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d2

dt2
(x(t) − Cx(t − r)) +

d

dt
grad F (x(t)) + grad G(x(t − τ(t))) = p(t)FbÆ3gH�DAlbÆ37B�F~1u�.� F7�dFFJ C ;℄�F.`J�"�℄.Q*J�"U�dF1~k=�S{l�.to�3V��dbÆ3q�6x�`[4�.to�"M�{~t \f�YgmO	`
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1 ���f$#�p!��T > 0^(?�In = {1, 2, · · · , n},R�� a = (a1, · · · , an) ∈ Rn,

|a| =
( n∑

i=1

|ai|2
) 1

2 ; PT =
{
x : x ∈ C(R,Rn), x(t + T ) ≡ x(t)

}
, ��M!^ ‖x‖PT

=

max
t∈[0,T ]

|x(t)|, ∀x ∈ PT ; P 1
T = {x : x ∈ C1(R, Rn), x(t + T ) ≡ x(t)}, ��M!^ ‖x‖P 1

T
=

max{‖x‖PT
, ‖x′‖PT

}, ∀x ∈ P 1
T ; CT = {x+ iy : x, y ∈ C(R,R), x(t+T ) ≡ x(t), y(t+T ) ≡

y(t)}, ��M!^ ‖ϕ‖CT
= max

t∈[0,T ]
|ϕ(t)|, ∀ϕ ∈ CT ; C1

T = {x + iy : x, y ∈ C1(R,R), x(t +�e 2007 � 7 ? 18  9B�2008 � 5 ? 12  9B�lo�
∗ (B+k�R�9 (BK2009105,BK2008119), (B+n|k�R�9 (09kjd110001,08kjb110011) �(B�;,\<��R��9w� (KYY08033) igw��
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T ) ≡ x(t), y(t + T ) ≡ y(t)}, ��M!^ ‖ϕ‖C1

T
= max {‖ϕ‖CT

, ‖ϕ′‖CT
}, ∀ϕ ∈ C1

T . �E� PT , P 1
T , CT , C1

T N^ Banach U#�z2-[ (��&�:) HY0[ib.H�C��/�T2� [1−4]. 6[Æ�_�[ib.v��^h�_�[ib. (�oQ) d�5iJH�C�X�ET�#VE�SEC}�WÆHHzh [5−11], [10] �CmoQ
d2

dt2
(x(t) − Cx(t − τ )) +

d

dt
gradF (x(t)) + gradG(x(t − τ(t))) = p(t)Hd�5iJ��z%K&8 C ^/R+GK�EGK C �vA2�qR*GK�yu�&iCj M̃ : [M̃x](t) = x(t)−Cx(t− τ) H�Z,!��C�?D C <^�ÆH/bKHK&p��CK�&�:HY0 n- a^h�_�[ioQHd�5iJ�Ij{DQ�C��^W�y/Ib|Hup��f�;#8��ÆH/bK C !#�MvA2R*GK�4-�Ru�&iCj M̃ : [M̃x](t) = x(t) − Cx(t − τ ) H�Z>��CDX�HT��f�C�\Y0 n- a^h�_�[ioQ

d2

dt2
(x(t) − Cx(t − r)) +

d

dt
gradF (x(t)) + gradG(x(t − τ(t))) = p(t) (1.1)Hd�5iJ��^ x(t) ∈ Rn, C ^�Æ n 0/(?GK� F ∈ C2(Rn, R), G ∈

C1(Rn,R), p ∈ C(R,Rn), p(t + T ) ≡ p(t) � ∫ T

0
p(t) dt = 0, τ ∈ C(R,R), τ(t + T ) ≡

τ(t), ∀ t ∈ [0, T ], r ∈ R ^(?��fD#�� C ^R+HK&p�:rRu�&iCj M : [Mx](t) = x(t) − Cx(t − r) H�Z>�m�C�D4�1%�d, Mawhin a�PUGM_�j{ECmoQ (1.1) 9D T - d�5H2��V�b. (1.1) ^fu�x
gradG(x) z2 x HF)K&� [10] �$�
2 $���s)

A1 : CT → CT , [A1x](t) = x(t) − cx(t − r), ∀ t ∈ R,�^ c ^j(?� r ^/(?�E- [12] �E��� 2.1 "� |c| 6= 1, E A1 9D/7i
� A−1
1 wl

(1) R ∀ f ∈ CT , /
[A−1

1 f ](t) ≡





∑
j′≥0

cj′f(t − j′r), |c| < 1,

− ∑
j′≥1

c−j′f(t + j′r), |c| > 1;

(2)
∫ T

0 |[A−1
1 f ](t)| dt ≤ 1

|1−|c‖
∫ T

0 |f(t)| dt, ∀ f ∈ CT .^md, Mawhin a�PUGM_�:rFvu�Cj
M : PT −→ PT , (My)(t) = y(t) − By(t − r) (2.1)



562 % * < � � � 34LH�Z�-u�=?Q0Q [13], R/GK C = (aij)n×n, �M9D n 0S�/GK U ,1E
UCU−1 = B =




B11 · · · B12
...

...
...

B21 · · · B22




n×n

, (2.2)Ia� B12, B21 i ^ α × (n − α) 0� (n − α) × α 0oGK�
B11 =




λ1 δ1 · · · 0
. . .

. . .
...

0
. . . δα−1

λα




α×α

,�^ λi(i ∈ Iα) ^GK C H/GLs� δi (i ∈ Iα−1) ^ 0 � 1, V B22 8L�'GK
B(µj , µj)(j ∈ Is) dDR*u%w,H��^ µj = αj + iβj(j ∈ Is) ^GK C H mj ajGLs�βj > 0, µj ^ µj HvrjGLs�� α+2

s∑
j=1

mj = n. Rz�q B(µj , µj) (j ∈

Is), j{,M?	 {(mj1, kj1), · · · , (mjpj
, kjpj

)} YT���^ mj1 > · · · > mjpj
≥ 1,

pj∑
i=1

mjikji = 2mj = µj � µj Ha?Hj���� B(µj , µj) 8L��/H Jordan GK
J2mji

(αj , βj)(i ∈ Ipj
) dYDR*u%Vw,H�V kji (i ∈ Ipj

) �3 J2mji
(αj , βj) DR*u%0sH5?��^

J2mji
(αj , βj) =

(
Jmji

(αj) −βjEmji

βjEmji
Jmji

(αj)

)

2mji×2mji

,Ia� Emji
^ mji 0>bGK�

Jmji
(αj) =




αj 1 · · · 0

. . .
. . .

...

0
. . . 1

αj




mji×mji

.

^b��$�j{=M k−1∏
d=k

bd = 1,
0∑

k=1

bk = 0 �
A =

√
α




α∑

i=1




1

|1 − |λi‖
+

i−1∑

k=1

k∏
d=1

δi−d

k∏
l=0

|1 − |λi−l‖




2


1

2

, (2.3)

A =

s∑

j=1

pj∑

i=1

kji
√

mji




mji∑

j=1


 1

|1 − |ξj‖
+

j−1∑

k=1

1

|1 − |ξj‖k+1




2



1

2

. (2.4)



3Æ `zA�b0}�r4���ZW. n- _\f�℄�YgmObÆ37B�gH 563�� 2.2 ) B, λi (i ∈ Iα), δi (i ∈ Iα−1), µj , µj , mj , αj , βj(j ∈ Is) " (2.2) 2^DM!�A, Ai - (2.3), (2.4)DM!�"� |λi| 6= 1, ∀ i ∈ Iα, |ξj | =
√

α2
j + β2

j 6= 1, ∀ j ∈ Is,E M 9D\�� M
−1 wl

(1) ‖M−1
z‖PT

≤ (A + A)‖z‖PT
, ∀ z ∈ PT ;

(2)
∫ T

0
|(M−1

z)(t)| dt ≤ (A + A)
∫ T

0
|z(t)| dt, ∀ z ∈ PT ;

(3) "� Mx ∈ P 2
T := {x : x ∈ C2(R,Rn), x(t + T ) ≡ x(t)}, E x ∈ P 2

T , �R
∀ t ∈ [0, T ], (Mx′′)(t) = (Mx)′′(t), (M

−1
x′′)(t) = (M

−1
x)′′(t).1 rP�� (1). ∀ z ∈ PT , q My = z. �b|� yi(t) (i ∈ Iα) S-GK B11 �

zi(t) (i ∈ Iα) \��M�6/%� yi(t) (i ∈ Iα) wl
{

yi(t) − λiyi(t − r) − δiyi+1(t − r) = zi(t), i ∈ Iα−1,

yα(t) − λαyα(t − r) = zα(t).
(2.5)- (2.5) HL α qb.�!d,$_ 2.1 H2v (1) E

yα(t) ≡





∑
j′≥0

λj′

α zα(t − j′r), |λα| < 1,

−
∑

j′≥1

λ−j′

α zα(t + j′r), |λα| > 1;
(2.6)A- (2.5) HL i (i ∈ Iα−1) qb.�!d,$_ 2.1 H2v (1) E�R��H i ∈ Iα−1,/

yi(t) ≡





∑
j′≥0

λj′

i zi(t − j′r) +
∑

j′≥0

λj′

i δiyi+1(t − (j′ + 1)r), |λi| < 1,

−
∑

j′≥1

λ−j′

i zi(t + j′r) −
∑

j′≥1

λ−j′

i δiyi+1(t + (j′ − 1)r), |λi| > 1.
(2.7)6 (2.6) � (2.7) � k−1∏

d=k

bd = 1 #�Zs
max

t∈[0,T ]
|yi(t)| ≤

α∑

k=i

k−1∏
d=i

δd max
t∈[0,T ]

|zk(t)|
k∏

l=i

|1 − |λl‖
, i ∈ Iα,28�- 0∑

k=1

bk = 0 �Ql#J2�j{/
max

t∈[0,T ]

(
α∑

i=1

|yi(t)|2
) 1

2

≤
α∑

i=1

max
t∈[0,T ]

|yi(t)|

≤




α∑

i=1




1

|1 − |λi‖
+

i−1∑

k=1

k∏
d=1

δi−d

k∏
l=0

|1 − |λi−l‖




2


1

2

(
α∑

i=1

(
max

t∈[0,T ]
|zi(t)|

)2
) 1

2
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≤
√

α




α∑

i=1




1

|1 − |λi‖
+

i−1∑

k=1

k∏
d=1

δi−d

k∏
l=0

|1 − |λi−l‖




2


1

2

max
t∈[0,T ]

(
α∑

i=1

|zi(t)|2
) 1

2

=A‖z‖PT
. (2.8)p�b|�\A2 yi(t)(i ∈ Iα) HFv� yα+1(t), · · · , yn(t) S-/H Jordan GK

J2mji
(αj , βj) (j ∈ Is, i ∈ Ipj

)� zα+1(t), · · · , zn(t)iV\��M�j{<�GKB22 R*u%HL�q/H JordanGK^e�� yα+i(t) (i ∈ I2m11
) - JordanGK J2m11

(α1, β1)� zα+i(t) (i ∈ I2m11
) \��M��3\ASP�^4�R2 j ∈ Im11

, j{$#j?�
Yα+j(t) = yα+j(t) + iyα+j+m11

(t), Zα+j(t) = zα+j(t) + izα+j+m11
(t), ξ1 = α1 + iβ1, E

{
Yα+i(t) − ξ1Yα+i(t − r) − Yα+i+1(t − r) = Zα+i(t), i ∈ Im11−1,

Yα+m11
(t) − ξ1Yα+m11

(t − r) = Zα+m11
(t)..- (2.8) 2SE

m11∑

j=1

max
t∈[0,T ]

|Yα+j(t)|

≤√
m11




m11∑

j=1


 1

|1 − |ξ1‖
+

j−1∑

k=1

1

|1 − |ξ1‖k+1




2



1

2

max
t∈[0,T ]




m11∑

j=1

|Zα+j(t)|2



1

2

,

(2.9)6V�
(y

α+j
(t), y

α+j+m11
(t))⊤ = (Re Y

α+j
(t), Im Y

α+j
(t))⊤, ∀ j ∈ Im11

,-4� (2.9) 2E
max

t∈[0,T ]

(
2m11∑

i=1

|yα+i(t)|2
) 1

2

≤
m11∑

j=1

max
t∈[0,T ]

|Yα+j(t)|

≤√
m11




m11∑

j=1


 1

|1 − |ξ1‖
+

j−1∑

k=1

1

|1 − |ξ1‖k+1




2



1

2

‖z‖PT
. (2.10)-%|FvSQ M

−1 9D�\��2� (2.8) � (2.10), j{/
‖M−1

z‖PT
= max

t∈[0,T ]

(
n∑

i=1

|yi(t)|2
) 1

2
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≤
√

α




α∑

i=1




1

|1 − |λi‖
+

i−1∑

k=1

k∏
d=1

δi−d

k∏
l=0

|1 − |λi−l‖




2


1

2

‖z‖PT

+

s∑

j=1

pj∑

i=1

kji
√

mji




mji∑

j=1


 1

|1 − |ξj‖
+

j−1∑

k=1

1

|1 − |ξj‖k+1




2



1

2

‖z‖PT
,2� A, A HM!�j{/

‖M−1
z‖PT

≤ (A + A)‖z‖PT
,#V�

‖M−1‖PT
≤ A + A. (2.11)\ASP2v (2), 2v (3) S- (2.11) S-EC�p|d,$_ 2.2 >�$Fvu�Cj

M : PT −→ PT , (Mx)(t) = x(t) − Cx(t − r) (2.12)H�Z�^4R��H ω ∈ PT , PtCjb. Mx = ω, �
x(t) − Cx(t − r) = ω(t), ∀ t ∈ R5H9D���5H�Z�6/%�q x(t) = U−1y(t), �^ U -�|DM!�� U ^S�GK�wl UCU−1 = B, ECjb. Mx = ω m}^

y(t) − By(t − r) = Uω(t), ∀ t ∈ R. (2.13)d,$_ 2.2 SEp|2���� 2.3 ) B, λi (i ∈ Iα), δi (i ∈ Iα−1), µj , µj , mj , αj , βj (j ∈ Is) " (2.2) 2^DM!�A, Ai - (2.3), (2.4)DM!�"� |λi| 6= 1, ∀ i ∈ Iα, |ξj | =
√

α2
j + β2

j 6= 1, ∀ j ∈ Is,

σ0, σ1 i ^NMR+GK U⊤U Hn{�n;GLT�E M 9D\�� M−1 wl
(1) ‖M−1ω‖PT

≤ (σ1σ
−1
0 )

1

2 (A + A)‖ω‖PT
, ∀ω ∈ PT ;

(2)
∫ T

0 |(M−1ω)(t)| dt ≤ (σ1σ
−1
0 )

1

2 (A + A)
∫ T

0 |ω(t)| dt, ∀ω ∈ PT ;

(3) "� Mx ∈ P 2
T := {x : x ∈ C2(R, Rn), x(t + T ) ≡ x(t)}, E x ∈ P 2

T , �R
∀ t ∈ [0, T ], (Mx′′)(t) = (Mx)′′(t), (M−1x′′)(t) = (M−1x)′′(t).1 - (2.13), !d,$_ 2.2 H2v (1) E y(t) = (M

−1
Uω)(t), �^ M - (2.1) 2DM!�28u�Cj M 9D\�� M−1, ��3^

(M−1ω)(t) = x(t) = U−1(M
−1

Uω)(t), ∀ t ∈ R. (2.14)



566 % * < � � � 34LpP�� (1). - (2.14), !d,$_ 2.2 H2v (1) �jGK UU⊤, U⊤U K/vNHGLUE�R ∀ t ∈ R,

|(M−1ω)(t)|2 =[U−1(M
−1

Uω)(t)]⊤[U−1(M
−1

Uω)(t)]

=[(M
−1

Uω)(t)]⊤(UU⊤)−1[(M
−1

Uω)(t)]

≤σ−1
0 |(M−1

Uω)(t)|2

≤σ−1
0 (A + A)2(ω(t))⊤U⊤Uω(t)

≤σ1σ
−1
0 (A + A)2‖ω‖2,-4E

‖M−1ω‖PT
≤ (σ1σ

−1
0 )

1

2 (A + A)‖ω‖PT
.\ASP~2v (2) �2v (3).% 2.1 "� C ^ n0/R+GK�ES� U ^N)GK�1E UCU−1 = UCU⊤ =

B = diag (λ1, λ2, · · · , λn), λi (i ∈ In) ^/(?�28-$_ 2.3 SE [10] ^H$_ 2, y$_ 2.3 T|m [10] v'H2����� 2.4 ) x ∈ C2(R,Rn), !�9D(? T > 0, 1E x(t + T ) ≡ x(t), E
‖x′‖PT

≤
√

n

2

∫ T

0

|x′′(t)| dt. (2.15)1 R��H j ∈ In, #^ x′′
j (t) ^ T - d��?�D� x′′

j (t) H Fourier �?^
x′′

j (t) =
∑

k∈Z, k 6=0

ajkei 2kπ
T

t,�^
ajk =

1

T

∫ T

0

x′′
j (r)e−i 2kπ

T
r dr. (2.16)28�j{/

x′
j(t) =

∑

k∈Z, k 6=0

ajk

i 2kπ
T

ei 2kπ
T

t. (2.17)p�b|�j{M! T - d��? h(t) D [0, T ] ^
h(t) =

{
T/2 − t, 0 < t < T,

0, t = 0, T,E h(t) H Fourier GO2
ĥ(t) =

∑

k∈Z,k 6=0

1
2kπ
T

i
ei 2kπ

T
t, t ∈ R. (2.18)
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x′

j(t) =
1

T

∑

k∈Z,k 6=0

ei 2kπ
T

t

2kπ
T

i

∫ T

0

x′′
j (r)e−i 2kπ

T
r dr =

1

T

∫ T

0

h(t − r)x′′
j (r) dr,#V

|x′
j |0 6

1

2

∫ T

0

|x′′
j (r)| dr, ∀ j ∈ In,6V (2.15) 2,h��� 2.5[14] (Mawhina�PUGM_) ) X, Y 8 BanachU#�L : D(L) ⊂ X → Y8V�^oH Fredholm Cj� Ω ⊂ X 8/7O��� N : Ω → Y D Ω %8 L- :H�"�

(1) R��H λ ∈ (0, 1), b. Lx = λNx H5 x /∈ ∂Ω;

(2) R��H x ∈ ∂Ω ∩ kerL, QNx 6= 0;

(3) deg {JQN, Ω ∩ kerL, 0} 6= 0,Eb. Lx = Nx D Ω ^X&9D�q5�
3 $��|v� 3.1 "�9D(? ρ > 0, 1EpnK&wl

(A1) R�� i ∈ In, ∂G
∂xi

D�� ∆1 = {x : x = (x1, · · · , xn) ∈ Rn, xi ∈ (−∞, ρ], xj ∈
R, ∀ j ∈ In −{i}}�D�� ∆2 = {x : x = (x1, · · · , xn) ∈ Rn, xi ∈ [−ρ,∞), xj ∈ R, ∀ j ∈
In − {i}} %wl ∣∣∣ ∂G

∂xi

∣∣∣ ≤ ri|x| + ρi,�^ ri ≥ 0, ρi > 0 (i ∈ In) ^(?

(A2) R��H i ∈ In, � |xi| > ρ -� xi

∂G
∂xi

> 0 � xi
∂G
∂xi

< 0;

(A3) 9DS�GK U 1E UCU−1 = B,�^ B, λi (i ∈ Iα), δi (i ∈ Iα−1), µj , µj , mj ,

αj , βj (j ∈ Is) " (2.2) 2^DM!

(A4) ) µ1, µ2 ^GK ∂2F (x)

∂x2 HGLU� x ∈ Rn, � max {|µ1|, |µ2|} = σ,E� (σ1σ
−1
0 )

1

2 (A + A)
[
σT

√
n + 2T 2n(

n∑
i=1

ri)
]

< 2 -�oQ (1.1) 9D T - d�5��^
A, A - (2.3), (2.4) DM!� σ1, σ0 ^$_ 2.3 DM!H(?�� σ1, σ0 i ^NMR+GK U⊤U Hn;�n{GLU�% 3.1 \A2 [10], K& (A2) ^�� |xi| > ρ -�R#NH i ∈ In �	 sgnxi

∂G
∂xi#N�1 q

L : D(L) ⊂ P 1
T −→ PT , Lx = (Mx)′′,�^ M - (2.12) DM!�D(L) =
{
x | x ∈ C2(R,Rn), x(t + T ) ≡ x(t)

}
. -$_ 2.3 E�

kerL = Rn, ImL =
{
x | x ∈ PT ,

∫ T

0 x(s) ds = 0
}
, #4 L 8V�^oH Fredholm Cj�



568 % * < � � � 34LqR(Cj P, Q i ^�
P : P 1

T → kerL, [Px](t) = (Mx)(0) = (Mx)(T ), ∀ t ∈ [0, T ],

Q : PT → PT

ImL
, [Qy](t) =

1

T

∫ T

0

y(t) dt, ∀ t ∈ [0, T ],E ImP = kerL, ker Q = ImL. q LP = L|D(L)∩kerP , L−1
P : Im L → D(L) ∩ kerP �3

LP H1��E
[L−1

P y](t) = M−1
(
− t

T

∫ T

0

(T − s)y(s) ds +

∫ t

0

(t − s)y(s) ds
)
∈ D(L). (3.1)A)

N : P 1
T −→ PT , [Nx](t) = − d

dt
gradF (x(t)) − gradG(x(t − τ(t))) + p(t),Eb. (1.1) S�^Cjb. Lx = Nx. - (3.1) 2�$_ 2.3 �P N D Ω 8 L- :H��^ Ω ^ P 1

T ^H��/7O��! Ω1 = {x : x ∈ D(L) ⊂ P 1
T , Lx = λNx, λ ∈

(0, 1)}, ∀x ∈ Ω1, E
d2

dt2
(x(t) − Cx(t − r)) + λ

d

dt
gradF (x(t)) + λgradG(x(t − τ(t))) = λp(t), (3.2)'b. (3.2)j�i D [0, T] %�iE ∫ T

0
gradG(x(t− τ(t))) dt = 0, ��R�� i ∈ In,/ ∫ T

0

∂G(x(t − τ(t)))

∂xi

dt = 0. (3.3)-") (A2) S$�#)
xi

∂G

∂xi

> 0, ∀ |xi| > ρ. (3.4)q E = {t : t ∈ [0, T ], xi(t− τ(t)) ≤ ρ}, E1 = {t : t ∈ [0, T ], xi(t− τ(t)) > ρ}, E- (3.3) E
∫

E1

∂G(x(t − τ(t)))

∂xi

dt = −
∫

E

∂G(x(t − τ(t)))

∂xi

dt. (3.5)A-") (A1) S$�#) ∂G
∂xi

D ∆1 %wl
∣∣∣ ∂G

∂xi

∣∣∣ ≤ ri|x| + ρi. (3.6)y- (3.4)–(3.6) E
∫

E1

∣∣∣∂G(x(t − τ(t)))

∂xi

∣∣∣ dt =

∫

E1

∂G(x(t − τ(t)))

∂xi

dt

≤
∫

E

∣∣∣∂G(x(t − τ(t)))

∂xi

∣∣∣ dt ≤ riT ‖x‖ + ρiT,
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∫ T

0

∣∣∣∂G(x(t − τ(t)))

∂xi

∣∣∣dt ≤
( ∫

E

+

∫

E1

) ∣∣∣∂G(x(t − τ(t)))

∂xi

∣∣∣dt ≤ 2riT ‖x‖ + 2ρiT,�
∫ T

0

|gradG(x(t − τ(t)))| dt =

∫ T

0

[ n∑

i=1

(∂G(x(t − τ(t)))

∂xi

)2] 1

2

dt

≤
∫ T

0

( n∑

i=1

∣∣∣∂G(x(t − τ(t)))

∂xi

∣∣∣
)

dt ≤ 2T
( n∑

i=1

ri

)
‖x‖ + 2T

( n∑

i=1

ρi

)
. (3.7)p|P~�R��H i ∈ In, �M9D t1 ∈ R, 1E

|xi(t1)| ≤ ρ. (3.8)6/%�"�R�� t ∈ [0, T ],N/ xi(t−τ(t)) > ρ,E- (3.4)EC ∫ T

0
∂G(x(t−τ(t)))

∂xi
dt > 0,I6 (3.3) xS�y�M9D ξ ∈ [0, T ], 1E

xi(ξ − τ(ξ)) ≤ ρ, (3.9)\ASE9D η ∈ [0, T ], 1E
xi(η − τ(η)) ≥ −ρ, (3.10)

(1) "� xi(ξ − τ(ξ)) ≤ −ρ, - (3.10), !d,i
�?8U�M_EC�M9D82 ξ − τ(ξ) 6 η − τ(η) R#H�q t1, 1E xi(t1) = −ρ.

(2) "� xi(ξ − τ(ξ)) ≥ −ρ, E- (3.9) E |xi(ξ − τ(ξ))| ≤ ρ, 4-� t1 = ξ − τ(ξ), y#v	_�W (3.8) NN��! t1 = kT + t2, �^ k ^M?�t2 ∈ [0, T ],E |xi(t2)| = |xi(t1)| ≤ ρ, #4 ∀ t ∈ [0, T ],/ |xi(t)| ≤ ρ +
∫ T

0
|x′

i(s)| ds. -4E
‖x‖pT

≤
n∑

i=1

(
max

t∈[0,T ]
|xi(t)|

)
≤ nρ +

√
n

∫ T

0

|x′

(s)| ds. (3.11)- (3.2) E
∫ T

0

∣∣[Mx]′′(t)
∣∣ dt

≤
∫ T

0

∣∣∣∂
2F (x(t))

∂x2
x

′

(t)
∣∣∣ dt +

∫ T

0

∣∣gradG(x(t − τ(t)))
∣∣ dt +

∫ T

0

|p(t)| dt.

(3.12)-K& (A4) Q ∫ T

0

∣∣∣∂
2F (x(t))

∂x2
x

′

(t)
∣∣∣ dt ≤ σ

∫ T

0

|x′

(t)| dt. (3.13)



570 % * < � � � 34L-$_ 2.4 SQ�
‖x′‖PT

≤
√

n

2

∫ T

0

|x′′(t)| dt. (3.14)' (3.7), (3.11), (3.13) � (3.14) =# (3.12) E
∫ T

0

|[Mx]′′(t)| dt ≤
σT

√
n + 2T 2n(

n∑
i=1

ri)

2

∫ T

0

|x′′(t)| dt

+ 2n
( n∑

i=1

ri

)
Tρ + 2

( n∑

i=1

ρi

)
T +

∫ T

0

|p(t)| dt. (3.15)d,$_ 2.3 SE
∫ T

0

|x′′(t)| dt =

∫ T

0

∣∣M−1[Mx′′](t)
∣∣ dt

=

∫ T

0

|M−1[Mx]′′(t)| dt ≤ (σ1σ
−1
0 )

1

2 (A + A)

∫ T

0

|[Mx]′′(t)| dt,' (3.15) =#E
∫ T

0

|x′′(t)| dt ≤
2(σ1σ

−1
0 )

1

2 (A + A)[2n(
n∑

i=1

ri)Tρ + 2(
n∑

i=1

ρi)T +
∫ T

0
|p(t)| dt]

2 − (σ1σ
−1
0 )

1

2 (A + A)[σT
√

n + 2T 2n(
n∑

i=1

ri)]
:= R,2� (3.14) E

‖x′‖PT
≤

√
n

2

∫ T

0

|x′′(t)| dt ≤
√

n

2
R := R1. (3.16)'�=# (3.11) E

‖x‖PT
≤ nρ +

√
nTR1 := R0. (3.17)� Ω = {x : x ∈ P 1

T , ‖x‖PT
< R0 + ρ, ‖x′‖PT

< R1 + ρ}, E Ω1 ⊂ Ω, �-") (A2) �PR��H x ∈ ∂Ω ∩ kerL, QNx 6= 0, 2� (3.16),(3.17) SQ$_ 2.5 H�jqK&Nwl�sR ∀ v ∈ ∂Ω ∩ kerL, E v(t) = (v1, v2, · · · , vn)⊤ ^(yk�#V
QNv = − 1

T

∫ T

0

gradG(v(t − τ(t))) dt = −gradG(v).-2� |vi| > ρ -� sgn vi
∂G(v)

∂vi
= (−1)si , si ∈ {0, 1} , q)'�

H : [0, 1] × (∂Ω ∩ kerL) −→ P 1
T , H(µ, x) = −µÃx + (1 − µ)gradG(x),�^ Ã = diag {(−1)s1 , (−1)s2 , · · · , (−1)sn}, �P� x0 ∈ ∂Ω ∩ kerL -�X&/� i ∈ In,1E |x0

i | > ρ, y/
H(µ, x) = −µÃx − (1 − µ) gradG(x) 6= 0, (µ, x) ∈ [0, 1] × (∂Ω ∩ kerL),
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deg {JQN, Ω ∩ kerL, 0} = deg{H(0, ·), Ω ∩ kerL, 0}

=deg{H(1, ·), Ω ∩ kerL, 0} = deg{−Ã, Ω ∩ kerL, 0} 6= 0.#V-$_ 2.5 EoQ (1.1) X&/� T - d�5��	 3.1 ) C ^/R+GK�λi (i ∈ In)^�GLU�� |λi| 6= 1 (i ∈ In). "�M_
3.1 ^ (A1), (A2) � (A4) ,h�E� (σ1σ

−1
0 )

1

2

( n∑
i=1

1
|1−|λi‖2

) 1

2

[
σT

√
n + 2T 2n(

n∑
i=1

ri)
]

< 2,oQ (1.1) 9D T - d�5�p|He�~M_ 3.1 H',� PtoQ
d2

dt2
(x(t) − Cx(t − 4)) +

d

dt
gradF (x(t)) + gradG(x(t − τ(t))) = p(t), (3.18)�^ x(t) = (x1(t), x2(t), x3(t))

⊤,

C =




0 2 1

−2 0 3

−1 −3 0


 , F (x) =

1

2π6
(x2

1 + x2
2 + x2

3 + 2x1x2 + 2x1x3 + 2x2x3),

G(x) =
1

2
√

2π6

(
x2

1 − x2
2 − x2

3 +
1

2 + x2
1 + x2

2 + x2
3

)
,

p(t) = (sin t, cos t, sin t)⊤.�$�
gradG(x) =

1

2
√

2π6

(
2x1 −

2x1

(2 + x2
1 + x2

2 + x2
3)

2
,−2x2 −

2x2

(2 + x2
1 + x2

2 + x2
3)

2
,

− 2x3 −
2x3

(2 + x2
1 + x2

2 + x2
3)

2

)⊤
,

∂2F (v)

∂v2
=




1

π6

1

π6

1

π6

1

π6

1

π6

1

π6

1

π6

1

π6

1

π6


 .L� C#�Zs ∂2F (v)

∂v2 GLUHMRUHn;U^ 3
π6 , � |x1| > 2 -� x1

∂G
∂x1

> 0,� |x2| > 2 -� x2
∂G
∂x2

< 0, � |x3| > 2 -� x3
∂G
∂x3

< 0, �� xi ∈ (−∞, 2] -�
| ∂G
∂xi

| ≤ 1√
2π6

|x|+ 1√
2π6

, i = {1, 2, 3},yv'2M_ 3.1, j{S� σ = 3
π6 , r1 = r2 = r3 =

ρ1 = ρ2 = ρ3 = 1√
2π6

, ρ = 2, 1EM_ 3.1 ^K& (A1), (A2) � (A4) Nwl�4W�-u�=?Q0#�ZsS�
U =




−3 1 −2

−2
√

14

7
−4

√
14

7

√
14

7
−1 1 2


 ,
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UCU−1 =




0 0 0

0 0 −
√

14

0
√

14 0


 ,28K& (A3) �wl��GK U⊤U GLU^ υ1,2 = 6, υ3 = 14. � σ−1

0 = 1
6 , σ1 =

14, λ1 = 0, λ2,3 = ±i
√

14. N-�
(σ1σ

−1
0 )

1

2 (A + A)
[
σT

√
n + 2T 2n

( n∑

i=1

ri

)]
< 2.d,M_ 3.1 SEoQ (3.18) 9D 2π- d�5�% 3.2 %e^GK C #8R+H�y#�, [10] H2��C%eiJ�2�Tv

3.1 �$��fH2�T|�m>m [10] Hv'up�4W� [10] ��R��H i ∈ In,
∂G
∂xi
D�� △1 �H △2 %/7�#V�fH") (A1) � [10] v'HK&�$�D��fH2�8�H� s � � �
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On the Existence of Periodic Solutions for a Kind of

Second-order n-dimensional

Neutral Functional Differential System

LI Xiaojing ZHOU Youming

(College of Mathematics and Physics, Jiangsu Teachers University of Technology, Changzhou 213001)

(E-mail: lixiaojing14@jstu.edu.cn)

LU Shiping

(Department of Mathematics, Anhui Normal University, Wuhu 241000)

Abstract In this paper, by using the theory of Fourier series and continuation theorem of

coincidence degree theory, we study a kind of second-order n-Dimensional neutral functional

differential system with deviating arguments as follows:

d2

dt2
(x(t) − Cx(t − r)) +

d

dt
gradF (x(t)) + gradG(x(t − τ(t))) = p(t).

Some new results on the existence of periodic solutions are obtained. The interesting thing

is that the matrix C is not required to be symmetric. Therefore, the results of this paper

inprove and extend some known results in recent literature. But, the methods to estimate

a priori bounds of periodic solutions are different from the corresponding ones of the past.

Key words neutral differential system; coincidence degree; periodic solution
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