%30 5% 4 =N KR FF R RAF KR 2009 4 8 A

Vol 30, No 4 Journal of Wenzhou University - Natural Sciences Aug, 2009
TR Watt I RIE-TRR R FRIE LS

R

GEMNAK¥H¥ 5 R ¥, #iTEMN  325035)

B B SR RBEANFHY Watt B RE-HR AL, T ZARELFHELNETH, ERT
7RG R A EA T T A Hopf 8. HAEEILE R AR, 48R T2,

KR, AR A%, W Wan & E-PHRE; Hopf 8

PESES: 0175  XEkirEmE: A XEHS: 1674-3563(2009)04-0038-06

DOI: 10.3875/j.issn.1674-3563.2009.04.007 A 44 PDF U= WAAK xuebao.wzu.edu.cn $K4F

BH-HE ARG LW AR ELERE . KB EE N Watt M G H - & R4
W

—cx(1)
szx@xr-my»-ay@{F-eﬂwJ
D

—cx(1)

=by (t)(l—e o J—dy(t)

o
T, (o) Ry ()R BE b A (B AR 2B, TSRO IR B, e 5
B, aly M ] P Fr B W o R B SR, B T # IR, Nl T H T E
. RYH Wt 5 SUZESCIRL A A2, R — 5 (077 e S0 SR 2155 )

MBS PEB™ A W, B, AR E MR R, RS KA, P ED B RIS, A
SOK % B Watt B -4 B R (1) 76 R IR 3T IR e e L.
Hr I R Watt B B -4l £ RS T

—cx(t)
dr _ x(t)(r—kx(t—T))—ay(t)[l—e v ]

dr
, 2)

—cx(t)

dy y(0)

= = 1— -

" by(t){ e J dy(t)
R4 (2) BHAW NGRS

x(0)=9(0). y(O)=p(0), ¢(6)=0,
9(0)20, 0e[-7,0], ¢(0)>0, @0)>0.

rfs HHEE: 2008-10-20
EHZR/N: A5 1981-), WiAREISEN, WA, Horm: wis ik



A ARG Watt BTG R A G o) AT 39

e, (4(0).9(0)) e C([-7.01, R, ) X5 DX 0l [~7, 0] Mt 2] RS, ={(x, y): x>0,y 20} Ff¥/Banach
22 ) R R L
1 &Gy F e X Al

KRG AW, Ad>b I, y()#iTE, KRG (1D KGR Brel F 3o

c

b ) 3 .
ﬁy«éﬁu%%(D%ﬁﬁ@ﬁﬁ?ﬁﬁﬁﬁﬁﬁ
a

Wik d <b, HFEy=-

FKLy)szXr—hﬂD—ayU{é—ezg}zo

) (3)
G(x,y)zby(t)[l—ey(’)]—dy(t)zO
IIEAR, JRR[ 2
kb , br
= —_ + — —
Y cwl)C ad () (4)

G BRI AR IS, S
. s br—yad _ .
. ). (5)
(+".57) ( k7 j

FeAlgniE, XFENWEERSE () KIEE A, 2R ARG LA MAEY¥E X, Pk RiHe
WAL (2) EH—FBRIE i S AR e .
BT, RS (2) HA P

* c

o_(br=yad .\
(X,y)—( kd ,}/X j(?’— ln( dj)

1-=
b

fﬁ<bﬂy<%ﬂu&ﬁ@?ﬁﬁﬁ:
a

—cx(t)
fo= x(r)(r—kx(r—r))—ay(r)(l—e Yo J
) , (6)
o= by(t){l—eﬂ”}—dy(t)

ad ac(b—d)

d
p,=r—kx —ac[l—;j » Ps =—7+T,



40 MmN K FFR - B ARFFRR (2009) F 30 A5 4 2

dc—bc -
pSZbC_Cd; p4:—r ’psz—kx .

fE(x7,y") AR ILE A, TS

(cll_):: px()+ p,y()+ psx(t—7)
ay . (7
I psx(t)+ p,y(1)
kL, ARG (T AP (x7, y" ) AHRFAE RN
A —(p,+p)A-ps(A—p)e ™ =0. (8)

TP R IX A AE DT R LU T RS (7, " ) ARG PE . FEBE TSRS ASCIRI4]

E]/‘J#/l\%%:
ERY LI 2ot
p(Ae™ e )= 2"+ p A ot PO A+ P+

’

[pl(l)l""l +ot pl A4 p,(ll)}e_“‘ +- -+[pl(m)ﬂf"] +ot p" A4 pim)]e_“"’

n—1
i, 7 20(i=1,2,'--,m)Epﬂ")(i=0,1,---,m;j=1,2,---,n)7'~3';f~'%'%z. b4 (7,77, ) 1L,
Z I\ p(/l,e"“‘,---,e‘“’" ) 2% R B BURR R A A4k, 2 BAXC — A2 ™ AR B g R
[, FRATIEAIE, SRPAETT AR I A R B A TR, Rge (20 WP RS WL 1,
SRR TR R D BAT AN IE SR RFEAR I, RS (20 WP s ATEE IR . A ST 45 50
FRIETTRE (8) HIMRAI A TG DA T 20T, A5 H — 4.
B io(w>0) ZIFE R (8) MM, W4, KHANE:
~@’ —i(p,+ p,)o— p;iw-p,)e " =0 , 9
I BT RE RS 5 R A
—@’ = p,wsin OT — p, p, coS WT 10y
—(p, + p,)O= p;coswT+ p,ps sinwr
MR TTREAERE— AL, 193]
o' + (p1+p4)2—p52}w2—p42p52 =0. (11
AT AAME— IR, THE A

1

1
2 2 2 2\? ) ?
wy=|— (ps _(p1+p4) )+ (p5 —(p1+p4) ) +4-p4p5 . (12)

2

28 (0, (2) KX, X



A ARG Watt BTG R A G o) AT 41

~a, (o) +(p,+p,) )
@, Ds (pf +a)§)
W, (T,0)ERFRNME. R L =1, 0, FFER (8) HA— xRl +ayi .
BUER TR LIRS (8) MUMRAE 7, IR I3 1124478 .
FliTe X
A7) = a(7) +ia(T) (14)
HFFETTRE (&) M—REUMR, HA:
a(rj)zo, a(r;,)=0.
o AD ARNFHETRE (8) , TR MIAEL T Bt FRH0EH, 195

1 .
T, =—| arcsin

+2j7[ ’ j:O,l"" (13)

-1
2A—(p, + Ar_
[dﬂ(f)] _2A=(ptp))e —ps T .
dz —psA(A-p,) )
FEHRE (9 M Ay, 350
dﬂ(f) - oF \/ 212
R _— = 0 2_ + +4 ) ’ (16)
( dr ] v+ pipta P (e 4t

P

sig”{Re (%j} ) Sign{Re (%(;)TH" }

= @, 2 2\? 2 2|
- PP (ps (P1+p4) ) +4p,ps =1

p52603 + D, D5 W
TR 17D BW M AR T T, AUR BRI, R RO A 2 A R, Y
T =OWHHE R AT A US4 HAY p,+ p, +ps <0, p,ps>0.

2 % GuthHopf/4

HEL Bk g5 & B, AU KTl i i Wan e - £ R4 (2) A HIE P S
(x*,y*)&l‘ﬁ‘]ﬁj\éﬁ%i@.

(17

b ,
w2 Wh<d, 7/<—;, Hop +p,+ps<0, pps>0. Bk @, Az, (j=0,1--) 54
a
NAE (12) A (13) e i, )
D R (D WIETHA(x,y"). WFTel0,5,) . RHEREN, MFr>7,, EAKE
JE ).
2 RE () LEETHA (x,y )iy MR T 2SR T =T, (=01 ) BPE

Hopf /377 .



42 MmN K FFR - B ARFFRR (2009) F 30 A5 4 2

3 HAEHEW

ZIE—MNZHE: a=05, b=25, c=1, d=1.2, k=1, r=0.8, FHHHEIL 5 ,
7,=14749, (x",y")=(1.2990,1.9864).

24 HIMATLABYIHIZ S 5 2 B, B wat (- (R (2) MMz =1.1
RI7= 1.9 AL BIILE . WL

1 1 1 1 T I T
0.95F
09k 0.9F E
0.85F 03l ]
0.8F
; 0.75F ; 0.7 .
0.7F
0.6F B
0.65F
0.6 05k |
0.55F E
0.5 1 1 1 1 1 1 1 1 1 0.4 ! L ! L !
0.50.550.60.650.70.750.80.850.90.95 1 0.4 0.5 0.6 0.7 0.8 0.9 1
x (1) x (1)
(a) T-=1.1 (b)) T-=19
1 R% Q) MAHE
Fig 1 Phase Portrait of System (2)
:]: N
4 72 iE

AR SO I (K Wt A -4 € RS R e A BUEAT T 00T, e iz (=01, )

J

A=A Hopf 7 7207, 3w LIS — 2B e, 1K BT RN R P4 e S

Sk

[1] Watt K E F. A mathematical model for the effect of densities of attacked and attacking species on the number
attacked [J]. Canadian Entomologist, 1959, 91: 129-144.

[2] Wang W M, Wang X Q, Lin Y Z., Complicated dynamics of a predator-prey system with Watt-type functional
response and impulsive control strategy [J]. Chaos, Solitons and Fractals, 2008, 37(5): 1427- 1441.

[3] FJH. —ZEH A WattZ D) REE SOV 4 & 38 - & H R AT 51 [DB/OL]. [2005-07-07]. http://10.96.1.16/kns50/
detail.aspx?QueryID=16&CurRec=1.

[4] Ruan S, Wei J. On the zeros of transcendental functions with applications to stability of delay differential equations
with two delays [J]. Dynamics of Continuous, Discrete and Impulsive Systems: Mathematical Analysis, 2003, 10A:

863-874.



A ARG Watt BTG R A G o) AT 43

Qualitative Analysis of a Watt-type Predator-prey System

with Time Delay

DIAO Dingli
(College of Mathematics and Information Science, Wenzhou University, Wenzhou, China 325035)

Abstract: A Watt-type predator-prey system with time delay was studied. The system’s stability at the
positive equilibrium had been analyzed by means of qualitative analysis method. The existence of Hopf
bifurcation at some certain time delays of the system had been testified. Numerical simulation results showed
that the conclusion is reliable.
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