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Boltzmann l1fO*��z�>K��7g�Y!.2 [10] OlhMIl1fO5I*�!|7t�5(Æv(IW�2�G#'MIK��Æ5I*�Om;��u8A�U�|U�A_}dj_ Boltzmann l1f�'/X h = 0[5−7], !(T�8��`/*`�;G Boltzmann l1fO'pyl1℄%℄i+��AIW/X��L� Fourier ���l1f℄%
p [7]





∂ϕ

∂t
+ iµ

∂2ϕ

∂κ∂x
+

i(1 − µ2)

κ

∂2ϕ

∂µ∂x
=

1

ε
J(ϕ, ϕ) +

1

ε
J(ϕ∗, ϕ∗),

∂ϕ∗

∂t
+ iµ

∂2ϕ∗

∂κ∂x
+

i(1 − µ2)

κ

∂2ϕ∗

∂µ∂x
=

1

ε
J(ϕ, ϕ∗) +

1

ε
J(ϕ∗, ϕ),

(1)�V
ϕ = ϕ(x, k, µ, t) =

∫
e−ik·vfdv, ϕ∗ = ϕ∗(x, k, µ, t) =

∫
e−ik·vg1dv, (2)

µ = k̂ · êx = kx/k. (3)

(2) V f(x, v, ν, t), g(x, v, ν, x̂, v̂, ν̂, t) = g1(x, v, ν, t)g1(x̂, v̂, ν̂, t) pdj_
$q&�P�!9Ej_q&�PO�|p [6]

f(x, v, ν, t) =
1

2

[
f1(x, v, ν, t) + f2(x, v, ν, t)

]
,

g(x, v, ν, x̂, v̂, ν̂, t) =
1

4

[
f1(x, v, ν, t) − f2(x, v, ν, t)][f1(x̂, v̂, ν̂, t) − f2(x̂, v̂, ν̂, t)

]
,�V fj (j = 1, 2) pEj_q&�P�5;℄3�Æ 1.1 C ϕj =

∫
e−ik·vfj dv (j = 1, 2), (y

ϕj(t = 0) = ρj0e
− k2

2 θj0−ikµcj0 (1 + ηj0), j = 1, 2,El1f (1) O5g4p
{

ϕ(t = 0) = 1
2

[
ρ10e

−k2

2 θ10−ikµc10 (1 + η10) + ρ20e
−k2

2 θ20−ikµc20 (1 + η20)
]
,

ϕ∗(t = 0) = 1
2

[
ρ10e

−k2

2 θ10−ikµc10 (1 + η10) − ρ20e
−k2

2 θ20−ikµc20 (1 + η20)
]
,

(4)�V
ρj0 = ρj(x, 0), cj0 = cj(x, 0), θj0 = θj(x, 0),

ηj0 =
∑

nl

b
(0)
jnl(x, 0)enl, (n, l) = (2, 2), (3, 1), · · · , j = 1, 2. (5)
�l1f (1) %5g4 (4) }0tz�!+�O Cauchy yb�$NK�� ϕn, ϕ∗n �d (1) K [10], F#�%��d5g4 (4). �A/XK (1),(4)O�5p(qf0	

ϕ = ϕn + ϕb, ϕ∗ = ϕ∗n + ϕ∗b, (6)
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� ϕb, ϕ∗b .G�dl1
∂ϕb

∂t
+ iµ

∂2ϕb

∂κ∂x
+

i(1 − µ2)

κ

∂2ϕb

∂µ∂x

=
1

ε

[
J(ϕn, ϕb) + J(ϕb, ϕb) + J(ϕb, ϕn) + J(ϕ∗n, ϕ∗b) + J(ϕ∗b, ϕ∗b) + J(ϕ∗b, ϕ∗n)

]
,

∂ϕ∗b

∂t
+ iµ

∂2ϕ∗b

∂κ∂x
+

i(1 − µ2)

κ

∂2ϕ∗b

∂µ∂x

=
1

ε
[J(ϕn, ϕ∗b) + J(ϕb, ϕ∗b) + J(ϕ∗b, ϕn) + J(ϕ∗n, ϕb) + J(ϕ∗b, ϕb) + J(ϕb, ϕ∗n)],

(7)

{
ϕb(t = 0) = ϕ(t = 0) − ϕn(t = 0),

ϕ∗b(t = 0) = ϕ∗(t = 0) − ϕ∗n(t = 0).
(8)
(A5I*Pmpt�M ϕ, ϕ∗ ��?p ϕn, ϕ∗n, >
 ϕb, ϕ∗b .�d

ϕb(t → ∞) = 0, ϕ∗b(t → ∞) = 0. (9)�Æ 1.2 /C




ϕb =
1

2
[ρ1e

−k2

2 θ1−ikµc1η1 + ρ2e
−k2

2 θ2−ikµc2η2],

ϕ∗b =
1

2
[ρ1e

−k2

2 θ1−ikµc1η1 − ρ2e
−k2

2 θ2−ikµc2η2],

(10)(y ϕ1b = ρ1e
− k2

2
θ1−ikµc1η1, ϕ2b = ρ2e

−k2

2
θ2−ikµc2η2,E6 ϕ1 = ϕ1n+ϕ1b, ϕ2 = ϕ2n+ϕ2b;?/X ϕ1b(t → ∞) = 0, ϕ2b(t → ∞) = 0, E (9) K"M%�d���8 (10) KB> (7) V℄M






∂(ϕ1b + ϕ2b)

∂t
+ iµ

∂2(ϕ1b + ϕ2b)

∂κ∂x
+

i(1 − µ2)

κ

∂2(ϕ1b + ϕ2b)

∂µ∂x

=
1

ε

[
J(ϕ1n, ϕ1b) + J(ϕ2n, ϕ2b) + J(ϕ1b, ϕ1n)

+J(ϕ2b, ϕ2n) + J(ϕ1b, ϕ1b) + J(ϕ2b, ϕ2b)
]
,

∂(ϕ1b − ϕ2b)

∂t
+ iµ

∂2(ϕ1b − ϕ2b)

∂κ∂x
+

i(1 − µ2)

κ

∂2(ϕ1b − ϕ2b)

∂µ∂x

=
1

ε

[
J(ϕ1n, ϕ1b) + J(ϕ1b, ϕ1n) + J(ϕ1b, ϕ1b)

−J(ϕ2n, ϕ2b) − J(ϕ2b, ϕ2n) − J(ϕ2b, ϕ2b)
]
,

(11)

8 (11) VpyK_�.2M7





∂ϕ1b

∂t
+ iµ

∂2ϕ1b

∂κ∂x
+

i(1 − µ2)

κ

∂2ϕ1b

∂µ∂x
=

1

ε

[
J(ϕ1n, ϕ1b) + J(ϕ1b, ϕ1n) + J(ϕ1b, ϕ1b)

]
,

∂ϕ2b

∂t
+ iµ

∂2ϕ2b

∂κ∂x
+

i(1 − µ2)

κ

∂2ϕ2b

∂µ∂x
=

1

ε

[
J(ϕ2n, ϕ2b) + J(ϕ2b, ϕ2n) + J(ϕ2b, ϕ2b)

]
.

(12)58 (12) Vpyl1�K�h�\%��TZ{�S#yl1�8 ϕ1b B>I (12) K
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ε
∂η1

∂t
− ρ1I(η1) =ρ1J(η1, η1) + ρ1

∞∑

j=1

εj
[
J(η1, ξ

(j)
1 ) + J(ξ

(j)
1 , η1)

]

− ε
[
D0η1 + D1(η1) + D2(η1)

]
, (13)�V I(η1) = J(1, η1) + J(η1, 1),

ξ
(j)
1 5K��|7 [10]:

ϕ1n = ρ1e
−k2

2 θ1−ikµc1

[
1 +

∞∑

j=1

εjξ
(j)
1

]
, (14)


D0 = D00 + εD01, D00 =
4

3
θ1

∂c1

∂x
e22 + 3θ1

∂θ1

∂x
e31,

D01 = −
1

ρ1

∂

∂x
(ρ1a

(1)
22 )e11 −

[2

3
a
(1)
22

∂c1

∂x
+

5

9ρ1

∂

∂x
(ρ1a

(1)
31 )

]
e20,

D1(η1) = (c1 + θ1e11)
∂η1

∂x
+ iµ

∂2η1

∂κ∂x
+

i(1 − µ2)

κ

∂2η1

∂µ∂x
,

D2(η1) =
( 1

ρ1

∂ρ1

∂x
−

k2

2

∂θ1

∂x
− ikµ

∂c1

∂x

)[
iµ

∂η1

∂κ
+

i(1 − µ2)

κ

∂η1

∂µ

]
.

(15)

5 (4),(8),(10) Æ (14) K℄N� η1 .�d5g4
η1(t = 0) = η10 −

∞∑

j=1

εjξ
(j)
1 (t = 0) =

∑

nl

[
b
(0)
1nl(x, 0) −

∞∑

j=1

εja
(j)
1nl(x, 0)

]
enl. (16)h R� η2 �d5g4

η2(t = 0) =
∑

nl

[
b
(0)
2nl(x, 0) −

∞∑

j=1

εja
(j)
2nl(x, 0)

]
enl.#�bV� b

(0)
1nl(x, 0) %\Lx�,; η1(t = 0) ∼ O(1), > (13) ℄Y7 ∂η1

∂t
|t=0 ∼ O(1/ε),PLV�AXIO#_G0Æ η1 [ t O��LFqSwO�pk1IWSwO���-GÆOG0�^ [10], τ = t/ε, 8L (13) Kt
p

∂η1

∂τ
− ρ1I(η1) =ρ1J(η1, η1) + ρ1

∞∑

j=1

εj
[
J(η1, ξ

(j)
1 ) + J(ξ

(j)
1 , η1)

]

− ε[D0η1 + D1(η1) + D2(η1)], (17)IPL_}5I*�O"�l1K�y
η1 =

∞∑

j=0

εjη
(j)
1 =

∞∑

j=0

εj
∑

nl

b
(j)
1nl(x, τ)enl, (18)
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(0)
1 (τ = 0) = η10. �Æ ∂η1

∂τ
GXp

∂η1

∂τ
=

∞∑

j=0

εj
(∂η1

∂τ

)

j
. (19)9K��dW�/X

∂b
(j)
1nl(x, τ)

∂τ
=

∞∑

i=0

εiβ
(j,i)
1nl , (20)�V β

(j,i)
1nl T
 ρ1, c1, θ1, a

(1)

1n
′
l
′ , · · · , a

(j)

1n
′
l
′ , b

(0)

1n
′
l
′ , · · · , b

(j)

1n
′
l
′ %�` x OHP�%U8�M

(20) K0pr�Ol1f�5 (18)–(20) K℄1X
(∂η1

∂τ

)

j
=

∑

nl

[ j∑

i=0

β
(i,j−i)
1nl

]
enl. (21)h R�

(∂η2

∂τ

)

j
=

∑

nl

[ j∑

i=0

β
(i,j−i)
2nl

]
enl.

2 p}�
8 (18) Æ (19) KB> (17) K�M ε0 (l1
(∂η1

∂t

)

0
− ρ1I(η

(0)
1 ) = ρ1J(η

(0)
1 , η

(0)
1 ), (22)^O enl qrp

β
(0,0)
1nl + λnlρ1b

(0)
1nl = R

(0)
1nl, (23)�V

I(enl) = −λnlenl, R
(0)
1nl = ρ1

∑

n
′
l
′
n
′′

l
′′

b
(0)

1n
′
l
′ b

(0)

1n
′′

l
′′ h

n
′

l
′

n
′′

l
′′

nl , (24)

hn
′

l
′

n
′′

l
′′

nl 5�KX(	
1

2

[
J(en

′
l
′ , en

′′
l
′′ ) + J(en

′′
l
′′ , en

′
l
′ )

]
=

∑

nl

hn
′

l
′

n
′′

l
′′

nl enl. (25)℄%Y7�A8 n = n
′

+n
′′

, |l
′

− l
′′

| ≤ l ≤ l
′

+ l
′′ PmO*`��hn

′

l
′

n
′′

l
′′

nl = 0. =hK��V ε0 (l1%�1X ρ1, c1, θ1 # �A5I*�V� ε0 (l1 (22) "%�1X b
(0)
1nl.

3 �}�

(17) KO ε (l1p

(∂η1

∂τ

)

1
− ρ1I(η

(1)
1 ) =ρ1

[
J(η

(0)
1 , η

(1)
1 ) + J(η

(1)
1 , η

(0)
1 )

]
+ ρ1

[
J(η

(0)
1 , ξ

(1)
1 ) + J(ξ

(1)
1 , η

(0)
1 )

]
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−
[
D00η

(0)
1 + D1(η

(0)
1 ) + D2(η

(0)
1 )

]
, (26)^O enl qrp

β
(1,0)
1nl + β

(0,1)
1nl + λnlρ1b

(1)
1nl = −

n(l + 1)

2l + 3
θ1

∂b
(0)
1,n−1,l+1

∂x
− c1

∂b
(0)
1nl

∂x

−
(n − l + 2)l

(n + 1)(2l − 1)

∂b
(0)
1,n+1,l−1

∂x
+ β̃

(1)
1nl, (27)�V

β̃
(1)
1nl = 2ρ1

∑

n
′
l
′
n
′′

l
′′

b
(0)

1n
′
l
′

[
b
(1)

1n
′′

l
′′ + a

(1)

1n
′′

l
′′

]
hn

′

l
′

n
′′

l
′′

nl

−
1

2
n(n − 1)(n − 2)θ1

∂θ1

∂x

[ l

2l − 1
b
(0)
1,n−3,l−1 +

l + 1

2l + 3
b
(0)
1,n−3,l+1

]

− n(n − 1)θ1
∂c1

∂x

[ l(l − 1)

(2l − 1)(2l − 3)
b
(0)
1,n−2,l−2 +

2l(l + 1)

3(2l − 1)(2l + 3)
b
(0)
1,n−2,l

+
(l + 1)(l + 2)

(2l + 3)(2l + 5)
b
(0)
1,n−2,l+2

]
−

nl

(2l − 1)
θ1

∂b
(0)
1,n−1,l−1

∂x

−
1

2
n

∂θ1

∂x

[ l(n − l)

2l − 1
b
(0)
1,n−1,l−1 +

(l + 1)(n + l + 1)

2l + 3
b
(0)
1,n−1,l+1

]

−
∂c1

∂x

{(n − l + 2)l(l − 1)

(2l − 1)(2l − 3)
b
(0)
1,n,l−2 +

[ (n − 1)(l + 1)2

(2l + 1)(2l + 3)
+

(n + l + 1)l2

(2l − 1)(2l + 1)

]
b
(0)
1nl

+
(l + 1)(l + 2)(n + l + 3)

(2l + 3)(2l + 5)
b
(0)
1,n,l+2

}
−

(n − l + 2)l

(n + 1)(2l − 1)

1

ρ1

∂ρ1

∂x
b
(0)
1,n+1,l−1

−
(n + l + 3)(l + 1)

(n + 1)(2l + 3)

1

ρ1

∂

∂x
(ρ1b

(0)
1,n+1,l+1). (28)=�A (27)KV- β

(0,1)
1nl = 0, 
� (27)KO7�PL�8 b

(1)
1nl Ooql1Oo!=��
 b

(0)
1nl ∼ e−λnlρ1τ , \% (27) K7�6#� −c1

∂b
(0)

1nl

∂x
∼ τe−λnlρ1τ , IHM b

(1)
1nl 
6#�

− 1
2 · 1

4τ4e−λnlρ1τ . %;dl�A b
(j)
1nl V6� 1

(2j)!!τ
2je−λnlρ1τ , ^LO���,p[℄ j OF��I#�℄%8'��pt�.O�����Æ (27) K7�O −c1

∂b
(0)

1nl

∂x
�> β

(0,1)
1nlPV�['I λn,0 = λn−1,1, IG�6ÆOO��7��\%��, 1!9o1!pW*`�? l 6= 0 % 1, 
�℄%y β

(0,1)
1nl = −c1

∂b
(0)

1nl

∂x
, β

(1,0)
1nl + λnlρ1b

(1)
1nl = R

(1)
1nl, �V

R
(1)
1nl = −

n(l + 1)

2l + 3
θ1

∂b
(0)
1,n−1,l+1

∂x
−

(n − l + 2)l

(n + 1)(2l − 1)

∂b
(0)
1,n+1,l−1

∂x
+ β̃

(1)
1nl. (29)? l = 0 ! 1, n ≥ 4, 
�y

β
(0,1)
1,n,0 = −c1

∂b
(0)
1,n,0

∂x
−

n

3
θ1

∂b
(0)
1,n−1,1

∂x
−

n

6

∂θ1

∂x
b
(0)
1,n−1,1, (30)

β
(0,1)
1,n−1,1 = −c1

∂b
(0)
1,n−1,1

∂x
−

∂b
(0)
1,n,0

∂x
−

1

2θ1

(∂θ1

∂t
+ c1

∂θ1

∂x

)
b
(0)
1,n−1,1. (31)
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(30) Æ (31) K7�O
�Lpt��+� b

(0)
1,n,0 Æ b

(0)
1,n−1,1 O�!
-GO�5 (27),

(30) % (31) K�6
β

(1,0)
1,n,0 + λn,0ρ1b

(1)
1,n,0 = R

(1)
1,n,0, β

(1,0)
1,n−1,1 + λn,0ρ1b

(1)
1,n−1,1 = R

(1)
1,n−1,1,�V

R
(1)
1,n,0 =

n

6

∂θ1

∂x
b
(0)
1,n−1,1 + β̃

(1)
1,n,0,

R
(1)
1,n−1,1 = −

2(n− 1)

5
θ1

∂b
(0)
1,n−2,2

∂x
+

1

2θ1

(∂θ1

∂t
+ c1

∂θ1

∂x

)
b
(0)
1,n−1,1 + β̃

(1)
1,n−1,1.

4 z}�

(17) KO εj ( (j ≥ 2) l1p

(∂η1

∂τ

)

j
− ρ1I(η

(j)
1 ) =ρ1

j−1∑

j
′=0

[
J(η

(j
′

)
1 , ξ

(j−j
′

)
1 ) + J(ξ

(j−j
′

)
1 , η

(j
′

)
1 )

]
+ ρ1

j∑

j
′=0

J(η
(j

′

)
1 , η

(j−j
′

)
1 )

−
[
D01η

(j−2)
1 + D00η

(j−2)
1 + D1(η

(j−1)
1 ) + D2(η

(j−1)
1 )

]
. (32)^O enl qrp

j∑

i=0

β
(i,j−i)
1nl + λnlρ1b

(j)
1nl = −

n(l + 1)

2l + 3
θ1

∂b
(j−1)
1,n−1,l+1

∂x
− c1

∂b
(j−1)
1nl

∂x

−
(n − l + 2)l

(n + 1)(2l − 1)

∂b
(j−1)
1,n+1,l−1

∂x
+ β̃

(j)
1nl. (33)=�9p a

(0)
1nl = 0, 
� (33) KPVO β̃

(j)
1nl ℄%
0

β̃
(j)
1nl =2ρ1

j∑

i=0

∑

n
′
l
′
n
′′

l
′′

b
(i)

1n
′
l
′

[
a
(j−i)

1n
′′

l
′′ +

1

2
b
(j−i)

1n
′′

l
′′

]
hn

′

l
′

n
′′

l
′′

nl

−
{
nq1

[ l

2l − 1
b
(j−2)
1,n−1,l−1 +

l + 1

2l + 3
b
(j−2)
1,n−1,l+1

]
+

1

2
n(n − 1)s1b

(j−2)
1,n−2,l

}

−
1

2
n(n − 1)(n − 2)θ1

∂θ1

∂x

[ l

2l − 1
b
(j−1)
1,n−3,l−1 +

l + 1

2l + 3
b
(j−1)
1,n−3,l+1

]

− n(n − 1)θ1
∂c1

∂x

[ l(l − 1)

(2l − 1)(2l − 3)
b
(j−1)
1,n−2,l−2 +

2l(l + 1)

3(2l − 1)(2l + 3)
b
(j−1)
1,n−2,l

+
(l + 1)(l + 2)

(2l + 3)(2l + 5)
b
(j−1)
1,n−2,l+2

]
−

nl

2l − 1
θ1

∂b
(j−1)
1,n−1,l−1

∂x

−
1

2
n

∂θ1

∂x

[ l(n − l)

2l − 1
b
(j−1)
1,n−1,l−1 +

(l + 1)(n + l + 1)

2l + 3
b
(j−1)
1,n−1,l+1

]

−
∂c1

∂x

{(n − l + 2)l(l − 1)

(2l − 1)(2l − 3)
b
(j−1)
1,n,l−2 +

[ (n − 1)(l + 1)2

(2l + 1)(2l + 3)
+

(n + l + 1)l2

(2l − 1)(2l + 1)

]
b
(j−1)
1nl
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+
(l + 1)(l + 2)(n + l + 3)

(2l + 3)(2l + 5)
b
(j−1)
1,n,l+2

}
−

(n − l + 2)l

(n + 1)(2l − 1)

1

ρ1

∂ρ1

∂x
b
(j−1)
1,n+1,l−1

−
(n + l + 3)(l + 1)

(n + 1)(2l + 3)

1

ρ1

∂

∂x
(ρ1b

(j−1)
1,n+1,l+1). (34)9A>O_}�W�p�.O���T��D β

(0,j)
1nl = β

(1,j−1)
1nl = · · · = β

(j−2,2)
1nl = 0. G

l 6= 0 % 1 G�y
β

(j−1,1)
1nl = −c1

∂b
(j−1)
1nl

∂x
, β

(j,0)
1nl + λnlρ1b

(j)
1nl = R

(j)
1nl,

R
(j)
1nl = −

n(l + 1)

2l + 3
θ1

∂b
(j−1)
1,n−1,l+1

∂x
−

(n − l + 2)l

(n + 1)(2l − 1)

∂b
(j−1)
1,n+1,l−1

∂x
+ β̃

(j)
1nl.G l = 0 ! 1, n ≥ 4, y

β
(j−1,1)
1,n,0 = −c1

∂b
(j−1)
1,n,0

∂x
−

n

3
θ1

∂b
(j−1)
1,n−1,1

∂x
−

n

6

∂θ1

∂x
b
(j−1)
1,n−1,1,

β
(j−1,1)
1,n−1,1 = −c1

∂b
(j−1)
1,n−1,1

∂x
−

∂b
(j−1)
1,n,0

∂x
−

1

2θ1

(∂θ1

∂t
+ c1

∂θ1

∂x

)
b
(j−1)
1,n−1,1,
 β

(j,0)
1,n,0 + λn,0ρ1b

(j)
1,n,0 = R

(j)
1,n,0, β

(j,0)
1,n−1,1 + λn,0ρ1b

(j)
1,n−1,1 = R

(j)
1,n−1,1, �V

R
(j)
1,n,0 =

n

6

∂θ1

∂x
b
(j−1)
1,n−1,1 + β̃

(j)
1,n,0,

R
(j)
1,n−1,1 = −

2(n − 1)

5
θ1

∂b
(j−1)
1,n−2,2

∂x
+

1

2θ1

(∂θ1

∂t
+ c1

∂θ1

∂x

)
b
(j−1)
1,n−1,1 + β̃

(j)
1,n−1,1.8L (20) K0p

∂b
(j)
1nl

∂τ
= β

(j,0)
1nl + εβ

(j,1)
1nl , j = 0, 1, 2, · · · . (35)^L�8 b

(j)
1nl OK1l1�A5I*_}V� (35) K""�i2���_}Iyl1O�h�G l 6= 0 % 1 G� (35) KPL
∂b

(j)
1nl(x, τ)

∂τ
+ εc1(x, τ)

∂b
(j)
1nl(x, τ)

∂x
+ λnlρ1(x, τ)b

(j)
1nl(x, τ) = R

(j)
1nl(x, τ), (36)^OaJ�p

dx

dτ
= εc1(x, τ). (37), x(τ = 0) = x0, 
�|X x0 P�5 (37) K℄%+M x = x(x0, τ), 5;k� x0 =

x0(x, τ), 8L (36) KO�℄%
0
b
(j)
1nl(x, τ) = b

(j)
1nl(x0, 0)e−γnl + e−γnl

∫ τ

0

eγ
nl

′ R
(j)
1nl(x(x0, τ

′

), τ
′

) dτ
′

, (38)
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γnl(x0, τ) = λnl

∫ τ

0

ρ1(x(x0, τ
′

), τ
′

) dτ
′

, γnl
′ = γnl(x0, τ

′

) = λnl

∫ τ
′

0

ρ1(x(x0, τ
′′

), τ
′′

) dτ
′′

.G l = 0 ! 1, n ≥ 4 G� (35) KPL
∂b

(j)
1,n,0

∂τ
+ εc1

∂b
(j)
1,n,0

∂x
+

εn

3
θ1

∂b
(j)
1,n−1,1

∂x
+

εn

6

∂θ1

∂x
b
(j)
1,n−1,1 + λn,0ρ1b

(j)
1,n,0 = R

(j)
1,n,0,

∂b
(j)
1,n−1,1

∂τ
+ εc1

∂b
(j)
1,n−1,1

∂x
+ ε

∂b
(j)
1,n,0

∂x
+

ε

2θ1

(∂θ1

∂t
+ c1

∂θ1

∂x

)
b
(j)
1,n−1,1

+ λn,0ρ1b
(j)
1,n−1,1 = R

(j)
1,n−1,1.

(39)IL��k�Opyl1�y
u

(j)
1,n,1 = b

(j)
1,n,0 −

√
nθ1

3
b
(j)
1,n−1,1, u

(j)
1,n,2 = b

(j)
1,n,0 +

√
nθ1

3
b
(j)
1,n−1,1,
� (39) K℄%t
0py℄iOl1

∂u
(j)
1,n,1

∂τ
+ ε

(
c1 −

√
nθ1

3

) ∂u
(j)
1,n,1

∂x
+ λn,0ρ1u

(j)
1,n,1 = R

(j)
1,n−, (40)

∂u
(j)
1,n,2

∂τ
+ ε

(
c1 +

√
nθ1

3

)∂u
(j)
1,n,2

∂x
+ λn,0ρ1u

(j)
1,n,2 = R

(j)
1,n+, (41)�V

R
(j)
1,n− = R

(j)
1,n,0 −

√
nθ1

3
R

(j)
1,n−1,1, R

(j)
1,n+ = R

(j)
1,n,0 +

√
nθ1

3
R

(j)
1,n−1,1. (42)

(40) Æ (41) K"℄%K1+�� (40) KOaJ�p
∂x(x−

0 , τ)

∂τ
= ε

(
c1 −

√
nθ1

3

)
, x(x−

0 , 0) = x−
0 . (43)=�5 (41) K1X x−

0 = x−
0 (x, τ), 
� (40) KO�p

u
(j)
1,n,1 = u

(j)
1,n,1(x

−
0 , 0)e−γ

−

n,0 + e−γ
−

n,0

∫ τ

0

eγ
−

′

n,0R
(j)
1,n−(x(x−

0 , τ
′

), τ
′

) dτ
′

, (44)�V
γ−

n,0 = λn,0

∫ τ

0

ρ1(x(x−
0 , τ

′

), τ
′

) dτ
′

,

γ−
′

n,0 = γ−
n,0(x

−
0 , τ

′

) = λn,0

∫ τ
′

0

ρ1(x(x−
0 , τ

′′

), τ
′′

) dτ
′′

.

(45)

(41) KOaJ�p
∂x(x+

0 , τ)

∂τ
= ε

(
c1 +

√
nθ1

3

)
, x(x+

0 , 0) = x+
0 . (46)
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0 = x+

0 (x, τ), 
� (41) KO�p
u

(j)
1,n,2 = u

(j)
1,n,2(x

+
0 , 0)e−γ

+
n,0 + e−γ

+
n,0

∫ τ

0

eγ
+

′

n,0R
(j)
1,n+(x(x+

0 , τ
′

), τ
′

) dτ
′

, (47)�V
γ+

n,0 = λn,0

∫ τ

0

ρ1(x(x+
0 , τ

′

), τ
′

) dτ
′

,

γ+
′

n,0 = γ+
n,0(x

+
0 , τ

′

) = λn,0

∫ τ
′

0

ρ1(x(x+
0 , τ

′′

), τ
′′

) dτ
′′

.

(48)A+M u
(j)
1,n,1, u

(j)
1,n,2 P��h "℄+M

b
(j)
1,n,0 =

1

2
(u

(j)
1,n,1 + u

(j)
1,n,2), b

(j)
1,n−1,1 =

1

2

√
3

nθ1
(u

(j)
1,n,2 − u

(j)
1,n,1). (49)5 (37), (43) Æ (46) KY7�o1!Q:#OY^PLz
Y^ c1, 
1!OQ:#OY^L c1 ±

√
nθ1

3 . IV	?A℄v=QD$�AMSO#
PV:#OY^L ±
√

nθ1

3 .G2�A:#OhG�^OS2L�_O�
5 p�m���|�s��5 (9) K℄N� b

(j)
1nl .G�d

lim
τ→∞

b
(j)
1nl(x, τ) = 0. (50)G (n, l) = (2, 2), (3, 1), · · · G� (50) K$LMI�M�,p^�\6 e

−λ
∫

τ

0
ρ1 dτ

′ I O,_�5 (16) % (18) K℄N� b
(j)
1nl O5g4.G
0

b
(j)
1nl(x, 0) = −a

(j)
1nl(x, 0), j = 1, 2, · · · ; (n, l) = (2, 2), (3, 1), · · · . (51)58 ρ1, c1, θ1 O5g4|XP� a

(j)
1nl(x, 0)

[
(n, l) = (2, 2), (3, 1), · · ·

] "[℄|X�,;�.R5 (51) K"|Xt b
(j)
1nl(x, 0)[(n, l) = (2, 2), (3, 1), · · ·]. `8 (n, l) = (0, 0), (1, 1), (2, 0)�yQbV�*`n0%h�58 λ00 = λ11 = λ20 = 0, \%�% (27) Kph�T6G

β
(j,0)
1nl PV6%A= e

−λ
∫

τ

0
ρ1 dτ

′ I RP,_O�G)�7�O���F (27) KO7�%?AI O��,;A�4 β
(0,j)
1nl = β

(1,j−1)
1nl = · · · = β

(j−2,2)
1nl = 0 OhG�℄%y

β
(0,1)
100 = β

(0,1)
111 = β

(0,1)
120 = 0. (52)\%� (20) K0p

∂b
(0)
1nl

∂τ
= β

(0,0)
1nl , (n, l) = (0, 0), (1, 1), (2, 0), · · · . (53)
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(0)
100(x, 0) = b

(0)
111(x, 0) = b

(0)
120(x, 0) = 0, �

b
(0)
1nl(x, τ) = 0, (n, l) = (0, 0), (1, 1), (2, 0). (54)dWR℄%NL�-

β
(j−1,1)
1nl = 0, (n, l) = (0, 0), (1, 1), (2, 0); j = 1, 2, · · · . (55)%�C0O���,;�8 b

(j)
1nl[(n, l) = (0, 0), (1, 1), (2, 0)] OK1l1p

∂b
(j)
1nl

∂τ
= β

(j,0)
1nl = 0, (n, l) = (0, 0), (1, 1), (2, 0); j = 1, 2, · · · . (56)G j = 1 G�5 (27) % (54) K℄%MI

∂b
(1)
100

∂τ
= 0,

∂b
(1)
111

∂τ
= −

1

ρ1

∂

∂x
(ρ1b

(0)
122),

∂b
(1)
120

∂τ
= −

5

9ρ1

∂

∂x
(ρ1b

(0)
131) −

2

3

∂c1

∂x
b
(0)
122.

(57)Z{I (16) K�6
b
(1)
1nl(x, 0) = −a

(1)
1nl(x, 0), (n, l) = (0, 0), (1, 1), (2, 0). (58)>
MI

b
(1)
100(x, τ) = − a

(1)
100(x, 0),

b
(1)
111(x, τ) = − a

(1)
111(x, 0) −

∫ τ

0

1

ρ1(τ
′ )

∂

∂x

[
ρ1(τ

′

)b
(0)
122(x, τ

′

)
]
dτ

′

,

b
(1)
120(x, τ) = − a

(1)
120(x, 0) −

∫ τ

0

5

9ρ1(τ
′)

∂

∂x

[
ρ1(τ

′

)b
(0)
131(x, τ

′

)
]
dτ

′

−

∫ τ

0

2

3

∂c1(x, τ
′

)

∂x
b
(0)
122(x, τ

′

) dτ
′

.

(59)

Z{IK (50) MN
a
(1)
100(x, 0) =0, a

(1)
111(x, 0) = −

∫ ∞

0

1

ρ1(τ
′ )

∂

∂x

[
ρ1(τ

′

)b
(0)
122(x, τ

′

)
]
dτ

′

,

a
(1)
120(x, 0) = −

∫ ∞

0

5

9ρ1(τ
′)

∂

∂x

[
ρ1(τ

′

)b
(0)
131(x, τ

′

)
]
dτ

′

−

∫ ∞

0

2

3

∂c1(x, τ
′

)

∂x
b
(0)
122(x, τ

′

) dτ
′

.

(60)#�R�
β

(j,0)
100 = − c1

∂b
(j−1)
100

∂x
−

1

ρ1

∂

∂x
(ρ1b

(j−1)
111 ),

β
(j,0)
111 = − c1

∂b
(j−1)
111

∂x
−

∂b
(j−1)
120

∂x
− q1b

(j−2)
100 − θ1

∂b
(j−1)
100

∂x
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−
∂c1

∂x
b
(j−1)
111 −

1

ρ1

∂ρ1

∂x
b
(j−1)
120 −

1

ρ1

∂

∂x
(ρ1b

(j−1)
122 ), (61)

β
(j,0)
120 = −

2θ1

3

∂b
(j−1)
111

∂x
− c1

∂b
(j−1)
120

∂x
−

2

3
q1b

(j−2)
111 − s1b

(j−2)
100 −

∂θ1

∂x
b
(j−1)
111

−
2

3

∂c1

∂x
(b

(j−1)
120 + b

(j−1)
122 ) −

5

9ρ1

∂

∂x
(ρ1b

(j−1)
131 ).\% (56) KO�p

b
(j)
1nl(x, τ) = −

∫ ∞

τ

β
(j,0)
1nl dτ

′

, (n, l) = (0, 0), (1, 1), (2, 0); j = 1, 2, 3, · · · . (62)
K��VCXO5g4"�1X
a
(j)
1nl(x, 0) =

∫ ∞

0

β
(j,0)
1nl dτ

′

, (n, l) = (0, 0), (1, 1), (2, 0); j = 1, 2, 3, · · · . (63)> (51) % (63) KY7�G (n, l) = (2, 2), (3, 1), · · · G�L5K��O�!UX5I*�O5g4 (8 j = 0 Pm), 
G (n, l) = (0, 0), (1, 1), (2, 0) G�%��k�L55I*O�! (50) KbUXK��O5g4�
6 �~A_}dj_ Boltzmann l1fO5I*�G�H2tTG�^h�^�G82q_O�Vb5p�G0ipEtb�O|iq&�PO���A5I*O_}V�z�YI���O�\Z_ I O�R6UXO'(�^UXt{=QS2O_�1^�I#U>5(IWO_}V℄%Y7�A^0V=O*`�"L=;�A^0%V=O*`�� I O�Ls61!I#U�MFqX!�GgE1!G��.OQP�%#XOY^	m:#�dW8D$
 �TLS2OY^�_�z�NL Maxwell q_O*`�
I O�JQgEO1!L��21!��\%IWv=QD$"�TL Maxwell q_\a6O�
�58`o Maxwell q_O��6�~Rt��,;�%NLA^�V0Ls"6℄�gEIW$� l � � �
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On the Singular Perturbation Solution of Two-particle

Boltzmann Equations: Initial Layer Solution

HAN Yanli† TIAN Hongxiao A Qilatu

(School of Mathematical Sciences, Inner Mongolia University, Hohhot 010021)

(†E-mail: nmgdxhyl@126.com)

Abstract The initial layer solution of the Boltzmann Hierarchy for two-particles is dis-

cussed in this article. By using the method of The Singular Perturbation Solution, we

formulate the Boltzmann Hierarchy with Fourier transform, and then get the normal solu-

tion and initial solution. In addition,the primary and high-order approximation of the initial

layer solution is obtained and the connection between the normal solution and initial layer

solution is given.
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