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%1% Lyapunov (aEMIEL

BEMEEEH IR MER AL R R — 2R S, BRECRFEEFERRAR
R BRI R, AEROWRERRTETE SMHT A — A RE M8, @ U
Lyapunov FE¥CEZI . AT Y EEH Lyapunov ST HEREEMN—HEY 1) K
WL WA A Lyapunov i ARG R G RENELCH, BEAHITRERIEREN
Lhrfa EEMEI P EE S, '

1.1 Lyapunov % F i & X
ZEBHTREMS T EMBRHIERERS, B

{ ¢=1l=1) (1.1)

z (to) = To

HA, ze R" HEHZHRE, teJdJ, f:B(r)xJ —R", J=l[to,00), B(e) =
{zeR": ||| < e}(HFH—e>0) . HiR [ RBENLE: MG 20 € B(e) Mt € R,
Rt =[0,00) , H (1.1) HEME— R z (20, t0) METH t € J L. & f(2,t) TR
t BEBET, FRAEBRE, RFAINAERSE, BUHIERRRSE, IHFYHER
%, B0 f(z,t) = A()s MFE—HE A() : Rt - RV, WKRAILKERS, BNFHFAIE
YRS, —HAMNAA (LTI RAR HIGY, TARERZE (LTV) RERIFHIRE.
BHIA RS A EER (1.1) MR f(z.t) F, Bl f(z,wt) , WEREHHIE
BRZ%. WTRESL (L) WO TUEERNATERH ERNRERIT. HBREGERE
AR A ER, RS (11) 2k ERRT REERN RN AT SRHE. R

RGBT

& = f(z,u,t) (1.2)
z(to) = zo
AR
u = g(z,t) ‘ - 19
WA RGN
& = f(z,9(z,1),¢) (1.4)
z(to) = 7o

W, R (14) TUEFERAL (1.1) BB



2 % 13 Lyapunov 3% & 13

— —

HERRGEAHREH RN, PEHBROURET o, ¢, SRETE—HnRES
zo(z,t) € RT, FHERN
j:a = fa(.’L', .'Ea,t) (15)
R0 (L.1) Bt AT FOR — 1 B b RGCA PSR S AS RCAGHEHE. EXFAR T,
BHRIMAFZR N

u = g(z,Z,,1t) (1.6)
MIARBERE (1.4) BA
j;:f(a:,g(x,ma,t),t) (1.7)
z(tp) = xo
%o = fo(T,Za,t) (1.8)
Z4(to) = Zao
YA B H E SCRES = MEH f o, RTUEFERESL (1.1) BB
BX 1.1.1 B ze REL (1.1) BFHER, WA F 5 F AR
f(ze,t) =0, VEteJ (1.9)

MFESHERL, BETHEE—IHEITES, SIHETFR (19) —4 =
EAUER, TIMRERL, WETEFETES

Az, =0, VtedJ

U RGP A A, RARHR—OTES 0 =0 TH A SR, WHFERRS
AT, WRTASRGRICLIY, KRG TRAHIMLTPER. BEAFAER L
RESRRG (L1) M52 PIR T A TR L

BT EFRABRVGHE, BT LU0 H0 R YIRS 2 B O TR AR
SEEARANRY. & oo REK (L) 898, BIRFHRAN BT RHR M 2.0) = o0 #952
Y. ERHEENEIN ¢ (0) =20 +e0) , FRIPBRENELY

et) = z(t) — ze(t)
BT z(t) 1 z.(t) HWERYE (1.1) B, MRATE
{ Fe = f(Ze,t), Te(0) =0

z = f(z,1), ‘7:(0) =0+ 6(0)

) e(t) W6 FFI3E BRI T
€= f(ft,t) - f(.’l‘e,t) = f(l'e + e,t) - f(iL‘e,t) = g(evt) (1‘10)




1.1 Lyapunov # & & X 3

HAH &K e(0) . BT 9(0,8) =0, MFHHTRLE (1.10) BH PESERSZEA R
& B, RBFRERLEN z.(t) ZURES =) WB R, F, BATETLGEIBFR
B RRAHN T T R F M RUE &L

AHRHE t AR HBAE LR f(,0) 1, BETREMRIGRSE, HARKESIsREER
BT AR T B9 3R B 36 RGBT A 15 58 e A

é:f(xe+e)—f(xe)=g(e,t) (1'11)

EE, EFRESGEHIAY, FEELENN, Bl = Az, WSHRENEHIBHM
KHEW, AR eée=Ae,
# ze BFEHRAHETHEER, X 2. =0, N et) AR HENKIRENRN

é= f(z,t) = fle+z",t) = gle,t) (1.12)

ARARS (L12) METIERERSE (L1) . &

| é= f(z) = f(e+z*) = gle) (1.13)
MR FHBRS (1.1) .
LR L, BEUE—SE ERX S, & 2. BEMAESHTSRANE, 1—
MERUESFERZNT :
ie = h(ze, ) (1.14)
HAERAER 1.(0) =20 . BRERIRE e(t) XN
e(t) = z(t) — z.(t) (1.15)

W e(0) = z(0) — z.(0) L HEHIHRE. BT z.(t) F 2(t) FHR TN ARG

Te =h(z*,t), z(0) =xp
& =f(z,t), z(0)==z0+ e(0)

) e(t) WRTHIEARRANTE

é = f(z,t) — h(ze,t) = f(ze + €,t) = h(ze, 1) = gle,1) - (1.16)

HAG &R e0) . BT 9(0,t) = 0, FHHBRE (1.16) BATELAERE ZHHR
AL Et, PR A AR T A R R MR R R, & h =, ERERRL
BAE A — MR R L MZ SR (1.10) .

TEHie rE, Big Q1) RO THEEH 2. =0, BE—LERYEMT.




4 # 1% Lyapunov % 2 Wit

1.1.1 HIAZRE

MTBHIERYSE, HilimTHEX:

EX 1.1.2 ZE (1.1) (TN 2. = 0 FAREH, IR FEMBEN >0, B
FHE—PTEHE >0, FHHVE20, X4zl <d B, ME |z2@)| <e. ERFHRZIETH
HRATREN,

EX 1.1.3 R4 (11) VA z. = 0 AW, BXNTEMe >0, FERDIE
¥ oM Tler), HXT VE2T(e1), 3 l|lwoll <oy B, WF lz@)] <er.

EX 1.1.4 R4 (L1) BTV E 2. = 0 5 A:

(1) BHEREW (AS), HRS (1.1) AMUEREN, T HLZRAH;

2) TBEREHN ES), BEFEADNER M A, UBXMT V>0, 7EBRE |z <e F

FYE (L1) MBI L
Iz} < allzolle™ (1.17)

3) X EHHEFATEM (GAS) , FHRS (1.1) Xt FIEMANh&M, e (82
AT WL E) .

(1) & RIEPFEEY (GES) , FAS (1.1) MTFEMyiE &M, HEFEffr (82
KRIEERREEE ).

BEENEHE R E R A R, XML, FHRES 6 KK, UK
RE 2(t) EEMBETE oo = 0 5. B, FAE— KB Ds, = {30 ool < 62}, XMFAEM
BIETF Ds, BRT, EWERERENIERE, T FEMS Ds, USMPREFMAL, #
i X1, Ds, BRABRSIKIK, # Ds, = R, MRREFHHN z. =02 GAS,

1.1.2 JFHERS

EX 1.1.5 &4 (1.1) BF# S 2. = 0 £ Lyapunov BEUTREREY, WMESED
e > 0 F{Ef to € RY , HHEAE 6(s,t0) > 0, HEXTETH t > 10, K o]l < 5(e,t0) WA
| (£ 20, to)|| < € AL, BMRFEREAREN.

FX 1.1.6 R4 (1.1) BTHH oo = 0 RSN, EXTIEM e >0Mb e RT, 47
LEFATEEL 61(t0) T T(er, 7o, to) , MBI T vt > to +T(e1, 70, %0) » % [|zoli < d1(to) B,
& ||z (¢ 0, to) || < €1 AL,

EY 117 RYE (11) THA 7 =0 R

(1) HE TR (AS) , BERGEMURREN, FHHERSHT;

(2) R e (BS) , EFERMNTHER o f1 A, UBOHF Vi > to, FEBR I,
I (£ 20, to)|| < & A, FREE (11) MBI

|z (; zo, o) || < a||x0||e"\(‘—t0)

(3) & REHERER (GAS) , HX TARMMMAAME, R (11) BELREN (REX
EEMEERER) ;




— S ————————————— — mac——

1.2 Lyapunov #% Z £ & 8 5

(1) 2RIEPEEN (GES) , HEXM TEMMGEFM, RE (1.1) BEEREN @EK
TEENERREEY) .

REEMCREESES REEE, XEBBERR, LS HRRSEMAR, FE—1
W5| i Ds, B, 3t FEMIEET Ds, BARE, HMERRREMFTEE. H2, Xt
Fi&I§ Ds, USMIREARMIL, & Ds, = R, WRE (1.1) EFHE 2z = 0 & GAS .,

MFEBIERE, SRTHF ST EEE KR KBPIGAE o, Hib, RIIREME
R FEAT th BT I M AL Y. BT, FEEHIRRAUSARIBHE T — B
T, HRFEMBESHFERAKE T RHT A,

EX 1.1.8 &4 (1.1) WPHER z. =0 &

(1) —F#E (US), HEEN 1.1.7 H 6 (e, to) BAKE T BTE] to BY;

(2) —BU S (UC) , FHHEE X 1.1.7 H 61 (e, to) F T(e1, 7o, to) R T BT ¢o #Y;

(3) —B B FRE (UAS), FERA (1.1) AUE US, MHERE UC #y;

(1) £F—HERE (GUAS) ,, HRE (1.1) EEMRT = HEFERE US fil UC 4.

% f:R"xJ— R*, HER% (1.1) M zo € R* MG —to € RY , HWE—MH, I
HHMTRAREEX.

B 1.1.9 R5 (1.1) B x (¢ 20, t0) RAFRE, MBHFEL>0, FXMFH >
i"/ﬂﬁ ”:z: (t;.z'o,to)” <pB.

X 1.1.10 &S (1.1) B9 = (470, t0) FRA—FERH (ub.) , MEXNFEM a>0
FMlto€ R, WHFES to TXRH =0(a) >0, EXFHHt> to, % ||z < a BH
[l (¢; zo, o)l < B -

M 1.1.11 B4 (1.1) B = (i zo, to) HA—HBREERE (wub), WRFESL>
0, BYNFEHE T a>0MfMtge R, YHEES to TR T=T(a) >0, 4 |zo] <a
BIXETA t 220 + T (@) H ||z (tz0, t0)l| <8 .

MTFERSHREEEN, BEEFLERK f: D - R, mRARMNRERENE, &
D=B(r)xJ, MMERERME D=R"xJ,

1.2 Lyapunov B EM ZH

RS (1.1) FETHE SHIFEYET LUEN Lyapunov HETHE (Lyapunov 5 2078K) #4T
o, EERAER V(e ) B ERRESREENMETMAREERCMRENE.
%HF9E Lyapunov R EHEEE, S LtE U,

wY 1.2.1 —MELERE ¢ [0,11] — RY (HEEERK ¢ : 0,00) = RT), mE
¢ (0)=0, H o7 [0,m] (B [0,00) ERHEHE, oW KK, BHo()eK.

W 1.2.2 —ELEEH ¢ [0,m) —» BT, MR ¢(0) =0, H ¢ 7E [0,00) LR
B, 3HH ime(r)=o0, e H KRE, Ml e()eKER. '

TY 1.2.3 —PMELZEH V(z,t): R"xJ - R R



s _______ # 1% Lyapunov # & H#H i

(1) RBEEN, EFEE—NEH a() € K DB ¢t > 0 MELHMK B +F
V(z,t) > ofllzl)

(2) % B=R", HEEBRK
() M fiEn, & -V BREMIESH;
(4) RESERY, HFE— K BRE L () € K UBCHEFH t > 0 MRKHWR N
TH
Vi(z,t) <B(ll=l)
EX 1.24 BE~NEETHER VR xJ - R, FHB/E—ITRLK (1.1), R
SERELEXT V RES R SBOE LK

dV(z,t) 0V (z,1) + [aV(

V="% ~ @ oz

)]ﬂ 1)

FH% 4 Lyapunov 8- skhg— e U,

PIE 1.2.1 (Lyapunov £ ) AEERMAL (L1), ERAERSEATHSE BB
BIEARHEE— 40, W RGEER SISHEE:

(1) % Lyapunov & X LRBEH, EXTFHE z€ B, ﬁE—AwE&&V@ﬁ
B V(z,t) >0 Ffl V(z,t) <05

(2) —BlaE, EXMFHA z€ B, FE—IHREH V(z,t), UB V(z,¢) >0, 3F
HEBREA V(z,t) <0;

(3) ¥ERE, EMFHE € B, BE—MFBRER V(z.t), UE V(z,¢) >0
Viz,t) <0;

(1) & RWEREN, EMTHSE oc R0 B=R"), FE—MIBREH V(z,1),
PAB V(z,t) >0F Viz,t) <0;

(5) ~BHEREN, HEXMTHE o R8I B=R"), FE—MRREH V(z,1),
DB V(z,t) >0, HHRBEAH Vi,t) <0;

(6) & B—BHFEREN, EMT B =R, FE—MFRER V(z,t), BB V(z,t) >
0, HERBREMBHITRE EIY ] — oo B, V(z,t) —o00), FHH Vir,t) <0,

(7) $oltase, EHEEY o.f,7, UBH vz e B, H ollal® < V(z,1) < Bll=|* #1
V(z,t) < —vlzl? 5 ,

(8) &M, BHEEN o 8,7, YEN Vo € R, H o)’ < V(z,t) < B’
M V(z,t) < —lz)? .

EXE, RARH—F— ey e,

SIE 1.2.2 B ESERE (1.1), ERAEFALATESR, & B RRIMEH—

AR, BEEEEEERERV ., #Heo,meK, p3€KR, MRMFHceB, A

o1 (llzll) <V (z,8) < ez (ll=l])
V(,t) < — s (=)




13 SRS SAENREN S M T

MERLE (1.1) ERSE—BEFrREn.

TE LY, BE V(x,t) #A Lyapunov ¥, XEEHERT RAEFARTH
FEoT Ak, FHEFE—DFIRE Lyapunov BUERE, AHEST V(z,t) M4, NAEEH
RARBE. LEARENSL.

EF, Lyapunov RECRRME—H, BIMEXTE—F4, WLASHIFER Lyapunov i
¥. mR, MTF—TMREMRE, WHE— TR Lyapunov MK 5 —1 Lyapunov
BRI AL B IR R, X EHf SR, SR8 Lyapunov R VL P= 4 RREB
KpEwEE O, BRATMUEATRRSGERE, HHAERFTRAR) .

13 ERHJRZRNREMS B

EEFZERIF, —BREUERREERFEATRAAEIREE, ERFNER
GRREIEOERE, BBREFROERER, EERTELI. HHTLHE LGB REE
REMER, HERENREUSTIESRIMN —ERE, XREMARNEREEER
B. B4, ELRE MTF 1S REHTHEN, —BRERTEHERE: —HHZ
FEERTEAMEENREN B AERRAENER, AR RERSEAHRTREN
PR, 7ELARARMTRENBRELRMEIRBIRANERR. THELS
BRI E S, A H AR LR REREY, FANEEEREEENFETEN.

B 1.3.1 M FEMAFE r >0, —MRER r HEREHN

(r):={z(t) e R": |z (@) <} (1.18)

EX 132X FERE (1.1), REE— Mk r 2 0—MEBREHNEE z. = 08P
ACR", BRY (L) WRETH&HME, HEL (1.1) BU @ (r) —BEBRARE (uus-2 (1)) :

(1) BREYTELEYE: A5 (zo.t0) € A x BRY |, B4 (L.1) HHEM z() - [to.th) — R*,
T (to) =20, Vi1 210;

(2) —HER: BT de (0,00), FE—NHER 70(d) >0, UEERSG (L1) BHFHRE
z(-):[to,t1) > B*, z(to)=z0, Vi 2to, WE

(z0,t5) € ®(d) x RT = (z(t),t) € ®(ro) x R7,Vt € [tp, 1)

(3) MMER: RE (L1) MEME () : [to,t1) — R*, FTLAEHRE] 2 () : [to,00) —
R, |

) —BRAHR: MFEE > r X de (0,00), FHE—N T (d,d) € [0,00) LB
EHEWENME () o)) 2R, z(to) =20, V12t , H

" (zo,to) € ®(d) x R* = (z (t),t) € ® (d) x R*,Vt € to + T (d, d) |

(5) —BsE: BREAEMd>r, FE—AERS@ >0, BERS (L1) GFHR

',I"('):[tO)OO)—-’Rn’ .’L'(to):.’ltg, ﬁ/%
(zo,t0) € ®(6(d)) x Rt = (z(¢),t) € @(d) x RT,Vt e to+ T (d,d)



