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Abstract. The article is dedicated to the exploitation of outburst-hazardous coal seams at significant depths. It is
known that with the increase in mining depth in the gas-saturated coal-bearing massif, changes in its stress-strain state
lead to specific manifestations of outburst-hazardous coal, such as spontaneous collapse, alteration of the aggregate
state and structure of hydrocarbon compounds, changes in filtration properties, and so on. These features occur when
compressive deformations are replaced by tensile (shear) deformations. There is a list of methods for impacting the
massif to prevent the occurrence of gas dynamic phenomena. The main task of these methods is to create additional
cracks throughout the thickness of the coal seam for effective gas filtration. Along with this, during mining operations,
man-made factors arise. They create additional load and change the structure and properties of outburst-hazardous
coal.

The article deals with the factors of man-made impact on the heading part of the coal seam, which led to a
decrease in the effectiveness of methods of preventing gas dynamic phenomena. The parameters of the processes that
initiate the development of cracks around the filtration part of the well in the impulse mode of liquid injection, in the
redistribution of stresses in the massif, and the case of self-destruction of coal in the heading part of the seam are
considered. The theory of strength of materials is considered to establish their limit state and destruction. The paper
presents the results of theoretical and experimental studies of the hydro-impulse loosening method for outburst-
hazardous coal seams. The changes in deformation velocity were investigated under impulsive loading of coal relative to
the modulus of elasticity in the range of 3-102MPa < E < 5102 MPa. It was established that all values of impulses of
self-oscillations of liquid pressure are above the curve of the limit rate of development of deformations ¢ =10 s-' at the
value of the modulus of elasticity of coal E = 3-102 MPa. We concluded that during hydro-impulse impact modes with an
injection pressure of more than 5 MPa, pressure pulses of AP = 3 MPa with a frequency of f = 0.8 kHz are created in the
filtering part of the well. This leads to the development of shear deformations and initiates the cracks formation through-
out the thickness of the coal seam.

Research on hydro-impulse impact was conducted in the mines of the Donetsk Coal Basin. The Donbas region is
characterized by the most complex mining-geological conditions, especially when working with outburst-hazardous coal

seams.
Keywords: gas dynamic phenomena, hydro-impulse loosening, crack formation, coal-gas system.

1. Introduction

In developed coal deposits, including the Donetsk Coal Basin, as mining depth
increases and the stress-strain state of the coal-bearing massif changes, manifestations
of outburst-hazardous coal peculiarities can be frequently observed. With the increase
in mining depth in the gas-saturated coal-bearing massif, changes in its stress-strain
state lead to specific manifestations of outburst-hazardous coal. This leads to the
emergence of new natural phenomena that were not previously considered or studied
at shallow depths, such as the alteration of the molecular structure of coal substance
in the coal-gas system [1-3], changes in the aggregate state of methane [4], the
phenomenon of methane generation [35].

Fundamental scientific research on the interaction of the coal-gas system was
developed back in the 50s of the last century. Based on them, several methods of
preventing gas-dynamic phenomena (GDP) and methods of controlling the
effectiveness of these methods were developed [6].
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Among the local methods, the methods based on the principle of liquid injection
into the coal seam turned out to be the most effective. This technological process has
its characteristics. The filtration characteristics of the coal seam significantly affect
the injection pressure and the rate of liquid penetration into the massif. When the
pressure exceeds the strength properties of the coal, cracks form in the seam due to
hydraulic fracturing, leading to the development of high-pressure fluid flow.

In industrial conditions, it is impossible to control the processes of crack
formation, filtration and flow of liquid in the cracked and porous structure of coal.
When degassing a coal-bearing massif through wells, this factor can be neglected.
During hydraulic fracturing of hazardous seams, liquid breakthrough leads to the
ineffectiveness of measures to prevent GDP. In the case of a breakage face, the
situation can be corrected by applying the method of hydropressing the seam. During
development drift, the use of the hydropressing method is associated with a decrease
in efficiency and an increase in costs. Therefore, in dangerous areas, mining is carried
out with the use of blasting in the mode of shock blasting. This leads to a decrease in
the speed of conducting operations by more than twice and sometimes does not
exceed 1 meter per day.

Until now, the task of safely conducting operations in unprotected outburst-
hazardous coal seams has not been resolved. With an increase in the depth of coal
mining, a change in mining and geological conditions, and the intensification of
technological processes, the parameters of liquid injection have not been changed [7].

The complexity of theoretical and experimental studies of the spontaneous
destruction of a coal seam in its heading part at the GDP lies in the multifactorial
nature of the stress-deformed state (SDS) of the massif. In the geological stratum,
while natural transformations coal seams changed their structure and morphological
properties, acquired gas saturation and emission hazard. Therefore, in conditions of
great depths, they are already in a stressed-deformed state and are considered as a
coal-gas system [1-3]. The condition of this system is additionally influenced by
various man-made factors that arise in the massif during mining operations and the
implementation of preventive measures (Fig. 1).
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Figure 1 — Factors influencing the SDS of a coal seam in its near-cut part
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Disturbance of the balance of natural forces under the influence of man-made fac-
tors leads to various forms of manifestation of GDP. Therefore, solving the problem
of the gas dynamic factor has become more relevant precisely with the increase in the
depth of mining operations.

Over the past few decades, a large amount of research has been carried out with
the aim of establishing the most effective measures to solve the problem of GDP in
coal mines of Ukraine [2—10].

The most significant contribution to the development of measures to combat GDP
has been made through the application of hydraulic methods with impulse liquid
injection modes [9, 10]. There are some research works in this direction worldwide
[11, 12], but their effectiveness, compared to those mentioned [9, 10], is very low.
For example, as a result of applying the impulse hydraulic fracturing technology, the
volume of gas outburst from the well increases by 3.32 times [11]. At the same time,
with the use of hydro-impulse impact, gas outburst from the well increases by 7-10
times [9], and with hydrodynamic impact, it increases by 40—100 times [10]. Re-
search on the change in the stress-strain state of the rock mass under hydro-impulse
impact was conducted in the mines of the Donetsk Coal Basin. The Donbas region is
characterized by unique and complex mining-geological conditions, especially during
the extraction of outburst-hazardous coal seams. Therefore, the mentioned studies
hold significant scientific importance in addressing the issue of GDP in coal mines
worldwide.

The purpose of this work is the analysis of studies of crack formation in hazard-
ous coal and establishment of the working range of dynamic load parameters during
hydro-impulse impact for crack formation in the coal seam and changes in its stress-
deformed state ahead of the face of the development drift.

2. Methods

The following methods were used during the analytical and experimental re-
search: theory of strength of materials in order to establish their limit state and de-
struction; theory of coal, rock and gases outburst; analysis of theoretical and experi-
mental studies of changes in the rate of deformation in coal with respect to the modu-
lus of elasticity 3-10> MPa < E < 5-10* MPa; experimental-statistical method of calcu-
lation and method of calculating the parameters of the cavitation generator.

3. Experimental studies of factors affecting the state of the coal-gas system

The main goal of measures to prevent the GDP is to reduce the impact of external
factors on the coal-gas system. This task is solved either by reducing the intensity of
coal mining, or by eliminating the gas-dynamic factor. With the intensification of the
technological process of coal mining, the solution to the problem of coal mining is
possible only by reducing the SDS of the rock massif, active action on the coal-gas
system and monitoring its condition [2, 3, 6].

In rock mechanics, it is practically impossible to take into account all factors of
external action on the coal-gas system when solving the engineering problems of the
prevention of GDP (see Fig. 1). Therefore, from the entire list, one or two primary



156 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2023. Ne 166

factors are singled out. For example, in the energy-force theory of sudden outburst of
coal and gas, the set of parameters related to the gas-dynamic factor is characterized
by the release energy, and the mining pressure and properties of the coal seam are
characterized by the force of action [13].

Taking into account the factors of man-made action, we take the SDS of the coal-
gas system as the dominant one, and any technological process that can lead to the
initiation of GDP as a complementory one. The probability of the initiation GDP de-
pends on the energy potential of the coal-gas system and the rate of gas pressure drop
in the cracks of the coal seam.

Based on this, the main task of the complex of measures to prevent GDP is the
formation of additional cracks for free gas filtration. Solving this issue is of particular
importance in conditions where coal seams have low permeability and are in a
stressed-deformed state.

When water is injected into the rock mass, the formation or development of exist-
ing cracks begins along the contour of the filtering part of the well, therefore, in all
theoretical works, it is assumed that the development of cracks is determined by the
stress state formed around the well. In the vast majority of works, for example [14—
17], the stress state around the well is described by two components directed perpen-
dicular to its axis (o, oy) or (cr, 66). When solving problems for a plane in the form
of a circular hole compressed at infinity in two directions by uniformly distributed
loads, the vertical and horizontal components of the rock pressure (o), 62) are deter-
mined. The third stress component 6,, directed along the axis of the well and parallel
to the rock pressure component o3, is usually not taken into account or is determined
by simplified methods [14].

The value of the axial stress on the lateral surface of the well is estimated in [15].
The orientation of the developing crack was investigated during hydraulic fracturing
of oil and coal seams [16]. When crossing the processing zone of the massif with
workings, it was established that the opening of hydraulic fracturing cracks is ob-
served at a distance of up to 100 m from the wells. Crack opening ranged from 1 mm
to 20 mm. Directly near the well itself in the area of hydroperforation, there is an in-
creased number of cracks of various orientations, as the distance from the well is re-
duced, the number of wide cracks decreases [17].

According to the normal separation criterion, it is noted that the development of
the crack occurs in the plane of the maximum tensile stress. The modulus of elasticity
of coal E along the layering, since it is in this direction that the dynamic action leads
to the formation of cracks, is in the range from 3-10> MPa to 5-10>° MPa. The coal
seam has minimal resistance to the development of cracking under tensile stress. Ten-
sile strength is approximately 30 times less than compressive strength and ranges
from 0.1 to 1.0 MPa. Therefore, it can be assumed with high accuracy that the devel-
opment of cracks will occur at injection pressure equal to the horizontal component
of the rock pressure. Given this, it should be expected that the fracturing pressure due
to its minimum component should be quite strongly related to the rock pressure.
However, in practice there is no such strong connection. This is confirmed by the da-
ta of mine observations on the activity of the acoustic emission of the seam. Research
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determined that the spread of hydraulic fracturing pressure values is in the range from
0.5to 1.2 yH [18].

The process of crack formation is also considered in the theoretical foundations of
the development of methods and technical means of preventing sudden outbursts of
coal, rock and gas. For example, in the generally recognized energy theory of sudden
coal and gas outbursts, the main source of energy for the development of a fracture
crack is the free, desorbed gas. The factor preventing destruction is the stability of the
marginal part of the near-cut part of seam. In turn, the stability of the seam depends
on the magnitude of rock pressure and the physical and mechanical properties of coal,
the forces of internal and external friction. It was established that at a stress of more
than 20 MPa, the energy of elastic deformations can be compared with the energy of
free gas located in a coal seam with a methane content of 20 m3/m? [13]. Such stress-
es can occur in near-cut part of seam, close to the surface of the hole. If the defor-
mation energy is not absorbed by the massif, a crack develops and the coal block col-
lapses.

Thus, the development of a crack in the near-cut part of seam can occur if the en-
ergy of deformations does not have time to be absorbed by the massif due to low fric-
tional energy consumption. At the same time, the frictional energy consists of internal
friction of coal and external friction with rocks of the roof and soil of the seam.

The next factor that initiates cracking is the process of stress redistribution in the
massif. Rocks under the action of additional stresses and deformations are in an ex-
cessively stressed and deformed quasi-static state. The limit state of the coal-gas sys-
tem is characterized by: the state of limit equilibrium of vertical and horizontal com-
ponents of rock pressure; the tense state of the massif, its physico-mechanical and
strength properties; cracked and porous structure of the coal seam; by the forces of
contact (external) and internal friction.

In order to describe the limit state of materials and reveal the nature of their de-
struction, more than 40 theories of strength were developed, but only five of them are
recognized as classical [19]: the theory of strength of maximum normal stresses by H.
Galileo (I theory of strength); E. Mariotte's theory of strength of maximum linear de-
formations (II theory of strength); theory of strength of maximum tangential stresses
by C. Coulomb (III theory of strength); M. Huber's energy theory of strength (IV the-
ory of strength); Mohr's theory of strength (V theory of strength).

By their nature, the first two theories refer to the gap hypothesis, the third and
fourth - to the shift, and the fifth - to the gap and the shift.

Coulomb's and Mohr's theories are most widely used in rock mechanics. The cri-
terion of the Coulomb theory is the fluidity condition. For rocks, Coulomb introduced
the functional term o, where u is the coefficient of internal friction, oy is the nor-
mal stress acting on the sliding surface. A distinctive feature of this theory is the de-
velopment of maximum effective tangential stresses taking into account internal fric-
tion. The load-bearing capacity of a coal seam is determined by contact and internal
friction, which, when reduced, creates a system of cracks in the coal seam.

It is considered that the advantage of Moht's theory is the possibility of its appli-
cation, both as a criterion of strength under tension, and to take into account the fluid-
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ity of the material. It makes it possible to explain the different resistance of the mate-
rial to destruction, which is observed in experiments with rocks during stretching and
compression. However, the research works [14] denote that the theories of Coulomb
and Mohr can satisfactorily describe the strength of rocks in compression, but are un-
satisfactory in tension.

It is now generally accepted that contact friction plays a certain role in the process
of rock destruction, but the question of the degree of its influence on the mechanism
of destruction remains open. The action of vertical stresses is quite well studied, but
the method of calculating horizontal stresses has a list of significant shortcomings.
Moreover, the effect of normal horizontal and contact tangential stresses on the
failure mechanism has not also been researched considerably.

As we can see, in a coal-bearing massif, the process of initiation and development
of a crack in the heading part of a hazardous coal seam is influenced by a significant
number of factors. At the same time, they are all interconnected. Therefore, it is nec-
essary to identify the factors, the combination of which can lead to the process of
destruction of the coal seam:

- the force of any mechanical action (in our case, high-pressure liquid injection);

- the forces of rock pressure and gas accumulated in the massif;

- shear processes during stress redistribution in the massif.

Taking into account the above, let's consider the relationship between the proper-
ties of coal in the zones of its transformation when the supporting rock pressure
changes ahead of the face of the mining (Fig. 2). The figure also shows the schematic
diagram of the location of the filtration part of the well relative to the maximum of
the reference pressure zone.
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Figure 2 — The scheme of the impact of man-made factors on the SDS of the near-cut part of
seam in the development drift
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In the conditions of great depths, the permeability of coal is significantly reduced,
and in the zone of maximum deformations in front of the working face, it equals al-
most zero. Therefore, the location of the filtration part of the well in the depth of the
massif relative to the maximum of the support pressure zone has a significant impact
on the effectiveness of hydraulic fracturing and the depth of sealing relative to the
working face.

Wells with a length (/yen) of 6-8 meters are used during hydraulic fracturing of
coal seams in the face of preparatory development which makes it possible to place
their filtration part (/s) at the maximum of the support pressure zone, where the filtra-
tion properties of coal gradually increase. At the same time, the process of cracking
along the layer thickness is insignificant because the water under pressure either
moves through layering cracks in the depth of the massif or squeezes out the part of
the coal along with the sealed part of the well (/;). In both the first and second cases,
hydraulic loosening is considered effective based on the injection pressure drop.
However, the volume of cracks is insufficient for effective degassing of the massif.
Therefore, even after hydroflocculation or during its process, the danger of the mani-
festation of GDP remains [7].

4. Research results of the crack formation process during hydro-impulse impact

The use of hydraulic fracturing of coal seams for many decades has shown that
fracturing is the primary purpose of fluid injection into coal seams. Over a long peri-
od of research, a large amount of data has been accumulated on the parameters and
efficiency of liquid injection for dust suppression, degassing, and prevention of GDP.
However, the crack formation process is still understudied. In practice, it is impossi-
ble to control the formation of cracks when injecting liquid into the massif. There-
fore, theoretical studies and visual observations in industrial conditions determine the
essence and mechanism of the crack formation process in these conditions.

In the process of hydroprocessing research, the hydraulic parameters of injection
and liquid filtration through cracks to the open surface of the production or into adja-
cent wells are mainly considered.

There is a practice of using cavitation generators during hydraulic action on a coal
seam [9, 20]. The results of studies of hydro-impulse loosening indicate intensive
cracking in the coal mass around the filtering part of the well. The development of
deformation and crack formation processes is accompanied by intense gas outburst
and the squeezing of coal layers into the overlying rocks of the coal seam roof.

It is known that the fracturing process intensity depends on the rate of defor-
mation development, which is determined by the expression é=de/dt [21]. It has also
been determined that a sharp decrease in coal strength occurs in the deformation rate
range from 1 to 10 s, If the rate of development of deformations is 10 s™' or more,
then shear failure of coal is initiated in the strata.

The paper [9] gives the results of measuring the impulses of cavitation self-
oscillations and compares them with the modulus of elasticity of coal 310> MPa< E
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<5-10° MPa. Then, when an impulse load is applied by [21], the rate of development
of deformations is determined by the expression [9]

g=de_AP
dt E

b

where & — linear deformation of coal, s'; AP — impulse pressure, MPa; f— impulse
frequency, s™'; E — modulus of elasticity of coal, MPa.

Under the condition of development of the limit rate of deformation &= 10577,
the frequency of passage of pressure self-oscillation impulses during hydro-impulse
loosening should correspond to the expression /=10E/AP. According to this expres-
sion, the dependence of the frequency of pressure impulses passage on their magni-
tude, the generator’s amplitude-frequency characteristic (AFC), was determined [9].
The research was carried out for four modes of hydro-impulsive action at injection
pressure values of 5, 10, 20, and 30 MPa, respectively.

In our research, we consider the experimentally established values of frequency
and pressure impulses concerning the limit value of the elasticity modulus E=3-10?
MPa and the rate of deformations development §=10 s (Fig. 3), established at P, =5
MPa. If it is established that the conditions for crack formation are met in the mode
with the lowest pressure (5 MPa), then all other modes will be more effective.
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Figure 3 — Comparison of the results of theoretical and experimental studies of impulse loading of
coal seams

The results analysis of the theoretical and experimental data comparison shows
that all values of impulses of self-oscillations of liquid pressure are above the curve
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of the limit rate of deformation development =10 s™! at the value of the elasticity of
coal modulus £>3-10°> MPa. Therefore, conditions are created in the coal seam to ini-
tiate and develop shear deformations. Thus, it is sufficient to apply hydro-impulse
action with an injection pressure of more than 5 MPa to initiate and develop the crack
formation process in the coal seam. In this case, in the filtration section of the well,
the dynamic load (pressure pulse) will equal AP>3 MPa and impulse frequency —
/>0.8 kHz.

In addition to the above, it is worth adding that coal has many surface defects in
the form of pores, blebs, fractures, and cracks. The presence of these defects always
leads to the concentration of maximum tangential stresses. As a result of high-
frequency self-oscillations of liquid pressure impulses, there is a jump-like change in
these stresses, which initiates the development of shear cracks at angles from 0 to
+ 1/4 to the layering surface of the coal seams. At the same time, an increase in coal
shear resistance and a decrease in friction coefficients contribute to an increase in the
development angles of maximum tangential stresses up to = m/4. This relationship
makes it possible to use the shear resistance of coal, that is, the resistance of coal to
the penetration of liquid into the strata, as well as the force of internal friction, as cri-
teria for controlling the pressure of liquid injection during hydro-impulse impact.

5. Conclusions

The following has been determined based on the analysis of theoretical and
experimental studies of the factors that initiate the formation of cracks in the coal
seam.

1. In the heading part of a hazardous coal seam, cracks develop during the
redistribution of stresses in the massif under the influence of some mechanical action,
the forces of rock pressure, and gas accumulated in the massif.

2. When applying hydro-impulse impact modes with an injection pressure of more
than 5 MPa, pressure pulses of AP>3 MPa with a frequency of />0.8 kHz are created
in the filtering part of the well which leads to the initiation and development of shear
deformations, that is, to the initiation and development of cracking.

3. The use of the hydro-impulse loosening method allows the creation of a shear
crack development zone around the well in low-permeability coal at various angles of
inclination from 0 to £n/4 to the layering plane and, due to degassing, increasing the
safe zone of coal extraction to the depth of drilling the well.
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YUAHHUKWN IHILIKOBAHHA TPILLUMHOYTBOPEHHA NPU rAPOIMMYIBCHOMY PO3MYLWYBAHHI
BUKUOOHEBE3MNEYHOI O BYTINIbHOIO NMNNACTA
36eposcbkuti B.B., BnaceHko B.B., Aecaes P.A., [lydns K.€., 3miescbka K.O. lMiyuk O.B.

AHorauis. Ctatta npucesuyeHa npobnemi BignpautoBaHHS BUKWOOHE6E3MeUHNX BYTiNbHUX MAACTiB HA BESUKKX
rnbuHax. Bigomo, wo npu 36inblweHHi rmmubuHn pobiT y rasoHacyeHoMy BYrnenopogHOMY MacuBi Npu 3MiHi 110ro Ha-
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NpYXeHo-4edOpMOBaAHOr0 CTaHy CrocTepiraloTbes Aeski 0cobnmBOCTi BUKMAOHeOE3NeYHOro Byrinns. Hanpuknag, cnoH-
TaHHE PYMHYBaHHS, 3MiHa arperaTHoro CTaHy Ta CTPYKTYpUW BYrneBOAHEBUX 3'edHaHb, 3MiHa (inbTpayiiHuX BNacTuBoC-
Ten, Towo. Lli ocobnmocTi MaloTh MicLie npu 3MiHi gedpopmallin CTUCKaHHS AechopMaLlisiMi PO3TArHEHHS (3CyBY). IcHye
nepenik cnocobiB Aji Ha Macve Ans 3anobiraHHs NPosiBY rasoanHamivHuX sBuL. OCHOBHOK 3ajavelo Lmux cnocobis €
CTBOPEHHS 4OAATKOBMX TPILLWH Ans echeKTUBHOI inbTpauii rady. Pasom 3 uum npu BegeHi ripHnumx pobiT BUHMKaKTbL
TEXHOTEHHI YMHHMKM, LU0, CTBOPIOKTb AOAATKOBE HABAHTAXEHHS!, 3MIHIOIOTb CTPYKTYPY Ta BNACTMBOCTI BUKMLOHe6e3ne-
YHOrO BYriNm.

B poboTi po3rnsHyTO YMHHWUKM TEXHOTEHHOI Aii Ha NPUBUBIAHY YaCTUHY BYFiNbHOTO NnacTa, ki NPU3BOAATL 4O 3HU-
XEHHS €CDEKTUBHOCTI cnocobiB NoNepemKeHHs ra3oanHaMiYHnX SBuLLY. PO3rnsHyTo napameTpy NpoLecis, WO iHILiO0TL
PO3BUTOK TPILLWH HABKOMO (PiNbTPALAHOT YaCTUHWU CBEPANOBUHW NPU IMMYNBCHOMY PEXWMI HarHITaHHI PiguHW, Npu ne-
pepo3nogini HanpyXeHb B MacuBi, NPy CaMopyWHyBaHHi BYrinns y npusmbiiHii YacTuHi nnacta. Po3rnsHyTo Teopii Mil-
HOCTi MaTepianiB 3 MeTOK BCTAHOBMEHHS! iX rpaHUYHOrO CTaHy i pyiHyBaHHS. HaBeJeHO pesynbTaTi TEOPETUYHMX Ta
eKkcnepuMeHTanbHUX JocimkeHb cnocoby riapoiMnybCHOrO Po3nyLLyBaHHS BUKMAOHEBE3MNeYHOro BYrifbHOMO nrnacta.
JocnimkeHo 3miHu LWBMAKOCTI AedopMaLlin npy iMMynNbCHOMY HaBaHTaXEHHI BYrinns BiQHOCHO MOZYNs MPYXHOCTI
3:102 MMa<E<5-102 MIMa. BcTaHOoBMEHO, L0 BCi 3HAYEHHS iIMMYNbCIB aBTOKOMNMBAHb TUCKY PiOUHK 3HAXOAATLCS BULLE
KpWBOI rpaHUYHOI LIBMAKOCTI po3BUTKY Aecdopmalit €=10 ¢! npu 3HaueHHi Mogyns npyxHocTi Byrinng E = 3-102 MMMa.
3pobneHo BUCHOBOK, LLO NpW MigpoiMMybCHOI Aii 3 TUCKOM HarHiTaHHs GinbLu Hix 5 MIMa y ¢inbTpauinHoi YacTuHi ceep-
ANOBMHM CTBOPIOOTLCS iMnynbey Tucky AP=3 MIMa 3 yacToToto ix npoxomkerHs 20,8 kI'y. Lle npn3soasTb A0 po3suTky
AedopmaLliin 3cyBy Ta iHILitOE PO3BUTOK TPILLMH MO BCil TOBLLMHI BYFifIbHOMO nracta.

JocnigxeHHs rigpoiMmnynbCHOi Aii Oynm BUMKOHaHHI Ha waxTax [oHewsKkoro ByrinbHoro BaceliHy. [JoHbacy nputa-
MaHHi HanbinbLL CKnagHi ripHUYO-reonoriYHi YMOBH, LU0 CKagalTbCs NPy BignpaLtoBaHHi BUKMAOHEOE3NEYHMX BYriNb-
HWX NnacTiB.

KnioyoBi cnoBa: rasoguHamiyHe siBULLE, MiAPOIMNYNbCHE PO3NYLLYBAHHS, TPILLMHOYTBOPEHHS, CUCTEMA BYrinns-
ras.



