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Krasnoselskii xo/ 0o1o2o3o4o6 7oyozo{o|ozo}oA BoC Do~ 1� � � � � I E J K L M)� [1] � � / 0 1 2 3 � � � 4 6 7 � u r � @ � E A B C D
ẏ(t) = −a(t)y(t) + f(t, y(t − τ0(t)), ...y(t − τn(t))), (1)

ẏ(t) = a(t)y(t) − f(t, y(t − τ0(t)), ...y(t − τn(t))) (2)

E � G H I E J K L ')K � �
(P1) a(t) ∈ C(R, [0,∞)), a(t + ω) = a(t),

f(t, u0, u1...un) ∈ C(R × [0,∞)n+1, [0,∞)),

f(t + ω, u0, u1...un) = f(t, u0, u1...un),

τi(t) ∈ C(R, [0,∞)), τi(t + ω) = τi(t), 0 ≤ i ≤ n, ω > 0 � } � E � � � '�N O 7 8 P � � E 2
3 �
� �

A � � (P1) �
(P2)

lim
|u|→0

max
t∈[0,ω]

f(t, u)

|u|
= 0, lim

|u|→∞

uj≥σ|u|

0≤j≤n

min
t∈[0,ω]

f(t, u)

|u|
= ∞

� t
(P1) �
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(P3)

lim
|u|→0

uj≥σ|u|

0≤j≤n

min
t∈[0,ω]

f(t, u)

|u|
= ∞, lim

|u|→∞
max

t∈[0,ω]

f(t, u)

|u|
= 0

¸ ¹ ')º C D (1) � (2) » J K � ω- G H I M¼�½
σ = e

−
∫

ω

0
a(ξ)dξ

, u = (u0, u1...un) ∈ [0,∞)n+1, |u| = max{u0, u1...un}.¾ � . / ¿ E C À 'ÂÁ Ã 7 Ä Å C D (1) � (2) J K ω- : F G H I E Æ B Ç È 'ÂÉ P Ç
È U V 7 2 3 A

½ E (P2), (P3) ÊËM
� C Ì Í Î ')Ï Ð Ñ Leray-Schauder / 0 1 2 3 MÒ

Y = {y(t)|y ∈ C(R, R), y(t + ω) = y(t)}, 2ÔÓ ‖y = supt∈[0,ω] ‖, ºÔK ‖ · ‖ �Ô' Y �
Banach Õ Ö M
× �

1[2] � Φ : Y → Y Ø Ù Ú M)Û S Ü S � u Ý E ')º Φ K S
½ E Þ ß ½�à u / 0

1 M ¾ � 2 3 Û � �
� �

1 � � (P1) �
(P2)

lim
|u|→0

max
t∈[0,ω]

f(t, u)

|u|
= 0,

� t
(P1) �

(P3)

lim
|u|→∞

max
t∈[0,ω]

f(t, u)

|u|
= 0

¸ ¹ ')º C D (1) � (2) » J K : F ω- G H I M
§2. á â ã ä å

æ Å�ç (P1), (P2) E � è ' (P1), (P3) 9 é ê Å Më

G(t, s) =
e

∫

s

t
a(ξ)dξ

e

∫

ω

0
a(ξ)dξ

− 1
. (3)

ì
a(t) ≥ 0, í Ò y(s) � C D (1) E î 8 ω− G H I ')º u

ẏ(s) + a(s)y(s) = f(s, y(s − τ0(s)), ...y(t − τn(s))),

ï ð Ê E ~ � ¿ ? ñ � e

∫

s

t
a(ξ)dξ

, º u
{

y(s)e

∫

s

t
a(ξ)dξ

}′

= e

∫

s

t
a(ξ)dξ

f(s, y(s − τ0(s)), ...y(t − τn(s))),

ò
t O t + ω ó B ð Ê N

y(t + ω)e

∫

t+ω

t
a(ξ)dξ

− y(t) =

∫ t+ω

t

{

e

∫

s

t
a(ξ)dξ

f(s, y(s − τ0(s)), ...y(s − τn(s)))

}

ds,
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V ô u

y(t) =

∫ t+ω

t







e

∫

s

t
a(ξ)dξ

e

∫

ω

0
a(ξ)dξ

− 1
f(s, y(s − τ0(s)), ...y(s − τn(s)))







ds,

õ
y(t) =

∫ t+ω

t

G(t, s) {f(s, y(s − τ0(s)), ...y(s − τn(s)))} ds. (4)

í ö (1) E ω- G H I ÷ ø ù ö ó B C D
y(t) =

∫ t+ω

t

G(t, s) {f(s, y(s − τ0(s)), ...y(s − τn(s)))} ds. (5)

ô ö (5) E ω- G H I ÷ ø ù 2 Ó K Banach Õ Ö Y
ð E ú û C D

y = Φy, (6)

¼�½
Φ : Y → Y �

(Φy)(t) =

∫ t+ω

t

G(t, s)f(s, y(s − τ0(s)), ...y(s − τn(s)))ds. (7)

ü
s ∈ [t, t + ω]

u
A := G(t, t) ≤ G(t, s) ≤ G(t, t + ω) =: B,

ý þ ÿ
Bωε < 1 E � � ε > 0, � (P2) � J K α > 0, � N�� |u| ≤ α ? ' f(t, u) < ε|u|.

Ò
σ = e

−
∫

s

t
a(ξ)dξ

, S = {y : y ∈ Y, 0 ≤ y(t) ≤ α � y(t) ≥ σ‖y‖}. º�� Å S � u Ý Ü M�� y ∈ S,	�
 u
(Φy)(t) ≥ 0, � maxs∈[t,t+ω]{y(s− τ0(s)), ...y(s − τn(s))} ≤ α, º u

(Φy)(t) ≤ Bωεα < α, (8)

�
∫ ω

0

f(s, y(s − τ0(s)), ...y(s − τn(s)))ds ≥
‖ΦY ‖

B
.

ì
1 ≥

G(t, s)

G(t, t + ω)
≥

G(t, t)

G(t, t + ω)
=

A

B
= σ.

� � u

(Φy)(t) ≥ A

∫ ω

0

f(s, y(s − τ0(s)), ...y(t − τn(s)))ds ≥
A

B
‖ΦY ‖ = σ‖ΦY ‖

í ΦS ⊂ S. � Å Φ Ø Ù Ú M ë

b0 = max{f(t, y(t − τ0(t)), ...y(t − τn(t))) ∈ [0, ω] × Sn+1},

�
b1 = max{a(t)|t ∈ [0, ω]}.
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º u

(Φy)(t) =

∣

∣

∣

∣

∫ t+ω

t

{G(t, s)f(s, y(s − τ0(s)), ...y(s − τn(s))}ds

∣

∣

∣

∣

≤ B

∫ ω

0

f(s, y(s − τ0(s)), ...y(s − τn(s))ds

≤ Bb0ω.

� � (Φy)(t)
½ E � u�� � 8�
 u Ý ' ì � ü ∀y ∈ S,

u
d(Φy)(t)

dt
=

dy(t)

dt
= −a(t)(Φy)(t) + f(t, y(t − τ0(t)), ...y(t − τn(t))), (9)

V ô u
∥

∥

∥

∥

d(Φy)(t)

dt

∥

∥

∥

∥

≤ b0b1Bω + b0 = b0(1 + b1Bω).

í Φ ÷��£Ù£Ú£' ò ô Φ : Y → Y ���£ú£û£M)� yk, y0 ∈ Y, ‖yk − y0‖ → 0(k → ∞) �
υk = Φyk − Φy0, ��C D (9) N

υ′
k = −a(t)(Φyk)(t) + f(t, yk(t − τ0(t)), ...yk(t − τn(t))) + a(t)(Φy0)(t)

−f(t, y0(t − τ0(t)), ...y0(t − τn(t)))

= −a(t)[(Φyk)(t) − (Φy0)(t)] + f(t, yk(t − τ0(t)), ...yk(t − τn(t)))

−f(t, y0(t − τ0(t)), ...y0(t − τn(t)))

= −a(t)υk + f(t, yk(t − τ0(t)), ...yk(t − τn(t)))

−f(t, y0(t − τ0(t)), ...y0(t − τn(t)))

Ò
f∗

k (t) = f(t, yk(t−τ0(t)), ...yk(t−τn(t)))−f(t, y0(t−τ0(t)), ...y0(t−τn(t))). � f(t, u0, u1, ..., un))

K [0, ω]× Sn+1
ð 8�
 Ù Ú�� '�� ‖yk − y0‖ → 0 ? ' |f∗

k (t)| → 0, í ð Ê ê U�� ¸

υ′
k = −a(t)υk + f∗

k (t), (10)

õ
υk � C D (10) E ω G H I M�� (7) Ê ê N

|υk| ≤

∫ t+ω

t

{|G(t, s)f∗
k (s)|ds ≤ Bω|f∗

k (s)| → 0.

� ô�� ‖yk − y0‖ → 0 ? ' u ‖Φyk − Φy0‖ → 0, í Φ Ù Ú ' ò ô Φ � Ø Ù Ú ú û M� ð�� YÔN Φ � þÔÿ�� 3 1 EÔØÔÙÔÚÔúÔûÔ')ùÔ��� � 3 1 �Ô')JÔK y ∈ S �ÔN y(t) =

(Φy)(t),
õ

y(t) � C D (1) E ω G H I '�� S � 2 Ó ' u y(t) ≥ σ‖y‖ ≥ 0,
õ N y(t) � (1)

E : F ω- G H I M

� � � �
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the Existence of Non-negative periodic solution for a

Class of Non-autonomous Differential Equations
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Abstract Using Leray-Schauder fixed point theorem,the existence of the non-negative periodic solu-

tion for a Class of non-autonomous differential equations are studied. some new results are Obtained.
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