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Abstract. Methane is a powerful greenhouse gas. Methane is the main component of coalfield gases, and since
almost the entire coal-bearing strata of rocks is saturated with methane, coal production in coal mines during their exploi-
tation and after the completion of cleaning operations is constantly accompanied by the methane release into the mined
space. According to predictions, its emissions from operating underground workings will have increased quantitatively by
4 times by the year 2100, and emissions from closed mines by 8 times. Therefore, predicting its emissions into the at-
mosphere based on estimating the gas content of coal beds is an urgent modern objective and will remain relevant in the
future.

The purpose of the work was to develop a new method for predicting the methane content of coal beds for coal of
different grades according to the occurrence depth.

For the previously set dependence of the relative gradient of methane content in coal beds on the occurrence
depth, the authors propose a biexponential model, which is universal for determining the gradient of methane content in
coal beds of different stages of metamorphism. The new biexponential model has a physical foundation — it is based on
the dependence of methane content on the sorption capacity of coal, which, in turn, is determined by pressure (depth).
With this model, the natural methane content increases rapidly with increasing pressure up to 6 MPa. Then it increases
slowly and slightly up to 10 MPa, reaching its maximum (maximal potential gas-bearing capacity for the corresponding
degree of coalification at depths of approximately 1200 m), with subsequent stabilization. The obtained dependences of
the relative gradient of gas content on depth and gas pressure for different grades of metamorphism were used to de-
velop a method for predicting the natural regional background gas content of coal beds by determining the limiting sorp-
tion capacity of coal. The method allows for determining the natural methane content of coal of different degrees of met-
amorphism, considering the occurrence depth, with correction for moisture and ash content.
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1. Introduction

Methane is a powerful greenhouse gas, the global warming potential (GWP) of
which, according to [1], is 28-36 times higher than the corresponding potential of
carbon dioxide over a century. However, after 10 years, its GWP is 84 times higher
due to the 12 years of its existence in the atmosphere. Coal mines are one of the larg-
est sources of anthropogenic methane emissions. Methane is the main component of
coalfield gases, and since almost the entire coal-bearing strata of rocks is saturated
with methane, coal production in coal mines during their operation and after the
completion of cleaning operations is constantly accompanied by the methane release
into the mined space. Based on data on world coal production, the authors of the
work [1] concluded that by 2100, methane emissions from operating underground
mines will have increased quantitatively by 4 times, and emissions from closed mines
by 8 times. In this regard, the problem of methane from coal and gas fields will not
lose its relevance in the future.

The sources of methane inflow in mines include the coal bed being developed
(both destroyed coal and its exposed surfaces on the walls of the mine workings), the
underworked and overworked coal-rock massif (beds-satellites and host rocks in the
roof and bottom of the commercial bed), and the produced space of spent longwalls.
A significant portion of methane emissions from mines is released into the atmos-
phere in an uncontrolled and unguided manner. Methane emissions from mines are an

inevitable by-product of the coal mining cycle and can continue for decades after the
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completion of mining operations and the closure of coal mines, even with active ac-
tions to mitigate this harmful impact.

Ukraine owns significant gas resources from coal fields. At the same time, during
the extraction of 1 ton of coal, on average, 20 cubic meters of methane are released.
Most of it is emitted into the atmosphere, and only a small amount is utilized. Pre-
venting the harmful impact of coalmine methane on the environment by reducing
emissions into the atmosphere is the goal of special projects for the extraction and
utilization of emission gas. Predicting methane emissions from operating and closed
mines is an urgent task and involves determining the natural gas content of coal beds.
The gas content of coal beds being developed is one of the main parameters deter-
mining the methane volume of mining workings, the outburst hazard of coal beds,
and the emission volume of methane into the atmosphere. The research of the gas
content of coal beds and the gas sorption properties of coal is being conducted in all,
without exception, coal mining basins in the world. In particular, in Canada and the
USA [2], Australia [2, 3], China [4, 5], India [6], South Africa [7], Indonesia [8], Po-
land [9,10], and some other countries.

Predicting gas content requires a comprehensive approach that includes various
methods and models. Each of the existing methods has its advantages and disad-
vantages, and the best results are achieved when they are used in combination. Pre-
dicting the gas content of coal beds demands objective data on the natural and residu-
al gas content of coal beds, as well as an assessment of the effectiveness of degassing
measures. [11, 12]. According to world experience, such information is typically ob-
tained using various experimental techniques that involve direct measurement of gas
release from coal samples or coal cores. Determining the gas content of coal beds in
operating mines in most cases of world practice is based on the norms and require-
ments of the American standard ASTM D 7569-10 [13], the Australian standard AS
3980-1999 [14], the methodology of the Gas Research Institute [15] and the company
DMT GmbH & Co [16].

The essence of the method for determining gas content in coal beds, as outlined in
the ASTM D7569-10 standard [13], is the use of the direct desorption method to
measure the gas content in coal. This method is widely used to estimate the amount
of methane and other gases that may be released from coal during its production.

The method for predicting the gas content of coal beds, as outlined in Australian
Standard AS 3980-1999 [14], is based on the direct desorption method, which deter-
mines the amount of gas contained in coal beds. The main objective of this method is
to obtain an accurate estimate of the total gas content of coal, which is important for
ensuring the safety of coal mining.

The Gas Research Institute methodology, described in the report GRI-94/0396
("A Guide to Determining Coalbed Gas") [15], is based on a comprehensive approach
to determining the gas content of coal beds. It was developed to estimate the amount
of gas (mainly methane) that can be released from coal beds and is intended to pro-
vide data for forecasting and managing the gas potential of coal fields.

The method for determining the gas content of coal beds, developed by DMT
GmbH & Co [16], is aimed at improving the efficiency of degassing and gas content
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management in low-permeability coal beds during longwall mining. The essence of
the method is to combine relaxation methods and degassing wells to ensure high
productivity and safety during mining in low-permeability coal beds.

All of the listed standards provide for the direct determination of gas content by
measuring the amount of gas released from coal samples or borewells into hermetic
measuring vessels. Each of these methods has shortcomings that may affect the accu-
racy and reliability of the results when determining the gas content of coal beds in
operating mines.

The ASTM D 7569-10 standard [13] is intended for US conditions, which may
differ from the geological conditions of other regions. It uses empirical relationships
that do not always take into account local features of the beds and do not always take
into account the impact of deep faults through which additional volumes of gas may
flow.

The AS 3980-1999 standard [14] is focused on the peculiarities of coal mining in
Australia. Therefore, it has specific geological conditions and makes certain assump-
tions about gas saturation that may not correspond to real conditions in other regions.
It may also not take into consideration all degassing mechanisms in operating mines.

The Gas Research Institute [15] methodology may have limitations in terms of the
accuracy of determining gas content at different stages of mine operation. However,
it requires careful calibration for specific mine conditions and does not always allow
for an accurate estimation of the impact of fracturing and deep faults.

The DMT GmbH & Co [16] methodology is focused on European standards,
which may not meet the conditions of other countries. It may give errors in conditions
of high gas saturation or active gas movement along tectonic faults. It does not al-
ways take into account changes in pressure and temperature that affect gas release
from the beds.

In general, all methods require adaptation to specific mine conditions. Their ap-
plication involves a large amount of field or mine work. In some cases, inaccuracy
and significant scatter of measurement results by different methods may occur.

The purpose of the research is to develop a new method for predicting the me-
thane content of coal beds for coal of different grades according to the occurrence
depth.

The object of research is beds of all grades of coal — from long-flame to anthracite
within the Donets coal basin.

2. Methods

To determine the sorption capacity of coal, a well-known volumetric method de-
veloped at the MakNDI [17] was used, which is based on the research of the me-
thane-bearing capacity of coal beds at a pressure of up to 5 MPa and a temperature of
+30 °C. Measurements were carried out under isothermal conditions with control of
the stability of the temperature regime. To increase the accuracy of the experiment,
each sample was subjected to multiple tests, and the obtained values were averaged.

The analysis of the natural gas content of coal beds was based on the results of
geological exploration work, as well as direct and indirect methods for determining
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gas saturation. Sampling was carried out using specialized gas core samplers and
formation testers (GKN, GK, KII-65), taking into account possible gas losses during
transportation. Additionally, gas chromatography methods were used to determine the
composition of the gas mixture, which allowed for the identification of the concentra-
tions of methane, ethane, carbon dioxide, and other components.

Experimental data processing was conducted using mathematical statistics meth-
ods, particularly correlation and regression analysis, variance analysis to assess de-
viations in methane-bearing capacity values.

3. Results and discussion

The natural methane content of coal beds is determined by the sorption capacity
of coal since methane is found in coal mainly in adsorbed and absorbed form. The
proportion of free gas in coal beds is insignificant; the free gas content is from 5-7%,
and the maximum is 10-13%. The potential gas recovery of coal beds is usually due
to the extraction of mainly sorbed methane gas. The sorption capacity of coal is main-
ly determined by the degree of maturity of the carbonized substance and the pressure,
the value of which, in turn, is a function of the occurrence depth of the coal bed and
Is 0.8-0.9 of the hydrostatic pressure in coal fields.

The analysis, statistical processing, and generalization of the obtained results on
sorption methane-bearing capacity and natural gas content were carried out in [18].
They are based on experimental data from many years of research on coal beds in
Donbas with different degrees of metamorphism and at different depths. To estimate
the gas content of coal, new indicators were proposed — the relative gradient of sorp-
tion methane-bearing capacity and the relative gradient of gas content, which allow
comparing these characteristics measured in absolute values (cm®g, m/t) for indi-
vidual coal beds of all grades of metamorphism, occurring in different geological
conditions.

The relative gradient of sorption methane-bearing capacity of coal beds is the ra-
tio of the next (for higher pressure) value of sorption methane-bearing capacity to the
previous one (for lower pressure) with a step of 1 MPa. Similarly, the relative gradi-
ent of gas content of coal beds is the ratio of the next value of gas content to the pre-
vious one with the same step (1 MPa). The relative gradient of sorption methane-
bearing capacity (gas content) is essentially a coefficient of decrease in sorption ca-
pacity (gas content) with depth, and accordingly, with increasing pressure, and is a
non-dimensional quantity [18].

In work [18] it was proven that the sorption capacity of coal matter determines the
natural regional (background) methane content of coal beds, and naturally, according
to a hyperbolic dependence, decreases with increasing the occurrence depth and also
naturally decreases in each of the depth intervals from low-metamorphosed (grade
LF) coal to high-metamorphosed (grade A), with a relative gradient that asymptoti-
cally approaches 1 at pressures above 6 MPa.

The impact of a large number of factors on the natural gas content in coal beds
makes it difficult to determine it for individual coal beds, which differ in various geo-
logical conditions. It is separately noted in [18] that against the background of gen-
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eral trends that form the natural regional background gas content, various deviations
caused by various anomalies are superimposed. Anomalies can be different in nature.
They can occur as a result of slow or sudden gas generation or the release of previ-
ously formed free methane. These can be positive anomalies (increase in gas con-
tent), which contribute to an increase in gas content and form gas accumulations and
even cause gas-dynamic phenomena in coal mines. So are negative anomalies, which
cause a decrease in gas content by lateral migration or degassing upward along the
rise of rocks and subsequently from the Earth's surface into the atmosphere. To a
large extent, tectonics and the hydrogeological regime determine local deviations of
the quantitative content of gas in the coal-bearing strata from the regional background
gas content of coal beds. The main task of the data and previous research [18] is to
define the patterns of formation exactly of natural regional background gas content.

The values of relative gradients for coal of different grades naturally decrease
with increasing the occurrence depth and also naturally decrease in each of the depth
intervals from low-metamorphosed coal to high-metamorphosed coal. Quantitatively,
the absolute gas content in coal beds of different degrees of coalification can vary
within quite wide limits, but the nature of the change in the relative gradient of me-
thane content is common to coal of all grades. A regular change in the relative gradi-
ent of methane content of coal beds is observed for the entire Donbas. At greater
depths, the values of relative gradients for coal beds of all grades become equal. At
depths of 300-400 m, the values of relative gradients are 1.07-1.12, at depths of 400-
500 m - 1.04-1.07, and at depths of 500-600 m - 1.02-1.06. That is, the possible in-
crease in gas content, with increasing depth, and accordingly pressure, can potentially
be 2-6%, if the value of the relative gradient is equal to 1. This fully coincides with
the data, according to which the increase in sorption in the pressure range of 5-10
MPa does not exceed 5-10%. [18]. Taking into account the pressures in the coal-
bearing strata, which are usually equal to 0.8-0.9 hydrostatic, the main increase in
gas content occurs at depths of 670—750 m (on average, about 700 m). Further growth
in natural methane content should be expected to depths of 1100-1250 m, which cor-
responds to a pressure of 10 MPa, with subsequent stabilization.

According to the results of data approximation, the corresponding equations were
obtained for each grade of coal metamorphism from gas to anthracite. The established
empirical dependences of the gradients of relative methane content on the occurrence
depth are polynomials of the third degree (or cubic polynomials). The general form of
the curves is common for coals of different stages of metamorphism [18]. In essence,
the dependences are a bundle of curves that asymptotically converge to unity.

Further generalization of the data and analysis of the results showed that the ob-
tained dependences can best be characterized by a two-exponential model — formu-
la 1. This formula is universal for determining the gradient of methane content in coal
beds of different stages of metamorphism. The parameters of the two-exponential

model are given in Table 1

aH =1+a-eMP4c.eHd, 1)
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where gn — the relative gradient of methane content for the predicted depth H, n/d;
H — depth, m; a, b, ¢, d —empirical coefficients, n/d.

Table 1 — Parameters for calculating the relative gradient of the methane content for different coal

grades
Indices
Coal grade R®/ \/daf groo a b C d
0.50_1.00

G T 1.03 13.998 | 0.0152 0.1429 0.0022
F 0.85-1.20 1.03 8.456 0.0165 0.2105 0.0030

23 36
C % 1.02 2.001 0.0108 0.1825 0.0032
LC % 1.02 2.057 0.0103 0.1316 0.0029
L % 1.01 7.931 0.0224 0.5138 0.0058
A =220 1.02 1698 | 00117 | 02698 | 0.0037

Note: in Table 1, the groo is the relative gradient of methane content for a depth of 700 m (non-
dimensional — n/d).

The appropriate graphs corresponding to the bi-exponential model of the depend-
ence of the relative gradient on depth (H) are shown in Fig. 1. It is worth noting that
the graphs for coal grades C and LC practically superimpose on one another (see Fig.
1).

This model fully and quantitatively confirms the previously made conclusion re-
garding the stabilization of gas content at depths of about 1200 m. Grounded on the
dependence of the relative gradient of gas content on depth, according to the bi-
exponential model, and extrapolating this dependence towards greater depths, it can
be predicted that at depths of 1100-1200 m, the natural regional gas content of coal
beds should be completely stabilized (Fig. 1).

Currently, there are three viewpoints on this issue. In line with most researchers,
the increment of methane content has practically stopped, and it has almost stabilized
at depths of 800 meters [19, 20]. Some researchers believe that it is not the methane
content as a whole that has stabilized, but its increment [19]. There is also a view-
point that below a certain depth, the methane content should begin to decrease. That
IS, the gas content of coal increases with depth, then stabilizes, and with increasing
depth over 1000 m, it begins to decrease. This is explained by a decrease in the sorp-
tion capacity of coal with increasing temperature [19]. The authors of works [21, 22]
concluded that the gas content of coal beds below the gas weathering zone increases,
after which it stabilizes. Others [23] believed that an increase in the occurrence depth
would lead to a corresponding constant increase in methane content due to an in-
crease in the amount of free phase gas in coal.
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Figure 1 — Dependence of the relative methane content gradient in coal beds of different degrees of
metamorphism on the depth

In work [19], we read the viewpoint of A.M. Bryzhanov and G.B. Yanovskaja
that the change in methane content of coal beds corresponds to a hyperbolic depend-
ence, i.e., initially, the methane content of coal beds increases sharply, but with
depth, the rate of its growth begins to decrease, after which at depths up to 1700 m
the methane content stabilizes. Later, V.Yu. Zabihailo and V.G. Nikolin [19] con-
cluded that the stabilization of methane content should be attributed to the depth in-
terval of 800-900 m, i.e., greater than that previously considered by other authors.
Further, based on the dependencies that have been obtained from the literature data,
the authors of the work [19] prove not the stabilization of methane content at great
depths but the reaching of the maximum values, after which its decrease occurs. In
mathematical essence, this is a parabola that opens downward, i.e., with a maximum
at the top. In this case, the vertex of the parabola corresponds to the point where the
function reaches its maximum value, after which the value of the function (i.e., me-
thane content) decreases with a further increase in depth. Without overestimating the
importance of statistical processing of actual data and realizing the conditional nature
of any extrapolations, the authors [19] noted not an affirmative, but an acceptable na-
ture of further decrease in methane content with depth. They indicated the limit for
the beginning of this extrapolation at a depth of 1200 m, as the greatest, where at that
time, the maximum methane content of coal was measured.

All other things being equal, a change in gas content, namely its decrease, can be
expected with a temperature change. As is known, an increase in temperature reduces
the sorption capacity of coal matter. Thus, there is information that the gas content of
coal increases with depth, then stabilizes, and with an increase in depth above 1000 m
begins to decrease [20].

The obtained dependences of the relative gas content gradient on depth and gas
pressure for different grades of metamorphism can be used to develop a method for
predicting the natural regional background gas content of coal beds by determining
the limiting sorption capacity and calculating for the desired depth or pressure.
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Unlike the previously known dependencies, which are purely statistical, the pro-
posed new biexponential model has a physical background. It is based on the depend-
ence of methane content on the sorption capacity of coal, which, in turn, is deter-
mined by pressure (and therefore depth). The sorption capacity increases rapidly in
the section up to 6 MPa, and then slowly and slightly increases to 10 MPa, reaching
its maximum at depths of about 1200 m — the limit (maximum potential gas-bearing
capacity) for the corresponding degree of carbonization.

The principle of the method is that the natural methane content of coal beds is de-
termined by their sorption capacity (methane-bearing capacity), which depends on the
degree of carbonization (the coal grade [24]) and bed pressure (the occurrence depth)
with correction for natural moisture and ash content. It should be assumed that the
natural methane content of coal is mainly (by 90%) determined by its sorption vol-
ume, and the sorption volume reaches a maximum and stabilizes at pressures of
6 MPa. Based on the conclusion regarding the limiting value of the sorption capacity
of coal, which is achieved at these pressures (over 6 MPa), one should expect a
change in the natural gas content according to the dependence, with approach to the
asymptote equal to 1. The saturation limit practically occurs at these pressures (6
MPa), and a further increase in pressure causes only a slight increase in sorption (the
increase in sorption in the pressure range of 5-10 MPa does not exceed 5-10%).

The method includes drilling exploratory wells or researching mining workings,
sampling coal, and determining the natural moisture and ash content by laboratory
methods. The set task is solved by the fact that in the method for determining the nat-
ural methane content in coal beds from the selected samples and with laboratory tests,
the yield of volatile substances V%" and the reflectivity of vitrinite R® (which are used
to determine the coal grade [24]) are defined. The limiting sorption capacity (me-
thane-bearing capacity) of coal Q is also defined, and the relative methane capacity
gradient q is calculated for the forecast depth H using the corresponding coefficients
a, b, ¢, and d (see Table 1) by formula 1. The sorption volume (limiting sorption ca-
pacity) of hard coal is determined by known laboratory methods — the volumetric
method or EPR spectroscopy method [17, 25].

The natural gas capacity of a coal bed for the required depth of the prediction,
with correction for the coal bed moisture W and ash content Az, is calculated by the
formula

X:[Q.qmo}(loo—W—Azj’ @
aH 100

where X — natural gas content of coal beds m?t; Q — limiting sorption capacity (me-
thane-bearing capacity) of coal, m®/t; gz00 — the relative gradient of methane content
for a depth of 700 m, non-dimensional (n/d); gu — the relative gradient of methane
content for the predicted depth, n/d; W — bed moisture of coal, %; A; — ash content of
coal, %.
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The specified method enables us to determine the natural methane content of coal
of varying degrees of metamorphism, taking into account their depth of occurrence.

This method for predicting the methane content of coal beds can be used at the
stage of prospecting and evaluation and detailed exploration/geological-exploration
works.

At the stage of prospecting and evaluation works, the total reserves of gas in coal
beds, its distribution by depth, and the potential danger of gas release are assessed.
The use of the proposed biexponential model allows estimating the regional back-
ground gas content without conducting detailed well tests.

At the stage of detailed exploration, the method can be used to determine the gas
content of beds within specific mine fields or license areas. In this case, the method
allows the assessment of possible risks in the future operation of mines, especially
concerning the explosion hazard due to methane.

Thus, this method is useful at stages when the evaluation of natural methane con-
tent is required for further engineering of field development. An application for the
patent for a utility model has been filed for the developed method.

4. Conclusions

For the previously established dependence of the relative gradient of methane
content in coal beds on the depth of occurrence, a biexponential model is proposed,
which is universal for determining the gradient of methane content in coal beds of
different stages of metamorphism. The proposed new biexponential model has a
physical background — it is based on the dependence of methane content on the sorp-
tion capacity of coal, which, in turn, is determined by pressure (and hence, by depth).
In line with this model, the natural methane content of coal beds grows rapidly with
increasing pressure to 6 MPa (depth 670-750 m), and then slowly and insignificantly
(up to 10%), increases up to 10 MPa, reaching its maximum (maximum potential gas-
bearing capacity) for the corresponding degree of carbonization of fossil organics at
depths of about 1200 m, with subsequent stabilization.

The obtained dependences of the relative gradient of gas content on depth and gas
pressure for different grades of metamorphism were used to develop a method for
predicting the natural regional background gas content of coal beds by determining
the limiting sorption capacity of coal. The method allows for determining the natural
methane content of coal of different degrees of metamorphism, considering their
depth of occurrence, with correction for moisture and ash content.
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NBOEKCMOHEHLIMHA MOAENb NPOrHO3Y NPUPOJHOI PEFIOHANBHOI FTA30OHOCHOCTI
BYIIIbHUX NNACTIB
Gespy4ko K., bypyak O., bananaee O., Kapzaarnonos A., HernkaH B.

AHoTauisa. MeTaH € NOTYXHWM MapHWKOBUM ra3oM. MeTaH - OCHOBHMIA KOMMOHEHT ra3iB BYrifbHUX POJOBMLL, i
OCKINbKK Maixe ycs BYrfeHOCHa TOBLUA ripCbKUX NOpig Hack4eHa MeTaHOM, BUAOOYTOK BYFifns Ha BYFifbHWX LaxTax B
npoueci ix ekcnnyatauii i micns 3aBepLUeHHs MPOBEAEHHS OYMCHWX POBIT MOCTIMHO CYNPOBOMKYETLCS BMAINEHHAM
MeTaHy Yy BupobneHuin npoctip. 3a nporHo3amu ihoro Bukuay o 2100 poky 3 Fitoumnx NiA3eMHMX BUPOOOK KinbKiCHO
30inbLwyTbCs B 4 pasun, a BUKMAW i3 3aKpuTUX LaxT 36inblyTbes B 8 pasiB. TOMy NporHo3 oro emicii B aTMocdepy Ha
3acajax OLiHKM ra3oHOCHOCTI BYriMbHWX NNAcTiB € akTyanbHUM Cy4aCHUM 3aBOaHHSM Ta He BTPaTUTb CBOEI
aKTyanbHOCTi y ManbyTHbOMY.

MeToto poboTu 6yna pospobka HOBOro MeTOAY NMPOrHO3y METAHOHOCHOCTI BYTiNbHUX NMACTiB AN BYrinAs PisHWX
MapokK BignoBIgHO A0 MUOMHM 3ansraHHs.

[N BCTAHOBNEHOI paHille 3anexHOCTi BigHOCHOrO rpagieHTy METAHOHOCHOCTI BYTiMbHUX NNacTiB Big rnubuHKU
3angraHHs  3anponoHOBaHa [BOEKCMOHEHUiMHA Mofenb, fka € YHIBEpCanbHOW [nd  BU3HAYEHHS TPagieHTy
METaHOHOCHOCTI BYFiNbHUX MNACTIB PisHUX CTagin MeTamopdismy. HoBa [BOEKCMOHeHUiMHa Mogenb Mae (isnyHe
NiArpyHTs — BOHA Ba3yeTbCs Ha 3aneXHOCTI METAaHOHOCHOCTI Bif COPOLiHOI 30aTHOCTI BYriNMs, sika, CBOEK YEprot,
BM3HAYaETLCS TUCKOM (rMMOMHOKD). 3a Lieto MOZenno NpupoaHa METaHOHOCHICTL LUBMAOKO 3pOCTaE 3i 30inblieHHSM
Tucky 0o 6 MrMa, a noTiM NoBINbHO M He3HayHOW Mipoto, 3BinblyeTbest 4o 10 MMa, gocsraum CBOrO MakCUMymy
(makcMmanbHOT NOTEHLiMHOT ra30eMHOCTI) ANs BIGNOBIQHOTO CTyneHs Byrnedikauii Ha rnmbuHax Gnmsbko 1200 m), 3
noganbLuoto crabinizauieto. OTpUMaHi 3anexHOCTi BIGHOCHOTO rpagieHTy ra3oHOCHOCTI Big rMUBUHKM Ta ra30BOM0 TUCKY
A5 Pi3HNX Mapok MeTamopdiaMy BUKOPUCTaHi AN po3pobkyu MeToay NpOrHo3yBaHHS NPUPOAHOI perioHanbHoi hOHOBOI
ra30HOCHOCTI BYFIbHWX MacTiB, LUMSXOM BM3HAYEHHS rpaHMYHOI copbuiinHol 3gaTHocTi Byrinns. Cnocib gossonse
BM3HA4aTU NPUPOLHY METAHOHOCHICTb KaM'SHOMO BYTIMMS PI3HOTO CTyneHs meTamopdismy, 3 ypaxyBaHHAM TMNOMHM
3ansraHHsi, 3 oNpaBKo Ha BOIOTICTb Ta 30J1bHICTb.

KntovoBi cnosa: [loH6ac, ByrinbHi nnacTy, NpupoaHa ra3oHOCHICTb, COpOL|iHa EMHICTB.
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