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This article is a review, which provides a solution to the one-dimensional and three-dimensional problem of the wave
process. The equation in question is a hyperbolic equation that can be derived only for the one-dimensional case and
describes the process of river flow, matter transfer, diffusive mass transfer, and flow through a porous medium.
The solution of the equation is sought in the form of integro-differential operators, represented as a special series with
constant coefficients determined from the recurrence relation. With this approach, general solutions are expressed in terms
of arbitrary functions and are not related to solving another equation. The resulting form of general solutions makes it
possible to apply the method of initial functions to solve boundary value problems, since arbitrary analytical functions
included in general solutions can be expressed in terms of initial functions specified by the problem condition. From these
formulas of general solutions, it is easy to find all particular solutions in various classes of analytical functions. Next, the
solution of a special case of the Lame equation describing the wave process is considered. The solution of a special case
of the Lame equation is also sought in the form of a series, using the recurrent operator method. The algorithm for solving
the three-dimensional problem of the wave process is similar to that for the one-dimensional problem. This approach is
very effective for constructing solutions to the equations of the theory of thermal conductivity and the theory of elasticity.
The results obtained are illustrated graphically and shown in the tables.
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INTRODUCTION

In this article, we will consider the general solution of
the differential equation of the wave process, which
determines the physical processes of interest to us, and a
number of other physical processes are determined by
similar equations, among them potential flow, diffusive
mass transfer [1, 2], flow through a porous medium and
some fully developed flows in channels. Let us consider
the process of river flow and transfer of substance by a
one-dimensional differential equation, a hyperbolic type
deduced only for the one-dimensional case [1], based on
the theory of collision of solid particles, is also only some
approximation to an adequate description of turbulent
motion.
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S s f = f ; q(x,t) — diffusion intensity, U, —

the rate of propagation of the substance along the axis , a
— the porosity coefficient of the liquid, D_ —the dlffusmn

coefficient along the axis ox , y — the rate of destruction
of the substance, f'(x,) — the source member.

Let's write this equation in the operator form

(0 +a8} +a,0, +a0,+a,)q(x.t)=f(x.t) (2)

In accordance with the recurrent operator method
[3, 4], we are looking for a solution to the homogeneous
equation of the equation at f =0, in the form of a series
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where O, - constant coefficients of the series
determined from the condition for i <0, or j <0, then
O,;=0 and when i=0,j=0; then Q, , =1

Substituting the series (3) into equation (1) we obtain

z 2+ j+r!
;,Z;'Q” j 2+j+r)'8tf g (1)
] x1+/+r‘ aj+2

i=0 j=0 (l+]+l’)'al

© o xl—]+»/+r! a/
7 ot 4
+a2;;0Q”’ (i-1+j+r)or & 1)+ @
l+/+r' a/H

(1)+

l+]+r' a/

+“4Z, oz OQLJ -

At

(i+j+r)or &)
Making the indices offset in the second sum
j— j—2in the third i >i—1,j— j—1, in the fourth
amount third i —i—1, in the fifth sum of the series third
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i—>i—2, and taking out the total multiplier
i=2+j+r! J

m s " g, (¢) we get the parentheses
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Equating the expressions in square brackets to zero,
we obtain the following recurrence relation

Qi,j ==a\l; i~ aZQi—l,j - aBQi—l,j—l _a4Qi—2,j (6)
under the conditions i <0, or j<0,then O, ; =0, when
i=0,j=0;then Q=1

Let’s write out the first few expressions for the
coefficients Q, ;

Opo=1; 0y, =0; Qo,z =-q; Qo,3 =0; Qo,4 :af;
O =—a,; O, =—a5; O, =2aa,; O;=2aa;
Qz,o = az2
>

_ 2 . _ 1.2 2,
QS’0 =-2a,a, +a,a,; Q3,1 =-3a,a, +2a,a, + a;;
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—a,; O, =2a4a; Q2,2 =-3a,a; +2aa, +a;

Q0= -2aa, —2d.a, +a, .
By the method of full induction, it can be shown that
the solution of the recurrent equation (6) has the form
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We presented the recurrent equation (6) for the
general form in the form of complete mathematical
induction (7), and here we introduced notation such as
Tpb — this is the calculation of the index value by j of
formula (6).

In the formula (7), t, =j—2~[%}, where l:%} -

0, = Z]ZH[

entier (f mod 2) — taking into account the whole part of
the division by 2.
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formula [5, 6],

— binomial calculation using the
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trinomial calculation of the coefficients of a series using
the formula,
To calculate this induction, we have developed a
software procedure in the Maple software environment.
By changing the summation order in (3), we obtain
the solution of equation (1) in the form
a’ J

q,(x.g,)= Zx’”)(z OQ,,l)at, g (). ®

Let's write out the first few terms of the series (8) for
r=0,r=1
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The partial solution of the inhomogeneous equation
(1) in accordance with the recurrent operator method has
the form

(z+]+r) aj

ZZ OQIJ 1+/+r atj

determined from the condition (2) and (3).

= f(x1)  (10)

where O, —

The designation is introduced here

—k!

- r ()=,

_.tt.lﬂjf(x,t)dxk

The particular solution (9) satisfies zero initial
conditions for x=0. Thus, the general solution of
equation (1) will be

q(x,t):qo(x,go)+q1(x,g1)+q*(f) (11)

Let's solve the Cauchy problem for equation (1) with
initial conditions

qlo=0(1)
94, _ 12)
ax |x:0_ \V(t)
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where ¢(7),y(7) — set functions. Substituting (11) with
(8) and (10) into (11) we get

& (1)=o(7)
Oq |

(13)
8_)6 =0~ B8 (t)+g0 (f)z\li(t)

where g, (t) = \u(t) + az(p(t) .
Substituting the found ¢,, ¢, into (10), we obtain the
solution of the Cauchy problem (1, 2), (11) in the form

q(x.1)=(40-0(2)) +a, (x.w () +a0(t) +¢" (f)
= (qo +a,q, )((P(t) +Q1W(t))

If it is required to satisfy the correctly set initial
conditions at =0 (consistent with the boundary
conditions), then equation (1) should be represented as

(ﬁi +a,0; +a,0, +a,0, +a, )q* (t.x)=f"(t,x) (14)
In accordance with the recurrent operator method [7],

we are looking for a solution to the homogeneous
equation (for f* =0) of equation (10) in the form

(t.g,) ZZQ,,

parogpn l+]+r'6x

(1+]+r) aj
—g (x),r=0,1 (15)

where Ql.,j — constant coefficients determined from

condition (4), g (x)— arbitrary differentiable functions

determined from initial and boundary conditions.
Substituting (15) into (14) we get
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By shifting the indices in such a way that the total
=2+ j+r! o’

( -2+ j+ r)' ox’
the bracket, we get
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Equating the expression in square brackets to zero, we
obtain the following recurrence relation.

s

0,= a1sz 2 aZQi*—l,j—l _aSQi*—l,j _a4Qi*—2,j amn
On condition [8, 9]:

O, =1, 0,=0by i>0 or j<0 (18)
Oo=1; 0,,=0; Op,=-a; 0;=0;05,=0a;
0,5 =0;
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here T, :j—2~[%]

By changing the summation order in (17), we obtain
the solution of equation (18) in the form

(%) Zf (Z OQUI)&] g.(1), r=0,1 (20)

Let's write out the first few members of the series
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The partial solution of the inhomogeneous equation
(12) in accordance with the recurrent operator method
[1, 2] has the form

© © 6—(i+j+2)! aZj

q(f)=220, WW”M) 22)

i=0 j=0
where Q;; — determined from the condition (18) and (4).

The designation is introduced here
—k!

Zxk f(t,x)zf

k—times

[ f(t.x)dr*
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The particular solution (18) satisfies zero initial
conditions for x=0. Thus, the general solution of
equation (12) will be

q*(x,r){oq: (tg,)+4 (/)

Let’s solve the Cauchy problem for equation (12)
with initial conditions:

g (x.t)l,0=&(x)
4
6t |t:0_}\‘( )

where from g,(x)=§(x), substituting the found
functions ¢, , ¢, in (20) with the initial conditions (21)

in the form
q =qo(%.&(1)+a (M (2))-a&()+q (f) (23)
The following data were taken for the computational
experiment of the river flow [10]:
k=D, =0.18350, v=U, =0.68429 , y=a =0.991,
I[=7m, m=3m; s=21m" — the cross-sectional area of
the site in question.

5

Figure 1. The wave process of the river flow at the initial
moment of time at the t=1 s
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Figure 2. The wave process of flow propagation
at the time t=10 s

Also below we will consider the solution of the three-
dimensional problem of the wave process, which is a
special equation of the Lame equation.

Consider the vector wave equation for a
homogeneous isotropic medium called the Lame
equation. For a homogeneous isotropic medium in which
there are no sources of seismic vibrations, the generalized
vector wave equation of Lame is valid.

U
or

Let us consider a special case of the Lame equation
presented in an operator form.

(07 +0) +02 —a,0; +

+a, (6x +0, +8Z)U(x,y,z,t) =0

uV2U+(k+u)gradU:p 1)

")

A recurrent operator method for a homogeneous
isotropic medium is chosen to solve the Lame equation.
In accordance with the recurrent operator method, we
search for the solution of the equation of the wave
process in the form of a series. Where R is the function
describing the seismic process, ¢ is the space-time
coordinate in time, and x is the time of passage of the
wave.

Here q, = P , a, =\. The decision equation (2) we
n

search in the form of a row

Ur(x,y,z,gr)=z ZZUi,/,k,p'

o0
i=0 j=0 k=0 p=0

0

i+j+k+r)! (3’)
KlHiker) -
— . 0/0"0"g(x,y,2,t); r=0,1
(i+j+k+r) 77 g(xzt)
here U,;,  — constant coefficients determined from

equation (3’), g(x,y,z,t) — arbitrary differentiable
functions determined from initial and boundary
conditions. Substituting the series (3”) into equation (2°)
in accordance with the recurrent operator, shifting the
indices and taking the common multiplier out of the
bracket, we have the following recurrent equation

0 0 0 0

ZZZZ [Uisj,k,p + Ui,j—Z,k,p - Ui,j,k—Z,p -

i=0 j=0 k=0 p=0
-aU ta, (UH,j,k,p + Ui—l,j—l,k,p + U[—l,j,k—z,p]. 4)

=2+ j+k+r
X J

i,j.k,p=2

L ——
i-2+j+k+r
Equating the expression inside the square bracket to
zero, we have a recurrent equation with respect to the
series

U,

ijkp =

-a,U

i-1,j-1k,p

-U

ij-2kp

-a,U,

i-1,j.k=1,p

U,

ijk=2,p

-a,U

i-1,j,k, p-1

+al, 4,0~

(57

We solve this equation under the initial conditions
(L, 7]
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Ujggoo =1, when i=0,0r j<0,or k<0,or p=0 and
U,

ij.k.p

=0,when i<0,0r j<0,o0r k<0,0r p<0.(6”)

By changing the order (4’) of summation, we obtain
the solution (3”) of the equation in the form [11, 12]

U,(x..2.8,)=2 x Hﬁkwr{ZZZUi,i—.f,j—k,k—pJ'

i=0 j=0 k=0 p=0

001401 (g(xp,2t)); r=0,1 7

Further, performing calculations in the Maple
application software package, the following results are
obtained. So, by entering the designation of the
coefficients, we calculate the equation in the following
values

ak:i-azﬁ-
ok W
1 10
—hop=r=1m E=050N,
m
ow=2-n-v=25.12, v=1Herz,
10°N
p=9: o A=1m

For example, consider the process of propagation of
seismic waves at a distance of 733 km from the city of
Almaty, the process occurs in longitude 70°33'10", lati-

tude 38°46'33", and depth of 36 km 95 m, these data are
illustrated in Figure 3.

By converting longitude and latitude to spherical
coordinates, we obtained the following values for the
longitudinal oscillation, that is, denoting for
x=1.23137826 m., for cross-section for
y=0.67630884324 m., for depth for
2=36.1038736082-10° m., this process is considered in a
parallelepiped, the length of which is equal to /=7 m, the
width of the parallelepiped m=3 m,

Parallelepiped height /=36 095 m. The volume of the
considered section of the seismic zone is 757.995 km?.

The data on the seismic zone are shown in Table 1
(“Satellite maps of the earthquake in Almaty” [13]).

Table 1. Data on the seismic zone of the Almaty region [13]

733 km southwest of Almaty

Magn_ltude, Depth, km Latitude Longitude Date, time
points
42 36.95 38°45'43" | 70°3310" | 12.08.23, 06:29

According to a source from the Institute of Seismo-
logy (Figure 4), it was noted that the zones located north
(below) Rayymbek Avenue, where there is an increased
groundwater level, are considered the most unfavorable
from the point of view of seismics in Almaty. The foothill
territories of the city in the area of Kok-Tobe Mountain
and east of Dostyk Avenue are also unfavorable in terms
of seismicity [10].

L OpenSireetMap contributore

Magnitude

6 8 o0

Figure 3. Almaty, 733 km south-west of Almaty. Magnitude 4.2, 08/12/2023, time 06:29
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Figure 4. Location of Almaty city in terms of seismic zones

THE RESULTS AND DISCUSSION

Table 2 shows the simulation results obtained in the
Maple system, where at the initial moment of time, at
t=0.1s, t=1 s, at a depth of 36 km 95 m, it is shown that
the process of observing seismic waves is just beginning,
Figure 2. Solving the Cauchy problem, the results
obtained are shown in this table. Also, taking the values
x=0.0012-10° m, y=0.001-10% m, z=0.003-10* m equal,
we get the result of modeling the process of seismic wave
propagation.

Table 2. Simulation Results of Seismic Wave Propagation

ts | x1m | y105m | z105m u, m/s?
Study of the process at the initial moment of time
0.1 0.0012 0.001 0.03 0.9947672305
1 0.007 0.003 0.036095 0.9540476881
Study of a process with boundary conditions along the x-axis
1 0 0.001 0.003 0.9959709018 Figure 5. The results of modeling the process of seismic wave
20 0 0.0012 0.0184 0.9804607266 propagation at the initial moment of time at t=0.1 s
30 0 0.003 0.036095 0.9610521864
1 0.00123 0.001 0.00128 0.9964511166
20 0.00326 0.0018 0.018000 0.9929817243
30 0.00700 0.003 0.036095 0.9540472240
Study of a process with boundary conditions along the y-axis
1 0.00123 0 0.0128 0.9860192323
20 0.00326 0 0.0182 0.9786229332
30 0.00700 0 0.036095 0.9572161210
1 0.00123 0.003 0.012800 0.9807049297
20 0.00326 0.003 0.025600 0.9681164460
30 0.00700 0.003 0.036095 0.9540472240
Study of a process with boundary conditions along the z-axis
1 0.00123 0.00128 0 0.9974261388
20 0.00326 0.00282 0 0.9935931559
30 0.00700 0.00300 0 0.9894247481
1 0.00123 0.00128 0.036095 0.9617625198
10 0.00326 0.00282 0.036095 0.9580667429
20 0.00700 0.00300 0.036095 0.9540474818 . . o
0 0.00700 0.00300 0.036095 0.9540472240 Figure 6. The results of modeling the process of seismic waves

at the initial moment of observation time at t=1 s
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Table 2 also shows the results of modeling seismic
waves under initial and boundary conditions along the ox
coordinate axis. This process shows that the earth at a
depth of z=0.003-10° m, up to z=0.036095-10° meters, at
=1 s, in the initial boundary condition on the ox axis at
x=0, also on the oy axis the value of y=0.001 m, the earth
begins to move away from the elasticity of the earth, that
is The process of compression and expansion represents
tensor values of the elasticity of the Earth's crust.
Theresult of wave distribution simulation is
0.9959709018 m/s*. This process was also investigated
under the finite boundary condition of x at points
x=0.00123-10° m, x=0.00326-10*m, x=0.00700-10°m,
respectively, at time values =15, =205, and also at
t=30s, at a depth corresponding to z=0.00128-10° m,
2z=0.018000-10° m, z=0.036095-10> m, the results are
given in the Table 2. The simulation results under the
initial boundary conditions are illustrated in Figures 5 and
6. Further, the results of modeling the propagation of
seismic waves under initial boundary conditions along the
oy coordinate axis are presented below. The results of
modeling seismic waves under initial and boundary
conditions along the oy coordinate axis are also shown in
Table 2. In simulations under initial and boundary
conditions along the oy coordinate axis, at y=0 and
3=0.003-10° m values, the results obtained are also shown
in Table 2. The simulation results obtained along the
transverse coordinate of the oy axis in the slice show the
clearest picture of the wave process than along the ox
coordinate axis. The simulation results along the oy
coordinate axis are shown in Figures 5 and 6, where the
graph shows the process of wave passage along the oy
coordinate axis in a slice. The graph here shows the
process of wave passage along the transverse coordinate of
the axis. According to the transverse coordinate, the
directions of wave vibrations of the particle are
perpendicular to the direction of wave propagation.
The pattern of wave passage is clearly outlined here, and
shows how the earth in the transverse coordinate at a depth
of 3 and 5 meters also begins to shift along the elasticity of
the earth, that is, the process of compression and expansion
across gives a clear picture of the passage of the wave.

CONCLUSION

Solutions of the one-dimensional differential equation
of the wave process of the river flow are presented. The
solution of the equation by this method refers to analytical
methods of solution. In many monographs, solutions to
this equation are given by numerical methods using
difference schemes, while a number of questions arise
related to the choice of solution methods, on which the
practical feasibility, accuracy and duration of obtaining a
solution on a computer depend. In particular: a) an
analytical description of a flat or spatial area for which the
equation of the wave process and boundary conditions are
studied, that is, an analytical description of the coastlines
and the river bottom; b) an analytical description of the
dependence of the coefficients of the equation on spatial
coordinates; c) an analytical description of the dependence

on the spatial coordinates of time of the inhomogeneous
parts of the equations of the wave process being solved; d)
the correct the choice in the difference scheme of the
relationship between the spatial steps of the grid, as well
as between them and the time sampling step.

The recurrent operator method used in solving
problems of the wave process is very effective. Since the
solution uses integro-differential operators in the form of a
special series with constant coefficients, determined from
the recurrent relations associated with the differential
equation in question. The particular solutions obtained in
this case have a simpler appearance than in other works.
With this approach, the general solutions are expressed in
terms of arbitrary functions and are not related to the
solution of another equation.
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PEKYPPEHT-OIIEPATOP 9/JIICIH KOJITAHA OTBIPBIII,
TOJIKBIHABIK ITPOIECC TEHAEYJIEPIH MOJEJIBAEY KOHE HIEITY

I1. M. lupuuszosa”
Aamamol mexnonozuanvlk ynusepcumemi, Anmamel, Kazaxcman
* Baunanvic ywin E-mail: pirniyazoval 974@gmail.com

Byt makana TOTKBIHIBIK IPOLECTIiH Oip eImeM/ i )KoHEe YIII oJIIIeMIl MOCeJIeCiH eIy 1l KAMTaMachl3 €TETiH TOIKBIHIBIK
IpoLecke LIONy Makajgackl Oonbll TaObutaabl. KapaCTBIPBUIBINT OTHIPFAH TEHACY THIEpOONIANIBIK TEHIEY OOJIBII
TaObUIAbI, OHBI TEK Oip OJIIEeM/Il JKaFaail YIIiH amyra 00ajbl )KOHE ©3¢H arbIHBIHBIH, 3aTTAPAbIH TaChIMaJIaHybIHbIH,
TG GY3UTBIK MacCaHBIH TaChIMAIIAHYBIHBIH JKOHE KEYCKTI OpTa apKbUIBI ary MPOIECiH CHUmarTaimsl. TexmeymiH
HIeNIimMi KaitanaHy KaTbIHACHIHAH aHBIKTANATBIH TYPaKThl kKoddduimentrepi 6ap apHailbl Karap TYPiHIE YCHIHBUIFaH
HHTErpayIbIK-1u () hepeHInanbIK onepaTopiap TypiHae izaeneni. byn TocinmMeH skanmsl mwenrimaep epikTi GyHKuusap
TYPFBICBIHAH OPHEKTEIE] J)KoHe Oacka TeH ey 1l HIenryMeH OaitaHbICTH eMec. JKaumbl menrimMaepain anbiHFaH (opMacs
IICKapaNbIK e€CenTepaAl IIeNy YIIiH OacTamkbl (GYHKIHMSIAp SICIH KOJNITaHyFa MYMKIHTIK Oepemi, OHTKEHi »KaJmbl
mIemrimMaepre KipeTiH epikTi aHaTUTHKAIBIK (PYHKIUIAp MpoOJieMalTbIK JKaFIaiiia KepceTireH 0acTankel QyHKIHsIIap
TYPFBICBIHAH KOPCETITyi MYMKiH. JKanmel memiMaepaiH ockl (GopMyIaJapblHAH aHANATHKAIBIK (QYHKIVSIAPIBIH 9P
TYPJi KIacTapbIHAAFEI OApIIBIK HAKTH IIemriMaepai Taly oHall. Opi Kapal, TOIKBIHIBIK IPOIECTi CHIATTaUThIH AKCak
TEHJCYIiH epeKIle >KaFlaibIHBIH MIeNIiMi KapacThIphUIafsl. AKCaK TEHACYIIH epeKIle >KaFJaibIHBIH MIemiMi
KalTaJlaHATHIH OIEpaTop SMICiH KOJJaHa OTBIPHII, KaTap TypiHAE Ae i3aeneni. TONKBIHABIK MPOLECTIH YII IIIeMIi
ece0lH MIeMyAiH alropuTMi Oip eNmeMal ecenTiH alropuTMiHe YKcac. Bysr Tocim »Kbuly ©TKI3TIIITIK TEOPHSCHl MEH
CepHIMIUTIK TEOPHUACHIHBIH TEHICYJIEPIHIH IIEIIiMIepiH Kypy/ia oTe THIMII. AJIBIHFaH HOTIXKeNep rpaduKaibik Typae
CYPETTEJreH.

Tyiiin co30ep: MOIKLIHObIK npoyecmiy meHoeyi, 63¢H azbiHbl, KAUMWIAHAMbIH Onepamop 0ici, UHMepanobiK-
oughpepenyuanovik onepamop, peKyppeHmmix menoey.

MOJIEJIJMPOBAHUE U PEIIEHUE YPABHEHHU BOJTHOBOI'O ITPOIIECCA
C UCITOJIbB30OBAHUEM PEKYPPEHTHO-OIIEPATOPHOI'O METOJA

II. M. llupuuszopa’
Anmamunckuil mexnonozuueckuii ynugepcumem, Anmamol, Kazaxcman
* E-mail ons konmaxmos: pirniyazoval 974@gmail.com

Ota o030pHas CTaThsi, B KOTOPOW JaeTcs pElIeHHE OJHOMEPHOW W TPEeXMEPHOW 3aiadd O BOJHOBOM Mpoliecce.
PaccmaTpuBaeMoe ypaBHEHHE SIBISICTCS TUIIEPOOIMIECKUM ypaBHEHHEM, KOTOPOE MOXKET OBITH ITOJyYEHO TOJNBKO JUIS
OJTHOMEPHOTO CIIy4asi M OIMCHIBAET MPOIIECC PEYHOTO CTOKA, epeHoca BellecTBa, AU Py3nOHHOTO MaccorepeHoca 1
TEUEHHsI depe3 MOPHCTYI0 cpedy. PelneHne ypaBHEHUWs WIIETCS B BHJE MHTErpo-AM((EpeHIMATBHBIX ONEPaToOpOB,
MIPEACTABICHHBIX B BUAE CIENNAIBHOTO PAA C TOCTOSIHHBIMH KO3 PHUIIMEHTaMH, ONMPEACTIEMBIMHA U3 PEKyPPEHTHOTO
cooTHomIeHus. [Ipr TakoM moxxo/e o0IIHe PeIeHns BRIPaXaloTCsl B TEPMUHAX PON3BOIBHBIX (PYHKINI U HE CBA3aHbI
C pellIeHHEeM JPYroro ypaBHeHus. Pe3ynbTupyromuii Bua oOIIMX pelieHui MO3BOJSET IPUMEHITh METOJl HaYadbHbIX
GYHKIMIA A1 pellieHns] KPaeBbIX 3a/1ad, MOCKOJIBKY MPOM3BOJIbHBIE aHAIUTHYECKUEe (DYHKIWH, BXOAsIIME B 0OIIMe
pELICHUsI, MOTYT ObITh BBIPOKEHBI B TEPMHHAX Ha4YaJbHBIX (pyHKUMI, 3a7aHHBIX ycioBHeM 3anaud. W3 atux dopmyn
O0IIMX pEIIeHUH JIErKO HAaWTH BCE YacTHBIC pEIICHHWsS B Pa3MYHBIX Kiaccax aHanuTHieckux ¢yHkuumid. Jlanee,
paccMaTpHBaeTCs pelleHre YaCTHOTrO cilydast ypaBHeHus JlaMme, omMCchIBaroEro BOJIHOBOI mporecc. Pentenne yactHoro
ciydast ypaBHeHHs Jlame Taxoke UIleTcs B BUJE psja C HCIIOIb30BaHUEM PEKYPPEHTHO-0IEPATOPHOTO METO1a. AJITOPUTM
pelIeHus TPEXMEPHOH 3a7auil 0 BOJTHOBOM IPOLIECCE aHAJIOTMUYEH afOPUTMY PEIEHHS OJHOMEpHOH 3amaun. Takoi
oX0/ 04eHb 3()(EKTUBEH JUI MOCTPOCHMS PEIICHUH YpaBHEHHH TEOPHH TETIONPOBOJHOCTH M TEOPHH YHPYTOCTH.
[Momy4eHnbIe pe3yabTaThl MPOMIUTIOCTPUPOBAHBI I'paUIECKH U TIPEJICTABICHBI B TaOIHIIax.

Knrwouegvie cnosa: sonnosol npoyecc, yacmmubiil ciyuai ypagnenus Jlame, pekyppeHmuulii OnepamopHbviil Memoo.
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