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! Abstract

The theory of calculus on time scales, essentially introduced in seminal work of
Stefan Hilger, is a new studying field and has tremendous potential for applications.
The two main features of the calculus on time scales are unification and extension. A
dynamic equation on a time scales is not only related to continuous process or discrete
process but those pertaining to the mixture of continuousness and discreteness. Many
results concerning differential equations (continuousness) carry over quite easily to cor-
respouding results for difference equations (discreteness), while other results seem to be
completely different from their continuous counterparts. The study of dynamic equations
on general time scales can reveal such discrepancies and help avoid proving results twice
- once for differential equations (continuousness) and once again for difference equations
(discreteness). Recently, in the studying of dynamic equations on time scales, most of
problems have been focused on boundary value and oscillation. However, there are few
studies to consider the effects of periodicity. Therefore, the principle aim of this paper is
& to explore periodic solutions of dynamic equations on time scales.

In this paper, we systematically explore the periodicity of some non-autonomous
dynamic equations on time scales, which incorporate as special cases many population
models (e.g., predator-prey systems, competition systems, single species systems and
feedback control systems) in mathematical biology governed by differential equations
and difference equations. The main approach is based on a continuation theorem in coin-
cidence degrec theory, which has been extensively applied in studying existence problems
in differential equations and difference equations but rarely applied in dynamic equations
on time scales. Explicit verifiable sufficient criteria are established for the existence of
periodic solutions of such dynamic equations, which generalize many known results for

vxcé)frtinuous and discrete population models. This study shows that it is unnecessary to
explore the existence of periodic solutions of continuous and discrete population models

in separate way, and one can unify such studies in the sense of dynamic equations on




general time scales. And second, with the help of the contraction mapping principle, and
based on a kind of semi-linear dynamic equations on time scales, an asymptotically stable
periodic solution is obtained. In addition, we also study the boundedness and asymptotic
stability of solutions. Finally, as applications of exponential dichotomies of linear dynamic
equations on time scales, we investigate the existence of periodic solutions of semi-lincar
and nonlinear higher-dimensional dynamic equations on time scales, and obtain new suf-
ficient criteria for the existence of periodic solutions for such systems. Meanwhile, we
also cxplore some basic properties of exponential dichotomies on time scales, establish
some necessary and sufficient criteria for the existence of an exponential dichotomy, and
present perturbation theorems on the roughness of exponential dichotomies. An explicit

sufficient criteria for linear dynamic equations to be exponentially dichotomous will be

developed.

Key Words: Time scales; Dynamic equations; Periodic solution; Coincidence de-

gree; Contraction mapping principle; Exponential dichotomy; Roughness
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}
1
A;,:={zECh:z€Randz<—7l-}, llh:={:€Ch: ]

)

#F h=0, R4 Cp:=C,Ry:=R,Ip:=1R, Ag:=0,
EX1.8 & h>0%2eCh. X 2 &) Hilger £8H

sh+1|
Rep(2) := L——,T——
Hilger B3 A
Imp(2) = éﬂg_(il?ﬂ.

ARE, Arg(2) R 2 945 M 4L (B —7 < Arg(z) < 7).
EX19. £C, A, Xk o A

2@ w:= 24w+ 2wh;



FIPEAFELFAIX

" w
2¥ =TGR
Ah>0,EXZ K
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8. RITUERE—RER, EoARERAETE. BY ¢ 2 o A
B, FG—ft, (R RSRT € L, R, 1= b, MRS BARL.
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o(t1) - g(8) > —lgttr) — 9(8)| = — ‘ [ Py
21 K+w
>- [ lo(@las 2 - / 12 ()0s,

i

K+w
g(t) < g(t1) +/ |g2 ()] As.

1L £ T=R MIRFATHRyARFENRERY, £ T=2, R3]
12 S BEAA TR B P53 32,

TEESLAXASN— L2, BN RESEER.

R X.Z REEHEZM, L:Doml C X — Z AEHEMHE, N: X - Z hiE
g, M#E dimKerL = codimImL < +oc H ImL ¥ Z FHFE. WFMRE L
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FITFEXFELZMARX

HEIF N EH Fredholm B, MR L RHEAFAFH Fredholm B HFFERLER
P X-XRKRQ:Z—-Z{fBImP=KerL ImL =KerQ =Im(I -@Q), [
L|DomLNKerP: (I - P)X — ImL W[5, 888 Kp, R QK X FHER
FE MR ONQ) ERE Kp(I-QN: Q- X BEMN, WK NEQLE - BH.
BT ImQ 5 Ker L F#. BMAFER MBS J: ImQ — Ker L.

EE1.10 (EAEELTEE ). % L & —A484rH K 49 Fredholm 42 N
AR L- B8, X
(8) #FHEE A€ (0,1), 748 Lo = Nz 9BHAR - ¢ 00
(b) #F4EFE 2€0NKerL, H QNz#0, # B deg{JQN.QNKerL,0} # 0;
ALEFH5 A Lz=Nz A DomLNQ RESV A LE—NE,

W X B—3LH) Banach B, P & X B—ME. & P FIA—NFXRE <
Br<yBAMNY y-ze P, ME—ME p: P - [0.00) BELH EX AR
¢ <y(z.ye P) & plz) < ply), WFR p RELHIZR, MFEFH 4 e XTHHE

&
P(p,d) ={z € P: p(z) < d};
8P(p,d) ={z € P: p(z) = d}:
P(p,d)={z € P: p(z) < d}.
MB—MBE p: P — [0,00) RIELHHIMFTHEM 2.y P, t€[0,1], H pltz+(1-
tyy) > tp(z) + (1 - t)p(y), JUFK p BELMIZR, HTERE . REr <R EXT
RS
Po={zeP:lz| <r}
B ={zeP:|z| <r}
P(pa,r,R) = {z € P:7 < py(a). |lzf] < R}.
T H1.11 (Avery-Henderson!'%l). & P £ Banach TR X F#—/4, &

ahy AP LEEEESE B P LORAESEEE, 5(0) =0, BALCc>0
#a M >0, F#EH 2 P(r,c),

v(z) < B(z) < afz) # |z| < MAy(z).
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FALMEXFE LS AR

BRGL-N2EGETF TPl o P 0<a<b<cBHFaEH 10,1
#2 € OP(B,b), WA
A(nz) < 7f(z)

A

(i) #F42%& z € 8P(y.c), 'v(Tx) >

(i) M F2% o € OP(B.b), B(Tz) <b;
(iii) P(a,a)# 0 ,&*f‘f‘ﬁ:ﬁf z € OP(a,a), a(Tz) > a,

BT A Phe ARSEERNTHE 11 foxp BHR

a<alry), Bx)<b b<B(x), v(r)<ec

TiE R Avery and Henderson A3 & E A —4M L 108
EIE1.12. & P R Banach T X P8—A 4. R afo 7 & P Légk 48
&, fR P LAERELEH, 50)=0, AL c>0F M >0, HTFHEH
z€P(.0), F
Y(z) < B(x) < alz) [z < MA(z).

BEAE-NEGEFT:Pro—»Phi<a<b<cBBHFHEH (0,1
#o € OP(B,b), A
B(nz) < 7f(z)
1794
(i) *F4& € 6P(v,c), v(Tx) < c;
(i) #F4£& z € GP(3.b), B(Tx) > b;
(i) P(a.a) #0 L& F2%E 2 € 0P(0,0), o(Tz) < a,
RIT APl BRESELRANTHS 2 foxy LHR

a<a(zy), Blz1)<b, b<B(zs), v(x2)<c

TH1.13 (Leggett-Williams 10%), & T: Pp — Py B2 485 F, 0 A P
LERE GO H AR TEE z€ Py, 6(z) < |z]l. BEAAO<r<r < <R
®E

(i) {z € P(d,r1.70) : &(z) > 71} # 0, A TFHE x€ P(¢,r1,72), #(Tx) > 113
(i) & zeb, Al ||Tz|| <r;
(iii) = € P(¢.71, R) B |Tx| > r, B4 ¢(Tz) > 11,
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FIMBRFELFARX

M T ‘& PR P‘Ji&‘ﬁ?—’l‘xiﬁ,ﬁ, Z1,T2,23 4‘*/{
21 € P ;3 € {z € P(p.11.R) : §(z) > 11} Fo x3€ Pp\(P(6,71. R)UP;).

EE114 (EEMEFE '), & (X.d) R-ANZTEYREER, P X - X
R—=AEGuH . FAE—/0< A <1 8% dPz),P(y) < Mz,y).2.5 € X),
R PAEX WAR—ETHE,

EH#1.15 (Schauder REYSFEHE 104). 4§ E R —4> Banach T8}, QO H E ¢
FEHARANGE, 0:0-QRL2EGHTF, RO AEQPAEL-NTHE.
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RLMEAFELF AR

§1.4 AXHFETE

AX FERREAREHE RN B R,

BRETRENT:

S—EREL, ZFRTHENHEFBOKRIL, FRAR, URREHNE
ERR, B THGHNEFBELFEETH—REELA, BHTEEED,
W, 2FSVEAET MANHNR, MET UMERSHEFBELERE
MRS EN FERTRE, FEITR TR ¥ B EASRr me—i&
THEURBRERRE, RATEAXHRIENEEEL. RITENMBTAXRE
BRI —BER L dE X EE, mEHR LAME AR, REEY, EERH
%, FHAEAXFTEN—RTETR, mEAEER, MBS, IEH
RO RBET LENELE,

E_EREAEANRIAEIRRERTEE. ETECEER, IETR
T—Ymtinsh hE FRRASREEE. XERRHHEFBIME—MT R T H
SFBESERAHARBEME FAEEZBRE ENOMY F RO TERERS T
BPERHSEERAN TS BRMNENS TR, T HET LIRS M
A, WE%H Beddington-DeAngelis H1REYERX I, Holling BIZREIER RE, K
BRI RS - RERE, HERELETH M n HE Gipin-Ayala 37
SRR, UR—ERHEEA, 84T EXEMS FEMES FREZFER
B ER TS, RARETUAEEEZHERE LREREDHESEE. b, #
RAEARERAM—EARHEEHE, WA T —XHE RREFMEBREREH
¥HREAN YRR,

F-EREFRGREAMNTINEFBRYREEHE. X—ETHAES
B R B — X R R N E R EE - MR A, Ex
B, WFERTXILZETINEFREBNERENREE. —3FR, —¥
BARERMHIENEEL, BIE, iTRT XERFHHZ FRERHLIEE
MREXME. &F, (EANH, BRT —REXFFELHE 2T AL

FHERERH - HMERRERI 2 T REAPREEE. FIRLERR
WhEFBHEEA M, BILT AR I2 5B R SRFES FI B HEN,
RITE X T RAERRS HE A BRI ME, HERTEH—LERER, I
KRS N F F BRI MEFERN TE RS, Liapunov B SHEHH 42
HZ AR R, RIEFREERT % BEF RS HANMFKEERS
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FIFEXEELF AR

HEFBEBE - SENXES. BEARAGTERTR, FETRTHEREZ
SERBEEWEEERR, K8 T RUEREH A SRALBRAHMUNE
BR SRR, Fe, FMRTER GIE0 SREBLT REMEHNET
BRI HEFENHBEN. &E, EREEEMENNA, BT R
wEhE A RS T KA.

BE, ERGRRET, REHMART AXTRBHEEFRRRMEF A,
RUETHRERE—S TR .
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¢ A

FLMERFELFEEX

BB BEAENEGRHFAERABEEELE

§21 5] B

FER, HEEM¥CLRETRERR, HIRERBINEIE. Wi
HHBEEEFET 1920, TEMEFHBER SRR 4K E R 1% | H 2L
A, EETR T ESRMFTEAERRXE 1, REFRET KEREE
R, RALZBTENENE ., SRy RAMMR BN R
HEYBEREFENAR, BEARE. — M E RO EYRERE T EHHE
AR ARG, SRR B, KBz, RESAR
HMENEFHRR, FEXMERALZHTHRGEY U, fimEkatEyHe
B Logistic 1 WAMAH SREFHMFBEALR AR Lotke—Volterra T
% WHh, KEBEAFERBEALN, MBS, BERE LR R —EFF
BREYBEELEYEERT AN BIRE  (EEERNXFR 1, Hit, &
ARBREYBENREEAR KT § SORBEERLCEDHRS XS
AL, ERB TN ER N L. YRR R A, BERALFR
BB, ZERAFFEYEER, TUMNAERS R TS ER. fim, 7
B ESEHEE T AR BN R EEA M. LIARR ISR E i 1A 4
FHEERAER EMEEY— RN E R, HOFMER LB AEY
BRGAAFIE.

—NMEATEENREREHE—ME RA SRR SRR T
E—AERBEEHANE, XRELYTER - MEREEARTHRE—T2RERE
RTEE, B, AULESREF ARG TEERREFE—LRBEH AN
. EXHE, FERFWERLERCLEKES. AW, EXARHUE, xA
T—8&ES8HALR, BHMAEEENEI FRAILLEFRHEXNET BRI
EAFE (R 11 %) SREFEELe, FRENESERFEREAFHREE
iy, RANLIE, UREENEREEEHEMU. He, EAEERAET
EE R AR R AN R EEN—F N EALIR. £ RMI TR
REMNGESFEF, BEAEELCARIZHN AT AHREEES RS
Io5. 36. 57. 58, 59, 60. 61, 62, 63] | 3¢ HIFMA i, AR KRN, B, ETFTESEHE

19



FitMEAFETHARX

#, MTFHAFTBRREANHESFE, RETURE-FE—HITERXTAE
WR_F E e

RS RN E AR ABH SRR AT HE 2. HETRE
FEWMS TRMES FRIENER, B UM EETAIBMEHELLR, X
AURAEEESERESWER, EAALEX. SHREALMRT, FREE
YRR I A TR AT A A R I A R R R AR BER (L 11 99),
BRI HE T B RNRET AEEENHEARE LRREHEREIHTE.

ZERETESERER, TR R hErBRANRTEL. XL
HAEFBERETRONATR, EIRSRLNERITREESTRFLT
MRRE - AERY, FERL, —REMNBRE, BRRRIRERRE. TMUE
BRSO TR (GBS SEL TR (B KENRREETE 1A, T
HX#uREESBHRREGHIR, #MENTRRMO TR (%) N TR
(BH) WARER.
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FATEASBLEHRR

522 HRE - RIERGHNREFRENGHHESIE

R, BRI HESEEREITIR—RA LR YA FREES B
ATHHEE - RERAANE S REMAF 1 E SRR RGFEL. Bk, X
—HRRANESHETITE: REE - RERGNGHNEFBNRES REHF
BhENE.

§2.2.1 #RE - RERAWGHHRFERE

HRAZREDRRAFILFRLAE, BHRBTEMREHRERANRRZ
—. WE¥ - RERANINEXRACLG BT, F—EEESEURK
FEPEFRPEREZ ML 17, BREEE - REDNEXRRESHEA
FE—AMRLCER, RTHREFNEERNEHRE - RIEXZTREENT
5. —RAERT, RS RAREE. /I - KERAEEE - fORE.
RERBHEREDEERNASREETXR, MHEFKBUTRENEER
NEHREMREREXR. BRERERBURTREEE ML —&, B
FRENEEBE —HEER N EESFANHRE - RERR, FEELWH
HELBRREHEERESHIRERNSAERIERBNIEERHHRE
- RERZRAERNAR. BR, BETESERREFRETURLAIRERE
RN HEE - RERRHEITNZ T BRNREG T,

AT RS E RN ARREE, FEREET T & o A, 5,

te T BIRE txwe T, —LABBHRHEFIT
Rz Jeex+1, (JU {k+%}.

kel keZneN

W EF % 5,

olttw)=0o(t)tw, p(ttw)=p(t)tw, plttw)= put).

>

¢* =supg(t), ¢ =infg(t),
teT ey
1 1 K+w
7= [ owas=2 [ s,
He g e Ca(T) B w AHHEE
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FEMBAZELZMR

B, TR TEMNIRSIIEFTE

Ay — iy _ c(t) exp{y(t)}
S e R T 0 UL T
f(#) exp{x(t)} '
a(t) + B(t) exp{z(t)} + ¥(t) exp{y(t)}’

Kb abed fa,8,7€Call) MR w- FPMEXERE teT,

y2(t) = —d(t) +

a,dA >0 Fbt).ct), £(t),alt), B(t) > 0. (2.2)

0.1, & 3() = expla(t)} & §(t) = exply(t)}. R T=R Rl (2.1) feBHL
AR FAHR G AR Beddington-DeAngelis ARG B X - R1H44

c(t)i(t) }
(t) + B)E(t) +v()i(t) |

#(t) = £(t) {a(t) - b(t)z(t) — o
(2.3)

f(t)&(t) }
a(t) + B(t)z(t) + +(t)g(t) )’
Kb i) b g(t) RAARBARREEABGEL 19, FT=2 R (21) THHA

e(t)y(t) ]
oft) + 3()E(t) +v()a(t) ]’

70 = 301 [—d(t) +

B(t+1) = 5(£) exp [a(t) —b(t)E(t) -
(2.4)

f(B)z(t) ]
)+ 3)E(t) + 1)) ]

XA —A B LA Beddington-DeAngelis AR EHHRA - RHAL, &
MEBMEL TCHRARMEAWFE 19, Bh (21) &4 (23) # (2.4) FFARH,
Bk (2.1) LA Beddington-DeAngelis 05t R H &9 B - 018 4 G0t 4r%h
NEFE,

HTHRE R NE BN EALR, ZEBN TR

i+ 1) =30 exp |-t + o

L,=09+wNnT,

HF g€ Cual(T) B—A w AHAREL BF, ot +w) = g(t).
RTHE (21) MRALE, EEERBERANESEERERT. X

£ = {(u,v) € C(T,R?) : u(t+w) = u(t),v(t +w) = v(t),vt € T},

l[(w,v)f| = Itlé?i( |u(t)] + lt%?f,{ lv(®)], (u,v) € £°,
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FiLImEXF L FE A X

BiE £* &—A Banach ZM], 4
L ={(wv)eL: w=0, 7=0},
L= {(u,v) € £¥: (ult),v(t) = (b1 ha) €R?, teT},

WGl £ 1 20 B £ LT ER, 29 =4 e %Y B dinge =2,
EE2.1. Bk (22) Ax F

a-c/y>0 # (f-dp*)(a~c¢/y)exp{—(a+ |a))w} —bda* >0, (2.5)

Rl (21) A4 w BR#E,
i 2 X=2=2 FHEX

i i oft) exply(t)}
NH _ m |10 N0 o 1) + @ e )
y |V F(0) exp{z(t)} ’

)t T A o a0} + 1@ P (aTE)
W5 #l-<fl- 6
I y vy (7
KerL =%, ImL=.4y, dimKerL =2 = codimImL.

By & % 2 FRME, Frih L B—MEHAZH Frodholm B, FEf, 5
WPHQREELEREHE

i

ImP=KerL, ImL=KerQ=Imn(I - Q).

#—, TSRS 1F L) Kp:ImL -~ Ker PnDom L HEHKE

K, [“
y

o
)
b ) B e(t) exp{y(t)}

/‘9 [a(t) b(t) exp{z(t)} a(t) + B(t) exp{z(t)} +~(t) CXP{y(f)}} bt

1 F(t) explz(t))
o) [ )+ DT I op (D) + 10 exp{yu)}} A

X-X
Y-Y

¢ ¢
, Hf X(t):/ﬂ .'r:(s)As?'FﬂY(t)=/z9 y(s)As.

1
w
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FWEAZHLTFZAIRX

K,(I-Q)N [z =
Yy

/tN'l(s)As—l/Mw/tNl(s)AsAh- (t—ﬂ—l/ﬂ“w(t—ﬁ}l\t)ﬁf |
/’\n,(s S——/0+w/]\12 JAsAt — ( 19-—/“”(7:-19)&)7@

B8 QN # K,(I- Q)N B4y, % X & —/ Banach 25[d], FAH Arzela-Ascoli
FH MTERERFE QC X, RS K,(-QNQ) REMH. TH QN £
ERY, SHMFEEERFE ocX, NET LR - B8,

HTRAEE 110, RELTRI—MELNERTFE Q. XTFEFHE

Lz =ANz, Ly=ANy, re(0,1),

c(t) exp{y(t)} ]

=2 {a(t) ~ b exp{z(t)} - a(t) + 3(t) exp{z(t)} + v(t) exp{y (D)} )

(2.6)

yA(t) =\ [—d(t) + f(t) exp{z(t)} ]

a(t) + 3(t) exp{a(t)} + (t) exp{y(t)} ]

HFEE X e (0.1), RE (z,y) € X & (26) WEE—ME. £ 0.9+w] £, By
(2.6), B2

_ e c(ty exp{y(t)}
= | ["(“"""{“(t” DT O] + w(t)exp{y(t)}J AL

@.7)

- [ £(t) exp{z(t)}
do = /o [a(t) + B(t) exp{z(t)} +~(t) exp{y(t)}} At
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FLMEXFE LI

H (2.6) f (2.7) #7

H4w d+w P+w
/ 28 ()AL < A / ()| At + / b(t) exp{a(t) At
1] L) ']

P+w e(t) exp{u(t)} , j]
* /ﬂ o+ AO exp a0} + 1D eplul))
= AMa+la)w < (a+ |a])w,

tw F+w
/ (DAt < A [ f |d(t)|At
9 B
f(t) exp{z(t)}

V4w
* /19 aft) + B(t) exp{z(t)} + ¥(t) exp{y(t)} At}
=Nd+id)w < (d+ [d)w.

BH (z,y) € X, FUBFE &G e [9.9 +w), i € {1,2},

z(§)= min z(t), az(m)= max z(t),

e, 0+w) teid,i+w] (2.8)
y(2) = te%g J yit),  yim)= Wl y(t).
B (2.8) 1 2.7) FE—PEXHER
F4w clt _ _
aw < /,, [b(t)em{r(m)} + 7((%} At = bwexp{z(m)} + (¢/7)w.
WEERM (2.5) BE—A, 0> 0 LAKIL, HHE
z(m) > In { z _Zc/’/} =:1;.
FASIE 12 0E-IRERX, BF
4w
z(t) > z(m) - /19 [ZA(M)|AL > 1) - (a + |a))w =: Ho. (2.9

F—HE, RIE 28) M (27) HE-AEX, THER

I +u _
w > /i9 b(t) exp{z(&1)} At = bw exp{z(£1)},
W) <1 {2} = 00, HAFR L2 WE—AFER A
F+w

o(t) < (&) + / B (®)|At < Ly + (@ T Jaljw =: Hi.
J
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FFEXFELTZ MR

[T, B (2.9) AT

< max{|H|, |H2|} =: B;.
5 [2(t)] < max{|H,|,|Ha|} =: By

M (2.8) F1 (2.7) BB A EXTH

= ik f(t) exp{z(t)} I f(t)eH

do < /.9 Blexp{z(t)} ++ exp{y(f)}m . /.9 Blefr + ~lexp{y(£a)}
_ w}?eHl
~ Bl + ylexp{y(&)}

TR
exply(er)) < L9

BT T - 48 > 0 gL, #mefR

—_a'@[ H,
(&) Sm{(f_zT)L} — Ly,

B, B3 12 HE—AAREL, F

d+w
y(t) < u(&r) + [9 WA WIAL < Ly + @F ) = Hs. (2.10)
B (2.7 BWEAEXEHE
= 4w S (1) exp{z(1)}
dw 2 L a* + ¥ exp{r(t)} + ¢ cxp{y(ug)}At
G+w f(ﬂeHg
Z /o o + 3vellz + v exp{y(mo)} At
R AR
7 - 32 exp{~(a T alw} - do®
exp{y(m)} > - =15

dv
M (2.5) HEAES, TR L >0 Hyln) >In3) =1, HIIE 120F -4
AER, B

V4w
¥(t) 2 ylm) - /0 WA@IAL > by — w(@ 1) = Hy

H (2.10) A[ R

max ly(t)l < max{|H3|, |Hy|} =: Bs.
e, 9+w]
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FALHEAFELFMAR

B B M B, 85 ) Ik, 4 B=B1+ B+ Bs, ¥ B; RAKUET
Bs > |lj| + L1} + llaf + | La].

THEEERETE

- O ve(t) exp{y} _
2 - bexp{a} - 5/9 SO I} + 1 enl

(2.11)

=, 1 e f(t) exp{z} _
d+ w /.9 oft) + A(t) exp{z} + 1(t) exp{y} Ar=0.

Hep (z,9) € R% v € [0,1] B—4 2% RO LETRTENT v e(0.1]. 21) H
RER («*.v") HHE

W<a" <Ly M L<y <L 212)

BAEEX
Q={z.y)eX: ||(z.y)l < B}

MASHED O HESIE 1.10 B95&H (a). # (z,9) € 9NKer L= 30NR2, [ (z,y)

E R FH—MHEREARE @yl =zl +y = B. A (212) 5 BHEX,
GE:!

_ = 1 [t coft) exp{y}
.y -= A
oN m _ - bexpiz) w/: alt) + 30 exple) + YO exply] # ﬂ

a4l /”*“‘ f(t)expia) of
W Jg

a(t) + #(t) exp{z} + (t) exp{y} ¥
EHHImQ=KerL, Fflh J =1, BT 35 Brouwer B, FEFICHLE
H,(z.y) =v@QN(z,y) + (1 -v)G(z.y), ve0,1],
He
@ - bexp{z}
G "l ) —3
(z Y) 5 l/t9+w f(t)cxp{x} At
w/s  alt)+B(t)exp{z} + y(t) exp{y}

B (212) ASERAMTF v € [0,1). & 0 ¢ H,(02nKer L), T LT AEEABF B
G(r,y) = 0 7 R? WAEM—HN—ME. BRERRATE, EETETE

deg(JON, 2N Ker L,0) = deg(QN. QN Ker L,0) = deg(G, 2 NKer L, 0) 5 0,
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FAMEXFELFAIRX

HF deg(,-,) & Brouwer F. FIHAENL, ELEHAT QWETH 1.10 BFE R
. Wil Lz = Nz ELFE—AMBFE Dom LNQ 1, WEEEH, (21) ZDomLNO A
EPE A w AR, EBILE.

H22. £ T=RAAT=2Z R (21) L2 & 44 & HH%HLHA Beddington-
DeAngelis MR EGHEE - A%, £® 21 Hha ¥ 2= 32
Fo Ak 0% PR 21,

H2.3. % ot) =0, Rl 21) ARALAEEHAREAEGRRE - £8
4%, wH, EAA T=REAF T=2. 0] Q1) #SRBAALERABRGEAIL
ERPAEMEREGHEE - ARG, EHR 21 44— F AT UG %
k3 65.58]

Bl2.1. £ ZHAR AR (—ARBRA, —ARRM), TNE—FTER
HHARRERLAY (—FFRRGANN), REASRT, AHENFTH
(BA%), LEE 5 FuBit, AaFe#e—R, B, HAMETUAT
&I AR R

T=JRk2k+1] AN w=1

keZ
JeRINFEE - 2B 4% A Beddington-DeAngelis 2hfe M R B, # LA K %
R (22) #= (2.5), RIGILE 2] TREZINE G AL 1 FBM,
TEEET LR EA Holling HThHEEAERNAHRE - RIEREMEHRE)
TEFR

ﬁm=w%NWW”MLT§%%%%W’
At) = —d(t) + LD explz(t)} -
yit) = 1+ m(t)exp{z(t)}
il
23(t) = a(t) - bit) exp{z(t)} ~ i(fz emngzg’;{tf((:))}} ’
A1) = —d(1) f(t) exp{2z(t)} o
yo(f) = —d(f) + 1+ m(t) exp{2z(t)} '

Hrfta.b,cd,m e Cra(T) RIS w FIHIEEL.

H24. 5 (213 2 214) P, EAT=RXT=2Z, R (213) o (2.14) TE H
EGEEEBHAR Holling IT ¥ R A I Mgk R EHEE -4 4%, a2
PY AT a2 AL
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FimEREE TSN

EA RT3k 101 e, RS BIITEASR. BREEIBRFMF
ZMT 5 Beddington-DeAngelis THREHER FIARM, 76X BRI H HHE.
£TE22. £ T >md A 3> " exp{Zaw), Al (213) EFH 4 w 9

f-mid
.
EI23. ZFFo>midfea>t {}“%ﬁ] : exp{2a.}, M 214) ESH—Nw B
0,

FEALBANRE L RKBENEER MW RE - RIEREHIRS A
FhE

A (t) = a(t) — b(t) exp{z(t)} — c(t, exp{z(t)}) exp{y(t) — z(t)},
y2(t) = d(t) — e(t) exp{y(t) - 2(t)},
He ot 2) REBKBHNEERY, CEE TEHALFhEERM

_m(t)r m(t)z" o omt)e? .
m(t)z; Tz Ao "2 ‘A+s)Bra) m(t)(1 — exp{-Axz}).

(2.15)

7 (215) . RIR T FIRMRL.
(Hi) a,b.d,e € Co(T,RY) R w EHRE
(Hp) c: T xR* — R* & rd- HEH, XTR—-NMERR o FH, KTEAE
BRTHA, HTER (T 2 a) >0, B 2o.2) RERM,
(H3) FIE—A w FAHARRHL Co € Cra(T) R c(t,z) < Co(t)zs
(Hy) FE—T w FHIEE C) € Coa(T) W R c(t,2) < C1(2).
FRAMT I B 2 gy, TUBRITEM R SR,
FH2.4. B3R (H)), (H), #= (Hs) Ak, £ 528> Cp dexp{a +Ja + d + d))w},
Rl (215 EF A4 w BAAME,
EE2.5. B8R (H), (Hy), # (Hy) R, & ela>C¥d. Rl (215) ESV A -4 w
JSE) R
F25 EAT=RAT=2Z, R (215) TREBUAEG RE B K FrLRRM
HEEMRBGRE A - RBLG 5906 238 24 fo R 25 h—Fo ¥ BT WU
8§ — gL R 15967

§2.2.2 RERGHIRDIHFFHIE

EFRAMEMR BN ENRENBELRRZ—, FHELY ZHiTR
FIBF5.
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FiMmEAFE BT FZAIRT

FE LR M E MEETH—B n FE Gipin-Avala FFREMIITZ
HEHR n
yiﬁ(t) =ri(t) - Eaij(t) CXP{aijyj(t)}’ i€ {172’ ces vn}s (2.16)

j=1
HF ria; € Ca(T,RY), 4,5 € {1,2....,n} R w BHREEFEFEN LTHA.
#26. ET=R X T=2Z B%& §t) = exp{ws(t)}, Bl (2.16) MALHELEXELH
HHOFRBET A4 n #H Gilpin-Ayala £4 424

yz( l {rt(t Zaz] y](t) } ) iE{l,Z,...,n}, tER

Ht+1) = { ZahJ ‘J},ie{l,Z,...,n}, teZ.

Bk, 479724 (2.16) HAHEF AR E KT A —H# n AH Gilpin-Ayala T4 £ 4 H
WA FEFTE, EMRYEF L&, 4014 SHELIEYEARPY], Flie, F
n=14% 6;=1, U (216) £—A logistic H+x# ) F74; & 6;; =1, A (2.16) &
— A% R & n M2 Lotka-Volterra £% A G AFFH N F 78, EXTF i#j,60;=1,
R (2.16) & £ 49 Gilpin-Ayala £ 4 A G KA N F 78,

HTHBER, RITEEXMUTEE 21 HiTR, € X THEREA:

L={y=(n.12.....4,) € C(T.R*): y(t+w) =y(t), VteT},

lyll = {Z (maxm )}1/2, ye g~

B GERR £ B—A Banach Z[d], 4
Ly ={yeL:7=0}, L'={yeL”:ylt)=heR", teT}.

W Ly # 2 R £ BARKEFERE, 2 =% ¢ £, Hdin % = n. B35
T 2.1 FISCRR 7 e 2.1 KLt B
THE2.6 XREFE

n
- - 0
g(u) = (ri - Z“ij"j ) =0
7=l nx1
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RLIFEREEL R AR

BEABAM v =(uf,...,u}) eRT B ul >0 B Y .sgnJy(u') #0, LBk
n 7. \ %i2/61
;> Z s (ﬁ—J) cxp{é‘,-jZFjw},
; 33

AR, B (2.16) EFF—4~ v AB%K,
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FRiLFEXFELEARX

§2.3 BREERZIHFEHIE

X1, WERRE— RS ¥ R AR E. F—KuirahEs
BAUL—AT BUS BRI EEIE—RESABANEL B, BKER
BhEFRESE AT RS TRNCLEE _MELABINEL TR, H
B, XRE—ERIRE N E B LR h— R R,

§2.3.1 S—XBRPEHGIHHFHE
EE—ERFHNETR
23(t) = G (t, exp{x (1 (1))} exp{z(92(t))}, - ..,

t (217
ep{a(on(@)}. [ _clt) exp{x(s)}As),

Hp
(H) G:TxR™ =R, G(t,) # R™ WREELR, XT ¢ B o FHW, BNFE
BuecR™, teT, Git+w,u) =G(tu).
(Hp) g;: Tt—-» T,1<i<n,c:TxT—RHERE gi(t+w) = g(t) Ml c(t+w,s+w) = c(t, s),
B[ clt.o)ds B ro- AR,
552.; & 2(t) =exp{z(t)}. &4 T=R M 217) BT ALABET AR
BR YT A

AT=Z R QI TEHESFTE

t-1
£t +1) = £{t) oxp {c (t,az(gl (1) 2e(0), - 3 an(), T elt. s)fv(s)) } .

IREFREFAGE G B E K LR FERAFEHE 12,
HTHER (217) AB\AEEY, ELERNERAFESFERERP. EX

L*={ueC(T,R): ut+w)=u(t),VteT}, = max lu(t)],u € £~
ARAEUER (27, 1) B—4 Banach Z[]. 4
L={ue& . u=0}, L'={uec:ut)y=heR, teT}.
WBIE L M 20 MR 2 HALHETZR, H =L e Ly Mdn Ly =1
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FATEXFELRMIRT

FEIE2.7. A (Hy) #o (Hy) Az, 8%
(Hy) BE—NFHEM>0BHToEw AMAKz: TR F

4w t
/ G (t.exp{r(gl(t))},...,cxp{x(gn(t))}, / c(t, ) exp{x(S)MS) At =0,
¢ -
Ul

/ﬂ+w
[

(Hy) BEAFTE A>A>08FF u;>4,1<i<n+1, R

+w ¢
/—ﬂ G (t, Up,... ,un,/ c(t,s)u,H.lAs) At <0
[ -

FO0<uy; <A, 1<i<n+1, R

+w t
f G (t,ul, vy u,,./ c(t,s)un+1As> At > 0.
9 -00

M (207) EFH—~A o« A0,
T 4 X=2=9% %X

At < M;

t
& (texploa).. . om{alan)). | _clrs)expio)}os)

Nr=G (t, xp{a(n ) (om0 [ olto exp{x(s)}As) ,

Lz =25, Pr=Qzx=1.

i
KerL =%, ImL=%, dimKerL =1=codimImlL.

BR £y # 2 FREM. Frih L B—MERAZH Fredholm BRE, RN, HiE
Pl Q MEELEREHKRE

ImP=KerL, ImL=KerQ@ =Im(I - Q).
HE, AL 3 F L) Kp:ImL — Ker PN Dom L FZEE B
t

Kpr=1-2, H¥ #(t)= /; x(s)As.
|
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FAEMERFE LR AR

t d+w  pt
Kp(I-Q)Nz = /1; (Nz)(s)As - %/,9 /.9 (Nz)(s)AsAt

1 4w
- (t -1 / (t - 19)At) Nz,
wJy

ER. QN Fl Kp(I-Q)N BELEH)., BH X &—4 Banach Z[d]. #1E Arzela-Ascoli
T AN FEEERFE QC X, Kp(1- QN©Q) REH, TiE QN &
R, B MFEEERAEQCX, NEQ LE L &M,

HTHAEE 110, LI —MELHERFAR QL MTFHFHIE Lo =
ANz, A€ (0,1), F

z2(t) = A\G (t.exp{x(gl my,... ,exp{z(gn(t))},/_t c(t, s) exp{z(s)}As) . (2.18)
Bk z e X & (218) WIEE—ME. EXE [9.9+o] ERG (2.18), 77
4w t
/ e (t,erp{x(m ()}, exp{z(ga(t))}, / c(t.s) exp{-f(ﬁ)Ms) At=0. (219)
9 —00
B (2.18) F1 (H;) FJ 4
O+w Dtw
[t [T ot ent@on....
s ’ . | (2.20)
exp{:c(gn(t))},/_ c(t,s)cxp{z(s)}As)iAtSM.
BB re X, FFUFE ¢nel. ER
2(§) = minz(f) fox(n) = max z(t). (2.21)
T, BE 2(6) > In(4;). W (2.21) TN TFEE t € L, (t) > In(4,). #B1E
%M (1), B3

[ 6 (contetanon.... ewtatanten), |
X5 (210 BFE. Bk, A
2(€) <In(4s) F1 z(n)> In(4y). (2.22)
MH (2.20), (2.22). f5(E 12, F
”

z(t) < z(€) + /,, wle(t)]At<ln(A2)+M,

c(t,s)exp{z(s)}As) At <0,

P +w
z(t) 2 z(n) - /.9 [z2(t)|At > In(4;) - M,
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FIBERFELIAEX

max|z(t)] = max|e(1)] < max {| 1n(Az) + M|, |In(A;) ~ M|} = 4y,

X
Q:={zeX:|z| < B},

o
Bi= max { g, 1n(41), | 1n(4s)1 .

R, QO HEEHE 1.10 &MH (2). & z € 09nKer L, MiExt (Hy), 7IH
, 1 P+w
QNz== /ﬂ G (t.explz(@ @)},
cplalon)). | _ett.o)epla(s)}as) At 20
B ImQ = Ker L 7% J = I, 7T +# Brouwer . ZEFLHS
Hy,z)=vz—(1-v)QNz, v€|[0.1].

MFEE z e 90nKerL, v € [0,1], B zH(v,x) > 0, Nl H(v,z) # 0, EZHIMNE
MERAZE, WE

deg{JQN.QNKer L,0} = deg{QNz. Q2N Ker L,0} = deg{z, 2 N Ker L,0} # 0,

B deg(,-,-) & Brouwer ., HECLIERT Q HEEHE 110 WHEAE. B
®, Lz = Nz #£ Dom LNQ R ESH —ME. B, (2.17) £ Dom LN FEPLF—A
w E iR, ERIEE.
EAEURTE, R UAKE TEI R4,
TH2.8. 4 (H)-(Hs) Rz, &%
(Hs) BAFHK AA>A>08FF u; >4, 1<i<n+1, /|

O+w t
/ G (t,m ..... un./ c(t, 8)un+1 As) At > 0;
9 -00

FO0<u;<A4,1<i<n+1, R

+w t
f G (t,ul,...,u,,,/ c(t,s)un.HAs) At <0.
[ -

R (217) EF A A w BB,
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R ERFELHEART

Hig2.1. 4 (Hy)-(H;) R, BRAL-ANMFHA>OEFF u; <A 1<iL
n+1, ﬁ‘]"j"f"&ﬁ? tel,
G (t, e“’,....,e“"‘/t c(t‘s)e“"“As) >0,
=
G (t,e‘“l,...,e‘“",/ clt, s)e"‘"*‘As) <0
% t
G (f, €', ..., cln, e(t, s)e* =1 As | <0,
[ conewc)
G (t, e”"l,...,e'“",/ c(t, s)e” v+t As) > 0.
R (217) ES A w BRM.
THE, FE— ENFENARRINETR
(1) = G (t,exp{z(9(t))}) , (2.23)

HPG:TxR-RMg:T-THE w- FHH.
B 53 W2 AR RIEIER, B3
EIE2.9. {ai&:é;ﬁ %3 B,a,f>0%/F
(Hq) % |s| < B, Rl /,, IG(t,e%) At < By S K, % |x| > B. Bl 2G(t. &%) > 0

O+w

(H;) #z<-B, 1) G(t,e)At> —a; KX % > B, /ﬂw G(t,e")At < a.
p) 9
R (2.23) EF A —4 w- BRME.
BE, ATEBRIEEEN—EIFE ZETENMRINETE

t)=a(t) - Zb )exp{N{(gi(t))} - / s)exp{N(s)}As, (2.24)

i=1
NA(t) = a(t) - [ bi(t) exp{N(g:(t)}, (2.25)
i=1
. K(t) - exp{N(g(t))}
!VA(t)='r(:‘J)ijLC e NG (2.26)
_ = a;(t)exp{N(g:(t))}
N A(”)‘T“)E1+c,-memmgi(t>>}’ (227)
NA(t) = a(t) + b(t) exp{pN(g(t))} — c(t) exp{gN (9(t))}, (2.28)
Na() = ) - 20T, (229
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FAMEAFELZ X

HH a,0:.b,b;,c,ci,r, K : T — RERE 1d- HEE, w- FHEEEFER T>0.c(t) >0,
a;(t) 20, bi(t) 20, ¢;(t) 20, K(t) > 0,7(t) >0, g: T > T Ml g; : T - T HE w- FH
E"Ji Hp gt BREEEHER ¢>p, TH, c: TXxT— R FER c(t+w,5+w) =c(t, s),
/ eft, s)As & rd- HZEH,
TR 27, R 28, M 20, TR

SEFE2.10. (2.24). (2.25). (2.26), (2.27), (2.28), (2.29) MEJH —/4~ w- B RAME,

F28. &4 T=R&XFT=2 L i(t) = exp{x(t)}. RIE4R3HNEFH (2.24)-
(220) S MU AL G R B RN F A B ET A B4 Logistic FA42 11514 #
ik EE A KL Logistic HAAE 1516 BH R 2T AGRIpIRA LM HRE
(117, 118] 34 4% £ & £49 Michaelis-Menton % A7 B3 K A4 (118, 19 442 £ 5
A4 Lotka-Volterra M $ A B LA 114120 fo 4§34 Gilpin-Ayala #4243
& a221]

§2.3.2 SBTAEBRBEIIRIHEHE

E—/M, IRFE_RERFRTINETBRNAHR, EE—FTRTH
AHBRERE_FHEMBINELFE.
FETHNEMNERTHNEIE

8(8) = z(t)]a(t) - g(t,2(t = 71(t)), - ,2(t = ()], €T, (2.30)

Hef

(Hi) a: T — (0,00) fl g: T x (R*)" — R* #h2& rd- HLE, w- FHIKLL. WH. ¢(¢.-)
MTEEMN teT, 7 RY)" PIRELN.

Hy) r:T-R* M r(t+w)=nt) HRt-nt)eT, 1<i<n.
ZT=RMT=2 W (2.30) FTLAML N THEAESE 12 sila ' fEA

&(t) = z(t)[a(t) — g(t.a(t - n1(t)),--- .zt — (). tER,

Az(t) = z(t)[a(t) — g(t,z(t — 71(t)),- - x(t = Ta(t)))], tE€LZ.
HTHR (2.30) FBOTFEY, EXLERBHRAFESEERESRS. EX

2 ={ucC(T.R): ult+w)=u(t), Vt€ T}, |ull= xtxé:;x]u(t)l, ue L.
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MRS ETF AR

HiL. (£, |l) 2—1 Banach ZZ[H]. 4
S={ueL:u=0}, L={uec?: ult)=heR", teT}.

W 2e fi 22 BR 2 WASBTFERERE 2= 4os Mdng =1, %
THR (2.30) R, HITMEILA5IRE,
g|32.1. Bk g & 1d- £ 4. w- B M, R

t-tw D+
/ 9(s)As =/ g(s)As, teT.
t L]

WER. A t=d+nw+r0<r<w NHHEE

t+w B+nw+rtw O+rtw
f g(s)As = / g(s)As = / g(s)As
t 9 X

1w+ +r
F4w O+r+iw +r
=/ g(s)As+/ g(s)As—/-ﬂ g(s)As
9 IHw [
J+w
= / g(s)As.
9

5|E2.2. % a(t) & (230) $9—AE R w FIHM, R
mina(t) 2 ofel. K 6= ecald+u0).
8. B z(o(t) = 2(t) + u(t)z? (), FTAR
22 (1) = a(t)(@(o () — p(t)z() - 2(t)glt, z(t = 1a(t)), - &t = Ta(D)))-
BTSN T TENRL

(1+a(t)p(t))z® (1) - a(t)z(0(t) = ~z(t)glt.2(t ~ 71 (1)), 2(t = Talt))].

B 1+ a(t)u(t) # 0 FI7B
230) ~ 20 _a(0(t)) = ~ 20, aft - m(t)), - 2l = Talt))]-
1+a(t)u(t) 1 +a(t)u(t)
y
2(t) + Gaz(o(t)) = —ﬁ-:—((%g[r, z(t =1 (t). -, z(t — ()]

ELE T BRAFHRNRU ecu(t.9), 7

—Cga(t. 9)z(t)

(ecat, ) () = 1+a(t)u(t)

glt.z(t = n(t), - . 2(t ~ 7a(t))].
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FFEXZELF X

Mt E 4w B WA

z(t)ecalt. 9)(eca(t +w,t) — 1) =

e a(s,)z(s)
—/t Ta(mg(s,x(s-n(s)),m ,Z(s — T(8)))As,
PN
_ tHw eea(&t) 37(3) ol . — 1o (s
o= [ T g T e~ o s = )
: -+ ecals,t) z(s) N
= /,, s (o) 2ls = ().
(2.31)
A
_ e.,;,a(S. t)
G(t,s) = m« t<s<t+w,
JIEIE s
A eca(@+w,¥)  egelt+w.t)
L T eoe + @, 1) 1 —eog(d+w,0)
) P —,

1= eae(d +w,?)
HiE (2.31), B3

B+ (s
o < 42 [ T als— i), salt = Ta(s)As

1+ a(s)u(s)
ﬁ 4w
minat)> 41 [ ﬁ%%lmgw(s = (8))-++ salt = a(s)) .
F,

) Ay,
?El}ﬁl'(t) 2 I”I“ = §ljz|]-

BAEEE (2.30) HIEABEERE.
FH2.11. B (H) Ao (H) R, ¥
(Hy) HEFTHE Mo> M >0 8FF w; > My, 1<i<n, R

g(t‘,ul'uﬁ:"' 1“71.) > a(t)s te Iw
FeE 0<u <M, 1<i<n, R/
g(t’ulsu2,"' ,un) < a(t), te Iw~
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FRmEAFEELEMRY

R (2.30) £ S A —AE w BBM,
8. 4 X=Z=2*HEX

Nz = z(t)[a(t) - g(t.z(t, (1), - ,2(t = (D))}

Lz = 2%, Pr=Qr=T.

il
KerL=.%" ImL =%, dmKerL =1 = codimIm L.

E 2w & v SR, BT L B— 8N FE Fredbolm B, FN, Sk
P Q MEESEHEHAME

ImP=KerL, InL=KerQ=Im(I-Q).
#—s, AlMEE (4F L)Kp:InL — Ker PnDom L FEAWRE
Kp(z)=%-2, RF i(t)= /tx(s)As.
)

1 Ft+w .
QNz = -/ z(s)[a(s) — g(s,z(s — T (8)),-- s2(s — Tu(s))). A8
wJy

t d+w  pt
Kp(I -Q}Nz= /19 (Nz)(s)As ~ —lu;/ﬂ ./..9 (Nz)(s)AsAt
1 +w —
- (t -9- ;/;9 (t- 19)At) Nz.

B, ON F Kp(I-Q)N B8, B% X &— Banach 2], 4E Arzela—Ascoli
s ASEENTEEERFE X, Kp(1- QN ZEH. TH QV@) R
ERM. Bt MTFEEERFEQCX, NED LR L EH.

N TR R 110, TELFREI—MEUME FFE 0. MTETFHE

Lz = ANz, Ly= ANy, A€(0.1),

)
2A(8) = z(t)la(t) - g(t,2(t = 71(8)), -+ 2t = T(t))] (2.32)

Bi% o e X & (232) BEE—R. FH5IHE 22, LIRS

anlx(t) > llzllesra(® + w, 3).
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FHEAFEL AR

Eitk, &
(2.33)

. > sl
minz(t) Sl

FER A 9,9 +w] LFS (2.32), WA

/:W 2®)[alt) - g(t,2(t - (), \2(t ~ Ta(£))}AL = 0. (2.34)

T, HHER Ja(0)] < 22, BREAMERRL B, o) > 5 Wik (233) T4

ztxéimr_xx(t) = ?61}51(0 > 8|zl > Ms.

RIEHRAF (Ha), F

g(t,z(t — 1i(t)),-- ,z(t — (1)) > a(t), t€T.

X5 (234 HFE, TRIE =0l < —. FE FH (233), (234 M (H), F

minz(t) > éM;.
tel,

€ X

Q:={zeX:0M <z(t) < %,t €L}

SHiE R 110 AP (o), & ¢ € 000 Ker L W 2 = 60 R = 22, FRA
P

QN7 = 21;-/1; z(s)[a( ) — g(s,2(s = 11(s)),- ,:L'(s—’rﬂs)))}As#O

T, B ImQ=Ker L #% J =1, 7 35 Brouwer f, ZBFELBRET

Hv.z) = ( (0M; + %2-) -z)+(1-v)QNz, ve[0,1].

MFHEE 2 co0nKer L, v € 0,1], K H(v,2) # 0. RBBIMEHFERAZELE, AIF
= deg{QNz,QNKerL,0}

= deg{%(&Ml + —Ag—g-) —z,QNKer L,0}

# 0,

HoH deg(-.-,-) £ Brouwer . HEESIERT Q WEEH 110 HHFARME. Bt
Lz = Nz Z Dom LN WESE—AE, B (230) & Dom LNQ FEPEF—AIE w

RS, EBHEE,
@t s EERMEITR, RITTERTHNER.
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FLBEASELF M X

THE2.12. B8R (H) f (H) &%, #
(H) A& My>My> 08 84F w, > M, 1<i<n F4

g(t:ulsu‘%" ) 9“’",) < a(t), te Iw
Fode R 0<u; < M3, 1<i<n M4
g(tQul,uﬂa"' qun) >a(t), tEIw.

R (2.30) EFF—ANE w B,
HTERTEEEN—BHE, RITHR—RAMERANERBREEE.
R T HE A AR

t—7(t))

22(t) = a(t)z(t) [1 _ R (2.35)
() = z(®)alt) - Y_ ailt)z(t — 7i(1))). (2.36)
i=]
r8(t) = a(t)z(t) [1 -11 x—“i(—’;)@] : (2.37)
i=1
A = o _a{ha(t = (1)
z2(t) = a(t)z(t) [1 ; T+ e = n-(t))] , (2.38)
]
A (t) = z(t) [a(t) - (%) } , (2.39)

K a,05,0, K : T — R 2 rd- EZ, - FHPHEER o(t) > 0,ai(t) > 0,6:(t) >
0.K(t)>0,6>0, @ft, WF1<i<n H7:T-R, nt+w)=7n(t), t—-n(t) €T,
2 T=RT=7Z,(2.35)-(2.39) AR L A IEL S H BB B BT R Logistic
A W, EH Z A0S Logistic BIAY 122138, 355 (R 248 SCAY Michaclis-Menton
RIS R B 1319 L83 Gilpin-Ayala BREEEA 12, HUEEHE 211,
[R5
EHE2.13. (2.35)-(2.39) MESHF —AE w BHE,
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RLMEXFE LSRN

524 THRRIGBHNNEDESE

EEELHFPHEREYELZAEHEERINIIRERG TR, AT
SEEHEEESRA TN, WEYRBENNEERES, M EENERE
—AERFY R E GRS X LTRSS XRHH RBHEH R E
BHEFEENALEN, FERS FBPELRKZHiti 12410015126
W, A E LR A Avery-Henderson A3 5 EHEM Leggett-Williams A5 5 EHE
NTERA RAEH NI BRI ¥ B S N ER RS H B AN

2A(t) = r(t)z(t) — f(t,2(t), u(t)),
w

2.40
A(t) = ~8(00 () + m(O)alt) (240)

B f:TxRZ-RF rdn:T— (0,00) HE rd- HLE, w- FHH.
B, BETEAERER, RITWEFE—ME MR RBERNIEXE
KARE 2 H R (2.41) MEREEE
ZA(t) = f(tsx(t):u(t))»
ud(t) = -6(t)u (t) + 9()z(t),
Hft f:TxR2-RHA6,n:T — (0.00) #R rd- HFELE, w- B,
HTHR (240) WAERPBEENE, RIVE—ELENES.
5|H2.3. % u(t) & (240) FAFHGHEE— w ARE A

(2.41)

u(t) = K(t,s)n(s)x(s)As & (Vzx)(t), (2.42)

£F

e5(s.t)

—_ e t<s<ttw.
es(9+w,9)—1 SestHw

K(t,s) =
8. Bk FERE
uB(t) + 60’ (1) = n(t)z(t).
¥ELE TR PR FEERE es(t,9), HikE
(es(t, B)u(t))® = es(t, (D) (2)-

MtBlt+w By, &

u(t + w)es(t + w, 9) — u(t)es(t,9) = /Hw es5(s, 9)n(s)z(s)As,
t
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REERG. THE

t4+w
u(t) = K(t, s)n(s)z(s)As.
t

Rt 78

7 .
= e < . <
2 T w =1 K(t,s)n(s) <
es(t +w. )yt g0 +w, A
es(0+w,9) -1 es(d+w,d)~1 " v

B, 240) FE v FHRENT

28(t) = r(t)z(t) - f(t,(t), (L)(1), (2.43)

FEE v AR A BRENTHREML.
(Hy) }F (t.v,90) e TxR xR, F f(t,v, ¥v) >0,
(Ho) MHFEE e >0, FEEE N> 0FEBUFEE e eR jn-w/<AF

[f(t,v1, o) —~ f(t,v0, ¥2)| <€, tE L,

HTHF (2.40) AMERHTEL, LARMERATEE L1 EE 112 8

HERF, B X
X ={ze C(T.R) : z(t + w) = z(t),t € T}.

mREEH ||z = sup 1z(t)], F4 X &—/ Banach Z[H]. | (2.43) $EX
(eor(t, 9)z(t)™ = —ear(a(t), 0) f(t, 2(t), (¥2)(2)).
MW zt)ee, t,9) ET LREBEE. MFrze X Nt t+w B, B

t-w

z(t) = t G(t,0(s))f (s, 2(s), (¥x)(s))As,

H
Gitoto) = oD v st
Gl
s €or (¥ + w. V) 1 a
B, = 1+ (1 — egr(¥ + w, 1)) $Gtols) < 1-eor(9+w,d) By
&

P={reX:z(t) >0zt € L, F z(t)es(t,?) T T LERFE],
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FEMEXFEETFMRX

ﬁqjg_Ljﬁ_wll BR, PEX HE—E. MFrcPRIite T EX—4

HTTH

t+w

(Tz)(t) = t G(t,o(s)) f(s,z(s), (Vx)(s))As
2|f24. T:P— P,
iR, B, (To)(t) B—PMEZLRYE (Tr)(t +w) = (T2)(t). Fit, &
V4w
IT2] < By / £(s,2(s), () (s))As
9

ﬁ B+w
(Tz)(t) 2 BQA f(s,x(5), (z)(s))As > ——[[Ta:]l 6||Txj.

ot gEaE R

o . (ol
()0t = 1,500, ()1 | {202 e T

= —eer(0(), 9)f(t. 2(t). (V)(1))

El, Tz € P,
iz & (2.43) f—AE w FISBHTEERGR « BT & P AB—PARF
RERECETHRRISE<(<I+w, BX P LFERELEHZE o, S H W
T
Wz)= max eor(t0)z(t) = er((,9)2(C);

Blz) = min eer(t, F)a(t) = esr (¢, 9)x(();

afz) = 0mm£ ear(t, 9)z(t) = ear (€, M)z(€).

BRNTEREzecP B
v(x) = B(z) < ofz).

o M FEE ze P EF
7(‘1) = eer(§a !9)1‘(() 2 eer((:ﬂ)el"ru’

TE
el < (¢, ¥ )1 (z), z€P
B, ti5B3)
B(rz) =np(z), 0<7 <1, z€P.
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R ERFELEARX

EE2.4. BRALFK b cHRO<a<b<ciiF

0<ax I(b<A;‘fATE
ES
0<a<—= 4 e,(c &b < (26 ) e ((,€)e,
1
B fHRRITGEH:
(V1) #F

feer((,9) < 2(t) < Zer(G,9),

c tel(9+u]
AZ“"BCET(Ca 1?) S (‘III)(t) < Al“"aer(C’ 19),

A f(t,2(1). (Pa)(t) > i

(Vo) #F )
bbe,(¢. V) < z(t) < 567‘(41:)' te [9,9+u]
Agwbbe((,9) < (¥z)(t) < Aw er(¢,9),
# £(t,2(t), (¥ x»<%

(Vs) #F
Bae, (¢, z(t) < -‘ier(’r ),

0)< te .9+ w
Aswlaer(£,9) < (Tx)(t) < Alw—ef(ﬁ ¥),

A [t (), (T)(t) > T_é
iF o
A¢ = esr((,9) G(¢,a(s)As,
Cé+w
Te= ee,.(f,ﬂ)/ G(& 0(s))As

519+u1

e
T¢ = esr (V) [ A G((,o‘(.s))./ls-i-‘/;9 G(¢ —w,0(s))As

R (243) ZFABAE w BN,
8. ATHRMGFEBRADIERE 1.11 BEES, ¥IEHES M T e ILE.
LEFT:Ply,c) — P REESEN,
BRI (Ha), MFEE ¢ > 0, FEHH N > 0FEBHTFEE v v €R, jr1—1g] <),
]
£(t, v, Wry) — f(2, v, Ua)| < -Bj_u tel,.
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MFLEH >0 A>0,FzyePH|lz-y| <\ WX Ftel, F
D +w
[(Tz)(t) - (Ty)(t)| < By /ﬂ |f(s.2(s), (Tz)(s)) — f(s.y(s), (Py)(s))|As < e

XA T B,

ﬂEa iiEHH T %*ﬁﬁﬁﬁ%ﬁﬁﬁ%. X‘Ta:l € P('}, (I), EI% ’Y("z) = 697‘((7 17).'1,'((

c. W
lzli < 0z(C) < ber(¢,F)c:= L.

FIA (H), ¥F e=1 M z,y e P(r, 0. FEHH A > 0B o -y <A B, A
1f(t,2(t). (%x)(2)) = f(ty(t), (P)(D)] <1, L€ L,

HEEBWN > 0B L/N <\ ¥F z € P(v,0), EX 2(t) = (z(t)i)/N, i =
0,1,--- ,N, '

e = 1] = sup | x(f)z a:(f)(

sup | 75 = ol < & <A

NN
G
[F(t.2 (), (Txh)(8) — F(t, 271 (1), (L )W) < 1, te L,

B, XF t € L, FTLABE

z

|£(t,z(t) Z Ft,74(2), (B2')()) — f(t.271(t), (B2~ 1)(8)] + | £(£.0,0)]

< N + sup|f(£,0,0)| £ Q.
tel,

AKTE N
\Tzi < By / £(5.2(s), (¥2)(s))As < By Q.
9

R, &

F+w

(Tz))> = ) GA(t,0(5))f (s,2(s). (Tz)(5))As
+ G(o(t),o(t + w)) F(t +w,z(t +w), (¥z)(t + w))
- G(o(t),0(t)f (¢, 2(1), (Yz)(t))
=r(t)(Tz)(t) - F(t,z(t), (L=)(1)).
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Hit & ‘
(Tz) )] < | Ta + £t 2(2), (L2) ()] < r'BrwQ + Q

Kk T B—HE RMEEEEN. B Arzela-Ascoli EEAHLET T R&Es
#.

2. EH 1.11 &M (i) RAL.

R z € 8P(v.0), W 1(2) = eer((.D)2() = c. BH |lzll < (1/0)z(2), T t €

(I9+uw], B
z(t) 2 |z]| 2 6z(() = beer((,9)

Gl

o(6) < Il < er(6.0)37(@) = 5 (6. 9).

R8T, ik
Agwlce (¢, V) < (¥x)(f) < Ajw— er(C ?), te(,9+w)

g (V1), B2

(+w
V(Tz) = exr((,9)(Tx)({) = ear((. V) ; G(¢,0(s))f(s,z(s), (¥z)(s))As -
¢ +w
ecr (¢, 9)— G(¢,o(s))As =c. .
AcJe

3. EF 1.11 B9KRMG (i) WAL,
MTF z € 0P(B,b), B(z) = ecr((,9)x(() = b F t € [9,9 +u], BHIE

x(t) 2 0l|zll > 6(C) > bbe, (¢, ),
() < 2] < (¢, 9128(z) = 2er(C.9)
il
Aqwbbe,((,9) < (Tz)(t) £ Alwger(c,ﬂ).
H (Vo) B

CHw

B(Tz) = eer((, 0)(Tx)({) = eer(C, ?9) G(¢,0(s))f(s,z(s), (¥z)(s))As

= eor((,9) [(/ﬁw /;w) ‘I/z)(s))As*

+w
< egr((, ) {/{ ) G(t,o(s) )As-{-/ﬂ G(¢ —w,a(s))As} sz= b.
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FLHEXFEL SR

4. T 111 W& (i) BAL.
B, P(o,a) # 0, WF z € 0P(a,a) Fl a(z) = eor(6.9)2(6) = o, BUTF LEH
g, HF teled+w], TIH

2(t) > bl 2 02(€) > b, (€,9), 2(0) < Je] < (6. D) 70(0) = Fer(6e D)

f
Agtae (&, 1) < (¥2)() < Arwger (S, 9).

’]ﬁﬁ (V3), ﬁ
§+w
oTz) = ecr(§,0)NT2)(E) = ear(é. D) G(¢.0(s))f(s,x(s),(Vx)(s))As
> (9“ﬂf”ca(»;~
Cor 571)1-{ ¢ s UAS 2=

& EfrE BB L1 WITAERBERIL. B, T ZPERIMA A ER
i, (243) & P(y,0) HELHRNERER o M 2, EF

II(E) > ae‘r(‘sa 19)7 xl(C) < beT(C? '9)1 552(() > ber(6519)a I?(C) < ce'l‘((* 19)

HYFEENITR, & (e THRI<SE<(<I+w, HEE P EEXFER
BERT R o, SH Y T
Y(z) = min ecr(t, ¥)x(t) = ecr((, P)a(();
B(z) = e eor(t, 9)a(t) = ean(.9)x(0);
afz) = (A eor(t. 0)z(t) = eor(§, ) (§).

WFREE zc P. A5IEH
Y(z) = B(z) < alz), {2l < er(C,ﬂ)%‘Y(z)., B(rz) = nh(x), 0<T <1,

RIEE R 112, LB TENER
2,15, B AL abcHRO<a<b<c ‘fi‘ﬁ"

0<o< 20 co0< T
e q

o<a<%ﬁa«EW<(ﬁl)a«@m
B § RRAT A
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FAMERFEL R

(Vi) ®F c
42“;922(,0)015(;;)( 1) Sg Al(i;(:)r( ). ted,9+w
& f(ta(t), (L)1) < Ac
(V3) #F o 2( .
A2webe,(2(,i9) | _(‘I':L'))(t)_ <;f2967(<’ 5 telto+u]
# f(tz(t), (¥a)(t) > F;‘C
(Vi) #F
poerén )= 210 < -er(é ﬂ) te 8.9+ uw

Agweaer(é ) < (Pz)(t) <A1w er(é ?),
A f(t,x(t), (Yz)(t) <
L+

TZ

Pt
—ee,(c 19)[ G({¢,o(s / G(( - w,o(s))A }
r = €gr Cv ﬁ) G C, 5))A5
/ 4w
T.g = eer(£,9) [ ]

R (243) EFABAIME w BEM,
HEHE 214 FIEH 2.15 WHER (240) ELFFH M ERSE.
EFERRIFHN¥ TR (240) EAE w BRFEELERE. X, RERTHH
AR,
(Hs) f(t,v1,v0) MTF (vy,v0) e RY xRY, te T, BIEMA.
®’

3
G(£,0(s)) A8+/,9 G(E—w,a(s))As}.

P*={ze X :z(t) > 8|z|}
B, PR X B—14.
EHE2.16. & H)-(H;) Rx. MAEALEFHK r, . RHERO<r<r <R
&

Bywsup f(t. R, AjwR) < R, Bywsup f(t,r, Ajwr) <7, Bow mf flt,r1, Aswry) > 7y,
tel, tel,

R] (240) EFFEANE w BARE.
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FimERFELZAIEX

iFBR. EX—AEE 6: P* - [0.00) H ¢(z) = f‘e‘iﬁx(’)' B, o B—1IER
T E AN TEE 2 ¢ P, B o) < ol FE, EX—AEF T %
@0 = [ Gel)is(e) EONAs, € P

WFzePp &
I+w

(Tz]| < 31/; f(s.z(s), (¥z)(s))As

I+w
< Bl / f(s. R. A1WR)AS
[

< Bywsup f(t.R, AjwR) < R.
tel.

BT LEGTR, WHE T Py - Py BaEEe.
Bk BIEEHE 113 &4 (i) BoL. WF ze P, KB

F+w

IT<) < B, / F(5,2(s), (¥z)(s)) A

9
4w
< B / f(s,r, Ajwr)As
9

< Bywsup f(t,r, Ajwr) <.
tel,

HE-AEER o BREO<r <8ro<r <R TH, RIEEH 1.13 9% (1)
R, B, {x € P(d,r1,m): (z) >} #0, WTF z € Pg,r1,m2), A

n < 6(x) = mina(t) < |l < 7.
€l

Ty
t+w
o(r2) = pin(T2)0) =i [ Glto(e)f(s,a(6) ()
> B, min - f(s,2(s),(¥z)(s))As
tel. J;
> Bow ticnlf. ft,r, Agwry) > 1.
BIE, EREE 113 & i) ML, T z € P(g,r, R) F ||Tz|| > rp, W4
Hi
t+w
¢(Tz) = min t G(t,a(s)) f(s.x(s), (¥z)(s))As

t+w
> By ﬁ:—l}E f(s,z(s). (¥)(s))As

¢

> gzl]Tﬂ! > fra > 7y,
B,
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B, HIEEHE 113, (243) EPH=SAE w AR, XEWRE (240) ZPEEAE
w JEARHE.
B, BRAHESEERIEMNHFA RRERGERENTFINRE 24) 2 ’
PHEE— v BiR. ATHEBER, ERERANESEERESR®. X
£={yeC(T.R): yt+w)=y(t), teT}, |yl= lg‘asgiy(t)la yEL.
ZBHIEH (£, §) B Banach Z[d], 4
Sy ={yeL¥:y=0}, L'={ye”:ylt)=heR, teT}.

RIS & # 20 B R 2 HASKHTERERE £ = Lo L dn sy =
1.

EFE2.17. Bk
(Hy) BAFTHE M, >0 8% F v BHEL z,u: TR, &
G +w
™ bt () u(t)At = 0,
il -

4w
[ st unan < v
9
C(Hs) AAFE M >08F%F 0,2 M, i=12 1]
f(t~vlalu2) > 07 f(t, —v1, —'02) < 0’ te Iw

&

flt,v1,m) <0, f(t,—v,-v) >0, tel,.

Rl (241) Eb A AN w BIHRE,
. AUESIH 2.3, AT RE (241) AYREELE, URELRTEHRER

T R
g (t) = f(t, 2(t), (Yx)(t)). (2.44)

BX=Z=9" %X
Nz = f(t,z(t),(¥z)(t)), Lr=z®, Pr=Qr=7.

i
KerL =%, ImL =4, dimKerL =1 = codimIm L.
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HX 2 T 20 PR, B L B—MERRAFE Fredholm B, FE, ik
P Q MEESRYHEE

ImP=KerL, ImL=KerQ=Im(I - Q).
H—%, WS (4F L)Kp:ImL — Ker PNDom L A R
Kp(z)=2-%, H% )= /t:c(s)As.
JY
wj P+w
QNz=1 L 1(5,3(5), (z)(s))As.

B, QN Fl Kp(I-Q)N RiELEH . BH X &— Banach ZE[H], H4E Arzela-Ascoli
TH, ASERMTEEERTFE QC X Kp(I -QNQ) ZEM. TH, QN@) &
ERM. B MTFEBERFE QCX, NEQ LR L &M,

HTHAEE 110, AELFRI-MUNERFE Q. HTRTIE

Lz = ANz, Ly=MNy, Xe(0,1),

<
78(t) = Mf(t, 2(t), (Pz)(t)). (2.45)

Bk re X £ (245 BIEE—ME, £ .9+ LB (245), TF
/ Y alt). (n)()AL =0 (2.46)
9

*IJ%%# (H4)) (HS); (245) ﬂ (246)’ ﬁﬁﬁﬁ Mt > 07 Ml > Oa MZ > Ot *n t11t2 € Iw
BE
F+w D+w
/ 2(t) < / F(t.2(0), (T2)(1)iAt < M,
JY JP

H
z(t;) < M, (‘I’l’)(t;) <My, -M;< Zf(tg), -M; < (‘I’I)(tg).

B3HE 1.2 74

I+w
z(t) < z(t)) +/ |z3(t)|At < My + M,,

F+w
z(t) > z(tz) - [9 [z2(t)|At > — My — M,
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MEE X
Q2 {zeX:jz(t) < Htel,},

Hef

M, +M 4+ M+ M M +M+M+M
+ .
w’AQ w.41

H=M,+M+ M +M+

B, QOWEEHE 110 HEH (). & 2 € 00nKerL, WHMTF t € L, z(t) >
M*, (Vz)(t) > M* B z(t) < ~M*, (¥2)(t) < -M*, 3} HAE
F4w

QNz = l f(s.z(s), (¥z)(s))As # 0.
«Js

TiE, B ImQ = Ker L 78 J =1, }T3+% Brouwer I ZIERRBE
H(v,z) = vz +(1 - v)QNz, ve D1,
MFEE 2 €00nKer L, v € [0.1). F H(v,z) # 0, FIBHRINEMRL AT, 78
deg{JQN.QNKer L,0} = deg{QNz, 2 NKer L,0} = deg{z, 2 NKer L, 0} # 0,

e deg(',-,-) & Brouwer . HIlt, RIICRIFAT QHEEE 1.10 BFTE &4
X# Lz = Nz ¥ Dom LN HELE—ME, kil (241) £ Dom LN WES
F—A v FHRE. EHILE,

E2.9. A¥F, §224§ 239X BLERRALIHK 64,6572 .



FLMERFELZ2 IR

$=E ERpGRIENNRRIOE SRR EY

§3.1 5| B

BEtER—EREEW RPN —ITEGE, £BMELARIBTAE
A BERMIER, FIREFBIRT. MEREELNAR, EHEEFTEE
WA EREYL, K HAE Liapunov EH I (F Liapunov £ ). 1892 4,
BEELOBZERMAER Lispunov BT BT REREHENER, HP &
FEMBE Lispunov B (5 Liapunov FHK), WA BEMTr RERSEH
EEHRL. X AEANEZEREHNEFAEEENER, BEA—BY
BEWMTT S, BB, Liapunov EEFEETHEHFBREHE RS
MEBEENTER, flm, MARE Y, 548 25, sHRgh ¥R b
%. Bk, M 19 tH4ERPIE, Liapunov B E—HESEREHNH T,
BT, FELFRR S, Liapunov B HEZ RN BLEEXBNRETTHELER, Fif
FARIZMER, HEEHEPUREFAXEFTE—EHT, 5 BEILEH
kRS hEFBASEREE. BT NEFBEREAREFEEY
#XR, XEA A Lispunov EEFEHMERITRHIRS ¥ FRANEREE.
Elt, FE—EHHNTES TEERRX LR E,

X, AHEERESHEPHRITRMS RSB —RRFN TE.
¥¥K Burton BIKF ARSI AT T A FENBEERE 1, e, A
AR EFRREEN TR % T R A Liapunov EEFHEEM —LHE, FEE
HESEBEMERNREERE. BRARIETEELHE ZHAFIMN TR
R R F 120130 [EBRFHAN L, BBA DR F3hE8 5 ERFREHR
A RN AREEE.

EX—BER, BETERURFIERFEER R LEMIRI SR AR
RRREH, EXMERY, RBLTIRLZUNGH A FRBH—HER
M—BE ARG HFEN, Fit, LA TERILBRENTERG. BB, fF
HNH, BT Rk,
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§3.2 MR ES
R~ HERTENEREN R NETE
z3(t) = =a(t)z(o(t) + f(t,2(t)), (3.1)

HEFaeRY, f: TxR-REd- EEH. FTHE 31) AERREHE, FLE
T (3.1) MMEFUENSROMEREE. Bk, S U2 IERaRE
WA REMES. FRHIRS %R

22 (t) = F(t,x), (3.2)

HPF:TxR-REd- EERH.

EM31 EHTFHEEa>0,tpe T, FAFK Bi(a) >0 RFAHTFEZ 21,
% |zo| < o B, F |a(t,zo,t0)| < B1, IR (3.2) 92 —H A K49,

EN32 ZHEFK >0, MFHEFa>0,toeTH, AN T(a)>9 &
BRFaEi>to+T, 4 |vo] <a B, A |z(t.z0,t0)| < B2, RIAR (32) 4MHT 5,
R—ERAHREG,

EN33. EMFe>0,t0eT, HEFK O(to,e) >0 BFMTFHEE >4, &
|zo| < & B, & |z(t, 70, t0)l <, RIAR (3.2) HRMARK 4,

T34 % (32) WEMRRRY, #EALETK 6(to) >0 ®-FH |z <6,
t— oo B, H z(t.x0.t0) = 0, R4k (3.2) YRMEFELALE,

ERT SRk P e 2.74 BIER, BEBEE

THE3.1 BLacRuecCT,R) # f:TxRoRRAd-£4¢ S tyeTH
zo € R, RIFHFFAE

22(t) = —a(t)z(o(t)) + ft,u(t)), z(to) = %o (3.3)
Bhoh— AR EBEMA
z(t) = esalt, to)zo + /t esa(t, 7)f (1, u(T))AT.
to

SE3.2. Bk
() AE—ANEKH:T-Rt &4

If(t,x1) = f(t,x2)] < b(t)jer — 22|, Vz1,22€R, LET;
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FAMBEXFEL A

@) Jim [ uolalr) DAr=oo BEAFHKO<C<L, M>0 RS

t

/’t eca(t, T)|f(7,0)|AT < M, / eaq(t, TI(T)AT <, t> 4.
9 9

Rl (3.1) 982 —KA XY,
B MWHEAM G), MTEE >0 F

t t to
/to £40r)(a(r)) A7 = /ﬁ Eury(a(r))AT - /0 £uin)(@T)AT 00, 1= 00

eca(t, tp) = -0, toox

ea(t~t0)
B, BRI —AEEE b FEBXNT £ > 6. F ecaltito) < by HTFEE 01, 4
Br= (b +M)/(1-¢) HEX

= {u € Cra(T,R)julty) = =y, 0 lu(t)| < By, t>tg, ‘Ioi < al},
MAZERYEXER du,u) = |luy —wl| = ?up fui () — ua(t)] B, S1 B—A
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BR2EEIEKO0<O<LT>0#F (41) HHEE—ITBHT 2T HR

lz(t)} <6 sup |z(7)|- #.7

i—t|<T

8. (WEH) & @) E T EEREEEME NhEE 41 8 (44) &
T ERL. # o(t) B (41) BEE—ME, HFE

a(t) = XOPX ' (t)z(t), w(t) = XA - PIX~\(1)(2).
B, RITH
z(t) = X()PX " (s)z(8) + X (0)(I - P)XY(s)z2(s).

S8 T HE R REN:
HH 1 |zo(s) 2 I (s) WX TF t 26, F

()] > IX(1( - P)X Y (8)z2(3)| = |X(()PX ! (s)z1(s)].
B (44) HEZATRER, HTF L2520, HH
I XN - P)é| 2 By HIX(s)(T = P)lea (t.9)-
MF 12520, IR € = X (s)zals). THEH
X = P)X"X(s)za(s)| > By !X (s)(I ~ P)X " (s)2(8)leay (t. 8)
= By |75(s)leay (1, 5).
MFRAAM 1 H

|Z(t)] > By ea,(t.8)l22(5)] — Bieoa, (t,8)|z1(s)]
> (B;leaz(t, 3) - Bleeln (t,s))|wg(s){

> %{Bg*e@(t,@ ~ Breca, (1.8))la(s)]-
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B 2. F |21(s)] > Jzo(s)], KUTHR 1 BH, MF s>t >0, F
z(t)| > %(B; Yea; (5,1) = Brega, (5,1))|z(s))].

B, 7Y% (4.3), MF x =0, EBER T >0 M 0< 6 <1 R

B;lewTi - Bie~aTi > 9971,
BilenTi — BoemoaTi > 0g7t,

MFXx>0,ZERL>0M0<6,<1{HE

<k

—1/q | z -1
By (1+ )™ -~ By >265°,

1+a)

<k

T
B 1+ mx)* - By ( > 203"

l+azx)

% 0 = max{6,,6,} H T = max{T}, T2}, }F t > T, HiE

[z(t)] <6 sup |z(r)l.
jr=t|<T

(FEAHE) BZ (47) L, BRERHFEER > 1 BT I<s<t<s+T
E [2(t)] < ca(s)l, HH z(t) & (4.1) EB—IETRLE. BN At) B—HER
#y, BTUABBSIEIR M > 0 ERMTFEE te TH AW < M, HEXMFt>s, &
XXM (s)E] < em(t,8)l€l. W &= X(s)€*, MF <8<t <s+T, H (4.3) #H
X ()7 < MTIX(s)€™). BR, Jz(t)] < cla(s)], Fe? o= eMT,

BRiX 2(t) B (41) —PETFRERR. MTF s> 0. 4 n(s) =supla(r)], BH

8
gl
lz(t)] < 0} sulp ()] < bn(s), t>5+T,
T—t|<
B
[x(s)l = sup |z(r)|.
8<T<s+T

XMFI<s<t<oo, BBRE |z(t) < dz(s)], Es+nT<t<s+(n+1)T, W

o) <8 sup |a(r)| < B"cla(s)| < O7eHTE ) (s)

fr—ti<al
S K=60"'"Ha= —%logb‘, B (4.3) #®
[z(t)] € Ke™®t=9)z(s)| < Kegalt. s)|z(s)], 9 <s<t< 0.
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BT Ik 16 P 21 WIEB SRR SEEFE—A T > 9 %

[2()] < Kega(s.t)|z(s)], T" <t <8< 0.
B A) R—BCR R, Bk, (41) RARMKE. FR3IE L1 FUEE 42, (41)
BT LR ER 0, EHIEE.
§4.3.2 EHE 4SS Liapunov ¥

RERTEE TR AT H2 A REOEHE Z4MES Liapunov BEZ(H
HER.

T4 BR A R—EKARY, A1) AT LHEREXY _HHGLEL
HREE-NZKEY V(tz) = 27C(t)z B VAL 2wy RERE, AP G(t) €
CL(T.R™ ™) & —A#4R65, H R4 EREHE,

. (LEH) F @) ET EHEEYETSE WEBEER P=L/ A

e(t) = / X () - P)X~Y(0)PAT - / " X()PX1 (1),
Hoebt X(t) B (4.1) B — ARSI TR

t x
]G(t)[s/ nge(az&“;az)(t«T)AT'*"/t K?ee(m@al)(r, t)AT
bl> )
< K K0+ o)
209 20y

G(t)=(X"HT I -P) / t XT(nX(r)({I - P)AT

—P/ XT(1)X(r)PATIX™(¢)
=GT(t)

MFEE t €T, HiE det(G(2) # 0. B, G(t) B—4XFr8, BRI ENERE.
B’ V(t,z) =2TG(t)r, TR =(t) B (4.1) WEWHERMY oo HEE—ME LRI
F z(t) = X(1) X1 (9)ao F

Vit.z(t) / IX()(J = P)X-1(8)zo AT — / X (r)PX =1 (8)zoPAr.
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BHIEH
VAt z(t) = X - P)X Y (#)xo> + |X () PX 1 (9)zo/?
> LX) - P)X (9o + X(OPX ™ (0)aof
1

5 ().

P VA )|y BIEEM.

FEAHE) B V(L) =27G(t)r MR EHE 44 &M, WHEEERE b, b
8

WV(t,z)| < Bz’ VAt 2)|ag) > (2bibe + b3u(t))|zf’, VEET. (4.8)

A N(t),i =1, ,n & G(t) HFIEE. BN Gt) B— P ENERE, FUFE—1
b3 >0 {ﬁ% Ai 5 —b'Jv 1= 17 ’ka H/\i(t) 2 b3~ i= k+1$ 3Ny ?%ﬁﬁﬁ;&ﬂ
R" f—A k TR v —4 (n- k) ETZE V2 EF

V(t, o) < —bslzo|®, 20 € Vi,  V(t,z0) > bslzol*,z0 € Vo, VEET. (4.9)

B z(t.5,2(s)) R (4.1) BERAERM 2(s) e i (I— B K £ 2> 5, T VA(t,2)](4) > 0
A

V(s,z(t,s,2(s) < V(t,z(t)) < =bsjz(t), t>s.
EEFMT t>sF Vit.z(t s,2(5) <0, U

VA(t,z(L5,2(s))) > (2b1ba + bu(t))lx(t, 5, 2(s))|*
> _——-(2"11’2:"“"(” WV (£, 2(t, 8,2(s))|
1
(2b1b» + leL(l‘ )
= (b + bou(t))?
Qb]b') bﬂl(ﬂ

= by (26526

_ﬁ(%’;j)m 2(t,5,2(s)).

[V (t,(t,s,2(s))]

Ms Bt By EEAAER, WL

V(t, z(t, s,z(s)) > V(s.z(s))e,, ol2alz) {t,s), t>s. (4.10)
H (48) fl (4.9) AT t 25, F

V(s.2(s) > ~bile(s)? B V(t,2(t)) < ~bsfz ().
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FLRiNF
~bslo(t) 2 ~bla(s)Pegmagim)(t:8). 25
k= Ma=2 F 124 5
b3 by

[z(t)| < Klz(s)lesa(t: ).

4 X(t) B (41) B—PMEEBERE, FHER—IFF {sn) c T FHY
m— oo B, H sm = -0, BX Un = X Ysm)V1, BR U, BR* 9—1 k &
FEME., BX &85, 68 h Un BI—PMRREEXEER. HBEMRNERGE
FEEHFT] {(m}(H v — +oo B, my — 400 ), MBMAIERLFE ¢,6%-- &
BY v — oo b, F &, - =12 k), & 290) B 1) BEMERG
D) =¢, j =12,k B—NE, W 21(t),2%(2), - . 2*(t) REET KM, £E
41 BREE—TMETALE

z(t) = a;z(t) + a2 (t) + - + axz*(t), @i €R (i=1,2,--- k),

RITHAEH Y ¢ 2s BT, [2(t)] < Klz(s)lesa(t. ) RAL. F am, () & (4.1) BI—MER
WE zm, (M) = ; aj&h, (), WX v— 400, t €T, F 2, (t) = z(t). HBRYE 2, (1) €
s FTBEIRF 2 53 sy H 2m5m) € Vi Bl (0] < Klom, ()fnalt o
ML, Hit, FER B—4 &k BTE0E Vy EBMFt>sHazt) eV, &
|z(t)! < Kl|z(s)leaalt, 5).
it 5 EEAARHERE, FER B—A (n—k) EF20E V5 HEB La(t) e Vs

B, AT HER

lz(t)] < Kla(s)leca(s,t), 82t
EF vr@vy =RV NVy =0. B A(t) B—BEFNEEFE My > 0 B
gﬁﬂmstM

IX(OX"1(s)| < eagy(t,8), t>s.

RIBEH 42, (41) T T LRREYAME, ERIEE,
§4.3.3 ERE-HMESHRR

=/, BITHFREFRAER RS 27 BIA TR FK
SERTHHETRREERR S ENRE. FRTEHAEF KRR H
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-y R
z2(t) = A(t)z(t) + f (1), (4.11)

Heft At) € R, f(t) € Cua(T). AT EEITRAHE, RITE XMW THRIZER BC,
C,M# L:

BC:={f € BOD): o = sup (1), 3

BCT) BT LEREERBARNES);
= {f € Cu(T) : ||f[| = sup IF ()1}

Li={f € C(T mﬂu=/|fﬂmw

1 t4w
M = {f € Cu(T umM=wp_[ () Ar, REHR
T HBRE v BRI >0), Bl te TEWRE txweT})

A HRIE BC, C, L # M # 2 Banach [, LA EEEHUM, RITE—LL
BRI
51342 Fge M R—ANEREKE

1 t+w
—/ g(r)AT < Ny, t29,
w i

RI*F a0 >04t >0, &

Now(1 + a1 x)
[ (LA, L
/ ¢ (£ 0(T))g(T)AT < 1= g0 (7 +,0)’

ow
a A & e
/ €02(0(7), 9(r)AT < 1-ego, (¥ +w, )

. BE B
€oa (t,0(T)) = €, (0(7),8) = (1 + p(T)1 )ea, (1,1) = (1 + p(7)0a1)ega, (t, 7).

= fL AT

t—-nw

t—nuw
/ (14 p(r)e1)ege, (8, 7)g(T)AT < (1 4+ a1X)ega, (8,1~ nw)/ g(t)AT
t—(n+1jw t—(n+1)w

= Now(l + a1x)esa(t, t — nw).
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El

t—nw
(

14 p(r)ay )ega, (8, 7)g(T)AT

" +o0
[ esmttatrypariar < Y- /

n=0Yt—(nt+llw
+20

< Now(l + a1x) Z egey (6t — nw)

n=0
__ Now(l+a9))
1- 6.:_;0‘1(19'?'0.},19)‘

MTEANER, EBREE
€502(0(7),1) = (14 u(7) - ©az)egay (T.1) = (1 + p()as) " egay(T.1).
RUTF EERITR A

+0 Now
eoolo{T), t T)AS € ——m

TEHEINME—-MEFEENSIE. Bk, 4 @1) WFFERARNTKREL
REZER U BR, U 2R {—ANFZE. 4 U F Uy £ R FEHEE, X
EWE R = U1 O Us. BT 08 10 Al 3.4 IEH, RIEE

5|43 R Q1) HTFTEANELK feBRA-NARE, £Y BHC LM
TR HEZT—N MEL-NEFE rp> 0 RF (411) AE—GHARHM y(t) &
R y(9) e Uz B |lyllo < 5llfll5.

EH4.5. B AL R—KARG, 0 (41) AT LHAREF s HGLE45
WA FHENBK feL, (411) MEFTH—AH KK,

8. (MBS & @) £ T LEREY -0, WESRIE

1 oc
z(t) =/!9 X(t)PX Y a(r))f(r)AT --/t. Xt)(I - P)X Yo(r))f(r)AT (4.12)
& (4.11) BI—A 8. FE, SHTFEAEH f e L EBEF
t 0
ool < [ IXOPXemr@iar+ [ X - PIX e r)ar
p ¢
< max{Ky, Ko}| f| .

B, =(t) & (411) —PEFE.
(e BREMTENMEH /e L, 41) BEPF-PERB. &

Cltos) = XHOPXYs), t>s>9,
T = X()(I-P)XYs), s>t 0,
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el X(1) R X(9) = | B~ BARIERE, P B RE. 4
wt)= [ et.omsiar
T —AER o € T+ WR—AEH f e LBRY >4 HAT, BY
)= X0P [ X o), 2

f
y(¥) = —(I - P) / ' X1 (o(r) f(r)AT € Uy,
bl

B ) = [ Gltol)f(r)ar R (411) B—AHRHE B3I 43 5 oo <
il

MTFERERS 5 € T+, RITHE FHHSHERL

W 1 &« BERS, NEE— HRART v € T > 0, ke N,
klin;csk=8- Ahi=sc—s, BXfH

- g, s<t<s+hy,
fto) {o, =0,

Ko e R, 620, EI,
s+hg
()] = | / C(t,0()eA] < rihile].
HETE L1, 7 EEAS ARSNGB b B4 k— oo, HF t£5, K
IG(t,0(s))€] = |G (t,5)€] < roie].

]
IG(t,s)i <71 (4.13)

W 2 & s BILA EX
_ )& pls)St<s,
f(t)‘{o, )

B 1Ifll = nie(s))le], B

]

lw(®)] =1 ( )G(t,U(T))éATI < reulp(s))iEl.
o8
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M
IG(t,o(p(s))E] = |G(t: 8)] < TLl€]- (4.14)

0 3: & s REBERM, €X f A

_J & s<t<als),
f(t)'{o. .

B [Ifllz = u(s)|€| FTHEH
o(8)
Iy(t)] = | / Clt, o(r)EAT] < ru(s)ie]
£ EE RS IRERY ) , A
(G(t.0(s))€] = Glt, )T + uls) A(s)) €] < rrle].
i,
1G(t.5)] < r2(1+ XJIAI)- @)

B G(t,s) B & XH
XOPXYs) < rp(1+xIIAl) t>s
X - P)XHs)| < (1+ XAl s<t.
HSh, EELEEA, s =t B, (416) L. 4 K = Ko = r(1+ x|Al), X
ap=o0p =08, (42) BiL. Bk, (41) £ T+ LREER . EHEILE.
4.6 BE (41) RAFEKY, Al (41) £ T LBEREKY_SHGL
ELBMRMTENBK fC, (411) HESHF-NARE,
8. (LB ‘iR (41 £ T LR —ME, WXTF feC, THEA

(0] < | "X (OPX 1 (a(m) ()17 + [ - Pxemseias

(4.16)

< fl (K; /t €00, (8, 0(T))AT + A2 /tw ega,‘,(O'(T),t)AT>

<y (Rizend 2,

ay a2
HERE (412) 2 (411) H—PFFE.
(FEnth) EMFEIEY f e C, @11) BESE-EFR WHT—AE
TRt e T, R —A 1d- BERY v(t) R
{ 0<¥(t) <L t29,
Y(t)=0, t>t.
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& ft)= Y00 e ) - ) B 011) HEE—AETRE. BR foeC

jz(t)]

B lifoll € 1. BAEMUFEE 4.5 LERHTHEM v HEEHS

ty i
G(t,r)w(r)lx(f)l‘lAr%Src, D<to<tly F >0
o

Ru=tfHto=t,F

PEI/ IX(NErAT <rg, 12129,

(4.17)
X ()T - P / X(r)E-1AT <16, t< < oo.
A Pes (I- P B ¢, AR
IX( )P¢|™ 1AT<€Gr—lté / IX(r)PE|" AT, t2> s> t,
N (4.18)

|X(1)(I P)¢|"'Ar < €orz (8,1 / IX(T)(I - P)¢|*AT, t<s<t.
B (41) REFHEKY, WEE-FC21/ 5> 0%
IX(t)X1(s)| < Ceslt,s), t2>s.
&% =(t) £ (41) WEERE
71(t) = X(O)PX () (t), z2(t) = X ()(I = P)X~1(t)x(t).

YHER THAZR: ENTREMEEHN s> 0 Hs <t <s+rc WE |z1(t)] < Cla(s)|,
W3TF s <t <oo, H ma(t)] < eCla(s)leg,1(t.5). BH 2(t) & (4.1) H—PEFR,
M z(t) = X (1), K ¢ B—ARR. 7 (418) HFE—IFELF, B s Bt B
B sH

ﬁ[ < /:. lz1 (1) "1AT < ee_:_,rel(t,s) /: [z1(7)| AT, t2>s+7c.
A 417 HEAAER, B
-1
lz1 ()| < re (/‘ |x(1—)|‘1Ar> < €C|Z(3)|€e,51 (t,s), t>s+rc.

B (4.3) A1

~1 \
€Eqyzt t,s)>ee ot > 1 s<t<s+re.
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KR

lz1(t)] < eCIz(s)!eergl(t, s), s<t< oo
KR FER, EXTEEN s 20 B max{d,s-rc} <t <s, WHF 9<t<s, B
[22(0)] < eCla(s)egy (s.1).

B X s B¢, FFETE (417 MBEZARERF, 4ty =00, Bt < s B, [

(X0 - P)XHs)| <7 ( / ) IX(T)X-1(5)5|-1A7>"

<o (C [ entsiar) B
B ¢ AR, T
[X()(I ~ P)X}(s) <7cBC, t<s.

M, 7%
IX(t)(I = P)X(s)| < rcfCes(t,s). t>s.

2]
X(t)PX1(s)| < (1 + rcB)Ces(t,8). t>s.

E (417 E-IMRERF, 4 1o =5 ARB
IX(O)PX™(s)] < reBCIL - egp(t, 5)] 72, t>s.

B, %8 T 'R
(1). & x = 0, AT 3CE M, Tt

IX(¢)PX7Y(s) < (1+2rcB)C, t>s.

(2). & x >0, # (4.3) JRRE
toe -1
IX()PX~(s)| < reBC [l - (———) " ] , t>s.

FE
< reC(1+ Bx)

- I

-1/
[ X(H)PX™(s)] "
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e MFt-s<x,F

IX(PX™1(s)] < C(1+ reB)es(t, s) < C(1+rch)eH'™
< C(1+reB)e™.

BILATR

LC(1+1ch)e?X}, t2s.

IX()PX1(s)] < max{fﬁ‘ﬂlxi’—"ﬁ

5] 4
(1+2rchC % x=0,
K(x) = m&x{ﬁﬂﬂ;ﬂ’ﬁ,cu +rcBe™} F x>0

FWLIMT t > 5, BEBET] (XOPXYs)| < K(x). BT LEHITE, 717

IX()PX7}(s)] < eK (X)eg,-1(t,8), t2829,
IX(t)(I - P)X"Y(s)| < ercfCeq=1(s,t), 82t 29.

KR (4.1) F T EREREE - ME. BHEIEE.

EEA.7. Bk AG) KA R, R (41) A TH LHEREKY_HHGHL R
SABLZHTFENHEK feM, 411) MEFH—AFRE,

iEER. (MEW) # @) E T EREREETME, NH5IE 42 7%

()l < [ IXOPX ™ (o(r)f(r)|AT + ) IX(6)(I - P)XHo(r)f(r)lAr
4 t

Now(1 4+ a1X) . Now
+ Ky
1 - egg (U +w,F) 1= €guy (B +w,¥)

B, (4.12) & (411) H—AERE.

(FEiE) HeRR w Afe, W CccM B LcM, EidEE 45 FEH 46,
A4 a=0= 7'51 B Ky =Ky =e(ry + x| Al 8 (4.2) BL. ERIEHE.

42 ET=RAET=Z RNKZ 45 FLE LT P, Alt) R—EAFHE
G2 T

<K;
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§4.4 IBHE_MEMNEREER

A TR NE BN e E R, RITEEZETRTH
LAER R E TR
2A(t) = (A(t) + B(t))x(t), (4.19)
HA A1) + B(t) e R. BB (4.1) # B(t) |sh FHEEE o a0m BB, B3 —
AL SRR (4.19) L BB — M,
TEH48 BER AL R—EARGEL (41) AT LHEREEKY-—HH, 4L
5. >0 B4 |Bll<d H, (419) AT LHRAEHKY — oK,
8. BER 44 BATE—PUHA, B, ENEE o) B KA
Vit,z) = zTG{t)r 2
VAL (1) =27 (1)AT(1)G() + (1 + ult) AT())(GA (1) + G(o(t) A(t)))z(t)
> pile(t)?,
Hez(t) B (41) HEE—ME. 4 %uplG(t)l < pa, sup |A(t)) < p3, e 6, >0 fF
%
2026,(1 + Xps) + xp202 < 2
RXF (4.19) BEER v(t), TRE

VA Y1) = BT )2 G + v () G2 () + 47 (e(1)G(o ()™ ()
=7 (t)[(A(t) + B(t))" G(t)
+ (14 u(t)(A®) + B)T)C (1) + Glo(t))(A(t) + B()lw(t)
=y (O[AT(H)C() + (1 + p() AT (£))(GA (1) + G(o (1)) A(t))
+ BY(1)G(t) + u(t) BT (t)G2(¢) + w(t)BT (t)G(o (1)) B(t)
+u()BT ()G(o(8) At) + (1 + u(t) AT (£)G(o (1)) B(t)]u(t)
=y ()IAT ()G + (1 + p(O)AT(1))(GA () + G(o(r))A(f))
+ BT (1)G(o()(I +u(t) A1) + (I + u(t) AT (£))G(o (1)) B(t)
+u(t)BT (t)G(o(t)) B(t)y(t)
> prly()? — (2026.(1 + Ap3) + xp262) [y (1) ?

> %mly(t)IQ-
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XiEEA (4.19) £ T LHEERER -0, SFIEE,
T, BITRABI—FTEFRERE - HERRRERER. AT RE—
BERNGIHE, FEEFREENITINETR

T2(t) = [A(t) + B(t)]z(t) + f(t) (4.20)

Heft, A(t),A(t)+ B(t)eR, H felL,
5|H4.4. 8% (41) A TH LARIERE oM, BZ

IB] (f{—‘%ﬁ) K’*) <1, (4.21)

RI%FHA f e L, (4.20) A E—HH R,
EEH. MTEE ye BC, EXBHE T H.

{
(Tw)it) = / X(H)PX~o(r))(B(r)y(r) + f(r)AT
/ X = )X~ (o(r))(Br)y(r) + f(r))Ar
B4R, (Ty)(t) RELES, 3,
Ty < IB]lv] ( [ x@Pxateiar
9
- ‘o T
+ [ X0 - P)X ((T))IA)
+ /ﬂ X(0)PX™ (o(r)[[£(r) AT + / X ()T - P)X~ o(r)If()|AT
t ')
< 1Bl (KI [ comttatrnar+ K, / eeu,(o(r).rmf)
+ma.x(K1.Kg)/Ij [f(n)Ar
= Bl (m | /ﬂ (1+ plr)erJeay (7, AT + Ko / (1+ Seau(7))esan (T t)Ar)
+ max(Kk, K3) / |f(T)|AT
~ 1Bl (—K‘—li‘—x’ / arcan(r: )7 - 22 [ Soseeen(r t)Ar)
+ma.x(K1 Ifz)/ |f T IAT

1+a1x)
43

<uBnnyu( 2)+maxm k) [ ifear
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FALMEAFET AT

JI T £ BC 3] BC f—ABist. TiH, TR v, w0 € BC. RITE
Ty = Tl < 18] (——(HILX’ )uyl ).

B, T R—AMESEMRS. B EREREE, FEE—— AR y(t) e BC
B y(t) = (Ty)(t), XHE y(t) B (4.20) E—DH FE.

é@UT—%IE 43 @itie, 4 (41) WIFEEFBNTHREARNZEA U, B
B, U BR—ANTEME, 4 U 0 U R PRSI, RERE R = U1 D,

5134.5. X (4.20) S FEANRK fe L HA—NARM RNAE-ANEFHK
r R (4.20) AR 8H R y(t) HE y(9) € Uy B |yl < rlifllz.

EFE4.9. Bk (41) AT LAREKY s EXAMEERR X(0) =
#(421) A, W (419) A T LAREF 54, LAAEGEY Q AMTHRY
P.

88 EHE—AEMER Z(t) € BC, FEEXME T K

(TZ)(t) = X(tHyP + / X(t)PX~Yo(r)B(T)Z(T)AT
9
- /w X(t)I - P)X Yo(r))B(r)Z(r)AT
t

BT R i

(T2)(t)| < K+ |B]|1Z] (K_NI_M+%3)

f
172, - T24) < | B] (51-(—‘-1—“—") ) 121 - Zall, 0.2 € BC.
XWHWT T:BC — BC B— 1 E&BS, TREE¥—AMARIE V() EE
Yi(t) = X(t)P + /t X(t)PX_l(O'(T))B(T)Yl (AT
o 't (4.22)
- / X(O(I - P)X~(o(r))B(r)Yi(r)br.
SiE Yi(t) £ (4.19) B—ANFEFE. Wik, Bz
Yi(t)P = X(t)P + / Xt)PX Y (o(r))B(r)Y1(r)PAT

/ X(t)(I - P)X Y o(r))B(r)Ya(7) PAT.
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WP #R T H—IRER, TEE i()P =Yi(t). BES Q =Yi(9), B
QP=Q. #t=s, HE (422) KRBT X()PX(s), WE]H

X()PX~Y(s)Y(s) = X(t)P + / " X(W)PX o (r) BV (1)AT. (4.23)
9

HELENERHR, 4 t=s=9, B PQ=P. ZFHIH YI()Q LR T H—
MAHRERER vi(1)Q =11(t). & t=9, WE N®Q = Y1), B, @*=Q. XF
WEQR—RE. HQP=QRPQ=PHHM L=1-P+Q RTTHHHKE
Q=LPL™, @it &% Q HUTHRE P.
BRI Y (1) & (419) H—MEFBEERE Y(9) = 1, MTHE vi(1) = Y()Q,
TEE QR ). EX
Clts) = { Y(QY~s). t>s2> 49,
Y)W -Q)Y(s), s>t>4.
KUTFEH 4.5 Bitid, HHE
Y()QY (s)] < r(1+x(lAll + |1BID), t>s
YO - QY s) < r(1+x(IAl + IBIl), s<t
HQU) =07, Fnt. EgeEim (4.24) £ s =t ML, BHIEE,
ATHBERE_SEERE, RNBFETHAAER T
514.6. BR u & [t 00) LREMGFREL K, #H LB

20

u(t) < beay, (1, to)ulto) + 0by /t eem (t, T)u(T)AT + 5br_>/ eov (T i)u(t)Ar, (4.25)

to i

(4.24)

‘%‘P b-blnb2,5»’71“72 ﬁ%-‘f-#&- %

(1 + v v
,;zg(b_l+2-(1_'”‘_)><1, 6, =1- 8by >0,
M Y 1(l-x)

Rl

<o

u(t) < T

. BB ¢t — oo B, B u(t) - 0. BX

u(to)e{(eul)(ﬁ)}(t’ to), t2to.

p1(t) = max u(r).
TE[t,00)

ik p1(t) BIERE. HIFTHLFLE ¢ > t FEMNTEE > 4, F n() = u®).
AR (4.25), EB

ty 00
U(t]) < beam (£ to)ulto) + by / eom (81 TYU(T) AT + by / ey (7, £)u(r)AT.
to >4
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X

1
() < begy, (1], t6)ufto) + by / oy, (87, T)u(T)AT + Jb;;/ ecy, (T, 1 )u(T)AT
to ty

1
£*

¢
= begy, (t], to)u(te) + Jbl/ €y, (1, T)U(T)AT + 8by / ] e (8. T)u(T)AT
by t

00
+5b2/ ecne (T, t1)u(T)AT

t

t
Sbegm(t.tg)u(to)+5b1/ eoy (6, T)u(r)AT
o

t3 o
+op(t) (bl / ec, (11, T)AT + by / eany (T, tI)AT)
A .

t

t , ,
< bean, (¢, to)ulto) + b / eem (6, T)U(T)AT + 6py (1) (f’/_l + ﬁ‘ﬂ:_‘fz_l)) ,
to 1 Y2

5 GIEE
(1-K)u(t) < (1= £)p1(t) < begm, (¢, to)u(ty) + 5b; /t eoy, (6. T)u(T) AT,
to

2 61(t) = ey, (t,9)u(t), EHBHIARERTEH

b &b t
6(t) < 1(to) + — / o1(T)AT.
to

1-k 1-x
HiEEH 17, 7
$1(t) < I—f—nm(to)e{%u_m} (t,t0),
By,
u(t) < - fﬂu(to)e{(%)(al)}(t,to)'

BB EZIETT X of) — 0 B, 317 46 L. % u(t) WEXHHER, NRIE
B L~ R

us(t) = u(t)eas(t. ),
Kb 0< 8 <. B ult) B FHBBBEXT ¢ - oo, B uslt) — 0. FFFER
(4.25), 518

t
’u.g(t) < be{(971)‘3(9[3)}(t’ to)uﬁ(to) + JbIl 8{(971)@(65)}@, T)uB(T)AT
o

00
+ 6by /t e{(om)ae)} (T, us(T)AT.
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FRHEAFEL I

FHE &
_ b b(1+ ‘72X))
Kﬁ_é(’h*iﬁ-*_ Y- B <1
B §
T S
b =1 Cenu—r
il

ug(t) < _b o uslto)eyernemog) (b to), 12 %

SO0 HTFEE 20 BERE
u(t) < 7
SIEAT. % u & [tooo) LREGA RS IS, FERR

u(t) < beay, (s, t)u(s) + &b / t eom, (t, T)u(T)AT
iy

b
_ Ku(t‘))e{(e'n)(ﬂl)} (t,to)-

(4.26)
+ <5b2/ ecp (T t)u(T)AT, 821t 2 ty,
t

%“:P b,b],bQ,J,'}’l,"/Q iﬁ;{.\i'ﬁ:‘&, wj
b
1-

u(t) < Ku(s)e{(e,mw)}(s, t), s=t2>t,

EL

n=6( b2(1 72)‘))<1, 82=1———§L>
M Y2 Y2(1 = K)

iE8 EX poff) = max U( BR, po(t) B—PHEH, BHFE—F 6 ER

T€jty

pa(t) = u(ts), t2to. WIE (426) REHER

t5 8
u(ty) < beay, (8,t5)u(s) + &b / ’ om (15 TIU(T)AT + 8ba | egmy (T, t3)u(T)AT
to t3

8 t
=been(s,t§)u(s)+6bg/ eew(r,t;)u(r)A'r-i-ébg/ eoy (T, t3)u(T)AT
; .

A

o
+5b1/26.371(t;.T)u(T)AT
to
'8
< begn, (s, t)u(s) + 8bs / eon (T t)u(T)AT

¢ ¢
+8pe(t) (b2/ oy (T 12)AT + by / ’ ee»n(t;,T)Af)
o

2 to
bo(1+720) ﬁx_) '

8
< bee'yz(S,t)u(s) + 562/ eevz(f’t)u(;r)AT +6 ( - :
t o 1
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FILREAFELZ MR

A
(1= RJult) < (1 R)pa(8) < beam(Ju(5)+ 8 | e (r prI.
4 6a(t) = een 1, )ult), HiE
do(t) < ———<;92(3)8{~f2 1-62)} (8. 1),

5,

ut) < 7= —u(s)eqom)(on) (5: )
FIE4.10. Bk (41) A T LBREKY _SHE X(9) =1, F

a1+ a9
thuB” (K](ll:'lalx) + 2( C’;a-X)> <17

RAKF A (419) LEF Y oM, HE, CHERAMER Y FRYW) =T
i

O O RN ETED) -
YOu-Qyo) s B e, s2ize,
£F (=max{. G}, 1-2(>0,
= Bl (—"(—f—f{j—”? G- 18] (’—(—"(—lfi—)ﬁ)
6 =1-|B| (%) >0, 65=1- B (E‘(TB-QT‘)) >0

AE, &Y Q lamTHY P,
R BT ER 4.9 Hitie. AR — B QRIT P A N() = Y(1)Q.
H (4.22) 7l (4.23) 50

Yi(t) = X(t)PX " (s)Y3(s) + / X ()PX " (o(r) Br)¥i(r)AT
- s (4.28)
- / XTI - P)X Y o(1))B(1)Y1(r)AT.
B—FTH, & Yalt) = YOI - Q) B Y () = ). B BT AR
Yalt) = X(t)(I - Q) + /ﬂ X(1)X~ (o(r) Br)Y(r)Ar
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FEMEXSELFARY

BH (I-PI-Q)=1-Q B t=s HELTEXRHAMEL X(t)(I - P)X(s)
B3

X - P)X~N(s)Ya(s) = X ()1 - Q) + /ﬂ "X(O(T - PYXo(r)B()Ya(r)Ar
B, T
Ya(t) = X()(I - P)X~1(s)Ya(s) + / 'X (t)PX~Y(o(r)B()Ya()ArT
(4.29)
/ X(@t)(I - P)X " o(7))B(T)Ya(7)AT.
IHERBE ¢ € R, HIE (4.28) Fl (4.29), MF t> s> 0, RiTE
VA1 < Kieoon (815601 + IBIK: | tom (ho(r) i (r)ElAT
+IBIE: / " coms(o(r), DIV (r)ElAr
t
< Kieon (t.5)Vi(s)€] + | BIK: (1 + axx) /0 s (,7))Yi(F)EIAT
+ 1Bl / " tom(m Vi (r)EIAT,
t
Fof, dFs>t>0,F
Va(E] < Kaeoa(s. )[Ya(s)é] + | BIK, [9 e (1,0(7)) Ya(r)E| AT
+|BIK: / e (o), DIYa(r)EIAT
t
< Kot (5 O[Va(s)€] + | BIK: (1 + arx) / €0 (1, 7)) [Ya()E| AT
+ IBIKs / €50y (7, 1) Ya(r)E|AT.
B33 (4.6) FIZ| (4.7) A]8

M(t)e] < T—e(ean)iop) (t: 8) Vi ()], t2 529,

I\ (4.30)
[Ya(t)¢] < < 6(602)(92)(3 t)¥a(s)E], s>t 29

N ERERIER, RIBEE 4.1, RIMNEBIER YOQY () B—BERM. &
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FIMEAFELF AR

(4.28) BYBARIBTRLL X(1)( - P)X7\(t), H (4.30) HE—PAEXTHE
X0 - PIX 0¥
=|— [ Xt - PX i) B mrear

Kk
<IIBH( —2 ) [Y1(0)| / e(gan)i67)(T:1)€o0s (0(7), ) AT (4.31)

K1R

1 2 ) [vie / €((0)6})(00) (T D)AT
K1 K(1+ o

<15l J;j—l—;—%—) M0 = G

FIEE, B (4.29) #1 (4.30) HE A AERTE
IX()PX~1(t)Ya(t)é]
X() PX‘I(a(T))B(T)Yg(r)gAT%
A,Kz ‘

' t
<181 (2252) 0] [ oyt 7lece (07 ws)
K1 Ko(1+ arx)
<|B| E—l(ﬁ—lz 100 [ eqoonnepymisan AT

Rakal+ o) o = vt

<181~

E#IEE
Y(HQY (1) - X(WPX™}(t) = X(t)(I - P)X ()Y ()QY ™ (t)
- X(PX 1Y ()T - QY (),
Y(HQY 1 (t) - X()PX~1t) = X()(I - P)X™Y(t) - Y(£)(I - Q)Y }(t).
B M7 (4.31) M (4.32) #, ¢ BEEH, W
Y (1)QY (1) < GIY (HQY (1) + GIY () — Q)Y (1)]
+IX(HPX ),
V(O - QY () < GIY QY X (E)] + Y ()T — QY (#)]
+1X(O)(I - P)XI(H).

R,

Y (6QY )| + Y (t)(I - QY ~H(t)] < 20([Y (1QY ~H(¢)]
+Y ()T - QY )] + Ki + Ko,
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FIMEXFE LI

B,
max{[Y QYO IY () - Qv (o)) < 2t E2,

= 1 2
i, (4.27) B2, EHEIEE.

F4.3. ARZ 410 F, (419) BEY MG BEKEIEEHFGEHLRTR
4, —2RERL, BEKERKFLAL.

TERIFE 1) f (4.20) BZEEXR, Bt RAT 08 16 i 2.2
HERA, WTRAEL FEm 5| E

S|FE48. % (41) A TH LHR-HH BEY-_sRIAFEF o8 B
X0 =1, MAEL-ANEREY D 8yt BB _JUIFEF =5H) RF
PR =Up, 2P Uy CR* RARE t — oc B, HEAL TR (41) MM
{48 A 89 E 18],

T4 £ (41) AT LAREF =W, B BR),f(H) e L, AlA (41) &
(4.20) 9 FRBL MG A —N——BHEAL t > oo B, ZEARBIAGEY
ATER,

JEER. ARSI 48, (41) HREN R HEREZSEERE RR") = Uy, BN
FRERE (R, Yt oo b, F [X(t)Pot] — 0. BR—MRBKRE ty € T
&

————"““: 1 }/ B()|AT < 1.

h = max{
StF y(t) € BC, B BST T K
(@0 = || XORXotr)(Brtr) + £)r
- [ X0 - RX B + 57

BES|H 4.4 #31p, WHE T: BC — BC B ||Ty1 - Tyall < By — woll. RIZ z(¢)
& (A1) HEE—ME, RITEBROTHESR

y(t) = =(t) + (Ty)(?). (4.33)

FHERRGERETA (4.33) FHE——DEFE o(t). BA, %‘Frﬁ y(t) & (4.20)
f—MB. B—HE, WR y(t) B (4.20) H—AEFE, B2 () = y(t) - (Ty)(¥)
& (41) H—1ME R XRBRNTTLAE (41) # (4.20) E‘J’ﬁﬁﬂﬂﬁ]@i—’f‘—
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—Beh. HO, SFAEE € > 0, Tt R 1 > by (6
B [PBiwei+ rear <c
2 Jt,

B, t
(TYO < IXOR | X~ o)Br)y(r) + Fr))Ar] +¢ < 2

tn

XEREY t — oo B, H y(t) — z(t) — 0. EHEIEE,

T (4.20) 1, 4 B(t) =0, WRKTEZ

B4l iR (A1) A T LHREF o0, RHEF KRS N FFE y2(t) =
Ay + () EVH—AFRBELARHTENBR fel, Ht—oc B, ENE
FmAETE,
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§4.5 EREI"HMEFRIHIFEN

HTHEREMNTHNF FRANREEE, AERNABLEFRS %2
FRERRZ/MEFENFHBEN, ATRTFTESITE, RE—Htt, E8X
419, &

K = max{K), K}, a=min{a;,a}.
§4.5.1 FIFPEN 1

AEMBGER, NERAGR IR NEFR L) £ T LHEEEN
B R TES& .
THE412. F A R—EARY, ALALE>ORF

2
laii ()] —-Z las;(t)| - %u(t) (Z |a,-j(t)[) > 26+8%u(t), teT,i=12,-,n, (4.34)
I Jj=1

R (41) AT LHRAEKY 58,
B, B (434) BEEHXT i=12, ,n, 0 BT LRFH S, FHALUE
REE—TER1<k<n

>0, 1<i<k,
Qi .
<0, n>i>k

% 2(0) £ (1) WEE— TR, W
SO = 2(ai(0) + 2T ()R () = 52m0) + )b a0

=z;(t)zP () + -;-u(t)(x?(t))"’

= au(t)lzi (D) + Z a;j (t)zi(t)z;(t) (4.35)

J#

2
+ %u(t) (Zaij(r)wj(t)) .
J=1

EA s e THRIRHEAE. WHTFEM1<i<n, 4 jz(s) = |zi(s)|, B (4.35)
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X €

FiLHERFEL R AR

& 2
[au Ziau ——ﬂ(s (Z“v ) }ll'i 2< %(lzz‘(sﬂz)A
2
< {aﬁ( )+ laq(s)H—u (Zau(S) ] ji(s) 2.
i
BRI (434, F

Sa(s)) > 25+ Eu)imo)F > 0. (436)

B, XRE—AFE. B, () E T ERFERHRAE.

HiK, MTEEATH s e T. RITEERRMFHE t 2 s.teT, |o(t) B—
A MERHRELAGREERED i <k B8 2(s) = |u(s). EhrL, HFE
—A iy <k HseT B jels) = loi(s), WA (4.36) H/M TR b B
s+heT, F [2iy(s)] < |zip(s + h)l, BT

z(s)] = l@iy(5)] < @i (8 + )] < [a(s + R)]-

EHE LT, ty> 1 > s H8 z(t)! 2 ()], MR |2(t)| % (s,02) CT LF
BB KE, SAFERATHTEE e T, t2 > 1 2 5, [2(t2)] > o). RZ,
Bi% |o(t)| BBEMEH. WATHE i<kseT, |z # |zs), TREFES
INI R >0, s+he T ATLARBI—A i > k B |2(s + h)| = |z (s + h)]. KELLE
g, ARB

-;—(!:ci(,(s + R)2YD < —(26 + u(s + h))lai, (s + R)? < 0. (4.37)

H (4.37) T4 |zi (s + B)| < |zio(5)], NTTH Iz(s + b)| < |z(s)]. REBRE—TTE.

FAEE LA & T2 Vi e R 18 z(t) € i B— B INRL. 4
X(t) B @) B—AEARERE, Vi BH—YAE = (6,8, &0, 0
FHARE & EFEHE, B—AFEF {sn} C T B sm - —00(m — ), BX U =
X (sm)Va, W U B R™ —A k BT, B L6201 &8 U B—MTHE
EXERE. BB ek B, BFEE—TBEFS {m}(my — +oo( v — +0))
FIEXEMIE .65 & EBY v— +oo B, HEh, — € =12 k). 2(t)
B () BEMGEYE 2/(9) =& B—ME j =12,k W 21(t),22(1), - ,2*(t)
BRETRMN. BB (41) HE—FTABRNRELS

z(t) = alrr‘(t) +agx(t) + - + akzk(t), g; €R(i=1,2,---,k),
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ﬂ%iiE% lz(t)] T LRFHEEMEY. & on, () B (41) WENEEE 20, (0) =
Y aiéh.(t) B—ME WY v — +oo, HFEBt € T, H am, () - 2(t). EH

i=1

Tm, (0) € Uy, BTATI R 2ns, (5m,) € Vi BXF ¢ > 8, |2, ()] B—FP=H0HE IO
B T .t € T B to > o, MESKE v, K |am, ()] > Jom, (t2)], HTIB
2(t2)] 2 (1)l BIH t,t, RAEES, THAET £ o) BIERA. MF |2() %
T EARETHEMEH, WHEE 4 <t 75 2(t) = 2(t), ATTHEBHRFI—-HK
B 1 C TR 2(0)] £ 1 ER¥ME. B, 2(¢t) F—ARBRAE, RE—FE.
B, [2()] £ T LRPHEIE, SEREFE— L 720 V B () eV
BRI, ,
o) e Vi B (A1) —METFUB WEE—A i<k EBXNTFreT, &
lz(7)| = |zi(7)]. & r BEEH, B (4.36) 7
(26 + () (|=(r)*) = (26 + & p(r)(Ji(7)]) < (mi(r)*)*
) ot e
p(7)
< oo ()P — 2P
p(T)

(4.38)

= (|z(n)[)>.

& REREY, W

(28 + 8 u(r))(l=(7)[?) = (20 + S u(r)) i () <€ (Jaslr)?))P
= g B ARE = ()

h—0%+ h
< o BHRE=la()F
= h—0+ h

(4.39)

= (je(r)).

B (4.38) 1 (4.39) B[ &
(26 + Eu(r)(lz(r)P) < (le(D)F)%,  VreT. (4.40)
Mos Bt By (440), B
[z(t)] 2 es(t, s)|z(s)l, t2s.
ST z(t) € RV, KT B

|z(t)] < es(t, s)|z(s)], t2s.

z(t) = X()PX " (s)zg, (s) = X(s)PX Ys)zg, i >k
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z(t) = X(t)(I - P)X"X(s)zo, z(s)=X(s)(I — P)X " (s)zp, i<,

He P R—AHEIEH 20 B (41) HEBE—IMHBE. BR A BR—EERY, i
UBEE—MEE N >0 EE sup |A(t)] < Ny, TR E]

XX Ys)| e (L 8), t2s.

El RIEEH 42, (41) £ T EHEHREE ME. EEIEE.
Bh AT (t) M At) RERFEMHFLE, FETE
FHE413. F Alt) R—KARE. LALE 6 >0 RFE

2
Jasi(t)| - Zlaﬂ I——u (Z\aﬂ )2250+5§u(t), teT.i=12,--,n, (441)

J#i i=1
Rl (41) £ T LHRABRY 58,
§4.5.2 FIFERN 11
RERNZE A—FXER I HETE
T(t) = A(t,u(t))z(t), (4.42)

HA v e C(T.RY). A(t,u(t)) € R B—4 nxn EEEL.
TEHE4.14. Bk Altu) ATxS LX—KAREG, AP SCR" REW, RE,
Bh—AArdy, EFRESHK H(t) € CYy(T.R™™) H 2
(i) AE-NEFEK p RF H) < P
(ii) 4EBE H(t) $9PT A Biedh Nit) R TFRMEFEK 0 £ARK. (L) 210>
0,i=12,---,n;

(i) A& v>0RGEH

N(t,u) = AT(t, ) H(t) + [1 + p(t)AT(t, )] [H(®)® + H(o(t))A(t,w)]

GPT A AFAEAE X! (t,u) BT ~[2vp + 02u(t)]. BR, ANt u) < —[2vp + v2u(t)] <
0(i=1,2,---,n),
Rl (442) AT LBRIEKY -8, WAL ANRY PREFK o, K RF

| Xu(t)PXu(s)| < Keaalt:s), t28  [Xu(t)(I — P)Xu(s)| < Keaa(sit), t<s,
£ X, (t) R (442) 99— EAMEEERR X, ()=
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iEBE. EX V(t,z) =T (OH()z(t), T
V(t.2) < Ple®)f, teT. (4.43)

® 2(t) B (4.42) BRI 2(to) = 2o —MHFE W
VA(tz) = (27 (£) 2 H(Da(t) + 27 (o (£) HA(8)a(t) + 27 (o(8) H (0(8))2> (8)
= 2T () AT (¢, W H(D)z(t) + [27 (t) + u(t)(a” (1) *JH (B)z(t)
+ (a7 () + u() (2 (1) H (e (1) At w)z(t)
=27 () AT (t, W H()x(t) + 27 (1)[1 + w(t) AT (6. w)]HA (1) (2)
T (D[ + p(t) AT (. )| H (o (1)) At w)z(t)
= xT(t){AT(t w)H(t)
+[1+ u(®)AT (¢, w))[HA() + H(o () Alt, )] }=(2)
< ~[2vp+ VP u(®))|z(t).
RE—IHE T H(t), MR

’\is‘n<01i=1’29"'sk; Aj2n>0,j=k+1,k+2,--~,n

(4.44)

WEEFZER VAV, EBR =VIQV. TH,
V(t,zo) < —nlzol%, 2o € Vi3 V(t,z0) > nzo|?, 20 € Va.
BIE 2o € Vi, B (444) T 1B (4.42) BYB x(t) = 2(t, to, z0) TR
V(t,x) < V(to,zo) < —njaol’, 2 to. (4.45)
KUFEHE 412 fitie, RITESRLFE—A L ETEE Q eR" ER
V(tz(t) <0, z(t) € Q.
B V(t,z) B—P KA, BITH
V(t,z) < ~nle(t) =(t) € Qu. (4.46)
EBEFIXTF o(t) € Q, V(t.2) <0, B (443) l (4.44) TREMTF 2 e
VA z) < —(20p+ V() |z(t) <

oo
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[2vp + v2u(t)]
————=V(t,2)|
’ (4.47)
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Mos B t FRE (447), T t > 5, BE
V(t,z(t) < e;}_/&,_:,(t.s)V(s,:c(s)). (4.48)

FIF (4.43). (446) 7 (448), WIER

Vit.z@)l exqr(t.s)lV(s, z(s))]
T s

lz(t)? >

> Gesarlt)ialo), t2 5
By

lz(s)| < -;%eeﬁ(t, z(t), t>s.

B,

lz(t)] < —fﬁee%(s,tﬂz(s)[, s>t

5

(6) < J=eex(taliz(oll. 25

HFQ@Q:=R.Q:NQ=0
Alt,u) ETxS ER—BEFW, TUBE—PERB N B8 sup |A(t,u)| <

teTueS
N, Bl MFREE se T, \#7 | Xu ()X (s)] S enmy(tos). £
z(t) = X(t)PX " (s)zo, z(s) = X(s)PX~}(s)zg, T0€ Q2

il
z(t) = X()( = P)X " Y(s)xg, z(s) = X(s)(I = P)X " (s)20, @€ Q1,

Hf PR—ABE, o B (442) BEE—-TGE. RIEEHE 42, 1) ET L
WEERE o, EHIEE.
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§a.6 BERRINFEFIZHE R

W, RIVAFRERE —HENE R ARSI 2 Bl ARAELE. A
THRRFHFFBARAREE, ZVRITBRTAT T K o- B0, 5.
te T BWRE txwe T, BRILAUMELUERTH NETE

78 = A(t)z + f(t.x) (4.49)

il
28 = A(t.z)z + f(t, ). (4.50)
He At), At z(t)) € R & w ARARH, FH f e Cua(T xR",R") 12 « HRHH.
IR SEAE, B (4.49) A1 (4.50) MIBEEA T LEHE.
TEIERT (4.49) #1 (4.50) WA EEERIT, RITREBR—ELBEMES,
5IE4.9. F X(t) & (41) H— L AMEE, R X(t+w) & (41) =44
Ak, HE, ¥T tseT, &
X(t+w)PX Y (s+w)=X(t)PX(s)
X(t+w)(I-P) X Ys+w)=X(t)(I - P)X"1(s).

iTER. detX(t) #0 H X2(t) = A X (), BEbHEH

(4.51)

detX(t+w) #0, X(t+w)®=A{t+w)X(t+w)=AD)X({+w),

TR X(t+w) R (41) M EXREE. hESREEHERAFE— M n £

HHE C ER
X(t+w)=X(t)Co, teT.

m
X(t+w)PX~ (s +w) = X()CoPC7 X "Y(s) = X(t)PX 1 (s)

il
X(t+w)(I - P)X s+ w) = X(t)Co(I ~ P)C; X 7(8) = X(t)(I - P)X(s).

5IH4.10. ik (41) AT EHRIERE 44, B geCy(T) &4 w A
Rk i, R

t +o¢
o) = [ XOPXoeoe)as— [ KO - P)X M (ols)gle)as
RFTH 18(t) = At)z(t) + g(t) §—4 w AMMR,
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S

8. B, z(t) B 22(t) = A(D)z(t) + o(t) I— . BH o() B w BB,
M5IE 49 A, MTFHEE te T, ,RE

dt+u)= [ X(t+w)PX(o(o)glo)As
- " Xt +w)(I - P)X " o(s))g(s)As
14w
t

=/ X(t+w)PX Y o(s +w))g(s +w)As

- t+wk(t+w)(1 P)X~}(o(s +w))g(s + w)As
- / ; X(t+w)PX " o(s) + w)g(s + w)As

[ X(t +w)I = P)Xo(s) + w)g(s + w)As

t
+oc

= ft X(t)PX Y a(s))g(s)As — X(t)(I - P)X Y o(s))g(s)As
—00 t
= z{(t).

o B|4.11. Bk (442) A T LHERAEKY 5K, gt) € Cua(T) R w B,
R

/ X.(PX (o(s))g(s)As - = X () (I - P)X; (o(s))g(s)As

RFA (1) = At u(t)z(t) + g(t) 85— w IR,
RKOIFBIE 42 g5, W4
B|H4.12. ¥ FE&EteT, a>0, TAHTFAARE

+o¢
/' eoalt.o(e)hs s —— [ eaole) hs <

- T 1-ego(d+w,d) - 1~eea(19+u, )’

ﬁq’ D+w F+w
By = [9 (+us)oss, o= [ 1+ us)a) o

BARNEE (4.49) F (4.50) FHRFEEEE.
EE4.15. Bk (442) AT LHAREKE 5%, RE A4 M >04F

K(R; + Ry)
Ty sup t.z)| < My,
. . 1 eea(ﬂ + w, 19) te[ﬂ 19+w ’1]<M1 ! ( )l l

R (4.50) %‘*fy\ w Bk,
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8. 2 X

B={ueC(T): u(t+w)=u(t), teT}, |ul= su%? [u(t)].
t€

5iF B &—/ Banach Z[H]. B
By={u€e B: |u < M}

B, By & BH—N AR, MF ve By, ERTEMEREL

T2 (t) = A(t,ut))z(t) + f(t,u(t)). (4.52)

B (442) £ T ERER B 04, RIEFIHE 411, (452) F—4 w BER 2.0)

WE
t ~+00
2ult) = /_ Xu()PX (0()) (5, u(s)) s — /t Xo(8)(I - PYX(0(s))f (5. u(s))As

HESA - EMEIH 412 8
|z, (t)] < /_ t IX, (OPX (0(8))f (5. u(s))|As

+30
+ / X (O = P)X7 (0(8))f (5, u(s))|As

t +00
s( [ KeaultiotsNas+ Keel,(a(s),tms) wp |flt)
—o0 ¢ 1€i8, 0+ Jull <M

K(R; + Ry)
T 1-ese(dt+w, ) teiﬂ,#-&-sw“]lﬁuHsM; £t w)
<M.
Eil, RITEEH & X —BET T : By —» By H Tul(t) = z,(t). M TFEE—TFFI
{un(t)} C Bo, EE EEHITIL, HS {Tun(t)} R—BEFH. TMH. KITE
g, ()] = [A(t, un (1))2u, () + £ (2, wa(2))]

< At un(t))l| 2w, (O] + |f (E un(D))]

1_3(;r:(19+‘4/':19)
< (N4 il F @ V)
—(N KR ) L

(4.53)

Hep

N* = sup |A(L, ua(t))].
te(d,9+w),lunl| <M
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FEH, {Tu,(t)} BREEELEN., EiT Arzela-Ascoli B, FF {z.,(¢)} PHEE—T
—BRSE T, RGTRA {Tua(t)}, BEH {Tuat)} BELE, v AH, W
{Tun(t)} B—BWHH, FRIHR T(By) E By FRAMER.

IUE T BEEN ., BRIZ {ua(t)} C By B un(t) = u(t)(n — +00), EH un(t) &
B, w FBH, AT un(t) —BOEHTF u(t). BT 24, (1) REZEH, HE ., (0) K
T 2u(t), BF, Tun — Tu, XEWRE T B—TEZES. FHi, B4E Schauder's &
FEEHE T By FE—MAFE, ZRAFE—T uw € By B8 Tup = up. HIL.
(4.50) F—4 w FHIE. I,

[ ZE WL,

EHE4.16. Bk (4.1) AT LEREKY 54, M, A M >04F

K(R, + Rp)
—_— sup ft.z)] £ M,
1- 660(0 +w, ) teld, 4wzl <My | ( )

R (4.49) B —4~ w B XAME,
Fda4 AFEP, §44,84540§ 46 HEBLERRA ALK 97 T,
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¥$hE BEERE

FXEERRMITR TR AETREYR. 2N 80, BESEAN
W HEFEASREEYE, EERERENIRS ¥ FREYEEREHE, U
RERH MRS ENIRS ¥ BRREEE.

AXERETESEER, BT —Rutzsh heh &R s H %
W, BEHEE - REREMIRSNES R, BEFATAEFE, B
HNEFEAEE RBEH RS 12 5. 1T T RF Beddington-DeAngelis
hEEYER Y (B 2.1), Holling BTHEEHER N (BH 2.2, 2.3), L HERKBINEHR
B (PR 24, 25) MHRE - RIERE, HARELTH—M n 8 Gilpin-Ayala
R (TH26), MARMBRS (TH 27,28, 29, €& 211, 212), FHRG
BRI EHERS (B 2.14, 215, 2.16, 2.17) FIRELEE. XURIRs 2R
MG~ BT AT RELFERHRARMNZME FETEEREENRS T
BHFEHEMS T RPERESEERAG N BANES TR ART
MR, 88 TERTR, MEXTUEEFENNERE LRRENEY.
R, FAHESWEERE, RITHRT —RLLERR3 1% 58 R SR0HE
Bt (BH (35), MXEHFEBN-BERE (E 32), —ERLFHE (&
B 33), URBBRHEEREN (B8 34). BE, RITESHEHE - SEITET
BRI A EANROEEE (BH 415 416), EXMEEP, RITAH
TR HEFBERH ZMENEX (BX 41), B THEHUZHHER
FERFTERM (TR 41,43), R T Liapunov M S1EEE 2 HIH X £
(B 4.4), DREFREERITHFRAE RS AN FREER R NEF
BHEBH_HEHEE (BE 45, 46, 47), RPFEETR T HEH - AHHEE
EAEREER, KB TAAENH - MENREREE— XN TRE
HEERENAA BB ML (B 48, 49, 410). [N, BT EMTS
(B 1) &M TR D% TR - MEFENHIFIMEN (G 412, 413,
4.14),

ARSI E T RAFRBH T —EHNEE, 0EAT —LHFNHE
BR. RUEHRHHEFBRER—TERHNER, TELEN IETERNAE
HEREAETER. BREXHR TR E B0 RSRaE, A, XFEM
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EZep A, R, RS AR R TR, AR RS
2R BAEEE -AEERHT T RAMTE, ARIF—RETNERRAR
BFoE, R RRE CAMERIT R BT D E R I EMER A TR E
BE. FE—AEENTEERY FRAESFRZARERENER, WES
B B Logistic M EMAZ LR, MEMZMLA D TRINETELRAR
W, TR E A LR TR ¥ TR FRBRE RN A T RAES T
BHEMNGERBTE—FE, FRFH AR FHAERERE ZE
£ R4, —MRENRER: MARARGHHEFBRERNEM TREES
FRZEAHERE. W, HFHHEFBEEAOEANE, EEYE, BE
%, GEFERHERENNAME, —MEBR B RN T E AR
HNEFREHBFIENEY . BHEEEET, MBHHE Y, H5RE
5 100, A AR 196 S SRt REFBVINRR, METFHEHTREA
PN TRE FRMEREHFHEETRE, TREESRATRAERMER
BAEHLE, 1 Allee O 0, SEOZBEMIEE 1O, M RERECK 161,
SR 4 167, 170) S pb T AR (6] R B A ) EAER R B SRR R, B
B R B ERERRE N E FRERM EH T RGN FR.
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