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3¡)¢!�£N¤#$��.�6��#
$%&� CG6¥�VW'(¦§LefP,
45L¨©ª«Wd"8¬®¯��)*V
W�¨©�-./01L_`OPW°±�
²³´�£µ¶·¸¹º»¼)½VW¾¿
ªÀÁLÂDOPW!,8V>V�o±�¦
�ª'(LÃÄ)ª,5ÅÆOPW!,Ç
®¯��6��¦§ÈÉ�efPW!,L�
�-./�ÊËªOPW!ª!L�Ì6
7,8ÍÎ-5VW#$%&'(AÏÐ
U�nF/01LMNOPW!ª!45
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AB'(=5g½./�e³,01�
MN+,4567,8V>V�Ç®¯Ú��
Û@AB6'(=�¦§6ÜÝ+,45
�ÞEWßà67,á5!ÓâãL7,8¦
ä�Ç®¯�_åVWæ§ç)7,AB'
(=�è³Oé"5VWê�ë?©ìAB
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òÓ8Í46�æ§ç>?óô�ÔÕ)a?
P,;<�'(=ui.e., õ�>?�AB96
���_åV"5d)a?P,'(=zo±
@A�ö.u�I÷�z'(=�CD+,
5!Óø1L¾ù)ª,8Í¦�)*VW
��TUGú½ûüDø1ïý5TUG
ú½û)þ�"A��I÷�'(=CD
F/�GHIJKMNL�Ã�67,8
�É�)��R1S½û)o,TUGú6�
.67,>�>uñ!�³P´�I÷��
ghi �	
)�P,���!>¾,
>z�¦§6ï�V"�6�ÍP�PTU
G)*þV"F/�GHIJK�_`+,
45���)+,8 
 
�8
�ø1 
� �
�6����������õ�>?õ
�96_åVWæ§ç>?�;<��'(=
��dDV"�6TUGú½û��ÝVW
A��I÷�'(=�CD+,845d�
�������) 3��_åA���Ý+
P´�3 �A��I÷�'(=��E,
45LÃÄ)ª,8�É�ª 3��_åA
���oÓ)�ÝOP,8� 45 ���
������ 3 .V�ÍP�PA�ö.
��I÷� 1, 2, 35+,5� 

� _åA� 1!�I÷� 1 
� _åA� 2!�I÷� 1"�I÷� 2 
� _åA� 3 
� !�I÷� 1"�I÷� 2"�I÷� 3 

5ª,8ª°�����������@�I
÷�5ê£µ¶·¸¹#$%ÔuS&�'
( z�)Ý67,8#*�TUGú½û�
¦§ø1�°o+./ø1�,-+,8 
 
(1) TUGú½û 
� 3��_åA� t (= 1, 2, 3);<�'(
=� yt �A��I÷� t'(=� ut(xt)5Ø
å+,8@ xt)�£µ¶·¸¹.�U�n
ue.g., /¸�0¸zL1�OP,8R1ST
UG5��;<�'(= yt L�I÷�'(=
ui(xi) (i =1, 2, 3) A��26ØfOP,T
UG67,� 

yt = (1/t)�i=1
tui(xi). (1) 

O?)�345�	���ghi �	

)�PW;<�'(=�CD+,"E)
A5Ö6sdR1STUG�	³,84P��
y1�= x15VW�t � 2)*VW��^6ØfO
P,8 

yt = (t – 1/t)yt – 1 + (1/t)�t – 1ut (xt), (2) 

44)��t – 1�î¦û=�7,A�½û
67±�8û(t – 1/t)9�1/t�(1)^5:;);
<�'(=��I÷�'(=A��2

5VWØ+"E)�<?P"ê67,8=
«W(2)^o±��I÷� t;<�'(=��
�I÷� t – 1 96;<�'(=5�I÷
� t�'(=�A�ù�6Ö6c<"ê5
�2=5F>OP,8 
 
(2) ¦§ø1 
� i�V"¦§���æ§ç)?@A�B
C+,D��E�F³,�������6
7,8G1, 2)�������)H�å+8
9"�£µ¶·¸¹�/¸�0¸ 2�5V
"8ª°�/¸�IÏ�0¸�JÏ67,8
K V"��ØL1�#*5°±67
,8£µ¶·¸¹L/¸Ú�� w�0¸
Ú�� c5+,84ê5)�²³´��I
÷� 1, 2, 3 )°!W/¸LMN+,���
(w, w, w)5LOV��I÷� 1, 2L0¸6�
I÷� 3L/¸���(c, c, w)5LO+,8
9"�f�PQ�RíV�w � f (or c � f) 5S
©5d�/¸¶· (or 0¸¶·)£µ)P
QLsROP,45�Rí+,8²³´�(w,
w, c � f)��I÷� 1, 2L/¸¶·6��I
÷� 3L0¸¶·)PQsd��5!Ó4
5)ª,8¦§��)þ�W�4oÓª
£µ¶·¸¹T6ØOP,������
���Li�OP"8æ§ç)��U)åV
" 3�_åA�V5)�W������
����õ�>?õ�96_åV"�)�X
9VOY��Z[16\èOé"8  

G 1� ���������u/¸¶·z 

G 2� ���������u0¸¶·z 



 

 

(3) ./ø1 
] R1STUGX YZ[\Ý 
� #*)å+R1STUGX YZ[\
Ý^�R1���E�D��M^ÃF[
_[)bc©ê67,8"`V�CG )o
,%&��6�@�I÷�%&�ÙÖ
a�féuPQsRªËz�ÔÕ)e³,
45�	
)�PW�R1���E�D��
M^@�.L��bI÷I)1ûM^�c
«W!,45�d_)VW�eV©ÃF[
_[�ÂDV"ê67,8 
� AÏÐ��füg½8��6Ø+8²³
´�(w, w) � (c, c) )o±�I÷� 1, 25ê)
/¸¶·øL�I÷�1, 25ê)0¸¶·
o±X9V!45�Rí+,89"��)o
±_åV"��Th]½8u:�xX
9V!45z�Ø+�(w, w) � (c, c) )o±�
2���Lh]67,45�Rí+,8 
� R1STUGX YZ[\Ý�ij
)eÓ"E)�£µ¶·)/¸�bk5V"
Ú�50¸�bkV"Ú� 2�F/l�
���Ý+,8 

Case1: �I÷� 1¶·¸¹L/¸ 
Case2: �I÷� 1¶·¸¹L0¸ 

� 446�@�I÷�6/¸¶·L0¸¶·
o±êX9V©�PQ�sR+,456%&
Lm?6ên©ª,ê5�Ý+,8O?)�
R1STUGL�±ý�5+,ª?´��I
÷� 2�3 )°!W�XZ)PQ�F³,5
�½8^L�±ý��:67,8 

�I÷� 2 
Case1: (w, w) � (w, c � f) � (w, c) (3) 
Case2: (c, w) � (c, c � f) � (c, c)  (4) 

�I÷� 3 
    Case1:  

(w, w, w) � (w, w, c � f) � (w, w, c)�  (5) 
    Case2:  

(c, c, w) � (c, c, c � f) � (c, c, c) (6) 

(3)^Ríu(4)o(6)^ê:;z�(w, w)L(w,
c)o±f©g9PW!"5VWê�(w, c))P
Q�sR+,45)o±(w, w))m?6êp
c<?P,5!Ó4567,84P�R1S
TUG��_[67,L��qr6�(3)
o(6)^�R1STUGX _[5	³,8 
X _[ps��(3)o(6)^)�P,��)
*+,;<�'(=t�2hpÝ)
o«WefP,8²³´�(3)^Ú��(w, w)
5(w, c);<�'(=)¾RhLÁ?P�(w,
w)5(w, c � f) ;<�'(=)¾RhLÁ
?Pª!Ú��(3)^L�ý+,5\Ý+,8
ì^ê:;)\Ý�eÓ8 
 
u �I÷�'(=CD 
� @�I÷�'(=�CD6dP´�AÏ

ÐU�n�-./�ÔÕ)¦e6d,8+
ªfv�@�I÷�'(=���5û5V
%&M��Ù�,-5û5VWûwúxq
y)��¦z+,67,8Í46��I÷
�'(=CDø1�,-+,8 
� R1STUG6��(1)^>?� 

u1(x1) = y1 
u2(x2) = 2y2 – y1 
u3(x3) = 3y3 – 2y2 

5ª±�yt >? ut(xt)�CD6d,8446�
�I÷�'(=�&Ü�ÃÄ67,45
){ROP"!8²³´��I÷� 3��
6�_åVWê�ÍP�_åA� 1¦§
�e«")+|ª!45)ª,8 
� A5Ö6sdR1STUG6���oÓ
ªw}�C6�I÷�'(=�CD6dª
!8Í46jGk�lmGn� !W~��
)�Ý+,8�É�)���I÷�'(=
����Ç�23Y)=Óê5V��I÷
� 1'(= u1(x1)�A5Ö6�t – 1�°o+�
����À����n5VWÌ&��Ø�
�e!�õ�1)o±ÍP?=��Ý+,8�
� ª°�2�TUG��\Ý� AIC)o
«WeÓ8AIC��^6ØfOP,8�

AIC = –2MLL + 2p,

44)�MLL�TUGõ�*û��67±�
p��À����n�û67,8�
 
�8
����
(1) Ç®¯ù��
� ��pq5VW�Ç®¯��_åL¬
®¯��5�ª,º»��6D+>�>�
psV"84P��_åA�V5)#$%&
'()½+,u��'(��©z19��.
â�¦zV"�6-�./�e!�¬®¯
� !We«"��
�-�./��5
óô+,45)o«WefP"8Í���
15 ��Ç®¯��_å6ðDOP"-
��¬®¯Ú�u��
�z5:)67
«"L�ÍP��³,5�ª,45L.>«
"8=«W�£µ¶·¸¹5ú5PQ¾
Y���w�c�#$%&'(6��15
��Ç®¯���¬®¯��5:;
ù�V>c"ª!5	³?P,8ñ!�³P
´�Ç®¯º»� 15 �#�)�P,84
45������������)ÝA�#
�_åV"Ú��Ç®¯ù�L�P,45�
Rí+,8Ç®¯ù�¾)½+,pq�
²�4P96)ÊËÁ?PW°?:�4À
Á�Ç®¯��� !"#$%&'(¦§
R��ï�Oé,ê67,8��
�
(2) £µ¶·¸¹º»./�
� £µ¶·¸¹ 3��u0¸Ï�/¸Ï��0
¸/¸���z5PQ 2 ��u¾�z�T



 

 

6�fé" 6��Ç®¯��)*VW�R
1STUG)o±@A��I÷���M
��Ù5'(=5g½./�e«"8@�
I÷�¸¹5PQj�HI���D�
 ��PQL¾,Ú�5!Ú�).<W
ÍP�PG 3(a), (b))å+84Po±��
oÓªÀÁLa?P"8�
]�/¸Ï¶·MN_å��I÷�1>?3
�¡VW'(=L¢£¤G6¥ÝV���
MN_å�'(=��I÷� 1o±¦§Oé
,8V>V�0¸Ï¶·MN_å��I÷
� 36'(=�¨�*Oé,8�
u PQ��I÷� 2 96ª?7,Y�ù
��c�L��I÷� 3)ª,5ù��©P
,8445�wkªAª6MN)*VW
PQsR�)ÝA�96ª?ù��¾+
,L�«��ª%&¬)�ª±à!45�
Rí+,8�
®��LÀÁ],�u�Ç®¯��'(¦§
)o«W�EWï�OP"ê67±��¦
�ª%&��)*VWÇ®¯��_å¦§
Ö�[�å+ê67,8�
O?)�£µ)S&5ú�F³"Ú�º

»ê./V"8Í����¡±67,8�
¯�£µ)Aª6°)��±ªfª!Y�
S&5ú�F³,50¸Ï¶·6'(
=¨²�³³?P,8V>V�S&o±¸
¹5úL'(=)F³,º»��d!8�

(a) PQ¾± 

(b) PQV 

G 3� @�I÷�j�HI���D�  

(3) R1STUGX YZ[�
� 0¸Ï¶·�MN_åV"Ú��õ´�I
÷�6'(=L¨²+,45Lï�OP"
L�4oÓª¨�ª5úL��,µ·)R
1STUG�X +,45YZ[)�!
W�pq+,��L7,8Í46�d¶ 2
�F/l��u/¸bk�0¸bkz)*
VW��I÷� 25�I÷� 36(3)o(6)^
X _[���ï�V"8Í����
oÓªÀÁLa?P"8 
]�/¸bk (Case 1) 6���I÷� 26ê
�I÷� 36êR1STUGX _[�((3), 
(5)^)��ýV"8=«W�/¸ÏMN_
å6��R1STUGX �YZ67,8�
u�0¸bk (Case 2) 6���I÷� 26ê
�I÷� 36êR1STUGX _[�((4), 
(6)^)��ýVª>«"8=«W�0¸Ï
MN_å6��R1STUGX ��XZ
67,8�
®�;<�'(=ui.e. &Ü=z6ÁWê/¸
Ï¶·MN_å6�5ú�·O!L�0¸
Ï¶·MN_å6��I÷� 365ú��
d©ª,8=«W�;<�'(=)7,Y�
�dO5úL6?P,µ·6��@�I
÷����)ghi L¸	VW!"Ã
Ä[L¢!8�
¯�#�o±�Ç®¯��� !"#$%&
'()*+,¹ �ªAÏÐF/01�M
N+,"E)��ghi 	
��Ã�6
7,45Lï�OP"8�
�
(4) ghi �	
6d,F/01�
� �
�6��ghi TUG���
ªF/�GHIJK�MNV"84P�
)ºúÖ6sdR1STUGughi 
TUGz)*VWjGk�lmGn� 
!W�I÷�'(=��Ü+,ê6
7,8óô�ÔÕ)+,"E)�R1S
TUG6êjGk�lmGn)o«W
�I÷�'(=��ÜV"84P?�
Ü��)bcd 2 �TUG���
AIC )o«W\Ý+,45)o±�gh
i �	
+,��[¾�pqV
"8R1STUG5ghi TUG
AIC5õ�*û�� (MLL)=�Ø 1)
å+8ª°�/¸¶·50¸¶·��
æ§çû�ÍP�P 18»5 8»67,8
#�o±��ÀÁLa?P"8  

Ø 1� R1S5ghi TUGóô  

TUG  ��  AIC MLL 

R1S  /¸  o130.39 68.20
0¸  o40.44 23.22

ghi 
/¸  o127.13 68.56
0¸  o38.17 24.08

 

���

���

���

���

���

	��

� � �

��

�
�
�
�
�
�
�
�
�
�
�

��

��

��

 

���

���

���

���

���

	��

� � �

��

�
�
�
�
�
�
�
�
�
�
�

��

��

��



 

 

]�/¸¶·�0¸¶·��5ê)R1ST
UGøLng67±�ghi �	

+,��Lª!45Lå¼OP"84P
��R1STUGX YZ[��u
5½��6�ª!L�'(¦§æ§ç
ûL¾ª>«"455;<�'(=)
79±�dª5úLÁ?Pª>«"4
5LÎ-5	³?P,8  
u�0¸¶·6ghi TUG5R1S
TUG MLL L:Y�67,45�	
³,5�æ§çû�§ROé"Ú��g
hi TUG5R1STUG��L
¿À+,ÃÄ[L7,5	³?P,8  
� Á�
�Âã5VW#*êL
ÑÒ?P,8  
®�æ§çû�§¤VW4�pq�eÓ
45�ñÓ96êª!4567,L�R1S
TUGX YZ[��®o±�;<�'
(=)7,Y�5úLÁ?P,µ·)g
hi TUG�X VWÍ,-Ä¼�k
Ã,��L7,8�
¯�F/�GHIJKÄ���¢E,"E
)�ghi TUGÌ&��Ø���
Å+,45LÖ�67,8²³´�ÈÆ
\Ç3YÌ&��Ø��ÈÉ)pq
+,ÃdÂã67,8�
�
Ê8Ëª3Øqr �
u
�1ØçÌ
�.ÍçÎ+MÏ
�ç)
�*Ðz�
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