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At present, various classes of many-dimensional loca and nonlocal boundary value
problem [1-3] are devel oped by many mathematicians. Thisis connected with of these problems
appearance in different applied character problems [4].

Problem statement. In the paper, the Goursat four-dimensional problem with non-classic
conditions is substantiated for a pseudoparabolic equation .

Consider the eguation:

(V1,1,2,2u)(x) = DlDzDsszu(X) + a1,0,2,2(x) DlD:DfU(X) + ao,l,z,z(x) DszDfU(X) +
+ay,,,(X) D1D2D3Dfu(x) +8y,,,(X) D1D2D32D4U(X) +
+ Y a, ., (¥DrD;DsDU(X) =9, ,,(0) €L, (G), (1)

iy +i,+Hig+iy <5
i.=0,1, £=1,2;
in=0,2, n=3,4

where u(x) =u(x,x,,X;,,) is a desired function defined on G; a . =a_  , (x) arethe

isig

given measurable functionson G =G, x G, x G, x G, , where G, = (0,h,), é=14¢,,,,(x) isa

given measurable function on G;D, :§ is a generdized differentiation operator in
3
S.L.Sobolev’ s sense.

In particular, this equation arises in studying the problems of fluid filtration in porous
media, moisture transfer in soils, propagation of impulse radial waves, simulation of different
biological processes phenomena, and also in the theory of optimal processes [5-7].

In this paper, egquation (1) is investigated in the general case when the coefficients
a_ ..., (X) are non-smooth functions satisfying only the following conditions:

8004,, () €L, (G), Aoy, () e Ly (G, @gy,, () € Lpi " (G), @y, (X) € Ly 5 (G),
80,200 €L p0 (G 8y, (9 e L (G 8,5, () e Ll (G), &y, ,(0) e LT (G),

P.p. o %0,0,p, P 0, P, P %, p, P,
3121, (x) e L)S,Y&:%XA (G), aﬂ,l,i3,2(x) € LXS::':;XA (G), ao,o,z,z(x) € I—)g::f;ox,goé& (G), 815, (X) e Lﬁffpx“ (G),

a,,.(X) e Lil 0 (G), 8., (X) e L3 (G), ay,,,() € LT (G),
where i, =0,1, I, =01
Under these conditions, the solution u(x) of equation (1) will be sought in S.L.Sobolev’s
space W22 (G) = {u(x): DyDDyDiu(x) e L (G), i, =01 ¢=12i =02 7 =ﬂ}, where
1< p<o . WE'll define the norm in the anisotropic space W*?(G) by the equality
1 2 . . . .
JuO, 2, = zo zo |piD; D} D;;u(x)HLp(G).

&=12 =34
For equation (1), we can give the classic type Goursat condition in the form
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U(% X X0, X ), o = FOG X %, ) U(X, %0, %0, %), o = 90X %, %, )

OU(X,, X5, X5, X, !
(X %%, % ),y =W 0% %0 X, ) %, %,%,) axf ) (0%, )
u(X, X %5 %)
U(%s %0 X, Xy ) o =T (X0 %0 % ) v = S(%, %, %, ).
4

x4=0

where F (%%, %,), 9(%, %0 X, ) (%%, %, ) (%, %, %, ), T (%%, %, ), S(%, %, %), are the given
measurable functions on G. It is obvious that in the case of conditions (2) the functions
F,g,»,®,T,S in addition to the conditions

F(Xz-xsv X4)EW;§1’212) (Gz xG, XG4)1 g(xl' X31X4)EW;§1’2’2)(G1 x G, x G4)-
l//(xvxz’ X4)6Wp(1'1'2) (Gl X Gz x G4)v (D(le %5 X4)€Wp(l'1'2)(G1XGz X G4)’
T(x, %, %) W2 (G, x G, x Gy), S(%, %, %) e W2 (G, x G, xG;),
should also satisfy the following conditions:
F(0,%,%,)=9(0.%, %) F(%,0.%,)=¢(0.%,%,); 9, (%,%.0) = S(%,0,%);
F(%,%,0)=T(0.%, %) F,(%,0,%,)=®(0,%,,%,); F,(%%,0)=S(0.%,%)
9(%,%,0)=T(x,0,%) 9(x,0.%)=w(x.0.%); g, (%0x)=D(x,0Xx,)
W (%,%.,0) = T(%,%,0) ¥, (%, %,0) = S(%,%,0); @, (%,%,0)=S, (%,%0),
that are agreement conditions.
Availability of agreement conditions in the statement of problem (1), (2) means that some
conditions (2) give also unnecessary information on the solution of this problem. Therefore,
there arises a question on finding boundary conditions that don’'t contain unnecessary in-

formation on the solution and don’t require fulfillment of some agreement type additional con-
ditions. In this connection, we consider the following non-classic initial-boundary conditions:

3)

Vyo,..,U=DyDyu(0000)=p,,, . €R i,=01 v=34
( " .4UXX1 D,DsD}u(x,,0,0,0)= Pros. .4(X1)€ L,(G,) i, =01, v=34
(VOll ,UX)%) DZD; DLAU(O’)%’QO) §001|3 u( ) p(Gz) iv = ,1, V= ;4;

<

Voo
(
(

(
(

(

1021,0)0%) = DID1U(0.0,%,.0)= gy, (%, )€ L, (Gy).
o1, 2UJ%,) = DEDAU(0,0,0,%, )= 90, o(%, )€ L, (G, ), i3= 1
10UJ%.%,)= D,D,DID}U(X, %,00)=,,, . (%.%)€ L, (G,xG,), i, =01 v=34
02,U)(%, %)= D,D2D}U(x,0,%,0)= 9y, (%, %) L, (G, xG,), i,=0%
o, quxl x,)=D,DyDu(x,00,%,)= .0, ,(%.%)e L, (G xG,), i,=01
)=
,)=
)=

<X
Il
|°|

<<

<

1200J0%, %)= D,DIDU(0, %, %,.0) = 9y, (%00 %) € L, (G, Gy), i, =0
( o, qux2 x,)= D,DyDiu(0,%,,0,%,)= ¢, ,(%,.%,)e L,(G,xG,), i,=0%
(V.0,U)%, X, )= DZDZU(0,0, %, X, ) = 94055 (% X, ) € L, (Gy x G, )

(\/112,4u)(x1 X, x3 D,D,DZDu(X, X,,%,0)= @, 5, (X, %, %) € L, (G, x G, x G, ), i, =01,

( 11| 2UXX1 D1D2Dé3D4U(X1’)9’01X4)=(/71,1,i3,2(X1’X2’X4) p(G1XG2 XG4)1 I3 =0%

<<
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(Vo200 %5, %, )= D,DIDIU(0, %, %, X, ) = 515,03, %5, %, ) € L, (G, x G, x G, )
(Vao2.2000%, %, %,) = DDIDIUG,0, %, X, ) = 1,.(%, X, %, ) € L, (G x Gy X G, ) (4)
If the function ueW***?(G) is a solution of four-dimensional classic type Goursat
problem (1), (2), then it is also a solution of problem (1), (4) for ¢, ; . ; determined by the
equalities
Po000 = F(0,00)=g(0,00)=(0,00)=T(0,00); ¢,,,,=2(000)=
(00001_3(000) 4( O)ZWXA(OOO) §00011_S (OO ) @
(01,0,0,0()(1) (X1 OO) l//xl(xl 0,0)= xl( ) (/71,0,1,0()(1) Gux, (Xl 00) ( (Xl OO);
Pr001(%) = Gy (%,00)= v, (x,00)=S (Xl 0,0); @1014(%) = Gy, (30,0 0) (><1,0,0).
Prsnol%)=F. (6,00~ (0.6,0)=T, (0.,0); 7o) =F,.. (4,00 =T, (0%, 0)= ®, (0,%,0);
(00,1,0,1()(2) (XZ,O,O) ¥y xA( ) (O X, O) @y, 111(X2) XoXeXe (X 0 0) Szx3 (0’ XZ,O);

g, (000)=F_(0,00);

0)=F
(0)
0)=T.

(00,0,2,0( ) xgxg( ) ): gxxs(o X3 O) (OO Xs)
Po021(%) = F (0x30)=g (0.%,0=5,,(00,%);
(00002( ) F 4(OO X )= Ox (O’O’ X4) l//x4x4(0’0’ X4)1
Po012(%) = Fi (00,%,) = 0, XA(O,O x,)=®,,(00,x,);
Prro0(X0 %) = W, (%, %,,0) = xixz( 0); 011100, %) =T, (%, %,,0)= @, (%, %,,0);
Pri0a(X00 %) = W (%0 %,,0)= S, (%,%,0); @111,(%%,) = @, (%, %,,0)= S, , (X, %,.,0);
Proz0(X %) = gwg(xl x3 0)=T,,.(%.0 xs)) Pr021(%0 %) = G, (X0 % Ws(xl,o,&):

(01,0,0,2()(1’)(4) gx1x4x4 (Xl 0, x ) Vs (Xl 0, x (/71012()(1 X ) gx1x3x4x4 (Xl’
P0120(%: %) = o 06, %6,0) =T (0.5, %) 9615, (%, %) = F s, (X
Po1020%:%,) = xzx‘,x‘,(xz 0,%,) =¥, (0, %, )5 311,06, %) = Fp (
P002.0 (%60 %) = P (06, %,) = G (0.6, %,) 3 0115,0(%0 %,
21121065, %) = S (%%, %) wlloz(xl X1 %) = ¥ s, (X0 %0, %)
(01,1,1,2()(1’)9’)(4)_ x1x2x4x4()<1’X2’X4;' Doz, 2( Xy1 X3y X )= x2x3x3x4x4()9’xs’x4)'

¢1,0,2,2(X1’ X3’ X4 = gx1><3><3><4x4 (Xl’ XS’ X )
It is easy to prove that the contrary one is aso true. In other words if the function
ueW??(G) is asolution of problem (1), (4), it is also a solution of problem (1), (2), for the
functions F, g, w, ®, T, S:

F(Xz’xs’x ) IZ:,) Iz_‘axsng”oolau +|Z:‘ IZ_})XS XI4J¢01|3| (gz)dé:z + Z XIAI(Xs gs)gooozu(é:s)dé:s

i3=0

0)=
O,X) D, (%,0,%,);
%,0)=8,,,(0.%,%);
0,%,)=®,,, (0,%,X,);
T 6%, %)

XoXaXaXy

"
%)=

),(f( 54)?’00.3 (f4)dég4 + IZ_;) XIAJ.J-(XS f3)¢’012|4 (52 Sgs)dfzdés
- &),

J(;(Xs_égs)

X, X,

~E)Po022(En EJAEDE, + 3 % [ [(X, = £ o, o(E50E,)DEDE, +

'3 00

+

o —X

+HJ(x3 )X, — ) PornalEn &, £ )AEDEDE,

1 1

g(Xl,Xa,X ) 2 2% Xla(Pom3 i 1 Z Z XI4J¢1,O,i3,i4(§l)d§1+ Z XIAJ(Xs Sgs)gooozu(fe,)dé

i3=0 i,=0 i3=0 i,=0 i,=0

+ é X:I; T(X4 - §A)¢0,0,i3,2(§4)d§4 + le Xif ),!:l:[a()(s - 'fs)("l,o,ai,, (51’53)d§1d§3 +

0 i,=0
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X3 Xy

ORI CREATSINERENEL D ot j

i;=0

X,

f(X4 - 54)¢1,0,i3,2(§1’ 54)d§1d§4 +

J.ff(xs - §3)(X4 - 54)(”1,0,2,2(51!éavé4)d§1d§3d§4 ;
000
W (%%, %)= Mo (%, %, %, ), @(%;,%,%,)=M,(x,%,X,), where
% % %
M k(xl’ X5 X4) = Poox0 T XPooxa T J(;(ol,o,k,o(rl)drl + X4J(;¢71,o,k,1(71)d71 + ,([¢0,1,k,0(72)d72 +
X X, ¥ X X X
+ X4,[¢’o,1,k,1(72 )dfz + I(X4 - T4)¢0,0,k,2(r4 )d74 + J J-q)l,l,k,o(rl’ Tz)dTldrz + X4,[ J.q)l,l,k,l(z-l’ [P )dT1d72 +

Xy

.[( 1,O,k,2(Tl7T4)d71dT4 +
0

+
—
—_~
=
N
IN
—
>
P
=~
~
—
=
N
N
SN
o
Al
o
(‘l
o '—-»-X

X

,([ ( T4)¢1,1,k,2(2-1’TZ’TA)drldTZdTél , k= _1
T06 %, %) = Lo(% %, %), S, %, %) = Li(%, %, %),
% %

L, (le X5 X3)= Pooox T %Poo1k T J.¢1,0,0,k( 1)d771 + X3J.¢1,0,1,k (771)d771 + J.¢O,1,0,k (772)d772 +

+

O — X
\—/o'—.sx

where

X, X3 X %
+ ij(”o,n,k( 2)d772 + I(X3 - 773)¢O,0,2,k (773)d773 + I I¢1,1,o,k (771’ 772)d771d772 +

+ Xejj.q)lllk(ﬂl’nz)dnldﬂz + ,”(Xs 773)(”012k(7721773)d’72d773

X X3 -
+ | [ (% =125 010,20 (7,72 ) g, + f H (% =12 )11, 2 (72, 1,,, )dm, A, Ay, k=01,
00 000

Thus, Goursat classic type four-dimensional problems of type (1), (2) and of type (1), (4)
are equivalent in the general case. However, Goursat four-dimensional problems (1), (4) is more
natural in statement than problem (1), (2). Thisis connected with the fact that no agreement type
additional conditions on the right hand sides of boundary conditions are required in the
statement of problem (1), (4). Therefore, problem (1), (4) may be considered as the Goursat
problem with non-classic conditions.
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