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Approximate solutions of the Riemann problem for a twosphase

flow of immiscible liquids based on the Buckley—Levere 0
The article proposes an approximate method based on the "vanishing viscosity"met ensures
the smoothness of the solution without taking into account the capillary pressure. nsider the
vanishing viscosity solution to the Riemann problem and to the boundary Rie . It is not

a weak solution, unless the system is conservative. One can prove that it is a v
meaning the extension of the semigroup of the vanishing viscosity solution to,
boundary data. It is known that without taking into account the capillary
model is the main one. Typically, from a computational point of view, appro
time slicing when creating computational algorithms. Analysis of the flow, of a
liquids, the viscosity of which depends on pressure, leads to a“furt

the Buckley—Leverett
odels are required for
ture of two immiscible

sion of the classical Buckley—
o cy’s law include the effect of
capillary pressure. This is motivated by the fact that some fl .g5krude oil, have a pressure-dependent

Keywords: Darcy’s law, two-phase flows, pha: i uckley—Leverett theory, isothermal filtration,
capillary pressure.

niroduction

at the solutions of the viscous approximations u;+ A(u)u, =

S. Bianchini and A. Bressan |1
i sfy uniform BV estimates, independent of . Letting ¢ — 0,

€Uy, are defined globally in
these viscous solutions conv
Jacobian of some flux fu " — R", the vanishing viscosity limits are the unique entropy-
weak solutions to the sy offconservation laws u; + f(u)ugy = 0.

tt sed and calculated a model of fluid behavior in a porous medium in
her development, many different calculation methods were proposed, in

1942. In the proce

particular [2-5] a

tifigstudies on the relationships between phases in multiphase flow modeling, we refer
and links to these papers.

porous medium given by Dominique Guerillot et al. [6]. This is the mass conservation

equation for two phases (oil and water):

Z’%ﬁ;‘ﬁ +V- (poyo) =0,
_'D%qus'i‘v'(pwVW) =0

with the natural physical constraint S, + S, = 1, where ¢ — the effective porosity of the reservoir;
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Pos So and p, S — the density and saturations of oil and water, respectively; v,, p, and v, pw — the
superficial velocity and the pressure of the oil and the water phases, respectively.

Fluid flow through a porous medium is common in many areas of technology and science. At
the same time, the problem of single-phase flow has been well studied both from an engineering and
mathematical point of view [7]. The classical Darcy’s law, widely used for practical purposes, can
be obtained by modeling a sluggishly current incompressible flow. In practice, a porous medium is
considered a periodic array of cells filled with a Newtonian fluid. The problem is formulated at the
cell scale (microscale), and then scaled by homogenization in the entire area, providing the classical
Darcy’s law.

According to Darcy’s equation, a porous solid has a resistance to the liquid in the pores, which is
directly proportional to the speed of the liquid relative to the solid, usually called théydsagteecfficient.

Oil production in most cases occurs when it is displaced in the pore space of the'pro@uetive reservoir
by water or gas. This process is used in natural operating modes and in artificial methods,of méintaining
reservoir pressure by flooding or gas injection. The theory of isothermal filtration serves)as the basis
for calculating such processes [8-10].

Simulation can be without taking into account nonlinear effects [11], ‘agsuming that the flow of
immiscible two fluids is separated by a smooth boundary layer [12J¢Inlsuchya formulation of the
problem, a solid matrix is considered an impenetrable rigid body, and ghe €lassical no-slip condition
is imposed on its boundary. The result is a system of equations for, saturation and pressure. Such a
system is reduced to the classical Buckley—Leverett equation, ‘when \the viscosities of both fluids are
independent of pressure. It is found that the relative permeabilities depend on the pressure of the liquid
and when the solid matrix is considered rigid.

Some models consider the exchange of momentim between“the phases of flows of two immiscible
fluids in a porous medium. Sometimes creeping,flow models ate used that include an explicit relationship
between two phases by adding cross-terms tothe generalized Darcy’s law [13]. These models show
that cross-terms in macroscale models can significantly’affect flow compared to results obtained using
generalized Darcy’s laws without cross-termis. Investigations with the availability of experimental data
for analytical solutions suggest that the influence of this dependence on the dynamics of saturation
fronts and stationary profiles is very_ sensitivie'to gravitational effects, the ratio of viscosity between two
phases and permeability. These reSults indicate that the effects of momentum exchange on two-phase
flow can increase with increasing@ perous medium permeability when the effect of liquid-liquid interfaces
becomes similar to the effect of ‘Selid-liquid interfaces.

In the parabolic casefSolyability has been sufficiently studied by S.N. Antontsev, V.N. Monakhov,
O.B. Bocharov [14-16{, and others. It should be noted that equations in the form (1) are the simplest
mathematical models of many natural phenomena, sometimes reflecting the essence of these phenomena.
In particular, the, Leverett function is determined experimentally according to the materials of Kern.
This approach doespnotPgive the desired results in problems of filtration theory.

Theé*@auchyproblem for a system of conservation laws in one space dimension takes the form [7]:

u + f(u), =0. (1)

HereWw, (05) = @ () is initial conditions, u = (u,, us) is the vector of conserved quantities (oil and

water, respectively), while the components of f = (f,, fw) are the fluxes of oil and water, respectively.

We assume that the flux function f : R? — R? is smooth and that the system is strictly hyperbolic;
i.e., at each point u the Jacobian matrix A = Df (u) has u real, distinct eigenvalues

AL (u) < oo < Ay (u) .

One can then select bases of right ¢ and left eigenvectors 7; (u) ,; (u) normalized so that

_ 1 if =,
|rl|:17l2'rl_{0 lfl%]
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Several fundamental laws of physics take the form of a conservation equation.

The lack of regularity is a major source of complexity since most of the standard differential calculus
tools are not applicable. Special methods are needed, in particular, the main building block is the so-
called Riemann problem [1, 17|, in which the initial data are piecewise constant with one jump at the

origin:
u” if z <O,
u(0,7) = { ut if x> 0.

The viscosity solution of a Cauchy problem is unique and coincides with the limit of Glimm, and the
front-tracking approximations for a strictly hyperbolic system of conservation laws satisfy the@tandard
assumptions.

For each ¢ € {1,...,n}, the i-th characteristic field is either linearly degenerate‘so at

DX (u)-r;(u) =0 \

for all u, or else it is genuinely nonlinear, i.e.,

DX (u) - 7 (u) > 0, é

0 for all u.
The definition given in [7] was motivated by a natural ¢onj Namely, the viscosity solutions
(characterized in terms of local integral estimates) should coin€ide p ely with the limits of vanishing

deﬁmtlon of viscosity solutions and
to the more general case of (possibly
articular, we obtain the uniqueness of the

viscosity approximations. In the present paper, we adopt
prove that the above conjecture is indeed true. Ou
nonconservative) quasilinear strictly hyperbolic syste
vanishing viscosity limit.
For a comprehensive account of the recent u and stability theory, we refer to |7, §].
A long-standing conjecture is that the entropic solutions of the hyperbolic system (1) actually
coincide with the limits of solutions to the parabolic system

Ut f(u)q; = EUgg

when the viscosity coefficient ew of the recent uniqueness results, it looks indeed plausible
that the vanishing viscosityglimi 1d single out the unique “good” solution of the Cauchy problem,

@ opy conditions. In earlier literature, results in this direction were based
{]: @omparison principles for parabolic equations; Singular perturbations;

Compensated co .
In our poin , to develop a satisfactory theory of vanishing viscosity limits, the heart of
the matter igyto establi h a priori BV bounds on solutions u (¢,-) of (1.8) ¢, uniformly valid for all
. This is indeed what we will accomplish in the present paper. Our results apply,

to strictly hyperbolic systems with viscosity, not necessarily in conservation form:

up + A (u) uy = lgy.

The modeling multiphase flows in porous media is of major importance in many fields of applications.
In particularly in enhanced oil recovery applications of petroleum engineering. The classical mathemati-
cal models for multiphase flows are based on a straightforward generalization of Darcy’s law for a single-
phase flow [9]. A natural question arises: How important is the influence of one phase on the other
phase? In some applications, it is shown that the coupling effects are small, and therefore negligible.

In [18-20], it was developed a mathematical model to apply Buckley—Leverett frontal advance theory
to immiscible displacement in non-communicating stratified reservoirs. The influence of the coefficient
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of viscosity and coefficient of variation of the Dykstra-Parsons permeability (VDP) on productivity has
been investigated. The introduction of pseudo-relative permeability functions is discussed. It was shown
in [21] that mass conservation in several layers unconnected with each other can be used to derive the
interlayer ratios of various emerging fronts. The ratio of flow areas in an immiscible two-phase flow
in a porous medium was studied in [22, 23|. They used dynamic pore network modeling that uses an
interface model used to simulate steady state two-phase flow.

Numerical modeling of the flow of immiscible fluids is of great importance in many areas for the
proper management of underground resources, in particular water. Recently presented high-resolution
numerical model that simulates a three-phase immiscible fluid flow in both unsaturated and saturated
zones in a porous aquifer [22] is relevant.

In the theory of immiscible two-phase flow presented in [23|, the conservation of ‘mass Hyprovided
by general equations, which require some additions for a porous medium. The basig equation can be
derived from the relative permeability data. It turns out that it has a surprisingly simpleforméwhen
expressed in the correct variables [24]. The resulting system of equations cafi thempbédsolved for a
structured porous medium. However, the question remains what happens, when the/porous medium
has a nontrivial structure along its entire length.

1 Mathematical modelling

Consider filtration of a two-phase liquid in a porous medium fgwater-pressure mode. The field is
covered by a network of wells and their location schemes_ean be, different. The oil-bearing formation
is considered unlimited, of constant thickness, the porous medium is non-deformable, and the ratio
of capillary pressure to the total hydrodynamic pressureddrop is small, which allows to consider the
problem obeying the classical Buckley—Leverett model®

High precision modeling of immiscible two-pliase flows in porous media is paramount. Nevertheless
even with such high-precision numerical modeling, $hefdack of information or its fuzziness, for example,
on the relative permeability and function$)of capillary pressure in them does not allow a detailed
comparison with experiments [25].

Without taking into account grawity, two-phase filtration for the case of straight-parallel displace-
ment was considered by S. Buckley and Wl. Leverett in 1942, and later independently by A.M. Pirver-
dyan, who also studied the case,of ‘aymnere general filtration law for two-phase flow [10].

In the case of one-dimemsionah flow of incompressible immiscible liquids under conditions where
capillary pressure and thelinfluence of gravity can be ignored, the displacement process allows a simple
mathematical descripfion?:

It should be noted that the equation of the form (1):

w + f(u), =0

onefdimensional space variables have been considered by many researchers. A significant contribution to
the nonslocal gheory of the Cauchy problem for this equation was made by O.A. Oleinik, A.N. Tikhonov,
A.A. Samarsky, and I.M. Gelfand. The Buckley—Leverett mathematical model belongs to equation (1).

A detailed specification allows to define a porous medium as either hydrophilic or hydrophobic.

It is known that if ¢ > 0 is the coeflicient of viscosity, then the viscous friction force acting on each
particle of the porous medium x (t) and related to the unit of mass can be assumed to be equal to
€ - Ugg. Then returning to the mathematical model of Buckley-Leverett (then instead of u (¢, z) we will
write s (t,x) - water saturation)

S+ 8 -8, =€ Spx (2)

where F (s) = 15 is the Leverett function.

Mathematics series. Ne 2(106)/2022 7
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The equation of the form (2) was studied by O.B. Bocharov, B.N. Monakhov, [.L. Telegin |14, 15,
17].

If the viscous term tends to zero, the uniqueness of the vanishing viscosity limit is proved based
on comparative estimates for the solutions of the corresponding Hamilton-Jacobi equation, as stated
in [26, 27|. As an application, they obtained the existence and uniqueness of solutions for the class
of triangular systems of 2 x 2 conservation laws with hyperbolic degeneracy. However, the forecast
calculations did not give the desired results.

The assumed method at € — 0 is called the "vanishing viscosity"method. Given that

€ i
Sy = S, — —
t T 2 N
L 2
we introduce the potential u (x,t) defined by the equality \

52
du + (s-sx— 3) dt.

In this case K
Uy = 8,
u’z

— [ A—
Up =€ Sp = 5 =€ Usg:~ ,

M)

that is, the function u (z,t) satisfies the equation

Make a replacement in (3)

Then

2
— 2 Z
——28'%+2€'Z7m,

Equation (3) will take the form

2 2
z z z z
6._t+2€2._a27:—2€2.ﬁ+2€2._§’
z z z z
in other words, t al conductivity equation is obtained regarding to z (x, t):

d is often called the Florin—-Hopf-Cole transformation. From the made, substitutions it
e solution to equation (2) has the form:

’@ 2t = € Zgg. (4)

follows t

Zx
S=1Uy = —2e-—
z

where z (z,t) is the solution (4).
Suppose that a wave of the form propagates through an injection well:

s_,ats < wt
S4,ats > wt

Sy — S

t) =s_
s(z,t)=s_+ 5

- (14 sign(x — wt)) = { (5)
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where w = const. Suppose that there is a generalized solution of the equation of the form (1) in the
sense of fulfilling the integral identity. To do this, it is necessary and sufficient that the condition is
met on the break line w = const

Lotz Flsy) - F(s-) (6)

dt S —S—

The idea of the "vanishing viscosity"method in this case is that this solution (discontinuous) of the
form (5), (6) is acceptable. That is, for x # w solutions of of s° (z,t) the equation

st = +(F(5°), = € 55

for e — 0, it is obtained as a pointwise limit. L 4 X
Below, the proposed method by I.M. Gelfand has the desired result in applied e
Given the structure of the solution we will look for a solution s (x,t) to equafio d (8) in the

form:

(7)

T — wt
@) =u(@),e= 2 0
Substituting a solution of this type in (7), we get that the funegti €) is the solution of the
equation ) 4
(9)
At = # wt, the function s* = v (‘”‘T‘*’t) pointwi imates for ¢ — 0 function s (z,t) of the
form (5) if and only if the function v () sati dary conditions:
S (—’I’L, = (n7 t) =5+ (10)
where n is a sufficiently large distanc
It should be noted that v (t) i ly solution, i.e., there can be 0 = v (§ — &), for any
& € R.
Integrating (9) and (10),&
= wu+dW)+C=d(v)+C, (11)
= const.

If these conditi t, the solutions of equation (9) that interest us are given by the formula.

of .M. Gelfand, in order for an autonomous equation (11) with a smooth
to have a solution that tends to the constants s_ at n — —oco and sy at
sary and sufficient to meet the following conditions:

.+ -special points of the original equation, i.e., zero the right side of the equation (11):

D) +C=d()+C=0,
that is, as a result, we have

D(s_)=d(sy)=—C;

b) another option between s_ and s there are no other special points and the right part (11) on the
specified interval:
1) positive at s_ < sy the solution increases, i.e.,

Mathematics series. Ne 2(106)/2022 9
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P (v) —P(s_)>0,Vv € (s_,54) (12)

2) negative at s_ > sy, i.e., the solution decreases:

D (v) —P(sy) <0,Vv € (s4,5). (13)
If these conditions are met, the solutions of equation (9) that interest us are given by the formula

v

dv
/é(v)—é(s_)_§_€° .

Vo

where vy = % — location of wells. \
The given conditions (12), (13) are an analytical record of the tolerance 0
alized solutions can be

By varying s_, sy, and F'(s), various converging sequences of valid g
constructed. At the same time, any point-to-point limits of accepta t1 are also considered

acceptable.
2 Numerical Resuﬂs A
x@

As a result, we get that the solution s (x,t) can jum s+ (in the direction of increasing

from the water phase to the oil phase. In

chord with the ends (s—, F'(s_)) and (s4, F'(s4)
2) in the case of s_ > s, the graph offthe function F'(s) on the segment [sy, s_] must be located
no higher than the chord with the endg, (s W (s_)) and (s4, F' (s4)).

&

02 A

00 A

T T T T T
050 055 060 65 0o 075

Figure 1. Construction of chord (s, F(s)) front saturation

The obtained conditions make it possible to regulate filtration processes in the bottomhole formation
zone taking into account the initial information, in particular, some data from Table 1.
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Table 1

Initial data used in modeling with the one-dimensional Buckley-Leverett problem

Parameter Value
Porosity 0.28

Oil viscosity l.e-4 kg/ms
Water viscosity 0.5e-4 kg/ms
Oil density 881 kg/m?
Water density 1000 kg/m?
Water relative perm calculation for a given water saturation | 11.174

Oil relative perm calculation for a given water saturation 3.326
Cross-sectional area 0.4 m?

The gap tolerance conditions obtained by the "vanishing viscosity"method are in petfect a ent
with the forecast calculations. Indeed, the convexity property of the function F'($)jin uckley-
Laverett mathematical model (up) down by definition means that any chord ec points in a
straight line shows the validity of the Buckley-Laverett mathematical model it

Figure 2 presents water saturation profile. K

| 2
. A
0.4 1
0.2 1
0.0 T T T T T

0.00 02 0 75 100 125 150 175

Figure 2. Wate u orofile as a function of time “t” and distance “x”
Figure 3 illustrates d e offfractional flow curve.

Derivative of fractional flow curve

0
0.675

0.650

0.625

# 0.600

0575

0.550
0.525

0.500

T T T T T ¥ L]

0 1 2 3 4 5 6 7
dfwifdSw

Figure 3. Derivative of fractional flow dF /ds
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Table 2 shows the results of derivative of the fractional flow rate curve calculation.

Table 2
Results of numerical calculation of the derivative of the fractional flow rate curve

S dFg

w dsqy,
0.500 0.152
0.525 0.313
0.550 0.487
0.575 0.889
0.600 1.519
0.625 2.721
0.650 4.219
0.675 5.817
0.700 6.613 ’

Presentation of the model of nonlinear wave propagation and how the use he“method allows
one to cope with sharp fronts (or discontinuities) and develop them correctl s to follow the
formation of a jump and rarefaction (Fig. 4a, 4b). The formation of an abrup jumps(i@mp) is observed.

- Saturation profile velocity
0.8 1 ’

Saturation

1 15 20 25 30
imensionless Velocity, Vd = xd/td

. a) Shock and rarefaction formation

Sw shock: 0.82

oo

Figure 4. b) Shock and rarefaction formation

12 Bulletin of the Karaganda University



Approximate solutions of ...

Conclusions

The article proposes one of the methods for solving the problem of filtration of a two-phase
incompressible fluid. The problem of mathematical filtering is posed on the basis of the classical
Buckley-Leverett model and an approximate solution is constructed. For the effective use of the
described method, relevant data are needed, such as the coefficient of fluid viscosity, the density of
formation fluids, etc., to plot the curves of the viscosity ratio. The considered method, based on the
Buckley-Leverett theory, uses vanishing viscosity for frontal advance, but, in general, it can be applied
to various systems that use different technological approaches and open the way for further gesearch.
In particular, stochastic analysis of two-phase flow in stratified porous media seems promising 28, 29].
Stochastic models, which include some assumptions about porous media, simplify and stabilize, fuzzy
information. In the future, we plan to use stochastic data and analyze them.
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Bakan—JleBeperT MoeIiHiH HeTi3iH/e eKida3ajibl apaJjacnaiThbiH
CYUWBIKTap arbIHBI YHOIIH PuMaH ecebiHiH »KYBIK MIeNIiMaepi

MakaJrajia KalmuIspJIblK, KbICKIMJIBI €CelIKe aJMacTaH, MENMHIH TYTaCTBIFBIH KAMTAMAChI3 €TeTiH «KOUbI-
JIATBIH TYTKBIPJIBIK> OJIiCIHE HETI3e/ITeH XKYBIKTay 9J1iCl YChIHbLIFaH. PuMaHn ecebi MeH IeKapaIbiK@ceOiHIK
TYTKBIPJIBIFBI YKOWBLIFAH MIeliMi KapacToipbutran. 2Kyite KoHcepBaTHUBTI GoTMaca, Oy 9ACi3 WetTiM eNiec
eKEeHiH ecKepy Kepek, Oipak OHBIH, TYTKBIPJIBIK, IIIENIM eKEeHIH pJieijieyre 601a ibl, OYJI IIbIHAMOHIHIE KO-
BLJIBIIT KETETIH TYTKBIPJIBIK IIENTIMHIH KapThl TPYIIAJIaPIbI OOJIIIEK-TYPAKTHI OaCTAIKEI KOHE IHEKAPANBIK
mapTTapra Aeffin kenedryai Oinaipeni. Kanumisapablk KbICBIMIBI ecenike ajaMaranga, bakmm-JleBéperT mo-
nesti Herisri 60J1bIn TabbLIATBIHBL Oesriii. HakTel 60ossKaMIIbIK, ecenireysepre cyiiene QRbIPhill,; MOAEb KOIITe-
IeH caJiajiap/ia e3iH JIpJIeIeli. OJETTe, eCeNTey TYPFhIChIHAH AJIFAHIA, €CENTEY AJBOPUTMIEDIH KYypy Ke3iH-
Jle YaKbITTBI KBAHTTAY VIIIH YKYBIKTaY 9MicTepi KaKeT. T'YTKBIPIBIFBI KBICHIMFA TOYEJl €Kl apaiaciailThiH
CYMBIKTBIKTAP/BIH arbIHBIH Tajiay bakiu-JleBepeTT KiacCHKaJbIK YIriciHdomampopl KeHeNTyre oKeae/Ii.
Jlapcu 3aHBIHBIH KEHEIOIHe HeTri3/esireH Keibip ekidasasbl arblH MOJIE]IbAEPMKATAIISIPIBIK, KBICHBIMHBIH,
ocepin Kocabl. By ke#tbip CyHbIKTBIKTAP/IBIH, MBICAJIBI, IITUKI MYHANTBIH\KBICHIMEBA TOYEJI/Il TYTKBIPJIBIFbI-
Ha KOHE KBICBIMHBIH, aybITKYbIHA afdTapJIbIKTAil ce3iMTa IIbIFhIHA Heri3aedren. Horrkesep KJIaCCUKAJIbIK
Jlapcu o1iciMeH CaIBICTBIPFaHIa KPOCC-OaMJIaHbIC XKaFIalIapbIHEIH €/TeYei3 ocepiH pacTaiIbl.

Kiam cesdep: Iapcu 3anpl, ekidaszaibl areiHnap, dasansiggbamiansie, Bakiu—JleBepert Teopusicol, n3o-
TEPMUSLIIBIK, CY3Y, KAIUISPJIBIK, KbICHIM.

E.C. Annanos!, T.2K. Temeyos?®, H. Tac6onaryan'>

L Meotcoynapodnuii yrusepcuinem «Acmanas, Hyp-Cyaman, Kasaxemar;
2 Axmiobuncrutl pezuonasbruill zocydaplmsentidl yrusepcumem umenu K. Xybanosa, Axmobe, Kazaxcman;
3 Kasaxckutl nayuonaivusiimyuueepetmenm umenu aso-DPapabu, Aimamon, Kazaxcman

ITpubamkennbie peileHMsiz8a a9 PuMana /11 1ByX@da3HOro moToKa
HeCMeNInBAIoINNXEsI JKIIAKOoCcTell Ha ocHOBe Mojesim bakan—JleBeperTa

B crarpe np@mioKeH TPHMOAIKEHHBI METOJI, OCHOBAHHBIN HA <«MCUYE3AOIIel BsI3KOCTH», KOTOpasi obec-
MeYNBAET IVIAIKOCTBRPACTBOpa 0e3 ydera KaNWISIPDHOTO JaBieHusi. Mbl OymeM paccMaTpuBaTh pENIeHUe
3asaun PuM@ua 1 KpaeBoil 3ajaun Pumana ¢ uncuesaromieil BsaskocTbio. ObGparnre BHHUMaHWE HA TO, UTO
9TO He cJaboe ‘Periente, ecIu CUCTeMa He sBJIeTCS KOHCEPBATHBHON, TO MOXKHO JI0Ka3aTb, ITO ITO BSI3-
KOCTHOE PEeLTeHNEe;PDAKTIHIECKH O3HAYAIONIEe PACIINPEHNE MOJIYTPYIIIbl PEIIEHUs] UCYE3A0NIeNl BA3IKOCTH
JI0 KYCOJHO-HOEPOSIHHBIX HaYaJbHBIX U IPAHUYHBIX JTaHHBIX. VI3BeCTHO, 4TO, 6€3 y4yeTa KAaIUJIJIIPHOIO JIaB-
yieH#is, MQiiesTb bakiu—J/leBeperTta siByisiercst ocHoBHOM. OCHOBaHHAsI HAa PEAJbHBIX MPOTHO3HBIX PaCYeTax
MOJIeJIb HOIOXKUTEIHLHO 3apeKOMeH 10Basia cebst Bo MHOruX cdepax. OOBIYHO, ¢ BBIYUCIUTEILHON TOYKU
3pEHnd, ITpUO/IKEHHbBIE MOJIEJIN TPEOYIOTCS JIJIsi KBAaHTOBAHUS BPEMEHU IIPH CO3/IAHUU BBIYNCIUTEIBHBIX
aJITOPUTMOB. AHAJIN3 ITOTOKA U3 JABYX HECMEIIUBAIONIUXCS YKUIKOCTEH, BAZKOCTb KOTOPBIX 3aBUCUT OT JaB-
JIeHUs1, TPUBOIUT K JAJIbHENIIIEMY PACIIHPEHNIO Kaaccudeckoir momenun Bakan—Jleseperta. HekoTopsie mo-
JIenu AByxda3HOoro oToka, OCHOBaHHBIE HA PaCIIUPEeHNH 3aKkoHa Jlapcu, BKI09aoT 3OdeKT KallnLIIPHOro
JaBJIeHUsI. DTO MOTUBUPOBAHO TeM (PAKTOM, ITO HEKOTOPBIE XKUIKOCTH, HAIIPUMED, ChIpasi HePTh, UMEIOT
BSI3KOCTD, 3ABUCHIIYIO OT JAaBJIEHUS, U 3aMETHO UyBCTBUTEJIbHBI K KOJIEOAHUAM /aByieHns. Pe3yapTaTsl mo-
TBEP/IU/INA HE3HAUUTEIbHOE BJIMSHUE YCIOBUN KPOCC-CBA3BIBAHUS 10 CPABHEHUIO C KJIACCUYECKUM I10JIX0/I0M

Hapcu.

Karoweswie caosa: 3axon lapcu, nByxdasnble HOTOKY, CBA3b a3, Teopust bakinn—JleBeperra, ndorepmute-
ckasi QUIbTpANUs, KaIUUISPHOE JaBJICHIE.
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