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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ESTIMATION OF THE PHYSICAL-MECHANICAL PROPERTIES
OF THE ROCKS ON THE DEGREE OF COAL METAMORPHISM

Abstract. This article discusses the physical-mechanical properties of Karaganda basin coal seam wall rock,
depending on the degree of metamorphism, which is determined by a maturity parameter of the reflectivity of orga-
nic matter - vitrinite. This method is significant in connection with the increase of geological exploration for coal, as
well as methane, in connection with the preparation of new minefields at deep depths, when the coal core is the only
substance to determine the properties of coal and their rocks. The determination of the physical and mechanical
properties of coal seam wall rock, taking into account the stage of coal metamorphism, is great practical importance
in the mining industry. Based on previous years’ materials and laboratory data, which we conducted together with
our Chinese colleagues in the State Key Laboratory of Coal Resources and Safe Mining, China University of Mining
and Technology (Beijing, China), and based on M.A. Ermekov (1990) mathematical model of metamorphism
describes the degree change of coal metamorphism and physical-mechanical properties of coal seam wall rock by a
depth. This research contributes to the solution of problems related to the roof stability of coal seams in mines since
the physical and mechanical properties of rocks are one of the main criteria for mining and technical works.

Keywords: vitrinite reflectivity, coal metamorphism, physical and mechanical properties of rocks, coal seam,
roof stability, methane.

Introduction. Karagandy coal basin is located in Central Kazakhstan. In terms of coal reserves and
quality, it occupies a leading position among the largest coal-bearing basins in the world. In the basin
extended in the latitudinal direction for 120 km with an average width of 60 km, four coal-bearing areas
are distinguished: Tentek, Sherubajnura, Karagandy, and Verhnesokur (figure 1).

Carboniferous coal-bearing sediments with a total thickness of about 4,000 m are divided into seven
formations according to coal saturation, lithological composition, fauna, flora, and other characteristics:
akkuduk, ashhylyajryk, karagandy, nadkaragandy, dolinka, tentek, shahan.

The karagandy, dolinka and partly ashhylyajryk and tentek formations are productive in the
Carboniferous sediments. In this series, there are up to 80 layers and seams of coal with a total thickness
of up to 110 m. The thickness of coal seams increases in the basin from west to east, and within each
region from north to south [1].

Accounting for the coal metamorphism in solving mining and geological problems is of paramount
importance. Metamorphism in the Karagandy basin is manifested in an increase in its degree: 1) with
stratigraphic depth of formation according to the Hilt-Skok law; 2) with increases ofthe coal-bearing strata
thicknesses; 3) in a section through the dip of layers with an increase in the modern depth of their
occurrence [2].

In the Karagandy basin, taking into account the influence of the post-inversion component of
metamorphism, it was possible to refine the predictions of the distribution of coal by grades to its deep
horizons.
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Figure 1 — Schematic geological map of the Karagandy basin:

1 — pre-Carboniferous deposits; 2 — lower border of the ashhylyajryksuite; 3 — boundaries of the karagandy suite;
4 — faults; 5 — borders of coal-bearing areas and sites; 6 — operating mines, in numbers — old name.
Coal-bearing areas: [ — Tentek; II — Sherubaynura; III — Karagandy, IV — Verkhnesokur.

Basin areas (numbers in circles): 1 — Manzhin; 2 — Tentek; 3 — Karagok; 4 — Sasykkol; 5 — Taskamys;

6 — Karazhar-Shahan; 7 — Dolinka; 8 — Kolpak; 9 — Kishkenekol; 10 — Southern; 11 — Central,

11 — Northern; 13 — Alabas; 14 — Saran; 15 — Promyshlennyi; 16 — Maykudyk; 17 — Taldykudyk; 18 — Dubovka

Studying the degree of coal metamorphism allows solving problems related to predicting the roof
stability of coal seams in mining, which in turn depends on the physical and mechanical properties of
rocks.

Research methods. The task of the study is to assess changes in organic matter, in this case, vitrinite,
to establish relationships between quantitative petrographic features, properties of coal and the physico-
mechanical properties of coal seam wall rock. To quantify the degree of metamorphism of coal seam wall
rock, on which their physicomechanical properties depend, we used the indices of reflectivity of vitrinite
and its refractive indices, measured in immersions. We carried out such studies together with our Chinese
colleagues in the State Key Laboratory of Coal Resources and Safe Mining, China University of Mining
and Technology (Beijing, China).

As noted by J.T. McCartney, M. Teichmuller (1972), M.A. Ermekov (1990), the degree of coal meta-
morphism, estimated by the reflectivity of vitrinite, serves as a "geological thermometer" and allows reco-
vering the geological history of evolution, in particular, the depth of the rocks and the duration of their
stay at the maximum depth [3-5]. A mathematical model of coal metamorphism, created by Professor
M.A. Ermekov (1990) based on the topokinetic Kolmogorov-Erofeev equation, has the form:

I=100[1 — e~ Ztexp(B-4/D)] (1)
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here I — the impulse of metamorphism according to M.V. Golitsyn (1975), °C/billion years; t — the dura-
tion of the stay of coal (coal seam wall rock) at a given depth, billion years; T — an absolute temperature of
coal in the depths, °K.

For the process of regional coal metamorphism in the Karagandy coal basin, the coefficients of
equation (1) take the following values: A=7300, B=21,6. The results of Professor M.A. Ermekov’s
calculation of (1990) lead to the following conclusions: coal metamorphism began at the beginning of the
Upper Carboniferous after 30-35 million years from the beginning of the ashhylyajryk formation, i.e. after
deposition of the completely coal-bearing stratum. At the same time, immersion of the lower part of the
sequence was accompanied by an increase in temperature to 70°C. The process of further metamorphism
was intense and was completed by the beginning of the Upper Permian when the depression exceeded
5 km, and the temperature reached 135-140°C. After inversion at the end of the Upper Permian, the lower
boundary of the coal-bearing strata rises to a value of 3 km and the decrease in its temperature to 80-85°C
sharply slowed down the process of metamorphism. The impulse of metamorphism was at the same time
85 %.

Adopted by M.V. Golicyn (1975) the correspondence of temperatures of regional and contact-thermal
metamorphism to the stages of metamorphism of Carboniferous coals of Central Kazakhstan is preserved
[6]and according to calculated impulses of metamorphism for the duration of regional metamorphism,
taken equal to 10 million years, and thermal — 5 thousandyears (tablel).

Tablel — Temperature and impulse values at regional and thermal metamorphism

Regional Thermal
Stage of C(_)al Rank Average Estimated Average Estimated
metamorphism of coal temperature, °C impulse, % temperature, impulse,%
(Golicyn, 1975) (Ermekov, 1990) °C(Golicyn, 1975) (Ermekov, 1990)
I LF 60 0,7 - -
i G 85 33 up to 300 3.3
111 Ft 110 11,9 325 53
v C 130 279 412 24,6
\% Fg 148 50,7 475 50,0
VI Cc 163 72,4 525 72,2
VIL-VIII A 185 94.4 575 88,8
IX-X A 250 100 695 99,8
LF - long-flame coal, G - gas coal, Ft - fat coal, C - coking coal, Fg - forge coal, Cc - carbonaceous coal, A - anthracite.

According to the proposed model, a change in the reflectivity index of vitrinite (R[J) from the

metamorphism stage was established (/) (table 2).

Table 2 — Indicators of coal metamorphism

Stage of coal vdat RO, 10R,, 1,
metamorphism % % unit. %
L - 0,58 73,5 0,72
G 32 0,79 80,5 3,3
Fat 25 1,07 88,5 11,9
C 17 1,40 96,5 27,9
F 12,5 1,80 104,0 50,7
CC 9 2,37 114 72,4
A - 2,77 121 94,40

As a result of research, it was established that with the depth of the coal seams the volatile yield
decreases, the reflectivity of vitrinite increases, and rank composition of coal changes from lignite to
anthracite accordingly (figure 2) [3, 4].

According to ISO 11760 the physical and chemical properties of coal are determined by its geological
maturity (rank), petrographic composition and quantity (as well as the nature and form of association) of
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Figure 2 — Dependence of volatile yield, reflectivity indicators on the “impulse” of metamorphism (after M.A. Ermekov, 1990):
1—Vv*** 2 R0, 3 — 10RC conditional units (c.u.).

the mineral substance present. Thus, for simplicity, this classification for coal is based on the following
properties of coal: vitrinite reflectance, expressed as a percentage: mean random reflection, R;, which is
directly determined or calculated from R,x.

According to this standard, the coals are divided into three ranks: low (lignite and sub-bituminous
coals), medium (bituminous coals) and high (anthracites) [7, 8]. According to GOST 25543-88 based on
the vitrinite reflectivity indicators, coals are also divided into three types: lignite, bituminous coals, and
anthracites or, which, depending on their genetic characteristics, are divided into 50 classes according to
the average vitrinite reflectivity R[], determined according to GOST12113-94. Lignite coals are cha-
racterized by an average vitrinite reflectivity R[] less than 0.60 %, bituminous coals — R[1=0,40-2,59 %,
anthracites — 2,20 and more [9, 10]. Dedicated 50 classes of coal characterize the degree of post-sedimen-
tation transformation of their host rocks from the stage of initial catagenesis to the stage of metagenesis,
inclusive [5, 11, 12]. The Hg,, parameter, which shows the stratigraphic levels of the occurrence of terri-
genous rocks according to the degree of their post-sedimentation transformation, in this case, increases
from late metagenesis to initial catagenesis, acquiring values accordingly Hy, = 1...10.

Mathematical processing of field and laboratory research results, taking into account the cumulative
effect of all selected petrographic and geological [2, 13, 14] features, allowed the creation of universal
geological and mathematical models of the physical-mechanical properties of rocks in terrigenous
formations. So, multidimensional geological and mathematical models of ultimate strength under uniaxial
compression (c.) for the main lithological types of terrigenous rocks expressed as follows:

for fine and medium grained sandstones:
o. = 166,46 — 0,37X; + 0,06X4 + 0,123X;5 + 0,652X4 — 0,42X; + 0,23CM; + 0,45CM, + 0,52CM; —
-0,01C, - 0,16C, + 0,26C5 + 0,017H — 2,99Hy,,, R =0,99; 2)

for fine grained sandstones:
6. = 65,75 -0,06X; + 0,156X, + 0,7X5 + 0,24CM, + 0,2CM, + 0,41CM; —
—-0,027C; - 0,033C;, + 0,69C;5 + 0,032H — 2,24Hy, R =0,98; 3)

for siltstone:
o.=47,74 + 0,1X, + 0,286X, + 0,012CM, + 0,0470M, + 0,067CM; —
—0,06C; +0,034C, +0,32C5 + 0,05H — 1,28Hg, R =0,96; @)

for argillite:
6. =35,4+0,29X, +0,157C, + 0,515C5 + 0,004H — 0,52H, R =10,92. Q)

where fractions, mm: X; — 0,01-0,05, X, — 0,05-0,1, X3 — 0,1-0,2, X, — 0,2-0,3, X5 — 0,3-0,4, X, — 0,4-0,5,
X7 = 0,5-1,0; clastic material: CM; — quartz, CM, — amount of feldspar, CM; — the amount of rocks;
cement: C; — clayey, C, — carbonate, C; — siliceous; H, m — depth of terrigenous rocks.
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The coefficients of multiple correlations, which is a measure of the cumulative effect of all the
geologic-petrographic factors cited, have values from 0.92 to 0.99, i.e. their connection with the strength
properties of rocks approaches functional. Often, the layers of rocks of the same lithological composition,
occurring in different geological and structural parts of the field, due to the difference in thermodynamic
conditions of formation characterized by variability of physical and mechanical properties. An example of
this is the drastic changes in the properties of rocks and the coal metamorphism in the zone of deep faults
and in various modern geological and structural areas that were at the same level in the pre-inversion
period of the basin development. For example, along the southern border of the Karagandy coal basin in
the zone of influence of the sub latitudinal Zhalajyr deep fault (thrust), the coal metamorphism degree
corresponds to CC rank, whereas these same stratigraphic horizons outside the zone of influence of the
deep faults include layers of coal of Fat and C ranks.

The results of a wide-scale study of rockphysical-mechanical properties of the basin minefields lo-
cated in various geological and industrial areas, coal-bearing formations and depths of occurrence are
summarized in the research. The averaged values of the physical-mechanical properties of the main litho-
logical types of the coal-bearing formations of the basin, obtained as a result of generalization and analysis
of previous studies and new data on deep horizons (depth up to 900-1000 m), are given in table2 [2, 15, 16].

Table 2 — Physical-mechanical properties of rocks in the Karagandy coal basin

Structural Lithological Depth, oA P, W, G, Gy, Softening
block types m glem® | % | % MPa | MPa | difficult | medium | easy
Ashhylyajryk and karagandy formations
Up to 50 249 | 14| 5 33 2,7 64 15 21
sandstones 50-100 2,51 11 3 48 3,7 71 19 10
Ifrlllézlfgd 100-300 255 [ 9] 3 | 6 | 50 94 4 2
grained 300-600 2,58 8 2 78 6,0 96 4 -
More than 600 | 2,60 | 7 2 85 6,3 100 - -
The north
wing of the Up to 50 235 [ 20] 6 23 1,5 30 27 43
Karagandy 50-100 247 | 13| 4 32 1,8 33 27 40
and east wing siltstones 100-300 2,52 11 3 45 2,6 46 18 36
of the 300-600 255 | 10| 3 50 3.4 54 26 20
Sherubainura More than 600 | 2,58 | 9 | 3 52 4,0 60 30 10
syncline
Up to 50 225 |19 7 15 1,0 13 5 82
50-100 241 |13 ] 4 32 1,8 33 27 40
mudstones 100-300 252 | 11| 3 45 2,6 46 18 36
300-600 255 [ 10| 3 50 3.4 54 26 20
More than 600 | 2,55 9 3 40 3,0 40 30 30
Dolinka and tentek formations
Up to 50 231 |17 ] 6 21 1,9 47 20 33
sandstones 50-100 247 | 11 4 38 3.2 69 18 13
fine- and 100-300 251 | 9 | 3 58 43 85 8 7
medium-
grained 300-600 2,55 8 3 72 5,5 93 6 1
More than 600 | 2,58 8 2 78 5.8 96 4 -
The northern Up t050 225 |20 8 15 0,9 23 17 60
half of 50-100 245 | 12| 4 28 1,9 33 14 53
S;If;“hgzmura siltstone 100-300 25 | 10| 4 42 2,5 46 14 40
(Tentek 300-600 2,54 | 9 3 47 3,1 54 20 26
region) More than600 2,56 | 9 3 50 3.8 60 24 16
Up t050 222 | 23| 11 11 0,7 13 5 82
50-100 240 [ 17 ] 6 17 1,5 18 12 70
mudstone 100-300 246 | 14| 5 30 1,8 28 18 54
300-600 2,52 | 11| 4 36 2,3 33 22 45
More than600 255 [ 10| 3 38 2,6 40 30 30
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As can be seen from table 2, the physical-mechanical properties of coal seam wall rock naturally
change depending on their lithological types, depth and stratigraphic level of occurrence. The most stable
rocks are medium-grained sandstones of lower coal-bearing formations, lying on deep horizons, for
example, they have values of compressive strength 6.=90-140 MPa and tensile strength 6=5-10 MPa at
depths of more than 600 m. With a decrease in grain size, the content of a clastic material, an increase in
clay material in cement and a deterioration in the degree of lithification, the strength of sandstones de-
creases. Of all lithological types of coal seam wall rocks, mudstones have the lowest strength.

The sharp decrease in strength and density, the increase in porosity and the natural moisture of rocks
at depths of up to 100 m are associated with the evolution of a weathered zone of coalstrata. The water
resistance of rocks also naturally increases with depth. At depths of more than 600 m, sandstones of all
coal-bearing formations are practically non-softable, non-softable also up to 60% of siltstones and up to
40% of mudstones. The geological nature of the regular variability of the physical-mechanical properties
of rocks allows them to be estimated from geological studies of the coal-bearing strata [16].

Discussion of the results. Different paleotectonic and paleogeographic conditions at different stages
of the tectonic evolution of the Karaganda basin led to a change in the character of coal content and the
quality of coal. At depths of more than 1000 m, the metamorphism of coals is greatly enhanced and fat
coals practically disappear, the areas with coking coals are sharply reduced. Forge coal hasmain
distribution. Coals of the ashhylyajryk formation and the bottom of the karaganda formation are high-ash,
hard-cleaning, belong to theC, Fg, Ft ranks. These coals are used for coking. Coals of the dolinka and the
bottom of the tentek formation are fat, partially coking stage of metamorphism, are characterized by easy
washability of coal and serve as valuable coking chemical raw materials. Coals of the upper horizons of
the tentek formation mainly relate to G rank, difficult washability of coal, energetic.

In the basin, predominantly carbon-coking coals are being developed, representing 82.2% of the total
production in the basin. Karagandy basin explored to a depth of 500-700 m. The mining industry has
developed the depth of 400-500 m.

Conclusions. The ability to assess the properties of coal by the vitrinite reflectivityis an important
factor in the petrographic analysis since it can be used not only for coals but also for their host clay and
sandy rocks. This method of evaluation is also important in connection with the increase of a volume of
geological exploration for associated methane, with a preparation of new minefields at deep depths, when
a coal core will be only coal substance for judging the properties of coal.

Therefore, the determination of the physical-mechanical properties of coal seam wall rock, taking into
account the stage of coal metamorphism in terms of the vitrinite reflectivity, is of great practical
importance in geological prospecting and mining.
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TAYXKBIHBICTAPABIH ®U3NKAJBIK-MEXAHUKAJIBIK KACUETTEPIH
KOMIP METAMOP®HU3MIHIH, J9PEXKECI BOMBIHIIIA BAFAJIAY

Annoranusi. Makanana Kaparanipl Tackemip anaObIHBIH KOMIp CHIMBICTBIPYIIBI Tay)KbIHBICTapAbIH (hU3UKa-
MEXaHHUKaJIBIK KaCHeTTEPiHIH OpPraHWKaJIbIK 3aT — BUTPUHUTTIH HIAFBUIBICY KaOUIeTi KOPCEeTKIilll apKbLIbl aHBIKTa-
JaThIH KOMip MeTaMop(hu3Mi JIopeKeCciHe TOyeNIUIrl KapacThlpbuiraH. MyHIall o/1ic KOMIpre:KoHelnecne MeTaHFa
TCOJIOTUSUIBIK 0apiiay JKYMBICTAphl KOJEMIiHIH apTybIHIA, TEPEHICTI jKaHa IIaxTa allaHJapbiH MaiblHAayIa KeMip
’KOHE CBIMBICTBIPYIIBI Tay KbIHBICTap KacueTTepl OOMBIHIIIA KOMIP KEPHI JKaJFbI3 FaHa aKapar Ke3i OoJiFaH araaiina
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MaHpbI3/1bl 00JbIN caHanaapl. Kemip MetaMmopdu3Mi Ke3eHIepiH eCKepe OTHIPBII, KOMIP ChIHBICTBIPYILbI TaYKbIHBIC-
TapblH (PU3MKAIBIK-MEXaHUKAIIBIK KACHETTEPIH aHBIKTAy KEH-TEXHUKAIBIK dKYMbBICTAp/bl KYPridy Ke3iHIe aca 30p
MPaKTHKaJIbIK MOHTe ue. BypbIHFbI Kypriziiren xymbictap MeH State Key Laboratoryof Coal Resources and Safe
Mining, China University of Mining and Technology (beiixin, KpiTail) 3epTXaHacbsiHia KbiTail opinTecTepMeH xKyp-
ri3ires 3eprreyiep, consiMer koca M.A. EpmekoBthiH (1990) MeTaMoppu3MHIH MaTeMaTHKAaJIBIK MOJIEINI HETi3iH/Ie
KeMip Meramop(hu3Mi J9pexkeci MEH KOMIp ChIHBICTBIPYIIbI TAYKbIHBICTAPABIH (PU3MKAIBIK-MEXaHUKAIIBIK KACHET-
TEepiHIH TepeH K OOHbIHIIA 63repyi KenTipuireH. MyH/ai 3epTTeyiiep Typi KeH-TeXHUKANBIK XXYMbICTaparbl HEeTi3r1
KepceTKilTepAiH Oipi OOJIbINT TaObUIATHIH TAYKBIHBICTAPABIH (HU3UKAIBIK-MEXaHUKAJBIK KaCHETTEpl OOJFaH/IBIKTaH,
KEH YHriMelepiH/ieri KeMip KabarTapbl )KaObIHbI TayKbIHBICTAPbIHBIH OPHBIKTBUIBIFBIMEH OailllaHbICTBI MOceseIep i
LIelIyre MyMKIiHAIK Oepei.

TyiiiH ce3mep: BUTPUHHUTTIH LIAFBUIBICTBIPY KaOlIeTi, KOMIip MeTaMOp(H3Mi, Tay>KbIHBICTAPIbIH (H3UKAIIBIK-
MEXaHUKaJbIK KACHETTepPi, KoMip KabaTbl, saObIH OPHBIKTBUIBIFbI, METaH.

A. B. Baii6atma', Cynun Ilen’, C. B. Catnéexona’

'Kazaxckuil HALMOHAIBHBIN MCCIIEN0BATELCKUN TEXHUUECKHI yausepcureT uM. K. . Carbaena,
Anmartsl, Kazaxcran,
2State Key Laboratory of Coal Resources and Safe Mining,
China University of Mining and Technology (Beijing), Beijing, China

OIIEHKA ®U3UKO-MEXAHUYECKHUX CBOMCTB TI'OPHBIX IOPO/]
11O CTEIIEHU METAMOP®U3MA YIJIEU

AHHoTanusi. B cratbe paccMoTpeHbl (PH3UKO-MEXaHMYECKUECBOMCTBA yriieBMeNIaouX nopoa Kaparanans-
CKOT0 KaMEHHOYToJbHOroOacceiiHa B 3aBUCHMOCTH OT CTENEeHH MeTaMopdu3Ma, KOTOpas ONpeelsieTcsl Mo MoKa-
3aTeli0 OTPAXKATEIBHOW CIIOCOOHOCTH OPraHUYECKOro BeleCTBa — BUTPUHUTA. J[aHHBIH CIIOCO0 SBIISIETCS 3HAYMMBIM
B CBSI3U C yBEIMYEHHEM 00bEMareosoropa3BeJOYHbIX pabOT Ha yrojib, a TaK)Ke Ha MOMYTHBI METaH, B CBS3U
CHO/ATOTOBKOM HOBBIX IIAXTHBIX IOJIEH Ha OOJBIIMX MIyOMHAX, KOTJa KePH YIIsiOyIeT eIMHCTBEHHBIM BELIECTBOM
JUIsL CYXKJICHHSI O CBOMCTBAX YIS M MXBMelIaouux nopoj. OnpeneneHne GU3NKO-MeXaHUYECKUX CBOWCTB yIiIeBMe-
MIAIOIIMX TIOPOJ] C YY4ETOM CTaAuu MeTamopdusMma yrieil umeeT OOJBIIOCTPAKTHYECKOE 3HAYCHHUE MPU TOPHO-
TeXHHYeCKUX padoTax. OCHOBBIBAsCh HA MaTepuallaX MPEXKHUX JIET U JaOOPATOPHBIX JaHHbBIX, IPOBEICHHBIX HAMHU
COBMECTHO C KUTaWCKUMHU Koiuleramu B Jiaboparopum State Key Laboratory of Coal Resources and Safe Mining,
China University of Mining and Technology (ITekun, KpiTaii), a Takoke Ha OCHOBE MaTeMaTHYECKOW MOJIENN MeTa-
mopduzmaM.A. Epmexona (1990) npuBoauTcst MI3MEHEHHE CTENEHN MeTamopduima yriiei npru3nko-MexaHUuIeCKHX
CBOMCTB YIJIEBMEIIAIOMINX MOPOJ C TIyOMHOMIOTpYXeHus. Takoi BUA HCCIEIOBAHMWN CIIOCOOCTBYET PEIICHHUIO
3a]1a4,CBA3aHHbIX C YCTOWYMBOCTHIO MOPOJI KPOBIH YTOJIbHBIX IUTACTOB B TOPHBIXBBIPA0OTKAX, TaK KaK (prU3nKo-Mexa-
HHYECKHE CBOMCTBA MOPOJI SIBIISIOTCS OJJHAM H3TJIABHBIX KPUTEPUEB MTPU TOPHOTEXHUYECKHX paboTax.

KioueBble ciioBa: oTpaxkarelibHas CIIOCOOHOCTh BHUTPUHHTA, METaMOpGHU3MYIIs, (U3NKO-MEXaHHUECKHE
CBOMCTBA I'OPHBIX MIOPOJ, YTOJbHBIN I1J1ACT,yCTONYMBOCTD KPOBJIM, METAH.
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