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To whom it may concern,

This document constitutes my professional external review of the dissertation project
entitled Development of a Methodology for Studying Geodynamic Processes of the Almaty
Metro Using Geodetic and Aerospace Methods that was composed and carried out by Mr.
Nurzhan Khamit. As the external reviewer under whom Mr. Khamit worked during his time
at the Yildiz Technical University, I am well positioned and very pleased to evaluate the
project.

This dissertation’s objectives are well established within an in-depth scientific and technical
review of methods for monitoring geodynamic processes, algorithms for analyzing time
series of displacements, existing software systems, as well as instrumental observation
systems based on robotic geodetic stations, satellite technologies and digital sensor systems
and ensuring the safety of underground transportation facilities. Special attention is paid to
the possibilities of integrating geographic information systems (GIS) for spatial data
processing, building digital displacement models, identifying anomalous deformation zones,
and modeling potentially dangerous geodynamic sites.

Through this dissertation, Mr. Khamit is aimed at creating a comprehensive methodology for
assessing and monitoring geodynamic processes, ensuring increased operational safety of
the Almaty Metro and the sustainable development of its future branches.

Mr. Khamit proposed to methods for monitoring geodynamic processes, algorithms for
processing time series of GNSS measurements, software packages for stress-strain state
analysis (NDS), as well as modern instrumental observation systems, including automated
geodetic stations and remote monitoring methods of the territory, is carried out. Special
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attention is paid to the possibilities of integrating GIS technologies for spatial data analysis,
building digital maps of deformations and modeling potentially dangerous zones of influence
on existing and projected metro lines, including Saryarka and Momyshuly.

The Mr. Khamit is aimed to develop a method for determining the parameters of the zone of
influence of geodynamic displacements and deformations that occur during the construction
and operation of tunnels of the Almaty metro, based on the integration of geodetic and
aerospace methods.

The objectives of the Mr. Khamit dissertation project entitled Development of a Methodology
for Studying Geodynamic Processes of the Almaty Metro Using Geodetic and Aerospace
Methods are;

1. To study the existing methods of forecasting displacements and deformations of the
Earth's surface during the construction of subway tunnels, taking into account the
geological and man-made factors of the Almaty region.

2. To develop an algorithm for integrating data from instrumental observations, satellite
monitoring, and geoinformation systems to build a digital model of deformations of
underground structures and surfaces.

3. To substantiate the parameters of the zone of influence of displacements and
deformations of the Saryarka and Momyshuli branches, based on numerical modeling and
analysis of observations.

4. To introduce methods of geoinformation analysis (GIS) for spatial assessment of
geodynamic and deformation processes in the zone of influence of the Almaty metro, as
well as for modeling and visualization of potentially dangerous sections of underground
and surface infrastructure.

The findings of the Mr. Khamit dissertation project entitled Development of a Methodology
for Studying Geodynamic Processes of the Almaty Metro Using Geodetic and Aerospace
Methods are confirm the necessity of regular monitoring in dense urban and seismically
active areas and demonstrate the potential of integrating modern technologies to improve
the precision and efficiency of geodynamic assessments. The proposed methodology in Mr.
Khamit dissertation project can be applied not only to metro construction but also to other
underground structures, including mining industry facilities, both in Kazakhstan and
internationally.
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Summary:

During his time at the Yildiz Technical University and during my visit to Al-Farabi Kazakh
National University, | was able to observe Mr. Khamit in the classroom and in the process of
researching this dissertation. I am profoundly convinced that he has developed the skills
necessary to contribute to his field and has, through the process of composing and carrying
out this dissertation research, established a level of expertise in his field commensurate with
the degree he is seeking.

I therefore recommend to the faculty of the Department of Geography and Environmental
Sciences at the Kazakh National University that Nurzhan Khamit be awarded the PhD degree.
This document certifies my approval of his dissertation in fulfillment of the terms outlined in
the external reviewer contract.

Naci YASTIKLI
Prof, DrNaci VASTHKLI

Professor of Geomatic Engineering ;

Faculty of Civil Engineering, Yildiz Technical University Y Y.
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PhD Anceepraunscnng apuanran pecmu perenansinix ecen 2026 ®bi1rel 22 KAHTAp
Hypxxan XaMiitke KaTbicTy

Kap?vorpalblm KONEC reonnpopmarika Kupenpacet
[eol pacp:gq HKINC TaGurarry, nattanany pakynureri
On-Papabu atbinaru Koagg YITTLIK yiuepenreri

Karbichl Gap Tyranapry,

gokat H
ﬁc,::,;h Anﬁfﬁm i:;::;;;‘.p?“‘,'““ «OyerapbIlThIK KaHe rEOAC3HANLIK JLICTEPA KoMaHa
mxblpblﬁhlﬂﬂaﬂlnllccepTam,,mLcmm PEONHHAMHKATBIK Ypaictepi  ouictemecin  a3iprcy»
aGanams.  CRpTRE Peueuaeum )koﬁ_acmuu Gepinren MeHin kacibu chIpTKE! peLieH3nsaM Gobin
yHIBEPCHTETIHAE Gipre mm: _pem.me MeH XaMHT MblIp3aMeH Weuiass  TexnukansiK
MYMKIHAINM 6 ICTCMUM, comabiKTan aranran jkoGaHbl Garanayra TOMBIK
MYMKIHIITIM 0ap >XHe onpy KapacTz.rpy MEH yIin YJIKEeH KaHaFar.

/71 ANCCEPTALMAHBIH M o '
f;:lcﬂy y.'ap;qmrrmxmi[car?i?apm TCOMMHAMHKaNbIK YAepicTepai MOHHTOPHHITEYAIH diCTEpPiHE,
riiesepre COHﬂaﬁ'axp Pmé{ Talnay anropuT™maepine, KoNAaHBICTArBI 6arnapnamansiK
?K} < PODOTTaH IBIpETFaN PEOZE3UANBIK  CTAHUMSIAp, CHOYTHHKTIK

1o ” :
Tex'HHKM(?IKaq)HJ:[};I ICBIH/A HAKTEI iKbIHnanras. CoHbIMeH Katap, KeHiCTIKTiK AepeKTep/i orey
YuH reorp BIK aKnapaTTeik Xynenepai (IAX) GipikTipy, BIFBICYMapBIH LHOPILIK
MOZCIIBACPIR KYPY, aHOMAnbae! aepopmanus aHMaKTapLIH aHBIKTAy XOHE BIKTHMAN KayimTi
FEOAMHAMHICAIIEIK HEICAHAAPAE MOZIENb /ey MyMKiHiKTepike epexme Hasap aynaphUIFaH.

apTThIpY JKOHE OHBIH 69"31“3{( TAPMAKTAPHIHBIH TYPAKTEI JAMYEIH KAMTAMACKI3 €Ty MAKCATBIHAA
reoAMHaMHKaJIBIK YAepicrepai Garanay men MOHHTODHHITEYNIH KemeHMi SMiCTeMECiH asipneyni

Ke3aeHal.

XaMHT MBIp3a re€OIMHaAMHKAIIBIK yaepicrepai MOHHTOpPHHITeY daicTepin, GNSS emmemzepinin
YaKBITTEIK KaTapJIapbIH OH/ICY allrOPHTM/EPiH, KepHeymi-neopmanusnbk Kyiini (NDS) Tanzayra
apHalfaH OaFjapiaMallblK MaKeTTepMi, COHZAN-aK ABTOMATTAHIBIPEUTFAH TEONE3HSABIK
CTaHLHAJIap MEH ayMaKThl KAIBIKTAH MOHUTOPUHITEY SMIiCTEPiH KAMTHTBIH 3aMaHAYH aCTanThiK
baksutay xyHenepin yceinrad. Kenicrikrik mepextepai Tanpay ymin FAXK TexHonorusnapbix
6ipikTipy, nedopmanusnapabH NHQPIBIK KapTanapbiH Kypy *oHe Caphlapka MeH Momuuw:nbl
OarbiTTapbIH KOca alFaH/a, METPO XKEMIEPIHIH acep eTy aMaKTaphiH MOJENBAEY Macenenepine

€peKile Ha3ap ayJaphUIFaH.
XaMHT MBIp3aHBIH MaKcaThl — KYpBUIBIC XX9HE TNaiijanaHy Ke3CHAEPIHAE TYBIHNANTHIH

TeONMHAMMKANIBIK BIFBICYNIap MeH JAe(opMauusnapisii cep CTy afimMars na;_:am:'rpnepm
TCONE3UAIIBIK, JKoHE adPOFaphIITHIK snicrepai 6ipikTipy Heri3iHAe aHbIKTay JMCIH 3Ipiey.

Hypxan Xamurrii «DyeraphilThIK XKoHE T€0nes!
METpOXeNiciHiK reoMMHAMMKAIBIK YPAICTEP! OMIC

X0BackinbiH MakcarTaphI: S —- FR——
¢ xep Geritge naiia GONATEIH BIFHICYIAD MeH

l. Anmarer emipinin TaGuFH-reonorHa

OTBIphIN, METPO KYPBUIBICHI Ke3iHA il i
ReopMaIuAap/E! GOMKAYABI KONAHBICTArS! CTER

USUTBIK 9AiCTEpAi KOJMJaHA OTHIPHIN AJIMATHI
TeMeCiH 93ipiey» aTThl AMCCEPTALHANBIK
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2. YKepacThl KYPBUILICTApBI MeH e

P OeTiHir neopmaumsnapsmbiz WHPpIBK MozeNiH Kypy

YIIIH aCTIaNTRIK GaKeuaynap, cr 5
Gy A » CIYTHHKTIK MOHMTODHHI )X9HE IeoakmaparThiK XyWene
ACPeKTEPIH OIpiKTipy anropurmin asipney. P PR P

3. Caunelk mope .
MOMMMHHT:BMY *oHe bakbuiay nepexrepin Tanmay merisinze Capeiapka XoHe
[4PMaKTapbIHAArhl BIFBICYNAp MeH AeopMaLMsUIapABI dcep €Ty aiMarsl
NapaMETPIIEPIH Heri3zey.

Anmarsl s
nedopma MCTPOTIONHTEHININ  ocep ery aMMArbIHJArEI IEOQMHAMHMKATBIK IKOHE
PMAUMANEIK ynepictepai kenictiktik Garanay, conpait-ax jxepactsl XKole KepycTi

o - /
HcppaprHBMblnblu BIKTHMAJ KayinTi yyackenepii Mofie/ibiey jkoHe BU3yanu3aLusiay
YUIIH COaKNapaTThIK TANAAY 9AiCTepiH eHriay.

XaMuT MBIP3AHbIH aTaNFal AWCCEpTALMANLIK K00achl THIFBI3 KaNalblK XKOHE CEHCMHKATBIK
Oencennl aliMakrapna TypakThl MOHHTOPMNT OKYPri3ydiH KaXeTTiliriH pacTaijibl KoHe
TeOAMHAMMKANLIK  Oaranaynbly monmiri MeH THIMAUICIH — apTTelpy  YWIIH — 3aMaHayH
TeXHONOTUsnapas! GipikTipy MyMKiHaikTepin kopceteni. Ycpmbuiran onicreme Kasakcranna zia,
XaNbIKapanbik NEHreiae e METPo KYPBUIBLICHI CajlachlHia FaHa eMeC, COHbIMEH Karap Tay-KeH
oHEpKaci6i HBICaHApbI CEKLLI O3re Jie XepacThl KyphUIBICTAPBIH/A KOMIAHbLTYBI MYMKIH.

KopbIThiHab!

VIbUIIBI3 TEXHUKATBIK YHUBEPCHTETiHE GONFaH Ke3eHIMeE JKoHE On-®apabu arsinarsl Kaszak
WITTHIK YHUBEPCUTETIHE canapbiM GapeIChiHAa MeH XaMHT MBIP3aHbI JepicxaHaiblK cabakrapaa
JKOHE OCHI JIMCCEPTAIMANBIK 3epTTey GOMBIHIIA XYMBIC yiepicinae Oaxpuay MYMKiHITiHE He
607IsM. MeH OHBIH FEUIBIMHE 3€PTTEY CalachiHa yiec KOCYFa KaXeTTi AaFIbU1apabl MEHTrepreHine

JK9HE OCBI JHCCEPTANMAILIK 3ePTTEYAl AalbIH/AY MEH OpbIH/ay OaphIChIH/A 63 CAllaChIH/A TaIall
eTiNIeTiH FHUIBIMA JICHTeHTe KETKEHIHE TONBIK CEeHIMIMIH. gy ¢ >
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Ocuiran GaiinansicTsl On-Oapabu arsmars Kazax WITTHIK YHHBEPCHTETIHIH I'eorpadus xoHE
TaburarTsl naiinanany daxymsrerine Hypxan Xamutke PhD napexecin 6epy JKOHIH/IE YCHIHEIC

Ginmipemin. By KyXkar CBIPTKBI PELEH3EHT KENliCiMIIapThIHAa KOPCETUINeH TajlanTapra colKec
JACCEPTAIMSHE MAKYJIIai THIHEIM/IBI pAacTai/ibl.
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Hamxn SleThromn
/xonsr Gap/
/mep Gap/,

Wi Texaukansik YAuBepcrTeTi,

A3amaTTHIK KYpBUIBIC XKoHe reoMarnka daxynsTeTi,
['eomMaTuKaneIK HIOKeHepHs MPodecCopsL.



