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Nowadays there are important problems of increasing efficiency of development and exploitation of gas deposits. There are problems
associated with the growth of gas production in heterogeneous anisotropic reservoirs, increasing gas recovery, achieving economic
efficiency and so on. In this situation, there are popular methods of computer modeling of gas productive reservoirs, because they allow
getting information of the structure and characteristics of the gas reservoir, the distribution parameters of permeability and other important
factors in it. They also allow evaluating and calculating uncertainty arising from the lack of information about the gas reservoir properties
outside the well. Currently there are many methods of computer modeling, allowing solving various practical problems. From another
hand there are some problems related to the accuracy and adequacy of simulation of heterogeneous anisotropic permeable collector
systems in real conditions of gas deposits exploitation.

On the base of combined finite-element-difference method for solving the nonstationary anisotropic piezoconductivity Lebenson
problem, with calculating of heterogeneous distribution of permeable characteristics of the gas reservoir, we carried out modeling of
filtration processes between production and injection wells.

The results of computer modeling show that intensity of the filtration process between production and injection wells depends
essentially on their location both in a shifting-isotropic and anisotropic gas reservoir. Therefore, for the effective using of poorly permeable
shifting-isotropic gas-bearing reservoirs, it is necessary to place production and injection wells along the main anisotropy axes of the
gas-bearing layers. At the placing production and injection well systems in low-permeable anisotropic reservoirs of a gas field, the most
effective exchange between them will take place when the direction of increased permeability of the reservoirs coincides with the direction
of the location of the wells. Obviously, the best conditions for gas production processes in any practical case can be achieved due to
optimal selection of all anisotropic filtration parameters of the gas reservoir.

One can use obtained results for practical geophysical works with a purpose optimizing of gas production activity in low-permeable
heterogeneous anisotropic reservoirs. Presented method for more detailed investigation of low-permeable heterogeneous anisotropic

gas-bearing deposits can be used.

Keywords: computer modeling, anisotropic filtration processes, gas reservoirs.

Introduction and statement of the problem.
Nowadays, there are actual problems of increasing and
effective supporting of the stable gas production. For that
purposes in practice, different modern technologies for
intensity of the gas filtration process between producing and
injection wells have been used (Kowrsik, 2002; Tep-Capku-
cos, 1999; HckuH u Op., 2018). There are different
technologies, which can influence the main filtration
parameters of the gas reservoir such as permeability,
porosity, viscosity and any other additional factors. From the
other hand, an important factor in gas production in poorly
permeable depleted reservoirs is the calculation of
anisotropy in the processes of gas phase displacement.

However, for effective using of the gas technologies in
practice it is necessary to realize the complete anisotropic
filtration processes between production and injection wells
in reservoirs. In this situation, computer methods of the
anisotropic heterogeneous gas reservoirs modeling are very
effective, because they help to obtain information about
anisotropic filtration processes between acting wells in many
practical cases.

Furthermore, they allow evaluating and taking into
account uncertainties due to poor information about the
structure and filtration properties of the reservoir outside the
wells. Moreover, we can obtain all this information by
comparatively cheap way and use for effective analysis,
control and management of the gas production processes.

Analysis of latest investigations. At that moment,
there are many methods of the gas reservoirs modeling,
which allow resolving of various practical problems in gas
production (A3u3z u Cemmapu, 2004; KaHesckas, 2003;
Chen, et al., 2006; Ertekin, et al., 2001): a) determination of

gas filtration processes under different actions on the
reservoir in vicinity of acting wells; b) the general choice of
the system of development of depleted gas reservoirs;
c) supporting of optimal volumes of gas production in low-
permeability depleted gas reservoirs; d) determination of
final reserves and stagnant zones in gas reservoirs;
e) gradual analysis and reduction of risks of development
and provision of strategy and tactics of operation of the
system of acting wells in difficult mining conditions.

Pinpointing unresolved issues. Now there remain the
number of problems connected with accuracy and adequacy
of modeling of specific anisotropic heterogeneous poor
permeable gas reservoir systems in realistic conditions.

Considering in this work combined finite element -
difference method resolving nonstationary piezoconductivity
Lebenson problem (bacHues u 0Op., 2003; Lubkov, 2019)
allows calculation of the different filtration parameters in the
anisotropic heterogeneous gas reservoirs and gas
penetration conditions on the border of investigating area in
any time. Therefore, we can adequately define the
distribution of the gas reservoir pressure between producing
and injection wells in anisotropic heterogeneous poor
permeable gas reservoir systems in realistic exploitation
conditions.

Setting objectives. The aim of the article is modeling of
pushing processes in the anisotropic low permeable gas
reservoirs based on the elaborated combined finite element
— differences method.

Research part and findings validated. Mathematical
formulation and solving problem. We consider the gas
reservoir in which the presence of gas is very small. We
suggest that the average reservoir thickness is considerably
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smaller than its horizontal sizes of the considered area, so 8 8 R
it's sufficient to use a two-dimensional nonstationary x=Zx,(p,,y=Zyi(pl,P=ZP,(p,,
anisotropic model of piezoconductivity Lebenson problem & s s
(BacHues u dp., 2003; Lubkov, 2019). In that case, the B=YPRo;h ZZPb,(P,a o= 00;
general formulation of the nonstationary anisotropic = = =
piezoconductivity Lebenson problem, taking into account aP _ ZS“P‘P oP _ ZSZP‘D
the conditions of penetration of the gas phase on the borders o 5 =
of considering region, in rectangular axes (X, Y) can be i(aial_aial )
presented as: N om og 3 311)
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Pe=0=F; @) where Jza—ya—x—a—y% — Jacobian matrix between
k,gradP* = (P> - F). (3) dgan N dg

Here (1) — nonstationary piezoconductivity Lebenson
equation; (2) — initial condition; (3) — condition of the gas
penetration in the reservoir borders; P(x,y,t) — pressure, as
function of coordinates and time; ¢ =nm/ E, — coefficient of

Lebenson piezoresistivity; kxx, Ky, kxy — anisotropic gas
coefficients permeability; n — gas dynamic viscosity; m —
porosity coefficient; y— gas production parameter; P, -

initial pressure of the porous layer; o — coefficient of the gas
penetration in the border of reservoir; P, — pressure in the

border of investigating area; ko — gas coefficients
permeability in the border of investigating area
For resolving nonstationary piezoconductivity Lebenson
problem (1) — (3), we use variation finite element method,
which leads to the solving of variation piezoconductivity
Lebenson equation (Lubkov, 2019):
SI(P) =0. (4)
Here I(P) — functional of piezoconductivity Lebenson
problem (1) — (3), which after substitution P = P*can be

presented as:

L1 9P, P, oP oP
I(P)= 5{1 kG ()

+2k, ——+
" ox dy

Y-S 1 (5)
+2 J o5, AP=2Pldxdy — [ o(P—-2P,)Pdl

here, S —the square of investigating area; L — contour, which
surrounds the square S, d/ — element of the contour.

For resolving variation equation (4), we use eight-nodal
isoparametric quadrangular finite element (Jlybkos, 2017;
Lubkov, 2019). As global coordinate system, where we unit all
finite elements of investigating area S, rectangular system (x,
y) is using. As local coordinate system, where in limits of every
finite element we define approximation functions @i and make
numerical integration, normalizing coordinate system (¢, n) is
used (/Ty6kos, 2017; Lubkov, 2019).

=§(1—§)(1—n)(—c—n—1);

1
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In this system coordinates, pressure, initial pressure,
pressure in the border of investigating area, coefficient of the
gas penetration in the border and derivatives of pressure on
coordinates approximated in such way:

systems (x, y) and (g, n).
Following variation equation (4) and suggesting, that nodal

values and can't be variated we get system of differential
equations for k—nodal of p—finite element in such view:

nt QIR -QL R -y =0, (8)
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Hf = J o0, tazan
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For resolvmg the system of linear differential equations
of the first order (8) at initial conditions (7) we use method of
finite differences. At that, approximation of derivative in time
can be realized on the base of implicit differential scheme:
dP _ P(t+AH)-P(1) )
dt At '
Putting expression (9) into the system (8), we obtain the
next system of linear algebraic equationS'

Jld&dn.

Z{(EH” +AN+Q)E (1 +A) —*H,’Z R(O-Q; R} -7, =0
i=l1
(n=1-3). (10)

After summing equations (10) by all finite elements, we
obtain the global system of linear algebraic equations, which
allows defining unknown meanings of pressure in the moment
of time t + At via their meanings at previous moment t. We
resolve the global system equations on the base of Gauss
numerical method without choosing the main element (J1y6-
koe, 2017; Lubkov, 2019). After solving, we can define the
pressure at all nods of the finite element net. According to the
found nodal values, the pressure can be determined at any
point of the gas reservoir area in any time. The use of
quadratic approximation and implicit difference scheme leads
to increasing of the accuracy and also convergence and
stability of the numerical solution of the problem (A3u3 u Cem-
mapu, 2004; Jlybkos, 2017; Chen et al., 2006).

Modeling of anisotropic gas displacement processes.
Let us consider filtration processes of an anisotropic gas
reservoir in the vicinity of a production well with the power of
24840 m?3over day at the initial reservoir pressure of 20 MPa.
Taking into account the expansion of the gas, at the surface the
well power wil be 2,484-105m3 over day. We suggest
anisotropic gas reservoir area with the size of 9x9 km?.

We choose some average characteristic parameters of
the gas reservoir (bacHues u dp., 2003): n =0,18-10*Pa-s;
m=0,15. In that case coefficient of Lebenson
piezoresistivity is ¢=0,27-10"" s. In modeling, we will
consider that borders of investigating area are impenetrable,
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thus the gas penetration coefficients on the borders of
considering area equal zero.

From the figures we can see the pressure distributions
between gas production and injection wells at the given well
power and various anisotropic parameters of the gas
permeability after 30 days of continuous acting.

In fig. 1 — we can see distribution of pressure between
producing and injection wells in the shifting-isotropic case of
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gas permeability distribution (kx, # 0). In fig. 2 — distribution
of pressure between producing and injection wells at their
horizontal installation relatively of the main anisotropy axes.
In fig. 3 — distribution of pressure between producing and
injection wells at their vertical installation relatively of the
main anisotropy axes. In fig. 4 - distribution of pressure
between producing and injection wells at their diagonal
(shifting) installation relatively of the main anisotropy axes.
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Fig. 1. Distribution of pressure between production and injection wells over month from beginning
in shifting-isotropic case of permeability gas distribution:
a— kw=0,0012 D, kyy=0, 0012 D, k= 10,0012 D; b — kxx=0,0012 D, ky, = 0,0012 D, kxy,= 0,0012 D; ¢ — kxx= 0,0012 D,
kyy=0,0012 D, ky = 0,0012 D; d — kxx = 0,0012 D, ky, = 0,0012 D, kx = 0,0012 D. (1D (Darsi) = 10'2 m?)

Discussion of the results. The modeling results show
a significant effect of the anisotropy of the gas reservoir
permeability on the nature of the filtration processes around
the production and injection wells, and therefore on the gas
production process. In fig. 1 it is possible to detect the
degree of intensity of the filtration process between
production and injection wells depending on their installation
in shifting-isotropic gas reservoir. The most intensive
filtration process between production and injection wells
occurs when they are placed along the main anisotropy axes
(fig. 1, a, b, d). In that case, the gas production process is
the most efficient. In the case of diagonal (shifting)
installation relatively of the main anisotropy axes, the mutual
exchange between production and injection wells decreases
and gas production is reduced accordingly (fig. 1,c). In fig. 2
we can see that the most intensive exchange between
production and injection wells is observed in case 2, a, when
the direction of increased permeability coincides with the
direction of well location. Accordingly, the least intense
exchange is observed in case 2, b, when the direction of

increased permeability is perpendicular to the direction of
the wells. Case 2,c, when the direction of increased
permeability is shifted, corresponds to the average
exchange rate. In fig. 3 we can see that the most intensive
exchange between production and injection wells is
observed in case 3,b when the direction of increased
permeability coincides with the direction of wells distribution,
the least intense in case 3 a when the direction of increased
permeability is perpendicular to the direction of wells. That
is, the pattern of exchange intensity between production and
injection wells is repeated. In fig. 4 - the most intensive
exchange between production and injection wells is
observed, respectively, in the case of 4, ¢, also when the
direction of increased permeability coincides with the
direction of the wells. Moreover, cases 4, a and 4, b have an
equally intensive exchange between production and
injection wells. Based on the obtained information, for the
effective use of weakly permeable shifting-isotropic gas
reservoir, it is necessary to install production and injection
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wells along the main anisotropy axes. At installing systems
of production and injection wells in anisotropic low
permeable gas reservoirs, the most effective exchange
between them will take place when the direction of increased
permeability of the reservoir coincides with the direction of
the wells. Obviously, for achievement of the best conditions

of gas production in any practical case we need in
systematic analysis and optimal selection of all influential
factors of the anisotropic gas filtration processes. From the
other hand, we can evaluate these factors by using
presented method.
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Fig. 2. Distribution of pressure between production and injection wells at their horizontal installation relatively
of the main anisotropy axes over month from the action beginning:
a—kw=0,012 D, ky=0, 0012 D, kxy=0,0012 D; b — kxx= 0,0012 D, ky,= 0,012 D, kxy=0,0012 D;
¢ — kxx=0,0012 D, kyy=0,0012 D, k= 0,012 D
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Fig. 3. Distribution of pressure between production and injection wells at their vertical installation relatively
of the main anisotropy axes over month from the action beginning:
a—kw=0,012 D, ky=0,0012 D, k= 0,0012 D; b — kxx= 0,0012 D, ky,= 0,012 D, kxy= 0,0012 D;
€ — kxx=0,0012 D, kyy=0,0012 D, k= 0,012 D
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Fig. 4. Distribution of pressure between production and injection wells at their diagonal (shifting) installation relatively of the
main anisotropy axes over month from the action beginning:
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Conclusions. The elaborated combined finite element —
differences method of resolving anisotropic nonstationary
anisotropic Leibenson piezoconductivity problem in
deforming gas reservoirs allows adequately in the quantity
level describing of low permeable gas filtration process
between producing and pushing wells in realistic conditions.
The obtained results show that the intensity of the filtration
process between production and injection wells and,
accordingly, the productivity of gas production depends
essentially on their location, both in the shear-isotropic and
in the anisotropic gas reservoirs.

The obtained information shows that it is necessary to
place production and injection wells along the main
anisotropy axes of reservoir for effective exploitation of
anisotropic low permeable gas reservoirs.

At installing systems of production and injection wells in
anisotropic low permeable gas reservoirs, the most effective
exchange between them will take place when the direction
of increased permeability of the reservoir coincides with the
direction of the wells. Obviously, for achievement of the best
conditions of gas production in any practical case we need
to realize systematic analysis and optimal selection of all
influential factors of the anisotropic gas filtration processes.
From the other hand, we can define and evaluate these
factors by using the presented method. In the future, it is
interesting to create on the basis of the elaborated finite-
element-difference method a practically significant method
of optimizing gas production in real exploitation conditions of
production and injection wells in low-permeability
anisotropic gas reservoirs.
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HauioHanbHuit yHiBepcuTteT "MonTaBcbka nonitexHika im. lOpis KongpaTioka”,

np. NMepwoTtpaBHeBun, 24, m. NMonTtaea, 36011, YkpaiHa

MOAENOBAHHSA NPOLIECIB BUTICHEHHA B HEOOHOPIOAHUX AHI3OTPOMHUX TASOHOCHUX MITACTAX

Y Haw 4ac saxnueumu € npobnemu nidsuuwjeHHs eghekmusHocmi po3pobku ma ekcrniyamayii 2azoeux podosuuy. 3okpema, ye npobrnemu, nos'-
s3aHi 3i 3pocmaHHsIM 8UG06Y MKy 2a3y 8 HEOOHOPIOHUX aHi30MPOMHUX niacmax, 00Csi2HeHHsIM eKOHOMIYHOI egpekmusHocmi mouwjo. Y yiti cumyauii
3ampebygaHumMu € Memodu KoM 'tomepHo20 Modesito8aHHs1 2a30MPodyKmuUeBHUX fnyiacmie, OCKiflbku 60HU 00380J1sIloMb ompuMyeamu iHgpopmayiro
npo cmpykmypy ma xapakmepucmuKu 2a308020 fjiacma, napamempu po3nodisly npoHUKHocmi ma iHwi eaxnuei gpakmopu. BoHu makox do3eorsi-
romb oyiHr8amu ma o64ucsIroeamu Heeu3Ha4yeHOCMi, WO eUHUKarOMb eHac/lidok HedocmamHbOi iHghopMauii npo enacmueocmi 2a308020 niacma
nosa mexamu ceepdsnosuH. IcHye 6azamo Memodie KoM 'tomepHo20 Modesito8aHHs!, w0 00380JII0Mb 8UPiWyeamu Pi3Hi NpakmMu4Hi 3adad4i. 3 iH-
wozo 60Ky, 3anuwaromscs 0esiki TumaHHsi, Noe'si3aHi 3 mo4Hicmto ma adekeamHicmio Modesito8aHHsI HEOOHOPIOHUX aHiI30MPOMHUX KOSIEKMOPChKUX
cucmemM y peanibHUX yMogax eKcrylyamauil 2azoeux podosuwy.

Ha ocHoei komM6iHO@aHO20 CKiH4YeHHO-esleMeHMmHo-pi3HuUyeso20 Memody O HecmauioHapHOi aHi3omponHoi 3adayi n'e3onpoesioHocmi JleliGe-
H30Ha, 3 ypaxyeaHHsIM HeOOHOPiOHO20 po3nodiny pizHuUx ¢inbmpayiliHux napamempis ecepeduHi aHi30MPONHO20 2a30HOCHO20 MNslacma i Ha lio2o
Mexax, npoeedeHo ModestoeaHHs npouyecie hinbmpayii Mixx eudobyeHUMU ma HacHiManbHUMU ceepdsio8uUHaMU.

Pe3ynbsmamu komn'tomepHo20 Modesiro8aHHs MOKa3ylomb, W0 iHMeHcueHicmb npouyecie ¢inbmpayii Mixx sudobyeHuMu ma HacHimanbHUMU
ceepdnosuHamu i, idnoeioHo, NpodykmueHicmb eudobymKy 2a3y cymmeeo 3asiexxums 8id ix po3mauwyeaHHsl, siK y 3Cy8HO-i30mponHuUx, mak i aHi-
30MpOnNHUX 2a30HOCHUX niacmax. Buxodsiyu 3 ompumaHoi iHghopmauii, Onsi e¢pekmueHo20 8UKOPUCMAHHS CJ1a60NPOHUKHUX 3CY8HO-i30MPONHUX
2a30HOCHUX ns1acmie Heob6xiOHo po3miwjyeamu eudobyeHi ma HacHimanbHi ceepdno8UHU y3008)K 20/108HUX oceli aHizomponii nnacma. lMpu po3mi-
wieHHi cucmem eudobyeHuUx ma HazHimasnbHUX ceepOsiI08UH y cs1a60MPOHUKHUX aHI30MPOMHUX Macmax 2a3oeo20 podosuwa Halibinbw egpekmus-
Huli 06MiH MiX HUMU 6yde npoxodumu, KO/IU HanPsIMOK 36inbweHoi MPOHUKHOCMI niacma 36i2zaembcsi 3 HaNPSIMKOM po3mauly8aHHsi ceepOsI08UH.
O4esudHo Halikpauwii ymosu 8u0obymky 2a3y MOXymb 6ymu Aocsi2Hymi minbKu nicsisi cCucmeMHO20 aHaiily ma onmumasnbHo20 nidbopy ycix ennu-
8oeux ¢hakmopie aHi3omponii 2a30HOCHO20 n1acma y KOXXHOMY NPakmu4YHoOMYy eunaoky.

OmpumaHi pe3ynbmamu MOXXHa euKopucmoeyeamu 07151 MpakmuYyHuUx 2eoizu4Hux pobim 3 Memoro onmumisayii 2azoeudobyeHoi dissnbHocmi
8 c/1a6onpPoHUKHUX HEOOHOPIOHUX aHi3omponHux podosuujax. Y nodanbwoMy eUK/IUKAaEe iHmepec eukopucmaHHsi npedcmaesieHo20 Mmemody Onsi
6inbw demanbHO20 AOCiOXKEHHSI OCMaHHiIX.

Knroyoei cnosa: komn'tomepHe Modesito8aHHs1, aHi3omponHi ¢hinbmpayiliHi npoyecu, 2a30HOCHIi Nnacmu.
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MOAENMPOBAHUE NMPOLIECCOB BbITECHEHUA
B HEOAHOPOAHbIX AHU3OTPOIHbIX FASOHOCHbIX MJIACTAX

B Hacmosiwjee epemsi cywjecmeytom npobriembl noebiweHusi aghghekmueHocmu paspabomku U 3Kcrayamayuu 2a3o8bix MecmopoxoeHutli. B
JacmHocmu, amo npobriemMsl, cési3aHHble ¢ pocmoM 006bI4u 2a3a 8 HEOOHOPOOHbIX aHU30MPOIMHbLIX MN1acmax, docmuxeHueM 3KOHOMUYecKol 3gh-
gekmueHocmu u m.8. B amoli cumyayuu eocmpe60o8aHHbIMU SI8/1HOMCS1 Memo0dbl KOMIbIOMEPHO20 MOOeIUPOB8aHUsl 2a308bIX 1171acMoe, MoCcKo-
JIbKY OHU [10380JISilOM [oJly4amb UHGOPMayuro O CMPYyKmype U XapaKmepucmukax 2a308020 facma, napamempax pacnpedesieHusi
npoHuyaemMocmu u Opyaux eaxHbix hakmopax. OHU MaKxxe M0380IsII0M OYeHUBaMb U 8bIYUC/ISIMb HeonpedesleHHOCMU, 803HUKaroujue ecrnedcm-
sue Hedocmamo4Hol uHghopmayuu o ceolicmeax 2a30HOCHO20 Ms1acma eHe 00csi2aeMocmu CKeaXKuH. B Hacmosiujee epems cyujecmeyem MHO20
mMemodoe KoMMnsromepHo20 Modeslupo8aHuUsl, MO3680JISIFOUUX pellamb pa3suYyHbie npakmuyeckue 3adayu. C dpyaoii CMopoHbI, OCMaroMmcsi HeKo-
mopbie 80MPOChl, C8sI3aHHbIE C MOYHOCMbIO U adeK8amHOCMb0 MOAeUPO8aHUsi HEOOHOPOOHbLIX aHU30MPOIHbIX KOJIIIEKMOPCKUX CUCMEM 8 pea-
JIbHBIX YCII08USIX 3KCMTyamayuu 2a308bIX MECMopoXxoeHud.

Ha ocHoee KOM6UHUPOBaHHO20 KOHEYHO-3/1eMeHIMHO-Pa3HOCMHO20 Memoda Os1s HecmayuoHapHoOU aHU3ompornHou 3ada4u nbesonpogodumocmu Jlel-
6eH30Ha, ¢ y4emom HeoOHOPOGHO20 pacnpedesieHuUs] Pa3uYHbIX huNbMpPayUOHHbIX NapaMempoe 8Hympu aHU30MPONHO20 2a30HOCHO20 ry1acma U Ha e2o
2paHuyax, 6b110 nposedeHo ModenuposaHue rpouyeccoe ghunbmpayuu Mexady obbigaroujuMu U Haet TbHBIMU Ci IHamu.

Pe3ynbmamsbi koMnblomepHo20 MOAeslupo8aHUs MoKa3biealom, Ymo UHMEHCUBHOCMb npouyeccoe gunbmpayuu mexdy dobbigarouumMu U Ha-
2HemamesibHbIMU CK8aXXUHaMu U, COOMe&emcmeeHHo, npou3zeodumenbHOCMb A06bIYU 2a3a CywecmeeHHO 3agucum om ux PacrosioXeHUsl, KaK
c08U2080-U30MPONHbLIX, MaK U aHU30MPOIMHbIX 2a30HOCHbIX naacmax. Mcxods u3 nonyveHHol uHgopmayuu, 0ns aghghekmueHoU 3KcnIyamayuu
cnabonpoHuyaeMbix cO8U20-U30MPOINHbIX 2a30HOCHbIX M/1acmoe, Heo6xo0umo pasmeuwjams Aobblearowjue U HacHemamesibHble CK8a)XXUHbI 8301
2n1aeHbIx oceli aHuzomponuu nnacma. lpu pasmeujeHuu cucmem Ao6blearoUUX U Ha2HemamersbHbIX CK8aXUH 8 Cs1abonpoHUUuaeMbIX aHU3omponn-
HbIX n1Iacmax 2a308020 Mecmopo)x0eHus1 Haubosiee aghgpekmueHbIli 06MeH mexdy HUMuU 6ydem npoucxodumsb, ko2da HanpaesieHue MNoebIWEeHHOU
npoHuyaemMocmu nnacma 6ydem coenadamsb ¢ HarnpaesieHUeM pa3Meu,eHus1 ckeaxuH. O4eeaudHo, Hausy4wue ycriogusi do6bi4u 2aza Mo2ym 6bimb
docmuzHymbl MOJILKO & pe3ynibmame CUCMEMHO20 aHanu3a u onmumasnbHOo20 y4éma ecex 8axHbIX hakmopoe aHU30MmpPOoNHO20 2a30HOCHOR20 r/1a-
cma 8 KaxxdoM npakmu4ecKom cry4ae.

IMony4yeHHble pe3ynbmambl Mo2ym 6bimb UCMOJIb308aHbI Ha MPakKmMuke 2eogusuyeckux pabom c yesbio onmumusayuu 2azodobbiearowjeli de-
simenbHOCMU 8 c1abonpoHuyaemMbix HEOOHOPOOHbIX aHU30MPOMNHbLIX niacmax. B danbHeliweM ebi3bieaem uHmepec ucnonb3oeaHue npedcmas-
JleHHo20 MemoOda 9151 6oniee demanbHO20 ucc/iedo8aHusi MOCIeOHUX.

Kniodeenie crioea: KomnsromepHoe ModesiupoeaHue, aHU30mpornHble (hunbmpayuoHHbIe MPOYECChI, 2a30HOCHbIE N1acmal.




