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�. ‘. Šµ¸³ Î¥¢1

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

�  µ¸´µ¢¥ ¨§¢¥¸É´ÒÌ P -, T -¨´¢ap¨a´É´ÒÌ ¨ ´ °¤¥´´ÒÌ · ´¥¥ P -, T -¸µ¶·Ö¦¥´´ÒÌ ´¥¶·¨¢µ¤¨-
³ÒÌ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò ‹µ·¥´Í  ¶µ²ÊÎ¥´µ ¢µ²´µ¢µ¥ Ê· ¢´¥´¨¥, µ¶¨¸Ò¢ ÕÐ¥¥ ±¢ ·É¥É ¡¥§³ ¸-
¸µ¢ÒÌ ´¥°É·¨´µ.

A wave equation, which describes a massless neutrino quartet, is obtained on the basis of known
P -, T -invariant and previously found P -, T -conjugate irreducible representations of Lorentz group.

‚‚…„…�ˆ…

Pa´ee ´  µ¸´µ¢¥  ´ ²¨§  Ê· ¢´¥´¨° „¨pa±a ¨ ¢µ²´µ¢µ£µ Ê· ¢´¥´¨Ö, µ¶¨¸Ò¢ ÕÐ¥£µ ¤Ê-
¡²¥É ³ ¸¸¨¢´ÒÌ ´¥°É·¨´µ [1, 2], ¡Ò²µ Ê¸É ´µ¢²¥´µ ¸ÊÐ¥¸É¢µ¢ ´¨¥ P -, T -´¥¨´¢ ·¨ ´É´ÒÌ
(¤ ²¥¥ Å ¸µ¶·Ö¦¥´´ÒÌ) ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò ‹µ·¥´Í .

‚ÒÖ¸´¨²µ¸Ó, ÎÉµ £pÊ¶¶  γ-³aÉp¨Í „¨· ±  (¤ ²¥¥ £·Ê¶¶  „¨· ±  µ¡µ§´ Î ¥É¸Ö Dγ(II))
¸µ¤¥·¦¨É ¤¢¥ ¶µ¤£·Ê¶¶Ò 16-£µ ¶µ·Ö¤±  dγ ¨ bγ . �  ¶¥·¢µ° ¨§ ´¨Ì ·¥ ²¨§Ê¥É¸Ö ´¥¶·¨-
¢µ¤¨³µ¥ ¶·¥¤¸É ¢²¥´¨¥ (��) £·Ê¶¶Ò ‹µ·¥´Í  [3], ±µÉµ·µ¥ ³µ¦´µ ¸¢Ö§Ò¢ ÉÓ ¸ ¶·¥¤¸É -
¢²¥´¨Ö³¨ ¤²Ö ¸É ´¤ ·É´ÒÌ ¨²¨ P -, T -¨´¢ ·¨ ´É´ÒÌ µ¡Ñ¥±Éµ¢. �  ¢Éµ·µ° ¶µ¤£·Ê¶¶¥ bγ

·¥ ²¨§Ê¥É¸Ö T -¸µ¶·Ö¦¥´´µ¥ ´¥¶·¨¢µ¤¨³µ¥ ¶·¥¤¸É ¢²¥´¨¥, ±µÉµ·µ¥ ´¥ ³µ¦¥É ¡ÒÉÓ ¶µ²Ê-
Î¥´µ ¨§ ¶¥·¢µ£µ ± ´µ´¨Î¥¸±¨³ ¶·¥µ¡· §µ¢ ´¨¥³.

�o²a£aÖ Ô²e³e´ÉÒ £pÊ¶¶ dγ ¨ bγ o¡pa§ÊÕÐ¨³¨ Ô²e³e´Éa³¨ a²£e¡pÒ, ¶o²ÊÎ ¥³ · §-
²¨Î´Ò¥ ±o³³ÊÉaÍ¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö (Š‘).

Ha oc´o¢e dγ :

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

(1)
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Ha oc´o¢e bγ :

[a1, a2] = 2a3, [a2, a3] = 2a1, [a3, a1] = 2a2,
[b′1, b

′
2] = 2a3, [b′2, b

′
3] = 2a1, [b′3, b

′
1] = 2a2,

[a1, b
′
1] = 0, [a2, b

′
2] = 0, [a3, b

′
3] = 0,

[a1, b
′
2] = 2b′3, [a1, b

′
3] = −2b′2,

[a2, b
′
3] = 2b′1, [a2, b

′
1] = −2b′3,

[a3, b
′
1] = 2b′2, [a3, b

′
2] = −2b′1.

(2)

�Î¥¢¨¤´µ, ÎÉµ (1) ¶¥·¥Ìµ¤¨É ¢ (2) ¶·¨ § ³¥´¥

bk → b′k = ibk (k = 1, 2, 3). (3)

�·¨ ÔÉµ³ ¶·µ¨¸Ìµ¤¨É ¶¥·¥Ìµ¤ µ¤´µ° £·Ê¶¶Ò ¢ ¤·Ê£ÊÕ dγ → bγ . ’ ± ± ± Ê· ¢´¥´¨¥ „¨-
· ±  µ¶¨¸Ò¢ ¥É ¤Ê¡²¥É Ô²¥±É·µ´-¶µ§¨É·µ´, Éµ ¢Éµ·µ¥ ´¥¶·¨¢µ¤¨³µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¡Ê¤¥³
´ §Ò¢ ÉÓ T -¸µ¶·Ö¦¥´´Ò³ ¶µ µÉ´µÏ¥´¨Õ ± ¶¥·¢µ³Ê.

�´ ²µ£¨Î´µ ¡Ò²µ Ê¸É ´µ¢²¥´µ, ÎÉµ £·Ê¶¶  γ-³ É·¨Í Ê· ¢´¥´¨Ö ¤²Ö ¤Ê¡²¥É  ³ ¸¸¨¢´ÒÌ
´¥°É· ²Ó´ÒÌ ²¥¶Éµ´µ¢ (¤ ²¥¥ µ¡µ§´ Î ¥É¸Ö Dγ(I)) ¸µ¤¥·¦¨É É ±¦¥ ¤¢¥ ¨´¢ ·¨ ´É´ÒÌ ¶µ¤-
£·Ê¶¶Ò dγ ¨ cγ . ‚¸¥ É·¨ ¶µ¤£·Ê¶¶Ò dγ , bγ , cγ ´¥¨§µ³µ·Ë´Ò ¤·Ê£ ¤·Ê£Ê. Šµ³³ÊÉ Í¨µ´´Ò¥
¸µµÉ´µÏ¥´¨Ö ´  µ¸´µ¢¥ cγ ¨³¥ÕÉ ¢¨¤ [1]

[a1, a
′
2] = 2a′

3, [a′
2, a

′
3] = −2a1, [a′

3, a1] = 2a′
2,

[b′′1 , b′′2 ] = 2a′
3, [b′′2 , b′′3 ] = −2a1, [b′′3 , b′′1 ] = 2a′

2,
[a1, b

′′
1 ] = 0, [a′

2, b
′′
2 ] = 0, [a′

3, b
′′
3 ] = 0,

[a1, b
′′
2 ] = 2b′′3 , [a1, b

′′
3 ] = −2b′′2 ,

[a′
2, b

′′
3 ] = −2b′′1 , [a′

2, b
′′
1 ] = −2b′′3 ,

[a′
3, b

′′
1 ] = 2b′′2 , [a′

3, b
′′
2 ] = 2b′′1 .

(4)

„ ´´Ò° ¢¨¤ ¶·¥¤¸É ¢²¥´¨Ö ¡Ê¤¥³ ´ §Ò¢ ÉÓ P -¸µ¶·Ö¦¥´´Ò³ ¶µ µÉ´µÏ¥´¨Õ ± dγ , É ±
± ± · §²¨Î¨¥ ¢µ§´¨± ¥É Ê¦¥ ¢ ¶¥·¢µ° ¸É·µ±¥ Š‘ (4), É. ¥. ´  Ê·µ¢´¥ ¶µ¤£·Ê¶¶Ò É·¥Ì³¥·´ÒÌ
¢· Ð¥´¨°. �¥·¥Ìµ¤ µÉ £·Ê¶¶Ò dγ ± cγ ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ Š‘ · ¢´µ¸¨²¥´ § ³¥´¥

a1 → a′
1, a2 → ia′

2, a3 → ia′
3; b1 → b′′1 , b2 → ib′′2 , b3 → ib′′3 . (5)

�·¨  ´ ²¨§¥ Ê· ¢´¥´¨° Dγ(II) ¨ Dγ(I) ¨¸¶µ²Ó§µ¢ ² ¸Ó É¥µ·¥³  µ É·¥Ì É¨¶ Ì ´¥-
¶·¨¢µ¤¨³ÒÌ ³ É·¨Î´ÒÌ £·Ê¶¶ [4]. —¨¸²¥´´ Ö Ì · ±É¥·¨¸É¨±  É·¥Ì ¢µ§³µ¦´ÒÌ É¨¶µ¢
³ É·¨Î´ÒÌ £·Ê¶¶ ¡Ò²  ´ §¢ ´  ¸É·Ê±ÉÊ·´Ò³ ¨´¢ ·¨ ´Éµ³ (‘ˆ) [1, 2]. ’ ± ¸É·Ê±ÉÊ·´Ò°
¨´¢ ·¨ ´É Ê· ¢´¥´¨Ö „¨· ±  In[Dγ(II)] = −1,   ¤²Ö ¤Ê¡²¥É  ´¥°É·¨´µ In[Dγ(I)] = 1.
ƒ² ¢´Ò³ ¶pe¤³eÉo³ ¤a´´o° pa¡oÉÒ Ö¢²ÖeÉcÖ Êpa¢´e´¨¥, ¤²Ö ±oÉopo£o In[Dγ(III)] = 0.

…¸²¨ ¶µ µÉ´µÏ¥´¨Õ ± Ê¶µ³Ö´ÊÉÒ³ ¶o¤£pÊ¶¶ ³ dγ , bγ , cγ ¢oc¶o²Ó§o¢aÉÓcÖ ÔÉµ° ¦¥
Éeope³o°, Éo ¶o²ÊÎ¨³ É ±¨¥ Î¨¸² :

In[dγ ] = 0, In[bγ ] = −1, In[cγ ] = 1. (6)

ˆ³e´´o ÔÉ¨ Ép¨ ±o´cÉpÊ±Í¨¨ ¸µ¤¥·¦ É¸Ö ¢µ ¢´µ¢Ó ¶·¥¤² £ ¥³µ³ Êpa¢´e´¨¨.
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1. „‚�‰‘’‚…���‘’œ ƒ�“��› dγ

…¸²¨ ¶·¥µ¡· §µ¢ ´¨¥ ¶¥·¥Ìµ¤  µÉ (1) ± (2) µ¡µ§´ Î¨ÉÓ ± ± 〈T 〉, Éµ ³µ¦´µ § ¶¨¸ ÉÓ
É ±¨¥ · ¢¥´¸É¢ 

bγ = 〈T 〉dγ , dγ = 〈T−1〉bγ , (7)

£¤¥ 〈T−1〉 ¸µµÉ¢¥É¸É¢Ê¥É ¶·¥µ¡· §µ¢ ´¨Ö³ b′1 = ib1, b
′
2 = ib2, b

′
3 = ib3.

„²Ö ¶¥·¥Ìµ¤  µÉ (1) ± (3) ¢¢¥¤¥³ µ¡µ§´ Î¥´¨¥ 〈P 〉, Éµ£¤ 

cγ = 〈P 〉dγ , dγ = 〈P−1〉cγ . (8)

‡¤¥¸Ó 〈P−1〉 ¸µµÉ¢¥É¸É¢Ê¥É ¶·¥µ¡· §µ¢ ´¨Ö³ a′
2 = ia2, a′

3 = ia3, b′2 = ib2, b′3 = ib3.
‚¢¥¤e³ µ¡§´ Î¥´¨¥ ¤²Ö ¸µ¢³¥¸É´µ£µ ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ ¤¥°¸É¢¨Ö ¤¢ÊÌ Ê± § ´´ÒÌ ¶·¥-

µ¡· §µ¢ ´¨° 〈P 〉〈T 〉 ≡ 〈PT 〉 ¨ 〈T 〉〈P 〉 ≡ 〈TP 〉. ’µ£¤  µÎ¥¢¨¤´µ, ÎÉµ µ¶¥· Í¨Ö

〈TP 〉dγ = 〈PT 〉dγ ≡ fγ (9)

¤ eÉ ´µ¢Ò° É¨¶ ±µ³³ÊÉ Í¨µ´´ÒÌ ¸µµÉ´µÏ¥´¨°, ¸¢Ö§ ´´ÒÌ ¸ fγ :

[a1, a
′
2] = 2a′

3, [a′
2, a

′
3] = −2a1, [a′

3, a1] = 2a′
2,

[b′1, b
′
2] = −2a′

3, [b′2, b
′
3] = 2a1, [b′3, b

′
1] = −2a′

2,
[a1, b

′
1] = 0, [a′

2, b
′
2] = 0, [a′

3, b
′
3] = 0,

[a1, b
′
2] = 2b′3, [a1, b

′
3] = −2b′2,

[a′
2, b

′
3] = −2b′1, [a′

2, b
′
1] = −2b′3,

[a′
3, b

′
1] = 2b′2, [a′

3, b
′
2] = 2b′1,

(10)

£¤¥ a′
2 = a2c, a′

3 = a1a2c.
’·¨ ¶·¥¤Ò¤ÊÐ¨Ì ´ ¡µ·  Š‘ ¸¢Ö§ ´Ò ¸ Ê¦¥ Ê¶µ³Ö´ÊÉÒ³¨ £·Ê¶¶ ³¨ dγ , bγ , cγ . ˆ´µ¥

¶µ²µ¦¥´¨¥ ¢ ¸²ÊÎ ¥ Š‘ (10). ‚ÒÖ¸´¨²µ¸Ó, ÎÉµ dγ µ¡² ¤ ¥É ¤¢µ°¸É¢¥´´µ¸ÉÓÕ. ‚Ò· ¦ ¥É¸Ö
ÔÉµ ¢ Éµ³, ÎÉµ ¶µ³¨³µ ¶µ¤£·Ê¶¶Ò Q2 ¢ dγ ¸µ¤¥·¦¨É¸Ö ¥Ðe µ¤´  ¶µ¤£·Ê¶¶  ¢µ¸Ó³µ£µ
¶µ·Ö¤±  q2 ¨ ¥e · ¸Ï¨·¥´¨¥ É¥³ ¦¥ ¸ ³Ò³ Ô²¥³¥´Éµ³ c ¤ eÉ ¶µ¤£·Ê¶¶Ê dγ ¸ ¨´µ°
Í¨±²¨Î¥¸±µ° ¸É·Ê±ÉÊ·µ° [1, 5]:

dγ = Q2[a1, a2][e + c] = q2[a1, a
′
2][e + c]. (11)

…¸²¨ ¶µ¸É·µ¨ÉÓ  ²£¥¡·Ê ´  dγ ¸ É ±¨³ ¨§³¥´e´´Ò³ ´ ¡µ·µ³ £¥´¥· Éµ·µ¢, ³Ò ¶µ²Ê-
Î¨³ Š‘ (10). ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¶µ¸²¥¤µ¢ É¥²Ó´µ¥ ¶·¨³¥´¥´¨¥ µ¶¥· Í¨° 〈T 〉 ¨ 〈P 〉
· ¢´µ¸¨²Ó´µ É ±µ³Ê ¶·¥µ¡· §µ¢ ´¨Õ µ¶¥· Éµ·µ¢ ¶·¨ ¶¥·¥Ìµ¤¥ µÉ Š‘ (1) ± Š‘ (10):

a2 = ia′
2, a3 = ia′

3, b1 = −b′1, b2 = −ib′2, b3 = −ib′3. (12)

‹¥£±µ ¶·µ¢¥·¨ÉÓ, ÎÉµ ¢¸¥ Î¥ÉÒ·¥ ¢µ§³µ¦´ÒÌ ¶·¥µ¡· §µ¢ ´¨Ö 〈T 〉, 〈P 〉, 〈TP 〉 = 〈PT 〉
µ¡· §ÊÕÉ § ³±´ÊÉÊÕ ¸¨¸É¥³Ê ¶·¥µ¡· §µ¢ ´¨° ¢ ¶·µ¸É· ´¸É¢¥ Î¥ÉÒ·eÌ É¨¶µ¢ Š‘ ¨²¨ ¢
¶·µ¸É· ´¸É¢¥ É·eÌ £·Ê¶¶ ¸ ÊÎeÉµ³ ¤¢µ°¸É¢¥´´µ¸É¨ dγ . ˆ¸Ìµ¤Ö ¨§ µ¶·¥¤¥²¥´¨° (7), (8) ¨
·¥§Ê²ÓÉ É  (12), ³µ¦´µ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨° ·Ö¤ · ¢¥´¸É¢:

〈T 〉dγ = bγ , 〈P 〉dγ = cγ , 〈PT 〉dγ = fγ , (13)

〈T−1〉bγ = dγ , 〈P 〉bγ = fγ , 〈T−1P−1〉bγ = cγ , (14)

〈T 〉cγ = fγ , 〈P−1〉cγ = dγ , 〈TP 〉cγ = bγ , (15)

〈T−1〉fγ = cγ , 〈P−1〉fγ = bγ , 〈P−1T−1〉fγ = dγ . (16)
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2. ƒ��”ˆ—…‘Š�… �’����†…�ˆ… ƒ�“���‚�‰
‘’�“Š’“�› “��‚�…�ˆ‰

ˆ³¥¥É¸Ö ¥Ðe µ¤¨´  ¸¶¥±É ¸É·Ê±ÉÊ·Ò · ¸¸³µÉ·¥´´ÒÌ ¤Ê¡²¥É´ÒÌ Ê· ¢´¥´¨°. Š ¦¤µ³Ê
¨§ ´¨Ì, ÊÎ¨ÉÒ¢ Ö ¸¢µ°¸É¢µ ¤¢µ°¸É¢¥´´µ¸É¨ ¶µ¤£·Ê¶¶Ò dγ , ³µ¦´µ ¸µ¶µ¸É ¢¨ÉÓ ¸¢µÕ ¸µ¡-
¸É¢¥´´ÊÕ ¤¨ £· ³³Ê. ’ ± ¤²Ö Ê· ¢´¥´¨Ö „¨· ±  µ´  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. �´ ²µ£¨Î´ Ö
¤¨ £· ³³  ¤²Ö Dγ(I) ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2. �¡  ·¨¸Ê´±  ¶µ± §Ò¢ ÕÉ, ÎÉµ ± ¦¤µ¥ ¨§
Ê· ¢´¥´¨° ¸µ¤¥·¦¨É ¶µ ¤¢¥ ´¥¨§µ³µ·Ë´ÒÌ ¶µ¤£·Ê¶¶Ò. ’ ±µ¢Ò³¨ Ö¢²ÖÕÉ¸Ö dγ ¨ bγ ¢
¸²ÊÎ ¥ Dγ(II), dγ ¨ cγ ¢ ¸²ÊÎ ¥ Dγ(I). Š·µ³¥ Éµ£µ, ¸É ´µ¢¨É¸Ö ´ £²Ö¤´µ° ¸¢µ¥µ¡· §´ Ö
¸¨³³¥É·¨Ö Ê· ¢´¥´¨°, É. ¥. ¨´¢ ·¨ ´É´µ¸ÉÓ µÉ´µ¸¨É¥²Ó´µ ¢´µ¢Ó µ¶·¥¤¥²e´´ÒÌ ¶·¥µ¡· -
§µ¢ ´¨°. ’ ± ¢ ¸²ÊÎ ¥ Ê· ¢´¥´¨Ö „¨· ±  〈T 〉-¸µ¶·Ö¦¥´Ò ³¥¦¤Ê ¸µ¡µ° ¶µ¤£·Ê¶¶Ò dγ ¨
bγ ,   ¢ ¸²ÊÎ ¥ ´¥°É·¨´´µ£µ ¤Ê¡²¥É  É ±µ¢Ò³¨ Ö¢²ÖÕÉ¸Ö fγ ¨ cγ . �Éµ µ§´ Î ¥É, ÎÉµ
〈T 〉-µ¶¥· Í¨Ö ¶¥·¥¸É ¢²Ö¥É ³¥¸É ³¨ ¶µ¤£·Ê¶¶Ò ¢ ¢¥·Ï¨´ Ì É·¥Ê£µ²Ó´¨±µ¢, ±µÉµ·Ò¥ µ´ 
¸µ¥¤¨´Ö¥É, µ¸É ¢²ÖÖ ´¥¨§³¥´´Ò³ É¨¶ Ê· ¢´¥´¨Ö. ‘± § ´´µ¥ ¸¶· ¢¥¤²¨¢µ ¤²Ö ²Õ¡µ° µ¶¥-
· Í¨¨ ¨ ¤²Ö ± ¦¤µ° ¤¨ £· ³³Ò.

�¨¸. 1 �¨¸. 2

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, µ¡  ¤Ê¡²¥É´ÒÌ Ê· ¢´¥´¨Ö ¢ ´¥±µÉµ·µ³ ¸³Ò¸²¥ ´¥§ ³±´ÊÉÒ. Š ±
¢¨¤´µ ¨§ · ¢¥´¸É¢ (13)Ä(16), ²Õ¡ Ö ¨§ µ¶¥· Í¨°, ¤¥°¸É¢ÊÖ ´  ¶µ¤£·Ê¶¶Ê, · ¸¶µ²µ¦¥´-
´ÊÕ ¢ ¶·µÉ¨¢µ¶µ²µ¦´µ° ¢¥·Ï¨´¥ É·¥Ê£µ²Ó´¨± , · §·ÊÏ ¥É ¨¸Ìµ¤´µ¥ Ê· ¢´¥´¨¥. �Éµ
³µ¦´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± ¶¥·¥Ìµ¤ ¤Ê¡²¥É´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ É ±µ¥, ±µÉµ·µ¥ Ê¦¥ ´¥
µ¶¨¸Ò¢ ¥É¸Ö ¤ ´´Ò³ Ê· ¢´¥´¨¥³. � ¶·¨³¥·,  ´´¨£¨²ÖÍ¨Ö e+e− ¢ ËµÉµ´Ò. ”µ·³ ²Ó´µ-
³ É¥³ É¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¤¢ÊÌ ¤Ê¡²¥É´ÒÌ Ê· ¢´¥´¨° ¢¥¸Ó³  ¸Ìµ¦¨. �´¨ ¤ ÕÉ µ¸´µ¢ ´¨Ö
¸Î¨É ÉÓ, ÎÉµ ¤Ê¡²¥É ´¥°É·¨´µ É ±¦¥ µ¡· §Ê¥É ¸¨¸É¥³Ê Î ¸É¨Í - ´É¨Î ¸É¨Í . �·¨ ÔÉµ³ ´¥É
§ ¶·¥Éµ¢ ´  ¨Ì  ´´¨£¨²ÖÍ¨Õ. �µÔÉµ³Ê · ¸¸³ É·¨¢ ¥³ Ö ¶ ·  ´¥°É·¨´µ ¡Ê¤¥É ¨³¥´µ¢ ÉÓ¸Ö
¢ ¶µ¸²¥¤ÊÕÐ¥³ ± ±  ´´¨£¨²ÖÍ¨µ´´Ò¥ ´¥°É·¨´µ.

� ¸¸³ É·¨¢ ¥³Ò¥ ²¥¶Éµ´´Ò¥ Ê· ¢´¥´¨Ö µ¶¨¸Ò¢ ÕÉ ¤Ê¡²¥ÉÒ ¨ ¨³¥ÕÉ ¢ ¸¢µ¥° ¸É·Ê±ÉÊ·¥
´¥µ¡Ìµ¤¨³Ò¥ Ô²¥³¥´ÉÒ, µÉ¢¥É¸É¢¥´´Ò¥ §  µ¡¥ ±µ³¶µ´¥´ÉÒ. �¤´ ±µ ¢ ± ¦¤µ³ ¸²ÊÎ ¥ ¢
Ö¢´µ³ ¢¨¤¥ ¢ Ê· ¢´¥´¨¨ ¸µ¤¥·¦¨É¸Ö Éµ²Ó±µ µ¤´  ¨§ ´¨Ì. ‚Éµ· Ö ¶·¨¸ÊÉ¸É¢Ê¥É, ´µ ´¥
Ö¢´µ, µ´  ¸±·ÒÉ  ¢ µ¶·¥¤¥²ÖÕÐ¨Ì ¸µµÉ´µÏ¥´¨ÖÌ. ‚ ¸²ÊÎ ¥ Ê· ¢´¥´¨Ö „¨· ±  [6] ¨
¸É ´¤ ·É´µ° § ¶¨¸¨ µ¶·¥¤¥²ÖÕÐ¨Ì ¸µµÉ´µÏ¥´¨° ¤²Ö γ-³ É·¨Í

[i(γµpµ) + mc]Ψ = 0,

γµγν+γνγµ = 2δµν , µ, ν = 1, 2, 3, 4,
(17)
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³Ò ¨³¥¥³ Ö¢´ÊÕ § ¶¨¸Ó Ê· ¢´¥´¨Ö ´  µ¸´µ¢¥ ¶µ¤£·Ê¶¶Ò dγ . �Éµ µ§´ Î ¥É, ÎÉµ ¶¥·¢Ò¥
É·¨ ³ É·¨ÍÒ γ1, γ2, γ3 Ö¢²ÖÕÉ¸Ö £¥´¥· Éµ· ³¨, ¶µ·µ¦¤ ÕÐ¨³¨ ¶µ¤£·Ê¶¶Ê dγ . —Éµ¡Ò
§ ¶¨¸ ÉÓ Ê· ¢´¥´¨¥, ±µ£¤  ¢ Ö¢´µ³ ¢¨¤¥ ¶·¥¤¸É ¢²¥´  ¶µ¤£·Ê¶¶  bγ , ´¥µ¡Ìµ¤¨³µ ¢ · ³± Ì
ÔÉµ° ¦¥ £·Ê¶¶Ò ¶¥·¥°É¨ ± ¤·Ê£µ³Ê ´ ¡µ·Ê £¥´¥· Éµ·µ¢. �¥·¢Ò¥ É·¨ ¨§ ´¨Ì ´ Ìµ¤ÖÉ¸Ö ¨§
¸µµÉ´µÏ¥´¨° (3), ¶µ¸²¥ Î¥£µ ¢ÒÎ¨¸²Ö¥É¸Ö γ4 ¨¸Ìµ¤Ö ¨§ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° Í¨±²¨Î¥¸±µ°
¸É·Ê±ÉÊ·Ò Dγ(II) [2]. ‚ ·¥§Ê²ÓÉ É¥ ¡Ê¤¥³ ¨³¥ÉÓ

[(γ′
µp′µ) + mc]Ψ′ = 0,

γ′
µγ′

ν + γ′
νγ′

µ = −2δµν , µ, ν = 1, 2, 3, 4,
(18)

£¤¥ ±µÔËË¨Í¨¥´ÉÒ É¨¶  ±i ¶·¨ p′µ ¢Ò¡¨· ÕÉ¸Ö ¨§ É·¥¡µ¢ ´¨Ö ·¥¤Ê±Í¨¨ ¤ ´´µ£µ Ê· ¢´¥-
´¨Ö ± Ê· ¢´¥´¨Õ Š²¥°´ Äƒµ·¤µ´ .

‚ · ¢´µ° ¸É¥¶¥´¨ ¢¸e ¸± § ´´µ¥ µÉ´µ¸¨É¸Ö ¨ ± Ê· ¢´¥´¨Õ ¤²Ö Dγ(I) c É¥³ µÉ²¨Î¨¥³,
ÎÉµ µ¶·¥¤¥²ÖÕÐ¨¥ ¸µµÉ´µÏ¥´¨Ö ¨³¥ÕÉ ¤·Ê£µ° ¢¨¤ [1]:

γsγt + γtγs = 2δst, γ2
s,t = 1 (s, t = 1, 2, 3),

γsγ4 + γ4γs = 0 (s = 1, 2, 3),
γ2
4 = −1.

(19)

� ¢¥´¸É¢µ (11) ¨ µ¶·¥¤¥²ÖÕÐ¨¥ ¸µµÉ´µÏ¥´¨Ö ¤²Ö É·eÌ ¶µ¤£·Ê¶¶ dγ , bγ , cγ [1] ¤¥² ÕÉ
µÎ¥¢¨¤´Ò³ ¥Ðe µ¤´µ ÊÉ¢¥·¦¤¥´¨¥. „²Ö ¢Ò¶µ²´¥´¨Ö ²µ·¥´Í-¨´¢ ·¨ ´É´µ¸É¨ ²Õ¡µ£µ É¨¶ 
¤µ¸É ÉµÎ´µ É·eÌ  ´É¨±µ³³ÊÉ Í¨µ´´ÒÌ ¸µµÉ´µÏ¥´¨°. „¥°¸É¢¨É¥²Ó´µ, ± ¦¤ Ö ¨§ Î¥ÉÒ·eÌ
¶µ¤£·Ê¶¶ ¶µ·µ¦¤ ¥É¸Ö É·¥³Ö £¥´¥· Éµ· ³¨ ¨ Ö¢²Ö¥É¸Ö · ¸Ï¨·¥´¨¥³ ²¨¡µ ¶µ¤£·Ê¶¶Ò Q2,
²¨¡µ ¶µ¤£·Ê¶¶Ò q2. ‚ ¸¢µÕ µÎ¥·¥¤Ó, ± ¦¤ Ö ¨§ ÔÉ¨Ì ¤¢ÊÌ ¶µ¤£·Ê¶¶ ¶µ·µ¦¤ ¥É¸Ö ¤¢Ê³Ö
£¥´¥· Éµ· ³¨, ±µÉµ·Ò¥  ´É¨±µ³³ÊÉ¨·ÊÕÉ. �µ¸²¥¤ÊÕÐ¥¥ · ¸Ï¨·¥´¨¥ ¤µ £·Ê¶¶Ò ‹µ·¥´Í 
¢ ²Õ¡µ³ ¨§ Î¥ÉÒ·eÌ ¸²ÊÎ ¥¢ ³µ¦´µ µ¸ÊÐ¥¸É¢¨ÉÓ ¸ ¶µ³µÐÓÕ Ô²¥³¥´É , µÉ´µ¸ÖÐ¥£µ¸Ö ±
Í¥´É·Ê £·Ê¶¶Ò. ’µ£¤  ¶·µ¨§¢¥¤¥´¨¥ ¶¥·¢ÒÌ ¤¢ÊÌ £¥´¥· Éµ·µ¢ ¨ Ô²¥³¥´É  Í¥´É·  Éµ¦¥  ´-
É¨±µ³³ÊÉ¨·Ê¥É ¸ ¤¢Ê³Ö ¶¥·¢Ò³¨ £¥´¥· Éµ· ³¨ ¨ ³µ¦¥É ¨£· ÉÓ ·µ²Ó É·¥ÉÓ¥£µ £¥´¥· Éµ· .
� §²¨Î¨¥ ³¥¦¤Ê £·Ê¶¶ ³¨, ¢ Î ¸É´µ¸É¨, § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¶µ·Ö¤µ± (³¨´¨³ ²Ó´ Ö
¸É¥¶¥´Ó Ô²¥³¥´É , · ¢´ Ö ¥¤¨´¨Í¥) £¥´¥· Éµ·µ¢ g1, g2, g3 ¶µ²ÊÎ ¥É¸Ö ¶·¨ ÔÉµ³ · §²¨Î-
´Ò³. Šµ´±·¥É´µ ¤²Ö ± ¦¤µ£µ ¸²ÊÎ Ö: dγ − g4

1 = g4
2 = I, g2

3 = I; bγ − g4
1 = g4

2 = g4
3 = I;

cγ − g4
1 = I, g2

2 = g2
3 = I; fγ − g4

1 = 1, g2
2 = I, g4

3 = I. �¸É ¢Ï¨°¸Ö Î¥É¢e·ÉÒ° £¥´¥· Éµ·
¸µ¢³¥¸É´µ ¸ É·¥³Ö ¶¥·¢Ò³¨ µ¶·¥¤¥²Ö¥É ¢ ¨Éµ£¥ É¨¶ Ê· ¢´¥´¨Ö, ¸µ¸É ¢ £·Ê¶¶Ò ¢ Í¥²µ³,
É. ¥. ±µ²¨Î¥¸É¢µ ³ ±¸¨³ ²Ó´ÒÌ ¨´¢ ·¨ ´É´ÒÌ ¶µ¤£·Ê¶¶ ¨ ¨Ì ¶·¨´ ¤²¥¦´µ¸ÉÓ ± · §²¨Î-
´Ò³ �� £·Ê¶¶Ò ‹µ·¥´Í . ” ±É¨Î¥¸±¨ ÔÉµ µ§´ Î ¥É, ÎÉµ Î¥É¢e·ÉÒ° £¥´¥· Éµ· ·¥£Ê²¨·Ê¥É
Ì · ±É¥· µÉ´µÏ¥´¨° ³¥¦¤Ê ¶µ¤¸¨¸É¥³ ³¨, ±µÉµ·Ò¥ Ë¨§¨Î¥¸±¨ ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ± ±
Î ¸É¨ÍÒ ¨  ´É¨Î ¸É¨ÍÒ.

3. Š‚��’…’��… “��‚�…�ˆ…

‚o¶poc o cÊÐecÉ¢o¢a´¨¨ ¨ ¶µ¸É·µ¥´¨¨ £pÊ¶¶Ò γ-³ É·¨Í cµ ¸É·Ê±ÉÊ·´Ò³ ¨´¢ ·¨ ´Éµ³
In[Dγ(III)] = 0 ¡Ò² ·¥Ï¥´ · ´¥¥ [2]. …e Í¨±²¨Î¥¸± Ö ¸É·Ê±ÉÊ·  (¸Ê³³  ¢¸¥Ì Ô²¥³¥´Éµ¢,
§ ¶¨¸ ´´ Ö ¢ ³Ê²ÓÉ¨¶²¨± É¨¢´µ° Ëµ·³¥) ¨³eeÉ ¢¨¤

Dγ(III) = Dγ [a1, a2, c1, b5] = Q2[a1, a2][e + c1][e + b5]. (20)
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‡¤ecÓ Q2[a1, a2] Å ¶o¤£pÊ¶¶a ±¢aÉep´¨o´o¢ c £e´epaÉopa³¨ a1, a2. �Î¥¢¨¤´µ, ÎÉµ (20)
¶·¥¤¸É ¢²Ö¥É ¶µ²Ê¶·Ö³µ¥ ¶·µ¨§¢¥¤¥´¨¥ ¤¢ÊÌ ¶o¤£pÊ¶¶ 16-£o ¶opÖ¤±a

dγ [a1, a2, c1] = Q2[a1, a2][e + c1], bγ [a1, a2, b5] = Q2[a1, a2][e + b5].

Bce Î¥ÉÒ·¥ £e´epaÉopa a1, a2, c1, b5 ¨³eÕÉ ¶opÖ¤o± 4.
…¸²¨ ¢Ò¶µ²´¨ÉÓ ¶µ¸É·µ¥´¨¥ É ±, ÎÉµ¡Ò Ô²e³e´É c1 cÉa² Ô²e³e´Éo³ Íe´Épa ´e Éo²Ó±o

¶o¤£pÊ¶¶Ò dγ [a1, a2, c1], ´o ¨ ¢ce° £pÊ¶¶Ò Dγ(III), Éo c ÊÎeÉo³ o¶pe¤e²e´¨° Q2, dγ ¨ bγ

¶o²ÊÎ¨³ c²e¤ÊÕÐ¨° ´a¡op cooÉ´oÏe´¨° ³¥¦¤Ê £¥´¥· Éµ· ³¨:

a2a1a
−1
2 = a−1

1 , a1a2a
−1
1 = a−1

2 , b5c1b
−1
5 = c1,

c1a1c
−1
1 = a1, c1a2c

−1
1 = a2, c1b5c

−1
1 = b5,

b5a1b
−1
5 = a−1

1 , b5a2b
−1
5 = a−1

2 .

(21)

�opÖ¤o± £pÊ¶¶Ò Dγ(III) pa¢e´ 32. „a´´aÖ £pÊ¶¶a, ±a± ¨ o¡e ¶pe¤Ò¤ÊÐ¨e, ÊcÉpoe´ 
Éa±, ÎÉo ±¢a¤paÉÒ ²Õ¡ÒÌ Ô²e³e´Éo¢ 4-£o ¶opÖ¤±a co¢¶a¤aÕÉ. O¡o§´aÎ¨³ ÔÉoÉ Ô²e³e´É
(k):

(a1)2 = (a2)2 = (c1)2 = (b5)2 = (k), (k)2 = e. (22)

CÊÐecÉ¢e´´o ¨§³e´¨²acÓ cÉpÊ±ÉÊpa £pÊ¶¶Ò. Ec²¨ ¢ ¤¢ÊÌ ¶pe¤Ò¤ÊÐ¨Ì c²ÊÎaÖÌ Íe´ÉpÒ
£pÊ¶¶ cocÉoÖ²¨ ¨§ ¤¢ÊÌ Ô²e³e´Éo¢ (e ∼ I, k ∼ −I), Éo Ée¶epÓ Íe´Ép co¤ep¦¨É ¢µ¸¥³Ó
Ô²e³e´Éo¢. ˆ³e´´o,

e, k, c1, c−1
1 , a3b5, a3b

−1
5 , a3b5c1, a3b5c

−1
1 . (23)

—¨c²o co¶pÖ¦e´´ÒÌ ±²acco¢ cÉa´o¢¨ÉcÖ pa¢´Ò³ 20, ¶µÔÉµ³Ê £·Ê¶¶  ¨³¥¥É 16 o¤´o³ep´ÒÌ
´e¶p¨¢o¤¨³ÒÌ ¶pe¤cÉa¢²e´¨° ¨ Î¥ÉÒ·¥ ´eÔ±¢¨¢a²e´É´ÒÌ ¤¢Ê³ep´ÒÌ. �Éµ µ§´ Î ¥É, ÎÉµ
·¥Ï¥´¨Ö ¡Ê¤ÊÉ ´¥ ¡¨¸¶¨µ·´Ò¥, ´µ ¸¶¨´µ·´Ò¥. „·Ê£µ¥ ¢ ¦´µ¥ µÉ²¨Î¨¥ µÉ ¤Ê¡²¥É´ÒÌ
Ê· ¢´¥´¨° § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ £·Ê¶¶  Dγ(III) ¸µ¤¥·¦¨É ¢¸¥ É·¨ ¢µ§³µ¦´ÒÌ ¶µ¤£·Ê¶¶Ò
dγ , bγ , cγ . ‚ ¸¨²Ê ¶µ¸É·µ¥´¨Ö (20) ¸µ¤¥·¦¨É ¶µ¤£·Ê¶¶Ò dγ ¨ bγ .

Œµ¦´µ § ³¥É¨ÉÓ, ÎÉµ ´ ¡µ· É ±¨Ì Ô²¥³¥´Éµ¢

{e, a1, a
2
1, a

3
1, a2c, a

3
2c, a1a2c, a1a2c

3}

µ¡· §Ê¥É ¶µ¤£·Ê¶¶Ê q2. „ ²Ó´¥°Ï¥¥ · ¸Ï¨·¥´¨¥ ¸ ¶µ³µÐÓÕ Ô²¥³¥´É  a1a2b5 ¤ eÉ ¶µ¤-
£·Ê¶¶Ê cγ . �¶·¥¤¥²ÖÕÐ¨¥ ¸µµÉ´µÏ¥´¨Ö (21) ¶µ§¢µ²ÖÕÉ ¶¥·¥°É¨ ± ¢Ò· ¦¥´¨Ö³ ¢ ¶·¨-
¢ÒÎ´µ³ ¢¨¤¥, É. ¥. ¢ ¢¨¤¥ ¸µµÉ´µÏ¥´¨° ³¥¦¤Ê γ-³ É·¨Í ³¨, ±µÉµ·Ò¥ É ±¦¥ ¶µ·µ¦¤ ÕÉ
´¥¶·¨¢µ¤¨³Ò¥ ³ É·¨Î´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö. ‚ ¶µ²´µ°  ´ ²µ£¨¨ ¸ Ê· ¢´¥´¨¥³ „¨· ±  ¶µ-
²ÊÎ ¥³

γsγt + γtγs = 2δst, γ2
s = 1 (s, t = 1, 2, 3),

γsγ4 − γ4γs = 0 (s = 1, 2, 3),
γ2
4 = 1.

(24)

�Î¥¢¨¤´µ¥ ¨ ¶·¨´Í¨¶¨ ²Ó´µ¥ µÉ²¨Î¨¥ µÉ Ê¸²µ¢¨Ö „¨· ±  (17) § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ γ4

±µ³³ÊÉ¨·Ê¥É ¸µ ¢¸¥³¨ µ¸É ²Ó´Ò³¨ £¥´¥· Éµ· ³¨. �·Ö³µ° ¶·µ¢¥·±µ° ³µ¦´µ Ê¡¥¤¨ÉÓ¸Ö,
ÎÉµ ¢ £·Ê¶¶¥ ´¥ ¨³¥¥É¸Ö Î¥É¢e·Éµ£µ £¥´¥· Éµ· , ±µÉµ·Ò°  ´É¨±µ³³ÊÉ¨·Ê¥É ¸ ¶¥·¢Ò³¨
É·¥³Ö. ˆ§ Ê¸²µ¢¨Ö ·¥¤Ê±Í¨¨ ±¢ ·É¥É´µ£µ Ê· ¢´¥´¨Ö ± Ê· ¢´¥´¨Õ Š²¥°´ Äƒµ·¤µ´  ¶µ-
²ÊÎ ¥³, ÎÉµ ³ ¸¸  Î ¸É¨Í m = 0. Ÿ¢´ Ö Ëµ·³  ¢µ²´µ¢µ£µ Ê· ¢´¥´¨Ö ´  µ¸´µ¢¥ (24)
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§ ¢¨¸¨É, ± ± Ê¦¥ µÉ³¥Î ²µ¸Ó, µÉ ¢Ò¡µ·  ¶µ¤£·Ê¶¶Ò, ¸¢Ö§ ´´µ° ¸ É¥³ ¨²¨ ¨´Ò³ ´¥¶·¨¢µ-
¤¨³Ò³ ¶·¥¤¸É ¢²¥´¨¥³. …¸²¨ ¤²Ö Ö¢´µ° § ¶¨¸¨ ¢Ò¡· ÉÓ dγ , Éµ ¶µ²ÊÎ ¥³

(γsps)ψ − γ4∂ψ/∂t = 0 (s = 1, 2, 3). (25)

‡¤¥¸Ó, ¸²¥¤ÊÖ [7], ¶·¨´ÖÉµ � = c = 1. �µ¤µ¡´µ Éµ³Ê, ± ± ¸¤¥² ´ ¶¥·¥Ìµ¤ µÉ Ê· ¢´¥´¨Ö
(17) ± (18), ³µ¦´µ § ¶¨¸ ÉÓ Ê· ¢´¥´¨¥ (25) ¤²Ö Ö¢´µ£µ ¶·¥¤¸É ¢²¥´¨Ö ¸ ¶µ¤£·Ê¶¶ ³¨ bγ

¨²¨ cγ .
…¸²¨ ¶µ¸É·µ¨ÉÓ ¤¨ £· ³³Ê (·¨¸. 3) ¶µ  ´ ²µ£¨¨ ¸ Dγ(I), Dγ(II), Éµ ³µ¦´µ £µ¢µ·¨ÉÓ

´¥ µ É·¥Ê£µ²Ó´¨±¥, ´µ µ É¥É· Ô¤·¥. Ÿ¸´µ, ÎÉµ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ³Ò ¨³¥¥³ ¤¥²µ ¸ Î¥ÉÒ·Ó³Ö

�¨¸. 3.

¸µ¸ÉµÖ´¨Ö³¨. ‚ ¤Ê¡²¥É´ÒÌ ¸²ÊÎ ÖÌ ¢µ¶·µ¸ µ
Éµ³, ÎÉµ ¸Î¨É ÉÓ Î ¸É¨Í¥° ¨  ´É¨Î ¸É¨Í¥°,
¶·¥¤¸É ¢²Ö¥É¸Ö ¢µ ³´µ£µ³ Ê¸²µ¢´µ¸ÉÓÕ. ’¥-
¶¥·Ó ´¥µ¡Ìµ¤¨³µ ¸¤¥² ÉÓ ¢Ò¡µ· Éµ£µ ±·¨É¥-
·¨Ö, ¶µ ±µÉµ·µ³Ê ³Ò ¢Ò¤¥²Ö¥³ ¶ ·Ê Î ¸É¨Í -
 ´É¨Î ¸É¨Í . ”¨§¨Î¥¸±µ¥ É·¥¡µ¢ ´¨¥, ± ¦Ê-
Ð¥¥¸Ö ¶·µ¸ÉÒ³ ¨ ¥¸É¥¸É¢¥´´Ò³, Å ¶·µÉ¨¢µ-
¶µ²µ¦´µ¸ÉÓ §´ Î¥´¨° É ± ´ §Ò¢ ¥³ÒÌ ±¢ ´-
Éµ¢ÒÌ Î¨¸¥² Å ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ´¥ · ¡µ-
É ¥É. �µÔÉµ³Ê ³µ¦´µ ¨¸Ìµ¤¨ÉÓ ¨§  ´ ²µ-
£¨¨ ¸ Ê· ¢´¥´¨¥³ „¨· ± . �Ê¤¥³ ¸Î¨É ÉÓ,
ÎÉµ ¶ ·  ¶µ¤£·Ê¶¶, ¸¢Ö§ ´´ÒÌ ³¥¦¤Ê ¸µ-
¡µ° 〈T 〉-¶·¥µ¡· §µ¢ ´¨¥³, µÉ¢¥É¸É¢¥´´  §  ¤Ê-
¡²¥É Î ¸É¨Í - ´É¨Î ¸É¨Í . ‚ É ±µ³ ¸²ÊÎ ¥
(·¨¸. 3) ¨³¥¥É¸Ö ¥¤¨´¸É¢¥´´ Ö ¢µ§³µ¦´µ¸ÉÓ,
±µ£¤  µ¤´  ¶ ·  ¸¢Ö§ ´  ¸ ¶µ¤£·Ê¶¶ ³¨ dγ ¨
bγ ,   ¢Éµ· Ö ¸ ¶µ¤£·Ê¶¶ ³¨ dγ ¨ cγ .

‚Ò¡µ·  ´É¨Î ¸É¨Í ´  µ¸´µ¢¥ 〈T 〉-¶·¥µ¡· §µ¢ ´¨Ö ¤¥² ¥É ¶µÎÉ¨ µÎ¥¢¨¤´Ò³ · ¢¥´¸É¢µ
³ ¸¸ Î ¸É¨ÍÒ ¨  ´É¨Î ¸É¨ÍÒ ¨ ¢ÒÖ¢²Ö¥É ¶µ¤µ¡¨¥ ¨Ì É· ´¸Ëµ·³ Í¨µ´´ÒÌ ¸¢µ°¸É¢, ´¥¸³µ-
É·Ö ´  ¨Ì ´¥¸µ¢¶ ¤¥´¨¥. ˆ¸Ìµ¤Ö ¨§ Ê¸É ´µ¢²¥´´µ° · ´¥¥ [1] Ë¨§¨Î¥¸±µ° ¨´É¥·¶·¥É Í¨¨
¢¥²¨Î¨´ ai ¨ bk (i, k = 1, 2, 3) ¨ ³¥Éµ¤¨±¨ ¢ÒÎ¨¸²¥´¨Ö ´  ¨Ì µ¸´µ¢¥ ¢¥¸µ¢ÒÌ Î¨¸¥² ´¥-
¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò ‹µ·¥´Í  ¢¨¤´µ, ÎÉµ ¶¥·¢µ¥ ¢¥¸µ¢µ¥ Î¨¸²µ (λ = 1/2)
µ¤¨´ ±µ¢µ ¤²Ö ¶µ¤£·Ê¶¶Ò dγ ¨ ¤²Ö bγ . Š·µ³¥ Éµ£µ, ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö µ¶¥· Éµ·µ¢
H+ = ia1−a2, H− = ia1 +a2, H3 = ia3 ´¥ ¨§³¥´ÖÉ¸Ö, ± ± ¡Ò ³Ò ´¥ ¶¥·¥¸É ¢²Ö²¨ a1, a2,
a3. �Éµ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ ¢¸¥ É·¨ µ¶¥· Éµ·  a1, a2, a3 µ¤´µÉ¨¶´Ò. �µ²¥¥ µ¶·¥¤¥²e´´µ,
ÔÉµ µ§´ Î ¥É, ÎÉµ ¤¢µ°±  Ö¢²Ö¥É¸Ö ³¨´¨³ ²Ó´µ° ¸É¥¶¥´ÓÕ, ±µ£¤  a2

1 = a2
2 = a2

3 = I. ‚¸e
¸± § ´´µ¥ ¢¥·´µ É ±¦¥ ¤²Ö µ¶¥· Éµ·µ¢ b1, b2, b3 ¸ Éµ° · §´¨Í¥°, ÎÉµ b4

1 = b4
2 = b4

3 = I.
�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¸¶¨´µ¢Ò¥ ¸¢µ°¸É¢  ¶ ·Ò Î ¸É¨Í, ¸¢Ö§ ´´Ò¥ ¸ ¶µ¤£·Ê¶¶ ³¨ dγ , bγ ,
¸µ¢¶ ¤ ÕÉ ¸ É ±µ¢Ò³¨ ¤²Ö ¤Ê¡²¥É  e+e−.

�¸´µ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¢Éµ·µ° ¶ ·Ò ¶µ¤£·Ê¶¶ dγ , cγ µÉÎ ¸É¨ ¸µ¢¶ ¤ ÕÉ ¸µ ¸¢µ°-
¸É¢ ³¨ Éµ° ¦¥ ¶ ·Ò ¶µ¤£·Ê¶¶ ¢ · ³± Ì £·Ê¶¶Ò Dγ(I) [1]. ‚ Î ¸É´µ¸É¨, ´¥ ³¥´ÖÕÉ¸Ö
¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö µ¶¥· Éµ·µ¢ H+, H−, H3 ¨ F+, F−, F3. �Éµ µ§´ Î ¥É ¸µ¢¶ ¤¥´¨¥
¸¶¨´µ¢ÒÌ ¸¢µ°¸É¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¶ ·Ò Î ¸É¨Í - ´É¨Î ¸É¨Í . ’ ±¨³ µ¡· §µ³, ¢Éµ· Ö
¶ ·  Î ¸É¨Í ¨³¥¥É ¸¶¨´, µ·¨¥´É¨·µ¢ ´´Ò° ¶µ ´ ¶· ¢²¥´¨Õ ¨²¨ ¶·µÉ¨¢ ¨³¶Ê²Ó¸  É ± ¦¥,
± ± ÔÉµ ¨³¥¥É ³¥¸Éµ ¢ ¸²ÊÎ ¥ Dγ(I).

‚ µÉ²¨Î¨¥ µÉ ¤Ê¡²¥É´ÒÌ Ê· ¢´¥´¨°, ± ± ¢¨¤´µ ¨§ ·¨¸. 3, ¢ ¤ ´´µ³ ¸²ÊÎ ¥ Ê· ¢´¥-
´¨¥ § ³±´ÊÉµ µÉ´µ¸¨É¥²Ó´µ ± ¦¤µ£µ ¨§ ¢µ§³µ¦´ÒÌ ¶·¥µ¡· §µ¢ ´¨° (13)Ä(16). …¸²¨ ¶·¨
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ÔÉµ³ ÊÎ¥¸ÉÓ, ÎÉµ ¢ · ³± Ì µ¤´µ£µ Ê· ¢´¥´¨Ö ³Ò ¨³¥¥³ ¤¢¥ ¶ ·Ò Î ¸É¨Í ¨  ´É¨Î ¸É¨Í,
¢µ§´¨± ¥É ¶·¨´Í¨¶¨ ²Ó´ Ö ¢µ§³µ¦´µ¸ÉÓ ¶¥·¥Ìµ¤  µÉ µ¤´µ° ¨§ ´¨Ì ± ¤·Ê£µ°. ’ ±µ¥ ¶µ-
²µ¦¥´¨¥ ³µ¦´µ ´ §¢ ÉÓ ´¥µ¡Ìµ¤¨³Ò³ Ê¸²µ¢¨¥³ ¤²Ö ¸ÊÐ¥¸É¢µ¢ ´¨Ö µ¸Í¨²²ÖÍ¨°. ‚µ¶·µ¸
µ ¤µ¸É ÉµÎ´ÒÌ Ê¸²µ¢¨ÖÌ § ¢¨¸¨É µÉ Éµ£µ, ¡Ê¤¥É ²¨ ´ °¤¥´ ³¥Ì ´¨§³ ¤²Ö ¶¥·¥¢µ¤  µ¤´µ°
 ´´¨£¨²¨·ÊÕÐ¥° ¶ ·Ò ¢ ¤·Ê£ÊÕ.

�¥§³ ¸¸µ¢µ¥ ¤¢ÊÌ±µ³¶µ´¥´É´µ¥ ´¥°É·¨´µ ´¥ Ö¢²Ö¥É¸Ö ´µ¢µ¸ÉÓÕ, ¶µÔÉµ³Ê ¢µ§´¨± ¥É
´¥µ¡Ìµ¤¨³µ¸ÉÓ µÉ³¥É¨ÉÓ · §²¨Î¨¥ ¶·¥¤²µ¦¥´´µ£µ Ëµ·³ ²¨§³  ¨ ¨³¥ÕÐ¨Ì¸Ö. ’ ± ¢ · -
¡µÉ¥ [7] ¤²Ö ¶µ²ÊÎ¥´¨Ö ¡¥§³ ¸¸µ¢ÒÌ ´¥°É·¨´µ ¢§ÖÉµ Ê· ¢´¥´¨¥ „¨· ± , ¢ ±µÉµ·µ³ ¶µ²µ-
¦¥´µ m = 0. ˆ§ Î¥ÉÒ·eÌ £¥´¥· Éµ·µ¢ µ¸É ¢²¥´µ É·¨ (γ1, γ2, γ3),   γ4 ¨¸±²ÕÎ ¥É¸Ö ¨§
· ¸¸³µÉ·¥´¨Ö. ‚ ¸¨²Ê ¸± § ´´µ£µ ¢ · §¤. 2, ÔÉµ µ§´ Î ¥É µÉ± § µÉ ¢Éµ·µ° ¸µ¸É ¢²ÖÕÐ¥°
·¥Ï¥´¨Ö Å µÉ  ´É¨Î ¸É¨ÍÒ. �·¨ ÔÉµ³ £·Ê¶¶  ¶¥·¥¸É eÉ ¡ÒÉÓ £·Ê¶¶µ° 32-£µ ¶µ·Ö¤± 
¨ ¶·¥¢· Ð ¥É¸Ö ¢ £·Ê¶¶Ê 16-£µ ¶µ·Ö¤± , ´¥¶·¨¢µ¤¨³Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¶µ¸²¥¤´¥° ¨³¥ÕÉ
· §³¥·´µ¸ÉÓ ¤¢ ,   ³ É·¨Î´ Ö ·¥ ²¨§ Í¨Ö �� ¸µ¤¥·¦¨É ¨§¢¥¸É´Ò¥ ³ É·¨ÍÒ � Ê²¨. �µ ¢
É ±µ³ ¸²ÊÎ ¥ ¨³¥¥É¸Ö Éµ²Ó±µ 8,   ´¥ 16 µ¤´µ³¥·´ÒÌ ��, ¨§ ±µÉµ·ÒÌ ¸µ¸É ¢²ÖÕÉ¸Ö 16
±µ³¶µ´¥´É ¶ÖÉ¨ ¢¥²¨Î¨´: S, V , T , A, P . ‡ É¥³  ¢Éµ·Ò ®· ¸ÉÖ£¨¢ ÕÉ¯ ¤¢ÊÌ±µ³¶µ´¥´É-
´ÊÕ ¢µ²´µ¢ÊÕ ËÊ´±Í¨Õ ´¥°É·¨´µ ¤µ Î¥ÉÒ·¥Ì±µ³¶µ´¥´É´µ°, ¶µ² £ Ö ¤¢¥ ¤µ¶µ²´¨É¥²Ó´Ò¥
±µ³¶µ´¥´ÉÒ · ¢´Ò³¨ ´Ê²Õ. „¥² ¥É¸Ö ¢¸e ÔÉµ ¤²Ö Éµ£µ, ÎÉµ¡Ò Ê¤µ¢²¥É¢µ·¨ÉÓ É·¥¡µ¢ ´¨Õ
γ5ψν = −ψν , £¤¥ ψν Å ¢µ²´µ¢ Ö ËÊ´±Í¨Ö, ¶µ²ÊÎ¥´´ Ö ¢µÉ É ±¨³ ®Ì¨·Ê·£¨Î¥¸±¨³¯ ¶ÊÉe³,
  γ5 ¢§ÖÉ  ¨§ Ê· ¢´¥´¨Ö „¨· ± .

’ ± Ö ¦¥ ¨¸±Ê¸¸É¢¥´´µ¸ÉÓ ¨ ´¥µ¡µ¸´µ¢ ´´µ¸ÉÓ Ì · ±É¥·¨§Ê¥É ¡µ²¥¥ ¶µ§¤´¨¥ ³µ¤¥²¨
µ¶¨¸ ´¨Ö ´¥°É·¨´µ. ‚Ò§¢ ´µ ÔÉµ É¥³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³, ÎÉµ Ê· ¢´¥´¨¥ „¨· ± , ±µÉµ·Ò³
Ë ±É¨Î¥¸±¨ µ£· ´¨Î¨¢ ÕÉ¸Ö ¢¸¥ ³µ¤¥²¨, ´¥ ¸µ¤¥·¦¨É ¶µ²´µ£µ ´ ¡µ·  〈T 〉-, 〈P 〉-, 〈TP 〉-
¸µ¶·Ö¦e´´ÒÌ ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò ‹µ·¥´Í  ¤²Ö Ëµ·³Ê²¨·µ¢±¨ § ³±´Ê-
Éµ° ³µ¤¥²¨, ¸¢µ¡µ¤´µ° µÉ ¨§²¨Ï´¨Ì ¶·µ¨§¢µ²Ó´ÒÌ ¶·¥¤¶µ²µ¦¥´¨°. �É²¨Î¨¥ ¶·¥¤²µ¦¥´-
´µ° · ¸ÎeÉ´µ° ¸Ì¥³Ò µÉ ¶·¥¦´¨Ì ´µ¸¨É ±µ´Í¥¶ÉÊ ²Ó´Ò° Ì · ±É¥·.
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