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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�  µ¸´µ¢¥ ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° ±µ´¥Î´ÒÌ £·Ê¶¶, É ±¨Ì ± ± £·Ê¶¶  γ-³ É·¨Í „¨· ± ,
¥¥ ³ ±¸¨³ ²Ó´ Ö ¶µ¤£·Ê¶¶  ¨ £·Ê¶¶  ±¢ É¥·´¨µ´µ¢, ¶µ± § ´µ ¸µ¢¶ ¤¥´¨¥ ±µ³³ÊÉ Í¨µ´´ÒÌ ¸µµÉ´µ-
Ï¥´¨° ³¥¦¤Ê Ô²¥³¥´É ³¨  ²£¥¡·, ¶µ¸É·µ¥´´ÒÌ ´  ´ §¢ ´´ÒÌ ±µ´¥Î´ÒÌ £·Ê¶¶ Ì, ¨ ±µ³³ÊÉ Í¨µ´´ÒÌ
¸µµÉ´µÏ¥´¨° ³¥¦¤Ê ¨´Ë¨´¨É¥§¨³ ²Ó´Ò³¨ µ¶¥· Éµ· ³¨ £·Ê¶¶Ò Ê· ¢´¥´¨Ö „¨· ± , £·Ê¶¶Ò ‹µ·¥´Í 
¨ £·Ê¶¶Ò É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨°.

On the basis of ˇnite group irreducible representations such as Dirac γ-matrix representations, its
maximal subgroup and quaternion group the coincidence of commutative relations between the algebra
elements, which are constructed on above-cited groups and commutative relations between inˇnitesimal
operators of Dirac equation group, Lorentz group and 3-dimensional rotation group respectively is
shown.

‚‚…„…�ˆ…

‘Ë¥·  ¶·¨²µ¦¥´¨° ±µ´¥Î´ÒÌ £·Ê¶¶ ¢ Ë¨§¨±¥ ¨ ¸³¥¦´ÒÌ µ¡² ¸ÉÖÌ ¶µ¸ÉµÖ´´µ · ¸Ï¨-
·Ö¥É¸Ö [1]. �µ³¨³µ ¶·Ö³µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö ±µ´¥Î´ÒÌ £·Ê¶¶ ¢ Ë¨§¨±¥ [2, 3] ¨³¥¥É¸Ö ¥Ðe
µ¤´  ¸Éµ·µ´  ¨Ì ¢µ§³µ¦´ÒÌ ¶·¨²µ¦¥´¨°. �´¨ ³µ£ÊÉ ´¥¸É¨ ¨´Ëµ·³ Í¨Õ µ ´¥¶·¥·Ò¢´ÒÌ
£·Ê¶¶ Ì, ¡Ê¤ÊÎ¨ ¢²µ¦¥´´Ò³¨ ¢ ´¨Ì. �·¨³¥·µ³ ¸¢Ö§¨ ±µ´¥Î´ÒÌ ¨ ´¥¶·¥·Ò¢´ÒÌ £·Ê¶¶
³µ¦¥É ¸²Ê¦¨ÉÓ ¨§¢¥¸É´ Ö ³¥Éµ¤¨±  ±² ¸¸¨Ë¨± Í¨¨ ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶
U(N) ¸ ¶µ³µÐÓÕ ¸¨³³¥É·¨Î¥¸±¨Ì £·Ê¶¶ Sn [2].

‡ Î ¸ÉÊÕ  ´ ²¨§ ±µ´¥Î´ÒÌ £·Ê¶¶ ·¥ ²¨§Ê¥É¸Ö ¶·µÐ¥, Î¥³ ´¥¶·¥·Ò¢´ÒÌ, ¨ ¶µ§¢µ²Ö¥É
¶µ²´¥¥ ¨ £²Ê¡¦¥ ¶·µ ´ ²¨§¨·µ¢ ÉÓ ¸É·Ê±ÉÊ·Ê Ë¨§¨Î¥¸±¨Ì µ¡Ñ¥±Éµ¢ ¨²¨ ¶·µÍ¥¸¸µ¢. �´ -
²¨§ ´  µ¸´µ¢¥ ±µ´¥Î´ÒÌ £·Ê¶¶ ¶µ²¥§¥´ É ±¦¥ ¢ É¥Ì ¸²ÊÎ ÖÌ, ±µ£¤  ´¥µ¡Ìµ¤¨³µ ¸µÎ¥É ÉÓ
 ²£¥¡·Ò ¸ · §²¨Î´µ° ¸É·Ê±ÉÊ·µ° ¨²¨ ¢ÒÖ¢²ÖÉÓ ¸¢Ö§¨ ³¥¦¤Ê ´¨³¨.

–¥²ÓÕ ¤ ´´µ° · ¡µÉÒ Ö¢²Ö¥É¸Ö ¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ³¥Éµ¤¨±¨ ¶µ¸É·µ¥´¨Ö ¶µ²´µ£µ
´ ¡µ·  ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° (��) £·Ê¶¶ ´ ¨¡µ²¥¥ Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ Ë¨-
§¨±¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í Å £·Ê¶¶Ò É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨°, £·Ê¶¶Ò ‹µ·¥´Í  ¨ £·Ê¶¶Ò
„¨· ±  Å ¨ ¢ÒÖ¢²¥´¨¥ É¥Ì ¶µ¤¸É·Ê±ÉÊ·, ´  ±µÉµ·ÒÌ ·¥ ²¨§ÊÕÉ¸Ö �� Ê± § ´´ÒÌ £·Ê¶¶.

Š·µ³¥ Éµ£µ, ¢ÒÖ¸´¨²µ¸Ó, ÎÉµ ¨³¥´´µ ±µ´¥Î´Ò¥ £·Ê¶¶Ò, ±µ£¤  µ´¨ ¢Ò¸ÉÊ¶ ÕÉ ¢ ·µ²¨
¨´Ë¨´¨É¥§¨³ ²Ó´ÒÌ µ¶¥· Éµ·µ¢, ¤¥² ÕÉ ¢µ§³µ¦´µ° Ë¨§¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ µ¶·¥-
¤¥²¥´´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì µ¡Ñ¥±Éµ¢, ¨  ´ ²¨§ ´  ¨Ì µ¸´µ¢¥ ´¥§ ³¥´¨³ ¶·¨ µ¶¨¸ ´¨¨
¸²µ¦´ÒÌ ¨²¨ ¸µ¸É ¢´ÒÌ ¸¨¸É¥³.

�¨¦¥ ³Ò ¡Ê¤¥³ ¨³¥ÉÓ ¤¥²µ ¸  ²£¥¡· ³¨, µ¡· §ÊÕÐ¨¥ Ô²¥³¥´ÉÒ ±µÉµ·ÒÌ Ö¢²ÖÕÉ¸Ö
±µ´¥Î´Ò³¨ £·Ê¶¶ ³¨, ¨²¨ £·Ê¶¶µ¢Ò³¨  ²£¥¡· ³¨. — ¸É´Ò³¨ ¸²ÊÎ Ö³¨ É ±µ¢ÒÌ Ö¢²ÖÕÉ¸Ö
 ²£¥¡·Ò Š²¨Ëµ·¤ , ƒ· ¸¸³ ´  ¨ ´¥±µÉµ·Ò¥ ¤·Ê£¨¥.

1E-mail: kos@thsun1.jinr.dubna.su
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1. ƒ�“��� Š‚�’…��ˆ���‚

ƒ·Ê¶¶  ±¢ É¥·´¨µ´µ¢ ¶µ²ÊÎ ¥É¸Ö ¨§ Ìµ·µÏµ ¨§¢¥¸É´µ°  ²£¥¡·Ò ±¢ É¥·´¨µ´µ¢ ¶ÊÉ¥³
¤µ¡ ¢²¥´¨Ö ± ¥¥ Ô²¥³¥´É ³ É¥Ì ¦¥ Ô²¥³¥´Éµ¢ ¸ µ¡· É´Ò³¨ §´ ± ³¨ [4]. ’ ¡²¨Í  Ê³´µ-
¦¥´¨Ö £·Ê¶¶Ò ³µ¦¥É ¡ÒÉÓ § ¤ ´  µ¶·¥¤¥²ÖÕÐ¨³¨ ¸µµÉ´µÏ¥´¨Ö³¨ [5].

a2a1a
−1
2 = a−1

1 = a3
1, a1a2 = a3, a2

1 = a2
2 = a2

3. (1)

ƒ·Ê¶¶  ¨³¥¥É ¶µ·Ö¤µ± 8, · ´£ 2, ¸µ¤¥·¦¨É É·¨ Í¨±²¨Î¥¸±¨¥ ¶µ¤£·Ê¶¶Ò Î¥É¢¥·Éµ£µ ¶µ-
·Ö¤±  ¸ £¥´¥· Éµ· ³¨ a1, a2, a3. ‚¸¥ É·¨ ¶µ¤£·Ê¶¶Ò µ¡² ¤ ÕÉ ±·µ³¥ ¥¤¨´¨ÍÒ e µ¤´¨³
µ¡Ð¨³ Ô²¥³¥´Éµ³ a2

1 = a2
2 = a2

3, ±µÉµ·Ò° ¢³¥¸É¥ ¸ e µ¡· §Ê¥É Í¥´É· £·Ê¶¶Ò.
�µ¸É·µ¨³ ¸²¥¤ÊÕÐ¥¥  ²£¥¡· ¨Î¥¸±µ¥ ¢Ò· ¦¥´¨¥:

C4[a1] = [e + a1 + a2
1 + a3

1]. (2)

�´ ²µ£¨Î´Ò¥ ¢Ò· ¦¥´¨Ö ³µ¦´µ § ¶¨¸ ÉÓ ¤²Ö ¶µ¤£·Ê¶¶ ¸ ¤·Ê£¨³¨ £¥´¥· Éµ· ³¨ a2, a3.
…¸²¨ £¥´¥· Éµ· a1 ¤µ¶µ²´¨ÉÓ ³´µ¦¨É¥²¥³ exp (2πik1/4), £¤¥ k1 = 1, 2, 3, 4, Éµ ³Ò

¶µ²ÊÎ¨³ 4 ¢Ò· ¦¥´¨Ö

C4[k1a1] = [e + exp (2πik1/4)a1 + (exp (2πik1/4)a1)2 + (exp (2πik1/4)a1)3] (3)

¸µ ¸¢µ°¸É¢ ³¨

(C4[k1a1])2 = 4C4[k1a1], (4)

C4[k1a1]C4[k
′

1a1] = 4δk1k
′
1
C4[k1a1], (5)

a1C4[k1a1] = exp (2πi(4 − k1)/4)C4[k1a1]. (6)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¢Ò· ¦¥´¨Ö C4[k1a1] ·¥ ²¨§ÊÕÉ ´¥¶·¨¢µ¤¨³Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¢ ¤ ´-
´µ³ ¸²ÊÎ ¥ Í¨±²¨Î¥¸±µ° £·Ê¶¶Ò Î¥É¢¥·Éµ£µ ¶µ·Ö¤± . ƒ·Ê¶¶   ¡¥²¥¢ , ¢¸¥ ¶·¥¤¸É ¢²¥´¨Ö
µ¤´µ³¥·´Ò¥.

�Ê¤¥³ ´ §Ò¢ ÉÓ Í¨±²¨Î¥¸±µ° ¸É·Ê±ÉÊ·µ° (–‘) ´¥±µÉµ·µ° ±µ´¥Î´µ° £·Ê¶¶Ò [6] ¸Ê³³Ê
¢¸¥Ì ¥¥ Ô²¥³¥´Éµ¢, § ¶¨¸ ´´ÊÕ ¢ ¢¨¤¥ ¶·µ¨§¢¥¤¥´¨Ö ¥¥ Í¨±²¨Î¥¸±¨Ì ¶µ¤£·Ê¶¶. �Éµ ¶·µ-
¨§¢¥¤¥´¨¥ ¤µ²¦´µ ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö, ± ± ³¨´¨³Ê³, Í¨±²¨Î¥¸±¨¥ ¶µ¤£·Ê¶¶Ò, ¸µ¤¥·¦ Ð¨¥
£¥´¥· Éµ·Ò £·Ê¶¶Ò. �Î¥¢¨¤´µ, É ± Ö  ²£¥¡· ¨Î¥¸± Ö ±µ´¸É·Ê±Í¨Ö Ö¢²Ö¥É¸Ö µ¤´µ³¥·´Ò³
¥¤¨´¨Î´Ò³ ¶·¥¤¸É ¢²¥´¨¥³, § ¶¨¸ ´´Ò³ ¢ ³Ê²ÓÉ¨¶²¨± É¨¢´µ° Ëµ·³¥.

ƒ·Ê¶¶  ±¢ É¥·´¨µ´µ¢ ¨³¥¥É · ´£ 2, §´ Î¨É ¢¸¥ ¥¥ Ô²¥³¥´ÉÒ ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¤¢ 
£¥´¥· Éµ· . Š ± µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, µ´¨ ¶µ·µ¦¤ ÕÉ Í¨±²¨Î¥¸±¨¥ ¶µ¤£·Ê¶¶Ò Î¥É¢¥·Éµ£µ
¶µ·Ö¤± . �¡µ§´ Î¨³

Q2[a1, a2] = 1/2C4[a1]C4[a2]. (7)

“Î¨ÉÒ¢ Ö, ÎÉµ a2
1 = a2

2 ¨ C4[a2] = [e+a2][e+a2
2], ³µ¦´µ § ¶¨¸ ÉÓ –‘ £·Ê¶¶Ò ±¢ É¥·´¨µ´µ¢

¢ ¢¨¤¥
Q2[a1, a2] = C4[a1][e + a2] = [e + a1 + a2

1 + a3
1][e + a2]. (8)

…¸²¨ · ¸±·ÒÉÓ ¸±µ¡±¨, Éµ ¢Ò· ¦¥´¨¥ ¸µ¤¥·¦¨É ¢¸¥ 8 Ô²¥³¥´Éµ¢ £·Ê¶¶Ò ¨ ´¨Î¥£µ ¸¢¥·Ì
Éµ£µ.

„ ²¥¥, ± ± ¢ ¸²ÊÎ ¥ C4, ¤µ¶µ²´¨³ ± ¦¤Ò° ¨§ £¥´¥· Éµ·µ¢ ³´µ¦¨É¥²Ö³¨, É. ¥. §´ Î¥-
´¨Ö³¨ ¶·¨³¨É¨¢´ÒÌ ±µ·´¥° Î¥É¢¥·Éµ° ¸É¥¶¥´¨ ¨§ ¥¤¨´¨ÍÒ exp (2πik1,2/4), £¤¥ k1, k2
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¶·µ¡¥£ ÕÉ ´¥§ ¢¨¸¨³µ §´ Î¥´¨Ö 1, 2, 3, 4. ’µ£¤  ¸ ÊÎ¥Éµ³ a2
1 = a2

2 ¨§ 16 ¢µ§³µ¦´ÒÌ
¢Ò· ¦¥´¨° ¶µ²ÊÎ ¥³ 8 ´¥ · ¢´ÒÌ ´Ê²Õ.

1. Q2[k1 = 4, k2 = 4] = [e + a1 + a2
1 + a3

1][e + a2],

2. Q2[k1 = 4, k2 = 2] = [e + a1 + a2
1 + a3

1][e − a2],

3. Q2[k1 = 2, k2 = 4] = [e − a1 + a2
1 − a3

1][e + a2],

4. Q2[k1 = 2, k2 = 2] = [e − a1 + a2
1 − a3

1][e + a2],

5. Q2[k1 = 1, k2 = 1] = [e + ia1 − a2
1 − ia3

1][e + ia2],

6. Q2[k1 = 3, k2 = 1] = [e − ia1 − a2
1 + ia3

1][e + ia2],

7. Q2[k1 = 1, k2 = 3] = [e + ia1 − a2
1 − ia3

1][e − ia2],

8. Q2[k1 = 3, k2 = 3] = [e − ia1 − a2
1 + ia3

1][e − ia2.]

(9)

‚¨¤´µ, ÎÉµ k1, k2 ¤²Ö ± ¦¤µ£µ ¢Ò· ¦¥´¨Ö ¶·¨´¨³ ÕÉ µ¤´µ¢·¥³¥´´µ ²¨¡µ Î¥É´Ò¥, ²¨¡µ
´¥Î¥É´Ò¥ §´ Î¥´¨Ö. Š·µ³¥ Éµ£µ, ¨§ ¸É·Ê±ÉÊ·Ò C4 ¤²Ö Î¥É´ÒÌ k1, k2 ¸²¥¤Ê¥É, ÎÉµ ¶·¨
Ê³´µ¦¥´¨¨ ¶¥·¢ÒÌ Î¥ÉÒ·¥Ì · ¢¥´¸É¢ ´  ²Õ¡µ° ¨§ £¥´¥· Éµ·µ¢ µ´¨ ´¥ ¨§³¥´ÖÕÉ¸Ö, ´µ
¶·¨µ¡·¥É ÕÉ ³´µ¦¨É¥²Ó ±1. ’ ±¨³ µ¡· §µ³ ¶¥·¢ Ö Î¥É¢¥·±  · ¢¥´¸É¢ ¤µ¸É ¢²Ö¥É Î¥ÉÒ·¥
µ¤´µ³¥·´ÒÌ ´¥Ô±¢¨¢ ²¥´É´ÒÌ ¶·¥¤¸É ¢²¥´¨Ö. „ ²¥¥, Ê³´µ¦ Ö ¸¶· ¢  ¢Ò· ¦¥´¨Ö 5 ¨ 6
´  £¥´¥· Éµ·Ò a1, a2, ³Ò § ³Ò± ¥³¸Ö ¢ · ³± Ì Éµ²Ó±µ ÔÉ¨Ì ¤¢ÊÌ. ’µ ¦¥ ¸ ³µ¥ ³µ¦´µ
¸± § ÉÓ µ · ¢¥´¸É¢ Ì 7 ¨ 8. „·Ê£¨³¨ ¸²µ¢ ³¨, ³Ò ¨³¥¥³ ¤¢  ¤¢Ê³¥·´ÒÌ ¶·¥¤¸É ¢²¥´¨Ö.
‚ ³ É·¨Î´µ° § ¶¨¸¨ µ´¨ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ± ±

R(a1) =
(

−i 0
0 i

)
; R(a2) =

(
0 −i
−i 0

)
;

R′(a1) =
(

−i 0
0 i

)
; R′(a2) =

(
0 i
i 0

)
.

�Î¥¢¨¤´µ, ÔÉµ ¤¢  Ô±¢¨¢ ²¥´É´ÒÌ ¤¢Ê³¥·´ÒÌ ¶·¥¤¸É ¢²¥´¨Ö, É. ±. R(a1) = R′(a1) ¨
R′(a2) = R(a1)R(a2)R−1(a1).

“É¢¥·¦¤¥´¨¥ É¥µ·¥³Ò �¥·´¸ °¤  µ Éµ³, ÎÉµ ¸Ê³³  ±¢ ¤· Éµ¢ · §³¥·´µ¸É¥° ´¥Ô±¢¨¢ -
²¥´É´ÒÌ ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° · ¢´  ¶µ·Ö¤±Ê £·Ê¶¶Ò, ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¢Ò¶µ²´Ö-
¥É¸Ö: 8 = 4 · 12 + 1 · 22.

…¸²¨, ±·µ³¥ Éµ£µ, µÉ³¥É¨ÉÓ, ÎÉµ Î¨¸²µ Ô±¢¨¢ ²¥´É´ÒÌ �� · ¢´µ ¨Ì · §³¥·´µ¸É¨,
Éµ ³µ¦´µ £µ¢µ·¨ÉÓ, ÎÉµ · ¢¥´¸É¢  1Ä8 Ö¢²ÖÕÉ¸Ö ¸¢µ¥µ¡· §´Ò³ µ¶¥· Éµ·´Ò³  ´ ²µ£µ³
·¥£Ê²Ö·´µ£µ ¶·¥¤¸É ¢²¥´¨Ö. ’ ± ¦¥, ± ± ¢ ¸²ÊÎ ¥ ·¥£Ê²Ö·´µ£µ ¶·¥¤¸É ¢²¥´¨Ö, Î¨¸²µ ´¥-
Éµ¦¤¥¸É¢¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨° · ¢´µ ¶µ·Ö¤±Ê £·Ê¶¶Ò ¨ ± ¦¤µ¥ �� ¶µ¢Éµ·Ö¥É¸Ö ¢ ´¥³
É ±µ¥ Î¨¸²µ · §, ± ±µ¢  · §³¥·´µ¸ÉÓ ÔÉµ£µ ¶·¥¤¸É ¢²¥´¨Ö. ‘¢µ¥µ¡· §¨¥ ¶·¥¤¸É ¢²¥´¨Ö
§ ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¢¸¥ �� Ë ±É¨Î¥¸±¨ · §¤¥²ÖÕÉ¸Ö. ‚Ò· ¦¥´¨Ö,
µÉ´µ¸ÖÐ¨¥¸Ö ± ´¥Ô±¢¨¢ ²¥´É´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³, µ·Éµ£µ´ ²Ó´Ò,   Ô±¢¨¢ ²¥´É´Ò¥ · §¤¥-
²ÖÕÉ¸Ö  ¢Éµ³ É¨Î¥¸±¨ ¶·¨ ¤¥°¸É¢¨¨ £¥´¥· Éµ·µ¢. �µÔÉµ³Ê ¢ ¶·µ¸É· ´¸É¢¥ ¶·¥¤¸É ¢²¥´¨Ö
®É ¡²¨Í  Ê³´µ¦¥´¨Ö¯ ¤²Ö Ô²¥³¥´Éµ¢ 1Ä8 ¨³¥¥É ±¢ ¤· É´µ-¤¨ £µ´ ²Ó´Ò° ¢¨¤. �·¨ ÔÉµ³
Ô±¢¨¢ ²¥´É´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö µ¡· §ÊÕÉ ¥¤¨´Ò° ±¢ ¤· É. Œµ¦´µ ¶µ± § ÉÓ, ÎÉµ ¢Ò· ¦¥-
´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ µ¤´µ³¥·´Ò³¨ ��, µ¡² ¤ ÕÉ ¸¢µ°¸É¢µ³ ¶·µ¥±Í¨µ´´ÒÌ µ¶¥· Éµ·µ¢, É. ¥.
±¢ ¤· É ± ¦¤µ£µ ¨§ ´¨Ì · ¢¥´ Éµ³Ê ¦¥ µ¶¥· Éµ·Ê ¢ ¶¥·¢µ° ¸É¥¶¥´¨, Ê³´µ¦¥´´µ³Ê ´ 
¶µ¸ÉµÖ´´µ¥ Î¨¸²µ.
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‘²¥¤Ê¥É µÉ³¥É¨ÉÓ É ±¦¥ ¸Ìµ¤¸É¢µ ¶·¥¤² £ ¥³µ° ³¥Éµ¤¨±¨ ¸ Ìµ·µÏµ · §· ¡µÉ ´´µ°
É¥Ì´¨±µ° ¢ÒÎ¨¸²¥´¨Ö �� ¸¨³³¥É·¨Î¥¸±¨Ì £·Ê¶¶ [6]. �´ ²µ£¨Î´ÒÌ Ê´¨¢¥·¸ ²Ó´ÒÌ ¨
Ê¤µ¡´ÒÌ ¤²Ö ¶· ±É¨Î¥¸±¨Ì ¶·¨²µ¦¥´¨° ·¥Í¥¶Éµ¢ ¤²Ö ¶·µ¨§¢µ²Ó´ÒÌ ±µ´¥Î´ÒÌ £·Ê¶¶ ´¥
¨³¥¥É¸Ö.

�¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ÉµÉ Ë ±É, ÎÉµ É ±¨¥ £·Ê¶¶µ¢Ò¥ Ì · ±É¥·¨¸É¨±¨, ± ±
��, ¢ÒÎ¨¸²ÖÕÉ¸Ö ¸ ¶µ³µÐÓÕ Î¨¸Éµ  ²£¥¡· ¨Î¥¸±¨Ì ±µ´¸É·Ê±Í¨°. ’ ±µ¢Ò³¨ Ö¢²ÖÕÉ¸Ö
É ¡²¨ÍÒ �´£  ¢ µ¤´µ³ ¸²ÊÎ ¥ ¨ Í¨±²¨Î¥¸±¨¥ ¸É·Ê±ÉÊ·Ò ¢ ´ Ï¥³.

Š·µ³¥ Éµ£µ, ¢¸¥ �� Ëµ·³¨·ÊÕÉ¸Ö ¨§ µ¤´µ³¥·´ÒÌ ¶µ¤£·Ê¶¶, ¢²µ¦¥´´ÒÌ ¢ £·Ê¶¶Ê.
�Éµ µÎ¥¢¨¤´µ ± ± ¨§ É ¡²¨Í �´£ , É ± ¨ ¨§ –‘. „¥°¸É¢¨É¥²Ó´µ, ± ¦¤ Ö ¸¨³³¥É·¨Î¥¸± Ö
£·Ê¶¶  ¨³¥¥É ¤¢  µ¤´µ³¥·´ÒÌ ¶·¥¤¸É ¢²¥´¨Ö Å ÔÉµ ¥¤¨´¨Î´µ¥ ¨ §´ ±µ¶¥·¥³¥´´µ¥. ˆ³
¸µµÉ¢¥É¸É¢ÊÕÉ ¸É·µ±¨ ¨ ¸Éµ²¡ÍÒ · §²¨Î´ÒÌ ¸Ì¥³. ‚ É ±µ° ¦¥ ³¥·¥ µÎ¥¢¨¤´Ò³ Ö¢²Ö¥É¸Ö
Ë ±É Ëµ·³¨·µ¢ ´¨Ö �� ¨§ µ¤´µ³¥·´ÒÌ Í¨±²¨Î¥¸±¨Ì ¶µ¤£·Ê¶¶ ¢ ¶·¥¤² £ ¥³µ° ³¥Éµ¤¨±¥.

…¸²¨ ¶µ¸É·µ¨ÉÓ  ²£¥¡·Ê ´  Ô²¥³¥´É Ì �� £·Ê¶¶Ò, ¶µ² £ Ö, ÎÉµ ¶· ¢¨²µ Ê³´µ¦¥´¨Ö
µ¡· §ÊÕÐ¨Ì Ô²¥³¥´Éµ¢  ²£¥¡·Ò ¢ÒÉ¥± ¥É ¨§ § ±µ´  ±µ³¶µ§¨Í¨¨ Ô²¥³¥´Éµ¢ £·Ê¶¶Ò, Éµ
³µ¦´µ ¢ÒÎ¨¸²¨ÉÓ ±µ³³ÊÉ Éµ·Ò:

[R(a1), R(a2)] = 2R(a3);
[R(a2), R(a3)] = 2R(a1); (10)

[R(a3), R(a1)] = 2R(a2),

£¤¥ R(a3) = R(a1)R(a2). ‘ ÉµÎ´µ¸ÉÓÕ ¤µ µ¤´µ£µ ¨ Éµ£µ ¦¥ ´µ·³¨·µ¢µÎ´µ£µ ³´µ¦¨É¥²Ö
¶µ²ÊÎ¥´´Ò¥ ±µ³³ÊÉ Éµ·Ò ¸µ¢¶ ¤ ÕÉ ¸ ±µ³³ÊÉ Éµ· ³¨ ¨´Ë¨´¨É¥§¨³ ²Ó´ÒÌ µ¶¥· Éµ·µ¢
£·Ê¶¶Ò É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨° [7].

�É¸Õ¤  ¸²¥¤Ê¥É ¢Ò¢µ¤. …¸²¨ µ£· ´¨Î¨ÉÓ¸Ö ¤¥°¸É¢¨É¥²Ó´Ò³¨ §´ Î¥´¨Ö³¨ É·¥Ì ¶ · -
³¥É·µ¢, Éµ  ²£¥¡·  ±¢ É¥·´¨µ´µ¢ Ô±¢¨¢ ²¥´É´   ²£¥¡·¥ ¨´Ë¨´¨É¥§¨³ ²Ó´ÒÌ µ¶¥· Éµ·µ¢
£·Ê¶¶Ò É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨°. …¸²¨ ¦¥ ¶¥·¥°É¨ ¢ µ¡² ¸ÉÓ ±µ³¶²¥±¸´ÒÌ §´ Î¥´¨° ¶ -
· ³¥É·µ¢, Éµ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¤·Ê£ÊÕ  ²£¥¡·Ê. ‚ Î ¸É´µ¸É¨, ¶·¨ µ¶·¥¤¥²¥´´µ³ ¢Ò¡µ·¥
±µ³¶²¥±¸´ÒÌ ±µÔËË¨Í¨¥´Éµ¢ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ  ²£¥¡·Ê, ¢¸¥ £¥´¥· Éµ·Ò ±µÉµ·µ° Ö¢²ÖÕÉ¸Ö
´¨²Ó¶µÉ¥´É´Ò³¨, §  ¨¸±²ÕÎ¥´¨¥³ ¥¤¨´¨Î´µ£µ Ô²¥³¥´É .

2. ƒ�“��� ‹��…�–�

…¸²¨ ± · ¸¸³µÉ·¥´´µ° £·Ê¶¶¥ ±¢ É¥·´¨µ´µ¢ ¤µ¡ ¢¨ÉÓ ¥Ð¥ µ¤¨´ £¥´¥· Éµ· c, ¨¸Ìµ¤Ö
¨§ µ¶·¥¤¥²ÖÕÐ¨Ì ¸µµÉ´µÏ¥´¨°

ca1c
−1 = a1, c2 = a2

1, ca2c
−1 = a2, (11)

Éµ É ±µ¥ · ¸Ï¨·¥´¨¥ µ¡· §Ê¥É £·Ê¶¶Ê ¸µ ¸²¥¤ÊÕÐ¥° Í¨±²¨Î¥¸±µ° ¸É·Ê±ÉÊ·µ°:

dγ = Q2[a1, a2][e + c] = C4[a1][e + a2][e + c]. (12)

ˆ§ µ¶·¥¤¥²ÖÕÐ¨Ì ¸µµÉ´µÏ¥´¨° ¸²¥¤Ê¥É, ÎÉµ £·Ê¶¶  dγ ¨³¥¥É Í¥´É·, ¸µ¸ÉµÖÐ¨° ¨§ Î¥ÉÒ-
·¥Ì Ô²¥³¥´Éµ¢ (e, a2

1, c, ca2
1), ¶µ·Ö¤µ± £·Ê¶¶Ò · ¢¥´ 16, Î¨¸²µ ¸µ¶·Ö¦¥´´ÒÌ ±² ¸¸µ¢ Å 10.

�µ¢Éµ·ÖÖ ¶·µÍ¥¤Ê·Ê ¶µ¸É·µ¥´¨Ö µ¤´µ³¥·´ÒÌ �� ¤²Ö ± ¦¤µ£µ ¨§ ¸µ³´µ¦¨É¥²¥°, ±µ£¤ 
k1, k2, k3 ¶·¨´¨³ ÕÉ §´ Î¥´¨Ö 1, 2, 3, 4 ´¥§ ¢¨¸¨³µ ¤²Ö ± ¦¤µ£µ ¨§ ´¨Ì, ³Ò ´ Ìµ¤¨³,
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ÎÉµ ´¥ · ¢´ÖÕÉ¸Ö 0 Éµ²Ó±µ É¥ 16 ¢Ò· ¦¥´¨°, £¤¥ ¢¸¥ k µ¤´µ¢·¥³¥´´µ ²¨¡µ Î¥É´Ò¥, ²¨¡µ
´¥Î¥É´Ò¥:

dγ [k1, a1; k2, a2; k3, c] = C4[r1a1][e + r2a2][e + r3c], (13)

£¤¥ r1 = exp (2πik1/4), r2 = exp (2πik2/4), r3 = exp (2πik3/4). Š ± ¨ · ´¥¥, ¶·¨ Î¥É´ÒÌ
k1, k2, k3 ³Ò ¨³¥¥³ µ¤´µ³¥·´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö. ‚ ¤ ´´µ³ ¸²ÊÎ ¥ ¨Ì ¡Ê¤¥É ¢µ¸¥³Ó.

ˆ§ µ¶·¥¤¥²ÖÕÐ¨Ì ¸µµÉ´µÏ¥´¨° ¤²Ö a1, a2, c ¸²¥¤Ê¥É, ÎÉµ ¶·¨ Ê³´µ¦¥´¨¨ ¸²¥¢  ²Õ¡µ£µ
¨§ · ¢¥´¸É¢ ¸ ´¥Î¥É´Ò³¨ §´ Î¥´¨Ö³¨ k1, k2, k3 ´  ± ¦¤Ò° ¨§ É·¥Ì £¥´¥· Éµ·µ¢ ¶·µ¨¸Ìµ¤¨É
§ ³Ò± ´¨¥ Éµ²Ó±µ ´  ¤¢  · ¢¥´¸É¢ . ‚¢¥¤¥³ ¤²Ö ±· É±µ¸É¨ µ¡µ§´ Î¥´¨Ö

dγ [k1 = 1, a1; k2 = 1, a2; k3 = 1, c] ≡ dγ [1, 1, 1]

¨

dγ [k1 = 3, a1; k2 = 1, a2; k3 = 1, c] ≡ dγ [3, 1, 1].

’µ£¤ , ´ Î¨´ Ö ¸ ¶¥·¢µ£µ ¨§ ´¨Ì, ¶µ²ÊÎ ¥³

a1dγ [1, 1, 1] = −idγ [1, 1, 1], a1dγ [3, 1, 1] = idγ [3, 1, 1],
a2dγ [1, 1, 1] = −idγ [3, 1, 1], a2dγ [3, 1, 1] = −idγ [1, 1, 1],
cdγ [1, 1, 1] = −idγ [1, 1, 1], cdγ [3, 1, 1] = −idγ [3, 1, 1].

‚ ³ É·¨Î´µ° Ëµ·³¥ ÔÉµ ¸µµÉ¢¥É¸É¢Ê¥É · ¢¥´¸É¢ ³

R(a1) =
(

−i 0
0 i

)
; R(a2) =

(
0 −i
−i 0

)
; R(c) =

(
−i 0
0 −i

)
. (14)

…¸²¨ ´ Î ÉÓ ¸ ¢Ò· ¦¥´¨Ö dγ [k1 = 1, a1; k2 = 1, a2; k3 = 3, c], Éµ ¶µ²ÊÎ ¥É¸Ö ¤·Ê£µ° ´ ¡µ·
³ É·¨Í

R′(a1) =
(

−i 0
0 i

)
; R′(a2) =

(
0 −i
−i 0

)
; R′(c) =

(
i 0
0 i

)
. (15)

�Î¥¢¨¤´µ, ÎÉµ ÔÉ¨ ¤¢  ¶·¥¤¸É ¢²¥´¨Ö ´¥Ô±¢¨¢ ²¥´É´Ò. ‚¸¥ µ¸É ²Ó´Ò¥ ¸²ÊÎ ¨ Ô±¢¨-
¢ ²¥´É´Ò µ¤´µ³Ê ¨§ ÔÉ¨Ì ¤¢ÊÌ. ’ ±¨³ µ¡· §µ³, ³Ò ¨³¥¥³ ·¥£Ê²Ö·´µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¨
ÊÉ¢¥·¦¤¥´¨¥ É¥µ·¥³Ò �¥·´¸ °¤  ¢ ¢¨¤¥

16 = 8 · 12 + 1 · 22 + 1 · 22. (16)

Š ± ¨ · ´¥¥, ¶·µ¨§¢¥¤¥´¨¥ ²Õ¡ÒÌ ¤¢ÊÌ ¢Ò· ¦¥´¨° ¨§ (13) · ¢´Ö¥É¸Ö ´Ê²Õ, ¥¸²¨ µ´¨
¶·¨´ ¤²¥¦ É · §²¨Î´Ò³ ´¥Ô±¢¨¢ ²¥´É´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³.

‚ÒÎ¨¸²¥´¨¥ µ¸É ²Ó´ÒÌ Ô²¥³¥´Éµ¢ ´¥¶·¨¢µ¤¨³µ£µ ¶·¥¤¸É ¢²¥´¨Ö ¤ ¥É

R(a3) = R(a1)R(a2) =
(

0 −1
1 0

)
; R(b1) = R(a1)R(c) =

(
−1 0
0 1

)
;

R(b2) = R(a2)R(c) =
(

0 −1
−1 0

)
; R(b3) = R(a3)R(c) =

(
0 i
−i 0

)
.
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„ ²¥¥, ¸Î¨É Ö ÔÉ¨ ¢Ò· ¦¥´¨Ö µ¡· §ÊÕÐ¨³¨ Ô²¥³¥´É ³¨  ²£¥¡·Ò, ´ Ìµ¤¨³ É ±¨¥ ±µ³³Ê-
É Éµ·Ò

[a1, a2] = 2a3, [a2, a3] = 2a1, [a3, a1] = 2a2,
[b1, b2] = −2a3, [b2, b3] = −2a1, [b3, b1] = −2a2,
[a1b1] = 0, [a2, b2] = 0, [a3, b3] = 0,
[a1, b2] = 2b3 [a1, b3] = −2b2,
[a2, b3] = 2b1, [a2, b1] = −2b3,
[a3, b1] = 2b2, [a3, b2] = −2b1.

(17)

…¸²¨ µÉ¢²¥ÎÓ¸Ö µÉ µ¡Ð¥£µ ¤²Ö ¢¸¥Ì ¸µµÉ´µÏ¥´¨° ´µ·³¨·µ¢µÎ´µ£µ ³´µ¦¨É¥²Ö 2, Éµ ¶µ²Ê-
Î¥´´Ò¥ ±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö ¶µ²´µ¸ÉÓÕ ¸µ¢¶ ¤ ÕÉ ¸ ±µ³³ÊÉ Éµ· ³¨ ¨´Ë¨´¨-
É¥§¨³ ²Ó´ÒÌ ³ É·¨Í ¸µ¡¸É¢¥´´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö ‹µ·¥´Í  [7]. ’ ±¨¥ ¶·¥µ¡· §µ¢ ´¨Ö
¨³¥ÕÉ Ï¥cÉÓ µ¶¥· Éµ·µ¢. ‡¤¥¸Ó ¨Ì ¸¥³Ó. ‘¥¤Ó³µ° µ¶¥· Éµ· c ¢ ¤ ´´µ° ¸Ì¥³¥ ¶¥·¥¢µ¤¨É
µ¶¥· Éµ·Ò É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨° (a1, a2, a3) ¢ µ¶¥· Éµ·Ò ¶·¥µ¡· §µ¢ ´¨° ‹µ·¥´Í  ¢¤µ²Ó
µ¸¥° ±µµ·¤¨´ É (b1, b2, b3) ¨ ¸¢µ¤¨É¸Ö, Ë ±É¨Î¥¸±¨, ± Ê³´µ¦¥´¨Õ ´  ³´¨³ÊÕ ¥¤¨´¨ÍÊ.

3. ƒ�“��� γ-Œ�’�ˆ– „ˆ��Š�

ˆ§¢¥¸É´µ, ÎÉµ 16 γ-³ É·¨Í „¨· ± , ¤µ¶µ²´¥´´Ò¥ É¥³¨ ¦¥ ³ É·¨Í ³¨ ¸ ¶·µÉ¨¢µ¶µ-
²µ¦´Ò³¨ §´ ± ³¨, µ¡· §ÊÕÉ £·Ê¶¶Ê Dγ ¶µ·Ö¤±  32 [3]. Œµ¦´µ § ³¥É¨ÉÓ, ÎÉµ É¥ ¨§
´¨Ì, ±µÉµ·Ò¥ Ê¤µ¢²¥É¢µ·ÖÕÉ Ê¸²µ¢¨Õ γ2

ρ = −I , · §¡¨¢ ÕÉ¸Ö ´   ¸¸µÍ¨ Í¨¨ ¶µ Ï¥¸ÉÓ
Ô²¥³¥´Éµ¢, ±µÉµ·Ò¥, ¥¸²¨ ¤µ¶µ²´¨ÉÓ ¨Ì ±I , µ¡· §ÊÕÉ ¶µ¤£·Ê¶¶Ò, ¨§µ³µ·Ë´Ò¥ £·Ê¶¶¥
±¢ É¥·´¨µ´µ¢.

�·¨ ¸É ´¤ ·É´µ³ ¢Ò¡µ·¥ γ-³ É·¨Í, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì µ¶·¥¤¥²¥´¨Õ

γµγν + γνγµ = 2δµν , γ5 = γ0γ1γ2γ3, (18)

£¤¥ µ, ν = 0, 1, 2, 3, ³Ò ¶µ²ÊÎ ¥³ 20 γ-³ É·¨Í, ±¢ ¤· É ±µÉµ·ÒÌ · ¢¥´ ³¨´Ê¸ ¥¤¨´¨Í¥.
Œµ¦´µ Ê¡¥¤¨ÉÓ¸Ö [9], ÎÉµ ¶·¨ É ±µ³ µ¶·¥¤¥²¥´¨¨ £¥´¥· Éµ·µ¢ γ1γ2 ∼ a1 ¨ γ1γ3 ∼ a2

µ´¨ ¶µ·µ¦¤ ÕÉ £·Ê¶¶Ê ±¢ É¥·´¨µ´µ¢, ¨ –‘ ¥¥ ¨³¥¥É ¢¨¤

Q2[a1, a2] = C4[a1][e + a2] (19)

¸ µ¶·¥¤¥²ÖÕÐ¨³¨ ¸µµÉ´µÏ¥´¨Ö³¨

a2a1a
−1
2 = a−1

1 ; a1a2a
−1
1 = a−1

2 . (20)

�µ¸²¥¤ÊÕÐ¥¥ · ¸Ï¨·¥´¨¥ ¤ ´´µ° £·Ê¶¶Ò ¸ ¶µ³µÐÓÕ Ô²¥³¥´É  c ∼ γ1γ2γ3 ¶·¨¢µ¤¨É
± £·Ê¶¶¥ dγ

dγ [a1, a2, c] = Q2[a1, a2][e + c]. (21)

�¶·¥¤¥²ÖÕÐ¨¥ ¸µµÉ´µÏ¥´¨Ö ¶·¨ ÔÉµ³ ¸µ¢¶ ¤ ÕÉ (11).
�·Ö³µ° ¶·µ¢¥·±µ° ³µ¦´µ Ê¡¥¤¨ÉÓ¸Ö, ÎÉµ ¤ ²Ó´¥°Ï¥¥ · ¸Ï¨·¥´¨¥ £·Ê¶¶Ò dγ ¸ ¶µ³µ-

ÐÓÕ Ô²¥³¥´É  a4 ∼ γ0 ¤µ¸É ¢²Ö¥É –‘ £·Ê¶¶Ò γ-³ É·¨Í „¨· ± 

Dγ [a1, a2, a3, a4] = C4[a1][e + a2][e + c][e + a4]. (22)
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�·¨ ÔÉµ³ ¶µ³¨³µ ¸µµÉ´µÏ¥´¨° (11) ¨ (20) ¢Ò¶µ²´ÖÕÉ¸Ö É ±¨¥:

a4a1a
−1
4 = a1, a4a2a

−1
4 = a2, a4ca

−1
4 = c−1.

‘µ£² ¸´µ µ¶·¥¤¥²¥´¨Õ dγ ¨ µ¶·¥¤¥²ÖÕÐ¨³ ¸µµÉ´µÏ¥´¨Ö³ ³¥¦¤Ê a1, a2 ¨ c, a4

µÎ¥¢¨¤´µ, ÎÉµ ¶¥·¢Ò¥ É·¨ ¸µ³´µ¦¨É¥²Ö ¢ ²¥¢µ° Î ¸É¨ ¶µ¸²¥¤´¥£µ · ¢¥´¸É¢  ¨§µ³µ·Ë´Ò
dγ ,   ¸ ³  µ´  Ö¢²Ö¥É¸Ö ³ ±¸¨³ ²Ó´µ° ¨´¢ ·¨ ´É´µ° ¶µ¤£·Ê¶¶µ°.

ˆ§ ¸¢µ°¸É¢ γ-³ É·¨Í ¸²¥¤Ê¥É, ÎÉµ ¢¸¥ µ´¨ · ¸¶·¥¤¥²ÖÕÉ¸Ö ¶µ 17 ¸µ¶·Ö¦¥´´Ò³ ±² ¸-
¸ ³. „¢  Ô²¥³¥´É  µ¡· §ÊÕÉ µÉ¤¥²Ó´Ò¥ ±² ¸¸Ò Å ÔÉµ e ¨ a2

1 = a2
2 = c2 = −I . �Éµ Í¥´É·

£·Ê¶¶Ò. �¸É ²Ó´Ò¥ 30 · ¸¶·¥¤¥²¥´Ò ¶µ 15 ±² ¸¸ ³, ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ ¸µ¤¥·¦¨É ¶µ
¤¢  ¢§ ¨³´µ µ¡· É´ÒÌ Ô²¥³¥´É , ¥¸²¨ ÔÉµ Ô²¥³¥´ÉÒ Î¥É¢¥·Éµ£µ ¶µ·Ö¤± . ‚ µ¤¨´ ¨ ÉµÉ
¦¥ ±² ¸¸ ¸µ¶·Ö¦¥´´µ¸É¨ ¶µ¶ ¤ ÕÉ ¤¢  Ô²¥³¥´É  ¢Éµ·µ£µ ¶µ·Ö¤± , ±µÉµ·Ò¥ µÉ²¨Î ÕÉ¸Ö
³´µ¦¨É¥²¥³, · ¢´Ò³ Ô²¥³¥´ÉÊ ¢Éµ·µ£µ ¶µ·Ö¤±  ¨§ Í¥´É·  £·Ê¶¶Ò. �µÔÉµ³Ê £·Ê¶¶  ¨³¥¥É
17 ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨°.

„ ²¥¥, ¶µ¢Éµ·ÖÖ ¸± § ´´µ¥ ¢ ¤¢ÊÌ ¶·¥¤Ò¤ÊÐ¨Ì ¸²ÊÎ ÖÌ, ³Ò ¶µ²ÊÎ¨³ 32 · ¢¥´¸É¢ 

Dγ [r1a1, r2a2, r3c, r4a4] = C4[r1a1][e + r2a2][e + r3c][e + r4a4], (23)

£¤¥ r1, r2, r3, r4 = exp (2πik/4). …¸²¨ k = 1, 2, 3, 4 ¨§³¥´Ö¥É¸Ö ´¥§ ¢¨¸¨³µ ¤²Ö ± ¦¤µ£µ
¨§ Î¥ÉÒ·¥Ì ¸µ³´µ¦¨É¥²¥°, Éµ ´¥· ¢´Ò³¨ ´Ê²Õ ¶µ²ÊÎ ÕÉ¸Ö Éµ²Ó±µ É¥ ¢Ò· ¦¥´¨Ö, £¤¥ ¢¸¥
k ²¨¡µ Éµ²Ó±µ Î¥É´Ò¥, ²¨¡µ Éµ²Ó±µ ´¥Î¥É´Ò¥.

‚ ¸²ÊÎ ¥ Î¥É´ÒÌ k ¶µ²ÊÎ ¥É¸Ö 16 µ¤´µ³¥·´ÒÌ ��. „²Ö ´¥Î¥É´ÒÌ Å ¶µ²ÊÎ ¥É¸Ö
Î¥ÉÒ·¥ Ô±¢¨¢ ²¥´É´ÒÌ Î¥ÉÒ·¥Ì³¥·´ÒÌ ��, ÎÉµ ¸µ£² ¸Ê¥É¸Ö ¸ É¥µ·¥³µ° �¥·´¸ °¤ : 32 =
16 · 12 + 1 · 42.

‚¸¥ ¢µ§³µ¦´Ò¥ ±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö ¤²Ö ¶µ¤£·Ê¶¶Ò ¶¥·¢ÒÌ É·¥Ì £¥´¥· Éµ-
·µ¢ ¸µ¢¶ ¤ ÕÉ ¸ É¥³¨, ±µÉµ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ÒÏ¥ ¤²Ö dγ . —Éµ ± ¸ ¥É¸Ö 16 µ¤´µ³¥·´ÒÌ
¶·¥¤¸É ¢²¥´¨°, Éµ ¢¸¥ µ´¨ Ö¢²ÖÕÉ¸Ö ¨´¢ ·¨ ´É ³¨ ¶µ¤£·Ê¶¶, ¢²µ¦¥´´ÒÌ ¢ Dγ , ¨ ¸¢Ö§ ´Ò
¸ 16 ±µ³¶µ´¥´É ³¨ Ìµ·µÏµ ¨§¢¥¸É´ÒÌ Ô²¥³¥´Éµ¢  ²£¥¡·Ò γ-³ É·¨Í (S, V , T , A, P Å
¸± ²Ö·, ¢¥±Éµ· ¨ É. ¤.). ’ ±¨³ µ¡· §µ³, ¶·¥¤² £ ¥³Ò° ¶µ¤Ìµ¤ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ´ Ìµ¤¨ÉÓ
¨´¢ ·¨ ´ÉÒ ¶µ¤£·Ê¶¶ ¨ Ëµ·³¨·µ¢ ÉÓ ¨§ ´¨Ì ¨´¢ ·¨ ´ÉÒ · ¸Ï¨·¥´´ÒÌ ¶µ¤£·Ê¶¶ ¨²¨ ¢¸¥°
£·Ê¶¶Ò. ˆ§²µ¦¥´´µ¥ ¤¥² ¥É µÎ¥¢¨¤´Ò³ É ±¦¥, ÎÉµ Ê· ¢´¥´¨¥ „¨· ±  Ö¢²Ö¥É¸Ö ´¥ Éµ²Ó±µ
 ²£¥¡· ¨Î¥¸±¨³, ´µ ¨ ¨´Ë¨´¨É¥§¨³ ²Ó´Ò³ ¢ ¸¢µ¥° µ¸´µ¢¥.

„ ´´ Ö · ¡µÉ  ¢Ò¶µ²´¥´   ¢Éµ·µ³ ¢µ ¢·¥³Ö ¶·¥¡Ò¢ ´¨Ö ¢ ‹’” ¨³. �. �. �µ£µ²Õ¡µ¢ .
Ÿ ¡² £µ¤ ·¥´  ± ¤¥³¨±Ê „. ‚. ˜¨·±µ¢Ê §  ¶·¥¤µ¸É ¢²¥´´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¶µ· ¡µÉ ÉÓ ¢
² ¡µ· Éµ·¨¨.
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