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OTHOMEPHAS 1 IBYMEPHAS YIIPABJIIEMOCTEL YPABHEHUN
COBOJIEBCKOTI'O TUITA B BAHAXOBBIX ITPOCTPAHCTBAX

B.E. ®enopos, O. A. Py3akosa

JlJIs CHHTYJIAPHBIX IUHERHBIX MUQPEPEHIMAIbHEIX YPABHEHNIIT IEPBOr0 NOPAIKa B 6a-
HAXOBHIX IIPOCTPAHCTBAX NOJIyYeHE HeOOXOMIMEIE YCIOBIA ONHOMEPHOI! £-yIPaBIAEMOCTH.
90 ABIgETCA 0000IMEHNEM AHATIOTMUHBIX PE3YIbTATOB MIA PEryIApHEIX ypaBHeruit. ITo-
Ka3aHo, YTO JIA PACcCMATPHBAEMOTO KJIACCa YPAaBHEHMI 60/Iee eCTeCTBEHHBIM ABIIAETCA TI0-
HATVE IBYMEPHOH £-yIPaBIAEMOCTH, JULL KOTOPOil aHAIOIMYHEIE HEODXOIMEIE YCIIOBHA SIB-
JAIOTCSA TaK»Ke U AOCTATOUHBIMY. C mOMOIIBIO aBCTPAKTHEIX PE3yIbTATOB MOJY9EHE! JI0-
CTaTOUHEIE YCIOBUA IBYMEPHOM £-ynpanaseMocTn 3anavm Komu—{uprxie A ypaBHEHIS
Bapenbnarra—Kenrosa—Kounmoii.

Bubmrorpagus: 9 HasBaHMii.

1. Beenenue. IIycts &, % — GamaxoB npocTpancTBa, oneparop L € L(X; %) (r.e.
JIMHEMHEIN HenpepuBHLLA), ker L # {0}, omepatop M € 6I(X ;¥ ) (nvmelHbii 3aMKHy THI,
IUIOTHO onpeneneHusii B &), dyakms u( - ): [0,7] — R, Bextop b € ¥. Pacemorpum 3ana-
uy Komm 2(0) = 20 1ust ypaBHeHws COG0IEBCKOrO THIA,

Li(t) = Mz(t) + bu(t), 0<t<T. (1)

Omna npencrasnser co00i a0CTPAKTHYIO (HOPMY MHOIUIX 33839, B TOM UCJIE HAUAILHO-KPAa-
€BLIX 33,184 [JUIf YPABHEHMI 1 CUCTEM YDABHEHMIT MATEMATUYECKON PU3MKY C BLIPOXK IEHHBIM
OmepaToOpPOM IpW CTapmel npomssomHOK no Bpemeru [1], [2]. Cucremarnuecku u3ydars Ta-
ke 3anaun nepseM Hauaa Coboues [3] (cm. Takxke [4]), mosTomy ypaprerus una (1) yacto
HA3BIBAIOT YPABHEHUAMY cob0aeacKkoz0 muna. OBOCHOBaHVE NCIOIL30BAHNS TAKON TEPMU-
HOJIOTMY CM. B [5].

B Teopun midpeperimaIbHLIX yPABHEHNI OYEHb BaXKHBIM SIBJISETCS IOHATHE YNPasATe-
Mocmu ypaBHervs [6], T.e. IPUBENEHUS TPAEKTOPUY €r0 PELIEHNsI B HATIEPE 33 JaHHY IO TOU-
Ky. B cayuae 6aHAXOBBLIX IPOCTPAHCTB PEUL MOKET UATY TOJLKO O IIPUBEICHUN TPACKTOPUA
B £-OKPECTHOCTS 3a0aHHOH Touky. B pabore [7] paccMOTpeHO ypaBHeH#e B 6aHAXOBOM IIPO-
CTPAHCTBE

dz
—=A 2
7 z + bu (2)

C JIMHEVHBIM OrPaHMYeHHEBIM onepaTopoM A, BektopoM b € X u dpyukmmeii u: [0,T] - R, a
TAK¥Ke BOIIPOCKL £-YIPABJIAEMOCTY IJIS1 CUCTEM, OIIVCHIBAEMBIX TAKUMU Y PABHEHUAMMY, T.€. TAK

Pabora uacTruno noxnepxana I'ocynapcTBeHHOM HAYIHOM CTHIIEH Vel 1A MOTOIBIX yUeHbIX.
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HA3BLIBAEMON 00KOMEPHOT -ynpasademocmu (OCKOIBKY (YHKINS yIPABIIEHUS IeHCTByeT
B OIHOMEPHOE IPOCTPAHCTBO). 1enn naruoit paboTHI — Ha OCHOBE MMEIOMIUXCS PE3YIILTATOBR
00 e-ympaBaseMocTy ypaBEeHUs (2) MCCIen0BaTL OMHOMEDHYIO £-yIPABIIAEMOCTD YDABHE-
mus (1) ¢ (L, 0)-orpasvyaerssiv onepatopom M [1].

B nammoii paboTe MOKa3aHo, YTO M BLIPOXK JEHHOTO ypaBHerus (1) moHATHe e-yIpaBis-
€MOCTHU B HYJIb OTJIN4YaeTCsI OT HOHHTI/Iﬁ a—praBJIHeMOCTI/I "3 HyJIsd 1 E—praBJIHeMOCTI/I n3
n:000# Touku B 00y0. B TO ke BpeMs mociemHue nBa MOHATHS SKBUBAJIEHTHEL. Kpowme
TOr'0, MIOJIy YeHDLI HeOOXOMMMEIE yCIIOBUSI OMHOMEPHOM £-ynpasiseMocTu ypasaerus (1).

3aMedeHo, UTO IS YPABHEHMH CODOJIEBCKOro Tuma 00Jiee eCTECTBEHHO PACCMATPUBATD
33134y JBYMEPHOI €-yIPABIsEMOCTH, T.€. 331a4y £-YIPABJISEMOCTY YPABHEHUS

Li(t) = Mxz(t) + bPuo(t) + brus(t), 0<t<T.

B pabore nonyuens: HEOOXOIMMEIE ¥ JOCTATOYHBIE YCIOBUSA ABYMEPHOM £-yIPABIIIEMOCTH
®TOr0 yPABHEHUSI.

B kauectBe npumepa paccmorpena 3anada Komwu—/lvpuxne mius ypasuenns bapenbiar-
ta—2KenroBa-KoumHO#, ni1si KOTOPO# MOy YeHb! JOCTATOYHLIE YCIOBUS ABYMEDHOMR £-yII-
PaBISIEMOCTH.

2. OTHOCHUTEIHLHO CHEKTPAJILHO OrPaHUYEHHEIA onepaTop. [Ipusenem reobxom-
MBbBI€ JIsI IIaJILHeﬁ[HeFO N3JI02KEHU I BCIIOMOI'aTEJIbHBIE peByJILTaTbI, JOKA3aTEILCTBA KOTO-
PBIX MOXKHO HaiiTw B [1].

Mycte &, % — Gamaxoswr npoctpancTsa. Jepes £ (X; %) Oynem 0603HaUATL DAHAXOBO
[IPOCTPAHCTBO JIMHEAHLIX HEMPEPLIBHLIX 0mepatopoB A: X — ¥ Ecm % = ¥, To 00603Ha-
uenue cokpaturcs 10 L (X).

MHO)eCTBO JMHEAHLIX 3aMKHY TEIX onepaTopoB A: dom A — % ¢ obmactsmu onpenesie-
HUAA, IUIOTHBEIMU B IpocTpancTse & , Oynem obosuavats 61X ; ). MHOKECTBO OnepaTopoB
GUX; X) obozuaunm uepes GL(X).

B nanvueimem npemmonaraem L € Z(X; %), M € €1(X;¥). Oboznaumum

p*(M) ={peC:(uL—M)"" € L(¥; X)}.
OnPENEJNEHUE 1. Oneparop M masmmaercs (L, o)-o0zpanuuennim, ecim

Ja>0 VueC (u|>a)= (ueptM)).

Bosbmem (L, 0)-orparmuennsiii onepatop M, Boibepem B komimiekcHoM miaockoctu C 3a-
MKHYTBIAKOHTYP ¥ = {p € C : |u| = R > a}. Toraa uMeroT CMBICI CIIeAYONVE NHTEr PAILL:

1 1
P=_— [(uL—M)"'Lduy, Q= —_/L(,uL—M)_ld,u.
2mi /. 2mi J
Omepatopst P u @ ssamores npoektopamu. Ionmosxum X0 = ker P, %0 = ker Q,

X! =im P, %! = im Q. Vmeem
=20, ¥=%q@u!.

Yepes Ly, (coorsercTBerno My) obosuaumm cyxerue oneparopa L (coorBercrenno M)
ma X* (dom My, = dom M N X*), k =0, 1. Kpome Toro, uepes ot (M) Gynem 06o3HAMATE
vmokectso C \ pLk (My) — Li-cextp onepatopa M.
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TEOPEMA 1. ITycmv onepamop M (L,o)-ozpanusen. Tozda delicmeus onepamopoe
L u M pacwenasiomca:
() Ly € L(XF,%*), k=0,1;

i) Mg € GL(X°% %%, M; € L(XH;¥Y);

) cywecmeyem onepamop LT € L(; X1);
iv) og (M) = 2;

) cywecmeyem onepamop MO_1 € L0 x0),

) cywecmeyem amasumuneckas paspewaruwas epynna {UL € L(U) : t € R}

-1
ypasnenus (1), npunem Ut = etln Mip,

Bsenem 0603mauenun
H=M;"Loc £(%°, Si=L7'M;e€2(X?).

Ilnst oneparoprosnaumoi ¢ysxmm (uL — M) ™1 Geckomedro ynaneHHas TOUKa ABIIACTCS

(i) yempanumod ocoboli mowxoi, ecnu H = O
(ii) nostwocommopamkap € N, ecu HP # Q, a HPH! = O,
(iii) cywecmeenno ocoboli moukot, ecnuVp € N HP #£ Q.
Yepes O 3mech 0603HAYEH HyIEBOI OIEPATOP, OIPEIeIeHHEI Ha mompocrparcTe X 0.
BeckoneunocTs Gy nem Ha3bBATEL Hecyuecmeennot ocobod mowkold mopsinkap € {0}UN,
€CJIM OHA SABJIAETCS yCTPAHUMOM 0c060# Toukoii (p = 0) wim mosrocom nopsimka p € N.

TEOPEMA 2. ITycms onepamop M (L, 0)-ozpanunen, a beckonewnocms — necyu,ecms-
sennad ocobas mouka nopadka p onepamop-gynryuu (uL — M)~1. Toeda das awboii
dynxyuu f(t) € CPYL([0;T); ¥) u 0ad 4106020 HA%AABNO20 HANEHUT

xoeyf:{me%:(l ZH’“ I -Q)f™ )}

cyuecmeyem eduncmeennoe pewenuve x(t) € C1([0,T]; X) 3a0awu Kowu x(0) = z¢ 0as
ypasnenus Li(t) = Mx(t) + f(t), umenuee suo

2(t) = $0+/ Ut LTQf (s ds—ZHk - Q)F (1),

B ocHOBe nOKa3aTEIHLCTBA TEOPEMBL 2 JIEKUT UCTIOIL3yeMasa HAMY B TAJLHENIIEM DELyK-
51 PACCMATPUBACMOTO YDABHEHMS K CUCTEMe [BYX YDABHEHUMiA Ha, mommpocTpancTeax X 1
u XY coorBercTBerHO, KOTOPLIE B Cotydae Gyrkmmn f(t) = bu(t) meroT B

@ (t) = Sy (t) + u(t) LT D! (3)

Ha TIpocTpaHcTBe X1,
Hi(t) = 2°(t) + u(t) My *b° (4)

ma mpocrparctee X0, rme b = Qb, ¥ = (I — Q)b. HeitcTBuTensEo, ypasaerue (3) mo-
JIy4aeTcs mpy neficTeum Ha 00e uacTu ypasHerus (1) cHavaa mpoekTopoM @, a 3aTeM ore-
patopom L. TloneitcTBoBan e Ha 0Ge uactu ypasserus (1) omeparopom My ' (I — @),
nostyunM ypasaerue (4).
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3. Onpenenenue c-ynpaBiisieMOCTU. YpasaeHve (3) uMeer TOT ke Bun, 9ro u (2),
€r0 £-YIPaBIsAeMOCTD uccrnenoBana B [7]. enbio maHHOM paBoTHL ABISETCS UCCIENOBAHTE
e-ynpasisiemocty ypasaenus (4) u cucremst (3), (4), T.e. ypasaenus (1).

Pemenue cuCTeMEI COTTACHO TEOpEME 2 MMEET BU

t p
z(t) = Utzo + / ULy 'bu(s)ds — Y HF My '0%u®)(t), (5)
0 k=0

rze p — OPANOK MOTOCca, (Mubo HyIb B CIIydae yCTpanmMon 0coboi Toukn). IlosTomy Oynem
ucnomm308aTh ynpansierue u(t) € CPTL([0, T]; R) ¢ cooTseTcTByIOMIM P.

3ameTyM, uTO B BLIpazkeHny (5) CyMMa MEePBLIX IBYX CJIAr4€MBIX SBJIACTCS PEMICHAEM
ypaBHeHus (3), a TpeThbe caraeMoe — pemeHvie ypaBHerus (4). 9TOT (paKT aKTUBHO UCTIOIb-
3yeTCs B HAJILHENIeM.

Toropst 06 £-ymPaBASEMOCTA CUCTEMEI, OMUACLIBAEMONM HEKOTOPLIM YPABHCHUEM, Uepe3
z(T) = z(T; zo;u(t)) Oymem 0003HAUATEL 3HAUEHNE B MOMEHT BpeMeHu 1 peleHus 3a,1a4u
KOH]I/I C HAYaJIbHBIM 3HAYCHUEM T( AJIs1 COOTBETCTBYIOIIEI'O YPDABHEHNSA.

ONPENENEHUE 2. Cucrema HAa3LIBACTCS E-YNPasagemol 8 wyav 3a epems T, eciu
s mobex g € X, € > 0 cymectsyer pymxmms u(t) € CP1L([0,T]; R), nis xotopoit
l(T; mo; u(t))|| < e.

ONPENENEHUE 3. Cucrema HA3LIBACTCA E-YNPABATEMOT U3 Hyad 3a epems T, ecim
s mobnix T € X me > 0 cymectsyer Takas ¢pymxmmus u(t) € CPT([0,T);R), uro
llz(T; 0; u(t)) — Z|| <e.

ONPENEJNEHUE 4. Cuctema HA3LIBACTCA €-YNPABATEMOT U3 A1000T MOouKU 8 A100Y10 30
apems T, ecim ms mo0bx Touek £g € X, T € X u msa moboro € > 0 CymecTByeT Takas
dymxmms u(t) € CPTL([0,T); R), uro ||z(T; zo;u(t)) — Z|| < e.

JIEMMA 1. Jas ypasnenus (3) nowamus e-ynpaeasemocmu 6 Hyab, 43 NYAT U U3
210001 MOYKYU 8 A100YI0 ABATIOMCA IKEUBAACHIMHBLMU.

JTOKA3ATEJNBCTBO. s ynobcrea Bepxuuii maaexc 1 Gynem omyckars. To, uto us e-yn-
PaBJLsIEMOCTH 13 JIIODO0M TOUKY B JIIO0YIO CIEAYIOT £-YIPABISIEMOCTD B HYJIb U £-yIIPABIISE-
MOCTD U3 HyJI5, OYEBUIHO.

ITycTe cucrema e-ynpasisiema B HyJIb 33 BpeMsi 1, Torna

VYazo € X' Ve >0 Ju(t) € CPTH([0,T];R):

T
[|2(T; zo; u(t))]| = HUTa:O +/ UT=sL7 b u(s) ds|| < e.
0
JList mpou3BosbHOrO & € % ' BosnMeM BekTop £o = —U 1% € X! unomywmm
T
[|2(T;0;u(t)) — Z|| = H / UT=L7 b u(s)ds + Ul x| < e.
0

CrenoBartesLHO, CUCTEMA £-yTIPABIIsieMa U3 HyJIst 33 Bpems 1.
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O6paTHO, WIs £-yIpaBIAEMOi 13 HyJ1a 33 BpeMs T’ CHCTeMBI IO TPOM3BOJILHOMY Zg € X1
BriGepem 7 = —U7 2o u mosywm

e 2 [|2(T;0;u(t)) — Z|| = [|2(T; zo; u(®))|l-

Taxvm o6pa3om, cucTeMa ynpaBisieMa B HyJIb.

OcTanoch moKa3aTh, YTO U3 £-YIPABJILEMOCTH B HyJIb 33 BpeMsi 1] U e-yIpaBiIseMOCTH U3
HyJIs 33 BpeMsi 15 CienyeT e-ynpaBiisieMOCThb 13 0001 Touku B 100y 3a Bpems 11 + To.
JleficTBUTEILHO, U3 JTI000M TOUKY T MBI 33 HEKOTOPOE BpeMsi 17 MOXKeM [OMACTD B HyJlb:

e—T2lS1]

Le—=—-
S|P

T
le(Ty)]| = HU% + [ Unr ) ds
0

3aTem, 13 HyJA 38 HEKOTOPOE BpeMs T MbI IOHAAeM B HAIEPET B3ATYIO TOUKY £ C IOMOIMIBIO
(ysKImY ynpasienvst v(t):

Ty
H/ URtLTh(t) dt — | <
0

| ™

3necs U2 = €251 P 8 = LT My, nostomy |[UT2|| < ||P|leT2I1511, Tycrn t + 1 = 5 -
obImee BpeMs IBVIKEHWA, OCJIE BEIXOA U3 TOUKY T, t — BPeMs IBVIKEHUA TOCJIE BEIXOIA U3
TOYKY HyJb, Torna, cumrast u(Th + t) = v(¢), t € [0, Tz, momywm

T +T>
lz(Ty + To) — || = HUT1+T2£U0 + / Uhi+Te=sp-tply(s)ds — 7
0

Ty Ty
= HUT2 (UT1x0+/ UT = L7 b u(s) ds) +/ UL o(t) dt — Z|| < e
0

0

3AMEYAHUE 1. Beuny nemmer 1 B nanbreiiniem GyneM roBOpuTh IpocTo 06 e-yrnpasiis-
emocTu 3a Bpemsa 1’ cucreMsl (3), HOApa3yMeBas MOA 9TUM BCE TPU €€ PA3HOBUIHOCTH, PAC-
CMOTPEHHEIE HAMMU.

JIEMMA 2. (i) Las cucmemw (4) nowsmus e-ynpasagemocmy u3 wyasd 3o epems T u
E-YNPABATEMOCTY U3 AI0O0T MOUKY 8 210y 30 epems T A6ATOMCH FKOUBAAEHMHILMY;
(ii) cucmema (4) ynpasagema 6 nyav 3a awboe epemsa T.

JTOKA3ATEJBCTBO. YTBepxkaerue (i) O4eBuIHO, IOCKOILKY pemenne ypasaerws (4) ue
3aBUCUT OT 3HAYECHUA T().

B yrBepxnervu (ii) peus uner o Tounoi (¢ = 0) ynpasasemoctu. UToObr HOKA3aTD €€,
JOCTATOUHO B3ATh u(t) = 0.

3AMEYAHUE 2. Cornacuo yrBepxnermio (ii) 1eMMEr 2 HOHATHE £-yIPABIAEMOCTH B HyJIb
1t cuctemsl (4) aBasercs OecconepxarensaeM. [[09TOMY B mabHEMIIEM DO £-yIPaBIIAS-
MOCTBIO crcTeMEI (4), a cienoBaTesabHo, u cucteMsl (1), GymeM noapa3yMeBaTh e-yIpaBJise-
MOCTD 13 HyJIsI UK 13 JTI000# TOUKY B JI00Y 0.

IIPEMIOXKEHUE 1. Ecau cucmema (1) e-ynpaeasema 3a epema T, mo b° # 0 u
bt #£ 0.
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JJOKA3ATEJNBCTBO. JleficTBUTEILHO, B IPOTUBHOM CJIyUae OIHO U3 ypaBHeHui (3) wm
(4) sBsIETCS OMHOPOIHLIM, 8 3HAUNT, HE ABJIAETCS £-YIPABIIAEMDIM.

4. OmHOMepHas £-yNpaBJIA€MOCTh ypPaBHEHUs coGoJieBckoro tuma. Cravana
IPUBENEM M3BECTHLIE panee PAKTEL O cucteme (3).

TEOPEMA 3 [7]. Cucmema (3) e-ynpaeagema sa epema T e mom u moavko mom
cayuae, k0200 AUNETNAT 060/40%KA BEKMOPOS

—1;1 —1;1 myp—1z1
{LT°b",S1L7°b7,...,ST"Ly *b ... }

naomna 8 npocmpancmee X L.

JTOKA3ATEJIBCTBO. YTBep:KIEHVE CPa3y CIenyeT u3 teopeMsl 1 [7].

ITocenoBaTeILHOCTE BEKTOPOB {€y, }oo_y C ¥ Ha30BeM 6a3ucom B IPOCTPAHCTBE X,
€CJIV KAXK ILIA DJ1eMeHT T € & OMHO3HAYHO MPEACTABUM B BUIE

oo
= E AmEm,
m=0

L€ Qyy — HEKOTOPBIE KOS () PUIEHTEL.

ChEOCTBUE 1 [7]. Cucmema (3) e-ynpasagema 3a epems T, ecauw eexmopu

—1;1 —1;1 —1;1
{LTb°,81L7 b ,...,ST" LT b,... }

obpasyom b6azuc e npocmparncmee X1,

3AMEUYAHUE 3. Tounas (¢ = 0) ynpasiseMOCTb OpU STOM, BOODIIE TOBOPS, HE MMEET
MeCTa COrJIacHo Teopeme 2 [8].

Iepeiinem k paccMOTpeHMIo cucTeMsr (4).

JIEMMA 3. ITycmb onepamop M (L,0)-ozpanunen, a 6eCKONENHOCD — HECYULECT-
eennas ocobas mowka nopadxa p onepamop-gynxyuw (L — M)~L. Cucmema (4) e-yn-
pasasema 36 epems T mozda u Mmoavko mozoa, ¥020a AuNETNAT 00040MKA 8EKMOPO8

(Mg 0, HMG 'O, ..., HP My b0}

naomua e npocmpancmee X °.
IOKA3ATEJNBCTBO. IIpsmoe yTBepK neHE JIEMMEL CPa3y CJIELYeT U3 BIUAA PELICHV
p
a(t) = = > uF () H* My .
k=0

O6paTHO, IIOTHOCTD JVHEHHON 060JI0YKY BEKTOPOB

(Mg, HMG 0, ... HP My b0}

0

03HAUAET, UTO UL JIOO0ro I ¥ CKOJIb YTOMHO MAJIOro € > () CyIecTBYIOT KOHCTAHTEL Ck,

k =0, p, Takue, uTo

M0 - 30| <.

ITo arM TOCTPOMIM UCKOMYIO ()yHKIIIO praBJIeHI/IH

_kt_ VE.
;)k
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3AMEYAHUE 4. V3 noka3aTeinCTBa JIeMMBI BUIHO, YTO U3 IIIOTHOCTH JIMHEAHON 060710Y-
ki sextopos { My 10, HM; 10, ..., HP M 'b°} crenyer e-ynpasmsemocts cucremst (4) 3
snroboe Bpemst T'.

TEOPEMA 4. ITyemy onepamop M (L, 0)-ozpanusen, a beckoneunocms — necyu,ecm-
sennag ocobas mouka nopadxa p onepamop-pynryuu (uL — M)~ Cucmema (4) e-yn-
pasagema mozda u MOAbKO Moeda, koz0a npu wexomopom ¢, 0 < ¢ < p, npocmpan-
cmeo X0 (g + 1)-mepno, a cucmema sexmopos {Mo_lbO,HMo_lbO,...,HqMo_lbO}
ABAACTNCA 8 Hem 6azucom.

JTOKA3BATEJILCTBO. IlycTh ¢ — HAanMeHbIIee Yrciio TaKOe, YTO BBIIOIHAETCS
—1;0 +1ar7—1;0 _
HIM;W #0, H MG =0

O603maum HP My b0 = 24, k = 0, p. Tak kax zg4mm = H™ 2k, 10 25 # 0,k = 0, ¢, 2, = 0,
l=¢q+1,p. Iycrs mns HEKOTOPLIX ¢k, kK = 0, g,

q
Z cpzr = 0.
k=0

IloneiicTByem Ha 9TO paBeHCTBO omepaTopoM H Y unomywm cozq = 0. Orciona ¢y = 0,

q
> exss =
k=1

HoneficTBoBas omeparopom H?™1 momyunm ¢ = 0 u r. 1. Takum 06pasom, BEKTODEI 2k,
k = 0, ¢, nuHeHO He3aBUCUMEI.
OBozHaumm cooTBercTByOomee € = 1/n ympasmemve u(t) = un(t), ero 3HaveHus —

ugg)(T) =af, k=0,¢g,n € N. B HOBLIX 0003HAYEHASAX IOTYIAEM

q
vite 20 VneN | ) oz —20| <.
k=0

n

‘ 1
IToaToMmy,

lim E alzg =7 u X°=span{z0,21,---,2q}
n—oo -0

O6paTHO, COrIACHO IPETIOIOKEHIIO I TI000ro Z° CyIMecTBYIOT KOHCTAHTEI Cy, k = 0, g,
TaKWe, YTO

q
> enHF My 0 =3°,
TTocTpous no HuM ynpasierue
I Ck
—(t—
S

TIOJIYYMM JA2Ke TOYHYIO YIIPABJIAEMOCTb CUCTEMEL.
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CHEOCTBUE 2. ITycms onepamop M (L, 0)-ozpanusen, a beckonewnocms — necy-
wecmeennad ocobas mowka nopsoka p onepamop-gynryuu (uL — M)~ Toeda e-yn-
pasagemocms cucmemn (4) pasnocuavha ee Mownol YNPABATEMOCTIU.

JTOKA3ATEJILCTBO. W3 TOUHOI yIpaBIiseMOCTH C OUEBUAHOCTHIO CIENYET E-YIPABILIE-
MOCTD.
CorutacHo mpensIaymelt TeopeMe 13 £-yIpaBJisieMOCTH CUCTEMBI CJIEYET, YTO

-1 -1 -1
(M50, HMy ', ..., HIM; 'b°}
— basuc B npocrpancree ¥ 0, Wcnonb3ys moKa3aTesnLCTBO TEOPEMEL 4, MOJIyYMM TOYHYIO
YIPaBJIAEMOCTD.

Teneps MOXKHO CHOPMYIIPOBATL OCHOBHOH PE3YJILTAT 00 ONHOMEPHOH £-YIPABIIAEMOCTHI
ypasremus (1).

TEOPEMA 5. ITycmw onepamop M (L, 0)-ozpanuuen, a beckonewnocms — necyu,ecms-
sennag ocobas mowka nopsoxa p onepamop-gynxyuu (uL—M) L. IIyems, xpome mozo,
cucmema (1) e-ynpasagema. Tozda npu nexomopom q, 0 < g < p, cucmema 8eKmMopos

(Mg, HMG 'O, ..., HIM 160}
ABATEMCA 0A3UCOM 8 NPOCMPaANCcMmaEe 3{0, a AuUNelnas 000404Ka B8EKMOPOS
—1;1 —1;1 mr—131
(L7, S1LT M, . S LTY, L}
%'1
naAoOMHG 8 nNpocmpaxcmaee .

3AMEUYAHUE 5. CnpaBennvBOCTb yTBEPIK IEHNST, 00PATHOIO K y TBEPIK IEHVIO TEOPEMBI 5,
OCTAeTCs IO BOIIPOCOM, TIOCKOJIBKY cucTeMamu (3) u (4) OTHOBPEMEHHO yIPABIIseT ONHA U
Ta e QyHKIwst u(t).

5. JlBymepHas ynmpaBiisieMOCTh YPaBHEHUs cO00JIeBCKOro Tuna. B cuiy 3ame-
yaHWs ) B CIIydae ypaBHEHMI cO00JeBCKOro Tuia 00J1ee eCTeCTBEHHLIM IPEACTABIISIETCS PAC-
CMATPUBATH YIIPABJISIEMOCTD Y PABHEHIIS

Li(t) = Mxz(t) + buo(t) + brus(t), 0<t<T. (6)

3necs BekToprr b € X0, b1 € X', OueBummro, uto ypasrenue (6) Tak:Ke CBOIMTCSA K CACTe-
Me ypasHeruii (3), (4) ¢ Gpyrxmsavu ug(t), u1 (t) BMecTo u(t) COOTBETCTBEHHO.

CorutacsHo co0BpaKeHVsIM, M3JI0KEHHBIM B II. 3, ULl 9TON CUCTEMBI OIDAHIYNMCST OIHIM
OIIPEeNeIICHNEM E-YTIPABJIISIEMOCTH.

ONPENEJNEHUE 5. Cucremy (6) HasoBeM e-ynpasasemod 3a 8pemsa T', ecau miis m00bx
Touek Lo € X, € & u s moboro € > ) CylmecTBYIOT Takye (yHKINN

uo(t) € CP*1([0,T;R),  wua(t) € L1([0, T]; R),
ur0 [|2(T'; o5 us (t), uo(t)) — Z|| <e.

3meco

T D
2(T; 203 us (1), uo(t)) = ULz + / UT=L7 s (s)ds — Y H* Mg 0% (T)
0 k=0

— pemenue 3anaun Komm 2(0) = ¢ mus ypasuerus (6).
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TEOPEMA 6. ITycmo onepamop M (L, 0)-oepanumen, a 6eckonennocms — HeCyuLecm-
sennas ocobas mowka nopadxa p onepamop-gynxyuw (L — M)™1. Cucmema (6) e-yn-
pasagema mozda u MOAbKO Mozda, Kozda npu wexomopom ¢, 0 < q¢ < p, cucmema

aexmopos
—-140 —1;0 —1;0
(M50, HMG Y, ... HIM b0}

Aengemca 6azucom e npocmpancmee X°, a auneiinas 06or0uka 8exmopos
—131 —131 my—1j1
{LT*b,S1LT b, ..., S LT b ... }

naomua 8 npocmpancmee X L.

CHENCTBUE 3. ITycms onepamop M (L, 0)-ozpanusen, a beckonennocms — necy-
wecmeennas ocobas mouxa nopadxa p onepamop-gynxyuu (L — M)~L. Ecau npu
nexomopom q, 0 < q¢ < p, cucmema sexmopos

(M0, HM 0, HIMG O, LT S LT, L STPLT Y L)

obpasyem bazuc e npocmpancmee X, mo cucmema (6) e-ynpasasema.

6. ITpumep. Iycte Q C R™ — orpanuuennas obmacts ¢ rparumeit 0f) kiaacca C°. B
wumeape 2 X R pacemorpum 3anauy Kommwi—/Tupuxie

v(z,0) = vo(z), x €, (7
v(z,t) =0, (z,t) € 0O xR (8)

nuist ypaseerus: Bapenbaarra—2Kenrosa—Kouwsoi [9)
(A= A)v(z,t) = aAv(z,t) + b(z)u(t), (z,t) € QxR (9)

A € R, a € Ry, Monmenupyomero GriIbTPAIwIo KU IKOCTH B TPEIMHOBATO-LIOPUCTOMR Cpeze.
dynkimn u(t) ckanapras.
MMonoxvm
%:{UEWI’,“"'Q:U(:U):O,;UEGQ}, @:Wpf“,

nmbo
% ={veCpt™ u(@) = 0,2 €09}, =0,

rae W) = W} (Q) —mpocrpancreo Cobonesa, 1 < p < 0o, C** = C'+¥(Q) —npocrpancTeo
Témnmepa, 0 < v < 1,1 = 0,1,.... B xauectBe onepatopoB L u M BosbMem A — A u aA
cooTBeTcTBeHHO. Pynkimsa b(z) € sz wm b(z) € Ck+v.

B [1] nokazano, uro mpr mobex A € R, @ € Ry oneparop M (L, o)-orpanwden, npu-
yem 0o — yerparumas ocobas Touka L-pesomssertot (uL — M) ™! onepaTtopa M.

Mycte {pr : k = 1,2,...} — MEHOXECTBO COOCTBEHHLIX BEKTOPOB 3anaun Jlupuxie mis
oneparopa Jlamnaca A, 3aHyMepOBAHHOE [0 HEBO3PACTAHWIO COOCTBEHHLIX 3HAUCHWH { )
k=1,2,...} c y4eToMm ux KpaTHOCTH, & { - , - ) — CKAIAPHOE npom3Benenve B Ly ().

B cayuae A ¢ o(A) oneparop L HenmpephIBHO 00PATUM 1 PACCMATPUBAEMELA CIIydai Tpu-
BUAJICH, TOCKOJILKY YPABHEHVE MPUBOIMTCA K Buny (2). TlosTomy, B nasmmHeiimem Gynem cuu-
TaTh, uTo A € o(A).
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s paccMaTpUBAEMON CUCTEMBI IMEIOT MECTO PABEHCTBA,

X0 = span{pg : A, = A}, X' = span{yy )\k # A},
- - 2 A, K )P
130 131
My " = )\Zb‘pkwk’ SI*Ly b = mz )\ A= Ap)m+L’
Ap=A b ;éA
ronem =0,1,.... Cucremer (3) u (4) B mapHON CuTyarym CBOLATCS K CUCTEMAM

(v(+,0), 05 (-)) = (vo (), x(-)),
aXg(v(-,1), ¢k (-)) (0(-), ex(-))

(w000 () = STy (nELA - em (0)
EEN: A\ # )\
(@500, 01} = (w0 (- ), 0x(-);
0= au(-,0), k() +u®O(-) 0u()), tER (1)
keN: A=A,

COOTBETCTBEHHO.

JIEMMA 4. Cucmema (11) ynpasagema mozda w moavko mozda, K020a A A6ATeM-
ca cobcmeennnm snavenuem onepamopa Janaaca xpamuocmu 1, a dynryus b(x) ne
opmozonaavha coomeememeyou,ell cobemeennol gynkyuu 6 cmmcae La(Q).

ITOKA3ATEJNBCTBO. [lockoabKy B MaHHOM Ciiyuae OECKOHEUHOCTDL — yCTPAHUMASA 0CO0as
Touka onepaTop-pyukmm (L — M), To nopsmok ocoberrocTH B GeckoreuroCTH pases 1
1 110 TeopeMe 4 mpoctparcTBo X 1013KHO BBITH OMHOMEPHO. DTO He TaK, eC/Ii KPATHOCTD A
bonbine emEmInI. OCTaI0Ch COCIATLCS HA, IpeIIoxKenye 1.

Coberernnie ¢yrxmmm onepaTopa Jlamnaca, obpasyiomue Gasuc B X 1, mepeobo3raumm
KaK {o, 1,12, ... }, COOTBETCTIByIOmME UM ) TakkKe mepeHyMepyeM. OB03HAUNM TaKKe
g w € x1 W = <w7¢k>a by, = <b7¢k‘>a k= 0,1,....

JIEMMA 5. Ecau onepamop A: 12 = 12, umenowuii sud

b() Oé)\()b() Oék)\gb()
A=X  (A=2X)2 T (A=g)kHt
bl Ot)\lbl Otk)\lfbl
A=1 X=X O=Xx)2 7 Q=x)kt |,
bm ....... oz)\m bm ........... o )\’ﬁnbm ......
A=A (A=2Ap)? (A — A )1

copsexmueen wa ceoeli obaacmu onpedesenus, mo cucmema (10) e-ynpasagema.
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IIOKA3ATEJBLCTBO. JeficTBuTensao, Torma s moboit pysxmm w € X! maiinercs
[OCJIEOBATEIBLHOCTD YUCEI {C, €1, C2, - - . } TAKasl, UTO
) — am™ A
’U)k = Ok Z Cm 7
mmo (AT AR)mH

YTO O3HAYAELT PAaBEHCTBO

(e.9)
w = Z emSMLT L.
m=0

W3 mero cormacHo Teopeme 3 crenyer e-ynpasiseMocTs cructeMs! (10).

3AMEYAHUE 6. OueBMmHO, UTO HOCTATOYHOE YCJIOBUE £-ynpaBiseMocTu cuctemsr (10),
c(hOPMYIMPOBAHHOE B JIEMME 5, O4eHb 2KecTkoe. OHO MCKIIOUAET BO3MOKHOCTL CyIIECTBOBA-
HUs KPATHBLIX COOCTBEHHBLIX 3HAUEHUN U BO3MOXKHOCTL OPTOMOHAJILHOCTY (hyHKIMuU b(x) X0Ts
OBl OHOM 13 HYHKIWI g, .

PaccmoTrpum ypasrenue

(A = A)vi(,t) = alo(@, 1) +uo(t) D (b(-), k() (@)
A=A

fu) 3 00 o Nerle),  @HEQxR (12)
e £

Ha ocrose sevm 4, 5 MBI CMOKEM JATH NOCTATOYHLIE yCIIOBYS LIS £-YIPABIIIEMOCTH CHC-
remst (7), (8), (12), Ho He cucTemsr (7)—(9).

TEOPEMA 7. ITycmbs A seagemcsa cobcmeennum snavwenuem onepamopa Jlansaca
xpamuocmu 1, gynryusg b(x) ne opmozonassra coomeememaeyouell cobemeennod gyrk-
yuu e cmucae L2(Q), a onepamop A: 12 — 12 copsexmusen na ceoedi obaacmu onpede-
aenud. Tozda cucmema (7), (8), (12) e-ynpasagema.
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