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$F—HF Lyapunov faE EHEIR

REHREHBERNEHRER TR — I ELEE, EHERPFEETE
A FIEBIFEE R BRI, FERLKERAEE T A MiEr —Hia e &,
IXi@ % AT LAA Lyapunov BREURZIE. AZH EREE Lyapunov & FH X EN
F—esE S I~ HIRG A Lyapunov BiSHM RER ERENEALETE, B
R TR LA REN LRI E RN ER A EEEE.

#F—1 Lyapunov BEMENX

EEETREHS TREMRNIEEE RS, &)

{:i:f(x,t), (L1)

e (to) = Tg.

K, 2 € R" ARGEMRE, t € J. f: Br) x J — R, J = [tg,00), B(e) =
{ze R z|| <} TH— e > 0). H& f 2BAXE, FED 20 € Be) M
to € R*, R* = [0,00), 7% (1.1) HEMNE —ME z (t;20,t0) SHIH t € J BT
B fz,t) ARt MERBE, A ERERYL, AL RLE; B LIEERE
RE, BRANRREGE. BW f(z,t) = A(t)e X FE—HEE A(): RY — R, UFR
ALHRGE, BENFRAELERSE. —HEURAZE (LTI RERBEBH, kit
2R (LTV) RERIEEEH.

EHARTLURIEEER 1.1) WEE f(zt) B, B f(z,ut), BZRLE
WAEHIRE. THERE (1.1) KRBT BN A T B8 R0 R X
REMBHMARRENN FM R, RE (1.1) LFELERRT RBESHRLN
AR BRREAENT:

‘i:f(x»uat)v (1.2)
z(to) = xo.
HEHIER
u = g(z,t), (1.3)
AR RGN

{ & = f(z,g(z,1),t), (1.4)

l'(to) = Xo.



9. #—%F Lyapunov BR2EHER

AT, BREE (1.4) TUEHEREL (1.1) BB
AEGIRERA N FEHERN, EEENMURBT ¢, EKBT M0
HPRE za(z,t) € R, AIRRH
i'a = fa(x’ xa,t)- (1'5)
RE (1.1) 0T URR A RIBEH REN AF & RGN 7EIXH
BT, BREARSR S
u = g(z,Zq,t), (1.6)

WARHERGE (1.4) BH

& = f(z,9(z, 2, 1), 1), (17)
z(to) = xp,
To = fo(T,Za,t), (1.8)
xa(tO) = Zao-

AN ERESCRE « B 7 W, RTUEFSRES (1.1) IR
EX 111 Ko, BRERE (1.1) BPE S, WHE T MR
f(ze,t) =0, VteJ (1.9)
MNTIREMRR, BETEE —PRBNFE L, S0 BNHFR (1.9) B
—AEBNFER. T TERERSE, L PEHETE Y
Az, =0, VteJ
HERRHEM A TR, RERER O FH S 2. =0; 124 A wreet, MEE
TFRE AT A R4 ARSI, IRE (T KRR S D ST 1 A5 R
MR LR LR RERRL (1.1) KIS R 1 6 5 i
AT RARFGHT B E, BT LK THE 10 R G E oy kg 2 A e F
#RIEREZ MR RN RE. |’ z. RRS (1.1) 8, BNARFR R Goxd N T W84 414
e(0) = zo MIBBNPIE. FEXIEFAHIESIH © (0) = 2o + €(0), ISR
R
e(t) = z(t) — z.(t).
BT z(t) M z.(t) MREAL (1.1) KR, TERITS

i’e = f(xe’t)’ 18(0) = Xy,
& = f(z,t), z(0)=z0+ e(0),



#—9 Lyapunov BEME X . 3.

) e(t) %2 FTFIHEBIE RIS T2
é= f(z,t) = f(xe,t) = fze +e,t) — f(2e, 1) = g(e, 1), (1.10)
HAIE&ER e(0). BT 9(0,t) = 0, MEFHEE RS (1.10) B FHAERSSE
BIRR . BT, B AEREMN z.(t) BRE «(t) W RE. Eit, RATHAT
TR ML AR RGN TP @ S TR R
AHRFE ¢ AR HIE LR £, 0) P, SFBIFTIBM BB RS, HARKiE3IHER
SE P (] B T LASE e s T (1) 3B B 18 R G078 SR A BT A B 1 ] R
€= f(xe +€) — f(ze) = gle, t). (1.11)
FER, HFRRAGRBED, HFEAREWN, B 2 = Az, WENRLEE BB
RN, BR é = Ae.
F ze RIFREHEBTE A, X 2. =0, W e(t) BA L ENRHRER

é= f(z,t) = f(e + z*,t) = g(e, 1). (1.12)
ARARZE (1.12) MM TIEEERE 1.1), &
é=f(z) = fle+z") = g(e) (1.13)

HTF BB RS (11).
SRR L, TS RS, ¥ o RIS EHA RENM,
NELIES % RGN T

Ze = h(z,t), (1.14)
HAYIEEMA 2.(0) = zo. WIRIFRE e(t) EXH
e(t) = z(t) — ze(t), (1.15)

N e(0) = z(0) — z.(0) HHEVHIRE. BT z.0t) F 2(t) 52 FH AL N8
T =h(z*,t), z.(0) = z(,
z =f(z,t), z(0)= o+ €(0),
T e(t) MR THIEBB ARG HFE:
€= f(l‘, t) - h(zevt) = f(xe + C,t) - h(xe’t) = g(eyt)’ (116)
HAIGE%AH €(0). BT g(0,8) = 0, FHABRL (1.16) B FH SERAZ
IR R BRI, R 1t T Ty e e 8 R RS e P, 35 b = f, AR
SRR )RR A — MR R MEEN 9 (1.10).
FHECATHATE, BRI (1.1) BPEAY . =0, BE—LEEMNT NWT.



4. ¥ —= Lyapunov BEHER

— BIBEARS

ST BBRRE, AHWMTHENX:

ENX 1.1.2  BE (1.1) BFES 2. = 0 RABEN, mEXNFEAMEEDN
e>0, WHEE—NEE >0, 8 V>0, 3 |zl <0 B, B |zt)]| <e. BRK
RYTE P AR FEN.

EX 1.1.3  RE (1.1) BIPE SR z. = 0 FRAKSM, EXTEM e >0, £
FERANES 6; B T(er), HXFT VE > T(er), % llzoll < 61 B, B ||l2(t)]| < €1

EX 1.1.4  RE (1.1) BFPHE A z. = 0 FRA:

(1) ¥HEasE (AS) M, HERZ (1.1) RMURIRERK, 1 LR

(2) FeBAEE (ES) M, HEHEEWANLER o« B X\, XF vt > 0, B
lzll < e PREE (1.1) KEHL

lz(@)ll < allzolle™; | (1.17)

(3) Z2F/WERE (GAS) M, ERZ (1.1) M TARAIHIE &4, Winfa R
AL (BR KTEEMHHERE);

(4) &RIBEAEE (GES) W, HRLE (1.1) M TAEfI¥Ita &M, 188k BT
(B KTEE R HtaE).

REMNEERENE - RBEH RPN, XML, HWREE 6 XK,
UERE o(t) EEMWE . =0 & B, FE—AKS Ds, = {0 : [|zo] < 32},
TR T Ds, KPRAS, HEE AR ENSHERE, X TR Ds, LS
REREIL, BAEX K D5, RABSIX K. # Ds, = R, WEAEFLHS 2. =0
RERWHEIEEN.

—. FHWBARS

. ENX 115 &G (1.1) B4 55 2. = 0 7E Lyapunov BXTRBBEN, W
R € > 0 FUET to € RY, BFELE 6 (e,t0) > 0, XFTHE t > to, X |lzo] <
(e, to) B, H ||z (t; 0, to)|| < € BOL, B REMEAFEE M.

EX 1.1.6 RE (1.1) HPES z. = 0 RSN, EXFEM e, >0 0
to € RY, FEEBANIES 61(to) F T(e1, 2o, to), AT vt > to+T(e1, o, t0), = [lzo]| <
01(to) BF, B |z (t; xo, t0)|| < €1 BRAL.

EX 117 RE Q1) WFEER 2. =0 £

(1) #HEREE (AS) M, HERERNRIEN, I HiERUE;



#£—1 Lyapunov BEME X . 5.

(2) fR¥AEE (ES) 1, EFERNTHEER o B X, LUEXT Vt > to, TEBRIR
Iz (t; o, to)|| < € ¥, &G (1.1) B’Jﬁ@?ﬁ&

Iz (£; 2o, to)l| < allzolle 1),

(3) ERFIAIEE (GAS) 1), HEXT T EATVIGE&ME, R4 (1.1) REIEREN
(B K TE B B R 2 1)

(4) Z2REHIEE (GES) M, FXFEM¥IE &M, R4 (1.1) RISEEEN
(BREKTEHE s A2 E /).

RUE MR e R A R, AWK ARSL W5 ARRSEHERA, 7
FE—NRGIXIH Ds, B, X FEMEET Ds, KPRA, ZEEHIER T L
SE. BR, X T Ds, USMPRERRIL. # Ds, = R*, WAL (1.1) 676 &
T, =0 BR2FHFITIEEN.

MTEBBRR, LA EREEE XERIKGAIEE T o, Bk, B3|X
R VE R BEVI SR T I MO AL Y. FESEBR T, ek (18 R th S A 1Rt T —
MEARRIR, HRE AR SR KT Y1 5E et a1

EX 1.1.8 FRE& (1.1) WPFES 2. =0 £

(1) —BUAsE (US) B, FEEEX 1.1.7 H1 6 (e, t0) RAMKBT B to 19;

(2) — B (UC) #, HEEX 1.1.7 F 81 (e, t0) K T(e1, o, to) AANKHF
Wl‘gj t() B‘J:

(3) —BHTERRE (UAS) M, HEZK (1.1) MUE KT, THIEA—
e ok

(4) ER—BHNEIRE (GUAS) {9, HRZE (1.1) EBMRETRE P HRE 5
A8 %8 F A0 — Bk 8.

A f:R*xJ— R, AR (1.1) MPiH zo € R* G — t, € RY, WHH—
MR, FEHITF A RiE X,

EX 1.1.9  RE (1.1) KM 2 (8 20,t0) RAE RN, MEHE B > 0, %
BT t > to 396 ||z (t;z0,t0)| < B

EX 1.1.10  RE (1.1) M8 z (0, t0) HRA—FHER (ub) 1, MEBEXF
BT o > 0 M to € RY, WHES to THKH B = B(a) > 0, EMFTH t > 0, X4
llzoll < a BYH |l (¢ o, t0)|| < B.

EX 1.1.11  RE (1.1) B z (£ 20, to) A —BEBELXE R (uu.b.) #, TN
FEBL>0, BANTE N a>0Mtoc R, WELES t, XXM T = T (a) > 0,
2 lzo|l < a BT ¢ > to+ T (o) B ||z (¢ 20, t0)|| < 5.

MELBREMRBEEEN, SAEXLRY F: D - R. MBRIN RS,
HD=B(r)xJ, TIXt2REEMNE D=R"x J.



.6 #—% Lyapunov BREHHERL

¥—-% Lyapunov I EMHEIE

R4 (1.1) B SR E T LUBE Lyapunov HE ¥ (Lyapunov 77
%) BATHR, ZAERHEE V(z,t) ZUBRREERE BN LHEEEK
DA RLHIME. AWTR Lyapunov BB EHE, 4L EX .

EX 121 —NEERE 0 [0,1] » RY (NEELERH ¢ : [0,00) - RY),
WR ¢ 0) =0, H ¢ 7E [0,71] (B [0,00)) LEHIEHEN, B o I K 3K B
() EK.

EX 1.22 —NELEE o:[0,711) - RY, R ¢(0) =0, B ¢ # [0,00)
LREREE, FFE lim o (r) = co, ¢ B KR, B o () € KR.

EX 1.2.3 —NIELERP V(z,t):R"xJ >R £

(1) BEIEEN, HEFE-NTE () e K XFHE t > 0 MERKLE B F
H

Vi(z,t) 2 a(llzl));

(2) % B=R", HIEERH;
(3) RESUEM, & -V ZRRFWIEEM;
(4) REBIERK), FEFE—N K KER B() € K WPTH t > 0 FE AR
B HE
V(z,t) < B(|l]l).

EX 1.24 BENEETMRE VR xJ - R, HEBFE—IEEL
(L1), BRGHEEN vV K E SHE XA
dV(z,t V(z,t Vi, )"

o - e (e

TH%H Lyapunov 3 = HkH— A g @ 1,

R 1.2.1 (Lyapunov E#) HEEKHURE (1.1), ERALER A BLE Vi
B, B B BEAMIER— MR, RS E S S

(1) 7 Lyapunov B X LRIEM, HEXNTHAE « € B, HE—MHBEH
V(z,t), V(z,t) >0 F V(z,t) <0;

(2) —BURE, EXFHE z € B, HHE—MFEERH V(z,t) >0, FH V(z,1)
FEIB AN V(x,t) < 0;

(3) #LRSE, EXTHH = € B, FHE—MFBEH V(z, t) > 0F V(z,t) < 0;

(4) 2RFIEREN, EXTFHE 2 € 7B B = R"), HE—MFERY
V(z,t) >0 V(z,t) < 0;

(5) —BWEREN, EXTFHE ¢ € R7B B = R, HE—/MFEEHK
V(z,t) >0, 3 H V(z,t) BB V(z,t) <0;

V=




B=N LRSS RANREN S -7

(6) 2B I ERE N, EXT B = R, GEE—MFBEK V(z,t) >0, A
V(z,t) RIEMIOFRETRE (B2 2] — oo B, V (z,8) — o0), HH V(z,t) < 0s

(7) $eHRasE, HEHELER o.8,v, % Vo € B, H allz|® < V(z,t) < flz|*
V(z,t) < —vllz)s

(8) & RIRERE, HEHIEER o, 8,7, Xt Vo € B,  alz|? < V(z,t) < Bljz|
R V(z,t) <~y

TEIX L, A48 H— A R

EHE 1.2.2 HEFEHRZK (11), ARREEESEEVES, H B RE
AMHEH — MBI, EEEEEERER V, 30 01,00 € K, s € KR, 3
zx€EBH

e1(llzll) <V (. t) < o2 (Il2])),
V(z.t) <= s (ll=]),

MRS (1.1) IR AR B fa e 1.

ELREE S, ¥V (x,t) BRHA Lyapunov EK 3. XL IR M T RAER A
FERIF KA. FHIEF—MEBEI Lyapunov HUER$, i 2xt V(z,t) M5,
WAEERHE RERIEEERAFEENLEL.

ER, Lyapunov RERRME—K, BIEN FF— K%, hiTUABEE Lya-
punov BR¥. TR, X TF—MAETH RS, R —MEREW Lyapunov ER¥ ik R
— Lyapunov BR¥{AT LA 4 E ISy 45 8. X FEH88 %, NFK Lyapunov
BR AT LU= A AN [F) e X g 4 o (BI BARAT LA PSR R4 fa 2, HE M AL AT REA
[&]).

F=T  KERITREMREE S

ERHRER S+, — BB BT RAAE RIS FRASEREN, B2
HHRGHIBFIIERSE, BEIERKOEHIAR, EERTHRLH. Kk s
AN RER R ZR, 8 R AR RSCT T4 SRR — 75, Xt
RETRHLREERE. 550, TR E, 3 F—A ARG T E R, %
YEP7 T 9 B — D7 TR RSP M A MHE R s 8 = R RGO AL,
BRERGRE MR IR Z R T 7], 750 A B T R 4R AR ER B 12
BEIRREPIREN AR, FHEE LA LRI T X, # T A A L &
GARENE, IR 8 R A B B 52 X

EX 1.31  XHFAEFARER r >0, —NEEY r WY

®(r):={z(t)e R": |z (t)]| <r}. (1.18)



. 8. #—% Lyapunov B ER

EX 1.3.2 MNTEEZ 1), BEE—MHEr> 0 I—MERLEERET
z. =0 BB A c R, HERL (1.1) LR FHEM, HREL 1.1) BUL &(r) —
BERRE (wus-®(r)) B:

(1) BHIEAEE: B5E (z0,t0) € AX RY, REE (1.1) M () : [to, t1) — R™,
z (tg) = xo, Vi1 = tos

(2) —BER: A de (0,00), FE—NEH ro (d) >0, LIBRZ (1.1) HIFF
FM x(): [to,t1) — R, z(to) = zo, Vt; > to, 2L

(.’L'(),t()) cd (d) xRt = (1‘ (t) ,t) € (I)(ro) X R+,Vt € [to,tl);
(3) MAIIES: RA (1.1) WENME () : [to,t1) — R™ ATLAEEHE] z () :

[to,00) — R™;
(@) —BBRERR: NTEMd>r & de(0,00), FE—D T (d,d) € [0,00),
X RGRIENE = () : [to,t1) — R™, x (to) = zo, Vt; > to, B

(zo,t0) € ®(d) x RY = (2 (t),t) € ®(d) x R*,Vt € to + T (d,d);

(5) —BUAE: R d>r, FE—NER 6 (D) >0, FRAL (1.1) WHEHE
## 2 () : [to,00) — R", z(to) = zo, 2

(zo,t0) € ®(6(d)) x Rt = (2(2),t) € ®(d) x R*,Vt € to + T (d,d).

EX 133 FRZL (1.1) HEEX 1.32 FHEK, S =3 (r) c R* KA ERG
(1.1) FIBARSIF, R r =0, MHKRERS (1.1) ERFIXE A AR —BHERT
(u.a.s) H. :

F 131 L FATH, ATLUAHERSE (1.1) HRLSREKSE T HRLR 3|
T, TRERT | FHRER r BIMRE —BHEREREN I EE.

EXN 134 FRZ (1.1) LA A= R AWRTIXE, HiEE X 1.3.2 %4,
MARZK (1.1) BU & (r) 2R~ BELHEE (guus®(r) K. HHEEN 1.3.3 1
4, BMRL (1.1) RER—BHHERER.

EX 1.3.5 FHRE (1.1) HEMNEHET A PRRES B0 z (k) € A) ME
t>to, WA z(t) € A, K A MR (1.1) RAZHN).

TH#—SAHBEEME e X.

EX 136 BREEHEL>OMr >0k MELENEE 2. =01
IR A C R, FHRSE (1.1) HETFIEM, WHRRS (1.1) ERSIXH 4 LUK
o —BUEBKRA T BRARSITF @ (r), WRNRRAERTIKE A4 WLl & (r) —Biik
HIEE (ves-d(r)):

(1) BRFEN: T/ to € R M 20 € A, BERZK (1.1) H—/MR
z () : [to,t1) = R™, to < t1, = (to) = zo:



BEW LESERANRENL SR -9

(2) SR ERRESR: W TRZK (1.1) WEBANME () : [to,t1) » R*, H zo € A B,
FLE—NERM 2() : [to,00) — R, BIXTFERER t € [to,t1), B z(t) =z (t):
(3) BRI —BUREURSME: & o () : [to,00) = R™ &2 z(tg) € A HRZ (1.1)
R AR, W
lz (Ol <7+ Bllz (to)l exp[-a (t —to)] , Vt > to. (1.19)

E1.82 EX 136 £2ENX 1.3.2 FHFE, AL (1.1) HwEE X 1.3.6, T
WHEEEN 1.3.2.

£ 133 AR, H A =R FHEEN 1.36, REZL (1.1) U &(r)
ERBUEEIEE (gues®(r) K, F r = 0, ALK (1.1) B2/ His¥kas
(g.u.es) i

EX 1.3.7 FHRZE (11) BABRARSIT S = (r) C R*, % (1.1) HA L
R o RS TRERSIT S, Y4 ALK FTA MHEEE o (t) = 20 € R™\S,
2]

dlz (t),S) < f(zo) exp [~a (t — to)],Vz (t) € R"\S, V¢ > to, (1.20)

HP, ze RM\SHEX N zec R, 3H = ¢S; a ZIEH, f(z0) RIKHT xo MIF
B, diz(t),S) R z(t) 5 S ZMMEES, &XH
dz(t), ] min {|[x () — z*| : z* € S}. (1.21)
FHEFA Lyapunov BaEHHE L, HFRE (1.1) AN RERL, HEEL ves
® (r) IFE5r &4t
TR 1.3.1 X FRE (1.1), HFANREY, BREE A ELT 4B
BRE V() : R — RY, HW 2 FHI&M4:
(1) FHERE ¢> 1,0, >0,w, >0, WHH z(t) e R", B
willz||* <V (z) < wallz||; (1.22)

QFERBV MY, HOKV V<o, 5V V() <V B, HFFH
te RY, H

V=2 f(et) < ~galV () - V], (23)
WX FRE (1.1), FHIGW R
M EEG A={zeR":V(2) <V} HTFEL (1.1) BREMH: .
(2) BE (1.1) EWSIXE A o, LUER o 35 ﬁl&ﬂﬂ‘%%l&%‘l? S = @(7‘)
f’*%% (1.1) ERFIKIE 4 WLl o (r) —BuUsskaE, B, » = (V/wl)q

(wz/wl)q

MERR  LICHR [6).



.10 - #—% Lyapunov #2EHER

¥ 01.3.4  EEH 1.31 B, WY o > r B, HEARE € (), STEAY]
WHEH xo, FEE—NHEH

A\® (r*),
YO T 2o M0 (1.24)
lin [ff’r)], zo € A\D (r*),
=1
z(t) e d(r*), Yt > to + Tlzxo, ® (r*)]. (1.25)
RES, X Tl zc A\®(r),
dlz (t),® (r*)] = [z ()]| = r* < f (zo) exp [~a (t — to)], (1.26)

1
Hef, £ (20) = [z o)l - £]°.

FERAE (1.1) BIEZER, £33 guus-® (r), LA H F5EH:

TE 1.3.2 MTFRE (11), EEE—NEHBER 0 < r < oo MI—ANELER]
WHAR BRI V (): R* x Rt - R*, FBGEERE 01,0. € K fl g3 € KR, % F
FiE z(t) ¢ &(r) M t e RT, #

(1) er(llzl) SV (z(t),t) < @2 (llzll)s

(2) LD | IV (2 (t),¢) f (2,t) < —ps (||2]]);

MARLK (1.1) A & (r) ABRZRFFER—BEERE (guusd(r).

WERR WLOCHR [6).

i*1.35 XMEEN 132 —&BHMTF:

o SE
ro (d) = (brlewa) (@, d<r (1.27)
(‘Pl_l ° ‘P2) (d) ’ d> T,
, 0, d< (o3 o) (d),
T (d9 d) = { <p2(d)—(¢l°‘P2—1°‘pl)(J) d > O ) (&) (1.28)
(p200; Top1)(d) 2R 2

HA, (p1092) (r) BIEXAKREEERE, BI (01 002) (1) = o1 (2 (1)).
XEX = lIIEH, ¥ E hmER, XAERARKKE;: & = NEKR, XA
IZll = [Amax (ETE)] 2, HH Amax (-) (Amin () N EEEEHIR K (B/N) K.



FoE LRARELE RGBS

TR P MR GRFRE, AR AR EMATENE, & I
MBS WA WEREFEARMNEBA R EE. 1A EH REH R
T NEATREREE, BT UEREER P AR M AR & AT, w1
FEREHSUARRENRN R A BEERMER, EEFRISURC5ERTZXRE,

SHTARERS, AR R EEERIR BB, FROGITACA#E 5, B
BRH Gutman 7 IRHK, EHSLELEB R, HATA H— LR KRR,

A FEAEILECAT E St R R IR 2 At b, S84 HYE AN B IS HIR T
ARG, E T LR E R R G IR Y T =R B f kg MER!
B REMBREHIMESLT SEES). R LR B R e, MR
AH RN TR B, B Cr TR X5 B — AR LAIRTE, 0 Rife T R
RN, Ak, AERIGH N KB EN BB, EEREERT, XA E IR
W FEAT HIE N AT

F—1  # &

— D SLUERSE R
% R T R E L R

&(t) = [A+ AA(s(t))]z(t) + [B + AB(v(t))]u(t) + Cw(t), (2.1)
z(to) = Zo,

H,t e Rt z(t) € R* RS E, ue R™ HMAEE, s(t) €y C R? W ARG
RIZEAHERR, v(t) € Q C R WEAHBRSHEAHENE, w(t) € Q3 C RY
NN ) &, AN A TR E R, AB,C R8N 450 S % s,
AA(s(t)) HEREAHESERE, AB(v(t)) NEIARHEHERE, XHEAN RS2 KET
RS s (t) M v (t) FHESSERE.

BIRE  EPXTRL (2.1), W TFHE AWFHNSERIATRAREN, #it— 4 R
WIEHE, 2 MR R RERE, HAB— g

XA RFHAHET, REAWBIAK RKRER AV EBERE, kit B
RRIBFEIR A BB H)E

AT XAHERERS (2.1) #ATH SRR, TESIANTHEIE:



