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Inverse problems of determining coefficients of time typetin a
degenerate parabolic equation

The paper is devoted to the study of the solvability of inverse coefficient problems for dégenerateparabolic
equations of the second order. We study both linear inverse problems — the problems,effdetermining an
unknown right-hand side (external influence), and nonlinear problems of determiningan unknown coefficient
of the equation itself. The peculiarity of the studied work is that its unknown coeflielents are functions of a
time variable only. The work aims to prove the existence and uniqueness of pégulamsolutions to the studied
problems (having all the generalized in the sense of S.L. Sobolev derivativesienterifig the equation).

Keywords: degenerate parabolic equations, linear inverse problems, nonslinear‘inverse problems, regular
solutions, existence.

Introduction

The paper studies the solvability of some inverse{problems of finding the solution to a degenerate
parabolic equation and a certain coefficient of€he equation itself. If the unknown coefficient determines
the free term (external influence) in the equatiomy, then/guch an inverse problem will be linear, but if
the unknown coefficient is a multiplier for, one or ‘amother derivative of the solution, then it will be
nonlinear. In this paper, both linear and nemnlinear inverse problems will be studied.

The problems studied in the work Willghave two features.The first of them is that inverse coefficient
problems for time-variable degenepite parabolic equations will be studied. The second feature is that
the unknown coeflicient in our préoblems|will also be a function of the time variable only.

Inverse problems for parabolic equations without degeneracy and with unknown coefficients depen-
ding only on the time vari@ble séem to be thoroughly studied (see [1-12]. As for similar problems
for time-variable degenetatefpatabolic equations, there are few works here — only works [13-15] can
be named, and i these works either the nature of degeneracy is different, or the problem itself is
completely distinct:

Note the following.)The presence of degeneracy in parabolic equations means that the well-posed
boundazy value problems for them may differ significantly from the classical initial boundary value
probléms for nonsdégenerate equations (see [16-19]). This is the situation that will be studied in this
papeny-asituation in which the boundary conditions in linear problems will be different than in natural
initial boundéry value problems.

All conmstructions and reasoning in the work will be conducted based on the Lebesgue L, and
SobolevWé spaces. The necessary definitions and description of the properties of functions from these
spaces can be found in monographs [20-22].

The purpose of this work is to prove the existence and uniqueness of regular solutions to the
problem, i.e., solutions having all the generalized in the sense of S.L. Sobolev derivatives, included in
the corresponding equation.
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The presence of additional unknown functions in inverse problems requires that, in addition to the
boundary conditions natural for a particular class of differential equations, some additional conditions
are also set — overdetermination conditions. In this paper, overdetermination conditions, called integral
overdetermination conditions in the literature, will be used. Inverse coefficient problems, linear and
nonlinear, with integral overdetermination conditions are well-studied for both classical (elliptic, parabolic
and hyperbolic) and non-classical differential equations. However, for time-variable degenerate parabolic
equations, inverse coefficient problems with integral overdetermination have not been studied before.

Overall, the content of the work consists of four parts. The first part provides studied linear and
nonlinear problems statement. The second part investigates the solvability of linear inverse
for degenerate parabolic equations of the second order. The third part studies the solvabilityleof some

nonlinear inverse coefficient problem for degenerate parabolic equations of the SGCO& :
the

the fourth part describes some generalizations and amplifications of the results obfai
and third parts of the work, discusses their possible development.

Problem statement %

Let © be a bounded domain from the space R™ with a smooth (for si ity Sinfinitely differentiable)
boundary I', @ be a cylinder 2 x (0,7") variables (z,t) of finite hei t@F x (0,T) be the lateral
boundary of Q.

Next, let ¢(t), c(x,t), f(x,t), N(x), h(z,t), u(t) and uo(H) iven functions defined at = € Q,
t € [0, T], respectively. L is a differential operator whose action'on a given function v(z, t) is determined
by the equality

Lv =
(A is the Laplace operator for variables x1, x
Inverse problem I: Find the functions u(x,t connected in the cylinder () by the equation
Lu (1)
when the conditions for the functio T, met
u(z,t)[s =0, (2)
N(z)u(z,t)dz = 0,t € (0,T). (3)
Q

ind the functions u(z,t) and ¢(t) connected in the cylinder @ by the equation

and (3) are met for the function u(z,t), as well as the conditions

Inverse proble
(1), when the ¢

u(z,0) =u(x,T) =0,z € Q. (4)

contrary, two boundary conditions are set for the variable ¢. Both of these situations do not seem to
be characteristic of first-order differential equations (with respect to a time variable), nevertheless,
sufficient conditions will be specified for each of them to ensure the existence and uniqueness of regular
solutions to the corresponding inverse problems.

Along with the inverse problems I and II, is easy to study linear inverse problems for equation
(1) with the setting of one boundary condition for the variable t at ¢ = 0 or at ¢ = T. The sufficient
conditions for the existence and uniqueness of regular solutions to such problems is presented in the
fourth part of the work.
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Let us consider the problem statement of a nonlinear inverse problem for degenerate parabolic
equations.
Inverse problem III: Find the functions u(z,t) and ¢(t) connected in the cylinder @ by the equation

Lu+ Q(t)u = f(l‘, t): (5)
when the function u(z,t) fulfills the condition (2), as well as the conditions

u(z,0) = up(x),z € Q, (6)

/ N(@)u(z, )dz = p(t), ¢ € (0,T). (7)

The inverse problem III corresponds to the usual first initial- boundary value pro olic
equations of the second order, the inhomogeneity of conditions (2) and (7) is exp h
rity of the problem.

Solvability of inverse problems I and II
Let us put @

/N

e nonlinea-

fl(wat)_f(xa 1(.’L‘,t)f0(t).
Next, by the given function v(z,t)we define the functions A;(t;v) and As(t;v):

. /N YAv(z, t)dz,

z, )N (x)v(z, t)d.

0

For the functio m the space W3 (Q) N W3 () there are inequalities
2)dz < do Z / )dz < &2 / [Aw(a)]2ds (8)
with r dy defined only by the domain Q (see [20-22|). We will need these inequalities and

the actu mber dy below.
In addition to the number dy, we will also need the following numbers:

h1 = max |ha(z, )],
Q
N1 = ElHNHLQ(Q)mesl/QQ,
Ny = dph; max [/ A (2, ) N?(z)dz] *mes'/?Q.
Q

0<t<T
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Theorem 1. Let the conditions be satisfied

() € CH([0;T]),%(0) < 0,0(T) > 0; (9)
C(l’, t) = Cl(l’, t) + €0, 61(1:7 t)E 02(@) (10)
c1(x,t) >0, Aci(x,t) <0 at (z,t) € Q,co = const > 0;
20— (t) >C >0, 2c0+¢ (t) > >0 at (z,t) € Q; (11)

N(z) € WL(Q),h(2,t) € Loo(Q), he(z,t) € La(Q); . \ (12)
|ho(t)] > ho > 0 at t € [0,T); \ (13)
N1+ Ny < 1. @ (14)

t) €

Then for any function f(z,t) such that f(z,t) € La(Q), fi(z, inverse problem has

the solution (u(x,t), ¢(t)) such that u(z,t) € W' (Q), q(t) € La(Q).
Proof. Consider the boundary value problem: Find the f&nct'on , t)ywhich is the solution to the
equation in the cylinder Q).
Lu = fi(x,t) — ha(z, ) [ AL X(t; u)] (15)

and such that the condition (2) is satisfied for it. In thi
integro-differential equation (similar equationsjare alsojealled "loaded" [23|, [24]). We will prove its
solvability in the space W22 ’1(Q) using the regularization method and the continuation method by
parameter.

Let € be a positive number. Consider thesboundary value problem: Find the function u(z,t), which
in the cylinder () is the solution to t n

—& (z,t) — hy(z,t)[A1(t; u) — Aa(t; u)] (16)

and such that condition i it, as well as the condition
Ut((L‘,O) = Ut(.’L‘,T) = 0, x € €. (17)
This problem,i oundary value problem for an elliptic (non-degenerate) "loaded" equation

(16); its solvabilityyi e space W3(Q) is not difficult to show using the continuation method by

er from the segment [0;1|. Consider a family of problems: Find the function u(z,t),
linder @ is the solution to the equation
—euy + Lu = fi(z,t) — Ahy(x, t)[A1(t;u) — Aa(t; u)] (18)

and such that conditions (2) and (17) are met for it.

Boundary value problem (18), (2), (17) in the case of A = 0 with a fixed ¢ and if the conditions of
the theorem are met, it is solvable in the space W2(Q) for any function f(x,t) belonging to the space
Ls(Q) (see [21]). Further, integrating by parts in equality (19)

. / w Audzdt — / Luludzdt = — / (Fat) — Moo, O[As () — Aot w)]}Audadt  (19)
Q Q Q
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(which is a consequence of equation (18)), using conditions (9)—(14) and applying the Helder and Young
inequalities, it is easy to obtain that for all possible solutions u(z,t) to the boundary value problem
(18), (2), (17) we take an estimate

ey / ul dxdt + / (Au)?dzdt < M / fAdadt (20)
i /Q Q Q

with a constant M, defined only by the functions ¢(t), c(x,t), h(x,t), N(z), as well as the domain €.

Consider now the equality
: / Ldedt / Luugdadt = — / (1, t) — A (e, £)[Au (5 @Aﬂt;@]\& (21)
Q Q Q

Integrating again by parts, using conditions (9)—(14) and applying the Helde% inequalities,

we obtain that for all possible solutions u(z,t) to the boundary value pro ), (17) a priori

estimate is performed
n
5/ u?tdxdt—l—Z/ uiitda:dtg Mz/ 2 \ (22)
Q i=17Q Q

where the constant My is defined by the functions ¢(t), c(g, and N(z), the domain ©, and
the number e. \

From estimates (20) and (22), as well as from
it follows that for solutions u(z,t) to the boundary
true

s d bagic inequality for elliptic operators [21],
ueproblem (18), (2), (17) the next estimate is

| L2(Q)» (23)

where the constant M3 is defined by the functions ¢(t), c(x,t), h(x,t) and N(x), the domain €, and
the number e.

From estimate (23), from the s¢ability i the space WZ(Q) of the problem (18), (2), (17) in the
case of A = 0, as well as fro ¢ @ on the continuation method by parameter [25], it follows
r

ullwz g

that for a fixed e, for an ar from the segment [0,1] and if conditions (9)—(14) are met, the
boundary value problem 7) will be solvable in the space W2(Q) for any function f(z,t)
from the space La(Q).

Let {em }m=1@be a se of positive numbers converging to zero. According to the above, the

), (2), (17) in the case of € = g, and A = 1, there is a solution u,(z,t)
2(Q). For the family {u,(z,t)}°_;, there is a priori estimate (20) which is

m=1>

the right side of the equality (21) with € = &,,, we will integrate by parts with

boundary value

n
€m /Q uppdadt + ) /Q Uz ddt < My /Q (f2+ f2)dxdt, (24)
=1

the constant My where is defined only by the functions ¢(t),c(x,t), h(z,t) and N(z), as well as the
domain 2.

Estimates (20) and (24) for functions u,,(z,t), the reflexivity property of the Hilbert space 25|, as
well as embedding theorems [20-22] mean that there are functions w,,, (z,t),k = 1,2, ..., and u(x,t)
such that for £ — oo there are convergences
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U, (2,t) = u(z,t) weakly in W22’1(Q),

Uz (T, 1) = ug, (x,t) strongly in La(Q) for 8=1,....,n

Umpa,; (T,1) = ug, (2, 1) strongly in Lo(S) for 8=1,...,n
Emp Umytt(T,1) = 0 weakly in Lo(Q).

From these convergences, as well as from the representation

n Oum
Al(t§umk) = - Z fQ in (x)umkfcz (x,t)da: - fI‘ N(x) 8ukd$
=1

it follows that for the limit function u(x,t), equation (15) will be fulfilled. The function u(z, t)belongs
to the space W22’1(Q). *

Let us put
a(t) = gk [Aa(tiu) — A(t50) %\

The functions u(x,t) and ¢(t) are connected in the cylinder @ by equat show that the

condition (3) holds for the function u(x,t).
We multiply equation (1) with the function ¢(t) defined above b tlon N(z) and integrate
over the domain . Considering the form of the functlons ho(t), fo (sh VAt u) and Ag(t;u), wi

obtain that for the function w(t) which is defined by equality

= JoN \
the equation is performed

o(t)

Multiplying this equation by the function & and integrating over the segment [0, 7], we get

w 0 at telo,T]

f @ u(x,t), which is the solution to the boundary value problem
(3) is satisfied.
ound functions u(z,t) and ¢(t) give the desired solution to the

Hence, it follows that forth
(15), (2) the overdeterminati
All of the above mea

inverse problem I
The theore
There is a sim
Theorem 2.

to the above for the inverse problem II.
condition (25) be satisfied

p(t) € CH([0;T1), 0(0) > 0,0(T) < 0; (25)

itions (10)—(14). Then for any function f(z,t) such that f(z,t) € L2(Q), fi(z,t) €
= f(x,T) = 0 for z € Q the inverse problem II has a solution (u(x,t),¢(t)) such that
21(Q).q(t) € La((0, 7))

The proof of this theorem is carried out in general analogous to the proof of Theorem 1, the only
difference is that in the boundary value problem for equation (16), conditions are not (2) and (17),
they are (2) and (4).

as We 1)
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Solvability of the inverse problem II1

The study of the solvability of the nonlinear inverse problem III will also be carried out by
using the transition to integro-differential (loaded) equations. For simplicity, we will limit ourselves
to analyzing the case of ¢(z,t) = 0; the general case will differ from the one considered only by the
greater cumbersomeness of conditions and calculations.

Let us put

My = do o DD dudt + [ ud(x)da.

Theorem 3. Let the conditions be satisfied
o(t) € C([0;T)), [(t)] " € La([0; T)), o(t) > 0, when t € [0; T? \

c(z,t) =0 at (z,t) € Q; (27)
0
N(x) € WE(2) N W3 (Q), p(t) € WC}O([071;])7 ug(x) € 21(9),
f(x,t) € Loo(0,T; W3 (Q));
pu(t) = po >0, fo(t) — @(t)u'(t) > u?\ € [0,T}; (29)

M)|AN m (30)

| v@ 4(0), (1)
Then the inverse problem III has a solution (u(z,t),q(t)) such that u(z,t) € Loo(0,T; W2(2) N

0
W), w(x,t) € La(Q), q(t) € Lo q(t) >0 at t € [0,T].
Proof. Let {en}20_1 be a sequ ositive numbers converging to 0. Denote ¢, (t) = ¢(t) + em.

Next, we define the cutting @ ), E€ER:
& ifflgl < M,
M, if £€> M,
—M, if £ < —M.

Let My be atau r from the interval (0, u1]. Consider the boundary value problem: Find the
function_u( , W 1s the solution to the equation in the cylinder @

— Au A+ eppm(t) Au + ﬁ[fo(t) — (O (t) + Gy (Ar (B w))Ju = f(z,1) (32)

and such that conditions (2) and (6) are met for it, as well as the condition

Au(z, )]s = 0. (33)

In this problem, equation (32) for a fixed m is a non-degenerate parabolic equation of the fourth
order with bounded nonlinearity in the lower term. Using standard energy estimates for parabolic
equations [26], the Galerkin method or the fixed-point method, it is easy to establish that the problem
(32), (2), (6), (33) has a solution u,,(z, t) belonging to the space W24’1. We show that using the functions
U (,t) it is possible to find a solution to the inverse problem III.
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Multiply equation (32) by the function [p(t)] " um(z,t) and integrate over the domain € and over

the time variable from 0 to the current point. After integrating by parts and reassigning variables, we
get equality

Jo i (@, t)dz + Z fo fQ Ei " dxdr + Em fo JolAup (2, 7)1 dadr+
+ fo Jo© M(w T) [fo(T) = o(T)i' (T) + Gy (A1 (75 um))]dadr = (34)
= o Ja ¢ m(gum z,7)dzdr + 3 [ ud(z)dz.

Due to conditions (26) and (29), all the terms of the left side of this equality are non-

Applying the Young’s inequality and inequality (8) to the first term of the right part (34) taking
into account also condition (28), we obtain that for functions wu,,(x,t) for ¢ € [0, T] ion is
performed
/ W2, (2, t)dz < M. (35)
Q
Analyzing  the equalities obtained after multiplying equation the functions
~[om®)] L Aup (2, 1), [0m ()] A%y, (2, t) with subsequent integration ov ain and over
the time variable from 0 to the current point, we obtain by using co ) and (29), and
the Helder inequality and the inequality (35) that for the functions t evaluatlon is performed
n
> fQ u?m.l (z,t)dx + fQ[Aum(:v, t)]de + &m z 2 (T, t))QdIdT-I- (36)
=1 =1

(), f(z,t) and up(x), as well as the
estimate, multiply equation (32) by the
r Q. After simple transformations using the

with a constant M, defined only by the functions
domain € and the number 7. To obtain th
function [, ()] ume (7, ) and integrate over

(x,t)dzxdt < Ms (37)

with a constant Mj3 defined functions ¢(t), u(t), N(x), f(z,t) and ug(x), as well as the
domain €2 and the numbe arify the value of the number My: My = 1. With this choice of
the number My, it follo e estimate (34) and condition (30) that G, (A1(t;um)) = A1(t; um)
is satisfied in equatio her, from the estimates (34)-(37) and from the reflexivity property of
the Hilbert space, from the embedding theorems, it follows that there exists a subsequence
{umpe(x, ) 100, sequence of solutions to the boundary value problem (32), (2), (6), (33), and
the functiondw(x, t)8uch that for £ — oo there are convergences:

U, (x,1) = u(z,t) weak in W22’1(Q) and strong in Lo (Q),
Emyp A%, (2,t) — 0 weak in La(Q).

Let us put .
q(t) = T[fo( ) — et/ (t) + ALt u)], (38)

/N u(z, t)dr — p(t). (39)

For the function u(z,t) and for the function ¢(t) defined by equality (38) in the cylinder @, equation
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(5) is fulfilled. Further, for the function wu(z,t), conditions (2) and (6) are fulfilled. We show that
the overdetermination condition (7) is satisfied for the function w(z,t). Multiply equation (5) by the
function N(z) and integrate over the domain 2. Comparing the obtained equality with equality (38),
we come to the equation for the function w(t):

() () + q(t)w(t) = 0. (40)

Since the function w(#) is bounded on the segment [0, T, the function [¢(¢)]~! belongs to the space
L2([0,T]), then (40) can be written as

Multiplying the last equality by the function w(t) and integrating, we come to‘ &

1w2 tﬂuﬂT 7'21(.{)2
570 + [ LDy = 320, (41)

Since the function ¢(t) is non-negative on the segment [0, 7] and w(@ ue to condition (31)),
ment [0, 7.

at the overdetermination

The equality to zero of the function w(¢) and the formula (39
condition (7) is satisfied for the found function u(z,t). @

So, for the functions u(z,t) and ¢(t) defined above, equa fulfilled, boundary conditions
(2) and (6) are fulfilled, as well as the overdeterminati ndition (7). Belonging of the functions
u(z,t) and ¢(t) to the required classes follows fro imates (34)—(37). Consequently, these
functions will give the desired solution to the invers

The theorem is proved.

Conmynents and additions
1. Throughout the work, it is assum certain inequalities or conditions for functions from the
Lebesgue or Sobolev spaces (condj 13),7(14), etc.) are fulfilled in the sense of their truth almost

Lebesgue measure.

2. The approaches to solvability of the corresponding inverse problems in clause 3 and
clause 4 are significantl erént. First of all, we note that the statement of problem III does not
imply, despite t sib rsal of the function (t) to zero at ¢ = 0, the liberation of the set
{r €, t=0}fro img the initial condition. Further, the conditions of Theorem 3 do not imply
differentiability o nction ¢(t), which is required in Theorems 1 and 2. All this is explained by
itions of Theorem 3 allow only weak degeneracy at t = 0, with weak degeneracy
iability of the function () at the points of its vanishing, the liberation of the
of the initial data does not occur.

everywhere on the correspoK t is, truth everywhere except, perhaps, for some set of zero
g

results (with minor changes) can be obtained for more general equations, for example, with the
replacement of the Laplace operator by an elliptic operator

-

6?54 (aij (‘/E)uxj)7

7

=1

or for equations with first derivatives in variables z1, ..., x,,, etc.
4. Let one of the conditions be satisfied in equation (1)
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©(0) >0, ¢(T) >0,
©(0) <0, (T)<0.

In these cases, the inverse problems of finding the functions u(z, t) and ¢(¢) connected in the cylinder
@ by equation (1) will be correct when conditions (2) and (3) are set, as well as the initial or final
conditions:

u(z,0) =0, z € Q,

or ‘
u(z, T) =0, z €.

The proof of the corresponding existence theorems is carried out an 0 the proof of
Theorem 1, the only difference is that in regularized problems either such diti are given

u(z,0) = u(x,T) =0, x € 0, @

ur(z,0) = u(z,T) =0

or else such

9

xecuted for z € Q.
at © € I' (see condition (28)) can be

0
f(z,t) (0, T; W3(2) N WLH(Q)).
Consider the problem: Find th , which is the solution to the equation in the
cylinder @
t)a + )+ Jo N(y)uly, t)dyla = Af(z,t)
and such that the condit nd the condition are fulfilled for it
= Aug(x), x €.
The exis ular solutions to this problem (under conditions similar to conditions (26)—(31))
is eas he method by which Theorem 3 was proved. Finding the function w(x,t), it will
not 6 to further find the desired solution (u(z,t),q(t)) to the inverse problem III.

ontrary, if in the inverse problems I and II the function N(z) vanishes at z € T and

belongs tosthe space W2(12), then using the representation

Ai(t;u) = [ AN (y)u(y, t)dy

it is not difficult to obtain a condition other than (14) for the solvability of inverse problems I and II.
7. The conditions of theorems 1 and 2 are satisfied if the measure of the domain €) is small, the
functions ¢(z,t) and ¢(t) are small.
We show that in the inverse problem III, the set of initial data for which all the conditions of
Theorem 3 are satisfied is not empty.

Mathematics series. Ne 2(106)/2022 137



A 1. Kozhanov, U.U. Abulkayirov, G.R. Ashurova

-~ 0
Letn=1,Q=(0;1), N(z) = #(1—2), ug(x) and f(z) be functions from the space W2(Q)NW}(Q)
positive in . Next, let v be a positive number, a number for which the inequality holds

2 /Q W3 (z)dz)? < 7 /Q F(2)N(z)da.

If now u(t) is an arbitrary decreasing on the segment [0,7] continuously differentiable function
such that

u(0) = [ Ne@)uo(o)da,
Q
f(z,t) and p(t) are functions of ”yf(x) and t%, 0 < o < 1, then all the conditions em 3
will be executed for sufficiently small numbers T'. \ 2
Other examples can be given for the inverse problems I, II, and III. \
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AN. Koxkanos!?, V.V. A6piikanpos>?, I.P. Amyposa®

LC.JI. Cobones amuvindaes. Mamemamuxa urncmumymuo, Hosocubupek, Peceti;
2 Hosocubupcr memaexemmir ynusepcumemi, Hoeocubupcr, Pecet;
30n-Dapabu amvmdaes. Kasax yammuk yrusepcumemi, Aamamo, Kasaxeman;
4 Mamemamura orcone mamemamuraior modeavdey urncmumymaot, Aavamor, Kasaxcman

OsrenieseHreH 1ceBaA0NapadoJIadbIK TeHJAeyre KONbLIraH
KO3 punmeHTTi Kepi ecenrep

Makausa e3sreresieHres ekiHIi perTi mapaboJiaabIK, TeHAeyIep YImH KoadbduimenTTi Kepi ecenre
MTIMIIIINH 3epTTeyre apHajFad. ChI3BIKTBIK, KEPI €CeIrTep peTiHe TeH ey IiH 6erici3 oH Ka:
ocep) aHBIKTay ecenTepi »KoHe 6enrici3 6ip kKoahdUIMEHTT] AHBIKTAY/BIH CHI3BIKTHIK, €MEC €

pbUIFaH. 3epTTeJIeTiH *KYMBICTAPIbIH, ePeKINeIiri — ojapiarsl 6eirici3 koaddunuentrep Te b
MaJIBICHIHBIH, (DYHKITUSIAPBI OOJIBINT TaObLIaabl. 2K YMBICTBIH MaKCcaThl — 3€PTTEJIETIH € DAY PAKThI
mermimaepinin (Tegaeyre karbicatbi GyHKusaapasH, C.JI. Co6omeB MarbHACBIHIA BLTAMA

TYBIHABLIAPEL 6ap) 6ap »KOHE MKAJIFBI3(BIFbIH JIDJIEIIEY.

Kiam cesdep: e3reriesenrer napaboJrablK, TEHIEYIIED, ChI3BIKTHIK Kepi ecerr I3BIKTHI €MeC Kepi ecer-
Tep, Perysisp menriMaep, menimMuig 6ap 60JIybl.
OBa

A.N. Koxkanos!?, V.V. A6b1J1KaHpo§374 I. 3
L Bnemumym mamemamusu umernu C.JI. Coboaes osocubupck, Poccus;
2 Hosocubupcrudi zocydapcmeennid yrusep ocubupck, Poccus;

e Nb- abu, Aamamo, Kazaxcman;
eauposanus, Aamamol, Kaszaxcman

3 Kasazcrutl Hayuonaavnod ynusepcume
1 Hncmumym mamemamuky 14 Mamemamuse

OO6paTHble 3aga49u onipe/ieJIeHU
BBIPOXK/IAIOMIEMCSYIIAPA00INIECKOM yPaBHEHUN

NIIMEeHTOB BPEeMEHHOI'O THUIIa B

Crarbsl OCBAIIEHA HCCIEI0BAHUIO DA CTH OOPATHBIX KOI(DDHUIMEHTHBIX 33729 JJIsT BBIPOXKIAIO-
uXcst mapaboIMiIecKuX ypaBHEHIABTOPROro sika. V3ydeHbl Kak JIMHEHHbIe OOpaTHBIE 3a0a9i — 3aJa<0
OIpeIeIEHNsT HEU3BECTHOU JTPAB( (BHEIIHETO BO3MEHCTBUA), TAK W HEJUHEHHBIE 3aJIa9H ONpPEIeIIe-
HUSI HEKOTOPOTO K03 duIr ypaBHenusi. OCOBEHHOCTBIO M3yYaeMbIX PabOT SABJISETCS TO, UTO

HEU3BECTHBIE KO DUIMEHTHI STBISIIOTCST (DYHKIUSIMY JINIIB OT BDEMEHHO# rtepeMeHHOit. [less paboTht
— IOKa3aTeJbCTBO CY €IMHCTBEHHOCTH PETYJISIPHBIX PEIeHU N3y IaeMbIX 3a/1a4 (peIenuii,
UMEIOIIIX BCe 0000IIe ¢y 1ghC.JI. CoBosieBy, IPOM3BOHDIE, BXOAAIIUE B yPABHEHHE).

recst mapabo/indecKre ypaBHEHUs, JTUHEHHbIe OOpaTHbIE 33,199, HEJINHEH-

Hble OOpaTHBIE yJIApHBIE PellleHud, CyIeCTBOBaHUeE.
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