
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12%0-13"

13.00-14.00

14%-14"°

14'0-14%

14%0-14%
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Academic Lecture
Zarko Pavicevic

Some application of mathematical analysis to the problems of natural science
Faculty of Natural Sciences and Mathematics, University of Montenegro

Pause
Coffee break
Academic Lecture

Ulrich Semmler

Applied research in the German Fraunhofer Gesellschaft (Fraunhofer Society) - in
general and the research of cutting technology in the institute IWU in Chemnitz

Fraunhofer Institute for Machine Tools and Forming Technology (IWU), Chemnitz,
Germany Department of Cutting Technology

Pause

Academic Lecture
A. Savel’ev

High field optical physics
Lomonosov Moscow State University, Moscow

Lunch time
SECTION 2. ADVANCED SCIENCE TECHNOLOGIES.
Russian space

Oral Presentation
V.E. Zolotov, T.E. Fakhrutdinov, V.V. Alekseev, G.K. Borovin,
I.LE. Molotov

New features of ADAPS hardware and software complex
Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
I.E. Molotov
Increasing of new GEO/HEO space debris discovery rate with ISON optical network
Keldysh Institute of Applied Mathematics of RAS, Moscow

Oral Presentation
L.V. Florinsky, S.V. Filippov

Global morphometric modeling of Mars and the Moon
Keldysh Institute of Applied Mathematics of RAS, Moscow
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Oral Presentation
E.V. Strashnov, A.M. Trushin, D.M. Loginov

Articulated rigid body simulation in virtual environment systems
FSC Scientific Research Institute for System Studies of RAS, Moscow

1430_1 4%

Oral Presentation
A.V. Maltcev, P.Yu. Timohin, L.A. Finagin

The technology of universal virtual polygon simulation for robotic devices
FSC Scientific Research Institute for System Studies of RAS, Moscow

Oral Presentation
M.V. Mikhailiuk, D.A. Kononov

14°°-15% Managing virtual camera using an ergonomic pen computing
FSC Scientific Research Institute for System Studies of RAS, Moscow

15%-15% Coffee break

Oral Presentation
M.G. Nickiforov

15%°.15% | The investigation of solar activity cycles by analyzing of tree ring chronological scales
Sternberg Astronomy Institute of Lomonosov Moscow State University

Oral Presentation
I.A. Kochetov

15%0.15%° Modelling of the current layer in the Earth's magnetospheric tail
Faculty of Department of Physics, Lomonosov Moscow State University, Moscow

Oral Presentation
0. Masloval, A. Brézard—Oudotz, M.-E. Gueunier—Farretz, J. Alvarezz,
J.-P. Kleider’

Recent observations on the capacitance-temperature behavior in a-Si:H/c-Si
heterojunctions for solar cells applications: modeling and experiment
Keldysh Institute of Applied Mathematics of RAS, Moscow
’GeePs; CNRS UMR8507; Centrale Supélec; Univ Paris-Sud; Sorbonne Universités-
UPMC Univ Paris 06; France

SUMMING. CLOSING of the XIV INTERNATIONAL SEMINAR and YOUTH SCHOOL-
CONFERENCE.

1550_ 1 600

Saturday, July 9

Departure
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KINETIC MODELS AND ALGORITHMS FOR SOLUTION OF THE
MAGNETOGASDYNAMIC PROBLEMS ON THE MODERN SUPERCOMPUTING
SYSTEMS

B. Chetverushkin

Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, Russia
e-mail: office@keldysh.ru

The impressive progress of the kinetic schemes in the solution of gas dynamics problems
and the development of effective parallel algorithms for modern high performance parallel
computing systems led to the development of advanced methods for the solution of the
magnetohydrodynamics problem in the important area of plasma physics. The novel feature of
the method is the formulation of the complex Boltzmann-like distribution function of kinetic
method with the implementation of electromagnetic interaction terms. The numerical method
is based on the explicit schemes. Due to logical simplicity and its efficiency, the algorithm is
easily adapted to modern high performance parallel computer systems including hybrid
computing systems with graphic processors.

PULSED LASER REACTIVE ETCHING OF CARBON MATERIALS
V.1. Konov

A.M. Prokhorov General Physics Institute of RAS, Moscow, Russia
National Research Nuclear University MEPhI, Moscow, Russia
e-mail: vik@nsc.gpi.ru

Ablation of various carbon materials (diamond crystals, diamond-like thin films and
graphite) under the action of single and multiple laser pulses was investigated. Nano and
femtosecond lasers were used. Irradiation was performed in atmospheric air and vacuum.

It is found that depending on laser pulse fluence and number two different ablation regimes
are realized: physical (vaporization) and chemical (etching). The first is observed in any
atmosphere if laser pulse intensity is high enough to heat up to the boiling temperature
graphitic material (in the case of diamond it can be induced at the irradiated sample surface by
the sequence of laser pulses or by the leading part of the single pulse). The second manifests
itself only in the case of oxygen containg atmosphere and can remove carbon material with
rates as low as 10™- 107 nm/pulse. Application of the both ablation regimes for carbon micro
and nanostructuring will be demonstrated.
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HYDRODYNAMIC PHENOMENA CAUSED BY ULTRASHORT LASER PULSE

N.A. Inogamovl’z, V.V. Zhakhovskyz’l, V.A. Khokhlov', Yu.V. Petrov'”, K.P. Migdalz’l,
D.K. Ilnitsky™'

"Landau Institute for Theoretical Physics, Russian Academy of Sciences, Russian Federation, 142432,
Chernogolovka, Moscow region, prospect Akademika Semenova, 14
’Dukhov Research Institute of Automatics (VNIIA), Rosatom, Russian Federation, 127055, Moscow,
Sushchevskaya ulitsa, 22
*Moscow Institute for Physics and Technology, Russian Federation, 141700, Dolgoprudny, Moscow
region, Institutskiy pereulok, 9
nailinogamov@gmail.com

There are very many important applications connected with ultrashort laser pulses (ULP,
durations from few fs to few ps) from nanoplasmonics, printing,... to nanoparticles
production and etc. Here we speak about powerful enough laser actions onto gold and silver
causing melting and mechanical motions inside and around an irradiated target. But we limit
ourselves by the range of moderate energies when pressures created by a pulse are of the
order of or less than a bulk modulus. Thus we consider phenomena taking place in the
condensed states where cohesive energies of matter are comparable with heating resulting
from absorption of 0.05-1 J/cm®.

First of all the methods and results concerning physics of the two-temperature (2T) states
will be reported. It is well known that a ULP transfers metal into a 2T state with hot electrons.
Importance of this stage is well understood. Our descriptions based on quantum mechanical
simulations cover the triad of equation of state, heat conduction, and electron-ion coupling
parameter [1]. Developed theory is used for 2T simulations.

The second goal is to consider the early stages lasting few picoseconds. We show that
electron heat conduction is the fastest term in thermal equations after the duration of laser
heating if it lasts less than one ps. Importance of heat conduction in an energy budget depends
on thickness of a film target. It important if this thickness is at least few times more than a
depth of a skin layer. Then fast cooling of a skin by electron energy transport into bulk is
going ahead the more slow (for gold) process of electron-ion energy exchange. There are
interesting peculiarities of a 2T rarefaction wave connected mainly with dynamical
significance of electron pressure at the early stages.

The third goal is to analyze dynamics of film on a substrate supporting the film [2]. We
consider the 2T stage and subsequent acoustic oscillations or spallation of a film if absorbed
energy overcomes the spallation threshold. We have developed a model for dielectric
permittivity and use it to predict results of pump-probe measurements in the case of a film on
a substrate.

Acknowledgements: Authors acknowledge support from Russian Foundation for Basic
Research (grant 16-08-01181).

References :

1. Yu. Petrov et al., “Heat conductivity of copper in two-temperature state” Appl. Phys. A, Vol. 122,
408 (5 pages) (2016).

2. N. Inogamov et al., “Solitary Nanostructures Produced by Ultrashort Laser Pulse”, Nanoscale
Research Letters, Vol. 11, 177 (13 pages) (2016).
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LASER FABRICATION OF SCAFFOLDS FOE TISSUE ENGINEERING

V.N. Bagratashvili’, B.N. Chichkov’

'FNITS Crystallography and photonics RAS, Moscow
’Laser Zentrum, Hannover, Germany

To assess the properties of 3D biodegradable scaffolds fabricated from novel star-shaped
poly(D,L-lactide) (SSL) materials for bone tissue regeneration.

Materials & methods: The SSL polymer was synthesized using an optimized synthetic
procedure and applied for scaffold fabrication by the two-photon polymerization technique.
The osteogenic differentiation was controlled using human adipose-derived stem cells
cultured for 28 days. The SSL scaffolds with or without murine MSCs were implanted into
the cranial bone of C57/B16 mice.

Results: The SSL scaffolds supported differentiation of human adipose-derived stem cells
toward the osteogenic lineage in vitro. The SSL scaffolds with murine MSCs enhanced the
mineralized tissue formation.

Conclusion: The SSL scaffolds provide a beneficial microenvironment for the osteogenic
MSCs' differentiation in vitro and support de novo bone formation in vivo.

SSL scaffold mechanical properties
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MATEMATHYECKOE MOJAEJINPOBAHUE MHOI'OMEPHBIX
KBA3UCTAIIMOHAPHBIX DJIEKTPOMATHUTHBIX MOJEN B KAHAJIE
SJIEKTPOAUHAMMUYECKOI'O YCKOPUTEJIA

MLIL. lananus, [1.B. I'mu3ayuuna, [.J1. Copoxun

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

Heo6xonumMocTs B pelIeHnH 331a4 MOACTHPOBAHUS AIIEKTPOAMHAMUYECKUX YCKOPHUTEICH
BO3HHMKAET U3 MOTPEOHOCTEN HAyKU U TEXHUKH. B 4acTHOCTH, Takue yCcTpoiicTBa MO3BOJISIOT
NOJy4YaTh YHUKAJIbHbIE CKOPOCTH MAaKpOTEJ, IPEBBIIIAIONINE CKOPOCTH, JaBaeMble
OOBIYHBIMHU IOPOXOBBIMH YCKOPUTEISIMH, UTO JTA€T BO3MOXKHOCTbH CO3/1aBaTh HOBbIE IPUOOPHI
U YCTpPOWCTBA JUIsI MCCIICAOBAHUS IOBEIEHHsS BEUIECTBA IPU CBEPXBBICOKUX CKOPOCTSX,
JIaBleHUAX W T.I. DddexkTuBHas pa3paboTKa TaKMX YCTPONCTB, a TAaKXKE HCCICIOBAHUC
NPOTEKAIOIIMX B HUX SBJICHUH, 0€3 MaTeMaTHYECKOT0 MOJEIMPOBAHHS HEBO3MOXKHBI.

B JIOKJIa/1e MIPEJCTABIICHbI METObI MaTEMaTU4ECKOro MOJICJINPOBAHUS
KBa3HMCTAI[MOHAPHBIX DJIEKTPOMArHUTHBIX TOJIEH B HEOAHOPOJHBIX OOJNACTAX KaHaja
YCKOpHTENS (B TOM YHCIE C HU3MEHSIOIIMMUCS BO BPEMEHM, HECBSI3HBIMH M HETJIAJKUMHU
IpaHUIAMU 110/10071acTei), TOCTPOCHHBIE M MPOTPAMMHO PEaJTM30BAHHBIC BHIYMCIUTEIbHbIC
QITOPUTMBI Ul MOJEIIMPOBAHMs Ipolecca 3JIEKTPOMArHUTHOTO YCKOPEHMsI B yKa3aHHbIX
obmactsax. MeTogaMu BBIYMCIMTEIBHOTO SKCIEPUMEHTA MPOBEICHO HCCIIECIOBAHUE 3PO3UH
METAJUINYECKOT0 KOHTaKTa, a TaKXe KauyeCTBEHHBIX OCOOCHHOCTEH pachpeeneHui
AIIEKTPOMArHUTHBIX T0JIEH B KaHAJIe YCKOPUTEIIS B TIPOLIECCE pa3roHa.

B uwactHOoCcTH, mnoOCTpoeHa M 00OCHOBaHa MOJENIb 3JIEKTPOMAarHUTHOIO pa3roHa
IPOBOJAIINX MaKpOTesl HA OCHOBE KBa3UCTALMOHAPHOTO MPUOJIMKECHUS CUCTEMBI YpaBHEHHH
MakcBenia npu HaluuuMu AUAJIEKTPUYECKUX Mopobnactell. Mojenb ONUCHIBAET SIBICHUSA
NPaKTUYECKH OJHOPOJIHBIM IO MOA0OIACTAM C PA3TUYHBIM TUIIOM MPOBOJUMOCTH 00pazoM.
Pa3zpaGorana MoJenb YCKOpEHHUs, MO3BOJIAIONIAS BECTH pELICHHE 3aJaud B KOPOTKOH
NOJBM)KHOM 00JIaCTH, Ha TOPLAX KOTOPOHM IMOCTaBJIECHbI CHElHaIbHbIE TPAaHUYHBIC YCIIOBHSL.
[IpenyiokeHa cxema yuyeTa OCOOEHHOCTEH KaK KOHCTPYKIMM KaHajla M AKOps, TaKk H
cneunuyeckux >PQPEeKTOB MEKTPOJUHAMUKHU, CBS3aHHBIX C BBICOKOH (mopsaaka 1 kwm/c)
CKOPOCTBIO IIEpEMELIEHHs] U CKOPOCTbIO HarpeBa sKOps 10 (ha30BbIX IEPEXOJOB
BKIIIOUMTENbHO. llpeacraBieH cmocod ywera 1eneil BHEIIHEro SHEPronUTaHus U
IpeBapUTEIHLHOIO Pa3roHa.

PaGora BhInonHeHa npu yacTU4HON (puHaHcoBoM noanepxke PODU (mpoext Ne 15-01-

03073).
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THERMODYNAMICS OF TRANSPORT PROCESSES INDUCED BY SUPERSHORT
INFLUENCE OF STRONG FLOWS OF ENERGY ON MATTER

A.G. Kaptilniy', A.A. Karabutov?,

! Joint Institute for High Temperatures, Russian Academy of Science, Moscow, Russia.
E-mail: Kalexandr48@gmail.com
’International Laser Center, Moscow State University, Moscow, Russia.
E-mail: aak@ilc.edu.ru

Here we show a short review of trends of modern development of local non-equilibrium
thermodynamics of transport processes, in the time of super-short interaction of strong flows
of energy with matter. Different models, which can be grouped together into the frames of
Extended Non-equilibrium Thermodynamics (ENT), are mostly widespread. ENT is one of
the most sequenced and elaborated thermodynamic theories which is not based on the
principle of locality and the hypothesis of continuous medium. ENT considers temporal and
space nonlocality of transport processes.

Far from local equilibrium, ENT users new variables: dissipative flows of heat, mass,
stress tensor, etc. Transport processes are described by partial differential parabolic and
hyperbolic equations. Such models based on partial differential equations represent hierarchic
sequence of parabolic and hyperbolic equations whose order increases with deflection from
local equilibrium.

Equation of heat conductivity of hyperbolic type includes the properties of classic
equations of heat conductivity (dissipation) as well as wave equations (spreading of
undamped wave). This model well explains wave properties of heat transfer processes in
experiments.

Rational thermodynamics considers the phenomena of transfer in continuum on the base of
untraditional approach. The purpose in rational thermodynamics is to create a strong
mathematical axiomatic of main rules of thermos-mechanics of continuum in order to cover
the widest possible class of models.

Rational thermodynamics does not divide thermodynamics on equilibrium and
nonequilibrium ones. Both branches of science are considered as one part of science of
continuum. Time initially in an explicit form enters into the equation of rational
thermodynamics.

References:

1. Sergei L. Sobolev, “Local non-equilibrium transport models” Physics Uspekhi (1997),
40(10):1043 http://dx.doi.org/10.1070/PU1997v040n10ABEH000292

36



PLENARY PRESENTATIONS (SCIENTIFIC LECTURES) ABSTRACTS

THERMODYNAMIC PROPERTIES AND BOUNDARIES OF ATTAINABLE
STATES OF MATTER IN LASER-PLASMA PROCESSES

Khishchenko K. V.

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

Development of powerful laser technology expands possibilities of generation of states of
matter at extremely high temperatures and pressures. In this work, an analysis of
contemporary investigations of different materials under intense pulsed laser action is carried
out. Effects of phase transformations of matter in shock waves of compression and release as
well as waves of isentropic compression and expansion are considered. Special emphasis is
placed on determining of boundaries of attainability of thermodynamic equilibrium of
different phases (solid, liquid, gaseous) under adiabatic conditions. Examples of calculated
thermodynamic parameters of metals over a wide range of temperatures and densities are
given. A comparison with available data from experiments on laser-pulse action with various
durations upon matter is made.

HEJIMHEWHOE TYIIEHUE PAJIMOAKTUBHOCTH LE3US — 137

C.H. AngeeBl, E.B. EapMI/IHal, B.F.KaJ'II/IHHI/IKOBz, A.B. Cumakus', A.A.CMI/IpHOBz, B.1.
CTeraﬁHOBz, C.H. TIOTIOHHI/IKOBz, T'A. ]_UacpeeBl’3, Hh.A. I_I_[ep6al<0B1

"Hnemumym obweii pusuxu um. A.M. Ipoxoposa PAH, 119991, Mockea, Poccuiickas (pedepayus
206vedunennwiii uncmumym s0epuvix uccaedosanuit, 141980 /l[yona, Mockosckas obnacmeo,
Poccuiicrkas ¢pedepayus
3Hauuouaﬂbﬂblﬁ uccnedosamenvckuil si0epuviil ynusepcumem « MUDHUy», 115409, Mocksa,
Poccuiickas ghedepayus

OKCIEepUMEHTAIBHO UCCIIe0BAaH HOBBIHM 3(h(eKT — TylIeHne paJuoakTUBHOCTH 1e3us-137.
O¢ddektT cocTonT B MOHOTOHHOM YMEHBIIEHHH PaJUOAKTUBHOCTH BOJHOTO PAacTBOpPA COJH
9TOr0 HyKJIHJa (3HEprusi raMMa-KBaHTa — 662 k3B) npu o6i1ydeHUur UMITYJIbCHBIM JIa3€PHBIM
U3Iy4EHUEM HAHOYACTHI[ 30JI0Ta, HAXOJAIIMXCA B pacTBope. PesynbraThl 00CyxnaroTcs ¢
TOYKH 3pEHUS YCUIICHUS JIA3€PHOTO MOJI HA HAHOYACTULIAX U B3aUMOJIEMCTBUS €ro ¢ IIa3MOii
po00s KUAKOCTH.
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KBA3SBUIIEPUOJUYECKHUE OPBUTBI B OKPECTHOCTHU TOYKH L; CUCTEMbI
COJIHIE-3EMJISA U UX TIPUMEHEHMUE B ITPOEKTE «COA»

I'.K. Boposun', UI.C. Wnbun®, A.T. Tyuun’

Hncmumym npurknaonoi mamemamuxu um. M.B. Kenovuuua PAH Mockea, Poccus
Email: borovin@keldysh.ru, web page: http://keldysh.ru/Dir board/directors-fr.html
Unemumym npurnaowoti mamemamuxu um. M.B. Kendwviua PAH Mockea, Poccus
Email: is.ilin@physics.msu.ru Web page: http://'www.kiaml.rssi.ru/~ivan/

KiioueBble ci10Ba: KBa3uIepHoaAnYecKrue OpOUTHI, KOJUIMHEApHbIE TOYKW JauOparuH, L,
actepouHas onacHocts, COZIA.

Poccuiickuit mpoexkt «COIA» — Cucrema oOHapy>XeHHs IHEBHBIX AaCTEPOHIIOB —
npenonaraeT Co3JaHue KOCMHUYECKOM oOcCepBaTOpHM, IO3BOJIAIOUIEH JE€TEKTHPOBATH
oracHble COMMKEHHUS KOMET U acTepouioB ¢ 3emiéil. Mcnonb3oBanue KBa3UMEepUOIMUECKOM
OpOUTHI B OKPECTHOCTH TOYKH L, yaanéHHOW OT 3emMiin Ha pacCTOsTHUE OKOoJIO 1,5 MITH. KM,
JUIs pa3MELICHUS KOCMHYECKOW 00cepBaTOpUHM IO3BOJIIET OPHEHTHUPOBATh TEJIECKON B
HanpasieHuu CousHne-3emiis, 4To Ja€T BO3MOKHOCTh HEIPEPHIBHO HAOJIIOJaTh acTEPOUbI,
npubnmxaronmecs K 3emie co croponsl ConHua.

B pabore paccMoTpeHa METOMKA 0aJTUCTUYECKOTO MPOCKTUPOBAHUS
KBa3UMEPUOANUECKUX OPOUT B OKPECTHOCTU TOUKH NuOpanuu L, cucremsr Conmuie-3emis, a
TaK)K€ MOCTPOEHUE OJHOUMITYJIbCHBIX TPAEKTOPHM Iepenéra Ha JaHHbIE OPOUTHI C HU3KOU
OKOJIO3eMHOW OopOuTHL. JlaHHBIH MeTOn mMO3BOJSET (OpPMHPOBATH B  OKPECTHOCTH
TMOPAlMOHHOW TOYKM KBAa3HIEPHOAMYECKHE OPOUTHI 3aJaHHOW T€OMETPHUH, TpeOyromue
MUHUMAJIBHBIX YHEPreTHUECKUX 3aTpaT Ha KOppeKUuu moaaepxaHus opOutsl. [locTpoenue
TPACKTOPHUIl OBLJIO BBIMOJHEHO B paMKax HCIoib3yeMoil B bamnmuctuueckom nentpe UIIM
yucieHHo-3¢pemepunnoit monenu ConHeuHoM cucTteMbl. OmnucaHHas MeToAWKa ObLia
UCTIONIb30BaHa JUIsl mocTpoeHust pabounx opour KA «Cnektp-PI» m «MunmmumerpoH» B
OKPECTHOCTH JUOpaIMoHHOM Touku L, cuctemsl ConHie-3emMis.
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DISCRETE D-DIMENSIONAL ELECTROMAGNETIC SCHRODINGER
OPERATOR WITH A COMPLETELY INTEGRABLE POTENTIAL: RADIAL
ASYMPTOTICS OF THE POTENTIAL AND SCATTERING PROBLEM

Alexander 1. Aptekarev
Keldysh Institute of Applied Mathematics RAS, Moscow, Russia

We consider a multidimensional generalization of the spectral theory of the finite
difference operators. The class of operators with completely integrable coefficients
(potentials) plays important role in our considerations. The discrete integrable system on the
D-dimensional lattice is defined by a discrete zero curvature condition (that is some sort of
generalization of the Lax commutation relations for the integrable systems). In other words,
the potential of our difference operator itself is a solution of the special nonlinear finite-
difference boundary value problem (BVP) on the D-dimensional lattice and this BVP is
characterized by the fact that its solution at any node of the lattice does not depend on the
multidimensional path, starting from the boundary data, by which it is obtained.

In the series of papers [1], [2], [3] a general approach to multidimensional difference
operators with discrete integrable potentials related to the Hermite-Pade (H-P) rational
approximants was developed. These approximants were introduced by Hermite in connection
to his outstanding proof of the transcendence of the number e. These days this theory is
known to play an important role in various fields ranging from number theory to random
matrix theory. The polynomials denominators (and numerators) of this rational approximants
depends on D-dimensional multi-index and there are recurrence relations which connect them
to their nearest neighbors. To be consistent these recurrences have to have the coefficients
which satisfy the discrete zero curvature condition. In other words the coefficients of the
multidimensional recurrence relations are solutions of the special discrete integrable system.

In our talk the electromagnetic Schrodinger operator in the discrete Hilbert space 1 2 on
the D-dimensional lattice with non-negative coordinate will be considered. The potential
satisfies a discrete integrable system related to H-P approximants and the restriction of the
potential on the 1-dimesional boundary edges of the lattice generates D versions of 1-
dimesional second order difference operator with nonintersecting continuous spectra. The
problem on limits of the potential along the rays in the lattice will be discussed. A statement
and solution of the scattering problem is considered as well. These results are obtained jointly
with S. A. Denisov and M. L.Yattselev and announced in [4].
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LARGE-SCALE ATOMISTIC SIMULATIONS OF MATERIAL MODIFICATION
BY SHORT LASER PULSES AND
OPTICALLY-INDUCED SURFACE ACOUSTIC WAVES

Leonid V. Zhigilei', Chengping Wu', Maxim V. Shugaev' and Vladimir Yu. Zaitsev'?
"University of Virginia, Department of Materials Science and Engineering
395 McCormick Road, Charlottesville, VA 22904-4745
*Institute of Applied Physics, Russian Academy of Sciences,
Uljanova St. 46, Nizhny Novgorod, 603950, Russia
E-mails: Iz2n@virginia.edu (Leonid V. Zhigilei); cwSxj@virginia.edu (Chengping Wu);
mvs9t@virginia.edu (Maxim V. Shugaev),; vyuzai@hydro.appl.sci-nnov.ru (Viadimir Yu. Zaitsev)
Web: http://faculty.virginia.edu/CompMat/

Short pulse laser irradiation can trigger a cascade of structural and phase transformations in
the region of direct laser energy deposition and can also generate strong acoustic pulses (bulk
and surface waves) capable of affecting key processes responsible for material modification at
a substantial distance from the absorption region. Large-scale atomistic simulations are used
in this work to investigate both the direct femtosecond laser material modification and the
acoustically-induced surface processes. In the case of the direct laser modification of metal
targets, the processes responsible for the formation of a sub-surface porous region covered by
a nanocrystalline surface layer with random crystallographic orientation of nanograins and a
high density of stacking faults, twins, and nanoscale twinned structural elements with five-
fold symmetry will be discussed and related to the experimental observation of surface
swelling and incubation effect in multi-pulse laser ablation [1,2]. For the acoustic activation
of surface processes, the conditions leading to the maximum enhancement of surface diffusion
are analyzed and explained by nonlinear wave profile sharpening leading to efficient
generation of high-frequency harmonics that directly couple to the vibrational modes of
surface species [3]. The implications of the computational predictions for the design of new
techniques where the acoustic energy serves as an effective substitution for thermal activation

of surface processes are discussed.
Figure 1. Illustration of some of the results of atomistic
: \ ( » modeling of structural modification of Ag targets
-~ 3 irradiated by 200 fs laser pulses. The simulations predict
the generation of sub-surface voids and nanocrystalline
surface layer and explain the experimental observation of
surface swelling at laser fluences close to the ablation
threshold.
References :
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2015.
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ON THE POROSITY DEVELOPMENT IN CULTURAL HERITAGE MATERIALS

N. Barbier', A.L. Bondareva®, C. G. Fiorotto®, T.V. Levchenko®, S. Mazzocato®’, G. Maino®", and
G.I. Zmievskaya®

! Department de Physique, University of Orsay Paris Sud 11, Paris, France
? Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, 4 Miusskaya sq.,
125047 Moscow, Russia
7 Physics Department, University of Padova, via Marzolo 8, Padova, Italy
4 VNI Geosystem Russian Federal Center, Moscow, Russia
> University of Bologna, Ravenna campus, via degli Ariani 1, 48100 Ravenna, Italy;
* corresponding author, e-mail giuseppe.maino@ citiesofmemory.com

Sandstone is a really diffuse building material since the antiquity in the Mediterranean
area. This rock presents a set of morphological and mechanical properties, such as its color
(yellow-orange), high ductility and high porosity, that make it a good material for the
realization of many buildings. From a physical point of view, sandstone can be considered as
a porous medium composed of calcium cement and various crystalline minerals, mainly
quartz crystals. In general, a porous medium is defined as a multiphase system with a solid
and a gaseous phase. Such a structure allows interactions at the interface between the system
and the environment as well as the diffusion of external elements — such as pollutants — inside
the pores.

The sandstone is particularly vulnerable to the urban atmosphere exposure: atmospheric
gases and weather can induce erosion and detachment of pieces of larger or smaller size of the
stone and the formation of a homogeneous layer of black crusts on the facades. By its porous
nature, sandstone has a complex structure consisting in a systems of several different sized
pores interconnected and a full description of this system involves an approach at different
scales. Furthermore, the considered material is not isolate, but it represents an open system in
constant interaction with the environment.

This work examines different ways, both experimental than theoretical, at different time
and space scales: the experimental procedure allows to get a global view of the degradation of
the historical buildings, while the theoretical study leads to models that can be used for
simulations of cultural heritage degradation.

Keywords: porous material, sandstone, cultural heritage, pollution, black crust, Degradation.
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LASER ABLATION MECHANISMS AND EFFECTS DURING NANOSECOND
IRRADIATION OF ABSORBING CONDENSED MATTER

A.A. Samokhin', S.I. Kudryashov***

I Prokhorov General Physics Institute, Russian Academy of Sciences, Russia, 119991, Moscow,
Vavilov Str., 38. email: asam40@mail.ru
2 P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Russia, 119991, Moscow, 53
Leninskiy Prospekt. email: sikudr@sci.lebedev.ru
3 National Research Nuclear University MEPhI, Russia, 115409, Moscow, Kashirskoe highway, 31.
4 ITMO University, Russia, 197101, St. Petersburg, 49 Kronverksky pr.

Keywords: nanosecond laser ablation, non-equilibrium processes, phased transitions, explosive
boiling, spinodal decomposition, near-critical region.

Nanosecond laser ablation of absorbing condensed matters involves various non-
equilibrium phenomena arising in phase transitions, in vapor flow and in other processes.
Problems in monitoring and description of these processes and some unresolved related
questions are discussed in the present review of recent and earlier theoretical and
experimental investigations.
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THE MORPHOLOGY OF PLASMA PLUME AT NANOSECOND LASER
ABLATION OF AL TARGET IN THE AIR

V.I. Mazhukin
Keldysh Institute of Applied Mathematics of RAS, Moscow
National Research Nuclear University MEPhI, Moscow

The processes initiated by pulsed laser radiation on highly absorbing condensed media,
united under the common name of pulsed laser ablation is used in a number of diagnostic and
process applications. Modeling of processes of pulse ablation involves into the consideration
of the laser target heating, heterogeneous phase transitions of the first kind (melting,
evaporation), ionization of the vaporized material and ambient gas in the field of laser
radiation, the space-time transport of mass, momentum and energy (the heat, radiation of the
plasma) [1]. The mathematical description of the processes in the target is carried out in the
approximation of 1-D unsteady hydrodynamic multi-front Stefan problem. In the gaseous
medium processes are described in the framework of the 1-D radiative gas dynamic model.
Using in simulation the dynamic adaptation method [2,3] allowed to explicitly allocate and
monitor the dynamics of phase and contact boundaries and fronts of shock waves, to establish
the role of phase transitions, laser plasma, thermal and contact interaction of the plasma
plume with the evaporating surface of the target. Detailed modeling has allowed to introduce
the structure of a laser-plasma torch in which were highlighted the periods of heterogeneous
evaporation and condensation of evaporated substance on the target surface during the laser
pulse, as well as the appearance and evolution of the 2-contact boundaries and 3 shock waves.

Solid Vapor (Gas {Ambient gas
- -——
Laser
S R T radiation
Plasma —
: -
Fs Fsl Flu Fshnck Fshn:u:k Fug Fshnck

Fig. 1. Scheme of the spatial position and direction of movement of the fronts of shock waves, of contact and
interphase boundaries.

This work was supported by RSF (project Ne 15-11-30039).
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HOHBI B XUJIKOCTAX
J>xoBannu bap6epo

Honumexnuueckuti ynusepcumem Typuna
Typun, Hmanus.

Lenbio Kypca JeKIHH npodeccopa
[TonuTexHU4YECKOTO YHUBEPCUTETA Typuna
(Uranmus) DxoBanuu bapbepo siBisieTcst onucanue
OTKJIMKA JKUIKOCTH, COJIEpKalleld WOHBI, Ha
BHEIIHEE DdJeKTpuuyeckoe mone. Ha ocHoBe
MPOCTHIX (PEHOMEHOJOTUYECKUX MOJACNICH OyIyT
00CyKaThCs ciydau ONMOKMpYIOLINX U
HEOJIOKUPYIOMUX IIeKTpo1oB. Oco00e BHUMAHHE
OyZer  yJAeJICHO  DJBOJIOIMU  CHUCTEMBI K
PaBHOBECHBIM COCTOSIHUSIM. JIEKIIMM HAYMHAIOTCS
C paccMOTpEHHsI CHUTyalluH, OTHOCALIeHcs K
CTaTUYECKOMY CIIy4aro, KOT/ia COJeprKaiiasi HOHBI
KHUJIKOCTh TOJBEpraeTcsi JEHCTBHIO BHEIIHUX

AJICKTPUYCCKUX TIOJICH MaJiod MM OOJIBIION aMIIUTYAbl. ByJeT BBEIEHO TMOHSATHE JTHMHBI
SKPAaHUPOBAHUS U MPOAHATM3UPOBAHA €€ 3aBUCUMOCTh OT BHEIIHETO NoJisA. byer paccmorpen
CiIy4ail 3aBUCSIIETO OT BPEMEHW BHEIIHETO TOJIs U BBEACHBI (PyHIaMEHTAIbHbIC YPAaBHCHUS

mozaenn Ilyaccona-Hepucra-Ilinanka.

Ileppasg wyacTe Kypca JIEKUMHM 3aKaHYUBACTCS

00Cy>XJIeHHEM TIOTJIOIIEHUS MOHOB Ha 3JEKTPOAaX B paMKax IMPOCTOro MNpUOIHKEHUs

Jlenrmropa.
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TEOPUA U TPUMEHEHUWSA CBEPXITPOBOINMMOCTH

>xoBaHHN Y MMapUHO

THonumexnuuecxuti ynueepcumem Typuna
Typun, Umanusa

Kypc nexkumit mnpodeccopa IlomuTeXHUYECKOTO YHHUBEPCUTETA
Typuna /[xoBannu Ymmapuno (Utanus) «Teopust u npuMeHeHus
CBEPXIIPOBOAMMOCTH» AENUTCS Ha Tpu yacTH. llepBas, Hambonee
oOIIMpHasE 4YacTh TOCBSIICHA KIIACCMYECKOW MaKpPOCKOMUYECKOMN
Teopuu cBepxmpoBoaumocty U BKII (MuUKpockonuueckoit) TEOpHH.
Bropas gacTh mocssimieHa Teopun Dnuanidepra u ee pe3ysibTaraM, B
TOM YHCTIE TEeM, KOTOPbIE AEMOHCTPUPYIOT TPYAHOCTH TEOPHH.
Tperbss Hamboiee KOPOTKas YacTh IMOCBSIICHA KPaTKOMY 0030py
MPUMEHEHUN CBEPXITPOBOAMMOCTH.
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MOLECULAR DYNAMICS SIMULATIONS OF LASER-MATERIALS
INTERACTIONS

Leonid V. Zhigilei

Department of Materials Science & Engineering, University of Virginia, Charlottesville, VA USA
E-mail: Iz2n@virginia.edu, Web: http://www.faculty.virginia.edu/CompMat/

Atomistic and coarse grained molecular dynamics (MD)
simulations of laser-materials interactions are playing an
increasingly important role in investigation of complex
and highly non-equilibrium processes involved in short
pulse laser processing and surface modification. This
role is defined by the ability of MD simulations to reveal
the microscopic mechanisms of structural and phase
transformations induced by the laser excitation and, at
the same time, to provide clear visual representations, or
“atomic movies”, of laser-induced dynamic processes. In
this presentation, the atomistic and coarse-grained
(mesoscopic) computational methods developed for
simulation of laser-materials interactions will be briefly
reviewed and the capabilities and limitations of these
methods will be discussed. The introduction to the computational methods will be followed
by several examples of atomistic simulations of laser melting, generation of crystal defects
and nanoscale surface morphology, photomechanical spallation, explosive boiling and
molecular entrainment in laser ablation.
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Figure 1. The results of large-scale MD simulations of Al (a) and Ag (b) targets irradiated by 100 fs laser pulses.
In (a) the representation of the laser-induced processes at the scale of the whole laser spot is based on a “mosaic
approach”, where snapshots from individual MD simulations taken at the same time of 150 ps after the laser
pulse are aligned with locations within the laser spot that correspond to the values of local fluence used in the
simulations. In (b), the surface morphology of a bulk Ag target irradiated at an absorbed fluence of 900 J/m? is
shown after complete resolidification of the surface region. The enlarged view of a local region of the frozen
nanospike indicates that this region can be represented by six interpenetrating icosahedra truncated by the free
surface of the nanospike. The images in (a) and (b) are from Refs. [1] and [2], respectively.
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The discussion of the results will be connected to the basic concepts of thermodynamics
and kinetics of materials and will be aimed at providing a clear physical picture of the
structural and phase transformations triggered by the rapid laser energy deposition. The
results of the simulations will be related to experimental observations. The implications of the
computational predictions for practical applications, as well as for the theoretical description
and continuum-level modeling of the laser-induced processes will be discussed.

References :
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2. C. Wu and L. V. Zhigilei, J. Phys. Chem. C 120, 4438-4447, (2016).

ADAPTIVE WAVELET PARADIGM FOR MULTISCALE MODELING AND
SIMULATION IN FLUID MECHANICS

Oleg Vasilyev

Department of Mechanical Engineering
University of Colorado, Boulder, USA

Wavelet methods in Computational Fluid Dynamics is a
relatively young area of research. Despite their short decade-
long existence, a substantial number of wavelet techniques have
been developed for numerical simulations of compressible and
incompressible Euler and Navier-Stokes equations for both inert
and reactive flows. What distinguishes wavelet methods from
traditional approaches is their ability to unambiguously identify
and isolate localized dynamically dominant flow structures such
as shocks, flame fronts or vortices and to track these structures
on adaptive computational meshes. In addition, wavelet
multiresolution analysis offers a novel paradigm for modeling
and simulation of turbulent flows, namely the tight integration
of the numerics and physics-based modeling that enables the development of a unified
hierarchy of turbulence models of different fidelity. The centerpiece of these models are the
energetic coherent structures that capture the dynamics of the flow across the full spectral
range. The integration of turbulence modeling with adaptive wavelet methods results in a
hierarchical approach, where all or most energetic parts of coherent eddies are dynamically
resolved on self-adaptive computational grids, while modeling the effect of the unresolved
incoherent or less energetic modes. This talk will consist of three parts. The first part will
provide a general overview of wavelet methods for solution of partial differential equations.
The second part will focus on different numerical wavelet-based approaches for solving the
Navier-Stokes and Euler equations in adaptive wavelet bases as well as provide the
background how to use wavelet-based methods for flows in complex geometries. In the last
part of the talk the state-of-the-art adaptive multiresolution wavelet methodologies for
modeling and simulation of turbulent flows will be discussed.
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PORTABLE AND SCALABLE SOLUTIONS FOR CFD ON MODERN
SUPERCOMPUTERS

Ricard Borrell
CTTC UPC, Barcelona, Spain

The High Performance Computing (HPC) community is
focused on achieving Exascale computing power
(10'® floating point operations per second) in the following
years. This is an ambition driven by the direct application of
the Moore's Law, which predicts the doubling of computing
power roughly every two years. There are some controversies
about the healthiness of the Moore's Law, that is indeed not a
Law but a fulfilling prophecy that has driven the HPC
development for decades (one look
at www.top500.org proves it). Some critical challenges are
emerging in the path to Exascale, the memory bandwidth is
not keeping the pace with processing power and the energy
consumption has become a key bottleneck. Those challenges
require innovative solutions to hardware design and programming models. In this context, the
portability of application codes across different architectures and programming models is
imperative. In this talk, we analyze all those new technology trends and its relevance from the
perspective of a Computational Fluids Dynamics (CFD) application code like the one we
develop in the Heat and Mass Transfer Technological Center of the Technical University of
Catalonia. We also expose our approach to attain the portability requirements and its
application to different computing models.
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MULTIDIMENSIONAL, SELF-SIMILAR, STRONGLY-INTERACTING,
CONSISTENT (MUSIC) RIEMANN SOLVERS - APPLICATIONS TO
DIVERGENCE-FREE MHD AND ALE SCHEMES

Dinshaw S. Balsara

University of Notre Dame, USA
e-mail: dbalsara@nd.edu
http://www.nd.edu/~dbalsara/Numerical-PDE-Course

Large-scale, multidimensional flow simulations are now
commonplace and there is a considerable interest in very
accurate algorithms for such simulations. Introducing true
multidimensionality in such algorithms is very valuable for a
complete representation of the physics of the problem.
Reconstruction strategies for hyperbolic PDEs (WENO, DG,
PNPM, MOOD) are already fully multidimensional as are
methods for their temporal update (RK, ADER). The majority
of Riemann solvers are still one-dimensional. The present talk
describes the design of multidimensional Riemann solvers
and their applicability to higher order schemes.

Such multidimensional Riemann solvers act at the vertices of the mesh, where the
multidimensional flow structure becomes visible to the Riemann solver. Instead of two input
states, the input states consist of states from all the zones that meet at that vertex. At any zone
interface that separates two states, a one dimensional Riemann problem emanates, as always.
However, at any vertex, all the adjacent one-dimensional Riemann problems interact to form a
strongly interacting state. The strongly interacting state evolves self-similarly in spacetime.
By evolving the structure of the strongly interacting state in a set of self-similar variables we
show that the structure of the strongly interacting state can be elucidated. Self-similarity is
crucially important in the development of multidimensional Riemann solvers (Balsara (2010,
2012, 2014, 2015), Balsara, Dumbser & Abgrall (2014), Balsara & Dumbser (2015), Balsara
et al. (2015)). This has prompted the name of MuSIC Riemann solvers, where MuSIC stands
for “Multidimensional, Self-similar, strongly-Interacting, Consistent”. For a video
introduction to multidimensional Riemann solvers see:
http://www.nd.edu/~dbalsara/Numerical-PDE-Course.

Numerical MHD has come into its own in the last several years. MHD forms an
involution-constrained system where the magnetic field, once divergence-free, remains so
forever. As a result, one has to find a strategy to represent the magnetic field in
divergencefree fashion. Keeping the magnetic field divergence-free requires solving the
problem on a Yee-type mesh. This necessarily requires identifying the multidimensionally
upwinded electric field at the edges of a computational mesh. I proceed to show that recent
advances in designing multidimensional Riemann solvers give a unique, multidimensionally-
upwinded representation of the electric field.

The benefits of the multidimensional Riemann solver go beyond numerical MHD and
apply to any hyperbolic system. I show that the multidimensional Riemann solver gives more
isotropic flow on resolution-starved meshes. The permitted CFL number is also increased.
Even more importantly, the multidimensional Riemann solver gives us a physically-motivated
node solver for any ALE application involving any manner of hyperbolic system. The talk
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ends with presentation of hydrodynamical and magnetohydrodynamical ALE results at all

orders.

INTRODUCTION TO COMPUTATIONAL AEROACOUSTICS

measured at the log scale,

Sergey Karabasov
Queen Mary University of London, UK

Aeroacoustics is a relatively new area of research which studies
sound generated by aerodynamic flows, e.g. noise generated by
a jet engine, helicopter rotor noise, or wind turbine noise. For
propulsive noise, as the number of aircraft continues to increase
its impact on the environment has become very severe and
noise reduction now is a serious issue which needs to be dealt
with on par with aerodynamic performance and structural
integrity. From the modelling viewpoint, acroacoustic problems
typically involve a great range of scales: acoustic wavelength in
the audible range of hearing is several orders of magnitude
larger than that of the aerodynamic fluctuations which generate
sound. Besides, noise typically is a tiny by-product of
aerodynamic flows and its amplitude is so small that it is
similarly to how the human hearing works. All these makes

Computational Aeroacoustics which aims to model the aerodynamic flows and sound at the
same time an extremely challenging field. In this lecture, we will consider typical techniques
used in aeroacoustic modelling — from statistical modelling based approaches to the

techniques which use space
will look at some examples

and time resolved computational fluid dynamics methods. We
how aeroacoustic modelling can be quite controversial at times

and what are the limitations of some existing theories and numerics.
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MODELS OF MATHEMATICAL PHYSICS AND COMPLEX ANALYSIS IN THE
STUDY OF POROUS MATERIALS INCLUDING EXPERIMENTAL TECHNIQUES
SUCH AS LASER ABLATION INDUCTIVELY COUPLED PLASMA MASS
SPECTROMETRY (LA-ICP-MS) AND INDUCTIVELY COUPLED PLASMA
ATOMIC EMISSION SPECTROSCOPY (ICP-AES)

Giuseppe Maino

Faculty of Preservation of Cultural Heritage, University of Bologna

Bologna, Italy

Atomic and nuclear techniques are mainly used in
archaeology and history of art for dating and determining
the composition and modifications of materials used in the
production of artifacts of particular interest. A close
relationship exists between non-destructive multispectral
techniques, digital imagery and digital picture processing; in
particular, the digital image processing is shown to naturally
complete traditional analysis techniques for non-destructive
diagnostics of paintings such as radiography and
reflectography in identifying the archaeological or artistic
objects and the materials from which they are made, their
state of repair, technical construction and decoration as well

as datation. In particular, physical methods are often used assess fakes or late copies from a
lost original. Therefore, fundamental and applied physics, and namely condensed- matter and
nuclear physics together, can make noteworthy contributions to conservation education and

research, in order to:

* Assess stronger foundations for the scientific approach to conservation;

* define a framework for a possible scientific theory for conserve on;

* understand and measure many natural phenomena and conservation induced effects;

« apply the existing physical techniques in the humanities field and develop new physical
methods and instruments specifically for conservation;

* improve conservation methods and strategies.
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ACADEMIC LECTURES ABSTRACTS

HEKOTOPBIE ITPUJIOXKEHUSA MATEMATHYECKOI'O AHAJIN3A K 3AJAYAM
ECTECTBO3HAHUA

XKapko [TaBuueBug

Faculty of Natural Sciences and Mathematics, University of Montenegro,
Dzordza Vasingtona b.b.,81000 Podgorica, Montenegro
e-mail: zarkop@ac.me

B nexnuu mpencTaBiieHbl MPUIOKCHHS MAaTeMaTHYECKOTO
aHaJIM3a B CICAYIONINX 33/1a4aX €CTCCTBO3HAHUS:

® TIpPEIIOMIICHHE U OTPaXCHUE CBETa

® T[aJieHWEe Tela B CONPOTHBISIONICHCS Cpelae W

runepoonndeckue GpyHKIuu

® HEKOTOpPBIC 33aJ]a4H U3 OUOJIOTUN

® HEKOTOpPBIC 3a/1aYH U3 XUMUU

Jnst pemieHust 3aqad, pacCMOTPEHHBIX B IEPEUUCICHHBIX
pasjenax, HCIOJIb3YIOTCS HAayaJlbHbIC CBEACHUS U3 TEOPHH
HEOIPECIICHHBIX ~ WHTETPAJiOB, TO3BOJIIIOIINE  PEIIUTh
MpOCTEUIIIHE nuddepeHraibHbIC ypaBHEHHUSI c
pa3AeAIONIUMUCS IEPEMEHHBIMH M YPaBHEHUS, TIPUBOISIIIHE
k HUM. OT ciymareneii TpeOyeTcss MOHUMAaHUE MOHSATHUS
HEOIPEeIeICHHOT0 HHTEeTpalla Kak MHOXKECTBa MepBOOOPa3HBIX (PYHKINH, 3HAHUE TaOITHIHBIX
UHTETPAJIOB M MPOCTEUIINX MPUEMOB UHTCTPUPOBAHUS — HHTETPUPOBAHUE CYMMbI (DYHKIIUH,
BBIHECEHHMSI IIOCTOSTHHBIX 33 3HAK MHTETpalla 1 HHTETPUPOBAHUS CIIOKHBIX (YHKIIMNA TPUEMOM
MOJTHECEHUS O] 3HaK AuddepeHuana.

JIntepartypa:

1. T'M. ®uxrenronsn, «Kypc muddepernnarpbHOr0 U MHTETPATBHOTO UCUHACICHU», T. 2, M .
Hayxka., 800c. (1969).

2. B.B. lo6ponpasos, H.H. Hukurun, «Kypc teoperndeckoii mexanuku», M.: Beicir. llkona,
575¢ (1983).

3. V.L Gavrilov, Z. Pavi¢evi¢, «Matemati¢ka analiza I», PMF & UNIREXS, Podgorica, 538s.
(1994).

4. B.M. Taspunos, X. IlaBuueBuh, A.B. Cy06Borun, «HekoTopble nNpuIOKEHUS
MaTeMaTHYEeCKOTO aHajm3a K 3ajadaM ectectBo3Hanus [», Matematicki Kolokvij XVIII (2), c.
25-47 (2012).

5. B.M. Taspunos, JK. IlaBuueBuh, A.B. Cy006BotuH, «HekoTtopble mnpHUIOKECHUS

MaTeMaTHYEeCKOTo aHalM3a K 3amadaMm ectectBo3HaHus I1», Matematicki Kolokvij XVIII (2),
49-68 (2012).

51



Youth School-Conference
"Mathematical modeling and computational experiment in modern scientific research”

APPLIED RESEARCH IN THE GERMAN FRAUNHOFER GESELLSCHAFT
(FRAUNHOFER SOCIETY) - IN GENERAL AND THE RESEARCH OF CUTTING
TECHNOLOGY IN THE INSTITUTE IWU IN CHEMNITZ

Ulrich Semmler

Fraunhofer Institute for Machine Tools and Forming Technology (IWU), Chemnitz, Germany
Department of Cutting Technology
E-Mail: usemmler@yahoo.de

The German Fraunhofer Gesellschaft for Applied Research consists of
more than 60 institutes and 54.000 employees all over Germany with some
subsidiaries, joint labs and representatives around the world. In the lecture
the Fraunhofer principle of applied research is explained and put in
concrete terms for the Institute for Machine Tools and Forming
Technology (IWU). The second part of the lecture gives an overview about
mathematical and numerical modelling and simulation in metal cutting
technology where the lecturer was employed during the last years.

HIGH FIELD OPTICAL PHYSICS

A. Savel’ev

Lomonosov Moscow State University
Moscow Russia
e-mail: abst@physics.msu.ru

This lecture introduces basic definitions, phenomena and state-of-art
for one of the mainstream of modern physics lying at the
. intersection of laser physics, physics of plasma, and nuclear physics.
The first part describes the general picture of laser-plasma
interaction at high intensities ranging from 10'* to 10** W/cm?® and
gives definitions for main “thresholds”. Next, the generation of
extreme field is described. Relativistic optics is in the focus of the
third part, while next parts deal with hot topics in the field such as
laser wakefield acceleration, ions acceleration, nuclear physics with
lasers. Finally brief introduction to the modern ICF concepts is
presented.
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METO/J XAPAKTEPU3ALIUN MEXAHU3MOB ABJISINAN OIITHYECKUAX
KPUCTAJIJIOB IO AEUCTBHUEM YJIBTPA-KOPOTKHUX JIABEPHBIX
UMITYJIbCOB

C. Kanmenros', C. I'msap’, A. Myckedrapac?, H. ®enopos’, A. Bubas’

! Hnemumym obweit gpusuxu PAH, Basunosa 38, 119991 Mocksa, Poccus
? Laboratoire des Solides Irradiés, Ecole Polytechnique, 91128 Palaiseau, France
5 CELIA, Université Bordeaux I, Cours de la Libération F-33405 Talence, France
kliment@kapella.gpi.ru

BO3ZI€I7[CTBI/IC MOIIHBIX YJIBTPAKOPOTKUX JIA3€PHBIX HMIIYJIBCOB Ha IMPO3PaYHBIC OINTHYCCKHC
KPUCTAUIBI  3aIlyCKaeT  LEeMOYKy  (DOTOIIEKTPOHHBIX W PEJIAKCAMOHHBIX ~ MEXaHH3MOB,
3aBEPIIAIOIINXCS, TIPH OIPEACNCHHBIX YCIOBHAX, aOmamued mwim Moxudukamueil Marepuana.
HeoOxoauMocTh WX U3yYeHHUS MAUKTYEeTCS IMOTPEOHOCTSIMM pPa3BUTHS JIA3ePHBIX TEXHONOTHH U
HNPOTHO3UPOBAHUS ONTHYSCKOH MPOYHOCTH DICMEHTOB JIa3epHBIX CXeM. B BuUIy OBICTPOTHI H
MHOT000pa3usl SBICHHUH, UCCICIOBAHUS TAKOTO pojia TPeOYIOT IPUMEHEHHS COBOKYITHOCTH METO/IOB,
aJICKBaTHBIX 10 YyBCTBUTEIBHOCTH, BPEMEHHOMY M IIPOCTPAHCTBEHHOMY Pa3pELICHHIO, TTO3BOJISIOMINX
OTCIIC)KMBATh KUHETHKY CBOOOJIHBIX JJCKTPOHOB B MAJbIX ISATHaX OOJIyYCHUS M OCYLICCTBISTH
MOHHMTOPHHT MX SHEPTHH B 30HE IPOBOIHMMOCTH.

Llens wmccienoBaHWiI coCTOsNIa B ONPEAEICHHH JOMUHHMPYIOIIMX MEXaHM3MOB Iepenadu
ONTHYECKOW JHEPTHUU W €€ MOCIEAYIOIIeH pelaKcaluy, MPUBOIANINX K JIa3epHOW aOsaIuu WiIu
pa3pyLICHHIO HIMPOKO30HHBIX ONTHYECKUX KPHCTAJUIOB. MOHUTOPUHI KOHIIEHTPALUH CBOOOIHBIX
JEJICKTPOHOB  BONM3M  mopora  aONAIUd  OCYIISCTBIBUICA  ITOCPEICTBOM  CBEPXOBICTPOM
UHTEpPEPOMETPUH, a UX pacHpelesieHUe MO SHEPTUsM H3MEPSIOCh METoAaMH (HOTOAICKTPOHHOM
crieKTpockonuu. s uaeHTHUKAIUY MPOLECCOB MEK30HHOTO M BHYPTHU30HHOT'O TOTJIOIICHUS, Ha
MOBEPXHOCTh MaTepraia BO3JCHCTBOBAIM JBa MOIIHBIX uMmITyibca Ti:Sa mazepa (400 u 800 M) c
pETyIUpyeMOi 3alepKKOW W JUIMTENBHOCTHIO. I[loporm aOisamum  u3MepsuIuch B TOW  JKe
JIBYXHUMITYJIbCHOM CXeMe€ B HICHTUYHBIX YCIOBUAX. TakuM 00pa3om, Hanbosee NMojgHask COBOKYITHOCTh
HPSIMBIX M3MEPEHHH MCIOIb30BalIach ISl XapaKTEepU3allMd MEX30HHBIX IePeX0/I0B, BHYTPH30HHOTO
Harpesa, peakcaliy U pPa3MHOKEHHS 3JIEKTPOHOB BOJIM3H IIOPOTa ONTHYECKOTO TIPOOOSL.

bruto moka3aHo, 9TO B KpUCTAIIaX ¢ OONBIINM BPEMEHEM KU3HU CBOOOIHBIX HOCUTENEH
3apsana (candup, MgO) snexkTpoH-pOHOHHAs peaKkcalusi, B COBOKYITHOCTH C TOTJIONMICHHUEM
CBETa B PE3yJbTAaT€ KACKaJa ONTHUYECKUX IIEPEXOJ0B B 30HE MPOBOJAUMOCTH, HIPAECT
KIIIOYEBYIO POJIb B LIEMOYKE MPOLECCOB, MPUBOIAMIMX K Ja3epHOW aOJsuu B AMANa3oHe
JUTUTETLHOCTEH JTa3epHOr0 BO3ACHCTBHSI OT JAECATKOB (DEMTOCEKYHII JI0 HECKOJIBKUX
NUKOCEKYyHJA.  DHeprus, cooOmaemMass  BHYTPU3OHHBIM  JJIEKTpOHAM,  Iepenaercs
KPUCTAJUIMYECKOM pELIETKE, YTO B KOHEYOM CUYET€ INPUBOJUT K €€ TEPMHUUYECKOU
HecTaOmIpbHOCTH. Bompeku BbICOKOH »dHeprum diekTpoHoB (10 20-30 »B), yaapHo#
WOHM3AIlMK B MaTepualiax He Ha0moAanoch. Pa3MHOXEHHE CBOOOIHBIX 3JIEKTPOHOB
0OHapyXMBaJOCh JIMIIb B KpPUCTaUIaX, Il KOTOPBIX XapaKTEpHO OBICTpoe 0Opa3oBaHUE
ABTOJIOKATM30BaHHBIX IKCUTOHOB (Si0;, NaCl). [IpoBeneHHbIe U3MEPEHHSI U MOICTUPOBAHUE
MO3BOJIWIN C(HOPMYIUPOBATh KPUTEPUU ONTHYECKOrO MPoOO0S Ba)KHOM IpyMIbl ONTHUYECKUX
MaTepHaoB.
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HCCJIEJOBAHHUE BJIMSHUAA HAYAJIBHOT'O ITIPOPHJIA JAUHEPA HA EI'O
JABUKEHUE BBJIN3U KOHIHEBOU YACTU MATHUTHOTI'O YCKOPUTEJIA

MLIL. T'anaanH 1, M.K. Kpsuios 2, A.Il. JloTomkumii 2, A.C. Pomun '

TUTIM um. M.B. Keadviua PAH, 2. Mockea
’r ‘HI] PO TPUHUTU, 2. Tpouyx
rals@bk.ru

Brimmoneno HUCCICAOBAHUC ABUXCHUA HUIMHAPUYICCKUX H&ﬁHGpOB B YCKOPHUTCIIAAX I10J
JEHCTBUEM JJICKTPOMArHUTHBIX CHJI. [10CKOIBKY B MOJOOHBIX YCTPOWCTBAaX JIAWHEP TOJDKEH
COXPAHATH IOJHYIHO TCpMCTHYHOCTb MW IJICKTPOIIPOBOAHOCTH, TO BO3HHUKACT 3aJava
penoTBpalieHusl oOphIBa JaifiHepa BOJIM3M 3aKPEIUIEHHBIX KOHIIEBBIX y4acTKOB. OIHUM W3
CHOCOOOB peIIeHUs] YKa3aHHOM MpoOJIeMbl SBISETCS NPO(UIMPOBAHUE TONIIUHBI CTEHKU
JaliHepa Ha KOHIIaX C)KUMaeMou pabouei 4acTH 000JIOUKH.

PaccMoTpeHbl SKCrIepUMEeHTaIbHbIE PE3yIbTAaThI 10 HAXOXKACHUIO ONITUMAIBHOTO MPOQUIIS
JIEHTOYHOTO JlalfHepa, KOTOPBIM MOKHO pacCMaTPHBAaTh KaK BBIJCICHHBINA BIOIL 00pa3yIoIIeH
3IIEMEHT LMWIMHApUYEecKol moBepxHocTH. ChopMyTupoBaHbl MaTeMaTHUeCKas U YUCICHHAS
MOJIETI DJIEKTPOMATrHUTHBIX TOJIEH B YCKOpHUTENE Ui cliydas, B KOTOPOM IIOJHBIA TOK
ABJISICTCA Ba,Z[aHHOf/'I BEJIIUYUHOMN. HpI/IBe,Z[GHBI pacucTel MO OHNpPCACICHUIO OITUMAJIBHOTO
npoduias  HWIMHAPUYECKOTrOo  JlalfHepa, TMO3BOJSIOLIEr0  MOJy4YaTh  MaKCHUMAalbHbIE
I[e(pOpMaLII/II/I PaACTAKCHHA, HC TMPCBBIMIAIOIINUC MTPCACIBbHO MOOIMYCTUMBIX BCJIIMYHWH. I[HSI
OTNMCaHUs JBUKEHUS JIallHEepa HCIOIb30BaHa MOJIENb YIPYTOIIaCTUYECKOTO Tela Ui ciyJas
IPOM3BOJBHBIX Je(OpMaLIUid.

N B skCniepuMEHTE C JICHTOYHBIM JJAHHEPOM, U B pacyeTax ¢ HWIMHAPUYECKUM JIAMHEPOM
IMMOJIY4YCHO, YTO MPOTAKCHHOCTDH OGH&CTI/I HCOAHOPOAHOCTH, KOTOPAsA pa3sBUJIaChb B MPOLECCC
JBUKEHHSI, COTIOCTaBUMa C HaualbHOW JJIMHOM ydacTKa JaiiHepa ¢ mepeMEeHHbIM CEUEHHUEM.

PaboTa BbImosHEeHa NpU YacTHYHOW (UHAHCOBOI mojaep)kke kKoHTpakTa mo OLIT Ne H
4x44.90.14.1109 u Poccuiickoro ¢onna GpyHIaMeHTaIbHBIX UccaeaoBaHUi (MpoeKThl No 15-
01-03073, Ne 16-31-00302).
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KINETIC SIMULATION OF ELECTRON HEAT WAVE PROPAGATION IN
COLLISIONAL LASER PRODUCED PLASMA

S.A. Karpov'?, IF. Potapenko'?, V.Yu. Bychenkov'”

"All-Russia Research Institute of Automatics, Sushchevskaya, 22, 127055 Moscow, RF*.
’Keldysh Institute of Applied Mathematics RAS, Miusskaya Sq.,4, 125047 Moscow, RF.
3Lebedev Physical Institute RAS, Leninskiy Prospekt 53, 119991 Moscow, RF.
*e-mail: karpov.st@yandex.ru

The interaction of intense laser radiation with plasma results in the appearance of high
temperature and density gradients, which casts doubts on the possibility of describing actual
laser experiments in the framework of the classical transport theory. To date, there are a lot of
experimental data [1] confirming the idea about the nonlocal character of heat transport in
laser produced plasmas. This concerns, first of all, the description of the heat flux, because the
electron heat transport plays a crucial role in the energy balance in laser produced plasmas.
The problem of the heat flux intensity is one of the key problems to be solved for successful
implementation of inertial confinement fusion (ICF), because most energy of the incident
laser radiation is absorbed far from the ignition region and is then carried deep into the plasma
by the electron heat flux, which determines the heating rate, temperature, and compression
ratio of the target.

The analytical theory of nonlocal transport is designed only for the small temperature
perturbations [2]. So the only way to calculate the parameters of the heat transport in plasma
with the temperature inhomogeneity scale length less or equal to one hundred electron mean
free path lengths is the numerical simulation of the kinetic equation with Landau-Fokker-
Planck collision operator.

In this work the algorithm for numerical solution of plasma kinetic equation in 1D3V
geometry has been developed. For the nonlinear collision operator the direct simulation
Monte Carlo method [3] was used. The initial temperature perturbation relaxation and the
electron heat wave propagation from the heated wall for different initial plasma parameters
and characteristic temperature gradients are studied. The comparison of the kinetic and
hydrodynamic numerical simulation results is presented. Heat transport properties and the
electron distribution structure in different space-temporal regions are analyzed.

Acknowledgements: The financial support of RFFI Grant N 16-01-00256 is gratefully
acknowledged.
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NON EQUILIBRIUM STEADY-STATE DISTRIBUTIONS FOR WEAKLY
COLLISON PLASMAS AND GASES

L.F. Potapenko

KIAM RAS, Miusskaya Sq.,4, 125047, Moscow, RF
firena@yandex.ru

Formation of a non equilibrium steady-state distribution function of particles with the
power-law interaction potentials U = r-s, where 1 <s< 4, is studied numerically.

Consideration is based on the one dimensional nonlinear kinetic equation of a Landau —
Fokker - Planck type in the presence of particle (energy) sources. Non equilibrium quasi
steady-state local distributions exist inside the momentum interval between the energy
(particle) source and the bulk (or sink) of the particle distribution and has the form of
gradually decreasing functions. Numerical calculations based on the completely conservative
difference schemes are accompanied by the analytical consideration and comparison with the
experimental results is given.

Obtained results can be useful in connection with the development of high-power particle
and energy sources, additional heating in laboratory plasmas, as well as for the prediction of
the semiconductors behavior under the action of particle beams or electromagnetic radiation.

Acknowledges: The financial support of RFFI Grant N 16-01-00256 is gratefully
acknowledged.
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CTOJKHOBHUTEIBHOH TIIa3Me B Ipoliecce HarpeBa” WHxeHepHas gusuka. Ne 5, 31-49 (2012).
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LASER SURFACE TEXTURING TO CONTROL FRICTION OF DIAMOND-LIKE
CARBON FILMS

S.M. leenov M.S. Komlenok EV Zavedeev VD Frolov N.R. Amtyunyan M.L. Shupegln
A D. Barmov ,0.8. leova , T. Roch , H.-I. Schelbe
Geneml Physics Institute, Moscow 119991, Russia
2National Research University “Moscow Power Engineering Institute”, 111250 Moscow, Russia

3
Fraunhofer Institute for Material and Beam Technology (IWS), Dresden 01277, Germany
pimenov@nsc.gpi.ru

Laser surface texturing is an advanced technique to control the friction and wear properties
of hard materials and coatings under various sliding conditions in which the fabricated surface
micropatterns (microcraters, microgrooves, etc) may function as reservoirs for liquid or solid
lubricants and traps for wear particles. For hard diamond-like carbon (DLC) films, the laser-
induced structure transformation (graphitization) of a surface layer allows various
microstructures — micro-hills (regime of graphitization) or micro-dimples (regime of ablation)
— to be fabricated on the film surface, resulting in various effects on nanoscale friction and
macroscopic friction properties of laser-patterned films.

In this paper we present recent experimental findings of laser surface texturing of different
DLC coatings, aimed at modification of their frictional properties on the nano and macroscale.
Three types of DLC films were used, including: (i) superhard tetrahedral bonded amorphous
carbon (ta-C) films, (ii) hydrogenated amorphous carbon (a-C:H) films, and (iii) diamond-like
nanocomposite (a-C:H,Si:0) films. For surface micropatterning, UV nanosecond-pulse lasers
(wavelengths 248 nm, 355 nm and pulse duration 10-20 ns) were used. The laser-produced
one-dimensional surface relief gratings represented arrays of parallel micro-swellings or
microgrooves with the period from 4 pm to 10 pm. The laser irradiation was performed at low
fluences corresponding to the conditions of surface graphitization and incipient ablation. It
was found that the laser-induced graphitization and spallation in the surface layers strongly
influenced the nanoscale topography and frictional properties of laser-micropatterned films
studied with lateral force microscopy (LFM) and ball-on-flat tribometer testing. The LFM
studies of laser-patterned ta-C and a-C:H films [1,2] revealed that the surface graphitization
resulted in a decreased nanoscale friction in laser-irradiated regions, while the result was
opposite (i.e. increased friction) for diamond-like nanocomposite films due to microspallation
effects. The obtained correlations between the DLC film structure, thermal simulation of laser
patterning process, nanoscale and macroscale friction properties of laser-textured DLC films
are discussed.

Acknowledgements: The work was supported by the Russian Science Foundation under
project No. 15-12-00039.
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MODELLING OF THE NANOSECOND LASER ABLATION WITH THE USE OF
ANSYS FLUENT

T. Moscicki, J. Hoffman, Z. Szymanski

Institute of Fundamental Technological Research, ul. Pawinskiego 5B, 02-106 Warsaw, Poland
zszym@ippt.pan.pl

The model describing both the target heating, and plasma formation and expansion,
consists of conservation equations of mass, momentum and energy. Set of equations is solved
in axial symmetry with the use of the Ansys - Fluent software package [1]. The model was
proven to give results in agreement with experimental ones [2]. The calculations were made
only in the early phase of expansion because Fluent is a one temperature model. After the
cessation of the laser pulse, the energy equilibration time between electrons and heavy
particles is a few nanoseconds and due to high electron density it can be assumed that 7, = T},
during first 50-100 ns of the plume expansion. Figure 1 shows the evolution of axial values of
the plasma temperature, pressure and velocity during the carbon ablation into vacuum.
Calculations were made for two wavelengths of an Nd:YAG laser— 355 nm and 1064 nm. The
development of the plasma results in the growth of temperature and consequently the increase
in pressure which in turn accelerates the plume. The greater ablation rate in the case of 355
nm results in higher pressure (and density) while a higher plasma temperature and velocity in
the case of 1064 nm is the result of stronger plasma absorption.
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Fig.1. Axial distributions of plasma parameters during the ignition. Solid line — temperature, broken line —
velocity, dotted line— pressure.

Corresponding calculations have been made in cases of the ablation into an ambient gas and in
water and will be presented.

References

1. ANSYS® Academic Research, Release 14.0, Ansys Fluent User’s Guide, ANSYS, Inc.
2. J. Hoffman, T. Moscicki, and Z. Szymanski, “Acceleration and distribution of laser-ablated carbon
ions near the target surface” J. Phys. D: Appl. Phys. 45, 025201 (2012)
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W CCJIEJJOBAHUE MO/IEJIA BBIBOPA MO3UIINIA UHIUBUJIAMMU ITPU
NHO®OPMAIIMOHHOM ITPOTUBOBOPCTBE B IOJIAPU30BAHHOM
COIIUYME

O.I'. [IpoHueBa

HUnemumym Ipuxnaonou Mamemamuru um M.B. Keroviwa PAH, 125047, Mockea, Muycckas ni., 0.4
Mocroeckuti @Quzuxo-Texnuueckuii Uncmumym (I'Y, 141700, Mockoeckas obracmeo,
2. [oneonpyonvtii, Hncmumymckuii nep., 9)
olga.proncheva@gmail.com

PaGota mocBsieHa HCCIENIOBAaHUIO MOJEIH HH(GOPMAIMOHHOTO MPOTUBOOOPCTBA,
noctpoeHHOM B [1] Ha ocHOBe Mojzenu mnoapaxarenbHoro noseaeHus H.Pamesckoro [2].
PaccmarpuBaeTcst mporiecc BIOOpa HHAWBUIOM OJHOU U3 JIBYX MPEAIaraéMbIX TOUEK 3PCHHUSL.
Kaxxnprit ”HAMBU XapaKTepU3yeTcsl CBOCH BHYTPEHHEH CKIOHHOCTBIO (0 K BBHIOOPY TOW WITH
nHOM peakuuu. Ecam ¢ >0, To MHAUBUI, NPU YCIOBUU OTCYTCTBUSI BHEIIHUX CTHUMYJIOB,
JEMOHCTPHUPYET MEPBYIO TOUYKY 3peHus, ecim @ <0 - To BrOopylo. B kauecTBe BHEIIHEro
CTUMYJIa pacCMaTpPUBAETCA TEKYIash YHCICHHOCTh WHIWUBUIOB, IEMOHCTPUPYIOIIUX Ty WU
MHYIO TOUKY 3peHus. B manHoii paboTe mpezamnosiaraercs, 4To 00IIECTBO MOJISPU30BAHO, T.€.
WHJUBU/]IBI UMEIOT TUIOTHOCTH pactupeneneHus N(@):

( 0, o<—d—h
N, L
— —d-h=p=h-d
i 4h e
N(p)=1 O h-d<@<d-h .0<h<d.
N, .
Ad-h<e<d+]
4h =P I

[0, w=d+h

rae Ny - YUCIIEHHOCTh UHJMBUJIOB B TPYIIIIE.

Hccnemyetcs BOmpoc 0 TOM, KaK CTETIEHb MONIpU3aiy d 00IIecTBa BIMSET Ha Pa3BUTHE
nH(GOPMAIIMOHHOTO TIpoIecca.

Mopnens uMeeT BHI UHTETPO-AU(dEepeHINATHFHOTO YPABHEHHS, B KOTOPOM HECH3BECTHAs
GYHKIUS HAXOAWUTCSA TOJ 3HAKOM MPOU3BOJHOM U B TpeAesic MHTETPUPOBAHMS, a TaKKe
BBICTYIIAe€T KaK apryMeHT OT HEKOTOpOH 9K30reHHO 3amaHHoW (yHkmmu. HccnemoBanue
MPOBOANUTCS AHATUTUYECKUMU M YUCIICHHBIMH METOJAMH.

PaGota Beimonaena nmpu noanepxke POOU (mpoekt Ne 16-01-0100306) u PITHD (mpoext
Ne 15-03-00435).
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CONTINUAL AND MOLECULAR DYNAMIC APPROACHES IN DETERMINING
THE THERMAL PROPERTIES OF SILICON

O.N. Koroleva '?, A.V. Mazhukin '

'M.V. Keldysh Institute of Applied Mathematics of RAS
’National Research Nuclear University MEPhI

Determination of thermophysical properties of silicon for the problems of interaction of laser
radiation and the silicon is a difficult task due to the physical characteristics of semiconductors. Under
normal conditions, the semiconductor (crystalline silicon) is a dielectric weakly absorbing or
completely transparent for laser radiation. The molten metal acquires the properties of silicon. The
mathematical description of nonequilibrium heating of silicon is required to consider a number of
additional factors, such as the ambipolar transport of charge carriers (electrons and holes),
photoexcitation of atoms in the lattice, photo- and heat generation (photo- and collisional ionization),
the temperature dependence of change of the width of the forbidden band, recombination processes
and several others. As well as in metals, non-equilibrium heating of semiconductors (silicon) takes
place by a wide margin of temperatures of carriers from the grid, so in problems of laser exposure
silicon can be considered as an object consisting of two interacting subsystems - electron and phonon.
In this case, for each of the subsystems it is necessary to determine the thermophysical, optical and
thermodynamic properties, varying over a wide temperature and frequency ranges. Therefore, to
determine the properties of the electronic subsystem was used continuum approach for the phonon
subsystem - the molecular-dynamic approach.

The continuum approach is carried out by calculation using the statistics of electron gas of
semiconductors, the main provision of which is the determination of the distribution function f(p,7) [1,
2]. Under the distribution function means the probability density of the electron at point » with
momentum p. In the case of thermodynamic equilibrium is used classical Maxwell-Boltzmann
statistics for non-degenerate electron gas and Fermi-Dirac quantum statistics for a degenerate electron
gas. In case of violation of conditions of local thermodynamic equilibrium distribution functions are
determined by solving the classical Boltzmann kinetic equation or quantum kinetic equations. The
distribution function has the necessary minimum of information that can be used to describe non-
equilibrium processes with reasonable accuracy.

Molecular dynamics (MD) approach is based on the solution of system of Newton's equations of
motion for each particle in three-dimensional space, allows us to consider the behavior of each particle
directly, and receive detailed information about the kinetics and mechanisms of laser melting of silicon
target [3].

When using the MD models for investigation of various properties of a substance vital role played
by the choice of interaction potential between the particles because the accuracy of the results depends
directly on the building.

The report presents the results of calculations of thermophysical characteristics of silicon using a
continuum and molecular dynamics approaches.

This work was supported by RSF (project Ne 15-11-30039).

References:

1. L.S. Stilbans, «Semiconductor Physics», M.: Sov. radio, (1967).

2. O.N. Koroleva, A.V. Mazhukin, V.I. Mazhukin, P.V. Breslavskiy, «Approximation of Fermi-Dirac
integrals of different orders used to determine the thermal properties of metals and semiconductorsy,
Mathematica Montisnigri, Vol XXXV, pp. 37-53 (2016).

3. V. P. Lipp, B. Rethfeld, M. E. Garcia, D. S. Ivanov, «Atomistic-continuum modeling of short laser
pulse melting of Si targets», Physical Review B 90, 245306 (2014).

60



SECTION 1. LASER-PLASMA PROCESSES, LASER ACTION ABSTRACTS
Laser ablation - experiment, theory statement of the problem, modeling

INDUCED “TRANSPARENCY” OF CSCM DURING EARTHING OF ABLATIVE
TORCH AT LASER RADIATION EXPOSURE

Tsarkova O. G.

A.M. Prokhorov General Physics Institute of RAS, Moscow
olga@kapella.gpi.ru

At influence of CW laser radiation A = 1.3 pm, Wiaser=20 kW, tlaser=4.5 s, Slaser=8 cm? on
carbon silicon carbide composite material (CSCM) sample of 0.35 cm thick [1,2] there were
identified temperatures of a front surface (using pyrometer) and a back surface (using
thermocouples) depending on time. A reduction of a temperature of a front surface on 300 K
for 0.02 s and an increase up to previous temperature level (about 3200 K) for subsequent
0.01 s in the absence of considerable changes in laser radiation intensity are revealed.

This change of the frontal temperature has happened during an earthing of an ablative
frontal torch in the experiment. At the same time, a luminescence and a torch on the back
surface appeared and indications of thermocouples continued to grow up to the values
exceeding of the pyrometer values on 500 K after turned off the laser. The luminescence of
the torch on a back surface has reached a maximum through 0.3 s after the laser off and
continued to burn whereas the frontal torch wasn't observed anymore. It is worth noticing that
indications of the thermocouples during beginning formation of the torch on the back surface
were smaller than indications of the pyrometer during formation of the torch on the front
approximately on 400 K.

The integrity of the sample without forming a through hole by burning was confirmed after
cooling of the sample.

The reasons of a possible transmission of the laser radiation through CSCM sample at
earthing of the frontal torch and drain of volume charges are discussed in the investigation.
Modeling of a temperature distribution in the sample and its comparison with experimental
dependences is carried out.

The calculation shows that at the time of the fall of the frontal temperature the temperature
increasing of the back surface with the formation of the torch can be explained by an induced
“transparency” CSCM with extinction coefficient less than 10 cm-1 on average on the
thickness of the sample.

Acknowledgements: The author would like to thank employees of the following
organizations for the experimental data received within the framework of the joint contract
and presented in the thesis: of The Russian Federal Nuclear Center — All-Russian Scientific
Research Institute of Experimental Physics (RFNC-VNIIEF) (Sarov), JSC “MIC
“Mashinostroyenia” (Reutov) and Prokhorov General Physics Institute of the Russian
Academy of Sciences (GPI RAS) (Moscow).
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JA3EPHAS ABJISALIUA U UOHU3ALIUS BY® U3JTYUEHUEM JIASEPHOI
IIJTA3MbI B MACC-CIHEKTPOMETPUHN OPTAHUYECKUX OBBEKTOB BE3
MPEJABAPUTEJILHOM NOJAIOTOBKHA
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Pa3paboTaH HOBBI METOJl MacC-CIIEKTPOMETPUYECKOTO aHAIN3a OPTaHUYECKUX OOBEKTOB
BPEMCHH C NMPUMCHCHHEM JIa3epPHON aOJISAIMKM Y MOHW3AIHWUA MPOIYKTOB AOJSIIHH KECTKUM
YO uznyueHueMm a3epHO IUIa3Mbl MPU aTMOC(EpPHOM [aBIECHUU B PEXKHUME pPEaTbHOTrO
BpeMeHH. MeTrox TMO03BOJSICT aHAJIM3UPOBaTh Ta3000pa3Hble, JKHIKHE W  TBEPIBIC
OpraHuveckue OOBEKThl 0€3 MpeIBapUTEIbHON MOATOTOBKH. BO3MOXHOCTH MeToaa
MPOJCMOHCTPUPOBAHBI HA TPUMEpe OBICTPOTO aHATM3a TAOJICTUPOBAHHBIX JICKAPCTBEHHBIX
npenapaToB, aHajdM3a OKPYXKAMOIIETO BO3AyXa W IMOCTPOCHHS MAcCC-CIEKTPOMETPHUECKUX
M300paXCHHUI 00pa3IoB OMOJIOTMIECKIX TKAHEH.

BaarogapHocTn: paboTta BbIMOJIHEHA MpU  (QUHAHCOBOM mojaepxke MHHHCTEpCTBa
oOpa3oBaHus U Hayku Poccuiickoii @enepanuu B pamkax ¢efepaibHON LEIeBOW MporpaMmbl
«MccnenoBanuss M pa3pabOTKM 1O TNPHOPUTETHBIM HAMpPaBICHUAM pa3BUTUS HAy4HO-
TeXHOoJoruuyeckoro kommiekca Poccum Ha 2014 - 2020 roxe». Cornamenue Ne
14.579.21.0020 (ynukaneusiii uneHtudurarop RFMEFI57914X0020).
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IKCIIEPUMEHTAJIBHOE U YUCJIEHHOE UCCJIEJOBAHHE
B3AUMO/JIEMCTBUS PEJIATUBUCTCKA UHTEHCUBHOI'O JIASEPHOI'O
W3JYYEHUA C NPOTSKEHHOM IJIA3MOM

Myasanos C.A., [[sim6anos 1.H., Usanos K.A., Kpectosckux /[.A., Bonkos P.B., beraenkos B.1O.,
BbpantoB A.B., Kcenogonros I1.A., CaenseB A.b.

"MTY umenu M .B.Jlomonocoesa, Mockea
’Qusuueckuii uncmumym PAH um.I1.H. Jlebedesa, Mocksa
Ser270489@yandex.ru

[TpencraBneHbl SKCIEpUMEHTAIbHbBIE M YUCIICHHBIC PE3JIbTAThI [0 YCKOPEHHUIO JIEKTPOHOB
Y TCHEpaIMK TaMMa-u3IyueHus NPy B3auMOJACHCTBUU WHTEeHCHBHOTO (cBhIme 1018 BT1/cMm2)
KopoTkoro (50 ¢¢) mazepHOro UMyIbca ¢ TBEPAOTEIbHBIMA MUILEHSIMH, HaJl TOBEPXHOCTHIO
KOTOPBIX C IHOMOIIBIO JONOJHUTEIBHOIO HAHCOEKYHIHOI'O JIA3€PHOI0 HMMIIYJIbCA CO3JlaHa
nperuia3mMa. DKCIEPUMEHTAIbHO TOKa3aHO, YTO M3MEHEHHWE IapaMeTpoB HAHOCEKYHJIIHOTO
UMITYJIbCa CYILECTBEHHO BIMAET HA MEXaHU3Mbl YCKOPEHUS AJIEKTPOHOB M MOXKET NPUBOJUTH
K CYILIECTBEHHOMY IOBBIIICHUIO UX PHEPTUU. [ AMAarHOCTHKHM MPOTEKAIOMIUX IMPOLECCOB
WCITOJIb30BaHbl ONTHYECKHE (CIEeKTPOCKOMus, uHTepdepomeTpusi, TeHeBas ¢otorpadus) u
PEHTTEHOBCKUE METO/IBI.

[TpoBeneHO BceCTOPOHHEE MOJIETUPOBAHME TAKOTO B3aUMOIEWCTBUS C HCIOJIB30BAaHHEM
METO/a KPYIHbIX YacThll (Kog Manaop). BeIsiBieHbl pexXuMbl, B KOTOPbIX OCHOBHOM BKIJIa[ B
YCKOpPEHHE JJEKTPOHOB [IAlOT TaKWe MPOIECChl, KaK paMaHOBCKAas HEYCTOWYMBOCTH,
JIBYXIUIA3MOHHBIN pacraj, pe30HaHCHOE IMOIJIOIIEHUEe U APYTruX MexaHu3Mbl. [lokazaHo, 4To
OCHOBHBIM TIPOILIECCOM, OO0ECTeYnBaAOMUM (OPMHUPOBAHUE OBICTPBIX PEISATHBHCTCKUX
AIEKTPOHOB, SBIISIETCS BO30YKACHHE TUIa3MEHHBIX BOJH M UX pacnaj (wave breaking).

Bbaarompapuoctn: Hacrosimas pabora noanepskaHa rpantom PO®U 16-02-00263. C.A.ILL
BelpakaeT OnaromapHocTh CoBery mno rpantam IIpesupenta P® 3a mpenocraBineHue
¢uHaHcoBOM noaaepxku B Buje crunenauu [Ipesunenta PO CII-1265.2015.2.
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MODELING OF LASER EVAPORATION OF ALUMINUM WITH EXPLICIT
TRACKING OF INTERPHASE BOUNDARIES AND SHOCK WAVES

M.M. Demin’, A.V. Shapranovl’z, V.1. Mazhukin'?, P.V. Breslavskii'

'M.V. Keldysh Institute of Applied Mathematics of RAS
’National Research Nuclear University MEPhI

We consider the one-dimensional model of gas dynamics taking into account the formation
of plasma and radiative transfer in a gaseous medium describing laser heating, melting and
evaporation of aluminum in air atmosphere. The laser pulse duration is 200 ns, the fluence is
700 J/cm2. It the calculations, we simulate the appearance of plasma that is opaque to laser
radiation and heating the target surface by the plasma radiation. The influence of plasma on
the evaporating surface is manifested in the short-term change of evaporation with
condensation, Fig. 1. Plasma formation is accompanied by appearance of shock waves inside
the plume, which calculation with explicit tracking allows to take into account the reflection
of a shock wave from the evaporating surface, a shock wave passage through the contact
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boundary and interaction of
two shock waves with the
formation of a shock wave
and contact discontinuity.
Accounting for these subtle
effects is possible through the
use of dynamic adaptation
method [1,2], which allows to
carry out calculations with
explicit tracking of interfaces
and shock waves.

Fig.1. Time dependence of Mach
number at the evaporating surface

Acknowledgements: This work was supported by RSF (project No. 15-11-30039).
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MACHITABUPOBAHUE MOIMHOCTHU UMITYJbCHbBIX MUKPOJIAZEPOB JJI5
BOCILIAMEHEHU A TOILUIMBHBIX CMECEM IIPU CBSI3BIBAHUU HECKOJIbKUX
KAHAJIOB TEHEPAIIUHN
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NMmnynbcHOE Na3epHOE HM3IYUYEHHE C YCIIEXOM HCIOJIb3YyeTCs ISl MHULMALMU TOPEHUS
TOIJIMBHOM CMECH B JBUTATENSAX C MOCICIYIOMIMM PaCIpOCTPAHEHUEM BOJIHBI TOPEHUS IO
00BemMy kamepsl cropanus. Co3gaHne BRICOKOTEMIIEPATYPHOU TUIa3Mbl ONITUYECKOTO pa3psiia
SBJISICTCSI OCHOBHBIM BHJOM Takoil HWHHUIMANMU. HecMOTpss Ha HEBBICOKME MOPOTOBBIC
3HAUEHUS IMJIOTHOCTH MOUIHOCTH MPOO0Osi BO3AyXa MPHU HOPMAIBHBIX YCIOBHUSX, HAJEKHOE
BOCIUUIaMEHEHHE TpeOyeT MPUMEHEHUsS KOPOTKUX UMITYyJIbCOB ¢ sHepruedt 5-100 m/lx s
KOMIIEHCAIIMH ONTHYECKUX MOTEPh U UCKAKEHUS BOIHOBOTO (PpOoHTA.

Hcnonbs3oBaHue mpoI0JIbHONW AMOIHON HAKAYKUA TO3BOJISIET CO3/1aBaTh MajlorabapuUTHBIE,
a¢dexTUBHBIE U HAJEKHBIE JIa3ephbl, TEHEPUPYIOIINE KOPOTKHE UMMYIbChL. X MOIIHOCTH
OTpaHUYEHA, OJJHAKO, , MAJIOCTHI0O 00beMa aKTUBHOU cpeibl. B paboTe sKCIepuMEHTabHO U
TEOPETUYECKH UCCIIEAYETCsl KpaTHOE MAacIITAOUPOBAHUE SHEPTUU M MOIIHOCTH TaKHX Ja3epOB
P KOTEPEHTHOM CBSI3bIBAHWM HECKOJBKHMX H3Iy4YalomuXx o0JacTel B paMKax OJHOTO
kpuctamna Nd:YAG, co3gaBaembIXx 3a CYET CETMEHTHUPOBAHHOW TOPIEBOM HAKayKH.
JInppaKkIMOHHOE «IEPEeTeKAHUe» H3IYYCHHS MEXTy OJM3KO PACIIONONKCHHBIMU KaHATAMH
MPUBOAMT K TOMY, UTO F€HEpalMsl, BOZHUKIIASA B OJJHOM U3 KaHAJIOB, «BKJIFOUAET» T€HEPALINIO
B COCEIHMX C 3aJICpKKOM IO BPEMEHU OT JOJeH HAHOCEKYH]l /10 HECKOJIbKUX COTEH
HAHOCEKYH]] B 3aBUCUMOCTH OT PAcCCTOSIHUSA MEXIy HUMHU. B cimydae ObICTpOro BKIIOUEHUS
KaHAJIOB CHCTEMa W3Iy4YaeT «EOUHBIM» WMIYJIbC C JJIUTEIBHOCTBIO HE3HAUYUTEIHHO
MPEBBIIAONICH ATUTENBHOCTh UMITYJIbCA T€HEPAMM OJHOTO KaHaia. Mcronb3ys mpUHIUI
CBSI3BIBAHUS CEMM IUJIOTHOYMAKOBAHHBIX  KaHAJOB TEHEpallud TIpU  MPOJOJIbHOMN
CEKLIMOHUPOBAHHOW HakKauke, OBUIO CO3aHO CEMEHCTBO MHHHMATIOPHBIX JIA3€POB C
PEKOPAHBIMM JIJIsi JAHHOTO THIMA YCTPOMCTB 3HAYEHUSMH BBIXOJHOW SHEPTUM U MOITHOCTH
KOpOTKUX uMiynbcoB (20 m/Ix, 6.6 MBT) [1]. Bocimamensitomiye ycTpoiicTBa Ha UX OCHOBE
ObTM  pa3paboTaHbl B paMKax MPOrpaMMbl 10 JIA3€PHOMY 3aKHUTaHUIO KHCIOPOJI-
KEPOCHHOBBIX CMECEH B paKeTHBIX JBUTATENSNX, 3aBEPUINBIICHCS cepreil YCIEIIHBIX MTPOOHBIX
3aITyCKOB.

[IpoBeaeHO YMCIEHHOE MOJEIMPOBAHME NUHAMHUKU CBSI3bIBAHUS IPU MHOTONPOXOIHOU
TpaHchopMaIuu TOJsi TeHepallid B PE30HATOPE B YCIOBHUSAX HEOTHOPOIAHOTO YCHJICHHS C
WCIIOJBb30BAHUEM  YIPOIIEHHOM cxeMbl ['roiireHca-®Openensda. l3meHeHue WHBEpPCUU
YUYUTBHIBAJIOCH TPU TIOMOIIM CKOPOCTHBIX ypaBHeHHH. KoHeuyHas 1enb MOAEIUpPOBAHUS
COCTOUT B NPEACKa3aHUM MPOCTPAHCTBEHHO-BPEMEHHBIX XapAKTEPUCTUK HW3IIyYEHUS MpHU
MIPOU3BOJILHOM paCIPECIICHUH MHTCHCUBHOCTH HAKAYKH B AKTUBHOM JJIEMEHTE.

Jlutepartypa:
1. Mamonos JI. H. u ap. “MoiiHblii KOMIAKTHBIA Jia3ep C CErMEHTHPOBAHHOW MPOAOJbHOMN
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ATOMUCTUYECKOE MOJAEJIMPOBAHUE ABJIALIMU U OBPA3OBAHUE
HAHOCTPYKTYP IO JEMCTBUEM CYBIIMKOCEKYHJIEBIX JIASEPHBIX
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B mnocnenHee BpeMsi MHTEHCHUBHO HCCIIEAYIOTCSI BO3MOYKHOCTH TMOJIYYEHHS pPa3IMYHBIX
HAHOCTPYKTYp ITyTE€M BO3/E€CTBUS CyONMKOCEKYHAHBIX JIa3epHBIX UMITYJIbCOB HAa TOBEPXHOCTh
metayuia [1]. B wacTHOCTH, B 3KCHIEpHUMEHTaxX NpU OOIYYEHHUH AaTOMUHHS HaOII0JalIoCh
0o0pa3oBaHHe HAHOCTPYTKYp Ha MOBEPXHOCTH oOpasma, a ImpH OOJYyYECHUU MHOTOCIOWHON
CTPYKTYpbl U3 30JI0Ta M KpeMHus ObumM mosydeHbl core-shell uwactuubl. BosneiictBue
CyOIIMKOCEKYH/IHBIX JIa3epHBIX MMIIYyJIbCOB Ha IOBEPXHOCTh METAJUIa COMPOBOXKIACTCS
saBlieHHeM aOmsaiuu. Taxke AenaroTcs MOMBITKH ONPEAETUTh MpeaesibHbIe HaNpsKeHUs,
JOCTHKUMBIE B PACIUIABE MTPU BHICOKOCKOPOCTHOM Ae(opMaIiiy, Ha OCHOBE HKCIIEPUMEHTOB C
CyONMKOCEKYHIHBIMU JIa3epHBIMH  HUMIylbcaMu [2].  OmpeneneHue NPOYHOCTH HA
pacTsbkeHue Ipu AepopMaluy METaJJIMYecKOro pacljiaBa IpeICTaBlIsseT HHTEpeC u3-3a
npo0JeM, CBA3aHHBIX C MOJYyYSCHHEM HAHOYACTHIL ITPH a0JISALIUH BEIIECTBA C TIOBEPXHOCTH I10/1
JIeMCTBUEM JIa3€PHOT0 OOIYUYEHHUS.

B Hacrosmeit pabore Ha OCHOBE MOJIEKYJSPHO-AWHAMHYECKOTO MOJCIUPOBAHHUS Ha
IpUMepe alIOMMHUSA, KeJe3a, MOJIMOJEHa M 0JI0Ba ObUIM HCCIEN0BaHbl XapaKTEPUCTUKH
METAacTaOUJIBHOTO  PACTSAHYTOTO  PACIUIaBICHHOTO COCTOSHHMS W NPOAHAIM3UPOBAHBI
IPOILIECChl, MPOMCXOIAIINE IPU 3apOoXkKJIEHHM IosocTed. bbuta mpousBereHa NpoBepKa
NPUMEHUMOCTH KJIACCUYECKOW TEOpUM HYKJEallMyd MJIsi ONUCAaHMUSA YacTOThl 3apO’KICHHUS
IOJIOCTEM B pacljaBe M pacCMOTpeHa MonpaBka TosiMaHa, Y4YMTHIBAKOILAs 3aBHCHUMOCTb
MOBEPXHOCTHOTO HATSDKEHUS OT pajnyca KpUBU3HBL. Ha OCHOBE MOMY4YEeHHBIX JaHHBIX OblLIa
c/leJaHa OLIEHKa AMHAMHUYECKOM MPOYHOCTH KHUJKUX METAJJIOB B 3aBUCUMOCTH OT CKOPOCTH
pacTspkeHud. IIpoBeneHO cpaBHEHME NPOYHOCTH, PACCUMTAHHONW HAa OCHOBE KJIACCUYECKOU
TEOPUH HYKJICAI[MH, HEMOCPEACTBEHHO C IPSAMBIM MOJIEKYJISPHO-IUHAMUYECKUM PACUETOM B
cucteMe OOJIBIIOTO pa3Mepa U ¢ SKCIEPUMEHTOM.

Taxoke ObUTO MPOBEIAECHO MOJIETUPOBaHHUE Tpoliecca oOpazoBanus core-shell gactuibl u3
KPeMHHUsI M 30J10Ta. BbUTO BBIICHEHO, 4TO B mpolecce (POPMHPOBAHUS TAKOH CTPYKTYPHI
pacriaB KpeMHHUsI OOBOJIAKMBAET SIIPO M3 30JI0TA, a TaKKe MUMEIT MecTo nuddy3noHHBIC
IPOIIECCHL: B XKHUIKOH (pase KpeMHHI OBICTPO MPOHUKAET B 30JI0TO. J[J1s1 MpOU3BEICHUS TAKOTO
pacueTa OblIa IOCTPOEHA MOJEIb MOTEHIIMANA B3aUMOJICHCTBHS 30JI0TO-KPEMHHUI HAa OCHOBE
pacueToB 1o Teopuu (PYHKIIMOHAJIA IIOTHOCTH.
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N3MEPEHUE TAPAMETPOB J!ASEPHOIZ IIVTABMbBI METO1OM
IMTPOCBEYUBAIOINEN UHTEP®EPOMETPUU

Ymxos H.A.l, Bbyxun B.B.l, lapuos C.B.l, Virakos A.A. "2
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Hnemumym obweni pusuxu PAH, Mocksa, yn. Basunosa, 0. 38
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Mocrogcxuii 2ocyoapcmaennsiti ynusepcumem, Mockea, Jlenunckue 2opul, 0. 1
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JlazepHas mazMa, BO3HHUKAIOMIAs TPU B3aUMOJCHCTBUU (PEMTOCEKYHAHBIX JIA3€PHBIX
UMIYJIECOB C BEIIECTBOM, SBISETCS B TMOCIHEAHHME MCCATHICTUS OJHUM M3 OCHOBHBIX
00BEKTOB UCCJIENOBaHMM B Ja3zepHOM (¢u3uke. Bpicokas WHTEHCHBHOCTh, KOTOpas
HeoOXoauMa JUIsi MOHM3AIMM Cpelbl TaKUMU HMMIIYJIbCaMH, BBI3BIBACT TaKke OOIbIIOe
KOJIMYECTBO HEITMHEWHO-ONTUYECKUX MPOIIECCOB MPU B3aUMOJICHCTBUH C CBETA C BEIICCTBOM
(reHepanus  CYNEpKOHTMHYYMa, BBICOKMX TapMOHHMK Ja3epa, pPEHTTEHOBCKOTO U
teparepuioBoro uanyuenusi)[1]. [Ipu sTom ncnonb3oBaHUE CXEeM THIA HaKauyKa-30HIUPOBAHUE
MO3BOJIAET U3Yy4yaTh AMHAMUKY PA3IUYHBIX MPOIECCOB B CPele C BPEMEHHBIM pa3pellieHrueM
MopsiKa JUTMTEILHOCTH JIa3epHOTO uMITyJbca. OAHOW W3 3KCHEPUMEHTATBHBIX METOIHMK
OCHOBaHHBIX Ha JAHHOM MPHHIIMIIE SBISETCS METOJ MPOCBEeUMBarolell MHTephEpOMETpUH,
MO3BOJISIOIIANA TIPOBOJIUTH TPSIMBIE M3MEPEHHUS Pa3MEPOB W PACHpPENETCHUsT AJICKTPOHHON
KOHLIEHTpaluu B mia3zme[2,3].

B macTosmieit paboTe mpuBeICHBI pe3yIbTaThl MCCICIOBAHUN MapaMEeTPOB IUIA3MEHHOTO
KaHanma (eMTOCeKYHIHOro (QuiaMeHTa B ra3ax (BO3AyX, a30T, aproH) MpH AaBICHUSX B
nuamnaszone 1-7 armocdep. OOHapy)eHa HEJTMHEHHAs 3aBUCUMOCTh HAYaJIbHOU 3JIEKTPOHHOU
KOHIICHTpAIlMU B TJIa3MEHHOM KaHaja OT JaBJICHUS B a30T€ M BO3[AyXe. 3aperucTpupoBaHa
AQHU30TPOIHS TTOKA3aTelIsl MPETIOMIICHHS TIPU TPOXOKICHUH BRICOKOMHTEHCUBHOTO J1a3€PHOTO
U3Ty4YEHUs B Cpejie.

Takxke METOJOM MPOCBEUMBAMOIICH HWHTEPHEPOMETPHH HUCCIICOBAHBI  IMapaMeTpPhI
MUKpOIUIa3Mbl B BO3AYyX€ MpU TOHIKEHHBIX naBieHusx oT 0.1 mo 1 armocdepsr. [lpu
MOHIDKEHUU JIaBIICHUS 3apEeTUCTPUPOBAHO HMCUE3HOBEHHE BTOPOTO HEIMHEWHOTOo (oKyca,
BO3HUKAIOILIETO 32 CYET PeOKYCPOBKH JIA3EPHOTO U3ITYUCHHUS.

Baarogapuoctu: Paborta BwimonHena mpu nojaepxkke IIporpammsr [Ipesunuyma PAH
«DKCTpeMalIbHOE JIa3epHOe U3lTyueHHe: (pru3nka u GyHIaMEeHTaJIbHbIE IPUITI0KEHUS
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MODELING OF THERMOACOUSTIC AND EVAPORATION PRESSURE SIGNALS
IN ABSORBING LIQUIDS IRRADIATED WITH NANOSECOND LASER PULSES

Zubko A.E.', Samokhin A.A.*

" Bauman Moscow State Technical University (BMSTU), Moscow, ul. Baumanskaya 2-ya, 5/1,
E-mail: zubko.aleksey 1 1(@gmail.com
2 Prokhorov General Physics Institute, Russian Academy of Sciences, Moscow, Vavilov Str., 38
E-mail: asam40@mail.ru

Keywords: absorbing liquids, thermoacoustic signal, nanosecond laser ablation,
evaporation pressure.

Abstract. Pressure generation in absorbing liquids irradiated with nanosecond laser pulses
is mainly due to thermoacoustic and evaporation mechanisms provided the laser intensity is
not too high. Despite many years of investigations some aspects of the problem remain
unclear (see e.g, [1] and references therein). This concerns, in particular, to surface
evaporation and explosive (volume) boiling regimes as well as non-equilibrium superheated
liquid behavior in near-critical region. We investigate theoretically pressure behavior in water
and ethanol irradiated with nanosecond Er-laser (A = 2.94 p) and CO;-laser (A = 10.6 p) pulses
in the framework one-dimensional continuum approach. Comparison the theoretical results
with experiments [1] shows that experimental vaporization pressure peaks at the threshold are
shorter than theoretical pulses calculated for the case of surface evaporation into vacuum.
This difference is probably due to ambient atmosphere effect and the difference between
surface evaporation and explosive boiling regimes.
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Experimental pressure curves (a,b) at different fluences E,=2Ea and theoretical (c,d) curves for thermoacoustic
(1), vaporization (2) and the total (solid line) pressure at the condition E;=2E. in water irradiated Er-laser (200
ns, 2.94 ).
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ELASTIC CONTINUUM THEORY OF THE TWIST-BEND NEMATIC PHASES
L. R. Evangelista', G. Barbero’, M. Rosseto', R. S. Zola®, and I. Lelidis’
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“Solid State Section, Department of Physics, University of Athens,
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The recently discovered twist-bend nematic phase, Ntg, has been theoretically predicted by
Meyer [1] and Dozov [2], and has been experimentally evidenced by a number of studies (see
e.g., Refs. [3], [4], and [5]). It may be viewed as a heliconical molecular arrangement in
which the director n precesses uniformly about an extra director field, t, and corresponds to a
nematic ground state exhibiting nanoscale periodic modulation [6]. To demonstrate the
stability of this phase from the elastic point of view, a natural extension of the Frank elastic
energy density is proposed [7]. The elastic energy density is built in terms of the elements of
symmetry of the new phase in which intervene the components of these director fields
together with the usual Cartesian tensors. It is shown that the ground state corresponds to a
deformed state for which K, > Kj3;. In the framework of the model, the phase transition
between the usual and the twist-bend nematic phase is of second order with a finite wave
vector. The model does not require a negative K33 in agreement with recent experimental data
that yield K3; > 0. A threshold is predicted for the molecular twist power below which no
transition to a twist-bend nematic may occur.
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PHENOMENOLOGY OF IRON-PNICTIDES SUPERCONDUCTORS EXPLAINED
IN THE FRAMEWORK OF MULTIBAND ELIASHBERG THEORY

G.A. Ummarino'*
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The phenomenology of iron pnictide superconductors can be explained in the framework

of a three-band s+ wave Eliashberg theory with only two or three free parameters plus a
feedback effect, i.e., the effect of the condensate on the antiferromagnetic spin fluctuations
responsible for the superconductivity in these compounds. The bosons responsible of
superconductivity are antiferromagnetic spin fluctuactions and, in one case, also together with
phonons. I have examined the experimental data of six materials, LaFeAsO;, F,,
SmFeAsO,-F,, Ba;—K, Fe,As;, Ba(Fe,Co;-, ),As,, FeTe;Se, and LiFeAs and I have found
that it is possible to reproduce the experimental critical temperature, the gap values and the
temperature dependence of upper critical magnetic field in a moderate strong-coupling
regime, At = 1.5 — 2.0.
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NON-UNIFORM SPLINE WAVELETS
A.L. Afendikov

Keldysh Institute of Applied Mathematics, Moscow, Russia
andre@keldysh.ru

The work is devoted to the development of the multilevel non-uniform Cartesian mesh
refinement in CFD problems. For solution smoothness evaluation we use sliding window
method with the patterns of different size and shape. To capture areas where the higher
resolution is required we use wavelet decomposition of grid functions on these non-uniform
local patterns. The advantages of such approach will be demonstrated on several examples.
Acknowledgements: The work is supported by the Russian Science Foundation grant No 14-11-
00872.
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ALGORITHM OF COMPETING PROCESSES FOR THE RICHARDSON
ITERATION METHOD WITH THE CHEBYSHEV PARAMETERS

Mikhail V. Popov'?, Yuriy A. Poveschenko®’, Igor .V. Popov**, Vladimir A. Gasilov*”, and
Alexander V. Koldoba®
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A method for solving linear systems of equations with signdefinite self-adjoint operator
matrix by the Richardson iteration method in case of the absence of information about the
lower spectral bound of a problem is presented. The algorithm is based on the simultaneous
operation of two competing iterative processes, the effectiveness of which is constantly
analyzed. The method is explained on an example of onedimensional steady-state heat
equation.

Keywords: Systems of linear algebraic equations; Matrix inversion; Iterative methods;
Richardson iteration method.
Acknowledgements: This work was supported by RFBR grants NoeNe 15- 07- 05025.
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GODUNOV METHOD: A GENERALIZATION USING PIECEWISE POLYNOMIAL
APPROXIMATIONS IN THE MULTIDIMENSIONAL CASE

V. F. Tishkin !, M.E. Ladonkina '

1Keldysh Institute of Applied Mathematics, Miusskaya sq., 4, Moscow, Russia
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Godunov method [1] is extremely popular for numerical solving of hydrodynamic
problems. Even nowadays it stays the most robust method. It is well known that in 1D case
this method can be treated as a sequential projection of initial data on partially constant
functions, solving of Riemann problem with partially constant initial data on edges of cells
and then utilization of the solution as an initial data for t+At moment. This way we will have
the first order accurate solution. The generalization of this algorithm was proposed in [2,3]. In
this case the projection is made on partially polynomial functions, so that formulas are
identical to discontinuous Galerkin schemes, if you are using Godunov fluxes in it.

In multidimensional case the situation is rather different. The problem on the nodes and the
edges of the cells becomes much more difficult. Exact solution for this problem now doesn’t
exist. However since the velocity of the disturbance for hyperbolic problems is finite, the area
of influence for such data near the edges and the nodes doesn’t exceed cAt where c is the
highest possible velocity of the disturbance. In this paper, using the results [4-6], is shown
that the scheme, made by projecting the solution on partially polynomial functions and
rushing At to 0, becomes a system of differential equations, which is identical to the
discontinuous Galerkin scheme in multidimensional case.
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YU CJEHHBIN METO/I PEHIEHUSA 3AJTAYHU O ®A30BOM INEPEXO/IE B
MHOI'OKOMIIOHEHTHBIX PACTBOPAX

A.O. T'yces', O.B. Illepuna’, O.C. Masxoposa®

"MI'TY um.H.3.Baymana
*UTIM um. M.B. Kenoviwa PAH

UuclieHHOe UCCIIeI0BAHNUE MTPOLIECCOB KPUCTAIUIM3AIIMM MHOTOKOMIIOHEHTHBIX PacTBOPOB
NPUBOANT K perieHuto tepmonuddysunonnoit 3amaun Credana, B KOTOpoW TemmepaTypa
¢a3oBoro mepexoja 3aBHCHUT OT COCTaBa KpHUCTAJLIM3YIOLIerocs BemecTBa. Kpome Toro,
0COOEHHOCTBIO JAHHOTO Kjlacca 3a/ay SIBISeTCS HaIW4YUe BHYTPEHHUX MOABM)KHBIX TPAHMIL,
MI0JIO’KEHNE KOTOPBIX ONPEIEINAETCS B XOE PELICHUs 3a1auH.

B pabore mnpencraBieHa camocoriiacoBaHHasi MOJENb KBa3WPaBHOBECHOIO Ipoliecca
KPUCTAJUIM3ALMA TPOMHOTO COEAMHEHUS B JUIMHHOW MMJIMHIpUYECKOM amiysie. (OCHOBY
MOJIETIM COCTABIISIIOT YpaBHEHHs TEIJIoNnpoBogHOCcTH U auddys3uu. Ha rpanune pactBop-
KPHUCTALJT BBITIOJTHEHBI YCIIOBHS OanaHca Teria, Macchl U (ha3oBas uarpaMma CUCTEMbl. YUdeT
muddy3un B TBepmodl  ¢daze  MO3BOJSIET  MCCIENOBaTh POCT M PacTBOpPEHHUE
MOHOKpHUCTAIITNYEcKoro cios. [Ipenmnonoxkennue o ToM, 4To PPOHT KPUCTATUIU3AINH SIBIISICTCS
IUIOCKUM, TO3BOJISIET 3allMCaTh 3a/Jady [ HOBBIX IEPEMEHHBIX — CpEJHEH B CEYEHUU
TEMIlIepaTypa M KOHLEHTpanuuu. B wuTore cBeCTH H3HAYAIBHO TPEXMEPHYIO 3ajady K
oaHomepHoil [1]. Jlyist pelieHuss OAHOMEPHOM HECTAIMOHAPHOW 3aJadyd KPUCTAIIM3AlUU
UCTIONB30BAJICS  YUCTO HESBHBIM COBMECTHBIM anroput™ [2]. VYuer aBwxkeHus (poHTa
KPUCTAJUIM3alMN OCYIIECTBIISUICS C IIOMOIIBIO 3aMEHbl IepeMeHHbIX Tuna Jlangay, B
pe3ynbpTare KOTOpOW TpaHuIla paszjaena (a3 OcTaeTCs HEMOJBMKHOW Ha MPOTSHKCHHS BCETO
npouecca. YHUCTO HesIBHAs pa3HOCTHAsI CX€Ma CTPOWJIACH B HOBOW CHUCTEME KOOPAMHAT Ha
HETOJIBUYKHOW CETKE C MOMOUIbI0 HHTEIPO-UHTEPIOISIIMOHHOrO MeToa. COOTBETCTBYIOLIAS
CHUCTEMa HEJIMHEHHBIX CETOYHBIX YPAaBHEHMU pemiaeTcss MeToaoM HpOTOHa OTHOCHUTENIBHO
BEKTOpa HEU3BECTHBIX, KOMIOHEHTAMHU KOTOPOTO SIBJISIOTCS BCE MCKOMbBIE KOHILEHTpaluu B
KUAKOM W TBepAod ¢aze, TemmepaTypa B CHUCTEME U CKOPOCTb JBUXKEHHS (poHTa
KpUCTaJUIM3ALUU.

[IpenyioxKeHHBI METO IPUMEHSIICS AJI1 YUCIEHHOIO MCCIIEIOBAHUS IPOLIECCOB pOCTa U
pactBopenus coenunennii CdyHg; yTe. Llenpro MmomenupoBaHus SBISCTCS H3yUCHUE BIHSHUS
11 (Gy3MOHHOTO MaccONepeHoca, BbIIEICHHs WM MOTJIONIEeHHs TeIUla Ha TpaHUIle pas3zelna
¢da3 Ha popMuUpOBaHUE COCTaBa KpUCTAILIA.
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We present some results of development of multigrid method for solving three-
dimensional diffusion equations with anisotropic discontinuous coefficients. For discretization
on each grid level it is used a convenient seven-point stencil on a Cartesian grid. In the main
features the proposed algorithm represents an efficient parallel implementation of the
geometrical multigrid method. A detailed presentation of the multigrid algorithm, which is a
version of Fedorenko’s method [1], can be found in [2—4].

The algorithm is intended for solving the stationary diffusion equations and it is able to
solve the first, second and third boundary value problems including semi-definite Neumann
problem. Scalability to a large number of processors is based on the use of the Chebyshev’s
iterations for solution of the coarsest grid equations and for construction of the smoothing
procedures.

Two smoothing operators are considered here; see [2—4]. The first one is the Chebyshev
polynomial, while the second operator is a rational function of the discrete operator. Presently
special attention focuses on polynomial smoothers due to their high efficiency in parallel
computing. In addition it is possible to provide desired damping on a preset interval of high-
frequency components by using a sufficiently large degree in the polynomial smoothing
operators. Note for equations with discontinuous coefficients we use so called problem-
dependent intergrid transfer operators.We developed a special procedure to adjust smoothers
for achieving the prescribed rate of multigrid convergence and present examples, which show
that proposed adaptation improves the efficiency of the multigrid method even in the presence
of a strong anisotropy in the problem.

The need for efficient solutions of such problems is caused by their prevalence in
mathematical models. Increased interest in this problem is motivated by the development of
parallel computations: codes for supercomputers with a large number of processors are
required. The developed code ensures scalable simulation on grids with billion (and more)
nodes.

Acknowledgement: This work was supported by the Russian Foundation for Basic Research,
project Ne 14-21-0025.
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SIMULATION OF THE DYNAMICS OF HYDROGEN ATOM IN THE CAVITY
WITH THIRD TYPE BOUNDARY CONDITION
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The properties of the ground state of the hydrogen atom confined in a vacuum spherical
cavity with third type boundary condition

a ) .
—+A ¥ =0, A=const
or -

J a0

for the electron wave function W are studied by numerical simulation.

From the results of computational experiments follow that in the adiabatic approximation
depending on the parameters of the cavity R and A, atom could be in stable equilibrium at the
center of the cavity or shifts towards its periphery, i.e. there is a spontaneous breaking of
spherical symmetry. If the shift exists, an increasing size of the cavity will cause the tendency
of the binding energy of the atom and the distance between it and the boundary to the limiting
values determined by the task of an atom over the plane with third type boundary condition.
To achieve the required accuracy in certain ranges of values of the cavity parameters
arbitrary-precision arithmetic was used. Also on the basis of calculations with cutoff
parameter for the angular momentum varying in the range 28-40, the special smooth
extrapolating function was selected that allows take into account the contributions of the
angular momenta up to 1000 properly.

SPECTRAL MOMENTUM METHOD IN COLLISIONAL-RADIATIVE
MODELING OF PLASMAS

Shilkov Alexander Victorovich

Keldysh Institute of Applied Mathematics of Russian Academy of Sciences
Miusskaya sq.4, Moscow, 125047, Russia
ale-shilkov@yandex.ru

The spectrum momentum method, simplifying the calculation of nonmonotonic
multiresonance spectra of non-equilibtium collisional-radiative plasmas, is developed. The
intensity of radiation is expanded in a series of basic functions that are dependent on the
photon energy, dependent on the resonance structure of the cross sections, and provide a fast
convergence of the expansion in the range of several harmonics. Efficient way of finding the
expansion coefficients — «spectral momentums» - based on the solution of the transport
equation for the Lebesgue distribution of photons on the system of Lebesgue sets is described.
This equation does not contain numerous resonance lines present in the cross sections of the
basic radiation transport equation.

Fast convergence of the expansion is shown in the series of test problems.
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THE INTERFERENCE OF ELECTRIC AND HYDRODYNAMIC EFFECTS
DURING ELECTRON BEAM INTERACTION WITH SOLID-STATE BARRIER

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

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

High-energy electrons beam propagate in a vacuum and interacts with a solid-state barrier.
The barrier fracture and electromagnetic field generation accompanies such interaction.
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 [1]. We apply Monte Carlo method to compute
particle propagation [2, 3]. Current of high-energy electrons generates electromagnetic field,
energy release results in melting and deformation of a solid-state barrier. Finite-difference
scheme for Maxwell equations is used to compute electromagnetic field [4]. The dynamics of
solid-state barrier under influence of electrons flux 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 barrier materials change insignificantly during particle life time. The key feature
is a direct account of cross-coupling of electromagnetic field and dynamics of solid-state
barrier. 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.
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SURFACE-ENHANCED INFRARED ABSORPTION ON DIFFRACTION
MICROGRATING IN THIN SILVER FILM
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We used the radiation of the fundamental harmonic of the Nd:YAG — laser A = 1030 nm. It
was doubled in frequency with the yield of ultrashort laser pulses of the second harmonic at a
wavelength of 515 nm with an FWHM of about 200 fs. Laser radiation was focused on the
surface of the sample in air through the objective of a microscope with the numerical aperture
NA= 0.25. Holes with the diameter d =~ 4 pum and period p = Sum in the Ag films with
thickness h = 50 nm are fabricated. Comparison of the mid-IR absorbance for the sensor and
CaF,-supported R6G molecules demonstrates the analytical SEIRA the strongest
enhancement 209 times for the mid-IR spectral bands at 1261 cm ' (Fig. 1).

CaF,
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&

o
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Figure 1. IR transmission spectra of the CaF2 substrate with the R6G monolayer (black curve), and the
microarray of holes in the thin Ag film with thickness h ~ 50 (blue curve). The red arrows point to the SEIRA-
enhanced R6G absorption bands in the mid-IR range.

References

1. D. A. Zayarny, A. A. lonin, I. V. Kiseleva, S. I. Kudryashov, S. V. Makarov, A. A. Rudenko, I. A.
Timkin, R. A. Khmel’nitskii, and T. T. H. Nguyen, "Surface Enhanced Infrared Absorption of a Dye
on a Metallic Diffraction Grating" JETP Letters, Vol. 100, No. 5, pp. 295-298, (2014).

2. Pavel N Danilov, Sergey A Gonchukov, Andrey A Ionin, Roman A Khmelnitskii, Sergey I
Kudryashov, Trang T H Nguyen, Andrey A Rudenko, Irina N Saraeva and Dmitry A Zayarny,
"Background-free, highly sensitive surface-enhanced IR absorption of rhodamine 6G molecules
deposited onto an array of microholes in thin silver film" Laser Physics Letters, 13(5):055602 (2016).

78



SECTION 1. LASER-PLASMA PROCESSES, LASER ACTION ABSTRACTS
Models of mathematical physics and computational methods

MOJIUPUKALINA B PAMKAX CTATUCTUKU TCAJLIJIMCA KPUTEPUEB
T'PABUTAIIMOHHOM HEYCTOHYABOCTHU ACTPO®PU3NYECKHUX JUCKOB C
®PAKTAJBHOM CTPYKTYPOM ®A30BOI'O IPOCTPAHCTBA
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[To-BuauMoMy, mporpecc B OOBSCHEHHHM H3BECTHOM H30MIPEHHOCTH (HaKTHUECKOM
peanuzanuu  OOLIEIPUHATOTO CLEHAapUsi O00pa3oBaHUs IUIAHET B CHCTEME COJHEYHO-
NOJOOHOTO JTMCKA MOXKET OBITh JOCTUTHYT Ha MyTH PACIIMPEHHUS apCeHala TEOPETHUYECKUX
MOJIXOJ0B K MOJEIUPOBAHUIO PA3IUYHBIX MPOOJIEM KOCMOTOHHHU, B YAaCTHOCTH, 3BOJIOLUU
acTpouznueckux AUCKOB. B pabore paccMOTpeH OIMH U3 TaKHX IOAXOJO0B, CBSI3aHHBIN C
aJIeKBaTHBIM MOJIEJIMPOBAHUEM CUJIBHOTO TPAaBUTALMOHHOTO B3aUMOJACUCTBUS MEXKIY
OTJENBHBIMU YaCTSAMHU JAMCKOBOM CpE/Ibl, KOTOPOE MPOSBISAETCA CIEHUPHUECKUM 00pa3oM B
pesynbrare  JUIMTENBHOrO  mpolecca dBomonud. Kak — Temepp  cTajo  MOHATHO,
acTpou3nyecKre IUCKU OTHOCATCS B OOILIEM clyyae K YHMCIY, TaK Ha3bIBAEMBIX, CIOMXHBIX
CUCTEM, IPU3HAKOM KOTOPBIX SIBJISETCS HECBOAMMOCTH BCEH CHCTEMBI K MPOCTON cymme €€
yacteil. VIMEHHO CHIBbHOE TpPaBUTALIMOHHOE B3aUMOJICHCTBUE SBISETCS MPUUUMHOU
TEPMOJMHAMHYECKON HEaJlJUTUBHOCTU AMCKOBOW CpeJlbl, KOI/la, HalpuMep, €€ IHTPONHUsI He
ABIISETCS AAJUTUBHOM BenUUYMHON. CTaTHCTUYECKOW TeOopuel CII0KHBIX CHUCTEM SIBISIETCS
aKTUBHO pa3BHMBAaeMas B IIOCIEIHEE BpeMsl HEaJAUTHBHAs CTAaTUCTUKA (TEPMOJIMHAMHUKA)
Tcannuca, mpenHa3HayeHHAsl IJI1 OMUCAHUS TOBEICHHUS aHOMAJIbHBIX CHCTEM — CHUCTEM C
CUJIBHBIM CHJIOBBIM B3aMMOJIEHCTBHEM U CHJIBHBIMHU KOPPEJSLUSAMU OTAENIbHBIX €€ yacTeil, a
Takke QpaKTAIbHBIM XapakTepoM (a3oBOro MPOCTPAHCTBA.

B pabore, B oTnmume OT psAAa KIACCHYECKHX HCCICIOBAHUN, B KOTOPBIX KPUTEPHUH
TPAaBUTALIMOHHONW HEYCTOMYMBOCTH AacTPOPHU3UUYECKUX TUCKOB BBIBOJATCS B paMKax
TpaZAULMOHHON KMHETUKH WM THIPOJUHAMUKH, IPEIaraeTcsi pacCMaTpuBaTh COBOKYITHOCTh
PBIXJIBIX Ta30-TBIJIEBBIX KJIACTEPOB AKKPEIMOHHOTO MPOTOIUIAHETHOTO AMCKA, KaK OCOOBIN
THUT CIUIONTHOW Cpelbl — (ppakTaabHOU cpefbl, B (ha30BOM MPOCTPAHCTBE CKOPOCTEH KOTOPOW
CYIIECTBYIOT TOUYKHU M 00JIaCTH, HE 3alOTHEHHbIE €€ COCTaBIAIOMNMU. B pamkax hopmanuzma
HEeaJIMTUBHOM cTatucTuku Tcannuca, npeaHa3HAY€HHOM /AJIs OMMCAHUS CUCTEM C CHIJIBHBIM
TPaBUTALIMOHHBIM B3aMMOJICHCTBHEM OTAENbHBIX €€ YacTel W (hpakTalbHBIM XapaKTepoM
}Da3oBOro  MPOCTPAHCTBA, HA OCHOBE BBIBEACHHBIX  paHee  MOAMMUIMPOBAHHBIX
ruapoauHaMuyecknx ypaBHeHud HaBpe-CTokca (Tak Ha3blBa€MbIX YpaBHGHHH ¢ -

TUAPOIMHAMUKH) TIOJYYCHBI TPU YYETE JHUCCUTIATUBHBIX 3()(PEKTOB ITHHEAPU30BAHHBIC
ypaBHEHUS KoJeOaHUN TBEPIOTENHHO BPAIIAIONIETOCS TUCKA U JaH BBIBOJ JUCTIEPCHOHHOTO
ypaBHenuss B BKb-npubmmwxenun. IlpoBeneH aHamm3 OCECUMMETPUUYHBIX KOJICOAHUM
actpodusnyeckoro auddepeHnuaNbHO  BPAIAIONIETOCs  Ta30MbLUIEBOTO  KOCMHYECKOTO
00beKTa U TOJIYyYEHBI MOAU(DHUIIMPOBAHHBIE KPUTEPUU TPABUTALMOHHONW HEYCTOWYMBOCTH
Jxunca u Tympe 1151 TUCKOB ¢ ppaKkTalbHOM CTPYKTYpOii (ha30BOTO MPOCTPAHCTBA.
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JNHAMMHUKA SJJEKTPOHOB B IIOJIE OHAYJISITOPA
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B nanHOli paboTe paccCMOTPEHO NBIKEHUE PEISITHBUCTCKUX AJIEKTPOHOB B TPEXMEPHOM
MarHuTHOM TIOJIe OHAYJATOpa. B ypaBHEHHAX ABWKEHUS AJICKTPOHA B TOJIE OHIYJSATOpA
y‘-II/ITbIBaJII/ICB BCC TpI/I KOMITOHCHTHI ITOJIA, yIIOBJIGTBOpHIOH.I@FO CTaI_II/IOHaprIM ypaBHeHHHM
Makcaena:

B(x.v.z) = [BS/F{J, ]@(cos(x/a) sinh(k, v)sin(27z/2,) ] (1),

Ine k, = \/ 1 / a’ +4r’ / A., A, - IJIMHa TIEPHO/Ia OHLYJISATOPA.

MBI MCIIOJIB30BANIM TOYHBIC YPABHEHUS JUISI TPACKTOPHit siiekTpona [1]:
" 2 e "2 . o |
¥ =g 1+ ()2 = 02 0= ())B, - ¥B, — 3B, | 2)

V' =gy1+ () () A+ ())B, — B —xV'B, |. (3)

rae g = e/ (mc2 ,B]/), B u y -mpuBeeHHBIE CKOPOCTH U 3Heprus yactullsl. uddepenunansueie

ypaBHeHusa (2) - (3) pemanuch aHATUTUYECKH C TMOMOIIBI0O TEOPHH BO3MYIICHUH, a HE
METOJIOM YCPEAHECHHS TI0 OBICTPBIM OCHMJUIALNSAM 3JIeKTpoHa [2-4]. CpaBHEHHE TOTYyYESHHBIX
AQHAIUTUYECKUX BBIPAKEHHUM C pe3yNbTaTaMU YUCJICHHBIX pacyeTOB TPAEKTOPUI SJIEKTPOHA B
MarHuTHOM 1nose (1) - (3) mokas3pIBaeT UX XOPOUIYIO TOYHOCTb.

Pabora BhIMoNHEHa mpu moanep:kke MUHHCTEpCTBAa 00pa30BaHUSA M HAyKH, COTJAIlICHUE

Ne 14.587.21.0001, YHUKQJIbHBIN uAeHTU(UKATOP Hay4HBIX UCCIIE0BAHUMN
RFMEFI58714X0001.
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JTUHAMHUYECKASI ATANITALIMS TPEYTOJILHOM CETKA K TPAHULIE
JBUKYIIEIOCSI OFBEKTA, 3AJJAHHOT'O C UCIIOJIb30BAHUEM METO/IA
MOTPYKEHHBIX TPAHULL, HA OCHOBE AJITOPUTMA
MEPEPACHPEJIEJEHNUSA Y3J0B

I1.A.Bbaxsainos', O.A. Jloponuna
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Hnemumym npuxaaonoii mamemamuxu um. M.B.Kenovuua PAH

2 . - y

Mockosckuil ghuzuxo-mexnuueckutl uncmumym (I ocyoapcmeennulii yHugepcumem)

3ajaya JAMHAMHUYECKOM ajanTaluy CEeTKM IMpU MOJEIMPOBAHUM TEUYEHUH BOKPYT
HOJBM)KHBIX OOBEKTOB MPEACTABIAET cOO0I OOJIBIION MHTEpEC, TaK KaK JaeT BO3MOXKHOCTb
CHU3UTh OOBEM BBIUMCICHUM MpHU YJIyUIIEHMM TOYHOCTH pacyéra. OnucaHue TreoMeTpuu
TBEPAOrO Tejla C HCIHOJIB30BAHUEM IOIPY)KEHHBIX TPAaHUYHBIX YCIOBHH IO3BOJIAET
UCIIOJIB30BaTh aJaNTalMI0 CETKH IIPU MOMOILM NepepacipeaesieHus y3inos. Takoll noaxon He
MEHSET CETOYHYIO TOIOJIOTHIO, YTO SABJIAECTCS MCKIIOYUTEIBHO BAXKHBIM JUJIS MapajuleIbHON
peanu3anum.

B  pabGore  paccmarpuBaeTrcs ~— ABYMEpHas ~ IIOCTAaHOBKAa Ui TPEYTOJbHBIX
HECTPYKTYpHUPOBAHHBIX ceTOK. TecTupoBaHue pa3paOOTaHHBIX aJTOPUTMOB IPOBOAMTCSA Ha
MOJZIETIbHBIX 3aJla4aX C AHAJIWTUYECKH 3aJaHHOM T'€OMETpHUEH TBEPAOro Tejla W Hamlepen
3a/laHHBIM 3aKOHOM €T0 JIBUYKEHUSI.

Hcnonp3yeMble alNroOpuTMbl peajin30BaHbl B paMKax nporpaMMmHoro kommuiekca NOISEtte

(UIIM PAH).

TPEXMEPHOE MOJIEJTMPOBAHUE B 3A/IAYAX PA3BPABOTKH EUV-
HNCTOYHHUKA HA OCHOBE JIASEPHOM IIJIA3MBI

Ipirsunnes N.I1.

UITIM um.M.B.Kenoviuwa PAH, Mockea, Muycckas ni.4, 4
lliaTsygvintsev@gmail.com

B noknazne obcysxnaercs npobiaeMa co3aaHusl UCTOYHUKA U3TyUYeHUs B quanazoHe 13.5 M
(EUV-nnama3one) Ha OCHOBE JIa3epHOM IUIa3Mbl OJIOBA, B YACTHOCTH, HCIIOJIb30BaHHE
TPEXMEPHBIX TPOTPaAMM IS ONTUMHU3ALNN MPOU3BOJUTEILHOCTH M CTAaOUIBLHOCTH PabOTHI
YCTaHOBKH.

[TocTpoeHa TpéxMepHasi MOJIEIIb, OMKUCHIBAIOIIAS] OCHOBHBIE MIPOLIECCE B JIA3EPHOM IUIa3Me
onoBa. CQopMynupoBaHbl YHCIEHHBIE METOJUKH, pa3pellaloniue ypaBHEHHs JaHHOU
MOJIEH, U TapaJUIEIbHBIE AITOPUTMBI peasin3oBanHble B koje 3DLINE.

[IpuBoasTCs pe3ynapTaThl MCCIENOBAHMUS BIUSHHASA CMELIEHUS JIA3€pPHOIO  My4yKa
OTHOCHUTEINBHO Karuid. [loka3zaHo, 4TO 1a’ke€ OTHOCUTEIBLHO Majio€ CMEIIEHNE, IPAKTUUECKU HE
BJIMSIONICI0 HA BBIXOJ M3JIY4YEHHs, MOXKET KapIWHAJIbHBIM 00pa3oM H3MEHUTh YTJIOBOE
pacrpenieseHre MOTOKOB BElIecTBAa. DTO MOXKET NMPUBECTU K 00pa30BaHMIO BUXPEH B Kamepe
YCTAaHOBKM M YMEHBIICHUIO CPOKOB OecrnepeOoiiHOi paboThl BCIEACTBUE 3arps3HEHUs
3apkana.
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We discuss a multiparametric numerical study of polymer destruction and behavior of
appropriate non-linear waves during intensive impact on a polymer surface. Numerical
experiments done by our team concerns with a verification of volume fracture models, and for
validation of wide-range equations of state.

The destruction may be a result of an impact of intensive energy flows or mechanical
strike. Appropriate modeling of this complex multiphysics problem shoud be based on high
resolution numerical methods as well as on high performance computing.

The developed software is validated using experimental data and can be used for numerical
stress-strain analysis of various structural units loaded by strong transient forces or energy
fluxes.

UTILIZATION OF AVERAGING METHOD TO SMOOTH SOLUTIONS IN
DISCONTINUOUS GALERKIN METHOD

Ladonkina M.E. , Neklyudova O.A. , Tishkin V.F.

Keldysh Institute of Applied Mathematics, Miusskaya sq., 4, Moscow, Russia
v.f-tishkin@mail.ru, ladonkina@imamod.ru, nek_olga@mail.ru

DG is widely used to solve various problems of gas dynamics. This method has
discontinuous basic functions and is characterized by high order accuracy of the solution. As
is well known, it is necessary to use so called limiters to guarantee the monotony of the
solution, especially if the result has disruptions. However, limiters can negatively affect the
accuracy of the solution [1]. Therefore the problem of keeping the high order of the solution
and providing it’s monotony is of current importance. To solve this problem the usage of
smoothing operator is proposed instead of limiting [2, 3]. However, smoothing operator based
on WENO reconstruction [3] doesn’t provide the high order of the solution for DG method. In
this paper the different smoothing operator is proposed. Theoretically it doesn’t demote the
order of method.
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KOMITIBIOTEPHAS PEAJIM3ALIMS KJIACTEPHOM
MOJAEJIM TPA®UKA HA CETH

Crpycunckuii IILM.!

"Mockosckuii Asmomobunsro-Loposcnwiii I'ocydapemeennviii Texnuueckuii Yuusepcumem (MAJH),
Mocxkea, Jlenunepadckuii np-m., 64.
perssot@gmail.com

PaccmarpuBaeTcss MOTOK KJIACTEPOB HAa CETH M3 MHOI'OKAHAIBbHBIX KOHTYPOB C OOLIMMH
yznamu [1,2]. Kmacrepel mnpencraBisioT coOOW MHOXKECTBA 4YacCTUIl C OJMHAKOBOMU
IUIOTHOCTBIO, TIOCTOSSHHOM CKOPOCTBIO, 3aBUCSIIEH OT IJIOTHOCTH U B3aMMOJAEHUCTBYIOLIUMHU
MeX1y COOOM MO ONPEEICHHBIM MTPaBUIIaM.

Co3maHo mporpaMMHOe oOecleyeHHe, KOTOpOe I03BOJIIeT HCCIIEAOBaTh IOBEICHHE
CUCTEMBI, B YaCTHOCTH, BBIYMCIUTh CPEIHIOI CKOpPOCTb, OOHApPY>KUTh MOJHBIA WU
YaCTUYHBIM KOJUIAIC, a TaKXe CaMOHACTPONKY CHCTEMbl — CHHEPIHIO, IMPOLECC BBIXOZA
CUCTEMBI Ha MAKCUMAJIbHBIN pEXUM CKOPOCTU HE3aBUCHUMO OT HauaJIbHOI'O PACTIONOKEHHUSL.

Anrebpanueckasi KOMIIOHEHTa MOJIEIM CBOJUTCS K CUCTEME MPOCTEHIINX OOBIKHOBEHHBIX
i depeHIraIbHbBIX YPaBHEHUH € TIEPEMEHHOM apXHUTEKTYypO#, 3aBUCAIIEH OT (ha30BBIX
orpannyeHuil. KommbloTepHas  KOMIIOHEHTa — 3TO  pealu3aluus MapajuleIbHbIX
B3aMMOJIEMCTBYIOIINX MTPOLIECCOB, ONPEIEICHUE YUCIOBBIX U KAUECTBEHHBIX XapaKTEPUCTHUK,
Buzyanu3aiys. KoMnbloTepHbIil aHAMU3 JOMOJIHIET HEKOTOPble TEOPETHUECKUE PEe3yJIbTaThl,
[3] ¥ uMmeeT nepcrneKTUBY NPAKTUUECKUX MPUIIOKEHUI B MaJIOpa3pabOTaHHOM K HACTOSALIEMY
BPEMEHU TEOPUH MOBEICHUS CUCTEM Ha CIIOKHBIX CETSX.
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SIMULATION OF MULTILANE VEHICULAR TRAFFIC ON THE BASIS OF
CELLULAR AUTOMATA THEORY

Chechina A.A., Churbanova N.G., Trapeznikova M.A.

Keldysh Institute of Applied Mathematics RAS, 4 Miusskaya Square, Moscow
e-mail: chechina.antonina@yandex.ru

The paper deals with developing mathematical model for traffic flow simulation on urban road
networks. The presented model refers to microscopic approach, i. e. each car is considered
separately and is described by its own set of parameters.

The model is based on the cellular automata theory and presents generalization of Nagel-
Schreckenberg model [1] to the multilane case [2]. The computational domain is the 2D lattice
where two directions correspond to the road length and width. The number of cells in the
transverse direction corresponds to the number of lanes. Each cell of the lattice can be either
empty or occupied by one vehicle. This approach allows vehicles to change lanes and to overtake
one another. The algorithm of cell state update is formed by two components: lane change (if it is
necessary and possible), movement along the road by the rules of N-S model.

Parallelization is based on the domain decomposition (data partitioning) technique and
message passing between nodes of the cluster. Each node can process either calculation of certain
road fragment (crossroad of any kind or straight part of the road), or some combination of
neighboring road fragments.

ﬂllll (0
|

Fig.1 — Typical road fragment with crossroads.

Parallel implementation provides the description of vehicle behavior in details and the real
time forecast of big city traffic states.
The program package includes:

o user interface module, that allows to set road length, number of lanes, traffic lights regime,
entering flows and other parameters of computation and some global parameters of the model;
. results visualization module, that provides the opportunity to see cars movement during

the calculation.
Acknowledgements: The work is supported by RFBR projects Ne 16-31-00087, 16-01-00347.
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AJITEBPA PAIIMOHAJIbHBIX JIPOBEN Y BEHIECTBEHHO3HAUHBIE
MAATHHUKH

H.A. Kydenes

Mocxosckuii Texnuuecxut Yuusepcumem Cesazu u Ungpopmamurxu (MTYCHU)
e-mail: glvd@yandex.ru

PaccmarpuBaetrcss mynbtumasTHUK [1, 2] — monHas ceth u3 N BepminH u M yacTuil.
Kaxxgas yacTuia B JUCKpPETHbIE MOMEHTHI BPEMEHH HAaXOJUTCS B OJHOM U3 BepuinH. [1nanbl
JNBIDKEHUSI YACTHUIl 3aJal0TCsl TOCIEAOBATEIbHOCTbIO HOMEPOB BEPIIMH, SBIISIIOLIEHCS
MO3UIIMOHHOM (HhOPMOIi MO ocHOBaHWIO N BeleCTBEHHOTO uncia u3 uaTepsana [0; 1). [lnansr,
3a/laBaeMble TOJIEM pPAIMOHANBHBIX YHCENl pa3OMBalOTCS Ha MOJANTeOpbI, MOPOXKIAECMBIC
0000mEHHBIM TpeoOpazoBaHueM bepHyn.

[Tpr COBMECTHOM JIBMKEHUH YACTHI] BOZMOKHO BOSHHUKHOBEHHE KOH(IMKTOB BCTPEUHOTO
NBUKEHHSI TPU TIOMBITKE JBIKEHHS IO OAHOMY pedpy OJHOBPEMEHHO B pa3HBIX
HampaBleHUsX. B 3ToM cinydae KOH(DIUKT pasperraercs MO ONpeAeNEHHOMY MpaBUILY,
oOecrnieunBasi mepeMeIIeHUs] TOJBKO B OJHOM HarmpaBieHUH. Takum oOpa3oMm, Mpu HaIUYUU
KOH(JIMKTOB CKOPOCTh pealu3aliil IJIAaHOB JBW)KCHHUS YacTHUIl (CKOPOCTH JBMXKCHUS)
CHIDKAETCA.

KommnbrorepHass peanusainusi TO3BOJSET MOATBEPAUTh HEKOTOPHIE TEOPETUYECKHE
pe3ynbTaThl [1, 2], BUByaqu3upoBaTh MPOIECCHI, TPOUCXOASIINE B CUCTEME U UCKATh HOBBIE
3aBUCUMOCTHU. BBIYHUCISIOTCS XapaKTEPUCTHUKUA CUCTEMbI, TAKUE KaK CpPEIHSsl CKOPOCTh
JIBUKEHUS U IPyTHE.

Pau NbHbIe NNaHbl A8 (m/n yepes 3ansTyo)
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DYNAMICS OF GAS IN ELECTRON BEAM

Inozemtseva K.K., Lutsky A.E., Markov M.B.
Keldysh Institute of Applied Mathematics of Russian Academy of Sciences,
Miusskaya sq. 4, Moscow, 125047, Russia
e-mail: inozem.kO@gmail.com

The report presents a mathematical model of the relativistic electron beam propagation in a
linear accelerator’s testing volume. We consider relativistic electrons transport in a gas, that
transfers in a weakly ionized medium under the radiation influence. All substantial collisions
of electrons with gas neutral molecules are taken into account: elastic scattering, impact
ionization, bremsstrahlung and excitation. Secondary electrons appear in continuous spectrum
due to impact ionization of gas by primary beam electrons. They are proposed to achieve an
equilibrium with a gas instantly. An electron beam generates self-consistent electromagnetic
field, affecting its propagation. Energy releases into the medium as a result of electron
scattering. Nonuniform gas heating changes thermodynamical and, therefore, scattering
properties of gas. The model includes hydrodynamics equations, describing dynamics of
heated gas. It allows to take into account changes in gas properties. Energy distribution
obtained on the first stage of calculation is used as a source for hydrodynamics equations. Gas
is considered to be a perfect fluid. The paper presents the results of verification tests and a
comparison of the obtained data with theoretical evaluation. Also it contains descriptions of
numerical experiments and investigation of gas disturbance behavior under the influence of
electron beam propagation.

Acknowledgements: The reported study was partially supported by RFBR, research project
No. 14-01-00350.
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ITPOI'PAMMMPOBAHUE JJI51 BBICOKOIIPOU3BOJANUTEJIbBHBIX
BBIUNCJEHUA: YHUBEPCAJIBHOCTH IPOTUB 3®®EKTUBHOCTH

A. C. boanapes, B. A. baxtun, M. H. [Ipurymna, JI. A. 3axapos
HUnemumym lpuxiaonou Mamemamuxu um. M. B. Kenoviwa PAH, Mocksa
boldar@imamod.ru, bakhtin@keldysh.ru, PritMick@yandex.ru, s123-93@mail.ru

Pa3paboTka mporpaMMHOTO oOecrieueHus sl pelieHus 3aJad MaTeMaTU4ecKor (Gpu3mku
JIOJITOE BpEMsl MPOBOAWIACH IPU HESIBHOM IPEANOJIOKEHHUM O HEKOTOpPOM HAcaIbHOU
«KJIACCUYECKOW» BBIUYUCIUTEIIBHON CUCTEME, B KOTOPOW BBIYMCIUTEIbHASI CTOUMOCTD KayKJ10M
ONEPALMH BbIPAXKanach HEKOTOPHIM MOCTOSHHBIM YHUCJIOM, HE 3aBUCSIIMM OT PACHOJIOKEHUS
OIlEpaHJ0B B MAMATU U MPEABICTOPUU ITOM olepaluu. XoTs yXke, 110 KpaiiHel mepe, B 90-e
roJbl 3Ta TUINOTe3a He Oblla BIOJIHE cIpaBenBa (cache-maMsaTh pa3IUyHOTO YPOBH,
JMHAMUYECKOE BBIIIOJHEHHE), BCE JK€ OHA MPHHUMANach (DaKTUUYECKH, TaK Kak I103BOJISIIA
OLICHUTh TPYAOEMKOCTh TOTO WJIM HMHOTO alropuTMa camoro mo cebe. Mexay Tem, npu
UCTIOJIb30BAaHUM COBPEMEHHBIX BBIYUCIUTENBHBIX CHUCTEM OCOOEHHOCTH WX KOHKPETHOM
APXUTEKTYphl (OT KOTOPBIX, BOOOINE TOBOPS, XOTEJIOCh OBl aOCTparupoBaThCs) MOTYT
NPUBOJIUTH K KpaitHe Hed(pPEeKTUBHOMY MCTOIb30BAHUIO BEIYUCIUTEIbHBIX MOIIHOCTEH, eCin
UX UTHOPUPOBATb.

B nanHnoii pabote paccMaTpuBaroTCs pe3yabTaThl HU3KOYPOBHEBOM ONTUMHU3AIUN OJHOTO
KOJla, KOTOpPBI OBLT B CBOE BpeMs HamucaH (M pa3syMHO ONTHUMHU3MPOBAH) HUCXOIS W3
«KJIACCUYECKUX» NPEICTaBICHUNA O BBIYMCIUTENBHON cUCTEME. byaydn OpHEeHTHPOBAHHBIM
Ha pelIeHUE IO SIBHOM CXEME CHUCTEM THIEepOOJUYECKUX ypaBHEHUW (B OCHOBHOM, Ta30BOM
JUHAMUKHA) B JIBYMEpPHBIX  OOJAcTSX  CIOKHOW  (OpMBI € HCIOJB30BaHUEM
HECTPYKTYpUPOBAHHBIX CETOK, 3TOT KoJ Obul Hamucan Ha C++ C OYeHb HIMPOKUM
UCIIOJIb30BaHUEM OOBEKTHO-OPHEHTUPOBAHHOTO MOAXO0JA JJIsi 00ECIeYeHHUsT MaKCUMAallbHOU
YHUBEPCAJIHLHOCTU U MPOCTOTHI JaNbHEHUIEro pa3BUTUA. SIBHBIH cOJBep TUIEPOOTUYECKUX
cUcTeM oO0mero Buia ObUI MapaMeTPU30BaH MO (PU3MUYECKOMY HANOJIHEHUIO M CIOCO0Y
BBIYMCIICHUSI TIOTOKOB, a pealu3alys TPaHUYHBIX YCIOBUW W YPaBHEHUH COCTOSIHUS
Pa3IMYHOTO BHJA OCYIIECTBIIIACH YepPe3 UEPAPXUH KIIACCOB C MOPOXKICHHBIMH (DYHKIHUSAMU.
C nenpr0 MUHUMUA3AIUU KOJIMYECTBA OJHOBPEMEHHO XPAHUMBIX BCIIOMOTATEIbHBIX BETUYUH
OBbUT UCTIOIB30BaH «(PPOHTANBHBINY, WIH «BOJHOBOW», aITOPUTM MPOXO/a AJIEMEHTOB CETKU
JUIsl BBIYUCIICHUS 3HAYEHUI Ha OYEPETHOM BPEMEHHOM CJIO€.

B xone manHOro mccnenoBaHus ObLI BBIMOJHEH KOMIUIEKC NMPe0Opa3oBaHUN MPOTPaMMBI,
BKJIFOYAs: OTKa3 OT (PPOHTAIBHOTO aJropuTMa 00X0/a CETKH B IMOJIb3y OJHOPOIHOTO 00X0/1a
BCEH CETKM B NPOU3BOJBHOM MNOpPSAJKE (HET 3aBUCUMOCTEH U NMPAKTUYECKU HET ONEPaTOPOB
BETBJICHUS); MPEIBAPUTEIBHOE BBIYUCICHNUE «CTPYKTYPHBIX» BEIMYUH (CIHUCKH CMEXHOCTHU
CETOYHBIX DJIEMEHTOB U T.II.); UCKIIOYEHHUE TSDKETIBIX Orepaluil (IMHAMUYEeCKOe BbIICIICHUE
NaMsTH, CO3/IaHNE WU y/IaJ€HUEe MHOXECTB U JPYIMX CTPYKTYpP AAHHBIX) B BBIYUCIUTEIBHO-
E€MKHX IUKJIaX; MCIIOJIb30BaHHE OOBIYHBIX MACCHBOB JIJISI XpAaHEHHS BCEX BEIUYUH; MEPEXO]
OT MacCUBOB CTPYKTYp K MaCCHUBaM OTJEJIbHBIX BEJIUYMH; Pa3BUPTYAIU3LHUIO BEI30BOB.

Oty npeoOpa3oBaHUs MPUBETH: K MHOTOKpaTHOMY (25 pa3) YCKOPEHHIO HCXOIHOM
MOCJIE0BATENbHON TPOTrPaMMbl; BO3MOXXHOCTH TPHUBHAJIBHOTO paclapajljieIiBaHUs €€ B
moaenu OpenMP; BosmoxHOCTH GecnipobiiemHoro nopruposanus Ha I'TIY (B monenu DVMH
MOJIydeHO YyckopeHue okojo 450 pa3 orHocutenbHO ucXomHod Bepcuun Ha 1 [TIY);
NIEPCIEKTUBE paclapauienuBanus Ha kinacrep ¢ I'TIY B pacmupennoit mogenn DVMH.
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AHAJIN3 DOPEKTUBHOCTHU BUBJIMOTEKHU SPARSELINSOL JIUIS1 PEHHEHUSA
BOJIBIIINX CUCTEM JINMHEWHBIX AJITEFPATMYECKHUX YPABHEHUI

B.1. Kpacuonoasckuii', A.B. Mensenes®
THUH mexanuxu MI” YV, Muuypunckuii npocn. 1, Mockea, Poccus
2340 “T- ~-Cepeucwt”, Jlenuncxuti npocnexm 113/1, Mockea, Poccust
krasnopolsky@imec.msu.ru

B mactosmem moxmame OOCYXKHArOTCS OCOOCHHOCTH peanu3ali  pa3pabdaThiBaeMOi
aBTopamMu Oubmmoreku SparseLinSol, mpenHa3HAYCHHOW JUIsl PEIICHUS CUCTEM JIMHEHHBIX
anreOpandecKux YpaBHEHHH Ha  pPacCHpelelICHHBIX  BBIYUCIUTENBHBIX  CHCTEMax C
MHOTOSIIEPHBIMU  TIpOLIeCCOpaMU U rpaduueckuMu yckoputeasiMu. OCHOBHOM aKIIEHT
pa3paboOTKHU clleNaH Ha peaanu3allid MHOTOCETOYHBIX METOJIOB KaK Hanbosee MepCreKTUBHBIX
QITOPUTMOB JJIsl pEHICHHs OONBIINX CHIIBHO-PA3PEKEHHBIX U TI0X0-00YCIOBIEHHBIX CUCTEM
YPaBHEHHI ¢ OPUEHTHPOM HCIIONB30BAHMs MOPsAKa 10° Y3II0B ISt BBIYHCINTEIBHBIX CHCTEM
C MHOTOSICPHBIMH TIpoIeccopaMn ¥ mopsaka 107 y310B ams chcTeM ¢ rpadHuecKuMu
yckoputensimu.  J{nst  oOecmiedeHuss  MacmTaOUPyeMOCTH — peaM3yeMbIX — alTOPHUTMOB
UCTIONIB3yeTCsl TUOpuAHas cxema mnporpammupoBanus MPI+ShM, ocHoBanHas Ha
ucnonb3oBaHuM MpuMuTHBOB POSIX Shared Memory BHYTpPH BBIYMCIHTEIBHOTO y3I7a, U
MaKCUMaJIbHO aCHHXPOHHBIN anroput™M KomOuHaimu 3amyckoB CUDA-saep u MPI-o6meHoB
JUTSL aTOPUTMOB, PEaTH30BAHHBIX HA TPAQUICCKUX YCKOPUTEIISIX.

[IpoBeneHo comocTaBieHHE MPOU3BOJUTENILHOCTH W MacliTabupyeMocTu solve-dactu
MHOTOCETOYHbIX MeTonoB pemienus CJIAY w3 Oubmuoreku SparseLinSol ¢ psnom
AQHAJIOTMYHBIX OMOIMOTEK YHCIEHHBIX METOM0B. B cpaBHeHMM ObUIM HCHOJB30BaHBI TPU
TECTOBBIX CHUCTEMBI ypaBHEeHUH pasmepoMm 41, 60 u 99 MIIH. HEM3BECTHBIX, IOJyYEHHBIX B
X0Jle pacueTa 3aJaud ONpeiesieHUs] THIPOJUHAMHUYECKHX XapaKTePUCTHK T'PEOHBIX BHUHTOB
cynna B makere OpenFOAM. Vckopenue solve-uactu metonoB pemeHusi CJIAY  nmns
oubmmoteku SparselLinSol ¢ rpadhuueckumMu yckopuTensiMu Ha 128 y31ax cynmepkommbioTepa
“JIOMOHOCOB” TIO CpPaBHEHHIO CO CBOOOJHO-pACIpOCTpaHseMOil OuOmMHOTEeKON hypre (mns
HEHTPaJIbHBIX MPOLECCOPOB) C HIASCHTHYHOM KOH(Urypalnueil maTeMaTHYeCcKUX METOJI0B
nocturaer 3.7 pasa, Hpu napajuienbHON sddexTuBHOCTH a0 68%. Ha cynepkommbroTepe
“JIoMOHOCOB-2” TpoBe/eHO cpaBHEHHE A(DPEKTUBHOCTH METOJOB solve-yacTu OMOIMOTEKH
SparseLinSol n xommepueckoit 6nbmmorexku AmgX or NVIDIA (trial, v.1.2.0 build 108). dns
MakCUMajbHO Onu3Kkoro Habopa MeromoB B Oubmuorexkax AmgX wu  SparselinSol
YCTaHOBJIEHO, YTO BpeMeHa BhIMONHEeHHs solve-yactu pemenus CJIIAY s 6ubiamorexu
SparseLinSol oxaspiBatoTcsi B 1.5-2 paza mMenpiie. Mcnonap30BaHue ONTHMAIBHOTO Habopa
napameTpoB it Oubnuoreku SparseLinSol, He UMEIOLIETO MOJIHBIX aHAJIOTOB B OMOJIIMOTEKE
AmgX, no3BoJigeT 1ocTuyb 1.8-2.8 KpaTHOro yCKOpPEHHUs pacyera.

Paspaboran turarun compsikerust ans OpenFOAM, TO3BONSAIOMIMK  MCHONB30BaTh
peanu30BaHHbIE METOJbl KaK allbTePHATHUBY CTAaHAAPTHBIM METOJaM, peallu30BaHHBIM B
makere. buOmmorexka TakKe MOXKET OBITh HCIIOJIb30BaHa B ‘“‘in-house” komax it 3amad
MaTEMaTHYECKOr0 MOJICIHUPOBAHUS.
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OTEYECTBEHHBIX CIIEIIUAJIU3UPOBAHHBIX ITPOIIECCOPOB
CEMEVICTBA «KKOMJIVB»

II. B. Boraaunos', O. 10. Cynapesa®

I(Dedepcmwoe eocyoapcmeentoe yupeoicoenue « Dedepanvuviti Hayunwll yewmp Hayuno-
Uccne008amenbCKull UHCIUMYym CUCTMEMHBIX UCCTed08anuti Poccutickou akademuu HayK»
(HUUCHU PAH), 117218, Mockesa, Haxumosckuii np., 36 k.1, bogdanov@niisi.msk.ru
HUUCH PAH, Mockea, sudareva@niisi.msk.ru

B teuenne nocnegnux necsrwieruit B @I'Y OHI[ HUWCU PAH (manee HUMCHU PAH)
BeAETCsl pa3paboTKa OTEYECTBEHHOW 3JIEMEHTHOM 0a3bl AJIS BBIYMCIMTEIBHBIX KOMILJIEKCOB
crienManbHoro HaszHaueHus. Ha cerogmsmaumii newp pemenus or HUMCU PAH B chepe
CHELMATU3UPOBAHHBIX  BBIYMCICHUNA TUNa LU(POBOHl 0OpabOTKM CHTHAJIOB CMEJIO
KOHKYPHPYIOT (2 B HEKOTOPBIX 33Jja4ax CYLIECTBEHHO NPEBOCXOAST) € PEIIEHUSIMU MUPOBBIX
NpOM3BOJUTENCH, HAampUMep, TaKUX Kak ceMmelcTBo MukpomnporeccopoB TigerSHARC ot
Analog Devices, Inc. B nokiane mpencraBieHsl pe3yJbTaThl MPOBEAEHHBIX K HACTOSIIIEMY
MOMEHTY MCCJIEJOBAaHUI O BO3MOXXHOCTH NPHUMEHEHUs pa3padbaThiBaeMOro o0OpYJOBaHUS B
BBIUUCIICHUSX OOIEro Ha3HAUSHMSL.

PaccmarpuBaercsi BRIMMCIUTEIbHBIN KOMIUIEKC Ha Oa3e pa3zpabatsiBacmoit HUMCU PAH
nuHerkn mukponpoueccopoB KOMJIMB (B wactnoct, KOMIMB128-PH1O, co BcTpoeHHBIM
maTteMaTuueckuMm compoueccopom CP2), a Takke KOHTPOUIEPOB U KOMMYTaTOPOB
BBICOKOTIPOU3BOANTENBHON KOMMYyHHUKAoHHONH cet RapidlO. Takoif KOMIUIEKC MOXeT
OBITH MCIIOJIb30BaH AJISl PACHIPECIEHHBIX BBIYUCICHUIN: HA KaXIOM MPOLIECCOPE BHIYUCICHUS
ONTUMU3HUPYIOTCS TEM WWJIM UHBIM CcrHocoOoM, a OOMEHbl MEXIy IMpoleccopaMu
OCYIIECTBIIIOTCA Yepe3 MporpaMMHbIi nHTepderic MPI.

B kadecTBe TECTOBBIX 3aJa4 pacCMaTpPHBAIOTCSA TpH anroputMa u3 makera NAS Parallel
Benchmarks [2], a uMmenHo: anroput™M MHOrocerouHoro merona (MG), anroputm Metona
conpsix€HHbIX TpagueHToB (CG), a Takke ObicTpoe mnpeoOpasoBanue dypoe (FT). s
BBIOPAHHBIX aJITOPUTMOB UMEIOTCS pe(hepeHCHbIE pealn3alli, Ha OCHOBE KOTOPhIX aBTOpaMH
pa3paboTaH psJl ONTUMU3UPOBAHHBIX peaau3aiuii 1j1s nporeccopos auneriku KOM/IUB.

B [noxmame npuBOIATCS pe3yJbTaThl TECTHUPOBAHMS MMEIOIIMXCSA pealu3aluid  Ha
JMOCTYIIHOM ammaparype: Kak Ha CYIIECTBYIOIIMX MHUKpormpoleccopax, Tak u Ha [1IJIMC-
HPOTOTHIIE NEPCIIEKTUBHOIO MUKPOIIPOLIECCOPa, pa3paboTKa KOTOPOTo BEAETCS B HACTOSALIMN
MoMmeHT. Kpome Toro, JaroTcsi OLEHKM O0XHMJIaeMOM  IPOU3BOAUTENBHOCTH IS
MHOT'OIIPOIIeCCOpPHOTO KoMIulekca. [Io uroram mpoBea€HHONW palboThI J1€NatoTCsl BBIBOABI O
cnenr(rKe KOHKPETHBIX alTOPUTMOB M Y3KHX MeCTax amlapaTHBIX pEIIeHHH, KOTOpHIC
HYK/1al0TCsl B 1OpaboTKe.

Jluteparypa:

1. ILB. bormanoB, O.I0. Cynapea, “lIpuMeHEHHE OTEYECTBEHHBIX CIEIUATH3UPOBAHHBIX
npoueccopoB cemeiictBa KOMJIMB B Hayunbeix pacuérax”, HWHpOpManuoOHHBIE TEXHOIOTUH W
BBIUMCIIUTENBHBIE CHCTEMBI, IPUHATO B Tiedath (2016)

2. D. Bailey, E. Barszcz et al., “The NAS Parallel Benchmarks”, RNR Technical Report RNR-94-007
(March 1994), https://www.nas.nasa.gov/publications/npb.html
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ITAPAJIVIEJIBHBIE TEXHOJIOI'MU PEINTEHUA 3ATIAY ADPOJAUHAMMUKHU B
KOMIIVIEKCE TIPOI'PAMM FLOWMODELLIUM

B.A. Tura CBI’Z, A.B. qI/IKI/ITKI/IHZ, C.B. VTIOHHKOB

]BU QUL UY PAH, 119333, Mocksa, ya. Basunosa, 0. 40
M®TH (T'Y), 141700, M.O., 2. Jorconpyonsiii, Mucmumymckuii nepeyiok, 9
3Universily of Manchester, M13 9PL, UK, Manchester
e-mail: titarev@ccas.ru, s.utyuzhnikov@manchester.ac.uk, alexchikitkin@gmail.com

B naGopatopun “MaremaTHyecKoro MoJeIUPOBAaHUS HETMHEWHBIX MPOLIECCOB B ra30BbIX
cpenax” MOCKOBCKOrO (PU3UMKO-TEXHHYECKOIO MHCTUTYTa BEAETCA pa3paboTKa KOMILIEKCa
nporpamMm "FlowModellium" [1], mpeaHa3sHaueHHOTO s YUCICHHOTO MOJEIHPOBAHUS
BHEIIHUX BBICOKOCKOPOCTHBIX TEUEHUH CHKMMAEMOI0 TIa3a C YYE€TOM HEPaBHOBECHBIX
XUMHUYECKHX PeaKIuii.

OTIMYHUTENbHBIMA  OCOOCHHOCTSIMH — a’poJuHaMudeckoro pematens FlowModellium
SBIISIIOTCSL  MOJJIEPKKA  HCHOJIb30BAHUS  OJOYHO-CTPYKTYPUPOBAHHBIX UM THOPHIIHBIX
HECTPYKTYPUPOBAHHBIX CETOK, NPUMEHEHHE SKOHOMHYHOM HESIBHOHW CXEMBblI BBICOKOTO
NOpsilKa  annpoOKCHMalMM Ha TakUX CceTkax M JIByxypoBHeBoe MPI+OpenMP
pacnapasuieIMBaHue JIJIsl UCTIOIb30BaHMsI HA COBPEMEHHBIX CYNIEPKOMIBIOTEPHBIX CUCTEMAX.

B Hacrosmem poknane oOCYXAAarOTCs TEXHOJIOTMM pELIeHHWs 3aJady Ha CUCTEMax C
OOJIBIIUM YHCTIOM siiep Ha y3en (mo 244), peanu3oBaHHbIE B pematene. [IpuBoastcs
IpUMEpPbl PACYETOB BHEUIHETO OOTEKaHMs TeN CJIO0XKHON IPOCTPAaHCTBEHHOW (OpMBI ¢
ucrnosb3oBanueM 110 61440 runepnorokoB Ha cuctemax RSK Petastream [2], ycTaHOBIEHHBIX
B MexsenomcreeHHOM CynepkommnbrotrepHoM llentpe n CKL "Ilomurexanueckniit" CaHKT-
[TerepOyprckom nonurexnuueckoM ynusepcutere [lerpa Benukoro.

JIureparypa:

1. B.A. TurapeB u C.B. VYTio)kHUKOB. «lIporpamMMHBIi KOMIUIEKC IJIsl pacyeTa I'MIIEP3BYKOBBIX
TeUeHUN BO3ayxa», CBUIACTEIHCTBO O TOCYIAPCTBEHHOW pPETHCTpAIlMH TporpamMm it OBM.
2013619670, (2013).

2. A. Semin, E. Druzhinin, V. Mironov, A. Shmelev, A. Moskovsky, «The performance
characterization of the RSC PetaStream module», Lecture Notes in Computer Science, V. 8488, p.
420-429, (2014).
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RESERCHING THE SPECTRUM OF BREMSSTRAHLUNG GENERATED BY THE
RIUS-5 ELECTRON ACCELERATOR

R. V. Uskov, M. E. Zhukovskiy, M. B. Markov, S. V. Podoliako, I. A. Tarakanov
Keldysh Institute for Applied Mathematics of RAS; Moscow, Russia
roman.uskov@gmail.com

The generation of bremsstrahlung produced by interaction between RIUS-5 electron beam
and tantalum target is considered. The research is actual for the efficient analysis of modern
and advanced bremsstrahlung sources and for studying the interaction between gamma-
radiation and matter. The model of individual collisions is used to describe the radiation
transport. This model is convenient for the efficient calculations parallelization on
supercomputers having the heterogeneous architecture. Weight modifications of Monte-Carlo
method are built. The modifications are worked out for hybrid parallelizationl. Parallel code
is designed for modeling of electron and photon transport by usage of graphical processors as
arithmetical coprocessors and using the NVIDIA© CUDA technology. The algorithm is
tested by comparing the results of calculations using the MCNP package. Satisfactory
agreement for results is shown (fig. 1).
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Fig. 1. Comparison of bremsstrahlung modeling results and experimental data

results and MCNP calculations

The comparison between the numerical simulation and the experimental data is carried out.
It shows qualitative coincidence and quantitative satisfactory agreement between the
calculated and experimental data (fig. 2).

Acknowledgments: This work is supported by Russian Fund for Basic Researches, grants
N 14-01-00350 and N 15-01-03027

References:
1. Zhukovskiy M.E., Markov M.B., Podolyako S.V., Uskov R.V., “Modeling of bremsstrahlung

generated by electron accelerator” Mathematica Montisnigri, Vol XXIX (2014), pp. 38-58 (in
Russian).
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MOJIEJUPOBAHUE C)KUMAEMbBIX TEYUEHUH HA
HECTPYKTYPUPOBAHHBIX CETKAX C UCIIOJIB3OBAHUEM I'MBPU/IHBIX
CYNEPKOMITBIOTEPOB PA3JIMYHOM APXUTEKTYPBI

CykoB C.A.!, Boraanos H.B.z, T'opobGen AB.

I UTIM um. M. B. Kenovuua PAH, 125047, Mockea, Muycckas na., 0. 4
‘Huucu PAH, 117218, Mockea, Haxumogckuii npocn., 36, k.1.

B pabore omuchiBaeTCsl BapHMAaHT YKCICHHOTO QITOPUTMa MOJCIMPOBAHMS BS3KUX
ra30JUHAMUYECKUX TEYEHUIl Ha HECTPYKTYpUPOBAaHHBIX TMOPUAHBIX CETKaX C PA3JINYHBIM
TUIIOM SYEEK M €ro IporpaMMHas peaau3alus s TEeTEepPOreHHbIX BblUMCICHUM. s
anmpokcuManuu cucreMbl ypaBHeHuHM HaBbe-CTokca HCHONB3yeTCSl METOJ KOHEYHOTO
o0beMa ¢ onpeziesIeHMeM 3Ha4eHU I IepeMEHHBIX B IEHTPaX Macc CETOYHBIX 3JIEMEHTOB.

KoOHBEKTHBHBIN TOTOK 4Yepe3 IpaHU SYEEK BBIUUCISIETCS HAa OCHOBE 0a30BOW CXEMBbI
IIEPBOTO

NOpsJIKa, BEIOOP KOTOPOM 3aBUCHUT OT XapakTepa peaeMoil 3agauu. [ToBsiienue nopsaka
annpoOKCHMAallMi KOHBEKTHBHOIO IIOTOKA JIOCTHTaeTcsl IIyTeM Iepexola OT KyCOYHO-
MOCTOSTHHOTO PACHpEeeNIeHUs] CETOYHBIX (YHKIMH Ha s4Yeike K KyCOYHO-JIMHEHHOMY
pacrpesieIeHuIo, Ie MOJIMHOMUAIbHbBIE KOA(POHUIMEHTH BRIUUCIAOTCS 10 (hopmyne ['puna-
laycca. JIuddy3noHHBI TIMOTOK ONpEAeNsSeTCS depe3 OCpeaHeHHEe KOIPPUIHNCHTOB
PEKOHCTPYKIUHU Ta30JAMHAMUYECKUX MEPEMEHHBIX B IMPUMBIKAIOIIUX K I'paHu Aueikax. s
MHTETPUPOBAHUS 110 BPEMEHH UCIIOJIb3YETCS SIBHAS CXEMA.

PacnipeneneHHass mporpamMmHasi peanu3alis YUCJIEHHOTO alropuTMa afanTHpoBaHa K
3allyCKy Ha TETEepOreHHbIX KIACTEPHBIX CHUCTEMax pa3iaudHoil apxuTekTypsl. Co3naHbl
CpPaBHMTEIbHBIE peanu3anuu ¢ ucnoiabzoBanuem cpencts MPI, OpenMP, CUDA, OpenCL,
KOTOpBIE TO3BOJSIOT 33J€MCTBOBATh MHOTOSJIEPHBIE MPOLECCOPbl M PA3IMYHBIE THIIbI
YCKOpHTEJeH, BKJIIOYas Tpauueckue IMpoLeccopbl U MHOTOsAepHbIE compoueccopsl Intel
Xeon Phi. OOmensr namHbiMH Mexay MPI mpomeccamm m MexIy mporeccopamMud
YCKOPHUTESIMH OCYIIECTBIISETCS OJJHOBPEMEHHO C BBIITOJHEHHEM BbIUUCIICHUH (KaK B peKUMe
MPI+OpenMP, Tak u npu ucnonszoanu CUDA uiu OpenCL).

B noknaze mpencraBieHBl CPABHUTEIBHBIE PE3yNbTAaThl pacdyeTa HECKOJIbKUX 3ahad
ra30JUHAMUYECKOTO OOTEKaHUs (B TOM UMCIe 00TeKaHHUs c(ephl IPHU pa3IMIHBIX IMapaMeTpax
HaOeraromero noroka). IlpuBoasTcs XapakTepUCTHUKH S(PPEKTUBHOCTH M IOKa3aTelH
MPOU3BOJUTENILHOCTH HAa CUCTEMAX C Pa3JIMYHBIMU TUIIAMU BBIYUCITUTEINEH.

BaaroagapuocTu: Pabora BeinosnHeHa npu ¢puHaHcoBo noanepxke PH®, cornamenne Ne
15-11-30039 (pa3paboTka AWCKPETHU3ANMH IS BSA3KOW YAaCTH TIOTOKOB, T€TEpOTCHHAs
peanuzanus anropurMa Ha OpenCL), u PO®U, rpant Ne 15-07-04213 (pazpaboTka cpeacTs
JICKOMITO3UIMN ISl TIOAJEPKKU TapajuleTbHBIX pacdyeToB). B paboTe HCHOIh30BaIUCH
cienyromue Borarcautensubie pecypesl: K-100, MTIIM um. M. B. Kenasima PAH; MBC-1011,
MCIl PAH; JlomonocoB-2, MI'Y um. M. B. JlomoHocoBa. ABTOpPbHI BbIpaKaOT
6J1ar01apHOCTb BbIIICYKa3aHHBIM OpraHU3aLUsAM.
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MMPUMEHEHUE ITPOTPAMMHOM IIJTAT®OPMEBI INMOST B PACYUETHOM
KOJIE GeRa JIJISI PABOTBI C PACHPEJEJEHHBIMA CETKAMMY OBIIETO
BUJIA

IO.B.BaCHHQBCKHfII, I/I.B.KaHBIpI/IHl’z, N.H.Konpummun"

1 .
Hncemumym soruuciumenvrot mamemamuxu PAH
2 .
Hncmumym npobnem 6ezonacnoco pazsumusi amomuou snepeemuxu PAH
igor.konshin@gmail.com

B pabore paccmarpuBaercss mpuMeHeHHe mnporpamMmHON Twiatdopmbl INMOST s
pa3pabOTKN KOHKPETHOI'O HPOMBIIIJICHHOTO MPHJIOKEHUs, BBIMOIHAIOUIETO MapauleibHble
pacdeTl Ha ceTkax oOmero Bupa. TexHonormueckas rmiatdpopma INMOST (Integrated
Numerical Modelling and Object-oriented Supercomputing Technologies) sBisercs
CPEIICTBOM CYNEPKOMIIBIOTEPHOTO MOJAEIUPOBAHUS, MOAJAEPKUBAIOIIUM MaKCUMAaJIbHYIO
OOIIHOCTh PACUYETHBIX CETOK, KPOCCIIATPOPMEHHOCTh DPa3pabaThIBAEMOro KoJa, a TaKxkKe
THOKOCTDh M 3(PPEKTUBHOCTh UCIIONB3YEMBIX PACIPECIIEHHBIX CTPYKTYp AaHHBIX. INMOST
HOJ/IEP’)KUBAET PabOTy C Pa3HOOOPA3HBIMU CETOYHBIMHU 3JIEMEHTAMH, MPEJOCTaBIIsAET HAOOp
GyHKIMi st paboThl C HHUMH, IO3BOJSET MPUKPEIUVIATH K HUM pa3jiHyHble JaHHbIE,
BBIMOJIHATH OOMEHBI, a TaKKe IPOBIUTH IepepacnpencieHue TaHbIX M OalaHCUPOBKY.
INMOST mnomoraer BbINOJHUTH AUCKPETHU3ALMIO HCXOAHOM 3anadyu, CPOpMHUpPOBATH U
pELINTh BO3HUKAIOLIME JIMHEWHbIe cUCTeMbl. [lJis 3TOro B paMkax eAMHOro uHTepgeiica
1aT(hOopMbl MOXKHO HCIIONIB30BaTh KaK CTOpoHHHE makeTsl, Harpumep, PETSc nmm Trilinos,
TaK ¥ BHYTPEHHUE JIMHEWHbIE pelIaTeld Ha OCHOBE MPHUOIMKEHHOTO Pa3lioKEHHUs BTOPOTO
HOpsJKA.

BosmoxkHocTn nporpammuoi miatgopmsel INMOST no pa3pa®oTke BBIYHCIMTEIBHOTO
KOJ/Ia C MCIIOJIb30BaHNEM HMHTEPAKTUBHOTO MHTEpQeiica Mmoib30BaTess IEMOHCTPUPYIOTCS Ha
pacuetHoM koje GeRa. Oror Koj mnpeaHasHaueH A MOJENHMPOBAHMS IOA3EMHOU
GunbTpan U MepeHoca pPaJIuOHYKIUAOB B reojiornyeckux cpenax. Pacuernsiii kogq GeRa
BKJIIOYAET MOJYJIM I'€OJOTHYECKOr0 MOJACINPOBAHNUS, TCHEPAUU CETOK M Pa3JIUYHBIX THUIIOB
JUCKpeTH3alMu Js 3a7a4  QuiabTpanud | mepeHoca. Pa3paboTaHbl Takke CpeacTBa
rpaduyecKkoi BU3yadM3allud JaHHBIX, coxpaHsembix B tuiatrpopme INMOST, a Takke
CpeICTBa aHalW3a W BepU(UKALMU TOTYYEHHBIX pe3ynbraToB. IlognepskuBaercs pabota c
ceTKaMM OOIIEro BUA, BKJIIOYAs MPU3MATUYECKHE U HEPAPXUUECKHUE TeKCadIpallbHble CETKU
Ha OCHOBE BOCBMHUJIEPEBbEB. [lpuBoxmATcs pe3yiapTaTbl MOJEIMPOBAHUS Ul 3a4ad
(GuIbTpalMy W IEPEeHOCa, BKIIOYAIOUIMX pa3iIuyHble (DU3MYECKHE NPOLECChl, TaKUe Kak
IUIOTHOCTHAs W TEIUIOBas KOHBEKIMS, XUMUYECKUE B3aUMOACUCTBHUS M PaJUOAKTUBHBIN
pacnapn.

References:

1. 1O0.B. Bacunesckuii, 1.H. Konpums, I'.B. Konsrtos, K.JI. Tepexos, «INMOST — mporpamMmmHas
wrargopMa U rpadudeckas cpena A pa3pabOTKH MapayUIeTbHBIX YUCISHHBIX MOJEJTEH Ha CeTKax
obmero Bumay. M3a-Bo MockoBckoro yHuBepcuTeTa, Mocksa, cTp. 144, (2013).

2. «INMOST: a toolkit for distributed mathematical modelingy, http://www.inmost.org (2016).

3. W.B.Kamsipun, B.A.HBanos, I'.B.KombertoB, C.C.YTkunH, «Muterpanbubii kon GeRa s
obocHoBaHUs Oe3omacHOCTH 3axopoHeHUsT PAOy, ['opHsrii sxypran, Nel0, ctp. 44-50, (2015).
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MOJAEJMUPOBAHUE NEPEHOCA HEMTPOHOB B CJIOKHBIX TEXHUYECKHX
OBBEKTAX HA CYIIEPKOIIBIOTEPAX C SKCTPAMACCHUBHbBIM
ITAPAJIVIEJIN3MOM

C.B. Iloponsko, M.E. Xyxosckuii, M.b. Mapkos, P.B. Yckos, E.I'. JIykssHOBa

HIIM um. M.B. Kenoviwa PAH
posev66@yandex.ru

Pa3zpa®oTtan MeTOJl CTaTHCTUYECKOTO MOJICIMPOBAHUS SHEPrOBBIIEICHUS HEHTPOHHOTO
U3Iy4eHUS B CJIO0XHBIX MHOIOKOMIIOHEHTHBIX OOBEKTaX OCHOBAHHBIM Ha pELICHUH
UHTEIPAJIBHOIO YPAaBHEHMs IIEPEHOCA HEWTPOHOB METOAOM MOHTe-Kapnol. Hckombie
¢uznyeckue BENUYUHBI (PHEPIrOBBIAEICHUE, IUIOTHOCTh HCTOYHUKOB BTOPUYHOIO TaMMa-
U3JTy4YEHUs) ONPEeNsoTCs B BUAE (PYHKIMOHAIOB Ha MPOCTPAHCTBE PELICHUN ypaBHEHHS
nepeHoca HEWTPOHOB. [l CTaTUCTUYECKOW OLIEHKH 3TUX (PYHKIIMOHAJIOB MOJEIHPYIOTCS
Clly4aiHble TPACKTOPUU HEUTPOHOB B MHOI'OKOMIIOHEHTHOM CPEZAE CO CIOKHOW I€OMETPUEH.
Pacuet mapuumanbHOro BKi1aja Kaxa0i TpaeKTOpUK HEUTPOHA B IUIOTHOCTh SHEPTOBBIICICHUS
U IUIOTHOCTh MCTOYHUKOB BTOPUYHOTO TraMMa-U3Iy4dEeHUs OCYILECTBISAETCS OJIOKOM
JNETEKTUPOBAHUSI.

ANropuTM pealu3oBaH B BHUAE IPOTrPpaMMHOIO KOMIUIEKCA JUISi CTaTUCTHYECKOIO
MOJICJIUPOBAHMsl Ha CYNEPKOMIBIOTEPAX € JKCTPAMACCHUBHBIM MapajlIeIn3MOM IE€peHoca
HEUTPOHHOI'O M3JTyuyeHHs] B MHOTOKOMITOHEHTHBIX 00BEKTax CI0XHOM reomerpun. Kommuieke
MO3BOJIAET MPOBOJUTH OLIEHKY 3HEPTOBBIIEICHMS] M IUIOTHOCTH HCTOYHHUKOB BTOPHUYHOIO
raMMa-u3J1y4eHus, TeHepUPyEeMOro Ipy B3aUMOIEHCTBUM OBICTPBIX HEMTPOHOB C BELIECTBOM.
PeannzoBaHHbIE B KOMIUIEKCE aJITOPUTMBbI OCHOBAHBI HA PEILIEHUU MHTETPAIILHOTO YPaBHEHUS
HepeHoca HEUTPOHOB C MOMOINBIO MOCTPOCHHBIX BECOBBIX MoaMpukanuii merona MoHte -
Kapno wu mnpenHasHaueHsl i1 pacyeTOB Ha TETEPOTEHHBIX CYNEPKOMIIBIOTEPAX C
npuMenernem texuooruit MPI u NVidia°®CUDA.

Baaroaapuocth: PaboTa BemonHeHa npu noaaepxkke rpaHnToB PODU Ne 15-01-03027 u
Ne 14-01-00350.

Jluteparypa:

1. Konpuyxxun A.M., Yuaiikua B.B. BBenenue B Teopuro MpoX0oKIE€HUS YaCTHI[ Yyepe3 BEIIeCTBO.
M.: Atomuzaar, 1978.

94



SECTION 2. ADVANCED SCIENCE TECHNOLOGIES ABSTRACTS
Parallel technology in computational gas dynamics

MO/JIEJIMPOBAHME ITPOXOXKJIEHUS YJIAPHOM BOJIHBI UEPE3 OBJIACTD C
BUXPEBBIMU CTPYKTYPAMMU

A.N. Cumaxos, I.I". JIe6o
Mocxkosckuii mexnonocuweckuu yrusepcumem, 2. Mockea np-m Bepnaockozo, 0. 78

Paccmorpena MogenpHas 3aada  B3aMMOJIEWCTBUS yIApHOW BOJIHBI C BHUXPEBBIMHU
CTpYKTypaMu B Ta3e. PemieHbl BapHaHThl B3aUMOJEHCTBHA BHUXpeH C mMagamomei u
OTPaXEHHOM yJapHOW BOJNHOW. [l magaromied yJapHOW BOJIHBI IIPOBEIEHBI CPAaBHEHMS
HOJYYEHHBIX Pe3yJIbTaTOB C pe3yibTraTtamu B [1]. PacueTsl cienaHsl ¢ MOMOIIBIO POTPAMMBI
NUT p na cyneprkommnbiotepe MBC-100K. s pacnapamienvBaHusl 3adadd  ObUT
UCIIO0JIb30BaH N'€OMETPUUYECKHI METO/.

Jlurepartypa:

1. .. Jle6o, M.2K. AxxoioB, “MojaenupoBaHue B3aUMOJCHCTBHUS yAapHOW BOJIHBI C BUXPEBBIMHU
cTpykrypamu B raze”, Bectnuk MI'TY MUPOA (MSTU MIREA Herald), 2(7), c. 240-250 (2015).

2. UTI. Jlebo, B.®. Tumkun, “HccrnemoBanue THIPOAMHAMUYECKOW HEYCTOHYMBOCTH B 3agadax
nazepHOro TepMosiaepHoro cuntesa’, M.: ®USMATIIUT, (2006).

PARALLEL HIGH-ORDER STOCHASTIC FINITE VOLUME METHOD FOR THE
UNCERTAINTY QUANTIFICATION IN CFD PROBLEMS

Tokareva S. A.
!Institute of Mathematics, University of Zurich, Wintherthurerstrasse 190, 8057 Zurich, Switzerland

In this talk we shall discuss the parallel implementation of the Stochastic Finite Volume
(SFV) method for the uncertainty quantification in CFD problems. The SFV method is based
on the parametrization of the probability space followed by a numerical solution of an
equivalent high-dimensional deterministic problem. To this end, standard numerical
approaches like finite volume or discontinuous Galerkin can be used to approximate the
solution of the parametrized equations, thus allowing for a natural way to achieve a high order
of accuracy and an easy calculation of the statistical quantities of interest at the
postprocessing stage.

We derive the error estimates for the mean and variance resulting from the SFV method
and show that the convergence rates of the statistical quantities are equivalent to the
convergence rates of the deterministic solution.

Being highly computationally intensive, the SFV method requires an efficient
parallelization algorithm that is based on the domain decomposition of the extended high-
dimensional computational domain. In addition, an anisotropic discretization of the stochastic
space is proposed to reduce the computational cost of the method.

The resolution capabilities of the SFV method are compared to Multi-Level Monte Carlo
method. Finally, we generalize the SFV approach and apply the discontinuous Galerkin
discretization on the unstructured triangular (in 2D) or tetrahedral (in 3D) grids in the physical
space. We demonstrate the efficiency of the implemented method on various numerical tests
and give some ideas for further improvements of the method.
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SUPERCOMPUTER MODELING OF SPACE RADIATION
EFFECT ON SATEL-LITES

Berezin A.V., Volkov Y.A., Gasilov V.A., Zhukovsky M.E., Krukov A.A., Markov M.B., Parot’kin
S.V., Sysenko A.V., Tarakanov L.A.

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

The investigation of space radiation effect on satellites is an actual technical problem.
Electrons, heavy charged particles and photons of cosmic space can destroy satellite protec-
tive coats, cause electrical pickups in radio equipment and failures of microelectronic devices.
Only mathematical modeling can describe these physical phenomena, because experimental
research is a very complex, expensive and frequently unsolvable problem.

The satellite in operation is a complex media, which scatters space radiation. Satellite is
made up of composite materials and is surrounded by ionized atmosphere. Communication
and control equipment generates electromagnetic field in the satellite.

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

Classic stationary transport equations model the scattering of free particles in materials of
satellite. Corresponding module uses Monte-Carlo method for this equation numerical solv-
ing. Direct modeling of charged particle scattering is used. It allows considering low scale
effects, when charge particle free path is comparable with material heterogeneity.

Classic and quantum kinetic equations with scattering and field effects describe the radia-
tion transport propagation in gas, vacuum and solid materials. Maxwell equations model the
field. Dispersion of dielectric permittivity is taken into account for solid propellant of satellite
engine. Radiation conductivity is also modeled in gases and solid materials. Mathematical
models of these physical phenomena are united in one module, which is called as complex
radiation effects code.

Computation modules are united in program script with KIAM’s program code MARPLE-
3D. It models effects of radiation gas dynamics. Script allows taking into account materials
dynamics under radiation influence.

Recently we designed new computational module for calculating radiation conductivity in
active areas of microelectronic devices as a part of complex radiation effects code. External
free particles create excess charge carriers — electrons of conductivity and holes of valence
band. Collision’s integral in quantum kinetic equations describes charge carriers scattering on
phonons and impurities. The statistic particle method is carried out numerical solving of quan-
tum and classic kinetic equations. This method combines stochastic modeling of carrier scat-
tering and particles motion in self-consistent electromagnetic field.

Software package is oriented toward supercomputer with heterogeneous architecture. This
package can be used on supercomputer as united program and as separate modules.

Acknowledgement :

The reported study was partially supported by RFBR, research project No. 14-01-00350,
No. 15-01-03027
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JKUBAS ITYBJIUKALMS: COBPEMEHHASI TEXHOJIOTUS ITPEICTABJIEHUS
HAYYHOM PABOTBI

M.M. I'opGynos-Ilocanos

HIIM um.M.B.Kenoviuwa PAH
gorbunov@keldysh.ru

Mup HayuHBIX ITyOIMKaLni Bce IBCTBEHHEE MPHOOpeTaeT BeOoLeHTpuIecKre yepTsl (puc. 1).

Jamuicen

PepakTvposaHwe

JHUMENONEONA

} o . =
Kypian | | On-line | | O6eyxaenme

Mevats PeueHavposaHne

Puc. 1. )Ku3HeHHbII HUKIT HAYYHOH MyOIMKanum

OmniylaiiHOBO€  NpEACTaBIEHUE CTAHOBUTCA  ILIEHTPAJIbHBIM  3BEHOM  ITyOJMKAI[MOHHOMN
aKTUBHOCTH ydeHoro. C Hero HauYMHaeTCsl )KU3HEHHbIM LIUKIT IyOJIMKAI[MK: TOCTAaBUB MOCIIETHIOK
TOYKY, aBTOP CHEIIUT IIPEXk/Ie BCEro pa3MeCcTUTh pabOTy Ha OOILIEIOCTYIIHOM caiiTe, I/ie CIyCTs
CEKYH/IbI C HEH CMOT'YT IIO3HAKOMHUTBCS 3aMHTEPECOBAHHBIE KOJUIETH.

PenakrupoBanue. Han OHIAHOBBEIM TIPEICTaBICHUEM YYCHBIH ITOCTOSHHO paboTaer,
UCTIPABJISASA, JIOTIONHSS, OOHOBIISAS W COBEPUICHCTBYS. TeM caMbIM OHJIAHHOBBINA, T. €. CaMbId
MacCOBBIN UUTATENb BCErla UMEET JEJI0 TOJIBKO CO CBEKUM MATEPHAIIOM.

O6cyxnenne. OHIAHOBOE MPECTABICHUE MyOIUKAIIUN OOBIYHO COMPOBOXKIACTCS (HOPYMOM,
rAe KaXxAblid YUTaTelIb MOKET BBICKA3aTh CBOU MBICIIH, HABESIHHBIE TOJIBKO YTO MPOYUTAHHBIM.

PenensupoBanme. Pa3melnieHue craTb B CBOOOJAHOM JOCTYIIE BCE 4Yallle ONEpPEeXaeT
peueH3upoBanue. Jlanee pelleHue 3a yuTaresneM: oOpallaTh BHMMaHHE TOJBKO HA CTaThH,
IPOLIEIIINE IOJHBIA LMK PELEH3UPOBAHMS, WIM K€ 4YHUTaTh BCE MOIPSJA, 3HAKOMSICh, B
YaCTHOCTH, C CAMBIMHU CBEKUMH, €Il HEe IPOaHATU3UPOBAHHBIMH PELIEH3EHTaMHU Ty OJINKAIMSIMH.

IMewarp. [lewaTp cTaHOBHUTCS pPYTHHHOW, TIO Mepe HEOOXOIUMOCTH MHOTOKPATHO
MTOBTOPSIEMOU MPOLETYPOU.

Kypuan. IlyOGnukanmust B KypHaje M3 CpEACTBA OIOBEIICHHS KOJUIET IpeBpaliacTcs B
MHCTPYMEHT NIPHUBJICYEHHS SKCIIEPTOB JJIs1 OLIEHKH KauecTBa CTAThU.

OHnukjgoneaus. CKOpoCcTh B3aMMOJEHCTBHS aBTOpa HAayYHOW MyOJIMKAaIMU C OHJIAHHOBOM
SHIMKJIONEAUEH UCUUCIISIETCS CErOqHs He NECATUIIETUAMMY, & CEKyHIaMU.

Jluteparypa

1. lopOynos-Ilocanoe  M.M.  “HHTepHET-akKTUBHOCTh  KakK  OOS3aHHOCTH  YYEHOTO”,
HNudopmarimoHHbIe TEXHOJIOTHH U BEIYUCIUTENbHEBIE cucTeMbl, Ne 3, ¢. 88-93 (2007)
URL.: http://keldysh.ru/gorbunov/duty.htm
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METO/I HOJYHPO3PAYHBIX OB bEMOB J1JIsS1 IOCTPOEHWS BEPILIMHHO-
HEHTPUPOBAHHBIX CXEM HA 'NBPUJHBIX CETKAX

I1.A. BaxBanoB
UIIM um. M. B. Kenoviua PAH, 125047, Mockea, Muycckas ni., 0. 4

B noxmane Oymer paccMOTpeH BOMPOC O MOCTPOCHUH KOHEYHO-OOBEMHBIX BEPIIMHHO-
[EHTPHUPOBAHHBIX CXeM C peOepHO-OPUEHTHPOBAHHOW  alPOKCHUMANHEHd  IOTOKOB,
o0ecreynBaroIMX TOYHOCTh Ha JMHEHMHON (YHKIUH. DTH CXEMbl KOHCTPYUPYIOTCS ITyTEM
JUCKPETU3AI[MM 3aKOHOB COXPAaHEHHUs JJs CIEUHaJbHO TIOCTPOEHHBIX BOKPYI Y3JI0B
KOHTPOJIbHBIX 00BEMOB, MOTOKH Yepe3 TpaHl KOTOPBIX OMPEIENSIOTCS TOJBKO B CPEeIUHHBIX
TOYKaX pedep CeTKH Ha OCHOBE aNMpPOKCHUMAIMM CETOUYHBIX EPEMEHHBIX BJOJIb HAIIPABIICHUS
COOTBETCTBYIOIIIETO pedpa.

JUis  9HCIEHHOTO pEeUICHHs 3aJad THUMEepOOJIMYEeCKOro THIIA HA TPEYTOJNBHBIX |
TETPadpajbHBIX CETKaX TaKUE CXEMBI CTAd MPUMEHAThCA ¢ cepeannbl 80-x romos. B [1]
ObLI0 3ameueHo, yTo Meron ['anépkuHa ¢ KyCOYHO-TMHEMHBIMH Oa3UCHBIMU (YHKIUSMU
MOJKET OBITh MPEJCTABICH B BHUJE KOHEUHO-OOBEMHOI CXeMbl Ha OyaJbHBIX MEIWaHHBIX
syeiikax. OToT (akt nA€r B OCHOBY «iIMHEHHOW» cxembl T. Barth [2], xoropas crama
npapoauTeneM BceX pPEOEPHO-OPUEHTHPOBAHHBIX CXEM MJI PEUICHHs] THIepOOTNUYEeCKIX
3azad.

Ilenpto HacTOsIIEH pabOTHl SABISIETCS OOOOIICHHE JHHEHHOW CXEeMBl IS PEIICHHS
ypaBHEHHH Oillepa Ha HECTPYKTYPHPOBAHHBIE CETKH, COCTOSIIIME W3 DJIEMEHTOB Pa3HbIX
tunoB. s coXpaHeHUss TOYHOCTH Ha JIMHEHHOW (GYHKIUH BBOJUTCS HOBOE IIOHATHE
«TIOJTyTPO3PAYHBIX» KOHTPOJBHBIX 0OBEMOB, SIBISIOUIMXCS 0000OIICHHEM MEIMAaHHBIX SYEEK
Ha HECTPYKTYpUPOBAaHHYIO THOPHUIHYIO CeTKy. B mpemmaraemoil cxeme, HCIONB3YIOMIEH
Takue OOBEMBI, MOTOKM OMPEACNSAIOTCS HE TOJNBKO B IIEHTpax peédep, HO M B IIEHTPax
JaroHayiel CeTOYHBIX 3JIEMEHTOB. by IyT onrcanbl 0COOEHHOCTH MapauIeIbHOTO allTOPUTMA,
pEIM3YIOIIEro pacyeThl € MCIOIb30BAaHUEM IOJYIPO3pPAuHbIX SYEEK Ha COBPEMEHHBIX
CYNEepKOMIBIOTEPAX, M MPUBEIEHBI pPEe3yJibTaThl PACYETOB JIMHEHHBIX U HEJIMHEHHBIX
TECTOBBIX 3a/1a4.

Mpsl npenmonaraem, 4To Hjes JIOKaJbHBIX pa3OMeHUil MOKEeT HalTH MpPUMEHEHHE U IS
JIpYyrUX 3a7ad, B KOTOPBIX HCIOJb3YETCsl KOHCEpBaTHBHAsl alllPOKCHUMALMs MPOU3BOJHOM,
OCHOBaHHas Ha pE0epHO-OPUEHTHPOBAHHOM MOJIXO/E.

Baarogapuoctu: Pabdora BeinosnHeHa npu ¢puHancoBoit nopaepxke PH®, cornamenne Ne
15-11-30039.

Jlurepartypa:

1. P. L. Roe, “Error estimates for cell-vertex solutions of the compressible Euler equations”, ICASE
report No. 87-6 (1987).

2. T. J. Barth, “A 3-D upwind Euler solver for unstructured meshes”, AIAA Paper No. 91-1548
(1991).
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MULTISCALE SIMULATION OF NONLINEAR PROCESSES IN GAS-METAL
MICROSYSTEMS

S.V. Polyakov'?, Yu.N. Karamzin', T.A. Kudryashova', V.O. Podryga'

'Keldysh Institute of Applied Mathematics of RAS,
125047, Moscow, Miusskaya square 4
’National Research Nuclear University MEPhI,
115409, Russia, Moscow, Kashirskoe highway, 31
e-mail polyakov@imamod.ru

The work is devoted to multiscale modeling of nonlinear processes in gas-metal
microsystems. This topic is relevant for many applications related to the implementation and
the use of nanotechnology in various industries [1]. Our interest is connected with the
processes of gasdynamic spraying the nanoparticles on the substrates in order to create
coverings and new nanomaterials with specified unique properties. In previous papers we
have considered some aspects of the problem associated with the calculations of equilibrium
in metals and gases, as well as in their contacts with each other [2, 3]. In this paper we
considered a more complex object - metal microchannel of three-dimensional geometry
through which the gas flowed. Essentially it was necessary to consider the formation of gas
front at the molecular level, taking into account the real structure and dynamics of the channel
surface. For computer realization of the process we developed a numerical technique based on
the Verlet scheme [4] and a parallel algorithm for the calculation. To compare obtained results
the calculation based on quasigasdynamic system of equations [5] was produced, kinetic
coefficients used in this system have been calculated in advance by methods of molecular
dynamics. Computational experiments were carried out on an example of nitrogen-nickel
microsystem. They showed that, due to the small size of the system a pure gasdynamic
calculation needs correction. In particular, the correction for parameters of the gas near the
channel walls agreed with the processes occurring at the molecular level is required.

Acknowledgements: The work was supported by Russian Foundation for Basic Research,
projects No. 15-07-06082-a, 16-07-00206-a, 16-37-00417-mol-a.
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OPT'AHM3AIINSA Y1 BU3YAJIBHBIN AHAJIN3 MAPAJIJIEJIBHBIX PEIHEHI:Iﬁ
JNJISI ONTUMMU3BAIIMOHHBIX U TAPAMETPUYECKHNX UCCJIEJOBAHU B
BBIUUCJINTEJBHOMN 'A30BOM TUHAMUKE

A.E. bonnapes, B.A. ['anaktnoHoB

Hucmumym npurnaouoti mamemamuxu um. M.B.Kenovuua PAH Mocksa, Poccus
bond@keldysh.ru; vigal@gin.keldysh.ru

B pabore paccmaTpuBaeTcss KOMOWHUPOBAHHBIM TOAXOM, TpeIHA3HAUYEHHBIA JUI
IIOCTPOCHHUS M aHAJIM3a MHOTOMEPHBIX NMapaMETPUYECKUX PEUICHUM HECTALIMOHAPHBIX 3a4ad
BBIYMCIIUTEIIBHON MEXaHUKU KMAKOCTH U rasa. Ilogxon nmpenHasHayeH Uit MOAEIUPOBaHUSA
IPOLECCOB 00pa30BaHUs MPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp, TaKHX Kak OTpbIB
[OTPAaHUYHOIO  CJIOsA,  BO3HUKHOBEHHME  LMPKYJSILMOHHBIX  30H,  BO3HUKHOBCHHUE
MyJIbCALMOHHBIX peXUMOB TeueHus. CoBpeMEHHas BBIYUCIUTENbHASI TEXHUKA U YHCICHHbIE
METOABI MO3BOJIAIOT B HACTOALIEE BPEMS TIIATEIBHO M TOYHO MOJEIMPOBATH NPAKTUUYECKHU
10001 HecTalMoOHApHBIA (DU3WYECKHHA MPOIECC B MEXaHUKE CIUIOIIHBIX CPEI W IMOJydaTh
COOTBETCTBYyIOIIEEe MoJie (Qu3nueckux BedMYUH. OJHAKO B MPAKTHMYECKUX MPUIOKEHUSIX
ropaszo OOJIbIIMI MHTEPEC BBI3BIBAET HE CaMO SIBJICHME, a TO, IPU KaKUX OOCTOATEIbCTBAX
OHO BO3HHUKACT, T.€. 3aBUCUMOCTb BO3HMKHOBEHUS SBJICHUSA OT ONPEICIAIOIIMUX I1apaMeTpOB
3a/1auM, Takux Kak yucia Maxa, Pelinonbaca, [Ipanarns u t.4. s Toro 4rodsl paccyuTaTh
NOJOOHYI0 3aBUCHUMOCTh HEOOXOAMMO OpraHHM30BaTh pELICHHE 3ajjad MapamMeTpUYEcKOro
IIOMCKa M ONTHMH3AUMOHHOrO aHanmu3a. Ilapamerpudeckue 4YHUCICHHBIE HCCIEAOBaHUS
MO3BOJIAIOT IIOYy4YaTb PELICHUE HE I OAHOW KOHKPETHOM 3aJadyd MaTeMaTH4ECKOTO
MOJCIIMPOBAHUA, a I Kjacca 3ajad, 3aJaHHOIO0 B MHOTOMEpPHOM IPOCTPAHCTBE
ONpENENAINUX napamMeTpoB. IIpuMeHeHHMe MapajuleIbHBIX — AITOPUTMOB  ITO3BOJISAET
IPOBOANUTH YHMCIIEHHOE HCCJENOBAaHUE 3a7ad ONTHMU3ALMOHHOTO aHajiu3a, Korja oOparHas
3aaya pelaeTcss B KaXJOH TOUYKE CETOYHOro pa3OMeHHs MHOTOMEpPHOIO IMPOCTPAHCTBA
ONpENEAINX napaMeTpoB. [IpencraBieHHBI B TOKIAAE IMOAXOJ OCHOBAaH Ha PELICHUU
3ajad  nojoO0Horo Ttuma. PaccMmarpuBaloTCs  BONPOCHI  OpPraHU3alMM  HapajielbHbIX
BBIYMCIICHUM JUIsi TOAOOHBIX 3a4ad. Pe3ynbTaThl BBIYHCICHHA TMPEACTABISIIOT COOO0M
MHOTI'OMEpHBIE MAaCCUBBI JAaHHBIX. [l MOMCKA CKPBITBIX B3aUMO3aBHCUMOCTEM B MacCUBax
NPUMEHSIOTCSI METO/Ibl aHaJIN3a MHOTOMEPHBIX JTaHHBIX U BU3yanu3auuu [1]. Bece anropurmsl
KOMOMHHUPOBAHHOTO IO/X0J]a OPraHW30BaHbl B BHUJE €IWHOW TEXHOJOTMUECKOW IEMOYKH.
[Tono6Hast opranu3zanus NO3BOJISIET pacCMaTpPUBATh PEAIM30BAHHBIM MOAXO0J KaK MPOTOTHII
000O0IIEHHOTO0  BBIUMCIUTENIBHOTO 3KcnepuMeHTa. IlpuMeHeHMe moaxoaa MO3BOJSET
OPOBOAUTH  OBICTpYH0  HPHUOIMKEHHYI0  OLEHKY  3aBUCHMOCTH  BO3HUKHOBEHHS
HECTalMOHAPHBIX CTPYKTYpP B IOTOKE OT ONPEACIAIOIIMX MapaMmeTpoB 3anadyu. IIpuBopsarcs
IIPUMEPBI TPAKTHYECKON pean3alny oAX0Aa.

BaaronapuocTu: /lanHas paboTa BbINONHEHA NpU Tojaepxkke rpaHToB PODU (mpoekTsl
14-01-00769a u 16-01-00553a).

JIureparypa:
1. bonpmape A.E., T'amaktuonoB B.A. “AHanu3 u Bu3yanus3alusi MHOTOMEPHBIX JaHHBIX B

HECTAITMOHAPHBIX 3aJayaX BBIUMUCIUTEIBHON ra3oBoid muHamuku”’, IIporpammupoBanue, Ne 5, c.5-
12.2, (2015).
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PEKOHCTPYKIUS ®YHKIIMOHAJIbHON CTPYKTYPbhI UEJIOBEUECKOI'O
TEJIA IO JAHHBIM MHOIOKAHAJIbHBIX MATHUTHBIX U3MEPEHUI

M.H. Ycrunun

Unemumym mamemamuueckux npoonem ouonoeuu PAH — ¢punuan @UL] « Uncmumym npuxinaouoi
mamemamuru um. M.B.Kenovuua Poccuiickoti akademuu HayKk»
ustinin@impb.ru

IIpennokeH HOBBIM METOJ aHaIW3a M JIOKAJIW3ALMA AKTHBHOCTH 3JIEKTPUYECKHUX
UCTOYHUKOB BHYTpPM Tejla uejoBeka. BeimonHsercs mpeoOpasoBanue Dypoe ¢
UCIIOJB30BAHUEM BPEMEHHBIX PAJOB 3a BECh IIEPUOJ PETUCTPALMU, 4YTO NPHUBOIUT K
JIeTaIbHBIM MHOTOKAaHAJIBHBIM CHEKTpaM. JlaJbHEMIIMKM aHamu3 MO3BOJIIET IIOJIYYUTH
pa3yIoKEHUE YaCTOTHBIX KOMIIOHEHT Ha (YHKUMOHAJIbHO WHBApUAHTHBIE CYIIHOCTH. [l
KXo (YHKIIMOHAJIFHONH KOMIIOHEHTHI MOXKHO HAWTH MPOCTPAHCTBEHHOE DPACIIOJIOKCHHE
UCTOYHUKA €€ MarHuTHOro mnois. Merox (yHKIMOHAIBHOM TOMOrpaduu MO3BOJSET HANTH
IIPOCTPAHCTBEHHOE PpACIPEIECICHUE HCTOYHMKOB MAarHUTHOrO mojidl. TpH OJHOBPEMEHHO
AKTUBUPOBAHHBIX (PU3UYECKUX TUMOJNS JOKAIU3YIOTCS C MUWIIMMETPOBOM TouHOCThIO. [Ipn
W3yYeHUH MarHUTOSHIEeaTorpauIecKnx JaHHBIX JIECATH KOHTPOJBHBIX CYOBEKTOB OBLIO
HOJY4YeHO NPOCTPAHCTBEHHOE pacmlpezeneHue anb(a-purma c paspemeHueM 3 Mm. Ilo
JAHHBIM MHOTOKAHAJIBHBIX MAarHMTHBIX W3MEPEHHUH OBLIM pacCYUTaHbl (YHKIHMOHAIHHBIC
TOMOIPaMMBI ~CEpJLld W HEPBHO-MBIIIEYHONW CHUCTEMBl KUCTH pyKd. PesynpraTamu
NpUMEHEHHsT MeToAa (YHKIMOHAIBHOW TOMOTrpaduu SIBISIOTCS Kak OOMmMMN  BUI
JNIEKTPUYECKOM AKTUBHOCTH M3y4aeMOM YacTH Tela, TaKk M JETAIBHOE CIIEKTPajIbHOE
ONMCaHUE UCTOYHUKOB.

Puc. 1. ®ynkunonangbpHas CTPYKTypa HEPBHOW M MBIIIEYHOW CHCTEM KHUCTH PYKH.

Baaronapuoctu: Pabora Bemonnena npu noanepxke PODU (nmpoextsr 14-07-00636, 16-07-
00937, 16-07-01000) u [Tporpammsl pyHaameHTanbHbIX uccnenopanuii PAH 1.3311.
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GENERALIZED SPECTRAL-ANALYTICAL METHOD FOR BIOMEDICAL AND
BIOINFORMATICS DATA PROCESSING

Sergey A. Makhortykh

Institute of Mathematical Problems of Biology — the Branch of Keldysh Institute of Applied
Mathematics, Russian Academy of Sciences, Pushchino
makh@impb.ru

The report presents a new method of processing, analysis, storage and conversion of data
sets of different nature. It is based on an approximation of one- and multi-dimensional array
in orthogonal functional bases:

f<x)=§A,-¢,-<x)

As a result of this procedure, the transition is made from a point-wise signal recording to
its spectral representation. All further analysis and processing operations are performed over
the spectrum. Proposed technique is adaptive to the class of signals. It consists in preliminary
assessment of data type and on its results a choice of the optimal basis is performed. The
correctness of the choice provides an approximation of maximal simplicity in this class of
data. Approximation tuning to the desired function system is performed by the signal’s vector
K of "aspect ratios" [1]. Its components are the set of signal features. The problem of spectral
expansion optimization is reduced, in fact, to the problem of optimal basis recognition in the
feature space of coefficients:

_(gi7f)
5= )

(*,*) — scalar product or projection of function f on the template functions &i i with mutually
contrasting properties. They may be, for example, the first basis functions of estimated basic
systems. The use of adaptive procedures increases the efficiency of analytical description, and
provides a high rate of data volume compression.

As will be shown in the report, it is convenient for these purposes as the basis functions to
apply the modified classical orthogonal polynomials and functions. They may be of
continuous and discrete arguments. Orthogonal decompositions based on classical orthogonal
bases have relatively simple form, that is convenient to make analytical data transformations.

After the conversion from the original recordings to the coefficients of expansion, all
operations on the signals are carried in the space of spectral features. They include pattern
recognition, data classification and diagnosis, as well as the more common mathematical
operations: integration, differentiation, multiplication, division, raising to integer and non-
integer degree, optimal filtering, calculation of statistical moments, dimensional
characteristics, and so on. For these purposes, the special library of mathematical
transformations has developed for different bases (including those for functional systems of
several variables). To obtain needed characteristics of the original record we have standard
method of orthogonal series segments calculation. This finite orthogonal series is the required
approximation of the signal characteristics. The procedures of computational technology are
efficiently realized on parallel computers. So that we have practically linear scaling of both
spectrum calculation and subsequent operations on the spectrum. Some basic procedures can
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be implemented in hardware in the form of special expansion computing devices for
mainframes.

The report presents the results of this approach in the problems of biomedicine data
processing (the study of bio-magnetic activity of the brain), bioinformatics record analysis
(studies of biomolecular structures, genomic and proteomic sequences), the problems of
image analysis and pattern recognition [2, 3].

This work is supported by the RFBR grants 14-07-00419 and 16-01-00692.
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NEPEHOC 3APSAJIA B IOJIMHYKJIIEOTUJIHBIX HEITOYKAX
B.J. Jlaxno

Unemumym mamemamuuecxkux npobnem ouonoeuu PAH - ¢punuan @edepanvrhozo 2ocyoapcmeenozo
yupescoenus « Dedepanvuviil uccied08amenvekull yenwmp Hucmumym npukiaoHot MamemMamuxy UM.
M.B. Kenovuua Poccuiickoii akademuu Hayky, IIywuno
lak@impb.ru

Jlokian TMOCBALIEH H3Y4YEHHIO OOIIMX CBOMCTB JBMXKEHHS 3apsla B MOJIEKYJISIPHBIX
nenoukax. Ilpu wmaTemaTuyeckoM MOJACIUPOBAHWU JIBIJKEHHME 3apsifa OMNHUCHIBACTCS
KBAaHTOBOMEXAaHUYECKH, B TO BpeMs KaK [BIKEHUE KOJeOaTeNbHBIX CTereHeld CBOOObI
LEMOYKN OMUCHIBAETCS KaK KJIACCHUYECKH, TaK U KBAHTOBOMEXAaHWYECKHU. TUNMHMYHAs KapTHUHA
nepeHoca 3apsaa npeAcTaBiseT coOoi mepeHoc MoJisipoHa WK CoauToHa. B pamkax moxenu
XocTeitHa MOYy4YeHO aHATUTUYECKOE BBIPAXKEHHE ISl 3aBUCUMOCTH CKOPOCTH YaCTHIIbI OT
HaIPSKEHHOCTH 3JIEKTPUYECKOTO MOJI, KOTOPOE aHAIU3UPYETCs MOCPEACTBOM UYHCIEHHOTO
monenupoBanus. Ocoboe BHUMaHHE yAENSETCS CIy4yalo JBIDKCHHUS 3apsia B KECTKHX
LIEMIOYKAX, 30HHOW CTPYKType pEryJIIpHBIX MOJUHYKICOTHIHBIX LENOYEK, JNHAMHKE
dbopMUPOBaHUS TOJSIPOHHBIX COCTOSSHUW B IIemOodYke XOJCTEWHa, ABMKCHHUIO TOJSpOHA B
JIEKTPUYECKOM I10JIE, POJIA AUCTIEPCUH, OJIOXOBCKUM OCLMJUISIMAM COJIUTOHA U OpU3EPHBIM
COCTOSTHUSIM, OMTOJSIPOHHOMY MEXaHu3My cBepxmpoBosamx cBorictB JJHK, ocHoBanHOMY
Ha Mojenu XoicreliHa - Xa606apma. [lomydeHHble pe3yabTaThl OOBSCHAIOT OOJBITYIO
COBOKYITHOCTb JKCIIEPUMEHTAJIbHBIX JaHHBIX 10 mnepeHocy 3apsna B JHK u B
¢boTOpeakIMOHHOM LEeHTpe (OTOCHHTE3a M COCTABISAIOT OCHOBY HOBOTO Hay4HOT'O
HATPaBIICHUS - HAHOOMOAIIEKTPOHUKH.
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CARDIOPHYSICS AS A REVISION OF BIOPHYSICS OF THE HEART
Andrey V. Moskalenko

Institute of Mathematical Problems of Biology RAS - the Branch of Keldysh Institute of Applied
Mathematics of Russian Academy of Sciences, Pushchino, Russia
cardio@mail-avm.ru

As it has been noted previously [1, 2], after replacing the old notion of the special “living
substance”, the physiological language has entirely dominated among biologists and medical
professionals for the whole 20th century, but all modern physiology is per se a manifestation
of the mechanistic approach in biology.

The branch of biology that is denoted in the scientific literature as “biophysics of the heart”
was actively developed since the mid 20th century, and in much it was created by "the 1st
wave" of physicists, who tried to consider biological objects as relatively simple systems. It
resulted in many erroneous conclusions, and some of those had fatal consequences. For
example, it concerns the class I antiarrhythmic agents (sodium channel blockers), inasmuch as
it was found in more recent studies that their use increases mortality among patients. Such an
oversimplification was criticized by a number of scientists (see [3] and references in [2]).

In addition, it has been demonstrated in many studies at the beginning of the 21st century,
that the biological objects belong to the complex systems — that is, their behavior is chaotic
and not determinate in the Newtonian sense. Those who worked in the “biophysics of the
heart” paradigm rarely took this into account.

Now the cardiovascular physics (cardiophysics) must carefully revise all the results
previously obtained by the 1st wave of physicists who have been developing the “biophysics
of the heart.”

There is a very wide range of scientific problems that require such a revision. For example,
a more detailed study of the parameter space of a number of widely used models of
myocardium is required. As part of this vast task, it is necessary to investigate in detail the
phenomena of bifurcation memory, which were discovered lately [4, 1].

The importance of the systematic approach was recently discussed in [1, 2], where the
conception of “auto-wave function of the heart” was introduced as well as the fundamental
differences between the terms “cardiac activity” and “the action of the heart” were discussed.

Acknowledgements: Author is grateful to E. E. Shnol and prof. A. Yu. Loskutov for many
useful discussions.
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CHEKTPAJIbHO-AHAJIMTUYECKHH MMOAXO0/I K UCCJIEJOBAHUIO
HOBTOPAIOHNUXCA CTPYKTYP B BUONH®OPMATHUKE

A.H. ITaukpatos, P.K. Teryes, M.. I1sTk0oB

HUMIIE PAH - ¢punuan UTIM um. M.B. Kenoviuwa PAH
pan@impb.ru

HaxoxneHne u CpaBHEHHME HETOUYHBIX IIOBTOPOB SIBIISIETCS OJHOM M3 OCHOBHBIX 3ajau
ouonHpopmatuku. OOBIYHO KaHIUAATHI HAa IMOBTOPHI HAXOJATCS HAa OCHOBE HEKOTOPBIX
3aTpaBOK, WM SIKOpEH, B IOCIEIOBATEILHOCTU M YTOYHSIOTCS HA OCHOBE BBIPABHUBAHUSA
METOJOM JWHAMHYECKOTO0 TMpOorpaMMHpoBaHus. WHTpuryromein mnpoOiemMoit —sBiseTcs
MHOXECTBEHHOE BbIpaBHHUBAHME MOBTOPOB, KOT/Ia HEOOXOAUMO BBIPA0OTaTh KpUTEPUIl TOTO,
YTO HEKOTOPOE YMCJIO KaHIUIATOB HA MOBTOP CTAHOBATCA OJHHMM KiaccoM. M3BecTHO, 4TO
ar00asi METpUKa HEe B COCTOSIHMU cama 1o cebe 00eCIeunTh PelIeHne 3TOH 3aau, TTOCKOJIBKY
IIOPOrOBOE pelIarouee MpaBUio HE YJIOBJIETBOPSAET YCIOBHIO TPAH3UTHUBHOCTH OTHOIICHUS
HKBHUBAJIEHTHOCTH.

B Xxonme MHOroierHux HcciaeIOBaHUN KOJJIEKTHBAa aBTOPOB ObLI MPEIVIOKEH U Pa3BUT
albTEpHATUBHBIN MOAXOJ K HAaXOXKIACHHWIO KaHIUAATOB HA MOBTOPHI C MOMOIIBIO CPAaBHEHUS
MOCJIeIOBAaTEeILHOCTEH TienbiMu Onokamu [1]. Jlmst 3TOoro OBUTO TPEAIOKEHO IEePEBOIUTH
CHUMBOJIbHYIO IIOCJIEA0BATENBHOCTD B IIyUOK JIMHEHHO HE3aBUCUMBIX KPUBBIX, Dypbe-CIEKTPbI
KOTOPBIX MOTYT OBITh UCTIOJIb30BaHBI ITPHU OLIEHKE PACCTOSIHUS MEKY MOBTOPaMHU.

[ToreHnManbHO CcHUIBHAs CTOPOHAa pPa3BUBAEMOIO METOJa — 3TO BO3MOXKHOCTh
pacro3HaBaHusl TaHJAEMHBIX IIOBTOPOB, YTO TAaKXE MOXXHO HWHTEPIPETHUPOBATH Kak
MHO>KECTBEHHOE BbIpaBHHMBaHUE MOBTOPOB. Ha ToueuHON MaTpulie, OTpa)karolen CpaBHEHUE
BCEX TOMmapHO OJOKOB TIOCJIENIOBAaTEIbHOCTH, TAaHJIEMHBIE TOBTOPbl MOTYT OBITh
MPEJICTABICHB B BHUJIE COBEPIICHHOTO (3aMOJHEHHOr0) KBajpara. JTO OTpaxaer TOT (akT,
YTO MOYKHO KOPPEKTHO C TOYKHM 3PEHHUS PEIIAIOIIEr0 MpPaBWIA YCTAaHOBUTH OTHOILIEHUE
HKBHUBAJIEHTHOCTU MEX]Ly HETOUHBIMH ITOBTOPAMHU.

Ha ocHoBe mnpemiokeHHOTo Tmoaxoja pa3paldaThiBaeTcsi BBICOKOIMPOU3BOAUTENbHAS
nporpaMMa ¢ B30-uHTepdelicoM A TMOMCKAa KaHIWAATOB IOBTOPOB IO 00pasly H
BepU(pUKAMM TIOBTOPOB IyTEeM BBIPABHUBAHUS HA OCHOBE METOJa JAMHAMHYECKOTO

HpOorpaMMHUpPOBaHUS.
Baarogapuocru: Pa6ora nognep:xana PODU, npoextsr Ne 14-07-00924, 15-29-07063.
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AHATMTHYCCKUH METOJT pacro3HaBaHUs HETOYHBIX MOBTOPOB B CHMBOJBHBIX ITOCIICIOBATCIIBHOCTIXY,
Tpynas! MacTuTyTa ccremuoro nporpammupoBanust PAH Tom 27, Beimyck 6, ctp. 335-344, (2015)
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METO/J OHEHKHA ITAPHUAJIBHBIX CHHEKTPOB OTAEJOB I'OJIOBHOI'O
MO3I'A YEJIOBEKA 11O JAHHBIM MATHUTHOU SHIE®AJIOTI'PA®UN

C.J. PrixyHoB, M.H. YcTuaun

Hncmumym mamemamuueckux npobaem ouonoeuu PAH — ¢punuan UL « ©Incmumym npuxiaomnoi
mamemamuxu um. M.B.Kenovtua Poccutickoti akademuu HAyKy
stanislavrykunov@gmail.com

[Ipemyioxken MeTon BBIAEICHUS MapIHUAIbHBIX CHEKTPOB AKTUBHOCTH TOJIOBHOI'O MO3Ta
YeJIoBEeKa IO JAHHBIM PEKOHCTPYKIMHM (YHKIMOHAIBHON CTPYKTYypbl MO3ra 4YelloBeKa Ha
OCHOBE MarHutosHIepanorpapuueckux u3mepeHuid. [lon napuuanbHbIM CIIEKTPOM B JTaHHOU
paboTe TMMOHMMAETCs MHOTOKAaHAJIBHBIN cHekTp Dypbe, MOPOKIAEMBI HCTOYHHUKAMH,
pacIoyoKeHHBIMU B ONpeAeNeHHOH obmacTu mMosra. MeToa BKIIIOYaeT B cels clenyromue
JTambl: - [OCTPOCHHE (PYHKIIMOHAJIbHOM TOMOIpaMMBI 1O JIaHHBIM  MarHUTHOM
sHIIeanorpaduu; - CETMEHTAINS MarHUTOPE30HAHCHOW TOMOTPAaMMEBI TOJIOBBI KOHKPETHOTO
cyObekTa; - CO3JaHME€ MAacOK Ha OCHOBE CErMEHTalMH; - HaJIOKEHHEe MacoK Ha
(YHKIMOHAJIBHYIO TOMOTpaMMy; - cOOpKa MapIHaJbHOIO CIEKTpa W3 CHEKTPaIbHBIX
KOMITIOHEHT, MONaBUIMX B 00J1aCTh MacKH, COOTBETCTBYIOIIEH TOM MM MHON aHaTOMHYECKON
CTpYKType. bbuin moisiydeHsl mapiiaibHble CHEKTPhI TajlaMyca, MO3KEUKa M 3aTbLJIOYHOMN
oy Mo3sra st 20 HabopOB IKCIIEPUMEHTATBHBIX JaHHBIX. [IpocTpaHCTBEHHOE pa3pelieHne
NOJYYECHHBIX aTiacoB HE MeHee 3 MM, yacToTHoe — He MeHee 1/300 I'm.

[Ipemyiaraemas TEXHOJIOTHS MO3BOJIMT AEJIaTh BBIBOJABI O NMPOUCXOXKICHUU TE€X WU HHBIX
JieTajei CeKTpa, a TAaK)Ke BOCCTAaHABIMBATH SHIEPATOrpaMMy U3ydaeMoi 00J1aCTH MO3Ta.

NobHas aona TemeHHan gona

| HMM

3areinouHas aonsa

Tanamyc

Mosxeyok

Bucounas aona

3

1

0

Puc. 1. I[lapunansHele CIEKTPBI OTAEIOB TOJIOBHOT'O MO3ra y MallMeHTa ¢ HeBpaIrueil TpoifHUYHOro HepBa.
XKenTbIM Ha crieKTpax OTMeueHa 00J1acTh ITMKa, COOTBETCTBYIOIIET0 N3y4aeMOW TaTOJIOTHH.

BaaromapuocTu: Pabota Beinmonnena npu noanep:xkke PODU (mpoektsr 14-07-00636, 16-07-
00937, 16-07-01000) u [Tporpammel pyHIaMeHTATBHBIX UccienoBarmii PAH 1.3311.
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THE STUDY OF THE INFLUENCE OF MICROWAVE RADIATION OF LOW
INTENSITY ON LIVE MICROORGANISMS

Tsarkova O. G.

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

In Russia, the most common GSM standard phones use electromagnetic radiation (EMR)
in the range from 800 MHz to 1.9 GHz, and WiFi and Bluetooth devices use frequency 2.4
GHz coinciding with the frequency of radiation in a microwave oven [l]. There is
investigated how the processes that contribute to the rapid heating of the body by the
microwave radiation in the furnace can do harm to living organisms with using a cellular
telephone.

It is known that the electromagnetic field reorienting water dipole molecules causes its
heating and changing the physical and chemical properties of water, continuing for time [2].
Therefore, the effect of microwave radiation even of low intensity on micro objects which live
in water and which, in fact, consist of water (e.g., some cellular organisms) can be significant
or even fatal. Changing the status of living organisms can be more obvious than this of
immobile objects as before the destruction of intermolecular bonds in living can be observed
changes in vital processes recorded by video.

In addition to the thermal effects the microwave radiation can induce own resonant
vibrations of the molecular structure of water. There is of particular importance, that the
generation of secondary resonant waves on the frequency of about 1 GHz is close to mobile
phones EMR [3]. Moreover, in the water because of its fractal-cluster structure the effect of
mutual conversion between the frequencies of the resonant radio waves as millimeter and
decimeter ranges is realized [4]. This means that the mobile phones EMR can induce a
resonant response in organisms ranging from tenths to several millimeters (when exposed to
the microwave waves and their harmonics with wavelengths corresponding to the size of the
micro organisms).

The analysis of the aggregate data — video monitoring of a status of the microorganisms
and the registration of changes of temperature of the working solution by an electronic sensor
— has allowed revealing regularities at an impact of mobile phones EMR on living
microobjects.

The study found the effect of microwave radiation during a call from one smartphone to
another to increase the temperature sensor readings immersed in “blooming” water. When
exposed to EMR phones waves the microorganisms dramatically shrink, lose interest in food,
gradually slowing its movement. With comparing two files recorded simultaneously (video
and a graph the solution temperature versus time) was observed a definite correlation between
compression of a body of rotifer and the sensor signal. It found that smartphones EMP affect
on a frequency of its convulsions. After an irradiation for 14.5 minutes, spasms and rotating
internals of the rotifer are registered.

Due to the expressed polarity of water it was examined how the electrical conductivity of a
series of polar fluids affects the level of the temperature sensor signal. An increase of
temperature change with increasing conductivity fluids (used table data) is found out. It is
planned to investigate the possible impact of changes in the electrical conductivity of the
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working solution at the exposure of mobile phones EMR on a change the temperature of the
sensor signal and the livelihoods of live objects in the solution.
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MATHEMATICAL MODELING APPLICATION WITHIN ANKYLOSING
SPONDYLITIS PATIENTS

Nikoli¢ Emilija', Brandamajer Tijana’, Nikoli¢ Aleksandar®

"Department of physiotherapy, Medicine Faculty, University of Montenegro, 81000,
Podgorica, Montenegro.
? Medicine Faculty, University of Montenegro, 81000, Podgorica, Montenegro.
3 Institute for phisical examination Montinspekt, 81000, Podgorica, Montenegro.
email:ema.med@t-com.me

Rheumatic diseases are considered as public health issue. Special place goes to Ankylosing
spondylitis (AS).

Patients with AS diagnosis were treated in Mediterranean Center Igalo. Spirometry parameters,
lumbar spine (Schober’s test) and width of chest were measured at the beginning and at the end of
this therapy. Also, modified questionnaire related to overall health condition was developed.

High correlation between summary value of modified questionnaire (SCORE) and parameters
of pulmonary function was recognized respectively: a) -0.77 (SCORE-PEF)

b) -0.90 (SCORE- FEVI) c) -0.78 (SCORE-FVC). Correlation between Schober’s test and
parameters of pulmonary function was not significant: a) Sch./FEV1=0.12,
b) Sch./PEF=0.10; c) Sch./ FVC = 0.02.

By using of non-linear regression analysis, admissible mathematical model was developed to
provide the values of modified questionnaire on the basis of spirometric parameters and Schober’s
test results.

All investigated parameters indicated significant improvement at the end of treatment. The
highest improvement was noted for parameter FVC. Also, improvement in chest elasticity was
noted. At the end of research, 30% of patients with AS were anxious while 20% of patients with
AS suffered of depression syndrome.

Research results suggested modernization of therapeutic modalities for treatment of patients
with AS.

Key words: Ankylosing spondylitis, Schober’s test, Spirometry, Mathematical modelling
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HOBBIE BOSMOXHOCTH AIIITAPAIITHO-ITPOT'PAMMHOI'O
KOMIIJIEKCA ADAPS

B.E. 3om0t0B, T.E. ®axpytnunos, B.B. Anekcees, ['.K. boposun, 1.E. MonoTtos
Unemumym npuxnaouoi mamemamuru um. M.B.Kenoviua PAH

C 2013 r. B UTIM um. M.B. Kenpnpriima PAH nauana pa3zpabaTeiBaThest HOBasi 6a3a TaHHBIX
no kocmuueckuMm oObektam (KO) ADAPS , uro6sl mpoBoauth uccienoanus PAH mo
KOCMHUYECKOMY Mycopy u noaaepxuBath padotry cetu HCOU ADH. ADAPS aBromaTuuecku
BBITMIOJHAET eXecyTouHoe mmuanupoBanue TteneckonoB HCOU A®DH, cb6op u 06paboTky
ONTUYECKUX M3MEpeHull, onpezenenue napameTpoB opOuT KO u oLleHKH TOYHOCTH, MOUCK U
aHaJINU3 BO3MOKHBIX TECHBIX CONMKEHUI Ha BhICOKUX opOuTax. B 2015 r. Obin pa3zpaboTaHbl
HOBbIE TMporpamMuble Moayiaun ADAPS - Moayiab pEeWTHHIOBOrO —IJIAaHUPOBAHUS
COBMEILIEHHBIX 0030pHO-3(peMepuaHbIX HaAOMIOIeHUN, MOoAyldb cOopa © 00pabOTKU
ONEpPaTUBHBIX METEOJAHHBIX M IPOTHO3MPYEMBIX IAapaMETPOB METEOYCJIOBUH B paloHax
pa3MenieHusi HabMoJaTeNIbHbIX CPEACTB, MOIYJIb aBTOMAaTU3UPOBAHHON OICHKH M3MEHEHHIA
KOCMHMYECKOW OOCTaHOBKM Ha 3-X CyTOYHOM HWHTEpBaje, MOIYJb (POPMUPOBAHUS OTUETA O
pe3ynbTraTax paboThl ONTUYECKUX TEJIECKOMOB C HWACHTH(HUKAIMEH HaOI0IaBIINXCS
00BEKTOB M aHAJIM30M TOYHOCTH MOJYYEHHBIX U3MEPEHUH.

Kpome TOro, mporpaMMHBIN KOMIUIEKC ObLI NEpEHECEH Ha HOBBIE CUETHBIE cepBepa (4
cepepa Supermicro SYS-1027GR-TRFT no 48 siaep), 9TO MO3BOJIUIO TOBBICUTH OOIIYIO
MPOU3BOIUTENHHOCTD 10 7,5 Tepdmorc.

3a rox ot 74 TemneckomnoB ObuTO coOpaHo 15,4 MwuiMOHa M3MepeHuit B 2,1 MUILTHOHAX
MPOBOJIOK, YTO TO3BOJIMIIO MOANepkuBaTh opouTsl aist 4100 BeicokoopouTansueix KO (1800
Ha reoctanmoHapHoi 1 2300 Ha BRICOKOAJUTMIITHIECKUX OpOHTaX).

B nmoxmane mpencraBieHbl CTpyKTypHas U (QyHKIIMOHAIbHBIE cxeMbl kKomruiekca ADAPS,
pacckasbliBaeTcsi 0 padoTe ero OTAEIbHBIX MOAYJIEH, MOKA3bIBAETCSI CTATUCTHKA MOJTYYEHHbIX
pe3yJIbTaTOB.
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INCREASING OF NEW GEO/HEO SPACE DEBRIS DISCOVERY RATE WITH
ISON OPTICAL NETWORK

Igor Molotov'
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'Hnemumym Ipuxnaonoii Mamemamuxu um. M. B. Kendviwa PAH, Mockea
im62@mail.ru

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 Molniya type orbits, and tracking of objects at GEO,
GTO, HEO and LEO. ISON project is continuously developing and is joining now the 37
observation facilities in 15 countries with 79 telescopes of different class (aperture from 12.5
cm to 2.6 m). 15.4 millions measurements in 2.1 millions of tracklets for about 5000 objects
are collected by KIAM in 2015. 339 new space objects have been discovered, 307 previously
lost objects have been rediscovered. For comparison, 160 new objects have been discovered
in 2014, and 250 in 2013. 2014 was devoted to putting into operation of small survey and
follow up telescopes (including new subsystem for extended GEO surveys to determine more
precise orbits for con-junction analysis). This caused some decreasing of new space debris
discovery rate in 2014. During 2015 ten (five 40 cm, three 50 cm and two 65 cm) telescopes
have been installed. In addition, the methodology of quick identification and follow up of new
space objects has been adjusted in part of ISON observatories. This resulted significant
increasing of GEO/HEO space debris discovery rate. Achieved parameters of the above
mentioned telescopes and obtained results will be presented and discussed. It is planned to
start the printing of KIAM monthly bulletin with orbits of new discovered space debris.
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I''1IOBAJIBHOE MOP®OMETPUYECKOE MOAEJIMPOBAHUE MAPCA U JIYHBI
N.B. ®aopunckuii, C.B. Owmrmmmos

Hncmumym mamemamuyeckux npobaem ouonoeuu PAH —
Guauan @edepanvbHo2o UCCIEO08AMETHCKO20 YEHMPA
«HUnucmumym npuxiaonou mamemamuxu um. M.B. Kenoviuwa PAH»,
142290, Mockoeckas obx., e. [ywuno, yr. npogh. Bumxesuua, 1
iflor@mail . ru

Mopdomerpuueckoe  MoaenupoBanue  [1]  cUCTeMaTHYECKH  TPUMEHSETCS B
pa3HOMAacCIITa0HBIX MCCIIEIOBAaHUAX TUIAHET M CIYTHUKOB. Hamu pa3pabaThiBaeTcs cuctema
BUPTYaJIbHBIX MOp(oMeTprudeckux ri1odycoB Mapca u JIyHBI.

Jlyist IepBoil TECTOBOM BEPCHU CUCTEMBI B KAYECTBE MCXOIHBIX JTaHHBIX UCTIOJIH30BAHBI J[BE
rnobanpHbie mH@poBbie Moaenu BbIcOT (IIMB) aTmx HebGecHbix Tenm (paspemenue 15'),
BBIJICTICHHBIC U3 ITUGPOBBIX apXUBOB AaHHBIX Muccuii Mars Orbiter Laser Altimeter (MOLA)
u Lunar Orbiter Laser Altimeter (LOLA). C momoImip0 KOHEUHO-PA3HOCTHOTO METOJa st
ceTku cdepouauueckux Tpanenuid, no >uM LIMB ans Mapca u JlyHsl paccuuTansl
robanpHble HU(POBBIE MOAEIUW W KapThl HECKOJIbKUX MOPHOMETPUUYECKUX BEITUUYHMH
(ropu3oHTaNbHAsE ~ KPUBU3HA, BEpTUKaJIbHAs  KPUBHM3HA, MHUHUMAllbHAs  KPHUBHU3HA,
MaKCUMaJbHasi KpUBU3HA U BOJOCOOpHAS IUIOIIA b ).

[Tpu pa3paboTke MepBOW TECTOBOI BEPCHUU CHUCTEMbI MOPPOMETPUUYECKHUX TTI00YCOB OBLI
ucronb3oBaH makeT Blender [2] — OecraTHOoe MporpaMMHOE OOECHEYEHHE C OTKPBITHIM
UCXOIHBIM KOJIOM, MPEIHA3HAUYCHHOE NJISi TPEXMEPHOTO MOJACIUPOBAHUS U BHU3yalM3alIUU.
Brauane Obputa co3maHa TpexmepHas cdepudeckass Mojzenb riolyca. 3aTeM rio0ambHbIE
MopdoMeTprudecKre KapThl ObLUTH HAJIOKEHBI Ha MOBEPXHOCTh Cdephl B BuAe Tekctyp. s
peanu3alnuy BpAIICHWsT W MacITaOMpOBaHMs BUPTyaJbHOTO Trjo0yca ObUT TNPUMEHEH
rpa¢puueckuil 1BMKOK Blender, pabotarommii B pexume peajbHOro BpeMeHH. TecToBas
BEPCHsI CUCTEMBI ITPOJIEMOHCTPUPOBAIa XOPOIIYI0 pab0TOCTIOCOOHOCTD.

MopdomeTpudeckue TIIOOYCHI SICHO OTOOpakar0T OCOOCHHOCTH Ti00aIhbHOTO penbeda
Mapca u Jlynsl, cornacHo (pu3NKO-MaTEMaTHUYECKOMY CMBICTY MOP(POMETPHUUECKUX BETUYHH.
JanbHelimas — pa3paboTka  CHCTEMBI — mpeaycMaTpuBaer: 1)  pacyeT  riI00aibHBIX
MopdomeTpuueckux moneneir Mapca u JIyHsl ¢ 6osiee BeICOKMM pasperienueM (5', 2' u 30");
2) WHTErpUpPOBAHME IIOJIYYEHHBIX TEKCTYp B CHUCTEMY; M 3) pa3MEIIEHUE CUCTEMBI
BUPTYaJbHBIX MOppOMETpHUEcKHX Io0ycoB B cetu MHTepHeT, B BHUAE AJeMEHTa MopTala
MJIaHETHBIX JaHHBIX [3].
bnaronapuoctu: Paborta BeimonHseTcs ipu nmozepskke rpanta POOU 15-07-02484.

JIuteparypa:

1. LV. Florinsky, “Digital terrain analysis in soil science and geology”, Academic Press,
Amsterdam, 379 p. (2012).

2. L.V. Florinsky, S.V. Filippov, “Development of virtual morphometric globes using Blender”,
arXiv:1512.08511 [physics.geo-ph], 14 p. (2015).

3. I'eomopran TuraHeTHBIX AaHHBIX. M.: KomruiekcHas mabopaTopusi MCCIEAOBAHMS BHE3EMHBIX
TeppUTOpHiL, MOCKOBCKHI TOCYNapCTBEHHBI YHHBEPCUTET reofie3un U kaprorpaduu, 2015-2016,
http://cartsrv.mexlab.ru/geoportal
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MOAEJIUPOBAHUE ITAPHUPHO CBA3AHHBIX TEJI BCUCTEMAX
BUPTYAJIBHOT'O OKPYKEHUSA

E.B. Crpamnos, A.M. Tpymmx

@Iy ©HI] HUUCH PAH, Mocxksa, Poccus
Email: strashnov_evg@mail.ru

B Hacrosiee BpeMsi aKkTyalbHbIM SBISETCS MOJEIUPOBAHUE TUHAMUKH CBS3aHHBIX TEJ B
CHUCTEMaX BHUPTYaJbHOIO OKPYXEHHS B pEaJbHOM BPEMEHHU. DTO BaKHO IJs OOyudeHus
OIIEpPaTOPOB TPEHAXEPOB HABBIKAM YIPABJICHUS POOOTOTEXHHYECKUMH M TPAHCHOPTHBIMU
cpenctBaMu. s 3TOro He0OXOAMMO MOJEIUPOBATh AUHAMUKY IIMPOKOTO Kjlacca MalluH U
MEXaHU3MOB, JJIs KOTOPBIX TpeOyeTcsl peajau30BaTh IIAPHUPHI PA3JIMYHOTO  THUMA
(chepuueckuii, OceBOW, MPU3MATUYECKHH M T.A.) C TPEHHEM U C OTpPaHUYCHHUSIMHU Ha
napaMeTpbl OTHOCHTEIBHOTO JBIKCHHS, KOTOpBIE TaKKe€ MOTYT OBITh OCHAIIEHBI
3JICKTPOTIPUBOJIOM C PEIyKTOPOM, TOpMO3HOU My(dTo# U T.1. [ToaTOMY 3a1a49a COCTOHUT B TOM,
yTOOBl pa3zpaboTaTth APQPEKTHUBHBIC AaNTOPUTMBI MOJEIHUPOBAHUS JWHAMHUKH CHCTEM
CBSI3aHHBIX TEJ, KOTOPbIE MO3BOJAT PEalii30BaTh CIIOKHBIE OMNEpalldd, TaKhe, KaK 3axBaT
rpy3a MaHUIYJISTOPOM, pa3rpebaHue 3aBajioB U T.1.

[Ipennaraemasi TEXHOJIOTHSI MOJICIMPOBAHUS AUHAMUKH CHCTEM TeJl OCHOBaHA Ha METOJe
IIOCJIEAOBATENbHBIX HMMITYyJIbCOB [l] C peanuzanmueill 3J€KTpPOIpHUBOJA C PEAYKTOPOM U
npyxuHsl ¢ gemmndepoM. B pamkax maHHOTO NOIXOJa MAJis OMHCAHMUS CHCTEMBI Tel
UCTIONIb3YETCsl MOJHBIA HAa0Op KOOpPAMHAT, @ MEXaHWYECKHE CBSI3U U JApYyrue (u3ndeckue
mporecchl (Takue Kak TPEHUE W yJap) OMMCHIBAIOTCS C MOMOIIBIO Habopa OrpaHUYCHHN B
BUJIC YPAaBHEHHMI WJIM HEPAaBEHCTB. B OTIMuYME OT KJIACCHMYECKOro Crocoba mpeicTaBiIeHHUs
CHCTEMBI TeJl C TIOMOIIBI0 00O0IIEHHBIX KOOPIUHAT, JaHHBIM CIIOCO0 3apeKOMEHA0BAI ceos,
Kak Ooyiee yHMBEpCAJIbHBIH W IO3BOJISIET BCE (DPU3UYECKHE TMPOLECCHl Ui CHCTEMBI Tel
oOpabaTeiBaTh €IMHOOOpA3HO. DJEKTPONPHBOJ C PEAYKTOPOM PEATM3YETCs C IOMOIIBIO
yYpaBHEHHSI TUHAMHKH 3JIEKTPOJBUTATENs TIOCTOSHHOTO TOKA M OTPAaHUYEHUS, CBSI3BIBAOIIETO
KOOpAMHATHI Te1 W Yyroa moBopoTa jBuratens. Ha ocHOBe HgaHHOrO MeToJa Takke
IpeJIaraeTcsi MOJEIUPOBATh MPYKHUHBI C BHEJIPEHUEM «MSTKHUX» OrpaHHYEHHH, KOTOpHIC
MO3BOJIAIOT 00pabaThiBaTh MPYXXKUHBI C MPOU3BOJIBHBIM MApaMeTPOM HKECTKOCTH U
koopduuuentom aemndupoBaHus. MeToa MOCIEAOBATEIbHBIX HUMITYJIBCOB  SBISCTCA
UTEPAllMOHHBIM U JKBHUBAJICHTEH MPOEKIMOHHOMY Meroay l'aycca-3eiinmens ans peuieHus
LCP (3agaua nuHeHHOro AOMOjgHEeHus1). i yiIydyieHus: CXOJUMOCTH METO/1a UCIIONb3YETCs
CTpaTerusi, KOTopas COCTOMT B HAaKaIUIMBAHUM BBIYMCIEHHBIX HMITYJIbCOB JUISI Ka)JI0TO
OTPaHUYEHUS U MX MCIIOJB30BAaHMM B KaueCTBE HAYAIBHOTO MPUOJIMKEHUS Ha CIEAYIOLIeM
nrare MoJeIUPOBAHHUSL.

Pa3paboTanHbpie anropuTMbl W METOJBI OBUTM BHEAPEHBI B TOJCHUCTEMY TUHAMHUKU
UMUTAIMOHHO-TPEHaXKEpHOro KomIuiekca, pazpadorannoro B8 HUMCHU PAH. Ee anpoOanus
HAa THUMOBBIX CIEHapHsIX T[OKa3ala, 4YTO NPEIIOKEHHbIE aITOPUTMBI MU METOMbI
YAOBJIETBOPSIOT TPEOOBAHUSIM K CUCTEMAaM BUPTYaJIbHOTO OKPY>KEHUSI.

BaaronapuocTu: Pabota nognep:xana POOU (rpant 16-37-00107 mon_a).

Jluteparypa:

1. M.B. Muxaitmok, E.B. CrpammnoB. MonenupoBaHue CHUCTEMBI CBS3aHHBIX TEJI METOJOM
nociuenoBaTenbHbIX UMITyIbcoB. — Tpyast HUMCU PAH — 2014 — 1. 4, Ne 2. — c. 52-60.
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TEXHOJIOI'UA MOJAEJIUPOBAHUA YHUBEPCAJIBHOI'O BUPTYAJIBHOI'O
ITOJIMT'OHA IS POBOTOTEXHUYECKHUX CPEIACTB

A.B.Mansues, I[1.1O. Tumoxun, JI.A.dunarua

QI'Y ®HI] Hayuno-uccnedosamensCKuti UHCIMUmym CUCMeMHbIX UCCIe008aHUL
Poccuiicrkoii Akademuu Hayk, Mockea, Poccus
Email: mix@niisi.ras.ru

B HacTodmiee BpeMs IIMPOKOE pPACIPOCTPAaHEHHE IOJNY4YalOT BUACOTPEHAKEPHbBIE
KOMIUIEKCBI, B KOTOPBIX TPCHUPOBKH OIIEPATOPOB IPOBOAATCS HA BUPTYAIbHBIX MOJIEISX.
Kpome wMogeneli Takue KOMIUIEKCHI —BKJIIOYAIOT CHCTEMY  YIPaBJICHMS, CUCTEMY
MOJIETIMPOBAaHUS JUHAMHMKU W CUCTeMY Bu3yann3zauuu. Cucrema ympaBlieHus mpeoOpasyer
BO3/ICHUCTBUS OllepaTopa Ha 3JEMEHTHl YNpaBJIECHUS B YNPaBISAIOLIME CUTHAIBI (HampuMmep,
HanpsDKEHUs, MojaaBaeMble Ha JjBuratenu). Cucrema JUHAMHKU PAacCUUTHIBAET HOBbBIE
HOJIOKEHNUS M OPHEHTAIlMM BCEX JMHAMMYECKUX OOBEKTOB BUPTYaJIbHOW CLIEHBI, a cCHUCTEMa
BU3YaJIM3alMd MPOU3BOAUT CHHTE3 M300paK€HUH ATON CLEHBl U BBIBOJA MX Ha DKpaH WU
IIJIEM BUPTyallbHOW peanbHOCTU. Bpemsi paGoTbl Becex cucteM Juist (POPMUPOBAHHS OJJHOTO
Kaapa Bu3yaldu3auuu He mnpesblmaer 40 MWDIMCEKYHJ, 4To oOecnedyuBaeT MaciiTad
pEAIbHOTO BPEMEHH.

Jis  mpoBeneHHs ~ TPEHHPOBOK  ONEPAaTOPOB  MOOWIBHBIX  pOOOTOB B paMKax
BUICOTPEHAKEPHOTO KOMILJIEKCA OOBIYHO CO3J1al0T HAaOOp BHUPTYaJIbHBIX CIIEH, B KaKIOW U3
KOTOPBIX OTpadaThIBaeTCsl pEelIeHHe CBOETO Kiacca 3amad. B manHoil pabore mpemiaraercs
TEXHOJIOTHSl MOJEIMPOBaHUS YHHMBEPCAJIBHOIO BHUPTYAJIbHOTO IIOJMIOHA, BKJIHOYAIOIIErO
IIUPOKHI KJIacC TUIIOB pOOOTOB U 0OBEKTOB OKPY’KAIOIICH 0OCTAaHOBKH, KOTOPBIM MO3BOJISET
MOJEIUPOBaTh OOJBIIOE YHCIO CUTyauu# (3afad) W ycioBUHM ux BeimosiHeHHs. Ilomuron
IpPEJCTaBIsIeT COOOM Yy4YacTOK MECTHOCTH, COJAEpXkalllUii POBHBIE IMOBEPXHOCTH, XOJIMBI,
BOJIOEMbBI, JIECTHHUIbI, MOCTBI, JEpEBbs, KycThl, (hoHapHble cTONOB M T.A. Ha yuwactke
pPacHoJIOKEHBbl TAaKXKE CTPOEHHUS € pa3HOOOpa3HbIM HHTepbepoM. K unciay pemraembx Ha
HOJIMTOHE 33/1a4 OTHOCATCS OTPabOTKa yHpaBiIeHUs: pOOOTOTEXHUUYECKUM CPEJICTBOM, 00BE3]
NpPEMsATCTBHNA, 3aXBaT M IEpeMelIeHne OOBEKTOB, pa300p 3aBajoB, MPEOIOJICHUE BOIHBIX
NPENATCTBUN, TYIIEHHWE OTHsI C IOMOIIBIO CTPYH BOAM U IEHBI, CMEHAa MHCTPYMEHTA W T.I.
MoxHO TakKe co3JaBaTh HEMITATHbIE WJIM Ype3BblYAlHBIE CUTyallUW M NPOBOAUTH
TPEHUPOBKHU 1O MX ycTpaHeHMIO. IlocTaBiieHHBIE 3aaui B IOJUTOHE MOXXHO BBINIOJIHATH B
Pa3IUYHBIX YCIOBUAX: MOJEIUPYETCS THEBHOE U HOUHOE BPEMs, 3aKaT U BOCXOJ COJHIA, a
TaKXke MajeHue A0kId u cHera [1]. [lns ycnoBuii cHeromajaa pa3paOoTaH 3UMHUI BapHaHT
MIOJIUTOHA, B KOTOPOM Hapy>KHbIE OOBEKTHI IOKPHITHI CHETOM.

Jannas pabora BeinonHseTcs npu nopnepxke POOU (rpant Ne 16-07-00760) B pamkax
cuctembl Buszyanuzanuu GLVIEW [2] nns  TpeHakepHBIX KOMIUIEKCOB yNpPaBICHUS
MOOUIBHBIMU poOoTamu, coznannoit B HUMCU PAH.

Jluteparypa:

1. Mansuer A.B. «MogenupoBaHue aTtMOC(epHBIX OCaZAKOB B TPEXMEPHBIX CIEHAX C
ucnonszoBanrneM CUDAy», MHpopManoHHbBIE TEXHOIOTUU M BBIYUCIUTENBHBIE cucTeMbl. Ne 2. c. 31-
39 (2015)

2. Muxaiimok M.B., Toprames M.A. «Cucrema Busyanuzanuu «GLView» 1 UMHUTAMOHHO-
TPEHAXKEPHBIX KOMILJIEKCOB M CUCTEM BUPTYaJIBHOTO OKpYKeHUs». Tpyasl MexayHapoaHON HaydyHON
koH(pepenun [ padukon-2015, Mocksa-IIporsuno, ctp. 96 — 101 (2015).
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KiroueBble cjioBa: )KeCTOBBINM HHTEPQEIC, yIIpaBIeHHEe, OTIOPHBIC TOUKH, Kinect.

B HacTosiee BpeMsi BeAyTcs MHTCHCHUBHBIC HCCIEIOBaHUS B 001acTH pa3paOOTKM HOBBIX BUAOB
SPrOHOMHUYHBIX WHTepdelicoB ympasmeHus [1-3]. OmHuM w©3 Takux WHTEP(EHCOB SBISETCS
OECKOHTAKTHBIA KECTOBBIA WHTep(hEHC, MPH KOTOPOM YIPABISAIONINE KOMAaHIBI OIPEACIISIOTCS
MOJIOKCHUEM PYK U TOJIOBHI omepaTtopa (T.e. M030i), a TakkKe MX ABMWKCHHEM (T.€. )KeCTOM). DTOT
uHTepdelic MpeacTaBiIseTCs] ECTeCTBEHHBIM M YIOOHBIM JJisi YeJOoBeKa M BO3HUKAeT 3ajaya
oTIpesieTIeHHs TeX 00JacTell yrpaBieHus, B KOTOPBIX €r0 MOYKHO HCIIOJIb30BaTh.

B nanHoii paboTe mpeniaraeTcsi HCIOJIB30BaTh JKECTOBBIM WHTepdeic s yIpaBiIeHUS
BUPTYaJbHOM KaMepoll B CHCTEMax BHPTYaJbHOTO OKPYXKEHHUS. YTpaBIeHHE MPOU3BOIUTCS
JIBUKCHUEM KaMephbl M €€ IMOBOPOTaMHU BOKPYT JIOKAFHOW CHCTEMBI KoopauHaT. Kaxkmomy w3 3THX
IBUKCHWN CTaBUTCS B COOTBETCTBHE IIOJIOXKEHHE IPABOW PYKH OIEparopa, HAlpuUMep, BHITSHYTas
BIIEpe/l pyKa, TOAHATAasl BBEPX, COTHyTas B JIOKTe W T.A. [loloxeHWe JEeBOH PyKHM aHAIOTHYHBIM
00pa3oM 3aaeT CKOPOCTh JIBUKECHUS.

Jna pacrozHaBaHUS TO3BI, T.€. MOJIOKEHHUS OOCWX PYyK OIEeparopa, MpeajiaraeTcsl HCIOJIb30BaTh
ycTpoiictBo Microsoft Kinect [4]. OTo ycTpoiicTBO BKIOUAET MH(PpPAKPACHBIH M3JTydaTellb U CEHCOP,
KOTOPBI MPUHUMAET OTpakeHHbIE MH(QPAKpacHBIE JIyYd U Ha UX OCHOBE BBIUUCISICT PACCTOSHUS OT
CeHCopa JI0 TOYeK 00BEKTOB. JTO MO3BOIISET OMPEIEIUTh OJIOKEHHSI B POCTPAHCTBE OMOPHBIX TOUYEK
CKeJeTa oreparopa (B JaHHOM clydae, CyCTaBOB PYK) H YTIIbI MEX/y COWICHEHUSIMH B 3TUX TOUYKax. B
KaXIIbIi MOMEHT BPEMEHHM BEKTOp 3THX YIJIOB 3aJacT TEKyIIylo Mo3y omepaTopa. Tekymias mosza
CPaBHHBAETCSl C BEKTOPAMH YIPABISIONINX 103, 3allUCAHHBIX B MHPOPMAIMOHHOW 0a3e, U B ciydae
COBMaJieHNs (C HEKOTOPOW TOYHOCTHIO) C OAHOM W3 HHX, WACHTH(OUIUPYETCS KaK YIpaBIAIOIIee
Bo3/elicTBrE. B 3TOM ciydae uneHTu(UKaTOp MO36I IEPEaaeTCsl B CUCTEMY YITPaBIICHUSI.

Cucrema ympaBleHHsl TpEACTaBiIsieT co0oi  (YHKIMOHANBHYIO CXeMy, KOTopas IO
WACHTU(UKATOPY TO3B BBIYUCISAET KOOPAWHATHI HOBOTO IOJIOKEHUS M YIVIBI OpHEHTAINH
BUPTYaJbHOW KaMmepbl. OJTH TapaMmeTpbl TepenalTcs 10 CHeNUAILHOMY HWH()OPMAIMOHHOMY
NPOTOKONY B MOJCHCTEMY BU3yalH3alllH, KOTOpPas MPOU3BOJUT CHHTE3 M300pa)KeHUs BUPTYaIbHON
CIICHBI 13 HOBOTO TTOJIOXKEHUSI BUPTYAIbHON KaMephl.

B ©I'Y ®©HI| HUMCU PAH pa3paboTaHbl IporpaMMHBIC MOIYIIH, PEaTU3YIONINE ONMHUCAHHBIC
3¢ eKTHBHBIE pAaclpeAeiCHHbIE METOAbl W AJITOPUTMBI YIPaBICHUS BHUPTYaIbHOW KaMepoul ¢
MOMOIIIBI0 KECTOBOTO HHTEpdeiica, pealn30BaHHOTO C WCHOJIb30BaHHEM YCTpoiicTBa KuWHEKT.
Mopynu HanmcaHbl Ha s3eike Microsoft Visual C++ a1 mepcoHaNbHBIX KOMITBIOTEPOB B pabOTaroOT B
Macmrade peallbHOTO BpPEMEHH, T.€. TOChUIKA HH()OPMAIIMOHHBIX TAaKETOB MPOHM3BOIMUTCS C
NEepUOANYHOCTHIO, He mpeBbimaromeii 30 Mc. Anpobanus 3TUX MoayJiel Oblia MpoBeneHa B paMKax
co3nanHoi B ®I'Y OHI[ HUNMCU PAH cucrembr Busyanu3anun «GLViewy [5] mis ©MUTAITMOHHO-
TPEHAKEPHBIX KOMILJIEKCOB U ITOKa3aja UX aJeKBaTHOCTh TPEOOBAHHUSAM SPrOHOMUYHOTO MHTEp(eiica.
B cnyyae HacTeHHOTro 5KpaHa YycTpoicTBO KHHEKT MOKeT OBITh yCTAaHOBJIEHO BO3JIE JKpaHa, a
MOJIb30BATEIb - HAXOJIUTHCA Tepe IKPaHOM, UYTO B CTEPEO PEKUME CO3AAET OIIYIICHHUS MPUCYTCTBU
B BUPTYaJIbHOM cpeJie.

BaaronapHoctu: /{annas padota BeinosHsetcs npu noanaepxke PODU (rpant Ne 15-07-04544).
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H.A. KouetoB

Quzuueckutl paxyrvmem Mockoeckozo I 'ocyoapcmeennoeo Yruusepcumema, Mocksa, Jlenunckue
eopwl, 0. 1, cmp. 2
e-mail: kochetov.iljja@physics.msu.ru

JlanHas paboTa MOCBAIIEHAa MOJICTUPOBAHUIO TOKOBOTO CJIOS B MAarHUTOC(HEPHOM XBOCTE
3emu. Kak m3BecTHO, M3-3a 00TEKaHUA COOCTBEHHOI'0 MAarHUTHOTO II0JIA 3€MIIH COJHEYHBIM
BETPOM Ha HOYHOM CTOpOHE (B HANpaBJIEHWU OT 3eMJIM) oOpazyeTcs BBITSHYTass MarHUTHAs
koHpuryparus. Crneapl XBOCTOBOH CTPYKTYpPbl C TOKOBBIM CIIOEM U IMPOTHBOIOJIOXKHO
HalpaBJICHHBIMH MATrHUTHBIMHA TIOJNISIMH OOHApPYXWBAIOTCS HAa PACCTOSHHUSAX IOPSAKA
HIECTUACCITH 3€MHBIX PaJInyCOB. B monepeyHoM ceueHUH TIa3MEHHBIN CI0M UMEET B LIEHTPE
MEHBIIYIO0 TOJIIHHY, YeM MO0 KpasMm. MHTepec mpeacTaBistoT 00JacTH, PacloiOKEHHBIX B
00JacTsIX ¢ YUIMpEeHHUEM, TPAHUYAIINX C MATHUTOIIAY30M.
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Last years a-Si:H/c-Si heterojunctions (HJ) have received growing attention as an approach
which combines wafer and thin film technologies due to their low material consumption and
low temperature processing. Several groups have obtained solar cell conversion efficiencies
above 22%, with a record at 25.6% achieved by Panasonic [1].

The so-called field effect passivation is one of the strategies that can be used for decreasing
the recombination at the interface. Indeed, strong electric field and strong band bending in c-
Si can decrease the recombination by repelling one type of carriers. The existence of a strong
inversion layer in (n) c-Si at the interface with (p) a-Si:H has been observed in the past years
using several kinds of techniques.

In our preceding works [2] the modeling of the temperature dependence of the capacitance
of (p) a-Si:H/(n) c-Si solar cells in a wide temperature range, from 100 K up to 400 K, was
presented. This strong capacitance increase is much larger than expected from the usual
depletion approximation model and can be well reproduced by an explicit analytical
calculation of the junction capacitance if one takes into account the existence of the strongly
inverted layer at the c-Si surface that was earlier evidenced from other experimental
techniques. Then we have extended our calculation to take account of both the (i) a-Si:H
buffer layer and the finite thickness of the (p) a-Si:H layer. The latter also implies to consider
the contacting electrode, usually indium tin oxide (ITO), and its difference in work function
with (p) a-Si:H. We have calculated the capacitance as a function of temperature (C-T) for
several sets of parameters where we varied the density of states (DOS) in the (i) a-Si:H layer,
the DOS at the Fermi level in (p) a-Si:H, the work function of the electrode, and the thickness
of both doped and undoped a-Si:H layers. We show that the introduction of the (i) a-Si:H
layer can yield to slightly larger capacitance values and a weaker slope of the C-T curve
especially at low temperature. The trends obtained from our new analytical calculations are
well reproduced by full numerical simulations. Finally experimental results obtained on high
efficiency solar cells indicate that the strong hole inversion layer that exists at room
temperature tends to disappear below 150K.
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The possibility of detection of short periodic cycles and global minima of solar activity by

analysis of dendrochronologies is investigated in this paper.
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DG is widely used to solve various problems of gas dynamics. This method has
discontinuous basic functions and is characterized by high order accuracy of the solution [1].
This method combines different features commonly associated to finite element and to finite
difference methods. In particular, it provides high-order accuracy, can easily handle adaptivity
stratagies, allows an extremely simple treatment of the boundary conditions [2-5]. 3D
algorithms on tetrahedron grids for Navier-Stokes equations are proposed in this paper.

Obviously some problems with complex geometry require usage of very detailed grids.
Thus DG method has significant computational complexity, the problem of efficient usage of

computational resources is very important (?).

Operator programming method allows for compact writing of mathematical formulas in
programs and helps porting the programs to parallel architectures, such as NVidia CUDA and
Intel Xeon Phi. Earlier the operator programming method was implemented for regular three-
dimensional Cartesian grids and tree-dimensional locally adaptive grids. In this work, this
method is transferred to threedimensional tetrahedron meshes. This example illustrates the
possibility of implementation of the method on arbitrary three-dimensional meshes. Besides,
in this work we demonstrate the usage of template meta-programming methods of the C++
programming language to speed-up calculations.
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In this paper we find semisimple decomposition of the tensor product of n irreducible
modules. It is supposed that there is only one irreducible module of dimension >1 in the n-
bialgebra. In this case, it is presented a complete description of semisimple decomposition of
tensor product of n irreducible modules
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