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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOPEL, mpodeccop, KP ¥YFA
akajemuri, «Kasakcran PecrmyOnmukackl ¥JITTBHIK FBUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. CokoybCKHit aTBIHAAFEI OTHIH, KaTaJIN3 JKOHE MIEKTPOXUMUS HHCTUTYTBIHBIHY» 0ac TUPEKTOPEI
(Anmmvarsl, Kazakcran) H =4

Fruibivu xaTimisl

ABCA1BIKOB BaxsiT Hapnko6aiiyJbl, TeXHHKA FBUIBIMIAPBIHBIH TOKTOPEL, ipodeccop, KP ¥YFA

JKayanThIXaTIBICH], A.B. BeKTypoBaThIHAAF IXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTsl, Kazakcran) H=5
PepgaknusaablK aJdkKa:

9BCAMETOB Mauaic Kyasicyas! (6ac peqakTopabslH opeIHOAcaphl), reoIorus-MHHEPaIoTust
FBUTBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akanemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS SKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupeKkTopbl (AnmMarsl, Kaszakcran) H =2

7KOJITAEB TIepoii XKoaraiiyabl (6ac penakTopAbH OpbIHOAacapsl), reoJoTUs-MHHEPaIoTus
FBUTBIMJIAPBIHBIH TOKTOPEL, Tpodeccop, K. 1. Carnaes ThIHAAFbI Te0JI0T U FETBIMIAPhI HHCTUTY THIHBIH
nupekTopsl (Anmatsl, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HebOpacka yauBepcutetiHin Cy
FBUIBIMJIAPBI 3epTXaHachlHbIH qupekTopsl (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux mypaxaibiasig XKep Typais! FeutbiMaap OemiMinge
METPOJIOTHST JKOHE TMaijaybl Kazbanap KeH OpBIHIAAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurust) H =37

IMAH®UJIOB Muxaua bopucoBuY, TEXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBI, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, @pannms) H=15

HIEH Iwun, Ph.D, KpiTaii re0norusuibik KOFAMBIHBIH Tay FEOJOTHSIChI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapel, AMEpPUKAaH/IBIK SKOHOMHUKAJBIK TEOJOrTap KaybIMAACTHIFBIHBIH Mymieci (ITexuH,
Kprrait) H =25

OUIIEP Axcenab, Ph.D, J[Ipe3neH TEXHUKAIBIK YHHBEPCUTCTIHIH KaybIMIACTBIPBLIFAH
npodeccopsi (pe3nen, bepaun) H=6

KOHTOPOBHUY Auekceii IMUIbeBHY, I'€OJOIHA-MUHEPAIOTUS FhUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpopumyka aTblHIaFEl MyHal-Ia3 TeOJIOTUsICHI J)KoHE reoU3HnKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Buaagumup EHokoBH4Y, XHMMHS FbUIBIMAAPBIHBIH JOKTOpH, bemapycs ¥TA
akazgemuri, JKana Matepuangap XMMHUsICbI HHCTHTYTBIHBIH KYpMeTTi qupektops! (MuHck, Benapycs)
H=13

KATAJIMH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPUIFAH
npodeccops (Jpesznen, bepaun) H = 20

CEUTMYPATOBA Jseonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥YFA koppecniongent-myieci, K.M. CarnaeB arbingarbl [€0J0TUsI FBUIBIMAAPEI
HWHCTHTYTBI 3epTXaHaChIHBIH MeHrepyiici (Anamarsl, Kazakcran) H=11

CAFBIHTAEB “Kanaii, Ph.D, xaybimaacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H = 11

®PATTHUHMU Taono, Ph.D, buxokk Munan yHUBEPCUTETI KaybIMIACTBHIPbUIFaH Ipodeccopbl
(Munan, Uranus) H =28
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I'naBnbIii perakTop

KYPHUHOB Mypar ’KypuHoBHY, TOKTOpP XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarponansHoit akagemun Hayk PecryOnuku Kazaxcran», reHepaibHbIH TUPEKTOP
AO «MHCcTUTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHBbI cekpeTapb

ABCA/IBIKOB BbaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKUX HAYK, MPOdeccop, OTBETCTBEHHBIH

cekperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJdJerus:

ABCAMETOB Mauuc KyabicoBu4, (3aMeCTHTENb INTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axanemuk HAH PK, mupexrop HMHcruryTa Tmaporeomoruu u
reoskonorun uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKosraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunen, Ph.D, acconumpoBannslil npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomuTenb HCCICIOBaHMNA B OOJNACTH TETPOJOTHH K
MECTOPOXK/ICHUH TOJE3HBIX HCKomaeMbeIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua BopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Hancu, ®@panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomorun Kwurtaiickoro
Te0JIOTHYECKOr0 00MIecTBa, WieH AMEPHKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axkceas, accorunpoBanHblil mpodeccop, Ph.D, Texanuecknit yausepcurer Jlpesnen
(Apesnen, bepnmun) H =6

KOHTOPOBMUY Auekceii IMUIbLEBHY, TOKTOP I'€0JI0r0-MHHEPATIOrHICCKUX HayK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baaaumup EHokoBHM4, 10KTOp XuMHYecKuX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTHTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoumupoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Dieonopa IOcymoBHa, OKTOp TIe0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.W. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB ‘Kanaii, Ph.D, acconumpoBannsii mnpogeccop, HazapbaeB yHHBepcHTET
(Hypcynran, Kazaxcran) H = 11

®PATTHUHMU Iaoao, Ph.D, acconnunposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
president of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC
“Institute of fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan)
H=4

Scientific secretary

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive

secretary of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =35
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEY Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the
Earth sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H =25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
professor, academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS
(Novosibirsk, Russia) H =19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus,
honorary director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences,
professor, corresponding member of NAS RK, head of the laboratory of the Institute of geological
sciences named after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H=28
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M.Nurpeisova'*, B.Mingzhasarov!, K.Temirkhanov?, Y. Kakimzhanov?,
Zh.Nukarbekova!, 2024.
'Kazakh National Research Technical University named after K.I.Satpayev,
Almaty, Kazakhstan;
2 Kazakh Agro Technical Research University, Astana, Kazakhstan;
*Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: marzhsn-nurpeisova@rambler.ru

GEODETIC MONITORING OF DEFORMATION PROCESSES AT
KAPCHAGAY HYDROPOWER PLANT

M. Nurpeissova — doctor of technical sciences, Kazakh National Research Technical University
named after K.I. Satpayev, Almaty, Kazakhstan, https://orcid.org/0000-0002-3956-5442, E-mail:
marzhan-nurpeissova@rambler.ru;

B.Mingzhasarov — PhD student, Kazakh National Research Technical University named after K.I.
Satpayev, Almaty, Kazakhstan, /https://orcid.org/0000-0001-6912-2303, E-mail: bakhal000@
gmail.com;

K.Temirkhanov — Candidate of Technical Sciences, Associate Professor, Kazakh Agro Technical
Research University, Astana, Kazakhstan. https://orcid.org/0009-0008-4420-2268, temirkhanov.k@
mai.lru;

Y. Kakimzhanov — PhD, Doctor of Geographical Sciences Department of Cartography and
Geoinformatics, Al-Farabi Kazakh National University, Almaty, Kazakhstan, https://orcid.org/0000-
0002-1919-6459, E-mail: erkinkakimzhanov(@gmail.com;

Zh.Nukarbekova — K azakh National Research Technical University named after K.I. Satpayev,
Almaty, Kazakhstan, https://orcid.org/0000- 0002-1605-8907 / z.nukarbekova@satbayev.university.

Abstract. Study purpose is to monitor deformation processes of hydraulic
structures. Object of the study is the Kapchagay hydroelectric power station (HPS),
located in the Almaty region of the Republic of Kazakhstan.

Research methodology - ensuring safe operation of such strategic and critical
engineering structures is achieved by conducting geodetic monitoring using modern
technologies (satellite technologies, electronic and laser devices). The required
accuracy can be ensured by measuring elevations with automated high-precision
tacheometers and observing several conditions.

Research results. The article provides recommendations for improving methods
of geodetic monitoring of deformation processes at the Kapchagai hydroelectric
station. In this regard, improved methodology for carrying out geodetic work and
using modern measuring instruments in it has been proposed. Monitoring was
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carried out using modern instruments, special attention was paid to use of high-
precision trigonometric leveling.

Scientific novelty. As a result of research work carried out, following were
created and put into production:

- diagram of the reference geodetic Kapchagai hydroelectric station;

-developed geodetic reference point of forced centering, allowing to increase
productivity and accuracy of observations.

The novelty of the developed network and point design is confirmed by Patents
and Certificates of the Republic of Kazakhstan.

Practical significance lies in use of the research results in the dissertations
of master and PhD students, in the educational process of the Kazakh National
Research Technical University named after K.I. Satpayev, and can also be used to
increase level of industrial safety at other facilities and minimize risks caused by
seismicity in the region.

Keywords: hydraulic structures, deformation processes, geodetic monitoring,
modern geodetic instruments, satellite systems, trigonometric leveling, high-
precision total stations, accuracy assessment.

Acknowledgment, funding: This research was carried out within the framework
of grant funding from the Ministry of Science and Higher Education of the Republic
of Kazakhstan BR21882292 “Integrated development of sustainable construction
industry: innovative technologies, production optimization, efficient use of resources
and creation of technological parky.

M. Hypneiiicoa'* , b. Mbinzkacapos!, K. Temipxanos?,
E. Kakum:kanos?, JK. Hykap6ekosa', 2024.

'K.M. CorbaeB arbinmarbl Kazak yJITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCHTET,

Anmarel, Kazakcran;
?Coken Ceiidysumin arbiHaarsl Kasak arpoTeXHHKaJIbIK 3epTTey YHUBEPCUTETI,

Acrtana, Kazakcran;

3 On-Dapabu arsingarsl Kazak ¥YJITTHIK yHUBEpCHTETI, AnMarsl, Kazakcran.

E-mail: marzhan-nurpeissova@rambler.ru

KAIIIIIAFAM CYJIEKTP CTAHCACBIHBIH JIE®@OPMAIUSJIBIK
INPOLHECTEPIH 'EQOAETUAJIBIK MOHUTOOPUHI TEY

M. HypmneiiicoBa — TexHunKa FhUTBIMAAPLIHBIH AOKTOpbI, K.M.CorbaeB areiHmarsl Kazak yiITTBIK
TEXHHUKAJBIK 3epTTEY YHHUBEPCUTETIHIH mpodeccopsl., Anmarsl, Kazakcran, https://orcid.org/0000-
0002-3956-5442. E-mail: marzhan-nurpeissova@rambler.ru;

b. MbinxacapoB — Kaszak yiITTBIK TeXHHUKaJIbIK 3epTTey yHHBepcuTeTiHiH PhD mokxTopaHTsI,
K.M.CorGaeB arbiHmarbi, Anmarsl, Kaszakcran /https://orcid.org/0000-0001-6912-2303. E-mail:
bakhal000@gmail.com;

K. TemupxaHoB — TexHHMKa FbUIBIMIApbIHBIH Kanaungarel, C. Ceiidymmn arsinparsr Kazax
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arpoTeXHHKAIIBIK 3epTTey YHHBEPCHUTETIHIH acor mpodeccopsl. Acrana, Kaszakcran. https://orcid.
org/0009-0008-4420-2268, temirkhanov.k@mai.lru;

E. Kakum:kaHoB — reorpadust FeUIBIMAAPEIHBIH JOKTOPHI, On-Dapadu arermaarsl KazY'Y [eorpadus
JKOHE TaOMFATTHI Maiiiasiany (haKyabTeTi KapTorpadus skoHe reonH(popMaTrKa Kageapacsl, AJIMaTHI,
Kazaxkcran, https://orcid.org/0000-0002-1919-6459, E-mail: erkinkakimzhanov@gmail.com;

7K. Hykap6exoBa — Ka3ak YWITTBIK TEXHHKAIBIK 3€pPTTEy YHHBEPCUTETIHIH JIEKTOPHI., AJIMATHI,
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AHHOTAUUS. 3epmmeyoiyi maxcamovl - TUIPOTEXHUKANBIK KYPBUIBIMIAPABIH
nedopMalMsIbIK — mporectepin  Oakputay.  3eprrey  oObektici  Kazakcran
PecniyOnukacel  AnMarbl  OOJIBICBIHBIH —~ CEHCMHUKAIBIK JKOFapbl  aiiMarbIHIA
opHanackan Kammaraii cy asnextp crannusicel (COC) Oonbin  TaObUTAIBL.
3epmmeyoiy a0icmemeci — OCBIHAAN CTPATETHSJIBIK KOHE MaHBI3IbI MHKECHEPIIK
KYPBUIBIMAAPBIH KayilCi3 KYMBIC ICT€yiH KaMTamachl3 €Ty Ka3ipri 3aMaHfbl
TEXHOJOTHUSIApAbl (CIYTHUKTIK TEXHOJIOTHSUIAP, SJIEKTPOHIBI JKOHE Ja3epilik
KacmanTtapplp) naianaHa OTBIPbII, Fe0Ie3UsIIBIK MOHUTOPUHT JKYPTi3y apKbUIbl
KOJI JkeTKizimemi. KakeTTi JoNmikTi aBTOMATTaHABIPBUIFAH JKOFAphl JAQNIIKTET]
TaxeoMeTpyepi KOJJaHyMeH OWIiKTIKTepHi eJjIey >KoHe Oipkarap MapTTapibl
cakTay apKbUIbl KAMTaMachl3 eTiiei

3epmmeyoiy nomuoicenepi. Maxanana Kanmaraii cy 37€KTp CTaHIUACHIHIAFbI
nedopMalys MpoLEeCTePiH TeOAE3HsIIBIK OaKplIay 9ICTEPiH KeTiAipy OOHbIHIIA
ycbiHbIcTap Oepinred. OcbiFan 0ailIaHBICTHI Te0Je3USITBIK )KYMBICTAPIBI JKYPri3ydiH
YKOHE OH/Ia 3aMaHayH eJIIeM KypalJapblH KOJIAaHYIbIH JKeTUAIpIIreH aaicTeMect
YCBIHBUIIBL. bakplnay 3amMaHayn acianTap/ibl KOIJaHy apKbUIbl XKYPri3iii, 5KoFapbl
JOITIKTErT TPUTOHOMETPUSUIBIK HUBEIUPIICYi KOJJaHyFa epeKie KoHT OemiHii.
Fouvimu orcananviest. JXYpriz3inreH FeUIBIMH 3€PTTEY KYMBICTAPBIHBIH HOTHKECITE:

- Kamaraii cyanekTp CTaHIUSICBIHBIH T€0/E3USIIBIK TIPEK TOPaObI KacaibIH/bI;

- OakpLTaynapAbIH OHIMAUIITT MEH AQJAITIH apTThIpyFa MYMKIHJIIK OepeTiH
MOXKOYpJICT HEHTPICYAIH T'€0Ae3UsUIBIK TipeK MYyHKT 9CipIeHIi.

O3ipieHreH TipeK Topabbl MEH MYHKT KOHCTPYKUMSICHIHBIH >KaHAJIBIFbI
Kazakcran PecnyOnuKachIHBIH MAaTEHT, KyaJliKTEpIMEH pacTallbl.

Toorcipubenix MaHbI30bLIbIEbL. FrouteiMu-3eprrey HOTHXKEJIEPiH
MarucTpaHTTapAblH, JOKTOPAaHTTapAblH auccepramusiiapeiga, K.J.Corbaes
areiHAarbl  Kazak YITTBIK FBUIBIMU-3€PTTEY TEXHHUKAJIBIK YHHBEPCUTETIHIH
OKy IIpoleciHe TNaiiJanaHyblHAa, COHBIMEH KaTap, OCHIHIAN HbICAaHIApAbI
naianaHynarbl ©HEpPKICINTIK KayilCi3AiTiH ACHreliH >KOFapelIaTy — KOHE
ayMaKTaFbl CeCMUKANBIK KayiNTepAiH aJlbIH alyblHAA.

Tyiiin ce3mep: THAPOTEXHHUKAIBIK KYpBUIBICTAp, AedopMaiusi HpouecTepi,
reofe3nsuIblK Oakpliay, Kasipri reofe3WsulblK achanrtap, CIYTHHKTIK JKyHenep,
TPUTOHOMETPHSUIBIK HUBEIHPIIEY, JKOFaphl TOIAIKTET1 TOJBIK CTAHIMSIIAP, JOIAIKTI
Oaranay.
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AnHoTanus. Llers uccnedosamnss — MOHUTOPUHT Ae(OPMALIMOHHBIX TIPOLIECCOB
THIPOTEXHUYECKUX CcoopyxkeHud. Obvexm uccredosanuss — Kamvaraiickas
ruzppoiekroctannus (I'DC), Haxosiascs B AlMaTUHCKOW obnact Pecnyonuku
Kazaxcran.

Memoouka uccredosanus — obecrieueHre 0€30MaCHON HKCIUTyaTald TaKUuX
CTPaTerMYeCKUX U OTBETCTBEHHBIX HH)KEHEPHBIX COOPYKCHHH JOCTHraeTCs
MPOBEICHUEM T'€0Je3UUYECKOr0 MOHUTOPUHIA C HCIOJIb30BAHUEM COBPEMEHHBIX
TEXHOJOTUH (CIyTHUKOBBIE TEXHOJOTWH, 3JICKTPOHHBIC M JIa3€PHBbIC MPHOOPHI).
Heo0xoqumasi TOUHOCTh MOXKET OBITH OOecriedeHa pU M3MEPEHUH MTPEBBIILICHUN
ABTOMAaTHU3MPOBAaHHBIMU BBICOKOTOYHBIMH TaxeOMETPaMH W COONIOACHUM psizia
YCJIOBHH.

Pesynomamul - uccnedosanus. B crarbe TpUBENCHBl PEKOMEHAALUH 10
COBEPILICHCTOBAHUIO METOJIOB I'€0JIe3UUYECKOr0 MOHUTOPHHTA Ae(OpOMaIlMOHHBIX
npoueccos Kanuaraiickoit '9C. B cBs3u ¢ 3TuM npe/jiokeHa COBEpIIEHCTOBAHHAS
METOIUKA IPOBECHHUS Te0/1e3NIECKUX PadOT M HCIIOIb30BAHHS B HUX COBPEMEHHBIX
cpeactB uaMepeHuid. [IpoBeseH MOHUTOPUHT C HMCHOJIB30BAaHHEM COBPEMEHHBIX
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mpuOopoB, 0coboe BHUMaHHE OOpaIIeHO TMPUMEHEHHUI0 BBICOKOTOYHOTO
TPUTOHOMETPUIECKOTO HUBEIHPOBAHUSI.

Hayunas noeusna. B pesynbrare NMpOBEICHHBIX HAYYHO-HCCIIEIOBATEIHCKUX
paboT, CO3/1aHbI U BHEAPEHBI B TIPOU3BOCTBO:

- cxema onopHo# reonesunueckort Kamuaraiickoit I'2C;

- pa3pabOTaHHBI OMOPHBIA TEONE3MYECKUH IyHKT NPUHYIAUTEITHHOTO
IIEHTPUPOBAHUS, TO3BOJSIONIMN TTOBBICHTH IPOU3BOAUTEIBHOCTh W TOYHOCTH
HaOJIIOIEHUI;

HoBusna pa3paOoTaHHOW CETHM W KOHCTPYKIIMH ITyHKTa  ITOITBEPIKIACHBI
ITarentamu u CBuperennscTBamMu PK.

Ilpakxmuueckas 3Hauumocms 3aKITIOYACTCS B HCIIONB30BAHHH PE3YJIbTaTOB
WCCIIEZIOBAaHUU B JIMCCEPTAIMOHHBIX pabOTaX MaruCTPaHTOB, JOKTOPAaHTOB, B
yueOHOM ITporiecce Kazaxckoro HalmoHaIbEHOTO HCCIIEI0BATENECKOTO TEXHUIECKOTO
yauBepcuteta umeHn K.M. CarmaeBa, a Takke MOTYT OBITh MCIOJB30BAHBI IS
MTOBBIIIICHUS YPOBHS MPOM3BOJICTBEHHOW OE30MaCHOCTH Ha JIPYTHX OOBEKTaxX U
MHUHUMH3AIIH PUCKOB, BBI3BAHHBIX CEHCMHKON PETHOHA.

KaroueBble cjioBa: THIPOTEXHUYECKOE COOPYXKEHHE, IePOpMaIOHHBIE
MIPOIIECCHI, TEOIC3NYECKUI MOHUTOPHHT, COBPEMEHHBIE T'e0/Ie3nUeCKHe TPUOOPHI,
CIIyTHUKOBBIE CHUCTEMBI, TPHUTOHOMETPHUYECKOE HUBEIMPOBAHUE, BHICOKOTOYHBIE
TaxeoMETPHI, OIIEHKA TOYHOCTH.

Introduction. Hydropower is significant sector of Kazakhstan's strategy to diversify
country's entire energy sector. In this context, the Kapchagay Hydroelectric Power
Station named after Sh. Chokin is of particular interest - the only hydroelectric power
station on the Ili River. Construction of main structures of the hydroelectric complex
began in 1966, the Ili River was blocked on September 29, 1969, the first hydroelectric
unit of the station was launched on December 22, 1970, the last - on December 22,
1971. In 1980, construction of the hydroelectric power station was finally completed.

Fig. 1 - General view of the Kapchagai hydroelectric station
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Construction of the Kapchagay hydroelectric power station was necessary
to provide developing city of Almaty and its satellite cities with unexpensive
electricity. At present it has become important factor in development of the
Kunayev city contributing to formation of communal, educational, medical and
cultural infrastructure (Zholtaev, Nalibayev, 20218). Intensive development of
Kunayev city expressed in the plan change, emergence of new large objects and
structures, as well as the safe operation of such strategic and important engineering
structures as the Kapchagay hydroelectric power station, is achieved by conducting
geodetic monitoring.

In this regard, study of the geodynamic state of urbanized territories by traditional
methods is labor-intensive and therefore for such areas geodetic monitoring with
high-precision instruments is extremely necessary and they are of significant
practical interest.

Methods and materials. The work uses a comprehensive approach, including:
analysis of current scientific and technical information in the form of scientific
papers and studies of predecessors; natural conditions, location of reference points
around observed object, assessment monitoring and its accuracy.

Literature review. Today, wide variety of measurement methods and tools
are used in geodetic monitoring of hydraulic structures. Satellite technologies,
electronic tacheometers, sensors, etc. are successfully used to control planned
displacements (Genike and Chernenko, 2010; Nikonov, 2013; Marfenko, 2014;
Jiang et al,2018).). Moreover, control can be carried out by conducting cycles of
geodetic measurements with a set frequency, as well as continuously, by using
various types of sensors and based on automated tacheometers or satellite equipment
(Bazaluk et al.,2021; ,Hiller et al., 2015; Salnikov et al., 2018; Nurpeisova et al.,
2021).

Geometric leveling is traditionally used to control vertical displacements
of structures. It should be noted that at operating industrial enterprises, due to
influence of several factors reducing measurements accuracy, use of digital levels
or levels with compensator for geometric leveling does not always ensure required
measurement accuracy. Measurement methods that consider influence of factors
reducing accuracy, as a rule, significantly increase period of work performance (
Aitkazinova et al, 2020; Nurpeissova et al. 2023; ; Zhe et al. 2023).

The main factors reducing accuracy in relation to measurements conditions at
hydraulic structures (HS) include: vibration from operating hydraulic units and
water flow; electromagnetic fields from operating hydraulic units and high-voltage
power lines; air turbulence due to operating equipment, etc.

Main content.

Previously, geodetic base was created to carry out construction works on the
territory of the Kapchagshayskaya hydroelectric power station, i.e. planned-
altitude base of several points, which turned out to be of little avail for organizing
observation sessions with satellite receivers, since they were laid out for carrying
out observations using traditional methods, especially this concerns reference
points.
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With advent of high-precision satellite technologies and electronic tacheometers,
angular measurements are supplemented by linear measurements. Accuracy of
calculating coordinates in the network increases. Percentage of accuracy increase
depends on network shape including sides lengths in the network. Further increase
in network accuracy is impossible without changing of network shape, number
of starting points, and reducing lengths of the lines. To determine deformation
state of hydraulic structures and ensure their trouble-free operation, whole range
of field observations are carried out using geodetic methods. At the same time,
methodology for performing geodetic measurements is constantly being improved,
especially with advent of satellite technologies.

However, there are three factors that in many cases do not allow obtaining
required measurement accuracy. This is explained by the fact that, firstly, it is
necessary for the reference points to be in the alignment, secondly, ensuring open
radio horizon during entire measurement session for enough GNSS satellites and,
thirdly, construction of the reference benchmarks do not meet requirements of
regulatory literature. In such cases, accuracy of coordinates determining of points,
for example, during horizontal displacements determination of hydraulic structures
can be ensured, in our opinion, by combined use of satellite geodetic receivers and
high-precision automated electronic tacheometers.

Therefore, to realize advantages of satellite technologies, in particular, absence
of need for direct visibility between points in network, existing network schemes
can be reconstructed as follows. To perform measurements, three-four-point ranges
are laid out, with mutual visibility between them.

Figure 2 shows diagram of measurements at the State Geodetic Network (SGN)
points Kapchagay and Iliysk during determination of coordinates of reference
points RP-I, RP-2, RP-3 and RP-4, located in places that provide the most
favorable conditions for satellite measurements. In this case, the most favorable
option is considered, when high-quality satellite measurements can be performed
at previously established reference points of the alignment.

Kapchagay
J \

o
e

/
V4
7 A

Fig. 2 -Diagram for determining coordinates of HPP reference points
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To obtain the most equal accuracy of determining baselines, it is recommended to
perform measurements with satellite receivers at all network points simultaneously.
From points RP-1, RP-2, RP-3, RP-4, coordinates transfer to reference points 1, 2, 3
and 4, 5, 6 of alignment is performed using high-precision electronic tacheometers.

In this measurement scheme, error in coordinates determination of reference
points of alignment depends on measurements accuracy by satellite receivers and
by electronic tacometers (Kasymkanova et al.,2018; Nurpeisova et al., 2021).
Stability control of points can be easily performed by repeated measurements.
Accuracy of determining relative position of starting points is increased by using
the trilateration method (Instruction, 1976).

All work was carried out by GPS system and for results comparison electronic
tachometer TCR1201 of the firm «Leica Geosystem» was used. Measurements of
base distances were made from points of the state geodetic network Kachagai and
Ilisk. Coordinates of the geodetic base are defined in the local system, and the
altitude coordinates - in the Baltic system.

During deformation monitoring of the Kapchagay hydroelectric power station,
new design of geodetic points of forced centering (GPFC) was proposed as
permanent supports, which meets standards of regulatory literature (SNiP 3.03.01-
87, 1987). GPFC is reinforced concrete pile, 12 meters long (Fig. 3), installed in a
selected location on the industrial site.

Plate for device installation
with rigid centering

e
E Reflector adhesive plate

o *———  wall benchmark

Reinforced concrete blind area

from the pile
Séal

JE 300 mm

Ash and slag waste

3000 mm

Reinforced concrete well bottom

Seal

— Reinforced concrete pile =10 000 mi

Fig. 3 - Diagram of pile support of geodetic point of forced centering (FC)

During creating of geodetic control points (GCP), following requirements must
be met. The pile height must be approximately 1,3 m higher than planned vertical
layout of landscaping, with its installation in a vertical position using spacers and
jack frames. Hole at least 3,2 m deep is drilled around pile with a diameter of
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0,6 m to install casing pipe. To ensure stability of the pile, the bottom of the hole
must be compacted and filled with concrete approximately 50 mm thick. After this,
a casing pipe approximately 0,5 m in diameter and 3 m long is installed on the
concrete, so that the pile is in the center of this structure. To eliminate influence
of temperature and rainfall, layer of ash and slag waste is placed on top, followed
by the construction of formwork and blind area. To ensure installation of geodetic
device, table measuring 0,2 x 0,2 m with a set screw is mounted on top of the
pile. To ensure visibility from all directions, on each rectangular metal plates are
installed on the side of the pile, to which reflective plates are glued

To ensure visibility from all directions, rectangular metal plates are installed on
each side of the pile, to which reflective plates are glued. If the reflective film is
destroyed, it is glued again by aligning its edges with the drawn lines ( Patent of the
Republic of Kazakhstan Ne 35798, 2022).

Study of meteorological factors on accuracy of geodetic measurements

Atmospheric pressure. Changes in atmospheric pressure can affect accuracy
of geodetic measurements. High atmospheric pressure can increase density of the
atmosphere, which can lead to distortion of trajectory of laser radiation or radio
waves used in geodetic measurements. Therefore, it is important to consider current
atmospheric pressure and its changes over time.

Humidity. Air humidity can affect optical measurements and laser measurements.
Humid air can cause dispersion of the laser beam or change optical properties of
the medium, which can lead to distortion of measurement data. This is especially
important during using laser rangefinders and theodolites, where measurements
accuracy depends on the properties of the atmosphere.

Temperature. Temperature changes can cause deformations in surveying
instruments. This can affect expansion or contraction of reference points and
markers, which in turn can add measurements errors. The accuracy of height and
angle measurements can also be affected by temperature, as temperature changes
can cause distortions in optical systems. To prevent this, surveying umbrella should
be used during high-precision measurements.

Meteorological factors can significantly affect accuracy of geodetic
measurements. Therefore, to achieve high accuracy and reliability of geodetic
measurements, it is necessary to consider and correct these atmospheric factors
during measurement process. Usually, problem with this type of monitoring is that
atmospheric parameters are measured only at the station, although the beam can pass
over the water surface and other objects where meteorological data differ. Solution
to the problem can be measurement of meteorological data at different points,
for example, in the middle of beam and near the target, then these corrections are
entered into tacheometer. In this way, gross errors in measurements can be avoided.

According to the Kapchagay HPP deformation monitoring program, in
2023, monitoring was carried out with a frequency of 1 month during the year,
then, according to measurement results, no critical deformations were detected,
accordingly, frequency was reduced (Certificate RK Ne 39036, 2023). The above
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methods and techniques were tested when monitoring the Kapchagay HPP.

Conclusion

Geodetic monitoring is a key tool for ensuring safety and efficient operation of
berthing facilities. It allows monitoring deformations and movements of structures
in real time, detecting possible threats and risks associated with their condition,
and taking timely measures to prevent emergency situations. Geodetic monitoring
systems allow saving money and resources, eliminating need for expensive repairs
and restoration. They also help extend the service life of structures, which is
important for the sustainability of infrastructure and the development of the region's
economy.
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