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ẋ = f(x), x ∈ Rk, (1.1)
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Å�¼���¿SÉ�½�Ç�¼vÈ,�UÁUÅ°Á�ÃGÃ�À���¿SÇ
¹�¾
F = F (λ, x, ẋ)

ÊvÄsÅ�¼
λ

�æÃ�¼SÆ~À@ÉoÀ@ÍG¾f�P��Á�Í�Á@È�¼SÉ�Í�� 	�� � ÍGÇ�¿��U� � �P�%Í�Á�½�Ã�¼SÃGÇ"�Å�½�Ç"��¼SÃGÇ"�>Ç�È�¼Sº%É ½�Ç
Å
q̇ = v, v̇ = F (λ, q, v) + T. (3.1)

��¿M¹�Ç�Î@¾ É�Í�¼SÃGÇ�¼±À@Éo¿SË~Éo¿SÉ�½oÀ@½�ÁU¹�ÀGÊ�É��i¼��
T ≡ 0,

ÉoÀ/��À�¹�À2��¼SÃGÇ"��Í�Á�½�Ã�À@½o¼v¿SÇ"� È�À2�¶Ã�ÀµÎ@¾�¹�À3Î@¾ À��GÍ�¼�%
Å�¼M¹�ÇGÉH�3Ç"�*Ëo¿M¹�À@½�Ç"�

F (λ, q, 0) = 0. (3.2)

ª Ã�À2��¼v¿SÉ�½oÀ1Í�¼��(¼SÃGÇ"� Ë~Í�Á�½�Ã�¼SÃGÇ"� � �
� � � ½ �
¹�À�¿SÆ~À�¿SÉ�Ç
(λ, q)
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∂F/∂q 6= 0
Ê~ÄSÁ�Í�Á�ÃGÉ�ÇGÍGË�%

º��(¼v¼¯¹�À@Æ
ÁU¹$��Ã�À�¼f¿SË��(¼v¿SÉ�½oÀ@½�Á�ÃGÇ�¼c½o¼SÉ�½�Ç Í�¼��(¼SÃGÇ"�
q(λ)
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¹°ÁUÅ�Æ
Á��
� Ç
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∂F/∂q = 0, ∂2F/∂q2 6= 0, ∂F/∂λ 6= 0. (3.3)

I/JCK)L/I/J�M/I/NPORQSL/I/NUTVL/W/N)XZY�[�[�\$X�]�^�_"X
`ba
Xdce^fa"g�\�h$a&\�i



a&i�a j)k2lSk�m/n�o�pdqen

��������P���§ &�f_#�de& g 2D  i #QW [bU�j�h `�# U f_\�$ �

��������¨�� � S�U & � % j a�&�d�$�#�d [Q�b��p d �b��� % [ i [s� %�a [ $ ��[ i �
� À@ÆGÍ�¼v¿SÉ�Ã�À�¿SÉ�Çx��¿SÆ
¹°ÁUÅ�ÆGÇ��6�GÍGÇ Ç"�PÈ�¼SÃ�¼SÃGÇGÇ���Á�Í�Á@È�¼SÉ�Í�Á3¿M¹�ÇG½�Á�º%Éo¿ �>Å�½�Á~��À�¹�À2��¼SÃGÇ"��Í�Á�½�Ã�À@½o¼v¿SÇ"�
� Ëo¿SÉoÀ��G»GÇG½oÀ�¼±ÇDÃ�¼SËo¿SÉoÀ��G»GÇG½oÀ�¼ � ¿���À�¿M¹�¼MÅ�Ë~º���Ç�È Ç
ÌèÇ�¿S»�¼��vÃ�À@½o¼SÃGÇ�¼vÈÅ� �
Ê
F2���

�³ÍGÇ>Ã�ÁU¹�ÇG»GÇGÇ É�Í�¼SÃGÇ"�¢��À@Æ~À2� � �
� � � Ëo¿M¹�À@½�Ç�¼*Í�Á�½�Ã�À@½o¼v¿SÇ"�>Ç�È�¼v¼SÉ ½�Ç
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|F (λ, q, 0)| 6 C, C = µ̄|N |, (3.4)
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F (λ, q, 0) = C
Ç
L− : F (λ, q, 0) = −C � ÍGÇ�¿��¬
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(λ0, q0) ∈ L+

ëeB@ê$â�æ$á
ì�á�B¡ðeï�æ$â�ë�í�î
(3.3) ® ê�ã�í�­&ì
ä

∂F
∂λ

∂2F

∂q2
> 0. (3.5)
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q̈ = λq − q3. (3.6)
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L+ : λ = C
q + q2, L− : λ = −Cq + q2. (3.7)
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a&i)Ã j)k2lSk�m/n�o�pdqen

�*À�¹�À2�¶Ç�È
φ(λ, q) = F 2(λ, q, 0) − C2, (3.8)
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 � È�À2�¶Ã�À/�UÁUÅ°Á�ÉH�3Æ
Á�Æ
φ < 0

�
© <�HF:;<)ª%EÅÄ®= ¸Sâ�ê$ðeï�ñ~í�ä ® ­�ñ~â6ë/ñ~âe­)��ì

(λ0, q0
1, q

0
2)

ëeB@ê$â�æ$á
ì�á�BVï�â�â�ñ~á$âeÆ/ì�á$í�î

∂φ

∂q1
=

∂φ

∂q2
= 0, A =

∂φ

∂λ
6= 0, detB 6= 0, B =

∥∥∥∥∥
∂2φ

∂qi∂qj

∥∥∥∥∥ , (3.9)
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λ = λ0, q = q0 ³V·�ï�æ$í
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¹�³�ì�ï�æ$íbä�å�ñ;ã�í�Ç$å
B

ê$â�æ$â ² í$ñ/ì
æ$çeá$â£â�ê�ãdì~°�ì
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ê�ã�â�í$ïQ±"âe°�í$ñ�Í�ê
ì'ãYÎ@â ã�å�è

Ç$í�î�Ï±ï2ì
ä¿ì~¦$ï�ñ/ë�å/ê$â�æ$â ² ì�á$í�¦)ã�åHë�á$â�ë�ì�ï�í�î
(
ã�í$ïe³

6 ´ ) ÊÐ ³dì�ï�æ$í
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A(λ− λ0) + κ1(q1 − q0
1)2 + κ2(q2 − q0

2)2 + . . . < 0, (3.10)
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q̈1 = λq1 − q1(q2
1 + q2

2) q̈2 = −q2(q2
1 + q2

2), (3.11)
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ẋ = f(λ, x, t), x ∈ Rk, λ ∈ R, (4.1)

��¼SÍGÇ�ÀvÅ�ÇG»�¼v¿SÆGÇ�¼ À@Í�Î@ÇGÉ�¾«�
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Á�ÐGÇ"�/��¼SÍGÇ�ÀvÅ�ÇG»�¼v¿SÆGÇ
Ì3À@Í�Î@ÇGÉ�Â
��¿v¼MÅG¹�À�%�Ë��S¹°Á���Ê��UËUÅ�½oÀ�¼SÃGÇ"�
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Ẏ = fx(λ, x∗(t), t)Y, Y (t0) = Ek, (4.2)

ÄsÅ�¼X»�Á@¿SÉ�ÃG¾�¼¿�GÍ�À@Ç"�v½oÀvÅ�ÃG¾�¼±½�¾c»GÇ�¿M¹$�
º%Éo¿ � Ã�Á(Ç�¿v¿M¹�¼MÅ�Ëo¼vÈ�À�Èx��¼SÍGÇ�ÀvÅ�ÇG»�¼v¿SÆ~À�È Å�½�Ç"��¼SÃGÇGÇ
x∗(t)
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Y (t0 + τ)
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eiϕ¿vÀ�À@É�½o¼SÉo¿SÉ�½o¼SÃGÃ�À�� �
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x = (q, q̇)
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k = 2n
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�� 	 � Ã�¼³Ç"�PÈ�¼SÃ"�G¼SÉµÀ�Î���Ë~ºâ¿iÌ�¼vÈ�ËDÇ�¿v¿M¹�¼MÅ�À@½�Á�ÃGÇ"�Î@Ç�Ï*Ë~ÍGÆ
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½�¿SÇ�¿SÉo¼vÈ�ÁUÌ3¿cÍ�Á��vÍG¾c½�Ã�À��S�GÍ�Á�½oÀ��3»�Á@¿SÉH��º¨�vÉ@ÁXÈ�Á�É�ÍGÇGÐ�ÁXÉo¼SÍ"�GÇGÉ±Í�Á��vÍG¾c½�¾ì½XÉo¼fÈ�À�È�¼SÃGÉ�¾
t∗
Ê�Æ~À@ÄsÅ°Á

��¼SÍGÇ�ÀvÅ�ÇG»�¼v¿SÆ
Á��µÉ�Í�Á@¼SÆGÉoÀ@ÍGÇ"�)��¼SÍ�¼v¿v¼SÆ
Á@¼SÉP��À@½o¼SÍoÌ
Ã�À�¿SÉH�±Í�Á��vÍG¾c½�Á
ϕ(t, x) = 0

� �����e��¼M¹�ÇG»GÇGÃ�ÁX¿SÆ
Áv»GÆ
Á
À��GÍ�¼MÅ�¼M¹$�G¼SÉo¿ �,��À¶ÏXÀ@Í�È�ËU¹�¼

Y (t∗ + 0)− Y (t∗ − 0) =
(f+ − f−)ϕx

ϕt + ϕxf
− Y (t∗ − 0), f± = f(λ, x(t∗ ± 0), t∗ ± 0). (4.3)

�*À�¹�Ë~»�¼SÃG¾+É@Á�Æ"��¼DÏXÀ@Í�È�ËU¹�¾ � ���¯ÅG¹$��Í�Á@¿S»�¼SÉ@Á�¿SÆ
Áv»GÆ~À@½�È�Á�É�ÍGÇGÐG¾
Y (t)

½A¿M¹�Ë~»�Á��~Ì}ÊYÆ~À@ÄsÅ°Á�»�Á@¿SÉH�
É�Í�Á@¼SÆGÉoÀ@ÍGÇGÇ,�GÍ�ÀvÌ�ÀvÅ�ÇGÉS��À/��À@½o¼SÍoÌ
Ã�À�¿SÉ�Ç Í�Á��vÍG¾c½�Á
�
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u
Ê
Ç�È�¼v¼SÉ ½�Ç
Å

ẋ1 = x2, ẋ2 = −x1 + T (w) + F (t), w = u− x2, (4.4)

ÄsÅ�¼
w
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F (t) ≡ 0
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T (w)

½ Ã�¼SÆ~À@ÉoÀ@Í�À�È ÇGÃGÉo¼SÍG½�ÁU¹�¼XË
Î@¾c½�Á@¼SÉ��
�ì»�Á@¿SÉ�Ã�À�¿SÉ�Ç¬Ê�È�À2�¶Ã�À)��À�¹�À2�¶ÇGÉH��� ���
T (w) = µ

(
signw − αw + βw3

)
, (4.5)

ÄsÅ�¼
µ
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β
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T (w0) = µ

(
1− 2

3
α

√
α
3β

)
, w0 =

√
α
3β
.
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f
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fx
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f =

(
x2

−x1 + T (u− x2)

)
, fx =

(
0 1
−1 −T ′(u− x2)

)
, (4.6)

ÄsÅ�¼
x1 = q, x2 = v
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�³ÍGÇ Ç"�PÈ�¼SÃ�¼SÃGÇGÇµÃ�Á��GÍ�Á�½@¹�¼SÃGÇ"�3¿SÆ~À�¹$�H��¼SÃGÇ"�èÈ�Á�É�ÍGÇGÐ�Á
Y (t)

Éo¼SÍ"�GÇGÉ±Í�Á��vÍG¾c½�¾ ½X¿vÀ�À@É�½o¼SÉo¿SÉ�½�ÇGÇ
¿µÏXÀ@Í�È�ËU¹�À�� � 
�� � � ÊYÄsÅ�¼ ϕ(t, x) = u − x2

Ê
f = (u,−x1 ± µ)T

Ê4�GÍGÇG»�¼vÈÅ�vÃ�Á�ÆË���
¹�º³¿��AÇ
¹�ÇË��È�Ç&%
ÃGËo¿��±À��GÍ�¼MÅ�¼M¹$�G¼SÉo¿ �/�vÃ�Á�Æ~À�È�À@É�Ã�À�¿SÇGÉo¼M¹$��Ã�À��µ¿SÆ~À@Í�À�¿SÉ�Ç¬�e­IÁ�ÆGÇ�È�À�Î@Í�Á��PÀ�ÈcÊo¼v¿M¹�Ç/��À�¹$�vË~Ã���À�Î@ÄPÀ@Ã"�G¼SÉ"�
¹�¼SÃGÉ�ËoÊ�ÉoÀ

Y (t∗ + 0)− Y (t∗ − 0) =
2µ

x1 − µJY (t∗ − 0), J =

(
0 0
0 1

)
, (4.7)

Á(½ ¿M¹�Ë~»�Á@¼�ÊGÆ~À@ÄsÅ°Á(¹�¼SÃGÉ@Á À�Î@ÄPÀ@Ã"�G¼SÉ)��À�¹$�vË~Ã¬ÊG½o¼M¹�ÇG»GÇGÃ�Á ¿SÆ
Áv»GÆ
Á3À��GÍ�¼MÅ�¼M¹$�G¼SÉo¿ � ÏXÀ@Í�È�ËU¹�À��

Y (t∗ + 0)− Y (t∗ − 0) = − 2µ
x1 + µ

JY (t∗ − 0). (4.8)
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JY (t∗ − 0) (4.9)

Ç
Y (t∗ + 0)− Y (t∗ − 0) = − 2µ
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JY (t∗ − 0). (4.10)
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(
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0
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Y (t∗ + 0) =

(
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Y (t∗ − 0). (4.12)
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Aẍ = F (x, ẋ) + T (N,x, ẋ), ψj(x) = 0, j = 1, . . . , r, (5.1)
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w1 − hw3 = av2
3 + F1 + T, w2 + aw3 = hv2

3 + F2 +N, w3 = F3 − aN + hT, (5.2)

h = l sin q3, a = l cos q3, vi = q̇i, wi = q̈i, i = 1, 2, 3,
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3 + F1 − µ|N |, aw3 = hv2
3 + F2 +N, (5.3)

w3 = F3 − aN − µh|N |.®*¿SÆ
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(1 + a2)N + µah|N | = F̄1, F̄1 = aF3 − F2 − hv2
3 . (5.4)
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w3
Ê&��À�¹�Ë~»GÇ�È � �GÍGÇ>Ë~»�¼SÉo¼*Í�Á�½o¼SÃ�¿SÉ�½�Á w2 = 0 � Â

−ahT + (a2 + 1)N = F̄1 w1 − T − h
aN = F̄2, F̄2 = F1 + h

aF2 + av2
3 . (5.6)

° À�À@É�Ã�À��(¼SÃGÇ"� � �
� � � À��GÍ�¼MÅ�¼M¹$�
º%É*À@ÉoÀ�Î@Í�Á���¼SÃGÇ�¼ Π : (π,N) 7→
(
F̄1, F̄2

) ÊPÄsÅ�¼¯½o¿���À�È�À@ÄSÁ�Éo¼M¹$��Ã�Á��
��¼SÍ�¼vÈ�¼SÃGÃ�Á��

π
À��GÍ�¼MÅ�¼M¹$�G¼SÉo¿ �£��À�%�Í�Á��vÃ�À�È�Ë�½S�UÁ�½�Ç�¿SÇ�È�À�¿SÉ�Ç�À@ÉèÉ�Ç"��Á Å�½�Ç"��¼SÃGÇ"� � ¿vÈc�°ÍGÇ�¿��I	�	 � Â��UÁ�%Éo¼SÃ�¼SÃGÃG¾�¼�¿v¼SÆGÉoÀ@Í�Á3¿vÀ�À@É�½o¼SÉo¿SÉ�½�Ë~º%ÉèÀ@Éo¿SË~Éo¿SÉ�½�ÇGº�¿SÆ~À�¹$�H��¼SÃGÇ"�}Ê®¿SÉ�Í�¼M¹�ÆGÇ�½ Å�½�Ë�ÌèÅ�ÍGË~ÄvÇ
Ì ¿v¼SÆGÉoÀ@Í�ÁUÌ

��À@Æ
Á��v¾c½�Á�º%É Ã�Á��GÍ�Á�½@¹�¼SÃGÇ�¼X¿SÆ~À�¹$�H��¼SÃGÇ"�}�d¦fÉoÀ�Î@Í�Á���¼SÃGÇ�¼
Π
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Ç�È�¼v¼SÉ6�(¼v¿SÉH� Æ~À�È|��À@Ã�¼SÃGÉ � ��À¶É�ÍGÇ ½¶½o¼SÍoÌ
Ã�¼�� Ç>ÃGÇ"�¶Ã�¼��±��À�¹�Ë��
¹�À�¿SÆ~À�¿SÉ�Ç � �°��¿M¹�À@½�Ç�¼±À�Î@Í�Á�É�Ç�È�À�¿SÉ�Ç�vÉoÀ@ÄPÀ À@ÉoÀ�Î@Í�Á���¼SÃGÇ"� Ç�È�¼v¼SÉ ½�Ç
Å¬� ���
det Jk > 0, k = 1, . . . , 6, (5.7)

ÄsÅ�¼
Jk

� È�Á�É�ÍGÇGÐ�ÁXè%Æ~À�Î@Ç Æ
Á��(Å�À�� Ç"�XÆ~À�È|��À@Ã�¼SÃGÉµÀ@ÉoÀ�Î@Í�Á���¼SÃGÇ"�
Π
�

�*¼���À�¿SÍ�¼MÅ�¿SÉ�½o¼SÃGÃ�Á��6�GÍ�À@½o¼SÍGÆ
Á¿��À@Æ
Á��v¾c½�Á@¼SÉ�Â�Ç"��Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½�Á � �
� � � ¿M¹�¼MÅ�Ëo¼SÉ � �
� F � ÊoÉ��i¼�� Π À�Î@Í�Á�%É�Ç�È�ÀG�H�³ÍGÇ À�Î@Í�Á�É�Ã�À�È£�vÃ�Á�Æ~¼cÃ�¼SÍ�Á�½o¼SÃ�¿SÉ�½�Á � �
� � � Å�½�Á%Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½�Á � �
� F � Ç�È�¼Sº%É��GÍ�À@É�ÇG½oÀ���À�¹�À2�¶ÃG¾f�
¿vÈ�¾�¿M¹Y���³ÍGÇP�vÉoÀ�ÈAÀ�Î@Í�Á��w¹�ÇGÃGÇGÇ

N = 0
����¼SÍ�¼SÆGÍ�¼���ÇG½�Á@¼SÉo¿ �d�±¿¯À�Î@Í�Á��PÀ�ÈAÀvÅ�Ã�À��(Ç"��Î@Ç�¿v¿v¼SÆGÉ�ÍGÇ�¿

N =
= ±π � ½)�UÁ�½�Ç�¿SÇ�È�À�¿SÉ�Ç�À@É)�vÃ�Á�Æ
Á(½o¼M¹�ÇG»GÇGÃG¾

a � ÊGÉ��i¼��GÇ"�PÈ�¼SÃ"�G¼SÉo¿ � À@ÍGÇ�¼SÃGÉ@Á�ÐGÇ"�±�vÉoÀ��±��Á�ÍG¾ À�¿v¼��¬�
�(Á�ÃGÃG¾f� É�Ç"� À�¿vÀ�Î�¼SÃGÃ�À�¿SÉ�Ç�Ã�Á��v¾c½�Á�º%É>��¿vÎ�À@ÍGÆ~À�����Â
�GÍGÇD¹�º³Î@¾�Ì¢�vÃ�Áv»�¼SÃGÇ"�~Ì>½�Ã�¼���ÃGÇ
Ì>¿SÇ
¹�¿SÇ&%

¿SÉo¼vÈ�Á � �
� � � Í�Á��vÍ�¼���Ç�È�Á
Ê|�GÍGÇG»�¼vÈâ»GÇ�¿M¹�À�Í�¼��(¼SÃGÇ"� È�À2��¼SÉAÅ�À�¿SÉ�ÇGÄSÁ�ÉH��É�Í�¼MÌ � ¿vÀvÌ
Í�Á�Ã�¼SÃGÇ�¼DÍ�Á�½�Ã�À�%½o¼v¿SÇ"� Ç
¹�Ç Ã�Áv»�ÁU¹�À ¿SÆ~À�¹$�H��¼SÃGÇ"� ¿AÅ�½�Ë
È|�æÍ�Á��vÃG¾�È�Ç Ëo¿SÆ~À@Í�¼SÃGÇ"�GÈ�Ç � �;�XÁÓÍGÇ�¿��X	�	�: ¿iÌ�¼vÈ�Á�É�ÇG»GÃ�À
��À@Æ
Á��UÁ�Ã�Á)��À�¹�À@½�ÇGÃ�Á¶¿vÎ�À@ÍGÆGÇ¬Ê�½�ÉoÀ@Í�Á��¢��À�¹�À@½�ÇGÃ�Á ¿SÇ�È�È�¼SÉ�ÍGÇG»GÃ�Á/��¼SÍG½oÀ���À@É�Ã�À�¿SÇGÉo¼M¹$��Ã�À ½o¼SÍ"��ÇGÃG¾X�

��������������å &�%'& � %�a�# � &ræ �bS #�a�!*&�ç �

Ý Ò,+�Ò.é�ø���û üêÙu��3@÷x1Åýdû��Cÿ|õd÷9�
2D ¤ ÿ|ûZúCý$õdÿCý$õ

­Z�&��¼M¹�À�¼>É�½o¼SÍoÅ�À�¼>Éo¼M¹�À�¿SÆ~À�¹$�H�vÇGÉ � ½H�GÍ�Á�½oÀ � ��À©ÄPÀ@ÍGÇ"�PÀ@ÃGÉ@ÁU¹$��Ã�À�� �(¼SÍ�ÀvÌ�À@½�Á�ÉoÀ��x�
¹�À�¿SÆ~À�¿SÉ�Ç¬Ê
À��GÇGÍ�Á��G¿��DÃ�Á Ã�¼v¼±Å�½�Ë
È|� ÉoÀ@»GÆ
Á@È�Ç � Î@Ç"��ÀvÅYÊ}¿vÈc��ÍGÇ�¿���	2� � �d­Z�
ÃGË��¶Á���¿SÇ
¹°Á

F
ÄPÀ@ÍGÇ"�PÀ@ÃGÉ@ÁU¹$��Ã�Á
ÊYÁ3¼v¼

¹�ÇGÃGÇ"�DÅ�¼���¿SÉ�½�Ç"�±�GÍ�ÀvÌ�ÀvÅ�ÇGÉè»�¼SÍ�¼��±Ð�¼SÃGÉ�Í�È�Á@¿v¿XÉo¼M¹°Á
��¦%¿SÃ�À@½�ÃG¾�¼±Ë~Í�Á�½�Ã�¼SÃGÇ"�DÅ�ÇGÃ�Á@È�ÇGÆGÇ��GÍGÇG½oÀvÅ$�
É
Æ ¿M¹�¼MÅ�Ë~º���Ç�È ¿vÀ�À@É�Ã�À��(¼SÃGÇ"�GÈcÂ

F −mw − (T1 + T2) = 0, N1 +N2 − P = 0, a(N2 −N1)− h(T1 + T2) = 0, (5.8)

ÄsÅ�¼
P

�+½o¼v¿*Éo¼M¹°Á
Ê
h

�+½�¾�¿vÀ@É@Á¶Ð�¼SÃGÉ�Í�Á¶È�Á@¿v¿*Ã�ÁUÅ�À���À@Í�À��¬Ê
a

�+Í�Á@¿v¿SÉoÀ2�
ÃGÇ�¼±À@É)�GÍ�À�¼SÆGÐGÇGÇ Ð�¼SÃGÉ�Í�Á
È�Á@¿v¿DÃ�Á>�
¹�À�¿SÆ~À�¿SÉH��Å�À©Æ
Á��(Å�À�� Ç"�>ÉoÀ@»�¼SÆ Æ~À@ÃGÉ@Á�ÆGÉ@Á
� ° Ç�¿SÉo¼vÈ�Ë � �
� � � Ã�¼v¿M¹�À2�¶Ã�À �GÍ�¼vÀ�Î@Í�Á��PÀ@½�Á�ÉH�
Æ>½�Ç
Å�Ë

mw = F + T1(N1) + T2(N2), (5.9)

N1 = 1
2

(
P − h

a (F −mw)

)
, N2 = 1

2

(
P + h

a (F −mw)

)
,

ÄsÅ�¼��UÁ�½�Ç�¿SÇ�È�À�¿SÉ�Ç
T (N)

À��GÇ�¿S¾c½�Á�º%Éo¿ ��ÏXÀ@Í�È�ËU¹°Á@È�Ç � �
� � � Ê � �
� 
 � Ç � �
� � � �Æ}Á@È�¼SÉ�Ç�ÈcÊ�»GÉoÀAÍ�Á@¿v¿vÈ�Á�É�ÍGÇG½�Á@¼vÈ�Á�� ¿SÇ�¿SÉo¼vÈ�Á�Ç�È�¼v¼SÉ�¼MÅ�ÇGÃ�¿SÉ�½o¼SÃGÃGË~º�¿SÉo¼���¼SÃ"��¿S½oÀ�Î�ÀvÅ�¾XÊ�Á Í�Á���%
È�¼SÍGÃ�À�¿SÉH�,�GÍ�À�¿SÉ�Í�Á�Ã�¿SÉ�½�Á ¼v¼¶¿vÀ�¿SÉoÀ2�
ÃGÇ"�

S
Í�Á�½�Ã�Á¢�(¼v¿SÉ�Ç¬���¯½�Ç
Å�Ë>�vÉoÀ@ÄPÀD½oÀ��PÈ�À2�¶ÃG¾�¼µÀ�¿vÀ�Î�¼SÃGÃ�À�¿SÉ�Ç

Ã�¼*Ç�¿S»�¼SÍ"�G¾c½�Á�º%Éo¿ � ¿SÆ
¹°ÁUÅ�Æ
Á@È�Ç¬�
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���������~(*�)�ë�*U�T weW [_p�� %�d�\�]�^ ��[ $�& S�� `�#QW �
�³ÍGÇè¿SÆ~À�¹$�H��¼SÃGÇGÇè½H�GÍ�Á�½oÀ�¿SÇ
¹°ÁXÉ�Í�¼SÃGÇ"�3Ã�Á��GÍ�Á�½@¹�¼SÃ�ÁX½@¹�¼S½oÀGÊ���À��vÉoÀ�È�Ë ½U�GÍGÇGÃ"�
É�¾�Ì3Ã�Á*ÍGÇ�¿���	2�

À�Î�À��vÃ�Áv»�¼SÃGÇ"�~Ì Ç�È�¼v¼vÈ
Ti = −µi|Ni|, i = 1, 2. (5.10)�*ÀvÅ�¿SÉ@Á�½@¹$�&� ½�¾cÍ�Á���¼SÃGÇ"� � �
� 	2G � ½3ÏXÀ@Í�È�ËU¹�Ë � �
� � � Ê"��À�¹�Ë~»GÇ�È

z = ϕ(z), ϕ(z) = µ̄1|P̄ − z|+ µ̄2|P̄ + z|, (5.11)

z = 1− mw
F

, P̄ = aP
hF

, µ̄i = h
2a
µi.

�³Í�Á�½�Á��µ»�Á@¿SÉH�(ÏXÀ@Í�È�ËU¹�¾ � �
� 	�	 � ÆGËo¿vÀ@»GÃ�À�%÷¹�ÇGÃ�¼��GÃ�ÁP��À
z
¿fË~Äs¹�À@½�¾�È�ÇèÉoÀ@»GÆ
Á@È�Ç

z1 = P̄
Ç
z2 =

= −P̄ Ê"�GÍGÇG»�¼vÈ Ë~Äs¹�À@½�¾�¼XÆ~À��PÏXÏ*ÇGÐGÇ�¼SÃGÉ�¾v�v½o¼SÃ"�o¼S½3Í�Á�½�ÃG¾XÂ
k1 = −µ̄1 − µ̄2

½ ÇGÃGÉo¼SÍG½�ÁU¹�¼
z ∈ (−∞,

−P̄ )
�
k2 = µ̄2 − µ̄1

½�ÇGÃGÉo¼SÍG½�ÁU¹�¼
z ∈ (−P̄ , P̄ )

ÊYÇ
k3 = µ̄2 + µ̄1

½�ÇGÃGÉo¼SÍG½�ÁU¹�¼
z ∈ (P̄ ,∞)

�;ÔI¼�%
�(¼SÃGÇ"�GÈ�Ë~Í�Á�½�Ã�¼SÃGÇ"� � �
� 	�	 � ¿vÀ�À@É�½o¼SÉo¿SÉ�½�Ë~º%É(ÉoÀ@»GÆGÇS��¼SÍ�¼v¿v¼S»�¼SÃGÇ"�3¹�À�È�Á�Ã�À��è¿fÎ@Ç�¿v¿v¼SÆGÉ�ÍGÇ�¿vÀ��¢��¼SÍG½oÀ��
»�¼SÉ�½o¼SÍGÉ�Ç¬ÊGÉ@Á�ÆDÆ
Á�Æ¢�GÍ�Á�½�Á��µ»�Á@¿SÉH�/��À�¹�À2�¶ÇGÉo¼M¹$��Ã�Á
�FÛ³Ç�¿M¹�À~�vÉ�Ç
ÌµÉoÀ@»�¼SÆ¢�UÁ�½�Ç�¿SÇGÉ À@É¶Í�Á@¿���À�¹�À2��¼SÃGÇ"�
�GÍ�Á�½oÀ��µ½o¼SÍ"��ÇGÃG¾ ¹�À�È�Á�Ã�À��¬Ê�É��i¼��~À@É±½o¼M¹�ÇG»GÇGÃG¾

ϕ(P̄ )
Ê~Á*É@Á�Æ"��¼;�vÃ�Áv»�¼SÃGÇ"�

k3
�e�*¼v¿M¹�À2�¶ÃG¾f�èÄP¼vÀ�È�¼SÉ�%

ÍGÇG»�¼v¿SÆGÇ"�ÓÁ�Ã�ÁU¹�Ç"�6�GÍGÇG½oÀvÅ�ÇGÉ�Æ�¿M¹�¼MÅ�Ë~º��(¼vÈ�ËA½�¾c½oÀvÅ�Ë®ÂY¼v¿M¹�Ç
k3 < 1

Ê}ÉoÀDË~Í�Á�½�Ã�¼SÃGÇ�¼ � �
� 	�	 � Ç�È�¼v¼SÉ¼MÅ�ÇGÃ�¿SÉ�½o¼SÃGÃ�À�¼fÍ�¼��(¼SÃGÇ�¼ � ÍGÇ�¿���	P��Á � �o½±¿M¹�Ë~»�Á@¼ k3 > 1, µ̄2 < 0.5
Ç�È�¼v¼SÉo¿ �¶Å�½�Á*Í�¼��(¼SÃGÇ"� � ÍGÇ�¿���	P��: � ÊÁ(½ ¿M¹�Ë~»�Á@¼

k3 > 1, µ̄2 > 0.5
�+ÃGÇ>ÀvÅ�Ã�À@ÄPÀ � ÍGÇ�¿��¬	P��0 � �­IÁ�ÆGÇ�È À�Î@Í�Á��PÀ�ÈcÊ�½ ¿M¹�Ë~»�Á@¼
v > 0, k3 > 1

½ ¿SÇ�¿SÉo¼vÈ�¼XÇ�È�¼v¼SÉo¿ �>À�¿vÀ�Î�¼SÃGÃ�À�¿SÉH�µÉ�Ç"��Á,��¿SÆ
¹°ÁUÅ�Æ
Á����

���������QP�� � [ # i [ %�a � � [Q� !�# [ a [ y [ $ ��[ \�a�&�d�$ [ $ �*g}| � � ���~�Z�
�fÃ�ÁU¹�À@ÄvÇG»GÃG¾f�µ½�¾c½oÀvÅè¿��GÍ�Á�½o¼MÅG¹�ÇG½�Ç ½±¿M¹�Ë~»�Á@¼

v < 0, k3 > 1
Â�ÅG¹$�¶ÄP¼vÀ�È�¼SÉ�ÍGÇG»�¼v¿SÆ~À@ÄPÀ�Í�¼��(¼SÃGÇ"�

Ë~Í�Á�½�Ã�¼SÃGÇ"� � �
� 	�	 � �SÅ�¼v¿���¿M¹�¼MÅ�Ëo¼SÉ±Å�À�¿SÉ�Í�À@ÇGÉH��ÄvÍ�Á@Ï*ÇGÆGÇ3Ã�Á³ÍGÇ�¿���	P�*½±À�Î�¹°Á@¿SÉ�Ç
z < 0

Ç3Ç�¿v¿M¹�¼MÅ�À@½�Á�ÉH�
Ç
Ì���¼SÍ�¼v¿v¼S»�¼SÃGÇ"� ¿XÎ@Ç�¿v¿v¼SÆGÉ�ÍGÇ�¿vÀ�� ½�ÉoÀ@Í�À�� »�¼SÉ�½o¼SÍGÉ�Ç¬�

��À��GËo¿SÉ�Ç�ÈìÉo¼���¼SÍ"��Ê�»GÉoÀ3Éo¼M¹�À3½ Å°Á�ÃGÃG¾f�©È�À�È�¼SÃGÉS��À@Æ~À@ÇGÉo¿ �}��­YÀ@ÄsÅ°Á
w > 0

Ê�É@Á�ÆAÆ
Á�Æ�½µ¿M¹�Ë~»�Á@¼
w < 0

ÎoÁU¹°Á�Ã�¿è¿SÇ
¹Ó½��GÍ�À�¼SÆGÐGÇGÇÓÃ�Á À���À@ÍGË�Ã�¼S½oÀ��PÈ�À2��¼SÃ¬�2Ô�Á�½�Ã�À@½o¼v¿SÇ�¼D¿SÇ�¿SÉo¼vÈ�¾+½oÀ��PÈ�À2�¶Ã�ÀGÊ�¼v¿M¹�Ç
½�¾f��À�¹�Ã�¼SÃ�À Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½oÀ

µ1|N1(0)| + µ2|N2(0)| > 0, (5.12)
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ÄsÅ�¼)�vÃ�Áv»�¼SÃGÇ"��Ã�À@Í�È�ÁU¹$��ÃG¾�Ì�Í�¼PÁ�ÆGÐGÇ"��½�¾c»GÇ�¿M¹$�
º%Éo¿ � ��À>ÏXÀ@Í�È�ËU¹°Á@È � �
� � � �GÍGÇ
w = 0

�Z�}Í�Á@Ï*ÇG»�¼�%
¿SÆGÇ�Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½oÀ � �
� 	2� � À��vÃ�Áv»�Á@¼SÉ�ÊI»GÉoÀ ϕ(1) > 1

Ê¬É��i¼��¬ÉoÀ@»GÆ
Á ¿ ¼MÅ�ÇGÃGÇG»GÃ�À�� Á@Î�¿SÐGÇ�¿v¿vÀ��9ÄvÍ�Á@Ï*ÇGÆ
Á
Ï*Ë~ÃGÆGÐGÇGÇ

ϕ(z) � ÍGÇ�¿��®	P� � ¹�¼��¶ÇGÉ¶½�¾f�(¼%Î@Ç�¿v¿v¼SÆGÉ�ÍGÇ�¿S¾X� ° Ç�¿SÉo¼vÈ�Á�Ã�¼fÇ�È�¼v¼SÉ(Í�¼��(¼SÃGÇ"�¬ÊGÀ@ÉP¹�ÇG»GÃG¾�ÌèÀ@É
Í�Á�½�Ã�À@½o¼v¿SÃ�À@ÄPÀGÊ°¼v¿M¹�Ç>Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½oÀ

ϕ(z) > z (5.13)
½�¾f��À�¹�Ã"�G¼SÉo¿ �ÓÅG¹$�Ó½o¿v¼MÌ

z < 1
Ê�»GÉoÀA¿vÀ�À@É�½o¼SÉo¿SÉ�½�Ëo¼SÉ¤�vÃ�Áv»�¼SÃGÇ"�GÈ

w > 0
�@�;¿M¹�Ë~»�Á@¼

P̄ > 1 � ½o¼SÍ&%��ÇGÃ�Á ¹�À�È�Á�Ã�À���¹�¼��¶ÇGÉ¢�GÍ�Á�½o¼v¼�ÉoÀ@»GÆGÇAÍ�Á�½�Ã�À@½o¼v¿SÇ"� � Ëo¿M¹�À@½�Ç"� � �
� 	2� � Ç � �
� 	P� � Í�Á�½�Ã�À�¿SÇ
¹$��ÃG¾X�¬¼v¿M¹�Ç��¼
P̄ < 1

Ê�ÉoÀ�Ëo¿M¹�À@½�Ç�¼ � �
� 	P� � ¿SÆ
¹°ÁUÅ�¾c½�Á@¼SÉo¿ �ìÇ"� Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½�Á � �
� 	2� � Ç É�Í�¼vÎ�À@½�Á�ÃGÇ"� ϕ(P̄ ) > P̄
� ½o¼SÍ"��ÇGÃ�Á(¹�À�È�Á�Ã�À��D¹�¼��¶ÇGÉ ½�¾f�(¼XÎ@Ç�¿v¿v¼SÆGÉ�ÍGÇ�¿S¾ � Ê
�vÆG½�ÇG½�ÁU¹�¼SÃGÉ�Ã�À@ÄPÀ3Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½�Ë µ̄2 > 0.5

�
�æ¿M¹�Ë~»�Á@¼

P̄ < 1, µ̄2 < 0.5
Ã�Á�Í��~Å�Ë�¿±Í�Á�½�Ã�À@½o¼v¿SÇ�¼vÈæ½oÀ��PÈ�À2�¶Ã�ÀèÃ�Áv»�ÁU¹�ÀD¿SÆ~À�¹$�H��¼SÃGÇ"�AÉo¼M¹°Á3½H�GÍ�Á�½oÀGÊ��GÍGÇG»�¼vÈæ¿XÅ�½�Ë
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ÃGÇ"�

S
�

Ý Ò���Ò.é�ø���û ü ýdû��Cÿ|û��
3D ¤ ÿ|ûZúCý$õdÿCý$õ

�³Í�À�¿SÉo¼��"�¶Á��æ¿SÇ�¿SÉo¼vÈ�Á
Ê¯½9Æ~À@ÉoÀ@Í�À�� Ç�È�¼v¼SÉo¿ �ìÃ�¼v¿vÀ@Äs¹°Á@¿vÀ@½�Á�ÃGÃG¾f�
3D

%�Æ~À@ÃGÉ@Á�ÆGÉ�Êf�GÍ�¼MÅ�¿SÉ@Á�½@¹�¼SÃ�Á
Ã�Á¶ÍGÇ�¿��d�
Â�É��&��¼M¹�À�¼�É�½o¼SÍoÅ�À�¼±Éo¼M¹�ÀGÊ°À��GÇGÍ�Á�º��(¼v¼v¿ � Ã�Á¶ÄPÀ@ÍGÇ"�PÀ@ÃGÉ@ÁU¹$��ÃGË~º �(¼SÍ�ÀvÌ�À@½�Á�É�Ë~º �
¹�À�¿SÆ~À�¿SÉH�
ÀvÅ�Ã�À��ìÇ"� ¿S½oÀ@Ç
Ì ÉoÀ@»�¼SÆ

C
Ê�Æ~À@ÉoÀ@Í�Á��ìÈ�À2��¼SÉ¬��¼SÍ�¼vÈ�¼��¶Á�ÉH�o¿ �x��À�À���À@Í�¼>Ç
¹�Ç À@É�ÍG¾c½�Á�ÉH�o¿ �æÀ@É�Ã�¼v¼��

�%Í�Á�½�Ã�¼SÃGÇ"�DÅ�½�Ç"��¼SÃGÇ"�>½ ÏXÀ@Í�È�¼�����º%ÉoÀ@Ã�Á���ãC�
¹�¼SÍ�Á Ç�È�¼Sº%É ½�Ç
Å

m~w(G) = ~F + ~R,
d(J~Ω)

dt
= ~M + ~r × ~R ~r =

−−→
GC, (5.14)

ÄsÅ�¼
~w(G)

Ç ~Ω � ¿SÆ~À@Í�À�¿SÉH�%Ð�¼SÃGÉ�Í�ÁcÈ�Á@¿v¿�ÇXË~Äs¹�À@½�Á��X¿SÆ~À@Í�À�¿SÉH��Ê ~F Ç ~M
�æÄs¹°Á�½�ÃG¾f��½o¼SÆGÉoÀ@ÍXÇXÄs¹°Á�½�ÃG¾f�

È�À�È�¼SÃGÉèÁ�ÆGÉ�ÇG½�ÃG¾�Ì>¿SÇ
¹YÊ
J

�+Ð�¼SÃGÉ�Í�ÁU¹$��ÃG¾f��Éo¼SÃ"�PÀ@Í>ÇGÃ�¼SÍGÐGÇGÇ¬�
�³Ëo¿SÉH�

~w = (w1, w2, w3)
� Ëo¿SÆ~À@Í�¼SÃGÇ�¼�ÉoÀ@»GÆGÇ3Æ~À@ÃGÉ@Á�ÆGÉ@Á±½±¿S½H�&�UÁ�ÃGÃ�À��µ¿f�
¹�À�¿SÆ~À�¿SÉH��º ¿SÇ�¿SÉo¼vÈ�À��

Æ~À�À@ÍoÅ�ÇGÃ�Á�É � À�¿��èÁ��"�
¹�ÇGÆ
Á�ÉèÃ�Á��GÍ�Á�½@¹�¼SÃ�Á ½o¼SÍGÉ�ÇGÆ
ÁU¹$��Ã�Àµ½�½o¼SÍoÌ � �G�X¹$� À��GÍ�¼MÅ�¼M¹�¼SÃGÇ"�,�vÉoÀ@ÄPÀ ½o¼SÆGÉoÀ@Í�Á
Ê
Á(É@Á�Æ"��¼XÍ�¼PÁ�ÆGÐGÇGÇ±�
¹�À�¿SÆ~À�¿SÉ�Ç¬Ê�Ç�È�¼v¼vÈ ½3¿SÇ
¹�Ë � �
� 	S
 � ¿M¹�¼MÅ�Ë~º��(¼v¼*Ë~Í�Á�½�Ã�¼SÃGÇ�¼�Â

m~w = ~F ∗ +B ~R, ~F ∗ = ~F +m
(
J−1M

)
× ~r, B ~R = ~R+mJ−1

(
~r × ~R

)
× ~r, (5.15)

�GÍGÇG»�¼vÈ È�Á�É�ÍGÇGÐ�Á
B
¿SÇ�È�È�¼SÉ�ÍGÇG»GÃ�Á Ç ��À�¹�À2�¶ÇGÉo¼M¹$��Ã�À À��GÍ�¼MÅ�¼M¹�¼SÃ�Á
�sÔI¼���ÇG½ÓÅ°Á�ÃGÃ�À�¼AË~Í�Á�½�Ã�¼SÃGÇ�¼�Ê

È�À2�¶Ã�À)�UÁ�Éo¼vÈ ÀvÅ�Ã�À��vÃ�Áv»GÃ�ÀµÀ��GÍ�¼MÅ�¼M¹�ÇGÉH�µË~Äs¹�À@½oÀ�¼*Ëo¿SÆ~À@Í�¼SÃGÇ�¼XÇ"�X½�ÉoÀ@Í�À@ÄPÀ3¿vÀ�À@É�Ã�À��(¼SÃGÇ"� � �
� 	S
 � ���¿M¹�Ç ¿SÆ~À@Í�À�¿SÉH�µÉoÀ@»GÆGÇ>Æ~À@ÃGÉ@Á�ÆGÉ@Á
~v
À@ÉP¹�ÇG»GÃ�Á3À@É¶ÃGËU¹$�}Ê
ÉoÀ¶Í�¼PÁ�ÆGÐGÇ"�D½�¾cÍ�Á��(Á@¼SÉo¿ ��ÏXÀ@Í�È�ËU¹�À��

~R = N(~k − µ~l), ~l = ~v/|~v|,
ÄsÅ�¼ ~k � ÎoÁ��vÇ�¿SÃG¾f��À@ÍGÉ��$�*À@Í�È�ÁU¹$��Ã�Á��>Í�¼PÁ�ÆGÐGÇ"�

N
À��GÍ�¼MÅ�¼M¹$�G¼SÉo¿ � Ç"�*Ëo¿M¹�À@½�Ç"�>Å�À���À�¹�ÃGÇGÉo¼M¹$��Ã�À�¿SÉ�Ç

w3 > 0, N > 0, Nw3 = 0. (5.16)

Ô�Á�½o¼SÃ�¿SÉ�½oÀ
w3 = 0

Í�Á�½�Ã�À�¿SÇ
¹$��Ã�À Ë~Í�Á�½�Ã�¼SÃGÇGº
F ∗3 +N(B~k,~k − µ~l) = 0,
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Ç�È�¼Sº��(¼vÈ�Ëè¼MÅ�ÇGÃ�¿SÉ�½o¼SÃGÃ�À�¼XÍ�¼��(¼SÃGÇ�¼�ÊG¿vÀ@Äs¹°Á@¿SÃ�À�¼X¿ � �
� 	2� � �GÍGÇDËo¿M¹�À@½�ÇGÇ¬ÊG»GÉoÀ(Æ~À��PÏXÏ*ÇGÐGÇ�¼SÃGÉ/�GÍGÇ
N��À�¹�À2�¶ÇGÉo¼M¹�¼SÃ¬Ê�É��i¼��

µ(B~k,~l) < (B~k,~k). (5.17)¦%Î@Í�Á�É�ÃG¾f� �vÃ�Á�ÆAÃ�¼SÍ�Á�½o¼SÃ�¿SÉ�½�Á � �
� 	�F � ¿S½�Ç
Å�¼SÉo¼M¹$�o¿SÉ�½�Ëo¼SÉ ÀµÃ�ÁU¹�ÇG»GÇGÇ©½D¿SÇ�¿SÉo¼vÈ�¼(À�¿vÀ�Î�¼SÃGÃ�À�¿SÉ�Ç�É�Ç"��Á��¿SÆ
¹°ÁUÅ�Æ
Á����

���������_¨�� L � `�# i #�cb&�% [bU�j $�# [ `�a�# � %�a�&�$ � %�d�#z`�&�a�& i [ %�a�#�d �
��À��GËo¿SÉ�Ç�ÈÓÉo¼���¼SÍ"��Ê~»GÉoÀ

~v = 0
Ê~ÉoÀ@ÄsÅ°Á±Í�¼PÁ�ÆGÐGÇ"�

R
ËUÅ�À@½@¹�¼SÉ�½oÀ@Í��G¼SÉ ¿vÀ�À@É�Ã�À��(¼SÃGÇ"�GÈ � �
� 
 � Ê � �
� � � ÊÁ©É@Á�Æ"��¼�Ëo¿M¹�À@½�ÇGº�Å�À���À�¹�ÃGÇGÉo¼M¹$��Ã�À�¿SÉ�Ç � �
� 	2� � �C�XÁ©ÍGÇ�¿��%	S
�½oÀ�½o¿���À�È�À@ÄSÁ�Éo¼M¹$��Ã�À�È©�GÍ�À�¿SÉ�Í�Á�Ã�¿SÉ�½o¼

��Á�Í�Á@È�¼SÉ�Í�À@½
~π = (π1, π2, π3)

��À�¿SÉ�Í�À�¼SÃG¾ À�Î�¹°Á@¿SÉ�Ç
Ψj
Ê
(j = 1, 2, 3)

Ê�¿vÀ�À@É�½o¼SÉo¿SÉ�½�Ë~º���Ç�¼�Í�Á��S¹�ÇG»GÃG¾�È
É�Ç"��Á@ÈæÍ�¼��(¼SÃGÇ"��Ë~Í�Á�½�Ã�¼SÃGÇ"� � �
� 	P� � ��­YÀ@»GÆGÇ£��À�¹�Ë��GÍ�À�¿SÉ�Í�Á�Ã�¿SÉ�½�Á

Ψ1 = {π3 > 0} ¿vÀ���À�¿SÉ@Á�½@¹$�
º%Éo¿ �Å�½�Ç"��¼SÃGÇ"�GÈì¿*À@É�ÍG¾c½oÀ�È À@É À���À@ÍG¾XÊ$�GÍGÇ¢�vÉoÀ�È
~w = ~π, ~R = 0. (5.18)

�¯ÃGË~É�Í�¼SÃGÃ�À�¿SÉH�>Æ~À@ÃGËo¿PÁ
Ψ2 = {π3 < −

√
π2

1 + π2
2}
¿vÀ�À@É�½o¼SÉo¿SÉ�½�Ëo¼SÉ�À@Éo¿SË~Éo¿SÉ�½�ÇGº+¿SÆ~À�¹$�H��¼SÃGÇ"�}Ê

�GÍGÇ±�vÉoÀ�È
~w = 0, ~R = −(µπ1, µπ2, π3). (5.19)�*ÀvÅ�¿SÉ@Á�½�Ç�È¬��À�À@»�¼SÍ�¼MÅ�Ã�À�ÏXÀ@Í�È�ËU¹�¾ � �
� 	P� � Ç � �
� 	2� � ½XË~Í�Á�½�Ã�¼SÃGÇ�¼ � �
� 	P� � Ê�À��GÍ�¼MÅ�¼M¹$�
º��(¼v¼fÀ@ÉoÀ�Î�%

Í�Á���¼SÃGÇ�¼
Π : ~π 7→ ~F ∗

�d� ÇGÉoÀ@ÄP¼P��À�¹�Ë~»GÇ�Èì½H�UÁ�Ç�È�Ã�À�%�ÀvÅ�Ã�À��vÃ�Áv»GÃG¾�¼3Æ~À�È|��À@Ã�¼SÃGÉ�¾R�vÉoÀ@ÄPÀèÀ@ÉoÀ�Î@Í�Á���¼�%
ÃGÇ"�}Ê�À�Î@Í�Á��v¾ Æ~À@ÉoÀ@ÍG¾�Ì¢�©��À�¹�Ë��GÍ�À�¿SÉ�Í�Á�Ã�¿SÉ�½oÀ3ÇDÆ~À@ÃGËo¿

Ψ̄1 = Π(Ψ1) = Ψ1, Ψ̄2 = Π(Ψ2) = BCµΨ2, Cµ = diag{µ, µ, 1}.
� ¿M¹�Ë~»�Á@¼�Ê�¼v¿M¹�Ç È�Á�É�ÍGÇGÐ�Á
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ÁU¹�Ç � ÊÀ�Î�¹°Á@¿SÉ�Ç

Ψ̄1
Ç

Ψ̄2
Ã�¼,��¼SÍ�¼v¿v¼SÆ
Á�º%Éo¿ �}�f� À�Î��(¼vÈ;¿M¹�Ë~»�Á@¼�Ëo¿M¹�À@½�Ç�¼AÀ@Éo¿SË~Éo¿SÉ�½�Ç"�ìËb�vÉ�Ç
ÌìÀ�Î�¹°Á@¿SÉo¼��

À�Î���Ç
ÌDÉoÀ@»�¼SÆ>½�¾cÍ�Á��(Á@¼SÉo¿ � Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½oÀ�È

µ
√
b213 + b223 < b33, (5.20)

ÄsÅ�¼
bij

�©�S¹�¼vÈ�¼SÃGÉ�¾ È�Á�É�ÍGÇGÐG¾
B
�

¦%Î@Í�Á�É�ÃG¾f�¤�vÃ�Á�Æ�Ã�¼SÍ�Á�½o¼SÃ�¿SÉ�½�Á � �
� �HG � ¿S½�Ç
Å�¼SÉo¼M¹$�o¿SÉ�½�Ëo¼SÉ©ÀèÃ�¼vÀvÅ�Ã�À��vÃ�Áv»GÃ�À�¿SÉ�Ç Í�¼��(¼SÃGÇ"�©Ë~Í�Á�½�%Ã�¼SÃGÇ"� � �
� 	P� � ÊcÉ��i¼��Á�GÍGÇ ÀvÅ�ÃGÇ
ÌæÇ Éo¼MÌ ��¼©Ëo¿M¹�À@½�Ç"�~Ìæ½oÀ��PÈ�À2�¶Ã�À Æ
Á�Æ ¿vÀvÌ
Í�Á�Ã�¼SÃGÇ�¼©Æ~À@ÃGÉ@Á�ÆGÉ@Á Î�¼��
�GÍ�À�¿SÆ
ÁU¹$�H�v¾c½�Á�ÃGÇ"�}ÊGÉ@Á�ÆµÇèÀ@É�ÍG¾c½�½oÀ�¹�»GÆ
Á�À@É�À���À@ÍG¾X�&��À�¹�¼v¼t��ÀvÅ�Í�À�Î@Ã�À(Ëo¿M¹�À@½�Ç"�µÀ@É�ÍG¾c½�Á±½oÀ�¹�»GÆ
Á±À@É
À���À@ÍG¾ À�Î�¿SË��(Å°ÁU¹�Ç�¿�� ½,� �
ÊR	2G����

�XÁ�Æ~À@Ã�¼SÐ¬Ê�ÉoÀ@»GÆGÇ ½/�GÍ�À�È�¼��¶Ë~É�Æ~¼±È�¼��(Å�ËèÆ~À@ÃGËo¿vÀ�È Ç¢�
¹�À�¿SÆ~À�¿SÉH��º

Ψ3 = {0 > π3 > −
√
π2

1 + π2
2}
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À@É�½o¼S»�Á�º%É3Ã�Áv»�ÁU¹�ËD¿SÆ~À�¹$�H��¼SÃGÇ"� Éo¼M¹°Á~��À¶À���À@Í�¼�Ê$�GÍGÇ¢�vÉoÀ�È

Π(π) = m(π1, π2, 0) +mπ3(c1, c2, 0) + π3(−c1,−c2, 1)B, c1,2 = π1,2/
√
π2

1 + π2
2 . (5.21)
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