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Ushbu magqolada chiziqli bo’lmagan tenglamalar ko’rib chiqiladi

x'(t) = F(t, x(¢), max {.‘cli.:'j = [r a(t. .'n:[rjj: R [D;T

D= o(r.x)=r Tlslr;}lr::l:l

- - (1)
Chegara sharti bilan
x(0) =@,
| x(T) =@ ) va (3)
xeXCR" , , X - ..
Bu yerda o’suvchi vektori , chegaralangan yopiq to’plam, og’ish

at. x(7) -qo’shimcha ravishda kerakli funksiyaning o’ziga bo’g’liq x(t) .

, T =0t ,
bzot=l ning L va so(t.x)sT ning birinchi qismida
T- = i .
- -~ ning ikkinchi gismida bunday ? - 0 Shart mavjudligini ko’rib chigamiz.

Teorema:

Fit.x. WeC|T" =« X=X\ Bnd{M )y~ |L )
2. ' T e (5)

git.x)eC|T" =X )~ Lip(L._)
3. ' = (6)

ClT=X)
' : sinfda (1) boshlang’ich shartga ko’ra (2) tenglama yagona yechimga

ega bo’ladi.
Isbot. 7° segmentda biz ketma-ket yondoshuvlar yordamida (2) shartga ko’ra (1)

tenglama yechimini quydagicha tuzamiz

(x,)=a re T |

v, (=g + | F|&.x, (6, max r.‘c:, ()| relalf.x, I:E:]];E'-'- :IQ’E'.
| Xt y T+ . R . i 14%|
- * NG

Jarayonni farqini (7) orqali baholaymiz.
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(5) va (7) ga ko’ra, birinchi farq ™ ()=, (7]
||_~.:._ (1)— x, |rj|| < Mt te 7l

uchun quydagi baholash o’rinli

(8)
s X (F)— 2 (1) .
(5) gako’ra "-* -+ “farq quydagicha
() -x @)=L [([x(8) - %8|+
+[max {x,¢) | 7 £[8] A& x(EN |- [max {x, () |7 £ [6] (6| x,(ED)]} e
)
(9) ning 0’ng tomonidagi ikkinchi qismini quydagicha yozamiz
ma}«.[r (7| -:[E' ai&:x (£)) ]—ma:«['c (#) .J'E[E' mjé';.w:_:(éjj:]-z
mah['c (7| -:[E' ol &:x () ]—ma:a.['c (#) .J'E[E' m:E’;x;le)j:‘,-+
+ max LIE (#}|» € [E‘ aif:x, I:E':I)_ [ — max L.‘n:; (7} |7re [E‘ T x, IE':IJ],
(10)
(4) va (8) ni hisobga olgan holda tenglikning birinchi farqi (10) uchun quydagi
baholash o’rinli
”max [:.:._ ()| re [E‘ ol & x, IE]]} —max [.‘c_; (#)|»e [-5' a(&: x, 1-9]]}" =
= ”mazu [I:.‘L'-_ (#)—x, (¥ | £ [-5' o & x |-§’jj}” =M: el :
(7) ga binoan , tenglikning ikkinchi farqi uchun (10) olamiz

X, ()| » [E‘ ai&; x5 (F))] ‘—mah ‘r.'li':] J-:[E' ale:; "-’"9:]) "

||IHE}. ]

U holda (9) tengsizlik quydagicha

() -x )| L 204646 =20 M. teT

T
.2"

(11)

(1) — x, (¢

Endi (6) va(ll)gako’ra” ) farqiga kelsak,
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| ()= %, ()| = L, _[ (. (8)- 8]+

max {x (7| 2[@ | 8 x (N —max x. (7)) | 2[& | (& x (6N L +
L oo . IR i L AN . 1N i

+max|x,(7) |7 €[ |0@:%,(8)]} - max |x,() | » € [6 | 0 (6:x,(6))]} 46 =

<L [(2+ LM, )|, (8) - x,(8))|a6 =

<2LM,[L(2+LM,)]~ tel’
- Al

Xuddi shunday davom etmoqda ushbu jarayon usuli to’liq X (1) =%, () farq

uchun matematik induksiyani quydagicha olamiz

T

ﬁ,
M
!

s @)=, O] 2 2L L (24 L4 )] -
o = 0 (m+l)!

(12)
. e Ax (DY . . ] .
(12) dan kelib chiqadiki, “"™* “ ketma-ketlik t bo’yicha T segmentda tekis

yaqinlashadi. Shuning uchun (1) tenglamaning sistemasi (2) boshlang’ich shart

ve CH{T:X)

bilan T .' segmentda x(f) yechimga yaqinlashadi, bunda - :
. . e L TN .
Keling , ushbu yechimning yagona ekanligini ko’rsataylik. sinfidagi (1)

Sistema ham xuddi shunday (2) boshlang’ich shartga ega bo’lgan boshqa z(t)
yechimga ega bo’lsin.

X, (1), 0 (8). 2, (8), ..

() niva *"" yaqinlashishlarini solishtiramiz.

(5) ga binoan quydagicha baholaymiz

&) -x @] L[[F6)-x©)-

—Hmax[:[;‘j .=‘E[E' (& ZI:QJJ:}-—InﬂK[.‘E:J:F‘j .=‘E[E' = tl@]]}”i

<2LM,[646 =20, =

(6) va keying farq uchun quydagi tengsizlikni olamiz
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|z —x (D] = L, | |2(6) = x.(&)|+

—Hma}: (2(r) |7 €[ 6] O(6:2(8))]} - max {x () | r £ [ 6 -:T[E';x._{-:”)j::-”—

—ma::{.‘:-_ (71| re [E‘ ol & x, I:E')j::-—ma:: lr.‘:-_ (7| re [E‘ a(ex 1-9]]: di =

<L [(24 LM, )|2(6)- x (6)]d6 <

<OLM.[(2+LM )=, el

Xuddi shunday

| ey

|z(t) - x: ()| £ 2LM, [ L (2+ L. M) |

Je

[
Va hokozo

Ushbu bahodan ko’rishimiz mumkinki ** — % da |z =, @] > =

I segmentda t bo’yicha tekis yaqinlashadi.
Shundan kelib chiggan holda (1) tenglama yechimi (2) boshlang’ich shart bilan

5‘;.-” ] . C (T . X) . .
X0 ketma-ketlikka ko’ra =\~ **" ! sinfda yagona yechimga ega

ADABIYOTLAR:
1. Sidorov N., Sidorov D., Dreglea A., Solvability and bifurcation of solutions of
nonlinear equations with Fredholm operator. Symmetry. 2020. 12 (6), ID 920, 1-
21.
2. Rojas E.M., Sidorov N.A., Sinitsyn A.V, A boundary value problem for
noninsulated magnetic regime in a vacuum diode. Symmetry. 2020. 12 (4), ID 617
14 pp.
3. . Assanova A. T., Bakirova E. A. and Kadirbayeva Z. M. Numerical solution to
a control problem for integro-differential equations, Comput. Math. and Math.

Phys., 2020. Vol. 60. No. 2. P. 203-221

"IkoHomuka u coumym' Ne§(123) 2024 www.iupr.ru



