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Annotaciya. Maqalada impulshq tasirge iye siziqgh birtekli  differencialliq tenlemeler
Sistemast ushin ush tochkali shegaraliq maseleler qarastirilip, sheshimdi A.M.Samoylenkonin
sanlt analitikaliq ustli jardeminde juwiq tabiw mdselesi qarastiriladh.

Gilt sozler: Sizigh differencialliq tenlemeler sistemasi, ush tochkali shegaralig madsele,
impulshq tdsir, juwiq sheshim, dal sheshim.

A SEQUENTIAL APPROXIMATION METHOD FOR SOLVING THREE-POINT
BOUNDARY VALUE PROBLEMS FOR A SYSTEM OF LINEAR HOMOGENEOUS
DIFFERENTIAL EQUATIONS WITH IMPULSE EFFECTS

Abstract . In the article, three-point boundary value problems for a system of linear
homogeneous differential equations with impulse effect are considered, the problem of finding the
solution using the numerical analytical method of A.M. Samoilenka is considered.

Key words: System of linear differential equations, three-point boundary value problem,
impulse effect, approximate solution, exact solution.

METONQ HOCJIE)IOBATEJII)HOﬁ AIIINTPOKCUMAIIUAU PELIHEHUSA
TPEXTOUYEYHBIX KPAEBBIX 3AJIAY JIJISA CUCTEMBI JIMHEMHBIX
OJHOPOJIHBIX TNODPEPEHIIUAJBHbIX YPABHEHUI C UMITYJIbCHBIMHA
BO3JEVICTBUSIMHA

Annomauuﬂ. B cmamve paccmompernvl mpexmouvednvle Kpaeesvle 3a0ayu 0Jisl CUCTEMbl
JIUHENHBLIX  OOHOPOOHBIX OUPDEPEHYUANbHBIX YPABHEHUL ¢ UMNYIbCHBIM — 8030elCmBUeM,
paccmomperna 3a0aya noucka peuteHusl HUCI1eHHOo-aHaiumudecKum memooom A.M. Camouinenxu.

Knioueswvie cnosa: Cucmema nunelinvix OupdepeHyuanoHvlx ypasHeHuil, mpexmoyeynas

Kpaesas 3a0aua, UMNYIbCHbLL d¢hheKkm, npubauxiceHHoe peuieHue, mouyHoe peuieHue.
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Teoriyahq fizikanin, kvanthiq elektronikanin, mexanikanin, elektronl: texnikanm ham
ilimnin basgada tarawlarinin koplegen maselelerinde impulsliq tasirge iye adettegi differencialliq
tenlemeler sistemas: ushin shegaraliq maselelerdi uyreniw zararligi payda bolip, bul teoriya
boyinsha koplegen jumislar islenbekte. Impulsliq tasirge iye differencialliq tenlemeler teoriyasinin
tiykargi mashgalalarin izertlewge A.M.Samoylenkonin ham tagi basqga ulli matematiklerdin ilimiy
jumislari bagishlangan [1,2].

Bul magalada impulshq tasirge iye birinshi tartipli adettegi sizigh birtekli differencialliqg
tenlemeler sistemas: ushin ush tochkali shegaraliq maseleler garastirilip, onda sheshimdi juwiq
daziw ham gatelikti bahalaw maseleleri bayan etiledi.

Meyli impulsliq tasirge iye

X _ptyx, ter, i=12,..N, (1)
dt
AX|_ =x(7;+0)=x(z,-0)=d, (2)

differencialliq tenlemeler sistemasinin tsh tochkali
Ax(0) + Bx(t,) + Cx(T) =d (3)
shegaraliq shartti ganaatlandiratugin sheshimin juwiq tabiw maselesin garastirayiq, bul
jerde X ham d,d., 1=1,2,...,N ler E, Evklid kenisliginin tochkalari, P(t) bolsa
[O,T] araliginda Uziliksiz bolgan N olshemli kvadrat matrica, A,B ham C lar turagh n
olshemli kvadrat matricalar, sonih menen birge det(A+ B+ C) # 0 ham 7, € (0,T) bolip, bul
tochkalar X(0) ham X(T) lar menen birlikte bir-birinen tendey qashigliqta jaylasqan tochkalar,
yagny 7;,, —7, =h=COnst.

Meyli P(t) matricasi ushin

P =max|P(t 4
te[O,T]| ()| ( )
bolsin ham Q =—P matricasinih menshikli manisleri absolyut shamasi boyinsha

T

birden kishi bolsin, yagnty
[2(Q)|<1. )

Bul uygariwlar orinli bolgan jagdayda (2) impulsliq ham (3) shegaraliq shartlerdi

ganaatlandiratugin  (1)-(3) impulsliq tasirge iye tsh tochkali shegaraliq maselenin dal

sheshimine ten olshemli umtilatugin X (t,X,) funkciyalar izbe-izligin duziwge boladi.
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Meyli Dirak ham Xevisayda funkciyalari arasindagi y(t) = I dS integralliq

—00

baylanist1 paydalana otirip (1),(2) impulsliq tasirge iye sistemani
dx
i

tarinde jazayiq ham

t
X (X, X ) = xo(t,xo,xT)+I[P(s)xm(s,x0,xT)— @)
0

—_ﬂ‘ P(S) X, (S, %, % )ds}ds+2d —?Zd,, m=0,12,.

0 <t

funkciyalar izbe-izligin qarastirayiq, bul jerde X, = X(0), X; =X(T) ham sonifi menen

t t
b t,X,X)=[1-= —X.
irge X, ( 0XT)( TJX0+TXT

Endi (7) formula jardeminde amgqlanatugin X_(t,X,,%;) funkciyalar izbe-izliginin

jiynaqlt  izbe-izlik  ekenligin  korseteyik. Onin  ushin  daslepki  juwiqlasiw  retinde

t t
X, (t, X, X, ) = (l— ?j X, + ?XT di qgabil ete otirip, Koshidin jiynaqliliq belgisi boymsha

galegen j >1 ushmn |X | (t, X0 X ) = X, (t, X, X; )| ayirmasin bahalaymiz. Us1 magsette (4) ni

m+]

esapqa ala otirip, (7) den kelip shigatugin ham qalegen t € [O,T ] ushin orinli bolatugin

t )t
|Xm+1(t’ Xos XT) — X (t’ Xos XT)| < P|:(1_ ?j_ﬂxm (t’ Xos XT) - (8)
0

/
Xa (X0, %; )| ds + %ﬂxm(s, Xos X1 ) = X1 ()Xo Xr )|ds}

tensizligin paydalanamiz. Eger
o (8) =X (8 X0 X0 ) = X o (8, X, X1 )|

belgilewin jasasag, (8) ni

ra)< PKl——j [ra(s)ds+— j r (s)ds} ©
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dep jaziwga boladi.
Daslep I;(t) ni(7) den M =0 ushin tdmendegishe bahalap otemiz:

|X1(t’X0’XT)) - Xo(t,XO,XT)| <

j{P(s)xo(t,xo,xT) _%}P(S)Xo(t,XO,XT)dS}dS +

+>_d, ——Zd‘ (1—%)}|P(s)xo(t,xo,xT)|ds+

i<t

= j|P(s)x (t, X, X; )|ds +(1——j2|d |+ Z|d <

7 <t i<t

< PJx,(t, %, % )|K1——jjds+ jols.}r D{(l——jzl Zl}

<t r>t

N+1

l.N+1
T T

< Pxoray(t) + DKl—?j (T —t)} <

< PXgr o (1) +% De (t) = (PXOT + % D)al(t),
yagnty
L) < (PxOT +% D)al(t),

bul jerde X, =max(|X,|,|%;|) ham D =max|d;|. Endi m =1 ushin (9) dan

r,(t) < PKl— %jj;rl(s)ds + %]t'rl(s)ds} <

< P{(l— %)i(( PXyr + % Djal(s)jds+%]t‘(Px0T + % Djal(s)ds} <

< P(me +%Djaz(t)

tensizligine iye bolamiz.

Usinday (9) dan M = 2 ushmn
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() < P[(l—%jirz (s)ds + %'Tt[rz(s)ds} <
< P{(l—%)j'P(PXOT +%Djaz(s)ds+%];P PXor +%Dja2(s)ds}=

0

1
= Pz(PXOT +WD 053('[)

tensizligine iye bolamiz.

Matematikaliq indukciya metodi boyinsha t €[0,T] ham galegen M ler ushin

m 1
() <P (PXOT +— N jamﬂ(t) (10)

T" .
tefisizligi orinli boladt. Eger ¢, (t) < Fa(t) ekenligin esapqa alsag, bul jerde

a(t) = %al(t), onda (10) n1
%JUSW(WW+LDP%d®=
N /4
=pP"— L (PxOT +i jo?(t) =@ [PxoT +i ja(t)
" N
dep jaziwga boladi. Song tensizlikti esapga alsag, onda

‘ m+l(t Xor Xp ) X (t Xor Xy )‘ |Xm+|(t Xor Xt ) Xinsi 1(t Xo» X )| (11)
i=1

irmﬂ JZ m+|(PX +i )a(t) Q ZQ (PX +i )a(t)

i=1 i=0

tensizligi orinli boladi. Al

>Q <Y =(E-Q*

ham

limQ™ =0

m—oo




k)

4 ~ NEW RENAISSANCE "crinst et jorns

ResearchBib IF-2023: 11.01, ISSN: 3030-3758, Valume 11ssue 7

h* L)

bolganhgtan (11) den m — oo dagi shekke otip X (t, X,, X;) funkciyalar izbe-izliginin
ten olshemli jiynagli izbe-izlik bolatuginligin koriwge boladi

lim x,, (t, X,, %) = X" (t, %y, %; ) (12)

X (t,X,,X;) funkciyas: menen onhi M —> oo dagi shegi X'(t,X,, %) funkciyas:

arasindagi ayirma ushin

07 0’

(E-Q) (PXOT+%D]&(t) m=12,...

(13)
Eger (7) den m — oo dagi shek alsag ham (12) ni esapga alsaq, onda X*(t,XO,XT)

funkciyasinin tomendegi

X(t, X0 X7 ) = X, (S, Xg0 X7 ) + J{P(s)x(s, X1 X7) —%'T[ P(s)X(s, Xy, xT)ds}ds +

+>.d, ——Zd,, m=0,1,..

ri<t
integralliq tenlemesinin sheshimi bolatuginin koriwge boladi.

Al (6) koriniske i1ye impulsliq tasirge iye differencialliq tenlemeler sistemasi

X(t) = X, + j P(s)x(s)ds + Zd

integralliq tenlemege ekvivalent bolganlhiqtan, (6) impulsliq tasirge iye sistemant

sheshiw ushin X, ham X; parametrlerin

T N
A(Xg, % ) = X — X, —jP(s)x*(s,xo, X;)ds — > d,
0 i=1
ham
P(%o: %) = A% +Cx; = (X (t, %o, X7 ))
vector funkciyalarin nolge aylanatuginday etip saylap aliw kerek boladi, yagniy X,
ham X; parametrlerinifi manisi

A(Xy, %) =0,
{(P(XO’XT):O

sistemasin sheshiw arqali aniqlanadi, bul jerde
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w (X' (t,%,%))=(A+B+ C){(A+ C)d - BATP(S)X*(S, X, X; ) dS +

;
+BCIP(S)X*(S,XO,XT)dS :

b
Bul alingan natiyjelerdi juwmaglastirip, tomendegi teorema turinde beriwge boladi.

Teorema. Meyli P(t) matricas: [O,T] arahiginda uziliksiz ham sonin menen birge (5)

t t
shart orinli bolsin. Egerde daslepki juwiglasiwdi X, (t, Xy XT) = (1—?j X, + ?XT dep alip,

ondagt X, ham X, parametrlerin A(X,,X;) ham @(X,,%;) vektor funkciyalari nolge
aylanatuginday etip saylap alsaq, onda (7) funkciyalar izbe-izliginin M — oo dagi shegi, yagniy
X" (t,X,, X ) funkciyasi (6)

impulsliq tasirge iye s1ziqli birtekli sistemanin sheshimi bolip tabiladi.

Dal X (t,X,,X;) sheshim menen juwiq X_ (t,X,,%;) sheshim arasindagi ayirma (13)
tensizlik penen bahalanadi.

Egerde X, (t,X,,%;) juwiqlastwdi tabiw menen shegaralanatugin bolsaq, onda X, ham
X; parametrlerin
{Am (X, %) =0,
¢, (%X, %)=0

sistemasinin sheshimi bolatuginday etip tanlap aliwga aliwga tuwra keledi, bul jerde
T N
Am (Xo’ XT) =X =X — _[ P(S)Xm—l(S’ Xos XT)dS - Zdi |
0 i=1

P (%01 %1 ) = A%y +CXg =7 (X (8 %5, X))
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