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Abstract. In this paper, we construct the fundamental solution of one boundary value problem
on the geometric middle of the domain for an integro-differential equation of 3D Bianchi type with
a dominant mixed derivative of third order with nonsmooth coefficients.
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1. Introduction

In the mathematical literature, there are only separate scientific papers that investi-
gate the construction of fundamental solutions for hyperbolic equations with dominant
mixed derivatives (or pseudo-parabolic equations) with variable coefficients. The works
of D. Colton [1], M. Kh. Shkhanukov and A. P. Soldatov [12], performed in this direc-
tion, show that for some classes of such equations with sufficiently smooth coefficients the
fundamental solution can be defined as an analogue of the classical Riemann function.
However, the method of Riemann characteristics applied in these works is very limited,
and in general, does not admit generalisation even to the case of simple nonlocal problems,
even in the case of equations with constant coefficients. It should be especially noted that
in the literature so far the Riemann function for various classes of equations has been
constructed only for the case of sufficiently smooth coefficients. Therefore, there arises
a very relevant question of investigating the correct solvability and constructing funda-
mental solutions for boundary value problems associated with hyperbolic equations (or
pseudo-parabolic equations) with dominant mixed derivatives, generally speaking, with
non-smooth variable coefficients. In this connection, this paper is devoted to the study
of boundary value problems of a new type for integro-differential equations of 3D Bianchi
type with dominant mixed derivatives having, in general, nonsmooth Lp-coefficients (i.e.,
coefficients from Lp-type spaces) and to the development of a method for constructing
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their fundamental solutions. It is stated mainly for third-order integro-differential equa-
tions of the 3D Bianchi type with threefold characteristics. An important fundamental
point is that the considered equation has nonsmooth coefficients that satisfy only some
P-integrability and boundedness conditions, i.e., the considered integrodifferential opera-
tor of the 3D Bianchi type does not have a traditional conjugate operator. Therefore, the
Riemann function for such an equation cannot be investigated by the classical character-
istics method. In this paper, a methodology is developed to investigate such problems,
which makes substantial use of modern methods of function theory and functional analy-
sis. With the help of this methodology, a new concept of conjugate problems is introduced
for boundary value problems. Such conjugate problems, unlike conjugate problems of the
traditional kind defined using formally conjugate differential operators, by definition have
the form of an integral equation, and therefore make sense under sufficiently weak con-
ditions on the coefficients. With the help of such a conjugate problem, the notion of a
fundamental solution is introduced and an integral representation for the solutions of the
corresponding boundary value problems is found.

2. Problem Statement.

Consider an integrodifferential equation of 3D Bianchi type (3D means three-
dimensional)

(‘/l,l,lu) (x7 Y, Z) = ufﬂyz(xa Y, Z) + A(),()’OU(JJ, Y, Z) + Al,o,ou&?(xv Y, Z)+ (1)
+A0,1,0uy($7 Y, Z) + AO,O,luz(ajv Y, Z) + Al,l,ouxy(l‘) Y, Z) + AO,l,luyZ(xu Y, Z)+

+A1,0,1Ua:z($,y7 Z) + fjm ff}m f;z()izl [K0,0,0(7—7€777;x7 Y, Z) U(vav 77)+

+K1,0,0(T7 57 Ty, Z) X
XUy (T> 5» 77) + KO,LO(Ta ga mT,y, Z)uy(7—7 5» 77) + KO,O,I(Ta §7 mT,y, Z) X

XuZ(Ta 57 77) + K1,1,0<T7 57 ey, Z)ul’y(Tv €7 n-+ Ko,l,l (T7 ga Ty, Z) X
Xuyz(Ta 55 77) + Kl,O,l(Ta 55 Ty, Z)UIZ(Ta 55 77)] degd?? = 901,1,1(56’ Y, Z)a (CIT, Y, Z) S G7

Hereu = u(x,y,z) is the desired function defined on G; A;;r = A;jr(x,y,z2) are
given measurable functions onG = G; x Gy X G3 , where G1 = (xg, 1), o > 0,Gg =
(Y0,91)» Yo > 0,G3 = (20,21), 20 >0; ¢1,1,1(2,9, 2)is a given measurable function onG.

Equation (1) is a hyperbolic integrodifferential equation that has three real simple
characteristics x = const, y = const, z = const .

Moreover, in the literature so far, the Riemann function of equation (1) has been able to
be constructed only for the case whenk; ; .(7,&,n;2,y, 2) = 0, the functionsA; ; x(x, vy, 2)
are sufficiently smooth /i.e., when the functionsA; ; x(x, vy, z) are continuous together with
the derivativesD D D¥ A; i k(z,y,2) in the domain G /. In [5], an equation with a domi-
nant derivativeuy,. is studied. This type of equation finds application in models of vibra-
tion processes and is also of considerable importance in approximation theory. Therefore,
there are problems in practice that are directly related to the three-dimensional boundary
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value problem or the hyperbolic equation. The three-dimensional contact boundary value
problem is considered in [7]. Boundary value problems set at the middle and geometric
middle of the domain for integrodifferential equations with dominant mixed derivativesuy,.
are studied in the works of the authors [8]- [9].

In this paper, equation (1) is first investigated in the general case when the
coefficients A; j (x,y, 2) andK; ; x(7,&,m;2,y, z) are nonsmooth functions satisfying only
the following conditions:

A070’0(33,y, Z) € LP(G)v AI,O,O(:Uayv Z) € Lgc’f;fp(G)v AO,I,O(:U>y7 Z) € L;:géfp(G)a
A00,1(7,y,2) € Lyppo(G), Ar1o(2,y,2) € LK p(G), Ao11(2,y,2) € Lp&iac(G),
Al,O,l(:E?ya Z) € ng{}foo(G), Ki,j,k(vaa ey, Z) € LOO(G X G) .

Under these conditions, we will look for the solutionu(z,y, z) of equation (1) in the
S.L. Sobolev space Wzgl’l’l)(G) ={u € Ly(G) /D. D} D*u € L,(G); i, j, k=0, 1},
where 1 < p < oo. The norm in the spaceWzgl’l’l)(G) will be defined by equal-

. 1 ; i
ity u )= Y jamo || D3 DDk

(1,1,1) .
Wy (@ Ly(G)
For equation (1), the conditions on the geometric middle of the non-classical domain
can be given in the form

Vo,00u = u(y/ZoT1, \/Y0Y1, \/Z021) = £0,0,0

(Vi0,0u)(x) = uz (2, /Yoy1, /Z021) = ¢1,0,0(),

(Vo,1,0u)(y) = uy(y/To1, Y, v/2021) = ¢0,1,0(y),

(Vo,01u)(2) = uz(\/ToT1, \/Yoyt, 2) = ©0,0,1(2), (2)
(Vi0u)(2,y) = ugy(2,y, /2021) = p1,1,0(2,Y),

(‘/0717171) (yv Z) = uyZ(\/ ZoT1,Y, Z) = 9007171(?/7 Z)?

(Viou)(z, 2) = ugz (2, \/You1, 2) = p1,0,1(, 2),

wherepg 0,0 € R is a given number and the remainingy; ; » are the given functions satisfying
the conditions:

©1,0,0(z) € Lp(G1),0,1,0(y) € Lp(G2), ¢0,0,1(2) € Lp(G3), v1,10(x,y) € Lpy(G1 x Ga),

©0,1,1(y, 2) € Lp(Ga x G3), v1,0,1(x, 2) € Ly(G1 x G3).

3. Operator form of the boundary value problem defined on the
geometric middle of the domain

We will investigate the problem (1), (2) by the method of operator equations and follow
the scheme of [10]. Preliminary problems (1), and (2) will be written in the form of an
operator equation

Vu=p, (3)

where V' is a vector operator defined by the equality
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1,11 1,1,1 .
V = (Vo,00, V1,00, V0,1,0, V0,0,1, V1,1,0, Vo,1,1, V1,01, Vi1,1) WIS )(G) — E;(, ) and @ is

a given vector element of the form

Y= (900,0,0» %1,0,05 ¥0,1,05 ¥0,0,15 ¥1,1,05, ¥0,1,15 ¥1,0,1, 801,1,1)

from the space

BN = R x Ly(z0, 1) % Lp(yo, y1) % Lp(20, 21) x Lp(Gy x Ga) x Ly(Ga x G3)x
x Ly(Gy x G3) x Ly(G).

Note that in the spaceEl(,l’l’l) we will naturally define the norm, using the equality

lellggrn = llvonollr + Ie100llL (2ge0) T 190,000 (o 40y + 2001111 (2200 +

Hlerrolls (o xas T lorilln @uxas) +lleroalls @ ey + 191l @) -

First of all, we note that integral representations of functions from spaces of W,Sl’l’l) (G)
type (from Sobolev spaces with dominating mixed derivatives of general form) have
been studied in the works of T.I. Amanov [2], S.M. Nikolsky [11], P.I. Lizorkin and
S.M. Nikolsky [6], O.V. Besov, V.P. Ilyin and S.M. Nikolsky [4], S.S. Akhiev [3] and

others. But from them we will use the integral representation from [3], by which any
functionu(zx, y, 2) EWISLLU(G) is uniquely representable as

u(z,y,z) = (Qb)(x,y,2) = booo +/ b1,0,0(a)do+
JEOET

Yy z
+ / bo.1.0(8)dB + / bo.0.1(7)d7+
VYoy1 Vzoz1

x y y z
+/ / b1,1,0(0475)d04dﬁ+/ / bo,1,1(B,7v)dBdy+
VToz1 Y /Yoy VYoy1 J+/z0z1
+/ / b1,0,1(cx,y)dady+
Nt Nern

T y z
—l—/ / / b1, (e, B,y)dadBdy (4)
VToz1 Y /Yoyt J/z071

using the single-element

(1,1,1)

b = (b0,0,0,1,0,0,00,1,0,00,0,1,61,1,0,00,1,1,b1,0,1,b1,1,1) € B,

There exist such positive constantsM{ andMJ that

M{) HbHEéLLl) < HQb)(l’, Y, Z)”Wzgl’l’U(G) < Mé) HbHEél’l’l) ’ for any be Eg()Ll’l) (5)
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Obviously, the operator( : EI(,I’I’I) — Wél’l’l)(G) is a linear bounded operator. In-

equality (5) shows that the operator@ also has a bounded inverse operator defined on
the spaceWél’l’l)(G) . Hence, the operator@ is a homeomorphism between the Banach

spacesEz(,l’l’l) anszgl’l’l)(G) . Therefore, the solution of equation (3) is equivalent to the

solution of the equation
Vb= (6)
Equation (6) will be called the canonical form of equation (3).
Furthermore, formula (4) shows that any functionu € W;El’l’l)(G) has the traces:

u(\/TOT1, \/Y0Y1,/2021)s Uz (T, \/Y0Y1, /2021 ) Uy (/T0T1, Y, \/Z021),

uz(\/ 3701'17 vV ?JOyb Z)7 umy@:v y7 V ZOZI)7 Uyz(\/ xoxla Z/7 Z)? umz(wu vV yoyh Z)
and the operations of taking these traces are continuous froszgl’l’l)(G) toR ,
Ly(zo,21),  Lp(yo,y1), Lp(20,21), Lp(G1 x G2), Lp(G2 X G3), Ly(G1 x Gs)

respectively. Further, for these traces the following equalities are also valid:

u(\/ZoT1, \/YoY1,+/Z021) = 0,0,0,
uz (2, \/Yoy1, /2021) = b1,0,0(x),

Uy (\/ToT1, Y, \/2021) = b0,1,0(Y),
ux(\/ToT1, /YoU1, 2) = bo0,1(2),
uxy(l'a Y,/ ZOZl) = bl,l,O(:E» y)’

Uy (\/Zo1,Y,2) = bo1,1(y, 2),
Ug (T, \/Yoy1, 2) = b1o,1(2, 2).

4. Construction of the conjugate operator

Let
[ = (fo,005 f1,00x), fo1,0¥), fo01(2), frio(z,y),

foa1(y.2), froa(a,z), fiii(z,y,2)) € EGLY
= RXLq(.I'(], wl) X Lq(yo, yl) XLq(Zo, 2’1) XLq(Gl X Gg) XLq(G2 X Gg) XLq(Gl XG3) XLq(G)

where,1/p+1/g = 1 is some linear bounded functional on Eél’l’l)

have

. Then by definition, we

1 Y1 z1
f(Vu) = / / / fii(z,y, 2)(Vigau)(x,y, 2)dedydz + fo,0,0(Vo,,0u)+
vaoat J ior J e

Tl
+/ f1,0,0(2)(Vi,0,0u)(z)dx+
JEoT
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Y1 Z1
+ / For o) (Vouwow) (y)dy + / Foo1(2) (Vo) (2)dz+
VYoy1 V2021

/ / fino(@,y)(Viaou)(z, y)dedy+
960901 yoyl

21 1 21
/ / fo,1,1(y, Z)(V(),l,lu)(yaz)dydz +/ / fl,O,l(x,Z)(Vl,O,lu)(xa z)dxdz
yoy 2021 VIOT1 Y /2071 )
(7

Considering here the expressions of the operatorsV; ;. and using the integral represen-
tation (4) of the functionsu € ngl’l’l)(G) , we obtain from (7):

F(Vu) = u(\/Zox1, \/Yoy1, /Z021) (wWo,0,0f) + f;ﬁmux( VYY1, VZ021) (wi,0,0f) (z)dr+
f\/muy VZ0T1, Y, v/2021) (wo,1,0f) (Y dy+f\/20—zuz VZ0T1, /Yoyt 2) (wo,0,1.f) (2)dz+

(8)
/ / oy (@1, V07 (w1,1.0f) (@, y)ddy+
IOxl y0y1
1
/ / tys (/FOET, Y, 2) w11 f) y, 2)dydz-+
yoy ZOZI
1
/ / s (@, /G0TT, 2) w10 ) (&, ) dzdzt
Vzoz1 J+\/z021

/ / / Ugyz (2, Y, 2) (w111 f) (2, y, 2)dedydz = (V* f)(u),
VZ0T1 /Yoyt J /zozL

21
woo0f = / / / Ji1,1(z,y, 2)[Aop0(z, y, 2)+
on ZJO?J ZOZl
T / / / Koo, &, 152, y, 2)drdédnldG + fooo,
xofﬁl yOyl Zozl
Z1
(wi,0,0f)(x / / / Ji1(eny, 2)[Aop0(a, y, 2)+
yOy ZOZI
4 / / / Koo0(7, &, 155 0, y, 2)drddyldadydz+
513011 yoyl ZOZ].
Z1
/ / fiia(z,y, 2)[Aro0(z,y, 2)+
yoyl Zozl

+/ / / Ki100(7,&m;2,y, 2)drdédn]dydz + f1,00(2),
Vzozi Y /Yoyt J \/z021
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T1 Y1 Z1
(wo,1,0f)(y) E/ / / fi11(w, B, 2)[Ao0(m, B, 2)+
z1 Jy

ZoT1 2021

T B z
+ / / / Kooo(r,€,1; 2, B, 2)drdedn) x
hV4 roxr1 RV4 Yyoyi vV Z021

T1 21
Xd$dﬁd2+/ / f171,1(5177y,Z)[A071,[)(37,y72)+
Tox1 2021

T y z

+/ / / K0,1,0(7_7 67 Y, Z)degdU]dedZ + fO,l,O(y)a
1‘01' yoy ZOZ

(wo,0,1f)(= / / f1,1,1 z,y,7)[Ao0,00(z,y,7)+

xOxl yOyl z

+ / / / Ko0,0(7, €1, y, ) drdédn] dedydy+

m0371 yOyl Z()Zl

/ / fraa(z,y, 2)l oo (@, v, 2)+
Sﬂox yoy

+ / / / Koo1(r,€,m; 2, y, 2)drdédnldady + foo1(2),
Tox1 Yoy 2021

1 Y1 z1
(wl,LOf)(x? y) = / / / fl,l,l(a757 Z)[AO,O,U(avﬂa Z)+
z Jy  Jyzoz
« B z
o[ [ Kuoor&ma.p.2)drdgdndadidzt
xrox Yoy 202
Y1 21
+/ / fl,l,l(maﬁaZ)[AI,O,O(J"’57 Z)+
) V2021
T B z
w[ [ Kuoolr e poyirdsandsazt
Vvzort J /Yoyt J\/zozr
1 21
+/ / fl,l,l(avya Z)[AO,LO(a7y72)+
T Vzoz1

a Y z
+/ / / K0,1,0(7'75777§ a,y,z)degdn]dozder
Vzoz1 Y /Yoyt J\/z021

Z1
+/ 1wy, 2)[A110(,y, 2)+
V2021

T y z
+ / / / Kyy0(r, €m0, y, 2)drdédnldz + fr10(z,y),
360961 y0y1 ZOZI

(wo,1,1/)(y, 2 /%0373 /yl/ fraa(@, B,7)[Ao00(, B,7)+



@ B Y
+ / / / Kooo(r, €7, B, 7)drdédy|dedfdy+
N NN

1 21
+/ / f1,1,1($aya’Y)[AO,l,O(xaya’Y)_{_
Jaoar Jz

x Y Y
+ / / / Kovo(r, €, 15 2, y,v)drdédn]dzdy+
VZoz1 Y \/Yyoy1 J \/Z0z1

1 Y1
—i—/ / fi1(z, B,2)[Av1(, B, 2)+
VZor1 Jy

T B z
+ / / / Koo (7, €,17; %, B, 2)drdEdn]dzdf+
Vzozt Y /Yoyt J \/Z0z1

1
+/ (e, y, 2)[Aoa(z, y, 2)+
JE0TT

T y z
+/ / / K0,1,1(7'a§;U;$7yvz)d7d§dn]dx+fO,Ll(y, Z)7
VZ0ZT1 Y /Yoyl v /2021

Tl Y1 z1
(@ro1f)(@, 2) = / / / Fraa(asy,y)[Aooo(asy, 7)+
T VYoy1 vz

a Yy v
+ / / / Ko0,0(7, & m; a0, y, v)drdédn|dodydy+
VZ0Z1 Y 4\/YoY1 Y \/Z20Z1

Y1 Z1
+/ / fiaa(x,y, Y)[Avoo(z, y,v)+
Yo z

x Yy Y
+/ / / Ki00(T,&m; 2, y,v)drdédn)dydy+
Vzozri J\/Yoyr Y \/z021

1 Y1
+/ / fr11(ey, 2)[Aopa(a, y, 2)+
x VYoyi

« Y z
+ / / / Koo (m €m0y, 2)drddn]dady+
Vo1 J /Yoyt Y \/z021

Y1
+ / fraa(z,y, 2)[Aroa (@, 2)+
VYoy1

T y z
—i—/ / / Ki01(7,&,m52,y, 2)drdSdn)dy + f101(7, 2),
vaort J e J vaE

(wi1,1)(x,y,2) = frii(e,y, 2)+
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+/:1 /yyl /:1 fi1(a, B,7)[Aopo(a, B,v)+

o B ¥
+ / / / Kooo(T, €,17; o, B, 7)drdg dnldadfdy+
VZ0T1 Y 4/YoY1l v /2021

Y1 z1
+/ / fiaa(z, B,7)[Ave0(z, B,7)+
y z
T B ol
+ / / / Ky 00(r. €17, B, 7)drddn]dpdr+
vEoar J vt J vEom
T 21
+/ / fl,l,l(avyvv)[AO,l,O(aay77)+
a Y 0
+/ / / Koa,0(7, & m; 0y, y)dTdédn|dady+
vEowt J vt J vEom

T1 Y1
+/ Ji(e, B, 2)[Agp1 (o, B, 2)+
z Jy

e B z
+ / / / Kooi(r,€,m; 0, B, 2)drdéd|dadf+
Vzoz1 J /Yoyt J\/Zoz1

z1
+/ fria(e,y, v)[ALo(z,y,7)+
z

x Yy il
+/ / / Kia0(m,& m;2,y,y)drdédn]dy+
Vaozt J /oyt J/z0E

1
+ / fiaa(ony, 2)[Ao1i(a,y, 2)+
xT

o y z
+/ / / KO,1,1(77§7n;aayaz)degdn]da_'—
Vzor1 J /Yoyt J/Zoz1

Y1 T B z
+ / Forn(@, B, 2)[Aroa(x, 8, 2) + / / / Kyoa(r,6,m;2, B, )drdédn]dB.
y vV roT1 vV Yyoy1 VvV 2021

(9)
Using the equality (8), i.e., the equality f(Vu) = (V*f)(u) , as well as the general form
of linear functionals in Wél’l’l)(G) we obtain that the operatorV has a conjugate operator

of the form:

X (11,1 1,1,1
V™ = (w0,0,0,W1,0,0, W0,1,05 W0,0,1, W1,1,0, W0,1,1,W1,0,1, W1,1,1) : Eé ) - E((; ),
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5. Construction of the fundamental solution for the boundary value
problem

Now take an arbitrary point(z,y, z) € G and consider the system:

wo,00f =1,

(wi,00f) (@) = 0(z — @), € (0, 21),

(wo,1,0f)(B) = 0(y — B), B € (yo,y1),

(wo,01f)(7) =0(z —7),7 € (20, 21), (10)
(wi,1,0f)(, B) = 0(x — a)0(y — B), (o, B) € G1 X Go,

(wo,1,1f)(B,7) = 0(y — B)0(z — ), (B,7) € G2 x G3,

(wi,01f)(,7) =0(z — @)0(z — ), (a,7) € G1 X G,

(wi1,1f) (e, B,7) = 0(x — a)0(y — B) (2 — 7), (o, B,7) € G,

1,2>0
0,2<0°
Definition. If for each given point(z,y,2) € G the system (10) has at least one solution

where, 0(z) is a Heaviside function on R , i.e., 8(z) = {

f(ﬂs,y,z) = (fO,O,O(‘T7yvz)vfl,O,O(a;xvyuz)afO,l,O(ﬂ;xuyaZ)afO,O,l(’Y;xaya Z)a
fl,l,O(a7B;xay7 Z)afo,l,l(ﬁa’%1’7%2)7]01,0,1(0477;%% Z)afl,l,l(a7ﬁ7fy;x7yaz)) S E

then this solution will be called the fundamental (6 -fundamental) solution of the problem
(1),(2).

The last component fi 1 1(a, 5,7; 2, y, 2) can be considered as a new Riemann function for
the boundary value problem set in the middle of the domain. It can be shown that if the
coefficientsA; ; x(x, y, z) have continuous derivativesDE Dy DX A; ; 1 (x,y, ) in the domainG,
andK; ; x(7, & n; x, y, 2) = 0 thenfi1,1(a, 5,7;2,y,2) is a Riemann function in the
classical sense.

Theorem. Problem (1), (2) has a uniquef -fundamental solutionf(z,y,z) . Thus the

(1,1,1)

solutionu € W]Sl’l’l)(G) to problems (1), and (2) can be represented usingf -fundamental
solution in the form of

x1

w(z,y, 2) = ¢0,0,0/0,00(x, Yy, z) +/ ©1,0,0() f1,00(; x,y, z)do+
JEoT

21

Y1
+/ ©0,1,0(8) fo1,0(B8;2,y, Z)d5+/ ©0,0,1(7) fo,01(7vs 2y, 2)dy+
VYoy1 2071

z1
+/ ©0,0,1(7) fo,01(vs .y, 2 d’H‘/ / e1,1,0( B) fii0(e, B2, y, 2)dadf+
wal yOyl

2021

+IJM]\/ZOTISOO’1’1 B 7)f0,1,1(6 VX, Y, 2 )dﬁd’ﬁ‘
+f\/$07fm901,0,1( 7'7)f1,0,1( a, v, Y,z )dad7+

21
/ / / 301,1,1(04757W)fl,l,l(oﬁﬁafy;l‘aya z)dad,@dv (11)
4UO$ yoy 3021
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Proof. The existence of the uniqueness off) -the fundamental solution follows from system
(10). To prove the validity of representation (11) we will compare the right parts of

identities (7) and (8) on the solutionsu € ngl’l’l)(G) andf € Egl’l’l) of problem (1), (2)
and system (10). Then we obtain:

900,0;0f0,0,0($7 v 2) + [ o <P1,0,0(04)f1,%0(06' z,y, z)do + f\/ﬁ ©0,1,0(8) fo,1,0(8; 2, y, 2)dB+
+ [ ez po0a(Mfoor(viz,y, 2)dy + [ s fm p110(e B) fr10(e, Bz, y, z)dadf+

+f\/m f\Z/IZ()Tl %00,1,1(57V)fo,l,l(ﬁ»%%yaz)dﬁd%"
+f\/m—zlfjlzvl@l,o,l(aa’Y)fl,o,l(a,’ﬁ%yaZ)dad’H‘
f\/mTf\/yonW e111(a, B, 7) fiaa(es 8,72, y, 2)dadBdy =
= u(\/ZoT1, \/Yoy1, /Z021)+

[ o ER - a)da+ [y (VEE B AR — 5)d5+
VT o
mw(m,mm (z — 7)dy+
+ [ s J g (0 B, 2)0(x — 0)0(y — B)dadf+

L | e = (V01 B, )0y = B)(z — )+
+ [ rorr | Jrm vz (0 /H0UT, 1)0(2 — 0)0(z — 7)dady+

/ / / Uay=(0, 8,7)8(2—0)0(y—B)0(:—)dadBdy
ZEOZL‘ yoy 2021

(12)

The integral representation (4) of the functionsu € ng’l’”((}) shows that the right-hand
side of formula (12) coincides with the value u(z,y,2) of the solution u(a, 3,7) at the
point(z,y, z) . By this, the validity of the representation (11) is proved. The theorem is
proved.
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