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1 ��ÆA^\M	{pVXC
µ
dz

dt
= f(z, y, t),

dy

dt
= g(z, y, t), 0 6 t 6 1, (1.1)

Az(0, µ) = Az 0, Bz(1, µ) = Bz 1, Cy(0, µ) = Cy 0, Dy(1, µ) = Dy 1, (1.2)":BE�B$%d'6)�n. 'M µ > 0 "d�*. z, f " M M
U, y, g " m M
U. A =
(
EM1 0
0 0

)
, B =

( 0 0
0 EM2

) " M ×M "4(. EM1 " M1 ×M1 "4(, EM2 "
M2 ×M2 "4(. M1 +M2 = M . C =

(
Em1 0
0 0

)
, D =

( 0 0
0 Em2

) " m ×m "4(. Em1 "
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(H1) �� f(z, y, t) u g(z, y, t) ��U (z, y, t) E�6i_=�� G(z, y, t) kh�5��U�7� n+ 2 "Sst0*.� (1.1) 9\ µ = 0, C5F�N�
f(z, y, t) = 0,

dy

dt
= g(z, y, t). (2.1)

(H2) ��F�N� f(z, y, t) = 0 � D ��T_F�b:

z = α(y, t), z = β(y, t),'M
α = (α1, α2, · · · , αM )T, β = (β1, β2, · · · , βM )T.

(H3)�� Fz(α(y(t), t), y(t), t)u Fz(β(y(t), t), y(t), t)Q��9)b λ
α

i (t)u λ
β

i (t) (i =

1, 2, · · · ,M), 'M 0 6 t 6 1, |bI
Reλ

j

i (t) < 0, i = 1, 2, · · · , k < M,

Reλ
j

i (t) > 0, i = k + 1, k + 2, · · · ,M,w9 j = α, β.�� (H3) .g, B t ∈ [0, 1] �|g<, S< (1.1) 6X=XC
dz̃

dτ
= f(z̃, y(t), t) (2.2)6T_uz: (α(y(−)(t), t), y(−)(t)) u (β(y(+)(t), t), y(+)(t)) � (ỹ, z̃) ��"T_-��:.

3 �|jpoX`�� t∗(t∗ ∈ (0, 1)), 67��Z"=�
t∗ = t0 + µt1 + µ2t2 + · · ·+ µktk + · · · ,w9 tk(k = 0, 1, 2, · · · ) ".<�*.C��L5�`6":B'"�ZfT_$Æ)�6'YxF�.LS< (0 6 t 6 t∗):

µ
dz(−)

dt
= f(z(−), y(−), t),

dy(−)

dt
= g(z(−), y(−), t), (3.1)

Az(−)(0, µ) = Az0, Bz(−)(t∗, µ) = Bz∗, (3.2)

Cy(−)(0, µ) = y0, Dy(−)(t∗, µ) = Dy∗. (3.3)�S< (t∗ 6 t 6 1):

µ
dz(+)

dt
= f(z(+), y(+), t),

dy(+)

dt
= g(z(+), y(+), t), (3.4)

Az(+)(t∗, µ) = Az∗, Bz(+)(1, µ) = Bz1, (3.5)

Cy(+)(t∗, µ) = Cy∗, Dy(+)(1, µ) = Dy1, (3.6)
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z∗ = z∗0 + µz∗1 + · · · , y∗ = y∗0 + µy∗1 + · · · .\ x = (z, y)T, y`51( α(t) 1 β(t) 6":', 
rbIZf6U!>�

x(−)(t∗, µ) = x(+)(t∗, µ). (3.7)�L�S<6k��/'Q�L
x(−)(t, µ) =

∞∑

j=0

µj(x
(−)
j (t) + Ljx(τ0) +Q

(−)
j x(τ)) (3.8)u

x(+)(t, µ) =

∞∑

j=0

µj(x
(+)
j (t) +Q

(+)
j x(τ) +Rjx(τ1)), (3.9)w9 τ0 = t

µ
> 0, τ = t−t∗

µ
, τ1 = t−1

µ
< 0. x

(∓)
j (t) "+!bX*; Ljx(τ0) "LÆ)r*b; Q

(∓)
j x(τ) " t = t∗ #6Æ)r*b, Rjx(τ1) "�Æ)r*b. |
lim

τ0→+∞
Ljx(τ0) = 0, lim

τ→∓∞
Q

(∓)
j x(τ) = 0, lim

τ1→−∞
Rjx(τ1) = 0 (j = 0, 1, 2, · · · ).� (3.8)–(3.9) Q�-
 (3.1)–(3.6), �Æ)r*J, C.

f(z
(∓)
0 (t), y

(∓)
0 (t), t) = 0.b6�� (H2),

z
(−)
0 (t) = α(y

(−)
0 (t), t), z

(+)
0 (t) = β(y

(+)
0 (t), t).F y

(∓)
0 (t) bI6N�uÆ/Q�L

dy
(−)
0 (t)

dt
= g(α(y

(−)
0 (t), t), y

(−)
0 (t), t), (3.10)

Cy
(−)
0 (0) = Cy0, Dy

(−)
0 (t0) = Dy∗0 (3.11)u

dy
(+)
0 (t)

dt
= g(β(y

(+)
0 (t), t), y

(+)
0 (t), t), (3.12)

Cy
(+)
0 (t0) = Cy∗0, Dy

(+)
0 (1) = Dy1. (3.13)

(H4) �� (3.10)–(3.11)6'u (3.12)–(3.13)6'� y∗0 #y$_�, 'M y∗0 = y∗0(t0).;< Q
(∓)
0 x(τ) 6N�u<'>�L

dQ
(−)
0 z

dτ
= f(α(t0) +Q

(−)
0 z(τ), y

(−)
0 (t0) +Q

(−)
0 y(τ), t0),

dQ
(−)
0 y

dτ
= 0; (3.14)

B(z
(−)
0 (t0) +Q

(−)
0 z(0)) = Bz∗0 , Q

(−)
0 x(−∞) = 0 (3.15)u

dQ
(+)
0 z

dτ
= f(β(t0) +Q

(+)
0 z(τ), y

(+)
0 (t0) +Q

(+)
0 y(τ), t0),

dQ
(+)
0 y

dτ
= 0. (3.16)

A(z
(+)
0 (t0) +Q

(+)
0 z(0)) = Az∗0 , Q

(+)
0 x(+∞) = 0. (3.17)
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(∓)
0 y(τ) ≡ 0. �

α(t0) +Q
(−)
0 z(τ) = z̃(−)(τ), β(t0) +Q

(+)
0 z(τ) = z̃(+)(τ).!

dz̃ (−)

dτ
= f(z̃(−), y

(−)
0 (t0), t0), Bz̃(−)(0) = Bz∗0 , z̃(−)(−∞) = α(t0), (3.18)

dz̃ (+)

dτ
= f(z̃(+), y

(+)
0 (t0), t0). Az̃(+)(0) = Az∗0 , z̃(+)(+∞) = β(t0), (3.19)\�, (3.18)–(3.19) � (2.2) {4, 5�uz: M−(α(y

(−)
0 (t0), t0), y

(−)
0 (t0)), M+(β(y

(+)
0

(t0), t0), y
(+)
0 (t0)) �"-��:.

(H5) ��Bg<6 t0 ∈ (0, 1), X=XC (2.2) )� M − 1 __~AP6%&�Q
Φj(z̃1, z̃2, · · · , z̃M , t0) = Cj , j = 1, 2, · · · ,M − 1, (3.20)w9 Cj(j = 1, · · ·,M − 1) "AP6�*.puz: M−(t0) 6j^"

Φj(z̃
(−)
1 , z̃

(−)
2 , z̃

(−)
3 , · · · , z̃(−)

M , t0) = Φj(M−(t0), t0), j = 1, 2, · · · ,M − 1. (3.21)puz: M+(t0) 6j^"
Φj(z̃

(+)
1 , z̃

(+)
2 , z̃

(+)
3 , · · · , z̃(+)

M , t0) = Φj(M+(t0), t0), j = 1, 2, · · · ,M − 1. (3.22)( (3.21)–(3.22) C5S!uz: M− u M+ 6�2j36
y>�
Φj(M−(t0), t0) = Φj(M+(t0), t0), j = 1, 2, · · · ,M − 1. (3.23)

(3.23) "} t0 6N�.

(H6) �� (3.23) "_�6, |h� t0 �', t0 = t0.�n�� (H6) 6_�n>��P, !)�( M−(t0) "I.
 M+(t0) 6�2j3.�u 3.1 �n�� (H1)–(H6) �P, !S< (3.18)–(3.19) 6' Q
(∓)
0 z(τ) )�, |bI1*,�, 


Q
(−)
0 z(τ) 6 Ceγτ , τ < 0,

Q
(+)
0 z(τ) > Ce−γτ , τ > 0,w9 C, γ "��+�*.�

ũ(∓) = (z̃
(∓)
1 , z̃

(∓)
2 , · · · , z̃(∓)

k )T, ṽ(∓) = (z̃
(∓)
k+1, z̃

(∓)
k+2, · · · , z̃

(∓)
M )T.puz: M− 6 M − k M�R<℄k�L

ũ(−)(τ) = φu(ṽ
(−)(τ)),puz: M+ 6 k M�R<℄k�L

ṽ(+)(τ) = φv(ũ
(+)(τ)).;< L0x(τ0) u R0x(τ1) 6N�u<'>�Q�L

dL0z

dτ0
= f(α(0) + L0z(τ0), y

(−)
0 (0) + L0y(τ0), 0),

dL0y

dτ0
= 0;
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A(z
(−)
0 (0) + L0z(0)) = Az0, L0x(+∞) = 0u

dR0z

dτ1
= f(β(1) + R0z(τ1), y

(+)
0 (1) +R0y(τ1), 1),

dL0y

dτ0
= 0;

B(z
(+)
0 (1) +R0z(0)) = Bz1, R0x(−∞) = 0.�.

L0y(τ0) ≡ 0, R0y(τ1) ≡ 0.\
α(0) + L0z(τ0) = z̃l(τ0), β(1) +R0z(τ1) = z̃r(τ1),!�)N��L

dz̃ l

dτ0
= f(z̃ l, y

(−)
0 (0), 0), Az̃ l(0) = Az0, z̃ l(−∞) = α(0), (3.24)

dz̃ r

dτ1
= f(z̃ r, y

(+)
0 (1), 1), Bz̃ r(0) = Bz1, z̃ r(−∞) = β(1). (3.25)\�, (3.24)–(3.25) �X=XC (2.2) {4. � (H3), (3.24) 6uz: M l(α(0)), (3.25)6uz: M r(β(1)) <L-��:. L	, L0z(τ0), R0z(τ1) 6)�n, Tea"Zf>�.

(H7) ��℄k Az̃ l(0) = Az 0 �p M1 6R<℄k W s(M l(0)) y$_�, ℄k
Bz̃ r(0) = Bz 1 �p M2 6�R<℄k Wu(M r(1)) y$_�.�u 3.2 ��� (H1)–(H4) u (H7) Z, N� (3.24)–(3.25) 6' L0z(τ0), R0z(τ1) )�, |

L0z(τ0) 6 Ce−γτ0 , τ0 > 0, R0z(τ1) 6 Ceγτ1, τ1 < 0,'M C, γ "���*.B�+!bX* x
(∓)
j (t) (j = 1, 2, · · · ), 6ebI6N�uÆ)>�L

dz
(−)
j−1(t)

dt
= f

(−)

z (t)z
(−)
j (t) + f

(−)

y (t)y
(−)
j (t) + f

(−)
j (t), (3.26)

dy
(−)
j (t)

dt
= g(−)

z (t)z
(−)
j (t) + g(−)

y (t)y
(−)
j (t) + g

(−)
j (t), (3.27)

C(y
(−)
j (0) + Ljy(0)) = 0, D(y

(−)
0 (t0)tj + γ(−) +Q

(−)
j y(0)) = Dy∗j (3.28)u

dz
(+)
j−1(t)

dt
= f

(+)

z (t)z
(+)
j (t) + f

(+)

y (t)y
(+)
j (t) + f

(+)
j (t), (3.29)

dy
(+)
j (t)

dt
= g(+)

z (t)z
(+)
j (t) + g(+)

y (t)y
(+)
j (t) + g

(+)
j (t), (3.30)

C(y
(+)
0 (t0)tj + γ(+) +Q

(+)
j y(0)) = Cy∗j , D(y

(+)
j (1) +Rjy(0)) = 0, (3.31)w9 f

(−)

z (t), f
(+)

z (t) Q�� (α(t), y
(−)
0 (t), t) u (β(t), y

(+)
0 (t), t) �/. f

(∓)

y (t), g
(∓)
z (t) u

g
(∓)
y (t) z�_A6��. f

(∓)
j (t), g

(∓)
j (t) <��.r*YxF�, γ

(∓)
j "�.U.
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dLjz

dτ0
= f̃ (l)

z (τ0)Ljz + f̃ (l)
y (τ0)Ljy +H

(l)
j (τ0),

dLjy

dτ0
= Lj−1g(τ0), (3.32)

A(z
(−)
j (0) + Ljz(0)) = 0, Ljx(+∞) = 0, (3.33)w9

f̃ (l)
x (τ0) = fx(α(0) + L0z, y

(−)
0 (0), 0),F H

(l)
j (τ0), Lj−1g(τ0) ��.r*YxF�.� (3.32) u Ljy(+∞) = 0 5

Ljy(τ0) =

∫ τ0

+∞

Lj−1g(s)ds.f
Ljy(0) =

∫ 0

+∞

Lj−1g(s)ds.� (3.28) 69 1 _8�
Cy

(−)
j (0) = −CLjy(0) =

∫ +∞

0

CLj−1g(s)ds. (3.34);<\&bX* Rjx(τ1) 6N�uÆ)>�
dRjz

dτ1
= f̃ (r)

z (τ1)Rjz + f̃ (r)
y (τ1)Rjy +H

(r)
j (τ1),

dRjy

dτ1
= Rj−1g(τ1), (3.35)

B(z
(+)
j (1) +Rjz(0)) = 0, Rjx(−∞) = 0,w9

f̃ (r)
x (τ1) = fx(β(1) +R0z, y

(+)
0 (1), 1).F H

(r)
j (τ1), Rj−1g(τ1) ��.r*YxF�.� (3.35) u Rjy(−∞) = 0 C5

Rjy(τ1) =

∫ τ1

−∞

Rj−1g(s)ds.f
Rjy(0) =

∫ 0

+∞

Rj−1g(s)ds.� (3.31) 69 2 _N�, C5
Dy

(+)
j (1) = −DRjy(0) =

∫ −∞

0

DRj−1g(s)ds..F x
(∓)
j (t) )�.

(H8) �� x
(−)
j (t) u x

(+)
j (t) �: y∗j y$_�.;< Q

(−)
j x(τ) 6N�u<'>�L

dQ
(−)
j z

dτ
= f (−)

z (τ)Q
(−)
j z + f (−)

y (τ)Q
(−)
j y +G

(−)
j (τ),

dQ
(−)
j y

dτ
= Q

(−)
j−1g(τ), (3.36)

BQ
(−)
j z(0) = Bz∗j −Bz

(−) ′

0 (t0)tj +Bρ
(−)
j , Q

(−)
j x(−∞) = 0, (3.37)
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G

(−)
j (τ) = (△f (−)

z (τ)α′(t0) +△f (−)
y (τ)(y

(−)
0 (t0))

′ +△f (−)
t (τ))tj +G

(−)

j (τ),F
f (−)
x (τ) = fx(α(t0) +Q

(−)
0 z(τ), y

(−)
0 (t0), t0),

△f (−)
x (τ) = fx(α(t0) +Q

(−)
0 z, y

(−)
0 (t0), t0)− fx(α(t0), y

(−)
0 (t0), t0),

△f (−)
t (τ) �JJ0. G

(−)

j (τ), Q
(−)
j−1g(τ) "�q tj 6�.r*6Yx. ρ

(−)
j "�.U.� Q

(−)
j y(−∞) = 0 u (3.36), C.

Q
(−)
j y(τ) =

∫ τ

−∞

Q
(−)
j−1g(s)ds.�w-
 (3.36) 69 1 _N�, �%x!�>� (3.37), C5 Q

(−)
j z(τ), |6� tj �h.;< Q

(+)
j x(τ) 6N�u<'>�L

dQ
(+)
j z

dτ
= f (+)

z (τ)Q
(+)
j z + f (+)

y (τ)Q
(+)
j y +G

(+)
j (τ),

dQ
(+)
j y

dτ
= Q

(+)
j−1g(τ), (3.38)

AQ
(+)
j z(0) = Az∗j −Az

(+) ′

0 (t0)tj +Aρ
(+)
j , Q

(+)
j x(+∞) = 0, (3.39)w9

G
(+)
j (τ) = (△f (+)

z (τ)β′(t0) +△f (+)
y (τ)(y

(+)
0 (t0))

′ +△f (+)
t (τ))tj +G

(+)

j (τ).F
f (+)
x (τ) = fx(β(t0) +Q

(+)
0 z(τ), y

(+)
0 (t0), t0),

△f (+)
x (τ) = fx(β(t0) +Q

(+)
0 z, y

(+)
0 (t0), t0)− fx(β(t0), y

(+)
0 (t0), t0),

△f (+)
t (τ) �JJ0. G

(+)

j (τ), Q
(+)
j−1g(τ) "�q tj 6�.r*6Yx. ρ

(+)
j "�.U.� Q

(+)
j y(+∞) = 0 u (3.38), C.

Q
(+)
j y(τ) =

∫ τ

+∞

Q
(+)
j−1g(s)ds.�w-
 (3.38) 69 1 _N�, �%x!�>� (3.39) C5 Q

(+)
j z(τ), |� tj �h.Zfh" Q

(∓)
j z(τ)67=6'W�+�. �L Q

(∓)
j y(τ) �2'". ℄� (3.36),(3.38)69 1 _N�;i�L

dQ
(∓)
j z

dτ
= f (∓)

z (τ)Q
(∓)
j z + G̃

(∓)
j (τ), (3.40)w9

G̃
(∓)
j (τ) = f (∓)

y (τ)Q
(∓)
j y + (△f (∓)

z (τ)β′(t0) +△f (∓)
y (τ)(y

(∓)
0 (t0))

′

+△f (∓)
t (τ))tj +G

(∓)

j (τ).�wh�QG6k�


dQ
(∓)
j u

dτ

dQ
(∓)
j v

dτ


 =




F

(∓)
11 (τ) F

(∓)
12 (τ)

F
(∓)
21 (τ) F

(∓)
22 (τ)








Q

(∓)
j u(τ)

Q
(∓)
j v(τ)



+




ψ
(∓)
1 (τ)

ψ
(∓)
2 (τ)



 ,
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Q

(−)
j u = H(−)(τ)(△0

j )
(−)Φ(−)(τ)(Φ(−)(0))−1 +H(−)

∫ τ

0

Φ(−)(τ)(Φ(−)(s))−1

·
[
F

(−)
21 (s)

∫ s

−∞

Ψ(−)(τ)(Ψ(−)(ξ))−1(ψ
(−)
1 (ξ)−H(−)(ξ)ψ

(−)
2 (ξ))dξ

+ ψ
(−)
2 (s)

]
ds+

∫ τ

−∞

Ψ(−)(τ)(Ψ(−)(s))−1(ψ
(−)
1 (s)−H(−)(s)ψ

(−)
2 )ds,

Q
(−)
j v = (△0

j )
(−)Φ(−)(τ)(Φ(−)(0))−1 +

∫ τ

0

Φ(−)(τ)
(
Φ(−)(s)

)−1

·
[
F

(−)
21 (s)

∫ s

−∞

Ψ(−)(τ)(Ψ(−)(ξ))−1(ψ
(−)
1 (ξ)−H(−)(ξ)ψ

(−)
2 (ξ))dξ

+ ψ
(−)
2 (s)

]
ds,w9 (△0

j )
(−) = Bz∗j − Bz

(−) ′

0 (t0)tj + Bρ
(−)
j (τ), H(−)(τ) = ∂φu

∂Q
(−)
j

v
. F Φ(−)(τ) u Ψ(−)(τ)Q�"

dQ
(−)
0 u

dτ
= (F21(τ)H

(−)(τ) + F22(τ))Q
(−)
0 u, Φ(−)(0) = Eku

dQ
(−)
0 v

dτ
= (F11(τ) −H(−)(τ)F21(τ))Q

(−)
0 v, Ψ(−)(0) = EM−k6'.

Q
(+)
j u = (△0

j)
(+)Φ(+)(τ)(Φ(+)(0))−1 +

∫ τ

0

Φ(+)(τ)(Φ(+)(s))−1

·
[
F

(+)
12 (s)

∫ s

+∞

Ψ(+)(τ)(Ψ(+)(ξ))−1(ψ
(+)
2 (ξ)−H(+)(ξ)ψ

(+)
1 (ξ))dξ

+ ψ
(+)
1 (s)

]
ds,

Q
(+)
j v = H(+)(τ)(△0

j )
(+)Φ(+)(τ)(Φ(+)(0))−1 +H(+)

∫ τ

0

Φ(+)(τ)(Φ(+)(s))−1

·
[
F

(+)
12 (s)

∫ s

+∞

Ψ(+)(τ)(Ψ(+)(ξ))−1(ψ
(+)
2 (ξ)−H(+)(ξ)ψ

(+)
1 (ξ))dξ

+ ψ
(+)
1 (s)

]
ds+

∫ τ

+∞

Ψ(+)(τ)(Ψ(+)(s))−1(ψ
(+)
2 (s)−H(+)(s)ψ

(+)
1 )ds,w9 (△0

j)
(+) = Az∗j −Az

(+) ′

0 (t0)tj+Aρ
(+)
j (τ), H(+)(τ) = ∂φv

∂Q
(+)
j u

. F Φ(+)(τ) Q� Ψ(+)(τ)"
dQ

(+)
0 u

dτ
= (F11(τ) + F12(τ)H

(+)(τ))Q
(+)
0 u, Φ(−)(0) = Eku

dQ
(+)
0 v

dτ
= (F22(τ)−H(+)(τ)F12(τ))Q

(+)
0 v, Ψ(−)(0) = EM−k6'. ;<\"bÆ)r* Ljx(τ0), Rjx(τ1) 6N�� Q

(∓)
j x(τ) J0, 5�CJ0}".�w�8_S<U�7
a, �%�D).
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|qWYD7#;CF�C%&e 441�u 3.3 �nbI�� (H1)–(H7), !Æ)r* Ljx(τ0), Q
(∓)
j x(τ), Rjx(τ1), j =

1, 2, · · · )�, |bIZf6�8�
Ljx(τ0) 6 Ce−γτ0 , τ0 > 0, Q

(−)
j x(τ) 6 Ceγτ , τ < 0,

Q
(+)
j x(τ) 6 Ce−γτ , τ > 0, Rjx(τ1) 6 Ceγτ1 , τ0 < 0,w9 C, γ "��+�*.� (H6), L�S<6'bIU!>� (3.7). 5� (3.40) 6RxXC

d

dτ
Qjz = fz(τ)Qjz + G̃j(τ) (3.41)bI Qjz(−∞) = 0, Qjz(+∞) = 0 6'{<)�, w9

G̃j(τ) = fy(τ)Qjy + (△fz(τ)β′(t0) +△fy(τ)(y0(t0))′ +△ft(τ))tj +Gj(τ).�. (3.41) � R− u R+ �<)�1*GQJ (� [15]). F F (Qjz) =
d
dτQjz − fz(τ)Qjz" Fredholm 4F, | Fredholm 1�L KerF −KerF ∗ = 0. �� d

dτQ0z(τ) ∈ KerF, �O� d
dτQ0z(τ) "4F F 6K{6t. 
)�K{6 ψ(τ), �5 ψ(τ) ∈ KerF ∗. � Fredholm���K5 (3.41) 6')�6�y>�L

∫ +∞

−∞

ψ∗(t)G̃j(τ)dτ =

∫ +∞

−∞

ψ∗(t){fy(τ)Qjy + P (τ)}dτ = 0, (3.42)w9
P (τ) = (△fz(τ)β′(t0) +△fy(τ)(y0(t0))′ +△ft(τ))tj +Gj(τ). (3.43)� (3.42) ;i�L

tj

∫ +∞

−∞

ψ∗(t)(△fz(τ)β′(t0) +△fy(τ)(y0(t0))′ +△ft(τ))dτ

= −
∫ +∞

−∞

ψ∗(t){fy(τ)Qjy +Gj(τ)}dτ.

(H9) ��
∫ +∞

−∞

ψ∗(t)(△fz(τ)β′(t0) +△fy(τ)(y0(t0))′ +△ft(τ))dτ 6= 0.�%��Z, tj (j = 1, 2, · · · ) H��<. 'x�/"=#/`bX*H��<.

4 l~oXU�
Yu 4.1 �nbI�� (H1)–(H9), !)� µ0 > 0, / 0 < µ < µ0 �S< (1.1)–(1.2))�7�%<BE�B$%d6' y(t, µ), ��Zf6�/�+��P
x(t, µ) =






n∑

i=0

µi(x
(−)
i (t) + Lix(τ0) +Q

(−)
i x(τ)) +O(µn+1), 0 6 t 6 t∗,

n∑

i=0

µi(x
(+)
i (t) +Q

(+)
i x(τ) +Rix(τ1)) +O(µn+1), t∗ 6 t 6 1.



442 +uo? A � 38 :� LV+= k + σ ���K (� [16]) ,g�<K6%_, A^XC (1.1) 6S!S<:

µz′ = f(z, y, t), y′ = g(z, y, t), t′ = 1.�Æ)>� (1.2) ;i�L
BL

µ = {(z, y, t) | Az(0, µ) = Az0, Cy(0, µ) = Cy0, t = 0},

BR
µ = {(z, y, t) | Bz(1, µ) = Bz1, Dy(1, µ) = Dy1, t = 1}.F�N�6TJ' φ1(t, α(t)) u φ2(t, β(t)) 5�6�fQ��L S1 u S2 (�E 1).

� 1 yw� S1, S2�<�., *_E�6M*" M + m + 1. dimBL
µ = M2 + m2, dimBR

µ = M1 +

m1, dimS1 = dimS2 = m+ 1.�p S1 6R<℄kL W s(S1), � σ1 = dim(W s(S1) ∩ BL
0 ). F dim W s(S1) =

m+1+M1, �y$_�6<�. σ1 = (M2+m2)+ (m+1+M1)− (M +m+1) = m2. 5�p S1 6R<℄k�!�℄k BL
0 y$_��{_m2 M℄k N0. � N0 = BL

0 ∩W s(S1),! dimN0 = m2. � p0 ∈ N0, �� N0 → ω(N0) ≡ χ1, p1 ∈ χ1, | ω(p0) = p1. \�, 'M
dimχ1 = m2. � U1 = χ1 · (T1 − δ, T1 + δ), ! dimU1 = m2 + 1. p1 2p�� T1 1+ p1,

dimWu(U1) = m2 + 1 +M2.�p S2 6�R<℄kL Wu(S2), � σ2 = dim(Wu(S2) ∩BR
0 ). F dimWu(S2) = m+

1+M2,�y$_�6<�. σ2 = (M1+m1)+(m+1+M2)−(M+m+1) = m1.5�p S26R<℄k�!�℄k BR
0 y$_��{_ m1 M℄k N1. � N1 = BR

0 ∩Wu(S2), p3 ∈ N1,
 dimN1 = m1.�� N1 → α(N1) ≡ U2, α(p3) = p2, p2 ∈ U2. � χ2 = U2 · (T2−δ, T2+δ),
p2 ∈ χ2. p2 2p�� T2 1+ p2, dimW s(χ2) = m1 + 1 +M1.
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|qWYD7#;CF�C%&e 443� σ = dim(W s(χ2) ∩Wu(U1)). �y$_�6<� σ = (m2 + 1 +M2) + (m1 + 1 +

M1)− (M +m+ 1) = 1, 
)� S1 1 S2 6�2j3. H�5), <K�P.

5 v��A^XC
µu′1 = u2, µu′2 = (u21 − 1)(u1 − t), v′1 = v2, v′2 = u2v2, (5.1)

u1(−1) = 0, v1(−1) = 1, u1(1) = 2, v2(1) = 0. (5.2)�${f64J, C'5F�N�6 3 J':

S1 = {(u1, u2, v1, v2, t) | u1 = 1, u2 = 0, v1 = v∗1 , v2 = v∗2 , t = t∗},

S2 = {(u1, u2, v1, v2, t) | u1 = −1, u2 = 0, v1 = v∗1 , v2 = v∗2 , t = t∗}u
S3 = {(u1, u2, v1, v2, t) | u1 = t, u2 = 0, v1 = v∗1 , v2 = v∗2 , t = t∗},'M v∗1 , v

∗
2 , t

∗ "�*, 6eC��A. �, λ1,2|S1 = ±
√
2(1− t), λ1,2

∣∣
S2

= ±
√
2(1 + t),

λ1,2|S3 = ±i
√
1− t2, t ∈ [−1, 1]. 5� S1, S2 "T_-��:, S3 "9j.A^ (5.1) 6S!S<:

µu′1 = u2, µu
′
2 = (u21 − 1)(u1 − t), v′1 = v2, v

′
2 = u2v2, t

′ = 1. (5.3)Æ)>�;i�L
BL = {(u1, u2, v1, v2, t) | u1 = 0, v1 = 1, t = −1},

BR = {(u1, u2, v1, v2, t) | u1 = 2, v1 = 1, t = 1}.

(5.3) 6HXCL
u̇1 = u2, u̇2 = (u21 − 1)(u1 − t),

v̇1 = 0, v̇2 = 0,

ṫ = 0.

(5.4)

(5.4) )�%&�Q
H1 =

u41
4

− 1

3
tu31 −

u21
2

+ tu1 −
u22
2
, H2 = v1, H3 = v2, H4 = t.�p S1 6R< (�R<) ℄kL W s,u(S1),

u41
4

− 1

3
tu31 −

u21
2

+ tu1 −
u22
2

=
2

3
t∗ − 1

4
,

v1 = v∗1 , v2 = v∗2 , t = t∗.�,
BL ∩W s(S1) =

{
(u1, u2, v1, v2, t) | u1 = 0, u2 = ±

√
11

6
, v1 = 1, v2 = v∗2 , t = −1

}
,

ω(BL ∩W s(S1)) = {(u1, u2, v1, v2, t) | u1 = 1, u2 = 0, v1 = 1, v2 = v∗2 , t = −1}.
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u41
4

− 1

3
tu31 −

u21
2

+ tu1 −
u22
2

= −2

3
t∗ − 1

4
,

v1 = v∗1 , v2 = v∗2 , t = t∗.�,
BR ∩Wu(S2) =

{
(u1, u2, v1, v2, t) | u1 = 2, u2 = ± 3√

2
, v1 = v∗1 , v2 = 0, t = 1

}
,

α(BR ∩Wu(S2)) = {(u1, u2, v1, v2, t) | u1 = −1, u2 = 0, v1 = v∗1 , v2 = 0, t = 1}.� S1, S2 �6
℄kL
v′1 = v2, v′2 = 0, t′ = 1.p ω(BL ∩W s(S1)) 6'L

{(u1, u2, v1, v2, t) | u1 = 1, u2 = 0, v1 = v∗2(s+ 1) + 1, v2 = v∗2 , t = s}.p α(BR ∩Wu(S2)) 6'L
{(u1, u2, v1, v2, t) | u1 = −1, u2 = 0, v1 = v∗1 , v2 = 0, t = s},w9 s ∈ [−1, 1] "{_�*. y�5)�S! ω(BL ∩W s(S1)) u α(BR ∩Wu(S2)) 6�2j3, qbI v∗1 = 1, v∗2 = 0.�

Wu(S1) |(1,0,1,0,s) ∩W s(S2) |(−1,0,1,0,s),C5 2
3s− 1

4 = − 2
3s− 1

4 , 5� s = 0. f�2j3)�, wN�L
u41
4

− u21
2

− u22
2

= −1

4
, v1 = 1, v2 = 0./ s = 0 �, t = 0, 
��D t = 0 I���, )�E�B$%d' (�E 2).

− −

−

−

− −

−

−

− −

−

−

− −

−

−

� 2 (5.1)–(5.2) Vn
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Abstract By means of the first integral method, the author finds a high-dimensional

heteroclinic orbit in a fast phase space. He uses the properties of exponential dichotomies

and the Fredholm alternatives to determine the internal transition time t∗. Using the method

of boundary function, he constructs the formal asymptotic solution. Using the method of

k + σ changing lemma, the existence of a step-type contrast structure for high-dimensional

Tikhonov system with boundary conditions is shown and the asymptotic solution is proved

to be uniformly effective in the whole interval. Finally, an example is given to demonstrate

the effectiveness of the result.
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