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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbsHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV 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

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
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

ZHOLTAEYV 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

PANFILOV 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
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Abstract. Purpose of this article is to identify factors affecting accuracy of geodetic
measurements and ways to weaken them, which ensures monitoring quality of
engineering objects. Methodology. Work used integrated approach, including: natural
conditions, location of controlled object, monitoring and assessment of its accuracy.
Results. Deformation of berth structures of the North Caspian Sea Canal, which is under
the Tengizchevroil LLP Project is being monitored. With intensive oil production in the
Northern Caspian, facility will be used to deliver cargo to onshore fields. Ensuring safe
operation of such unique and critical engineering structures is achieved by conducting
geodetic monitoring.Influence of meteorological factors on monitoring results of
hydraulic structure of the North Caspian Sea Canal using various instruments was
studied. Results of geodetic monitoring of berth structures using optical instruments,
including electronic total station are presented. Deformation control method has been
improved, which has led to improved methods and types of geodetic instruments in
automated monitoring systems. Results obtained were used in PhD students dissertations,
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as well as in educational process of Satbayev University.  Scientific novelty. As a result
of work carried out, methodology of consideration of meteorological factors during
monitoring engineering structures was introduced into production and educational
process. Practical effect. Consideration of meteorological factors during monitoring
engineering structures makes it possible to increase monitoring accuracy. Results
obtained can be used to improve quality of monitoring results in production conditions.
Practical significance also lies in introduction into production of high-precision geodetic
methods of monitoring systems during construction of engineering structures.

Keywords: Caspian Sea Canal, berthing structures, objects deformations of geodetic
network, monitoring, geodetic instruments, accuracy assessment
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AHHOTANMA. By MAaKaniawvly MaKcamvl UHICEHEPNIK 00beKminepOiyy MOHUMO-
PUHCIHIH Canacvlh KAMmMAamacsl3 ememin 2e00e3usiivlK omeynepoiy 0a10i2ine dHcaHe
01apObL 2ICIPENty HCONOAPHIHA dCep ememin hakmoprapobl AHbIKMAy 601bIN MAObLIAObL.
Adicmemeci. Kymvicma xeueHOi macin KOLOAHbLIObI, OHLIH [WiHOe: OAKbLAAHAMbIH
00beKminiy Mmadueu AHca20aLapsl, MOHUMOPUHE JCYPII3Y HCIHE OHbIH 021012iH basanay.
Homuoicenepi. "Tenizwespoiin" JKLIC acobacol botivinwa mypean Conmycmix Kacnuu
MeHi3 KAHATLIHLIY AIAKMbIK KYPLLIbICIMAPLIHbIY  0eh)opMayuscbina MOHUMOPUHS
arcypeizinyoe. Cornmycmix Kacnuiide KapKviHObl MYHAU OHOIpY Ke3iHOe OYl HblCaH
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JHCyKmepOi dicepycmi KeH OPbIHOAPbIHA JHCEMKI3Y VMIH NAuOaiaHbLIAmMbIH 001a0bl.
Ocuinoati bipeeetl dcane Hcayanmvl UHICEHEPLIK KYPblIblCMapobl KAYINciz nauoaianyoul
KamMmamacwlz emyee 2e00e3usiblk MOHUMOPUHE JHCYPII3Y APKbLIbL KOL HCemKI3ineol.
Conmycmix Kacnuii meniz Kananivinvly 2UOPOMEXHUKANIK KYPLIbICHIHbIH MOHUMOPUHE
Homudicenepine MemeoposocusivlK  (PaKmopiapovly acepi apmypii acnanmapmet
sepmmendi. Alnax KYpulIblCMapblHA ONMUKAILIK ACNARMApMeH, OHblH  iuinoe
ANEKMPOHOBIK, MAXCOMEMPMEH JICYPRI3IN2eH 2e00€3UsIbIK MOHUMOPUHSIIHY Hamuicenepi
Kermipineen.  Aemomammanovipvliean — Oaxkwvliay — oicylenepinde — 2e00e3usiiblK
KYpanoapoviy 20icmepi MeH mypiepin Jcakcapmyaa axeieer depopmayustsvl 6aKuLiaAy
20ici oicemindipindi. AnviHzan Hamudicenep OOKMOPAHMMAPObIY OUCCEPMAYUSLILIK
arcymvicmapwinoa, conoaii-ax Satbayev University oKy npoyecinoe natioaniaHuliobl.
Fouoimu  orcananvix.  JKypeizineen  oHcymolcmapovly — HIMUNCECIHOE — UHICEHEPIIK
KYPbLIbICIAPObl MOHUMOPUHRINEY Ke3iHOe MemeoporocUusiivblK, hakxmopnapovl ecenke
any adicmemeci 6HOIpiCKe JHCcaHe 0Ky npoyecine enizindi. IIpakmukanevlx KYHOLIbIK.
TuopomexHukanvly Kypuliblcmapobl MOHUMOPUHEMEY Ke3iHOe MemeoponoSUsiiblK
haxmopnapovl ecenke any MOHUMOPUHeSMiY 0210I2iH ApPMmMuLpPy2a MYMKIHOIK Oepeoi.
AnviHean Homudicenep OHIIPICMIK HCA20AUIAPOA MOHUMOPUHS HOMUIICETEPIHIH CANAbIK
Oeneellin apmmulpy Yulin NAuOAIaHbLIybl MYMKIH. TIDAKMUKansly Maybi30bliblabl
COHbIMEH KAMAP UHIICEHEPIIK KYPbLIblcmapobl cay Ke3iHoe MOHUMOPUHE JICYUeCiHil
arco02apsl 0andikmeai 2e00e3UsLiblK 20icmepin OHOIpicKe eHeizy0eH MmYpaosi.

Tyiiin ce3nep: Kacnuii meniz xananvl, auiax Kypolibicmapsl, 00bekmiiepoin
OdehopmayusAcel, 2e00e3usIbIK JHceli, MOHumopure, 1 eodesusnvix acnanmap, 0210ikmi
basanay
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Annotanus. Llenpro JaHHOHU CTaThy SABISETCS BBISIBICHHE (PAKTOPOB, BIMSIONINX HA
TOYHOCTb T'€0JIe3UUECKUX M3MEPEHUH U MyTel uX ociallieHus, KOTopas 00ecIieunBaeT
KaueCTBO MOHUTOPHHIa HH)KEHEPHBIX 00BEKTOB. B paboTe ucroip30BaH KOMIUICKCHBIH
MOJIXOJ], BKJIIOYAIOIIMKA: TPHUPOJHBIE YCIOBHUS PACIOIOKEHUS KOHTPOJIHUPYEMOTo
00beKTa, POBEJICHUE MOHUTOPUHTA M OLIEHKA €ro TOYHOCTH. Bemercss MOHUTOpUHT
nedopmanu  IpUYANBHBIX coopykeHuit CeBepo Kacmuiickoro Mopckoro kaHaia,
crosimerocst o IIpoekty TOO «TenrusmeBpoin». [lpn wHTEHCHBHOW — JTOOBIYH
Heptn Ha CeBepHoM Kacrum, oO0BEKT OyJeT MCHONB30BATHCS JJIsl TOCTABKH I'PY30B
Ha HazeMHble MecTopokaeHus. OobecriedyeHne O€30MaCHOM OKCIUTyaTallMd TaKUX
YHHUKAJIBHBIX U OTBETCTBEHHBIX HHKEHEPHBIX COOPYKEHUI JOCTUTAETCS MPOBEICHNEM
reo/Ie3nuecKoro MOHUTOPUHTA. B crarke nccienoBaHo BIMSAHHAE METEOPOIOTHYECKHUX
(hakTOpOoB Ha pe3ynbTaThl MOHHTOPHHIA T'HIPOTEXHHYECKOro coopyxenus CeBepo-
Kacnuiickoro Mopckoro kaHajga pa3iu4HbIMH Npubopamu. llpuBeneHsl pesynabrarsl,
MIPOBEZICHHOTO T€0JIe3MYECKOr0 MOHUTOPUHTAIIPUYAIBHBIX COOPYKEHNH ONTHYECKUMHU
npubopaMu, B TOM YHCJIE OJIEKTPOHHBIM TaxeoMETPOM. YCOBEpIICHCTBOBAH
METOJl KOHTpOJIsi JeopMalify, KOTOPBIA MPHUBEN K YIy4IIEHHIO METOJOB U BHJOB
reo/Ie3NUeCKUX HHCTPYMEHTOB B AaBTOMATH3MPOBAHHBIX CHCTEMaxX MOHHMTOPHWHTA.
[Tonmy4eHHble pe3yabTaThl MCIOIB30BaHBI JAUCCEPTAIMOHHBIX paboTax JOKTOPAHTOB,
a Takke B yueOHOM mpouecce Satbayev University. BHenpeHbl B pOM3BOJCTBO U B
yueOHBIN MPIIOIecC METOIMKA yUeTa METEOPOIOTHUECKUX (PaKTOPOB MPH MOHUTOPHHTE
WHXEHEPHBIX coopykeHui. IIpakTuueckas HEHHOCTh HCCIEIBAaHUS COCTOUT B TOM,
YTO y4YeT METECOPOJOTHYECKUX (AKTOPOB MPU MOHHTOPHHIE THIPOTEXHUYECKUX
COOPY’KEHHH, TTO3BOJISIET MOBBICUTH TOYHOCTh MOHUTOPHHTA. [ToyueHHbIE pe3yIbTaThl
MOTYT OBITh HCIOJI30BaHbI Ul TIOBBINMICHHS Kaue€CTBEHHOTO YPOBHS pPE3yJbTaToB
MOHHMTOpPUHIAa Ha MPOU3BOACTBEHHBIX YCIOBHUSX. [IpakTHueckas 3HAYMMOCTH TaKkKe
3aKIJII09aeTcs BO BHEJPEHNUHU B IPOU3BOJCTBO BHICOKOTOUHBIX T'€0/IE3MYECKUX METO/I0B
CHUCTEMbI MOHUTOPHHTA IIPH CTPOUTENIHCTBE MHKEHEPHBIX COOPYKEHH.

KuaroueBble cioBa: Kacruiickuii Mopckoil KaHasl, NpHYajbHBIE COOPYKEHUS,
negopMal 00bEKTOB, Teo/le3ndecKas CeTb, MOHUTOPHHT, T€0Je3MUECKUe TPUOOPHI,
OIIEHKa TOYHOCTH

Introduction

For oil industry specialists, it is becoming increasingly clear that resolving issues
such as reservoir pressure and subsidence of the earth's surface is unthinkable without
monitoring the state of rock mass and stability of engineering structures using modern
geodetic methods.

Described situation is typical for giant Tengiz oil field and the North Caspian Sea
Canal, which is under the Tengizchevroil LLP Project.

Therefore, introduction of new generation devices into practice can be called the
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most significant technological innovation in the 21st century in surveying, geodesy and
a number of related industries.

Goal setting. Goals and objectives of monitoring geodynamic state of subsoil and
solving problem of ensuring geodynamic safety of development of hydrocarbon raw
materials and unique construction projects on territory of fields must be met by adequate
construction of observation systems and organization of monitoring observations on
them for entire period of field development. Potential forms of occurrence of natural
and natural-technogenic events determine choice of adequate basic set of methods for
monitoring these processes, use of which must be planned already at the first stage of
monitoring with subsequent adjustment depending on results obtained.

During monitoring following specific requirements arise: 1) raising public awareness
of results; 2) raising efficiency of observations; 3) economic efficiency of researches.
From this position goal has been set, idea has been justified, and tasks of researches of
the Department of Surveying and Geodesy of the K.I. Satbayev KazNRTU at the Tengiz
fields have been formulated.

Currently, according to special project of «Tengizchevroil» LLP, the North
Caspian Sea Canal with berthing facilities for transportation of goods is being built in
Kazakhstan. In parallel, geodetic monitoring was carried out for this hydraulic structure.
The project provides for the following structures: sea channel; reversal pool; areas of
sea dump of soil; berthing facilities for discharging cargo (FDC); dump site for soil and
sedimentation basin; an access road, etc. The North Caspian Sea Canal will be used to
transport cargo in support of construction operations and to help oil fields and industrial
enterprises in the West Kazakhstan region of Kazakhstan.

Kazakhstan, possessing huge underground resources, strives to actively develop its
economy and other important areas of the republic. In recent decades, country has taken
important step towards increasing exports and imports of raw and finished products by
opening sea channels and ports in the north of the Caspian Sea. However, successful
development of this area depends not only on volume of exports and imports, but also on
safety and reliability of transport hubs, such as hydraulic structures. Reliable monitoring
methods are required to ensure safety and security of port facilities. Improvement
in methods for monitoring deformations leads to expansion of methods and types of
geodetic instruments in automated monitoring systems. Technology improvement
is characterized by full automation, continuous measurements, high accuracy and
reliability of results (The project, 2017).

Now it is necessary to take more organized approach to other factors that affect
measurement accuracy and overall monitoring picture, since incorrectly placed sensor
or reflector can provide incorrect information. It is also important to pay special attention
to important aspects of observed structure and to possible factors that affect object, for
example, thermal expansion, and concering of hydraulic structures, tides, etc. Correct
placement of sensors (reflectors) on the object’s structures plays significant role (Leica
Geosystems, 2023; Evangelia Lambrou et al., 20215: 5).

Geodetic measurements themselves also have some nuances. Network construction
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scheme, atmospheric indicators, instrument accuracy and measurement frequency play
a huge role in obtaining necessary data.

1. Accuracy influence of measuring devices. To date most popular models on the
market are models with mean-square error (MSE) for angles measurement of 5, 37,
27, 1”. Accuracy of measuring distance to prism reflector in most tacheometers is the
same, which is 1.0 mm + 1.5 ppm at 2 circles of measurement (Kyrgizbaeva, 2023: 200;
Myngzhassarov, 2020: 5).

Figure 1 shows diagram for determining errors of measuring with a total station.

Tables 1 and 2 show accuracy characteristics of popular modern tacheometers.
Based on tables above, it can be determined that measurements, depending on use
of certain tacheometers and measurement range, will have errors inside blue ellipse
in Figure 1. Accordingly, it is necessary to choose optimal tacheometer model for
reference measurement scheme, considering distances to targets and possible amount
of deformation.

Measured angle

RMSE of
measured ongle
True
angle

RMSE of
measured
distance

1
RMSE of
measured angle

Fig. 1 - Determination of measurement error with electronic total station

Table 1 - Determination of measurement error with electronic total station with accuracy of 5"

For tacheometers with angular accuracy of 5", when measuring on a prism reflector

Distance to the point, Angular RMSE, Linear RMSE, Overall RMSE,
inm in mm in mm in mm

20 0.48 1.03 1.51

50 1.21 1.075 2.29

100 242 1.15 3.57

150 3.64 1.225 4.86

200 4.85 1.3 6.15

250 6.06 1.375 7.44

500 12.12 1.75 13.87

1000 24.24 2.5 26.74

Table 2 - Determination of measurement error with electronic total station with accuracy of 1"

For tacheometers with angular accuracy of 1", when measuring on a prism reflector

Distance to the point, in mm.

Angular RMSE, in mm.

Linear RMSE, in mm.

Overall RMSE, in mm.

20

0.10

1.03

1.13

50

0.24

1.075

1.32
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100 0.48 1.15 1.63
150 0.73 1.225 1.95
200 0.97 1.3 2.27
250 1.21 1.375 2.59
500 2.42 1.75 4.17
1000 4.85 2.5 7.35

2. Influence of meteorological factors on accuracy of geodetic measurements

Atmosphere pressure. Changes in atmospheric pressure can affect accuracy of
geodetic measurements. High atmospheric pressure can increase atmosphere density,
which can distort path of laser light or radio waves used in geodetic measurements.
Therefore, during measurements process, 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 laser beam or change optical properties of
environment, which can lead to distortion of measurement data. This is especially
important when using laser rangefinders and theodolites, where measuring accuracy
depends on atmosphere properties.

Temperature. Temperature changes can cause deformation in surveying instruments.
This can affect expansion or contraction of control points and markers, which in turn
can add uncertainty to measurements. Accuracy of height and angle measurements
can also be affected by temperature, as changes in temperature can cause distortion in
optical systems. To prevent this, geodetic umbrella should be used during conduction
high-precision measurements (Al Fatin, 2021: 18).

Meteorological factors can significantly influence 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 the measurement
process.

Frequent problem with this type of monitoring is that atmospheric parameters are
measured only at station, although beam can pass over surface of water and other
objects where meteorological data varies. Solution to problem can be measuring weather
data at different points, for example in the middle of beam and near target, then these
corrections are entered into the total station. In this way, gross errors in measurements
can be avoided.

The above methods and methods were evaluated during monitoring berth structures
(Fig. 2), located on the north-eastern side of the Caspian Sea, on the Prorva Peninsula.
Berth structures are part of a group of hydraulic structures, such as a sea canal, turning
basin and protective fortified dams. According to SNiP RK 3.02-05-2010, berth
structures belong to buildings and structures of 11 class of responsibility, and monitoring
is accordingly required (Nurpeisova et. al., 2021: 6).
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Figure 2 — Berting structures of the sea channel

During drawing up a project for production of geodetic monitoring of hydraulic
structures, points that would be most susceptible to deformation were determined (Fig.
3, a), as well as type of monitoring signs (Fig. 3, b and 3, c).

Fig. 3: a- Scheme of installation of monitoring points on berths;
b and ¢ — type of brand and method of installation on structures

Points MP1 — MP13 are used as monitoring marks. Points ST1, BS1, BS2, BS3 are
used as reference points. Reference points are concrete piles immersed in the ground,
with a cross-section of 40*40cm and a length of 3m.

At the reference points, before monitoring start tacheometric traverse was conducted.
The entire monitoring process and initial measurements were conducted using a Leica
TS16 total station, with an accuracy of 1”. Orientation and direct measurements were
conducted on 2 circles.

After marks were installed, month later, in April 2019, initial measurements were
taken at the monitoring points. Since core network is equal, it was possible to choose any
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of the reference points as a station. The zero-stage data was obtained from measurements
from point BS1, since it is the most convenient in terms of installing tacheometer. During
the second stage of measurement, it was decided to make control measurements from
point ST1. Measurements from two stations were made on the same day, temperature
difference between stations is +3° (Fig. 3). A Leica Geosystems GMP111-0 prism mini
reflector with a height of 400 mm was used as a reflector.

0,030

0,020
0,010 e — g P —

0,000
MP1  MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9 MPI10 MP1l1 MP12 MPI3

=@umBS] = ST1
Fig.-3. Measurement results from stations BS1 and ST1

From the above figure it can be observed that monitoring points MP1, MP2, MP3
have the greatest differences with initial measurements at both observation stations, since
they are the farthest ~250m, and remaining points are within “acceptable” standards.

Following factors that can influence measurements from point BS1:

* laser beam passes at a relatively low distance from the heated surface, at a height
of 0.2m — 1.3m, which also plays key role;

* station is located at a distance of +150m from each point;

+ all monitoring points are located above the water surface, therefore humidity at the
station and measurement points are different.

If we consider above factors, then filming from remaining 2 stations should show
greater difference at opposite points. For this, the next day measurements were made
from stations BS2, BS3. Observation results are shown in Fig. 4.

MP1 MP2 MP3 MP4 MP5 MPe MP7 MP8 MP9 MP10 MP11 MP12 MP13

ey BS] el ST] —@=—BS5) e=@==BS3

Fig.4 - Measurement results from station BS1 and ST1, BS2 and BS3

It is clear from figures that the farthest points have largest errors; accordingly, when
taking measurements in unfavorable weather conditions, it is necessary to consider
distance from tacheometer to monitoring marks.
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All the above measurements were conducted in the morning, recording weather
conditions, namely temperature, relative humidity and atmospheric pressure. It was
noticed that the hygrometer readings at stations BS1 and BS2 differ from hygrometer
readings at monitoring purposes and stations BS3 and ST1 by 8-10 % relative humidity.
This can be explained by fact that targets and stations BS3 and STI1 are located
above the water surface, respectively, this affects the accuracy of the measurement.
After conducting measurements at all stations and analyzing survey data and weather
conditions, it was decided to conduct further measurements from station ST1. Further
monitoring was conducted every month, by one team of performers and using one set
of equipment (Fig. 5).
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Fig.5 - Results of monthly measurements from station ST1

According to the program for monitoring deformation of berth structures, from
moment of commissioning, monitoring was conducted at intervals of 1 month throughout
the year, then, based on measurement results, no critical deformations were detected,
and frequency was reduced accordingly (Nurpeisova et. al., 2020: 3).

Conclusions

Geodetic monitoring is key tool for ensuring safety and efficient operation of berth
structures. It allows you to monitor the deformations and movements of structures in real
time, detect possible threats and risks associated with their condition, and take timely
measures to prevent emergency situations. Geodetic monitoring systems allow you to
save money and resources, eliminating need for expensive repairs and restorations. They
also help extend life of structures, which is important for infrastructure sustainability
and economic development of the region.

This research is funded by the Ministry of Science of Higher Education of the
Republic of Kazakhstan BR21882292.
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