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F1E % it

1.1 "X RGHEA

Bt DA I ER W SR ANWTIRON, LA R 1) FoAt SRkl i s . iR . AL
BEUR. PI%%. s, A ARG SF N A SUSBIE, MK T —KERT
ZRARKE N RS, TR XRE. | XARESBATEE e ER RAE K
FEL, — Rt TR M TR KR -

E(z,t)t = f(z,u,t)
y = g(z,u,t) (1.1.1)

He 2, ut IIRFRRES R E . WA R BN EZR, f(z,u,t), g(z,ut) AR
TNz, u,t B on B\ p M ERE. E(z,t) e RV, Hrank(E) =n B, R (1.1.1) £
R NESERIEHE RS, 2 rank(E) =r < n i, 3 (1.1.1) BAR—NESER XA
% (4 f(z,u,t) DIEEEREE, X (1.1.1) BFR—ADEEH XEL Y f(z,ut)
gt RBE, L (1.1.1) RR—1MEHE RS, ML AR XRG LR
RA

y(t) = Cx(t

~

(1.1.2)

XH 2, u,y FAA n gERERE. m ERMARNEMN p W E, £, A B, C
SR A B E LGB0 e W LR, T RS (1.1.2), FHAFEFE s i3
det(soE — A) # 0, MFRRFZ R IENK; # det(sE — A) = 0 A ARFLAHR
B HEW, WHRRGERREN; F degdet(sE — A) = r, WIRRL R LMK
rank ([s€ — A B]) = n H rank([E B]) = n, WRARTEEREN. | XES
(1.1.2) AT AREZFHFRRAZIEN. 1€ . Thkeb. 297 XEL (1.1.2) ENR,
X4 € M ARVFHIE, RAENIFAFLE HME—. AHNH, & XAEFTIX ) B S0
HAGRTA

Ex(t+1) = Ax(t) + Bu(t)
y(t) = Cx(t), t=0,1,--- (1.1.3)



5, w1w & @

HA z(t), u(t), y(t) KA ¢ BZIE n EREFEE . m EHBARER p 4% H
o &.

1.2 J"XRGEHEERGERKAMX G

" XARESIERRGEMH BN, BEAFE N ERIBCR XA & AR X ).

I"XRGEEEFRENKRET: MR EREXPH E TR, W XRE
BA—MEFE RS, Bk, WRNEE E K ZBERNECREE, | XRERY
EERGNE. AT EFRAERKARELLR, SR —EB N CERNER
&, A, AT S5Z X5, S L B h&FREMEED LRERHEIRE, A
TIAET™ SR GE B B — AN SR 5053 3.

br LR B M BERZH, | XRGES ERW RS AR X .
Blin, ZBEHNAZRKER, | XRERRSEF RAENX 5 EZEIEUT LA
J3THE.

(1) I"XAS (1.1.2) BT EEAER EWRETAARHEE® N T
HHHKR), MEEEH ER REMBT A HBLR k@R ATESE NETEHE
), UERBAR SN, ERBENERELT, KB XERE 1.1.3) AMUHEE ¢
RZUATRER, ER/E ¢ NZUEHNER, BB XREAFAFERKE
R

(2) EHRENBNERA n(FTRENES), M XREHNZHEMDA r (=
rank(E) ).

(3) IEH RS r)A% 1% R BUE R I H 4 A RE, 1) SCRGE A% oR B e
BEHEAERBEAT 1 PZIAFERE.

(4) IEH REHIFHRYME ) B AR A7 AE B ME—. BEX T RS, FRYMER
BT RE AR, BT REAAAAERR, BMER AR, WA —EmE—.

(6) I" XRGRARKYE, —BANZRKSIARE (S REN TFEMR), 5
—RAEEFMERRSIE (BRETRERR), T ER RRBA TSR

(6) " X RGNS, BT BA r (= degdet(sE — A)) M FM RS, EHIEHR
RANRAR (n— q) NEIFTEHR A, EIXETITH R X AT T r F
STLIRA.

i LA BT, ER LS T, | XREEFE AR ENREE
M. T XRGEL L RBE M E AR, U LA R = A PR,
B 5| T E A SMF 2 38 B R ER, FFIRE T F 5 MBTFRR.



13 "X ARGHERRR -3

L3 T MARGHFKERNH]

" XRGRR T RAEARMMES, ERA AR, &) LRG K KR
RAHER, B XRREIEH TR TR E, Nsci XRGEMNA, 4
REELIEAAB CRAEMME. T R 256 8.

%1 1.3.1 Hopfield #H£2 MR AN RIS, H—RERKSNTHA,
H Rz o 55 AU, SRR h

cd 0 0 O —gl 0 0-WwW, 0 B
0 0 0 O 0 I 0 0 —g(z
T = T+ 9(z1) + g v
0 0 0 0 0 —Ws I 0 —iB 0
0 0 0 0 0 0 '] —f(z3) 0
(1.3.1a)
y=(0, I, 0, 0)x, zT = (al, 23, 23, ) (1.3.1b)

Hrpowy, Wy BRFANINBUERE, f(23), g(a) RIFLMERE. X2 X
RGER.
Bl 1.3.2  AfIZ4NH Leontief BIARAFE AR KR A

z(t) = Az(t) + B z(t + 1) — z(t)] + w(t) + d(t) (1.3:2)

Her A HEFERBUER, B AR B REGER, B EAE AR () Bt i
ZIMIF= 8, d(t) +w(t) At BRI B i, T d(t) RifheE e, $RchiRl+
IR %, wit) ATTHENNE RN ER. EZHITHREFRET, Z&H1Z
AR BN, M B P NKATAE. NI B AWtk RS (1.3.2)
KK AT ELENATEE) RS

5l 1.3.3 MENKRR

L
.i?i = a.i(xi) (bi(l‘i) = Z Wik
k=1

=l

H ““)) (1.3.3a)

0= aL (bL .’.'CL Z lk ;1 (k)) (133b)

] I
XE 2y, 20 AFE i MHETHRE, i = 1,2, | n, a; XG0 HUAHR A AR R
FE, b XNESZ MR REIR, ] RE RSN A B R, s WAL TCRIMIA, wi
AW HPERAL, (L, 1L} R {1,2,- ,m+n} 0 L DEFFE HERIE
B UCKREE.



4. FI1E % ®

E=AR, BEE AT EH BRI RN, 5T 7T 8ext R A st
ATERARIBIF, M EXFHTF SRR = B R R, TR T B il &
WHTEMFRRE. —HEEBO TR EE RS, L THEGIERK—RE
i, BRAATTRIRE FE AL G 5 1 a8 5 B T i AR i) sh A il 88 b, X — R Bk
Z AP B R B KRtz —.

FEHRRARIEARE TR RIEELRIEEFHRE, B3R HRIET L. 1979
#E Schrage M1 Peters #&H T B I H14% 3 R G () 9 3h T 05 1] /.

Bl 1.3.4 EHI CHIALBN R LM H%SHE W ) .

BI CHLRMES RE £ B E R4, & M3Rsh 2 3R A 3% 30 a4,
HARBh BT R R AT A B . J=a) i3 o] @il EshiZ 6l 7 E R R, X — A
ABA] TR LA A R AR R A -

(55 (2)-( 20 S0 (2)+(2)e vse
0] K(t) \ T2 "K(t) @) T O
O O xy dy
y=(0 I)(w2)+(d2>u (1.3.4b)

He K() RARGEHRIBEER, BERY, D RARREMEBHEF; M RRAR
GZRRBRER, f RASRGERME E3N R, & RANREOT; o) EnE
M TT; z() REREFIRERE; y() ERWBREHINE.

1976 4 Sticher X T T B ZARSH n) &

f5l 1.3.5 PERFIEH R .

AT DR EARRESH) =465 vH- I B ek e 1 AH BRI, TR Seh
HEPEZH M ESRENT S EREI. T CHLBTEA B FEE
BRI A BRI AR T R, BRI 2K ) AR B0 U ) 0E R B O PR AR
® B

.
S
o~
~

Il

A(t)z(t) + B(t)u(t)
y(t) = C(t)z(t) (1.3.5)

Bl 1.3.6 TR B IESREAR 5 IR A A

—AMHETRE (RUHL. BNESRERE) PHRANEZREGESIE 2HE
BB FIEJENMERALN, HIRGHMRDRTRIERNT. DREMA u(t)
A3, MARBRERS, wHKAA 2n/w, HESHERWA 1.1 Fik.
Z IR R R A R GR R

Bzt +1) = A(t)z(t) + B(t)u(t)



1.3 " XRGEHREERNH -5 -

y(t) = C(t)z(t) + D(t)u(t) (1.3.6)

Aff) = ( 2cosl(wt) —01 ) B(#) = ( (1) )

C(t)Z(cos(wt) -1 ) D(t)=1

Hrp

. 1, RGHHERME,
E = diag(e;, ea), e = { 0. RAFREM =1,2
D(t)
u(t) B(t) a(t+1) a(t) C(t) y(t)
O O

A(t)
B 11 BrREE SRR

B 1.3.1~ il 1.3.6 AAS[EMUI T S B 7 JR 38 R 4 1A A v 1 0 A 42 i) i) 8 )
AR EE LR REZ —.

X[ R G —HAHIE RGE, RGEH R 70 F i EUELE & PRAFIE 2045 E X X 5]
. IER B TX 4R, XK RS) 2 A U Tk . 78S,
F TR P AEAEE Bk b, BT Hosoe 25T 1987 4R T I XX 8] R 48 KA
R — A I SERR LT 4% R 4.

B 1.3.7 HFMKERR

[E™, EM] i (t) = [A™, AM]z (t) + Bu (1.3.7a)
[E™, EM] = {E = diag(L1, L2, L3,0)]L < L; < L|i = 1,2,3} (1.3.7b)
0 0 0 0
0 0 0 —a
(A™, AM) = 2 _1<ay <1 (1.3.7¢)
0 0 0 aszq
0 —r r a44
Ny
W 25 | (f)
N t
=| ¥ |, s=] =¥
0 T3 (t)
0 T4 (t)



6 B1E & ®

He oz (t), i = 1,2,3 RomBid AN BRSO HBA, L, BRE ¢ NREHIENL
zy (t) RTEHEM r R RPEBRBER, N/N,i=1,2 X LRBRRAR X
R—AHE XX A RS

" XEWRR Fi = Az + Bu BAT ZHINABER, BERBRE, ERIN
FISHEESRE R, BB AL EH . MUEMAR. T AER M T MR SEL SR, K
AL EEER YRR FERR. ERMEE S BHRHBR, —S4R B R
AREfR R CRGCRMR, WKWk RS, XM B ER XM R Gkt

Bl 1.3.8 KZEEWIR ARG $a ] A .

HTHEBATRERNIRS), ¥ EARDRE TR ERIRSE, WE 1.2 fs. Kb,
my RN R E, me IR ETE, by 1 ky R, BN

y

F=F, sinwt

ki ks

T

0 01 Ty 02 T2 T

12 KREWHE

REABAFIA by A ky KETR, c RBIRBSHIHE RS, F £38EN, =, M o 5351
FoR my N omg BEEATPEL B, Fit ERiEsh R0 L

(ToP? + ThP + T»)z = Bu (1.3.8)

XHE
T — mp O T — c 0
=% ) = (00)
T - ( k1 + ko —k2>, B ( F )
—k2 k2 0
B 1.3.4~ B 1.3.8, FHMAZHR. VI Tk, 17 8 TR 7 MEE
WHAT XAMARLG. | XX BREHN— RS RERLRFNAE R



L4 T XARGHRIRRE EERE .7

L4 " XRGETFHIR K EZRR

141 ["XERRFHFAREER

I XERERIFFRRMN 20 D 70 FATFLEK, 1245 CF 20 REM L, HH
AHER O @Y. T RGN LIS in] 8 A [] 8i.

X RER RN, BT X RGE—F S EHERFEEAMLELL
ZHBA SR RS, BT LUR B R HOE H R IE W R 50T RS
TR, SIEH RGHM, EREE C L, I NAZMREEHES T LB AR
FT. Verghese 584 1981 R fa K R LR R SCHHEMHE 71 LR ZKK AT gt 12
H T BRI RERE RS, JFA B T kb e A S22 RN, ETFEEIR ¢ ki
X ARG EF 25 R A ok, MWL M EZmE T X RS, TR E Rk
MEERIOMR. 2k, REMSELMRE CRMEW) . Mketaels (BKhRem) & & F
REME A BE LA i R BFRAE R C LA k. EMERE B Lin 815 T AH
ET N RGBT 2B 2. (HRANTEDL, Bkl S8 = 1R A H
fi#, T HAET AL, hubikEEE (2000) BIhHEGIAN T REZE G, T G2 L
I NRGRFFIEG ), Wi T JUFRRE 230, A H T LR G ELRiEMEs
REMLAI AR B A, T BOE MWFRFAE T B[R I A BEXT T LR G 2 B A7 e Bk b 8L T .

B e P 1) R X PP I R AR TR ) — N E 8. Tk — RS, L2
" XARG, MEREMERRE B EFEREE. — MM RENRE SRR
BAHEAMER. 1868 4F, ZEA J. C. Maxwell KEM (LIHHER) —XRAX
FEHIFERR&EF IR, XA EREXTEOEERENEEES TN, —
4G, Bl 1892 4, R [E L% 3# Lyapunov 75 BT 58 8 B A5 Rz 5% ma AR A
BN Gashfae i —B @) B, xR v il BUEET T IR
5, AL TS EE EFEARRE HEERHESE. HE AN Lyapunov BiE AT
B, REMRENS Lyapunov FFEZ B —Fxf Nk R, it Lyapunov A2
AFERXHHE R LI EHI RE R T I 5558, KR RGuk e M B
N—EEFE, GHERRLES THERER RS, BT Lyapunov A & EEH
e, HBH TEHEBAN —NMRAAZENHAATE, HESH TR —DR]
W5 77 ). M Lyapunov FiERHR ARGl R FE Lz —. RHEIRILE,
FIH Lyapunov &R TR EER —MATTRE. B TXEE R RmR
ST REE, AT BB X RS LR, E)LVFEAMBELX) XRGE R
MR 2 Lyapunov HFEMAEXS®A )L, HPE LK Lyapunov HE
F1 Lyapunov A& WF.



8. FIE & B

(1) Masubuchi(1997) 43 i)~ X Lyapunov A%,

VTA+ ATV
{ AV <0 (1.4.1)

ETV =VTE>0

FBRUT TEFZMGSE: T XRE (1.1.2) EN. BE. TR RELFRT X
Lyapunov NERH M.

ERBTH T X Lyapunov A%, R AN XREH Ho #25H]. Hy
215 5 1) BB A T E. '

(2) KR (1997) 45 T Lyapunov 472

{ ATVE+ ETVA=—EWE

rank(ETVE) = rank(V) = r (1.4.2)

W >0

HE: " XRSE (1.1.2) IEN, . Bk RERMELE Lyapunoy HRE ¥ IEE
.
(3) IRIKR & (1999) 4 T/~ X Lyapunov J#2

TA4 ATV = —W
{V +4 C W0 (1.4.3)

ETV =VTE >0,

HE: "XRS (1.1.2) EW. BE. BRI RERZGENFELK W > 0,
Lyapunov }T2H fi&.
(4) KR (1999) B3| F i)~ X Lyapunov 2

ATVE + E'VA= —-E"WE
(1.4.4)

ET™WE > 0,rank(ETVE) = rank(E) = r

HA: ENBT XRSE (1.1.2) FaxE . BRI E &4 RN TAE RS 2 KX FRIE
B W, ™ X Lyapunov 77 724 X FR .
(5) TREKR5E (1998) A T Fili)~ X Lyapunov /52

{ ATVE+ETVA=-ETWE,

) W >0 (1.4.5)
ETWE > 0,rank(ETWE) = detdeg(SE — A),

A ENEXRELE (1.1.2) BEMRERFRN FAERSAER W > 0, Lyapunov
A IEER.
R HEL NRGERITIFRR, RO EA B XRERHNEL L.



1.4 " XRGHRIR KL EERE e

HAh A K E AR R IEH Hernandez L2 A HPIRS R BHTHE T B #L
EHERAMARL, HEHTHT m MEA, n NREK T AYRE, “ARLAIER,
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