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Purpose. Substantiation of the stress-strain parameters of a rock mass state to identify potential mine methane accumulation
in the roof rocks of the extraction pillar.

Methodology. Characterization of stratification cavity in rock mass for mine methane extraction relied upon analytical studies.
The research is based on a method by Professor O.V. Savostyanov to calculate a stress-strain state of rocks. The method has been
implemented in GeoDenamics Lite software. The use of the method helps obtain both geometrical and physical parameters of load
characteristics for typical rock layers from the coal seam up to the surface. The abovementioned makes it possible to identify areas
of rock stratification, coal bench being flaked away, and the number of rock layers after stratification. Mining and geological condi-
tions of the coal seam occurrence and mining technology are the output data for the research.

Findings. Analysis of geometrical and physical parameters of load characteristics on the roof rocks of a coal seam has sup-
ported the fact that abnormal pressure areas propagate within the rock mass. The listed parameters vary from a seam up to the
surface normally both towards the rock mass and towards the mined-out area along with the stope advance. The abovementioned
helps define parameters of stratification cavity formation within the roof rocks of an extraction pillar since the cavities may accu-
mulate mine methane.

Originality. Dependencies of the changes in rock layer subsidence height have been derived based upon formation dynamics of
the mined-out longwall volume. Regularities of changes in volumes of rock formation stratification cavities have been identified de-
pending upon the strength and thickness of the rock layers; closeness to mining area; and stope advance velocity as well as its length.

Practical value. Based upon the method by Professor O. V. Savostyanov, an algorithm has been proposed to define possible
mine methane accumulations after mining operations within the extraction pillar are completed. Hence, the areas of methane ac-
cumulation will be considered in future as extra sources of fuel material. At the same time, it has been proposed to complement
operation mode of a mining enterprise with biogas plants if the produced mine mixture is poor. A technological scheme for the

combined mine methane-biogas extraction has been provided.
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Introduction. The current conditions of Ukrainian coal in-
dustry progress motivate to make new technical and techno-
logical decisions as for the mineral mining. Consequently,
implementation of a gasification geotechnology helps mine
the coal concentrated within very thin seams as well as within
the abandoned reserves which powered extraction is far from
being expedient. At the same time, it should be mentioned that
a significant share of mine fields is mined out either complete-
ly or partially, which results in liquidation of the coal enter-
prises. In this context, the basic problems, connected with
methane emission from operating or abandoned mines, are
not solved; in such a way, negative climate consequence oc-
curs. Moreover, in 2020, the European Commission provided
a separate EU strategy to reduce methane emissions. The
strategy matches purposes of the European Green Deal to
achieve climate neutrality by 2050. In addition, the measures
will favour EU efforts as for decarbonisation by 2030, and cli-
mate neutrality by 2050. Also, in the field of heat engineering
and power industry, the EU sets a goal to achieve zero envi-
ronmental pollution [1].

It is possible to mitigate both technogenic and environ-
mental load on depressive mining regions while implementing
efficient and rational techniques to use resource and energy
potential of coal enterprises |2, 3]. The authors believe that the
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techniques may rely on the operating principles of mining en-
ergy and chemical complex whose activities are focused on the
idea to produce in the closed cycle energy raw materials in the
form of gas and biogas mixtures, and thermal power. Methane
is the basic gas mixture which can be applied on the basis of a
coal mine.

There are three types of methane localization within the
rock mass: free methane in rocks and their fissures; the ad-
sorbed gas in dispersed organic matter and coal layers; and gas
dissolved in water-saturated sandstone [4, 5]. Underground
mining operations shape technogenic cavities being potential
areas for methane accumulation. At the same time, mine
methane may accumulate within the areas even if coal extrac-
tion is completed [6]. Hence, the topical scientific and practi-
cal challenge is to identify methane locations while coal min-
ing and/or completing.

Literature review. After mining is over, the disturbed rock
mass, the unexploited coal seams and layers, the left coal pil-
lars, and the mined-out area and mine workings release meth-
ane for decades. Methane amounts from decommissioned
mines are 2—3 times more than the gas amounts released from
operating mines. Release of methane from the abandoned
mines in 2020 was 17 % of the global methane emission; ac-
cording to the forecast, the indicator will increase up to 24 %
in 2050 [7, 8].

The majority of Ukrainian mines are closed down using a
‘wet” method. In this regard, methane flow rate in gas pipe-
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lines increases. The pipelines are in the mine workings enter-
ing surface. Nonavailability of aerodynamic connection with
the gas pipelines results in the uncontrolled methane migra-
tion to the surface. The abovementioned results in greenhouse
gas emissions into the atmosphere and its accumulation in the
basements of residential buildings thus creating an explosive
concentration [9, 10].

The world practices know numerous projects for methane
extraction from the abandoned mines proving that its use is
technically possible and economically feasible.

For instance, Germany has implemented thirty-five proj-
ects to extract methane from the closed-down mines. There
were ninety-four plants generating electricity and thermal
power. Within the projects, more than 500 MWh of electric
energy and 75 MWh of heat are produced annually. France has
implemented five projects on methane extraction from the
closed-down mines. Five power plants with the installed
9 MW capacity generate electric energy. Annual methane pro-
duction is almost 26 million cubic meters. Great Britain im-
plemented thirteen projects for mine gas use. At twelve of
them, electric energy with the installed 78 MW capacity is gen-
erated. One project concerned pipeline injection. Almost
58 % of methane emissions are utilized from the decommis-
sioned mines [11, 12].

In view of the significant methane amount in the closed-
down mines, its extensive concentration in mine atmosphere,
and potential danger in terms of the uncontrolled release to the
surface, methane extraction from technogenic volume of coal
mines and use make a promising tendency which can mitigate
financial, environmental, and social load in the process of
mining enterprise liquidation.

To extract gas from technogenically undermined rock
masses as well as from the subsoil volume of the closed-down
mines, both the global and national practices apply either gas
pipelines laid during liquidation of mine workings entering the
surface or gas-drainage wells drilled to methane accumula-
tions [13].

It should be mentioned that mine methane extraction and
use are economically feasible if the following factors are avail-
able:

- quantity and quality of the gas;

- a clear picture of the methane accumulation availability
and location;

- possibility to control water inflow;

- reliable isolation of mine workings entering the surface;

- aerodynamic connection between mine workings, and
gas pipelines or wells;

- infrastructure to apply the gas.

Production technologies and opportunities for develop-
ment of unconventional hydrocarbon resources became more
urgent from year to year [14, 15]. However, experience sup-
ports the idea that the most efficient way for mine methane use
as fuel is its combination with other sources of carbon energy
(i.e. coal, natural gas, and biogas). In this context, utilization
of poor methane mixtures in the Western Donbas mines, ei-
ther terminating their activities or having already stopped
them, is a promising tendency. However, we consider it to be
understudied.

Thus, the purpose is substantiation of the rock mass stress-
strain state parameters to identify potential mine methane ac-
cumulations in the roof rocks of extraction pillar.

Methods. Algorithm of the research. Analysis of geome-
chanical processes within a rock formation where mining op-
erations take place or were performed needs comprehensive
and qualitative characteristic of stress-strain state of the rock
mass. The available methods calculating stress-strain rock
state fail to involve completely specificity of rock mass struc-
ture and technological parameters of mining. The majority of
calculation methods help solve some applied problems, for in-
stance, determination of wall rock convergence, load on the
powered support, roof caving interval and others.

To identify geomechanical stratification parameters of
rock formation within the mining area, closely connected with
the behaviour of the layered mass, consisting of sedimentary
rocks, in the context of thin coal seam extraction, the paper
applies a method by Professor O. V. Savostyanov to calculate a
stress-strain state of rocks [16] implemented in GeoDenamics
Lite software. Mining and geological data on stratigraphic sec-
tion and technological parameters of mining are the basic in-
dicators to perform the analytical studies. Coal formation
around a stope is divided into rock layers in terms of lithologi-
cal difference with their numeration from the coal seam up to
the surface.

A calculation procedure of stratification parameters of the
coal formation takes two stages.

Stage one determines geometry of load characteristics (a,
dy, f1, />, I, and [,) for typical rock layers from the coal seam up
to the surface. Values of free subsidence of the rock layer are
boundary conditions for the problem solving since in terms of
them no response is observed above the mined-out area of the
longwall; the mass from the undermined rock formation is
transferred to a reference pressure zone. Boundary span of
rock layers is identified; in this context, maximum subsidence
corresponds to the given values and geometry corresponds to
the set ones. While determining physical parameters of a load
characteristic, calculation is performed from the surface down
to the coal seam being mined. In addition, the boundary con-
ditions are limited by maximum subsidence of the rock layers.
To simplify the challenge, points of rock layers are singled out
within the mined-out area. The points are based upon the
harder layers influencing the shear parameters.

Identification of geometrical and physical parameters is
stipulated by the availability of hard rock layers determining a
displacement process. Further parameters of distribution of
responses and normal loads within the bench of rock layers are
defined; the next step is calculation of (B,, B,, B;) coefficients
which depend upon the parameters of load characteristics.

A stress-strain state of rocks within formation is identified
according to the key stresses (G, G,) and according to uniaxial
compressive strength (SPR). Conditions of roof rock destruc-
tion in a layer, resulting from a bending moment, arise perpen-
dicularly to stratification due to separation stress [17, 18]. In
accordance with the accepted model and the design scheme,
stresses in different sections of a rock layer are defined in addi-
tion to lateral force Q, and bending moment Mx. In this con-
text, horizontal shifts help identify parameters of vertical fis-
sure formation as well as rock layer subsidence of the under-
mined rock mass. Field measurements have made it possible to
define that € > 5 mm/m deformation factor results in vertical
fissuring in the rock mass layers [19].

The software involves a block to test the layers for stratifi-
cation. The test criteria are shearing and disconnecting stress-
es within the rock layers generated by lateral forces Q, bending
moment, and proper rock weight.

Rock stratification will take place if disconnecting rock
strength is perpendicular to G, > R,,, stratification or if shear-
ing rock strength is parallel to t,,, > Ry, stratification. Calcula-
tions are applied for the given sections to identify rock stratifi-
cation areas, thickness of a bench being flaked away, and the
number of rock layers after stratification.

Output data formation for the research. The parameters of
stratification cavity shaping and methane accumulation in the
mined-out rock mass have been substantiated for extraction
operations within longwall 712 of C; seam in M.I. Stashkov
mine (DTEK Pavlohradvuhillia PJSC). Mines of the company
are in a densely populated industrial area with the developed
infrastructure. The fact stipulates expansion of the demand for
energy. It should be mentioned that natural methane content
of the seams, developed by DTEK Pavlohradvuhillia PJSC
mines, varies in a large range from 4.7—22.6 m3/t of roof rocks
to 1.8—2.2 m?/t of foot rocks. Approximate prospective reserves
of gaseous hydrocarbons are 1.5 billion cubic meters [20].
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Stress-strain parameters of the rock formation have been
determined according to the mining and geological indicators
of a stratigraphic section of 3354 well (Fig. 1).

In terms of lithological difference, rock formation is di-
vided into layers. If thick bridge rocks are not available, then
the division is performed from a coal seam being mined up to
the surface. If bridge rocks are available, then layers are divid-
ed from a seam to a hard rock layer. Output data, characteriz-
ing the formation, divided into rock layers, are entered into
GeoDenamics Lite software in the form of data array.

Fig. 1 demonstrates a scheme of the initial data prepara-
tion in terms of a typical stratigraphic section of rock mass ac-
cording to 3354 well of 712 longwall of C;seam in M. 1. Stash-
kov mine.

Data arrays on the rock occurrence depth, thickness, and
physicomechanical characteristics are ordered and tabulated
for convenience. The analysis is performed on two sections
(Fig. 1, A—A section): I—I being perpendicular to a stope in
the central longwall share; II-II being in the mined-out area
at a distance from the stope and in parallel with it. Due to
changes in rock deformation modulus (£,) within the mined-
out area and rigidity factor of the system (), the calculations
take into consideration the stope advance velocity and time.
For example, in the context of [—I section, the time is taken to
be equal to zero; in the context of II—II section, the time is
taken into account from the moment of mining termination
within the section.

Table 1 shows output data for the analysis to identify strat-
ification parameters of coal formation above 712 longwall of C,
seam in M. I. Stashkov mine.

In the table, a layer No is the order number of a rock layer
shaping rock strata bottom-up above the stope; H and 4 are
distances from the surface down to foot and roof, m; 4, is layer
thickness, m; v is average density of the layers, t/m?>; m is thick-
ness of the seam being mined, m; V'is stope advance velocity,
m/day; a is seam inclination, rad; LL is distance from the sec-
tion to the stope boundary, m; 7'is time after mining, days; ¥,
is boundary roof fault, mm; d,, K,, d;, and Kj are deformation
moduli for each lithological difference, t/m?; W is rock mois-
ture, %; Ais friction coefficient; N is the number of hard layers,
pieces stipulating shift within the rock mass, pieces.

Results and discussion. The calculations in the GeoDe-
namics Lite environment have helped identify geometrical and
physical parameters of load characteristics on roof rock layers
taking into consideration mining and geological conditions as
well as technological parameters of C, coal seam mining of 712
longwall, which terminated its operation. Table 2 contains the
data.

Surface A-A

Longwall length (/), m
i

L 5

Cu

W
Boundary entry
Conveying entry

1~ Sandstone [ - Argillite

- Aleurite mm - Sediments

Fig. 1. Scheme of initial data preparation in terms of a typical
stratigraphic section of rock mass according to 3354 well of
712 longwall of C,seam

Table 1
Output data for the study

Layer H, m h, m h;, m Rock type
1 206 202 4 aleurite
2 202 194 8 sandstone
3 194 174 20 sandstone
4 174 162 12 aleurite
5 162 147 15 argillite
6 147 113 34 aleurite
7 113 67 46 argillite
8 67 0 67 sandstone

General data

y=218t/m* m=112m; V=1;3; 5m/day; a=0.1; LL = 80 m;
T = 150-300 days; Y, = 0.79 mm; d, = 1230; K, = 1.54 - 10° t/m?; d5 =
690; Ky =1.47-10°t/m?; W=30%; A=0.7; N=2; No=3; 7; and 1 are
sandstones

Table 2

Geometrical and physical parameters of loads on rock layers
around longwall 712 while mining C; seam

Layer number Geometry, m
top to down A d, b, £
8 86.5 55.7 78.1 184.4
7 80.9 53.4 61.5 157.6
6 40.4 25.2 33.8 71.0
3 31.4 20.9 21.7 52.3
2 15.2 11.6 12 26.8
Physical parameters, MPa

M S, Z, T,
8 20.7 20.2 — 0.6
7 234 22.5 — 1.5
6 27.2 24.3 - 2
3 311 29.8 - 3.4
2 29.5 16.2 - 3.1

While analysing the geometrical and physical parameters
of loads on rock layers, one should mention the fact that the
abnormal pressure zones expand within the rock mass con-
taining C; seam. Changes in the parameters take place from
the seam up to the surface normally towards the mined-out
area along with the stope advance.

Fig. 2 explains distribution of loads on the rock layers and
cavity shaping at a Cg level above longwall 712 while mining a
thin coal seam C,.

In the process of coal seam C,; mining with average 3 m/day
velocity of a longwall advance, at the level of Cg seam reference
pressure zone is formed K = 7.5 m apart from the stope to the
cavity shaping boundary above the mined-out area of longwall
712 (Fig. 2). While analysing data in Fig. 2, one should note
that along with the stope advance, stratification cavities above
the longwall mined-out area are shaped normally 9—14 m apart
from C,seam at the level of Cg seam; at 15—26 m distance at the
level of C,, seam; and at 17—28 m distance at the level of C;;
seam normally up to the surface.

Fig. 3 demonstrates dependencies of changes in the vol-
umes of rock formation stratification cavities upon the long-
wall length at the level of Cq, C,;and C,; coal seams. The data
help identify approximate amounts of the accumulated mine
gas.
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Fig. 2. Distribution of loads on the rock layers and cavity shaping
at a Cyg level above longwall 712 while mining coal seam C:

A—A is a section of the stratification cavity
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Fig. 3. Dependencies of the volumes of rock formation stratifi-
cation cavities upon the longwall length at the level of Cg
(D; Ci1p(2); Cy;(3) coal seams

The highest stratification cavity is shaped at the level of Cg
seam between hard rock layer 3 and layer 2 being the main roof
of a coal seam C; being mined (Fig. 1). Under the conditions,
cavity occurrence depends upon difference in rock strength,
rock layer thickness, closeness to mining operations, and ve-
locity of a stope advance stipulating the distinction between
shear velocities of rock layers.

Fig. 4 shows subsidence parameters of layers 3 and 2 de-
pending upon the advance velocity of the considered stope.

Dynamics of the mined-out area of longwall shaping de-
termines both velocity and parameters of stratification cavity
formation. For instance, longwall stope advance increases pa-
rameters of the mined-out area. In this context, the stratifica-
tion cavity closes. After mining is terminated within coal seam
C; and extraction pillar length is 685 m, a cavity height at the
level of Cg cannot be more than 4, = 181 on average; in this
context, its volume is V,, = 1879 m®. According to a mining
technique, parameters of stratification cavities within a percar-
bonic formation of longwall 712 vary according to linear de-
pendence over thee ranges: cavity height may be 4, .= 155—
278 mm; and cavity volume may be V,. = 517—1879 m?. Ac-

Half-length of 712 longwall (L), m
0 10 20 30 40 50 60 70 80 85
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Fig. 4. Changes in subsidence height of rock layer subsidence
within the stratification cavity at Cg seam level in terms of
half the length of longwall 712 depending upon its advance
velocity:

1, 3, 5— hard rock layer subsidence cases (Table 1) at 1, 3, 5 m/day
velocities, respectively; 2, 4, 6 — subsidence cases of rock layer 2 (the
main roof, Table 1) at 1, 3, 5 m/day velocities, respectively

celeration of stope advance results in the increased stratifica-
tion cavity height above the mined-out area; in turn, its width
decreases under the impact of shift of reference pressure zone
boundary towards the mined-out area.

Analytical studies on a stress-strain rock state around
longwall 712 of C; level in M.I. Stashkov mine have helped
identify regularities to shape the areas of stratification cavity
shaping above the mined-out area of a stope. The areas are in
the distressing rock mass zone while being a potential place for
methane accumulation. According to the calculations and the
available mining schedule for C, level, cavity parameters above
the mined-out area will achieve 8.9—40.2 thousand cubic me-
ters and 443—836 mm height of the cavity.

After mining termination in the mine side or by the enterprise
on the whole, such methane accumulation areas become an ad-
ditional source of fuel raw materials. Methane from the rock for-
mation cavities may be extracted from mine workings. However,
significant length of underground line, required to degas subsur-
face technogenic space of the closed-down mine, results in nu-
merous air inleakages while reducing methane content of the de-
gassing mixture. Taking into consideration occurrence depth of
stratification zones, methane extraction sites are proposed to op-
erate through vertical wells or inclined and horizontal wells.

As it has been mentioned, the most efficient way to use the
extracted mine methane is its application as a fuel combined
with other energy sources. Consequently, prospects for further
research are substantiation of the combined technique param-
eters to utilize mine methane while using biogas plants mount-
ed within the surface complex of a coal mine. Fig. 5 represents
general view of the technological scheme of underground and
surface parts of the combined complex utilizing mine methane
and biogas.

The technique prefers thin off grade coal seams as well as
exhausted mines or stagnate mines having methane accumula-
tion localizations.

Utilization process of mine methane begins with its with-
drawal from the stratification cavities of rock mass 7/ above the
mined-out area of stope 3 through production wells 2. Then
the gas is directed to an accumulation tank 4. A mixture, ob-
tained by a biogas plant 5 is also directed to the accumulation
tank. The gas mixtures are forwarded to a complex purifying
them 6. The purified combination may be utilized and used as
a chemical raw material and/or motor oil for car engines or in
cogeneration plants 7.

Implementation of the combined technique for gas mix-
ture utilization will provide extension of the resource base us-
ing recoverable energy raw materials of mining enterprises
with the minimization of environmental impact and manufac-
turing of power products and chemicals.
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Electric energy

Fig. 5. Technological scheme of the combined method for mine
methane and biogas utilization:
1 — rock mass stratification cavity above the mined-out area of
172 longwall; 2 — production well; 3 — the mined-out area of the
longwall; 4 — accumulation tank for mine methane and biogas;
5 — biogas plant; 6 — complex to purify as mixtures; 7 — cogenera-
tion plant

Conclusion. Based upon the research carried out in terms
of 712 longwall operation in M. I. Stashkov mine, which termi-
nated its activities, geometrical and physical parameters of
load characteristics on roof rocks were substantiated taking
into consideration mining and geological conditions of coal
seam C; extraction. The abovementioned has helped identify
parameters of rock mass stratification zone shaping above the
extraction pillars which may be potential areas of mine meth-
ane localization.

At the same time, mining and processing of methane con-
taining gases from rock formations of the closed-down enter-
prises are important components in the process of technogen-
ic mine space utilization from the viewpoint of environmental
friendliness and economic efficiency.

Implementation of the combined technique for mine
methane and biogas utilization will expand energy potential of
mining enterprise, and form its new chemical facilities. In
turn, formation of the comprehensive approach will make it
possible to prepare ‘poor’ mine methane mixture; generate
electricity and thermal energy; and manufacture fuel gas and
fertilizers while processing organic waste.
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Meta. OOrpyHTyBaHHSI NapaMeTpiB HampyxeHo-aedop-
MOBAHOTO CTaHy IipCbKOTO MAaCUBY 7151 BAZHAYEHHST MOXIIH-
BUX JIOKaJIi3aliii CKYIMUYEHHS IIaXTHOTO MeTaHy B MOpoaax
MOKPiBJIi BAIMKOBOTO CTOBIIA.

Metonuka. BuzHaueHHsI mapaMeTpiB MOPOXHUHU PO3-
11apyBaHHS B TipCbKOMY MacuBi JUISI BUAOOYTKY IIAXTHOTO
MeTaHy I'PYHTYBaJOCh Ha OCHOBi MPOBEACHHS aHATITUYHUX
nociimkenb. OCHOBOIO JaHUX NOCTIMXEHb CIYTyBaB METO.
PO3paxyHKy HarpyxXkeHO-1e)OPMOBAHOTO CTaHY TipChbKUX
nopina, po3podaeHuii mpod. O. B. CaBocThsIHOBUM, 110 pea-
JIi30BaHUI y mporpamHomy 3abesneuveHi «GeoDenamics
Lite». 3acTocyBaHHS TaHOTO METOMY Iepeadadae OTPUMaHHS
reoOMEeTPUYHMX i (Hi3UYHUX MapaMeTpiB ernop HaBaHTaXEHb
TSI XapaKTepHUX MOPOIHHUX 111apiB Bill ByTUILHOTO IJ1acTa A0
3eMHOI MoBepxHi. Lle 103B0oJIsIE BCTAHOBUTH MiCLIsI pO3LLIApy-
BaHHS TOPiJ, MOTYXHICTb MauykH, 110 BiIIIADOBYETHCS Ta
KiJIbKiCTh TOPOAHMX ILAPiB Micisg po3liapyBaHHs. BuxinHu-
MU JAHUMU UIST JOCHIIKEHb CAYTYIOTh TipHUYO-TeO0JIOTiuHI
YMOBU 3aJIITaHHS BYTUJIBHOTO TJIacTa i TEXHOJIOTIUHI mapa-
METPU BEACHHSI OUMCHUX POOIT.

PesyabraTu. [1pu anaiizi reomeTpryHMX i hi3sMYHUX Ma-
paMeTpiB €rop HaBaHTaXEHb Ha Ilapy IOpia MOKPiBIi By-
TJIBHOTO IJ1acTa MiATBEPIXKEeHO (haKT PO3IIMPEHHS 30H aHO-
MaJIbHOTO TUCKY B IpCbKOMY MacHBi. XapakTep 3MiHU 3a3Ha-
YEHUX MapaMeTpiB MiATBEPIKEHO BiJ IJacTa J0 IE€HHOI IMo-
BEPXHi 32 HOPMAJUTIO SIK y OiK MacuBy, Tak iy 0ik BUpOOJeHO-
ro MPOCTOPY B Mipy MOCYBaHHSI OUMCHOTO BUOOI0. Lle 1o3Bo-

JIslE BU3HAYUTU NapameTpu (hopMyBaHHS MOPOXKHUH po3Ila-
PyBaHHSI B TOPOJaX MOKPiBJIi BAIMKOBOTO CTOBIIA, 1110 MOXYThb
CJIYTYBaTH JIOKTi3allisIMU CKYITYEHHS 1IaXTHOTO METaHY.

Haykosa HoBu3na. OTprMaHi 3a71€XKHOCTi 3MiHU BUCOTHU
OIyCKaHHSI MOPOAHUX IIapiB HA OCHOBI AMHaMiKu (Gopmy-
BaHHSI BUPOOJIEHOTO TPOCTOPY JaBU. BcTaHOBIEHI 3aKOHO-
MipHOCTI 3MiHM 00’€MiB MOPOXKHUH PO3LIApyBaHHS MOPOJI-
HOI TOBIIIi, 1110 00YMOBJIEHO MILIHICTIO I MOTYKHICTIO TTOPOJI-
HMX 11apiB, OJU3BKICTIO 10 30HU BEIEHHSI OYMCHMX POOIT i
LIBUAKICTIO TOCYBAaHHSI OYMCHOTO BMOOIO Ta OTO MOBXU-
HOIO.

IIpakTiyHa 3HAYMMICTB. 3aIPONTIOHOBAHO, HA OCHOBI Me-
tony npod. CaboctbsiHoBa O.B., anroputm BU3HAUYECHHS
MOXJIMBUX JIOKaJTi3aliii CKyIYeHHsI IIaXTHOTO METaHy IicJIst
3aBepUICHHS] BUAOOYBHUX POOIT y MeXaX BUIMKOBOTO CTOB-
na. Lle 103BoJIsI€ B TOAQ/IBILIOMY PO3IJIsIAATH TaKi 00J1acTi Ha-
KOTNMYEHHSI METaHy SIK J0JaTKOBE KEePEIo MaIMBHOI CUPO-
BuHU. BomHowac, 3anpornoHOBaHO, 3a YMOBHU «OiIHOCTI»
OTPUMAHOI IIaXTHOI CYMillli, Y peXUM poOOTU TipHUYOIO0-
OyBHOTIO MiANPUEMCTBA BKJIIOYATU poOOTY Oiora3oBux ycra-
HOBOK. 3arnpornoHOBaHa TeXHOJIOTiYHa cXeMa KOMOiHOBaHO-
ro crnoco0y BUA0OYTKY IIAXTHOTO METaHy i1 Oiorazy

KunrouoBi caoBa: ovucnuil 6ubiil, wiaxmuuii MemaH, yeinb-
HUil naacm, HAnpYslceHo-0edhopMoBaHuUll CmMat, HOPOICHUHA
DO3UAapyeanHs
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