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Annotation. In recent years, interest has increased in the study of fractional order differential
equations in which the unknown function is contained under the sign of the fractional order
derivative. This is due both to the development of the theory of fractional integration and
differentiation itself, and to applications in various fields of science: physics, mechanics, chemistry,
engineering, anomalous diffusion processes and other areas of natural science.

Since an equation of fractional order generalizes an equation of integer order, as well as a
relatively small number of systematic analytical and numerical methods for such equations, this
direction is made a priority for the general theory of differential equations.

The spectral properties, including the Volterra property of a mixed fractional order equation,
have, as far as we know, been almost unstudied.

This work is devoted to one of the most important problems - the study of the solvability and
spectral properties (Volterra property) of three nonlocal problems for the diffusion-hyperbolic
equation (fractional order).

Consider the equation

Lufx.y)= f(x. ), (1)
Where
Lw(x y) _ Dng(X, J’)_ Wyy (xa y)a (x,y) QO (2)
B Wxx(xay)_ Wyy (.x, y)’ (x’y) Q]
Dng(x’y)z 1 Wx(tay)dt’ l<a<?

rl-a), (x-1)"

I'(x) — Euler's gamma function, (2) — integro-differential operator of fractional order a in
Caputo's sense [1, ¢.92], inthe area Q=Q, Q, AB.

3nece Q- rectangle ABB 4, c peaks A(0,0),B(l, 0),B0 (1,1),AO (O,l),Q1 — area bounded by
segments AB and characteristics AC:x+y=0, BC:x—y=1 equations (1.1), f(x,y) - given
function. Let the smooth curve AD:y=—y(x),0<x</, e
0,5</ Ly(0)=0,l+y(/)=1, If I<1 u y(/)=0, If /=1 located inside the characteristic
triangle O0<x+y x—y<l1.

Relative to the curve }/(x) , suppose that }/(x) — twice continuously differentiable function

and x* y(x) — monotonically increasing functions, and 0 < y (x) <1, y(x)>0, x>0.

Task B. Find a solution to equation (1.1) that satisfies the conditions:
w0,y)=0, 0 y 1, 3)
w. (0,y)=0, 0 y 1, (4)



mailto:eshmatovbahodir@mail.ru
https://doi.org/10.5281/zenodo.20337933
http://www.bgpulseusa.com/index.php/bg

BG Journal

B

BG PULSE JOURNAL
KeE
wix,)=0, 0 x 1, (5)
[wx —-w, IHO (t)]+ ,u(t)[wx -w, ]0*(t)] =0, 0<t<l, (6)

Where 6 O(t),(ﬁ* (t))— affix of the point of intersection of the characteristic 4C ( crooked

AD)) ¢ characteristic emanating from the point (t, O) , 0<t<1, ,u(t) — given function.
In the area Q) consider the following auxiliary problem
Task Bi. Find a solution to equation (1) at y > 0, satisfying the conditions (3), (4), (5) And
w, (x,0)- w, (x,0)=hA(x), 0 x 1, @)
Where h(x) — given function.
Lemma 1. Let 4(x) C'[0,]]. Then for any function f(x,y) C'(Q,) the solution of the
problem allows for an a priori estimate.

W(x’y )”22(0,1) +2 Hwy (t’y )”;(o,l)dt k ”f (t’y )||Z(o,1)dx + hz(f )dt ’ (8)
1 1

1

a-1
Dox

2

Where ||f(x,y)||iz(0’1) = fZ(x,y)dy

1
Here and below the symbol will denote a positive constant independent of w(x,y), not

necessarily the same one.
Lemma 2. Let &(x) C'[0,]] And §(x) —1. Then for any function f(x,y) C'(Q),
£(0,0)=0 problem solution EiB admits an a priori estimate

a-1
DOX

LESY T TR0 Y N V(% B e VA X ©)
1 1 1 13

Lemma 2 implies the following estimate:
IS0 RS (EMES0 RPN VACY e (10)

Where L,(Q) - space of square summables in Q functions.

Thus, we have proven the following theorem
Teopema 2.1. Ilycts S8(x) C'[0]] u &(x) —-1,0 x 1. . Then for any function

f(x,y) CYQ), f(4)=0 there is a unique regular solution to the problem EiB (1.1), (2.1)-(2.4)

and it can be represented in the form (2.38) and satisfies the inequality (2.43).
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