EEREHTRF, SEEYHEEBROABESN I~ EENRE, MHEH
RRBHRRTNENBHENEEEN. —BTE, SHNENERERE, —%
REBEEBITEY Logistic #RA;, B—AREHILFITAFA Volterra A, FAJES
H RS R ERXFAAR. (AL MUHAETAZARRMTESXET R4
SR, B0 MR R YR R, SRR - M A AR R
RS LB RTREEIR—ARER? J7

1R R, TR et B i T E R P B R 7E v — k.
STFAEEL EMETE, UAOFRE RS AYIR, HERIEHE. RiH
B, RS, WA, HEETH RS T A TRNEEEE TN %
fh., S ARTE AN AR R R A YRR T B ARR.

(MRAFFRXRET Hess. P F (39] PAHMLR. RIVTRMEAFLRET
5 A BB —HEES 28 ot, z) FHITHEERY. HNAHXT Neumann iHF %
Ve, EACEROHE FEM—, kR S B R e — R R AR
B RRE . AT RE A R RO R — & X BT DMRIE R A A Y
IR, {BREX T Dirichlet #1 Robin i1 &, HHERRATAREST. &3
FAMERN, RONEIEHABEIM L. TRBREN RS a 2R HR
T. BRAMEHENRBSER, HEAELR FELEIT RS, MU, %1144
HIBER UG R B BEFHRETX—8. BS—4FH, XTF Logistic AR, A
it RS BR AP AR ? I K/ FRENIRGEEMESH T 24
FINE 7 SRATRR S B T R, )6

ALEANT: E—BREFLHT. NENEREYZET R, B8R Logistic K]
1 Volterra B RIBF 95 [H IR H RATRBTHF 50 BT, SIMEA & TH S i mi 5
LTRSS, %52 R%T Logistic BMNWHE B AENE. TR MA R a7 B
WA TR TEME — e L R RS . BANEA N T R R, B ERET
Volterra B2 AT 8 BIVEIGTRE. 461 34 000 190 650 B 400 R 0 7 1 T 2 2 S B
Y, BONTE B ARSI A S SR, SIBEA N T REFEE, =Y
T 20 BT A — T 9 357

34838 . Logistic{ , Volterraf (Rt ﬁﬁﬁ&} W (R b

(%% ) § 3L 5
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Abstract

In the study of ecology, to consider the population development of species is a very
important subject. And in these systems there always exists the affection of time—delay.
In common, the models with time-delay are of two types. One is the Logistic model
with discrete delay, and another is the Volterra model with infinite delay. In this paper
our main aim is to study these two models. What differ from that of the researchers
in the past is the consideration of the asymptotic periodicity of the systems. That is,
in the case that the coefficients of the equation vary periodically, if the solution of the
initial-boundary value problem can close to a periodic function in the long run?

We adopt the monotone method in this paper, and the key step is to argue the
existence and uniqueness of the periodic solutions of the boundary value problem. For
every given time-delay, the researchers in the past can only obtain the periodic quasi-
solutions, but they can’t obtain the real periodic solutions. We start from dealing with
the quasi-solutions, and get some sufficient conditions for the existence and uniqueness
of the periodic solution by a suitable method—to subtract, to integrate, to zoom out
and zoom in for estimation. Certainly, the detail methods will be different for the
various boundary conditions.

Our basic ideas éome from the results given by Hess.P in [39]. The conditions we
get are based on the comparing of a(t, z) and the first eigenvalue of —A . Accordingly,
the conditions for the Neumann boundary can be easily checked, this is, the conditions
for the existence and uniqueness of periodic solutions in the boundary value problem is
only related to the coefficients in the system. So if the coefficients satisfy some kind of
conditions, the system may surge periodically. But for the Dirichlet and Robin bound-
ary conditions, the problems are not easy to deal with. Fortunately, we can consider

these problems by putting the upper and lower periodic functions into consideration.
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Though the conditions can not be checked easily, it 1s sufficient in the theory. At the
same time, our numerical simulations can also show the truth. Moreover, for the Lo-
gistic model, what effects do the time-delay put on the system? What effects do the
size of time—delay put on the vibration of the system? In this paper, we also make our
effort to solve them.

We arrange this paper as follows:

In Chapter 1, we introduce the biology background, talk about the history of the
study in Logistic and Volterra models and give out the new subjects for further study.
Moreover, we also line out the useful fundamental theorems.

In Chapter 2, we will study the asymptotic periodicity of the Logistic model. And
the main aim is to reveal the existence and uniqueness of the periodic solutions to
boundary value problem. Moreover, the affection of time-delay is also studied. In the
end, we give some numerical results as application.

In Chapter 3, we will study the asymptotic periodicity of the Volterra model.
And the main aim is to reveal the existence and uniqueness of quasi-solutions, further-
more, to reveal the existence and uniqueness of the periodic solutions to the boundary
value problems. Moreover, we also give some numerical results for the simulation of
asymptotic periodicity.

In Chapter 4, we give the summary and the thought, also set out some new

problems for further study.

Key words: Logistic Volterra Periodicity Asymptotic

Time delay Existence Uniqueness

II1



b A B K FA T F A A X

1 #ie
1.1 &PYFEEx
TEEMRS TR PESEE—NEENS X, EEEWREYFE. BEML
M L R e MR E R SRS X R, MM E—EXE THESREEE T EL

— AR, AZBRPEH A RRERAYEERE, R R
BB, RMTBTUETFHN TRESREHBEB AL RLEESREHTE
80 H /.

ETFERRENE RN, BREFEHRAMEEL (2% [1-5) ). BRUENE
—FREREN, B IHBEERRAPHERTRE-TER FHFERENE R
KEEE, AI—BEROESENR-BROYHEE. BERERMTTUERERK
MENFENERTERER DS THRANSEH, BEIE NWEEKE", “AH
B & XEEEEEEGEL, TUETHERFEEAHPIR. ST Raic, H
RESHFE, TELYHBERAN, HEEWERRAZHE L PE R —1
ST, AT ASI AR FRSERTTR., X TR MR RITE ¥R
R RARAREAT A, MEFRREENEENE. WX N7 yPFELL:

(1) WMEHAFREOFBEESEPHEELS MBS, SNHHFEEERE
—IHEM TR

(2) WMEFAHFROMMEEZETHERESTRAGS, WHAFEFT UL RS
B B S, X AR R — MR T .

1.2 HRRA
B H B E R4 52 BREERT ( Malthus 1766-1834 ) R A DR BARA.

@d(%)* = ap(t) (1.1)

p(to) = Po, (1.2)




£ v H H K F ﬂi:k &-41 ﬁrsc

o o B A DMK, p(t) 5 ¢ HRIMADSEE. AL HTTE
IR p(t) = peet) | T4 1700-1961 4EH A K3 B MR B, HAEMAHE
AR, B £ — co B, p(t) = +c0.

1837 4B 22 A M2 5% Verhulst 35 Malthus BEM AR BET AERBBIEMHK
MRBEIFHES, hEEDTAMBERRHMHEDERENR, FEDL T2
B Logistic B

) _ o) e - ta(1) (1.3

p(ta) = po. (1.4)

R RY LA T TR RN

apoea(t“tﬂ)
a— bp{] -+ bpge“(t“‘tﬂ)’

p(t) =

HA lim p(t) = §. HEIXHOICE ZEH, ZESHEHARAXTHRIAL, RERLE
153Kk, %ﬁﬂl"ﬂdﬁﬁiﬁﬂ‘f‘%‘t:

du(t)
dt

u(to) = Up, (16)

= au(t)(1 — %) (1.5)

Hrb o PR, u(t)(1-42) FRA AR KR, I BE— AN TES ult) =
RN R FRIE SRR A A PR R AR R B S TR & T R B IR IR, kt%fs%réiﬁﬂ
AR BRI BT .

Cushing.J.M % Kakutani.S & Markus.L A (&35 [6][7] ), AR T 0 FAYRTHS
Logistic 7 f&: |

) te(0,00) (1.7)

w(t) =ug, t€[-7,0], (1.8)

Hnfdy 7 AREFE, WEREER THEREENEE. sIENEHEERER
£, Pl XA, WESIAEIRAU R BB E R RN TE,




f#f}ﬁ_ﬁk"%‘-’fﬁ ¥ 4o 1

_— e m——
S e

DL AR R S A, (BB IERRAY A I B R R e B A LY R A
R, e AT MRS LW, — MR (BIIERRBh Y ), SRR
Bt EE T, HRAE - EAMENFREE/DNRITEE, MXHIBEE
EE AR HHBEER R, XESHT RS TERE, RE—TMUREXRTH
B Q B, NRB@HA 00 bR R EEEE XY HHREENA
B U RS EBAUETFAMMAER RSN ZRKEE, XE™=4%T Neumann 3
R&M: & =0, B o RBINEKFH; LSELR ERFEFEN, EFET
Dirichlet 1 &M v = 0; REMBTE HABR BEATTHAEHEFEER
Zat, [EreH: T HFER Robin R &ME: 2 4+ (z)u = h{t, z), HF v 1 h HEHE
A B 4.

EFD FEE, 7 Logistic #A (1.3){1.4) B3R &, Verhulst-Fisher 3£ T 41

THI R Y B A
8“5;; %) _ DAult,z) = ult, z)a - bu(t, )], (7)€ (0,00)xQ,  (1.9)
Blu)(t,z) =0, (t,z) € (0,00) X 09, (1.10)
u(0,2) = up(z), =z €L, (1.11)

Heb D P8 EH, A % Laplace HF, #BH&MF Blu] HU EREIR ZE TR
ﬂ_%.

JESEHIBFFEE (110 Logistic AR A A, BYE Verhulst-Fisher BB H T L,
P T MERIFRR, WX —SESEFR N Logistic R, BAIFTREMNEREFT BN
B EN—3, HETHRBRYBARICY 1, RENT

Sugt, z) _ Ault,z) = ult,z)[a — bu(t,z) — cu(t — 7,2)], (t,z) € BT x 0,(1.12)
Blu](t,z) =0, (t,z) € Rt x 89, (1.13)
u(t,z) = o(t,z),  (t,z) € [-7,0] x Q, (1.14)

HAFW R a, b, c HER. M TRXIARELERBPFTEN] [8][9] . FE TAERLIFL T
WGBS, 7E 1996 4230 (8] MMEE FRE| T HFrey AR, FE TR R AE




2 v AHR XEALTEHEBX

A —
—

Ve R A R M AUS R SH T RS T R AR AL, WITFRR RS 0, b,
bl T SRR R E R T LA m B T (et [FIRE (1.12)-(1.14) B
SFERRME. KT (8] PR R (ER LB REWHE R, 1999 3L {9] M1k
draedx T ZB RS RS L TIELNEE, HEE T S SmeEERE ENER.
it F B £ 2 S Ay B Logistic BEAL (1.12)-(1.14) k3%, MTFEEKEH M 7, BE
M HE E R T BN HE R RS SRR ? XIERBITERX
R A AR

B RLESTRETBEFREANER, EHRATRTFRZIN—EED
W VBEX K BIR A T A #8y. Flansemk [10-21] %5,

BAh— e Fh RS R BRI R E AL Volterra A, B¥IRH Volterra 7E
1931 £F [22] iR Ay, REWT:

%x(t) = r()fa—bst) - [ K(a(t-ndr], teR, (115
r(t) = ¢(t) > 0, t € Ry, (1.16)

X)L a, b WIEH, Rt =(0,00), Ry = (—o0,0), LR K IR, HPRTH
SR EASEE EH R K RN, Miller F 1966 457 (23] XTI AIBIHHIT T
HRHILH T W TR

I A ¥ K € C(RONLYRY), Hb> [{°|K(1)|dr, B4xt Ry ERERIENE
s R o, FITEEE (1.15)(1.16) % t € RY FEEME—MIER: z(t), T BLULAENE R

a
h t) = ~,
tlrIEmm( ) b+ [o° | K(7)|dr

(1.17)

ERABIFRERBETX—HER, Y 8GR, Redlinger 7E 1985 £
[24] FRFSE T W0 T ARA

oul(t, )
ot

— Ault,z) = ult,z)[ e — bult,z) - /Om K(r)u(t — 7,z)d |,

(t,z) € Rt x Q, (1.18)
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Oult,z) _ 0, (t,z) € RT x 8%, | (1.19)
on
u(t, z) = ¢(t, z), (t,z) € Ry x . (1.20)

Wit ¢ W—ERIERELEE. Redlinger ZAMRLEH T WTER:

=l B StFE—MEEK ¢, ¥ - HERE (1.18)-(1.20) HE—IMFF. FALE
MR u(t,z) . BAb, WE 6(0,) MENE, BAR (2, 7) € (0,00) X Q, #E ul(t, z) >0,
HH

s z € Q. (1.21)

Jim u(t, z) = b+ [0 |K(T)|dr’

BN, ZRIMKEZFYFESHAAREN, REBIMENEEEZKL,
Gopalsamy #1 He 7£ 1995 £EF [25] It T KM Volterra ML T HF 5.

O

4o =zl a) - b) [ K(D)elt-myar),  teR, (122

z(t) =¢(t) >0, t€ Ry, (1.23)

Heta, b HEXE BT EHEFRESREHE: 0<a <alt) <ay 0<b () <
b,, K:R" — R* RELZREHER [P K(r)dr =1, MH o= [y 7K(7)dT <00, ¢
B Ry baysede A FEE. XS (1.22)(1.23) MB1182I T T RIS,

T C ¥ «(t) BN (1.22)(1.23) §95&, A4 «(t) > 0. o lirtn supz(t) < M. 25
WAL S FERE 0> 0, HE

_/.m K(r)e (ar—0eM-eTdr < o0,
0

] liminf z(t) > m.

t—roo

EE D B 7K (r)dr < oo H bjoM < by, MFEE (1.22)(1.23) BEEF T
L
lim (z1(2) — z2(¢)) = 0.

t—2o00
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AL FRFRE R, TEREBIENTZAERIHT Volterra BT RO AL
Lu(t, z) = u(t, z)[ alt, z) — b(t, z)ult, z) — c(t, x) /Dm u(t — 7, 2)du(r) |,
(t,z) € R* xQ, (1.24)
Bu}(t,z) = 0, (t,z) € RT x 09, (1.25)

u(t, z) = ¢(t, z), (t,z) € Ry x Q. (1.26)

HHEF L =0/0t— A, Z¥ q, b, c MEERFREHR. T p() BEFLERH
WRE u0) =0 ¢ C(R xQ) ARERBEFENT, HF 6(0,7) € CHQ) . &
M(t) £ p(-) 76 [0,t] ERIFRERE, 4 M*=(t) = (M(t) £ p(t))/2 (Vi € RY), FriLs
MFE = lim M%(t) < © .

t-—00
Shi Bao 5 Y. Chen 7E 2001 4EF [26) SHAFZX T 6158 (1.24)-(1.26) , ffiIFAEE
WA RN TR RS E T T ERGITER.

TEE £ b >aMy, e — Mg /(b — Mg ) >0, W

o < liminf minu(t, z) < limsupmaxu(t,z) < 5,
i900 e} t—oo xEN

R o, B R THITREA:

b
Ju |

byo = a1 — e My B+ a1 My a, (1.27)

b1 = a2+ My B~ caMy o (1.28)

RAEXHRIE (1.24)-(1.26) BIFRH T — M ERi 5, ERMEBHINEESRREK
N3 ER. FEBE 5 Logistic IRA (1.12)-(1.14) FIHRITEL, RIS H R B H
RE %t FIEAVE AL, FrR R XM & A LS HHART Volterra JF2RHA AR
EHHER. MR ERSCPRITRE.

1.3 FEKJFEIE
1.3.1 £XHE SH Y=
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i

—m e

(&% [27][28] ) &

n Y n ou

Lg‘u = — iljzzl a,-j(a:) axiaxj + é b;(fl?)-é—:, (.'.'C € Q), (129)
Byu = ag% +h@)u (z € O9). (1.30)

XE QC R BREFAEHFTRR (FlULRF 0Q € C° ), 05,0, € C(Q), -L & Q

THA—BHBEET. o bR
(1)a=0,b=18(2) a=1,b(z) > 0. b(zx) € C(ON). n & 00 ¥ H:1.

iC

n 5%y n Ou
Au = — i\, i\% ) .
’ £J§1a3( x)axié?xj * Eb .2) 0z; -3,
ou
Lu = 'é'; + Au, (1.32)

QT = (0, T] X Q, ST = (0, T] X 0f1,

G = (0,+00) x 1, S = (0,400} x 8.

ﬁli:l aij(t: :I:): bi(t: 33) € C(@T): "_L % QT L%m%ﬁ:%.

&
Bu = agz- +b(t,zx)u (t,1) € Sr. (1.33)

A a b: (1) a=10, b-_—*]_, i(2) G':]-: b(tjl’)?_o.

AT EIAJLA Banach Z0H (2% [29-33] ). 2! = (L, -, k), l| =X, L, H
L ORAERER. TXRE

Ay

Loy —
Dou

"~ oh .- Ozl

( 1) Holder jg)
B0 <a<l #EY o Holder B

Hﬂ(u) — sup ,ﬁ(x) B u(y)f
z,yeQaty 1T — y[®

O = {u(@)|Ha(w) < o0},  (1.34)
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C(Q) FHITEEN:

lula = Ho(u) + max |u(z)}.
2

Rk NIEEXK,
CHe(Q) = {u(z)|lu € C*Q), H (D'u) < +oo, || = k}, (1.35)
AR R B TR EON -
ulera = Y max|Du(z)] + ¥ Ha(D'w).
<k & =k
C*#(Qr) = {ult, o)} D[ Dzu € C(Qr), 2r + [s{ < 2k}, (1.36)
HAHN B T Ey
|u|(—Q2:) = Y max|D;Diul.

0<2r+|s|<2k ©T

CR+el%2+2(Qr) = {u(t, 2)ju € C**(Qr), Haoa(DiDiu) < 00,27 + |s| = 2k},

AR N 5 S -

W[ = N max|DIDul+ Y Hujpo(DiDiuw), (1.37)
0<2r+s|<2k 9r 2+ |s|=2k

_ |’U,(t, 3:) B U(S:yﬂ
[t —slo/? + |z —yl°

Hyy2,0(u) = sup{ t,s€(0,T), 2,y € Q, (t,x) # (s,9)}.

( 2 ) oJfR%3g]
W ulz) BE[MlgE%H p>1, W pREFRZZE K

LP(Q) = {u(z) ) /Q lu(z)IPdz < o0}, (1.38)

H ERTEEOy

"

ully = (] lu@)Pda)>.

o e —— 2]
e ]
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P —

_=_—-—|-|lull—_ o

wke(Q) = {u(z) ju € LP(Q), D'u € LP(Q), {i| < k}, (1.39)

3 LY.
ullsy = ¥ ([ 1D'ufPda)s.

(ti<k

1.3.2 £ A IEAYIE NI
StF T 5| LAk 4 5 B 8l #0302 5 =] B

Lu+c(t,z)u = f(t,2), ((t,z) € Qr),
Bu = g(t,z), (t,z)€ Sy,

u(0,r) = ¢(z), z€lk (1.40)

ERMEEIR(SE [32-34)): & a;,bi,c € C¥22(Qr), 00 € C***. T Robin i
BT ER bt 2)ls, > O, b(t,z) WIEHRA CHY/2H(Qr) FHERK. HXMEER
feCe2e(Qy), p € C**e(Q), g FLAIEIR CHHo/22(Qr) R R g0, B RAHRNY
FIAR A S, WTEAR (1.40) FEFEME —## u(t, z) € C1Ho/22e(Qy).

1.3.3 k. THAZ — VD EREFRDEFEHSE—M
EEE:5 38 (2% [32- 35] & h(t,z) T Qr LHH. (t, ) R

Lu+h(t,z)u >0, (tz)€ Qr, (1.41)
Bu >0, (tz)¢€ ST, (1.42)
u(0,z) >0, zefll (1.43)

w(t, z) SAH RN & R AT E R B SRR A E 06, X BuHra=10]
X# 00 HHIERIER. W ult,z) > 0 ((t,7) € Qr). X& u(0,z) # 0 (z € Q), I
u(t,z) > 0 ({t,z) € Q7).




£+ HHERXRFRTF LA

_—
A

% F T HHLE{E R

Lu= f(t: Z, 'U-), ((t: .'IJ) € QT):
Bu=g{t,z), (t,x)<€ ST,

u(0,2) = p(z), =z €. (1.44)

RATHEE LR« ERE R B G &ERE. BATEER M > m, % (t,2),(s,9) € G,
u € [m, M) B, BXR f(t,z,u) X u HIRFPBBE fu € C(Qr x [m, M]), THFHEIE
WA K ER:

1F @t z,u) — fls,pu)| < K[ t—s|T + |z —y* . (1.45)

Y (ETE): alt,o),ult z) € C2(Qp) ARInMIRE (1.44) E, TS

La> f(t,z,u), (& z)€ Qr,

Ly < f(t,z,u), (i,2) € Qr,

Bu > g(t,z) > By, (t,z)€ St,

u(0,z) 2 ¢(z) 2 u(0,z), =z €l (1.46)

B EAE— R (2% (32)(35—37]): & u(t,z), u(t,z) S AEFIE (1.44) By L,

T, ult,z) <u(t,z), m=ming, u < M = maxg, T, f # Qp > [m, M] L RAHE
%{t{:: m\dl‘ﬁlﬁ (144) & Q_T Lﬁ&uﬁ—ﬁ U(t,ﬁ:), #E‘iﬁﬁ ﬂ_{tﬁt) < ’u(ttﬂl) < ﬁ(t! CE)
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2 Efif Logistic #RBIKHmE R

2.1 [oJREELE
TEX—Eh R EEFRN THX TR R R ER Logistic AL

Lu(t, z) = u(t, z)[a(t, z) — b(t, z)u(t, z) — c(t, z)ult — 7,2)], (t.2) € RY x Q(2.1)

Blu)(t,x) =0, (t,x) € Rt x 8Q, (2.2)
u(t,z) = ¢(t, x), (t,z) € [-7,0] X Q, (2.3)
A48 B T EARE:

(H) Q&R btHERRKE, HHEELBLR 0Q,FFLEN: L=58/0i-A,
XL A FE5R Laplace EF. RS AH L -

Bluj=v B  Bl= -g% + y(z)u.

v(z) € C*2(8Q) WMEFE 9Q Lk y(z) 2 0, 8/0n F£iR 00 LHPSMNEMIE, R =
(0, 00).

(H)) E¥ alt,z), b(t,z),c(t,z) £TF t FRL T HAHTEE [0,T] x Q@ ER
Holder JELER. WINEER alt,z) > 0; b(t,2) > 0; c(t,z) > 0. 4HNHD a1,b1, ¢ PA
K oag,be, e Ha, b, c [UJT] x Q FHR/MEMBKE, HEKR >0,

(Hs) B RERH. ¢ € C(-7,0] x Q) BEFERRHFHEMAER M
Bl¢(0,z)] = 0.

5138 2.1.1 EFE—EEER T, v € CHH(RY x QNC([-7, 00) x Q) (FRAE
B (2.1)-(2.3) k. TH) £ [-7,00) x Q LR 7> u FHTFAMNASEARL

La(t, z) > a(t, z)[a(t, z) — b(t, z)u(t, ) — c(t, z)u(t — 7, z)),

Lu(t, z) < ult, z)[al(t, ) — b(t, x)ult, ) — c(t, z)u(t — T, z)], (2.4)
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e
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=

(t,z) € R* x Q,
B[@](t,z) > 0 > Blu](t, x), (t,z) € R* x 09, (2.5)
a(t,z) > é(t, z) > ult, z), (t,z) € [-7,0] x £, (2.6)

R4 WA R (2.1)-(2.3) TEEME—1& u € CHA(RY x N C([-7, o0) x Q) HHE

[-r,00)xQ Eu>u>u.

wog oufE RT x O WRE (24)(25) UEFXRE T 2> u RITHLK 7, v NFEHE
(2.1)(2.2) —X L THE. 5IE 2.1.1 FIUHMEN “AHFEE-EER” KRRk
(AT [ 37)(38) . B az/by F0 O & (2.1)-(2.3) H3—X L T4, H4am 5/H
2.1.1 SR (2.1)—(2.3) % ¢ > O AR —& u e CH2(RT xQYNC([-7, 00) xQ),

BT HFRIAE (2.1)-(2.3) B¥HEABATERAIZIA Hess [39] X TF T RMER—1
2R,

Lu(t, z) = u(t, z)]e(t, z) — b(t, z)u(t, 7}, (t,r) € Rt x Q,

Blu] = 0, (t,z) € R* x 69, (2.7)

Hh A¥ e(t,z), bt,z) XT ¢ BT AN, blt,z) >0, RENZHGSHE (21)(2.2)
A .
&8 2.1.1( 2% [39] % 92 TURH 28.1) T THEMAEERE.

Lo(t,z) — e(t,x)p(t, z) = op(t,z), (t,z) € BT x Q,

Blu] =0, (tz)€ R* x 89, (2.8)

(Hi o 2T t £ T- B8y FE—BREEFERBH EREE ole) .
(1) # o(e) > 0, MaXMTFHE—NERIME, [E (2.7) BTV 0 BLRENE
REM.
(2) # ole) <0, L FH—NIERIEFIFE, WE (2.7) 7 Q x R LFFE
& R E R IE AR 0t ) (AR T) .
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b A KR AL F R AR

B e(t,z) = a(t,z) , & (2.8) WEIFMEE 0(a) <0, W #HiE 2.1.1 FAHN[A]EE
(2.7) EELBB—AIE T- BB 60(¢, 7). | 0*(t,2) = c(t, 2)bo(t — 7, 2), & (2.7) *F
B e(t,z) = a(t,z) — 6*(t,z2), & ola—6*) <0, WML (2.7) XeJLABRE—IIE T- A
HifE O(t, z) . HHWIE 6 BRI (2.1)(2.2) —1 T- FH Ligm © B—4 T- A
ThE. el BiEERyE, #H2% [12)(13] P4, RITTUBRITEHRISESR.

T 2.1.1 & (H)) — (Hs) BOL.

(1) % ola) > 0, BLAMTFE—TERTHEE 6, ) , WA (2.1)-(2.3) BF L% 0
B2 RELRER.

(2) % o(a) <0 LK o(a—6") <0 KL, BRAMMR (2.1)(2.2) MAEEBRB—X L, T
T- FARIR G, 8 € CH 2Rt x Q) , FHEMNWEXRZO0<I<0<6,. B, XF
FE— A IERIET AR R o(t,z) , [AIRR (2.1)-(2.3) ByREERR R a0 TR &

liminflu(t, z) — 8(¢,x)] 2 0 > limsup{u(t,z) — 6(t,z)], VzeQ. (2.9)

i—+o0 t—o0

d. () FH0=0, 4 T- FHPBR0 (2 0) MREME (2.1)(2.2) & EHR.
(2) mEHETF L = 0/0t — A Py Laplace HF A HR—BERHEE T, W €E
2.1.1 {158 IAE.

2.2 %észﬁrﬁlﬁmﬁﬁﬁﬂﬂaﬁézﬂ&—'ﬁ

ERAREE (2.1)(2.2) AR FEN, RERH =0T, EEXHPR
TRBREM 0(a) <0 K ola—0) <O L. N EHE 2.1.1 B, 0 0 X%
L. TR R T EA R FR:

6, — OO =0(a—b0—cl,), (t,x)e Rt x,

8, - NO=0a—b0—B,), (tz)€cR" %0,

B[] = Blf] = 0, (t,7) € RY % 30, (2.10)
e ﬁtz%f : Qtz% , 0.=00t-7,2), 6, =0(t—1,2).

13



b A HE K F A E AR X

£ (2.10) FHEATR A T REZE W URI T ER R

(6. — 0,) — 5@ — 8) = a(@ — 8) — b( — %) ~ (B8, — 66,) (2.11)

TERIS N RRAR KT RESR 6 = 0 FHBOLRIFT.

Part A Dirichlet i1/{ EH

S$F Dirichlet HR&FE 0=0=0(FE0Q L), FEFHI-0>0, ¥HFEX
(2.11) BRI @ —0), HXTF =7 Q LRy, NFEZd I MaA I F

!

S BT BT R
I = [@-8@-8)dz - [ @-OAE-)da
— 18 [ @-gpds+ [ IV@-OFds, (212

I = [@-0@-0-b@+O@—0) ~c@ ~06 +86, —0F)ds

= [la—b@+8) - c8]E-0)’dz+ | c66~0)(F: - 6,)dz (2.13)

B Poincaré A% R, (&% [35] ),

V(8 — 8)|2dx > M\ f (8 - §)%dz,

2 L)

HA A 2 Q AN TFZF Dirichlet R FZHE —A EAJEJE%!{IE{E. g |[ * “Lﬂ(n) (&
1) % @ k#y L? 5%, B4

18— 8117 + A 16 — 8]1°. (2.14)

R

M= sup (a—200—-¢0O,), N= sup (céy), (2.15)
zef, 0<t<T z€N, 0<t<T

B4 (2.13) X% Holder RER, HHEEI 0 <0<0< 0y, RiTEI.

11

I A

/I;[a ~ 260 —c0,)(0 — 8)%dz + /;!c 6,0 — )@, — 9, )dx

IA

M [(@-97dz+N [ (@-0)@ -6,)ds

IA

M7 - 8 + N|F, — .|| - |8 - 0. (2.16)

14



b A H K E AL FHE B X

By (2.14) 3F0 (2.16) RA

1d ..~ _ - -
5'&;”9 ~- gl < (M—=A)|8-8|]>+ N|l6. — 6, - 16— 8|
N _ N _
< (M A+ = M)NI8 - 81° + 16 - 6,1 (2.17)

5 (2.17) RETF ¢ 7E [0, T) LSy, HEEE |0 -0|> BRET ¢t & T- B,

T ld s
0 = [ I==I6- 8Pt

N T .. N (T _ .
5= M) [ 18- 6lfdt+ 3 [ 18— 0|t

r _
= (M+N-X) /0 19 — 8||2d. (2.18)

< (M+

ERER M+ N - A <0 R, Al (218) RE LB
T _
[ 18-e)ar=o,
4
MiZE R*xQ FLo=¢6,

HARABIME—E. 5 0" BWME 0 <0' <0 WASMI—F, 20" fi o
M (2.1)(2.2) —X L. T, FEHE (2.10) PHXEX, FRTEET 016
HESEE—F, RINTLUER ' =0. NWEE (2.1)(2.2) WEAPBOEE 1,

FHTRIE 0F0 8 WFEE, EFEWERMB 0(a—0") < 0, X RE a6 > ),
Bla—cly, > A THE.

i A e, BT LIBRIRER (2.1)(2.2) RAIMEEE—HNTo & BN T:
(l) (I""C@[]T,\"Al,

(ii) sup (@—-200-¢cO,;)+ sup (chy) <. (2.19)

TEef, 0<t<T z€Q, 0<t<T

I 2.2.1 FERE (H1) — (Hs) BISLABTIE T, XFF Dirichlet iR %44, # (2.19)
HIFRFH 2, AATE (2.1)(2.2) % Q L7EEM—8 T- BEGEE 0. BN, T

15



£ ¢ K X F R F 44 R

E— — — F——
AR — e — i

B O< < BEEBIEERS ¢t 1), [ (2.1)-(2.3) B u(t, z) PRI T HIAHL

¥
lim{u(t,z) - 0(t,z)) =0 Vzel

t—co

Part B Neumann il {5

W o~(z) =0 (F8Q L) B, BEFTEA Neumann LR &M

@ o,
on  dn

EXFER TRITF R RS RZEE XA KA R (2.1)(2.2) FFEME—RI. 7 [40]
A1 T AT RMTEEH—N —MRS &4, EXERNIRD MRS EMA.
STER (2.4) A0 (2.5) R, RITIUBTEAHTEABRIMNE (2.1)(2.2) —X L T#
kg ﬁ kl :

kg(ag - blkg - C]’C]) = 0,

kl ((11 — b2k1 - Cgkg) = {. (220)

F biby > cicy H aihy > ager , WITJLIH (2.20) &7

_agby — a1 _a1by — azc

ky = k= , .
27 biby — c104 L biby — crcy (2.21)
MESE 0<k <O<0<0<bh <k <a/b.
i (2.15) "] &
M= sup (e —200 —cO,) <[az — (2b) + c1)ka],
r€,0<t<T
N = sup {cby) < coks, (2.22)

ze,0<t<T

He © 1 6, BN T Neumann ;R RZR G LT AR, B Part A PRIFHERATE]

PRI TR

%%u? =0l + VB - I° < (M + g)ll? —0lI° + %u‘i ~ 6,|%. (2.23)

16



S —
Frr ey

Bd AR KX EREEREB X

i ——

SF (2.23) RXTF ¢ £ [0, T) Fa, FHEEF |0 -0)° xF t B T- FHH,

T - N T _ N T _
- th < M - - 2t — T 2t
o+ [ IV@-0IPdt < (M+3) [ 15-0lfdt+ 5 [ 16, - 0.

= (M+N) [ |- el

T _
< [az = (21 + 1)k + coks) fg 19 ~ a|2dt. (2.24)

TR a2 — (2b) + c1)k1 + cok2 <0, HEEK (2.24) 55

/0 - oldt = o,

THXHEEE 0=0. FetHEXEFEE (2.1)(2.2) 8 T- RSB EEME—H.
AN A 0-Neumann IF RFH) ~A HFEQ EHEFEER M =0, HTR
EOF 0 HEEHXEE o(a—0*) <0, RE a(t,z) —c(t,z) Oplt - 1,2) > X, =0,
A& alt,z) —c(t,z) o{t —7,2) 2 a1 — ks, WTTREE a1 — ok, > 0. B5HBIE
arby > ascy BHEEH biby > Koay — ok >0,

AT B DL BRI, TR (2.1)(2.2) FEME— MM o KGR

—

(1) albl > 03Cq,

(11) as — (2b1 + C])kl + coky < 0. (225)

H ko Mk B (2.21) g,

EIE 2.2.2 ERK (H1) - (Hs) BOLAIBTHE T, X T Neumann F &M, # (2.25)
PRIRFHRE, AR (2.1)(2.2) 7£ Q L1EfEME—8 T- BELEM® 0 . BHh, Xt
T [k1, ko] PEUERIEREWGHEE o(t, x) , [ (2.1)-(2.3) B8R u(t, ) R T
B linet

lim[u(t,z) — 8(t,z)] =0 Vzel.

t— 00

Part C Robin th5i&#&

17



i##ﬁdik_#md:#ﬁ%i

— —

st F 41 F B Robin R &4
o0 o9 .
an+79 0, an-l—’)’.ﬂ 0 on R* x

] Part A s, HEREE 60 L y(z) 20, RATATLIBE

I = [@-9)@-8)d- [@-8)a@-0)ds

Y
1d = 9 A 2 8 — O\ 2dx
= 2 [@-0tdz+ [ 4&B-0 ds+ [ V-0

ld = 2 ] 2
> 5 2l0- 6+ V@ -0 (2.26)

i Part B th—EER BT LLSIGE (2.23) XF Robin 1R KA REER L. ATTHR
FEEEE (2.1)(2.2) FEM—BAEEFRE M+ N <0, Hf

sup (a—200—¢cO;)+ sup (cb) <O. (2.27)

T€Q, 0Kt<T z€Q, 0<t<T

H.rb 0, #l © BAHRLT Robin R F4FH) LT R

=38 2.2.3 FEE (H,) - (Hs) BALATETIRF, 3F Robin R4, #F o(a—6*) <0
PR (2.27) AL AEE, B4 (2.1)(2.2) &£ Q EirEmE—8 T- FHE 0 .
B4h, JHFIE [0,az/b)]) PREMEEVNSBER 60, 7). R (2.1)-(2.3) B9 u(l, z)
ey R Iplin et

lim [u(t,z) — 0(¢,z)] =0 VzegQ.

{00

2.3 E7HYRLL

EX—HH, RITERE o(e) <0, BFFMAHEEN Dirichlet B, FH TG BF98S i
St F 8 (2.1)-(2.3) R u(t, z) BIRE. WERH 0(t,2) A THFEREE RN T-
1A

ggmﬁﬁzﬂ[a—(b—l-c) 6, (tz)eR' xQ, (2.28)
0=0, (1,z)€ R* x o8 (2.29)

18



Y AR K F AL F B A X

BT B REA ult, z) F 0(4,2) 76 R x 0 _ERIEFRIEFAM. B (2.1) XM (2.28)

A H &
0
7
= afu—0) — b(u? — 6%) — c(uu, — 6°)

u—6)— A(u-—10)

= afu—6) - blu+0)(u — ) — c|(uu, — Bu;) + (Bur ~ 6%)]

= la—blu+6) — cul{u — 6) — c{u, - ). (2.30)

% (2.30) RIEU (u—90), FXT = & Q L%, FSNEA Poincaré A%,
H A% 0] LB A

J = [[ (u — 6) — — 0))(u — 8)dz
- Mt[(u- 2dx+[|Vu-— 6)[2dz
> §E£||u—9||2—l—)\1”u-—9||, (2.31)

A & ~A %TF 0-Dirichlet IR &M ERFEME. KT it HHENIGE TN
=2

M= sup (a—b8), N= sup (c8), K(r)= sup ||cB(6, —O)|°. (2.32)

z€Q, 0<t<T z€N, 0<t<T 0<t<T

Il /ﬂ (@ — b +0) — curl(u — 6)%dz — fn cBlur — 0)(u — 8)dx
'/;z(a. — b0)(u — 6)°dz + ./n lcf(u, — 0)] - |u — 8ldz

Mllu = 61* + llcf(ur — O} - [lu — 8]

IA

IA

IA

Mju = 61> + (llc8(ur — )| + llcf(8: — O)I]) - [|lu — 6]

IA

Mlu = 0)° + Nlju ~ 6] - llur — ;|| + (|66 — O)]] - ||u — €]

N 1 N 1
(M + 5 + )l =0 + S llur = 6, + 5K (7). (2.33)

IA

FELAE (2.31) A0 (2.33) K&l

1d N 1 N
”’*ﬂL -0 < (M + 5 t5- A)|lu—0))* + “"Q“HUT — 0,7

+ %K(T), (2.34)

19



M

L6 < M+ N +1-22)ju = 0 + Nlur = 6el* + K(): - (235)

] y(t) = ll‘u(t, ) — 8(t, )[P il (2.35) AKX ] LA 4

—(%y(t) < (2M + N +1-2X)y(8) + Ny(t - 7) + K(7). (2.36)

FEOMAEIN+1-20 #0, B e(r) = K(1)/(2A1—2M —2N —-1) , W £(t) = y(t) —e(7)
Wi

.c%g(t) < (M + N +1-2X)E(t) + NE(E — 7). (2.37)
HARN M H s RN
Ceu(t) = @M+ N+1-20)6(0) + Na(t - 7). (2.38)
T (2.38) Bt BLet FFAE 7 F 2
p=(2M+N+1=2X)+ Ne ™ (2.39)

i (2.32) &N >0, &% [41) P Hayes B K [42] 4R, & 2M + 2N +
1-2) <0, MEFENE (2.39) FFAERIFEREEASE RLARRF Rep < 0, M7
(2.38) HIEfERHETRER, B

l— o0

L (2.37) Fi1 (2.38) W8 £(t) < &i(t) , BB y(t) = £(t) + (1) , AT LIS
MTRIXE:
y(t) < &(t) + (7). (2.41)

BHh, I TARIEMEE (2.28)(2.29) BRI 0, z) FFEMERWE o(a) <0, T
XRE a(t,z) > M . AR LGN T RIS,

20



P A B K FALTE R X

i

I 2.3.1 7RI (H) - (Hs) BOLAATERT, XTE—-1TMEEN 7> 0, HAFK
a(t,z) > M M M+ N+ 1<) WER, RLBTHEE (2.1)-(2.3) i u(t, ) FIE

A3 ] A (2.28)(2.29) B9 T- FIHRR 0(t, ) BRI TR Z:

im lu(t, ) = 008, Moy < 773727 7—T (2.42)

[ dee

H9 M, N, K(7) i1 (2.32) 454.

FIRE]

K(r)
) = - M_N) -1
1

— - 2

]
- 2M-M-N)-1 ogtglil*?zeﬂ( ) Uzltlé)'}“ | |
_ N sup [0, — 6|
T 20y = M = N) — 1 oz I
N2G
< - V7r>0 (2.43)

Sa—M-N)—1’
FEXE G = || supgger 0(8,-) — infocecr 0(¢,9)||? . B2 6(t,2) 72 [0,T) x Q@ LRER
KR, BLNTE—T >0, BFEL e [0,T) E7

sup || — 6] = [|6(to — 7,-) — 8(to, -)I*.

0<t<T
W (2.43) REE
N? )

- < L] _

= Al lim ||6(t 8(to, )||?

T M- Ny -1t = ) = Ol )l

N2 , )
= 20y = M=) = 1m0 - O =0. (2.44)

FH—J7HE,

lim Jlu(, ) — 0, Meaey > 19172 - lim {lu(t, ) — 6, Y@

t—co

Ll L

= Q72 [ lim |u(t,z) — 6(¢, z)ldx, (2.45)

0 t—o0
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£ P HEXEF TR F LB

o |0 £ Q WlE. BE (242)-(2.45) i 2F 2.5.1 7B THEL.

it 2.3.1 FERE (H)-(H:) BLBRRT, #A%R altz) > M M+N+L < )
AHweE, ¥TFeg—1TEE >0,

2
Jim e ) = 0t Moy < =gy (2.46)

HF G = || suppe,cr 0(t,+) — infocecr (4, )2, B M, Nt (2.32) 841, S4b,

lim fu(t,z) - 6(t,2)] =0 (& r—08f) Vzell (2.47)
#F:  # Dirichlet #1157 £ #:8, Neumann 3 Robin #1573 & 43179 LB 35018
s,
2.4  HERHEEN

FERX P, RIVELRERTHHFY 8 Logistic 7R (2.1)-(2.3) &g R HitERY
—EHESR, A ERARINR—EZE Q= (0,1).

Bl— . RIVFEWTHH Dirichlet T & HMA] - B{ENE

du(t, z)/0t — Ault, x) = ult, z)le(t, ) — b, x)ult,z) — c(t, z)u(t — %,z)],

(1) € (0,400) x (0,1),  (2.48)
u(t,0) = u(t,1) = 0, t € {0,+0c0), (2.49)
u(t, z) = d(t, 3), (t,z) € [—%, 0] x [0, 1) (2.50)

By H 0-Dirichlet AF R MM —A BFE D =(0,1) EMEHFER ) =72,
HERE 6 < ao/by, J{E (2.19) By (1) WRE, RE

42
a—09072a1—62x53>hl=ﬂ-2

1

[151)]
EF: G — ‘—{;1— > 7!'2. (251)
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£ ¢ f B K F R+ F AR X

5T (2.19) FEa&AF (i)

sup (6—200-¢O,)+ sup (ch) <7, (2.52)
zeQ, 0<LT =€, 05T

BAHAABRIET, RER 6 M1 0 REGEERREHKE.

TERITHE—ESH, £F oft,r) >« FEE b(t,z) > 0, RO
PEHIE MM ot z) HERBERER (251) . BREE (27) RIVME 6 R EH
e(t,z) = at,x) 1 b(t,z) KPR, & ¢(t,z) <clt,z), W

a—c¢ By, >a—cbyn, (2.53)

wla — ¢ By — bu) = ula — ¢ 6o, — b, (2.54)

BUE O (4 2) BEEE (251), WEEHE ©'(t,z) > Oft,z), H¥ 0 BIAE (2.7)
MARET e(t,z) =a - ¢ 6o, By T- FIRIME. MT

sup {a—200 —¢ ©)+ sup (¢ Op)
2€Q, 05¢<T v€Q, 0T

< sup {a—260)+ sup (c b)
z€9, 0<t<T TR, 0KI<T

< sup (a—200)+ sup (cby). (2.55)
e, 0KIT <€, 0<IST

FEXFHENLT, FRH ct,z) BABAAN

sup {a—~20©)+ sup (cby)
2€9, 0<ELT z€Q, 0<1<T

SR EBBED. FFAER— DD c(t,2) ERFR (252) MERTLE R
iy, FERLBIF R ATER
a(t,z) = 20 + 4sin(2mt),  b(t,z) = 10,

e(t,z) = 1 + cos(2re), #(t, ) = sin(nz). (2.56)

SHER (2.48)-(2.50) RIBHEEMEE Fig-1 BRI T &8 2.2.1 RIEME, 3#H
FoAE R A

tllr&[u(t, z)—8(t,z)] =0 Yz e[0,1). {2.57)
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f F A E X F AT FHERX

—AxiS

Fig——1

pa =1




dHedams

£ ¢ H B X FH T F LA

Fig—-2

025

02—

R R

nos—

100

*—AK|E




£ ¢ HHE X F AT F LA

B= . B{12EHH Neumann R & HEH - BE R T

(—%u(t, 2) - Ault, ) = ult, Dalt 2) — bt Dult, ) — el Dt — 7, 2],
(t.2) € (0,00) x (0,1),  (2.58)

augv, 0 _ augm, D_o telo.oo) (2.59)

ult,z) = d(tz),  (67) € [A%, 0] x {0, 1]. (2.60)

R

a(t,z) = 14+ 2sin(2nt), b{t,z) = 30,

c(t,z) = 1+cos(2nt), o(t,z) = %[sin(vrt) +1.2],

Mo =12, a3 =16, by =0y =30, ¢; =0, o =2, }HF ¢(0,z) = 0.4 HHWKEAH
BHERM.

TERM®RE (2.25) PAEME ()30 BEERN., BHF ab =12x30 = 360,
aaco = 16 % 2 =32, FBA&M () B2, B (2.21) &k, =8/15, Ky =82/225,
3FH

82

16
—(2b; + )k + ek =16—6 — 4 — = 4.
as ( 1 01)1 ca2Kka UX225+15 4.8 <0,

FrEAZfF (i) thi 2. KER B2 2.2.2, A1 (2.58)(2.59) 7E (0, 00) x [0, 1] ERLAEHX
B—A 1- FHI#E 6, z) . FEVRERE (2.58)-(2.60) #14F u(t, =) FINTFHEEE

tl_iglo[u(t,:c) -0t,x)]=0 Vzel01]

AR H, Tt T R (2.58)-(2.60) BIB{EREI SR B B Fig-2 4.

24



b MK K F AT F BB X

L
L

3 B Volterra $&EIGYHRIT EIRATE

3.1 [E)REMAE

EX—ERRINTERREER PRI SHLFH Volterra BEMT:

Lu(t,z) = u(t, z)[ a(t, ) — b, z)ull, x) — c(t, ) /{;w u(t — 7, z)dp(7) |,
(t,z) € R* xQ, (3.1)
Blu](t,z) = 0, (t,z) € R™ x 99, (3.2)

u(t, z) = é(t, ), (t,z) € Ry x Q. (3.3)

A4 (26] PETZAEBEIT:

(H)) QX R HFRFERRE, BHAR Qe C* (0<a<]). MaFHT L
EXH L=0/0t+A, EXE

& \of
41(@) = = 3 aulhs 8:!:{(’5’&?3 DWICE a;f:j:)

1,7=1 j=1

H AR oy, 8 2T ¢ 1 o #FR& Holder 428, 2 F ¢ B T AR T B—
MERE). FHH A BB —BHE R, FERE >0, BT (¢,7) € [0,T]xQ
.& (611621"'1671) c R" ﬁ‘

Z i (t, T) &5 > 5252

i,7=1

Ul il e

Blul=u % Blul= @H(x)u.

ey € C1H2(00) HAE 00 E v(z) >0, 8/0n Fm 00 LRIINERSHL.

(Hy) ¥ a(t,z), b(t, ), c(t, z) %F ¢ £ T- FNIEYTT EAE [0, T) x 57 L5 Holder
J‘%ﬁﬂg- b(tj ﬂ.’:) > 01 C(t; fl:) 2 0 . ﬁﬁ]ﬁiﬂ ai, bl: C1 ﬂ g, b?: Co ﬁﬂu% G(t,.’l:), b(t,:b"),
c(t,z) T [0, 7] x @ EAIB/MEMBKE, HE K >0,
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£ 2 H H X FHA T F 4L R

i ar——t
L N

(Hs) ¢ € C(Ry x0) RIERERBY. u() RAFEZERH, p(0)=0. 12
M(t) K p() 7 (0,8 EHIEEE. FRE

Mo = lim M(t) < oo, po = lim u(t) < 0.

t—o0

f (Hs) AT50, i ME() = (M) £u(t))/2 (te RY), NBH M(t) fil M*(1)
# R ERERIFMEM. 12 M = lim M*(t) <oo, WA

Mdl_'l'M{r = M{], MJ_ -—MJ = Mg (34)

(H4) Bixa: >0, b >coMy .

TELL PR B AR T RATFEF A (3.1)-(3.3) BHTIT B A,

3.2 XkTH{ERE RN F

B3 3.2.1 WMBEHFE—WEHT. v (FEHEILE TR IERxQEHRu>u,
FHENNETEAAEL:

La(t,z) > a(t, z)| alt, z) - bt, T)a(t, ) + (m)fm w(t — 7, 2)dM"(7)

--cta:f u{t -7, 2)dM*(7)], (t,z) € R* xQ,
Lu(t, z) < ult, z){alt, ©) — b(t, z)ult, z) + c(t, z) /0 " ult — 7, )dM (1)
| ta:)/ a(t — 7, 2)dM* (1)1,  (t,z) € R* x ,
BlEl(t,z) > 0> Bll(ta),  (4,) € R x 9,
u(t, z) > ¢(t, ) > ult, z), (t,z) € Ry X §1, (3.5)

%Bz*ﬂ—iﬂfﬁlﬂ%(3l) (3.3) FH—u, HERXxQ Lua>u>u,

AR p(r) = M*(r) - M~ (1), Frik

/;w u(t — 1, x)dp(r) = /Dm u(t — 7, z)dM™ (1) — /Um u(t — 7,2)dM~ (7).
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f A EXFALTF LR

B M+() F1 M-() HRIERIERY, ST 0 <u < up FEAFRRMIL:
0 < /;00 ul(t - T, I:)dM+(T) < -/Um u?(t — T, $)dM+(T),
0< /0 Pt —1,2)dM (1) < /ﬁ " ug(t — 7, 2)dM~ (7). (3.6)

FrUA By BT IR 5138 8.2.1 RESLAT (2% (15, 37)).
SFRIE 0 £ (3.1)-(3.3) TR, MM ENTTUIRIEE I EBAUT:

Pl a(t,z) ~ b(t,z) P + c(t, z) /l;m PdM~ (7} — ¢(t, x) fum 0dM*(1)] <0,

ie. alt,z)—b(t,z)P +c(t,z)M; P <0,
a{t, )
b(t,z) —c(t,z)My

HTF a) <a(t,z)<ap, b <b(tz)<by, o Lcltz) <co, HFEEEIRIK (Hy),
RATTLIER P = ag/(by — c2My) .

T 512 8.2.1 0, EHWIHEE o, z) We 0 < o(t, ) < P, MR (3.1)-(3.3)
T RxQ E7FfeEME—#E u(t,z), HFEHEWE 0<ult,z) <P,

ie. P2

FIE 3.2.1 ZEEERRIE (H)-(Hy) Z2F, & olalt,z) + PMyc(t,z)) > 0, WIXFH
{5 [0, P} g9/l AADIR BB R o(¢, x) , [AIRT (3.1)-(3.3) BT A& 0 Remdhnte
/.

B - iR Ut ) A TSR

LU, 2} = U(t, z)] a(t,z) + PMgc(t,z) — b(t, z)U(t, z) |, (t,z) € Rt x Q,
B[U](t,z) =0, - (t,z) € R™ x o1,

e

U(0,z) = ¢(0, ), x € §2. (3.7)

HHEQ L 6(0,2) >0, FUBRME R xQ L Ut 2) >0, EXEHK U@, x)
7 Ry x Q£ U(tz) = ¢(t, ) s 7 R x QL U(t,x) = U(t,z) . W T F1 0 B
[ (3.1)-(3.3) B9—XF LT #&. Frileh 5138 8.2.1, M@ (3.1)-(3.3) #F R x Q b
FaEM—fgu, HO<Su<U.
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£ ¢ HF H XK F A F LRI

7 (2.7) FER e(t,z) = alt,z) + PMgec(t,z), W

o(e(t, z)) = o(alt,z) + PM; c(t, z)) 2 0,

MW frfE 2.1.1 6] 4]

lim [lu(t, Mlcg < lim WU e = Lim [|U(t, M@ = 0-

it—oc0 t—»00

EH 8.2.1 k¥, O

£ ola(t,z) + PMyc(t,z)) <0, %4 e(t,z) = a(t, 1) + PMyc(t,z) , WH
2.1.1 , WA (2.7) ATARB AR 6i(t,2) . 12

6*(t,z) = c(t, x) /Om Oo(t — 7, 2)dM™ (7).

BNEBEM T ERA:
Loy(t,5) = 6t ) alt,z) - b(t, 2)01 (¢, 7) + c(t, z) [D Y0t — 7, 2)dM " (7)
—c(t, ) fD T 0yt — 7, 2)dM* (1) ], (t,2) € R* x Q,
Loy(t,z) = 6t ) alt,z) - b(t, )0s(t, T) + c(t, 7) /0 " 0y(t — 7, 7)dM" (1)
—e(t, ) /U T ot — 7, 2)dM* (1) ], (t,2) € R* x
Bo|](t,z) = Bl6)(t,z) =0, (t,z) € R x 8. (3.8)

HFE R xQ E6Ez)>0, ct,z)>0, FH
0" (t,z) = c(t, ) _/DDO Bo(t — 7,x)dMT () > 0.
AL E 6° (2, 2) o T- FIRARY, SO,

9*(t+T1$) — C(t—i—T,S{I)-/DOB{](t‘I'T—T,I-')dM-}'(T)
0

= ¢(t, z) fom Oo(t — 7, 2)dM™ (1) = 0* (¢, x).
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P AR X EREFEBX

I
i

MTTBRATA AR O(t, z) BD T IR T- AR

Lu(t, z) = v(t, z)[a(t, ) — 6" (¢, z) — b(t, z)v(t, z)], (t,z) € R* x Q,
Blv](t,z) =0, (t,x2) € R x 01},
v(t,z) 2T t & T- B. (3.9)

STEE (3.5) X5 0, F1 © BN{ERIAR (3.1)(3.2) B—X £, THE. At (60, 6o) T (O,
Q) A UFRET A (3.8) (L., T#H.

238 3.2,.2 EEIER (H)-(H) 2T, R ola(t,z)+PMyc(t,z)) <0, olalt,z)-
o (t,z)) < 0, NIEIEE (3.1)(3.2) FEfE—x T- A . TRIME 9, O WEHTERA (3.8),
MHE RxQ L O0<0<0<6,. B, IFE—NFE [0, P] FREMIERIETA
FPARE o(¢, ) , [ (3.1)-(3.3) HIAE u(t, z) PR E

lim inf[u(t, z) — 8(t, )] > 0 > limsuplu(t,z) — (¢, )] Vzell (3.10)

t—o0 t—00

MEEH : STFARIEH R (2.8), Bl e(t,z) = alt,z)+ PMyc(t,z) , TiX BT ola(t, z) +
PMiect,z)) <0, BHEO<u<U, Wk & 2.1.1 AN TERE z €,

lim sup[u(t, x) — 6o(¢, )] < lim [5(t= z) — 6o(t, z)] = hm [U(t, z) — 6o (2, z)) =0, (3.11)

£-300 Tt i—o0

Hep UM U #EE ©F 5.21 (AT RIIMER. &KX 3.11) HEE: MTE
BEfe>0, BEHL >0, &>t A,

u(t, z) < U(t,) < bo(t,z) + ¢/ (20M3).

M lim M¥(t) = My TRXFHEBH >0, FEL >0, Ht>1 0,
My — M*(t) < ¢/(2,P).

it T = maz{ti, 12} , MEBRPFNAFAXNT ¢ > 2T; BAFEWER. A0

c(t, x) ./Om u(t — 7, 2)dM* (1)
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ﬁ*ﬁﬁk%»ﬁf%@e@i

s
i — — —
s i

t:c[/ t—rde+T)+/ u(t — 1, 2)dM*(7)]
< ¢ft, 7)] / (0t — 7, 7) + £/2c2 MG ]dM*('r)+P[MD — M (T}
£

< (t,:r:)/ﬂ Bo(t — 7, 2)dM™ (1) + c(t, 7) - 22M0 2¢y, P

< 6*(t,z) + €. (3.12)

Mg+ c(t,z)P -

AT (¢, 2) € (2T, 00) x 2,

Lu:u[a—bu+c/{;
2u[a—bu-—c/nmu(tﬂr,m)dM“L(r)]

>ula—bu—e—6").

u(t — r,x)dM (1) - r:./;]m:I u(t — 1, z)dM™(7) ]

i B E AT (2T, 00) X Q E ult,z) > V(t,z), HP V(L z) BT5H - B{ERSE
H %

LV(t,z) =V(t, )| (alt,z) — € - 6(t,x)) - b(t,z)V (¢, x) ],
- {t,x) € (2T;,00) % €1,
B[V](t,z) =0, (t,z) € (27;, 00) x 01,

V(2T,,x) = u(2T,, ), z € S
StER I (3.9) , HEE c MEEMHH M 2.1.1 Al

lim influ(t, )’ — ©(t, z)] > }i,%[v(t= z)-0(,z)]=0 Vzel (3.13)

t—oc

g% =g,, 69 =0, Pam (3.11) f (3.13) B4

iminflu(t,z) — 89(t,2)] > 0; limsuplu(t,z) — g(o)(t,:c)] <0 VzeQ. (3.14)

t—00 t—300

¥E7 (3.14) HBEEE [0,T)x O £ 8% > g©

# (0 71 (8P} (k= 0,1,2,--) BEEEEE XWFEA T- ARFF. BEX
gn o® g® o®  (k=0,1,2,--) T

00(t,2) = clt,2) [ 00t -7, 2)aM* (7);
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G ABAEAEEHEBX

60 ¢, ) = clt, z) / T g® (¢t — 7, z)dM* (7);
8%t z) = c(t, 7) /D 9Pt — 7, 2)dM " (7);
8®) (¢, z) = c(t, z) /0 T g0 (¢ — 7, 0)dM ().

B ATH e T RHEFFY:
18% (¢, 1) = 80 ¢, 2)[alt, z) — b(t, 2)8 (¢, 3) + B (1, 2) — 85V (¢, 7)),
(t,z) € R x Q,
La®(t, z) = 6W (¢, z)[alt, ) — b(t, )P (¢, ) + 857V (¢, z) — 8¢V, 2)],
(t,7) € RT x ,

BEM|(t,) = BE®)(t,2) =0,  (t2) e Rx8Q, (3.15)

ek 30 1 0 HE T- FRIM (k=1,2,- ).

2132 3.2.2 f1 (3.15) M (87} F1 {60}k =0,1,2,-) B LSEXH, T
B I L B S

By = 50 > ‘5("‘] > g(k+1) > g+l > gy > p® - @, (t,z) € [0,T) x €. (3.16)

B, MHTFE—ITEBI £,

liminflu(t, z) — 8%} (t, )] > 0; limsuplu(t,z) - ﬁ(k)(t, )] <0, VzeQ. (3.17)

t—=o0 -

IO T ENERRRRITTUSE (37, 38]. FERINEHLRER (3.16) # (3.17)
BRI, BRRITEE k=1 (K.
. EH I >0,

ZEHE R x O L,

690 (¢, 2) = clt, z) /0 YOt — 7, 2)dMH(7) > 0,

———

0%t z) = c(t, ) [U " 0ot — 7, 2)dM ™ (1) < PM; c(t, z),
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ir‘-"-‘l’ﬁ"’r#ik*—%-"ﬁﬁﬁ:l:%”ﬁ%_i

L ——
e —

BEALER (3.15), WTF (t,z) e RT xQ,
13V, z) = 82, 2)[alt, 7) — b(t, 2)8V (1, 2) + B2 (¢, z) — 60 (¢, )]

< 8¢, z){alt, z) - b(t, 7)8 (¢, ) + PMy clt, ).

¥EMTF (t,7) € Rx 00 % B =0, W 0" RBEEE 27) Y eft,z) =
alt, z) + PMc(t, z) BHE—A T, Wi e <8 .

g3k, ireg o > 019,
i (3.15) R F]1&

LaW(t,z) = 6Vt 2)alt,z) — b(t, 2)8D (¢, z) + 80 (¢, 2) — B, (¢, )]

> g0, )alt, z) — b(t, 2)8V (¢, x) — B (¢, )],
Frid o0 RS (3.9) B—4 R, A 6 > 60 =o.
=2 . oY <8,

lim influ(t, z) — 80, z)] > 0 > limsuplu(t,z) — § (¢, z)}, Vzell

{300 t— o0

M7 RxQ L 6(t,z) > 6, 2),

B0t 7) - 09 (1, 2)) - (89 (¢, 2) - 07 (8, 2)]

=09, 2) — 09t 2)) + [6 (8, 2) - 8V (t, )}

= oft,2){ [ 6ot = 7,2) — ©(t — 7, 2)|dM " (7)
+ “loo(t — 7, 7) — Ot — 7, 2)]dM* (1)} > 0,

PNE-]

|

Lu(t,z) = ult,z)alt,z)~ b(t,z)ult,z) + 0 (t,1) — 80(¢, z)]

u(t, z)[a(t, z) — b(t, z)ult, z) + 09, 2) — 0.0 (¢, 7)),

Ay
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£ F #H B X F AT F LRI

rapeosy— ———— e
il

#EEEF] (3.15), dHEEMTE 0 ) > 8V ().

£ (3.12) HEH M~ (7) K& M* (1), WXE 1 e>0, BFEL>0, Wt > g
i,

o(t, z) fo P ult — 7, 2)dM™(r) < c(t, 7) fo Y 0ot — 7,7)dM (1) + €

= ?-(_{])(t, r) + €.

B (3.13) TH, MFULN e REBzeQ, FHEL >0, Hi>t M,

u(t,z) > V(t,z) > 89, ) — e/ (2ca M ).

kR 00, z) XF ¢ B T- B, WAL 0,7T] x 0 LthRELN, HK

0,, = max 69 t,x),
~M [0,T)x0 ( )

HIERE im M*(t) =My, fFULR e, FEG>0, Mot > ts AT,

M — M*(t) <e/(2c0y).
it 6 = maz{ts, ta, 15} , W ERZAREAXF ¢ > 20 BAEMER. FEE]
/5 Tt — 7, @) dM* (1) > 0,
RATT BB FHERR

c(t, z) /:0 u(t — 'r,Lx)dMJr('r)

'V

clt, x){ﬁlé[ﬂ(n)(t ~7,2) — /2o MG 1dM (1) + j;m u(t — 7, 2)dM¥(7)}

00 o0 E

R T
£

> 00(t2) - ot Do (M5~ Mt~ 8) + ]

> QEE)(t,m) ~elt, z 10, - -4 ‘—E_]

262QM 2(32
)

v
|
+3

.-..-.E‘.
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B ¥ HHE K F AT FLBHX

ZE T 7] 5 2

o0

u(t, z)[a(t, x) — b(t, z)u(t, =) + c(t, z) /0 u(t — 7, )dM™ (1)
—clt, ) /ﬂ * ult — 7, 2)dM*(7)]

< ult,2){(alt,z) + 82 (t, z) — 60 (¢, z) + 2¢] - bt, z)ult, 7)}.

Lu(t, z)

B L R AT S0 7E (26, 00) x O E u(t,z) < U(t,z) , HF U BT RBEER#

LUt z) = Ult,z){[alt,z) + 79_(_0)(t, z) - QEE)(t, z) + 2¢] — b(t, £)U(t, x)},
(t,z) € (26, 00) x Q,
BlU(¢t, z) =0, (t,7) € (20,00) x 1,

" —

U(20,z) =u(26,z), z €l (3.18)
HF  alt,z) + 80t z) - 80t ) > alt,z) — 0 (t,2) > a(t,z) — ", ATH

olalt,z) + 0 (t, z) — 80, z)) < a(alt,z) — 81 (t, 7)) < o(alt,z) — 67) <0,

e e WITEEKRE m@ 2.1.1 715

lim sup[u(t, z) — 8(t, )] < lm [U(t, z) - g, 1) =0, Vzel, (3.19)

t— o0

i B 0 R TREN T- AR

Lu(t,z) = u(t, z){alt,z) + g% (t,x) — Q@(t,x) — b(t,z)ult,z)], (t,x) € R" xQ,

Blu)(t,z) =0, (t,z)€ R x00.
i o F R iR R T R 1

liminflu(t,z) — M (¢,2)] >0, VzeQ. (3.20)

I— 00

H, B E=FmHa MR (3.16) 1 (3.17) WT k=1 BILH.
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AR (3.16) JTEE £~ 1 gL, NIKHEERR (3.6),

o =80 > 8%V >80 > 6P > 04 > 6P,

00 > 5570 280 > g% > g%V > 49,

o+ 0% -8 >a+0% VgV >a4 6%V g >a_0,

PN}

-+
a+8% g >a-0P >0 -V =0a-0"
J(a—l-ﬁ(_k) 9( )) <ola—0") <0,

a(a+§(_"°)—ﬁff ) <ogla—6*)<0

NI Rk 2.1.1 FRIZMAHE, ATTERERTTUSET ., H ERE A7 RTT 5%

%3 (3.16) A1 (

3.17) SHEAMERE k RRSIH (2% (12, 13, 15)) .

MTT B3 8.2.2 3, O

S 2 A BT PR, 31 8.2.2 BEIES () A1 {6®) S RIE L

i
lim 891, 2) = B(t, 2); lim 8% = (¢, 2), (¢,2) € [0,7] x (3.21)
Her 0 f1 0 BIE T- FA#HES, BE0TIxQ L6>40.

% [37, 39]

P4k — 00,

LO(t, z)

I IENHERR P 6 F1 6 % R x Q L& Holder #4EMY. £ (3.15)
i o 6 iR TRA (3.8), .

= (¢, z)[alt,z) — b(t, z)0(t, z) + c(t, z) /Um 0(t ~ 1, z)dM (1)

—c(t, ) /0 Tt - 7,2)dM* (7)), (t,z) € R* x 0,

= 0(t,2)alt,2) - bt 2)0(t, ) + c(t, ) /Om 8(t — r,z)dM " (7)
—ctx/ B(t — 7, )dM* (7)), (t,z) € R* x 0,

= Bl(t,z) =0, (t,z)e€ R xN. (3.22)
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G AE X ERLEHLEX

BHh, 5% 0 F1 0 BMAM (3.1)(3.2) B—xt b, TR XMFXRRK (3.17), k-

T
liminf[u(¢, ) — 8(t,z)] > 0; limsupfu(t,z) — 8(t,z)] <0 Vzell

£-+00 =00

T B 9.2.2 ¥, D

3.3 XTFH{ECIEEBRNFEE—E

R THRBERS (3.1)(3.2) WAMRKEEE, XRERHI=0. ATET
PHERATE L =0/0t — &, H A KR Laplace BT, it
86 el

at':'é'{: .Qtz'éz'}

Bo_ (¢, z) = /ﬁ P oot — 1, 2)dM (1), ©,(t,z)

/:0 Ot — 7, 2)dM™*(r),

o0

7. (t, ) :/Dmﬁ(t—T,x)de—), 0,(t,z)= | 8(t—~r z)dM*(r),

—

(
7_(t.1) = fo SOt —r)dM (1), 8.(tz)={ 6(t—7,2)dM"(r),

[
.
(0 —0)y = /0 Tt - 1,7) - 8t — 7, 3)]dM (7). (3.23)

i (3.22) AT TR 5&:

}
*
|
oy
po——
gl
+
[
S’
+
Ty
o~
o
|
1
=+
—
——,
]
I
[T
S
_.|._
Ty
)
|
Iy
Ty
X

(0 — 8)m. (3.24)
DL R ATEE X AR R &4 Bl R (3.1)(3.2) R ETEE,
Part A Dirichlet W R K&

XtF Dirichlet hF %4 6=0=0 (F£Q L), XEF0-0>0, B (0-9
Fep (3.24) Wi, FERF x £ Q LGy, WEZD I FG3 11 "I R

I = [@-0)@~0)dz~ | @-6)A0-0)ds
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£ b A HE K F AL F L REX

e’

mvrr——

e . ——
———

— / (6 — 9)%dz + / V(@ - §)|*dz, (3.25)
II = _/ﬂ[a ~b(B+8)+c(6-. -8, -8)3dx +Lcﬁ(§~ﬂ)(§—Q)Mdm. (3.26)

B Poincaré A% ( &% [35] ),

/ V(@ ~ §)[2dz > M, / (B — 6)%dz,

He A & Q BN F&F Dirichlet B F& G —A BEEE. N

Iz 328817 + 18 - ol 3.27)

l\:ll:—t

G= sup [a—2bO+c(f- —-0,)], H= sup (cby), (3.28)
z€f, 0<i<T €}, 0<t<T

ARom (3.26) X, HEBBO<0<0<0,,

II <

AN
S
'"s:T
]
o
c-
o
+
(e
———
o2

i
!
@
g
N
|
|
"";3
-
£3
+
S—,
4}
™
.
I}
|
=
=N
I
I
=
=y
£

Gf 2d:r—|—Hf9 8)(8 — 8) pd
Gllg— 9| + H / 9, z) — 0(t, z)) fo “B(t - 7,7) — (t — 7, 2)]dM (1)da
GlIE - a|* + H / [8(t,-) — (¢, ) - 11t = 7, ) — B¢ — 7, | dM ()

I IA

IA

A

GIIT~ 81 + 5 [ 11B(t, ) — 806, P + Bt — 7,-) - B¢ ~ 7, )P} ()
e HMO

P -8 + 5 / [B(¢ ~7,) = (¢ = 7, )|PdM(r).  (3.29)

M (3.27) #1 (3.29) AT78

HM,
2

B0 < (G+=5 2 M-8+ [ 1B, )-8t~ , )M (r). (330

th’

5t (3.30) KETF ¢t £ [0, 7] L4, FHZER3 )0 0)2 B 7- B,

= [ (15517~ 8l
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HMU

) [ 18 - gl
2/ /||9(t—'r::c 8(t — 7, z)||%dt dM (7)

(A

(G +

- H Mo — 8}|? 6(t, z)||>dt dM

- @+ _x)[1p oiat+ 3 [ [ 18t2) - 062, 2)dt aM ()
T

~ (G+HM0-A1)/0 16 — 6)|%dt. (3.31)

G+ HMy— M <0, i (3.31) 540
T _
[ 18- gat=o,
A
X R x T L O=0. AT (3.1)(3.2) SRR L.

WMAEVL A AR ME—E, 35 ' BHER © < 0' < 6, (i RIMI—18, B4 0
16 R (3.1)(3.2) —X L. T, FHEME (3.22) PRy AR, FREXT
07 0 (SR8, ROTTLIER 0 =0 . AT (3.1)(3.2) 1 AHB L EM
.

55b, HTARE T F1 0 WFAEt:, BEBETER o(a(t,z) + PMyc(t,z)) < 0
Floa—-60)<0, MXRFEa~0 > . FFUHU EIRARATHE (3.1)(3.2) 1
ot — JE BR AR 75 57 A (R -

. "

(1) a— 0" > Aj,

(i) G+ HMy < Ay, (332)

H G H | (3.28) A& H.

TIE 3.3.1 7ERIR () — (Hy) BLAIRTE T, XIF Dirichlet 87 5&14, & (3.32)
B R, FRAME (3.1)(3.2) £ O LIt —p T- FARDEE® 0 . B4h, WTH
BEUET [0, P] I EVIE R o(t,z) , R (3.1)-(3.3) BAR u(t, z) TR W T R
S

lim{u(t,z) — 0(¢,z)]=0 Vzell

t— o0
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Part B Neumann i35 %& &

W 90 E y(z) = 0 B, XBE Neumann BF &G
o0 _ o _
on On

EXFEAT, RIBTREHERRE, TR LML .

0.

kg([lg - ble + CQMO_kQ - Clﬂf.{{f—kl) = 0,

kl(al - bgkl + CIMﬂ_kl - CgM&l_kg) = 0. (333)

(b — oMy ) (b — 1My ) > ciceMg? B a1 (by — caMy) > azeo My, TRATHLUE
H RS-

nll

) (bl — C2MU—) — GQCQM[T

k1= —~ ,
! (b1 — caMy (b — 1 My) — crco My
_ -\ +
ky = az(b2_ ¢ My ) flclMo - (3.34)
(bl - CQMU )(b2 — C]MO ) — C1C2M0
BB 0<k <O<0<0<Gh <k <P. H (328) AFH
G = sup [a— 200 + c(fo- — O )]
ze}, 0<t<T )
S o — 2b1k‘1 + CgMD_kg - CIMJkl
= Q9 — (251 + ¢ MJ)kl + co My ka,
H = sup (cby) < caks. (3.35)

z€fl, 0<t<LT

N F[E} Part A P—HH AR5

l1d,.- 9 — N
‘Q*EHQ ol + |V (@ - 8)l

< @+ 2y + T [T 1B -7 )~ 6 - 7, PdM(). (3.36)

2.

3 (3.36) XETF ¢ 76 [0, 7] LAY, IHZRE |0 -0 %F t B T- R,

0+ /: V(3 — 8)|2dt
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16(t — r,-) — 8(t — T, M|2dt dM (1)

HMy. (T, r .  H [®
< (G+75 ) [ 6 6l"di+ = [

T
(G+HM0)[D 8 - 6]|%dt

S
~

A ——

P ——
—
—
p—

r _
~ [ﬂ-g — (261 + ClMﬁk)kl + CgMo_kg + CzkzMg]L “9 - Q”zdt (337)

})kﬂ %‘ o — (2b1 + CIM{?-)kl + (M[}_ -+ M[})Czkg < 0, EE (337) fﬁtﬂ?&

T _
[ 18- 6ipa =o,
0

Part A Y IERH AT A

XA 0 =6 . FHLEL (3.1)(3.2) AR RTFEN T .
H R ARG R ME—Y.

%A 0-Neumann IR FMGH —A BHFEQ FMERER A =0, ATHR
iE 0RO WEEEXEE o(a(t,z) + PMyc(t,r)) <0 R o(a—-6") <0, MXRE
a; — coMFks >0, MEBR ay(by — aMy) > acco M HEE a1 — oMk >0, WA
i B 150 AR A

Bl

(1) (bl - CQM[;_)(bg -_— ClMOﬁ) > Clchdl-2, ay (bl — CgMO_) > GQCQMJ,

(i) ag — (2b1 + i M3 )ky + (Mg + Mo)caks < 0. (3.38)

HA ky A ke B (3.34) a1,

wIE 3.3.2 FERE (H)) — (Hy) BAZHETERT, $F Neumann #1F &4, & (3.38)
&R, BBAMB (3.1)(3.2) £ Q LEEM—8 T- FEAYCHEM® O . A5, X
FIE [y, k2] “:'E‘l{ﬁﬁﬁ‘ffﬁ*ﬂﬁﬁ@ﬁ é(t,z) , MR (3.1)-(3.3) B9%% u(t, z) HEWTHY
B TP

lim[u(t,z) — 6(t,z)] =0 Vzell

t—roc

. ST Robin IR&M, RITTLMSEEMAER.

3.4 [RRBIEEW
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e e— i —

X —F e, WAPHE 7 nt ¥ Volterra HRIM —BHESR. HNHZRK
BH R Q=(0,1).
Bi— . WATFRBAT R

ou(t, z)/0t — Au(t, z) = ult, z)[a(t, ) — b(t, z)u(t, x)
_elt, z) /0 Cut—ro)dulr), ()€ (0,+00) x (0,1), (3.39)
u(t,0) = u(t,1) =0, t € {0, +o0), (3.40)

u(t, z) = ¢(t,x), (t,z) € (~o0,0] x [0,1]. (3.41)

B T4 % Dirichlet AR ZMH - A BTFEQ=(0,1) LMEFIER A =77,

—

a(t,z) = 7.5 + 2s5in(2xt); b(t,xz) =5 +sin(2nt); cft,z) =1

u(T) = 7+ 1); ¢(t, z) = sin(nz),
R M () sy M-(r)=0, HT =1
4
9.5
P =ay/(b1 ~ oMy ) = a—g) - 2375

a(t, ) + c(t, :c)PMU" <ay+cPMy =95+1x2375x0=09.5 <77,

M ola(t,z) + ct,z)PMy) > 0, I EH# 3.3.1, [ER (3.39)-(3.41) B9 F L& O
RERyLERER (WEE Fig-1 ) .

BI— . RFTHEFEEER, RITFEEEZ (3.1)-(3.3) B9—FFH — FEXFFHL T
MAFLL. REWT:

dult, )/t — Du(t, z) = ul(t, x)a(t, z) — b(t, 2)ult, z) — c(t, z)ult - %,x)],

(¢,z) € (0,+o00) x (0,1}, (3.42)

4]




N
S

ok MK K ¥ HE F 4B X

du(t,0)  Ou(t,1)
8z = Oz
u(t, ) = (¢, 7), (t,z) € [-—%,0] % [0,1]. (3.44)

=0, te(0,+00), (3.43)

S — i [FIRE (3.39)-(3.41) AN BRI 4B Mg =1, My =0, WRH

a(t,z) = 14 + 2sin(2nt); b(t, z) = 30;
c(t,z) = 1 + cos(2nt); o(t,x) = %[sin(m:) +1.2],
Mo =12, a3 =16, by =b,=30, ¢, =0, =2, MH
(by — oM7) (b — et My) — crceMy? = (30 — 0)(30 — 0) — 0 = 900 > 0,

al(bl — CgMﬂ_) - QQCQMJ- =12 X (30 - 0) — 16 x2=2328 > 0,

T (3.38) WAy (3) HE. B (3.34) s\Fj 47
a1(by — oMy ) — agco My

! (bl —_ C2M0_)(b2 — CIMU-) — 61(353.?‘/.’6}-2
_ 12x(30-0)-16x2 _ 328
T (30-0)x(30—-0)~0 900’
b = az(be — c1 My ) — arci My

B (bl - CQMD_)(bQ — C]Mﬂ_) —- ClchJQ
16x(30-0)—-0 16

- (30-0)x (30—0)—0 30 (345)
K B3 1) F RETT DABSE (3.38) Hhiy &t (i) i E.
'(12 — (2b1 + CIMJ)kl + (M{-;- + MU)Cgkg
328 16
=]6—(2x30+0)xw+(0+1)><2x§—6
=16 — 24 + g-g- = —4.8 < 0. (3.46)

ATOIKER %238 2.9.2 , AN (3.42)(3.43) 7E [0, +o0) x [0, 1] LAF7EME—HY
B 0 (AR 1), TEX T4 - B{ERHR (3.42)-(3.44) KIRF u(t, z) W T RYAE
¥ ( WEE Fig-2 ):

lim[u(t,z) — 6(t,2)) =0 Vzel01]

t—o0
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MHTEYHBEREBNER, EAREENELINEREELEER, B2
SEOEREW. —BTE, MRS RRHEEW, THERELYTRARY
INES3ERE S, M RGP ERE. M T &H BB Logistic 8 (2.1)-(2.3), &
ITERIM ST AR, HEXBEEMEREIMEHE. %R E EAMERE
1B, XA T RER E P RA AR R T B RS. THRURE ot )
FIXTF a(t,z) #0 b(t, z) fR/PEYBHE, RTHEAIRGROMBE R LB, TR 8 R 3%
HRGEERT, BESHTENRENSLEE S ERRE R T EEREN M.

HFU LR, TR A —NFE, BRRRE ot 2) H4A/D, HEsR
AR, FLTEH L& G TS RORGESHESINFHRBERE?

LARBRNIHXFED BRI, BHERMGTAEX TR FARFEER )T
¥, BTN FREN A A RAEY, SERTUBR—AERET, BNg
fb Lotka-Volterra F 2%,

3tF Logistic BB, MBMTIREET Hess P [39] M4 0. HAFMHREER
F aft,z) Ml ~A F—HEEMHLE, N -4 HE—FEERR—NBFRHE2 K
T, BYEARR (It vl LASREERF 328 3¢ Hopf 41X RIS,

Rﬁﬁﬁ?%@ﬁ%mg{ﬁiﬁgﬁﬁ Logistic AW F] DL #EITRIFE. HAMZERE
FBEMMERSE 4T, MRENMEERENRERBRER. E—E& 0T, &
REAFEEE B A BRI R TTRERY.

RSB M AR Logistic 8, HEARBREHMEEEHE
WER, ¥EEFAKHTHETLBENGE? M 4B TRESELR?

BingEREH R &G TR Logistic A, REFAEMERFRERXHNA L
HIFFERE L B K E R R B A, ERXAERT, RIMETUEERH
HH LSRR,

534%, e Logistic BRSO ENTRS, HEA Y28 RB R
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