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Annotaciya. Maqalada ekinshi tartipli sizigh bolmagan differencialliq tenleme ushin
shegaraliq masele qarastirtladi. Bazi bir belgilew jasaw arqgali bul shegaralig masele birirnshi
tartipli differencialliq tenlemeler sistemasi ushin shegaraliq maselege alip kelinedi hdam
shegaraliq maselelerdi sheshiwdin sanli-analitikaliq usli jardeminde juwiq sheshiledi, sol menen
birge qatelik bahalanad.
Gilt sozler: Ekinshi tartipli sizigli bolmagan differencialliq tenleme, birirnshi tartipli
differencialliq tenlemeler sistemasi, shegaraliq masele, juwiq sheshim.
SOLVING SOME LIMITED PROBLEMS USING THE METHOD OF SUCCESSIVE
APPROXIMATIONS
Abstract. The article considers a constrained problem for a second-order nonlinear
differential equation. Having made some notations, this limited problem is reduced to a value
problem for a system of first-order differential equations and is solved destructively using a
numerical-analytical method for solving value problems, and the error is estimated.
Key words. Second-order nonlinear differential equation, system of first-order differential
equations, value problem, approximate solution.
PEHIEHUE HEKOTOPBIX OTPAHUYEHHBIX 3AJJAYA METOAOM
MOCJEAOBATEJIbHBIX NIPUBJIWXEHUU
Annomayun. B cmamve paccmampugaemcs 02paHuyeHHAas 3a0ayd O/ HeIUHEUHO20
ouppepenyuanvroeo ypasnenus emopozo nopsaoka. Coenag nexomopvie 0003HaueHUs, OAHHAS
02PAHUYeHHAas 3a0aya c60OUMCS K Kpaesol 3a0aue 0l cucmemvl OuppepeHyuanoHulx ypasHeHul

nepeoco nopﬂdka u peutaencs decmpykmueﬂo C NOMOUWbIO YUCTIEHHO-AHAIUMUYECKO20 Memooa

peutenusl 0cpaHuU4eHHblx 361061’{, npu 9mom oyeHueaemcst no0cpeuLHoCmaos.
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Kniouesvie cnosa. Henuneiinoe oughghepenyuanvnoe ypaemeHue 6mopoz2o nopsoka,
cucmema ouggepenyuanrbHo20 ypasHeHus nepeoco Nopsaoka, Kpaeas 3a0aud, NpUbIUNCeHHOoe

peuterue.

Si1zigli emes shegaraliq maselelardi uyreniwdin hazirgi zaman usillari ishinde ken taralgan
metodlardin biri Samoylenkonin sanli-analitikaliq usili bolip, bul wusil izleniwshi sheshimdi

analitikaliq koriniste anlatiwga imkan beredi [1-3].

d’y ( dyj
~— 2L =-F|t,y,—=
dt? y dt

differencialliq tenleme berilgen bolip, bul differencialliq tenleme ushin

y(0)=d;, y'(T)=d,

shegaraliq shartlerdi ganaatlandiratugin sheshimdi juwiq daziw maselesi qoyilgan bolsin,

Meyli bizge ekinshi tartipli

bul jerde F(t,y, y9 funkciyast (t,y,y") e [O,T]x D, x D, oblastinda anmqlangan hdm tzliksiz

funkciya. Maseleni sheshiwden aldin Y(t) = X, (t), y'(t) = x,(t) belgilew
kiritip, berilgen shegaraliq maseleni
dx
— = f(t,%), 1
AU (1)
% (0)=d;, x,(T)=d, )

korinisindegi shartleri ajralgan shegaraliq maselege alip kelemiz, bul jerde

f,(t, %, X X, (t
(G e R =(fl(a,ii,xZU=(Fa,xjf>,)x2a>>]-
Bizge malim f(t,X) funkciyasi
(t,x)e[0,T]xD 3)
oblastta aniglangan ham uzliksiz funkciya boladi, bul jerde D = D, x D, Aytayiq

f(t,X) funkciyasi te[0,T] X, X, X’€D ushin M >0 sani menen shegaralangan ham

K >0 sani boymsha Lipshic shartin qanaatlandirsin, yagniy (3) oblastta
ftx)| <M, |fEtx")—ft,x) <KX =X (4)

tensizligi ormli bolsin.
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Sonin menen birge, meyli (1),(2) shegaraliq maselesi M, K parametrleri ham

T,d,, d, berilgenleri boyinsha tomendegi shartlerdi ganaatlandirsin:

1) 6zinin E MT dogeregi menen D oblastinda jatatugin D, kopligi bos koplik bolmasin,

yagniy
D, #0 (5)

2). Q =—K matricasintn menshikli manisleri absolyut manisi boymnsha birden kishi
Vs

bolsin, yagniy
A(Q)<1, i=12 (6)
Bul shartlerdin hammesi orinlangan jagdayda (2) shegaraliq shartti hardayim
qanaatlandiratugin  ham (1),(2) shegaraliq maselenin aniq sheshimine ten 6lshewli umtilatugin

funkciyalar izbe-izligin duziw ham aniq sheshim arasindagi ayirmani bahalaw imkani bar boladi.

Bunin ushin

X(t) =(1—$)d(x2(0»+%d(x1cr»+ ™

+ 't[{ f (s, x(s)) — T[ f (s, x(s))ds}ds

=

integralliq tenlemeni qarastiramiz, bul jerde

d, 0
P ( (0)j MEO;]:X(O)’

o= 5[ | -xen.

(7) integral tenlemenin sheshimi (1) differencial tenlemeni hardayim ganaatlandira

bermeydi, biraq (2) shegaraliq shartlardin ekewinde qanaatlandiradi. Eger (7) tenlemenin
sheshiminde gatnasatugin d(x,(0)) ham d(x,(T)) degi x,(0), X,(T) parametrlerin tanlap ahw

argali bul sheshimnin (1) tenlemenide ganaatlantdiriwin taminlew mamekin.

Us1 magsette (7) integral tenlemenin sheshimin

Ko (0 ) = Q=)0 (6, (O) + - 05 T + ®
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] 6% (55 )= £, (55 DS |d, m=0,1,2...

izbe-iz juwiglasiwlar usili jardeminde sheshemiz, bul jerde X,; = (X, (T), X,(0)). Bul (8)

formula menen aniglanatugin X, (t, Xy ) funkciyalar izbe-izliginin har biri barlag M ushin (2)

shegaraliq shartlerdi qanaatlandiradi.
Meyli d(x,(0)) e D,, d(x,(T)) €D, bolsin dep uygarayiq. Ol jagdayda (8) formula

menen aniqlanatugim X, (t,Xor) funkciyalar izbe-izligi D oblasttan shigip ketpeydi.

Haquyqattanda dastlepki juwiqlasiwdi

t t
Xo (t’ XOT) = (1—?)d(X2 (O)) +?d(X1(T))

dep alsaq, bul jagdayda

‘Xl(L Xor ) —Xo (t’ Xor )‘ <

j|: f (S, X (S, %07 ) _%] f (S, X, (S, Xor ))dS:IdS

bolip, lemma 1, [1] boyinsha
1
|X1(t’ Xor ) — Xo (&, Xor )| <Sa(M < E MT

bolads, bul jerde ¢ (t) =2t [1— %j . d(x,(0) eD,, d(x,(T)) €D, boliw1 sebepli

t t
Xo (t, Xor) = (1—;)d(><z ), +;d(X1(T)) €D,
bolip, bunnan X, (t,X,;) € D kelip shigadi. Procesti dawam etip, barhqg m>0 ham
te[0, T], X,(t,X,r) €D, lar ushin (8) degi X, (t,X,) funkciyalar izbe-iziginin

D oblasttan shigip ketpeytuginligin kériwge boladi.

X,, (t, Xo7 ) funkciyalar izbe-izliginin jiynagh ekenligin korsetiw ushin j>1
bolganda ’Xmﬂ-(t,XOT)—Xm(t,XOT)‘ ayirmani bahalaymiz. Lemma 1[1] ge tiykarlanip

m>1va te[0, T] ushin

‘Xm+1(tl XOT ) - Xm (t’ XOT )‘ <

N t |
< K(l_?)_yxm (S: Xor ) = Xy (S Xor )|d5 + ?_!|Xm (S, Xor ) = Xy (S: Xor )|d5
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tensizligine iye bolamiz. Bul tensizlikten

|Xm+1(t!X0T)_Xm(t’XOT)|S KmMam+1(t) 9)
tensizligi kelip shigadi, bul jerde

Onn (t) = (1_ %)':[am (S)ds + %jam (S)dS

Lemma [2,3] di esapqa alip, (9) n1

KT "
|xm+1(t,x0T)—xm(t,xOT)|s&{c(t)(—j M (10)

T

korinisinde jaziwga bolads, bul jerde
2w t
) =Z o, (t) =2t 1-— |.
0= 70 - 211
Endi
Xy j (6 Xor ) = X (6 X1 ) = (Ko (€ Xor ) = X 2 (8 X7 ) +

+ (Xm+j—1 (t! Xor ) - Xm+j—2 (t, Xor )) +...t+ (Xm+1 (t’ Xor ) —Xn (t, Xor ))

tenliginen (10) ga tiykarlangan jagdayda barliq j>1 ushin

j-1 T m-+i j-1 -
o )5, )| <803 Tk | M -3 Q"M
i=0 i=0
tensizligi orinli boladi. (6) n1 esapga alsaq
j-1 T ) o0 )
Z(; K)™<Q"> Q'=Q"(E-Q)7,
i=0 i=0

im Q™ =0 (12)

m-—oo
bolip, m—oo da (11) ham (12) gatnaslarga tiykarlangan jagdayda X, (t, Xyr)
funkciyalar izbe-izliginin t €[0, T], X,(t,X;;) € D, ushin ten 6lshewli jiynaglh ekenligin koriwge
boladi:

r!1|Lroloxm(t,xm):x*(t,XOT). (13)
Al X, (t,Xor) funkciyalardin har biri (2) shegaraliq shartlerdi qanaatlanlandiriwi

sebepli olardin shegi bolgan X*(t,X,r) funkciyast ham bul shartlerdi qanaatlandiriwi ham

j > o da(11) den




\ NEW RENA'SSANCE infernational scicn(iﬁc journal
h o > AN ResearchBib 1F-2023: 11.01, ISSN: 3030-3758, Valume-11ssue 7
-1
[X* (t, X7 ) = X (£, Xr )| < BLHQ™(E - Q) "M
korinisinde aniq ham juwiq sheshimler arasindag: gatelikti bahalawga boladi.
Egerde (13) ni esapqa alip, (8) den m — oo dagi shek alsaq, onda X ™ (t, Xy7)

funkciyasi (7) integral tenlemenin sheshimi boladi.

Ekinshi tarepten berilgen (1) differencial tenlemenin
t
X(t) = X(0) + [ f(s,x(s))ds
0
tenlemesine ten kashli boliw1, (X, (T), X, (0)) parametrler sistemasinin ménislerin

Aor) = @) =06 @) - [ FEX (3 D8 1)

vektor-funkciyasi nolge aylanatugin etip tanlap aliwga sebep boladi.

Solay etip, qarastirilip atirgan maseleni tomendegi teorema arqali juwmaglawga boladi.
Teorema. Meyli T (t,X) funkciyasi (3) oblastta aniqlangan ham tzliksiz funkciya bolip,

bul funkciya ushin (4)-(6) shartler orinlanatugin bolsin. Bul jagdayda (8) nih m — oo dagi shegi
bolip esaplanatugin X" (t, XOT) funkciyast  (1),(2) shegaralig maselenin sheshimi bolip

esaplanadi, egerde (X, (T), X,(0)) parametrler sistemasinifi X,; manislerinde (14) formula

menen aniqlanatugin funkciya nolge aylanatugin bolsa, yagniy
A(Xyr) =0.

X' (t) = x'(t, XST) aniq sheshim ham X, (t,Xor) juwiq sheshim arasindagn qatelik

ushin

X% ()~ X, (t,%,)| < SHHQ(E ~Q)*M

tensizlik orinl bolad.
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