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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




I 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 Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

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

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMIAAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTHU U TEOIKOTOTUH M.
Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yanepcutera Hancn
(Haucu, ®dpannus) H=15

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

OUIIEP Axceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [lpesneH
(dpesnen, bepnun) H=6

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

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppectionnieHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonorndecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28
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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

ZHOLTAEV 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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. The Astrakhan-Mangyshlak main water pipeline is important for water
supply to the population and industrial enterprises of the Atyrau and Mangyshlak
regions. Digitalization of the water pipeline is carried out to create a database of the
SmartTranWater software package. The database is created to model and optimize the
water supply system and determine energy-saving modes of operation of pumping units
and volumes of water transportation. The database consists of digital profiles of working
sections of the main water pipeline, identification of parameters of the linear part of
sections, and creation of digital objects at the water pipeline stations. Regression analysis
of the machine learning method was used to identify the initial data. The following initial
data were updated: profiles of sections, location of water pumping stations in the main
water pipeline, characteristics of pumps, hydraulic parameters of pipelines, nodes of
sections, water withdrawals, and looping of pipelines. For each section, a linear pipeline
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part was built with the introduction of pipe elevations depending on the kilometrage.
All pipeline nodes were taken as three object types: section nodes, withdrawal nodes,
and pipe-looping nodes. Pumping units in stations are stored as a station-related objects,
which are linked by rotor type and electric motor type. For each operating pumping unit,
depending on the pumping mode and the pumped water, the values of the created heads
and power consumption were determined.

Keywords: digitalization, main water pipeline, SmartTranWater software package,
database, identification
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AHHOTanusl. AcTpaxaHb-MaHFBIIUIAK MAaruCTPajAblK Cy KYOBIPBIHBIH AThIpay
*oHe MaHFBIIIIAK OOJIBICTAPBIHBIH XaJIKbl MEH OHEPKACIIITIK KOCIHOPBIHAAPHIH CYMEH
KaMTaMachl3 eTyae MaHbI3bl 30p. SmartTranWater OargapiamMainsik xKacaKTaMachbIHBIH
JEPEKKOPBIH KYPY YIIiH KYOBIpIb! u(pranaspy xyprizingi. epekrep 6a3acel cymeH
XKaOBIKTAy )KYHeCiH MOJIENIbACY KOHE OHTAWIaHABIPY, COHBIMEH 0ipre COPFbI KOHIBIPFBI
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KYMBICBIHBIH SHEpPIUs YHEMJEY PEKHMICPiH OHE CyAbl TachIMajjaay KeJleMAepiH
aHBIKTay YIUiH KypbUFaH. Jlepekrep 06a3achl MarucTpajibAblK Cy KYOBIPBIHBIH >KYMBIC
yuYacKeJepiHiH LUQPIbIK Npo(UIbAepiHeH, CBI3BIKTHIK O6JIiriHiH MmapaMeTpiepin
WACHTHQUKAIMIAyAaH, Cy OTKI3Till CTaHUMsUIapaarbl LUQPIBIK OOBEKTUIepAi
KypyAaH Typaibl. bacTankel JepeKTepAi aHbIKTay YLIIH MaIlMHAIBIK OKBITY 9IiCiHIH
perpeccusulbIK TaaAaybl KONJAHbUIABL. MbIHa OacTamkbl AEpPEeKTep >KaHAPTHUIABL:
yuacke Tpoduiblaepi, MarucTpanbIblK Cy OTKI3TIWITIH Cy ainay CTaHUUSUIAPBIHBIH
OpHaJacybl, COPFbI CUIIATTaManapbl, KYOBIPIBIH THAPABIMKAJIBIK TapaMeTpiiepi, yuacke
TYHiHZEP], XKoail cy TapTynap, KockiMina Kyosipnap. KyOsipasiy apOip yuackeci ymiH
KHJIOMETpask OOMbIHIIA KYOBIPIBIH OMIKTIKTEPiH €HI13yMEH CBHI3BIKTHIK OOITiK CalbIHABL.
Bapnbik KyObIp TOpanTapsl yi HelcaH OOWBIHINA alIBIHABL: CEKIUsS TYHIHIEPI, Cy TapTy
TYHiHZEP1 KoHE KOChIMINIA KYObIp TyHiHAepi. CTaHIusIapAarbl COPFBI KOHABIPFBUIAPHI
POTOp TYpi MEH KO3FaNTKBIII TYpi OOMbIHIIA OaiilaHbICKaH CTAaHLUSFA TOH 00BEKTiIep
peTinae cakranaapl. OpOip KYMBIC iCTEN TYpFaH COPFBI YLIIH aiiiay peKUMiHE JKOHE
aiinanaTeIH cyra OaiIaHbICTBl OHAIPINETIH KBICHIM MEH KyaT TYTHIHY aHbIKTaJabl.

Tyiiin ce3gep: undprangblpy, MarucTpainblk cy KyOwepsl, SmartTranWater
OarmapiaManbIK JKacaKTaMachl, JepeKTep 0a3achl, MACHTH(PUKALMS
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AHHoTamus. MarucTpaapHbeli BOAOBOJ AcTpaxaHb-MaHTBIIIUIAK UMEET BaXKHOE
3HaueHWe IJisi OOecCledeHHs] BONOW HAaceNeHHWs W MPOMBILUICHHBIX HpPEeANpUsTHHA
Artbipayckoil 1 MaHTbIIUTaKCKON obnacTteld. L{nppoBuzanns BogoBoaa MPOBOAUTCS IS
cozfanusi 0a3pl NaHHBIX MporpaMMHOro obecrneuenus SmartTranWater. baza naHHbIX
cozfaercst Al MOACIMPOBAHHUA U ONTUMH3AIMU CHCTEMBl BOOAOCHAOKEHUS, a TaKxkKe
U ONpeeNieHHs] YHEProcOeperalonx pPeXUMOB paboThl HACOCHBIX arperatoB H
00bEMOB TPAHCIIOPTUPOBKU BOABI. baza naHHBIX COCTOMT M3 HU(POBBIX Hpoduiei
paboynx y4acTKOB MAarucCTPaldbHOTO BOJOBOAA, WACHTH(HUKALUH TMapaMeTpoB
JUHEHHON YacTH yYacTKOB, CO3AaHUM LUQPOBBIX OOBEKTOB Ha CTAHLMUSIX BOAOBOJA.
Jnst naeHTUUKAIUN UCXOTHBIX JaHHBIX HCIIOIb30BaH PErPECCHOHHBIN aHaIN3 METOa
MaimHHOTO O0OyueHus. [IpoBenena axTyanu3anuss MCXOOHBIX JAaHHBIX: MPOQHIIEH
Y4aCTKOB, PACIONOXKECHHUS BOJOHACOCHBIX CTAHIMM MAruCTPAJIBHOIO BOXOBOJA,
XapaKTepPUCTHK HACOCOB, THIPAaBIMYECKHX MMapaMeTpoB TPyOONpoBona, Y3JIOB
y4acTKOB, OTOOPOB, JyNMHUHTra TPyOOmpoBomoB. s kKaxaoro ydactka TpyOompoBona
Obula MOCTpOEHA IMHEWHas YacTh C BBEAEGHHEM BBICOTHBIX OTMETOK TPYObI B
3aBHCUMOCTH OT KWJIOMeTpaxa. Bce y3mbl TpyOonpoBoaoB ObUTH B3ATHI Kak TPU TUIA
00BbeKTa: y3JIbl Y4acTKOB, Y3JIbI OTOOPOB U Y31kl TynuHra Tpy0. HacocHsle arperars! Ha
CTaHIUAX XPAHIATCS KaK 00BEKTBHI, OTHOCSIINECS K CTAaHIMU, U KOTOPBIE CBSI3aHbI THIIOM
pPOTOpa M THUIOM dJeKTpoABHUrareneii. s Kakaoro paboTarIero HacCOCHOTo arperara
B 3aBUCHUMOCTH OT PEXHMa TEpPEKayKH W TMPOKaYMBAEMOH BOIBI OBUIM OMpEAETICHBI
3HAUEHHS CO3JaBAEMBIX HAIIOPOB U MOTPEOISIEMO MOLTHOCTH.

Tyiiin ce3mep: uupraHgblpy, MarucTpajbHBI BONOBON, MPOrPaMMHOE
obecnieuenne SmartTranWater, 6a3a JaHHBIX, UASHTHQUKALHS

Introduction

The Astrakhan-Mangyshlak main water pipeline (MWP) was put into operation in
1988 (Ivleva et al., 2002; Myrzakhmetov et al., 2012). The maximum technical capacity
of the water pipeline is 94 thous. m*/day at the section Kigach — WPS-8 (Kulsary) and
73 thous. m*/day at the section WPS-8 - Mangyshlak. The main consumers of the water
pipeline are oil producers Tengizchevroil LLP, North Caspian Operating Company
N.V., Karazhanbasmunai JSC, Mangistaymunaigas JSC, Ozenmunaigas JSC, etc. MWP
provides water supply to utilities, which bring it to drinking quality for the settlements
of Akkistau village (8 thous. people), Beineu village (47 thous. people), Kulsary city
(70 thous. people), Zhanaozen city (120 thous. people). In total, 173 consumers use
the service of water supply under MWP, including 23 oil and gas producers and 36
industrial enterprises, 20 public utilities and budgetary organizations, and 94 agricultural
enterprises.

The volume of water supply through the MWP is more than 25 million m® per year.
The water pipeline has several pumping stations and many associated pumping units for
supplying enterprises, which leads to changes in water volumes as well as the hydraulic
resistance of the water pipeline.

Modeling and optimization of the water distribution system along the water pipeline
are important for the sustainable water supply of industrial enterprises and settlements
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(Waite, 2010; Fayomi etal.,2017; Savic, 2018; Awe etal., 2019; Kenzhaliyev et al., 2020;
Walski et al., 2003). Determination of energy-saving modes of pumping unit operation
is necessary for the efficiency of water pipeline operation (Lejano, 2006; Trifunovic,
2006; Dongre, 2016; Swamee & Sharma, 2008; Mala-Jetmarova et al., 2017).

Figure 1 shows the scheme of the Astrakhan-Mangyshlak MWP with a total length
of 1945.1 km. The diameters of the pipelines vary in sections from 377 mm to 1220 mm.
The water pipeline starts from the Kigach head treatment plant (HTP), the water pipeline
route skirts the Caspian Sea, passes through the territory of Atyrau and Mangyshlak
regions, has several intermediate water-bearing stations and withdrawal points for water
supply of oil and gas and industrial enterprises, as well as settlements. The pipeline is
laid at a depth of 1.5 m, the water pipeline profile at the section of the state Kigach HTP
- WPS 8 has a height below the sea level from —15.2 to —24.5 m, at the section of the
WPS 8 (water pumping station) - Aktau HOPS (head oil pumping station), the height
varies from —15.2 m to +255.0 m, and at the section of the WPS 8 — Kalamkas HOPS
from —15.2 m to 226.2 m. The height difference in the profiles of the sections causes
static pressure and additional load on the operation of pump units.

The presence of numerous water withdrawals changes the current flow rate and the
hydraulic resistance of the pipeline. At the sections of the water pipeline, the capacity
is high: from 73,000 to 94,000 m?/day, so there is a turbulent mode of water flow. The
roughness of the pipe and the presence of mechanical deposits lead to the fact that the
hydraulic resistance obeys the law of turbulent flow with a quadratic dependence on
speed (Colebrook, 1939; Colebrook & White, 1937; Idel’chik, 1992; Altshul, 1982;
Sheriyev et al., 2016).

Tha main water pipelng Astrakhan-Mangyshia
- Wiaber pumplng stafion

Fig. 1. Scheme of the Astrakhan-Mangyshlak main water pipeline
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Updating the working sections of the main water pipeline.

According to the technological scheme tank farms have the following stations:
Kigach HTP, WPS-5, WPS-8 and Karazhanbas WPS. In this regard, MWP has the
following sections: Kigach HTP — WPS-5; WPS-5 — WPS-8; WPS-8 — Aktau HOPS;
WPS-8 — Kalamkas OPS; WPS-8 — Karazhanbas HOPS; Karazhanbas WPS — Kalamkas
HOPS.

The sections of the Beineu — Uzen DN700 partially operating water pipeline were
considered in the form of water withdrawal taps at 652 km and 832 km.

To update the initial data, the following information was used (Zhapbasbayev et
al., 2021; Besimbayeva et al., 2023; Bekibayev et al., 2023; Beisembetov et al., 2020;
Sangulova et al., 2022; Bekibayev et al., 2022): pipeline profiles; pipe parameters; list
and location of stations on the linear part; list and location of measuring units on the
linear part; list and location of various taps on the linear part; list and location of pump
units in stations. passport characteristics of pumps and electric motors; physical water
parameters (including rheological properties); water pipeline setting and protection
maps; electric power tariffs.

The last two types of data are used only when calculating the optimal pumping mode:
values of setting and protection maps serve as one of the criteria of safe pumping, and
values of tariffs are used to find the mode with a minimum amount of financial expenses
for the operation of pump units and preheating furnaces. The other types of data are
necessary to perform a correct hydraulic calculation of the SmartTranWater SP.

Identification of the linear part of the sections

The following characteristics were used as pipe parameters: outer and inner diameter
of the pipe, depth of burial, equivalent pipe roughness, thickness of insulation material,
and thermal conductivity of steel and insulation material. The value of equivalent pipe
roughness was taken as 1.5 mm, which corresponds to the average roughness value
of steel welded pipes after a long service life with a significant amount of corrosion.
Subsequently, when analyzing historical data, the roughness values in the formula of
the hydraulic resistance coefficient of Altschul (Waite, 2010 & Fayomi et al., 2003)
were changed for some pipes. Values of thermal conductivity of steel and insulating
material of pipes were taken at 45.318 W/(mK) and 0.036 W/(mK), respectively. The
other parameters of the pipes are given in Table 1. The value of the inner diameter of
the pipe was calculated from the thickness of the pipe wall. For the pipelines, where a
detailed description of the wall thickness in relation to the pipe kilometer was available,
the average inner diameter of the pipe section between the stations was calculated.

For each pipeline, its linear part was constructed. For each pipeline section between
stations its profile was attached, i.e. elevation of the pipe depending on the kilometrage.
The locations of nodes on the linear part were taken from the passports of water pipelines.

Table 1. Parameters of pipes of water pipeline sections

. Outer diameter | Inner diameter | Local resistance | Roughness of
Name of the site . . . .
of the pipe, mm | of the pipe, mm | coefficient the pipe, mm
Kigach HTP — WPS-5 1220 1200 1.1 1.5
WPS-5 — WPS-8 1220 1200 1.1 1.5
WPS-8 — 832 km 1220 1196 1.1 1.5
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832 km — 973 km 1020 1000 1.1 1.5
973 km — 999 km 720 702 1.1 1.5
999 km — 1041 km (Zhetybai) 720 702 1.1 1.5
1041 km (Zhetybai) — 1086 km

(OHS-112) 530 514 1.1 1.5
1086 km (OHS-112) — Aktau HOPS | 377 359 1.1 1.5
832 km (numbering of the

Astrakhan—Mangyshlak water

pipeline) — 26 km (numbering of the 1020 1000 1.1 13
Say-Utes —Buzachi water pipeline)

26 km — 39 km 530 514 1.1 1.5
39 km — Karazhanbas WPS 1020 1000 1.1 1.5
Karazhanbas WPS — Kalamkas

HOPS 420 402 1.1 1.5

All pipeline nodes are considered as objects of 3 types:

Section nodes. Each pipeline segment (respectively its profile) is stored in the
SmartTranWater database as pipe sections between section nodes. In other words, the
site nodes serve as vertices of the pipeline graph, in which the edges are a particular
section of pipe (segment).

In MWP, section nodes include the following objects:

Water pumping stations: Kigach HTP, WPS-5, WPS-8, WPS-667, Karazhanbas WPS.
Nodes connecting several pipelines: 832 km (split of the pipeline into 2 directions: to the
Beineu - Uzen DN700 water pipeline and to Aktau HOPS), 833 km (split of the pipeline
into 2 directions: to Karazhanbas WPS and to Aktau HOPS). Pipeline diameter change
stations: 832 km (transition of DN1220 to DN1020), 973 km (transition of DN1020 to
DN1000), 1041 km (transition of DN720 to DN530), 1086 km (transition of DN530
to DN377), 26 km (transition of DN1020 to DN530), 39 km (transition of DN530 to
DN1020);

Pressure regulation nodes: 547 km, 652 km, 833 km, 973 km, 999 km, 1041 km,
1086 km. Terminal nodes. These may include either end stations with reservoirs (WPS-
5, WPS-8, Karazhanbas WPS), or end users (Aktau HOPS, Kalamkas WPS).

In SmartTranWater DB, the site nodes can be linked to the readings of pressure and
flow sensors at the inlet and outlet of the node, and ground temperatures, and the objects
of pumps and control valves can be added to them.

For better understanding the nodes of 547 km, 652 km, 833 km, 1041 km, 1086 km
in working sections have the following names: division to Oporny OHS, division to
Beineu OPS, division to Say-Utes OHS, division to Zhetybai OPS, division to OHS-
112.

Thus, the above site nodes divide the water pipeline into the following segments:

Kigach HTP — WPS-5; WPS-5 — WPS-8; WPS-8 — 547 km (branching of Oporny
OHS); 547 km (branching of Oporny OHS) — 652 km (branching of Beineu OPS); 652
km (branching of Beineu OPS) — WPS-667; WPS-667 — 832 km; 832 km — 833 km
(branching of Sai-Utes OHS); 833 km (branching of Sai-Utes OHS) — 973 km; 973
km — 999 km; 999 km — 1041 km (branching of Zhetybai OPS); 1041 km (branching of
Zhetybai OPS) - 1086 km (branching of OHS-112); 1086 km (diversion to OHS-112)
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— Aktau HOPS 833 km (branching of Sai-Utes OHS) — 26 km; 26 km — 39 km; 39 km —
Karazhanbas WPS; Karazhanbas WPS — Kalamkas HOPS.

Each segment conditionally has a constant value of the internal and external diameter
of the pipe, depth of occurrence, and insulation parameters.

Withdrawal nodes. Each withdrawal node refers to a specific pipe segment. In the
SmartTranWater DB, the volume of water withdrawn from the pipeline can be specified
for each withdrawal node. Readings of pressure and flow sensors of withdrawn water at
the tapping point can be linked to the withdrawal nodes.

Pipe looping nodes. Each looping node refers to a specific pipe segment. In the
SmartTranWater DB, the location and number of looping nodes can be changed to
calculate different pumping modes. In the water pipeline, the following nodes belong
to the looping pipes: 207 km (segment Kigach HTP — WPS-5); from 207 km to 300 km
(WPS-5) the looping is given; 335 km, 389 km, 431 km (segment WPS-5 — WPS-8);
from 300 (WPS-5) to 335 km and from 389 to 431 km the looping is given.

Node parameters are stored in SmartTranWater DB tables depending on the node
type. Each operating section of the water pipeline is stored as a chain of segments, i.e.
sections of pipes between the nodes of the section. In the case of looping, a segment
may contain two or more pipes.

Figure 2 shows diagrams of the built 3 working sections of the water pipeline, and
their profiles, which are displayed in the interface of the SmartTranWater DB. Circles
with crosses represent pumping stations, taps, and connection nodes of several pipes
displayed as a circle with a short line branching.

Creation of facilities at the stations of the working areas

There are pump units in each water pipeline station. In the SmartTranWater database,
the pump unit is stored as a station-related object and is associated with two parameters:
1) rotor types; and 2) electric motor types.

Each rotor type contains the following data: dependence of head on water flow rate;
dependence of pump efficiency on water flow rate; dependence of allowable gravity
reserve on water flow rate; rotor speed at which these dependences are plotted; impeller
diameter; the speed of pump at a rated flow rate.

Each electric motor type contains the following data: rated power; rated voltage;
efficiency at rated load; rated rotor speed with regard to slip; minimum allowable rotor
speed.

B L R Pt P i

a) Working section Kigach HTP - WPS-8
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Fig. 2. Profiles of working sections of the main water pipeline

Based on the above parameters in SmartTranWater DB for each operating pump unit
depending on the pumping mode and pumped water, the values of created heads, power
consumption and conditions of safe operation are calculated.

Dependencies of head, efficiency, and allowable qubit reserve on rotor flow rate
were calculated using known similarity relations:

Q. _D.  H. (DN* . NPSH, _ (D,\?
(_> S L NPSH, (Dn)

where D, D, are the nominal and turned impeller diameters; Q , O, are the flow rates
of the nominal and turned pump rotors; H , H, are the heads of the pumps at the flow
rates Q and Q, respectively; 7, 7. are values of the efficiency of pumps at flow rates
and respectively; NPSH,, NPSH, are the allowable positive suction heads for required
pumps at flow rates O and Q, respectively.

It is known that one and the same brand of pumps can have several interchangeable
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rotors with different head and efficiency characteristics due to differences in diameter
and width of impeller blades, diameter of inlet nozzle, etc.

In this regard, SmartTranWater DB can contain several rotor types related to the
same pump brand, with the pump type brand and impeller diameter as identifiers.

Figure 3 shows the SmartTranWater DB interface, where you can view and edit
pump and motor types and parameters for a particular pump unit.

The nameplate curves for head, efficiency, and power consumption are shown with
a blue line, and the actual curves are shown with a green line (see Fig. 3). The actual
curves were obtained by analyzing and summarizing experimental data using machine
learning regression analysis. The plot of the passport’s allowable positive suction head
is shown in the purple line. For the passport curves (blue and purple), the solid line type
was defined in the pump passport, the dashed line means the possible behavior of the
passport curves outside the definition range.
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Fig. 3. SmartTranWater database pump and pump unit type library

Conclusion

Digitalization of the initial data was carried out by updating the section profiles,
location of water pumping stations of the main water pipeline, characteristics of pumps,
hydraulic parameters of the pipeline, section nodes, withdrawals, and looping of pipelines.
Machine learning regression analysis was used for initial data identification. Database
of section profiles, water pumping stations of the main water pipeline, characteristics of
pumps, pipeline parameters, nodes of sections, withdrawals, pipe looping was created.
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SmartTranWater database is designed for monitoring, modeling, and optimization of
water distribution systems in the Astrakhan-Mangyshlak main water pipeline.

Abbreviations

MWP is main water pipeline;
WPS is water-piping station;
HTP is head treatment plant;
OHS is oil heating station;
HOPS is head oil heating station;
DN is diameter nominal;

DB is data base.
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