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VOLTERRA INTEGRAL TENGLAMALARINI TAQRIBIY
YECHISH.
Aniq fanlarni absissial va ordinatal alogadorlikda o’quvchi kreativ

faoliyatini rivojlantirish.

Myxmopoe bexpy3 Kyopamynna yenu
Tepmes oasnam myxanouciux 6a azpomexHoI0UsIap YHUgepcumemu

aKaoemux auyetiu Mamemamurka anu YKumysuucu

Integral tenglamalar nazariyasidan ma'lumki, agar yadro uzluksiz bo'lsa,

ikkinchi tur Volterra integral tenglamasi
Yo =2 [ KGus) ye)ds = £
a
yagona uzluksiz yechimga ega. Bu yechimni quyidagi shaklda qidiramiz
y() = ) Xep()
k=0

Ushbu qatorni tenglamaga qo’yib, X ning bir xil darajalari oldidagi koeffitsiyent--

larni tenglashtirib quyidagilarni olamiz:

9o(x) = £ (x); Pre1(0) = [ K(x, )i (s)ds.
Agar N = max|f (x)], M = max |K(x,s)|,
asxb R
kKip_n\k
bo’lsa, u holda Pe()| < =22

Bundan, tenglamaning taqribiy yechimi sifatida qatorning qismiy yig’indisini

olsak:

() = ) 2 e@)

u holda uning xatosini quyidagicha baholash mumkin:
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o > [AI*MK (b — a)kN
) %@l =) Fe@|< ) =
i=0 k-n+1 '

Qo'polroq, lekin ayni paytda oddiyroq xato bahosi quyidagi bilan belgilanadi, biz

quyidagilarni olamiz:

() - V()] < e {1+ L, & +}
(n+1)! n+2 m+2)(n+3)

Katta gavsdagi gatorni
2 3

14—~ +(L)+(L)+
n+2 n+2 n+2

bilan almashtirib quyidagi bahoni olamiz:

Ln+1N 1

Y6 = ()1 < Gy ——7
n+2

keyin biz quyidagi taxminni olamiz:

Xk
st = j K (ti )0 (s)ds
a

h
) [Kko‘Pno + Z(Kk1§0n1 + Ky, on, + -+ Kk,k—1<Pn,k—1)

+ KkaOnk];
yoki

Pns1k = S[Kk(,(ﬁno + Z(Kkl(pnl + Ky, @n, + -+ K ko1 Pnx—1) +
Kix@ni] (k=10,1,2,...,5)
Hisoblab chiqqach, biz integral tenglamanung yechimining taqribiy
giymatlarini tugun nuqtalarda quyidagi formulalar bo'yicha topamiz:
Yok = Xl A (k=0,1,2,...,5)
Umumlashtirilgan Simpson formulasidan foydalanganda segmentni nuqtalar

bo'yicha teng qismlarga ajratamiz. Keyin, integralni hisoblash uchun Simpson

formulasini qo'llaymiz
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X2k
Pn+1,2k = f K (X2x, S)pn(s)ds.

a
Quyidagilarga egamiz
_ h _ _ _ _
Pn+1,2k = E{KZRO(pnO + 4(K2k1<Pn1 + Kop, Pp, + - + KZk,Zk—l(pn,Zk—l) +
2(Kaky Py + Koty @y + + + Karak—2Pzk-2) + Kook P} (0=

0,1,2,..; k=1,2,...,5)

Toq bo'lganlar uchun k ning qiymatlarini interpolyatsiya qilish orqali topish
kerak bo'ladi. Tenglamanung taqribiy yechimi uchun tenglamadagi integralni
gandaydir kvadratura formulasi bo'yicha chekli yig'indiga bevosita almashtirish
usulidan ham foydalanish mumkin. Masalan, umumlashtirilgan formuladan
foydalanganda

trapezoid, segmentni nuqtalar bo'yicha qismlarga bo'lib, biz quyidagilarga

ega bo'lamiz:
Xk hA
v =4[ % v= TG00 K sdy(s)ds =
a

~ [Kko)’O + Z(Kk13’1 + Ky, y, + -+ Kik-1Yk-1) + K Vi |
yoki

hA
Yk = [Kko)’o + Z(Kk13’1 + Ky, y, + - + Kik-1Yk-1) + KipVie] — f (i) = 0

bundan
k—1
1 Ah
Y = —In fie + 7Kk03’o + hflz Ky, yi
1 — TKkk i=1

Shunday qilib, bosqichma-bosqich biz barcha giymatlarni topamiz birinchi

turdagi Volterra integral tenglamalariga kelsak

Aj K(x,s)y(s)ds = f(x)
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keyin yadro uzluksiz differensiallanadi degan qo'shimcha faraz qilibuning
funksiyalarini ikkinchi turdagi Volterra integral tenglamasiga keltirish mumkin.
Hagigatan ham, tenglamani differensiallashda biz quyidagilarga ega bo'lamiz:

2K (6, y)y(x) + 4 j K\ (x,$)y(s)ds = f'(x)

a

va ikkinchi turdagi Volterra integral tenglamasining yechimi bo'ladi

K (x,5) 1 ()
() + _]:1 K(x,x) y(s)ds = EK(x, X)

Misol. Integral tenglamaning yechimini toping

X e—x + e—3x
y0) - | e y(sdds =5
0

Echish: Birinchi yo'l. Yechimni

y(x) = Y (x) = @o(x) + 91 (x) + @2(x) + @3(x) + @4(x)
bunda

[0e]

0000 = FO);  @p(x) = j K%, 8) i (5)ds

0

ko’rinishda izlaymiz. Integrallash natijasida biz quyidagilarni olamiz:

1
Y, (x) = 3840 [3839e™* + 5e73* — 10e™>¥ — 10e™7* — 5~ + ¢~ 11¥]

Bu tenglamaning aniq yechimi

X

y(x)=e”
Taqqoslash uchun biz aniq echimning qiymatlarini va taxminiy echimini
tagdim etamiz
y(0) =1,00000, y(1)=0,36788
Y,(0) = 1,00000, Y,(1)=0,36783
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