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Review of the scientific consultant for the dissertation work of Alpar Sultan Duisenuly
“Development of Machine Learning for Finding a Complex of
Thermophysical Parameters of a Heterogeneous Medium™

Knowledge of the soil thermophysical properties is an important part of the assessment of soil
energy balance. This PhD thesis deals with the estimation of these parameters such as the thermal
conductivity, the heat specific heat capacity, density, and surface heat transfer coefficients of two
different materials, which are sand and chernozem. The thesis is well-organized and well-thought,
presenting a detailed study of numerical modelling of heat transfer problem in soils. It starts with a
comprehensive literature review, followed by the detailed mathematical model of nonlinear heat
diffusion transfer equation and extensive numerical simulations. In this work, the candidate proposes a
methodology to solve an inverse nonlinear heat conduction problem. The direct problem of heat
conduction is solved by backward Euler time scheme combined with finite difference approach.
Computation of the sensitivity coefficients by direct differentiation of the governing equations enables
to verify the practical identifiability of the unknown parameters. Levenberg-Marquardt iterative
algorithm to minimize the least square estimator. The Levenberg-Marquardt method is the combination
of the steepest-descent and Gauss-Newton methods. In addition, the discrepancy principle is used to
stop iterative procedure for Levenberg-Marquardt method. Estimation of thermophysical parameters is
performed using the temperature data obtained from experimental set-up. Experimental set-up is two-
chambered container for two soil types. Experimental observations help the candidate solve the
parameter estimation problem and evaluate the reliability of the calibrated model. A first set of
experimental data is used for estimation of parameters. Another set is used for comparison of numerical
results of the calibrated model with the experimental data as a robustness analysis. The results highlight
that the algorithm is efficient and fast to obtain the solution of the inverse heat conduction problem. The
estimated parameters are in accordance with literature values. The reliability of the calibrated model is
satisfying with a discrepancy between numerical predictions and experimental observations remaining
within the measurement error. The described method allows non-destructive practical application for
estimation of thermophysical properties in real field problems. Further research should focus on
extending the methodology for more complex physical models including coupled heat and mass transfer
in porous materials and implementation of the algorithm in real field conditions.

The candidate has shown that he can carry out high-quality independent research with multiple
publications published or accepted in international journals and international conferences. Among the
many publications, one is indexed in Web of Science and Scopus. From the presentation and discussions,
I believe that the Sultan Alpar has in-depth knowledge of the subject area and can answer my questions
with confidence and in-depth knowledge. Thus, this PhD Thesis is recommended for the award of the
PhD degree.

CNRS Tenured Associate Scientist,
PhD Julien Berger
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JluccepraltHoHHOMY COBETY
Mesy HapOAHOTO YHHBEPCHTETA
HH(GOPMAMOHHBIX TEXHOJIOTHH

OT3bIB HAYUHOTO KOHCYJIbTaHTa 110 ccepratonnoii padore Ananap Cynrana Jlyiicenybt
“Pa3pabotka METOJ0OB MaUIMHHOrO 00YUEeHH S ISl TIOHCKA KOMIUICKCA TEIIOPHIHUECKHX T1apamMeTpoB
HEOAHOPO/HOI cpetbl”

3HaHHe TEIIO(H3NUECKHX CBOIICTB MOYBBI ABJIACTCS BAKHOMH YACTHIO OLEHKH SHEPreTHYECKOro
Oasanca nousbl. Jra KanJuJiarcKkas JiMccepraums  rnocpsauicHa OIICHKE TaKHX IlapaMCTpOB, KakK
TCIJIONPOBOJAHOCTL,  YJICJAbHAsA  TCIUIOCMKOCTbL, [UJIOTHOCTH H KO3(I)(I)HI[HCHTH l]OBCpXHOCTHOﬁ
TEMONEPE/iaun JIBYX pasHbIX MATEpPUAIOB: Mecka 1 yepHosema. Jlucecepranus Xopouio opraHn3oBaHa
M mpojyMaHa W npejactaiaser coboii AeTaibHOe HCCAe[0BAHHE HHCICHHOIO  MOJICIMPOBAHHS
npoGuembl Tenuonepeaaun B nousax. OHa HauHHACTCS €O BeecToponHero ob3opa JuTeparypsbl, 3a
KOTOPLIM CJIeIyeT MoApoOHas MaremMaTHUYeckas MOJIC/b HEJANHEHHOro ypasienus tenaoanddysin u
o0wHMpHOe vHCJIeHHOe MoAeaHpoBanne. B pannoii pabote kaHAMaAaT NpejularaeT MeTO10JI0NHIO
pewienust oOpaTHOM HenMHeiiHO 3aaauun Tenuonposojanocth. [lpamas 3anaua TEnIONpPOBOAHOCTH
peliaeTest ¢ MOMOULbI0 00paTHOIl BpeMeHHOI cXembl Diifiepa B COYCTAHHH C METOJOM KOHEUHbIX
pasnocteii. Boiuncnenne kKod3pPUUMEHTOB HyBCTBHTEALHOCTH I1yTeM NpsaMoro anddepenunposanns
OCHOBHBIX YPaBHEHHIi MO3BOJSET MPOBEPHTH MMPAKTHUECKYIO HICHTHOUUMPYEMOCTh HEH3BECTHbIX
napametpoB. MTepaunonnbtii  airoputm JlesenGepra-Mapksapara Uil MHHHMH3AUMH - METO/IA
HauMeHbLIUX KBaapaToB. Metoa JleBenbepra-Mapiksap/ira npeictasiser coboii KoMOHHALHMIO METOAA
nauckopeiiuiero crycka u meroja "aycca-Hpiotona. Kpome TOro, npuHLMI HEBA3KH HCTTONB3YeTCA JUIS
OCTaHOBKH MTEpalMOHHOI npoueaypbl Metoja Jlesenbepra-Mapksapara. Ouenka tennodu3nuecknx
napamMeTpoB MPOBOAMTCS [0 TEMMEPATYyPHBIM JIAHHBIM, MOJNYUYEHHBIM HA HKCHEPHMEHTALHOM
yCTaHOBKe. DKCIepHMEHTAIbHAS YCTAHOBKA NPEJCTaBAACT OO0 /IBYXKaMepHbIi KOHTeliHep uls ABYX
THMOB FPYHTOB. DKCHEPHMEHTAIbHBIC HAOTIONCHHS OMOTAIOT KAHAMIATY PEIINThH 3ajauy OUCHKH
fapamMeTpoB H OLEHHUTb HAJEKHOCTh KanOpoBanHoii moaesu. Ilepsuiii HaGop HKkenepiMeHTaIbHbIX
JIaHHBIX MCnosb3yeTes JUist oleHkn napamerpos. Jlpyroii nabop wuenonwsyercs uisi cpaBHEHHSs
YMCJICHHBIX Pe3y/bTaToOB KaIMOPOBAHHON MOAENIH € DKCNEPUMEHTANLHBIMH JIAHHBIMH B KaueCTBE
aHasIM3a yCToiunBOCTH. Pe3ynbTarhl OA4EPKHBAIOT, YTO aNrOPHTM PeKTHBEH 1 ObICTp LISt peleHist
o6paTHOli  3aJauM  TEMIONPOBOAHOCTH. PacueTHble napameTpbl COOTBETCTBYIOT JIHTEPATYPHbIM
3HadeHusiM. HaexnocTs kanuOpoBaHHONH MOJIENH YJOBJIETBOPHTE/IbHA, TIPH HTOM  PacXOXkIAEHHE
MEJULY UMCIEHHBIMH TPOrHO3aMH M DKCIIEPHMEHTAIBHBLIMH HAOJIIOICHHSIMH OCTAaeTCsl B Npejeax
MOrpeiHocTH  M3MepeHnit.  OnucaHHblii  METOA  JIONYCKAET  HEpa3pylIAlonee  MpaKTHYECKoe
MpUMEHEHHE JUTs OLEHKH TErloH3HUECKHX CBOMCTB B pEalbHbIX MONEBLIX 3ajauax. JlanbHeiime
MCCIeI0BaHMS IOJKHBI ObITh HArNpaBieHbl HA PaCIIMPEHHE METOJONOrHH Uit Gosiee CIOKHBIX
(m3nueckuX Mojenei, BKIIOYas COBMECTHBIH TEIIO- H MACCONEPEHOC B MOPHCTBLIX MaTepHaiax, |
peain3aimio aropuTMa B peasibHbIX M0JIEBbIX YCJIOBHSX.

Kauauaar nokasai, 4To OH MOXET MPOBOJHTL KAUECTBEHHBIC HE3ABHCHMbIE HCCIIEOBAHMS C
MHOFOYHCJICHHBIMH  NyOMKaUMsAMH, OMyOJHMKOBAHHBIMH MM MIPHHATBIMH B MEXK/ly HAPOHbBIX
KypHalaXx M Ha  MEKILYHapOAHBIX  KOH(epeHuusx. Cpenn MuokectBa  nyGnnkaumii - ojna
unzekcupyercea B Web of Science 1 Scopus. Cy/ist MO npe3eHTanu  06CyKACHHSM, 5t CHHTAIO, HTO
Cynran Annap o6najaer riayGoKMMH 3HAHHAMH B PEAMETHOI 001aCTH H MOXKET € YBEPEHHOCTHIO H




rYOOKHMH  3HAHWAMU  OTBETHTH Ha MOM Bompochl. Takum 0GpasoMm, jaHHas JHCCEpTALHs
PEKOMECHYETCS K IIPHCYHJICHHIO yueHoii cTereny aokTopa dunocoduu (PhD).
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