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Abstract. The dependence of the manifestation of any dangerous property of coal mines during mining operations
on the influencing factors of the three blocks is considered. In the general case, the most dangerous properties of coal
seams include the release of explosive and flammable gases, sudden emissions of coal and gas, the tendency to
spontaneous combustion and the occurrence of endogenous fires, increased dust formation, explosiveness of coal dust
and other negative phenomena. To prevent emergencies during mining operations, it is necessary to take into account
the influence of factors of all three blocks.

Factors of the first block determine the genetic trend of the mine formation to manifest dangerous properties under
the influence of geological processes and metamorphic transformation of the source material. The factors of the second
block include mining and geological conditions of coal mines. On the basis of data on parameters of the first two blocks
at stages of designing and operation of the coal enterprise mining indicators of the third block of factors are set.

In contrast to the mining, geological and technical conditions conditions of the second block, the factors of the first
block are the least studied and not always reliably established. They must be determined under the influence of
metamorphic changes in the chemical composition, structure and physical properties of coal in the bowels of the Earth,
mainly under the influence of elevated temperature and pressure.

Currently, more than thirty factors are known, which in different ways characterize the metamorphic transformations
of the starting material. There is a practice when in normative documents for the characteristic of degree of metamorphic
transformations of layers in the vast majority of cases one indicator is used - an exit of volatile substances at thermal
decomposition of coal without access of air. One indicator cannot simultaneously and comprehensively characterize the
content, structure, chemical and physical and mechanical properties of the organic mass of coal and mineral impurities.
It is necessary to proceed from the position that each dangerous property of mine layers depends on a certain influence
of several factors of metamorphism.

Studies have shown that the carbon content and the reflection index of vitrinite in the ranking of coal by their degree
of metamorphic transformations have a reliable quantitative definition, which allows their use in establishing the
dangerous properties of mines as the main classification indicators. In this case, the carbon content directly controls the
overall change in the sum of the main components of the organic mass (hydrogen, nitrogen, sulfur, oxygen), and the
reflection index of vitrinite - reflects structural changes in the petrographic composition. The chemical activity of coal is
also affected by the presence of moisture in different states, composition and properties of mineral impurities. The use of
each auxiliary indicator must be justified with taking into account the purpose of application and the method of its
determination. This allows to develop general principles of scientific substantiation of the method of forecasting
dangerous properties of coal mine layers in combination with mining-geological and mining conditions of works on the
basis of carbon content and vitrinite reflection index.

Keywords: properties, coal mine layers, emergencies, influencing factors, geological processes, metamorphism,
conditions, mining-geological, mining-technical, regulatory framework, indicators, carbon content, reflection of vitrinite,
moisture, mineral impurities, method, forecast.
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The problem formulation. For a reliable forecast of the manifestation of one of
the many hazardous properties of coal seams during mining operations and the
development of effective preventive measures to escape it, it is necessary to consider
three blocks of influencing factors [1].

In the first block it is proposed to consider and establish stages of the
metamorphic transformations of coal seams under which conditions for the
occurrence of hazardous properties are formed. In general, the most dangerous
properties of coal seams include the release of explosive and flammable gases,
sudden outbursts of coal and gas, a tendency to spontaneous combustion and
endogenous fires, increased dust formation, explosiveness of coal dust and other
negative phenomena.

The factors of the second block include the mining and geological conditions of
the occurrence of coal seams: the depth of mining, the thickness of the developed
seams, the angles of their occurrence, the presence of geological disturbances and
adjacent satellite coal seams, the properties of the enclosing rocks, the value of the
geothermal gradient, etc.

Based on the data on the parameters of the factors of the first two blocks at the
stages of design and operation of the coal enterprise, the mining technical indicators
of the third block of factors are laid. They are associated with schemes of opening
and preparing a mine field, development systems, methods for controlling rock
pressure, ventilation schemes for a mine, excavation areas and individual mine
workings, the technology of breaking coal in working faces, the method of breaking
rocks during the construction of workings and other technical solutions.

The operational efficiency of a mining enterprise ultimately depends on
successful engineering decisions made on the basis of the factors of the third block
and their parameters. The optimality of such solutions depends on the reliability of
determining both the list of influencing factors of the first two blocks and their
quantitative indicators characterizing the conditions for the possible occurrence of
hazardous phenomena.

The influencing factors of the second block, characterizing the mining and
geological conditions of mining are reliably established when justifying the
feasibility of developing a coal deposit.

In contrast to the mining-geological and mining-technical conditions of the
second block, the factors of the first block are the least studied and not always
reliably established. The indicators of this block determine the genetic propensity of
coal seams to develop hazardous properties under the influence of geological
processes and metamorphic transformation of the initial substance. The generally
accepted concept of metamorphism means changes in the chemical composition,
structure and physical properties of coal in the bowels of the Earth, mainly under the
influence of elevated temperature and pressure [2]. The degree of coal
metamorphization characterizes the change in composition and properties achieved
during coal formation and determines it in the genetic row: brown coal - coal -
anthracite.

At present, the practice has developed when in the normative documents [3-10]
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regulating the safety of mining operations, to characterize the degree of metamorphic
transformations of seams in the overwhelming majority of cases, one indicator is used
- the release of volatiles during the thermal decomposition of coal without air access
(V4af), Sometimes coal grades are used as a criterion for the degree of metamorphic
transformations in parallel with V%f Coal grade is a conventional designation of
varieties of coals that are similar in genetic characteristics and basic energy and
technological characteristics [2]. In essence, both of these indicators do not directly
characterize either the composition or properties of fossil coals. Despite this, their
parallel using presupposes an unambiguous assessment by them of the degree of
metamorphic transformations associated with changes in the composition and
properties of coals.

This assumption is not confirmed by the qualitative indicators for coal and
anthracite seams [11]. According to the V%' factor, a part of semi-anthracite (ITA) is
considered together with hard coals. The second part of semi-anthracite coal seams
and coal seams containing coal of T grades, is classified according to their consumer
properties in one section with anthracite coal seams. This indicates that there are no
clear boundaries between coal grades according to the V9 factor and they reflect
different properties of fossil coals that appeared in the process of metamorphic
transformations.

The maximum number of classification indicators of the degree of metamorphism
was simultaneously used to establish the outburst hazard of seams [3]. The outburst
hazard of hard coal seams is set separately according to the V% factor in the ranges of
its variation 9+29% and more than 29%. In addition to V% the values of the
thickness of the plastic layer () are used for the indicated purposes.

The outburst hazard of anthracite seams is predicted [3] by using indicators of the

volumetric yield of volatile matter during thermal decomposition of coal (V\?af) and

daf

electrical resistivity (lg p). The additional use of indicators V;* and Igp is due to

the high relative error in determining V% at its small values.
When predicting gas release, the V% value is used in conjunction with V* [4],

and when compiling the "Catalog of the USSR coal mines by the dust factor" V4f is
considered [6] together with moisture (W"'). Dust-generating capacity is associated
with the coal crushing, and it, in turn, determines the endogenous fire hazard of coal
seams [12]. The probability of an endogenous fire is calculated [5] with taking into
account the content of total sulfur in coal (S') and diffusion resistance (Hy).

The above analysis shows that at present there are no methods of scientific
substantiation of the use of classification indicators of the degree of metamorphism
for predicting a specific hazardous property of a coal seam.

In all regulatory documents [3-10] there is no systematic approach to the use of
indicators of direct change, first of all, the composition of organic and mineral parts,
as well as structural transformation and physical and mechanical properties of the
original substance. For this reason, the scientific substantiation of general approaches
to the development of a method for forecast of manifestation of various hazardous
properties of coal seams during mining is an urgent problem. Its solution will allow
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combining the scientifically grounded use of the factors of the three blocks,
determining the safety of mining operations, in a single logical chain.

The idea is that each hazardous property of a coal seam corresponds to a certain
combination of several criteria for assessing the degree of metamorphism, and
different hazardous properties, in some cases, can be characterized by the same
indicators of the composition and properties of coals.

The method is based on the study of the interdependence between the indicators
of the degree of metamorphism of coals, which characterize different aspects of their
transformation during geological processes

Results. If we adhere to the principle that one indicator of the composition or
property of coals characterizes one of the sides of metamorphic transformations, then
there can be more than thirty such criteria. The most perfect at present is the
classification of coals by genetic and technological parameters [13], in which ten
classification indicators are used: the heat of combustion for a wet ash-free state

( ;‘f), the thickness of the plastic layer (), the yield of semi-coking resin (Tsiaf), the

mass yield of volatile matter (V%f), volumetric yield of volatile matter (V\faf),

maximum moisture content (Wmax), index of Roga (RI), content of fusinized
components per clean coal (ZOK), vitrinite reflectance index (R.r), Vitrinite
reflectance anisotropy (4r), free swelling index (S7). This choice of a combination of
classification indicators is explained by the goal set: to produce a gradation of coals
according to their consumer properties.

All qualification indicators [13], except for the reflection of vitrinite (Ror), in the
range of ranking coals according to their degree of metamorphic transformations,
have a reliable quantitative determination only in some of its ranges. They serve to
clarify the characteristic properties of coals in these ranges. For example, when
additional indicators Q" and V% were used, coals were graded into their types

(Table 1). When principle of a different combination of indicators according to [13]
is used, all coals are divided into sorts, grades, groups, subgroups, types and
subtypes. Eighty one varieties of fossil coals have been identified according to their
consumer properties.

Table 1 - Division of fossil coals into types according to [13]

. High@r heat of The release of volatile
Average Yltrmlte combustion for a wet substances to a dry ash-
Coal type Reﬂecglon, ash-free state free state
Ror, A) Saf , MJ/kg Vdaf, %
Brown coal less than 0,60 less than 24 —
Hard coal from 0,40 to 2,59 24 and more 8 and more
inclusive
Anthracite from 2,20 and more — less than 8

It follows from these data that the universal indicator R.., which has a reliable
quantitative determination in the entire series of metamorphism, cannot sufficiently
reliably characterize the individual consumer properties of coals without auxiliary
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indicators. This can be seen from the absence of unambiguous boundaries between
coal grades according to the Ror factor. According to the factor V¥ | the boundaries
between coal grades, according to [13], are even more blurred. This indicates a high
probability of obtaining significant errors in determining the grade of coals by factor
Vet in regulatory documents [3-10] when developing measures for the safe

conduction of mining operations.

Table 2 - Ranges of variation of average vitrinite reflectance (Ror) and carbon content (Co) for coal

grades, respectively, according to [13] and [10]

No | Coal grade according | Range of | Range of | Coal grade according | Range of Ranges of
to [13] change change to[11] change change in the
sum of organic
mass
components
name desig name desig
naﬁio Ror, % VL % naﬁio Co, % Hi”og‘f év 02 ”
1 | Brown b 0,20+0,59 - — —_ —_ -
2 | Long Flame Pl 0,40+0,79 | more than | Long Flame pil| 75,0+-81,8 25,0+18,2
40
3 | Long Flame A | 0,50+0,79 30 and - - - -
gas higher
4 | Gas r 0,50+0,99 | 30+38 and | Gas r 77,1+88,9 | 22,9+11,1
higher
5 | Gas KO | 0,60+0,99 | 30+38 and | Fat XKr | 81,2+85,2 18,2+14,8
fat higher gas
semi-lean
6 | Gas 'K | 0,50+1,19 | 30+36 and | Gas K | 83,0+85,5 17,0+-14,5
fat higher fat
7 | Fat XK | 0,80+1,19 | 28+36 and | Fat K | 81,6+89,5 18,4+10,5
higher
8 | Coking KX | 0,90+1,29 24+30 — - - —
fat
9 | Coking K 1,00+1,69 | 24+30 and | Coking K 85,3+90,4 14,7+9,6
below
10 | Coking KO | 0,80+1,39 16+30 — - - —
semi-lean
11 | Coking KCH | 0,80+1,09 | 28 and — - - —
low-caking higher
low meta-
morphosed
12 | Coking KC | 1,19+1,69 24+28 - - - -
low-caking and higher
13 | Semi-lean oC | 1,30+1,70 20 and Semi-lean OoC | 86,1-91,6 13,9+8.,4
sintered and higher | below sintered
14 | Thin TC | 1,40+1,99 | 16+20 and — - - -
sintered below
15 | Low-caking CC | 0,70+1,79 16-30 — - - —
16 | Lean T 1,50+2,59 8+18 Lean T 88,2+92,2 11,8+7,8
17 | Anthracite A 2,20+4,50 | less than 8 | Anthracite * A 91,4+96,9 8,6+3,1
and higher

Note: * - for semi-anthracites (grade ITA) the range of C, variation according to [11] is 89,4-95,5%. Such a brand is
not provided by GOST [13].
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To obtain a more accurate assessment of the degree of metamorphic
transformations, when the elemental composition of the initial substance changes, the
carbon content in the organic (combustible) mass (C,) is suitable. The C, index
directly controls the change in the sum of the remaining components of the organic
mass of hydrogen (H,), sulfur (S,), nitrogen (N,) and oxygen (O,). With an error of
about one percent £ Ho, So, No, Oo = 100 - Co,% (Table 2). This accuracy is quite
satisfactory when predicting the hazardous properties of coal seams.

The C, index, like R.:, has a high accuracy of quantitative determination in the
entire range of coal rankings according to the degree of their metamorphic
transformations. In the industrial classification [13], the C, indicator is not used to
identify consumer properties, including for establishing the grade composition of
coals. C, values and coal grades for the mines of the Donetsk and Lviv-Volyn basins
are given in the reference book [11]. Before the development of the industrial
classification [13], all hard coals and anthracites by their consumer properties were
divided into ten grades /I, I', XK', T'P, XX, K, OC, T, ITA, A. Such their gradation is
also given in the reference book [11]. The number of grades in the classification [13]
was increased to 17 due to the use of auxiliary indicators, and the intermediate grade
ITA was replaced by others. On the whole, in both sources [11, 13], the main grades
remained the same (Table 2).

This made it possible to compare the ranges of change in C, and R, indices for
grades as the degree of metamorphism increased (Fig. 1). In all cases, according to
the factor of the C, index, as well as according to the Ro: criterion, there are no
specific boundaries between individual grades. In addition, the sizes of the ranges of
variation of C, and R, with the intensification of the degree of metamorphism do not
coincide in any case. This indicates, on the one hand, that the C, and R.: indicators
characterize different sides of the metamorphic transformations of coals, and on the
other hand, using different indicators to establish coal grades. For these reasons, there
is no reason to use the grade composition of coals to predict the hazardous properties
of coal seams in the regulations for the safe conduct of mining operations.

According to [11, 13-16], there is a close correlation between the indicators C,
and Ro: (Fig. 2). It is characterized by a high correlation ratio (R=0,94), which allows
Co and R, to be used in determining the hazardous properties of coal seams as the
main classification indicators. In this case, C, directly characterizes the overall
change in the elemental composition of coals, and Ro: reflects their structural changes
in the process of metamorphic transformations.

For a more accurate determination of changes in carbon in the composition of the
organic matter of each coal seam, in addition to C,, it is necessary to consider the
individual ratio between the other components H,, So, No and O,. Their sum is
practically functionally controlled by the C, value. The ratio between H,, So, No and
O, determines the reactivity of the organic component at a carbon content of C,. The
chemical activity is also influenced by the presence of moisture in different states, the
composition and properties of mineral impurities. The influence of these factors on
the manifestation of the hazardous properties of coal seams requires additional study.
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C. - carbon content in organic matter,%; Ror - average vitrinite reflectance,%;
I, T, TKO, I'P, XK, K, OC, T, A - coal grades and quantitative values of Co and Ror parameters in
the ranking series as the degree of metamorphism increases (see table 2)

Figure 1 - Ranges of change in classification indicators the degree of metamorphism of coals
and anthracites when determining grades coal by carbon content (a) and average
reflections of vitrinite (b), respectively, according to [10] and [13]

The predominant use of one of any classification indicators, including C, and Ror,
is unjustified from the standpoint of the classical definition of metamorphism. One
indicator cannot simultaneously and comprehensively characterize the composition,
structure, chemical and physical-mechanical properties of the organic mass of coals
and their mineral impurities. When predicting the hazardous properties of coal seams,
interchangeability of classification indicators is inadmissible, even with a high
correlation between them [17]. Different methods for determining the classification
indicators also reflect the different properties of coals that appeared in the process of
metamorphic transformations. The use of each indicator should be justified with
taking into account the purpose of the application and the methodology for its
determination. For example, in the industrial classification [13], grades are used to
conventionally designate types of coal. The use of V4 is limited by the characteristics
of only hard coals, the maximum moisture capacity Wmax and the external heat of

combustion Q' serve to distinguish between hard and brown coals, the volumetric

yield of volatile matter V*" to distinguish anthracites into groups, subgroups, types
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and subtypes, etc.
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1 - averaging curve; R - correlation ratio; +, ¢, * - experimental data according to [14, 15, 16];
O - points, the position of which is determined by the minimum and maximum values of Co (75,0
and 96,9%) according to [11] and similar indicators Ror (0,4 and 5,0%) according to [13];

x - points, the position of which is determined by the boundaries of the ranges of Co change [10]
and the vitrinite reflectance Ror [13] for specific grades of coal (table 2)

Figure 2 - Interdependence of the carbon (Co) content in the organic mass of coals
and the average reflectance of vitrinite (Ror)

The hazardous properties of coal seams are largely determined by the physical
and mechanical characteristics of coals, therefore, they must be considered depending
on the corresponding indicators. These include structure, density, strength, hardness,
plasticity, elasticity, fragility, coal crushing. The physical and mechanical properties
of coals are also interrelated and are determined by the chemical composition and
structural features of the organic and mineral parts [18]. Such indicators to an
insignificant extent characterize the consumer properties of coals, therefore they are
not considered in the industrial classification [13]. It is unacceptable to ignore them
when assessing the hazardous properties of coal seams, since they refer to direct
classification indicators of the degree of metamorphism. This is proved by the
determination of the mechanical strength of hard coal and anthracite by the test in a
pile driver. The output class 1-0 mm characterizes the brittleness of the test material,
1.e. gives values inverse to the mechanical strength and, consequently, the stronger
the coals, the lower their yield of this class, and vice versa [19]. The output of the 1-0
mm class, taken by volume, differentiates hard coal and anthracite rather well as the
influence of metamorphism increases (Fig. 3). It is quite suitable for characterizing
the dust-generating ability of coal seams.

It should be noted that none of the indicators characterizing the physical and
mechanical properties were used in the compilation of the "Catalog ..." [6] for the
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gradation of coal seams according to their dust-generating capacity, as well as for
predicting other hazardous properties of coal seams in other regulatory documents.
The use of Ro and C, instead of coal grades makes it possible to quantify both the
dust yield and the fragility of the coal (Table 3). These indicators, with strict
scientific justification, can characterize several hazardous properties of coal seams at
once. Preliminarily, these include the dust-generating ability, the explosiveness of
coal dust, the tendency to the emergence of foci of endogenous fires and emissions of
coal and gas.
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I, T, TDK, K, TIC, T, ITA, A and I, 11, III, IV - respectively coal grades and fragility groups
according to [19]; Ror - values of the average reflection index of vitrinite in the entire range of the
degree of metamorphism of hard coal and anthracite [13]; Co - carbon content corresponding to its

interdependence with the Ror index (Fig. 2);
1 - averaging broken line of change in the output of dust class 1-0 mm.cm? according to [19] as the
degree of metamorphism increases in the entire range of ranking using the Ror index [13];
I', I, TIT', IV! - ranges of Ror and Co values, in which the nature of the dependence of the dust yield
on the degree of intensification of metamorphism changes in different ways

Figure 3 - Distribution of hard coal and anthracite by brittleness (yield of dust of class 1+-0 mm.cm?)
according to [19] and its correspondence to the increase in the degree of metamorphism in terms of
Ror [13] and Co [10]

The broken character of the averaging line (1) and the ambiguous change in the
dust yield as the degree of metamorphism increases (Ror and C, increases) indicates a
significant effect on the dust-generating ability of other factors that differ from each
other (Fig. 3). At the early stages of metamorphism (range I'), the influence of other
factors, like Ror and C,, did not significantly affect the dust yield. Fluctuations in the
dust yield were insignificant (7,3+9,5 cm®) and averaged about 8,8 cm?® (Table 3).
With an increase in the degree of metamorphism (range II'), an increase in dust
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output from 8,8 to 16,3 cm® was observed. At the same time, there was a
simultaneous increase in the content of C, to about 88% and a decrease in the sum of
other components in the organic mass (Ho, So, No and O,) to 12%. In parallel with
such changes in the elemental composition of organic matter, the formation moisture
decreases to minimum values (Fig. 4). It is believed [11] that the formation moisture
does not significantly affect the quality of the consumer properties of anthracites. For
this reason, this reference and regulatory document does not provide information on
moisture for anthracite seams, and for hard coals, such information is partially
indicated.

Table 3 - Gradation of coal seams according to the output of dust of class 1-0 mm (brittleness) and
classification indicators (coal grades Ror and Co)

Totality of coal seams by metamorphic signs of coal transformation
Fragility groups [19] By values Ror 1 Co
Ne Dust Coal grades Ne by by Ror, % Co, % X Ho, So,
gro output, grou | samples | averaging [13] [11] No, Oo=
up cm? P broken line =100- Co,
%
| 3,2:2,0 A TTA I' |73+95 8,8 0,4+0,7 | 75+82 25+18
1| 7,0-11,0 T, IDK, T Im' |7,2+18,0| 8,8+16,3 | 0,7+1,5 | 82+88 18+12
I | 11,0+16,0 | T,IC K, T ' 18,0:4.9| 16,3+5,0 | 1,5+2,2 | 88+91,5 | 12+8,5
IV | 16,0:20,0 | T.IIC,K,IDK | VI' | 7,0:3,2 | 5045 |[2.2+4,5 91,5969 | 8,5+3,1
In the "Catalog ..." [6], for the majority of coals and anthracite seams, there is

data on the formation moisture, therefore, when plotting the graph (Fig. 4), they were
used together with the data on C, from the reference book [11].
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x, m - experimental data for hard coal and anthracite seams, respectively; R - correlation ratio;
I', I, IIT, IV! - ranges of values of Co, according to the output of dust class 1-0 mm [19]

75.0 C,

Figure 4 - Dependence of formation moisture ' [6] on the carbon content of Co [10]
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In the range of carbon content 82+88%, there is an increase in dust output (Fig. 3)
and a decrease in formation moisture (Fig. 4). This indicates that the growth of dust
formation is facilitated by both an increase in carbon content in the range of 82+88%
and a decrease in formation moisture in this interval to minimum values.

After reaching the maximum value of the dust yield (18 cm?) in the II' range (Fig.
3), an ambiguous decrease in dust formation is observed with a further increase in the
degree of metamorphism. In the range III' (C,=88+91,5%), there is a sharp decrease
in the dust yield from 18 to 5 cm’, and in the range IV' (Co=91,5+96,9%), the
reduction occurs more smoothly from 5 to 4,5 cm?®.

The given example of an ambiguous change in dust emission with an increase in
metamorphism in its entire row (Ro=0,4+4,5%, Co=75+96,9%) indicates the presence
of both influencing factors and changes in their degree of influence in certain ranges
(I1, 111, 1111, IVT) of metamorphic transformations. It is logical to assume that similar
ranges of changing factors can be observed when considering other properties of coal
seams. When predicting the hazardous properties of coal seams, the use of carbon
(Co) content as a classification indicator makes it possible to establish the level of
influence of the remaining components of the organic mass (Ho, So, No and O,), as
well as their separate influence.

The composition of the organic mass also includes the moisture content /", but
the developed modern methods for its determination [20] do not provide for the joint
consideration of W' in combination with the rest of the main components Co, Ho, So,
No, O, of the organic mass. This situation arose due to the determination of the main
components of organic matter for the dry ash-free state of the fuel. When predicting
the hazardous properties of coal seams, it is necessary to bring the content of the
main components (Co, Ho, So, No, O,) of coal to its natural state. For such
calculations, a special GOST has been developed [21]. After bringing the proportion
of the content of all components of organic matter to one (close to natural) state, the
carbon content, practically functionally (with an error of 1+2%), will control the sum
of the main components (Co, Ho, So, No, Qo) in combination with moisture. In order to
bring the condition of coal as close as possible to production conditions, it is also
necessary to take into account mineral inclusions and their composition. In all cases,
a certain amount of mineral impurities is contained that are closely related to the
organic mass and cannot be mechanically separated from the organic matter. The
solution to this problem is possible by using the method for determining the
petrographic composition of coals. The essence of the method lies in the
determination of macerals and mineral inclusions in coals under a microscope in
reflected light in polished briquettes and in the quantitative determination of their
content. According to [22], macerals (varieties of minerals) are grouped according to
their reflection index, color, structure, and microrelief, which are revealed by
comparing individual macerals with each other. Macerals of the vitrinite group (Ro)
are taken as the standard of reflection and relief in each angle. All macerals are
grouped into separate groups: vitrinite (}*), semivitrinite (Sv), inerginite (/), liptinite
(L) and mineral impurities (M).

Mineral inclusions in coals and anthracites are represented by clay minerals, iron
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sulfides, carbonate silicon oxides and other minerals. In addition to the petrographic
composition, the vitrinite reflectance (R,) also characterizes some of the physical and
mechanical properties of coals. These, for example, when establishing the hazardous
properties of coal seams, include the pore volume in coals of different stages of
metamorphism [18].

The carbon content, in addition to controlling the sum of the components of
organic matter, also characterizes some of the physical and mechanical properties of
coals (Fig. 5).
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Figure 5 - Change in the volume of micropores (a) and Young's modulus (b)
depending on the carbon content [18]
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From the above analysis, it follows that the C, and Ro: indicators taken together
fairly reliably characterize the elemental composition of hard coal and anthracite and
some physical and mechanical properties. This allows, on the basis of the
classification indicators C, and Ro:, to develop general principles for the scientific
substantiation of the method for predicting the hazardous properties of coal seams.
They should take into account the influence of factors from all three blocks.

Conclusions.

When identifying the factors of metamorphic transformation of coal seams (first
block) on the basis of the studies carried out, the following features must be taken
into account:

— the classification indicators of the grade composition and yield of volatile
matter do not directly reflect the elemental and petrographic composition of fossil
coals. Methods for their determination were developed for the classification of coals
by their consumer properties based on the analysis of samples reduced to dry and ash-
free state of organic matter (daf). Such a determination of the indicators of the grade
composition and the yield of volatile matter does not correspond to the state of coals
in the seams during mining works and leads to significant errors in assessing the
degree of metamorphic transformations. The use of indicators of coal grades and the
yield of volatile matter in regulatory documents is not sufficiently scientifically
substantiated to predict the hazardous properties of coal seams;
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— the carbon content in the organic mass, reduced to a dry ash-free state, reliably
controls the amount of the remaining main components. The methods of modern
GOST allow you to calculate the ratio between the main components of organic
matter with taking into account the actual moisture content and mineral impurities.
This makes it possible to analyze the results of coal samples cutting, reduced to
conditions close to production;

— average reflectance of vitrinite characterizes the petrographic composition of
coals, including the presence of mineral impurities;

— indicators of carbon content and average reflection of vitrinite control,
respectively, the elemental and petrographic compositions of fossil coals. Their
values are reliably determined in the entire series of metamorphic transformations of
hard coal and anthracite. In addition, they characterize the chemical activity and
physical and mechanical properties of coals. These features of the indicators of
carbon content and reflection of vitrinite allow them to be recommended as the main
indicators for predicting the hazardous properties of coal seams;

— at present, more than thirty indicators are known that characterize one of the
specific aspects of metamorphic transformations of coal seams. Each of these
indicators or their complex, in combination with the main ones, can fairly reliably
characterize a specific hazardous property of an individual coal seam. The selection
of auxiliary indicators should be justified by the appropriate methods for their
determination and the nature of the predicted hazardous properties of the coal seam.

The proposed scheme for determining the degree of metamorphic transformations
makes it possible to comprehensively characterize the elemental and petrographic
composition of coals, the chemical, physicomechanical and technological properties
of coals for almost every coal seam in the Donbass and Lviv-Volyn basin on the basis
of the corresponding catalogs. In due time, they were compiled on the basis of the
experience and data of geological exploration and operation of coal enterprises, the
establishment of the quality of products after coal enrichment at factories, etc.

The complex of such information about the factors of the first block for each coal
seam and reliable knowledge of the factors of the second block about the mining and
geological conditions of occurrence and properties of the enclosing rocks make it
possible to design optimal technological processes associated with mining and
ensuring their safety. The properties of a coal seam that affect the manifestation of
hazardous properties can change even within a small area, therefore, all rational
measures to ensure safe conditions for mining operations should be developed for a
specific coal seam within its boundaries.
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BYFINIbHOMO NWNY Ta iHWI HeraTWBHI sBuWa. [Ansa 3anobiraHHs BUHUKHEHHS aBapilHUX CUTYaLi Npyu BEAEHHI TipHU4nX
pobiT HeOBXiAHO B KOMNMEKCi BPaxOBYBaTH BMIMB (DAKTOPIB BCIX TPLOX OMOKIB.

dakTopy nepLuoro 610Ky BU3HAYAKTb FEHETUYHY CXUIBHICTb LAXTONNACTIB 40 NosBKM Hebe3neyHnx BNacTUBOCTEN
nig BNAXBOM reonoriYHMX NpoLECiB i MeTaMOpMIYHOro NepeTBOPEHHS BUXiAHOI peyoBuHM. o dhakTopis gpyroro Groky
HanexaTb FipPHUYO-reonoriyHi YMOBM 3ansaraHHs BYFifibHUX LWaxTonnacTtis. Ha nigcrasi gaHux npo napameTpu nepLumx
[BOX OrokiB Ha CTagisix MPOeKTyBaHHS i ekcriyaTalii ByrinbHOTO MiANPUEMCTBA 3aKNagaloTbCs MPHUYOTEXHIYHI
MOKa3HWKM TPETLOr0 BI0KY YNHHUKIB.

Ha BigMiHy Big ripHWYO-TEOMNONiYHMX i TIPHUYOTEXHIYHMX YMOB APYroro 610Ky HaMMEHLL BUBYEHUMMU i HE 3aBXOu
[OCTOBIPHO BCTAHOBMEHUMM € YMHHWKM nepLuoro 6noky. BoHW NOBMHHI BU3Ha4aTW Mig BNAMBOM MeTamopdiamy 3MmiHU
XiMIYHOTO CKMagy, CTPYKTYpU i (hi3W4HMX BIACTMBOCTEN BYriNNs B Hagpax 3emni, NepeBaxHo nig BNIMBOM MiABULLEHOT
TemnepaTypu Ta TUCKY.

Ha pawmn vac Bigomo 6inbl TpuauaTM dhakTopiB, SKi 3 pisHMX OOKIB XapakTepusylTb MeTaMOpdiuHi
NepeTBOPIOBAHHS BUXIgHOI peyoBuHK. Cknanacs NpakTuka KoM Yy HOPMaTWMBHMX LOKYMEHTaX ANsl XapakTepUCTUKM
CTyneHs MeTaMop@iuH1X NepeTBOPEHb NMNAcTiB B NepeBaxHiN BinbLUOCTi BUNaaKiB BUKOPUCTOBYETHCS OAMH MOKA3HMK -
BMXiZ, NETKNX PEYOBMH NP TEPMIYHOMY PO3KNadaHHi Byrinns 6e3 goctyny noeitpst. OfuH NOKa3HUK HE MOXeE OAHOYACHO
i 3 ycix BOKiB xapakTepusyBaTW BMICT, CTPYKTYPY, XiMiYHi i pisuKko-MexaHiyHi BNacTUBOCTI OpraHiyHoi Macu Byrinng i
MiHepanbHuX JOMILLOK. HeoBXiaHO BUXOANTM 3 NONOXEHHS, L0 KOXHa HebeaneyHa BNacTMBICTb LWaxTonaacTa 3anexmurb
BiJ NEBHOTO BNNMBY AEKINbKOX YNHHUKIB METaMOpQi3my.

JocnimkeHHs nokasanu, Lo BMICT BYrneLo Ta NOKasHUK BigOUTTS BITPUHITY B PSAY paHXvpyBaHHS BYrinns no ix
CTYNEH0 METaMopMiYHMX NepeTBOPEeHb MatoTb JOCTOBIPHE KiNbKICHE BW3HAYEHHS, WO [O03BOMSE BUKOPUCTOBYBATH iX
NPy BCTAHOBMEHHi Hebe3neyHnx BacTMBOCTEN LIAXTOMNACTIB B SKOCTi OCHOBHUX KnacudikaLinHWX NoKasHukiB. B LboMy
BMMaZKy BMICT Byrneuto 6e3nocepenHbo KOHTPOMKE B LNOMY 3MiHY CyMU OCHOBHMX CKMafOBWX OPraHiyHOi macu
(BOAEHb, @30T, Cipka, KMCEHb), a MOKa3HMK BigOWTTS BITPUHITY - BigoOpaxae CTPYKTYpHI 3MiHKM y neTporpadiuHomy
cknagi. Ha xiMmiyHy akTWBHICTb BYFifNs TakoX BMMMBaKOTb MPUCYTHICTL BOMOIM B Pi3HOMY CTaHi, ckrnag i BnacTuBOCTI
MiHepanbHUX LOMILLOK. 3aCTOCyBaHHS KOXHOMO AOMOMIKHOMO NOKasHMKa NOBMHHO GYyTW OBFPYHTOBAHO 3 ypaxyBaHHAM
METW 3aCTOCYBaHHS i METOAMKM MOro BM3HAYEHHS. Lle JO3BONSIE Ha OCHOBI BMICTY BYTMELIO Ta MOKasHWKa BigbuTTS
BITPUHITY pO3pOBMTW 3aranbHi NPUHLMNKM HAyKOBOro OBIpYHTYBAHHS MeTogy NporHo3y HebesneyHux BracTMBOCTEM
BYTINIbHWX LLIAXTOMIIACTIB Y CYKYMHOCTi 3 FPHUYO-TE0NONYHAMM Ta MPHUYOTEXHIYHAMN YMOBaMU BEAEHHS PODIT.

Knio4oBi cnoBa: BnacTMBOCTI, LAXTOMIAcTW, aBapilHi CuTyalil, BNNWBarOui hakTopw, reonoriyHi npouecw,
MeTamopqiaM, YMOBM, FPHUYO-TEONONiYHi, NiPHUYOTEXHIYHI, HOpMaTMBHa ©asa, MOKa3HWKM, BMICT Byrnewto, BigbutTsa
BITPUHITY, BOrOra, MiHeparnbHi JOMILLKX, METOZ, MPOrHo3.

AHHoTauus. PaccmoTpeHa 3aBMCUMMOCTb NPOSIBNIEHWS PasHOOBpasHbIX OMacHbIX CBOWCTB LUAXTOMIACTOB Mpu
BEAEHMM TOpHbIX PaboT OT BRmMsoWMX ¢hakTopos Tpex Griokos. B oblem cnyyae k Hambonee onacHbIM CBOMCTBaM
YronbHbIX NNAaCTOB OTHOCATCS BblAeNeHne B3pbIBYATLIX W NIErKOBOCMIAMEHSIOLLMXCS ra30B, BHE3anHble BbIBPOChI yrns
W ra3a, CKMOHHOCTb K CamMOBO3rOPaHWI0 U BO3HWKHOBEHMIO 3HOOrEHHbIX NOXapoB, MOBbILIEHHOE Mblneobpa3oBaHue,
B3PbIBYATOCTb YrOMbHOW MbIM U [pyrue HeraTuBHble SBNeHus. [ns npefoTBpalleHust BO3HUKHOBEHWS aBapuMHbIX
CUTYaLuih Npy BeaeHUM ropHbIX paboT He06X0aMMO B KOMMNEKCE Y4UTbIBATH BAMSHWE (hakTOPOB BCEX TPEX BIIOKOB.

®akTopbl Nepsoro 6rioka onpesenstT reHeTUYECKYI0 CKIOHHOCTL LIAXTOMNNACTOB K MOSIBNIEHWIO ONACHbIX CBOACTB
MoA BMSHUEM reomnorMyecknx NpoLeccoB 1 Metamopduyeckoro npeobpasoBaHms MCxogHoro Bellectsa. K daktopam
BTOPOro 6510Kka OTHOCATCS FOPHO-TE0NOMMYECKUE YCIOBIUS 3aneraHnst yrorbHbIX LAXTONNacToB. Ha OCHOBaHUM LaHHbIX
0 napameTpax akTopoB NepBbiX ABYX BMOKOB HA CTagMAX MPOEKTUPOBAHUS W SKCMNyaTaLuu YronbHOro NpeanpusaTus
3aKnagblBalOTCs ropHOTEXHUYECKME NoKa3aTenu TpeTbero 61oka (hakTopos.

B oTnmumne oT ropHO-reonornyeckmx U ropHOTEXHUYECKUX YCMOBMIA BTOPOro 6noka HaumeHee M3yYeHHbIMW W He
BCerga [OCTOBEPHO YCTAHOBMEHHbIMU ABNAKOTCA (hakTopbl nepBoro 6noka. OHM JOMXHbI ONpeaensTb nog BAUSHUEM
MeTamopuamMa M3MEHEHUS XWMWYECKOro COCTaBa, CTPYKTYpPbl M (OM3MYECKMX CBOWCTB Yrnsd B Hegpax 3emiu,
NPEUMYLLECTBEHHO NOA BAMSIHUEM MOBLILLIEHHON TeMNepaTypbl U AaBNEHNS.

B Hactoswee Bpems u3BeCTHO 6onee TpuoLaTW KpUTEPUEB, C pPa3HbIX CTOPOH XapaKTepuayloLne
MeTamopduyeckne npeobpasoBaHNs UCXOAHOrO BelecTBa. Crioxunach NpakTuka, Korga B HOPMATUBHBIX JOKYMEHTaX
QNS XapaKTepUCTUKN CTeneHn mMeTamopduyeckux npeobpa3oBaHuii NNAcToB B NogaBnsioleM OOMbLUMHCTBE Cny4YaeB
NCNOMb3yeTCs OAMH MoKasaTenb - BbIXOL NETYYMX BELLECTB NPy TEPMUYECKOM pasnoxeHuu yrneit 6e3 4octyna Bo3ayxa.
OpuH nokasatenb He MOXET OOHOBPEMEHHO UM BCECTOPOHHE XapakTepu3oBaTb COCTaB, CTPYKTYPY, XUMWYECKME W
(hM3MKO-MEXaHMYECKIE CBOMNCTBA OPraHUYeCKo Macchl Yrnei n ux MUHepankeHbIX npuMeceit. Heobxoanmo muexoguts u3
NONOXEHUS, YTO KaXOOMY OMacHOMY CBOMCTBY LUAXTONMacTa COOTBETCTBYET ONPeLEeNeHHOEe COYETaHWe HECKOMbKUX
KPUTEPUEB OLIEHKM CTENEHN METaMopuama.
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WccnepoBaHus nokasanu, YTO coepXaHie yrnepoaa v nokasaterb OTPaXeHNs BUTPUHUTA B Psifly PaHXMPOBaHNS
YIS MO UX CTENeHn meTamopduyeckux npeobpa3oBaHuii UMEOT [AOCTOBEPHOE KOMMYECTBEHHOE OMpefeneHne, YTo
MO3BONSIET WCMONb30BaTb WX MpU  YCTAHOBMEHWM OMacHbIX CBOWCTB LUAXTOMMAcTOB B KayecTBE OCHOBHbIX
KnaccuhnKaLMOHHbIX NokasaTenen. B aTom cnyyae copepxaHue yrnepoga HeMocpeaCTBEHHO KOHTPONMPYET B LENOM
W3MEHEHME CYMMbI OCHOBHbIX COCTaBISIOLLMX OpraHUMYeckol Macchl (BOLOPOA, a3oT, Cepa, KUCMOPOA), a nokasaTenb
OTPaXeHWUs BUTPUHMTA - OTpaxaeT CTPYKTYpHble WM3MeHeHWs B neTporpaduyeckoMm cocTaBe. Ha Xumuueckyio
aKTUBHOCTb YIMsi TakxKe BNWUSIET NPUCYTCTBUE Brarv B Pa3HOM COCTOSIHUM, COCTaB U CBOWCTBA MUHEPArbHbIX MPUMECEA.
MpyMeHeHWe Kaxaoro BCMOMOraTENbHOrO MokasaTensi [AOMKHO ObiTb 0GOCHOBAHO C YYeTOM Lenu MpUMeHeHUst 1
METOAMKN ero onpegeneHus. ITO NO3BOMSET HAa OCHOBE COAEPXaHUS yrrepoaa W nokasaTens OTPaXEeHUs BUTPUHUTA
pa3pabotatb 06LMe NPUHLMNLI HAY4HOrO 0GOCHOBaHMS METOAA MPOTHO3a OMACHbIX CBOCTB YroNbHbIX LLIaXTONNAcToB B
COBOKYMHOCTM C FOPHO-TEONOTYECKAMM 1 TOPHOTEXHUYECKUMI YCIIOBUAMM BEIEHUS paboT.

KnioueBble cnoBa: CBOWCTBA, LUAXTOMMACTOB, aBapWiHble CUTyaLuu, BRMsOLME (haKTOpbl, reonoruyeckue
NPOLECChl, MEeTaMopcnaM, YCMOBUS, TOPHO-TEONOrMYeckie, rOPHOTEXHUYECKME, HopMaTMBHas 0Gasa, nokasaTteny,
coaepxaHue Yrneposa, OTpaxeHUs BUTPUHMTA, BNara, MUHepanbHble NPUMECH, METOZ, NPOTHO3.
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