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PARALLEL TIP O‘ZGARISH CHIZIGIGA EGA ARALASH TENGLAMA UCHUN
INTEGRAL ULASH SHARTLI CHEGARAVIY MASALA

E.G.Tursunova
Farg‘ona davlat universiteti
e-mail tursunovaergashoy3@gmail.com
F.R.Boymirzayev
Farg‘ona davlat universiteti
e-mail farhodjonboymirzayev@gmail.com

Annotatsiya: Ushbu ishda Riman-Liuvill kasr tartibli hosila ishtrok etgan aralash
tenglama uchun aralash sohada umumiy integral shartli chegaraviy masalaning bir
qiymatli yechilishi tadqiq qilinadi.

Kalit so‘zlar: Aralash tenglama, kasr tartibli hosila, integral ulash sharti.

BOUNDARY PROBLEM WITH INTEGRAL GLUING CONDITION FOR MIXED
EQUATION WITH PARALLEL LINE OF TYPE-CHANGING

E.Tursunova
F.Boymirzaev

Abstract: In this work a unique solvability of a boundary problem with general
integral gluing condition for mixed equation involving the Riemann-Liouville fractional
derivative has been proved.

Keywords: Mixed equation, fractional derivative, integral gluing condition.

f(x y)={ U, (% Y)-DgU (x,y), (X,¥) e,
T U y) U, (y) (y)e (i=12)
tenglamani Q=0Q,UQ, UQ, UAA UBB, aralash sohada tadqiq gilamiz.

(1)

Bu yerda f(X,Y)-berilgan funksiya, D;U esa « kasr tartibli Riman-Liuvill

integro-differsial operatori bo‘lib,u 0 < a <1 uchun quydagicha aniglangan [l] :

D50()= fi g (- 2) " 92

(1) tenglama uchun (2 sohada
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Ap By
C €, Q, ~D
A B X
1-rasm

quydagi masalani tadqiq etamiz:
1-Masala. (1) tenglamaning €2 sohada
U(xy)eC(Q)NACHQ)NC*(Q;), U, eC(Q,)

funksiyalar sinfiga tegishli quyidagi shartlarni qanoatlantiradigan regulyar
yechimi topilsin:

U(x,0)=0, 0<x<1, (2) \9
1 ’ ‘
Ul,.=o(Y), O<ys<s3, 3) @“ 3
1 - g
v vsysk o
Uy (0+y)=1LU X)), 0<y<l (5) Riers
Uy (1-0,¥)=1,U, (x, )| _.), O<y<l. (6) @! g
Bu yerda (Yy), ¥ (Y)-berilgan funksiyalar, I, |, lar esa hozircha ixtiyoriy " # ?
integral operatorlar. Z‘@' %
Bunday tipdagi masalalar |, va |, integral operatorlarning maxsus ko‘rinishida A
[2] da (a=1holda) hamda O<a <1 uchun [3] tadqiq etilgan. NS *
(1) tenglamaning €2, sohada (2) va @ 1:1
. ) 5
U, (0+,y)=v(y), U, (1-0,y)=v(y), O<y<l (7) g@ &
shartlarni qanoatlantiruvchi yechimi quydagicha yoziladi [4] : AL

y

U(xy)= [vi ()6 (0 yiLm)dn - [vg ()6 (x.y:0,1)d7 -

(i (8)
—[[ f(&m)G(x,y:é.m)d&dn,

bu yerda

G(X,y;é,n)=Mi{6,’
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a
) 9
2 (9)
~+00 Zn
ei‘,f (Z) = an; - !F(ﬂ ~ ﬂn) —> Rayt tipidagi funksiya [4] _

(1) tenglama uchun €, va Q, sohalardagi Koshi masalasi yechimini Dalamber

u(x, y)=%{ro(y+ K (y-x)+ [ ve (s [ [f (§,n)d¢fdn},

y—X y—-x 0
(xy)e (10)
y—x+1 y—x+11
U(x,y)=%{r{(y—x+1)+rf(y+x—1)+ I vy (t)dt+ _[ If(f,n)dédn},
(x,y)eQ, (11) X
BuyerdaU(-0,y)=7,(y) .  U@+0,y)=7(y) ¥

(10) ni (3) ga qo‘yamiz:

U(-y.y)=o(y) :%{%(o) vy (2y)+ fvo— (t)dt + ” f (§,n)d§dn},

N i E
SRS

2y 0 @1
5
0<y< 1. SJSA
2 @: "
it
yoki (2) ni hisobga olsak 7, (0) =0 va y bo‘yicha bir marta differensiallasak Z!@‘ f;
. 76 W
Y ! - )
20/2) = (N-v;)=-[ Ty, O<y<l. (12) D
0 J
Xuddi shuningdek, (11) ni (4) ga qo‘yib, yuqoridagidek amallarni bajarganda Qﬁ ;
quyidagini olamiz: 4 ¥

2/G) =5 (v~ [fymdn,  0<y<l. (13)
0

(5) va (6) ulash shartlarini quydagicha yozib olish mumkin:

vo (¥) =1 (v (¥)), vi (¥) =101 (), O<y<i, (14)
(12), (13) ni hisobga olsak, (14) dan

v ()= l{ro'(y) - [ #(y.mdn —2¢'(§)},

vy (Y) = |z{rf'(>') — [ f(y.m)dn —ZW'(%)}-
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(15) ni (8) ga qo‘yamiz:

UG y) =1 () [ (rmdn -2 ()60 yiLn)dn -

[ )= ] (v - 20 NG, y:0.m)dy - (16)

0

_ﬁ f(&,mG(x y;&mdédn

(16) da Xx—>0+ va x—1-0 limitlarga o‘tamiz:

7, (¥)=[G(O, y;l,n)(l{rf'(ﬂ) [ f(n,&)de - 2!//'(%)})0'77 -

0

-[s0, y;o,n)(l{ro'(n) [ (n,é)dé—Zw’(g)})dn— (17)

—ff f(£,mG(0,y;&,mdédn,

7 (y)=[ea y;l,n)(l{ff'(n) - f(n,é)dé—Zw’(g)})dn—

16@_@(-\

y 1 = |
-[ea@ y;o,n)(ll{ro (n) - If(n,i)dé—Zw'(g)})dn— (18) ,@%‘
0 0 ‘ ¢
g >
~[[fE&meEy:&n)dédy. Z@“ 4
00 26 W
Agar |, va |, integral operatorlarni quyidagi ko‘rinishda olsak: & X
1L,(9) = [ (@)K, (n. )1z, Z;‘;@« :
5 .
(19) b -*&1

n
1,(9) = [9(2)K, (7. 2)dz,
0
(17) va (18) larni Volterra integral tenglamalar sistemasiga keltirsak bo‘ladi.

7, (¥) =[G, y:Ln)(| sz,z)d{r:’(z) - [f(z.&)de- 2w’(§)})df7 -

-[G(0.y;0.n)(] Kl(n,z)dz{ro'(z) -| f(z,f)ds—z(p'(g)})dn— (20)

—h f(&,mG(0,y;&,ndédn ,

.
X L)

{
" —.~._ 4
™ ' :'ﬁ"/ N
s 7 5 A BRI o

4




e O‘ZBEKISTONDA FANLARARO INNOVATSIYALAR VA
‘ .~ 15-S0N ILMIY TADQIQOTLAR JURNALI 20.01.2023

o (¥)=[6Wy:Ly)| Kz(n,z)dz{r:’(z) - [f(z,&)d¢ —21//'(%)})«177 -

/ V.
S w ) s

[ y:0.n)( Kl(n,z)dz{ro'(z) - [f(z.&)d¢ —M(é)})dn - (21)

y1
—H f(&nGLy; & n)dédr .
00
(20) ni soddalashtiramiz:

5 ()= [60,y:Lm)( K,(n.2)7; (2)dz)dn - [G(O, YL m)(| K, (. 2)([ f (2, £)dE)dz)dry -
~2[G0.y2n)([K, (7,200’ C)d2)dn [ G0,y:0.n)([ Ky(m.2)z, (2)dz)dn +

+ j G(0, y:M)(! Kl(n,z)q f(z,€)d&)dz)dn +2 j G(0, y;0,77)(! Kl(n,z)qo'(g)dz)dn -

D)
\9 ‘
y1 \
-[[ 1m0, y;¢mdédn. @v :
00 e ?1
(22) gk
(22) da |{710(y’ Z) va [9/€y) belgilashlar kiritsak u quyidagi ko‘rinishga keladi. @1 G
y ®
_ _t ‘ “
7, (V) + [z, (2)RAy, 2)dz = By), (23) @ﬁ .
0 . e
bu yerda e ¥

k %@%‘@'
@ o505

Gl
*
RGP

y
RAy,2) = [G(0,y;0,7)K, (7, 2)d7,
PRy) =[G, yiLn)(| K, (n,2)7 (2)d2)dn — [G(0, y:L n)([ K, (. 2)(] T (2, £)d&)dz)dn — (5
-2 j G(, y;l,n)(l Kz(n,z)w'(g)dz)dn * j G(0,y:0.7)( j K, (7, 2)( j f(z,£)d&)dz)dn +

+2[G(0,y;0,m)([ K1<n,z)¢'<§)dz)dn ~ [[ f(€mG(©.y:&mdédn.

(23) ni bir marta bo‘laklab integrallab olsak

— 0
D e o
du=—Ry.2) " v=7,(2)

(18
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& )+ 7 @RAY.2)] - [ 7 ()= Ry, )6z = ¥4y)

G )+ ) B0) — 1 RV - |7 )= Ry, 2z = Phy)
quyidagini olamiz:

()~ [ 7 ()= Ry, 1)z = ¥4y) (24)

y
0
Py) uzluksiz, j 7, (Z)a— |{710(y, 2)dz uzluksiz yoki 1 dan kichik maxsuslikka ega
yA
0

bo‘lsa u holda (25) integral tenglamaning yechimini rezolventa orqali yozib olish
mumkin [5]:

7, (y)=Fly) + I P2)R (y,2)dz, (25)
R(y,z) - %R/lo(y, Z) yadroning rezolventasi.

Shuni ta’kidlash kerakki, Ffy) ifodaning ichida hozircha noma’lum bo’lgan
7, (y) ifoda ham bor. Uni topish uchun esa (25)ni (21) ga qo‘yamiz. Shunda 7, (y)

funksiyaga nisbatan (24) ga o‘xshash 2-tur Volterra integral tenglamasini olamiz.
Berilgan funksiyalarga ma’lum shartlar asosida bu tenglamaning bir qiymatli yechilishi
ko‘rsatiladi.

Demak, quyidagi tasdiq o‘rinli:

Teorema. Agar f(X,y)eC(Q), o(y),w(y)e C{O,%} I Cl(O,%) bo‘lsa va

I, I, integral operatorlar (19) ko‘rinishda berilsa, u holda 1-masalaning yechimi

mavjud va yagona.
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