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FOR FORECASTING HAZARDOUS PROPERTIES OF COAL SEAMS
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The article studies statistical models of the mass yield of
volatile matter during the thermal decomposition of coals
without air access with the aim (V%) with the aim of
using this indicator to assess the degree of
metamorphism  (coalification) and forecast the
hazardous properties of coal seams.

It is shown that the classification indicator of the yield of
volatile matter, which is used in regulatory documents on
the safe conduct of mining operations, is not sufficiently
justified for these purposes. It was adopted in the absence
of reliable knowledge about the structural and chemical
composition of the organic part of the coal seam. The
indicator V%' characterizes the state of dry ash free
organic (combustible) mass, and the composition of fossil
coal, in addition, includes mineral impurities and
moisture.

Purpose. To determine the probable relative errors in the
measurement of absolute values indicator of the yield of
volatile matter using statistical models. This will allow
the indicator V% to be used with a given accuracy as the
main classification criterion for the metamorphism
(coalification) of coal seams to forecast their hazardous
properties during mining operations.

The methodology is based on the use and statistical
processing of experimental data from previous years, as
well as on the formation of several sets of values V%,
which have certain characteristic features. Further
statistical analysis and assessment of these sets allows us
to establish differences or similarities between statistical
models of the criterion V&,

Results. It is shown that one of the significant factors of
non-compliance with the normal law of distribution of the
yield of volatile matter V%, as a random variable, is the
different accuracy of its determination depending on the
absolute values. The validity of using V% in engineering
calculations of the forecast of hazardous properties of
coal seams is proven only when its values are more than
15-20%.

For the first time, based on statistical models, ambiguous
possible errors in determining the yield of volatile matter
and the inexpediency of its use for forecasting are
established. The need to use other indicators of the
degree of metamorphism to improve the regulatory
framework for safe mining operations, which directly
reflect the content and properties of coal in the process
of geological transformations, is proven.

Keywords: coal seams, yield of volatile matter,
measurement error, forecast, hazardous properties,
mining operations, regulatory framework, improvement.

Introduction. One of the main and most
studied indicators of the degree of metamorphism is
the yield of volatile matter during thermal
decomposition of coals without access to air (V).
This indicator is currently one of the main
classification parameters used to characterize the
consumer properties of fossil coals [1] and forecast
the hazardous properties of coal seams [2-5]. The
hazardous and other negative properties of coal
seams during mining operations include gas
emission, occurrence of gas-dynamic phenomena
(sudden outburst of coal and gas) and endogenous
fires, increased dust formation and its tendency to
explode. These and some other undesirable
manifestations of hazardous properties of coal
seams have a negative impact on technological
processes and safety of mining operations, which
often leads to accidents in underground conditions
with catastrophic consequences. In this regard, a
particularly urgent task is to carry out effective
measures to ensure safe and accident-free mining
operations. The health and lives of those working in
underground conditions largely depend on the
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effectiveness of such measures developed in
accordance with the regulatory framework [2-5].
Periodically occurring accidents in mines indicate
the need for constant improvement of regulatory
documents aimed at safe mining operations. In most
cases, when forecasting the possibility of the
manifestation of hazardous properties of a separate
coal seam, the classification indicator V%' is taken
as constant within the entire mine field. In most
cases, when forecasting the possibility of the
manifestation of hazardous properties of an
individual coal seam, the classification indicator
V¥ js taken as constant within the entire mine field.
This may lead to a decrease in the accuracy of the
forecast and is associated with the possible
heterogeneity of geological conditions within the
mine field, which causes variations in the
composition of coal seams. To date, the possible
variation of the V%' value within the boundaries of
mine fields remains poorly understood. This may be
due to the difficulties in collecting a sufficiently
large sample of data for the entire mine area and the
lack of detailed geological studies. This is
confirmed by reference data from the “Catalogue of
USSR Coal Seams by Dust Factor” [5], in which
specific values are not indicated for 114 coal seams,
but only the lower and upper limits of its change are
given.

The objective. To study statistical models of
Ve and to establish within the limits of an
individual coal seam the possible ranges of change
of the classification indicator and the advisability of
using its average values in the regulatory framework
for forecasting the manifestation of hazardous
properties of coal seams during mining operations.

The idea is to study the data on values V% for
individual coal seams, given in reference
(normative) and scientific and technical
publications of previous years, which allows
analyzing coal samples taken in different parts of
the mine field. This makes it possible to consider
randomly generated databases and study statistical
models of the distribution of the classification
indicator depending on statistical populations (data
set). A statistical population includes a certain
amount of data that have certain features (common
properties) that are essential for their
characterization.

Methods. Databases of sets V%' with the
following characteristics were  preliminarily
created:

1. Set of lower limits of change V& for 114

coal seams according to the “Catalogue of USSR
coal seams by dust factor” [5].

2. Set of upper limits of change V&' for 114

upp
coal seams [5].

3. Total set of 228 values of lower and upper
limits of coal seams for which specific values Vdf
are not specified [5].

4. Set of 206 data formed on the basis of
information from different sources [6].

5. Set of values V% for 206 coal seams
according to [5], information on which is given in
[6].

6. Total set of 412 data formed according to
data from [5] and [6].

7. Set of 2091 average values V%' for coal
seams from different coal deposits [5].

Research results. Before statistical processing
of the material, the sets were subjected to grouping
by variants in ascending order in ranked series.
According to [7], with a sample size (n) less than
one hundred, the number (k) of groups (intervals) is
determined by the condition k<5-lgn. The

calculated values (Kca) and those adopted in further
calculations for the samples (ksm) under
consideration are given in Table 1. The calculated
values keca were within 10.3+16.6, and ks was
adopted as ten. In this case, the necessary
requirement for statistical data processing is met [7].

The normal law of distribution (Gauss's law)
plays an exceptional role in probability theory and
mathematical statistics. The main feature of the
Gaussian law is that it is a limiting law to which,
under certain conditions, other known laws of
distribution  (log-normal,  Weibull, gamma
distribution, binomial, etc.) approach. The normal
law of distribution is most often found in practice,
so we will use it in our work.

To determine the optimal step size and interval
in each sample (hca), the Sturges formula was used:

cal — K = K )

sam cal

where V& and v® are the maximum and

minimum variants, respectively; R — range of
variation, which represents the amplitude of
oscillations, or the breadth of dispersion, and is a
value dependent on random circumstances.

The calculated value hca for the considered
samples was 3.1+5.0%, and with the accepted value
hca=10, the values hca were within 4.2+5.3% (Table
1). An integer equal to five was taken as the interval
unit in all samples.
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Table 1

Results of the study of statistical models of the distribution of the yield of volatile matter during
thermal decomposition of coals (V) as a random variable

¥ Indicators of mathematical statistics of distribution series

5 Sample (Set) i
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No Vrg?rg an]gf( \732% M n R Keal Ks Rl hs Ds Os kv S K Zgr ZSZ
1| 13 [49.0|163|25|114|47.7|103| 10 46 | 4.8 192.8 13.9 |85.1[0.58|-0.92| 14.07 | 162.99
2|25 |540|201|25|114|515|10.3| 10 5.0 | 5.2 242.2 15,6 |775(0.41|1.28| 1551 | 112.70
3|13 |540 182 |25|228(52.7|11.8| 10 45 | 53 220.1 148 |81.6(0.51|-1.08| 1551 | 256.77
4| 14 | 459 | 245 |27.5| 206 |445|11.6| 10 3.8 | 45 100.9 10.0 |40.9|-0.09|-0.45| 14.07 10.39
5| 23 | 44.2 | 25.0 |22.5{ 206 |41.9|11.6| 10 36 | 42 107.0 10.3 |41.4|-0.18]-0.68| 14.07 16.69
6 | 1.4 | 459 | 24.8 |25.0| 412 |445|13.1| 10 34 | 45 103.7 10.2 |41.1(-0.13|-0.58| 14.07 25.03
7| 1.3 | 52.1 | 25.7 |37.5|2091|50.8|16.6 | 10 31 | 51 187.9 13.7 |53.4(-0.21|29.2| 1551 | 618.52

Note to table *
1 — lower values V%% according to [5];

2 — upper values vrﬂgi according to [5];

3 — general interval series V3

4 — data according to source [6];

Vrﬂgf( according to [5];

Sample characteristics of  distributions
(arithmetic mean) V2" dispersion Ds, standard

deviation os, coefficient of variation (kv) are
determined by the product method (conditional
zero).

To approximately test the hypothesis of normal
distribution of statistical populations (sets), we
calculated skewness (S) and kurtosis (K) (Table 1).
Also, Table 1 shows the results of calculating the
parameters of statistical models for the distribution
of the yield of volatile matter during thermal

decomposition of coals as a random variable V&'
V& V& n, R, Ds, oz and k.

To test the hypothesis about the normal
distribution of statistical populations, we used the
2% -Pearson criterion (Pearson's chi-squared test),
based on a comparison of empirical (n) and
theoretical (n;") frequencies. It is a statistical test
used to test hypotheses about the independence of
categorical variables or the conformity of observed
frequencies with theoretical expectations.

The calculated value of the Pearson criterion

for each set was calculated according to the equation
[6, 7]:

_n 2 _E 2
ZSZZZ(ni ’nl) :Z(OI E_EI) ’

(2)

5 — data [5] corresponding to the coal seams specified in [6];
6 — common interval series for data from different sources [5, 6];

7 — processing of all data according to [5].

where E; =n/ _nhe(@) theoretical (expected)
JB
daf _ \7daf
. . S =V,
frequencies for each interval, z=—"+—>—;
O-B
. 2
(p(Zi)ZTe 2 — Gaussian function; O; —
T

observed frequencies.

The critical value of Pearson's criteria and its
calculated values for the considered data sets at a
given level of significance «=0.05 are given in
Table 1.

The results of the analysis of the considered
populations showed (Table 1) that only the data [6-
11] of set 4 correspond to the hypothesis of normal
distribution. The distribution for this case can be
considered almost symmetrical (S=-0.09), since it is
less than 0.1. The kurtosis (excess) K=-0.45 is
slightly different from zero, and given its negative
value, the theoretical curve has a lower and “flatter”
peak compared to the standard normal curve (Fig.
1). The calculated value of the Pearson criterion for

the considered sample ( 2 =10.39) is less than its

critical value ( z2 =14.07) at the significance level

(¢=0.05) and the number of degrees of freedom
equal to seven. The presented calculation results
indicate that there is no reason to reject the
hypothesis of normal distribution of a random
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variable from 206 variants according to data from
different sources given in [6].
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Fig. 1. Example of the histogram curve of the
actualdistribution and the theoretical curve of the
normal distribution of a random variable V9 of the 4th
data set of 206 variant [6]: 1 — the curve of the
histogram of the distribution of the 4th set V% with a set
size of 206 data; 1' — the theoretical curve of the normal

distribution; M =27,5— the mode for histogram 1;

V¥ _ 24,5 —the average value of the yield of volatile

matter in set 4 (Table 1) for calculating the theoretical
curve 1' of the normal distribution

The 5th and 6th data sets of data, which were
formed using experimental data [6], are also close
enough to the normal distribution law for the

calculated values of statistical parameters (S, K, 2

). For these samples, the skewness (asymmetry) was
in the range of -0.13 -0.18, the kurtosis (excess) in
the interval -0.58 -0.68, and the Pearson criteria
were 16.69 25.03, respectively (Table 1). This
indicates that the values V% for these cases, in the
first approximation, can also be considered as a
random variable obeying the normal distribution
law.

Such a conclusion cannot be made on the basis
of statistical models in relation to variation series 1,
2, 3 and 7 (Table 1), obtained on the basis of data
only from the “Catalogue...” [5]. None of the
calculated statistical parameters of these sets (V%

M, Ds, a5, kv, S, K, #2) even closely approaches the

characteristics of a normal distribution in their
value. For this reason, there is every reason to reject
the hypothesis of a normal distribution V%' as a
random variable. Such a conclusion makes it
possible to make an assumption about the existence
of unidentified factors that significantly affect the
formation of the 1st, 2nd, 3rd and 7th data sets on
the basis of data from the “Catalogue...” [5].

Obviously, in order to obtain the values of the lower

(Vi) and upper (V&) limits of the yield of

volatile matter for a specific coal seam, coal
samples were taken in different parts of the mine
field. In this case, the absolute determinations for
114 coal seams and the formation of the 1st, 2nd,
and 3rd data sets could have been influenced by the
location of coal sampling sites in relation to the
boundaries of the gas weathering zone and the
distance to geological disturbances [6].

In the case under consideration, the data set (7)
with a volume of 2091 variants is general for samples
1, 2 and 3. These sets are formed on the basis of the
feature of the absence of specific values V¥ for 114
coal seams.

The statistical models of these data sets (1, 2,
3) should reflect the values of the parameters of the
general set (7). In contrast, the statistical parameters
of ranking series 1, 2, 3 differ significantly from
data set 7 (Table 1). This is clearly illustrated by the
graphs (Fig. 2 and 3) when comparing the
histograms and theoretical curves of the normal
distribution for sets of the 3rd and 7th populations.
Between the histograms of the actual distributions 2
and 3, there are no, for the most part, unifying

features. The mode M2 =78 was observed at a
value V% =250 when considering the 228th
option, and M/ =288at V% —37,50 for the set

size equal to the total amount of data (2091) of
population 7.
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Fig. 2. Example of the histogram curve of the actual
distribution and the theoretical curve of the normal
distribution of a random variable V% of the 3th data set
of 228 variant [5]: 2 — the curve of the histogram of the
distribution of the 3th set V9 with a set size of 228 data;
2' —the theoretical curve of the normal distribution;

M3 = 2.5— the mode for histogram 2; V{4 =18.2 —the

average value of the yield of volatile matter in set 3
(Table 1) for calculating the theoretical curve 2' of the
normal distribution
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In the first case, 34.2% of the data from the
total number (228) in the considered set fell within
the range of V% = 0+5.0%. In the second case, only
13.7% of the data from the total number (2091) fell
within this range. This indicates that in most cases,
the coal seams for which the lower and upper limits
of possible values V%' are indicated are
characterized by lower values V&,
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Fig. 3. Example of the histogram curve of the actual
distribution and the theoretical curve of the normal
distribution of a random variable V9 of the 7th data set
of 2091 variant: 3 — the curve of the histogram of the
distribution of the 7th set V9 with a set size of 2091
data; 3' — the theoretical curve of the normal

distribution; M. =35.7— the mode for histogram 2;

v — 257 — the average value of the yield of volatile

matter in set 7 (Table 1) for calculating the theoretical
curve 3' of the normal distribution

This is confirmed by the ratio of average
values, where VS =18.20% <V =257%. The

difference between the sets of distribution series 3
and 7 also lies in the different ratio between the
modes and average values of the samples. For set 3,

the mode M2 =25 is and it is significantly smaller
V5" =18.29%. The ratio of these parameters for set 7

is of the opposite nature M/ =37.5% >V = 257%.

Sets 1, 2 differ from the general set 7 by
approximately the same features (Table 1).
Parameters close in their values to the indicators of
normal distribution were established for sets 4, 5, 6.
Their main distinguishing feature was the use of
information of the yield of volatile matter
publication [6] published in different periods of
time for each coal seam. This practically excluded

the possibility of analyzing coal samples taken in
close places of the coal seam and introduced a
certain element of randomness into the
determination of the values of the classification
indicator. This is confirmed by the proximity of the
distribution of variants 4, 5 and 6 sets to the normal
law (Table 1, Fig. 1).

To establish possible reasons for the
discrepancy between the 1st, 2nd, 3rd and 7th sets
and the normal distribution law, we examined in
more detail the parameters characterizing their
variation series. In particular, we examined changes
in relative frequencies (Ai) in individual intervals:

A = %-100, %, 3)

where n; — number of variants in the interval, pcs; n
— total volume of the set under consideration, pcs.

The results of calculating the values A; are
summarized in Table 2. The graphs of their changes
(Fig. 4) indicate some patterns common to the 1st,
2nd, 3rd and 7th sets. They consist of an
unambiguous decrease in relative frequencies for all
sets in the range of change V%' from zero to 10-15%.
Then the values A; increase monotonically and
synchronously for all series, reaching maximum
values (11.4-13.7%) at V%' = 37.5%. This value V%
is the mode for the 7th set. With further increase
Ve the relative frequencies in the intervals
decrease for all sets under consideration.
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Fig. 4. Distribution of relative frequencies Ai of the yield of
volatile matter release in individual intervals:

1, 2, 3, 4 —distribution curves for the 1st, 2nd, 3rd and 7th
sets, respectively;5, 6 — mode values for the 1st, 2nd, 3rd and
7th sets, respectively; 7, 8 - boundary values V% that separate,
according to [1], brown and hard coals, hard coals and
anthracites, respectively
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Table 2
Information on the values of relative frequencies (Ai) in individual intervals of variation rows
for the 1st, 2nd, 3rd and 7th sets of the yield of volatile matter (V9
Absolute (ni) Intervals V.9 o4
Set and relative r
number (&) 05 | 5-10 | 10-15 | 15-20 | 20-25 | 25-30 | 30-35 | 35-40 | 40-45 | 45-50 | 50-55
frequencies
1 ni, pcs 45 7 10 7 11 14 1 15 1 3 —
Ait, % 39.5 6.1 8.8 6.1 9.6 12.2 0.9 13.2 0.9 2.6 -
2 ni, pcs 33 18 3 5 8 9 12 3 5 6 2
AP, % 28.9 15.8 2.6 4.4 7.0 7.9 105 114 4.4 5.3 1.8
3 ni, pcs 78 25 13 12 19 23 13 28 6 9 2
A%, % 34.2 11.0 5.8 5.3 8.3 10.0 5.7 12.3 2.6 3.9 0.9
7 ni, pcs 234 174 152 169 217 229 259 287 273 84 13
A, % 11.2 8.3 7.3 8.1 104 11.1 124 13.7 13.1 4.0 0.6

The unambiguous direction and synchronicity
of the change A; in individual ranges V* for all the
sets under consideration indicate the presence of a
certain pattern of decreasing the proportion of
randomness with a sufficient sample size. The need
to comply with the condition of a sufficient number
of observations is the deviation from the general
pattern of the value A; in the interval V% = 30+-35%
for the 1st set. The total number of ranked variants
(n) was 114, and in the interval the value n; was
equal to one case. Such a deviation from the general
pattern was eliminated when considering the 3rd set
with n = 228 and n; = 13, which is clearly seen from
the graph (Fig. 4).

The established patterns of distribution of coal
seams by the value of the classification indicator of
the yield of volatile matter (V%) are not taken into
account in the regulatory documents [2-5]
governing the safety of mining operations. Thus, the
share of coal seams for which specific values V&
have not been established [5] accounts for more than
half of the cases with a yield of volatile matter of
less than 15%. The mode (maximum number of
cases) occurs for the 1st, 2nd, and 3rd sets at
V&f = (0+5%. In this case, it can be naturally
concluded that in most cases specific values V&
(less than 8%) have not been established for coal
seams containing anthracites. This indicates
existing shortcomings in establishing the hazardous
properties of anthracite coal seams when using the
yield of volatile matter as the main classification
indicator for the entire series of degrees of
metamorphism (coalification) of fossil coals.

The features of the change V% in the ranking
series are taken into account when developing the
industrial classification [1] for establishing the
consumer properties of coals. When determining
coal grades V%' is not used as a classification
indicator for values less than 8 and more than 40%.
For V9% < 8%, coals are classified as anthracites,
and instead of V% the volumetric yield of volatile

matter (V\* ) is used as a classification indicator.
For V9% > 40%, coals are classified as brown, and
the maximum moisture capacity (W ) is used as a

classification indicator. As a classification indicator
V% in the industrial classification [1] is used with
its values from 8 to 40%. Such a range V%' is
characterized by a one-sided and monotonous
increase in the relative frequency (A;) for the 1st,
2nd, 3rd and 7th sets (Fig. 4). The maximum relative
frequency (Ai=13.7%) of the general set 7,
practically the general one, corresponds to

V% =37.5%. Such a value Ve differs little from

the upper limit of the use of this indicator in the
industrial classification [1].

The presented results show that in the
considered range of change V% (8.0+40.0%), the
relative frequencies (A;) of the 1st, 2nd, and 3rd sets
change synchronously with the relative frequency in
the intervals of the conditionally general set 7. This
confirms the reliability V%' of its change in this
range as a classification indicator, including for
forecasting the hazardous properties of coal seams.
The relationship between relative frequencies (
A A2 AY) with  A] is characterized by the
correlation coefficient r=0.77, with values V%'
changing from 10 to 40%. Such closeness of the
correlation dependence between the relative
frequencies of samples of the 1st, 2nd and 3rd sets

from A/ is not observed at V< 8% and V% > 40%

(r = 0.46), which confirms the validity of using other
classification indicators in industrial classification
[1] instead of the weight yield of volatile matter.

In this connection, doubts arise about the
reliability and accuracy of the forecast of hazardous
properties of coal seams according to [2-5], when
values V%' of less than 8 and more than 40 percent
are used. From logical reasoning it follows that the
maximum errors in determination are possible in the
case of considering the 1st and 2nd sets. Each of
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them is respectively represented by 114 variants of

the lower (V,$& ) and upper (Vo) values of the

yield of volatile matter for a specific coal seam. A
close (r=0.99) correlation relationship has been

established between V&' and V& (Fig. 5) [8].

Deviations of the averaging lines from the
bisector of the coordinate grid are on average about
+1.5+2%, which indicates the stability of the values
of the lower and upper limits V% for the separately
considered coal seam. Based on the values of the
regression coefficients of equations 1 and 2 (Fig. 5)
[8], the average difference between the lower and
upper values V% for the seams under consideration
is about 25%, which does not guarantee high
accuracy of the forecast of the manifestation of
hazardous properties of coal seams during mining
operations.
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Fig. 5. The relationship between the upper (Vv 3af

upp » S€t 2)

and lower (V& set 1) values of the yield of volatile

matter from coal seams for which specific values of the
indicator are not specified [5], [6, 8]: x, © —
experimental data;
1, 2 —averaging lines for dependencies

Vi = f(Visa ) and vigiy = (vt ), respectively;

3 — bisector of the coordinate grid;
r — correlation coefficients; ¢ — standard deviations

daf daf
ow and Vi, were

Changes in the values of V,

also considered depending on the average values of
the yield of volatile matter index (V%" for the 1st
and 2nd sets (Fig. 6) [8].

The regression coefficients of equations 1 and
2 are 0.94 and 1.06, respectively. Their values show
that the difference between the average lower and
upper values V% (lines 1 and 2) within one coal
seam is slightly more than 10 percent. The results of

the joint statistical processing of the lower (V%

ow

and upper (V. ) limits of the change in the yield of

volatile matter of sets 1 and 2 from their average
values V%" (228 pairs of data) established a high
(r=0.99) correlation  direct  proportional
dependence (line 3) within the boundaries of the
coal seams under consideration.
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Fig. 6. Dependence of the lower (V%" and upper

(V&) limits of change in the yield of volatile matter on

their average value within the boundaries of one coal
seam [5], [6, 8]:

x, o — experimental data on the lower and upper limits
of change, respectively, within the boundaries of one
mine field;
¥V, m —respectively, the lower (18.3%) and upper
(38.6%) limits of change V% for coal seams ki,
Verkhnyaya Marianna of the Kostenko mine;

1, 2 —averaging lines of the lower and upper limits,
respectively; 4 — bisector of the coordinate grid;

r — correlation coefficients; ¢ — standard deviations

Straight line 3 practically coincided with the
bisector (4) of the coordinate grid, which indicates
the stability and constancy of the indicator V% for
the considered sample of coal seams. The only
exception is the data for the seam k> Verkhnyaya
Marianna of the Kostenko mine, for which

Vot =18.0% and V2 =38.6% (Fig. 6). The reasons

for such a discrepancy in the values V%' have not
been established and additional consideration is
required.

It can be assumed that for cases of unambiguous
determination V® according to [5] within one mine
field, the given value of the classification indicator
reflects its average parameters for the conditions
under consideration. The share of coal seams with
unambiguously specified values V% [5] is about 95%
of their total number (2091). With such a ratio of the
considered coal seams in the conditionally general
Tth set, the variants of set 5 (Table 1), without a large
error, can be considered as average indicators for
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individual coal seams. This gives grounds to consider
the randomly formed variants of set 4 [6] depending
on the expected average values V%' given for these
coal seams in the normative document [5]. A high
correlation (r = 0.94) has been established between
the values V1% of the yield of volatile matter given
in the “Catalog...” [5] and V,®' from other sources of
information given in [6] (Fig. 7) [8].

daf |
Vf)/ 172 =097 W=, sex 2
°1 r=094; ©=353% 1
40
301
201
10
2 — bisector of the coordinate grid
0 10 20 30 40 7™, %

Fig. 7. Dependence of the correspondence of the yield
of volatile matter during thermal decomposition of coals
from different coal deposits between the data V1% of the

catalogue [5] and V%" according to other sources of
information [6]:
x — points determining the relationship
between V1% and V% 1 — straight line obtained from
the results of processing experimental data;
2 — bisector of the coordinate grid;
r — correlation coefficients; ¢ — standard deviations

The results obtained from statistical processing
of data from other sources of information [6] are
practically no different from the established values
of the parameters when processing data [5] for coal
seams, with unambiguously established values of
V% (Fig. 6).

When processing the variant from different sets
(1, 2) and (4), practically coinciding equations 3
(Fig. 6) and 1 (Fig. 7) were obtained. This
additionally indicates the relative constancy of the
Ve index for different coal seams in different coal
basins. The obtained averaging straight lines 3 (Fig.
6) and 1 (Fig. 7) deviate insignificantly from the
bisectors of the coordinate grids. Along with this,
there is a significant number of individual values
V% that noticeably deviate from straight lines (1, 3)
Fig. 7 and 6. In addition to the distance from the
sampling site to the boundaries of gas weathering
zones and geological disturbances [6, 8], other,
fairly significant factors could have influenced the
deviations of experimental data from the averaging
straight lines. This is evidenced by the discrepancy
between the data [5] and the normal distribution law
(Fig. 2). One of the main reasons for such

discrepancy is the grouping of a significant number
of coal seams (45.1%), for which specific Vo
values are not specified, in a narrow range of its
variation from 0 to 10%. The share of the remaining
coal seams (54.9%), with V%' changing in a wider
range from 10 to 54%, accounts for the remaining
number of variants. This indicates that one of the
significant factors of discrepancy with the normal
distribution law of V%' as a random variable, may
be the different accuracy of its determination
depending on the absolute values.

To assess the influence of this factor, we
examined the absolute (o;) and relative (Aci)
standard deviations from the averaging lines in
individual ranges of change in the values of the
yield of volatile matter (Table 3) [8].

The variants of sets 3 and 4 (Table 1) accepted
for statistical processing were formed according to
different characteristics. Set 3 contains data on coal
seams [5] for which specific V% values have not been
established. It turned out that anthracite and semi-
anthracite coal seams guantitatively predominate in
it, since more than half of the total number of coal
seams under consideration fell into the distribution
intervals with a yield of volatile matter of less than
15%. Set 3 was formed from other sources of
information based on data [6], which were published
in different years. This predetermined the element of
chance, and therefore, the proximity to the normal
distribution law (curve 1, Fig. 1).

daf

Despite the distinctive features of sets 3 (V,5]
and 4 (V&), when statistically processed

depending on the values V%" and V,%f according to
[5], practically identical equations were obtained to
describe line 3 (Fig. 6) and line 1 (Fig. 7) (Table 3).
The regression coefficients of these equations, 0.98
and 0.97, respectively, differ from each other by one
percent.

The absolute (oi) and relative (Ac;) standard
deviations of individual values V%' from the
averaging lines differed more significantly (Table
3). In the intervals of change V% of the value &;

and Aci of set 4 in all cases exceeded these
indicators for set 3. The maximum excess of 6.7
times was in the interval V%' of change from 0 to 5
percent. In the remaining intervals, the parameters
differed from each other by 2-3 times. Quantitative
differences between ci and Ac; for sets 3 and 4 are
clearly illustrated by the graphs (Fig. 8). The
absolute values o; for both sets changed
insignificantly in the intervals, their average values
for the 3rd and 4th sets were 1.5 and 3.8%,
respectively (Fig. 8, a). Relative standard deviations
Ac; in both cases tended to decrease with an

increase ;%" (Fig. 8, b).
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Table 3
Information on absolute (6i) and relative (Aei) values of standard deviations from averaging lines
in individual intervals of change in the yield of volatile matter (V)
Set Standard Variation ranges Ve and average values V;%" | %
number deviation
and from the 05 | 510 [ 10-15 [ 15-20 | 20-25 | 25-30 | 30-35 | 35-40 | 40-45 | 45-50 | 50-55
amount | averaging 25 75 | 125 | 175 | 225 | 275 | 325 | 375 | 425 | 475 | 525
of data line
straight line 3 (Fig. 6), V,% =0.98.v %"
Gi,% 0.80 1.73 1.54 1.34 1.59 1.58 1.36 1.54 1.15 1.60 2.12
Ne 3, 5i
AGi = =g
228 A 320 | 231 | 123 | 77 | 71 | 57 | 42 | 41 | 27 | 34 | 40
x100, %
. : . daf _ daf
straight line 1 (Fig.7), Vo =0.97 -V
o, % 5.33 4.23 3.62 2.28 4.22 3.08 3.17 4.38 3.61 - -
Ne 4, Ei
AGi = =g
20 AL 2131 | 564 | 289 | 131 | 187 | 112 | 98 | 117 | 85 — —
x100, %
%i> 1-0,=1.5% Ao, 79 1' ! r
0, ’ & & s &
/<>5>>< 10, =3.8% % |, U-Ao=g+34 R=099;
200 1
a & X P =t B Re=i0,08.
-
Hr 2
. ¥ 150 1
3 x X
x 100 - 1
2 e
o Q (o) (o) Q o
1
L " - o | so !
[0}
X X
0 10 20 30 40 50 74 % 0 40 50 7f o
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Fig. 8. Dependence of the change in absolute (a) and relative (b) standard deviations of the yield
of volatile matter on the averaging lines (3 and 1, Table 3) for the 3rd and 4th sets:
x, o —experimental values for the 3rd and 4th sets, respectively; 1, 2 — line segments corresponding to the average
values of absolute standard deviations ( ; ) for the 3rd (1.5%) and 4th (3.8%) sets; 1', 2' — averaging curves

(hyperbola) of relative standard deviations ( Ac; ) for the 3rd and 4th sets, respectively; R — correlation ratio

At first glance, the absolute deviations from the
averaging lines obtained for both sets are acceptable
for engineering calculations. However, changes
Ac; in individual intervals V. refute such
conclusions. In the interval V® from 0 to 5 percent,
the relative errors of the 3rd and 4th sets were 32.0
and 213.1%, respectively (Table 3, Fig. 8, b).

Stabilization of relative errors within the limits
acceptable for engineering calculations (up to 10%)
for the considered sets is observed at V% > 20%
(Fig. 8, b). This indicates that the use V%" < 20% of
hazardous properties of coal seams in regulatory

documents [2-5] for forecasting can lead to
significant errors. This is evidenced by the
coinciding nature of the changes in &, and Ag; and

their close values for two sets formed according to
different characteristics. According to the obtained
results of comparing &; and Ag; for two sets, it

follows that the permissible error of less 10% in
determining V' can only be achieved for values of
this indicator greater than 20%.

In addition to the location of coal sampling in
the mine field and the absolute value of V% the
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error in its determination is also affected by ash
content [6, 8].

As the ash content increases, the proportion of
volatile matter from mineral components increases
and the proportion of organic mass decreases, to
which the total amount of volatile matter from the
organic and mineral parts of coals refers when
recalculated to dry ash-free mass. Due to the lack of
methods for complete demineralization of the
sample, it is impossible to obtain an accurate V*' in
the laboratory, and recalculation of volatile matter
to organic mass leads to an overestimation of the
indicator. The indicator V% only approximately
characterizes the behavior of the organic mass of
coals during thermal destruction and is completely
unacceptable for calculations with high ash content
of samples. In accordance with the current situation,
when establishing the consumer properties of hard
coals, their ash content should not exceed 10% [6,
8]. Samples with higher ash content are pre-
enriched in organic or inorganic liquids according
to developed standard methods. Such an artificial
reduction in the content of mineral impurities in coal
samples during determination V%' does not
correspond to the natural state of coal seams, which
undoubtedly affects the accuracy of forecasting
their hazardous properties.

Conclusions. The conducted studies of the
statistical assessment of the mass yield of volatile
matter during the thermal decomposition of coals
without air access with the aim of using this
indicator to assess the degree of metamorphism
(coalification) and forecast the hazardous properties
of coal seams allowed us to draw the following
conclusions:

- the hypothesis about the normality of the
distribution of the mass yield of volatile matter (V%)
for the set of coal seams of different coal deposits
from 2091 variants was not confirmed;

- individual sets of samples from the general
set have the same nature of distribution of relative
frequencies: with an increase in V% to 10% they
decrease; in the range of V® from 10 to 40% they
increase; at values V% >40% — there is a decrease
again;

- based on statistical data processing and
close correlation dependencies, the validity of using
Ve it in the range of its change of 8-40% as a
classification indicator for establishing the
consumer properties of coals has been proven;

- based on individual values, the average
difference between the lower and upper limits V% is
about 25%, which does not guarantee high accuracy
in forecasting the manifestation of hazardous
properties of mine seams during mining operations;

- difference  between the  regression
coefficients of the averaged straight lines for the
lower and upper limits of change V¥ is about 5%, a
high (r=0.99) correlation direct proportionality
was established between the lower and upper limits
of change V% within the boundaries of the
considered coal seams. The exception was the data
for one seam ki from the totality of 228 pairs of
considered variants;

- the share of coal seams with single-digit
indicated values is about 95% of their total number
of 2091 considered. This determined the high
correlation (r = 0.94) between the values V% given
in different sources of information;

- the distance from the coal sampling site to
the boundaries of gas weathering zones and
geological disturbances is not the only factor
influencing the deviations of experimental data
from the averaging lines;

- one of the significant factors of non-
compliance with the normal distribution law V%", as
a random variable, is the different accuracy of
determining this indicator in individual ranges of its
absolute values;

- the most significant relative deviations Ac
(more than 200%) are possible at values V% <15% ;

- acceptable relative errors, permissible for
engineering calculations, can be guaranteed only for
absolute values V%' greater than 20%;

- due to the lack of methods for complete
demineralization of coal samples, it is impossible to
obtain an exact V* value in the laboratory. The
indicator V% only approximately characterizes the
behavior of the organic mass of coals during thermal
destruction and is unacceptable for calculations with
high ash content of samples.
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Pynnes €. C. CtaTucTHYHA OLiHKA MOKAa3HHKA
BHXOJY JIETKHX PeYOBHH 1151 MPOTHO3Y He0e3meuHnx
BJIACTHBOCTEH BYTJILHUX IIACTIB

Y cmammi npoeedeno Odocniooicennsi cmamuunux
Mooeneil  Macooeo 6UX00y JeMKUX pPeuyosuH npu
MepMIYHOMY PO3KIAOAHHI 8y2LLisl Oe3 00Cmyny nogimpsi
(V) 3 memoro sacmocysanns yvo2o noxasnuxa Ons
oyinku cmynens memamop@izmy (8yeneghikayii) ma
nPozHO3Y Hebe3neuHUX 81ACMU8ocmeli Waxmoniacmis.

Tokaszano, wo xkracugixayitinuii NOKA3HUK 8UX0OY
JIeMKUX — pevosun,  AKUU  BUKOPUCMOBYEMbCA )
HOPMAMUBHUX OOKYMEHMAx 3 06e3neuyHozo 6edeHHs
2IpHUYUX pobim He € OOCMAMHbLO 0OCHOBAHUM O YUX
yinet. Bin 6ye nputinamuil 3a 8i0CymHOCMI 00CMOGIPHUX
3HAHb NPO CMPYKMYPHO-XIMIMHUL CKIAO OP2aHIYHOT
vacmunu  eyeinbnoco  naacma.  Tokasnux V%
xapakmepusye cmaH cyxoi 6e3301bHOI  OpeaHiuHOT
(eoprouoi) macu, a 00 cK1ady BUKONHO20 8Y2ils, Kpim
Yb020 6X005Mb MIHEPATbHI OOMIUKY A 80]102d.

Mema. Busnauumu 1imo8ipHi 8iOHOCHI NOXUOKU
BUMIDIOBAHHA ADCOTIOMHUX 3HAYEHb NOKA3HUKA 8UXO0Y
JIeMKUX  peyosuH, GUKOPUCHOBYIOUU CIMAMUCMUYHI
mooeni. ILle oOoszeonumeb i3 3a0aHOI0  MOYHICIIO
sacmocosyeamu  noxasnuxk N gk ocnoenuil
Kaacugixayiunuu Kpumepit Mmemamopgizmy
(8yenepikayii) eyeinbHUX nAACMIE ON1 NPOSHO3Y IX
Hebe3neuHux 1acmugocmeti nio 4ac SIPHUYUX pooim.

Memoouka 6a3yemobcsi Ha GUKOpUCMAHHI  ma
cmamucmuyHiti. 06pobyi eKCnepuUMeHMATbHUX OaHUX
MUHYIUX DOKIB, d MAKONMC HA (OPMYBAHHI KIIbKOX
cyxynnocmeii suauens V¥, saxi maiomo nesni xapaxmepni
osnaku. Tlooanvuiuti cmamucmuyHull AHAi3 ma OYiHKa
Yux CyKynHocmeil 00380JA€ GCMAHOBUMU GIOMIHHOCMI
abo noodibnocmi  MIdC CMAMUCTMUYHUMY  MOOEIAMU
kpumepiio VO,

Pesynomamu. Iloxazano, wo o0Hum 3 icmMmomuux
@axkmopie  HesiONOBIOHOCMI  HOPMAILHOMY — 3AKOHY
po3nodiny euxody nemxux pewosun V¥ ax eunaoxoeoi
6eIUYUHU, € pI3HA MOYHICMb il GU3HAYEHHS 8
3anedcHocmi  6i0  abcomomuux 3Hauenv. Jlosedeno
obrpynmosanicmo  euxopucmanns V% y inoceneprnux
PO3DAXYHKAX NPOSHO3)Y Hebe3NeyHux enacmueocmet
WAXMONAACIE MITbKU NPU 11020 3HAYEHHAX Oinvuie 15-
20%. Bnepwie na ocHno8i cmamucmuunHux mooenell
6CMAHOBNEHH] ~ HEOOHO3HAYHI ~ MOJCIUBI  NOXUOKU
BUSHAYEHHS 8UX00Y JIeMKUX PedosUH i HeOOYilbHiCMb
tloeo  3acmocyeamHs — Oaf  npoeHo3y.  Joxazaua
HeoOXiOHICMb 3aCMOCYBAHHS IHUUX NOKASHUKIG CIYNeHs]
memamop@izmy 0isi YOOCKOHANEHHS. HOPMAMUBHOL 6asu
3 0Oesneunozo  8eOeHHsi  ZIpHUNUX  pobim,  AKI
be3nocepedHbo 8I00OpadCAOMsb 6MICM Ul 61ACMUBOCTI
8Y2LNLIAL 8 NPOYECT 2€0JI02IYHUX NePemBopeHb.

Knrouosi cnosa: syzinvui niacmu, 8uxio 1emKux
DeuOBUH, NOXUOKA GUMIDIOBAHHS, NPOCHO3, Hebe3neuHi
enracmusocmi, 2ipHuui pobomu, HopmamusHa 6asa,
VOOCKOHAIeHHSL.
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