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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
akazemuri, K.M. Corbaes arbiHiarel Kasak yITTBIK TEXHHKANIBIK 3epTTey yHUBepcuteTi (Anmarsl, Kaszakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUS AJIKACHI:

OBCOMETOB Momic Kyasicyabl (6ac  pemakTopAblH — OpbIHOAcapbl), I€OJOTUs-MHUHEPAIOTUst
FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHX Hayk, npodeccop, akagemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHN TexHmueckuil ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827
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ABCAMETOB Mauuc KyabicoBu4, (3amMecTHTeNlb [JIABHOTO  PEOAaKTOpa), JOKTOp  TI'e0JIoro-
MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosTaeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, Ipodeccop, IIOUYSTHBIH akaJIeMIK
HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnposanusiii mpodeccop, aupexrop Jlabopatopruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
TexHudeckoro ynusepcutera uMm. K.M. Carnaesa, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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Abstract. Purpose. The main task of modeling is to identify the main,
characteristic features of a phenomenon or process, its defining features. Geological
modeling of deposits is one of the ways to organize, to structure and to visualize
large arrays of obtained geological and geophysical data.

Methods. This paper deals with the process of developing a structural 3D model
of the Nurkazgan Vostochny field using the Python programming language based on
geological data obtained from the results of geological exploration within various
periods with the use of the Geone library, the methods of which allow using both
ordinary kriging and stochastic interpolation methods (extrapolation) of the initial data.

Findings. As a final result, it is possible to evaluate the distribution of lithological
varieties in the modeled block and to export each of them in a convenient digital
format for subsequent processing.
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Originality. The Python programming language, unlike commercial
implementations of 3D modeling programs, pro-vides complete control over the
workflow and at the same time, due to the presence of a large number of modules
for geological modeling and data visualization, is in no way inferior to them.

Practical implications. At the present stage of the geological science
development, 3D modeling methods have be-come widespread, making it possible
to develop realistic models of geological structures based on the use of various
geophysical, geochemical and geological data. This circumstance is conditioned
by the rapid development of computing facilities, and at the moment the geologist
is provided with various tools that increase the efficiency of his work in the area
under consideration.

Keywords: geological modeling, deposit, programming language, interpolation,
Python, ore field, database, model, lithology.
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Opicremeci. by makanana Gactanksl 1epexTep OOHBIHIIA KaparnaibiM KpUTHHT
’KOHE CTOXACTHMKAJIBIK HWHTEPHOJISIMS OiCTepAl KOJNJaHyFa (IKCTPAIOSIHS)
MYMKiHIIK Oeperin (Geone omicTepi KiTanmxaHAachIHBIH KOMETIMEH opTypii
KE3eHJIep/Ie TeOJIOTHSUITBIK Oapiiay HOTH)KEJICPIHEH aJIbIHFAH FeOJIOT USUTBIK JICPEKTEP
Herizinge Python 6armapnamanay Tinia Konmany apkputel Hypkasran [IsiFbic keH
OPHBIHBIH KYPBUIBIMIBIK 3D MozelniH Kypy nporeci KapacThIpblUIa bl

Anbiaran  gepekrepi. COHFBI  HOTHDKE PETiHAE MOJENbICITeH OJIOKTa
JMTOJNOTHSIIBIK  albIPMAIIBUIBIKTAPABIH TapalyblH OaranayFa >KOHE OJapIblH
OpKaiCHICHIH KEHIHHEH OHJICY YIIIH BIHFAHIBI HUQPIBIK (GOpMaTTa SKCIOPTTayFa
OoJIaabl.

Tynayckaneirel. Python Oarmapnamanay timi, 3D wmomenpaey Oarmapia-
MaJlapbIHBIH KOMMEPIMSUIBIK SHTI3YJIepiHeH aifbIpMaIIblIbIFbl, KYMBIC TPOLECIH
TONBIK Oakpulaylbl KaMTaMachl3 €Tell JKOHE COHBIMEH Oipre TeOJOTHSIIBIK
MOJICNIB/ICY JKOHE JIePeKTepAl BU3yalH3alysuiay YIIiH KONTereH MOIYIbACPHiH
OorybpIHA OAWTAHBICTHI OJTAP/IaH emIoip KeM TYCIeHIi.

[TpakTrKaiblk MaHBI3BL. [€0JOTHST FBUIBIMBI JaMYBIHBIH Ka3ipri Ke3eHiHIe
opTYpIi  TeO(M3UKAIIBIK, TEOXUMHSIBIK JKOHE TEONOTHSUIBIK MONliMETTEepIl
naianaHy HeTi3iHIe TeONIOTHSUIBIK KYPBUIBIMIAP/ABIH IIBIHAWBI MOJAECNBACPIH
Kacayra MyMKiHJiK 6epeTin 3D mozpenbaey omictepi KeHiHeH Tapabl. by sxarmait
ecenTey KyaThIHBIH KapKbIHIBI JaMyblHa OaiJIaHBICTBI JKOHE Kasipri yakpITTa
re0JIOTKAa KapacTBIPBUIBIT OTBIPFaH cajlaila OHBIH JKYMBICBIHBIH THIMIUIITiH
apTTBIPATHIH dPTYPIIi Kypangap Oepinesmi.

Tyiiin ce3mep: TEONOTHSIIBIK MOJEbICY, KeH OpHBI, IporpaMmanay Tiji,
uHTepnossiys, Python, keH opHbI, ManiMeTTep 6a3achl, MOJIEINb, TUTOIOTHSL.
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Annorauusi. [lens. OcHoBHas 3a7aya MOJAEIUPOBAHUS BHISIBUTH IJIaBHBIC,
XapaKTEPHBIC UEPTHI SIBIICHUSI WIH MPOLIECCa, €r0 OMPEICIISIONIUe 0COOCHHOCTH.
[eonoruueckoe MoOAETMPOBAHUE MECTOPOXKIACHUN SIBIISIETCS OJTHUM W3 CIIOCOOOB
YIOPSIIOUUTh, CTPYKTYPUPOBATh ¥  BH3YaJIM3HPOBATh OOJBIIME MAaCCHBBI
MOJTy4aeMbIX T€0JIOr0-re0(hU3HISCKUX JTAHHBIX.

Metonuka. B naHHO# paboTe paccCMOTpPEH MPOIECC MOCTPOCHHUSI CTPYKTYPHOM
3D wmomenun Mectopoknaenus Hypkasran BocCTouHBI C MOMOLIBIO  SI3BIKA
nporpammupoBanust Python Ha 0CHOBE reojOrHuecKux JaHHBIX, TOTYYCHHBIX 110
pe3yibTaTaM MPOBECHHS Te0I0ropa3BeIOYHBIX paboT 3a pa3IHyYHBIC MEPHOJBI C
HCTob30BaHuEeM OnOIHoTeKn (Geone METOJbl KOTOPOH MO3BOJISIOT UCIIOIB30BATh
KaKk OOBIYHBIH KPUTHUHI, TaK M CTOXaCTUYCCKUE METOIbl HMHTEPIOJISIIUN
(3KCTPAIIOIISALINHT ) UCXOJHBIX JTAHHBIX.

ITonyuennsie [naHHble. B KOHEYHOM pe3ynbrareé BO3MOXKHO OLEHHUTH
pacripesieficHHe JIUTOJIOTUYSCKUX PA3HOCTeH B MOJCIMPYEMOM OJIOKE H
AKCIIOPTHPOBATH KAYKAYIO U3 HUX B YIIOOHOM ITU(PPOBOM (POpMATE SIS ITOCIC Ty FOIIIeH
00paboTKH.

OpuruHanbHOCTh. SI3bIK  mporpammupoBanust Python, B omimume ot
KOMMEPYECKUX peanu3anuii mporpamm mno 3D monenupoBaHUIO, NPEIOCTaBISIET
MOJIHBIA KOHTPOJIb HAJ pabodMM TPOIECCOM M B TO K€ BpeMs, Onaromaps
HAJIMYUIO OOJIBIIIOTO KOJIMYECTBA MOJTYJICH 110 TEOJIOTHIECKOMY MOJICTUPOBAHUIO U
BU3yaJIM3allMM IAHHBIX, HA B YEM UM HE YCTYIIAET.

[IpakTnueckoe 3HaueHue. Ha coBpeMEHHOM »Tamne pa3BUTHS T'€OJIOTMYECKOU
HayKH LIUPOKOE pPaCHpOCTpaHEHUE MOIy4dywin Metonasl 3D MomenupoBaHus
MO3BOJIAKOLIME CO3[aBaTh PEAJTUCTUYHBIE MOJENU TI'€OJIOTUYECKUX CTPYKTYP,
OCHOBaHHBIX Ha WCIIOJIb30BAHUHM DPA3IUYHBIX TeO(DU3HMUSCKUX, TCOXUMHUYECKUX
U TCOJIOTMYECKUX JIaHHBIX. J[aHHOE OOCTOSATENBCTBO OOYCIIOBICHO OYpHBIM
Pa3BUTHEM MOLIHOCTEW BEIYMCIUTENBHON TEXHUKU U Ha TEKYILUA MOMEHT I'€0JIOTY
MPEIOCTABIICHBI Pa3IMYHbIe MHCTPYMEHTHI, TOBBIIIAIONINE YPPEKTHBHOCTh €r0
paboThI B paccMaTprBaeMoi 00JIacTH.

KuioueBble cJjioBa: reoioTHYECKOE MOJIETUPOBAHUE, MECTOPOXKACHUE, SI3bIK
MporpaMMUpOBaHust, UHTepHoisus, Python, pynHoe mosne, 6a3a 1aHHBIX, MOJICIIb,
JIUTOJIOTHS.

Introduction. The ore field of the Nurkazgan deposit is located in the outer zone
of the latitudinal branch of the Devonian volcanic-plutonic belt and is confined to
the junction of large Caledonian structures: the Erementau-Niyaz anticlinorium,
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the Semizbugy and Shakshan synclinoriums. This structural position determines
the widespread development of volcanic, intrusive and volcanogenic-sedimentary
formations of Devonian age in its structure. They make up the Tyulkuly ring
volcano-plutonic struc-ture with the intrusive massif of the same name in the
central part (Ponomareva, et al., 2023).

According to their structural position, the nature of the structure and lithological
composition, the volcanic-sedimentary deposits are classified as the Zharsor for-
mation of the Lower Devonian age.

The Zharsor formation (D zr) based on petrochemical and lithological features,
is divided into lower and upper subformations.

The lower subformation (D, zrl) is most widespread in the central part of the
deposit. Within the subformation, two units have been identified.

The lower unit (D1zr11) is composed of agglomerate tuffs, less commonly lavas
and automagmatic breccias of basaltic andesite composition with rare horizons
of coarse tuffs of andesitic composition and thin lens-shaped interlayers of tuff
siltstones or tuffites. In the upper part of the section there is a horizon of pelitic
tuffites up to 100 m thick. The rocks have a greenish-gray and dark green color.
They are largely hydrothermal-metasomatically altered, in some areas to full-blown
beresites. The thickness of the unit is at least 550 m (Ivadilinova, et al., 2023).

The upper member (D Zrl)), whose lower boundary is conventionally drawn
along the roof of the horizon of pelitic tuffites, at the base of the section is
composed of alternating lens-shaped layers of pelitic-psammitic tuf-fites and tuff
conglomerate breccias that form a unit with the thickness of about 170 m. Higher in
the section, there is coarse-grained, less commonly, lithocrystallineclastic tuffs and
lavas of andesidacite composition, including rare lenses of tuffaceous sandstones
and conglomerates. All the rocks of the upper unit are subjected to hydro-thermal-
metasomatic alterations, in some sites up to full-blown beresites. The thickness of
the unit is more than 360 m.

Upper subformation (D,zr,). The deposits of the sub-formation are widely
distributed in the western, northern and eastern parts of the field area a form the
wings of the Tyulkuly structure. Most of the area of their development is covered
by loose sediments (Levin, et al., 2021).

The subformation is composed of red tuffaceous sandstones of different grains
alternating with lens-shaped layers of boulder-pebble conglomerates, gravelites
and less commonly siltstones. Interlayers of gray-colored tuffaceous and volcanic-
canomictic sandstones are of sharply subordinate importance in the section. In
the lower part of the section, a horizon of coarse tuffs of dacitic-andesidacite
composition is distinguished. The thickness of the subformation is at least 850 m.

Subvolcanic formations of the Early Devonian associated with volcanism of the
Zharsor period, are widespread in the southern part of the ore field. They are similar
in composition to the volcanic rocks of the formation and are represented by small
bodies of various shapes ranging in size from 100 x 150 m to 500 x 1000 m; dike-
like bodies with the thickness of no more than 10-11 m and the length of up to 150
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m are rare. According to their composition, leucocratic basaltic, basaltic andesite
and rarely andesidacite porphyrites are distinguished.

Cenozoic sediments in the form of a loose cover overlay the Paleozoic formations
on approximately 50% of the field area. They are divided into the Kalkaman and
Pavlodar formations of the Neogene and parts of the Qua-ternary system. The
Neogene deposits are mainly represented by clays with rare interlayers and lenses
of sands and pebbles; the Quaternary system: by loams, clays, polymictic fine- and
medium-grained sands and less fre-quently pebbles (Kubich, et al., 2024).

Weathering crust. Weathering crusts of linear and area types are widely
developed. On the surface, products of weathering crusts are rare, as they are
overlaid with a cover of loose Cenozoic sediments. They are mainly developed from
hydrothermally and tectonically processed rocks. The products of the weathering
crust are clayey-crushed and clayey variegated formations. Their thickness varies
from a few meters to 30 m, rarely, along fault zones, up to 50 m.

Intrusive formations in the territory of the Nurkazgan deposit are closely related
to the Devonian volcanism, which led to the formation of the orebearing Tyulkuly
volcano-plutonic structure. Among them, the Early Devonian- Karamenda
complex of quartz diorites and the Middle Devonian complex represented by small
intrusions and dikes of granite porphyries, subalkaline granite porphyries, and
dikes of subalkaline diabases are conven-tionally distinguished.

The Early Devonian Karamenda complex of quartz di-orites (qd,D km) of
the first phase and granodiorites (y6,D km), granodiorite porphyries (yom,D km),
dike-shaped bodies of quartz diorites (q6,D km) of the second phase of intrusion
makes up the Tyulkuly massif and two small-sized massifs in the northwestern and
northeastern parts of the field area (Isatayeva, et al., 2024).

The first phase of intrusion is represented by quartz diorites and quartz diorite
porphyrites. They are the most widespread and for the most part are almost
completely hydrothermal-metasomatically processed, which makes it difficult to
resolve unambiguously the issues of the composition and age of the rocks. The least
altered varieties are represented by medium-fine-grained quartz diorites of the soda
series, which is characteristic of the Early Devonian intrusions. Increased alkalinity
is closely related to intense potassium metasomatism. The formations of the second
phase include massive and fluid granodiorites and granodiorite porphyries. Along
the contact of rocks of the first and second phases of intrusion, orebearing intrusive
breccias are developed, completing the formation of the intrusion (Cameron, et al.,
2017).

Materials and methods. Based on the analysis of the initial information, about
84 exploration wells were drilled in the Nurkazgan eastern area, using which a
geological description of the core was made. When processing the results of the
description of core samples, the main lithological varieties were identified that
were assigned individual codes (Figure 1). The methodology for constructing a
structural 3D model using the Python programming language based on geological
data obtained from geological exploration conducted over different periods was
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also applied in studying the geological structure of the northeastern part of the
Zhezkazgan Basin with the aim of identifying polymetallic ore deposits. (Turner,
etal., 2021).

The initial data is presented in the form of a database consisting of three tables
(Figure 2):

* collar: the position of the exploration well mouth;

* survey: the spatial position of the wellbore;

» litho: intervals of tracking rocks along the borehole (Lamotte, et al., 2021).

lithe code color color
weathering crust 1|burlywood
clay 2|gold
ferruginization in the WZ 3|darkslategray
sandstones, siltstones, alluvium 4saddlebrown
tuffs and volcanomictic clastic rocks 5| yelow
quartz diorites 6|pink

quartz diorite rocks 7|purple
granodiorites 8|green
os-undiivided 9|orange
quartz-diorite dike 10|gray
granite-porphyry dike 11jred
Middle-Devonian post-ore dike complex 12| indigo

Figure 1 — Basic lithological varieties and their codes

Drillhole Name |Easting |Northing |Elevation [Target Depth
NE_801 357891| 558684| 539.86 1521.6
NE_802 357990| 558680| 543.48 1591
NE_803 358090| 558677| 546.86 1543.7
NE_804 358190| 558674| 554.81 1541.7
NE_805 358291| 558673| 566.42 1511.6

Drillhole Name |Distance |Dip Azimuth

NE_801 1521.6 89.9 173

NE_802 1591 89.48 286

NE_803 1543.7 88.94 271.29

NE_804 1541.7 89.92 359

NE_805 1511.6 88.73 307
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holeid from to Lith code

NE_801 0 931|tuf 9
NE_801 931 1403|0-S 9
NE_801 1403 1521.6|kvarcdioryt 6
NE_802 0 939.98|tuf 5
NE_802 939.98| 1371.22|0-S 9

Figure 2 — Example of the collar, survey, litho database tables

At the first stage, it is necessary to prepare the initial data for further interpolation
(Figure 3).

For this purpose, the Pygslib library was used that has been designed for
rock analysis and geostatistical modeling, with the help of which the lithology
distribution across the wells at equal intervals was obtained; in that case it was
equal to 5 m. Thus, a table was obtained containing the coordinates of the central
point of the interval, each of which was assigned a lithological code included in that
interval (Groshong, 2006).

At the next stage, all the calculations were performed using the methods of the
Geone library (Appendix 1). At the first step, codes corresponding to the lithology
were determined and each of them was assigned a specific color. Next, a covariance
model was defined that set the main parameters of interpolation using the simple
kriging method (Turner, 2007).

To set the initial data of the interpolation method, it is necessary to determine the
dimension of the modeling area:

* Origin: the anchor point of the modeling area (ox, oy, oz = 357300, 558600,
-1300);

* Dimension: the number of cells along the axes (nx, ny, nz =170, 160, 1900)

* Spacink: the cell size (dx, dy, dz= 10, 10, 10).

The initial data for points with specific lithology are loaded into the Points
variable using the Pandas library methods (Bilibin S. L., et al., 2004).

At this stage, there is all the necessary information to transfer the data to the
simulateIndikator3D() method of the Geone library (Demyanov, et al., 2010;
Zakrevsky, et al., 2008):

* Category values: lithological codes;

* Cov_model: a covariance model (it should be noted here that for each lithology
category one can set one’s own covariance model; in that case, to simplify the
calcu-lation, only one covariance model was used to all the lithology categories);

* X: coordinates of points with the original lithology;

* V: a lithology category value;

* Method: interpolation (extrapolation) method, in our case “simple kriging”;

* searchRadiusRelative: an average search radius — 10;

* NneighborMax: thenumber of search points—12.

232



ISSN 2224-5278 2.2025

Figure 3 — Well lithology

Results and discussion. After performing the calculations, the results of the
implementation are retrieved by assigning the “image” attribute to the variable.
Visualization of the obtained modeling results is carried out using the drawlmage3D _
surface method (Kovalevsky, 2020; Michel, 2022):

» Custom_scalar _bar for equidistant categories: the image of the lithology
category scale (true or false);

* Custom_colors: a set of predefined colors in the li-thology category;

» Filtering_value: a category value that will be dis-played when printed.

This method additionally has a large number of set-tings for detailed visualization
of certain modeling results obtained (Figures 4, 5).

Geo_model

Figure 4 — General view of the modeling results
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pp = pv.Plotter(shape=(1,1), window_size - [7ee, 7ee])

pp.subplot(e, @)

data_points - pv.Folypata(x)

# ... set coler for dota points according to their value

data_points_cel - [matplotlib.colors.to_rgh(
categCollnp.where(np. asarray (category_values) == 1)[81(611) for i in v]
# color for data points according to their value

data_points['colors'] = data_points_col

Ppp.subplot(e, e

slice_normal_z-x[5e,2],
ar_for_equidistant_categories - True,

e':1e, ‘vertical'
t=
Pp.add_mesh(data_points, rgb=True, point_size=2., render_points_as_spheres=True)

pp.Link_views()

pp.show(cpos=(165, -18e, 115)) # position of the camera can be specified

pp - pv.Plotter(shape=(1,1), window_size - [90@, 708])

pp.subplot(a, ©)
gn.imgplot3d.drawInagesp_surface(simul, plotter=pp,
custom_scalar_bar_for_equidistant_categories - Trt
custom_colors - categol,
filtering value - (7,8),
scalar_bar_kwargs={'title font_size':28, 'vertical
text="Geo_model’)

pp.link_views()

pp.show(cpos=(165, -188, 115)) # position of the camera can be specified

Figure 5 — The data preparation script and geological modeling process using the Python
programming language: 1) import of necessary libraries; 2) designation of the necessary categories
and color palette; 3) covariance model; 4) dimension of the modeled block; 5) loading source data;
6) solving the model using the simple Kriging method; 7) implementation; 8) display of wells and

selected resulting planes; 9) display of selected categories (quartz diorites)
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Conclusions. As a final result, it is possible to evaluate the distribu-tion of
lithological varieties in the modeled block and to export each of them in a convenient
digital format for subsequent processing (Kessler, et al., 2021).

After obtaining the first modeling results, the further task of the geologist is to
determine the covariance model parameters for each lithological variety, which
makes it possible to determine in more detail the boundaries of their distribution in
the modeled block.

In general, the Geone library has an extensive set of implementing geostatistical
methods, which allows geologists to configure accurately their geological models,
including modeling various geological features, such as the content of components,
processing the results of geophysical methods and much more.

The Geone library provides a number of advantages:

» flexibility and customizability of modeling geologi-cal data;

* the ability to model various geological structures, in-cluding ore deposits,
layered rocks and others;

* access to a variety of modeling methods, including geostatistical and machine
learning methods;

* open source and active support from developers and community;

* simple and convenient interface for use by both ex-perienced professionals
and beginners.
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