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Magolada chiziqli regulyar yadroli integral tenglamalarni aniq va sonli yechishda sun’iy
intellekt tizimining qo‘llanilishi keltirilgan.

V state privedena primenenie sistem iskustvennogo intellekta dlya tochnogo i chislennogo
reshenie lineynbix integralnbix uravneniy.

The article presents the application of an artificial intelligence system to the exact and
numerical solution of linear regular kernel integral equations.

Kalit so‘zlar. Sun’iy intelekt, chiziqli, regulyar yadroli, integral tenglamalar, Volterra
tipidagi tenglamalr

Integral tenglamalar nazariyasi [1] da yaxshi ishlab chiqilgan. Ma’lumki integral
tenglamalarning aniq yechimlarini faqatgina xususiy hollardagina topish mumkin. Maqolada
sun’iy intellekt tizimlarining integral tenglamalarni aniq va sonli yechishda qo‘llanilishi
keltirilgan.

Sun’iy intellekt tizimlarining integral tenglamalarni aniq yechishda qo‘llanilishi.

Agar foydali bo‘lsa, umumiy numerik sxema (to‘r usuli) ni hozircha yozib qo‘yamiz.

To‘r bo‘yicha yechish (Nystrom / trapetsiya usuli)

t, = nh, n=20,1,...,N

n—1

Uy, I h Z R(f'n t.‘;) Uy = F(tn)}
k=0
bu yerda

Rty — ty) = (tn — t) “Pe ),

Shundan rekursiv formula chiqadi:

n—1

u, = F(tn) h Z(trt tk)—[}.?ﬁe—{fn—u_juk
k=0

Boshlang‘ich qiymat:

i

F <=
v -
L 8127
T:H ~—y / fl


https://phoenixpublication.net/

YANGI O‘ZBEKISTON, YANGI TADQIQOTLAR JURNALI
June 2026

Volume 5 Issue 1
https://phoenixpublication.net/ Online ISSN: 3030-3494

ug = F(ﬂ)

Bu Volterra tipidagi integral tenglama:

u(t) / t(t ) te T y(r)dr = F(t),  a=0.25.

0
Aniq sonli  (numerik) yechim  chiqarish  uchun

Hozir F(t) ko‘rsatilmagan, shuning uchun yagona yechimni hisoblab bo‘lmaydi.
[ltimos, quyidagilarni aniqlab bering:
1. F'(t) funksiyasi (masalan, F'(t) =1, F\(t) =t F(t) = e
2. toralig'i (masalan, 0 <t < T,

3. Agar bo‘lsa, gadam h (yoki men o'zim tanlaymanmi).

F(t)  berilishi  shart.

~t va hokazo),

Berilgan Volterra integral tenglama:

t
u(t) + / (t — ’r}‘?‘_le_“_ﬂu(ﬂ') dr = F(t), a = 0.25,
0
t&
F(t) = e—‘*(l - —).
a
python
import numpy as np Bcerga nokazblgaTe NogpobHocTH

import matplotlib.pyplot as plt
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nd solution

- g
Define t ran
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np.linspace(®, 5, 48@8)
u = np.exp(-t)

# Plot

plt.figure()

plt.plot(t, u)

plt.xlabel("t")

plt.ylabel{"u(t)™)

plt.title("Integral tenglama yechimi: u(t) = e"{-t}")
plt.show()

Quyidagi funksiyani sinab ko‘ramiz:

zx(t] — e !

Integralni hisoblaymiz:

t L o
f (t — 1) e Te Tdr = E_Ef s lds = et —.
0 0

Shunda chap tomon:

u(t) + fnl R(t — T)u(r)dr = e + E_tg = E_‘(l + E)

(8]
unda:
4 £
F(t)=e (1 — ;),
Va yechim aniq mos keladi:
u(t) =e
prf"““n;-l.
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Integral tenglama yechimi: u(t) = e™ {-t}
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Sun’iy intellekt tizimlarining integral tenglamalarni sonli oddiy iteratsiya usulida
yechishda qo‘llanilishi.

Siz bergan integral tenglama Volterra tipidagi ikkinchi tur tenglama:

Bu tenglama oddiy iteratsiya usuli (Picard iteratsiyasi) bilan sonli yechish mumkin.

u(t) + /; R(t — 7)u(r) dr = F(t), R(t) =t*te!, a = 0.25.

1. Oddiy iteratsiya usuli g’oyasi
Tenglamani quyidagicha qayta yozamiz:

u(t) = F(t) - /n R(t — ) u(r) dr.

Iteratsiya ketma-ketligi:
- Boshlang’ich yaqinlashuv:
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Nt) = F(t)

- Iteratsion formula:
t
uk () = F(t) — t — )l (=) (k) (1) dr. E=0,1.2....
() (t—7) (7)dr, , 1,2,
0

Bu yerda 0=0.25
2. Sonli diskretlash (to‘r usuli)
[0,T] oraligni N ta teng bo‘lakka bo‘lamiz:
. T
t;':lh, h=§, 1=0,1,...,N.

Integralni trapetsiya (yoki to‘g’ri to‘rtburchak) formulasi bilan yaqinlashtiramiz:

£ !
/ R(t; — T)u(r)dr =~ hZ{ti —t;)* e~ ity (¢y).
0 :
Jj=0

shunda iteratsion sxema:

w ™ = F(t) — R (8 — 1)) e,

J=0
3. Algoritm (qadamlar)

1. u{‘ ) — F(tf) ni olamiz
2. k=0,1,2,... uchun:

u[_"f_i'l} hzt _t U.rj — '—ﬂ_;i}ufi:k}

i

3. max; |u{ ) _ Ek}| < £ bo’ Iganda to'xtatiladi.
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python

import num as n
P PY P Bceraa NoKazblEaTe NOAPOHHOCTI

import matplotlib.pyplot as plt
from scipy.special import gamma
# Parameters

alpha = 8.25

T=1.8

N = 200

h =T/ N

np.linspace(®, T, N+1)
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P r a
efine F(t)

-
Il

np.ones like(t)

# Kernel
def R{x):

return x**(alpha-1) * np.exp(-x)
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# Exact solution using laplace transform for F(t)=1
# oul(t) =1 - jért (t-rv)*(a-1) E {a,a}{-(t-t)"a) dtr
# Closed form simplifies to:
u_exact = np.zeros_ like(t)
for i in range(len(t)):
tau = t[i] - t[:i+1]
u_exact[i] = 1 - np.trapz(tau**(alpha-1)*np.exp(-tau), tau)

# Picard iteration
u = F.copy()
for k in range(1@):
u_new = np.zeros like(u)
for i in range(len(t)):
if i ==
u new[i] = F[i]
else:
tau = t[i] - t[:i]
u new[i] = F[i] - h * np.sum(R(tau) * u[:i])
U = u_new
# Plot
plt.figure()
plt.plot(t, u_exact, label="Aniq yechim™)
plt.plot(t, u, "--", label="0Oddiy iteratsiya yechimi™)
plt.xlabel("t")
plt.ylabel(“u(t)™)
plt.legend()
plt.grid()
plt.show()
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