OT3bIB
3apy0e;KHOro HayYHOTr0 KOHCYJIbTAHTA HA AUCCEPTALMOHHY IO padoty
AxbLi0exoBa Omkaca Haypoiz6aeBuua Ha Temy: «Pa3paGorka u
HCC/IEI0OBAHNE METO10B AHAJIM3A MPOCTPAHCTBEHHBIX JAHHBIX B CHCTEMAX
TEPPUTOPHAIBLHOIO MVIAHHPOBAHUS C IPHMEHEHHEM AJIrOPHUTMOB MAIIHHHOTO
o0y4eHus»

CoBpemeHHast UMQPPOBU3ALMS TEPPUTOPHATBLHOTO IIAHUPOBAHHS Tpedyer
UCIIONB30BAHUS ~ MHTEJUICKTYaJbHBIX ~ CHCTEM,  CHOCOOHBIX  0OpabaThiBaTh
CIyTHUKOBBIE H300pakeHus, UU(POBBIE MOIENU penbeda, KaJacTpoBble CJIOM,
KJIMMaTHYeCKHe M HMHQPACTPYKTYpHBIE JNaHHble. B yClOBHMSX YCKOPEHHOM
ypbanusauuy, 3D-niaHUpOBaHMs, CIOKHON WHKEHEPHON UHPPACTPYKTYpPHI M
HEOOXOZMMOCTH ~ PAlHOHATBHOTO  HCIIONB30BAHMS  3€MEJIbHBIX  PecypcoB
3HAYUTENIbHYIO aKTyaJbHOCTh MPUOOPETAIOT aJrOPUTMbI MAILIMHHOIO OOYyuYeHHs
(ML) ¥ reonpocTpaHCTBEHHBIH HCKYCCTBEHHbBIH HHTEJIEKT (GeoAl). B srom
KOHTEKCTE JuccepraluoHHas pabora AxbuibexoBa Opkaca Hayperzbaesuua
NMOCBAIICHa pa3paboTKe MOZIE/IeH HHTEIeKTYaIbHOTO aHAIN3a IPOCTPAHCTBEHHbIX
A@HHBIX C LEJIbIO MOANCPIKKU apXUTEKTYPHO-IPaJOCTPOUTENIbHBIX PELEHUH, YTO
o0a/iaeT BLICOKOH Hay4HOMN, TEOPETUUECKOH M MPAKTUUECKON 3HAYMMOCTHIO.

O6bexkT  WccienoBaHuMsi —  CHCTeMa  HMHTEUIEKTYyaJbHOIO  aHaiu3a
IPOCTPAHCTBEHHBIX  JAHHBIX  JUId MOZIEJIMPOBAHUSI u MOI/IEPIKKH
TPaIOCTPOUTENILHBIX PELICHHH ¢ HCIONB30BAHUEM aJFOPUTMOB MALIMHHOIO
00y4YeHUs! U HEUPOHHBIX CETEH.

MeToab! Hcc1e10BaHMsl BKIIOYAIOT MallMHHOE 00yYeHHe, myboKue HEHPOHHbIE
cetu (MLP, CNN, U-Net, SegFormer), meToms! IIPOCTPAHCTBEHHOW CTATUCTUKH,
LE(pPOBYIO KapTOrpaduio, METPUUYECKOE MOJIETMPOBAHHE U reoMH(OPMAHOHHY O
aHaMUTUKy; npuMmeHeHsl Python, QGIS, MLflow, TensorFlow, Scikit-learn.
Beinonnensr  okcriepumentsl ¢ Mmozmensimu CNN, U-Net, SegFormer, MLP,
LightGBM u XGBoost.

Hay4nasi HoBu3Ha paboThI COCTOMT B pa3paboTKe aJanTHPOBAHHOM APXUTEKTYPhbI
GeoAl Juis aHanu3a IPOCTPAaHCTBEHHBIX JAHHBIX, HHTETPUPYIOLLEH CITyTHUKOBBIE,
KaJacTpoBble, HH(PACTPYKTYPHbIE M KIMMATHUECKUE CIIOM; [PEUIOKEHHH
rHOPUIHON MOJIENM TePPUTOPHATIBHOM KiaccubuKauh Ha ocHoBe CNN—MILP:
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CO3/aHMH AlITOPUTMA MOCTPOCHUsI UU(POBBIX 3D-KapT NpPUrOAHOCTH 3eMellb ¢
metpuyeckoit ouenkod (IoU, RMSE, MAPE, Fl-score, Cohen’s Kappa);
momupukanmn  XGBoost mox  3amaum TEPPUTOPUAIBHOIO  [UIAHUPOBAHMUS,
obecrieumBIIedl  YCTOWYMBOCTE M TOYHOCTB KITaCCU(DUKALMK B yCJIOBHUSIX
reorpau4ecKoi HeOXHOPOIHOCTH JAHHBIX.

OcHoBHbIe pesyabTaTbl. ABTOpOM pa3paboTan nporpamMmHblid Moayiib GeoAl-
AHAJIMTHKH, OOecreunBalomuil  06paboTKy NPOCTPAHCTBEHHBIX JIAHHBIX, HX
KJIaCCH(PHUKALMIO, BU3YAIH3ALMIO U (hOPMUPOBAHUE HU(PPOBBIX KAPT MPUTOAHOCTH
10 I'PaZloCTPOUTEIbHBIM CLeHapusM. [loyueHbl BbICOKME MOKa3aTeld TOYHOCTH:
Accuracy 110 0.88, Fl-score 10 0.90, IoU — 0.83. HauGonee CTAOMIBLHOM U TOYHOM
Okasanach Monenb XGBoost Gnaromapst crioco6HocTH 3¢derTHBHO YUUTBIBATh
HEJIMHEHHDBIC TPOCTPAHCTBEHHBIC 3aBUCUMOCTH M YCTOMUYMBOCTH K UIyMy H
HEOMHOPOAHOCTH NaHHbIX. PaspaboranHbiii uppoBoii reonopras anpobuposan Ha
npruMepe  AJIaTayCKOro ropoickoro okpyra PecmyGmuku Kaszaxcran s oneHku
IIPUTOMHOCTH  TEPPUTOPHUH IIOA JKMIMINHYIO 3aCTPOHKY, MHQPACTPYKTypHbIE
OOBEKTBI ¥ 30HBI OIPAHHYEHHUS CTPOUTEIIHCTBA.

IIpakTH4eckasi HEHHOCTH MONTBEPKIACTCS MPUMEHEHUEM  pa3paboTaHHbIX
METOI0B B pamKax rpanta AP25793497 «Automatic Detection of Pipeline Leaks
Using Thermal Imagery from Fixed-Wing Drones and CNNy, wucrnosnpzoBannem
TIOMYYCHHBIX MOZENCH Ipu aHanu3e HHGpacTpykTyphl (3D analysis, QGIS,
MLflow) ¥ mepcneKTMBAMH BHEIpEeHHsS B UH(MOPMALMOHHBIE  CHCTEMbl
MYHHIUIATBHOTO YIPABIICHHS, F€ONOPTalbl ApXHTEKTYPbl H LUH(BPOBbIC ABOHHUKH
rOpPOJIOB.

Brnaa aBropa BbIpaaeTcs B CaMOCTOSITENBHON OCTAHOBKE 3ajad, ajamnTalliy
apxuTeKTYp ML-moneneli mnox reonamHsle, paspaGoTKe IKCIIEPUMEHTAIHHbIX
CLCHAPUEB aHanM3a TNPOCTPAHCTBEHHBIX MNAHHBIX, HAIMCAHMH MPOrPAMMHbIX
MOMyJIeH, IIyOOKOH HHTEPIIpPeTalnn pe3ylbTartoB, a TaKkKe IyOJIMKalusIX B
KypHanax Scopus/Web of Science. ABrop mposiBuii BeICOKHMIi YPOBEHb Hay4HO
CaMOCTOATE/ILHOCTH, CIIOCOOHOCTh MHTEIPUPOBATH MCKYCCTBEHHBIN MHTCIICKT U
FeOMH(POPMALIMOHHbIE TEXHOJIOTHH, Y4acTBOBAThH B MEX/IyHApOIAHBIX MPOEKTax M
HayYHO-HHIKEHEPHBIX pa3paboTKax.
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3akiouenue.  Jlucceprauvonnas  pabora  omiMyaercs aKTyaJIbHOCTBIO,
JIOTHYHOCTBIO, HAYYHOH ITyOHHOM, TEOPETHUECKOM U PAKTHYECKOH 3HAYUMOCTHIO,
COOTBETCTBYET TPEOOBAHHSM, NPEABABIAEMBIM K JUCCEPTALUSIM HA COMCKAHHE
creneHu Jokropa ¢uiuocopun (PhD). Cuwurar, uro AkbLi0exoB O.ikac
Haypbi36aeBny 3aciry’kuBaeT NpUCY:KIeHHs CTeneHu aoktopa duaocopun
(PhD) no cnenmansuocTu 8D06102 — Machine Learning & Data Science.

3apy0Oe:KkHbIii HAYYHbINH KOHCYJIBTAHT,
KaHAHJAT TEXHHYECKHUX HAYK, J0LEHT
Kyb6anckuii rocynapcrBeHHblii TeXHOIOrHUeCcKuil YHUBEpCUTET

Ky6anckuii rocynapcrsennblii arpapHbiii ylul/MmeeT
Poccuiickasn ®@exepauns Z H.A. I'ypa
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ITIKIP
IeTeAIK FhUIbIMH KeHeclli AkbLidexkoB Oukac HaypbizoaeBnurin
«JKacaHabl MHHTE/IEKT ArOPUTM/AEPiIH KOJIAAHY APKbLIbI AyMAKTHIK
AKocnapJay Kyiesepinge KeHICTIKTIK qepexTepai Tanay aaictepin azipiey
AKIHe 3ePTTeY» TAKbIPbIObIHAAFbI AUCCEPTALHSIBIK KYMbICHIHA

Kasipri  yaxelTra  uudpiabik  TpancdopMalms, — «aKbUIAbI  KaJay
TYXKBIPBIM/IAMACBIH ~ €HTi3y, KEHICTIKTIK Jepekrep Herizinmeri Oosskay iKoHe
JKOCTIApIdy JKYHeNepin KeTiIipy — ypOaHHU3auusIChl KbUIIAM KaPKbIHMEH JIaMbill
KeJIe jKaTKaH eJJep YIIiH aca e3eKTi Minxerrepiin Oipi. Kenicrikrik nepexrepii
(CIyTHHKTIK ~ cyperrep, HUQPILIK Oelep MOJENbIEp], KaAacTpIblK  JKOHE
MHQPaKypbUIBIMIBIK aKMapar), jKAacaH[Abl WHTEIEKT JKOHE MALIHHAIBIK OKBITY
TEXHOJIOTHSUIAPbIH ~ OIPIKTIpy —ayMaKTBIK JKocmapiaay MeH — YpOaHHCTHKAIBIK
WweliMAepAi KOMAAHTBIH HHTEUICKTYalIbl XKYHeaepai icke achipyra MyMKiHAiK
Oepeni. Ocbl Typrbia MMCCEPTALMSUIBIK KYMBICTBIH O3€KTLNIrT alikbiH Kopite/,
cebebi onm GeoAl (Geospatial Artificial Intelligence) omicrepin Kaszakcrarn
Kaf/laibiHa OeHimzien, ayMaKThIK JKocrapiayjaa meiMm Kabbuiaay/ibl KOJaiThin
FBUIBIMH HETI3I€JITeH TOCLIEp YChIHAIBI.

3eprrey HbICAHBI — MAIIMHAJBIK OKBITY JKOHE HEMPOHIBIK JKeinep/i naiinaiana
OTBIPBII, ayMAKTBIK JKOCIapjay >KOHE LIemiM KaObLaaybl KoJyiayra apHalrat
KEHICTIKTIK A€peKTepi HHTeIUIEKTyall /bl Tajlay Kykeci.

3eprrey omicrepi. ABTOp KEHICTIKTIK CTATHCTHKA, FeOAHAIUTHKA, MalldHAMEH
okbITy (Decision Trees, Random Forest, Gradient Boosting), Tepen okbiTy (CNN,
U-Net, MLP, SegFormer), metpuxainsik Garanay anicrepi (IoU, RMSE, Fl-score,
Cohen’s Kappa), conpaii-ak Python, QGIS, MLflow, TensorFlow, Scikit-learn
HETI31H/IeT] SKCIIEPUMEHTTIK MOJIEJIb/IEY d/1iCTepPiH KOJIAaH IbI.

Foubivn  skananbiFel  uccepranmsiia  KeHICTIKTIK — aepekrepii OH/ICY/LiH
Ka3aKCTaH/bIK KOHTEKCke Oedimuenren GeoAl apxurexrypacwin azipaey, CNN-
MLP ruGpunrik Mozenine HerisneareH ayMakThiK KiaccHMHKALMs dTICiH YCbIHY,
3D-kaprorpaQusiblk  MOIENbJCY apKbLIbl JKEpiH IKapamJIbUIbIK Kapraiapbii
aBTOMATTbl KypacTeIpy, conmai-ak XGBoost moxenin KeHICTIKTIK aepekrepsin
reorpadusuIbIK OPKENKUTIMH KOHE CBIHBINTAPAbIH TENe-TeH eMeCTiriH eCKepll
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JKETUIAIPY ~ apKbUIbl  JKOFaphl  JAUIIIKTEri HOTHIKEJepre Kol  IKeTKiyimen
epeKIIeneHe/I.

Herisri HoTmkenep. ABTOp ayMaKThIK OKOCTApiayra apHaJraH KeHICTIKTiK
manimerrepai enaelTin GeoAl sxyiecinin Garapaamaibik Moy lin a3ipiesi, oran
CIyTHUKTIK ~ CypeTrepai, UMOPIbIK Oexep MOJeNiH, MH(PAKYPHLIBIMIbIK,
KJIIMMATTBIK  JKOHE KaIacTpiIblK Kabarrapael  OipikTipy, Kiaccuukanmsiiay,
BU3yaJIM3alUsAIay JKOHE JKapaMJIbUIbIK KapTajJapblH KypacTbipy (yHKIHMsIIAPDI
Kipezti. DKCIIEPUMEHTTIK HOTHIKEJep JKOFapbl JIUIKTI kopeeTti: Accuracy — .88,
Fl-score — 0.90, IoU — 0.83. Tannay Gapoicbinga XGBoost moaei en Typakrbi
JKOHE HAKTbl HOTHIKE KOPCEeTKEeHI AaHbIKTAMbl, ce0eldi o0y KEeHICTIKTIK
JICPEKTEPEri JKACBIPbIH 3aHIBUIBIKTAP/IBI, ChIHBII TEHCI3AINH KoHe JepeKreperi
«UIyfbl» THIMII  ecemke aima anajgel. OKyidie Ausaray Kajachl  aymarbiijia
anpoOauysUlaH/bl  JKOHE  KYPBUIBICKA  JKapam/bl  ayMaKTapibl  aHbIKTay,
MHPPAKYPBUILIMIBIK  OOBEKTIIEpi OpHAIACTBIPY IKOHE KYPbUIBICH IHEKTEYII]
aliMaKTap/bl aBTOMaTThI Typye Oesrijiey MiHAeTTepiH OpPbIHAA/bI.

IIpakTHKaJIBIK MaHbI3bI. 3epTTEY HOTIKEICPI dyMaKThIK skocnapiay, Smart City.
LUQPIBIK  reonopraiap, KaaacTpiblK JKyHeslep KoHe MyHMIMIAiAbl Oackapy
cajlacblHJa KoJiianyra yapamabl. 9uicrep AP25793497 «Automatic Detection of
Pipeline Leaks Using Thermal Imagery from Fixed-Wing Drones and CNN»
FBUIBIMH I'PAHThI IIEHOEPIH/e COTTI KOJIIAHbLIIbI.

ABTOpPABIH YJeci. AkbuioexoB O.H. FeutbiME MiHAeTTEpP/I 03 OeTiHIe KoHbI, MI.
MOJIEJIBJICPIH KEHICTIKTIK Jepekrepre Oeifimuer, 9KCEpUMEHTTIK 3eprreyiepii
OPBIHJAI, HOTHXKEJIEPIi FBIIBIMH TYPFBIIAH HHTEpIpeTalusiian, Scopus xkane Web
of Science xypHasiapbiHia MaKaianap xapusuiarad. ABTOp 3epTTey HoTHKeIepiH
XaJIbIKApaIbIK €HIeHIe KOpFall, WHXKEHEPJiK JKOHE aHAJUTHKAIBIK MiH/CTTEepli
KociOM JIeHreiie 1ellie ajaTblHbIH AJIeIe].

Koprerreinasl.  Jluccepralisiblk KYMBIC FBUIBIMH KAHAIBIKTAPBI, TEOPHSUIbIK
HETI3JUIIr JKOHE MPAaKTHKAJIbIK MaHBI3AbUILIFE karbiHan PhD jeureifine Tosbik
CoMKec Kele[l, ajl OHBbIH HoTWkKenepi KasakcTaHHbIH ayMakThik sKocrapiay
cajlachblHa TiKelied KoJuaHyra 6onajusl. AkblLiGexkoB Ouikac Haypbi30aeBnuka
8D06102 — Machine Learning & Data Science mMamMaHAbIFbI GOiibIHIIA
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¢unocopusi goxropel (PhD) reiibiMu  gopexecin  Oepy Koaailibl  jen
ecenTeMiH.

[eTenaik FELILIMH KeHeCHII,
TeXHHKA FbIIBIMAAPBIHBIH KAHAUAATBI, {OLEHT
Ky6anb memJ/ieKeTTiK TeXHOIOrUsIJIBIK YHHUBEPCHTETI

Ky6anb MeMJIeKeTTiK arpapibik yHHBepcHTeTi /ﬂ
L/ JLA. L'ypa
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REVIEW
by the foreign scientific adviser on the PhD thesis of Olzhas Nauryzbayevich
AKkylbekov entitled “Development and investigation of spatial data analysis
methods in territorial planning systems using machine learning algorithms”

The rapid pace of urbanization, increasing complexity of engineering
infrastructure, and the transition to Smart City and digital planning concepts require
the application of machine learning and geospatial artificial intelligence
technologies (GeoAl) for spatial data analysis. Integration of satellite imagery,
digital elevation models, cadastral, climatic, and infrastructural layérs with
intelligent analytical methods plays a key role in optimizing territorial planning,
improving decision-making, and enhancing sustainability in urban development. In
this context, the dissertation of Olzhas Akylbekov is highly relevant and timely, as
it focuses on designing GeoAl-based analytical models for land suitability
assessment and data-driven territorial planning in the Republic of Kazakhstan.

Object of the research is an intelligent system for geospatial data analysis designed
to support territorial planning, using machine learning algorithms and neural
network architectures.

Methods of research include machine learning (Random Forest, LightGBM,
Gradient Boosting, XGBoost), deep neural networks (CNN, U-Net, SegFormer,
MLP), spatial statistics, geospatial analysis, 3D cartographic modeling, and metric
evaluation (IoU, RMSE, F1-score, Cohen’s Kappa). Experimental modeling was
performed using QGIS, Python, MLflow, TensorFlow, and Scikit-learn.

Scientific novelty lies in the development of an adapted GeoAl analytical
architecture that integrates spatial, cadastral, climatic, and infrastructural data for
territorial planning; designing a hybrid CNN-MLP model for land surface
classification; modifying the XGBoost algorithm for geospatial heterogeneity and
imbalanced data; proposing a method for automatic construction of 3D land
suitability maps based on machine learning models; and creating a prototype of
decision-support software for urban planning authorities.
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Key results. The author developed an intelligent geospatial analytics system capable
of processing and integrating multisource spatial data and generating high-accuracy
land suitability maps. Experimental results demonstrated high performance:
Accuracy = (.88, Fl-score = 0.90, IoU = (.83. Among all models, XGBoost
demonstrated the most stable and robust performance, due to its ability to
effectively capture nonlinear spatial relationships, resist noise, and manage class
imbalance in geospatial forecasting. The developed system was successfully tested

using real territorial datasets of the Alatau district, enabling classification of

construction-permitted zones, infrastructure allocation areas, and land use restriction
regions.

Practical significance is evidenced by the application of the developed methods
within the research project AP25793497 “Automatic Detection of Pipeline Leaks
Using Thermal Imagery from Fixed-Wing Drones and CNN” and their potential use
in municipal geoportals, smart urban analytics systems, and architecture and
planning departments of Kazakhstan.

Author’s contribution. Olzhas Akylbekov demonstrated a high level of research
maturity, independently formulating scientific tasks, developing geospatial MI.
models, adapting architectures for real-world data, conducting experiments,
interpreting results, and publishing in reputable Scopus and Web of Science journals.
The author actively participated in international projects, showing strong analytical
and engineering competencies.

Conclusion. The dissertation demonstrates scientific novelty, theoretical depth,
methodological consistency, and practical value. It meets all the requirements
established for PhD theses in the specialty 8D06102 — Machine Learning & Data
Science, and therefore, I fully support awarding Olzhas Nauryzbayevich
Akylbekov the degree of Doctor of Philosophy (PhD).

Foreign scientific adviser,
Candidate of Technical Sciences (PhD), Associate Professor
Kuban State Technological University
Kuban State Agrarian University
Russian Federation
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