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Abstract

This study investigates an inverse problem involving the determination of
the kernel function in a multidimensional integrodifferential pseudo-parabolic
equation of the third order. The study begins with an analysis of the direct
problem, where we examine an initial-boundary value problem with homo-
geneous boundary conditions for a known kernel. Employing the Fourier
method, we construct the solution as a series expansion in terms of eigenfunc-
tions of the Laplace operator with Dirichlet boundary conditions. A crucial
component of our analysis involves deriving a priori estimates for the series
coefficients in terms of the kernel function norm, which play a fundamental
role in our subsequent treatment of the inverse problem.

For the inverse problem, we introduce an overdetermination condition
specifying the solution value at a fixed spatial point (pointwise measure-
ment). This formulation leads to a Volterra-type integral equation of the
second kind. By applying the Banach fixed-point principle within the frame-
work of continuous functions equipped with an exponentially weighted norm,
we establish the global existence and uniqueness of solutions to the inverse
problem. Our results demonstrate the well-posedness of the problem under
consideration.

Differential Equations and Mathematical Physics
Research Article

© Authors, 2025
© Samara State Technical University, 2025 (Compilation, Design, and Layout)

@® The content is published under the terms of the Creative Commons Attribution 4.0 In-
ternational License (http://creativecommons.org/licenses/by/4.0/)

Please cite this article in press as:

DurdievD. K., ElmuradovaH. B.,, Rahmonov A. A. Inverse kernel determination prob-
lem for a class of pseudo-parabolic integro-differential equations, Vestn. Samar. Gos. Tekhn.
Univ., Ser. Fiz.-Mat. Nauki [J. Samara State Tech. Univ., Ser. Phys. Math. Sci.], 2025, vol. 29,
no. 1, pp. 7-20. EDN: WGZAMY. DOI: 10.14498/vsgtu2095.

Authors’ Details:
Durdimurod K. Durdiev © https://orcid.org/0000-0002-6054-2827

Dr. Phys. & Math. Sci., Professor; Head of Branch!; Professor, Dept. of Differential Equa-
tions?; e-mail: d.durdiev@mathinst.uz

Hilola B. Elmuradova ® https://orcid.org/0000-0003-4306-2589

Teacher; PhD Student; Dept. of Differential Equations?; e-mail: helmuradova@mail .ru

Askar A. Rahmonov® ©® https://orcid.org/0000-0002-7641-9698
Cand. Phys. & Math. Sci., Associate Professor; Senior Researcher'; Associate Professor, Dept.
of Differential Equations?; e-mail: araxmonov@mail .ru

7


http://mi.mathnet.ru/eng/vsgtu2095
http://doi.org/10.14498/vsgtu2095
http://www.mathnet.ru/eng/org15396
http://www.mathnet.ru/eng/org15396
http://www.mathnet.ru/eng/org15396
http://www.mathnet.ru/eng/org15396
http://www.mathnet.ru/eng/org4797
http://www.mathnet.ru/eng/org4797
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://elibrary.ru/WGZAMY
http://mi.mathnet.ru/eng/vsgtu2095
http://www.mathnet.ru/eng/person29112
https://orcid.org/0000-0002-6054-2827
https://orcid.org/0000-0002-6054-2827
mailto:d.durdiev@mathinst.uz
http://www.mathnet.ru/eng/person228134
https://orcid.org/0000-0003-4306-2589
https://orcid.org/0000-0003-4306-2589
mailto:helmuradova@mail.ru
http://www.mathnet.ru/eng/org67047
https://orcid.org/0000-0002-7641-9698
https://orcid.org/0000-0002-7641-9698
mailto:araxmonov@mail.ru

Durdiev D. K., ElImuradova H. B, Rahmonov A. A.

Keywords: pseudo-parabolic equation, integro-differential equation, inverse
problem, kernel determination, Fourier method, Banach fixed-point princi-
ple, a priori estimates.

Received: 18" May, 2024 / Revised: 23* October, 2024 /
Accepted: 21 February, 2025 / First online: 27** March, 2025

Introduction. There are numerous cases where practical applications lead
to challenges in determining the coefficients, the right-hand side of the differen-
tial equation, and the kernel of integrodifferential equations. Such problems are
referred to as inverse problems of mathematical physics.

Inverse problems currently represent a rapidly developing branch of modern
mathematics. Various inverse problems for second-order hyperbolic and parabolic
equations, as well as first-order systems, are discussed in the monographs [1-5] (see
also the extensive bibliographies therein). The recently published monograph [6]
investigates a new class of inverse problems involving the determination of the
convolution kernel in second-order hyperbolic integrodifferential equations.

Water filtration in double-porosity media, moisture transfer in soil, and simi-
lar natural phenomena often lead to boundary value problems involving pseudo-
parabolic equations (see, e.g., [7,8]). When such processes occur in viscoelastic
media, Volterra operators — representing the convolution of a time-dependent
viscosity function with a solution operator (typically elliptic) — are incorporated
into the right-hand side of the pseudo-differential equations.

The study of inverse problems for pseudo-parabolic equations began in the
1980s. The first significant result, obtained in [9], addressed the inverse identi-
fication of an unknown source function. Among recent works, we highlight [10],
where the author examined an inverse problem of recovering a space-dependent
source coefficient in a third-order pseudo-parabolic equation under a final over-
determination condition (see also references therein).

To the best of our knowledge, the problem of determining the convolution
kernel in an integrodifferential pseudo-parabolic equation remains unexplored.
However, a series of works [11-20] has investigated inverse problems involving
convolution kernel determination for linear parabolic integrodifferential equations.
These studies established local existence and global uniqueness theorems, as well
as stability estimates for the solutions.

In this study, we employ the Fourier method, integral inequalities, and the
fixed-point principle to prove the existence and uniqueness of a solution to the
inverse problem of determining the kernel of a multidimensional third-order inte-
grodifferential pseudo-parabolic equation. The problem is supplemented with an
additional condition specified at a fixed point for the solution of the first boundary
value problem.

Consider the following nonhomogeneous pseudo-parabolic integrodifferential
equation:

up — Aug — Au = (k * Au)(x,t) + f(x,t), (x,t) € D, (1)

where D = Qx (0,T], T > 0, and Q C RY is a bounded domain with a sufficiently
smooth boundary 9. Here, A denotes the Laplacian, k(t) is the convolution
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kernel representing the “memory effect” (or viscosity function), f(z,t) is a source
function, and (k * Au)(z,t) denotes the Laplace convolution:

(k*u)(z,t) := /0 k(t — s)u(z, s) ds.

In the domain D, we study the following problem for Eq. (1): Find a function
u(z, t) satisfying (1) with the initial condition

u(z,0) = p(x), x €, (2)
and the boundary condition
u=0 on 0Qx(0,7T), (3)

where f(x,t) and p(x) are given functions. This problem is commonly referred to
as the direct (forward) problem.
A function u(x,t) is called a classical solution to problem (1)—(3) if it satisfies
the following conditions:
1) u(w,t) is continuous in D along with all derivatives appearing in Eq. (1);
2) all given conditions are satisfied in the classical sense.
Based on this direct problem, we now consider the following inverse problem.

INVERSE PROBLEM. Determine the kernel k(t), t > 0, appearing in equation (1),
given that the solution of the direct problem satisfies the additional condition

u(zo,t) = h(t), w0 €Q, t€[0,T], (4)

where xo € Q is a fized point and h(t) is a given sufficiently smooth function.

1. Investigation of the Direct Problem. This section studies problem
(1)—(3). We prove the existence and uniqueness of a classical solution to problem

(1)-(3)-

1.1. Uniqueness of the Solution. The following uniqueness result holds for
(1)-(3)-

THEOREM 1. If problem (1)—(3) has a solution, then this solution is unique.

Proof. Applying the method of separation of variables, we seek a solution to
(1)—(3) in the form
u(z,t) =U(t) X (z). (5)

Substituting (5) into (1) with

t
/ k(t — 7)Aua, 7)dr + fz,1) =0,
0
we require that X (x) # 0 satisfies the spectral problem

AX +AX =0, inQ,
X =0, on 0f2.
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It is well-known that the operator —A has only positive real and simple eigen-
values A,,, which when properly ordered satisfy 0 < A\ < Ao < -+ < lim A\, =

m—0o0
+00. We denote by X, the eigenfunction corresponding to A,,, normalized such

that HXmH%Q(Q) = (X, X;n) = 1, where (-, - ) denotes the inner scalar product

in the Hilbert space L?(12).
Let u(z,t) be a solution to problem (1)—(3). Consider the scalar product

um (t) = (u(- ,t),Xm)L2(Q). (6)
From (6) and using equation (1), we obtain
Uy (8) + Amttyy (£) + At (£) = —=Am (k5 ) () + fin (2), (7)
where f,(t) = (f, Xmm), m = 1,2,.... The initial condition (2) yields
Om = um(0) = (0, Xm)r2@), m=12,.... (8)

One can verify that problem (7), (8) has a unique solution u,,(t) € C*[0,T]
given by
Am

(Xm * fm)(t) - 1+ M\,

Um(t) = Xm(t)@m (Xm * (k * Um)) (t)v (9)

M.

where x,(t) = exp{— 113\”7,175}'

This implies the uniqueness of the solution to problem (1)—(3), since for
p(z) =0 and f(z,t) = 0, we obtain ¢, = 0 and f,,(t) = 0. From (9) it fol-
lows that u,,(t) = 0. By (6), this is equivalent to

(u( - 7t),Xm)L2(Q) =0.

Since the system {X,,} is complete in L?(Q2), we have u(x,t) = 0 almost
everywhere in Q) for all £ € [0, T]. As u(x,t) is continuous on D, we conclude that
u(x,t) = 0 on D. This completes the proof of uniqueness for problem (1)—(3). O

1.2. Existence of the Classical Solution. This subsection establishes the
existence of a solution to problem (1)—(3).

Under appropriate conditions on the functions ¢(x) and f(z,t), we prove that
the function

u(x,t) = Z um(t)Xm(x) (10)
m=1
represents a solution to problem (1)—(3).
LeEmMA 1. The following estimates hold for allm =1,2,...:

[ (8)] < max{1, T} [[m] + | fin o] el0T72, ¢ € [0, 77, (11)

[tz ()] < (| finllo +
+ max{1, T}H(1 + [kl|oT) [lom] + || fmnllo] #1072, ¢ € 0,71, (12)

where || kllo = max |k(t)].
te

)

10
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Proof. From (9), we estimate u,,(t) as follows

t
i ()] < [@ml + tlfun ()] + 1Kl /0 (t — 8)lum(s)| ds.
11). Furthermore, from

Applying Gronwall’s lemma for all ¢ € [0, 7], we obtain (
(7) and (11), we derive (12). This completes the proof of the lemma. O
Assume the following regularity conditions
e(2) € HE @), f(a,t) e oo, 1) B (@),
o=Ap= ..:A[nTH]@GH(%(Q), (A1)
- = Ay (-0 e HY(Q), teo0,T).

By the Cauchy—Schwarz inequality and Lemma 1 in [17], the series (10) con-

verges uniformly on D in view of (11)

o] X2 00 n 1/2
m=1

U (6) Xm(2)| < C -
3 om0 @) < (3 i
() X2 ( ] 1/2
AR Z IR <
m=1 Am
<G [ (AFH) do 4 Co [ (A £, )])da,
Q Q
Differentiating the series in (10) term-wise, we obtain
="l (£) X (2) (13)
m=1
Nt ?Xm(x) .
Ugyy = mzlum(t)axg, i=1,2,...,n, (14)
(15)

o0 2
Uggwit = D u%(t)w, i=1,2,...,n.
m=1 g
Obviously, that if either series (14) or (15) converges uniformly, then series
(13) also converges uniformly.
For series (14), using (11) and (A1), and applying the Cauchy-Schwarz in-
n, we have:

equality for (z,t) € D and i =1,2,...,

o 2
’Zum(t)asz(z) < Cs [/ (A[3]+3¢)2dx+/(A[g]+3]]f(x, SINECZ:
— Ox; Q 0

Consequently, the series (14), as well as (13) and (

), converge uniformly

in D.
These results lead to the following theorem.
11
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THEOREM 2. Let o(x) and f(x,t) satisfy condition (A1), and let k(t) € C[0,T].
Then problem (1)—(3) admits a classical solution u € C(D) N C’i:g (D) defined by
the series (10).

1.3. A Priori Estimates. This subsection establishes estimates for the solu-
tion and its first derivative in the direct problem (1)-(3). In the following section,
we will prove that problem (1)-(4) has a unique solution for any 7" > 0. For this
purpose, we employ weighted norms: for each o > 0, we define the Bielecki norm

k|, = “THE@)]).
& tgf%(@ k()])

REMARK. The weighted norm eliminates restrictions on the maximum value
of T. In contrast, using the standard supremum norm would require T to be
smaller than some finite quantity depending on the problem’s data.

The space C,[0,T] := (C[0,T], ||||o) forms a Banach space, and the norms |||,
and || - ||op are equivalent. Moreover, the convolution operator is both commutative
and invariant under multiplication by e~

(Fxg)(t) = (g= F)(t), and e 7 (f*g)(t) = (e 7" f(t)) * (e "'g(1)).

Additionally, we have the estimate

1
1f *glle < _llfllollglls, >0 (16)

(see [16]).
Let uyy, denote the solution of (7), (8) with coefficients @, fm, and k. From (9),
we estimate the difference u,, — u,, in the Bielecki norm:

e | (£) = T ()] < |m = Bl + tllfim = Finllo +

_ _ t
2ol = Bl +1Ele [ €l = Tl 3) .
Applying Gronwall’s lemma for all ¢ € [0,7] and m € N yields:

~ ~ e g 2|7
[t = Tmlle < (|om = Bml + Tl fn = Frnllo + T2k = Ello[wm o)™ e, (17)

Theorem 2 established that problem (1)-(3) possesses a unique classical solu-
tion in D. Consequently, for all ¢ > 0, u; belongs to C(D), and the difference of
its Fourier coefficients satisfies:

= Tpallo < llttm = Tnllo + Tlleusalloll = Fllo +

+ Tk o[wm — Tmllo + || frn — Frnllo- (18)

2. The Existence and Uniqueness Theorem for the Inverse Problem.
This section investigates the inverse problem of determining the functions u(z,t)
and k(t) from relations (1)—(4). We employ the contraction mapping principle to
solve this problem.

12
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Let

o

Am -
n= <mzz:1 H_)\mﬁmem(xO)> # 0. (A2)

Under condition (Al), the numerical series

converges.
Substituting x = x( into (10) and using (4), we obtain

=" um(t) Xm(z0), t€10,T]. (19)
m=1

Replacing u,(t) in (19) with the right-hand side of (9) and differentiating
twice yields the integral equation for k(t):

k(t) = ko(t) + p Z <1 in;\ )2(l<: X )
m=1 m
S A \3
_ Mm:l(l + )\m) (xm * (k% um ) (7)) (8) Xn (0) —
up,) () Xom (o), (20)
m=1

where

Fo®) = —b"(8) + 1 Z( ) ()Xo ) ~

14+
1Y X ($0)+le+l)\ Fn() X (a0) +
m= 1 m

+/'LZ 1+)\ Xm fm) () Xom (20).

Assume the following regularity conditions:

hec?0,T), fec(o,T);H Q) nc (o, 1); HIEI-N @),
p(zo) = h(0), (A3)
fCaty=Af( ) = =alFlf e Bi©), teloT).

Equation (20) can be expressed as the fixed-point equation

k= Ak (21)

13
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for the operator A defined by

[e.e]

Ak(t) =ko(t) + 1 Y (1 i”; )2(k 5 U ) (£) Xom (20) —
m=1 m
32 (125 ) G+ O ) () () X o)
m=1 m
S () () X (20)

To establish that A has a fixed point, we first demonstrate that A maps a
closed convex set into itself in the space C[0, 7] equipped with the Bielecki norm.

LEMMA 2. Under conditions (A1)—(A3), there exists oo > 0 such that for all
o = o0y, there exists R > 0 for which the closed convez ball

K = {k € C[0,T] : | Ak — koll» < R}

is invariant under A, i.e., A(K) C K.
Proof For any k € C[0,T], t € [0,T], and o > 0, estimate (16) yields:

Ak — koo < T ) e (ke x u) (8) X
| Ak = kol tgg;]u;(lﬂm) e~ (5 ) (8) X (0) | +
+ max ,ui( Am 36_0t(Xm*(k*Um)(T))(t)Xm(xo) +
te[0,T] = 1+ A\
+ max ui Am e Ttk xul,)(t) X (z0)| <
te[0,7T) o} 1+ A m
_Ell x [ /X
S il Y~ o] Xm (o) | + . 1l Y~ xm * g o] Xon (o)

k o0
e BBl ) S o) = T+ B+ B 2)

m=1

For k € K, we have
I%llo < [[kollo + R := Ro, (23)

since || - [l < || - [lo-
Applying Lemma 1 and (A1) to I; with (23) gives:

R [eS)
1< =2 mase{ 1, Tl 2 ) S (] + [ fonllo) [ Xon(0) | <
m=1
01

Fo IKlo72/2 —

14
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Similarly, for Io:

_R
I 0T|:U’|Z||um||0|X (zo) < *T|M|Z [ fmllo| Xom (o) +

m=1 m=1

R o
+ 2 max{1, TH(1+ RoD) Tl 24 3 (Jom| + | finllo) | Xom (0)| <

m=1

RO Ro
ElloT2/2 02
x%“oHm@%ﬁm®+mamw@ﬂmy_;.m>
For I3, we obtain:
RO Ro
I < —1plllF | o rpel3 141 (o) T 5 max{1, TH1 + RoT) x
k|oT?/2 03

Combining (24)—(26) for (22) yields

1Ak — kolls < 22,
g

where oy := 71 + 02 + 3. Choosing 0 > 0¢ := (1/R)o( ensures A(K) Cc K. O

LEMMA 3. Under the same conditions as in Lemma 2, the family (A(k))rex is
contractive, i.e., there exists q € [0,1) such that

| Ak — Ak, < gllk — K|,

forallk, k€ K.

Proof. From the commutative and invariant properties of the convolution
operator, we have

ety * va(t) — ey * Da(t) = e 7wy — 1) * va(t) + e 70 * (vg — Vo) (t)

and

- - 1 - " -
o1 v2(t) — 01 % 02(t) |l < = (Jlv1 — V1llol|v2llo + [[01]o]lva — V2lo)-

Q

For any k, ke K, we estimate

o0
~ ] Am )2 ~ >~ ~
HAk—Akm7<'a'§j(l+Am) (k= Fllo et lo+ 1l et =it 1) | Xom o)+

o0

z(

m=1

) 1k = Ello ¢ * o + % llollxim * (= Tn) o) | X (0) | +

15
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8

Ik kllo lutllo + [®llolltp, = @ llo) | Xom(w0)| := T+ T2+ Is.

m=1

(27)

We now estimate each term in (27). Using Lemma 1, (A1), and (17) for I1, we
obtain

oo
b < L 22T o) [ — Tl 3 ol Xon (o)) <

m=1
<l 2 -
(1+T2 2R | & llo) maxc{1, T} 072 k—F [ >~ (Jm |+ fimllo) [ Xom (0)] <
m=1

<0 72T ) a1, T T2k~ B

Pp— O-l T
% (Nell g1y 1 oo zptaony) = =1k = Elo-

For I, we have

g

. L . =
R L I S T [ EDIE
m=1

k -
< lpe] (T + TQeTQRO—H HO) max{1, T }ellFloT*/2||f; — k:llg X
g

o
< (el 101y + 1 ozt iy ) = Ik = Ello:

Similarly, for f3, Lemma 1 yields

o0

By < kR 3 I ol X 0] +

m=1

2 2
+ B 2R 79T R g = Rl S ol X 0)] <

m=1

[ee]
M ~
< By S ool on o) +

m=1
uly, 29 o
+ Ik — Kl max{1, T} (1 + [|k[loT)e™oT/2 > (jom| + || fmllo) | Xim (z0)| +

m=1

|“| (T+T2 T*Ro 1 73T Ro) max{1, T}elFIoT*/2| o[k — k]|, x
XY (leml + [l fmllo) | Xm (w0)| <
m=1

H H 2
< Ullfllc([oﬂ gl llF = o + 2 ‘max{1 T}(1 + [|koT) elFlIoT?/2

16
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X (Il ytzior gy + 1 Doz etz ) I = Fllo +

1l (T +T% T2Ro 4 73T Ro) max{1, T}el*IoT*/2| o x

03 ~
% (el 311y + 1 o 2ty ) e = Fllo = 221 = Ellor

Choosing q := 69/o < 1, where 6y := max{d1, 2,53}, establishes that A is a
contraction on K, completing the proof. [
By the Banach fixed-point theorem, equation (21) has a unique solution for
any 1" > 0, yielding:
THEOREM 3. Under assumptions (A1)—(A3), for any T > 0, problem (1)—(4)
admits a unique solution.

Conclusion. This study has established the existence and uniqueness of a
solution to the inverse problem of determining the kernel of a multidimensional
third-order integrodifferential pseudo-parabolic equation. Our approach combines
the Fourier method, integral inequalities, and the fixed-point principle, with the
solution specified by an additional condition at a fixed point for the first boundary
value problem.

All results presented in this article remain valid when the Laplacian operator A
in (1) is replaced by a more general self-adjoint differential operator L defined in
the domain 2. This operator takes the form:

L= 3 g el ] -

7j_

where the coefficients satisfy:

— symmetry: a;j(x) = aj;(x) for all 4, j;
— uniform ellipticity: 377", a;;(2)&&; > a 37, €2 with a = const > 0;

— non-negativity: ¢(x) > 0 in .
We additionally assume the coefficients a;;(z) and ¢(z) satisfy appropriate smooth-
ness conditions (see [17] for details).
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AnHOTanMsA

Januas paboTa MOCBSIIEHA MCCIEIOBAHIIO OOPATHON 3a/1a4u OIpeese-
HUsI s1Jipa B MHOIOMEDHOM HMHTEIPO-IupepeHInaIbHOM IICEBI0IAapad0JIn-
JeCKOM yPaBHEHUU TPEThero nopsijka. lccienoBanne HAaUMHAETCS ¢ aHAJII3a,
IPSIMOIT 381a91 C M3BECTHON (DYHKITHEH Sapa MPU PACCMOTPEHIHN HAYAIHHO-
KPaeBoii 33/1a9u C OJHOPOIHBIMA I'PAHUIHBIME ycoBusaMu. Meromom @ypre
CTPOUTCS PeIieHne B BUIE Psia 0 COOCTBEHHBIM pyHKIUAM 3aga4un JIupnux-
Jie i orieparopa Jlamiaca. BaxkHoit 4acThio aHAIN3a SABJISETCS [TOJIyYeHNe
AIPUOPHBIX OIEHOK KO3(PPUIMEHTOB psijia Yepe3 HOpMY (DYHKIMH sIpa, KO-
TOPBIE UT'PAIOT KJIFOUYEBYIO POJIb IIPU M3Y4YEeHUU OOPaTHON 3a/1a9u.

s obpaTHO 3a7a9u BBOJIUTCS YCJIOBUE IIEPEOIIPEIETICHUS, 3a/IAI0IIee
3HAYEHNE pelreHns B (DUKCHUPOBAHHONW TOYKE IMPOCTPAHCTBEHHON obJsacTu
(roueunoe uamepenue). Dra GOPMYIUPOBKA CBOJIUTCS K MHTEIPAJILHOMY yDaB-
Henuio BousibTeppa BTOporo pona. Ilyrem mpumeHenus IpUHINIIA C2KIMAIO-
mux orobparkenuii Banaxa B KJiacce HEIIPEPBIBHBIX (DYHKIUI C 9KCIIOHEHIIN-
aJIbHO B3BEIIEHHOM HOPMON YCTaHABJIMBAIOTCH IJI00AIbHAS CYNECTBOBAHUE
¥ €JIMHCTBEHHOCTD peltieHnst o0paTHoit 3amaan. [loryyeHHbie pe3yabTaThl j1e-
MOHCTPHUPYIOT KOPPEKTHYIO PA3PEIINMOCTh PACCMATPUBAEMON IPODJIEMBI.
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Konkypupymomime nuaTepechbl. ABTOPHI 3asBJISIIOT 006 OTCyTCTBUU KOH(DJIMKTA HHTEPE-
COB B OTHOIINIEHUN ABTOPCTBA U IIyOJIUKAINNA JAHHON CTATHU.

ABTOpCKUIT BKJIaJ] 1 OTBETCTBEHHOCThb. Bce aBTOpPBI BHEC/IM DABHBIA BKJIAJ B Pa3-
paboTKy KOHIIENIINU CTATHY W HAIIMCAHUE PYKONUCH. ABTOPBI HECYT IOJTHYIO OTBETCTBEH-
HOCTB 32 IIPeJIOCTaBJIeHIe OKOHYATEIbHON BEpCUHU PYKOIHUCH B medarb. OKOHYATebHAs
BepcHsi PYKOIUCH ObLIa OJ00pEeHa BCEMU aBTOPAMU.

®dunaHcupoBaHue. llccieoBanne BHIMIOJIHEHO 0e3 MPUBJICYEHUS BHEITHETO (DUHAHCHU-
pOBaHUSI.
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