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CONTROL THEORY ASPECTS OF FINITE STATE MEAN FIELD
GAMES
Averboukh Yu.V.
Krasovskii Institute of Mathematics and Mechanics, Yekaterinburg,
Higher School of Economics, Moscow
averboukh@gmail.com

The talk is concerned with the study of the finite state mean field games. Generally,
the mean filed game theory examines the behavior of systems of many identical players
those try to maximize their own utilities in the limit case when the number of players
tends to infinity. The finite state mean field games refers to the case when the the
players can occupy only finite number of states and the dynamics of each player is
determined by the finite state continuous-time Markov chain with the Kolmogorov
matrix Q(t,m,u), where t denotes time, m stands for the distribution of players,
whilst w is a control of a player. If we label the states by numbers from the set
{1,...,d}, Qi ;(t,m,u)At + o(At) is the probability of transition from the state i to
the state j on the time interval [¢,¢ + At] under assumption that at the time ¢ the
distribution of all players is equal to m, and the player uses the control v on this time
interval.

Our research is motivated by the epidemic model with players trying to maximize
their income complying or violating the quarantine restrictions. This can be formalized
as follows. Being in the susceptible state the individual can choose his/her control
equal either 0 or to 1. In this case the probability of transition to the infectious state is
(Bo+pP1u)i(t)At. Here, i(t) stands for the proportion of the individuals infected at time
t. The equality v = 0 implies that the individual complies the quarantine restrictions,
whilst the case u = 1 refers to the violation of these restrictions. Assuming that the
individuals’ payoff depends also on the control parameter, we arrive at the finite state
mean field game describing the epidemic model with quarantine restrictions.

The solution of the finite state mean field game can be considered via boundary
value problem for the system of Bellman and Kolmogorov equations and the additional
condition providing the optimal control of the representative player. Notice that now
the Bellman and Kolmogorov equations are systems of ordinary differential equations.

In the talk I will discuss the derivation of the solution of the finite state mean field
game using solutions of optimal control problems and attainability sets for certain
controlled systems.
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IDENTIFICATION OF UNKNOWN PARAMETERS AND
PREDICTION OF MISSING VALUES. COMPARISON OF
APPROACHES.

A. Litvinenko™, R. Kriemann?, and V. Berikov3+*

' RWTH Aachen, Aachen, Germany
litvinenko Quq.rwth-aachen.de
2 Maz Planck Institute for Mathematics in the Sciences (MiS) in Leipzig
rok@mis.mpg.de
3Sobolev Institute of Mathematics, Novosibirsk, Russia
berikov@math.nsc.ru
4 Nowvosibirsk State University, Novosibirsk, Russia

Often, statistical data analysis implies expensive linear algebra operations with
large dense covariance matrices. After fixing the appropriate class of distributions,
the next step is to estimate unknown parameters and predict missing values. To do
it, we developed the hierarchical maximum likelihood estimation (H-MLE) procedure
[1]. H-MLE maximizes the joint Gaussian log-likelihood function, which depends on
a covariance matrix in a non-linear way [2,3]. Many expensive iterations are needed
to find the maximum of the log-likelihood function. On each iteration the Cholesky
factorisation, the matrix determinant and solving a linear system are necessary. To

speed up all these computations, the covariance matrix is approximated in the hierarchical

(H-) matrix format [Hackbusch’99]. Especially, the H-matrix technique is suitable in
cases when covariance matrices are dense and unstructured.

For validation purposes, we implemented three machine learning (ML) methods:
the k-nearest neighbors (kNN), random forest, and deep neural networks. From these
three ML methods, the best results (for the given datasets) were obtained by the kNN
method with three or seven neighbors depending on the dataset.

The developed H-matrix code and all datasets are freely available online
(https://github.com/litvinen/large_random_fields).

Acknowledgment. V. Berikov was supported by the state contract of the Sobolev
Institute of Mathematics (project no 0314-2019-0015) and by RFBR grant 19-29-
01175, A. Litvinenko by funding from the Alexander von Humboldt Foundation.
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QUASILINEAR INVERSE PROBLEM OF THERMAL
CONDUCTIVITY
Rysbaiuly B.,"* Mukhametkaliyeva N.E.12?
L International Information Technology University, Almaty, Kazakhstan
2 Kazakh-British Technical University, Almaty, Kazakhstan
@b.rysbaiuly @mail.ru, *nazerkem09@gmail.com

The work develops methods for finding the thermophysical parameters of a two-
layer soil. The study is based on a difference scheme for the equation of quasilinear
heat conduction. Two-layer containers have been created, the side edges of which are
thermally insulated. A complex of containers for measuring work was created and
sensors were installed to obtain values at two end borders, the environment and at
the border of two containers. This circumstance makes it possible to solve the inverse
coefficient problem in each container independently of each other. Computational
experiments were carried out on the basis of the developed methods and measured
data. The results of which show the viability of the developed iterative methods. The
coefficient inverse problems considered by us are the most undeveloped and practically
important problems. As noted in [1], the stability of these problems is worse than
the corresponding inverse problems for hyperbolic equations. In this regard, in this
work, methods for finding all thermophysical parameters of a two-layer medium are
developed and the stability of the discrete problems under study is proved.

A quasilinear equation with initial-boundary conditions is considered:

@) p@ 5t = 5 (k0 5. O

() G| = Pone 0 s ). @)
B@) G2 = e (0= s ()]s ®)
= o (z). (@

Methods for finding parameters of heat transfer, namely, the coefficients of thermal
conductivity, heat capacity, heat transfer and density of a two-layer material have been
developed. Moreover, the convergence of the difference problem is proved [2].

The work has been supported by the grant no. AP08855955 of the Ministry of
Education and Science of Republic of Kazakhstan.
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CONTROL OF ACCURACY ON SEMI-ANALYTICAL METHODS
FOR SOLVING LINEAR AND NONLINEAR VOLTERRA INTEGRAL
EQUATIONS WITH DISCONTINUOUS KERNEL
Noeiaghdam S.12 and  Sidorov D.N.1:3
! Industrial Mathematics Laboratory, Baikal School of BRICS, Irkutsk National
Research Technical University, Irkutsk, 664074, Russia.

2 Department of Applied Mathematics and Programming, South Ural State
University, Lenin prospect 76, Chelyabinsk, 454080, Russia.

3 Energy Systems Institute of Russian Academy of Science, 130 Lermontov Street,
664033 Irkutsk, Russia;
snoei@istu. edu; noiagdams@susu.ru; dsidorov@isem.irk.ru

The aim of this study is to discuss application of the CESTAC method and
the CADNA library to control the accuracy of the Adomian decomposition method
and the homotopy perturbation method to solve the linear and nonlinear Volterra
integral equations with discontinuous kernel. The importance of solving this problem is
because of its applications in the load leveling problems, energy storage with renewable
and diesel generation, charge/discharge storages control and others [1].

In general, the mathematical methods for solving the mentioned problem are based
on floating point arithmetic and the accuracy of the method has been discussed using
the traditional absolute error which depends on the exact solution and also a positive
small value €. But in real life problems we do not have the exact solution. Also, based
on this condition we will not be able to find more accurate approximations because
we do not have information about optimal . For small values of ¢, the numerical
algorithm can not be stopped and extra iterations will be produced without improving
the accuracy. For large values of ¢, the numerical algorithm will be stopped in initial
steps without producing enough iterations.

Because of the mentioned problems we apply a new termination criterion which
depends on two successive approximations. For this aim we apply the CESTAC
method and the CADNA library which are based on stochastic arithmetic. In this
condition, not only we do not need to have the exact solution but also we would be
able to identify the optimal approximation, optimal iteration and optimal error of
numerical procedure. Also, the CADNA library is applied as an important software
for this validation. The CADNA library should be done on the LINUX operating
system and its codes should be written using C, C++ or ADA codes [3].
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MULTIPOINT FORMULAS FOR INVERSE SCATTERING AT HIGH
ENERGIES
Novikov R.G.
CMAP, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris,
91128 Palaiseau, France;
IEPT RAS, 117997 Moscow, Russia
novikov@cmap.polytechnique.fr

We consider the inverse scattering problem for the multidimensional Schrodinger
equation with smooth compactly supported potential v. We give explicit asymptotic
formulas for the Fourier transform o(p) at fixed p in terms of the scattering amplitude
f at n points at high energies. The precision of these formulas is proportional to n.
To our knowledge these formulas are new for n > 2, whereas they reduce to the Born
formula at high energies for n = 1. This talk is based, in particular, on references [1]
and [2].
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AN ADAPTIVE TIME-DISCRETIZATION SCHEME FOR
RATE-INDEPENDENT SYSTEMS
Shcherbakov V.
Institute of Mathematics, University of Kassel, Kassel, Germany
shcherbakov@mathematik.uni-kassel.de

In the last two decades, several distinct solution concepts for rate-independent
evolutionary systems driven by nonconvex energies have been suggested in an attempt
to model properly jump discontinuities in time. Under these circumstances, numerical
discretization schemes are needed that efficiently and reliably approximate directly
that type of solution that one is interested in.

In this talk, we focus on a novel adaptive time-discretization scheme that is inspired
by and based on the local minimization approach of Efendiev and Mielke (2006).
We employ a Moreau—Yosida regularization to approximate inequality constraints
enforcing the local minimality. In an abstract infinite-dimensional setting, we prove
the convergence of time-discrete solutions to functions that are parametrized balanced
viscosity solutions of the time-continuous problem provided that the discretization
and regularization parameters are chosen appropriately. We test our scheme on a
one-dimensional example and find a notable improvement compared with the original
version. This is a joint work with Dorothee Knees (University of Kassel).
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MICROLOCAL ANALYSIS OF FOURIER INTEGRAL OPERATORS
IN SCATTERING TOMOGRAPHY
Eric Todd Quinto
Tufts University (Medford), USA
todd.quinto @tufts. edu

We present a novel microlocal analysis of generalized Radon transforms (which
are Fourier integral operators) that describe the integrals of L? functions of compact
support over surfaces of revolution of C'*° curves ¢ in R™. We show that the Radon
transforms are elliptic Fourier Integral Operators (FIO) and provide an analysis of
the left projections ITy,. Our main theorem shows that II; satisfies the semi-global
Bolker Assumption if and only if g = ¢’/q¢ is an immersion. An analysis of the visible
singularities is presented, after which we derive novel Sobolev smoothness estimates
for these generalized Radon FIO.

Our theory has specific applications in Emission Compton Scattering Tomography
(ECST) and Bragg Scattering Tomography (BST). We show that the ECST and
BST integration curves (or surfaces in R3) satisfy the semi-global Bolker Condition
and provide simulated reconstructions from ECST and BST data. Additionally we
give example “sinusoidal"integration curves which do not satisfy Bolker and provide
simulations of the image artifacts. The observed artifacts in reconstruction are shown
to align exactly with our predictions.

This is joint work with James Webber (Brigham and Women’s Hospital, formerly
Tufts University)
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DKOHOMMYHBIN AJITOPUTM MOJEJIMPOBAHU S
ITYACCOHOBCKOTO TOYEYHOTI' O ITPOITECCA
Apepuna T.A.

Hnemumym eusucaumesvbHot MAmemMemury & MAMEeMamuUseckot: 2e0Pusury,
Hosocubupcruti zocydapemeennoti ynueepcumem, Hosocubupcr
ata@osmf.sscc.ru

B nmammoit pabore paccMOTpeHa SKOHOMUIHASA MOAN(PUKALIST METOIA MOJICINPOBA-
HUS MyaCCOHOBCKOTO TOYETHOIrO MPOIECCA, MO3BOJIAMONIAS YMEHBIIATH TPYI0EMKOCTh
BBIUMCJIEHUN B PE3yJIbTaTE YMEHDBIIEHUsI YHCJIa BHI30BOB I€HEPATOPA TICEBIOCTYdaii-
HBIX 4uces. MeToJ oCHOBaH Ha CBOMCTBE OPAMHAPHOCTH IIPOLECCA U UCIOJIb30BAHUI
SKOHOMMYECKOIO METO/Ia MOJIeJIMPOBaHust ciydaiinbix Besundun [1-3]. IIposesena npo-
BEPKa CTATHCTHYECKON JICeKBATHOCTHA MOTU(PUIIMPOBAHHOTO METONA C MOMOIIHIO pe-
IMEeHNs TECTOBBIX 33Ja4. Meroa MoxKeT OBITh MCIOJIb30BAH [IJI CTATHCTHYECKOTO pe-
MeHns 33734 aHa/m3a, CHHTE3d U (uabrpanuu cucteM auddy3un0HHO-PAZPHIBHOTO
Turna [4].

Pa6ora nmongep:xana 6asosbim npoekrom UBMuMI' CO PAH (0251-2021-0002).
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ONE NUMERICAL MODEL OF CIRCADIAN OSCILLATOR
Akinshin A.A.; Ayupova N.B., Golubyatnikov V.P.
Sobolev institute of mathematics, Novosibirsk
vladimir.golubyatnikovl @fulbrightmail. org

In recent publication [1] we have obtained some conditions of existence of cycles in two
models of circadian oscillator, this is our biological clock. Now, in order to emulate
functioning of one of these models, represented in the form of 6-dimensional dynamical
system of the kinetic type, we have elaborated client-server application based on the
R-language and the Shiny package (https://shiny.rstudio.com/). It performs in the
cloud all calculation in this 6D model, and presents the results in a browser. See
https://andreyakinshin.shinyapps.io/clock-bmall/

The numerical simulations are performed using the 'Isoda’ solver from the Livermore
family, which automatically switches between stiff and non-stiff methods.

Projection plot

Puc. 1: Projection of trajectory onto 2D-plane

The Figure 1 shows projection of one of its trajectories and its limit cycle onto
2D plane corresponding to a pair of complex eigenvalues of the linearization matrix
of this model at its equilibrium point.
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JINHEMNHBIE OBPATHBIE 3A/IAYY T'EO®PU3NKN
Asnexcannpos II.H.!, Kpusckuit B.H. 2
L Ir5MHa UP3 PAH, Mocksa
alexandr@igemi.troitsk.ru
2 Cclry, Canxm-Iymepbype
Krizskiy  VN@pers.spmi.ru

PaccmarpuBaroTcst MHTErpaIbHBIE YPABHEHUS MATEMATHYIECKON (DU3NKM, KOTOPHIE
MIPY TIEPEX0/I€ OT WHTErPAJIOB K CyMMaM CBOASATCH K CHCTEMaM JIMHEHHBIX YPABHEHUI
XP = GPASX, + Xf,, TJle WHIEKChI 03HAYAIOT: P — TOYKY HAOJIONEHUs, S — TOUKY
HCTOYHUKA, Y — TOYKY B HeomHopomHocTu; AS — KBaapaTHas MaTpuia (GU3MIECKUX
apaMerpoB, UMEIOLIAs KBA3KU/IUArOHAIbHbII (IIPUHIMIIMAIBHO JIJls JaJIbHERIIUX Bbl-

ASy o] 1 (0]
uyncaennii) sug AS = O AS: 0] , rie mogmaTpunbl AS; ecTh TeH30pBI
] [0] : ASy

U30BITOYHBIX 3JIEKTPOMATHUTHBIX TTAPAMETPOB (pa3MepHocTH 6X6 3/1eMeHTOB; B 001IeM
ciydae, 36 mapamerpoB) j-To 3jeMenTa o0béMa Beeil HeomHopoaHocTH V) cocrosmieit
u3 Nanementos; X; — mepBUYHOE 1OJIE OT MCTOYHMKA B TOUKe Habmonenus; X, —
1I0JIe B HEOAHOPOAHOCTH; XP — 10sie B TOuKe Habuonenus (KaK Pa3sHOCTb [IOTEHIUa-
q0B); GP — mepenarouHasi MATpHIA OT HEOTHOPOJHOCTH B TOUKY Habmomenus. Haii-
Jsiem noste B neoauopoanocrax X, = GUASX, +X5, orkyna X, = ([1] — GPAS) "X,
Crenosarensuo XP = GYASX, + X5 = GYAS([1] — GUAS) X5 + X, 3neco X5,
— 1OJIe OT MCTOYHUKA B HEOJHOPOJHOCTb — BBIYMCIAETCA 4depe3 dyHKuuio ['puna
BMemaiomeit cpep, X5 — MepBUYHOE TMONe B TOUKe HabMIONEHHs — BLITHCIIACTCS
gepes GyHknuio ['puHa BMemamomei cpeapl. /s KOHKpEeTHOTO MCTOYHUKA, ¢ HOME-
pom k uveem XP = GPAS([1] — GIAS) "Xk + X5k = GR(AS™! — GY)TIX3k +
X7k, Ucmomnsyst JOTOTHATETHHBIE UCTOTHUKY, BBEJEM COCTaBHbIE MATPHIBI X =
(XP, X5, X5, .], YV = (X3, X2, X0,.], Z = [X3, X2, X5, ...]. Tlepeiizem ot
BEKTODHOM CHCTeMbl ypasHenuit Kk Marpudanoir X = GP(AS~! — Gﬁ)_lY + Z. dnsa
TIEPEOTTPEIETIEHHOI 1 HOPMAJIBHO OMPEIeJIeHHON CHCTEMBI, W3 IEeNOYKW ypaABHEHWH
X = GAST -G 'Y+ 2, X —Z = GeAS T —@Y) Y, GPT(X — 2) =

pT 1p -1 _ oyt pT o\~ L pT v _ -1 _ oyt -1 _
gfj C;P(TAGi _1Gf¥)X Y7Z(Gv— C;/U) -~ ASZ—)l Gpégf _1GPC;U))( Y7Z(A—S Y

v)( 1,} U)—l 1,} ( - ) - , HOJIyInM ( v v) v ( - ) - +
GY(GP' GP) "GP (X — Z). Ilapamerpsl cpeibl MOTYT OBITH BHIYMCIIEHBI 7151 KK I0i
YACTOTHI, 9TO TO3BOJISIET ONPEJEIATh YACTOTHYIO 3aBUCHMOCTD 3JIEKTPOMATHUTHBIX
napamMmeTpoB TOPHOU TTOPOIBHI.

Hccnenopannst BbIIOIHEHBI B paMKax roc. 3agaauii U®3 um. O.FO. IImuara PAH
Ne 0144-2014-0111 n CIIT'Y Ne FSRW-2020-0014.
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PA3BUTUE KNHETUYECKOM MO/JIEJIN JIJIS1 N3YYEHU Y
XAPAKTEPA PACIIPOCTPAHEHUSA BOJIH ITAHJAEMUU B
roccum
Apucros B.B.", Crporanos A.B.2, SIctpebor A.JI.2
1 @edepanrvrniti uccaedosamenvckut yenmp Hngpopmamura v ynpassenue
Poccutickoti axademuu nayk, Mockea
2 Poccutickuti mexnorozuveckuts ynusepcumem MHUPOA, Mockea
aristovvl@yandex.Tu

Panee Obu1a ipe/1j10ykeHa KHHETUKO-TTEPEHOCHAS MOJIE/b [IJIs U3y YEHUs TPOCTPaH-
crBenHoro pacnpocrpanerus COVID-19 u mosydeHbl pe3yabrarsbl, KOTOPbIE CPABHE-
BaJIUCh C M3BECTHBHIMM JIAHHBIMM HA LpUMepe HeKoTopbix crpad [1]. B nacrosiueii
paboTe 3Ta MOIEb MPUMEHSIETCS JJIsi OTTUCAHUS TaHIeMudeckux BoH B Poccun. Ilo-
JIyIE€HHBIE pAHEe 3aKOHOMEPHOCTH [IJIsi TEPBOT BOTHBI U TIOJIY IUBIITHE TIOATBEPK IEHUE
JJId BTOPOW BOJIHBI, MPUMEHAIOTCA [IJId TPEThbEl W 4YeTBEPTON BOJIH, HA OCHOBE pe-
3yJIbTATOB JEJIAI0TCs TPEJICKA3AHUS U JJTs TIOCIEAYIOMNX BO3MOXKHBIX BOIH. [Ipume-
HseMasl IPOCTas OJHOMEPHAs MOJIEJIb YIUTHIBAET XapaKTep 3apakenus /s Poccun,
[IOCKOJIbKY OCHOBHOM HMCTOYHHUK OCHOBHBIM M IOCJIELYIOIIMMU IITAMMAMHU CBS3aH C
Mockgoii. Teorpaduueckue ocobernoctn Poccun (Takke Kak ¥ pacCMaTPUBABIIAXCS
panee Uramuu u Yuau) MO3BOJIFET NPUMEHATH OJHOMEPHYIO 110 HMPOCTPAHCTBY MO-
nenb. Ha ocHOBe m3y4yeHHBIX BHAYAJE JAHHBIX OMPE/IESIEHBI B OCHOBHBIX MapaMer-
pa Mozesu, IJIaBHBIA U3 KOTOPHIX XapaKTepU3yeT CPEIHIOI CKOPOCTH TPAHCIIOPTHBIX
CPEJICTB, C KOTOPBIMU nepeHocuTcs 3apaxkenue. C HUM CBs3aHA BEJIMYUHA 3AIA3/IbI-
BaHUs MPOHUKHOBEHUS BOJHBI B 001acTr Poccuu - m3ydasnch pernoHbl K BOCTOKY OT
Mocksbi. Tax2Ke 3TO MO3BOMSAET CYAUTH O CABATE BO BPEMEHU HAYAJIA BBI3JI0POBJICHNS,
9TO COOTHOCUTCS C MAKCHMYMOM 3apaKeHWs B JI€Hb. BbLIN CAe/IaHbl MPEICKA3AHUT O
HadaJse BbI3I0POBIeHus i Beeit Poccun o nagasy Bbi3moposienust qis MOCKBBI: 10
BBIUHCJIEHUSIM ITOT CABUT JIOJ2KEH COCTABJITH OKOJIO 3-X Hemesb. [yt Tperbeil BoHbI
HaYaJI0 TAKOTO MPOIEcca i MOCKBBI MIPUITIIOCH HA CEPEINHY TPEThel TeKa,Ibl HIOHS,
MPOTHO3 O HAYAJIe BBI3IOPOBJIEHNS A1 Poccuu B 1EeJIOM K CepeInHe MIOJIs OIPaBIal-
cs. AHAJIOTMYHO [IJIs YeTBEPTON BOJTHBI TAKUMHU JTATAMU OKA3AJIUCh CEPEINHA TPEThel
JeKa bl OKTHAOPs U cepeauHa HOsiOpsi. IIpeacraBiensl aHAIUTAYECKUE W IUCTICHHBIE
pellleHnsi, COMOCTaBIIsiIEMbIE C PEAJHbHBIMYU JAHHbIMY. PAa3BUBAETCs TaK»Ke U JIBYMep-
Hasg MOJEJIb, KOTOPas MOXKET IIO3BOJIATH IOJAPOOHO HCCJIEI0BATH IIPOCTPAHCTBEHHOE
pacnpocTpaHeHne TaHIeMUn He TOJHKO /i Poccuu, HO U It APYTUX CTPAH.
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OB YCTOMYNBOCTU JU®PEPEHIINAJIBHO-PASHOCTHOTI' O
AHAJIOTA 3AJJAYY MHTETPAJIBHO TEOMETPUU C BECOBOM
OYHKIINEN
Bakamos I''B., Mennebekora C.K.

Meotcdynapoduoiii xazaxcro-mypeyruti ynusepcumem umenu X. A. SHcasu
galitdin.bakanov@ayu.edu.kz, saule.meldebekova@ayu.edu.kz

B nanmoii pabore paccmarpupaercs nudpepeHnmaabHO-pa3HOCTHRIN aHaIor 3a,0a-
9U WHTETrPaJIbHON TeOMETPUH [IJIsi CEMEICTBA KPUBBIX, YIOBIETBOPSAIOIINX HEKOTOPBIM
YCJIOBUSIM PErYJISPHOCTH.

OrMerum, 9T0 HEOOXOIUMOCTD UCCIEN0BaHUS AuMMEPEHITHATBHO-PA3HOCTHBIX U
KOHEYHO-PA3HOCTHBIX AHAJIONOB 33/[a4 MHTErPAJIbHOI reoOMeTpur BlepBble ObLIO Bbl-
ckazano akagemukom M.M. JlaBpeHTheBBIM, C(OPMYIMPOBAHO WM KAK HOBOE TEpP-
CIeKTHBHOE Hampasjenue. [losTomy, nccmenoBanue auddepeHnnaabHO-PA3HOCTHBIX
¥ KOHEYHO-PA3HOCTHBIX AHAJIOTOB 3384 WHTETPAJILHON Tr€OMETPUH SABJISETCS AKTya b
woit mpobsiemoii. Briepsoie M. M. JlaBpentnessim u B. I'. Pomanosbim 66110 OKa3aHO,
97O psAZ OOPATHBIX 33189 U1 THIIEPOOIMIEeCKUX YPABHEHUI CBOAATCS K 3aa9aM UH-
rerpasibHoii reomerpun|l]. Becbma 06umil pesysbrar 10 eAMHCTBEHHOCTH U OLEHKAM
YCTOWYHUBOCTH I CIENUAIBHOTO ceMeiicTBa KpuBbiX ObiT mosyuen P.I. Myxomero-
BBIM. DTHU OIEHKU YCTOWYMBOCTYH OCHOBAHBI HA CBEJIEHUU 339 WHTErPAJIBLHON reo-
METPHUH K IKBUBAJEHTHO eif KpaeBoii 3aa4e J1Jisi yPABHEHUS ¢ YACTHBIX TPOU3BOTHBIX
CMEIAHHOrO TUHA[2].

B sannoit pabore ucnosib3yst METOJIUKY, UPeAJIoKeHHON B paborax [3]-[4] wouy-
YeHA OIEHKA yCTOHYMBOCTH AubdepeHnna bHO-PA3HOCTHOTO AHAIOTA 331a9d WHTE-
TPAJILHOM TEOMETPUU. DTH OIEHKU MOTYT OBITH MCIIOIH30BAHBI TP 0OOCHOBAHWY CXO-
JMMOCTH 9HMCJIEHHBIX METOOB PEIIeHUs 33139 Te0TOMOrpaduu, MEIUIIUHCKON TOMO-
rpadun, 1edEeKTOCKOINA U UMEET OOJbIIOe MPAKTHIECKOe 3HAUYEHHEe MPU PEIIeHIH
MHOI'OMEPHBIX OOPATHBIX 33/1a9 AKYCTUKH, CEACMOPA3BEIKU.
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O HEKOTOPBIX KJIACCAX OBPATHBIX 3AJ/IAY OB
OITPEAEJJIEHUN KO®PUIIMEHTA TEIIJIOOBMEHA B
CJIONCTBIX CPEOJAX
Bemonoror B.A.
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vladimir.belonogow@yandex.ru

B pa6ore paccmarpuBaeTcss BOIpoc 0 KOppeKTHOcTH B mpoctpancTtBax Cobomena
0OpaTHBIX 337249 00 ompeaeneHnn Ko3hpHuIrenTa TemaoodMeHa Ha TPAHUIE pas3/ieia
Cpe/l, BXOJSIIEro B YCJIOBUE COLPSZKEHMsT TUIA HEUJEATbHONO KOHTAKTA.

Msr uccienyem obparHbie 3a1a9u 00 OnpeaeeHnn Kod(hMUINEHTOB TEIIONePe1a-
49U, BXOJSAIIMX B YCJIOBHE COMpsizkeHusi. PaccMarpuBaercs mapabonieckoe ypaBHeHe
BUJIA

Mu=u; — Lu = f(z,t), (z,t) e Q=G x(0,T), (1)
rie Lu = 350 iy @i (@, ) U0, +3 07 iy ai@, t)ug, +ao(z,t)u, G € R™ — orpannvennas
obsacth ¢ rpanureit I'. Cunraem, uro obmacts G pasaeneHa Ha 1B OTKPBHITHIE MHO-
xecrBa Gt uG—, G- C G,GtUG- =G, Gt NG~ =0, monoxum Ty = 0GTNIG ™,
Sop =Tox (0,T), QF = (0,7) x G*, S; = (0,T) x Iy, vne I'; (i = 1,2,...,710) —
KOMITOHEHTBI CBSI3HOCTU MHOXKecTBa 1.

Ypasuenue (1) J0LO/IHAETCH HAYAILHO-KPAEBbIMU yCJAOBUAMMU:

Buls=g (S=Tx(0,T)), uli=0 = uo(z), (2)
rne Bu = unwm Bu = 32", a;;(z, t)n; 2L + o(2,t)u 1 yCIOBUAME COMPSIKeHNsT

ou~

. out _
Si  ON

=90 9N

Oout _ .
Bju:mbi_ﬂi(lﬁ_“ )} 1 <79 (3)

Si7

rae %(mo,t) =limgegt, zoz0ely ZZj:l ay(t, v)ug, v = ZZJ':1 G;S'(t’x)“;yja
ui = hmIEGi, z—zo€ly Uz, (x»t)a ut = hmzeGi, z—xzo€l) u(x,t),
a?; = limgeg+, zaper, Gij(®,t) ¥ n,v - BHeIIHWE eauHMYHBIe HOpMaan K I',0G ™,
COOTBETCTBEHHO.

K yciioBusam conpszkenus Mbl 100aB/IsieM yCI0BUs LepeoupeleeHisa Buia

ut (2 t) = @i(t) (i =1,2,....r1),u (25,t) = @i(t) (i =71+ 1,...,7)), (4)

rae x; € g, {x;} — HEKOTODBIiT HAOOD TOUEK.

Bagaua COCTOUT B HAXOXKIEHUY pellieHns ypasaerus (1), yI0BIeTBOPSIONIEro yCIo-
BusM (2)-(4) u nemsBecTHbIX byHKUMI 5; BUa §; = Z;nz’l a;;(0) D (t,z) (1 =1,2,...,70),
rae dynknun ®;; 3a1aHBI, a GYHKINN (;; CIATAIOTCA HEN3BECTHLIMH.

B pesysbrare nokasana JlokajbHas 110 BpeMEHU TeopeMa CylIeCTBOBAHUS U eJIUH-
crBenHOCTH perenuii 3amaun (1)-(4) B K1acce

u € WpLQ(Q‘f—;)mW;},Q(Q%%O"LJ(t) € W]}/Q_l/zp((LTO) (Z = 172a -5 T0, ] = 172a s 7mi)

Meron aBasieTcs KOHCTPYKTUBHBIM W HA OCHOBE TIPEJIOKEHHOTO MOJXO/IA BO3MOK-
HO TIOCTPOEHWE YUCTIEHHBIX METOIOB PeIrenns 3amaqn. JJoKka3aresCcTBO OCHOBAHO HA
[IOJIy4aeMbIX allPUOPHBIX OIIEHKaX U TeOpeMe O HEeIIOJBUKHOM TOYKe.
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MAIIIMHHOE OBYYEHUE IIP1 HEKOPPEKTHO 3A/IAHHON
OBYYAIOIIEN NTH®OPMAIINN: IIOJXO/, C
NCIIOJIBBOBAHUVEM PEI'VJIAPU3AIINU MHOTOOBPA3U ST
Bepukos B.B., Jlureunenko A.T.

HUnemumym mamemamuru um. C.JI. Coboaesa CO PAH, Hosocubupck
Petincro-Becmgparvckul mernuveckull ynusepcumem, Axen
berikov@math.nsc.ru, litvinenko@ugq.rwth-aachen.de

PaccmarpuBaercs 3amada MammmHAOTO 00y YeHNS B CJIyIae HEKOPPEKTHO 33, TaHHOM
obyuaromeii nadopmamuu. B sToM cirydae g HEKOTOPBHIX HAOJIOIEHUN 3HAYECHUS
(MeTKM) HPOrHO3UPYEMOIl BEJMYUHBI U3BECTHBI HETOYHO, & JJisd APYTUX — HEM3BECT-
ubl. HeTo9HOCTD pazMerku MOXKeT BO3ZHUKATH M3-33 HAJIUYUS CIYyYaifHOrO MIyMa WA
HEXBATKU PECYPCOB IIJIsT JETAJTHHOTO MUCCJIETOBAHUSI.

B pabore [1] mpeioxeH MeTOJ PeIlleHns JTAHHON 3a/a4M, OCHOBAHHBIH Ha M-
HAMU3AIUU (DYHKIUH T0TEPh, MPU BBIBOJE KOTOPOI MPUMEHSIETCS TTOIXO0J, PErYJIspHU-
3allii MHOTOOOPA3Ust W MPEJICTABIEHNE B MAJTOPAHTOBON (hOpPMe MATPHUIIBI CXOACTBA
06bekToB. Takoe mpecTaBieHre TO3BOJISIET 3HAYUTETHLHO YMEHBIITUTD TPYI0EMKOCTh
BBIYUCJIEHUN U CHU3UTH TPEOYEMYIO TaMATh.

IIpu 3amaHMy MOMENM HETOYHOCTH WCIOJIB3YETCS HEKOTOpas (DyHKIHS, Ompese-
JIAIONIAS JJIS KaXKJI0r0 00bEKTa pPaCIpee/leHne BO3MOXKHBIX 3Ha4YeHWit MeTOK. Jljis
HAXOXKJIEHUs] MATPHUIIBI CXOJACTBA B MAJOPAHTOBOM (hOpMe TPUMEHSIETCS MATPUIA OT-
HOIIIEHWI, TIOJy9eHHAasi Ha OCHOBE KjacTepHoro ancambmisa. Marpuiia onpejesnser, K
KaKOMY KJiacTepy ObLI OTHECEH TOT MJIM WHOU OODbEeKT 0A30BBIMH AJTOPUTMAMH AH-
cam0bs. Mcrmonp30Banme KIaCTEPHOTO AHAIN3A, TO3BOJISIET U3BJI€Yb JOTOJTHUTEIHHY O
nHGOPMAIMIO N3 Hepa3MeYeHHbIX U HETOYHO Pa3MeYeHHbIX 0ObeKTOB [2].

B nokmane mpemyaraercss momuduKaius JAHHOTO METOMA, OCHOBAHHAS HA, TPHU-
MEHEHUH HEYETKUX AJTOPUTMOB Kiacrepusaryu. MaTpuia He4eTKUX OTHOIIEHWUH UC-
[OJIb3YeTCs JIJIsi HAXOXKJEHUsI MATPHUIBI CXOACTBA, KOTOPAs TAK¥Ke IIPEICTABISETCS B
MaJIOPAHTOBOM BHJIE.

[IpenyioxkeHHBIN METOI UCCIEAYETCH HA UCKYCCTBEHHBIX U PEAIbHBIX HAOOpaX /TaH-
HBIX C UCIOJb30BAHNEM CTATUCTUIECKOrO MOIETUPOBAHUS.

Pa6ora nmpoBommnacey npu gactuuanoit monnepxkke PH®, npoekT 22-21-00261.

CIINCOK JIMTEPATYPBL

1. Berikov V., Litvinenko A. Weakly supervised regression using manifold reqularization
and low-rank matriz representation // Lecture Notes in Computer Science, vol.
12755, pp 447-461, 2021.

2. Berikov V., Litvinenko A. Semi-supervised regression using cluster ensemble
and low-rank co-association matriz decomposition under uncertainties, Conf.
Proceedings of 3rd International Conference on Uncertainty Quantification in
Computational Sciences and Engineering, pp 229-242, 2019.
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MATEMATUYECKOE MOAEJINPOBAHUE
NMMYHHOM CUCTEMBI 1 BUPYCHBIX NH®EKITUN
Bouapos I''A., I'pebennukos 1.C., CaBunkos P.C.

Hnemumym svivucaumenvnoti mamemamury um. I 1. Mapuyxa PAH, Mocksa
g.-bocharov@inm.ras.ru

B pabore paccMOTpeHbl pe3yIbTaThl PeAU3AUU CUCTEMHOIO HOAXOAA K MOJIEIH-
POBAaHWIO UMMYHHBIX MPOIECCOB MPY BUPYCHBIX WHMEKIUIX. 33TAUN MOIETHPOBAHUS
MOYKHO TIPEIMETHO Pa30UTh Ha CJIEIYIOIINEe IPYTIbl: CTPYKTYpPa JUMMATHIECKOH CH-
cremsl (JIC)n muvdarudecknx y37o8 (JIY) [1], perynsinus mpoTHBOBHPYCHOTO HMMY H-
HOIO OTBera [2]|, BHY TPUKJIETOYHOE Pa3MHOXKeHre BUpycoB [4], mocrpoenue MHOroMac-
mrabHbIX MysabTUduU3nIeckux mopeseii. Pazpaborannr rpadossie momenu JIC gemno-
BeKa, MOCTPOEHHbIE HAa OCHOBE aHATOMHYECKNX JAHHBIX M Habopa (hpu3moIormieckux
TTPABHJI CETEBOI OPraHM3aIMK CHUCTEMbl W M3yUeHbl HEKOTOPHIE TOMOJOTHYECKNE Xa-
PaKTepuUCTUKHU cooTBecTByONMX rpados. [IpeacTaBiien moaxos K OIMUCAHUIO TPEHAK-
woit gpyukimu JIY Ha ocHOBe HEHPOHHBIX cereil. C MOMOIIBIO MATEMATHIECKONH MOIETH
MIPOTUBOBUPYCHOIO UMMYHHOr0 orBera Mapuyka-IlerpoBa nokazan MyIbTUILTHKATHB-
HBIl XapaKTep B3auMOJEHCTBHS IBYX OCHOBHBIX 3JIEMEHTOB 3alllUThl OT BUPYCHON WH-
dexnun — anturen u T-mumdoruTos. PaccMoTpenbl MaTeMaTnaeckue MOJIEIN BHYT-
pukjerouHoil perukaruu Bupycos BUY-1 u SARS-CoV-2 B JgeTepMUHUCTHIECKON
¥ CTOXaCTUIECKOH (hopMymupoBkax. [lyreM aHamu3a 9yBCTUTETHLHOCTH UICHTUDUIH-
POBaHbL CTA/IUK PerInKauu (II0TEHIMAIbHbIE MUILIEHH /IS AHTUBUPYCHOM Tepaliuu),
U3MEHEeHUEe KOTOPBIX CYIIECTBEHHO BJIMSET HA CTEIEHb PA3MHOYKEHUs BUPYCOB B KJIET-
ke. IIpeacraBiaensr mpuMepsl peasn3anuy THOPHUIHOTO TIOAX0AA K MYIbTH(MU3NIECKO-
My MOJEJIUPOBAHUIO TTPOIIECCOB UMMYHHOrO pearupoBanus npu BUY-1 nndexnun.

HUccnenosanust TpoBoauIuch npu nojjep:xkke rpaaros PH® (18-11-00171), PD-
®U (20-01-00352, 20-04-60157) u Oruenenust MockoBckoro nesrpa ¢GpyHIaMeHTa b
HO# u npukiaanoil maremaruku 8 IBM PAH (cornamenue ¢ Munucrepcrsom Hayku
u BBICTIIero obpaszopanns PO Ne 075-15-2019-1624).

CIIUCOK JIMTEPATYPBHI

1. Savinkov R., Grebennikov D., Puchkova D., Chereshnev V., Sazonov I., Bocharov
G. Graph Theory for Modeling and Analysis of the Human Lymphatic System.
Mathematics 2020, 8, 2236. doi: 10.3390/math8122236

2. Bocharov G, Grebennikov D, Argilaguet J, Meyerhans A. Examining the cooperativity

mode of antibody and CD8+T cell immune responses for vaccinology. Trends
in Immunology, 2021, 42(10):852-855. doi: 10.1016/;.it.2021.08.003

3. Sazonov I., Grebennikov D., Meyerhans A., Bocharov G. Markov Chain-Based
Stochastic Modelling of HIV-1 Life Cycle in a CD4 T Cell. Mathematics 2021,
9, 2025. doi: 10.3390/math9172025

4. Grebennikov D., Kholodareva E., Sazonov 1., Karsonova A., Meyerhans A.,
Bocharov G. Intracellular Life Cycle Kinetics of SARS-CoV-2 Predicted Using
Mathematical Modelling. Viruses 2021, 13, 1735. doi: 10.3390/v13091735
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O YMCJIEHHOM PEIIIEHUUN HAYAJIbBHO-KPAEBBIX 3AJAY
JJId YPABHEHUSA PEAKIIUN-IN®PY3UN
Bacunwes B.., Unbuna K.II.
Cesepo-Bocmounwitl gpedeparvhoili ynusepcumem, Axymck
vasvasil@mail.Tu

B 1937 r. akagemuk A.H.Konmoropos ¢ ydenukamu [1] BbiBesin KBasuiuHeHHOe 11a-
pabonmueckoe ypaBHEHHNE, OMUCHIBAIOIIEE MPOIECC B3aUMOAeHCTBUS Mexay muddy-
3ueil U peaxIyeil, JOKa3aJu CyIIeCTBOBAHNE W €IWHCTBEHHOCTH DEIEHUsS HAYATHHO-
KpaeBoil 3a1aqu i Hee. ABTOPBI Tak:Ke PACCMOTDEIN TPUMEHEHWe TAHHON 3a/a-
9d K MaTEMaTUIeCKOMY MOJEINPOBAHUIO Omosornydeckux mporeccoB. B 40-x romax
.B.3esb10BrY JAHHYIO 33/1a9y HCIOJIB30BAT B KAa4eCTBE MATEMATHYECKOH MOIesn
CKOPOCTH PACTPOCTPAHEHUS TJIAMEHU IO CMECH, PEarupyIolieil Tpu HAYAILHONW TeM-
meparype, a TaKyKe BIUSHUE HAYAJIHHOTO YCIOBUS HA CIIOHTAHHOE PACIPOCTPAHEHUE
XUMUYIECKON peakinu. BriocecTBuy TeopeTnyecKre pe3yIbTaThl JAHHBIX HCCIIEI0-
BaHuii ony0JIMKOBaHbI B €ro ¢ yuenukamu mouorpacduu [2]. HezaBucumo or rpyimiib
Konmoroposa amepukanckuit ygensrit Qurep B Tom ke 1937 roxy omybsinkoBas cra-
1b10 [3], B KOTOPOIi BbIBEAEHO TO K€ ypasuenue. Ypasuenue Puinepa-Kosmoroposa-
ITerporckoro-TTuckynosa (®-KIIIT) u ero o606mmenus [4] nenoab3yoTes Ijst Koaude-
CTBEHHOI'O OIHUCAHUS PA3JUIHBIX TEXHOJOTHIECKUX MPOIECCOB, HAPUMED, B OHOJIO-
TUU, XUMUH, TeOPuu (PA30BBIX MEPEXOIOB, (PU3UKE TITA3MBI U T.[I.

B noknazme mpeacraBieHbl pe3yabTaThbl dncieHHo# peanum3anuu momenn O-KITTT
u obobmennoit mogenu O-KIIII. Pacuersr mokasamu, 910 i MOJyI€HUAS XOPOIIeit
TOYHOCTH BBIYHMCJIEHUI TIPU MAJIBbIX 3HaUeHusX Kodddunmenrta auddy3un Tpedyercs
HCIIOJIF30BAHUE TOCTATOYHO MOAPOOHBIX MTPOCTPAHCTBEHHO-BPEMEHHBIX CETOK.

Pa6ora Bacuinesa B.U. BbimosHeHa TIpU MOIIEPIKKE TOCYIAPCTBEHHOTO 33/ TaHUS
Ne121110900017-5 Ha BBITIOJITHEHNE HAYIHBIX HCCJIEIOBAHMI J1A00PATOPUSIME MO, PYKO-
BOZICTBOM MOJIOJIbIX, IIEPCIIEKTUBHBIX MCCJIE0BATENE B PAMKAX Peasn3allid Haluo-
HaJILHOTO TIpoekTa «Hayka u yausepcurersbis, pabora Unsumoit K.I1. Beimosinena mpu
nonzep:kke MunobpHayku P®, nonosanrensroe cornarmenne Ne 075-02-2020-1543 /1.
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METO/bI PEIIIEHNSI OBPATHBIX 3AJIAY C AIIPIOPHOI
NH®OPMAIIUEN
Bacun B.B, Arees A.JI
Hnemumym mamemamuru u mexanuku YpO PAH, Examepunbype
Vpaavckut gedeparvroiti yrusepcumem, FErxamepunbype
vasin@imm.uran.Tu, ageev@imm.uran.ru

ITpu npakTHYecKkoM perrennn 0OPATHON HEKOPPEKTHO MOCTABJIEHHOM 331a49M, Pac-
cmarpuBaeMoii B (hopMe OmepaTopHOro ypaBHeHWs! TepBoro poga Au = f Ha mape
rUIb0EPTOBBIX TPOCTPAHCTB U, F, B yC/IOBUSX HEEIUHCTBEHHOCTHU PEITEeHUs HEen30exK-
HO BO3HUKAET MPobieMa JOCTOBEPHOCTH IIOCTPOSHHOI'O TPUOIMAKEHHOTO PenieHus, mo-
CKOJIbKY HHKAKOI METO/[ He FapaHTUPYeT, BOOOIIE TOBOPSsI, YTO 3TO PEIIeHUe alIPOKCH-
MUDYeT UMEHHO MCKOMOE PEIeHNe, COOTBETCTBYOIIee n3ydaeMoil peanbHocTh. Jlaxke
KJIACCHIeCKUiI MeTof, peryiaapusanuu TuxoHoBa ¢ mpobHLIM pemenneM u’ B cTabu-
AW3aTOpe He pelaeT 3Ty IpobieMy, Tak Kak u'— HOpPMAJbHOE peleHme, KOTOpOoe
AMMIPOKCUMUPYETCH PEryIapU30BAHHBIM CEMEHCTBOM DEIIeHuil, MOXKET He COBIAIaTh
C MCKOMBIM DEIIEHUEM.

Ilo-BuuMOMy €IMHCTBEHHBIM CIIOCOOOM ITOCTPOEHUs MPUOJIMKEHHOIO PEIIEHUs,
AMMPOKCUMUPYIOIIErO0 NCKOMOE PeleHne, 0TBevaiee hpu3ndeckoil peaJbHOCTH, SB-
JISIETCS TPUBJIEUEHUE JOTOTHUTEIBHBIX ANIPUOPHBIX OrPAHUYEHU [7is 'puBeaeHns B
€IMHCTBEeHHOCTD " PEeIlleHns] NCXOIHOM 3aa49u U y9eT 9TOH JOMOJIHATENLHON nH(popMa-
uuu B pazpernaiomniem ajaropurme. [Ipu cunbHOI HEYCTONYMBOCTHY 331291 JTIOKATIH3AIUS
HMCKOMOI'O DeIlleHusi C HOMOIIBIO JOIOJHUTEIbHBIX AIPUOPHBIX OIDAHUYEHUN MOXKET
TaKKe OKA3aThCs TOJIE3HOM B CJIyUae eIMHCTBEHHOCTH PEIeHUsT I TOCTPOEHUS BbI-
COKOTOYHBIX aJIFOPUTMOB PEIIEHHsT HeKOPPEKTHBIX 3a1a4 [1]. IIpu aTom nccnenosanme
(HE)eqUMHCTBEHHOCTHU YUC/IEHHBIMU METOIAMU SABJISETCs BaXKHEHIIUM TAIlOM PEIleHUs]
HEKOPPEeKTHOH 3azaqu [2].

PaccmarpuBaiorcst paziudHble METO/bI y4eTa aupPUOPHBIX OFPAHUYEHUN B ajro-
puTMe, B TOM uncjie Hanbosiee OOIIHi M SKOHOMUYHBIN METO ¢ TIOMOIIBI0 (heiiepoB-
ckuxX oTobparkenwii [3]. OBCYKIAIOTCS MPUIOKEHNS TPEJJIAraeMOoro MOAXO0a K Perrie-
HUIO TPUKJIAIHBIX 33739 [4].

Pa6ora nposoxunacs npu yacruanoil nopaepkke PH® (npoekr 18-11-00024-11).
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SAIJAYA IIJIAHUPOBAHUA OJ1d MAPKOBCKUX UT'P
CPEIHETO IIOJIA
Boakos A.M., Asepbyx FO.B.
Hnemumym mamemamuru u mexanuru um. H.H. Kpacosckozo YpO PAH,
Examepunbype
volkov@imm.uran.ru, averboukh@gmail.com

PaccmarpuBaercsa 3asa4a mIaHUPOBAHUS — 33/1a49a [IPUBEICHUSA PACIPEIEIICHIS
OECKOHEYHOTO YNCJIA OJHOTUITHBIX AT€HTOB U3 33TaHHOI0 HAYAJIHHOTO B KOHETHOE TTPU
yJere uX WHINBUIYATHHBIX HHTEpecoB. [Ipu aToM mpeamonaraeTcs, 9YTo 3aJaHa TUHA-
MHKA U WHTETPAJIbHAA 9aCTh (PYHKIINU BBIUTPHIIIA, a MEPEBOI B 33JaHHOE COCTOSHIE
OCYIIIECTB/ISIETCS 3a CYET BBIOOpPA TEPMUHAMbHON (PYHKIINK BBIMTPHINIA. PaccMmarpu-
Baercsd Ciydail, Korja JMHAMUKA KaxK/JO0r0 areHTa ecrTb ciydaiinbii npouecc X (t),
3aIaBAaEMbIii MApPKOBCKO# IEMbI0 C KOHEUYHBIM YHUCJIOM COCTOSHUI m Marpuieii Koi-
moroposa Q(t, m,u). 31ech m — pacupeneeHne areHToB, a U — YIPABIEHUE areHTa.
3uavenue ; ;(t,m, ) OMUCHIBAET INIOTHOCTH BEPOSTHOCTU LEPEXOIA U3 COCTOSHHS |
B COCTOSIHWE j TIPU YCJIOBUU TOTO, YTO BHIOPAHO YIIPABJIEHUE U, & PACIPEIEIEHNE BCEX
arenToB ecrb m. [Ipu srom yupasienue u(t) BoiOUpaercs KaxK/blM areHTOM C LEJbI0
MaKCUMU3ALUKU 110Ka3aTes1s

T
J(m(),¢(),u(-)) = E axm(m(T))+/9xm(t7m(t),U(t))dt

to

3aech 0;(m) — TepMUHAIBHDBI BBIMIPBIII AreHTa, KOTOPbIii B MOMEHT Bpemenu T
OKa3bIBAETCs B COCTOSHUU ¢ IPU YCJIOBUU TOIO, YTO TEPMHUHAJIBHOE DACIPEIeIeHIE
BCEX areHTOB ecTh M, a g;(t,m,u) 3a7aeT MIHOBEHHBIH BBIMTDHINT UTPOKA, KOTODKIi
HAXO/IUTCA B COCTOSHIM ¢ B MOMEHT BPEMEHM ¢ M UCHOJIb3yeT YIPaBJIEHUE U, B CIIydae
KOI'/Ia PacCIpe/ieJieHne BCeX areHToB ecTh m. OnucaHue 3a7a4M CBOJAWTCI K CHCTEMe
nuddepeHIMaIbHBIX yDABHEHUTT, ONUCHIBAIOIIMX PACIPE/IEIEHUE BCEX UIPOKOB mm(-)
u GYHKIMIO HeHbl 1POBHOro Urpoka ¢f+).

m(t) = m(t)Q(t, m(t),u*(t)), m(to) =mo,m(T) =mr

&(t) = max {Q(t m(t), up(t) + gt m(t),u) su € U},

u*(t) € Argmax {Q(tm(t),u)ap(t) + g(t,m(t),u) :u € U}
OCHOBHBIE PE3YJIBTATBI PAOOTHI CJIEILYIOIIHE.

o [IpuBenen mpuMep 3a7a9mM TJIAHUPOBAHUS, KOTOpas He mMeeT pertenusd. [Ipu
9TOM rKeJlaeMOoe My JIEKUT B O0JIACTU JTOCTHKUMOCTH CHUCTEMBI.

o [Ipemnoxeno ompemesenre 0OOOIIEHHOrO PEIIeHUs 3aJAUN 9€pPe3 PEeryIsapu3a-
WO 9KBUBAJIEHTHON 3amaqdu. [loka3aHo, 9T0 3TO ODOOIIEHHOE PEIeHne CyIIie-
CTBYET, & MHOXKECTBO OOODIIEHHBIX PEIeHN 3aMKHYTO U COBIAIAET C 3aMbIKa-
HUEM MHOXKECTBA, KJIACCUYECKUX DPEIEHU, eC/id TOCIeHEee HE ITYCTO.
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MNCCJIEJOBAHUE 3AJAYY JIBYX®A3HON ®UJILTPAIINI B
IIOPOYIIPYI'OM CPEJE B ITPUBJIN2KEHNN ,Z[BYMEPHOfI
AYENKUN XEJIE-IIIOY
T'nies I1.B. ITamun AA.

Aamatickuti 2ocydapecmeennviti yrnusepcumem, Bapraya
pavrl.gilev.2000@mail.ru, papin@math.asu.ru

Maremarudeckass MOme b AByxda3HON (GUIbTpanuu B MOPOYIPYroil Cpeae Omu-
CLIBAETCH CIIEAYIONelt cucremoii ypasruenuit [1]:
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Pe = Drot — (5101 + 82P2), prot = (1 — ¢)p3 + B(s199 + 5209),
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Vpiot + div (77(1 —¢) (;; + <£) )) = —ptotF,

r7Ie Si, Diy PY, U; - COOTBETCTBEHHO HACBITIEHHOCTD, JIABJICHUE, HCTUHHAA ILIOTHOCTD 1
ckopocTh i-Toi daswl, Ko(¢) Tensop dbunbrpaimn, ko; - KoadbuImenTs mpoHniae-
MOCTH, [i;,7) - KOI(DDUIHEHTHI TUHAMUIECKON BI3KOCTH KUIKUX W TBEPIAOH (a3 cooT-
BETCTBEHHO, § - BEKTOP YCKOPEHUS CUJIBI TSIXKECTH, ¢ - IOPUCTOCTD, P - KA PHBIN
CKAYOK, a1 (@) u az(¢) koapdunuenTbr 06HLEMHON BA3KOCTU U OOBEMHOIN C2KUMAEMOCTU
COOTBETCTBEHHO, D¢, Diot - IPDEKTUBHOE U [TOTTHOE JABIIEHHE, Piot - OOIIAA IIJIOTHOCTD.
Hanmnast Mozens siBisiercst 0bo0ImenneM n3BecTHoit mMomenu Mackera Jleseperra [2].
B pabote mosydeHo 00OIEHHOE peIleHne HAYaIbHO-KPAECBON 331a4N B MPUOJINKEHUN
aqaeiikn Xeje-11loy.

Pa6ora BeImOIHEHA B paMKaxX roCyIapCTBEHHOrO 3adannsa MuHnncrepcTBa HaAyKu 1
Boicero obpasopanus P® 1o reme «CoBpeMeHHbIE METO/IBL THAPOAMHAMUAKY sl 3a-
J1ad TPUPOJIONO/IH30BAHUS, MH/YCTPUAJIBHBIX CUCTEM U MOJISAPHONH MEXaHUKu» (HOMED

rembr: FZMW-2020-0008).
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THE DIRECT AND INVERSE PROBLEMS FOR DIFFUSION
PROCESS WITH MOVING BOUNDARY
Glasko Y.V.
Research Computing Center Lomonosov Moscow State University, Moscow
glaskoyv@masil.Tu

Time-dependent quasilinear parabolic equation with the source with the moving
boundary and time-boundary conditions are mathematical model for the diffusion
process. We can consider Cauchi problem. From the time we have the stationary
model [3].

Let us consider 3D cube V = [0,1] x [0,1] x [1/3;4/3] for the diffusion. The
grid domain V" (cube in the mash space) is the system expanding grid domains
Vi c Vi c VP c V. h=1/7. Correspondingly, for the inverse problem we have the
system of incapsulated grid domains. Relation of length of edges V3 and V5 - 1/3, V5
and V4 - 3/5, V3 and V - 5/7. Let us consider the balayage process and the swelling
process.

Three numerical experiments for the source is approximated by the grid domain
V. by the grid domain V{* D Vi and by the grid surface V4 /VJ* are considered. The
source density is 1 (logical yes). For the central domains we have the cross array of the
densities on the 6 sides of 9V". The density is sweeping by numerical 7-points scheme
[2], [3]. The scheme is realization of balayage method H. Poincare [1]. The center
of the source is defined by "Plateau"with maximum value &4z If 0ppae/02 = 1.26
(62 - nearest value to Jp,4,) then the source is the domain Vgh. If 6pmax/d2 ~ 1.26
and 2 < d3/63 < 2.13 then the source-domain is V2h. If 01maz/02 =~ 1.23 then the
source-domain is V3* with zero density in the Vi

For first experiment dg.c/0maz = 11.887779 (dsrc - density of the source). In the
numerical experiment the density in the nodes of the domain-source may be 2, 3, 4
and so on.
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Every modern atmospheric model includes a block that describes the atmospheric
turbulence. However, the direct numerical simulation is very time consuming for
operative weather forecasting. As a palliative, so-called parameterizations of the phenomenon
(i.e. some empirical algorithms of its description) are used in the atmospheric models.
The basic criterion for these algorithms is the minimal error of the atmospheric model,
which uses the algorithm, in comparison with meteorological observations. To provide
this minimum, various numerical parameters in the turbulence block are optimized.

The basic paradigm of these turbulence parameterizations is the similarity to the
first molecular diffusion in a fluid. The diffusion coefficient is a positive value (a
constant or a function). We are going to develop the paradigm and consider a more
general tensor for the turbulence description. It includes two functions that describe
the turbulence without any assumption about their positivity. It can be rewritten as
an assumption about an arbitrary complexvalued function. The turbulence impact
in the atmospheric dynamics reaches its maximum in close proximity to the Earth’s
surface (in the boundary layer). We provide a model of the Akerblom — Ekman type,
but with a complex coefficient.

We optimize the agreement between the wide global archive of high-resolution
wind data, provided in Binary Universal Form for the Representation (BUFR), and
our model. The synchronisation between the model and observations is much better if
we optimize the turbulent exchange coefficient as a complex-valued function instead
of a real positive one. It is a central result of our work.

This work was prepared within the framework of the Academic Fund Program at
the National Research University Higher School of Economics (HSE) in 2020 - 2021
(grant Ne 20-04- 021) and by the Russian Academic Excellence Project 5-100.
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NON-CONVEX OPTIMIZATION PROBLEMS: CLASSIFICATION
AND APPLIED STATEMENTS
Gornov A.Yu, Zarodnyuk T.S., Anikin A.S., Sorokovikov P.S.
Matrosov Institute for System Dynamics and Control Theory of SB RAS, Irkutsk
gornov@icc.ru, tz@icc.ru, anton.anikin@gmail.com, sorokovikov.p.s@gmail.com

The complexity of non-convex optimization problems currently arising in various
scientific and technical fields is constantly growing. In practice, problems arise for
which the non-uniqueness of the solution is naturally characteristic, the non-convexity
of the reachable sets of controlled dynamical systems, the presence of various constraints,
etc. (see, e.g. [1]). Many classifications of extreme problems are known; they are
traditionally based on some structural features of the problem: one-dimensional —
multidimensional, unconditional — conditional, static — dynamic, one-criterion — multicriteria,
continuous — discrete — partial-integer, convex — non-convex [2]. The variety of optimization
problems inevitably raises the question of their systematization and classification. In
our opinion, this is due not only to attempts to develop theoretical approaches for
their study, but also to the natural search for a unified approach to their numerical
solution. It is often suggested to divide the extremal problems into a narrow class of
convex ones, but convenient for mathematical analysis, and into a class of non-convex
ones — “everyone else”. And optimization problems that arise in applications constantly
pose new questions for researchers about the properties of non-convex functions.

The report discusses the proposed classification of non-convex optimization problems

based on the characteristic properties of the function to be minimized. Thus, it is based
on the unconstrained minimization problem, which is almost impossible to ignore in
applied formulations. The classification includes the following set of function types:
1) convex, 2) unimodal, 3) acute minimum, 4) slightly extreme, 5) multi-extreme, 6)
equal extras, 7) undifferentiable, 8) stepped, 9) noisy, 10) “degenerate”, 11) “jamming
extreme”, 12) “gouged out extreme”, 13) “plateau-like”, 14) “condensation of extrema”,
15) “partially computable”, 16) "little computable".

The proposed classification is obviously incomplete, but, we hope, it covers a
significant number of statements of applied optimization problems. Methods for detecting
the features of a problem, assigning it to one type or another, as well as approaches
to overcoming the arisen difficulties are discussed.

This work has been supported by the Ministry of Education and Science of Russia
under the project No. 121041300060-4.
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Brina paccmorpena cucrema auddepeHIualIbHbIX YPABHEHMI B YaCTHBIX MPOU3-
BOJHBIX 1-TO TIOPSIKA C KBAAPATUIHON HEJIMHEHHOCTHIO BUIA
dp Ox
2
— t+ayg— t+ax” =0
ol ot ’
Ox n Op
g =
ol ot
KOTOPasi OLUCHIBAET HECTALMOHAPHOE JABUXKEHKUE BOJbL B HAIIOpHOM Tpy6ouposoze [1],
rae p = p(l,t) m x = z(l,t) — nckomble (YHKINH, JTOCTATOYHO TIAIKWE TIO COBO-
KYITHOCTH TIEPEMEHHBIX [, ¢ U B OTAEJbHOCTH 10 KaXKI0i MEepeMeHHOH, ag, a1, Qg —
JefiCTBUTE/IbHBIE TUCIIA.
Janas cucrema ¥MeeT aBTOMOJIEIHHOE PEIIEHUE BUIA

0,

#(1,1) = Fuly), o6 = 19(0).

rze
l 1 / 2/
y=-, 9(y) = —w — agyw — apy v’ + aryw,
t (6%}
a GyHkIms w(y) ABISETCS pereHneM 0OBIKHOBEHHOTO M depeHInanibHOro ypaBHe-
HUS

w” (pany? — 1) + w'y(dagag — 201 a0w) + w209 — 201 aw) = 0.

Pabora nposoguiiach B paMkax rocyapcrsentoro 3aganus (npoekt FWEU-2021-
0006, rema Ne AAAA-A21-121012090034-3) nporpammbl Dy HIAMEHTAIbHBIX UCCIIE0-
Bauuit P® ma 2021-2030 rr.
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AHAJINTUKO-YUCJIEHHBIN AJITOPUTM PACYETA
B3AVMO/JIENCTBUS C IIPENSITCTBUSIMUI JINMHENHBIX BOJIH,
B CPEJAX C JUCIIEPCUEN, IIOPOXKJIEHHBIX
JIOKAJIN30BAHHBIMU NCTOYHUKAMMU
C.10.Jo6poxoros, A.N.Knesun, B.E.Hazaiikunckuii, C.A.Ceprees,
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B nokmane paccmarpuBarorcs 3amaum Kommm ¢ JOKAJIM30BAHHBIME HAYATIbHBIMU
YCJIOBUSIMHU JIJIsl YPABHEHUIT COMEPIKAIIUX JUCTIEPCHOHHBIE F(PQMEKTHI U OMUCHIBAIOIIIE
B3amMozieiicTBre BOH ¢ npengrcrBusgMu. OOCyKIAIOTCS ACHMITOTHYCKUE PerieHus
JIBYX 33129 C PA3JIMYHBIM MOBEIEHUEeM perenunii: 1)3a1aua 0 pacipoCTpaHEHU JIUC-
MTEPCUOHHBIX BOJIH HA, TMOBEPXHOCTH HECXKUMAEMOU MOTEHIINAIBLHON KUIKOCTH, HADe-
rafomux Ha I0IBOAHYI0 DaHKY, U 2) 3a1a4a s ypasHenuii Tuna Kielina—Topaona ¢
JIOKAJTM30BAHHBIMU TOTEHIIHATOM. [ OCTPOEHUST ACUMIITOTUIECKUX PEIEeHU ITUX
3aza4 umeercsd obwmuii noaxon [1, 2], ocHoBaHHBIH HA MOAMQUIMPOBAHHOM KAHOHU-
4qeckoM oneparopa MacsioBa, MOCTPOEHHOM Ha MOJAXO/SIINEM CEMEHCTBE JIarPaHZKEBbIX
MHOT000pa3uii ha30BOM MPOCTPAHCTBE, CABUTAEMBIX BIIOJIb TPAEKTOPHUI HEKOTOPOTO
TaMUJIBTOHOBOTO BEKTOPHOTrO 1oJsi. [lomydaembie acummnrorraeckue GOpMyYJ/Ibl peasiu-
3YIOTCS C TIOMOIIBI0 YUCTEHHBIX PACIETOB.

B zamaue Kneiitna—Topmona TpaexkTopun cucteMbl [aMHIBTOHA, BBIMYIIEHHBIE C
OOJIBIIIIMY HAYATbHBIMA UMITYJIbCAaMU, OYIYyT CaMbIMH OBICTPBIME U Oy/IyT IIPOXOTUTH
CKBO3b TMOTEHIMAJ. [Ipu 3TOM mMMeeTCss HEKOTOPBIM CpeJHWi IUANa30H HAYATHHBIX
WMITYJIBCOB, JJis KOTOPBIX TPAEKTOPUU OYAyT OTPAXKATHCA OT MOTEHIHAIA W JAKe
MOTYT BO3BPAIIATHCS B OKPECTHOCTH TOYKM JIOKAIU3ANUN HAYAIHHOTO YCIOBHUS.

B 3amage ¢ pacmpocTpaHeHneM BOJH B BOJE, HA00OPOT, CAMBIMHU OBICTPBIMU OYy-
JIyT TPAEKTOPUHU CHCTEMbI [AMUIBTOHA ¢ MAJIBIMU HAYAJIbHBIMA UMITYJIHLCAMEI, OHU OY-
JIyT 00pPA30BBIBATH TEPEIHUI BOJHOBOI (GPOHT (KOTOPBIN ABIAETCS MPOEKIMEH Kpast
JIArpaH?KEBOro MHOrooOpasus). [lociie mpoXoXKIeHus MOABOJHON GaHKU 00pasyercs
KayCTHUKa W HA CaMOM (ppOHTE MOABIASIOTCH (DOKAJBHBIE TOIKH.

Takke 00CYKIAOTCA ACUMITOTHYECKHE DEIeHrs] YKA3aHHBIX 3a/a4, KOrIa Ha-
JaJIbHOE BO3MYIIIEHUE MMeeT HAPABICHHBI UMITYJIbC U MPEJACTABIAETCs JBUKY UM~
Csl BOJIHOBBIM IIAKETOM B BHJIE TayCCOBOM SKCIIOHEHTHI .

Pab6ora BeImosinena mo teme roc. 3aganng AAAA-A20-120011690131-7.
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PaccmarpuBaercsa cucrema ypaBHEHHN THAPOINHAMUKY, NOMOJHEHHAS YPABHEHU-
eM kKoHpeknnu-1uddy3un, OMUCHIBAIONIAS TEICHNE BI3KONH HECXKUMAEMON KUIKOCTH
C YY€TOM HAJIN4Nd 3arpA3HAIONINX IIpUMeceil B Hell

G+ (u-V)u=—1vp+ plu, (1)
div u = 0, (2)
% 4 (u-V)n=xAn. (3)

I'panwanbie yCIOBHS OMPEAEISIIOTCS CJIEIYIONNM 00pa3oM

on
u|aD :Oa 87N 5 :Oa (4)
D

rae N — BekTop HOpMasm K rpanuie obgactu D. Ilycts obracte D umeer mepuo-
JWYECKYI0 CTPYKTYPY W COCTOUT u3 KyOoB mynmuOoil 27w. HagasjapHble yCIOBUs MMEOT
BU,

u|,_, = {exp (ex3) sin\xa; exp(—ex3) sinAr1;0}, (5)
nl,_o = {exp (—ew3) cosA\xy — exp(—ew3) cosAxa}, (6)

rae A # 0, € — npousBoJibHbIE napamMerpbl. AnanuTuyueckoe perienue 3aaaun (1)—(6)
umeer Buf, [1]

u = exp ((e2 — N?) ut) {exp (ex3) sinAwy; exp (—exs) sinAz1;0},
p=-exp (2 (e? — A\?) ut) cos (Az1) cos (Ax2)
n = exp ((e2 — A?) ut) {exp (—exs) cosAzy — exp (—ex3) cosAza},

Pa6ora mposoannacsk mpu nogaepxkke PO®U, kox mpoexta 20-07-00236.
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37 Espasuiickas kKoHdepeus mo npuKIaIHOl MaTEMATHKE

JIOCTATOYHBIE YCJIOBUS IIOJIMHOMUAJIBHON
PA3PEIIINMOCTHU CUCTEMBI JINHEMHBIX YPABHEHU
C THTEPBAJIBHOM MATPUIIEN KOD®PUITUEHTOB
Epoxun B.1.

Boenno-rxoemuneckan axademus umenu A.@. Moocatickozo, Cankm-Ilemepbype
erohin_v_i@mail.ru

PaccMoTrpum MHTEPBATBHYIO CUCTEMY JTMHEAHBIX AMTeOpandecKuX ypaBHEHNH BHIA
Ax:baAc_Ar<A<A0+Arabc_brgbgbc_‘_bra (7)
— — — X — — —

vte (A = (a), Ao = (a5,), Ay = (a2})) € R, (b= (b;),b, = (), by = (5])) € R™,
z €R" A b. 2 0,m >n> 1. MuoxecrBo caabvox pewenutdi cucrembr (7) — BEKTOPOB
2, JJIS. KOTOPBIX CYIIECTBYIOT COOTBETCTBYMOIME Marpuna A m BekTop b Takume, 9TO
Tpoiika (A,x,b) asnserca pewenuem cucrembl (7) — Oyaem 0603HAYATH CUMBOJIOM
X. Kak u3BecTHO, MOUCK CIabbIX pemenuii cucreMbl (7) ¢ HHTEPBAILHON MaTpuIei

k03 durimeHToB Uu 00Iero Buga spiserca NP-TpyaHOi 3amaqei.

Iycrs & = (&) = A}b. — HOpManbHOe nceBropentenue cucremsl A,z = be, Ab. =
be — AT — €€ HeBsA3Ka C MUHUMAJILHON €BKJIMI0BOM HOPMOIA, Aj — COOTBETCTBYIOIIAA
nces000paTHas MATPUNA, M, C TOYHOCTHIO JJO HEKOTOPOI IepPecTaHOBKU CTPOK A, u
SJIEMEHTOB b,., BBITIOJHAIOTCS YCIOBUS

Al bl
14 1 24 2
A= [ AS , be = b§ , Agz < by, —AZT < Db
(& c
Beenem oboznadenwusi:
1 1
it A A 7 A b A . . A
Ac: |: _22 :| ) bc: |: _22 :| ) S:dlag(SIgn(x))a
_ C C
X 2 {z|(Ae — AS)x < b+ by, (—A, — A.S)x < —b. + b, }, 1 — n-MepubIii BeKTOD,
COCTOANTMI U3 UHUIL, 05, — MUHUMAJILHOE CHHIYJIAPHOE YUCI0 MATPHIbL A, ofr
— MAKCHMAJIbHOE CHHTYJISPHOE UHCI0 MATPUIEL A, || - || 0603HaTaeT €BKIIHIOBY BEK-
TOpHY10 HOpMY. CipaBejinBa CIeayIomasi

Ac

Teopema 1. ITycmuv ewmnoanaromes yeaosua rankA, = n, oo > gidr S3 > 0,
min[;] > —to (oé;xHiH + Hﬁqibfu + ||br|\>, cucmemyL HEPABEHCME
=1,...,n min Y max min
(40 - A8z < llc + by, (8)
(Ac+ ApS)z < be + by 9)

cosmecmuv, u cyujecmeyem ckaasap & > 0 maxod, wmo cucmema St = 16 asasemca
caedemeuem kak (8) mak u (9). Toeda 1) Bee 2" cucmem AUHETHBT HEPABEHCTNE
(Ac — ArS)x < be + by, (10)
2de S — duazonaavnas mampuya nopadka n ¢ saemenmamu +1 na duazonaru, cos-
mecmmn. 2) Cyuecmeyem ckaiap 6 maxoli, 4o CUCEMA AUHETHVLE HePABEHCIE
Sz > 16, aeasemca caedcmeuem 1060t cucmemvt euda (10). 3) Muoscecmeo X coe-
nadaem ¢ muoscecmeom X u, 6 cayuae nenycmomat, npedcmasasem cobotl eunyKAvL
MHO20ZPAHHUE, YEAUKOM ACHCOULUT CMPO20 SHYMPU OPMAKMA, ONPEJEAAEMO20 3HA-
Kamy QUAZOHANLHUT dAeMENTN06 mampuyss S, m.e., Yo € X = Sz > 0. 4) Caaboe
pewenue cucmemst (7) Moorcem Goms NOAYUEHO 36 NOAUHOMUAADLHOE BPEMA.
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In 2020, RENC-VNIITF developed a stochastic agent-based model and a modification
to the SEIRD differential model which are capable of reproducing viral infection
transmission in a megalopolis [1]. Later, in cooperation with experts from Gamaleya
NEMRC and NPIDRC, we have come to a model we are presenting in this paper.

Our agent-based megalopolis model includes population and urban environment
generation algorithms, and algorithms which describe agent state dynamics and scenarios
of agent visits to public accommodation facilities and infection in epidemiologically
significant contacts. Population transfer to/from the near regions is taken into account.
Agent state dynamics reflex how the disease runs and transmissibility changes, and
how immunity acquired after the disease or vaccination forms and degrades. Our
model allows for interventions aimed at reducing the negative consequences of the
epidemic, and identifies the most significant infection transmission channels for these
interventions.

We have simulated the course of COVID-19 in Moscow to predict its parameters.
We determined its duration, the presence of a sequence of peaks in the disease rate,
and the maximum load to public health service. Our model demonstrated quite
good prognostic properties. Calculated results helped analyze different scenarios with
respect to the effect of interventions. In particular, we estimated the rate of vaccination
at which the epidemic can be inhibited or stopped.

The work was financially supported by Russian Ministry of Science and Education’s
Grant No 075-11-2020-011 (13.1902.21.0040)
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TENSOR TRAIN OPTIMIZATION FOR SOLVING THE DISCRETE
SOURCE PROBLEM FOR THE DIFFUSION-LOGISTIC MODEL
Zvonareva T.A.1*, Krivorotko 0.I.12
L Nowosibirsk State University, Novosibirsk
2 Institute of Computational Mathematics and Mathematical Geophysics SB RAS,
Novosibirsk
* t.zvonareva@g.nsu.ru

The source problem (1) for the diffusion-logistic model (DLM) based on a nonlinear
partial differential equation that consists in identification of discrete source ¢ € R
using additional measurements in fixed time points (2) is investigated.

L =dlye +r(t)I(x,t) (1 - I(z,)K1), 1<t<24, 1<z<6,

I(z,1) = Q(x), 1<z <6, (11)
I,(I,t) = I,(L,t) = 0, 1<t <24,

Iz ty) = fik, 1=1,...,5, k=1,...,22. (12)

Here I(z,t) is the density of influenced users at distance z and time t, where x

is the minimum number of friendship hop. The source Q(z;) = ¢;, ¢ = 1,...,6, and

on each segment [z;, z;4+1], 4 = 1,...,5, the function @ is a third degree polynomial

Qi(x), d is the popularity of information, K is the carrying capacity and function r(t)
is a growth rate of the number of influenced users placed at the same distance away
from the source. DLM (1) describes the information dissemination in online social
networks [1].

The source problem (1)-(2) is reduced to the problem of minimizing the squared
misfit function J(q) that is reduced to the tensor form as following. At the first step
we apply the continuous monotonically decreasing function to J(q). At the second step
we split the interval for each parameter ¢; € (a;,b;), i = 1,...,6, into N segments
and compute J(g!), j = 1,..., N. The associated to the function J(q) tensor has N°
components.

The minimization problem for J(q) is formulate as a problem of searching the
minimal element in considering tensor. The optimization problem is solved by a global
method based on the expansion of the large dimension tensor in the tensor train
format [2]. The numerical results are demonstrated and analysed.

This work is supported by the Council for Grants of the President of the Russian Federation
(project MK-4994.2021.1.1) and Russian Science Foundation (project 18-71-10044).
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MATEMATUYECKAA MOJEJIb 1 AJITOPUTMBI OBPABOTKUA
TEOPAJAPHBIX JTAHHBIX

C.M. Kabanuxun',?,?, K.T. Uckaxos?,, J1.K.Tokceur?,5, M.A. Iluuuiennnt,?,3
L Unemumym evivucaumentvroti mamemamury u mamemamuneckoti zeofusuxy CO
PAH, 2. Hosocubupcrk, Poccus 2Hoeocubupcxuti 2ocydapcmeennviti yrusepcumemn,
Hosocubupck > Mamemamuueckuti yenmp 6 Axademezopodxe, Hosocubupcrk, Poccus
4 Eepasutickuts nayuonarvrviti ynueepcumem um.JI H. Dymunesa, 2.Hyp-Cyaman,
Kasaxcman ® National Research Nuclear University MEPhI (Moscow Engineering
Physics Institute 8 Kapazandurckuti undycmpuasvnudi ynusepcumem, Temupmay,

Kasaxcman
ksib2@mail.ru, kazizat@mail.ru, tokseit1990@gmail.com, mshishlenin@ngs.ru

B pabote paccmarpuBaeTcs MaTeMaTHYIECKas MOJIE/Ib HHTEPIIPETAINH PAIAPOTrPAMM,
MTOJIy9eHHBIX Teopagapamu:«30u1-12es, «Jloza-By. [ljas kadecTBeHHON mHTEpIpeTa-
AW PAasaporpamMm HEOOXOAUMO COIOCTABJIATH PACUYETHBIE JTAHHBIE MATEMATHIECKON
MO/IEJIA C PEAJIbHBIME JAHHBIMU, YTO IIO3BOJUT Pa3paboTaTh METOAMKY WHTEPIPETa-
uuu pagaporpaMm. it TpOBeIeHUsT YUCIEHHBIM PACYETOB HEOOXOIUMO UMETh Tab-
JINYHBIE 3HAYEHNS WCTOYHUKA, U3JIyIaEMOTO re0paIapoM, CIeI0BATEIbHO Ha EPBOM
mare HeOOXOIMMO BOCCTAHOBUTH MCTOYHUK. B MepBOil 9acTu HACTOLAIIEH CTATHU pac-
CMaTpPUBAETCS 33298 BOCCTAHOBJIEHUST UCTOUHUKA A (1) 110 PeaIbHbIM JIAHHBIM Te0Opa-
napa. s onpesesiennsi SBHOIO aHAJUTHIECKOTO BHIPAYKEHUS WMILYJIbCHOU XapaKTe-
PUCTUKU CPeabL r(t) B OJHOPO/IHOU CpeJie CBOJAUM 33/1a4y K CucTeMe JIMHEHHbIX BOJ1b-
TEPOBCKUX MHTErpaJIbHBIX ypaBHeHWil nepsoro pona [1]. Ucnons3yem ypaBHeHue I1st
UMIIYJIbCHON XapakrepucTuku 7(t) B OXHOPOIHOI cpene f(t) = fg r(t — 7)h(7)dr, B
KoTopoM f(t) - pealibHble JAHHbIE, [IOJIyY€HHbIE B IIPOLECCE U3MEPEHUs [e0pPaIapoM
B TOYKe HAOJIIOJIEHUs. B OAHOPOAHOI cpeae, h(t) — dynkuus ucrounuka. IIposeienbr
9KCIIEPUMEHTAJIbHBIE WCCIEIOBAHUS C MPUMEHEHneM reopamapa 30Ha-12e Ha j1a00-
PaATOPHOM TOJIUTOHE, UCKYCCTBEHHbBIN JIOKAIN30BAHHBIN OOBEKT B BUIE KYTIOJA COJIU
OBLT TIOMEINEH B HACATHHYIO CJIOUCTYIO CPELy — WHCTBIH CyXoil mecok. Buibop Taxoit
Cpebl MO3BOJIAJI IPOBECTU TECTUPOBAHUE MATEMATUYECKON MOIENH 110 ONPeeIeHHIO
HMCTOYHUKA 110 PeasbHbIM JTAHHBIM I'e0paapa U rIyOuHbI 3aJIeraHus JOKAJIN30BAHHBIX
00bexToB. IIpoBeieH MUK PACYETOR TIO TTPOBEPKE COOTBETCTBUS PE3YIHTATOB MATEMAa~
THUYECKOTO MOJETMPOBAHUS PEAJbHBIM JAHHBIM reopajapa. Jjis ciydas 1ByMepHOTO
WCTOYHUKA MPUBEIEHBI PAHEE HCCJIEIOBAHHBIE SKCIEPUMEHTAJIbHBIE MCCJIETOBAHUS C
npuMenenneM reopagapa Jloza—B ma apyrom sraboparopuom mosurone. s mosu-
rOHA BHIOPAH IECYaHbI!l KAPHEP, YTO COOTBETCTBYET MOZEJH CPEJIbI: BO3/YX; YUCTHII
CYXOii TIeCOK; MUIIIEHH; W MOACTUIAIONMHU ol (BiIaxkubIil ecok). B kauecTBe 00beK-
TOB BBIOPAHBI XKEJIE3HBIE JINCTHI MPSIMOYTOIBHOM (DOPMBI, KOTOPHIE OBLIN TIOMEITIEHBI B
MeCOK Ha m3BecTHYIO rirybuny. [IpuBeneH mukiI pacdeToB MO MPOBEPKE COOTBETCTBUS
Pe3yIbTaTOB MATEMATHIECKOTO MOETMPOBAHUS PEaTbHBIM JaHHBIM reopaaapa. Kiio-
49eBbIe CJIOBA: 00PabOTKA PAIapOrpaMMbl, BOCCTAHOBJIEHNE MCTOYHUKA, MATEMaTHIe-
CKO€ MOZIeJIMPOBAHUE, PE3YJIbTAThl PACIETOB.

Pabora K.T Nckakosa u I.K.Tokcent mommepxkama rpanrom MOH PK mo mo-
rosopy Ne132 or 12.03.18r. «Pa3paborka ajaropuTMOB ¥ BCTPOEHHOT'O MTPOTPAMMHOTO
obecriedennsi O OIPEIESIEHUI0 TeOIJTEKTPUIECKOTO pa3pe3a s reonH(pOPMAIHOH-

Hoit rexnonornu GPR» (IPH AP05133922). PaGora Kabannxuna M. A Illumnennaa
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BOCCTAHOBJIEHUE CTPYKTYPHI TPSIBEBOI'O BYJIKAHA
METOI0M ITPEOBPA3BOBAHNA PA/TOHA B ITIOJIOCE
Kazannes U.I'., Bparunckas JI.IL., Kapasaes [.A., KoBanesckuit B.B.

Hremumym ebuucaumesvHott Mamememuky u mamemamuseckot zeopusuryu CO
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B pabore mpencraBiieHbl PE3yabTATHI MPUMEHEHUST TOMOTPAMDUIECKUX METOIOB
JIJIS PEKOHCTPYKIIMK CTPYKTYPBI Ips3eBoro Byskana Kapaberosa. Hamu paccmarpu-
BaeTCH JIMHEAPW30BAHHAS TpsiMast 3a/1a49a, C JAHHBIMA B BH/I€ WHTEIPAJIOB TI0 JIy4YaM,
MOA00HO TTOCTAHOBKAM KJIACCHYECKON PEHTTeHOBCKOH Tomorpadum. I'eomerpus cOo-
pa reoU3NIECKUX JTAHHBIX BUOPONPOCBEYNBAHUS BYJIKAHA TIO3BOJISIET MOJIEIUPOBATD
TMPSAMYIO 33789y BOCCTAHOBJIEHUSI CKOPOCTHBIX MPOQUJIeH MPUMOBEPXHOCTHBIX 00bhe-
MOB B B¢ mpeoOpa3oBanus Pasona B mosioce, Ha, OHOM CTOPOHE KOTOPOI HAXOAATCS
WCTOYHUKHU, HA JIPYTrOi - mpueMHUKHU. lIpuBoguTCS CpaBHEHUE DPE3YJIBTATOB MPUME-
HEeHWSI AaHATMTHIECKOTO obpalienns npeobpa3oBannusa Pagona, HCIOMIB3YIOMIEro METO,
KOHEYHBIX XapPAKTEPUCTUIECKUX DJEMEHTOB, U UTEPAIMOHHONO Merona Kaamarka pe-
[IeHUs] BO3HUKAIONIUX CUCTEM JIMHEHHBIX aJre0pandecKux ypaBHEHUIA.

Pabora mporomuiack B pamkax rocyzapcreennoro 3amanus UBMuMT CO PAH
(mpoekT 0251-2021-0003).
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IMNP®POBBIE ®UNJIBTPHI JJ14d OBHAPY2XKEHUNA YI'JIOBBIX
CTPYKTVYP HA M30OBPAKEHUSAX
Kazannes U.I'., Myxamer:kanosa B.0O., Uckakos K.T.

Hnemumym eviuucaumensvhoti mamemamury u mamemamuseckots zeopusuxy CO
PAH, Hosocubupcrk, Espasutickuti nayuonarvhoil yrusepcumem um. J1.H.
T'ymunesa
kig@ooi.ssce.ru, grek79@mail.ru, kazizat@mail.ru

B paGore paccmarpuBaioTcs Macku (00pasIibl sl CPABHEHUT, UM ITAJIOHDI), MO-
JeJIUPYIOIINE YIJIOBbIE CTPYKTYPHI /I UX OOHAPYKEHUsS HA TPEXMEPHBIX W300parke-
HUSX [PU KCIOJIb30BAHUU B TPAJUIUOHHOM METOE CKOJIB3SIIUX OKOH. DTOT METO.I
OCHOBBIBAETCsI HA COMJIACOBAHHON (DUIBTPAIMU U MHOIOKPATHBIX BHIYUCJIEHUSIX CBEPT-
KW MACKHU C TEKYIIEH OKPECTHOCTHIO OTIEIBHOTO j1eMeHTa MaccuBa. O IHUM U3 aKTy-
AJIbHBIX MPUJIOKEHUH ABJIETCA TPOOIeMa PACITIO3HABAHNS JIUIL, TI€ METOI UMEET KOH-
KPETHOE IPUMEHEHUE IPU TIOMCKE JTOMUHAHTHBIX (OMOPHBIX) TOYeK. Panee Hamu ObLin
CKOHCTPYHUPOBAHBI MACIITAOUPYEMbIE MACKU JIJIsl BBIIEIEHUs] YTJIOBBIX KOHCTPYKIIHH
Ha IBYMEPHBIX HM300pakKeHuaX. B 3roit pabore Mbl MOKa3bIBaeM OOODIIEHHE YITOBBIX
MACOK HA TpexMepHblit cirydail. CBOMCTBO MACIITAOUPYEMOCTH, COCTOSAIIEE B UEPAPXUN
TOIMATPWII, TAIOIIEH BO3MOXKHOCTD MOCTPOEHNST MATPHUIIL, OOJIBIIETO PA3MEPA MTPOCTHIM
MMOBTOPEHUEM CAMOITOIOOHBIX SJIEMEHTOB, YIAJ0Ch PACIPOCTPAHUTH HA TPEXMEPHBIN
ciaydasi. 9TO OTIMIAET HOBBIE MACKHU OT MCIOJJb30BABIIUXCS TPAIUITUOHHBIX, JIJIsT KO-
TOPBIX DJEMEHTHl MACKU 3aBHCAT OT pa3mepa mMarpuiibl. V3maraercs obmumit moaxo
KOHCTPYHMPOBAHUS MACOK JIJIs PA3IUYIHBIX TEJECHBIX YIJIOB. DTOT MOIXOJ, HOMOTAeT
pa3pabaThBaTh MEPAPXUIECKUE BBIUUCIEHUS TPEXMEPHBIX JTAHHBIX C IIEJIBI0 YCKOpe-
uus. [IpuBOIUTCS CpABHUTENBHBIN aHa N3 KOI(D(MUIIMEHTOR YCUJIEHUS TIIyMa TPaIu-
[MOHHBIX YIIOBbIX seTekTopoB (Kupin, POOMHCOH) U HOBBIX MaCOK.

Pabora Beimonnena B pamkax rocygapcrBenHoro saganus UBMuMIT CO PAH
(upoexr 0251-2021-0003) u nopuepkana rpanroMm Munucrepcrsa o6pa3oBaHus U Ha-
yku Pecniybankn Kaszaxcran (mpoekt AP05133922).
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PEI'YJIAPHBIE TEKCTYPbBI I OBHAPY2KEHVE JE®PEKTOB HA
IINP®POBBIX N30BPAXKEHISIX TKAHEN
Kazanues U.T., Typedekos P.2K., Cynranos M.A.

Hrnemumym eviuucaumensvhoti mamemamury u mamemamuseckots zeopusuxy CO
PAH, Hosocubupck, Mecdyrnapodnviil Ka3axcko-mypeykutl ynueepcumem umeny
X.A. Hcasu, Typxecman, Kazaxcman
kig@ooi.sscc.ru, rauan.turebekov@ayu.edu.kz, murat.sultanov@ayu.edu.kz

PaccmorpuBaercs 3aavua uccie0BaHus MPOEKIMiA B MpocTpancTBe Pamona B ka-
YeCTBE MPU3HAKOB JIJIs OMUCAHUS PETYIAPHBIX TEKCTYDP Ha MU(POBBIX H300PaAKEHUIX
TKaHe# IPU UX KOHTPOJIE CHCTEMAME TEXHUIECKOTO 3PEHUsT B TEKCTHILHON MPOMBIII-
JIEHHOCTHU. 3aME9YEHO, YTO PETy/ISAPHbIE NOBEPXHOCTHBIE TEKCTYPbI TAKUX MATEPUAJIOB,
KaK TEKCTWUJIb, TUIETEHUsI W APYTUX, MOTYT OBIThH TPEACTABJICHBI B BUIE KOMTIO3UINN
HECKOJIbKUX puK (byHrmit. [Ipu (pUKCHPOBAHHOM YHCJIE HAPABICHUN KOMIIO3HUIUA
OCYTIIECTBIISIETCS € UCTIOIH30BAHNEM ONMTHMHU3AIMOHHOTO MOX0/A, B KOTOPOM TJI00a/Ih-
HBIM MOUCKOM MAKCUMyMa KPHTEPHUS HH(HOPMATUBHOCTH ONPEIETAIOTCA HAIIPABICHHAS
W TIPOEKIMH, BHOCAIINE HANOOJbIINH BKJIAJ B alllPOKCUMAIMI0 TEKCTYPbl. JledexTs
TEKCTYP HAXOJATCs B 001ACTAX HAPYIIEHUS OJHOPOJHOCTH, KOTOPBIE IPOABJISIIOTCS B
npocrpancTee Paona JIOKaJIbHO B BHIE CKAUYKOB YPOBHEH FIPKOCTH W JIPYTHUX TPO-
CTPAHCTBEHHBIX CUHTYJISPHOCTEH.

B pabore obcyKIat0TCI MPUHIIAIIBI BOCCTAHOBICHNSA N300PAKEHNH Ha OCHOBE aJl-
rOPUTMA ONTUMATLHON JEKOMIIO3UIME JIBYMEPHBIX PETYISAPHBIX TEKCTYD B HAGOD WH-
OPMATHBHBIX KOMIIOHEHT. DT KOMIIOHEHTBI CJIy?KAT JOCTATOYHBIM OIMCAHUEM TEK-
CTYDBI, WIN TIPU3HAKAMHU, HEOOXOIUMBIMU B TOCIEIYIOMEH 3a/adue pacmo3HaABAHMS.
OcHoBaHWEM CJIy’KaT aJTOPUTMBI PEKOHCTPYKIINH, UCTOb3yomme Meron SVD mpu
obpallleHnn MPOEKITHOHHBIX JAaHHBIX Pagona. Pe3yaprarsl HILTIOCTPUPYIOTCS.

Pabora Beimonnena B pamkax rocygapcrBenHoro saganus UBMuMIT CO PAH
(umpoexr 0251-2021-0003) u nopuepkana rpanroM Munucrepcrsa o6pa3oBaHus U Ha-
yku Pecriybnuku Kazaxcran (mpoekr AP 09258836).
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ORTHOGONAL POLYNOMIAL BASIS IN THE SPACE OF VECTOR
FUNCTIONS H} AND STOKES SYSTEM IN A BALL
Kazantsev S.G.

Sobolev Institute of Mathematics, Novosibirsk
kazan@math.nsc.ru

In the homogeneous Sobolev space of vector functions HJ (B?) orthogonal polynomial
basis is constructed. Some of this vector functions, in particular, are vector potentials
for solenoidal fields from the basis of the space Lo (B?), [1, 2] As the result, the Dirichlet
boundary value problem for the stationary Stokes system in a ball is solved, [3]. The
solution is presented as a series on the constructed polynomial basis vector functions.

The constructed polynomial vector functions also can be used when solving some
problems of vector analysis related with operators V, div and rot.

The work has been supported by the state contract of the Sobolev Institute of
Mathematics (N 0314-2019-0011).
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CBEPTOYHBIE HEMIPOHHBIE CETU U 3AJIAYN
OBHAPVY2KEHUAI TTO2KAPOB I10 JAHHBIM
ADPO®POTOCBEMKMU
Kammer JI.1., IlIserm O.4.
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ObnapyXeHne TOKAPOB HA N300PAKEHUAX C TTOMOIIHI0 METOIOB MM pPOBPit 0Opa-
0OTKM M300paykKeHUuil ¥ KOMIBLIOTEPHOrO 3PEHHs MPUBJEKJIO OOJbIIOe BHUMAHUE KC-
caenoBaresieil B IOC/eQHHE HECKOILKO JjieT. OJHAKO TPaAuIMOHHbBIE aJrOPUTMbI UC-
[IOJIb3YTOT, KaK IPABUJIO, MOJIEJN Ha OCHOBE NMHAMHUYECKUX IIPU3HAKOB OIIPE/Ie/IeHUs
- ABJISIETCSA JIM KAAP aKTUBHBIM, WK HET. DTH XapaKTEPUCTUKU TPYAHO (HOPMAIIHU-
3ye€MbI, U OHU 3aBUCAT OT THUMA HADJIIOJAEMOrO TOXKapa, 4TO MPUBOAUT K HU3KOMY
YPOBHIO OOHAPYYKEHUST U BHICOKOMY YPOBHIO JIOXKHBIX TpeBor. OIHUM U3 MHOTOO0EIa-
FOLIUX METOIOB, UCIOJIb3YEMBIX B 3TON OOJIACTH, ABJSIOTCS CBEPTOYHbLIE HEAPOHHDLIE
ceru (CHC). B aroit crarbe npejaraercs meron, ocuoBanubiii nta CHC nist monuro-
puHra u OOHApPYzKeHUsl PA3JIMYHbIX MCTOYHMKOB JIbIMA M OI'Hsl LIPU JIECHBIX IIO2Kapax
C TIOMOIIIBIO a3pOPOTOCHEMKH. BB cobpaH HAOOp JAHHBIX, COCTOSIINNA M3 m300pa-
JKEHUH, CHATHIX OECHUIOTHBLIM JIETATEIbHBIM allapaToM, COAEPYKAIINX U HE COIep-
JKaIuxX 00JIACTH C OCHEM U ALIMOM Pa3/IMYHBIX Pa3MepOB, IJisd O0yYeHHsl CHUCTEMbI
C IpUMeHeHHeM CBEPTOYHBIX HeHpOoHHBIX cereil. ITokazamo, 4To npemjiaraeMas cBep-
TOYHAs HEWPOHHAsl CETh XOPOLIO AJANTUPYETCd K 3ajadaM OOHAPyzKEHHUs I0zKapa.
IIperyIoKeHHBI TOAX0M, TPOTECTUPOBAH HA PeabHBIX BHJIEONOCIEN0BATEILHOCTIX,
" 00eCneunBaeT BHICOKHME PE3YJIbTATHI, 0 CPABEHEHUIO C TPATUIMOHHBIMUA METOIAMU
obHapy:KeHusd, u MoKa3biBaeT, 9o ucnoab3oBanne CHC a1a obnapyKeHus moKapoB
SIBJISIETCSL 11€PCIEKTHBHBIM.
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HEKOTOPBIE MATEMATUYECKWE 3AJAYN ATMOC®EPHOTI'O
QJIEKTPUYECTBA
Kanunun A.B., Troxtuna A.A.
Huotcezopoderutl 2ocydapcmeennoiti ynusepcumem um. H.U. Jlobauesckozo,
Huoticrnuti Hoszopod
avk@mm.unn.Tu

SHaunTEILHOE BIIUSTHUE HA BAXKHEUIITHE SKOJOTHIECKHE (DAKTOPHI OKA3HIBAIOT (b~
3WYECKHe MPOIECCHI, TPOUCXOISINIe B aTMocdepe 3eMIn. DTH MPOIECCHl TECHO CBA3a-
HBI C MHOTOYHC/IEHHBIMU 3JIEKTPOMATHUTHBIMU SBJIEHUSIMU, 00YCIOBJIEHBIMHU UCTOYHNU-
KaMHU PA3JIHIHON MPUPOILI, YTO OTPAIKACTCSA B KOHIIEIITAN TI00ATHHOM JIEKTPUIECKOit
nenn B armocdepe 3emu [1].

IMpu momenupoBanuy TIOOATHHON IJIEKTPUUECKON [MEMU W IPYTUX SJIEKTPOMAT-
HUTHBIX SBJIEHUN B arMocdepe IMMPOKO UCIOIb3YIOTCS PA3INIHbIE KBA3UCTAIIMOHAD-
HbIE TPUOJIMKEHUs /)1 CUCTEMbl ypaBHeHuit MakcBeuia, cpean KOTOPBIX MOXKHO BbI-
JIETTATH HEPEJIATHBUCTCKOE JEKTPUIECKOE W HEPEIATHUBIUCTCKOE MATHUTHOE MPUOIIH-
kenwusi. VIX IPUMEHUMOCTD ONPeIEseTcs XapaKTePHBIMU BPEMEHHBIMA U ITPOCTPAH-
CTBEHHBIMH MACIITAOAMY U XapAKTEPHbIMY 3HAYCHUsIMU (PU3NIECKUX Besndul. B ciy-
Jae HEOIHOPOIHBIX CPeJ HEOOXOIUMBIM STATIOM MOJIEIUPOBAHUST SBJISETCS MOCTPOECHUE
HepapXull KBA3UCTAIHOHAPHBIX mpubmmkenuit [2]-[4]. B pabore u3ywaioTcss BOIPOCHI
MPUMEHUMOCTH JIJIsi OIMUCAHUS SJEKTPOMATHUTHBIX MOJiell B arMocdepe pa3TudHbIX
KBa3HCTAIMOHAPHBIX MPHUOIMKEHNI B paMKax OOODIIEHHON KBA3UCTAIIMOHAPHON MO-
JleJid, UPEJIJIOKEHHOM B [2, 3].

Pabora mommeprkana HaydHO-0OPA30BATEILHBIM MaTEMaTHIECKUM IeHTpoM "Ma-
remarnka rexsosornii Oymymero" (Cormamenne Ne 075-02-2020-1483 /1)
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HEJIMHEVMHBIE MOJIEJIN SIINJIEMUN: HOBAS
KOPOHABUPYCHAA MH®EKIINS COVID-19
Kamunckuit I.JI.!, Yeprenosa B.B.?, Kapamos 9.B."3, Banenun O.B.4,
Jle6enes C.H.A
L ®T'BY «HarmuoHaabHbIil MeINIMHCKA HCCIeI0BATEIbCKAI IEHTD
drusnonyibMonoIOruN ¥ WHMEKIMOHHBIX 3a0o eBanuii> Munsapasa Poccun, 1.
Mocksa, Poccus,

2 ®I'BOY BO «Hamuonanbublii uccienoparenbckuii yuusepeurer «MI», r.
Mocksa, Poccus
3 ®I'BY «HamonaIbHbIi HCCIIeI0BATEIBCKIH [IEHTD SMNIEMUOTIOTHA 1
vukpobuosnoruu nmenn H.®@. Famanens Munsapasa Poccun
4 ®T'YII «Poccuiickuit Oenepanbubiii nepnbrii Ilenrp — Beepocceniickuit
HAYYHO-UCCJIEIOBATETBCKII HHCTUTYT TeXHUYIECKON (pu3nku nMeHn akajemuka F..
Sababaxunay, r. Cuexkunck, Poccus
gregkaminski.gk@gmail.com, chernet@mail.Tu, karamov2004@Qyandex.ru,
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Paccmorpum HeIMHENTHOCTD 311K/IEMUYECKOIO IIPOIIECCA:
A= RaXY?,

rae A — 1o/ HOBBIX ciiydaeB (3a0osieBaeMocTh), X — J0JIs JIUIl, BOCIPUUMYUBBIX K
urdekuun; Y — 105 MHPUIUPOBAHHBIX (IOPAYKEHHOCTH); P — HapaMeTp HeJuHeil-
HOCTH, (v — WHTEHCUBHOCTD 3apakeHusi, R — KOHTAKTHOE YHCJIO WHMEKIHH.

B pabore ucnosnbzosaiu caegyomue napamerpsl st COVID-19: oo = § = 0.074,
k = 0.0055, p = 0.000137. [TapaMeTpbl CHCTEMBI OMPEIEIISIA Ha OCHOBAHUU (DOTO-
cTaBjeHust (DAKTHIECKAX JAHHBIX C PEAJTHbHBIMU METOIOM YHUBEPCATHHOTO TPATHEHT-
Horo cmycka [1]. MakcumanbHble 3HaYeHHs napamerpa HesnmHejHocTH (1.09 — 1.18)
YCTAHOBJIEHBI B ropofax ducyieHHOCThio MeHee 100 Toic. yesoBek. KonTakTHOE 9mcsio
R xosnebasocs or 3.1 1o 6.3. Hesuneitnocrs 06yciioBiiena ycuiieHueM 3apa3uTelbHOCTH
Ha HMKE 3MHUAEMUU 33 cdeT dPdekra KyMysaiuu BUPYCHbIX YACTUL] B [IOMENEHUAX, &
Tak¥ke 3PGeKTa PACCENBAHNS BUPYCHBIX YACTHUI U TTPEPHIBAHUS MEMOYEK 3aPAIKEHIS
Ha craze suugemun. PakTop HEMWHEHHOCTH MPOSBIAETCS B 00Jee OCTPHIX MTHKAX MPU
pa3BuUTHM MOABLEMOB 3ab0meBaeMocT. OTMEYIALTCsT CXOKECTD C SBJIEHUEM HEYCTOWIH-
BocTH Kymynsnun akajgemuka E. 1. Sababaxuna [2].

B menuneiinoii cpese st COXpaHeHusk MAKCUMYyMa I'eHOMOH/ 1A TApAa3UTa B OTHOCH-
TEJILHO HEOOJIBITNX MOMYJISIUAX XO3SAUHA, HEOOXOIUMbBI MEXAHU3MbI UX TEPCUCTEHITAN.
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ON AMBIGUITY OF THE ILL-POSED PROBLEM OF

PRODUCTION WELL INFLOW PROFILING USING DISTRIBUTED

FLUIDS TEMPERATURE LOGGING
Karakulev A. E.**, Kotlyar .. A.*, Sofronov I. L.*
*Technology Company Schlumberger, LLC
**Moscow Institute of Physics and Technology
karakulevs@gmail.com

Continuing the research [1, 2, 3], we modify the residual functional of the considered

inverse problem in order to reduce the ambiguity of the solution and apply cluster
analysis of the obtained solutions set to form several final interpretations. Using the
gradient approach to find the functional’s minima and subsequent Bayesian inference
for clustering and uncertainty analysis results in a fast and reliable algorithm for
predicting inflow zones in a wellbore based on distributed temperature logging data.
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NUMERICAL SOLUTION OF THE INVERSE PROBLEM FOR THE
ACOUSTIC EQUATION
Kasenov S.E., Askerbekova J.
Al-Farabi Kazakh National University, Almaty, Kazakhstan
syrym.kasenov@mail.Tu

Statement of the continuation problem for the acoustics equation.
Consider the continuation problem in the domain A(L,) = {(x,t) : « € (0, L), t €
(x,2L, —x)}:

Ut = Ugx — %uz‘ (13)
um(oa t) = g(t)v (14)
u(0,1) = f(t) (15)

Direct and inverse problem

Consider the ill-posed problem (13) — (15) as the inverse to the next direct (well-
posed) problem. In the domain A(L,) = {(x,t) : « € (0,L,),t € (z,2L, — x)} need
to define u(z,t) for given ¢(z) and ¢(¢) from relations:

Uty = Ugy — T‘({E)U (ivt) € A(Lx) (16)
uz(ov t) = (z)(t)v te (07 2Lr) (17)
u(z, z) = q(x), x € (0,Ly,), (18)

In the direct problem (16) — (18), it is required to determine u(z, t) for given ¢(x)
and ¢(t). The inverse problem is to determine the function ¢(z) from relation (16)
— (18) using additional information about the solution of the direct problem (16) —
(18)

u(0,t) = F(1). (19)

For the numerical solution of the inverse problem, we use the method of inverse
difference schemes. An algorithm for solving the direct problem in the difference
equation is constructed. And also a numerical algorithm for the method of inversion
of difference schemes. Computational experiments show this method is numerically
stable for different noise levels.
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NUTEPATVBHO PEI'YJIAPU30OBAHHBIE METOAbI TUITA
TAYVCCA-HBIOTOHA B IIPMMEHEHUUA K 3AAYE O
BOCCTAHOBJIEHN KO®PUIITNMEHTOB
SMNJTEMUIOJIOTNYECKO MO/JIEJIN
Kokypun M.M., Ceménora A.B.

Maputickuti zocydapemeennwti ynusepcumem, Howxap—Oaa
kokurin@nextmail.ru

Nzyuaercs SEIR-momobHas 3muaeMuoIorndeckas MOIE b
é(t) = (1= e(t) = i(t) — re(t) — ri(t) — p(t)) (ace(t) + asi(t)) — (32 + pe(t)
; .

t) = (
) = pe(t) (1)
5i

Baeco e(t), i(t), re(t), mi(t), p(t) — orHOCHTENbHOE KOMMYECTBO (IO OTHOLIEHHUIO K
00IIeil YUCIEHHOCTH TOMY/IAIMA B TOM WM WHOM apeajie) COOTBETCTBEHHO OECCHMII-
TOMHBIX 3apa’KEHHBIX, OOJBHBIX ¢ CHMIITOMAMM, OECCHMIITOMHO TEPeOOIEBIAX, BhI-
3/I0POBEBINUX U yMEPIIUX OT 0OJIE3HU B MOMEHT BpemeHu ¢. 3uadenus byHuximii i(t),
r;(t), p(t) mpeamonaraioTcst M3BECTHBIMH B MOMEHTBI BpeMeHH fo < t1 < ... < tn
W3 CTATHCTUKY 3aPaKeHWuil, BbI3JOPOBJIEHUN U CMEPTHOCTH. B TO Ke BpeMsi, 3Hade-
Hust GyHKImi e(t) n r.(t) HeIOCTYTHBI JJIs HEMOCPEICTBEHHOTO HabmoneHusT. ITo0bI
Moziestb (1) MOKHO ObLIO UCIOIB30BATD Il TPOTHO3UPOBAHNS PACIPOCTPAHEHUS IITU-
Jemun ipu ¢ > ¢y, HEOOXOAMMO 3HATH eIlé 3HadYeHns KOIDDUIMEHTOB ., a4, 3, P, B, [t
U HadaJIbHbIE 3HAYECHUs HEHAOMIOIaeMbIX BeudIrH €(tg), re(to). 3aJada 0 BOCCTAHOB-
JIEHAU 9TUX HEU3BECTHBIX MAPAMETPOB IO JAHHBIM SIIHIEMUAOJIOIMIECKON CTATHCTUKH
MOKET OBITH NMPEJCTABIEHA B BHJE OIEPATOPHOrO ypaBHenus Buga F(x) = f, tne
— BEKTOP, COJePYKAIlii BCe HEU3BECTHBIEC 3HAYEHU, & f — BEKTOD, COMEPIKAIINIl BCe
M3BECTHBIE CTATHCTUYECKAE JAaHHBIE. JIJIs permenns JaHHOTO yPaBHEHUST TPUMEHSIIOT-
Csl UTEPATUBHO peryispusoBanubie Meroabl tuna [aycca—Hbrorona [1]. Paccmarpu-
Batorcs Mopuduranuu Moieau (1), yu4uThiBaoliue HEIOCTOSHCTBO MPUOOPETEHHOrO
rocsie 0OIE3HH MMMYHHTETA, a TaKKe BO3MOXKHYIO 3aBHCHMOCTH MCKOMBIX KO3(du-
[IMEHTOB OT BPEMEHH, OOYCJIOBICHHYIO MYTAIUAMU UHMEKIMOHHOTO areHTa UM Me-
PaMu O CAEepPKUBAHUIO snmaeMnn. [IpemaraeMbrii IOIX0M K MOIEINPOBAHUIO W TIPO-
PHO3UPOBAHUIO PACIPOCTPAHEHUS SMUAEMUN UIIIIOCTPUPYETCS Ha IPUMEPE SIUIEMUN
COVID-19 B pa3iim4gHbIX apeasax.
Pa6ora uposoaunace npu dunancosoii noguepxkke PH® (npoexkr 20-11-20085).
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REGULARIZED APPROACH FOR CONSTRUCTING BRICK
STRUCTURE MOLECULAR FORCE FIELD MATRICES OF
SYSTEMS WITH NON-COVALENT INTERACTIONS
Kuramshina G.M.

Department of Physical Chemistry, Faculty of Chemistry
Lomonosov Moscow State University, 119991, Russia
kuramshi@phys.chem.msu.ru

A force constant matrix F (consisted from second derivatives of the molecular
potential with respect to nucleus coordinates in the equilibrium configuration) is one
of the most important information about the intramolecular dynamics. This matrix
defines infrared and Raman spectra, etc.). Molecular vibrations play an important
role in energy transfer processes, chemical reactions, nonradiative transitions.

There are two main strategies for the molecular force field determination. The
first way is solving the inverse (vibrational/generalized structural) problem using
an experimental data on molecular spectra and electron diffraction which problems
belong to the class of nonlinear ill-posed problems [1]. Other way is to carry out the
quantum mechanical calculations and obtain the theoretical equilibrium configuration
and force constants. Two approaches can be joined in the unique statement of inverse
problem based on the joint treatment of experimental and quantum mechanical data
for finding the regularized quantum mechanical force field (RQMFF).

We propose the next scheme for the calculations of vibrational spectra of the large
size molecules such as polymers, nanostructures, biological systems, etc.:

1) preliminary quantum mechanical analysis of moderate size molecules chosen as
key or model molecules which are the fragments of large molecular systems;

2) solving the inverse scaling problems by the fitting ab initio Hessians of separate
blocks to experimental data (vibrational spectra) in Cartesian coordinates scaling
model;

3) synthesis (construction) the Hessian of a large molecular system from separate
regularized fragments, calculation of vibrational spectra and thermodynamical
functions.

These routines are included in our software packages SPECTRUM [1] and CART [2].

REFERENCES
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INVERSE PROBLEM FOR CRACKED INHOMOGENEOUS
KIRCHHOFF-LOVE PLATE WITH TWO HINGED RIGID
INCLUSIONS
Lazarev N.P.

North-FEastern Federal University, Yakutsk, Russia
nyurgun@ngs.ru

We consider a family of variational problems on the equilibrium of a composite
Kirchhoff-Love plate containing two flat rectilinear rigid inclusions, which are connected
in a hinged manner. It is assumed that the both inclusions are delaminated from
an elastic matrix, thus forming an interfacial crack between the inclusions and the
surrounding elastic media. Displacement boundary conditions of an inequality type
are set on the crack faces that ensure a mutual nonpenetration of opposite crack
faces. The problems of the family depend on a parameter specifying the coordinate
of a connection point of the inclusions. For the considered family of problems, we
formulate a new inverse problem of finding an unknown coordinates of a hinge joint
point. The continuity of solutions of the problems on this parameter is proved. The
solvability of this inverse problem has been established. Using a passage to the limit,
a qualitative connection between the problems for plates with flat and bulk hinged
inclusions is shown [1].

by the Ministry of Education and Science of the Russian Federation within the
framework of the base part of the state task FSRG-2020-0006.
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MATEMATUYECKAS MOAEJIb JABVN>KEHUS 2KNTKOCTU B
IIOPOVYIIPYTOM JIBAY C YUYETOM ®A30BBIX ITEPEXOJO0OB U
ABUKEHU A JIB/IA.
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@uabTpanysa BOIBI B MOPUCTOM JIEJOBOM CKEJIETE ONMCHIBACTCS C MOMOIIBIO CJIe-
Jyromeii cucrembl ypasrenuii [1, 2, 3]:

M- g 3 0pw .
% + div((1 — ¢)pi¥is) = Lwi, % + div(ppuwtn) = Liw,

(v — ;) = _T(pr — Pwg);

dt

L ov; o\ ™
Vpiot = ptotg + div [(1 — (]5)77((,;% + (62’) )],

00
<pwcw¢+pici(1¢)) %+ (pwcw¢ﬁw+piq(1¢){;’i> Vo = div(A.VO)+v

divt; = —¢<Oépe +6dpe>,

3(1 — ¢)Pi
ot '

Baech mmorHOoCTH ha3 MOCTOSTHHBIE (p; = Py = const), ¢ — MOPUCTOCTH CPEIBI, P,
Pws Uiy Uy Piy Pro — TIOTHOCTH, CKOPOCTH U JABJIEHVE JIbIA U BOIBI COOTBETCTBEHHO,
0T — Temmneparypa mnjaBjeHus JbJa, §T— TemmepaTypa 3amep3aHus Bogbl, k(¢) —
dasoBas nponunaemoctb, p() — IuHAMUYECKas BI3KOCTb KUIKOCTH, 1)(0) — BA3KOCTH
JIbIA, &, 3, A1, Ay — KOHCTAHTbI, XapaKTEePU3YOIIKNe CPeLy U UHTEHCUBHOCTb (pa30BOro
nepexosa, § — BEKTOP YCKOPEHHsI CBOOOIHOTO MAJEHHUS, Prot = PP + (1 — @) s, Diot =
Opw + (1 - (b)piape = (1 - ¢)<pz - pw),)\c = ac + bcp?ot(aabc = Con5t>7lwi = —Iiw.
[IpemytoxkeH aaropuT™M YMCIEHHOTO PEIEHUs aBTOMOIETBHON 3aa4n.

Pabora BeIMONIHEHA B pAMKaX TOCYIAPCTBEHHOrO 3aJanns MUHUCTEPCTBA HAYKU U
Boicmero obpasopanus P® no reme «CoBpeMeHHbIE METOIBL THAPOAMHAMUAKY s 3a-

JIad IIPUPOJIONOJIb30BAHMSL, UHLyCTPUAIbHBIX CUCTEM M HOJISPHON MexaHuKu» (HoMep
rembr: FZMW-2020-0008).
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«BBICTPOE» PEIIIEHUN JIBYMEPHO OBPATHOM 3AJJIAYN
SJIACTOTPA®UUN METOA0M MAJIOTO ITAPAMETPA
Jleonos A.C., Hedenos H.H., IlTapos A.H., drosa A.T.

HUAY «MUDPH>s, Mocksa
asleonov@mephi.ru
MI'Y um. M.B. Jlomonocosa, pusuneckuti dakyasvmenm
nefedov@phys.msu.ru, scharov.aleksandr@physics.msu.ru, yagola@physics.msu.ru

Dmactorpadust — 3TO METO| OHKOJIOTMIeCKO# TMarHOCTUKN, OCHOBAHHBIN Ha PA3INYN-
X yOPYTHUX CBONCTB 370POBOIi U OMyX0JIeBO# TKanu. 3mepsis cMmerenusi Onoioruye-
CKUX TKAHEH MPU WX MOBEPXHOCTHOM CXKATHUW W HAXO/s IO CMEIIEHUSIM PAaCIIpe/Iesie-
HU€ MOJyJiell yIPYTrOCTH B UCCJEmayeMoi 001acT, MOXKHO CEJIaTh BBIBOJ O HAJUIUU
Tam omyxoseii. Takas THAarHOCTHKA B peasbHOM BpeMeH! TpebyeT pa3paboTKW aJiek-
BATHON MATEMATHYECKOW MO U «OBICTPOr0» METOJA pEIlieHus OOPATHON 33 IadH:
110 CMEIIEHNsIM HAWTH MOIY/IM YIPYyrocTH. B JI0KJsajie paccMaTpuBaeTCsl MOJIENb Ce-
9eHnil M3ydaeMoll TKAaHW B MPUOIMKEHUU TIJIOCKOTO 1ePOPMUPOBAHHOTO COCTOSTHUS
JuHERHO-yIPYroro u3oTponnoro Tena B obmacru ) = (—oo,00) x [0,h] C RZ,. Ha
rpanune y = 0 geficTByeT MOBEPXHOCTHAA CUJIA C INIOTHOCTBIO F{y, HanpasjeHHas Bep-
TUKAJILHO BBEPX, a TPAHWIA Yy = h YKECTKO 3aKperseHa. YNpyTrue CBOHCTBA TKAHM
xapakrepu3syorcsa moaysiem FOura E(x,y) u nocroguubiM koddduimentom Ilyaccona
v = 0.495. CBa3b MeX/y TOPU3OHTATHLHBIMYA U BEPTUKATBHBIMA CMEIEHUSIMA TKAHU
U ee MOAYJIAMU yIPYTOCTU OIpeAeideTcd U3BECTHONH KpaeBOU 3aJa4eil 1Jid CUCTeMbl
yDaBHEHUil B 4acTHBIX UPOU3BOAHBIX (cM., Haupumep, [1]). Ilpsavas 3anaua kBasu-
CTATUYIECKOW 37acTorpadui COCTONT B HAXOXKIEHUWM M3 KPAaeBOi 3aJadM CMeIeHniH
TKaHW TI0 3aJaHHBIM MOAYJsM ynpyroctu. ObparHas 3a/1ata 3aKI0YAETCT B HAXOK-
Jenuu pacupegeserus Moayas FOura E(x,y) 1m0 M3BECTHBIM BEPTUKAILHBIM CMEIle-
HUSAM TKaHu. Pernrenne obpaTHO 3a/1a9u HA MEPCOHAIBHOM KOMIIHIOTEDE 3aHUMAET B
3aBUCUMOCTH OT HCIIOJIb3YEMbIX CETOK OT JIECATKOB MUHYT /10 4acoB. B mokJiaze npe/-
JIaraeTcsi METOMNKA, TIO3BOJISIONIAS PEIaTh MOIO0HYIO 3334y 3a MUJITHCEKYHIBI HA
Tex JKe ceTkax. Meronuka OCHOBaHA HA TOM, YTO B TPSIMO KPaeBOil 3a/1aue NMeeTcs
MaJsbiii mapamerp € = 0.5 — v = 0.005, Tak 9TO ee MOXKHO PENUTH AHAJTUTUIECKN B
paMKax TeOpWUU PEeryasipHbIX BO3MyIenwuii. Torma CBa3b BEPTUKAIHHBIX CMENIEHUN U

y
pacupesenenus Moayis FOura umeer sun w(z,y) = Fo(1 4 2¢)~! [ E~Y(z, n)dn. dra
h

dopmysia UCIOIB30BAHA IS TPUOJIMKEHHOTO PEIeHus MPSIMOil ¥ 0OpaTHOM 3a1a4H.
[IpuBoauTCS CpaBHEHME PEIIEHUS TPSAMOI 33,1a9H C TIOMOIIBIO KJIACCUIECKUX METOIO0B
¥ MeTOJ[a MaJIoro ImapaMeTpa, a TaKzKe PeIleHrne MOJIeIbHOW 00paTHO! 3a/1a4u.

Pa6ora Beimonaena mpu GpUHAHCOBOM Moaaep:kKe Poccritickoro HaydHoro ¢omHaa
(upoexr 18-11-00042).
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YUNCJIEHHOE MOAEJIMPOBAHUE SIINAEMNYECKOTI' O
IIPOIIECCA HA OCHOBE HEIIPEPBIBHO-JIVCKPETHOI
CTOXACTUYECKOM MOJIEJIN
Jlorunor K.K., ITepuer H.B., Tomunii B.A.

HUnemumym mamemamuru um. C.JI. Coboaesa CO PAH, Hosocubupck
kloginov85@mail.ru, pertsevnuv@mail.ru, topchij@gmail.ru

B pabore paccMoTpeHa CTOXaCTHYECKAsT HEMTPEPBIBHO-TNCKPETHAS MOJEb PACIIPO-
CTPaHEHWS SMUIEMUAN CPEIN HACEJEHUS HEKOTOPOro perunoHa. B pamkax moaesn Hace-
JIEHUE PErHuOHa, MPEJCTABJIEHO B BU/E MSTH KOTOPT WHIAWBUIYYMOB: S — BOCIPUUMYH-
Bble K nHMEKIMU UHAUBUAYYMbL; U — 1iepBrudHO-uH(bUIMPOBaHHbIE (He3apa3HbIe) UH-
JIUBHTY Y MBI, HAXOIAIAECS B IATEHTHOM cTaanu pa3BuThs 3aboneBanust; I — OOIbHbBIE
WHIWBUIYYMBI, CIIOCOOHBIE K 3aPasKEHUI0 BOCTPUUMUNBBIX WHIUBUIYYMOB; V — U30-
JINpOBaHHbBIE OOJIbHBIE WHINBUIYYMbI, HAXOIAIINECS HA, Jedenun; L. — nepeboJiesiime
WHIUBUIYYMbI, C(ODOPMUPOBABIIINE UMMYHUTET K wHMeKnu. B Momenn yauTsBaroT-
Cs BHEIIHWHA TPUTOK BOCIPUUMYMBBLIX HHIWBHIYYMOB S, €CTECTBEHHAs CMEPTHOCTD
HMHMBHUIYYMOB BCEX KOIOPT, 3apaKeHHWe MHIMBHUIAYYMOB S B PE3y/bTaTe MX KOHTAK-
TOB ¢ OOJIBHBIMU HHIUBHAyyMamu [, pa3Burue 3a00J/i€BaHusS y OOJTbHBIX WHIABHUILY-
yMOB I, B pe3yabTare 4ero OHM MOMEIAIOTCS Ha aMOYJIaTOPHOE WM CTAIHOHAPHOE
Jiedenue (CTAHOBATCS WHIUBUIYyMaMu V'), a TakyKe CTaJuU Pa3BUTHs 3a00/I€BAHN Y
WHIUBUIYYMOB KOropThl U, jJe4eHns WHINBUIAYYMOB V U COXpAHEHUs MMMYHUTETA Y
nepeboneBInx nHANBAAYYMOB L. [IpomomKuTe IbHOCTH YKa3aHHBIX CTAINH 33, JaI0TCS
HEKOTOPBIMH TIOJIO?KUTETbHBIME KOHCTAHTAMM, 9TO IPUABOIUT K HEOOXOIMMOCTH yI€Ta
TIPEIBICTOPYUY PA3BUTHUS KOTOPT WHIWBUIYYMOB, W MCKJIOYAET MPUMEHEHNE MAPKOB-
ckux Mojeneii. HempepbIBHO-TUCKPETHBIN CyYIaifiHbIi TPOIecC, BO3SHUKAIOMIWI MpH
pa3paboTKe MOJENHU, COAEPKUT: a) LEJOIUCICHHbIE CJIyJaiiHble TIepeMEeHHbIE, 3a,1a10-
[Iye YUCIEHHOCTY WHIMBU/LYYMOB PA3JIMYHbIX KOrOPT, 6) ClelualbHbie MHOXKECTBA, —
ceMeliCTBa yHUKAIbHBIX TUIIOB WHAWBUAYYMOB Koropt U, V', L, oTpaKaomux MOMeH-
THI MOCTYTJIEHUST WHIXBUIYYMOB B 9TH KOTOPTHI U MPOIOIKATEIHHOCTH TTPEOBIBAHUS
WHIWBUIYYMOB B 9TUX KOropTax. IIpuMenenne ceMeifiCTB yHUKAJIHHBIX TUIIOB MO3BO-
JISI€T OMUCATHh 3aKOH W3MEHEHWsI TEKYIIEro COCTOSHUS YUCIEHHOCTEH KOTOPT, OMUpPa-
sIChb Ha TPOIECCHI, TPOUCXOIAININAE C WHAWBUAIYYMAMH HE TOJBKO B TEKYIINHWil, HO W B
MPEIIEeCTBYOMIIEe MOMEHTHI BpeMeHu. TakuM oOpa3oM, B MOIETN COBMENIAIOTCS II0-
IIyJISIAOHHBIN U WHIUBHU/LYYM-OPHEHTAPOBAHHBIN ITOIXO/IbI.

[TpuBenensr KpaTKas BepOATHOCTHAS (hOPMATU3AINS MOIEIN U CBeIeHNs 00 aaro-
PUTME TIPSIMOTO CTATUCTUYIECKOTO MOJEIMPOBAHUS Ha OCHOBE MeToma Morre—Kapiio.
C uCrnob30BaHueM TEOPHUH BETBAIIMXCS CIyYalHbIX IPOIECCOB IOJIYYEHO BbIPparKeHNe
nist kodddurmenTta pacupocrpanenus smugemun Ry. Ilposesensr BoraucanTesbabe
9KCIIEPUMEHTBI 110 U3YIEHUI0 BEPOATHOCTH 3aBEPIICHUS MUIEMAIECKOTO MPOIECCa B
TEYEHNN KOHETHOTO MPOMEXKYTKa Bpemenn misa Ry < 1 u Ry > 1.

Pabora nmpoBoauiack mpu puHaHCOBOI moamep:kke PODU, mpoekT Ne 20-04-60157.
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ON SOME FEATURES OF THE NUMERICAL SOLVING
OF INVERSE PROBLEMS FOR NONLINEAR EQUATIONS
OF THE REACTION-DIFFUSION-ADVECTION TYPE
WITH DATA ON THE POSITION OF A REACTION FRONT
Lukyanenko D.V.

Department of Mathematics, Faculty of Physics,

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

Some methods for solving inverse problems for nonlinear equations of the reaction-
diffusion-advection type with data on the position of a reaction front are considered.
Solutions of equations of this type can contain narrow moving fronts that divide the
space into two parts: the perturbed part, through which the front has already passed,
and the unperturbed part. The front is a region in which the function describing
some characteristic of the medium (temperature, density, etc.) change quite sharply
from the values of the function describing one state of the medium (for example,
perturbed) to the value of the function describing another state. In the case of a
small singular parameter at the highest derivative, the width of such a front will be
sufficiently small in relation to the dimensions of the entire region. As a consequence,
the reaction front can be distinguished experimentally. It was demonstrated that the
data on the position of a reaction front can be successfully used as input information
when solving inverse problems of the class under consideration. Data of this type are
the most natural additional information when solving real applied problems, in which
it is possible to experimentally observe the position of the reaction front, the front of
a shock wave or combustion, etc. Three main approaches to solving inverse problems
of the class under consideration will be considered. The report will present the latest
results on this topic.
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ANALYSIS,CONSTRUCTION AND JUSTIFICATION OF
ALGORITHMS FOR NUMERICAL SOLUTION OF MULTI
PARAMETRIC OPTIMIZATION PROBLEMS BY MACHINE
LEARNING METHODS
Liu S.

Novosibirsk State University, Novosibirsk
1130168245@qq.com

This work is based on a machine learning approach to financial data, using a first-
order algorithm to optimize predictive models for Back-Propagation Neural Networks
(BPNN) [1]. Using Deep Belief Networks (DBN) can automatically learn valid information
and solve the diagnosis of multiple hidden faults more effectively than Artificial Neural
Networks (ANN) shallow learning models [2]. Based on the structural characteristics

of the network, the network system is divided into two logical layers and Hierarchical
Diagnosis Networks (HDN) are used to solve the problem of hierarchical identification

of mechanical systems [3].Machine learning has also been widely used to solve large-
scale optimization problems in signal and image processing.
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OIIPEJEJIEHUE Y®PEKTUBHBIX CBOMCTB
IIBE3O3JIEKTPUYECKNX KOMIIO3UTOB C YYETOM
BHYTPEHHEN CTPYKTVYPHI [1I0 METOJIAM Y®PEKTUBHBIX
MO/IVJIEM 1 KOHEYHBIX JIEMEHTOB
Hacenkun A.B.

FOocnorti pedepanvroti ynusepcumem, Pocmos-na-Zlony
nasedkin@math.sfedu.ru

B nokstaze mpeicTaBiieH KOMILJIEKC MATEMATHIECKUX U KOMIBIOTEPHBIX HCCJIEI0-
BaHU THE303JIEKTPUIECKUX MATEPUAJIOB W KOMIIO3UTOB HA PA3IUIHBIX MACIITAOHBIX
ypOBHSAX (MaKpO-, MUKPO- ¥ HAHO-). OIKCaHbI MOJEJIU MUKPO- U HAHOPA3MEPHBIX Mar
TepuajioB ¢ uHTEpQeiicHbIME 3P HEKTaMU U TEXHOJOTUH PEIICHNUS 33149 TOMOT€HI3a-
MY TTHE30KOMIIO3UTOB, OCHOBAHHBIE HA MeTole (D MEKTUBHBIX MOIYJIEH, MOIETHPO-
BAHUU MPEJICTABUTEILHBIX 00BHEMOB U UCIOJb30BAHUY METOA KOHEYHBIX IJIEMEHTOB.
[IpuBenensr pe3yabTaThl KOMIBIOTEPHOTO MOAEIUPOBAHUS MbE30ITEKTPUIECKAX KOM-
o3uTOB B KoHEeYHO-31eMeHTHBIX nmakerax ANSYS u ACELAN-COMPOS u nccneno-
BaHUH MCIIOJIb30BAHUS IbE30KOMIIO3UTOB B PA3/IMYHBIX IIbE303JIEKTPUIECKUX yCTPOi-
CTBax.

JIj1st TOMOTeHU3AINY TTHE30KOMITO3UTOB UCITOIH30BAICA MeTO ] 3(PhEKTUBHBIX MO-
JIyJei M KOHETHO-3JIEMEHTHBIE TEXHOJIOTUH [IJIsi PEIIEHNs CTATHIECKUX 33139 CPABHE-
HUS B IIPEICTaBUTE/NIbHBIX OO0beMax. PaccMaTpuBaIuch pas/iddHbIe TUIDBL IIbe303J1eK-
TPUYECKUX KOMIIO3UTHBIX MATEpUAsIOB: 1) OObIUHBIE IIOPUCTBIE IIHE30KEPAMUYECKUE
MaTepuaslbl; 2) HOPUCTBIE ILE30MATEPUAIIbI C HAHOPA3MEPHBIMY [IOPAMHU; 3) HOPUCTHIE
MHE30MATEPUATIBI C IOPAMHU, TIOKPLITHIMUA YACTUIAMU PA3JIMUHBIX BEIIECTB; 4) IBYX-
dazubie u TpexdazHble MHE30KOMIIO3UTHI C THE30KEPAMUIECKON MATPUIIEH, yIIPYTUME
BKJIIOYEHUSMHU U mopamu. Jljisi BCEX TUIIOB MBbE30KOMIIO3UTOB MPEJIOKEHBI MATEMAa-
THYECKHE IOAXO0/bl K OIpeneeHni0 3P (PEKTUBHBIX CBOUCTB I MATEPUAJIOB JTF0O0r0
KJIACCa aHU30TPOIUHU, B TOM YHCJIE€ C YI€TOM CBSA3aHHbBIX M HECBA3AHHBIX 3JIEKTPOMeE-
XAHWYIECKUX TTOBEPXHOCTHBIX 3(PPEKTOR.

Boitu pa3BuTh MOAXOIBI K UCCIEI0BAHUIO KOMIIO3UTOB, ¥ KOTOPBIX MaTE€PUABHBIE
CBOMCTBA HEKOTOPBIX (ha3 UMEIOT OUEHDb MAJIbIE UJIU OYEHD OOJIBINIE 3HAYEHUS . 3a/1a9n
FOMOI€HU3AIUU JJisl IIOAOOHBIX KOMIIO3UTOB PACCMATPHUBAJIACH KAK HPEIEIbHBIE CJIy-
Jay CTaHJaPTHBIX 33184 FOMOIeHH3aIUH C yCJIOBUSIMY IIOJIHOI'O KOHTAKTA MATEPHAJIOB
paznuanbIX a3 HA HHTEPGEHNCHBIX IPAHATIAX.

1715t perienus 33489 TOMOTEHI3AINH IJIsT BCEX OMUCAHHBIX BBITIE KOMITO3UTOB ObI-
JIO pa3paboTaHO CIEMUAJTM3NPOBAHHOE MPOTPAMMHOE Obecredenve, 0a3upyomiee Ha
KOHEYHO-3JIEMEHTHOM PEIIeHNH KPaeBbIX 3a7a4 B IPEICTABUTEIbLHBIX 00beMax, yuu-
THIBAIOIINX OCHOBHBIE OCOOEHHOCTH BHYTPEHHEH CTPYKTYPbl KOMIIO3UTOB.

[Ipusenenst npuMepbl BoaucieHns 3P(MEKTHBHBIX MO/LYJIEH /1151 PA3JIMYHbIX THIIOB
MTHE30KOMITO3UTOB U JJAH WX AHAJIN3 B 3aBUCUMOCTH OT BBIDOPA MOIEIEH, pa3MEPOB MOP
WJIW BKJIIOYEHWH U APYrux (PaKTOPOB.

Pabora BbImosiHeHa mpu nommepkke rpanta [Ipasurenscrsa PO Ne 075-15-2019-
1928.



60 Espasuiickas kKoHdepeus mo npuKIaIHOl MaTEMATHKE

ADJOINT-ENSEMBLE-BASED ANALYSIS OF THE COEFFICIENT
IDENTIFICATION PROBLEMS FOR PRODUCTION-LOSS MODELS
Penenko A.V.%2, Konopleva V.S. 12, Bobrovskikh A.V. ? and Zubairova U.S. 3
L Institute of Computational Mathematics and Mathematical Geophysics SB RAS,
Novwosibirsk
2 Nowosibirsk State University, Novosibirsk
3 Institute of Cytology and Genetics SB RAS, Novosibirsk
a.penenko@yandex.ru

Due to the diversity of the inverse problem statements arising in the course of
sophisticated natural systems modeling, it is essential to obtain a tool that allows both
solving and estimating the inverse problem solution result before its actual solution.
In the work, we consider the problem of finding the kinetic parameters of the chemical
reaction system based on the concentration dynamics measurements for the selected
set of species. We use an approach, which consists of reducing the inverse problem
to a quasi-linear matrix equation with sensitivity operators constructed from an
ensemble of independent solutions of adjoint problems [1]. We analyze numerically the
efficiency of prediction of the inverse problem solution results based on the sensitivity
operator properties, namely on the singular spectrum decrease rate and projector to
the orthogonal complement of the sensitivity operator matrix kernel [2]. Parameter
identification problems for production-loss models are often solved by various meta-
heuristic and gradient-based algorithms. In work, we compare the sensitivity operator-
based algorithm results to those obtained by standard implementations of the parameter
identification algorithms.

The work has been supported by RFBR 19-07-01135 (inverse coefficient problem
with point-wise data), RFBR 20-01-00560 (continuation problem study) and RFBR
19-44-543021 (biological model).
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MEASUREMENT DATA FUSION WITH SENSITIVITY OPERATORS
Penenko A.V.%2, Penenko V.V.12, Tsvetova E.A.!, Gochakov A.V.13, Pyanova
E.A.! and Konopleva V.S. 12
L Institute of Computational Mathematics and Mathematical Geophysics SB RAS,
Nowosibirsk
2 Nowosibirsk State University, Novosibirsk
3 Siberian Regional Hydrometeorological Research Institute, Novosibirsk
a.penenko@yandex.ru

The use of heterogeneous monitoring data makes it possible to improve the accuracy
of air quality analysis and forecasting systems. One of the main uncertainties in
air quality studies is information about sources of chemical substances (and sinks).
Therefore, as the main task of inverse modeling, we consider the source identification
problem. An approach with sensitivity operators is applied to identify sources [1].
The ensemble construction of the sensitivity operator provides a natural way to fuse
different types of measurement data in a single operator equation [2]. The structure
of the equation allows one to analyze the information content of the measurement
data[3]. The combined use of image-type, integral-type, contact-type, and time-series-
type measurement data is considered. The approach is illustrated in the inverse
modeling scenario for the Baikal region.

The work has been supported by the grant NeQ75-15-2020-787 in the form of a
subsidy for a Major scientific project from Ministry of Science and Higher Education
of Russia (project "Fundamentals, methods and technologies for digital monitoring
and forecasting of the environmental situation on the Baikal natural territory").
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MOAEJINPOBAHUE SIINAEMUNYECKOI'O ITPOIIECCA HA
OCHOBE JIN®PEPEHIINAJIBHBIX YPABHEHUM C
3AITA3JBIBAHUEM
IIepmes H.B.

HUnemumym mamemamuru um. C.JI. Coboaesa CO PAH, Hosocubupck
pertsevnv@mail.ru

P&CCManI/IBaQTCH MaTeMaTH4IeCKasad MOJE/TIb PACIPOCTPAHEHUA SMUIEMHUN B HEKO-
TOpOoM peruone. Mozesb mocTpoena Ha OCHOBE nudPepeHITnaIbHBIX YPABHEHUN C 3a-
ma3abIBaHUEM, JTOMOJTHEHHBIX WHTETPAJBbHBIMUA YPDABHCHUAMU W HAYAJIbHBIMU JaHHBI-
vu. VHTerpanbHble ypaBHEHHST YINTHIBAIOT PACIPEIETCHHUS IJTUTEIHHOCTENR MPeObI-
BaHWS WHIUBUIYYMOB B KOrOPTAaX, OTPAKAIOIINX PA3TATHBIE CTAAUH 3200/ EBAHUS.
,HJ'II/ITQI[BHOCTI) Hpe6bIBaHI/Iﬂ WHANBUAYYMOB B KOTrOpTaX 3aJal0TCA KOHCTaHTaMW WJIN
BEJIIMYUHAMU, PACUPEACJICHHBIMU Ha KOHEYHBIX IMMPOMEXKYTKaX BPEMEHU, a TaKZXKe Be-
JIMIAHAMHU C 9KCIIOHEHIIUAJIBHBIMHU PACIIPEICICHUAMMU.

Iepemenunte monmenu: S(t), U(t), I(t), V(t), L(t) — dncaeHHOCTH BOCIPUHMYH-
BbIX K MHQDEKIUK UHIAMBUILYYMOB, HEPBUYHO-UH(MDUIMPOBAHHBIX (HE 3aPA3HbIX) UH/IU-
BU/YYMOB, HAXOJSIIIMECH B JIATEHTHON Crajuu pa3surus 3abosieBanust; 60JbHbIX (He
I/I3OHI/IpOBaHHbIX) MHIUBUIYYMOB, CHOCO6HBIX K 3apaKEHUI0 BOCIIPUUMYMNBBIX WHIN-
BUAYYMOB, U30JINPOBAHHBIX 6OJIbeIX VHIWUBUAYYMOB, HaXOAAINMAXCA Ha JI€YEeHUU, 1
epeOOoNeBINX HHANBIUIYYMOB, COPMUPOBABIINX UMMYHUTET K WH(DEKIIAHN.

O uH U3 BApUAHTOB MOZEJIN:
ds(t)

a4t rs—usS(t)—Bs,1S(t)I(t)+qre” PrevtrLe) o 1 S(t—wy —wr ) (t—wy —wr)

e vevtniwn)y 1t — wy —wp),

U] = qre "UPU Bg 1S(t —wu)I(t —wy) — (1 +1)I(t), t =0,

t t
U(t) = / =0 5o 1 S(a)I(a)da, V() = / V=95 [(a)da,
t—wy t—

wy

t
L(t) = / e Hrlt—a) (qLe_“U“UBS)IS(a —wy)l(a—wy)+e "WV rI(a— wv)>da,
t—wp

S(t) = So(t), I(t) = Io(t), te [— max{wU +wr,wy + wL};O].

Cucrema ypaBHEHHUI MOE/N WMEET TPUBUAJIHHOE DEIIEHUE, WHTEPIPETHPYEMOE
KaK OTCYTCTBHE SMUIEMHAN B peruone. [lomydeHo Bbipazkenne aiist Ko PHUITHeHTa pac-
npocrpanenus smugemun Ry. Ycranossieno, uro npu Ry < 1 TpuBmajIbHOE perreHue
acuMuTOTHYeCKu (JI0KAJIbHO) ycroiuuso 1o Jlsmnynosy, upu Ry > 1 — ne ycroituuso.
IIpoBemena cepusi BEIYUCIUTEIBHBIX YKCIIEPUMEHTOB C MOMENbBIO s ciaydas Ry > 1
¥ IBYX BapPUAHTOB PACIPEIEIEHNS IIUTEIbHOCTH COXPAHEHNS UMMYHUTETa, y TIepedo-
JIEBIIUX WHAWBUIYYMOB. [I0Ka3aHO CyIIeCTBEHHOE PA3/INYNE U CXOJCTBO B ITOBEICHUN
pereHuii MOIeu 3a CYeT Bapualliy apaMeTpPOB YKA3aHHBIX PACIpeeTeHuil.

Pab6ora semonuena npu noaaepkke POOU, npoexrsr 20-04-60157 u 18-29-10086.
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JIABEPHASI KOHBEPCUS 9TAH-METAHOBBIX CMECEN B
PEAKTOPAX C OCECUMMETPINYHOM '’EOMETPUEN
[Meckora E.E., Cubiraukos B.H.

HUnemumym xamaausza CO PAH, Hosocubupck
e.e.peskova@mail.ru

B zamagax skosioruu u oxpaHbl OKPY2KAIoIIel Cpe/ibl Ba2KHAs POJIb OTBE/IEHA CHU-
JKEHWIO BBIOPOCOB YTJIEBOJOPOIOB TPU WX I00BIYe W TiepepaboTKe TMyTeM COBEPIIeH-
CTBOBaHUSA TexHOJOrmii. B Hacrodmei paboTe MpOBEeIeHO WCCIEIOBAHNE JIa3epHOi
KOHBEPCHH 3TaH-METAHOBBIX cMeceil IPH yMepeHHBIX TeMIepaTrypax cpenasl. Iccie-
JyeMble TedeHUd XapaKTepU3yITCA PEe3KMMU U3MEHEHUAMH Tra30JUHAMUYEeCKUX Xa-
PAKTEPUCTUK W KOHIIEHTPANNH KOMIOHEHT cMmecu. UIX nuHaMuka u B3auMHbBIE IPEBPa-
IIIEHNsT OTTMCHIBAIOTCST YKECTKO# crctemoii n3 ypasuernit Hapbe-CTokca m XuMmaeckoi
KWHETUKN. BhrancanTenbHble 9KCIEPUMEHTHI MPOBOIMWIINCH C MCHOJIb30BAHUEM DPa3-
paborannoro 2D Koza sl MOJENINPOBAHUS JTO3BYKOBBIX OCECHMMETPUYHBIX T€UEHUN
MHOTOKOMIIOHEHTHO# cpefipl [1]. st pemenusi ypaBHeHUil XUMUIECKONH KUHETUKH K
kouy nozkiroden naker RADAUS [2], koTopblil nokazasn XOPOIIy0 CXOAUMOCTb B PAC-
4eTax Pa/IMKa/IbHbIX IEIHbIX Peakluil 1Iuposiu3a raHa.

IIpoBeiensI pacdeTs! KOHBEPCHH 3TAH-METAHOBBIX CMeceil B IUIMHIPUIECKON TPY-
6e 10/T BO3/IEHCTBMEM BHEIIHETO 0DOIPeBa CTEHOK M CMEIIeHUs IOTOKOB YIJIEeBOIO-
pomos. Ilosydenbl KApTUHBI PACIPEIEICHUS Ta30UHAMUIECKUAX TaPAMETPOB U KOH-
IEHTPAIU IPOILYKTOB MIPU PA3JIUYHBIX TEMIEPaTypax creHok. IIpoBenenbl Bbrauciu-
TeJIbHble SKCIIEPUMEHTDI 110 BO3JEHCTBUIO JIA3€PHOI0 U3Jly4YeHusd Ha TedeHue XuMude-
CKW aKTHBHOI ToTJIomaroreil cpeanl. Ilokazano, 9To 3a CUeT MOTJIOMIEHNS STUIIEHOM
JIA3€PHOrO U3JIy4eHUd IIPOUCXOJUT 3HAUUTEIbHOE MOBBIIIEHNE TeMIepaTyPhl CPEeIbl B
LEHTPAJIbHOM obsactn peakropa. lloBbliienne TeMnepaTypbl CIOCOOCTBYET yBeInye-
HUIO BBIXO/IA I€JI€BbIX [IPOAYKTOB (ITUJIEHA U BOJOPO/IA) HA MEHbIIIEH JjInHe PeakTopa,
B TO BpeMd KaK B OTCYTCTBUM U3JIy4YeHUd MaKCUMaJlbHble KOHIIEHTPAIUU IIPOJYyKTOB
TTOSTBIISIIOTCST Ha 3HAYUTETHLHO OOMBINMNX MJINHAX TPpyObl muponn3a. [lomyuennsie pe-
3y/IbTaThl YKAa3bIBAIOT HA BO3MOXKHOCTD JAJIbHEHIEer0 COBEPIIEHCTBOBAHUSA IIPOIECCa
JIA3E€PHOrO MMHUPOJIN3a YIJIEBOJOPOJOB HA MAJIOTOHHAKHBIX YCTAHOBKAX B LEJIAX yTHU-
JIM3ANUY TAPHUKOBLIX FA30B B MECTaX WX JOOBIYH.

Pa6ora nposonunack npu noguep:xkke PH® (rpant Ne 21-19-00429).
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YYET MACCOBOTIO ITIOBEJIEHUW A IIOIIYJIAIIVN ITPU
MOJEJIMPOBAHUU PACITPOCTPAHEHUA COVID-19
ITerpaxosa B.C., Kpusoporbko O.1.
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Pabora mocssiiena nepeHocy n3BEeCTHBIX IKOHOMUYECKUX MOJENEH «CPEeIHero mo-
ag» [1] ma nporHosupoBaHue pacupocrpaHenus snuzgemuil, B dacrHocru Covid-19.
W nes ucnonp3oBanus noaxona «Vrpsl cpegrero mossty i MOZEIUPOBAHUS PACIIPO-
CTpaHEeHWsI BUPYCOB OOYCJIOBJIEHA TE€M, UTO TPATUIIHOHHBIE SMTHUIEMUOJIOTHIECKIE MO~
Jiesn, Takne Kak Mozesn SIR-Tuna [2], He yunTHIBAIOT HEOIHOPOJHOCTH HACETIEHUS, N
TO3TOMY HE MOTYT WCHOJBH30BATHCS JJId JIOATOCPOYHBIX MTPOTHO30B. JIpyroit n3sect-
HbBII IOIXO/1 K PENIEHUIO TaKOii 3a/1a491, TaK HA3bIBAEMbIE areHTHbIE MoJesu [3], mo3Bo-
JIAIOT yYUTHIBATH HEIMUIEMUOJIOrHYecKre (paKTOPbl, HO IPUBOAAT K BBIYUCIUTEIBHO
CJIOXKHBIM cucTemMam. B cBOIO o4epejb, CIPYKTyPHAd IPOCTOTA MOJEJEHl «CPEIHero
TTOJIT> W BO3MOXKHOCTH yU€Ta YCPETHEHHOTO MAaCCOBOTO MOBEJEHUS areHTOB JEIal0T
TaKWe MOJEJI TPUBJIEKATEIHbHBIMHI JIJI UCIOJb30BAHUS WX B OOJIACTU ITHUIEMUOTIO-
TWH.

B pabore mpeacraBieH YUCAEHHBIA MOAXOM K PEIIEHWIO TAaKOM 3a7adm, KOTOPBIi
obecrieanBaer coxpanenune OOIEel MACChl HACEJIEHHUS HA BCEM BPEMEHHOM IIPOMEKYT-
ke. [IpoBesieH BBIMUCUTENHHDIN SKCTIEPUMEHT O MOJIETMPOBAHUIO TMHAMUKY PACTIPO-
crpanenus Covid-19 B r. HoBocubupcke.

Pa6ora nposoxusiach npu nomiepxke Poccuiickoro Hayunoro ®@onga (mpoekt
Ne 18-71-10044)
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APPROXIMATION OF FRACTIONAL DIFFERENTIAL EQUATIONS
Piskarev S.I.
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We have a deal with the well-posedness and approximation of nonhomogeneous
fractional differential equations in a Banach space E:

(D u)(t) = Au(t) + f(t), t€[0,T]; u(0) ==,

where D¢ is the Caputo-Dzhrbashyan derivative 0 < a < 1, the operator A generates
analytic Cp-semigroup, the function f(-) : [0,7] — E is smooth enough.

The same way as in [1] — [2] we get the necessary and sufficient condition for the
coercive well-posedness of nonhomogeneous fractional Cauchy problems in the spaces
CE([0,T); E) with the norm

tolult +7) —ut)|e
||u(')Hc§([o,T];E) = [lu()llcqorim) +  sup .
0<t<t+7<T T

Then we consider semidiscrete approximation in Banach spaces E,,, which approximate
Banach space E. In these spaces E,, we consider the problems

(D un)(t) = Apun(t) + fult), t€[0,T];  un(0) = zn,

and establish Trotter-Kato’s theorem. Finally, using implicit difference and explicit
difference schemes, we deal with the full discretization of the solutions of nonhomogeneous
and semilinear fractional differential equations in time variables and we get the
stability of the schemes and the order of convergence.

Also we discuss the full discretization of autonomous semilinear fractional problem

(Dgu)(t) = Au(t) + f(u(t)), te€[0,T]; u(0)=z.

The work has been partially supported by the grant from Russian Science Foundation
(RSF) N20-11-20085.
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IDENTIFICATION OF PARAMETERS AND FORECASTING OF
COVID-19 EPIDEMIC IN BULGARIA USING A TIME-DEPENDENT
SEIR-BASED MODEL WITH VACCINATION
Popivanov N.P.1'2, Margenov S.D.!, Ugrinova 1.2, Harizanov S.N.!, Hristov Ts.D.?
L Institute of Information and Commaunication Technologies, Bulgarian Academy of
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SEIR-based models are the most adopted deterministic models to characterize
the COVID-19 dynamics and to predict possible contagion scenarios. In this talk we
explore a time-dependent generalized SEIR model with vaccination [1], in which the
dynamics of the infection in six groups from a selected population is modeled by a
system of nonlinear ordinary differential equations. Besides the classical SEIR model
coefficients (infection, incubation and recovery rates) [2], the new model involves
COVID-19 mortality rate and some additional vaccination parameters. If the behavior
of the coeflicients over the time is known it would be possible to assess the effectiveness
of various restriction measures or to make some hypotheses for the development of
the epidemic.

In [2] we developed a method for parameter identification in the time-dependent
SEIR model and suggest strategy for mid-time-term forecasting before the beginning
of vaccination campaign in Bulgaria. In [1] we developed a method for identifying the
parameters in the modified model with vaccination by solving the so-called "inverse
problem” with available COVID-19 data. Then based on these result we find the
unknown parameters as a function of time in the Bulgarian case and make computer
simulation of the COVID-19 transmission dynamics. The proposed model with vaccination
and method for parameters identification can be applied to COVID-19 data in every
single country of the world.

The work has been partially supported by Bulgarian NSF under Gran KP-06-
H52/4-2021.
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IIN®POBOM JBOMHNK OBb-UPTHIIIICKOI'O BACCEIMHA —
KOHIIEIIIINS 1 OCOBEHHOCTU PEAJIM3AIIVUN ITPOEKTA
Ioramos B.II. *, Borakos 1.B.2**
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IIpu co3manmm 1udpPOBHIX ABOWHUKOB, HANDOJIEE MOIMYJISAPHON SBJISETCH KJIACCHU-
dbukanus, BRIOUaOmAd TPU uxX THOA : 1udposbe apoiinuku-poroTunsl (Digital
Twin Prototype, DTP), uudpossie apoitnuku-sxk3emmisipor (Digital Twin Instance,
DTI) u arperuposannbie gsoitnuku (Digital Twin Aggregate, DTA). B nacrosiueii pa-
00Te, HAMHU PACCMATPUBAETCS TEXHOJIOTHS PA3PabOTKN arperupoOBAHHOTO UG POBOTO
apoiinnka DTA Tuna, npuMeHUTENIbHO K CO3JAHUI0 KOMILIEKCHONH (P POBOH CACTEMbI
YIPABJIEHUS OJHUM U3 CAMBIX DOJIBIINX PEYHbIX OACCeWHOB cTpaHbl u Mupa -O0b-
Upreimickomy bacceitny. Hamu paspaborana obias KOHIENnA co3manusa padpuku
JAHHBIX, KAaK 0a30BOT0O 3JIEMEHTA CHCTEMbI cOOpa, XpaHeHus u 006paboTKu nHpOpMAa-
muu Ha ocHose texuosorun ETL (extract, transform, load — ussneuenune, npeobpaszo-
BaHue, 3arpy3Ka Mojesieil), apigoneiicsa dakrudecku udpOBOil TEHBIO UCCIELYEMO-
ro oobekTa. CHopMyTUPOBAHBL OOITHE MPUHITUITHL (POPMUPOBAHUS MYTBTUMOIATBHBIX
1 POBBIX TTOTOKOB 115t (paAOPHUKHU, KOTOPBIE BKJIIOUIAIOT B CeOsT CJIETYIONNE HCTOTHHU-
Ku nH(OpMaIun:

- MynbTucnekTpajbHbie CHUMKNA CPEIHEr0 W BBICOKOTO Da3pEIIeHUs, PaJapHbIe
CHUMKU CPEIHErO Pa3pelieHus, JaHHbe a3p0odOTOCHhEMKH, (HOJIyIaeMbie JPOHAMHM);

- HudpoBbie MOTOKM JTAHHBIX, MOJYyIAEMbIE OT CTAHIUN C WHTEIEKTYATbHBIMU
JATYNKAME, XaPAKTEPU3YIONIUMA COCTOsIHAE BOIHOI Cpebl o 4-5 mapamerpam B pe-
JKUMe PeasibHOrO BPEMEHU;

- JIaHHbIE TOJIy9YaeMble U3 IPYTUX UCTOYHUKOB (IKCIEIUINY, KYPHAIBI HAOIIOIe-
HUIT), PETPOCHEKTUBHDIE JAHHBIE a9POKOCMUYECKOrO 30HAMPOBAHUS JTUCTAHIIMOHHOTO
30HIMPOBAHUS.

Bce moroku manabIX, B 3aBUCHMOCTHA OT WX MPHUPOIBI, 33 CIET OPKECTPAIIUHU, MO-
CTYIAIOT HA KOHBEHEePbI, COOTBETCTBYIOIIEr0 THIIA, [/I€ KOHTEHHEPUIYIOTCA B IEIIX
nocsieyoueit 06padborku (buibrpanus, HOpMaIU3aLKs, BOCCTAHOBJIEHUE LPOLLY LLEH-
HbIX 3Ha4enuii). Tlocme 9TOro , KOHBEHephl MEPEar0T CTAHIAPTU30BAHHYI0 HUHQOP-
MAIiO JIJI COOTBETCTBYIONIUX 0a3, MHTETPUPYEMBIX B XPAHWJIWINE JAHHBIX JJI UX
JATBHENIIEr0 UCIOIb30BAHNS PACIETHBIMYU MOIEIAMHU U JAUHAMUYIECKOW BU3yasin3a-
MU WHTErPAJIbHBIX MOKA3ATEIeH ¢ MOMOIIbI0 BUTPUH JAHHBIX. DTU JIAHHBIE 3aTeM,
MOryT OBITH MCIIOJIb30BAHBI KAK MIAOJOH MPOEKTUPOBAHUSA, B KOHTEHHEPAX, COOTBET-
CTBYyIOIIEl 6A3bI, ¥ CO3IAHIS MPOTHO3HON MOJIEIN Ha OCHOBE HEMPOHHOI CeTH T1yOOKO-
1o 00ydeHwusi, Ijisg KOTOPOI CO3JaH MTPOrPAMMHBIN KOMILIEKC, KOTOPBIN BIIOC/IEICTBUU
OyZeT MCIOIb30BATHCS MTPU PEATU3AINH [TPOEKTA.
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IIPUMEHEHUVE METO/J0B I'NIYBUHHOT'O OBYYEHUAI B
AKYCTUYECKOI TOMOI'PA®UN
Mpuxonpko A.FO. IMMunnenun M.A. Hosukos H.C.
Hosocubupcruti zocydapemeennoti ynusepcumem, Hosocubupces
Hnemumym eusucaumessHot MAmemMamury u mamemamuseckot zeopusury CO

PAH, Hosocubupck

Hnemumym mamemamury um. C.JI. Coboresa CO PAH, Hosocubupcsk
a.prikhodko @g.nsu.ru

Hesp paboThl: pa3pabOTKa METOAOB M AJTOPUTMOB DAHHETO BBISIBIICHUS PA3JINY-
HBIX OILyXOJIEBBIX TKAHEH 4Ye/IOBEeKa C IOMOIIbI0 HEHPOHHBIX cereil. AKycThueckas
ToMmorpadus abCOMIOTHO OE3BPEIHA /s IETOBEYECKOTO OPraHu3Ma, 9TO TO3BOJISET
MPOBOJINTH €€ PETYIISPHO.

s perieHusi 3a1a9M aKyCTUIECKO TOMOrpaduu, a UMEHHO, IS ONPEIeIEHIs
aKyCTHYECKHUX MapaMeTPOB CPEJbI [0 U3MEPEHUsIM JATYKOB XOPOIIO pa3paboTaH ar-
mapar perneHnsi 0OpaTHBIX 331ad. Ho 3ToT moaxom TpedyeT OrpoMHOrO KOJHIEeCTBO
pPecypcoB ijisi MHOIOKPATHOI'O pelleHusi NpaMbix 3aza4 akycruku. He Bcerma ecrb
BO3MOKHOCTDb B KaK/YI0 KJIMHHUKY I[IOCTABUTH CyHEPKOMIIBIOTED, MJIM MOIIHYIO Bbl-
YUCIUTEIBHYI0 MAIWHY.

B pabore nccieioBaH aabTepPHATUBHBIHN MOJIXO0/T K PEIIEHHUIO 33/a4H BOCCTAHOBJIE-
HUST aKyCTUYECKUX TMAPAMETPOB CPEJIbI C MOMOIIBI0 HEHPOCETEBHIX METOMIOB.

OcobeHHOCTD 337]a9U COCTOUT B HEOOXOIUMOCTH TI0 HECKOJIBKUM OTHOMEPHBIM U3-
MEPEHUSIM JATIUKOB BbIYUCAUTD JIByMEPHYIO (DyHKIMIO (IJIOTHOCTH CPEJibl, CKOPOCTh
3ByKa B Cpele).

3a ocHOBY HeifpoceTeBOi MOJIeIN BhIOpaHa apXUTEKTypa aBTOdHKOmepa. e ¢ mo-
MOIIIBIO YHKOIEPA U3MEPEHUS JATINKOB MEPEBOAATCS B JIATEHTHOE MPOCTPAHCTBO. 3a-
TEM C TOMOIIBIO CBEPTOYHOIO JIEKOIEPA BBIYUCIISICIOTCH UCKOMBIE TAPAMETPHI CPEIbI.
Paccmorpensr nmomnocBsa3ubiit, 1D cBepTOUHbIi M PEKKYpPEHTHBIE SHKOIEpbI. [Ipose-
JIEHO CPABHEHWE PA3JIMYHBIX aPXUTEKTYP JIJIs PEIIEHNsT BOCCTAHOBJIEHWS MAPaAMETPOB
CpeJibl.
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PACYET JVUHAMMWKU CPE/I TA3-MOHOJUCITEPCHAS IIBLJIb
HA OCHOBE METOJA TUAPOANMHAMMUKU CIJIA2KEHHBIX
YACTHUITL
Cagrrareena T.A.12 Temunora T.B.2, Anomun C.A.', Crosmorckas O.I1.1:2
! Hoeocubupcxuti 2ocydapcmeennuiti ynusepcumem, Hosocubupcs
2 Onemumym eudpodunamury um. M.A. Jaspenmuvesa, Hosocubupcr
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Cwmecu u3 ra3a u TBEPABIX YACTHUIL, B KOTOPHIX ra3 ABJISETCS HecyIeh (as3oit, a ga-
CTHUIIBI - JUCIEPCHOI, MOI'YT MOJEINPOBATHCA KaK B3aUMMOIIDOHUKAIOIIUE CILIOIIHBbIE
cpezpl. XapaKTePUCTUYECKUM [IaPAMETPOM TAKUX 331349 SBJIAETCH BPeMs PEJIAKCAINN
CKOpOCTeit raza n JacTuil. B psame 3amad 310 BpeMs OKa3bIBAETCS MEHBITIE BPEMEHU
MTPOTEKAHUST OCHOBBIX (DU3MIECKUX MPOIECCOB, B PE3YIBTATE YEro 33a9a CTAHOBUTCS
JKECTKON. ITO 03HAYAET, YTO IO CPABHEHUIO C PACIETOM JIMHAMUKH Ta3a, JJIsi KOTO-
poit BpeMeHHO# miar ompejessiercs ycaosueM KypamTa, pacdéT ra3onbLieBoi Cpeabl
SBHBIMHM METO/aMu MOTpedyer Imara mo BPEeMEeHU MEHBIIEro, Y€M BPeMsl PeJIaKCcaluu
ckopocreii. Bosiee addexkruBHbIMY U1 TAKMX 3329 ABJIAIOTCH HESBHBIE METOZbI, O
HAKO MPU WX WCIOJH30BAHUN HEOOXOAMMO [IOTIOJHUTENHHO CIEIUTH 33 COXPAHEHUEM
ACUMIOTOTUKH PEIIeHn.

B pabore npeayaraercst momyHesBHBIN METO PACYETA TUHAMUKA MOHOIUCIEPHBIX
ra30bLIEBbIX CPeJl, OCHOBAHHBINA HA MUIPOJAMHAMUKE CrUIaXKeHHbIX dacrul [1]. Acum-
TOTHYECKHE CBOUCTBA M SKOHOMUYHOCTH Pa3pab0TaAHHOIO METO/1a JOCTUIAIOTCS 38 CIeT
BBEJEHUS SIEpOBOil CETKN W HESIBHOTO pacdera Me:k(a3HOrO B3AMMOIEHCTBUS C €€
momotbi. O0IIee TaBIeHNe CPeIbl ATTPOKCUMUPYETCs IBHO 063 MCITOTh30BAHUS CET-
ku. PaboTocmocobHOCTD TPeIoKEeHHOTO METO/Ia, ITPOJEMOHCTPUPOBAHA HA PAE 33039
JJ14 Ta30IbLIIEBON CPEJIbl C AaHAJTUTHYECKUM pellleHneM - OTHOMEPHOH 3a/1a4e O pacipo-
CTPaHEHWH AKYCTUYIECKUX KOsebaHwuii, OJHOMEPHOI 3a/1a4e O PACIIa/ e IPOU3BOJIHHOIO
pa3phIiBa, a TaKKe HA TPeXMepHOH 3aade O pa3JjeTe Mapa U3 ra3a u MbIJId B BAaKYyM.

Pa6ora mposenena 3a cuer cpencts rpanta PH® Ne19-71-10026.
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MeaummHcKas yabTpa3ByKoBasi TOMOrpadus - 3T0 00J1aCTh, IPEIMTOIATAIONIAT PA3-
BUTHE METOOB TOMOrpachUpPOBAHUS U UX MPUJIOKEHUE K MEIUIITHCKON IUarHOCTHKE,
npuBsieKaer Bee bosbine BauManusa. CTouT npobieMa BhISBIEHUsT MATOJTOIHIECKH U3~
MEHEHHOI'0 y9aCTKa OPraHa 4YejIOBEKa Ha CaMOW paHHeil crajuu pa3Burus OOJe3HH,
KOTJIA JIEUEHUE SIBJISIETCS €Ie CPAHUTENHHO JIETKUM 1 3(PGMEKTUBHBIM. J[HAarHOCTHKA, C
TTOMOIIBI0 YIBTPA3BYKA, COTJIACHO COBPEMEHHBIM CTAHIApTaM, OE3BpEIHA, a aKyCTHU-
qecKue MeIUIMHCKrEe Tpubophl HAMHOTO Jeresse AMP-romorpados.

Maremaruyeckas MOZEIb MOJIEJUPOBAHUS aKyCTUYECKUX BOJH (IIpsMas 3a/a4a)
OIMCHIBAETCH CUCTEMOU JimHeHHbIX auddepennnaabHblX YPAaBHEHUH B 9aCTHBIX IIPO-
un3BoAHbIX. POpMyIMpPOBKA 0OPATHON 331841 KAK 332491 yIIPABJIEHUS, [I03BOJISET 110~
J00paTh MPABYIO YACTh MOy Y€HUS HEOOXOMMMON TuarpaMMbl HATTPABIEHHOCTH. B pa-
00Te TIpPEe/TOKEHBI IBA METOA BHIOOpA MMPABOM YaCTH HA OCHOBE DPEIeHusi 00PATHOMN
3a/1a9¥ C IOTMOJHUATEIHbHBIM U3MEPeHneM naByenus. s perenns obpaTHO# 3a1a9n
OPUMEHAETCA I'PAJUEHTHBIA METO/, a JJId PEelleHUud CONPAXKEHHON W NpAMOil 3aJa4u
npuMensiercs uncyenuniit meros ['ogynosa.

JlaHHBIE MOJEJIN ¥ METOIbI TIO3BOJISIOT OMUCHIBATE MTPOIECCHI, OJIM3KNE K CUTYAINN
Ha TIPAKTHUKE, UTO MO3BOJISIEIT ONMTUMATHHO MEOIEeNPOBATH JUATPAMMY HAITPABJIEH-
woctu. Ul B pe3yibrare mojiydars gaBiieHne 0u3K0e K mHTepecyomemMy. to npusemer
K 60JIee TOYHBIM HCCJIEOAHUAM, C TIOMOIIBI0 AKYCTUIECKON TOMOrpaduu.
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IIAPAJTOKCAJIBHOE IBU2KEHUE >KNJKOM CPEOBLI ITPU
NEPUOANYECKNX BO3JENCTBUSIX

Cennnngwmit B. JI.
HUnemumym eudpodunamuru um. M. A. Jlaspenmovesa CO PAH, Hoeocubupck,
Hosocubupcxuii 2ocydapcmeennnii ynusepcumem, Hosocubupcek
sennitskii@yandex.Tu

Ha mporsizkerwn psizia JIeT yCIenHo BeIyTCs UCC/IeI0BAHNS IUHAMUKY THIPOMEXa-
HUYECKUX CUCTEM IIPU IIEPUOJMYECKHX 110 BpeMeHu (KosiebaTesbHbIX, BUOPAIMOHHBIX)
BozzeiicrBusx (cm. [1-5] u upejcrasiennyio tam Jgureparypy). B nacrosiueii pabore
TOCTABJIEHA W PEIeHA HOBas 33Ja4Ya O TEUYEHUU B MOJI€ CHUJIBI TSYKECTU BSI3KON KU
KOCTH, TTO/IBEPTAOIIEHCsS MEPUOINIECKUM 110 BPEMEHU BO3IEHCTBUSAM, XapaKTEPU3y-
IOIIUMCS OTCYTCTBHEM BBIIEIEHHOTO HAPABJIEHUS B IPOCTPAHCTBE. VMeoTcst BepTu-
KaJIbHBIE TBEPIbIe CTEHKU = 4 , =g. | pAHUIA CTEHKU =g MPOHUIIAEMA, [T KU TKOCTH.
Crenka =4 coBepinaer 3aJaHHbIe MEPUOIUIECKIE TTOCTYATeIbHbIE KOJIeOAHUS BIIOb
FOPUBOHTABHON ocu X ¥ BEPTUKAJIBHON ocu Y , CT€HKA =g — BJIOJb BEPTUKAJIb-
HOI ocu Y WHepnuaJbHON MPsiMOYTOJIBHOM cucTembl Koopauuar X, Y, Z. CreHka =4
orpaHu¥eHa miIockocTbio X = A, crenka Zg — myockoctbio X = S (S > A — mocro-
aunas). [IpomexxyTok mexay crenkamu — obsactb : A < X < 5, —o0o <Y < o0,
—00 < Z < 00 — 3al0JIHEH BI3KOI HECXKUMAaeMOil X KUIKOCTbIO. T pebyeTcs ompenenTs
[EPHOAMYECKOE 110 BPEMEHH JIBHKEHHUE KUAKOCTU. [locTaHOBKA 3a/1a9u BKIIIOYAeT B
cebst ypaBuenne Hasbe—CTOKCA, ypaBHEHNE HEPA3PHIBHOCTH W YCJIOBUS HA TBEPIBIX
TPAHUIAX YKUIKOCTH.

BrisiBiersr HOBBIE THAPOMEXaHTIECKHE (D DEKTHI MHOr00OPA3HO TPOSIBIIAIONIETOCS
MapaIOKCATIBHOTO TIOBEJEHUs KUIKOCTH. YCTAHOBJIEHO, B YACTHOCTH, YTO KUJIKOCThH
(na done kosebanuil) MOXKET COBEPIIATH CTALUOHAPHOE JBHUXKEHHE B HALDPABJICHUU,
IPOTUBOTOIOKHOM HATPABIEHUIO YCKOPEHUsI CBOOOIHOTO TajeHust (TO eCTh «CHU3Y
BBEpX» ). OOHapyxKeH 3(PpdeKT «IeBuTaAnUur> KUIKOCTH, COCTOANIMI B TOM, 9YTO HAXO-
JSIIASACS B TOJIE CUJIBL TAXKECTH JKUAKOCTDb (0e3 Kakoii-imubo onopsl, Ha (ore Kojieba-
HUIi) PeObIBAET B COCTOSTHUU MOKOS.

ITpuunnoit 06HAPYKEHHBIX F(PHEKTOB ABJIAETCS CONIACOBAHHOCTD (APYT € APYTroM )
OKA3bIBAEMbIX HA, XKMJIKOCTb BO3JEHCTBUI, 9T0 HAXOAUTCH B HEIOCPEICTBEHHON CBsi-
3W ¢ TIPUHIANIOM CpejiHero Jpukenus (cM. [3]). HeobXoaumMo oTMeTHTb, Y4TO MPUHITAIT
CPeIHero IBUKEHWsT MOXKeT ObITh 0000ImeH ciaeaymomumM obpaszom. OcHoBOmoOIarao-
el TPUYIUHON CPeaHero Mo BPEeMEHW IBUXKEHUS CBOOOMHBIX YaCTel THIPOMEXaHU-
4ecKoll cucrembl (Yacreil CUCTEMbI, BUKEHUE KOTOPBIX HE 33/]aH0) [PU [epPUOIrYe-
cKux 110 Bpemenu (KosiebaresibHbIX, BUODALMOHHBIX) BO3ACHCTBUAX HA CUCTEMY, HE
VMEOIINX BBIIEJIEHHOTO HAMPABIEHUS B MPOCTPAHCTBE, SBJISIETCS BO3MOXKHOCTH CO-
BEpIIEHUsT CBOOOJHBIMU YACTSIMU CUCTEMBI IBUKEHWS B PA3JIUIHBIX HAMPABICHUIX B
MMPOCTPAHCTBE B HEOIMHAKOBBIX YCJIOBUSX.

Pesynbraret ucciiejoBanuii B IpeICTABIEHHOM HAIIPABICHUH MOT'YT HCIOJb30BATH-
Csl IPU TPOBEJEHUH MATEMATHYECKOrO MOJETUPOBAHUSI HETPUBHAJLHON JIMHAMHUKA
TUIPOMEXAHUIECKUX CUCTEM, B MOUCKE HOBBIX TIEPCIIEKTUBHBIX MOJXOI0B K DEIEHIIO
MpOOJIEMbI OYUCTKY KUJKUX CPEJ OT BKJIIOYEHUH, TPUMEHSTHCS P pa3paboTKe Me-
TOJZIOB YIPABJIEHUS CHCTEMAMH, COMEPIKAIUMU KUITKUE CPEIIHI.
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RECONSTRUCTION FROM PHASELESS FOURIER TRANSFORM
WITH BACKGROUND INFORMATION
Sivkin V.N.
Moscow State University, Moscow
Ecole Polytechnique, Paris
stvkin96 Qyandex.Tu

We consider the problem of reconstruction of a function v from phaseless Fourier
transform using background information. In particular, in dimension d > 1, we
show that the phaseless Fourier transform |F(v 4+ w)|? and background function w
uniquely determine unknown function v, under the condition that suppv and suppw
are sufficiently disjoint. If this condition is relaxed, then we give similar formulas
for finding v from |Fov|?, |F(v + w)[%. We also illustrate these results by numerical
examples in the framework of phaseless inverse scattering in the Born appriximation.
This talk is based, in particular, on the works [1], [2].
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3AZTAYA O PA3JIETE TA3OIIBIJIEBOTO ITTAPA B BAKYYM KAK
TECT JJIsSI YUCJIEHHBIX MOJEJIEM MEXAHUKI
ABYX®A3HBIX CPE/]
Crosmosckas O.I1.1'2 Cycnenkosa A.H.!, I'puropsen B.B.%3
! Hosocubupcruii 2ocydapecmeennuiti ynusepcumem, Hosocubupck
2 Onemumym eudpodunamury um. M.A.Jlaepenmvesa CO PAH, Hosocubupcs
3 Kpwmceras acmpodusuveckan obeepeamopus PAH, Haywnoui
a.suslenkova@g.nsu.ru

B BbruucimTenpHON MexaHuKe MHOTO(MDA3HBIX JUCIEPCHBIX CPEJ CYIIECTBYET MpPO-
61ema pacdera Mexkdas3Horo B3auMoaeiicTeusd. Ee cyTh cOCTOMT B TOM, ITO MOIEH-
poOBaHMe IUHAMUKHN CMECH HECYIIEro I'a3a U JAUCIEPCHBIX YACTHI] C THTEHCUBHBIM MEK-
da3HBIM B3aUMOIEHCTBHEM TPEOYET CYIIIECTBEHHO DOJIBINNX BHIYUCINTEIHHBIX 3aTPAT,
9eM MOJIEJINPOBAHNE TWHAMUKHU YUCTOTO Ta3a WJIM CMECH C YMEPEHHBIM MeK(MAZHBIM
B3aumozeiicTeueM. /11 perenns 3Toi mpoOIeMbl BEIETCS MTOUCK YUCIEHHBIX METO/IOB,
KOTOpbIE 0DeCIevYar MpueMJIeMble BbIYUCIUTEIbHBIE 3aTPAThl, TOYHOCTh W yCTOHYHU-
BOCTD pEIeHnii Ipu pacdere MexK@a3Horo oomena, 1iodoit nurercuBaocTu. s ncce-
JIOBaHUS TOYHOCTH, AUCIIEPCAOHHBIX U JUCCUNATUBHBIX CBOMCTB YUCJIEHHBIX METO/IOB
HEOOXOIMMBI ITAJIOHHBIE DEITIEHNS TECTOBBIX 331849 JUHAMUKHA CMECH C TTPOU3BOILHOMN
WHTEHCUBHOCTHIO MeK(})A3HOT0 B3auMoielicTeus. Takue pernenns n3BECTHBI JIJIs TI0C-
KUX WJIM OMHOMEPHBIX 33144 C IMHEHHBIMU BOTHAMHA. B paboTe BepBbie IpeCTaBIeHO
AHAJIMTUYECKOE PeIlleHre HeJINHEeITHON 3a7a49u 0 chepriecKu-CHMMETPUYHOM Da3Jiere
ra3ombLIeBOr0 Iapa B BaKyyM. B 3To#l 3ajade JuHAMUKA HECYIIeH W JUCIEPCHO
da3wl MOIENMMPYETCS YPABHEHUSIMU HEBSI3KOTO CXKMMAEMOTO Ta3a. TBepable YaCTHUIBI
HE UMEIOT COOCTBEHHOTO JIABJIEHUS U SABJISIOTCS MOHOAUCIEepCcHbiMu. Hecyrmas u guc-
mepcHas (a3bl OOMEHNBAIOTCS UMITYJIbCAMHU. B MOCTPOEHHOM pereHnu CKOPOCTh Ta3a
¥ MHUIEBOTO O0JIAKA JIMHEHHO 3aBHUCUT OT PAJUYCA, a IUIOTHOCTH T'a3a U IbLIEBOTO
obJlaKa sABJISIOTCH OHOPOIHBIMH.

[Ipu creaHHBIX TPEIOIOKEHUSIX PACCMATPUBAaEMast cuctema auddepeHInaib-
HBIX YPaBHEHUI B YACTHBIX MPOU3BOIHBIX CBOAWUTCS K HEJIWHEHHOH CHCTeMe IBYX
OOBIKHOBEHHBIX AU HepeHnnaabHbIX YPABHEHUN BTOPOTO MOPSIKA, KOTOPAS HE MMEET
AHAJIUTUYECKOTO IIPEICTABJICHUs PellieHus B o0mmeM ciaydae. s HaXOKIEHUsS Iuc-
JIEHHOT'O PEeIIeHnsi CUCTEMAa BTOPOTO MOPsiIKa peodpasyercs K SKBUBAJIEHTHON CucTe-
Me 4YerbIpex OObIKHOBEHHbBIX YPABHEHUII [IEPBOIO MOPS/IKA, KOTOPAs PEIIAeTCs sIBHBIM
MeTonoM Jditstepa. Jjis mTpoCTOTHI UCITOIB30BAHNUS Oy OJIMKOBAH T€HEPATOD ITATIOHHO-
IO pelleHwus, peaJn30BaHHbIil B cpeae Scilab.

ITokazana BOCIPOM3BOAUMOCTH ITOTO PEIIEHUs] B YUCJIEHHBIX PACYETAX METOIOM
SPH-IDIC, peanuzoBannoro ¢ ucnosnb3opanuem oubmnoreku OPENFPM. TTponemon-
CTPUPOBAaHA BO3MOXKHOCTH HCIIOJIb30BAHUS PEIIeHNs KAK ITAJIOHA IPU BepUUKAIMH
CFD-mopesneit 1 UCCIeIOBAHUN CBOMCTB YMCJIEHHBIX METOIOB.

Pabora mposenena 3a cuer cpeacts rpanra PH® 19-71-10026.
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O BSA3KUX PEIHMIEHUAX AHU30OTPOIIHBIX
IIAPABOJINYECKINX YPABHEHUM
Tepcenos A.C.
HUnemumym mamemamuru um. C.JI. Coboaesa CO PAH, Hosocubupcsk
aterseno@math.nsc.ru

B noknaze 6ymer paccMorpena nepBas KpaeBasd 33/a4a /Ui YPABHEHUS

n

Ut — Z(|u11

i=1

Pi(t)72umi)zi = g(t,x,u,VU) B QTa (20)

rae () — orpannvenHas 0071acTh. VIHTEpeC K MCCIeIOBAHUIO TUX YpaBHEHUN 00yCIIOB-
JleH OOJIBINMM KOJIMYECTBOM TPHUJIOKEHWH B PA3IUIHBIX 00acTsXx MexaHuku. OHu
BO3HHUKAIOT TPYW MOJEJIMPOBAHUU TEUEHUN HEHBIOTOHOBCKUX KWJIKOCTEH, KaK IUja-
TAHTHBIX, TAK W TICEBOIJIACTUYHBIX, B MOJIEJISIX HEJMHEITHON yIpyTrocTu, B 00paboTKe
CUT'HAJIOB ¥ M300PaKEHUil, NP OMMCAHUU TEYEHWH »KUIKOCTH B MOPUCTHIX CPEIax.

Jlns pemenuit ypasaenns (20) sornpoc o Cl-peryagpHocTs 10 IPOCTPAHCTBEHHBIM
MEPEMEHHBIM HA CETOIHSIIHWIA JIeHb SBJIeTCs OTKPBIThIM. B pabore V. Bogelein, F.
Duzaar, P. Marcellini (2013) nns ypasHerust (20), B ciydae g = 0 ¥ MOCTOSTHHBIX MTOKa-
3aTesieil aHM30TPOITHOCTH, ObLIA JOKA3aHA JUIIIIAIIEBOCTD M0 MPOCTPAHCTBEHHBIM ITe-
PEMEHHBIM COOOIEBCKUX PEIeHui MpH yeaoBun 2 < min,; p; < max; p; < min; pﬂrni“.
D10 MaKCUMabHAs PeryjspHocrb peinenuil (20), u3BecrHas HA CErOAHALIHUI JE€Hb.
Harmeit menibro 06110 HAWTH yCIOBHSI, TAPAHTUPYIOIINE CYIIECTBOBAHUE W €IUHCTBEH-
HOCTh peleHuii yKa3auuoii rinagkoctu s (20) B ciydae, KOTa MOKA3aTeId aHu30-
TPOITHOCTH 3aBUCAT OT BPEMEHH, & ¢ HEJUHEIHA TI0 TPAIUEHTY.

71t Moy denust Perennst BBICOKOH TUIaJKOCTU MbI UCIIOIb30BAJIH AIITPOKCHMAIIAIO
petienus ypasaenus (20) 10CJI€40BATEIBHOCTHIO KJIACCUYECKUX PElleHUi PeryJispu-
30BAHHBIX ypaBHEHU. 3a/1a4a NPee/IbHONO EPEX0/1a B KJIACCe CODOJIEBCKUX PeleHuit
OCJIOXKHSAIACH HAJUYINEM HEJMHEHHOrO IPpaJueHTHOr0 YjIeHa. DTa MpobieMa ObLIa pe-
IIIEHA C TTOMOIIBI0 TEOPUU BA3KUX MO JIMOHCY pernenwmii.

B Boimykabrx o6sacTsx ObLTH TOKA3AHBI CYIIECTBOBAHUE U €IMHCTBEHHOCTH HEIPe-
PBIBHBIX 110 JIWIIMAIy 1O MPOCTAHCTBEHHBIM EPEMEHHBIM BS3KHUX PEIeHUuil 1mepBoit
Kkpaesoil 3ajaun s (20) 6e3 orpanuyenust GEPHIITEHOBCKONO THIIA HA HEJIUHEH-
HOCTH TPAAUEHTy. B HEBBIMYKJIBIX OOJACTSX, YIOBIETBOPSIOIINX YCJIOBUIO BHEITHEH
cdepsbl, ObLTH MOIYYEHbI AHAJIOTMIHBIE PE3YIHTATHI B CIydae, KOTAa ¢ O TPATUEH-
Ty yIOBJIETBOPSIET yCJIOBUIO BepHInTeiiHa, a moKa3arean aHu30TPOIMHOCTU CBSI3aHbI
coorHomenreM max; p;(t) < 2min; p;(t), aus kaxzgoro dbukcuposannoro t € [0, T.
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AHAJINTUKO-YMCJIEHHBIN I10/1X0/1 PACUETA JJINMHHBIX
BOJIH B OKEAHE, OCHOBAHHBIII HA BAPUAIIMOHHOM
IMPUHIIUIIE.

C.A. Beitzenn', C.FO. Jo6poxoror?, B.E. Hazafikuuckmii?,
WN.A. Hocukos?, A.A.Tomaenankon?
L Hnemumym suvucaumenvrox mexnonozuti CO PAH, 2. Hosocubupck
2 Hnemumym npobaem mexarury um. A.JO. Huwruncrozo PAH, 2. Mockea
3 Kaaununepadckuti uiuans uncmumyma 3emno20 MazHemusma, UoHOCHeps. U
pacnpocmparerus paduosoan um. H. B. I[Iywrosea PAH, 2. Kasununzpad
tolchennikovaa@gmail.com

Ha npuwmepe sanonckoro mynamu 2011 rozga, ucmosb3yst HPOCTON UCTOYHUK U MO-
JIeJIb MEJIKOM BOJIBI, TIPOBEICHO MOJIEINPOBAHNIE MAPEOrpaMMEI TasbHeil craniun DART
[IPU TIOMOIIN ACUMIITOTHYECKUX (HopMydI [1], OCHOBAHHBIX HA MPUMEHEHNH KAHOHHYe-
ckoro oneparopa Macsosa (o6obratomero y4eBoii meros). Ilpu 3ToM Ha HaYaJIbHOM
STale IMPOU3BOJUTC CrilaXKuBaHue 6aruMerpuu [2] mis Toro, 9robbl UCKIIOYUTD BJIU-
sAHWE MEeJKOMACIITabHBIX KOIeOaHuil Ha aCHMIITOTHYECKOe pelreHne. Pacder jydeit ¢
33/IAHHBIMU TPDAHUYHBIME yCJI0BUsiME, npuinequmx B cranmuio DART npoussogurcs
JIByMsI CIIOCODAMU: TPAJUIMOHHBIM METOIOM TIPUCTPeSKE (pemiasa cucremy Lamuib-
TOHA) M HOBBIM BapHAIMOHHBIM MeTozoM [3]. TlosydeHHble acCHMITOTHYECKHAE MaPEOo-
rPaMMBbI CPABHUBAIOTCS C PE3YIbTATAMHU YUCIEHHBIX PACYETOB.

Pa6ora nmposommnaces npu nogzaepzxkke rpanta PH® 21-71-30011.
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3AJTAYA OBPATHOM OIITUMM3AIINN, CBSIBAHHASA C
BbIEOPOM HAYAJIbHOT'O COCTABA PEATUPYIOIIINX
BEIITECTB
Xawmucor O.B., IMTamanckuii B.A., Koznosa M.A.

HUnemumym cucmem snepzemury um.JI.A. Meaenwmvesa CO PAH, Upxymcsk
khamisov@isem.irk.ru

IIpsiMas 331898 ONpeIeIeHns PABHOBECHOTO COCTOSTHAST pEArnpyIOMAX BEIIECTB B
ra30BOi Cpeie MpH TOCTOSTHHON TEMIIEPATYPe W MOCTOSTHHOM JTABJICHUH WMEET CIIeITy-
ot Buz [1]

f(z) — min, Az = b, (21)

re f — HeKOTOpasd TePMOAMHAMUIECKAs (DYHKIIMs, MUHIUMYM KOTOPOI XapakTepu3y-
€T UCKOMOE PaBHOBECHOE cocTosinue (HanpuMep, dynkuusa ['ub6ca), x € R™ — BekTop
KOJIMYECTB MOJIel pearupyroImx BeImecTB, A — m X n — MaTpHUIEa COIEPKAHUS JIe-
MEHTOB B BEIECTBaX, b — BEKTODP KOJUYECTB MOJIEH JIEMEHTOB.

NsBectho [1], uro 3anaua (21) ecTb 3a1a4a BbILYKJIOrO IPOIPAMMUDPOBAHUS, UMe-
oLIAs P 3aJaHHbIX Hapamerpax A u b equncreennoe pemenne x°7. Bekrop b omnpe-
JleIseTcs Haua bHBIM cocTasoM 20, b = Az,

Bamanbl nHAEKCHBIe MHOXKecTBa Jy C {1,2,...,n} — HOMepa BpeIHBIX BEIECTB
uJp C{1,2,...,n} — Homepa moJyie3nbIx BemecTs. CyMMapHbIil BpeJ Olpenesiercs
senmuannoit ), a;a}?, cymmapnas nonpza — semuunmnoit y, Bl

JEJIN jEJP

HavaipHBIH COCTaB MOZXKHO BBLIOUPATH U3 HEKOTOPOIO MHOZKeCTBA X U, 3a/1aHbI MAK-
CHUMAJIbHO BO3MOXKHbBIN CyMMAPHBIH I0KA3aTE/Ib BBIXO/IA BPEIHBIX BEIIECTB I U MUHK-
MaJIbHO BO3MOYKHBI MTOKA3aTEb BBIXOJA MOJE3HBIX BEIECTB 7). Pemaemasi obparHast
3a/1aa, COCTOUT B cienyiomeM. TpebyeTca HaliTh Takoil HaualbHbLl coctas 20 € X0,
4TO cooTBeTcTByIommee permenne £°9 sagaun (21) npu b = Az ynosnersopsier nepa-

BEHCTBAM
~eq ~eq
E a; 75 <, E 5jxj >n. (22)
JjE€JIN j€Jp

JLJIst permenns MOCTARIECHHON 3a1a91 UCTIOIB3yeTC METOIOIOTHS HEJIMHEHHBIX OMOp-
HBIX (DYHKIWUI, TpeIIoKeHHas B [2].
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AHAJINMTUYECKUE METOAbI 9JIEKTPOAMHAMMWKN
CJIOUCTHIX ANDJIEKTPUYECKUX CPE/ (CAC)
Xynak FO.N., TTapdenos 1.B.

MUPDA Pocculickutli mexnonrozuveckutls yrusepcumem, Mockea
hudak@mirea.ru, parfenov@mirea.ru

ITpo6iema cunTe3a CtouCTHIX onTudeckux GbuiabTpos [1] Maso pazpaborana u 3HaYU-
TeIbHAas JacThb €€ "HyxK T MOXKeT ObITh ’pa3perreHa’ yriayOJeHHBIM HCCJIEIOBAHUEM
LUPAMOIi 33/1a44 O CIPOEHUM BCEX ILIOCKUX dJiekTpomardurubix nodeit 8 CAC [2].
7 def

B nokunaze BBenennt asnekrpoaunamuyeckue napamerpsl CAC 0 = (01,...,0n41),
def :

rze 0; oTHOIEHWE AIMUTAHCOB D; = 4/ ;TJ MaTepuaJioB CIpaBa M CJIEBA OT TIJIOCKO-
J

_ def .
cru pasgerna cpex, a ¥ = (vi,...,VN), [O€ Vj IEKTPUYECKAs TONIIUHA j-TO CJIOM:

def -
v; = \/€j[i;h;, NCXONSA M3 JOKA3AHHON paHee TeOPEMBI €IMHCTREHHOCTH OIMpe/leIeH st

WMEHHO 9THX MapaMeTPOB MO aMILIATYAHOMY Ko3dh durnuenty orpaxenus ot CC.

IMosryuensr Gosee coBepiieHHBbIE, YeM B [2] dopMynbl, MOKa3bIBAIOIIME, YTO BCE
crnekrpasnbibie xapakrepuctuku CJIC - nouru-nepuogndeckue (GyHKIUA 9aCTOTHI.
Queprerudeckuii KOIGMUIMEHT OTPaKEHUs R(w;&jﬁ) B 9KCIOHEHITHAJIBHOM TIpe-
CTABJIEHUM $IBJISIETCS OTHOILIECHMEM KBAJPATOB MOJYJEH JBYX TPUIOHOMETPHUYECKHUX
nommuaoMOB “crenenu” 2V | nokazaresn @ypbe KOTOPBIX 3aBUCAT OT ¥, a K03 dum-
eHTHI - OT 6. B TPHrOHOMETPUUIECKOM ITIPe/ICTAB/ICHUN R(w; g, V) - Ta xke cnenuduka.
Buepsbie momydensr pOpMybl, BhIparKatorpe KoM PUIMEeHTHI & t-IIPeICTABIEHUsT de-
pe3 0. OHH B COYETAHUU € BO3MOXKHOCTBIO Boipoxkaenus N-caoitnoit CIIC 8 CAC c
MEHBIIIM YUCIOM CJIOEB, BCKPBUIN CTPYKTYDY MPOCTPAHCTBA P BCeX aMUTAHCOB {p}
N-cnoitubix CIIC (N-CC): BCeBO3MOKHBIE yIOPAIOUYEHHS KBAAPATOB K03hdumu-
eHTOB (@ pasbuBaior P Ha Hemepecekarommecs kjacchl mapamerpos C/C. Beisicaen
CMBICJI ABYX "MeTpudecKkuX’ (DyHKITH OT a% - X CpeJiHee 3HaYeHne, HOpMa, MOJIMHOMA
qucauTens (3HAMEHATENs) B CPeIHEM KBaJIPATHIHOM, & MAX 0% - KBa3HIeObImeBcKast
HOpMa, TOYHAS OIMEHKA MAKCUMYMa KBAJPATA MOJYJS [0 YaCTOTE.

3azava cuHTE3a ONTUMATILHOTO (DUIBTPA COCTOMT B HAXOKJIECHUM [, U*, JAIOMINIX
MUHAMYM MaKCAMYMa, OTKJIOHEHUsI R(w 6,7) or 3a;LaHHoro nneana R(w) na unTep-

Base wactor [, Q]: max |R(w;0,7) — R(W)| 5r 57 min, npu orpanuvennsx: p € IC,
Q1,02

rae K - Kky6 J0nyCcTHMBIX aAMUTAHCOB. IloKasaHo, 4To 3a/a4a MUHAMH3AIUU Jpodu

SKBUBAJIEHTHA TAKOU 2Ke 3aJa4e i YUCAUTe s (3HaMeHaTeJ'[ﬂ), a B K ecrb TO4YKa

Ds, Tipu 3HaUeHusX mapaMerpoB KOTopoit N-CJIC mosHOCTHIO BBIPOXKIECHA U UEPE3

Ps TPOXOaUT O0sbIoe KosudecTBO rpanull’ KjaaccoB N-CJIC, 9410 MOXKeT CIyKUThb

OPUYUHON HEYCTOMYUBOCTU TIPU YUCJIEHHOM CYETE.
CIITUCOK JIUTEPATYPHI
1. Xydax FO.U., Ilapperos J.B. ObocHoBaHUE HCHIOIBL30BAHUSA TPOMUIAPYIONINX
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OTBICKAHUE YIIPYTOT'O
HAIIPAXKEHHO-TE®OPMUPOBAHHOT'O COCTOSHUSA
YYACTKA I'PAHUITBI BBIPABOTKH ITPON3BOJIBHOM ®OPMBI
B ITIEPBOHAYAJIBHO U3OTPOITHOM MACCUBE IIOPO/ I1O
IMEPEOITPEAEJIEHHBIM JIAHHBIM
Yanbrmes A.M.12 A6aymur .M.}, Benoycosa O.E.1
L Hnemumym 2opnozo deaa CO PAH, Hosocubupcs:

2 Hosocubupckuti 20cydapcmeeninitl YHUSEPCUMEM SKOHOMUKY U YNPAEACHUA,
Hosocubupck
a.i.chanyshev@gmail.com

PaccmarpuBarorcs BeIpabOTKU TPOU3BOIBHON (POPMBI, BKIIOYAS UIAHIPHIECKUE
TTOBEPXHOCTHU, B MAaCCHBE TOPHBIX TOPOJ, C HEM3BECTHOW CTPYKTYpOil M mepeonpeie-
JIEHHBIMU JAHHBIMY HA y9IaCTKE TPAHUIBI. Tpedyercs HAWTH HAMPSKEHHO-I1ehOPMU-
POBaAHHOE COCTOSIHHE ITOrO y9IaCTKa TPAHUILI M CTPYKTYPY MAaCCHBA MOPOJ, BOIU3U
ydJacTKa MO JAHHBIM H3MEPEHMH CMeIIeHwil u BeKTopa HampsikeHuit Komm mHa Hem.
[IpuBoauTcsa gBHOE aHAIUTUYECKOE PEIEeHHe ITON 3a/a4M C BHIPAYKEHHEM BCEX KOM-
IIOHEHT TEH30pa jJedopMaluu, HAIPAXKEHUA U BEKTOPa MOBOpoTa depe3d muddepen-
[MaJIbHbIE CBOMCTBA TPAHUIIBI U 33JAHHBIE 3HAYEHNS YKA3AHHBIX BEJTMIWH. Bapuant
MUJIMHIPUYECKONH MOBEPXHOCTH WCCIEIyeTCsi 0e3 MPUMEHEHWs YCJIOBU ILJIOCKOM Jie-
dopmanuu. IIpu sTom pemraercs: cucrema, COCTaBIeHHAS U3 yPABHEHUI DABHOBECHS,
ycaoBuit coBmectHocTH jiehOpMAaIlMi Ha TPaHWIE, COOTHOMmeHWH 3akona ['yka. O6-
CY2K/TAI0TC BOIIPOCHI O IIPOZOJIZKEHIH [10JIy 9€HHOI'O PEIeHUs BHYTPb MACCHUBA IIOPO.,
C IIEeJIBIO OTHICKAHUST €r0 COCTOsTHUS U nedeKTHocTH. Peraercs Takke BOMPoc 00 ormpe-
JIQJIEHAU YIIPYTOILIACTHYECKOTO COCTOSHNS MPAHUIIBI BHIPAOOTKHU (IPU €ro HAJIUYNN ).

Pabora BhImoIHEHA B paMKaxX rOCyIapCTBEHHOTO 3aaanus MuHuUCTEPCTBA HAYKU U
Boiciiero obpasosanus Poccuiickoit @enepanuu (rema Ne AAAA-A17-117121140065-
7).
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OIIPEJIEJIEHUE HAIIPAXKEHHO- TE®@POPMUPOBAHHOTI'O
COCTOAdHUA 1 CTPYKTVYPBI TIEPBOHAYAJIBHO
AHN30TPOITHOM IIOJIVIIJIOCKOCTH I10
NMEPEOINIPEAEJIEHHBIM IAHHBIM HA TTOBEPXHOCTUAU
Yanemmes A.M.M2 Edpumenko JI.J1.2, ®pomnosa 1.B.?
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PaccmarpuBaerca minockoe nedOpMEPOBAHHOE COCTOSHHUE IEPBOHAYAILHO AHH30-
TPOIHBIX Cpen, ¢ 6-10 IPOU3BOJBHBIMU B YIPYTOCTH MOILYJISAME IOJATIUBOCTH. Pac-
CMATPWBAETCS MACCHB TIOPOI B BHIE TOIYTIIOCKOCTH C 3aJAHHBIMA HA TPAHWIE Ha-
NPSKEHUAME 0y = 0y(Z) U Txy = Txy(x) . Kpome Toro mpesmosnaraorcs 33 aHHbIMMI
CMEIIEHHST Uy = Uy (), Uy = Uy () Kak byHKIUE rpaHunsl. IIpu 3TUX JAHHBIX C IpU-
merenneM noreanuanos C.I'. JIEXHAIKOTO CTPOUTCA TOYHOE PEIIeHue 3aJa491 TEOPHA
yOPYyroctn 06 ONpeNeseHud HAIPSXKEHHO-Ie(pOPMHUPOBAHHOIO COCTOAHUSA M KOMIIO-
HEHT BEKTOPa OBOPOTa KAaK HA IPAHUIE IIOIYILIOCKOCTH, TaK M BHYTpH. IIpuBogurca
TaK’Ke KOHETHO-PA3HOCTHOE PereHne STON 3a0aHm.

PaGora BBIMOJHEHA B paMKaX rOCyJapCTBEHHOTO 3a1aHus MuHICTEPCTBA HAYKHA 1
Bhiciiero obpasosanus Poccuiickoit @enepanuu (rema Ne AAAA-A17-117121140065-
7).
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MATHEMATICAL MODELING OF THE STATE OF CONSUMER
LOANS IN RUSSIA
Shananin A.A., Tarasenko M.V., Trusov N.V.

Lomonosov Moscow State University, Moscow; Federal Research Center "Computer
Science and Control Russian Academy of Sciences, Moscow; Moscow Institute of
Physics and Technology, Dolgoprudnyi; Peoples’ Friendship University of Russia,

Moscow
alezshan@yandez.ru, tarasenko.m12@gmail.com, trunick.10.96@gmail.com

The analysis of a representative household models of the Ramsey type is based on
the study of the optimal control problem and the construction of a control synthesis
[1]. The problem of the optimal control has been investigated, which simulates the
economic behavior of a representative household. A theorem on the existence of a
solution has been proved, necessary optimality conditions have been obtained in the
form of the Pontryagin-Clarke maximum principle, and an optimal control synthesis
has been constructed.

In condition when the major economic changes in the behavior of a representative
household are taking place, it is necessary to study the households in this group
in detail. The models describing the evolution of the distribution of households by
income and financial positions are relevant for the analysis of strategies for managing
the arrears in consumer loans. In the work [2] based on the concept of mean field
games, a model has been constructed and formalized in the form of a system of
Hamilton-Jacobi-Bellman and Kolmogorov-Fokker-Planck equations. The model was
identified according to Russian statistics. With its help, the problems of the unsecured
consumer loan market in Russia were analyzed, the impact on the economic situation
of households of the COVID-19 pandemic, which exacerbated the problem of sustainability
of the consumer loan market, and measures affecting the economic situation of low-
income households.

The work has been supported by the Russian Foundation for Basic Research,
project no. 20-07-00285.
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ATEHTHASY MO/IEJIb PACIIPOCTPAHEHUS CE30HHOI1 OPBU
C YYETOM TPAHCIIOPTHBIX ITOTOKOB
MlIesnsiruna E.C.5*, Kpusoporsko O.11.12
I Hosocubupcruti Tocydapcmeennuiti Yrnusepcumem, Hosocubupcs
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* e.shelygina@g.nsu.ru

Nymuranuonusie mogenn pacnpocrpanenus OPBIU urpaior BazkHYIO posh B 0bec-
MEeYEHUH FOTOBHOCTHU K MAHIEMUSIM U STHIEMHUIM U YLy YIIeHUN STMUIEMAIECKOr0 KOH-
tposs. Ucnonb3oBanue areHTHO-OPUEHTHPOBAHHOIO MOIX0IA K MOJETUPOBAHUIO PAC-
npocrpaneHus WHQEKIMOHHBIX 3a00JIEBAHUI TIO3BOJISIET BOCIPOM3BOJIUTH PEATBHOE
TMOBEIeHNE JIIOZeH B MOBCEIHEBHOI KM3HM B TOPOACKUX yCIOBUAX.

Kaxkaprit areHT npecraB/isieT OTASIFHOTO YeJI0BeKa U 00/IaaeT PSIOM CBOMCTB 1
XapaKTEPUCTHUK: TPOrPeCCHpOBaHme OOJIE3HN [IJIsi areHTa 3a1aercsa B repmuaax SEIR-
mozeneit (S - Bocupuumuusble, E - unduiuposanubie 6e3 cumunromos, 1 - undunu-
POBaHHbIE C CUMIITOMaMu, R - nepeGosieBiiue, UMEOIIUe UMMYHUTET), HOILYJIus
MOKeT ObITh NeTEPOreHHA 110 BO3PACTY, MOJLY, COLUAIBHOMY CTaTyCy, B MOJIEJIE MOXKET
YUUTHIBATHCS MPOLEHT BAKIMHUPOBAHHOTO HACeseHus [4], areHT MOXKeT MMeTh reo-
rpaduUIecKy0 MPUBA3KY K JIOMOXO3AHCBY, MECTY pabOThI, IMIKOJIE U YHUBEPCUTETY,
XPaHUTh B IAMSTH ILUIAHBL HA J€Hb [2] U T.1.

OOb1riee MOBEIEHIE CUCTEMbI SIBIISIETCS PE3YIbTATOM B3aUMOIEHCTBUI CPeid areH-
roB. OHU HaJE/IeHbl OJABUKHOCTHIO Yepe3 rpaHcuoprbine ceru. [3] Onucanue npo-
CTPAHCTBEHHOTO MPOIECCA MO3BOJISET CKOHCTPYUPOBATH CETh U€JIOBEYECKUX KOHTAK-
TOB & TaKXKe OIEHUTDb WX MPOIOIKUTEILHOCTh M WHTEHCUBHOCTD, TEM CaMbIM ODecIe-
YUB BO3MOXKHOCTD [IJIsl JIETAJIBLHOrO ONpee/ieHuss GpyHKINA HHOUIUPOBAHUS - (DYHK-
LUK [I€PEHOCA BUPYCOB OT MHMEKIMOHHOIO areHTa K BOCIPUMYUBOMY. [1]

Paboma evinosnena npu noddeprcke epanma no umoz2am KOHKYPCa MIPUY 20poda
Hosocubupcka na npedocmasienue 2panmos 6 gopme cybcuduti 6 chepe HayuHol u
UHHOBAUUOHHOT DEAMENDHOCTIU.

CIIMCOK JINTEPATYPHI

1. Baad A. U., Cannuxoea T.E., Pomanwza A.A. MonennpoBanue pacrupocTpa-
HEHMsl PECIUPATOPHBIX BUPYCHBIX HHMEKINHA B TOPO/IE: MyIbTHATEHTHBIA MOIXOT
// Mar. 6uosorus u 6uound., 2020, T.15. Ne2. C. 338-356. doi: 10.17537/2020.15.338.

2. Hackl J., Dubernet T. Epidemic Spreading in Urban Areas Using Agent-Based
Transportation Models // Future Internet. 2019. V. 11. Ne 4. P. 92. doi: 10.3390/£111040092.

3. Perez L., Dragicevic S. An agent-based approach for modeling dynamics of
contagious disease spread // Int. J. Health Geogr. 2009, 8, 1-17.

4. Smieszek T., Balmer M., Hattendorf J., Azhausen K.W., Zinsstag J., Scholz
R.W. Reconstructing the 2003/2004 H3N2 influenza epidemic in Switzerland
with a spatially explicit, individual-based model // BMC Infect. Dis. 2011, 11,
115.



83 Espasuiickas kKoHdepeus mo npuKIaIHOl MaTEMATHKE

TEOMETPUS PACIIPOCTPAHEHUS Y/IAPHOI BOJIHHI,
NHAVIIIPOBAHHON ®EMTOCEKYH/IHBIM JIASEPOM B
METAJIJIE
ITTenenes B.B.
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®oprona C.B.

Hnemumym asmomamusayuu npoexmuposanus PAH, Mockea
sfortova@mail.Tu

WNuaynupoBaHHbie JIa3€POM yIAPHBIE BOJIHBI B TIOCIEIHUE TECATUIETHST UMEIOT TITH-
pokoe mpuMmenenue. Byaydum apaiiBepoM TakWX BAXKHBIX 00J1aCTell JIa3epHBIX TEXHO-
Joruii, Kak siazepuas abuanus B xkuakocthb (Liquid Laser Ablation, LAL) u nazepuoe
yaapuoe ynpounenue (Laser Shock Peening, LSP), yaapHo-BosiHOBbIE 1POLIECCHI IIPEI-
CTaBJIAIOT OOJIBIION MHTEPEC [1JIs UCCJIEIOBAHUI U MOJEIMPOBAHUSI.

JleiicTBre eqMHIIHOTO (HPEMTOCEKYHTHOTO JIA3€PHOTO UMITYIHCA HA TOJCTYIO AJIIO-
MUHHEBYIO MUIIEHDb MPUBOIUT K OOPA30BAHUIO CUILHBIX YIAPHBIX BOJH. YIapHas BOJI-
Ha, BO3HUKAOIIAS BCIEICTBUE JTA3€PHOTO HAIPEBA, PACIPOCTPAHAETCS CHAYAIA B KBa~
3UIJIOCKOM DPEXKHMe C MMOCTEIeHHBIM PAaClaoM M3HAYAJIbHO IJI0CKOro ¢dbponra. B re-
YeHUe HECKOJIbKUX JeCiATKOB nukocekyny (1 uc = 1012 C) IIPOUCXOAUT HEPEXOJL K 110-
JIyCHEPUIECKOMY PEKUMY PACTPOCTPAHEHNsT BOJHBI. [IpencraBiena ruipognHaMuye-
CKasi MOJIeJIb, OMUCHIBAIOIIAS COILY TCTBYIOIINE IBYMEPHbBIE YIAPHO-BOJHOBBIE 3 dek-
ThI B MWINIEHU, W COAEPIKAINA MOJYIMINPUIECKOE YPABHEHNE COCTOSHUSI METAJLIa B
dopme Mu-I'pronaiizerna. IlapaMerpbl ypaBHEHUsT COCTOSHUS MOAOOPAHBI B COOTBET-
CTBHH C XOJIOIHON KpuBoil Metasia. IIposeseno ruapoquHaMmdecKoe MOIeInPOBAHMS
pPaCIpOCTpAHEHNS W 3aTYXaHUsT WHIYIIMPOBAHHON JTA3€pOM YIAPHOU BOJHBI B aJIIOMU-
uueBoit murenn. [lokazansr 3 derTrr cdhepusammm yaapHOi BOJIHBI, €6 PACIpPOCTPa-
HEHUE ¥ 3aTyXaHWe BOIM3M MOBEPXHOCTH O0JIyIAEMOr0 METAJLIA.
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NUMERICAL RECONSTRUCTION OF HIGH-CONTRAST
INHOMOGENEITIS USING FUNCTIONAL ALGORITHM
Shurup A.S.

Moscow State University, Faculty of Physics, Acoustics Department, Moscow
shurup@physics.msu.ru

In practice of acoustic tomography (in medical applications, ocean tomography)
the deviation of the sound speed ¢ from its background value ¢y does not exceed
|c — col/co = Ac/cy < 0.1+ 0.3 . Such cases were considered in many works devoted
to modeling problems of acoustic tomography, for example, in [1-4].

At the same time, in electromagnetic applications [5], the equivalent contrasts can
be noticeably higher. In [5] the inverse electromagnetic problem is reduced under
some approximations to Helmholtz equation. This allows a formal comparison of
the "acoustic"contrast Ac/cy and the corresponding "dielectric"contrast € = ¢3/c?
[5]. It is of certain interest to study the possibility of reconstructing "high"contrasts
(significantly exceeding the values of Ac/co ~ 0.3 ) by using algorithms, which have
already been proven for solving acoustic inverse problems.

In this report some examples of such reconstructions are presented, which were
obtained by using the functional-analytical algorithm proposed by R.G. Novikov [6].
The numerical implementation of this algorithm was described in [4]. In the present
talk the results of acceptable reconstruction are shown both for the case ¢ > ¢g
(for example, ¢ = 1/1600 ), and for the case ¢ < ¢ (for example, e = 9 ). It is
interesting, that reconstruction results in the case ¢ < ¢y are more sensitive to the
value of the sound speed contrast, in comparison with the case ¢ > ¢y. One of the
physical reasons for this is the appearance of field focusing in the scattering region
if ¢ < ¢p.The similar features in the reconstruction of scatterers with hard and soft
boundaries were previously considered in [7].

The results obtained in the present report show that using the considered functional-
analytical algorithm it is possible to reconstruct the contrasts € > 1. This, in some
sense, demonstrates the advantages of this approach in comparison with the conventional
least squares methods. Moreover, the functional algorithm also perfectly reconstruct
contrasts € < 1, reconstruction of which can be difficult for other approaches due to
the lack of strong backscattering from such weak "dielectric"contrasts.

The reported study was funded by RFBR and CNRS, project number 20-51-15004.

REFERENCES
1. Kabanikhin S.I. et al. // J. Inv. and Tll-posed Probl., 2020, 28(2), P. 287.
Filatova V. et al. // Commun. Comput. Inf. Sci., 2019, P. 297.
Goncharsky A.V., Romanov S.Y. // Inverse Problems, 2013, 29(7), 075004.
Burov V.A. et al. // Acoust. Phys., 2013, 59(3). P. 345.
Khoa V.A. et al. // Inverse Problems, 2020, 36(8), 085007.
Novikov R.G. // Physics Letters A, 1998, 238(2-3), P. 73.
Badalyan N.P. et al. // Acoust. Phys., 2008, 54(6), P. 862.

N ok



85 Espasuiickas kKoHdepeus mo npuKIaIHOl MaTEMATHKE

BOCCTAHOBJIEHUE /IBYX ®YHKIINI B MO/IEJIN
KOJIEBAHUN CTEP>KHSI, OITH KOHEIL KOTOPOT'O
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L1t cMermanHoi KpaeBoil 331a49u C HEOTHOPOJHBIM BOJTHOBBIM YPABHEHUEM U KPae-
BBIMU YCJIOBUSIMU BTOPOT'O U TPETHETO PO/IA PACCMATPUBAETCs 0OpaTHas 3a/1a9a, Ompe-
JeJieHnsl ABYX KO03((PUIMEHTOB, BXOAAIINX B ypaBHeHue u B Kpaepoe yciaopue. Cama
KpaeBasd 3aJa4a MOXKET PacCMaTPUBATLCA KaK MOJE/Ib MAJIbIX IIOIEPEYHbIX KOoJjieba-
HWIl CTEp)KHSI, ONINH KOHEI[ KOTOPOTO TIOMEIEH B ympyryio cpeay [1]. B kauectse mo-
TIOJTHATEILHOM WHAMOPMAIIMH [IJI PEIeHNsT 00PATHONH 331491 PACCMATPUBACTCS €IIE
OJIHO Kpaesoe ycjopue. QopMyIupyIOTCS U JTOKA3BIBAIOTCA TEOPEMbI eIMHCTBEHHOCTH
¥ CYIIECTBOBAHUS PEIeHnsT 0OPATHON 3aJa9i OMPEIeTeHIs NCKOMBIX KO3 UIneH-
ToB. IIpu 3TOM HIpenBapUTEIBLHO YCTAHABJIUBAIOTCI CBOMCTBA pelIeHus IIPAMOR 3a-
Jady ¥ ycaopus eé paspemmumocru. IlosrydaeMbie 1pu aHaau3e 33,349 MHTEIPAJIbHbIE
bOPMYJIBI TIO3BOJIAIOT TIOJYYUTH OIEHKY YCTOWYMBOCTH PEIeHrsT OOPATHON 3a1a49u u
OPTaHW30BaTh [IJIsi YUCJIEHHBIX DENIeHUil MPsAMON u 00paTHO 3a1a9 UTEePAIHOHHDBIE
AJICOPUTMBL PA3JIMYHOIO BHA JJis IOJydeHus TPUOIMKEHHBIX pernennii. Mcmonb3o-
BaHUE TAKOIO MUTEPAIMOHHOIO YUCJAEHHOrO PelleHrs 0OpaTHON 3aJa4n J0JXKHO ObITh
YB#A3aHO C HEKOPPEKTHBIM XapaKTepoM OOPATHOM IIOCTAHOBKHU.

PaccmarpuBaemast ipsimast 3amada ¢ dbyakuueit u(z, t) nmeer Bug

W = aPug, + f(2)g(t), (2,1) € Ay,

w(0,6) = Bua(0,6) = p(t), te [0, 7], T=T-(/a),
uz(l,t) =0, tel0,T],
U(I,O) :90(1")7 Ut(l’,O) :1/1(1’), T € [Ovl]v
rae Arr = {(z,t): t€[0,T—(I—z)/a, z €]0,l]}. Jononuurenpnoe ycuosue, uc-
MOJTE3yEMOe TIPU TIOCTAHOBKE OOPATHOMN 337891, IMEET BUI

u(l,t) = h(t), te[0,T].

OGparHas 3a7a4a cocTouT B BoccraHoBiennn dyukuumit f(x) u p(t) npu = € [0,1] n
te [O, T}, U 33TeM B HAXOXKZEHUW pemeHus u(x,t) mpamoii 3axaun npu (x,t) € Ay p
MO 33JaHHBIM TOJIOKUTEIbHBIM MOCTOSHHBIM [, T, a, B, Takum, uro | < al', u mo
sajaHHbIM GyHKIMAM o(x), ¥(z), x € [0,1], g(t), h(t), t € [0,T].
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Uccrnenyercs penienne npsMoil 3a/1a41, MOJEIUPYIONIEH TUHAMUKY TOMYJISIUN C BO3-
PACTHO#H CTPYKTYPOil ¥ HHTETPATbHBIMA HETUHEHHOCTIMHE, & TaKKe 00PATHOH 3a,1a9n
BOCCTaHOBJIeHHsA Kod(pduimenTa ypaBHeHnss mozaenn. IlomydeHHnble mpu MCCIeI0Ba-
HIW 337189 WHTErpajbHble 3aBUCHMOCTH WCMOJB3YIOTCS KaK OCHOBA JJIsT TIOCTPOEHWS
MPUOINKEHHOTO PENTeHnsi 00pATHOM 3a/1a4M.

IMpamas 3anaua miua dysxiun u(x,t), MOAEIUPYIOMAs AMHAMUKY IIOMYJIAIWH,
umeer Bu, npemiioxenubiit B [1], [2]:

Uy +ur + po(z)u + p ()P (SE)u=0, wu(z,0)=px), zec]l0,a, tel0,T),

u(0,1) = @ (5(1)) / Bls)u(s, t)ds, S(t) = / Y(s)uls, t)ds, te [0.T],
0 0

rae dbyuxumsa u(z,t) onpenenaser Yncao ocobelt Bo3pacTa x (MM WX TIIOTHOCTH) B
MOTYJISAIMA B MOMEHT BpeMeHH t; GyHKImu po(x) v 1 (2) XapakTepu3yoT WHTEHCHB-
HOCTh CMEPTHOCTH 0CO6eli BO3pacTa & B IOMYJIAUN, COOTBETCTBEHHO, ECTECTBEHHON 1
POSIBJIAIONIENC B CHJIY NepeHacesienus nomnyssiuu; Gyuakiuuu 3(z) u v(x) - mioTHo-
CTH PENPOLYKTUBHOCTU U KUBHEAEATEIbHOCTH 0cobeil Bo3pacra x; Gyukuuu P(s) u
U(s) xapakTepusyorT UHTErPAJIbHYIO 3aBUCUMOCTD POXKJAAEMOCTH U CMEPTHOCTH B 110-
MyJSIun OT 0bIero oobéMa S(t) KU3HEeIesI TeTLHOCTH TOMYJISINA. [I0TOTHITETFHOE
YCJIOBHE, UCIOJIb3yEMOE IIPH TIOCTAHOBKE 0OPATHO 331891, UMEET BUJ

u(a,t) =g(t), tel0,7T].

Obparnas 3aza4a cocrouT B Boccranopyenuun hyukimu po(x) upu x € [0, al, u 3arem
pewenns u(z,t) upamoit 3axauu npu z € [0,al, ¢ € [0,T], 10 33 JaAHHBIM IOJIOKUTEIb-
HBIM TTIOCTOAHHBIM a, T', TakuM, 910 a < T, n no 3aganubM byrakmmam ¢(z), 1 (z),
B(z) uy(z), z € [0,al, g(t), t € [0,T], ®(s) u U(s), s € R.
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U3yuenne MArHUTHBIX MOJIEH TTAHET - OWH U3 CIIOCOOOB MOTYYUTH WH(MOPMAIIHIO
O BHYTPEHHEM YCTPOHCTBE TJIAHETHI U ee dBOJoNmA. JJocTym K mHbOpMAaIHNT O Mar-
HUTHBIX TOJIAX TJIAHET CTAJ BO3MOXKEH OJIaroapst TOSBICHUIO W PA3BUTHIO MEXKIIIa-
HeTHBIX Muccuii. [Tonydenubie 61aromaps ITUM MUCCHSM JaHHDBIE MO3BOJISIIOT PEIaTh
oOpaTHBIE 33]a9X TI0 BOCCTAHOBJIEHUIO KAPTHI PACIPEIEICHUs IapaMeTPOB HAMATHHU-
veHHocTH. B crartwe [1] HaMu Oblia paccMOTpeHa 3a/av¥a BOCCTAHOBIIEHHST HAMATHH-
yennoctu B Kope Mapca mo cuyTaukoBbiM gaaabiv Muccun MAVEN (NASA’s Mars
MAVEN orbiter). B 970ii ke crarbe 00CyKIAI0TCA BO3MOXKHBIE CIIOCOObI YBEJIUIeHHsT
TOYHOCTH BOCCTAHOBJIEHUS TTapaMeTpoB Hamarundennoctu Mapca. Takzke mpoBeneHb
PaboThI IO BOCCTAHOBJIEHUIO MAPAMETPOB HAMATHUYIEHHOCTH MepKypus MO JaHHBIM

vuccun MESSENGER.
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