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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 PecnyOnukachHBIH ¥IJITTHIK FRUTBIM akagemusicey PKB, 2024
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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 ecrectBernHo 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 «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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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 relevance of the study is predetermined by the strategic
objectives of the mining sector of Kazakhstan. In the foreseeable future, it is
necessary to increase the predictability of the sphere of subsoil use, complete the
transition to the international system of reporting standards for mineral reserves,
master higher redistribution based on the integrated use of digital solutions. In this
study, a generalized assessment of the impact on the results of state regulation of
the sphere of subsoil use of the uncertainty of the external environment is given.
It is emphasized that in the context of increasing the geological knowledge of
the territory of Kazakhstan and attracting investments in the mining sector, the
processes of state regulation in the field of subsoil use require the accelerated
development of digital technologies, the development of domestic software, and
the creation of an information technology infrastructure. It is shown that the lag of
mining enterprises in Kazakhstan in the development of digital solutions negatively
affects the investment attractiveness of the country, slows down the transition to the
international system of reporting standards for solid mineral reserves CRIRSCO.
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The importance of digital technologies in increasing the reliability of the geological
and economic assessment of deposits characterized by a low degree of exploration
is substantiated. The most popular guidelines for the digital transformation of a
mining enterprise are indicated in accordance with the chosen strategic trends and
positioning features in the international division of labor. New approaches to the
use of neural models in the mining sector for making managerial decisions based
on up-to-date information about the structure of the resource base and the amount
of profitable reserves are discussed. The practical significance of the work lies
in the argumentation of the engineering and economic approach to the selection
of information and analytical tools for digitalization of mining enterprises. The
experience of Kazakhstan can be useful for mining companies in developing
countries that are expanding their international positioning and promoting the
decarbonization of the national economy.

Keywords: digitalization, Kazakhstan, investment policy, mining sector,
KAZRC standard, neural model

Acknowledgments. The study was conducted within the framework of the
state grant “Improving the geological and economic assessment of mining and
metallurgical enterprises in the context of their compliance with international
trends and digital reform” (2022-2024) (Grant number AP14872003).

© ®.M. UcaraeBa*, .M. AybakupoBa, A./l. MaycsiM0aeBa,
P.K. Majaumena, 2024
O0inkac CaFbIHOB aThIHIAFBI KaparaH bl TEXHUKAIBIK YHHBEPCHUTETI,
Kaparanasl, KazakcraH.
E-mail: adambekova_farid@mail.ru

TAY OHAIPY CEKTOPBIHIATBI HU®PIABIK INEINIMJAEPIIH
TUIMALIITTH BAFAJIAY

HcaraeBa ®apuga Myparkbisl — PhD nmokropsl, Obinkac CarblHOB aTbiHIAarbl KaparaHIsl
TEXHUKAIBIK YHUBEPCHTETIHIH TEONOTHs JKOHE Maimansl KazOamapael Oapray KadeapachIHBIH
MeHrepymrici, 100027, Hypcynran Ha3apbaes nanrsutel, 56, Kaparanas! k., Kazakcran

E-mail: adambekova farid@mail.ru, http://orcid.org/ 0000-0001-6208-3292;

Ay6axuposa I'yibHapa Myc1MMOBHA — 3KOHOMHUKA FRUTBIMAAPEIHBIH TOKTOPEI, O0inkac CarsIHOB
aTbIHIarel KaparaHIbl TEXHUKAIBIK YHUBEPCHUTETIHIH « DKOHOMHKA JKOHE KOCIIOPBIHABI OacKapy»
kagenpaceiablH mpodeccopsl, 100027, Hypcynran HazapbaeB manrbuisl, 56, Kaparaunmsl K.,
Kazakcran

E-mail: rendykar@gmail.com, http://orcid.org/0000-0003-0337-1539;

MaycbiM6aeBa Ouinsi JlyMaHKbI3bl — TEXHUKa FBUIBIMAAPBIHBIH KaHAHATHl, O0inKac CarslHOB
aTbIHIarel KaparaHIbl TEXHUKAIBIK YHUBEPCUTETIHIH « DKOHOMHKA JKOHE KOCIIOPBIHABI OacKapy»
kagenpaceiely PhD moxropsr, 100027, Hypcynran HasapGaeB maurbuisl, 56, KaparaHmsr K.,
Kazakcran

E-mail: aliya maussym(@mail.ru, https://orcid.org/0000-0002-7214-8026;

ManumeBa Puma KenGochlHKbI3BI — ©OOinkac CarblHOB aThIHAAFbl KaparaHIbl TEXHUKAJBIK
YHHUBEPCUTETIHIH « IKOHOMHKA KOHE KOCITOPBIHABI Oackapy» kKadenpacebie PhD nokropst, 100027,
Hypcynran Hazap6ae naursuisl, 56, Kaparanapl, Kazakcran

E-mail: rimma_kz@mail.ru, https://orcid.org/0000-0002-5726-9567.

92



Reports of the Academy of Sciences of the Republic of Kazakhstan

AHHoOTanmms. 3epTTeyliH e3ekTiniri KasakcTaHHBIH Tay-KeH CEeKTOPHIHBIH
CTpaTEeTUSUIBIK MIHJIETTepIMEH aJJIbIH alla aHbIKTanraH. YKakplH Ooamakra xep
KOWHaybIH MMalijaiany cajachIHBIH O0JKaMIBUTBIFBIH apTTHIPY, aiaabl Ka30anap
Kopiapbl OOHBIHIIIA ecen Oepy CTaHAapTTapBIHBIH XaJbIKapaJIbIK IKYHeciHe
KOIIy/li asKTay, TU(PIbIK MenrMaep/ i KeneH Il maijanany Heri3iHae )Korapblpak
KaiitTa Oemymi Wrepy KakeT. byn 3epTreyne ChIPTKbI OpTaHBIH OeNriCi3miriHiH
Kep KOWHayblH TaiijlamaHy cajachlH MEMIIEKETTIK peTTey HOTHXKeIepiHe
ocepiHiH JkanmbuiamMa Oarackl OepinreH. KaszakcTaH ayMarbIHBIH TEOJOTHSUTBIK
OUTIMIH apTTHIpY OHE Tay-KeH CallaChlHa MHBECTHIIMS TapTy >KarIalbIHIA Kep
KOWHAybIH TMaiallaHy CaJlaChIHJIaFbl MEMJICKETTIK PETTey MpoIecTepi MU(PIBIK
TEXHOJIOTUsIIapAbI )KEEI JaMBITY/IbI, OTAH/IBIK OaFaapraMaiblK KAMTaMachl3 €Ty,
YKOHE aKMapaTThIK TEXHOJIOTUsIIap HH(PaKYphUTBIMBIH Kypy. Ka3zakcrtanmarsr Tay-
KEH OHIPYII KOCIMOPBIHAAPABIH MU(PIBIK MENnMIEpI 93ipaey/Ieri apTTa Karybl
eJJIIH MTHBECTHIIMSIIBIK TAPTHIMIBLIBIFBIHA KeP1 9CepiH THUTI3eTiHi, KATThI Tali1anbl
KazOamapasiH Kopnapel OoiibiHma CRIRSCO ecen Oepy craHmapTTapbIHBIH
XaITbIKapaJIbIK )KYHeCciHe oTy/Ii OasynaTaTbiHbI KepceTinreH. bapnaysiH ToMeH 1eH-
reifiMeH CHUMAaTTaJaThlH K€H OPBIHAAPBIH T'€OJIOTHSIIBIK-OKOHOMHUKAIBIK Oaranay-
JIBIH CEHIM/ILUTITIH apTThIpy/Ia IU(PPIBIK TEXHOIOT UsIapABIH MaHBI3IBUIBIFBI JJIEI-
neHni. Tay-KeH eHAIPYIIi KOCIMOPHIHHBIH IUQPIBIK TpaHC(HOPMAIHSICHIHBIH €H
TaHBIMaJl HYCKAyJIapbl TaHJaJFaH CTPaTETUSUIBIK YPAICTEpPre )KOHE XaIbIKapabIK
eHOeKk OeJTiHICIHIeT] MO3UIMsIIAY epeKIIeNliKTepiHe coiikec KepceTinreH. Pecype-
THIK 0a3aHbIH KYPBUIBIMBI MEH TaiJanbl KOpJAPIbIH KeJeMi Typaibl ©3€KTi
aKmapar HeriziHjae Oackapy IIeNriMaepiH KaObuigay YIIiH Tay-KeH CEKTOpPBIHJA
HEHPOH/IBIK MOJIEIbISP/Ii KOJIIaHY/IBIH )KaHa TOCIIepi TanKblIaHa bl JKyMBICTBIH
MTPAKTHKAJIBIK MaHBI3[BUIBIFBI TAy-KeH OHEPKACiOi KOCITOPBIHIAPEIH U PIaHIBIPY
VIIH aKMapaTThIK-aHAJTUTAKAIBIK KYpalaapisl TaHAaylaFbl WHKEHEPIiK-3KO-
HOMHUKAIIBIK TOCUIII Tanemieyae xatoip. KasakcTaHHBIH ToXipuOeci XaabIKapabIK
TTO3UIMSIIAPBIH KEHEWTIM, YITTHIK YKOHOMUKAHBI KOMIPTEKCI3ICHIIpYyTe KopAeM-
JIECETIH JaMYIIIbI eJIepPiH Tay-KeH KOMITAHUSIIaPhI YIITH Mai1aabl 00ITybl MYMKIH.

Tyiiin ce3nep: mudpranaeipy, KazakcraH, WHBECTUIVSIIBIK casicar, Tay-KeH
cekropbl, KAZRC crannaptsl, HEHpOHABIK MOACIb
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AHHOTanUs. AKTyaJIbHOCTb HCCIIEJIOBaHUS IPEAONpeEesieHa CTpaTernueCKUMU
3ajJja4aMu TopHOoAoObIBatoero cexkropa Kaszaxcrana. B oGoszpumom Oymyiiem
MPEACTOUT TOBBICUTH IMPEACKa3yeMOCThb c(epbl HEAPOIOIb30BAHMS, 3aBEPLIUThH
MepexoHaMeKTyHapOIHY IO CUCTEMY CTaHAapTOBOTUETHOCTHU IO 3a11acaM ITOJIE3HBIX
HCKOTIaeMBIX, OCBOUTH 00JIee BHICOKHE IMEpeAeibl, 0a3upysch Ha  KOMILJICKCHOM
WCTIOJIb30BaHUU NHM(POBBIX pelleHuid. B Hacrosmem wucciaeoBaHUK AaHa
0000I1IeHHAsT OLIEHKA BIUSHUS Ha PE3yJIbTaThl TOCYAaPCTBEHHOTO PEryIUpOBaHUS
cdepsl HEIPOMOIB30BaHUsI HEOTPENEIEHHOCTH BHelIHeH cpensl. [lomuepkHyTo,
YTO B YCIOBHSX HapallMBaHUS Te0JIOTMYECKON H3YyUYEeHHOCTH TEPPUTOPUN
Kazaxcrana v npuBiieueHUs MHBECTUIIMI B TOPHOAOOBIBAIOLINN CEKTOP, TIPOLIECCHI
TOCYJapCTBEHHOI'O pETYIHpPOBaHMs B cdepe HEeIpONoNb30BaHusl TpeOyloT
YCKOPEHHOTO OCBOCHHUSI HHU(POBBIX TEXHOIOTUH, pa3pabOTKy OTEUeCTBEHHOTO
MPOrpaMMHOTO OOecredeHus, Co3laHusd WH(PPacTPYKTypbl HWHPOPMAIMOHHBIX
texHojoruid. IlokazaHo, 4YTO OTCTaBaHME TOPHOJOOBIBAIOIIUX MPEINPUSTHN
KazaxcTanaBocBoeHHU IM(POBBIX PELICHUIT HETaTUBHO BIMSETHANHBECTULIUOHHY IO
MIPUBIEKATEILHOCTD CTPAHBl, 3aMEAJISET MEepPeXo/l Ha MEXAyHapOJHYI0 CHUCTEMY
CTaHJapTOB OTYETHOCTH 10 3armacaM TBep/AbIX none3Hbx uckonaeMbix CRIRSCO.
O6ocHOBaHa 3HAYMMOCTH U(PPOBBIX TEXHOJOTHH B MOBBIICHUH JOCTOBEPHOCTH
re0JIOr0-3KOHOMHUYECKON OIIEHKH MECTOPOXKICHHM, XapaKTepU3YIOIIMXCsl HU3KON
cTeneHbl0 n3ydyeHHOCTH. O003HaueHbl Hambosee BOCTPeOOBaHHBIC OPUEHTHPHI
IUQPOBOTO MPeoOpa30BaHuUsl TOPHOAOOBIBAIOLIECTO IPEANPHSTHS B COOTBETCTBUH C
BBIOpPaHHBIM CTPATETHUYECKUMH TPEHAAMHU U 0COOCHHOCTSMH MMO3UIMOHUPOBAHNUS
B MEXKAYHapoAHOM pasaeneHuu Tpyaa. OOCyXKIaroTcs HOBbIE TOAXOABI K
WCTIOJIb30BaHUIO HEHPOHHBIX MOJIelieil B TOpHOI0OBIBatoOIIeH cepe Al PUHATHN
YIpaBICHYECKUX PEIICHUH Ha OCHOBE aKTyaJbHOH WH(OpPMAIMUA O CTPYKType
pecypcHol 0a3bl M KOTMUeCcTBe peHTabenbHBIX 3armacoB. [IpakTuueckas 3HAYMMOCTh
paboThl 3aKIIOYAaeTCsl B apryMEHTAllMd HHKEHEPHO-DKOHOMHUYECKOTO IMOIX0Aa
K moabopy HMH(POPMANMOHHO-aHATUTUYECKHX HHCTPYMEHTOB HU(POBU3AIMN
ropHogoObIBaronux npeanpusTuid. OnbeiT KazaxcraHa MoxeT OBITH MOJIE3HBIM
TOPHOAOOBIBAIONINM MNPEANPHUATUSIM Pa3BUBAIOLIMXCS CTPaH, PACIIMPSIOIINX
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CBOE MEXKIYHApOIHOE TO3UIIMOHUPOBAHWE W TMPOJBUTAIOIINX JIEKapOOHU3AIUIO
HallMOHAJIHLHON YKOHOMUKHU.

KaroueBsbie ciaoBa: nudposusanus, Kazaxcran, MHBECTHIIMOHHAS TIOJIMTUKA,
TOpPHOIOOKIBAIOITHI ceKTOp, cTanmapT KAZRC, nefiponnast Moiens

Introduction

In terms of mineral wealth, Kazakhstan is among the world leaders, ranking 1st
in terms of tungsten reserves, second in chromium ore, fifth in lead and zinc, 12th
in copper and 15th in gold. In terms of proven reserves of most types of minerals,
the country is among the top ten leading countries in the world.

However, the geological industry of Kazakhstan has come to the threshold when
previously explored economically attractive deposits are either in development or
exhausted, and new deposits have not been discovered for decades. Since the early
2000s, these reserves have been estimated as subcritical. At the moment, 1.2 million
square meters. km of Kazakhstan are available for geological study and only a
fifth of this territory has been studied in accordance with the requirements. By
2026, the exploration of the territory of Kazakhstan will increase by 680 thousand
square meters. km, will reach 2.2 million sq. km. At the same time, the subsoil
is underexplored to such an extent that one can talk about the discovery of large
deposits on a systematic basis.

The condition of the economy directly depends on reserves in the subsoil,
therefore, in recent years, the state has been actively resuming geological
exploration: for 2019-2022. state funding for geological exploration of the subsoil
has doubled. Work is being stepped up at small deposits discovered almost thirty
years ago and suspended due to their small size, facilitated licensing for the search
for solid minerals is being introduced, and favorable conditions are being created
for small exploration companies.

Kazakhstan expects an increase in investment activity in exploration, the level of
capitalization of reserves of local raw materials and their reliability, the discovery
of new deposits largely due to joining the international standards for reporting on
reserves of solid minerals CRIRSCO (Committee for Mineral Reserves International
Reporting Standards) (Code of the Republic of Kazakhstan, 2017). Since the best
world experience in the mining industry confirms that over 60 % of investments in
exploration and development of solid mineral deposits relate to projects developed
according to international CRIRSCO standards.

For Kazakhstan, it is important that almost half of the new deposits in the world
were discovered by juniors, whose main activity involves geological exploration
and development of new deposits. In the context of the current diminution in
the number of large deposits in Kazakhstan, it is critically important to create a
favorable environment and ecosystem for the development of the junior market,
thereby ensuring the quantitative and qualitative growth of the mining industry,
replenishing the country’s mineral reserves through new high-quality deposits.

Since the country’s mining sector is one of the top three air pollutants, it is
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crucial for Kazakhstan to fulfill its obligations to decline greenhouse gas emissions,
otherwise positions in the world market will be lost due to non-compliance with
“green” standards. For a country that has set a goal of declining industrial carbon
emissions by 19 % by 2030 and becoming carbon neutral by 2060, huge investments
in new manufacturing and energy technologies are required.

To solve the set tasks, the digital transformation of the mining sector is being
updated, which makes it possible to reduce hydrocarbon emissions. The development
of digital technologies, the scaling up of modern energy-efficient equipment and
technological competencies in the development of complex reserves allow us to
optimize unit production costs. Cost reduction in turn improves business efficiency,
maximizes free cash flow and amplify.

As Kazakhstan plans to become a central digital hub in a large part of the Eurasian
region, the transfer of digital products, the introduction of innovative approaches
and environmentally friendly technologies for the transition of industrial production
to a low-carbon economy are coming to the fore.

The foregoing actualizes the issue of digital transformation of the mining sector
for Kazakhstan. The demand for research and the feasibility of in-depth consideration
of these issues predetermines the desire of enterprises for digitalization, as the most
important factor in the growing competition in the mineral raw materials market.
The situation is complicated by the fact that at the moment, domestic mining
enterprises are significantly behind foreign competitors in terms of value created,
which is largely due to the low level of digitalization.

The purpose of this study is to assess the effectiveness of the digitalization of the
mining sector in Kazakhstan, taking into account international integration and the
growing uncertainty of the external environment.

Literature review. Currently, researchers are paying more and more attention to
the search for a qualitative geological and economic assessment of objects using
digital tools, since the reserves of deposits are not unlimited and non-renewable,
which can lead to a sharp deterioration in the quantitative and qualitative indicators
of the state of the mineral resource base ( Young and Rogers, 2019).

Many studies summarize the results of a thorough study of the implications of
digital technologies for the energy value chain (Menzel and Teubner, 2021), show
the role of advanced technical solutions in the geological and economic assessment
of the enterprise, approach the sustainability of the mining industry and diversify
the national economy (Zhironkin and Cehlar, 2021; Breul and Atienza, 2022).

Using a specific example, the authors (Issayeva et al., 2023) are studying a
new approach in the methodology of geological studies and ore objects. Research
confirms that the solution of the most complex problems is possible only thanks to
modern research technologies.

The study (Bazaluk et al., 2022) reveals the role of digital technologies in
making investment production decisions. According to a study ( Al Rawashdeh and
Campbell , 2022 ), the development of digital approaches in mining has a positive
result not only in increasing the investment attractiveness of the country. Positive
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shifts are observed in the growth of social responsibility and corporate management.
The paper (Kumar Sharma and Rai, 2017) demonstrates the performance of medium
size forecasting models in the context of industrial digital solutions.

Of great interest are the issues of using digital technologies in the activities of
a mining enterprise from the standpoint of its environmental and socio-economic
achievements (Aznar-Sanchez et al., 2019), unlocking the potential of digital
technologies in solving health and safety issues is consecrated in the work (Gurina
et al., 2020), the specifics of the digital impact on copper production and the
corresponding environmental impact (Azadi et al., 2020).

Much research is focusing on natural resource management and resource-saving
sustainability (Kashan et al., 2022), based on the emerging long-term demand for
minerals that is transforming the mining industry (Lufin and Soto-Diaz, 2022).

The focus of scientists and practitioners is always on the issues of competence and
a professional approach to digitalization. Thus, the authors of the study (Tortorella
et al., 2020) conclude that enterprises that invest in training and the exchange of
relevant knowledge in the field of digitalization on an intra-production scale may
subsequently benefit from the introduction of digital solutions into production and
management processes.

Discussions about the role of international standards, mastered by industrial
enterprises, in increasing the returns from digitalization, strengthening competitive
positions both in the domestic and foreign markets do not subside. (Jelisic et al.,
2022).

The scientific and practical value for mining enterprises is an integrated approach
to systematizing knowledge about digital production solutions based on a large
array of initial data (Zhan et al., 2019).

Given the growing importance of juniors for exploration and the relevance of
this problem for countries with economies in transition, the results of studies, the
authors of which study the experience of using digital technologies in the business
environment, are of interest (Zaher et al., 2019).

Numerous publications are devoted to developing countries, summarizing their
positive experience in implementing digital technologies in various industries.
For example, (Anderson, 2015; Espinoza and Rojo, 2017) show how the growing
contribution of the mining sector in developing countries to regional economic
growth is taken into account.

Many studies focus on the effectiveness of neural networks in the mining industry
and new opportunities for their use in the geological and economic assessment of
a deposit (Moody and Darken, 1989; Kulatilake et al., 2010; Sayadi et al., 2013).

Materials and basic methods

The theoretical and methodological base of the study is represented by the
concepts and notions traditionally used in the study of state regulation of the
real sector of the economy. For the study of information and analytical material,
well-known practices of economic, statistical and functional analysis, methods of
pattern recognition based on the identification of geological patterns were used. In
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preparing the article, the authors faced evidentiary constraints. This is largely due
to the fact that for any country, data on mineral reserves is strategic information
of a secret nature, sometimes mineral deposits are generally described only by
qualitative assessments. A limiting factor in conducting this study is the lack of
experienced mining engineers, technologists, IT specialists and financial analysts
in Kazakhstan who are able to evaluate statistics on digitalization in the mining
sector and compare them with international practice.

Results

Trends in the development of the mining sector in Kazakhstan: an international
aspect. Despite the positive dynamics of the key indicators of the mining and metal-
lurgical complex, in the context of growing geopolitical tensions, the dependence of
the industry on external conditions remains extremely high, since only insignificant
volumes of copper, lead and zinc are processed domestically (tables 1, figure 1).

Table 1 - Dynamics of production in the mining and metallurgical complex

Index years
2012|2013 [2014 |[2015 2016|2017 [2018 2019 |[2020 |2021 |2022

Volume

of produc-
tion, billion
tenge: - in
the metal-
lurgical
industry

- in the 691.8 [786.2 |[882.3 |700.5 996.3 | 1211.6 | 1462.1|1906.0 | 2188.4 | 3277.3 [ 3419.2
field of
mining of
metal ores

1935.0 | 1772.1 | 1915.2 [ 21119.3 | 3360.7 | 4089.7 | 4645.0 | 4885.4 | 5677.8 | 7678.0 | 9018.8

Source: compiled by the authors based on (Bureau of National Statistics, 2023 ).
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Figure 1 - Dynamics of investments in the mining and metallurgical complex
Source: compiled by the authors based on (Bureau of National Statistics, 2023).

98



Reports of the Academy of Sciences of the Republic of Kazakhstan

Kazakhstan competes for fourth position of world ranking among copper-
production countries, which will be facilitated by the increase in copper output, the
development of new copper deposits, and the commissioning of two new copper
smelters. In terms of promoting the production of high value-added products
(copper, lead, aluminum and other metals), Kazakhstan relies on both its own
resources and potential investors.

Among the countries of Central Asia, Kazakhstan and Uzbekistan have the most
favorable investment directions. This is due to both the favorable strategic location
between Europe and Asia, as well as the huge reserves of natural resources. For
long-term sustainable growth, the diversification of the economies of the Central
Asian countries, advancement along the value chain, not only the financing of joint
international projects, but also the training of national personnel, the introduction
of digital solutions in geological exploration, enhancing energy and environmental
security, are becoming crucial.

This is evidenced by the directions of attracting foreign direct investment
(FDI): in 2019-2021. FDI in Central Asia, despite the potential of the mining and
hydrocarbon sectors, has shifted from extractive industries to the service sector
(Table 2).

Table 2 - Dynamics of FDI in the economy of Central Asia (2019-2021)

Direction | Projects | Number of jobs Capital investments in projects to create | Weighted
created (thousand) | new facilities and new jobs (US$ billion) | FDI score
Services 103 22.6 5.5 37.6
Industry 76 13.9 7.8 28.1
Extractable 13 1.2 4.7 5.4
Resources
Total 192 37.7 18.0 71.1

Source: compiled by the authors based on (Investment attractiveness of Central Asian countries,
2022)

Kazakhstan has a huge long-term mining potential as a source of metals
necessary for the production of vehicles and renewable energy sources. The
country has enormous potential for the development of the mineral resource
base of gold and the copper ore industry, there are prospects for discovering new
deposits of tungsten, molybdenum, aluminum, and tin. However, the discovery of
new deposits is constantly becoming more complicated and more expensive, which
makes it necessary to develop geological science to justify the risks and justify the
increasing.

8,000 deposits discovered during the Soviet period have been put on the state
balance of mineral resources of the country. Of these, 317 are hydrocarbons, 910
are solid minerals, more than 3,000 common minerals and about 4,000 groundwater
deposits. Calculation of reserves of solid minerals is carried out for 37 types of
metallic minerals and 65 types of non-metals, 4 thousand deposits have approved
reserves of 43 million m? / day.
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Near depletion of lead, copper and a number of rare metals in 10-15 years’
time. The technically complex and costly process of closing deposits, requiring the
solution of socio-economic problems, began in Kazakhstan relatively recently, and
practical experience in solving it is critical to ensure the sustainable development
of the mining industry. After the depletion of mineral and metal deposits, mining
enterprises are responsible for the conservation of biodiversity and the restoration
of pre-existing ecosystems.

Notwithstanding that the volume of state investments in exploration are
constantly growing up, only in 2020-2022, 30 billion tenge was invested, the
investment rate in the industry is considered low: per sq. km accounts for only 11
dollars, which is 15 times less than in Australia and 18 times less than in Canada.

Moreover, the country has an extremely low level of reserves replacement
(Figure 2).
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Figure 2 — Mineral recovery level

Source: compiled by the authors based on (Concepts for the development of the geological industry
of the Republic of Kazakhstan for 2023-2027, 2022).

The lack of real results in geological exploration has a negative impact on the
investment attractiveness of the industry, since foreign investors are interested in
more explored areas and blocks, for which a decision has already been made to
involve them in the development of deposits. Investors invest in exploration of
deposits in those countries where the early stages of work have already been or are
being carried out, a database of promising areas with predicted resources has been
formed, there is no disorder in the coordination of procedures in the field of subsoil
use, imperfections in the system of taxation of subsoil users and interdepartmental
barriers.

In the last decade, deposits of Kazakhstan with foreign participation have been
evaluated in parallel both according to the standards of the State Commission for
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Approved Reserves of the Republic of Kazakhstan (GKZ RK) that have existed
since Soviet times, and the standards of the Australasian Code for the preparation
of reporting on the results of geological exploration, Mineral Resources and Ore
Reserves (“JORC Code, 2012). This was necessary for internal use (providing an
understanding of the current potential of the field) and entering the stock exchange.
Therefore, these local subsoil users are practically ready for a complete transition
to international standards.

Regarding the goals pursued by the JORC Code and the GKZ RK system. The
internationally recognized JORC Code is aimed at public reporting to investors,
the reporting format is governed by the rules of the exchange / financial institution.
The GKZ RK system was originally created for state regulation and accounting of
the mineral resource base in a planned economy. Reports are prepared for all local
deposits and without their protection in the state commission, it is impossible to
design and build an enterprise. The system proceeds from the fact that the state
is independently engaged in exploration, evaluation, design and development of
deposits.

The implementation of the Kazakhstani Code of Public Reporting on Exploration
Results, Mineral Resources and Mineral Reserves (KAZRC Code) - essentially
equivalentto JORC/NI43-101, started in 2016 from the moment Kazakhstan joined
the International Committee for Public Reporting Standards on Mineral Resources
and CRIRSCO reserves and adoption of the Western Australian Mining Code.
Since 2022, Kazakhstan has introduced the practice of checking KAZRC reports,
similar to how it is done in most countries: RPO - SAMREC - South Africa, JORC
- Australia, CIM - Canada. KAZRC reports inform government agencies, stock
exchanges, banks, investors about the results of exploration work, assessment of
mineral resources and mineral reserves for a particular object. Investors are provided
with access to almost all sites, except for those already occupied (contractual and
licensed), environmental zones and objects of the Ministry of Defense.

While in 19962018 years, 551 solid minerals subsoil use contracts were drown
up, about 2000 solid mineral exploration certificates were issued in 2018, of which
1995 were for exploration and 58 for mining. The share of junior companies was
more than 90 %. In 2019, the first 7 reports under the KAZRC code were tested, which
were accepted with the state balance sheet. In 2020, 14 reports were developed, in
2021. - 23 reports. This is more than the number of reports according to the GKZ
standard, which were adopted by the Committee of Geology for the same period. In
2019-2021 more than 800 licenses were issued for the exploration of solid minerals
with exploration periods from 3 to 6 years, and 1,400 new licenses were issued
mainly for prospecting and exploration. Exploration licenses are presented mainly
at the level of new, young deposits. Prospecting works have brought an effect:
identification and delineation of promising areas and ore occurrences of minerals,
assessment of mineral resources, scientific and technical justification of exploration
work.

The first reports according to international standards submitted by domestic
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enterprises had fundamental remarks: distortions of geological information and
insufficiency of exploration data (low confirmation of historical exploration results,
insufficient verification work, technical studies covering hydrogeology, geotechnics
and technology), unsatisfactory (or insufficient) data quality control and reliability
of sampling and analytical data.

Please note that when switching from GKZ to KAZRC, the enterprise will need
to conduct exploration work for concealed deposits that do not have obvious signs
on the surface, requiring business risks to be taken into account when exploring new
deposits that may have a high degree of cost of recovering reserves. The foregoing
will have a particularly negative impact on medium and small subsoil users, since
significant financial investments will be required.

The implementation of standards concerns not only the system of counting
reserves. [ssues that require an integrated approach are touched upon: taxation, state
financing of the industry, development of science, staff development, interaction of
companies with the stock exchange, second-tier banks and development institutions.
Therefore, the state has designated a transition period (2018-2023) to the KAZRC
standards and a complete rejection of the hopelessly outdated thirty-year-old Soviet
system of the GKZ RK and the taxation regime.

Until January 1, 2024, two standards are in force in Kazakhstan: the Soviet GKZ
standard, and the KAZRC standard. The fundamentally different approach in the
standards is expressed in the following. In both cases, a large number of participants
are expected to work with information and a report, however, according to the
KAZRC standard, all responsibility is assumed by a competent person who meets
the requirements of CRIRSCO, signs the report and is responsible not only for
the code of ethics (which, by the way, is not in the GKZ standard), but even up to
criminal, if the reporting reflects incorrect data. In the GKZ standard, no one bears
personal responsibility.

In 2024, a full transition to the KAZRC Code is planned. A full transition to
reports on reserves and resources according to international standards such as
KAZRC, JORC, in compliance with all the requirements for quality control QA /
QC and the use of acQuire software, will accelerate the solution of tasks to ensure
transparency and reliability of the state balance, control the compliance of reports on
mineral resources and reserves, trained by competent persons, training of domestic
highly qualified specialists, introducing the principles of ESG (Environmental,
social, and governance) into national standards, accelerating the transition to an
international system of geological reporting. In the face of fierce competition for
investment in the global mineral market, any extension of the transition period
until the full implementation of the KAZRC code may be perceived by potential
investors as a change in state policy regarding the integration of Kazakhstan into
the international system and the state’s desire to maintain the old system to control
the results of the assessment of mineral resources and reserves.

The main purpose of the full transition to KAZRC:

- transparency and reliability of information about the state of the mineral
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resource base of Kazakhstan, facilitating access to historical geological information,
the introduction of an Interactive subsoil user map available online, the absence
of double standards in information provided to the Government and potential
investors;

- increasing the competitiveness of the geological and mining industries of
Kazakhstan;

- attraction of foreign and development of domestic junior companies.

Innovations of KAZRC: significant liberalization of subsoil use procedures
and transition to the international standard; radical simplification of the licensing
procedure, introduction of the principle of the first application: «The first who has
come gets the first.»

Thanks to the introduction of a general procedure for issuing licenses on the basis
of the “first application” principle, the adoption of a program for managing the state
subsoil fund, reducing the time for issuing licenses and consolidating the transition
to international reporting standards, more than 700 domestic junior companies
were formed, with the involvement of major players in the global market, such as
Rio Tinto, Fortescue and Yildirim.

An approximation to world practice should be the transition of Kazakhstan from
outdated mining tax (OMT), the rate of which, for example, in Western Australia,
varies depending on the depth of processing of mineral raw materials: the sale of
ore - 7.5 %, concentrate - 5.0 %, metal - 2.5 %. This stimulates the creation of high
redistribution in mining, in contrast to the OMT, which repels foreign investors.

For fields that have not reached a fifteen percent profitability from 2024, a
reduction in the OMT is planned. This practice is borrowed from Australia, where
concessions are given only at the initial stage of field development. However, if
in developed countries they do not interfere in the activities of companies, only
at the initial stage they fix reduced rates for new investors for a certain period and
subsequently do not check the calculations and actual data, then in Kazakhstan
the rates can change during the operation stage. In addition, due to the complexity
of administration, it is planned to regularly check the received data on direct and
indirect costs and income.

To increase the investment flow in the geological and mining and metallurgical
industries, a financial mechanism for sustainable financing of the industry has been
introduced in the form of 1% deductions from the income of subsoil users under
each contract for replenishing the resource base.

Digital transformation of the mining sector. Since 2017, Kazakhstan has
been undergoing a legal reform that has created conditions for attracting private
investment in mineral exploration. The steps taken have led to the formation of
over 700 local junior companies, to attract major players in the global market in the
exploration of solid minerals, access to 1.6 million square meters has been opened.
km. territory, through the portal of the National Data Bank of Mineral Resources of
the Republic of Kazakhstan, 21 main processes of subsoil use are automated.

The variety of enterprise processes cannot be covered by a single information
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system. Used both domestic and foreign software resources cover the most
demanded tasks of collecting, storage and managing geological data. Available
source data set can be used to interpret the ore body, create a resource model, and
ensure strategic and operational planning of mining and geological works.

An important component of digital transformation, which determines the tech-
nical trend in the mining industry of Kazakhstan, is mining and geological informa-
tion systems (GGIS), as an essential component of the IT infrastructure of a mining
enterprise. At the moment, within the framework of the designated systems, prog-
ressive digital solutions are used, including artificial intelligence. Along with the
introduction of universal software products, enterprises are developing their own
software for solving narrower tasks (for example, modeling a geological and eco-
nomic assessment taking into account specific mining and geological conditions).

For subsequent integration into existing information-analytical and mining-
geological systems, enterprises use common open data formats (CAD, text formats),
data transfer between packages for three-dimensional modeling and planning -
Open Mining Format (OMF), which allows transferring 3D models from all their
attributes, which is more efficient than the text format.

Modern software for a mining enterprise involves a large number of information
flows covering all heterogeneous strategic and operational, technological and
managerial business processes, which can be scientifically assessed of the economic
efficiency of the enterprise. As a result, the task of forming a digital ecosystem of
the enterprise is solved.

To solve production and economic problems, enterprises use systems of different
developers, with which their own IT system must be integrated to make a systemic
decision - from resource base modeling to tactical planned work. The accuracy of
the assessment of reserves and the content of a useful component depends on many
factors, the most important of which is the qualitative characteristics of the digital
products used.

With the help of GGIS tools Micromine, GEOVIA MineSched, Studio OP,
Maplnfo, ArcGIS technologies that form the digital basis of geodata, tasks related
to the exploration and evaluation of resources and reserves, the creation of block
models of dumps are solved, which expands the understanding of the distribution of
quality indicators and the total reserves of useful fossil in them in accordance with
KAZRC standards and the JORC code. Volumetric modeling of reserves allows
you to radically evaluate deposit using industry methods of geostatistics.

The presence of such a wide functionality allows you to make high-quality and
optimal decisions throughout the entire life cycle of the enterprise. The effectiveness
of the use of these tools consists in a proactive assessment of the risk of non-
confirmation of geological information associated with the completeness of the use
of the actual material on the objects and the adjustment of the reserves calculation
obtained according to the Soviet system. Also, the built-in mathematical algorithms
for data interpolation reduce the influence of the human factor when performing
calculations, interpreting exploration data and subsequent evaluation of reserves.
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To solve environmental problems, it is not enough to simply collect information
about harmful substances contained in dumps, since this is only part of the
information required. Information about environmentally hazardous objects, the
degree of use of various natural resources are in demand. Modern MGIS include
the basis for solving these problems - data structures for storing spatially distributed
information, they are used to search for options for processing old dumps or tailings
and cost-effective extraction of useful components from them.

The first step in stock measurement that defines the shape or volume of a deposit
and accelerates the modeling of geological data into 3D is 3D visualization and a set
of CAD tools. With the help of a three-dimensional geological model of the deposit,
a simulation model of its work is created and the subsequent development of the
dumping model is optimized, the reclamation process is modeled, and strategic and
tactical mining plans are developed. For the subsoil user, at the moment, the mining
process itself is a priority. However, as the legislation in the field of environmental
standards is updated and fines for their violation are tightened, subsoil users will be
interested in solving the identified problems.

Enterprises must use hardware and software from leading manufacturers. At the
same time, Kazakhstani developers of mining and geological information systems,
taking into account the accumulated world experience, are striving to create systems
that allow full management of the deposit.

The most important goals of introducing digital technologies for the exploration
and production of minerals are: reducing the time for obtaining and processing large
amounts of data, increasing the accuracy of production forecasting, diminishing
inefficient equipment operation time, preventing accidents, timely optimization of
operating modes and diminishing the time for well workover, optimizing cargo
logistics and online monitoring of production processes.

Benchmarks for digital inclusion:

- artificial intelligence technologies (including machine learning), Big Data and
remote monitoring are used as part of creating digital twins of deposits, integrated
production management and equipment reliability management;

- smart field technologies will provide key competitive advantages for companies
and their survival in crisis situations and stochastic external environment.

Software can be modelled to accompany optimization of the field regardless of
the current life cycle and current state of mining. The used explosion modeling and
rock mass displacement prediction technologies minimize the loss and dilution of
the useful component during extraction, and estimate the amount of the mineral
transported to the dumps. The development of new enrichment technologies will
increase the effectiveness of the use of rock mass for the extraction of minerals.

Consider such a tool for studying mining and geological systems as neural
modeling. Comprehensive digital transformationatall cycles of subsoil development,
which provides for the introduction of digital technologies in various business
processes of enterprises in the industry, is the basis for ensuring the sustainable
development of mining systems. Its successful implementation is ensured by a
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combination of intellectualization of geotechnologies and digital transformation
of mining production with on-line display of quantitative information about the
state of the technogenic and environment, transparency of production and social
business processes.

Neural modeling assumes the scientific validity of the calculation of mineral
reserves: an objective and reliable assessment of the indicated geological and
physical prerequisites, the quality and correctness of the construction of a geological
and economic model; qualitative analysis of predictive indicators and adopted
design decisions.

For high-quality verification of the initial data array, on the basis of which
the enterprise forms scientifically based management decisions, it is necessary
to clearly understand the scientific and production validity of expenses, to have
reliable primary information and up-to-date software.

The basis for the formation of innovative competencies in the management of
mining and geological operations using neural modeling is structured technological
initiatives. In recent years, new prerequisites for building adaptable neural models
have appeared: the demand for big data processing methods, an increase in the
amount of knowledge, and increased commercial competition. These prerequisites
were updated as new regularly updated practical and experimental data became
available or the scope of possible application of multifunctional models of mining
and geological systems expanded.

The main difference in the application of artificial neural network technologies
compared to traditionally used methods is the ability to train the system on the
basis of dynamically changing geological and economic data that are formed at
various stages of mining and geological work. It is these data that determine the
management decisions that are made on the basis of their analysis using artificial
intelligence methods.

New approaches to assessing the quality of application and functioning of
artificial intelligence systems in conditions of uncertain mining and geological
conditions involve a comparative economic analysis of technological operations
and adaptation of the neural network model to the mining and geological conditions
of a particular field in real time. For any technological processes, neural networks,
along with the introduction of big geodata technologies, the integration of industrial
platforms and blockchain, are necessary to take into account uncertainties,
technological limitations in obtaining and processing information based on modern
communication channels and the Internet of things. Tools that use modern machine
learning technologies and cloud processing to build geological models allow you to
quickly build models for mining planning

A feature of the proposed algorithm is its universal predominantly qualitative
nature. The neural network models underlying the algorithm for implementing
the adaptive model can be applied both to an arbitrary element of the internal
environment of an enterprise (for example, to a specific field) and to the entire
enterprise (Fig. 1).
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It is largely because of this, but also because of the need to preserve the
possibilities of an individual approach to each field, taking into account the given
technical and economic parameters, the most generalized version of the algorithm is
presented. On the basis of neural network modeling, huge data arrays are processed
qualitatively and quickly, a wide range of applied financial, economic and technical
problems are solved.

Subsequently, on the basis of neural network algorithms, an adaptive model of
the enterprise is formed:

- the use of an array of time series for “training” a multilayer self-organizing
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neural network allows you to explicitly establish the relationship between the
parameters of the external and internal environment of the field (enterprise);

- the trained neural network is used to predict the dynamics of the main
parameters of business processes;

- according to the forecast data, a consistent calculation of all indicators is
carried out, a conclusion is made about the predicted change in the financial and
economic condition of the enterprise;

- on the basis of a neural network, a simulation model of possible ways to
change endogenous parameters is built to maintain the dynamics of indicators of
the financial and economic state at a given level;

- the results of simulation modeling allow making scientifically based
management decisions;

- as new information about changes in the parameters of the external and /
or internal environment of the enterprise arrives, the neural network “retrains”
(adjusting the monitored parameters allows the model to remain adequate to real
conditions and make the control adaptive) (Werbos, 1990; Hu et al., 2019).

Kazakhstan needs to carry out even small works that evaluate the prospects of
deposits, if there are prerequisites for the discovery of minerals and an increase in
the prospecting reserve. But this requires highly effective technical products that
accelerate the involvement of hard-to-recover reserves in the production process.

By 2035, most of the significant deposits of copper, gold and zinc in Kazakhstan
will be depleted and there will be no reserves of these metals. Therefore, in the next
ten years, it is necessary to renew the reserve base for the sustainable development of
priority areas of the mining and metallurgical complex. Replenishment of reserves
will be in two directions - based on the results of exploration work, and through the
development of technology, as a result of which objects that were not considered
as reserves become profitable for development. For example, in the mid-80s, the
average metal content in the mined ore from the Konyrat deposit was 0.4 %, at the
moment it is already 0.2 %. Now, even from the previously accumulated dumps of
the deposit with a content of about 0.15 %, copper is extracted. Such a content in
Soviet times was not considered at all, such ores were considered unsuitable.

In the context of the above, it is advisable to use neural networks to control
production in pilot areas of mature fields, where the economic feasibility of scaling
this technology has been confirmed. Algorithms for managing waterflooding
in mature fields make it possible to form a constraint model and evaluate the
effectiveness of geological and technical measures for specific areas. The created
model allows you to plan production using optimization tools and calculate the
financial and economic indicators of the block model. As a result, an idea of the
form and placement of stocks is formed.

The effectiveness of digital solutions in exploration and production is largely
determined by the impact of factors such as the deterioration of the quality of the
resource base and the depletion of traditional deposits and the transition to a low-
carbon economy. Replication of unique technologies, an individual approach to
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each site, additional loading of secondary processes, including through deepening
intra-production integration, makes it possible to achieve progress in production.

In the short and medium term, cardinal measures will have to be taken at
operating fields, aimed at increasing productivity, reducing costs, and scaling up
technologies. At new fields, the problem of increasing the effective implementation
of new projects is becoming more urgent.

In solving the assigned tasks, an invaluable role is played by the introduction
of IT technologies aimed at increasing the efficiency of production processes,
specializing models of artificial neural networks and machine learning methods
that expand the range of target tasks to be solved, including the geological and
economic assessment of the enterprise.

In the future, based on the methods of neural networks, a generalized functional
diagram of production processes can be implemented for the geological and
economic assessment of the enterprise. In the mining sector, neural network
methods are a self-sufficient tool for analyzing and predicting various technical
and economic management decisions. Forecasting with the help of neural networks
allows you to develop a test example of decision making for the rapid response of
an enterprise to changes in the external and internal environment.

In the near future, the city-forming enterprises of Kazakhstan will have to solve
the problem of “seamless” integration of third-party software into a single digital
enterprise, an important place in which will be given to generally accepted open
file formats: dxf/ dwg, shp, csv, xml. In practice, the data exchange standard for
mining and geological graphics is in demand - the dwg / dxf format (for example,
AutoCAD), for block models - the csv format.

At the moment, there are no standards for specialized mining and geological
information systems in Kazakhstan. But since the need for them is growing and
work is being done in this direction, such standards should appear in the foreseeable
future.

In general, the conducted studies allow us to draw the following conclusions:

1. Despite the geopolitical tensions that create uncertainty in the foreseeable
future for Kazakhstan, at the moment the country is diversifying the economy,
creating special economic zones, strengthening trade corridors between Europe
and Asia. In the long term, due to the growing dependence of the economy on
minerals and hydrocarbons, high levels of greenhouse gas emissions, Kazakhstan
will face “climatic” challenges in the energy sector. Therefore, adherence to certain
investment standards, the willingness to implement the principles of sustainable
development in the activities of mining enterprises, the development of the
international set of standards of the Global Reporting Initiative (GRI) and the
principles of ESG are of decisive importance.

2. Despite the steps taken by the state, the economic model of Kazakhstan does
not yet meet international environmental standards, the national system of state
planning does not include a strategic environmental analysis of the concepts of future
development. Science-based decarbonization of the mining industry in Kazakhstan
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will increase the efficiency of mining, accelerate progress towards a zero carbon
footprint. Achieving carbon neutrality in industrial production, the implementation
of projects aimed at changing the climate impact and green projects require
significant costs both on the part of companies mastering responsible financing
tools, as well as financial institutions and the state. In light of the foregoing,
the planned reduction of the low-carbon footprint and the gradual phase-out of
thermal coal makes it necessary to accelerate the transition of mining enterprises to
international CRIRSCO standards, the introduction of a management, health and
safety system in accordance with international standards ISO 45001, ISO 9001,
ISO 14001, ISO 50001, support for UN Sustainable Development Goals 8.

3. The depletion of traditional reserves and the rapid growth of “hard” resources
bring to the fore the question of the economic efficiency of their development.
Due to systemic problems (low funding, insufficient level of interaction in the
management system, lack of a National Database, lack of competent personnel,
unaffordable commodity prices for domestic industry, weak sectoral infrastructure,
in particular the lack of laboratories and core storage), the resource potential of
Kazakhstan is completely not disclosed, geological exploration remains at a low
level, intensive production has brought the country closer to the depletion of the
reserves of existing deposits, which, without appropriate replenishment, will be
depleted in the near future; over the past thirty years, not a single large deposit has
been discovered in the country. It is necessary to develop a clear understanding of
the economic efficiency of mining deposits due to the flexibility and transparency
of tax charges, increasing the tax base through the introduction of a differentiated
approach to deposits in general and to their individual sections. This approach will
increase the number of new fields and increase the liquidity of the taxable base of
existing fields.

4. Advantages of the KAZRC Code in comparison with the GKZ standard: a
significant increase in the requirements for the quality of geological exploration,
personal disciplinary responsibility of Competent Persons for the reliability of
reports and conclusions, susceptibility of reports by investors and international
financial institutions due to compliance with CRIRSCO standards, prompt
preparation of reports, stimulation of the introduction of modern technologies for
preparing, storing and processing geological information, a significant reduction in
the cost of preparing reports (by 25-50 %), reducing the time for reviewing reports
by the authorized body by 56 times, eliminating the need for total involvement of
foreign consultants to bring reports to the international standard .

5. Climate management and green transformation are on the minds of mining
companies. Following global trends and approaching the best global practices in
the mining and geological industry, enterprises are moving towards the principles
of sustainable development, supporting the global GRI reporting initiative,
introducing ESG indicators in their business models that assess the investment
attractiveness of enterprises in the financial market, which becomes an important
condition to access capital markets. However, they integrate current industry
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practices in accordance with international standards and trends, mainly enterprises
with state participation and public enterprises listed on international platforms.
Private business is developing very slowly in this direction.

6. Barriers to the adoption of digital decisions by enterprises: restrictions on the
availability of obtaining initial data for a comprehensive analysis and performance
of mining and geological works; lack of model standards in the mining sector for
organizing the collection and configuration, structuring, storage, distribution and use
of reliable and transparent information from common databases; underdevelopment
of requirements for the creation and use of existing digital platforms; structure
barriers and protectionism..

7. The development by enterprises of their own technologies that increase
energy efficiency, environmental friendliness and safety of the production
process and reduce professional risks, involves the development of international
data exchange standards, including data exchange between various mining and
geological information systems using the OMF format. In addition, the exchange
between MES systems, dispatching systems is in demand. Enterprises are required
not only to assist in the development of new standards, but also to master open
exchange standards (CSV, DXF), support for reading and writing their formats.
This approach opens up new opportunities for integration with systems not only
of foreign developers, but also of national IT services. Enterprises need not only
to purchase software, but also to organize competent support for the process of its
implementation, joint work of users with developers.

8. For mining enterprises, neural network optimization is not only a machine
learning technology integrated into the tasks of the geological and economic
assessment of the deposit. These are new business processes and competencies;
the ability to work with a limited set of geological surveys; apply a set of limited,
partially distorted initial data; approximate various surfaces with high accuracy,
combining various approaches to automating business process analysis.

Conclusion

In conclusion, there are emphasized that the digitalization of mining production
transforms resource and raw materials mining into an innovative development
industry using the Industry 4.0 management model. The key factor in digital
transformation is the integration of input data flows and the adoption of science-
based management decisions in real time.

The introduction of digital technologies will make it possible not only to clarify
the volume of reserves and the distribution of useful components, but also to reduce
the cost of preparing reserves, which will ensure that the potential of unconventional
inaccessible deposits is unlocked. The effectiveness of digital solutions will affect
the accuracy of reserves estimation, which depends both on the quality and reliability
of the initial exploration data, and on the subsequent competent interpretation of
not only the shape of the ore body, but also the geological structure of the deposit.

The direction of future research is related to the study of the effectiveness of
digital solutions for the junior market in the context of bringing the mining sector
of Kazakhstan closer to international standards.
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