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SOLVABILITY OF THE INVERSE PROBLEM FOR THE
PSEUDOHYPERBOLIC EQUATION

This paper investigates the solvability of the inverse problem of finding a solution and an unknown
coefficient in a pseudohyperbolic equation known as the Klein-Gordon equation. A distinctive
feature of the given problem is that the unknown coefficient is a function that depends only
on the time variable. The problem is considered in the cylinder, the conditions of the usual
initial-boundary value problem are set. The integral overdetermination condition is used as an
additional condition. In this paper, the inverse problem is reduced to an equivalent problem for
the loaded nonlinear pseudohyperbolic equation. Such equations belong to the class of partial
differential equations, not resolved with respect to the highest time derivative, and they are also
called composite type equations. The proof uses the Galerkin method and the compactness method
(using the obtained a priori estimates). For the problem under study, the authors prove existence
and uniqueness theorems for the solution in appropriate classes.
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method, compactness method, existence, uniqueness.
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IlceBmorunepb6oJsianbIK TEHAEY YIIH Kepi ecenTiH mremrimaigiri

Maxkasama Keitn-I'opmon Teneyi seren armer 6erisi meeBaorunepooIaablik, TeHIeY i H MerTiMiH
JK9He OH, KaK KodddurnuenTin taby kepi ecebdi 3eprresneai. By ecern i3meninai koaddbunmenTTiy
TEeK yaKbITTaH Toyesyli (DYHKIHs OOJIYBIMEH epeKInesieHe i. Keen MuImHIp/IiK aiMakTa KapacThbl-
PBLIAJIBI, dJIeTTeriieil 6acTalKbI-IIeTTIK eCeNTiH, IMmapTTapbl KOibLIaabl. KockiMima mapT peride
MHTETPAJIIALIK, TYPIETi apThIK, aHBIKTAJFAH MapT OepiareH. Byir skyMbicTa Kepi ecell »KYyKTeJreH
CBIBBIKTBIK, eMeC TICEeBIOTUIIEPOOIAIBIK TEHAEY YIMH KOWBLIFAH SKBUBAJIEHTTI €CemKe KeJITipiiesmi.
Mymnmait TeHeyIep yakbIT OONBIHITIA €H XKOFapbl TYBIH/IBIFA KATHICTHI IIEITiIMereH 1epoec TybIH-
JbLIBL i depeHInaliIbIK TeHIeyJep KIachblHa YKAaTa bl KOHE OJIap/bl KypaMa THUIITI TeHIEYJIep
nen te araibigel. Honenpeyne Fanepkun omici xKoHe KOMIAKT dJici (apuopJbiK, Garajayiap aJry
APKBLIIBI) KOJIAHBLIAbL. 2 yMBICTa 3ePTTEJIIN OTBIPFAH €CENTiH, CofiKec KJacTaparbl MIeNiMHIH
6ap OoJIy JKoHE >KAJFBI3IBbIK, TEOPEMAIAPHI JIJIEIIECHE ).

Tyitin ce3nep: Ilcesmorunepbonannik Teraey, kepi ecen, Kneita-T'opaon Temmeyi, ['agepkun omici,
KOMIIAKT 9/Iici, MenTiMHiH 6ap OOJIybI KOHE YKAJFBI3/IBIFbI.
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4 Solvability of the inverse problem for ...
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PaspemnmmmMmocTs 06paTHON 3aga4m AJisT IICEBAOTUIIEPOOINYIECKOTO YPaBHEHMUS

Uccmenyercst pa3pemnMocTb 0OpATHON 3a1a91 HAXOXKIEHUS PEIIeHN U HEM3BECTHOro Kodhdu-
[IHEHTA B IICEBJIOTUIEPOOTNIeCKOM YPAaBHEHNH, U3BECTHOIO KakK ypasHenue Kieitna-Topgaona. Or-
JITIATETHHOU OCOOEHHOCTHIO M3YydaeMOil 33JIa9d sIBJISIETCS TO, UTO HEM3BECTHBINA KO3 duimeHT
sIBJISIeTCsl (DyHKIMEl, 3aBUCHIIE JIMIIb OT BPEMEHHOI IepeMeHHON. 3ajjada pacCMaTpPUBAETCS B
IUJIAHIPUYIECKO 00/IacTH, 3a/1al0TCs YCJIOBUSI OOBIYHON HadaIbHO-KPaeBOi 3aja4dn. B kadecTBe
JIOMOJTHUTETHHOTO YCJIOBUST HUCIOJIB3YETCsS YCJIOBHE WHTErPAJIBLHOIO Iepeorpesesenns. B pabore
obparHas 3aJada CBOJUTCS K IKBUBAJCHTHON 3ajade JJIs HATPYKEHHOTO HEJMHEIHOTO IICeBIT0-
runepbontTeckoro ypasaenus. 11om00HbIe ypaBHEHUsT OTHOCATCS K Kjaaccy AuddepeHIna bHbIX
YPaBHEHUIl B YaCTHBIX [IPOM3BOJIHBIX, HE Pa3pellleHHble OTHOCUTEIFHO CTapIleil IIPOU3BOJIHON 110
BPEMEHU U OHU TaKXKe Ha3bIBAIOTCSl YPaBHEHUsIMU COCTABHOrO Tuia. [Ipu mokasaresibcTBe IpuMe-
HAIOTCsT MeToJ| ['ajlepKuHa U MeToJ[ KOMIAKTHOCTHU (C UCIOJIB30BAHUEM IOJIYYEHHBIX AIPUOPHBIX
oteHok ). s u3yyaemoil 3a7a4u aBTOPbI JOKA3bIBAIOT TEOPEMbI CYINECTBOBAHUS U €IUHCTBEHHO-
CTH PEIIeHUs] B PACCMATPUBAEMBIX KJIACCAX.

Kuarouessbie ciioBa: Ilcesnorunepbonmieckoe ypaBHeHue, oopaTHas 3ajatia, ypapaenue Kieiina-
lopmona, meron [asepkuHa, METO, KOMIIAKTHOCTH, CYIIIECTBOBAHKE, €IMHCTBEHHOCTD.

1 Introduction

The work is devoted to the study of the solvability of the inverse problem of reCIovering an
external influence in the pseudohyperbolic equation known as the Klein-Gordon equation.
Nowadays, inverse problems have become a powerful and rapidly developing field of
knowledge, penetrating almost all areas of mathematics. Similar inverse problems arise
naturally in the mathematical modeling of certain processes occurring in the media with
unknown characteristics. Since it is the characteristics of the medium that determine the
coefficients of the corresponding differential equation or the coefficients of the external
influence. The Klein-Gordon equation plays an important role in mathematical physics. This
equation is used in modeling various phenomena of relativistic quantum mechanics 1] and
nonlinear optics, in studying the behavior of elementary particles and dislocation propagation
in crystals, as well as in studying nonlinear wave equations [2]|. For such equations, many
problems have been investigated in different formulations by various methods [3]-[14].

In this paper, the inverse problem under study is reduced to an equivalent problem for
the loaded nonlinear pseudohyperbolic equation. Pseudohyperbolic equations belong to the
class of partial differential equations, not solved with respect to the highest time derivative,
and they are also known as composite type equations. Initial-boundary value problems for
linear and nonlinear pseudohyperbolic equations were studied in various works [15]-[20].
Moreover, it is necessary to note the works [21]-[25], where studied the qualitative properties
of solutions of inverse problems for hyperbolic type equations.

In the cylinder Qr = {(z,t) : v € Q, 0 <t < T} we consider the inverse problem of
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reClovering the right-hand side of the Klein-Gordon equation
= xDu— (g + ay [VullZg ) At 2 = b, Olul2ut F(Oh(, ), (2,) € Qr, (1)
with initial conditions
w(z,0) = ug(x), u(x,0)=wui(z), x€Q, (2)
the boundary condition
ulg =0, (3)
and the overdetermination condition

/u(m,t)w(m)dw =p(t), t € (0,7). (4)
Q
Here Q@ c RN, N > 1 is bounded area, 99 is sufficiently smooth boundary, b(z,t), h(z,t),

uo(x), ui(x), w(z), @(t) are the given functions, x, ag, a1, p, ¢ and r are positive constants.
Let the given functions of the problem — satisfy the conditions

w € LQ(Q)HV([)/QZ(Q)7 (5)
h(z,t) € CHQr), hi(t) = [ h(z, t)w(x)de #0, Vi e [0,T],

2 Materials and methods

2.1 The Equivalent Problem

Lemma 1. The problem (I)-(4) is equivalent to the next problem for nonlinear
pseudoparabolic equation containing nonlinear nonlocal operator from function wu(z, t)

Ugg— X Auy— <a0 + ay HVUH;TQ) Aut|ug |7 2wy = b, t)|ulPPut+F(t, u)h(z,t), ©€Q, t>0,

(7)

u(x,0) =up(x), v€Q, ulg=0. (8)

Here
F(tu) = 4 (t) (go”(t) + x [ Vu,Vwdz + (ao +a; HVquTQ) [ VuVwdz+
) 0

+ [ w2 upwdx — fb(x,t)|u|p_2uwdx> :
Q Q
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Proof. Indeed, it follows from equation that

[ (we — xAuy)wdz — <ao + ay ||Vu||§rﬂ> [ Auwdz—
Q Q

— Jo, b, t)|uPPuwds = ({ F)h(z, twdz, (10)

next, if conditions and are performed, then

F(t,u) = #(t) (Soll(t) + x [ Vu,Vwdz + (ao + a; ||Vu||§rg> [ VuVwdz+
Q Q

(11)
+ [ w2 uwdz — fb(x,t)|u|p_2uwdx) :
Q Q

Therefore, the relation @ is satisfied.

Now let us consider the problem -. If the relation @ is satisfied, then equality
obviously follows from it. Then

F(t,u) = #(t) (SDN(t) + beVutida: + (ag +a ||Vu\|§rg> S{VqudaH—
+ [ w2 uwdz — fb(:r;,t)|u|p_2uwdx) =

Q Q
- #(t) <¢”(t) - X({ Awwdr — (ao +ay ||Vu||§rﬂ> S{Auwdw%—

+ [ w2 uwdz — fb(q:,t)|u|p_2uwd:c) :
Q Q

By virtue of , we obtain that

F(t,u) = hll(t) (gp”(t) + x [ VuVwdr + (ao +a; ||VuH§TQ) [ VuVwdz — fb(x,t)|u|p_2uwdx>
0 0 O

" (t) — x [ Auwwdx — (ag + a ||Vu||§rg> | Auwdz — fb($,t)|u|p2uwdx)
0 0 Q

= hll(t) <g0”(t) — [ ugwdz + [ b(x,t)|ufP Puwdz + [ f(t)h(z, t)wds — fb(a:,t)|u]p_2uwdx) :
Q Q Q 0

o"(t) — /uttwdx = 0.

Q

In this way, < ((p(t) — fuwdx) = 0. Denote by v(t) = ¢(t) — [uwdz. Then the function
Q

Q
v(t) can be found as a solution of the Cauchy problem: v”(t) = 0, v(0) = 0, v/(0) = 0.
(v(0) = 0, v'(0) = 0 follows from the matching condition (5))). The unique solution of the

problem is the function v(t) = 0, consequently, [ u(z,t)w(z)dz = ¢(t).
Q
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3 Existence of the solution. Galerkin approximations

Theorem 1. Let the conditions (D)), @ and 2 < p < =2 n >3 ¢>2,r > 1 are

n—2"

performed. Then there ezists the generalized solution Au, Au;, uy € Lo(Qr) of the problem
@-@-

0
Proof. Let us choose in W3 () some system of functions {¥;(z)} forming a basis in the
given space. As a basis, we can take the eigenfunctions of the Sturm-Liouville problem

AU 4+ AV =0, W[, =0.

We will look for an approximate solution of the problem (7))-(8)) in the form

U (2,1) = Conpe () Ui () (12)

k=1

m
where coefficients C,,x(t) are searched out from the relations

S Con) [ WiWida + X 3 Choi(t) [ VOV Wsde + (a0 + ar [VumllYy) [ Vi Vot
k=1 Q k=1 Q Q

+ > CL(t) f |0ty [P~2 0 U di — fb(x,t) |t [P~ 2, W = fF(t,um)\I/jdx.
k=1 Q ) Q

(13)
Umo = Um(O) = Z ka([))qjk - Z aOk\Dka
k;l k;l (14)
Ut = U, (0) = 30 Crp(0) Wi = 37 W
k=1 k=1
and besides
0
Umo — Up strongly in WZE(Q) at m — oo (15)

0
U1 — uy strongly in W}H(Q) at m — oo

Let us introduce denotations

ém = {Ci1n(2), ...,C’mm(t)}T,& = {ay, ...,am}T,akj = /\I/k\Ifjdx,bkj = X/ (VU, VU,) dz,
Q Q

fri = x [ (V0 V;) dx + (ao +ay HVumHifg) J VOV Y;dr+
Q Q

+ 3 CL () [0 [P20 0 de — [ b (2, t) |um P20 Vida + [ F(t, um) ¥ dz,
=1 Q Q Q

A, (ém) = {ajk (@n)} F, (ém, C’j'n) = {fjk (C_”m, (77’”> } C,..
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Then the system of equations and condition take the matrix form
(16)

Relations represent the Cauchy problem for the system of ordinary differential equations,
which is solvable on the segment [0, T},,]. In order to verify the existence of the solution on
[0, T'], we obtain a priori estimates.

0
Lemma 2. If u € W}(Q),1 < o < 2, then the following inequality is performed

/\um|"daz < /|u|2d;1: 072" < Cy /\u|2da:—|—x/|Vu]2da:
Q) Q Q Q

0
Lemma 3. If u € W}(Q),2 < 8 < ]\2]—]_\[2, N > 3,, then the following inequality is
performed

2(1—a)

2 B 2
lulla < C3 IVullsg lullsg ™™ < x IVullsq + o [ullzq

where Cy = (2%V:21)) , Q= (BEE)N, 0<a<l.

We multiply the equality by Cy,;(t) and summarize over j = 1,m. As a result, we
take

%i({ |0y ()| 2 + Xf 10, Vi, |*de + %4 HVUMH;Q +

- ;1+2 dt ]VumH%H +f |0y, (t)|%dx = (17)
— [0, P2 Bnde + S E(t )i
Q

We integrate with respect to 7 from 0 to ¢, then we get the relation

2 [ 10vum(t)] dm+xff|8 Vi, Pdedr + % ||Vum||2Q
Q

2r+2

||vum||2r+2 + f f |0rty, |PdxdT =
0Q

(18)
= 3 [ 100m (@, 0)Fda + [ V(2. 0) 0 + 5245 | Viem (. 0)153” +

t t
+ [ [ b(@, 7)|tm P 2umOrupdadr + [ [ F(t, up,)ho-undedr.
00 0Q



S.E. Aitzhanov et al. 9

Denote by

1

Qa
o) =5 [ 10n@Pds + 5 Va3 +

Q

V m 27’+2‘
o IVl

Estimating the right-hand side of using Lemma 2 and 3, as well as the Holder and Young
inequality, we obtain
<0

Nt [Pt Ot dxdr m[P 0 updrdr <

B (19)

t
o [l
0 Q
t on t
< 10yl (ff|um|“dxdf) (f o daar ) <
0Q

< N0rtmllzq, + Ch [Vunllig @

IN oo
X o%ﬁh
O%“O%#b\

1(7) [ 8:Vu,Vwdz hd uy,drdr| <
Q

>
—_

hll(r) HaTvumH2,Q HVWHQ,Q HhHZQ Harumuzg dr <

(VAN
[

9 2 Hh(fﬂ t)H
||87Vum||27Q dr + % ||VW||27Q sup 2 f H8 umHszT
OStST

L (ao +a; ||Vum||3fg> Jo Vun Vwdz ho uydedr| <

it (0 + a1 [Vun3,)|

odr <
t

fIIVumIIszT+aoIIVWIlmfhg 1hll5 g 10rumll5 o dr+

0

L 212 22 ||h(xt 22 ! 22
_t

ay(2r + 1)+

Cy = .
2T (2r - 2)r2

t
I e f |0t |12 0r twdx hOupdadr| <
00

t

< [
0
1
2

@ lwllga lhllog 10rum|l,g dr <

IN

ha(
t
LT
E[| Ftimlg.0 47+ Cs g sup b 2“]”& mll20

qg—1

Cg = - __1_-
a(3)"
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hi(T)

t
ff . fb 2, )| U [P 2uwdz hO Uy, dzdr| <
00 Q

lA(z,t)|l 1
< bo [wll, o sup =55 fHa U |y 0 [t q dT <
0<t<T
< h(z,t)l2.0 d ) P oq <
> O”pr@ SUPp =5 f“umH 7-_{'fH 'rumHz,Q T]=
o<t<T
| h(a,t)|
< bo ”w”p,ﬂ Sup —- t)ZQ f <||um||2Q + X ||Vum||2 Q) dr+
0<t<T
+b | (z,t) HQQ a p d
0||W||p,Q Sup —5 % f” um”QQ T
0<t<T

Denote by

1 a a
o) =5 [ Bun(®Pds + PO funl + 5 I Tunlq +

n P49
d= -, = 1p.
max{n_2, 2,2,7“—1- }

Then from the relation (18]), we get

S IVl

t

(1) < €+ s [y
0
Applying for this the generalized Bihari lemma, then the next inequality is true

Cy
[1— (d— 1)CsCi1 )T

y(t) <

2r+2 14

Vu .
27‘+2 H m“ [1—(d—1)C’5Cfflt]d1T1

a 2
Py 0o + 2C(E) [un i+
From this estimate we can conclude that there exists Ty > 0 such that

S{Wtum(tﬂzd% + tmllz0 + | Vim0 +
a2 | L r (20)
+ [ Vumll5q 3+ [ 10, Vup2dedr + [ [ |0um|?drdr < Cg,
0 Q 0 Q

for all t € [0,T], T < Ty, where Cg is constant which does not depend on m € N.
We multiply the relation by A\jCpj(t) and C).(t), then summarize over j = 1,m. As
a result, we get the next relations

fatum ) At (t)d — [0,V tt[3 ¢ + 3% (| Attya|[5 ¢, +

+ (ao | Fun0 ) [18unl0 = [ 1wt (0190t (0) St =
= — [ b(x, t)|um [P 2 um Auydr — fF t, Up ) WA, d.
Q Q



S.E. Aitzhanov et al. 11

J 107U (t)Pdx + X5 f |0V, |2dr — <ao + ay ||V |[5, ) | Aup 02wy de+
)
+%%g{|@um|qd:p _h[b 2, 1) | U |P™ 2um82umdx+hfF (t um)afumd:v.

By integrating these relations from 0 to t, we get
2 : 2 2
F 180+ [ (a0 + an 19l ) 180 dr = § Nt O) g+ ] B (1) s 1)~
¢ ¢
— [ D4 (0)Au,y, (0)dz + H&VumH;@ dr + [ [ 107um (7)]7 20t (7) Auydadr—
Q 0 0Q

t t
— [ [ bz, 7)|um P 2umAupdrdr — [ [ F(7, up)hAuy,dzdr.
00 00

(21)
t
%f’ Vum 2dl’+ flatum |qu+ff|a72'um($,7_)’2d$d7' _
: 0 Q
t
= [ (ao +ay ||Vum||2,sz> [ Ay, 02u,,drdr+ .
0 Q

t
+ fot g{ b (SL’, T) |Um|p_2uma72_umdxd7' + (j;({F(T, um)afumdxdr

Analogically, we estimate the right-hand side of and , applying lemmas 2 and 3,
Holder and Young inequalities, Bihari’s lemma and a priori estimate , as a result we
obtain

T

| Atyf3 ¢, + / (ao +ay |\Vum|]§j‘9> | Aty |5 qdt < Cr, forallt € [0,T), T < Ty, (23)
0

/]@Vum(t)|2dx+/|8tum(t)|qd:c—|—//lﬁfum(x,7)|2dxdt < Cy, forall t € [0,7], T < To,
Q Q

(24)
where C; and Cg are constants which does not depend on m € N.
From the obtained estimates , and follows the estimate
/||0tAum||§’Q dt < Cy, for all t € [0,T], T < Ty, m € N. (25)

Then by using , (23)), and , considering the conditions of the theorem, we can
show the existence of the derivative u,, € Lo(Qr). In this way, Au, A, uy € Lo(Qr).
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4 Uniqueness of the generalized solution

Theorem 2. Let the conditions (), r > 2, ¢ > 2, 2 <p <2+

N 5, N >3, are performed.
Then the generalized solution of the problem (|1 . on the segment (0,T) is unique.

Proof. Assume that the problem (7)-(§) has two generalized solutions: w(z,t) and
ug(z,t). Let us put u(x,t) = uy(x,t) — us(x,t) . Then there are the following equalities

gy — XAuy — apAu — ay <\|Vu1\|2 oAuy — HVugHQQ Aug)

+|U1t|q U1y — |U2t|q 2U2t = b(%t) (|U1|p 2Ul - |U2|p 2162) +
+h(x,t) (F(t,u1) — F(t,u)), x€Q, t>0,

u(z,0) =0, w(z,0)=0, 2€Q, ulg=0.

We consider the equality

Oft({ [Urr — XAu, — agAu — ay (||Vu1|]2r Aup — ||Vu2||§rQ Auz> +
|92 — U |72 ug, | urdadr = f f 7) (Jur [P~ 20y — |ug|[P~2us) +
+h(z,7) (F(1,u1) — F(7,u2))] quIdT.

By applying the next inequalities
[lua|"ur = [uz|us| < (¢ + 1) (Jur|* + |uz|?) [ur — uz| at ¢ > 0,

(g |y — |ug|Tus) (ur — us)| > |uy — ug]?™ at ¢ > 0.
As a result, we obtain the inequality

t

t
s [ui(t)de + x [ [ |Vu-Pdedr + % [ |Vul*de + [ [ |u-|%dedr <
Q 0 0 0 00

IA

t
+ [ o, 7) (Jua |72 + JuzP~2) urdwdT +
0

o

We estimate the right-hand side of the inequality , applying the Holder’s inequality

t

¢
b(x, 7) (|ui|P~2uq — |ug|P~%uy) u dadr
0 Q

2 2r(p—2) T2;T2 ¢ 2r(p—2) TQ?
S bl(p_ 1) ”!f’ul| r—2 d:L'dT + bff’u2| r—2 dxdfr X
;Q Q

X
PO
o— o
De—

I

%

QL

=

QL

\]
~~
N\
o o
De—

I

e

QL

8

=¥

\]
~

[SIE

({ Wz, 7) (F(1,u1) — F(7,u2)) urdadr.

(26)

(27)

t
—a, | ||Vu1||§foVuVqux — <||Vu1||§rQ - ||VU2||§TQ> fVuQVqux) dr+ (28)
0 Q QO

<b(p—1) ff g |P2 + |ug|P~2) uu,dzdr <
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Let us put r = ]\Q,N , P <2+ 5 2, N > 3. Then by the Sobolev embedding theorem
HY Q) »— L.() and H'(Q) 5 Loy(p—2)/(r—2)(€2). In this case, taking into account the
smoothness class of solutions wu;(z,t) and us(x,t), we come to the estimate

t
[ [ oer) (sl a2 wedsde| < €1 [ (sl + IVallig + el o) dr. (29
0

Let us estimate the first term

t
a [ (||vu1||§rg [ VuVurde — (Vw3 - 1Vie|3y) fVu2Vqux) dr| <
0

< ar [Vl [Vl [Vl dr + o0 [ (190358 + 190l85%) Vel 190 la
X(J;(Wullz = |Vual?) dwdr < a10f||VU1||z,g IVully o [Vurllyqdr+
+aiCy [ 1190l + Valla [Vl [V lg <
<3 IVl dr +Co | (oo + [Vl + ul o) ar
The third term is estimated in a similar way. From the obtained estimates, we get
fut d:c—irCof |ul?dz + ao [ ]Vu]de+Xftf |V, |*dedr + jf \u, |9dzdT <
Q 0Q 0Q

t d
2 2 2 2 2 2
<o f (||u7||2,9 + a0 [Vl + Co lull3 o) dr + Cs [ (Iluel3 o + a0 Vully o + Co llull}q) " dr,
0 0

where d > 1.
From the last inequality follows that

Ju(@)de -+ Co [ Jufd +ap [ [Vufds < Caf (lurlin+ aolIVula + Co lull o) dr+
+C50f (Hume +ao |Vl g+ Coull o) dr

where by Bihari’s lemma, implies f u?(t)dx+Cy f \u|>dz+aq f |Vul*dz = 0 almost everywhere

on the time interval (0,7), Wthh means that the generahzed solution is unique.

5 Conclusion

In the paper, we investigated the solvability of the inverse problem of determining the
solution of the pseudohyperbolic equation, also an unknown coefficient of a special form
which identifies the external source. The methods used are based on the transition from
the original problem to the equivalent problem for the loaded nonlinear pseudohyperbolic
equation. For this problem we use Galerkin’s method to prove the existence of a strong
generalized solution. The obtained results on the solvability of the inverse problem are new
and can be useful to study another problems in the given area.
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