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TO‘RINCHI TARTIBLI INTEGRO-DIFFERENSIAL TENGLAMA UCHUN TO‘G‘RI
VA TESKARI MASALA
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Annotatsiya: Ushbu ishda to‘rtinchi tartibli integro-differensial tenglama uchun bir
teskari masala bayon qilingan va tadqiq etilgan.
Kalit so‘zlar: to‘rinchi tartbli imtegro-differensial tenglama, Riman-Liuvill manosida y

(kasr) tartibli integral, chegaraviy shartli, teskari masala.

IHPAMASA U OBPATHASA 3AJAYA JIA UHTET'PO-ITUOP®EPEHIIUAJBHOI'O
YPABHEHUSA YETBEPTOI'O ITOPA KA

AHHOTAUUA: B smoii pabome Ovinia copmyruposana u ucciedos8ana 0Opamuas
3a0aua o Unmeepo-ougpepenyuanvhozo ypasHeHus yuemeepmozo nopsokda.

KiaroueBsble cinoBa: Humeepo-ouggepenyuanvroe ypagueHue yemeepmo2o nNopsaoka,
Humeepan Pumana-/lrosunis 6 cmvicie ©pobu), epanuunoe yciosue, 00pamuas 3a0aua.

A DIRECT AND INVERSE PROBLEM FOR AN INTEGRO-DIFFERENTIAL
EQUATION OF THE FOURTH ORDER

Annotation: In this paper, the mverse problem for a fourth-order Integro-differential
equation was formulated and investigated.
Keywords: Integro-differential equation of the fourth order, Riemann-Liouville itegral

m the sense of (fractions), boundary condition, inverse problem.

So'ngi vagtlarda noma’lum manbali differensial tengalamalar bilan shug’illanishga
bolgan qiziqish ortib bormoqda. Bunga sabab ko'plab issighk tagalish va diffuziya
jarayonlarini matematik modelm tuzish noma'lum manbali differensial tenglama uchun
go ' yiladigan masalalarga keltirilladi. Bunday differensial tenglamalar uchun teskart masalalar
ko plab tadqiqotchilar tomonidan o’ rganilgan (masalan, ushbu [1]-[7] ishlarga qaralsin).
Ammo yuqort tartibli tenglamalar uchun teskart masalalar kam o rganilgan. Shu sababdan biz
ushbu 1shda to'rtinchi tartibli integro-differensial tenglama uchun bir teskart masalani bir
qiymath yechilishini ko * rsatamiz.

(0, 1) oraligda ushbu

Y (x)= 215,y (x)= £ () 0
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to rtinchi tartibli integro-differensial tenglamani qaraylik, bu yerda y(x)—noma'lum

funksiya; f(x)— berilgan uzluksiz funksiya; A,y - o‘zgarmas haqiqily sonlar bo'lib; onxy(x) -

Riman-Liuvill ma'nosida y (kasr) tartibli integral,

X

e (KR IOLS

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

1) (0, 1) oraligda (1) tenglamani ganoatlantirsin;

2) C*[0,1]NC*(0,4) sinfga tegishli bo‘lsin;

3) x=0, x=1 nuqtalarda esa

y(0)=A, y'(0)=A, ¥(1)=B,, y'(1)=B, @)

chegaraviy shartlarni qanoatlantisin, bu yerda A, A,,B;,B, — berilgan o‘zgarmas haqiqiy

sonlar.
(I)tenglamani

y(0)=A, y'(0)=A, y"(0)=A;, y"(0)= A, (3)
boshlang‘ich shartlarni qanoatlantiruvchi yechimim

y(x):AiEﬂ‘l(/lxﬁ)JrAszﬁ‘z (lxﬁ)+ Aslezm(,ixf”)Jr
+AX°E, (ixﬂ)+j.(x— ) E,, [i(x— z)ﬂ}f (z)dz

ko‘rinishda yozib olishimiz mumkin 7], bu yerda A;va A, no’malum sonlar, B, va B,

berilgan o‘zgarmas haqiqiy sonlar.
AL A ni y(l) =B, y'(l) = B, chegaraviy shartdan foydalanib,

AEu(MEp (A =By (NE (D) [+ A[Era (A)Ee (D =B (HEs (4)]

A Eﬁ,S(/%) Eﬁ,S(/%)_E/f',Z (’1) E/M (’1)
Em(z)i(l_z)ﬁ‘ E,. [z(l_z)ﬂ] f(z)dz-E,, (/1)'1.(1—2)2 E,s [z(l_z)ﬂ] f (z)dz
i Eya(2)Ens (1)~ Era (DB (2) ’
B,E,,(4)-B,E,, (2
Eﬂ3 (/1) Eﬁ,s (’1) - Eﬁ,z (l) Eﬁ,A (ﬂ)
A = Al[Eﬁ',l(;t)EﬁZ(;t)_Eﬂﬂ(;t) ﬂ,3(/1)]+A2|:E/5’12(/’L)Eﬂ2(/’L) Eﬂl(ﬂ)Eﬁ,3(ﬂ)i|_
' E/M (’1) Eﬁ2 (’1) - Eﬁ,s (’1) Eﬁ,s (’1)
E“(z)i’(l—zf Byl 2(1-2)" |1 (2 dz—Eﬁ’3(/1)'(l[(1—z)2 Eya| A(1-2) | (2)d2

. BE,(A)-BE,(4
B, (l) B, (ﬂ') —Eps (’1) Esa (’1)

ko‘rinishda topamiz.

Topilgan A,, A, ni (3) ga qo‘yib, (1) masala yechimini
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A[Epi(A)Eys (1) —Eyy (DB (A)]+ A[Ej2 (A)Eys (1)~ Eji (A)E, (/1)]} -
Esa(2)Esa (1)~ Ej5(4)Eys(2)

y(x)=x"E,, (Axﬁ){

_XE, , (1x") A[E; (A, (A)~E,, (A)Eps (2)]+ A[Epr (A)Eps (2)—Epa (2)Eja (2)] :
. Epa(A)Ey2(2)—Eps(2)Eys(4)

0

1 . 5 ~X*E, 5 (AX)Eyy (A)+X°E,, (X )E, 4 (4)
+[(21-2)'E,. [ 2(1-2) ]f(z)dz[ e DE () E.DEL (D } (4)

ko‘rimishda topamiz.

l-teorema. Agar E;,(1)E,,(A)-E;3(4)E;;(4)=0, f(x)eC[0,1] bolsa u holda A
masala yagona yechimga ega bo‘ladi va u (4) formula bilan aniglanadi.

l-izoh. Agar E;,(1)E,,(4)=E,;(2)E,;(4) bo lsa, u holda A masala yechimga ega
bo " Imaydi.

Y (x) = A1,y (x) =kf (x) ()

T masala. Shunday y(x) funksiya va k son topilsinki, u quyidagi xossalarga ega bo‘lsin:

1) (0, 1) oraligda (5) tenglamani ganoatlantirsin;

2) C*[0,1]NC*(0,4) sinfga tegishli bo‘lsin;

3) x=0, x =1 nuqtalarda esa (2) chegraviy shartni va

y'(1)=b (©)

nolokal shartni qanoatlantisin, bu yerda A, A,,B,,B,,b— o'zgarmas haqiqiy sonlar
bo‘lib.

k sonni vagtincha ma’lum deb, T" masalaning yechimini (4) formuladan foydalanib,

1

3 ﬂ E, (z)i(l-zf By | 2(1-2) | T (2)dz-E,, (z)!(l-z)zem [2(-2)" ] T (2)dz
9= k8 (1) €, ()E,2 (A)-E,s (D)E,5 (2) g

A{Es (1)Esa (4)~ s (1) Epa ()} + A {Ejo (A B (4) ~ B (M) B (1))

Eyo (A)E,2 (A) - Eps (1)E, 4 (2) ’

—x°E,, (/Ixﬂ)
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3 B BlEﬂ,l (’1) - B Eﬂ,s (/1) 2 B BlEﬁ,a (/1) -B, Eﬂ,4 (}“)
) B T DE,. () E, (A)Eﬂsu)}‘x s (44 {EM (5, (), ()5 (zJ*

(1-2) By 2(1-2) | T (2)dz-E,, (2)

Eﬂ,4 (’1) Eﬁ’,Z (/1) - Eﬂ,s (}“)

By (4)

(1-2)Eps [ A(1-2) |1 (2)a2

pa (%)

O ey

+kx*E, 5 (Ax”)

+

m O ey

+X*Ej (ﬂxﬂ

){ A {Eﬂ,l (A)Epa(4)=E;, (1)E,, (/1)} +A {Eﬂ,z (4)Epa(4)—Ei(2)E,, (’1)}} D
Eﬁ,4 (’1) Eﬂl (/1) - Eﬂ,a (/1) Eﬂ,a (/1)

+A1Eﬂ’l(lxﬂ)+ AXE (ﬂ,xﬁ)+kj'(x— z)3Eﬂ’4 [/l(x— z)ﬂ} f(z)dz (7)

0

ko‘rmishda yozib olamiz.

e 6. (DE,2 (1)-Eps (DE, ()
M -2 {Ep1(4)Ep2 (1) =By (2)Ejs (A)f + A {Es2 (A)Epo (4) —Efa (1) Eps (4))

' Eﬁ4(/1) EﬁZ(ﬂ“)_EﬁB (’1) Eﬁ3(i)

- B.Es. (4)-B, Eys (4) N, = SATE (4)-B, Ey.4 (4)

© B (A)Ep () -Ep(AE () 7 Epa(2)Es,(A) - Eya(2)Eys(2)
N = A {Eﬁ,l (A)Eps(A)—Ey,(4)E,, (/1)} +A {Eﬂ,z (A)Ess(A)—E4i(4)E,, (/1)}

1 E;a(2)Es2(4)-Ey3(4)E,a(2)

Em(z)j(l_z)"* By | A(1-2) | £ (2)dz- Em(z)j(l_z)zem [ 2(1-2) | (2)ez

N = 0 0

Epa(2)Es2(4)—Eps(4)Eys ()
belgilashlarni kiritib, y"(x) ni

y"(X) =—MKXE, , (Ax" )= (M, =M, ) XE,,, (X" )+ KNE,;; (Ax” ) +(N, =N, ) E,;, (Ax” ) +
+AAXPPE, 5 (ﬂ,xﬁ)+ AAXTE, (/lx'”)+ kJX'(x— Z)E,, [ﬂ(x— z)ﬂ} f(z)dz
0
ko‘rinishda aniglaymiz. Topilgan y"(X) ni (6) shartga bo‘ysuntirib, k ni
K = b+(My—M;)Ey, (4) = (N =N, )Eji ()~ ALE, 51 (4) + AAE, , (2)
(—M +N +j(1— 2)E,, | A(L-2) |f (z)dz]
0

ko‘rinishda topamiz.

(8) formulani (7) formulaga qo‘yib, y(x) funksiyani
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b+(M; =M, )E;, (2) = (N, =N, By () = AAE, 5 (A) + AAE, 5 (4)

(—M +N +i(1_ 2)E,.| 2(1-2)" | (z)dzj

y(x)=-MxE,, (1x")

b+ (M, —M,)E,,(4)— (N - N, )E,, (4) - ALE, ., (1) + A4E,, (1)
[—M +N +I(1— 2)Ey, | A(L-2) |f (z)dzj

T 3 b+(M;=M;)E;, (4)=(N, =N, )E,, (4) - A4AE, 5 (1) + AAE, (’1)_

+I(x—z) = [A(x—z)ﬂ}f(z)dz -
[—M +N +£(1— 2)E,o| A(1-2) | (z)dz]

+NX’E,, 5 (Ax”) -

0

—(M; =M, )X°E, , (A7) + (N, = N, ) X°E 5 (AX” ) + AE;, (AX” ) + AXE ;, (AX”) )
ko‘riishda aniglaymiz.

1
2-teorema. Agar —-M +N +'[(1— z)E,, [/1(1— z)’g] f(z)dz=0,f(x)eC(0,1) bolsa u
0

holda T masala yagona yechimga ega bo‘ladi va u (8) va (9) formulalar bilan anmiglanadi.
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