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L1 JXRGHEE

BEE LA R BRI AWIRA, UK A RE A2 HIR . AU
REVR. MIZ. B A W TAEFESENHSERKBE, MIRIAT —KER™
ZIARB N RS, KRR XRE. | XRESRANE R it IEE KRR
FRABL, — R TR IS TR R -

E(z,t)z = f(z,u,1)
y=g(z,u,t) (1.1.1)

H z, u,t KRBARENE. MARNENNEER, f(z,4,1), g(z,u,t) FHR
N, u,t ) n 4ER p M BERE. E(z,t) € RV, K rank(E) =n B, X (1.1.1) R
R—ANELERER RS 24 rank(E) = r < n B, R (1.1.1) BR—AELN) X E
A& (Y f(z,u,t) HIEEEREE, R (1.1.1) BR—ADEKET XESK; 24 f(z,u,t)
hetERET, X (1.1.1) BR—DEH NRG), WEHERARE LR LE
A

Ei(t) = Az(t) + Bu(t)
7(t) =C(t) (1.1%2)

XH 2, uy 35k n EREFER. m ERMAREMN p fHnE B, A B, C
A RAE LR LHERE. T XRS (1.1.2), HEFREE s #15
det(soE — A) # 0, MFRRFERIEMR); # det(sE — A) = 0 FFTIEHRESAHE
BRI, WHRREREER; #F degdet(sE — A) = r, WFRRLR LK, &
rank (sE — A B]) = n H rank([E B]) = n, WHRRAGRELEEN. " XE4%
(1.1.2) MAWFRIARERMHRREEN. faE. Bk 4 X R4 (1.1.2) ENR,
X452 KRR, REMRAFAEEME—. AN, & XAET ST XA _ER) X5
BRGERTH

Ex(t+ 1) = Az(t) + Bu(t)
) = @Bt = 0,1 (1-1:3)
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Heb a(t), ut), y(t) KIKA ¢ B2 n GRS AR m GEARA R p 4E5H
. :

1.2 JT"XARGEHERRFERBRAMX 5]

" XARGSIEHERRHEI N, BEAFENERBRR B AT X .

" XARZEEFRENKRET: WREREXFH E TR, W XRE
BA—MER RS, B, mMRNERE E # ZBEREICRERE, | XRERX
EWRGHHET. BTIERRRAEROP LALLM, CRB—EBNEENELR
R, Ll AT H5ZKA, I8 LU E ARREREE AT XRGEHHERE, A
TIAET™ XRGEE W A — ML 550 32

B BRI E WEERZI, | XRRESIEERREFEFZ A TAIX .
B, BREHENAZREE, | XRESIEH RGEHXH EZAILELL T LA
JiTH.

(1) J"XARE (1.1.2) MFTPEFEAMEHEFREFTEANHEIHE NT
AHWR), T HEEHIER REMEHHA LR BN SE (N TEIHTE
Br), AERRARSEON. ERENERFLT, KRB XRE (1.1.3) AMUTE ¢
WNZIURTHER, ERE ¢ RZEKER, BB XRAEAFRAELENE
Rk

(2) IERREHIBNENA n(FTRENER), T XREKZHERNA r (=
rank(FE) ).

(3) IEH ARG 1%i% iR BB e A BA B AGERE, T URGEHIAE 1% iR BUE R
HEEATREKT 1 KB HAFERE.

(4) IEH RGEHIFHRYME B MEAAAE B ME—. BT XRLE, FRYUE R
AT RER AR, BV FTREAAEAERR, RMER R, A —sEmE—.

(5) " XARGRARRYE, —BANZKIBIERE (R ERES TEMR), 7
—EAEENERRSRE (BREOTRMR), MERRRABAB ST

(6) " XARLEMR A, BT BE r (= degdet(sE — A)) MEHFWRAS, EHIEHE
REARREN (n— q) NEFTHA, FEIXETITH A X5 A AT IR A
SEIWR.

DA BT R, EERAGWSEMRB T, | XARGEE A HRE SR
Y. T RGIESH ARG R S AR, fERT S RS AT = A PRk,
PRI S| T B AL 223 IR, IS T E R RR.
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1.3 " XREKIEFRN A

I XRGER T BRAEARMMES, ERFRRKNANE, KB XREK LR
NMABR, ¥ XARARERH TR RTEERFEE, NS XRENNE, 4
REFCIEAIL XRGMME. T IR 256 3.

$1 1.3.1  Hopfield #Z MLHRI N BIEPIAR S, H—RERMSNTHA,
H R TuH 5 S BN, BRA TR A

eI 00 0 g O B 0 B
O OB ML Lo o e (R P VR O
(6 O B ¢ —Ws 0 =i 0
0 000 0 0 I —f(z3) 0
(1.3.1a)
y=(0,1,0, 0z, z*=(z, 23, &3, z3) (1.3.1b)

Hrp Wy, Wo BRBANIAGERE, f(xs), g9(z1) RIFLMERE. X-—ANELRHET X
RGHER.
Bl 1.3.2  AMITRANK Leontief AN HERI R R A

a(t) = Az(t) + Bzt + 1) — z(t)] + w(t) + d(t) (1.3.2)

Hrh A AMFEREIERE, B hBR R REUERE, M REELMES. =(t) K ¢ B
ZIKI =R, d(t) +w(t) K ¢t RHZIKBRL>HRE, T di) AFEER, 8RN+
HIBREE R, w(t) ATTHEHFTHEROER. ELHWITHNLFRLED, D&
BIAFFAESR RN, £ B P NKMTHE. AT B Aitk. MES% (1.3.2)
KR RAT RN AT E#) RS
fl 1.3.3 MEMKRS

'
z; = a;(z;) (b (z4) Z ; H yjj(k)) (1.3.3a)

k=1 =L

0=ar(zL (bL (z1) Zwk j’"") (1.3.3b)

X 2, 20 AF i MHETTHRE, i =1,2,---,n, a; Wﬁﬂ%ﬁﬂﬂﬂ*ﬁ%ﬁiﬁ%ﬁﬁ
BE, b; X RNEZ SR R ZER, thAT fe IS B R, s DML TTHEIA, wi
APBRIERER, (L, , I} 8 {1,2,--- ,m+n} B L AEFTE HEZRR
I~ KR4
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=143k, BEE AMIHERES R PR, 8 A1 7T Rexs B A St
ITEFRERNITEF, HRIXF R X REfE BE i SR R R, MR H T 3% i 1) & .
BHINEMBF RS, —RZ2E B THARIEIERE RS, S T EFHERH—IKE
fir, BRAMTRRF R NG R H iR 8 2] T M2 sh 68 b, X — R
Z AR B B AR KBtz —.

EEERERBRAET &R MER IR HHERE, &5 HRIE T L. 1979
4 Schrage 1 Peters $&H T HIHIAE 3N R G IR 3) T 05 i) 8.

il 1.3.4 EH WAL RERIIRSHTE R 7] &L

B CHLKMESI RS R HE R Ak, © =32 BLE K 8 3 ) 8,
H¥rzh Bt 70236 H B B . =30 2R a6 R Ak, X—0
] B T R Gt PR R Rk R -

(5 w0 ) (3)-( e @ )(2)+(5)r om0
O K(t) )\ & —k(). O e [
y:(g ?)(z;)+<jl)u (1.3.4b)

H K() BRAFHIRIEHERE, BE RN, D RRRZEKMBHERE; M #RR
G RBERE; f RARREHINK 3N IR, d RAXRER T u() #TrnE
S, 2() BRARRGHRERE; y() RANERZHNE.

1976 4F Sticher N8 H T T B B H i &

fl 1.3.5 PEEEEEH A E.

FIRAL T DB EARREE I =4 0E ) v EHh BRGSO AR B4R F R, TR S
HRINEZF LR e T E BRI, BT WML B g
BRIGWE A EAE R F=AE T R R, PRIIX K ) AR 0 AR ) 4R Y R S A
7, B

z(t) = A(t)z(t) + B(t)u(t)
y(t) = C(t)z(t) (1.3.5)
Bl 1.3.6 HLFERESHE I IEZEE S R &
—AMHETRE (BN, BEESRERS) PEHNEZBESE, RHE
IR LA INER AR, HIRGMER R TRIEET. BRERA u(t)

{3, AT FBRERG, "G AYH 2n/w, HAESHRERME 1.1 FiR.
EARL TR YA RSP S iiipa

Exz(t+1) = A(t)z(t) + B(t)u(t)
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y(t) = C(t)z(t) + D(t)u(t) (1.3.6)

A(t):<2coi(wt) —01), B(t):((l))

c@t) = ( cos(wt) —1 ) D(t) =1

Hrp

1, RGEBFEEME, |
E = diag(e1, e2), e,-={ 0. RGTE R o= 152
D(t)
u(?)
S B(t) z(t+1) 2(t) O(1) y(é)

Z_l

A(1)
1.1 HTFREESHER

B 1.3.1~ $1 1.3.6 IWASFIUITH Sz B T PR3 ZR 40 8 e 1 40 b A 4 ) i) 3L A F
HEIFEEER LR —.

XE R R —RAHE R, BRI I6 R K BUEE % FREI7E B 44 2 X 8]
W. IERHTX—HF A, FRXERG Z N AT I . B M&S4H. H
F TP FEE K, BT Hosoe 2T 1987 EIR I T A X 6] R 40k H#
R — A5 E R SEPR T NE R4

Bl 1.3.7 HLFRLER Y

[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)
g B 9
0 0 0 -
(A™, AM) = 7w (1.3.7¢)
0 0 0 asq
0-'=r r ags
N,
‘N z1 (t)
N, t
B=| ¥ |. 20=| 29
0 x3 (t)
0 T4 (t)
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H 2 (1), i = 1,2,3 Rl AHMN BRI, L R « 4> REas a0 L,
x4 (t) RANMAHE r FEFLBRA RHRER, N/N, i = 1,2 RnELBSHRE X
RN X R

" XERMRS Ei = Az + Bu BA) ZHRNARR, BEREARE, BN
FSURER, iR ATFEE . FUENR . TP~ 7 P4 5E 2 TR, B
AETE RSB EEZAR. ERMEER BRRREDR, —L8U8ER
ARefi AU XRGRMAE, WK FRIRARL, ETEM X RGOk AR

Bl 1.3.8  KZEfRA= ZR G4 il il AL

AT HBATERRS, ¥HEAERDRE T BB, WE 1.2 fin. K,
my R RIRE, m, RBIRASHIRER, b A ke RPIADHE, BAI0#EME

T
e

0 01 ko) 02 T2 z

1.2 KERIRE

REABHIA kA ke RETR, ¢ RBIRABNIEERE, F RIBET), 21 F 20 551
R my M omy BEENTFELERARE, Bk ERZE3)R50H L

Y

(ToP? + T1P + T)z = Bu (1.3.8)

XH

Bl 1.3.4~ Bl 1.3.8, P HIMMERK . HUBR TN 158 TR 7 M 4555 5 T
AT XAMARS. ™ XX B RGN — RS RN LR SR
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14 " XRGEHFRIR K& EZ R

1.4.1 ["XEERZEHHRELR

"X RGBT RMN 20 A 70 FEARTFLRK), 1245 CF 20 KEMF L, HE
AAEZRCLE. FHEHB XRSER)JLIEH A B — BB,

"X RGEHI RGN, BT XRER M5 IERREHRAAHLUEL
Z AR RS, FroMB B AR R KA IERE REHRTEN X RS
ITHIR. SIEERGMN, £8EE C Lk, I XRENREEES S T BRI
7. Verghese ZE4F 1981 Eﬁﬁ)’a‘kiﬁ!‘ﬂﬂﬁﬁi*#ﬁﬂw‘v&?f‘)‘(ﬁﬁﬁmﬂﬁﬁ, #®
H T Rkeb e S, FRar T Bk R &, B RN, B TEHI C LT
X ARG AFAE T 25 M 3 R, BT U A EERNE T T RS, JUHZE Rk
MR, Bk, REMTERRE GEEW). KebfeiE (WkrPEem) & &
RefE tER GE VR 1) S B A B R B AR R, 7EULEERE b Lin WA T A
E X ARG BETERENTE 2. ERANIKIR, kb 8t 2R 2
fi#, T HAETALE. HitskEHg (2000) IG5 I T B LM Gio, T G2 EH
" XRGRFFES ), H3E T JLAFEF 200, HEH T X ARG LRENEE

EWLHI FE B A, T ELIE MR AE 25 [H) B A BEXS T LR GE B 5 AR E Bk P A8 T R

PR R & FEH RAMEDN P — N EERNE. BRR—RRL, L&
I XRG, MEEMESIRE - iR HEE. — M RENRE R
BHSCHMER. 1868 4, EE A J. C. Maxwell KEK (LHHERR) —XRFEX
FEHER R R B B R 3, XA ARE X TR OAERENTR eI, —
+4E )5, B 1892 4F, MREFE %% # Lyapunov 7E BT 58 B B A Bz B WA R B AR
BXHE R GEshia e i — R F, BRI H8 2 M W ST T A KRBT
R, BILTEANEE EFEARREEERINESR. HELK Lyapunov B H]
M, RGeS Lyapunov HREZ [ —FrX MR, #idX Lyapunov FEH
AEXR TR LI EH RARRER T 556, FRAERG T E ERER
X—HEEFE, BHERREE THRHRER S, BT Lyapunov H A S K EE
, HHBCH TEFIEBAN— N EARZNAREE, HZ2LSHERE R
WFF 77 1H. Ml Lyapunov FiERMIRRGEREN FE T EZ — RERIEJLE,
FIH Lyapunov J7¥ERBIRFEE MR — AN HTRE. X e % RARE ENTR
SETEE, AMICHEABIE XRSE k. B VEAMTEENT X RE R E
HHFRMAE]F) Lyapunov HEMAERBME LA, HPELH Lyapunov 52
1 Lyapunov ANERWT.
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(1) Masubuchi(1997) 5]~ X Lyapunov AN

{ VTA+ ATV <0

1.4.1
E'v=VTE>0 Wt

HEAHT TEELWSGER: | XRSE 1.1.2) EN. 8. T RELRMERE X
Lyapunov A& G ##.

ERBTFHE T X Lyapunov AER, FEANHR) XRLEM He 24, H,
5 1) 55 ) L A T R

(2) TKERR (1997) 44 T Lyapunov /512

ATVE + ETVA = —ETWE
{ A (1.4.2)

rank(ETVE) = rank(V) =r
W >0

HE: T XRS (1.1.2) IEN. a2, Tk RZE &M= Lyapunov H 1A ¥ IEE
fi&.
(3) FRIKREF (1999) 45 T/~ X Lyapunov J7#2

W >0 (1.4.3)

VTA+ ATV = -W,
ETV =VTE >0,

WA TXERL (1.12) EN. BE. TRENEBEEMENTHELK W > o,
Lyapunov J7 126 fig.
(4) 5RERR (1999) 82| FH) X Lyapunov 572

{ ATVE+ E'VA=_—ETWE

e (1.4.4)
ETWE > 0,rank(ETVE) = rank(E) = r

A ENR)TXRS (1.1.2) FE . TR ER RN FAERS & KR E
Rew, "X Lyapunov TR SRR
(5) FRERRSEF (1998) 454 T F ) X Lyapunov /772

{ ATVE + E'VA=—-ETWE,

W =0 154.5
ETWE > 0,rank(ETWE) = det deg(SE — A), ( )

IHH: BN XRS (1.1.2) BENREZFMFENS TERSLER W > 0, Lyapunov
TR FIEER.

RIS XREHRITTFRR, R R XRRRAHN S8
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HAbH Xt B R R IESR Hernandez £ M PR E KBTS T B &L
EERPRLE, HFEWAT T m M, n NPREN T ABRS, 4RGEER,
ATEAH Tm MR, n NPRERREN AR RS IR B E W) SR A . 7EIEE
fii_ b, Patrizio(1991) RSB E FETE T IEH &M A ER RS M H R E
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