AHHOTAIIUA K JUCCEPTAIIMOHHOM PABOTE HA TEMY «AHAJINTUYECKHE
BbIPA’KEHWA PEHIEHAA OBPATHBIX 3AJTAY /151 KOHBEKTUBHOI'O
YPABHEHUA IIEPEHOCA TEIIUVIA U BJIAI'M B MHOI'OCJIOUHBIX CPEJAX»

B npesicraBiieHHoM quccepTallMOHHOM paboTe, BhimomHeHHOH KaHauaaroM PhD, Cununeit
AprémoMm BurtanbeBuueM B pe3yinpTare oOydeHHss 1O 00pa30BaTeNbHOW Iporpamme
noktopantypel  8D06103 «Marematnueckoe W  KOMIIBIOTEPHOE MOJCIMPOBAHUE» O]
pykoBoncTBoM Jloktopa ¢usuka-marematuueckux Hayk, [Ipodeccopa Ilxomnsr ITpuxmamnoii
Marematuku, AO «Ka3zaxcrancko-bpuranckuii TexHuueckuii YHuBepcuTeT», PhicOaiyb
bonatoeka u [okropa ¢unocodpuu (PhD), Ilpodeccopa IMomurexHuueckoro YHUBEpCUTETA
Munana, Antonno KamcoHu, oTpakeHbl OCHOBHBIE PE3YyJbTaThl HAyYHO-HCCIIEI0BATEIbCKOU
paboTtsl qoktopanTa Ha 106 cTpaHuiiax meyaTHoOro Tekcra. Jluccepranuonnas paboTa COCTOUT U3
BBEJICHUS, TPEX OCHOBHBIX pa3/EJIOB, 3aKJIIOUEHUS, CIHCKA MCIOIb30BAHHOW JHUTEpaTyphl U
IIPUIIOKEHUN.

OOpaTHble 3a/a4yMl SIBISIFOTCS BaXKHOW OOJACThIO NPUKIATHOW MaTeMaTHKU U UMEIOT
MHO’KECTBO TPAKTHUYECKUX NPHIOKEHUH B TaKMX OONACTSIX, KaKk reodu3uka, WHKCHEpUS WU
MEAMIIMHA, YTO OTPaXEHO B pasjieie BBEACHHs, KOTOPHIH Takke MpPEeICTaBIsAeT OOIIUPHBIN
JUTEPaTypHBIA 0030p MO UCTOPUHU PA3BHUTHUS HCCieayeMoil TeMatuku. OCHOBHAS 4acTh PabOTHI
OTMKCHIBAET TOCTAHOBKY, OOBEKT M METObl HCCIENOBAHMS, a TaKK€ OCHOBHBIE DPE3YJbTaThl
pabotel. HayuHo-uccienoBarensckas paboTa JOKTOpaHTa IIOCBSILEHA OIIPEEIICHUIO
AQHAIUTUYECKUX BBIPAKEHUN AJI pelieHuss oOpaTHOM 3ajaud MyJbTU-(QU3HUYECKUX MPOIECCOB
IepeHoca Teljla U BJiard U TepMoyrnpyroi nedopmanuu. ONUCHIBA€TCS BBIBOJ TOYHBIX
BBIpQXECHUN AN ompeneneHus (U3NYECKUX MapaMeTpoB M TE€OMETPUYECKOTO KOMIIOHEHTA
MHOT'OCJIOHON Cpezbl, METOMOJIOTHS MPENJIOKEHHOIO0 alropuTMa M HKCIEPUMEHTAaJIbHbIC
BBIUMCIICHHS AJi1 anpoOalliy MOJYy4YeHHBIX BhIpakeHuUl. llpencraBieHo mocnenoBaTenbHOE
ONMCAaHUE IIpolLecca TOMOIE€HU3ALMU TPAHUYHBIX YCJIOBUH, pPENyLUPOBAHUE Pa3MEPHOCTH,
OCHOBHBIE AaCMEKThl MPUMEHEHHUS HWHTETPAIbHOTO MpeoO0pa3oBaHusl NpU TpaHchHOpMaLUU
YIOPaBISAIOLIUX OINEPaTOpOB K3 BPEMEHHON B 4YacTOTHYIO oOnacTe ompeneneHus. Pabora
MOCTYJIUPYET AHAIUTUYECKUMHU BBIKJIIAJKAMA U UX MPUMEPOM SMIIUPUYECKOTO MPHIIOKEHUS.
OcHOBHasi 3MMCTEMOJIOTHUS JIUCCEPTALMOHHOW paboThl KMMEET MPAKTHUYECKYI0 IIEHHOCTh B
OTHONIEHUH c(HhOPMHUPOBAHHON METOI0NIOTHUECKOM 0a3bl, Kak A GyHAaAMEHTaIbHBIX, TaK U IS
MPUKIIAHBIX UCCIIEIOBAHUM B Pa3IMUHBIX 00JIACTAX MaTEeMaTHYECKON (U3UKU U TPUKIATHON
MaTeMaTHKH.

HuccepraniionHass paboTa, MOCBSIIEHAa ONUCAaHUIO MOATBEpXkAAomend 0aszbl  Juid
MOJIOKEHUH, BRIHOCUMBIX Ha 3alIUTY, CPEAN KOTOPBIX BBIJECICHBI CIEAYIOIINE:

1. [lomyueHbl aHAIUTUYECKUE BBIPAKEHUS IS OMNpeAeNieHUs (U3HUECKUX U
TEOMETPUUECKUX TapaMeTpPOB paccMaTpUBAaEMOil CHCTEMBI M pa3pa0dOTaH BBIYHUCIUTENbHBIH
QITOPUTM JJIsl pellieHus] oOpaTHOM 3alauu MyJbTU-(DU3MUECKUX IMPOLECCOB TEPMO-YIPYIroro
nehopMUPOBaHUS TBEPAOrO Tela W TEIIO M BIAro-mepeHoca B MHOTOCIOWHBIX Cpenax,
cocrosmux 3 N KonuyecTBa ciIoeB.

2. Pacmmpena pa3paboTaHHass METOJOJIOTHS B OTHOIIEHWH KBa3MIMHEAPU30BAHHOM
pa3MEpHON pEIyKIMH MOJEIM aHalIu3a TEPMO-YNPYruX HANMPsHKEHUH Hapsay € TOYHBIMH
BBIPXEHHUSIMH JIJIS1 HCCIIEOBAaHUS MTOCTaBIEHHOM MaTeMaTHUYECKON MOJIEIH.

3. OOHapy>KeHBI JOMOTHUTEIHHBIE CBOMCTBA IPe0OPa30BaHHBIX ONEPATOPOB B YACTOTHON
obmacTh ¢ TOYKU 3peHUs WACHTU(UKAIUMU HyJIeH XapaKTepUCTHYECKUX TMOJIMHOMOB
OTHOCUTENIbHO TapamMeTpa 3aTyXaHus U JaJbHEHMIIero TOCTPOEHUs JAEKOMIIO3ULIUU
npeoOpa3oBaHus Ui MOCTPOCHUS TPAHCIICHICHTHBIX YPaBHEHHIA.

Hecmotps Ha 10, 4TO, NpencTaBiIeHHas AUCCEPTAIIMOHHAs paboTa SBISETCS OCHOBHBIM U
MOJIHBIM HWCTOYHHKOM, OIHUCHIBAIOIIMM TJaBHBIE HAyYHBIE PE3YJbTAaThl PaOOTHI JOKTOPAHTA,
PEKOMEHIyeTCsl TakKe MapajieIbHOEe U3y4YEeHUE CTaTed, OMyOJMKOBAaHHBIX aBTOPOM, KOTOpBIE
anpoOHpPYIOT TMOJYYEHHBIE pEe3ylbTaThl M MO3BOJISIIOT Ooliee JETalbHO O3HAKOMHUTHCS C
HCCJIEI0BATENLCKOM pabOTOM.



«KOII KABATTBI OPTAJJATBI KbIJIYBIK KOHE bIJIFAJIABIJIBIKTBIH
KOHBEKTHUBTI TEHAEYI YHIIH KEPI ECENTEPJAI HIEIHIYI'E APHAJIFAH
AHAJINTUKAJIBIK OPHEKTEP» TAKBIPBIEbI BOMBIHIIA TUCCEPTAIUSIIBIK
KYMBICBI PE®EPATDBI

¥ CBIHBUIFAH JUCCEPTAUMsIIBIK kyMbicTa PhD kanaunater Cununa AptéM ButamueBuu
8D06103 «MatemaTHKaJBbIK KOHE KOMIBIOTEPIIIK MOJCIBICY» JOKTOPaHTYpaHbIH OiliM Oepy
Oarmaprnamacel  OoifblHIIA  (DU3MKA-MAaTeMaTHKa FHUIBIMIAPBIHBIH  JIOKTOPBI, KOJAAHOAIBI
MEKTENTiH Npodeccopsl KETEKIIUIIrIMeH OKy HoTmkeciHae Maremaruka, «Ka3zakcran-bpuran
TeXHUKaIbIK yHuBepcuteTi» AK, PricOaitynbl bonarGex mneH ¢uimocodust FhUIBIMAAPBIHBIH
noktopsl (PhD), Munan moJuTeXHUKAIBIK YHUBEPCUTETIHIH npodeccopbl AHTOHHMO Karconu
JOKTOPAHTTHIH FBUIBIMU-3€PTTEY >KYMBICTApBIHBIH Herisri HoTmkenepin 106 Oerrik Oacma
MOTIHIHAE Kepcerenmi. JluccepTamusiablK JKYMBIC — KIpICIIENEH, YII  HEri3ri  OeJiMHEH,
KOPBITBIH/IBIJIAH, TIAiilaTaHbIUIFaH 9/1eOUeTTep Ti3IMIHEH KOHE KOChIMIIAIAPIaH TYPabl.

Kepi ecenrep KosgaHOanbl MaTeMaTUKAaHbIH MaHBI3/bl cajlachl OOJIBIN TaOBLIAbl JKOHE
reou3rKa, TEXHUKA JKOHE MEIUIIMHA CHSKTHI caiajapia KOeNTereH MPaKTUKAIBIK KOJIIaHyIaphl
Oap, on kipicrie OeniMiHIEe KOPCETIITeH, COHBIMEH KaTap MOHHIH JAaMy TapuXbl OOMBIHINA KEH
o/1e0METTIK IOy bl YCHIHAABI 3epTTeNyAe. KYMBICTBIH HETi3ri 0eIiMiH/Ie TYKBIPBIMIAY, 3ePTTEY
00BEKTICI MEH oJlicTepi, COHBIMEH KaTap >YMBICTBIH HETI3T1 HOTHIKEJIEepl CHUIaTTalabl.
JIOKTOPaHTTHIH FHUIBIMU-3EPTTEY JKYMBICHI )KBUTY MEH BUIFaJl aJMacy/AblH JKOHE TepMOCepIimMi
nedopMalusHbIH Kol (U3HUKANBIK TMpoIecTepiHe Kepi ecenTepl MIEHIyIiH aHATUTUKAIbIK
OpHEKTEepiH aHBbIKTayFa apHainFraH. KemkabaTTel opTaHbIH (PHU3HMKAIBIK HapaMeTpiiepiH >KoHE
IeOMETPHUSUIBIK KOMIIOHEHTIH aHBbIKTayFa apHaJfaH HAKTbl ©PHEKTEpJi WIbIFapy, YCHIHBUIFAH
QITOPUTMHIH OJ/IiCTEMEC] JKOHE aJbIHFaH OPHEKTEepPAl TEKCcepyre apHajfaH JKCIEPHUMEHTTIK
ecenreyiep cunarranfad. [lekTik maprrapAsl TOMOreHM3alMsaigay HpPOLECIHIH JIoWeKTI
CHIIaTTaMachl, OJIEMIUTIKTI a3aiiTy, 6ackapy ornepaTtopiapbIHBIH YaKbITTBIK OOJIBICTAH JKHITIIK
OOJIBICBIHA TYPJACHIIPYJEri HWHTErpaibl TYPJIACHIIPYIAl KOJNJAHYIbIH HETI3T1 acHeKTiiepl
Oepinren. XXyMmpicTa aHATUTUKAJIBIK €CETITEYIIep JKOHE OJAPAbIH SMIHPUKAIBIK KOJIIAHY MBICAJIBI
KenTipuireH. JluccepralysuiblK KYMBICTBIH HET13I1 THOCEOJIO0TMAChl MaTeMaTUKAJBIK (pru3nka MeH
KOJaHOAIbl MaTeMaTUKaHBIH OPTYPJIl calallapbIHAAFbl 1prelll JKOHE KOJIaHOalbl 3epTTeyliep
YILIH /i€ KaIbIITaCKaH 9/IiICTeMENIK 0a3ara KaThICThI MPAKTUKAIBIK KYHIBUIBIKKA HE.

JlrccepTalysuTbIK )KYMBIC KOpFayFa YChIHBIIATHIH €pesKeNIepIiH Tipek 0a3achlH CUTIATTayFa
apHaJIFaH, oJlap/IblH apachblH/1a MbIHAJIAp aTal OTUIreH:

1. KapacThIppliblll OThIpFaH KYHEHIH (U3UKAIBIK KOHE T€OMETPUSIIBIK MapaMeTpliepiH
aHBIKTAy YIIIH aHAJUTHUKAJIBIK OpHEKTep albIHAbI JKOHE KaTThl JEHEHIH TepMocepmiMIi
negopManuschHBIH koHe N-KabaTThl opTaza >KbUTy MEH BUIFAJIBIH TaChIMaJIaHYBIHBIH KOl
(bu3MKaNbIK IpolLecTepiHe Kepi ecenTep/l Melly YIIiH €CeNnTey arOPUTMI KYPaCThIPbUI/IBL.

2. XKacanran onicTeMe TYXKbIpbIMIAIFaH MaTEMaTUKAJIBIK MOJEIb/I1 3epTTeyre apHalFaH
HAKThl ODHEKTEPMEH Oipre TepMOCepIiM/Ii KepHEY Il Tajaay MOJETiHIH KBa3UCBI3BIKTHI ©JIIIeM/Il
KBICKapybIHA KATBICTHI KEHEUTUIIL.

3. XKuinik oOJBICBIHAAFEl TYPJEHIIPIICTIH ONEPATOPIAP/AbIH KOCHIMIIA KacHeTTepi
nemMndepiik mapamMeTrpre KaTbICThl CHUIIATTaMAJIbIK KOIMYIIEJIEP/AIH HOJIEpPIH aHBIKTAy >KOHE
TPAHCLEHJIEHTTIK TEHJAEYJIepAl WIbIFapy YIIH TYPJASHAIPYIIH JEeKOMIO3UIHUACHIH OJ]aH opi KYpy
TYPFBICHIHAH TaObLIAIbI.

Y CBIHBUIFAH JTUCCEPTALMSIBIK >KYMBICTBIH JOKTOPAHTBI HETI3T1 FBUIBIMH HOTHXKENEepiH
CUIIaTTayFa apHaJFaH HETi3T1 ’KoHE TOJBIK JepeKTepAiH 0omysl MiHIeTTi eMec. COHbIMEH Oipre,
aBTOP KapUsUIaHFaH MaKaJlaJlapFa KaTbICThl QJIBIHFAH HOTIDKENIEP/l TeKCepy 'KoHE TaHBICTBIPYFa
MYMKIHJIK O€peTiH 3epTTey KyMbICTapbIMEH O1pre OKy YILIIH YChIHBLIA IbI.



ABSTRACT TO THE PhD THESIS ON THE TOPIC "ANALYTICAL
EXPRESSIONS FOR A SOLUTION OF INVERSE CONVECTIVE HEAT AND
MOISTURE TRANSFER EQUATIONS IN THE FREQUENCY DOMAIN FOR

LAYERED MEDIA™

In the presented dissertation work, performed by PhD candidate, Sinitsa Artem Vitalievich
as a result of studying under the educational program of PhD 8D06103 "Mathematical and
computer modeling" under the guidance of Doctor of Physical and Mathematical Sciences,
Professor of the School of Applied Mathematics, JSC "Kazakh-British Technical University",
Rysbaiuly Bolatbek and Doctor of Philosophy (PhD), Professor of the Polytechnic University of
Milan, Antonio Capsoni, reflects the main results of the doctoral student's research work on 106
pages of printed text. The dissertation work consists of an introduction, three main sections, a
conclusion, a list of references and appendices.

Inverse problems theory is an important area of applied mathematics and have many
practical applications in such areas as geophysics, engineering and medicine, which is reflected in
the introduction section, which also provides an extensive literature review on the history of the
development of the investigated subject. The main part of the work describes the formulation,
objects and methods of the research, as well as the main results of the work. The doctoral student's
research work is devoted to the derivation of analytical expressions for solving the inverse problem
of multi-physical processes of heat and moisture transfer and thermoelastic deformation. The
derivation of exact expressions for determining the physical parameters and the geometric
component of a multilayer medium, the methodology of the proposed algorithm, and experimental
calculations for testing the obtained expressions are described. A consistent description of the
process of homogenization of boundary conditions, dimensionality reduction, the main aspects of
the application of the integral transformation in the transformed operators from the time domain
to the frequency domain are presented. The work postulates analytical derivations and illustrates
their empirical implementation. The main epistemology of the dissertation work is of practical
value in relation to the formed methodological base, both for fundamental and applied research in
various fields of mathematical physics and applied mathematics.

The dissertation work is devoted to the description of the supporting base for the provisions
submitted for defense, among which the following are highlighted:

1. Derived analytical expressions for determination of the physical and geometric
parameters of the system under consideration and designed a computational algorithm for inverse
problem of multi-physical processes of thermoelastic deformation of a solid body and heat and
moisture transfer in multilayer media consisting of the N number of layers.

2. The developed methodology has been expanded in relation to the quasi-linearized
dimensional reduction of the thermo-elastic stress analysis model along with exact expressions for
the study of the formulated mathematical model.

3. Additional properties of the transformed operators in the frequency domain are found
from the point of view of identifying the zeros of the characteristic polynomials with respect to the
damping parameter and further construction of the decomposition of the transformation for
derivation of the transcendental equations.

Despite the fact that the presented dissertation is the main and complete source describing
the main scientific results of the doctoral student research, it is also recommended to study the
research papers published by the author, which approbate the results obtained and assist in more
detailed understanding of the research work postulates.



