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ω1 = 2(λ0λ̇1 − λ1λ̇0 + λ3λ̇2 − λ2λ̇3),

ω2 = 2(λ0λ̇2 − λ2λ̇0 + λ1λ̇3 − λ3λ̇1), (3)

ω3 = 2(λ0λ̇3 − λ3λ̇0 + λ2λ̇1 − λ1λ̇2).
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A1ω̇1 = (A2 − A3)ω2ω3 + Γ(e3ν2 − e2ν3) (123),

¾
Ã�Ä�¼�º&¸>Ñ�´
ÑtÑtµ
´	Ï#æ�Ã�¿
·L×+È�À.* ã#,¹Ä
È!ÌNÑ�¶�È�´
»
´
µ
νi

´#×	»�º+Ìa¿!¸>Ñ�¶�µ
¼�º�Ñ�Ã/* C ,�Ó

A1ω̇1 = (A2 − A3)ω2ω3 − 2Γ[λ0λ1 + (λ1e1 + λ2e2 + λ3e3)(−λ0e1 + λ2e3 − λ3e2)],

A2ω̇2 = (A3 − A1)ω3ω1 − 2Γ[λ0λ2 + (λ1e1 + λ2e2 + λ3e3)(−λ0e2 + λ3e1 − λ1e3)], (5)

A3ω̇3 = (A1 − A2)ω1ω2 − 2Γ[λ0λ3 + (λ1e1 + λ2e2 + λ3e3)(−λ0e3 + λ1e2 − λ2e1)].
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7i´
æ�æ�¶�¿
¶�µ
í
´!¸�È�É�µ
À©·«´]×	¿!¸>Ñ�µ
¶�µ
´�Ì
·«´hÄ
È!Ì�¾!¸>¿!¸>·«¶�º�¿
Ã�Ñ
λi

Ì
Ñ&È!Ì
Ë±º�¼ Ì]½
´
µ
¶�·¹¸&º�´
»
¶�¼�½
´
¶®×	¿!¸>Ñ&Æ
µ
¶�µ
´�ÌrÞ ú à

2λ̇0 = −ω1λ1 − ω2λ2 − ω3λ3,

2λ̇1 = ω1λ0 + ω3λ2 − ω2λ3, (6)

2λ̇2 = ω2λ0 + ω1λ3 − ω3λ1,

2λ̇3 = ω3λ0 + ω2λ1 − ω1λ2.61¿!¸>Ñ�µ
¶�µ
´�ÌE* ;�,�ÓF* ç-,1Ã�¾
´
¼�À©Ñ�¸>Ë±ºaÄ�Ñ>´�Õh¶�µ
´
¶hº�Ñ�¶�¿�Ä�Ã�Å�ÃGº�¶�È�¸aÑN¾!¸>¿!¸>·«¶�º�¿!¸�ÏÖÁ4Ã�Ä�¿
´
Å�¸�Æ�Ç�¸�Æ
·«´	È�É�º�Ã�µ!¸�Ó�´	Ï:¾
¿!¸>Ñ�À©¶©»!¸>¼�º�´hÌ
Ñ&È!Ì
Ë±º�¼ ÌhÃ�Ä�µ
Ã�¿
Ã�Ä�µ
À©·«´h½
Ñ�¸�Ä�¿!¸&º�´
»
µ
À©·«´tæ�Ã�¿
·¹¸>·«´kÃ�¼�µ
Ã�Ñ�µ
ÀzÏ
¾
¶�¿
¶�·«¶�µ
µ
ÀuÏ�@ ü º�´]×	¿!¸>Ñ�µ
¶�µ
´�ÌtÄ�Ã�¾�×�¼�½�¸>Ë±º:º�¿
´m´
µ�º�¶�Å�¿!¸�È�¸���Ú�µ
¶�¿
Å�´
´¢Ó
·«Ã�·«¶�µ�º&¸i´]Å�¶�Ã�·«¶�º�¿
´
»
¶�Æ
¼�½
´
Ò

A1ω
2

1
+ A2ω

2

2
+ A3ω

2

3
+ 4Γ[λ2

1
+ λ2

2
+ λ2

3
− (λ1e1 + λ2e2 + λ3e3)

2] = h,

A1ω1[e1(λ
2

2
+ λ2

3
− λ2

1
− λ2

0
) − 2e2(λ0λ3 + λ1λ2) + 2e3(λ0λ2 − λ1λ3)]+

+A2ω2[2e1(λ0λ3 − λ2λ1) + e2(λ
2

3
+ λ2

1
− λ2

2
− λ2

0
) − 2e3(λ0λ1 + λ2λ3)]+

+A3ω3[−2e1(λ0λ2 + λ3λ1) + 2e2(λ0λ1 − λ3λ2) + e3(λ
2

1
+ λ2

2
− λ2

3
− λ2

0
)] = k,

λ2

0
+ λ2

1
+ λ2

2
+ λ2

3
= 1.û3¿
´
Ñ�¶�Ä�¶�·òÑ�À©¿!¸&Õk¶�µ
´
¶±Ä
È!Ìm¾
Ã>º�¶�µ
í
´!¸�È�É�µ
Ã�Ò#Ú�µ
¶�¿
Å�´
´¢Ó!½�Ã>º�Ã�¿!¸&Ìm¾
Ã>º�¿
¶�Ê>×�¶�º�¼ ÌN¾
¿
´m´�Í�×	»
¶�Æ

µ
´
´Nµ
Ã�¿
·¹¸�È�É�µ
ÀzÏN½�Ã&È�¶�Ê�¸>µ
´
Ò
Π = 2Γ

[

λ2

1
+ λ2

2
+ λ2

3
− (λ1e1 + λ2e2 + λ3e3)

2
]

. (7)

G F®xNM!QSMB%ØR�Y4ZUùH 4P
O�Y4M�O�R	ô�ZUù/ZÛQSZ4Y4R#I4Y4öhR�\¢M!QSR#J�P
Y4ZUù«Fzî�¸>Ò	Ä�¶�·�¾
Ã&È�Ã+Õh¶�µ
´�Ìê¿!¸>Ñ&Æ
µ
Ã�Ñ�¶�¼�´�Ì ) Ã>¼�Ã�Ê�À©¶]º�Ã�»
½
´Ö×	¿!¸>Ñ�µ
¶�µ
´
ÒrÄ�Ñ�´�Õk¶�µ
´�Ì¢ÓS¾
¿
´
¿!¸>Ñ�µ�Ì
Ñfµ�×+È�Ë�¾
¿!¸>Ñ�À©¶m»!¸>¼�º�´Ö×	¿!¸>Ñ�µ
¶�Æ
µ
´
ÒK* ;�,�Ó3* ç-,�@�93´
µ
¶�·¹¸&º�´
»
¶�¼�½!´
¶:×	¿!¸>Ñ�µ
¶�µ
´�ÌL* ç-,©×�Ä�Ã�Ñ&È�¶�º�Ñ�Ã�¿�Ì
Ë±º�¼~Ìf¶�Ä�´
µ
¼�º�Ñ�¶�µ
µ
À©·Ð¿
¶�Ü:¶�µ
´
¶�·
ω = 0.

7i´
µ!¸>·«´
»
¶�¼�½
´
¶�×	¿!¸>Ñ�µ
¶�µ
´�ÌM* ;�,z¾
¿
´
Ñ�Ã�Ä!Ì�ºt½#×	¿!¸>Ñ�µ
¶�µ
´
Ë
λ0λ + (e,λ)(λ × e − λ0e) = 0, (8)

Å Ä�¶
λ = (λ1, λ2, λ3)

@�á®º�Ä�¶�È�É�µ
Ã�¿!¸&¼�¼�·«Ã>º�¿
´
·XÄ�Ñ�¸®¼�È!×	»!¸&Ì¢Ó>½	Ã�Å�Ä�¸1Ñ�¶�½�º�Ã�¿
À
λ, e,λ×e

È�´
µ
¶�Ò
µ
Ã
Í+¸>Ñ�´
¼�´
·«À<´XÈ�´
µ
¶�Ò
µ
Ãaµ
¶�Í+¸>Ñ>´
¼�´
·«À3@Sý/¾
¶�¿
Ñ�Ã�·å¼~È!×	»!¸>¶�¾
Ã&È!×	»!¸>¶�·

λ = αe
@Uñ1Ítæ�Ã�¿
·L×+ÈE*�?�,

¼�È�¶�Ä!×�¶�º
a = e, χ ) ¾
¿
Ã�´�Í�Ñ�Ã&È�É�µ!¸&Ìa¾
Ã�¼�º�Ã�Ì
µ
µ!¸&Ì¢@�ýzÃ�¼�¾
Ã&È�É>Í�×�¶�·«¼ Ìf´
·«¶�Ë ä ´
·«¼ Ìf¾
¿
Ã�´�Í�Ñ�Ã&È�Ã>·¾
¿
´NÑ�À©Ê�Ã�¿
¶3µ
¶�¾
Ã�Ä�Ñ�´�Õ�µ
Ã�Ò#¼�´
¼�º�¶�·«À�½�Ã�Ã�¿�Ä�´
µ!¸&ºt´#¾
Ã�Ñ�Ã�¿
Ã>º�Ã�·òÑ�Ã�½
¿�×	Å�Ñ�¶�½�º�Ã�¿!¸

e
¼�Ã�Ñ�·«¶�¼�º�´
·

µ
¶�¾
Ã+Ä�Ñ�´�Õ�µ
À©¶�Ã�¼�´N¼�Å�È�¸>Ñ�µ
À©·«´NÃ�¼~Ì
·«´#´
µ
¶�¿
í
´
´Nº�Ñ�¶�¿�Ä�Ã>Å�Ãtº�¶�È�¸�@�þSÃ�Å�Ä�¸
χ = 0

´
λ1 = λ2 = λ3 = 0, λ0 = 1. (9)

ýzÃ±Ñ>º�Ã�¿
Ã�·G¼�È!×	»!¸>¶8´�Í8×	¿!¸>Ñ�µ
¶�µ
´
Ò!* A-,¢´
·«¶�¶�·
λ0 = 0, (e,λ) = 0

@�ñ1Í8æ�Ã�¿
·L×+ÈN*�?�,¢µ!¸�Ï�Ã�Ä�´
·
χ = π, a ⊥ e. (10)

þL¸>½
´
·rÃ�Ê�¿!¸&Í�Ã�·©Ó�Ã�¼�Ã�Ê�À©·«´tº�Ã�»
½�¸>·«´�×	¿!¸&Ñ�µ
¶�µ
´
ÒO* ;�,�ÓP* ç-,LÌ
Ñ&È!Ì
Ë±º�¼ Ì]¾
Ã&È�Ã+Õk¶�µ
´�Ì�¿!¸>Ñ�µ
Ã�Ñ�¶�Æ
¼�´�ÌQ* ú-,�Ó&*�? D ,�@7R:Ã�¿
·L×�È�ÀS* ú-,zÃ�¾
¿
¶�Ä�¶�È!Ì
Ë±º�µ
´�Õ�µ
¶�¶�¾
Ã&È�Ã+Õh¶�µ
´
¶3¿!¸>Ñ�µ
Ã�Ñ�¶�¼�´�Ì¢Ó�¸kæ�Ã�¿
·L×�È�ÀS*�? D ,
) Ñ�¶�¿�Ï�µ
¶�¶>@ñ1Í�×	»
´
·JÈ�´
µ
¶�Ò
µ
À©¶Xµ
Ã�¿
·¹¸�È�É�µ
À©¶f½�Ã&È�¶�Ê�¸>µ
´�Ìðº�Ñ�¶�¿�Ä�Ã�Å�ÃÖº�¶�È�¸rÃ�½	Ã&È�Ãrµ
´�Õ�µ
¶�Å�ÃÖ¾
Ã&È�Ã�Õk¶�Æ
µ
´�ÌW¿!¸>Ñ�µ
Ã�Ñ�¶�¼�´�Ì¢@«ýJ½	¸+»
¶�¼�º�Ñ�¶NÃ�Ê�Ã�Ê ä ¶�µ
µ
ÀzÏW½�Ã�Ã�¿�Ä�´
µ!¸&ºØÑ�À©Ê�¶�¿
¶�· λ1, λ2, λ3

ÓL¸f¾!¸>¿!¸>·«¶�º�¿
λ0

;
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¿
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·W´�Í®¿!¸>Ñ�¶�µ
¼�º�Ñ�¸!* C ,�@	âzÃ�Ï�¿!¸>µ�Ì�Ì�Í+¸wÑ�Ã>Í�·L× ä ¶�µ
µ
À©·«´]Í�µ!¸+»
¶�µ
´�Ì
·«´]¾!¸>¿!¸>·«¶�º�¿
Ã�Ñwº�¶±Õh¶Ã�Ê>Ã>Í�µ!¸�»
¶�µ
´�Ì¢Ó	¾
Ã&È!×	»!¸>¶�·©Ó	»�º�Ã:¾
Ã>º�¶�µ
í
´!¸�È�É�µ!¸&ÌmÚ�µ
¶�¿
Å�´�ÌmÑ�Ã>Í�·L× ä ¶�µ
µ
Ã�Å�ÃiÄ�Ñ�´�Õk¶�µ
´�Ì]Ã�¾
¿
¶�Ä�¶�È!Ì	Æ¶�º�¼ ÌÖæ�Ã�¿
·L×�È�Ã�ÒE* é�,�Ó4¸#Ä
È!Ìê½
´
µ
¶�º�´
»!¶�¼�½	Ã�ÒÖÚ�µ
¶�¿
Å�´
´Ö¼t×	»
¶�º�Ã�·/æ�Ã�¿
·L×+ÈT* =-,3¼tº�Ã�»
µ
Ã�¼�º�É�Ë Ä�Ã
½
Ñ�¸+Ä�¿!¸&º�´
»
µ
ÀzÏa»	È�¶�µ
Ã�Ñtµ!¸�Ï�Ã+Ä�´
·

T = 2
(

A1λ̇1

2

+ A2λ̇2

2

+ A3λ̇3

2)

. (11)

î3Ã>¿
·8¸+È�É�µ
À©¶©½	Ã�Ã�¿�Ä�´
µ!¸&º�À�¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ>×�Ë±ºiÊ�¸&Í�´
¼�×
h0,h1,h2

Ó�Ñ3½�Ã>º�Ã�¿
Ã�·Ø½
Ñ�¸�Ä�¿!¸&º�´
»
µ
À©¶
æ�Ã>¿
·¹ÀU* é�,�ÓV*�?�?�,)´
·«¶�Ë±º�½	¸>µ
Ã�µ
´
»
¶�¼�½
´
ÒhÑ�´	ÄU@>û3¿
´
Ñ�¶�Ä�¶�µ
´
¶uÚ�º�´	Ïkæ�Ã�¿
·f½:½�¸>µ
Ã�µ
´
»
¶�¼�½�Ã�·L×:Ñ�´	Ä!×
Ñ�Àu¾
Ã&È�µ
´
·�Ñ#Ä�Ñ�¸NÚ�º&¸>¾!¸�@Sî�¸N¾
¶�¿
Ñ�Ã�·åÚ�º&¸>¾
¶]Ñ�Ñ�¶�Ä�¶�·å¾
¶�¿
¶�·«¶�µ
µ
À©¶

xi =
√

2Aiλi, i = 1, 2, 3
@

þ4Ã�Å Ä�¸kæ�Ã�¿
·«ÀW* é�,�Ó�*�?�?�,z¾
¿
´
·L×�º�Ñ�´	Ä
T = ẋ1

2 + ẋ2
2 + ẋ3

2, (12)

Π = Γ

[

x2

1

A1

+
x2

2

A2

+
x2

3

A3

−
(

x1e1√
A1

+
x2e2√

A2

+
x3e3√

A3

)]

. (13)
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¶f¼a¾
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¿
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Ã�Ñ�Ã�¿
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Ñ�¶�Ä�¶�· æ�Ã�¿
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¶�·«¶�µ
µ
À©¶ y1, y2, y3Ã�¾
¿
¶~Ä�¶�È!Ì
Ë±º]µ
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À©¶�½	Ã�Ã�¿�Ä�´
µ!¸&º�À3@�ýëµ
´	ÏNæ�Ã�¿
·«À.*�? C ,�Ó&*�?+=-,8¾
¿
´
µ
´
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T = ẏ1
2 + ẏ2

2 + ẏ3
2, (14)

Π = µ0y
2

1
+ µ1y

2

2
+ µ2y

2

3
, (15)¸:×	¿!¸>Ñ�µ
¶�µ
´�ÌmÄ�Ñ�´�Õk¶�µ
´�Ì

ÿi + µi−1yi = 0, i = 1, 2, 3 (16)Ã�¾
¿
¶~Ä�¶�È!Ì
Ë±º]µ
Ã�¿
·¹¸�È�É�µ
À©¶�½	Ã&È�¶�Ê�¸>µ
´�Ì¢@
ýz¶�È�´
»
´
µ
À

µi (i = 0, 1, 2)
Ì
Ñ&È!Ì
Ë±º�¼ ÌN½	Ã�¿
µ�Ì
·«´]Ï	¸>¿!¸>½�º�¶�¿
´
¼�º�´
»
¶�¼�½�Ã�Å�Ãt×	¿!¸>Ñ�µ
¶�µ
´�Ì

det(A − µE) = 0
ÓLÅ�Ä�¶

A
Æ�·¹¸&º�¿
´
í!¸X½
Ñ�¸�Ä�¿!¸&º�´
»
µ
Ã�Òòæ�Ã�¿
·«ÀX*�?+=-,�ÓL¸f¼�º�Ã&È�Ê�í
ÀÂ·¹¸&º�¿
´
í
À

PÌ
Ñ&È!Ì
Ë±º�¼ Ìë¼�Ã�Ê�¼�º�Ñ�¶�µ
µ
À©·«´ÎÑ�¶�½�º�Ã>¿!¸>·«´
h0,h1,h2

·¹¸&º�¿
´
í
À
A
Óz¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ>×�Ë ä ´
·«´Î½�Ã�¿
µ�Ì
·

µ0, µ1, µ2

@�7�È!Ì#·¹¸&º�¿
´
í
À
A
´
·«¶�¶�·�Ñ�À©¿!¸&Õk¶�µ
´
¶

A =





















Γ(e2

2
+ e2

3
)

A1

− Γe1e2√
A1A2

− Γe1e3√
A1A3

− Γe1e2√
A1A2

Γ(e2

3
+ e2

1
)

A2

− Γe2e3√
A2A3

− Γe1e3√
A1A3

− Γe2e3√
A2A3

Γ(e2

1
+ e2

2
)

A3




















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ýzÀ©»
´
¼~È!Ì
Ì�Ï�¸>¿!¸>½�º�¶�¿
´
¼�º�´
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´
¶aÄ
È!Ìð·¹¸&º�¿
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Óz¸
½�Ã�¿
µ
´
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Ë±º�×	¿!¸>Ñ�µ
¶�µ
´
Ë
A1A2A3µ
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2

1
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2
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2

2
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3
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2

3
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1
)]µ+

+Γ2(A1e
2

1
+ A2e

2

2
+ A3e

2

3
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´
¶Z*�?+A-,�Ó
¾
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µ
¶�Ò

µ1, µ2

µ1,2 =
Γ[A1A2(e

2

1
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2
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2

2
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3
) + A3A1(e
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3
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1
)] ± D

2A1A2A3

, (19)
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Å Ä�¶

D2 = Γ2[A2

1
A2

2
(e2

1
+ e2

2
)2 + A2

2
A2

3
(e2

2
+ e2

3
)2 + A2

3
A2

1
(e2

3
+ e2

1
)2 + 2A1A

2
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2

1
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3
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2
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2
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2

2
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1
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3
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2

1
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2
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1
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µ
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·¹¸�È�É�µ
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´
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´
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(A−µiE)hi = 0 (i = 1, 2, 3)
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´a¼�È!×	»!¸&ÌN¿!¸>¼�¾
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e1e2e3 6= 0
'

C @7[3¶�µ�º�¿a·¹¸>¼�¼1È�¶�Õ�´�ºtµ!¸kÅ È�¸>Ñ�µ
Ã>ÒNÃ�¼�´(� e1 = 1, e2 = e3 = 0 (123)
'

=�@7[3¶�µ�º�¿a·¹¸>¼�¼1È�¶�Õ�´�ºtÑhÅ�È�¸>Ñ�µ
Ã�ÒN¾	È�Ã�¼�½�Ã�¼�º�´(�
e1 = 0 (123)
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¿
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´
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A1 6= A2, µ1 6= µ2
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¾
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√
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√
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√

A3,

α−2

0
= A1e

2

1
+ A2e

2

2
+ A3e

2

3
, (20)

hi1 = αie1e3(1 − µiA2)
√

A1, hi2 = αie2e3(1 − µiA1)
√

A2,

hi3 = αi

[

A1e
2

1
(µiA2 − 1) + A2e

2

2
(µiA1 − 1)

]

/
√

A3, (21)

α−2

i = e2

1
e2

3
(1 − µiA2)

2A1 + e2

2
e2

3
(1 − µiA1)

2A2+

+
[

A1e
2

1
(µiA2 − 1) + A2e

2

2
(µiA1 − 1)

]2

/A3, i = 1, 2.
û3ÃGæ�Ã�¿
·L×+È�¸>·/¾
¶�¿
¶�Ï�Ã�Ä�¸

xi =
√

2Aiλi (i = 1, 2, 3)
Ã>ºf´
¼�Ï�Ã+Ä�µ
ÀzÏÖ¾
¶�¿
¶�·«¶�µ
µ
ÀzÏ

λi

½Ö¾
¶�¿
¶~Æ
·«¶�µ
µ
À©·

xi

¾
Ã&È!×	»!¸>¶�·©ÓL»�º�ÃXÑ�¶�½�º�Ã�¿
e
´
·«¶�¶�ºØÑf¼�´
¼�º�¶�·«¶

Ox1x2x3

¾
¿
Ã�¶�½
í
´
´
ex1 =

√
2A1e1,

ex2 =
√

2A2e2, ex3 =
√

2A3e3

@Uî�¸]Ã�¼�µ
Ã�Ñ�¸>µ
´
´Øæ�Ã�¿
·L×�ÈE* C>D ,®Ú�º�ÃNÃ>Í�µ!¸+»!¸>¶�º�Ó)»�º�ÃNÑ�¶�½�º�Ã�¿ h0½	Ã&È
È�´
µ
¶�¸>¿
¶�µðÑ�¶�½�º�Ã�¿�×
e
´�ÑØµ
¶�¾
Ã�Ä�Ñ�´�Õ�µ
Ã�·<¾
¿
Ã�¼�º�¿!¸>µ
¼�º�Ñ�¶Gµ!¸>¾
¿!¸>Ñ&È�¶�µ�Ñ�¶�¿�º�´
½	¸�È�É�µ
ÃrÑ�µ
´�Í�@

ý-¼�´	È!×X×	¿!¸>Ñ�µ
¶�µ
´
ÒE*�?+ç-,®Ä
È!Ì
µ0 = 0

´
·«¶�¶�·
ẏ0 = C0 = const

ÓU»�º�ÃG¾
Ãaæ�Ã�¿
·L×+È�¸>·S* =-,®Ä�¸>¶�º
ω = const

@4þS¸>½
´
·åÃ�Ê�¿!¸&Í�Ã�·©ÓUµ
Ã�¿
·¹¸�È�É�µ
Ã�¶t½�Ã&È�¶�Ê�¸>µ
´
¶>Ó4¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ>×	Ë ä ¶�¶ µ0 = 0
Ó)Ì
Ñ&È!Ì
¶�º�¼ Ì

¿!¸>Ñ�µ
Ã�·«¶�¿
µ
À©·�Ñ�¿!¸ ä ¶�µ
´
¶�·ðÑ�Ã�½
¿�×	Å�Ñ�¶�¿�º�´
½	¸�È�´¢@�î�¸:Ã�¼�µ
Ã�Ñ�¸>µ
´
´m×	¿!¸>Ñ�µ
¶�µ
´
ÒM*�?+ç-,8µ
Ã�¿
·¹¸�È�É�µ
À©¶½	Ã&È�¶�Ê�¸>µ
´�Ì¢Ó+¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ>×	Ë ä ´
¶8Í�µ!¸�»
¶�µ
´�Ì!· µ1, µ2

Ó+¾
¿
Ã�´
¼�Ï�Ã+Ä!Ì�º®Ñ±µ
¶�¾
Ã+Ä�Ñ�´�Õ�µ
Ã>·a¾
¿
Ã�¼�º�¿!¸>µ
¼�º�Ñ�¶
Ñ�Ã�½
¿�×	ÅwÑ�¶�½�º�Ã�¿
Ã�Ñ

h1,h2

@�âzæ�Ã�¿
·L×+È�´
¿�×�¶�·ë¾
Ã&È!×	»
¶�µ
µ
À©Òa¿
¶�Í�×+È�É+º>¸&º]Ñhæ�Ã�¿
·«¶3×�º�Ñ�¶�¿�ÕhÄ�¶�µ
´�Ì¢@
\^]`_�a#b-ced&a#fhghaOi-j û1×�¼�º�É

e1e2e3 6= 0, A1 6= A2, µ1 6= µ2

@
þSÃ�Å�Ä�¸wÈ�´
µ
¶�Ò
µ
À©·«´aµ
Ã�¿
·¹¸�È�É&Æ
µ
À©·«´f½	Ã&È�¶�Ê�¸>µ
´�Ì
·¹´aº�Ñ�¶�¿�Ä�Ã�Å�Ã]º�¶�È�¸]Ã�½	Ã&È�Ã�µ
´�Õ�µ
¶�Å�Ãm¾
Ã�È�Ã�Õk¶�µ
´�ÌG¿!¸>Ñ�µ
Ã�Ñ�¶�¼�´�ÌGÑ]¾!¸>¿!¸>·«¶�º�¿!¸�Ï
ÁSÃ�Ä�¿
´
Å�¸�Æ�Ç�¸>·«´	È�É+º�Ã�µ!¸®Ì
Ñ&È!Ì
Ë±º�¼ Ìk¿!¸>Ñ�µ
Ã�·«¶�¿
µ
Ã�¶zÑ�¿!¸ ä ¶�µ
´
¶uÑ�Ã�½
¿�×	ÅuÑ�¶�½�º�Ã�¿!¸:Ó�¿!¸>¼�¾
Ã&È�Ã�Õk¶�µ
µ
Ã�Å�ÃÑGµ
¶�¾
Ã�Ä�Ñ�´�Õ�µ
Ã�·�¾
¿
Ã�¼�º�¿!¸>µ
¼�º�Ñ�¶mÑ�¶�¿�º�´
½�¸�È�É�µ
ÃfÑ�µ
´�Í�Ó4´r½	Ã&È�¶�Ê�¸>µ
´�ÌrÑ�Ã�½
¿�×	ÅhÄ�Ñ>×�ÏrÃ�¼�¶�Ò¢ÓS¾
Ã&È�Ã&Æ
Õh¶�µ
´
¶±½�Ã>º�Ã�¿
ÀzÏ]Ñ�º�¶�È�¶1´�Ñwµ
¶�¾
Ã+Ä�Ñ�´�Õ�µ
Ã�·ê¾
¿
Ã�¼�º�¿!¸>µ
¼�º�Ñ�¶>Ó�Ñw¼�´
¼�º�¶�·«¶

Ox1x2x3

Ó�Ã�¾
¿
¶�Ä�¶�È!Ì
¶�º�¼ Ì
æ�Ã�¿
·L×+È�¸>·«´Q* C ?�,�@7�È!Ì:¼�È!×	»!¸&Ì:¾
¿
Ã�´�Í�Ñ�Ã&È�É�µ
Ã�Å�Ã1¾
Ã&È�Ã+Õk¶�µ
´�Ìií
¶�µ�º�¿!¸1·¹¸>¼�¼

(e1e2e3 6= 0)
´�Í�Ñ�¶�¼�º�µ
Ã
Ó�»�º�Ã1¿!¸>Ñ�µ
Ã&Æ

·«¶�¿
µ
Ã�¶®Ñ�¿!¸ ä ¶�µ
´
¶®Ñ�Ã�½
¿�×	Å±Ã�¼�´�µ
¶�¼�× ä ¶�Òmí
¶�µ�º�¿]·¹¸>¼�¼>Ó�Ñ�Ã>Í�·«Ã+Õ�µ
Ã1È�´�Ü:É:¼5µ�×+È�¶�Ñ�Ã�Ò�¼�½	Ã�¿
Ã�¼�º�É�Ëi@û3¿
´ÖÚ�º�Ã�·ÛÃ+Ä�µ!¸a´�Í#Ñ�¶�º�Ñ�¶�Ò
S0

½
¿
´
Ñ�Ã�ÒLkÛº>¸�×�Ä�¶êÞß?�?�ÓI? C�à ÓSÃ�¾
¿
¶�Ä�¶�È!Ì
Ë ä ¶�Òò¾
Ã&È�Ã+Õh¶�µ
´
¶]Ñ�¶�½�º�Ã&Æ¿!¸:×	Å�È�Ã�Ñ�Ã�Ò#¼�½�Ã�¿
Ã�¼�º�´N¿!¸>Ñ�µ
Ã�·«¶�¿
µ
Ã�Å�ÃkÑ�¿!¸ ä ¶�µ
´�Ì#Ñ:º�¶�È�¶>Ó!¾
¿
Ã�Ï�Ã�Ä�´�ºt»
¶�¿
¶�Í�µ!¸+»!¸�È�Ãh½�Ã�Ã�¿�Ä�´
µ!¸&º�@á®º�¼�ËuÄ�¸±Í+¸>½	È�Ë®»!¸>¶�·©Ó>»�º�Ã1¾
¿�Ì
·¹¸&Ìi¿!¸>Ñ�µ
Ã�·«¶�¿
µ
ÀzÏ:Ñ�¿!¸ ä ¶�µ
´
Ò¢Ó&Ã�¾
¿
¶�Ä�¶�È!Ì
¶�·¹¸&Ì:Ñ�¶�½�º�Ã�¿
Ã�·
e
Ñ5È�´	Æ

µ
¶�Ò
µ
Ã�·ë¼�È!×	»!¸>¶>Ó�Ä�¶�æ�Ã�¿
·«´
¿�×�¶�º�¼ ÌXÑ�µ
¶�È�´
µ
¶�Ò
µ
Ã�·Ô¼~È!×	»!¸>¶N* Ä
È!ÌG¾
Ã&È�µ
ÀzÏN×	¿!¸>Ñ�µ
¶�µ
´
ÒK* ;�,�Ól* ç-,m,uÑ
é



ÿ�� ���������
	���
�������� ÿ�����	����������
½
¿
´
Ñ>×	ËnkÛº&¸�×+Ä�¶

S0

@$o1º�Ã®¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ>×�¶�º®Ä�Ñ>×	·fÃ�¼�º&¸>Ñ>Ü:´
·«¼ ÌiÈ�´
µ
¶�Ò
µ
À©·Xµ
Ã�¿
·¹¸�È�É�µ
À©·G½	Ã&È�¶�Ê�¸�Æ
µ
´�Ì
·NÑ±µ
¶�È�´
µ
¶�Ò
µ
Ã�·G¼�È!×	»!¸>¶8µ
¶�´�Í�Ñ�¶�¼�º�µ
Ã
Ó&¾
Ã�¼�½�Ã&È�É�½�×3Ñ±¿!¸>¼�¼�·¹¸&º�¿
´
Ñ�¸>¶�·«Ã�·G¼~È!×	»!¸>¶

(e1e2e3 6= 0)Ä�¿�×	Å�´	Ï�¿
¶�Ü:¶�µ
´
Ò]×	¿!¸>Ñ�µ
¶�µ
´
Òp* ;�,�ÓP* ç-,�Ó�½
¿
Ã�·«¶±¿!¸>Ñ�µ
Ã�·«¶�¿
µ
ÀzÏ�Ñ�¿!¸ ä ¶�µ
´
Ò]¾
Ã�½	¸wµ
¶±Ã�Ê�µ!¸>¿�×�Õk¶�µ
Ã
@
q F&rNR�Y4÷V Ls3P!ô�ô�Y4P/"�QSP
O�Y4M7IðM�ô�Z8F�âz´�º>×�¸>í
´�Ì#¼�× ä ¶�¼�º�Ñ�¶�µ!µ
Ãk×	¾
¿
Ã ä ¸>¶�º�¼ Ì¢Ó
½	Ã�Å�Ä�¸:í
¶�µ�º�¿·¹¸>¼�¼#º�¶�È�¸rµ!¸�Ï�Ã�Ä�´�º�¼ Ìëµ!¸ØÅ È�¸>Ñ�µ
Ã�Ò�Ã�¼�´¢Ó8¾�×�¼�º�É

e1 = 1, e2 = e3 = 0
@¹þSÃ�Å�Ä�¸ØÅ È�¸&Ñ�µ
À©¶GÃ�¼�´

´
µ
¶�¿
í
´
´ëÌ
Ñ&È!Ì
Ë±º�¼ ÌÔÅ È�¸>Ñ�µ
À©·«´ÔÃ�¼ Ì
·«´Ô½
Ñ�¸�Ä�¿!¸&º�´
»
µ
À8ÏÐæ�Ã�¿
·t* é�,�Ó�*�?�?�,t´¢Óz¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ�¶�µ
µ
Ã
Ó
Ã�¼ Ì
·«´]µ
Ã�¿
·¹¸�È�É�µ
ÀzÏ�½	Ã&È�¶�Ê�¸>µ
´
Ò¢@�ýzÃ�½
¿�×	Å1Ã�¼�´¢Ó	µ
¶�¼�× ä ¶�Ò#í
¶�µ�º�¿m·¹¸>¼�¼>Ó	º�¶�È�Ã:¼�Ã�Ñ�¶�¿�Ük¸>¶�ºhÑ�¿!¸ ä ¶�Æµ
´
¶>Ó�¸tÑ�Ã�½
¿�×	Å�Ä�Ñ>×�ÏNÄ�¿�×	Å�´	ÏGÃ�¼�¶�ÒNÆu½	Ã&È�¶�Ê�¸>µ
´�Ì¢@ ü º�´NÄ�Ñ�´�Õh¶�µ
´�ÌaÃ�¾
´
¼�À©Ñ�¸>Ë±º�¼ ÌX¼�È�¶�Ä!×	Ë ä ´
·«´¿
¶�Ü:¶�µ
´�Ì!·«´#È�´
µ
¶�¸>¿
´�Í�Ã�Ñ�¸>µ
µ
Ã�ÒN¼�´
¼�º�¶�·«À

µ0 = 0 : ω2 = ω3 = 0, ω1 = ω10 = u-v�wPx�y ,
λ2 = λ3 = 0, λ1 = ω10t + λ10;

µ1 =
1

A2

: ω1 = ω3 = 0, ω2 = − 1√
A2

sin(
t√
A2

+ ϕ20),

λ1 = λ3 = 0, λ2 = cos(
t√
A2

+ ϕ20);

µ2 =
1

A3

: ω1 = ω2 = 0, ω3 = − 1√
A3

sin(
t√
A3

+ ϕ30),

λ1 = λ2 = 0, λ3 = cos(
t√
A3

+ ϕ30).

(22)
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·©ÓS»�º�ÃG¿
¶�Ü:¶�µ
´�ÌU* C�C ,3¾
Ã�¿
Ã+ÕhÄ�¸>Ë±ºa¿
¶�Ü:¶�µ
´�ÌÖµ
¶�È�´
µ
¶�Ò
µ
Ã�ÒÖ¼�´
¼�º�¶�·«À�ÓS½	Ã>º�Ã�¿
À©·�¼�Ã�Ã>º&ÆÑ�¶�º�¼�º�Ñ>×	Ë±ºf¿!¸&Ñ�µ
Ã�·«¶�¿
µ
À©¶tÑ�¿!¸ ä ¶�µ
´�Ìê´fÄ�Ñ�´�Õk¶�µ
´�ÌØæ�´�Í�´
»
¶�¼�½�Ã�Å�ÃG·¹¸&Ì�º�µ
´
½	¸�@ ü º�´XÄ�Ñ�´�Õk¶�µ
´�ÌÃ�¾
¿
¶~Ä�¶�È!Ì
Ë±º]µ
¶�È�´
µ
¶�Ò
µ
À©¶iµ
Ã�¿
·¹¸�È�É�µ
À©¶�½	Ã&È�¶�Ê�¸>µ
´�Ì¢@
âzæ3Ã�¿
·L×+È�´
¿�×�¶�·ð¾
Ã&È!×	»
¶�µ
µ
À©ÒG¿
¶�Í�×�È�É+º>¸&º]Ñh¼�È�¶�Ä!×	Ë ä ¶�Òaæ�Ã�¿
·«¶>@
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¶�µ�º�¿G·¹¸>¼�¼�º�¶�È�¸tµ!¸�Ï�Ã�Ä�´�º�¼ ÌGµ!¸hÅ È�¸>Ñ�µ
Ã�ÒNÃ�¼�´a´
µ
¶�¿
í
´
´¢@�þ4Ã�Å Ä�¸Å�È�¸>Ñ�µ
À©¶�Ã�¼�´mÌ
Ñ&È!Ì
Ë±º�¼ ÌNÃ�¼ Ì
·«´]È�´
µ
¶�Ò
µ
ÀzÏN´#µ
¶�È�´
µ
¶�Ò
µ
ÀzÏNµ
Ã�¿
·¹¸�È�É�µ
ÀzÏ#½�Ã&È�¶�Ê�¸>µ
´
Ò#º�Ñ�¶�¿�Ä�Ã�Å�Ã

º�¶�È�¸GÃ�½�Ã&È�Ãfµ
´�Õ�µ
¶�Å�ÃG¾
Ã&È�Ã�Õk¶�µ
´�Ìr¿!¸>Ñ�µ
Ã�Ñ�¶�¼�´�ÌÖÑG¾!¸>¿!¸>·«¶�º�¿!¸�ÏWÁSÃ�Ä�¿
´
Å�¸�Æ�Ç�¸>·«´	È�É+º�Ã�µ!¸�@«93Ã&È�¶�Æ
Ê�¸&µ
´�Ì!·ëÃ>º�µ
Ã�¼�´�º�¶�È�É�µ
ÃNÃ�¼�´¢Ó�µ
¶�¼�× ä ¶�Òêí
¶�µ�º�¿X·¹¸>¼�¼>Ó¢¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ>×	Ë±ºa¿!¸>Ñ�µ
Ã�·«¶�¿
µ
À©¶kÑ�¿!¸ ä ¶�µ
´�Ìº�¶�È�¸kÑ>Ã�½
¿�×	Å3Ñ�¶�¿�º�´
½	¸�È�´¢Ó�¸:½�Ã&È�¶�Ê�¸>µ
´�Ì
·WÃ>º�µ
Ã�¼�´�º�¶�È�É�µ
Ã:Ä�Ñ>×�Ï�Ä�¿�×	Å�´	Ï#Å�È�¸>Ñ�µ
ÀzÏmÃ�¼�¶�Ò#´
µ
¶�¿
í
´
´
¼�Ã>Ã>º�Ñ�¶�º�¼�º�Ñ>×	Ë®ºtÄ�Ñ�´�Õk¶�µ
´�ÌNæ3´�Í�´
»
¶�¼�½	Ã�Å�Ã�·¹¸&Ì�º�µ
´
½	¸�@

{P|(} a#~ | fhgha7jB� Ã>º+Ì�¿
¶�Ü:¶�µ
´�Ì�* C�C ,LÃ�¾
´
¼�À©Ñ�¸>Ë5º:µ
Ã�¿
·¹¸�È�É�µ
À©¶±½�Ã&È�¶�Ê�¸>µ
´�Ì¢Ó�Ã+Ä�µ!¸>½�Ãw½�Ã�Ã�¿�Ä�´	Æµ!¸&º�À
λ1, λ2, λ3

µ
¶©Ì
Ñ&È!Ì
Ë±º�¼~Ìtµ
Ã�¿
·¹¸�È�É�µ
À©·«´t½�Ã�Ã�¿�Ä�´
µ!¸&º&¸>·«´�µ
¶�È�´
µ
¶�Ò
µ
Ã�Ò]¼�´
¼�º�¶�·«Àë´kÄ
È!Ìhµ
´	Ï
¾
¿
´
µ
í
´
¾N¼�×	¾
¶�¿
¾
Ã>Í�´
í!´
´aµ
¶�´
·«¶�¶�º]·«¶�¼�º&¸�@

� F�rNR�Y4÷V Ss3P!ô�ôðO+"�QSP
O�YSM7I��UQSM�ô�\¢M�ô�÷
Z8F5û1×�¼�º�Érí
¶�µ�º�¿ð·¹¸>¼�¼Nµ!¸�Ï�Ã�Ä�´�º�¼ ÌðÑêÅ�È�¸>Ñ�µ
Ã�Ò
¾	È�Ã�¼�½	Ã�¼�º�´

e3 = 0
@	þSÃ�Å Ä�¸wÑ�À©¿!¸&Õk¶�µ
´�ÌtÄ
È!Ìm»!¸>¼�º�Ã>ºk´mÊ�¸&Í�´
¼�µ
ÀzÏmÑ�¶�½�º�Ã�¿
Ã�Ñkµ
Ã�¿
·¹¸�È�É�µ
ÀzÏ]½�Ã&È�¶�Æ

Ê�¸&µ
´
Ò#×	¾
¿
Ã ä ¸>Ë±º�¼~Ì
µ0 = 0 : h01 = α0e1

√

A1, h02 = α0e2

√
A2, h03 = 0,

α−2

0
= A1e

2

1
+ A2e

2

2
;

µ1 = 1/A3 : h11 = 0, h12 = 0, h13 = 1;

µ2 =
A1e

2

1
+ A2e

2

2

A1A2

: h21 = −α0e2

√

A2, h22 = α0e1

√
A1, h23 = 0.

û3Ã>Ñ>º�Ã�¿�Ì�Ìr¾
¿
´
Ñ�¶�Ä�¶�µ
µ
À©¶#Ñ�ÀuÜ:¶]¿!¸>¼�¼�×�ÕhÄ�¶�µ
´�ÌW¾¢@ ¾¢@ =�Ó ã
Ó4µ!¸�Ï�Ã�Ä�´
·©ÓS»�º�Ã
ÓS½�¸>½r´Ö¿!¸>µ
¶�¶>ÓSÑ�¶�½�º�Ã�¿
h0

¼�Ã�Ñ�¾!¸+Ä�¸>¶�ºa¼tÑ�¶�½�º�Ã�¿
Ã�·
e
Ó)Ñ�¶�½�º�Ã�¿

h1

µ!¸>¾
¿!¸>Ñ&È�¶�µØ¾
Ã#º�¿
¶�º�É�¶�ÒÖÅ�È�¸>Ñ�µ
Ã�ÒØÃ�¼�´¢ÓU¸#Ñ�¶�½�º�Ã�¿
h2

A



0 ����
�1���23
&���54�67	���89��23
&�:����
5;�	�����<>=5��
?4A@B��C��D=�
��$	

´
·«¶�¶�º]Ñh¼�´
¼�º�¶�·«¶
Ox1x2x3

½�Ã�Ã�¿�Ä�´
µ!¸&º�À
h2x1 = −β0e2A2, h2x2 = β0e1A1, h2x3 = 0,

β−2

0
= A2

1
e2

1
+ A2

2
e2

2
.

\^]`_�a#b-ced&a#fhghaL�`j 7�È!Ìrº�Ñ�¶�¿�Ä�Ã�Å�ÃXº�¶�È�¸�Ó«í
¶�µ�º�¿ò·¹¸>¼�¼m½�Ã>º�Ã�¿
Ã�Å�ÃX¿!¸>¼�¾
Ã&È�Ã+Õh¶�µÖÑXÅ�È�¸>Ñ�µ
Ã�Ò¾	È�Ã�¼�½	Ã�¼�º�´¢Ó¢È�´
µ
¶�Ò
µ
À©¶tµ
Ã�¿
·¹¸�È�É�µ
À©¶t½�Ã&È�¶�Ê�¸>µ
´�ÌØ¾
¿
¶�Ä�¼�º&¸>Ñ&È!Ì
Ë±ºG¼�Ã�Ê�Ã�ÒX¿!¸>Ñ�µ
Ã�·«¶�¿
µ
Ã�¶hÑ�¿!¸ ä ¶�Æµ
´
¶3Ñ>Ã�½
¿�×	Å3Ñ�¶�½�º�Ã>¿!¸
e
Ó	¿!¸>¼�¾
Ã&È�Ã+Õh¶�µ
µ
Ã�Å�Ã:Ñ�¶�¿�º�´
½	¸�È�É�µ
ÃhÑ�µ
´�Í3Ñ:µ
¶�¾
Ã�Ä�Ñ�´�Õ�µ
Ã�·Ö¾
¿
Ã�¼�º�¿!¸>µ
¼�º�Ñ�¶>Ó

´�Ä�Ñ�¸:½�Ã&È�¶�Ê�¸>µ
´�ÌmÑ�Ã�½
¿�×	Å3Ã�¼�¶�Ò#¼1¶�Ä�´
µ
´
»
µ
À©·«´NÑ�¶�½�º�Ã�¿!¸>·«´
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Ó
h2

Ó�Ã�Ä�µ!¸:´�Í3½�Ã>º�Ã�¿
ÀzÏmÌ
Ñ&È!Ì
¶�º&Æ
¼~Ì�Å�È�¸>Ñ�µ
Ã�Ò]Ã�¼�É�ËÐÚ�È
È�´
¾
¼�Ã�´	Ä�¸:´
µ
¶�¿
í
´
´¢Ó�Ã�¿�º�Ã�Å�Ã�µ!¸�È�É�µ
Ã�Ò]Ñ�¶�½�º�Ã�¿�×

e
@	î3Ã�¿
·¹¸�È�É�µ
Ã�¶±½�Ã&È�¶�Ê�¸>µ
´
¶

Ñ�Ã�½
¿�×	Å:Å È�¸>Ñ�µ
Ã�ÒGÃ�¼�´f¼�Ã�Ã>º�Ñ�¶�º�¼�º�Ñ>×�¶�ºN¿
¶�Ü:¶�µ
´
Ë æ�´�Í�´
»
¶�¼�½	Ã�Å�Ã#·¹¸&Ì�º�µ
´
½	¸�×	¿!¸>Ñ�µ
¶�µ
´
Ò ü Ò	È�¶�¿!¸�Æ
û1×�¸>¼�¼�Ã�µ!¸h´¢Ó
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