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Ha PhD muccepranuio «Memod mennogwix nonuHomos u cneyuansHblx hyrxyuis 04 3a0ay

mennonpo6odHocmu 6 062aCMAX €O CE0BOOHBIMU ZPAHUYAMU U UX NPUNONHCEHUARD,
NpeCTaRNenHy0 Kk 3amute PhD nokropantom Haypeom Tapremom ATtanbekoBHYIEM IO
cnennansrocTa 60070500 — MaTeMaTHIECKOE M KOMIIBIOTEPHOE MOJCTMPOBAHHUE.

Jluccepralusa nocpsmena paspaboTke MaTeMaTHIECKAX Mogeneii Temnopu3HIECKhX
TPOLIECCOB B3AUMO/EHCTBHS JMEKTPHIECKOM [YTH C dEKTPOJAMH, KOTOPBIE 6azupyroTca Ha
3ajiavax cre)aHOBCKOro THMA B 00IAcTAX, BRIPOXKIAIOMIHXCA B HAYATLHEI MOMEHT BPEMEHH.
CII0XHOCTD HX PEIIEHUS COCTOHT B TOM, YTO OHH SBJISIOTCA MHOrornapaMeTpHIeCKHMH, u
YHCIEHHEIE METO/IBI PEIEHHs He CTIOCOBHE! 1aTh OTBET O B3AHMOBJTHAHHH ITHX
MHOTOYHC/IEHHRIX TAPAMETPOB Ha THHAMHKY IIPOLIECCOB-TEILIO- H MACCOMEPEHOCa.
AHATHTHYECKHE METOBI OCHOBaHEI, KaK IPaBUIo, HA PeIyKIINH nepBOHaYaIbHOM 3212494
Credana K cucTeMe HETHHEHHBIX HHTErPATLHEIX yPaBHEHH. B ciyvae, xoraa B HavaTbHBIA
MOMEHT BpeMeHH 0011aCTh BHIPOKAAETCS B TOWKY, TAKHE HETETPATBHbIC yPaBHEHHA CTAHOBATCS
CHHTYISPHBLIMH, M MX PELIeHHe KpaifHe 3aTpyAHeHo. B npencrasieHHol paboTe npeIaracTea
ATBTEPHATHBHBIH METO PELIEHHS, [IPH KOTOPOM OHO MpEICTABNIETCA B BUAE JIHHEHHOH
xoMOrHEaIMHM (PAI LIH KOHCYHAS CyMMa) TEIUIOBBIX NOTHHOMOB H coelHATBHBIX QyHKIUAH C
HEOMpeIeNeHHBIMA K03 QHUIIHEHTaMH, Y A0BIETBOPAIOIIAX 2 priori ypaBHEHHIO
TerwonposoHocTH, KoddQHiEeHT BRGHpaioTCs TaK, 4To0s! obecrneyuTs TOTHO HIH
PHGIIDKEHHO KPaeBEIM ycIoBHsM. OCHOBHOE ZOCTOHHCTBO 3TOT0 METOAA COCTOHT B TOM, 9TO B
CHUIy MPHHITHTIA MAKCAMYMa TIOTPEIHOCTh NPHEKEHHOTO PEINEHHs He MPCBAIIACT
TIOTPEMHOCTH ANNPOKCHMAIMH KPaeBhIX yC/IOBHi, KOTOPYIO MOXHO OUEHHTD.

JIHCCEPTAIS COCTOMT U3 BBEICHHS, TPEX I1AB, 3AKIIOUCHHS, MPHIOXKCHHAS H CIHCKA
HCIIOB30BAHHOM TUTEpaTypEL B IepBOii rTaBe IAlOTCS OCHOBHBIE ONPEJENCHHS H CBOHCTRA
TeTUTOBBIX TOMMHOMOB H CIIEIMANEHEIX (ByHKIH, KOTOPEIE 6y XyT HCIIOJB30BAHE] B TANBHEHIICM
[ pEIEHHS NOCTABNEHHEIX 3a%ad. 37ech CIeNyeT OTMETHTE MOMYICHHOE HCCEPTAHTOM
PACTIPOCTPAHEHHE HIBECTHHIX PAHEE CBOHCTB OIHOMEPHBIX TEMIIOBEIX NOTEHLHATOB, & TaKIKe~ -
KOMGHHAIMIO BHPO ACHHEIX THIIEPTEOMETPUECKAX (hyHKITHi /uts crydas 0Gobmentoro
yPaBHEHHS TEIUIONPOBOHOCTH.

BTopas riiaBa NOCBSINEHA PEMEHNIO PasNUYHbIX 337124 TATIA Credana ¢ TOMOIIBIO TEMNOBIX
MOJMHOMOB | HHTErPaTbHEIX (yHKIHH ommuboK. Mcroms3yeMbli aBTOPOM METO/L PELICHHA
OCHOBAH Ha Pa3/IOXKeHHH PEICHHS B PAIBI KOMIO3HLMH QYHKIMH Ha Gaze popmynn Gaa qH
BpyHo, & TpebyeT CKpYITy/IE3HOr0 aHaK3a U GObIIOH BEIYACIHTENBEHON paboTEI, ¢ KOTOPOH
JHCCepTanT ycnemso cnpasugcs. OH IpofeMOHCTPHPOBAN XOPOITYIO TEXHUKY aHAIA3a
pemenHui CIOXHEIX CHCTEM YPaBHEHHH H NONTyTHI Pe3YIbTaThl, KOTOPLIE MOTYT 65ITH
HCIIOJL30BaHE! B IPAKTHYECKAX PACUeTaX HHAMHKH TEILIOQH3NIECKAX IIPOLIECCOB B
3eKTPHICCKHX KOHTAKTAX.

B tpeTheil riase paboTh paCCMOTPEHEI 3a/18TH THIIA Credana ¢ ycrIeHHOH HEMHHEHHOCTHIO,
KOTOpas CBA34HA HE TONBKO ¢ camuM yciosrem CTeana Ha rpanuie (asoBoro
nepexoja, Ho ¥ C HeHHEHHOH TEMIIepaTypHOH 3aBHCHMOCTHIO KO3(QQHIHEHTOB
TEMIONPOBOHOCTH, YENbHEO#H TEMIOEMKOCTH H TUTOTHOCTH. 38189 Mo06Hor0 THIA
TPHBIEKAIOT [TOBHINEHHOE BHUMAHAE BJIOCTE/HEE BPEMS B CBA3H C MOJIC/THPOBAHAEM
3JIEKTP@IYTOBEIX IIPOLIECCOB, [ie NapaMETPhl JYTH CYIIECTBEHHO 3ABHCAT OT
Temngba?pm. T. Haypriay ynanocs 06061uTs METOX MOJOGHS A/is PelIeHns 10106HAIX
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38184 Ha CIydail CEPIIECKOro ypaBHeH s TEIUIONPOBOAHOCTH. B COOTRETCTBHH C STHM
TO/IXOJIOM paccMaTpuBaemas 3ajada Ctedana Ghuia peflyIMpoOBaHa K CHCTEME
HEMMHCHHBIX HETErPATLHEIX yPaBHEHHH, Pa3peluMocTh KoTopo# kLA 0Ka3ana. OroT
MeTOJ GKasacs Hh(HEKTHBHBIM He TONLKO J1st OmHO(a3HOMH, HO H VLA nByx(aszHo#
samaun Credana Ui cepHIECKOro yPaBHEHHs TEMIONPOBOIHOCTH. TTosyueHHbIH
PE3yNLTAT GBUI HCITOMB30BAH ISl MATEMATHYECKOTO MOAE/MPOBAHHS JIHHAMHKI
MPOLECCOB B KOPOTKO# JTyTe Mpy CaMONPOM3BOJIbHOM otbpoce 3NEKTPHIECKHX
KOHTAKTOB B TIEPHOJ TIEPEX0Jia MeTALTHYECKO# (a3bl yTH B ra3oByIo thasy. B
YaCTHOCTH, GBUTO MOKA3AHO, UTO CHJBI 2B/IEHHA METAILTHICCKOro apa CpABHMMBI 10
BEJMMMHE C AIEKTPOJUHAMAYECKMMY CHIIAMH U HIparoT onpe/eNIIOIyt0 poiib B
MEXaHH3ME CPMONPON3BONBHOr0 0T6poca. D10 pesybTaT HoTy Tl BBICOKYIO OLIEHKY Ha
21 MexmyHapoHol KOH(EPERTIMH 10 SBIEHHAM B JEKTPHICCKHX KOHTAKTaX (ICEC-
2021, Online, I1Ipefinapus, 7-12 urons 2021 r.), rae o8 BBUT IOTIONKEH.

[Ty6muKam¥y JOCTATOIHO IOIHO OCBEINAI0T f)—e:;yns'ram BHIONHEHHOM paGoThI.
Crezryer OTMETHTS, YTO B COBMECTHBIX myOnHKanusX MHE OpUHAICHKHT JHIITD
NOCTAHOBKA 3a/1ad, a OTPOMHAs paboTa 110 WX PEHICHHIO ABMACTCA 3acTyroil AEccepTaHTa.
OH MPOZIEMOKCTPHPOBAT CBOE YMEHUE OPHEHTAPOBATLCA B CIIOXHDIX BOIPOCAX
MPaKTHIECKOTO PEMEHAS M JOBEACHHS MOy HEHHBIX pe3yapTaroB A0 TpaKTAIECKOro
npEMeHeRHs. BMecTe ¢ TeM OH IOKa3asl yMeHHe He TOMbKO pelath, HO H CaMOMy
CTaBHTH 3aja7H, Tpebytoye pemenns. B 9acTHOCTH, TOCTAHOBKA oBpaTHBIX 337189
Cre(ana, MeTo Ko/L1abopait i BapAALMOHHEIH METO/ [ULL HX pemeHus IpHHEANIERAT
camoMy IHCCEPTaHTY.

OnenuBas paboTy B IEOM, MOXHO 3aK/I09HTH, 9TO OHA BHOCHT CyINEeCTBEHERIH
BKJIAZ B pa3sBUTHE METOJOB PEMEHHA 33134 CO cBo6oaHOM rpaHUNEH H MOJIETHPOBAHKE
3NIEKTPOYTOBLIX IPOLECCOB, a e aBTop, E. Haypes, 3acimyKuBacT HPHCY)XICHHS EMY
ackoMoii crenerm PhD 10 CHeNUanbHOCTH MaTEMATHIECKOS H KOMITBIOTEPHOS
MO/IENTEPOBAHHAE.
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Review

for PhD dissertation " The method of heat polynomials and special functions

for the problem of heat equation in regions with free boundaries and their application ",
presented for PhD defense by doctora] student Nauryz Targyn Atanbekovich,

specialty 6D070500 - Mathematical and computer modeling.

The dissertation is devoted to the development of mathematical models of
thermophysical processes of interaction of an electric.arc with electrodes, which are based on
Stefan-type problems in areas that degenerate at the initial moment of time. The complexity of
their solution lies in tlie fact that they are multiparametric, and numerical methods of solution
are not able to give an answer about the mutual influence of these numerous parameters on
the dynamics of heat and mass transfer processes. Analytical methods are based, as a rule, on
the reduction of the original Stefan problem to a system of nonlinear integral equations. In the
case when the domain degenerates to a point at the initial moment of time, such integral
equations become singular, and their solution is extremely difficult. In the presented work, an
alternative solution method is proposed, in which it is represented as a linear combination
(series or finite sum) of heat polynomials and special functions with indeterminate
coefficients that satisfy a priori the heat equation. The coefficients are chosen to provide
exactly or approximately the boundary conditions. The main advantage of this method is that,
due to the maximum principle, the error of the approximate solution does not exceed the error

of the approximation of the boundary conditions, which can be estimated.
L 8
The dissertation consists of an introduction, three chapters, a conclusion, an appendix,

and a list of references. In the first chapter, the main definitions and properties of heat
polynomials and special functions are given, which will be used in the future to solve the
problems posed. Here we should note the extension of previously known properties of one-
dimensional heat potentials obtained by the dissertator, as well as a combination of degenerate
hypergeometric functions for the case of a generalized heat equation.

The second chapter is devoted to solving various Stefan-type problems using heat
polynomials and integral error functions. The solution method used by the author is based on
the expansion of the solution into series of compositions of functions based on the Faa di
Bruno formula and requires a rigorous analysis and a lot of computational work, which the
dissertation successfully completed. He demonstrated a good technique for analyzing
solutions to complex systems of equations and obtained results that can be used in practical
calculations of the dynamics of thermophysical processes in electrical contacts.

In the third chapter of the work, Stefan-type problems with enhanced nonlinearity are
considered, which are associated not only with the Stefan condition at the phase transition
boundary itself, but also with the nonlinear temperature dependence of the thermal
conductivity coefficients, specific heat capacity, and density. Problems of this type have
attracted increased attention in recent years in connection with the simulation of electric
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processes, where the arc p“arameters depend significantly on temperature. T. Nauryz managed
to generalize the similarity method for solving similar problems to the case of a spherical heat
equation. In accordar.ze with this approach, the considered Stefan problem was reduced to a
system of nonlinear integral equations, the solvability of which was proved. This method
turned out to be effective not only for the singlesphase, but also for the two-phase Stefan
problem for the spherical heat equation. The result obtained was used for mathematical
modeling of the dynamics of processes in a short arc with spontaneous ejection of electrical
particulars, it was shown that for the pressure force of a metal vapor they are comparable in
magnitude with electrodynamic forces and play a decisive role in the mechanism of
spontaneous ejection. This result was highly appreciated at the 21st International Conference
on Phenomena in Electrical Contacts (ICEC-2021, OnlineSwitzerland, June 7-12, 2021),
where it was presented.

Publications quite fully cover the results of the work performed. It should be noted that in
joint publications I am responsible only for the formulation of problems, and the great work
on their solution is the merit of the dissertation student. He demonstrated his ability to
navigate complex issues of practical solution and bring the results to practical application. At
the same time, he showed the ability not only to solve, but also to set tasks that needed to be
solved. In particular, the formulation of Stefan's inverse problems, the collaboration method,
and the variational method for solving them belong to the dissertation author himself.

Evaluating the work, we can conclude that it makes a significant contribution to the
development of methods for solving problems with a free boundary and modeling electric arc
processes, and its author, T. Nauryz, deserves to be awarded the required PhD degree in
mathematical and computer modeling.

Scientific consultant,
Doctor of Physical and Mathematical Science, % S.N. Kharin

professor, academician of NAN RK
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