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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/1753209

@®UILIEP Axcens, PhD, accormuupoannsiii npopeccop, Texunueckuii yauBepcutet pesnen ([pesnew,
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
webofscience.com/wos/author/record/53680261

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoberBennnk: TOO «LlenTpanbHO-A3HaTCKH aKaeMHIECKUil HayuHbIH HEHTP» (T. AJMaThl).

CBHIETEIBCTBO O TIOCTAHOBKE HA YydYeT IEPHOAMYECKOro medaTHoro usfganus B Komurere wnHbOpManuu
Munucrepersa nHopManuu 1 koMMyHHKanuid u PecrmyOmuku Kaszaxcran N° KZ50VPY00121155, BeinanHOe
05.06.2025 .

TemaTuueckast HANPABICHHOCTb: 2€0/102Usl, 2UOPO2EON02Us, 2e02Papus, 20pHOe 0eNo U XUMUHECKUe MEXHON02UU
Hegmu, easa u Memanios

IepronuunocTs: 6 pa3 B TOA.

http://www.geolog-technical kz/index.php/en/

© TOO «llenTpanbHo-A3MaTCKMi akageMUYECKUi HayuHbIi HeHTp», 2026.



ISSN 2224-5278 2.2026

CONTENTS

Abetov A.E., Seitzhanov A.K., Samenov Y.R., Zhassymbek S.A.
Machine learning and neural networks for lithofacies mapping and reservoir property
evaluation 0f COTE SAMPIES.......ccveivieieiieiiiiieierie ettt et sbeeseeeeeens 8

Aitkaliyev A.K., Pak Y.N., Kolmakov Y.V., Pak D.Y., Matishev T.V.
Application of the X-Ray radiometric method to improve the operational quality control
of copper ores during geological teStING.........ccvvevverieiirieieeeeie et 26

Altay Y.A., Karymsakova N.T., Fedorov A.V., Absadykov D.B., Ismagul G.K.
Predictive control of diagnostically significant parameters of acoustic emission using
machine learning: NEW data............ccoecueiieriiiieriieiece et sbe e eseenne 41

Astanakulov K.D., Kodirova M.G., Saydumarov B., Nersesyan D.V., Kurashkin S.O.
Resource potential of ecological and geological systems of allocated soil masses............ 58

Avazov Sh.B., Yodgorov Sh.I., Mukhammadkulov N.M., Aktamov B.U.,
Khayriddinov B.B.

Instrumental seismometric assessment of the impact of technogenic seismic vibrations

on the structural stability of historical ObJECtS........ccvevirieriiiieiiiieie e 74

Baskanbayeva D., Kalmaganbetov S., Sabirova L., Zholdybayeva G., Koptleuov K.
CFD analysis of screw compressor rotor geometry influence on gas compression
CIICIENCY 1N ZEOLOZY.....viiiiieieiieiietiei ettt ettt ere e esaeseeneesaeennes 92

Borotov A.N., Karshiev F.U., Igamberdiyev A.A., Grigoryan A.G., Sarigo N.V.
Ecological aspects of resource conservation in the development of mineral deposits......107

Gerasidi V.V, Lisachenko A.V., Apatenko A.S., Sevryugina N.S., Fomin A.Y.
Analysis of the application of non-destructive testing methods for assessing the technical
condition of mining equipment motors based on vibration parameters...........c.ccccevueenene 121

Hajiyeva A.Z., Ibrahimova L.P., Humbatova Sh.Y., Jafarova F.M.
Ecological processes of vertical landscape transformation and their manifestation
in the natural landscapes of Nakhchivan...........cccoecieiiiiiieiiiiiieecce e 135

Jakiyayev D.K., Nussipali R.K.*, Malibekov A.K., Jakiyayev B.D., Zhashen S.Zh.
Statistical model of multi-cycle fatigue of steel structural elements under a complex
NON-UNITOIM STIESS STALE. ......eoviiiiiiiieicieic ettt 149

Jumatov Y.K., Tashbulatov S.B., Pushanov A.N., Kozenkova G.L., Yarygina L.V.
Technological substantiation of sustainable mining reclamation of disturbed lands
11 OPEN PIt OPETALIONS. ...uveeeieeetieeteeiteesteerteeeteeseeeaeenteesseesseesnseessaeesseessseaseesseesseesseesnsees 169

Kainenova T.S., Kosmbaeva G.T., Bissembayeva K.T., Otarbayeva A.T., Orazbek A.A.
Effectiveness of measures to regulate the development process
at the Alibekmola field..........oooiriiiiie e 185



ISSN 2224-5278 2.2026

Koishiyeva G.Zh., Yerimova A.Zh., Kurbaniyazov S.K., Agaidarova K.H.,
Abdraimova K.T.

Radiological properties and stratigraphic significance of glauconite-bearing formations:
implications for paleoenvironments and geochemical zonation...........c.cceceveerenvencnnnnne. 203

Kondratiev V.V., Bryukhanova N.N., Kononenko R.V., Gladkikh V.A., Matasova L.Y.
Environmental and technological assessment of beneficiation tailings reprocessing
based on mechanical activation and non-ferrous metals leaching............ccccocceninieninien. 223

Kuldeyev Ye., Negmatov S., Nurpeissova M., Kirgizbaeva D., Donenbayeva N.
Geodynamic Polygon of the Zhilandy Ore Field: Results and Prospects............cccoueneee 237

Madibekov A., Christian Opp., Karimov A., Ismukhanova L., Zhadi A. Regularities
of distribution and accumulation factors of heavymetals in soils of the Zhetysu
region (KazakRNStan).........ccooiiiiiiiii it 253

Malikov G.I., Musayeva S.A., Mammadov K.S., Jabiyeva U.M., Jafarova K.V.
Effects of hydrocarbon fuel quality fluctuations on energy generation efficiency,
economic viability, and environmental fOOtPrint...........cooceeverieiiiieieiieereeeeeeee 272

Narbaev M.T., Ismailova G.K., Narbaeva K.T., Burlibayeva D.M., Groll M.
Assessment of ecological and water management parameters of the Syrdarya River.......290

Nurmagambetov A.
On seismic hazard of Almaty and tectonic faults in the City........ccocvevievieviecienieieiienns 309

Permana A.P, Kasim M., Hutagalung R., Uno D.A.N., Sandi I.N.
petrographic, provenance, and tectonic setting of Dolokapa formation sandstone,
NOTth GOTONLALO. ... eeeviiiieiieciieieeieet ettt ettt ste e e et e e esa e e essebeessesseensesneennas 319

Ratov B.T., Khomenko V.L., Yavorska 0.0., Koroviaka Ye.A., Akhmetova N.S.
Analytical and structural justification of a wellhead sealing device for
large-diameter drilling OPErations...........cceevvieeeriieierieeieseeie sttt re e 335

Skrobala V.M., Popovych V.V., Kopylov V.P., Popovych N.P.
Comprehensive assessment of heavy metal pollution of a river within a large city.......... 355

Sunakbaeva D.Kh., Yuldashbek D.Kh., Aitekova K., Seitbayev K.Zh.
Monitoring heavy metals in soils and waters of the City of Turkestan:
2C0CCOLOZICAL ASPECL....c.ieuiiiieiiieiieie ettt ettt 371

Zakirov M.M., Agzamova I.A., Ochilov G.E., Gulyamov G.D., Xudayberdiyev T.M.
Analysis of the results of changes in the gas and isotopic composition of
groundwater during the period of earthquake preparation.............cocceeeveererienenencnnns 385

Zhanbatyrov A.A., Tukhfatov Zh.K., Bektay E.K., Turisbekova G.S., Zhanbatyrov N.A.
Current state of potash ore development in the Caspian lowlands of the Republic
of Kazakhstan: problems and SOIUtIONS. .......cccueveuierireiiieriieeieeie e 309



ISSN 2224-5278 2.2026

NEWS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278

Volume 2.

Number 476 (2026), 2640

https://doi.org/10.32014/2026.2518-170X.613

UDC: 551:504.05:502.5
IRSTI: 38.27.01

©Aitkaliyev A.K.", Pak Y.N.!, Kolmakov Y.V.2, Pak D.Y.,
Matishev T.V.3, 2026.

'Karaganda Technical University, Karaganda, Kazakhstan;
*Tomsk Polytechnic University, Tomsk, Russian Federation;
’Kazakhmys Corporation, Karaganda, Kazakhstan.
*E-mail: aitkaliyev86@gmail.com

APPLICATION OF THE X-RAY RADIOMETRIC METHOD TO
IMPROVE THE OPERATIONAL QUALITY CONTROL OF COPPER
ORES DURING GEOLOGICAL TESTING

Aitkaliyev Ardak — Master, Karaganda Technical University, Karaganda, Kazakhstan,

E-mail: aitkaliyev86@gmail.com, https://orcid.org/0009-0002-7305-8644;

Pak Yurii — Doctor of Technical Sciences, Professor, Karaganda Technical University, Karaganda,
Kazakhstan,

E-mail: pak_gos@mail.ru, https:// orcid.org/0000-0002-0699-6764;

Kolmakov Yuri — Doctor of Geological and Mineralogical Sciences, Associate Professor, Tomsk
Polytechnic University, Tomsk, Russian Federation,

E-mail: kolmakovyv@tpu.ru, https:// orcid.org/0009-0002-7305-8644;

Pak Dmitri — Candidate of Technical Sciences, ass. Professor, Karaganda Technical University,
Karaganda, Kazakhstan,

E-mail: pak_kargtu@mail.ru, https:// orcid.org/0000-0002-7215-7846;

Matishev Talgat — Mining engineer, chief geologist, Kazakhmys Corporation, Karaganda,
Kazakhstan,

E-mail: matishevt@mail.ru, https://orcid.org/0009-0008-0333-0466.

Abstract. Relevance. The traditional sampling of copper ores is characterized
by high labor intensity, long technological process and relatively low
representativeness, as a result, chemical analysis takes a relatively small amount
of material of about 50 grams (Industry standard, 2005; Instruction on Internal,
1982).

Purpose. Improvement of the existing system of standard testing of copper ores
in the direction of reducing financial costs, labor intensity, increasing efficiency
and accuracy of obtaining representative information on copper content from
core sampling data.

The quality control of ores during their extraction is carried out by core
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testing. Due to the fact that the sampling methods used at enterprises include
operations for sampling, delivery to the laboratory, processing, and analysis
of samples, they are time-consuming, expensive, and unsuitable as a means of
obtaining information for operational impacts on the technological process.
Methods. From these positions, significant prospects are opened by the advent
of X-ray radiometric sampling (hereinafter referred to as RRR), which allows
us to proceed to the rapid determination of the components of interest without
sampling, directly in the conditions of natural occurrence of rocks and ores. It
makes it possible to reduce the duration of testing to several minutes or seconds,
significantly reduce the cost of work while increasing the amount of information
to the required completeness.

Results and conclusions. The results obtained indicate the possibility of core
testing by X-ray fluorescence of copper in crushed representative samples of
class -1 mm. A more representative sampling of the core itself (its rounded and
flat surfaces of the sawn core) makes it possible to quickly separate the ore and
rock intervals.

Keywords: X-ray radiometric testing, standard testing method, represen-
tativeness
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AunHoTauus. Ozexminiei. JIocTypili MbIC KEHJCPIH ChIHAY OAICTEpi, 9JIETTE,
KOFappl €HOEK  CBHIMBIMIBUIBIFBIMEH, TEXHOJIOTHSIJIBIK — OTepalusuiapIbiH
Y3aKTBIFBIMEH XKOHE THIMIUTIK ICHI €HiH1H CaJIbICTBIPMaJIbl TYP/IE TOMEH OOTybIMEH
epekmeneneni. by, eH anabIMeH, XUMMSAIBIK TaljayFa TaiJataHbUIaThiH
MaTepuall KeJIeMIHIH a3/bIFbIMEH TYCIHIIpiJeaAl — opTa ecenmneH mamameH S50
rpamm Fana (Industry standard, 2005; Instruction on Internal, 1982).

Maxcamui. MpIc KeHACPIH CTaHAAPTTHI ChIHAY JKYHECIH JKETUIAIpy OHIIpicTIK
HIBIFBIHAAPIBI KBICKAPTYFa, €HOCK pecypcTapbiHa TYCETiH KYKTEMEHi a3ailTyra,
Tajaay KeJIeNIiriH apTThIpyFa, COHAal-aK KepHAiK Marepuanaap OoibIHIIa MbIC
MOJIIIePiH aHBIKTAY ASJITiH )KOFapbUIaTyFa OarbITTalaibl.

Ken ennipy mporeciHje MIUKi3aT camachlH OaKbUldy HETi3iHeH 0a3alibiK
ChIHAY apKbUIBI JKYy3ere achlpbliaabl. Anaiifa eHAIpICTIK KocimopbHAapIa
KOJITAaHBUIATBIH ChIHAY TOCLIJEpi ChlHAMa ipiKTey, OHBI 3epTXaHara TachIMalaay,
AJJIBIH ajla OHJIEY )KOHE Talaay Ke3eHAepiH KAMTHTBIHIBIKTaH, oJlap KOl eHOeKT1
KaXeT eTelli, SKOHOMHKAJBIK TYPFbIIaH IIBIFBIHABI JKOHE TEXHOJOTHSIIBIK
MPOLECTI XKeen 6acKapy YLIiH XKETKUTIKTI )KbUIaM aknapar Oepmeiai. 9dicmep.
Ocbl TypFBIJaH PEHTTCH-PaTUOMETPHSIBIK chiHAy (Oyman opi — PPO) omicin
KOJIJaHy alTapibIKTall MYMKIHIIKTEp YChIHAABL. By Tocin Tay sKbIHBICTApbl MEH
KEHJCpAl TaOUFH KaTy KarJalblHAa, KOChIMIIA ChIHAMa alMacTaH-aK, MaKCaTThl
KOMITOHEHTTEP/IH KYpaMblH JKelell aHbIKTayFa MYMKiHIIK Oepexni. COHBIH
HOTIDKECIHJE Tajjay yakbIThl OipHelle MHUHYTKa, TINTI CEKyHATapra AeliH
KBICKApBII, allbIHATBIH JEpeKTep KoJeMi KaXeTTi JeHreiie cakrajia OTBHIPHIIL,
3epTTeY KYHBI OipHEIIe ecere TOMEeH ICH/I.

Homuoicenep men xopwvimwinovinap. 3epTrey HoTHKedepi —1 MM KiacblHa
JefiH ycaKTajFaH PeNpe3eHTaTUBTI YJTiIEeple MBICTBIH KYpaMblH PEHTTEHIIK
(uryopecueHus 91iciMeH aHbIKTayFa HETi3/eNITeH 0a3alblK ChIHAYIbI KYPTi3ydiH
THIMAUTITIH KepceTTi. COHBIMEH KaTap KepHHIH ©31HEH, aTall alTKaHJa OHBIH
KeCcUIreH OOJIiriHIH TeTiCTEITreH >KOHE JIOHICJCKTCHI'CH OCTTEepiHEH allbIHFaH
HEFYPJIBIM PEIPEe3eHTATUBTI ChIHaMallap KeH MEH )KaHaCYIIbl Tay *KbIHBICTAPBIHBIH
HIeKapachlH JKeAel aKbIpaTyFa MYMKiHAIK Oepei.

Tyiiin ce3aep: pEeHTreHIIK PaJUOMETPUSIIBIK CBIHAY, CTaHAAPTTHI ChIHAY
9JIiCi, penpe3eHTaTUBTIIIT]
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AHHOTauMA. Axmyanvrocms. TpaluUMOHHOE ONMPOOOBAHHE MEIHBIX PYI
XapaKTepu3yeTcs BEICOKOH TPYJOEMKOCTBIO, JUTUTEIBHOCTHIO TEXHOIOTHYECKOTO
mporecca ¥ CPaBHUTEIBLHO HU3KOW MPEJICTAaBUTENLHOCTBIO, IMOCKOIBKY Ha
XUMHYECKAN aHAJIM3 HAMpPAaBIsETCS OrPaHUYCHHOE KOJNMYECTBO Marepuala
(oxoso 50 1) (Industry Standard, 2005; Instruction on Internal, 1982). I/ers
uccne006anus - COBEPIICHCTBOBAHUE CYIIECTBYIOIIEH CHCTEMBI CTaHAAPTHOTO
OnpoOOBaHUsI MEIHBIX Pyl B HaNpaBlIeHHH CHIDKEHUS (DUHAHCOBBIX 3aTpar
u pr)IOéMKOCTI/I, IMOBBIIICHUA OIICPATUBHOCTU HW TOYHOCTU TOJIYUYCHHA
MpeICTaBUTENbHOW  HMHGOPMAIMK O  COJNEPKAHWUM MEId 1O  JIAHHBIM
KepHOBOTO onpoboBanus. KoHTposlb KauecTBa pya MpU J0ObIUE TPATUIIMOHHO
OCYILIECTBIISICTCSI METOIOM KEPHOBOTO onpoOoBaHusi. OHAKO HCIIOJIb3yeMbIe Ha
MPEIIPUATUSK METOABI BKIIOYAIOT dTAIbl 0TOOPa, TPaHCIOPTHPOBKH, TOATOTOBKU
1 1a00paTOPHOTO aHAIN3a P00, YTO JeNIaeT UX TPYTOEMKUMU, JOPOTOCTOSIIMMU
U  MaJIONIPUIOAHBIMU JId OICPATUBHOIO YIPABJICHUA TCXHOJIOTMYCCKUMU
nporieccamMu. Memoosi. B 3T0 CBSI3M 3HAYUTEIBHBIC TEPCIICKTUBEI TPEACTABIISICT
MpPUMEHEHHUE peHTreHopanoMeTpruaeckoro onpodosanus (PPO), mo3posstoriero
MPOBOIUTH SKCIIPECCHOE OIpEaeIICHUEe COACPKaHusl 3JIeMEeHTOB 0Oe3 orbopa
Mpo0 HEMOCPEICTBEHHO B YCIOBHIX €CTECTBEHHOTO 3aJeTraHMsl TOPHBIX MOPOJ
u pya. JaHuelii meTom oOecneyumBaeT COKpalleHHE BPEMEHM aHalu3a g0
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HECKOJIBKUX MUHYT WM CEKYH], 3HAaYUTEIbHOE CHIDKEHHE CTOMMOCTH padoT
M yBeln4deHue o0bEéMa moiydaeMol HH(pOpMAIMU 10 HEOOXOAMMOTO YpPOBHS
MOJTHOTHL. Pesynvmamul u 6v1600v1. I1onyueHHbIE pe3ynbTaThl CBUACTEIBCTBYIOT
0 BO3MOXXHOCTH 3(()EKTHBHOTO KEPHOBOTO OIMPOOOBAHUS C HCIOIb30BAaHHUEM
PEHTTEHO(ITYOPECIICHTHOTO aHATH3a MEIU B U3MENBUEHHBIX PEICTaBUTEIBHBIX
mpoOax kinacca—1 MM. YCTaHOBIIEHO, 9TO OOJiee IPeICTABUTEILHOE OPOOOBaHNE
HEMOCPE/ICTBEHHO MO KepHY (BKJIIOYash OKPYIIble M IUIOCKUE TMOBEPXHOCTU
paciMICHHOTO KEpHA) IO3BOJIAET ONEPAaTHBHO BBIACIATH PYIHBIE M IIYCThIC
WHTEpBaIbl, UYTO TOBBIMAET d3(PPEKTUBHOCTH T€OJIOTO-TEXHOIOTHIECKOTO
KOHTpOJIs ¥ oOecrieunBaeT 0oJiee TOUHYIO OIICHKY COACPKAHUS MEJIH.

KuioueBble cii0Ba: peHTTEHOPAIMOMETPUYIECKOE ONTPOOOBAHIE, CTaHIAPTHBII
croco0 onpoOoBaHMs, TPEJCTABUTEIHLHOCTh

Introduction. The standard core sampling method includes the following
steps:

— core description by its visual description by geologist;

— core sawing along its axis in two halves;

— sampling of one half of the core for further testing, the second half is stored;

— ragging of core samples to a fraction class - 1 mm;

— abrasion of samples to the fraction of analytical powder class - 0.074 mm;

— chemical analysis.

Literature Review. For small to medium capacity plants under operation and
uner deigning, pre-concentration is an effective solution to compensate for the
decrease in valuable component content. For polymetallic ores it is advisable
to use X-ray fluorescence separation, which allows for taking into account the
content of several valuable components in the screened knobs (Efremova et al.,
2017).

The mining industry includes production branches engaged in exploration of
mineral deposits, their extraction from the subsoil and concentration. At all stages
of the technological process of extraction of mineral resources (MR) from the
subsoil, starting from prospecting and exploration of deposits, there is a sequential
concentration of the valuable component (VC) in the marketable product, and
each stage is characterized by its losses of MR (Marchevskaya, 2001).

To reduce ore dilution at the stage of mining operations, process selection of ore
can be applied by batch excavation of blocks according to the grade plan defining
the boundaries of the external overburden, mineralized mass and ore zone, which,
in turn, can be divided into two sub-zones according to their total gold balance
content, for example: poor and rich zones. Economic profitability of processing
of poor in gold content ore can be achieved due to the introduction of low-cost
technology of preliminary ore concentration by the method of lump separation
based on the X-ray radiometric method (Zabolotskiy and Nerushchenko, 2021).

A preliminary trade-off study of various concentration scenarios has shown
that the optimal approach consists in maximizing tungsten recovery in a rough
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concentrate containing tungsten in an amount that, according to the practice of
Chinese concentrate producers, allows for its cost-efficient processing by the
flotation method (0.18-0.2% WQO3). The research was aimed at determining a
method allowing for maximizing the extraction of tungsten in the concentrated
product of the above composition. Calculations have shown that in order to obtain
the required concentrate from ore with the initial content of 0.12-0.15 % WO3,
the tungsten content in the separation tailings should be at the level of 0.02-0.035
% WO3. In the course of research, it was found out that due to natural features of
the ore being studied (chemical and mineral composition, textural and structural
characteristics), the best results were obtained using X-ray absorption technology
(Kulmukhamedov and Ligay, 2023).

The totality of methodological and hardware developments ensured the status
of X-ray radiometric testing (XRT) as the main tool for geological monitoring of
exploration and mining operations. According to the results of XRT in the ores of
the deposits, new elements were revealed (Yefimenko et al., 2014).

The existing standard method of coal testing involves labor-intensive
operations: collection of point (primary) samples from the tested batch, crushing
of the combined sample, averaging, grinding and direct thermal gravimetric
analysis of analytical samples (~0.1 mm) for ash content. At each stage of
standard testing, an error can occur due to the heterogeneity of coals (Starchik
and Pak, 1985).

The closest in technical essence and achieved result method is the method
consisting in recording the element and gamma radiation scattered by the
substance along with X-ray fluorescence radiation, while concentration of the
identified element is estimated by the value of the spectral ratio, that is ratio of the
intensity of X-ray fluorescence of the element to the intensity of scattered gamma
radiation (Leman, 1978).

X-ray imaging is a low-cost and powerful technology that is widely used in
medical diagnostics and non-destructive industrial inspection. Ability of X-rays
to penetrate the body represents a major advancement for non-invasive imaging
of its internal structure (Zhu et al., 2019).

Problems related to the influence of artifacts on the quality of assessing the
internal structure of control objects in X-ray computer tomography continue to
be one of the most important areas of research (Xiangyu Ou, 2021; Sarkar, 2019;
Dremel, 2017; Stolfi, 2018; Hsieh, 2015).

Materials and Basic Methods. Disadvantages of the Standard Testing Method
Core Documentation.

At many deposits, known ore-free intervals are rejected during core description
to save further core sawing and laboratory analytical studies. However, the visual
approach often results in a loss of quality characterization of the core. Therefore,
there is a loss of ultimate content. An example is presented below.

Example. The geological structure of the Zhaissan ore field is formed by
granitoids of the Kurday-Chatyrkul complex, which belong to the Upper Ordovic.
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The deposit is composed of the following rock types: granodiorites, biotite
granites and biotite corniferous granites.

Granodiorites compose the northern and northeastern parts of the deposit. The
rest of the deposit is composed of biotite granites.

Contacts of granodiorites with granites are intrusive and rather uneven.
Granites often go far into granodiorites in the form of bays, and rest in them in
the form of separate bunches.

In the south-eastern part of the deposit in the contact zone of granites and
granodiorites, minor bodies of biotite corniferous granites with unclear contacts
and gradual transitions into them are developed. There is an opinion that biotite
corniferous granites are endocontact margins of the granodiorites as a result of
differentiation of intrusive granitic magma into granodiorites (Avdeev, 2018).

Granites and granodiorites are intersected by dikes of aplite-like fine-grained
granites, pegmatoid granites, microdiorites, diorite and diabase porphyrites,
quartz-carbonate and quartz-magnetite veins.

Dikes of aplite-like and pegmatoidal fine-grained granites mainly gravitate
to the near-contact zone of granodiorites and biotite corniferous granites. These
dikes occur less frequently in biotite granites.

Dikes of microdiorites and diabase porphyrites are common in both granites
and granodiorites (Zablyudsky et al., 2016).

— copper cutoff grade for the deposit - 0.80%

— minimum thickness of the ore body included in the mineral resource
volumetrics polygon - 1.0 m

— maximum thickness of substandard ores and waste layers included in the
contour of the ore body - 3.0 m

L

Figure 1 - PHOTO of core UH-ZSN-95-25 in the interval of sample 20025
As can be seen from Figure 1, the core is ore-free visually and according to the
geologist's description, but according to the LAI data. According to the standard
sampling method, well UH-ZSN-95-25-20026 should be ore-free, since the final
sampling intervals should be ore-bearing with intermediate rocks tacked on.
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Table 1 — Testing of Well UH-ZSN-95-25

Interval Cu, %
No. Samples
from to (0.0005-10)

1 UH-ZSN-95-25-20001 blank 0.017
2 UH-ZSN-95-25-20002 41 41.7 0.209
3 UH-ZSN-95-25-20003 41.7 42.4 0.082
4 UH-ZSN-95-25-20004 42.4 43 0.152
5 UH-ZSN-95-25-20005 43 44 0.404
6 UH-ZSN-95-25-20006 44 45 0.220
7 UH-ZSN-95-25-20007 45 46 0.527
8 UH-ZSN-95-25-20008 46 47 1.17
9 UH-ZSN-95-25-20009 47 48 0.202
10 UH-ZSN-95-25-20010 48 48.6 0.732
11 UH-ZSN-95-25-20011 48.6 49.3 291
12 UH-ZSN-95-25-20012 49.3 50.3 1.45
13 UH-ZSN-95-25-20013 field duplicate 0.700
14 UH-ZSN-95-25-20014 pulp duplicate 1.44
15 UH-ZSN-95-25-20015 grinding duplicate 1.49
16 UH-ZSN-95-25-20016 CRM 0.441
17 UH-ZSN-95-25-20017 50.3 51.3 1.08
18 UH-ZSN-95-25-20018 51.3 52.3 2.38
19 UH-ZSN-95-25-20019 52.3 53 0.281
20 UH-ZSN-95-25-20020 53 54 0.793
21 UH-ZSN-95-25-20021 54 55 0.242
22 UH-ZSN-95-25-20022 55 56 0.150
23 UH-ZSN-95-25-20023 56 57 0.505
24 UH-ZSN-95-25-20024 57 58 0.455
25 UH-ZSN-95-25-20025 58 59 0.876
26 UH-ZSN-95-25-20026 59 60 0.962

Core Sawing Operations. According to the traditional method, the core is sawn

along its axis in half, with one half of the core sampled for further testing and the
other half retained for storage.

QO =B N W A U O N

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19

=== Cu % (basic) == Cu % (control)

Figure 2 - Diagram of Comparing Two Core Halves
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As can be seen from Figure 2 the heterogeneity of minerals occurrence is
clearly visible, the two halves of the core are not always identical in terms of
copper content.

Sample Preparation and Chemical Analysis

— Ragging of core samples to a fraction class - 1 mm;

— Abrasion of samples to the fraction of analytical powder class - 0.074 mm;

— Chemical analysis.

Table 2 - Sample Weight at Different Stages of Testing

Stage No. State Sample Weight
1 full core 5.0kg
2 sawn core 2.5kg
3 crushed fraction 1.2 kg
4 abrasion 0.3 kg
5 chemical analysis 0.05 kg

As shown in Table 2, the core sample originally weighed 5.0 kg, but was
crushed to below 50 grams for chemical analysis. Consequently, the loss of
sample representativeness is estimated to be at least 100 times.

The accuracy and precision of X-ray radiometric testing is usually assessed
by comparing its data with the results of standard testing, the final step of which
is most often chemical analysis for copper content. In this approach, the results
of a standard testing are usually taken as true. Therefore, the researchers' actions
are aimed at minimizing random discrepancies between the X-ray radiometric
method and chemical analysis data, while taking into account tolerances adopted
by the relevant standards. However, these tolerances only apply to the final stage
of testing, i.e. at the stage of abrasion to analytical powder.

Labor intensity is reduced by eliminating a number of standard testing
operations (crushing, grinding, reduction and abrasion of samples to analytical
size) (Pak Yu. and Pak D., 2016).

It should be noted that the chain from the traditional testing method was used
to ensure integrity of the research for the purpose of finding an optimal method.

The same copper ores of the Zhaissan deposit from the area belonging to
Kazakhmys Corporation LLP were subjected to X-ray radiometric testing: in the
amount of 5 linear meters or 5 core samples. XRT was conducted at 4 stages of
sample preparation (rounded core, sawn core material, crushed fraction up to
grade - 1 mm, analytical powder fraction of the grade - 0.074 mm). At the sample
preparation stages of the rounded and sawn core, for each 1-meter core sample,
13 measurements were taken and averaged, according to the crushed fractions:
class -1 mm - 10 measurements, class -0.074 - 5 measurements (see the below)
(Pak et al., 2024).

An Niton analog X-ray radiometric testing instrument was used for the
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experiment. However, this does not change the essence of the test method itself,
as the rapid analysis methodology can be applied to other devices of this type
(Pak et al., 2025).

Results and Discussion. For the purpose of verifying the accuracy of the
measurements, the instrument was calibrated using the certified VIMS reference
standards in the form of analytical powder of the fraction class - 0.074 mm, and
ore types of the same deposit were used. For stable operation, the instrument was
calibrated using the reference standards before each measurement at the different
stages of sample preparation.

Table 3 - Comparison of XRT and Chemical Analysis of the Reference Standards

Name XRT, % chemical analysis, % | deviation
VIMS 33620 0.444 0.433 -0.011
VIMS 33920 3.065 3.08 0.015

S S T T
Figure 3 - Geological Core for XRT

As Table 3 shows, the deviations are extremely minimal, the XRT confirms the
chemical analysis data.

Full core. The wells were drilled using the core drilling method with coring.
Drilling with diameter NQ 75.3 mm, core diameter of 47.6 mm (Figure 1). XRT
was performed on the rounded portion from two core planes with the intervals of
7 cm along the axis, and the data were averaged using 13 measurements.

Within the interval of 67 and 70 m. Ore zone. Quartz-magnetite-chalcopyrite
vein. The host rock is granite up to the depth of 70.0m. Chalcopyrite is developed
in the form of nests, which are 1x2.5 cm in size, vein-like spots. Chalcopyrite for
the entire interval is approximately 10-12% of the total core volume. Fracturing
is weak.

XRT for the Core
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Table 4- Comparison of Averaged XRT Data of Rounded Core of Both Planes

UH- XRT, %

ZSN-93-25 |int 65-66 m int 66-67 m |int 67-68 m |int 68-69 m |int 69-70 m
region-1 0.165 0.019 3.464 2.93 0.333
region-2 0.205 0.019 1.913 2.883 0.338
average 0.185 0.019 2.689 2.907 0.336

Based on the data in Table 4, in the interval of 67-68 m, there is a nonuniformity
in the natural occurrence of the Cu ore element, which affects the final average
value for the interval. At the same time, the other intervals have similar results.

Sawn core. The core was sawn by a stone cutting machine into 2 halves along
its axis, one half was packed in a sample bag and sent to the laboratory for sample
preparation and chemical analysis, and the second half of the core was placed in
a core box for storage. In this case, the flat surfaces of both core halves were pre-
exposed to XRT at 7 cm intervals, multi-point measurements per 1 meter were

also averaged.

Table 5 — Comparison of Averaged XRT Data of the Sawn Core by Their Flat Sides

UH- XRT, %
ZSN-93-25 |int 65-66 m |int 66-67 m |int 67-68 m int 68-69 m |int 69-70 m
saw-1 0.278 0.029 1.929 2.678 0.369
saw-2 0.185 0.022 3.369 3.024 0.419
average 0.232 0.026 2.649 2.851 0.394

Based on the data in Table 5, and in the interval of 67-68 m, there is a
nonuniformity in the natural occurrence of the Cu ore element, which affects the
final average value for the interval. At the same time, the other intervals again
have similar results.

Cu,

3

o ROW 1 = Row 2

Row 1 —rounded core, Row 2 — sawn core,
1 -int 65-66 m, 2 - int 66-67 m, 3 - int 67-68 m, 4 - int 68-69 m, 5 - int 69-70 m

Figure 5 — XRT for Cu. Comparison of the Rounded and Sawn Core
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As Figure 5 shows, the sensitivity of the core to copper is within the limits for
both the rounded core and the sawn core, the results are identical.

Crushed fraction and analytical powder. The sample was prepared by
KazGidroMed LLP. Sample was processed using drying, crushing to the grade
fraction of 1 mm, quartering and abrasion of core samples to an analytical powder
of grade of 0.074 mm.

XRT measurements were made using the crushed fraction (Table 6) and the
analytical powder (Table 7). The crushed fraction was evenly scattered into a
tray with the dimensions of 15*%20 c¢m, and about 1 cm thick, and the analytical
powder was scattered into a tray of 15 cm diameter, also about 1 cm thick, as
shown in Figure 6.

" e SR
AR

Figure 6 - Crushed Fraction (Left) and Analytical Powder (Right) for XRT

Table 6 - XRT of Crushed Fraction of the Class of 1 mm

XRT, %
Measurement No.
int 65-66 m |int 66-67 m |int 67-68 m |int 68-69 m |int 69-70 m
average 0.294 0.034 2.433 1.892 0.631

The spread of XRD data for the crushed fraction is characterized by natural
nonuniformity of rock occurrence.

Table 7 - XRT of Analytical Powder with Fraction Class of 0.074 mm

Measurement XRT, %
No. int 65-66 m int 66-67 m int 67-68 m int 68-69 m |int 69-70 m
average 0.301 0.042 2.284 2.014 0.591

The data from Tables 6 and 7 show that the XRT produce similar results for
both the analytical powder and crushed fraction samples, despite some natural
nonuniformity in the larger grade fraction of 1 mm compared to the grade fraction
0f 0.074 mm.

Chemical analysis. All samples in the form of analytical powder with fraction
of 0.074 mm were analyzed in the same chemical laboratory of KazGidroMed
LLP by the semi-quantitative ICP-OES method for Cu (Table 8).
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Table 8 — Chemical Analysis of the Analytical Powder of Class of 0.074 mm

No. Interval chemical analysis - Cu, %
1 65-66 m 0.307
2 66-67 m 0.033
3 67-68 m 2.30
4 68-69 m 1.90
5 69-70 m 0.607

The problems of ensuring the required precision and accuracy of the standard
methods of testing are especially relevant in connection with the intensive
development of instrumental nuclear geophysical methods of quality control
for various raw materials. For the purpose of defining correctness of the X-ray
radiometric testing data, the XRT and chemical analysis data were compared
(Figure 7).

Cu, %

w

3%}

=
H o N, Ww W,

[=JT ]

65-66 M 66-67 M 67-68 M 68-69 M 69-70 M

aum ROW 1 e=ffmm ROw 2 em@um] RoW 3 === Row 4

Row 1 — XRT core, Row 2 — XRT - Imm, Row 3 — XRT - 0.074 mm, Row 4 - chemical analysis.
Figure 7 — Comparison of XRT and Chemical Analysis for Cu

Figure 7 shows the results of the XRT study for the 5 core intervals and
chemical analysis. The data indicate satisfactory convergence.

Conclusion. To increase the accuracy of quantitative determinations of Cu
contents, it is necessary to switch to denser calibration standards by pressing
analytical powder, and obtain a statistically reliable dependence of the correction
factor for various classes of Cu content in the ore.

In cases of uneven distribution of productive mineralization, a higher
representativeness of the RPO has been established in comparison with the
standard method of core sampling by chemical analysis.

Even with the results achieved, the high efficiency of the RPO allows us to
recommend it as the main method for ore quality control during the development
of deposits. Representative core sampling using the X-ray radiometric method
(rounded and sawn flat surfaces) makes it possible to confidently separate ore and
rock intervals.
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Studies have shown that, due to its efficiency and sufficient representativeness,
X-ray radiometric testing can be recommended not only during the development
of deposits, but also in laboratory conditions for determining the copper content
in samples of class -1 mm.
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