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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.

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
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS 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 KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @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 COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) 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 KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 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'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) 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 Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas 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

AGABEKOV 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
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Abstract. As the matter of fact, the Caspian Sea is an inland water structure that
has no physical connection with the World Ocean, and has a high sensitive level for
changes in various aspects. The live activity and mineral resources near the Caspian
Sea was organized on the basis of the economic views of the states located on its coast
since ancient times. Two-thirds of the earth's surface is covered by water ecosystem, and
more than half of humanity is concentrated in a strip 50 miles wide along the coast. We
are intimately connected to vast areas of water, and the health and quality of life in our
oceans has a direct impact on the health of our lives. Systematic monitoring of water
bodies should be an organizational and technological scheme for regular and continuous
observations, assessment and forecasting of the state of water resources under the
influence of natural and anthropogenic factors. The main purposes of monitoring are
supplying water management and environmental complexities with reliable and latest
updated information that allows scientists to assess the functional integrity of the state
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of ecosystems, and additionally, identify the causes of changes and evaluate their
consequences of determination of corrective measures. Supportive information of that
artificial reservoirs research should contain a large amount of various options and data
on the physical-geographical and socio-economic features of the regions adjacent to the
reservoir. This paper describes a state of knowledge of the dynamic evaluation of the
coastline of the Caspian Sea region today, as well as the consequences may affect to
the future economical situation of that area. Analysis of this research is devoted to the
study of the practical application of photogrammetric methods and coastline monitoring
technologies, using system of satellite images with high spatial resolution. The results
of that observation reveal the high technological efficiency and comparison of the
proposed methods with indication of updated techniques productivity.

Keywords: water level, sea, cycle, settlements, level fluctuation, ecosystem,
coastline, satellite image, period
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Annoranus. Kacnuii Tenizi JlyHUeKy3UTik MyXUTHEH OailjlaHbIChl OK iIKiI Cy
aiiIbIHBl OOJFAaHIIBIKTAH, OHBIH JCHICHI opTYpIi 3JEMEHTTEP/IiH e3repyiHe ce3iMmTall.
Kacruii TeHi3iHiH Tipi JkoHe maijanbl Ka3damapbl eXKelri JoyipAeH Oepi OHBIH
JKarajayblH/Ia OpHAIACKAH MEMIICKETTEPIIH YKOHOMHUKAJIBIK KO3KapacTapbIHbIH HET131H
yiteimaacTeipabl. Kep OeTiHiH yIuTeH eKi OeIiriH Cy aliblll JKaThlp, all aJam3aTThblH
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KapThICBIHAH K01 *karanay OoibiHAa eHi 50 MuIb GonaThiH Oemieyae NIOFbIpIIaHFaH.
bi3 cynblH KeH ayMaKTapbIMEH THIFBI3 OalIaHBICTBIMBI3 JKOHE MYXHUTTAPBIMBI3/IbIH
JICHCAY/IBIFBI MEH OMip CYpy camachl Oi3/[iH eMIipiMi3/iH JCHCAyNIbIFbIHA TiKeJIeH
ocep ereni. Cy oObekTiNepiHiH KyiHeal MOHUTOPUHIT TaOWUFU KOHE AHTPOIIOTEHIIK
(axTopiapIblH ocepiHleri Cy pecypCTapblHBbIH >Kail-KyHiH yIailbl koHE Y3MiKCi3
Oakpuiay, Oaranay >koHe 0OJDKay YIIIH YHBIMIBIK-TEXHOJIOTHSUIBIK, cXeMa 0OTybl KEpeK.
MOHHTOPHHITIH HETi3rl MIHAETTepi Cy MIapyallbUIbIFBl JKOHE KOpLIaFraH OPTaHBI
Oackapy KeleHIEepiH JKOKYHEeNepAiH >Kai-KyHiHiH (YHKIMOHAIABIK TYTACTHIFBIH
Oaramayra MYMKIHIIK OEpeTiH CEHIMII >KOHEe €H ©3€KTi akmaparieH KaMTaMachl3
eTy; e3repicTepiH ceOenTepiH aHBbIKTAy >KOHE ONIapAbIH CalgapblH Oaramnay, TY3ETy
nrapanapblH aHbIKTay. JKacaHIpl Cy KOMManapblH 3epTTeyli aKIapaTThIK KaMTaMachl3
€Ty cy KOMMachIHa iprejiec ayMakTapAblH (PU3UKAIBIK-TeorpadrsIIbIK )KOHE 9JI€yMETTiK-
9KOHOMHKAJIBIK ~EpEKILIENiKTepl Typajibl opTYpiii akmapar TIeH MOIiMEeTTepAiH
YJIKEH KeJeMiH KaMmTybl kepek. Makamaga Oyrinri xyni Kacmumii TeHi3iHiH jkaramay
CBI3BIFBIHBIH TUHAMUKACHIH 017y JKarnaiibl, connaii-ak Kacnmii MaHp! aliMaKTapbIHBIH
Oornalak 5KOHOMUKACBIHA 9cep €Tyl MYMKIH caliiap KapacThIpbliaabl. Makaia sKorapsl
KEHICTIKTIK pyKcaThl 0ap CIy THUKTIK CypeTTepAi NaijanaHa OTBIPBII, KaFajiay ChI3bIFbIH
OakpuIayIbIH (POTOrpaMMETPHUSUIBIK OMICTepl MEH TEXHOJOTHSIIApBbIH TXkKipudene
KOJIIaHy/AbI 3epTTEyTe apHaIFaH. 3epTTey HOTHKEJIEPl YCHIHBUIFAH o/IiCTEP/iH ) KOFaphl
TEXHOJIOTUSIIBIK TUIMJIUTITIH KOPCETE/I.

Tyiiin ce3mep: cy JAeHreiii, TeHi3, UK, XKarajay Oeneyi, enjii MeKeHAep, ISHI e IiH
ayBITKYBI, DKOXKYH€, Karalay ChI3bIFbI, CIyTHUKTIK CYpeT, Ke3eH
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AnHotamus. Ilockoneky Kacnuiickoe Mope sBisieTcss BHYTPEHHHM BOJIOEMOM,
KOTOPBIA HE UMEET CBSI3M ¢ MUPOBBIM OKEAHOM, €0 YpPOBEHb UYTKO pearupyer Ha
n3MeHeHus. JKuBble M1 MUHEpasibHbIe pecypchl Kacmuiickoro Mopsi ¢ 1aBHUX BpeMeH
OpPraHU30BbIBAIOT OCHOBY JKOHOMHMYECKUX B3IISJOB TOCYNAPCTB, PACIOIOKECHHBIX
Ha ero moOepexne. J[Be TpeTH YacTH 3eMHON TMOBEPXHOCTH OXBAYCHBI BOMOH, U
Ooyiee TIOJNIOBHHBI YeJIOBEYECTBA COCPEJIOTOYCHO B IOJIoCe MMHUPUHOH 50 Muib
B/IOJIb TTOOEpexbsi. MBI TECHO CBSI3aHBbI C OOUIMPHBIMH AKBAaTOPUSIMH, a KadeCTBO
JKU3HEJEATEIbHOCTH B HAIIMX OKEAaHaX HaNpPSMYH0 OKa3bIBA€T BIUSHUE HA 370pPOBbE
Halei >KU3HU. B CBS3W C 9THM, CHCTEMAaTHYECKUH MOHHUTOPHHT BOJTHBIX OOBEKTOB
JIOJDKEH TPECTABIATh COOON OpraHU3allMOHHO-TEXHOJIOTHUECKYIO CXEMY PeTyIspPHBIX
W HENpepbIBHBIX HAOMIONEHUH, OLUEHKH ¥ TNPOTHO3UPOBAHUS COCTOSHHS BOIHBIX
PECYpPCOB O] BIMSHIEM MPUPOIHBIX U aHTPOIIOTEHHBIX (akTopoB. OCHOBHBIE 3a/1a4H
MOHUTOPUHTa — CHa0)KeHHE BOJOXO3IHCTBEHHBIX M MPHUPOIOOXPAHHBIX KOMIUIEKCOB
yIpaBleHHsl JOCTOBEpHOH M Hambojee COBPEMEHHOH WH(pOpMAaIMeH, MO3BONISIONICH
OLIEHUTh (DYHKUIMOHANBHYIO IEIOCTHOCTh COCTOSIHHSI DKOCHCTEM, OOHApyKHUTh
NPUYMHBl U3MEHEHMM M OLEHUTh UX IOCIEACTBUS, OINPENEIUTh KOPPEKTUPYIOLUE
Mepbl. MHpopmannonHoe obecriedeHre HCCIEIOBaHUM HCKYCCTBEHHBIX BOJOEMOB
JOJDKHO BKIJIIOYATH B ceOsi OONbINON 00beM pazHOOOPa3HBIX CBEACHUH W JaHHBIX O
¢usuKo-reorpagUIECKUX M COIUATBHO-IKOHOMHYECKUX OCOOCHHOCTAX TEPPUTOPHIA,
HNPUWIETAOINX K BOAOXPAHWIMILY. B crarbe pacCMOTPEHO COCTOSIHUE M3YyYEHHOCTH
JUHAMHUKK OeperoBod jauHuM Kacmuiickoro Mopsi Ha CErOIHSIIHMN JICHb, & TaKKe
IIOCJIE/ICTBHSI, KOTOPbIE MOTYT IOBJIMATH HAa SKOHOMHUKY IPUKACHUNCKHX PETMOHOB.
Crarbsi TIOCBSIIIIEHA M3YYEHHIO MPAKTUYECKOTO MPUMEHEHHs (HOTOrpaMMETPHUYECKUX
METOJIOB M TEXHOJIOTHH, AJsi MOHHTOPHHIA OEperoBO JHMHUU IO KOCMHYECKHM
CHUMKAaM C BBICOKUM IMPOCTPAHCTBEHHBIM pa3pelleHueM. Pe3ynbrarsl UCCIIEOBAHUM
MOKA3bIBAIOT BBICOKYIO TEXHOJIOTHYECKYIO 2(P(HEeKTHBHOCTH MpeiaraeMbIX METO/IOB.

KuaroueBble cjioBa: ypoBeHb BOJbI, MOpE, LIUKJI, IPUOpEKHas 30Ha, HaceJleHHbIE
IYHKTBI, KoJieOaHWe YPOBHS, DKOCHCTeMa, Oeperopas JIMHHS, KOCMHUYECKUH CHHMOK,
NIEPUOL

Introduction

The accelerated pace of urbanization and technological development leads to
changes of all components of the atmosphere and the Earth's surface, which occurred
during the worldwide climatic changes in last recent decades. One of these components
is the surface water bodies of the planet (rivers, groundwater, lakes etc.). Water is an
important part for the existence of various ecosystems, including for the presence of
mankind. Both the absence and excess of water lead to extraordinary transformations
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in all sectors of the national economy. Therefore, the detection of water bodies and
subsequent monitoring are important things in scientific and practical observations. In
fact, on the present days there is no monitoring research of water bodies, which are able
to demonstrate global deformations of water bodies, their area, coastline and type.

The development of remote sensing technologies allows managing multispectral
measurements of the Earth's surface for regular basis. Moreover, mathematical
methods of remote sensing data processing can make a possibility to obtain information
concerning the spatial and temporal parameters of the Earth's surface, including water
bodies. One of these features is a water mask that provides a precise determination of
the pixels with indication of water objects locating on a satellite image.

The usage of remote sensing data may provide a plenty of solutions in determination
of many characteristics of the environment, without physical contact with the object of
study. The big advantage of these methods is the allowance of transferring of significant
amount of time-consuming research to simple desktop conditions; increase the speed of
work, and simultaneously, time improvement of reliability and results completeness of
survey.

The purpose of this research paper is to develop a unique technique for decoding
of multispectral images of Landsat satellites for determining water surfaces and
water masks’ creation. During the observation of the reshaping of the shores, the use
of geographic information systems allows to perform and present information about
the state of water resources, as well as adjacent territories in cartographic projection,
including the formation of database for storing the spatial data about the object of study.

Research area

The examination of fluctuations in the Caspian Sea level is a pressing problem. The
Kazakhstan’s part of the territory of the Caspian region occupies a special place in
terms of environmental disaster, which is formed under the influence of natural and
anthropogenic factors, the most important of which is the change in the water sea level
and the rapid progression of the oil and gas complexes.

In fact, Caspian Sea in Kazakhstan’s area belongs to the northeastern coast of
the Caspian Sea and captures the southeastern region of the Caspian lowland. This
region is containing valuable biological and mineral resources, taking into account its
geographical location. Additionally, it has a great strategic value in the economy and
foreign policy of the Republic of Kazakhstan.

161



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Fig.1. Location of the Caspian Sea

The variability of the surface level of the Caspian Sea is one of the high-value features
of its hydrological regime. Massive fluctuations of various cycles are distinguished In
the age-old course of the sea level itself. The modern economic capability of the sea
basin was created during the regression of the sea levels in numbers of minus 27-28 m.
At the same time, intensive settlement of the coastal zone took place with the creation
of new infrastructure. However, during the period 1978-1991(Mustafa et al., 2017) the
region was increased by about 10 % as a result of flooding of variety settlements and
infrastructure facilities. Also, it should be emphasized that this period was the time of
active industrial, agricultural and residential developments of the country, including the
growth of the coastal zone sphere (Katayev et al., 2017).

In the twentieth century, two extreme phenomena of the Caspian Sea level were
registered as a dramatically consequences for the population of coastal countries — an
abnormally long drop in the level from 1930 to 1977 and, following this, an abnormally
long rise from 1978 to 1995. In the table 1, the graph shows distinct level of water
change (Kamza et al., 2018). Due to the abnormal lowering, and the same time the
raising of the level, the evolution of the water body occurred as well.
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Table 2. The long-term progress of the average annual level of the Caspian Sea
in the XX and early XXI centuries.

Initial data

The complex of the ArcGIS software product was used for processing of the received
data to the study area. This product can provide photogrammetric processing of Earth
remote sensing data, as well as performing further analysis using GIS analytical
functions. Full integration with ArcGIS allows us to make quickly work with subsequent
transformation of spatially coordinated raster data from one cartographic projection to
another, perform image transformation and coordinate binding, convert from raster to
vector format and vice versa.

The research of water bodies based on multispectral images using the method of
determination the characteristics of the reflectivity on natural objects. Water bodies are
categorized by the lowest coefficient value among other natural objects. At the same
time, all other natural objects, even when in a state of moisture, have a higher reflection
coefficient. This fact is used when detecting water objects in the measured image.

For the study, we used Landsat 4,5,8 TM images: a polyzonal (archived set of images
in GeoTIFF format) and a synthesized image in natural colors in JPEG format with a
coordinate reference, the resolution of the images is 30 m. The period was selected 1990
to 2021 (month: August), with a minimum cloud content (< 5 %) or cloudless.
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Fig. 2. — Mosaic of Landsat satellite images on the study area for 2008

Paying attention to the interests of the high-resolution space-based systems of satellite
images vendors try to use their products for updates of a range of maps and plans, it can
be noted that the spatial resolution is one of the most important factors determining the
extent of updated maps with the data of satellite systems, figure 2 (Levin et al., 2015).

For this research paper images were obtained through the USGS service of the US
Geological Survey. The processing level of the original polyzonal satellite image- L1.
This level of processing of Landsat images ensures their radiometric and geometric
correction using digital terrain models (“earth correction”). Output cartographic
projection UTM, where the coordinate reference system is a WGS-84 (Acharya et al.,
2016).

Maxar satellite images were involved in assessment of the accuracy, which were
provided by DigitalGlobe by request for research aims, using in this observation.
DigitalGlobe is a world leader in production of satellite optical images and information.
The resolution of the images is 50cm.

Method of separation of water bodies

This method includes several factors taking to account. Firstly, the range of
measured electromagnetic waves varies from 1010 m (short-wave cosmic radiation) to
1010 meters (radio waves). At the second, the possibility of identifying and classifying
objects is based on the fact that objects of different types — rocks, soils, water surfaces,
vegetation, etc., reflect and absorb electromagnetic radiation in different ways in a
particular wavelength range (Mustafa et al., 2017; Acharya et al., 2017; Elfatih et al.,
2020). For the study, we used multi-channel images provided by the American Landsat
satellite (Umirbaeva A. at el., 2021), which has 11 shooting channels with different
wavelength ranges (Table 2). It is possible to obtain such data free of charge by going
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through a simple registration procedure on the official website of the US Geological
Survey (USGS) (European Commission et al., 2019).

The peculiarity of multi-channel images is that knowing the features of the wave
characteristics of channels and their combinations, it is possible to obtain the information
we are interested in about the properties of various geographical and ecological objects.
However, channel combinations are not the same for different models of Landsat
satellites (Umirbaeva et al., 2021), which is due to the improvement and refinement
of each subsequent launched device. Since all the data received from the satellite are
nothing more than multispectral images, in order to obtain the information contained in
them, it was necessary to interpret the received data and reveal their physical meaning.
The stage of remote sensing data analysis, the main task of which is the recognition
and identification of objects detected in the image, is called image decryption. When
processing amultispectral image (Caiyaetal.,2021), transformations are often performed
that build "index" images. A bitmap image was created based on mathematical data with
matrices of brightness values in certain channels, where pixel values are assigned a
"spectral index". Further research was carried out on the finished basis of the obtained
image (European Commission et al., 2019).

The process of searching for water objects based on a set of measured multispectral
images allows them to be detected by the reflectivity characteristics of natural objects
(Morto et al., 2022; Klein et al., 2020; Elfatih et al., 2020). (see fig. 1). Water basin is
characterized by the lowest values of reflection coefficients among other natural objects.
Simultaneously, all other natural objects, even in a state of moisture, have a higher
reflection coefficient. This fact was used when detecting water objects in the measured
image.

The following indexes are widely used to detect water bodies from space data: DVI,
NDMI, MNDWINDWI, WRI, NDVI refer to table 2.

# INDEX CALCULATION FORMULA  RANGE OF VALUES
1 Normalized Difference Water Index NDWI= Water has a positive value
(GREEN-NIR)/(GREEN+NIR)
2 Normalized Difference Moisture NDMI= Water has a positive value
Index (NIR-MIR)/(NIR+MIR)
3 Modified Normalized Difference MNDWI= Water has a positive value
Water Index (GREEN-MIR)/(GREEN+MIR)
4 Water Ratio Index WRI=(GREEN+RED)/ Water has a value
(NIR+MIR) more than 1
5 Normalized Difference Vegetation =~ NDVI= (NIR-RED)/(NIR+RED) Water has a negative value
Index

Table 2. Multispectral indices used to determine water bodies

NDVI (Normalized Difference Water Index) is used to identify objects of open
water spaces and to highlight them on a satellite image against the background of
soil and vegetation. The NDWI index was proposed by McPheeters in 1996. Today,
it is used to detect and monitor the slightest changes in the content of water bodies.
Using the advantages of the spectral ranges NIR (near infrared) and GREEN (visible
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green), NDWI can enhance the presence of water bodies in the satellite image. The
disadvantage of this index is the sensitivity to building structures, which can lead to a
reassessment of water bodies (Acharya et al., 2017). Since the NDVI index effectively
determines the moisture content, it is often confused with the NDMI index, also known
as NDWI GAO. In fact, these are different indexes with unique calculation formulas
and scope of application. HDMI uses a combination of NIR-SWIR (near infrared and
shortwave) to enhance the presence of moisture in plant leaves. NDVI is calculated
using a combination of GREEN-NIR (visible green and near infrared), which makes it
possible to detect minor changes in the water content in reservoirs (Mustafa et al., 2017,
Acharya et al., 2017).

The index NDWI was changed by replacing the mid-infrared band, such as the
Landsat TM band 5, with the near-infrared band used in NDWI. Modified NDWI
(MDI) can improve the characteristics of open water by effectively suppressing and
even removing built-up ground noise, as well as vegetation and soil noise. Improved
water information using NDWI is often mixed with ground-built noise, and therefore
the area of extracted water is overestimated. Accordingly, MNDWTI is more suitable
for improving and extracting water information for a water region with a background
dominated by built-up land, due to its advantage in reducing and even removing built-up
land noise compared to NDWI.

Due to the dominant spectral characteristics of the green and red bands compared
to the NIR and MIR bands, the water factor index (WRI) shows values above 1 for
water. In addition to water indices, some other indices can be used to highlight water
characteristics; an example of such indices is the normalized difference vegetation
index (NDVI) (43), which shows a unique negative value (European Commission et
al., 2019).

Result and discussion

The values for the NDWI, NDMI, MNDWI, WRI, NDVI indices are in the ranges
[-1; 1]. Table 1 shows the ranges of values at which a pixel is most likely associated
with a water object. Filters were built for each index based on taking into account the
range of values of the indixes indicated above, which make it possible to distinguish
water objects (binarization of images: 0 — non—water objects and 1 - water objects). The
comparison of water masks for each filter with the reference mask of a water body was
carried out. The reference water mask with a resolution of 50 cm was built from satellite
images of Maxar Technologies.

The estimation of the accuracy of detection of water objects is obtained by dividing
the sum of correctly classified pixels of a water object obtained using a water index by
the total number of pixels of the reference mask:

O = 100%X|Nw — Nwm|/Nwm, %. (1)

Here Nw is the number of water pixels of the analyzed image and Nwm is the number
of water pixels of the reference mask. Accuracy of allocation of water bodies for water
indexes interpreted in table 3.
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Method Range Overall accuracy %
WRI >1.0 86.5%
>0.0 86.2%

NDWI
>0.18 87.2%
0,

MNDWI >0.0 86.2%
>0.18 88.2%
-0.45...-0.25 87.2%
NPT <0.0 86.2%
>0.0 85.2%
NDMI >(.14 86.0%

Table 3. Accuracy results

Results

Interpretation of Table 3 describes the results of assessing the accuracy of the allocation
of water bodies for the water indices WRI, NDWI, HDMI, DVI, NDVI. Therefore, it
is necessary to be guided by methods and means that can be used to receive reliable
and precise information on certain man-made objects during the accomplishment of
environmental monitoring, in our case, water objects that directly affect the ecological
system (Faiz et al., 2021). Also, it can be seen that the accuracy of detecting water
bodies is high and as close as possible to the reference mask. Additional calculations
were performed for some indexes, taking into account the various options of range
values in pixels belonging to water surfaces. This made it possible to more accurately
find the thresholds of values at which a pixel can be considered to belong to water
objects.

 Index  Imageof thecoastline
1 NDVI i |

%
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2 | WRI

3 NDMI

4 | MNDWI
5 NDWI

Table 4 - Visualization of the Mask of water objects calculated from 30 m images, in comparison with
reference images with a resolution of 50 cm.

168



ISSN 2224-5278 6.2023

The mask visualizations of the Table 4 indicate the accuracy of detecting water bodies
is high and as close as possible to the reference mask (Levin et al., 2020). Verification
of the adequacy of decoding techniques showed that the best way to recognize water
surfaces for the Caspian Sea is to calculate the MNDWTI index, which has a minimum
value of the standard error. In a further study of the dynamics of changes in the coastline
was carried out using this index. To identify the temporal variability of the water mirror
areas, 44 images were analyzed for each selected year (a total of 220 images). This
index was used to calculate the coastline of the Caspian Sea for the period from 1990—
2021, pointed out in figure 3.

Research paper reveals a calculation of the coastline of the Caspian Sea for each
year of the study, using the mosaics structure of 44 images. In order to accelerate the
processing of a large number of images, the geographic modeling process in the ArcGIS
software was used. The whole process of modeling the calculation process interpreted
in table 5.

Table 5 — Geographic modeling of the calculation process
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Fig. 3. The area of the water surface of the Caspian Sea from 1990 to 2021

In the process of the study, the indices were calculated from the Landsat 8 spacecraft,
the resolution of the images was 30 meters.

400000
395000
390000
385000

380000
1990 1999 2008 2017 2021

Table 6 — change in the volume of the Caspian Sea for the period from 1990 to 2021.

The time series of the area of the water object of the Caspian Sea allows us to
distinguish periods of increasing and decreasing importance. In recent years, fluctuations
in the level of the Caspian Sea have been caused by the ratio of the characteristics of the
water balance, changing under the influence of anthropogenic climate change described
in table 6.

According to the point of experts, the least amount of precipitation fell on the
Caspian Sea was in the period from 2006 to 2020, and the evaporation processes were
more intense. In addition, due to a series of low-water years in the Volga River basin,
the average inflow of water was also the smallest. The main reason for this lack of water
is the warming of the climate, which has engulfed the entire northern hemisphere. The
coastline changes deeply interpreted in figure 4.

Thus, summarizing, it seen that the fluctuations of decreasing and increasing nature
in the Caspian Sea level observed in the past, and possesses a long-term natural cyclical
character. In recent years, global warming has also begun to affect the state of that
water object. To determine the technique for studying the surface water researches, the
analysis of published materials on modern methods of monitoring the natural water
bodies based on data from the use of satellite imagery achievements (Tolepbayeva et
al., 2020) were performed, including the possibilities of application the study sea level

dynamics in the monitoring activity.
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Fig. 4. — Changes in the boundaries of the Caspian Sea for the period from 1990 to 2021

Conclusion

To summarize the research paper, it is required to emphasize a performed comparative
analysis of the composite indices. Based on that parameter, the filters create the
opportunity to identify water surfaces (rivers, lakes, artificial reservoirs) on the earth's
projection. Before indices calculations, radiometric and atmospheric corrections were
accomplished with the conditions during shooting and adjusting the brightness interval
of the resulting image.

As a result of data processing, the obtained conclusion showed that the best water
index among WRI, HDMI, NDWI and DVI is MNDWI, which indicates the visual
analysis of water masks and high accuracy assessment. In that case the comparison of
water masks for each index are given as well.

Monitoring of the coastline, mentioned in this observation, given by photogrammetric
method has the appropriate quality, since the data covers the entire necessary territory
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and correctly transmits information about the water resource. Apart from that, digital
photogrammetric technology is one of the most effective ways to provide precise data.

Additionally, the implementation of these methods can significantly reduce and
simplify various types of traditional geodetic and cartographic measurements. On this
basis, the usage of obtained data will increase the accuracy of the data, shorten the time
for receiving the necessary materials, and reduce products costs.

This method is interpreted to user to get output materials both in graphic and digital
forms. The use of GIS technologies for collecting and storing the information received
in a single database allows for timely spatial analysis of the entire study area. Data
exchange using global and local networks ensure efficient organization and management
of work at facilities, as well as provides an opportunity to perform environmental
forecasting and assessment of the surrounding area.
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