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ax

1 + bx
, ẏ = −ey + ky

ax

1 + bx
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dN1(t)

dt
= N1(t)

[

b1(t) − β(t)N1(t) − a1(t)N1(t − τ1(t))

−c1(t)N
′
1(t − τ1(t))

]

−
α(t)N1(t)

1 + mN1(t)
N2(t − σ(t)),

dN2(t)

dt
= −b2(t)N2(t) +

a2(t)N1(t − τ2(t))

1 + mN1(t − τ2(t))
N2(t).

(1)�h N1(t), N2(t) m ?9\j"�"9Rj"H t 8\J�V� bi : R → R, ai, τi, σ, α :

R → (0,∞) ?p�J ω m�	G� ∫ ω

0
bi(t)dt > 0, τ ′

i < 1, σ′ < 1. C m = 0, c1(t) = 0 8|^
(1) G?BOJ Lotka-Volterra "9R - 9\|^ [4,8,9]. C β(t) = 0, c1(t) = 0 8�.F|^.B=o [11] O"E�[C.F|^|>"9R8�9\j"G{zBOJhn� LogisticL*�� (/o [13, �TtU 9.2]). �B|^ (1) J5P�12(Uo� [1,4-6,8-13]. Ho�hM#>&mo�"E|^ (1) JyjSE���#[G|^ (1) [&�/n/D>oP`���o"E|^ (1) J�Hm�9J;H��>�J?�=Bhn�imi.H5:kVfy8Q2JLw℄.Co [9,11] J%+(�:[o� [9,11] OT~J'Z9J�'�'Ji%
^7:B.Fi.�u}`Mo [13]Jmy$��Zqs=hn�8e�`Jmy.J^	�:[HD.F|^;HXm�9J0m�W0��oJiX/5:B+Æ J5wG���.�
2 �0��msZ�m�9J;H��u}4*kVfyhJ$dQf [14,P40].3 X, Z ?sg�r℄.�L : DomL ⊂ X → Z m��92�N : X → Z mp�92�)� dimKerL=Codim ImL < +∞� ImL ? Z h�w �K-92 L m`�muJ Fredholm92�)� L ?`�muJ Fredholm 92�;Hp�a8 P : X → X /! Q : Z → Z =H
ImP = KerL, ImL = KerQ = Im(I −Q), K L|DomL∩KerP : (I −P )X → ImL X�3�92m KP , 3 Ω m X hJ><T �)� QN(Ω̄) ><� KP (I − Q)N : Ω̄ → X ??J�K- N H Ω̄ .? L - ?J�=B ImQ C KerL ℄��3[;H℄�92 J : ImQ → KerL.2� 1[14]($dQf) 3 L ?`�muJ Fredholm 92�N H Ω̄ .? L - ?J�-3

(a) Y&1J λ ∈ (0, 1), i. Lx = λNx J9{z x 6∈ ∂Ω ∩ domL;

(b) Y&1J x ∈ ∂Ω ∩ KerL,QNx 6= 0 [� deg{JQN, Ω ∩ KerL, 0} 6= 0.Ki. Lx = Nx H DomL ∩ Ω̄ hb1;H+x9�KBo [11] 4f 2 JZ��u}>2� 2 R+
2 = {(x, y) ∈ R2|x ≥ 0, y ≥ 0} �B|^ (1) ?X�%�J�=B|^ (1) JX5:��Vx2_tU Ni(s) = φi(s), N

′
i(s) = φ′

i(s) ≥ 0, φi(0) > 0,

i = 1, 2. φi ∈ C([−τ, 0], [0, +∞)) ∩ C1([−τ, 0], [0, +∞)), �h τ = max
t∈[0,ω]

{τ1, τ2, σ}.�o=:)�(

b̄i =

1

ω

∫ ω

0

bi(t)dt, B̄i =
1

ω

∫ ω

0

|bi(t)|dt, ū =
1

ω

∫ ω

0

u(t)dt, |u|0 = max
0≤t≤ω

{u(t)},

u = min
0≤t≤ω

{u(t)}, c10 =
c1(t)

1 − τ ′
1(t)

, a20 =
a2(t)

1 − τ ′
2(t)

.
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(1) a20(1 − |τ ′

1|0) > 2b2m; (2) |c1|0e
A < 1; (3) b1 > (β + a1 − c′10)e

A;

(4) b1 >
b2(β + a1)

a2 − mb2

; (5) a1(t) > c′10(t),�h A = ln
{ 2b2

a20 − 2b2m

}

+
2b2|c10|0

a20(1 − |τ ′
1|0) − 2b2m

+ (B1 + b1)ω.K|^ (1) b1;H+xXJ ω m�9�; ~��
Ni(t) = exi(t), i = 1, 2. (2)K|^ (1) �m































dx1(t)

dt
= b1(t) − β(t)ex1(t) − a1(t)e

x1(t−τ1(t))

−c1(t)x
′
1(t − τ1(t))e

x1(t−τ1(t)) −
α(t)

1 + mex1(t)
ex2(t−σ(t)),

dx2(t)

dt
= −b2(t) +

a2(t)e
x1(t−τ2(t))

1 + mex1(t−τ2(t))
.

(3)� X = {x(t) = (x1(t), x2(t))
T ∈ C1(R, R2); x(t + ω) = x(t)} � Z = {z(t) = (z1(t), z2(t))

T ∈

C(R, R2); z(t + ω) = z(t)}, !( |x|0 = max
t∈[0,ω]

|x(t)|, |x|1 = max
t∈[0,ω]

{|x|0, |x
′|0}. K X � Z m H� | · |1 � | · |0 �m Banach ℄.�w

Nx =













b1(t) − β(t)ex1(t) − a1(t)e
x1(t−τ1(t))

−c1(t)x
′
1(t − τ1(t))e

x1(t−τ1(t)) −
α(t)

1 + mex1(t)
ex2(t−σ(t))

−b2(t) +
a2(t)e

x1(t−τ2(t))

1 + mex1(t−τ2(t))
,













, x ∈ X.

Lx = ẋ =
dx(t)

dt
, Px =

1

ω

∫ ω

0

x(t)dt, x ∈ X ; Qz =
1

ω

∫ ω

0

z(t)dt, z ∈ Z.K> KerL =
{

span
{( 1

0

)

,
( 0

1

)}}

, ImL = {z ∈ Z :
∫ ω

0 z(t)dt = 0} ? Z hJ�w ��
dimKerL = 2 = codimImL, � L ?`�muJ Fredholm 92�(0Z� P, Q ?p�a8�=H ImP =KerL, KerQ =ImL =Im(I − Q). 37 L J92 KP : ImL → KerP ∩ DomL;H��

KP (z) =

∫ t

0

z(s)ds −
1

ω

∫ ω

0

∫ t

0

z(s)dsdt.B?'L0H
QNx =

( 1

ω

∫ ω

0

∆1(x, s)ds,
1

ω

∫ ω

0

∆2(x, s)ds
)T

,

KP (I − Q)Nx =
(

∫ t

0

∆1(x, s)ds − ∆3(x, t),

∫ t

0

∆2(x, s)ds
)T

−
( 1

ω

∫ ω

0

∫ t

0

∆1(x, s)dsdt −
1

ω

∫ ω

0

∆3(x, t)dt,
1

ω

∫ ω

0

∫ t

0

∆2(x, s)dsdt
)T

−
(

(
t

ω
−

1

2
)

∫ ω

0

∆1(x, s)ds, (
t

ω
−

1

2
)

∫ ω

0

∆2(x, s)ds
)T

.



984 G � w f � � Vol.25A�h ∆1(x, s) := b1(s)− (a1(s)− c′10(s))e
x1(s−τ1(s)) − β(s)ex1(s) − α(s)

1+mex1(s) e
x2(s−σ(s)), ∆2(x, s)

= −b2(s) + a2(s)ex1(s−τ2(s))

1+mex1(s−τ2(s)) , ∆3(x, t) = c10(t)e
x1(t−τ1(t)) − c10(0)ex1(−τ1(0)). �# QN � KP (I −

Q)N p��3 Ω ? X hJ><T ��# QN(Ω̄) ><�j: Arzela-Ascoli Qf(0Z�
KP (I − Q)N(Ω̄)?? �37N H Ω̄.? L -?J�Y5BLwi. Lx = λNx, λ ∈ (0, 1),u}>



























dx1(t)

dt
= λ

{

b1(t) − β(t)ex1(t) − a1(t)e
x1(t−τ1(t))

−c1(t)x
′
1(t − τ1(t))e

x1(t−τ1(t)) −
α(t)

1 + mex1(t)
ex2(t−σ(t))

}

,

dx2(t)

dt
= λ

{

− b2(t) +
a2(t)e

x1(t−τ2(t))

1 + mex1(t−τ2(t))

}

.

(4)3 x = x(t) ∈ X ?|^ (4) JY5B�x λ ∈ (0, 1) J9�4 (4) >qX℄8: 0 D ω �mH


























∫ ω

0

[

b1(t) − β(t)ex1(t) − a1(t)e
x1(t−τ1(t))

−c1(t)x
′
1(t − τ1(t))e

x1(t−τ1(t)) −
α(t)

1 + mex1(t)
ex2(t−σ(t))

]

dt = 0,
∫ ω

0

[

− b2(t) +
a2(t)e

x1(t−τ2(t))

1 + mex1(t−τ2(t))

]

dt = 0."
∫ ω

0

[

β(t)ex1(t) + (a1(t) − c′10(t))e
x1(t−τ1(t)) +

α(t)

1 + mex1(t)
ex2(t−σ(t))

]

dt = b̄1ω, (5)

∫ ω

0

a2(t)e
x1(t−τ2(t))

1 + mex1(t−τ2(t))
dt = b̄2ω. (6)= (4) >N+x>wu}>

x′
1(t) + λc10(t)(e

x1(t−τ1(t)))′

= λ
[

b1(t) − β(t)ex1(t) − a1(t)e
x1(t−τ1(t)) −

α(t)

1 + mex1(t)
ex2(t−σ(t))

]

,:[= (5) >/!.>>
∫ ω

0

∣

∣

∣

d

dt

[

x1(t) + λc10(t)e
x1(t−τ1(t))

]∣

∣

∣dt

≤ λ

∫ ω

0

∣

∣

∣
b1(t) − β(t)ex1(t) − (a1(t) − c′10(t))e

x1(t−τ1(t)) −
α(t)

1 + mex1(t)
ex2(t−σ(t))

∣

∣

∣
dt

≤

∫ ω

0

|b1(t)|dt +

∫ ω

0

[

β(t)ex1(t) + (a1(t) − c′10(t))e
x1(t−τ1(t)) +

α(t)

1 + mex1(t)
ex2(t−σ(t))

]

dt

≤ (B1 + b1)ω.= (4) >N_>/! (6) >XH
∫ ω

0

|ẋ2(t)|dt = λ

∫ ω

0

∣

∣

∣

∣

−b2(t) +
a2(t)e

x1(t−τ2(t))

1 + mex1(t−τ2(t))

∣

∣

∣

∣

dt ≤ (B̄2 + b̄2)ω, (7)�h B̄1 = 1
ω

∫ ω

0 |b1(t)|dt, B̄2 = 1
ω

∫ ω

0 |b2(t)|dt.
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2(t) < 1 \ g2(t) ?!wBPL*	G��;Hd	G

t = ϕ2(g2). 37
∫ ω

0

a2(t)e
x1(t−τ2(t))

1 + mex1(t−τ2(t))
dt =

∫ ω−τ2(ω)

−τ2(0)

a2(ϕ2(g2))

1 − τ ′
2(ϕ2(g2))

ex1(g2)

1 + mex1(g2)
dg2

=

∫ ω

0

a2(ϕ2(g2))

1 − τ ′
2(ϕ2(g2))

ex1(g2)

1 + mex1(g2)
dg2.B?�=�mh_Qf\F;H η2 ∈ [0, ω] =H

∫ ω

0

a2(t)e
x1(t−τ2(t))

1 + mex1(t−τ2(t))
dt =

a2(η2)

1 − τ ′
2(η2)

∫ ω

0

ex1(t)

1 + mex1(t)
dt. (8)G8w t = s − τ1(s), t1 = 0 − τ1(0), t2 = ω − τ1(ω). ℄(J= τ ′

1(t) < 1 \F t ? s J!wBPL*	G�j: τ1(t) Jm��> t2 − t1 = ω, B?=�mh_Qf� x1(t) Jm��\F;H η1 ∈ [0, ω] =H
a2(η2)

1 − τ ′
2(η2)

∫ ω

0

ex1(t)

1 + mex1(t)
dt =

a2(η2)

1 − τ ′
2(η2)

∫ t2

t1

ex1(t)

1 + mex1(t)
dt

=
a2(η2)

1 − τ ′
2(η2)

∫ ω−τ1(ω)

0−τ1(0)

ex1(t)

1 + mex1(t)
dt

t=s−τ1(s)
=

a2(η2)

1 − τ ′
2(η2)

∫ ω

0

ex1(s−τ1(s))

1 + mex1(s−τ1(s))
(1 − τ ′

1(s))ds

= a20(η2)(1 − τ ′
1(η1))

∫ ω

0

ex1(t−τ1(t))

1 + mex1(t−τ1(t))
dt.

(9)

�H�= (6),(8),(9) ,>XH
a20(η2)

∫ ω

0

ex1(t)

1 + mex1(t)
dt + a20(η2)(1 − τ ′

1(η1))

∫ ω

0

ex1(t−τ1(t))

1 + mex1(t−τ1(t))
dt = 2

∫ ω

0

b2(t)dt,B?�=�mh_Qf\F;H ξ ∈ [0, ω] =H
a20(η2)

ex1(ξ)

1 + mex1(ξ)
+ a20(η2)(1 − τ ′

1(η1))
ex1(ξ−τ1(ξ))

1 + mex1(ξ−τ1(ξ))
= 2b2. (10)= (10) >> a20(η2)

ex1(ξ)

1 + mex1(ξ)
≤ 2b2, =7�j:QfW0 (1), X9H
x1(ξ) ≤ ln

{ 2b2

a20 − 2b2m

}

. (11)v+i��= (10) >*>
a20(η2)(1 − τ ′

1(η1))
ex1(ξ−τ1(ξ))

1 + mex1(ξ−τ1(ξ))
≤ 2b2,j:QfW0 (1) >

ex1(ξ−τ1(ξ)) ≤
2b2

a20(1 − |τ ′
1|0) − 2b2m

.
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x1(t) + λc10(t)e

x1(t−τ1(t))

≤ x1(ξ) + λc10(ξ)e
x1(ξ−τ1(ξ)) +

∫ ω

0

∣

∣

∣

d

dt

[

x1(t) + λc10(t)(e
x1(t−τ1(t)))

]∣

∣

∣dt

≤ ln
{ 2b2

a20 − 2b2m

}

+
2b2|c10|0

a20(1 − |τ ′
1|0) − 2b2m

+ (B1 + b1)ω
def
= A.u1D λc10(t)e

x1(t−τ1(t)) > 0 *G>
x1(t) < A. (12)j:�mh_Qf/! (5) >\;H η ∈ [0, ω] =H

ωαex2(η−σ(η))

1 + meA
=

∫ ω

0

αex2(t−σ(t))

1 + meA
dt ≤

∫ ω

0

α(t)ex2(t−σ(t))

1 + mex1(t)
dt ≤

∫ ω

0

b1(t)dt.�+w η − σ(η) = n1ω + η′, η′ ∈ [0, ω], n1 ?�xWG�K=.>XH
ex2(η

′) ≤
b1(1 + meA)

α
,*G?

x2(η
′) ≤ ln

{b1(1 + meA)

α

}

. (13)= (7) >� (13) >>
x2(t) ≤ x2(η

′) +

∫ ω

0

|ẋ2(t)|dt ≤ ln
{b1(1 + meA)

α

}

+ (B2 + b2)ω
def
= B. (14)v+i��= (4) >N+>XH

|ẋ1(t)| ≤ |b1|0 + |β|0e
A + |a1|0e

A + |c1|0|ẋ1(t − τ1(t))|e
A + |α|0e

B.u1D=QfW0 (2) \> |c1|0e
A < 1, B?=.>XH

|ẋ1|0 ≤
|b1|0 + |β|0e

A + |a1|0e
A + |α|0e

B

1 − |c1|0eA

def
= B1. (15)= (4) >N_>XH |ẋ2(t)| ≤ |b2(t)| +

|a2(t)|e
A

1+meA , *G?
|ẋ2|0 ≤ |b2|0 +

|a2|0e
A

1 + meA

def
= B2. (16)3m (x1(t), x2(t))

T ∈ X , O/;H ξi, τi ∈ [0, ω] =H
xi(ξi) = min

t∈[0,ω]
xi(t), xi(τi) = max

t∈[0,ω]
xi(t), i = 1, 2. (17)= (6) � (17) >>

b̄2ω =

∫ ω

0

a2(t)e
x1(t−τ2(t))

1 + mex1(t−τ2(t))
dt ≥

∫ ω

0

a2(t)e
x1(ξ1)

1 + mex1(ξ1)
dt ≥

ex1(ξ1)ā2ω

1 + mex1(ξ1)
,
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x1(ξ1) ≤ ln

{ b̄2

ā2 − b̄2m

}

. (18)G8j: (6) >� (17) >�>
b̄2ω =

∫ ω

0

a2(t)e
x1(t−τ2(t))

1 + mex1(t−τ2(t))
dt ≤

∫ ω

0

a2(t)e
x1(τ1)dt ≤ ā2e

x1(τ1)ω,"
x1(τ1) ≥ ln

{ b̄2

ā2

}

, (19)= (18),(19) >X\;H t0 ∈ [0, ω] =H
|x1(t0)| ≤ max

{∣

∣

∣ ln
{ b̄2

ā2

}∣

∣

∣,
∣

∣

∣ ln
{ b̄2

ā2 − b̄2m

}∣

∣

∣

}

.B?= (15) >�.>XH
|x1(t)| ≤ |x1(t0)| +

∫ t

0

|x′
1(t)|dt ≤ max

{∣

∣

∣ ln
{ b̄2

ā2

}∣

∣

∣,
∣

∣

∣ ln
{ b̄2

ā2 − b̄2m

}∣

∣

∣

}

+ B1ω
def
= B3. (20)v+i��= (5),(12) � (17) >u}�>

b̄1ω =

∫ ω

0

[

β(t)ex1(t) + (a1(t) − c′10(t))e
x1(t−τ1(t))

]

dt +

∫ ω

0

α(t)ex2(t−σ(t))

1 + mex1(t)
dt

≤

∫ ω

0

[β(t)ex1(t) + (a1(t) − c′10(t))e
x1(t−τ1(t))]dt +

∫ ω

0

α(t)ex2(τ2)dt

≤

∫ ω

0

[β(t)eA + (a1(t) − c′10(t))e
A]dt + ex2(τ2)αω

= ω(β + a1 − c′10)e
A + ex2(τ2)ωᾱ,B?=QfW0 (3) \> x2(τ2) ≥ ln

{ b̄1 − (β + a1 − c′10)e
A

ᾱ

}

:= H1, B?
x2(t) ≥ x2(τ2) −

∫ ω

0

|ẋ2(t)|dt ≥ H1 − (B̄2 + b̄2)ω. (21)= (14),(21) >u}>
max

t∈[0,ω]
|x2(t)| ≤ max

{

|B|, |H1 − (B̄2 + b̄2)ω|
}

:= B4. (22)�# Bi(i = 1, 2, 3, 4) J��C λ J��v��=Qf.\W0 (4) \AGi.{










b̄1 − (β̄ + ā1)v1 −
ᾱ

1 + mv1
v2 = 0,

b̄2 −
ā2v1

1 + mv1
= 0

(23)>k+X9 (v∗1 , v∗2) ∈ R+
2 . w H = B1 + B2 + B3 + B4 + B5, �h B5 > 0 0m>=H

||(ln{v∗1}, ln{v
∗
2})

T || = | ln{v∗1}| + | ln{v∗2}| < B5. w
Ω =

{

x(t) = (x1(t), x2(t))
T ∈ X : ‖x‖ < H

}

.
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||x|| = H, B?

QNx =









b̄1 − (β̄ + ā1)e
x1 −

ᾱ

1 + mex1
ex2

−b̄2 +
ā2e

x1

1 + mex1









6= 0.A=.\W0^7'L\
deg{JQN, Ω ∩ KerL, 0} = sgn det









∗ −
ᾱ

1 + mex∗

1

ā2e
x∗

1

(1 + mex∗

1 )2
0









6= 0.Ui J X�m℄�923m ImP =KerL. b7u}.BZ�s Ω {z4f 1 J�&W0�=4f 1, i. Lx = Nx H DomL ∩ Ω̄ hb1>+x9�"|^ (3) H Ω hb1;H+x
ω - m�9 x∗(t) = (x∗

1(t), x
∗
2(t))

T . w u∗(t) = (exp{x∗
1(t)}, exp{x∗

2(t)})
T , K= (2) >\F�

u∗(t) ?|^ (1) J ω - m�X9�QfZ��A =Bhn�i.OVxJ℄. X ? C1
ω ℄.�37�Yt℄.hJ x J�J�'	V6khn�J*>�Z��ohms�' |x′

1|0(/ (15) >), u}%H%��' (12) �
(14) >�U�?Qf 1 Z�J^	℄5�?v:o [9,11] Ji`Z�J�~m�oQfJ+x5:�Vx|^











Ḣ(t) = rH(t)
[

1 −
a1(t)H(t − τ) + a2Ḣ(t − τ)

K

]

− α(t)H(t)P (t),

Ṗ (t) = −b(t)P (t) + β(t)H(t)P (t)
(24)�h r, a2, K, τ QmX)G� a1(t), α(t), b(t), β(t) Qm ω m�p�X	G�u}>&� 1 H|^ (24) h�-3 (1) ra2

K
eA < 1; (2)a1

K
eA < 1; (3) a1b

Kβ
< 1,�h A = ln

{

2b
β

}

+ 2bra2

βK
+ 2rω. K|^ (24) b1;H+xXm�9�o [8] Vxs.F|^Jm�X9J;H�tU�.FyCo [8] Js)8�Qf 1.1��+(�%℄JF3?u}HBu}"EJ?8�8eJ���m�Fi��/��'

(10) >J8�:s0i%+J<�37��o8�X/U~?o [8] 8�J<d���|�u}K+xlwI�QfW0JX���� Vx)�N> Holling II {
�d5hn�"9 - 9\|^


































dN1(t)

dt
= N1(t)

[

1 − (
1

2
−

sin t

4
)N1(t) − N1(t −

1

2
sin2 t)

−
1

2
(1 −

1

2
sin 2t) sin2 tN ′

1(t −
1

2
sin2 t)

]

−
α(t)N1(t)

1 + N1(t)
N2(t − cos(t)),

dN2(t)

dt
= −(2 + sin t)N2(t) +

(e16 + 4 − cos t)N1(t − 2π)

1 + N1(t − 2π)
N2(t).

(25)YQ|^ (1),tlh> b1(t) = 1, β(t) = (1
2−

sin t
4 ), a1(t) = 1, c1(t) = 1

2 (1− 1
2 sin 2t) sin2 t, τ1(t) =

1
2 sin2 t, m = 1, b2(t) = 2 + sin t, a2(t) = e16 + 4 − cos t, τ2(t) = 2π. B?Y5BQf 1 >
a20 = e16 + 4, c10 = 1

2 sin2 t, A = ln
4

e16
+

4

e16 − 4
+ 4π. :[>

(1) a20(1 − |τ ′
1|0) = (e16 + 4) · 1

2 > 2 × 2 = 2b2m;
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(2) |c1|0e
A ≤ 3

2
4

e16 exp(4/e16 + 4π) < 1;

(3) b1 = 1 > 1 × 4
e16 exp(4/e16 + 4π) = (β + a1 − c′10)e

A;

(4) b1 = 1 >
3

e16 + 4 − 2
=

b2(β + a1)

a2 − mb2

;

(5) a1(t) = 1 > sin 2t
2 = c′10(t),"Qf 1 JO>W0U{z�B?=Qf 1 \F|^ (25) b1;H+xXJ 2π m�X9��#tlJ 2π m�X9?v:�o(Vo�hT~JQf`� J�� � ' *
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Global Existence of Postive Periodic Solution of a Neutral Type

Predator-prey System with Holling Type II Functional Response

Chen Fengde Chen Xiaoxing Lin Faxin Huang Chuncao
(Department of Mathematics, Fuzhou University, Fujian 350002)

Abstract: The authors first establish the neutral type predator-prey system with Holling

type II functional response, then by developing some new technique of analysis and using a

continuation theorem based on coincidence degree theory, the authors study the global existence

of positive periodic solution for the above model. A set of easily verifiable sufficient conditions

is obtained. Example shows that our main results are feasible.

Key words: Holling II type functional response; Periodic solution; Coincidence degree; Neu-

tral.
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