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T1o0aabHuil aTPpaKTOP
iMITyJIbCHOI MapaboJIiYHOl CHCTEMHU

IIpedcmasneno axademivom HAH Yipainu M.O. [lepecmioxom

Hocrioxceno icnyeanis en00aibHUX ampaxmopie O iMIYAbCHUX MHOZOSHAUHUX OUHAMIMHUX CUCTeM, MPAEKMOPIi
SKUX MAIOMb HECKINUEeHHY KILbKICMb IMnyabcHux 30ypens. Odepicani pesyavmamu 3acmocosano 00 napadosiunoi
caaboneniniiinol imnyavcro-30ypenoi cucmemu 6e3 edunocmi pose’asxy sadaui Kowi.

Kntouoei cnosa: imnyincna MHOZO3HAUHA OUHAMINHA CUCTIEMA, 2IL00ANOHUL AMPAKMOP, IMAYIbCHE 30YPEHHS,
napaboniuna cucmema.

ABTOHOMHI €BOJIOIIITHI CUCTEMHU, 110 3a3HAIOTH IMITYJIbCHUX 30ypPEHb MPH JOCATHEHHI TPAEKTO-
pi€to esiKol MiAMHOKIHY (ha30BOTO MPOCTOPY, HA3UBAIOTHCS IMITYIbCHUME (200 PO3PUBHUMMU )
JAMHAMIYHUME cucTeMaMu. Taki CHCTeMU € BaXKIMBUM ITiKJIACOM CUCTEM 3 IMITYJIbCHUMMU 30y PeH-
HIMU B HeIKCOBaHI MOMEHTH 4Yacy, SKiCHA TEOPis ST SKUX Y CKIHUEHHOBUMIPHOMY BUTIAJIKY
posBuHeHa B [1].

Y nauiit poOOTi 3 BUKOPUCTAHHIM TEOPii TJI00ATHPHUX aTPAKTOPIiB MHOTO3HAYHUX HATTIBITO-
TOKIB [2] onucyeThes auHaMiKa HECKIHYEHHOBUMIPHUX IMITYJIbCHUX cHCTeM 0e3 €IUHOCTI Po3-
B's3Ky 3aga4i Komri. [io6ambHIIT aTpakTop PO3IIISIIAETHCS SIK MiHiMabHa PIBHOMIPHO TIPUTATYIOYA
MHOKITHA JIJIsT Bi/ITOBITHOrO MHOTO3HAYHOTO HatiBIIOTOKY |3 ]. Ha ocHOBI pesysbratiB pobiT [4, 5]
n00y10BaHO abCTPAKTHY TEOPil0 MHOIO3HAYHUX IMITYJbCHUX AMHAMIYHUX CHCTEM 1 HaBeAEHO
HpUKJIa ii 3acTOCYBaHHS 0 CJIa0OHEHIITHOI iMITyIbCHO-30ypeHol mapaboiyHol cucTeMu, st
SIKOI He TApaHTYEThCS EAMHICTD PO3B’A3KY 3azaui Koirri.

Hexaii (X, p) — merpuunuii mpoctip, P(X) (B(X)) — MHOKMHA BCiX HETOPOKHIX (HETTOPOIK-
HiX 0OMEKEHNX ) MAMHOKUH X.

Osnauenns [2]. Muorosgnaune Bio6paxenns G: R, x X — P(X) Ha3WBa€TbCsT MHOTO3HAY-
HoIo inHaMigHOO cucteMoio (M/IC), Ko BUKOHYIOTBCS TaKi YMOBU:

VxeX G0, x)=x ta Vt,s20 G(t+s, x)cG(t, G(s, x)).
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Osnavenns [3]. Kommakraa muoxknaa © c X Ha3uBaeThes robdanbiuM arpakropom M/IC
G , AK110

1) ® — piBHomipHo nmputsarywoda, T06To VB e B(X) dist(G (¢, B),0) — 0, t — oo;

2) ® — MmiHIMaJIbHA cepejl yCiX 3aMKHEHUX PIBHOMIPHO MPUTATYIOYUX MHOKUH.

Jlema 1. Hexaiit M/[C G 3adosonvhsie ymosy oucunamuenocmi:

3B, eB(X) VBeB(X) AT =T(B)>0 V=T G(t,B)c B, (1)

T00i exsisarenmuumu € maxi meepoxcenHs:

1) M/IC G mac znobarvnuii ampaxmop ©;

2) M/IC G acumnmomuumno Komnaxmuda, moomo

Vt, —> e VBeB(X) V§,eG(t,, B) nocridosnicmo {§,,} nepedxomnaxmma 6 X.

Imnysnbcna MJIC G ckiafaeTbest 3 HEMOPOKHBOI 3aMKHEHOT MHOKMHU M < X, KOMIIaKT-
HozHayHOrO BimobOpaxkents I : M — P(X) Tta mesxoi muokunu K HermepepBHUX BigoOpaskeHb
¢ :[0,+00) > X, 114 IKUX BUKOHYIOTHCS TaKi BJACTUBOCTI:

K1) Vxe X JoeK:9(0)=ux;

K2) Voe K Vs=0 o(-+s)ekK.

[Toznaunmo

K, ={peK|o(0)=x}.

®azosa Touka immysbcHoi MJIC pyxaeTbest B3OBK TpaekTopii 3 K i B MOMEHT 3ycTpiui 3
MHOKUHOI0O M MUTTEBO TEPEXOIUTH Y HOBY TOUKY i3 MHOKuHU IM . [l7151 KOpeKTHOCTI 1100Yy-
noBu Takoi iMmyiberol M/IC HeoOXisHe BUKOHAHHS TAaKUX YMOB |4, 5]:

MAI(M)=0, VxeM VYoeK, 31=1(¢)>0 Vte(0,7) ¢(t)e M. (2)
BBeI[eMO ITO3HAYECHHA:
VoeK M*(9)=|Jo(®)nM.

t>0
Toni axmo M ™' (@) # D, To icHye MOMeHT 4acy s = s (@) TaKuii, 110

Vte(0,s) o(t)eM,p(s)e M. 3)
3Bijic MU MOKeMO BU3HAUUTH Taky GyHKIi0 §: K — (0, +oo]:
s, akmo M (¢) %3,
5(9)= . (4)
400, sKIIO M ™ (@) =D.

ImiysibcHa TpaeKTOPist @, 110 IOYMHAE PYX 3 TOYKU X € X, € HellepepBHOIO cipaBa PyHK-
LI€I0, 1110 MA€E BUTJISA]L
. ¢,(t—t,), akmotelt,,t,,1),
=1 " (5)
Xyt AKIO L =1, 4,

nefx) . elo,(s, Mns0 © IM — imuysibeni Touky, {s, },~ o < (0, +00) — BiANOBIAHI MOMEHTH Yacy,

n
@utus0 €K, 0g(0)=x 1a Vn=0 ty:=0, t,,4 = Y, s, n>0.

= o k=0 -
[Tosnaunmo yepes K, MHOKMHY BCiX IMITyJIbCHUX TPAEKTOPIH, 1110 TIOYNHAIOTH PYX 3 TOUKH X.
Byaemo BBakaTy BUKOHAHOIO TaKy YMOBY:
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VxeX koxna §eK, Busnauena na [0,+ o). (6)

Osnauennsa. Muorosunaute Bioopaskenus G: R, x X — P(X)

G(t,x)={p(t)| peK,} (7)

HazuBaeTbcd iMiyabecHoo M/IC.
Jlema 2. Axuwo suxonyromocs ymosu K1, K2, (2), (6), mo hopmyna (7) eusnavae M/[C G .
PosruistHeMo yMOBU BUKOHAHHSI BJIACTUBOCTI iHBAPIaHTHOCTI JI7IsI TJIOOAIBHIX aTPAKTOPIB iM-
nyascanx M/IC. [l iboro HaKIa1a€EMO J0JJATKOBI YMOBH Ha TTapaMeTpH 3a/1adi:
K3) Vx, = x V¢, e K, 3¢ € K, TaKe, 1110 110 AedKiii mianocaigosuocti Vi =0 @, (¢) = ¢ (¢);
I) xomnakTHO3HAUHE Bi£o6pa>KeHH;1 I: M — P(X) naniBHeniepepBHe 3Bepxy [6];
S1) akmo g xe X\ M, x, > x, ¢, ern, oK, taVi=0 ¢,(t) > ¢(), 10

S(@) = o0, AKIIO S(@,,) = °° 1719 HECKIHYEHHOI KiJTbKOCTi 72>1,
5(9,,) = s(9), inakme.

Jlema 3. Hexaii imnynvcna M/IC G 3adosomvnsic ymosu K1, K2, (2), (6), K3, I, S1 i mae riio-
GanpHMiT arpakTop O . 100i 6UKOHYEMbC MaAKA 6AACMUBICIND:

V=0 VE€O\M G(t,E)N(O\M)=J. (8)
Ao npu ypomy G 00nosnaume, mo
Vi=0 G(t,0\M)cO\ M. 9)

Jlist Toro 11106 BUKOHYBaJIOCST 3BOPOTHE BKIageHHs Y (9), HeOOXiTHO HAKJIACTH TaKi J[o/at-
KoBi ipunytienHs Ha K, M, I :
K4) Vx, - x V¢, €K, 3¢eK, Taki, o 1o JesaKii miamocmIiJoBHOCTI
n

@, — ® PIBHOMIPHO Ha KOKHOMY [a, b] [0, «); (10)

S2) axmo nns x, € M, x, >xeM,tonnsa ¢, € K, abo s(¢9,)=eco 111 HeCKiHUCHHO]
KizbkocTi n>1, abo o mignocaizosrocti s(@, ) — 0,7 ﬁn oo,

Jlema 4. Hexaii G 3adosonvnsic ymosu K1, K2, (2), (6), K3, I, S1, K4, S2i @ — znobarvruii
ampaxmop G . Todi

Vt=0 @\ M cG(t, ©\ M). (11)

Kpim mozo, sxuo Vx € X,Vt,s20 G(t+s,x)=G(t,G(s,x)), mo 6 (11) mae micye pisnicmo.

PosrustHeMo 3acTocyBaHHST HaBeIleHNX a0CTPAKTHUX PE3YJIbTATIB 10 cIaboHeTiHIHOT mapa-
6oJIIYHOI 3a/1a4i, PO3B’'I3KK KOl 3a3HAIOTH IMIIYJIbCHOIO 30ypeHHs B MOMEHT 3yCTpidi 3 (hikco-
BaHOIO MiAMHOKUHOIO (hasosoro npocropy [7]. Hexait Q « R" — obmexena obmactb. BigHocHo
HeBigoMux GyHKI u(t, x), v(t, x) B obaacti (0,+00) X Q poO3rIsTHEMO TaKy HEJTIHINHY 3a/1a9Yy:

u, =aq Au+8][1(u, Z))’
v =ay Av+bAu+e fo(u,v), (12)

u

20=?20=0,
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zie >0 mammii mapamerp, ay,ay >0, [bl<2 [a, a, . Henepepsni neminiiini dynxiii f; ‘R >R,
i=1,2, 32/10BOJIBHSIOTH TaKy YMOBY:

3C>0 ‘v’u,veR‘ﬂ(u,v)‘+‘f2(u,v)‘<6'. (13)

Binomo [8], 1m0 3a Takux yMoB /7151 KOsKHUX €>0, @ € X icHye npuHaiiMHi OAUH PO3B’SI30K

0= [u] e C ([0, +0), X) sanaui (12) 3 ¢(0) = ¢y, 1e X = [*(Q)x I*(Q) — chasosuii npoctip. [Tpu
v

IIbOMY €IMHICTH TAKOTO PO3B’A3KYy HE TaPAHTYETHCSI.
Tomi 3amaua (12) mopopKye ciM'to HellepepBHUX BiloOpaskeHb
Ké={p:[0, +0) > X| ¢ po3B’s130K (12)},

110 3a/10BOJIbHA0TH yMoBH K1, K2.
Jlist pikcoBanux o >0, >0, vy >0, >0 posrisgaemo Take iMIryIbcHe 30ypeHHst [5]:

M= z=[jJeX\oc(u,w1>+s<v,w1>=1, @<, (14)

I:M — P(X) — KOMIIaKTHO3HAYHe,
JUTST

> C; cf > C;
Z:Z{[d) y,eM Izc (a’t’}w1+22’[d-]%

ne {y; )2, — Bracwi bynkiii —A B Hy (Q).
Teopema. /s docmamivo marux €>0 imnyrvcua sadaua (12), (14), (15) nopoocye im-
nyaveny M/IC G, : R, x X — P(X), sika mae enobanvruii ampaxmop O, i

c{‘<y,ac{+Bd{=1+u : (15)

dist(©,,0)—0, e >0, (16)

de © — ziobanvnuii ampaxmop imnyavcroi cucmemu (12), (14), (15) npu e = 0.
Kpim mozo, sxwo 1: M — P(X) nanisnenepepene 3eepxy, mo

Vi >0 G, (t,0,\M)=0,\ M. A7)
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[JIOBAJIBHBI ATTPAKTOP
VMITYJIbCHOWM [TAPABOJIMYECKOM CUCTEMBbI

I/ICCJIGI[OBaHO CyHnreCTBOBaHme F]IO6aJIbeIX ATTPAKTOPOB AJIAA UMITYJIbCHBIX MHOTO3HAYHbBIX TUHAMUYECKUX CUC-
TEM, TPACKTOPUU KOTOPBIX UMEIOT 66CKOII€‘HIO€ KOJINYE€CTBO UMITYJIbCHBIX BOSMyH.IGIIHfI. HOJIy‘{eIHIbIG pe3yJibTa-
THI IPUMEHEHBI K MapaboIndeckoii ciaboHeTMHEHON NMITYIbCHO-BO3MYIIEHHON crucTeMe 6e3 eIMHCTBEHHOCTH
pemenus 3azaun Ko,

Kntoueevle cno6a: umnyivcnas MHo2o3HauHaAsk OUHAMUYECKAS. CUCTEMA, 2I00ATIbHBLL AMMPAKmop, UMNYIbCHOE
B03MYUEHIUe, NAPAOOIUUCCKAS CUCTEMA.

M.O. Perestyuk, O.V. Kapustyan, I.V. Romaniuk
Taras Shevchenko National University of Kiev
E-mail: pmo@univ.kiev.ua, kapustyanav@gmail.com, romanjuk.iv@gmail.com

GLOBAL ATTRACTOR
OF AN IMPULSIVE PARABOLIC SYSTEM

We study the existence of global attractors for impulsive multivalued dynamical systems, which have trajec-
tories with infinite number of impulsive perturbations. The results are applied to a weakly nonlinear parabolic
impulsive system.

Keywords: impulsive multivalued dynamical system, global attractor, impulsive perturbation, parabolic system.
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