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Abstract. A multidimensional inverse problem of determining the kernel of the integral term of an
integro-differential wave equation is considered. In the direct problem it is required to find the dis-
placement function from the initial-boundary value problem. In the inverse problem it is required to
determine the kernel of the integral term that depends on both the temporal and one spatial variable.
Local unique solvability of the problem posed in the class of functions continuous in one of the variables
and analytic in the other variable is proved with the use of the method of scales of Banach spaces of real
analytic functions.
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1. Introduction. Formulation of the problem

Let us consider the integro-differential equation

¢
uy = Au Jr/ kE(x, 0)u(z, z,t — a) da, x€R, z€(0,1), t €R, (1)
0
with initial conditions

ult<o =0, (2)

and boundary conditions
Uy |m0 = &' (F), Uy|r=; = 0. (3)

0? 0?
Here A = 902 + 9.2 is the Laplace operator, ¢'(t) is the derivative of Dirac delta function,

[ > 0 is a finite real number.

Finding function u(z, z,t) € D (from the class of generalized functions) for known k(z,t) is
called the direct problem. The inverse problem consists in determination of function k(z,t) €
C(II) with respect to the solution of the direct problem and

U(LL‘,O,t) :g(x,t), (4)
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where g(x,t) is a given smooth function, II = {(z,t) : x € R, t > 0.}

One-dimensional inverse problems for the differential equations were studied in [1-5]. Inverse
problem (1)—(4) is a multidimensional inverse problem for differential equations. The idea to ex-
tend the method of scales of Banach spaces of analytic functions developed by L.V. Ovsyannikov
[6] and L. Nirenberg [7] to multidimensional inverse problems belongs to Romanov. This method
was applied, with some modifications, to study local solvability of multidimensional inverse prob-
lems [8-10]. A similar problem was studied when z > 0 [11]. A special feature of this work is
that equation (1) is studied in a bounded domain with respect to the variable z, i.e, z € (0,1).
It is proved in this paper that formulated problem is locally uniquely solvable in the class of
functions analytic with respect to the variable x.

2. Study of the direct problem

First, let us consider direct problem (1)—(3), that is, we assume that function k(x,t) is known.
In what follows, this problem is considered in the domain B = R x G, where G = {(z,t) : 0 <
z < 1,0 <t < 2l—2z}is a combination of areas By and By. Areas By and By are described as
follows

Bi=RxGy, Gi={(zt): 0<z<,0<t< 2z},
Bos=Rx Gy Ga={(z,t): 0<2z<l,z<t <2 -z}
Lemma 2.1. Solution of equation (1) in domain By with conditions (2), (3)
u(z, z,t) = 0.

Proof. Using the d’Alembert formula, we obtain in the region By C B; the following integral
equation

u(z, z,t) = %// [um(:c,f,T) + /OT k(z, o)u(x, &1 — a)da} dédr,

Q(z,t)
where Q(z,t) = {(z,t) :z —t+7<E<<z+t—7, 0<7<t}, Bo=R x Gy, and Gy = {(z,t):

0<z<l, 0<t<é—|z—%|}.
Since the obtained equation is a homogeneous equation of the Volterra type of the second
kind it has only zero solution.
Therefore, u(z, z,t) = 0 in the domain Gg. Let us take an arbitrary point (x, z,t) € By \By.
2

Let us put the term u,, in equation (1) to the left side and represent the wave operator
02 0 n 0 0 0
—Jas | =+=—|l=—=].
022 ot 0z)\ot 0z
Integrating the obtained relation along the characteristic dz/d¢t = 1, from the point (x, z—t,0)
to the point (z, z,t), we obtain

o

(ug —uy)(x, 2,t) — (ug —uy)(z, 2 —1,0) = /Ot {um(:c, Z,T) +/OT k(x, 7 —a)u(z, 7 —t+x, a)da] dr.

Using condition (2), we rewrite the last relation in the form

t T
(us — Ug)|z=t = / {um(x, z,7) + / k(z, 7 — a)u(z, 7 —t + =, a)da] dr, t € (0,1).
t 0
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Further, using boundary condition (3) for z = I, we find

u(zx,l,t) / / {um z,7,0) / k(z,0 — a)u(z,0 T+l,a)da] dodr.

Changing variables in the inner integral by the formula 8 — 7 + 1 = £, we rewrite the last
equation as

(2,1,4) //{uz 46+ /OTHgk(x,Tl+£a)u(z,§,a)da]d£d7. (5)

Integrating equation (1) along the characteristic dz/dt = 1 from the point (z,z — t,0) to the
point (z, z,t),, we obtain

(6 - ‘9)u<x,z,t) -/ [um(x,at) + T ket oz)u(a&a)da} de.
: 0

2

Further, integrating this equality along the characteristic dz/dt = —1 from the point (z, 2, t)
to the point (z,l,t + 21) and using (5), we find the equation for u(z, z,t) in domain By\By

t+z—1l pl E+7m—1
u(z, z,t) = / / [um(x,f,T) + / k(x, e +71—1— a)u(g, a,T)da} dédr+
-z 0

— T4zt E4+2T1—2—1

/ / {um x,&,7)+ / E(x,E +27 — 2z —t — a)u(, a, T)da] dédr,
0

tdz—l ldz—t—27 f 27

where (x,z,t) € B1\By.
This equation is also a homogeneous equation of the Volterra type. Hence,

u(z, z,t) =0, (z,t) € B1\By

O
Using the d’Alembert formula in By area, we obtain
1 1
u(z,z,t) = ((a;t—i—z)—l—g(xt—z))+§(5(t+z)—5(t—z))+
—T4+2z+t E—T1
/ / {um x,&,7)+ / k(z,a)u(x, &7 — a)da|dédr, (x,z,t) € Bs.
0 T—2+t 0
Let us introduce the function
1
u(z, z,t) = u(z, 2,t) — 5(6(t—z) —6(t+2)). (6)
For function @(z, z,t) we have the following equation
- 1
(7)

E+z+t 1 T—&
/ | [u 2.67)+ kT =9+ [ kw0l 7 - a)dal drde,
€ 0

z+t 2

where (z,2,t) € Bs.
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Substituting function (6) into equations (1)—(3) and equating the coefficients of the singular-
ities as in [12-14], we obtain
ﬂ(x,z,t) |t=z+O: 0. (8)

Taking into account (8), we take the limit ¢ — z + 0, in equation (7) and obtain

(9(x,22) + g(x,0)) =

N | =

z  r2z—€ T—¢
- / /’: [axx(z,f,7)+;k(x,f—§)+ / k(a:,a)ﬂ(z,f,f—a)da]de& (2,2,1) € Ba.

Let us differentiate the obtained relation with respect to z

z 2z—-2¢
gi(x,22) = —/0 {ﬁm(x,ﬁ, 2z —-&)+ %k(aj, 22 —28) + /0 k(z,a)u(x, 2,22 — € — a)da} d&

, where (x, z,t) € Bs.

Let us differentiate this equation with respect to z once more. Making a preliminary change
of variables in the second integral 2z — 2§ = n and solving the resulting equation for function
k(x, z), we find

z

k(z,z) = —4gu(z, 2) — 4/ [ﬂmt(x,é, z—&)+2 /OZ_25 k(z,a)u(x,z,z2 — € — a)da] ¢, (9)

0
where (x,z,t) € By. To obtain the equation for u:(z,z,t) we differentiate equation (7) with
respect to ¢

~ 1 1
up(z, 2,t) = 5 (ge(z,t 4+ 2) + gz, t — 2)) — §k($7t - z)z+

+;/Oz[ﬂw(%f’t—l—z—f)—ﬂm(w‘,f,t—z—i-f)—i-;k(aj,t+z—2§)+ (10)

t+2—2¢€ t—z
—|—/ k(aa)ﬂ(mf,t—i—z—f—a)da—/ k(z,a)u(x, &t — 2z + € — a)da|dE.
0 0

3. Theorem on solvability of the inverse problem

Let us introduce the Banach space A4(r),s > 0 of analytic functions h(x),z € R for which

the norm is finite
glel

aa

Here r > 0,s > 0, « is a non-negative integer.

In what follows, parameter r is fixed while parameter s is treated as a variable parameter.
Further, parameter r is omitted for simplicity in the notation for the norms of the space As.
When parameter s is changed the scale of Banach spaces A, appears. The following property
is obvious: if h(z) € Ay then h(z) € Ay for all 8 € (0,s). Hence A; C Ay if 8 < s and the
following inequality holds

hlls
Qsl—l’yj‘ Va 0<s <s<sp. (11)

(o3
<«
9/

a(y
Haxah“) |
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In what follows, parameter r is fixed. The norm of function f(z,z,t) in Ay, for fixed z and ¢
is denoted by || f|ls,(2,t). This norm in C, ;)(Gs2, As,) is defined by the equality

[fllcen (G = sup_ [[flls(z:1),
(z,t)EG2

where C(; +)(G2, As,) denotes the class of functions continuous with respect to variables z and ¢
in domain G5 with values in A, .

Theorem 3.1. Let
(g($,+0),gt($, +O)) € ASo7 (g(x,Z),gt(x,Z),gtt(x,Z)) € (Cl[072l]7A50)

max{||glls, (£), |9¢llso (£), lgeellso ()} < R, ¢ € [0, 21].

where R > 0 is given number.
Then there is a € (0,1) such that for any s € (0,s0) in domain I'yy = By N {(x,z2,t) :
0< z< a(sp— s)} there is a unique solution of the system of equations (7), (9), (10) for which

((z, z,t), ur(x, 2,t)) € C(Agy, F), k(z,t) € C(Asy,[0,a(so — s)])

F={(zt35):(zt) €Dy, 0<z<al(so—s)}
. Moreover,

-~ IO R R
I = Tolls(2,) < B i = toells(2,8) < =3 Ik = kolls(2) < Go— 9"

Proof. It is convenient to introduce the notation

~ ~ 1
o1(z, z,t) = u(z, 2,t), o, 2,t) = W, 2,t) + ik‘(x,t —2)z, @3(z,z) = k(x,2)

@?(xvzﬂf): (g(m,t—l—z)—l—g(a:,t—z)), 90(2)(]"72’75):%(gt('xat""z)'*'gt(xvt_z))a

1
2

@g(l‘v Z) = _4922(1‘7 Z)
Then we obtain from equations (6), (9), (10) that

ng(x,Z,t) = @?(xﬂ Zat)+

z —&+z ¢
+%/0 /5 o [gplzz(x,f,’r)+;¢3($,7'§)+/o soz(x,a)sm(x,ﬁﬁa)da}def’ (12)

z+t

1 [ 1
@Q(Jjazat) = @g(m7z7t> + 5/ |:<pla:a:(x7§7t+z_£) _Wlwz(aj,fat_z'f'g) + 5()03(:1;’.6—"_2:_25)_‘_
0

t+z—2€ t—z

+ / 903(37704)901(37;57754‘2_5_a)da_ /@3(x7a)301($7§7t_Z+£_a)da:|d§7 (13)

0 0

p3(z,2) = gh(@, 2)—

z

z z—2& 14
_4/ |:<)02m:v(x7§az_£)_ 1()03(1'7t_2£)—’_2/ gog(x,a)gol(x,z7z—§—a)da}df. ( )
0 2 0
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Let us assume that numbers a1, as, ..., a, are determined by the recurrence relation
(n+1)°
a =0 ——
n+1 n (n + 1)2 + 1

. They form a decreasing numerical sequence and a is the limit of this sequence:

(n+1)2
=1l n = —
a= ngl;oa aOﬂH ’I’L+1) +1

”» L. . . .
The positive number ag < — will be selected later. Let us construct successive approximations
S0
as follows

@?+1(I7 Z7t) = 90(1)(35’ th)+

Etz+t 1 T—&
/ / |:(pla::r € 57 ) + 5()0;}(1'7 T = g) + / (pg(l’, a)tp?(m, 6) T = Oé)dOé:| de§7
£— 0

z+t

(15)

Py (@2, 1) = pp(z, 2, )+

+§/0[so?m<x,f,t+z—f>—so?m<x,f,t—z+€>+é*”?@’”z‘zg” (16)

t+z—2¢ t—z
4 / (s Q) (2, €, 142 — € — a)da - / ()R (@, 6yt — 2+ € — a)da] d,
0 0

@5 (@, 2) = p3(, 2)—
| -2 an)
i [Mepatn b 0-ges@e-2042 [ b aetie e - € - a)daae
0 0
We define function s’(z) by the formula
T i GO R YO G2 (18)
2 an,
Let us introduce the notation ;' = <p:l+1 e, i =1,2,3. For n = 0 the following relations hold
7/}(1)(377 Z7t) -
e Lo T 0 0
/ /5 |:(p1:mv € 57 ) + 5()03(37’7__6) +/ (,03(1‘,0()(,01(3775,T—Oé)d06:| degv
24t 0
V3 (z, 2,t) =
L[, 0 L o
= 5 Solz:c(xvgvt +z- g) - onmc(xagvt —z+ 5) + 5(,03(.%,t +z- 25)"_
0

t+2z—2¢€ t—z
[ Bmadng it —g—aa- [ Bmaeling - e a)da] .
0 0

Y§(x, 2) =
0 1 0 i 0 0
o6 - 9~ 3ot -20 42 [ Wl )oloz s - €~ aydal e

Z

2
:4/
0
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For n = 1 we have

£ttt
=3 [ [ dhaateen) + el -0

z+t
T—¢
+ / (¥3(x, 0)p1 (2,6, 7 — a + @5z, )i (2,6, 7 — @) da} drd,
0
1 1 ¢ 0 0 1 0
1p2(‘r7z7t) = §A |:¢lzz(x7£7t +z- 5) - ¢1mm(x7§7t -z +§) + 5’(/)3(1},15 +z - 2§)+

t+z—2€

[ ettt 2= 6= )+ )il 6t = €= ) do
t—z

_/0 (¢g($a Ck)(p%(if,f,t —z+ g - a) + @g(%a)w?(%f»t —z+ f - O[)) da:| df,

’l,Z)é(I‘,Z) = 74/5 [wgzz(‘r7£72 - 5) - %l/fg(l’vt - 2€)+
0

z—2§
+2/0 (¢g(a:,a)g0%(x,£,z + g - a) + @g(%a)lﬁ?(mafﬂ + g - Oé)) da:| d£

Thus, for any n we obtain

E+2tt
wen =g [ [ e n g @ -

z+t
Tt
+/0 (V3 (@, a)t (. 6,7 — a+ @i Ha, )Y (@6, 7 — a)) da} drde,
n L [” 1.
Bant =g [ et -9 -6t -2+ O+ Ji ot 4z - 204
t+z—2€
+/ ( gil($7a)gp?(l‘7£7t+z—£—a>+(pg71($ a) (37 € t+Z—£—Oé)) da—

0
t—z
_/0 ( g_l(xva)ﬁﬂ?(%&t—Z+§_a)+¢§_l(x CY) (J) f t_z+£_a)) dOé:|d§,

1&?(&6,2) = _4A§ |: 2a::r (,CE 67 6) - %w;il(:EJ; - 2§)+
z—2¢€
+2/0 (V(z, @)t (2, &, 2+ € — @) + o5 Nz, o)) (2,6, 2 + € — ) da}dg.

Next we show that if @ € (0,1) is chosen in a suitable way then for any n = 1,2,... the
following inequalities hold

=l s [popn P2 s gl L=

(2,t,8)EF, (z,t,8)EF, ( )
19
n (v"(2) = 5)°
swp [zl (B o
(2,t,5)EFy, z
o L ) € e =1 L ) < e o)

" (s0—9)?
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where
Fo={(z,t,8): (2,t) € G, 0 <z < an(so—s), 0<s<sp}.

Let n = 0. Then, taking into account (11), we obtain

[ MERIES

1 [ [oE&teEtt 1 r—t
s tedten + e -0+ [ 1@ e 7 - aldalarde <

—z+t
L [t e
<z ———— + — + R°t|drdt.
2 Jo Je—zgt (s(§) — )2 2

Let us use formula (18) for n =0:

10z, 0) < /( ) [(jf]%) B th] d¢ <

< [16 +2(0,5+ 2Rl)} /Om < aoR[lﬁ +s52(0,5+ 2Rl)}

Let us estimate other components in a similar way:

—_ t Fp.
I/O(Z)_sv (Za 78)6 0

1 (7 1
9810t < 5 [ [letal@,6et 2 =€)+ bl = 2+ €)+ Il ot + 2 = 260+
t+2z—2¢€

t—=z
w1 @& b+ 2~ &~ adda— [ 16l a)llgdll (@, 6t = + €~ a)da] de <
0 0
ag 2 z

< = _—

< GR[32+ 5505+ 4RD)| e e B9 ER,
z 1

51.2) <4 [ (a2 =€)+ FeSlont — 200+

z—2¢€

0 0 e < 2 .z
w2 [ 18l e =2 — € — ada] de < aoR[a02-+ 52 + 16R)] 5.
0
(2,t,8) € Fp.

To obtain these estimates the following inequalities are used

1 1 o
G RO

. They are true for £ € (0,2), s € (0,s0), (z,t,s) € Fy. The obtained estimates show the
validity of inequality (19) for n = 0. Further, for (z,t,s) € F; we find that

1.0 0 apAoz 27 aghy
1_ t) = [|[U3|s(2, 1) < - < — i=1,2.
H@z 900”5 (Za ) ”wz ” (Z ) (VO(Z) o 8)1 (80 _ 3)1—1 ¢

A dag
I3 = &8l () = 1811s) < o < e

. Thus, if ag is chosen so that 4ag)\g < R then inequalities (20) are true n = 0.
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Let us show by the method of mathematical induction that inequalities (19), (20) also hold
for other n if ag is chosen appropriately. Let us assume that inequalities (19), (20) are true for
n=1,2,...j. Then for (z,t,s) € F,;41 we have

—&+z+t

, 1 [* 1
[0 =5 [ [ Wl en + giviier -0+
E—z+t
T—¢
+ [ (10 @l o7 = a+ Il o7 - ) daard <
0
T daphié W MER MERH(L + 52)
apgAj apgAj agAj t AgAj t(1+ S0 :|
<z , + — + — +— drde <
o§+thda—yﬁww@—s> Wi©- 7 " @- P " O o2
2 2 < — )\ z ;
< Ajag [17 +6RI+ 2Rl$0:| ) = Njaon (R, 1, s0) ) =) (2,t,8) € Fo.
Here function s'(€) is taken in form (18) with n = j and inequalities
1+ s3 1+ st

J+1 t <2 g < _— "0 J < Y
et e(e0t) < 2R, ll(e) < RS fll(e) < R,

are valid according to the inductive hypothesis as well as the obvious inequalities a; < ag,
VIt (z) < V().
Similar reasoning for 1} H, 1/)%“ leads to the inequalities

. 1 .
(3 NEXIRS / [ all (@, &t + 2 = &) + 190 ll(@, 6t — 2+ €) + Sl ¢+ 2 = 26)+
t4+2z—2€ . .
+/ (H’(/)?)”(x Oé)||§0]+1‘|(£,§,t +z— f - Oé) + ||%0§||($a&)||¢{”($a§7t+ Z = 5 - Oé)) dOé—|—

*A (Il e, )l ¥l € — 2+ € = @) + i ), €, — 2+ € — ) ) d]de <

z z

ao — )\ —
< A ? [33 + 6RI + 2Rl80] m =: )\jCLOT]Q(R, l, S()) (I/j+1(z) _ 3)2

’ (Z7ta8)€F05

7)< 4 [ 1l - ) + Gl - 200+
0

z—2§ , 4
+2/0 (Ilwgll(a: 04)||<P3+1||(967§,Z—|—§—a)+||<p§\|(x,a)Hz/){||(x,§,z+§—a)) da]dgg

z z

. 2 —— — . e —
< Ajag [402 + 48Rl + 12Rlso] ) = Ajaons(R, 1, so) ) =) (2,t,8) € Fo,
It follows from the obtained estimates that
Aj+1 S Ajps Ajp1 <00,  pi=maxao{n,ne, N3} (21)
At the same time for (z,t,s) € Fj o we have
J+1 J+1 J+1 Az
[CARE NER) [ N ER) [ MER) T <
Z Z Zj) (v (z) — s)°
J+1 Jj+1
)\ (L a]+2 )\an .
< )%, i=1,2,3.
so—si 12 n—42) " (S0—8)— 1230/’ (n+1)%, i
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Let us choose ag € (0,1) in such a way that

p <1, Xoao Zp"(n +1)° <R
n=0

Then

j+2

R .
i ™ — @Flls(2,) < Go— o)1’ (z,t,8) € Fjt2, 1=1,2,3.

Since the choice does not depend on the number of approximations the successive approxi-
mations ¢j', ¢ = 1,2, 3, belong to

C(F,4A,), F= ﬁ F,
n=0

and the following inequalities
R .
lei — @flls(2,) < Go—s) 1’ (z,t,5) € F, i=1,2,3.

are true. For s € (0, s) the series

oo

D (e =i

n=0
converge uniformly in the norm of space C(F, A;) therefore ¢ — ;. The limit functions are
elements of C(F, A,) and satisfy equations (12), (13), (14).
Let us now prove the uniqueness of the found solution. Let us assume that @El)
any two solutions that satisfy the inequalities

and <p£2) are

o™ — QOlo(z,t) < R, i=1,2,3, ,k=1,2, (x,t,s)€F.

Let us introduce @; = <p2(»1) — gpz(-z) 1=1,2,3 and

2
. v(z)—s - v(z) —s
A— max{ sup [nsolns(z,t)“], sup [nsozuz,t)(”) ,
IENAS (z,t,8)EF z (z,t,8)EF z
~ Viz)— S 3
sup [nwsns(z)(”’}}mq
(z,t,8)EF z

where

n+1
I/(Z)—S(]—* OH

(n+1)2
Then, from equations (15), (16), (17) one can obtam the following relations for functions ¢;

o1(x, z,t) =

Etz+t 1 T—€
/ / [go (0,6,7) + S @s(er —€) + / %(:c,a)@(x,sm—a)da}dmf,
o Je 2

z+t 0

&2(‘%72’”2‘:) = %/0 |:§51£cw($7£7t +z—= 5) - L)/Blww(magat —z+ f) + %453(5(:)1: +z—= 2£)+

t+z—2¢€ t—z
+/ &3('1:’&)&1('%’672‘:_'_‘2_5_a)da_/ &3(56,@)&1(58,6,1&—2—'—5—a)da]df,
0 0

E2

P3(w,2)= *4/02

1 z—2¢€
[@211(:1776’ Z — f) - 5@3(1‘,t - 26) + 2/0 &3(55’ O‘)@l(xa 2,2 — E - Oé)dOé:| dﬁ
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which are similar to equalities for ¢}, i = 1,2, 3.
Applying the estimates given above, we find an analogue of inequality (21) in the form

where p' := maxa{ni,n2,n3}. Since a < ag then p’ < p < 1. Therefore A = 0 and ¢

ol

A< A,

1 _

%

, 1 =1,2,3. The theorem is proved.
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JIBymepHasa obpaTHas 3aJada AJIs
nHTerpo-and depeHImaIbHOro ypaBHEeHUs
runepooJInIecKoro TUIa

2Kypabek I11. Cacdapos

Nucturyr marematukn AH Pecniybnukn Y3bekucran
TamkenTt, Y3bekucran

Tamkenrcknit yauBepcuTeT nHGOPMAIMOHHBIX TEXHOJIOIHIA
TamkenT, Y3bekucran

Awnnoranusi. PaccmarpuBaercst iByMepHasi oOpaTHasi 3aj[avda ONpeiesIeHusT siipa WHTErPATLHOTO dJIe-
Ha B MHTErpo auddepeHnnaIbHOM ypPaBHEHUN TUIIEPOOINIeCcKOro Tuma. B mpsMoil 3amade TpebyeTcs
HalTH (QYHKIWIO CMENeHNsl M3 HadaIbHO-KpaeBoil 3aja4uu.B obpaTHoil 3amade Tpebyercs onpeieseHne
S/Ipa UHTErPaJbHOTO YIeHA 3aBUCSIIErO KaK OT BPEMEHHOM, TaK U OT OJHOM MPOCTPAHCTBEHHOM epeMeH-
Hoit. /TokasbiBaeTcs, JIOKaIbHAs, OJHO3HAYHAS PA3PEIINMOCTD [TIOCTABJIEHHON 3a/1a41 B KJjlacce pyHKIUH
HEIPEPBIBHBIX 10 OJHOI U3 IePEMEHHBbIX M aHAJUTHIECKUI 1O IPyroil IepeMeHHO, Ha OCHOBE METOJIA
mKaJ I GaHAXOBBIX MTPOCTPAHCTB BEIECTBEHHBIX AHAJIUTUICCKUX (DYHKITHIA.

KuaroueBsbie ciioBa: unrerpo-auddepeHnuaibHoe ypaBHeHne, obpaTHasl 3a/1a4a, J1ejabTra (pyHKIMs, WH-
TerpajibHOe ypaBHeHue, TeopeMa Banaxa.
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