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Annotaciya. Maqalada impulsliq tasirge iye siziqlt birtekli emes differencialliq tenlemeler
sistemast ushin ush tochkali shegaraliq maseleler qarastirilip, sheshimdi A.M.Samoylenkonin
sanl analitikaliq usili jardeminde juwiq tabiw maselesi qarastiriladi.
Tayanmish soézler: Sizigh differencialliq tenlemeler sistemasi, Ush tochkali shegaraliq
masele, impulsliq tasir, juwiq sheshim, dal sheshim.

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

Abstract . In the article, three-point boundary value problems for a system of linear non-
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

METO/] HOCJEJOBATEJIBHON AIIITPOKCUMAILINY PEINEHUSA
TPEXTOUYEYHBIX KPAEBBIX 3AJIAY J1JIS1 CACTEMBI JIMHEMHBIX
HEOJJHOPOJIHBIX TU®DPEPEHIIUAJIBHBIX YPABHEHUM C UMITYJIbCHBIMHU
BO3JIEVCTBUSIMHA

Annomayun. B cmamve paccmompensl mpexmoueunvie Kpaesvie 3a0aqu Ojisk CUCEMbl
JIUHEUHBIX HEeOOHOPOOHBIX OUP@EPeHYUANbHbIX YPABHEHUL C UMNYIbCHBIM B030eliCeuem,
paccmompena 3a0aia noucka peuleHus YucieHHo-anarumudeckum memooom A.M. Camoiinenxu.

Knrwoueswvie cnosa: Cucmema nunetiHblx OugpepenyuanioHulX YpagHeHutl, mpexmodeunas
Kpaesas 3a0aya, UMnYIbCHulU 3¢hghexm, npudIudiCeHHoe peuierie, modHoe peuleHue.

Teoriyaliq fizikanin, kvantliq elektronikanin, mexanikanin, raketaliq ham elektronl
texnikanin  hdm ilimnin basqada tarawlarinin koplegen maselelerinde impulshiq tésirge iye
adettegi differencialliq tenlemeler sistemas1 ushin shegaraliq maselelerdi tyreniw zarurligi payda
bolip, bul teoriyanin tiykargi sorawlarm izertlewde koplegen jumuslar islenbekte. Asirese
keyingi dawirleri tez pat penen rawajlangan impulshq tasirge iye differencialliq tenlemeler
teoriyasinin tiykargi mashqalalarin izertlewge A.M.Samoylenko, sonda-aq tagi basqa ulli
matematiklerdin ilimiy jumislar1 bagishlangan [1,2].
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Bul maqalada impulshiq tésirge iye birinshi tartipli adettegi sizighh birtekli emes
differencialliq tenlemeler sistemasi ushin Gsh tochkali shegaraliq maseleler qarastirilip, sheshimdi

duziw usillari bayan etiledi.
Meyli endi jogarida qarastirgan usildi birtekli emes siziql differencialliq tenlemeler

sistemasi jagdayinda qarastirayiq, yagnty Samoylenkonin sanli analitikaliq usilin impulsliq tasirge
iye s1zigqli birtekli emes

%:P(t)x+f(t), t£z, i=12,..,N, )
AX|_ =x(z; +0) - x(7; —0) =, )
differencialliq tenlemeler sistemasi ushin ush tochkali

Ax(0) + Bx(t) +Cx(T)=d (3)

shegaraliq shartti qanaatlandiratugin sheshimdi tabiw maselesine qollanayiq, bul jerde X
ham d,d;, i=1,2,...,n ler E Evklid kenisliginif tochkalar1, P(t) bolsa [0,T] araliginda
uziliksiz bolgan N olshemli kvadrat matrica, A,B hidm C lar turagh N olshemli kvadrat
matricalar, sonihi menen birge det(A+B+C) =0 ham 7, € (0,T) bolip, bul tochkalar bir-
birinen tendey qashiqliqta jaylasqan tochkalar, yagmy 7., —7;, =h=const. Al f(t)
funkciyast [O,T ] araligta uziliksiz bolgan vector funkciya.

Meyli P(t) matricasi ushin

P = max|P(t)|

te[O,T]

bolsin ham Q = — P matricasimn menshikli manisleri absolyut shamasi boyinsha
T

birden kishi bolsin, yagniy
2(Q)f<1

shartler orinli bolsin. Bul jagdayda Dirak ham Xevisayda funkciyalar1 arasindagi
t
j S(s)ds = X (t)

gatnast1 esapqa ala otirip, berilgen (1),(2) impulslq tasirge iye sistemani

dx
5 =POx+ fR)+Ydst-r) @)
i
turinde jazip alamiz ham bul sistemaga X, ham X; parametrlerinin bazi-bir manislerinde
ten kushli bolgan

t
X(t, Xg, X, ) = X, (t, Xg, X, ) + I[P(s)x(s,xo,xT) + f(s)- )

0

336



ISSN:
2181-3906

2024

r<t

tT t N
_?'([(P(S)X(S,XO,XT)+ f(S))dS}dS—i—Zdi _?édi’ m=012....
integralliq tenlemeni qarastiramiz, bul jerde

t t
XO = X(O)’ XT :X(T)’ Xo(thO’XT) =(1_?)Xo +?XT

Bul integralliq tefilemenin sheshimi erikli X, ham X; parametrlerinin bazi bir manisleri

ushin (4) impulshiq tasirge iye sistemani qanaatlandiradi.
Endi (5) integralliq tenlemeni

Xy (6 Xg, X ) = X, (L, X, X; ) + j[P(s)xm(s, X, %) + F(S) — (6)

—%'T[(P(s)xm(s,xo,XTH f(s))ds}dsidi ~1>d, m=012,..

0 ri<t i=1
formula boyinsha juwiq sheshemiz.
Egerde (3),(4) shegaraliq maselenin tek (M + 1) -juwiglasiwin tabiw menen sheklenetugin

bolsag, onda X, ., (t, X,,X;) funkciyasi erkli X, hdm X; lar ushin

m+1

% =P(s)x, + f(t) +Zdi5(t -7,)+

Lk x)- 13 1]P(s)x (5,%,)ds 1]f(s)ols
T T 0 T — i T ] m\*1 %0 T ]
differencialliq tenlemeler sistemasinin sheshimi bolganliqtan X, ham X; ni

i T

vector funkciyasin nolge aylandiratuginday etip saylap alamiz.

.....

1 17
B (0% ) =X =% == = = [P(8)%, (5,%,)ds
=1 0

alding1 paragraftagiday Koshidin jiynaqliliq belgisin paydalanamiz:
t

J‘{P(S)XO(S, X, Xp ) — %} P ()%, (S, Xy, xT)ds}ds +

Xt % X7 ) = X (6 %, X7 )| <

H £(s) —%i f (s)ds}ds

< (1_%jj;|P(S)X°(S’ Xo, X, )|ds + %bP(s)xo(s, Xo, X;)|ds +

0

+ +

S —lidi‘s
T3

i<t
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(1——)Z|d|+ Z|d|+(1——]j|f(s)|ds+ j|f(s)|ds<

i<t 7=t

H —jjds+ jds}DKl——)Zu Zl}
M Hl—%)!ds+%!ds} < PXOTal(t)+%Dal(t) M (t)=

:(PxoT +% D+M jal(t),

bul jerde M = max |f (t)|.

te OT]

Usinday jollar menen (6) dan
t

1%, (£, Xo) = X, (t, %)| < (l——jj P|%,(5,%;) — X,|ds +
0

T t
lj' |x1(S X,) — Xo|ds< P{(l—%jj. PXor ltD+Mj0¢1(3)ds+

0

_|

) _
%I(Px +— D+M)a1(s)ds}sp (PXOT+%D+Mja2(t)}
t L
ham usigan ugsas
%3 (t, %) — X, (t, X,)| < P? KPXOT +%D +M jag'(t)}

tensizliklerin aliwga boladi. Matematikaliq indukciya boyinsha barliq T € [O,T] ham m

ler ushin

X (t X0) = X (6, %) < P K PXyr + % D+M jamﬂ(t)} <

= Pm(PXOT +%D +M jT & (t)=Q" (PXOT "‘%D + M jdl(t)
boladi. Jiynaglihgtin Koshi belgisi boyinsha
i
‘Xm+j (t, Xo) - Xm (t, XO)‘ = Z|Xm+i (t, XO) — Xm+i—1(t’ XO)| < (7)
i=1
i

<> Q™ (PXOT +%D+ M j&l(t) =Qmin‘ (me +%D+ M j&l(t)

i=0 i=0
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bolip, limQ™ =0 ekenligin esapga alsag, onda (7) den M —> oo shek ala otirip

m—oo
X, (t,%,) funkciyalar izbe-izliginin ten olshemli jiynagli izbe-izlik ekenligin koriwge bolads,
yagniy
lim X (t,X,) = X" (t, %,)
m-—oo

(20) dan ] —> oo dags shek alsaq
m - 1 -
X (t, %)) — X, (£, %) <Q"(E - Q) 1(PxOT +WD +M jal(t) (8)

m=12,... boladi. Endi X"(t,X,) funkciyast (1)-(3) impulsliq tasirge iye shegaraliq

maselenin sheshimi boliw ushin X, ham X; n1saylap alamiz, onin ushin X, ham X; lardi

18, 0 17 .
A, (Xgr Xp ) =% — X, ——Z , ——.[ P(S)X (S, X, X; )ds
T3 Ty
ham

P(Xy: %) = A% +Cxp =y (X7 (L, %5, X))

vector funkciyalarin nolge aylanatuginday etip aliw kerek boladi, yagniy

A(Xy, %) =0,
{(P(XO’XT)zo

algebraliq tenlemeler sistemasinin koreni bolatuginday etip saylap alamiz, bul jerde

(9)

w (X (t,%,%))=(A+B+C)*| (A+C)d - BA}P(S)X*(S,XO,XT)ds +

T
+Bcjp(s)x*(s,xo,xT)ds .
tl
Meyli X, =X;, X; =X; bul sistemamn sheshimi bolsin. Onda X" (t,X;,X;) (1)-(3)
impulsliq tasirge iye shegaraliq maselenin sheshimi bolip tabiladi.
Alingan natiyjelerdi uliwmalastirip, tomendegi teorema menen juwmaglastirtwga boladi.

Teorema. Meyli P(t) matricast ham f (t) vector funkciyas: [O,T] araliginda uziliksiz

bolsin ham sonin menen birge Q = P— matricasinin menshikli manisleri absolyut shamasi
T

boymsha birden kishi bolsin. Onda (9) nin sheshimi bolip tabilatugin X, = X;, X = X; ushin
(6) funkciyalar izbe-izliginin M —> o dagi shegi, yagmy X (t,X;,%;) funkciyast (1)-(3)

impulslhq tasirge iye si1ziqli shegaraliq maselenin sheshimi bolip tabiladi.
Dal sheshim menen juwiq sheshim arasindagi gatelik (8) tensizlik penen bahalanadi.
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