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Annotatsiya: Ushbu maqolada giperbolik tipdagi tenglamalar uchun bitta yarim 

tekislikda joylashgan va turli xarakteristik chiziqlar oilasiga mansub ikkita 

xarakteristikalardagi noma’lum funksiyaning qiymatlarini bog`lovchi nolokal shartli  

chegaraviy masala tadqiq etilgan. 

Аннотация: В данной статье исследуется нелокальная  краевая задача для 

уравнений гиперболического типа, связывающая значения неизвестной функции 

в двух характеристических линиях, расположенных в одной полуплоскости и 

принадлежащих разным семействам характеристических линий. 

Abstract: In this article, a nonlocal conditional boundary value problem with 

nonlocal condition connecting the values of the unknown function in two characteristic 

lines located in one half-plane and belonging to different families of characteristic lines 

for hyperbolic type equations has been studied. 
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Ushbu maqolada                          
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tenglama uchun quyidagi  
1 : 0AC x at   

1 : 1BC x at  , 
2 : 0AC x at  , 

2 : 1BC x at   xarakteristikalar bilan  chegaralangan D  sohada  bitta yarim tekislikda 

joylashgan va turli xarakteristik chiziqlar oilasiga mansub ikkita xarakteristikalardagi 

noma’lum funksiyaning qiymatlarini bog`lovchi nolokal shartli  chegaraviy masala 

tadqiq etilgan. [1] da giperbolik tipdagi tenglamalar uchun nolokal shartli chegaraviy 

masalalar, [2], [3] da esa tipi va tartibi buziladigan giperbolik tipdagi tenglamalar 

uchun xarakteristik to`rtburchakda chegaraviy masalalar tadqiq etilgan. 

http://www.pedagoglar.uz/


“PEDAGOGS”  international research journal                             ISSN: 2181-4027_SJIF: 4.995                                                               

www.pedagoglar.uz         Volume-33, Issue-3, May-2023 146 

       Masalaning qo`yilishi: Quyidagi shartlarni qanoatlantiruvchi  ( , )U x y  

funksiya    topilsin: 

1)     2

1 2( , ) ( ) ( )U x y C D C D D   , 

2) Ixtiyoriy  (0,1)x  uchun  
0

lim ( , )y
y

U x y


 limit mavjud va 

0 0
lim ( , ) lim ( ,0)y y
y y

U x y U x
 

 ,0 1x    ulash  shartini qanoatlantirsin;   

3) 
1D va

2D sohalarda (1) tenglamani qanoatlantirsin;
   

  

4)          1 01 1 11 1( ) ( ) ( ) ( ) ( ), 0 1,a x U b x U d x x    
                                              

(2) 

      2 02 2 12 2( ) ( ) ( ) ( ) ( ), 0 1,a x U b x U d x x                                                 (3)
                            

 

chegaraviy shartlarni qanoatlantirsin, bu yerda ( ), ( ),j ja x b x  

  3( ) 0,1 (0,1)jd x C C  berilgan funksiyalar bo`lib, 
2 2( ) ( ) 0,j ja x b x   

0 1

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

2 2 2 2

j j

j j

x x x x

a a
 

    
    

   
1,2.j   

Ushbu masalaning yechimini 

        
( ) ( ) 1

( , ) ( )
2 2

x at

x at

x at x at
U x t z dz

a

 






  
                                      (4) 

ko`rinishda qidiramiz, bu yerda ( ) ( )x va x   funksiyalar  hozirgi noma’lum 

funksiyalar bo`lib,  

 ,0 ( ),U x x 0 1x   

 ,0 ( ),yU x x  0 1x   

va bu funksiyalar   2 2( ) 0,1 (0,1), ( ) (0,1)x C C x C     xossalarga ega bo`lishi 

kerak.  

(4) dagi ( ) ( )x va x   funksiyalarni (2), (3) chegaraviy shartlarni 

qanoatlantiradigan qilib aniqlaymiz. Buning uchun (4) ni (2), (3) shartlarga qo`yib 

 1,2jD j   sohalarda olingan AB  dagi  ( )x  va ( )x  o`rtasidagi asosiy funksional 

munosabatlarni topamiz: 

                  
1 1 1 1( ) ( ) 2 ( ) ( ) (0) ( ) (1)P x x d x a x b x        
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1

1 1

0

( ) ( )
( ) ( ) , 0 1

x

x

a x b x
z dz z dz x

a a
                                 (5) 

                  
2 2 2 2( ) ( ) 2 ( ) ( ) (0) ( ) (1)P x x d x a x b x         

   

1

2 2

0

( ) ( )
( ) ( ) , 0 1

x

x

a x b x
z dz z dz x

a a
                                 (6) 

Bu yerda,  ( ) ( ) ( ), 1,2j j jP x a x b x j   . 

Shunday qilib, qo`yilgan masalaning yechimini topish (5) va (6) tenglamalar 

sistemasini yechishga teng kuchli ekanligini ko`rishimiz mumkin. 

Agar, ushbu sistemadan talab etilgan xossalarga ega bo`lgan  ( )x   va  ( )x  

funksiyalarni  bir qiymatli topadigan bo`lsak, u holda masalaning    ( 1,2)jD j   

sohadagi  yagona yechimi (4) formula bilan aniqlanadi. 

          Ushbu masala yechimining yagonaligi [4], [5] da o`rganilgan bo`lib, masala 

yechimining mavjudligi haqidagi teorema o`rinli. 

        Teorema. Agar  quyidagi  

1) ( ) 0, (1) 0, 1,2j ja x d j    

2) ( ) 0, (0) 0, 1,2j jb x d j    

3) ( ) 0, ( ) 0, (1) 0, (0) 0, , , 1,2;j k j ja x b x d d j k j k       

4) ( ) 0, ( )j ka x a x  0, ( )kb x  0, (1) 0, (0) 0, , , 1,2;j jd d j k j k      

5) ( ) 0, ( )j kb x a x  0, ( )ja x  0, ( )kb x  0, (1) 0, (0) 0, , , 1,2;j jd d j k j k     

6)  ( )ja x  0, ( )jb x  0, (1) 0, (0) 0, , 1,2j jd d j k  
 

1 1

2 2

( ) ( )

( ) ( )

a x b x

a x b x
 . 

shartlardan biri o`rinli bo`lsa, u holda qo`yilgan masalaning yagona yechimi 

mavjud bo`ladi. 

Isbot. Ushbu teoremani  umumiy hol bo`lgan 6-hol uchun isbotlaymiz.  

Aytaylik,  ( )ja x  0, ( )jb x  0, (0) 0, (1) 0, 1,2j jd d j     bo’lsin. (0) 0,jd   

(1) 0jd    va  1 2 2 1

2 2 2 1

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

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

a b a b

a a b a
    bo`lganda (2), (3) shartlardan (0) 0   va 

(1) 0   ekanligi kelib chiqadi.  
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Agar (5) tenglikning har ikki tomonini  
2( )b x  ga, (6) tenglikni esa, 

1( )b x  ga 

ko`paytirib, qo`shib yuborsak,   1 1

2 2

( ) ( )

( ) ( )

a x b x

a x b x
  bo`lganda  

                      1 2 2 1 2 1 1 2( ) ( ) ( ) ( ) ( ) 2 ( ) ( ) ( ) ( )P x b x P x b x x b x d x b x d x        

1 2 2 1

0

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

x
a x b x a x b x

z dz x
a a




     ;                     (7) 

       Agar (5) tenglikning har ikki tomonini  
2( )a x  ga, (6) tenglikni esa, 1( )a x  ga 

ko`paytirib qo`shib yuborsak,  1 1

2 2

( ) ( )

( ) ( )

a x b x

a x b x
  bo`lganda  

                   1 2 2 1 2 1 1 2( ) ( ) ( ) ( ) ( ) 2 ( ) ( ) ( ) ( )P x a x P x a x x a x d x a x d x        

1

1 2 2 1( ) ( ) ( ) ( ) 1
( ) , 0 1

x

a x b x a x b x
z dz x

a a



                           (8) 

munosabatlarga ega bo‘lamiz. 

        (7), (8) ni mos ravishda 

1 1

0

1
( ) ( ) ( ) ( )

x

z dz a q x x a k x
a

                                          (9) 

 

1

2 2

1
( ) ( ) ( ) ( )

x

z dz a q x x a k x
a

                                  (10) 

ko`rinishda yozib olishimiz mumkin. 

       Bu yerda,   1 2 2 1
1

1 2 2 1

( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( )

P x b x P x b x
q x

a x b x a x b x





, 

 1 2 2 1

1

1 2 2 1

2 ( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( )

d x b x d x b x
k x

a x b x a x b x





, 1 2 2 1

2

1 2 2 1

( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( )

P x a x P x a x
q x

a x b x a x b x





, 

 1 2 2 1

2

1 2 2 1

2 ( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( )

d x a x d x a x
k x

a x b x a x b x





 

(9) va (10) ni har ikki tomonidan  x  bo`yicha differensiallab, (0) 0  ,
1(0) 0k    va 

(1) 0  ,
2 (1) 0k   ekanligini inobatga olsak,  
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' ' '

1 1 1

1
( ) ( ) ( ) ( ) ( ) ( )x q x x q x x k x

a
        ,                     (11) 

   ' ' '

2 2 2

1
( ) ( ) ( ) ( ) ( ) ( )x q x x q x x k x

a
                              (12) 

 ko‘rinishda yoziladi. 

           Ushbu tengliklarni bir-biriga qo‘shib yuborsak, natijada quyidagi  

  ' ' ' ' '

1 2 1 2 1 2( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )q x q x x q x q x x k x k x           

 
' ' '

1 2 1 2( ) ( ) ( ) ( ) ( )q x q x x k x k x       

munosabatga ega bo‘lamiz. 

       Agar, oxirgi tenglikni har ikki tomonini  x  bo‘yicha integrallasak,  

 1 2

1 2

( ) ( )
( )

( ) ( )

k x k x C
x

q x q x


 



.                                           

ekanligi kelib chiqadi. Agar  (0) (1) 0    ekanligini e’tiborga olsak, 0C   

bo`lib, oxirgi  tenglikdagi  
1( )k x , 

2( )k x , 
1( )q x , 

2( )q x  larni o`rniga qo`yib, 

soddalshtirganimizdan keyin 

                       1 2

1 2

( ) ( )
( )

( ) ( )

d x d x
x

P x P x
                                                  (13) 

tenglikni hosil qilamiz. 

      (13) ni (11) yoki (12) ga qo`ysak,  

                                           

'

1 2
1 1

1 2

( ) ( )
( ) ( ) ( )

( ) ( )

d x d x
x a q x k x

P x P x


  
    

  

 

ga teng bo`ladi. Natijada, ( )ja x  0, ( )jb x  0, (0) 0, (1) 0, 1,2j jd d j    bo`lganda 

qo`yilgan masalaning yechimini  

                1 2 1 2

1 2 1 2

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

2 ( ) ( ) ( ) ( )

d x at d x at d x at d x at
U x t

P x at P x at P x at P x at

    
     

    
 

1 2
1 1

1 2

( ) ( )1
( ) ( )

2 ( ) ( )

d x at d x at
q x at k x at

P x at P x at

   
       

   
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1 2
1 1

1 2

( ) ( )1
( ) ( )

2 ( ) ( )

d x at d x at
q x at k x at

P x at P x at

   
      

   
       

ko`rinishda aniqlanadi. 

           Shunday qilib, teoremadagi 6) shart bajarilganda, masala yechimining 

mavjudligi  isbotlandi. 1)-5)- xollar ham yuqoridagi  kabi isbotlanadi. 
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