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O JIOKAJIN3AIINN ECTECTBEHHBIX
T'PAHUIL HA M30OBPAXKEHUAX
Arees A.JI., Auronosa T.B.
UMM YpO PAH um.H.H.Kpacosckozo, Examepunbype
ageev@imm.uran.ru, tvantonove@imm.uran.ru

Baada JIOKAMU3ANNN JIMHUN Pa3pbIBa MO 3aIyMJICHHBIM JAHHBIM BO3HUKAET MPU
00paboTKe M300pazKeHnit, KOTAa IPAHUIBI O0bEKTOB HA M300PAKEHNH SBJISAIOTCS JIU-
HUAMM, HA KOTOPbIX dyHKuMs f ABYX LepeMeHHbIX (u300pazkeHue) TepluT Pa3pbiB
nepBoro poja (IMHUN pa3phiBa); BHE JIMHUN pa3pbiBa GyHKIUs riaakas. Ilpu srom
TDAHUIIBI HEKOTOPBIX €CTECTBEHHBIX 0OBEKTOB HA M300PAYKEHUN JACTO HE MOTYT ObITh
OIMCAHbl MJIaAKuMu JuHusMu. s jokamu3anuu (OnpezeeHus MOJI0KEHNs) TaKUX
CPaHWI HYy?KHO BBOIUTDH KJIACCHI JIMHWI, BKJIIOYaonme (Ghpakraibl, 1 0O0CHOBBHIBATH
PpaboToCIIOCOOHOCTH AJITOPUTMOB AMIIPOKCUMAIMH JIMHAN PA3PbIBA HA 3TUX KJIACCAX.

PaccmarpuBaercs ciydaii, KOrga BMECTO TOUHON (byHKInu f n3BecTHa wHMOpMa-
nws o byrkuun f0 || f0—f|l1, <0, Lo := Ly(R?); ypoBenb BO3MYyIIEHHs § CIUTACTCS
M3BECTHBIM. [1J1s1 pAaBHOMEPHO CeTKH C IAaroM T MPeIoJaraeTcs, 9To B KaxK/I0M y3Jie
H3BECTHBI Cpe/Hue 3uadenns GyHKmun f0 Ha KBagpare co cropoHoii 7. JIerko Buers,
4T JUHAK pa3peiBa GyHKIH fO MOIYT He AIIPOKCHMHIPOBATH JMHUE PA3PhIBA TOU-
Hoit dpyskuuu f. B 310# curyanuu 3a1a4a allpoOKCUMALMK JMHUI PA3pblBa sBJIAETCs
HEKOPPEKTHO MOCTABJIEHHON W aJTOPUTMBI, UCTIOIH3YEMbIe [IJIsi €€ PEITeHusT, JOMKHbBI
OBITH PETYJISPU3UPYIONIAMUA.

ITo BummMmoOMy, BliepBble TEOPETUYECKOE HCCJienoBaHue (OLEHKH TOYHOCTH) pabo-
Thl METOJIOB JIOKAJIM3alMU JUHUH OblI0 BbinoaneHo B [1], a dpakragbHbix juHuil B
[2]. Onnako nocrpoeHHblit B nocsenHed pabore npumep (HpakTajibHON JMHUM UMEJI
OYeHb MaJIeHbKYIO (PPAKTATBHYIO PA3MEPHOCTD, UTO CBHUAETEIHLCTBYET O TOCTATOYTHO
JKECTKUX YCJIOBHSIX HA JIMHWM PAa3pPbIBa, FapaHTUPYIOMNX PAOOTOCIOCOOHOCTH METO-
Jla. 3aMeHa YCJIOBHUSI I[VIAJKOCTH HA YCJIOBUE JIMIIIMIIEBOCTH OCJIA0sieT TpeOOBaHUs
Ha JIMHUW Pa3pbiBa, TapaHTUPYIONHe paboTOCIOoCOOHOCTL MeTomoB. IlocTpoeno cie-
UAJIHHOE TTAPAMETPUIECKOe CeMeicTBO (DPAKTAIOB U U3y I€eHbI ero cBoiicTBa. Haiimena
dpakTasbHas JTUHIS U3 3TOTO CEMENCTBA, KOTOPAs YIOBIETBOPSIET HOBBIM YCIOBUSM U
pH 3TOM nMeeT PPaKTATBLHYIO PA3MEPHOCTH CYIIECTBEHHO OOJIBITYIO, IO CPABHEHUIO
¢ nunaueill U3 paborsl [2]. B nambrejineM mpesmonaraeTcs KOHCTPYHPOBAHUE HOBBIX
METOZIOB yCPEIHEHUsI, MPUCIOCOOTIEHHBIX IS JIOKAJTU3AIUN HEIrVIaIKUX JIMHWIA pa3-
pbiBa.

CTIMCOK JINTEPATYPHI
1. Azees A.JI., Anmonosa T.B. K Bompocy 0 riobajibHOM JIOKAIU3aluu JIMHUH
paspbiBa byHKIuE 1ByX nepemeHHbx // Tp. H-Ta MaTeMaTWKu U MEXaHUKA
VpO PAH, 2018, T. 24, N 2, ctp. 12-23.
2. Azees A.JI., Aumonosa T.B. O nokanu3anuu HErJIAIKUX JUHWH PA3pbiBa Gy HK-

uuu 1Byx nepemenbix // Tp. Uu-ra maremaruxu u mexanuku ¥YpO PAH, 2019,
T. 25, N 3, crp. 9-23.



HEPA3PYIIAIOIIIEE OIIPEJIEJIEHUE VIIPYIMX CBOMCTB
TOHKMX ITOKPHITUMN ZNO METOJ0M MHJIEHTUPOBAHMUSI
Aitzukosuna C.M., Hukomnaes A.JI., Cagpipun E.B., Kpenes JI.I1.
Zonckoti 20cydapemsennut mexnuveckul yrusepcumem, Pocmos-na-Zlony
saizikovich@gmail.com

[IpoGiema wncciieoBaHUST CBOWCTB HEOJHOPOJHBIX MATEPUAJIOB IIPUBJIEKAET BHU-
MaHIe MHOTHX HCCJIeJIOBaTeseil CBOeH aKTyaJbHOCTHIO U CJIOXKHOCTBIO, KAK MaTeMa-
THUYECKH, TaK ¥ IKCIIEPUMEHTAIbHO. B Hacrosiee BpeMsi HAHOWMHIEHTOMETPHI sIBJIsi-
FOTCsT BBICOKOTOUHBIMU [TPUOOPAMU, ITO3BOJISIFOIIUMU IIPOBOIUTEH HEPA3PYIIAIOIINAX HC-
MBITAHUN TOHKUX HEOJHOPOIHBIX TMOKPbITHit. HO MHTEpIpeTanus pe3yabTaToB TaKuX
WCIBITAHWI BCE €Ille HAXOJIUTCS B CTaJUH pa3zpaboOTKU. ABTODBI MpeJIaraioT MeTO[l
OTIpE/JIeJIeHNs] MEXaAHIMIECKIX XapPaKTePUCTUK TTOKPBITHIT TI0 Pe3yJIbTaTaM HAHOWHIEH-
TupoBaHus. [ aHa/mM3a yIpyrux CBOMCTB TOHKOI'O IOKPBITHSI HEOOXOIUMO OIIPe/ie-
JINTH 3aBHCUMOCTH BEJIMYUHBI 2KECTKOCTH OCHOBAHUS OT pa3dMepa 00JIACTH KOHTAKTA.
L1t MaTeMaTHIeCKOro OMUCAHUSI POIIECCa UHICHTUPOBAHUSI IPEIIOKEHA 3(DDEKTUB-
Hasl MaTeMaTUIeCcKasl MOJIeJh, OCHOBaHHAs Ha PEIIeHNH KOHTAKTHOW 3a/1a9ul Teopun
YIOPYTOCTH O BIABIMBAHUU UHJEHTOPA B YIPYTOE MOJYIPOCTPAHCTBO C HOKPBITHEM.
IIpeanosaraercst, 9T0 B MOBEPXHOCTH YIPYTOrO IOJIYIIPOCTPAHCTBA, COCTOSIIETO W3
HEOJIHOPOJIHOIO 10 TUIyOHMHE €jiosl (HOKPBITHE) KOHEYHOH TOJIIUHBI U OJHOPOJHOTO
HOJIYIPOCTPAHCTBA (IOIJIOXKKA), BIABIMBAETCs HeJAeOPMUPYEMblii KOHUIECKUl WH-
JIEHTOD.

B kagecTBe MOJEIBHBIX 0OPA3IOB I TEOPETUKO-IKCIEPUMEHTAIBHOTO HCCIIEI0-
BaHus ObLM BeIOpaHbl mokpbiTHda ZnO Ha Si (001) mojiorKKax, HOJIydeHHbIE C HC-
[TOJIB30BAHNEM UMITYJIBCHOTO JIA3€PHOTO HAIBLIICHUS. TOYHOE OIPE/IeTICHAE MEeXaHUIe-
CKUX CBOMCTB aHTHOAKTEpHAIbHBIX MOKPhITHI ZnO Urpaer BaXKHYIO POJIb B IIPOEKTHU-
POBAHUY UMIJIAHTATOB, BEJIb MMEHHO OHU KOHTAKTUDYIOT C YKUBBIMU TKAHIMHU. DTO
IOMOTaeT MUHMMH3UPOBATH TPABMUDOBAHUE TKAaHEH, M, KaK CJIEJCTBUE, YJIyUIIUTh
ocreomHTerpanunio. VaMepenne TOJIUHBI MOKPBITHAST TPOU3BOIUIOCH HA CKAHUPYIO-
1meM 3aekTpoHHOM MuKpockore (COM) Zeiss Crossbeam 340 ¢ momompio jiereKropa
DBepxapra-Toprym. C UCHOIB30BaHIEM PEHTTEHOBCKOW 9HEPrOMCIIEPCHOHHO CIIEK-
tpockoruu Ha COM ObLIO TPOBEIEHO UCCIEIOBAHNE SJIEMEHTHOTO COCTABA MTOKPBITHI.

JI71s1 OTIeHKY MEXaHUIeCKUX CBOMCTB MOKPBITUN M MOJJIOKKN ObLIa MIPOBEJIEHA Ce-
pHsl 9KCIEPUMEHTOB 110 HAHOWHIEHTHPOBaHWio Ha ycraHoBke Nanotest 600 Platform
3. IIpoBesieno cormocTaBeHne TEOPETUIECKUX KPUBBIX M3MeHeHus: Mojrysist FOura cu-
CTeMbI TIOKPBITHE-TIOJIOKKA U Pe3yJIbTATOB HAHOWIEHTHpOBaHus. MOXKHO OTMETUTH
XOpOIIlee COBIIAJIEHIE PE3YIBTATOB B 00JACTH MAJIOTO paszbpoca IKCIIePUMEHTAIbHBIX
JaHHBIX. V3 pe3ysibraToB HAHOWHJIEHTUPOBAHUSI OIIpeJIesIeHO 3HavYeHrne Momysist FOura
(250 I'Tla) pByx nokperruit ZnO (430 uM u 650 HM), Oy YEHHBIX METOJOM HMILYJIbC-
HOI'O JIA3€PHOIO HalblIeHus Ha momiokkax Si (001).

Pabora BeimosiHeHa mpu (pUHAHCOBON MOep:KKe Poccuiickoro HaydHOro (hoHIa
(momep mpoekTa 22-19-00732). Dkcnepumenrtaibabie paboTsl nposeiennt B PITKIT
HOIT «Marepnamnst> JI'TY (https://nano.donstu.ru).



MATEMATNYECKASA TEXHOJIOTUA N3YYEHU A ITPOBJIEM
JIN3AMHA YCTPOMCTB HEBUJANMOCTU MATEPUAJIbBHBIX
TEJI
Aexcees I'.B.

HUnemumym npuraadnot mamemamuru IBO PAH, Baadusocmox
Zaavresocmounniii gedeparvnnli ynusepcumem, Baadusocmor
alekseev@iam. dvo.ru

Pazpaborana maremarwdeckas TEXHOJOTHS DPENIeHUs 33a4 Iu3aiiHa yCTPONCTB
HEBUIMMOCTH, SKPAHUPOBAHUS W APYTUX CHEIUAJbHBIX yCTPONUCTB, CJIyZKAIIUX JJIs
yupasienus (GU3MIECKUMU TOJISAMU, JJIs CTAIMOHAPHBIX MOJeJell TerioMaccomnepe-
HOCA Y JIEKTPOMArHETU3MAa. Y KA3aHHAA TEXHOJIOTUsI COCTOUT U3 CJIEAYIOIMINX ITAOB:
1. Bamaum au3aiina yCTPOWCTB MACKUPOBKHU, SKPAHUPOBAHUS, KaK W JAPYTHUX CIIEIH-
AJIBHBIX (PYHKIIMOHATIBHBIX YCTPOUCTB, (hOPMYIUPYIOTCS Kak OOpATHBIE 3aJa4U IS
paccMaTpuBaeMoit Moaeau. 2. YKa3aHHbIe O0OpATHBIE 339U C MOMOIIBI0 ONTHMHU3a-
[IMOHHOTO METOIA CBOMASATCS K WMCCJIEIOBAHUIO OOPATHBIX IKCTPEMAJIBHBIX 3334 IIy-
TeM BBIOOPA COOTBETCTBYIOIIEro (pyHKIIMOHATIA KadecTBa U yrpasieruii. Vccmemyor-
Cs CBOMCTBA ONTUMAJIbHBIX pemeHuil. 3. Pazpabarbiaercs u peasun3yercs IuCIeHHbIH
AQJITOPUTM DEIeHnsT IKCTPEMATHHBIX 33189, OCHOBAHHBIN HA MCIIOJB30BAHUN OTHOTO
73 MeTOJ0B IyI00aIbHOM MuHnMm3anuu. [loguepkueM, 4T0 pa3zpaboTaHHAs TEXHOJO-
I'Usi BKJIIOYAeT B ceOsi KAK TEOPETUYECKHil aHAIN3 OOPATHBIX SKCTPEMATBHBIX 33134,
BO3HUKAIOIIUX [TPYA IPUMEHEHUHU ONMTHMHU3AIMOHHOIO METO/1A, TAK W HEIIOCPEICTBEHHOE
MX YUCJIEHHOE PEIIeHHe C IOMOIIBIO OJHOIO M3 METO/OB [VIODAIbHON MUHUMUBAIMHA.
B kauecTBe yKa3aHHOTO METOIA UCIOJIB3YETCS METOM POsi YACTHII.

Pazpaboranras TexHoIOrnsa ObLIa MPUMEHEHA JJIsT PelleHrst OOpaTHBIX 3a0a4 st
TPEXMEPHBIX MOJeJIeil MAarHUTOCTATAKY U SJIEKTPOCTATUKH, BOSHUKAIOIINX TIPHU Pa3pa-
O0TKe TeXHOIOrUi An3aiiHa yCTPORCTB MACKHPOBKH MaTepHaIbHBIX Tes. I[Ipeamnonara-
€rcs, 9TO IPOEKTUPYEMbIE MACKHPOBOYHbIE yCTPONUCTBA COCTOAT U3 KOHEYHOI'O JHCJIA,
KOHIIEHTPUIECKUX CHEPUIECKUX CJIOEB, 3ATOJHEHHBIX OIHODOJHBIMU W30TPOMHBIMHU
WA QHU30TPOMHBIMU cpegamu. C MOMONIBI0 ONTUMU3AIMOHHOINO METOIA YKA3AHHBIE
obpaTHbIE 33/1a97 CBOAATCH K KOHEIHOMEPHBIM SKCTPEMAJIBHBIM 33/1a9aM, B KOTOPBIX
POJIb YIIPABJIEHUH UTPAIOT MATHUTHBIE WK UK TPUIECKHIE TPOHUIIAEMOCTH OTAE b~
HBIX CJIOEB, COCTABJIAIONIAX [IPOEKTUPYEMOE YCTPOICTBO. YCTAHABINBAIOTCS BAKHDBIE
CBOUCTBA OLUTUMAJIbHBIX PELICHUI, OJHUM U3 KOTOPbLIX ABJIAETCA CBOHCTBO P3JieiiHo-
ctu. Tloka3biBaeTcsi Ha OCHOBE MPOBEIEHHBIX BHIYUCIUTEIBHBIX YKCIIEPUMEHTOB, 9TO
MAaCKHPOBOYHbBIE YCTPONCTBA, CIIPOEKTUPOBAHHDIE C TOMOIIBIO Pa3pPA0OTAHHON TEXHO-
JIOTHH, 00JATAI0T TPOCTOTON TEXHUUIECKOH peaau3anueil n HauBbIcIIeHh 3dpOEeKTUBHO-
CTHIO B PaccMaTpPUBAEMOM KJjacce ycTpoiicTs. Bosee meranbro 00 yKa3aHHONW TEXHO-
aoruu cum. B [1].

CIIMCOK JIMTEPATYPHL
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JOCTOMHCTBA 1 HEJOCTATKU YCJIOBHBIX AJITOPUTMOB
JJId OBPATHBIX 3AJIAY
Anukonos /1.C.
Mremumym mamemamuru um. C.JI. Coboaesa CO PAH (Hosocubupck), Poccus
anik@math.nsc.Tu

3/1eCh YCJIOBHBIM JINOPUTMaMU Oy/IeM Ha3bIBATH KOHCTPYKTUBHBIE CIIOCOOBI perlie-
HUST 33/0a9, COJEPXKAIINX OrPAHUYEHUsI HA Hen3BeCcTHbIe naHHble. Q4YeBUIHBIM HEI0-
CTATKOM TAKUX METOJIOB SBJISETCS OTCYTCTBHE BO3MOXKHOCTH IIPOBEPKUA OOOCHOBAHHO-
CcTH mpuMeHeHus ajaropurma. Kak pe3ysbTar, Hesib3sd ObITh YBEPEHHBIM B IIPABUJIb-
HOCTH TOJIyY€HHOTO OTBETa. BBIIEJMM M3 MHOXKECTBA TaKWX AJTOPUTMOB, T€ IPHU-
MEHEeHIEe KOTOPBIX MOXKeT JIaTh MPABUJIBHBI OTBET WJIN HE JIaTh HHKAKOTO OTBETA.
Muage roBopsi, HCKJIIOYAETCs CJIyUail JIOKHOTO BBIBOJA. [109TOMY MOYXKHO peKOMEHI0-
BaTh IO00HBIE AJITOPATMBI K ITPAKTHIECKOMY HCIIO/Ih30BaHu. Hike OyayT mpuse-
JIEHBI TUIMYHBIE TPUMEPBI TAKUX CUTYAINIA, B KOTOPBIX YKA3aHO TVIABHOE JJOCTONHCTBO
YCJIOBHBIX METOJIOB - BO3MOYKHOCTD HUCIIOJIB30BAHNE JOBOJILHO CJIaObIX OTpAHUYEHUIT 1,
CJIEJIOBATENIHHO, MMIPOKasl MPAKTUIeCKash 3HATAMOCTD pe3ysbrara. MoKHO mpuBecTn
MHOI'O IIPUMEPOB BBINIEYKA3aHHBIX YCJIOBHBIX AJI'OPUTMOB, HO 3/1€Ch OVIyT yIIOMSIHY-
ThI TOJIBKO JIBA U3 HUX, KACAIOIINECs PENIeHns] HEKOTOPBIX 3aJ[ad WHTEIPAJILHON reo-
MeTpun. B oboux npumepax paccMaTpuBaeTcs 00001meHHoe peobpa3oBanue Patona B
JABYMEPHOM M TPEXMEPHOM €BKJIMIOBOM IIPOCTPAHCTBE, KOI[a KyCOYHO- HEIPEPHhIBHAS
[IOJIBIHTErpaJibHast (DYHKITUS 3aBUCUAT HE TOJBKO OT MPOCTPAHCTBEHHDLIX IT€PEMEHHBIX
HO W OT HEKOTOPBIX HapamMeTpoB. K M3BECTHBIM [IaHHBIM, T.e. K MHTErpajiaM IpU-
MEHsIeTCsI CIenuPuIecKuii mHTerpo-auddepeHnuaabHblil oepaTop U B pe3yJIbrare
[TOJIy9aeTcs JOBOJBHO I'POMO3JKOE BbIparkeHue. 3 aHajm3a 9TOro BHIDAXKEHUS TPU
YCJIOBAY HEPABEHCTBA HYJIIO HEKOTOPOTO MHOXKHUTEJIST, MO2KHO YKA3aTh HA HCKOMYIO TI0-
BEPXHOCTH Pa3PhIBa MOABIHTEIPATILHON (DYHKIUH. 37eCh YCJIOBHOCTH COCTOUT B TOM,
9TO YIOMSIHYTHI MHOYKUTEJIh 3aBUCUT OT HEM3BECTHBIX (DYHKIIMI U [TOITOMY 3apaHee
HEsICHO MOYKHO JI PACCUYUTHIBATEH Ha OIIPEJIeJIEHHBIN OTBeT. Fcyin 2Ke BIAPYT OKarXKeTCst
YTO MHOXKUTE/Ib PABEH HYJIO (4TO HA HIPAKTUKE MAJIO BEPOATHO), TO HUKAKOI'O OTBETA
ue Oyzmer. Takum 0Opa3oM, B pe3ysbrare MPUMEHEHUsI TOI0 METOA JIOXKHBIN BBIBOJL
HCKJTIOIAETCS.



SOLVING INVERSE PROBLEMS FOR NONLINEAR EQUATIONS
OF THE REACTION-DIFFUSION-ADVECTION TYPE WITH DATA
ON THE POSITION OF A REACTION FRONT
Argun R.L., Gorbachev A.V., Levashova N.T. Lukyanenko D.V., Shishlenin M.A.
Moscow State University, Moscow
argun.rl14@physics.msu.ru

Problems for nonlinear singularly perturbed reaction-diffusion-advection equations
arise in gas dynamics, combustion theory, chemical kinetics, biophysics, medicine,
ecology, finance and other fields of science. A specific feature of problems of this
type is the presence of processes of different scales. Therefore, the mathematical
models of these problems are described by nonlinear parabolic equations with a small
parameter at the highest derivative. In this regard, solutions to these problems may
contain narrow moving fronts that divide the space into two parts: the disturbed
part, through which the front has already passed, and the undisturbed part. The
front is a region in which the function describing some characteristic of the medium
(temperature, density, etc.) changes quite sharply from the values of the function
describing one state of the medium (for example, undisturbed) to the value of the
function describing another state. If there is a small parameter with the highest
derivative, the width of such a front will be rather small in relation to the size of the
entire region. As a consequence, the reaction front can be sometimes distinguished
experimentally. Some applied problems for equations of this type require solving
inverse problems for recovering some coefficient in the equation. To formulate the
inverse problem, additional information is required, which is usually measured in
an experiment. Often, in the formulation of inverse problems for partial differential
equations, additional information about the solution on a part of the boundary of
the domain is used. However, one of the possible statements of inverse problems for
equations of the type under consideration is a statement with additional information
about the dynamics of the reaction front motion (see, for example, [1, 2, 3, 4, 5].
Additional data of this type are in demand in practice, since they are most easily to
observe in an experiments (the front is an easily distinguishable contrast structure).

The simplest formulation of an inverse problem of this type relates to the case of
recovering a function of an argument from experimental observations of a function of
the same argument. For example, in [2], an approach was considered to restore the
function of a temporary variable argument from the observation data of the function
also of the variable argument in time. More complex formulations are formulations
in which it is required to restore the function of one argument (for example, spatial)
from the observation data of the function of another argument (for example, temporal)
[1, 3, 4]. This class of inverse problems is considered recently — the recovering of the
function of the argument of a spatial variable (that determines the properties of the
medium) from the data of observations of the function of the argument of the time
variable (that determined by the dynamics of the reaction front). To effectively solve
such inverse problems the methods of asymptotic analysis can be used (sometimes!).



In such cases, it is possible to reduce the original inverse problem for a nonlinear
singularly perturbed partial differential equation to a much simpler problem with
respect to the coefficient to be restored. The resulting simplified problem is called
as a reduced statement (formulation) of the inverse problem. However, the reduced
formulations of such inverse problems may have special features. It was shown that the
reduced formulations can contain 1) algebraic equations for an unknown coefficient
(see, for example, [2], 2) differential equations for an unknown coefficient (see, for
example, [4]), 3) integral equations for an unknown coefficient [1].

Often the methods of asymptotic analysis are inapplicable for solving inverse prob-
lems of this type (see, for example, [3]). In this case the methods based on minimizing
the target functional by the gradient method are used to sole the inverse problem un-
der consideration. Thus, the features of numerical reconstruction of some coefficients
in solving the coefficient inverse problem for a nonlinear singularly perturbed equation
of the reaction-diffusion-advection type will be discussed.

The work has been supported by the Foundation for the Advancement of Theo-
retical Physics and Mathematics "BASIS”.

REFERENCES

1. Lukyanenko D.V., Borzunov A.A., Shishlenin M.A. Solving coefficient inverse
problems for nonlinear singularly perturbed equations of the reaction-diffusion-
advection type with data on the position of a reaction front // Communications
in Nonlinear Science and Numerical Simulation, 2021, V. 99, N. 105824.

2. Lukyanenko D.V., Shishlenin M.A., Volkov V.T. Asymptotic analysis of solv-
ing an inverse boundary value problem for a nonlinear singularly perturbed
time-periodic reaction-diffusion-advection equation // Journal of Inverse and
Ill-Posed Problems, 2019, V. 27, N. 5, P. 745 - 758.

3. Lukyanenko D.V., Yeleskina T.V., Prigorniy I.V., Isaev T.F., Borzunov A.A.,
Shishlenin M.A. Inverse problem of recovering the initial condition for a non-
linear equation of the reaction-diffusion-advection type by data given on the
position of a reaction front with a time delay // Mathematics, 2021, V. 9, N. 4,
P. 342.

4. Levashova N.T., Gorbachev A.V., Argun R.L., Lukyanenko D.V. The problem
of the non-uniqueness of the solution to the inverse problem of recovering the
symmetric states of a bistable medium with data on the position of an autowave
front // Symmetry, 2021, Novosibirsk, 2021, V. 13, N. 5, P. 680.

5. Argun R.L., Gorbachev A.V., Levashova N.T., Lukyanenko D.V. Inverse prob-
lem for an equation of the reaction-diffusion-advection type with data on the
position of a reaction front: features of the solution in the case of a nonlinear
integral equation in a reduced statement // Mathematics, 2021, V. 9, N. 18,
P. 2342.



DETERMINISTIC LIMIT OF MARKOV MEAN FIELD GAMES
Averboukh Yu.V.
Krasovskii Institute of Mathematics and Mechanics, Yekaterinburg
ayv@imm.uran.ru

We will consider the limit of the values of the Markov mean field games where the
state space is a countable set S, the dynamics of each player is given by a continuous
time Markov chain with a Kolmogorov matrix

Q(t, u(t), u(t)) = (Quy(t, (1), ult)))z,yes

while the payoff functional is equal to

E|g(X(T), u(T)) + / Bt X (8), (), u(t))dt |.

Here X (¢) and p(t) stand for the state of the player and the distribution of all players
respectively.

We discuss the deterministic limit of examined Markov mean field games. The
dynamics of the limiting deterministic mean field game is

d
—a(t) = f(t.2(t), m(t), u(t),

where x(t) € R? and m(t) are a state of a player and distribution of all players in the
limiting game respectively. The payoff of each agent is given by

T
o(2(T), m(T)) + /0 h(t, 2(t), m(#), u(t))dt.

The main result of the talk is a sufficient condition on a sequence of the Markov
mean field games that guarantees the convergence (up to subsequence) of the solutions
of the Markov mean field games to a solution of the limiting deterministic mean field
game. Notice that whether the solution of the deterministic game is unique this
result gives an approximation of the solution of the deterministic mean field game by
solutions of boundary value problems for ODEs those provide solutions of the Markov
mean field games.



OIIEHKA YCJIOBHO YCTOMYNBOCTU
KOHEYHO-PASHOCTHOI'O AHAJIOTA 3AJTAYNA
NHTETPAJIbBHO TEOMETPUN
Baxanos I'.B., Menaebekosa C.K.
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PaccmarpuBaercs 3a1a4a onpeieniernst GyHKIMKA Yepe3 NHTerpaJjl (PYyHKIME BIOJIb
ceMeiicTBa KPUBBIX C M3BECTHO BecoBoil dyukmumeii. [Ipu mocrarouno obmux mpe-
MTOJIOYKEHNAX O CEMENCTBE KPWUBBIX U BECOBOM (DYHKITMH 3aJada CBOIUTCH K 0OpaT-
Hoit 3a1a4ue Jyuis auddepeniuanbaoro ypasaenus [1]. B cBasu orcyrcrBueM reopeMbl
CYIIIECTBOBAHUs DeNIeHUs B Pa0OTe UCIOJIb3YETCsl HNOHATHE YCIOBHOW KOPPEKTHOCTHU
3aJ1a9¥, a UMEHHO, IIPEJIIOJIaraeTcsl, 9TO PellleHne KOHEeYHO-PA3HOCTHON 3aja4u Cy-
mectByer [2]. IlosyueHHbIe pe3ysIbTaThl OCHOBAHBI HA IPUBEJICHAN PACCMATPUBAECMON
3a/1a9u K TPAHUYHON 3a/1ade JJisi SKBUBAJIEHTHOIO eif muddepeHnajIpHoro ypaBHe-
HUAS B 9aCTHBIX TPOU3BOIHBIX BTOPOrO MOPSIKa cMermanHoro tuma. Muadopmarus o
peIleHNH TOCTABJIEHHOW KOHEYHO-PA3HOCTHOHM 3a/adn 3ajaeTcs Kak Ha rpanure I
TaK ¥ B HEKOTOPOIl ee - OKPECTHOCTH, UTO CBSI3aHO C HAJMYMEM OIIPEJIEIEHHOIO PoJia
ocobennocreii [3],[4]. TlosyueHHas OEHKA yCTONUINBOCTH KOHEUHO-PA3HOCTHON 38,1841
JIJIsT YPABHEHUsI CMEIIAHHOIO THUIA WCIOJb3yeTCs NI ODOCHOBAHUS CXOJIUMOCTU Me-
TOZIOB YHCJIEHHOTO DeIreHus 3a/ad ToMorpadun, nedeKTOCKOINA U UMEET OOJIBIIoe
[IPAKTUYIECKOE 3HAYEHNE IPHU DPENIeHUN MHOTOMEPHBIX OOPATHBIX 33/[a9 AKyCTUKU U
CEeiCMOJIOrUN.
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NIEHTUOUNKAIINY IIAPAMETPOB MATEMATUYECKON
MOJEJIN COIINAJIBHO-9 KOHOMMNYECKUX
B3AVMO/JIENCTBUN PETMOHOB MUPA I1O

CTATUCTNYECKUM JAHHBIM.
Besrages M.B.1:2:*
L Hosocubupcruti zocydapemeennmiti ynusepcumem, Hosocubupck
2 Uncmumym ebivucaumenshoti Mamemamury u mamemamuneckoti 2eofusuru CO
PAH, Hosocubupck

* m.bezgachev@g.nsu.ru

[mobasbHast MEpOBasi CTATUCTUKA YPOBHS SKOHOMIYIECKOW AKTUBHOCTU M UUCJICH-
HOCTH HACEJICHWs MTOKA3bIBAET, 9TO CTPAHBI C BBICOKUMHU TEMIIAMH POCTa HACEJIEHUSI,
Takue, KaK CTPAHBI IEHTPAIbHON ADPUKN, UMEIOT HU3KUIl YPOBEHD YKU3HU U CJIA0YIO
9KOHOMUKY, TOIJ[a KaK B CTpaHax ¢ 0oJjiee HU3KKM TEMIIOM POCTa HACEJIEHUsI, HAIlPU-
mep, CIIIA, Kanana, dnonusa u jap., nabsomaercs 60jiee BHICOKUN YPOBEHb YKU3HU
nacenenus [1]. Ijs ananusa JAHHOTO $BJIEHUS U [OCTPOEHHs IPOTHO30B B paboTe
dopMyMpyeTcs MaTeMaTHdecKas MOJENb, KOTOPas OCHOBAHA Ha HEOKJIACCHIECKON
MOJIeNIH 3KOHOMEYIecKoro pocra Pobepra Cosoy [2| m Maremarndeckoii Mmomenu pocrta
Hacesienns [Ibepa-®pancya Pepxyibera [3].

B pabore paccMOTpEHBI Pa3IHTIHbIE MOJAEPHUAINH UCCIIEyeMO MOJIETH U COOT-
BETCTBYIOIIHE PE3YJIbTATHl YUCIEHHBIX PACIETOB.

3amaqda omnpeeaerns KO3(MMUIMEHTOB CHCTEMBI yPABHEHUI, KOTOPHIE OIMCHIBA~
o7 guddy3nio KanmnTaia U HACEJEHUsI, CBOJAUTCS K 3aJlade MUHUMUI3AINN [EJIEBOrO
bYHKIMOHAA, MUHIMYM KOTOPOT'O OIPEJIEJISIETCS C IMOMOIIBI0 METOJIOB TJI00ATBLHON
OTITUMUBAIIIH.
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O PEKOHCTPYKIINU IBYMEPHOI'O PACIIPEAEJIEHN A
NPEABAPUTEJILHBIX HANIPSIX)KEHI B CILJIOIIITHBIX U
IIEP®OPUPOBAHHBIX HEOJHOPOJIHBIX IIJIACTHMHAX
Boraues 1.B.
FOotcnorti pedepanvronti yrnusepcumem, Pocmos-wa-{owy
bogachev89Qyandez.ru

Pemenne obparubix 3amau (O3) onpesesneHns: npeBapUTEIbHBIX HAIPSKEHUIT
(ITH) B TesiaXx U KOHCTPYIUSX sIBJISIETCS BayKHON HpakTH4eckoii 3asaveil. Hasmane
ITH xapakTepHO 171 0O0bEKTOB, U3TOTOBJEHHBIX U3 HOBBIX MATEPHAJIOB, B TOM YHC-
Jie, PyHIIMOHAIBHO-TPAUEHTHBIX, W, 3a9aCTYI0, SBJISETCA CJIEICTBUEM OCODEHHOCTEM
TEXHOJIOTUIECKUX MIPOIECCOB nx mpomn3BojacTBa. Hammame ITH MoxkeT oka3biBaTh Cy-
IIIECTBEHHOE BO3JeiCTBIE HA JMHAMUYECKHUE, SKCILUIYTAIMOHHBIE W IIPOYHOCTHBIE Xa-
PaKTEPUCTUKU OOBEKTOB, B CBSI3M C STUM BarkKHa JUAIHOCTHKA WX YPOBHS U XapakTe-
pa pacupenenenusi. B pabore paccmorpensl HoBble O3 nieHTHMUKAINN JTBYMEPHOTO
pacupenesierusi [TH B cItonmHBIX ¥ MMEIOIIMX OTBEPCTHS WA BKJIIOUEHUS HEOTHOPO/I-
HBIX TIPEIBAPUTEIHFHO HAIPS2KEHHBIX IIacTUHAX. [ naeHTHOUKAINT UCITOIb3YeTC s
HEPA3PYIIAIONNI AKYCTUIECKHUI II0IX01, B PAMKAaX KOTOPOI'O UCCJIEAYETCS TUHAMUIIE-
CKUl OTKJIMK Ha CBODOJHBIX I'DaHSIX ILUIACTUH B Pe3yJibTaTe MPUJIOXKEHUs] HECKOJIb-
KX HabOOPOB 30HIMPYIONINX HAIPY30K Ha HECKOJIbKUX 4acTorax. /st Momesuposa-
uus [TH ucnosb30Bamces perenns BCIOMOTraTeIbHBIX 38181 O CTATHIECKOM HArpy2Ke-
HUU IJIACTUH HEKOTOPOIl HAYAIbHOM HArpy3koil. VcciemoBaancs 3ameMiIeHHbe ¢ 0/1-
HO# CTOPOHBI IIPSIMOYTOJIbHBIE TIJIACTUHBI, KAK CIJIONIHBIE, TAK M UMEIOIIIe OTBEPCTUE
I 2KECTKYIO BCTaBKy. Pacuer DyHKIMI CMeIeHns IIACTUH IIPOU3BO/INJICS Ha OCHO-
Be IIOCTPOEHHOI ¢ MCIIOJIb30BaHMEM CJIaOBIX IOCTAHOBOK 3aJ1a4 KOHEYHO-3/IEMEHTHOMN
(K9) cxempbl, peasmsoBannoii B makere FreeFem-++. g pemenus copmympoBan-
HbIX HeauHeHHbIX O3 0T pa3paboTaH NTEPAIMOHHBIIN TOAX0T, Ha KaXKION HTepaIun
KOTOPOTO OIIPEJIEJISJINCH IOMPABKI K MCKOMBIM (DYHKIIASIM U3 IOCTPOEHHOI'O OIepa-
TOPHOT'O YpaBHEHUS CIIENINAJIBLHOTO BUa. Perienne 9Toro ypaBHeH!s TPOU3BOIIIOCH C
[TOMOIIBIO IIPOEKITMOHHON METOIUKH, B PAMKAX KOTOPOIl IOIPAaBKU IIPEJICTABJISIIIUCH B
BHJIe pa3JI0KEHNUI 110 38 [aHHBIM CUCTeMaM (DYHKITUH, YTO MO3BOJIMIIO CBECTHU 331a9y K
uccsieoBanuio mroxoodyciosaeHubrx CJIAY oTHOCHTEIBHO HAGOPOB KO3MDMDUIMEHTOB
pa3yioKeHuit Ha OCHOBe Merofa TuxomoBa. J[jisi pacCMOTPEHHBIX IJIACTHH B PaMKaX
[IPE/IJIOZKEHHOTO [TO/IX0/Ia OBLIN ITPOBEIEHBI HAOOPHI BBIYUCIATEIHHBIX IKCIIEPIMEHTOB
o pemennto O3 06 uipenTHdhUKaIMN AByMepHbIX 1oJieit [TH, BO3HUKINUX B pe3y/ibrare
HEU3BECTHOI'O HAYAJBHOIO BO3JIEUCTBUS.

UcciremoBanue BBITIOHEHO 3a cuer rpanTa Poccuiickoro HayaHoro dpomma Ne 18-71-
10045, https://rscf.ru/project /18-71-10045/, B FOxxu0oM denepaiibHOM yHUBEpCHUTETE.
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THE CAUCHY PROBLEM FOR 3D POISSON EQUATION USING
FINITE DIFFERENCE METHOD
Chandragiri S.
Sobolev Institute of Mathematics of SB RAS, Novosibirsk
srilathasami66@gmail.com

In this paper, the Finite difference method (FDM) is proposed to solve the ill-
posed Cauchy problem for the three dimensional Poisson’s equation with the data
given on a part of the boundary (continuation problem) with Dirichlet and Neumann
boundary conditions in a cube. Numerical analysis of partial differential equations
is necessary to understand in order to model these complex problems. The idea of
Finite difference method is to discretize the PDE by replacing the partial derivatives
with their approximations, that is finite differences [2]. Poisson’s equation can be
approximated with a finite difference approximation. This approximation will be
used to establish a system of linear algebraic equations that gives solutions at the
internal points of the domain.

A computer program was developed to solve this system by utilising the Matlab
software and using the inputs such as boundary conditions and a non-homogenous
source function. In order to get the approximations closer to the actual solution, the
program was checked with an increasing number of subintervals. The effectiveness of
this method is tested for some Poisson’s equation with known analytical solutions and
the derived numerical results show that the method produces accurate results. In the
real-world systems, the numerical methods can be used to provide precise results.

The work has been supported by Sobolev Institute of Mathematics of SB RAS in
Akademgorodok, Novosibirsk, Russia under contract no: 10-3/439.
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ITPAMBIE I OBPATHBIE 3A/TAY BUOMEXAHUKU B
9HAOIIPOTE3UPOBAHUUN
Yexonunn K.A.
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B nacrosimeit pabore uccieayoTCs 331291 TEXHOJIOTUYECKOI'O IIPOIECCa SHIOIPO-
TE3UPOBAHUS C IIEMEHTHOM (PUKCAIMel NMILIAHTATA: MHKEKIINS YKUJKOTEKYIEro KOCT-
HOI'O IIEMEHTa Ha aKPUJIOBOII OCHOBE B KOCTHYIO TKaHb C IIOCJIE/YIOIIIM OTBEPXKIEHUEM
npu mpore3upoBannn. lIpesoykena HOBas MATEMATUIECKAsT MOJEb PEOJIOTHIECKUAX
CBOICTB KOCTHOIO 1ieMenTa. Vlnenrudukaris napaMeTpoB MO IPOM3BOIUIIACH Me-
TOZIOM HAWMEHBINNX KBa/IPATOB C BKJIIOUEHHEM 33/IaHHBbIX orpannyennit. [lapamerpn-
YeCKOe UCCJIE/IOBAHNE 3aII0JIHEHUS] U OTBEPZKIEHNS KOCTHOIO IIEMEHTA ITPOU3BO/INIOCH
¢ mocTpoenneM (yHKIMOHA a Jlarpamka u pemrajgach METOIOM CMEIaHHBIX KOHEU-
HBIX 9JIEMEHTOB KaK ONTHUMHU3AIMOHHAS 3aja4a. [losryaensl obmacTtu 3HaUeHUit omnpe-
JEJIAIONINX [TaPAMETPOB 33/1a91i IPUBOAANINX K 0e371e(PeKTHBIM YCIOBUSIM TEXHOJIO-
U1 IPOTE3UPOBAHUS C IIeMeHTHON dukcanueit. [Ipu ncciieroBanny TeXHOIOITIECKOTO
MIPOIIeCca SHIONPOTE3NPOBAHKS ¢ OMOMeXaHnIecKo# (pukcarueit nMIIanTaTa, mpsaMast
3aj1a9a (POPMyYIMPOBAJIaCh B BUJE KOHTAKTHOI'O aJIM€3MOHHOI0 B3aMMOJIEHCTBUS JIBYX
Tesq ¢ TpeHueM U 3(O@PEKTUBHBIMU CBOMCTBAMU: OPTOTPOIHBIN YIPYTAN WMILIAHTAT
U TOpHUCTasi yupyras OeipeHHas KOCTb. lIpormecc ocreomHTerpamnuu KOCTHOW TKAHU
onmchiBaJicst Mojenbio Kosuna. is ncciaenosanus Biausiaus pOpMbI U CTPYKTYPHO-
MeXaHUYECKUX CBOMCTB UMILJIAHTATA U €r0 II0BEPXHOCTU Ha IIPOIECC a lallTallii KOCT-
HOM TKaHU cPOPMYJIUPOBAHA 3aJ[a4a TOIOJOINYECKON ONTUMU3AINN C U3BECTHBIMU
OrpaHUYEHUSIMU Ha 00beM U IJIOTHOCTH. B KavuecTBe BapbUPYEMbIX MAPAMETPOB IIPU-
HAMAJIUCh T€OMETPUIECKAE PA3MEPBI U BUJ MUKPOCTPYKTYPHI UMILJIAHTATA. HCJICH-
HOe pellleHne 3a/iad TOIOJOTMYeCKOil ONTUMU3AINN TPOU3BOJUIIOCE MHOI'OCETOYHBIM
MEeTOJIOM KOHEYHBIX JIEMEHTOB C MCIIOJIb30BaHueM (DUIILTPAINN U ITPOEKIINN IIJIOTHO-
ctu. JIj1s OoNTUMU3UPOBAHHBIX UMILIAHTATOB IIPUBE/IEHBI YPOBHU SKPAHU3AIIAN HAIIPSI-
JKEHUI B MPOKCUMAJIbHOI 00JIACTH KOCTHON TKAHU IIPU PA3JIMYHBIX HAIPY3KAX U €€
OCTEOMHTEIPAIUU.
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K OIMPEAEJIEHNIO BAKOHA MSMEHEHUAI IIJIOTHOCTU B
YIIPYTOM IINJINMHAPE
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FOocnorti pedepanvront yrnusepcumem, Pocmos-wa-/{owy
dudarev_vv@mail.Tu

Paccmorpena mpsimast 1 obpaTHasi 3aja9a JJisi YIPYroro MOJOro MUJIHHIPA, W3-
TOTOBJIEHHOTO U3 (DyHKIIMOHAIHHO-TPAJIMEHTHOTO MaTepuasa. Y DABHEHUsI YCTAHOBHB-
IIUXCS TIPOJIOJIBHO-PA/IMAIBHBIX KOJIEOAHUN W OIPeIeIsIIoNIne COOTHOIIeHusT ¢hopmy-
JINPOBaHbI Ha OCHOBE OOIIEll OCTAHOBKM 3aJ[aYi B PAMKaX JIMHEHHOIl Teopuu YIIpY-
rocru [1]. IlepemeHHBIE CBOJCTBA OMMCHIBAIOTCA TapamerpaMu Jlame U IIIOTHOCTBIO,
U3MEHSIONUMECS 110 PaJMajbHON U MPOJI0JIbHON KoopauHartaMm. Ha Toprax muimH-
Jipa peain30BaHbl TPAHUYHBIE YCJIOBHUSI, COOTBETCTBYIONINE CKOJIB3SIMIAM 33J1€JTKAM.
Ha Brermreit 60K0OBOIT TOBEPXHOCTHU JEHCTBYET HATPY3Ka, BBHISHIBAIOIIAS KOJIEOAHMSI.
Perenne npsiMoit 3aj1a4m 1OJIyYEHO C MOMOIIBIO METOJIa KOHEYHBIX 3JIEMEHTOB, pea-
smzoBanHOM B makere FlexPDE. OTMeueHbl OCHOBHBIE BO3MOXKHOCTH ITOrO ITAKETA,
KOTOPBIE HUCIOJIB3YIOTCS JIJIst UCCJICIOBAHNS TIPSIMOil 3a1a4n. B KadecTBe KOHKPETHBIX
3aKOHOB U3MEHEHUsI CBOHCTB paccMoTpeHbl GyHKIMY, onucanubie B crarbe [2]. Ha oc-
HOBE YHCJCHHBIX 9KCIEPUMEHTOB TPOBEJICH aHAJIN3 BIIUSHUS [T€PEMEHHBIX CBOMICTB HA
3HAYEHUsT KOMIIOHEHT TOJIsI CMEIIEHUsT U 3HAYEHHs TIePBOil COOCTBEHHO YACTOTHI.

CdopmynupoBana HoBast KoaddunmeHTHaAst 0OpaTHas 3a/a4da 00 OlpeIe/IeHIH 3a-
KOHA, MI3MEHEHUsI IIJIOTHOCTU II0 JJAHHBIM O IT0JIe CMEIeHNsI, U3MEPEHHOM B KOHEYHOM
Habope TodeK mpu (PUKCHPOBAHHON dacToTe. e permeHne cTponTcs Ha OCHOBE IH(-
depeHImaILHOrO ypaBHeH!sT KOJIeOAHUN 1JIsT PAHAIbLHON KOMIIOHEHTBI TIOJIsI CMeTIe-
Husi. J[Jisl TOBBIMIEHNsI TOYHOCTH BBIMUCIEHUsT MEPBBIX U BTOPBIX MMPOM3BOJHBIX OT
TabJIMYHBIX (DYHKIMIA JBYX [IEPEMEHHBIX [IPEJJIOZKEH TO/IX0, B paMKaxX KOTOPOT'O HC-
[TOJTb3YETCsT AJITOPUTM JIOKAJILHO B3BEIIIEHHON PEerpeccuu U CILIARH-aIlIPOKCUMAIIIN
Tperbeii crenenu. Js MOIeIMPOBAaHUs BXOTHON MH(MDOPMAIUU HUCIOJb30BAIUCH Pe-
3yJBTATHl PACYETOB, MOJYIEHHBIX C TMOMOIILI0 METO/a KOHEYHBIX 3jeMeHTOB. [Ipes-
CTaBJIEHBI TPUMEPBI PE3YJIBTATOB BBIYUCIUTEIbHBIX IKCIIEPUMEHTOB 10 PEKOHCTPYK-
U Pa3/IMYHBIX BUJIOB 3aKOHOB, OIIMCBIBAIONINX U3MEHEHUE IIJIOTHOCTU MaTepuaJia I10
paJauaibHON U MPOIOJIbHON KoopauHaTaM. OTMedYeHbl BayKHbIE aCIIeKThI 110 pPeajin3a-
A7 TIPEJJIOYKEHHOr0 TIOIX0/1a Ha pakTuke. VcciemoBanue BBITOTHEHO 38 CIET IPAHTA,
Poccuiickoro nayunoro domga Ne 18-71-10045, https://rscf.ru/project/18-71-10045/,
B IO)kHOM (besiepasibHOM yHUBEpCUTETE.

CIINCOK JIMTEPATYPHBIL
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a functionally graded isotropic cylinder // International Journal of Mechanics
and Materials in Design. 2021. V. 17. P. 321-332.
2. Asgari M., Akhlaghi M. Natural frequency analysis of 2D-FGM thick hollow
cylinder based on three-dimensional elasticity equations // European Journal
of Mechanics - A/Solids. 2011. V. 30, N 2. P. 72-81.
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O06 oxnoii uHelHONI obpaTHOII 3aga4e /Jisi TPEXMEPHOT0O YpPaBHEHUS
CMEILIaHHOI'O THUIIA BTOPOro POJa BTOPOrO IMOPSAKA C IIOJIyHEJIOKAJIbHBIMU
KPaeBbIMH YCJIOBUSIMHU B HEOTPAHUYEHHOM IapaJljiejIeIuIle e
Ixxamanos C.3.

Hremumym mamemamuxu AHPY3, Tawxenwm, Yabexucman;
siroj63@mail.ru

B ob6nacru
G=1(0,1)x (0,T) xR =

=QxR={(z,t,2);2€(0,1),0<t <T < 400,z € R=(—00,00)},

PaCcCMOTPUM TPEXMEPHOE YPABHEHHE CMENIaHHOTO TUIIA BTOPOTO POJIA:
Lu=Ek(t)uy — Au+a(x,t)us + ¢ (z,t) u = ¥ (x,t, 2), (1)

rae k(0) < 0 < K(T), Au = ugy + u,,- oneparop Jlamwiaca, 3uecs ¢ (z,t,z) =
g(x,t,z) + h(z,t) - f(x,t,2), g(z,t,2) u f(z,t,2) -3ananuble Gynkuum, a QyHK-
st h(z,t) MOJIEsKUT OIPEIEIEHUIO.

VYpasaenue (1) OTHOCHTCS K ypaBHEHHsIM CMENIAHHOTO THIIA BTOPOIO POJIA, TaK KAk
Ha 3HaK ynkuuu k(f) 1m0 mepemMeHHON ¢ BHyTpH 00jacTy () HE HAJATAETCA HUKA-
kux orpannuenuii [1].Ilycrs Bee koaddbuimenTs! ypaBaenus (1) gocrarodno riagkue
byHruyMu B obactu Q.

JIuneiinasi obparnas 3ama4da. Haiitu dyukuuu (u(zx,t, z), h(z,t)) ymosierBops-
fone ypasaenuto (1) B obmactu G, takme uro, dyHKIMs u (2, t, 2) YIOBIETBOPSIET
CJIEYIONIUM IIOJIYHEJIOKAJIbHBIM KPACBBIM YCJIOBUSIM

Y ulimg = Ulier (2)

Ulymg = Uy =0, (3)

rjie Y— HEeKOTOPOe MOCTOSHHOE YHUCJIO, OTJIMIHOe OT HYJIs, BeJIAYUHA KOTOPOro OyeT
YTOYHEHa HUKE.

Hasee 6ymem cuurarb, aro u(x,t,z) u u,(x, t,z) — 0 upu |z| — oo,

u(x,t, 2) abCOMOTHO MHTerpUpyeMa 1o z Ha R mpu mobom (x,t) B Q,

U C JIOIOJIHATEIHLHOMY YCIOBHIO

u(z,t,4y) = ¢o (z,t), 40 € R (4)
u ¢ Gyukuuit h(z,t) HpUHAIIIEKUT KIACCY
U={(uh) ueW;*G)heW;(Q)}.

CIINCOK JIMTEPATYPHBIL
1. Bpazos B.H. KpaeBble 3ama4u [jis8 HEKJIACCHIECKUX YPABHEHUI MaTeMaTHIe-

ckoit dbusukn.// Hosocubupek: HI'Y,1983.
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YCTOMUYMBOE PEIIIEHUE JIBOMCTBEHHON ITAPHI 3AJIAY
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Paccmorpum JBoiicTBeHHyI0 napy 3aad juHeiiHoro nporpammuposanus (JIIT)

L:Azx =b,2>0,¢' z — max,
L*:u"A>c",u"b— min,

e marpuna A € R™*™ Bekropsr b € R™, ¢ € R™ obsiaaror nHTEPBAIBHON HeoIpe-
JIEJIEHHOCTBIO, ODYCJIOBJIEHHON IIOIPEIIHOCTSIMU Pa3IMIHON IPUPOIALI U (hOPMAJIA30-
BaHHO# B BHUJe HepaeHcTB A < A < Z, b <b < 5, ¢ < ¢ < C, BBIIOJIHEHHBIX
T03JIEMEHTHO.

B cuuty Baustnus norpemnocteii 3aga4du L, L* MOryT ObITH HEYCTONIUBLIMUA U JTaKe
HECOOCTBEHHBIMU.

Hpe,ZLHO.HO)KI/IM, q9To CyHleCTByIOT TUIIOTETUYECKUE MOYHbLE pa.3peHH/IMbIe 3a/1a91
JIII Lo u L§ ¢ HopmasvHbimu DEIeHusMH T, 1o, MHOXKECTBOM Z( BCEX DPeIleHH,
HEM3BECTHBIME MownbLMu MaTpureil Ag, BekTopamu by, cg, Takumu, ato A < Ag < A,
b < by <b c<cy < Torma, onmupasch Ha KJIACCHYECKYIO TEOPUIO JIBOACTBEHHO-
CTH, TEOPUIO CHCTEM WHTEPBAJILHBIX HEPABEHCTB U II0/IXOJ] K PEIIEHUIO HEYCTONINBBIX
3a/1ad, SBJISIONIUICS M09 IEMEHTHON NHTEPBaJILHON Moaudukanmeii 0606weHno20 me-
moda nesasku (passurhlii B padorax A.A. Barosuna, B.A. Moposzosa, I'M. Arasmua,
@.T1. Bacuibesa u A.FO. VIBaHUIKOr0) yIaeTcs MOKa3aTh, YTO CIPABEJIUBLL CJIELY-

[oIMe yTBEPXKICHUS:

1. O6beaunennoe MuoxkecTBo Z(A, A, b, b, ¢, ©) pemenuit Beex 3amaq L, L*, koac-
GUIHEHTBI KOTOPBIX COIIOCTABUMBI 110 TOYHOCTH (B CMBIC/IE NOIAIAHIs B UHTED-
BaJIbHBIE OrpaHnvennst) ¢ koaddurmentamu 3ana4 Lo, L, onncbiBaercs cucre-
MO OI'paHUYECHUI BUJA

|Gl L)oot [ S e
0,c¢'

Uy, U_ = xzulb—ujb,u:m—u_.
2. Hopmaubable pemenus &, 4 cucrembl (1) gBISIOTCH yCTORIMBBIME TPUOIIMZKE-
HUSMH K L, Ug.

3. Ecim mMuOXkKecTBO Z orpammueno mis scex A, A,b,b, ¢, ¢, takux uto A — A < o,
b—b< B,¢—c <7, e o,B,7y > 0 — HEKOTOPBIE KOHCTAHTHI, TO .11060€
pertierne I, @ cucrembl (1) siBJIsIeTCsT yCTORUINBBIM IPUOJIMZKEHNEM K HEKOTOPOMY
perernto {z,u} € Zp.
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OBPATHAA BAJAYA OIIPEAEJIEHNSA OPBUTHI
KOCMMYECKOTI'O OB'BEKTA TIO PAIINMOJIOKAITMOHHBIM
HABJIFOOEHNAM HA MAJIBIX MTHTEPBAJIAX BPEMEHUA

Epoxun B.U., Kagounukos A.Il., Coraukos C.B.
Boenno-rxocmuneckan axademus umenu A.D. Moocatickozo, Cankm-Ilemepbype
vka@mil.ru

Paccemorpena 3aj1a1ua HaxoXKIeHUs (B PealbHOM MaciiTabe BpEMEeHH) KelIepOBbIX
3JIEMEHTOB OPOUTHI KOCMUYECKOI'O OO'bEKTa 110 HADJTIOMaeMOl OJIHOM MJIM HECKOJIbKIMU
PAJMOJIOKAIIMOHHBIMU CTAHIUAMHA TPACKTOPUH KOCMHUYECKOIO 00bEKTa HA MaJoM (10
CPaBHEHUIO C IEPUOJIOM OOpAIleHUs) HHTEPBAaJe BpeMeHH. Y Ka3aHHAas 38,129 sIBJIAeT-
Csl HEKOPPEKTHOI, B CHJLy 9ero HeGOJIbIINE IIONPEIIHOCTH UCXOAHBIX JIAHHBIX (HAOJIIO-
JIa€MbIX KOODZMHAT) IIPUBOAAT K 3HAYMTEIbHBIM U3MEHEHUSIM OIEHOK KeIlJIEPOBBIX
3JieMeHTOB opbuThl. Kpome Toro, B Culy OmpeJie/IeHHBIX TEXHUIECKUX ITPUYNH, Ha-
6J110/1aeMble KOOPIUHATBI MOLYT COAEPKaTh rpybbie omubKu (BHIGPOCHI).

IIpensoxkeHnsl HOBBIE AJITOPUTMBI, OCHOBAaHHbIE HA HEJIMHEITHOM MeTOJie HAauMeHb-
X KBaJPATOB M METO/AaX OMHAPHON KJacCrDUKAIMN HOPMAJIbHBIX U AHOMAJIbHBIX
U3MEpEeHui, I03BOJIAIONINE [10JIyYaTh YCTONYUBBIE PElIeHnA 38,1891 OlleHUBaHUA Kellle-
POBBIX 3JIEMEHTOB OPOUTHI TT0 BO3MYIIIEHHBIM PaIMOTOKAIIMOHHBIM H3MEPEHUIM OTHOT
WM HECKOJIBKUX Pa/IMOJIOKAIIMOHHBIX CTAHIIWIA.

[IpuBeneno onucanme aJIrOPUTMa, €ro TEOPETUIECKOe OOOCHOBAHIE, ITPEICTABIICHBI
UJIIIOCTPATUBHBIE YHUCJIEHHBbIEC IIPUMEDPHI.
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APPROXIMATION OF NOT A FUNCTION BUT ITS EQUATION
GIVES A LINEAR INVERSE PROBLEM INSTEAD OF NONLINEAR
ONE
Frumin L.L.

Institute of automation and electrometry SB RAS, Novosibirsk
lfrumin@Qyandex.Tu

A generalization of the linear least squares method to a wide class of parametric
nonlinear inverse problems [1] is presented. The idea of the proposed approach to
parameter estimation is based on the fact that for many functions there always exists
an equation (and not a single equation) that this function satisfies. If the equation is
linear in the parameters of this function, estimates of the parameters can be found by
minimizing the sum of squares of the finite difference residuals or some other approx-
imation of this equation, the residual being the difference between the fitted value
and the experimentally measured value of . As a result, we can apply the linear least
squares method to a non-linear parametric problem. The approach is based on the
consideration of operator equations, the solution of which is the chosen function of
parameters. The generalization is based on two mandatory conditions: the opera-
tor equations are linear in the estimated parameters and the operators have discrete
approximations. Not requiring the use of iterations, this approach is well suited for
hardware implementation, as well as for constructing a first approximation for the
nonlinear least squares method. Examples of numerical simulation of inverse prob-
lems, including problems of estimating the parameters of some higher transcendental
functions, are given.

The work was supported by the Ministry of Science and Higher Education of
Russia, project AAAA-A21-121012190005-2.
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ONE INTERPRETATION OF 3D MESH
Glasko Y.V.

Research Computing Center Lomonosov Moscow State University, Moscow

glaskoyv@mail.Ti

In the work we consider several systems of expanding cubes. The system of two
3D cubes; the system of three 3D cubes [4] , the system of four 3D cubes [5]. Cor-
respondingly, we have 1 nested cube, 2 nested cubes, 3 nested cubes. By method of
induction we obtain the formulas for system of M expanding cubes. Correspondingly,
we have M-1 nested cubes.

Consider 3D cubic mesh. We interpret the mesh as system of M expanding mesh
cubes: V{1 | C .. C V[ C V" The step of the mesh h=1/(N-1). The edge of the
boundary mesh cube V" has N=2M mesh nodes. By method of induction we obtain
the formulas for faces of M expanding mesh cubes I'*, T, ..., I‘é\b/[_l.
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OB OBPATHBIX 3AJJAYAX JJI4d BBIPOXKTAROIIINXCA
IMAPABOJINYECKINX YPABHEHUNII CO MHOT'MU
IIPOCTPAHCTBEHHbBIMU ITEPEMEHHBIMMN
Kampbrauna B.JIL
Havuonarvnoiti uccaedosamenvcruti adeproiti ynusepcumem MUDU, Mockea
vlkamynin2008Qyandez.ru

Nsyuatores obpaTHble 3aa4u B mumHApe Q = [0, 7] x Q (2 C R™ - orpannvennast
006J1aCTB) sl BBIPOXKIAIOIIEr0Cs apabOJIMIecKOro ypaBHEHHs

uy — a(t, z)Au + (l;(t, x),ugz) + c(t, x)u+ y()u = p(t)g(t,x) + r(t, x) (1)

Opu JAOIIOJIHUTEJIbHOM YCJIOBUU UHTEI'PAJIbHOI'O Ha6JIIO,ZLeHI/IH

/u(t, z)w(z)de = p(t), te][0,T]. (2)

Q

Vpasuenue (1) npejosaraercs BbIPOKIAIOMIUMCS:
0<a(t,z) <ar, 1l/a(t,z) € Ly(Q),q> 1. (3)

Hewussecrabivu B ypasuenuu (1) ssisiorcs iau6o dbysxuus p(t), mmubo dbyHKIms
~(t). 9tu HemspecTHBIe byHKINM ULy TCs B Kiaaccax jmubo La(0,T), mito Lo (0,7T).

VcraHOBJIEHBI IOCTATOYHBIE YCJIOBUS, IIPU KOTOPBIX PACCMAaTpUBaeMbie OOpaTHBIE
3a/1a9¥ OJTHO3HATHO pa3pernMbl. J[aHbl OTIEHKU PENTEeHNs B COOTBETCTBYIOIINX HOPMAaX
B BHUJIe HEPABEHCTB C SIBHO BBIMTUCAHHBIMYI KOHCTAHTAMM,ITO BAYKHO JIJTsI TPUJIOXKEHIA.

Panee 6m3kast obparTHas 3ajada pu ycjosuu tuna (3), HO ¢ APYTUM, HEXKeJn
(2), IONOIHAUTEIHHBIM YCIOBUEM ObLIa paccMoTpeHa B [1].

Pabora mpoBoaniacek npu dacruunoit nomjepxkke IIporpammbr IIpuopurer-2030

HUAY MUOU.
CIINCOK JIMTEPATYPBI
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RESTORATION OF SATELLITE IMAGES CORRUPTED BY STRIPE
INTERFERENCE
Turebekov R.Z., Sultanov M.A., Kazantsev 1.G.
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Image enhancement approaches fall into two broad categories: spatial domain pro-
cessing methods (spatial methods) and transform domain processing methods (Fourier
tansform, or frequency methods, Laplace, Radon and other transforms). The term
spatial domain refers to the image plane as such, and this category includes approaches
based on direct manipulation of image pixels. Methods of processing in the frequency
domain are based on the modification of the signal generated by applying the Fourier
transform to the image [1].

Intermittent noise is usually caused by electrical or electromechanical interference
during satellite image acquisition (the so-called ”drift of dark currents”) [2]. In
this case the image is usually heavily distorted by spatial sinusoidal noise of various
frequencies. Such noise can be significantly reduced by frequency filtering in the
region of the Fourier transform. The main idea is that in the Fourier spectrum,
periodic noise looks like a concentrated spike energy at the position corresponding
to the frequencies of the periodic interference. An approach comes down to using a
selective filter (notch, bandpass and narrowband), capable of isolating noise.

In this work we consider an alternative approach due to well-known mathematical
relation of the Fourier and Radon transforms, and pay basic attention to the Radon
transform, its singular value decomposition (SVD) into sums of ridge functions and
its application to removal of strip interference. The Radon transform maps an image
into a one-dimensional integral projection, which makes it possible to calculate the
convolution and correlation of two images, linear and nonlinear filtering, compression
and encoding of information in devices designed to process one-dimensional signals.
The motivation of using the Radon transform is an observation that a sequence of
strips is a ridge function. We need to extract a single ridge function (or few neighbors
of it) from the distorted image. Compared to the frequency approach, projections of
Radon space still retain their connection with spatial geometry.

We illustrate the results of extrating the strip interference in a real- world satellite
images of remote sensing.

The work has been supported in the Framework of the State Assignment for
the Institute of Computational Mathematics and Mathematical Geophysics of the
Siberian Branch of the Russian Academy of Sciences (project no. 0251-2021-0003)
and by the Ministry of Science of the Republic Kazakhstan (project no. AP 05133873).
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DETECTION OF DEFECTS IN WELDED PIPES USING MACHINE
VISION METHODS AND RIDGE FUNCTIONS
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Let D C R? be a set. A ridge function [1], [2] on D is a function of the form
¢(a-x), where x = (21,22) € D, a = (aj,a2) € R?*\ {0}, a-x = Z?:l a;x;, and
¢ is a real-valued function defined on A(a) = {a-x: x € D}. These functions arise
in some problems of tomography [3]. In this work, we use ridge functions and their
orientation as features to describe the anisotropy of welded joints of pipes in digital
images. These features are included in a model of a defect-free weld. Defects in the
welded joints are areas of local random violation of the regularity and anisotropy of
pipes.

In this study, the images of pipe sections with a welded joint obtained from a static
camera, are analyzed based on the method of integral Radon projections and ridge
functions. As a model of a defect-free welded joint, a function of two variables that
has homogeneity or the anisotropic in the horizontal direction is used. Such functions
are known as ridge functions. We obtained a criterion for the presence of welding
defects in the image based on the comparison of the image and its reconstruction by
the Radon integral projection. Images of various defects in welded joints were used
for computational experiments. These studies have shown that the method of integral
projections can be used to identify the specific type of defects of welded joints.

The proposed approach can be a possible solution for automatic visual quality
control systems of welded joints to solve the problem of detection and recognition of
defects in welded joints in the images [4],[5].
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OBPATHAS OIITUMU3AIINA B SAJJAYE BBIBOPA
HAYAJIBHOT'O COCTABA PEATUPVYIOIIINUX BEIITECTB
Xammcos O.B., ITamanckuit B.A., Kozimosa M.A.
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[Ipsmas 3agaa onpeiesieHns PABHOBECHOTO COCTOSTHUST PEATHPYIONTUX BEIIECTB B
ra3oBoil cpejie IpH IIOCTOSHHOM JABJICHUU UMEET cjeiyionuii suy [1]

f(T,z) — min, Az = b, (1)

rje f — HeKoTOpast TePMOAMHAMIYECKast (DYHKIINsI, MUHIMYM KOTOPOIl XapaKTepHu3y-
€T UCKOMOE PaBHOBECHOE cocTosgnue (Hanpumep, Gynkuus ['u66ca), x € R™ — Bekrop
KOJIMYECTB MOJIeH pearupyronmx BemecTs, A — m X n — MaTpura ColepKanust Jie-
MEHTOB B BeI[eCTBaX, b — BEKTOP KOJUIECTB MOJIeil 3jieMeHTOoB, T — TeMieparypa.

Nsgectro (1], uto 3amaga (1) ecTh 3ama9a BBITYKJIOrO MPOTPAMMHUPOBAHUS, TMe-
omas npu 3ajaHHbix mapaMmerpax A, b u T enuHcrBeHHOe perenne x°Y. BexrTop b
onpe/essieTcs Haua bHBIM coctaBoM x°, b = AxY.

Basanbl nHJEeKcHble MEHOXKecTBa Jy C {1,2,...,n} — HOMepa BPEJHBIX BEIIECTB
uJp C{1,2,...,n} — nHomepa noJse3nbix BemecTs. CyMMapHbIil BpeJ1 Olpeessiercs
Betmanmoit Y cvxi?, cymmapast mosmnsa — semuuumoit y B3, 3uecs oy u f;

J
J€IN JjeJp
— OIIEHOYHBIE BECOBBIE XapPAaKTEPUCTUKHU BPEIHOCTH M IOJE3HOCTH KOMIIOHEHTOB pe-

AKIMOHHOI Cpepbl.

HauasIbHbIH cocTaB MOYKHO BBIGHPATh M3 HEKOTOPOTO MHOXKecTBa X°, 3aJIaHBI
MaKCUMAaJIbHO BO3MOXKHBIA CyMMAapHBIA ITOKa3aTeIb BBIXOJA BPEIHBIX BEIICCTB V U
MWHIMAJIGHO BO3MOXKHBI ITOKa3aTesIb BBIXOAA MOJIE3HBIX BemmecTB 7). Temmeparypa T’
JOMKHa HaXOMuThes B mpefenax T < T < T, onmpefenseMblX TeXHOJTOTTIeCKIMA
YCJIOBUSIMH IIDOBEJIEHHs IIpoliecca. Peraemast oOparTHasi 3ajada COCTOUT B CJIEJLyIO-
meM. TpeOyercss HATH Takol HadaIbHBINA COCTaB 20 € XY u raxoit TeMIIepaTyPHbBII
pexum T’ € [T,T), uato coorsercTiyiomee pemenue £ zamaqau (1) npu b = Az° u
T=T YAOBJICTBOPSACT HECPABEHCTBAM

S aict 3 Bl
;75 < v, Bzt = . (2)
je€JN jeJp
Juist pereHnsi HOCTABJICHHOI 381891 MCIOJIb3YEeTCsl METO0JION s HeJIMHEHHBIX OIIOp-
HbIX byHKIui [2].
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THUIIOJIOTUSI CYBbEKTOB POCCUNCKOM ®EJIEPAIINU 110
COIINAJIBHO-9KOHOMMWYECKOMY IIOJIO2KEHUIO
Xpymes C.E.!, Ucmaiibuiosa FO.H.2, Timunckuit B.B.3
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C ucrnosib3oBanueM MHGPOPMAIMOHHBIX pecypcoB PeepasbHOIl CiIyKObI TOCyIap-
CTBEHHOUW CTATUCTUKU, OTPAYKAIOIINX PsiJl CONUATBHO-O9KOHOMIUIECKAX XaPAKTEPUCTUK
POCCHUiicKoro obIecTBa, UCC/IeI0BAHbl HEOJHOPOAHbIE BEIOOPKY (110 Py CTaTHCTUYE-
CKHX COBOKYITHOCTEI1 ), B3sITbIE U3 KOHEUHBIX CMECel BEPOATHOCTHBIX PACIIPEIe/IeHUIl;
[PU 9TOM HUCJIO CMELIMBAIOIIUXCS pacipejieseHnil (KOMIOHEHT), a TaKyKe COOTBeT-
CTBYIOIIHE MM BeCa U TapaMeTPbI MOTJIN ObITh Hen3BecTHbIMU. COepKATEHHO 38184
pas/eneHust (JEKOMIIO3UINK) CMecel MOXKET OBITh CBEJIEHA K OIIPE/IEJIeHII0 HEN3BECT-
HBIX XapaKTEePUCTUK CMEIUBAONINXCS KOMIIOHEHT, & TaKYKe UX BECOB.

OcyrmecTBieHa JTEKOMITO3UINS CMeCeil BEPOSITHOCTHBIX PACIIPE/IE/IEHAN HA COBO-
KyImHOCTH cyObeKToB Poccuiickoit Peneparinm Mo TpeM B3aNMOCBI3AHHBIM CTATHCTHU-
9EeCKHUM ITOKA3ATEeJIsIM — YPOBHIO 6€3pabOTHITI, YPOBHIO OETHOCTH U YPOBHIO HACUJINS,
KOTOPBIE MOXKHO PacCMaTpPUBATh B Ka4eCTBE U3MEPUTEJIE JIOCTUXKEHUS TeJieil yCTo-
YUBOTO PA3BUTHs JJIsi TEPPUTOPUAJILHOIO 06pa3oBanus U (OJHOBPEMEHHO) MHIMKA-
TOPOB COIUAIBLHO-9KOHOMIYIECKOro "3710poBbst" Teppuropuu. [IpoBemensr Tumosorun
PErnOHOB IO MEPEYNCIEHHBIM MTOKA3aTe M. BBIMOTHEHO IepEKPECTHOE COITOCTaBIIE-
HUE Pe3yJIbTATOB IOJIYYEeHHBIX TUIOJIOIHYECKUX IPYIIUPOBOK, HO3BoJUBIIEE (B TOM
qucie) olpelesuTsb cyobekTol Poccniickoit Pesieparun, B KOTOPBIX IIPOCIIEXKUBAIOT-
Csl KaK IMO3UTHUBHBIE, TAK M HEraTUBHBbIE TEHJEHIUU B KOHTEKCTE PacCMaTPUBAEMBIX
nokasaTeJieil.
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AJITOPUTM IIPOBEPKU CTATUCTUYECKOMN 3HAYNMOCTHA
KJIACTEPHOM CTPYKTYPHI IIOCJIEJOBATEJILHOCTEN HA
ITPUMEPE AHAJIN3A TVNIMKEMNYECKNX BPEMEHHBIX PA10B

Knanos /I.E., Bepukor B.B., KimumonTor B.B.

Hosocubupcruti zocydapecmeennniii yrnusepcumem, Hosocubupcx
Hayuno-uccaedosamensckutl unCmumym KAUHUYECKOT U IKCNEPUMEHMAALHOU
aumgponozuy — pusuar GPI'BHY «Pedeparvunil uccaedosamenscrutds yenmp
Hnemumym yumonozuu u eenemuky Cubupckozo omideaenusn Poccutickot axademuu
Hayk», 2. Hosocubupck, Poccus
@I'BYH uncmumym mamemamury um. C. JI. Cobosesa Cubupcrozo omdeseHus
Poccutickoti akademuu Hayk
danil_kladov@mail.ru

B nannoii pabore paccmMarpuBaeTcs 337a4a KJIACTEPU3ANUM BPEMEHHBIX PSIJIOB C
ITOMOIIBI0 AJITOPUTMA UEPAPXUIECKOT0 KJIACTEPHOTO AHAIN3A, a TAKXKe 337a4a MPO-
BEPKHU CTATUCTHIECKON 3HAYUMOCTH MOJYIEeHHON KIACTepHO# cTpyKTypbl. s ompe-
JIeJIeHUs CTATUCTUYIECKON JOCTOBEPHOCTH IIPOBEPSETCH OCHOBHAS IUIIOTE3a O TOM, 9TO
B JJAHHBIX HET KJACTEPHOH CTPYKTYphI. [IpoBepKa OCyIIECTBIIETCS ¢ TTOMOIITHIO METO-
na MonTte-Kapio, KOTOpBIit OCHOBaH HAa MHOTOKPATHON KJIACTEPU3AIINHA UCKYCCTBEHHO
CreHEePUPOBAHHON BHIOOPKHU U3 3aJaHHOTO PACIPEIe/ICHNs, BhIYUCIEHUN UHIEKCA, Ka-
9€CTBa KJIACTEPHON CTPYKTYPhI i CDABHEHUH C WH/IEKCOM KAaYeCTBA KJIACTEPU3AINY HA
peanbHBbIX JaHHBbIX. Kiacrepu3amnus NIPUHUMAIACH JOCTOBEPHOM /JIsl JTAHHOTO YHCJIA
BBLJIEJIEHHBIX KJIACTEPOB, €CJIU 3HAYEHNE MHIEKCA HA PeAJIbHON BHIOOPKE OKA3bIBAJIOCH
6osbie 3Havennst 95%-HOT0 KBAHTUIIA IJIsi NCKYCCTBEHHBIX JTAHHBIX.

B kauecTBe BHIOOPKY PEABHBIX JAHHBIX UCIOJIH30BAH HAOOD JAHHBIX, COCTOSIIHIA
73 BPEMEHHBIX PsJIOB, KOTOPbIE ObLIN MOJIYyY€HbI B PE3YIbTaTe HEIMPEPHIBHOIO MOHU-
TOPUHTA TJIIOKO3bI y 385 B3POCJIbIX MAIMEHTOB C caxapubiM auaberom 1 tuma. Vzme-
peHus IPOBOJAUIIUCH C HHTEPBAJIOM Bpemenu H muyT. Janubie npenocrasienst U ul’
CO PAH. TunorInKeMUYeCKUMHU CUUTAJINCH T€ BDEMEHHBIE PSIIbI, B KOTOPHIX YPOBEHD
[JIFOKO3BI JIOCTHTraJl 3HadeHnss < 3.9 MMOJIb/J1 Xorst 661 15 MuHYT moApsa. s axa-
JIN3a UCMOJb30BAINCH HOUYHBbIE, DAHHWE YTPEHHWE W JHEBHBIE MMPOMEXKYTKHW BPEMEHH:
0.00-5.59, 4.00-7.59 u 8.00-23.59 coorBercTBeHHO. Ha 3TNX JaHHBIX MpeII0KEeHHAS Me-
TOJIMKA IMOKA3BIBAET JOCTOBEPHYIO KJIACTEPU3ANUIO HAa YpoBHE 3HauumocTu p < 0.05.

Ilo pesymbpraTaM KJaacTepu3aly B HOYHbIE, DPAHHNE YTPEHHWE W JHEBHBIE TPOMe-
JKYTKH BpEMEHU NoJIyuniock 15, 11, 7 kiractepos 6e3 runoraiukemMun u 7, 4, 5 Kjgacre-
POB € TUTIOTJIMKeMUEl cOOTBeTCcTBeHHO. Paznnuns B KacTepax Kacaauch HA9aJIbHOTO
U KOHEYHOI'O yPOBHS [VIIOKO3bI, HAJIMYMs WJIM OTCYTCTBUs HUCXOZAIIErO/ BOCXOISIIEro
tperga. IIpociexuBasach 3aBUCUMOCTD MEXK LY UCXOTHBIM 3HAYEHUEM TJIIOKO3bI, ObICT-
POl najienusi © BPEMEHEM BO3HUKHOBEHUS [MIIOIVIMKEMUMU.

Jannoe uccienosanue nojaep:kano rpaarom PH® (20-15-00057).
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BOCCTAHOBJIEHUE ITAPAMETPOB SEIR-ITOJTOBHBIX
SQIIMMAEMNOJIOTNYECKUX MO,Z[E.T[EI71
Kokypur M.M., l'aspusiosa A.B.
Maputickuii 20cydapecmeennvill yHusepcumem, How%:ap-O/La
kokurin@nezxtmail.ru, anst-val@yandex.ru

Nzy4artorest neckoabko SEIR-1momo6HbIX MOEel pacupocTpanennst snuaemun. Pac-
CMaTPUBAEMbIe MOJIEH YIUTHLIBAIOT Takue (PaKTOPbI, KAK HAJIHIHe GECCHMIITOMHOIO
repuo/ia 3ab0JIeBaHNUsI, HECTOMKOCTb IPUOOpeTaeMoro K MHMEKIMH UMMYHUTETA, a
TakKe MMPOBEJIEHNE MACCOBOI BakIuHaImuu. PazpaboTaH momxoj K BOCCTAHOBJIEHUIO
HEM3BECTHBIX KO(MPPUIMEHTOB, BXOJAMNX B COOTBETCTBYIONINE CHCTEMBI mAuddepeH-
[UAJBHBIX YPABHEHUI, 110 JTAHHBIM IHIEMUOJOTHIECKON CTATHCTUKE. B ocHOBe mpe/I-
JIAraeMoro TOAX0/Ia JIEXKUT TPEJICTABICHUE 3a/IaH BOCCTAHOBJIEHHUST KOIMDMUITMEHTOB
B BHUJI€ HEJIMHEITHOIO OIIEPATOPHOIO YPaBHEHUsI U €ro NMPUOJIMKEHHOE PelleHue C I0-
MOIIBIO UTEPATUBHO PEryISpPU30BaHHBIX MeTo/0B Tura laycca-Herorona. IIpu sTom
YUIUTBIBAIOTCS PA3JIMIHBIE BUIBI TIOIPEITHOCTEN B MMIEMUOJIOTUIECKON CTATUCTUKE,
B YaCTHOCTH, MAJIble CJIydYaiiHble MOTPENTHOCTH, CUCTEMATHIECKOe 3aHUKEHNEe CTaTH-
CTUKHU U3-38 OTPAHUIEHHBIX BO3MOXKHOCTEHN 3PaBOOXPAHUTEILHON CUCTEMbI, 8 TAKKE
BPEMEHHBIE CJIBUT'Y CTATHUCTUYECKHMX JIAHHBIX OTHOCHTEHLHO PeasibHBIX 3HAYEHUIl KO-
JINYECTBA 3aParKEHHBIX, BbI3IOPOBEBIINX U IIOIUOIINX.

[TocTpoen koMmILTeke mporpaMm B cpejie Maple, peasusyromniuii pejiaraeMblil ToI-
XOJ K PeIeHnIo 3a7a4un BoccranoBienns kodddurmentoB SEIR-nmomobusix momemneii.
Kowmruteke mporpamMm Mo3BOJISIET CTPOUTH MPOTHO3bI PACIPOCTPAHEHUS SMUJIECMUM, a
TaKXKe M3ydaTh JIUHAMUKY II0Ka3aTesell e€ 3apa3HOCTH U OMACHOCTHU, B T.d. HOJ] BO3-
JieiicTBUEM [PUHUMAaEMbIX rocyjapcTBaMu Mep 110 6opbbe ¢ snuaemueii. Komiiekc
[IPOTrPaMM YCIIEITHO TECTUPOBAJICS HA PEAJHbHBIX JIAHHBIX 110 PACIIPOCTPAHEHUIO SITU-
nevmuu COVID-19 B Poccun u psizie 3apybexubix crpan B 2020 — 2022 rogax, a Takke
snuAeMuAn JUXopaaku Doosa B Samagauoit Adpuke B 2014 — 2015 rogax. Pesynbrarst
YUCJIEHHBIX 9KCIEPUMEHTOB MOKA3BIBAIOT IMPAKTUIECKYIO IIPUMEHUMOCTD IIPe IIarae-
MOT'O TIOJX0/Ia K aHAJIM3Y U IIPOrHO3UPOBAHUIO PACIIPOCTPaHeHus: 3nujgemuii. Hekoro-
pBle U3 9TUX PEe3yJIbTATOB IIPeJICTaBIeHbl B [1].

Pa6ora nposonusiack npu nomzep:xkke Poccuiickoro naygaunoro donga (npoekr 20-
11-20085).

CIIMCOK JIMTEPATYPHI
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Newton type methods for approximating quasi-solutions of irregular nonlinear
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doi: 10.1016/j.amc.2022.127312
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YCTOMNYUBBIE NTEPAITMOHHBIE ITPOIIECCHI B CXEME
KBA3UPEIIIEHU
Koxkypun M.IO.
Mapudickuii 2ocydapecmeennvill yHusepcumem, ﬁow%ap-O/La
kokurinm@yandex.rTu

PaccmarpuBaercs Kjacc yCIOBHO-KOPPEKTHBIX 337124, XapaKTEePU3YEMBI Tesibie-
pPOBOIi OIEHKOH YCJIOBHO# yCTONYIMBOCTH Ha BBIMYKJOM KOMIIAKTE B T'HJILOEPTOBOM
npoctpancrse. OnepaTop mpsiMoil 3a/ladn U MpaBasi YaCTh yPABHEHUsI 3aJIaHbI C 10~
TPEITHOCTSIMU, OJIM30CTh MPOU3BOIHBIX TOYHOI'O U BO3MYIIEHHOTO OIIEPATOPA HE IIPe/I-
nojiaraercs. VccaemyroTess CBORCTBA BBIMYKJIOCTH U OHOIKCTPEMATBLHOCTU (DYHKITH-
OHAJIA HEBA3KHM MeTOoja KBasuperrenuii. J[ns 9Toro GpyHKIMOHAIA YCTAHABINBAETCS,
YTO KazKJad ero cTallMOHapHasd TOYKa Ha MHOXKECTBE YCJIOBHOM KOPPEKTHOCTH, He
CJIMIIIKOM JIaJIeKasi OT MCKOMOTO PEIeHUs] NCXOTHOM OOpATHOH 3a/1atu, JIE2KUT B Ma-
JIOI OKPECTHOCTHU perteHud. JIaHbl ONEeHKN JArnaMeTpa YKa3aHHONH OKPECTHOCTU B TEP-
MHUHAX MOTPENTHOCTEN BXOMHBIX JaHHBIX. 1lokazaHo, ITO 3Ta OKPECTHOCTDH SIBJSETCS
aTTPaKTOPOM UTepaldil MeTo/1a IPOEeKIINN I'PAJUEHTa U IOy UYeHbl OIIeHKN CKOPOCTH
CXOIMMOCTH UTEPANNil K aTTPAKTOPY. YCTAaHABINBAETCHA HEOOXOIMMOCTH HCIIOJIb3ye-
MOI1 OIIeHKHU YCJIOBHOM yCTOMYINBOCTH JJIs1 CYIIECTBOBAHUS NTEPAITMOHHBIX IIPOIECCOB C
yKasaHHbIME cBoiicTBamu [1]. Pesynabrarser 0606marTcs Ha ciryuaii, KOrua MHOKECTBO
AIIPUOPHBIX PEIEHUi OMUCHIBAETCS NCTOKOOOPA3HBIM MIPEICTABICHUEM C UCIIOJIB30Ba~
HUEM JIMHEITHOrO OIepaTopa, CBSI3aHHOIO C WCXOMHON HeJmHeiiHO# 3amadeii. B sTom
cyuae TpeGOBaHUE yCIOBHOM YCTONYUBOCTH yIAETCsl CHATH |2].

Pabora BrimosHeHa mpu puHAHCOBOI O/ Iep:KKe Poccuiickoro HayvHoro ¢omia
(mpoexT 20-11-20085).
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B 6anaxoBom mpocTpamcTBe E paccMaTpuBaeTcs oOpaTHas 3a70a4a,
(D&u)(t) = Au(t) + F(t)f, t€(0,T], u(0)=u’, £(u)=1r', (%)

¢ meussecTHO dynkimeil u(t) u HemsBecTHbIM 1ementoM [ € FE. 3mech mapamerp
a € (0,1) durcnposan, (Du)(t) npobras nponssognas Kamyro-Ixpbamiana, me-
menter u’, ut € D(A) a oneparop-dbynkuua F € C1([0,T); B(E)). Oueparop nepe-
onpenenernus £: C([0,T]; X) — X paccmarpuBaercsa B OMHON u3 caemyrommx (opwm:
l(u) = u(ty), 0 < ¢ty < T qubo {(u) := fOTu(t)V(t) dt. OTHOCUTENHHO JTUHEHHO-
ro 3aMKHYTOro oreparopa A mpeanosaraercs, 9ro OH siBisieTcs rereparopom Cop-
HOJIyIPYIbl, KOTOPas KOMIIAKTHA npu ¢ > 0 u nosurusHa, a eé tui w(A) < 0.

B srux npeamnonoxennsax U HEKOTOPHIX OIPDAHMYEHHUAX HA Oneparop-OyHKmuio F
n 6aHaxXoBO MpocTpaHcTBO F, moka3zaHa Teopema eINHCTBEHHOCTH, CYIIECTBOBAHUS 1
YCTOWYIMBOCTH DeIlieHusi 00paTHOi 3a1aun (*). PaccMOTpeHbI MpuMepsl IPUMEHEHHsT
TOJTy 9€HHOTO Pe3yJibTaTa K JUHEHHONH 00paTHO# 3a7a4de 00 NCTOYHUKE I IPOOHOTO
mapabosuaeckoro ypassenus B L, (€2) (cum. [1]).
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HOBBIE MO/IEJIM CUJIOBBIX ITOJIEI MHOT'OATOMHBIX
MOJIEKVYJI
Kypammmaa I'. M.
Mockoscxuii Tocydapcmeennoili Yrnusepcumem umenu M.B. Jlomonocosa,
rumuveckutd daxysvmem, Mockea
kuramshi@phys.chem.msu.ru

CynpaMosieKy/sipHasl XUMAsT — <«XUMHUsI 38 TpeJeaMu MOJIeKyIbl» [1], usyqaro-
asi CTPYKTYPY U (PYHKIIUU acCOIUAINI IBYX U 00OJiee XMMUIECKUX YaCTHUIL, VIep:KU-
BAaEeMbIX BMeCTE€ MEXKMOJIEKYJISIPDHBIMU CHUJIaMU». B KadecTBe CympamMoJIeKysl IIPUHSITO
paccMaTpuBaTh OJIUTOMEpPHBIE CTPYKTYPhI, KOTOPbIEe BO3HUKAIOT IIPU ME2KMOJIEKYIAP-
HOI acCOIANNY HECKOJIbKAX KOMIIOHEHTOB U UMEIOT Y€TKO 0003HAYEHHYIO CTPYKTYPY.
CympaMoJIeKyJibl MOTYT OBITH OXapaKTEPU30BAHBI IIPOCTPAHCTBEHHBIM PACIIOTIOXKEHH-
eM QparMeHTOB (B Ka4eCTBe KOTOPBIX MOTYT BBICTYHATh OTJEJIbHBIE MOJIEKYIIBI), TO
€CTh UMETh OIPEe/IeHHYI0 KOH(MOPMAIINIO, B KOTOPOI MOYKHO BBIJIEJIUTH PA3JIAIHBIE
THUIIBI B3aUMO/IEMCTBUM, XapaKTEePU3YIOIINecsd CUJION M HAIIPABJIECHHOCTHIO M 3aBUCH-
mue OT paccroguuit u yriaoB. O6pa30BaHUWe CJIOXKHBIX CHCTEM MOYKET MTPOUCXOIUTH
3a cYeT KOOD/IMHAIIMOHHDBIX B3aMMOJIEHCTBHUII ¢ NIOHAMHU METaJlJIOB,MEeKMOJIEKY/IAPHBIX
BOJIOPOJIHBIX CBsI3€i, BaH-IeP-BaaIbCOBBIX B3anMoseiicTuil u T.71. [Ipu ananmmse crex-
TPAJIbHBIX CBOICTB CyIIPAMOJIEKYJISIPHBIX CACTEM, B YACTHOCTHU, OTHOCSIIMXCS K OHO-
JIOTHIECKAM OOBbEKTaM, HEOOXOAMMO IMTOJTHOE 3HAHUE O T€OMETPUIECKON CTPYKType U
KO0JIEDATEJIbHBIX CIIEKTPAX OTMEJbHBIX (DPArMEHTOB MOJIEKYJIb. B /oKIame paccMar-
pHUBaeTcs IIOAXOJ, /I OIpe/ieIeHAA MaTPHUIL HOTEHITNAIBHON SHEPIUHU CJIOKHBIX MOJIe-
KYJIIDHBIX 00Pa30BaHUl, OCHOBAHHBIII HA COBMECTHOM HCIIOJIL30BAHUHU COBPEMEHHBIX
KBaHTOBO-XUMHYECKUX METOJIOB B COYETAHUH C YCTONYUBBIMU YHUCJEHHBIMU aJITOPUT-
MaMU{ pelleHnsi OOPATHBIX 3aJlad CIEKTPOCKOINHA B PAMKAX TEOPUU PEryIspu3aliun
HEJIMHEIHBIX HEKOPPEKTHBIX 3a1ad [2, 3]. B pamMkax mnpeijioxKeHHOro npubJInKeHust
BO3MOZKHO HCIIO/IF30BAHNE PA3IMIHBIX CUCTEM 0DOOIEHHBIX KOOPINHAT JJIst OIIUCAHUS
CHJIOBBIX TOJIEHl CJIOYKHBIX MOJIEKYJISIDHBIX cucTeM [4].
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MATEMATUYECKOE MOJEJINPOBAHUE VIAEPXAHUNA
IIJTABMBI B BUHTOBOM MATHUTHOM ITIOJIE
Jlazapesa I'.T.

Poccutickuti yrnusepcumem dpyorcbo, Hapodos, Mocksea
lazareva-gg@rudn.ru

B nokia e mpejicraBieHa MaTeMaTUIECKast MOJIEITb TIEPEHOCA BEIECTBA B CIIPAJIb-
HOM MATHUTHOM [0JIe Jijist HOBo# ycranoBku Crmpasibaast Marauraas OTkpsiras Jlo-
BymiKa Jyist yiepxKauust wiasMel (CMOJIA), coznannoit B A um. T. Y. Bynkepa CO
PAH. BunroBasi KoHUrYpaIys CTAIMOHAPHOIO MAHUTHOIO IOJIS [MO3BOJISIET IieJie-
HAIIPABJIEHHO BPAIATH ILJIA3MY, [IBUTas €€ K ImeHTpy JoByIKu. CrarnonapHoe ypas-
HEHIe ePEHOCA BEIEeCTBa B AKCUAJbHO-CHUMMETPUIHOI TOCTAHOBKE COJIEPXKUT BTOPBIE
MIPOU3BOJIHBIE TI0 MTPOCTPAHCTBY, B TOM HHCJe cMelnanabie. [lepementbie koadduim-
€HTBI UMEIOT CJIOXKHBII BU/I, COJIEPKAT SKCIIEPUMEHTAJIBHO 1101y YeHHbIE 3aBUCUMOCTH.
TlosryyerHOe ¢ TOMOIIBIO YUCJEHHOTO MOJETUPOBAHUS PACIIPE/IE/IEHNEe KOHIIEHTPAIUN
BEIECTBA UMEeT KAYECTBEHHOE COOTBETCTBUE C JIAHHBIMHU HATYPHBIX IKCIIEPUMEHTOB.
CozanHast MOJIETb MO3BOJISIET MOJy9YaTh 3aBUCHMOCTH HHTETPAJILHBIX XapaKTepH-
CTHUK BEIIECTBA OT ITyOWMHBI TOMDPUPOBKHA MATHUTHOTO OIS, AU y3Uun 1 MOTEHITHAJIA,
ra3mbl. J[Jisi oripejiesieHust J0JIM NOHOB, IPOJIETEBIINX Yepe3 IPOOKY, BEPHYBIIUXCS
Ha3aJ[ U MOIABIINX Ha OOKOBYIO CTEHKY paspabarbiBaercst 3-/1 momesnn mist cpenHeit
CKOPOCTH MOHOB. 331aeTCs PACIIPEIe/IEHNE BJIETAIOINX B BUHTOBYIO MPOOKY MOHOB 10
CKOPOCTSIM ¥ KOOPJIMHATAM, U TIOCTOSTHHBIE 3JIEKTPUYIECKOE U MATHUTHOE IT0JIsl B IPO0-
ke. B HavajbHON cTauu pazBUTHsT MOJIETN KYJIOHOBCKOE DACCEsTHUE U TePe3apsijiKa
HA OCTATOYHOM Ta3e He YIUTHIBAETCH.

Pabora BeimosTHEHA TIpU MTOIIepXKKe MUHKMCTEPCTBA HAYKHM M BBICIIIENO 0Opa30Ba-
uug Poccniickoit @enepanuu (Merarpant corsamterne Ne 075-15-2022-1115).
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YHUBEPCAJIBHBIE OILIEHK! B 3AJAYAX HEJIMHEMHON N
HEIIAPAMETPUYECKOM PEIPECCUN
JInuke 1O.FO.
Hrnemumym mamemamuru um. C.JI. Coboaesa CO PAH, Hosocubupck
linke@math.nsc.ru

B noknase 6yayT paccCMOTPEHBI IBE CTATUCTUYECKHE 33/1a91 U3 00JIaCTH HEJIMHEHHOI
U HellapaMeTPHUIeCKOil Perpeccuu, peleHne KOTOPhIX OCHOBAHO Ha OJIM3KHUX HJIEsX.

B zajgavax menuHEHONW perpeccuu acCUMITOTUYECKN ONTUMAJbHBIE OIEHKU KakK
MIPABUJIO 33/Ial0TCS HESIBHO B BHJE PENIEHUN TeX WM WHBIX yPaBHEHU, IPU 3TOM
HEPEJIKO NUMeeTCsl HECKOIbKO KOPHEel ypaBHEHsI, OlpeIesIsionero oneHky. Ilocenmnee
00CTOSITEILCTBO IIOPOK IAET TaK HAa3bIBAeMYIO IIPpobJIeMy MHOXKeCTBa KopHeii (multiple
root problem), 3aKJIIOUAOILYIOCS B HEBO3MOXKHOCTH BBIOpPATh U3 MHOYKECTBA KODHEN
YPaBHEHUSI TOT, KOTOPKI COOCTBEHHO U MPUO/IMKAET TapaMeTp. Y Ka3aHHYIO mpobJie-
MY MOKHO PEIUTH C ITIOMOIIHIO HEKOTOPOU TTPE/IBAPUTEIHLHON COCTOATETHHON OIEHKHI
mapamMerpa. MbI paccKaXkeM O IIPeJyIaraeMoOM MeTOJe TOCTPOEHNUS SIBHBIX OIIEHOK, KO-
TOpbIE MOXKHO HUCIIOJIb30BaTh B KA4YeCTBE IIPEIBAPUTEIbHBIX. Panee Juinb s orpa-
HUYEHHOTO KpyTra MoJjiejieit HeJMHEHHON perpeccun ObLIN M3BECTHBI SIBHBIE OIEHKU U
pobyieMa MOCTPOEHUsI IIPEIBAPUTEIBHBIX OIEHOK B HEJIMHEHHON perpeccuy ocTaBa-
J1aCh OTKPBITOIL.

B kiaccuueckoil mocTaHOBKE 3aa9n HEAPaMETPUIECKON DPEerpeccuu TpedyeTcs
BOCCTAHOBUTH (OLEHUTH) HEU3BECTHYIO (DYHKIIUIO 110 3alllyMJIEHHBIM 3HAUEHHUIM ITOM
dyHKIMK Ha HEKOTOPOM HAbGOpE ee apryMeHTOB (31eMeHTax nu3aiina). TpagaunuorHo
B 9TOH 3ajiade pacCMaTPUBAETCS JINOO HECJIyJIaflHblil JU3ailH C YCJIOBUIMU PEryJIsip-
HOCTH, JUOO CJIydailHbIf, COCTOSMINI M3 HE3ABUCHUMBIX WM CJIA00 3aBUCUMBIX CIIy-
JaifiHbIX BeamdnH. B mokiase OyayT oOCyKIAThCA HOBBIE KJIACCHI YHUBEPCAJIbHBIX
OIIEHOK SIJIEPHOrO THIIA, PABHOMEPHO COCTOATENHHBIX IPHU OMU3KUX K MHHIMAJIHHBIM
U HAIVISIHBIX YCJIOBUSIX HA TOYKHU Ju3aitHa. OTHOCHTEIBHO 2JIEMEHTOB JIM3aiiHa IPe/I-
[I0JIaraeTCsl JIUITh B HEKOTOPOM CMBICJIE INIOTHOE 3allOJIHEHVE ODJIACTH OIIPE/IeSIEHUs
perpeccroHHOil MYHKIMH, YTO 110 CYyTH SBJISIETCS HEOOXOIMMBIM YCJIOBAEM €€ BOCCTa-
HOBJICHUSI C TOU MJIM WHON TOYHOCTBIO.

Pabora npoBogmiace npu gactuunoit momepxkke rpanra PH® No. 22-21-00414
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ACCOUNTING FOR ROUND-OFF ERRORS WHEN USING
GRADIENT MINIMIZATION METHODS
Lukyanenko D.V.

Department of Mathematics, Faculty of Physics,

Lomonosov Moscow State University, Moscow, Russia
lukyanenko@physics.msu.rTu

When solving applied inverse problems, it often becomes necessary to minimize
some target functionals. Iterative methods are usually used for minimization. If the
problem is linear, then one of the most common minimization methods employed is
the conjugate gradient method. If the number of components in the required element
realizing the minimum of the functional is N, then the conjugate gradient method
converges to the exact solution of the problem in exactly N iterations. However,
this statement is only true on the condition that all calculations are performed accu-
rately and that there are no rounding errors. Nevertheless, when solving real applied
problems, rounding errors can greatly affect the resulting approximate solution. Two
cases are possible: in the first case, the value of the minimized functional becomes
comparable to the background of rounding errors at some iteration, the number of
which is less than . Starting from this iteration, the value of the functional stops
decreasing. This means that starting from this iteration, all subsequent calculations
will not improve the solution and are meaningless. Therefore, a reasonable question
arises — is it possible to track this moment in order to save computing resources?
A positive answer to this question is useful, but not critical in solving real applied
problems. On the other hand, the second case is essential for practice. In the second
case, due to rounding errors in determining the minimization directions and the steps
along them, it turns out that after performing N iterations, the value of the mini-
mized functional is still quite large. This means that the found approximate solution
can still be refined if the iterative process is continued. It turns out that the continu-
ation of the iterative process will allow us to find a better approximation for the true
solution. We emphasize that here, in contrast to the first case, the classical criterion
for stopping the iterative process (by a fixed number of iterations equal to N) gives
a bad result. As a result, there was a need to develop a method for automatically
determining the number of iterations, in which the value of the minimized functional
becomes comparable to the background of rounding errors [1]. Therefore, taking into
account rounding errors when choosing a criterion to stop the iterative process is a
relevant issue and in demand in practice.
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UccnenoBanue KpaeBbIx apTedaKkTOB HA N300PaXKEHUSTX OIYXOJIEBBIX
MOpa>*keHu Mpu pelleHnr oOpaTHON HEKOPPEKTHOI 3a1ayun
PEKOHCTPYKIIUU M300pa>keHuil B siIepHOM MeaulluHe
Hecreposa A.B., enucosa H.B.

Huemumym meopemuneckot u npukaadnoti mexaruxy um. C.A. Xpucmuarosuua
CO PAH, Hosocubupck
a.nesterova@g.nsu.ru

Lens. [Ipu obciteqoBaHrY TAIMEHTOB METOIOM OJIHO(DOTOHHOM SMUCCUOHHON KOM-
MIBIOTEPHOM TOMOTpAMUU OIEHUBAETCs PacIpeesieHrne paanodapMaleBTHIecKoro mpe-
napara (P®II) B 6uosornyeckux tkansx. Hepermennoit npo6semoii ocraercst TodHast
KomIecTBeHHasI orenka Hakorienns POII B omyxoeBbix ogarax. Takas orieHKa BarK-
Ha /)T MOHUTOpUHTA 3P deKTUBHOCTN Has3HadeHHO# Tepamnuu. Ilenbio gannoit padbo-
ThI sIBJISIETCsI UCCJIEJIOBaHIE KPaeBbIX apTedaKTOB, BOSHUKAIOIINX HA KJIMHUIECKUX
n300paKEeHUsIX OIIyXOJIEBBIX MMOPaXKEHUi, KOTOPbIe IMPUBOJST K ONIMOKAM B OIIEHKE
HakoruieHust POII.

Meton. [ns pernennsi MOCTABIEHHONW 33/1a91 UCIOJIB3YETCS METOJ MMUTAIMOH-
HOT'O KOMITBIOTEPHOI'O MOJIEJINPOBaHUSA. B KadecTBe 00bEeKTa HCCIIE0OBAHNS UCIIOIH30-
BaJICsl MaTeMaTUIecKuil (haHTOM, UMATHPYIOIIN paBHOMEPHOE (POHOBOE PACIIpEIeie-
are POII ¢ BbieeHHON 00J1aCThIO TIOPAXKEHUs, IPEJICTABJISIONIel coboil cTyneHYa-
TyI0 QYHKIMIO. BT cMOIeIMpoOBaH IPOIECC TeHEPUPOBAHNS U PECUCTPAINH ChIPBIX
IIyaCCOHOBCKUX JTAHHBIX, IPUOJINKEHHBIX K KJINHAIeCKUM. Perenne obpaTHO 3a1a-
91 PEKOHCTPYKINK M300parKeHnii ¢ IIyaCCOHOBCKUMU JTAHHBIMU BBIIIOJITHEHO Ha OCHOBE
craTucTrdeckoro Merona Expectation Maximization ¢ ucmosb3oBaHuEeM UTEPAIIMOH-
Horo crangaptHoro agroputMa OSEM (Ordered Subset Expectation Maximization).
it ysrydriennst KOJTM9IeCTBEHHOM OIEHKU B aJITOPUTM PEKOHCTPYKIIMKA BBEJEH yUeT
dyukuun paccesuus Touku (OPT) 3a cuer memmeanbuocTn Kojummaropa. Oxuia-
JIOCh, YTO 3TO MO3BOJIAT YJIYUIIATH KOJAIECTBEHHBIE OIEHKH OIIYyXOJIEBBIX OYaroB Ha,
PEKOHCTPYUPOBAHHBIX M300parKeHUIX.

PesyabraTrsl. Ha peKoHCTPYHPOBaHHBIX M300paKEHUSIX, IIOJIyUYEHHBIX C yIeTOM
OPT, nosiBunch Kpaepbie apTredaKThl, KOTOPbIE TPEICTABJISINCH B BHJIE PE3KOTO PO-
cra naTeHcuBHocTH HakorjeHus P®II B omyxosisx Maioro pasmepa u B BUJIE OCITUJI-
sanumit narencusHocTr Hakonserns POII na kpasx B omyxossax OOJIBIIOrO pasmepa.
B 4ucsienHbIX 9KCIIEpUMeHTaX OBLIN IOJIyY€HBI KpaeBble apTedaKThl, aHAJOIUIHbIE
TeM, KOTOpble HabOJIIOJA/INCh B KJIMHUYECKUX UCCIEI0BaHUsIX. B siiepHOil MeIuIiuHe
KJIMHUYECKUE WUCIBITAHUS CUJIbHO OrPaHIYeHbl U3-3a JIy9eBoil Harpy3ku. Merom KoMm-
MIBIOTEPHOTO MOJIEJIMPOBAHUS TIO3BOJIUI BBITOJTHUTD OOJIBINOE KOJIMIECTBO TUCIEHHBIX
MMUTAINOHHBIX IKCIEPUMEHTOB 10 UCCJIEIOBAHUIO TIOBEIEHUST KOJTMIECTBEHHO OIleH-
ku Hakomienns POII B omyxosieBbIX MOParKEHUSIX PA3HOTO pa3Mepa B 3aBUCUMOCTH
OT IIapaMeTPOB AJTOPUTMA PEKOHCTPYKITHH.

BreiBoasbr. /Iy mosydenusi jpoctoBepHoit ornenkn Hakorieaus P®OII B omyxosn,
HEOOXOIMMO Pa3BUTh CTATUCTUYECKUN KPUTEPHUil ONTHMAJBHOIO OCTAHOBA MTEPAIIU-
OHHOTO TIPOIIECCa, OPUEHTUPOBAHHBII Ha 00JIACTD BBIIEIEHHOTO MHTEPECA — OIYXOJIb.
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YNCJIEHHOE PEINTEHUWE 3AJTAYUA OINIPEAEJIEHU A
TAMMNJIBTOHNAHA B MOAEJIN UTPHI CPEAHETO IIOJIA
Hesepos A.B.

Hosocubupckuii 2ocydapemeernniii yrusepcumem, Hosocubupck
a.neverov@q.nsu.ru

PaccmarpuBaercs 3a1aMa BOCCTAHOBJIEHHST TAMUJIBTOHUAHA B MOJIEN UTPBI CPEJI-
Hero nodist (VICIT) 1o 3a7aHHOMY PACTIPEIETIEHHIO INIOTHOCTH BEPOSTHOCTU GOJIBIIIOTO
9UCJIa OJHOPOJHBIX UTPOKOB B 1 pepeHInalibHON Urpe 38 HEKOTOPBI ITPOMEXKYTOK
Bpemenn. Onucanune JUHAMUKYA PACIPEIEIEHUsS UI'POKOB C YIE€TOM CTPATEruu OITHU-
MaJIbHOTO YIIPABJIEHUsI CBOJUTCS K PEIIEHUI0 CUCTEMBI JIBYX yYPABHEHUI B YACTHBIX
[IPOM3BOJHBIX, HpudeM onHO u3 kKoTopbix (Kosmoroposa-®okkepa-Ilianka) pemaer-
cs1 B psiMoM Bpemern, a Bropoe (Fammibrona-Akobu-Bemnmvana) — B o6paraom. B
[IPEJIITOJIOXKEHUY BBIIYKJIOCTH (DYHKIIMA CTOUMOCTH YIIPaBJIeHUs HEOOXOIUMO OIIpe-
JeJITh KO3 MUIMEHTHI 3aJJaHHON (DYHKIUN CTOUMOCTH, KOTOPasi XapaKTepU3yeTcst
raMUJIETOHUAHOM.

Pazpaboran 9ucIeHHBIH aJrOPUTM DEIIeHUsT TIPSIMO 33/Ta9N UT'PBI CPEHETO MTOJIsT
HA OCHOBE METOJIa KOJIJIOKAITUIL, TO3BOJISIONIETO PEIIaTh MOJIyIaeMyI0 CUCTEMY YpaB-
HEHUIl BO BCeli pacueTHOI 06J1acTh OJHOBPEMEHHO B IIPSIMOM M 06paTHOM BpeMmeHu. Pe-
meHne 00paTHON 3aJ[a9U CBEIEHO K PEIeHUI0 339 MUHUMU3AIUN 11eJIeBOr0 (PyHK-
[MOHAJIA, BBIPAYKAOINIETO PASHUILY MEXK/y U3MEPEHUSIMU 3aJaHHON M MOJIEIUPyeMOit
IJIOTHOCTBIO PACIIPEIETICHNsT UTPOKOB TIPU TOJIYYEHHBIX TPUOJINKEHUIX TapaMeTpOB
raMUJIbTOHNAHa. Pa3paboTaH ajropuT™M MUHUMHU3AINAN TEJIEBOTO (DYHKITHOHAJA, OC-
HOBAHHBII HAa TPUMEHEHUH METOJa IPAJIMEHTHOrO CIYCKa, B KOTOPOM ITOJIyYIEHO BbI-
paXKeHue IpaJieHTa, CBsI3aHHOE C PElleHUueM COIpsi?KeHHON 3amaun K mogeaun VUCII.
IIpuBenennr pe3yabTaThl YNCIEHHBIX pacueToB i mpocreiimeii SIR monemu, onucer-
Baorell pacupocrpanenrne HHGEKIUOHHOroO 3ab0s1eBanus B momysanun |1, 2].

Paboma evimoarena npu durarncosoti noddepocke Poccutickozo nayuwnozo gonda
(npoexm Ne 18-71-10044-11).
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PROPERTIES OF THE NORMAL RADON TRANSFORM
ACTING ON 3D SYMMETRIC m-TENSOR FIELDS
Polyakova A.P. and Svetov LE.

Sobolev Institute of Mathematics, Novosibirsk
apolyakova@math.nsc.ru, svetovie@math.nsc.ru

The longitudinal ray transform is a classical integral geometry operator acting on
vector and symmetric m-tensor fields [1]. In R?, only the solenoidal part of a vector
or symmetric m-tensor field (m > 2) can be reconstructed from the longitudinal ray
transform. To restore the potential part, we must have other data. One of operators
that makes it possible to reconstruct the potential part of a tensor field is the normal
Radon transform. In [2] the problem of inverting the Radon transform of a symmetric
2-tensor field and, in particular, the normal Radon transform was investigated. We
note the papers in which the singular value decompositions of the Radon transform
[3] and the normal Radon transforms [4, 5, 6] were obtained.

Let B = {x : |z| < 1} denote an open unit ball in R® and Z = {(s,¢) : s €
(—1,1), ¢ € R3, |¢| = 1} be a cylinder. The plane P s in R® can be given by the
normal equation (¢,z) —s =0 for z,£ € R3, |¢| = 1.

The normal Radon transform R : Lo(S™(B)) — Lo(Z,p) of a symmetric m-
tensor field u(x) is defined by the formula

1 _ g . . . .
[Riu](s,&) = / S G Gy, ()da

Pr, im=1

In the report, we consider the integral geometry problem of finding a potential
part of 3D symmetric m-tensor field provided that the normal Radon transform is
known. Properties of the normal Radon transform acting on 3D tensor fields are
investigated.
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KPAEBBIE 3AJJAYU >KEBPE 1 OBPATHBIE 3AJTAYUA
BOCCTAHOBJIEHU S KOR®PUIIUEHTOB /1JI1 YPABHEHUN
BBICOKOTO IIOPAIKA
ITouos C.B.

Axademus nayx Pecnybauru Caxa (dxymusa), STxymex
Cesepo-Bocmounnili dedepanrvuoiti yrusepcumem umernu M. K. Ammocosa, Sxymcexk
guspopov@mail.ru

3aaun 00 OMpeIeIeHI TOYEIHBIX HCTOYHUKOB M0 TOYETHBIM JAHHBIM TIEPEOIpe-
JIeJTIEHUsT TIPEK/IE BCErO XapaKTEPU3YIOTCS TEM, 9TO B IIPABOIl 9aCTH yPABHEHUS CTOAT
pacmpejiesieHust ¥ BO3HUKAIOT TP OMPEIEIEHIH HCTOYHIUKOB ATMOCHEPHOTO WTH BO-
HOTO 3arpsi3HeHus . 3/1eCh Tpebyercs Mo JAHHBIM 3aMePOB HAWTH YUCJIO HCTOYHUKOB UX
MECTOIOJIOKEHUE U MHTEHCUBHOCTD. 339U ABJIAIOTCS HEKOPPEKTHBIMU B OOBIYHOM
CMBICJIE U TEOPETHUIECKUX PE3YJIHbTATOB UM TOCBSAMIEHHBIX MaJIO.

B pabore paccmarpuBaioTcs oOpaTHBIE 33Ja9M HAXOXKIEHUs BMECTE C PEeIIeHN-
€M BHEIIHUX MCTOYHWKOB BO3JEHCTBHS MO BPEMEHHON MEpEeMEHHOH Jisi ypaBHEHWs
HEYETHOIrO MOPSAIKA MPH 33JaHUU TOYEYHBIX YCJIOBUN TEPeonpeesieHus, B 9acTHO-
CTH, CJIy9ad BOCCTAHOBJICHMS ILJIOTHOCTEH HECKOJIbKUX UCTOYHUKOB. OOparHbie 3a/1a-
UM )1 TAKUX YPABHEHUHN CBONATCS K HEJOKAJILHBIM MO BPEMEHU «HATPYYKEHHBIM»
YPABHEHUSM B MCKOMOM 0OAHAXOBOM IIPOCTPAHCTBE, 3aTE€M HCCJIETOBAHNE PA3PEITIMO-
CTH HOBBIX IPSIMBIX KPAEBBIX 33,129 MPOBOIUTCS C MCITOIH30BAHUEM ITPE/IIOKEHHOTO
uHCTpYMeHTapusi. JIOCTATOYHO XOPOIIO M3ydeHbl OOPATHBIE 33Ja49d JJjisi ypaBHEHUH
apaboJInIecKoro u rurnepOOTHIecKOro TUIIOB, B UCCJIEJOBAHNS PA3PEIIMMOCTH TAKUX
3aJ1a4 cyecrsennbiil BkJa saeciaun M.M. Jlaspenrses, B.I. Pomanos, C.1. Kabanu-
xut, K.E. Auukonos, FO.4. Bemos, A.M. /lenucos, M.I1. VBaumos u npyrue.

PaccmarpuBarorcs Takxke 3amaun 2KeBpe [j1sT ypaBHEHUS HEYETHOTO TOPSIKA C
BECOBBIMU YCJIOBUSIMU COIpPsizKeHus (CKJienBanus). B ciyyae HEnpepbIBHBIX yCIOBUI
COIPSIZKEHUsT PA3PeruMocTh 3aaadu 2KeBpe cienyer u3 KOPPEKTHOCTH WHTErpajib-
HBIX yPABHEHWII C $JIPOM, OJHOPOJHBIM CTeleHr —1, a B CJydae BECOBBIX YCJIOBUN
COTPSI’KEHUST PA3PENTUMOCTD TTPUBEIEHA K TEOPUY CUHTYJISIPHBIX HHTEPAJIHHBIX YPAB-
HeHuit ¢ ocobbim sapom. Hadinensr ycmoBus (pearoabMOBOCTH MOy YEHHBIX OOMIAX
WHTErpaJjIbHbIX YPABHEHWI B BECOBHIX mpocTpancrBax [énpaepa u Jlebera.

KpaeBbie 3a/iauu s TaKUX BBIPOXKIAIONIUXCSA YPABHEHUN PACCMATPUBAJIUCH B
paborax Koxkanosa A.U. (2015, 2018), muist 06ux oneparopHo-auddbepeHiuaibHbIX
ypaBHeHuii Takoro Buga — B paborax Ilarkosa C.T., Amrununa B.1. (2013, 2014).
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O EIMHCTBEHHOCTH PEIIIEHUI OBPATHHBIX 3AJIAY J1JISI
YPABHEHUM PA3JINYHBIX TUIIOB 10 OTBICKAHUIO UX
ITPABOM YACTH
Caburos K.B.

Hremumym mamemamuru u sviuuciumervroil yenmp YOUI] PAH, Ya,
Cmepaumamarcruts guruas YPumckozo yrugepcumema Hayku U MeTHOA0ZUN,
Cmepaumamar
sabitov_ fmf@mail.ru

esibro taHHOrO JOKJIAA SABJISETCS TIOCTAHOBKA OOPATHBIX 3314 JJisi auddepen-
UAJbHBIX YPABHEHNHN Pa3/IMYHBIX TUIMOB IO OIPEJICJICHUIO UX NPAaBbIX YacTell B NIps-
l\IOyI‘OJ’IbHOﬁ O6JIaCTI/I 1 10Ka3aTEeJIbCTBO TECOPEM €INHCTBEHHOCTHU peIHeHI/IfI 9TUX 3a a1
B KJlacCCe KJIaCCUYeCKUX peHIeHI/IfI HE3aBUCUMO OT METO/Ja UX ITIOCTPOECHUA. B U3BECTHBIX
I\{OHOI‘paCbI/IHX n APpYIrux CTaTbAX €JUHCTBEHHOCTDH pPeEIIeHUd O6paTHLIX 3a/1a9 yCTa-
HaBJINBACTCA UCXOOAA U3 IIOCTPOCHUSA ABHOI'O PEIICHMA HpHMOfI 3aa91 B ,ILaJIbHefILHeM
OIpUMEHEeHHEeM METOOa II0CJIeJ0BaTEe/IbHBIX HpI/I6J'II/I)K€HI/II71 nin C IPUMEHCHUEM TE€OPHUHN
MIPSIMBIX 1 OOPATHBIX CIEKTPATBHBIX 38141, MJIN ITEPEX0/Is K IPSIMOit 3a1ate 1y1st 6ostee
CJIOKHOTO TudHepeHnnaIbHOr0 YPaBHEHUs C HAIPYKEHHBIMU CJIaTaeMbIMH.

B nokmnane, cienysa pabore [1], rje BIepBbIe JJIs IBOJIOIMOHHDBIX YPABHEHUN ycTa-
HOBJIEHBI T€OPEMBI €/IMHCTBEHHOCTU U yCTOI'}’I‘{I/IBOCTI/I peH_IeHI/Iﬁ O6paTHbIX 3aJ1a4v OIIpe-
JIeJIeHUsI TIPABOil YacTu 10 (PUHAIBHOMY HAOJIIOEHUIO, METOJOM HHTEIPAJIHHBIX TOXK-
[eCTB OyIyT YyCTAHOBJIEHBI TEOPEMBI €UHCTBEHHOCTHU PeIeHnsi OOPATHBIX 3819 JIJIs
9eThIpex KJIaccoB AudDepeHnnaabHbIX YPABHEHUH 10 OMPEIeIEHNI0 NX TPAaBOi 1a-
CTHU.

CIIMCOK JIMTEPATYPBHI

1. Romanov V., Hasanov A. Uniqueness and stability analysis of final data inverse
sourse problems for evolution equations. // J. Inverse Ill-Posed Probl. 2022. Vol.
30. Ne3. P. 425 — 446.

36



METOAbI OBPABOTKUM JTAHHBIX BPEMEHHbBIX PA10B
JOJITOJIETHUX HABJIIOAEHUN IIJIAHKTOHHOI'O
COOBIIIECTBA
[Tanapenko B.C.

Hosocubupckuii 20cydapemeenmnvil yrnusepcumem, Hosocubupcrk
shaparenko.vladislav@mail.ru

AKTyasbHBIME CETOJIHS SBJIAIOTCS TPOOJIEMBI TJI00AIBLHOTO OTEIJICHHST, YMEHbIIIe-
HUsI KOHIIEHTPAIMKM KUCJI0pona B arMocdepe u pocra Kourenrpanuu CO2. B cBsi3u
C 9TUIM CTAHOBUTCsI BAYKHBIM IMOUCK U H3ydeHune (DAKTOPOB, BJIUSIONIMX HA KAIECTBO
BO3JIyXa W POCT TEMIIEPATYPhI HA IJIAHETE. YCTAHOBJEHO, YTO MJIAHKTOHHOE COO0DIIe-
cTBO BBIpabarniBaer 10 H0% Bcero Kmeaopoma, HaXOAAIIErocs B arMocdepe 3eMJId.
IIpu sTOM He3HAYUTEHLHBIE M3MEHEHNST B OKPY?KAIOIIEH cpejie MOTYT BIUSATH Ha CKO-
pPOCTh HPOU3BOJICTBA KHCJIOPO/Id, KPYIOBOPOT BEIECTBA U SHEPTUU, OCYIIECTBIISIO-
muiicst BOMHOIM sKocucTeMoit. Kpome Toro, ImIaHKTOH CJIY?KUT UHIUKATOPOM YUCTOTHI
BOJIOEMOB, & 300ILTAHKTOH COCTaBJISIET KOPMOBYIO 6a3y pbI0, a CJIeI0BATEIbHO, BIUIET
¥ Ha HEPI, U Ha OKOJIOBOJHBIX IITHIIL.

[Tenpro paboThI sABISIETCS MPOrHO3UPOBAHTE 00bEMA IIJIAHKTOHHOTO COODITECTBA B
Oy/yIIeM C ITOMOIIbI0 0OpabOTKY JIAHHBIX BPEMEHHBIX PsiIOB.

B pabote mpoiesiaHbl Bcc/ie0BaHUs C JIBYMSsI THIIAMEA MOJIEJIeil: S9KCIIOHEHIIAIbHOE
crinaxkusanue u Mogeab ARMA (u ee 6osee nponsunyTeie Bepcun, ARIMA, SARIMA
u SARIMAX).

CIIMCOK JIMTEPATYPHI

1. Forecasting: Principles and Practice (3rd ed) Rob J Hyndman and George
Athanasopoulos Monash University, Australia
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4. Szulejko J.E., Kumar P.; et al, Global warming projections to 2100 using simple
CO2 greenhouse gas modeling and comments on CO2 climate sensitivity factor.
Atmospheric Pollution Research, 8(1), 2017. pp.136-140.

5. Weiss R. F., Carmack E. C. C., Koropalov V. M. Deep-water renewal and
biological production in Lake Baikal //Nature. — 1991. — T. 349. — Ne. 6311.
— C. 665-669.

6. Sarker, et al, "Rising temperature and marine plankton community dynamics:
Is warming bad?."Ecological Complexity 43, 100857, 2020.

7. Hepesenckasi O.FO., Meropl OlleHKM KadecTBa BOJ, MO I'HJIPOOHOJIOTHIECKUM
moKa3aTe siM: yIeOHO-MeTOInYIecKast pa3paboTKa 1o Kypcy «l'mapobuosioruss,
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"Baiikasiosenenne." (2009).
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KOMIIJIEKCUPOBAHUE ®U3NYECKUX METO/J0B IT1PUA
HEMPOCETEBOM PEIIEHUU HEJIMHENHON OBPATHOM
SAJAYN TEOPU3UKN
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L Poccutickuti 2ocydapemeenmnmiti 2eon020passedoumnnili yrusepcumem umeny Cepzo
Opdotconurudse, Mockea
2 HUH sdeproti pusuru umenu . B. Crobeavyvina MI'Y umenu M. B.
Jlomonocosa, Mocksa
shimelevichmi@mgri.ru

B pabore paccMaTpuBarOTCst BOIPOCH IIPUMEHEHUS ANTPOKCUMAIIMOHHOTO HEHpPO-
ceresoro (AHC) merona st pernenus o6paTHbIX 33184 1e0DU3UKU B KJIACCE KyCOUHO-
IIOCTOSTHHBIX PEeIeHNUil, KOTOPbIE CBOISATCS K HEJIMHEHHOMY OIIEPATOPHOMY YPABHEHHIO
I posa Ha kKomnakTHOM MHOXKecTBe. AHC MeTo 3aK/H09aeTcsi B IOCTPOEHUH TPUO.JIU-
JKEHHOI'O O0PATHOrO ONeparopa 3aJadr (Tak Ha3bIBAEMOIO ANIPOKCHMATOPA) C IO-
MOIIHI0 MHOTOCJIOMHBIX HEHPOCETEBBIX ANMTPOKCUMAIIMOHHBIX KOHCTPYKITUIT HA OCHOBE
3apaHee IIOCTPOEHHOIO MHOXKECTBA OINODHBIX pelieHuii (6aHKa pelneHuil) IpsMbIX U
obpaTHbIX 3am1ad. [7]

[TpusossiTest pe3yibraThl aBTopoB 110 pemtennto AHC meTomom 06paTHOl 1By XKPH-
tepuasbhoil 2D u 3]1 3ama4uu rpaBuMeTpPUN B KOMILJIEKCE ¢ MarHuToMerpueii. Pabora
BBITIOJIHEHA C MCIOJIb30BAHUEM BBIYHUC/IATEIHHBIX pecypcoB MeXBeI0MCTBEHHOTO CY-
[epKOMIIbIOTepHOrO 1eHTpa Poccuiickoii akagemuu nayk (MCII PAH) u ¢ ucnosbzo-
BaHueM obopynoBanus lleHTpa KOJUIEKTHBHOIO IIOJIB30BAHUS CBEPXBBICOKOIIPOM3BO-
JATEJILHBIME BBIYUCIUTEbHBIMU pecypcamu MIY umenn M.B. Jlomomocosa. ccite-
JIOBaHUe BBINIOJIHEHO 3a c4eT rpaHTa Poccuiickoro may4aunoro ¢donma Ne 19-11-00333,
https://rscf.ru/project /19-11-00333/

CIINCOK JIMTEPATYPBI

1. Hlumenesuyw M.U., Obopnes E.A., Obopnes U.E., Poduonos E.A. Anropurm
pelrenns OOPATHON 33891 T€O3JTIEKTPUKN HA OCHOBE HEMPOCETEBOM AIIIPOKCH-
Mmaruu // Cubupckuil »KypHas Berauciaureabuoil maremaruku. 2018. T. 21. Ne

4. C. 437-452.
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INVERSE PROBLEMS FOR A THREE-DIMENSIONAL EQUATION
OF PARABOLIC-HYPERBOLIC TYPE IN FINDING
TIME-DEPENDENT FACTORS OF THE RIGHT-HAND SIDES
Sidorov S.N.

Ufa State Oil Technical University, Ufa
stsid@mail.Tu

Consider an equation of mixed parabolic-hyperbolic type Lu = F(z,y,t), here

Sz, y)g(t), >0,

L= Ut — Ugg — Uyy +bu, >0,
f2(‘r7y)92(t)7 t<07

F(x,y,t) = {
Upt — Ugy — Uyy +bu, <0,
in the domain of Q = {(z,y,t)| (z,y) € D,t € (—a,8)}, D = {(z,y)|0 <z <p, 0 <
y < q}, o, B, p, q are given positive real numbers, b is any given real number, and we
set the following problems.

Problem 1. Find functions u(x,y,t) and g1(t) satisfying the conditions

u(z,y,t) € C(Q)NCHQ)NC, (Q)NC2 (Q4) NC*Q-); (1)
Lu(z,y,t) = F(z,y,t), (z,9,1) € QyUQ_; (2
w(@,y,t)|,_o = wlz,y,t)|,_, = u(z,y, )] _ = u(z,y.t)] _ =0, —a<t<p; (3

w(z,y,t)|,__, =v(xy), (z,y) €D, (4
91(t) € C[0,8];  u(xo,yo,t) = hi(t), (zo,90) €D, 0<t<B,

(
where fi(z,y), 1 = 1,2, ¥(x,y), g2(t) and hy(t) are given functions, Q_ = QN{t < 0},
Q+ =Qn{t>0}.
Problem 2. Find functions u(x,y,t) and g2(t) satisfying the conditions (1) — (4)
and

QQ(t) S C[*OZ,O], U(SC(),yo,t) = hQ(t)v (IOa yO) S Da —« S t S 07 (6)

where fi(x,y), i =1,2, ¥(x,y), g1(t) and ha(t) are given functions.

Problem 3. Find functions u(x,y,t), g1(t) and g2(t) satisfying the conditions
(1) - (6).

The report will present uniqueness and existence theorems for solutions to Prob-
lems 1 — 3, while the solutions are constructed explicitly. These results are presented
in [1], which has been accepted for publication.

REFERENCES

1. Sidorov S.N. Inverse problems for a three-dimensional equation of parabolic-
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METOA PABAEJIEHN A ITIEPEMEHHBIX B 3A/TAYE
BBIUNCJIEH Y IIOTOKA TEIIJIA HA HEJTOCTYIIHOM
I'PAHUIIE
Copoxkun C.B.

Huemumym svimucaumenvroti mamememuky u mamemamuveckol zeopusury CO

PAH,

Hoesocubupcruti 20cydapcmeennviti yrusepcumem
sorokin@ssce.ru

B mokmane s pemenust 3agadan Komm st 9/imunTuaecKux ypaBHEHU ¢ mepe-
MeHHBIME KO3 durpenTamu (Tesia, COCTABIEHHbIE U3 YacTell ¢ PA3InIHbIMU (DU3UYIe-
CKUMU XapaKTEePUCTUKAME) B CTAHJADTHBIX PACYETHBIX 00JacTsX ([IPAMOYIOJIbHUK,
KDYT, KOJIBIIO) MPEJJIO’KEH ObICTPBIH IMCIEHHBIN aJrOpUTM, OCHOBAHHBIA HA MeTOfe
pasjiesieHusi repeMeHHbIX. [IpesjiaraeMplil MOIX0/[ UCIIOJIB3YeT KOHEYHO PA3HOCTHYIO
AIMIPOKCUMAITUIO U TIO3BOJISIET YPE3BBIUAHO JENIeBO MOy IUTh UCKOMOE DEIeHHeE.

HoBusna cocrout B TOM, 9TO IIPEACTABIEHHBIN AJITOPUTM MOXKET ObITh ITPUMEHEH
JJISL SJITMITHYECKOTO OIlepaTopa ¢ IIepeMeHHbIME KoddduimeHTaMu (CIeUalbHOIO
Buza). IIpuHIMIMaibHO, 9TO B 9TOM CJlydae HeJb3sl [OJIydaTh aHAJUTUYECKUe Perie-
HUsI KaK MIPsIMOIi, Tak ¥ OOpaTHOI 3a/1ad.

[IpemyioxKeHHBII AJITOPUTM CYIIIECTBEHHO PACIIUPSIET KPYT PEIIaeMbIX 3829 U MO-
JKET MPUMEHATHCS TIPU CO3JaHUN IPUOOPOB CIIOCOOHBIX B PEAJLHOM MacIITabe BpeMe-
HU OINPEJE/IATh IOTOK TEILIa HA HeJOCTYIHBIX JJIs U3MEPEHUs JacTIX HEOTHOPOIHBIX
KOHCTpyKIumii. Harpumep, jij1st oripejiesieHust MOTOKa TeIia Ha HeJIOCTYITHOM BHYTPEH-
HEM pajyce TPYObI BBIIOJHEHHON N3 PA3INIHBIX MATEPHAJIOB.

Pabora momep:kaHa rocyapcTBEHHBIM 3ajaHueM HCTATYTa BBIYMC/IATETHHOM
MaTeMaTUKU U MaTeMaTH4ecKoil reodusuku Cubupckoro ormaesenus Poccuiickoii aka-
nemun Hayk Ne 0251-2021-0001
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SOLUTIONS OF FORWARD AND INVERSE PROBLEMS FOR
INCOMPRESSIBLE VISCOUS FLUID USING A
PHYSICS-INFORMED NEURAL NETWORK
Strijhak S.V.

ISP RAS, Moscow
s.strighak@ispras.ru

It is known that laminar and turbulent flows can be studied by solving the Navier-
Stokes equations. Such currents include currents in the ocean, the movement of fluid
in pipes and blood through vessels, the flow of air around the wing of the aircraft.
Various computational methods and algorithms are used to simulate such phenomena,
and modeling processes on modern servers and computing clusters takes considerable
time. Recently, the direction associated with the development of the architecture
of physically-informed neural networks (PINN) has been actively developing, which
significantly reduces the estimated computer time. At the same time, the neural net-
work is designed using basic physical laws and available observational data. In [1],
the authors introduced for the first time the concept of PINN for solving forward and
inverse problems involving consideration of various types equations (ODE, PDE). In
this paper, we consider the issue of constructing the architecture of a physics-informed
neural network for modeling the direct problem of 2D incompressible stationary Ko-
vasznay flow at Re=40,100 and for solving the inverse problem of 2D laminar fluid
flow around a cylinder at Re=100. Such PINN consists of three main blocks. A mesh-
free Lagrangian method is used for such PINN, which includes setting the required
number of calculation points in the study area, for initial and boundary conditions,
as well as a procedure for calculating derivatives using the autodifferentiation pro-
cedure, which is available in TensorFow, PyTorch. To solve such problem, we must
first set the size of numerical domain and the time range. The problem is defined
for dimensionless quantities. A neural network with 4 hidden layers and 50 neurons
per layer (4x50) and 7x50,10x100 was used to solve the Kovasznay flow problem, for
which there is an exact analytical solution. The relative errors in the L2 norm could
reach the order of 107, For the inverse problem with cylinder flow at Re=100, the
numerical data from Nektar spectral-element code were used and two unknown pa-
rameters lambdal, lambda2 were determined. These parameters were present in the
initial equations of motion for the two velocity components for convective and diffu-
sion terms. The training time ranged from 30 minutes to 4 hours, depending on the
choice of hyperparameters. The value of MSE was chosen as a metric for evaluating
the prediction results.

REFERENCES
1. Raissi M., Perdikaris P., Karniadakis G.E. Physics-informed neural networks:
A deep learning framework for solving forward and inverse problems involving
nonlinear partial differential equations // Journal of Computational Physics,
2019, Volume 378, pp. 686-707.
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Bupyc ummynoznedunura gesnopeka (BIIY) ocraercs oHO# U3 OCHOBHBIX HpOBJeM
100 ILHOTO OOIECTBEHHOTO 3paBooxpanerus. BUY mopakaer nMMyHHYIO CHCTEMY
7 ocyrabisieT 3aluTy OT MHOTUX WH(MEKIWH W HEKOTOPBIX THUIIOB paka, ¢ KOTOPBIMU
MOXKET CIIPABUThCSI IMMYHHUTET 3J0POBOr0 4dejioBeka. He cyimecrByer Meroa, O3BO-
sisiroriiero BeuteunTh BUY-undeknuo. Opaako Gyiarofapst paciiMpeHno JIOCTya K
93 DEKTUBHBIM CPeJICTBAM MPOMUIAKTUKY, JuarHocTuku u Jjedenuss BUY u ommop-
TYHUCTHYIECKUX MHMEKIN, a TakKe yxo/a 3a narnueatamu, BUY-nndeknus mepernura
B KATErOpUIO MOJIAIONINXCST TEPATINY XPOHUIECKNX 3abosesannii [1]. s mpemymnpe-
KJACHU s HauXyJAIero ClieHapusd IPporpecCupoBaHud HH¢)€KHHH IpuUMeHdeTCd MaTeMa-
THYECKOe MOJeINpoBanue [2].

s onucanusi marorene3a BUY-undexknun chopmyaupoBana cucrema OOBIKHOBEH-
ubix puddepennuanbabix ypasaenuil [3]. Momesns cocrour u3 BocbMU ypaBHEHUid,
onmchiBatonux yerbipe cocrostaust CD4+ T-kierok u asa Buga CD8+ T-kierok, Ko-
TOPBIE OTHOCSATCS K KJIETOYHOMY UMMYHHUTETY desioBeka. OcoOeHHOCTD JJAHHONW MO
B ToM, ur0 CD4+ KjIeTKM CjIy2KaT OCHOBHBIM Pe3epPByapOM JIATEHTHO MH(MUIIMPOBAH-
HBIX KJIETOK. BUpycHasi HArpy3ka Ha OPraHU3M YejIOBeKa CyMMUPYETCs U3 BO3JEi-
CTBUSA MHMEKIINOHHOTO N HEMH(PEKITMOHHOTO CBOOOIHOTO BUpyCa.

st onucaHHON MaTeMaTHIeCKOl MOJIeTN TPUBEIEHO pelenne 3a1aqu Komm Beranc-
JINTEJIbHBIMU METOJIAMHE, & TaKXKe MMPOBEJIEH aHAJIN3 UJICHTUMUIINPYEMOCTH ¥ AHAJIN3
4yBCTBUTEJIBHOCTH OT BXOJIHBIX JIAHHBIX JJIsl apaMerpos. IlocraBiena u periena 06-
paTHas 3aJ1a9a ONTUMU3AIMOHHBIMUA METO/IaMHU.

CIIMCOK JIMTEPATYPHI
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AJITOPUTM NCKYCCTBEHHOT'O MHTEJIJIEKTA HA OCHOBE
ECTECTBEHHOI ACCOIIMAIINY XUMNYECKNX SJIEMEHTOB
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leodusnyueckne n reoxuMuyeckue MeTOIbI OCHOBAHHBIE HA METO/AX HCKYCCTBEHHOI'O WUHTEJ-
JIEKTa M KOMIIBIOTEPHBIX TEXHOJIOTMSAX B HACTOSINEE BPEMs IMUPOKO HUCIOJIB3YIOTCsI B IPAKTHUKE
[TOMCKOBO-OIEHOYHBIX U T'e0JIOr0-pa3Be0dHbIX pabor. OHU OKA3BIBAIOT OYEHb CYIIECTBEHHYIO I10-
MOIIIb 115 BBISIBJIEHUsT HOBBIX PYIHBIX MposiBaeHuil. Ha mpakTrke MONCKOBBIX T€OXMMUIECKIX PAOOT
3aIIaTeHTOBAHO MHOXKECTBO PA3JIMIHBIX METOJOB, HAIIPAB/IEHHBIX HA MOBLINIeHNE 3bMOEKTUBHOCTA
IIOMCKAa CKPBITBIX PY/IHBIX OOBEKTOB. B OCHOBHOM OHM OPHEHTHPOBAHBI Ha IOBBIIIEHHE KOHTPACT-
HOCTU aHOMAaJIUi U HAJIE?KHOCTH B WHTEPIIPETAIMYM I'eOXMMUYECKUX IapaMerpoB. B To ke Bpems
Y9IET TeOXUMUYIECKON 30HAJBHOCTU IIPU OIEHKE T'eOXUMHUYECKUX AHOMAJIMI MOXKET CYIIECTBEHHO
MTOBBICUTD HAJIEYKHOCTH MEOXMMHUIECKNX MeTOA0B. OUeHb Ba’KHYIO POJIb IIPU 9TOM UTDAIOT KOMITHIO-
TepHBIE TEXHOJIOTUH, [TO3BOJIAIONIHE OBICTPO 00PADATHIBATE JIOBOIBHO OOBEMHYIO T€OXIMUIECKYIO
nHAMOPMAIIIO U IIPEJICTABIATH €€ B BU3YAJIM3NPOBAHHOM BH/IE.

ITo MeTomy ecTeCTBEHHBIX aCCOIUAIMI T€OXUMUYECKUX aHOMaJ M VIHCTUTYTa MUHEPAJIOIMH U
reoxumun peakux 31eMeHToB (IMI'PD) oTKPBITO HECKOIBKO MECTOPOXK/IEHU, 3ajexKkeil U HOBBIX
yYacTKOB opyzeHenust B Bocrouno-Kazaxcranckoit obinacru [1, 2]. B ocrose manuo#i MeTomuku
JIEZKAT PacYeT Ps/ia TeOXUMUIECKAX MapaMeTPOB, ODA3UPYIOMINXCS HA METOJE €CTECTBEHHBIX acCo-
IUAUil 1 TO3BOJISIONINX OIEHUBATH OCODEHHOCTU T€OXUMUYIECKOi 30HaJbHOCTA. MeTonKa no3B0-
JIIET OIPENEUTh CPEJIHAE COJIEPXKAHUS XUMUYIECKIX JIEMEHTOB, KO3MDMUIIMEHTH MUHEPAJIN3AINH,
AHOMAJIbHOCTY, THTEHCUBHOCTH, 30HAJILHOCTH, PErMOHAJIbHBIE KOI(MUITUEHTHI 30HAJIBHOCTH, KO-
bUIMEHTB MACIITAOHOCTH, PSIIbl 30HAJIBHOCTHU TI0 YCJIOBHOM ITPOILYKTUBHOCTH, PsiIbI aCCOIUAIIHIA,
MIPOTHO3HBIE PECYPCHI.

Db dheKTUBHON KOMITBIOTEPHOM peasn3anueil 9Toi METOIUKN SABJISIETCS METOJ] MAIHHHOTO 00y-
YeHHsT TAaK KakK MMEIOTCS TOJIBKO dKCIepTHhIe ornenkn. OOydaemast cucrema, B YaCTHOCTU HMCKYC-
CTBEHHAasl HEHPOHHAsSI CETh, CIIOCOOHA BBISBUTH CKPBITYIO 3aKOHOMEPHOCTH, KOTOPYIO CJIOYKHO HJIH
HeBO3MOXKHO (opmasmsosars [3]. Pesynbrarsl onpobosanus u 1abopaTopHble JaHHbIE 10 PACIPO-
CTPAHEHUIO XUMUYIECKUX IJIEMEHTOB CYIIECTBEHHO ITEPEMEIIaHbl B IIPOCTPAHCTBE U COOTBETCTBEHHO
HEe MOTYT OBITH PAa3/IeJI€HbI MPOCTHIMU JUHEHHBIMEU criocobamu. [ukimaeckuit mporecc paszpabo-
TAHHOT'O METOJ[a MAITUHHOTO O0yYeHNsT TTO3BOJIIeT cOOpaTh JaHHbIE, TPeI0dbpaboTaTh UX, BHIOPATH
AJICOPUTMBI WJIM METOJIbI, O0yYUTh WM HACTPOUTH METOJbI, OIEHUTH Pe3ysbTarhl. Ha ocHOBaHUU
9KCIIEPTHBIX OIEHOK KPUTEPHUEB BBIIEJEHHBIX aHOMAJIUI OIPEIE/ISIIOTCS CTEIIeHb UX [IePCIeKTUBHO-
cru [4].
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The consumer credit is an important element of economic relations in Russia. It is
a mechanism for social adaptation of the population to the risks of income instability.
The consumer credit is a highly profitable asset for commercial banks. A big amount
of borrowers in Russia have low real incomes and their demand for consumer credit
is not elastic with the interest rate. This distinguishes the domestic consumer credit
market from classical market models. The current situation may turn into a financial
pyramid, and borrowers in the mid-term will not be able to pay off the taken consumer
loans. This will give a rise to a crisis in the banking system. Nowadays, the problem
of growing debt on consumer loans has sharply aggravated. The sanctions aim to
exacerbate social tension, reduce the effectiveness of government at the federal level
and cause the disintegration of the power. The question arises: how will the consumer
loan market change under the current circumstances and will it be able to perform the
function of social adaptation in combination with direct transfers from the budget?

The modeling of the households’ economic behavior is based on the Ramsey-type
model [1]-[4]. The model is identified according to Russian statistics. A specialized
software has been developed with the help of which the data of household surveys
collected by the Federal State Statistics Service have been studied. The model is used
to analyze the problem of maintaining consumer credit under the current conditions
as a mechanism for social adaptation of the households.

The work has been supported by RFBR, project no. 20-07-00285.
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OBOBIIEHHBITT METO/I TEIIJINIIEBA BHYTPEHHET' O
OKAVIMJIEHUS OJId PEIIIEHNSI YVPABHEHUN
TEJIBO®AHJA-JIEBUTAHA-MAPYEHKO
Bacesa I1.A., Mensenes C.B., ®egopyx M.IL.

Dedepanrv ol uccredo8amenbckutl UeHmp UHGOPMAYUOHHBLET U BBIYUCAUTEALHOLET
mexnonozuti, Hosocubupck
Hosocubupcxuii 2ocydapemeennnii ynusepcumem, Hosocubupcer
vaseva.irina@gmail.com

IIpenorken HOBBIN UNCIEHHBIN METO/ pelrenns oOpaTHoit 3ama4n 3axaposa-Illa-
Gara, KOTOpasl SBISAETCsS COCTABHON YaCcThI0 METOIA OOPATHON 33029 PaCCesiHUS JIJIsT
pemtenus nenuneiinoro ypasuenus [IIpéaunrepa. Obparaas 3a/1a4a COCTOUT B BOCCTa-
HOBJIEHUHU CHTHAJIA [0 33/JAHHBIM CIIEKTPAJIbHBIM JAHHBIM U MOXKET ObITh OIMCAHA [IPU
nomory cucrembl ypasrennit lenbdanna-JIepnrana-Mapuenko (IJIM) [1]. Paspa6o-
TAHHBIN YUCIEHHBIA METOn sBJsieTcsd 0000IerHneM Mmerona TénsuieBa BHYTPEHHETO
okaiimyienus. OH MO3BOMISAET BOCCTAHOBIUBATH CUTHAT, CTAPTYS C TPOU3BOJIBHON TOY-
KU u pemnas jesble uian npasbie ypaBuenus ['JIM, u me tpebyer B crapToBOi TOUYKE
MAJIbIX 3HAYEHUH CIIEKTPAJIBHBIX JAHHBIX. MeTom paboTaeT s CUIHAJIOB, COIEPKa-
IIUX HEMPEPBIBHBIN U IUCKPETHBIN CreKkTp. JIsi IUCKPETHOTO CIEKTPa MPeIIoKeHa,
MIPOIIeIyPa OTPE3AHUS FKCITOHEHIIMAIBHO PACTYIINX MATPUIHBIX 3JIEMEHTOB, TTO3BOJIS-
foras n30exKaTh YNCICHHON HEYCTONIMBOCTH U ITPOBOIUTH PACUETHI [IJIsi COTMTOHHBIX
pelrennii, pa3HeCeHHBIX BO BPEMEHHOH 00/TacTH.

Pabora nposomunace npu nozgzgepxkke rpaara PH® Ne 22-11-00287.
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YNCJIEHHA A PEAJINBAIINA TVNCKPETHBIX AHAJIOTOB
HEKOTOPHBIX OBPATHBIX 3AJAY JJ1d YPABHEHUN
MATEMATUYECKOM ®U3NKN
Bacusibes B.1., Kapaamesckuit A.M.
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B moknane mpuBomuTcst KpaTKuit 0030p 3P PEKTUBHBIX UNCTEHHBIX METOIOB Pellie-
HU HEKOTOPBIX OOPATHBIX 3aJad MaTeMaTHuiecKol (pU3MKU, OCHOBAHHBIX HA YHMCJIEH-
HOIl peajin3anyy UX JUCKPETHBIX AHAJIONOB B BHJIE 3aMKHYTBIX CHUCTEM aJjrebpande-
cKux ypasHeHunil. B pabore [1] npeiozkeH MeTo | YMCII€HHOTO PEIIeHNs] PeTPOCIIEK THE-
HO1 0OOPATHON 3a/1a9N TEIJIOIPOBOIHOCTH, 3aKTIOYAIONIANCT B UTEPAIIMOHHOM METOIE
pelleHust ee KOHEIHO-PA3HOCTHOTO aHajora. OTMETHM, 9TO HA KaXKJI0i nrepaiun pe-
[IAeTCs IPSAMasi 331298 TEIJIOIPOBOIHOCTHU € IOCJIE Y OIIIM YTOIHEHNEM HAYAIbHOTO
YCJIOBHSI.

Merozm, TakzKe XOpOIIo paboTaeT mpu UIeHTU(MUKAIMN HAYAIbHOTO YCJIOBUS JIJIsT
00paTHOI HAYAJIBHO-KPAaEeBOil 3a1a4u Jjist ypaBHenus cyoauddysun. Jlanuabiii momaxo
XOPOIIIO PabOTaET U JJIsd OIPEIEJIEHNsI IVIOTHOCTU CTAIIMOHAPHOIO NCTOYHAKA B YPaB-
HEHWH TEIJIOMPOBOTHOCTH U cyOomuddy3un. B aTux 3a7avax TakxKe cHAaIaIa CTPOUT-
Csl TUCKPETHBIN aHajor paccMaTpuBaeMoil 0OpaTHOI 3a7a9u, TOTOM JIJIsT TUCJICHHO
peaJiM3aIy oIy YeHHOM CHCTeMbI JIMHEHHBIX ajredpandecKuX ypaBHEHUN CTPOUTCS
UTEPAINOHHBIN METOJI, CONPSI?)KEHHBIX T'PAIUEHTOB.

PerpocnektuBnast obparHast 3aa9a TENIOMPOBOIHOCTHU C HECTAIMOHAPHBIMI HEO/T-
HOPOJHBIMU TPAHUIHBIMEU yCJIOBASIMUA COIVIACOBAHHBIMU C HAYAJLHBIM yCJIOBAEM Aall-
MIPOKCUMUPYeETCsT pa3HocTHOM cxeMoit Kpanka—Hukosicon. st onpeesieHnst pereHunst
[TOJIy9E€HHOI CHCTeMbI JIMTHEHHBIX ajiredpanvecKux ypaBHEHUN Ipeijiaraercs UCIIOJIb-
30BaTh UTEPAIMOHHBIN METOJ] COIPSKEHHBIX I'PAJINEHTOB.

B pabore [2] npemioxkeHo 9UCIEHHOE PEIICHHE 33Ja4i ¢ HEM3BECTHBIM K03(hdu-
[IMEHTOM HU3IIEro MOPSIKA, 3ABUCAIIETO OT BPEMEHH, C TIOMOIIBIO JIEKOMIIO3UIINN De-
IeHUd, IIPA KOTOPOH MepexoJi Ha HOBBIA BPEMEHHOI CJIOH OCYIIECTBJIAETCA IIyTeM
penienusa AByX CTaHJapPTHBIX CETOYHBIX JJIJIUIITUICCKUX 3a/la4q.

[Toxoxkue wmien YnC/IeHHONW peasin3aliil IUCKPETHBIX aHAJIOIOB OOpPATHBIX 3314
WCITO/Tb30BAHBI TIPU: YUCJIEHHOM DEIeHNN IPAHNIHON 0OpATHON 331891 TEIIOMTPOBO/I-
HocTH u cyoauddy3nun, naeHTUPUKAIINA TOCTOTHHBIX KOIMPPUITHEHTOB STHX ypaBHe-
Huit, permennn npumMepa Ajamapa u nnrerpasa Ilyaccona.
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B pabore paccmarpuBaeTcs UMCIEHHOE peIeHne OOpaTHON 3a/auu Oy IeHUs
YIPYIUX IIapaMeTpPOB M30TPOITHBIX U AHU30TPOIHBIX ILJIACTUH I10 JAHHBIM BUOpPAIU-
OHHBIX ucHbITanmii. [Ipsimast 3a1a4ua GOpMyIUpyeTcss KaK Cepusi KPAEBBIX 3aad JIJIst
YPABHEHUS B YACTHBIX TPOU3BOJIHBIX. B pacduérax paccMaTpUBAETCs MEPEMEHHAsT da-
CTOTa BBIHYKIAIOMNUX KoJIebaHnil Tpyu (PUKCUPOBAHHBIX BI3KOYIPYIUX MapaMeTrpax
MaTepuajia u reomerpun obpasma. ObIas mocTaHOBKa, MIPSIMOiT 3a/1a9u OJIM3Ka K pac-
CMOTpeHHOI B [1].

ObparHas 3aja4a IOJyYeHHUs [IapaMeTpoB MaTephuajia 10 JAHHBIM HCIBITAHUN
dopMympyeTcs Kak 3aada MUHIMA3AIAYA PYHKIINOHAJIA CPETHEKBAIPATHIHOM O1ITnbd
KU MEXKJy MU3MEPEHHOW ¥ TOJIyYeHHON YUCIEHHO aMILIUTYI0-9aCTOTHONW XapaKTepHu-
crukoit. I[Tpocrast cTpyKTypa npsiMoii 3a/1a9u O3BOJISIET TIPUMEHSITh METOJT ABTOMATH-
qeckoro JuddepeHtupoBanus Ajist 3PHEKTUBHOTO BRITUCIECHUST TPOU3BOTHBIX JTAHHO-
ro dbyukmonana no napamerpam [2]. IIpu Masom 4ucsie mapaMeTpoB U HAJMYAN XO-
pOIIlero HAYAJBHOIO MPUOJINKEHUS IIPEJIAraeTCsl UCIIOIb30BATh METOJ, JOBEPUTE b
Hoit obactu (trust-region method) [3]. HauanbHoe npubiuzkenue, B CBOIO 0Yepeib,
MOKeT OBITH HAIEHO C MOMOIILIO IBPUCTUIECKOTO MeToa auddepeHnnaabHoi 9BO-
srorun [4]. TIpuMeHnMOCTh TAHHOTO MOJXO/IA JEMOHCTPUPYETCST B CEPUN UUCJEHHBIX
9KCIIEPUMEHTOB JIJIsl M30TPOIHON CTa/IbHOM IIJIACTHHBI M OPTOTPOITHON IIJIACTUHBI U3
yriemiactuka. st 06oux BUIOB MaTepUAJIOB B UHUCIEHHBIX SKCIIEPUMEHTAX ITOJIyYe-
HO XOPOIllee KAYECTBO OIPEEJICHUS PEOJOrMIeCKUX MapaMeTpOB, B TOM YHCJIE MPU
HAJIMYUU [TyMa, BO BXOJHBIX JAHHBIX.

Pabora nmogzgep:xana rpanrom PH® 22-11-00142.
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YCTOMYUBOE BHIYUCJIEHUE CMEITAHHBIX [IPON3BOIHBIX
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HekoTopble aaropuTMbl HeapaMeTpUIecKol uIeHTU(hDUKAIMNA HEJIMHEHHBIX JIU-
HAMHUYECKUX CHCTEM TPEeOYIOT BBIYUCIECHUSI CMEIIAHHBIX MPOU3BOIHBIX OT BBIXOIHO-
ro currana cucremsl. Hanpumep, B [1] misa wieHTHdUKAIME KBaJIPATHIHOIO sijIpa
K5 (81, 82) HEOOXOANMO BBIYHCIATH CMENIAHHYIO ¥ YAaCTHYIO NPOU3BOIHBIE f{) (t,V),

"y (t,v), tme f(t,v) — BBIXOIHON CHIHAJT MIeHTHMUIUPYEMOil CHCTEMBI, 3aPETHCTPH-
POBAHHBII CO CITyIANHBIMU TOTPEITHOCTAMY (IITyMaMH) U3MEPEHU{.

Jljist yCTOMYMBOrO BBIYUC/IEHUS] TUX MTPOU3BOJHBIX MPEJJIAraeTCsl UCIOJb30BaTh
criaxkusaionmii 6uxkyoudeckunii (asymepubrit) crutaiin (CBC). BeomuTcs B pacemMoTpe-
HUe JIBa THIIA apaMeTPOB CIUIAXKUBAHUS, OT KOTOPBIX 3aBUCHT OIMUOKH CTJIA’KUBAHUS
n udGEPEHITUPOBAHNS: CKAIAPHBIA 1 BeKTOPHBINH. CKAISAPHBIA apaMeTp OJMHAKOB
JI7IST BCETO ceMeficTBa CIIAHOB mpu anddepeHIInpOBAHNN IO BLIOPAHHONW IepeMeH-
Hoii. IIpoekiun BEeKTOPHOrO HapaMeTpa OIPEIEIAIOT CBOH «HHIWBUIYAJILHBINY I1a-
paMeTp CrIIa’KUBAHUS JJIsl KaXKJ0ro CIIaiiHa u3 ceMeiicTBa crtaiinoB. Tak Kak 4mc-
JIOBBbIE XaPAKTEPUCTUKU [TyMa U3MEPEHUs Ha MPAKTUKE HEU3BECTHBI, TO JJIsi OIEHU-
BaHMs ONTUMAJBHBIX 3HAMEHWI MApaMETPOB CIJIAXKWBAHUS TPEJIAraeTCsl aJrOPUTM,
MIOCTPOEHHBIH Ha OCHOBE MPOBEJICHHON MOINMUKAINE MeTOAa L-KpUBOii, IMHUPOKO UC-
[OJIL3YEMOTO B 3apyDeKHBIX MyOIMKAIUAX JJIsi BHIOOPA MAapaMeTpa Perysipu3aliui-
[PU peIlleHnN JINHEHHBIX HEKOPPEKTHBIX 33/1a4 (HampuMmep, [2]).

Pabora seimosinena B HcTuTyTe cucrem snepretuku uM. JI.A. MemenrreBa CO
PAH (IC3M CO PAH) 3a cuer rpanTta Poccuiickoro nayanoro dbona (mpoekt Ne22-
21-00409), https://rscf.ru/project,/22-21-00409/.
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B pabore mpemiaraercss moaxoj K MOCTPOEHUIO MHTErPAJIBHON MOJIEIN HeCTal-
OHAPHOM IMHAMUYIECKON CHCTEMbI, OCHOBAHHBII HAa WCIIOJH30BAHUNA TECTOBBIX CHT-
HAJIOB KyCOYHO-JMHEHHOro Buja [1]. BoiaeseHo creruaibHOe OJHOMEPHOE JIMHEHHOe
ypasuenune Bosbreppa I poma ¢ aByMsi mepeMeHHBIMA IIPejeiaMu MHTErPUPOBAHUS,
BO3HHKAIOIEe B 3ajade uieHTH(dUKAINE HeCTalMoHapHbIX sijep Bosabreppa K (t, V),
0 < v <t < T. Jlokazana TeopeMa CYIIECTBOBAHWS U €JMHCTBEHHOCTU PENICHUS
COOTBETCTBYIOIINX YPABHEHUN B KJIacCe HECHMMETPUYHBIX HEIIPEPBIBHBIX (DYHKITHI.

JlJ1si BBITIOJIHEHUST YCJIOBHUil, 0DECIIEINBAIONINX PA3PENINMOCTh YPaBHEHU B Tpe-
b6yemMoM Kjacce (DYHKIUI, U YCTONYIUBOIO BBIYUCIEHUS TPOU3BOIHBIX, BXOJSIINX B
MMOCTPOEHHYIO (POPMYTy OOpAIEHHSsI, NCITOIb3YETCsT allllapaT CIUIaXKUBAIONINX KyOute-
CKHUX CILTAHOB ¢ BBIGOPOM I1apaMeTpa CTyIa’KMBaHusl Ha OCHOBe MeTojia L-KpuBoii [2].
WcnonbzoBanne Kybndeckux CILIafiHOB jledeKTa eMHUIA T03BOJIUIIO TOCTPOUTE -
(DEKTUBHBIN YUCJICHHBIN AJITOPUTM UACHTU(MDUKAIIHN ¢ HI3KOM METOIMIECKOM OIUOKO
U XOpOIIell yCTONYUBOCTBHIO K IIIyMaM U3MEpPEHUd.

Pabora Beimonnena B Uncturyre cucrem suepreruku uMm. JI.A. MenenrseBa CO
PAH (UC3OM CO PAH) 3a cuer rpanta Poccuiickoro nayaroro dosa (mpoext Ne 22-
21-00409), https://rscf.ru/project/22-21-00409/.
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B noxkname OyayT paccMOTpeHbI JiBe OOpaTHBIE 3aadn: 3aJatda BOCCTAHOBICHUS
MarHUTHOIO IIOJIS 110 SKCIEPUMEHTAJBHBIM JAHHBIM C [IPUJIOXKEHUSIMU B MeO(PU3UKE U
JIJIsI TIOCTPOEHMST MarHUTHBIX n300pakenuii mianer Mapca u MepKypust 1o pesysbra-
TaM CIIyTHUKOBBIX U3MEPEHUI, a TaKyKe 00paTHas 331298 JIEKTPOHHON MUKPOCKOIITUI
BOCCTaHOBJIEHNSA (POPMBI TIOBEPXHOCTH METOIOM OOpPaTHO PACCESTHHBIX 9JIEKTPOHOB.
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Mogenu tuna «peaknun-nuddy3uns> IMET IMIPOKOe IpUMeHeHne B Grosorun [1],
COIMAJIbHBIX IIpolieccax [2], B 3a1a9ax MaTeMaTHIecKoil (GU3NKH, SKOJIOTUH U JIp. YKa-
3aHHBIE MTPOIECCHI XAPAKTEPU3YIOTCsl CBOUMU KO3(D(DUITMEHTAMY B YPABHEHUSIX U Ha-
YaJIbHBIMK (MCTOYHNK) W MPAHIYHBIMA yCJIOBHAMH [3].

B pabore ucciejiyercs 3a/1a9a ornpeesIeHust HCTOTHUKA B MOJIEJISIX TUIIA « PEAKITNU-
auddy3uns» o JONOIHUTEIBHON MHpOPMANUKU O Ipoliecce B (PUKCHPOBAHHBIE MO-
MEHTBI BpeMeHHU. BhIIn IIpoaHaIn3uPOBAHbI B JIMHEHHOM ITPUOJINYKEHUN CUHTYJISIDHBIE
quciia orepaTopa OOpaTHON 3aJadd W MTOKAa3aHO, YTO JIMHEAPU3OBAHHBIN OIepaTop
ILUTOXO OOYCJIOBJIEH, & 3HAYNT, 33/1a9a 00 MCTOYHUKE SIBJISIETCS HEKOPPEKTHOMA.

3ajaga 06 UCTOYHUKE CBEJIeHA K 3aJlade MUHUMHU3AINN [1eJIeBOro (byHKITMOHAJIA,
perrenne KOTOpoil MOy IeHO KOMOUHAITEH MeTOJIOB POsi YaCTHUIl, IPAINEHTHBIME Me-
TozaMu [4] u TeH30pHOI onrnmusalmedi [5]. IIpuBeeHbI Pe3yIbTATHL IS 331449 PAc-
MPOCTpaHeHnsT NHGOPMAIIUN B COMUAILHBIX ceTsax u snugemun COVID-19.

Paboma nposodusacy npu noddeporcke Poccuiickoeo nayunozo donda (npoexm Ne

18-71-10044-11) u eparma Ipesudenma Poccutickot Pedepavuu (Ne MK 4994.2021.1.).
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