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NUMERICAL ANALYSIS OF INFLUENCE OF COAL SEAMS WATER SATURATION

AFTER WATER INJECTION ON THEIR OUTBURST HAZARD
Krukovska V. V.
Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of
Ukraine

Abstract. The influence of water on the outburst hazard of coal seams by changing the phase permeability and coal
properties was investigated. To do this, a numerical model of the gas-dynamic processes in the mine face in the out-
burst-prone zone near the tectonic fault was developed with taking into account the presence of water in the crack-pore
space of coal. Calculations were performed for four cases: without water influence, with the influence of water presence
on the change of phase permeability, with its influence on the change of the coefficient of elasticity and Poisson's ratio.

Calculation of geomechanical and filtration parameters under conditions of minimum natural moisture saturation
Sw= 1% showed that under these boundary and initial conditions there is an outburst of coal and methane in the out-
burst-hazardous zone. The zone of inelastic deformations rapidly grows from the mine face along the coal seam; pres-
sure gradients near the free surface take very high values; coal and gas outburst takes place and cavity forms. Then
geomechanical processes and the process of methane filtration return to the quasi-stationary mode. As a result of calcu-
lations with variation of the moisture s, values in crack-pore space of coal, it was obtained that gas-dynamic processes
in the mine face start if s, < 24%, for the boundary and initial conditions accepted in this work. When this limit is exceed-
ed, geomechanical and filtration processes in the coal seam near the mine face do not start; geomechanical and filtration
processes occur in quasi-stationary mode. The effect of moisture on the reduction of phase permeability for methane
leads to the neutralization of the outburst-hazardous properties of coal. Additional consideration of the decrease in the
coefficient of elasticity and increase in Poisson's ratio due to coal humidification reduces the safe limit of moisture satu-
ration to sw = 20%.

Thus, the regularities of the influence of moisture on the outburst hazard of coal seams were established. The nu-
merical model was developed that allows to identify a safe limit of moisture saturation, at which the nature of geome-
chanical and filtration processes in the coal seam changes from dynamic to quasi-stationary in specific geological condi-
tions.

Keywords: mining safety, numerical simulation, outburst hazard, permeability to phase, water saturation.

Introduction. It is well known that the presence of water in the crack-pore space of
coal significantly affects the development of gas-dynamic processes that are initiated
during mining operations [1]. How does water affect the processes of coal seam de-
formation, methane filtration and desorption that occur during gas-dynamic phenom-
ena?

First, moisture saturation leads to a decrease in the rock strength and bearing ca-
pacity, changes the nature of their behaviour after reaching the limiting state [2, 3].
The effect of fluids on the strength and deformation properties, on development of
cracks formation process was studied in the works [3, 5]. The dependences of the ef-
fect of humidification of coal samples on their coefficient of elasticity £ and Pois-
son's ratio 4 were established in [4, 5]. Graphs based on these data are shown in
Fig. 1. With an increase in coal moisture from 3 to 6%, the coefficients of elasticity
and shear decreased by 80-85%, the Poisson's ratio increased by 20%. This indicates
an increase in the plastic properties of coal, reducing its ability to accumulate energy
of elastic deformation and to brittle destruction.

Second, water affects the phase permeability, the amount of free gas in the crack-
pore space and the methane filtration process. In the three-component medium "solid-
gas-water" moving components (gas and water) move together in the crack-pore space
of the solid with absolute filtration permeability K, which is formed from the natural,
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tectonic permeability ks and technological permeability k.., due to mining excavation
and depends on the ratio of the components of the principal stress tensor [6]:
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Figure 1 — Effect of moisture on the coal properties, according to [4, 5]

On the other hand, the whole without exception the crack-pore space is filled with
gas and water, with the content of s, and s, respectively:

Sg + sw = 100%.

Moisture saturation or water concentration in the crack-pore space s, is related to
the humidity by the following equation:

sw=100w/m,

where m 1s coal porosity, %.
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That is, the permeability for the gas phase k, depends on the water content:
ke =(1-0,01-sy) - K. (2)

The presence of water in the crack-pore space of coal reduces gas permeability
and thus affects the process of gas filtration.

Intensity of the process of gas (methane) sorption-desorption also depends on the
water content in coal [7-11]. Under different conditions and at certain values of hu-
midity, the mechanism of influence of water on the course of sorption-desorption
processes changes.

Therefore, the purpose of this work is to establish the degree of influence of the
above aspects on the coal-gas outburst risk and calculate the safe level of moisture
saturation of coal by using numerical simulations.

Methods. In modelling, the hypothesis of continuity is accepted, the rock massif
1s considered homogeneous within each layer. The total force acting on each point of
the solid is equal to the sum of the forces of geostatic pressure and fluid pressure. The
change in time of stress-strain state of rocks near a mine working without taking into
account inertia force is described by the follow system of equations:

0
Co Eui =0y, +X,(t)+ F (1), (3)

where ¢, is the damping coefficient, kg/(m?-s); ¢ is time, s; u; are the displacements,
m; oy, are the derivatives of the stress tensor components along x, y, Pa/m; Xi(¢) are
the projections of the external forces acting on the volume unit of solid, N/m?; Pq(%)
are the projections of forces due to gas pressure in the crack-pore space, N/m?.

The problem is solved in the elastic-plastic formulation. A Coulomb-Mohr criteri-
on is used to describe mathematically a process of rock transition into a disturbed
state. A stress-strain state of rocks is analyzed with the help of following geomechan-
ical parameters characterizing different-component nature of a stress field (Q") and
geostatic pressure relief of the rocks (P):

where o1, o3 are the maximum component and the minimum component of the prin-
cipal stresses tensor, Pa; yis the average weigh of the overlying rocks, N/m?; H is the
mining depth, m.

The next equation is used to describe gas filtration:

k 2.2 2.2
8_p: e |9 p2 +a pz +q(?), (4)
ot 2um\ Ox oy
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where p is gas pressure, Pa; 1 is gas viscosity, Pa-s; ¢ is the gas release function, that
simulates methane desorption.

As a result of mining operations, an initial stress field is redistributed causing cer-
tain changes in filtration permeability kwc; of coal and rock [12, 13]. It was previously
shown that k.., values at each point of the study area depend on the stress state of the
rock at this point as follows [14, 15]:

0 for O <0.6; P >0.25;
k_. for 0.6<Q" <0.8;

(5)

tech —

PO for 08< 0 <1.2; P> 0.1
k for 0" >1.2; P"<0.1,

max

where kmin 1s minimal value of permeability coefficient required for the filtration pro-
cess start, m?; kmax is permeability within the zone of breaking, m?.

The presence of water in the crack-pore space of coal is set through the moisture
saturation s,. The value of s, remains unchanged during one calculation, because the
time of gas-dynamic processes is usually equal to a few seconds, and the parameters
of the process of water filtration during this time does not change.

Outburst-hazardous properties of the coal seam in the disturbed zone near the tec-
tonic fault (Fig. 2) were simulated as follows [18]: adhesion C decreases linearly, and
the permeability k.., linearly increases from the boundary of the disturbed zone to the
plane of the tectonic fault displacer, the tensile strength o is approximately zero:

(G - Crp)x, 1, —x) ko=
l, ’

tect ld (6)
o,=0; forxe[x;x,+1,],

kmax (xd + ld — .X) .

C=C,

where C is the coal cohesion in the unbroken zone, Pa; Cyi, is the minimum cohe-
sion value in the broken zone, Pa; x; is x coordinate of the tectonic fault, m; /; is the
length of the broken zone, m; G is tensile strength, Pa.

/, I

Figure 2 — Coal seam section with tectonic fault

In addition, if the gas filtration rates ¥, =+/Vy +¥, become large, the gas flow

expands cracks in coal, gas permeability in areas with high speeds increases by a val-
ue that depends on V:
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k, :(1—0,01SW)K + (V). (7)

The system of equations (1)-(7) is solved by using the finite element method. The
initial and boundary conditions for the task set are:

ny t=0 = ]/H, Gxx =0 = ﬂ’st p|t=0 = po,

o =05 wl, =0 Pl =Pus Plog =P

‘QQ

where € are the vertical boundaries of the outer contour; €2, are the horizontal
boundaries of the outer contour; Q3 is the internal contour (mine working); Qa(z) is
the time-varying boundary of the filtering area; po is formation methane pressure, Pa;
Pa: 18 air pressure, Pa.

The condition for formation of outburst cavities in the case if gas-dynamic phe-
nomena start is belonging of finite elements to area of inelastic deformations caused
by tensile stress, and fulfillment of the criterion for gradients of methane pressure to
exceed the critical value grad p > P.. For further calculations, it was assumed that the
mine face is at a distance of 7.75 m from the tectonic fault with a displacement ampli-
tude of 1 m; host rock is argillite; H = 1000 m; m = 10%; I,= 10 m; po = 8-10° Pa;
P.=2-10" Pa/m.

Results and discussion.

Calculation of geomechanical and filtration parameters of gas-dynamic pro-
cesses under the condition s,, =1%. Under the condition of s, = 1%, the influence of
water on the change of physical and mechanical properties of coal, on the processes
of its deformation, methane filtration and desorption is practically absent. Let's per-
form the calculation and see how geomechanical and gas-dynamic processes occur
under the given conditions.

The results of calculating the values of Q" parameter, which characterizes differ-
ent-component nature of the stress field, zones of inelastic deformations (red colour)
and isobars of relative methane pressure p/po at different points in time are shown in
Fig. 3. In the vicinity of a tectonic fault, in the zone of a disrupted coal seam, the area
of increased diversity of the stress field components (Q° > 0.4) rapidly increases in-
creases deep into the coal seam. The zone of inelastic deformations rapidly grows
from the mine face along the coal seam (Fig. 3a-3¢). The pressure of methane in the
coal seam near the mine face quickly falls, so the relative pressure isobars are tight to
the exposed surface (Fig. 3a-3c). The pressure gradients and the filtration rate of me-
thane take very high values, the permeability of coal grows rapidly. Coal and gas
outburst takes place and cavity forms in the coal seam, the length of which reaches
6.125 m under the given initial and boundary conditions. Then the growth of the cavi-
ty stops (Fig. 3d), methane pressure in the coal seam continues to slowly decrease —
the geomechanical processes and the process of methane filtration return to the quasi-
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stationary mode. The time course of the dynamic process is 5.6 s under these initial
and boundary conditions.
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Figure 3 — Distribution of parameter Q" values and inelastic deformation zone (left side), fracture cav-
ity and methane relative pressure p/po (right side) in the outburst-prone zone near the tectonic fault,
Sw = 1%

Graphs of changes in geomechanical and filtration parameters in the mine face,
along the line that is perpendicular to the plane of the mine face and passes through the
center of the coal seam, are shown in Fig. 4.

At the time interval 7 < 6 s, the peak of parameter Q" values, which is usually on the
exposed surface, moves away from the mine face together with the newly formed sur-
face of the outburst cavity at a speed of approximately 1 m/s for our initial and bounda-
ry conditions, fig. 4a. Unloading of the coal seam from rock pressure (parameter P°)
also moves rapidly at the same speed (Fig. 4b). Absolute permeability (Fig. 4c) in the
area a few centimeters to the surface increases 6 times. Gas permeability, calculated
by formulas (1), (2) and (5), increases by the value of f(V;) in the boundary, near-
surface zone, Fig. 4d, because the gas filtration rates are very high here, Fig. 4f.
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Figure 4 — Changing of geomechanical and filtration parameters over time, sw = 1%

At the seventh second of coal and methane outburst, all processes slow down: the
peak of parameter Q" values increases, but now it does not move deep into the coal
seam and reaches the mark of 6.5 m; coal permeability increases gradually; methane
pressure gradients and its filtration rate decrease, fig. 4.

Effect of reducing phase permeability on initiation of gas-dynamic processes
in the outburst-prone zone of the coal seam. Calculations were performed for dif-
ferent moisture s, values in the crack-pore space of the coal seam. As a result of cal-
culations it was obtained that gas-dynamic processes in the mine face start if
sw<24%. When this limit is exceeded, geomechanical and filtration processes in the
coal seam near the mine face do not start. That is, for the above boundary and initial
conditions, the effect of moisture on the reduction of phase permeability for methane
leads to the neutralization of the outburst-hazardous properties of coal under the con-
dition of s, 2 24%. Under this condition, the course of the studied processes occurs
in a quasi-stationary mode.
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Distributions of parameter Q" values, zones of inelastic deformations and isobars
of the relative methane pressure at different points in time, if s, = 30% are shown in
Fig. 5
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Figure 5 — Distribution of parameter Q" values and inelastic deformation zone (left side), fracture cav-
ity and methane relative pressure p/po (right side) in the outburst-prone zone near the tectonic fault, sw
=30%

As you can see, in conditions similar to the previous case, near the tectonic fault,
in the broken zone, the area of high parameter Q" increases much more slowly with
depth into the coal seam. Zone of inelastic deformations deepens into the coal seam
by not more than 1 m, the methane pressure in the mine face falls slowly, the cavity
in the coal seam is not formed, Fig. 5.

Graphs of geomechanical and filtration parameters changing in the mine face,
along the line passing through the center of the coal seam, for s,, = 30% are shown in
Fig. 6.

In the studied moments of time the peak of parameter O values is at a distance of
about 1 m from the mine face, Fig. 6a. Fluctuations in the parameters Q" and P~ val-
ues near the surface of the mine face are due to influence of the zone of inelastic de-
formations. Unloading of the coal seam from rock pressure (Fig. 6b) and the drop in
methane pressure (Fig. 6¢) are slow. Absolute and gas permeability spread deep into
the coal seam faster with the growth of the zone of inelastic deformations, and out-
side it this process also slows down, Fig. 6¢ and 6d. Gas permeability in this case is
devoid of the nonlinear component f{V;), because the gas filtration rates do not ex-
ceed critical values, Fig. 6f. By comparing the graphs in Fig. 6¢ and 6d, one can see
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that gas permeability differs from the absolute permeability by 30% — this is the por-
tion of the crack-pore space of coal occupied by water.
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Figure 6 — Changing geomechanical and filtration parameters over time, sw = 30%

Thus, the moisture effect on reduction of phase permeability for methane leads to
neutralization of the hazardous properties of coal under the condition of s, = 24%.
Under this condition, the course of studied processes occurs in a quasi-stationary mode.

Effect of change of coal properties at humidification on initiation of gas-
dynamic processes in the outburst-prone zone of the coal seam. Based on experi-
mental data in [6, 7], it is shown that moisture saturation affects the coefficient of
elasticity of coal £ and the Poisson's ratio . Let’s calculate how the studied process-
es will occur with taking into account the change in the coefficient of elasticity of
coal with increasing moisture content s,,. For calculations, £ values was taken accord-
ing to [6, 7], Fig. 1a. As a result of numerical calculations with variation of s, it was
found that taking into account the decrease in the coefficient of elasticity £ decreases
the safe limit of moisture saturation to s, = 22%, at which the nature of geomechani-
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cal and filtration processes in the coal seam changes from dynamic to quasi-
stationary.

The results of calculations are shown in Fig. 7 in comparison with the results,
which did not take into account the moisture effect on the change in the coefficient of
elasticity of coal.
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Figure 7 — Distribution of parameter O values and inelastic deformation zone in the outburst-prone
zone near the tectonic fault, sw = 20%, coefficient of elasticity £ does not depend on sw (left side,
E =2287 MPa) and it depends on sw (right side, £ = 3375 MPa)

Taking into account reducing of £ value by 32% with increase of s, to 20% leads
to a weakening of the deformable characteristics of the coal seam, which is clearly
seen in Fig. 7:

- O values (parameter that characterizes different-component nature of the stress
field) markedly decrease in the coal seam in front of the zone of inelastic deformations;
- the area of the zone of ineclastic deformations in the mine face is also reduced,;

- the growth rate of the zone of inelastic deformations (coal seam destruction) and
the outburst cavity slows down.
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Thus, the decrease in the value of coefficients of elasticity £ when humidifying
coal leads to a weakening of the deformable characteristics of the coal seam, as well
as to slow down the rate of dynamic processes during the gas-dynamic phenomenon.

Let’s calculate how the studied processes will occur with additional consideration
of the change in the Poisson's ratio in coal with increasing moisture content s,. For
the calculations, average u values is taken according to [6, 7], Fig. 1b. The results of
calculations when s, = 20% are shown in Fig. 8 in comparison with the results, which
take into account the moisture effect only on the change in coefficients of elasticity.

Graphs of geomechanical and filtration parameters in the mine face, along a line
which is perpendicular to the mine face plane and passes through the center of the
coal seam, show that when s, =20%, E = 2287 MPa, and x = const, a gas-dynamic
phenomenon takes place in the mine face.

In the period of time t < 6.5 s, the peak of parameter Q° values moves away from
the mine face together with the newly formed surface of the outburst cavity, Fig. 8a
left side. Unloading of coal seam from rock pressure (parameter P*), fig. 8b left side,
is also rapidly moving deep into the seam. Gas permeability in the boundary, near-
surface zone of the disruption front increases by f{(V,) value, because the gas filtration
rates take high values here, Fig. 8c left side. The gas pressure gradients in the coal
seam near the exposed surface increase significantly because methane pressure over a
small distance drops from the formation pressure py to the atmospheric pressure pam,
Fig. 8d left side. Till the seventh second of coal and methane outburst, all the pro-
cesses are slowing down.

If s = 20%, E =2287 MPa, and the Poisson's ratio varies according to the graph
of Figs. 1b and is equal to ¢z = 0.433, any gas-dynamic phenomena do not occur in the
mine face. The peak of parameter Q" values is less than 1 m from the mine face. Un-
loading of the coal seam from rock pressure and falling methane pressure are slow.
Gas permeability spreads deep into the coal seam with the growth of zone of inelastic
deformations; it is devoid of nonlinear component, because the gas filtration rates do
not exceed critical values.

As a result of this series of numerical calculations with variation of moisture satu-
ration s, in the range from 15% to 22%, it was found that additional consideration of
the increase in Poisson's ratio due to coal humidification reduces the safe limit of
moisture saturation to s, = 20%.

Conclusions. According to the analysis of practical and theoretical researches, it
was established that the presence of water in the crack-pore space of coal influences
the phase permeability and methane filtration process; coal properties and intensity of
gas desorption.

The calculation of geomechanical and filtration parameters of gas-dynamic pro-
cesses in the mine face in the outburst-prone zone at s, = 1% showed that under these
boundary and initial conditions the following gas-dynamic processes occur.
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Figure 8§ — Change in parameters over time, sw = 20%, E = 2287 MPa, Poisson's ratio does not de-

pend on sw (left side, 4 = 0.433) and it depends on sw (right side, u = 0.4)
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The area of increased diversity of the stress field components (parameter Q* val-
ues) rapidly increases deep into the coal seam. The zone of inelastic deformations
rapidly grows from the mine face along the coal seam. Methane pressure in the coal
seam near the mine working quickly falls, the coal and gas outburst takes place and a
cavity forms in the coal seam, the length of which reaches 6.125 m under given initial
and boundary conditions. Then the growth of the cavity stops, methane pressure in
the coal seam continues to slowly decrease. Geomechanical processes and the process
of methane filtration return to the quasi-stationary mode.

As a result of calculations with variation of the moisture s,, values, it was obtained
that gas-dynamic processes in the mine face start if s, < 24%. When this limit is ex-
ceeded, geomechanical and filtration processes in the coal seam near the mine face do
not start. That is, for the above boundary and initial conditions, the effect of moisture
on the reduction of phase permeability for methane leads to the neutralization of the
outburst-hazardous properties of coal under the condition of s, = 24%. Under this
condition, the course of the studied processes occurs in a quasi-stationary mode.

It was found that the safe limit of moisture saturation, at which the nature of geo-
mechanical and filtration processes in the coal seam changes from dynamic to quasi-
stationary, decreases to s, = 22% when taking into account the decrease in the coeffi-
cient of elasticity £. Additional consideration of the increase in Poisson's ratio due to
coal humidification reduces the safe limit of moisture saturation to s, = 20%.

Thus, the regularities of the influence of moisture on the outburst hazard of coal
seams were established. It allows to identify a safe limit of moisture saturation, at
which the nature of geomechanical and filtration processes in the coal seam changes
from dynamic to quasi-stationary in specific geological conditions.
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YACENbHE AOCHNIMKEHHA BMJIMBY BOJIOTOHACUMYEHHA BYTINBbHUX TMJIACTIB  MICNA
raPOOBPOBKN HA IX BAKWOOHEBE3MEYHICTb
Kpykoecbka B.B.

AHoTauis. B ganin poboti gocnimkeHo BNNMB BOAW Ha BUKMAOHEOE3NEYHICTL BYTiNbHIUX NNAcTiB Yepes 3MiHy da-
30BOi MPOHUKHOCTI | BNACTUBOCTEN BYrinns. [ns Lboro po3pobneHo umcentHy Mogens nepebiry rasoguHamivHux npoue-
ciB y BWOOI ripHM4OT BMPOOKM B BUKMAOHEDE3NEYHIN 30Hi N06MN3Y TEKTOHIYHOMO MOPYLUEHHS 3 YpaxXyBaHHAM HAsSBHOCTI
BOAM B TPILLMHHO-MOPOBOMY NPOCTOPI BYrinnsi. Po3paxyHku BUKOHAHO AJ1s YOTUPLOX BUNAAKIB: 6€3 ypaxyBaHHS BMMBY
BOAW, 3 BMAMBOM i HAsBHOCTi Ha 3MiHY (©a30BOi MPOHWKHOCTI, 3 BMIMBOM Ha 3MiHY MOAYMKO MPYXHOCTI i KoediLjieHTy
lMyaccoHa.

Po3spaxyHOK reomexaHiqHuX i (inbTpauiiHux napameTpiB 3a YMOBM MiHIMabHOMO NPUPOLHOTO BOMOrOHACUYEHHS
Sw= 1%, nokasas, L0 NpU 3a4aHWX rpaHUYHUX i MOYATKOBMX YMOBAX PO3NOYUMHAETLCS rasoguHaMiyHWiA npouec. 3oHa
HenpyxHUX gedopmaLiit WBMAKO 3pocTae Big BMOOK BUPODKM MO BYriIEHOMY NNACTy, rpafdieHTu TUCKY MeTaHy nobnnay
BiflbHOI MOBEPXHI NPUIMAIOTL AY)XE BUCOKI 3HaYeHHs — BinbyBaeTLCA BUKWA BYFiNNs Ta rasy i YTBOPEHHS NOPOXHWUHM B
ByrinbHOMY nnacri. MoTiM reoMexaHiyHi npouecy i npouec ginbTpauii MeTaHy NOBEpTaTLCA A0 KBasicTalioHapHOMO
pexumy. B pesynbTaTi BUKOHAHHS CEpii YACENbHUX PO3PaXxyHKIB i3 BapilOBaHHAM 3HAYEHb KINbKOCTI BOSIOM B TPILLMHHO-
NOpPOBOMY MPOCTOPI BYFifIbHOrO Nnacta OTPUMAHO, O AN NPUAHATUX FPAHWUYHUX | MOYATKOBMX YMOB ra30fvHaMiuHi
npouecn B B1OOI BUPOOKM PO3NOYNHAIOTLCS, KOMM Sy < 24%. [Mpu nepeBULLEHHI L€l Mexi ra3oguMHamiuHi npolecu B
NpUBMGINHI 30Hi BYriNbHOMO NNacTa He po3B'A3ytoTbCs, Nepebdir reomexaHivHuX i inbTpayinHuX npoLecis BiabyBaeTbCs
B KBasicTaLioHapHOMY pexumi. Bnnue Bomnory Ha 3HWKEHHS (ha3oBOi MPOHUKHOCTI AN MeTaHy Npu3BOAMTb A0 HenTpa-
nisauii BukngoHebe3neyHnx BnacTueocTen Byrinns. [JoaaTkoBe ypaxyBaHHS 3HVWKEHHS 3HAYEHHS MOZYNS MPYXHOCTI i
3pocTaHHs koedilieHTy MyaccoHa npu 36inbLueHHi BMICTY BOAW B NOPOBOMY NPOCTOPI BYTinns 3MEHLLYe 6e3nedHy Mexy
BOJIOroHacuyeHHs Ao Sy = 20%.

TaKkM YMHOM, BCTAHOBMEHO 3aKOHOMIPHOCTI BMAMBY BOMOTM Ha BUKMOOHE6E3NeYHICTb BYrinbHUX nnacTis. Po3pob-
INEHO YnCeNbHY MOLENb, WO A03BOMSE B KOHKPETHUX YMOBaX BUSBMTY Be3neyHy MeXy BONOroHaCUYeHHs, 3a sKoi xapa-
kTep nepebiry reomexaHiuHux i inbTpaLiiHuX NPoLeciB y BYriNbHOMY NacTi 3MIHIOETHCA 3 AMHAMIYHOIO Ha KBasicTalli-
OHapHMA.

KntovoBi cnoBa: 6e3neka ripHuunx pobiT, uncencHe MOgentoBaHHs, BukaoHebesneka, asoBa NMPOHUKHICTb, BO-
NOTrOHACUYEHICTD.
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