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DIFFERENSIAL TENGLAMALAR SISTEMASI UCHUN KOSHI MASALASI
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Annotatsiya. Ushbu magqolada kasr tartibli diffrerensial operatorlarni oz ichiga
oluvchi o’zgarmas koeffitsiyentli bir jinsli bo‘Imagan differensial tenglamalar sistemasi
uchun qo'yilgan Koshi masalasining yechimi Dalamber usulidan foydalanib topilgan.
Bunda qo‘yilgan masala ikkinchi tur Volterra integral tenglamasiga ekvivalent keltirib,
integral tenglamaning yechimi ketma-ket yaqinlashish usulidan foydalanib topilgan.

Kalit so‘zlar: differensial tenglamalar sistemasi, Koshi masalasi, kasr tartibli
differensial operatorlar, Dalamber usuli.
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Mazkur maqola [1], [2] ishlarning davomi bo‘lib, xususiy hollarda mazkur
magqolada olinadigan natijalardan [1], [2] ishlarda olingan natijalar kelib chiqadi.

Quyidagi
o [Pax(=aDLx() +BOLy() - (1)
Dz y(t)=cDax(t)+dDay(t)+ f,(t),
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gﬁ’ﬁ Tim 15x(t) = %5, lim 1 ox(t) =x,

¥ /ai‘@; 2 lim I y(t) =y, lim Iz y(t)=y
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shartlarni ganoatlantiruvchi yechimini topish masalasini qaraylik, bu yerda D/,
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va |/ kasr tartibli Riman-Liuvill ma’nosidagi differensial va integral operatorlar [3]:

Dz f(t)= r(21—a) 3:2 i(t ~2) " f(z)dz,
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bt (t):ﬁj(t—z)_a f(2)dz,

2ot (t):ﬁj(t_zf‘“ f(2)dz,
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ﬁ% Dgtf(t):ﬁ%j(t_z)‘ﬂ f(2)dz,

F(g)—Eylerning gamma funksiyasi [4], «,f,a,b,c,d,X,,X,, Y, Y, -berilgan

X

haqiqiy sonlar bo'lib, 1<a <2, 0< g<1; f, (t) va f, (t) -berilgan funksiyalar, X(t) va

ga?w’"f"i. e

y(t)lar esa noma’lum funksiyalar.
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{(1),(2)} Koshi masalasining yechimini topish bilan shug‘ullanamiz. Shu

magsadda (1) ning ikkinchi tenglamasini A songa Kko‘paytirib so‘ngra birinchi
tenglamaga qo‘shamiz. Natijada yig‘indini differensiallash formulasini e’tiborga olgan
holda ushbu
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3) D& x(t)+Ay(t)|=(a+Ac)Dix(t)+(b+2d)DLy(t)+ f,(t)+Af,(t)
tenglikni hosil qilamiz.
(3) tenglikning o‘ng tomonidagi birinchi hadni qavsdan tashqariga chigarib

0 Dn‘ft[x(t)+ﬂy(t)]=(a+/1c)(Drfftx(t)+ b+ Ad anty(t)J+ £ ()4 A5, (1)

a+Ac
tenglikni hosil qilamiz.

b+ Ad
a+ Ac

A sonni shunday tanlaylikki, u ushbu = A tenglamaning yechimi bo‘lsin.

Faraz qilaylik, 4, va 4, oxirgi tenglamaning ildizlari bo‘lib, 4 # A, bo‘lsin. U holda bu
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sonlarni (4)ga qo'yib, differensiallashning sodda qoidalarini hisobga olgan holda ushbu
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(5) Dg [ x(t)+ A4y(t) |=(a+Ac) DL x(t)+ Ay(t) |+ fi(t)+ Af,(t), i=12
ko‘rinishdagi X(t) + A y(t) noma’lumlarga nisbatan chiziqli ikkita tenglamaga

ega bo‘lamiz. Soddalik maqgsadida quyidagi belgilashlarni kiritaylik:
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©)  x(t)+Ay(t)=z(), f,(t)+Af(t)="f,(t), a+ic=R0 i=12.
U holda (5) tenglama ushbu ko‘rinishga keladi:

(7) Dzz(t)=ADhz(t)+ f,, (1), =12
Ushbu

a o . (t_m)a_l 1-a (t_m)a_z 2-a
l»Dmz(t)=2(t)- M) I z(m)—mlmt z(m),
® 1,0%2(1) = 1272()- L2 m)

formulalarni e’tiborga olgan holda (7) tenglikning har ikki tomoniga |,

operatorni tatbiq qilamiz:
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Natijada (2) shartlarni e’tiborga olsak, z(t) noma’lum funksiyaga nisbatan
(t _ m)a—l

I'(a)

(t _ m)a—Z

) 2(t)-A52(t)= T

Iz(m)+

1/
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t— m a-1 i i
— I% I:qt'gZ(m) + Imt f3,i (t)
(9) ko‘rinishdagi 2-tur Volterra integral tenglamasiga ega bo‘lamiz. Soddalik
magqsadida quyidagicha belgilash kiritaylik:
(10) f -(t)z(t_m)a_l |1_aZ(m)+M|2_aZ(m)_
4i F(a) mt F(Ol—l) mt

_/t—m)“_l By (m) 4 1% f.
AT a2, 0
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U holda (9) tenglama ushbu ko‘rinishga keladi:

t

(11) Z(t)_F(a/ﬂfﬂ)j(t_n)a_ﬂ_lz(n)dn:f4’i (t).

Oxirgi tenglama yechimini ketma-ket yaqinlashish usulidan foydalanib topamiz.

Nolinchi yaqinlashish sifatida f4’i (t)ni qabul gilamiz:

zo(t) = f,; (1)

Birinchi va ikkinchi yagqinlashishlarni mos holda quyidagi formulalar orqali 2
aniglaymiz: A
t G
z,(t)=f,, (t)+}{1K(t,n)f4'i(n)dn, :

m

i S

2,(t)=f,, (t)wﬂ/{{ K(t,r){f‘u (0)+ ZK (c.)A,, (n)dn}dr =

t t
=1, (t) + }Zi. K (t,ﬂ)f4,a (mdn + %I K, (t’ﬂ) fa (77)d77 -
n-yaqinlashishni esa

2= £, O+ A YK, G b, ()dy, j=12....

m J=0
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formuladan foydalanib topamiz, bu yerda Kj(t,n)—iteratsiyalangan yadrolar

bo‘lib,

Kl(t,n):K(t,n)=%,

K,(t7)=|K (t,z')Kj_l(r,n)dr.

3 —

Dastlab K, (t, 77) ni hisoblaylik:
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Kz(t,n)=jK(t,f)K(r,n)df=i(t”);f(;(f;')”a“dr, j=23....

Ushbu almashtirishni bajaramiz: z'=(t—77)s+77. U holda beta va gamma

funksiya xossalaridan foydalansak [4],
—1 (a-p)-1

) 1 (t _77)2(0!—1)’)—1 (1_ S)(w—ﬂ) S . (t _77)
R I P
_ (t _n)z(a—ﬁ‘)—l 2 (a _ ,3) _ (t _ 77)2(0!—/3)—1 |

P (2a-F) (2a-p)

2(a-p)1

B(a-pB.a-p)

Matematik induksiya usulidan foydalanib, ko‘rsatish mumkinki, K j(t,77) uchun

quyidagi ifoda o’rinli:
(t _ n)j(a—ﬁ)‘l _
K (t,7)="— , 1=123,....
e )

Endi R(t,n;/% rezolventani tuzamiz:

- M (t _ n)i(a—ﬂ)—l %(t _ n)i(a—ﬂ)+(a—ﬂ)—1

R(t A= 27K, (ty) =

= s (Z) -Mittag-Leffler = funksiyasining yoyilmasidan foydalansak

rezolventani quyidagicha yozishimiz mumkin:

R (t’ T % =(t- U)(a_ﬂ)_l B, pap V‘/ {t- ")a_ﬂ J :

2 (ia-p) &T(i(a-p)(a-p)

[5]:

U holda 2-tur Volterra integral tenglamalari nazariyasiga [6] asosan, (11)

tenglama yechimi quyidagi formula orqali aniglanadi:
t
(12) 2(t)= i, (6) + A (t=1) "7 By A=) | £ ()i,
m

Endi (6) va (12) tengliklarga asosan quyidagi tenglamalar sistemasini tuzamiz:
t

m

S ey

x(t)+4,y(t)=f,,(t)+(a+4c)

Oxirgi tenglamalar sistemasini algebraik qo‘shish usulidan X(t) va y(t)

noma’lum funksiyalarni

X(t) = f4’1(t)+(a+ﬂlc)j‘(t 1) B (@4 20)(t=1) | £ () dn = 2y (1);

D \
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X()+ 4Y(t)= s (0) +(a+ 20) [(t=1) "B, s p| (a+ AC)(t=0)" | fuy (m)dn

(t=1)"" Eopp| (a+ 20)(E =) | 1. ()l
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ko‘rinishida bir qiymatli aniglanadi.
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