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�§¢¥áâ­ë© £¥®¬¥âà �«ìäà¥¤ �à¥© ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¯®çâ¨ íà¬¨â®¢ëå ¬­®£®®¡à §¨© áä®à¬ã-
«¨à®¢ « ¯à¨­æ¨¯, á®£« á­® ª®â®à®¬ã ª«îç®¬ ª ¯®­¨¬ ­¨î ¤¨ää¥à¥­æ¨ «ì­®-£¥®¬¥âà¨ç¥áª¨å
á¢®©áâ¢ â ª¨å ¬­®£®®¡à §¨© ï¢«ïîâáï â ª ­ §ë¢ ¥¬ë¥ â®¦¤¥áâ¢  ªà¨¢¨§­ë, ª®â®àë¬ ã¤®¢«¥-
â¢®àï¥â â¥­§®à �¨¬ ­ {�à¨áâ®ää¥«ï ¯®çâ¨ íà¬¨â®¢ëå ¬­®£®®¡à §¨©. �­®£® à ¡®â ¡ë«® ¯®á¢ï-
é¥­® £¥®¬¥âà¨ç¥áª¨¬ á«¥¤áâ¢¨ï¬ íâ¨å â®¦¤¥áâ¢,   â ª¦¥ ¨å  ­ «®£ ¬ ¤«ï ¯®çâ¨ ª®­â ªâ­ëå
¬¥âà¨ç¥áª¨å áâàãªâãà. � ¯à®¤®«¦¥­¨¥ íâ®© â¥¬ â¨ª¨ ¢ ¤ ­­®© à ¡®â¥ à áá¬®âà¥­ë ­¥ª®â®àë¥
á¢®©áâ¢  ªà¨¢¨§­ë «®ª «ì­® ª®­æ¨àªã«ïà­ëå ª¢ §¨-á á ª¨¥¢ëå ¬­®£®®¡à §¨© ¨ ¯®çâ¨ ª®­â ªâ-
­ëå ¬¥âà¨ç¥áª¨å ¬­®£®®¡à §¨©.

�ãáâì M 2n+1 | £« ¤ª®¥ ¬­®£®®¡à §¨¥; X(M) | ¬®¤ã«ì £« ¤ª¨å ¢¥ªâ®à­ëå ¯®«¥© ­  M ; 5
| à¨¬ ­®¢  á¢ï§­®áâì ¬¥âà¨ª¨ g ­  M ; R(X;Y )Z = 5X 5Y � 5Y 5X � 5[X;Y ] | ¥¥ â¥­§®à
�¨¬ ­ {�à¨áâ®ää¥«ï; d | ®¯¥à â®à ¢­¥è­¥£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï. � ¯®¬­¨¬ ([1], c. 446), çâ®
¯®çâ¨ ª®­â ªâ­®© ¬¥âà¨ç¥áª®© (ª®à®ç¥, AC-) áâàãªâãà®© ­  ¬­®£®®¡à §¨¨M 2n+1 ­ §ë¢ ¥âáï
ç¥â¢¥àª  (�; �;�; g) â¥­§®à­ëå ¯®«¥© ­  íâ®¬ ¬­®£®®¡à §¨¨, £¤¥ � | 1-ä®à¬  ­ M , ­ §ë¢ ¥¬ ï
ª®­â ªâ­®© ä®à¬®© áâàãªâãàë; � | ¢¥ªâ®à­®¥ ¯®«¥, ­ §ë¢ ¥¬®¥ å à ªâ¥à¨áâ¨ç¥áª¨¬; � |
¯®«¥ â¥­§®à  â¨¯  (1; 1), ­ §ë¢ ¥¬®¥ áâàãªâãà­ë¬ í­¤®¬®àä¨§¬®¬ ¬®¤ã«ï X(M); g = h�; �i |
à¨¬ ­®¢  áâàãªâãà  ­  M . �à¨ íâ®¬

1) �(�) = 1; 2) � � � = 0; 3) �(�) = 0; 4) �2 = � id+� 
 �;

5) h�X;�Y i = hX;Y i � �(X)�(Y ); X; Y 2 X(M):

�­®£®®¡à §¨¥ á ä¨ªá¨à®¢ ­­®© ­  ­¥¬ AC-áâàãªâãà®© ­ §ë¢ îâ AC-¬­®£®®¡à §¨¥¬. �
C1(M)-¬®¤ã«¥ X(M) £« ¤ª¨å ¢¥ªâ®à­ëå ¯®«¥© ­  â ª®¬ ¬­®£®®¡à §¨¨, ¢­ãâà¥­­¨¬ ®¡à §®¬
®¯à¥¤¥«¥­ë ¤¢  ¢§ ¨¬­® ¤®¯®«­¨â¥«ì­ëå ¯à®¥ªâ®à  l = ��2 ¨ m = �
� = id+�2 ­  à á¯à¥¤¥«¥-
­¨ï L = Im� ¨M = ker� à §¬¥à­®áâ¥© 2n ¨ 1 á®®â¢¥âáâ¢¥­­®, ¯à¨ç¥¬X(M) = L�M, L\M = f0g.
�®«¥¥ â®£®, ª®¬¯«¥ªá¨ä¨ª æ¨ï ¬®¤ã«ï X(M), ¨¬¥­­® XC(M) = C
X(M) à á¯ ¤ ¥âáï ¢ ¯àï¬ãî
áã¬¬ã á®¡áâ¢¥­­ëå à á¯à¥¤¥«¥­¨© í­¤®¬®àä¨§¬  �C : XC(M) = D

p
�1

� � D�
p
�1

� � D0
�, ¯à¨ç¥¬

D0
� = M. �à®¥ªâ®à ¬¨ ­  á« £ ¥¬ë¥ íâ®© ¯àï¬®© áã¬¬ë ¡ã¤ãâ á®®â¢¥âáâ¢¥­­® í­¤®¬®àä¨§¬ë

� = � 1
2
(�2 +

p�1�), � = 1
2
(��2 +

p�1�) ¨ m = id+�2.
�®ª § ­® ([1], c. 447), çâ® ª (2n + 1)-¬¥à­®¬ã AC-¬­®£®®¡à §¨î, ª ª ¬¥âà¨ç¥áª®¬ã f -¬­®-

£®®¡à §¨î ¤¥ä¥ªâ  1, ¢­ãâà¥­­¨¬ ®¡à §®¬ ¯à¨á®¥¤¨­ï¥âáï G-áâàãªâãà , áâàãªâãà­®© £àã¯¯®©
ª®â®à®© ï¢«ï¥âáï £àã¯¯  �¨ U(n)� feg. �®â «ì­®¥ ¯à®áâà ­áâ¢® íâ®© G-áâàãªâãàë á®áâ®¨â ¨§
¬®¤¨ä¨æ¨à®¢ ­­ëå �-à¥¯¥à®¢, â. ¥. ª®¬¯«¥ªá­ëå à¥¯¥à®¢ ¢¨¤ 

(p; "0; "1; : : : ; "n; "1̂; : : : ; "n̂);

£¤¥ "0 = �p, "a =
p
2�(ea), "â =

p
2�(ea), a = 1; : : : ; n, (e1; : : : ; en) | ¡ §¨á ¯à®áâà ­áâ¢  Lp, ª ª

C-¬®¤ã«ï, p 2M .
AC-áâàãªâãà  ­ §ë¢ ¥âáï ­®à¬ «ì­®©, ¥á«¨ â¥­§®à �¥©¥­å¥©á  N�(X;Y ) = 1

4
([�X;�Y ] +

�2[X;Y ] � �[�X;Y ] � �[X;�Y ]) ¥¥ áâàãªâãà­®£® í­¤®¬®àä¨§¬  � ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ã
2N� + d� 
 � = 0. �®à¬ «ì­ ï ¯®çâ¨ ª®­â ªâ­ ï ¬¥âà¨ç¥áª ï áâàãªâãà  ­ §ë¢ ¥âáï ª¢ §¨-

á á ª¨¥¢®© (ª®à®ç¥, QS-) áâàãªâãà®© ¥á«¨ ¥¥ äã­¤ ¬¥­â «ì­ ï ä®à¬  
(X;Y ) = hX;�Y i § -
¬ª­ãâ .
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AC-¬­®£®®¡à §¨¥M á AC-áâàãªâãà®© S = (�; �;�; g) ­ §ë¢ ¥âáï «®ª «ì­® ª®­ä®à¬­® ª¢ §¨-
á á ª¨¥¢ë¬ (ª®à®ç¥, lcQS-) ¬­®£®®¡à §¨¥¬ ([2], c. 26), ¥á«¨ ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ U ª ¦¤®©
â®çª¨ ¨§ M áãé¥áâ¢ã¥â ª®­ä®à¬­®¥ ¯à¥®¡à §®¢ ­¨¥ ¬¥âà¨ª¨ g, ¯¥à¥¢®¤ïé¥¥ áâàãªâãàã S ¢
ª¢ §¨-á á ª¨¥¢ã áâàãªâãàã bS = (b�; b�;�; bg), £¤¥

1) b� = e���jU ; 2) b� = e��jU ; 3) bg = e�2�gjU ; (1)

� 2 C1(U) | «®ª «ì­® ®¯à¥¤¥«¥­­ ï £« ¤ª ï äã­ªæ¨ï ­  ¬­®£®®¡à §¨¨ M , ­ §ë¢ ¥¬ ï ®¯à¥-
¤¥«ïîé¥© äã­ªæ¨¥© ª®­ä®à¬­®£® ¯à¥®¡à §®¢ ­¨ï. �¥á«®¦­® ¯®ª § âì, çâ® ¥¥ ¢­¥è­¨© ¤¨ää¥-
à¥­æ¨ « d� ª®àà¥ªâ­® ®¯à¥¤¥«ï¥â § ¬ª­ãâãî £«®¡ «ì­ãî 1-ä®à¬ã � ­ M , áã¦¥­¨¥ ª®â®à®© ­ 
U á®¢¯ ¤ ¥â á d�. � ãç¥â®¬ (1) ãá«®¢¨¥ ª¢ §¨-á á ª¨¥¢®áâ¨ ¯à¥®¡à §®¢ ­­®© áâàãªâãàë ¬®¦­®
§ ¯¨á âì ¢ ¢¨¤¥

1) d
 = 2� ^ 
;
2) N =

1
2
(� ^ � � d�)
 �:

� á¯¨áë¢ ï íâ¨ á®®â­®è¥­¨ï ­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-áâàãªâãàë, ­¥¯®áà¥¤áâ¢¥­­ë¬
¯®¤áç¥â®¬ ¯®ª §ë¢ ¥¬ ([3], c. 11), çâ® ¯¥à¢ ï £àã¯¯  áâàãªâãà­ëå ãà ¢­¥­¨© lcQS-áâàãªâãàë
¨¬¥¥â ¢¨¤

1) d!a = !a
b ^ !b + 2�[a�b]c !

c ^ !b + (�0�ab + Ca
b )! ^ !b;

2) d!a = �!b
a ^ !b + 2�[a�cb]!c ^ !b + (�0�ba � Cb

a)! ^ !b;

3) d! = 2Ca
b !

b ^ !a + �a!
a ^ ! + �a!a ^ !;

£¤¥ f�ig | ª®¬¯®­¥­âë ä®à¬ë �, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-
­¨©

d�a + �b!
b
a = �ab!

b + �a
b!b + �a0!; (2)

f�ijg | ¯®¤å®¤ïé ï á¨áâ¥¬  äã­ªæ¨© ­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-áâàãªâãàë; f!ig |
ª®¬¯®­¥­âë ä®à¬ë á¬¥é¥­¨ï; f!i

jg|ª®¬¯®­¥­âë ä®à¬ë à¨¬ ­®¢®© á¢ï§­®áâ¨ ¬¥âà¨ª¨ g; Ca
b =

�
p
�1
2
(�0

â;b+�0
b;â); f�i

j;kg| ª®¬¯®­¥­âë ª®¢ à¨ ­â­®£® ¤¨ää¥à¥­æ¨ «  áâàãªâãà­®£® ®¯¥à â®à 
¢ à¨¬ ­®¢®© á¢ï§­®áâ¨. �¤¥áì ¨ ¤ «¥¥ ¨­¤¥ªáë i, j, k ¯à®¡¥£ îâ §­ ç¥­¨ï ®â 0 ¤® 2n, ¨­¤¥ªáë
a, b, c, d | §­ ç¥­¨ï ®â 1 ¤® n, ba = a+ n, !a = !ba, �a = �ba, ! = !0.

�§¢¥áâ­® â ª¦¥ ([4], c. 54), çâ® ¢ ª« áá¥ ª®­ä®à¬­ëå ¯à¥®¡à §®¢ ­¨© ¬¥âà¨ª¨ ¥áâ¥áâ¢¥­­®
¢ë¤¥«ïîâáï ¯à¥®¡à §®¢ ­¨ï, á®åà ­ïîé¨¥ £¥®¤¥§¨ç¥áª¨¥ ®ªàã¦­®áâ¨ (â. ¥. ªà¨¢ë¥, ã ª®â®àëå
¯¥à¢ ï ªà¨¢¨§­  ¯®áâ®ï­­ ,   ®áâ «ì­ë¥ ªà¨¢¨§­ë à ¢­ë ­ã«î), íâ® â ª ­ §ë¢ ¥¬ë¥ ª®­æ¨àªã-
«ïà­ë¥ ¯à¥®¡à §®¢ ­¨ï. �­¨ å à ªâ¥à¨§ãîâáï â¥¬, çâ® ¨å ®¯à¥¤¥«ïîé ï äã­ªæ¨ï � (äã­ªæ¨ï
¯¥à¥å®¤  ®â «®ª «ì­® ª®­æ¨àªã«ïà­ëå ª¢ §¨-á á ª¨¥¢ëå áâàãªâãà ª QS-áâàãªâãà ¬) ï¢«ï¥âáï
à¥è¥­¨¥¬ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï �­®:

�i;j = �i�j + �gij ; (3)

£¤¥ f�ig | ª®¬¯®­¥­âë ä®à¬ë �, f�i;jg | ª®¬¯®­¥­âë ¥¥ ª®¢ à¨ ­â­®£® ¤¨ää¥à¥­æ¨ « , � =
�(�) 2 C1(M).

1. �à¨¢¨§­  «®ª «ì­® ª®­æ¨àªã«ïà­® ª¢ §¨-á á ª¨¥¢ëå ¬­®£®®¡à §¨©. �®­â ªâ-
­ë¬¨  ­ «®£ ¬¨ ¨§¢¥áâ­ëå â®¦¤¥áâ¢ �«ìäà¥¤  �à¥ï R2 ¨ R3 ªà¨¢¨§­ë ¯®çâ¨ íà¬¨â®¢ëå ¬­®-
£®®¡à §¨© ï¢«ïîâáï â®¦¤¥áâ¢  ªà¨¢¨§­ë CR2 ¨ CR3 ¤«ï AC-¬­®£®®¡à §¨©:

CR2 : hR(�X;�Y )�Z;�W i = hR(�2X;�2Y )�Z;�W i+
+ hR(�2X;�Y )�2Z;�W i+ hR(�2X;�Y )�Z;�2W i;

CR3 : hR(�X;�Y )�Z;�W i = hR(�2X;�2Y )�2Z;�2W i:
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�§¢¥áâ­® ([1], c. 356), çâ® ­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-áâàãªâãàë íâ¨ â®¦¤¥áâ¢  íª¢¨¢ -
«¥­â­ë á«¥¤ãîé¨¬ á®®â­®è¥­¨ï¬:

CR2 , Râbcd = Rabcd = 0; CR3 , Râbcd = 0:

�®ª § ­® ([3], c. 31), çâ® ¤«ï lcQS-¬­®£®®¡à §¨© ª« ááë CR2 ¨ CR3 á®¢¯ ¤ îâ,   â ª¦¥

�à¥¤«®¦¥­¨¥ ([3], c. 32). lcQS-¬­®£®®¡à §¨¥ ï¢«ï¥âáï CR2- ¨ CR3-¬­®£®®¡à §¨¥¬ â®£¤ 

¨ â®«ìª® â®£¤ , ª®£¤  ª®¬¯®­¥­âë ä®à¬ë d� ­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-áâàãªâãàë
ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬ �ab = ��a�b.

� ¬¥â¨¬ çâ®, â. ª. ¤«ï QS-áâàãªâãà � = 0, â® «î¡®¥ QS-¬­®£®®¡à §¨¥ ã¤®¢«¥â¢®àï¥â â®¦¤¥-
áâ¢ ¬ ªà¨¢¨§­ë CR2 ¨ CR3.

�®ª ¦¥¬, çâ® ¥á«¨ lcQS-¬­®£®®¡à §¨¥ ï¢«ï¥âáï «®ª «ì­® ª®­æ¨àªã«ïà­® ª¢ §¨-á á ª¨¥¢ë¬
¬­®£®®¡à §¨¥¬, â® ­  ­¥¬ ¡ã¤ãâ ¢ë¯®«­ïâìáï â®¦¤¥áâ¢  ªà¨¢¨§­ë CR2 ¨ CR3.

�¥©áâ¢¨â¥«ì­®, á ®¤­®© áâ®à®­ë, ¯®áª®«ìªã 1-ä®à¬  � | â¥­§®à â¨¯  (1; 0), ª®¬¯®­¥­âë
f�i;jg ¥¥ ª®¢ à¨ ­â­®£® ¤¨ää¥à¥­æ¨ «  ¢ á¢ï§­®áâ¨ 5 ã¤®¢«¥â¢®àïîâ á®®â­®è¥­¨ï¬ ([1], c. 233)
d�i + �j!

j
i = �i;j!

j . � ç áâ­®áâ¨, ¯à¨ i = a ¯®«ãç ¥¬

d�a + �b!
b
a + �b̂!

b̂
a + �0!

0
a = �a;b!

b + �a;b̂!
b̂ + �a;0!;

®âªã¤  á ãç¥â®¬ (2)

�ab!
b + �a

b!b + �a0! + �b̂!
b̂
a + �0!

0
a = �a;b!

b + �a;b̂!
b̂ + �a;0!: (4)

� «¥¥, á ãç¥â®¬ à ¢¥­áâ¢, ¯®«ãç¥­­ëå ¯à¨ ¢ë¢®¤¥ áâàãªâãà­ëå ãà ¢­¥­¨© lcQS-áâàãªâãà
([3], c. 22)

!b̂
a = �Bab

c!c; !0
a = ��a! + (Bb

a � Cb
a)!b;

à ¢¥­áâ¢® (4) ¯à¨­¨¬ ¥â ¢¨¤

�ab!
b + �a

b!b + �a0! � �hBha
b!b � �0(Bb

a � Cb
a)!b � �0�a! = �a;b!

b + �a;b̂!
b̂ + �a;0!:

�âªã¤  ¢ á¨«ã «¨­¥©­®© ­¥§ ¢¨á¨¬®áâ¨ ¡ §¨á­ëå ä®à¬ ¤«ï lcQS-áâàãªâãà ¨, ¢ ç áâ­®áâ¨, ¤«ï
«®ª «ì­® ª®­æ¨àªã«ïà­® ª¢ §¨-á á ª¨¥¢ëå áâàãªâãà á«¥¤ã¥â â®¦¤¥áâ¢®

�ab = �a;b: (5)

� ¤àã£®© áâ®à®­ë, à áá¬®âà¨¬ ¯¥à¥å®¤ ®â QS-áâàãªâãà ª «®ª «ì­® ª®­æ¨àªã«ïà­ë¬ ª¢ §¨-
á á ª¨¥¢ë¬ áâàãªâãà ¬. �â® ¯à¥®¡à §®¢ ­¨¥ ï¢«ï¥âáï ®¡à â­ë¬ ª ¨áå®¤­®¬ã ª®­æ¨àªã«ïà­®¬ã
¯à¥®¡à §®¢ ­¨î, ¯®íâ®¬ã ¥£® ®¯à¥¤¥«ïîé¥© äã­ªæ¨¥© ¡ã¤¥â äã­ªæ¨ï ��. � ãç¥â®¬ íâ®£® ­ 
¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-áâàãªâãàë ãà ¢­¥­¨¥ (3) ¯à¨­¨¬ ¥â ¢¨¤

�a;b = ��a�b:
�à ¢­¨¢ ï íâ® à ¢¥­áâ¢® á (5), ¯®«ãç ¥¬, çâ® ­  «®ª «ì­® ª®­æ¨àªã«ïà­ëå ª¢ §¨-á á ª¨¥¢ëå
¬­®£®®¡à §¨ïå ¢¥à­® â®¦¤¥áâ¢®

�ab = ��a�b;
ª®â®à®¥ á®£« á­® ¯à¥¤«®¦¥­¨î ï¢«ï¥âáï ãá«®¢¨¥¬ ¯à¨­ ¤«¥¦­®áâ¨ ¬­®£®®¡à §¨ï ª« áá ¬ CR2

¨ CR3. � ª¨¬ ®¡à §®¬, ¤®ª § ­ 

�¥®à¥¬  1. �®ª «ì­® ª®­æ¨àªã«ïà­® ª¢ §¨-á á ª¨¥¢® ¬­®£®®¡à §¨¥ ï¢«ï¥âáï ¬­®£®®¡à §¨-
¥¬ ª« áá  CR2 ¨ CR3.
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2. �à®¥ªâ¨¢­ ï ¨­¢ à¨ ­â­®áâì â®¦¤¥áâ¢ CR2 ¨ CR3 AC-¬­®£®®¡à §¨©. �¥à¥©¤¥¬
â¥¯¥àì ªAC-¬­®£®®¡à §¨ï¬ ®¡é¥£® ¢¨¤  ¨ à áá¬®âà¨¬ â¥­§®à � ¯à®¥ªâ¨¢­®© ªà¨¢¨§­ë, ª®â®àë©
­  ¯à®áâà ­áâ¢¥ £« ¢­®£® à áá«®¥­¨ï à¥¯¥à®¢ AC-¬­®£®®¡à §¨ïM 2n+1 § ¤ ¥âáï á®®â­®è¥­¨ï¬¨
([5], c. 80)

Pijkl = Rijkl +
1
2n

(rikgjl � rjkgil); (6)

£¤¥ fgijg | ª®¬¯®­¥­âë ¬¥âà¨ç¥áª®£® â¥­§®à , frijg | ª®¬¯®­¥­âë â¥­§®à  �¨çç¨; fRijklg |
ª®¬¯®­¥­âë â¥­§®à  �¨¬ ­ {�à¨áâ®ää¥«ï. �¥£ª® ¯®ª § âì, çâ® â¥­§®à P ®¡« ¤ ¥â á¢®©áâ¢ -
¬¨ á¨¬¬¥âà¨¨ â¥­§®à  �¨¬ ­ {�à¨áâ®ää¥«ï â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  � | ¬­®£®®¡à §¨¥
�©­èâ¥©­ , çâ® ¨ ¡ã¤¥¬ ¯à¥¤¯®« £ âì.

� á¯¨áë¢ ï á®®â­®è¥­¨ï (6) ­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-áâàãªâãàë á ãç¥â®¬ â®£®,

çâ® ­  íâ®¬ ¯à®áâà ­áâ¢¥ (gij) =
� 1 0 0
0 0 In
0 In 0

�
([1], c. 448), ¢ ç áâ­®áâ¨, ¯®«ãç ¥¬ Pâbcd = Râbcd +

1
2n
(râcgbd�rbcgâd), Pabcd = Rabcd+ 1

2n
(racgbd�rbcgad). � â ª ª ª ¢ á¨«ã í©­èâ¥©­®¢®áâ¨ ¬­®£®®¡à §¨ï

M rbc = "gbc, â®

Pâbcd = Râbcd; Pabcd = Rabcd: (7)

�§ íâ¨å à ¢¥­áâ¢ ®ç¥¢¨¤­® á«¥¤ã¥â, çâ® ¥á«¨ â¥­§®à P ã¤®¢«¥â¢®àï¥â ¯à®¥ªâ¨¢­ë¬  ­ «®£ ¬
â®¦¤¥áâ¢ CR2 ¨ CR3 | â®¦¤¥áâ¢ ¬ CP2 ¨ CP3:

CP2 : hP (�X;�Y )�Z;�W i = hP (�2X;�2Y )�Z;�W i+
+ hP (�2X;�Y )�2Z;�W i+ hP (�2X;�Y )�Z;�2W i;

CP3 : hP (�X;�Y )�Z;�W i = hP (�2X;�2Y )�2Z;�2W i;
â®, ª ª ¨ ¤«ï â¥­§®à  �¨¬ ­ -�à¨áâ®ää¥«ï ([1], c. 356), ­¥âàã¤­® ¯®ª § âì, çâ® íâ¨ â®¦¤¥áâ¢ 
­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-áâàãªâãàë AC-¬­®£®®¡à §¨© à ¢­®á¨«ì­ë á®®â¢¥âáâ¢¥­­®
á®®â­®è¥­¨ï¬

CP2 , Pâbcd = Pabcd = 0; CP3 , Pâbcd = 0:

�âªã¤  á ãç¥â®¬ (7) ¤®ª § ­ 

�¥®à¥¬  2. �®¦¤¥áâ¢  CR2 ¨ CR3 ¤«ï AC-¬­®£®®¡à §¨© �©­èâ¥©­  ¨¬¥îâ ¯à®¥ªâ¨¢­®-

¨­¢ à¨ ­â­ë© á¬ëá«.
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