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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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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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scopus.com/authid/detail.uri?authorld=56955769200; https://www.webofscience.com/wos/author/record/1937883
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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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upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
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.
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Abstract. The features of geomechanical processes and ways of addressing
them at the mines of the Zhilandinsky ore field of Kazakhmys Corporation are
considered. The aim of this work is to improve industrial and environmental safety
in the development of the Zhilandinsky group of deposits through cosepiening
monitoring methodologies, forecasting hazardous geotechnical processes,
and managing these processes by developing reinforcing mixtures based on
industrial waste. Methodology. A comprehensive approach was applied, including
engineering—geological analysis of the structural and tectonic framework of the
rock mass with detailed mapping of disturbed zones, faults, and crushed rock areas
using modern instruments and monitoring tools, as well as control of deformation
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processes in open pits and underground workings using strengthening solutions
developed by the authors. Results. For reliable forecasting and prevention of
hazardous geomechanical and geodynamic phenomena in the Zhilandinsky ore
field area, a geodynamic testing site has been established, incorporating modern
measurement systems and industrial safety support tools. Using the facilities of
this geodynamic site, important patterns of crack formation and rock mass collapse
have been identified, and methods for their prevention have been substantiated.
The novelty of the developed methods and tools is confirmed by patents of the
Republic of Kazakhstan included in the Derwent patent database.

The research results have been implemented at operating mining enterprises
within the projects “Comprehensive monitoring of slow deformation processes
of the earth’s surface during large-scale development of ore deposits in Central
Kazakhstan” and “Development of a highly efficient methodology for monitoring
the geotechnical condition of the rock mass and methods for managing deformation
processes,” and have also been used in the educational process at Satbayev
University.
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Annoramusi. «Kazakmbicy kopmopanuschiHeH JKBUTAaHABI KEH — anaObl
KCHIMITEPIHE TEOMEXaHUKAJIBIK IPOLECTePAiH KOPIHYy epeKIIeTIKTepl >KOHE
oJIap/bl ey KOJAapbl KapacThIpbUTFaH. JKymvicmuly Makcamol. MOHATOPHHT
KYPTi3yAiH 9fiCcTeMECiH KEeTUAIPY, KayiNTi Te0TEeXHUKAJIBIK polecTepai Oomkay
JKOHE OJI MporecTepial Oackapy YIIIH OHIIpIC KaIJAbIKTapbIHAH HBIFAUTKBIII
Kocnayuiap 93ipiey apkKpuUibl JKbITaHapl K€H OpBIHAAPBHl TOOBIHBIH HTepiyiHiH
OHJIPICTIK JKOHE JKOJOTHSUIBIK KayilCi3AiriH apTTeIpy. Odicmemeci. 3amMaHayu
acrmanTap MEH MOHUTOPHHI KypaJIapblH MaiallaHa OTBIPHII, KaPbIKIIAKTaIBII
OY3BUTFaH y4acKelJep/ii, yaTbLIbII OIbIPhLIA KYJIaFaH Tay )KBIHBICTAPHI aifMaKTapbIH
erKel-TerKeli Kaprara Tycipy HETi3iHAe Tay JKBIHBICTapbl MAacCHBIHIH
KYPBUIBIMIBIK-TEKTOHUKAIBIK KYPBUIBICHIHA HH)KEHEPIIK-TEONOTHSIIBIK Tajay
JKYPTi3yli, COHTai-aK Kapbepiiep MeH JKepacThl Kaz0adapbIHIaFs A OPMAIIHSITHIK
MpoLIeCTepli aBTOpAp J3ipJIereH HBIFaWTKBIII epITIHIIIEp apKblIbl OacKapyasl
KAMTHUTBIH KEIICH[I TOCIT KOMTAHBUIABL. Homuowcenepi. JXbUTaHIBI KEH alaObI
aydaHbIHJIA KayilTi reOMEeXaHHWKAIbIK >KOHE TCOAMHAMHKAIBIK KYOBLIBICTApIBI
ceHiMJli OoyrKay JKOHE alIbIH aly YIIH KypamMblHa 3aMaHayH eJiliey KelleHaepi
MeH OHJIPICTIH OHEPKICINTIK KAYINCI3AIriH KaMTaMachl3 €Ty Kypaiaapbl KipeTiH
reoIMHAMUKAJIBIK MOJUTOH KYpPbULABL. [eoqrMHaMUKaNIbIK TOJUIOH KypasgapbiH
KOJIJIaHy apKbLIbl Tay JKBIHBICTAPBl MACCUBIHJIE YKAPBIKIIAKTAP/IBIH Taii1a 00ysl
MEH OIBIPBUTY 3aHIBUIBIKTAPhl AHBIKTAJBIN, OJApIbIH alJbIH ally Tociuaepi
Heri3genai. O3ipJeHreH oicTep MeH KypalaapiblH >KaHAIbIFel KazakcraH
PecriyOnmkachiHBIH ~ ©HepTaObIC TATEHTTEPIMEH pacTairaH JxoHe Derwent
TTaTEeHTTIK IepeKTep Oa3achlHa €HTI31ITeH.

3eprrey HoTmXenepi «Optanslk KazakcTaH KeH OPBIHIAPBIH ipi ayKbIMIa
urepy KesiHge oxep OeTiHiH Oasy neopManusaiblK MPONECTEPiH KEeIIeH Il
MOHHUTOPHHITEY» jkoHE «Tay ®KBIHBICTAphl MACCUBIHIH F€OTEXHUKAIIBIK, YKaFTalbIH
OaKpUIAybIH SKOFaphl THIMJI OJICTEMECIH a3ipiey koHe ae(hOopMaIbIHsIIBIK
npouecrepai  0acKapynblH — 9JICTEepiH 93ipyieyB» KoOajapblH ICKE achIpy
OapbIChIHIAa KOJJIAHBICTaFbl Tay-KEH KOCIMOPBIHAAPBIHA CSHII31II, COHJal-aK
Satbayev University oKy npoiecinie naiaaaaHbUibl.

Tyiiin ce3mep: Tay-KeH COKKBICHI, '€OAMHAMHKA, TEKTOHUKAJIBIK KYPBUIBIM,
KepHeyi-1eGOopMalysUIbIK Kall KYH, Tay >KBIHBICTAPBIHBIH MAacCHBi, TI'eOMe-
XaHHUKAJIBIK MOHUTOPUHT, OEpIKTEYilll epTiHILIep
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AnHOTanus. PaccMOTpeHBI OCOOEHHOCTH  MPOSBICHUSI T€OMEXaHHUYECKHUX
[POLIECCOB M IyTU MX pELIeHHs Ha  pyAaHukax JKWIaHIUHCKOTO PyIHOTO
nonst  Kopnoparust  «Kazaxmeic». [leivro  pabomsl  SBISETCS TIOBBINICHUE
MPOMBIIIJICHHOW ¥ DKOJOTHYECKOH 0e30macHOCTH pa3paboTku JKHuIaHIMHCKUX
rpynn MECTOPOXKJIEHUM Ha OCHOBE COBEPIICHCTBOBAHMS METOJIUKW BEJACHUSA
MOHUTOPUHTA, TMPOTHO3UPOBAHMS OIMACHBIX TCOTEXHUYECKUX IPOLECCOB U
YIIpaBJICHUSI STUMHU TPOIECCaMU IMyTEM pPa3pabOTKU YKPEIUISIOMUX CMecel u3
OTXOZIOB TIPOU3BOACTBA. Memoodonozus. VICTONb30BaH KOMIICKCHBIH ITOIXO,
BKJIIOUAIONINI MHKEHEPHO-TCOJOTUYECKUI aHATU3 CTPYKTYPHO-TEKTOHUYECKOTO
CTPOCHHS TOPHOTO MaCCHBA C I€TAILHBIM KapTUPOBAHNEM HAPYIIICHHBIX YIACTKOB,
pa3IoOMOB, 30H IPOOJIEHBIX ITOPOJ HAa OCHOBE HCIOJIB30BAHHS COBPEMEHHBIX
pruOOpPOB U CPEJCTB MOHUTOPUHTA, a TAKXKe yIpaBleHUS Je(GOopMannOHHBIMU
MpOLIeCCaMU Ha Kaphepax U MOA3EMHBIX BBIPA00TKAaX YKPEIUISIFOIIIMMU PACTBOPAMH,
pa3paboTaHHBIX aBTOpaMH. Pesynvmamel. JIJIS HaIEKHOTO IPOTHO3UPOBAHMS
U OPEeJOTBPALLICHUS OMACHBIX FCOMEXaHUYECKUX M TCOAUHAMUYECKUX SIBICHUN
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B paiione JKMIaHIUHCKOT PYIHOTO MOJS CO3[aH FCOAMHAMHUYCCKUN IMOJUTOH,
COCTaB KOTOPOI'0 BXOAAT COBPEMCHHBIC U3MCPUTCIIBHBIC KOMIIJICKCBI U CPCACTBA
obecrieueHNs MPOMBINUICHHOW Oe30MacHOCTH Mpou3BoAcTBA. C MpUMEHEHHUEM
CPE/ICTB TCOAMHAMHUYECKOTO TOJIMTOHA BBISBICHBI BaXKHBIC 3aKOHOMEPHOCTH
MPOSIBIICHUSI TPEIIMHOOOpa30BaHUsI W OOpYIIEHHS MacCHBa TOPHBIX TOPOI U
000CHOBaH cmoco0 WX TpeAoTBparieHus. HoBu3zHa pa3paOOTaHHBIX METOIOB
M CPEJCTB TOATBEP)KACHA TMareHTaMu Ha u3o0pereHus: PK, BKIIOYEHHBIMU B
naTeHTHYIo 0a3y naHHbIX Derwent.

Pesynbrarel MccIeIOBAHUU BHEIPCHBI Ha JICHCTBYIOIINX TOPHO-T00BIBAFOIIIX
OPEANPUATHSIX TPU  BBIMOJHECHUH MPOEKTOB «KOMIJICKCHBI MOHUTOPUHT
MEJJICHHBIX  JIe(DOPMAIMOHHBIX  TPOIIECCOB  3€MHON  MOBEPXHOCTH  IPHU
KpYITHOMAcIITaOHOM OCBOCHUHM PYIHBIX MeCcTOpokJeHuid  LleHTpanbHOrO
Kazaxcrana» u «Pa3paboTka BhICOKOd()(HEKTHBHONW METOJUKH MOHHTOPUHTA 3a
TCOTCXHUYCCKUM COCTOAHUEM TOPHOIO MaCCUBA U YIIPABJICHUS ﬂeq)OpMaHI/IOHHI)IMI/I
TIpoIIecCaMmy, a TAKXKE MCTIOIL30BaHbI B yueOHOM mporiecce Satbayev University.

KiroueBble cJjioBa: TOpHBIC yaapbl, TCOAMHAMHKA, TEKTOHHYECKAs
CTPYKTYpa, HanpspKEHHO-/1e()OPMUPOBAHHOE COCTOSIHUE, MACCHB TOPHBIX MTOPO]I,
TreOMEXaHUYEeCKII MOHUTOPHHT, YKPEIUISIONINE PACTBOPHI

Introduction. Technogenic seismicity is significant challenge arising during
large-scale mining operations in complex rock massifs. It can result in severe
technical and economic consequences, such as technogenic earthquakes, rock
bursts, and landslides, and in some cases, even lead to human casualties. This
issue is underscored by findings presented at the International Symposium on
Rock Bursts and Mine Seismicity in Mines (Rockburst, 2005; Melnikov, 2010).

Management of technogenic seismicity has garnered increasing attention, as
evidenced by growing number of publications addressing this topic (Trubetskoy,
2020; Mikhailova et al., 2018; Rylnikova et al., 2016).

Geodynamic support for development of solid mineral deposits is typically
based on engineering approaches tailored to specific mining and geological
conditions. However, such approaches often fail to account for structural features
of underworked strata, as well as physical and mechanical properties of rocks
and geological environment. This limitation affects reliability of geomechanical
assessments in real mining scenarios. These factors can be incorporated into
calculations by integrating and analyzing results of subsoil monitoring.

Objects of the study are copper ore deposits of the Zhilandy group of JSC
«Kazakhmys Corporation» in Kazakhstan. Since explored copper ore reserves of
the Zhezkazgan deposit are gradually being developed, at the present stage there
is a need to identify ore reserves to extend life of this deposit for another 40-50
years, as well as to develop new deposits near cities of Zhezkazgan and Satpayev.
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At present, conditions are being created for expanding the mineral resource base
of Central Kazakhstan. These are the deposits: Eastern and Western Saryoba,
Kipshakpai, Karashoshak, Itauz, developed by the Zhilandy mine (Figure 1).

Eastern
Sarvoba
Quarry
/ ! Western
[ I Saryoba
f Quarry

»
Zhilandy group
of deposits

3

Figure 1. Zhilandy group of deposits.

Department of Mine Surveying and Geodesy at Satbayev University conducts
comprehensive studies of geodynamic processes, enabling more accurate
assessments of the nature and parameters of tectonic stress fields, particularly
in areas of intensive mining activity. These studies leverage modern equipment
and observation tools developed by the authors. This work is exemplified by
ongoing research under grant projects, including: AP08857097: "Comprehensive
monitoring of slow deformation processes on the earth's surface during large-scale
development of ore deposits in Central Kazakhstan" (2020-2022), AP14871828:
"Research and development of highly effective methodology for monitoring
geotechnical state of rock massifto assess and predict deformation processes during
deposit development "(2022-2024) and AR23489269 "Geotechnical monitoring of
the geodynamic state of the geological and structural environment of a rock massif
during subsoil development to ensure industrial reliability» (2024-2026).

On this basis, goal was set, idea was substantiated and structure of complex
monitoring and modeling of stress-strain state of the rock mass in Central
Kazakhstan was formulated.

Purpose of the study — to improve the industrial and environmental safety of the
development of the Zhylandy group of deposits by enhancing the methodology for
monitoring and forecasting hazardous geomechanical processes through modeling
of the stress—strain state of the rock mass.

Methodology. Study employs comprehensive approach that includes
engineering-geological analysis of structural-tectonic framework of rock mass,
with detailed mapping of disturbed areas, faults, and crushed rock zones. It
incorporates instrumental mine surveying observations using modern devices
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and monitoring tools developed by authors. Additionally, approach evaluates
changes in the stress-strain state of rock mass through modeling of structure and
homeometry of adjacent rock mass.

Results and discussion. Mining-geological and mining-technical conditions
of the Zhilandy groups of deposits have been studied in detail. 11 ore deposits
have been identified in the ore field, in which 109 ore bodies have been explored.
The largest deposits are confined to the taskuduk horizon. They strike north-east,
extend for up to 3200 m, have a thickness of 0,5 to 17 m, and dip up to 1400 m
(Figure 2).

Figure 2. Combined contour of ore deposits in the depth range from +340 m till 0 m.

Rock massif is complicated by tectonic faults, rock contacts, and contains
mine workings of various shapes and sizes, which significantly complicates their
development (Nurpeisova et al., 2020).

Structural features of rock massif play a critical role in the development of
geomechanical and geodynamic processes during mining operations. Displacement
of rocks during underground mining and stability of quarry slopes are directly
influenced by tectonics and massif's structural characteristics. To enhance
efficiency of rock fracturing surveys, we utilized a Leica Scan Station 3D scanner,
which provided detailed data on crack orientation and fault structures (Figure 3).
The laser scanning results were processed using the Maptek I-Site Studio software
package, enabling calculation of crack orientation parameters such as strike
azimuth, dip angles, and dimensions of rock blocks (Seredovich, 2009).
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Figure 3. Survey of rock fracturing and survey results: a) survey with laser scanner installed on
a permanent ground benchmark; b - elements of crack occurrence on computer screen.

Physical and mechanical properties (PMP) of massif rocks were studied,
revealing graphic and analytical dependencies of rock strength properties relative
to their depth of occurrence. These findings enable prompt adjustments to horizon-
by-horizon calculations for mine working stability (Bazaluk et al., 2022; Method,
2021). Studies provided quantitative and qualitative characteristics of the rocks
in the Central Kazakhstan deposits. These characteristics will be instrumental in
addressing several technical challenges in both quarries and underground mines,
including: assessing stability of quarry benches and slopes, designing calculated
pillars and limit ceilings, generalizing results from instrumental observations, and
clarifying understanding of physical processes underlying rock displacement.

The most important geomechanical characteristic of rock mass is its stress-
strain state (SSS). Various methods and techniques for monitoring the SSS of rock
mass have been developed to date. We have developed a «Seismoacoustic method
for predicting SSS of rock mass” to study SSS of rock mass and implemented it in
production (Nurpeisova et al, 2023; Patent, 2022).

Characteristic features of tectonic movements are evident in the edge massifs
of the Eastern Saryoba quarry. In the studied quarry, large sections of talus and
collapses have developed along the entire working edge. These occurrences are
primarily caused by saturation of clayey rocks with water, along with discrepancies
between actual parameters and those recommended for maintaining stability.

In addition to laser scanning at the Vostochny quarry, survey was conducted
using a MATRICE 300 RTK UAYV, which is built on advanced hardware and
software platform and features a wide array of functions powered by artificial
intelligence. Survey results were used to create a 3D model of the Vostochny
quarry, which will serve as basis for designing observation station (Figure 4).
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Figure 4. Landslides on the eastern (a) and southern (b) sides of the Eastern Saryoba quarry.

The scale of the impact from open-pit mines, their waste dumps, tailings
storage facilities, and underground mining is such that their effects overlap,
creating complex patterns in the formation of secondary stress fields. One aspect
of this phenomenon is isostatic vertical displacements. Therefore, the scale of
production that has developed in this area requires in-depth study and monitoring
of the ongoing processes to prevent uncontrolled, catastrophic manifestations of
geomechanical phenomena.

Under such conditions, effective and safe extraction of ore veins is possible
only through the organization of geomechanical monitoring of the rock mass
condition, which involves: systematic observations of the spatial and temporal
geomechanical processes arising in the rock mass as a result of mining operations;
mathematical processing of observation results; comprehensive analysis and
forecasting of the rock mass condition; and the development of measures to
manage adverse processes.

Monitoring state of rock massif during development of extensive deposits, which
span multiple ore bodies and extend across various depth horizons, necessitates
creation of a geodynamic testing area (GTA). To provide visual overview of study
area and facilitate development of GTA profile line layouts, aerial survey was
conducted at the East Saryoba deposit using unmanned aerial vehicle (UAV)
equipped with a satellite receiver from Topodrone. Resulting orthophotoplan of
the survey area is shown in Figure 4.

For a more detailed and economically efficient study of geodynamic processes-
especially considering significant depths and scattered distribution of ore veins
across field - geomechanical school at Satbayev University proposed and
implemented a new approach to GTA creation. This approach involves "nodal"
branches consisting of reference points and deformation leveling benchmarks
(Novyi podkhod, 2021; Nurpeisova et al., 2023). All nodal points within the
Geodynamic Network (GDN) are strategically located in alignment with ore veins
and are connected to triangulation points of the State Geodetic Network (Figure
5a).

245



ISSN 2224-5278 2.2026

a)

Figure 5. a - Orthophotomap with a diagram of location of profile lines on geodynamic
polygon (green - control points; red - triangulation points) 5. b - GPS observations at permanent
forced centering points.

Design of the GDP reference points has been improved (Figure 5, b). Technical
result of invention of permanent geodetic point of forced centering (PGPFC)
is increase in accuracy and efficiency of measurements in absence of tripods at
observation points, ensuring protection of device from external influences (such as
rain, snow). Patent of the Republic of Kazakhstan for invention was received for
the design of the PGPFC (Patent, 2021).

In 2023, based on geomechanical study of mining and geological conditions of
the field, designs for observation stations were developed: ground and underground.
Projects address issues of creating geomechanical monitoring system based on
instrumental surveying and geodetic observations using electronic total station
and GPS receivers of satellite positioning system.

The widespread introduction of electronic tacheometers and satellite GPS
devices into the practice of surveying and geodetic work provides a unique
opportunity to quickly and accurately determine displacement parameters of rock
mass and conduct regular, continuous observations of changes in these parameters
over time.

Years of experience surveying instrumental observations over deformations of
rock mass at the mine allowed to introduce permanent forced centering points for
GPS equipment and electronic total station devices (Rysbekov et al., 2024).

To study state of adjacent rock mass in quarries laser scanning method was
used. Laser scanning allows to create digital model of the entire surrounding
space, representing it as a set of points with spatial coordinates.

Combined open-pit mining leads to redistribution of stresses, causing their
increased concentration below bottom of quarry and rock displacement of masses
towards the worked area.. Open pit wall deformations can change stress state
around underground workings and complicate their mining. On the basis of
complex geomechanical monitoring carried out at the field Saryoba in the period
2021-2024. The scheme of displacement of rocks (Figure 6).
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Figure 6. a - Scheme of rocks deformation at the combined working; 6. b - Scheme of cracks
formation in the sub-quarry layer during its undermining.

Zones: 1- collapse; 2- smooth deflection; 3 - ultimate stress state; 4, 5, 6 -
tension and compression in the sub-quarry layer; 7- landslide prism; 8 - edge
array; A-B - line separating zones 7 and 8 - sliding surface

a - the first appearance of cracks in bending layer; b - opening of crack depth;
¢ - destruction of the layer under alternating deformations.

It identifies two areas: unloading and high rock pressure, and eight zones,
distinguished by characteristic features peculiar only to these zones.

Unloading area is divided into zones characterized by varying degrees of rock
mass disturbance: collapse, through and local cracks. According to this scheme,
eight zones can be distinguished in the undermined stratum, which differ in
conditions of deformation and degree of cracking. The main attention was paid to
study of bearing capacity of quarry bottom (ceiling of the 1st horizon) and sublevel
pillars. The pillars are initially in an elastic state, but over time, salt pillars can turn
into a plastic state (or a state of fluidity), for example, due to the development of
rheological processes. The plastic state is characterized by a more than tenfold
increase in the compliance of the pillars while maintaining their stressed state.
The collapse of rocks in the roof of workings (under-quarry layer) occurs after the
tensile and compressive strength of the rocks is exceeded, as a result of which the
massif is broken into blocks by a system of cracks. As a result of the deflection of
the layer, tensile stresses appear in it and at a certain span they reach the tensile
strength of the rocks and transverse cracks begin to appear on the upper and lower
surfaces of the layer.A further increase in the span leads to corresponding increase
in tensile stresses and cracks development.

Use of mining and metallurgical complex (MMC) waste. Since the ultimate
goal of all geomechanical studies is to ensure industrial safety, we have developed
grouting solutions for strengthening disturbed surfaces in order to prevent further
collapse of pit slopes and underground workings (Kuldeyev et al., 2021).

The monitoring results of mining facilities at the Zhilandinsk mine (both in the
open pit and underground levels) showed that the largest number of collapses is
associated with fractured rocks, and the volume of collapses increases over time
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as the workings remain open.. Observations of workings driven through fractured
rocks revealed that they are stable for a month. After two to three months, stabs up
to 10-15 cm in size are formed. Stabbing and collapses develop within six months,
roof collapse occurs in the form of domes. This dramatically increases volume
and labor intensity of tunneling works, as well as costs of fastening and repairing
workings.

To prevent workings collapse passed through fractured rocks, anchor supports
with metal mesh, chain-link and sprayed concrete are used. However, rocks roof
separation from transport roadway and significant destruction of rocks indicates
that this support does not solve problem of ensuring stability of workings and
does not prevent deformations development. As result, after 2 - 3 years of standing
workings, lining collapses and major overhaul is required. Therefore, effective
solution to fixing issue and controlling geomechanical properties of rocks is of
particular importance for the near-side massifs of open-pit and for underground
workings driven through fractured rocks (Bek et al., 2020).

Different strength characteristics of rocks in massif and sharp decrease during
exposure and contact with air and water predetermine the need for differentiated
approach to managing rocks properties with varying fracturing degrees. One of the
most common methods is sprayed concrete strengthening of disturbed areas, ie,
injection of cement solution until massif is completely saturated.

One of the most widely used methods of reinforcement is the cementation of
rock masses. The cement grout is prepared based on cement and water.

The technical result is an increase in the reliability of reinforcing quarry bench
slopes and the prevention of rock sloughing from the slope surface through the use
of mining and metallurgical complex (MMC) waste.

Such a method of ensuring the stability of quarry slopes and benches is a
complex task, the solution of which should include not only the determination of
stable slope parameters, but also their management to achieve better economic
outcomes and efficient use of natural resources. The main objective here is to
develop reinforcing grouts with low cost and high strength.

To achieve this result, we investigated raw materials: Portland cement PC
400-D0 (M400), produced by «Central Asia Cement» JSC (Karaganda region,
Kazakhstan), waste from the processing plant of the Zhilandinsky mine, CP
tailings, functional additive «Reparatur», manufactured by «Ading» (North
Macedonia) and polycarboxylate additive «Neolit 400» (Russia).

The selection of waste from the processing plant of the Zhilandinsky mine is
justified by the following reasons:

— to improve the environmental condition of the region through their complete
utilization with environmental and economic efficiency;

— to use the composition of the waste to develop special cementing solutions
for more effective strengthening of rock fractures in underground workings.

X-ray of these tails is shown in (Fig. 7, a), it can be seen that it mainly shows
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reflections (peaks) characteristic of calcium carbonate (CaCO3), with interplanar
distances d, A: 3.8665; 3.3498; 3.0404; 2.8446; 2.496; 2.2847; 2.0952; 1.9127;
1.77; 1.6287; 1.60; 1.5236; 1.4393. (Figure 1, b) shows the DTA analysis, where
endothermic effect is recorded at 950 © C, showing limestone dissociation.
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Fig. 7. X-ray (a) and derivatogram (b) Zhilandinskaya processing plant.

To strengthen disturbed rock masses in underground workings, taking into
account the water saturation of the rocks, we have developed a new effective grout.
The components for preparing the grout are taken in the following proportions:
Portland cement PC 400 — up to 18%; tailings from processing plants — up to
71.2%; “Reparatur” additive — 1.5%; superplasticizer Neolit 400 — 0.3%; the
remainder is water (water—cement ratio is about 0.5) — 9% (Patent K3 KZ36246-B.
2024).

After dosing the components, the cement, tailings, and additives are loaded
into a concrete mixer and thoroughly mixed. Then water is added and mixing
continues. The prepared composition is transported to underground workings
and injected into fractures of disturbed underground excavations. To determine
strength, samples measuring 7x7x7 cm were molded from the composition and
compacted on a vibrating table for 45 seconds. After one day, the samples were
removed from the molds and stored under moist conditions for 28 days, after
which physical and mechanical tests were carried out, the results of which are
presented in Table 1.

Table 1. Physical and mechanical properties of the resulting solution.

Composition of the solution, mass.% Indicators
> .| Industrial strength
Portland Tailings Neolit . Movement
«Reparatury water compression, .
cement of CP 400 mixture, cm
of CP MPa
18 71,2 1,5 0,3 9 21,5 100

Technical novelty of created solution was confirmed by patents of the Republic
of Kazakhstan for invention (Patent 36220, 2023).
Based on the conducted research, we have developed a grout for strengthening
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fractured rock masses of open-pit slopes, containing a filler, cement, and process
water. To reduce the cost of the grout, it is proposed to use tailings from processing
plants as a filler, which are large-tonnage industrial wastes requiring extensive
storage areas.

The results of the physical and mechanical tests of the obtained grout are
presented in Table 2.

Table 2. Physical and mechanical properties of the grout.

No Grout composition, wt.% Compressive Flexural Slump, mm
Cement | Tailings |Neolit 400 | Water strength, MPa | strength, MPa

1 32 52 0.16 15.9 324 4.3 150

2 334 49.3 0.13 16.3 35.7 5.1 145

3 37 47 0.11 16.9 36.9 5.7 142

The technical novelty of the developed grout has been confirmed by patents of
the Republic of Kazakhstan for the invention (Patent K36246-5.2024; Kuldeyev,
Negmatov, 2025).

Conclusions. As a result of comprehensive monitoring of the condition of the
Zhilandinsky group of deposits in Central Kazakhstan, the following have been
implemented in production:

— a geospatial database of ore deposits in Central Kazakhstan has been created;
the stress-strain state (SSS) and physical-mechanical properties (PMP) of the rock
mass in the lower horizons of the mine have been studied to ensure industrial and
environmental safety;

— a regional “cluster-based” method of a geodynamic testing site has been
developed;

— a design of a permanent geodetic forced-centering station (GFCS) has been
developed, improving the productivity and accuracy of observations;

— a composition of a reinforcing grout made from mining waste has been
developed to increase the stability of disturbed sections of pit slopes and
underground workings.

The novelty of the developed methods and technologies is confirmed by patents
of the Republic of Kazakhstan included in the Derwent patent database.

References

Bek A.A., Donenbaeva N.S., Aitkazinova Sh.K., Nurpeisova M.B. (2020) Issledovanie
prochnostnykh kharakteristik gornykh porod na rudnike «Akzhal» s tsel'yu ukrepleniya oslablennykh
uchastkov [Study of the strength properties of rocks at the Akzhal mine to strengthen the weakened
areas]. Journal «Young Scientist». — No.33 (323). - P.20-25. https://moluch.ru/archive/323/73183/
(in Russian).

Bek A.A., Donenbayeva N.S., Nurpeisova M.B., Aitkazinova Sh.K., Nukarbekova Zh.M.,
Derbisov K.N. (2023) Sostav rastvora dlya ukrepleniya narushennykh gornykh porod v podzemnykh
vyrabotkakh. Patent Respubliki Kazakhstan [Composition of a grout for strengthening disturbed
rock masses in underground workings Patent of the Republic of Kazakhstan]. — No. 36220 RK.
Dated April 5, 2023. (in Russian).

250



ISSN 2224-5278 2.2026

Bek A.A.; Donenbayeva N.S.; Nurpeisova M.B.; Aitkazinova Sh.K.; Nukarbekova Zh.M.;
Derbisov K.N. (2024) Method of consolidating the slope of a quarry. Patent of the Republic of
Kazakhstan No. KZ36246-B. Assignee: Kazakh National Research Technical University. Derwent
Primary Accession Number: 2024-C48648. (in English).

Kuldeyev E.I., Negmatov S.S. (2020) Razrabotka resheniy na osnove tekhnogennykh otkhodov
dlya ukrepleniya treshchinovatykh poverkhnostey [Development of solutions based on technogenic
waste for strengthening fractured surfaces]. Tashkent: Uzbek Scientific-Technical and Production
Journal “Composite Materials”. — No.3. — P. 23-30. (in Russian).

Kuldeyev E.I., Rysbekov K.B., Donenbayeva N.S., Mietenko N.A. (2021) Modern methods of
geotechnic — effective way of providing industrial safety in mine. Eurasian mining. - No.2. - P. 61-66.
https://doi.org/10.17580/em.2021.02.04 (in English).

Kyrgizbaeva G.M., Nurpeisova M.B. (2021) Metod prognozirovaniya FMS i SSS massiva
[Method for predicting FMS and SSS of an array]. Certificate of entry into the state register of rights
to objects protected by copyrigh. — No. 19300. (in Russian).

Kyrgyzbaeva G.M., Nurpeisova M.B., Isagazy M.D., Turumbetov T.A. (2021) Novyi podkhod k
sozdaniyu GDP [A New Approach to Calculating GDP]. Certificate of Entry into the State Register
of Rights to Works Protected by Copyright. — No. 203602 (in Russian).

Melnikov N.N. (2010). Ekologicheskie problemy XXI veka i osvoenie nedr. 1z knigi «Osvoenie
nedr i ekologicheskie problemy XXI veka» [Environmental problems in the XXI century and the
development of subsoil]. The book of Development of the subsoil and environmental problems of
the XXI century. Moscow, Institute of Comprehensive Exploitation of Mineral Resources, Russian
Academy of Sciences. — Vol. 1. — P. 26-45 (in Russian).

Mikhailova N.N., Uzbekov A.N. (2018) Tektonicheskie i antropogennye zemletryaseniya v
Tsentral’'nom Kazakhstane [Tectonic and man-made earthquakes in Central Kazakhsta]. News of
NAS RK. Series of geology and technical sciences. — No. 3. — P. 137-145. (in Russian).

Nurpeisova M., Rysbekov K., Aitkazinova Sh., Donenbaeva N., Nukarbekova Zh., Derbisov
K. (2021) Ground-based permanent geodetic point for forced centering of instruments Patent of
the Republic of Kazakhstan No. 35798. Assignee: Kazakh National Research Technical University.
Derwent Primary Accession Number: 2022-C4343S. (in English).

Nurpeisova M.B., Abenov A.M., Miletenko N.A. (2023) Highly efficient monitoring procedure
for deformation pred. iction in copper ore mining. Eurasian Mining. — No. 1. — P.19-24. https://doi.
org/10.17580/em.2023.01.04 (in English).

Nurpeisova M.B., Bitimbaev M.Zh., Rysbekov K.B., Kyrgizbayeva G.M. (2022) Seismoacoustic
method for predicting the SSS of an array. Patent of the Republic of Kazakhstan No.35898.
Assignee: Kazakh National Research Technical University. Derwent Primary Accession Number:
2024-B08861. (in English).

Nurpeisova M.B., Salkynov A.T., Soltabayeva S.T., Miletenko N.A. (2024) Patterns research of
geomechanical development processes in combined development method. Eurasian Mining. — Vol.1.
—P.7-11. (in English)

Nurpeisova M.B., Bitimbayev M.Zh., Rysbekov K.B., Shults R. (2020) Geodetic substantiation
of the Saryarka copper ore region. News of the National Academy of Sciences of the Republic
of Kazakh-stan-Series of Geology and Technical Sciences. — Vol.6. — P.194-202. https://doi.
org/10.32014 /2020.2518-170X.147 (in English).

Rockburst and seismicity in mines proceedings (2005) Australia, Australian Centre for
Geomechanics. (in English). https://papers.acg.uwa.edu.au/c/rasim6

Rylnikova M.V, Yun A.B., Terentyeva I.V. (2016) Vosstanovlenie vyrabotannykh moshchnostey
shakht na etape opredeleniya ostatochykh zapasov mestorozhdeniya — uslovie ekologicheski
sbalansirovannogo razvitiya Zhezkazganskogo rayona [Replenishment of retired capacities of mines
at the stage of finalizing balance reserves of the deposit - condition for the environmentally balanced
development of the Zhezkazgan region]. Mine Surveying. — No.5. — P. 6-10. (in Russian).

Seredovich V.A. (2009) Nazemnoe lazernoe skanirovanie [Terrestrial Laser Scanning].
Monograph. Novosibirsk: SSGA. — P. 261. (in Russian).

251



ISSN 2224-5278 2.2026

Trubetskoy K. N. (2020) Sostoyanie i osnovnye napravleniya kompleksnogo razvitiya i
sokhraneniya resursov nedr Zemli [State and main directions of integrated development and
conservation of resources of the earth’s interior]. Problems and prospects for integrated development
and conservation of the earth’s interior, materials of the IV conference of the Intern. scientific
school acad. RAS K.N. Trubetskoy, Moscow, Institute of Comprehensive Exploitation of Mineral
Resources, Russian Academy of Sciences. — P. 5-11. https://doi.org/10.32454/0016-7762-2020-63-
3-8-15 (in Russian).

Bazaluk O., Rysbekov K., Nurpeisova M., Lozynskyi V., Kyrgisbayeva G., Turumbetov T.
(2022) Integrated monitoring for the rock mass state during rge-scale subsoil development. Frontiers
in Environmental Science. Accepted paper (electronic resource). — Vol. 10. — P.1-12. https://doi.
org/10.3389/fenvs.2022.852591 (in English).

252



Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

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

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

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

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

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

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor
and safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on the
websites:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

Managing Editor: 7. Apendiev
Editors: D.S. Alenov, A.Shormakova
Computer layout: G.D. Zhadyranova

Signed for print: April 10, 2026
Format: 7090 1/16. 26.5 printed sheets. Order No. 2.

«Central Asian Academic Research Centery LLP
Almaty, Shevchenko Street, 28





