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K BOIIPOCAM OBYYEHUNA HEKOPPEKTHBIM 11 OBPATHBIM 3AJJAYAM
B BY3E
Axunvxan H.III.
KasHIIY umenu Abas, Aamamo.
nagima_ akim@mail.ru

B macrosimmee BpeMst BO BceM MUpe XOPOIITO OCO3HAHA POJIb TeOpun OOPATHBIX 33724 B eCTe-
CTBEHHBIX HAYKAX M UX [IPUJIOXKEHUSX, HECMOTPs HA TO, YTO HHTEHCUBHO OHA PAa3BUBAETCS JIUIIIH
nociennue mosjBeka. PyHIaAMEHTAJBHBIN BKJIAJ B €€ PA3BUTHE BHECIU BBIIAIOIINECH yUEHBIE:
A H.Tuxonos, M.M.Jlaspenrbes, B.I.Pomanos, C.1.Kabanuxus u jip., CO3JaBIlINe HAyIHbIE KO-
JIbI OOpATHBIX 3a/1a4, 3aHUMAIOIINE [ePEIOBble TO3UIUN B HAYYHOM Mupe. B pasBuTue maHHON
TEOPUU B ITOCJIEITHAE [ECATAIETHS BHOCST OIIPEIEJICHHBIN BKJIA ] 1 3apyOeKHbIE UCCIIeI0BATEIN U3
Uranun, Tonnanauu, [Berun, @pannun, Anonnu, CIIIA u ap. Ha cerogasmmaumit MOMEHT BOIIPO-
CBbI Teopuu OOPATHBIX 33129 BKJIIOYEHBI B YI€OHbIE IIPOrPAMMBI IIOJIFOTOBKY CIEIHAJINCTOB B 00-
JIACTH NIPUKJIAJHON MATeMAaTUKH BEYIINX POCCUICKNX U Ka3aXCTAHCKUX BY30B, Takux kak MI'Y
um. M.B.JIomonocosa, Cankr-Ilerepbyprekuii rocynapcrsennsbiii yausepcurer, HoBocubupckuii
rocyjapcrBennbiit yuusepeurer, KazHY um. Anp-Papabu u ap. A B OTJIEIBHBIX 11€JANOTTIECKUX
By3ax, B gactaocTd, B MI'TIY crermaipabie Kypebl 10 00pATHBIM 3a1adaM i auddepeHInaib-
HBIX YPABHEHUN YNTAIOTCS U OYIyIIUM yIuTes M MareMaTrnku. Ha nporskeHnn y2Ke MHOTUX JIET
B y4eOHbI€e IJIaHbI IIOJArOTOBKY U Oyaymux yaureseil unpopmaruku B KasHITY um. AGast Takke
BKJIFOUEH CIIEIUAJIbHBIN KyPC 10 TEOPUH U IIPAKTUKE UCCJIeJ0BaHUsI HEKOPPEKTHBIX U OOPaTHBIX
3aga4d Juist guddepeHnuaabHbIX ypapHennit. OMHAKO JIMTeIbHOE BpeMsi B CHILy HecOPMUPO-
BAHHOCTHU COJEPXKAHUS JAHHOTO KypCa, IMOCKOJBKY OH SIBJISIETCS HOBBIM, HETPAIUITMOHHBIM JJTsi
[1€/IATOITIECKUX BY30B, KyPC HEKOPPEKTHBIX M OOPATHBIX 33189 UUTAJICS IO-PA3HOMY.

HecmoTps Ha BBIIIECKA3aHHOE O CHUX HOP OTCYTCTBYIOT HUCCJIEIOBAHUS 10 METO/UKE O0yde-
HUsI HEKOPPEKTHBIX U 00PAaTHBIX 3a/1a4. D{hdeKTUBHAS OpraHr3alyst 00y YeHUs TEOPUU OOPaATHBIX
3aj1a4 TpebyeT paspabOTKU W BHEJPEHUsI METOJINYIECKO cucreMbl 00ydenusi. [Ipu arom nessiMu
00yJeHUst KypCy IO HEKOPPEKTHBIM U OOPATHBIM 3aJ[adaM SBJISIOTCS: (DOPMUPOBAHUE HAYTHOTO
MUPOBO33peHNs; 0DeCIeYeHre 3HAHNI; YMEHUI 1 HABBIKOB; PA3BUTUE MATEMATAIECKOIO U CUCTEM-
HOT'O MbINIeHUs; (hOPMUPOBAHNE OIBITA IEIATOTUYIECKON JIeTEIbHOCTH; BOCIIUTAHIE UHTEPECA
K Teopuu 0OpaTHBIX 33J21a4; (pOpMUPOBaHNE MaTEMATUIeCKON 1 MHPOPMAIMOHHON KyJIbTYPBI 1
ap. Ilpu bopmupoBanuu copep:kanusi 00ydIeHrns HEOOXOIUMO, ITPEXKIE BCErO, PYKOBOICTBOBATh-
cs TUIAKTUIECKAME ¥ METOJAMYECKUMHU IIPUHITUIIAMEA O0TOOpa COoJep:KaHus. B jmajabHeiemM npu
dopMupoBaHUE COEpKaHNSA O0ydIeHnsT OOPATHBIM 3ajadaM OyIyIuX yauTesaeil MATEeMATHKU U
nHGOPMATHKU HEOOXOINMO U IEJIECOO0PA3HO YIECTh CUCTEMATH3AINI0 OOPATHBIX U HEKOPPEKT-
HBIX 33J]a9 B IPUJIOKEHUSIX, IPEJJIOKEHHYIO OJIHUM W3 BEJYIIUX CIEIUAJNCTOB II0 0OpaTHBIM
sagadam C.M.Kabanuxunubim. [Liist abdekTuBHOrO 00ydeHus: Teopun 0OPaTHBIX 33189 [eJ1eCO00-
Pa3HO UCIOJIb30BAHNE COBPEMEHHBIX 00PA30BATE/IBHBIX U MH(POPMAIMOHHO-KOMMYHAKAITMOHHBIX
TEXHOJIOI'UIA.
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Nucleation Rate Surfaces as a New Tool for the Nucleation Kinetics Description
M. P. Anisimov
Nanoaerosol Research Laboratory, FSBSI Technological Design Institute of Scientific
Instrument Engineering SB RAS (TDISIE SB RAS, anisimovmp@mail.ru), 41 Russkaya
Street, 630058, Novosibirsk, Russia

ABSTRACT

One can find in scientific literature a pretty fresh idea of the nucleation rate surfaces design
over the diagrams of phase equilibria. That idea looks like profitable for the nucleation theory
development and for various practical applications where predictions of theory have no high
enough accuracy for today. The common thermodynamics has no real ability to predict parameters
of the first order phase transition. Kinetics of that transition is complicate problem as well. It
is known widely that many-body problem has no exact solution. The usual way of any theory is
to reduce the many-body problem to one body in some field. The features of one body and the
field are adjusted usually to get the reasonable compliance to the empirical results. Relation of
the theoretical and empirical results is not good enough in case of the Nucleation Theory.

Nucleation experiment can be provided in very local nucleation conditions even the nucleation
takes place from the critical conditions down to the absolute zero temperature limit and from zero
nucleation rates at phase equilibria up to the spinodal conditions. Theory predictions have low
reliability as a rule. It is well known that any phase diagram has several lines of phase equilibria.
It is easy to show that each line of phase equilibria generates the nucleation rate surface in space
of nucleation process parameters. It means that one has multi sheet nucleation rate surfaces in
the common case. Each nucleation rate surface is related to one phase state generation, or it is
related to a single channel of nucleation. Semiempirical design of the nucleation rate surfaces over
diagrams of phase equilibria have a potential ability to provide a reasonable quality information
on nucleation rate for each channel of nucleation. Consideration and using of the nucleation rate
surface topologies to optimize synthesis of a given phase of the target material can be available
when data base on nucleation rates over diagrams of phase equilibria will be created.
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BOUNDARY ELEMENT APPROACH IN IMPEDANCE CLOACKING
PROBLEMS
Baydin A.V.
Far FEastern Federal University, Viadivostok
thulf.m@gmail.com

The impedance cloacking problem belongs to a set of the inverse scattering problems. A lot of
recent publications are devoted to developing the theoretical and practical methods of solving
such problems. In [1] it was proposed that perfect invisibility cloaking shells can be constructed
for hiding objects from electromagnetic illumination. However, the difficulty in fabricating such
shells stems from the requirements on the material that composes it: such cloaking shells have
anisotropic, spatially varying optical constants with infinite values at the interior surface of the
cloak. Another approach in cloaking material bodies consists of coating theirs outer boundaries
with special material having the certain value of surface impedance [2|. We consider the simpliest
2-D model of acoustic scattering with impedance boundary condition.

Let © be a bounded domain in R? with a connected complement Q¢ = R? \ Q and with
a boundary T'. Let u = u'"® + u® satisfy the Helmholtz equation (1) and obey the impedance
boundary condition (2) and Sommerfield radiation condition (3):

Au+k*u=0 in Q° (1)
du/on —ikdu=0 onT, (2)
lim /7(0u®/dr —iku®) =0 asr = |z| — oo. (3)

r—00
Here 4 is an incoming wave, u® is a scattered wave, k is a positive wave number, X is a surface
impedance of a boundary I'.

Using the approach developed in [2, 3] the impedance cloacking problem is reduced to the
optimal control of parameter A problem. The theorem of solveability of this problem is proved.
Otimality system describing the necessary extremum conditions is derived. The algorithm for
numerical solving of the control problem based on the optimality system and boundary element
method is designed.

The work has been supported by the Russian Science Foundation (project no. 14-11-00079).
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1. Pendry J.B., Shurig D., Smith D.R. Controlling electromagnetic fields // Science, 2006,
No. 312, P. 1780 — 1789.

2. G.V. Alekseev Cloaking via impedance boundary condition for the 2-D Helmholtz equation
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KJIETOYHO-ABTOMATHAA MOJEJIb ITPOIIECCA
CAMOOPTAHU3AIINN BAKTEPUAJIbBHON CUCTEMEI BEJIKOB MINCDE

Bursnnkmit A.A.
Hnemumym Borucaumenvnott Mamemamuru u Mamemamuueckot Teogusuxu CO PAH,
Hosocubupcxk
vitvit@ssd.ssce.Tu

Cucrema 6enkoB MinCDE npucyrcrByer B bakrepussx F. coli 1 HEKOTOPBIX JPYIUX BHaX.
B ecrectBennbix yciopusix, MinCDE npemorspainaer HempaBHIbHOE Jie/leHHE OaKTEePUAJIbHON
kiterku. B jpaboparopubix sxcrepumenTtax, MinCDE obpa3syer auxKyiuecst 6eJIKOBbIe BOJTHBI U
HEKOTOPBIE JIpYTHUe TPOCTPAHCTBEHHO-BPEMEHHBIE TATTEPHBI. TOYHBIE MEXAHU3MBI 3TOTO IIPOIIECCa
CaMOOPIaHU3ALUY JIO CUX 110D HE $ICHBI, OJHAKO, B [1] ObLIO CZe/aH0 IPeIIIoIoKeHre, YTO CaMo-
oprauuzarus B cucreme MinCDE BosnukaeT B pe3ysbrare JBYX IPOTHBOIOJIOKHBIX MEXAHI3MOB:
KOJIJIEKTUBHOE CBsi3biBanue OekoB MinD ¢ memOpanoit, mu ux mocjesyiomiee OTKpPEeIIeHIe B pe-
sysbrare rujgposmnsa AT®, yckopsiromeecs: 3a cuer HakaiiuBanus 6ejko MinE #a memOpane.
Kpowme toro, B [2] 66110 nipeaonoxkeno, uyro cucrema MinCDE MoxkeT 4yBCTBOBATH N€OMETPUIO
kiterku. OCHOBBIBAsICh Ha ITUX IIPEIOIOKEHUAX, MBI Pa3paboTain KIeTOIHO-ABTOMATHYIO MO-
JIesTh TIpotiecca camoopranuzaruu 6enkoB MinDE n mporectupoBan ee Ha pereTkax ¢ pa3imTHOMN
reoMerpueii. B pe3ysbrare KOMIIBIOTEDHOI'O MOJIEJIMPOBAHNS OBIIN HOJIyYeHbI O€JIKOBbIE BOJIHBI U
CIIUPAJIN, CXOXKHUE C TEMU, YTO OTOOPAKEHbI Ha, CHUMKAX, II0JIyYeHHBIX IIPY [TOMOIIHU ITOKaIPOBOM
MUKPOCKOIIUH B JIAOOPATOPHBIX YCJIOBUSIX.

UcciemoBanne BoimosaeHo mo Ilporpavme dynmaMeHTANBHBIX uccieqoBannii [Ipesummyma
PAH, upoexr 15.9 (2014), a rakxke nojgepzkano rpaarom PODOU 14-01-31425 mol a.

CIIMCOK JIMTEPATYPHI

1. Loose M., Fischer-Friedrich E., Herold C., Kruse K., Schwille P. Min protein patterns
emerge from rapid rebinding and membrane interaction of MinE. Nat. Struct. Mol. Biol.
2011. V. 18, P. 577-583.

2. Schweizer J, Loose M, Bonny M, Kruse K, Monch I, et al. Geometry sensing by self-
organized protein patterns. 2012. PNAS 109: 15283-15288.
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MATEMATUNYECKUE MOJEJIN B PAPMAKOKNMHETUKE
Boponos JI.A.
Hosocubupcruti 2ocydapemeennvili yrusepcumem, Hosocubupcex
Hrnemumym Buuucaumenvnott Mamemamuxu v Mamemamuueckoti eopusuru, Hosocubupcrk
voronov-dima@mail.ru

B nokiazne paccMoTpeH KpyTr BOIIPOCOB, BOSHUKAIOMINX IPU MATEMATHIECKOM MOJEIMPOBAHIT
bUBNOTOrTIECKUX TTPOIECCOB Ha mpuMepe (hbapMaKOKUHETHKH. /[MHAMUYIeCKre CHCTEMBI OIIChHI-
BAIOTCSI CUCTEMaMU OOBIKHOBEHHBIX AuddepeHnualbHbIX ypaBHeHuit. PaccMoTpen Bompoc uieH-
TudunupyemMoct GU3N0JOrnIecKux cucreM. [IpogeMoHCTpUpOBaHbl pa3/IMYHbBIE TIOIX0/IbI K AHA~
JIN3y UAEHTUMOUIUPYEMOCTH B 3aBUCUMOCTH OT M3yvIaeMOoil Mosesn. PaccMOTpeH KaMepHBIH O
XOJ, K MOJIEJINPOBAHNIO (DAPMAKOKMHETHIECKUX MPOIeccoB. IIpomeMoHCTpUpOBaHbI CIIOCOOBI pe-
[eHNsT MPSIMBIX U OOPATHBIX 3a/[ad, BO3HUKAIOIMIUX [IPU TAKOM II0JX0je. PaccMoTpeH BOIpOC O
BBIOOpE BPEMEHHBIX TOUEK OTOOpA IKCIHEPUMEHTAJIBHBIX Mpod. IIpuBeseHbl pe3ymbTaThl TUC/IeH-
HBIX pacdeToB MeTojamMu npocroit urepanun nu Herona-Kanroposuya.

Pabora npoBojmiace mpu 4acTudHONM mojiepkKe MunancTepcTBa 00pasoBanus u Hayku Poc-
cuiickoit Peseparun, a TakzKe IPU HOAep:KKe TpaHTa rnpe3ugerTa PO jist Mo iepKKu BeLymnx
nayunbix mkos Ne HITI-5666.2014.

CIIMCOK JIMTEPATYPHBIL
1. Rescigno Aldo Foundations of pharmacokinetics. // Kluwer Academic Publishers, 2003,
New York.
2. Macheras Panos, Iliadis Athanassios Modeling in Biopharmaceutics, Pharmacokinetics,
and Pharmacodynamics. // Springer Science+Business Media, Inc., 2006, New York.
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INVERSE FACTIONAL DIFFUSION PROBLEM: DETERMINATION OF THE
ORDER OF THE FRACTIONAL DERIVATIVE
Bondarenko A.N., Dedok V.A.
Sobolev Institute of Mathematics, Novosibirsk
bondarenkoan1953@mail.ru, dedok@math.nsc.ru

In this paper we continue to discover numerical solution of the inverse problem for a time
fractional diffusion equation started in [1| using Multilayer Perceptron Neural Networks:

o
875: =Au, «a€(0,1];
U|t*0 - UO(I)7 (S Q7
ou
u|FD _h(xvt)a%‘r‘z\r g(m,t), t>0

The main goal of our research is to find the order of the fractional derivative. Neural network
we use is trained by the training set which is obtained using finite element method to solve a lot
of direct problems [2]. Numerical results presented in this paper are based on study of noiseless
and noisy data of system state.

Finally we study significance of the inputs of our neural network. It may be represented by
the following formula:

1 <~ |0H (2, a®)
Py — — ?
M) = 237 | S

s=1

|ak 7(12‘.

The work was partially supported by RFBR, research projects 14-01-00208, 12-01-31436a,
Interdisciplinary integration project of SB RAS 14, Joint project of SB RAS and NAS, 12 - 2013.
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problem // International conference "Advanced mathematical computations and applications-
2014, 8-11 June, Novosibirsk, P. 54.

2. Bondarenko A.N., Ivaschenko D.S. Finite element method for multi-dimensional time-
fractional diffusion equation // International conference mathematics days in Sofia, July
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ACTIVE CLOAKING FOR TWO DIMENSIONAL SOUND FIELDS
Dyakonova O. E.
Far Eastern Federal University, Viadivostok
ohgod42@gmail.com

Within the last decade the increasing interest in development of effective methods in achievement
of invisibility of objects to waves of various origins is observed (electromagnetic, acoustic, etc.).

Generally the methods and strategies of cloaking developed by now can be separated into
two main classes: classes of the active and passive strategies. The class of the active strategies
is based on using for suppression of scattering of the cloaked object of the active sources, way
which reminds the noise suppression method developed in the 70th years of the last century. It
originates from a method of the active suppression of sound fields, the last century for the first
time offered by the Russian scientist G. D. Malyuzhinets in the sixties and further intensively
developed abroad, and in our country. The review of the researches in this area which received
abroad the name "noise reduction"executed till 2005 can be found in G. V. Alekseev’s book [1,
p. 254-282]. There are works that are devoted to questions of justification and application of the
active methods for cloaking of the material bodies (see e.g. [2, 3, 4]).

In this work we will apply methods developed in [2, 3, 4] for solving the problems of cloaking
from acoustic detection based on the model described by the two dimensional Helmholtz equation.
We will assume that the active sources surrounding the masked region in points x1,x9,...,ZN.
When performing these conditions the problem of masking is reduced to finding unknown coefficients
byn.n of the following expression for the field created by the active sources:

M N
u(@) =Y Y buaHY (k@ — 2)) exp(mb,) (1)

m=1n=—1

Here H,gl) — Hankel function of the first kind of order n, #,, — the angle between vectors
xr — x,, and (1,0). For finding coefficients b,, , we apply the method of the reduced singular
decomposition described in [1, p. 259-267].
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3A/TAYA BOCCTAHOBJIEHUS CIHHEKTPAJIBHOM IIJIOTHOCTU
KPUCTAJIJIOB
Epmosa A.A., Tanana B.II.
Yeasbunckul 20cydapemeennvill yrusepcumem, desaburnck
anya.erygina@Qya.ru

Brita paccmoTpena 3amada onpeeseHns CIeKTPAIbHOM IIOTHOCTH KPUCTAJLIA [0 TEII0eM-
KOCTH, 3aBUCsIIeil oT TeMieparypsbl. Jannas 3aiaua Biepsble Oblia nocrasjiena B [1].
CB$I3b 9HEPIeTHIECKOTO CIIEKTpa 603e-CUCTEMbI OIMUCHIBAETCS UHTETPAJHHBIM YPABHEHUEM IEp-

BOTO pojIa:
?n(s):/o S(g) n(e)%:@; 0<6< o0, (1)

3
rue S(z) = %;f(%), C(0) - rernoemkocts cucremsl, § = kT, T - abcosoTHas TeMueparypa, a k

- HOCTOsSIHHASI, OIIpeJiesisieMasi CUCTeMOM, n(€) - CIeKTpaJbHasl IJIOTHOCTb.

B pabore mo mMCXOTHBIM JAHHBIM C‘STW) € H u § > 0 ompeneneno NpubOINKEHHOE PeEIeHNe

ns(e) € H, nomydeHna
2r
Ins(e) = no(e)lly < ,6 € (0, 00]

1+ %ln2 (4%5)

¥ IOCTPOEHO YUCJICHHOE PeIleHue 33,/ 1a4U.
Kpome Toro, ompeesiennsl gagbHENINE IEPCIIEKTUBLI UCCIEIOBAHUS JTAHHON 3a/1a49M.
CIIMCOK JIMTEPATYPHI

1. O6 onpejeeHnu HEPreTHYECKOrO CIIEKTPa 603e-cucTeMbl 10 ee rerioeMkocTh. [/ 2KypH.
IKCIIEpEMEHT. U Teop. dusuku, 1954, T.26, Ne 5, c. 551-556.



13 “Teopusi U 9uCJIEHHBIE METOJBI PEIeHUsT OOPATHBIX U HEKOPPEKTHBIX 33189

PEIIIEHUE OBPATHON 3A/JTAYN 30HANPOBAHUNY ITAPHUKOBBIX
TA30B B ATMOC®EPE METOJ0OM MACIIITABUPOBAHUA
HAYAJIBHOTO IMMPUBJINXKEHN A
Baxapos B.U., Pokorsin H.B., I'pubanos K.T"

Ypanrvckutl Pedepanvroti yrnusepcumem, Examepunbype
v.zakharov@remotesensing.ru

B pabotre npuBogsTCcs OpUrHHAJIBHBIE PE3YIIHTATHL IO OMPEIEIEHUIO KOJUIECTBEHHOI'O COMIED-
2KAHUS YIJIEPOCOIAEPKAINNX MAPHIKOBBIX I'a30B M U30TOIOB BOISHOIO ITapa B aTMocdepe U3 MH-
¢dpakpacHbBIX CIIEKTPOB €e IPOITYCKAHMS BHICOKOIO Pa3pellleHus], MOy YeHHbIX Ha3eMHbIM Dypbe-
CIIEKTPOMETPOM Ha, ¥ paJIbcKoil armocdeproit craniun B Koyposke. [[jist perennst aroit obpar-
HOH 3a/1a9M HCIIOJIH30BAJICA METOJ, MACIITAONPOBAHNS HAYAJLHOIO Ipubmkenus. B pesysibrare
KOMITBIOTEPHOI'O MOJIEJIMPOBAHUS YCTAHOBJIEHO, YTO peIlleHre OOPATHON 33/1a9M 110 COMIEPIKAHUIO
HCKOMBIX I'a30B B arMocdepe MEeTOIOM MAaCIITabMPOBAHUS CJ1a00 3aBUCUAT OT HAYAJIBHOI'O IIPH-
6J'II/I)K€HI/I${ JJId BEPTUKaJIbHOT'O IIpOde/I.HH nx KOHL[eHTpaL[I/IfI. HCC.HG,/IOB&HO BJINSHUE OTHOIIIEHUA
CHUTHAJI/TIIYM B UCXOJTHOM CIIEKTPE HA TOYHOCTH PeIleHust 06paTHOi 3a1a4u. B KauecTBe mpuKkia-
HBIX PE3YJILTATOB IIPUBOISTCS IOy YeHHBIE JAHHBIE 30HINPOBAHNS YIJIEPOICOIEPAKAIINX TaPHU-
KOBBIX ra30B U M30TOIOB BOJAHOTO IIapa B arMocdepe Y pasbckoro pernona 3a mepuos 2010-2013
rr. Jlannas pabora nomuepkana rpanroM IIpasuresnscrsa P® (morosop Ne 11.G34.31.0064) u
rpaaToM POOU Ne12-01-00801-a.
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ITAKET MHKB JU®PAKIIMOHHOT'O MOAEJINPOBAHUSA
CEICMMYECKNX BOJIHOBBIX ITIOJIEN, AJTAIITUPOBAHHBIN JIJ14
GPU-KJIACTEPA
3arbkos H.IO.

Hosocubupckuti 2ocydapcmeentnds yrusepcumem, Hosocubupck
nikolay. zyatkov@gmail.com

B moxnaze npeacTaBiieH TpoOTOTHII TAKETA IIPOrPAMM It 1uPAKIIMOHHOTO MOJAEIHPOBAHUS
ceficMUIeCKUX BOJTHOBBIX TIOJIEl, KOTOPBINT OCHOBAH Ha TeOpuw, pa3dpabaThiBaeMoil TPYIIIOi pac-
npocrpanenus: u gudpariuu BosH MHIT CO PAH. /lannasi Teopusi HCIIOJIB3yeT CKOHCTPYUPO-
BaHHBbIE (DU3UYECKU-PEATN3YEMbIil TOBEPXHOCTHBIN MHTErPAJIbHBINA OIEPATOp PACIPOCTPAHEHUST
BHYTPU HEOJHOPOHBIX I'€0JIOIMYECKHUX CJIOEB U OLEPATOD IPOXOKIEHHsI (OTPAKEHUS U IIPEJIOM-
JIeHUs1) Ha KPHUBOJMHEHHBIX rpaHunax cjaoés [1]. Vcmosb3oBanue 9Tux OIEPATOPOB [O3BOJISET
AHAJINTUYECKU OIMCHIBATH PEIIeHHe MPsIMOl 3a/1a9n JJIs CJIOUCTON CPEJIbl ¢ IPAHUIIAMU IIPOM3-
BOJIBHOI (DOpPMBI.

AnmpokcuMariusi TeOpUE OIEPATOPOB PACIIPOCTPAHEHUsI-IIPOXOXKIEHUs [TOJIyYiIa, HA3BAHUE
Metron, nanoxenus kounesbix BojH (MHKB). B pamkax MHKB Bce oneparopsl ammpokcuMu-
PYIOTCS B BUJIe MATPUIL, U BBIYUCJICHNE BOJTHOBBIX TOJIEH MJIsd 3aJAHHON CJIONCTON MOJIEN CPEJIbI
(pemtenune npsAMOIt 3a/1a41) CBOAMUTCS K [IOCJIEA0BATEILHOMY liepeMHOXKeHuto arux marpur. Cie-
JIyeT OTMETHUTh, YTO [IePEJATOYHAS MaTPUIA PACIIPOCTPAHEHNS YINTHIBAET (POPMBI IPAHUIL CJIOS
¥ TI03BOJISIET MOJIEJIMPOBATH JIU(PPAKIMOHHBIE 3(DMEKTHI, MOPOXKIEHHBIE HA BOTHYTBIX YaCTSX
rpanurl [1]. Marpuna npoxox/ieHusi (OTpayKeHusl M [IPEJIOMJIEHHsI Ha TPAHHUIIE CJIOS) COIEPIKUT
apdekrusnbie Koabbunuentsr orpazkenus /upejomienus (KO /II), ucnosp3oBanue KOTOPHIX
[IO3BOJISIET YYECTh KPUBU3HY I'DAHUIIBI U MOAEJIUPOBATH 3(PQEKTHI TOJOBHBIX BOJIH [2].

BBumy Toro, uro marpurist MHKB umeroT 60sbie pa3Mepbl U JiJIsT BHIHC/IEHUS BOJHOBBIX
nosieli Tpebyercst 06paboTKa OIPOMHBIX MACCHBOB JIAHHBIX (M3MepsIIOTCsl Tepabaifitamu), paspa-
bGarbiBaeMbIil TTAKeT OBbLI ajanTupoBaH s rubpuaHoro kiacrepa ¢ GPU-yckopuressimu, 910
MTO3BOJIMJIO IPOU3BO/INTH BBIYUCJICHUS B COTHHU pa3 ObICTpee.

ABTOpBI HAJIEIOTCS, 9TO JIAHHBIN MAKET MTPOrPAMM HJIM €r0 YacTH MOTYT OBITh MCIOJb30BAHI
B Ka4YeCTBE MOJIEJIUPYIOIIErO si/Ipa B ONTUMUBAIMOHHBIX METOIAX MHTEPIIPETAIUN.

CIINCOK JIMTEPATYPHIL
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transmission-propagation operator theory in seismic diffraction modeling and interpretation.
// 76th Conference & Exhibition, EAGE, 2014, Amsterdam, Holland, We P06 07.
2. Rakshaeva E., Zyatkov N., and Aizenberg A.M. Modified effective reflection coefficient
adapted for AVO inversion of de- and long-offset data. // 84th SEG Technical Program,
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MATEMATNYECKOE MOAEJINPOBAHUWE 1 BU3VAJIN3AIIUA
MPAMBIX I OBPATHBIX 3AJAY ITYHAMUI
Kpusoporsko O.U.

L Hnemumym evucaumenvioti Mamemaemury, u
mamemamuveckol eeopusuruy CO PAH (UBMuMI' CO PAH);

2 Hoeocubupcxuti 2ocydapcmeennuti yrusepcumem, Hosocubupcr, Poccus
krivorotko.olya@mail.Tu

PaspymmreibHOCTh COOBITHSI IyHAMY TIOCTABUJIN BOIIPOC O MPOIHO3UPOBAHUH 3TOTO sIBJIEHUSI.
JI1060i IpOrHo3 COOBITUS IyHAME, TIOPOXKIEHHOIO ITOIBOJHBIM 3eMJIETPICEHUEM, TIOAPA3yMEBACT
HaJM4Ue OIMUOKU B pacderax (HETOUYHbIE CeCMUYECKUEe NAHHbIE U JAHHBIE ¢ HAIBOMHBIX JATIU-
KOB, CIlyTHUKOBBIE JIAHHBIEC, BHIYUCJIMTEILHBIE U MOJEJIbHbIE ONIMOKN), B PE3YJIbTaTe 9ero yBe-
JITIMBAETCS BEPOSITHOCTH JIOZKHOTO MPOTHO3a. [103TOMYy ONHNM U3 BAXKHBIX BOIPOCOB SBJISIETCS
yTOYHEHUE IIaPAMEeTPOB UCTOYHUKA BOJHBI IyHaMmu (0OpaTHas 3aja4a).

B j10KJ1a1€ 9MCICHHO UCCIeI0BaHa 3a1a9a MOJEJNPOBAHIS U HAKATa BOJH IlyHAMHU Ha Oeper
(mpsiMast 3a71a4a), TPOAHAIM3UPOBAHBI OOpaTHBIE 33J[a9d IyHaMH N0 (1) JMCKPETHBIM JaHHBIM
BHYTpHU paccMmarpuBaeMoii obsactu [1] u (2) HenpepbIBHBIM JAHHBIM Ha BPEMEHUIIOIOGHOMN 110
Bepxuoctu [2]. O6parable 3a1auu 1 u 2 ABJIMIOTCH HEKOPPEKTHBIME [3], cTerneHb HEeKOPPEKTHOCTH
KOTOPBIX MCCJIEYeTCsl ¢ TIOMOIIBIO METO/Ia CHHTYJISIPHOTO pa3ioxkenus [4]. Baxkabim sTamom pe-
IYJISIPU3AIIAN SIBJISIETCS MICCIIeI0BAHNE COBMEIIEHHOM 0OPATHO 38,1891, B KOTOPOH OJITHOBPEMEHHO
HCIOJIL3YIOTCS JaHHbIe 0OpaTHBIX 3a1a4 1 u 2. Pemmenus o6paTHBIX 387449 IOy YEHbI ¢ IOMOIIBIO
METO/I& COIPSI?KEHHBIX I'PAUEHTOB. [IpUBEIeHbI PE3YJIbTATHl YUCIEHHBIX PACIETOB.

Busyanuzanmsi oIy 9eHHBIX Pe3yIbTATOB IPOBOJAMIACH C UCIOIBL30BAHUEM TenH(OPMAIIOH-
noii cucrembr ITRIS (Integrated Tsunami Research and Information System), paspaborannoii B
NBMuMI' CO PAH B tecuom corpyutaundectee ¢ OO0 «I'eoCucremas ¢ BOBMOXKHOCTBIO U3MEHE-
Hus MacimTaba B peajbHOM BPEMEHH.

Paboma noddeporcara Munucmepcmeom obpazosarus u Hayku Poccutickot Pedepayuu u epar-
mom Ilpesudenma PP dasa noddepotcku sedyuur nayunuz wroa N HII-5666.2014.5.
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NUMERICAL SOLUTION TO INVERSE SOURCE PROBLEMS FOR
ADVECTION-DIFFUSION MODEL
Kulbay M.N.
Al-Farabi Kazakh National University, Almaty, Kazakhstan
makulbai@moail.ru

Inverse source problems occur in many branches of science and engineering, which aim to
detect the unknown source from some measurable information related to the source. The relevance
of the considered problems are caused by the fact that the direct and inverse boundary value
problems for a diffusion equation with advection term are widely used for mathematical modeling
of natural and technological processes [1, 2].

Inverse source problems with a spacewise dependent heat source have been considered in [3, 4].
Both theoretical and numerical studies have been provided in [3]. In [4] the authors considered
the problem with a variable thermal conductivity coefficient.

Numerical solution of inverse source problem for advection-diffusion equation by boundary
measured data is presented in [5]. Here, the diffusion coefficient assumed as a constant and the
analytical formulas are obtained and applied for the solution of this problem.

In this paper we study numerically the problem of identifying the unknown spacewise and
time dependent source F(z) or H(t) in the advection-diffusion equation with variable diffusion
coefficient from boundary measured data. To the best knowledge of the authors, this problem
with such kind of coefficient has not been studied yet. The novelty is also in the fact that we
recover spacewise dependent source term from time dependent boundary measurement.

We analyze different types of source function. A numerical method for solving this problem
is implemented. The quality of recovery depending on advection velocity, an initial approach to
the solution, a noise level, the smoothness and the behavior of the unknown right-hand side and
the time of observation is studied.
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CONTROL PROBLEMS FOR 2-D ELECTROMAGNETIC WAVE
SCATTERING MODEL
Lobanov A.V.
Institute of Applied Mathematics FEB RAS, Vladivostok, Russia
alekslobanovl @mail.ru

In recent years much attention has been given to constructing invisibility cloaking devices for
material bodies. Beginning with the pioneering paper by J. Pendry et al. [1] the large number of
publications was devoted to developing methods of solving the cloaking problems. It should be
emphasized that the technical realization of solutions obtained in these papers is connected with
substantial difficulties.

One of the approaches overcoming these difficulties consists of replacing the exact cloaking
problem by approximate cloaking problem for which solutions admit simple technical realization.
There are different approaches of replacing exact cloaking problem by approximate one which
were developed in a number of papers. Among them we mention paper [2] where the transformation
optics approach proposed in [1] is used and papers [4, 5, 6] in which the optimization method is
used for solving the impedance cloaking problems.

In this paper we will consider control problems for 2-D electromagnetic wave scattering model
describing the scattering TM-polarized electromagnetic waves in an infinite homogeneous medium
containing permeable dielectric obstacle. These problems arise when optimization method is
applied for solving cloaking problems for respective 2D electromagnetic scattering model. The
refraction index of the obstacle plays the role of the control. We prove the solvability of direct
and control problems, derive the optimality system and develop the numerical algorithm for the
solution of the control problem.

This work was financially supported by the Russian Science Foundation (project no. 14-11-
00079).
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SOLVING DIRECTPROBLEMS OF CHARGED PARTICLES
TRANSPORT WITH MONTE CARLO METHOD
Marchenko M.A.
Institute of Computational Mathematics and Mathematical Geophysics of SB RAS;
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Prospekt Akademika Lavrentieva 6, 6300090, Novosibirsk, Russian Federation
marchenko@sscc.ru

Monte Carlo method (or numerical stochastic simulation) is often used for simulation of
particle avalanches or particle showers (see, e.g. [1, 2]). Corresponding stochastic models are
detailed enough and enable one to get adequate description of the avalanche evolution. Using
Monte Carlo approach, one can also take into account some single important fluctuations in the
state of the avalanche to estimate specific physical characteristics (effect of runaway electrons,
e.g.).

In our research paper [3], three-dimensional parallel Monte Carlo algorithm for modelling
the electron avalanches in gases was presented. This algorithm was implemented in the parallel
program ELSHOW (ELectron SHOWer). The ELSHOW enables fast calculation of functionals
such as the number of particles in avalanche, first Townsend coefficient, drift velocity, etc.
In addition, using the method of correlated statistical trajectories the value of time step was
evaluated. Main features of the algorithm are special methods of stochastic distributions simulation,
lexicographic scheme for realization of the trajectories branching, 'Russian roulette’, reasonable
evaluation of the histogram and the stochastic errors for functionals’ estimates. The comparison
of the simulation results for the nitrogen with the theoretical and experimental values published
earlier was carried out.

Also, we discuss details of parallel implementation of the stochastic simulation on supercomputers
with massive- parallel and hybrid architectures. The software library PARMONC was used for
massive-parallel stochastic simulation [4].

This work was supported by the Interdisciplinary Integration Projects of the Siberian Branch
of the RAS No. 39, 126 and 130; grants of the Russian Foundation for Basic Research No.
12-01-00034, 12-01-00727, 13-01-00746 and 13-07-00589.
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OB O/THOMN OBPATHOI KOY®P®UIIMEHTHON 3ATAYE
TEIIJIOITPOBOJHOCTU C HEJIOKAJIBHBIM YCJIOBUEM
Opascer T
KasHY um. anv-@apabu, Aamamot
g.oralsyn@list.ru

B noknazne paccMarpuBaeTcs 3a7iada, MOJEIUPYIONIAs MPOIECC OmpeIesienus (DyHKIUNI pac-
MpeJeJIEHUsT TEMIIEPATYDPBI U M3MEHSIONECsl CO BPEMEHEM CTPYKTYDBI OJHOPOIHOTO CTEPyKHS
10 33/I]AHHOMY 3aKOHY M3MEHEHUsI cpejiHeil Temeparypbl. Tak BOZHUKaeT oOpaTHas 3aJa4a st
YPaBHEHUSI TEIIOIPOBOIHOCTH, B KOTOPOW BMECTe C PEIlleHNeM ypaBHEHUsi TpeOyeTcss HaWTH U
HENU3BECTHBIN KO3 DUIMEHT, 3aBUCSINNI TOJBKO OT BPEMEHHOI mepeMeHHO#. B objmactu 0 =
(z,): 0 <2< 1,0<t<T paccMoTpuM 3aja4y O HAXOXKJIECHUM HEU3BECTHOrO KOd(uimeHTa
p(t) ypaBHeHUs TEIIONPOBOAHOCTH

u(2,t) = uge(z,t) — p(H)u(z, t) + f(x,t) (1)
u ero perienust u(x,t), yJOBJIETBOPSIONIETO HAYAIHLHOMY YCJIOBUIO
u(z,0) =p(x),0 <2 <1, (2)
HEJIOKAJIbHBIM TPAHUIHBIM YCIOBUSM
uz(0,1) = ux(1,¢) + au(l,t),u(0,t) = 0,0 <t < T, (3)

U MHTErpajbHOMY YCJIOBHIO [E€PEOPE/IIeHAST
1
/ u(z,t)de = E(t),0 <t < T. (4)
0

3ech napamerp - J060e HoJIoKuUTeIbHOe Yucio, a f(x,t), p(x) u E(t) - saganabie dyHknum.
ITpu o = 0 xpaesble yciaoBus (3) XOPOIIO U3BECTHBI M HOCAT B JIMTEPAType HA3BAHUE YCJIOBUIL
Camapckoro-Honkunna. HaunGosee 6im3K0i K TeMaTHKe HAIIErO JOKJIaJa sABageTcsa pabora [1], B
KOTOPOI OBLIO 0OOCHOBAHO CYIIECTBOBAHME KJIACCUYIECKOrO pelrenunsi oOpaTHOi 3a/1adu, aHaJI0-
rugHON ncceayemoii Hamu. OJIHAKO, B CBS3M € TeM, 9TO Kpaesble ycsosus (3) B [1] siistrorest
PEryJISIPHBIMU, HO HE YCHJIEHHO PEryJsSIPHBIMU, OT BXOJTHBIX JAHHBIX 33189 OBLIH 3aTPEOOBAHBI
MTOBBIIIEHHBIE TJIAJIKOCTH U YOBIETBOPEHNUS TOTTOJHUTEIBHBIM YCIOBUSIM. B HacTOSIIEM TOKIATE
9TH YCJOBUSI IIOJIHOCTBIO CHATHI W MOKA3aHO, UTO OOpaTHAs 3aada MMEET eIMHCTBEHHOE 0000-
IIIEHHOE DeIIeHIE.

CIIMCOK JIMTEPATYPBI

1. Kerimov N.B., Ismailov M.I. An inverse coefficient problem for the heat equation in the
case ofnonlocal boundary conditions // Journal of Mathematical Analysis and Applications.
- 2012. - V. 396. - P. 546 - 554.
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BAPUAIIMIOHHOE YCBOEHUS JAHHBIX U3MEPEHUM 1JIs1I 3AJIAY
ATMOC®EPHOY XMW
Bapuarnuonnoe yCcBOeHUST JAHHBIX U3MEPEHUN JJIs 38149 aTMOCHEPHON XUMUK
IMerenko A.B.', Ilenenxo B.B.!
L Hnemumym svivucaumenvhots mamemamury u mamemamuseckoti 2eofusuxy CO PAH,
Hosocubupcxk, Poccus
a.penenko@yandex.Tu

OCHOBHBIM HCTOYHHKOM HHMOPMAIUHE O PACIPEIEIEHUN XUMIIECKUX BEIeCTB B arMocdepe
SIBJISIFOTCSI MI3MEPEHUsl, OJIHAKO, U3MEPEHHUIO OOBIYHO JOCTYIIHO OTHOCUTEILHO HEOOJIBIIIOE KOJIUIe-
CTBO BHUJIOB XMMHUYECKHX BEIECTB B OIPAHWYEHHOM YHCJIe TTOCTOB Habromenuii. Hemgocraromryto
nHGOPMAIIIO MOXKHO TIOIBITATHCSA BOCCTAHOBUTD IMMOCPEJICTBOM MATEMATHIECKON MOJIEN ITPOIEC-
COB TIepeHoca U TpaHCHOPMAIINT IPUMECEl U METOIOB 0OPATHOTO MOJEJIUPOBAHUS, B YACTHOCTH,
METO/IOB YCBOEHUS JAaHHBIX. C MATEMATHIECKON TOYKU 3PEHUsT 3a/1a91 YCBOCHUSI JTAHHBIX IIPEI-
CTABJISIIOT CODOM TOCJIEIOBATEILHOCTD CBA3AHHBIX OOPATHBIX 33J1a9 C PAa3JInIHBIME HAOOpaMU
JAHHBIX U3MEPEHUIA.

B mameit pabore mjist perienust 3a7a9u YCBOGHUs JAHHBIX UCIOJIB3YETCsS BAPUAIMOHHBIN T0/I-
xo71. IIpu 9TOM B 2KECTKYIO CTPYKTYPY MOJIEJIH IIPOIECCOB KOHBEKINU-Tu(hDY3Un-Peaknun 100aB-
JisiioTest (DYHKIUU yrpaBienusi. Pelenne 3a/1a9M yCBOCHWsT TAHHBIX PA3bICKUBAETCS KAK MUHU-
MyM I[eJIEBOTO (DYHKIIMOHAJIA, CBSI3BIBAIONIETO HEBSI3KY MEXK/Iy M3MEPEHHBIMU U CMOJIEJINPOBAH-
HBIMH BeJIMYMHAMU, & TaK»Ke HEKOTOPYI HOpMY (bYHKIUHU yrpaBjienus. [ljis obecrnyeHus BbICO-
KOI BBIYUC/IATEBHON 3(PDEKTUBHOCTU YCBOEGHUE JTAHHBIX ITPOM3BOIUTCS HA OTIEIBHBIX CTAIUSX
PACIIEIIEHUST UCXOTHON MOJIEJIH 110 (DUBUIECKUM MPOIECCAM U IIPOCTPAHCTBEHHBIM T€PEMEHHBIM.

PaGora Boinosinena npu dunancosoii nojyep:kke PODOU (rpanter 14-01-31482 Mmoo u 14-01-
00125), ITpesuauyma PAH, IIporpamma Ne 1 u 4, Ne 3 OMH PAH, a Tak:ke uHTErpanuoHHbIMK
npoekramu CO PAH Ne 8 u 35.

CIIMCOK JIMTEPATYPBI

1. A.B. Illenenxo, B.B. Ilenenxo Ilpsimoii MeTOM, BADUAIIMOHHOTO YCBOEHUS JIAHHBIX JIJIST MOJIE-
Jieit KOHBeKInu-1uy3un Ha OCHOBE CXEMBI PACIIEIICHUS, BBIIUC/INTEIbHBIE TEXHOJIOTUN

T.19, Ned, 2014 69-83.



21 “Teopusi U 9uCJIEHHBIE METOJBI PEIeHUsT OOPATHBIX U HEKOPPEKTHBIX 33189

O nmpoBepKe Ha peajibHBIX JaHHBLIX BAPUAIMOHHOT'O AJI'OPUTMA ITOMCKA MCTOYHUKOB
BBIOPOCOB JIJisl TIPOMBIIIIJIEHHOrO Iropoja
Ilenenko A.B.!, By6mmxos A.A.2, Paxmerymmuma C.2K.2, Typranbaes E.M.?
U Hnemumym, svvucaumenvhots mamemamury u mamemamuseckoti 2eofpusuxy CO PAH,
Hosocubupck, Poccus
2 Bocmouno-Kasazemancxuti 20cydapcmeerioiti mexnuneckuti Yynucepcumem umenu
. Cepuxbaesa, Yemo-Kamenozopek, Kazaxcman
a.penenko@yandex.Tu

B pabore paccMarpuBarOTCs BOIIPOCHI HCITOJIb30BAHUSI AJITOPUTMa, PEIIeHNs] OOpaTHOI 3a1a9u
JIOKAJIN3AIINA UCTOYHUKOB 3arpsi3HEHNs] B OIEPATHBHON aBTOMATU3UPOBAHHON CHCTEMe MOHUTO-
punra ropoga Ycrb-Kamenoropcka. IIpoBepka asropurMa OCymecTBIeHa HA PEAJBHBIX JTaAHHBIX
“3MepeHnit aBTOMAaTU3UPOBAHHOM cucTemoit MmonuTopunra. B ropome Yers-Kamenoropceke ocros-
Hbl€ UCTOYHUKH BHIOPOCOB PACIIOJIOZKEHBI HA JBYX IPOMBIIIJIEHHBIX IJIOMA/IKAX, YTO O3BOJIIIIO
IIpOBECTU KaYeCTBEHHYIO IIPOBEPKY PEIICHU. KOJII/I‘{GCTBGHH&H IPOBEPKa pelieHusd OCyIIeCTB/IA-
JIaCh ITOCPEJICTBOM CPaBHEHUsI PEIeHnil 0OpaTHON 3a/1a49u, MOJIy YeHHBIX HA OJHOW YaCTU JTaHHBIX
HaOJIIOJIeHUil, ¢ Apyroil dacTbio HabsrogeHnit. HeoOxomuMpiMu mTapaMeTpaMu Jijisl PEeIeHns 3a-
a9 [MOMCKA MCTOYHUKOB Ha OCHOBE MOJIEJN KOHBEKINU-Tn(hdy3un-peakiuu ABIIIOTCA (DyHK-
[IMU: CKOPOCTH BeTpa, TeMIepaTypa, JABJEeHUe. DTH IOJs MOJIYIEHbl MOCPEJCTBOM CBOOOHO-
pacmpocTpamseMoit Mojiesin mporuo3a noroasl WRE. Pesyabrarsr MogempoBaHust TPOrHO3a M0-
ro/ibl OBLIIN IIPOBEPEHBI Ha, MMEIOIIMXCS JTAHHBIX MeTEOHAOIIOIEHI.

AropuTM™, TIOCPEICTBOM KOTOPOIO ITPOU3BOMIICS TOMCK UCTOYHUKOB 3arPS3HEHUS, OCHOBAH
Ha IPUMEHEHUHU CONPS2KEHHBIX YPABHEHMUIA, C UX ITOMOIIBIO 00paTHAast 331298 CBOIUTCS K PEIIeHUIO
HEJIOOIIPEIeJIEHHO CucTeMbl JIMHEHHbIX ajrebpandeckux ypaaenuii [1,2,3].

Pabora wacruano nojyepxkana [Iporpammvoit Ne 4 Tlpesupgyma PAH u Ne 3 OMM PAH, rpan-
Tamu POOU 14-01-31482 mosr u 11-01-00187, uarerpanunonsasivu npoektamMmu CO PAH Ne 8 u
35. Pabora mpoBoguiachk B paMKax TIOCYJapCTBEHHOIO 3akKa3a I0 OIjpKeTHOH mporpamme 120
«I"'panToBoe punancuposanues, Komurer nayku Munucrepcrsa obpa3oBanust u HayKu Pecriy0-
smkn Kazaxcramn.

CIIMCOK JIMTEPATYPBHI

1. J.P., Issartel. Rebuilding source of linear tracers after atmospheric concentration measurements.

Atmos. Chem. Phys. Discuss. (2003), 3173-3203.

2. V. Penenko, A. Baklanov, E.Tsvetova. Methods of sensitivity theory and inverse modeling
for estimation of source term. Future Generation Computer Systems (2002), 661- 671.

3. A.B. Ilenenxo, C.2K. Paxmemysiura AJIropuTMbl JIOKAJIU3AINNA KUCTOYHUKOB 3aIDA3HEHU S
aTMOC(EPHOTO BO3/IyXa HA OCHOBE JIAHHBIX ABTOMATH3NPOBAHHOMN CHCTEMBI SKOJIOTHIECKOTO

monuropunra // Cubupckue Diexkrponnsie Maremarunueckue Mzsecrus // Tom 10, crp.
c.35-54 (2013) .
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SAJAYA UIEHTUNOPUKAIINN TPEX KO2®PUIIMEHTOB B
MHOTOMEPHOM ITAPABOJIMYECKOM YPABHEHUUN CITIEITUAJIBHOTO
BUIA
ITossmnesa C.B.

Cubupcrutl dedepanrvroiti yrusepcumem, Kpacnoapck
siriuspsv@mail.ru

Paccemorpum B ostoce Go,r) = {(t,2,2)|0 <t < T,z € Ey,, 2 € E} samaay Ko

n n
Uy = Z Bi(tv xz)u:mxz + a1<ta (E) Z uIi+
i=1 i=1

+as(t, x)u,, + as(t, x)u, + as(t, z)u + as(t, x) f(t, z, 2), (1)
u(0,2,2) = up(x,2), © € E,,z € Fy. (2)

Oynxmun f(t, 2, 2), uo(x, 2) 3amans B G ) 1 Ey, 1 coorsercTBenno, koaddumuentst 3;(, x;),
i=1,n, a;(t,x), j = 2,3, — HempepLIBHbIE IefCTBUTEIbHO3HATHEIE (DYHKINN IIEPEMEHHBIX T, ;
u t, x coorsercreento, 0 < t < T, T > 0,7 = const, upuduem as(t,xz) > 0, 5;(¢t,z;) > 0. E,,—
n—MepHOe eBKJINJIOBO IIPOCTPAHCTBO, N € N.

Heunspectabivu B 3ajade siBasitorcst koadduimentsl ay(t, x), ag(t,x), as(t, ) n pemenue
u(t, x, z) 3amaau (1), (2).

IIpenmosaraercst, 9TO BBIOJHSAIOTCS YCJIOBHUS MTE€PEOPEIEIeHUST

u(t,z, a1 () = @(t, @), ult,z, as(t)) = Pt x), ult, z, as(t)) = x(t,z), 3)

rae (t,x) € o), o) = {(t,2)|0 <t < T, 2 € En}; oq(t), I = 1,2,3, - pasmmansle jeii-
CTBUTEIbHO3HAYHBIE (DYHKIIHHU TiepeMenHoii ¢, puuaem oy (t) € CL0,T); ¢(t,x), ¥(t,x), x(t,z) -
3aJaHHbIC (PYHKIUH, YIO0BJIETBOPSIONIIE YCIOBUAM COTIACOBAHMUS

©(0,x) = ug(z,a1(0)), ¥(0,2) = up(x,@2(0)), x(0,z) =wuo(z,as(0)), z€E,.

oz permennenm 3amaun (1)-(3) B mosoce Go+),0 < t* < T, nonmmaerca deTsepka DyHKIHiT
a1 (t, z), as(t,x), as(t,x), u(t, z, z), KOTOPBIE YAOBIETBOPSIOT coorHomenusaM (1) — (3).

B pabore mokazana Teopema CyIeCTBOBaHUS U €IMHCTBEHHOCTH KJIACCUTIECKOTO PeITeHns: 00-
parsoit 3amaun (1)-(3) B Kiacce riajKux orpaHnIeHHbIX QYHKIHUHA. JI0KA3aTeIbCTBO TEOPEMbI
OBbLIO IPOBEJIEHO C TIOMOIIBIO IIepexo/ia 0T 06paTHOi 3a1a4n (1)-(3) K IpsAMOli BCIOMOraTeIbHON
zagade Komm mjis HarpyzkeHnoro ypapuenust. Pa3pemmuMocTs IpsaMoii 381891 JJ0Ka3aHa METOJ0M
csiaboii anmporcumaruu (1], [2].

CIIMCOK JIMTEPATYPBHI

1. Beaos FO.4., Kanmop C.A. Meros ciraboit anmpokcnmanuu. Kpacuosipek:
KpaclV, 1999.

2. HAnenxo H.H. Metom 1poOHBIX ITAroB penieHnss MHOIOMEPHBIX 3319 MATEeMAaTUIeCKOH (hu-
3uku. Hosocubupck, 1967.
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AJITOPUTM IIPUBJ/IN2KEHHOT'O OBPAIITEHUSA AJI5 PEIIIEHUS 3ATAY
BEKTOPHO! U 2-TEH30PHOY TOMOTI'PA®UU B R?
IMonsakosa A.Il., Ceeros U.E.
HUnemumym mamemamuxy um. C.JI. Coboaresa CO PAH, Hosocubupcr Hosocubupcrull
2ocydapcmeennnill ynusepcumem, Hosocubupck
anna.polyakova@ngs.ru, svetovie@math.nsc.ru

CdopmysiupyeM IOCTAHOBKY 3a/ia9y JIByMEPHON BEeKTOPHOI (2-ren3opuoil) Tomorpaduu. B
€/INHUYHOM KpPYTe, 3aIl0JTHEHHOM CPeJIoN ¢ IPSMOJNHERHBIM XapaKTepOM PACIPOCTPAHEHU JIy-
Jeif, pacipeieieH0 BEKTOPHOE (CUMMeTpUYIHOe 2-TeH30pHOe) 1oJie. Tpefyercss BOCCTAaHOBUTH 9TO
I0JI€ 110 U3BECTHBIM 3HAYEHUAM IIPOJOJIHLHOIO WA IIONEPEIHOro (IIPOJOIBLHOIO, CMEITAHHOTO WJIT
[IOIIEPEYHOr0) JIyYeBbIX Hpeobpa3oBanuii. [ljisg YucaeHHOro pelienns IIOCTABICHHbBIX 38189 IIPel-
JIaraeTcs WMCIOJIb30BATH AJTOPUATM IPUOIMKEHHOTO OOPAIEHNsT XOPOIIO cedst 3aPEKOMEH I0BAB-
Wi TIPY PeIeHnr 3a71a9 CKaIsipHoit ToMorpadun (eM. Hampumep [1]).

Wnes merona npubimKeHHOrO oOpaleHust cOCTOUT B cieyionieM. IlycTs Tpebyercss HalTH
pemerne (dbyuxmuo f) oneparopHoro ypasaenusi Af = g, qusa oneparopa A : H — K.
Jlist 9TOr0 MCHONB3YIOTCs yepeausione (PyHKIUN €,,, obajaomue coiicrBaMu (e;, ex)y = 1
u (f,e.)g =~ f(z). llycrb A* — npoiicTBeHHbIil oneparop st A, TOrja CymecTByoT (QOyHKIUT
1, Takue, uro A*1, = e,. Torma umeem

f@) = (fea)n = (f, A2) i = (Af, Ya) ik = (9, V) ke

Takum 06pa3zoM MPUOIMKEHHOE PEIleHNe CTPOUTCS ITyTeM CKaJIsIPHOIO IIPOU3BEIEHUs] UCXOIHBIX
JIAHHBIX ¢ U PYHKIW 1), , KOTOPbIE MOT'YT OBITH HAWIEHBI JI0 TIOJIYY€HUs TOMOTIPADUIECKIX JIAH-
HBIX. 3a9aCTyI0 HAWTH TOYHBIE BHIPAYKEHUSI JIJIsI BHITUCICHUS 1), OKA3LIBAETCS MPOOJIEMATHIHO.
B rakux cioyvasx 3madeHust 1P, MOTyT OBITH HAWIEHBI TPUOJIUKEHHO C MUCIOJTHL30BAHUEM CHHIY-
JISIPHOT'O pa3JiozkeHusi orepatopa A.

OrnumeM cxeMy aJrOpuTMa [MPUOJIMKEHHOTO OOPAIeHUsI JJIsi BOCCTAHOBJIEHHSI BEKTOPHOIO
noss v = (v1,vz). Oneparops! npeobpaszosanus Pajona R, npogoisuoro P u nonepednoro P+
JIy9EeBBIX TTPeoOpa3oBaHuii ONPEIEIAIOTCS CTAHAaPTHBIM 00pa3oM. BekTop £ — HapaBIsdonuii
JIst JIy4a, 1) — eMy opToroHajbHbIil. Torma nmeem

[Pl

Po] = € [Run) + €[Rual, _ [[Ror] =€ [Po]
=n' *[Ptol.

U1 +
[Po] = nt[Ru1] + n?[Rus]. [Ruvs] [Pv] +

Takum obpazom 3a7a4ua BEKTOPHOI TOMOrpaduu cBeJeHa K ABYM 3a/a9aM CKaJsgpPHON TOMOrpa-

dun.
Pa6ora nposoauiacek npu nogiepxkke PODU (npoexkt 14-01-31491-mo.1_a).
CIIMCOK JIUTEPATYPHIL

1. Derevtsov E.Yu., Dietz R., Louis A.K., Schuster T. Influence of refraction to the accuracy
of a solution for the 2D-emission tomography problem // Journal of Inverse and Ill-Posed
Problems, 2000, Vol. 8, No. 2, pp. 161-191.
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3ATAYA BOCCTAHOBJIEHUSA KO®PUIINMEHTA PEAKIIUN,
SBABUCHIIITETO OT KOHIIEHTPAIIU BEIIIECTBA, J1J1d YPABHEHUSA
KOHBEKIINN-/IN®®Y3NN-PEAKIINN
Bpuzurnkuit P.B., Capunkas 2K.1O.
Huemumym npuraadnot mamemamury [BO PAH, Baadusocmox
Jansvresocmounvili hedeparvrvi yrusepcumem, Baadusocmok
minwizard@mail.ru, zhsar@icloud.com

B orpanmyennoit obmactu 2 C R? ¢ rpammmeit I' paccMmaTpuBaercs ciemylomas Kpaepas
3a/1a9a;
“AMy+u-Vo+kpo=fBQ, p=0mnal. (1)

31ech DYHKIHS  UMEET CMBIC KOHIIEHTPAIINT 3aTrPSI3HSIIONIEr0 BEIeCTBa, U — 3aJaHHbI BEKTOP
ckopoctH, f — 00beMHas IIOTHOCTH BHEITHUX UCTOYHUKOB BEIIECTBA, A — IOCTOAHHBINA KO3 du-
muent auddysun, k = k(p) > 0 — koaddunuent peaxnum.

C momormpio Teopembl [laysepa jokazaHo cyliecTBoBaHue cjaaboro perieHus: HeJTHHEHHON
zagaun (1). Tak ke 1OJIyYeHDBI YCJIOBUSL €r0 JIOKAJBHON eJIMHCTBEHHOCTH. 38 OCHOBY B3AT METOJ
UCCIIeIOBAHMs HEJMHEHBIX 3814 JJId MOJie/Iell MUIPOJIMHAMUKY, OIIUCAHHBIA B [1].

Banaua BoccranoBsenus koadgdunuenta peakuuu k = k(p) cBelieHa K 3a1a4e yCJIOBHOM Mu-
HUMU3AIUH QyHKIIMOHATIA KAIECTBA

/(gp - gpd)2d:v — inf, (2)
Q

Ha c1abbIX permeHusx Kpaepoit 3ajaun 1. Smech @ C Q — mogobmacts obsactu (2, @4 3ajaH-
Hoe (M3MepeHHOe) B 1ojobsacTu () ToJie KOHIEHTpAIK BemecTBa. J{0Ka3aHo CyIecTBOBAHME
PeIlleHns] SKCTPEMAIbHON 3aaaun (2).

Pabora mpooguiacsk mpu gactuaHOil nojepkke MunucreperBa obpaszoBanust u Hayku PO
(korTpakT 14.Y26.31.0003).

CIIMCOK JIMTEPATYPBHI
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25 “Teopusi U 9uCJIEHHBIE METOJBI PEIeHUsT OOPATHBIX U HEKOPPEKTHBIX 33189

TPABUTAIIMIOHHA SI TOMOT'PA®USI MECTOPOXK/JIEHUN C
NCIIOJIb3OBAHUEM C®EPOUJIAJIBHBIX MO/IEJIEN
Cusuxkos B.C.

Canxm-Ilemepbypeckut Ynusepcumem UTMO, Cankm-Ilemepbype
siztkov2000@mail.Tu

IIpsmasn 3adaya epasumempuu [1] — pacuer rpaBUTAIMOHHOIO II0JIS MECTOPOXKICHUS (& MMEH-
HO, BEPTHUKAJILHON KOMIIOHEHTBI HAIIPSI?KEHHOCTH V, HA [IOBEPXHOCTH 3€MJIU) PENIaeTcs IyTeM
pa3dueHust KarXK/I0ro Tejla MECTOPOXKIeHUsT Ha HADOP BEPTUKAJIBHBIX cTepkHeil. Obpamnas 3a-
daua (OIpeieieHne NapaMeTpOB MECTOPOXKJIEHUS 0 U3MEPEHHOH AHOMAJIMHA II0JIs) PEIaeTcsi C
UCIIOJIBL30BAHUEM MOJICJIMPOBAHASA KAXKJIOIO TeJIa OJHOPOIHBIM ChHEepOrIOoM (3JLIUIICOMIOM Bpa-
HIeHKsl BOKPYT BEPTHKAJIBLHON ocu z). V3BecTHble hopMysibl mjist V, ¢KATOro u BHITAHYTOrO ce-
poujioB npeobpasoBanbl B yiu00Hy0 dopmy. Onpejiesienue napaMeTpoB Kaxaoro cdepona (1o-
JIyoceil, KOOpAUHAT IEHTPA U IUIOTHOCTH) BBIIOJIHSIETCS IIyTeM MUHUMHU3AIUU CIUIAYKHBAIOIIEIO
dyuknmonasa TuxoHoBa MOIUMUIMPOBAHHBIM METO/IOM KOODJIMHATHOI'O CIIYCKa C HCIIOJIb30Ba-
HUEM CY2KAIOIIIXCs ONPAHUYCHNN Ha [TapaMeTPhl. DTO IMO3BOJISIET CJIeaTh OOPATHYIO HEKOPPEKT-
HYIO 3a/ady OJHO3HAYHON u ycroiuupoit. HauaapHas oneHka riyOHHBI 1 MAcChl KaxKJ/IOro TeJia
MEeCTOPOXKIEHUS BBIIOJIHEHA 0000IMEeHHBIM ajqropuTMoM Bysraxa. Meroguka paboTsl pacmmupsier
n3BeCTHBIN 1m0/1x0/1 CpereHckoro u teopemy HOBHKOBa O eIMHCTBEHHOCTH DeIleHUsi OOpATHOM
3a/1a9i TPABUMETPHH, TaK KaK IIOTHOCTH HE II0JIAraeTCs U3BECTHOM, & BKJIIOYAETCS B HUCKOMBbIE
napamMeTpsl. I1Ipun 3TOM OIHO3HAYMHOCTD PEIeHUsT JOCTUTAETCS 3a CUYeT BBEJIECHUsI OrPAHUYCHUI
Ha IIapaMeTpbl U UCIIOJIH30BAHUs peryssgpusalun. Meronuka MpOonIIOCTPUPOBAHA IHCJIEHHBIM
MOJIEJIbHBIM IIPUMEPOM € MECTOPOXKIeHHeM B Buie AByX Tes (puc. 1 u 2). Sagaua rpaBumerpun
TPAKTYeTCs KaK 33J1a9a I'PABUTAIIMOHHON TOMOTpaMUN 3eMJIH.

CIIMCOK JIMTEPATYPBI
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ANALYSIS OF CONTROL PROBLEMS FOR TWO-DIMENSIONAL
HELMHOLTZ EQUATION IN UNBOUNDED DOMAIN
Sosnov V.V.

Far FEastern Federal University, Viadivostok
megachuhancer@gmail.com

Currently, many researchers are intensively studying problems associated with constructing
electromagnetic or acoustic cloaking shells. Overview of large number of papers devoted to
cloaking problems can be found in [1, 2, 3].

There is approach to cloaking which consists of replacing exact cloaking problem by approximate
cloaking problem of constructing “approximate” cloaking shell. It is used in this paper. This
approach is based on introducing the cost functional under minimization which adequately
corresponds to inverse problem of constructing approximate cloaking shell. The details of this
approach can be found in [4, 5, 6, 7.

In this paper control problems for two-dimensional Helmholtz equation are formulated and
investigated. These problems are associated with acoustic cloaking. Helmholtz equation is considered
in an unbounded domain with the impedance boundary condition. The role of control in control
problem under study is played by surface impedance. Solvability of control problem is proved and
optimality system is derived. The numerical algorithm for solving control problem is proposed.

This work was financially supported by the Ministry of Education and Science of the Russian
Federation (project 14.Y2.31.0003).
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In [1] it has been showed that an analogy exists between 2D electromagnetics and acoustics
for anisotropic materials and therefore that a 2D acoustic cloaking shell exists. What about
three dimensions? If 3D acoustic cloaking shell exists, it is different from its electromagnetic
counterpart.

We consider a cloaking of scattering from an arbitrary object in the interior of the spherical
shell — in other words, a 3D acoustic cloaking shell. This shell shown in Figure 1, in which an
inhomogeneous and anisotropic fluid with unknown material parameters is present for {2 = (2,.
The material properties to be determined are p,(7), pg(7), py(r) and A(r). Symmetry implies that
po(r) = pe(r).

Letting through separation of variables in a theoretical analysis [2] we get an exact solution
of the original problem of scattering and formulas of the material properties. These material
specifications characterize analytically an ideal 3D acoustic cloak that excludes all incident fields
from the interior of the shell and does not scatter in any direction. They have the form:

__b—-a _b-a r2 (1)
Po=P0 == Pr= " (r—a)?’

b—a) 12
(b3)(ra)2_ (2)

Indicated characteristics describe singular parameters because some of them become infinite
at r = a, see Figure 1. In the paper numerical algorithm for solving scattering problem for the 3D
Helmholtz equation with parameters (1)—(2) is developed. The results of numerical experiments
are discussed.
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3amaymn ypaBHeHUs MepeHoCca U sIepPHO-reo(pu3ndecKne TEXHOJIOT N

YpaBHeHUe IepeHoca IPUMEHAIOT JJId ONHCaHNd (BU3UKO-KHHETHIECKUX IIPOIECCOB PacIIpo-
CTPaHEeHUsI YaCTHI[ B PA3JIMYHBIX CPellaX; B TOM 4UHC/Ie, B (PU3NKE PEAKTOPOB, B acTPOMU3U-
Ke 1 aTMOocGhepHOil OI- THKe, B IePHO-TeODU3NIECKUX TEXHOJOIHAX H3ydeHHUs MOPHBIX IIOPOJ
1 HedTe-ra30HOCHBIX IIACTOB, & TAKrKe IIPU UCCIIEeI0BAHUU IIOBepxHOCTell mnaner. Hacrosmas
JIEKIIUSI SBJIAETCA CBOETO POIa BeJeHUEM B IpAMBbIe W OOpaTHBIE 3334l IePEHOCa, CBA3AHHBIC
¢ auepuo-reodusndeckumu rexuojorusymu( ALT). Heup3s ze ormeruThb, 9TO HOCIEIHEE BXO-
JIST B 0DsI3aTeNIbHBIN KOMIIJIEKC «T'eO(QU3NTECKOrO HCCJIETOBAHUSI CKBAXKUH», UTO IaMMa-TaMMa
METOJ, UCIIOJIb30BAJICS IIPU BOCCTAHOBJIEHUH IIJIOTHOCTH IIOBEPXHOCTHOI'O €j104 JIyHBI U 4TO 4dnc-
JleHHBble pemennsd 3aga4d 00 AT opuenTupoBanbl Ha CylnepKOMIbIOTEPHL. B mokmane 6yner roso-
PUTBCA O MaTeMATUIECKHUX ITOCTAHOBKAX IPAMBIX U OOPaTHBIX 3aJad [ yPaBHEHUS IepEHOCa,
OTHO- CAIMUXCA K HEHTPOH-HEHTPOHHOMY M raMMa-TaMMa BHJIAM KapoTaxKa(jiora) ¥ K HMITYJIbC-
HBIM HEHTPOHHBIM JIoraM. I'oBopst 06 06paTHBIX, UMEETCsI B BUJY BOCCTAHOBJIEHNE COBOKYITHOCTEI
IMapaMeTpoOB, BXOAANINX B KOS@CI)I/ILH/IQHTBI YpaBHEHUd IIepeHocCa, 110 JaHHBIM COOTBETCTBYIOIIUX
n3Mepenuil. Taxzke OyJLyT KPaTKO 32TPOHYTHI OCHOBHBIE MOMEHTBI H3BECTHOI'O IIOJIXOJIA « C yPaB-
HeHUAME IAQ@Y3UOHHOIO THUIIA» K IOJ- XOLd U METOMIOB <IIOCJEI0BATE/IbHbIE NPUOIHIKEHUS
10 XapaKTEPHLIM B3AaUMOEHCTBUSIM», PA3BUBAEMOIO aBTOPOM [Tl STUX 3aaT BOCCTAHOBJICHUSI
apaMeTpoB.
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PaccmarpuBaercst 3a1a9a aHATUTHIECKOTO TIPOJIOJIZKEHNST PENICHIsT CUCTEMbI YPABHEHUH MO-
MEHTHOW TEeOpUU yIPYrOCTH B MMPOCTPAHCTBEHHON MHOTOMepHOi obsactu. [lo 3HaveHumsM ncko-
MOTO DEIIeHUsI ¥ 3HAYCHUSIM €€ HAIIPSIKEHUH Ha JaCcTU TPAHUIIBI 00JIACTH TaeTcs STBHas (DOPMYJIa
BOCCTAHOBJIEHUSI PEIIeHNs BHYTPHU 00JIACTH.

Bo mHOrmx peasibHBIX 3a/1a9aX YACTh T'PAHUILI HEJIOCTYITHA JIJIsi M3MEPEHU HU CMEIeHU,
HU HANPSIXKEHUH JTMO0 U3BECTHBI JIMIITb UHTEMPAJIbHBIE XapDAKTEPUCTUKH. Pelerne Taknx 3a/1a4 B
paMKaX U3BECTHBIX MOCTAHOBOK BBI3BIBAECT OIPEIEJIEHHBIE TPY/IHOCTH U3-32 OTCYTCTBUS SKCIEPU-
MEHTAJIbHBIX JIAHHBIX, HEOOXOIUMBIX JJist (POPMYJIUPOBKU KpaeBbIxX (Kiaccuieckux) yciaosuii. ITo-
9TOMY BO3HUKAET HEOOXOMMOCTh PACCMOTPEHUsI 33,191 [IPOJIOJI?KEHUsI PEIIEHUSI CUCTEMbI YPAB-
HEHUIl TEOpUU YIPYrOoCTH B OOJIACTHU 10 €€ 3HAYEHUSIM U 3HAYEHUSIM €€ HAIIPsi?KeHWil Ha JIacTh
MOBEPXHOCTHU TPAHUIIHI.

B 20-x romax T.Kapsmeman moctpomsn GhopMmyity, KOTOpas CBA3LIBACT 3HAYCHUS AHAJIUTHAYIE-
CKO¥l (DyHKIMY KOMILIEKCHOTO TIEPEMEHHOIO B TOYKaxX O0JIACTH AHAJUTHIHOCTH C €€ 3HAYCHUSIMU
Ha KyCKe TpaHumIpl 31oii obnacru. Ha ocrose dopmysnsr Kapinemana M.M.Jlaspentses [1] BBea
nonsitue pyurnun Kapiemana 3agaqau Ko st ypasraenust Jlomiaca 1 B HEKOTOPBIX CJLydasiX
yKazaJj crocob e€ nocrpoenust. Koucrpykiust dynknun Kapiemana jgaetT BO3MOXKHOCTb IOCTPO-
UTh B 9TUX 33J[a9aX PEryJIsipU3AIfio U [OJYYUTh OIEHKY YCJIOBHON ycroiumBoctu. DyHKIMH
Kapuiemana myist ypasuenus Jlamaca nocrpoena B [2].

B namnoit pabore Ha ocHOBe MeTonma dbynknun Kapmemana [3] crpources: perynsipusoBanHOe
petierne 3aja4un Kommm Jjist cucTeMbl ypaBHEHNUI MOMEHTHOI TEOPHH YIIPYIOCTH Jjisi 0bjiacTei
CIIEIUAJIbHOIO BU/IA.
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