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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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Abstract. This study evaluates the influence of rock mass fracturing on the
stability of underground mine workings at the Zarmitan gold deposit. The topic is
particularly relevant for Uzbekistan, where steeply dipping ore bodies, significant
mining depths, and high seismotectonic activity create challenging geomechanical
conditions. Under such circumstances, a precise characterization of fracture systems
becomes essential for accurate stability assessment and safe mine design.

The objective of this work was to determine the geometry, spatial orientation,
and intensity of fracture systems and to provide a quantitative evaluation of their
impact on excavation stability. The research methods included field measurements
of fracture orientation, construction of rose diagrams, statistical classification of
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zones by fracture density, and calculation of the Factor of Safety (FoS) based on the
physico-mechanical properties of the rock mass.

The results indicate that 60—65% of all measured fractures form angles of 10-20°
to 69° with bedding and represent oblique-cutting joints, while the remaining 35-40%
form angles of 70—76° and belong to normal-cutting joints. The rock mass is divided
into weakly fractured (1.4-1.6 joints/m), moderately fractured (2.5-2.6 joints/m),
and highly fractured zones (>5 joints/m). Corresponding FoS values are 1.45-1.65,
1.10-1.30, and 0.85-1.05, reflecting a transition from stable to unstable conditions.

The practical significance of the study lies in identifying hazardous zones,
optimizing the orientation of mine workings, and selecting appropriate support
measures, thereby contributing to enhanced safety of underground mining operations.

Key words: rock pressure, fracturing, geomechanics, geodynamics, mine
workings, rockburst hazard, rock structures, geodynamic hazard, stress field
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Annoranus. lllnuHenbni ¢eppurrep, COHBIH imriHme KoOambT GdeppuTi
(CoFe204), )orapbl XHMUSUIBIK JKOHE TEPMUSUIBIK TYPaKTBUIBIFBI, PETTEIETiH
MarHiTTIK KAaCHETTepl KOHE MEHINIKTI OeTKi ayJaHBIHBIH JaMbIFaHIbIFBIHBIH
yitnecyi apkacblHna (YHKIHOHAJIABIK MAarHUTTIK MaTepuanjgap peTiHIe YIKEeH
FBUIBIMU KBI3BIFYIIBUIBIK TYIBIpajbl. AHTPONOTCHIIK JKYKTEMEHIH apTybl oHE
9KOJIOTHSJIBIK TaJIANTAPIBIH KATarobl JKarJalblHAA aFbIHIBI CyJapAbl TazapTyra
apHaJFaH THIMJII 9pi pereHepalusIaHaThIH MaTepHaIapIbl 93ipiiey 63eKTi Macele
Ooutbin TabbLTaAB!. OCHI TYPFBIIAH alIFaHAa, KOOAIbT eppUTi Heri31HaeTi MarHUTTIK
HaHOMAaTepHaNJap ChIPTKbl MAarHUT OPIiCiH KOJJaHy apKbUIBI Cy OpPTAaChIHAH TE3
OeiHIN ajplHy MYMKiHAIriHE OalIaHBICTHI IEPCIIEKTHBAIBI COPOCHTTEp MEH
KaTaJln3aTopiiap peTiHae KapacThlpbUIaabl.

ATanaH >KYMBICTBIH MakcaTel — Oipdaszansl CoFe.0s nanobemmekrepin
CHHTE3/ICy JKOHE OJapAbl SKOJOTHMSJIBIK pPEeMenualus YAepicTepiHae KolgaHy
MYMKIHAITIH 0aFanay YIIiH KYPBUIBIMIBIK JKOHE (PU3UKa-XUMUSIIBIK KaCUETTePiH
3epTTey. HanoOemmiekTep 301b-TeNbIiK KaHY ONMIiCIMEH allbIHIBI, OYJI 9IIicC
KYpPaMHBIH OipTEKTiJIriH, KPHCTAIIBIK (a3aHblH OaKbUIAHATHIH KaJIBIITACYBIH
XKoHE MOP(]OIOTHANBIK TMMapaMeTpiiep/iH KalTa OHIIpiIyiH KaMTaMachl3 eTei.
MarepuangapaplH KYpbUIBIMIBIK JKOHE 3JIEMEHTTIK CHUMaTTaManapbl PeHTTeHIIK
mudpakus (XRD), saepromucnepeunsuiblk crnekrpockomnus (EDS) xone @ypoe
nHppakpibul criekTpockonusichl (FTIR) omicTepiMen 3epTreni.

XRD Tanmaysl Kocmachl3 Ta3za KyOTBHIK HITTUHENs KYPBUTBIMBIHIAFEI CoFe204
(hazachHBIH KaJbINTaCKaHBIH pactanbl. EDS HoTmkenepi marepuan KypambIHIA
Co, Fe xone O 371eMeHTTEpiHiH FaHa CTEXHOMETPHUSUIBIK apakaTbiHacTa Oap eKeHiH
kepcerti, an FTIR crekrpnepi Meramn—oTTek OaiiaHbICTapblHA TOH TepOelic
YKOJIAKTAPBIHBIH OOJYBIH aHBIKTajbl. AnbiHFaH HaHoOemmekrep (Fe*').(Co* Fe’)
pO4 THUTIHAET] INMUHENBJI KAaTHOHABIK KOH(GUTYpalMsMEH CHITaTTalaibl, Oyl
OJIApABIH KOFapbl KYPBUIBIMIBIK TYPAKTBUIBIFBIH JKOHE KOJAaWIbl MarHHUTTIK
KacHeTTepiH KaMTaMachl3 eTe/li.

Anpiaras HoTmkesnep CoFe20O4 HaHOOOMIIEKTEPiHIH aFbIHABI CyJIapAbl Ta3apTy,
JIACTAyIIbl 3aTTapibl COPOIHMsIAYy JKOHE MAarHUTTIK OacKapbhUIaThIH OOIim aiy
yAepicTepiMeH OaiIaHBICTBI AKOJOTHSUIBIK KOJAaHOANap YIIiH MepPCIeKTHBAIIBI
(YHKITMOHAIIBIK MaTepHall eKeHIH KopCceTe]Ii.

Tyiiin ce3xep: Tay KbICHIMBI, JKapblly, I'€OMEXaHHKa, I'€OJAWHAMHKA, Tay-
KEH KazOaslapbl, COKKbl KayIi, Tay-KE€H KYPBUIBIMIAphl, T€OANHAMUKAIBIK Kayil,
IHeNeHic epici
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Annorauus. IllnunensHble ¢epputTbl, B  YaCTHOCTH KoOanbTheppur
(CoFe204), mpencTaBisiioT 3HAYMTENBHBIA HMHTEpEC Kak (YHKIHMOHAIBHBIC
MarHUTHbIE MaTepuaibl Ollarojaps COUYETAHUIO BBICOKOW XHMHYECKOW U
TEPMUYECKOM CTaOMIBHOCTH, PETYJIMPYEMBIX MArHUTHBIX XapaKTePUCTHK U
pa3BUTON YyNIEJIbHOW MOBEPXHOCTU. B ycloBUSIX BO3pacTarolleld aHTPONOreHHOU
Harpy3KH W YXKECTOUCHHs HKOJOTMYECKHX TpeOOBaHMU aKkTyalbHOH 3aaaveit
apisieTcss pazpaboTka 3(PQEeKTUBHBIX W PEreHepUpyeMbIX MaTepualioB IS
OYHMCTKMA CTOYHBIX BOA. B 3TOM KOHTEKCTe MarHUTHbIC HAaHOMAaTepUaJlbl Ha
OCHOBE KOOanmbTQeppuTa pPaccMaTPUBAIOTCS Kak TMEPCIEKTUBHBIE COPOEHTHI
W KaTalu3aTopbl, 00eCHeuuBarOIMe BO3MOKHOCTh OBICTPOrO HW3BJICYCHHUS
W3 BOJHOH cpelpl C HMCIOJIb30BAaHWEM BHEIIHEr0 MarHuTHOro mnojs. Llemsio
HACTOSIICH padOThl SIBJISIUCH CHHTE3 OjHO(Ma3Hbix HaHouacTull CoFe:0s u
UCCIICIOBAHNE HMX CTPYKTYPHBIX M (DUBUKO-XMMUYECKUX XapaKTepUCTUK IS
OLICHKH [TOTEHIIMATBHOTO IPUMEHEHHSI B IPOLIECCAaX SKOJIOTHUECKON peMeTHalnu.
HanovacTuiupl moylydueHbBl METOIOM 30Jb-Te€lb TOPEHHs, O00EeCIeUHBAIOIINM
OJHOPOJHOCTh COCTaBa, KOHTpOJHpyeMoe (OpPMUPOBAHUE KPHUCTALIMYECKON
¢a3pl U BOCIPOU3BOAUMOCTH MOP(OIOTHUECKUX MapaMeTpoB. CTpYKTypHBIE U
SIIEMEHTHBIC XapaKTEPUCTUKU MaTEpPHaJOB MCCICAOBAHBI C HCIOIb30BAaHHEM
pentrenoBckoit qudpaxun (XRD), sneproaucnepcuontoi criektpockonuu (EDS)
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n Oypoe-UK-cnexrpockormu (FTIR). Pesympratet XRD-ananuza nmoarBepuim
(opMupoBaHHe YUCTON KyOnueckoi mmuHensHol ¢as3sl CoFe20s 6e3 npumMecHbIX
coequHeHni. Jlanuple EDS cBHIETENBCTBYIOT O NMPUCYTCTBUU HCKIHOYUTEIBHO
aneMmeHToB Co, Fe m O B cTexmoMeTpuueckux cooTHomeHusx, a FTIR-crekTpsl
JEMOHCTPUPYIOT ~XapakTepHbIE IOJOCHl KOJEOaHWH  MeTaJul-KUCIOPOIHBIX
CBsi3eil. YCTaHOBJIEHO, YTO IOJIyYCHHbIC HAHOYACTHIBI 00JaTaroT THUIMYHON
LINMHENbHON KaTnoHHOU KoHpurypamueit (Fe*),(Co*'Fe*")g04, o0ecnieunBaromieit
BBICOKYIO CTPYKTYPHYIO YCTOMUMBOCTb M OJIArONpHATHBIC MarHUTHBIC CBOMCTBA.
[Tonmy4enHbie pe3ynbTaThl HOATBEPKAAIOT IIEpPCeKTUBHOCTE HaHOUacTHIL CoFe20a
B KayecTBe (YHKLIMOHAIBHOTO MaTepHaja JUIsl OYUCTKH CTOYHBIX BOJA M JPYTHX
9KOJIOTHYECKUX MPUMEHEHUH, CBSI3aHHBIX C COpPOLHENH M MarHUTOYIPAaBISIEMbIM
W3BJICUCHUEM 3arpsI3HSIONINX BEIIECTB.

KiroueBbie cJjioBa: TOpHOE JaBJCHUE, TPEIIMHOBATOCTh, T'€OMEXAHHKA,
reoJMHaMHUKa, TOPHbIE BBIPAOOTKH, YAAPOONACHOCTb, TOPHbIC KOHCTPYKLHH,
reoJMHaMHUYEeCcKasi ONacHOCTh, HANPSHKEHHOE T10JIe

Introduction. When studying the stress state of the rock mass during the
underground development of deposits in Uzbekistan at great depths, it is necessary
to pay special attention to problems related to the stability of underground mine
workings and pillars, since the rationality and safety of mining operations depend
on the correct prediction of the behavior of the field mass under load. And with
difficult development indicators in the conditions of gold deposits in Uzbekistan,
a large depth of development and increased seismotectonic activity, the regional
stress field plays a decisive role in excavation stability (Markov et al., 2021), and
therefore the assessment of the stability of mine workings is of primary importance
for the efficiency of the mining enterprise.

The importance of ensuring industrial and geodynamic safety in underground
conditions has been emphasized in earlier works (Sayyidkosimov et al., 2018).

Genetic and geometric classifications of cracks are known (Mukhitdinov et al.,
2019; Qurbonov H et al., 2025).

In general terms, all cracks can be classified according to two characteristics:
genetic and geometric.

Among the available genetic classifications, the most convenient for practical
use, in our opinion, is the classification proposed by V. V. Belousov (Sayyidkosimov,
2016). According to this classification, fractures are divided into tectonic and
non-tectonic. Tectonic fractures include fractures with a break in the continuity
of rocks and cleavage. Non-tectonic cracks include: primary cracks, landslide
cracks, landslides and sinkholes, weathering cracks, rock expansion cracks during
unloading, and artificial cracks (during bursts, impacts, etc.).

Of the geometric classifications, the most acceptable for practical application,
from the point of view of assessing the role of fracturing in the stability of pillars
and ceilings of chambers, is the classification proposed. VNMI, which is widely
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used and is based on the orientation of the relative to the rock mass stratification the
mountain massif stratification (Turesebekov et al., 2007).

According to this classification, cracks are divided into two groups:

1. Longitudinal, transverse and diagonal normally secant lines.

2. Longitudinal, transverse and diagonal oblique sections.

Normal-cutting cracks include those that form an angle of at least 70° with the
stratification plane, while the remaining cracks belong to the group of oblique-
cutting ones.

If the line of intersection of cracks with the stratification in the plane of the ore
body forms an angle with the strike line not exceeding 20°, then these cracks are
considered longitudinal.

Accordingly, for diagonal cracks, the mentioned angle is enclosed in the range
from 20° to 70°, for transverse cracks-more than 70°.

The greatest influence on the stability of roof rocks is exerted by normal-cutting
cracks falling towards the developed space, and for pillars - vertical or close to
them cracks under the condition of a gentle fall of ore bodies.

Experimental research. In order to find out the degree of influence of fracturing
of the massif on the stability of pillars and the roof of chambers, rock fracturing
was studied at the Zarmitan deposit and its effect on the stability of mine workings
was revealed.

It was necessary to determine some regularities of crack propagation within the
existing mine fields, the degree and nature of the rock mass disturbance by macro-
and micro-fracturing, and to study the stratification, as well as the nature of crack
surfaces and contacts between layers.

Measurements of the geometrical parameters of cracks were carried out by
cleaning and preparatory workings and pillars. Measurement points were selected
at the interface of workings, where two mutually perpendicular planes are exposed.
The azimuth of the strike line and the angle of incidence of cracks were measured
using a mountain compass. The distances between cracks and their propagation
lengths, as well as the binding of the observation area to the workings, were
made using a steel tape measure. The frequency of measurement sites was taken
depending on the complexity of the mining and geological structure of 25-40 m in
the fall and 60-80 m in the strike of the ore body.

To determine the change in the spatial orientation of fracturing with the depth of
development, measurements were made at different horizons.

Rose diagrams for +780, +720, and +660 horizons of the Zarmitan mine
field were constructed from the data of tectonic crack occurrence elements, and
summary rose diagrams of fine-amplitude discontinuities were obtained (Fig. 1).
Measurements of these crack parameters were grouped at intervals of 5 and 100.

When processing the data, 4 rose diagrams were obtained.

For the quantitative assessment of excavation stability, averaged physico-
mechanical properties of the host rocks were used, based on laboratory testing and
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geomechanical analysis. The key parameters included a density of approximately
2500 kg/m?, an elastic modulus of about 1.8x10* MPa, Poisson’s ratio 0.23, lateral
pressure coefficient 0.3, and compressive and tensile strengths of roughly 35 MPa
and 3—4 MPa, respectively. These values characterize the actual deformation and
strength behavior of the rocks at the Zarmitan deposit and were used as input
parameters for the estimation of the Factor of Safety (FoS).

X X
a) ‘ ;\ b) 1
X X
) ] d)
Figure 1. Diagram-distribution of discontinuous faults along the mining horizons: a) - 660 m
horizon; b) — 720 m horizon; ¢) - 780 m horizon; d) Generalized horizons.

Based on the results of these diagrams, the directions of the main crack systems
formed in these areas are revealed. A comparison of the fracture systems for different
sites showed that their spatial orientation varies within insignificant limits, which
makes it possible to identify the main fracture systems for the Zarmitansky field as
a whole. The spatial orientation of these systems is given in Table 1.

Table 1
Ne Azimuth of fall in hail | Angle of fall in hail Classification of cracks by angle of fall
I SW 20 4° Gentle
1 SW 108 570 Steep
11 NW 274 70° Very steep
v SW 210 80° Very steep
\Y% SW 20 77° Very steep

Studies of the morphology of fractures, their correlation with rock layers, folds,
and faults allowed us to determine that the genesis of these cracks in the Zarmitan
field is mainly tectonic.
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Further, it was revealed that the field has three types of areas according to the
degree of fracturing: weakly fractured — where the fracture modulus averages 1.4-
1.6 tr/p. m.; medium-fractured-where the fracture modulus exceeds 2.6 tr/p. m.;
strongly fractured — where the modulus is more than 5 tr/p. m.

The field is dominated by longitudinal and diagonal cracks. More dangerous,
from the point of view of stability, will be workings that pass through them or
intersect them at an oblique angle (Kazakov et al., 2023).

The greatest frequency of angles of incidence of cracks is from 21 to 40° and
from 61 to 80°. More dangerous are cracks with angles of incidence from 61 to 80°,
which in the case of their cross-section by workings can become sliding surfaces.

For comparison with the rose diagrams, pie charts are constructed that allow us
to judge the joint distribution of occurrence elements and the degree of severity of
fracture systems (Fig. 2).

270

a) 180 b) 180

270

c) 180
Figure 2. Pie charts of fracturing along mining horizons:
a) - Horizon 780 m; b) - Horizon 720 m; ¢) - Horizon 660 m.

Based on the structural data obtained for the Zarmitan deposit, an additional
stability assessment was carried out to quantify the effect of discontinuities on the
reliability of underground excavations. The Factor of Safety (FoS) was estimated
for representative sections of the rock mass with different degrees of fracturing.

The analysis shows that weakly fractured zones (1.4-1.6 joints/m) retain most of
their bearing capacity, with FoS values ranging from 1.45 to 1.65, corresponding to
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a stable condition and low probability of failure. In moderately fractured sections,
where structural weakening reaches 30-40 %, the FoS decreases to 1.10-1.30,
indicating a transitional and potentially hazardous condition, especially when
workings intersect diagonal fractures at an oblique angle.

The lowest values were identified in highly fractured areas (more than 5
joints/m), where the FoS drops to 0.85—1.05. These values indicate borderline or
unstable conditions, particularly in zones dominated by steep (61-80°) normal-
cutting fractures that may form sliding surfaces.

The quantitative analysis of the geometry and orientation of the fracture systems
has shown that the Zarmitan rock mass exhibits distinct and statistically consistent
patterns. Field measurements indicate that 60-65% of all documented fractures
form angles of 10-20° to 69° with the bedding plane and belong to the oblique-
cutting type, while the remaining 35-40% form angles of 70—76° and correspond
to normal-cutting fractures. This proportion highlights the dominance of fracture
systems capable of forming wedge- and shear-controlled failure surfaces.

Depending on the disturbance intensity, the rock mass is divided into three
categories:

— weakly fractured (1.4-1.6 joints/m),

— moderately fractured (2.5-2.6 joints/m),

— highly fractured (more than 5 joints/m), where the rock mass breaks into
blocks as small as 15 x 40 x 60 cm.

The observed FoS variations are consistent with numerical displacement
modeling described in previous studies (Sayyidkosimov and Nizamova, 2022).
Weakly fractured zones remain stable (FoS 1.45-1.65), moderately fractured
zones show reduced stability (FoS 1.10-1.30), and highly fractured zones fall into
borderline or unstable conditions (FoS 0.85—1.05). These unstable zones exhibit the
highest concentration of roof falls and detachments, with failure surfaces coinciding
with the most developed fracture systems.

Results. The measurement results show that the vast majorityrmof the measured
fractures (up to 63 %) form an angle from 10-20 to 69° with the rock stratification
plane and are obliquely intersecting, while the remaining 37% of cracks form an
angle in the range of 70-76° and are considered to be normal-intersecting.

The first system of cracks coinciding with the stratification of the false roof is
more clearly traced in the examined areas of ore bodies.

Cracks of this system can be traced along the length from 1.5to 60 m, usually
they are slightly open, the dimensions in width are up to 0.5 cm - 55%, from 0.5
to 1.0 cm-40 % and more than 1.0 cm-less than 5 %, They are filled with calcite
up to 55 %, friction clay 20 % and empty 25 %., as a rule, the largest fractures are
mineralized.

The distance between cracks is normal from 35 c¢cm to 2.0 m, the angles of
incidence are not more than 20°. The surface of the crack walls is usually rough and
there are straight cracks with lapped walls, the number of cracks in the measurement
interval (6-10 m) varies from 20 to 50.

178



ISSN 2224-5278 1.2026

Cracks of the second system are developed in skarns and have variable azimuths
of incidence from1.08° to 274°, the predominant angle of incidence is 5.7-80-80°,
and the surface of most of them is flat and smooth.

The slightly open cracks of this system are not mineralized and have a length of
0.2 to 1.0 m, sometimes up to 8-10 m.

Wavy cracks in skarn with rough walls are spread out slightly, and have a length
of 0.5 to 1.5m. The distance between cracks is from 5 to 20 cm, the width of cracks
in most cases is insignificant and amounts to tenths of a millimeter. Cracks in this
system cause columnar separateness of the ore skarn.

Cracks of the third systemroare present in all lithological variations; their length
ranges from several tens to hundreds of meters, they are slightly open, and their
dimensions in width range from 0.2 to 2 cm. Most of the cracks in this system are
filled with calcite and friction clay. These patterns correspond well with destruction
zone studies reported for similar lithologies (Ochilov et al., 2024).

Non-mineralized cracks have a smallxx drop of water, the distance between the
cracks of this system is from 0.5 to 2.5 m, and they can be traced both in the fall and
in the strike of the entire mine field.

At the upper horizons, the rock mass has a higher degree of fracturing, these
cracks break up the ore body into separate structural prismatic blocks with average
dimensions of 15x40x60 cm; more intense fracturing is observed near the zones
of displacement and crushing; here the size of structural blocks decreases to 15-22
cm, and at a depth of more than 100-1125 m, the average the dimensions of the
structural block are 55x70x80 cm.

Almost all cases of self-collapse of the roof at the mines are confined to the places
where gentle and inclined cracks intersect with vertical ones when they are cut by
cameras. Experience in the development of the Dzhezkazgan, Mirgalimsay and
Koitash mines shows that pillars are destroyed precisely by inclined cracks, and the
collapse of roof rocks occurs along horizontal and gentle cracks (Sayyidkosimov et
al., 2017; Sajjidkosimov et al., 2023).

A feature of the fracturing of the marbled limestone massif and the ore body of
the Zarmitan deposit is a stepwise arrangement of individual cracks, both in the
direction of their strike and in the direction of their fall, and it is characteristic of
both normal-cutting and oblique-cutting cracks. Each subsequent crack is located
in the direction of strike and fall of the crack system and is slightly shifted to the
side relative to the previous crack, thus creating a complex stepped appearance of
the general weakening surface, which is typical for all ore bodies. The size of the
steps of neighboring cracks along the normal is equal to an average of 10 - 15 cm
in the studied areas.

Spatial irregularities in fracture development significantly correlate with
deformation monitoring data obtained in similar mining conditions (Rakhimov and
Nizamova, 2022). The identification of an elementary structural block of the rock
mass showed the need to take this factor into account when assessing the stability
of mine workings and pillars.
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The intensity of outbursts in mine workings is probably described by static
models based on a quantitative assessment of inhomogeneities in the properties of
the rock mass based on the data of fracture geometrization and the coefficient of
structural weakening of rock strength indicators.

According to the spatial orientation and intensity of occurrence, all large cracks
are naturally associated with the main elements of the geological structure of the
area. Each structural block is characterized by different fractures. These cracks
are very unevenly distributed, even in areas with the same structural position
(Rakhimov and Nizamova, 2022).

Conclusions. Thus, in general, it should be noted that the conducted studies
have confirmed a significant effect of fracturing on the stability of mine workings.
The main manifestations of rock pressure, such as delamination and collapse, occur
along the most developed crack systems, which makes it critical to take into account
their spatial orientation when designing mining operations. Particularly dangerous
are workings that cross longitudinal and diagonal cracks at an oblique angle, as
well as zones with vertical or normally secant cracks with a gentle occurrence of
ore bodies.

The revealed regularities in the orientation of cracks make it possible to predict
potential areas of stability disturbance and optimize the direction of cleaning
operations. This, in turn, contributes to improving the safety of mining operationsand
reducing the risk of accidents.
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