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Temamuxa pobomu micHO no8'A3ama i3 3aACMOCY8AHHAM Meopii 6a2amoyacmomHux KOIUBAHb 8
cucmemax 36UYAHUX OUpepeHyianbHuX pieHAHbL 3 IMNYIbCHUMU 30YpeHHAMU. Bueuacmvcs numanus
ICHY8aHHs | elacmueocmelt iHMe2paitbHUX MHONCUH O/ KIACI6 TIHIUHUX ma c1ab0 HeNHIUHUX A8MOHOMHUX
imnynbcHo 30ypenux cucmem. Kpim moeo, 00cnioxcyemuvcs SKiCHA NOGEOIHKA PO36 S13KI6 8 OKOJIE OMPUMAHOL
iHme2panbHOi MHOMCUHU. J[lI51 Yb020 BUKOPUCHOBYEMbCS IMepayiliHull npoyec, AKUU NOA2AE 8 MOMY, WO
MHOACUHA BIOULYKYEMBCS, K SPAHUYSL NOCTIO0BHOCHT MHONCUH, KONCHA 3 SIKUX € THMESPATbHOI0 MHOMCUHOIO
cneyianvHo nobyoosanux cucmemu pisHanb. OOHICIO 3 HAUBANCIUSIUUX OOCMAMHIX YMO8 O/ ICHY8AHHS
inmeepanvroi muoxcunu € Qyuxyia I pina-Camotinenka. Paniwe ye numanns 6y10 6ueueHo 01s cucmem 3
iMnynvcHum 30ypenusm y gixcosani momenmu uacy. Hoeusna 0anoi pobomu nonseac 6 momy, wo mym
PO321510AEMbCSL PO3PUBHA OUHAMIYHA cucmemda, moomo Koau (azoea mpackmopis 3a3HA€ IMNYIbCHO2O0
BNIUBY NPU NPOXOOHCEHHT Yepe3 PIKCcOo8aHY 2INEPROBEPXHIO (A308020 NPOCMOPY.

Kurouoei cnosa: gyuxyis I pina-Camotinenka, inmeepaibHa MHONCUHA, IMAYIbCHA OISl

Subject of the work is closely connected with applying the theory of multifrequency oscillations to the
systems of ordinary differential equations with impulsive perturbations. We study the problem of existence
and properties of integral sets for classes of linear and weakly non-linear autonomous systems with
impulsive perturbations. Also we investigate the qualitative behavior of solution in a neighbouhood of
obtained integral set. For this porpose we use iteration process that is we obtain integral set as a limit of
sequence of integral sets for specially constructed systems of differential equations. One of the most
important sufficient conditions for existence of integral set is Green-Samoilenko function. Previously, the
issue has been studied for systems with impulsive perturbations at fixed moments of time. The novelty of this
work lies in the fact that here we consider discontinuous dynamical system, that is a situation where the
phase trajectory has impulsive perturbation when it passes through a fixed subset of the phase space.

Keywords: Green-Samoilenko function, integral set, impulsive action.
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Hocmimxyemo MUTaHHS ICHYBaHHS dp dx

. ..l . o, —=P X+ ,X), o gl
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cnabko  HENHIMHUX —cucTeM  JUQepeHIiaabHuX (1
PIBHSIHB, IO MiJAIOTHCA IMITYJbCHOMY BIUIUBY B Ax|per = B(@)x+1(9,x),
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II0 BOHA € MiIMHOXKHHOIO Topa J,, 1 fABJIsE cCOOOI0

MHOTOBHJIM  PO3MIPHOCTI m—1, SAKI MOXHa
BH3HAUUTH PIBHAHHIM <k, >=0 (mod 27), TpH

k =(ky,... .k, )— IiIOYNCENbHUH
<k w>~0.

LBOMY BEKTOP,

3a0e3mneuye

o(t)

MHOXHHI [~ B MOMEHT Jii IMIyJbCy SIK mpH ¢ —0,

Ocranns yMOBa

MPHHANCKHICTh KyTOBOi (pa3oBoi 3MiHHOI

Tak 1 npu t+0. P(p) 1 B(¢p)- HenepepeHi, 2x -
MepioANYHI MO0 KOXHIA KOMITOHEHTI gov,v=1,_ml
KBaapaTHI Matpuil, QyHKIT f(@,x) Ta I(p,x)
BU3HAUYCHO I BCIX ¢ €3, x€R", HenepepsHi
(KyCKOBO-HEIIEPEPBHI 3 PO3PHBAMH IEPIIOTO POAY
no ¢), 2x-NEpiONUYHI MO ¢ 1 3a/J0BOJNBHSIOTH
YMOBI
pel,:

/(0. x" )= f(@.x")

Jlinmunsg 1o  x  PIBHOMIPHO BIAHOCHO

<

+|1(p.x")=I(p.x")

2

< N"x'—x”

i Beix x',x" e R".
JlonoMixkHa Jiema.
Jlemma. [lns Oynap-1KOro po3B’si3Ky t=t,(¢)

piBHsHHA (3) cripaBeIMBa PIBHICTH

L(p—ot)-t(p)=t

T o~ n
I BCIX @3, teR".

3)

Bynp sixka HemepepBHa TPAEKTOPIs ¢ = ot + @,

MEepETHHAE MHOTrOBUJ [ dYepe3 OJHAKOBI YacoBi
iHTEepBaIn
2r

<kw>
Ilo3Hauumo depes f;(¢@)- MOMEHTU IIONAJaHHS

TOYKH, IO pyXaeTbcs MO ¢ +w! Ha I . Tomi mns
OyIb-SIKOTO i € Z CHpaBeIINBa PIBHICTb

Lin(@)—ti(p)= 21 .
<k,w>
IMepmr  HiKX  chopMymoBaTH  OCHOBHHMH
pe3yabTaT, 10 BimHOCHUThC 10 cuctemu (1),
PO3IJISIHEMO HACTYIHY CHCTEMY PIBHSHb:
do dx -
E—w,E—P(co)Hf(co), e,
4)
Ax pell = B(go)x + I(QD)’

B sKili P(¢), B(p), o, I — Ti kK, mo 1 B cucreM (1);
f(p) 1 I(p)— HenepepBHI (KyCKOBO-HEMEPEPBHI 3
pPO3pHBAMH TIEPIIOT0 POAY MO ¢ ), 27 -TIEPIOANYHI
no ¢ QyHKIIl.

Hexait G(t,7,0),G(t,t,0)=E —
(dyHIaMeHTaIbHA MATPHIISL CHCTEMHU PiBHSHB
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dx
i Plo(p))x, t#t(p),

(5)
Ax t=ti(p) — B(th[ (QD))
besnocepenubo nepekonyemocs, mo G(t,7,p)
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(6)
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@ Ha @ — ot , OTPEMAEMO
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Li(p—ot)-t(p)=t, Os(0)=0(05(0)),
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u(p)= [ G(0,1,0)f(p+aor)dr +
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+ 2 G0.6(p) o) I(p+at(p))
ti(9)<0

VY nmpunymenni, mo iHterpan i cyma B (7)
PIBHOMIPHO 301KHI, OJIEP)KYEMO, 10 PYHKIS (@)
BHU3HAYA€ IHTErpaJibHy MHOXHHY CHCTEMH PiBHSHb
G

BimzHauumo, 1m0 s 30DKHOCTI 1HTerpana i
cymu 3 (8) mocratHbo, 1100 (yHkuis G(t,7,¢)
3aJI0BOJIbHSIIA HEPIBHICTh

IG(te.p)|<Ke?"™, 121 (10)



Bicnux Kuigcbko2o nayionanbHoeo yHigepcumemy
imeni Tapaca lllesuenxa
Cepis ghizuxo-mamemamuuni HayKu

I BCIX ¢, 7 € R, @ €3, NPH JESKUX A0JaTHIX K 1
¥, a po3B’s3ku piBHIHHA (3) #,(¢) Oyau TaKUMH, IO
lLin(9)—1:(9)20>0 (11)
I BCIX ieZ, ¢, 1aeakoro 0>0.
[Tpu 3a3HaveHnx ymoBax 3 (8) MaemMo

K K
i (@) < = max| f(@)|+ ———5 max|i(p)] (12)
¥ 03 1-e7 pes,,

AIABCIX teR 1 9T,
ACHMITOTHYHY CTiHKICTh IIi€l iHTerpaibHOi
MHOXHHHU u(¢) 3abe3nedye HepiBHICTH (10).

Takum 4YMHOM, JIOBEJICHO HACTYITHA TEopeMa.
Teopema 1. Hexaii B cucremi piBHsSHBL (5)

byHKUIT f(@) 1 I(@) 2x —epioauyHi, HEEePEePBHI
Ha J,, (KyCKOBO-HENEPEpBHi 3 PO3PHUBAMH IIEPIIOTO
pony ipu ¢ €' ); P(p) 1 B(p)— HemepepBHI Ha
3,, 27 — epioAUYHI MATPHUILL.

Axmo matpuns G(t,7,) 3aI0BOJBHSE OIIHII
(10), a dynkuii #(¢)- HepiBHocTi (11), To cucrema

piBHSHB (5) Ma€ aCUMITOTUYHO CTIHKY 1HTErpaibHy

MHOXHUHY
x=u(e) u(Q+2m)=u(p)
e u(@)- KYCKOBO-HEIEpepBHA 3 pO3pUBaMU

MepuIoro poay Ha MHOXHHI I” ¢yHkuis. [Ipu upomy
MOXKHA BKa3aTH TaKy MOCTiHHY C, HE3aJeXHY Bif
bynkuiii f(p) i I(p), mo

Juto | Conax{max| (0 ) mas o

BimzHauumo jeski okpemi Bumaaku cucteM (6),
JUIS SKUX HOPMOBaHa (yHIaMEHTaJbHA MATPHIISL
G(t,7,p) nomyckae ouinky (10). Tak, Hampuknan,
SKIIO B(¢)=0, a TpaeKTOpii ¢ + @7 BCIOIH IIIILHO

nexaTb Ha  Topi To HepiBHicTh (10)

-~
S

BHUKOHYETHCA, AKIIO
1 2r 2w

o) (j) { A(p)do,..dp, <0,

A(@)— HaliOlIbIe 3 BJIACHUX YHCET CHMETPHYHOL

MaTpHIli
P(p) =%(P(¢)+P'(<o)),

ne P'(¢) -TpaHCIIOHOBaHa IO BIIHOLICHHIO 10 P(¢)
MaTpPHIISL.

HepiBaicte (10) BUKOHYETBCS TakoX y pasi,
Ko P 1 B— TOCTiHI MaTpHUIl, KOMYTYIO4i MiX
cobor, mpuuoMy £E+B HEBUPODKECHI 1 diHCHI
YACTHHH BCIX BJIACHHUX YHCEN MaTPHIl

A=P+pln(E+B)

B11’ €MHI.
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InTerpanbHa x=u(p)

piBasab (1), Oymemo mIykaTH SK TPaHHUIO
HOCIIiZIOBHOCT] IHTErpaIbHOI MHOXKUHH U, (@) -

MHO>XHHa CUCTEMHU

u(p)= lim u, (), (13)
m—>00

KOXXKHC 3 SIKUX € iHTeraHbHOIO MHOXXHWHOK CUCTCMH
PIBHSHB

@ _ .,

dt

dx -

E=P(¢)x+f(¢,um_1(¢)), pes, (14)

AxX|per = B(@)x+1(¢u, (@),

3rigHo 3 TeopeMoro 1, mpu KoKHOMY m =1,2,...
GyHKITIS
0
u,(p)= [ G(0,7,0)x

—00

xfp+ot,u, (p+or))dr+
(15)
+ > G(0t(p) @) x

1i(9)<0

XI(@+ (9 )ty (@ +0 ()
BHU3HAYa€ IHTErpalibHy MHOXHUHY cuctemu (14).
PiBHOMIpHY 100 ¢ € J,, 30DKHICTH MOCTIJOBHOCTI

u,(¢) no rpaHu4yHoi (GyHKUII u(¢p) 3abe3medye

HepiBHICTh (2) 3a YMOBHM MaJlOCTI KOHCTaHTH
Jlimmmuims N.

TakuM  YUHOM,  CIpaBeUIMBE  HACTYIIHE
TBEPIKCHHSL.

Teopema 2. Hexaii cucrema piBasHb (1) Taka,
o BUKOHYIOThCS HepiBHOCTI (2) 1 (10). Tomi npm
JNOCUTh Majid moctiHid Jlinmmusg N cuctema
piBHSHB (1) Mae aCHMITOTUYHO CTIHKY 1HTErpalibHy
MHOXHHY
u(p+2m)=u(p),
3

x=u(p),
e u(p)— KYCKOBO-HEIEpEpBHA

MEpIIOro POAY Ha MHOXKHMHI 7 (DyHKIIiS Taka, 110
M| e =B(@)u(p)+1(@.u(p)).

po3puBaMH
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