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HAYKA M MHHOBALLMM B XXI BEKE n

YK 517.91

0 HEKOTOPBIE 3AMIAYN L1 YPABHEHWH B
YACTHbIX NPOU3BOAHBIX C
OTKNOHARLIAMCA APTYMEHTOM

Kbi/IbILIBAEBA I'YIIHA3 KANIBAEBHA,
OPbIHBAEBA 3YXPA AQJW/IBAEBHA

ACCUCTEHTDI
KapaKan NaKCKni FocyﬂapCTBeHHbIVI YHUBEPCUTET

AnHoTauus. B paboTe vccnenosaHa nepsas kpaesas 3afava Ans ypaBHEHWS B YaCTHbIX NPON3BOAHbIX BTO-
pOro nopsiaka ¢ OTKIOHAOLWMMCS apryMeHTOM. Bonpoc pa3spelnMocTy 3agaun B Tpebyemom knacce gyHKLuiA
PEAyLUMpOBaH K paspeLluMOCTV COOTBETCTBYHOLLEr0 0ObIKHOBEHHOTO AuddepeHUmMantbHoro ypaBHeHus Ge3
OTKIOHSIOLLMMCS apryMEHTOM.

KnioueBble cnoBa: Kkpaesas 3afava, ypaBHEHWE B YACTHbIX NPOW3BOAHBIX, OTKMOHAKOLWMACS apryMeHT, Me-
104 Dypbe.

ABOUT SOME PROBLEMS FOR PARTIAL EQUATIONS DERIVATIVES WITH A DEVIATING ARGUMENT

Kilishbaeva Gulnaz Kalbaevna,
Orinbaeva Zukhra Adilbaeva

Abstract: The article investigates the boundary problem for the partial differential equations of the second
order with deviating argument.The question of the solvability of the problem in the required class of functions is
reduced to the solvability of the corresponding ordinary differential equation without deviating argument.
Key words: boundary value problem, partial differential equations, deviating argument, Fourier method.

Differential equations with a deviating argument are used in solving problems related to the mechanics
of a deformable solid, radar, automatic control theory, automation, etc.

The study of partial differential equations with a deviating argument was carried out in [1-3] and others.
This paper is also devoted to the study of one of these equations.

In this paper, we investigate the first boundary value problem for a second-order partial differential
equation with a deviating argument. So, let's consider a partial differential equation of the form

o%u(x,y) o%u(x,y)
ety UK=Y= F00y). ()
inarea —P<X< P, —g<Yy<Qq with a boundary condition
For the problem (1) is to find a solution to equation (1) under the following zero boundary conditions:
u(=p,y)=0, u(p,y)=0, u(x,—q)=0, u(x,q)=0 (2)
The solution of the problem is sought by the Fourier method. For this, first we should find the
eigenfunction of a homogeneous problem
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o%u(x,y) 82u(x y)
Ox?
under boundary conditions (2).
Eigenfunctions of homogeneous problems (2), (3) according to the Fourier method we seek in the form

u(x,t) = X(x)Y (y). (4)
Substituting (4) in (3) and after some transformations we get
X9, Y'() , XEOYY) o
X(x)  Y(y)  X(X)Y(y)
Now let's assume that the functions X (X) and Y () even. Then it follows from the last equality that
the function

+u(x,y) +u(=x,-y)=0 (3)

z(2m+1) - COS 7z(22nq+ 1) y

which  consists  of  products  of functions X _(X)=

z(2n+1)
29

u®(x,y) = cos , m,n=0,12,...,

z7(2m+1)
0OS———X and

Y,(y) =cos Yy defined from boundary value problems, respectively

X"(x)+(2* ~1)X () =0, X(~p)=X(p)=0
and

Y'(y)+ (42 —1)Y(y)=0, Y(-q) =Y (q) =0
will be the eigenfunctions of problem (4), where AL+ A2 =A%

u(x,y) and
uso(x,y)

you can make sure that the functions

Similar to functions

u®(x,y) = sinZM . sm—y, mn=12,..
p q

u®d(x,y) =sin=— My .co swy, m=12,.., n=0,12,...
p

2q
will also be the eigenfunctions of the problem (2),(3).
After finding all the eigenfunctions, the solution of the problem (1), (2) can be written as follows:
< < 2m+1 2n+1
U(X, y) = Z a‘mnur(nch) (X’ y) = Z a'mn COSMX ) COSM Y,
m,n=0 m,n=0 2 p 2q

u(x,y)= > b us(xy)= > bmncos@x-sin”—ny,

m=0,n=1 m,n=0 p q

Uy = 3 Cu (6 y) = Y cmnsin@x-sin%”y,
p

m,n=1 m,n=1
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u(x,y)= . dul(xy)= >, a,,sin 20 x-cos L)
m=1,n=0 m=1,n=0 p 2q
where
_ 4p*°
™ 8p%g® - p?ri(2n+1)? —g* 2t (2m+1)*
4p’q’ fon
by =—— 2.2 . 2 2
¢ 4pn“+q°(2m+1)
p2q2 .I: (ss)
mn — 2p%% — pzﬂ_znz q’z’m?’
4 pzq .I: (sc)
Aoy =——> 2 Y. 22"
7 p°(2n+1)°+49°m
and coefficient f 9, £ f 9 ang f ) in tum they are defined by the formulas
pq
frr(lﬁC): 21 > J. J. f(X,y)COSMX'COSMdedy’
z(2m+1) H H % b 2p 2q
cos x| |cos "~
pq
f) = L > : I I f(x, y)cosmx-sinﬂ—nydxdy,
z(2m+1) . 7N b-q 2p q
cos X|| [sin=—y
2p q
1 . .om . 7N
fo) = ) ; _[ _[ f (X, y)sin =—x-sin— ydxdy
. zrm . n | Se p q
sin=—x| |lsin=—y
p g
pq
f o) = ! . I j f(x, y)sinmx-cos z(2n+)) ydxdy -
AU z7(2n+1) | p P 2q
sin=——x| [lcos™——"y
p 2q

For example boundary value problems with a deviating argument
Uy (X,Y) U (6,Y) +U(X,Y) + U(=X, =) =xy

have solutions with different types
7(2m +1) 7(2n+1)

u(x,y) = z a_ Cos———~X-Cos———y,
m,n=0 2 2
u(x,y) = i b cos”(zr; )x sin zny,
m=0,n=1
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U(X,y)= D CpSinzmx-sinzny,

m,n=1
- . 2n+1
ux,y)= >, dmnsmnmx-cosuy
m=1,n=0
where
a = 4 , b = _4 fin” ,
" 8-r(2n+1)’ -7’ (2m+1)° ™ 7?4n* +(2m+1)?
(ss)
C - fmn — _i fnSIIiC)
" 2—x*n® —x’m? ™ 2% (2n+1)? +4m?
and coefficient £, £ f09 and 9 defined by the above formulas, for exam-
ple
11 m n
£ = 21 _ > j j Xy sin zmx -sin znydxdy = w
|sin zmx|[sin zny]|” %, % z£°mn
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