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BBegnenmue. lccieioBanne ycToOMInMBOCTH HEJTMHEHHBIX CUCTEM C 3aIIa3/(bIBAHUEM IIPEJICTABJISIET
coboil akTyasbHYIO IPObJIEMy COBpEMEHHOII Teopun yupasienus [1-6]. B mocsiennue roxpr naTepec
K Hell 3HaYuTeJbHO BO3POC B CBA3U C IIOdABJIEHUMEM 3a/av yIIpaBJ/IeHUA MYJIbTUAl€HTHBIMU W KU-
Gepdusnueckumu cucremamu |7]. Xoporo ussectHo [2, 8], 4To 3ana3/pIBaHIe MOXKET CYIIECTBEHHO
BJIMSATh HA YCTOMYMBOCTH U JIpyrHe JUHAMUUYECKHe Xapakrepuctuku cucrem. Ciie/lyer OTMETUTD,
YTO BO MHOIMX IPHUKJIAJHBIX 33/1a9ax 3ala3/[blBaHne He siBijsieTcs MajibiM. Kpome Toro, nadopma-
Io1s O ero BeJIM4YuHe MOXKeT 6bITb HEI0CTYIIHA. B TaKUX CJIydadx HeO6XO‘I[I/IMO IIOJIYyYIUTDH YCJIOBUA,
rapaHTUPYIOIINE 33 IaHHOe IOBEJIEHNEe CUCTEMBI IIPH JIFOOOM 3alla3/IbIBaHUN.

[Ipsimoit meTos JIstiryHoBa sIBJIsieTCsE OCHOBHBIM MHCTPYMEHTOM aHAJIM3a YyCTONINBOCTH HEJINHEN-
HBIX cucTeM. s cucreMm ¢ 3ama3/ibiBaHUeM ero IpuMeHeHune 0as3mpyercs win Ha nojaxone Pazymun-
XUHA, WK Ha (PYHKIMOHAIaX JIssmyHoBa—KpacoBCKOro. 91u moaxo/Ibl TOCTATOTHO XOPOIIO PA3BUTHI
JUtst TuHeRHbIX cucteM |2, 8-11]. Psii BasKHBIX U MHTEPECHBIX PE3YJILTATOB MOJIYYeH JIJIs Olpeie-
JIEHHBIX KJIACCOB HEJMHENHBIX CUCTeM ¢ 3anasjpiBanueM (cm., nanpumep, [1, 3, 8, 12-14] u 6ub-
muorpaduio B Hux). OHaKO B 1esI0M IpobsieMa HaxoxkaeHust dbyukiwmii JIsmynosa—Pasymuxuna un
dyukimonasos JIanynosa—KpacoBckoro 1jist HeTuHERHOIO Cilyvast HEIOCTATOYHO M3YUeHA.

B nannoit crarbe uccienyercs nejmnneitnas quddepeHnuaabHO-PA3HOCTHAS CUCTEMA, CIIEIUA b
HOTO BHJIA, IIPEJICTAB/ISIFOINAsT CODOI CJIOKHYIO CHCTEMY, OIUCHIBAIOIIYI0 B3aMMOJEHCTBIE IBYX IO/I-
CUCTEM, OJIHa M3 KOTOPBIX JMHEHHAs, a BTOpasg — HeJWHeiHas u ofHopojHas. Takue ypaBHEHUs
MOryT 6bITb IIOJIy49eHbl B KPUTUYECKOM CJIy4da€ HECKOJIbKHNX HYJIEBbIX CO6CTBeHHbIX quceJl MaTPpUIlbl
cucreMbl JiuHeRHOrO npubkenus [15, . 2, § 4]. Kpome Toro, npu HEKOTOPbIX JIONOJIHUTEIHHBIX
YCJIOBUSIX HA HEJIMHEHHOCTH JAHHYIO CUCTEMY MOXKHO PACCMATPUBATH KAK KJIACCUYECKYIO CUCTEMY
JIypbe HenpsIMOro yIpasJieHusl ¢ 3alla3/blIBaHieM B KaHasle obpaTHoil cesizu [16, r. 4, § 5; 17, 1. 2,
§ 5; 18, 8§ 7.5, 11.2].

[Ipe utaraercst opurnHasibHasi KOHCTPYKIUs DyHKIMoHATA JIsiryHOBa—KpacoBckoro, ¢ momorpso
KOTOPOM IOJIy4aloTCA yCJIOBUS, FAPAHTUPYIOMINE aCUMIITOTHIECKYIO YCTOMYUBOCTD MU IPEIEIbHYIO
OI'paHUI€HHOCTD peHleHI/Iﬁ HsyqaeMoﬁ CHUCTeMbl IIpUu .HIO6OI\/I IIOCTOAAHHOM HEOTpUIaTEeJIbHOM 3alla3-
JbIBAHUU. BBIBOISITCS OIIEHKYM BPEMEHU IEPEXOIHBIX IporieccoB. Vccenyercs Bianusinre BO3MYIIEHMIA
Ha JUHAMUKY CUCTEMbI. PaccMaTpuBaeTcst ciydail, KOrjia B CUCTEME UMEIOTCS IIePEKJIIOYEHUs PEyKU-
MOB (DYHKIIMOHUPOBAHUS, U OIPEIE/IAIOTCH yCJIOBUsI, IPU BBIIOJIHEHUN KOTOPBIX aCHMIITOTHYIECKAS
yCTOI';I‘{I/IBOCTb nmim 1pee/ibHasd OIPaHUYIC€HHOCTDb COXPaHAIOTCA IIPpU .HIO6I)IX JAOIIYCTUMbBIX 3aKOHaX
HEePEKJIIOUEHUS.
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1. ITocTranoBka 3aga4uu. [lycts 3amana cucrema auddepeHnnaibHO-PA3SHOCTHBIX YPaBHEHU

i(t) = Az(t) + g1(y(t) + g2(y(t = 7)), 9(t) = Ca(t) + fr(y(t)) + f2(y(t — 7)) (1)
Baecw t >0, z(t) € R, y(t) € R™, A u C — nocrosiHHble MATPUIILI PA3MEPHOCTEH 1 XN U M XN
coorsercrBerHo, f1(y), f2(v), ¢1(y), g2(y) — HeupepbiBHBbIe pu Yy € R™ 0OnHOPOJHBIE TOPS/IKA

@ > 0 BekTOpHBIE (DYHKIMNA COOTBETCTBYIONMX PAa3MEPHOCTEl, T — MOCTOSHHOE HEOTPHUIATEIHHOE
3aI1a3/pIBaHIE.

Kazioe perienne cucrembl (1) ipu t >ty onpejensercs Haua IbHBIMU YCJIOBUSAME: HAYATbHBIM
MoMeHTOM to > 0 u HauaabHON BeKTOp-yHKIMel ¢(#). Byaem cunrars, uro HauaabHbe (DYHKINA
HpHUHAJIE’KAT MPOCTpaHcTBy HenpepbiBHbX dynkumit C([—7,0],R"T™) ¢ pasaomepHoil HOPMOIi
lellr = ,Dnax lp(@)|l, a mom || -] Oymem moHMMATH €BKIMIOBY HOPMY BeKTOpa. Jljisi KayKmoro

€l-7,0]

t >0 uepes (xf,y;)" obosmaunm orpes3ok pemenusi (xf,y;)", T.e.
(@, y)" 2 0 (27 (t +0),y7 (L + 6))"

upu 6 € [—1,0].

Cucrema (1) umeer nysesoe pemenne. Vccsemyem yejioBust, IIpu BBIIIOJIHEHAH KOTOPBIX 3TO pe-
IIeHue 6yﬂeT ACUMIITOTUYECKN yCTOIU/I‘{I/IBbIM npu .HIO6OIVI HeOTpHUIlaTeJIbHOM 3alla3/IbIBaHUU. KpOMe
TOr'0, 3aMETHM, YTO BO MHOTHMX MPUKJIAJIHBIX 3aj/ladax Tpedyercs, YTOObI BCe PelleHus U3yIaeMOi
cucreMbl ObLu orpannydenbl. OcoOblit HHTEPEC MIPEJICTABIAET CUTYAINA, KOria B (ha30BOM IIPOCTPaH-
CTBE CHCTEMbI CYIIECTBYET KOMIIAKTHAS ODJIACTH TaKasi, 9TO KarKJ0e PeIleHHe 338 KOHEYHOEe BPeMs
IIOIIAIAET B TY 00JIACTH U OCTAETCS TaM MpPU JAJIbHENIeM BO3PACTAHUN BPEMEHU. Y Ka3aHHOE CBOIi-
CTBO HA3bIBAIOT NPedeabHol 02PaHuMernocmyvlo Wik duccunamustkocmoio (M. [8, § 5.4; 19, . 4,
§ 17]). Iosromy, HApsiLy C YCJIOBUSIME ACUMIITOTUYECKON YCTOWYIMBOCTH, OIPEIEJIUM YCJIOBUS IIpe-
JIeJIHOI OrpaHuYeHHOCTH pertenuii cucrembl (1).

Cnemyer ormeruthb, uro npu 7 = 0 ycToifumBocTh cooTBeTcTBYyIOMmEi cucremsl (1) mcciemno-
Basach B crarbe [20] ma ocHoBe Merona gexommosuipu. Opnako B [20] mpemonaranocs, 9To pac-
CMaTpHuBaeMasl CUCTeMa fABJIfAJIacCh CHHFyJ’IHpHOﬁ (B JIEBOII 4acTu IIepBOfI IIOJACUCTEMbI B KadeCTBe
MHOXKUTEJIsE IpU & (t) NPUCYTCTBYET MAJIbIl MOJIOKUTEIBHBIH [ApaMeTp), He HMPOBOIUIICH AHAJIN3
JIMCCUIIATUBHOCTU U HE YYUTBHIBAJIOCH BJIMSAHUE 3alIa3/IbIBAHUS HA JUHAMUKY CHCTEMBI.

B nacrosiiieit pabore, B ornune or [20], BMecTO MeTOa JEKOMIIO3UIUE UCIOJIb3YIOTCS CIIeIU-
aJibHble KoHCTpyKinu dyukiuit Jlsnyrosa u dyuknunonasos Jlsnyunosa-Kpacosckoro. B.JI. Xapu-
TOHOB pa3paboTay Teopuio PyHKIHOHAIOB JIsmyHoBa—KpacoBckoro mogHoOro Tumna s JUHEHHbIX
b depenimanbHo-pasHocTHLIX cucreM [9]. B crarbsx [14, 21, 22| npe/yioyKeHbl MOIXObI JJIsl 110
CTpoeHusT PYHKIIMOHAJIOB IIOJIHOTO THUIIA JJIT HEKOTOPBIX KJIACCOB HEJIMHEHHBIX cucTeM. B maHHOI
pabore yKasaHHbBIE IMOAXOBI paclipocTpansiiorcs Ha cucreMbl Buga (1). Ilocrpoennbre dynKImO-
HaJIbI TIOJIHOTO THIIA, [TO3BOJISIIOT HE TOJIBKO OIPEIEJIUTh YCIOBUS aCUMIITOTUYECKON YCTONIMBOCTH
n Hpe,ﬂeﬂbHOﬁ OI'PaHUYIECHHOCTHU, HO U IIOJIYUYUTH OIEHKU BPEMEHHN IIEPEXO/HBIX IIPOIECCOB, a TaK-
2Ke uccjieJoBaTb BJINAHNE BO3MyH_IeHI/II71 Ha AUHAMHKY CHUCTEMBI. KpOMe TOro, IpoBOAUTCA aHaJIN3
yCTOI';I‘{I/IBOCTI/I n IIpe,ZLe.HbHOfI OI'PaHUYIECHHOCTU [Jigd COOTBETCTBYIOIUX CHCTEM C IEPEKJIIOYCHUAMU
pPeKuMOB PYHKITMOHUPOBAHUSI.

2. ITocTpoenue dbyHkimonana JIlanynoBa—KpacoBckoro. IlycTh BbIIOJIHEHBI ClIeIyOIIe
TIPEITOTIOYKEHHS.
Ilpeanosoxkenune 1. Cucrema

z(t) = Ax(t)
ACUMIITOTHYECKU yCTONYNBA.
ITpeanosioxxenne 2. Hysesoe pelienne OgHOPOIHON CUCTEMBI

g(t) = fly(®) + f2(y(1) — CA g1(y (1)) + g2(y(t)))

ACUMIITOTHYECKU yCTONYIUBO.
3ameuanue 1. llpegnonoxkennss 1 u 2 mpejacTaBisioT cOOON HEKOTOPBI AHAJOT M3BECTHBIX
ycJioBuii abCcoJIIOTHOI yeroitunBocTH st cucreMbl JIypbe Herpsivoro ynpasienust (eMm. [16, c. 94]).
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Bameuanmue 2. I3Bectro [15, Teopembr 36, 38; 23|, 4T0 11pK BHIIOJIHEHUN IPEIIIOIOXKEHUH 1 1 2
JUIs JIIOOBIX ducest v > 2 u vy > 2 cymectByior dbyukiun JIsmynosa Vi(x) uVa(y), obramarormme
CJIEJIYIONIMMU CBOMICTBAMU:

a) Vi(z) uVa(y) nBaxzasl menpepbiBao guddepennupyeMsr npu Beex = € R", y € R™;

6) Vi(xz) uVa(y) — mosoxKuresibHO onpesenéHuble QyHKINN;

B) Vi(z) uVa(y) — omHopoaubie DyHKIMU MOPsiJIKA V] U Vo COOTBETCTBEHHO;

r) dyHKIun

oVi(z) oVa(y)

<aT>TAx, <Ty>T(f1 (y) + fa(y) = CA g1 (y) + 92(1)))

OTPHIATEIHLHO OIIPeIesIeHbI.
Teopema 1. [Tycms svinoanenv, npednoaostcerusn 1 u 2. Toeda ecau i > 1, mo nyaesoe peuserue
cucmemvs (1) acumnmomuyecku yemotuuso npu amobom T = 0, a ecau 0 < p < 1, mo pewenus
cucmemvt (1) pasromepro npedeavro ozparuvenv, npu aobom T > 0.
HokazareabcTrBo. CHadaia paccMOTpuUM (PYHKIIUIO

View) = Vit + al) - (2o ) cat, )

e Vi(xz) uVa(y) — ogHoposHble IOpPsIIKA V] W V9 COOTBETCTBEHHO byHKImHN JIsamyHoBa, 001812~
IOIIe CBOWCTBAMU, YKA3aHHLIMU B 3aMeYaHUU 2.
Huddepennupyst dbyuxuio (2) B cuity cucremsl (1), mosrydaem

(0.0 = (258D (40 + 0010 + sl = 7)) +

= (P o)+ atote — 7)) - (PHED ) 0o ) + e - ) -

2
() + Ai®) + falu(t — ﬂ))T%jﬁ)cA—lx(t) -

— (ZEIDY oy + (2D (1 50) + a(0(0) - A 0au(0) + s (u(O)) +

+ (P 1 0 + e - o) = (P (1) — e - ) +

N <%§T»>TCA1@2W)> — ga(y(t — 7)) -

2
() + Ai(y®) + falu(t — ﬂ))T%yi(%A—lx(w.

Hanee B coorBeTcTBUM € MOAXOI0M, paspaboranubiM B [21, 22|, Beibupaem dyakimonas Jlsiy-
HoBa—KpacoBckoro B BHje

t

Ve = Va.w0) + (P28DY [ (70) - cA™ galolo) ao+

t—1

t
T / (B+alr —t +0)||y(6) =+ do, 3)
t—1

rjge «, [3 — NoJIoKUTeIbHbIE napaMeTpbl, a dyuknus V(x,y) oupemesnena no dpopmyse (2).
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Torna
’ ; OMi(a(t) '
Vi) = (502 ) dat) +
# (ZEDY (ulute) + oot - CA anlu(0) + (o) ~
—a [ @It ds + 8+ an)ly® = Blyte - )+
t—7
xT * 2
(P )+ anlota =) = (Cote) + Aly) + falute = 1) 2 G CA et +

t

[ (120616 — A ga(y(6)) 0.

t—1

9*Va(y(t))

+ (Cx(t) + f1(y(@) + fa(y(t — 7)))" oy?

YuursiBast cBoiicTBa OHOPOAHBIX (ByHKIW (M. [15, c. 112, 118]), nosyudaem orneHku

buflz ()" + bally ()" = ballz Oy~ = bally®)]*~ / ly(@)[I* d6 +

t—T

+5 / ly (@)1 db < V (e, ye) < sl (@) + bolly()II”* + ballz(®) [y () >~ +

t—T

0@ [ @) a8 + (5 + an / (@)1 db,

V(e ) < ~brlla (@) = (bs = 8 = ar)ly®) >+ - / ly(@)]|*> =" do —
= Blly(t =)=+ bolle (1 Uy ()1 + ly(e = m)]1#) +

¢
+blo(Hx(t)H+IIy(t)II“+IIy(t—T)II“)Hy(t)H”2_2(Hx(t)H+ / Hy(9)ll“d0>-
t—r

Saeck by, ..., big — HOJMOKUTEILHBIE TOCTOSHHBIE.
Bribepem u 3adukcupyeMm 3HaUeHUs MapaMeTpoB « u [ Tak, 9TOOBI BBIMOJHSIIOCH YCJIOBUE

5+0¢T<Z—8. (4)

C ucnosbzoBanneMm HepaseHcTs FOura u [éibaepa (cm. (24, c. 53, 54, 169]) HeTpy/1HO 1OKa3aTh,
YTO JIJIS JTIOOBIX MOJIOKUTENIBHBIX YUCET P1, P2 MMEIOT MECTO COOTHOIIEHMUST

sl () Illy (01"~ + bally (@)1~ / ly(0)]]* db <

1 -1 t vo—1 Vl/(l/l_l)
<t s-tmlatoyr + 2o (YT
1Z1 1Z1

b1
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w/(va+p—1)
) <

t
+b4T<V21>/<”2+~1>||y<t>||”21( [ =g

t—

_ va—1\v1/(v1—-1)
< b3<i(p1||x(t)||)yl + vy —1 <||2/(t)|| > > + b47_(1/2—1)/(y2+p,—1) %
141 V1 P1

t

vy —1 —(v2+p—1)/(v2—1) votp—1 H (va+p—1)/p / votu—1

7 13 EE— 0)||"2H* " db ).

< (2L O+ (@)l
t—1

AmnajiornunnsiM 06pa30M BBIBOJIATCA HEPpaBEHCTBaA [IJId CjlaraeMbIX

bollx ()1~ (ly ) + lly(t = 7)II*) +

()] + w1 + (e~ T)H“)Ily(t)H”2<Hx(t)H - Hy(9>ll"d9>

U3 OIEHKU IIPOU3BOIHON (DYyHKIIMOHAIA.
B pesyabrare momyaum, uro ecan i > 1,

u+1<u2+u—1

V< oy
’ 2 1Z1

< 1, (5)

TO Haiiaéres yuciao 01 > 0 Takoe, 4TO

t
1 ~
§<b1||fc(t)ll”1+szy(t)H”2+ﬂ / ||y<e>uw+“1d0) < Voo y) <
t—1

t
<2(ballel" + bl + 5+ ar) [ Iy as ). )
Vi) < 5 (srle” + sl 40 [ o) ) )

pu t o
e + ool + [ @)+ ao <, ®)

aecm 0 < p<l1,

y2+u—1<u+l
141 2

; (9)

TO HaiinéTCst unciao 02 > 0 Taxoe, uro Hepasencrsa (6) u (7) cupaBe/IUBBL IIPH

vy <vy, <

t
@™ + v + / ()"~ df > 6. (10)

t—T

Buaunr |8, Teopema 5.2.1; 9, § 2.11; 22|, (3) — dyukuumonan JIsnyrnosa—KpacoBckoro 1mosHoro
Tuna Jis cucrembl (1), rapanTupyromuii npu 4 > 1 acCUMITOTHYECKYIO yCTONYMBOCTDL HYJIEBOTO
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pemennst, a mpu 0 < p < 1 — paBHOMEPHYIO IPEIEIbLHYIO OT'PAHUYEHHOCTHL perrennii. Teopema
JIOKA3aHa.

Bameuanue 3. zsectHo (2, § 3.3; 10, ru1. 6], uro upu p = 1 BbinosHenue npesnosoxenuii 1 u 2
HE TapaHTUPYET aCUMITOTUYECKON YCTONYMBOCTU HYJIEBOI'O PEIIEHUs] WU HPEJETHbHON OIDaHUYeH-
HOCTH peIleHuii 1jisi cooTBeTcTByoMeil cucrembl (1) mpu ji060M HEOTPUIIATELHOM 3alla3/[bIBAHIM.

3. OueHKHM pelleHUl U aHAIU3 AUHAMUKYA BO3MYIIEHHOU cucreMbl. [lokaxkem, 4ro ¢
HOMOIIIBIO TOCTPOEHHOTO (bYHKIMOHAJA MOYKHO HOJIyYUThH OIEHKU BPEMEHH I€PEXOJHBIX IIPOIECCOB
B cucreme (1).

Teopema 2. Ilycmo (1> 1 u evinoanenv npednososicenus 1, 2. Tozda das mobozo T 2 0 u aro-
6020 wucaa p € ((p+1)/2, 1) cywecmeyrom nososcumesvHvle NOCMOARHE A1, A, a3, O MAKUE,
umo ecau navarvras Gyrkyua @(0) das pewenus (x™(t),y"(t))" cucmemw (1) ydosaemsopsem

YCA06UI0 }
lell- <4, (11)

lz()]| < ar(1 +agt) /D, ly (0] < az(1 + agt) "D (12)

npu t > 0.

HoxkazaresberBo. Crpoum dyukimonasn JIsmnynosa—Kpacosckoro mo dopmyiie (3), riae Besu-
YUHBI v ¥ 3 YJIOBJIETBOPSIOT YCJIOBHIO (4).

Mo sananuoro p € ((u+1)/2, u) nonoxkum ve = prq. Ecin 1) J0CTATOYHO BEMKO, TO YCJIOBUS
(5) 6ymyT BbmmosHensl. Haxomum 7 > 0 Tax, 9roObI M3 HepaBeHCTBa (8) CJI€Z0BAJIO BBIIOJIHEHIE
orenok (6) u (7).

Hynesoe pemenune cucrembr (1) acumnrorudecku ycroiuuso. [losromy cymecrsyer 6 > 0 Ta-
KO€, 4TO ecJii BbIOJIHEHO ycsioBue (11), To st coorsercrsytomero pemenust (z*(t),y"(t))" npu
Bcex t >0 Oymyr cupaseusbl coorHomennst (6)—(8). Torma (cM. mokasaTesnbcTBO TeopeMbl 1 B
pa6ore [22|) dyukimonan (3) Ha sTOM perenun GyIeT yaoBIeTBOPATD juddepeHajiLHOMy Hepa-
BEHCTBY

‘7(1}7 yt) < —6‘714»(“71)/”2 ($t, yt), i) = const > O,

HHTErpupyst KOTOPOe M UCIIOJIB3Ysi HUKHIOIO OIeHKY B (6), mpuxoaumM K HepaBeHcTBaMm (12). Teopema
JIOKa3aHa.

3ameuanue 4. B ciaygae 0 < g < 1 ¢ MOMOIIBIO TOCTPOEHHOTO (PYHKIIMOHAJIA MOXKHO OIEHUTH
06JIacTh TPEJIEIbHON OIPAHUYEHHOCTH U BPEMs IONAJIAHUS PEIIeHui B 3Ty 00JIaCTh.

JleficTBUTENIBHO, TIOJIYyYaeM CJIeLy IOl aJIrOPUTM HAXOXKIEHUsT TPEOYEMBIX OIEHOK:

1. Beibupaem wmciaa vy > 2 u vy > 2, yjaosierBopsiomue yeaosusaMm (9), u crpoum yHKIM-
onan Jlsnynosa—Kpacosckoro V (zy,y;) mo dopmyse (3), rme mist mapamerpoB «, [ BBIIOJHEHO
HepaBeHCTBO (4).

2. Haxomum dy > 0 rak, urobsr u3 (10) ciepoBasio, uro umeror mMecto onenku (6) u (7).

3. Moxen ykasarb uucia A >0, b >0 rakue, 4T0
V(@) < =0V (g ) (13)

upu V (2, ye) = A.

4. Ucnonwsyst nudpdepennmanibaoe HepasencTso (13), momyuaem, aro ecsm to > 0, V(:cto,yto) <
< A, 10 V(zg,y:) < A npu Beex t > to, a ecau to > 0, V(:cto,yto) > A, 10 V(zg,y:) <A npu
Beex ¢ = to+ T, tne T = vo(VA-1/v2 (249, Yty ) — AD=1/v2) /(1 — 1)b).

5. B kauecTBe oneHku obJaCTH MPEJIEIbHON OI'PAHUYEHHOCTH BhIOMpaeM 00JIaCTh

buflz]” + bally]”* < 2A. (14)
6. Bazaem unciao A > 0. IIycte w = sup ‘N/(cp) Torma ectn HavaiabHast QYHKIUS PEIICHUS
lpll-<A

yaosersopsier yeiosnio ||¢ll; < A, 1o npu ¢ > max{0; v (w2 — AQ=m/v2) /(1 — 1)b)} s10
perierne OyzeT HaxXouThest B obsactu (14).
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Hasee, Hapsiay ¢ (1), paccMOTPUM COOTBETCTBYIOILYIO BO3SMYIIEHHYIO CHCTEMY
i(t) = Az(t) + g1 (y(1) + g2(y(t — 7)) + Q(t, =(t), y(1), y(t — 7)),

y(t) = Cx(t) + fry(t) + fa(y(t — 7)) + R(t, 2(2), y (1), y(t — 7). (15)
Baecw t > 0, Bekropuble dyukuun Q(t,x,y,u), R(t,x,y,u) nenpepbsabl npu t > 0, = € R",
y €R™, ueR™
IIpennonoxkenne 3. Cymecrsyer ynciao y; > 0 Takoe, uro B obmactu ¢t > 0, ||z|| + |ly|| +
+ ||ul]| <y cupaBemuBBI OnEeHKN

Rt 2,y w)ll < erlll” + Iyl + llull®), 1R 2y w) < ea(llz]” + lyll° + ull),  (16)

rae c¢1, o, 7, ¢ — IOJIOKAUTENIbHBIE TIOCTOSHHBIE.

IIpennonoxxkenne 4. Cymecrsyer ynucio ye > 0 Takoe, uro B obmactu ¢t > 0, ||z|| + |ly|| +
+ ||u|l > v2 cupasenuser onenku (16), a upu ¢ > 0, ||z|| + ||y|| + ||u|| < 2 dysxmun Q(t, x,y,u),
R(t,x,y,u) orpaHuYeHbI.

Teopema 3. Ilycmo p > 1 u svinoanenwv. npednoaoscenusn 1-3. Toeda, ecau

n>1, (> u, (17)

Hy.aesoe pewenue cucmemsvt (15) acumnmomuuecku yemotuueo npu aobom T = 0.
Hycmos 0 < p < 1 u swnoanenor npednosoocenus 1, 2, 4. Toeda, ecau

O<n<l, 0<(<up, (18)

pewenua cucmemvs (15) pasromepro npedeavho oepanuverv, npu aobom 7 = 0.
HoxkaszaresbcTBo. Pacemorpum dyrkimonas (3), B KOTOpOM mapamMerpbl «, (3 YIOBIE€TBODS-

o1 yenosuio (4). [Tpoauddepentupyem ero B cuily BO3MYIIEHHON CHCTEMBI U TIOJIy YUM

-~ oV (x(t T 194% y(t T

Vet =W G+ 258D Qe ato) vt0)wte— )+ ( Z2H ) et e o) wte ) -

t
2
Rt 2(t), y(t), y(t ﬂ)%jﬁ) (cA—1x<t> - [ (Bl - A i) de) -
t—7
- (M)Tcwcz(t,xu),y(w,yu _ ).
dy

Baeco W (xy,y:) — nmpoussognast dynkiuonana (3) B cury cucremst (1).
[Mycrs > 1. Ipu ¢ >0, ||z(®)|| + ly@)| + lly(t — 7)|| <71 umeem

V(@ ye) < Wz, ye) + ou(le @I~ + Iy Uz @17 + Iy + ly(e = 7)I1) +

t
+ b2y @122l (O + Iy + IIy(t—T)HC)<H$(t)H + / Hy(«9)ll"d9>,

rae by, by — momoxurenbubie mocrosmubie. CHOBa MCIONb3ysi Hepasencrsa FOmra u [énbuepa,
HETPY/IHO MPOBEPHUTH, UTO €CJIM HOPsiaku ofuopomnoctu dbyukiumit Vi(z) u Va(y) ymosiaerBopsior
YCJIOBUSIM
+1 vo+p—1
v < vy, max{'u—,ﬁ} < rTRT 2 < W
2 'n V1

U BBITIOJIHEHBI HepasencTsa (17), To maiinérces umcao & > 0 Taxoe, uwro npu ||(zF,yf)"|l» < &
cupase bl oneHkn (6) u (7).
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B cayuae 0 < p < 1 aHajoruvabiM 0O6pa30M MOKA3BIBAETCS, YTO IPU BBLIIOJHEHUU IIPEIIIOJIO-
kernit 1, 2, 4 u HepasencTs (18) perrenusi BO3MYIIEHHON cucTeMbl OY/IyT PABHOMEDHO IIPEIEIHHO
orpaHudenbl. Teopema joka3aHa.

4. YcaoBusi aCUMITOTUYECKOIl YCTOWYMBOCTH Y NPEJIEJIbHOI OrPaHUYEHHOCTU JIJIs
cucTeMBI ¢ nepekaouenusmu. Vceaenyem renepsb cucremy Buga (1) ¢ MepeKIIOIEHUSMEI PEXKI-
MOB (PYHKIIMOHUPOBAHUS:

i(t) = Az(t) + ¢ D (y(1) + o (y(t - 7)),

g(t) = Ca(t) + F7D (y(1) + 17 (y(t - 7)), (19)

Buaecw t > 0, x(t) € R", y(t) € R™, A u C — H0CTOsIHHbIE MATPUIIBI PA3SMEPHOCTEH N X N U
M XN COOTBETCTBEHHO, 0 = 0 (t) — KyCOYHO-TIOCTOsIHHAST (DYHKIHsI, OTIPEIEJISIFONIAsT 3aKOH TI€PEKJIIO-
venust, o(t) : [—7,+00) — {1,..., N}, f;s) (y) m gj(-s) (y) — menpepsiBuble npu y € R™ oxmHopomibie
nopsijika 1 > 0 BeKTOpHBbIe (DYHKIMU, TPUIEM BEPXHUN MHJEKC O3HAYAET HOMED (DYHKIMH U3 COOT-
BeTCTBYIOIeEro cemeiictsa, j = 1,2, s = 1, N, T — IOCTOSHHOE HEOTPHIATEILHOE 3aIA3/IbIBAHIE.
[Tpemmonaraem, aro dyuknust o(t) Ha JIOOOM OrPAHUIEHHOM IIPOMEXKYTKE UMEET KOHETHOE YUCJIO
TOUEK pa3pbiBa. Takue 3aKOHBI EPEKIOUCHUsT OYIeM HA3bIBATD JONYCMUMbLMU.

Cucrema (19) oTHOCHTCSI K KJIACCY CUCTEM C ACMHXPOHHBIME IepeK/roueHusiMu. M3BectHo, ato
ACHHXPOHHbIE TEPEKJII0YEHUsT UMEIOT MECTO BO MHOIMX IHMPHKJIAIHBIX 3a/a9aX B CIydasiX, KOIJa
yIIpaBJIEHUE B CUCTEME 3aBUCHUT OT pexkuMa (pyHKIMOHUPOBAHKs U TPEOYETCsl HEKOTOPOe BPeMst JIJIst
nieHTUOUKAIMYA aKTUBHON MOJICHCTEMbBI U IIPMMEHEHHsI COOTBETCTBYIONIEro peryJsropa [6, 25].

[Tycts A — Heocobasi maTpuiia. PaccMoTpuM ceMeiicTBO OJTHOPOJIHBIX TTOJCHCTEM

(1) = FO ) + £ w(8) - CAT (G (1) + 65 (y(1)), s =T, N. (20)

IIpennosioxkenne 5. Hynesbie perennst mojcucreM u3 cemeiicrsa (20) aCHMITOTHYIECKH YCTOT-
YUBBI, TIPUYEM JJIs 9TOTO ceMeficTBa cyTmecTByeT obmas dbynkmus Jlamynosa V(y), obmamzarommast
CJIeIYIOIUMU CBOMCTBAMMU:

a) V(y) apaxzapl HerpepbiBHO Auddepenimpyema npu Bcex y € R™;

6) V(y) — nosoxkureabHo onpejesiéaast hyHKIMs;

B) V(y) — onnoponnas (byHKIus nopaaka A > 2;

r) dyHkIun

(—agif’) )T(ffs’ w®) + £9w0) - cA G @) + S @), s=T,N,

OTPHIATEIHLHO OIIPeIesIeHbI.

3ameuanue 5. Hekoropble mOaxoiabl K IPOBEPKE IIPEIIIOJIOXKEHNS b pa3spabOTaHbl B CTATHAX
[26, 27].

Teopewma 4. I[Tycmwv svinosnersv, npednososcenusn 1 u 5. Toeda ecau p > 1, mo Hyaesoe pewenue
cucmemos (19) acumnmomuuecku yemotuuso npu aobom T = 0 u ar060m donycmumom 3axore
nepexaovenua, a ecau 0 < p <1, mo pewenus cucmemos (19) pasromepro npedeavho o2parueHs
npu amobom T = 0 u 410060M QONYCNMUMOM 3GKOHE NEPEKNIOUEHUS.

JokazareabcTBo. 3aaéM 4dncia v > 2, V9 > 2 u crpouM dyuknuonas JIsamynosa—Kpacos-
CKOTO TI0 popMmyJIe

V(t,z,u) = Vi(a(t) + Va(y(t)) + / (B+a(r —t+0))|y@)|>*+1do —
t—1

t
_ <%§i(t»> CA~ a(t) + <%’f“)> / (1" (y(9) = CA™ gD (y(9))) db.

t—1
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Baecs o, [ — monoxurenbubie mapamerper, Va(y) = VY2/A(y), a Vi(z) u V(y) — ommopommbie
mopsika vy m A dyHKun JIamyHoBa, 0bagaronine CBOWCTBAMHI, YKA3aHHBIMI B 3aMEUAHUN 2 U
TIPETIOTIOKEHNH 5 COOTBETCTBEHHO.

[Mpomuddepennupyem stoT dyHaKImonan B cuiay cucrembl (19). [omyanm

¥ tr) = (2D at -+ (A i)+ 67yt - ) +

T ox

+ (%@))}:@» w®) + 1577 w®) = A G o) + o7 () -

t
—a [ IO o+ 8-+ a1 = Blate — Dl -

t—T

- *Va(y(1))

% CA a(t) +

— (Ca(t) + 17 () + 17 (y(t — 1))

9 t
(@) + FOD ) + 17 (gt - ﬂ))T%jjt” [ wo) -

—CAT G (y(8))) d8 < —prllz(®)| — (p2 — B — ar)|ly(B)[|2 " —

t
—a / ly@) "= df — Blly(t — o)1 + pallz @)1 (ly @I + Nyt - 7)|1*) +

t—1

t
+ pa(ll=@) + [y (O + IIy(t—T)II“)\\y(t)\\”2_2<||fﬁ(t)|| + / IIy(é’)H“d9>-
t—T
3nech p1, P2, P3, P4 — IHOJOKHUTEIbHBIE IOCTOSTHHBIE.
JabHelinmee 10Ka3aTeIbCTBO AHAJIOTHIHO JTOKA3aTEILCTBY TEOPEMBI 1.

5. IIpumep. Ilycrs cucrema (1) mveer Bu
x(t) = Ax(t) + Bh(y(t — 7)), y(t) = Cx(t)+ Dh(y(t — 1)), (21)

rie t >0, x(t) € R?, y(t) € R?, A, B, C, D — mocrosHmble MaTPHUILI Pa3MEPHOCTH 2 X 2,
h(y) = (v}, y4)*, p > 1, — panuoHaJIbHOE YUCJIO ¢ HEYETHBIMU INC/IUTEJNEM M 3HAMEHATEJIEM, T —
IIOCTOAHHOE HeOTpUIllaTeJIbHOE 3alla3/I[bIBaHUE. TaKHe YpaBHEHNSA COOTBETCTBYIOT CUCTEME HEIIPAMO-
ro yIpaBjIeHHs C JIByMsl HeJIMHEHHBLIMU UCIOJHUTEIbHLIMUA OpraHaMU U 3alla3/blBaHueM B KaHaje
obparnoii ceszu [16, rr. 4, § 5; 18, §§ 7.5, 11.2].

Onpesie/nM yCI0BUsT aCHMIITOTHIECKON yCTORYIUBOCTH HyJIeBOTO perenus cucrembl (21). Bygem
cunTaTh, uro A — Heocobasg Marpuna. UToOLI HPOBEPUTH YCIOBHE IIPEJNOJIOKEHHS 2, HOCTPOUM
OJIHOPOJIHYIO CHCTEeMY

§(t) = (D — CA'B)h(y(t)). (22)

Paccmorpum ciyaaii, korma

a=(G o) m=c=(1 ) p=(i 1) 2

rae a — HEKOTOpasd IMOCTOdAHHAA.
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st cucrembr (21) ¢ TaKUME MATPUIIAME [IPEJIIIOJIOKEHNE | BBINOJHEHO TOTJA U TOJIBKO TOTJIA,
korma a < 0, a ypaBuenus (22) NpHHUMAIOT BUJ

i = (2110 L) o, 1)

Bamernm, 4ro (24) — cucrema Baskesckoro [17, rn. 9; 28]. Cuenosaresnsro [28, upumep 9|, st
ACHUMITOTUYECKO YCTOIMBOCTH €€ HyJIEBOTO pEeleHns HEOOXOIMMO | JIOCTATOTHO, YTOObI MATPHIA
9TON CUCTEMBI ObLIIa T'YPBUIIEBOIA.

[Tpumensisi TeopeMy 1, nostydaem, 9To Ipu BbIIOJHeHNHH yciaoBus —1/3 < a < 0 HyJeBoe pe-
nrerue cucrembl (21) ¢ marpurnamu (23) aCUMIITOTHYECKH YCTOWRIUBO IPU JIOOOM HEOTPUIATEIBHOM
3aI1a3/[bIBAHNUH.

SakaroueHwue. /[is paccMaTpuBaeMbIX KJIACCOB CUCTEM IIPEJIOXKEHBI OPUTMHAJIBHBIE KOHCTPYK-
nuu GyHKIroHasoB JIsmynoa—KpacoBckoro mosiHoro Tuira, ¢ IOMOIIbI0 KOTOPBIX YCTAHOBJIEHBI HO-
Bbl€ YCJIOBUSI, TapaHTUPYIOIUe aCUMITOTUYECKYIO YCTOHYNBOCTh HYJIEBOI'O DEIIEHUsI WU IIPeJiesb-
HYIO OFPAHUYEHHOCTDb PEIeHUil mpu JIF0OOM ITOCTOSTHHOM 3alla3bIBaHuU. B KatecTBe HaIpaBJeHUs
JaJbHEHIINX UCCJIeI0OBaHUil OTMETUM Pa3BUTHeE IIPEJJIOKEHHBIX 10JIX0I0B JIJIsl aHAJIN3a yCTOMINBO-
CTU ¥ TPEJE/IbHON ONPAHUYEHHOCTH CUCTEM C IEPEMEHHBIM 3alla3/IblBAaHueM U ¢ 00ODIIEHHO-0/IHO-
POJHBIMU HEJIMHENHOCTSIMU.
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