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IKKINCHI TARTIBLI INTEGRO-DIFFERENSIAL TENGLAMA UCHUN TO‘G'RI VA
TESKARI MASALALAR

https://doi.org/10.5281 /zenodo.7847527

Bozorova Madinaxon Murodjon qizi
Farg‘ona davlat universiteti, Farg‘ona, Ozbekiston;

Annotatsiya: Ushbu ishda ikkinchi tartibli integro-differensial tenglama uchun bir
teskari masala bayon qilingan va tadqiq etilgan.

Kalit so‘zlar: ikkinchi tartibli integro-differensial tenglama, Riman-Liuvill
ma'nosidagi kasr tartibli integral, teskari masala.

INPAMAA U OBPATHAA 3AJAYU JJIA UHTEI'PO-ANPPEPEHIIMAJIBHOTI'O
YPABHEHHWA BTOPOI'O ITIOPAJAKA

AHHOTauMsA: B samoii pabome 6bl1a chOPMYAUPOBAHA U UCCAEJO8AHA 06PAMHASA
3aday4a 015 uHmezpo-dugdepeHyua1bH020 ypasHeHUs 8MOP020 NOpsioKda.

KiroueBble cioBa: HHmezpo-dugpdepeHyuaibHoe ypasgHeHUE 8mopo2o nopsioKa,
Humezpan Pumana-/Trosunis 8 cmoicie dpobu, obpamHas 3adaua.

DIRECT AND INVERSE PROBLEMS FOR AN INTEGRO-DIFFERENTIAL
EQUATION OF THE SECOND ORDER

Annotation: In this paper, the inverse problem for a second order integro-
differential equation was formulated and investigated.

Keywords: Integro-differential equation of the second order, Riemann-Liouville
integral in the sense of (fractions), inverse problem.

I Kirish. So‘ngi vaqtlarda noma’lum manbali differensial tengalamalar bilan
shug‘illanishga bo‘lgan qiziqish ortib bormoqgda. Bunga sabab ko‘plab issiqlik taqalish
va diffuziya jarayonlarini matematik modelini tuzish noma’lum manbali differensial
tenglama uchun qo'yiladigan masalalarga keltiriladi. Bunday differensial tenglamalar
uchun teskari masalalar ko‘plab tadqiqotchilar tomonidan o‘rganilgan (masalan, ushbu
[1]-[10] ishlarga qaralsin).

Il Masalani qo‘yilishi.

(0, 1) oraligda ushbu

y"(x) =215y (x) = f(x) (1)
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ikkinchi tartibli integro-differensial tenglamani qaraylik, bu yerda Y(X)-
noma’lum funksiya; f(X)— berilgan uzluksiz funksiya; A,y - o‘zgarmas haqiqiy sonlar

bo'lib; 14,y(x) - Riman-Liuvill ma'nosida y (kasr) tartibli integral [11]

X

ngy(x):% [(x=ty *y(t)at.

0

Koshi masalasi. Shunday y(x) funksiya topilsinki, u quyidagi xossalarga ega
bo'lsin:

1) (0, 1) oraliqgda (1) tenglamani qanoatlantirsin;

2) C*[0,1]1 C*(0,1) sinfga tegishli bo'lsin;

3) x=0 nuqtada esa

y(0)=A, y'(0)=A, (2)

chegaraviy shartlarni qanoatlantisin, bu yerda A, A —berilgan o‘zgarmas
haqiqiy sonlar.

(D) tenglamani ketma-ket 2 marta integrallab, (2) shartdan foydalanib,

X

y(x)—ﬁ!(x—t)m_l y(t)dt= A + A2x+j;(x— 2) (2)dz 3)

ko‘rinishdagi integral tenglamani hosil gilamiz.
(3) da ba’zi belgilashlarni kiritib, uni ko‘rinishda yozib olamiz, bu yerda
(x-t)""

r(p)

y(x)—/le(x,t)y(t)dt =g(x) (4)

9(x)= A +AX+[(x=2)F (2)dz, f=y+2, K(x)=

(4) Volltera ikkinchi tur tenglamasi bo‘lib, uni ketma-ket yaqinlashish usuli
yordamida yechamiz.

k() =P v k()= K (1)K, (6 )t

r(p)

rekurent formuladan foydalanib, ba’zi hisoblashlarni amalga oshirib

. ng-1
Kn(x,t)z(x ) , N=1,2,3,... topamiz.

r'(np)
Integral tenglamalar nazariyasiga ko‘ra, (4) tenglamaning yechimi
y(x)=g(x)+in(x,t,l)g(t)dt (5)

ko‘rinishda yozib olamiz, bu yerda
o 2 (x—t)"

R(x,t;ﬂ,)=g/1n_1Kn (X,t), R(X,t,i)zé ['(ﬂm)
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(5) da g(x):A+AZx+j(x—z)f(z)dz ekanligi e’tiborga olib, ba’zi
0

soddalastirishlarni amalga oshirib Koshi masalasining yechimini
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y(x)= AlEﬂvl(/Ixﬂ)+ AXE,, (ixﬂ)+j(x— zZ)E,, [ﬂ(x— z)qf (z)dz (6)
0
ko'rinishda topamiz, bu yerda E,, (z)= Z“F(#:—ﬂ) — Mittag-Lefler funksiyasi
Endi
y"(x) = A1y (x) =kf (x) (7)
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tenglamani (0,1) oraliqda qaraylik, bu yerda y(x)-noma’lum funksiya, A,y -

o‘zgarmas haqiqiy sonlar, f(x)-berilgan funksiya, k -noma’lum son.
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T1 masala Shunday y(x)-funksiya va k sonni topilsinki u quyidagi xossalarga ega

bo‘lsin:
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1) (0, 1) oraliqda (7) tenglamani ganoatlantirsin;
2) C'[0,1]1 C*(0,1) sinfga tegishli bo'lsin;

3) x=0, Xx=1 nuqtalarda esa

y(0)=A, y(1)=B, (8)
y(%)=D, (9)
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shartlarni qanoatlantirsin, bu yerda A,B,, D, - berilgan o'zgarmas haqiqiy sonlar.

T1 masala yechimini (6) formuladan foydalanib,
Y(X)= Ay (AX7) + AXE,, (Ax" )+ K] (x—2)Ey, [ A(x—2) |f (2)dz (10)
0

ko‘rinishda yozib olamiz, bu yerda A noma’lum son.

(10) tenglikda y(1) =B, shartdan foydalanib, noma’lum A, ni

B, - AE,, (4)- k_l[(l— 2)E,u| A(1-2)" | (2)z

11
£ (2) (11)

A =

ko‘rinishda topamiz.
Endi, y(&)=D, nolokal shartdan k ni

AE,, (1g¢)+ 2~ AEn ()

égoE 2 /1‘§oﬁ _Dl
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(1-2)Ej, | 2(1-2) [ (2)az

E,.(4) ‘l(fo -2)E,, [/1(50 - Z)"} f (z)dz

O e

EE,,(4E))

ko‘rinishda topamiz.
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(11) va (12) larni (10) ga qo'yib, T1 masalaning yechimi hosil gilamiz.
1-teorema. Agar

j(l—z)Eﬁ'2 [ﬁ(l—z)ﬂ} f(z)dz
foEﬂ,z (Zfoﬁ) : Eﬂ’2 (/1) # _([(50 - Z) E,B,Z |:/1(§0 N Z)ﬂ:| f (Z)dZ

bo‘lsa, u holda T1 masala yagona yechimga ega bo‘ladi.

T2 masala (7) tenglamada shunday y(x)-funksiya va k sonni topilsinki u °

quyidagi xossalarga ega bo‘lsin:
1) (0, 1) oraliqgda (7) tenglamani qanoatlantirsin;
2) C*[0,1]1 C*(0,1) sinfga tegishli bo'lsin;
3) x=0, Xx=1 nuqtalarda esa
y'(0)=A, y(1)=B, (13)

va (9) shartlarni qanoatlantirsin, bu yerda A,,B,,D,- berilgan o'zgarmas haqiqiy

sonlar.
T2 masala yechimini (6) formuladan foydalanib,
Y(X)= Ay (AX7) + AXE,, (Ax" )+ K] (x—2)Ey, [ A(x—2) |f (2)dz (14)
0

ko‘rinishida yozib olamiz, bu yerda A noma’lum son

(12) formulada y(1)=B, shartdan foydalanib, noma’lum A ni

BI-AZEﬂ,Z(z)-kj(l-z)Eﬂ,z [l(l—z)q f(2)dz

15
£, () (15)

A=

ko‘rinishda topamiz.
Endi, y(&, )= D, nolokal shartdan k ni

AGE(180)+ _EAZ E(‘;f)w By (26)-D,
k = £ (16)
(1-2)€,; [ 2(01-2) | ()2

E;i(4) B .([(50 -2)E,, [/1(50 - Z)q f(z)dz

O ey

Ey: (2€])

ko‘rinishda topamiz.
(15) va (16) larni (14) ga qo'yib, T2 masalaning yechimi hosil qilamiz.
2-teorema. Agar

j(l- 2)E,o| 2(1-2) | £ (2)az

E,, (267)*

E,. (1) i?(fo ~2)E,, | 4(&-2) |1 (2)ez

bo‘lsa, u holda T2 masala yagona yechimga ega bo‘ladi.
Ts masala (7) tenglamada shunday y(x)-funksiya va k sonni topilsinki u

quyidagi xossalarga ega bo‘lsin:
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1) (0, 1) oraliqgda (7) tenglamani qanoatlantirsin;
2) C*[0,1]1 C*(0,1) sinfga tegishli bo'lsin;

3) x=0, x=1 nuqtalarda esa

y(0)=A, y'(1)=B, (17)

va (9) shartlarni qanoatlantirsin, bu yerda A,B,,D, - berilgan o'zgarmas haqiqiy

sonlar.
T3 masala yechimini (6) formuladan foydalanib,
Y(X)=AE,, (AX")+ AXE,, (Ax")+k[(x-2)E,, [ﬂ(x ~zY }f (z)dz (18)
0

yozib olamiz, bu yerda A, noma’lum son.

(17) tenglikda y'(1) = B, shartdan foydalanib, noma’lum A, ni
1

B, - AE,, (2)-k[E, | 2(1-2)" | T (2)dz
0

19
.. (4) (19

A =

ko‘rinishda topamiz.
Endi, y(&, )= D, nolokal shartdan k ni

B, ~AE,, (ﬂ):l _D,

AlEﬂ,l(zﬁf)%oEﬂ,l(zéf)[ E.(4)
p.1

,[Eﬂ,l [’1(1_ Z)ﬁ} f(z)dz

&E;.(240)° £, (2) - _([(50 -2)E,, [’1(50 - Z)ﬂ} f(z)dz

Kk = (20)

-

ko‘rinishda topamiz.
(19) va (20) larni (18) ga qo‘yib, T3 masalaning yechimi hosil qilamiz.
3-teorema. Agar

j‘Eﬂvl[i(l—z)qf(z)dz .

o it (CR LA EICRL A MO

bo‘lsa, u holda T3 masala yagona yechimga ega bo‘ladi.
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