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YUKLANGAN KASR TARTIBLI ODDIY DIFFERENSIAL TENGLAMALAR UCHUN
MASALALAR

Omonova Dinora Dilshodjon qizi
Farg'ona davlat universiteti talabasi

Annotatsiya. Ushbu maqolada Hilfer ma’nosidagi hosila qatnashgan yuklangan
kasr tartibli integro-differensial tenglama uchun bir masalani o'rganilgan. Ushbu
masalaning yechimi Koshi masalaning yechiminidan foydalanib topilgan.

3AIAYM I HATPYKEHHBIX OBBIKHOBEHHBIX JJUDPSEPEHIIUATBHBIX
YPABHEHUI IPOBHOTO MOPA/IKA

AHHOTanusA. B cmamve uccsiedosaHa 3adavya 0451 HASPYHCEHHO20 UHME2po-
duggepeHyuasbHo2o ypasHeHUus O0po6HO20 nopsidka ¢ npou3zeodHol Xusawvgepy.
PeweHue amoti npobsembl 6b110 HAlIOeHO ¢ noMowbio peweHus 3adavu Kowu.

PROBLEMS FOR LOADED ORDINARY DIFFERENTIAL EQUATIONS OF
FRACTIONAL ORDER

Abstract. In the article, a problem for a loaded fractional-order integro-differential
equation with a Hilfer derivative is studied. The solution to this problem was found by
solving the Cauchy problem.

Kalit so'zlar: yuklangan differensial tenglama, kasr tartibli integro-differensial
operator, integral tenglama ketma-ket yaqinlashish usuli, integral tenglama.

KioueBble cioBa: HazpyxceHHoe JuggdepeHyuaibHoe YpasHEHUe, UHMEe2po-
dugpgepenyuaivHbili onepamop 0pob6HO20 nopsidka, memod noc1edosamebHO20
npubAuUNCeHUs] UHME2PA/IbHO20 YPas8HeHUsl, UHmezpa/abHoe ypasgHeHUe.

Keywords: loaded differential equation, fractional order integro-differential
operator, integral equation successive approximation method, integral equation.

I. Kirish.

So‘’ngi vaqtlarda noma’lum funksiyani biror giymati gatnashgan differensial
tengalamalar bilan shug‘ullanishga bo'lgan qizigish ortib bormoqda. Bunga sabab
ko'plab issiglik tarqalish va diffuziya jarayonlarini matematik modelini tuzish
funksiyani biror qiymati qatnashgan differensial tenglama uchun qo‘yiladigan
masalalarga Kkeltiriladi. Odatda, bunday turdagi tenglamalar yuklangan differensial
tenglama deb yuritiladi.Xususiy hosilali va oddiy differensial tenglamalar differensial
tenglama ko'plab tadqiqotchilar tomonidan o‘rganilgan (masalan, ushbu [1]-[6]
ishlarga qaralsin).

II. Masalaning qo'yilishi va tadqiqoti.
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(0,1) oraligda ushbu

D5/ y(x) = A, y(¥) = f(¥) (1 ),(g}g

kasr tartibli oddiy differensial tenglamani garaylik, bu yerda y(x)- noma’lum ;QL \JE
funksiya; @, 5,4, - ozgarmas haqiqiy sonlar bo‘lib, 0<a<1,0< <1y >0;; D&/ y(X)— g":é%x
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5 ; Hilfer ma’'nosidagi kasr tartibli hosila bo‘lib [7], E d X

k/ n)ﬁi a.p Bl-a) d  esnoa 2 }@F \ﬁ‘

% 4 DOX y(X) = IOx & IOx y(X) , ( ) | 4 *g
! 3 b 's
5(‘\:’ FoN 17.y(x) —Riman-Liuvill ma'nosida y (kasr) tartibli integral operator bo‘lib [g], 70, ‘%

SRSy == [ty e
& f)s =
2' ’)ﬁi ko‘rinishda aniqlanadi. }ap - ?
St ¢ » # A masala. Shunday y(x) funksiya topilsinki, u quyidagi xossalarga ega bo‘lsin: & _ * >
A z

S ,\Q‘g? 1) x+AE9y(x)eC[0,1], D&’y(x) €C(0,1) sinfga tegishli; ﬁ%,—\ X

2) y(x) funksiya (1) tenglamani qanoatlantirsin;

3) x=0 nuqtada esa
lim 145 y(x) = A (3)
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shartni qanoatlantirsin, bu yerda, A - berilgan o‘zgarmas haqiqiy son.
(D) tenglamani

145 S0 Y00~ 215,y = 19 0

ko‘rinishda yozib olamiz.

WERE W GRS
e
S £

(4) tenglamaga D/ ni ta'sir ettirib,

1 d |
DIED7 y(X) = — | (x=2)"* ) y(z)dz 5
O i e vl (UML) (5)
Dy y(x) =;ij‘(x—z)‘ﬁ“‘“) y(2)dz (6) i?f 56
rd-p01-a)) dxs b X
dan foydalanib,uni quyidagicha yozib olamiz; ’gb oY

)

i a-pi-a) B A i f \r-pla) _ g%:(-
| AN w7y dxl(x 2y &
By, o 1 dbe e %
2 T Ay ax) Dy (7) P
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(7) ni 0dan x gacha integrallab, uni quyidagicha yozib olamiz:
_ A
rl-pa-

C,
e

@

N

A=A (1-a)
I 0x y(X)
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- m j (x—2) " y(z)dz + A (8)

ga D/ ni ta'sir ettirib, ba'zi hisoblashlarni amalga oshirib, quyidagi
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X X —(1-2)(1-5) 8)
Y0)— = [ (=2 y(2)z = [ (x=2)* F (2) +—— @ & S
M@+ @1 rA-(-a)i-7) -

ko‘rinishdagi ikkinchi tur Volterra integral tenglamasini hosil gilamiz.
(9) ni yechish uchun ba’zi belgilashlarni kiritamiz:

_ 1 7 el AxE-75) B (X _ Z)a+y—1
9(x)= @!(X 2)* f(2)dz+ T a)A-A) K(x,2) = T (10)

(9) tenglamani ketma-ket yaqinlashish usuli orqali yechamiz.
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Kl(x,z):%—)::; va Ki(x,y)=JjK1(x,t)Ki1(t,y)dt
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formulalardan foydalanib,ba’zi hisoblashlarni amalga oshirib, n- iteratsionalgan

yadroni 3 5%
nla+y)— : *
(x-2) .

I'(n(a+7))
ko'rinishda topamiz. K, (x,z) orqali R(X,z,4) rezolventani

4o /In,l(x_z)n(a-#}/)—l

R(x,z,4)=
D=2 7))

ko‘rinishda topamiz.

Integral tenglamalar nazariyasiga ko‘ra (9) tenglamani yechimini,

V() = 900~ 2] R(x 2, g (2)cz

C

7,

)

o0

GxS
E;;§

K,(x,2)=

;én S,
T

o ﬂ,n_l (X— Z)n(aﬂ/)fl
ko'rinishda yozib olamiz, bu yerdaR(x,z,4)=)

—~ F(m(a+7/))
(10) belgilashlarni e’tiborga olib, ba'zi hisoblashlarni amalga oshirib, A © 9%%‘

masalaning yechimini
Y =AXEIDE L () [y @ [ 2x-2) ™ Ja

formal yechimini ko'rinishda topamiz, bu yerda
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Gxo
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502 o B
Mittag-Leffer funksiyasi [9]. \ » :
Endi é%%ﬂi
D5y (9= 215,y(9) = y(%,) (12)
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yuklangan kasr tartibli oddiy differensial tenglamani qaraylik.
B masala. Shunday y(x) funksiya topilsinki, u quyidagi xossalarga ega bo'lsin:

1) x¥PE9y(x) eC[0,1], D&’ y(x) €C(0,1) sinfga tegishli

2) y(x) funksiya (1) tenlamani qanoatlantirsin;
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i (1-a)(1-5) —
!(I_I;]g IOxa “ y(X) - A

shartni qanoatlantirsin, bu yerda, A - berilgan o‘zgarmas haqiqiy son.
y(%,) ni vaqtincha ma’lum deb, A masalaning yechimidan foydalanib, B

masalaning yechimini

y(X) — AX A E lxa+/5’ ) + y(xo)xa Ea+7,a+1(ﬂ’xa+y) (1 3)

a+y 1-(l-a)(1-p) (
ko‘rinishda yozib olamiz.
(13) dan X=X, deb y(x,) ni

~(1-a)(1-p) atp
AXO Ea+y,1-(1-a)(1—p) (ZXO )
1 - XOa Ea+7,a+1 (ﬁxoa"'}/ )
ko‘rinishda topamiz

(14) ni (13) ga olib borib qo'yib, B masalaning yechimini

o)A Ax.ah
+ AXO a LD EH;/XO ) Xa Ea+7'a+1 (lxa+7) (1 5)
1_ XO Ea+;/,a+l (ﬁ’XO )

y(%) = (14)

y ( X) - AX_(l_a)(l_ﬂ) Erl+7,1*(1*a)(1*ﬂ) (ﬁxgﬁﬂ )

ko‘rinishda topamiz.
Teorema. Agar X°E,, ,.,(4%“7)#1 bo'lsa ,u holda, B masala yagona yechimga

ega bo'lib, u (15) formula bilan aniglanadi.
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