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2001 ���������� ò 1 (464)

��� 514.796

�.�. �������

� ��������� ���������� ��� n = 6

� à ¡®â¥ ¯®ª § ­®, ª ª á ¯®¬®éìî á¢ï§ãîé¨å ®¯¥à â®à®¢ �®à¤¥­  ¯®áâà®¨âì ¢ ï¢­®¬ ¢¨-
¤¥ á®®â¢¥âáâ¢ãîé¨¥  «£¥¡à ¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥­¨ï ­¥ª®â®àëå ¨§®¬®àä¨§¬®¢ ¢¥ªâ®à­ëå ¯à®-
áâà ­áâ¢ ¨ £®¬®¬®àä¨§¬®¢ £àã¯¯ (â ª ­ §ë¢ ¥¬ë© á¯¨­®à­ë© ä®à¬ «¨§¬). �®«ãç¥­­ë¥ à¥-
§ã«ìâ âë ¯à¨¬¥­ïîâáï ¤«ï ¨§ãç¥­¨ï ª®¬¯«¥ªá­®- ­ «¨â¨ç¥áª¨å á¢ï§­®áâ¥© ¢ á®®â¢¥âáâ¢ãîé¨å
¢¥ªâ®à­ëå à áá«®¥­¨ïå á ¡ §®© | ª®¬¯«¥ªá­®- ­ «¨â¨ç¥áª¨¬ à¨¬ ­®¢ë¬ ¯à®áâà ­áâ¢®¬ CV6.
�®ª § ­®, çâ® ¯à¨­æ¨¯ âà®©áâ¢¥­­®áâ¨ � àâ ­  ¥áâì ®¡®¡é¥­¨¥ á®®â¢¥âáâ¢¨ï �«ï©­ ,   íâ®, ¢
á¢®î ®ç¥à¥¤ì, ¯®§¢®«ï¥â ¯®áâà®¨âì ¡®«¥¥ ®¡éãî £¥®¬¥âà¨ç¥áªãî ¨­â¥à¯à¥â æ¨î âà®©áâ¢¥­­®-
áâ¨.

�à¥¤¯®« £ ¥âáï, çâ® ¨­¤¥ªáë ¯à®¡¥£ îâ á«¥¤ãîé¨¥ §­ ç¥­¨ï: �; �; : : : = 1; 2; 3; 4; 5; 6;
a1; b1; : : : ; a; b; c; d; e; f; k; l;m; n; : : : = 1; 2; 3; 4; i; j; g; h = 1; 2; 3; 4; 5; 6; �;	; : : : = 1; 2; 3; 4; 5; 6; 7; 8; 9,
10; 11; 12; A;B; : : : ;H;K; : : : ; N = 1; 2; 3; 4; 5; 6; 7; 8; I, J ¯à®¡¥£ îâ ª®­¥ç­ë© ­ ¡®à §­ ç¥­¨©;
P , Q | æ¥«ë¥ ­¥®âà¨æ â¥«ì­ë¥ ç¨á«  â ª¨¥, çâ® P +Q = 6.

1. � §®¢ë¥ ¯à¥¤áâ ¢«¥­¨ï á¯¨­®à­®£® ä®à¬ «¨§¬  ¯à¨ n = 6

�¯¨­®à­ë©ä®à¬ «¨§¬ à¥¤ãæ¨à®¢ ­­ëå 4-á¯¨­®à®¢ � àâ ­  ¬®¦­® ¯®áâà®¨âì ­  ®á­®¢¥ á¢ï-
§ãîé¨å ®¯¥à â®à®¢ �®à¤¥­  [1]. �®ª ¦¥¬, ª ª íâ® ¤¥« ¥âáï. � ª ¨§¢¥áâ­®, ®¯¥à â®àë �®à¤¥­ 
��aa1 , ��

aa1 § ¤ îâ ¨§®¬®àä¨§¬ ¬¥¦¤ã ¥¢ª«¨¤®¢ë¬ ¯à®áâà ­áâ¢®¬ CR6 (R6
(3;3)) ¨ ¯à®áâà ­-

áâ¢®¬ ¡¨¢¥ªâ®à®¢ ¯à®áâà ­áâ¢  C4 (R4) ¯® á«¥¤ãîé¨¬ ¯à ¢¨« ¬:

g�� = 1=4 � ��aa1�
�
bb1"

aa1bb1 ; "aa1bb1 = ��
aa1��

bb1g�� ;

g�� = 1=4 � ��
aa1��

bb1"aa1bb1 ; "aa1bb1 = ��aa1�
�
bb1g�� ; (1)

r� = 1=2 � ��aa1r
aa1 ; raa1 = ��

aa1r�; rab =
1
2
"abcdr

cd:

�¤¥áì raa1 | ª®®à¤¨­ âë ¡¨¢¥ªâ®à , ¯à¨­ ¤«¥¦ é¥£® ¯à®áâà ­áâ¢ã �2C4,   r� | ª®®à¤¨­ âë
¥£® ®¡à §  ¢ CR6. �á«¨ g�� | ¬¥âà¨ç¥áª¨© â¥­§®à ¯à®áâà ­áâ¢  CR6, â® ¥£® ®¡à § | ¬¥âà¨ç¥-
áª¨© â¥­§®à "aa1bb1 , ª®á®á¨¬¬¥âà¨ç­ë© ¯® ¢á¥¬ ¨­¤¥ªá ¬ ([2], á. 83).

� ¬¥ç ­¨¥ 1. � ¯®¬®éìî ¬¥âà¨ç¥áª®£® â¥­§®à  g��, § ¤ ­­®£® ­  ¯à®áâà ­áâ¢¥ CR6, ¬®¦-
­® ¯®¤­¨¬ âì ¨ ®¯ãáª âì ®¤¨­®ç­ë¥ ¨­¤¥ªáë, ¢ â® ¢à¥¬ï ª ª á ¯®¬®éìî ¬¥âà¨ç¥áª®£® 4-¢¥ªâ®à 
"aa1bb1 , § ¤ ­­®£® ­  ¯à®áâà ­áâ¢¥ �

2C4, ¬®¦­® ¯®¤­¨¬ âì ¨ ®¯ãáª âì â®«ìª® ¯ à­ë¥ ª®á®á¨¬-
¬¥âà¨ç­ë¥ ¨­¤¥ªáë, ¨ ­¥â â ª®£® ¬¥âà¨ç¥áª®£® â¥­§®à , á ¯®¬®éìî ª®â®à®£® ¬®¦­® ¡ë«® ¡ë
¯à®¤¥« âì ¯®¤®¡­ãî ®¯¥à æ¨î á ®¤¨­®ç­ë¬¨ ¨­¤¥ªá ¬¨.

�®¦­® ¤®ª § âì, çâ® ®¯¥à â®àë �®à¤¥­  ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨î �«¨ää®à¤ , § ¯¨á ­-
­®¬ã ¢ ¢¨¤¥

��
ab��ad + ��

ab��ad = g���d
b: (2)

�®à¬ã«  (1) ®¯¨áë¢ ¥â ¢ ï¢­®¬ ¢¨¤¥ ¯¥à¢®¥ ¯à¥¤áâ ¢«¥­¨¥ á¯¨­®à­®£® ä®à¬ «¨§¬  | ¨§®-
¬®àä¨§¬ ¯à®áâà ­áâ¢ �2C4 �= CR6.

11



� ¯®¬®éìî ®¯¥à â®à®¢ �®à¤¥­  ®¯à¥¤¥«ï¥âáï ®¯¥à â®à

A��d
c =

1
2
�[�

ca��]
bk"dabk;

á¢ï§ë¢ îé¨© ¬¥¦¤ã á®¡®© ¡¨¢¥ªâ®àë e�� = �e�� ¯à®áâà ­áâ¢  CR6 ¨ ¡¥áá«¥¤®¢ë¥ â¥­§®àë
ec
d (ecc = 0) ¯à®áâà ­áâ¢  �2C4: e�� = A��d

cec
d, emn = 1

2
A��

m
ne��. �à¨ íâ®¬ ®¯¥à â®à A��d

c

ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ ¬

A��d
cA��

r
s =

1
2
�r
s�d

c � 2�r
c�d

s; A��d
cA��

c
d = 2�[�

���]
�;

A��d
cA


�
r
s = (��

cs�
rd+��
ck�
kr�d

s) + 1=2(��
sn�
rn�d

c + ��
ck�
dk�r

s)� 1=4g�
�r
s�d

c:
(20)

�¢®©áâ¢¥­­ë© ª ¡¨¢¥ªâ®àã e�� â¥âà ¢¥ªâ®à e��
� = e[��
�] â®¦¥ ¡ã¤¥â á¢ï§ ­ á ­¥ª®â®àë¬ ¡¥á-
á«¥¤®¢ë¬ â¥­§®à®¬ ¯® á«¥¤ãîé¥¬ã ¯à ¢¨«ã:

e��
� = A��b
aA
�d

cea
b
c
d; ea

b := 1
3
ea

k
k
b; ek

k = 0;

B��
�r
k := A��r

dA
�d
k +A��c

kA
�r
c; e��
� = B��
�r

kek
r:

(3)

� á¢®î ®ç¥à¥¤ì, á ¯®¬®éìî íâ¨å à §«®¦¥­¨© ¬®¦­® ¯®«ãç¨âì  ­ «®£¨ç­®¥ â®¦¤¥áâ¢® ¨ ¤«ï
6-¢¥ªâ®à  e��
��� = e[��
���]

e��
��� = A��b
aA
�d

cA��l
kea

b
c
d
k
l;

ea
b
c
d
k
l =

ie

8
(2((4�k

b�c
l � �k

l�c
b)�a

d + (4�k
d�a

l � �k
l�a

d)�c
b)�

�(4�k
b�a

l � �k
l�a

b)�c
d � (4�k

d�c
l � �k

l�c
d)�a

b):

�¯¥à â®à A��d
c § ¤ ¥â ¢â®à®¥ ¯à¥¤áâ ¢«¥­¨¥ á¯¨­®à­®£® ä®à¬ «¨§¬  | ¨§®¬®àä¨§¬  «£¥¡à

�¨ so(6; C) �= sl(4; C).
�¡®§­ ç¨¬ ç¥à¥§ K�

� ¯à¥®¡à §®¢ ­¨ï ¨§ £àã¯¯ë O(6; C), ç¥à¥§ Sa
b | ¯à¥®¡à §®¢ ­¨ï ¨§

£àã¯¯ë SL(4; C),   ç¥à¥§ Sab | â¥­§®àë ¢ «¥­â­®áâ¨ (2; 0) ¯à®áâà ­áâ¢  C4.

�¥®à¥¬  1. �«ï á®¡áâ¢¥­­®£® ¯à¥®¡à §®¢ ­¨ï K�
� ¨§ £àã¯¯ë O(6; C) ¨¬¥¥â ¬¥áâ® ¯à¥¤-

áâ ¢«¥­¨¥

I) K�
� :=

1
4
��

ab��cd � 2S[a
cS b]

d; (4)

  ¤«ï ­¥á®¡áâ¢¥­­®£® K�
� á®®â¢¥âáâ¢ãîé¥¥ ¯à¥¤áâ ¢«¥­¨¥ ¨¬¥¥â ¢¨¤

II) K�
� :=

1
4
��

ab��cd � "SakSbl"
klcd: (5)

�à¨ íâ®¬ ¢áïª®¬ã ¯à¥®¡à §®¢ ­¨î K�
�, ¯à¨­ ¤«¥¦ é¥¬ã ®àâ®£®­ «ì­®© £àã¯¯¥ O(6; C), á®®â-

¢¥âáâ¢ã¥â ¤¢  ¨ â®«ìª® ¤¢  ¯à¥®¡à §®¢ ­¨ï �Sa
b (�Sab) â ª¨å, çâ® det kScdk=1 (det kScdk=1).

� ­ ®¡®à®â, «î¡ë¬ ¯à¥®¡à §®¢ ­¨ï¬ �Sa
b (�Sab) á®®â¢¥âáâ¢ã¥â ¥¤¨­áâ¢¥­­®¥ ¯à¥®¡à §®-

¢ ­¨¥ K�
�. �®®â¢¥âáâ¢¨¥ Sa

b ! K�
� § ¤ ¥â ¤¢ã«¨áâ­®¥ ­ ªàëâ¨¥ SL(4; C) ! SO(6; C) �=

SL(4; C)=f�1g.

�®ª § â¥«ìáâ¢®. �®§ì¬¥¬ ¢¥ªâ®à r â ª®©, çâ® r�r� = 2. �§ (2) á«¥¤ã¥â

r���
cdx���car


�

ba = ((x�r�)r


 � x
)�

bd:

�¢¥à­ã¢ íâ® à ¢¥­áâ¢® á 1
2
��bd, ¯®«ãç¨¬

1
2
r���

cdx���car

�


ba��bd = S�
�(r)x�;

£¤¥ S��(r) = r�r
� � ��

�. � ª¨¬ ®¡à §®¬, áâà®¨âáï ®â®¡à ¦¥­¨¥ �0 : r 7�! S�
�(r), ª®â®à®¥ ¢ â®ç-

­®áâ¨ á®¢¯ ¤ ¥â á ®â®¡à ¦¥­¨¥¬, ¯®áâà®¥­­ë¬ ¢ ([3], á. 273{274); ¯à¨ íâ®¬ Ker�0 = f�1g. �§ à¥-
§ã«ìâ â®¢ ([3], á. 273{274) á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â ª®­¥ç­ë© ­ ¡®à ¢¥ªâ®à®¢ (rI)� ((rI)�(rI)� = 2)
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â ª®©, çâ® «î¡®¥ ¯à¥®¡à §®¢ ­¨¥ ¨§ £àã¯¯ë SO(6; C) ¯à¥¤áâ ¢«ï¥âáï ª ª ª®¬¯®§¨æ¨ï ¢à é¥­¨©
S�

�(rI).
�à¥®¡à §®¢ ­¨¥�S��(r) ¥áâì á¨¬¬¥âà¨ï ¢ £¨¯¥à¯«®áª®áâ¨, ¯¥à¯¥­¤¨ªã«ïà­®© ¢¥ªâ®àã r. �®-

íâ®¬ã «î¡®¥ ¯à¥®¡à §®¢ ­¨¥ ®àâ®£®­ «ì­®© £àã¯¯ë O(6; C) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ª®­¥ç­®£®
¯à®¨§¢¥¤¥­¨ï â ª¨å á¨¬¬¥âà¨©; ¯à¨ íâ®¬ ¤«ï á®¡áâ¢¥­­ëå ¢à é¥­¨© ­¥®¡å®¤¨¬®, çâ®¡ë ç¨á«®
â ª¨å á¨¬¬¥âà¨© ¡ë«® ç¥â­®. � ª¨¬ ®¡à §®¬ ¬®¦­® ®¯à¥¤¥«¨âì á«¥¤ãîé¨¥ ¯à¥®¡à §®¢ ­¨ï:

K�1
�2J+1 :=

2JY
I=1

S�I
�I+1(rI); K�

�K�

g�
 = g��;

(RI)ab := (rI)���ab; (RI)ab(RI)ac = �b
c; (RI)ba(RI)ca = �b

c;

Sd2J+1
d1 :=

JY
I=1

(RI)
d2I�1d2I (RI)d2I+1d2I ; Sa

bSc
dSm

nSk
l"bdnl = "acmk;

Sd0dJ+1 := (R0)d0d1
JY
I=1

SdI+1
dI ; SabScdSmnSkl"

bdnl = "�2"acmk:

�âáî¤  ¨ á«¥¤ãîâ à §«®¦¥­¨ï (4) ¨ (5). �â¬¥â¨¬, çâ® §  " ¯à¨­¨¬ ¥âáï ¥¤¨­áâ¢¥­­ ï áãé¥-
áâ¢¥­­ ï ª®®à¤¨­ â  4-¢¥ªâ®à  "abcd: " := "1234: �

�®à¬ã«ë (4) ¨ (5) § ¤ îâ âà¥âì¥ ¯à¥¤áâ ¢«¥­¨¥ á¯¨­®à­®£® ä®à¬ «¨§¬  | ¤¢ã«¨áâ­®¥ ­ -
ªàëâ¨¥ SL(4; C) ! SO(6; C) �= SL(4; C)=f�1g ¨ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ­¥á®¡áâ¢¥­­ë¬¨ ¯à¥®¡à -
§®¢ ­¨ï¬¨ £àã¯¯ë O(6; C) ¨ ¡¨â¥­§®à ¬¨ ¯à®áâà ­áâ¢  C4.

� «¥¥ ¢®á¯®«ì§ã¥¬áï à¥§ã«ìâ â ¬¨ áâ âì¨ [4]. � ­¥© ®¯à¥¤¥«ïîâáï ®¯¥à â®àë ¢«®¦¥­¨ï Hi
�

¢¥é¥áâ¢¥­­®£® ¢¥ªâ®à­®£® ¯à®áâà ­áâ¢  ¢ ª®¬¯«¥ªá­®¥ â ª, çâ® ®¯à¥¤¥«¥­  íà¬¨â®¢  ¨­¢®«îæ¨ï

S�
�0 := H i

�0H i
�: (6)

� ­ è¥¬ á«ãç ¥ á ¯®¬®éìî â ª¨å ®¯¥à â®à®¢ ¬®¦­® ®¯à¥¤¥«¨âì ¢«®¦¥­¨¥ R6
(P;Q) � CR6. �â®

¤ ¥â ¢®§¬®¦­®áâì § ¯¨á âì á®®â­®è¥­¨ï

�i
ab := Hi

���
ab; �i

a0b0 := H i
�0��0

a0b0 ; Aija
b := Hi

�Hj
�A��a

b: (7)

�¥®à¥¬  2. �ãáâì ¢ 6-¬¥à­®¬ ª®¬¯«¥ªá­®¬ ¥¢ª«¨¤®¢®¬ ¯à®áâà ­áâ¢¥ CR6 § ¤ ­  ¨­¢®-

«îæ¨ï ¢¨¤ 

S�
�0S�0


 = ��

 ; S�

�0S

�0g�0�0 = g�
 ;

®¯à¥¤¥«¥­ë ®¯¥à â®àë ¢«®¦¥­¨ï Hi
�: R6

(P;Q) � CR6, ¨ ¯ãáâì

saba0b0 = ��0a0b0�
�
abS�

�0 : (8)

�®£¤  ¡ã¤ãâ ¢ë¯®«­¥­ë á®®â­®è¥­¨ï

saba0b0 = sa0b0ab; sab
a0b0sa0b0

cd = 2�cdab ;

¨ ¡ã¤ãâ áãé¥áâ¢®¢ âì ¤¢  ¨ â®«ìª® ¤¢  à §«®¦¥­¨ï

I) sab
a0b0 = 2s[a

a0sb ]
b0 ; det ksa

b0k = ""�1; sa
b0sb0

c = ��a
c (Q ­¥ç¥â­®);

II) saba0b0 = 2s[aja0jsb ]b0 ; det ksab0k = ""; sab0 = �sb0a (Q ç¥â­®);
(9)

  ¤«ï ¢¥é¥áâ¢¥­­®£® á«ãç ï ¡ã¤ãâ ¢¥à­ë â®¦¤¥áâ¢ 

I) �i
a0b0 = �i

cdsc
a0sd

b0 ; II) �i
a0b0 = �icds

ca0sdb
0

;

Aija0
b0 = Aijc

dsa0
csd

b0 ; Aija0
b0 = �Aijc

dsda0s
cb0 :

(10)
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�®ª § â¥«ìáâ¢®. �®áª®«ìªã ¢ á¯¥æ¨ «ì­®¬ ¡ §¨á¥ ¬ âà¨æ  íà¬¨â®¢®© ¨­¢®«îæ¨¨ ®àâ®-
£®­ «ì­ , â® ª ­¥© ¬®¦­® ¯à¨¬¥­¨âì à §«®¦¥­¨ï (4) ¨ (5) á § ¬¥­®© ¯à¥®¡à §®¢ ­¨ï K�

� ­ 
¯à¥®¡à §®¢ ­¨¥ S��

0

, çâ® ¨ ¤®ª §ë¢ ¥â (9). �«ï ¤®ª § â¥«ìáâ¢  (10) ¢®á¯®«ì§ã¥¬áï ®¯¥à â®à ¬¨
¢«®¦¥­¨ï Hi

�. �«ï á«ãç ï II) ¨¬¥¥¬

�i
a0b0 = H i

�0��0
a0b0 = H i

�0S�0
���cds

ca0sdb
0

= Hi
���cds

ca0sdb
0

= �icds
ca0sdb

0

;

Aija0
b0 = �[ i

b0k0� j]a0k0 = Hi

Hj

��[
jbkj�� ]
aksaa0s

bb0 = �Aijb
asaa0s

bb0 :

� á«ãç ¥ I) ¤®ª § â¥«ìáâ¢® â ª®¥:

�i
a0b0 = H i

�0��0
a0b0 = H i

�0S�0
���

cdsc
a0sd

b0 = Hi
���

cdsc
a0sd

b0 = �i
cdsc

a0sd
b0 ;

Aija0
b0 = �[ i

b0k0�j ]a0k0 = Hi

Hj

��[

ck�� ]dksc

b0sa0
d = �[ i

ck�j ]dksc
b0sa0

d = Aijd
csc

b0sa0
d: �

�®à¬ã«ë (8) ¨ (9) § ¤ îâ ç¥â¢¥àâ®¥ ¯à¥¤áâ ¢«¥­¨¥ á¯¨­®à­®£® ä®à¬ «¨§¬ , ï¢«ïîé¥¥áï
®£à ­¨ç¥­¨¥¬ âà¥âì¥£® ¯à¥¤áâ ¢«¥­¨ï ­  ¤¥©áâ¢¨â¥«ì­ãî ®¡« áâì R6

(P;Q) � CR6.

� áá¬®âà¨¬ ¢ ª ç¥áâ¢¥ ¯à¨¬¥à  ¢«®¦¥­¨¥ ¢¥é¥áâ¢¥­­®£® ¯à®áâà ­áâ¢  R6
(2;4) ¢ ª®¬¯«¥ªá­®¥

¯à®áâà ­áâ¢® CR6. � íâ®¬ á«ãç ¥ ¯®ï¢«ï¥âáï ¢®§¬®¦­®áâì á ¯®¬®éìî â¥­§®à  saa0 ®áãé¥áâ¢¨âì
®â®¦¤¥áâ¢«¥­¨¥ ¢¥àå­¨å èâà¨å®¢ ­­ëå á ­¨¦­¨¬¨ ­¥èâà¨å®¢ ­­ë¬¨ ¨­¤¥ªá ¬¨. �¬¥îâ ¬¥áâ®
â®¦¤¥áâ¢ 

Ki
j = Ki

j ; Ki
j := Hi

�Hj
�K�

�; �j
abKi

j�icd = �j
abK i

j�icd;

2S[ c
aSd ]

b =
1
4
�j

ab�i
m0n02Sm0

k0Sn0
l0�jk0l0�

i
cd; slk

0

Sk0
m0

sam0S[ c
aSd ]

bsbn0Sr0
n0ssr

0

= �[ c
l�d ]

s:

�® â®£¤ 

slk
0

Sk0
m0

sam0Sc
a = n�c

l; n = �1: (11)

�ë¡®à®¬ §­ ª  \+" ¢ (11) ¯®«ãç îâáï ¯à¥®¡à §®¢ ­¨ï ¨§ £àã¯¯ë, ¨§®¬®àä­®© £àã¯¯¥ SU(2; 2),
ª®â®à ï ¡ã¤¥â, ª ª ¢¨¤­® ¨§ ¢ëè¥áª § ­­®£®, ¤¢ã«¨áâ­® ­ ªàë¢ âì á¢ï§­ãî ª®¬¯®­¥­âã ¥¤¨­¨-
æë £àã¯¯ë SOe(2; 4). �â  ª®¬¯®­¥­â  ®¯à¥¤¥«¨âáï ãá«®¢¨ï¬¨

1) det kK�
�k = 1; �; � = 1; 6; 2) det kK�

�k > 0; �; � = 1; 2: (12)

�á«¨ ¢ (11) ¢ë¡à âì \�", â® §­ ª det kK�
�k ¢ 2) ¨§ (12) ¨§¬¥­¨âáï ­  ¯à®â¨¢®¯®«®¦­ë©. �¨¤

¬ âà¨æë â¥­§®à  s ¢ ­¥ª®â®à®¬ á¯¥æ¨ «ì­®¬ ¡ §¨á¥ ¤«ï ®á­®¢­ëå á«ãç ¥¢ ¢«®¦¥­¨ï ¯à¨¢¥¤¥­
¢ â ¡«¨æ¥.
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� ¡«¨æ . �¨¤ ¬ âà¨æë â¥­§®à  s

�ã­ªâ �à®áâà ­áâ¢® s s ¢ á¯¥æ. ¡ §¨á¥ �§®¬®àä¨§¬ («®ª.)

1
R6

� ++++++�
skk0

0BB@
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

1CCA SU(4) �= SOe(6)

2
R6

(1;5)

� +����� �
sk

k0

0BB@
0 1 0 0
�1 0 0 0
0 0 0 1
0 0 �1 0

1CCA SL(2;H) �= SOe(1; 5)

3
R6

(2;4)

� ++���� �
skk0

0BB@
0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0

1CCA SU(2; 2) �= SOe(2; 4)

4
R6

(3;3)

� +++��� �
sk

k0

0BB@
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

1CCA SL(4; R) �= SOe(3; 3)

2. �¢¥¤¥­¨¥ á¢ï§­®áâ¨ ¨ â¥­§®à ªà¨¢¨§­ë 6-¬¥à­ëå

ª®¬¯«¥ªá­®- ­ «¨â¨ç­ëå à¨¬ ­®¢ëå ¯à®áâà ­áâ¢

�ãáâì § ¤ ­® ª®¬¯«¥ªá­®- ­ «¨â¨ç­®¥ à¨¬ ­®¢® ¯à®áâà ­áâ¢® CV6 á ª®¬¯«¥ªá­®- ­ «¨â¨-
ç¥áª¨¬ ¬¥âà¨ç¥áª¨¬ â¥­§®à®¬ g��. �¥©áâ¢¨â¥«ì­ ï à¥ «¨§ æ¨ï â ª®£® ¯à®áâà ­áâ¢  V12 ¡ã¤¥â
®¡« ¤ âì ¬¥âà¨ç¥áª¨¬ â¥­§®à®¬ G�	 ¨ ª®¬¯«¥ªá­®© áâàãªâãà®© f�

	. �¡®§­ ç¨¬ ç¥à¥§ �C(CV6)
ª á â¥«ì­®¥ à áá«®¥­¨¥ á ¡ §®© CV6, ç¥à¥§ �R(CV6) | ¤¥©áâ¢¨â¥«ì­ãî à¥ «¨§ æ¨î �C(CV6), ç¥-
à¥§ �R(V12) | ª á â¥«ì­®¥ à áá«®¥­¨¥ á ¡ §®© V12,   ç¥à¥§ �C(V12) | ª®¬¯«¥ªá­ãî à¥ «¨§ æ¨î
�R(V12). �á¥ ¢ëç¨á«¥­¨ï ¡ã¤¥¬ ¯à®¨§¢®¤¨âì «®ª «ì­® ¢ ®ªà¥áâ­®áâ¨ ­¥ª®â®à®© â®çª¨ Z 2 CV6,
¯®íâ®¬ã ¢á¥ ãâ¢¥à¦¤¥­¨ï, ¯à¨¢¥¤¥­­ë¥ ¢ íâ®© ç áâ¨, ­®áïâ «®ª «ì­ë© å à ªâ¥à. �®£« á­® [4]
¬®¦­® ¯®áâà®¨âì ®¯¥à â®àë m�

� : f�	m�
� = �im�

	. �­¨ ®â¢¥ç îâ §  ®â®¦¤¥áâ¢«¥­¨¥ ª á -
â¥«ì­ëå ¯à®áâà ­áâ¢ �Cz (V12) ¨ �Rz (V12) | á«®¥¢ ­ ¤ â®çª®© z ¡ §ë V12. �â® ¯®§¢®«¨â § ¯¨á âì
á®®â­®è¥­¨ï ¬¥¦¤ã ¬¥âà¨ç¥áª¨¬¨ â¥­§®à ¬¨ ãª § ­­ëå ¯à®áâà ­áâ¢ á«¥¤ãîé¨¬ ®¡à §®¬:

g�� = m�
�m�

	G�	; G�	 = g��m
�
�m

�
	 + g�0�0m

�0

�m
�0

	: (13)

� áá¬®âà¨¬ ¤ «¥¥ à áá«®¥­¨¥ AC(V12) á® á«®ï¬¨, ¨§®¬®àä­ë¬¨ C4, ¨ ¡ §®© V12. � ¤ ¤¨¬ á®®â-
¢¥âáâ¢¨¥ ¬¥¦¤ã ¢¥ªâ®à ¬¨ R� ¯à®áâà ­áâ¢  R12 c ª®¬¯«¥ªá­®© áâàãªâãà®© f�

	 ¨ ¡¨¢¥ªâ®à ¬¨
Rab ¯à®áâà ­áâ¢  C4 á«¥¤ãîé¨¬ ®¡à §®¬:

Rab :=M�
abR�:

�à¨ íâ®¬ ®¯¥à â®à M�
ab : f�	M�

ab = �iM	
ab [5] ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨ï¬

G�	 =
1
4
(M�

abM	
cd"abcd +M�

a0b0M	
c0d0"a0b0c0d0);

"abcd =M�
abM

	
cdG�	; M�

ab :=
1
2
M�cd"abcd; M

�
a0b0 :=M�

ab;

£¤¥ "abcd | 4-¢¥ªâ®à á ¥¤¨­áâ¢¥­­®© áãé¥áâ¢¥­­®© ª®®à¤¨­ â®© " = "1234. �á«¨ â¥¯¥àì ¯®«®-
¦¨âì ��ab := m�

�M
�
ab, ��

0

a0b0 := m�0

�M
�
a0b0 , ��

0

ab := m�0

�M
�
ab = 0, ��a0b0 := m�

�M
�
a0b0 = 0, â®

¬¥âà¨ç¥áª¨© â¥­§®à g�� ¯à®áâà ­áâ¢  CV6 ¡ã¤¥â á¢ï§ ­ á ¬¥âà¨ç¥áª¨¬ 4-¢¥ªâ®à®¬ "abcd, ¤¥©áâ¢ã-
îé¨¬ ­  á«®ïå à áá«®¥­¨ï AC(CV6), ¯® ä®à¬ã«¥ (1). �®íâ®¬ã ¬®¦­® à áá¬ âà¨¢ âì à¨¬ ­®¢ã
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ª®¬¯«¥ªá­®- ­ «¨â¨ç¥áªãî á¢ï§­®áâì ¡¥§ ªàãç¥­¨ï ¢ à áá«®¥­¨¨ �C(CV6), ¯®áâà®¥­­ãî ¯® ¤¥©-
áâ¢¨â¥«ì­®© à¨¬ ­®¢®© á¢ï§­®áâ¨ ¢ à áá«®¥­¨¨ �R(V12) ¡¥§ ªàãç¥­¨ï ¨ ª®¢ à¨ ­â­®-¯®áâ®ï­­®©
ª®¬¯«¥ªá­®© áâàãªâãà®©. �®®â¢¥âáâ¢ãîé¨¥ ®¯¥à â®àë ª®¢ à¨ ­â­®© ¯à®¨§¢®¤­®© ¡ã¤ãâ á¢ï§ -
­ë á®®â­®è¥­¨ï¬¨

r� = m�
�r�; r�0 := m�0

�r�; r� = m�
�r� +m�0

�r�0 :

�¥âàã¤­® ¯®ª § âì, çâ® à¨¬ ­®¢  ª®¬¯«¥ªá­®- ­ «¨â¨ç¥áª ï á¢ï§­®áâì ¢ à áá«®¥­¨¨ �(CV6)
¯à¨ ãá«®¢¨¨ r�g�
 = 0, r�0g�
 = 0 ¨ ª®¬¯«¥ªá­®- ­ «¨â¨ç¥áª ï á¢ï§­®áâì ¢ à áá«®¥­¨¨
AC(CV6) á® á¢®©áâ¢ ¬¨ r�"abcd = 0, r�0"abcd = 0, ¤«ï ª®â®àëå (á¢ï§­®áâ¥©) áãé¥áâ¢ãîâ á¢ï-
§ãîé¨¥ ®¯¥à â®àë ��

ab, m�
	 â ª¨¥, çâ® r���

ab = 0, r�0��
ab = 0, r�m�

� = 0, r�0m�
� = 0,

§ ¤ îâ ®¤­ã ¨ âã ¦¥ á¢ï§­®áâì ¢ à áá«®¥­¨¨ ¡¨¢¥ªâ®à®¢ ­  á«®ïå à áá«®¥­¨ï AC(CV6).
�á¯®«ì§ãï ®¯¥à â®à ¢«®¦¥­¨ï Hi

� (á¬. (6), (7)), ¬®¦­® ¯®ª § âì, çâ®  ­ «®£¨ç­ ï á¨âã -
æ¨ï ¨¬¥¥â ¬¥áâ® ¤«ï ¤¥©áâ¢¨â¥«ì­®£® à¨¬ ­®¢®£® ¯à®áâà ­áâ¢  V 6

(P;Q) á ¬¥âà¨ç¥áª¨¬ â¥­§®à®¬
gij = Hi

�Hj
�g��. �¬¥­­®, à¨¬ ­®¢  ¢¥é¥áâ¢¥­­ ï á¢ï§­®áâì ¢ à áá«®¥­¨¨ �(V 6

(P;Q)) á® á¢®©áâ¢®¬
riggh = 0 ¨ ¢¥é¥áâ¢¥­­ ï á¢ï§­®áâì ¢ à áá«®¥­¨¨ AC(V 6

(P;Q)) á® á¢®©áâ¢ ¬¨ ri"abcd = 0, risab0 = 0
(Q ç¥â­®), risa

b0 = 0 (Q ­¥ç¥â­®), ¤«ï ª®â®àëå (á¢ï§­®áâ¥©) áãé¥áâ¢ã¥â á¢ï§ãîé¨© ®¯¥à â®à
�j

ab â ª®©, çâ® ri�j
ab = 0, § ¤ îâ ®¤­ã ¨ âã ¦¥ á¢ï§­®áâì ¢ à áá«®¥­¨¨ ¡¨¢¥ªâ®à®¢ ­  á«®ïå

à áá«®¥­¨ï AC(CV6).
�¢®©áâ¢  â¥­§®à  ªà¨¢¨§­ë 6-¬¥à­®£® ª®¬¯«¥ªá­®-¥¢ª«¨¤®¢  ¯à®áâà ­áâ¢  ¬®¦­® ¨áá«¥¤®-

¢ âì á ¯®¬®éìî á¯¨­®à­®£® ä®à¬ «¨§¬ .

�¥®à¥¬  3. �ãáâì ¡¨â¥­§®à R��
� ¢ ª á â¥«ì­®¬ à áá«®¥­¨¨ �C(CV6) ­ ¤ è¥áâ¨¬¥à­ë¬
ª®¬¯«¥ªá­ë¬  ­ «¨â¨ç¥áª¨¬ à¨¬ ­®¢ë¬ ¯à®áâà ­áâ¢®¬ CV6 ®¡« ¤ ¥â á¢®©áâ¢ ¬¨

R��
� = R[��][
�] ; R��
� = R
���; R��
� +R���
 +R�
�� = 0: (14)

�®£¤  ®¯à¥¤¥«¥­ â¥­§®à Ra
b
c
d 4-¬¥à­®£® ª®¬¯«¥ªá­®£® ¢¥ªâ®à­®£® ¯à®áâà ­áâ¢ , ã¤®¢«¥â¢®-

àïîé¨© à ¢¥­áâ¢ã

R��
� = A��d
cA
�r

sRc
d
s
r:

�à¨ íâ®¬ â¥­§®à Ra
b
c
d ¡ã¤¥â ã¤®¢«¥â¢®àïâì á«¥¤ãîé¨¬ á®®â­®è¥­¨ï¬:

Rk
k
s
r = Rs

r
k
k = 0; Rc

d
s
r = Rs

r
c
d;

  à §«®¦¥­¨¥

Rc
d
s
r = Cc

d
s
r � Pcs

dr �
1
40
R(3�s

d�c
r � 2�s

r�c
d) (15)

¡ã¤¥â á®®â¢¥âáâ¢®¢ âì à §«®¦¥­¨î â¥­§®à  R��

� = C��


� + R[�
[
 g�]

�] � 1
10
Rg[�

[
 g�]
�] ­ 

­¥¯à¨¢®¤¨¬ë¥ ®àâ®£®­ «ì­ë¬¨ ¯à¥®¡à §®¢ ­¨ï¬¨ ª®¬¯®­¥­âë, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ â®-

¦¤¥áâ¢ ¬

Pcs
rd = �4(R[c

[r
s]
d] +Rk

[r
[c

jkj� s]
d]);

Cc
d
s
r = R(c

(d
s)
r) +

1
40
R�(s

d� c)
r; Cc

d
s
r = C(c

(d
s)
r); (16)

R = R�
� = �2Rk

r
r
k; Pkc

kd =
1
2
R�c

d;

Rl
d
s
l = �

1
8
R�s

d; (17)

¯®á«¥¤­¥¥ ¨§ ª®â®àëå íª¢¨¢ «¥­â­® â®¦¤¥áâ¢ã �¨ ­ª¨ (14).
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�®ª § â¥«ìáâ¢®. �¥®à¥¬  ¤®ª §ë¢ ¥âáï ­  ®á­®¢ ­¨¨ â®¦¤¥áâ¢  (20). � ¯à¨¬¥à, â®¦¤¥áâ¢®
�¨ ­ª¨ (14) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

(A��d
cA
�r

s +A�
d
cA��r

s +A��d
cA�
r

s)Rc
d
s
r = 0:

�¢¥àâª  íâ®£® ãà ¢­¥­¨ï á A��
t
lA
�

m
n ¤ áâ

4Rk
l
m
k�t

n + 4Rr
n
t
r�m

l � 2Rk
l
t
k�m

n � 2Rk
n
m
k�t

l � 2Rk
r
r
k�t

n�m
l +Rr

k
k
r�m

n�t
l = 0:

� «¥¥, á¢¥àâë¢ ï á �nt, ¯®«ãç¨¬ (17). �à¨ íâ®¬ ¢á¥ 15 áãé¥áâ¢¥­­ëå ãà ¢­¥­¨© á®åà ­¥­ë. �
á¢®î ®ç¥à¥¤ì ¨§ à §«®¦¥­¨©

R[�
[
 g�]

�] = A��d
cA
�

r
s �

1
4

�
Psc

dr �
1
2
R�s

d�c
r +

1
4
R�s

r�c
d

�
;

g[�
[
 g�]

�] = A��d
cA
�

r
s �

1
4

�
1
2
�s
r�c

d � 2�s
d�c

r

�
¯®«ãç îâáï à §«®¦¥­¨ï (15) ¨ (16). �

�¥®à¥¬  4. 1: �ãáâì ¡¨¢¥ªâ®à 6-¬¥à­®£® ¯à®áâà ­áâ¢  CR6 ï¢«ï¥âáï ¯à®áâë¬, ¨, §­ -

ç¨â, ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ã p[�� p
� ] = 0. �®£¤  ª®®à¤¨­ â ¬ â ª®£® ¡¨¢¥ªâ®à  ¬®¦­®

á®¯®áâ ¢¨âì ¡¥áá«¥¤®¢ãî ª®¬¯«¥ªá­ãî ¬ âà¨æã 4� 4 â ªãî, çâ® ¢ë¯®«­¥­®

pl
dps

l � 1=4(plkpkl)�sd = 0: (18)

2: �à®áâ®¬ã ¨§®âà®¯­®¬ã (p��p�� = 0) ¡¨¢¥ªâ®àã ¯à®áâà ­áâ¢  CR6 ¬®¦­® á®¯®áâ ¢¨âì

¢ëà®¦¤¥­­ãî ­ã«ì-¯ àã �®§¥­ä¥«ì¤  | ª®¢¥ªâ®à ¨ ¢¥ªâ®à ¯à®áâà ­áâ¢  C4, á¢¥àâª  ª®â®àëå

¥áâì ­ã«ì. �à¨ íâ®¬ ãª § ­­ë¥ ¢¥ªâ®à ¨ ª®¢¥ªâ®à ®¯à¥¤¥«ïîâáï á â®ç­®áâìî ¤® ª®¬¯«¥ªá­®£®

¬­®¦¨â¥«ï.

�®ª § â¥«ìáâ¢®. 1) �®áª®«ìªã â¥­§®à R��
� = p��p
� ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ â¥®à¥¬ë
3, â® (18) ¥áâì ¯àï¬®¥ á«¥¤áâ¢¨¥ â®¦¤¥áâ¢ �¨ ­ª¨ (17). � ¤àã£®© áâ®à®­ë, ¥¥ ¬®¦­® ¢ë¢¥áâ¨
­¥¯®áà¥¤áâ¢¥­­® ¨§ ä®à¬ã« (3).

2) � ãá«®¢¨ïå ¯¥à¢®£® ¯ã­ªâ  ¤®¡ ¢¨âáï ãá«®¢¨¥ ¨§®âà®¯­®áâ¨, ª®â®à®¥ ¢¢¨¤ã ä®à¬ã« (18)
¯à¨¬¥â ¢¨¤ pbapab = 0, ¨ â®£¤  (18) ã¯à®áâ¨âáï ¤® pldpsl = 0. �âáî¤  á«¥¤ã¥â, çâ® áãé¥áâ¢ãîâ ­¥-
­ã«¥¢ë¥Xa ¨ Yb, ã¤®¢«¥â¢®àïé¨¥ ãà ¢­¥­¨ï¬ pba = YbX

a,XaYa = 0 ¨ ®¯à¥¤¥«¥­­ë¥ á â®ç­®áâìî
¤® ¯à¥®¡à §®¢ ­¨ï Xa 7�! e�Xa, Yb 7�! e��Yb. � à  (Xa; Yb) ï¢«ï¥âáï ­ã«ì-¯ à®© �®§¥­ä¥«ì¤ .
� ¯à®áâà ­áâ¢¥ CP 4 = 0C4=0C (£¤¥ 0Cs = Cs=0) Xa ®¯à¥¤¥«¨â â®çªã,   Yb | ¯«®áª®áâì á ãá«®-
¢¨¥¬ ¨­æ¨¤¥­â­®áâ¨ XaYa = 0. �®íâ®¬ã ¬®¦­® ¯®áâà®¨âì ¯à®áâà ­áâ¢® C�4 = 0C�4=0C, ¤¢®©-
áâ¢¥­­®¥ ¯à®áâà ­áâ¢ã CP 4. �®£¤  ã¦¥ ¯à®áâà ­áâ¢® CP 4�C�4 ¡ã¤¥â ¯à®áâà ­áâ¢®¬ ­ã«ì-¯ à
�®§¥­ä¥«ì¤ . �

�â¬¥â¨¬, çâ® â ª¨¥ ¯à®áâà ­áâ¢  ¨§ãç «¨áì ¢¯¥à¢ë¥ �.�.�¨­æ®¢ë¬ [6] ¨ �.�.�®â¥«ì­¨ª®-
¢ë¬ [7].

� ¬¥ç ­¨¥ 2. �à®¡«¥¬ã ª« áá¨ä¨ª æ¨¨ â¥­§®à  �¥©«ï ­  ®á­®¢ ­¨¨ â¥®à¥¬ë 3 ¬®¦­® á¢¥-
áâ¨ ª ª« áá¨ä¨ª æ¨¨ á¯¨­®à  �¥©«ï ¯® á®¡áâ¢¥­­ë¬ §­ ç¥­¨ï¬ �, ¨áå®¤ï ¨§ ãà ¢­¥­¨ï

Cc
d
s
r�dr = ��cs;

¯à¨ç¥¬ â ª¨å � ¢á¥£® ¬®¦¥â ¡ëâì ­¥ ¡®«¥¥ 10 (á¬. (16)).

� ¬¥ç ­¨¥ 3. �á«¨ ¡¨â¥­§®à R��
� ¨§ â¥®à¥¬ë 3 ¤¥©áâ¢¨â¥«¥­, â® ­  á®®â¢¥âáâ¢ãîé¨©
4-¬¥à­ë© â¥­§®à ­ ª« ¤ë¢ ¥âáï ãá«®¢¨¥

Rab0cd0 = Rb0ad0c; Rab0cd0 := Ra
b
c
dsbb0sdd0

¤«ï ¬¥âà¨ª¨ ç¥â­®£® ¨­¤¥ªá  Q ¨

Ra
b0

c
d0 = R

b0

a
d0

c; Ra
b0

c
d0 := Ra

b
c
dsb

b0sd
d0
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¤«ï ¬¥âà¨ª¨ ­¥ç¥â­®£® ¨­¤¥ªá  Q.

�®áª®«ìªã ¢ ­¥ª®â®à®¬ ­¥£®«®­®¬­®¬ ¡ §¨á¥ ®¯¥à â®àë A��a
b ï¢«ïîâáï ª®­áâ ­â ¬¨, â® ¢á¥

á¢®©áâ¢  â¥­§®à  ªà¨¢¨§­ë ¬®¦­® ¯®«ãç¨âì, à áá¬ âà¨¢ ï á¯¨­®à ªà¨¢¨§­ë Ra
b
c
d. �®«®¦¨¬

rab := ��abr�; �a
d :=

1
2
(rakr

dk �rdkrak); ��� := 2r[�r� ];

â®£¤  ¢¢¨¤ã ª®¢ à¨ ­â­®£® ¯®áâ®ï­áâ¢  ®¯¥à â®à®¢ �®à¤¥­  (1) ¡ã¤¥¬ ¨¬¥âì

��� = A��d
a
�a

d:

�ä®à¬ã«¨àã¥¬ ­¥áª®«ìª® ®á­®¢­ëå ãâ¢¥à¦¤¥­¨©, ª á îé¨åáï ®¯¥à â®à  �a
d ¨ á¯¨­®à  ªà¨-

¢¨§­ë Ra
b
c
d. �«ï ­¨å ¡ã¤ãâ ¢¥à­ë âà¨ ¢¨¤  â®¦¤¥áâ¢:

1. â®¦¤¥áâ¢® �¨çç¨ �a
bXc = Ra

b
m
cXm, �a

bXc = �Ra
b
c
mXm;

2. ¤¨ää¥à¥­æ¨ «ì­ë¥ â®¦¤¥áâ¢  �¨ ­ª¨ rc(mRt )
c
r
s = 0;

3. â®¦¤¥áâ¢® ¤«ï ¤¨¢¥à£¥­æ¨¨ â¥­§®à  �¨çç¨ rcmRt
c
r
m = 1=8rrtR.

�à¨¬¥à. �®£« á­® [8] ¤¥à¨¢ æ¨®­­ë¥ ãà ¢­¥­¨ï £ à¬®­¨ç¥áª¨ ­®à¬ «¨§®¢ ­­®© ¤¥©áâ¢¨-
â¥«ì­®© à¥ «¨§ æ¨¨ RM ¬­®£®®¡à §¨ï M ¯«®áª¨å ®¡à §ãîé¨å ¬ ªá¨¬ «ì­®£® à ­£  ª¢ ¤à¨ª¨
CQ6 � CP7 ¨¬¥îâ ¢¨¤

r�Xa = Y bK�ab; r�Y
b = XaN�

ab: (19)

�  ãª § ­­®¬ ¬­®£®®¡à §¨¨ ¢¢¥¤¥¬ ¬¥âà¨ªã ¯® ä®à¬ã« ¬ (13), ¯à¥¢à â¨¢ ¥£® ¢ à¨¬ ­®¢® ¯à®-
áâà ­áâ¢® V12 c ª®¬¯«¥ªá­®© áâàãªâãà®© f . �  ®á­®¢ ­¨¨ ¯à¨­æ¨¯  âà®©áâ¢¥­­®áâ¨ � àâ ­ 
([9], á. 159) ª ¦¤®© â®çª¥ ¯à®áâà ­áâ¢  V12 ¬®¦­® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¯«®áªãî ®¡à §ã-
îéãî ¬ ªá¨¬ «ì­®£® à ­£  ª¢ ¤à¨ª¨ CQ6 � CP7 ¨«¨, ¨­ ç¥ £®¢®àï, 4-¬¥à­ãî ®¡à §ãîéãî
7-¬¥à­®£® ª®­ãá  CK8 � CR8. �â® ¤ áâ ¢®§¬®¦­®áâì à áá¬ âà¨¢ âì â ªãî 4-¬¥à­ãî ®¡à §ã-
îéãî ª ª á«®© à áá«®¥­¨ï AC(V12). �®íâ®¬ã Xa ¨ Y b ¬®¦­® ¨­â¥à¯à¥â¨à®¢ âì ª ª ¢¥ªâ®à ¨
ª®¢¥ªâ®à â ª®£® à áá«®¥­¨ï. �®«®¦¨¬

e��ab := m�
�K�ab; ~~��

ab := m�
�N�

ab; eS�� := 1
2
e��ab��ab; ~~S�

� :=
1
2
~~��

ab��ab;

£¤¥ ��ab | ®¯¥à â®àë �®à¤¥­  (1). �®£¤  á¨áâ¥¬ã (19) ¬®¦­® ¯à¨¢¥áâ¨ ª ¢¨¤ã(
r�Xa = Y b eS����ab;
r�Y

b = Xa
~~S����ab;

(
r�0Xa = 0;

r�0Y
b = 0;

à áá¬ âà¨¢ ï ã¦¥ ¢ ª ç¥áâ¢¥ ¡ §ë ¯à®áâà ­áâ¢® CV6 c ¬¥âà¨ª®© (1). �á«®¢¨ï ¨­â¥£à¨àã¥¬®áâ¨
[5] ¯¥à¢®© á¨áâ¥¬ë ¯à¨¢®¤ïâ ª á®®â­®è¥­¨ï¬

R��

� = eS[�

[
 ~~S� ]
� ]; r[


eS� ]
� = 0; r[


~~S� ]
� = 0;

£¤¥ R��
� | â¥­§®à ªà¨¢¨§­ë ¢ ª á â¥«ì­®¬ à áá«®¥­¨¨ �C(CV6). � ª®© â¥­§®à ­¥®¡å®¤¨¬®
¤®«¦¥­ ã¤®¢«¥â¢®àïâì â®¦¤¥áâ¢ ¬ �¨ ­ª¨, çâ® ¯®¢«¥ç¥â §  á®¡®© ¢ë¯®«­¥­¨¥

eS[��
~~S
 ]� = eS[�j�j

~~S
� ]:

�â¬¥â¨¬, çâ® ¢ [8] ¨§ãç «áï á«ãç ©, ª®£¤  e��ab � ��
ab, çâ® ¯à¨¢®¤¨â ª ª®­ä®à¬­®-¯«®áª¨¬

¯à®áâà ­áâ¢ ¬. � áá¬®âà¨¬ ¡¨â¢¨áâ®à­®¥ ãà ¢­¥­¨¥ ra( bXc ) = 0. �á«®¢¨ï ¥£® á®¢¬¥áâ­®áâ¨
¨¬¥îâ ¢¨¤ 1

2
"akmnr

m(nrdjkjXc) = 5
6
Ca

c
l
dX l = 0, £¤¥ Ca

c
l
d | á¯¨­®à­ë©  ­ «®£ â¥­§®à  �¥©«ï

(16). �®íâ®¬ã ¢ ª®­ä®à¬­®-¯«®áª®¬ ¯à®áâà ­áâ¢¥ ¡¨â¢¨áâ®à­®¥ ãà ¢­¥­¨¥ ¢á¥£¤  ¨¬¥¥â à¥è¥­¨¥

Xa = _Xa � irab _Yb; Yb = _Yb; (20)

£¤¥ _Xa | ¯®áâ®ï­­®¥ ¢¥ªâ®à­®¥ ¯®«¥,   rab | ª®®à¤¨­ âë ¡¨¢¥ªâ®à  (1). � ª ¨ ¢ á«ãç ¥ â¢¨-
áâ®à­®£® ãà ¢­¥­¨ï �¥­à®ã§ , ¨áá«¥¤®¢ ­¨¥ à¥è¥­¨© â ª®£® ãà ¢­¥­¨ï ¯à¨¢®¤¨â ª ¤®¢®«ì­®
¨­â¥à¥á­ë¬ £¥®¬¥âà¨ç¥áª¨¬ á®®â¢¥âáâ¢¨ï¬, ® ç¥¬ ¨ ¯®©¤¥â à¥çì ¢ á«¥¤ãîé¥¬ ¯ à £à ä¥.
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3. �à¨­æ¨¯ âà®©áâ¢¥­­®áâ¨ � àâ ­  ¤«ï ¤¢ãå ª¢ ¤à¨ª

� ¨á¯®«ì§®¢ ­¨¥¬ â¥å­¨ª¨ ¯. 1 ¯®áâà®¨¬ ¤¢¥ ª¢ ¤à¨ª¨ CQ6 ¨ C eQ6 ¨ ®¯¨è¥¬ á®®â¢¥âáâ¢¨¥
¬¥¦¤ã ¨å ¯«®áª¨¬¨ ®¡à §ãîé¨¬¨.

�¡®§­ ç¨¬ ç¥à¥§ (C4)� ¯à®áâà ­áâ¢®, ¤¢®©áâ¢¥­­®¥ C4, ¨ ®¡à §ã¥¬ 8-¬¥à­®¥ ª®¬¯«¥ªá­®¥
¯à®áâà ­áâ¢® T 2 ª ª ¯àï¬ãî áã¬¬ã C4 � (C4)�. �á«¨ Xa | ª®®à¤¨­ âë ¢¥ªâ®à  ¢ C4,   Yb |
ª®®à¤¨­ âë ª®¢¥ªâ®à  ¢ (C4)�, â® XA := (Xa; Yb) áãâì ª®®à¤¨­ âë ¢¥ªâ®à  ¨§ T 2. �â¬¥â¨¬, çâ®
à¥è¥­¨¥ (20) ¡¨â¢¨áâ®à­®£® ãà ¢­¥­¨ï ¬®¦­® à áá¬ âà¨¢ âì ª ª ¯à¥®¡à §®¢ ­¨¥ á«®ï áã¬¬ë
�¨â­¨ à áá«®¥­¨© AC(CV6) ¨ (AC(CV6))�. �ã¤¥¬ à áá¬ âà¨¢ âì â¨¯®¢®© á«®© íâ®£® à áá«®¥-
­¨ï, ª®â®àë© ¨§®¬®àä¥­ T 2. �®£¤  (20) ï¢«ï¥âáï «¨­¥©­ë¬ ¯à¥®¡à §®¢ ­¨¥¬ T 2, ®¤­ ª® ­¥
á®åà ­ïîé¨¬ áâàãªâãàã ¯àï¬®© áã¬¬ë. �ã¤¥¬ à áá¬ âà¨¢ âì ª®®à¤¨­ âë ¡¨¢¥ªâ®à  rab ª ª
ª®®à¤¨­ âë â®çª¨  ää¨­­®£® ¯à®áâà ­áâ¢  CA6, ¯®«ãç¥­­®£® ¨§ â¨¯®¢®£® á«®ï ª á â¥«ì­®£®
à áá«®¥­¨ï �C(CV6), ¨§®¬®àä­®£® CR6. � á ¡ã¤¥â ¨­â¥à¥á®¢ âì ¬­®¦¥áâ¢® â®ç¥ª T 2, § ¤ ­­®¥
ãà ¢­¥­¨¥¬

Xa = 0 , _Xa = irab _Yb: (21)

�á«¨ § ¤ âì â®çªã ( _Xa; _Yb), â® (21) ¡ã¤¥â á¨áâ¥¬®©, á®áâ®ïé¥© ¨§ ç¥âëà¥å «¨­¥©­ëå ãà ¢­¥-
­¨© á è¥áâìî ­¥¨§¢¥áâ­ë¬¨ rab,   ( _Xa; _Yb) ¬®¦­® ¨­â¥à¯à¥â¨à®¢ âì ª ª ­ã«ì-¯ àã �®§¥­ä¥«ì¤ 
([10], á. 289). �¡®§­ ç¨¬ ç¥à¥§ _Xa, _Sa, _Za ¡ §¨á­ë¥ à¥è¥­¨ï ãà ¢­¥­¨ï _Xa _Ya = 0, â®£¤  ®¡é¥¥
à¥è¥­¨¥ ãà ¢­¥­¨ï (21) ¯à¨¬¥â ¢¨¤

rab = rab
ç áâ­®¥

+ �1 _S[a _Xb ] + �2 _X [a _Zb ] + �3 _S[a _Zb ]; (22)

£¤¥ rab | ¡¨¢¥ªâ®à, ï¢«ïîé¨©áï ç áâ­ë¬ à¥è¥­¨¥¬ (21). �à®áâà ­áâ¢® T 2 ¡ã¤¥â ª®¬¯«¥ªá­ë¬
¥¢ª«¨¤®¢ë¬ ¯à®áâà ­áâ¢®¬, ¢ ª®â®à®¬ áª «ïà­ë© ª¢ ¤à â ¢¥ªâ®à  ®¯à¥¤¥«¨âáï ¢ ­¥ª®â®à®¬
¡ §¨á¥ ª¢ ¤à â¨ç­®© ä®à¬®©

"ABX
AXB = 2XaYa; k"ABk =

�
0 �a

c

�bd 0

�
: (23)

�â¬¥â¨¬, çâ® ä®à¬  (23) ¡ã¤¥â ¨­¢ à¨ ­â­  ¯® ®â­®è¥­¨î ª ¯à¥®¡à §®¢ ­¨î (20). �à¨ ä¨ª-
á¨à®¢ ­­®¬ rab ãà ¢­¥­¨¥ (21) ®¯à¥¤¥«¨â ¢ T 2 4-¬¥à­®¥ ¯®¤¯à®áâà ­áâ¢® | 4-¬¥à­ãî ¯«®áªãî
®¡à §ãîéãî ª®­ãá  "ABXAXB = 0. �¥ ç¥âëà¥ ¡ §¨á­ë¥ â®çª¨ ¡ã¤ãâ ã¤®¢«¥â¢®àïâì ãá«®¢¨î

"ABX
A
k X

B
l = 0: (24)

�à®¬¥ â®£®, ¢ ¯à®¥ªâ¨¢­®¬ ¯à®áâà ­áâ¢¥ CP7 â ª®¬ã ª®­ãáã á®®â¢¥âáâ¢ã¥â 6-¬¥à­ ï ª¢ ¤à¨ª 
CQ6. �®çªã (t; v; w; x; y; z) ã¯®¬ï­ãâ®£® ¢ëè¥ ¯à®áâà ­áâ¢  CA6 ¬®¦­® ¯à¥¤áâ ¢¨âì ¯àï¬®©
(�T; �V; �U; �S; �W; �X; �Y; �Z) ¯à®áâà ­áâ¢  CR8, ­ ¤¥«¥­­®£® ¬¥âà¨ª®©

dL2 = dT 2 + dV 2 + dU 2 + dS2 + dW 2 + dX2 + dY 2 + dZ2:

�â¨ ¯àï¬ë¥ ï¢«ïîâáï ®¡à §ãîé¨¬¨ ¨§®âà®¯­®£® ª®­ãá  CK8

T 2 + V 2 + U 2 + S2 +W 2 +X2 + Y 2 + Z2 = 0;

  ­  ¯¥à¥á¥ç¥­¨¨ 7-¯«®áª®áâ¨ U � iS = 1 á ãª § ­­ë¬ ª®­ãá®¬ CK8 ¨­¤ãæ¨à®¢ ­  ¬¥âà¨ª 

deL2 = dT 2 + dV 2 + dW 2 + dX2 + dY 2 + dZ2:

� ª®¥ ¯à®áâà ­áâ¢® ¨¬¥¥â ¢¨¤ ¯ à ¡®«®¨¤  ­  CK8 ¨ ¬®¦¥â ¡ëâì ®â®¦¤¥áâ¢«¥­® á ¯à®áâà ­-
áâ¢®¬ CR6

U = 1 + iS =
1
2
(1� T 2 � V 2 �W 2 �X2 � Y 2 � Z2):
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�áïª ï ¯àï¬®«¨­¥©­ ï ®¡à §ãîé ï ª®­ãá  CK8 (¬­®¦¥áâ¢® â®ç¥ª ª®­ãá  á ¯®áâ®ï­­ë¬ ®â-
­®è¥­¨¥¬ T : V : U : S : W : X : Y : Z), ­¥ «¥¦ é ï ­  £¨¯¥à¯«®áª®áâ¨ U = iS, ¯¥-
à¥á¥ª ¥â ¯ à ¡®«®¨¤ ¢ ¥¤¨­áâ¢¥­­®© â®çª¥. �¡à §ãîé¨¬ ª®­ãá , «¥¦ é¨¬ ­  £¨¯¥à¯«®áª®-
áâ¨ U = iS, á®®â¢¥âáâ¢ãîâ â®çª¨, ¯à¨­ ¤«¥¦ é¨¥ ¡¥áª®­¥ç­®áâ¨ ¯à®áâà ­áâ¢  CR6. � ª¨¬
®¡à §®¬, ¯àï¬ë¬ CR8, ¯à®å®¤ïé¨¬ ç¥à¥§ ­ ç «® CR8, á®®â¢¥âáâ¢ãîâ â®çª¨ ¯à®¥ªâ¨¢­®£® ¯à®-
áâà ­áâ¢  CP7. Câ¥à¥®£à ä¨ç¥áª ï ¯à®¥ªæ¨ï ãª § ­­®£® á¥ç¥­¨ï ­  ¯«®áª®áâì S = i, U = 0 á
¯®«îá®¬ N(0; 0; 1

2
; i
2
; 0; 0; 0; 0) ®â®¡à ¦ ¥â â®çªã P (T; V; U; S;W;X; Y; Z) £¨¯¥à¡®«®¨¤  ­  â®çªã

p(t; v; 0; i; w; x; y; z) ¯«®áª®áâ¨ S = i, U = 0:

�T = t; �V = v; �W = w; �X = x; �Y = y; �Z = z;

� = �
1

U + iS
; pf(r) = �

U � iS

U + iS
:

�àï¬®«¨­¥©­ë¬ ®¡à §ãîé¨¬ ª®­ãá  CK8 á®®â¢¥âáâ¢ã¥â ª¢ ¤à¨ª  C eQ6 ¢ ¯à®¥ªâ¨¢­®¬ ¯à®-
áâà ­áâ¢¥ CP7

GABR
ARB = 0;

R1 = T; R2 = V; R3 = U; R4 = S;
R5 =W; R6 = X; R7 = Y; R8 = Z:

�à¨ íâ®¬ â¥­§®à GAB ï¢«ï¥âáï ¬¥âà¨ç¥áª¨¬ ¤«ï ¯à®áâà ­áâ¢  CR8 ¨ ¢ ­¥ª®â®à®¬ ¡ §¨á¥ ¨¬¥¥â
¥¤¨­¨ç­ãî ¬ âà¨æã. � á¨«ã (22) ª ¦¤®© â®çª¥ ª¢ ¤à¨ª¨ CQ6 ¬®¦­® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥
3-¬¥à­ãî ¨§®âà®¯­ãî ¯«®áª®áâì ¯à®áâà ­áâ¢  CA6. T ª ï 3-¬¥à­ ï ¯«®áª®áâì ¢§ ¨¬­® ®¤­®-
§­ ç­® ®¯à¥¤¥«¨â 3-¬¥à­ãî ¯«®áªãî ®¡à §ãîéãî ª¢ ¤à¨ª¨ C eQ6. �â¬¥â¨¬, çâ® ¨¤¥ï â ª®©
¯à®¥ªæ¨¨ ¢§ïâ  ¨§ ([2], á. 355{362). �®«®¦¨¬ ¯®  ­ «®£¨¨ á ([2], á. 83)

eRAB :=
�

ran � 1
2
i�akr


r

�i�c

n rck

�
; eRAB := "AC"BD eRCD;

RAB := _Ym _Zm eRAB; RAB := _Ym _Zm eRAB;

(25)

â ª çâ® á¯ãáª ¨ ¯®¤ê¥¬ ®¤¨­®ç­ëå ¨­¤¥ªá®¢ â¨¯  A;B; : : : ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¬¥âà¨-
ç¥áª®£® â¥­§®à  "AB (23). �ª §ë¢ ¥âáï, ¬®¦­® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ â®çª¥ ª¢ ¤à¨ª¨ C eQ6

â¥­§®à eRAB (25), ª®â®àë¬ íâ  â®çª  ®¯à¥¤¥«¨âáï ®¤­®§­ ç­®. �­ ç¥ £®¢®àï, §­ ï â®çªã ª¢ ¤à¨-
ª¨ C eQ6, ¬®¦­® ®¤­®§­ ç­® ®¯à¥¤¥«¨âì ¯®«®¦¥­¨¥ ®¡à §ãîé¥© CP3 ­  ª¢ ¤à¨ª¥ CQ6. �â®¡ë
¯¥à¥©â¨ ª ¯à®áâà ­áâ¢ã CR8, ®¯à¥¤¥«¨¬ ®¤­®à®¤­ë¥ ª®®à¤¨­ âë ª ª

R12 : R13 : R14 : R23 : R24 : R34 : R15 : R51 =

r12 : r13 : r14 : r23 : r24 : r34 : � 1
2
ir
r
 : �i

á ­®à¬¨à®¢ª®© _Ym _Zm := �U � iS:

�â¬¥â¨¬, çâ® â ª®© â¥­§®à RAB ¨¬¥¥â ¬ âà¨æã ¢¨¤  �� ([10], á. 518), â®«ìª® §¤¥áì ¨á¯®«ì§ã¥âáï
¬­¨¬ ï ¥¤¨­¨æ  i. �®áâà®¨¬ á¢ï§ãîé¨¥ ®¯¥à â®àë �A

BC â ª, çâ®¡ë ¢ë¯®«­ï«¨áì ãá«®¢¨ï RA =
1
4
�ABCR

BC , RA�A
BC = RBC. � §¨á­ë¥ â®çª¨ Rk

A ¯«®áª®© ®¡à §ãîé¥© ¬ ªá¨¬ «ì­®£® à ­£ 
ª¢ ¤à¨ª¨ C eQ6 ã¤®¢«¥â¢®àïîâ á®®â­®è¥­¨î

GABRk
ARl

B = 0: (26)

�à¨¬¥­ïï ®¯¥à â®àë �A
KL ª íâ®¬ã â®¦¤¥áâ¢ã, ¯®«ãç¨¬

(Rm)AB(Rn)AB = 0 , ((Rm)AB � (Rn)AB)((Rk)AB � (Rl)AB) = 0 ,

, ((rm)
ab � (rn)

ab)((rk)ab � (rl)ab) = 0: (27)

�¤¥áì k, l | ­®¬¥à  ¡ §¨á­ëå â®ç¥ª. � ª¨¬ ®¡à §®¬, § ¢¥àè¥­® ¯®áâà®¥­¨¥ ª¢ ¤à¨ª CQ6, C eQ6

¨  «£¥¡à ¨ç¥áª®¥ ®¯¨á ­¨¥ ¨å ¯«®áª¨å ®¡à §ãîé¨å.

�¥®à¥¬  5 (¯à¨­æ¨¯ âà®©áâ¢¥­­®áâ¨ ¤«ï ¤¢ãå ª¢ ¤à¨ª). � ¯à®¥ªâ¨¢­®¬ ¯à®áâà ­áâ¢¥ CP7

áãé¥áâ¢ãîâ ¤¢¥ ª¢ ¤à¨ª¨, ®¡« ¤ îé¨¥ á«¥¤ãîé¨¬¨ ®¡é¨¬¨ á¢®©áâ¢ ¬¨.

20



1. �«®áª ï ®¡à §ãîé ï CP3 ¯¥à¢®© ª¢ ¤à¨ª¨ ¢§ ¨¬­® ®¤­®§­ ç­® ®¯à¥¤¥«ï¥â â®çªã R ¢â®-

à®©.

2. �«®áª ï ®¡à §ãîé ï CP2 ¯¥à¢®© ª¢ ¤à¨ª¨ ®¤­®§­ ç­® ®¯à¥¤¥«ï¥â â®çªã R ¢â®à®©. �®ç-

ª¥ R á®¯®áâ ¢«ï¥âáï ¬­®£®®¡à §¨¥ ¯«®áª¨å ®¡à §ãîé¨å CP2, ¯à¨­ ¤«¥¦ é¨å ®¤­®©

¯«®áª®© ®¡à §ãîé¥© CP3 ¯¥à¢®© ª¢ ¤à¨ª¨.

3. �àï¬®«¨­¥©­ ï ®¡à §ãîé ï CP1 ¯¥à¢®© ª¢ ¤à¨ª¨ ¢§ ¨¬­® ®¤­®§­ ç­® ®¯à¥¤¥«ï¥â ¯àï-

¬®«¨­¥©­ãî ®¡à §ãîéãî CP1 ¢â®à®©. �á¥ ¯àï¬®«¨­¥©­ë¥ ®¡à §ãîé¨¥, ¯à¨­ ¤«¥¦ é¨¥

®¤­®© ¯«®áª®© ®¡à §ãîé¥© CP3 ¯¥à¢®© ª¢ ¤à¨ª¨, ®¯à¥¤¥«ïîâ ¯ãç®ª á æ¥­âà®¬ ¢ â®çª¥

R, ¯à¨­ ¤«¥¦ é¨© ¢â®à®© ª¢ ¤à¨ª¥.

�«®áª¨¥ ®¡à §ãîé¨¥ CP3 ®¡¥¨å ª¢ ¤à¨ª ¯à¨­ ¤«¥¦ â ®¤­®¬ã ¨ â®¬ã ¦¥ ¨§ ¤¢ãå á¥¬¥©áâ¢

â ª¨å ®¡à §ãîé¨å.

�®ª § â¥«ìáâ¢®. �¡®§­ ç¨¬XA
1 := ( _Xa; _Yb), XA

2 := ( _Za; _Tb), XA
3 := ( _La; _Nb), XA

4 := ( _Ka; _Mb).
�®£¤  ãà ¢­¥­¨¥ (24) ¯¥à¥¯¨è¥âáï ¢ ¢¨¤¥8>>><>>>:

irab _Yb = _Xa;

irab _Tb = _Za;

irab _Nb = _La;

irab _Mb = _Ka;

_Xa _Ya = 0; _Za _Ta = 0; _La _Na = 0; _Ka _Ma = 0;

_Xa _Ta = � _Za _Ya; _Xa _Na = � _La _Ya; _Xa _Ma = � _Ka _Ya;

_Za _Na = � _La _Ta; _Za _Ma = � _Ka _Ta; _Ka _Na = � _La _Ma:

(28)

� ª¨¬ ®¡à §®¬, ¨§ è¥áâ­ ¤æ â¨ ãà ¢­¥­¨© (28) á è¥áâìî ­¥¨§¢¥áâ­ë¬¨ rab áãé¥áâ¢¥­­ë¬¨
¡ã¤ãâ â®«ìª® è¥áâì ãà ¢­¥­¨© (¤¥áïâì ãá«®¢¨© á¢ï§¨ (28)), çâ® ®¯à¥¤¥«¨â â®çªã CA6,   §­ ç¨â,
¨ â®çªã R ª¢ ¤à¨ª¨ C eQ6 (à¨á. 1).

�¨á. 1. �®®â¢¥âáâ¢¨¥ 8CP2 � CP3 $ R
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�á«¨ ¨§ á¨áâ¥¬ë (28) ¨§¢¥áâ­® ®¤­® ãà ¢­¥­¨¥, â® ¨§ ç¥âëà¥å ãà ¢­¥­¨© á è¥áâìî ­¥¨§¢¥áâ­ë-
¬¨ áãé¥áâ¢¥­­ë¬¨ ¡ã¤ãâ «¨èì âà¨ (®¤­® ãá«®¢¨¥ á¢ï§¨). �®íâ®¬ã â®çª¥ ª¢ ¤à¨ª¨ CQ6 ¡ã¤¥â
á®®â¢¥âáâ¢®¢ âì ¯«®áª ï 3-¬¥à­ ï ®¡à §ãîé ï CP3, ¯à¨­ ¤«¥¦ é ï ª¢ ¤à¨ª¥ C eQ6. �â® â ª-
¦¥ á«¥¤ã¥â ¨ ¨§ (22). �á«¨ ¨§ á¨áâ¥¬ë (28) ¨§¢¥áâ­ë ¤¢  ãà ¢­¥­¨ï, â® ¨§ ¢®áì¬¨ ãà ¢­¥­¨© á
è¥áâìî ­¥¨§¢¥áâ­ë¬¨ áãé¥áâ¢¥­­ë¬¨ ¡ã¤ãâ «¨èì ¯ïâì (âà¨ ãá«®¢¨ï á¢ï§¨). �â® ®§­ ç ¥â, çâ®
¯àï¬®«¨­¥©­®© ®¡à §ãîé¥© CP1 ª¢ ¤à¨ª¨ CQ6 ¡ã¤¥â á®®â¢¥âáâ¢®¢ âì ¯àï¬®«¨­¥©­ ï ®¡à §ã-
îé ï CP1, ¯à¨­ ¤«¥¦ é ï ª¢ ¤à¨ª¥ C eQ6. �à¨ íâ®¬ ¬­®£®®¡à §¨¥ ®¡à §ãîé¨å CP1(CQ6), ¯à¨-
­ ¤«¥¦ é¨å ®¤­®© ¨ â®© ¦¥ ®¡à §ãîé¥© CP3(CQ6), ®¯à¥¤¥«¨â ¯ãç®ª ®¡à §ãîé¨å CP1(C eQ6),
¯à¨­ ¤«¥¦ é¨© ª¢ ¤à¨ª¥ C eQ6 (íâ®â ¯ãç®ª ­  á ¬®¬ ¤¥«¥ ®¯à¥¤¥«¨â ­¥ª®â®àë© ª®­ãá á ¢¥àè¨-
­®© ¢ â®çª¥ R). �¥­âà ¯ãçª  R ®¯à¥¤¥«¨âáï á¨áâ¥¬®© (28) (à¨á. 2).

�¨á. 2. �®®â¢¥âáâ¢¨¥ CP3 � CP1 $ CP1 � K6

�á«¨ ¨§ á¨áâ¥¬ë (28) ¨§¢¥áâ­ë âà¨ ãà ¢­¥­¨ï, â® ¨§ ¤¢¥­ ¤æ â¨ ãà ¢­¥­¨© c è¥áâìî ­¥¨§-
¢¥áâ­ë¬¨ áãé¥áâ¢¥­­ë¬¨ ¡ã¤ãâ «¨èì è¥áâì (á è¥áâìî ãá«®¢¨ï¬¨ á¢ï§¨). �â® ®§­ ç ¥â, çâ® 2-
¬¥à­®© ®¡à §ãîé¥© CP2 ª¢ ¤à¨ª¨ CQ6 ¡ã¤¥â á®®â¢¥âáâ¢®¢ âì â®çª  R ª¢ ¤à¨ª¨ C eQ6. �à¨ íâ®¬
¬­®£®®¡à §¨¥ ®¡à §ãîé¨å CP2(CQ6), ¯à¨­ ¤«¥¦ é¨å ®¤­®© ¨ â®© ¦¥ ®¡à §ãîé¥© CP3(CQ6),
®¯à¥¤¥«¨â ¥¤¨­áâ¢¥­­ãî â®çªã ª¢ ¤à¨ª¨ C eQ6. �â  â®çª  R ®¯à¥¤¥«¨âáï á¨áâ¥¬®© (28) (à¨á.1).
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�¡à â­ ï ç áâì â¥®à¥¬ë ¤®ª §ë¢ ¥âáï á ¯®¬®éìî á¨áâ¥¬ë8>>><>>>:
i(r1)ab _Yb = _Xa;

i(r2)ab _Yb = _Xa;

i(r3)ab _Yb = _Xa;

i(r4)ab _Yb = _Xa;

,

8>>><>>>:
i((r1)ab � (r2)ab) _Yb = 0;
i((r1)ab � (r3)ab) _Yb = 0;
i((r3)ab � (r4)ab) _Yb = 0;
i(r1)ab _Yb = _Xa;

ª®â®à ï á«¥¤ã¥â ¨§ (26) ¨ (27). �

�®ª § ­­ ï â¥®à¥¬  ï¢«ï¥âáï ®¡®¡é¥­¨¥¬ á®®â¢¥âáâ¢¨ï �«ï©­ . �­®£®®¡à §¨¥ ®¡à §ãîé¨å
­  ª¢ ¤à¨ª¥ CQ6 ¢¨¤  XA = (0; _Yb) ¤¨ää¥®¬®àä­® CP3. � ¦¤®© â ª®© ®¡à §ãîé¥© ¬®¦­®
¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ â®çªã ª¢ ¤à¨ª¨ CQ4 � C eQ6. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨§ íâ®© â¥®à¥¬ë
á«¥¤ã¥â ¯à¨­æ¨¯ âà®©áâ¢¥­­®áâ¨ � àâ ­  ([9] á. 175): áãé¥áâ¢ã¥â 3 ¤¨ää¥®¬®àä­ëå ¬­®£®®¡à -
§¨ï | ¬­®£®®¡à §¨¥ â®ç¥ª ª¢ ¤à¨ª¨ ¨ ¤¢  ¬­®£®®¡à §¨ï ¯«®áª¨å ®¡à §ãîé¨å I ¨ II á¥¬¥©áâ¢
([11], á. 258). �â® ¤¥©áâ¢¨â¥«ì­® â ª, ¯®áª®«ìªã ¤¢¥ ¯®áâà®¥­­ë¥ ª¢ ¤à¨ª¨ ¬®¦­® ®â®¦¤¥áâ¢¨âì,
­ ¯à¨¬¥à, á ¯®¬®éìî â¥­§®à 

PA
L := �AK

LXK ; RA = PA
LYL;

£¤¥ XK | ¯à®¨§¢®«ì­ë© ¢¥ªâ®à CR8 â ª®©, çâ® XKX
K = 2. �®£¤ 

PA
LPB

K"LK = GAB; PA
LPB

KGAB = "LK :

�à®¬¥ â®£®, á®£« á­® ¢ëª« ¤ª ¬ ([2], c. 543{544) ®¯¥à â®àë �AK
L ¬®£ãâ á«ã¦¨âì ¯à®®¡à §®¬

áâàãªâãà­ëå ª®­áâ ­â  «£¥¡àë ®ªâ ¢ ¨ ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨î �«¨ää®à¤ . �¯¥à â®àë
�A

MN ®¯à¥¤¥«ïîâ ¢§ ¨¬­® ®¤­®§­ ç­®¥ ®â®¡à ¦¥­¨¥ ¯àï¬ëå ¤¢ãå è¥áâ¨¬¥à­ëå ª¢ ¤à¨ª (á¬.
â¥®à¥¬ã 5, ¯. 3).
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