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Abstract

This article investigates the inverse problem for time-fractional diffusion
equations with periodic boundary conditions and integral overdetermina-
tion conditions on a rectangular domain. First, the definition of a classical
solution to the problem is introduced. Using the Fourier method, the di-
rect problem is reduced to an equivalent integral equation. The existence
and uniqueness of the solution to the direct problem are established by em-
ploying estimates for the Mittag—Leffler function and generalized singular
Gronwall inequalities.

In the second part of the work, the inverse problem is examined. This
problem is reformulated as an equivalent integral equation, which is then
solved using the contraction mapping principle. Local existence and global
uniqueness of the solution are rigorously proven. Furthermore, a stability
estimate for the solution is derived.

The study contributes to the theory of inverse problems for fractional
differential equations by providing a framework for analyzing problems with
periodic boundary conditions and integral overdetermination. The methods
developed in this work can be applied to a wide range of problems in math-
ematical physics and engineering, where time-fractional diffusion models are
increasingly used to describe complex phenomena.
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1. Introduction. Periodic boundary conditions (PBCs) are a set of boundary
conditions often chosen to approximate a large (infinite) system by using a small
part called a unit cell. PBCs are widely used in computer simulations and math-
ematical models. The topology of two-dimensional PBCs is analogous to that of
a world map in some video games; the geometry of the unit cell satisfies perfect
two-dimensional tiling, and when an object passes through one side of the unit
cell, it reappears on the opposite side with the same velocity (see [1-3]).

PBCs arise in many important applications in heat transfer and life sciences
[4-8]. In these studies, the existence, uniqueness, and continuous dependence of
the solution on the data were proven, and numerical solutions to the diffusion
problem with periodic boundary conditions were developed.

Various formulations of inverse problems for determining thermal coefficients
in the one-dimensional heat equation have been studied in [8-11]. It is impor-
tant to note that in [8,9], the time-dependent thermal coefficient is determined
from a nonlocal overdetermination condition. Additionally, in [12-14], the coeffi-
cients of the heat equation are determined for cases involving nonlocal boundary
conditions.

The studies [15-19] investigated the inverse problem of finding diffusion co-
efficients in one- and multi-dimensional time-fractional equations. Under certain
assumptions about the data, the existence, uniqueness, and continuous depen-
dence of the solution on the data were established.

The problem of determining the kernel k(¢) of the integral term in an integro-
differential heat equation has been extensively studied in numerous publications
[20-28]. These studies address both one- and multidimensional inverse problems
with classical initial and initial-boundary conditions. Theorems on the existence
and uniqueness of solutions to these inverse problems have been proven.

In the present study, the determination of the coefficient in the time-fractional
diffusion equation is considered under initial and periodic boundary conditions.
The existence and uniqueness of a classical solution to the problem (1)—(4) are
established using the fixed-point principle via the Fourier method.

2. Formulation of the Problem. We consider the following initial-periodic
boundary value problem for the fractional diffusion equation:

Ofu — Ugg + a(t)u = f(x,t), (z,t) € Dr, (1)

u(z,0) = p(z), = €][0,l], (2)

u(O,t) = u(l’t)7 ux(o’t) = ux(l’t)v 90(0) = (p(l), QD/(O) = @/(l)v te [OvTL (3)

where 0 is the Caputo fractional derivative of order 0 < a < 1 in the time

variable (see Definition 2), a(t), t > 0, is the source control term, f(x,t) is the

known source term, ¢(z) is the initial temperature, T' is an arbitrary positive
number, and Dy := {(z,t) : 0 <2z <[,0 <t < T}.
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The problem of determining a function u(x,t), (z,t) € Dp, that satisfies (1)—

(3) with given functions a(t), f(z,t), and ¢(z) will be called the direct problem.

In the inverse problem, it is required to determine the coefficient a(t), t > 0, in

(1) using overdetermination conditions about the solution of the direct problem
(1)-(3):

uz(0,t) = h(t), = €][0,l], (4)

where h(t) is a given function.

Let u(z,t) be a classical solution to the problem (1)—(3), and let f, ¢, and h
be sufficiently smooth functions.

We perform the following transformation of the inverse problem (1)—(4). For
this purpose, denote the second derivative of u(x,t) with respect to = by ¥(x,t),
ie., ¥(x,t) := uzy(z,t). Differentiating (1) and (2) twice with respect to z, we
obtain

070 — Vg + a(t)V(x, t) = foa(x,t), (2,t) € D, (5)

and
9(z,0) =¢"(z), €01 (6)
To obtain boundary conditions for the new function ¥(z,t), we note that the
second term in (1) is ¥(z,t). Assume that f(0,t) = f(I,¢) and f'(0,t) = f'(l,¢t).
Then we have the following boundary conditions:

9(0,t) = 9(1, 1), 05(0,t) = 5(1, t). (7)

To obtain an additional condition for the function ¥(x, t), we differentiate equation
(1) with respect to x and, using the equality u.,(z,t) = J(x,t) together with
condition (4), we obtain

U2(0,t) = a(®)h(t) + 07 h(t) — f2(0,1). (8)

Under the matching condition ¢'(0) = h(0), it is straightforward to deduce
from (5)—(8) the equations (1)—(4).
We introduce the spaces

C**(Dr) := {v(z,t) : v, Vg, Vaz, O™ € C(Dr)}

and
CY(Dr) := {v(x,t) : v,v, € C(Dr)}.

DEFINITION 1. The functions {u(x,t),a(t)} from the class C*%(D7)NC0(Dr)x
C[0,T] are said to be a classical solution of problem (1)—(4) if the functions u(zx, t)
and a(t) satisfy the following conditions:

(1) The function u(x,t) and its derivatives 9fu(z,t), ug.(x,t) are continuous
in the domain Dr;

(2) The function a(t) is continuous on the interval [0, T7;

(3) Equation (1) and conditions (2)—(4) are satisfied in the classical sense.

Throughout this article, the functions ¢, f, and h are assumed to satisfy the
following conditions:

(A1) (z) € C*0,1]; sa<5 (x) € La(0,1); 9(0) = @(1); ¢'(0) = ¢ (1);
©"(0) = "(1); 9®(0) = @ (1); 9™ (0) = D(1);
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(A2) f(o,t) € Cpy(Dr); fithssa(a,t) € L2(0,0); f(0,8) = f(L,1); f1(0,1) =
= fo(1); s (0,8) = Flo (1,0): fi2n(0.8) = Fi2e(1,0); fizen (0,8) = flzha(l8);
(A3) h(t) € C[0,T] and |h(t)| = ho = const > 0, where hg is a given number, and
¢'(0) = h(0).
In the next section, we recall basic definitions and notations from fractional
calculus, which will be used in the subsequent analysis.

3. Preliminaries. Let us introduce the definition of the fractional derivative
of Caputo.

DEFINITION 2 [29, pPp. 90-94|. The Caputo time fractional derivative of order
0 < a < 1 of the integrable function u is defined by

t
(9tau(x,t) = F(l]-—og)/o (t — T)aau(aa:T)dT7 0<ax< 1,
ou(z,t)
1 _ )
at u(x7 t) 8t I

where I'( - ) is Euler’'s Gamma function.

3.1. Two-Parameter Mittag—Leffler Function [29, pp. 40—42]. The two-
parameter Mittag-LefHler function E, g(2) is defined by the following series:

Sk

T(ak+6)’

WE

Eop(z) =

T

0

where «a, 3, z € C with R(a) > 0, and R(«) denotes the real part of the complex
number .

Several important properties of the Mittag—LefHer function, which will be
utilized in subsequent sections, are presented below.

PropPOSITION 1 [29, pP. 40-45]. Let 0 < a < 2 and B € R be arbitrary.
Suppose that k is such that ma/2 < k < min{m, ma}. Then, there exists a constant

C = C(a, B, k) > 0 such that

c
[Eap(2)] <

—— < <.
~ 1+ ‘2‘7 AT ‘arg(z)’ ™

PROPOSITION 2 |29, PP. 42-45|. For 0 < oo < 1 and n > 0, we have
0 < Eaal(-1) <T7H(a).

Moreover, E, o(—n) is a monotonic decreasing function for n > 0.
We also require the following auxiliary results.

LEMMA 1 [30], [31, PP. 188-210]. Let m(t) € Clto,T] (to € Ry = [0,00),
T < +00) and suppose that

m(t) < mo+ F(Lq/) /t:(t —5)7  m(s)ds, t € [to,T).
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Then, we have
m(t) < moEy1(L(t —to)7), t € [to, T},

where mqo and L are nonnegative constants, and vy € (0,1).

THEOREM 1 [29, pPP. 135-144|. The solution T(t) € AC[0,T] of the linear
nonhomogeneous fractional problem

OOT(t) + \T(t) = f(t), aec (0,1, te(0,T], A>0,

T(0) =c,
where f € LY[0,T), is given by the integral expression

T(t) = cEa1 (=A%) + /0 (t = 7) L Eq0(=A(t — 7)) f(7)dr.

These results will be employed throughout the article.

4. Direct Problem. The use of the Fourier method for solving problem
(1)—(3) leads to the spectral problem for the operator given by the differential
expression and boundary conditions

X"(2) 4+ XX, () =0, z€(0,]), 9
X, (0) = Xa(D), X.(0)= X'(1), n=0,1,2,.... (9)

It is known [32] that the system of eigenfunctions
1,cos A1z, sin A1z, cos Aoz, sin Ao, . . ., COS A\px, Sin Apx, . ..

where A\, = 2mn/l, n = 0,1,..., is the solution to the spectral problem (9) and
forms an orthogonal basis of Lo (0,1). Therefore, we shall seek the classical solution
u(z,t) of the problem (5)—(7) in the form

Wz, t) = Z V1 (t) cos Apz + Z Von(t) sin \pz, Ay = 27rTn7 (10)

n=0 n=1

where

l l
910(t) = \1[l /D W, )dz, Iin(t) = \/? /0 9z, t) cos Apzds,

9 l
Jon () = \ﬂ /0 (2, ) sin \pada.

Then, applying the formal scheme of the Fourier method for determining the
unknown coefficients ¥10(¢t) and ¥ (t) (i = 1,2; n = 1,2,...) of the function
Y(z,t) from (5) and (6), we obtain

9%V10(t) = —a(t)d10(t) + fio(t), (11)
Y10(t)|t=0 = @10, (12)
0%Vin(t) + X204 (1) = —a(t)Pin(t) + fin(t), (13)
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ﬁin(t)|t=0:@ina 1= 1525 n= 1525"'7 (14)

fio(t) / (x,t)dz, fia(t) = \/>/ (x,t) cos \pzdr,

fon(t) \/> / (z,t)sin Apxde,
10 = 1/ O (x)dz, 1 \/>/ x) cos \pxdr,
ViJo ’
_ 2 " .
Pan =\ 7 <p (x) sin A\pzde.
0

According to Theorem 1, the solutions of problems (11), (12) and (13), (14)
satisfy the following integral equations:

where

D10(t) = 1o + F(la) /0 (t— 7)Y (fro(r) — a(r)oro(r))dr,  (15)
and
79zn(t) = ‘pinEa(_)‘Qta) +

" / (t = 1) Ba,a(=A%(t = 7)) (fin(7) — a(T)0in(7))dr.  (16)
0

These equations yield that

10(6) < el + T )||f10||+ la] / Dr0(r)|(t — 7)*dr,

a8 < ol + s il o [t ) B (N =)

where [la|| = max,c(o 1) |a(t)|. Applying Gronwall’s type inequality from Lemma 1
to the last relations leads to the following estimates:

= foll) Ba(llallee), (17)
Sl finll) Ea(lale). (18)

[F10(t)] < <|<P10|+( =

( 1)

Using equalities (11), (13) and (17), (18), we obtain estimates for 0%9;¢(¢)
and 0%, (t):

Din(®)] < (Il + 5

[2n

0%910(8)] < lal <|9010| e

)||f10||> S(lalle®) + ol
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190 (D)] < (A + [Jal) (wmu T )Ifm||> S(lalle®) + 1l

Thus, we have proved the following lemma:
LEMMA 2. For any t € [0,T], the following estimates are valid:

[910(8)] < <|<P10|+( 1y Iroll) Ea(lale®).

T (e}
9in()] < (loinl + gy Minll) BaClallT),

+1)

T«
0 910(0)] < ol (Jr0l + 50 a0l Balal 7*) + ol

)
( 1)

Formally, from (10) by term-by-term differentiation, we compose the series

0°9i(®] < 02 + lal) (|pin] + = inll Ealla|T) + | fin]

Ofo+V Z 004 01n(t) cos Apz + Z 00 V2 (t) sin Apz, (19)
Dz (, 1) Z /\2191n (t) cos A\pz — Z 22 2 02p (t) sin Apz. (20)
n=0 n=1

In view of Lemma 2, if the following series converges, then the series (10), (19),
and (20) will converge for any (z,t) € Dr:

o0

04 Z()‘ih@m’ +)\3LHfm||)7 (21)

n=1

where the constant C4 depends only on 7', o, and ||al|.

We now state the following auxiliary lemma:

LEMMA 3. If conditions (Al) and (A2) are valid, then the following equalities
hold:

(3 1 (3 .

\/>/ x) sin A\pzdz, g02n \/>/ ) cos Adpxdz,
3) 2 [t
t) = \/;/ f:,(;i)gcxx(:lr,t) sin A\, zdz, 2n f/ fxmm x,t) cos Apxdz,
0

with the following estimate:

where

S le@P < 161200, S DGR < 12 0nxcp0m: =12 (23)
n=1

n=1
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If the functions ¢(x) and f(z,t) satisfy the conditions of Lemma 3, then due
to representations (22) and (23), the series (10), (19), and (20) converge uniformly
in the rectangle Dp. Therefore, the function J(x,t) satisfies relations (5)-(7).

Using the above results, we obtain the following assertion:

LEMMA 4. Let a(t) € C[0,T], and suppose that conditions (A1) and (A2) are
satisfied. Then, there exists a unique solution to the direct problem (5)—(7) such
that ¥(x,t) € C*>*(Dr) N CH(Dy).

Let us derive an estimate for the norm of the difference between the solution
of the original integral equations (15), (16) and the solution of these equations
with perturbed functions a@, @;,, and fm Let 5@n(t) (i = 0,1,2) be solutions of
the integral equation (15), (16) corresponding to the functions @, @;,, and fm;
Le.,

Fio(t) = o + F(la) /0 (t— ) (Fuolr) — a(r)duo(r))dr,  (24)

Din(t) = GinBa(—A2tY) +

t ~
+/O (t = 1) Eaa(=XN*(t = 7)*)(@(1)Vin(7) + fin(r))dr. (25)

Composing the difference 9, — U, with the help of equations (15), (24),
(16), and (25), and introducing the notations ¥, — Vi, = Yin, @ — @ = @, and
fin — fin = fin, We obtain the integral equation

J10(t) = P10 + F(la) /0 (t—71)* " frp(r)dr —
1

- t — ) Ya(r)V0(T) + alr
w7 [ =7 @) + )

1910(7))d7';

5in(t) = @nEa,l(_/\%ta) + /Ot(t - T)a_lEa,a(_/\%(t - T)a)?m(T)dT -
_ /O (t = 7)° Bua (=72 (t — 7)) a(r)dun(7)dr —
- /0 (t = )2 Ba o (A2 (t — 7))@ (r)Bin (r)dr.

From these, we derive the following linear integral inequalities for [J10(¢)| and

[Din (£)]:

3 oy Bl lafe £ 2 (lalls®
<
o)< 12wl + 50,505 T Fla 11 (|<p10! T+ ”f“’”> alllallf) +
]

t — ) N0 (7)|dT
ro | = o,

+

28



Solvability of a coefficient recovery problem . ..

] f il |al|t*
Tla+1)  T(at1)

t (04
[Tin ()] < ] + (leinl + fipq gy IMinll) BaCllale®) +

lall

— )9, (7)|dr.
By o

Using Lemma 1 from the last inequalities, we arrive at the following estimates:

+

o0 < {7l + o 25 +
”aHta t“ a ~|1Q
+m(m'+ Fra 51 Mioll) BaCllale®) fBa(lalee), - (26)
Hallt“ o
+m(| pinl + ( )Ilfm||> (el Y Ea(lalen). (27

In the next section, we study the inverse problem, which involves determining
the function a(t) from relations (5)—(8) using the contraction mapping principle.

5. Solvability of the Inverse Problem. First, by differentiating (10) with
respect to x, we obtain the following equality:

o0 (o]
= — Z AnO1n(t) sin Az + Z An2n(t) cos A\pz. (28)

n=1

Setting = = 0 in (28) and using the additional condition (8), after straightforward
manipulations, we obtain the following integral equation for determining a(t):

alt) = aolt) + h(lt) S Aan(tsa), (29)
n=1

where

ao(t) = h(lt)(mo,t) — 9°h(1)),

and Yo, (t;a) denotes that the solution of the integral equation (16) depends on

a(t).

The main result of this study is presented as follows:

THEOREM 2. Let conditions (A1)—(A3) be satisfied. Then, there exists a number
T* € (0,T) such that the inverse problem (5)—(8) has a unique solution a(t).

Proof. We consider the operator equation
g =Algl, (30)
where g := a(t) is the unknown function, and A is defined by the right-hand side of (29):

711
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where

1
t) = —(£:(0,) — O“h(t)).
Consider the functional space of vector functions g € C[0,T] with the norm given by

= t)|.
gll ax, lg(t)]

Fix a number p > 0 and consider the ball

" (g0,p) = {g: lg — gollcpo,r) < p}-

We will prove that for sufficiently small 7' > 0, the operator A maps the ball ®7(go, p)
into itself. Using the estimates (17) and (18) for ¥1,, and ¥3,, we obtain the following
estimates:

X

IAlg)(®) — gon (B < Zw% (1) <

n=1

< 4ol ||g||TaZ (o2l + gy Mool

According to Lemmas 1 and 2, the above series is convergent. Note that the functions
occurring on the right-hand side of these inequalities are monotonically increasing with
respect to T, and the fact that the function g(t) belongs to the ball ®7'(go, p) implies the
inequality

lgll < o+ ligol. (32)

Therefore, we only strengthen the inequality if we replace ||g|| in these inequalities with
o+ |lgo||. Performing these replacements, we obtain the estimate

I44[6](8) = g (O] < - Eal(p+ 0] Taz (ol + Far s

I fonll).

Let T7 be a positive root of the equation

oo

my(T) = thEa 1((p+ [lgol)T*) Z (|SD nl + 1!{23”)

Then, for T € [0,7T1], we have A[g](t) € T (go, p)-
Now consider two functions g(t) and g(t) belonging to ®7(go, p) and estimate the
distance between their images A[g](t) and A[g](¢) in the space C[0,T]. The function

Uin(t) corresponding to §(t) satisfies the integral equation (24), (25) with the functions

Yan, = Pan and fa, = fa,. Composing the difference Alg](t) — Afg](t) with the help of
equations (15), (16), (24), and (25), and then estimating its norm, we obtain

1ALl — A < hi 3 Ml (T <

!l o e HfQ I
g glit*) E /\7{ n + nL 4
IIgII e

+ s (lol+ gy ) Balsle) .
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Using inequalities (17), (18), and the estimate (26) with @9, = o, and f, = fn, we
continue the previous inequality as follows:

[ALg](t) = Algl(®)]| < hio Z An[[P2n (T 9) || <

o ||g|| .
2(I31t) ZA 1y (leanl + ( )||f2n||) 2(lgt).

Since g(t) and g(t) belong to the ball ®7(go, p), the inequality (32) holds for these
functions. Note that the functions on the right-hand side of inequality (30) are monoton-
ically increasing with respect to ||g||, ||g||, and T'. Consequently, replacing ||g|| and ||g]| in
inequality (30) with p + ||go|| will only strengthen the inequality. Thus, we obtain

[Alg](#) — Algl(®)] < hio > Aallden(Ts 9] <
n=0

1 Pl ¢
< — (Ba t* An = ([#2n n
ho (Bl o))" 3 ray (19l + Ty o) 91 <
< ma(T)|9l]-
Let Ty be a positive root of the equation
1 a
o (Ea((o+llaole)) ZA oy (ool + o )||f2n|\)

Then, for T' € [0,T3), the operator A contracts the distance between the elements g(t)
and g(t) € ®7(go, p). Consequently, if we choose T* < min(Ty,T»), then the operator
A is a contraction in the ball ®7(go, p). According to the Banach fixed-point theorem
(see [33, p. 87-97]), the operator A has a unique fixed point in the ball ®7(go, p); that
is, there exists a unique solution to equation (31). O

Let T, I be fixed positive numbers. Consider the set Q(xo) (where xo > 0 is a fixed
number) of given functions (p, f, h) for which all conditions (A1)—(A3) are fulfilled, and

max{ | llcspo.11, Ibllorory, 1A o, 1l 5y } < o

We denote by Q(x1) the set of functions a(t) that, for some T' > 0 and [ > 0, satisfy the
following condition:

lallcro,r < x1,  x1>0.
THEOREM 3. Let (¢, f,h) € Qxo), (&, f,h) € Qxo), and a € Q(x1), @ € Q(x1).

Then, for the solution of the inverse problem (1)—(4), the following stability estimate
holds:

la —@llcor) < d(lle — Bleson + 1 = flloss oy + 10 — hllero,m), (33)

where the constant d depends only on T, I, xo, X1-

Proof. To prove this theorem, using (29), we write down the equations for a(t) and
compose the difference a(t) = a(t) —a(t). Then, after evaluating this expression and using
estimates (18) and (27), we obtain the following estimate:

la(t) = a®)|l < do(IIF1l + 12l + I2]]) + dl/o (t =) Ha(r) —a(r)lldr, t€0,T],
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where dy and d; depend only on xo, x1, T, @, I'(«). From (21), using Lemma 1, we obtain
the estimate

la() = a@®)]| < do([IFIl + ]l + [[l]) Ea 1 (i T (@)t*),  t € [0,T].

This inequality implies the estimate (33) if we set d = doEq,1(d1T'(a0)t?). O

Theorem 3 also implies the following assertion on the uniqueness of the solution to
the inverse problem.

THEOREM 4. Let the functions p, f, h and @, f, h have the same meaning as in
Theorem 3, and let conditions (A1)—(A3) be satisfied. Moreover, if o = @, f = f, and
h=nh forte€[0,T], then a(t) = a(t) for t € [0,T].
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AnHOTanMs

Uccnenyercs obpaTHas 3agada [1ist ypaBHEHUI APOOHO-BPEMEHHOIM Tu-
dy3un ¢ MTepUOIMIECKIMY 'PAHUIHBIMU YCIOBUSIMHU U HHTETPAJTLHBIMU YCJIO-
BHUSIMU TIEPEOIIPEJIeJIEHUsT HA MPSIMOYTOJIbHON obsactu. CHadaja BBOIUTCS
OTIpe/iesIeHNE KJIACCHIECKOT'O PEIIeHUs 33/1a491. 3aTeM C UCIOJIb30BAHIEM Me-
Tofga Pypbe npsiMasi 3aada CBOJAUTCA K IKBHUBAJEHTHOMY HHTEIDAJIBHOMY
ypasaeruto. CylecTBoBaHNe W €IMHCTBEHHOCTH PEIeHMs MPsIMOi 3aadu
YCTAHABJIUBAIOTCS C TIOMOIIBIO OreHOK i dyurmuu Murrar—Jledbdiepa u
0DODIIEHHBIX CUHTYISAPHBIX HEPABEHCTB | poHBaJLIA.

Bo Bropoit 1acTn paboThl paccMaTpuBaeTcs oOpaTHas 3a7]ata, KOTOpast
epeOpPMyYIUPYETCsl B BHJIE 9KBUBAJEHTHOI'O WHTEIDAJBLHOTO yPABHEHUS,
a 3aTeM pelaercsl ¢ WCIOJIb30BAHUEM IPUHIINAIE CXKUMAKOIUX OTOOparke-
uuii. CTpOro J10Ka3bIBAIOTCs JIOKAJIBHOE CYIIECTBOBAHNE U IVI0DAIbHAST €/IUH-
CTBEHHOCTBH pellleHusi. KpomMe Toro, mojiydeHa OIEHKA YCTONYMBOCTHU peIre-
HUS.
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YCJIOBHUSIMU TIepeoIpeieieHus. Pa3paboTaHHble METOIbI MOTYT OBIThH ITPUME-
HEHBI K [IMPOKOMY KPYTY 3a/i1a9 B MaTEeMATHIeCKOW (bU3MKe U WHIKEHEPUH,
re ApoOHO-BpeMeHHble Moje n nuddy3un Bce dalle HCHOJIb3YIOTCI st
OTIMICAHUSI CJIOXKHBIX SIBJICHUIA.

KuarodeBble cjioBa: ypaBHeHne JIpoOHO-BpeMeHHON auddy3nn, mepuoan-
YecKre rpaHuvdHble YCI0BUsI, OOpaTHast 3a/a4a, MHTErPAJIbHOE YpaBHEHNE.

Honyuenue: 15 despanga 2024 r. / VUcnpasienne: 19 nogbpsa 2024 r. /
punarue: 21 dbespans 2025 r. / [lybiukanus omnaitn: 14 mapra 2025 r.

Konkypupymomime narepechbl. ABTODBI 3asBJISIIOT 006 OTCyTCTBUU KOH(MJIMKTA HHTEPE-
COB B OTHOIIIEHUN ABTOPCTBA U IIyOJIUKAINNA JAHHON CTATHHU.

ABTOpCKUIT BKJIaJ] 1 OTBETCTBEHHOCTh. Bce aBTOpPBI BHEC/IM DABHBIA BKJIAJ B pa3-
paboTKy KOHIIENIINU CTATHY W HAIIMCAHUE PYKOMUCH. ABTOPBI HECYT IOJTHYIO OTBETCTBEH-
HOCTD 32 IIPEJOCTABJIEHNE OKOHYATETLHONW BEPCHH PYKONHCH B mevdarh. OKoHYATEIbHAS
BepCUs PYKOIUCH ObLJa 0JI00pEeHa BCEMHU aBTOPAMHU.

dunaHcupoBaHue. llccieoBanne BBIMIOJHEHO 0€3 MPUBJICYEHUS BHEITHETO (DUHAHCHU-
pOBaHUSI.
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