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Abstract

Purpose is to identify behaviour of the graded indices as well as their correspondence to grades, groups, and subgroups of
similar coal metamorphic degrees to determine hazardous characteristics of workable beds while mining.

Methods. Rank scale and changes in the graded index values help define the coal grades, groups, and subgroups having
comparable characteristics as well as ultimate composition of organic mass. Coal ranking involves the intensified metamor-
phism manifestation in the process of transition from lignite to black coal, and then to anthracite.

Findings. Analysis of the total of the fusainized components has shown that coal grading is within less than 10 and more
than 69% range. However, in the majority of cases its values are recommended as those being less than 39 or more than
40% which prevents from determination of reliable correlation relationships. Free heaving ratio is considered together with
the plastic layer thickness making it possible to determine quantitively only LF, LS, LC, and L grades. In terms of vitrinite
response index, being 0.8-1.4%, LS, LC, and L grades may be considered as coal in the central ranking series. The fact sup-
ports available changes in the internal structure.

Originality. Behaviour of the graded indices of industrial coal-rank classification has been determined to identify hazardous
characteristics of workable beds while mining.

Practical implications are the possibilities to improve the regulatory system for safe mining of workable beds while deter-
mining differences in characteristics of vitrinite coal and fusainized coal.
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Nomenclature “I”, and “u” indices are lower and upper boundaries of

Vi is volatile-matter content in terms of airtight thermal changes in the indices.

coal decomposition (dry ash free), %;
V\,daf is volume volatile-matter yield (dry ash free), cm%/g;

R, is vitrinite response index, %;
Ig p is logarithm of specific electrical resistivity of coal,

1. Introduction

Globally, problems of safe coal seam mining have always
been the topical ones [1]-[3]. The fact is supported by regular
. : . ) emergency situations with drastic consequences in mines [4].
y is plastic layer thickness, mm; - .
daf o s _ In many cases, such catastrophes result from manifestations
s Is high heat value used for wet ash-free state, MJ/kg;  of hazardous characteristics of coal workable beds during
>FC is total of the fusainized components per pure coal, %; mining operations.

Wr’ﬁ];x is maximum water capacity per ash-free state, %: _To iertify haza_rd_ous characteristics of wor[(ablg b_eds

gt - _ ) o while mining, Ukralnl_an.regulator_y system appllgs limited
Ty is semi-coking resin yield, %; number of the graded indices of mineral coal. Logically, the
Sl is free heaving ratio; graded indices should characterize changes in coal composi-
Ar is index of anisotropic vitrinite response, %; tion and properties in the process of its metamorphism. For

|, TRy I\ dar and 1, are conventional indices of R,, ¢,  the purpose, industrial classification [S] involves 10 indices.

’ ] In terms of the indices, all coal types have been graded ac-
and y ratios respectively;
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cording to a metamorphism degree. They are systemized in
three kinds; 49 coal grades; 8 categories; 31 types (six of
them are for lignite; 21 are for fossil coal; and four types are
for anthracite); and 33 subtypes (four of them are for lignite;
23 are for fossil coal; and six types are for anthracite). Such
ranking of mineral coal helps identify 17 coal grades;
27 groups; 44 subgroups; and 81 types and subtypes. Such
rather particularized coal gradation helps observe disad-
vantages of its industrial use in terms of technological crite-
ria [6]. More than 20 graded criteria are known helping char-
acterize thoroughly any changes in coal composition and char-
acteristics in the process of its geological transformations [7].
Classification parameters, being typical for the whole
range of coal metamorphism degree, have been analyzed. The
parameters are as follows: the basic components of organic
mass [8]-[10]; weight and volume vyields of airtight coal ther-
mal decomposition products [11], [12]; moisture content [13],
[14]; thermal power [15]; mechanical strength [16]-[18] etc.
Specification documents [19]-[21] use only four indices
to characterize manifestation of the majority of hazardous
properties of coal workable beds while mining. Mass de-
volatization in terms of airtight thermal coal decomposition
(V9 is the key factor. In addition, volume yield of volatile

substances (Vvdaf ); logarithm of specific electrical resistivity

of anthracite (lg p); and plastic layer thickness (y) for black
coal have been taken in certain cases. Comparison of the list
of the graded indices with their probable number (being more
than 20), and with their number (10) applied by industrial
classification [5], spawns doubts concerning the reliable
accuracy to identify the whole variety of hazardous charac-
teristics of workable beds (i.e. gas content; tendency to gas
dynamic phenomena as well as to spontaneous ignition; coal
dust explosibility etc.) in terms of one factor. Taking into
consideration the arisen operation situation, the efforts aimed
at the improvement of specification documents to safe coal
seam mining are quite topical for Ukrainian coal industry.

Object of the research is the coal metamorphism process
as well as its influence on the manifestation of hazardous
characteristics of workable beds.

Obijective is to identify behaviour of the graded indices as
well as their correspondence to grades, groups, and sub-
groups of similar coal metamorphic transformations to iden-
tify hazardous characteristics of workable beds while mining.

Following problems have been set to prevail:

— making interconnections between the main graded indi-
ces (particularly, those ones, characterizing hazardous char-
acteristics of workable beds) inclusive of coal tendency to
spontaneous ignition;

— determining the factors making it possible to describe
mineral coal characteristics within the range of metamorphic
transformations.

2. Methods

The research methods rely upon a traditional definition of
metamorphism concept characterizing changes in coal com-
position and properties [22].

Rank scale (i.e. grades, groups, and subgroups) as well as
changes in the graded indices helps identify the coal grades,
groups, and subgroups being similar in characteristics and in
ultimate composition of organic mass. Conditional indexa-
tion was performed depending upon the coal arrangement in
terms of its grade characteristics. Conditional index one (1)

corresponds to lignite according to Interstate Standard (B
grade; 1B group); conditional index two also corresponds to
lignite (B grade; 2B group; and 2BB subgroup) etc. in ac-
cordance with probable intensification of a coal metamor-
phism degree. Terminal conditional index 81 corresponds to
anthracite (A grade; 3A group; and 3AF subgroup) [5].

To compare with the current specification documents, the
abovementioned will correspond to a more nuanced identifi-
cation of hazardous characteristics of workable beds in the
context of certain scopes of the graded coal series. Coal rank-
ing in terms of its grades, groups, and subgroups involves
intensified manifestation of metamorphic transformations
while transiting from lignite to black coal, and then to an-
thracite. Reliability of the assumption for the whole ranked
series or its certain ranges may be either supported or invali-
dated on the basis of close correlation dependences between
definite graded indices as well as conditional ranking indices.

3. Results and discussion

The degree of coal metamorphic transformations is eva-
luated [5] depending upon changes in vitrinite response (Ro).
Its quantitative values are available for the whole ranked
series. Hence, R, increase in some cases, resulting from the
effect of metamorphic transformations, varies proportionally
the ultimate composition of organic coal mass as well as its
internal structure. It is quite obvious that despite certain
versatility of R, index, it cannot characterize synchronously
and adequately both changes in ultimate composition and
coal properties at different stages of its metamorphic trans-
formations. Extra graded indices have been applied to deter-
mine distinguishers of changes in coal composition and char-
acteristics [5]. Usually, their quantitative values are available
in certain ranges of series of coal metamorphic transfor-
mations ranked in terms of Ro. Industrial classification ap-

daf

plies high heat value per ash-free state ( s ); volatile-

matter content (V); total of the fusainized components per
pure coal (XFC); maximum water content per ash-free state

(Wrﬁgx) ; semi-coking resin yield (Ts‘ff‘f ); plastic layer thick-
ness (y); free heaving ratio (SI); volume volatile-matter yield
(V\,daf ); and index of anisotropic vitrinite response (Ag) to

complement R,.

Such a set of additional graded indices is intended to
demonstrate technological characteristics of coal as well as
substantiate tendencies of their industrial use. However, not
many of the listed additional factors can favour identification
of hazardous characteristics of workable beds. Thus, it is

senseless to consider QY index while determining hazard-

ous characteristics of workable beds. The classification [5]
uses it to distinguish fuel types — lignite or black coal.
Changes in other additional graded indices [5] have been
considered in the context of ranking to define specific varia-
tions in coal composition and characteristics resulting from
the metamorphic transformations.

In some cases, difficulties in the determination of role of
the additional indices depend upon the lack of description of
lower and upper boundaries of changes in them. They are:

veet sEC, W2t T8y, s, v | and Aw.
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Maximum water content (Wrﬁ‘;x) is required to separate

lignite into five types. The gradation has been performed
according to W3, values being less than 30, 30-50, and

more than 60%. Such an index variation prevents from using
it to identify closeness of correlation relationships. Coal
moisture may influence heavily the manifestation of hazard-
ous characteristics of workable beds. In contrast with the
standard documentation [5], the water content indices should
be considered for the whole coal ranking depending upon a
degree of its metamorphic transformations.

Volume yield of volatile matters (Vvdaf) also characte-

rizes anthracite types marginally. Such changes in ranges
as 200 cm®/g and more; 100-150 cm®/g and more; and
100-200 cm?®/g are not sufficient to define changes in anthra-
cite composition and characteristic. It is a problematic idea to

use V% index in the listed gradation to determine hazard-

ous characteristics of workable beds.

The total of the fusainized components (XFC) separates
lignite, black coal, and anthracite into categories. XFC index
varies within less than 10 and more than 69% range (Fig. 1).
In the majority of cases, its values being less than 39 or more
than 40% are recommended.

Such a situation prevents from performing statistic pro-
cessing of the material to identify reliable correlation rela-
tionships. At the same time, XFC index makes it possible to
divide the coal into vitrinite type and fusainite type since it is
always lower for vitrinite coal to compare with fusainite one.
In turn, independent statistic processing in terms of XFC
index with the use of other graded indices will favour differ-
entiation between the coal types as for the manifestation of
hazardous characteristics of workable beds. Semi-coking

resin yield Tsiaf divides lignite into subtypes. Less and more

than 20% gradation prevents from Tsiaf use to analyze

changes in coal composition and properties during the meta-
morphic transformations.

Anisotropic index of vitrinite response Ar divides anthra-
cite types into subtypes. It is recommended to assume its
values [5] within a range of less than 30 and more than 70%;
however, that prevents from the differentiated consideration
of changes in anthracite composition and characteristics
while its dividing into subtypes.

Free heaving ratio Sl is considered together with the plas-
tic layer thickness y. It has its own quantitative determination
(i.e. less than 1 or more than 1) for coal of LF grade (condi-
tional indices of ranking series 6-12) and LS, LC, and L
grades (62-75 indices). If one relies upon changes in y and SI
indices then at the beginning of the ranged series of black
coal metamorphism and at its end of it LF grade coal LS, LC,
and L grades have certain similar characteristics. The indices y
and V%’ have almost comparable other classification criteria in
the context of the listed coal grades. The fact supports the idea
of roughly the same ultimate composition of organic mass.
Concerning the basic graded index (i.e. R, = 0.80-1.40%), coal
of LS, LC, and L grades may be considered as the coal being
practically in the central part of the ranking series (Fig.1; 32-
48 indices). Hence, there are differences taking place in the
internal structure transformation of LS, LC, and L coal grades.

Six more series of ranking in terms of changes in lower
and upper boundaries of R,, V%, and y indices have been

compiled according to [5] based upon the arrangement of the
indices along with the increase in their values. Table 1
demonstrates the correlation results between conditional
indices |, IRy I,/ daf ,and ly.

Table 1. Coal ranging according to a metamorphism degree as well
as genetic and technological parameters based upon [5]

IV daf ly IVdaf ly

2
S

LR

I u | u |
4 5 6 7 1 2 3 4 5 6 7
- - - - 42 45 39 55 61 49 45
- - - - 43 47 40 66 58 50 46
- - - - A4 51 47 36 43 51 47
- - - - 45 55 49 53 44 52 48
- 46 48 41 67 62 53 49
6 47 52 48 37 45 54 50
7 48 56 50 54 46 55 51
8 49 33 34 38 47 17 32
17 24 9 9 50 34 35 39 48 18 33
18 25 10 10 51 49 51 40 49 19 34
52 50 52 41 50 20 35
53 61 56 48 55 21 36
54 65 62 49 56 22 27
20 27 14 29 55 66 63 50 57 23 37
56 57 57 56 63 56 52
57 67 64 57 64 40 53
58 73 67 58 65 57 54
59 58 68 59 66 58 55
60 74 65 60 67 24 38
61 75 66 61 68 25 39
62 62 70 62 69 26 13
63 63 59 68 70 27 14
64 72 71 69 72 28 15
65 22 21 63 38 29 16
66 35 32 15 21 30 17
67 36 53 42 22 31 18
68 37 33 64 51 32 19
69 46 54 70 52 33 20
70 64 58 71 59 34 21
71 68 69 65 60 35 22
72 69 72 72 71 36 23
73 59 73 73 73 37 24
74 70 74 74 74 38 25
44 45 53 61 57 75 71 75 75 75 39 26
45 46 35 62 70 76 76 6 - — — —
46 47 54 63 58 77 77 77 — — — —
60 33 40 64 59 78 78 78 - — — —
5 34 41 65 60 79 79 79 - - — —
61 35 42 66 61 8 8 80 - - - -
38 51 36 47 43 81 81 81 - - — -
31 52 37 48 44
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Correlation values R? speak for the quality of each index
determination according to [5] as for the lower boundaries (1)
and upper ones (u). R, values (R? = 0.9559) have experienced
the most accurate determination. Moreover, R? values are
rather high for V% and y indices, being 0.8138 and 0.7859
respectively.

Ideally, if values of the indices have been identified defi-
nitely (i.e. when their lower variation boundaries are equal to
the upper ones) then conditional ranging indices should coin-
cide with bisectors (1) of coordinate grids (Fig. 2).

In the context of the considered cases, such coincidences
are almost impossible.
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o LFV  |LFFVIIFV[IFFu| [1FFSD cV 1CSLV CWSLM [ICWSV |1SLSV LSV LV, 1LFu
3 LFFu  |LFFF LFSLF 1CF 1CSLF CWSLMF|ICWSF  [1SLSV LSF PLV,2LFu
2 2FFSL 2cv 2cSLV 2CWSLM |2SLSV
3 2FSLF 2CF 2CSLF 2CWSF__|25LSV
1Fi 2Fi1FFSL |LFFa[lFa 1c 1CcsL 1ICWS  |1SLS
Group 2FFSL |2FFaj2Fa 2Cc 2csL 2CWS  |2SLS ILC,2LC 3 LCJIL, 2L
Grade LFI LFFi Fi FFSL |FF |Fa BC CSL CWSLMVICWS SLS LS |LC L
Coal type
BC - bituminous coal; Fa - fat; LFFF - long-flaming fiery fusainite;
C - coking; FFa - fiery fat; LFFi - LFFi;
CF - coking fusainite; FFu - fiery fusainite; LFFu - long-flaming fusainite;
CSL - coking semi-lean; FFSL - FFSL,; LFFV - long-flaming fiery vitrinite;
CSLF - coking semi-lean fusainite; FFSLV - fiery fat semi-lean vitrinite; LFV - long-flaming vitrinite;
CSLV - coking semi-lean vitrinite; Fi - fiery; LS - lean sintering;

CV - coking vitrinite;
CWS - coking weakly sintering;
CWSF - coking weakly sintering fusainite;

FSLF - fiery semi-lean fusainite;
FV - fiery vitrinite;
L - lean;

LSF - lean sintering fusainite;
LSV - lean sintering vitrinite;
LV - lean vitrinite;

CWSL - coking weakly sintering low-metamorphized;

CWSLMF - coking weakly sintering low-metamorphized fusainite;
CWSLMYV - coking weakly sintering low-metamorphized vitrinite;
CWSV - coking weakly sintering vitrinite;

LC - low-caking;
LFu - lean fusainite;
LFI - long-flaming;

SLS - semi-lean sintering;
SLSF - semi-lean sintering fusainite;
SLSV - semi-lean sintering vitrinite.

Figure 1. Changes in boundaries of the graded indices in terms of coal ranking on its grades, groups, and subgroups [5] depending upon
a conditional index of metamorphism degree (1); 1, 2, 3, and 4 — boundaries of variations in the coal grading: Ro, V%, y, and

2FC respectively

The most natural interconnection between the conditional
indices of ranging series in terms of lower and upper bounda-
ries of the recommended values has been identified for vit-
rinite response index R, (Fig. 2a). The points are arranged
evenly near a bisector of coordinate grid (1) and empiric
straight line (2). In this context, they almost coincide.

There is a difference in the arrangement of the points
determining the ratio between ranging indices in terms of
lower and upper variations of V% index (Fig.2b) and y
index (Fig. 2c). In the majority of cases, the points are
grouped in parallel either upwards of bisectors of coordi-

nate grids or downwards of them. Thus, it is quite possible
that R, and y values were formulated experimentally in
connection with other indices to determine both coal grades
and their useful qualities.

To support the assumption, interconnection between con-
ditional indices within the ranging series and indices of rang-
ing series of Ro, V%, and y indices has been considered in
accordance with industrial classification (1) in terms of their
lower and upper boundaries (Fig. 3). The fact of synchronous
changes in the indices of lower and upper boundaries of each
index draws attention.
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Figure 2. Interdependence between the indices of series ranged in

terms of lower and upper values according to recom-
mendations [5]:: (a) in accordance with Ro index; (b) in
accordance with the graded index V%f; (c) in accord-

ance with the graded index y; I'R0 , I\'/daf , I'y — conditional
ranging indices of Ro, V¥, and y on their lower values re-
spectively; I,‘Q‘O,I\adaf .1y — conditional ranging indices of

Ro, V9 and y on their upper values respectively;
1 — bisectors of coordinate grids; 2 — linear regression
lines; 3 — values of indices determined depending
upon the ranging series of the appropriate performance
variables
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Figure 3. Dependence of the indices, ranged according to lower

and upper boundaries of changes in | indices in the
graded coal series according to [5]:: (a) classified Ro in-
dex; (b) classified V9% index; (c) classified y index;

I,'QO , I\'/daf N 'y — conditional ranging indices of Ro, V%, and

y in terms of their lower values; I}‘QO , I\jdaf ,I; — conditio-

nal ranging indices of Ro, V%, and y in terms of their upper
values; 1, 2, 3 — bisectors of coordinate grids (1) of line-
ar regression lines of indices determined according to
values of lower (2) and upper (3) boundaries of changes
in the criteria; — conditional indices of series ranged in
terms of their lower values; and — conditional indices of
series ranged in terms of their upper values
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For instance, maximum deviation of the indices of lower
and upper boundaries of vitrinite response values I'RO and

Igo from a bisection of coordinate grid (1) is observed to the
higher side for I = 39 (Fig. 3a). Such an index value corre-
sponds approximately to a central part of a probable coal
metamorphism series from the viewpoint of grades. Coal of
C grades, 2C group, and 2CF subgroup correspond to the
index. Values of lower and upper boundaries of R, value are
1.30 and 1.69% respectively. In terms of metamorphism
degree, the values of variation boundaries should range the
coal to the end of the probable series of geological transfor-
mation of coal. In the context of the case, their indices are 54
and 61 respectively.

Maximum deviation of ILO and Igo indices to the down-

side from a bisector of coordinate grid (1) was observed in
terms of 1 = 65 (Fig. 3a). Coal CC grade of 1CC group corre-
sponds to it. Values of R, lower and upper boundaries are
0.70 and 0.79% respectively.

According to ranging, they should belong to coal with
low metamorphism degree. Their indices within the ranging

series in terms of lower ILO and upper Igo boundaries are

22 and 21 respectively (Table 1).

Similar abnormal deviations of conditional indices from a
bisector of coordinate grid are observed while ranging Ve
criterion in terms of both lower and upper variation bounda-
ries (Fig. 3b). For instance, if V% = 28%, then in terms of
ranging scale, coal of LF grades, LFFU subgroup obtain
I = 11 corresponding to a low metamorphism degree. As for

the ranging in terms of lower and upper boundaries, I'RO =31

u
Ro
coal transformation.

Significant differences in the indices of series ranging
depending upon their metamorphic transformation degree
with the use of V%' index is typical for CSL coal degree,
1CSL group, and 2CSLV subgroup (V9f=16%; I=43;

=66; and Ivudaf =58); CSL grades, 1KSL group, and

and I, =39 indices correspond to an average degree of

I I
Vdaf

2CSLF subgroup (Ve=16%: |=46; '

Vel =67 and

I\L/’daf =62); and LC grades and 1LC group (V%= 34%;

| = 66; I\'/daf =15 and Ivudaf =21). In other cases, such

differences are less sensible.

It is impossible to identify a tendency of coal metamor-
phic degree variance according to y criterion indices relying
upon graphs (Fig. 3c). In the first half of coal ranging series

(1<30), I'y and I; indices increase while decreasing in the

second half (1 >30). In this case, there is no unilateral
change in y index in terms of the intensified metamorphic
transformations which is supported by the increase in con-
ditional indices I. In this context, such graded index R,
increases and V% index decreases. The unilateral directivi-
ty of changes in R, and V% indices is verified by their
changes within the ranging series with the use of conditio-
nal indices I (Fig. 1).

At the same time, unilateral change in y index has been
determined depending upon the conditional ranging indices

I\'/daf which is not typical for changes in IJ', and Ij indices
depending upon | (Fig. 3c). The abovementioned supports
differences in coal metamorphism degrees in terms of their
graded criteria Ro, V¥, and y as well as in terms of their
grades determined by the industrial classification [5].

The random selection (by experiments) while combining
such graded indices as Ro, V¥, and y to identify useful quality is
supported by the decreased correlation criteria R? as well as
consideration of features of changes in indices within the rang-
ing series (Figs. 2 and 3). Close correlations have been deter-
mined between conditional indices of the ranging series in terms
of minimal and maximal values of the graded criteria (Fig. 2).

In terms of Ro, V¥, and vy, they are 0.9559, 0.8138, and
0.7859 respectively. The correlation indices experienced
their significant decrease while considering indices of lower
and upper boundaries depending upon | criteria and taking
into consideration coal grades (Fig. 3).

Hence, R? = 0.9019-0.9205 for R,; 0.5374-0.6755 for Vo
and 0.3661-0.5909 for y.

The data support the idea that determination of useful
quality involved mainly metamorphic coal transformations
according to a change in one of the basic indices, i.e. Ro.
Above all, values of V¥ and y criteria are used to specify
useful quality of coal rather than to characterize metamorphic
processes during the previous geological periods.

In some cases, nonavailability of certain boundaries in
changes of the graded indices may factor into various dis-
crepancies in the correlation analysis results.

4. Conclusions

The detailed analysis of the ideas to develop industrial
classification of coal grades according to their genetic and
technological parameters has made it possible to identify
their features while making conclusions to apply certain
issues of the classifications to identify hazardous characteris-
tics of workable beds in the process of mining:

— nonavailability of recommendations concerning selec-
tion of specific boundaries of changes in the graded indices
for maximum water content per ash-free state; total of fu-
sainized components per pure coal; semi-coking resin yield;
volume volatile-matter yield; anisotropic vitrinite response;
and free heaving ratio prevent from their use to identify haz-
ardous characteristics of workable coal beds;

— relationship between the basic graded indices of vit-
rinite response and mass devolatization is available only
within certain ranges of the changes. The research results
have helped identify both lower and upper boundaries of
changes in the mass devolatization;

— values of the plastic layer thickness together with a vit-
rinite response index make it possible to single out five typi-
cal zones in the series of coal metamorphic transformations;

—in the process of geological transformations, anthracite
characteristics are the least understood. Specific boundaries of
changes in additional criteria are not available in the context of
maximum range width of changes in vitrinite response;

— availability of free heaving ratio for coal grades, occurring
within the antipodal shares of metamorphic series of black coal,
denotes the availability of similar characteristics in the context
of different degrees of their metamorphic transformation.
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II{oa0 MOXKIUBOCTI 3acTOCYBAHHS MOKA3HUKIB MPOMUCI0BOI Kaacudikamii
BYT'JISl 1711 BCTAHOBJICHHS He0e3MeYHUX BJIACTHBOCTEH IAXTOIJIACTIB

M. AnTomienko, B. Tapacos, O. Hexn6aiino, O. 3axapoga, €. Pyanes

Merta. BecranoBuTH XapakTep 3MiHH KIacH(iKaliiHUX MOKa3HUKIB Ta iX BiIMOBIAHICTH MapKaM, TpyIaM i MiArpyrnaM oJHAKOBOIO MipOIO
MeTaMOp(iYHUX EePETBOPEHB BYTULIS TSl BUSBICHHS HEOS3MEYHHNX BIACTHBOCTEH AXTOIUIACTIB MPH BEIEHHI TIpHHYHX POOIT.

MeToanka. 3a paHroBOIO MIKAJIOK Ta 3MIHOIO 3HaUCHb Kiacu(iKaIiifHNX MOKa3HUKIB MOKHA BCTAHOBUTH MAapKH, TPYIH 1 MATPYNH By-
TiJUIs, 110 MalOTh OJHAKOBI BJIACTHBOCTI Ta OJJHAKOBHH €JIEMEHTHHWH CKJIaj opraHiyHoOi Macu. I'pamamis Byriuisi mnependadac MOCHIICHHS
NPOSIBY CTyIIeHsI MeTaMOp(hiuHUX NEepeTBOPEHb NPH MepeXoi BiJy Oyporo Byrijulst 10 KaMm sIHOTO, a BiJl HbOTO — 10 aHTPALUTY.

PesyabTaT. AHaji3 NOKa3sHUKa CyMH (PIO3€HI30BaHMX KOMIIOHEHTIB MMOKa3aB, IO TiICHHS BYT/UIS Ha KaTeropii 3HaXOJWThCs B Jiara-
30Hi MeHmte 10 i 6inbiie 69%. IIpu npoMy B GiNBIIOCTI BUMAAKIB PEKOMEHIYETHCS oro 3HaueHHs MeHIe 39 abo Ginbmie 40%, 1o He 10-
3BOJISIE BCTAHOBHUTH JIOCTOBIPHI KopessiitHi 3B’s3ku. ITOKa3HHUK BIIFHOTO CIy4yBaHHS PO3IIISIAETHCS CHIJIBHO 3 TOBIIMHOK IUIACTHYHOTO
mapy, Mo J03BOJISIE MaTH KUIbKiCHe BU3HA4eHHs jmie it Byriwmt mapku [l 1 mapox TC, CC, T. 3a 3HaueHHSIM CEpeAHBOTO MOKA3HHUKA
BigburTs BiTpuHiTy (0.8-1.4%), Byrimns mapok TC, CC, T MoxHa BigJHECTH RO BYTLIIA, IO 3aliMae CepemuHy psAmy pamkupyBaHHS. Lle
CBITYMTH PO HAsBHI BIIMIHHOCTI IEPETBOPEHHS BHYTPIIIHBO1 CTPYKTYPH.

HaykoBa HoBU3HA. BusiBieHo xapaxrep 3MiHH KiIacu(ikKaliifHIX MOKa3HUKIB MPOMHCIOBOT Knacudikamii Byriuis 1uisi BU3HAUYSHHS He-
0e3neyHnX BIACTHBOCTEH IIAXTOILIACTIB MPU MPOBEACHHI TiPHUYUX POOIT.

IIpakTHYHA 3HAYHMIiCTh. MOXIIMBICTD BJJOCKOHAJCHHS HOPMATHBHOI 0a3u OE3NeYHOro BiANpalbOBYBAHHS INAXTOIJIACTIB MUIIXOM
BCTaHOBJICHHS BI]MIHHOCTEH y BIIACTMBOCTSIX BITPHHITOBOTO Ta (PIO3HHITOBOTO BYTiJIA.

Kntouoei cnosa: memamop@izm, camo3aiiManHs, eneMeHmHutll CKaao, 8yeinis

O B03MOKHOCTH IPHMEHEHH N0KAa3aTe/eil IPOMBILLICHHOH KiIaccH(puKanuu
yriei JJisl yCTAHOBJICHH S ONIACHBIX CBOICTB MIAXTOIIACTOB
H. AnTomenko, B. Tapacos, A. Hen6aitno, O. 3axaposa, E. Pyanes

Ileanb. YCcTaHOBUTH XapakTep W3MEHEHUs KJIacCH(MKAMOHHEIX ITOKa3aTeNeil M UX COOTBETCTBHE MapKaM, TPyIIaM M HOATPYIIAM OJH-
HAKOBOH CTENEHU METaMOP(GHUIECKUX MPeoOpa30BaHNii yTiIeH [Uls BBIIBICHHS ONMACHBIX CBOMCTB MIAXTOILIACTOB IPU BEICHUH TOPHBIX PalbOT.
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Metomuka. [To paHroBoii 1mkasie ¥ U3MEHEHHUIO 3HAUCHHUH KITacCH(UKALIMOHHBIX MMOKAa3aTeNel MOXKHO yCTaHOBUTh MapKH, TPYIIIBI U TO/I-
TpyIIbI yriel, obiagaiomye OJUHAKOBBIMUA CBOMCTBAMHU U 3JIEMEHTHBIM COCTaBOM OpPraHMYecKOi Macchl. I'pamaunust yriei npemycMaTpuBaeT
yCHIIEHHE TPOSIBIIEHUSI CTENIEHH MeTaMop(hHIecKuX Mpeodpa3oBaHuil mpu nepexosie oT OyphIX yriiel K KAMEHHBIM, a OT HUX — K aHTpaluTaM.

Pe3yabTaThl. AHaNN3 nokasarelnsi CyMMBI (DI03€HH3MPOBAaHHBIX KOMIIOHEHTOB MOKa3aj, 4TO JAEJICHHE YTIJIeH Ha KaTeropuy HaxXxOAWTCS B
nmuanazone MeHee 10 u G6onee 69%. IIpu 3TOM B GONIBIIMHCTBE CiIydaeB peKOMEHAyeTcs ero 3HadeHws meHee 39 mmm Gonee 40%, 9to He
TIO3BOJISIET YCTAaHOBUTH JTOCTOBEPHBIC KOPPEISIIMOHHEIE CBsI3H. [lokazaTens cBOOOIHOTO BCIyUMBAHHS PacCMaTPHUBAETCS COBMECTHO C TOJ-
LIMHOM MIaCTUYECKOro CIOs, YTO MO3BOJIAECT UMETh KOJIMYECTBEHHOE OIpeneseHue Toibko ais yried mapku [l u mapok TC, CC, T. Ilo
cpenHeMy Inokasatento orpaxenus BuTpuHuTa (0.8-1.4%), yrimm mapok TC, CC, T MOXHO OTHECTH K yIJISIM, 3aHUMAIOIUM CEPeHHYy psna
pamXUpPOBaHUS. DTO CBUIETENBCTBYET 00 UMEIOIIUXCS Pa3INIUAX IPeoOpa3oBaHUs BHYTPEHHEH CTPYKTYpHI.

HayuHasi HOBU3HA. YCTaHOBIICH XapaKTep M3MEHEHUs KIacCU(PUKAIIMOHHBIX TTOKa3aTesel MPOMBIIUICHHON KiIacCU(pUKAIUK YIiaei s
BBISIBJICHNUS OTTACHBIX CBOMCTB IIAXTOILIACTOB IIPU BEAEHUU TOPHBIX PaboT.

IIpakTHyeckasi 3HaYUMOCTh. BO3MOKHOCTh COBEPIICHCTBOBAHUSI HOPMATHBHOI 6a3bl Ge30macHOM OTpaOOTKH MIaXTOILIACTOB, IyTEM
YCTaHOBJIEHHS Pa3JINIMi B CBOHCTBAX BUTPHHUTOBEIX U (DIO3MHUTOBBIX YTIIEH.

Knroueswvie cnosa: memamopdusm, camososeoparue, 21eMeHMHbLIL COCMAS, Y20b



