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� à ¡®â¥ [1] à áá¬®âà¥­ë ­¥ª®â®àë¥ ¢®¯à®áë £¥®¬¥âà¨¨ ¯«®áª¨å ¬­®£®¬¥à­ëå á¥â¥© �n,
¢«®¦¥­­ëå ¢ n-¬¥à­®¥ ¯à®¥ªâ¨¢­®¥ ¯à®áâà ­áâ¢® Pn.

� ¤ ­­®© à ¡®â¥ ¨§ãç ¥âáï £¥®¬¥âà¨ï ¯«®áª®© á¥â¨ �n, § ¤ ­­®© ¢ ª®­ä®à¬­®¬ (¯á¥¢¤®ª®­-
ä®à¬­®¬ ¨­¤¥ªá  l 6= 0 ¨«¨ á®¡áâ¢¥­­® ª®­ä®à¬­®¬, l = 0) ¯à®áâà ­áâ¢¥ Cn; ¢ ­¥© ¡®«¥¥ ¤¥â «ì-
­® ¨áá«¥¤ã¥âáï £¥®¬¥âà¨ï ®àâ®£®­ «ì­ëå ç¥¡ëè¥¢áª®©, £¥®¤¥§¨ç¥áª®© á¥â¥© ¨ n-á®¯àï¦¥­­ëå
á¨áâ¥¬ �n � Cn.

�  ¯à®âï¦¥­¨¨ ¢á¥£® ¨§«®¦¥­¨ï ¨­¤¥ªáë ¯à¨­¨¬ îâ á«¥¤ãîé¨¥ §­ ç¥­¨ï:

�; �; � = 0; n+ 1; i; j; k; l; s; t; p; q = 1; n:

1. �®­ä®à¬­®¥ ¯à®áâà ­áâ¢® Cn (¯á¥¢¤®ª®­ä®à¬­®¥ ¨«¨ á®¡áâ¢¥­­® ª®­ä®à¬­®¥ [2]) ®â­¥á¥¬
ª ¯®¤¢¨¦­®¬ã ¯®«ã¨§®âà®¯­®¬ã [3] à¥¯¥àã R = fA�g, á®áâ®ïé¥¬ã ¨§ â®ç¥ª A0, An+1 ¨ n £¨¯¥à-
áä¥à Ai ¤¥©áâ¢¨â¥«ì­ëå ­¥­ã«¥¢ëå à ¤¨ãá®¢, ¯à®å®¤ïé¨å ç¥à¥§ íâ¨ â®çª¨. �á«¨ áª «ïà­ë¥
¯à®¨§¢¥¤¥­¨ï (A�A�) í«¥¬¥­â®¢ ¢ë¡à ­­®£® à¥¯¥à  ®¡®§­ ç¨âì ç¥à¥§ g��, â® [2], [4]

jjg��jj =








0 0 1
0 gij 0
1 0 0







 ; g�� = g��; (1)

®â¬¥â¨¬, çâ® ¬ âà¨æ  jjgij jj ï¢«ï¥âáï ­¥¢ëà®¦¤¥­­®©:

gikgkj = �ij : (2)

�á«¨ P (x�)R | â®çª  ¯à®áâà ­áâ¢  Cn, â® ¢ á¨«ã (1) ¨ (PP ) = 0 ¥¥ ª®®à¤¨­ âë ã¤®¢«¥â¢®-
àïîâ ãà ¢­¥­¨î

gijx
ixj + 2x0xn+1 = 0: (3)

�à ¢­¥­¨¥ (3) ¥áâì ãà ¢­¥­¨¥ ­¥¯®¤¢¨¦­®© ¤¥©áâ¢¨â¥«ì­®© ®¢ «ì­®© £¨¯¥àª¢ ¤à¨ª¨ � à¡ã Q2
n

( ¡á®«îâ) ¯à®¥ªâ¨¢­®£® ¯à®áâà ­áâ¢  Pn+1, ­  ª®â®àãî ®â®¡à ¦ îâáï ¢á¥ â®çª¨ ª®­ä®à¬­®£®
¯à®áâà ­áâ¢  Cn. �à¨ íâ®¬ ®â®¡à ¦¥­¨¨ � à¡ã ®¡à §ë A0 ¨ An+1 ¢¥àè¨­ A0, An+1 à¥¯¥à  R
«¥¦ â ­  £¨¯¥àª¢ ¤à¨ª¥ � à¡ã (3), ®¡à § ¬¨ £¨¯¥àáä¥à X 2 Cn ¤¥©áâ¢¨â¥«ì­ëå ­¥­ã«¥¢ëå
à ¤¨ãá®¢ ï¢«ïîâáï â®çª¨ X 2 Pn+1, ­ å®¤ïé¨¥áï ¢­¥ £¨¯¥àª¢ ¤à¨ª¨ Q2

n; ®¡à § ¬¨ ¢¥àè¨­ Ai

(â. ¥. £¨¯¥àáä¥à) à¥¯¥à  R ï¢«ïîâáï â®çª¨ Ai 2 Pn+1, «¥¦ é¨¥ ­  ¯¥à¥á¥ç¥­¨¨ ¯®«ïà â®ç¥ª A0 ¨
An+1. � ¯à®¥ªâ¨¢­®¬ ¯à®áâà ­áâ¢¥ Pn+1 ¨¬¥¥¬ ¯à®¥ªâ¨¢­ë© à¥¯¥à R = fA�g, á®®â¢¥âáâ¢ãîé¨©
¢ë¡à ­­®¬ã ª®­ä®à¬­®¬ã à¥¯¥àã R = fA�g.

�â¬¥â¨¬, çâ® £àã¯¯  ª®­ä®à¬­ëå ¯à¥®¡à §®¢ ­¨© L ¯à®áâà ­áâ¢  Cn ¨§®¬®àä­  ¯®¤£àã¯¯¥
£àã¯¯ë ¯à®¥ªâ¨¢­ëå ¯à¥®¡à §®¢ ­¨© ¯à®áâà ­áâ¢  Pn+1,   ¨¬¥­­®, ¨§®¬®àä­  áâ æ¨®­ à­®©
¯®¤£àã¯¯¥ £¨¯¥àª¢ ¤à¨ª¨ � à¡ã Q2

n � Pn+1; íâ  ¯®¤£àã¯¯  § ¢¨á¨â ®â (n+ 1)(n+ 2)=2 ­¥§ ¢¨-
á¨¬ëå ¯ à ¬¥âà®¢.
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�à¨ ¡¥áª®­¥ç­® ¬ «®¬ ¯à¥®¡à §®¢ ­¨¨ ª®­ä®à¬­®© £àã¯¯ë L (áâ æ¨®­ à­®© ¯®¤£àã¯¯ë  ¡-
á®«îâ  Q2

n � Pn+1) í«¥¬¥­âë ª®­ä®à¬­®£® à¥¯¥à  R (¯à®¥ªâ¨¢­®£® à¥¯¥à  R) ¯®«ãç îâ ¯à¨-
à é¥­¨ï, £« ¢­ãî ç áâì ª®â®àëå ®¯à¥¤¥«ïîâ ¤¨ää¥à¥­æ¨ «ë dA� (á®®â¢¥âáâ¢¥­­® dA�), ï¢«ï-
îé¨¥áï £¨¯¥àáä¥à ¬¨ (â®çª ¬¨); íâ¨ ¤¨ää¥à¥­æ¨ «ë à §« £ îâáï ¯® í«¥¬¥­â ¬ ¨áå®¤­®£®
à¥¯¥à  R (R) á«¥¤ãîé¨¬ ®¡à §®¬:

dA� = !�
�A� (á®®â¢¥âáâ¢¥­­® dA� = !�

�A�); (4)

£¤¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ä®à¬ë �ä ää  !�
� § ¢¨áïâ ®â ¯ à ¬¥âà®¢ £àã¯¯ë L (áâ æ¨®­ à­®©

¯®¤£àã¯¯ë  ¡á®«îâ  Q2
n).

�á«®¢¨ï¬¨ ¯®«­®© ¨­â¥£à¨àã¥¬®áâ¨ á¨áâ¥¬ë ãà ¢­¥­¨© (4) ï¢«ïîâáï áâàãªâãà­ë¥ ãà ¢­¥-
­¨ï, ª®â®àë¬ ¯®¤ç¨­¥­ë ä®à¬ë !�

� :

D!�
� = !�

� ^ !�
� : (5)

�à®¬¥ â®£®, ¢ á¨«ã á®®â­®è¥­¨© (1), (4) ä®à¬ë !�
� ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ «¨­¥©­ë¬ § ¢¨-

á¨¬®áâï¬ [4]:

!n+1
0 = !0

n+1 = 0; !0
0 + !n+1

n+1 = 0; ( )

!0
i + gik!

k
n+1 = 0; !n+1

i + gik!
k
0 = 0; (¡)

dgij � gik!
k
j � gkj!

k
i = 0: (¢)

(6)

2. �   ¡á®«îâ¥ Q2
n (á¬. (3)) ¯à®¥ªâ¨¢­®£® ¯à®áâà ­áâ¢  Pn+1 à áá¬®âà¨¬ á¥âì e�n, ®¯¨áë-

¢ ¥¬ãî â®çª®© A0; ¢ ¯à®¥ªâ¨¢­®¬ à¥¯¥à¥ R, ®â­¥á¥­­®¬ ª ¥¥ «¨­¨ï¬ (â. ¥. ¢¥àè¨­ë Ai à¥¯¥à 
R ¢ë¡à ­ë ­  ª á â¥«ì­ëå ª «¨­¨ï¬ á¥â¨ e�n), ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï á¥â¨ e�n � Q2

n

¨¬¥îâ ¢¨¤ [5]

!j
i = ajik!

k
0 ; i 6= j: (7)

� ¦¤®¬ã ¨§ n á¥¬¥©áâ¢ «¨­¨© á¥â¨ e�n (n «¨­¥©­® ­¥§ ¢¨á¨¬ëå á¥¬¥©áâ¢ ®¤­®¯ à ¬¥âà¨-
ç¥áª¨å ¬­®¦¥áâ¢ â®ç¥ª A0, «¥¦ é¨å ­   ¡á®«îâ¥ Q2

n) ¢ ª®­ä®à¬­®¬ ¯à®áâà ­áâ¢¥ Cn á®®â-
¢¥âáâ¢ã¥â á¥¬¥©áâ¢® «¨­¨©; n â ª¨å «¨­¥©­® ­¥§ ¢¨á¨¬ëå á¥¬¥©áâ¢ «¨­¨© ¢ ¯à®áâà ­áâ¢¥ Cn

®¡à §ãîâ á¥âì �n � Cn, ª®â®àãî ¯®  ­ «®£¨¨ á [1] ­ §®¢¥¬ ¯«®áª®©.
� ª®­ä®à¬­®¬ à¥¯¥à¥ R, ®â­¥á¥­­®¬ ª á¥â¨ �n � Cn, ®­  ®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© ¤¨ää¥-

à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (7). � ¬¥â¨¬, çâ® ¯®­ïâ¨¥ \ª®­ä®à¬­ë© à¥¯¥à R, ®â­¥á¥­­ë© ª á¥â¨
�n � Cn" ®§­ ç ¥â á«¥¤ãîé¥¥: ¢ ¯®«ã¨§®âà®¯­®¬ ª®­ä®à¬­®¬ à¥¯¥à¥R = fA0; Ai; An+1g ª ¦¤ ï
£¨¯¥àáä¥à  Ai ¯à¨­ ¤«¥¦¨â ¯ãçªã ª á îé¨åáï ¬¥¦¤ã á®¡®© ¢ ¥£® æ¥­âà¥ A0 2 Cn £¨¯¥àáä¥à,
®¯à¥¤¥«ï¥¬®¬ã â®çª®© A0 ¨ £¨¯¥àáä¥à®© dA0 (mod!

j
0, j 6= i); á«¥¤®¢ â¥«ì­®, ¢ ¢ë¡à ­­®¬ à¥-

¯¥à¥ R à®«ì \ª á â¥«ì­®©" ª i-© «¨­¨¨ á¥â¨ �n � Cn ¢ ¥¥ â®çª¥ A0 ¨£à ¥â ¯ãç®ª £¨¯¥àáä¥à
Xi = Ai + �iA0.

� ¬ëª ï ãà ¢­¥­¨ï á¨áâ¥¬ë (7), á ¨á¯®«ì§®¢ ­¨¥¬ (5), (6) ¯®«ãç¨¬

�ajik ^ !k
0 = 0; i 6= j; (8)

£¤¥

�ajik = dajik + ajik(!
0
0 � !i

i + !j
j )� ajis!

s
k � gik!

j
n+1 +

X
t6=i;j

atik!
j
t � �jk!

0
i : (9)

� áªàë¢ ï ¢­¥è­¨¥ ª¢ ¤à â¨ç­ë¥ ãà ¢­¥­¨ï (8) ¯® «¥¬¬¥ � àâ ­  [6], ¨¬¥¥¬

�ajik = Aj
iks!

s
0; Aj

i[ks] = 0; i 6= j: (10)

�§ ãà ¢­¥­¨© (10) á«¥¤ã¥â, çâ® ç¨á«® ¯à®¨§¢®«ì­ëå ¯ à ¬¥âà®¢ | äã­ªæ¨© Aj
iks, ®¯à¥¤¥«ïîé¨å

­ ¨¡®«¥¥ ®¡é¨© ¨­â¥£à «ì­ë© í«¥¬¥­â En [6] á¨áâ¥¬ë (7), à ¢­® N = n2(n2 � 1)=2.
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�ç¥¢¨¤­®, çâ® å à ªâ¥àë [6] á¨áâ¥¬ë (7) áãâì s1 = � � � = sn = n(n � 1), ¢ á¨«ã ç¥£® ç¨á«®
� àâ ­  [6]

Q = s1 + 2s2 + � � �+ nsn = n2(n2 � 1)=2;

â. ¥.Q = N ; á«¥¤®¢ â¥«ì­®, á¨áâ¥¬  (7) ­ å®¤¨âáï ¢ ¨­¢®«îæ¨¨, è¨à®â  ¥¥ à¥è¥­¨ï ®¯à¥¤¥«ï¥âáï
n(n� 1) äã­ªæ¨ï¬¨ n  à£ã¬¥­â®¢. �®ª § ­ 

�¥®à¥¬  1. �«®áª¨¥ á¥â¨ �n � Cn áãé¥áâ¢ãîâ á ¯à®¨§¢®«®¬ n(n�1) äã­ªæ¨© n  à£ã¬¥­-

â®¢.

�§ á®®â­®è¥­¨© (9), (10) á ¨á¯®«ì§®¢ ­¨¥¬ (7) ­ å®¤¨¬

dajik + ajik(!
0
0 + !j

j � !i
i � !k

k)� �jk!
0
i � gik!

j
n+1 = ajiks!

s
0; i 6= j;

�ajiks + ajiks(2�
0
0 + �j

j � �i
i � �k

k � �s
s)� �jk

X
p6=i

apis�
0
p +

+ajik(�
0
s�gjs�

j
n+1 + gis�

i
n+1 + gks�

k
n+1 � �js�

0
j + �is�

0
i + �ks�

0
k)�

�
X
q 6=k

giqa
q
ks�

j
n+1 �

X
p6=i

gkpa
p
is�

j
n+1 +

X
l6=j

gika
j
ls�

l
n+1 = 0; i 6= j;

(11)

£¤¥

2aji[pq] = 2
� X

l6=p;q

ajila
l
[pq] �

X
t6=i;j

ati[pa
j

jtjq]

�
+ aqpqa

j
iq � apqpa

j
ip; i 6= j; p 6= q: (12)

�«¥¤ãï [1], á¥âì �n � Cn ­ §®¢¥¬ £®«®­®¬­®©, ¥á«¨ ª ¦¤®¥ ¨§ n ãà ¢­¥­¨© �ä ää  !i
0 = 0

¢¯®«­¥ ¨­â¥£à¨àã¥¬®; ®ç¥¢¨¤­®, çâ® ­¥®¡å®¤¨¬ë¬ ¨ ¤®áâ â®ç­ë¬ ãá«®¢¨¥¬ ¥¥ £®«®­®¬­®áâ¨
ï¢«ï¥âáï ®¤­®¢à¥¬¥­­®¥ ®¡à é¥­¨¥ ¢ ­ã«ì ¢á¥å ®â­®á¨â¥«ì­ëå ¨­¢ à¨ ­â®¢:

ai[pq] = 0; p; q 6= i: (13)

�§ ãá«®¢¨ï (13) ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â, çâ® ¯à¨ n = 2 ¢áïª ï ¯«®áª ï á¥âì �2 ª®­ä®à¬­®©
¯«®áª®áâ¨ C2 ï¢«ï¥âáï £®«®­®¬­®©.

�à ¢­¥­¨ï (11) ¢ á¨«ã á®®â­®è¥­¨© (6(¡)) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

dajik + ajik(!
0
0 + !j

j � !i
i � !k

k) + (gikg
js � �jk�

s
i )!

0
s = ajiks!

s
0; i 6= j;

®âªã¤  ¯à¨ k = j ¨¬¥¥¬

dajij + ajij(!
0
0 � !i

i) + (gijg
js � �si )!

0
s = ajijs!

s
0; i 6= j; (14)

¯® j ­¥â áã¬¬¨à®¢ ­¨ï.
� á¨«ã ãà ¢­¥­¨© (6(¢)), (7) äã­ªæ¨¨

asi
def=

X
j 6=i

gijg
js � (n� 1)�si (15)

ï¢«ïîâáï ®â­®á¨â¥«ì­ë¬¨ (i 6= s) ¨«¨  ¡á®«îâ­ë¬¨ (i = s) ¨­¢ à¨ ­â ¬¨: �asi = asi (�
i
i � �s

s).
� âà¨æ  ¯®àï¤ª  n ¨§ ®â­®á¨â¥«ì­ëå ¨  ¡á®«îâ­ëå ¨­¢ à¨ ­â®¢ asi , ¢®®¡é¥ £®¢®àï, ­¥¢ëà®-
¦¤¥­ ; ¢ íâ®¬ «¥£ª® ã¡¥¤¨âìáï, ­ ¯à¨¬¥à, ¢ á«ãç ¥ ®àâ®£®­ «ì­®© á¥â¨ �n � Cn (gij = 0, i 6= j,
á¬. ¯. 3). �«¥¬¥­âë

�
aik ®¡à â­®© ¬ âà¨æë ®¯à¥¤¥«ïîâáï á®®â­®è¥­¨ï¬¨

�
aila

l
s =

�
alsa

i
l = �is: (16)

�§ ãà ¢­¥­¨© (14) ¨ á®®â­®è¥­¨© (15), (16) á«¥¤ã¥â, çâ® ®å¢ â

q0i
def=
�X

j 6=k

ajkj

�
�
aki (17)
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ã¤®¢«¥â¢®àï¥â ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î

dq0i + q0i (!
0
0 � !i

i) + !0
i = q0is!

s
0: (18)

�¨¯¥àáä¥àë

Fi = q0iA0 +Ai; (19)

¯à¨­ ¤«¥¦ é¨¥ ª á â¥«ì­ë¬ ª «¨­¨ï¬ á¥â¨ �n � Cn, ï¢«ïîâáï ¨­¢ à¨ ­â­ë¬¨: �Fi = �i
iFi;

­ §®¢¥¬ ¨å £ à¬®­¨ç¥áª¨¬¨ £¨¯¥àáä¥à ¬¨ á¥â¨. �ç¥¢¨¤­®, çâ® ¢ á¨«ã ãà ¢­¥­¨© (18) ¯®«¥ £ à-

¬®­¨ç¥áª¨å â®ç¥ª F
def= [Fi] ¯¥à¥á¥ç¥­¨ï n £ à¬®­¨ç¥áª¨å £¨¯¥àáä¥à Fi á¥â¨ (á®£« á­® [7], [8])

§ ¤ ¥â ­®à¬ «¨§ æ¨î ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn. � ª¨¬ ®¡à §®¬, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  2. �®«¥ £ à¬®­¨ç¥áª¨å â®ç¥ª F ¯«®áª®© á¥â¨ �n � Cn ¢­ãâà¥­­¨¬ ®¡à §®¬ ®¯à¥-

¤¥«ï¥â ­®à¬ «¨§ æ¨î ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn.

�®£« á­® [9] £ à¬®­¨ç¥áª ï â®çª  F ¯«®áª®© á¥â¨ �n � Cn ¨¬¥¥â à §«®¦¥­¨¥

F = �
1
2
gstq0sq

0
tA0 � gstq0sAt +An+1:

3. �®¯ãáâ¨¬, çâ® á¥âì �n � Cn ®àâ®£®­ «ì­ ï, â. ¥. ª á â¥«ì­ë¥ ª ¥¥ «¨­¨ï¬ ¯®¯ à­® ®àâ®-
£®­ «ì­ë:

(XiXj) = (AiAj) = gij = 0; i 6= j: (20)

�§ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (6(¢)) ¤«ï ¯®á«¥¤­¨å à ¢¥­áâ¢ á ¨á¯®«ì§®¢ ­¨¥¬ (7) ¨¬¥¥¬

giia
i
js + gjja

j
is = 0; i 6= j;

®âªã¤  ¢ á¨«ã (2) ­¥¯®áà¥¤áâ¢¥­­® ­ å®¤¨¬

ajij = �gjjgiia
i
jj ; i 6= j; áã¬¬¨à®¢ ­¨ï ¯® j ­¥â; ( )

giia
i
jk + gjja

j

ik = 0; ¢á¥ ¨­¤¥ªáë à §«¨ç­ë: (¡)
(21)

�à®¤¨ää¥à¥­æ¨à®¢ ¢ ¢ëà ¦¥­¨ï (21( )), á ¨á¯®«ì§®¢ ­¨¥¬ ãà ¢­¥­¨© (6(¢)), (11) ¨ á®®â­®è¥-
­¨© (6(¡)), (20) ­ å®¤¨¬

ajijs = �gjjgiia
i
jjs; i 6= j; ¯® j ­¥â áã¬¬¨à®¢ ­¨ï: (22)

B á«ãç ¥ ®àâ®£®­ «ì­®© á¥â¨ �n � Cn ¢ á¨«ã á®®â­®è¥­¨© (15), (20) ¬ âà¨æ  jjasi jj ­¥¢ë-
à®¦¤¥­ , ¨¡® jasi j = (1 � n)n 6= 0; á«¥¤®¢ â¥«ì­®, ¤®¯ãé¥­­®¥ ¢ëè¥ (¯. 2) ¯à¥¤¯®«®¦¥­¨¥ ®
­¥¢ëà®¦¤¥­­®áâ¨ ãª § ­­®© ¬ âà¨æë á®®â¢¥âáâ¢ã¥â ®¡é¥¬ã á«ãç î.

� à¬®­¨ç¥áª¨¥ £¨¯¥àáä¥àë (19) ®àâ®£®­ «ì­®© á¥â¨ �n � Cn á®£« á­® á®®â­®è¥­¨ï¬
(15){(17), (20), (21( )) § ¤ îâáï n ª¢ §¨â¥­§®à ¬¨

q0i = �
1

n� 1

X
j 6=i

ajij =
1

n� 1
gii
X
j 6=i

gjjaijj ; (23)

¯à¨ íâ®¬ ¢ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨ïå (18) äã­ªæ¨¨ q0is ¢ á¨«ã (14), (20), (22) ¨¬¥îâ áâà®-
¥­¨¥

q0is = �
1

n� 1

X
j 6=i

ajijs =
1

n� 1
gii
X
j 6=i

gjjaijjs: (24)

�¥®¬¥âà¨ç¥áª¨© á¬ëá« £ à¬®­¨ç¥áª¨å £¨¯¥àáä¥à Fi ®àâ®£®­ «ì­®© á¥â¨ �n � Cn § ª«îç ¥â-
áï ¢ á«¥¤ãîé¥¬. � á¨«ã ãà ¢­¥­¨© (4), (11) ¨ á®®â­®è¥­¨© (20), (21) ª ¦¤ ï ¨§ n� 1 £¨¯¥àáä¥à

F j
i = �ajijA0 +Ai = gjjgiia

i
jjA0 +Ai; i 6= j; (25)
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¯à¨­ ¤«¥¦ é¨å ª á â¥«ì­®© ª i-© «¨­¨¨ ®àâ®£®­ «ì­®© á¥â¨ �n � Cn, ï¢«ï¥âáï ¨­¢ à¨ ­â­®©:
�F j

i = �i
iF

j
i ; ¯®  ­ «®£¨¨ á [1] ­ §®¢¥¬ ¨å ¯á¥¢¤®ä®ª «ì­ë¬¨ £¨¯¥àáä¥à ¬¨ ª á â¥«ì­®© A0Ai

ª i-© «¨­¨¨ á¥â¨ �n � Cn. �¥¯¥àì ¢ á¨«ã (19), (23), (25) ®ç¥¢¨¤­®, çâ® ¤«ï ®àâ®£®­ «ì­®© á¥â¨
�n � Cn á¯à ¢¥¤«¨¢® Fi = 1

n�1

P
j 6=i

F j
i .

�ãáâì à §¬¥à­®áâì ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ¡®«ìè¥ 2, â. ¥. n � 3. � á¯¨áë¢ ï á®®â­®-
è¥­¨ï (21(¡)) ¯ãâ¥¬ æ¨ª«¨ç¥áª®© ¯¥à¥áâ ­®¢ª¨ ¨­¤¥ªá®¢ i, j, k, ¯®«ãç¨¬ á¨áâ¥¬ã

8>><
>>:
giia

i
jk + gjja

j
ik = 0;

gjja
j
ki + gkka

k
ji = 0;

gkka
k
ij + giia

i
kj = 0;

¢á¥ ¨­¤¥ªáë à §«¨ç­ë: (26)

�à¥¤¯®«®¦¨¬, çâ® ®àâ®£®­ «ì­ ï á¥âì �n � Cn (n � 3) ï¢«ï¥âáï £®«®­®¬­®©, â. ¥. á¯à ¢¥¤-
«¨¢ë à ¢¥­áâ¢  (13). � ª ª ª â¥¯¥àì ¯à¨ ª ¦¤®© ä¨ªá¨à®¢ ­­®© âà®©ª¥ à §«¨ç­ëå ¨­¤¥ªá®¢
i, j, k á¨áâ¥¬  (26) ¥áâì á¨áâ¥¬  âà¥å «¨­¥©­ëå ®¤­®à®¤­ëå ãà ¢­¥­¨© á âà¥¬ï ­¥¨§¢¥áâ­ë¬¨

aijk, a
j
ik, a

k
ij , ¯à¨ç¥¬ ®¯à¥¤¥«¨â¥«ì á¨áâ¥¬ë � def= 2giigjjgkk 6= 0, â® á¯à ¢¥¤«¨¢®

ajik = 0; ¢á¥ ¨­¤¥ªáë à §«¨ç­ë: (27)

�¡à é¥­¨¥ ¢ ­ã«ì ¢á¥å ®â­®á¨â¥«ì­ëå ¨­¢ à¨ ­â®¢ ajik (á¬. (27)) ¤«ï à áá¬ âà¨¢ ¥¬®£® ª« áá 
á¥â¥© �n � Cn (n � 3) ¯à¨¢®¤¨â ª ª« ááã ¯«®áª¨å á¥â¥©, ­ §ë¢ ¥¬ëå n-á®¯àï¦¥­­ë¬¨ á¨áâ¥¬ -
¬¨ (á¬. ¯. 4).

4. �®  ­ «®£¨¨ á [10] ¡ã¤¥¬ £®¢®à¨âì, çâ® ®àâ®£®­ «ì­ ï á¥âì �n � Cn ¥áâì n-á®¯àï¦¥­­ ï
á¨áâ¥¬ , ¥á«¨ ¯à¨ ¯¥à¥­¥á¥­¨¨ � à¡ã á®®â¢¥âáâ¢ãîé ï ¥© á¥âì e�n � Q2

n � Pn+1 ï¢«ï¥âáï
n-á®¯àï¦¥­­®© á¨áâ¥¬®©, â. ¥. ¢á¥ ¯á¥¢¤®ä®ªãáë (á¬. (25))

F j
i = �ajijA0 +Ai; i 6= j;

ª ¦¤®© ª á â¥«ì­®© A0Ai ª «¨­¨¨ !i
0 á®¯àï¦¥­­®© (®â­®á¨â¥«ì­® ¯®«ï ª®­ãá®¢ ­ ¯à ¢«¥­¨©

gst!
s
0!

t
0 = 0) á¥â¨ e�n ­  Q2

n ï¢«ïîâáï ä®ªãá ¬¨. �®á«¥¤­¥¥ ®§­ ç ¥â, çâ® ª ¦¤ ï ª á â¥«ì­ ï
A0Ai ª «¨­¨¨ !i

0 á¥â¨ e�n � Q2
n ¯à¨ á¬¥é¥­¨¨ â®çª¨ A0 ¢¤®«ì ¤àã£®© ¥¥ «¨­¨¨ !j

0 ®¯¨áë¢ -
¥â ¤¢ã¬¥à­ãî à §¢¥àâë¢ îéãîáï ¯®¢¥àå­®áâì á à¥¡à®¬ ¢®§¢à â , ®¯¨áë¢ ¥¬ë¬ ä®ªãá®¬ F j

i ;
á«¥¤®¢ â¥«ì­®,

dF j
i 2 (A0Ai) (modf!

k
0 = 0; k 6= jg):

� ª ª ª á®£« á­® á®®â­®è¥­¨ï¬ (4), (6(¡)), (7), (14), (20)

dF j
i = �ajijjA0!

j
0 + !i

iF
j
i +

X
s6=i;j

asijAs!
j
0 (modf!

k
0 = 0; k 6= jg);

â®
 ) ¯à¨ n > 2 ­¥®¡å®¤¨¬ë¬ ¨ ¤®áâ â®ç­ë¬ ãá«®¢¨¥¬, ¯à¨ ª®â®à®¬ ®àâ®£®­ «ì­ ï á¥âì �n � Cn

¥áâì n-á®¯àï¦¥­­ ï á¨áâ¥¬ , ï¢«ï¥âáï ®¡à é¥­¨¥ ¢ ­ã«ì ®â­®á¨â¥«ì­ëå ¨­¢ à¨ ­â®¢ ajik (¢á¥
¨­¤¥ªáë à §«¨ç­ë), â. ¥. ¢ë¯®«­¥­¨¥ á®®â­®è¥­¨© (27); § ¬¥â¨¬, çâ® á®®â­®è¥­¨ï (27) ®¡¥á¯¥-
ç¨¢ îâ ¢ë¯®«­¥­¨¥ á®®â­®è¥­¨© (13), â. ¥. n-á®¯àï¦¥­­ ï á¨áâ¥¬  ï¢«ï¥âáï £®«®­®¬­®©;

¡) ¯à¨ n = 2 ¢áïª ï ®àâ®£®­ «ì­ ï á¥âì �2 � C2 ª®­ä®à¬­®© ¯«®áª®áâ¨ C2 ï¢«ï¥âáï
2-á®¯àï¦¥­­®© á¨áâ¥¬®©.

� ª¨¬ ®¡à §®¬, á ãç¥â®¬ ¯. 3 á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3. �«®áª ï ®àâ®£®­ «ì­ ï á¥âì �n � Cn (n � 2) ¥áâì n-á®¯àï¦¥­­ ï á¨áâ¥¬ 

â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ®­  ï¢«ï¥âáï £®«®­®¬­®©.
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�¯à¥¤¥«ï¥âáï n-á®¯àï¦¥­­ ï á¨áâ¥¬  �n � Cn (n � 2) á¨áâ¥¬®© ãà ¢­¥­¨©

!j
i = ajii!

i
0 + ajij!

j
0; i 6= j; (28)

¢ ª®â®à®© äã­ªæ¨¨ ajii, a
j
ij ¯®¤ç¨­¥­ë ª®­¥ç­ë¬ á®®â­®è¥­¨ï¬ (21( )). � ¬ëª ï ãà ¢­¥­¨ï

á¨áâ¥¬ë (28), ¨¬¥¥¬
�ajii ^ !i

0 +�ajij ^ !j
0 = 0; i 6= j;

£¤¥

�ajii = dajii + ajii(!
0
0 � 2!i

i + !j
j ) + ajii

X
t6=i

aiti!
t
0 +

X
s6=i;j

asii!
j
s + giig

jj!0
j ;

�ajij = dajij + ajij(!
0
0 � !i

i) + ajij
X
l6=j

ajlj!
l
0 �

X
s6=i;j

asisa
j
sj!

s
0 � !0

i :

� á¨«ã á®®â­®è¥­¨© (21( )) ä®à¬ë �ajij , �a
i
jj á¢ï§ ­ë «¨­¥©­ë¬¨ § ¢¨á¨¬®áâï¬¨

�ajij = �gjjgii
�
�aijj �

X
s 6=i;j

asjja
i
si!

i
0

�
; i 6= j:

�¥¯¥àì ­¥âàã¤­® ¯à®¢¥à¨âì, çâ® á¨áâ¥¬  ãà ¢­¥­¨© (28) ­ å®¤¨âáï ¢ ¨­¢®«îæ¨¨, ¥¥ à¥è¥­¨¥
®¯à¥¤¥«ï¥âáï á ¯à®¨§¢®«®¬ n(n� 1) äã­ªæ¨© ®¤­®£®  à£ã¬¥­â . �®ª § ­ 

�¥®à¥¬  4. n-á®¯àï¦¥­­ë¥ á¨áâ¥¬ë �n � Cn (n � 2) áãé¥áâ¢ãîâ á ¯à®¨§¢®«®¬ n(n� 1)
äã­ªæ¨© ®¤­®£®  à£ã¬¥­â .

5. �à¥¤¯®«®¦¨¬, çâ® § ¤ ­  ­®à¬ «¨§ æ¨ï ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ¯®«¥¬ ª¢ §¨â¥­-
§®à  x0i :

dx0i + x0i!
0
0 � x0k!

k
i + !0

i = x0ik!
k
0 ;

�x0ik + 2x0ik�
0
0 � x0is�

s
k � x0sk�

s
i + x0i�

0
k + x0k�

0
i � gikg

stx0s�
0
t = 0:

(29)

�§¢¥áâ­® [11], çâ® á¨áâ¥¬  ä®à¬ f�k
i
g ¢¨¤ 

�k0 = !k
0 ;

�ki = !k
i � �ki (!

0
0 � x0s!

s
0) + gksx0s!

n+1
i + x0i!

k
0

(30)

ã¤®¢«¥â¢®àï¥â áâàãªâãà­ë¬ ãà ¢­¥­¨ï¬ � àâ ­ {� ¯â¥¢  [5], [6]

D�k0 = �s0 ^ �ks ;

D�ki = �si ^ �ks +
1
2
Rk

ist�
s
0 ^ �t0;

(31)

  á«¥¤®¢ â¥«ì­®, ®¯à¥¤¥«ï¥â ¯à®áâà ­áâ¢®  ää¨­­®© á¢ï§­®áâ¨ An;n ¡¥§ ªàãç¥­¨ï (Rk
0st � 0). �

áâàãªâãà­ëå ãà ¢­¥­¨ïå (31) â¥­§®à ªà¨¢¨§­ë Rk
ist ¯à®áâà ­áâ¢  An;n ¨¬¥¥â á«¥¤ãîé¥¥ áâà®¥-

­¨¥:

Rk
ist = 2(glpx0px

0
l gi[s�

k
t] � gkpx0pgi[s�

l
t]x

0
l + x0i[s�

k
t] � x0ix

0
l �

l
[s�

k
t] � gklx0l[sgt]i + �ki x

0
l[s�

l
t]): (32)

�®£« á­® [9] ¯à®áâà ­áâ¢® An;n ï¢«ï¥âáï ¢¥©«¥¢ë¬ á ¯®«¥¬ ¬¥âà¨ç¥áª®£® â¥­§®à  gik; íâ®
¯à®áâà ­áâ¢® ï¢«ï¥âáï à¨¬ ­®¢ë¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ª®á®á¨¬¬¥âà¨ç­ë© â¥­§®à x0[ik]
(á¬. (29)) ®¡à é ¥âáï ¢ ­ã«ì.

�¨­¨ï l ¢ ª®­ä®à¬­®¬ ¯à®áâà ­áâ¢¥ Cn ®¯à¥¤¥«ï¥âáï ãà ¢­¥­¨ï¬¨

l : !i
0 = li�; D� = � ^ �00:

�¤­®¬¥à­ë© «¨­¥©­ë© í«¥¬¥­â L1, ®¯à¥¤¥«ï¥¬ë© â®çª®© A0 ¨ £¨¯¥àáä¥à®© M = �k(x0kA0 +
Ak) (â. ¥. ¯ãç®ª ª á îé¨åáï ¬¥¦¤ã á®¡®© ¢ æ¥­âà¥ A0 £¨¯¥àáä¥à X = M + �A0), ­ §®¢¥¬ \­ -
¯à ¢«¥­¨¥¬ A0M".
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�á«®¢¨¥¬ ¯ à ««¥«ì­®£® ¯¥à¥­¥á¥­¨ï ­ ¯à ¢«¥­¨ï A0M ¢¤®«ì ªà¨¢®© l ¢  ää¨­­®© á¢ï§-
­®áâ¨ r, ®¯à¥¤¥«ï¥¬®© á¨áâ¥¬®© ä®à¬ (30), ï¢«ï¥âáï ¢ë¯®«­¥­¨¥ ãà ¢­¥­¨©

d�i + �k�ik = ��i (mod l): (33)

�®£« á­® á®®â­®è¥­¨ï¬ (33) ãá«®¢¨¥ ¯ à ««¥«ì­®£® ¯¥à¥­¥á¥­¨ï ­ ¯à ¢«¥­¨ï A0Ai (�i = 1,
�j = 0, j 6= i) ª á â¥«ì­®© ª i-© «¨­¨¨ á¥â¨ �n � Cn ¢¤®«ì «¨­¨¨ l ¢  ää¨­­®© á¢ï§­®áâ¨ r
¨¬¥¥â ¢¨¤

�ji = 0 (mod l); j 6= i:

�á«¨ ¢ ª ç¥áâ¢¥ «¨­¨¨ l ¢§ïâì «¨­¨î !k
0 ®àâ®£®­ «ì­®© á¥â¨ (¢á¥ !s

0 = 0, s 6= k), â® ¯®á«¥¤­¥¥
ãá«®¢¨¥ á ¨á¯®«ì§®¢ ­¨¥¬ (6(¡)), (7), (20), (30) à ¢­®á¨«ì­® á®®â­®è¥­¨ï¬

ajik � gjjx0jgik + x0i �
j
k = 0; i 6= j: (34)

� ª¨¬ ®¡à §®¬, ãá«®¢¨¥¬ ¯ à ««¥«ì­®£® ¯¥à¥­¥á¥­¨ï ­ ¯à ¢«¥­¨ï A0Ai ª á â¥«ì­®© ª i-©
«¨­¨¨ ®àâ®£®­ «ì­®© á¥â¨ �n � Cn ¢¤®«ì ¥¥ k-© «¨­¨¨ ¢  ää¨­­®© á¢ï§­®áâ¨ r, ¨­¤ãæ¨àã¥-
¬®© ­®à¬ «¨§ æ¨¥© ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  ¯®«¥¬ ª¢ §¨â¥­§®à  x0s, ï¢«ï¥âáï ¢ë¯®«­¥­¨¥

á®®â­®è¥­¨© (34).

6. �á«¨ ¢ ª ç¥áâ¢¥ ¯®«ï ª¢ §¨â¥­§®à  x0i ¢§ïâì ¯®«¥ q0i (á¬. (17)), ®¯à¥¤¥«ï¥¬®¥ ¯«®áª®©
á¥âìî �n � Cn, â® ãà ¢­¥­¨ï (18) ¯®á«¥ ¯à¨¢¥¤¥­¨ï ª ¢¨¤ã (29) § ¯¨èãâáï â ª:

dq0i + q0i !
0
0 � q0k!

k
i + !0

i = eq0is!s
0;

£¤¥

eq0is = q0is �
X
j 6=i

q0ja
j
is: (35)

� ª¨¬ ®¡à §®¬, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  5. �à®áâà ­áâ¢®  ää¨­­®© á¢ï§­®áâ¨ An;n, ¨­¤ãæ¨àã¥¬®¥ ­®à¬ «¨§ æ¨¥© ª®­-

ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ¯®«¥¬ £ à¬®­¨ç¥áª¨å â®ç¥ª F ¯«®áª®© á¥â¨ �n � Cn, ï¢«ï¥âáï

à¨¬ ­®¢ë¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  n(n� 1)=2 ®â­®á¨â¥«ì­ëå ¨­¢ à¨ ­â®¢ eq0[pq], p 6= q,

�eq0[pq] = eq0[pq](�p
p + �q

q � 2�0
0)

®¤­®¢à¥¬¥­­® ®¡à é îâáï ¢ ­ã«ì.

�à¥¤¯®«®¦¨¬, çâ® á¥âì �n � Cn ï¢«ï¥âáï n-á®¯àï¦¥­­®© á¨áâ¥¬®©; ¢ á¨«ã ¥¥ ®àâ®£®­ «ì-
­®áâ¨ äã­ªæ¨¨ eq0is (á¬. (35)) á ¨á¯®«ì§®¢ ­¨¥¬ á®®â­®è¥­¨© (23), (24) ¨¬¥îâ áâà®¥­¨¥

eq0is = 1
n� 1

X
j 6=i

h�X
l6=j

aljl

�
ajis � ajijs

i
:

�§ ¯®á«¥¤­¨å á®®â­®è¥­¨© ¢ á¨«ã à ¢¥­áâ¢ (27) ¨¬¥¥¬

eq0pq = 1
n� 1

h�X
l6=q

alql

�
aqpq �

X
akpkq

i
; p 6= q;

®âªã¤  ­¥¯®áà¥¤áâ¢¥­­® ­ å®¤¨¬

2eq0[pq] = 1
n� 1

h�X
l6=q

alql

�
aqpq �

�X
k 6=p

akpk

�
apqp � aqpqq + apqpp � 2

X
t6=p;q

at[pjtjq]

i
; p 6= q: (36)

�§ á®®â­®è¥­¨© (36) ¯à¨ n = 2 ¯®«ãç¨¬

2eq0[pq] = �(aqpqq � apqpp); p 6= q: (37)

�á«¨ n > 2, â® ¨§ ãà ¢­¥­¨© (11) ¤«ï à ¢¥­áâ¢ (27) á ãç¥â®¬ (20) ¨¬¥¥¬

ajpqj = ajqpj = 0; ¢á¥ ¨­¤¥ªáë à §«¨ç­ë, áã¬¬¨à®¢ ­¨ï ­¥â.
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�«¥¤®¢ â¥«ì­®, á®®â­®è¥­¨ï (36) á ¨á¯®«ì§®¢ ­¨¥¬ ¯®á«¥¤­¨å à ¢¥­áâ¢ ¨ à ¢¥­áâ¢ (12), (27)
¯à¨ n > 2 § ¯¨èãâáï ¢ ¢¨¤¥

2eq0[pq] = �
1

n� 1
(aqpqq � apqpp); p 6= q: (370)

� ¬¥â¨¬, çâ® ¢ á¨«ã ãà ¢­¥­¨© (11) ¨ á®®â­®è¥­¨© (20), (21( )), (27) ª ¦¤ ï ¨§ à §­®áâ¥©
aqpqq � apqpp ¥áâì ®â­®á¨â¥«ì­ë© ¨­¢ à¨ ­â

�(aqpqq � apqpp) = (aqpqq � apqpp)(�
p
p + �q

q � 2�0
0); p 6= q:

� ª¨¬ ®¡à §®¬, á ãç¥â®¬ â¥®à¥¬ë 5 ¨ à ¢¥­áâ¢ (37), (370) ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  6. �à®áâà ­áâ¢®  ää¨­­®© á¢ï§­®áâ¨ An;n, ¨­¤ãæ¨àã¥¬®¥ ­®à¬ «¨§ æ¨¥© ª®­-

ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ¯®«¥¬ £ à¬®­¨ç¥áª¨å â®ç¥ª F n-á®¯àï¦¥­­®© á¨áâ¥¬ë �n � Cn

(n � 2), ï¢«ï¥âáï à¨¬ ­®¢ë¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  n(n� 1)=2 ®â­®á¨â¥«ì­ëå ¨­¢ à¨-

 ­â®¢ aqpqq � apqpp, p 6= q ®¤­®¢à¥¬¥­­® ®¡à é îâáï ¢ ­ã«ì.

7. �á«¨ ãá«®¢¨¥ (34) á¯à ¢¥¤«¨¢® ¤«ï «î¡ëå i6=k (i=k), â® ®àâ®£®­ «ì­ ï á¥âì �n � Cn

­ §ë¢ ¥âáï ç¥¡ëè¥¢áª®© (£¥®¤¥§¨ç¥áª®©) ®â­®á¨â¥«ì­® ¤ ­­®© ­®à¬ «¨§ æ¨¨ ª®­ä®à¬­®£® ¯à®-
áâà ­áâ¢  Cn, ®¯à¥¤¥«ï¥¬®© ¯®«¥¬ ª¢ §¨â¥­§®à  x0i .

�§ á®®â­®è¥­¨© (34) á«¥¤ã¥â ãá«®¢¨¥ £¥®¤¥§¨ç­®áâ¨ (i = k) ®àâ®£®­ «ì­®© á¥â¨ �n � Cn ¢
á¢ï§­®áâ¨ r

ajii � giig
jjx0j = 0; i 6= j; (38)

 ­ «®£¨ç­® ¨§ â¥å ¦¥ á®®â­®è¥­¨© á«¥¤ã¥â ãá«®¢¨¥, ¯à¨ ¢ë¯®«­¥­¨¨ ª®â®à®£® ®àâ®£®­ «ì­ ï
á¥âì �n � Cn ï¢«ï¥âáï ç¥¡ëè¥¢áª®© ¢ á¢ï§­®áâ¨ r,

ajik + �jkx
0
i = 0; i 6= j; k: (39)

�§ ãá«®¢¨ï (38) ¢ á¨«ã á®®â­®è¥­¨© (23), (25) ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â

�¥®à¥¬  7. �á«¨ ®â­®á¨â¥«ì­® ­¥ª®â®à®© ­®à¬ «¨§ æ¨¨ ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn

¯®«¥¬ ª¢ §¨â¥­§®à  x0i ¯à®áâà ­áâ¢® Cn ­¥á¥â ®àâ®£®­ «ì­ãî £¥®¤¥§¨ç¥áªãî á¥âì �n ¢  ä-

ä¨­­®© á¢ï§­®áâ¨ r, â® ®­  ï¢«ï¥âáï á¥âìî á á®¢¯ ¢è¨¬¨ ¯á¥¢¤®ä®ª «ì­ë¬¨ £¨¯¥àáä¥à ¬¨

¨ ¤ ­­ ï ­®à¬ «¨§ æ¨ï ¡ã¤¥â ­®à¬ «¨§ æ¨¥© ¯®«¥¬ ¥¥ £ à¬®­¨ç¥áª¨å â®ç¥ª F (x0i � q0i ).

�¬¥¥â ¬¥áâ® ¨ ®¡à â­®¥ ãâ¢¥à¦¤¥­¨¥.

�¥®à¥¬  8. �á«¨ ®àâ®£®­ «ì­ ï á¥âì �n � Cn ¥áâì á¥âì á á®¢¯ ¢è¨¬¨ ¯á¥¢¤®ä®ª «ì­ë¬¨

£¨¯¥àáä¥à ¬¨, â® ¯à¨ ­®à¬ «¨§ æ¨¨ ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ¯®«¥¬ ¥¥ £ à¬®­¨ç¥áª¨å

â®ç¥ª F ¤ ­­ ï á¥âì ï¢«ï¥âáï £¥®¤¥§¨ç¥áª®© ®â­®á¨â¥«ì­®  ää¨­­®© á¢ï§­®áâ¨ r.

�à¨¢¥¤¥¬ ¡¥§ ¤®ª § â¥«ìáâ¢  á«¥¤ãîé¥¥ ¯à¥¤«®¦¥­¨¥: ®àâ®£®­ «ì­ë¥ £¥®¤¥§¨ç¥áª¨¥ á¥â¨

�3 � C3 áãé¥áâ¢ãîâ á ¯à®¨§¢®«®¬ ¢ âà¨ äã­ªæ¨¨ ¤¢ãå  à£ã¬¥­â®¢.

� á¨«ã á®®â­®è¥­¨© (21( )), (23), (25), (39) ¨ â¥®à¥¬ë 8 á¯à ¢¥¤«¨¢ 

�¥®à¥¬  9. �á«¨ ®àâ®£®­ «ì­ ï á¥âì �n � Cn ®â­®á¨â¥«ì­® ­¥ª®â®à®© ­®à¬ «¨§ æ¨¨

ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ï¢«ï¥âáï ç¥¡ëè¥¢áª®© ¢  ää¨­­®© á¢ï§­®áâ¨ r, â® ®­  ï¢«ï-

¥âáï £¥®¤¥§¨ç¥áª®©; ¯à¨ íâ®¬ ¤ ­­ ï ­®à¬ «¨§ æ¨ï ¥áâì ­®à¬ «¨§ æ¨ï ¯à®áâà ­áâ¢  Cn ¯®-

«¥¬ £ à¬®­¨ç¥áª¨å â®ç¥ª F á¥â¨.

� ¬¥â¨¬, çâ® ¯à¨ n = 2 ¢áïª ï ®àâ®£®­ «ì­ ï á¥âì �2 � C2 ¯à¨ ­®à¬ «¨§ æ¨¨ ª®­ä®à¬­®©
¯«®áª®áâ¨ C2 ¯®«¥¬ £ à¬®­¨ç¥áª¨å â®ç¥ª á¥â¨ ®â­®á¨â¥«ì­®  ää¨­­®© á¢ï§­®áâ¨ r ï¢«ï¥âáï
£¥®¤¥§¨ç¥áª®© ¨ ç¥¡ëè¥¢áª®© ®¤­®¢à¥¬¥­­®.

�à¨ n > 2 âà¥¡®¢ ­¨ï ãá«®¢¨ï (39), ¯à¨ ª®â®à®¬ ®àâ®£®­ «ì­ ï á¥âì �n � Cn ï¢«ï¥âáï
ç¥¡ëè¥¢áª®© ®â­®á¨â¥«ì­®  ää¨­­®© á¢ï§­®áâ¨ r, ï¢«ïîâáï ¡®«¥¥ á¨«ì­ë¬¨, ç¥¬ âà¥¡®¢ ­¨ï
ãá«®¢¨ï (38) ¥¥ £¥®¤¥§¨ç­®áâ¨, ¨¡® á®®â­®è¥­¨ï (39) ­ ª« ¤ë¢ îâ ¤®¯®«­¨â¥«ì­ë¥ ãá«®¢¨ï (27)
®¡à é¥­¨ï ¢ ­ã«ì ®â­®á¨â¥«ì­ëå ¨­¢ à¨ ­â®¢ ajik.
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�®£« á­® â¥®à¥¬¥ 9 ¨ à ¢¥­áâ¢ ¬ (27) á¯à ¢¥¤«¨¢ 

�¥®à¥¬  10. �àâ®£®­ «ì­ ï á¥âì �n � Cn (n > 2) ¥áâì ç¥¡ëè¥¢áª ï â®£¤  ¨ â®«ìª®

â®£¤ , ª®£¤  ®­  ï¢«ï¥âáï n-á®¯àï¦¥­­®© £¥®¤¥§¨ç¥áª®© á¥âìî.

� ¬¥â¨¬, çâ® ¯à¨ n = 2 ¢áïª ï ®àâ®£®­ «ì­ ï á¥âì �2 � C2 ï¢«ï¥âáï ç¥¡ëè¥¢áª®©, £¥®¤¥§¨-
ç¥áª®© ¨ 2-co¯pï¦e­­o© á¨áâ¥¬®© ®¤­®¢à¥¬¥­­®.

8. �®£« á­® â¥®à¥¬¥ 4 ®àâ®£®­ «ì­ ï á¥âì �2 � C2 áãé¥áâ¢ã¥â á ¯à®¨§¢®«®¬ ¢ ¤¢¥ äã­ªæ¨¨
®¤­®£®  à£ã¬¥­â .

� áá¬®âà¨¬ ®àâ®£®­ «ì­ãî ç¥¡ëè¥¢áªãî á¥âì �n � Cn (n > 2); ¢ à¥¯¥à¥ Ai � Fi ¢ á¨-
«ã â¥®à¥¬ë 10, ãà ¢­¥­¨© (18), (28) ¨ à ¢¥­áâ¢ (21( )), (23), (27) ®­  ®¯à¥¤¥«ï¥âáï á¨áâ¥¬®©
ãà ¢­¥­¨©

!j
i = 0; !0

i = q0is!
s
0; i 6= j: (40)

� ¬ëª ­¨¥ ãà ¢­¥­¨© !j
i = 0, i 6= j, á ¨á¯®«ì§®¢ ­¨¥¬ (5), (6(¡)), (20) ¯à¨¢®¤¨â ª ª¢ ¤à â¨ç­ë¬

ãà ¢­¥­¨ï¬
giig

jjq0js!
s
0 ^ !i

0 � q0is!
s
0 ^ !j

0 = 0; i 6= j;

®âªã¤  ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â

q0is = 0: (41)

B á¨«ã à ¢¥­áâ¢ (41) ãà ¢­¥­¨ï á¨áâ¥¬ë (40) § ¯¨èãâáï ¢ ¢¨¤¥

!j
i = 0; !0

i = 0; i 6= j;

íâ  á¨áâ¥¬  ¢¯®«­¥ ¨­â¥£à¨àã¥¬ , è¨à®â  ¥¥ à¥è¥­¨ï ®¯à¥¤¥«ï¥âáï n2 ¯à®¨§¢®«ì­ë¬¨ ¯®áâ®-
ï­­ë¬¨. �®ª § ­ 

�¥®à¥¬  11. �àâ®£®­ «ì­ë¥ ç¥¡ëè¥¢áª¨¥ á¥â¨ �n � Cn (n > 2) áãé¥áâ¢ãîâ á n2 ¯à®¨§-

¢®«ì­ë¬¨ ¯®áâ®ï­­ë¬¨.

� á«ãç ¥ ®àâ®£®­ «ì­®© ç¥¡ëè¥¢áª®© á¥â¨ �n � Cn (n > 2) ¢ à¥¯¥à¥ Ai � Fi ¢ á¨«ã q0i = 0 ¨
à ¢¥­áâ¢ (35), (41) á¯à ¢¥¤«¨¢® eq0is = 0. �à¨ ­®à¬ «¨§ æ¨¨ ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ¯®«¥¬
£ à¬®­¨ç¥áª¨å â®ç¥ª F à áá¬ âà¨¢ ¥¬®© á¥â¨ (x0i � q0i = 0, x0is � eq0is = 0) á®£« á­® á®®â­®è¥­¨ï¬
(32) ¨¬¥¥¬ Rk

ist � 0. �â® ®§­ ç ¥â, çâ® ¢­ãâà¥­­ïï £¥®¬¥âà¨ï ¯à®áâà ­áâ¢   ää¨­­®© á¢ï§­®áâ¨
An;n, ¨­¤ãæ¨àã¥¬®£® ¯à¨ íâ®© ­®à¬ «¨§ æ¨¨, ï¢«ï¥âáï ¥¢ª«¨¤®¢®© («®ª «ì­®).

� ª¨¬ ®¡à §®¬, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  12. �­ãâà¥­­ïï £¥®¬¥âà¨ï ¯à®áâà ­áâ¢   ää¨­­®© á¢ï§­®áâ¨ An;n, ¨­¤ãæ¨àã¥-

¬®£® ­®à¬ «¨§ æ¨¥© ª®­ä®à¬­®£® ¯à®áâà ­áâ¢  Cn ¯®«¥¬ £ à¬®­¨ç¥áª¨å â®ç¥ª F ®àâ®£®­ «ì-

­®© ç¥¡ëè¥¢áª®© á¥â¨ �n � Cn (n > 2) ï¢«ï¥âáï ¥¢ª«¨¤®¢®© («®ª «ì­®).

B á«ãç ¥ ¯«®áª®© á¥â¨ �2 � C2 ¢ ¢ë¡à ­­®¬ à¥¯¥à¥ (Ai � Fi) á ¨á¯®«ì§®¢ ­¨¥¬ à ¢¥­áâ¢
q0i = 0 ¨ (35) ¨¬¥¥¬ eq0is = q0is. �à¨ íâ®¬ á«¥¤ã¥â § ¬¥â¨âì, çâ®, ¢®®¡é¥ £®¢®àï, eq0[pq] 6= 0, p 6= q,
â. ¥. ¢­ãâà¥­­ïï £¥®¬¥âà¨ï ¯à®áâà ­áâ¢   ää¨­­®© á¢ï§­®áâ¨ A2;2, ¢®®¡é¥ £®¢®àï, ­¥ ï¢«ï¥âáï
à¨¬ ­®¢®©.

� ª ª ª ¢ ¢ë¡à ­­®¬ à¥¯¥à¥ á¯à ¢¥¤«¨¢® !j
i = 0, i 6= j, â® § ¬ëª ­¨¥ ¯®á«¥¤­¨å ãà ¢­¥­¨©

¯à¨ n = 2 ¯à¨¢®¤¨â ª à ¢¥­áâ¢ ¬ q0ii = eq0ii = 0. � ¨á¯®«ì§®¢ ­¨¥¬ à ¢¥­áâ¢ x0i � q0i = 0,
x0ii � eq0ii = 0 ¨§ ¢ëà ¦¥­¨© (32) ­ å®¤¨¬ ª®¬¯®­¥­âë â¥­§®à  ªà¨¢¨§­ë Rk

ist ¯à®áâà ­áâ¢  A2;2:

Rk
i12 = eq0i1�k2 � eq0i2�k1 � (gk2eq021g2i � gk1eq012g1i) + 2�ki eq0[21];

®âªã¤  ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â

R2
112 = R1

212 = 0; R1
112 = R2

212 = �2eq0[12]:
�®á«¥¤­¨¥ á®®â­®è¥­¨ï á ãç¥â®¬ â¥®à¥¬ë 5 ¤®ª §ë¢ îâ á«¥¤ãîé¥¥ ¯à¥¤«®¦¥­¨¥.
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�¥®à¥¬  13. �­ãâà¥­­ïï £¥®¬¥âà¨ï ¯à®áâà ­áâ¢   ää¨­­®© á¢ï§­®áâ¨ A2;2, ¨­¤ãæ¨àã¥-

¬®£® ­®à¬ «¨§ æ¨¥© ª®­ä®à¬­®© ¯«®áª®áâ¨ C2 ¯®«¥¬ £ à¬®­¨ç¥áª¨å â®ç¥ª F ®àâ®£®­ «ì­®©

á¥â¨ �2 � C2, ¥áâì à¨¬ ­®¢  â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ®­  ï¢«ï¥âáï ¥¢ª«¨¤®¢®© («®ª «ì­®).
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