
01.01.02-

- PhD)

– 2021



 
 

- PhD)

(PhD)
-

Content of dissertation abstract of the doctor of philosophy (PhD)
on physical and mathematical sciences

.......................................................................... 3

....................................................... 21

Madrakhimov Umrbek Sobirovich
Mixed problems with non-local boundary conditions associated with pseudo-
differential operators............................................................................................ 39

List of published works........................................................................................ 43



01.01.02-

- PhD)

– 2021 





5

 ( )

.

. 

-

.1

. 
 

. 
-

1 

-



6

-
4947-

-2789-

-
-2909-

-
-3682-

-

-
, -4708-

-
-

-

.

-

  



7

-4-02

- - -4-(36+32) “

-
(2017–2020

.

,

; 

,

  

.    



8

.

:



9

. 
.

,

–

 MRU-OT-
-

-03-3949-

;
–

– –

-03-3949-
.

.  

-

“



10

.

7 2 5

07

“
”

,

,

(0, )Q T (0, ) ... (0, )l l
,l T –

4
2

0 4
1

( , )( , ) ( , ), ( , ) , 0 2,
mN

t m
j j

u y tD u y t a f y t y t Q m
y

(1)

0 0
( , ) ( ), 1,i

t it
D u y t y i                         (2)



11

4 4 1

4 4 1
0 0

4 4 2

4 4 2

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(3)

. 1( , ) ( ,..., ,..., , )j Ny t y y y t Q ,

0a , ( , )f y t ( ), 1,i y i –
4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

(4)

4 4 1

4 4 1
0 0

4 4 2

4 4 2

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(5)

( ),
N

nv y n

 – 
stD - - -

s
0

1
( ) ( , )( , )

( ) | |s

t

st
sign t s u y dD u y t

t
0 ( , ) ( , )stD u y t u y t

1 ,p p p
1

1
( ) ( , )( , ) ( ) ( , )

( ) | |

tp p p
p p

st stp p p
s

d sign t s d u y dD u y t sign t s D u y t
dt p dt t

. 
1- . 

1
1

1

..., 1 ,...,
. .,

,
1 , .

,..., ( )NN j
N N

N

N

m m N m jm m
j m m

v x x X x (6) 

1 22 ,2 ,...,2

2

Ns s s

W

4

sin ( ) ( )1 1( ) ,
sin1

j j

j

j j
j

j

m m
m j

m

j j

m

j s
m

b l x shb l x
X x

b l shb ll
m

b
, 

jmb ( ) ( )tg lb th lb .



12

2- .
1 2, ,..., Ns s s

H

1- . , 0,
2j
Ns k k k

1 2, ,..., Ns s s

f x H (4), (5)
kC

f x
1.2-

(0, )Q T (0, ) ... (0, )l l
,l T –

0 0
( , ) ( ), 1,i

t it
D u y t y i                               (7) 

4 4 1

4 4 1
0 0

4 2 4 3

4 2 4 3

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(8) 

1( , ) ( ,..., ,..., , )j Ny t y y y t Q ,

0a , ( , )f y t ( ), 1,i y i  – 
4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

(9)

4 4 1

4 4 1
0 0

4 2 4 3

4 2 4 3

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1, ,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(10)

( ), N
nv y n

 – 0tD
- -

3- . 



13

1
1

1

..., 1 ,...,
1 ,...,

, ,..., ( )
NN j

N N
N

N

m m N m jm m
j m m

v x x X x (11)

1 22 ,2 ,...,2

2

Ns s s

W

4

1

1
( )

jj

jm
sm

b
X x

cos
2 2 , 1, 2,

sin
2 22

sin
2 2

cos
2 2

1 2 ,

1

2

, 2 1, 1,2, ,

j j

j jj

j j

j jj

m m

j j j
m mm

m m

j j j
m mm

l lb x shb x

b l b lb l
chl ctg

l lb x chb x

b l b lb l

m k k

m k
shl g

k
t

jmb ( ) cos( ) 1ch lb lb .
4- .

1 2, ,..., Ns s s

H

2- . , 0,
2j
Ns k k k

1 2, ,..., Ns s s

f x H (9), (10)
kC

f x

-

-

2.1-

(0, )Q T (0, ) ... (0, )l l
,l T – ) (1)– .

5- . 0t ( ), 1,i y i ( , )f y t



14

1 1
1

; ..., , 1 ...,
0 0 1

, ,N N
N

j
j m m j m m

m m j
t E t

1 1

2
21

, ..., ..., ,
10

,( )( ) ) 1( k

N N k

t N
s

m m m m m
k

t E t f d b

(1)–(3) 

1 2 ... 4 ,
2N
Ns s s m [ ]

1 2, ,...,

2

;Ns s s

W Q

1 1
1

,; ..., , 1 ...,
0 0 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1,
1

, ..., ..., ., .., 1
0

,( ) ( ) ,( ) ...,
N N N

t

m m m m m m Nt E t f d v y y

1 1

2 2 4
..., . .

1 1
, ., ,N N j j

N N
m

m m m m m m
j j

a a b , (12) 

1

1

,...,
, 1 ,

0
,... 1

N

N

q

m m
j m m

q

t
E t

q j
(13) 

,
jm jb m ( ) ( )tg lb th lb

2.2-

(0, )Q T (0, ) ... (0, )l l
,l T – (1), (7), (8) 

6- . 0t ( ), 1,i y i ( , )f y t

1 1
1

; ..., , 1 ...,
1 1 1

, ,N N
N

j
j m m j m m

m m j
t E t

1 1

2
21

, ..., ..., ,
10

,( )( ) ) 1( k

N N k

t N
s

m m m m m
k

t E t f d b

(1), (7), (8) 

1 2 ... 4 ,
2N
Ns s s m [ ]

1 2, ,...,

2

;Ns s s

W Q



15

1 1
1

,; ..., , 1 ...,
1 1 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1,
1

, ..., ..., ., .., 1
0

,( ) ( ) ,( ) ...,
N N N

t

m m m m m m Nt E t f d v y y

 (12), (13) 
,

jm jb m ( ) cos( ) 1ch lb lb

(0, )Q T (0, ) ... (0, )l l
,l T – (1)

0 0
( , ) ( ), 1,i

t it
D u y t y i                         (14) 

4 4 1

4 4 1
0 0

4 4 1

4 4 1

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(15) 

. 1( , ) ( ,..., ,..., , )j Ny t y y y t Q ,

0a , ( , )f y t ( ), 1,i y i  – , 

4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

(16) 

4 4 1

4 4 1
0 0

4 4 1

4 4 1

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(17) 

( ), N
nv y n

 – . 
7- . 0t ( ), 1,i y i ( , )f y t



16

1 1
1

; ..., , 1 ...,
1 1 1

, ,N N
N

j
j m m j m m

m m j
t E t

1 1

2
21

, ..., ..., ,
10

,( )( ) ) 1( k

N N k

t N
s

m m m m m
k

t E t f d b

(1), (14), (15)

1 2 ... 4 ,
2N
Ns s s m [ ]

1 2, ,...,

2

;Ns s s

W Q

1 1
1

,; ..., , 1 ...,
1 1 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1,
1

, ..., ..., ., .., 1
0

,( ) ( ) ,( ) ...,
N N N

t

m m m m m m Nt E t f d v y y

(12), (13)
,

jm jb m ( ) cos( ) 1ch lb lb

(0, )Q T (0, ) ... (0, )l l
,l T – (1)

0 0
( , ) ( ), 1,i

t it
D u y t y i                         (18)

4 4 1

4 4 1
0 0

4 1 4 3

4 1 4 3

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(19)

. 1( , ) ( ,..., ,..., , )j Ny t y y y t Q ,

0a , ( , )f y t ( ), 1,i y i –

4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

                                                 (20)



17

4 4 1

4 4 1
0 0

4 1 4 3

4 1 4 3

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(21) 

( ),
N

nv y n

 – . 
8- . 0t ( ), 1,i y i ( , )f y t

1 1
1

; ..., , 1 ...,
0 0 1

, ,N N
N

j
j m m j m m

m m j
t E t

1 1

2
21

, ..., ..., ,
10

,( )( ) ) 1( k

N N k

t N
s

m m m m m
k

t E t f d b

(1), (18), (19)

1 2 ... 4 ,
2N
Ns s s m [ ]

1 2, ,...,

2

;Ns s s

W Q

1 1
1

,; ..., , 1 ...,
0 0 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1,
1

, ..., ..., ., .., 1
0

,( ) ( ) ,( ) ...,
N N N

t

m m m m m m Nt E t f d v y y

 (12), (13) 
,

jm jb m ( ) ( )tg bl th bl

1 22 ,2 ,...,2
2

Ns s sW Q

3.1- (0, )Q T (0, ) ... (0, )l l
,l T –

0 ( , ) ( , ) ( , ), ( , ) , 0 2tD u y t Bu y t F y t y t Q (22) 

0 0
( , ) ( ), 1,i

t it
D u y t y i                           (23)



18

0tD -
-

1 22 ,2 ,...,2
2

Ns s sH W

1 2

4 4
2 ,2 ,...,2
2 4 4

0

4
0( , ) ( , ), ) : 0,

8
(

j j

N

j j

j j

k k
s s s

k k
j jy

j

y l

ju y t u y tW u y t
y y

s N
k

4 1 4 2

4 1 4 2

0

4 2( , ) ( , ) 0,
8

j j

j j

j j

k k

k k
j jy

j
j

y l

su y t u y t
y y

N
k

1 22 ,2 ,...,2
2

4 4
0 1, ,

8
( , ), Nj

j
s s sj N u y

s
k t W

N
(24)

4

4
1

( , )( , ) , ( , ) ,
mN

m
j j

u y tAu y t y t Q m
y

( , ) ( )f
( )B f A

1 1 1
1

, , , , , ,
0 0

( , ) ( ) ( ), ( , )
N N N

N

n n n n n n
n n

Bu y t f T t v y y t Q

2 ,2 ,...,21 21 1
2

, , , ,( ) ( , ), ( ) s s sNN Nn n n n W
T t u y t v y – 

( )D B
1 22 ,2 ,...,2

2( , )
Ns s s

u y t W

1 1
1

2 2

, , , ,
0 0

( )
N N

N

n n n n
n n

f T t

1

4
,...,

1 1
N j j

N N
m

n n n n
j j

b ,
jnb  – ( ) ( )tg lb th lb

1 1,..., 1 1,..., ·...·
N Nn n N n n Nv x x X x X x

4

sin ( ) ( )1 1( ) ,
sin1

j j

j j
j j

j

n n
n js

n nn

b l x shb l x
X x n

b l shb llb

9- . 0t ( ), 1,i y i ( , )F y t



19

11
1

, 1 ,...,,...,
0 0 1

·
NN

N

j
j j n nn n

n n j
t E t  

1 1

22

1 4
, ,..., ,...,

10

( )( ) ·( ) 1
N N j

t N
m

n n n n n
j

t E t F d f b

(22)–(24)

1 2 ... ,
4N
Ns s s [ ]

1 22 ,2 ,...,2 ;

2

Ns s s

W Q

11
1

, 1 ,...,,...,
0 0 1

, · ·
NN

N

j
j j n nn n

n n j
u y t t E t

1 1 1

1
, ,..., ,..., ,..., 1

0

·( ) ( ,..., )
N N N

t

n n n n n n Nt E t F d v y y

1 1

4
,..., ,...,

1 1
N N j j

N N
m

n n n n n n
j j

f f f b ,

1

1

,...,
, 1 ,...,

0 1
N

N

q

n n
j n n

q

t
E t

q j
. 

. 

. 



20

. 

. 

. 

.  



21

PhD.03/30.12.2019.FM.55.01

01.01.02-

PhD) 
-

– 2021 





23

 (PhD)) 

.
-

,

.

2.

-

2

-



24

-

- 17

-
-

-

-

-

- .

IV
».

-

-



25

.
-

-
-4-

02

– - -4-(36+32) 

-

–

. 

; 

; 

– ; 

; 

- ; 

.   



26

.  

.  

, 
, 

; 

, 
; 

– ; 

; 

– .  

; 

.  



27

. 

,

,
: 

–

-
-OT-1/2017 (

89-03-3949

–

- -33 ( -03-3949 15 

-

.

7
-



28

.  

PhD
– 

.  

107 . 

«
»,

, 
, .

.  
(0, )Q T (0, ) ... (0, )l l

,l T  – 

4
2

0 4
1

( , )( , ) ( , ), ( , ) , 0 2,
mN

t m
j j

u y tD u y t a f y t y t Q m
y

(1)

0 0
( , ) ( ), 1, ,i

t it
D u y t y i                         (2) 



29

4 4 1

4 4 1
0 0

4 4 2

4 4 2

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1, .

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(3) 

1( , ) ( ,..., ,..., , )j Ny t y y y t Q 0a ( , )f y t

( ), 1,i y i  – 

( ),
N

nv y n
4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

(4) 

4 4 1

4 4 1
0 0

4 4 2

4 4 2

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1, ,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(5) 

 – 
stD - -

s

1
( ) ( , )( , )

( ) | |s

t

st
sign t s u y dD u y t

t
, 

0 ; ( , ) ( , )stD u y t u y t 0; 
1

1
( ) ( , )( , ) ( ) ( , )

( ) | |

tp p p
p p

st stp p p
s

d sign t s d u y dD u y t sign t s D u y t
dt p dt t

, 

1 ,p p p . 

1. 

1
1

1

..., 1 ,...,
. .,

,
1 , .

,..., ( )NN j
N N

N

N

m m N m jm m
j m m

v x x X x (6) 

1 22 ,2 ,...,2

2

Ns s s

W

4

sin ( ) ( )1 1( ) ,
sin1

j j

j

j j
j

j

m m
m j

m

j j

m

j s
m

b l x shb l x
X x

b l shb ll
m

b
, 

jmb – ( ) ( )tg lb th lb . 



30

2. 6
1 2, ,..., Ns s s

H . 

1. , 0,
2j
Ns k k k

1 2, ,..., Ns s s

f x H 6
kC f x . 

1.2 

– 

(0, )Q T (0, ) ... (0, )l l
,l T  – 

0 0
( , ) ( ), 1,i

t it
D u y t y i                               (7) 

4 4 1

4 4 1
0 0

4 2 4 3

4 2 4 3

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1, .

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(8) 

1( , ) ( ,..., ,..., , )j Ny t y y y t Q 0a ( , )f y t

( ), 1,i y i  – , 
( ), N

nv y n
4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

(9) 

4 4 1

4 4 1
0 0

4 2 4 3

4 2 4 3

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1, ,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(10) 

 – , 0tD  – -
-



31

1
1

1

..., 1 ,...,
1 ,...,

, ,..., ( )
NN j

N N
N

N

m m N m jm m
j m m

v x x X x (11) 

1 22 ,2 ,...,2

2

Ns s s

W

4

1

1
( )

jj

jm
sm

b
X x

cos
2 2 , 1, 2,

sin
2 22

sin
2 2

cos
2 2

1 2 ,

1

2

, 2 1, 1,2, ,

j j

j jj

j j

j jj

m m

j j j
m mm

m m

j j j
m mm

l lb x shb x

b l b lb l
chl ctg

l lb x chb x

b l b lb l

m k k

m k
shl g

k
t

jmb – ( ) cos( ) 1ch lb lb . 

(9), (10
1 2, ,..., Ns s s

H . 

2. , 0,
2j
Ns k k k

1 2, ,...,

( )
Ns s s

f x H
9), (10 kC ( )f x . 

« -
»,

-

  
(0, )Q T (0, ) ... (0, )l l

,l T  –  (1)–(3). 
5. ( ), 1,i y i

( , )f y t



32

1 1
1

; ..., , 1 ...,
0 0 1

, ,N N
N

j
j m m j m m

m m j
t E t

1 1

2
21

, ..., ..., ,
10

,( )( ) ) 1( k

N N k

t N
s

m m m m m
k

t E t f d b

0t (1), (2), (3) 
1 2, ,...,

2

;Ns s s

W Q 1 2 ... 4 ,
2N
Ns s s m [ ]

1 1
1

,; ..., , 1 ...,
0 0 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1,
1

, ..., ..., ., .., 1
0

,( ) ( ) ,( ) ...,
N N N

t

m m m m m m Nt E t f d v y y , 

1 1

2 2 4
..., . .

1 1
, ., ,N N j j

N N
m

m m m m m m
j j

a a b , (12) 

1

1

,...,
, 1 ,

0
,... 1

N

N

q

m m
j m m

q

t
E t

q j
, (13) 

,
jm jb m ( ) ( )tg lb th lb . 

2.2 -
, – 

(0, )Q T (0, ) ... (0, )l l
,l T  – (1), (7), (8). 

6. ( ), 1,i y i
( , )f y t

1 1
1

; ..., , 1 ...,
1 1 1

, ,N N
N

j
j m m j m m

m m j
t E t

1 1

2
1 2

, ..., .., .,,
10

( ) 1 k

N N k

t N
s

m m m m m
k

t E t f d b

0t 1), (7), (8
1 2, ,...,

2

;Ns s s

W Q 1 2 ... 4 ,
2N
Ns s s m [ ]



33

1 1
1

,; ..., , 1 ...,
1 1 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1,
1

, ..., ..., ., .., 1
0

,( ) ( ) ,( ) ...,
N N N

t

m m m m m m Nt E t f d v y y , 

(12), (13), ,
jm jb m

( ) cos( ) 1ch lb lb . 

(0, )Q T (0, ) ... (0, )l l
,l T  – 

(1) 
0 0

( , ) ( ), 1,i
t it

D u y t y i                         (14) 

4 4 1

4 4 1
0 0

4 4 1

4 4 1

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1, .

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(15) 

1( , ) ( ,..., ,..., , )j Ny t y y y t Q , 0a ( , )f y t

( ), 1,i y i  – , 
( ), N

nv y n
4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

(16) 

4 4 1

4 4 1
0 0

4 4 1

4 4 1

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1, ,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(17) 

 – . 
7. ( ), 1,i y i

( , )f y t

1 1
1

; ..., , 1 ...,
1 1 1

, ,N N
N

j
j m m j m m

m m j
t E t



34

1 1

2
21

, ..., ..., ,
10

,( )( ) ) 1( k

N N k

t N
s

m m m m m
k

t E t f d b

0t 1), (14), (15
1 2, ,...,

2

;Ns s s

W Q 1 2 ... 4 ,
2N
Ns s s m [ ]

1 1
1

,; ..., , 1 ...,
1 1 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1,
1

, ..., ..., ., .., 1
0

,( ) ( ) ,( ) ...,
N N N

t

m m m m m m Nt E t f d v y y

(12), (13), ,
jm jb m

( ) cos( ) 1ch lb lb .

- ,
–

(0, )Q T (0, ) ... (0, )l l
,l T –

(1) 
0 0

( , ) ( ), 1,i
t it

D u y t y i                         (18)

4 4 1

4 4 1
0 0

4 1 4 3

4 1 4 3

( , ) ( , )0, 0,

( , ) ( , )0, 0, 0, 1, 1, .

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

u y t u y t
y y

u y t u y t k m j N
y y

(19)

1( , ) ( ,..., ,..., , )j Ny t y y y t Q , 0a ( , )f y t

( ), 1,i y i – ,

( ),
N

nv y n
4

4
1

( ) ( ) 0,
mN

m
j j

v y v y
y

                                                 (20)



35

4 4 1

4 4 1
0 0

4 1 4 3

4 1 4 3

( ) ( )0, 0,

( ) ( )0, 0, 0, 1, 1, ,

j j

j j

k k

k k
j jy y

k k

k k
j jy l y l

v y v y
y y

v y v y k m j N
y y

(21) 

 – . 
8. ( ), 1,i y i

( , )f y t

1 1
1

; ..., , 1 ...,
0 0 1

, ,N N
N

j
j m m j m m

m m j
t E t

1 1

2
21

, ..., ..., ,
10

,( )( ) ) 1( k

N N k

t N
s

m m m m m
k

t E t f d b

0t 1), (18), (19
1 2, ,...,

2

;Ns s s

W Q 1 2 ... 4 ,
2N
Ns s s m [ ]

1 1
1

,; ..., , 1 ...,
0 0 1

,( , )
N N

N

j
j m m j m m

m m j
u y t t E t

1 1 1, ,
1

, ..., ..., ...,
0

, 1( ) ( ) ,... ),( ) ( ,
N N N

t

m m m m m m Nt E t f d v y y

(12), (13), ,
jm jb m

( ) ( )tg bl th bl . 
«

», 
1 22 ,2 ,...,2

2
Ns s sW Q .

(0, )Q T (0, ) ... (0, )l l ,l T  – 

0 ( , ) ( , ) ( , ), ( , ) , 0 2tD u y t Bu y t F y t y t Q (22) 

0 0
( , ) ( ), 1,i

t it
D u y t y i .                 (23) 

D  – - -



36

4

4
1

( , )( , ) , ( , ) ,
mN

m
j j

u y tAu y t y t Q m
y

1 22 ,2 ,...,2
2

Ns s sH W

1 2

4 4
2 ,2 ,...,2
2 4 4

0

( , ) 4
0 ,( , )( , ) : 0

8

j j

N

j j

j j

k k
s s s

k k
j jy y l

j
j

u y t u y tW u y k
y y

s N
t

4 1 4 2

4 1 4 2

0

4( , ) ( , ) 0
2

0
8

j j

j j

j j

j
k k

k k
j jy y

j

l

u y t u y t
y

s N
k

y

1 22 ,2 ,...,2
21

4 4
0

8
, , ( , ), Nj s s s

j j N u y
N

k t
s

W . (24) 

( , )
( )f ( )B f A

1 1 1
1

, , , , , ,
0 0

( , ) ( ) ( ), ( , )
N N N

N

n n n n n n
n n

Bu y t f T t v y y t Q , 

2 ,2 ,...,21 21 1
2

, , , ,( ) ( , ), ( ) s s sNN Nn n n n W
T t u y t v y –

( )D B
1 22 ,2 ,...,2

2( , )
Ns s s

u y t W

1 1
1

2 2

, , , ,
0 0

( )
N N

N

n n n n
n n

f T t , 

1

4
,...,

1 1
N j j

N N
m

n n n n
j j

b
jnb  – ( ) ( )tg lb th lb .

1 1,..., 1 1,..., ·...· ,
N Nn n N n n Nv x x X x X x

4

sin ( ) ( )1 1( ) ,
sin1

j j

j j
j j

j

n n
n js

n nn

b l x shb l x
X x n

b l shb llb
. 

9. ( ), 1,i y i
( , )F y t

11
1

, 1 ,...,,...,
0 0 1

·
NN

N

j
j j n nn n

n n j
t E t  



37

1 1

22

1 4
, ,..., ,...,

10

( )( ) ·( ) 1
N N j

t N
m

n n n n n
j

t E t F d f b

0t 22)–(24
1 22 ,2 ,...,2 ;

2

Ns s s

W Q 1 2 ... ,
4N
Ns s s [ ]

11
1

, 1 ,...,,...,
0 0 1

( , ) ·
NN

N

j
j j n nn n

n n j
u y t t E t

1 1 1

1
, ,..., ,..., ,..., 1

0

( ) ·( ) ( ,..., )( )
N N N

t

n n n n n n Nt E t F d v y y , 

1 1

4
,..., ,...,

1 1
N N j j

N N
m

n n n n n n
j j

f f f b ,

1

1

,...,
, 1 ,...,

0 1
N

N

q

n n
j n n

q

t
E t

q j
.

, , 
– . 

. 

, 
, 

. 

, 
. 



38

– . 

. 

– . 

.  



39

SCIENTIFIC COUNCIL AWARDING SCIENTIFIC DEGREE
PhD.03/30.12.2019.FM.55.01 URGENCH STATE UNIVERSITY

NATIONAL UNIVERSITY OF UZBEKISTAN

MADRAKHIMOV UMRBEK SOBIROVICH

MIXED PROBLEMS WITH NONLOCAL BOUNDARY 
CONDITIONS ASSOCIATED WITH PSEUDO-DIFFERENTIAL 

OPERATORS

01.01.02-Differential equations and mathematical physics

ABSTRACT OF DISSERTATION OF THE DOCTOR OF PHILOSOPHY (PhD) 
ON PHYSICAL AND MATHEMATICAL SCIENCES

ashkent – 2021 





41

INTRODUCTION (abstract of PhD thesis)

The aim of the research work. The present dissertation work is devoted to 
clarifying Riesz basis properties of the system of eigenfunctions of the spectral 
problem in Soboev spaces and questions of the unique solvability of the mixed 
problem in Sobolev classes with fractional derivatives, related to the vibrations 
equations of a beam with different boundary conditions in the multidimensional 
case.

The object of the research work is the completeness and Riesz basis
properties of the system of eigenfunctions of a differential or pseudo- differential 
operator in Soboev spaces and questions of the unique solvability of the mixed 
problems in Sobolev classes with fractional derivatives associated with the 
equation of beam vibrations with different boundary conditions in the 
multidimensional case.

Application of the research results: During the study of the completeness
of the system of eigenfunctions of differential or pseudo-differential operators,
the study of Riesz basis problems and in the multidimensional case finding one-
valued methods for solving mixed problems under different boundary conditions 
for equations involving fractional derivatives related to the equation of vibration 
of the beam in Sobolev space:

an algorithm for determining the one-valued solution of mixed problems 
under different boundary conditions for equations involving fractional derivatives 
related to the equation of vibration of the beam in Sobolev space is used in the 
fundamental project “Nonlinear boundary conditions and inverse problems for 
nonclassical differential and operator-differential equations” with the reference 
number MRU-OT-1/2017 (Reference of the Ministry of Higher and Secondary 
Specialized Education of the Republic of Uzbekistan given on October 15, 2020, 
with number 89-03-3949). The application of the scientific result to a mixed 
problem involving an integral condition for a third-order hyperbolic type equation 
made it possible to show the existence of a solution;

an algorithm for determining the solution of the Cauchy problem for the 
equations involving fractional derivatives with pseudo-differential operator 
coefficients in the multidimensional case, related to the equation of vibration of 
the beam in Sobolev space, is used in solving the problem of thermal conductivity 
and in the theory of chase games which are considered in the fundamental project 
“Development of new methods of managing cases of chase characterized by 
differential equations and their numerical interpretation” with reference number 

– –33” (reference of the Ministry of Higher and Secondary Specialized 
Education of the Republic of Uzbekistan given on October 15, 2020, with the 

-03-3949). The application of the scientific result has made it 
possible to construct positional strategies in the theory of differential tracking 
games and in the invariance of constant multivariate reflection on the problem of 
thermal conductivity.  
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Scientific novelty of research work is as follows:
the theorem on the completeness and Riesz basis of the system of 

orthonormal eigenvectors of the spectral problem that correspond to the problem 
of vibrations of a beam with different boundary conditions in Sobolev classes in
the multidimensional case was proved; 

in the Sobolev classes, existence and uniqueness theorem for the solution of 
the problem of vibration of a beam, one end of which is embedded and the other
is hinged was proved;

in the Sobolev classes, existence and uniqueness theorem for the solution of 
the problem of vibration of a beam, one end of which is embedded and the other
is free, was proved; 

in the Sobolev classes, existence and uniqueness theorem for the solution of 
the problem of vibration of a beam with fixed ends was proved; 

in the Sobolev classes, existence and uniqueness theorem for the solution of 
the problem of vibration of a beam, one end of which is embedded and the other
is floating, was proved; 

in the Sobolev classes, existence and uniqueness theorem for a solution of 
the Cauchy problem for a fractional-order equation with pseudo-differential 
operator coefficients related to the equations of vibrations of a beam, with 
different boundary conditions, was proved in the multidimensional case.

The structure and volume of the thesis. The thesis consists of the intro-
duction, three chapters, the conclusions and the list of references. The volume of 
the thesis is 107 pages.
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