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dt cv +eu
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B, d R, 0 Mk 73 RN A B I B RSET 3. Fang S5 NERRAY (1.1) [2&4
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PN TS IZY B B

gz (1.2)
— =0, x €00t >0,
ov
Hh, u=wu(z,t),u, = ulz,t —7), u(w,t) NEE z € QMBE ¢ > 0 LIEDF TR,
v ZoRIAF 00 ERIBAIANEIAIE, Dy > 0 Ko Fickian §HURE; Dy € R R TL14H)
TR, Dy > 0 KRN E L IRRE R E), Dy < 0 BRI MICE FE 1) i % FE 2
B, WG T 2 PRI . SR [4] e A AR (1.2) Hholy BRI E 1 L RS R R T A
SEVE, VAR BURBON RS MR . 45 R, A5 IR A AR RS i 1t 78 A BG4
N HCRBZ RN R R, SiciCmio k.

WG, BRI 2 1) 35 #R T AR T AR G IE 2, SCHR [5-7) FPr 0 S Fie 2 5 %5 18 1
IIATISHT P AN [ B HON i DA S 2 8] 57 o 4 80 0 2 AR s RIS, A2 22 R RE vh =5 18 2 [R) i 12 i
AT LA WOCHR [8-12). XA/ E R AL 12 DL A TR T HUR Bon 5
RAZN 35447 NI

ASCAERAY (1.1) AL b, R SR T 02T MIZ 5, M3 an N i

{au = D1Au+ Dy div (uVu,) + f(u), x € Q,t> 0,

ou be
N =d1Au+ pV - (uVuT)+u<Cv+eu—dv—n>, zet>0
ov
a—dgA’U‘i"U( T u+du—fi>, I‘GQ,t>0, (13)
ou ov
5—0,5—0, xe@Q,t>0,
L u(z,t) = ug(z,t), v(z,t)=uve(x), x € Qtel[-10],

HAru =u(z,t),v =v(z,t),u, = u(z,t — 7). R (1.3) F1, dy > 0,dy > 0 D HFRREH
A E K EH B R, p(p # 0) R BHET LY TR, » ongHmi-Fidie A
W, pV - (uVu,) B RN B S IC1Z 7 MEEESEIE (p < 0) BEIZE (p > 0) .

QR E RY(N > 1) WAAICHELFA FEEIT XK, v Z2705 0Q KB AsNENE. 5
R FRIHTA6 2% A2 -

ug(x,t) = 0(#0), wo(x) = 0(F 0),

up(w,t) € C*T*2(Q x [-7,0]), wo(x) € C*T*(Q), a€(0,1), (1.4)
%(SE‘, t) =0, (x,t) € OQ x [—T,0].

F, 28t (1.3) FHRIHRSE b, ¢, d, e, n,  BINIEFE, AR SRR (1.1). AKX HEK
S H IR T SR p FIRTHE 7 SRS )7 2247 N B

ERE S L, N R IEBBIES, No = NU {0} BRI A IEBEHTES.
2 EEM

FIL20 HRG(L3) OVIE L (14), MRS (1.3) FEEME IR u(z, 1), v(w,1) €
C?*3(Q x (0,00)),a € (0,1), FEH u(z,t) > 0,v(x,t) > 0.
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W HYE, M0 <t <7 u(e,t —7) = uo(w, t — 7), SLIFRE]

g—? =diAu+ pVug(x,t —7) - Vu
b
+pAuo(:v,t—T)u+u< c —dv—n), x € Q,tel0,7],
cv + eu

ov be (2.1)
%Y d,A - 0
T dy v+v<cv+eu+du KJ), x € Q,tel0,7],
ou ov
- — - = Q
£y 0, 5 0, x €00t €0,7],
u(z,0) = up(z,0), v(z,0)=1ve(z), x e Q.

X

be
f = (pAug(z,t — 7))u+u <cv—|—eu - dv—n) ,

g:zv( be +du—/£>,

cv + eu

W f,g KT o, t 8 Hold EEE, KT u,v il & Lipschitz 2. MRAESCHR [13] FIEHE 4.2, 47
T e (0,7], HEYH0<t<TH, (2.1) fFEM—FIFE u,v € C*T*3(Q x [0,T)). FHH
ALLREM ¢ € [0,T) & F] [0, 7], BLE [0, 00).

FH RN B R BR A w(z, t) > 0,v(x,t) > 0, FTLAF
b b
u<cvfeu—dv—n>§u<a—n>:b—nu. (2.2)
MIGFIA (2.1) F1 (2.2) w15
% < diAu+ (pVug(z,t — 7)) - Vu+ (pAug(z,t — 7)) u+b—nu, =€ Q,tel0,r1],
@:07 x € 00, t >0,
ov
u(z,0) = up(x,0) > 0( 0), x € Q.
(2.3)

HT uo € O, BT s R L RSN, 774E By > 0, 813 u(x,t) < Bo. MRS
(2.1) B AT 44

%SdgA’U+b+dBo’U*H’U, x € Q,tel0,7],

% =0, €00, t>0, (24)
ov

v(z,0) = vo(z) = 0( 0), z € Q.

XA b+ dBov — kv K v 2ZVER, BRIt (2.3) A1 (2.4) 51 u(x, t), v(z, t) BEEFRF] (0, 7]
b BRI, WA X BEH R (7, 27]; AT ZRAE, X TEE m e N, 1k
FRFIAEEX BIESR R [mr, (m + 1)7], MRS (1.3) FIFETE t € [0, 00) WA JHAFTE. [FIBT AR 5
WRAEJZ T3 3] u(z, t) > 0,v(x,t) > 0.

3 FFNERRSHRIREM
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SR B (1.3) BT AL A By — <%o> B — (o, %) oy

bd K
< —_
ek —cn ¢

(H1) Z <

FROZI, RSt (1.3) IAFAEME— I IEW B SR B = (u*,v*),

. K be . n be
U_E_GI{—C?’]’ v __8+€I€—C17'
W NN IRRFAEAR 7 8 ) AR
{ —Ap=pp, €, 51)
Op .
5—0 IL'E@Q,
WO = po < < po < -~2- < i < vor = 00, WRLT p, FRHERECH on(x). X4
Q= (0,im) I, B pn = (2, onla ) - cosT(n € No, 1 > 0). AFTFRAT T HIA

NHEBRE By, By B‘ﬁ%ﬁf :

FE 3.2 (1) H0< e,@b_dcn <z > |p|% AT, B (1.3) BT AL SR
A B, = <%0> RRHEERE 1, B0 B, AR

() 2 s St R (13) PR B = (0.2 ) RN 7
W B, RAFE.
E () 55 (13) 76 By WATEL, TRV ST

bd b
(A + dopt, — (C” oo >> <>\ + dypn + pE,une_M + 77> =0. (3.2)

MR (3.2) T4, Aip = —dapin + <C’7 Lo m> 5,

n
b —AT
A+ dypy, + pﬁ,une +n=0. (3.3)

bd

HT0< < 2 HTEN Ay, < O FROL. FIFSCHER [4] FHOHER 3.9 AL, 4 dy > |p|5 i,
JiFE (3.3) EPF)H% EI’HE Ao, I EAT PERE ) A7 SR, MO RFAEAE A1y, Aoy #RA SRS, BII-P18E
MOE = (% > TR 52 1

*idy < |p| [FIRE ISR [4] T EIHELR 3.9 FTEN, XTI 288 K n, F71E N HAT IESEH,

0.5, BTN, % M U, At € No, B Mo, > 0 BRI, 0 By AR
.
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(i) ¥ RGR (1.3) 18 By Z kAL, nT13 20T B RFAE J7 72 A4
()\—i—dlun— <% b —77>> (A +dapin + 1) = 0.
& K

ek bd

/ yy b
WA N = st ( 25 = 2 =) = g .

ek —cn

>§Hﬂ“,7ﬁ)\’1n<0
bd
K—cn

WS T N, < 0 AT, BT By = <o, g) R, 4 -
WE, BVELE ny € No, H605 Ny, > 0 J, B By SRR,
4 FEHRSENBREERS IO

IR EASRAR (u,0*) MEENE. FE RS (13) 7E (ur o) AbEHEIL, 5

K
> — A
Cc

0
8_1; = diAu + pu* Au, + aj1u + av,
o (4.1)
a = doAv + agu + a227,
/\EP
be2u* beeu* du’
a = a = — —au ,
11 (co + eu”)? 12 (cv* + eu*)?
y beev* bc*v*
ag) = dv* — ————— g = —

(cv* + eu*)?’ (cv* + eu*)?’

WA (4.1) HW FIERAIE: u(z,t) = creMpn(x), v(x, t) = e, (x), Hh e, e
YN W (4.1) 78 (ur, v*) AEXF R RFE T 2 0

Gn(N) = A2+ apA + b, + (coA + hp)e ™ =0, n €N, (4.2)

y
|

an = (dy + do)pn, — (a11 + age),
b, = dldQ,Ui — (drags + daa11) fin, + a11022 — 12021,
Cn = PU*Mm
hy, = pU*,un<d2:un - a22>'
GyHTETIRIZY B (p = 0) B, IETHARSM (u*, v*) 2R EEniTiae i, B

b(e*u* + c*v*)
(cv* + eu*)?
a11Q22 — Q12021 = dzu*v* > 0.

<0,

a1l + g2 = —

B T = 0 B, FRETHE (4.2) A5 R

N+ (an + )N +b, +hy, =0, n €Ny, (4.3)
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Hr

an + € = (dy + day + pu™) i, — (@11 + a22),

by, + hy, = da(dy + pu*),ui + (—pagu” — diazs — daaiy) iy, + G11G22 — Q12021
FATTHW TR

— » Y . N2z L d N 3 77 * JEYSEN N
T 4.3 ¥ (H1) O M1 =08, %5 p > —u—i, W # BRI B R Rt e
. d
;4 p < —— W EB* RARER.

JE 7Ep>—ﬂ W by, + hyy > 0; B agy + age < 0 W& @y, + ¢, > 0 AL (R, R4S
Routh — Hurwitz {El)_"J%IJ (4.3) WIFTARHERR YA 5523, T E* 2 Ja f i A5 € ).
4 _d1+d2 <p< —d—*, WAFLE—A No > 0, in > No B, H by, + h, < 0, BB 5

AR ESH, 8B AR %o <~ P 2 mg 1y 4w <0, B0 BBK, H
o+ e < O RS, BRSNS, M B AR,

ERLATH, 27 = OB, 45 p > —d— B R HEDLRE N, % p < —d— B RAFE
f.

FUFISCHR [9] HO77i, T T IR (4.2) HURRIRITTR (n — oo):

Poo(N) = di + pue ™ = 0. (4.4)

WA\ =0 Liy Z2HFE (4.4) W, WA

(4.5)

{ dy + pue P cosyT = 0,
_BT

pu*e T sinyr = 0.

(i) 4 p > 0. % sinyr # 0, M4 (4.5) I A HFH p = 0, RNF] (4.5) FH—A I e
H3E] dy =0, FJE, #sinyr = 0. H sinyr =0, AJ 5 cosyT = £1:
(1) Hcosyr =10, H dy + pue P =0, T dy >0 LLK p > 0, MG

dy
(2) Y cosyr = —1 0}, 5 dy — pu*e™P =0, W[5 8 =

R %< a5 <,
ARSI 5200: 2 p> 00, 6> 0, BURSIERSE M ER.

*dl

(i) 24 p < 0. R T RBEIITT I, 178 4 = — > -4 HT B <0, Bk
RSN A, 4 p < —ﬁ i 3 > 0, BVASERR S8 ER.
SRR, T B 3 R i /\%ﬁ

EE 4.4 % (H1) HOL % o] > 5 i, 7RSS (1.3) X FALERG « > 0, EH#
BRAM (u*,07) RAREN.

4.1 Turing "X
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XFEER 7 >0, %X

b

S n *

/)ﬂl = - < O, P \T) =
(d2/11n a22)U*Mn ( )

X p = ppr B, FHETIHR (4.2)(4.3) BAFAERRHAER. 1 p2 X, KIEIATE, W13 sup{p)'} =

neN

Gnp,
(Tdoptn, — Tage — Du*py,’

n € N. (4.6)

dA(p) _ dyu* 112, — agou’* iy, 40 (4.7)
dp |50 an 4 pnt i — (dopin — ago)Tpn wips,

p=p

T 2% (1.3) 1 Turing 2> 32, A R4S,

EIE 4.5 W (HL) KL Hp=p5 <0 H pS # pi(n € N) I, 245 (1.3) 76 E* fir
AR -n 1) Turing 7332, H pSt) pr 40 (4.6) BTE S, o, A2 (3.1) B SARFIEAR.
4.2 Hopf X%

o= 08, HRETE (4.3) A WAER X = tiw(w > 0), 5 ULH R B EE &1
A, #4  = 0 I, &4 (1.3) A{EAE Hopf 70 3.
Mo > 0, HEHESTE (4.2) —X2AER X = fiw(w > 0),

—w? +ia,w + by + (icpw + hy)e ™ =0,

14
—w? + b, + cowsinwt + h, coswt = 0,
anw + ¢pwcoswT — h, sinwt = 0.
A1k,
w4 +pnw2 +qn = 07
/\EP

Pn = ai — 2b,, — ci,
%z =w?, HEITHE:
22+ puz +q, = 0. (4.8)
7E X

by,
por = >0, néeN,

(daptn — aza)u*puy,

Bp<pirBip>pd2 B, g, <03 40 < p<pd? I, g, >0.
s %A

(H2) a3, + 2a12a21 > 0
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HOL, W a2 — 2b, > 0. & X

\/a2 —2b, \/a2 —2b,
.y n - <07 pg‘l =y n >O, nGN,
u* u*

Hp < Bp > pdt I, py <05 3 pSs < p < pit B, p, > 0.

Sz .__
pns T

T p
sup{py} =~ inf {p7} = .
ne n
4.9)
d2 d2 d2 d2 (
sup{pS} = —YATD - ppypey - VATS
neN u* neN u*

I n BRI, H pt — p2 > 0,7 — pi* < 0 BRAL. MR T 7% (4.8) T IERRIAAAENE
1 NI 45,

BIEE 4.6 ¥ (H1)(H2) Ror () % p e <_oo —§> U <% oo> W (4.8) fE1E
AR (i) HF RS 0, % p [—ﬁ —] R (4.8) W EAR.

W 7E (H2) BT, TH1 a2 — 2b, > 0.

45 qn < 0, ED p < pﬁl B p > plz, I (4.8) —EAFAE—NIEMR. LT pt B pS2 (11l
Rl — DA D e () > d— 1, (4.8) S1FE A IEAL

7 qn = 0 JH:HT (4 8) MEB’J@EHE'% pn R, 34 pn > 0B, (4.8) NFEIEMR; 24
pn < OB, (4.8) FEE—ANIEMR. 41, 24 n 7850 KB, #2488 oS (i = 1,2, 3,4) FIR/NK R, ATA
gn = 0 Ml p, < O AREFII AL, BMONT p = ot B p32, 2 n W8 RN, (4.8) A IER.

5 qn > 0, FIFEFREFIE p, WIES, 2 p, > 0 B, (4.8) MMEFEIEM; 2 p, < 0 B, &R
HIWT (4.8) EI’J%IJﬁIJit A p2 —4q,. B, M n 75 KEF, ¢, > 0 Fl p, < 0 AREFIRS R AE.
g, T —— <p <4 , M n LKA, (4.8) %A IEAR.

*E?Eﬁh (4.8), ﬁ

o —Pn + p% — 4qy,
n 5 :

TG w, =/, LT3

hp(W? —b,) — apc,w? ,
— arccos +25m|,p>0
, W, 2wy, + h2 ,
T = , Jj€NgneN.
1 . wlenw? = buen + anby) oy <0
— arcsin T,
Wn, 2w, + h2 A R

SIFE 4.7 ¥ (H1)(H2) BOL. # w, FA7E, WIXFTRAETTRE (4.2), A a0 MRt 61

AR
Re@)|  _,

dr :7_7];
WE FERFIETRE (4.2) T, R A BRESCT T OREL B = A(7), T

<Q> - _ @A ta)eM ten

.
dr A, + \2¢,, A
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M,

dy\
Re (E)

. ;i J :
R (2iw, + ay)e“r™ + ¢, T
=1ie . - -
A iwphy, + (iwy)2e, W,
A=iw, T=T}

(2¢,W2 + anhy)wy, sinw, 72 + (2h, — apc,)w? cosw, 7 — Aw?
Awt + h2w?
2,.,4 2 2 2 2
= 2.2 + h2)2

> 0.

~—

e(dA(7))

=i, 4 0 > 0 T, HVRRHE 8 P AR

=T}

u(x,t)

0.27 0.26

0.38

o
=

0.25 031

|

=
@

0.23 =

)
iy
8
t

024

=
o

0.22

e

o

0.20 0 021 0.10

o
~
IS
EY
o
3
=

(c) 7 =0.01, p = 4550

=
=

=
>

0.82 - 0.80

0.80

0.80 0.80

0.79 = 0.79

I

L

0.78 0.79 0.79

l

o

0.77 0.79 0.79

o
Y
~
=
=3
3
N

(e

~

r=2p=29 (f) 7 = 0.01, p = 4550

1 ZHI (P1) XAEHER, E* = (0.2308,0.7949), p* := '%‘ =5.6333. XTAEEK 7> 0,

SAFER TS FAAH p, 13RS (13) 0 EH B A B RAKER. Hof, (a)(b)(c) Nt
IR, (d)(e)(F) Syt e B 2 T 40 A .
E 1 lm 7= O(AATT S SH [8] I3k 2).

ghfr R A5 BT DS R45 8.

RIE A8 (HI)(H2) e %) e (—oo,—%) U (Z—oo) RIAE T 205 K0 i,
RO (L3) 75 B AP — e WA U R, 5 A MR 7 = 77, = 0,1,2, - -
H lim 7/ =0.

n—-+o0o
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5 BUEEH

XA, FATA BB ARAORGAE BRI 518, B Q = (0, In), HARSHUEEFEWT:

(P1) d1=13,de=1,0=0.9,c=0.4,d=0.3,e=0.5,7=0.8,k=0.9,] =2,

d
LI, B = (0.2308,0.7949), p* := u—l = 5.6333.

=

PR, BATRMIX FAERER 7 > 0, BRAFEKRTIRAE p* 1 p, 153 E* RAFEM,

wmE 1 T — 0, AYi4 T = 0.01, JIEL py = 4550 > p*, A[ R3] B* BAFaEH, WE 1
() (c)(f); 25 7 BN, A4 =2, EE po =29 > p*, WA[HE] B* BAFRER, WE

11

(b)(e); #5 T ZRELIEIN, NG54 7 = 30, B HL p3 = 8 > p*, FIFERI1FE] B ZAFE N,

wkE 1 (a)(d).
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BIFURCATION ANALYSIS OF A PREDATOR-PREY MODEL
WITH MEMORY DELAY

ZHOU Xin-yan, WANG Xiao-li
(School of Mathematics and Statistics, Southwest University, Chongqing 400715, Chma)

Abstract: In this paper, we study the stability and bifurcation issues of a predator-prey
model with memory delay under Neumann boundary conditions. The strong maximum principle
and the comparison principle of parabolic equations are used to obtain the well-posedness of the
model (existence, uniqueness and positivity), and then the stability of the constant steady-state
solution in the system is analyzed. At the same time, the Turing bifurcation and Hopf bifurcation
of the system are obtained by taking the memory-based diffusion coefficient as the bifurcation
parameter; it is shown that for any memory delay in this system, there will always be a memory
diffusion coefficient greater than the critical value, making the positive constant steady-state
solution unstable. Finally, the numerical simulation is used to verify the corresponding conclusion.

Keywords: reaction-diffusion equation; memory delay; well-posedness; Turing bifurcation;
Hopf bifurcation
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