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of the scientific advisor for the dissertation thesis submitted by
Yerzhan Kenzhebek for the degree of Doctor of Philosophy (PhD)
in the specialty 8D06103 — Computer Science entitled

"Physics-Informed Machine Learning for Modeling Oil Displacement Problem™

This report is presented to certify that the doctoral student, M. Yerzhan Kenzhebek, has successfully
fulfilled all the requirements needed for the Ph.D. degree conferment.

Overview and Objectives of the Study

The dissertation by Yerzhan Kenzhebek presents a new study on using machine learning methods
based on physical laws to model oil displacement in porous rocks. The work focuses on improving
traditional models that describe how water displaces oil in underground reservoirs, using two neural
network approaches: Physics-Informed Neural Networks (PINN) and the Physics-Informed
Kolmogorov—Arnold Network (PIKAN). The goal is to develop a model that can predict both
saturation and pressure at the same time, which is important for realistic reservoir simulations with
limited available data.

The dissertation consists of an introduction, three main chapters, and a conclusion. It presents a
detailed study based on numerical modeling using neural networks, without relying on commercial
simulators. The work focuses on solving the Buckley—Leverett problem through advanced physics-
based machine learning methods and includes a series of structured experiments comparing PINN
and PIKAN models. The author published the results in peer-reviewed journals and presented them
at international conferences, which confirms the scientific relevance and the practical potential of the
proposed methodology for improving the accuracy of reservoir modeling.

Key Achievements

One of the main results of the thesis is the development of the PIKAN model, which needs far fewer
parameters than the usual PINN model but still gives accurate results. The author also shows that
adding artificial diffusion and adjusting the weights during training improves the precision of
predictions. The model's performance was tested in multiple experiments and compared with known
analytical solutions, which confirms the reliability of the proposed method.

Observations and Recommendations

The thesis is well structured and clearly written. It shows that the author understands both the
physical processes and the logic of machine learning. The results are convincing and supported by
presentations at international conferences and scientific publications. Although the models work well,
there are still some small limitations, such as minor drops in accuracy in some cases. In the future,
the training process could be further improved using automatic tuning methods.
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Evaluation of Relevance, Novelty, and Practical Value

This research is highly relevant, as the modeling of multiphase flow plays a crucial role in addressing
significant engineering challenges, particularly in the areas of oil recovery and groundwater
management. In his dissertation, Yerzhan Kenzhebek proposes methods for solving oil displacement
problems using physics-informed machine learning techniques, specifically PINN and PIKAN. The
work aims to enhance classical theories of oil-water displacement through numerical modeling and
advanced computational approaches.

The scientific novelty of the dissertation lies in the application of these machine learning methods to
the classical Buckley—Leverett model. The study effectively addresses the problem of modeling
coupled pressure and saturation fields. The author evaluates the performance and adaptability of
both approaches and shows that PIKAN allows a strong reduction in model complexity without losing
accuracy.

The experimental results confirm the comparative effectiveness of the two methods. The findings
show that the PINN approach reduces the mean relative L2 error by 27.86% for saturation prediction
and by 44.4% for pressure prediction. Additionally, the PIKAN architecture led to a 15-fold reduction
in the number of trainable parameters, which improved the efficiency of the model's setup. These
results support the scientific soundness and practical potential of the proposed methods.

Conclusion

Overall, the dissertation is carried out at a high academic level. The methods are well explained, the
experiments are solid, and the results are useful for both theory and practice. Yerzhan Kenzhebek’s
work meets the expected standards for a PhD thessis. It offers a meaningful contribution to current
research in the field and can help improve modeling tools for oil reservoir studies. | recommend the
dissertation for defense.

Irina PANFILOV %,‘

Scientific Advisor for the Dissertation

Professor, ENSG ~ LEMTA (UMR7563) — University of Lorraine,
Responsible for specialty “Geology Energies & Reservoirs Engineering” of Master STPE,
Tel.: (+33)3 7274 42 78, irina.panfilova@univ-lorraine.fr
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Kensxebek Eprkannbi 8D06103 — Komnbioteprik reuibivaap 6iim Gepy
Oarapnamacs! 6ol unocopus oxropsr (PhD) nopesxecin ajy yuris
YCBIHbUIFaH
“MyHaii bIFBICTBIPY ecein MoJe b/iey YiliH (PM3HKAFa Heri3ae/reH
MAaIIMHAJBIK OKbITY”

TaKBIPBIOBIHIAFBI MCCEPTALHSITBIK ’KYMBICBIHA FBIJTBIMH KEHECIIIHIH

MIKIPI

Byn nikip moxtopant KemxeGex Epxannsin PhD popexecin amy ymin kaxerri
OapIIBIK TaNanTapIBl COTTI OpBIHIAFAHBIH pacTay YIIiH YChIHBLIA IBI.

3epTTeyain mwoybl Men MaKcaTTapsbl

Kenxebex EpxaHHBIH AUCCEPTALMANIBIK  JKYMBICHI  (DH3MKAIBIK  3aHaapra
HETI3/Ie/IreH MALIUHAIBIK OKbITY SMiCTepiH NaiiflaNlaHbIN, KeyeKTi OpTajarbl
MYHaHIBIH BIFBICYBIH MOJIETBIEYTe apHaIFaH XKaHa 3epTTeyui ychIHazpl. JKyMmeic,
JKEPACTb! KAOATTAPbIHAAFBI CYIBIH MyHali /bl Kaail BIFBICTHIPATHIHBIH CUIIATTANTHIH
JCTYpITi MOZENbAAEPAi JKeTingipyre 6arbrrranran. By yirin exi HENPOHBIK el
omici KonjgawbUIlFaH: (U3MKara Heri3fenreH HeHPOHIBIK JKeji (PINN) xone
¢u3nkara wuerisnenren Kommoropos—ApHomsa kemici (PIKAN). 3eprreyain
MaKcaThl — KaHbIKTBUIBIKTbI 113, KbICBIM/IbI 1a 61p yaKbITTa G0JDKaii aaThiH MOAEb I
a3ipriey, OyJ1 meKTeysTi KOMKETIMA AepeKTep XKaFIaifbIHaa pe3epByapbl WIBIHANbI
MOJIEJIb/ICY YIIiH MaHbI3/Ibl OOJIBIN TaObLIAIbL.

Huccepraims KipicnezieH, YII HETisri TapaylaH jKoHe KOPBITBIHABIIAH Typazsl. O
KOMMEPUHSIIBIK CHMYJISATOPIIAp/b! TMaiaanantai, HeHpoHIBIK XKeminepai Koigana
OTBIPBII, CAH/IBIK MOJIEBEYTe HEri3/eNIreH erKel-TerKeli 3epTTey 1 yehHabI.
JKymeic (u3nKara Heri3feNreH MaIIHHATIBIK OKBITYABIH O3BIK diCTepi apKbLTbI
baxiu-JleBepert Mocenecin menryre OarbiTTanraH JxoHe PINN men PIKAN
MOJENbIEPIH CAIbICTBIPATLIH KYPHUIBIMBI SKCOEPUMEHTTEDP CEPUSACHIH KAMTH/IbI.
ABTOp  HOTHKEJEpiH peleH3MIaHFaH OKypHAIZApaa JKapusulambl  jKoHe
XalbIKapajiblK KOH(epeHuusIapAa YCbIHABL, Oyl YCBIHBUIFAH oJicTeMeHiH
pesepByap MOJENBACYIHIH IOJJIIriH JKAaKCcapTy YUIH FBUIBIMM ©3eKTUIr MeH
NPaKTUKAJIbIK dJICYETiH pacTai/ibl.

Herisri skericTikTep

Hucceprauusnbiy,  Herisri morwkenepidin Gipi — nectypai PINN  mopenine
Kaparania snjeKalza a3 mapameTpiepai KaxkeT eTeTiH, Oipak Doy HoTwkenep



eperin PIKAN mMozeninin a3ipnenyi. Arop conpaii-ax xacammbl auddysus Kocy
JKOHE  OKBITY — Ke3iHJe canmakrapabl perrey  GoipkaMmapiblH — JQJIAIriH
KaKCApTaThIHbIH KepceTeal. Mopenbaiy eHiMALIIr KenTereH 3KCrepuMeHTTEP/IE
CHIHAJTBII, O aHAIUTHKAIIBIK IIeTTiMIEpMEH CaJIbICTBIPBUI/IBI, OYJI YChIHBUIFaH
QIICTIH CEHIMZLIITIH pacTaiisl.

bakbuiayiap MeH ycbIHbICTAp

Jluccepranusl KYPBUIBIMABIK JKaFbIHAH JKaKChl YiBIMIACTBHIPBUIFAH JKOHE AHBIK
Kasputrad. On aBTOPABIH (PUBMKAIBIK TPOLECTEPAl A€, MalIMHAIBIK OKBITYABIH
JIOTHKachIH J1a TYCIHETiHIH Kepcereni. HoTwxkernep ceHiMII jkoHE XalbIKapallbIK
KOH(epeHLusIapaars! 6asHaManap MeH FhUIbIMH JKapHsUTaHbIMAAPMEH pacTajlFaH.
Mozenbiep akchl JKYMBIC icTece e, Kelbip jkapmaiimapma IOITIKTIH a3zar
TOMEHZEyl CHAKThl yCak Iluekreyiep oii ne Oap. Bomamaxra OKbITY YaAepiciH
aBTOMATTHI OanTay 9icTepiH KoJIaHy apKbUIbI OfIaH api JKeTinaipyre 6onamibl.

O3eKTiNiK, JKAHAJBIK JKoHe MPAKTHKAJIBIK KYHABUIBIKTHI 0arajay

Byn 3eprrey oTe e3ekTi, cebebi kem (aszaibl arblHABI MOLEIBJACY MaHbI3/bI
MHIKEHepJiK MiHeTTepAi ely/e Wenlyui pes arkapajibl, dcipece MyHail oHJipy
JKOHE JKep AacCThl CynapelH Oackapy caranapbIH/Ia. Kemxebex Epxan e3iHix
juccepranusibiK skympicbinaa PINN sxone PIKAN olicTepiH KOJNJaHa OTBIpPHIM,
(br3mKara Heri3neNnreH MalHHATIBIK OKBITY TICUIEPL apKBLIbI MYHa (bl BIFBICTBIPY
MoceNeciH [IENTyldl YCBIHAMIBL. Byn okyMplc MyHall Me€H CYIABIH BIFBICYBIH
CHMATTANTHIH K1aCCHKAIIBIK TEOPHSIIAP/bl CAHIBIK MOZENB/ICY KIHE JKETUIAIpiren

ecenTey oicTepi apKbLIbl 1aMBITyFa OaFbITTaIFaH.

JluccepTaAAHbIH FHUTBIMH JKAHANBIFbI — ATajFaH MAUMHAJIBIK OKBITY amicTepin
racerKanbik Baki-JleBepeTT MOJeTiHe KOMAaHybIHIa. 3epTTey KaHBIKTBUIBIK MeH
KBICBIM opicTepiH Gipiecin MOZEMbAEY MICENecH THIMAL IHEIen. ABTOp €Ki
oficTiH ne eHimaiiiri MeH GeiiMAerilITIrIH Oaranaii/ipl JKoHe P.IKAN TONIKT
KoFaTHail Moenb KYpAETLMINiH aTapibikrail asaiTyFa MYMKIHAIK OeperiHin

KepceTei.

DKCIePUMEHTTIK HOTHXKENEP eKi QJCTIH CaJBICTHIPMANIbl THIMALIIIIH pacTai/bl.
Hormxkenep PINN ofici KaHBIKTBUIBIKTEL GomKayaa oprailia CajbiCThIpMaisl 2
Karenirin 27.86%-Fa, ajl KbICHIMIbI Gomkayna 44.4%-ra a3aiiTaTbIHbIH KOpCeTei.

CoHpIMeH Karap PIKAN apxHTeKTypachl OKBITBUIATBIH napar\fle'Tpnep caHbIH 15 ece
a3alopIHa MYMKi;-IJliK 6epxi, Oy Moze/bAi GanTayIbiA THIMALIIFIH apTTIPAEL. by



ORI Py CHIIELIEOH QMICTEPAIH FBLIBIMH HETI3ALIIr MEH MpaKTHKABIK aJieyeTiH
KOJI Qi b,

KopbITBIHABI

Kanmbl  anraHna, auccepTanMsuIBbIK JKYMBIC JKOFapbl aKaJeMUsIBIK JIeHreiie
OpbIHJANIFAH. OJICTep JKAKChl TYCIHAIpUIreH, SKCIIEPUMEHTTEp HAaKThl JKoHE
HOTHOKENIEp TeOpusi MeH Taxipube ymrin maiinansl. Kemkebek EpskaHHBIH JKYMBICHI
PhD ymccepranmsceina KolfbuiaTii TamanTapra TobIK coiikec Kenesi. by seprrey
OCBI cajla/iarbl FBIIBIMFA MaHBI3/BI YJIEC KOCHIN, MyHail pe3epByapblH MOJEIIbIEY
KYpaJiapblH JKeTu1aipyre keMekreceni. JluccepranusiHel KOprayra yChIHAMBIH.

Npuna [TAHOUIJIOBA /Kombl/
JluccepTalusiHBIH FBUIBIME KeHECLIic

ITpodeccop, ENSG — LEMTA (UMR7563) — Jlorapunrust YHUBEpCHUTETI,
STPE wmaructparypa Oaraapnamacbinbi “T'eonorus, Dneprusi sxoHe Pesepyap

WHKUHUPHHTI” OaFbIThIHA JKaYarlThI
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