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«Aniq va tabily fanlarni masofaviy o'qitishning dolzarb masalalari»
atamasidagi Respublika ilmiy-nazariy konferentsiya materiallari to'plami.
Nukus. NDPI bosmaxonasi. 12-13 aprel 2023 yil. 598 sahifa.

«Aniq va tabily fanlarni masofaviy o'qitishning dolzarb masalalari»
atamasidagi Respublika ilmiy-nazariy konferentsiya materiallari to'plamiga
O'zbekiston Respublikasining oliy ta'lim muassasalari professor-
o'qituvchilari, katta ilmiy xodim-izlanuvchilar, magistrantlar, talabalar,
ilmiy-tadgiqot instituti olimlari, kasb-hunar va umumiy o'rta ta'lim maktabi
o'gituvchilarining tezislari kiritilgan. Aniq va tabiiy fanlarining dolzarb
masalalari, zamonaviy tadgiqotlar va rivojlanish kelajagi, shu jumladan aniq
va tabiiy fanlarni o'gitishning metodlari va innovatsion texnologiyalariga
alogador dolzarb masalalarini, yangi ilmiy kontseptsiyalar va muammolar
bo'yicha materiallar jamlangan.

Konferentsiya materiallari to'plami O‘zbekiston Respublikasi Vazirlar
Mahkamasining 2018-yil 12-yanvardagi “lImiy-innovatsion ishlanma va
texnologiyalarni ~ ishlab  chigarishga tatbiq etishning  samarali
mexanizmlarini yaratish chora-tadbirlari to‘g‘risida”’gi  MK-24 sonli garori
va Ajiniyoz nomidagi Nukus davlat pedagogika institutining O'quv-usluniy
Kengashi majilisining 2023-yil 17-apreldagi 6-sonli bayonnomasi bilan
tasdiglangan va chop etishga yuborildi.
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upper regularization V = (z,K): = lim V (w, K) of this function is called the Green’s
W—2Z

functionof K. If V (z,K) = V = (z,K), we say compact set K is regular.
Let K, < C*be a continuous family of regular compact sets. Our aim to find a relation
between continuity of compact sets and continuity of their Green functions.
Let K, be polynomial convex compact sets, ie K, =K, = {z € C*: |P(2)] <
[|P ||k, , VP polynomial}.
Theorem 1. LetK, < C*, t € M be regular compact set and its Green function
V (z,K) is continuous by both (z,t) variables. Suppose that the following conditions
are hold:
1. K, -is a polynomial convex;
2. There exist strictly increasing function u : [0; +00) — [0; 4+00), such that
u(dist(z,K;)) <V (z,K;)andu(0) = 0. Then K; is continuous.
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INVESTIGATION IN AN INTEGRO - DIFFERENTIAL EQUATION OF
PARABOLIC TYPE WITH NONLOCAL CONDITION
Jumaev J.J. - PhD,
Atoev D.D.- PhD student.
Bukhara State University
Let T > 0 be fixed number and Dy; = {(x,t): 0 <x < [,0 <t < T}. Consider
the inverse problem of determining of functions u(x, t), k(t) such that it satisfies the

equation
Uy — Uyy = fot k(t — t)u(x, t)dr, (x,t) € Dy, (D
with the nonlocal initial condition
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u(x,0) + Au(x, T) + fOT p(Du(x,t)dt = @(x), x €[0,1], (2)
the boundary conditions
Ulx=0 = Ulx= =0, t€0,T], (3)
here A > 0 is a given number, ¢ (x), p(t) are given functions of x € [0,[] and t €
[0,T].

In the problem, for given numbers [,T,A and sufficiently smooth functions
k(t), (x), it required to find a function u(x, t) € %1 (D) satisfying nonlocal initial-
boundary problem (1)-(3) for (x,t) € Dy.

The solution of equation (1) with the nonlocal initial condition (2) and the

boundary conditions (3) satisfies the relation
u(e,t) = 06 t) + [ [ &t —B) [ k(B - Du(E, )drdédp —
—1Jy fy Go, &t +T = p) [ k(B — Dyu(¢, D)drdedp —
—[3 JS pDGo(x &t + = B) [V k(B — Du(E, D)dTdédBdy,  (4)

where
l
D(x,t) = [; 9(§)Go(x, &, t)dE,
G, & t) ==X, e—<7>2tszn$gsm$x,
_ 2 . _(T[TL)Z
GO(x; 5; t) - T T anl e Sln ESlTl—x

l(1+le_(T)2T+f0Tp(T)e_(nT)ZTdT)
Now we write property of Green function which will be needed in the future.
Denote the operator taking the function u(x, t) to the right-hand side of (4) by A.
Then (4) is written as the operator equation
u = Au, (5)
Let

o= max [b(x,0)], ko = max [k(D)].po = max [p(2)],
(x,t)EDT telo,T]

let S;(0) = {u: Il u II< d}, let d be some positive number.
We use the Schauder principle to the existence of solution of the operator equation

(5).
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Theorem (Schauder principle)[see 3, p. 411]:Let the operator A map a closed
bounded convex set S;(0) of a Banach space X into itself. Then if A is completely
continuous on S;(0), then it has a fixed point on S;(0).

Lemma.Suppose that the following conditions are satisfied: ¢(x) € C[0,],
k(t) € C[0,T],¢(0) = @(1) = 0. Then for all T satisfying the estimate

0<T<T, (6)
where T; is a positive root of the equation
2poT3 + 3kod(1 + DT? + 6(Py, — d) = 0,
the operator A is uniformly bounded and equicontinuous.
Then there exists a classical solution of problem (1)-(3) in the space C%*(Dy).
Proof. First, we establish the uniform boundedness of the operator A. To this end,

we show that there exists a p € (0,d] such that |l Au I< p, where || Au ll=

mMax , yep, [Aul. For u € 5;(0) and (x,t) € Dy, we find estimate || Au I< &, +

kod(1+ a) T; + pOkOd%3 = p. For T that satisfy the estimate (6), the operator A is
uniformly bounded.
Definition.An operator A is said to be equicontinuous if for each € > 0 there
exists a §, = &,(&) > 0 such that the inequality
| Au, — Au, IS ¢
holds for all u,,u, € S;(0) with Il u; —u, lI< §,.
We consider the estimates

[ Au1 - Auz 1<

< max | [{ [} &t —B) [F k(B — D) (& 1) — up(§, 7)) drdEdp| +

(x,t)EDT

+ max [Af] [} GoCo,&t+T —B) [F k(B —1)(w(€1) -

(x,t)EDT

u,(§, 7))drdédp|
+ max | [ [¥ fol p(WGo(x, $,t +u—f) foﬁ k(B —D)(wi($,7) —

(x,t)eDT

2T T? 2T T?
—u, (¢, 1))drdédpdul < (1 + A+ py ?)ko? lu; —u, IS (1+ A+ pg ?)ko?d.
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Consequently, if we take 6, = -, then inequality (6) will hold for & €

(0, 6], the operator A is equicontinuous. Then the operator A is completely continuous
on S;, and it has at least one fixed point on S, by the Schauder principle (see [20], p.
411). The proof of the lemma is complete.

Thus, Lemma imply the following assertion on the existence of a solution of the
operator equation (5).

Now show that this solution is the only one. Suppose that there are two solutions
Ul(x,t) and U?(x,t). Then their difference Z(x, t) = U%(x,t) — U(x, t) isasolution

to the equation
Z(ot) = [; [ G@.&t=p) [} k(B —DZ(E 1)drdédp -
—1fy [} Go(x.&,t +T = B) [V k(B — 1)Z(§, 7)drdEdp -

—Js I3 Iy PuGo(x &t + 1= B) [} k(B —D)Z(E,T)drd§dBd,

Let Z(t) denote the supremum of the module of the function Z(x, t) for x € (0,1)

at each fixed t € (0, T). Then we have the inequality
Z(t) < 2ko(1 + 2+ pyT)T f; Z(v)dx, t €[0,T].

Applying the Gronwall lemma (see [1]) here, we obtain that Z(t) = 0 for t €
[0, T], which means that Z(x, t) = 0in Dy, i.e. U(x,t) = U%(x,t). in Dy. Therefore,
equation (4) has a unique solution in D;. The Lemma is proved.
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TWO-DIMENSIONAL INVERSE PROBLEM OF DETERMINING THE
KERNEL OF THE INTEGRO-DIFFERENTIAL HEAT EQUATION
Jumaev J.— PhD, Bukhara state university,

O‘ng‘alboyev D.— master of Jizzakh State Pedagogical University

Subhonova N.- master of Bukhara state university

Consider the problem of determining the unknown functions u(x, y, t) and k(t)
in the space Dy = {(x,y,t)|x € (0,p),y € (0,9),t € (0,T),0 < T < +00} such that
the pair u, k satisfies the following integro-differential equation for parabolic type of
second order

Uy — a’lAu = fot k(Du(x,y,t — t)dt, (x,y,t) € Dr, (1)
with the initial condition
Ult=0 = @(x,¥),x € [0,p],y €[0,q] (2)
the boundary conditions
Uly=0 = 0,Ulx=p = 0, uly=0 = 0,uly=4g =0, 3)
and additional condition
Iy Jy uxy, tydydx = f(1), (4)
in which a is a positive constant, p,q and T are arbitrary positive numbers and
o(x,y), f(t) are given functions.

Definition. A function u(x, y, t) is said to be a classical solution of problem (1)-
(3) if all four of the following conditions are satisfied:

1. The function u(x, y, t) with the derivatives u,, (x,y, t), uy, (x,y, t)and
u;(x, y, t) are continuous in the domain D.

2. The function k(t) is continuous on the interval [0, T7.

3. The equation (1) and conditions (2)-(3) are satisfied in the classical sense.

4. The matching conditions ¢(0,y) = ¢(x,0) = @(p,y) = @(x,q) = 0 are met.

Lemma 1.1f ¢(x,y) € C([0,p] X [0,q]), k(t) € C([0,T]), then there is the
unique classical solution u(x,y,t) to the problem (1)-(3) of the class C%(D;)
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(C*1(D7) is the class of twice continuously differentiable with respect to x, y and once
continuously differentiable with respect to t in the domain D; functions). In what
follows we also use the usual class C(Dy) of continuous in D functions.

Lemma 2. Problem (1)-(4) are equivalent to the auxiliary problem of

determining the functions w(x, y, t), k(t) from the following equations:

w, — a*Aw = k()@ (x,y) + [, k(Dw(x,y,t —1)dr, (5)
W|t=o = a?Ap(x,y), (6)

Wlx=0 = 0,0|x=p = 0,0|y=0 = 0, w|y=g =0, (7)

Iy J) @@y, t)dydx = f'(¢). (8)

The existence and uniqueness then follow immediately. From problem (5)-(7),

we obtain
t rp q
0(%,7,1) = wo(x,y,6) + j j j Gy, &1t — DD (E,n)dndEdr +
0 0 0

Iy P Gy, et =) [} k(@w(& 1,7 a)dadydéd, 9)
where

G(x»y;s;ﬂ%t—T) =

e}

n2 m2
= 4 e_(aﬂ)2<p_2+q_2>(t_r)sin (ﬂ f) sin (ﬂTI) sin (@ x) sin (@ y)
Pq p q p p

is the Green function of the initial-boundary problem for two-dimensional parabolic

equation,

t rp q
0o (Y, t) = jo jo jo G(x,y, &1, t — D)a?Ap (&, m)dndédr.

Using the additional condition (8) and the integral equation (9), we hold

folliwing integral equation with respect to unknown function k(t):

k@) = - [f'© = Jy Jy wor(x,y, O)dydx -

" j ’ f ' f t f ' f 6,06y, &1, t = DK(D@(E, n)dndédrdydx —

96



P rq [t
—J J f k(x)w(x,y,t —a)dadydx —
o Jo Jo

— I I 1 Getay&mt = [ k(@w(En, T — a)dadnddrdydx]. (11)

Theorem 1. Assume the conditions f(t) € C%[0,T], ¢(x,y) € C*([0,p] X
[0,gD),  49(0,0) =0,900#0,  ¢(0,y) = ¢(x,0) = ¢(p,y) = ¢(x,q) =0,
)S T oG y)dydx = £(0),a% [T [ Ap(x,y)dydx = f'(0),Ap(0,y) =
Ap(x,0) = Ap(p,y) = Ap(x,q) = 0 are hold. Then there exists sufficiently small
number T* € (0, T) that the solution to the integral equations (10), (11) in the class of
functions w(x, y,t) € C*1(Ds+), k(t) € C[0; T*] exist and unique.

In the work, the solvability of inverse problem for integro-differential second-
order parabolic equation with initial-boundary conditions was studied. The considered
problem was reduced to an auxiliary problem in a certain sense and its equivalence to
the original problem was shown. Then the auxiliary problem was reduced to an
equivalent closed system of Volterra-type integral equations with respect to unknown
functions. Applying the method of contraction mappings to this system in the
continuous class of functions with weighted norms, we proved the main result of the
article, which is a global existence and uniqueness theorem of inverse problem
solutions. We note that global solvability of this kind of n dimensional problem is open
Issue.
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