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

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

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

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

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




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

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

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

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

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

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

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



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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I'naBHBIii penaxkTop

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

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

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

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

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. The article considers ways and directions of increasing energy efficiency
and environmental friendliness of functioning of geotechnological complexes at
open-pit mines, gives substantiation, supported by specific examples, of expediency
and conditions of transition to process management based on in-depth analytics with
appropriate digitalization, information support and automation, reveals the effectiveness
of using the method of simulation modeling in the process of formation of digital
analogues for solving this set of problems. The paper notes the fundamental importance
of adequate consideration in modeling, design and planning of mining transportation

74


mailto:seitgaligaliyev@mail.ru
mailto:87773012986@mail.ru
https://orcid.org/0000-0002-1882-7108
https://orcid.org/0000-0002-6912-1631
https://doi.org/10.32014/2023.2518-170X.386

ISSN 2224-5278 4.2023

works of specific mining-technical, mining-geological, mining-geometric, organizational
and mining-economic conditions of operation of geotechnological complexes. On the
example of one of the quarries the potential and possible directions of increasing the
efficiency and reducing the cost of mining transportation works are revealed. The
economic effect is achieved by optimizing the modes and conditions of operation of
the main technological equipment, resulting in the reduction of diesel fuel consumption
and environmental emissions. The main conclusion in the article is the expediency of
transition of enterprises with an open method of development of mineral deposits to
the process approach in the management of functioning of geotechnological complexes
with appropriate information support.

Keywords: quarry, geotechnological complex, energy efficiency, process
management, process management economics, efficiency, simulation modeling,
environmental friendliness
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AnHoTramus. Makanaja amblK OMAICIEH T€0TEXHOJOTUSUIBIK —KeUIeHICPiHiH
SHEPTUSIIBIK THIMILTITH )K9HE 9KOJIOT HSIIBUIBIK XKYMBIC iCTey ToCiepi MeH OaFbITTapbIH
apTTBIPY JKOJNJAaphl KapacTBIPBUIBIN OTHIP, THICTI LHU(PIAHIBIPY, aKmapaTThIK
KaMTaMachl3 €Ty JKOHE aBTOMATTaHABIPY Ke3iHIe TepeH TalAayblHIa HeTi3AeirexH
yZepicTik 6ackapyFa Kellly HIapThIH/A KoHE HbICAHAIBUIBIFBIHAA HAKTHI MBICAJIIAPMEH
TOJIBIKTBIPBUIFAH Herizaeme Oepineni. JKyMpIcTa re0TeXHOMOTHSUIBIK KeIIeHepiHae Tay
KEH - 9KOHOMUKAIBIK )KoHE YHBIMIBIK, Tay KEH - TeOMETPHUSUIBIK, Tay KEH - T€OIOTUSIIBIK,
HaKTBI Ty KeH - TEXHUKAJIBIK Tay KeH - KOJIIKTIK *KYMBICTapbIH JKOCIIapIay koHe )ko0anay,
yJrijiey Ke3iHae maijanaHy mapThl OOWBIHIIA caiiMa-cail eceml »acayablH TyOerenmi
MaHBI3ABUIBIFBl  aTalbIll OTBIp. Kapbepnepain OipiHiH MbICalblHAA Tay-KeH Keiri
KYMBICTapBIHBIH THIMAUTITIH apTTHIPYABIH JKOHE ©31HIIK KYHBIH TOMEHIETYAIH dJIeyeTi
MeEH BIKTUMaJl OaFBITTaphl allblIagbl. DKOHOMUKABIK THIMIUTIKKE TU3€]Ib OTHIHBIHBIH
LIBIFBIHBL MEH SKOJOTHSUIBIK IIBIFAPBIHABLIAD KOJEeMiHIH TOMEHJEYiH aHBIKTAHUTHIH
HETI3T1 TEXHOJNOTHSJIBIK KaONBIKTHl MaiiianaHy peXUMIEpl MEH KarJaiiapblH
OHTaNMaHIBIPYy apKBUIBI KOJI JKeTKi3ineni. Makananarbl HEeTi3ri KOPBITBIHIABI Taliaaiibl
Kaz0anap KeH OpBIHAAPHI alllbIK TOCUTIMEH UTepy KOCIMOPBIHAAPBIH THICTI aKHapaTThIK
KaMTaMachl3 €TYMEH TeOTEXHOJOTHSIIBIK KeIIeHASPAiH JKYMBIC icTeyiH OacKapylarbl
MIPOIECTIK TACUITE KOIIYIHIH OPBIHABUIBIFEI OOJIBIN TaObLIAIbI.

Tylin ce3mep: Kapbep, TESOTEXHOJOTHSIIBIK KEIICH, JHEPTHSIIBIK THIMILIIK,
nponeccTik (yaepicTik) Oackapy, yZAepicTik OacKapydblH KOHOMHUKACHI, THIMILTIK,
UMHUTALUSUIBIK YIIT1IEY, SKOJIOTHSITBIIBIK
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AnHoTanus. B cratbe paccMOTpeHBl CHOCOOBI W HAIPaBICHUS IOBBIIICHUS
9HEeprodpHEKTHBHOCTH U IKOJOTMYHOCTH (DYHKIIMOHUPOBAHUS T€OTEXHOIOTHUECKUX
KOMIUIEKCOB Ha OTKPBITBIX pa3padoTkax, AaéTcsi OOOCHOBaHME, IIOAKPENIEHHOE
KOHKPETHBIMHU IIPUMEpaMH, LIEIeCO00pa3HOCTH U yCIOBUH Iepexofa K MPOLECCHOMY
YIPaBJIEHUIO, OCHOBAaHHOMY Ha YIIyOJI€HHOH aHAJUTHUKE IPU COOTBETCTBYIOLIMX
nudpoBU3auny, WHPOPMALMOHHOM OOECIIEYEHHMH W aBTOMATH3allMH, PacKpbIBACTCS
3¢ EeKTUBHOCT, TNPUMEHEHHsS I peIIeHHs NaHHOTO KOMIUIeKca 3ajad MeTona
WMHUTALMOHHOTO MOJENHPOBaHMs B mpouecce (OpMUPOBaHUS LUPPOBBIX aHAIOTOB
HCCIIeyeMBIX TOPHOTPAHCIIOPTHBIX MpolLieccoB. B paboTe oTMeuaeTcst npuHUMITHATBHAS
Ba)KHOCTD aJICKBATHOTO Y4ETa IPU MOACTUPOBAHIH, TPOSKTUPOBAHUH U TUIAHUPOBAHUH
TOPHOTPAHCIIOPTHBIX PAa0OT KOHKPETHBIX TOPHOTEXHUYECKHX, TOPHO-TEOJIOTUIECKHUX,
TOPHO-TEOMETPUYECKUX, OPraHU3AlMOHHBIX W TOPHO-DKOHOMHUYECKHX YCIOBHM
IKCIUTyaTallii T€OTEXHOJOTHYECKNX KOMILUIEKCOB. Ha mpumepe omHOTO M3 KaphepoB
pacKpbIBaeTCs MOTEHIMAI W BO3MOXKHBIC HANpPaBICHHS MOBBIIICHUS YPPEKTUBHOCTH
W CHIDKEHHs ce0eCTOMMOCTH TOPHOTPAHCIIOPTHBIX paboT. DKOHOMHUYECKHH S(PQeKT
JNOCTUTaeTcss ONTUMH3AlMEd pPEeXHMOB M YCIOBHHA OKCIUTyaTalldkd OCHOBHOTO
TEXHOJIOTHIECKOTO 000pynoBaHms, 00yCIaBIMNBAIOIIEH CHIDKEHIE Pacxo/ia IN3eIbHOro
TOIUIMBA U 00bEMA HKOJIOTUYECKUX BEIOPOCOB. OCHOBHBIM BBIBOJIOM B CTaThe SIBIIACTCS
[Ie7IeCO00Pa3HOCTh TEPEXoAa MPEANPUATHA C OTKPBITEIM CIIOCOOOM pa3pabOoTKH
MECTOPOXKACHUHM MOJNE3HbIX MCKOIIAeMbIX Ha IPOLECCHBIN IOAXOA B YHPABICHUH
(YHKIIMOHMPOBAaHHEM T'€OTEXHOJOIMYECKMMH KOMIUIEKCAMU C COOTBETCTBYIOLINM
“H(OPMAIIMOHHBIM 00€CTICYeHUEM.

Ki1roueBble ci10Ba: Kapbep, reOTEXHOIOTHYECKU I KOMITIEKC, 3HEProdPeKTUBHOCTE,
MPOLIECCHOE YIPaBICHUE, HKOHOMHKA IPOLECCHOTO YMpaBieHUs, 3PQPEeKTUBHOCTS,
UMHUTaLMOHHOE MOJIENNPOBaHNE, SKOJIOTHYHOCTD

Introdaction

Inrecent years in Kazakhstan is increasingly acute issue of scientific and technological
development. It is especially important for mining and mining and metallurgical
industries. The country is developing a specialized bill in this direction. The main factors
and drivers of technological modernization, as is known, are digitalization, information
technology, automation, analytics and management, which are united and provided at
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the methodological level by science. Energy efficiency and environmental friendliness
of implemented technologies are at the top priority level.

At present, in Kazakhstan, in conditions when the country has assumed obligations
to reduce emissions into the atmosphere by 15-25 % until 2030, about 86.6 % of
emissions fall on industry, including mining -53.45 % or 11, 2 million tons per year.
The energy intensity of MMC products exceeds the similar indicator of OECD by more
than 2 times. The most energy-intensive is the production of metal products. The energy
intensity of non-ferrous metallurgy products is higher than in CIS countries. The highest
emissions and fuel consumption are attributable to motor transportation. In the total
production costs of MMC, diesel fuel and electricity costs account for about 50 %.
(Bauernhansl , 2014).

At the same time, the current potential for improving energy efficiency and reducing
environmental emissions, for example, in open-pit mining of mineral deposits is 10-15
% with a simultaneous reduction in the cost of mining transportation in the range of
5-30 %.

Methods and materials

Process management of geotechnological complexes in surface mining has great
potential for improving their efficiency. Geotechnological complexes include various
engineering methods and technologies used in the process of development of mineral
deposits, design, planning and reconstruction of mine workings.(Galiev et al., 2021).

Process management implies optimization of all stages of the complex operation,
starting from planning and continuing up to the control of task performance. There
are several ways to improve the efficiency of process management of geotechnological
complexes. The first is optimization at the stages of design and planning of mining
operations: clear definition of goals and requirements of geotechnological development
allows to focus on important tasks and eliminate inefficient operations. The second is
automation and digitalization. The introduction of modern technologies and automation
systems can improve the accuracy and speed of operations. The third is the wider use
of data analytics, which consists in collecting and analyzing large volumes of data
from various sources, such as geological measurements and monitoring of mining
transportation processes and the state of the geotechnological complex, its subsystems
and elements. This makes it possible to identify trends, forecast operating conditions
and make informed management decisions. Fourth, monitoring and control, which
includes regular observation and operational control of work progress, help identify
potential problems at an early stage and take measures to eliminate them. Multiple
sensors and monitoring systems can provide continuous tracking of mine parameters
and behavior. Fifth, continuous process development and optimization. Application of
continuous improvement principles allows to identify weaknesses in processes and find
ways to optimize them. The introduction of new technologies and methodologies helps
to improve the efficiency of the geotechnological complex (Galiev et al., 2020).

Implementation of these approaches to the management of geotechnological
complexes at open pit mines will increase efficiency and reduce risks in this area, improve
the quality and reliability of development, as well as reduce the time to complete tasks.
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Environmental friendliness and energy efficiency of geotechnological complexes at
open pit mines is an urgent task in the modern world, where more and more attention
is paid to environmental protection and efficient use of resources. As practice shows,
one of the directions of improving the environmental friendliness of geotechnological
complexes is the optimization of energy consumption. It is also possible to use modern
energy-saving technologies such as heat recovery systems or smart devices that allow to
regulate energy consumption depending on actual needs (Khayitov et al., 2023).

This requires a higher level of organization of mining transportation works, which can
be ensured only when elements of the process approach are introduced into the practice
of management of geotechnological complexes of quarries, and it is also possible to use
environmentally friendly materials for filling the developed areas, such as biologically
active additives or reagents that do not contaminate soil and water.

An important direction for improving the environmental friendliness of
geotechnological complexes at open-pit mines is also the development and
implementation of a system for monitoring and controlling emissions of harmful
substances into the atmosphere, soil and water. This will allow timely identification and
elimination of possible leaks or pollution, which helps to reduce the negative impact on
the environment.

To achieve the goals of improving the environmental friendliness and energy
efficiency of geotechnological complexes, it is necessary to conduct research and
development of new technologies, as well as to implement already existing innovative
solutions. In addition, it is important to educate and train personnel so that they have
the necessary knowledge and skills to work with modern energy efficient technologies
and equipment.

In general, improving the environmental friendliness and energy efficiency of
geotechnological complexes at open pit mines requires a comprehensive approach
and efforts on the part of enterprises, government agencies and research institutes.
However, the achievement of these very goals will actually reduce the negative impact
on the environment and rationally use resources, which is an important step towards
sustainable development. (Kaplan et al., 2006).

Another important factor in the effective implementation of the process approach in
the management of geotechnological complexes at open-pit mines is an appropriately
developed analytics, which allows to record the current state of the elements and
subsystems of the system in an operational mode, on a step-by-step basis, objectively
and reliably, and on this basis to qualitatively assess the situation and justify effective
management decisions. The organization of production processes at open pit mines
based on advanced analytics and digitalization is an approach to the management
and optimization of production operations using advanced analytical methods and
digitalization technologies. The main principles of such process organization include:

- advanced analytics, which involves the use of data analytics algorithms and
techniques to collect, process and analyze large volumes of information about production
operations, which helps identify trends, improve the efficiency and quality of production
processes, and predict potential problems and risks.
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- digitalization of manufacturing operations, involving the application of modern
digital technologies such as Internet of Things (IoT), Big Data, artificial intelligence and
automation to improve operations and optimize production, which also includes process
automation, real-time data collection and analysis, digital modeling and forecasting.

- open information-analytical and software and methodological developments,
enabling the involvement of external participants, such as startups, universities,
research organizations and developer communities, to work together on projects and
create innovative solutions, which provides an opportunity to gain access to new
ideas, competencies and resources, as well as to accelerate the process of innovation
implementation.(Kaplan et al., 2017).

Benefits of open source manufacturing processes based on in-depth analytics and
digitalization include:

- Improved efficiency: analytics and digitalization help optimize production
processes, improve resource utilization, reduce costs and increase productivity;

- quality improvement: analytics helps identify and eliminate the causes of defects
and malfunctions, thereby improving the quality of finished products;

- innovation: open development facilitates the creation of innovative solutions
through the involvement of external stakeholders, which can lead to the development of
new products and technologies;

- flexibility and adaptability: digital modeling and analytics enable rapid adaptation
to changes in market requirements and rapid implementation of changes in production
processes;

- risk mitigation: analytics and digitalization help identify potential problems and
risks before they arise, so that timely action can be taken to minimize them.

Results and discussion

As a substantiation of actually available potential, as well as specific directions of its
realization, the article gives a number of results of research conducted in recent years on
the enterprises of Kazakhstan, on the example of one of them.

In the process of assessment the method of simulation logical-statistical modeling,
effective for these goals and tasks, used for creation of reliable digital analogs of
functioning of geotechnological complexes and allowing qualitatively and operationally
to investigate complex and large-scale, probabilistic technological processes, was used.
The economic-mathematical model integrated into digital analogues allows to take into
account all current operating costs on a step-by-step and adequate basis and to evaluate
the efficiency of those or other variants of organization of geotechnological complexes
operation according to the main criterion - the indicator of specific current costs (Kaplan
et al., 2015).

For example, for one of Kazakhstan gold mines, the main technical and economic
effects on open pits and the enterprise as a whole are step-by-step presented in Table 1.

As follows from the data in Table 1, in the variant with depreciation of the main
technological equipment according to the generally accepted in the mining industry
norms, the reduction in the total amount of costs for the functioning of geotechnological
complex per year, due to the reduction of depreciation charges, is 2221.78 thousand
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tenge. Accumulated in the possible depreciation fund of the enterprise, for the considered
period of development of the deposit by open method could be reduced by 13330,68
thousand tenge, which would be transferred to the residual value of the equipment at the
end of this period of mining and at this price it could be realized, or transferred to the
balance of another subordinate enterprise. The final economic effect from the expedient
variant of depreciation of the main technological equipment can be established depending
on the adopted scenario of realization of the depreciation fund and this equipment. So
far it is possible to establish only the fact that the cost of mining transportation works
was artificially overestimated by 7.41%. In the total economic effect of the proposed
measures to improve the efficiency of the geotechnological complex of the Bakyrchik
quarry is not taken into account. (Hayitov et al., 2018).

Table 1 — The main technical and economic indicators by variants

Options Capacity, by rock Total operating Specific Economic
mass, thousand m3. costs, tg. operating costs, effect,
tg. thousand tg
Base case. 30771,00 33280,16 1081,6 -
Optimal performance of 30187,27 3247527 1067,01 440,43
MTSQ.
Normal amortization. 30187,27 29988.,27 993,41 2221,78
Road surface quality. 30194,91 29400,76 973,70 594,99
Optimization of the
structure of the list fleet of 29813,07 28798,93 965,98 233,05
excavators.
Quality of rock preparation. 29813,07 28798,93 965,98 -
Design option. 25179,28 33881,17 1330,36 -6263,60
Total for the enterprise. 1268,47

As the general practice and the experience of researching the efficiency of
geotechnological complexes of open-pit mines shows, traditionally, the areas related
to compliance with the depreciation policy in relation to dump trucks and optimization
of their loading mode by optimizing the schedule of equipment replacement and
maintaining the shop profitability of the mining transport complex at the optimal level
have a significant potential in this regard. In this case, due to the insignificant period of
open pit mining, this direction can be realized only in a small part of the available total
potential.

A full-fledged economic assessment of the geotechnological complex functioning
efficiency from the quality of rock preparation for excavation at the stage of drilling and
blasting operations requires adequate accounting of the corresponding changes in the
excavators' tractive forces in the process of rock excavation with the subsequent reliable
identification of energy consumption, as well as the corresponding amount of costs for
drilling and blasting operations. In this direction, additional research is required with
appropriate variation of bucket and dump truck body volumes.

The most valuable in carrying out a set of studies is the identification of the economic
effect realized by the enterprise from the deviation from the design decision on opening
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the open pit and organization of transport of overburden rock mass to the dump. This
economic effect is about 6263.60 million tenge per year with a significant decrease in
the optimal performance of geotechnological complex.

The analysis of other economic effects shows that the greatest potential for reducing
the cost of mining transportation works in the established mining, mining-geometric,
mining-geological, organizational and economic conditions have the directions of
improving the quality of road surface of intra-carrier roads, as well as the optimization
of the structure and number of the list fleet of the main technological equipment. The
total potential economic effect is about 1268,27 thousand tenge per year. Given the
lack of practical possibility of replacing the diesel fleet of excavators to electric with
the appropriate technological parameters, the real achievable maximum economic
effect from the implementation of possible measures to improve the efficiency of the
geotechnological complex of the quarry is 1035.42 million tenge per year, which can
be realized by improving the quality of road surfaces and optimizing the structure and
number of the list of the main mining transport equipment. (Akramov et al., 2022).

One of the most important social, economic and environmental drawbacks of the
project of development of the field developed by the enterprise is the justification of
the use of diesel excavators for loading operations. At optimal productivity of the
geotechnological complex, the volume of environmental emissions could be about
2488.73 tons/year. Reduction of annual environmental load due to the use of electric
loading equipment is 9.94 %.

The obvious positive moments in the practical organization of work at the enterprise
include the fact that the management has implemented an unplanned project exit in the
western part of the quarry, which caused a significant increase in the possible optimal
productivity of the geotechnological complex, due to a significant reduction in the
average weighted distance of transportation of overburden rock mass - to 2.69 km from
3.93 or by 46.1 %. The optimal productivity could be reduced to 25179.28 thousand
m3/year, and the indicative unit cost of mining transportation works was increased to
1330.36 tenge.

Conclusion

Thus, the organization of production processes at open pit mines on the basis of
process management, in-depth analytics and appropriate digitalization is an effective
approach to production management, allowing to improve the efficiency, quality,
innovation, environmental friendliness and adaptability of processes. On average for
mining enterprises of the Republic of Kazakhstan, the potential to improve efficiency
and reduce energy and carbon intensity of mining operations is about 10—15 % with a
simultaneous reduction in the cost of mining transportation with economic effects of
$ 1-2 million and more. Enterprises need to interact more closely and purposefully in
this direction with scientific organizations, to train analytical engineers, to develop their
own scientific and methodological potential, to make more active use of government
tools and mechanisms to promote innovation and industrial development.
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