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ANNOTATSIYA
Kasr tartibli tenglamalarning fizik, texnik va biologik jaroyonlarga tadbigi katta
bo‘lgani uchun butun dunyo olimlari tomonidan kasr tartibli tenglamalarni
o ‘rganishga bo ‘lgan qizigish ortib bormoqgda. Bugungi kunda kasr tartibli aralash
tipdagi tenglamalar uchun to ‘g ri va teskari masalalarni o ‘rganish va yechish dolzarb
masalaga aylandi.
Kalit so“zlar: Kasr tartibli hosila, Riemann-Liouville, Koshiy masalasi, Volterra

integral, Mittag-Leffler funksiyasi.

Riemann-Liouville ma’nosidagi kasr tartibli
differensial tenglamalar uchun Koshi tipidagi masalalar.
Ushbu kichik bo‘limda biz chizigli kasr tartibli differensial tenglamaning aniq

echimlarini tuzamiz. Riman-Liouvil kasr tartibli hosilasi

ap__ L (d)i_ f(1)
P f_r(n—oz)(dxj g(x_t)“—”“dt'

Bilan aniglanga quyidagi boshlang‘ich shartli Koshi masalasini garaylik:

(D“y)(x)-Ay(x)= f(x),(a<x<b,a>0,4€R)

(Da—k Y)(a +) =Dy '(bk eRk=12,..n= _[_a]) (1).(2)
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Faraz gilaylik, f(X)e C, [a,b],(0<y <1) bo‘lsin. U holda, C,_,[a,b] fazoda

(2),(2) koshi masalasi quyidagi

y(x)=zn:b—j_(x—a)“_j+ A T y(tz_ dt + ]( f(tl)_ dt (3)
J'=1F(a_1+1) F(O{)a(x_t) “ F(OC)a(X—t) “
Volterra integral tenglamasiga ekvivalent tenglama bo‘ladi.
Biz bu tenglamani ketma ket yaqginlashish metodi orgali yechimini topamiz.

Bu metodga ko‘ra,

X @.6)

A Yea® 1 E ()
a g(x—t)l_o‘gIt F(Ol)g(x—t)l_o‘gIt

Bu yaginlashishlarni operator ko‘rinishida quyidagicha yozib olishimiz

mumKin:

ST(a-j+1) @),6)
Y (%) = Yo (X) + (1Yt ) () + (19 F) (%)

Yugqoridagi formula orgali y,; ni hisoblab olamiz,

y1(x) = YO(X)+/1(|ayo)(X)+(|af)(X):

o a- ] b 20§ (1o \(v)_
ZEF(G_J+1)(x—a) +/1]_1r(2a_1+1)(x a) +(I f)(x)_
zibjiik x-a)tt 1 [(x=)* 7 ()t

Yugoridagiga o‘xshash Y2 uchun ham quyidagi formulani yozib olamiz:
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Buni quyidagicha ixchamlab yozish mumkin:

o L {i (o 1}f(t)dt (7)

Yo =2.b; > +T

j=1 k -1 F(ak - J +1
Jarayonni davom ettirib quyidagi ketma-ketlikni hosil gilamiz:

n mel 4K 1(x a)akJ x|:m 2kt

=20 2. 2.

i1 ka T(ak—j+1) +£ k=1m

Bu ketma-ketlikda m ni cheksizga intiltirib limitga o‘tsak (3) integral

(x—t)“kl}f (t)dt (8)

tenglamaning yechimiga kelamiz.

02 A (x-a)™ X{‘” A ak1:|
y(x)=Yb; : + ~ (x-t f(t)dt (9
() Jzzll ‘kzzl T(ak-j+1) ‘!;kzzlr(ak)( ) (t)

Endi bu yechimni ko‘rinishini ixchamlash uchun 1-bobda keltirib o‘tilgan
k
Z

= » ——— Mittag-Leffler funksiyasidan foydalanamiz.
Fap ()= kzor(am )

Kerakli o‘rinlarda bu funksiya ifodasini almashtirsak quyidagi ko‘rinishdagi
yechimga ega bo‘lamiz:
n . X
y(x) = jzlbj (x=2)" T Eganjua| A(x=2)" |+ [(x=1)" "By o | A(x=a)" ]f (t)ct
= a
(10)
Bu funksiya (3) Volterra integral tenglamasining yechimi bo‘ladi va demak (1),(2)

Koshi masalasining ham yechimini ifodalaydi
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Agar Koshi masalasida0 < o <1,4 € R bo‘lsa,
(D7Y)(x) -2y (%) = (%)
(D‘Hy)(a +)=b

yechim quyidagicha bo‘ladi:

V(x)=b(x-a)" B, ,| A(x-a)" |+ [(x~1)" "B, | A(x-a)" |f (t)et-

QD ey <

Agar 0zod had nolga teng bo‘lsa,
(D“y)(x)—/ly(x) =0
(D“‘ly)(a +)=b

Quyidagicha soda ko‘rinishdagi yechim olinadi:

Y(0)=b(x-2)" £, [ 4(x-a) ]
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