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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. The study of the interaction of hydrochloric acid with carbonate rock is
important in the oil and gas industry. Carbonate rocks are common rock types, and half
of all petroleum reserves worldwide are found in carbonate deposits. Understanding the
mechanisms and characteristics of dissolution of carbonate rocks is of great practical
importance in the production of hydrocarbons and the injection of carbon dioxide
into formations. The purpose of this article is to study the dissolution processes of 5
carbonate samples in laboratory conditions using X-ray microcomputed tomography.
The studies used 5 cylindrical carbonate samples, which were tested during the injection
of hydrochloric acid solutions. The three-dimensional pore space of the samples
was obtained using specialized software based on tomographic images. The study
revealed that the physical properties of the samples, such as porosity and permeability,
significantly influence the dissolution process. Samples with higher porosity exhibited
higher permeability after acid injection. The created 3D models of the samples allowed
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3D visualization of wormholes, including branched and dominant wormholes. 3D
imaging provided valuable information about changes in the pore structure of the samples
before and after acid injection. The results of this study highlight the importance of
considering physical and structural properties when analyzing dissolution processes in
carbonate samples. These data can have practical applications in the oil and gas industry,
contributing to a more accurate understanding and optimization of the processes of
interaction of acid solutions with carbonate samples.

Keywords: carbonate samples, dissolution, X-ray microcomputed tomography,
porous structure, permeability
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EXPERIMENTAL STUDY OF DISSOLUTION OF CARBONATE SAMPLES
USING X-RAY MICROCOMPUTED TOMOGRAPHY

Annorauusi. Ty3 KbIIIKBUIBIHBIH KapOOHATTHl KBIHBICTAPMEH JPEKETTECYyiH
3epTTEeyAiH MyHal-ra3 eHepKaciOiHae MaHbI3bl 30p. KapOoHATTHI Tay KBIHBICTAPHI KEH
TapajfaH Tay >KbIHBICTApbl OOJBIN TaObLIAgbl KOHE JYHHE JKY3iHAEr OapiblK MyHai
KOpPBIHBIH JKapThIChl KapOOHAaTTHl KEeH OpbIHAapbelHAa Ke3aecedi. Kemipcyrekrepai
OHIIpye >KoHEe KabaTTapra KOMIPKBIIIKBUI Ta3blH aiigay Ke3iHAe KapOOHATThI
KBIHBICTAPJBIH €py MEXaHU3MIEpi MEH CHIaTTaMallapblH TYCIHYIIH NpPaKTHKaJIbIK
MaHbI3bl 30p. byl MakamaHblH MakcaTbl — PEHTTEHIIK MHUKPOKOMIIBIOTEPIIiK
TOMOTpadUsIHbl KOJNJaHy apKbUIbl 3epTXaHANbIK JKaraaina 5 kapOoHAT yITiciHiH epy
MIPOLIECTEPIH 3epTTey. 3epTTeyaepAc 5 MWIMHAPIIK KapOoHAT YITiIepl KOJAaHBUIIbI,
oJiap TY3 KbIIIKBUIBI €PITIHALIEPIH aliay Ke3iHAe ChIHANFaH. YJITUICpAiH YII eImeM I
KEYEeKT1 KEHICTiri ToMorpausuIblK KeCKiHJepre Heri3AenreH apHaibl OaraapiaMalbiK
KaMTaMachl3 €Tyl KOJJaHy apKbUIbl alblHAbL. 3epTTey HOTIDKECIHIE YITiNepain
KEYCKTIIr JKOHE OTKI3TIITIN CHSKTHl (U3UKAIBIK KAacHEeTTepl epy MpoleciHe
aiiTapabIKTaii ocep eTeTiHi aHbIKTasIbl. KeyeKTitiri skoFapsl yIrisiep KbIILKBLUT 9CepiHeH
KeHiH JKOFapbl OTKI3rimTikke ue Oonabpl. YunrinepniH sxacanran 3D moxenbaepi
epy (poHTTapbiH, COHBIH ILIIHAE TapMaKTalfaH >XoHE OachkiM epy (pPOHTTapbIH
3D keckingeyre MyMKiHAiK Oepai. 3D KeckiH KbIIIKBII oCepiHEH OYPBIH JKOHE OfaH
KEHIHT1 YArinepaiH KeyeK KypblIbIMBIHAAFBI ©3repicTep Typajibl KYH/bl aKnapar oep/i.
Byn 3eprreynin HoTmKenepi KapOOHAar YATIAEpiHIEri epiTy MpoLecTepiH Tanjay
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Ke3iHAe (U3UKAIBIK KOHE KYPBUIBIMIBIK KAaCHETTEPIi €CKEePYIiH MaHbI3IbLIbIFbIH
kepceteni. by nepexTep KbIIKBUT epiTiHALIEPIHIH KapOoHaT YITiJIepiMEeH opeKeTTecy
MPOIIECTEPIH JQTIPEK TYCIHYTE )KOHE OHTAMIAHABIPYFa BIKITAJ €Te OTHIPHIIN, MYHal-Ta3
OHEPKACIOIH/IE TTPAKTHKAIIBIK KOJIAHBUTYBI MYMKIiH.

Tyidiin ce3mep: kapOoHar yiTiNEpi, epiTy, PEHTTEHIIK MHKPOKOMIIBIOTEPITIK
ToMOrpadusi, KEyeKTi KypbUIbIM, OTKI3TiIITIK
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SKCHEPUMEHTAJIBHOE UCCJIEJJOBAHUE PACTBOPEHUSA
KAPBOHATHBIX OBPA3IIOB C IPUMEHEHHUEM PEHTTEHOBCKOM
MHUKPOKOMIILIOTEPHOI TOMOI' PAOUH

AHHoTanus. VccrenoBanue B3auMOICHCTBHS COISIHON KUCIIOTHI ¢ KapOOHATHBIMHU
MarepuaraMiuMeeTBaKHOe 3HaYeHHE BHE(PTera3oBoH MpoMbIuieHHOCTH. KapOoHaTHbIe
TIOPOJbI ABJIAIOTCA PACIIPOCTPAHCHHBIMU TUIIAMH TOPHBIX MOPOA, W IMOJIOBMHA BCEX
3amacoB He(TH MO BCEMY MHUPY HAXOAUTCS B KapOOHATHBIX MECTOPOXKIICHHSX.
[MoHnMaHuEe MEXaHU3MOB M OCOOCHHOCTEH PacTBOPCHUS, KAPOOHATHBIX MOPO]] UMEET
Ba)XHOE MPAKTUYECKOE 3HAUYCHUE TIPH JI0OBIYE YITICBOJAOPOIOB U 3aKauKe YIIIEKUCIIOTO
rasa B IuIacThl. [enbro HacTosIIeH CTaThU SBISETCS U3YYCHUE MTPOLECCOB PACTBOPEHUS
5 kapOOHATHBIX 00PA3IOB B JJAOOPATOPHBIX YCIOBUAX C MPUMEHEHUEM PEHTICHOBCKOM
MHUKPOKOMITBIOTEpHOH ToMorpaduu. B u3ydeHUs X ObUIM HCIIONB30BAHBI 5 IUIJIMH-
JPUYECKUX KapOOHATHBIX O0pa3IOB, KOTOPBIE OBUIM HMCIBITAHBI BO BpEeMsl 3aKavyKH
pPacTBOPOB COJISTHOW KHUCIOTBL. TpexMepHOe MOpPOBOE MPOCTPAHCTBO 00pa3loB OBLIO
MIOJTyYE€HO C IMTOMOIIBIO CIIEIUATN3UPOBAHHOTO IPOTPAMMHOTO 00eCIIeYeHHUsI Ha OCHOBE
ToMoTrpadudeckux n3o0paxkeHuii. MccnenoBanre BEISIBUIIO, YTO (PU3UYECKHIE CBOMCTBA
00pasIoB, TaKKe KaK MOPUCTOCTh U IPOHUIIAEMOCTb, CYIIECTBEHHO BIUSIOT Ha ITPOIIECC
pactBopenns. OOpasibl ¢ 0ojiee BBICOKON IMOPUCTOCTBHIO JEMOHCTPUPOBAIN Oojiee
BBICOKYIO MPOHUIIAEMOCTh TIOCJE BO3ACHCTBHS KHCIOTOH. CO3/aHHBIE TPEXMEpHBIC
MoOJIeTT 00pa3loB MO3BOJIMIIM TPEXMEPHO BH3YalM3HUPOBATh YEPBOTOUMHBI, BKIFOYAS
pPa3BeTBJICHHBIE M JIOMUHAHTHBIE 4YepBOTOYMH. 3D Bu3yanu3amus MpenocTaBuiia
LEHHYI0 HH(OpMaIuio 00 U3MEHEHHSX MOPOBON CTPYKTYpPhI 00pa3loB J0 U MOCIE
BO3I[€I>'ICTBPIH KHUCJIOTHI. PeSyJ'IBTaTI)I JaHHOI'O UCCIICAOBAaHUA MOAYCPKHUBAIOT BAXKHOCTDH
yuera (U3NYECKUX U CTPYKTYPHBIX CBOMCTB MPH aHAIW3E IPOIECCOB PACTBOPEHUS
KapOOHATHRIX 00pa3loB. DTH JaHHBIE MOTYT WMETh IMPAKTHICCKOE NMPUMEHEHHUE B
HeTera3o0Bo HHIIYCTPHUH, CIOCOOCTBYsI O0oJiee TOYHOMY MTOHUMAHHIO U OTITUMH3AIIHIO
IIPOIIECCOB B3aUMOJICHCTBUS KUCIOTHBIX PACTBOPOB C KApOOHATHBIMU 00pa3IaMH.

KuaroueBsbie ciioBa: kapOOHaTHBIE 00pas3iibl, PACTBOPEHUE, PEHTTEHOBCKAsT MUKPO-
KOMITBIOTEPHAsE TOMOTpaHsi, TOPUCTAs CTPYKTYpa, POHUIIAEMOCTh

91



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

Introduction

The study of dissolution processes in carbonate samples is important in geology and
the oil and gas industry because it allows us to better understand changes in the pore
structure of rocks and their impact on permeability. These processes play a key role
in the context of the extraction and storage of hydrocarbon resources in underground
formations, as well as in the processes of geological storage of carbon dioxide.

Carbonate samples such as calcite are common components of rocks and oil and gas
reservoirs. Understanding their pore structure plays an important role in the processes
of dissolution and transport of hydrocarbons, as well as in reactions with aggressive
chemical environments such as hydrochloric acid.

Many studies have been devoted to dissolution processes in productive layers using
reactive transport models (An et al., 2021; Luo et al., 2021; Maheshwari et al., 2014).
Experiments were also conducted on the dissolution of carbonate rocks with various
acid solutions (Luquot et al., 2014; Soltanbekova et al., 2021).

To create three-dimensional digital models of carbonate samples, X-ray
microcomputed tomography has become widely used (Qajar et al., 2013; Qajar & Arns,
2016; Smith et al., 2013; Xie et al., 2022). Numerical simulations have been used to
study the dissolution processes of porous structures (Turegeldieva et al., 2016; Zhou et
al., 2020). At the same time, researchers also studied the influence of sample scales on
changes in dissolution fronts (Turegeldieva et al., 2016).

The effect of different concentrations of hydrochloric acid on the porosity and
permeability of carbonate rocks was analyzed (Al-Arji et al., 2021; Liu et al., 2023). In
addition, studies have covered the influence of temperature on the dissolution processes
of carbonate samples (SHE et al., 2016) and the mechanisms of dissolution in carbonate
samples under high pressure conditions (He et al., 2017). Research also addressed the
influence of the chemical composition of carbonate rocks on their solubility (Meng et
al., 2022).

Researchers also paid attention to the influence of pore geometry on the efficiency
of dissolution processes in carbonate samples (Bolysbek et al., 2023). The effects of
exposure to carbonate rocks with different types of acid compositions at slow rates have
been studied (Akasheva et al., 2023).

This paper studies the dissolution mechanisms of carbonate samples and their
influence on their basic characteristics using X-ray microcomputed tomography. For
this purpose, 5 cylindrical carbonate samples were used, onto which a 12 % solution of
hydrochloric acid was pumped at a flow rate 0.5-32 ml/min.

Materials and methods

Sample characterization

To perform physical experiments related to the dissolution process, this work
uses 5 cylindrical carbonate samples with a length and diameter of about 5 and 3 cm,
respectively. These samples were extracted from a geological core extracted from a
carbonate reservoir located in the coal system of one of the deposits in the Republic of
Tatarstan (Fig. 1). In Fig. 1, the top row shows a photograph of the inlet and outlet slices
of the samples, while the bottom row shows a photograph of the samples from the side.
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Figure 1. Photos of cons1dered samples

During standard analysis, the samples went through hydrocarbon extraction,
salt removal and drying in Soxhlet apparatus. After that, filtration-capacitive and
petrophysical properties were determined, including open porosity, bulk density and
permeability of the samples.

The mineral composition of the samples was determined using a Bruker D2 X-ray
diffractometer.

Experiments on injection of acid solution

Filtration studies of the acid solution were carried out using an electronic installation
for studying rocks Wille Geotechnik Y1000 with the ability to physically simulate
the thermobaric conditions of the formation. The installation allows you to evaluate
the permeability of rock models before and after interaction with concentrated acid
solutions in reservoir conditions.

A 12 % hydrochloric acid solution was used as an acid solution. The injection rate
of the solution into the samples varied from 0.5 to 32 ml/min. During injection of
the solution, a compression pressure of 3 MPa was created, and the temperature was
maintained constant at 20°C.

The absolute permeability of samples to water is calculated according to Darcy’s
linear law:

K = uLQ/APF,

where K is absolute permeability, m?; }{ — dynamic viscosity, Pa‘s; L —sample length,
m; Q — volume flow, m%/s; AP — pressure drop at the ends of the sample, Pa, F — cross-
sectional area of the sample, m?.

X-ray computed tomography

To obtain the digital pore space of the samples before and after dissolution, a General
Electric phoenix v|tome|XS 240 X-ray microcomputed tomograph was used, with a
resolution of about 18 pum.

The operating principle of the X-ray tomography method is to obtain a sequence of
X-ray images of an object, which are then processed using software methods to create a
three-dimensional image. In this technique, the key unit that determines the resolution
of a three-dimensional model of an object is the voxel. Voxels are similar to pixels,
but are applied in three-dimensional space. The result of 3D image reconstruction is a
3D array of voxels aligned along the XYZ coordinate axes. A single slice, one voxel
thick, is usually called a slice. In the paper, the digital sample model contains about
1800x1800x3000 slices in three directions, respectively.

Processing and calculation of the characteristics of the volumetric model were
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carried out in the specialized Avizo program, which allows you to create a 3D model of
the samples and calculate microscopic and macroscopic properties.

Processing the resulting digital model of samples consists of several mandatory
operations, such as cutting, noise removal and segmentation. The cutting was done
to remove unwanted edge noise. Filtering of digital data was carried out to remove
noise and artifacts directly within the sample. For filtering, the median filter was used,
which was better suited. After filtration, segmentation of the pore space was performed.
Segmentation was performed using the Interactive Thresholding module in Aviso,
which determined the gray boundary threshold value to adequately separate the pore
space from the solid skeleton.

Results and discussions

Results of physical experiments on sample dissolution

Before conducting experiments on pumping acid into samples, their filtration and
petrophysical properties were determined (Table 1). The samples have similar sizes
but differ in pore volume, porosity and permeability. If we compare the porosity and
permeability values of the presented samples, it can be seen that samples with higher
porosity have higher permeability values.

Table 1. Properties and mineral composition of samples

. . . Mineral composition, %
Sample | Length, cm | Diameter, cm | Porosity, % | Permeability, mD Calcite | Dolomite| Quartz
1 4,93 2,98 22,39 642,18 99 <1 1
2 4,92 2,96 23,05 920,64 100 - <1
3 4,93 2,99 27,17 635,03 100 - -
4 4,95 2,98 21,91 816,65 100 - -
5 4,92 2,98 18,05 406,67 100 - -

The mineral composition of the samples was also determined, which shows that all
samples are almost entirely composed of calcite (Table 1). Only a few studied samples
contained a small proportion of quartz, not exceeding 1 %. This indicates that all the
studied samples are highly homogeneous in composition, which excludes the influence
of this parameter when comparing the efficiencies of interaction of samples with acidic
compounds.

After conducting standard studies, experiments were carried out on pumping acid into
samples, the results of which are shown in Table. 2. In Fig. Figure 3 shows photographs
of samples after injection of an acid solution. Photographs of the samples after injection
of acid show that almost all samples had breakthroughs, except for sample 1. In sample
1, the process of rock dissolution at the inlet end was observed due to the low rate of
injection of the acid solution; in the remaining experiments, wormholes were formed
with a breakthrough of the sample.

A comparative analysis of injection rate and permeability changes indicates a direct
relationship between them. An increase in injection rate was usually accompanied by
an increase in permeability after acid exposure. For example, sample No. 5, which has
the highest injection rate (32 ml/min), has the lowest initial permeability of 406.67
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mD, but after exposure to an acid solution, the permeability increased significantly (up
to 3009.90 mD) compared to the rest. However, the porosity of this sample increased
from 18.05 % to 23.31 %, which is not quite high with the increases in other samples.
Samples with relatively high increases in porosity showed an ambiguous relationship
with changes in permeability, which may be associated with the peculiarities of changes

in their structure.
Table 2. Results of experimental tests

Sample | Flow rate, ml/min | Porosity after dissolution, % Permeability. mD AP
’ ’ before dissolution | after dissolution
1 0,5 32,65 642,18 918,89 -
2 12 30,61 920,64 2391,17 5,81
3 16 32,46 635,03 3331,20 4,50
4 25 28,13 816,65 3889,23 6,31
5 32 23,31 406,67 3009,90 6,19

3

Figure 2. Photos of samples after injection of acid solution

Samples with higher injection rates also tended to have higher PV, values. No acid
breakthrough was detected in sample 1, therefore, the PV, value for this sample was
not determined.

3D digital model of samples

As a result of scanning the samples with an X-ray microcomputed tomograph,
volumetric images of the samples were obtained. Each voxel in the sample images is
assigned an X-ray density value, measured in conventional units of the linear attenuation
scale relative to air. In this case, it varies in the range from 0 to 65535 units. Fig. 3
shows orthogonal sections of raw images of samples before and after dissolution with
hydrochloric acid. The acid solution was pumped from bottom to top.

Before

After

Figure 3. Raw images of samples before and after rock dissolution
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Next, the sample images were processed by removing unwanted noise. Before
applying the filters, the image boundaries were trimmed to the edges of the cylinder.
As a result, the number of slices in three directions was reduced to 1600x1600x2600.

After this, sample images were filtered and segmented. A specific rectangular area
was selected on one of the slices of sample 3 in order to demonstrate the results of
filtering and segmentation visually (Fig. 4). In Fig. Figure 4 shows a comparison of
the original image with the image after applying filtering, as well as their segmentation
using sample 3 as an example. It should be noted that the distribution of gray color was
adjusted to show the filtering results. As can be seen from the filtering results, the noise
that was present in the original image was smoothed out. Depending on the structure,
composition and scanning process, the boundaries of the X-ray absorption density
distribution change differently, as well as their gray boundaries set for segmenting
the pore space in the Interactive thresholding module. The upper threshold values for
segmentation were determined by visual analysis of the slices, and they differed for each
sample (Table 3).

In turn, based on the binary data of the samples, their porosity was calculated (Table
3). The calculated porosities from segmented images of the samples did not give bad
results. Deviations from experimental porosity vary, but generally remain relatively low.

Original Selected area Filtered Segmentation Segmented sample

Figure 4. Results of filtering and segmentation of image of sample 3

Table 3. Results of porosity calculatiion from images

Sample Image porosity, % Experimental porosity, % | Deviation, % | Threshold
I Before 20,21 22,39 9,75 25300
After 29,63 32,65 9,24 30400
) Before 21,01 23,05 8,84 21570
After 28,07 30,61 8,31 24100
3 Before 24,73 27,17 8,97 26900
After 29,81 32,46 8,15 28850
Before 19,80 21,91 9,63 11240
4 After 25,54 28,13 9,22 27930
Before 16,33 18,05 9,51 24800
> After 21,30 23,31 8,61 24990

In Fig. Figure 5 shows the results of volumetric rendering of the segmented pore
space of the samples before (a) and after (b) dissolution, as well as calculations of the
average porosity along the length of the samples (c). The dark blue color shows the
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pore space (Fig. 5 a, b). Injection direction in Fig. 6 occurs from left to right. Blue and
orange lines show the porosity distribution before and after dissolution, respectively
(Fig. 5¢). It should be noted that, to visualize wormholes in 3D models of samples after
dissolution, the transparency was increased (Fig. 5 b).

From the created 3D digital models of the samples, as well as from the distribution
of porosity along the length of the samples, one can see the features of the dissolution
mechanisms of the samples. The samples show evidence of several dissolution regimes.
In sample 1, a surface dissolution mode was observed due to the low injection rate,
and therefore no breakthrough of the acid solution through the sample was observed.
In other samples, signs of branched and dominant (wormhole) dissolution regimes
are noticeable. As the injection rate and the injected pore volume of acid increase,
the thickness of the wormholes increases. Perhaps this explains the largest increase in
permeability in sample 5 (Table 2). It can also show that in this sample the dissolution
regime is reduced to a dominant wormhole, since porosity does not increase everywhere
compared to samples 1 and 2 (Table 2).

0,5 ml/min

12 ml/min

16 ml/min

25 ml/min

32 ml/min

Figure 5. Pore spaces of samples before (a) and after (b) dissolution and porosity distribution along
the length of samples (c) before and after dissolution

Conclusion

In this paper, the dissolution of carbonate rock samples was experimentally
studied using X-ray microcomputed tomography with a spatial resolution of 18
um. Microcomputed tomography provided important data on the interaction of the
acid solution with 5 carbonate samples. Porosity and permeability were found to be
significant factors affecting the dissolution process. Samples with higher initial porosity
had higher increases in permeability as a result of acid injection. However, sample 5
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showed a significant increase in permeability, despite a slight increase in porosity. This
is confirmed by the fact that a dominant wormhole formed in this sample.

The constructed 3D digital models of the samples made it possible to clearly and
in detail identify dissolution fronts. In samples 2-4, branched wormholes formed and
developed, in which the solution injection rate was average, while in sample 5 one
dominant wormhole formed and erupted. And in sample 1, surface dissolution of the
rock was observed, which corresponds to a low solution injection rate. The results will
demonstrate that microcomputed tomography is becoming one of the integral tools for
studying the pore structure of rock samples with the creation of a database of digital
cores, which is very useful in assessing the effectiveness of other types of intensification
of fluid flow to the well, since the undamaged model of the samples is stored in the
database.

Further research will be aimed at optimizing the conditions of exposure to acid
solutions to achieve the most effective results, as well as studying changes in rock
wettability as a result of dissolution.

REFERENCES

Akasheva Z., Bolysbek D. & Assilbekov B. (2023). STUDY OF CARBONATE ROCK DISSOLUTION
USING X-RAY MICROCOMPUTED TOMOGRAPHY: IMPACT OF ACID FLOW RATE. NEWS of the
National Academy of Sciences of the Republic of Kazakhstan SERIES OF GEOLOGY AND TECHNICAL
SCIENCES, 1(457), 20-32. https://doi.org/10.32014/2023.2518-170X.256

Al-Arji H., Al-Azman A., Le-Hussain F. & Regenauer-Lieb K. (2021). Acid stimulation in carbonates:
A laboratory test of a wormhole model based on Damkoéhler and Péclet numbers. Journal of Petroleum
Science and Engineering, 203, 108593. https://doi.org/10.1016/j.petrol.2021.108593

An S., Erfani H., Hellevang H. & Niasar V. (2021). Lattice-Boltzmann simulation of dissolution of
carbonate rock during CO2-saturated brine injection. Chemical Engineering Journal, 408, 127235. https://
doi.org/10.1016/j.cej.2020.127235

Bolysbek D.A., Kulzhabekov A.B., Bekbau B.Y. & Uzbekaliyev K.S. (2023). Study of the pore structure
and calculation of macroscopic characteristics of rocks based on X-ray microcomputed tomography images.
Kazakhstan Journal for Oil & Gas Industry, 5(2), 17-30. https://doi.org/10.54859/kjogi1 08647

He Z., Ding Q., Wo Y., Zhang J., Fan M. & Yue X. (2017). Experiment of Carbonate Dissolution:
Implication for High Quality Carbonate Reservoir Formation in Deep and Ultradeep Basins. Geofluids,
2017, 1-8. https://doi.org/10.1155/2017/8439259

Liu S., Zhang L., Su X., Zhao L. & Wang Y. (2023). Micro-CT characterization on pore structure
evolution of low-permeability sandstone under acid treatment. Applied Geochemistry, 152, 105633. https://
doi.org/10.1016/j.apgeochem.2023.105633

Luo Z., Cheng L., Zhao L. & Xie Y. (2021). Study on the mechanism of reactive acid transport in
fractured two-mineral carbonate rocks. Journal of Natural Gas Science and Engineering, 94, 104118.
https://doi.org/10.1016/j.jngse.2021.104118

Luquot L., Rodriguez O. & Gouze P. (2014). Experimental Characterization of Porosity Structure and
Transport Property Changes in Limestone Undergoing Different Dissolution Regimes. Transport in Porous
Media, 101(3), 507-532. https://doi.org/10.1007/s11242-013-0257-4

Maheshwari P. ., Maxey J. & Balakotaiah V. (2014, November 10). Simulation and Analysis of
Carbonate Acidization with Gelled and Emulsified Acids. Day 2 Tue, November 11, 2014. https://doi.
org/10.2118/171731-MS

Meng J., Chen S., Wang J., Chen Z. & Zhang J. (2022). Development and Application of Carbonate
Dissolution Test Equipment under Thermal-Hydraulic-Chemical Coupling Condition. Materials, 15(20),
7383. https://doi.org/10.3390/mal15207383

Qajar J. & Arns C.H. (2016). Characterization of reactive flow-induced evolution of carbonate rocks

98



ISSN 2224-5278 5.2023

using digital core analysis- part 1: Assessment of pore-scale mineral dissolution and deposition. Journal of’
Contaminant Hydrology, 192, 60—86. https://doi.org/10.1016/j.jconhyd.2016.06.005

Qajar J., Francois N. & Arns C.H. (2013). Microtomographic Characterization of Dissolution-Induced
Local Porosity Changes Including Fines Migration in Carbonate Rock. SPE Journal, 18(03), 545-562.
https://doi.org/10.2118/153216-PA

SHE M., SHOU J., SHEN A., PAN L., HU A. & HU Y. (2016). Experimental simulation of dissolution
law and porosity evolution of carbonate rock. Petroleum Exploration and Development, 43(4), 616—625.
https://doi.org/10.1016/S1876-3804(16)30072-6

Smith M.M., Sholokhova Y., Hao Y. & Carroll S.A. (2013). CO2-induced dissolution of low permeability
carbonates. Part I: Characterization and experiments. Advances in Water Resources, 62, 370-387. https://
doi.org/10.1016/j.advwatres.2013.09.008

Soltanbekova K.A., Assilbekov B.K., Zolotukhin A.B., Akasheva Z.K. & Bolysbek D.A. (2021).
RESULTS OF LABORATORY STUDIES OF ACID TREATMENT OF LOW-PERMEABILITY
ROCK CORES. SERIES OF GEOLOGY AND TECHNICAL SCIENCES, 5(449), 113—123. https://doi.
org/10.32014/2021.2518-170X.105

Turegeldieva K.A., Zhapbasbayev U.K., Assilbekov B.K. & Zolotukhin A.B. (2016). Matrix acidizing
modeling of near-wellbore with reduced reservoir properties (part 2). Nefiyanoe Khozyaystvo - Oil Industry.
http://www.scopus.com/inward/record.url?eid=2-s2.0-84964990161 &partnerID=MNSTOARS

XieL.,YouQ., WangE., Li T. & Song Y. (2022). Quantitative characterization of pore size and structural
features in ultra-low permeability reservoirs based on X-ray computed tomography. Journal of Petroleum
Science and Engineering, 208, 109733. https://doi.org/10.1016/j.petrol.2021.109733

Zhou X., Xu Z., XiaY., Li B. & Qin J. (2020). Pore-scale investigation on reactive flow in porous media
with immiscible phase using lattice Boltzmann method. Journal of Petroleum Science and Engineering,
191, 107224. https://doi.org/10.1016/j.petrol.2020.107224.

99



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

CONTENT

A.E. Abetov, N.B. Uzbekov, A.N. Uzbekov
STRUCTURE AND INTERPRETATION OF THE ANOMALOUS GEOMAGNETIC FIELD
OF CENTRAL KAZAKHSTAN. ..ottt ettt ettt sttesteesaeeseesseasseesaesssessaesssesseenseeseensens 8

1.0. Aimbetova, O.S. Baigenzhenov, A.V. Kuzmin, E.O. Aimbetova, B.S. Abzhalov, A.T. Dagubayeva
DEVELOPMENT OF A NEW ENERGY-INTENSIVE COMPOSITION VANADIUM ELECTROLYTE
AND INVESTIGATION REVERSIBLE CHARGE TRANSFER MECHANISMS FOR USE
HIGH-EFFICIENCY ENERGY STORAGE DEVICES.......cocoiiiitiitietteteeeeeeteeeteete et 22

M.R. Aktayev, T.SH. Toktaganov, L.Kh. Akbayeva, O.N. Lyakhova
RESEARCH OF THE CONDITIONS OF WATER FORMATION IN RADIATION-HAZARDOUS
SITES OF THE SEMIPALATINSKY TEST POINT.......c.ciitmimieiiiniiieiiinieieieenteteeese et 35

Sh.S. Amanova, A.Z. Hajiyeva, F.M. Jafarova
ECO-GEOGRAPHICAL ASSESSMENT OF URBAN LANDSCAPE DEVELOPMENT
DYNAMICS ON THE BASIS OF GIS....c.ooiiiiiiiiieiiiniieciieeicittretctt ettt ettt 45

B.K. Assilbekov, D.A. Bolysbek, N.E. Kalzhanov, K.Sh. Uzbekaliyev
STUDY OF THE EFFICIENCY OF MACHINE LEARNING ALGORITMS BASED ON DATA
OF VARIOUS ROCKS ... oottt ettt e eteeteeteeteestesaesaessessessesseeseessessessessessassessssssessessessessessensesseas 58

I. Bekbasarov, N. Shanshabayev
UPLIFT BEHAVIOR OF PYRAMIDAL-PRISMATIC PILES IN CLAY SOIL........cccccoiiiiiiiiiiniinine 76

D.A. Bolysbek, A.B. Kuljabekov, G.I. Issayev, K.Sh. Uzbekaliyev
EXPERIMENTAL STUDY OF DISSOLUTION OF CARBONATE SAMPLES USING
X-RAY MICROCOMPUTED TOMOGRAPHY......ccovtieiiiriiieiiininicttneteentseeiete et 89

N.A. Vysotskaya, B.N. Kabylbekova, R. Spabekova, A.A. Anarbaev, K.T. Kurbanbekov, E.G. Lukin
REMOVAL OF SCALES FROM THE SURFACE OF PIPES WITH CHEMICAL SOLUTIONS
IN HEAT SUPPLY SYSTEMS ...ttt ettt ettt ettt sttt ettt ss s ssesbesteeteessessessessessessaeseens 100

L.R. Kudaibergenova, N.V. Gritsenko, M.B. Tskhay, N.N. Balgabayev, B.Sh. Amanbayeva
FEATURES OF TECHNOLOGY FOR CULTIVATING CORN FOR GRAIN UNDER
DRIP IRRIGATION ON SEREOZEM SOILS......c.cciniiiiiirieiiiriniettineieeeneeieee ettt ee 109

R.Yu. Zaripov, P. Gavrilovs, B.D. Kabbasov
ON THE DEVELOPMENT OF TANKS FOR PETROLEUM PRODUCTS MADE OF COMPOSITE
IMATERIAL.....cotitietiettettet ettt ettt ettt ettt ettt et e b e e teeseeseess e seeseessessesseebeeseesaessesaeseessessessesseessessansens 121

I.G. Ikramov, G.I. Issayev, Z.M. Kerimbekova, G.K. Ivakhnyuk
DETERMINING THE IMPACT OF GRANULATED SLAG ON PUBLIC HEALTH.........c.cccccveurnene 132

A. Sh. Kanbetov, M.Z. Muldakhmetov, D.K. Kulbatyrov, R.G. Duisekenova, G.S. Dyussengaliyeva,

G.R. Zhaksiyeva
SOIL CONDITION STUDIES IN THE AREA OF THE TENGIZ DEPOSIT......cccccccccevneeinnercennnnes 145

256



ISSN 2224-5278 5.2023

M.S. Karabayev, M.Sh. Moyliev, E.M. Amirov, A.B. Yusupov, R.M. Sadirov
FUNDAMENTAL PROBLEMS RELATED TO GOLD-ORE PROCESS IN THE CENTRAL
KYZYLKUM, PROSPECTS FOR THEIR SOLUTIONS........ccciiiitiitieiieieiiiesieeteete ettt 156

A.Zh. Kassenov, K.K. Abishev, A.S. Yanyushkin, B.N. Absadykov, D.A. Iskakova
RESEARCH OF THE STRESS-STRAIN STATE OF THE BUCKET ELEVATOR NODE

M. Nurpeissova, B. Mingzhasarov, B. Burkhanov, D. Kyrgizbaeva, Zh. Nukarbekova
INFLUENCE OF METEOROLOGICAL FACTORS ON THE ACCURACY OF MONITORING
RESULTS ...ttt e bt b e et b et eb e aeea e ene e e 179

A.R. Omarov, A.Zh. Zhussupbekov, A.S. Sarsembayeva, A.B. Issakulov, A.M. Buranbayeva
NUMERICAL MODELLING MICRO PILES AND EVALUATION OF THE O-CELL TEST
RESULTS ...ttt ettt ettt ettt et ete e st e b e e teeseesb e beeseesbeebeessesbaseessessesseessessesseessessensesssensessenes 190

V. Povetkin, A. Bukayeva, A. Nurmukhanova, A. Seitkhanov, M. Kerimzhanova
IMPROVING THE DESIGN OF A CENTRIFUGAL GROUND PUMP IN ENRICHMENT
PRODUCGTION ...ttt ettt ettt ettt st e te e bt e st essesbasseeseessessessessesseesseseessensensesseessassessensessesseens 202

T.S. Salikhova, S.A. Glazyrin, T.K. Salikhov, A.Sh. Alimgazin, Z.A. Bimurzina
DEVELOPMENT OF A TECHNOLOGICAL SCHEME OF A WASTE-FREE BIOENERGY
PLANT FOR THE DISPOSAL OF WASTE ...ttt 217

B.T. Uakhitova, R.A. Zhokanov, Z.S. Sarkulova, M.M. Taizhigitova, N.B. Kurbangaliyeva
STATISTICAL ANALYSIS AND QUANTIFICATION OF RISK DANGERS OF INJURIES............... 230

A.G. Fremd, A.J. Bibosinov, B.A. Iskakov

DISTRIBUTION OF ZONES OF DECOMPRESSION OF THE EARTH'S CRUST AS AN INDICATOR
OF THE OIL PROSPECTS OF THE TERRITORY OF THE CASPIAN REGION..........ccccccevinennenn. 242

257



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis or as an electronic preprint, see http://
www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. In particular, translations into English of papers already
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service http://
www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the National Academy of
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[IpaBuiia opopmiieHHs CTaThu JUI MyONUKAlMHU B XKypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

TToxmucano B meuars 10.09.2023.
®opwmar 70x90'/,. Bymara odcernas. [levars — pusorpad.
19,0 .. Tupax 300. 3aka3 5.

POO «Hayuonanvnas akademus Hayk PK»
050010, Armamei, yn. Llleguenxo, 28, m. 272-13-19





