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Abstract. The results of the Sixteenth International Scientific Seminar "Mathematical Models
and Modeling in Laser-Plasma Processes & Advanced Science Technologies" (LPPM3-2017),
held on June 5-10, 2017 in Montenegro (Petrovac), were briefly summarized by the program
committee of the seminar.

1 INTRODUCTION

From June 5 to June 10, 2017, the 16th International Scientific Seminar "Mathematical
Models and Modeling in Laser-Plasma Processes & Advanced Science Technologies"
(LPPM3-2017) took place in Montenegro, Petrovac. Figure 1 presents participants of
LPPM3- 2017 at the opening day .. Seminar organizers: Keldysh Institute of Applied
Mathematics of Russian Academy of Sciences, A.M. Prokhorov General Physics Institute of
Russian Academy of Sciences, University of Montenegro (Podgorica), Forum of University
Professors and Researchers of Montenegro, Scientific Journal "Mathematica Montisnigri".

2 MAIN CHARACTERISTICS OF THE SEMINAR

The seminar still has the support of the international scientific journal Mathematica
Montisnigri. In 2017, on pages of 39th and 40th journal's volumes will be published articles on
LPPM3-2017 reports (Montenegro). The publication of seminar materials on the pages of the
magazine presents the ideas of the seminar to the scientific community, demonstrates the latest
achievements in the field of mathematical modeling, demonstrates the possibilities of this
methodology.

More than 70 well-known scientists from Russia and Montenegro took part in the Seminar.
The Russian side was represented by eight Institutes of the Russian Academy of Sciences, six
research centers and universities. Montenegro was represented by researchers from the University
of Montenegro (Faculties: Maritime (Kotor), Natural Sciences and Mathematics, Medical
(Podgorica)).

Among the scientific centers presenting scientific results at the LPPM3 seminar, the Keldysh
Institute of Applied Mathematics of RAS has recently retained the leading position in the number
of scientific reports submitted. The share of reports submitted by scientists from the University of
Montenegro has increased.
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Puc. 1. Participats of the seminar LPPM3-2017 at the opening day.

For the first time in 8 years of the seminar in Montenegro, this University took the second
place in the number of scientific reports submitted. The quantitative composition of the
reports is shown in the diagram (Fig. 2).

Plenary, invited and oral presentations were presented at the seminar. The structure of the
reports is shown in Fig. 3.

All reports were made on the main scientific topics within the framework of two sections
Section I. Laser-plasma processes, laser action.

— Laser ablation - experiment, theory statement of the problem.

—  Continuum and atomistic models.

— Simulation of various modes of laser action on materials.

—  Generation of nanoparticles and nanostructures by ultrashort laser pulses.
— Non-equilibrium low temperature laser plasma.

— Plasma theory and simulation.

— Mathematical modeling and computer experiment in applied problems.

Section II. Advanced science technologies.

— Models and algorithms for high performance computing.
—  Models of mathematical physics and complex analysis.
— Russian space.
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— Advanced scientific technologies in humanitarian knowledge.

— Mathematical methods in biology.
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Fig. 2. Structure of reports on scientific organizations.
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The seminar traditionally preserves an interdisciplinary focus, based on the scientific
methodology of mathematical modeling, which allows to unite scientists working in different
subject areas: mathematics, physics, chemistry, biology, medicine, economics, history.

In the reports of the section "Laser-plasma processes, laser action" problems of
fundamental directions related to the development of continual and atomistic models, the
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development of methods of computational mathematics, and the improvement of the
mathematical apparatus were dominated.

The main direction of the seminar was formulated in two plenary reports presented by
Keldysh IAM of RAS, which opened the meeting: "Modeling of plasma dynamics and laser-
plasma interaction in capillary discharges" (A.S. Boldarev) and "Dynamic adaptation in
problems of gas dynamics" (V.I. Mazhukin). The main topics discussed were problems of
short-pulse (femtosecond) laser action on condensed media and methods for their solution,
which were supported in invited papers.

Approaches to the study of applied problems, such as computational and full-scale
experiments, were actively discussed. Within the framework of the topic "Laser Ablation -
Experiment, Theory, Statement of Problems, Modeling", an experimental approach in the
study of laser action on materials was discussed (A.G. Kaptilny, JIHT of RAS, V.P. Veiko
ITMO). Within the framework of this approach, the results of experiments were considered,
were formulated the problems for the study by methods of mathematical modeling. The
second aspect connected with the computational experiment, was discussed in the topics
"Continuum and atomistic models" and "Modeling of various modes of laser action on
materials". In a number of invited and oral presentations (A.A. Samokhin, A.E. Zubko, A.M.
Prokhorov GPI of RAS, V.I. Mazhukin, A.V. Shapranov, Keldysh IAM of RAS, was noted
the increasing importance in the studies of the atomistic approach associated with the
development of computing facilities.

Within the framework of the section "Advanced science technologies" in the topic "Models
of mathematical physics and complex analysis" the problems of development of
computational mathematics methods, improvement of the mathematical apparatus that
necessary for research in various subject areas were discussed. Within the framework of the
topic were made reports about application and further development of Galerkin's
discontinuous method, adaptive algebraic multigrid method for three-dimensional diffusion
equations (Ladonkina, Tishkin, Zhukov, and Feodoritova), and the fundamental aspects of
complex analysis, the n-dimensional bialgebra and their development and applications (Zarko
Pavicevic, Nikola Mihaljevich, Nikola Konatar, Biljana Zekovic, Sanya Janic Rasovic, etc.).

In the topic "Russian space" the problems of observing space objects, developing
observation systems and statistical processing of the data obtained were discussed. The
problems of simulating operator-controlled robots and the dynamics of a jet engine in virtual
space on the basis of its parameters and parameters coming from the control system, dynamic
objects in three-dimensional virtual scenes that do not have precise geometric boundaries,
which is necessary for the correct operation of imitation and training complexes.

In the topic "Mathematical Methods in Biology", the problems of modeling in biomedicine
including the problems of modeling the non-stationary processes of infection spreading,
applications in integrative therapy of asthma patients, and also the results of studies of
fluorescent properties of biological tissues for solving urgent problems of diagnostics of
socially significant diseases were considered.

In the topic "Advanced scientific technologies in humanitarian knowledge", was discussed
the application of mathematical methods in such fields of knowledge as history, sociology,
and ecology, where problems are difficult to formalize and the results of applying
mathematical technologies are not so obvious. The level of complexity of problems in these
areas at the present stage of development requires new approaches in their solution.
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3 SEMINAR DECISIONS

The following decisions were made:
— In every possible way to strengthen and develop international scientific cooperation in
the field of application of methods of mathematical modeling;
— To maintain the basic principles of the Seminar, strengthening its interdisciplinary,
involving, scientists from various fields of science;
— Will hold in 2018 the 17th International Scientific Seminar LPPM3 in Montenegro.

Detailed information on the preparation of the seminar, the materials of the speeches and

the results of the annual sessions can be found on the website: http://lppm3.ru/.

Chairman of the Program Committee, Professor V.I. Mazhukin.
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Aunoranusi. Pesynerarel  IllecTHanmatoro  MexIyHapogHOTO HAay4yHOIO CEMHUHAapa
«MaremaTueckue MOJETHM M MOJAEIUPOBAHUME B JIa3epHO-IJIA3MEHHBIX Tpoleccax &
NepeIoBbIX HayuHbIX TexHojorusax» (LPPM3-2017), npoxoausiero 5-10 uronst 2017 rona B
UYepnoropuu (r.Ilerponarr), kpaTko 00001IEHBI MPOrPaMMHBIM KOMHUTETOM CEMHUHApA.

1 BBEJEHHUE

C 5 mo 10 wmions 2017 roma B ropoae Ilerpoman (YepHoropusi) coctosuics 16-i
MexayHaponHblii Hay4Hbld ceMmMuHap «MareMaTndeckue MOJAEIU U MOJCIMPOBAaHUE B
Ja3epHO-TUIa3MeHHbIX Tporeccax & IlepenoBeix HayunbIx TexHonorusx» (LPPM3-2017) Ha
puc.l mpencrasnena ¢otorpadus yuactHukoB cemuHapa LPPM3-2017 B neHb OTKPBITHSL..
Opranuzatopsl cemuHapa: MuctutyT mnpukiangHod wMarematuku wum. M.B. Kengeima
Poccuiickoii akanemun Hayk, MHcTUTyT 00mIeit ¢usuku um. A.M. IlpoxopoBa Poccuiickoii
akameMun Hayk, YHuBepcutrer UYepHoropuum (Iloaropuma), dopym mpodeccopor u
uccnenonateneit Yepnoropuu, Hayunsiii sxxypuan «Mathematica Montisnigri».

2 OCHOBHBIE XAPAKTEPUCTUKHN CEMHWHAPA

CeMuHap MO-TIPEKHEMY pacmojiaraeT TMOACPKKOW MEXIYHApOJAHOTO HAYYHOTO >KypHaja
«Mathematica Montisnigri». B 2017 rogy Ha crpanunax 39 u 40 ToMOB XypHana OyayT
omyOJIMKOBaHbl cTathu Mo gokinagamM LPPM3-2017 (Yepnoropus). IlyOnmkammsi marepuaioB
CeMHHapa Ha CTpaHUIAX >KypHaja MPEICTaBIsIeT HAydYHOMY COOOIIECTBY HIEH CEMHUHapa,
JEMOHCTPUPYET TMOCIEAHUE JIOCTHKEHUS B O0JIACTM MAaTEMATUYECKOTO MOJEJIMPOBAHUSA,
JEMOHCTPHUPYET BO3MOKHOCTH ITOM METOAOIOTHH.

B pabGore Cemunapa mnpussian yuactue Oonee 70 u3BEeCTHBIX yueHBIX M3 Poccum u
Uepnoropuu. Poccuiickas cropoHa Oblia TpejacTaBlieHa BoceMbio MHcTuTyTamm Poccuiickoit
Axkanemun Hayk, miectpi0 Hay4YHO-MCCIEAOBATEIbCKUMH IIEHTpPAMH U YHHBEPCUTETAMH.
YepHoropusi Obula IpeaCcTaBlIeHa HccleaoBaTessMu Y HUBepcuteTa UepHoropuu (paxyabTeThl:
Mopckoii (r. Korop), EcTecTBeHHbIX Hayk 1 MaTeMaTHku, MeaumuackuMm (T. [Toaropua).

2010 Mathematics Subject Classification: 00B20, 00A66, 97M10, 97M50.

Key words and Phrases: Proceedings of conferences of general interest, Mathematical Modeling,
Computational Mathematics, Laser Technology, Parallel/Distributed Computing, Heterogeneous Computational
Technologies, Russian Space, Advanced Science Technology.

166



B.1. Maxykun

Puc. 1. Yuactauku cemuaapa LPPM3-2017 B 1eHb OTKPBITHSL.

Cpenu Hay4yHBIX IIEHTPOB, MPEICTABISIONMIUX HAy4YHBIE pPE3yIbTaThl Ha CEMHHApE
LPPM3, UuctutyTt npuxnaanoid marematuku uM. M.B. Kengpeima PAH nocnennee Bpems
COXpAaHSIET MEPBEHCTBO MO KOJWYECTBY MPEACTABICHHBIX HAYYHBIX JOKIAJ0B. YBEIHMYHIACH
JI0JIsI TOKJIAJ0B, MPEACTaBICHHBIX YUEHBIMU Y HUBEpcUuTeTa YepHOropuu.

Brnepsrie 3a 8 neT npoBeaeHust ceMruHapa B YepHOTOPUU STOT Y HUBEPCUTET 3aHSI BTOPOE
MECTO MO KOJHMYECTBY IPEACTABICHHBIX HAay4YHBIX 0KJIaa0B. KoinuyecTBEHHBIN COCTaB
JIOKJIAZI0B MPECTaBIEH Ha nuarpamme (puc. 2).

Ha cemunape ObuTu mpejacTaBieHbl IUICHAPHBIC, MPHUIJAIICHHBIE U YCTHBIC JIOKIAJBbI.
CtpykTypa IOKJIaJ0B MOKa3aHa Ha puC. 3.

Bce nokiansl ObUIH cIEIaHbI IO OCHOBHBIM HAyYHBIM T€MaM B paMKaX ABYX CEKIUI

Cexmnus 1. JlazepHo-11a3MEHHBIE TIPOLIECCHI, JTA3EPHOE BO3/ICHCTBHE.

—  JlazepHast aOJsyst - SKCIIEPHMEHT, TCOPHSL, [IOCTAHOBKH 3a/1a4.

—  KouTHHYasbHBIE 1 ATOMHCTUYECKHE MOJICIIH.

—  MonenupoBaHue pa3TUuHBIX PEKUMOB JIA3€PHOTO BO3/ICHCTBHUS Ha
MaTepuaIbL.

— T'eHepamyst HAHOUACTHUI] U HAHOCTPYTYP YIBTPAKOPOTKUMH JIa3€PHBIMU
UMITYJIbCAMHU.

— HepaBHoBecHast HU3KOTEMIIEpaTypHasl JTa3epHas Iia3Ma.

—  Teopwust 1a3Mbl U BEIYHCIUTENBHBIA AKCIICPHMEHT.

— MaremaTH4eckoe MOJCIUPOBAHUE U BEIYHCIUTEIBHBIA AKCIICPHMEHT B
NPUKJIAHBIX podiIeMax
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Cexuus 1. [lepenoBbie HayYHbIE TEXHOJIOTHUH.

— Mopaenu 1 anropuT™sl JUIsl BBICOKOIIPOU3BOAUTENBHBIX BEIYMCICHUN
—  Mogenu maremMaTHuecKor (PU3UKU M KOMIUIEKCHBINA aHAJIH3.

—  Pycckuii kocmoc.

— IlepenoBble Hay4YHbIE TEXHOJOTUN B TYMaHUTAPHBIX 3HAHUSAX.

— MaremaTtnueckue MeTo bl B OMOMETUIIIHE.
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Puc. 2. CtpykTypa 10OKIa10B IO HAYYHBIM OpPTraHU3aALHsAM.
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Puc. 3. CtpykTypa 10KIa10B.
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B.1. Maxykun

CeMuHap  TpaAMLIIMOHHO  COXpaHSAET  MEXIUCLUUIUIMHAPDHYIO  HAIpPaBJICHHOCTD,
OCHOBBIBAIOLIYIOCSI HA HAyYHOH METOAOJOTMM MAaTeMaTH4YEeCKOro MOJAETUPOBAHUsS, KOTOpas
MO3BOJISIET OOBENMHUTH YYEHBIX pabOTAOMUMX B Pa3IMYHBIX MPEIMETHBIX O0JIACTIX:
MaTeMmaTHke, pu3uKe, XuMuu, OUOJIOTUH, MEULIMHE, S)KOHOMUKE, HICTOPUH.

B noxmamax cekumm «JlazepHo-IIa3MEHHBIE IIPOLIECCHI, JIA3€PHOE  BO3JEHCTBUE)
npeo0aagaroT TpoOJaeMbl (yHIAMEHTAIBHBIX HANpPABJICHHUM, CBS3aHHBIX C pa3pabOTKOM
KOHTHHYaJbHBIX ¥ ATOMHMCTUYECKUX MOJEJEH, pa3BUTHEM METOAOB BBIYMCIUTEIBHON
MaTEeMaTHKH, COBEPILICHCTBOBAaHMEM MAaTEMaTHUYECKOIO armapara.

['maBHOe HampaBieHUE CeMHHapa ObUIO CPOPMYIHPOBAHO B ABYX IUICHApHBIX JOKJIanax,
npenacrasieHHbix UIIM um. M.B. Kenneina PAH, otkpeiBinx 3aceganus: «MoaenupoBaHue
JUHAMUKHU TUIa3Mbl U JIA3€PHO-IUIA3MEHHOTO B3aMMOJICHUCTBHS B KalWJUISIPHBIX pPa3psiiax»
(A.C. bonnapeB) u «/lunamuueckast ajmanrtauus B npoOsieMax rasoBoil nuHamuku» (B.U.
MaxykuH). OCHOBHBIM oO0Cy’XJJaeMbIMU  HampaBICHUSIMU CTalld  TPOOJIEMBI
KOPOTKOUMIYJICHOTO ((€MTOCEKYHTHOTO) JIa3epHOr0 BO3ACUCTBUS HAa KOHJICHCHPOBAaHHBIC
Cpellbl U METOJIbl X PEeIICHUs, KOTOpPbIe OBbLIH MOAIEPKaHbl B IPUTIIAIICHHBIX JOKIIaax.

AKTUBHO OOCYXXAaJdHCh TOAXOAbl B HCCIENOBAHMM TNPHUKIATHBIX MpoOJIeM, Kak
BBIUMCIIUTENBHBIN, TAK U HATYPHBIN SKCIIepUMEHTHI. B pamkax pyOpuku «JlazepHas aGmsiuus
- DKCHEpUMEHT, TeOopus, IOCTAaHOBKM  3a/a4,  MOJCIUPOBAHHE»  OOCYKIanucs
HKCIIEPUMEHTAIbHBIA MOAXOJ B HCCIEAOBAHWU MPOOJEM Jla3epHOro BO3ACHCTBHUS Ha
marepuansl (A.I'. Kantunsaeiii, OMUBT PAH, B.II. Beiitko U'TMO). B pamkax sToro noaxoaa
paccMaTpuBaINCh PE3yNbTaThl 3KCIEPUMEHTOB, ObUTH CGHOPMYIHUPOBAHBI MPOOJIEMBI IS
HCCIICIOBAHUS METOJAMU MAaTEMATUYECKOI0 MOAEIUPOBaHUs. BTOpO acnekT, CBSI3aHHbBIN C
BBIUHCIUTENBHBIM JKCIIEPUMEHTOM, oOcyxnancs B pyOpukax «KoHTuHyanbHBIE U
aToOMHUCTHYECKHE Mojenn» U «MojenupoBaHue pa3iIMYHbIX PEXKHUMOB  JIa3€pPHOTO
BO3JICUCTBUS Ha MaTepHallb». B psnme mpuriameHHbix U yCTHBIX A0KiIanoB (A.A. CamoxuH,
A.E. 3yoxo, UO® um. A.M. I[IpoxopoBa PAH; B.1. Maxykun, A.B. [llanpanos UIIM um.
M.B. Kengeima PAH Obuto oTMEUEHO BoO3pacTaroliee 3HauyeHHWe B HCCIICIOBAHMSIX
ATOMHUCTUYECKOTO MOAX0/1a, CB3aHHOT'O C Pa3BUTHUEM BBIUMCIIUTEIbHBIX CPEACTB.

B pamkax cexknum «IlepemoBbie HaydHBIE TEXHOJOTMH» B pyOpuke «Mogenu
MaTeMaTUYeCKOM (PU3MKM M KOMIUIEKCHBIM aHaJM3» OOCYXIAIUCh MpPOOJIEeMBbl pPa3BUTHUS
METO/I0B BBIYHCIUTEIBHON MaTEMaTHUKH, COBEPLICHCTBOBAHUSA MATEMaTHYECKOrO ammapara,
HE00XOIMMOTO /ISl UCCIICOBAHUS B PAa3IMUHBIX MPEIMETHBIX 00nacTiax. B pamkax pyOpuku
ObUIM CJIeIaHbl COOOIIEHUS O NMPUMEHEHUHM M JajbHEeHIleM pa3BUTHUU Pa3pbIBHOTO METOAA
["anepkuHa, aAanTUBHOIO aureOpandeckoro MHOTOCETOYHOIO METOAA Il TPEXMEPHBIX
ypaBHeHuid auddysun (Jlagonkuna, Tumkun, XKykoB, deomopuroBa), OBUIM TaKKe
paccMOTpeHbl (pyHIaMeHTaIbHbIE aCHEeKThl KOMIIEKCHOTO aHalIN3a, N-MepHOU OuanreOpsl, a
Takke uX pasBurue u npuwioxkenus (XKapkxo IlaBuueBnu, Hukxona MaxanseBuy, Huxona
Konarap, bunsna 3ekoBuy, Cans [xannu PacoBuy u ap.).

B pyOpuke «Pycckuii kKocM0C» 00CYXIanuch MPoOIeMbl HAOMIOACHHS 32 KOCMHUYECKUMU
00BEKTaMHU, pa3BUTHUS CHUCTEM HAOIMIOACHUS M CTATHCTUYECKOM 0O0pabOTKM MOTY4YEHHBIX
JaHHbIX. OOCYyXJanuch Takke MNpoOJeMbl MOJIEIMPOBAHUS YIPABISEMBIX ONEPATOPOM
pOOOTOB, TMHAMUKN PEAKTUBHOTO JIBUTATENsl B BUPTYaJIbHOM MPOCTPAHCTBE HA OCHOBE €ro
apaMeTpoB W MapaMeTpOB, IOCTYMAIOUUX W3 CUCTEMBbl YIIPaBICHUS, JAMHAMUYECKUX
O00BEKTOB B TPEXMEPHBIX BHUPTYaIbHBIX CIIEHAX, HE HMEIONIME YETKUX TI'€OMETPUUYECKUX
TpaHMll, YTO HEOOXOAMMO M KOPPEKTHOH pabOThl HMHTAIMOHHO-TPEHAKEPHBIX
KOMILJIEKCOB.
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B.1. Maxykun

B pyOpuke «Marematuyeckue METOJbl B OHOJOTMM» PAaCCMATPUBAIOCH IPOOJIEMBI
MOJICIIMPOBAHMS B OMOMEIHIIMHE, B TOM YHUCIIE TTPOOIEMBI MOICITMPOBAHUS HECTAIMOHAPHBIX
IPOIIECCOB paclpocTpaHeHus: UHMEKUUH, MPUIOKEHUH B UHTETPAaTUBHON Tepanuu OOJbHBIX
acTMOI, a Take OBLTH TPEICTaBICHBI PE3yJIbTAThl UCCIIeTOBaHNN (DITyOpPECIIEHTHBIX CBOHCTB
OMOJIOTUYECKUX TKaHEH [UIs pelleHHs aKTyaJbHbIX BOINPOCOB TUATHOCTHUKU COIMAJIBHO-
3HaYUMBIX 3a00J1eBaHUII.

B py6Opuxke «IlepenoBeie HaydHbIE TEXHOJIOTUH B T'yMaHUTAPHBIX 3HAHHIX» 00CYKAAJIOCh
NpUMEHEHNE MaTEeMaTHYECKUX METOAOB B TAKMX OOJIACTSIX 3HAHUI KaK HCTOPUS, COIIHOJIOTHS,
DKOJIOTHS, TJe MpoOieMbl  TPyAHOPOPMAIM3YEeMBbl, a  pe3yibTaThl HNPUMEHEHHUS
MaTEeMaTHYECKUX TEXHOJOTUH HE CTOJNb OYEBHIHBL. YPOBEHb CIOXKHOCTH MPOOIEM 3THX
HalpaBJIeHUI Ha COBPEMEHHOM 3Tare pa3BUTUS TpeOyeT HOBBIX OJXO/I0B B UX PEILICHUH.

3 PEHIEHUA CEMHHAPA

Beimu npuHSTHL CAeAYOIMME PEIICHUS:

— BCEMEPHO yCUIIUBATh M PAa3BUBATh MEXKAYHAPOJHOE HAYYHOE COTPYIHUYECTBO B
00J1acTH MPUMEHEHHSI METOJIOB MAaTEMAaTHYECKOTO MOICITUPOBAHHS,

— TMOJJICP>KMBATh OCHOBHBIE TPUHIMIBI CeMUHapa, yCUIUBas €ro
MEXIUCHUTUTMHAPHOCTD, TIPUBIIEKas I TOTO YUEHBIX U3 Pa3IMYHBIX o0nacTen
HaYKH;

— mnpoBectd B 2018 romy 17-i MexnyHaponnslii Hay4yHblii cemuHap LPPM3 B
YepHoropuu.

[TonpoOHyr0 WHPOPMAIMIO O TOATOTOBKE CEMHUHApa, MaTephaiax BBICTYIUICHUH H
ATOrax €XEroIHbIX CECCUIl MOYKHO HalTH Ha caiire: http:/lppm3.ru/.

[Ipencenarens [Iporpammuoro Komurera, mpodeccop B.U. Maxykus.
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