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1 QR��S
�����������	

[P (t)X ′(t)]′ + Q(t)X(t) = 0, t ≥ t0, (1)

� t0 ≥ 0, P � Q �����:

(A1) P (t) > 0, Q(t) ∈ S , � t ≥ t0 �.
�����, � M � n × n ������	, En ∈ M �
���, S � M �������
����	. ���, n × n �� M > 0 � M ≥ 0 ���� M�����������.

�	 (1) ������ X ∈ C2([t0,∞), M ) �������� (!�) ��"��#�
� t ∈ [t0,∞), �� detX(t) �= 0, � X(t) ��

X∗(t)P (t)X ′(t) − (P (t)X ′(t))∗X(t) = 0, t ≥ t0, (2)
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� M∗ �� M �+,��. �	 (1) ��!�� X(t) # [t0,∞) ' detX(t) �(-$)�
.� X(t) /%; &., ��'/%.

�	 (1) (
*+�	
X ′′(t) + Q(t)X(t) = 0, (3)

�/%�,#-0�	��12345. 6), �7��8*+,�9. (-� [1–14] :/0�
.�/��;), 
��<102=5���,�12, >3�����	 (1) ��?�Æ4�	
�/%�34� (1) �/%@., -� [5, 15, 16]. 35�</%10.265�� Q(t) �5�
�*AB,�4�, -� [1–4, 6–12, 14] ��.�/��;.

�(- A ∈ S , 67 A �*AB λi, i = 1, 2, . . . , n, 7��189�
λmin[A] = λn[A] ≤ · · · ≤ λ2[A] ≤ λ1[A] = λmax[A]. (4)

Hinton � Lewis [6] :89C:�
lim

t→∞λ1

[∫ t

0

Q(s)ds

]
= ∞, (5)

.�����	 (3) 2/%�.
�;9C*D<9.E=�>>3, F�G Byers, Harrir� Kwong [2] ?@�;. Hinton�

Lewis 9C�A�BH8�<=5I�	 (1), -� [3]. Butler et al. #� [1] �>3=�	 (3)
2/%�, �0

lim
t→∞

1
t

∫ t

a

λ1 [Q(s)] ds = ∞ (6)

� limt→∞ 1
t

∫ t

a

∫ s

a tr [Q(u)] duds = ∞. � [4] ���>3=: �	 (3) 2/%�, �0

lim sup
t→∞

1
tm

λ1

[∫ t

0

(t − s)mQ(s)ds

]
= ∞ (7)

�>< m > 1 �. �? Erbe et al. �C4JK* Meng et al. [8], Wang [9] � Kumari et al. [15]

+,>@+. 5�<DI Kamenev L������	 (1) �/�*+�	 (3) /%@., MA
#NBC� [4, 8] (D?��; [10–13] �.�/��;�OE.

FD, #� [17, 18] �/0�.�/��;�, FE=GIHFÆ4I��1J�G	/%
@.. Kong [7], Yang [10, 11], Wang [12], Yang [13] � Zhuang [14] ���HC=�����	 (1)
/%�G	@.. K2P0Q-EG (5)–(7) 8�� [1–4, 8–12, 14, 15] �L8�@.IMJ><
5��F$NFR*AB, O=F$NFR*ABSK, .ÆA&=5
L*AB,��
L�
��,�.?MP�	�/%�,�2'NQ�.6)DI�<O�,TO�	 (1)U�/%M�
@.2�I�-V�.

��FE=HF�� �����	 (1) 5�WU�/%G	@.,���10R��HF
I��1JM2U�. =5><
S,�, �B�P��� RiccatiLTU?�XP0�QÆ. *
�, P0MV�FE��	 (1) ��<10@+ER�YSZ�HF�� �����	

[P (t)X ′(t)]′ + r(t)P (t)X ′(t) + Q(t)X(t) = 0, t ≥ t0, (8)

� t0 ≥ 0, r, P � Q �����:

(B1) r ∈ C([t0,∞),R); P (t) > 0, Q(t) ∈ S � t ≥ t0 �.
��W�=� [19–21] GIÆ41J� P (t) = 1 ���	 (8) ��T, �1C:� [10–14]

�10'JXMY. P0�10'I�3MJ><5��F$*AB,�<S5?M�/%�
,, 3�MJ><5��U;*AB,�Z���,�S(
L���,�MA[5?V�/%
*�. ���, W\[XY��
S,� q ��P��, <S�E���U�ZV�/%@.. 6
)��@+ZW��	�$4�#�10. Æ\\[<-���Q 1 � 2.

#]\��^310_], `3���V�aT.
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hT 1.1 �� q : S → R ��
S (N'e) � J − K ≥ 0, .� q[J ] ≥ q[K], � J ,
K ∈ S�.

hT 1.2 �V# S ���,� L f “��”, �0�(-� A ∈ S � A > 0 �, f�
L(A) > 0.

# S ����*AB�gghh, WI�� “*AB” ,� q[K]=λi[K] (i=1, 2, . . . , n) 2

S,�. 5�1�,<Si># S �� J ≥ 0,.���,� q[K] = λi[K+J ] (i = 1, 2, . . . , n)
M2
S,�� λi[K +J ] ≥ λi[K]. ���, # S 'G q[K] = tr[K +En] �V�i,�M2

S,�. i����,� L M2
S,�, �� J, K ∈ S �, � J ≥ K, .j� L[J ] ≥ L[K].

hT 1.3 j D = {(t, s) : t ≥ s ≥ t0}, D0 = {(t, s) : t > s > t0}. ��B�� H 2
H ∈ H , �0�#�� λ1 � λ2 ∈ C1(D0,R) �����:

(H1) H(t, t) = 0 � t ≥ t0; H(t, s) > 0 # D0 ';
(H2) ∂

∂t (H(t, s)) = λ1(t, s)
√

H(t, s), ∂
∂s(H(t, s)) = −λ2(t, s)

√
H(t, s), ∀ (t, s) ∈ D0.

�kH H(t, s) = H(t − s) ∈ H , � λ1(t, s) = λ2(t, s) := λ(t − s). �# H �MY�7�
H(t − s) ��k� H0.

���, j ρ ∈ C1[t0,∞) � ρ > 0. 5�l� Aρ(·; τ, t) : S → S ( Bρ(·; t, τ) : S → S

���V��
Aρ(K; τ, t) =

∫ t

τ

H(t, s)ρ(s)K(s)ds, t ≥ τ ≥ t0, (9)

Bρ(K; τ, t) =
∫ τ

t

H(s, t)ρ(s)K(s)ds, τ ≥ t ≥ t0, (10)


� K ∈ C([t0,∞), S ).
ji> Aρ(· ; τ, t) � Bρ(·; t, τ) 2# S '���l����

Aρ(K ′; τ, t) = −H(t, τ)ρ(τ)K(τ) + Aρ([λ2 − ρ−1ρ′]K; τ, t), t ≥ τ ≥ t0, (11)

Bρ(K ′; t, τ) = H(τ, t)ρ(τ)K(τ) − Bρ([λ1 − ρ−1ρ′]K; t, τ), τ ≥ t ≥ t0. (12)
�� λ1 = λ1(s, t) � λ2 = λ2(t, s).

UV 1.1 (I) � K, J ∈ S � K ≥ J, . λi[K] ≥ λi[J ], i = 1, 2, . . . , n.
(II) λi[µK] = µλi[K] �(-� K ∈ S , µ > 0 � i = 1, 2, . . . , n.
WX l�=�G� [7] <�, lH=�.kmG*AB�V@8.
UV 1.2 7 X(t) 2�	 (1) ������� t ∈ [t0,∞) �, � detX(t) �= 0, .����

W (t) = P (t)X ′(t)X−1(t) (13)
�� Riccati �	

W ′(t) = −Q(t) − W (t)P−1(t)W (t). (14)

WX G (2) 8jl, � t ∈ [t0,∞) �, W ∗(t) = W (t) �E. mn�	 (1), ���<�
W ′(t) = [P (t)X ′(t)]′X−1(t) − P (t)X ′(t)X−1(t)X ′(t)X−1(t)

= −Q(t)X(t)X−1(t) − W (t)P−1(t)W (t) = −Q(t) − W (t)P−1(t)W (t).

2 mYnopqrZ[\s�]
��[=5
S,�, FE=MY���� P � Q # [t0,∞) '��G	t��*���

��U�/%@..
���aT�FE�	 (1) �/%@.V2�5�.
UV 2.1 7 X(t) 2�	 (1) ��;!���� [c, b) ⊂ [t0,∞) �, �� detX(t) �= 0, �

(- ρ ∈ C1([t0,∞), (0,∞)), j W (t) = P (t)X ′(t)X−1(t), t ∈ [c, b), .�(- H ∈ H , �
Aρ

(
Q − 1

4

{
λ2 − ρ′

ρ

}2

P ; c, b
)

≤ H(b, c)ρ(c)W (c). (15)
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WX mnaT 1.2, W (t) �� Riccati 1J (14). j R(s) =
[
P−1(s)

]1/2
� S(t) =

(RWR)(t), <� W ′(t) =
{−Q − R−1(RWR)(RWR)R−1

}
(t) =

{−Q − R−1S2R−1
}

(t), �S
(14) 8A[Wu� (

W ′ + R−1S2R−1 + Q
)
(t) = 0. (16)

X� (16) 8?5l� Aρ(K; c, t), .G (11) 8, <�

H(t, c)ρ(c)W (c) = Aρ

([
λ2 − ρ′

ρ

]
W ; c, t

)
+ Aρ

(
R−1S2R−1; c, t

)
+ Aρ (Q; c, t) . (17)

�@�
H(t, c)ρ(c)W (c) = Aρ

(
R−1S2R−1 + R−1R

[
λ2 − ρ′

ρ

]
WRR−1; c, t

)
+ Aρ (Q; c, t)

= Aρ

{
R−1

(
S2 +

[
λ2 − ρ′

ρ

]
S

)
R−1; c, t

}
+ Aρ (Q; c, t)

= Aρ

{
R−1

[
S +

1
2

(
λ2 − ρ′

ρ

)
En

]2

R−1; c, t
}

− Aρ
τ

{
R−1

[
1
4

(
λ2 − ρ′

ρ

)2

En

]
R−1; c, t

}
+ Aρ (Q; c, t) ,

n3
H(t, c)ρ(c)W (c) = Aρ

{
R−1

[
S+

1
2

(
λ2−ρ′

ρ

)
En

]2

R−1; c, t
}

+Aρ

(
Q−1

4

(
λ2−ρ′

ρ

)2

P ; c, t
)

. (18)

V (18) 8�op�qZ, .� Aρ
(
Q − 1

4{λ2 − ρ′
ρ }2P ; c, t

) ≤ H(t, c)ρ(c)W (c). #'\'r8�
X t → b−, P0<� (15) 8.

UV 2.2 7 X(t) 2�	 (1) ��;!���� (a, c] ⊂ [t0,∞) �, �� detX(t) �= 0. �
���(- ρ ∈ C1([t0,∞), (0,∞)), j W (t) = P (t)X ′(t)X−1(t), t ∈ [c, b), .�(- H ∈ H ,

Bρ

(
Q − 1

4

{
λ1 +

ρ′

ρ

}2

P ; a, c

)
≤ −H(c, a)ρ(c)W (c). (19)

WX opaT 2.1 >3, ?5l� Bρ(K; t, c) I (16) 8, .G (12) 8, �

−H(c, t)ρ(c)W (c) = −Bρ

([
λ1 +

ρ′

ρ

]
W ; c, t

)
+ Bρ

(
R−1S2R−1; t, c

)
+ Bρ (Q; t, c) . (20)

I2
−H(c, t)ρ(c)W (c) = Bρ

(
R−1S2R−1 − R−1R

[
λ1 +

ρ′

ρ

]
WRR−1; t, c

)
+ Bρ (Q; t, c)

= Bρ

{
R−1

(
S2 −

[
λ1 +

ρ′

ρ

]
S

)
R−1; t, c

}
+ Bρ (Q; t, c)

= Bρ

{
R−1

[
S − 1

2

(
λ1 +

ρ′

ρ

)
En

]2

R−1; t, c
}

− Bρ

{
R−1

[
1
4

(
λ1 +

ρ′

ρ

)2

En

]
R−1; t, c

}
+ Bρ (Q; t, c) .

6)
−H(c, t)ρ(c)W (c) = Bρ

{
R−1

[
S−1

2

(
λ1+

ρ′

ρ

)
En

]2

R−1; t, c
}

+Bρ

(
Q−1

4

(
λ1+

ρ′

ρ

)2

P ; t, c
)

. (21)

V (21) 8�op�qZ, .� Bρ
(
Q− 1

4{λ1 + ρ′
ρ }2P ; t, c

) ≤ −H(c, t)ρ(c)W (c). #'\'r8�
X t → a+, <���� (19) 8.

hV 2.1 ��# H ∈ H , ρ ∈ C1([t0,∞), (0,∞)), c ∈ (a, b) ⊂ [t0,∞) �# S '�
S
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,���
q

[
1

H(c, a)
Bρ (Q; a, c) +

1
H(b, c)

Aρ (Q; c, b)
]

> q

[
1
4

{
1

H(c, a)
Bρ

(
v

{
λ1 +

ρ′

ρ

}2

P ; a, c

)
+

1
H(b, c)

Aρ

( {
λ2 − ρ′

ρ

}2

P ; c, b
)}]

. (22)

.��	 (1) �(-!�� X(t), det X(t) #G	 (a, b) '"���;)�.
WX s>2, 67qt. 'r�B�67�#���!�� X(t), ��� t ∈ (a, b) �, �

det X(t) �= 0. �V W (t) � (13) 8. mnaT 2.1 � 2.2 10, G (15) � (19) 8, <�
1

H(c, a)
Bρ (Q; a, c) +

1
H(b, c)

Aρ (Q; c, b)

≤ 1
4

{
1

H(c, a)
Bρ

( {
λ1 +

ρ′

ρ

}2

P ; a, c

)
+

1
H(b, c)

Aρ

(
v

{
λ2 − ρ′

ρ

}2

P ; c, b
)}

.

vmn�V 1.1 �
S,�, ���@8
q

[
1

H(c, a)
Bρ (Q; a, c) +

1
H(b, c)

Aρ (Q; c, b)
]

≤ q

[
1
4

{
1

H(c, a)
Bρ

( {
λ1 +

ρ′

ρ

}2

P ; a, c

)
+

1
H(b, c)

Aρ

({
λ2 − ρ′

ρ

}2

P ; c, b
)}]

.

: (22) 8qt. �T 2.1 >u.
���T2G�T 2.1 @8��	 (1) �G	/%@..
hV 2.2 �0�U; T ≥ t0, �# H ∈ H , ρ ∈ C1([t0,∞), (0,∞)) � a, b, c ∈ R, ��

T ≤ a < c < b ( (22) 8�E, .�	 (1) �(-!��# [t0,∞) '2/%�.
WX s>2. 'r�B�, <67�	 (1) �#���!�� X(t), ��� t ∈ [T0,∞)

(T0 ≥ t0) �, � det X(t) �= 0. �V W (t) � (13) 8. [Xt� {Ti} ⊂ [T0,∞) �� Ti → ∞ �
i → ∞ �. G (22) 8l, �U; i ∈ N, �# ai, bi, ci ∈ R, �� Ti ≤ ai < ci < bi � (22) 8�
E, �� a, b, c ��* ai, bi, ci vs. mn�T 2.1, detX(t) #G	 (ai, bi) (i = 1, 2, . . .) '"
���;)� ti ∈ (ai, bi). 6)�	 (1) 2/%�. >u.

X H ∈ H0, <�
hV 2.3 7�U; l ≥ t0, �# H ∈ H0, ρ ∈ C1([t0,∞), (0,∞)), # S '�
S,� q

� a, c ∈ R �� l ≤ a < c �

q

[∫ c

a

H(s − a) {ρ(s)Q(s) + ρ(2c − s)Q(2c − s)} ds

]

> q

[
1
4

∫ c

a

H(s − a)
{(

λ(s − a) +
ρ′(s)
ρ(s)

)2

(ρP )(s)

+
(

λ(s − a) − ρ′(2c − s)
ρ(2c− s)

)2

(ρP )(2c − s)
}

ds

]
, (23)

.�	 (1) �(-!��# [t0,∞) '2/%�.
WX 'r�B�, <67�	 (1) �#���!�� X(t), ��� t ∈ [T0,∞) (T0 ≥ t0)

�, � det X(t) �= 0. �V W (t) � (13) 8. opaT 2.1 � 2.2 �>3<�: �0 H ∈ H 0 �
#tG	 (a, b) ' detX(t) �= 0, .�(-I� c ∈ (a, b) ⊂ [t0,∞),

Aρ

(
Q − 1

4

{
λ2 − ρ′

ρ

}2

P ; c, b
)

≤ H(b − c)ρ(c)W (c) (24)

�

Bρ

(
Q − 1

4

{
λ1 +

ρ′

ρ

}2

P ; a, c

)
≤ −H(c − a)ρ(c)W (c). (25)
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V (24) � (25) 8Jw, @�
1

H(c − a)

∫ c

a

H(s − a)ρ(s)Q(s)ds +
1

H(b − c)

∫ b

c

H(b − s)ρ(s)Q(s)ds

≤ 1
4

{
1

H(c − a)

∫ c

a

H(s − a)
(

λ(s − a) +
ρ′(s)
ρ(s)

)2

(ρP )(s)ds

+
1

H(b − c)

∫ b

c

H(b − s)
(

λ(b − s) − ρ′(s)
ρ(s)

)2

(ρP )(s)ds

}
. (26)

5�1�, [X b = 2c − a, . H(b − c) = H(c − a) = H( b−a
2 ), ��(- w ∈ L[a, b], �∫ b

c
w(s)ds =

∫ c

a
w(2c − s)ds. �S∫ b

c

H(b − s)ρ(s)Q(s)ds =
∫ c

a

H(s − a)ρ(2c − s)Q(2c − s)ds (27)

� ∫ b

c

H(b − s)
(

λ(b − s) − ρ′(s)
ρ(s)

)2

(ρP )(s)ds

=
∫ c

a

H(s − a)
(

λ(s − a) − ρ′(2c − s)
ρ(2c− s)

)2

(ρP )(2c − s)ds. (28)

mn (26), (27) � (28) 8, <�∫ c

a

H(s − a) {ρ(s)Q(s) + ρ(2c − s)Q(2c − s)} ds

≤ 1
4

∫ c

a

H(s−a)
{(

λ(s−a)−ρ′(s)
ρ(s)

)2

(ρP )(s)+
(
λ(s−a)−ρ′(2c−s)

ρ(2c−s)

)2

(ρP )(2c−s)
}

ds. (29)

vmn�V 1.1 �
S,�, ���l
q

[∫ c

a

H(s − a) {ρ(s)Q(s) + ρ(2c − s)Q(2c − s)} ds

]

≤ q

[
1
4

∫ c

a

H(s−a)
{(

λ(s−a)−ρ′(s)
ρ(s)

)2

(ρP )(s)+
(
λ(s−a)−ρ′(2c−s)

ρ(2c−s)

)2

(ρP )(2c−s)
}

ds

]
. (30)

: (23) 8qt. 6), detX(t) #tG	 (a, 2c− a) '"���;)�. op�T 2.2 >3<�,
�	 (1) 2/%�. �T 2.3 >u.

����R�YSZ�HF�� �����	 (8), 
� r, P � Q ����� (B1).
[X v(t) = exp

{ ∫ t

t0
r(s)ds

}
. mn�	 (8), � 0 = v(t){[P (t)X ′(t)]′ + r(t)P (t)X ′(t)+

Q(t)X(t)} = [v(t)P (t)X ′(t)]′ + v(t)Q(t)X(t), R
[v(t)P (t)X ′(t)]′ + v(t)Q(t)X(t) = 0. (31)

6), �	 (8) rxI�	 (31). �S, DI�	 (31) �GI�	 (1) �/%@.: �T 2.1–2.3,
P0A[FEGI�	 (8) �/%M��T.

hV 2.4 7 H ∈ H � ρ ∈ C1([t0,∞), (0,∞)). ��# c ∈ (a, b) ⊂ [t0,∞) �# S '�

S,���

q

[
1

H(c, a)
Bρ (vQ; a, c) +

1
H(b, c)

Aρ (vQ; c, b)
]

> q

[
1
4

{
1

H(c, a)
Bρ

(
v

{
λ1 +

ρ′

ρ

}2

P ; a, c

)
+

1
H(b, c)

Aρ

(
v

{
λ2 − ρ′

ρ

}2

P ; c, b
)}]

, (32)


� v(t) = exp
{ ∫ t

t0
r(s)ds

}
, .��	 (8) �(-!�� X(t), det X(t) #G	 (a, b) '"��

�;)�.
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hV 2.5 7 H ∈ H � ρ ∈ C1([t0,∞), (0,∞))�E. �0�U; T ≥ t0,�# a, b, c ∈ R,
�� T ≤ a < c < b � (32) 8��. .�	 (8) �(-!��# [t0,∞) '2/%�.

hV 2.6 7 H ∈ H0 � ρ ∈ C1([t0,∞), (0,∞)). �0�U; l ≥ t0, # S '�#
S,
� q � a, c ∈ R �� l ≤ a < c �

q

[∫ c

a

H(s − a) {(ρv)(s)Q(s) + (ρv)(2c − s)Q(2c − s)} ds

]

> q

[
1
4

∫ c

a

H(s − a)
{ (

λ(s − a) +
ρ′(s)
ρ(s)

)2

(ρvP )(s)

+
(

λ(s − a) − ρ′(2c − s)
ρ(2c − s)

)2

(ρvP )(2c − s)
}

ds

]
, (33)


� v(t) = exp
{ ∫ t

t0
r(s)ds

}
, .�	 (8) �(-!��# [t0,∞) '2/%�.

^ 1 7 K, J ∈ S � J > 0. �0#�T 2.5� 2.6�� q[K]��*���,� λi[K +J ]
(i = 1, 2, . . . , n) N tr[K + En] vs, i�
/�'T, .�	 (8) 2/%�.

3 mY_`aqbwcdepqrfgxhÆ
�[��R�YSZ�HF�� �����	 (8), ���hh�T 2.5 � 2.6 ��<�

u�@C.
vy, =5*AB��L8/%Mn. ����T 3.1–3.3 'I�3<S5F$*AB,�

M�/%�,, 3�M<S5U;*AB,�?V��	/%*�.
hV 3.1 7 v(t) = exp{∫ t

t0
r(s)ds}. �0��	 (8) �(-!�� X(t), �# c ∈ (a, b),

H ∈ H � ρ ∈ C1([t0,∞), (0,∞)), ��

λi

[
1

H(c, a)
Bρ (vQ; a, c) +

1
H(b, c)

Aρ (vQ; c, b)
]

>
1
4
λi

[
1

H(c, a)
Bρ

(
v

{
λ1 +

ρ′

ρ

}2

P ; a, c

)
+

1
H(b, c)

Aρ

(
v

{
λ2 − ρ′

ρ

}2

P ; c, b
)]

. (34)

.��	 (8) �(-!�� X(t), det X(t) #G	 (a, b) '"���;)�.
WX mn�T 2.5 �aT 1.1, <@81C.
���T 3.2 <n�T 3.1 E�.
hV 3.2 7 v(t) = exp{∫ t

t0
r(s)ds}. �0�U; T ≥ t0, �# H ∈ H , ρ ∈ C1([t0,∞),

(0,∞)) � a, b, c ∈ R, �� T ≤ a < c < b ( (34) 8�E, .�	 (8) �(-!��# [t0,∞)
'2/%�.

� H ��k H0, ?5�T 3.2, P0<���10.
hV 3.3 7 v(t) = exp

{ ∫ t

t0
r(s)ds

}
. 7�U; l ≥ t0, �# H ∈ H0, ρ ∈ C1([t0,∞),

(0,∞)) � a, c ∈ R (l ≤ a < c) ��
λi

[ ∫ c

a

H(s − a){(ρv)(s)Q(s) + (ρv)(2c − s)Q(2c − s)}ds

]

>
1
4
λi

[ ∫ c

a

H(s − a)
{

(ρv)(s)(λ(s − a) +
ρ′(s)
ρ(s)

)2P (s)

+(ρv)(2c − s)
(
λ(s − a) − ρ′(2c − s)

ρ(2c − s)

)2

P (2c − s)
}

ds

]
, (35)

.�	 (8) �(-!��# [t0,∞) '2/%�.
WX mn�T 2.6 �aT 1.1, <��	 (8) �(-!��# [t0,∞) '2/%�. �T 3.3

>u.
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��DI�	 (8) # [t0,∞) ��G	t�'��� P, r � Q �*�, 65���,��
+V�PFE�	 (8) �/%@..

hV 3.4 7 v(t) = exp{∫ t

t0
r(s)ds}. �0�# c ∈ (a, b), H ∈ H , ρ ∈ C1([t0,∞), (0,∞))

����,� L, ��
1

H(c, a)
L [Bρ (vQ; a, c)] +

1
H(b, c)

L [Aρ (vQ; c, b)]

>
1
4

{
1

H(c, a)
L

[
Bρ

(
v

{
λ1 +

ρ′

ρ

}2

P ; a, c

)]
+

1
H(b, c)

L
[
Aρ

(
v

{
λ2 − ρ′

ρ

}2

P ; c, b
)]}

, (36)

.��	 (8) �(-!�� X(t), det X(t) #G	 (a, b) '"���;)�.
WX mn�T 2.5 � L ����, <@8�T 3.4 1C.
����T2V Wong �10� [19, �T 1] � Zheng �/%@.� [20, �T 1–3] S(

Yan � [21, �T 1], n�	 (8) � n = 1, P (t) = 1 kH@+W�E�BkH.
hV 3.5 7 v(t) = exp{∫ t

t0
r(s)ds}. �0�U; T ≥ t0, �# H ∈ H , ρ ∈ C1([t0,∞),

(0,∞)), ���,� L � a, b, c ∈ R, �� T ≤ a < c < b ( (36) 8�E, .�	 (8) �(-!
��# [t0,∞) '2/%�.

� H ��k H0, ?5�T 3.5, P0<���10.
hV 3.6 �0�U; l ≥ t0, �# H ∈ H0, ρ ∈ C1([t0,∞), (0,∞)), ���,� L � a,

c ∈ R, �� l ≤ a < c �∫ c

a

H(s − a) {(ρv)(s)L [Q(s)] + (ρv)(2c − s)L [Q(2c − s)]} ds

>
1
4

∫ c

a

H(s − a)
{

(ρv)(s)
(

λ(s − a) +
ρ′(s)
ρ(s)

)2

L [P (s)]

+(ρv)(2c − s)
(

λ(s − a) − ρ′(2c − s)
ρ(2c− s)

)2

L [P (2c − s)]
}

ds, (37)


� v(t) = exp
{ ∫ t

t0
r(s)ds

}
, .�	 (8) �(-!��# [t0,∞) '2/%�.

#L2���67�, �T 3.6 �>3op�T 2.3 �>3R<�.
��P0���w\�T 3.5 ��<@C.
ij 3.1 7 v(t) = exp{∫ t

t0
r(s)ds}. �0�U; l ≥ t0, �# H ∈ H , ρ ∈ C1([t0,∞),

(0,∞)) ����,� L, ��

lim sup
t→∞

L
[
Aρ

(
vQ − 1

4
v

{
λ2 − ρ′

ρ

}2

P ; l, t
)]

> 0 (38)

�

lim sup
t→∞

L
[
Bρ

(
vQ − 1

4
v

{
λ1 +

ρ′

ρ

}2

P ; l, t
)]

> 0, (39)

.�	 (8) �(-!��# [t0,∞) '2/%�.
WX �(- T ≥ t0, j a = T. # (38) 8�[X l = a, .�# c > a, ��

L
[
Aρ

(
vQ − 1

4
v

{
λ2 − ρ′

ρ

}2

P ; a, c

)]
> 0. (40)

# (39) 8�[X l = c, .�# b > c, ��

L
[
Bρ

(
vQ − 1

4
v

{
λ1 +

ρ′

ρ

}2

P ; c, b
)]

> 0. (41)
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1y (40) � (41) 8<� (36) 8. G�T 3.5 @8@C 3.1 �1C.
op>, P0<>:
ij 3.2 �0@C 3.1 ��� (38) � (39) ��*���vs

lim sup
t→∞

1
H(t, l)

L
[
Aρ

(
vQ − 1

4
v

{
λ2 − ρ′

ρ

}2

P ; l, t
)]

> 0 (42)

�

lim sup
t→∞

1
H(t, l)

L
[
Bρ

(
vQ − 1

4
v

{
λ1 +

ρ′

ρ

}2

P ; l, t
)]

> 0, (43)

�
L�'T, .�	 (8) �(-!��# [t0,∞) '2/%�.
� H ��k H0, ?5@C 3.1, P0<���10.
ij 3.3 7 v(t) = exp{∫ t

t0
r(s)ds}. �0�U; l ≥ t0, �# H ∈ H0, ρ ∈ C1([t0,∞),

(0,∞)) ����,� L, ��

lim sup
t→∞

∫ t

l

(ρv)(s)H(s − l)
(
L [Q(s)] − 1

4

{
λ(s − l) +

ρ′(s)
ρ(s)

}2

L [P (s)]
)

ds > 0 (44)

�

lim sup
t→∞

∫ t

l

(ρv)(s)H(t − s)
(
L [Q(s)] − 1

4

{
λ(t − s) − ρ′(s)

ρ(s)

}2

L [P (s)]
)

ds > 0. (45)

.�	 (8) �(-!��# [t0,∞) '2/%�.
^ 2 W\Y�[X�]��w\�
S,���� ρ(t) : H(t, s), �[X ρ(t) = 1, t r,

mnlH[, lx[�10, <��	 (1) N (8) 'i�@V�/%z��.
XL8�;�yz3��10. #��y��, �T 3.6 <S?53�T 2.3 'A.
k 3.1 7 b 2�;I�, ��R�YSZ�HF�� �����	 (8), 
�

P (t) =
[

1 0
0 1

]
, r(t) = cos t, Q(t) =

[
1 + sin t 0
0 b − sin t

]
, t ≥ 0. (46)

�(- l > 0, �# n ∈ N0, �� 2nπ > 0.X a = 2nπ, c = 2(n+1)π + π
2 � ρ(t) = 1. #�T 3.6

�[X H(t − s) = (t − s)2, . λ(s − a) = 2. jl v(t) = exp
{ ∫ t

0
r(s)ds

}
= exp

{ ∫ t

0
cos sds

}
=

exp{sin t}, � (37) 8T�∫ c

a

(s − a)2
(

exp
{∫ s

0

r(u)du

}
L[Q(s)] + exp

{∫ 2c−s

0

r(u)du

}
L[Q(2c− s)]

)
ds

>

∫ c

a

(s − a)2
(

exp
{∫ s

0

r(u)du

}
L[P (s)] + exp

{∫ 2c−s

0

r(u)du

}
L[P (2c − s)]

)
ds.

�V L[R] = r11 
� R = (rij) ∈ S , g{
|l� Q(2c − s) = Q(s),∫ c

a

(s − a)2
(

exp
{∫ s

0

r(u)du

}
L[Q(s)] + exp

{∫ 2c−s

0

r(u)du

}
L[Q(2c − s)]

)
ds

= 2
∫ 2(n+1)π+ π

2

2nπ

(s − 2nπ)2(1 + sin s) exp{sin s}ds = 2
∫ 5π

2

0

s2(1 + sin s) exp{sin s}ds

� ∫ c

a

(s − a)2
(

exp
{∫ s

0

r(u)du

}
L[P (s)] + exp

{∫ 2c−s

0

r(u)du

}
L[P (2c − s)]

)
ds

= 2
∫ 2(n+1)π+ π

2

2nπ

(s − 2nπ)2 exp{sin s}ds = 2
∫ 5π

2

0

s2 exp{sin s}ds.
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G ∫ 5π
2

0

s2 sin s exp{sin s}ds > 0

l (37) 8�E. {�mn�T 3.6, R��� (46) ��	 (8) 2/%�.
{3, �0[X L[R] = trR � b = −1, . trQ(t) = 0. #��kH, R��� (46) ��	

(8) |{2/%�. ���, � b = 0, .R��� (46) ��	 (8) rxI���?�Æ4�	
x′′ + (cos t)x′ + (1 + sin t)x = 0, (47)

x′′ + (cos t)x′ − (sin t)x = 0. (48)
G'��HCjl (47) 82/%. K2 (48) 8��;�/%� x(t) = exp{− sin t}. i�)y
�/%'AG� [1–22] ��zl10M�.

lm }{}|~~� James S. W. Wong ~~�G}.
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