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Å�À>Æ¾!À>¿�Ä3Ç�ßÆÃ�¼�Ã�É!×Ã�Ä�Ë�×:Ä�Ã�Á³ä�Ð�Ä�Ç1î3Ô	¿Âï¾¾
q2(p), r2(p) ý É�¾¿Ã�Ó¿Ñ³Ã³î3Ô	¿Âï¾¾ p þ ν1(p) ý ÂÅ�À�¼ÕÆ!À&Ä�¾Ð¿!À&×Pî3Ô	¿Âï¾�×

p
ä
ν2 = qψ(p)

ä
ν3 = rκ(p)
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Bω×ν
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Aω̇ = (Aω + λ) × ω +Bω × ν + ν × (Cν − s), ν̇ = ν × ω.
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ν · ν = 1, (Aω + λ) · ν = k,
� C �

Ù	?



��� ��� ���! #"

Èª¼�Ã
k ý ßÆÇ�¾�Ê�Å�Ç&É�Î�¿!À&×æßÇ�Ë�Ä�Ç+×¿¿!À&×�@%$1Ê�Á¦Ã�¿Ã�¿¾ÃJßÇ&É�¿Ç�Óèð�¿Ã�ÆÈ�¾¾çÈ�¾ÆÇ�Ë�Ä&À&Ä>ÀZÇ�ßÆÃ�¼�Ã�É!×Ã�Ä�Ëz×Ë�Ç>Ç>Ä�¿Ç>Ï:Ã�¿¾Ã�Á

[

1

2
(Aω · ω) − (s · ν) +

1

2
(ν · ν)

]

•

= (Bω × ν) · ω. ��=��
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s = (s, 0, 0)
ä

λ = (λ, 0, 0)
ä

ω = (p, q, r)
ä

ν = (ν1, ν2, ν3)
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q2 = Q(p) =
n

∑

k=0

bkp
k, r2 = R(p) =

m
∑

i=0

cip
i, ν1 = ϕ(p) =

l
∑

j=0

ajp
j,

� ö��

ν2 = qψ(p), ν3 = rκ(p), ψ(p) =

n1
∑

i=0

gip
i, κ(p) =

m1
∑

k=0

fkp
k,
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ṗ = Φ(p)
√

Q(p)R(p), Φ(p) = (ψ(p) − κ(p))(ϕ′(p))−1,
�¶;/�

Φ(p)(Q(p)ψ2(p))′ = 2ψ(p)(pκ(p) − ϕ(p)), Φ(p)(R(p)κ2(p))′ = 2κ(p)(ϕ(p) − pψ(p)),
��Ù��

A1Φ(p) = (C3 − C2)ψ(p)κ(p) +B2κ(p) −B3ψ(p) + A2 − A3,

A2Φ(p)Q′(p) = 2[(C1 − C3)κ(p)ϕ(p) − κ(p)(B1p+ s) +B3ϕ(p) − λ+ (A3 − A1)p],

A3Φ(p)R′(p) = 2[(C2 − C1)ϕ(p)ψ(p) + ψ(p)(B1p+ s) −B2ϕ(p) + λ+ (A1 − A2)p];
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ϕ2(p)−1+Q(p)ψ2(p)+R(p)κ2(p) = 0, (A1p+λ)ϕ(p)+A2Q(p)ψ(p)+A3R(p)κ(p) = k;
��A��

[Q(p)(A2 + C2ψ
2(p)) +R(p)(A3 + C3κ

2(p)) + C1ϕ
2(p) + A1p

2 − 2sϕ(p)]′ = �0���

= 2[(B1 −B3)pψ(p) + (B2 −B1)pκ(p) + (B3 −B2)ϕ(p)]
√

Q(p)R(p).
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1. l ≥ 2, B = 0, C = 0; 2. l = 2, n = m = 2, n1 = m1 = 1, g1 6= f1;

3. l = 2, n = m = 1, n1 = m1 = 2, g2 6= f2.
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 W F¸» Æ!À>Ì�Ç>Ä�ÃâØ ;�Ú¸ßÆ¾ñÆ!À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾¾õßÃ�ÆÅ�Ç�È�ÇâË�É!Ô	Ð!À&×ñ¾�Ê&��? D �bËª¼�Ã�É�À>¿!ÀUË�Ë�Ñ~É�Â	Àâ¿!ÀGÆ!À>Ì�Ç>Ä>ÔéP@ »¨@ih3À>Æ	É�À>Á¦Ç�Å�ÀñØã? C ÚÛ@Nà3Çä¦ßÇ�Ë�Â�Ç&É�Î�Â�ÔñÅkÆ!À>Ì�Ç>Ä�ÃæØã? C Ú5¾Ë�Ë�É�Ã�¼�Ç�Å�À&¿Ñ Ä�Ç&É�Î�Â	ÇkÂÅ�À�¼�Æ!À&Ä�¾Ð¿Ñ³Ã
¾¿Å�À>Æ¾!À>¿�Ä�¿Ñ³ÃgË�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾�×�ä4Ä�ÇGÃ�Ë�Ä�ÎUË�É!Ô	Ð!À>Ó

n = 2
ä¹Ä�ÇGßÆÃ�¼�Ë�Ä>À>Å&É!×Ã�Äâ¾¿�Ä�Ã�ÆÃ�Ëg¾�Ê�Ô	ÐÃ�¿¾Ã

ßÃ�ÆÅ�Ç�È�Ç\Ë�É!Ô	Ð!À&×ZÅWÇ�Ì>ì:Ã�Á�Å�¾	¼�Ã>@
üwÀ>ÂZÂ	À>ÂhÉ�Ã�Å�Ñ³Ãs¾GßÆ!À>Å�Ñ³ÃsÐ!À>Ë�Ä�¾ZÔ	Æ!À>Å�¿Ã�¿¾Ój��Ù���ä%�Ûí��¸×Å&É!×ÞÝÄ�Ëz×GÁ¦¿Ç�È�Ç�Ð	É�Ã�¿!À>Á¦¾UÇ>Ä�¿Ç�Ë�¾	Õ

Ä�Ã�É�Î�¿ÇGÅ�Ë�ßÇ�Á¦Ç�È�À�Ä�Ã�É�Î�¿Ç�ÓçßÃ�ÆÃ�Á¦Ã�¿¿Ç�Ó
p
ä)Ä�ÇZÅZÆ!À>Ì�Ç>Ä�ÃÍ¾Ë�ßÇ&É�Î&Ê�Ô�Ã�Ä�Ë�×ñÀ�É�È�Ç�Æ¾�Ä�Á�¾Ë�Ë�É�Ã�¼�Ç�Å�À�Õ

¿¾�×�ä)Â	Ç>Ä�Ç�ÆÑ³ÓæÇ�Ë�¿Ç�Å�À>¿â¿!À#ßÃ�ÆÃ�Ì�Ç�ÆÃ\Å�Ë�Ã�Å�Ç>Ê�Á¦Ç+ÖÍ¿Ñ~ÒâÅ�À>Æ¾!À>¿�Ä�Ç�ÅhË�Ä�Ã�ßÃ�¿Ã�ÓèßÇ&É�¾¿Ç�Á¦Ç�Å
ψ(p)¾

κ(p)
¾#Ç�ïÃ�¿Â	Ã²ÁNÀ>Â�Ë�¾ÁNÀ�É�Î�¿Ñ~Ò#Ê�¿!À+ÐÃ�¿¾ÓZË�Ä�Ã�ßÃ�¿!Ã�Ó#¼É!×hÁ¦¿Ç�È�Ç�Ð	É�Ã�¿Ç�Å

Q(p)
¾
R(p)

@
ò8Ô+¼�Ã�Á÷Ë�Ð¾�Ä&À&Ä�Îä³Ð�Ä�ÇñÅçÆ!À>Å�Ã�¿Ë�Ä�Å�À�Òa� ö��\Å�Ñ³ßÇ&É�¿Ã�¿Ñ Ô�Ë�É�Ç�Å�¾�×

n1 = m1 = 0
ä8Ä�ÇñÃ�Ë�Ä�Î

ν2 = g0q
ä
ν3 = f0r

@�å¨¿!À�É�¾�Ê:Ë�¾Ë�Ä�Ã�Á¦Ñk�Ûí��³ÅÍßÆÃ�¼�ßÇ&É�Ç+ÖPÃ�¿¾¾�ä�Ð�Ä�ÇJË�ÆÃ�¼�¾UÈªÉ�À>Å�¿Ñ~ÒZÁ¦Ç�Á¦Ã�¿�Ä�Ç�Å
¾¿Ã�Æï¾¾g¿Ã�Ä:Æ!À>Å�¿Ñ~Ò\ßÆ¾Å�Ç�¼�¾�Ä:Â\Ô�Ë�É�Ç�Å�¾�×Á

n = m = 2
ä
l = 1

@ � Ä�Ç>ÄPË�É!Ô	Ð!À>ÓJ¾�Ê�Ô	ÐÃ�¿JÅsÆ!À>Ì�Ç&Õ
Ä�ÃÍØã? C ÚÛ@!é3Ç�Ë�Â	Ç&É�Î�Â�ÔgÆ!À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾!Ã²Ô	Â�À&Ê+À>¿¿Ç�È�Ç\Ë�É!Ô	Ð!À&×hßÆÇ�Å�Ç+¼�¾	É�Ç>Ë�Î\ßÆ¾#Ô�Ë�É�Ç�Å�¾¾ A3 6= A2

ä
Ä�ÇÍßÆ¾Z¿!À�É�¾Ð¾¾GÇ>È�Æ!À>¿¾ÐÃ�¿¾�×

A3 = A1

Å>Ä�Ç�ÆÇ�Ã²Ô	Æ!À>Å�¿Ã�¿¾ÃsË�¾Ë�Ä�Ã�Á¦Ñl�Ûí��¸ßÆ¾Å�Ç+¼�¾�ÄÍÂ
n = 1

@
ÜNÉ�Ã�¼�Ç�Å�À&Ä�Ã�É�Î�¿ÇäNÃ�Ë�É�¾�î3Ô	¿Âï¾¾

ψ(p)
¾

κ(p)
×Å&É!×ÞÝÄ�Ëz×�ßÇ�Ë�Ä�Ç+×¿¿Ñ³Á¦¾�ä¦Ä�ÇkÁNÀ>Â�Ë�¾ÁNÀ�É�Î�¿Ñ³Ã

Ë�Ä�Ã�ßÃ�¿!¾ZßÇ&É�¾¿Ç�Á¦Ç�Å
Q(p)

¾
R(p)

¿Ã²ßÆÃ�Å�Ç�ËªÒ�Ç+¼!×�ÄW¼�Å>Ô�Ò�@
mwÀ>Ë�Ë�Á¦Ç>Ä�Æ¾ÁèÅ�À>Æ¾!À>¿�Ä

n1 > 0
ä
m1 = 0

@�n1ïÃ�¿¾Å�À&×\ÁNÀ>Â�Ë�¾ÁNÀ�É�Î�¿Ñ³ÃÝË�Ä�Ã�ßÃ�¿!¾JÁ¦¿Ç�È�Ç�Ð	É�Ã�¿Ç�Å
¾�Ê,� ö��sË#ßÇ�Á¦Ç>ì:Î�Þ ßÃ�ÆÅ�Ç�È�ÇâÔ	Æ!À>Å�¿Ã�¿¾�×�Ë�¾Ë�Ä�Ã�Á¦Ño�Ûí���ä¦ßÇ&É!Ô	Ð¾Á<Ë�É�Ã�¼!Ô	ÞÝìPÃ�ÃhÊ�¿!À+ÐÃ�¿¾Ã#¼É!×
l
'
l = n1+1

@>»æË�¾	É!Ôsð�Ä�Ç�È�Ç3Ç�È�Æ!À>¿¾ÐÃ�¿¾�×P¾�Ê¸ßÃ�ÆÅ�Ç�È�Ç1Ô	ÆÀ>Å�¿Ã�¿¾�×PË�¾Ë�Ä�Ã�Á¦Ñp��Ù��)Ô�Ë�Ä>À&¿!À>Å&É�¾Å�À>Ã�Á³ä
Ð�Ä�Ç

n = 2
@�ÜNÉ�Ã�¼�Ç�Å�À&Ä�Ã�É�Î�¿Çä�¾hð�Ä�Ç>ÄÍË�É!Ô	Ð!À>ÓZÆ!À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿ZÅhØã? C ÚÛ@é1Ô�Ë�Ä�Î3Ä�Ã�ßÃ�ÆÎbÅ3Æ!À>Å�Ã�¿Ë�Ä�Å�À�Òq� ö��¹Ë�Ä�Ã�ßÃ�¿!¾\Á¦¿Ç�È�Ç�Ð	É�Ã�¿Ç�Å

ψ(p)
ä
κ(p)

Æ!À>Å�¿ÑñÃ�¼�¾¿¾ïÃ>@�r¦Ë�É�¾
ßÆ¾#ð�Ä�Ç�Á�ßÆÃ�¼�ßÇ&É�Ç�ÖÍ¾�Ä�ÎäÐ�Ä�Ç

g1 6= f1

ä	Ä�ÇW¾�Ê²ßÃ�ÆÅ�Ç�È�ÇPÔ	Æ!À>Å�¿Ã�¿¾�×#Ë�¾Ë�Ä�Ã�Á¦Ñs�Ûí��N¾ÁNÃ�Ã�Á
l = 2

@
$3Ë�ßÇ&É�Î>Ê�Ô�×ûð�Ä�ÇñÅçßÆÃ�¼�ßÇ&É�Ç�ÖPÃ�¿¾¾�ä¸Ð�Ä�Ç

a2 6= g1

¾
a2 6= f1

ä~¾�ÊUÔ	Æ!À>Å�¿Ã�¿¾Ót��Ù��\ßÇ&É!Ô	Ð¾Á
n = m = 2

@=r¦Ë�É�¾GÖPÃsÅJßÃ�ÆÅ�Ç�Á½Ô	Æ!À>Å�¿Ã�¿¾¾UË�¾Ë�Ä�Ã�Á¦Ñu��Ù��5Å>Ñ³ßÇ&É�¿�×Ã�Ä�Ë�×GÔ�Ë�É�Ç�Å�¾Ã
a2 = f1

ä�Ä�Ç
¾�Êbð�Ä�Ç�È�Ç\Ô	Æ!À>Å�¿Ã�¿¾�×#Ê+À>Â	É�Þ¨Ð!À>Ã�Á

n = 1
@

7sÇ�ß�Ô�Ë�Ä�¾Á³ä�Ð�Ä�ÇGÄ�Ã�ßÃ�ÆÎ
g1 = f1

@4ü�Ç�Èª¼�ÀZ¾�ÊgÀ>¿!À�É�¾�Ê+ÀZÔ	Æ!À>Å�¿Ã�¿¾ÓçË�¾Ë�Ä�Ã�Ák��Ù���äv�Ûí��²Ì>Ô�¼�Ã�Á
¾Á¦Ã�Ä�Î�'

n = m = 2
ä
l = 1

@�ÜNÉ�Ã�¼�Ç�Å�À&Ä�Ã�É�Î�¿Ç�ä�Ã�Ë�É�¾hî3Ô	¿Âï¾¾
ψ(p)

¾
κ(p)

×Å&É!×ÞÝÄ�Ëz×gÉ�¾¿Ã�Ó¿Ñ~Õ
Á¦¾�äÄ�Ç\ÁNÀ>Â	Ë�¾ÁNÀ�É�Î�¿Ñ¸ÃbË�Ä�Ã�ßÃ�¿¾GßÇ&É�¾¿Ç�Á¦Ç�Å

Q(p)
ä
R(p)

ä
ϕ(p)

¿Ã²Ì�Ç&É�Î>Ï:Ã1¼�Å>Ô�Ò�@
é3Ã�ÆÃ�Ó	¼�Ã�ÁùÂâÆ!À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾Þ÷Å�À>Æ¾!À>¿�Ä&À

n1 > 1
ä
m1 = 1

@ Q À>ß¾�Ï:Ã�ÁëÁNÀ>Â�Ë�¾ÁNÀ�É�Î�¿�Ô	Þ Ë�Ä�Ã�Õ
ßÃ�¿ÎhßÇ&É�¾¿Ç�ÁNÀ

ψ(p)
Ä&À>Â='

n1 = 1 + N
ä�Èª¼�Ã

N = 1, 2, ..., n1 − 1
@!n1ïÃ�¿¾Å�À&×âÁNÀ>Â�Ë�¾ÁNÀ�É�Î�¿�Ô	Þ

Ë�Ä�Ã�ßÃ�¿!Î\ßÇ&É�¾¿Ç�ÁNÀ
ϕ(p)

¾�ÊbßÃ�ÆÅ�Ç�È�ÇPÔ	Æ!À>Å�¿Ã�¿¾�×hË�¾Ë�Ä�Ã�Á¦Ñs�Ûí���ä�ßÇ&É!Ô	Ð¾Á
l = 2 +N

@!à²À:Ç�Ë�¿Ç&Õ
Å�À>¿¾¾\ð�Ä�Ç�È�ÇsÆ!À>Å�Ã�¿Ë�Ä�Å�Àb¾�Ê¨ßÃ�ÆÅ�Ç�È�Ç²Ô	Æ!À>Å�¿Ã�¿¾�×ÍË�¾Ë�Ä�Ã�Á¦Ñt��Ù���¾WÄ�ÆÃ�Ä�Î>Ã�È�ÇsÔ	Æ!À>Å�¿Ã�¿¾�×ÍË�¾Ë�Ä�Ã�Á¦Ñ
�Ûí��²Á¦Ç+ÖÍ¿Ç#Ê+À>Â	É�Þ¨Ð¾�Ä�Îä�Ð�Ä�Ç

n = 2
¾
m = 2 + N

@4é3Ç�ð�Ä�Ç�ÁwÔæÅZð�Ä�Ç�Á�Ë�É!Ô	Ð!À>Ã
m ≤ 4

ä4Ð�Ä�ÇG¾
Ë�É�Ã�¼!Ô�Ã�ÄJ¾�ÊbÆ!À>Ì�Ç>Ä�Ñ<Øã? C ÚÛ@é3Ç�Â�À&ÖPÃ�Á/¿Ã�Å�Ç>Ê�Á¦Ç+ÖÍ¿Ç�Ë�Ä�ÎâË�Ô�ì:Ã�Ë�Ä�Å�Ç�Å�À>¿¾�×õÅ�À>Æ¾!À>¿�Ä&À

n1 > 1
¾
m1 > 1

@im�À>Ë�Ë�Á¦Ç>Ä�Æ¾Á
Ë�¿!À�Ð!À�É�ÀâË�É!Ô	Ð!À>Ó

n1 > m1 > 1
@Né3ÆÃ�¼�ßÇ&É�Ç+ÖÍ¾Á³ä¦Ð�Ä�Ç

n1 = m1 + N
ä¦Èª¼�Ã

N = 1, n1 −m1

@

Ù>=



��� ��� ���! #"

é3Ã�ÆÅ�Ñ³Ã1Ô	Æ!À>Å�¿Ã�¿¾�×gÅ:Ë�¾Ë�Ä�Ã�Á8À+Ò&��Ù���ä=�Ûí��NÁ¦Ç�È�Ô�ÄWÌ�Ñ¸Ä�Î:Ä�Ç�ÖW¼�Ã�Ë�Ä�Å�À>Á¦¾gßÇ
p
Ä�Ç&É�Î�Â�ÇPßÆ¾gÅ�Ñ³ßÇ&ÉÕ

¿Ã�¿¾¾#Æ!À>Å�Ã�¿Ë�Ä�Å
l = m1 +N + 1

¾
n = 2

@�ü�Ç�Èª¼�À:¾�ÊbÀ>¿!À�É�¾�Ê+À:¾¿�Ä�Ã�È�Æ!À�É�À�ä!Â	Ç>Ä�Ç�ÆÑ³Ó#Å�Ñ¸Ä�Ã�Â	À>Ã�Ä
¾�ÊPÔ	Æ!À>Å�¿Ã�¿¾�×w�0���¨ßÆ¾

Bi = 0 (i = 1, 3)
ä�Ê+À>Â	É�Þ¨Ð!À>Ã�Á³ä)Ð�Ä�Ç

m = l
@)é3Æ¾âð�Ä�Ç�Áë¾�Ê\¾¿�Ä�Ã�È�Æ!À�É�À

ß	É�Ç>ìPÀ+¼�Ã�Ó,��A��~Ë�É�Ã�¼!Ô�Ã�ÄJÆ!À>Å�Ã�¿Ë�Ä�Å�Ç
cmfm1

= 0
äÐ�Ä�ÇÍ¿Ã�Å�Ç>Ê�Á¦Ç+ÖÍ¿Ç@

é1Ô�Ë�Ä�Î3Ä�Ã�ßÃ�ÆÎbÅ3Æ!À>Å�Ã�¿Ë�Ä�Å�À�Ò�� ö��4Å�Ñ³ßÇ&É�¿Ã�¿ÑõÔ�Ë�É�Ç�Å�¾�×
n1 = m1 > 1

@�m�À>Ë�Ë�Á¦Ç>Ä�Æ¾ÁæË�É!Ô	Ð!À>Ó
gn1

6= fn1

@wå¨¿!À�É�¾�ÊhßÃ�ÆÅ�Ç�È�ÇUÔ	Æ!À>Å�¿Ã�¿¾�×õË�¾Ë�Ä�Ã�Á¦Ñx�Ûí��bßÆ¾Å�Ç+¼�¾�ÄkÂñË�É�Ã�¼!Ô	ÞÝì:Ã�ÁwÔñÊ�¿!À+ÐÃ�¿¾Þ
¼É!×

l : l = n1 + 1
@Né3ÆÃ�¼�ßÇ&É�Ç+ÖÍ¾Á-Ã�ì:Ã>äNÐ�Ä�Ç

gn1
6= al

¾
fn1

6= al

@¦ü4Ç�Èz¼�ÀU¾�Ê#Ô	Æ!À>Å�¿Ã�¿¾Ó
��Ù��s¿!À�Ò�Ç�¼�¾Á³äNÐ�Ä�Ç

n = m = 2
@8ÜNÉ�Ã�¼�Ç�Å�À&Ä�Ã�É�Î�¿ÇäNÆ!À>Å�Ã�¿Ë�Ä�Å�Ç*�0���:Å�Ñ³ßÇ&É�¿	×!Ã�Ä�Ë�×õÄ�Ç&É�Î�Â�ÇkßÆ¾

l = n1 + 1 ≤ 2
ä~Ä�ÇõÃ�Ë�Ä�Î

n1 ≤ 1
@³é3Ç&É!Ô	ÐÃ�¿¿Ç�ÃâÊ�¿!À+ÐÃ�¿¾Ãâ¼É!×

n1

Å�Ñ~Ò�Ç�¼�¾�ÄõÊ+ÀñÈ�Æ!À>¿¾ïÑ
Æ!À>Ë�Ë�ÁNÀ&Ä�Æ¾Å�À>Ã�Á¦Ç�È�ÇñË�É!Ô	Ð!À&×�@yr¦Ë�É�¾½ÖPÃZßÆÃ�¼�ßÇ&É�Ç+ÖÍ¾�Ä�Îä~Ð�Ä�ÇèÅèßÃ�ÆÅ�Ç�Á<Ô	Æ!À>Å�¿Ã�¿¾¾ûË�¾Ë�Ä�Ã�Á¦Ñ
��Ù��sÅ�Ñ³ßÇ&É�¿�×Ã�Ä�Ëz×õÔ�Ë�É�Ç�Å�¾Ã

al = fn1

ä�Ä�ÇæßÆ¾õð�Ä�Ç�Á-Ë�É�Ã�¼!Ô�Ã�Ä&äNÐ�Ä�Ç
n = 1

@wü�Ç�Èª¼�ÀU¾�Êz�0���sßÆ¾
Bi = 0 (i = 1, 3)

ßÆ¾	¼�Ã�Á½ÂgÔ�Ë�É�Ç�Å�¾Þ
n1 ≤ 1

äÐ�Ä�Ç\¿Ã�Å�Ç>Ê�Á¦Ç�ÖÍ¿Ç@
»<¼�À�É�Î�¿Ã�Ó�Ï:Ã�Á ¾Ë�Ë�É�Ã�¼�Ç�Å�À>¿¾¾½Ë�É!Ô	Ð!À&×

n1 = m1 > 1
Ì>Ô+¼�Ã�Á<Ë�Ð¾�Ä&À&Ä�Îä~Ð�Ä�Ç

gn1
= fn1

ä
gn1−1 = fn1−1, ..., gn1−n∗

1
6= fn1−n∗

1

ä~Èª¼�Ã
n∗

1
= 1, 2, ..., n1

@8å¨¿!À�É�¾�ÊGÔ	Æ!À>Å�¿Ã�¿¾ÓúË�¾Ë�Ä�Ã�Á{�ÛÙ���ä
�Ûí��³¼�À>Ã�ÄhÊ�¿!À+ÐÃ�¿¾�×k¿!ÀgÁNÀ>Â	Ë�¾ÁNÀ�É�Î�¿Ñ³ÃWË�Ä�Ã�ßÃ�¿¾èßÇ&É�¾¿Ç>ÁNÇ>Åh¾�Êq� ö��|'

l = n1 + 1 − n∗

1

ä
n = 2

ä
n = n1 + 1

@)é3Ç&É!Ô	ÐÃ�¿¿Ñ³ÃWÆ!À>Å�Ã�¿Ë�Ä�Å�ÀgÅgÆ!À>Á¦Â�À�ÒGÆ!À>Ë�Ë�ÁNÀ&Ä�Æ¾Å�À>Ã�Á¦Ç�È�ÇhÅ�À>Æ¾!À>¿�Ä&ÀgÅ�Ñ³ßÇ&É�¿�×�Ä�Î�Ëz×
¿Ã¸Á¦Ç�È�Ô�Ä+@�ü�Ã�ÁâË�À>Á¦Ñ³ÁG¼�Ç�Â	À&Ê+À>¿!À1¿Ã�Å�Ç>Ê�ÁNÇ+ÖÍ¿Ç�Ë�Ä�Î3Ë�Ô�ì:Ã�Ë�Ä�Å�Ç>Å�À>¿¾�×WÅ�À>Æ¾!À>¿�Ä&À

n1 > 1
¾
m1 > 1

@
$1Ä&À>Â�ä4ßÃ�ÆÅ�Ñ³ÓçË�É!Ô	Ð!À>Óç¾�Ê}��? D �²¾�Ê�Ô	ÐÃ�¿ñÅGßÇ&É�¿Ç�ÁêÇ�Ì/~¹Ã�Á¦ÃÍ¾æÔ�Ë�Ä>À>¿Ç�Å&É�Ã�¿Çä�Ð�Ä�ÇUÅZÂ	É�À>Ë�ÕË�¾ÐÃ�Ë�Â	Ç�ÓgÊ+À�¼�À+ÐÃÝ¼É!×ÍÔ	Æ!À>Å�¿Ã�¿¾Ó&��Ù���ä=�Ûí��NË�Ä�Ã�ßÃ�¿¾#Ç�Ë�¿Ç�Å�¿Ñ~ÒJßÇ&É�¾¿Ç�Á¦Ç�Å

Q(p), R(p)
Ô�¼�Ç�Å&É�Ã�Õ

Ä�Å�Ç>Æ�×ÞÝÄ\Ô�Ë�É�Ç�Å�¾�×Á
n ≤ 2

¾
m ≤ 4

� Ë�Á³@¹Øã? C Ú���@� F Y��	�	�	W 4Q ��� � �	W���W���W ��� W F�é3Ã�ÆÃ�Ó	¼�Ã�ÁçÂÍÆ!À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾ÞêÅ>Ä�Ç�ÆÇ�È�ÇsÅ�À>Æ¾!À>¿�Ä&Àb¾�ÊV��? D ��@ü4Ç�Èz¼�ÀP¾�Ê�� ö��~¿!À�Ò�Ç�¼�¾Á

q2 = Q(p) = b2p
2 + b1p+ b0, r2 = R(p) = c2p

2 + c1p+ c0,

ν1 = ϕ(p) = a2p
2 + a1p+ a0, ν2 = qψ(p), ν3 = rκ(p),

��?�?��

ψ(p) = g1p+ g0, κ(p) = f1p+ f0.

é3Ç�¼�Ë�Ä&À>Å�¾Á�Ê�¿!À+ÐÃ�¿¾�×æ¼É!×èÂ�Ç�Á¦ßÇ�¿Ã�¿�ÄâÅ�Ã�Â�Ä�Ç�ÆÇ�Å
ω
¾

ν
¾�Ê���?�?��3ÅZÔ	Æ!À>Å�¿Ã�¿¾�×���Ù���äy�Ûí���@

é3Æ¾Æ!À&Å�¿¾Å�À&×hÂ�Ç�ð�î²î²¾ï¾Ã�¿�Ä�Ñ/ßÆ¾hÇ�¼�¾¿!À>Â	Ç�Å�Ñ~Ò#Ë�Ä�Ã�ßÃ�¿�×	ÒGÁ¦¿Ç�È�Ç�Ð	É�Ã�¿Ç�Åä!Ë�Ä�Ç+×�ì:¾	ÒZÅPÉ�Ã�Å�Ñ~Ò
¾kßÆ!À>Å�Ñ~ÒkÐ!À>Ë�Ä+×	ÒæÂ	À&ÖW¼�Ç�È�ÇgÔ	Æ!À>Å�¿Ã�¿¾�×æË�¾Ë�Ä�Ã�Á¦Ñ��Ûí���ä�Ê+À>Â	É�Þ¨Ð!À>Ã�Á5ä¹Ð�Ä�ÇZÁNÀ&Ä�Æ¾ï!À

C
ÅgÔ	Æ!À>Å&Õ

¿Ã�¿¾�×�¼�Å>¾�ÖWÃ�¿¾�×���?��W¿ÃGÅ&Ò�Ç�¼�¾�Ä�@5ÜNÉ�Ã�¼�Ç�Å�À�Ä�Ã�É�Î�¿Çä¸ßÃ�ÆÅ�Ç�ÃZÔ	Æ!À>Å�¿Ã�¿¾ÃU¾�Êj�Ûí��PÁ¦Ç�ÖPÃ�ÄèÌ�Ñ¸Ä�Î
Ä�Ç+ÖW¼�Ã�Ë�Ä�Å�Ç�Á�ßÇ

p
Ä�Ç&É�Î�Â�Ç\ßÆ¾hÅ�Ñ³ßÇ&É�¿Ã�¿¾¾hÔ�Ë�É�Ç�Å�¾�×

B2f1 = B3g1.
��? C �

Ü½Ô	ÐÃ�Ä�Ç�ÁûÆ!À>Å>Ã�¿Ë�Ä�Å�ÀS��? C �~ßÃ�ÆÅ�Ç�Ã1¼�¾¿!À>Á¦¾ÐÃ�Ë�Â�Ç�Ã²Ô	Æ!À>Å�¿Ã�¾Ãb¾�Ê��Ûí��8Ê+À>ß¾�Ï:Ã�Á�Ä&À>Â

Φ(p) = Φ0,
Èª¼�Ã

Φ0 = (B2f0 −B3g0 + A2 − A3)A
−1

1
.

��?+=��

$3Ë�Â	É�Þ¨Ð¾Á½¾�Ê²Ô	Æ!À>Å�¿Ã�¿¾ÓZË�¾Ë�Ä�Ã�Á���Ù���ä��Ûí��~î3Ô	¿Âï¾Þ
Φ(p)

Ë²ßÇ�Á¦Ç>ì:Î�Þl��?�=���@

Ù>ö
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$3Ë�ßÇ&É�Î>Ê�Ô�×hÆ!À>Å�Ã�¿Ë�Ä�Å�ÇS��? C �~¾hßÇ&É�À>È�À&× f0 = g0

ä!ßÇ&É!Ô	Ð¾Á

f1 = B3B
−1

2
g1, B1 = (B2 −B3)(2Φ0)

−1, a2 = (B2 −B3)g1(2B2Φ0)
−1, a1 = 0,

a0 =
g0 {A2B

2

3
(B2(1 + 4Φ0) −B3(1 + 2Φ0)) + A3B

2

2
(B2(2Φ0 − 1) +B3(1 − 4Φ0))}

12(B3 −B2)B2B
2

3
g1Φ0

;

b2 = ((2Φ0 + 1)B3 −B2)(4Φ
2

0
B2)

−1, b1 = g0(B2(1 + 4Φ0) −B3(1 + 2Φ0))(6Φ
2

0
B2g1)

−1; ��?�ö��
c2 = ((1 − 2Φ0)B2 −B3)(4Φ

2

0
B3)

−1, c1 = g0B2(B2(2Φ0 − 1) +B3(1 − 4Φ0))(6Φ
2

0
B2

3
g1)

−1;

b0 = g0

B2

3
(B3(1 + 2Φ0) −B2(1 + 4Φ0))(A2 + g0(B3 −B2)) + A3B

2

2
(B2(1 − 2Φ0) +B3(4Φ0 − 1))

12(B3 −B2)B2B
2

3
g2

1
Φ2

0

,

c0 = g0

B2

2
(B2(1 − 2Φ0) +B3(4Φ0 − 1))(g0(B3 −B2) − A3) + A2B

2

3
(B2(1 + 4Φ0) −B3(1 + 2Φ0))

12(B3 −B2)B3

3
g2

1
Φ2

0

,

2g0(B3 −B2) (B2(A1 − A3) +B3(A2 − A1)) = (A2 − A3) (B3(2A2 − A1) +B2(A1 − 2A3)) ;

s = {(B2 −B3)(A2 − 2B2g0) + 2Φ0(2B2(A3 − A1) −B3A2)} (4Φ0B3g1)
−1,

λ = (B3a0 − g0s) + A2g0(B3(1 + 2Φ0) −B2(1 + 4Φ0))(12B2g1Φ0)
−1.

é3Æ¾#Ô�Ë�É�Ç�Å�¾�×	Òz��?�ö��~ÆÃ�Ï:Ã�¿¾Ã²Ô	Æ!À>Å�¿Ã�¿¾Ó,��?���ä!� C �¸¾Á¦Ã�Ã�ÄÍÅ�¾	¼

q2 = Q(p) = b2p
2 + b1p+ b0, r

2 = R(p) = c2p
2 + c1p+ c0, ν1 = ϕ(p) = a2p

2 + a0,

ν2 = (g1p+ g0)(b2p
2 + b1p+ b0)

1/2, ν3 = (f1p+ g0)(c2p
2 + c1p+ c0)

1/2,
��?�;��

ṗ = (2a2)
−1(g1 − f1)

[

(b2p
2 + b1p+ b0)(c2p

2 + c1p+ c0)
]1/2

.

é3Æ¾Á¦Ã�Ææ¼�Ã�ÓË�Ä�Å�¾�Ä�Ã�É�Î�¿Ç�Ë�Ä�¾ñÆÃ�Ï:Ã�¿¾�×���?�;��3Ä&À>Â�Ç�Å�'
C1 = C2 = C3, B2 = 2B3 = b

ä
Ai = a (i = 1, 3), 3bg0 = −a, g1 = 2

√
3g2

0
(a > 0, b > 0)

@
»úð�Ä�Ç�Á�Ë�É!Ô	Ð!À>Ãb¾Á¦Ã�Ã�Á

q2 = Q(p) = 3(−2p2+9µ2), r2 = R(p) = 3(5p2+2
√

3µp−15µ2), ν1 = ϕ(p) =
√

3

(

− p2

3µ2
+ 1

)

,

ν2 =
1

3µ
(2µ−1p−

√
3)(−2p2 + 9µ2)1/2, ν3 =

1

3µ
(µ−1p−

√
3)(5p2 + 2

√
3µp− 15µ2)1/2,

ṗ = −1

2
((−2p2 + 9µ2)(5p2 + 2

√
3µp− 15µ2))1/2;

Èz¼�Ã
µ =

b

a

ä −3
√

2µ

2
< p < −

√
3(1 +

√
26)

5
µ
¾ √

3(
√

26 − 1)

5
µ < p <

3
√

2µ

2

@

Ù�;



��� ��� ���! #"

»ùð�Ä�Ç�ÁëÆÃ�Ï:Ã�¿¾¾kÇ�Ë�Ä&À�É�Ëz×âË�Å�Ç�Ì�Ç�¼�¿Ñ³ÓUß!À>Æ!À>Á¦Ã�Ä�Æ
µ
ä�Â�Ç>Ä�Ç�ÆÑ³Ó�ä�Å�Ç�Ç�Ì>ì:Ã:È�Ç�Å�Ç�Æ�×�ä�¿Ã�Ë�Ô�ì:Ã�Õ

Ë�Ä�Å>Ã�¿¿Ñ5Ó ý Ã�È�Ç\Á¦Ç�ÖÍ¿Ç:Ô�Ë�Ä�Æ!À>¿¾�Ä�ÎÍßÃ�ÆÃ�Ò�Ç�¼�Ç�Á½ÂhÌ>Ã�Ê�Æ!À&Ê�Á¦Ã�Æ¿Ñ5Á½Å�Ã�É�¾Ð¾¿!À>Á³@c F p Z%�Y4Q�_
n = m = 1 � n1 = m1 = l = 2

Fym�À>Ë�Ë�Á¦Ç>Ä�Æ¾ÁøÄ�ÆÃ�Ä�¾ÓõÅ�À>Æ¾!À>¿�ÄU¾�Ê���? D ��@ü4Ç�Èz¼�ÀP¾�Ê�� ö��~ßÇ&É!Ô	Ð¾Á

q2 = Q(p) = b1p+ b0, r2 = R(p) = c1p+ c0, ν1 = ϕ(p) = a2p
2 + a1p+ a0, ��?+Ù��

ν2 = qψ(p), ν3 = rκ(p), ψ(p) = g2p
2 + g1p+ g0, κ(p) = f2p

2 + f1p+ f0.

é3Ç�¼�Ë�Ä&À>Å�¾Áa��?+Ù��¸¾Gî3Ô	¿Âï¾Þ
Φ(p)

¾�Ê��Û;��³Å\Ô	Æ!À>Å�¿Ã�¿¾�×GË�¾Ë�Ä�Ã�Át��Ù���ä%�Ûí���@!6¨Æ!À>Å�¿Ã�¿¾�×��Ûí��
Á¦Ç�È�Ô�Ä#Ì�Ñ¸Ä�ÎgÄ�Ç+ÖW¼�Ã�Ë�Ä�Å�À>Á¦¾kßÇ

p
Ä�Ç&É�Î�Â�Ç#ßÆ¾âÅ>Ñ³ßÇ&É�¿Ã�¿¾¾âÔ�Ë�É�Ç�Å�¾Ó

C1 = C2 = C3

ä
B1 = 0

@
»�Ë�¾	É!Ôâð�Ä�¾	ÒkÆ!À>Å�Ã�¿Ë�Ä�ÅZ¾�ÊS�Û;��1Ë�É�Ã�¼!Ô�Ã�Ä�ä4Ð�Ä�Ç

Φ(p)
×Å&É!×Ã�Ä�Ëz×âÉ�¾¿Ã�Ó¿Ç�Óæî3Ô	¿Âï¾Ã�Ó�@4é3Ç�ð�Ä�Ç�ÁwÔ

¾�ÊbßÃ�ÆÅ�Ç�È�ÇWÔ	Æ!À>Å�¿Ã�¿¾�×,�Ûí��8Ê+À>Â	É�Þ¨Ð!À>Ã�Á³ä!Ð�Ä�Ç

B2f2 = B3g2.
��?�í��

61Ð¾�Ä�Ñ¸Å�À&×ZÆ!À>Å�Ã�¿Ë�Ä�Å�ÇS��?�í���ä�Ê+À>ß¾�Ï:Ã�Á½ßÃ�ÆÅ�Ç�Ã3Ô	Æ!À>Å�¿Ã�¿¾Ã��Ûí��~Å\Å�¾	¼�Ã

Φ(p) = D1p+D0,
Èª¼�Ã

D1 = (B2f1−B3g1)A
−1

1
, D0 = [(B2f0−B3g0)+A2−A3]A

−1

1
.
��?+A��

$3Ë�Â	É�Þ¨Ð¾Á ¾�ÊZÔ	Æ!À>Å�¿Ã�¿¾Óa��Ù���äM�Ûí��Pî3Ô	¿Âï¾Þ
Φ(p)

ËZßÇ�Á¦Ç>ì:Î�Þ���?+A��W¾�ßÇ>Ä�ÆÃ�Ì>Ô�Ã�Á ¾	Ò
Å�Ñ¸ßÇ&É�¿Ã�¿¾ÃÝ¼É!×WÉ�Þ¨Ì�Ñ~Ò

p
@	»õÆÃ�Ê�Ô+É�Î+Ä>À&Ä�Ã1ßÇ&É!Ô	Ð¾ÁçË�¾Ë�Ä�Ã�ÁwÔÍÔ�Ë�É�Ç�Å�¾ÓJ¿!Àbß!À>Æ!À>Á¦Ã�Ä�ÆÑ½Ê+À�¼�À�Ð¾

s = B2a2g
−1

2
;

��?D���

A2b1D1 = 2(B3a1 − f1s+ A3 − A1), A3c1D1 = 2(g1s−B2a1 + A1 − A2),

A2b1D0 = 2(B3a0 − (f0s+ λ)), A3c1D0 = 2((g0s+ λ) −B2a0);











� C>D �

5b1g2D1 = 2f2, 5c1f2D1 = −2g2;
� C ?��

(3b1g1 + 4b0g2)D1 + 5b1g2D0 = 2(f1 − a2), (3c1f1 + 4c0f2)D1 + 5c1f2D0 = 2(a2 − g1);
� C�C �

(b1g0 + 2b0g1)D1 + (3b1g1 + 4b0g2)D0 = 2(f0 − a1),

(c1f0 + 2c0f1)D1 + (3c1f1 + 4c0f2)D0 = 2(a1 − g0);











� C =��

(b1g0 + 2b0g1)D0 = −2a0, (c1f0 + 2c0f1)D0 = 2a0.
� C ö��

Q ¿!À+ÐÃ�¿¾�×gî3Ô	¿Âï¾¾
Φ(p)

ä	Ô	Â	À&Ê+À>¿¿Ñ³Ã3ÅPÆ!À>Å>Ã�¿Ë�Ä�Å�À�Ò��Û;���äY��?+A���ä	Ë�Ç�Å�ß!À+¼�À>ÞÝÄ:¼É!×\É�Þ¨Ì�Ñ~Ò
pßÆ¾hÅ�Ñ³ßÇ&É�¿Ã�¿¾¾#Ô�Ë�É�Ç�Å�¾Ó

g2 − f2 = 2a2D1, g1 − f1 = a1D1 + 2a2D0, g0 − f0 = a1D0.
� C ;��

m�À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾Ãâ¾¿�Ä�Ã�È�Æ!À�É�Àñß	É�Ç>ìPÀ�¼�Ã�Óú¾�Êj��A��\ßÆ¾Å�Ç�¼�¾�ÄñÂ�¼�Ç�ßÇ&É�¿¾�Ä�Ã�É�Î�¿Ç�ÁwÔ½Ô�Ë�É�Ç�Å�¾Þ
A1a2 + A2b1g2 + A3c1f2 = 0

ä�Â�Ç>Ä�Ç�ÆÇ�ÃPË:Ô	ÐÃ�Ä�Ç�ÁùÆ!À>Å�Ã�¿Ë�Ä�Åg¼É!×
b1
¾
c1
¾�Êq� C ?��5¾ a2

¾�Êq� C ;��ßÆ¾Á¦Ã�ÄÍÅ�¾	¼
(5A1 − 4A3)g2 = (5A1 − 4A2)f2.

� C Ù��

Ù�Ù



1.2�354�6�7�398�6 " 4�:;7 �=<?>�@BA?@ 7�6DC <FEG>�"9H 7 @ 7�6�I?J H 6DK @ 7�6DCMLN6 > 3GONP " P "

üwÀ>ÂZÂ�À&Â
g2 6= 0

ä
f2 6= 0

¾
g2 6= f2

ä�Ä�ÇgÀ>¿!À�É�¾�Ê:Ë�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾�×j� C Ù��~¼�À>Ã�Ä\¼�Å�ÀÍÅ�Ç>Ê�Á¦Ç+ÖÍ¿Ñ~ÒÅ�À>Æ¾!À>¿�Ä>ÀPÔ�Ë�É�Ç�Å�¾Óh¿!ÀWÁ¦Ç�Á¦Ã�¿�Ä�Ñê¾¿Ã�Æï¾¾='

1. 5A1 6= 4A3, 5A1 6= 4A2, A2 6= A3; 2. A2 = A3, A1 = 0, 8A2.
� C í��

n¨Ä�Á¦Ã�Ä�¾Á³ä~Ð�Ä�ÇkÃ�Ë�É�¾õ¼É!×õî3Ô	¿Âï¾Ó
Q(p) = b1p + b0

¾
R(p) = c1p + c0

¾Á¦Ã�Ã�ÄèÁ¦Ã�Ë�Ä�Ç
Ë�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾Ã

b1 + α2
Ë
1 = 0

ä�Èª¼�Ã
α ∈ R\{0} ä�Ä�ÇJË�Ô�ì:Ã�Ë�Ä�Å>Ç�Å�À>¿¾ÃPÇ�Ì>ì:Ã�È�ÇJßÆÇ�Á¦Ã�Ö\Ô�Ä�Â�ÀÍßÇ p äÅ\Â�Ç>Ä�Ç�ÆÇ�Á

q2 = Q(p) > 0
¾
r2 = R(p) > 0

ä!Ç�ßÆÃ�¼�Ã�É!×Ã�Ä�Ë�×hÔ�Ë�É�Ç�Å�¾Ã�Á

b0 + α2c0 > 0.
� C A��

ób¾¿Ã�Ó¿!À&× Â�Ç�Á¦Ì�¾¿!À>ï¾�× Ô	Æ!À>Å�¿Ã�¾Ó � C ö�� ßÆ¾Å�Ç+¼�¾�Ä Â Ë�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾Þ
D0(b1g0 + c1f0 + 2b0g1 + 2c0f1) = 0

@~é1Ô�Ë�Ä�ÎñÅèð�Ä�Ç�Á Æ!À>Å�Ã�¿Ë�Ä�Å�Ã
D0 6= 0

¾½Å�Ñ³ßÇ&É�¿�×ÞÝÄ�Ëz×
Ô�Ë�É�Ç�Å�¾�×hßÃ�ÆÅ�Ç�È�Ç\Å�À>Æ¾!À>¿�Ä&ÀW¾�Ê�� C í���@ü�Ç�Èª¼�ÀPÆ!À>Å�Ã�¿Ë�Ä�Å�ÇS� C Ù��8Ê+À>ß¾�Ï:Ã�Á½ÅWÅ�¾	¼�Ã

f2 = α1g2,
Èª¼�Ã

α1 = (5A1 − 4A3)(5A1 − 4A2)
−1.

� C ���
à²ÀPÇ�Ë�¿Ç�Å�À>¿¾¾z� C ���~Ë�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾Ã.��?�í��~ßÆ¾Å�Ç�¼�¾�ÄÍÂgÔ�Ë�É�Ç�Å�¾Þ

B3 = α1B2.
��= D �

»÷ÆÃ�Ê�Ô�É�Î�Ä&À&Ä�ÃZ¾Ë�Ë�É�Ã�¼�Ç�Å�À>¿¾�×½Ë�Ç�Å�Á¦Ã�Ë�Ä�¿Ç>Ë�Ä�¾ûË�¾Ë�Ä�Ã�Á¦Ñ Ô	Æ!À>Å�¿Ã�¿¾Ó���?D��� ý � C ;���äF� C ����ä���= D �Ç>Ä�¿Ç�Ë�¾�Ä�Ã�É�Î�¿ÇÍß!À>Æ!À>Á¦Ã�Ä�ÆÇ�Å
A1

ä
A2

ä
A3

ä
B2

ä
g1

¾
f1

äßÇ&É!Ô	Ð!À>Ã�Á�Ä�Æ¾#Ô�Ë�É�Ç�Å�¾�×�ä!Ç�ßÆÃ�¼�Ã�É!×Ã�Á¦Ñ³Ã
Æ!À>Å�Ã�¿Ë�Ä�Å�À>Á¦¾

b0 = (z1y2 − z2y1)(x1y2 − x2y1), c0 = (x1z2 − x2z1)(x1y2 − x2y1),
��=�?��

(z1y2 − z2y1)x3 + (x1z2 − x2z1)y3 = (x1y2 − x2y1)z3,Èz¼�Ã
x1 = −2(25 + 2β0γ2)D

2

1
g1 + 5(α1 − 1)γ2D1g1f1,

x2 = −8β0D
3

1
+2(10α1g1−5(1+α1)f1+2(1−α1)β0γ2g1)D

2

1
+(α1−1)γ2g1[(5α1+1)f1−6α2

1
g1]D1,

x3 = 4β0γ2g1D
2

1
+ (f1(11α1 − 1) − 10α2

1
g1)γ2g1D1;

y1 = α1x1f1g
−1

1
, y2 = α1{−8β0D

3

1
+ 2(10α1g1 − 5(1 + α1)f1+

+2(1 − α1)β0γ2f1D
2

1
+ (α1 − 1)γ2f1[(5α1 + 1)f1 − 6α2

1
g1]D1},

y3 = −8α1β0D
3

1
+2α1(10α1g1 −5(1+α1)f1 +2β0γ2f1)D

2

1
+α1[f1(11α1 −1)−10α2

1
g1]γ2f1D1;

z1 = 2D1{2β0γ0 − 5(β1 − β0)(1 − α2

1
)α−1

1
} + 5(1 − α1)γ1f

2

1
D−1

1
+

+f1{5(1 − α1)γ0 + 4β0γ1 − 25(α1 − 1)(1 − α2

1
)(2α1)

−1},
z2 = (α1−1){4β0γ0D0+(4β0γ1−(5α1+1)γ0)f1+6α2

1
γ0g1+(6α2

1
γ1g1f1−(5α1+1)γ1f

2

1
)D−1

1
},

z3 = (2(α1 − 1) − 4γ0)β0D1 + [(1 − 11α1)γ0 − 2, 5(1 − α2

1
) − 4β0γ1]f1+

+5α1(2α1γ0 + (1 − α))g1 + γ1f1((1 − 11α1)f1 + 10α2

1
g1)D

−1

1
;

Ù�í



��� ��� ���! #"

γ2 = 5B2A
−1

1
, γ1 = 5(α1 − 1)2B2(4α1A1)

−1,

γ0 = B2(α1 − 1)(β1 − β0)(A1α1)
−1 + (A2 − A3)A

−1

1
,

β1 = (A3 − α2

1
A2)(α1 − 1)−1B−1

2
, β0 = [α1A2 + 5(A1 − A3)](2B2)

−1.
é3Æ¾#ð�Ä�Ç�Á½Å�Ñ³Æ!À&ÖPÃ�¿¾Ã1¼É!×

D0

¾�Ê���?+A��8ßÆ¾Á¦Ã�ÄJÅ�¾	¼

D0 = γ2(g1b0 + α1f1c0)D1 + γ1f1D
−1

1
+ γ0.

��= C �
ü5ÆÃ�Ä�Î�Ã:Ô	Æ!À>Å�¿Ã�¿¾ÃP¾�Êq��=�?��5×Å&É!×Ã�Ä�Ëz×âÇ�¼�¿Ç�ÆÇ+¼�¿Ñ³ÁúÔ	Æ!À>Å�¿Ã�¿¾Ã�ÁúÏ:Ã�Ë�Ä�Ç�ÓæË�Ä�Ã�ßÃ�¿¾kÇ>Ä�¿Ç&Õ

Ë�¾�Ä�Ã�É�Î�¿Ç
f1

¾
g1

@¹é3Ç&É�Ç+ÖÍ¾ÁëÅ#¿Ã�Á
f1 = kg1

@)ü�Ç�Èª¼�À�ä�ßÆ¾kßÇ�Á¦Ç>ì:¾kÊ�¿!À+ÐÃ�¿¾�×
D1

¾�ÊS��?+A��¨¾
Æ!À>Å>Ã�¿Ë�Ä�Å�ÀS��= D ��äÇ�¿ÇPÊ+À>ß¾�Ï:Ã�Ä�Ë�×hÄ>À>Â

(k − α1)
4(k − k1)(k − k2) = 0,

Èª¼�Ã
k1 = 1 +

2(A2 − A3){25A1[17A1 − 6(A2 + A3)] − 32A2A3}
4A2[5A1(15A2 + A3) + 16A2A3] + 25A2

1
[3(10A1 − 13A2) − 5A3]

,

k2 = 1 +
2(A2 − A3){25A1[3A1 − 2(A2 + A3)] + 32A2A3}

4A2[5A1(11A3 + 5A2) − 16A2A3] + 25A2

1
(10A1 − 13A2 − 7A3)

.

ü�À>Â#Â�À>Â
D1 6= 0

ä�Ä�Ç
k 6= α1

@
m�À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾Ã\È�Ã�Ç>ÁNÃ�Ä�Æ¾!ÐÃ�Ë�Â	Ç�È�Çh¾¿�Ä�Ã�È�Æ!À�É�À#¾�Ê���A��ÝË:Ô	ÐÃ�Ä�Ç�Á)� C ���ÝßÆ¾Å�Ç�¼�¾�ÄhÂGÔ	Æ!À>Å�¿Ã�Õ¿¾Þ

b1 + α2

1
c1 = 0.

��=�=��
$3Ë�Ë�É�Ã�¼!Ô�Ã�ÁûÂ�Ç�Æ¿¾hÄ�ÆÃ�Ä�Î�Ã�È�Ç\Ô	Æ!À>Å�¿Ã�¿¾�×G¾�Ê���=�?���@	r¦Ë�É�¾

k = k1

äÄ�ÇÍÅ\Ë�¾	É!ÔgÊ�¿!À+ÐÃ�¿¾Óh¼É!×
b0
¾
c0
¾�Ê���=�?��4¾PË�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾�×���=�=��4ßÇ&É!Ô	Ð¾ÁæÆ!À>Å�Ã�¿Ë�Ä�Å�Çä�Â	Ç>Ä�Ç�ÆÇ�Ã³ßÆ¾

α = α1

ßÆÇ>Ä�¾Å�Ç�ÆÃ�Ð¾�Ä
� C A���@Yr¦Ë�É�¾æÖPÃ k = k2

ä�Ä�Çä)Ô	Ð¾�Ä�Ñ³Å�À&×æÊ�¿!À+ÐÃ�¿¾�×k¼É!×
b0
¾
c0
¾�Ê���=�?���ä)¾�Ê���= C �¨Ì>Ô+¼�Ã�Áê¾Á¦Ã�Ä�Î

D0 = 0
ä!Ð�Ä�ÇÍ¿Ã�Å�Ç>Ê�Á¦Ç+ÖÍ¿Ç@�é3Ç�ð�Ä�Ç�ÁwÔhÅ�À>Æ¾!À>¿�Ä

D0 6= 0
¾
A2 6= A3

ä
5A1 6= 4A2

ä
5A1 6= 4A3

¿Ã
¾Á¦Ã�Ã�ÄÍÁ¦Ã�Ë�Ä&À�@

é3Ã�ÆÃ�Ó	¼�Ã�Á Â�Æ!À>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾Þ Å>Ä�Ç�ÆÇ�È�ÇæÅ�À>Æ¾!À>¿�Ä&Àæ¾�Ê,� C í��:ßÆ¾õÔ�Ë�É�Ç�Å�¾¾ D0 6= 0
@Nü�Ç�Èz¼�À

Æ!À>Å>Ã�¿Ë�Ä�Å�Ç���?�í��8Ê+À>ß¾�Ï:Ã�Á½ÅWÅ�¾	¼�Ã

f2 = α2g2,
Èª¼�Ã

α2 = B3B
−1

2
.

��=>ö��
Ü~¾Ë�Ä�Ã�ÁNÀ:Ô	Æ!À>Å�¿Ã�¿¾Óz��?D��� ý � C ;���ä���=>ö��8Æ!À&Ê�ÆÃ�Ï:¾ÁNÀPÇ>Ä�¿Ç�Ë�¾�Ä�Ã�É�Î�¿ÇWß!À>Æ!À>Á¦Ã�Ä�ÆÇ�Å A2

ä
B2

ä
f1

ä
α2

'

a2 =
2A2(g1f0 − g0f1)(1 − α2)

5B2(f0 − α2g0)2
, a1 =

4A2(g0 − f0)

5B2(f0 − α2g0)
, a0 =

A2(1 − α2)(f0 + α2g0)

5α2B2(f1 − α2g0)
;

g2 =
(f1 − α2g1)(g1f0 − g0f1)

(f0 − α2g0)2
, f2 =

α2(f1 − α2g1)(g1f0 − g0f1)

(f0 − α2g0)2
;

s = 2A2(1 − α2)(5(f1 − α2g1))
−1, λ = A1(α2g0 − f0)(5(f1 − α2g1))

−1;
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b1 = 8α2A2(25B2(f1 − α2g1))
−1, c1 = −8A2(25α2B2(f1 − α2g1))

−1;
��=�;��

b0 = −4A2{A2(1 − α2)(f0 + α2g0) + α2

2
B2(f0 − α2g0)g0}

25α2B
2

2
(f1 − α2g1)(f0 − α2g0)g1

,

c0 =
4A2{A2(1 − α2)(f0 + α2g0) +B2(f0 − α2g0)f0}

25α2B
2

2
(f1 − α2g1)(f0 − α2g0)f1

;

g0 = −3A2(α2 + 1)(3α2 − 7)(100α2

2
B2)

−1, f0 = 3A2(α2 + 1)(7α2 − 3)(100α2B2)
−1;

g1 = (9α2 + 19)(α2(19α2 + 9))−1f1.å¨¿!À�É�¾�Ê¨¼�Ã�ÓË�Ä�Å�¾�Ä�Ã�É�Î�¿Ç�Ë�Ä�¾#ÆÃ�Ï:Ã�¿¾�×&��?+Ù��NßÇ>Â�À&Ê�Ñ³Å�À>Ã�Ä�ä�Ð�Ä�ÇPßÆ¾JÊ�¿!À�ÐÃ�¿¾�×	Ò
g1

ä
g0

ä
f0

¾�Ê
��=�;��1¼É!×çß!À>Æ!À>Á¦Ã�Ä�ÆÇ�Å

b0
¾
c0
ä4Ô	Â	À&Ê+À>¿¿Ñ~ÒçÅ���=�;���ä4Å�Ñ³ßÇ&É�¿�×Ã�Ä�Ëz×õÆ!À&Å�Ã�¿Ë�Ä�Å�Ç

b0 + α2

2
c0 = 0

ä
Ð�Ä�Ç#ßÆÇ>Ä�¾Å�Ç�ÆÃ�Ð¾�ÄhÔ�Ë�É�Ç�Å�¾Þ�� C A��ÝßÆ¾ α = α2

@�üwÀ>Â¾ÁúÇ�Ì�Æ!À&Ê�Ç�Á³ä�Æ!À>Ë�Ë�ÁNÀ&Ä�Æ¾Å�À>Ã�Á¦Ñ³ÓkË�É!Ô	Ð!À>Ó
¿Ã�Å�Ç>Ê�Á¦Ç�ÖPÃ�¿�@

üwÀ>ÂhÂ�À>ÂZÆ!À>Ë�Ë�ÁNÇ&Ä�ÆÃ�¿¾!Ã:Å�À>Æ¾!À>¿�Ä�Ç�Å�� C í��¸ßÆÇ�Å�Ç�¼�¾	É�Ç�Ë�ÎÍßÆ¾hÔ�Ë�É�Ç�Å�¾¾ D0 6= 0
ä!Ä�ÇJ¾�Ê�Ô	Ð¾Á

Ä�Ã�ßÃ�ÆÎJË�É!Ô	Ð!À&Ó
D0 = 0

@
$1ÊsÀ>¿!À�É�¾�Ê+ÀWË�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾�×#¼É!×

D0

Åq��?+A��~¾gÔ	Æ!À>Å�¿Ã�¿¾Ó,� C ö���ä!� C ;��8Ê+À>Â	É�Þ¨Ð!À>Ã�Á³ä�Ð�Ä�Ç

a0 = 0, g0 = f0, g0 = (A3 − A2)(B2 −B3)
−1. (36)

61Ð¾�Ä�Ñ³Å�À&×WÊ�¿!À+ÐÃ�¿¾�×:¼É!×
a0

¾
g0

ä&Ô	Â�À&Ê+À>¿¿Ñ³Ã5Å���=�Ù���ä&¾�Ê5È�Ã�Ç�Á¦Ã�Ä�Æ¾ÐÃ�Ë�Â�Ç�È�Ç²¾¿�Ä�Ã�È�Æ�À�É�À���A��
ßÇ&É!Ô	Ð¾ÁG¼�Ç�ßÇ�É�¿¾�Ä�Ã�É�Î�¿Ç�Ã~Ô�Ë�É�Ç�Å�¾Ã

g2

0
(b0+c0) = 1

ä�Â	Ç>Ä�Ç�ÆÇ�Ã~ßÇ�Â	À&Ê�Ñ³Å�À>Ã�Ä�ä&Ð�Ä�Ç1Å^��=�Ù��
A2 6= A3

@
é3Ç�ð�Ä�Ç�ÁwÔ�äÌ>Ô+¼�Ã�ÁñßÆÇ�Å�Ç+¼�¾�Ä�ÎP¾Ë�Ë�É�Ã�¼�Ç�Å�À>¿¾Ã1Ä�Ç&É�Î�Â	ÇPßÃ�ÆÅ�Ç�È�ÇPÅ�À>Æ¾!À>¿�Ä&ÀP¾�Ê�� C í���@	ü�Ç�Èª¼�À:¾Á¦Ã�ÞÝÄÁ¦Ã�Ë�Ä�ÇÍË�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾�×,� C ����äY��= D ��@�Ü½Ô	ÐÃ�Ä�Ç�Á½Æ!À>Å�Ã�¿Ë�Ä�ÅS� C ����ä!��= D ��äY��=�Ù��¸À>¿!À�É�¾�Ê3Ô	Æ!À>Å�¿Ã�¿¾Ó,� C ;��ßÆ¾Å�Ç+¼�¾�Ä\Âg¼�Å>Ô	ÁõÔ�Ë�É�Ç�Å�¾�×Á�¿!ÀWß!À>Æ!À>Á¦Ã�Ä�ÆÑ

a2 = (1 − α1)g2(2D1)
−1, a1 = (g1 − f1)D

−1

1
. (37)

é3Æ¾Æ!À>Å�¿�×Ã�ÁGË�Ç�Ç>Ä�Å�Ã�Ä�Ë�Ä�Å�Ã�¿¿Ç¨Ê�¿!À+ÐÃ�¿¾�×b¼É!×
b1
¾
c1
¾�Ê(� C>D ��¾�� C ?���¾b¾�Ê�Ô	Ð¾ÁUßÇ&É!Ô	ÐÃ�¿¿Ñ³ÃË�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾�×\Ë¸Ô	ÐÃ�Ä�Ç�ÁæÅ�Ñ³Æ!À&ÖPÃ�¿¾Óq��?D����ä�� C ����ä���= D �¹¾WÆ!À>Å�Ã�¿Ë�Ä�Åe��=�í���@�»çÆÃ�Ê�Ô�É�Î+Ä>À&Ä�ÃÝßÇ&É!Ô	Ð¾ÁË�Å>×�Ê�Î\Á¦Ã�ÖW¼!Ôgß!À>Æ!À>Á¦Ã�Ä�Æ!À>Á¦¾

g1

¾
f1

α1g1 = γf1,
Èz¼�Ã

γ = [α1(2A2 + 5A1) + 5(3A1 − 2A3)](2(10A1 + α1A2 − 5A3))
−1. (38)

mwÀ>Ë�Ë�Á¦Ç>Ä�ÆÃ�¿¾Ã1Ô	Æ!À>Å�¿Ã�¿¾Ó&� C�C �¦ËÝÔ	ÐÃ�Ä�Ç�Áp� C ���¦¾ D1

¾�ÊV��?+A���ä�ÀbÄ&À>Â�ÖPÃ1Ë�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾Ó&��=�í��
ßÆ¾Å�Ç+¼�¾�Ä\ÂhË�É�Ã�¼!Ô	ÞÝì:¾!Á�Ê�¿!À+ÐÃ�¿¾�×Á½Ë�Å�Ç�Ì�Ç�¼�¿Ñ~Ò#Ð	É�Ã�¿Ç�Å\ßÇ&É�¾¿Ç�Á¦Ç�Å

Q(p)
¾
R(p)

b0 = (σ1(5f1 − 3α1g1) + σ2)σ
−1

3
, c0 = (σ1(3f1 − 5α1g1) − α1σ2)(α

2

1
σ3)

−1,

Èz¼�Ã
σ1 = 2A1B2(f1 − α1g1), σ2 = 5A2

1
(α1 − 1)g2, σ3 = 20B2

2
g2(f1 − α1g1)

2.

(39)

é3Ã�ÆÃ�Ó	¼�Ã�Á�Ä�Ã�ßÃ�ÆÎÍÂ#¾�Ê�Ô	ÐÃ�¿¾ÞøÔ	Æ!À>Å�¿Ã�¿¾ÓhË�¾Ë�Ä�Ã�Á¦Ñl� C =���@�$¨Ò#¾Ë�Ë�É�Ã�¼�Ç�Å�À>¿¾Ãb¿!ÀPÇ�Ë�¿Ç�Å�À�Õ¿¾¾#Ê�¿!À�ÐÃ�¿¾�×g¼É!×
D1

¾�Ê���?+A���äÆ!À>Å�Ã�¿Ë�Ä�Å���= D ��ä!��=�Ù�� ý ��=�����ä	¼�À>Ã�ÄP¼�Å�ÀPË�Ç�Ç>Ä�¿Ç>Ï:Ã�¿¾�×

g2[4(A3 − A2)(f1 − α1g1)(5 − α1) + 5(α1 − 1)A1(g1(α1 + 3) − 4f1)] =

= 2(1 − α1)B2(f1 − α1g1)(5f1 − 3α1g1)g1,

(40)
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(v−1)4u3(vu−8 ·25−1v+u−2u2)[(5u−4)(4v−5u)(35uv−50u2−16v+25u)3]−1 = 0, (41)
Èª¼�Ã

u = A1A
−1

3

¾
v = A2A

−1

3

ä
(u > 0, v > 0; v 6= 1

Ä&À>ÂhÂ�À>Â�ä
A2 6= A3

��@
61Æ!À&Å�¿Ã�¿¾Ã�� ö?��¸¾Á¦Ã�Ã�ÄÍÃ�¼�¾¿Ë�Ä�Å�Ã�¿!¿Ñ³ÓGÂ�Ç�ÆÃ�¿Î

v = 25u(2u− 1)(25u− 8)−1
@�à²À>Ó	¼�Ã�¿¿Ç�Ã
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Ë�É!Ô	Ð!À&Ó

D0 = 0
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n1 = m1 = l = 2

ä
n = m = 1

ä
(g2 6= f2)
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