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g1(N, P ) =

αN

P σ
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g2(N, P ) =

α( N
P σ )

1 + αh( N
P σ )

, g3(N, P ) =
α( N

P σ )2

1 + αh( N
P σ )2

, (1.2)�| h > 0 >�%Df%DB(�haot� \C g2, g3 K	K8� G�
Ud#U)*Gt� \C�1 σ = 0 Ba�e x��G Holling (II) � (III) �t� \C�8V6K*f/ g2, g3 e +x Hassell–Varley–Holling (II) � (III) �t� \C�1� σ = 1, g2, g3 `x��`mG�rÆzGt� \C�hKJ=b*% Arditi,

Ginzburg[5,6] M�e5VG��=� Hsu[7] H+-DdHt� \C g2 G)ve`-��GP^*�x�?KTHKt� \C g3 G��G-D	7� Liu H [7] -Dd
σ = 1 BG�ve`-��G.%=:���6��z-D σ ∈ (0, 1) G#��l8`��6dZ�G#T�ByK:^N,�P^�n|G�kB�̂ =bSv���=��r-�RkR|6|_I:^z3*P�z3_�ve`-KkBQ
By�z3*PGX*����X*Zw.^Z
n|�z3By�n�x

 �nkRG8o�el�HK|_GZw<=�CI'q���d�U*fGz	�1k�h0N�� [9].
&; x(t), y(t)e x tBQDX�%DfG�'�S (Xb), ^ (1.2)|m r = αh.NpCDX�'G-<��%DfG=p�,P���:�aX�'Gz3*P�}�.℄1�G Hassell–Varley–Holling t� \CG
�{z3By%Df – DX���





dx

dt
= x(t)[a(t) − b(t)x(t − τ1)] −

α(t)x2(t)y(t)

r(t)x2(t) + y2σ(t)
,

dy

dt
= −d(t)y(t) +

β(t)x2(t − τ2)y(t − τ2)

r(t)x2(t − τ2) + y2σ(t − τ2)
,

∆x(t) = c1kx(t), t = tk, k ∈ N,

∆y(t) = c2ky(t), t = tk, k ∈ N,

(1.3)h[}�&;~K%Df#���DX�'Ga*f� Logistic }q�� a KDX�'G
�a*r� a/b �IDXG�=�B0
b
 α K%Df\+DXG�r� d K%Df�'GZtr� β/α K%DffDDX�G�b�Ær� σ ∈ (0, 1) >�d%Dfn(Gm*>℄� τ1 > 0, τ2 > 0 e xDX�'G-<��%DfG=p (,P) ��� {tk} Kz3BQ$e�{� t0 < t1 < · · · < tk < · · · " lim
k→∞

tk = ∞, cik Kz3�C�NpC=b�A�8o�)Gi-WTK 1 + cik > 0, i = 1, 2, k ∈ N.TN
�{�n�8oK&G|gK���6G:^ ���SZw|G/qNZKk���6:^ G8o
)K�GrH�
9K
)UGz��1 [10,11]. ?K���J=UXG4�QK0eV
�5G�>x[IhoNZGz+^N+dÆC^�`-G6G6�7:u_K7L��'k?�-SGa_x!E�EC�45$'kGi- [12]. >7�5EC1�G:^ i-"5[Ip�e��!Vx!ÆC^�`-G6G6�7��zZ
d8��Gx!�!-D�n (1.3) G��6G:^ �}�G�!^Nu_daog��X�\Ihaog��XG wECdÆC^�`-



6� }�i�n!��$Ce - CW�l��5F/4h, 299G6G�7�\\Iq�SGkt'� ECd6S�nj��6:^G05i-�
2 H�&Rm Z, N � R e xiX��jiX��EX�� R+ = [0,∞). ^�z|}��&;�ei-,℄�
(H1) a(t), b(t), d(t), α(t) � β(t) KxjqG ω- ���X

(H2) :^iX p ≥ 1 FE [0, ω] ∩ {tk} = {t1, t2, · · · , tp}, tk+p = tk + ω, cik = ci(k+p) "

1 + cik > 0, i = 1, 2, k ∈ N.}�GrHK��SZw|/qNZ�x7M�888���SZw|/qNZÆzG"��N= [13].; X, Y Kh^�bR(� L : DomL ⊂ X → Y x
 F9� N : X → Y x`%F9�1� dimKerL = codim Im L < ∞ " Im L x Y |G����`+F9
L xr�xjG Fredholm F9�1� L Kr�xjG Fredholm F9":^`%oE P : X → X � Q : Y → Y FE Im P = KerL, Im L = KerQ = Im(I − Q), `
L|Dom L ∩ KerP : (I − P )X → Im L P����F9"x KP . ; Ω x X |GK7L��1� QN(Ω) K7" KP (I − Q)N : Ω → X K:G�`+ N ^ Ω 6K L- :G�JN Im Q P KerL ku�>V:^kuF9 J : Q → KerL.F0 2.1[13] ; L Kr�xjG Fredholm F9� N ^ Ω K L- :G�&;�Si-,℄

(1) T,<G λ ∈ (0, 1) � x ∈ ∂Ω K Lx 6= λNx;

(2) T,<G x ∈ ∂Ω ∩ KerL K QNx 6= 0;

(3) deg {JQN, Ω ∩ KerL, 0} 6= 0,	}`- Lx = Nx ^ Dom L ∩ Ω 
t7K8o6�xd/�n�ÆxÆCG^�`-�}��2�SR(�
PCω =





φ : R+ → R

∣∣∣∣∣∣∣

(i) φ(t) ^ t 6= tk K`%G"K ω −���X;

(ii) �� lim
s→tk−0

φ(s) = φ(tk) � lim
s→tk+0

φ(s) = φ(t+k ) :^.





.ls�}�" PC1
ω = {φ ∈ PCω : φ′ ∈ PCω}.�SN=��ZVUN Bainov � Simenov G�� [14]:"D 2.1 TN8o�� W ⊂ PCω, 1�T,<G ǫ > 0, :^ δ > 0 FET,<G

x ∈ W, t′, t′′ ∈ (tk−1, tk] ∩ [0, ω], k ∈ N " |t′ − t′′| < δ KK |x(t′) − x(t′′)| < ǫ ,℄�`+
W ^ [0, ω] K�HS`%G�F0 2.2 �� W ⊂ PCω KS:G�";� W KK7G�6EKY�:^ M > 0FE ‖x‖ ≤ M T,< x ∈ W ,℄�" W ^ [0, ω] 6K�HS`%G�



300 A G U ' ' � 34I^�z|�x`�}��2�S"��
f̂ =

1

ω

∫ ω

0

f(t)dt,�| f K8 ω- ���X�x/ (1.3) �ÆxH'G^�`-���b>� x1(t) =

lnx(t), x2(t) = ln y(t), NK (1.3) ��x




ẋ1(t) = a(t) − b(t)ex1(t−τ1) − α(t)ex1(t)+x2(t)

r(t)e2x1(t) + e2σx2(t)
, t 6= tk,

ẋ2(t) = −d(t) +
β(t)e2x1(t−τ2)

r(t)e2x1(t−τ2) + e2σx2(t−τ2)
, t 6= tk,

∆x1(t) = ln(1 + c1k), t = tk, k ∈ N,

∆x2(t) = ln(1 + c2k), t = tk, k ∈ N.

(2.1)0;M5�1��n (2.1)K8 ω-��6 (x∗

1(t), x
∗

2(t))
T,` (x∗(t), y∗(t))T = (ex∗

1(t), ex∗

2(t))TK�n (1.3) G ω- j��6�>7}�s"k� (2.1) K ω- ��6�P�m
X = {x = (x1, x2)

T | xi ∈ PCω, i = 1, 2}, Z = X × R
2p"hO^X

‖x‖X =

2∑

i=1

sup
t∈[0,ω]

|xi(t)|, x = (x1, x2)
T ∈ X,

‖z‖Z = ‖x‖X + ‖y‖, z = (x, y) ∈ Z,�| ‖ · ‖ K R2p |G Euclidean ^X�` X � Z Kx Banach R(�N=
L : DomL ⊂ X → Z, Lx = (ẋ, ∆x(t1), · · · , ∆x(tp))" Dom L = {x = (x1, x2)

T | xi ∈ PC1
ω, i = 1, 2}. LN= N : X → Z x

Nx =




a(t) − b(t)ex1(t−τ1) − α(t)ex1(t)+x2(t)

r(t)e2x1(t) + e2σx2(t)
, ln(1 + c11), · · · , ln(1 + c1p)

−d(t) +
β(t)e2x1(t−τ2)

r(t)e2x1(t−τ2) + e2σx2(t−τ2)
, ln(1 + c21), · · · , ln(1 + c2p)


 , x ∈ X.\Ih�"�}�P/ (2.1)H'G^�`- Lx = Nx, x ∈ X . 	) KerL = R2, Im L =

{
z = (φ, γ1, · · · , γp) ∈ Z :

∫ ω

0
φ(t)dt+

p∑
k=1

γk = 0
}K ZG����dimKer L = codimIm L =

2. `:� L K8r�xjG Fredholm F9�
N=aoo9 P : X → X � Q : Z → Ze x
Px = x̂, x ∈ X,

Qz = Q(x, γ1, · · · , γp) =
(
x̂ +

1

ω

p∑

k=1

γk, 0, · · · , 0
)
.
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Im P = KerL, KerQ = ImL = Im(I − Q),>7|=�KP :^�xECKP : ImL → KerP∩DomLG�;H�; z = (φ, γ1, · · · , γp) ∈

ImL, `:^ x ∈ DomL ⊂ X FE
{

ẋ(t) = φ(t), t 6= tk,

∆x(t) = γk, t = tk, k ∈ N.o2�e}�K
x(t) = x(0) +

∫ t

0

φ(s)ds +
∑

t>tk

γk. (2.2)	<C x ∈ KerP , � ∫ ω

0
x(s)ds = 0, _�C (2.2) EC

ωx(0) +

∫ ω

0

∫ t

0

φ(s)dsdt +

∫ ω

0

∑

t>tk

γkdt = 0,>V
x(t) =

∫ t

0

φ(s)ds +
∑

t>tk

γk − 1

ω

∫ ω

0

∫ t

0

φ(s)dsdt −
p∑

k=1

γk +
1

ω

p∑

k=1

γktk�
KP z =

∫ t

0

φ(s)ds +
∑

t>tk

γk − 1

ω

∫ ω

0

∫ t

0

φ(s)dsdt −
p∑

k=1

γk +
1

ω

p∑

k=1

γktk.h3G��T x ∈ X K
QNx

=
1

ω




∫ ω

0

[
a(t) − b(t)ex1(t−τ1) − α(t)ex1(t)+x2(t)

r(t)e2x1(t) + e2σx2(t)

]
dt +

p∑

k=1

ln(1 + c1k), 0, · · · , 0

∫ ω

0

[
− d(t) +

β(t)e2x1(t−τ2)

r(t)e2x1(t−τ2) + e2σx2(t−τ2)

]
dt +

p∑

k=1

ln(1 + c2k), 0, · · · , 0


"

KP (I − Q)Nx =




∫ t

0

[
a(t) − b(t)ex1(t−τ1) − α(t)ex1(t)+x2(t)

r(t)e2x1(t) + e2σx2(t)

]
dt +

p∑

k=1

ln(1 + c1k)

∫ t

0

[
− d(t) +

β(t)e2x1(t−τ2)

r(t)e2x1(t−τ2) + e2σx2(t−τ2)

]
dt +

p∑

k=1

ln(1 + c2k)



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ω




∫ ω

0

∫ t

0

[
a(s) − b(s)ex1(s−τ1) − α(s)ex1(s)+x2(s)

r(t)e2x1(s) + e2σx2(s)

]
dsdt

+ω

p∑

k=1

ln(1 + c1k) −
p∑

k=1

ln(1 + c1k)tk

∫ ω

0

∫ t

0

[
− d(s) +

β(s)e2x1(s−τ2)

r(s)e2x1(s−τ2) + e2σx2(s−τ2)

]
ds dt

+ω

p∑

k=1

ln(1 + c2k) −
p∑

k=1

ln(1 + c2k)tk




−
( t

ω
− 1

2

)



∫ ω

0

[
a(t) − b(t)ex1(t−τ1) − α(t)ex1(t)+x2(t)

r(t)e2x1(t) + e2σx2(t)

]
dt +

p∑

k=1

ln(1 + c1k)

∫ ω

0

[
− d(t) +

β(t)e2x1(t−τ2)

r(t)e2x1(t−τ2) + e2σx2(t−τ2)

]
dt +

p∑

k=1

ln(1 + c2k)


 .	) QN � KP (I − Q)N K`%F9�J Arzela-Ascoli NZ��Z 2.2, '�k�

KP (I − Q)N(Ω) T,<K7L� Ω ⊂ X K:G�ls QN(Ω) KK7G�>7�T,<K7L� Ω ⊂ X , N ^ Ω K L- :G�>7}�P:\I�Z 2.1 V-D�n (2.1)��6G:^ �
3 PB,)"0 3.1 �n (1.3) :^j ω- ��6�";�

0 < d̂ω −
p∑

k=1

ln(1 + c2k) <
(̂β

r

)
ω, âω +

p∑

k=1

ln(1 + c1k) > 0. (3.1)X qF��Ge��}�s"-D�n (2.1)��6G:^ �M�k��5 �1��n (2.1) :^ ω- ��6 (x∗

1(t), x
∗

2(t)), J (2.1) K8�K5o`-}�K
âω +

p∑

k=1

ln(1 + c1k) =

∫ ω

0

[
b(t)ex∗

1(t−τ1) +
α(t)ex∗

1(t)+x∗

2(t)

r(t)e2x∗

1(t) + e2σx∗

2(t)

]
dt > 0.	<C

0 <

∫ ω

0

β(t)e2x∗

1(t−τ2)

r(t)e2x∗

1(t−τ2) + e2σx∗

2(t−τ2)
dt <

(̂β

r

)
ω.>7J (2.1) GK 2 �K 4 o`-`E

0 <

∫ ω

0

β(t)e2x∗

1(t−τ2)

r(t)e2x∗

1(t−τ2) + e2σx∗

2(t−τ2)
dt = d̂ω −

p∑

k=1

ln(1 + c2k) <
(̂β

r

)
ω.�5 k��}���k�0e �qF�Z 2.1, }�s"dC8o��K7L� Ω. ÆCN^
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



ẋ1(t) = λ
[
a(t) − b(t)ex1(t−τ1) − α(t)ex1(t)+x2(t)

r(t)e2x1(t) + e2σx2(t)

]
,

ẋ2(t) = λ
[
− d(t) +

β(t)e2x1(t−τ2)

r(t)e2x1(t−τ2) + e2σx2(t−τ2)

]
,

∆x1(t) = λ ln(1 + c1k), t = tk, k ∈ N,

∆x2(t) = λ ln(1 + c2k), t = tk, k ∈ N.

(3.2)&; (x1, x2)
T ∈ X x (3.2) ÆCN�o λ ∈ (0, 1) G��6�/ (3.2) GK 1 �K 2 o`-e ^ [0, ω] �eEC

âω +

p∑

k=1

ln(1 + c1k) =

∫ ω

0

b(t)ex1(t−τ1)dt +

∫ ω

0

α(t)ex1(t)+x2(t)

r(t)e2x1(t) + e2σx2(t)
dt, (3.3)

d̂ω −
p∑

k=1

ln(1 + c2k) =

∫ ω

0

β(t)e2x1(t−τ2)

r(t)e2x1(t−τ2) + e2σx2(t−τ2)
dt, (3.4)8VLJ (3.2) "	<C λ ∈ (0, 1) }�K�ex!H

∫ ω

0

|ẋ1(t)|dt ≤ 2âω +

p∑

k=1

ln(1 + c1k),

∫ ω

0

|ẋ2(t)|dt ≤ 2d̂ω −
p∑

k=1

ln(1 + c2k). (3.5)ls�T,< ξ ∈ [0, ω] �S'HH,℄
xi(t) ≥ xi(ξ) −

∫ ω

0

|ẋ(s)|ds −
p∑

k=1

| ln(1 + cik)|,

xi(t) ≤ xi(ξ) +

∫ ω

0

|ẋ(s)|ds +

p∑

k=1

| ln(1 + cik)|, i = 1, 2.>x (x1, x2)
T ∈ X , y:^ ζi, ηi ∈ [0, ω], i = 1, 2 FE

xi(ζi)(or xi(ζ
+
i )) = inf

t∈[0,ω]
xi(t), xi(ηi) (or xi(η

+
i )) = sup

t∈[0,ω]

xi(t), i = 1, 2.}�sNp�S#��
xi(ζi) = inf

t∈[0,ω]
xi(t), xi(ηi) = sup

t∈[0,ω]

xi(t), i = 1, 2.T�a#��s"^�zGk�|/ ζi(ηi) �, ζ+
i (η+

i ) �P�2�V}�LGx! (3.2) G6�J (3.3) ;E âω +
p∑

k=1

ln(1 + c1k) ≥ b̂ωex1(ζ1), 6EK
x1(ζ1) ≤ ln

âω +
p∑

k=1

ln(1 + c1k)

b̂ω
:= A1.



304 A G U ' ' � 34I_�C (3.5) �EC x1 G67
x1(t) ≤ A1 + 2âω +

p∑

k=1

ln(1 + c1k) +

p∑

k=1

| ln(1 + c1k)| := H1. (3.6)X[IJ (3.4)–(3.6) K
d̂ω −

p∑

k=1

ln(1 + c2k) ≤
∫ ω

0

β(t) exp{2H1}
exp{2σx2(ζ2)}

dt =
β̂ω exp{2H1}
exp{2σx2(ζ2)}

.NK
x2(ζ2) ≤

1

2σ

(
ln

β̂ω

d̂ω −
p∑

k=1

ln(1 + c2k)

+ 2H1

)
:= A2,8VEC x2 G67

x2(t) ≤ A2 + 2d̂ω −
p∑

k=1

ln(1 + c2k) +

p∑

k=1

ln |1 + c2k| := H2. (3.7)��}�+$ (3.2) 6G�7�J (3.3) EC
âω +

p∑

k=1

ln(1 + c1k) ≤b̂ωex1(η1) +

∫ ω

0

α(t)ex1(t)+x2(t)

2
√

r(t)ex1(t)+σx2(t)
dt

≤b̂ωex1(η1) +
(̂ α

2
√

r

)
ωe(1−σ)x2(η2). (3.8)6S'HH^}�Gk�|�
�5G�I�T6S'HH<��uGGe�K�zG8o�5�!�
^}�E x2(η2) ≥ x1(η1) � x2(η2) < x1(η1) a�#�e <�
w�4> 1 x2(η2) ≥ x1(η1). 7BJ (3.8) EC

b̂ex2(η2) +
(̂ α

2
√

r

)
e(1−σ)x2(η2) ≥ â +

1

ω

p∑

k=1

ln(1 + c2k).Npg��X
g1(u) = b̂u +

(̂ α

2
√

r

)
u(1−σ) −

[
â +

1

ω

p∑

k=1

ln(1 + c2k)
]
.	)K g1(e

x2(η2)) > 0. J σ ∈ (0, 1) Pm g′1(u) > 0 (u > 0) " lim
u→+∞

g1(u) = +∞. JNZi- (3.1) m g1(0) < 0, y:^ δ1 > 0 FE g1(δ1) = 0 " x2(η2) > δ1. `:h�#�� x2 G�7x
x2(t) > ln δ1 − 2d̂ω +

p∑

k=1

ln(1 + c2k) −
p∑

k=1

ln |1 + c2k| := h
(1)
2 . (3.9)
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d̂ω −

p∑

k=1

ln(1 + c2k) ≤
∫ ω

0

β(t)e2x1(t−τ2)

2
√

r(t)ex1(t−τ2)+σx2(t−τ2)
dt < ω

(̂ β

2
√

r

)
ex1(η1)e−σh

(1)
2 .NKEC

x1(η1) ≥ ln
[
d̂ω −

p∑

k=1

ln(1 + c2k)
]
− ln

[
ω
(̂ β

2
√

r

)]
+ σh

(1)
2 := A3,h3}�EC#� (1) B x1 G�7

x1(t) ≥ A3 − 2âω −
p∑

k=1

ln(1 + c2k) −
p∑

k=1

ln |1 + c2k| := h
(1)
1 . (3.10)4> 2 x2(η2) < x1(η1). 7BJ (3.8) `E

b̂ex1(η1) +
(̂ α

2
√

r

)
e(1−σ)x1(η1) ≥ â +

1

ω

p∑

k=1

ln(1 + c1k).P#� (1) G
wX[�PE x1(η1) ≥ ln δ1, yh�#�� x1 G�7x
x1(t) > ln δ1 − 2âω −

p∑

k=1

ln(1 + c2k) −
p∑

k=1

ln |1 + c2k| := h
(2)
1 . (3.11)\I7H"J (3.4) EC

d̂ω −
p∑

k=1

ln(1 + c2k) >

∫ ω

0

β(t)e2h
(2)
1

r(t)e2h
(2)
1 + e2σx2(η2)

dt.
^Npg��X
g2(u) = d̂ω −

p∑

k=1

ln(1 + c2k) −
∫ ω

0

β(t)e2h
(2)
1

r(t)e2h
(2)
1 + u

dt,` g2(e
2σ(x2(η2))) > 0. qFNZi- (3.1) K g2(0) < 0 " lim

u→+∞

g(u) = d̂ω −
p∑

k=1

ln(1 +

c2k) > 0,ls u > 0BK g′2(u) > 0. y:^ δ2 > 0FE g2(δ2) = 0 " x2(η2) ≥ ln δ2/(2σ).8VEC#� (2) � x2 G�7
x2(t) ≥

ln δ2

2σ
− 2d̂ω +

p∑

k=1

ln(1 + c2k) −
p∑

k=1

ln |1 + c2k| := h
(2)
2 . (3.12)m hi = min{h(1)

i , h
(2)
i }, i = 1, 2, ` xi(t) ≥ hi, i = 1, 2. 	) Hi, hi, i = 1, 2 P λ ~z�h3}�ECd6G6�7x!�
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T ∈ R2G>X`-�





â − b̂ex1 +
1

ω

p∑

k=1

ln(1 + c1k) − 1

ω

∫ ω

0

µα(t)ex1+x2

r(t)e2x1 + e2σx2
dt = 0,

−d̂ +
1

ω

p∑

k=1

ln(1 + c2k) +
1

ω

∫ ω

0

β(t)e2x1

r(t)e2x1 + e2σx2
dt = 0,

(3.13)"T�6<�x!��| µ ∈ [0, 1]. / α(t) �, µα(t), z+G'HH (3.8) .),℄"��H�x
âω +

p∑

k=1

ln(1 + c1k) ≤b̂ωex1(η1) +

∫ ω

0

µα(t)ex1(t)+x2(t)

2
√

r(t)ex1(t)+σx2(t)
dt

≤b̂ωex1(η1) +

∫ ω

0

α(t)ex1(t)+x2(t)

2
√

r(t)ex1(t)+σx2(t)
dt

≤b̂ωex1(η1) +
(̂ α

2
√

r

)
ωe(1−σ)x2(η2).^T�n (3.2)G6Gx!k�|/ x1(t), x2(t)e �,)X��6 x1, x2, �i6Sk��-}�PkT µ ∈ [0, 1] >X`-� (3.13) G6 (x∗

1, x
∗

2) KÆkGx!�
hi ≤ x∗

i ≤ Hi, i = 1, 2. (3.14)
% W > max {|h1|, |H1|} + max{|h2|, |H2|} "N= Ω = {x ∈ X | ‖x‖X < W}, 	�	 Ω {��Z 2.1 Gi- (1). L3 x ∈ ∂Ω ∩ KerL = ∂Ω ∩ R2, ` x K R2 |G)�b" ‖x‖X = W , ;* QNx 6= 0, y�Z 2.1 Gi- (2) {����x`�!^ Brouwer S��2kt
Bµ((x1, x2)

T) = µQN((x1, x2)
T) + (1 − µ)E((x1, x2)

T), µ ∈ [0, 1],�|
E((x1, x2)

T) =




â − b̂ex1 +
1

ω

p∑

k=1

ln(1 + c1k)

−d̂ +
1

ω

p∑

k=1

ln(1 + c2k) +
1

ω

∫ ω

0

β(t)e2x1

r(t)e2x1 + e2σx2
dt


 .J (3.14)m� µ ∈ [0, 1]BBµ(x) 6= 0 for x ∈ ∂Ω∩KerL. ls�>X`-�E((x1, x2)

T) = 0^ R2 |	)Kw86�&kbF9 J x
HF9�\Iq�SGkt'� �}�K
deg(JQN, Ω ∩ KerL, 0) = deg(QN, Ω ∩ KerL, 0) = deg(E, Ω ∩ KerL, 0) 6= 0,�| deg(·, ·, ·) x Brouwer S�t7}�k�d Ω {��Z 2.1 G`Ki-�>7�n (2.1) t7:^8o ω- ��6�;x (x∗

1, x
∗

2). m x∗(t) = ex∗

1(t), y∗(t) = ex∗

2(t), ` (x∗(t), y∗(t))T K�n (1.3) G ω-j��6�NZk��



6� }�i�n!��$Ce - CW�l��5F/4h, 3071� cik = 0, i = 1, 2, k ∈ N, �n (1.3) |z3�C��dV�x8o`%�n�	<C7B (3.1) |G'HH 0 < d̂ω −
p∑

k=1

ln(1 + c2k) � âω +
p∑

k=1

ln(1 + c1k) > 0 �),℄�>7}�K�S4w"0 3.2 1� cik = 0, i = 1, 2, k ∈ N, �n (1.3) :^ ω- j��6G05i-K
d̂ <

(̂
β
r

)
.Q 3.1 xdk��-|O�G)3��n (1.3) |GBy&~x)XBy�E#6�1�/ τ1, τ2 lxB�By τ1(t), τ2(t) (6K ω- ��G), qF}�Gk��-�NZ 3.2, 3.2 G4w.),℄�Q 3.2 �Z 3.1 Kk�
�{�n��6:^ 8o
)K��)IGrH�?K�I7�ZECGJ=(e4�QK0eV
�5G�z+T>^NT6G7<�x!'v?� (^�'�n|d K�7), 1 [10,11]. ^�fMV��zT6G7Gx!K
)��VECd��6:^G05i-�� . ; =
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Necessary and Sufficient Conditions for the Existence of

Periodic Solutions in an Impulsive Predator-prey
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Abstract This paper considers the existence of periodic solutions in an impulsive predator-

prey system with Hassell-Varley-Holling response. Based on continuous theorem of coindence

theory, we develop a new estimate technique and obtain the necessary and sufficient condi-

tions for the existence of periodic solutions by the invariance property of homotopy.
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