Mssectus By3os. Maremaruka https://kpfu.ru/science/nauchnye-izdaniya/ivrm
2019, Ne10, c. 62-74 e-mail: izvuz.matem@kpfu.ru

K.C.JIAITHH

TOTAJIBHASI OTPAHUYEHHOCTD I10 IIYACCOHY PEIIIEHUN
P-BO3SMVYIIIEHHBIX CJIOYKHBIX CUCTEM JU®PEPEHIINAJIBbHBIX
VPABHEHUN

Amnnoramsa. Beeenbl oHATHsST P-BO3MYIIEHHON CHCTEMBI U, B 9aCTHOCTH, P-BO3MYIIEHHOM! CJIOK-
Ho#i cucrembl. Ha ocHoBe Merona dyHKIwmit JIamyHoBa MoIyueH JOCTATOYHBIN MPU3HAK TOTAJIBHOM
orpanmnvenroctu 1o Ilyaccony perieruit P-BO3MYyIIIEHHON CHCTEMBI IO OTHOIIIEHUIO K JII000H JTnHEel -
HO# cucreme ¢ mocrogHHbIMU KO3 dunuentamu. Ha ocrnose merona Bekrop-dbynknuit JIsamyHosa
7 YKA3aHHOTO BBINIE NMPU3HAKA MOJIYYEHBI JOCTATOYHBIC MPU3HAKH TOTAJIbHOI OrPAHNYEHHOCTH O
IIyaccony permenuit P-BO3MYIIIEHHON CTOXKHON CUCTEMBI U PEITIEHUN P-BO3MYIIIEHHOMN CTOXKHOM CH-
CTEMBI C TeT/Ieil 00PaTHO CBA3MU.

Krogebre cioBa: ‘P-BO3MylleHHAsI CHCTEMA, CJIOXKHAsA cucreMa, pyHKIius JIAmyHoBa, TOTaabHAS
orpanuvdeHHocTh perienuit o Ilyaccomy.

VIK: 517.925
DOTI: 10.26907/0021-3446-2019-10-62-74

B [1] meron dbyskimit Jlgnynosa ObLT NPpUMEHEH K HCCJIEIOBAHNID PA3JUIHBIX BHJIOB OTpa-
HUYEHHOCTH DEIIeHUil HeJMHEHHbIX cucTeM. B |2] m3yduenne oCHOBHBIX BHIOB yCTOHYHMBOCTH, a
TaKKe OIPAHUYEHHOCTH, PellleHuli OhII0 MPOBEJEHO HA OCHOBE METO/a BeKTOp-(pyHKIui JIsdamy-
HOBA. DTOT METO/ [0 CDABHEHUIO C OOBIYHBIM MeTOOM DYHKITNH JIdmyHoBa HMEET 3HAUUTETHHO
Goabrmie BoamoxkHocTn. Hanpuwmep, B [3] Ob10 MOKa3aHO, 9TO OCHOBHBIM WHCTPYMEHTOM WC-
CJIeTOBAHUsT YCTOMYINBOCTHU CJIOXKHBIX CUCTEM, T. €. CUCTEM, COCTAB/JIEHHBIX M3 B3ANMOCBA3AHHBIX
noJcucTeM, sipasiercst Meroy| Bekrop-dyukunii Jlanyrnosa. C apyroit croponrsr, B [4]-[8] meroist
dbyukiuit JIanyroBa n BexkTop-dyHKImMit JIgnyHOBa OBLIN TPUMEHEHBI K NCC/IEIOBAHUIO PA3/INY-
HBIX BUJOB OrpanudeHHocTu 1o Ilyaccony pernenuit nesmHefiHbIX cucteM. [loHsTHE OrpaHuveH-
Hoctu perenuii o Ilyaccony xapakrepnusyercd TeM, YTO PelleHne MOXKeT He COJePKaThCs 110JI-
HOCTBIO B HEKOTOPOM Iriape hazoBoro MmpoCTPaHCTBA, HO 00J1a/iaeT CBOHCTBOM CYETHOI'O YUCJIA
pa3 BO3BPAIAEMOCTH B 3TOT IIap.

Hacrogarmas pabora mocssaiena TpUMeHEHWI0 MeTOMa BeKTOp-pyukmit JIamyHnoBa K ncciemno-
BAHWUIO TOTAJIBHOM, T. €. IPU MOCTOAHHO ACHCTBYIONNX BO3MYIIEHUIX, OrpanndernocTu o Ilyac-
COHY pelennii P-BO3MYIIEHHBIX CUCTEM U P-BO3MYIIEHHbBIX CA0KHbIX cucreM. [loj P-Bo3mytieH-
HOHM CHUCTEMOM 110 OTHOIICHUIO K 334aHHOM CUCTeMe [IOHUMAETCHA CUCTEMA, 1IPaBad 4aCTh KOTOPOH
paBHa NPaBOil 9acTH 3aJaHHON CUCTeMbl, yMHOKeHHON Ha dynknuto 1/(g(t) + a(t)), rue g(t) —
mobag 3anannas Ha {t € R | t > 0} nenpepwisro nuddepennupyemas nepuoguueckas byHKIus
¢ mepuogom T, st KoTopoit minjg.7 g(t) = 0 n max|g,r) g(t) > 0, w at) — mobas 3amamHas

IMocrynuna B pemakmuio 08.10.2018, moce mopaborku 13.12.2018. ITpuaara k myoaukamun 19.12.2018.
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Oeneparun Ne MK-139.2017.1.
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Ha {t € R | t > 0} yopsalomas auddepenuupyemas byHKIUSA, YIOBAETBOPSIOMAS YCJIOBUIO
a(t) = 0 npu t — +00. IlorpebHoCTh B nCCI€10BAHUN P-BO3MYIIEHHBIX CUCTEM 110 OTHOIIEHUTO
K 33JaHHBIM CHCTE€MaM BO3ZHMKAET B Te€X CAyYadX, KOTJa ITOJ BO3/IeICTBUEM BHEITHUX CUJI MOTYIb
BeKTOpa (haz0Bo#l CKOPOCTH 33 JAHHOM CHCTEMbl HAUNHAET COBEPIIATE BHIHYKIEHHBIE KOJIEOAHS,
aMILIATYZIa KOTOPBIX C TEYCHUEM BPEMEHHM HEOTPDAHWYEHO BO3PACTACT.

Pabora maumHaercst ¢ pacCMOTpeHUS HEOOXOJUMBIX TOHSITUN W yTBEPXKJIEHUH, CBI3aHHBIX C
BEKTOP-QYHKIUAMI JISTTYHOBA ¥ TOTAJbHON, T.e. IPU TOCTOAHHO JEHCTBYIONINX BO3MYIIEHUSX,
orpannmderHocTrio 1o Ilyaccomy pemennii. Jamee BBOAUTCS TOHATHE P-BO3MYIIIEHHON CHCTEMEI
[0 OTHOIIEHUIO K 3aJaHHofl cucteme. [loyden nocTaTOvYHBIN MPU3HAK TOTAJBHOM OrpaHWYeH-
vocty 1o Ilyaccomy permeruit P-BO3MYIIEHHON CHCTEMBI TI0 OTHOIIEHHIO K 1000 TUHEHHON! CcH-
cTeMe ¢ TOCTOAHHBIME Koddhdunmentamu (TeopeMa 2). 3aTeM HATIOMUHAETCS TOHITHE CJIOXKHOMN
CHACTEMBI ¥ PACCMaTPUBAIOTCS P-BO3MYIIIEHHBIE CUCTEMBI TI0 OTHOIIEHWIO K CJOKHBIM CHCTEMaM.
Ilonywen moctaTounblil MpU3HAK TOTAJILHOHN orpanmdeHHocTH 1o llyaccomy pemennit P-Bo3my-
IIEHHO}T CJIOKHOI cucreMsl (Teopema 3). laree HaloMuHaeTCs TOHATHE CJIOXKHON CHCTEMBI C IIeT-
Jieti 06paTHO CBA3U U PACCMATPHUBAIOTCH P-BO3MYIIEHHbBIE CUCTEMBI 110 OTHOIIEHUIO K CJIOXKHBIM
cucreMaM C HeTJagMu oOparTHbiX cBsg3eil. llojyyen jgocTaTodHbBIl NPU3HAK TOTAJIBHONW OTIPAaHU-
gennoctu 110 Ilyaccony perennit P-Bo3MyIIEHHOM CIOXKHOI crcTeMbl ¢ TieTsieit obpaTHoil cBs3u
(TeopeMa 4). TIpuBesier nprMep TpUMEHEHNUS MMOJIYYEHHBIX B paboTe Pe3ysIbTaTOB K KOHKPETHOM
CJIOXKHOW HETWHENHONW CHUcTeMe perynupoBanud. llepefimem Temeph K TOUHBIM OMPEACJCHUAM ¥
GHOPMYTUPOBKAM.

[Tycts 3a7ambr TPOU3BOIBHBIE CUCTEMBI AudpdepeHrnajibHbIX ypaBaennii or n > 1 nepemen-
HBIX

‘C% = F(t,2), F(t,z) = (Fi(t,2),..., Fa(t, )", (1)
% — F(t,x)+ H(t,z), H(t,x) = (H(t,z),..., Hy(t,2))T, (2)

riae BekTop-byaKiwa F(t, ) u Bekrop-byukiwsa H (¢, x), Ha3bBaeMas BO3MYIIEHHEM CHCTEMBI
(1), onpenesensl u HempepbiBHbl B RT x R™. 3nech uepes RT o6oznageno muoxkecTBo {t €
R | t > 0}. Ilpennonaraercs, aro Bce perternst cucteM (1) u (2) IpoJOZKIMBI Ha BCIO [OJIyOCH
RT. Exuncreennoctn pemenus 3agaau Komm s cucrem (1) u (2) me tpeGyercs.

Hanomuauwm cuagamna [2| onpenenenus: BeKTop-pyHKIMA JIAIyHOBA U CHCTEMBI CDABHEHUS JIJIsT
cucrembl (1). Iycrs ma R x R™ zagana nHenpepbiBHo juddepennupyeMas BeKTOP-(pyHKIUA
Vt,z) = (Vi(t,z),...,Vi(t,z))", 1 > 1, u ma R x R! 3agana menpepsiBHas BekTop-byHKIHS
f(t,8) = (f1(t,6),..., fit, )T, ynosrersopsiomas yeaosuio Baxenckoro (nanpumep, [2]). Herrpe-
peiBHO nudepentmpyemasa BekTop-dbyukius V (¢, x) n cucrema

dg

iR AU (3)
HA3BIBAIOTCSI COOTBETCTBEHHO BEKTOP-(pyHKIHElH JIAmyHoBa U CUCTeMOil CpaBHEHUS JIIsT CUCTEMbI
(1), ecm BemoHEHO yeaosue V(t, x) < f(t,V (¢, x)).

[Mox ||+ || 6ymem moHMMaTh OBBIYHYIO €BKJINMIOBY HOPMY [Ijisi BEKTOPOB M Marpuil. Perexue
x = z(t) cucremnr (1), npoxogsimee yepes Touky (to,zo) € RT x R™, Gymem 3anuceiBaTh Kak
x = x(t, to, o). Jdns moboro tg € RT Gygem gepes RT (¢g) oboznadars muoxectso {t € R | ¢ >
to}. JIrobyto HeOTpHIATEJNBLHYIO BO3PACTAIOILYI0 YMCIOBYIO IOCJAE0BATENLHOCTE T = {T;}i>1,
lim 7; = 400, 6yaem HazbBaTH P-110Cem0BaTEILHOCTRIO. Jl8 KaxK10il P-110C1e/0BaTeIbHOCTH

1—00
o0

T = {7i}i>1 Oyuem uepes M (1) oboznagars MuONKeCTBO |J [T2i-1; T2i].
i=1
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Hanomuum [7], uro o pemenusix cucrembl (1) roBopsit, 4T0 OHU TOTAJLHO OIDAHMYEHBI 110
ITyaccony, ecau agisi cucremsl (1) nafigercs P-nocaenosaresbHoctb T = {7;}i>1 1 JJis KaxK 1010
gncaa o > 0 cymecTByoT Takue uncaa > 0 u y > 0, aro qys moboro pemennst ¢ = x(t, to, o),
to € M (1), ||xol| < o, cucremsr (2), ynosaersopstomieit mpu ¢ > 0 n a < ||z|| < S HepaBeHCTBY
|H(t,z)|| < v, Bemoameno yeaosue ||z(t,to, zo)| < B mna Beex t € RY (tg) (\M(7). B cayuae,
KOT/Ia TPeOyeTcsl TOUHO yKa3aTh COOTBETCTBYIOIIYIO P-I0C/IeI0BATebHOCTD T = {7; }i>1, OyaeMm
rOBOPHUTH, 9TO perennst cucrembl (1) ToranpHo orpaxmdensl no llyaccony ornocmresnsHO P-
[OCJIEIOBATELHOCTH T = {T; }i>1.

OTmMeTHM, UTO ec/ii B OIPEJIETeHNH TOTaIbHOM orpanndenHocTn 1o llyaccony permenmit cu-
crembl (1) 3a6bITh T = {7;}i>1 1 3amenuts R (¢) (| M (7) va RT (ty), To monydaum onpenenenue
TOTAIBLHOH OrpaHW<IeHHOCTH perenuii cucreMsl (1), BBegennoe B [1]. Jlerko BumeTs, uro ecsn
pererns cucreMbl (1) TOTAIBHO OrpaHUYEHBI, TO OHE TOTAJBLHO OrpaHHYeHb! u 1m0 [lyaccomy.

Hasmee bynem obosnadars depe3 a(r) u b(r) mpoussosbable dyukmuum, rae r > 0 u t > 0,
KOTOpBIE 00JIaTaI0T CJIEIYIOMIMI CBOHCTBAME:

1) a(r) > 0 — Bo3pacraroras yHKIHA,

2) b(r) > 0 — meybriBaromas dyuxuusg u b(r) — 0o mpu r — 0.

B paBore [7] va ocHoe merona BekTop-byHKIMil JIsnyHOBa ObIIN TTOJIYYeHbI CIEIYIONHe J10-
CTATOYHBbIE MPU3HAKK TOTATIBHON orpanmdentocTr 1o [Tyaccony perernit cucremsr (1).

Teopema 1. ITycmo daa cucmemo (1) cywecmeyrom maxue P-nocaedosamesvrocmv T = {7; tis1,
sexmop-pynruusa Jdanynosa V (t,x) u yrasannve svaue Gynkyuu a(r) u b(r), wmo evnoaneros
CAEOYIOULUE YCAOBUA:

1) Vi(t.z) >0,....Vi(t.z) >0,

l
2) b(||lz|]) < ;V,—(t, x) < a(||z||) dan ecex (t,xz) € M(T) x R",
i=

3) 1(0V;/0x)(t,x)|| < Li, 1 < i <1, das scex (t,x) € RT x K, 2de K — awboe xomnarmmoe
nodmmoosicecmeo 6 R™ u L = (Ly,...,L)T >0 — nocmoannwiii éexmop, sasucauwud om K.
Kpome mozo, nycmo pewenusa cucmemove cpasrenua (3) oaa cucmemv (1) momanvno ozparuren
no ITyaccony omnocumenvrno P-nocaedosamenvrocmu 7 = {7;};>1. Tozda pewenusn cucmemwvi (1)
momaavho ozparusenst no Ilyaccony.

Caencrsue. Ilycrs st cucrembr (1) cymecrsyior Takue P-niociaenosareabHoctb 7 = {7;}i>1,
weripepbigao juddepentupyemas gyuxuus V (¢, x) > 0, onpenenennag na RT x R™ merpe-
poisHas pyukuus f(t,€), samannas va RT X R, u ykazannsie soime gyaxuuu a(r) u b(r), aro
BBITIOJTHEHBI CJICAYIOIINAE YCIOBAS:

1) o(||z]]) < V(t,x) < a(||z|) mns Beex (t,x) € M(7) x R",

2) V(t,x) < f(t,V(t,z)) oz Beex (t,z) € RT x R”,

3) [|(0V/0x)(t, z)|| < L nna Beex (t,x) € RT x K, rae K — m060e KOMIIAKTHOE TIOIMHOZKECTBO
B R"™ u uucno L > 0 3aBucur ot K. )
Kpome Toro, mycrb perienust ypaBHenus cpasaenus £ = f(t,£) ams cucrembr (1) ToTambHO
orpanuyensl 10 Ilyaccony orHocuresibHo P-nocienosarenbaoctu T = {7;}i>1. Torga pemenus
cucremsl (1) Toranpro orpanndens: mo Ilyaccony.

Beenem Teneps nmonsarue P-BO3MYIIEHHON CHCTEMBI 110 oTHOIIEeHUIO K cucreme (1). Ilycts g(t)
— mobas 3aganHas Ha RT mempepnsro mmuddepenmmpyemas meprogndeckas (QyHKIHA, yI0-
BJIeTBODsiIOMas ycaoBusiM min g(t) = 0 u maxg(t) > 0. fcro, uro min g(t) u max g(t) cymie-

R+ R+ R+ R+
CTBYIOT, OCKOJIbKY M3 nepuojnanoctu pyHKimn ¢(t) ciepyior paBeHCTBA rﬁin g(t) = I[g)uTr]l g(t)

n mzixg(t) = I[Tla}}(g(t), rae T — nepuox dbyukiuu ¢(t). Jlerko Bugers, uro ¢'(t) asiasgercs
R 0;T
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HENPEPBIBHON mepruognyeckoit dyHKIMeld, jijis KOTOPOH BBIIIOJIHEHBI YCJI0BUS Max g’(t) >0m
R+

min ¢'(¢) < 0. st Toro, 4robbl He meperpyKarh 0003HaAYeHNs, BMECTO min 1 max Oyuem Besje

R+ R+ R+

COOTBETCTBEHHO TMCaTh MPOCTO min u max. Kpome toro, mycrs a(t) > 0 — mobas auddepen-
nupyemast yobipatormas pyHKIMs, 3ajannas na R s koTopoit Bbimosneno ycaosue a(t) — 0
npu t — +00. IIpocTbivu mpuMepamy Takux dyHkuit apasgiorces ¢(t) = 1 +sint u a(t) = et

Hanee mia cucrembr (1) n ykasauubix Boite dyukuuii g(t) n at) aobyio cucremy, UMEROILy 0
BH/I

1 pg),
dt g(t) + a(t)
OyieM Ha3BIBATh P-BO3MYIIEHHO CHCTEMO IO OTHOIIEHNIO K crucTeme (1), 1, eciin HCKITI0YeHb!
HEIOPa3yMeHus, P-BO3MYIIEHHON CHCTEMOIH.
Paccmorprum P-Bo3MyIIIEHHYIO CHCTEMY TI0 OTHOIIEHWIO K IPOM3BOJILHON JIMHEHHON crucreme

T = Ax, T. €. PACCMOTPUM CUCTEMY

dzx 1
L (4)
dt g(t) + a(t)
roe A — mobag MOCTOAHHAS ACHCTBUTENbHAL 7 X N-MATPHALA.
CdopmyaupyeM U JOKaxKeM JOCTATOYHBIN IPU3HAK TOTAJILHOM orpammdyenHocTy 1o Ilyaccomy

perenuii P-Bo3MyIeHHON cucTeMsl (4).

Teopema 2. Eciu cobcmeennbie SHAUEHUA N1, - . . , Ap MAMPUULL A 6 npasoti wacmu P-603myuieH-
noti cucmemus (4) ydosaemeoparom ycaosuro Rel; < —max ¢'(t) das ecex 1 < i < n, mo pewe-
HuA 2moll P-803mMyweHnoti cucmemvs momasbHo ozparudenss no Iyaccony.

Jlokasameawvcmeo. Onpenennm caauana gyuknuio Jlsmynosa V (¢, ). ng storo cuenaem 3ame-
HY TMepeMeHHBIX * = Sy, rae y = (Y1,...,Yn). € C" m S — KOMILTeKCHAs N X N-MaTpHUIa, 11
KoTopoit ST'AS = B — BepxHSAS TPEyro/bHAs KOMIIEKCHAS MATDHUIIA, HA IVIABHOI JHArOHAIN
KOTOPOH CTOST COBCTBEHHBIEC 3HAUEHUST A1, . .., A, MATPUILl A. OTMeTHM, 9TO yKA3aHHAS BBIIITE
3aMeHa [epeMeHHBIX o = Sy SKBHBaJeHTHA 3aMeHe IIePEMEHHBIX T = S7, Te § — KOMILIEKCHOe
9HCII0, COMpsizKEHHoe K y, u S = (8;;) — MaTpumua, conpsKeHHas K Marpure S = (s;;). fcuo,
9TO /I YKA3AHHON BBIIIE 3aMeHbI IEPEMEHHbIX & = S CIIPABE/JINBO PABEHCTBO (§)71A§ = B,
rie B = (b;j) — Bepxugag TpeyrosibHas MaTpula, conpszkennas K marpure B = (b;;). Xopo-
mo u3BecTHo (Hanpumep, [9]), uro 3ameny TepeMeHHBIX T = Sy BCerjga MOXKHO CJIeJaTh Tak,
9T00BI 15t JII060T0 feficTBuTebHOTO uncaa b > 0 ObLI0 CrpaBeyInBO HepaBeHCTBO |bij| < b
mpr Beex 1 < @ < j < n, rge |bjj| — Momysns KommiekcHoro wncaa byj. Ompememny GyHKINO
V :RT x R" — R, noraras

V(t,) = (9(t) + o)) - (S'2, (S) ') = (9(t) + (1) - (y,7) =
= (9(t) + ) D wigi = (9(t) + aD)llyl* = (9(t) + () Y |wil* > 0,
=1 =1

rae (, ) — ckamsproe ymuoxkenune B C". Paccmorpum mig moboro dukcupoannoro 0 < v <
max ¢(t) BO3paCTAIONIYIO TTOCTAEI0BATETBHOCTE ¥ < ¥g < -+ < ¥J; < - -+ BCeX KOpHEil ypaBHEHMUsI
g(t) + a(t) = . llycrs ¥y — mepBblit w3 KOpHEid, /st KOTOPOTro Ha 0Tpe3Ke [Ug; Vg+1] BBIIOJHEHO
yeqosue g(t) + at) = . Ompeaesnm BO3PACTAOINIYO MOCIEI0BATETBHOCTD T) < Ty < « -+ < T; <

-+, mojrarast T; = Vi1 k_1, ¢ = 1. dcno, uro li>m T; = 400, CJeoBATeNbHO, T = {T; };>1 siBJsieTCst
7 oo

P-110C1€10BATELHOCTBIO. JIerko BueTh, uro s mobbix t € RY (1)) u z € R"™ cnpasemso
mepaserctso V (t,x) < a(||z]]), tae a(r) = (max g(t) + max a(t))([|S~|r)?. Tak kax Ha KaKIOM
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3aMKHYTOM MHTEPBAJIE [To;—1; To;], 4 = 1, cupasemymso HepasencTso v < g(t) + a(t), To aas Beex
(t,z) € M(7) x R" nonyqaem b(||z||) < V(t,x), rue b(r) =~ - (r/||S]|)?. U3 sroro caeayer, uro
npoitnoe HepasercTso b(||z||) < V(t,z) < a(||z||) copasemmmBo mas Beex (t,x) € M(1) x R™.
Jng npousBogHOi V(t, x) dyuxiyn V (¢, z) B cuny cucrembl (3) uMeeM paBeHCTBA

V(t,z) = (g'(t) + /) lyl|* + (S~ Az, (S) ') + (S~ ', (S) ' Ax) =
= (g'(t) + /')yl + (ST'ASy, (5)7'S ) (S7'Sy, (S) ' ASy) =
= (g'(t) + o/ (®)llylI* + (By, 7) + (v, (g'(t) + () |lyl*+

B
(Z)\zyzyz+ Z szy]yz> <Z)\yzyz+ Z bz]y]yz>—

1<i<j<n 1<i<g<n
= (g1 + ' @)yl” + ZA XNyl + D (BigyiTs + bigTw)-
i=1 1<i<j<n

Tak kak o'(t) < 0 npm Becex t € RT u maxg'(t) > 0, To mmeem ¢'(t) + o/(t) < maxg'(t) aas
Beex t € RT. Ilo yerosuio Teopembl Re)l; < —max g (t) qtst aoboro 1 < ¢ < n. llosromy umeem
i + A = 2Re); < —2max ¢'(t). Tax xax b;;y;Y; = bwyjyi, TO TTOTYIAEM

> iyl + biTw) = Y 2Re(biyB) < D 2biysTl =

1<i<j<n 1<i<j<n 1<i<j<n
= > 2bgllyllml < D bal(ylP+ 1wl < >0 byl lyll* <
1<i<j<n 1<i<j<n 1<i<j<n
1
< D0l = 5t = Dullyl?,
1<i<j<n

rae f1 > 0 — Hamepes 3aJaHHOE 9HCJIO, i KOTOPOTO |b;j| < . VI3 yKa3aHHBIX BBINIE HEPABEHCTB
nosyqaem V(t,z) < (—max ¢'(t) + (1/2)n (n—1)u )|yl|?. Ecrr Bpibpats aucio p > 0 Tak, 970651
1 < (2maxg'(t))/(n(n—1)), To noayanm V(t,z) < =yl ¢ = max ¢'(t)— (1/2)n(n—1)u > 0.
13 nepasencrsa V (t,z) < —||y|? caeayer

(0
o0 +a() | BT

Tax xax —1/(g(t) + a(t)) < —¢/ max(g(t) + a(t)), To moayIaeM HepaBEHCTBO

V(ta .I‘) < —¢ V(t¢ $),

V(t,z) < —

rae ¢ = ¢/ max(g(t) + a(t)) > 0. D10 HEPABEHCTBO 03HAMAET, YTO YPABHEHUEM CPABHEHUS JJIsi
cucteMbl (4) sIBJIsIeTCsl ypaBHEHWE £=—cfor onHol mepementoit. Meronom dyuximit JIamyso-
Ba JIETKO IPOBEPSAETCs, 9TO DEIeHNsl yPaBHEHNs £ = —c€ roranbHo orpanmdenst. Hanpumep, B

kKadvecTBe pyHKIMHU JISIyHOBA JTsi YPABHEHUS 5 = —c€& MoxnHo B3aTh bynkuio W (€) = €2, Tak
KAK DEIIeHNs YPABHEHNS & = —c{ TOTAJbHO OMPAHMYECHBI, TO OHE TOTAJLHO OIPAHMYCHBI U [0
[TyaccoHy OTHOCHTETHHO PACCMOTPEHHOiH Bhie P-mnocaenosarebioctn 7 = {7;};>1. Takum 06-
paszoM, isi P-BO3SMYIIEHHOI cucTeMbl (4) BCe YCJIOBUSI CIEICTBYST BBIIOTHEHBI 1, CJI€0BATEIBHO,
pertenns 3ot P-BO3MYIIEHHONH CHCTEMBI TOTAIBLHO OrpanuveHs! mo Ilyaccony. O

Hamomuum teneps [10] (raxsxke [3| u [11]) monstue croxuoit cucrems! gudpepeHImaabHbIX
ypaBHeHU.
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[Tox coxnuoit cucremoii quddepeHImasbHbIX yPABHEHNN TOHUMAIOT JTI0DYIO CUCTEMY BUJIA

L'UZ = fi(t, l‘z) + E DiBij(t)Hjxj, 1 g 7 < m, (5)
1<j<m
roe o' = (af,...,2}) € R™, 1 < i < m, KoTOpas COCTaBJIeHa U3 HAGOpa TAK HA3BIBAEMBIX
epeATOYHBIX [T0JICHCTEM

' = fi(t,z')+ D', y'=Hix', 1<i<m, (6)

CBSI3aHHBIX MEXKJIY COOOI COOTHOIIEHUSIME

i _ j ;

u' = g Bij(t)y’, 1<i<m, (7)

I<gsm
e BekTop u' = (ul, ... ,u;i)T € RPi Ha3BIBAETCST BXOJIOM B MEPEIATOUHYTO mojcucremy (6), Bex-
Top ¥' = (yt,... ,yéi)T € R% uaspiBaeTca BLIXOJAOM U3 lepeiarounoil nojcucrembr (6), fi(t, z?)

— mHempepbiBHas (DyHKIMA, 3a0arHag na RT x R™ D, — nocrognmas n; X p;-marpuna, H; —
MOCTOSIHHAS ¢; X Ny-Marpuna u Byj(t) — p; X gj-MaTpuia, s1eMenTaMi KOTOPOil SBIISIOTCS HeTpe-
pbiBHbIe (DYHKIINHE OT HepeMenHoit t € R,
PaccmoTrpum J1100y0 CII0XKHYIO CHCTEMY BHA
T = fi(t, x ) + DiBZ'jHj:L‘], 1 <1< m, (8)
1<jsm

rae B;; — mocrosguuast (p; X ¢;)-MaTpPHUIA, I PACCMOTPUM P-BO3MYIIEHHYIO CUCTEMY 110 OTHOIIEHUIO
K cucreme (8), T. €. paCCMOTPUM CHCTEMY

. t, j
= ST fz 37 }: D nggi, 1< <m. (9)
g(t) + a(t) ( )

9 1<j<m

Buano, uro cucrema (9) siBasieTcst CI02KHON CucTeMOll, KOTOpas CoOCTaBjaeHa u3 Habopa nepeja-
TOYHBIX [TOJCUCTEM

VA — v\ D (A VA — H (A 1 < < m
EROETTOREEEE A
CBA3aHHBIX MEXKIY €000 COOTHOLIECHNAMM
, B .
ut = 27‘7 v, 1<i<m.
1552, 9 +alt)

[TocraBuM Temeps BOMPOC O TOM, KaKne TPeGOBAHMS HyKHO HAJIOKNUTH HA CJAOXKHYIO CHCTEMY
(8), aTObGBI perrennst CI0XKHON P-Bo3MyIeHHON cucTeMbl (9) ObLIN TOTAIBHO OTPAHUYEHBI 110
ITyaccomy. OaHuM M3 OTBETOB HA ITOT BOIIPOC SIBJISETCS

Teopema 3. Ilycmov dasa caoocnotl cucmemsvs (8) ewnoaneno ycaosue By = 0 u nyemov cywe-
cmeytom maxue Jupdepenyupyemvie dynxyuu Vi : RT x R% — R u nocmoannse c1; > 0,
coi > 0, ¢33 > 0, 04Z >0, 1 <i<m, wmo daa ykazannunz eviwe Pynryud g(t) v a(t) u ecex
teRT, 2t € R, 1 < i <M, 66NOAHEHDL CACOYIOULUE YCAOSUA:

D) enlle? € Ult.o) < onllo P

2) (glt) + ot >>8V"(”)+(‘W( =)

ot ox’
H@V (t,z°

it >) < —esili 2,

dl

ozt

‘ < caille
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Kpome mozo, nycms 0as COOCMBEHHVT 3HAMEHUT A1, ..., Ay NOCMOARHOT deticmeumenbrot
m X m-mampuybe A = (a;j), 36a006aemOT PAGEHCMEAMU

2

C3; Cy; . .
aii =maxg'(t) — >, ay=>—2— > |DByHl? i+#j, (10)
2¢2i 2esic1j 52,

guinoaneno ycaosue Rel; < —maxg'(t) dan ecex 1 < i < m. Toeda pewenus caodcrot P-
sosmyusernoti cucmemv (9) momanavro ozparuuens, no ITyaccony.

Hoxasameavcemeo. Oupegennm BeKTOP-MYHKITUO

W(t,x) = (Wi(t,x),..., Wm(t,x))T,

re v = (!, 2T = (2, 2l o2 )T

» Ty Ty, )T BN =N1 + ...+ Ny, T0JIaTAT

Wi(t,z) = (9(t) + a(@)Vi(t,z") =0, 1<i<m.

Mg moboro dukcnposarnoro 0 < v < max ¢g(t) pacCMOTPHM BO3PACTAOIIYIO MOCIEI0BATEb-
HOCTB ¥ < ¥y < --- < ¥; < ... Bcex KopHeil ypasuenus ¢(t) + a(t) = 7. llycrs ¥y — mep-
BbIll M3 YKa3aHHBIX KOPHEH, JJjId KOTOPOT'O Ha OTPEe3Ke [ﬁk;ﬂkﬂ] BBITTOJIHEHO yeqosue ¢(t) +

a(t) > ~. OmpeesinM BO3PACTAONIYIO TTOCTEIOBATEIBLHOCTE T < Ty < -+ < 7; < ..., TIojlaras
Ti = Yivk—1, © = 1. OueBugno, lim 7; = 400 u, caemosarenbho, 7 = {7;};>1 siBAsiercsa P-
1— 00

n0C/1e/I0BaTe IbHOCTBIO. VI3 yeoBus 1) TeopeMbl mostyuaem, 4To jist jaobbix ¢ € RT (1) n z € R”
cupaseyuso Hepapenctso Wi (t, ) + - -+ Wi (t, z) < a(||z||), rme a(r) = max(g(t) + a(t))(ca1 +
s 4 e )r?. Tak Kak Ha KasKOM 3aMKHYTOM HHTEDBAJIC [To;_1;T], i = 1, mMeer MecTo Hepa-
BeHCTBO ¥ < ¢(t) + a(t), To u3 ycaosusi 1) reopembl nosydaem st Beex (t,z) € M(7) x R”
nepasencrso b(||z||) < Wi(t,z) + -+ + Wi (t, ), tue b(r) = ymin{eiq, ..., c1m }r?. U3 sroro
cJIeJ1yer, 4To JBONHOE HEPABEHCTBO

b(llz[l) < Wit x) + -+ + Wi(t, 2) < a(l|z]))

crpaseyuBo s Beex (¢, x) € M (1) x R™. Takum ob6pasom, ycaosus 1) u 2) reopemsl 1 Bbinos-
Henbl. CIIPABETUBOCTE YCIOBHS 3) TEOPEMBI | CJIEIyeT U3 HEMPEPHIBHOCTH HOPMBI U YCJI0BUS 3)
JOKa3bIBaeMoii TeopeMsl. PacemorpuM Tereps npoussonnyio W (L, z) Bekrop-byuknun W (t, x) B
cuy cucremsl (9). Iombsyscs npu i # j pasencrsom OW;(t, ) /027 = 0, mveem

8Wi (t, l’) BWI (t, iL‘) fl (t, :BZ) Bij ;
= + L2 + Y D0 Hai | =
ot oz’ g(t) + a(t) 1§<:m g(t) +at) "’
ot +< o fiBT) )+

Wi(t, z)

= (g'(t) + o' (1)) Vilt,2") + (9(t) + a(t))

OVi(t, x%) -
7({'){13’ s Z DiBl‘jHjl'j

1<js<m
[Tpu nomomu yeaosuit 2) u 3) TeopeMsl, a TakyKe yanTbiBas, uro o (t) < 0 u B;; = 0, mosyuaem

Wi(t, ) < (max g/ (1)) Vit, 2") = csilla’|* + casl|2*(| D 1DiBisH;] - |27
1<j<m

i#j
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13 oueBuHOTO HEPABEHCTBA
2

Vel - = 3 IDBsH) 120 | >0
7

1<jsm

i#j
CJIelyeT HEepaBEHCTBO
2

2

C3i . cs. . . .
foC’\ijﬁ > DB H || - 27| | = caille™| > 1DiBi;Hll - |27,
7

1<j<m 1<gj<m
i#j i7#]
Ipy IMOMOIIA KOTOPOT'O MMEeM
2

2
Wilt,) < (maxg (O)Vit o) — S’ |2+ 225 | D DBy Hy - |27
@i\ 1G<m
i#]
PaCCManI/IBaH BhIpaKeHue B CKO6KaX KaK CKaJIdpHOE MPOU3BeAcHNE COOTBETCTBYIOINX BEKTO-
POB ¥ TOIB3YACh HepaBeHCTBOM KoIm [id CKaasPHOrO TPOW3BEICHUS W HOPM ITHUX BEKTOPOB,
[HOJIy4aeM HePaBeHCTBO

2

> IDByH| -l | < D IDiBwHl* Y 2]’
1<j<m 1<ksm 1ISism
i#] i#]

U, CJIeI0BATEIbHO, HMEEM

2
. . C3; . cs. .
Wi(t, z) < (maxg'(t))Vi(t, z") — é |z°)|* + 264’, > ADBxHl? > |27
3 1<k<m 1<j<m
i#£]

[Top3ysich Temeph HEPABEHCTBAMHU U3 YCJIOBHsT 1) TEOPEMBI, MOy IaeM

2
. Ca; . cs. .
Wilt,x) < ( maxg/(t) — == |Vi(t,2') + s > [IDBiHel|* Y Vilt,27) =
2c9; 2c3;c1 -
J 1<k<m 1<jsm
i#£]
1
= —— a;; Wi(t,x).
O ram 2 “aWilo)

1<jsm

Takum obpazom, HO0Ka3aHa CIIPaBE/JINBOCTH BEKTOPHOI'O HEPABEHCTBA

1
g(t) + a(t)
rae m x m-marpuina A = (a;;) onpegenena mo dopmyaam (10). D10 BeKTOPHOE HEPABEHCTBO
ozuauaetr, ato W (t,x) ssasiercs BekTop-dyHKuneit JIsanyrnosa mis cucremsr (9) n cncrema

: 1

=——A = e e R™ 11
SIBJISIETCSI CUCTEMOT cpaBHeHus J7ist cuctembl (9). Tak Kak 110 yCI0BHIO TeOPEMBbI J1Jist COOCTBEHHBIX
SHAUEHWH A1, . .., Ay MaTpunbt A nist Beex 1 < ¢ < m Beinosireno yenosue Re); < —max ¢/(t), To
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[PU MOMOIIY TEOPEMBI 2 [IOJIYyYaEM, UTO PeIIeHust cucreMbl cpasaenus (11) ToTajbHO OrpaHuIeHbI
o Ilyaccony. Takum obpazom, Bce yciioBus T€OpeMbl 1 BBIMOJHEHB! U, CIEI0BATEIbHO, PEIIEHUST
CJIOKHON P-BO3MYIIEHHO!N cucTeMbl (9) TOTAaTbHO OrpaHnveHs! 10 Ilyaccomy. U

PaCCMOTpI/IM Ternepb Ba KHBII YaCTHBIH Cﬂyqaﬁ CJIOZKHBIX CUCTEM — CJIO?KHBIE CUCTEMBI C I1€T-
agmu obparHbix ceaseit. Hamomunwm, caenys [10], uro cioxuoil cucremoii ¢ netsieit obpaTHOii
CBSA3M HA3BIBAETCS Jii00ag cioxkHasa cucrema (5), MepesaTouHbIe MOJACHCTEMBI KOTOPOH CBSI3aHbI
MexK Iy cOOOil COOTHOIICHUSIMU

i i—1 : 1 m
=)y, 2<i<m, w = ((t)y", (12)

rae ((t) — mobast HenpepbiBHAS (DYHKIUGA, T.€. C TOYHOCTHIO 10 yMHOXKeHust Ha ((t) BXOm i-it
nozcucrembl, rae 2 < i < m, COBIaaaeT ¢ BbixogoM (i — 1)-# mogcucremsbl, a BXOA m-if CHCTEMBbI
COBIIAJIAET C BBIXOMOM 1-it mojicucrembl. JIerko BUAETH, 9TO B 9TOM CJIyYaE P; = ¢i—1, IMOCKOJIBKY
ut € RPi u y'~1 € R%-1. Kpome TOro, 04€BUIHO, 4TO B PACCMATPUBACMOM C/Iy4ae MATPULLI
B;j(t) B coornomennsax (7) 3a7ai0TCa paBEHCTBAMU

EPl? =1, 7=m
Bij(t) =C(t) { Bp,, 2<i<m, j=i—1;
0 B IPOTHBHOM CJIydae,

rne E, — emunuunas p; X p;-marpuna. Takum oOpasoM, Kaxknas CIOXKHAsS CUCTeMa C IerJieit
0OpaTHOMN CBSI3W WMEET BUI

it = fi(t,z') + DiC(t)Hpz™, ' = fi(t,2%) + DiC(t) Hy_12'™Y, 2<i<m.
Paccymorpum Temeps si0by0 CI0KHYIO CUCTEMY € TeT/Iell 00paTHOM CBiA3M BUIA
il = fi(t,z') + D1Hpa™, @' = fi(t,2") + DiH; 12!, 2<i <m, (13)

rae ((t) = 1, u paccMoTpuM P-BO3MYIIEHHYI) CHCTEMY 110 OTHOIIEHUIO K CJIOXKHOMN cmcreme ¢
nerjeit 06parHoit ¢Bst3u (13), T. €. PACCMOTPUM CJIOKHYIO CUCTEMY

.1 fl(ta$1> Dle m
i ™,

o0 a0 500 +al) "
- fi(t, 2") + il 27 2<i<m.

g(t) +a(t) — g(t) + ()
Buzmo, aro cioxuast cucrema (14) siByisiercs CI0XKHOM cucTeMoit ¢ metsieit 00paTHoOii CBsi3n, TJIe
C(t) = 1/(g(t) + a(t)).

Tak kak cumcrema (14) siBIsiercs YacTHBIM CIydaeM cHCTeMbl (9), TO HCCIeT0BaHHMe pellre-
Huii cucrembl (14) HA pABHOMEPHYO OTPAaHWYIEHHOCTH B Tipejese mo llyaccony MOKHO, KOHETHO,
OPOBOJIUTH TIPHU MOMOIK TeopeMbl 3. OJHAKO JJIsi ITPOBE/IEHUs] TAKOTO KUCCJIEIOBAHUST UMEETCS
caeayroIuii, 6osee ya00HBIH, TOCTATOYHBIN IPU3HAK, [IPUMEHEHUE KOTOPOro He TpebyeT OleHKH
JeACTBUTEILHBIX YacTell COOCTBEHHDBIX 3HAUEHMIA.

Teopema 4. [lycms daa caoocnol cucmemve ¢ nemaet obpamnot ceasu (13) cywecmsyrom
Jupdeperyupyemvie dynryuu V; : RT x R% — R u nocmoannwe ci; > 0, co; > 0, ¢33 > 0,
cyi > 0, 1 < i < m, ydosaemesopaowue das ykazanunz evwe Pynkyut g(t) u at) u ecex
teRY uat € R, 1 < i< m, yearosuam 1) —3) meopemnvs 3. Kpome mozo, nycmo 6binosmenvl
YCAOBUA

m
c3; > 4degimax g (1), 1_[7722 <1, (15)
i=1
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2de

C4ir/C2i .
N = = |DiHi—1|, 1<i<m
Veimiesi(es; — 4eg; max g/ (t))
(3decv c10 u Hy coomeememeento cuumaromea opyzumu 0003HAMERUAMY Clym U Hy,). Tozda
pewerua P-603Mmywennot caoncnol cucmemor ¢ nemaeti o6pamnol céasu (14) momasvro oepa-
Huvenvt no Iyaccony.

Jokasameavcmeo. Tak kak cucrema (14) siyisiercst 9acTHBIM ciydaeM cucteMbl (9) 1 BBIIOJHEHbI
yeaosus 1) —3) Teopembl 3, To cucremoii cpasHenust Jyisi cucrembl (14) siBasierca cucrema (11),
e saeMenTsl MaTpuibl A = (a;;) OUPEeNsioTCa B PACCMATPUBAEMOM CIydae 1m0 (hOpMyIam

C3i

Ai; = man/(t) - 262‘, I1<i< m,
A
04211 2 6421' 2
aim = —||D1Hpl|",  aii-1 = ————||DiH;—1||*, 2<i<m,
2c31C1m 2¢3iC1,i—1

u a;; = 0 B Ipyrux ciaydasx. 3anumiem cucreMmy cpasuennst (11) mas cucremst (14) B Buge

. 1 ,
§1= w((maxg (t) —a1)é1 + bi&m), ()
& = (maxg'(t) — a;)&m + bi&i—1), 2 <i<m,

g(t) + a(t)
rae a; = ¢3;/(2¢2;), 1 < i< m, by = aiym 1 b = a;;—1, 2 < i < m. Tokaxkem, 4ro ecam st
cucrembl (16) BBITOJHEHBI yCIOBHUS
m
a; >2maxg'(t), 1<i<m, H i~
i=1

2 /
max ¢’ (t) o1,
b;

(17)

TO pEINIeHust TON CUCTeMbI TOTaIbHO orpanndens! 1o Ilyaccony. s sToro mo Teopeme 2 mocra-
TOYHO IIOKA3aTh, YTO COOCTBEHHDLIE 3HAUEHHS A1, ..., Ay Marpunsl A = (a;j) u3 cucremst (16)
YI0BJIETBOPSIOT jiist Beex 1 < ¢ < m yeaosuio Re); < —max ¢/(¢t). IIpeamnonokumM oT poTHE-
HOTO, UTO JJs HekoToporo 1 < j < m BbmosHeHO yciaoBue Re); > —max g'(t). Paccmorpum
xapaxTepucTuieckoe ypasuenue det(A — AE,,) = 0 marpuist A = (a;;) u3 cucremst (16). Ilps-
MBbl€ BLIYHC/IEHHS [IOKA3bIBAIOT, YTO JAHHOE XapaKTEePUCTHYECKOe YDAaBHEHNe IMeeT BH/L

m m

H()\ +a; —maxg'(t)) — Hbi =0.

i=1 i=1
13 sroro, mone3ysch ycaosuamu a; > 2max g’ (t), 1 < i < m, u npegmosoxkennem Rel; >
—max ¢'(t), moaygaem

m m

Hbi = Hbi = H()\j +a; —maxg'(t))] = H ‘)\j +a; — maxg/(t)‘ >
i=1

i=1 i=1 1=1

> H(Re)\j +a; —maxg'(t)) > H(ai — 2maxg'(t)),
—1 i=1

=

9TO TMPOTHBOPEYNT BTOpOoMYy ycsoBmuio u3 (17). Takum ob6pazom, Bce COOCTBEHHBIE 3HAUEHUSI
Aoy Ay MaTpumpl A = (a;5) n3 cucremsr (16) ymosiersopsifor s Bcex 1 < ¢ < m Hepa-
BeHcTBY Re)\; < —max ¢/(t) m, crenoBaTesbHo, 0 TeopeMe 2 PENIeHns ITOH CHCTEMBI TOTAIBLHO
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orpannyuens! 10 [lyaccony. 3amerum reneps, 4ro Bropoe ycaosue u3 (15) Biaeuer Bropoe ycioBue
3 (17). B camom gesie, 10s1b3ysiCh BTOpbIM yCaosuem u3 (15), moayuaem

ﬁ a; — Qmaxg/(t) _ H Cl,i— 1631(631 — 4cy; maxg H S 1.
P b; pal 32| DiH;1]? Py 7722

W3 3roro, Kak GBLIO MOKA3AHO BBIIIE, CJIEJIYeT, YTO perneHnst cucTeMbl (16) ToTanbHO orpaHndeHsl
no ITyaccony. Tak kak cucrema (16) siBasiercs cucremoii cpaBHenus auist cucrembl (14), o perre-
HUS P-BO3MYIIEHHON CJIOXKHOM CHCTEMBI ¢ meT/ieil 0bpaTHol CBsI3u (14) TOTAJILHO OTPAHUYICHBI
o Ilyaccony. (|

IIpumep. IlycTb 3aj1aHa cucTeMa ypaBHEHMH OT mepeMeHHbIX x; € R, 1 < ¢ < 5,

T1 = —0171 + T,
T = —02x2 + 5,
3 = —0373 + T, (18)
T4 = —0474 + X5,

Ts = —YT5 — f(a:5) + ,815131 + BQeTZ + 53$3 + ,84134,

rae 0s,0s, 7 ER, 1 <s<4,0< 01 <02 <03 <041 f(rs) — mobas HempepbiBHAST (DYHKITHS,
yAOBJIETBODsIfOIast yeaoButo s f(xs) > 0. Takoro Buma cucTeMbl UCIOIB3YIOTCS KAK CHCTEMBI
PEryJIMpOBAHUsI C yIPAaBIEHHEM 0 = s MPOIOJBHOTO JBMKeHHsi camosiera [12] (takxke [13]).
Pacemorpum cucremy (18) Kak CJIOKHYIO CHCTEMY

1= fl(t,acl) + D1H2$2, i‘Q = fg(t,(EQ) + Dngxl, (19)

IoJrarad

xl = (x17x27x37x4)T € ]R47 xQ = (x5) € ]Rlv

filt,zh) = (—o121, —02w2, —0373, —04wa) T, folt,2?) = —yw5 — f(a5),
Bis=Fy, B =F4, Bi11=0, By=0,

1
H\=FEy, Hy=EFE,, D= <%) . Do = (B, B2, B3, Ba),
1

1 paccMOTPUM P-BO3MYIIEHHYIO CJIOXKHYIO CHCTEMY T10 OTHOIIEHUIO K CI0KHOM cucreme (19)

t, ! D\ H t, x> DyH
Nt ) o 2 e fa(t,z%) L o1 1 (20)
g(t) +a(t)  g(t) + alt) g(t) +a(t)  g(t) + a(t)
Uccnemyem npu noMorym Teopembl 3 pertenust CJI02KHON cucrembr (20) HA TOTAIBHYE OIPDAHUYEH-
voctb 1o Ilyaccony. s sroro paccmorpum pyHKIMH

Vi(z') = af +ad + 25 +2f, Va(a®) = at.
JIerko mpoBepsieTcst, UTo It 3TUX PYHKIUH W MOCTOSTHHBIX C1] = C13 = C91 = Co2 = 1, c31 = 201,
€32 = 27, €41 = €42 = 2 BBINIOJIHEHBI yeaoBus 1)—-3) Teopembl 3. Borancamm mo dhopmynam (10)
sj1eMeHTHl 2 X 2-mMarpunsl A = (a;;). Umeem

a1y = maxg'(t) - R maxg'(t) — 01, a2 = maxg'(t) — 2 = maxg'(t) — 7.
2c2 2¢90
Tax xax ||D1BioHs|| = ||[D1]| =2 u |[[D2Bar Hi|| = || D2|| = \/ﬂ% + 83 + B3 + B, 1o mostyTaen
h ! i B2+ B3+ B3+ B
a1z = HD1312H2|| —, a1 = | Dy Bo1 Hy HQ 1 2 3 i
2e31012 01 2c32011 ~

Onenum gefcTBUTENbHBIE YaCTH CODCTBEHHBIX 3HAUeHMH 2 X 2-marpunpl A. lisg sroro paccmor-
puM cHavasa obmmit ciywait 2 x 2-marpui. ITycrs 3amansr mobasg 2 x 2-marpuia U = (ui;) n
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LPOU3BOJbHOE uuciao m > 0. DJieMeHTapHbIMU BLIYUC/ACHUAMU [IPOBEPIETC, YT0 COOCTBEHHbIE
3HadeHus A\ u Ag marpunpl U = (u5) yaosiersopsior HepasencrBaM Red; < —m u Redy < —m
TOTIA U TOJLKO TOTHA, KOTIA, BLIIOIHEHBl YCIOBUSI

i + Uz < —2m, U — Ui > —m(uir + ug2 +m). (21)

ITpu nomorm (21) mostyuaem, 4T0 COGCTBEHHbIE 3HAYEHUST A1 M Ay PACCMOTPEHHOI BhIIe (2 X 2)-
marpuisl A = (a;;) yaosrersopsiror HepasencrsaM Red; < —max ¢/(t) u Red; < —max ¢/(¢),
eCJIY BBINOJTHEHb] YCJI0BUS

dmaxg'(t) <ertv,
Amax g/ (1)? — 2(or + ) max /(1) + oy > LT P2+ By ¥ o) 22)
017y
U3 sT0ro m TeopeMbl 3 cJIeyer, UTO TPU BBITOTHEHUH ycsoBuil (22) periernst P-BO3MYIIEHHOMN
coxuOl cucrembl (20) ToTasbHO orpanudens no Ilyaccony.

BameruM Temeph, 9ro cucrema (19) aBagercs CJ0XKHON cucTeMoil ¢ meraeit o6paTHO CBA3M.
[TosTomy wmccaenoBanue perenuii cucrembl (20) Ha TOTATBHYIO OrpaHHYeHHOCTH 1O Ilyaccomy
MO2KHO IIPOBECTH IIpu OMOTIH TeopeMbr 4. [1ob3ysich Mpe b Iy UM BEI9UCIEHUSIMA, TI0JIYYaeM,
910 ycsoBus (15) B JAaHHOM Ciydae IMEIOT BHJ

2max¢'(t) < o1, 2maxg'(t) <7,
A(BT + B3 + B3 + B3 23
/(1)) = 2en +) max /(1) + gy > “OL TR EEID) 23)
Buamo, aro ycnosus (22) gator Gosiblne cremneneii ¢cBobojibl mapamMerpaM 01 U 7y, 9€M YCJIOBHs

(23).

B zakmrouenne oTMETHM, 9TO MOJyYeHHBIE B pA00TEe PE3YJILTATH MOTYT OBITH TIPUMEHEHBI K WC-
CJIeJIOBAHMIO PEIIeHNi Ha TOTATHHYIO OTPAHNYeHHOCTh 0 [lyaccony P-BO3MYIEHHBIX CJIOKHBIX
CHCTEM TI0 OTHOIIEHUIO K CJIOKHBIM CHcTeMaMm, onuckiBatommm (Hampumep, [11] un [10]) muOrO-
CBSI3HBIE CHCTEMBI ABTOMATHYECKOTO YIPABJICHWA, AWHAMUKY 3JIEKTPOIHEPTETHICCKAX CHCTEM,
YTIPABJICHUE JBUKEHIEM BHEATMOCHEPHBIX aCTPOHOMUYECKIX 00CEepPBATOPHil, TMHAMUKY pPa3BH-
THS SKOHOMMYECKUX CHCTEM W JIp.
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K.S. Lapin

Total Poisson boundedness of solutions of P-perturbed complex systems of differential
equations

Abstract. We introduce the concept of a P-perturbed system and, in particular, P-perturbed
complex system. Based on the method Lyapunov functions we obtain the sufficient condition of
total Poisson boundedness of solutions of P-perturbed systems with respect to any linear system
with constant coefficients. Based on the method of vector Lyapunov functions and the above
condition we obtain sufficient conditions of total Poisson boundedness of solutions of P-perturbed
complex system and solutions of P-perturbed complex systems with feedback loop.
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