ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKAIEMUACBIHBIH

XABAPIIAPDI

N3BECTUA NEWS

HAITMOHAJIBHOM AKAJIEMUMN HAYK OF THE NATIONAL ACADEMY OF SCIENCES
PECITYBJIMKN KABAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

OUBUKA-MATEMATHUKA
CEPUSCHI

¢

CEPUA

OPUSUKO-MATEMATHYECKASA
¢
PHYSICO-MATHEMATICAL
SERIES

6 (316)

KAPALIA - )KEJITOKCAH 2017 K.
HOsBPb — JIEKABPbD 2017 r.
NOVEMBER - DECEMBER 2017

1963 XKbIIJIBIH KAHTAP AVBIHAH IILIFA BACTAFAH
N3JAETCA C AHBAPS 1963 TOLA
PUBLISHED SINCE JANUARY 1963

JKBbUIBIHA 6 PET LIBIFAZIbI
BBIXOIAUT 6 PA3 B I'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATEIL, KP ¥YFA
AJIMATBI, HAH PK
ALMATY, NAS RK



bac peagakTopsl
¢.-m.r.1., mpod., KP ¥FA akagemuri F.M. MyraHoB

Pemakxunusg ankachsl:

Kymaningaes A.C. mpoo., akanemuk (Kazakcran)
Kaabmenos T.L. mpod., akagemuk (Kazakcran)
Kanrtaen JK.111. mpod., kopp.-mymreci (Kazakcram)
Owmipoaes Y.Y. mpod. kopp.-mymieci (Kazakcran)
KycinoB M.A. npod. (Kazakcran)

Kymaoaes /I.C. npod. (Kazakcran)

AcanoBa A.T. npod. (Kazakcran)

Bomxkae K.A. PhD noxrops! (Ka3akcran)
Cyparan /1. xopp.-mymeci (Kazakcran)

Quevedo Hernando npod. (Mekcuka),
JxynymanaueB B.J. npod. (KeipreicTan)
BumneBckuii U.H. mpod., akagemuk (YkpanHa)
KoaneB A.M. ipoc., akamemuk (YkpanHa)
MuxaneBu4 A.A. ipod., akagemuk (bemopyc)
Mamaes A. npod., akagemuk (O3ipOaiixkan)
Taxu6aeB H.2K. npod., akanemuk (Kazakcran), 6ac pen. operHOacapbl
Turunsny U. npod., akagemuk (Monmosa)

«KP ¥T'A Xaoapaapel. ®U3HKa-MaTeMaTHKAJIBIK CEPUACHI».
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Menmrikrenytri: «Ka3akctan PecryOnukaceiHblH ¥ ITTHIK FUTBIM akageMusicel» PKB (AnMaTs! K.)
Kazakctan pecmyOnukacslHblH MOoIEHHET IEH akmapaT MHHHCTPIITIHIH AKIapaT JKOHE MyparaT KOMHTETiHZE
01.06.2006 . 6epinren Ne5543-)K mep3iMIik 6achUIbIM TipKeyiHE KOMBLTY Typallbl KyolliK

Mep3imuiniri: XbuibiHa 6 per.
Tupaxsr: 300 nanHa.

Penakuusueig Mmekermxaiibl: 050010, Anmartsl K., IlleBuenko keur., 28, 219 6ei., 220, ten.: 272-13-19, 272-13-18,
www:nauka-nanrk.kz / physics-mathematics.kz

© Kazakcran PecrryOnukachIHbIH ¥ ATTHIK FRUIBIM akaeMrsicbl, 2017

TunorpadusHbslg Mekerkaiibl: «Apyna» XK, Anmarsr k., Myparbaesa ker., 75.



I'maBHBIH penakTop
0.¢.-M.H., ipod. akanemuk HAH PK I''M. MyrtanoB

Pe,Z[aKLII/IOHHaH KOJIICTH A:

JoxymanuiasaaeB A.C. npod., akanemuk (Kazaxcran)
Kansmenos T.111. mpod., akanemuk (Kazaxcran)
Kanraes K. 1. pod., wr.-kopp. (Kazaxcran)
Ymupo6aen Y.Y. npod. wri.-kopp. (Kazaxcran)
Kycynos M.A. mpog. (Kazaxcran)

xxymabaeB 11.C. mpod. (Kazaxcran)

AcanoBa A.T. mpod. (Kazaxcran)

Bomkaes K.A. nokrop PhD (Ka3axcran)

Cyparan /1. un.-xopp. (Kazaxcran)

Quevedo Hernando npod. (Mekcuka),
Jxynymaaues B.J. npod. (Ksipreiscran)
Bumnesckuii U.H. mpod., akanemuk (YkpanHa)
Koanes A.M. nipod., akanemuk (YkpanHa)
Muxanesuu A.A. pod., akanemuk (benapycs)
MMamaes A. npod., akagemuk (Azepbaiimxan)
Taxku6aeB H.)K. npod., akanemuk (Kazaxcran), 3am. ri1. pe.
Turunsany U. npoo., akagemux (Mongosa)

«H3BecTuss HAH PK. Cepusi pusuko-maTemaTuieckasm.
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Cob6crBennnk: POO «HammonansHas akagemus Hayk PecryOnukn Kazaxcram» (r. AiaMatsr)
CBUIIETENILCTBO O TIOCTAHOBKE HA Y4eT MEPHOJIMYECKOro nedaTHoro u3nanus B Komurere mHbOpManuy 1 apXuBOB
MuHucTepcTBa KynbTypbl 1 uHpopManuu Pecniyonuku Kazaxcran Ne5543-2K, seigannoe 01.06.2006 .

Ilepuonu4HoCTh: 6 pas B rof.
Tupax: 300 5x3eMILISIPOB.

Anpec pegakuuu: 050010, T. Anmmarsr, yi. llleBuenko, 28, kom. 219, 220, ten.: 272-13-19, 272-13-18,
www:nauka-nanrk kz / physics-mathematics.kz

© HammonansHast akagemus Hayk Pecrry6nuku Kazaxcran, 2017

Anpec Tunorpaduu: UIT «Apynay, r. Anmarsl, yi. Myparoaesa, 75.




Editorinchief
doctor of physics and mathematics, professor, academician of NAS RK G.M. Mutanov

Editorial board:

Dzhumadildayev A.S. prof., academician (Kazakhstan)
Kalmenov T.Sh. prof., academician (Kazakhstan)
Zhantayev Zh.Sh. prof., corr. member. (Kazakhstan)
Umirbayev U.U. prof. corr. member. (Kazakhstan)
Zhusupov ML.A. prof. (Kazakhstan)

Dzhumabayev D.S. prof. (Kazakhstan)

Asanova A.T. prof. (Kazakhstan)

Boshkayev K.A. PhD (Kazakhstan)

Suragan D. corr. member. (Kazakhstan)

Quevedo Hernando prof. (Mexico),

Dzhunushaliyev V.D. prof. (Kyrgyzstan)

Vishnevskyi I.N. prof., academician (Ukraine)
Kovalev A.M. prof., academician (Ukraine)
Mikhalevich A.A. prof., academician (Belarus)
Pashayev A. prof., academician (Azerbaijan)
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief.
Tiginyanu L. prof., academician (Moldova)

News of the National Academy of Sciences of the Republic of Kazakhstan. Physical-mathematical series.
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)
The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 5543-XK, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
www:nauka-nanrk.kz / physics-mathematics.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2017

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty




ISSN 1991-346X Cepusa pusuxo-wamemamuueckas. Ne 6. 2017

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 6, Number 316 (2017), 5 — 13

UDK 517.956
A.T. Assanova

Institute of mathematics and mathematical modeling, Almaty,
E-mail: assanova@math.kz, anarasanova@list.ru

APPLICATION OF POLYGONAL METHOD
TO SOLVE OF PERIODIC PROBLEM FOR LOADED
AND INTEGRO-DIFFERENTIAL PARABOLIC EQUATIONS

Abstract. In the first section, we investigate the periodic boundary value problem for a loaded parabolic
equations in a rectangular domain. Using the polygonal method we construct of an algorithms for finding solutions
of the periodic boundary value problem for loaded parabolic equations. And the convergence of algorithms is
proved. Conditions of unique solvability of the investigated problem are establiched in the terms of initial data. In
the second section, we investigate the periodic boundary value problem for parabolic integro-differential equation in
a rectangular domain. The polygonal method develops on parabolic integro-differential equation. Algorithms for
finding solutions of the periodic boundary value problem for parabolic integro-differential equations are constructed,
and their convergence is proved. Conditions of unique solvability of the investigated problem are establiched in the
terms of initial data.

Key words: periodic problem, loaded parabolic equations, integro-differential parabolic equations, polygonal
method, algorithm, unique solvability.

This results are partially supported by grant of the Ministry education and science of Republic
Kazakhstan No 0822 / T ®4.

Loaded partial differential equations parabolic type arise in the study of various processes of physics,
chemistry, biology, ecology and others [1-5]. Another important class of problems closely related to
evolutionary integro-differential equations in partial derivatives are the parabolic integro-differential
equations and boundary value problems for them [6-12]. The conditions for unique solvability, the
assessment of solutions and their derivatives in terms of the geometric characteristics of the coefficients,
the right-hand side, boundary values, and the region where linear boundary value problems for loaded
partial differential equations are given, find in numerous applications in the qualitative theory of boundary
value problems.

In [13] by using the polygonal method on the spatial variable the boundary value problem for a
parabolic equation has been reduced to the solving of family of the Cauchy problem for a system of
ordinary differential equations. Using the parametrization method [14] there were established the effective
estimates of solutions through the initial data [15]. This approach will be developed on the parabolic
loaded and integro-differential equations. There will be developed a constructive method for the solving
of periodic boundary value problems for parabolic loaded and integro-differential equations.

By polygonal method on spatial variable the periodic and nonlocal boundary value problems for
parabolic integro-differential equations will be reduced to a family of Cauchy problems for systems of
ordinary integro-differential equations. On the basis of parameterization method the algorithms for finding
the solution will be built and the conditions of unique solvability of the considered problem will be
established.

1. Periodic boundary value problem for loaded parabolic equations

We consider a periodic boundary value problem for a loaded parabolic equation

— 5 —
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ou 0’

— = a(t,x)a—”z’+ c(t, )ult,x) + a(Ou(0,x) + f(t,x), (1,x) € Q= (0,T)x (0,w), (1.1)
X

u(0,x)=u(T,x), x e[0,w], (1.2)

w(t,0)=y, (), ult,0)=y, (), t€[0,T], (1.3)

where a(t,x)>a, >0, c(t,x)<0 c(t,x)<0, f(¢,x) are continuous with respect to ¢, Holder
continuous with respect to X, &(2) is continuous function on [0,7]. It is assumed that the functions

w,(t), w,(t)are sufficiently smooth and satisfy the matching conditions ¥/ (0)=y (1),

v, (0) =y (T).

The parametrization method is applied to the periodic boundary value problem (1.1)-(1.3). Let
A(x) =u(0,x) and in a problem (1.1)-(1.3) we will carry out replacement u(z,x) = A(x)+# (¢,x),
where % (¢,x) is a new unknown function. Then the periodic boundary value problem (1.1)-(1.3) reduce
to the following problem

ar =a(t,x) 0 th +c(t,x)u(t,x)+a(t)u(l,x)+
ot ox
+a(t, x)A(x) + c(t,x) A(x) + a()A(x) + f(t,x), (t,x) e Q, (1.4)
u(0,x)=0, x€[0,w], (1.5)
ut,0)+A0)=w, (), u(t,o)+ A(w)=y, (), t€[0,T1], (1.6)
u(T,x)=0, x€[0,m]. (1.7)

From conditions (1.5) and (1.6) follows

A0) =y,(0), A@) =w,(0).

The problem (1.4)-(1.7) is an initial-boundary value problem for a loaded parabolic equation with a
parameter. An algorithm for finding the solution of the problem (1.4)-(1.7) is constructed, which consists
of two stages: 1) the solving of the initial-boundary value problem for the loaded parabolic equation (1.4)-
(1.6) at the fixed parameter by means of a justification polygonal method [42-43] ; 2) determination of the
parameter from the relation (1.7).

The first stage of the algorithm. We consider an auxiliary initial-boundary value problem for the
loaded parabolic equation

ou o'u

= a(t,x) = +c(t, )i (t,x) + a(O)i (0,x) + f(t,%), (,x)eQ,  (18)
ot ox

u(0,x)=0, x €[0,w], (1.9)
u(t0) =y, -y, (0), ulto)=y,()-y,0),€[0,T], (1.10)
where function ]?(t ,X) is continuous with respect to 7, and is Holder continuous with respect to X .
The scheme of the polygonal method with respect to the problem (1.8)-(1.10). We take /4 >0 and
make a discretization by X : X, =ih, i = (),_]V, Nh=w, u,(t)=u(t,ih). The problem (1.8)-(1.10)
is replaced by the following form

%:ai(f)um —2}? Tt e (0 + )i (0)+ (0), T(0)=0,i=0,N, (1.11)
L,0=y,0-y, 0.  T,O=y,O-y .10 1)

Owing to linearity of system for VA >0, there exists a unique solution of problem (1.11):

{u,(¢),...,u, ()} defined on [0,7].
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Taking the functions LNlH and the loaded term to the right-hand side of every I th equation of

i+1°

the system (1.11), we applied the estimate from [15]:

a(t) -

2]a0)"

Az,
2a,()

77141 (t)H—i__ ( )

te[0,7]

7] = maxl 0} <27 0]+

Let & = ”LNtl” . Then, we obtain the following estimate

é:i Sl i—1_+_l i+l-i_l ﬂ

Li=1L,N-1. (1.13)
2 2 2|a.(t)

né +% EASMTE

a(?)
Na.(®)

1 1 1
<

Next, using sweep up and down, from (1.14) we get

N

i+

Suppose that —max

D te[0.7] h’ < y<l1,i=1,N-1, from inequality (1.13), we have
tel

70,
PG

i=1,N—-1. (1.14)

N-i &|./,
N2 aj(t)”h

f()}h ‘.

il il

N-1

i
Vi) =

J=i+l

N-—
(N=)) 0

where 1/70 (1) = ¥V, (¢) —V, 0), 1/71 ()= v, (1) - v, 0).

From this inequality it follows the next assertion

Theorem 1.1. Let
a) the assumptions with respect to the data of problem (1.1)-(1.3) are fulfilled;

b) the inequality max a(?) h* < y <1 isvalid, where a (t) = a(t,ih), i=0,N .
2 te[0,7] a. (t) !
Then problem (1.8)—(1.10) has a unique classical solution U (t,x), and for it the estimate holds:
max|” (1, )| < (l—mgg\wo ) —y,(0)+ ﬁ{r[lggi\wl ()=, (0)+
+ujz-max|f(t’z)| z + J-( —z)-max f(t’z)dz
o(l- )y =07 a(t,z) a)(l 0.7 a(t, z)

Integrating equation (1.8) by variable ¢ and accounting condition (1.10), we have

u(t,x)= j‘a(r,x)%dr +ja(r,x)dr - A(x) +jc(z',x)i7(z',x)dr +
0 X 0 0

+jc(r,x)dr-ﬂ,(x)+j'a(f)dr-z7(«9,x)+j'a(r)dr-/1(x)+j'f(r,x)dr (1.15)

From expression (1.15), we determine the value of function u (t R x) fort =0:

— ] —
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E(H,x)—;{ja(r )a M(T ») dz'+.[a(z' x)dt - /1(x)+jc(z' X)u(r,x)dt +

1 Ia(r)dr

+ jc(r,x)dr “A(x)+ Ta(r)dr “A(x)+ ff(r,x)dr} :

L2
Here, we suppose that J. a(7)d7 #1 and introduce the notation S3(6) = . Then,
0

0

1-[a(r)dr

the expression (1.15) has the following form

0’ (T X)

u(t,x)= J.a(f X)———— dr+ja(f x)drt - ﬂ(x)+jc(r u(r,x)dt +

+ J.c(r,x)dr “A(x)+ Ia(r)dr - A(x)+ _[f(r,x)dr +

+ ja(r)dr : ﬂ(@){ [a(z.x) azﬁaii’ X)

0

0
dr + jc(r, )i (z,x)dt +
0

+ an(z',x)dr-/'f(x) +ch(r,x)dz' “A(x)+ jea(z')dr-i(x) + Jqf(z',x)dr}. (1.16)

From expression (1.16), we determine the value of function u (l‘ ,x) for t =T and replace in the
condition (1.7):

ﬁa(r,x)dr + ]‘a(r)drﬂ(ﬁ)ja(r,x)dz-},'{(x) —

= —ﬁ c(r,x)dr + j‘a(r)df + ].a(r)drﬂ(ﬁ){i c(r,x)dt + Ta(r)dz-H - A(x) -

0’ u(r X)

—Ia(f X)————=drtr — Ic(r X)u(r,x)dr —

0’ u(r X)

- a(r)drﬂ(&){ [a(r,x)——5—=dr+ j c(r, x)i(z, x)dr}—

—~ j f(r,x)dr - j a(r)dcB(0) j f(r,x)dr. (1.17)

At fixed 1(Z,X) the relation (1.17) with condition A(0) =y ,(0), A(w)=w,(0) is two-point

boundary value problem for differential equation second order with respect to A .
The second stage of the algorithm. We consider the auxiliary problem on the interval [0, @]

ﬁ a(r,x)dr + ]‘a(z’)drﬂ(@)j a(r, x)dz‘}”t'(x) =

0
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= jc(z‘, x)dr + ja(r)dr + ja(r)drﬁ(e){ j o(r,x)dr + j a(r)dTH A(x)—g(x),  (1.18)

0 0 0 0 0
where g(x) is continuous function on [0, @] .
From the matching condition we obtain

2(0) = v, (0), A(@) =y,(0). (1.19)

The problem (1.18), (1.19) is a two-point boundary value problem for a second-order differential
equation with respect to a function A(x) .

Let
a(x)= J. a(r,x)dt + J.a(f)drﬂ(e)-[ a(zr,x)dr,

b(x) = jc(z’, x)d7 + ja(r)dt + i a(r)drﬁ(e){f o(r,x)dr + Ta(r)dr} ,

The following assertion given of a condtions unique solvability to problem (1.18), (1.19).
Theorem 1.2. Let
a) the assumptions with respect to the data of problem (1.1)-(1.3) are fulfilled;

0

b) the condition Ia(r)dr # 1 is valid;
0
T T a9

c) the condition Ia(r, x)dr + J.a(r)dz'ﬂ(ﬁ)_[a(r, x)dt # 0 isvalid for all x €[0,®];
0 0 0

2
d) the inequality holds: max[l,—j[em” -1- aa)] <1, wher
[0

ea= max(l,l/ max | a(x) |j . max(ngoax] | b(x) |,1) )

x€[0,m]

Then problem (1.18), (1.19) has a unique solution A" (x).

Theorems 1.1 and 1.2 given of the conditions unique solvability of auxiliary problems (1.8)-(1.10)
and (1.18), (1.19) in the terms of initial data.

On each step of the algorithm: 1) the initial-boundary value problem for the parabolic integro-
differential equation is solved at a fixed A(x) ; 2) a two-point boundary value problem for a second-order
differential equation is solved at a fixed (¢, x) .

Conditions of Theorems 1.1 and 1.2 guarantee of realizable and convergence of proposed algorithm.

2. Periodic boundary value problem for parabolic integro-differential equations

We consider periodic boundary value problem for parabolic integro-differential equations

u_ a(t, x)a—b; +c(t,x)u(t,x) + a(t)Ju(z’,x)dr + f(t,x), (t,x)eQ, (2.1)
ot ox 0

u(0,x) =u(T,x), x €[0,w], (2.2)

u(t,O) = l//o(t)s u(tsa)) = l//l(t)a te [OaT]s (23)

where a(t,x)>a, >0, c(¢t,x)<0, f(t,x) - are continuous with respect to ¢, Holder continuous with
respect to X, a(t) is continuous function on [0,7]. It is assumed that the functions y (¢), v, (¢) are
sufficiently smooth and satisfy the matching conditions y,(0) = (T), v,(0) =y, (T).

To the periodic boundary-value problem (2.1)-(2.3) we apply the parametrization method. Suppose
A(x)=u(0,x), and in the problem (2.1)-(2.3) we make a substitution u(z,x) = u(t,x)+ A(x), where

— Q —



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

u(t,x) is a new unknown function. Then the periodic boundary value problem (2.1) - (2.3) reduces to the
following equivalent problem

Z” (2, x)dr + a(OAU) + f(1,X),  (2.4)
(t,x) e Q,

u(0,x)=0, x €[0,w], (2.5)

Ht0)+A0) = v, (),  #(to)+A(@) =y, (), te[0,T], 2.6)

u(T,x)=0, x €[0,w]. (2.7)

From the conditions (2.5) and (2.6) follows 4(0) =y ,(0), A(®)=y,(0).

The problem (2.4) - (2.7) is an initial-boundary value problem for parabolic integro-differential
equation with a parameter. An algorithm for finding the solution of problem (2.4) - (2.7) is constructed,
which consists of two stages.

The first stage of the algorithm. We consider an auxiliary initial-boundary value problem for the
parabolic integro-differential equation

ou o’
Py =al(t, x)

(1, X (1,) + a() j i(r,x)dr+ f(t,x), (t,x)eQ, (2.8)

u(0,x)=0, x e[0,w], (2.9)
u(t,0) =, (1) —y,(0), u(t,w) =y, (1) -y, (0), t€[0,T], (2.10)
where function ]7(1‘, X) is continuous with respect to ¢, and is Holder continuous with respect to x .
The scheme of the polygonal method in relation to the problem (10.8) - (10.10). We take /2 > 0 and
make a discretization by x: x, =ih, i = O,_N , Nh=w, u,(t) =u(t,ih) . The problem (2.8) - (2.10) is
replaced by the following

‘Z‘ (t)%+c ()i, +a(z)ju (t)dr+ f(t), T.(0)=0,i=0,N,  (2.11)
uy (1) =y (1) —y,(0), uN(t)_l/ll(t)_l//l(O)a t€[0,7]. (2.12)

Owing to linearity of system for VA >0, there exists a unique solution of problem (2.11):
{i,(£),.., iy, ()} defined on [0,77].

Taking the functions and the integral term to the right-hand side of every i th equation of

+1’ ll

the system (2.11), we applied the estimate from [15].

~ a( ) | 140
”u ” - tl’I[l()El]Z(]{Ju (t)|} _”uifl (Z)” +o | l+1 (t)” .[ ( )d Cl»(l‘) h2
Let &, = ||17,|| . Then, we obtain the following estimate
1 1 1| £t S
;.s—;ﬁ—g”ﬁ La®f, T§i+—mh2, i=1,N-1. (2.13)
2 2 a,;(t) 2a,(t)
1 a(t)|,., » . . .
Suppose that —max|——=|Th" < y <1, i =1, N —1, from inequality (2.13) we get
2 t€[0,T] a, (l‘)
it —
E<— 1 £ 1 — L L0 h,i=1,N-1. (2.14)
2(1- %) 2(1 x) 2(1= ) |ja; (1)

— 10 ——
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Further, using sweep up and down, from (2.14) we have

~ N - N —i
HMH<—H%H —H% |+ >
N( - N( - N(l N3l a (t)
: N-1 7
+—t (N - f <K,
N(-y) (t)
where 7, () =y, (1) —y,(0), ¥, () =y, (1) —,(0) .

From this inequality it follows the next assertion

Theorem 2.1. Let

a) the assumptions with respect to the data of problem (2.1)-(2.3) are fulfilled;

a(t)
la; (@)

Then problem (2.8)—(2.10) has a unique classical solution u" (t,x), and for it the estimate holds:

b) the inequality — maX Th® < y <1 is valid, where @, () =al(tih), i= O N.

teOT

max(ar* (1,x)| < —l)tmgﬂl//o (D)=, (0) +—Z)}I[1§l;<]|% (D)=, (0] +
L o=x jz_max|f(t,z)|z j( dL 6],
o(l-x)y =07 a(t,z) 1) a(s, z)
Integrating equation (2.8) by variable ¢ and accountlng condltlon (2 10), we have

u(t,x)= ja(r,x) o (T x)

0

dr+J‘a(r x)dr - /1(x)+jc(r X)u(r,x)dt +

+ jc(z’,x)dr A(x) + ja(z‘) j i(r,, x)dr,dr + j a(t)dr - A(x) + j f(r,x)dr . (2.15)

From expression (2.15), we determine the value of function u (l‘ ,x) for t =T and replace in the
condition (2.7):

J.a(r,x)dr A(x) = —D c(r,x)dt + J.a(r)dr} “A(x)—

0 0

j a(z, )a ”(T ) dr— j (7, x)ii (z,x)d7 — j a(r)ju(rl,x)drldr j f(z,x)dr. (2.16)
The second stage of the algorlthm. We consider the aux1hary problem
T T T
ja(z‘,x)dz' A(x) = —D c(r,x)dr + J‘a(r)dz'} “A(x)—g(x), (2.17)
0 0 0

where g(x) is continuous function on [0, ®].
From the matching condition we obtain

A0) =y, (0), (@) =y,(0). (2.18)

The problem (2.17), (2.18) is the two-point boundary value problem for the second-order differential
equation with respect to a function A(x).
T - T T
Let & (x) = [a(z,x)d7, b(x) = [ c(z,x)d7 + [a(r)dz,
0 0

0
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The following assertion given of a condtions unique solvability to problem (2.17), (2.18).
Theorem 2.2. Let
a) the assumptions with respect to the data of problem (2.1)-(2.3) are fulfilled;

T

b) the condition J.a(r,x)dr # 0 isvalid for all x €[0,w];

0

2
c) the inequality holds: max(l, —j[em” -1- aa)] <1, where
w

a= max(l,l/ max | a,(x) |) . max( II[lng] | b,(x) |,1) .

x€[0,0]

Then problem (2.17), (2.18) has a unique solution A" (x).

Theorems 2.1 and 2.2 given of the conditions unique solvability of auxiliary problems (2.8)-(2.10)
and (2.17), (2.18) in the terms of initial data.

On each step of the algorithm: 1) the initial-boundary value problem for the parabolic integro-
differential equation is solved at a fixed A(x) ; 2) a two-point boundary value problem for a second-order

differential equation is solved at a fixed u/(¢, x) .

Conditions of Theorems 2.1 and 2.2 guarantee of realizable and convergence of proposed algorithm.
The proof of the convergence of the proposed algorithms is based on the results of the work [16-23].
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A.T. AcanoBa

CBIHBIKTAP 9AICIHIH KYKTEJII'EH )KOHE
HUHTEI'PAJIABIK-IUOO®EPEHITUAJIIBIK ITAPABOJIAJIBIK TEHJAEYJIEP YIITH
MNEPAOATHI ECENITI IEITYTE KOJJAHBLTYbI

AnHotanusi. BipiHmi Oenimze >KYKTeNreH napaOosiasiblK TEHJEY YIIIH IEPUOATHI eCell TIKTOPTOYPBIIITHI
obubicTa KapacTelpbutanbl. CHIHBIKTap SAICIH NailjajaHa OTHIPBIN 013 JKYKTENTreH Mapadolaiblk TeHAeYyJIep YLIiH
MEepUOATHl €CENTi LICUIyAiH aJrOpUTMAEPIH Kypambl3. AJITOPUTMHIH >KHHAKTBUIBIFBI JIQNIENICHEAl. 3epTTein
OTBIPFaH €CeNTiH MEMIMUIIMALTIK mapTTapsl Oacrankel OepimiMaep TepMunaepinne OepinreH. Exinmn Oemimze
HWHTETPaIIBIK-TU(PPepeHIHAIIBK MapadoIaablK TeHALY YIIH MepHOITH €Cell TIKTOPTOYPHIMITH O0JBICTa Kapac-
ThIppUIanbl. CHIHBIKTAP 9MiCi HHTETPANABIK-Iu(GEepeHINaNAbIK MapadoIaiblK TeHICYIepre qaMbITeuTansl. VHTET-
panabik-auddhepeHnrnanabK napadoaiblK TeHISyJIep YIIiH NepHOATHl €CeNTiH HICHIIMiH Tady aaropurMmaepi Ky-
PBUIFAH JKOHE OJIAPIBIH KMHAKTBIIBIFBI IOJICIACHICH. 3ePTTEIIN OTBIPFAaH €CENTiH MICHNIIUTIMIUNK MapTTapsl
bacTankel OepimiMaep TEPMUHACPIHIE OepiITeH.

Tipek ce3mep: MEpUOATHI €CEM, KYKTSITCH MapabojaliblK TEHICYJICp, WHTErPaIbIK-TH(PepeHIUATIBIK
napa0onanbIK TeHeYJIep, llrTOPUTM, OIpMOHI HICHIITIMIUTIK.

A.T. AcanoBa

INPUMEHEHUE METOJA JIOMAHBIX K PEIHEHHIO
HEPUOJUYECKOMU 3AJIAYM JJIA HATPYKEHHOTI'O
U UHTEIPO-ITU®P®EPEHIIMAJIBHOI'O MAPABOJIMUYECKHUX YPABHEHU

AnHoTauus. B nepBoif yacTu paccMaTpuBaeTCs IepHOAMYECKas 3a7ada Uil Harpy>KeHHOTO MapaboIndecKoro
ypaBHEHHS B IPAMOYTOJNBHON 06yacTu. Mconb3yst METO JIOMaHBIX MBI CTPOMM aJITOPUTMBI HAXOKICHUS PEIICHUS
MEPUOINIECKON KpaeBOM 3aJaud Ui HArpyKEHHBIX MapaOOJMuUecKuX ypaBHEHHH. JlOoKa3pIBaeTcs CXOIMMOCTH
ajropuTMa. YCIIOBUSI Pa3peliuMOCTH HCCIEeNyeMON 3aJlaud JaloTCsi B TePMHUHAX MCXOJHBIX JaHHBIX. Bo BTOpOi
YacTH paccMaTpuBaeTCsl epHOIMYIecKas 3a1aua sl HHTerpo-audepeHInaabHOro napadbonueckoro ypaBHeHus B
MPSIMOYTOJIBHOM O0siacTH. MeToa JIOMaHBIX pa3BHBaeTCs Ha HHTErpo-auddepeHuanbble napadoInIecKue
ypaBHeHUsl. [loCcTpoeHbl aNropuTMbl HAXOXIEHUS pEHIeHHS MNEPUOAUMYECKOM KpaeBOW 3ajadyd A MHTErpo-
IupdepeHINaIbHBIX Mapa0OMMYECKUX YpaBHEHWA H JI0OKa3aHa MX CXOAMMOCTh. YCIOBHS pa3pelIMMOCTH
HCCIIeAyeMOH 3a/1a4d JAOTCS B TEPMHUHAX NCXOJHBIX TAaHHBIX.

KiioueBble cjioBa: TiepHoIMYecKas 3alava, Harpy>KEHHBIE MMapaOoJMUuecKhe ypaBHEHHS, MHTErpo-maudde-
pEeHIHANBHBIE TapaOboINIecKie YPaBHEHHUS, METO] IOMaHBIX, AITOPUTM, OAHO3HAYHAS Pa3pEUINMOCTb.
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