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REVIEW

of the PhD dissertation entitled “The method of heat polynomials and special
functions for the heat problems in regions with free boundaries and their
applications” by Nauryz Targyn Atanbekovich PhD student of the joint educational
program of Al-Farabi Kazakh National University and Institute of Mathematics and
Mathematical Modeling (specialty 6D070500- Mathematical and Computer
Modeling).

The main goal of the dissertation is to develop new and of required accuracy
and approximate analytical methods for solving heat and mass transfer problems
with phase transformations of matter. They are based on the use of heat polynomials
to study the dynamics and size of erosion of electrical contact systems of low-voltage
devices. The scope of work includes:

o analysis of the effectiveness of the method of heat polynomials and special
functions,
e estimation of the approximation solution by the variation and collocation
method;
o finding the coefficients of linear combination of special functions (integral
Laguerre polynomials and congruent hypergeometric

error function,

function) and heat polynomials which a priori satisfy the heat equation;
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e solving the one- and two-phase Stefan's problem with temperature
dependence coefficients;

e reducing the partial differential equation to an ordinary nonlinear second-
order differential equation by the principle of similarity.

These problems are of practically significant importance when analyzing the
thermal impact of the electric arc arising under opening of the contact set.
Mathematical modeling of the electrical arc is very important to understand its
dynamics and to estimate arc parameters because experimental methods give as a
rule only the resulting information about arcing and arc erosion. It is due to the
complex problems of mutual interaction of physical phenomena occurring both
within the contact area and inside the contact material itself, especially in transient
of the arc discharge. General models describing phenomena inside the arc plasma are
based on the systems of partial differential equations of the magneto-
hydrodynamics. The arc appearing at blow-open contact repulsion has specific
particular qualities conditioned by the electromagnetic and metallic vapor pressure.
The non-stationary model of the dynamics of contacts repulsion known from the
literature has two drawbacks. Firstly, there is no thermal equation of the arc in this
model, and secondly, all coefficients in the model, such as thermal and electrical
conductivity, heat sources, heat capacity, etc., are assumed to be constant. However,
especially for high values of current, the knowledge of the dependence of all these
coefficients on temperature is very important. Therefore, this model required

appropriate correction, which was the one of main goal to solve of this problem in

dissertation.

The dissertation has 109 pages and consists of an introduction, three chapters,
list of references and an appendix. In the first chapter, the heat polynomials and
special function methods and their properties are introduced. In the second part,

applications of heat polynomials and special functions are considered. In the last
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section, similarity solutions of one and two phase Stefan problems with temperature
dependence coefficients are discussed. Next, the mathematical model of a short arc
at the blow-off repulsion of electrical contacts during the transition from metallic
phase to gaseous phase is presented. This problem has been solved using similarity
principle. The author's achievements are listed and commented on in the
conclusions.

The dissertation is written in correct English. The presented material is carefully
selected and commented on. The work is relevant and contributes to the

development of the scientific speciality Mathematical and Computer | Modeling and

is of great practical importance.

The PhD thesis fully meets all the requirements for a doctoral dissertation. The
student Nauryz Targyn has demonstrated a high level of professionalism and
English proficiency. The work deserves "excellent" in my opinion. Therefore, if
Nauryz Targyn successfully defends his doctoral dissertation, he fully deserves the
academic rank of the PhD in the specialty 6D070500 - Mathematical and

Computational Modeling. I strongly recommend this dissertation for defense.

Prof. dr hab. inz. Bogdan Miedzinski Dr hab. Inz. Marcin Habrych, prof.

Kierownik
Katedry Bnergoelektryki

¢t )i
drhab. inz F h, prof. uczelni

Head of Electrical Power Engineering

Emeritus Professor
Department

Wroctaw July 13th 2021
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HHCTHUTYT MATEMATHKH H
MATEMATHYECKOr0 MOAEJIHPOBAHHS

Kazaxcknii naunonanbhbiii ynusepcuter umenu Anp-®@apabu
r.Aamarnl, Kazaxcran

OT3bIB

Ha JIOKTOPCKY10 ancceprauuio "Meroa TenioBbIX MNOJHHOMOB H
cneunanbHbix (yHKUMiT A8 33424 TeNJI0NPOBOAHOCTH B 001aCTAX CO
¢BOOOAHBIMK rpaHiuaMu 1 ux npumenenue" Haypeiza Tapreina
ATanOexoBHYa, aCMMpaHTa COBMECTHOIT 0Opa3oBaTeNbHONH MPOrpamMmbl
Kasaxckoro naumonansHoro yuusepcutera nmen Anp-®apabu n
I/IHCTHTyTa MAaTEMATHKH H MATEMATHYECKOIO MO}le.HHPOBaHl/lﬂ
(cneunansHOCTh 6D070500- MaTeMaTHYECKOE U KOMITBIOTEPHOE

MOZIeJIHpOBaHHE)

OCHOBHOIT UeJIbIO AnccepTauni siBisiercst pa3paboTka HOBBIX H
TpedyeMbIX M0 TOYHOCTH U MPHOIHIKEHHBIX aHAJIMTHYECKHX METOI0B
peLIeHns 3aaa4 TernioMaccoodmena ¢ ha3oBpiMH Npeodpa3oBaHHAMH
BeutecTBa. OHH OCHOBaHbI HA UCTOJIL30BAHHH TETUIOBbIX MMOJIMHOMOB U1
WCCIIeN0BAHUA JUHAMMKH U BEJIMYHHBI 9PO3HH JIEKTPHUECKHX
KOHTaKTHBIX CHCTEM HM3KOBOJILTHBIX yCTpoiicTB. O6bem pabot

BKJIKOYAECT:

o aHann3 >QPeKTHBHOCTH METOJA TEMIOBbIX MOJHMHOMOB H
crieuHanbHbIX QyHKUANH,

e oueHka NpubIKEHHOrO PeLeHHs BapHaLIHOHHO-
KOJIJIOKALIHOHHBIM METOJIOM;

e HaxoxaeHHEe KOd(PDHLMEHTOB AHHeHHOH KoMOUHaLKH
crieuHanbHbIX (GyHKLHI (MHTErpanbHoit Gy HKUHKM OWHOKH,
noaHOMOB Jlareppa 1 KOHrpyIHTHOII rHNepreoMeTpHIecKoii
(byHKLUI) 1 TEMJIOBBIX NOJTIHOMOB, KOTOPbIE arpHOPH
yI0BAETBOPSIOT TEMIOBOMY Y PAaBHEHHIO;
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® pewenne  onHo- wu  gByxdasHoii  3amaun  Credama  C |

KoahpuLeHTaMH TemmepaTy pHOIT 3aBHCHMOCTH; ’
® cBeneHHe  auddepeHUHanbHOro  ypaBHeHMS € YaCTHBIMI ‘i
MPOH3BOAHBIMH K 00ObIKHOBEHHOMY HEJIMHEHHOMY |
MnddepenunanbHomy ypasHEHIIO BTOPOro Mopsiaka no npHHLHMY |
nonodus.

OTH 3a1a4M MMEIOT MNpAKTHYECKH BAXHOE 3HAYEHHe NpH aHalH3e
TEMJIOBOrO  BO3AEHCTBHA HAEKTPMUECKOW AyrH, BO3HMUKAOLIEH npit
Pa3MbIKAHHUHM  KOHTAaKTHOH rpynmbl. Maremaruueckoe MONENUpPOBaHHE
3JIEKTPUYECKOH AyrH OYeHb BaKHO ISl MOHHMAHHSI €€ AHHAMMKH 1
OLEHKH MapamMeTpoB MNyrH, MOCKOJIbKY 3KCMEpHMEHTalbHbIE METO/bI
Zlal0T, KaK MPaBHIIO, TONLKO HTOrOBYH0 MH(MOPMALMIO O Ayre W AyroBoii
5pO3HH.  DTO  CBA3AHO CO  CHOKHBIMH  npoOseMamil  B3aHMHOTO |
B3aUMONEHCTBUS  (PU3HUECKHX SIBJIEHHH, NPOHCXOASLINX Kak B 30HE
KOHTaKTa, TaK M BHYTPH CamMOro marepuaia KOHTAKTa, OCOOEHHO B
NEepexonHbIX  mpoueccax  ayrosoro  paspsma.  OOwme  mozeni,
OMMUCLIBAIOLLME SIBACHHMS BHYTPH JyroBoiH mia3mbl, OCHOBaHbI Ha
cucremax aupdepeHUnanbHbIX ypaBHEHHIT MarHHTOrHAPOAMHAMMKH c|
YaCTHbIMM TMPOU3BOAHBIMH. Jlyra, BO3HHKAIOLIAsl TIPH  OTTANKHBAHMII |
Pa3OMKHYTOrO ~ KOHTakTa, HMeeT  crieudpuueckne  0COOEHHOCTH,
00y CAOB/IEHHbIE HJEKTPOMATHUTHBIM JIABJEHUEM M JIaBJEHHEM MapoB
MeTtayiia. M3sectHas u3 JIUTEPATYpbl HECTALHOHAPHAA MOAC/Ib AHHAMHKII
OTTaJIKMBAHMsl KOHTAKTOB HMeeT aABa HexocTaTka. Bo-nepsbIx, B 3TOil
MOJENH HET TEerJOBOrO YpPaBHEHHS OyrH, a BO-BTOPbIX, BCE
K03 (PULMEHTbI B MOJE/H, TAKHE KAK TEMIO- H JJIEKTPONPOBOAHOCTD,
UCTOUHMKH Temaa, TErIOeMKOCTb M T.A., CUHTAIOTCA MNOCTOSHHLIMH
OxHako, 0coOeHHO st OOMBLIMX 3HAYEHHMH TOKA, 3HAHHWE 3aBHCHMOCTH
Bcex ITHUX KO(HLHEHTOB OT TEMMepaTypbl OueHb BakHO. [TosTomy
faHHas Mojedb TpeGoBana COOTBETCTBYHOWENT KOPPEKLiL, 4TO 1 ObLIO |
OJIHOIT M3 OCHOBHBIX L€l PelleHiis IaHHOli NpoGaeMbl B AHCCepTaLUi ‘

l

Jlucceprauust coaepkut 109 CTpaHuLL H COCTONT H3 BBEACHIIS, TPEX [1aB,
crucka JWTepaTypbl M MpuioxkeHus. B nepsoil rnase rosoputes o
METonax TersoBbIX MOJMHOMOB 1  CHEUHaibHbIX  (yHKUHi 1 HX |
cBoiicTBax. Bo BTOPOIl 4ACTH PACCMATPHBACTCA MPHMEHEHIIE TEIUIOBBIN |
MONMHOMOB 1 crietnanbhbix QyHKunii. B nocaeanem
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paszene obcysKnarTes petenns no noao6uio onHO- 1 ABYX(hasHbIX 3a1a4
Credana ¢ kosduunentamu Temneparyproii 3asncumocty, [lanee
NPEACTAB/ICHa  maTemMaTHYeckas  MOZeJdb  KOPOTKOH — Ayri  MpH
[TPOYBOYHOM  OTTANKHBAHWM 3JIEKTPHYECKHX KOHTAKTOB BO BpEMs
repexofa 13 metannnueckoii paspl B ra3oobpasHyto. Ita 3amaua Obuia
peweHa ¢ nomowblo npuHunna nonodus.  JlocThxkenus  aBTopa
NEPEUNC/IeHbl H NPOKOMMEHTHPOBAHBI B BbIBOAAX.

Jlucceprauys HampcaHa Ha  AHCAMICKOM  s3bike. [IpencTaBieHHbIi
marepHal TLaTeJbHO 0TOOpaH H MPOKOMMEHTHPOBAH. PaboTa akTyaJibHa,
BHOCHT BKJIQL B Pa3BUTHE HAY4YHOI CHEUHATbHOCTH "MareMaTH4eCcKoe H
KoMmnbloTepHoe | monenuposanne” 1 umeer 060JbiIOe NpaKTHYECKOe

3HA4YCHHEC.

JIokTopcKasi AMCCepTaLus MOJNHOCTbIO OTBEYACT BCEM TpeboBaHHsM,
MpeabsiBIsSEMbIM K AOKTOPCKMM AHCCEPTALIHAM. Crynent Haypbi3 TapreiH
NPOAEMOHCTPHPOBAI BBICOKHIT yPOBEHD npoeccHOHaNM3Ma 1 BIAAEHNS
anraniickum asbikom. TTo Moemy MHeHmto, paboTa 3acily KHBAeT OLCHKH
"oranuno”. Takum obpasom, ecin Haypbis Tapreid yCrnewHo 3atiThT
JIOKTOPCKYIO ANCCEPTALIIIO, OH BMOJHE 3aCHyKHBACT y4YEHOro 3BaHHs
JIOKTOpa HayK [10 CHELHANbHOCTH 6D070500 - MaremaTnieckoe H
KOMTbIOTEPHOE MOAEIMpOBaHie. Sl HACTOATEbHO PEKOMEHAYIO JNAHHY1O0

auccepTaumto K 3ALLNTE.

Ipod., dr hab. inz boraan Dr hab. Inz. Mapuun Xa0pux,

MH/BHHCKHI npo¢

[noonucy/ /noonucs/

[TouetHblii npodeccop Juemann/
3aBeny oMt kagenpoii
HAEKTPOIHEPreTHKH

Bpouuias, 13 nions 2021 rona




PecnyOnuka Kasaxcran, ropoa Anmare,

JBenanuaroe anpesns ABe ThICAUM ABAALATH BTOPOro road. B

[lepeson Tekcra NOKyMEHTa C aHIJMACKOro A3bIKa Ha PYCCKHH A3bIK BbanﬂH:ﬂH
nepesoaiukom Jlxymaranuesoin Onbroi YK ekeHOEKOBHOM, 12.02.1990 roaa poKACHHA,
MHH 900212400374 5 ropone Anmarsi, PecryGanka Kasaxcrat
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PecryGuka Kasaxcran, ropoa Anmarsl,
JlBenanuaroe anpens aBe ThicAYM ABAALATE BTOPOTO rozaa. el nan
S, Bynrankynos VYpken baxpimkaHoBHt, HOTapHyC rngAa AﬂMa}f\}:l 17OIT;}’502 -
Kasaxcran, aecrsyiomwmnid Ha 0CHOBAHHH rocyapcTBeHHOH nuuemnfn 0 Ka;axCTaH
11.07.2017 rona, sbimannodt MHHUCTCPETBOM K)fTMLlHH Pecnyom}i:d Ma.—aﬂ”egor;
CBHIETENbCTBYIO MOMAJUHHOCTb TMOANHCH, cleJIaHHOH nepeBoA4YHKOM 4% el b
Onbroii  JKekenGexoBHoM, KkoTOpas caenaHa B MOEM TMPUCYTCTBHH.
MEPEeBOTUMKA, YCTAHOBJICHA, 1eecriocoOHOCTh U OJTHOMOYHs TTPOBEPCHBIL.
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B3bickanQafaens ;
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