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x′1(t) = x1(t)
[
r1(t) − a11(t)x1(t) −

a12(t)y2(t)

m(t)y2(t) + x1(t)

]
+D1(t)(x2(t) − x1(t)),

x′2(t) = x2(t)[r2(t) − a22(t)x2(t)] +D2(t)(x1(t) − x2(t)),

y′1(t) = α(t)
x1(t)y2(t)

m(t)y2(t) + x1(t)
− γ1(t)y1(t) − α(t− τ)e−

R
t

t−τ
γ1(s)ds x1(t− τ)y2(t− τ)

m(t)y2(t− τ) + x1(t− τ)
,

y′2(t) = α(t − τ)e−
R

t

t−τ
γ1(s)ds x1(t− τ)y2(t− τ)

m(t)y2(t− τ) + x1(t− τ)
− γ2(t)y2(t).
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2 = � b X � � Vol.29AEQ�3E90{^H�℄!N�RXq��CefP (1) D!90Ær;Q�3E2jK)�7T[m [6–9] E�p��[��iwÆUF%6�n	Q�E)F-T0|E ,fP





x′1(t) = x1(t)[r1(t) − a11(t)x1(t)] − a12(t)f
(x1(t)

y2(t)

)
y2(t) +D1(t)(x2(t) − x1(t)) − h1(t),

x′2(t) = x2(t)[r2(t) − a22(t)x2(t)] +D2(t)(x1(t) − x2(t)) − h2(t),

y′1(t) = α(t)f
(x1(t)

y2(t)

)
y2(t) − γ1(t)y1(t) − α(t− τ)e−

R
t

t−τ
γ1(s)dsf

(x1(t− τ)

y2(t− τ)

)
y2(t− τ),

y′2(t) = α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(x1(t− τ)

y2(t− τ)

)
y2(t− τ) − γ2(t)y2(t).

(2)E;Q�390{^H�	I x(t) �2,\L�0)M t EvR�y1(t), y2(t) j��2 ,7L�E)�	,�0)M t EvR� ri(t) �2,\L�0�O i IE}a4(n�Di(t)�2,\L� x 0�O i IEQ�f=� hi(t) �2,\L� x 0�O i IE6�n�	I
i = 1, 2. α(t− τ)e−

R
t

t−τ
γ1(s)dsf(x1(t−τ)

y2(t−τ) )y2(t− τ)�2)� ,78)M t− τ �)M tW�Z,� ,7E=d� r1(t), r2(t), a11(t), a12(t), a22(t), D1(t), D2(t), h1(t), h2(t), α(t), γ1(t), γ2(t)Q4a�;E ω - Q��=�% BC 4$ [−τ, 0] → R4
+ E%6a��=|,E���	I R4

+ = {(x1, x2, y1, y2)
T :

xi > 0, yi > 0, i = 1, 2}. $*fP (2) EL�!{�Jm5AK)Z




xi(θ) = φi(θ), yi(θ) = ψi(θ),

φi(θ) ≥ 0, ψi(θ) > 0, θ ∈ [−τ, 0],

φi(0) > 0, i = 1, 2.

(3)9[ Φ = (φ1(θ), φ2(θ), ψ1(θ), ψ2(θ)) ∈ BC([−τ, 0], R4
+) . ZeÆ>5AEa�{��

y1(0) =

∫ 0

−τ

α(s)e
R

s

0
γ1(u)duf

(φ1(s)

ψ2(s)

)
ψ2(s)ds�[E��wF�*iwE�X�% X,Z 4ndrdN(�L : DomL ⊂ X → Z Zn{�$�N : X × [0, 1] → Z Za��$��� dimKerL = codimImL < +∞, � ImL Z Z IE�Z��3�$ L +ZhB�E

Fredholm�$��� L4hB�E Fredholm�$��90a�S� P : X → X � Q : Z → Z0C ImP = KerL, ImL = KerQ = Im(I −Q), 3 L|DomL
T

KerP : (I −P )X → ImL L��%	��$ZKP . % ΩZX I%6I���� QN(Ω×[0, 1])%6�KP (I−Q)N : Ω×[0, 1] → X4:E�3+ N 0 Ω × [0, 1]  4 L- :E�$* ImQ - KerL O|��[90O|�$
J : ImQ→ KerL.�� 1[10] (Mawhin 	TKX) % L 4B�ZhE Fredholm �$� N : Ω × [0, 1] → Z0 N : Ω × [0, 1] 4 L - :E�'%�

(i) W��E λ ∈ (0, 1), e/ Lx = λN(x, λ) E3s℄ x 6∈ ∂Ω ∩ DomL;

(ii) QN(x, 0) 6= 0, ∀x ∈ ∂Ω
⋂

KerL;

(iii) deg{JQN(., 0),Ω
⋂

KerL, 0} 6= 0.3e/ Lx = Nx 0 DomL
⋂

Ω }D!%Ær3��� 2[9] �� α(t) 	 f(t) 4 ω - Q��=�3iwe/
dy

dt
= α(t)y(t) + f(t)



No.6 �_8�ÆUF%6�n	Q�E)F-T0| ,fPEXN;Q�3 3%YÆE ω - Q�3 y(t) �s℄
y(t) =

∫ t

−∞
e
R

t

s
α(v)dvf(s)dsg[m [6] E�X 2.1, �C��� 3 R4

+ = {(x1, x2, y1, y2)
T : xi > 0, yi > 0, i = 1, 2} 4fP (2) E;#���Zee���[%!�i#��% f 4a�E ω - Q��=�K�

f =
1

ω

∫ ω

0

f(t)dt, f l = max
t∈[0,ω]

|f(t)|, fM = max
t∈[0,ω]

|f(t)|/#
m = sup

x∈[0,+∞)

{f(x)

x

}
, N1 = max

{rM
1

al
11

,
rM
2

al
22

}
, b1 = maM

12 , b2 = 0�['%�
(A1) : igK),`�
(i) f ∈ C1(R,R) � f(0) = 0;

(ii) f ′(x) > 0, ∀x ∈ R+;

(iii) lim
x→+∞

f(x) = δ > 0, δ 4Ær'=�
(A2) : rl

1 >
aM
12

2
√

ml
+DM

1 + 2
√
aM
11h

M
1 ;

(A3) : hl
1 > DM

1 N1;

(A4) : rl
2 > DM

2 + 2
√
aM
22h

M
2 ;

(A5) : hl
2 > DM

2 N1.

(A6) : γ2 < δαle−γM
1 τ .ZC��[E0���;iw(^r;=�

ui± =
(rl

i − bi −DM
i ) ±

√
(rl

i − bi −DM
i )2 − 4aM

ii h
M
i

2aM
ii

li± =
rM
i ±

√
(rM

i )2 − 4al
ii(h

l
i −DM

i N1)

2al
ii

, xi± =
ri ±

√
(ri)2 − 4aiihi

2aii

, i = 1, 2���>�% li− < xi− < ui− < ui+ < xi+ < li+, i = 1, 2.

2 +
{lj"�ZeC�fP (2) EQ�3�9jJmiwfP




x′1(t) = x1(t)[r1(t) − a11(t)x1(t)] − a12(t)f
(x1(t)

y2(t)

)
y2(t) +D1(t)(x2(t) − x1(t)) − h1(t),

x′2(t) = x2(t)[r2(t) − a22(t)x2(t)] +D2(t)(x1(t) − x2(t)) − h2(t),

y′2(t) = α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(x1(t− τ)

y2(t− τ)

)
y2(t− τ) − γ2(t)y2(t).

(4)E;Q�3E90{�



4 = � b X � � Vol.29Am� 1 ��K) (A1) − (A6) ,`�3fP (2) D!90Ar; ω - Q�3�& iw`ujb$>xfP (2) D!90br; ω - Q�3�IÆ$�9j>xfP
(4) D!90Ar; ω - Q�3�Z7j xi(t) = eui(t), i = 1, 2, y2(t) = eu3(t), 3fP (4) L�Z 




u′1(t) = r1(t) − a11(t)e
u1(t) − a12(t)f

(eu1(t)

eu3(t)

)
eu3(t)−u1(t)

+D1(t)e
u2(t)−u1(t) −D1(t) − h1(t)e

−u1(t),

u′2(t) = r2(t) − a22(t)e
u2(t) +D2(t)e

u1(t)−u2(t) −D2(t) − h2(t)e
−u2(t),

u′3(t) = α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)−u3(t) − γ2(t).

(5)� X = Z = {u(t) = (u1(t), u2(t), u3(t))
T ∈ C(R,R3) : u(t + ω) = u(t)}, # ||u|| =

3∑
i=1

( max
t∈[0,ω]

|ui(t)|), 3 X,Z 07d=iZ Banach N(�j
N(u, λ) =




r1(t) − a11(t)e
u1(t) − λa12(t)f

(eu1(t)

eu3(t)

)
eu3(t)−u1(t)

+λD1(t)e
u2(t)−u1(t) − λD1(t) − h1(t)e

−u1(t)

r2(t) − a22(t)e
u2(t) + λD2(t)e

u1(t)−u2(t) − λD2(t) − h2(t)e
−u2(t)

α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)−u3(t) − γ2(t)




.

Lu = u′, Pu =
1

ω

∫ ω

0

u(t)dt, u ∈ X ; Qz =
1

ω

∫ ω

0

z(t)dt, z ∈ Z.3 KerL = {u ∈ X : u = c ∈ R3}, ImL = {z ∈ Z :
∫ ω

0 z(t)dt = 0},� ImLZ Z IE�Z��*4 dimKerL = 3 = codimImL,� L4hB�E Fredholm �$���>x P,Q4a�S��0C ImP = KerL, ImL = KerQ = Im(I −Q), �7 L E��$ KP : ImL→ DomL
⋂

KerP90�� KP (z) =
∫ t

0 z(s)ds −
1
ω

∫ ω

0

∫ t

0 z(s)dsdt, ℄! Arzela-Ascoli KX��>x� N 0
Ω × [0, 1]  4 L :E�	I Ω Z X I%6I��Ze�!�X 1, `u�D!6�Ar X IE%6I� Ω1,Ω2,Ω3,Ω4, �7JmW�CZe/ Lu = λN(u, λ), λ ∈ (0, 1) %






u′1(t) = λ[r1(t) − λa11(t)e
u1(t) − a12(t)f

(eu1(t)

eu3(t)

)
eu3(t)−u1(t)

+λD1(t)e
u2(t)−u1(t) − λD1(t) − h1(t)e

−u1(t)],

u′2(t) = λ[r2(t) − a22(t)e
u2(t) + λD2(t)e

u1(t)−u2(t) − λD2(t) − h2(t)e
−u2(t)],

u′3(t) = λ[α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)−u3(t) − γ2(t)].

(6)% u(t) = (u1(t), u2(t), u3(t))
T ∈ X ZfP (6) W�*zr λ ∈ (0, 1) E3�D�90 ξi, ηi ∈

[0, ω] (i = 1, 2, 3), 0C
ui(ξi) = min

t∈[0,ω]
ui(t), ui(ηi) = max

t∈[0,ω]
ui(t). (7)$ (7) 1�% u′i(ξi) = 0, u′i(ηi) = 0, i = 1, 2, �

r1(ξ1) − a11(ξ1)e
u1(ξ1) − λa12(ξ1)f

(eu1(ξ1)

eu3(ξ1)

)
eu3(ξ1)−u1(ξ1) + λD1(ξ1)e

u2(ξ1)−u1(ξ1)

−λD1(ξ1) − h1(ξ1)e
−u1(ξ1) = 0. (8)
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r2(ξ2) − a22(ξ2)e
u2(ξ2) + λD2(ξ2)e

u1(ξ2)−u2(ξ2) − λD2(ξ2) − h2(ξ2)e
−u2(ξ2) = 0. (9)

r1(η1) − λa11(η1)e
u1(η1) − a12(η1)f

(eu1(η1)

eu3(η1)

)
eu3(η1)−u1(η1) + λD1(η1)e

u2(η1)−u1(η1)

−λD1(η1) − h1(η1)e
−u1(η1) = 0. (10)

r2(η2) − a22(η2)e
u2(η2) + λD2(η2)e

u1(η2)−u2(η2) − λD2(η2) − h2(η2)e
−u2(η2) = 0. (11)iwjbLÆzFq�Æz 1 �� u1(η1) ≥ u2(η2),3 u1(η1) ≥ u2(η1). $ (10)1C r1(η1)−a11(η1)e

u1(η1) > 0,�
eu1(η1) <

r1(η1)

a11(η1)
≤
rM
1

al
11

≤ N1�
u2(η2) ≥ u1(η1) ≤ ln

rM
1

al
11

≤ lnN1.Æz 2 �� u1(η1) < u2(η2), 3 u1(η2) < u2(η2). $ (11) 1OXLC
eu2(η2) <

r2(η2)

a22(η2)
≤
rM
2

al
22�

u1(η1) < u2(η2) ≤ ln
rM
2

al
22

≤ lnN1.$ wbLÆzL?
max{u1(η1), u2(η2)} ≤ lnN1 (12)$ (8) 1C

rl(ξ1) − a11(ξ1)e
u1(ξ1) − h1(ξ1)e

−u1(ξ1)

= λa12(ξ1)f
(eu1(ξ1)

eu3(ξ1)

)
eu3(ξ1)−u1(ξ1) − λD1(ξ1)e

u2(ξ1)−u1(ξ1) + λD1(ξ1) < maM
12 +DM

1 (13)� rl
1 − aM

11e
u1(ξ1) − hM

1 e−u1(ξ1) < maM
12 +DM

1 , �
aM
11e

2u1(ξ1) − (rl
1 −maM

12 −DM
1 )eu1(ξ1) + hM

1 > 0.0�K) (A2) 3C
u1(ξ1) > lnu1+ �7 u1(ξ1) < lnu1− (14)OX$ (10) 1LC
u1(η1) > lnu1+ �7 u1(η1) < lnu1− (15)($ (8) 1C

r1(ξ1) − a11(ξ1)e
u1(ξ1) + λD1(ξ1)e

u2(ξ1)−u1(ξ1) − h1(ξ1)e
−u1(ξ1)

= λa12(ξ1)f
(eu1(ξ1)

eu3(ξ1)

)
eu3(ξ1)−u1(ξ1) + λD1(ξ1) > 0
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1 − al

11e
u1(ξ1) +DM

1 N1e
−u1(ξ1) − hl

1e
−u1(ξ1) > 0, �

al
11e

2u1(ξ1) − rM
1 eu1(ξ1) + hl

1 −DM
1 N1 < 0.0�K) (A2) 	 (A3) , $7L3C

lnl1− < u1(ξ1) < lnl1+ (16)OX$ (10) 1LC
lnl1− < u1(η1) < lnl1+ (17)$ (14) 1� (15) 1� (16) 1	 (17) 1C

u1(ξ1) ∈ (lnl1−, lnu1−) ∪ (lnu1+, lnl1+), u1(η1) ∈ (lnl1−, lnu1−) ∪ (lnu1+, lnl1+) (18)$ (9) 1C
r2(ξ2) − a22(ξ2)e

u2(ξ2) − h2(ξ2)e
−u2(ξ2) = −λD2(ξ2)e

u1(ξ2)−u2(ξ2) + λD2(ξ2) < DM
2 . (19)� rl

2 − aM
22e

u2(ξ2) − hM
2 e−u2(ξ2) < DM

2 �
aM
22e

2u2(ξ2) − (rl
2 −DM

2 )eu2(ξ2) + hM
2 > 0.0�K) (A4) 3C

u2(ξ2) > lnu2+ �7 u2(ξ2) < lnu2− (20)OX$ (11) 1LC
u2(η2) > lnu2+ �7 u2(η2) < lnu2− (21)($ (9) 1C

r2(ξ2) − a22(ξ2)e
u2(ξ2) + λD2(ξ2)e

u1(ξ2)−u2(ξ2) − h2(ξ2)e
−u2(ξ2) = λD2(ξ2) > 0� rM

2 − al
22e

u2(ξ2) +DM
2 N1e

−u2(ξ2) − hl
2e

−u2(ξ2) > 0 �
al
22e

2u2(ξ2) − rM
2 eu2(ξ2) + hl

2 −DM
2 N1 < 0.0�K) (A4) 	 (A5), $73C

lnl2− < u2(ξ2) < lnl2+ (22)OX$ (11) 1LC
lnl2− < u2(η2) < lnl2+ (23)$ (20) 1� (21) 1� (22) 1� (23) 1C

u2(ξ2) ∈ (lnl2−, lnu2−) ∪ (lnu2+, lnl2+), u2(η2) ∈ (lnl2−, lnu2−) ∪ (lnu2+, lnl2+) (24)$e/ (6) EI�1LC
∫ ω

0

α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)−u3(t)dt =

∫ ω

0

γ2(t)dt = γ2ω (25)
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∫ ω

0

|u′3(t)|dt ≤

∫ ω

0

α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)−u3(t)dt+

∫ ω

0

γ2(t)dt

= 2γ2ω (26)$ (6) 1EI�1b�O.� eu3(t), �8 0 � ω �jC
∫ ω

0

γ2(t)e
u3(t)dt =

∫ ω

0

α(t − τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)dt

≤ αM e−γl
1τmN1ω (27)�$ (27) 1% γl

2e
u3(ξ3)ω ≤

∫ ω

0
γ2(t)e

u3(t)dt ≤ αMe−γl
1τmN1ω, �C u3(ξ3) ≤ lnαM e−γl

1τ mN1

γl
2ml ,0� (26) 1C

u3(t) ≤ u3(ξ3) +

∫ ω

0

|u′3(t)|dt ≤ ln
αMe−γl

1τmN1

γl
2m

l
+ 2γ2ω , ρ1 (28)$ (6) 1EI�1b�O.� eu3(t), �8 0 � ω �jC

∫ ω

0

α(t − τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)dt =

∫ ω

0

γ2(t)e
u3(t)dt ≤ γM

2

∫ ω

0

eu3(t)dt(
αle−γM

1 τf
( l1−
eu3(η3)

) ∫ ω

0

eu3(t)dt ≤

∫ ω

0

α(t− τ)e−
R

t

t−τ
γ1(s)dsf

(eu1(t−τ)

eu3(t−τ)

)
eu3(t−τ)dt� αle−γM

1 τf( l1−

eu3(η3) ) ≤ γM
2 , �$K) (A1) C

u3(η3) ≥ ln
l1−

f−1
(

γM
2

αle
−γM

1
τ

)/$ (26) 1C
u3(t) ≥ u3(η3) −

∫ ω

0

|u′3(t)|dt ≥ ln
l1−

f−1
(

γM
2

αle−γM
1 τ

) − 2γ2ω , ρ2 (29)$ (28) 1	 (29) 1C
|u3(t)| ≤ max{|ρ1|, |ρ2|} , B (30)k�� li±, ui±, B(i = 1, 2) E��- λ a��% (u1, u2, u3)

T ∈ R3, 3
QN(u, 0) =




r1 − a11e
u1 − h1e

−u1

r2 − a22e
u2 − h2e

−u2

−γ2 +
1

ω

∫ ω

0

α(t− τ)e−
R

t

t−τ
γ1(s)dsdtf

(eu1

eu3

)
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r1 − a11e
u1 − h1e

−u1 = 0,

r2 − a22e
u2 − h2e

−u2 = 0,

−γ2 +
1

ω

∫ ω

0

α(t− τ)e−
R

t

t−τ
γ1(s)dsdtf

(eu1

eu3

)
= 0.

(31)j g(v) = −γ2 + 1
ω

∫ ω

0
α(t−τ)e−

R
t

t−τ
γ1(s)dsdtf(v),k� g(v) 0 [0,+∞)a��� g(0) = −γ2 <

0. $K) (A1) 	 (A6) C
lim

v→+∞
g(v) = −γ2 +

δ

ω

∫ ω

0

α(t − τ)e−
R

t

t−τ
γ1(s)dsdt ≥ −γ2 + δαle−γM

1 τ > 0( g′(v) = 1
ω

∫ ω

0 α(t− τ)e−
R

t

t−τ
γ1(s)dsdtf ′(v) > 0, v ∈ (0,+∞), D�

−γ2 +
1

ω

∫ ω

0

α(t− τ)e−
R

t

t−τ
γ1(s)dsdtf

(eu1

eu3

)
= 0%YÆ3

eu3 =
eu1

f−1
(

γ2

1
ω

R
ω

0
α(t−τ)e

−

R
t
t−τ

γ1(s)ds
dt

) > 0 (32)$e/^ (31) EIÆre/C
a11e

2u1 − r1e
u1 + h1 = 0 (33)3e/ (33) %br3 lnx1±. /$e/^ (31) EI^re/C

a22e
2u2 − r2e

u2 + h2 = 0 (34)3e/ (34) %br3 lnx2±.($ (32) 1C
x3± =

x1±

f−1
(

γ2

1
ω

R
ω

0
α(t−τ)e

−

R
t
t−τ

γ1(s)ds
dt

) > 08[ QN(u, 0) = 0 %Ar#OE3
ũ1 = (lnx1+, lnx2+, lnx3+), ũ2 = (lnx1+, lnx2−, lnx3+)

ũ3 = (lnx1−, lnx2+, lnx3−), ũ4 = (lnx1−, lnx2−, lnx3−)�5?E'= B0 > 0, 0C B0 > max{|lnx3−|, |lnx3+|}. j
Ω1 = {u = (u1, u2, u3)

T ∈ X |u1(t) ∈ (lnu1+, lnl1+), u2(t) ∈ (lnu2+, lnl2+),

max
t∈[0,ω]

|u3(t)| < B +B0}

Ω2 = {u = (u1, u2, u3)
T ∈ X |u1(t) ∈ (lnu1+, lnl1+), u2(t) ∈ (lnl2−, lnu2−),

max
t∈[0,ω]

|u3(t)| < B +B0}
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Ω3 = {u = (u1, u2, u3)
T ∈ X |u1(t) ∈ (lnl1−, lnu1−), u2(t) ∈ (lnu2+, lnl2+),

max
t∈[0,ω]

|u3(t)| < B +B0}

Ω4 = {u = (u1, u2, u3)
T ∈ X |u1(t) ∈ (lnl1−, lnu1−), u2(t) ∈ (lnl2−, lnu2−),

max
t∈[0,ω]

|u3(t)| < B +B0}k� Ωi (i = 1, 2, 3, 4) 4 X IE%6I���� ũi ∈ Ωi (i = 1, 2, 3, 4). #|>x Ωi

⋂
Ωj =

∅, i, j = 1, 2, 3, 4, i 6= j, 3 Ωi (i = 1, 2, 3, 4) s℄�X 1 EK) (i), ��W ∀u ∈ ∂Ωi

⋂
KerL)% QN(u, 0) 6= 0. �Z ImQ = KerL, L� J ZÆO�$��,"CL? deg{JQN(·, 0),

Ωi

⋂
KerL, 0} 6= 0, i = 1, 2, 3, 4,�e/ (5)D!%Ar#OE ω -Q�3 u∗i (t) = (u∗1i(t), u

∗
2i(t),

u∗3i(t))
T (i = 1, 2, 3, 4), � u∗i (t) (i = 1, 2, 3, 4) 4#OE�j x∗1i(t) = eu∗

1i(t), x∗2i(t) = eu∗

2i(t),

y∗2i(t) = eu∗

3i(t), i = 1, 2, 3, 4, 3 (x∗1i(t), x
∗
2i(t), y

∗
2i(t)) 4fP (4) EAr#OE; ω - Q�3�I^$�>xfP (2) D!90Ar#OE; ω - Q�3�$IÆ$��>C (x∗1i(t), x

∗
2i(t), y

∗
2i(t)) 4fP (4) EAr#OE; ω - Q�3�M�fP (2) EQ�{�#|>x

G∗
i (t) = α(t)f

(x∗1i(t)

y∗2i(t)

)
y∗2i(t) − α(t− τ)e−

R
t

t−τ
γ1(s)dsf

(x∗1i(t− τ)

y∗2i(t− τ)

)
y∗2i(t− τ), i = 1, 2, 3, 44 ω - Q�E�3/ �vE γ1(t+ ω) = γ1(t), %

G∗
i (t+ ω) = α(t + ω)f

(x∗1i(t+ ω)

y∗2i(t+ ω)

)
y∗2i(t+ ω) − α(t+ ω − τ)

·e−
R

t+ω

t+ω−τ
γ1(s)dsf

(x∗1i(t+ ω − τ)

y∗2i(t+ ω − τ)

)
y∗2i(t+ ω − τ)

= α(t)f
(x∗1i(t)

y∗2i(t)

)
y∗2i(t) − α(t− τ)

·e−
R

t

t−τ
γ1(σ+ω)dσf

(x∗1i(t− τ)

y∗2i(t− τ)

)
y∗2i(t− τ) = G∗

i (t), i = 1, 2, 3, 4$�X�?e/ dy1(t)
dt

= −γ1(t)y1(t) + G∗
i (t), i = 1, 2, 3, 4 Wtr i u%YÆE; ω - Q�3 y∗1i(t), 8[fP (2) D!90Ar#OE; ω - Q�3 (x∗1i(t), x

∗
2i(t), y

∗
1i(t), y

∗
2i(t))

T , i =

1, 2, 3, 4.

3 � |�� 1 JmiwXje/





x′1(t) = x1(t)
[
r1(t) − a11(t)x1(t) −

a12(t)y2(t)

ny2(t) + x1(t)

]
+D1(t)(x2(t) − x1(t)),

x′2(t) = x2(t)[r2(t) − a22(t)x2(t)] +D2(t)(x1(t) − x2(t)),

y′1(t) = α(t)
x1(t)y2(t)

ny2(t) + x1(t)
− γ1(t)y1(t) − α(t− τ)e−

R
t

t−τ
γ1(s)ds x1(t− τ)y2(t− τ)

ny2(t− τ) + x1(t− τ)
,

y′2(t) = α(t− τ)e−
R

t

t−τ
γ1(s)ds x1(t− τ)y2(t− τ)

ny2(t− τ) + x1(t− τ)
− γ2(t)y2(t).

(35)



10 = � b X � � Vol.29A9['= n > 0, 	,&=E��-fP (2) oO�7) f(x) = x
n+x

. k� f(x) s℄K)
(A1) � δ = 1,m = 1

n
. �!KX 1 LC��� 1 ��igK),`�

(A∗
2) : rl

1 >
1
n
aM
12 +DM

1 + 2
√
aM
11h

M
1 ;

(A∗
3) : hl

1 > DM
1 N1;

(A∗
4) : rl

2 > DM
2 + 2

√
aM
22h

M
2 ;

(A∗
5) : hl

2 > DM
2 N1.

(A∗
6) : γ2 < αle−γM

1 τ .3fP (35) D!90Ar; ω - Q�3�h ~ � �
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Multiple Periodic Solutions for a Delayed Stage-Structure

Predator-Prey Systems with Harvesting Rate and Diffusion

Qin Fajin
(Mathematical College, Sichuan University, Chendu 610064;

Department of Mathematics and Computer Science, Liuzhou Teachers College, Liuzhou 545004)

Abstract: In this paper, the author studies the existence of periodic solutions for a delayed

stage-structure predator-prey system with harvesting rate and diffusion. By developing some

technique of analysis and using continuation theorem based on coincidence degree, some suffi-

cient conditions are derived, under which this system has at least four positive periodic solutions.

Key words: harvesting rate; monotonic functional response; diffusion; stage-structure predator-

prey system; positive periodic solutions; coincidence degree.
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