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„ ´ µ¡§µ· µ¸´µ¢´ÒÌ É¥´¤¥´Í¨° ¢ ¸µ¢·¥³¥´´µ³ · §¢¨É¨¨ É¥µ·¨¨ ¶µ²Ö. �¡¸Ê¦¤ ÕÉ¸Ö £² ¢´Ò¥
¶µ¤Ìµ¤Ò ± ¨¸¸²¥¤µ¢ ´¨Õ ´¥¶¥·ÉÊ·¡ É¨¢´ÒÌ ±¢ ´Éµ¢ÒÌ É¥µ·¨° ¶µ²Ö. Š· É±µ ¸Ëµ·³Ê²¨·µ¢ ´Ò
¨¤¥¨ ±µ´Í¥¶Í¨¨ ¤Ê ²Ó´µ¸É¨, ¸Ê¶¥·¸É·Ê´´ÒÌ ¨ p-¡· ´´ÒÌ ³µ¤¥²¥°, AdS/CFT -¸µµÉ¢¥É¸É¢¨Ö, ´¥-
±µ³³ÊÉ É¨¢´ÒÌ É¥µ·¨° ¶µ²Ö ¨ É. ¤.

A review of the basic tendencies in the modern development of ˇeld theory is given. Main
approaches to the investigation of the nonperturbative quantum ˇeld theories are discussed. We brie�y
outline the ideas of duality conception, superstring and p-brane models, AdS/CFT correspondence,
noncommutative ˇeld theories, etc.

‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ´ ³¥É¨²¸Ö §´ Î¨É¥²Ó´Ò° ¶·µ£·¥¸¸ ¢ ¶µ´¨³ ´¨¨ ´¥-
¶¥·ÉÊ·¡ É¨¢´ÒÌ ¸¢µ°¸É¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¶µ²¥°. �ÉµÉ
¶·µ£·¥¸¸, ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ¸¢Ö§ ´ ¸ É ± ´ §Ò¢ ¥³µ° ±µ´Í¥¶Í¨¥° ¤Ê ²Ó´µ¸É¨,
±µÉµ· Ö ³µ¦¥É ¡ÒÉÓ Ê¸É ´µ¢²¥´  ³¥¦¤Ê, ± § ²µ¸Ó ¡Ò, ¸µ¢¥·Ï¥´´µ · §´Ò³¨
±¢ ´Éµ¢Ò³¨ É¥µ·¨Ö³¨ ¶µ²Ö. ‚¶¥·¢Ò¥, ¨ ¢ ´ ¨¡µ²¥¥ Î¥É±µ° Ëµ·³¥, É ± Ö ¤Ê-
 ²Ó´µ¸ÉÓ ¡Ò²  Ê¸É ´µ¢²¥´  ´  ¶·¨³¥·¥ ´¥±µÉµ·ÒÌ ¤¢Ê³¥·´ÒÌ ¨´É¥£·¨·Ê¥³ÒÌ
±¢ ´Éµ¢µ-¶µ²¥¢ÒÌ ³µ¤¥²¥°,   ¨³¥´´µ: ¥Ð¥ ¢ ¸¥³¨¤¥¸ÖÉÒ¥ £µ¤Ò ¶·µÏ²µ£µ ¸Éµ-
²¥É¨Ö ¡Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ §´ ³¥´¨É Ö ³µ¤¥²Ó ¤¢Ê³¥·´µ£µ ¡µ§µ´´µ£µ ±¢ ´-
Éµ¢µ£µ ¶µ²Ö ®¸¨´Ê¸-ƒµ·¤µ´¯ Ô±¢¨¢ ²¥´É´  ³µ¤¥²¨ ’¨··¨´£  ¤¢Ê³¥·´µ£µ ³ ¸-
¸¨¢´µ£µ Ë¥·³¨µ´´µ£µ ¶µ²Ö ¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ±µ´¸É ´ÉÒ ¢§ ¨³µ¤¥°¸É¢¨Ö
gSG ¨ gT ¢ ÔÉ¨Ì ³µ¤¥²ÖÌ ¸¢Ö§ ´Ò ¸µµÉ´µÏ¥´¨¥³: gSG = 4π/(1 + gT/π).
’ ±¨³ µ¡· §µ³, ¶·¥¤¥² ¸¨²Ó´µ° ¸¢Ö§¨ ¢ ³µ¤¥²¨ ’¨··¨´£  ¸µµÉ¢¥É¸É¢Ê¥É ¶·¥-
¤¥²Ê ¸² ¡µ° ¸¢Ö§¨ ¢ ³µ¤¥²¨ ®¸¨´Ê¸-ƒµ·¤µ´¯, ¨ vice versa. 	µ²¥¥ ±µ´±·¥É´µ
ÔÉ  Ô±¢¨¢ ²¥´É´µ¸ÉÓ ¶·µÖ¢²Ö¥É¸Ö, ´ ¶·¨³¥·, ¢ Éµ³, ÎÉµ ¸µ²¨Éµ´Ò ¢ ³µ¤¥²¨
®¸¨´Ê¸-ƒµ·¤µ´¯ ¢¥¤ÊÉ ¸¥¡Ö ± ± Ë¥·³¨µ´Ò,   ¨Ì ÉµÎ´ Ö ±¢ ´Éµ¢ Ö ³ É·¨Í 
· ¸¸¥Ö´¨Ö ‡ ³µ²µ¤Î¨±µ¢  ³µ¦¥É ¡ÒÉÓ ¶·µ¢¥·¥´  ¶µ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° (¸
¶µ³µÐÓÕ ³¥Éµ¤µ¢, ¨§²µ¦¥´´ÒÌ ¢ ¶¥·¢ÒÌ ¶ÖÉ¨ £² ¢ Ì ±´¨£¨ 	µ£µ²Õ¡µ¢  ¨
˜¨·±µ¢  [1]) ¤²Ö Ô²¥³¥´É ·´ÒÌ ¢µ§¡Ê¦¤¥´¨° ËÊ´¤ ³¥´É ²Ó´µ£µ Ë¥·³¨µ´-
´µ£µ ¶µ²Ö ¢ ³ ¸¸¨¢´µ° É¥µ·¨¨ ’¨··¨´£ . ‘¥° Ë ±É, Ìµ·µÏµ ¨§¢¥¸É´Ò° ¸¶¥-
Í¨ ²¨¸É ³ ¶µ ®±¢ ´Éµ¢µ° ¨´É¥£·¨·Ê¥³µ¸É¨¯, É¥³ ´¥ ³¥´¥¥ ´¥ ¢Ò§Ò¢ ² µ¸µ¡µ£µ
Ô´ÉÊ§¨ §³  ¢ ¸·¥¤¥ ®¶µ²¥¢¨±µ¢¯, ¢µ-¶¥·¢ÒÌ, ¶µÉµ³Ê ÎÉµ ¡Ò² Ê¸É ´µ¢²¥´ ¤²Ö
®´¥Ë¨§¨Î¥¸±¨Ì¯ ¤¢Ê³¥·´ÒÌ ³µ¤¥²¥°,   ¢µ-¢Éµ·ÒÌ, É·¥¡µ¢ ² ¡µ²¥¥ ÉÐ É¥²Ó-
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´µ° ¶·µ¢¥·±¨ ¨ ¨§ÊÎ¥´¨Ö ´  Ê·µ¢´¥ ¶·µ¡²¥³Ò ÉµÎ´µ£µ ¢ÒÎ¨¸²¥´¨Ö ±µ··¥-
²ÖÍ¨µ´´ÒÌ ËÊ´±Í¨° ¢ ¤¢Ê³¥·´ÒÌ ¨´É¥£·¨·Ê¥³ÒÌ ±¢ ´Éµ¢µ-¶µ²¥¢ÒÌ ³µ¤¥²ÖÌ.
�µ¸²¥¤´ÖÖ ¶·µ¡²¥³  µ± § ² ¸Ó Î·¥§¢ÒÎ °´µ ¸²µ¦´µ°, µ±µ´Î É¥²Ó´µ µ´  ´¥
·¥Ï¥´  ¤µ ¸¨Ì ¶µ·, ÌµÉÖ ¨  É ±µ¢ ² ¸Ó ³´µ£¨³¨ ¸¶¥Í¨ ²¨¸É ³¨ ¶µ ³ É¥³ É¨-
Î¥¸±µ° Ë¨§¨±¥ ¸ · §´ÒÌ ¸Éµ·µ´ (µ ¶·¨³¥´¥´¨¨ ´¥±µÉµ·ÒÌ  ¸¶¥±Éµ¢ É¥µ·¨¨
(¤¨´ ³¨Î¥¸±¨Ì) ±¢ ´Éµ¢ÒÌ £·Ê¶¶ ¨ ¸¨³³¥É·¨° ± ¨§ÊÎ¥´¨Õ ¤¢Ê³¥·´ÒÌ ÉµÎ´µ
·¥Ï ¥³ÒÌ ±¢ ´Éµ¢µ-¶µ²¥¢ÒÌ ³µ¤¥²¥° ¸³. ¢ [2, 3]).

ŒµÉ¨¢ ¤Ê ²Ó´µ¸É¨ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö § §¢ÊÎ ² ¢ ¶µ²´ÊÕ ¸¨²Ê ¢
1994 £. ¶µ¸²¥ §´ ³¥´¨ÉÒÌ · ¡µÉ ‚¨ÉÉ¥´ Ä‡ °¡¥·£ , ¢ ±µÉµ·ÒÌ ¡Ò²µ ¸¤¥-
² ´µ ¶·¥¤¶µ²µ¦¥´¨¥ µ ÉµÎ´µ° ¸ ³µ¤Ê ²Ó´µ¸É¨ N = 4 ¸Ê¶¥·¸¨³³¥É·¨Î´µ°
³µ¤¥²¨ Ÿ´£ ÄŒ¨²²¸  (SYM) ¨ É ± ´ §Ò¢ ¥³µ° ÔËË¥±É¨¢´µ° ¤Ê ²Ó´µ¸É¨ ¤²Ö
N = 2 SYM-³µ¤¥²¨ ¢ ·¥ ²Ó´µ³ Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨ (¸· §Ê
µÉ³¥É¨³, ÎÉµ ÔÉ¨ ¤Ê ²Ó´µ¸É¨ µ¡ÒÎ´µ ´ §Ò¢ ÕÉ¸Ö S-¤Ê ²Ó´µ¸ÉÖ³¨ ¨ µ´¨ ·µ¤-
¸É¢¥´´Ò Ô²¥±É·µ³ £´¨É´µ° ¤Ê ²Ó´µ¸É¨ ¢ É¥µ·¨¨ ³ £´¨É´ÒÌ ³µ´µ¶µ²¥° „¨-
· ± Ä˜¢¨´£¥· ). ’µÎ´ Ö ¸ ³µ¤Ê ²Ó´µ¸ÉÓ ¤²Ö N = 4 SYM µ§´ Î ¥É, ÎÉµ
¸µ²¨Éµ´Ò (	�‘(	µ£µ³µ²Ó´Ò°, �· ¸ ¤, ‡µ³³¥·Ë¥²Ó¤)-³ £´¨É´Ò¥ ³µ´µ¶µ²¨)
¢ ÔÉµ° ³µ¤¥²¨ µ¶¨¸Ò¢ ÕÉ¸Ö ËÊ´¤ ³¥´É ²Ó´Ò³¨ ¶µ²Ö³¨ Éµ° ¦¥ É¥µ·¨¨, ´µ
¸ ±µ´¸É ´Éµ° ¢§ ¨³µ¤¥°¸É¢¨Ö g′, ¸¢Ö§ ´´µ° ¸ ¶¥·¢µ´ Î ²Ó´µ° g ¸µµÉ´µÏ¥-
´¨¥³ g′ = 4π/g (¸´µ¢  ¸¨²Ó´ Ö ¸¢Ö§Ó ¢ É¥µ·¨¨ ¸É ´µ¢¨É¸Ö ¸² ¡µ° ¸¢Ö§ÓÕ
¢ µ¤´µ³ ¨§ ¥¥ ¤Ê ²Ó´ÒÌ ¶ ·É´¥·µ¢). ’ ±¨³ µ¡· §µ³, ¸ ³µ¤Ê ²Ó´µ¸ÉÓ µ§´ -
Î ¥É, ÎÉµ ÉµÎ´Ò¥ ±¢ ´Éµ¢Ò¥ ¢ÒÎ¨¸²¥´¨Ö ¢ ³µ¤¥²¨ N = 4 SYM ¤µ²¦´Ò
¤ ¢ ÉÓ ·¥§Ê²ÓÉ ÉÒ, ¨´¢ ·¨ ´É´Ò¥ µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨Ö ±µ´¸É ´ÉÒ
¸¢Ö§¨ g → 4π/g (´  ¸ ³µ³ ¤¥²¥ £·Ê¶¶  ¸¨³³¥É·¨° ¢ ¶·µ¸É· ´¸É¢¥ ¶ · -
³¥É·µ¢ SYM-É¥µ·¨° µ± §Ò¢ ¥É¸Ö ¡µ²¥¥ ¸¨²Ó´µ° ¨ ¸µ¢¶ ¤ ¥É ¸ ³µ¤Ê²Ö·´µ°
£·Ê¶¶µ° SL(2, Z)), ÎÉµ ¨ ¶µ§¢µ²Ö¥É, ¢ ±µ´¥Î´µ³ ¨Éµ£¥, ÉµÎ´µ ¢ÒÎ¨¸²¨ÉÓ ´¥-
±µÉµ·Ò¥ ´¥¶¥·ÉÊ·¡ É¨¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ (´ ¶·¨³¥·, ´¨§±µÔ´¥·£¥É¨Î¥¸±µ¥
ÔËË¥±É¨¢´µ¥ ¤¥°¸É¢¨¥ ¤²Ö N = 4 SYM). „²Ö É¥µ·¨¨ N = 2 SYM, ¢ ±µÉµ·µ°
·¥´µ·³£·Ê¶¶µ¢ Ö ¡¥É -ËÊ´±Í¨Ö ´¥ · ¢´  ´Ê²Õ ¨, ¸²¥¤µ¢ É¥²Ó´µ, ±µ´¸É ´É 
¸¢Ö§¨ Ö¢²Ö¥É¸Ö ¡¥£ÊÐ¥° (É¥µ·¨Ö ·¥´µ·³£·Ê¶¶Ò ¨§²µ¦¥´  ¢ £² ¢¥ 8 ±´¨£¨ [1]),
S-¤Ê ²Ó´µ¸ÉÓ µ§´ Î ¥É, ÎÉµ ·¥´µ·³£·Ê¶¶µ¢Ò¥ É· ¥±Éµ·¨¨ µ£· ´¨Î¥´Ò ËÊ´-
¤ ³¥´É ²Ó´µ° µ¡² ¸ÉÓÕ £·Ê¶¶Ò SL(2, Z) ¢ ¶·µ¸É· ´¸É¢¥ ¶ · ³¥É·µ¢ É¥µ·¨¨.
�É³¥É¨³, ÎÉµ ³¥Éµ¤Ò £ ·³µ´¨Î¥¸±µ£µ ¸Ê¶¥·¶·µ¸É· ´¸É¢ , · §· ¡µÉ ´´Ò¥ ¢
‹’” ‚. ˆ. �£¨¥¢¥Í±¨³ ¨ ¥£µ ÊÎ¥´¨± ³¨, ¤ ÕÉ ¢µ§³µ¦´µ¸ÉÓ ¶·µÖ¸´¨ÉÓ ¢µ§-
´¨±´µ¢¥´¨¥ ¨´¤ÊÍ¨·µ¢ ´´µ£µ £¨¶¥·³Ê²ÓÉ¨¶²¥É´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ É¥µ·¨¨
‚¨ÉÉ¥´ Ä‡ °¡¥·£ .

� ¨¡µ²¥¥ µ¡Ï¨·´µ¥ ¶·¨³¥´¥´¨¥ ¨¤¥¨ ¤Ê ²Ó´µ¸É¨ ´ Ï²¨ ¢ É¥µ·¨ÖÌ ·¥-
²ÖÉ¨¢¨¸É¸±¨Ì ¸É·Ê´. ˆ§¢¥¸É´µ, ÎÉµ ¨³¥´´µ ¸Ê¶¥·¸É·Ê´´Ò¥ É¥µ·¨¨ (±µÉµ·Ò¥
´¥¶·µÉ¨¢µ·¥Î¨¢µ Ëµ·³Ê²¨·ÊÕÉ¸Ö Éµ²Ó±µ ¢ ¤¥¸ÖÉ¨³¥·´µ³ ¶·µ¸É· ´¸É¢¥-¢·¥-
³¥´¨) ¶·¥É¥´¤ÊÕÉ ´  ±µ··¥±É´µ¥ µ¡Ñ¥¤¨´¥´¨¥ ¸É ´¤ ·É´µ° ³µ¤¥²¨ ¨ £· ¢¨É -
Í¨¨, É ± ± ± Éµ²Ó±µ ¢ · ³± Ì ¸Ê¶¥·¸É·Ê´´ÒÌ ³µ¤¥²¥° Ê¤ ¥É¸Ö ¨§¡ ¢¨ÉÓ¸Ö µÉ
£· ¢¨É Í¨µ´´ÒÌ ¨ ± ²¨¡·µ¢µÎ´ÒÌ ±¢ ´Éµ¢ÒÌ  ´µ³ ²¨°. 	µ²¥¥ Éµ£µ, ¨³¥´´µ
¢ · ³± Ì ¸Ê¶¥·¸É·Ê´´ÒÌ É¥µ·¨°, ¶µ-¢¨¤¨³µ³Ê, Ê¤ ¥É¸Ö ·¥Ï¨ÉÓ ¨ ¶·µ¡²¥³Ê
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¶¥·¥´µ·³¨·Ê¥³µ¸É¨ ±¢ ´Éµ¢µ° £· ¢¨É Í¨¨. ‚´ Î ²¥ ¤ ¦¥ ± § ²µ¸Ó, ÎÉµ ¸Ê¶¥·-
¸É·Ê´´ Ö É¥µ·¨Ö, µ¶¨¸Ò¢ ÕÐ Ö ¢¸¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ¶·¨·µ¤¥, ¥¤¨´¸É¢¥´´  ¨
Ê´¨± ²Ó´ . �¤´ ±µ ¤µ¸É ÉµÎ´µ ¡Ò¸É·µ ¡Ò²µ µ¸µ§´ ´µ, ÎÉµ ¶·¨¥³²¥³ÒÌ ¸Ê¶¥·-
¸É·Ê´´ÒÌ É¥µ·¨° ¸²¨Ï±µ³ ³´µ£µ (´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ¨§¢¥¸É´µ ¶ÖÉÓ É ±¨Ì
É¥µ·¨°: É¨¶  I, IIA, IIB ¨ SO(32), E8×E8 £¥É¥·µÉ¨Î¥¸±¨¥ ³µ¤¥²¨) ¨ µ´¨, ± -
§ ²µ¸Ó ¡Ò, ¸²¨Ï±µ³ · §´Ò¥, ÎÉµ¡Ò £µ¢µ·¨ÉÓ µ ´¥±µÉµ·µ³ ¥¤¨´¸É¢¥ µ¶¨¸ ´¨Ö
± ·É¨´Ò ³¨· . ‚µÉ §¤¥¸Ó ¨¤¥¨ ¤Ê ²Ó´µ¸É¨ ¨ ¶·µ§¢ÊÎ ²¨ ¢ ± Î¥¸É¢¥ £² ¢´µ£µ
µ¡Ñ¥¤¨´¨É¥²Ó´µ£µ ³µÉ¨¢ .

	Ò²µ ¢Ò¸± § ´µ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¢¸¥ ¶·¨¥³²¥³Ò¥ ¸Ê¶¥·¸É·Ê´´Ò¥ É¥-
µ·¨¨ Å ¸ÊÉÓ ¤Ê ²Ó´Ò¥ ¶ ·É´¥·Ò ´¥±µÉµ·µ° ¥¤¨´µ° £¨¶µÉ¥É¨Î¥¸±µ° É¥µ·¨¨,
´ §¢ ´´µ° M -É¥µ·¨¥°. ’µ³Ê ¥¸ÉÓ ³´µ¦¥¸É¢µ ¶µ¤É¢¥·¦¤¥´¨°, ´µ ´¥É ¸É·µ£µ£µ
¤µ± § É¥²Ó¸É¢ . ‚ ± Î¥¸É¢¥ µ¤´µ£µ ¨§ ¶µ¤É¢¥·¦¤¥´¨° Ê± ¦¥³ ´  µÉ±·ÒÉ¨¥ ¢
T -¤Ê ²Ó´ÒÌ ¸É·Ê´´ÒÌ É¥µ·¨ÖÌ (¢ ±µÉµ·ÒÌ Î ¸ÉÓ ²¨Ï´¨Ì ¶·µ¸É· ´¸É¢¥´´ÒÌ
¨§³¥·¥´¨° ±µ³¶ ±É¨Ë¨Í¨·µ¢ ´  ´  Éµ·Ò) ´¥¶¥·ÉÊ·¡ É¨¢´ÒÌ p-³¥·´ÒÌ ¶·µ-
ÉÖ¦¥´´ÒÌ ±µ´Ë¨£Ê· Í¨°, ´ §Ò¢ ¥³ÒÌ D-(¸Ê¶¥·)¡· ´ ³¨ (p < 10; ¥¸²¨ p = 1,
Éµ ¸Ê¶¥·¡· ´  ¢Ò£²Ö¤¨É ± ± ¸Ê¶¥·¸É·Ê´ ). �É¨ ±µ´Ë¨£Ê· Í¨¨, Ô¢µ²ÕÍ¨µ´¨·ÊÖ
¢µ ¢·¥³¥´¨, § ³¥É ÕÉ p + 1-³¥·´Ò¥ £¨¶¥·¶µ¢¥·Ì´µ¸É¨, ¢ ±µÉµ·ÒÌ, ´¥ µÉ·Ò-
¢ Ö¸Ó ¢µ ¢´¥Ï´¥¥ ¶·µ¸É· ´¸É¢µ, ¸¢µ¡µ¤´µ ¸±µ²Ó§ÖÉ ÉµÎ±¨ ±µ´Íµ¢ µÉ±·ÒÉÒÌ
¸Ê¶¥·¸É·Ê´. �É¨ ¦¥ ±µ´Ë¨£Ê· Í¨¨ ¡Ò²¨ ´ °¤¥´Ò ¨ ± ± ±² ¸¸¨Î¥¸±¨¥ ·¥Ï¥´¨Ö
(É¨¶  ¤µ³¥´´ÒÌ ¸É¥´µ± ¨ ¢¨Ì·¥°) ¢ ¤¥¸ÖÉ¨³¥·´µ° ¶µ²¥¢µ° É¥µ·¨¨ ¸Ê¶¥·£· ¢¨-
É Í¨¨ (¸  ´É¨¸¨³³¥É·¨Î´Ò³¨ É¥´§µ·´Ò³¨ ¶µ²Ö³¨ ³ É¥·¨¨), ±µ´¸É·Ê¨·Ê¥³µ°
¨§ É¥µ·¨° ¸Ê¶¥·¸É·Ê´ ¢ ¸¶¥Í¨ ²Ó´µ³ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ³ ¶·¥¤¥²¥, ÎÉµ ¤¥-
³µ´¸É·¨·Ê¥É ¥¤¨´¸É¢µ ¸¶¥±É·  ¢µ§¡Ê¦¤¥´¨° ¢µ ¢¸¥Ì ¸Ê¶¥·¸É·Ê´´ÒÌ É¥µ·¨ÖÌ
(M -É¥µ·¨Ö Å ÔÉµ É¥µ·¨Ö, ¶·¨§¢ ´´ Ö µ¶¨¸Ò¢ ÉÓ ¢¸¥ ¶·µÉÖ¦¥´´Ò¥ ±µ´Ë¨£Ê-
· Í¨¨, ¢±²ÕÎ Ö ¨ ¸Ê¶¥·¸É·Ê´Ò, ¥¤¨´Ò³ µ¡· §µ³).

‡ ³¥Î É¥²Ó´µ, ÎÉµ ¥¸²¨ · ¸¸³µÉ·¥ÉÓ ³µ¤¥²Ó µ·¨¥´É¨·µ¢ ´´ÒÌ µÉ±·ÒÉÒÌ
¸Ê¶¥·¸É·Ê´ ¢ ¶·¨¸ÊÉ¸É¢¨¨ n-±µ¶¨° ¶ · ²²¥²Ó´ÒÌ Î¥ÉÒ·¥Ì³¥·´ÒÌ £¨¶¥·¶µ-
¢¥·Ì´µ¸É¥° ¤²Ö 3D-¡· ´, Éµ µ± §Ò¢ ¥É¸Ö, ÎÉµ ¤ ´´ Ö ³µ¤¥²Ó ¸µ¤¥·¦¨É ¢
¸¢µ¥³ ¸¶¥±É·¥ U(n)-¸¶µ´É ´´µ ´ ·ÊÏ¥´´ÊÕ ± ²¨¡·µ¢µÎ´ÊÕ SYM-É¥µ·¨Õ,
¶·¨Î¥³ ± ²¨¡·µ¢µÎ´µ¥ ¶µ²¥ Aij

µ (µ Å ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° ¨´¤¥±¸;
i, j = 1, . . . , n Å ¨´¤¥±¸Ò ËÊ´¤ ³¥´É ²Ó´µ£µ ¶·¥¤¸É ¢²¥´¨Ö ± ²¨¡·µ¢µÎ´µ°
£·Ê¶¶Ò) µ¶¨¸Ò¢ ¥É¸Ö µÉ±·ÒÉµ° ¸Ê¶¥·¸É·Ê´µ°, ±µÉµ· Ö ´ Î¨´ ¥É¸Ö ´  ¡· ´¥ ¸
´µ³¥·µ³ i ¨ § ± ´Î¨¢ ¥É¸Ö ´  ¡· ´¥ ¸ ´µ³¥·µ³ j. Œ ¸ÏÉ ¡ ¸¶µ´É ´´µ£µ ´ -
·ÊÏ¥´¨Ö µ¶·¥¤¥²Ö¥É¸Ö · ¸¸ÉµÖ´¨¥³ ³¥¦¤Ê ¶ · ²²¥²Ó´Ò³¨ ¡· ´ ³¨. ‡ ¡ ¢´µ,
ÎÉµ É ± Ö ¦¥ ±µ´¸É·Ê±Í¨Ö ´¥ ¡¥²¥¢  ± ²¨¡·µ¢µÎ´µ£µ ¶µ²Ö ¤²Ö n = 2 ¡Ò² 
¶·¥¤²µ¦¥´  ¢ ¸¢µ¥ ¢·¥³Ö �. Šµ´µ³ ¶·¨ ¶µ¸É·µ¥´¨¨ Ô²¥±É·µ¸² ¡µ° É¥µ·¨¨ ¢
· ³± Ì ´¥±µ³³ÊÉ É¨¢´µ° £¥µ³¥É·¨¨ (¸µ¢¥·Ï¥´´µ ¨§ ¤·Ê£¨Ì ¸µµ¡· ¦¥´¨° ¨
¡¥§ ¨¸¶µ²Ó§µ¢ ´¨Ö É¥Ì´µ²µ£¨¨ D-¡· ´). …¸²¨ n ±µ¶¨° Î¥ÉÒ·¥Ì³¥·´ÒÌ ¶µ-
¢¥·Ì´µ¸É¥° ¤²Ö 3D-¡· ´ ¸µ¢³¥¸É¨ÉÓ, Éµ ´  ¶µ²ÊÎ¨¢Ï¥³¸Ö ®¸²µ¥´µ³¯ Î¥ÉÒ-
·¥Ì³¥·´µ³ ³´µ£µµ¡· §¨¨ ¢µ§´¨± ¥É ´¥´ ·ÊÏ¥´´ Ö N = 4 SYM-³µ¤¥²Ó ¸ ´¥-
²¨´¥°´Ò³ ² £· ´¦¨ ´µ³, ¶µ²´Ò° ¢¨¤ ±µÉµ·µ£µ ¤µ ¸¨Ì ¶µ· ´¥¨§¢¥¸É¥´ (É¨¶ 
´¥ ¡¥²¥¢  µ¡µ¡Ð¥´¨Ö ² £· ´¦¨ ´  	µ·´ Äˆ´Ë¥²Ó¤ , µ N = 4 ³µ¤¥²¨ 	µ·´ Ä
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ˆ´Ë¥²Ó¤  ¸³. ¸É ÉÓÕ …. ˆ¢ ´µ¢  ¨ ‘. Š·¨¢µ´µ¸  ®‘¶µ´É ´´µ¥ ´ ·ÊÏ¥´¨¥ ¸Ê-
¶¥·¸¨³³¥É·¨¨ ¨ ¸Ê¶¥·¡· ´Ò¯ ¢ ÔÉµ³ ¢Ò¶Ê¸±¥).

‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ±µ²µ¸¸ ²Ó´Ò° ¨´É¥·¥¸ ¢Ò§¢ ²  ¨¤¥Ö ¤Ê ²Ó´µ¸É¨ ³¥¦¤Ê
´¨§±µÔ´¥·£¥É¨Î¥¸±¨³ ¶·¥¤¥²µ³ ¢ É¥µ·¨¨ ¸É·Ê´ ¢ Ëµ·³¥ ±² ¸¸¨Î¥¸±µ° N = 8
¸Ê¶¥·£· ¢¨É Í¨¨ ´  10-³¥·´µ³ ¶·µ¸É· ´¸É¢¥, ¨³¥ÕÐ¥³ ¸É·Ê±ÉÊ·Ê AdS5×S5,
¨ N = 4 4-³¥·´µ° ¸Ê¶¥·¸¨³³¥É·¨Î´µ° ±¢ ´Éµ¢µ° É¥µ·¨¥° Ÿ´£ ÄŒ¨²²¸ .
‡¤¥¸Ó AdS5 µ¡µ§´ Î ¥É 5-³¥·´µ¥ ¶·µ¸É· ´¸É¢µ  ´É¨-¤¥ ‘¨ÉÉ¥· , ¨³¥ÕÐ¥¥ ¶µ-
¸ÉµÖ´´ÊÕ µÉ·¨Í É¥²Ó´ÊÕ ±·¨¢¨§´Ê,   S5 Å ¥¸ÉÓ 5-³¥·´ Ö £¨¶¥·¸Ë¥· . N = 4
¸Ê¶¥·¸¨³³¥É·¨Î´ Ö É¥µ·¨Ö Ÿ´£ ÄŒ¨²²¸  Ö¢²Ö¥É¸Ö ±µ´Ëµ·³´µ° É¥µ·¨¥° ¶µ²Ö,
¶µÔÉµ³Ê ¤ ´´Ò° É¨¶ ¤Ê ²Ó´µ¸É¨ ¶µ²ÊÎ¨² ´ §¢ ´¨¥ AdS/CFT -¸µµÉ¢¥É¸É¢¨Ö.
‘É·µ£µ £µ¢µ·Ö, AdS/CFT -¸µµÉ¢¥É¸É¢¨¥ ´¥ Ö¢²Ö¥É¸Ö ¤Ê ²Ó´µ¸ÉÓÕ ¢ ¶·¨¢ÒÎ-
´µ³ ¸³Ò¸²¥, ¶µ¸±µ²Ó±Ê ¸¢Ö§Ò¢ ¥É É¥µ·¨¨ ¢ · §´ÒÌ ¨§³¥·¥´¨ÖÌ. Šµ´Ëµ·³-
´ Ö É¥µ·¨Ö §¤¥¸Ó ·¥ ²¨§Ê¥É¸Ö ± ± É¥µ·¨Ö ¶µ²Ö ´  ±µ´Ëµ·³´µ° £· ´¨Í¥ ¶·µ-
¸É· ´¸É¢   ´É¨-¤¥ ‘¨ÉÉ¥·  (É. ¥., ¶µ ¸ÊÉ¨, ´   ¸¨³¶ÉµÉ¨Î¥¸±µ° ¡¥¸±µ´¥Î´µ¸É¨
AdS5). �µÔÉµ³Ê µ¡ AdS/CFT -¸µµÉ¢¥É¸É¢¨¨ Î ¸Éµ £µ¢µ·ÖÉ ± ± µ £µ²µ£· -
Ë¨Î¥¸±µ³ µÉµ¡· ¦¥´¨¨, ¶µ¤· §Ê³¥¢ Ö, ÎÉµ ±µ´Ëµ·³´ Ö É¥µ·¨Ö ´  £· ´¨Í¥
Ö¢²Ö¥É¸Ö ± ± ¡Ò £µ²µ£· Ë¨Î¥¸±¨³ ®¸²¥¶±µ³¯ É¥µ·¨¨ ¢µ ¢´ÊÉ·¥´´¥° µ¡² ¸É¨
5-³¥·´µ£µ ¶·µ¸É· ´¸É¢   ´É¨-¤¥ ‘¨ÉÉ¥· . •µÉÖ ¸ ³µ ¸µµÉ¢¥É¸É¢¨¥ ´¥ Ö¢²Ö¥É¸Ö
¸É·µ£µ ¤µ± § ´´Ò³,   ´µ¸¨É ¸É ÉÊ¸ ¶·¥¤¶µ²µ¦¥´¨Ö, ¥£µ ¸²¥¤¸É¢¨Ö ¢Ò£²Ö¤ÖÉ
¸²¨Ï±µ³ ¨´É·¨£ÊÕÐ¨³¨, ÎÉµ¡Ò ¨§¡¥¦ ÉÓ ¸¶¥±Ê²ÖÍ¨°.

ˆ¤¥Ö µ £µ²µ£· Ë¨¨ ¢¶¥·¢Ò¥ ¡Ò²  ¸Ëµ·³Ê²¨·µ¢ ´  É' •µËÉµ³ ¢ ¢¨¤¥
´ ¡²Õ¤¥´¨Ö µ Éµ³, ÎÉµ ¢ ±¢ ´Éµ¢µ° £· ¢¨É Í¨¨ ¤µ²¦´  ¶·µ¨¸Ìµ¤¨ÉÓ ·¥¤Ê±Í¨Ö
Î¨¸²  ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò. Š²ÕÎ¥¢ÊÕ ·µ²Ó §¤¥¸Ó ¨£· ÕÉ Î¥·´Ò¥ ¤Ò·Ò, ±µÉµ·Ò¥,
± ± ¸Î¨É ¥É¸Ö, µ¡² ¤ ÕÉ ¢´ÊÉ·¥´´¥° Ô´É·µ¶¨¥°. Œ¥·µ° Ô´É·µ¶¨¨ Ö¢²Ö¥É¸Ö
¶²µÐ ¤Ó ¶µ¢¥·Ì´µ¸É¨ £µ·¨§µ´É  Î¥·´µ° ¤Ò·Ò ¨ ¶µÔÉµ³Ê ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥
¸É¥¶¥´¨ ¸¢µ¡µ¤Ò ¤µ²¦´Ò ´ Ìµ¤¨ÉÓ¸Ö ´  £µ·¨§µ´É¥. …¸²¨ ¶µ¤¸Î¨ÉÒ¢ ÉÓ ¸µ¸Éµ-
Ö´¨Ö ¢ ±ÊÊ³  ¢ µ¡ÒÎ´µ° É¥µ·¨¨ ¶µ²Ö ¢´ÊÉ·¨ ´¥±µÉµ·µ£µ µ¡Ñ¥³ , Éµ ´Ê¦´µ
Ëµ·³ ²Ó´µ ÊÎ¥¸ÉÓ ¨ ¸µ¸ÉµÖ´¨Ö ¸µ ¸±µ²Ó Ê£µ¤´µ ¡µ²ÓÏµ° Ô´¥·£¨¥°. �  ¸ ³µ³
¤¥²¥, É ±¨¥ ¸µ¸ÉµÖ´¨Ö ´¥ ³µ£ÊÉ ·¥ ²¨§µ¢Ò¢ ÉÓ¸Ö Ë¨§¨Î¥¸±¨. �·¨ µ¶·¥¤¥²¥´-
´µ° Ô´¥·£¨¨ £· ¢¨É Í¨µ´´Ò° · ¤¨Ê¸ É ±µ£µ ¸µ¸ÉµÖ´¨Ö ¶·¥¢ÒÏ ¥É · §³¥· · ¸-
¸³ É·¨¢ ¥³µ° µ¡² ¸É¨ ¨ ¸¨¸É¥³  ±µ²² ¶¸¨·Ê¥É ¸ µ¡· §µ¢ ´¨¥³ Î¥·´µ° ¤Ò·Ò.
‚ ÔÉµ° ¸¨ÉÊ Í¨¨ Ê¦¥ ´¥²Ó§Ö £µ¢µ·¨ÉÓ, ÎÉµ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò, µÉ¢¥Î ÕÐ¨¥ É -
±¨³ ¸µ¸ÉµÖ´¨Ö³, ²µ± ²¨§µ¢ ´Ò ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥. Š ± ¨ ¢ ¸²ÊÎ ¥ Î¥·´µ°
¤Ò·Ò, ¨Ì ¶µ²µ¦¥´¨¥ ¤µ²¦´µ µ¶·¥¤¥²ÖÉÓ¸Ö ´¥±µÉµ·µ° ¶µ¢¥·Ì´µ¸ÉÓÕ, ¢Ò¡· ´-
´µ° ¶µ¤Ìµ¤ÖÐ¨³ µ¡· §µ³. ˆ¸Ìµ¤Ö ¨§ ÔÉµ£µ, É' •µËÉ ¨ ‘ ¸¸±¨´¤ ¸Ëµ·³Ê²¨-
·µ¢ ²¨ £µ²µ£· Ë¨Î¥¸±¨° ¶·¨´Í¨¶, ¸µ£² ¸´µ ±µÉµ·µ³Ê ±¢ ´Éµ¢ Ö £· ¢¨É Í¨Ö ¢
±µ´¥Î´µ° µ¡² ¸É¨ ¤µ²¦´  ¨³¥ÉÓ Ô±¢¨¢ ²¥´É´µ¥ µ¶¨¸ ´¨¥ ¢ É¥·³¨´ Ì É¥µ·¨¨
¶µ²Ö ¢ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨ ´  ¥¤¨´¨ÍÊ ³¥´ÓÏ¥° · §³¥·´µ¸É¨. AdS/CFT -
¸µµÉ¢¥É¸É¢¨¥ Ö¢²Ö¥É¸Ö ¢µ§³µ¦´µ° ·¥ ²¨§ Í¨¥° ÔÉµ° ¨¤¥¨.

�µÖ¢²¥´¨¥ ¶·µ¸É· ´¸É¢   ´É¨-¤¥ ‘¨ÉÉ¥·  ´¥ Ö¢²Ö¥É¸Ö ¸²ÊÎ °´Ò³. „¥²µ
¢ Éµ³, ÎÉµ µÉ·¨Í É¥²Ó´ Ö ±·¨¢¨§´  ÔËË¥±É¨¢´µ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ £· -
¢¨É Í¨Ö ´  AdS Ô±¢¨¢ ²¥´É´  £· ¢¨É Í¨¨ ¢ ±µ´¥Î´µ³ µ¡Ñ¥³¥ ¸ Ì · ±É¥·´Ò³
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· §³¥·µ³ ¶µ·Ö¤±  l , £¤¥ l Å · ¤¨Ê¸ ±·¨¢¨§´Ò AdS. ˆ³¥´´µ ¶µÔÉµ³Ê £µ²µ£· -
Ë¨Î¥¸±¨° ¶·¨´Í¨¶ ¶·¨³¥´¨³ ¢ ÔÉµ° ¸¨ÉÊ Í¨¨, ÌµÉÖ AdS ¨ Ö¢²Ö¥É¸Ö ¡¥¸±µ-
´¥Î´Ò³ ¶·µ¸É· ´¸É¢µ³. �µ ÔÉµ ¥Ð¥ ´¥ ¢¸¥. „ ´´µ¥ ¸¢µ°¸É¢µ AdS-£· ¢¨É Í¨¨
³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö ¶µ¸É·µ¥´¨Ö ³¥Ì ´¨§³   ²ÓÉ¥·´ É¨¢´µ° ±µ³¶ ±É¨Ë¨-
± Í¨¨ Š ²Ê§ÒÄŠ²¥°´ . ’µ²Î±µ³ ± ¨É¥´¸¨¢´µ³Ê ¨§ÊÎ¥´¨Õ ÔÉµ° ¨¤¥¨ (¢ ´¥±µ-
Éµ·µ³ ¸³Ò¸²¥ ÔÉµÉ ¶µ¤Ìµ¤ ·¥ ´¨³¨·Ê¥É ¸É ·Ò¥ ¨¤¥¨ �Ê¡ ±µ¢ Ä˜ ¶µÏ´¨±µ¢ 
µ¡ Ê¤¥·¦ ´¨¨ ³ É¥·¨¨ ´  ¤µ³¥´´µ° ¸É¥´±¥) ¶µ¸²Ê¦¨²¨ · ¡µÉÒ �Ô´¤ ²² ¨
‘ ´¤·Ê³ , ±µÉµ·Ò¥ ¶µ± § ²¨, ÎÉµ ´µ¢Ò° ³¥Ì ´¨§³ ¤ ¥É ´ ¤¥¦¤Ê ´  ·¥Ï¥´¨¥
¶·µ¡²¥³Ò ¨¥· ·Ì¨¨ ³ ¸ÏÉ ¡µ¢. ‚ µ¡Ð¨Ì Î¥·É Ì ¨¤¥Ö ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ
´ Ï 4-³¥·´Ò° ³¨· ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¤µ³¥´´ÊÕ ¸É¥´±Ê ¨²¨ ¡· ´Ê
¢ 5-³¥·´µ³ ¶·µ¸É· ´¸É¢¥  ´É¨-¤¥ ‘¨ÉÉ¥· . �ÖÉµ¥ ¨§³¥·¥´¨¥ ¨³¥¥É ÔËË¥±-
É¨¢´Ò° · §³¥·, µ¶·¥¤¥²Ö¥³Ò° 5-³¥·´Ò³ · ¤¨Ê¸µ³ ±·¨¢¨§´Ò l . ‚ ¶·¨´Í¨¶¥,
£· ¢¨É Í¨Ö Ö¢²Ö¥É¸Ö 5-³¥·´µ°, ´µ ¢ ´ Ï¥³ ³¨·¥ (´  ¡· ´¥) µ´  ¢Ò£²Ö¤¨É ± ±
£· ¢¨É Í¨Ö �°´ÏÉ¥°´ , ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö Éµ²Ó±µ ´  · ¸¸ÉµÖ´¨ÖÌ ¶µ·Ö¤± 
· ¤¨Ê¸  ±µ³¶ ±É¨Ë¨± Í¨¨ l . (�¥±µÉµ·µ¥ µ¡¸Ê¦¤¥´¨¥ ¨ ¸¸Ò²±¨ ¶µ ÔÉµ° É¥³¥
³µ¦´µ ´ °É¨ ¢ [4].) �¥É·¨¢¨ ²Ó´Ò³ ³µ³¥´Éµ³ §¤¥¸Ó Ö¢²Ö¥É¸Ö Éµ, ÎÉµ · ¤¨Ê¸
±µ³¶ ±É¨Ë¨± Í¨¨ ¢ ³µ¤¥²¨ �Ô´¤ ²² ¨ ‘ ´¤·Ê³  ´¥ µ¡Ö§ ´ ¡ÒÉÓ ¸²¨Ï±µ³ ³ -
²Ò³, ¶µÔÉµ³Ê Ë¨§¨Î¥¸±¨¥ ÔËË¥±ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ 5-³¥·¨¥³, ¢ ¶·¨´Í¨¶¥, ³µ£ÊÉ
¡ÒÉÓ ¤µ¸ÉÊ¶´Ò Ê¸±µ·¨É¥²Ö³ ´µ¢µ£µ ¶µ±µ²¥´¨Ö.

…Ð¥ µ¤´¨³ ¶µ¶Ê²Ö·´Ò³ ³µÉ¨¢µ³ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¸É ²µ ¨§ÊÎ¥´¨¥
± ²¨¡·µ¢µÎ´ÒÌ ³µ¤¥²¥° ´  ´¥±µ³³ÊÉ É¨¢´ÒÌ ¶·µ¸É· ´¸É¢ Ì. ‘ ³  ¶µ ¸¥¡¥
¨¤¥Ö · ¸¸³µÉ·¥´¨Ö É¥µ·¨° ¶µ²Ö ´  ´¥±µ³³ÊÉ É¨¢´ÒÌ ¶·µ¸É· ´¸É¢ Ì ¤ ²¥±µ
´¥ ´µ¢  ¨ ¢µ¸Ìµ¤¨É ± · ¡µÉ ³, µ¡¸Ê¦¤ ¢Ï¨³ ¢µ§³µ¦´µ¸ÉÓ ¶µ¸É·µ¥´¨Ö É¥µ·¨¨
Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö ¢ ²µ·¥´Í-¨´¢ ·¨ ´É´µ³ ±¢ ´Éµ¢µ³ ¶·µ¸É· ´¸É¢¥-¢·¥-
³¥´¨ [5]. ’¥ ¦¥ ¨¤¥¨ ¢µ§´¨± ²¨ ¨ ¢ · ³± Ì ¨§ÊÎ¥´¨Ö ´¥±µ³³ÊÉ É¨¢´µ°
¤¨ËË¥·¥´Í¨ ²Ó´µ° £¥µ³¥É·¨¨ ¨ É¥µ·¨¨ ±¢ ´Éµ¢ÒÌ ¸¨³³¥É·¨° [6]. ‚ É¥µ-
·¨ÖÌ ¸Ê¶¥·¸É·Ê´ ¨³¥¥É¸Ö ¤¢  ¨¸ÉµÎ´¨±  ¢µ§´¨±´µ¢¥´¨Ö ´¥±µ³³ÊÉ É¨¢´µ¸É¨
¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. �¥·¢Ò° ¨§ ´¨Ì ¸¢Ö§ ´ ¸ ±µ³¶ ±É¨Ë¨± Í¨¥° ¢ ³ É·¨Î-
´µ³ (¤¨¸±·¥É´µ³)  ´ ²µ£¥ ¸Ê¶¥·¸É·Ê´´ÒÌ É¥µ·¨° (É ± ´ §Ò¢ ¥³Ò° M - É·¨±¸-
É¥µ·¨¨) ²¨Ï´¨Ì ¶·µ¸É· ´¸É¢¥´´ÒÌ ¨§³¥·¥´¨° ´  ´¥±µ³³ÊÉ É¨¢´Ò¥ Éµ·Ò ¢
¶·¨¸ÊÉ¸É¢¨¨ ´¥¨¸Î¥§ ÕÐ¥£µ  ´É¨¸¨³³¥É·¨Î´µ£µ É¥´§µ·´µ£µ ¶µ²Ö É·¥ÉÓ¥£µ
· ´£  Cµνρ. ‚Éµ·µ° ¨¸ÉµÎ´¨± ¸¢Ö§ ´ ¸ ¨§ÊÎ¥´¨¥³ ¤¨´ ³¨±¨ µÉ±·ÒÉÒÌ ¸É·Ê´,
±µ´ÍÒ ±µÉµ·ÒÌ ¤¢¨¦ÊÉ¸Ö ¶µ ³¨·µ¢µ³Ê µ¡Ñ¥³Ê D-¡· ´, ¢ ¶·¨¸ÊÉ¸É¢¨¨ ±µ´-
¸É ´É´µ£µ  ´É¨¸¨³³¥É·¨Î´µ£µ Bµν-¶µ²Ö. ‚ µ¡µ¨Ì ¸²ÊÎ ÖÌ Î ¸ÉÓ ±µµ·¤¨´ É
¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ (µ¡µ§´ Î¨³ Î¨¸²µ É ±¨Ì ±µµ·¤¨´ É d) ¸É ´µ¢ÖÉ¸Ö ´¥-
±µ³³ÊÉ É¨¢´Ò³¨ ¨ µ¡· §ÊÕÉ, ¢ ¶¥·¢µ³ ¸²ÊÎ ¥,  ²£¥¡·Ê ±¢ ´Éµ¢µ£µ d-³¥·´µ£µ
Éµ· 

Uµ Uν = exp (2π i θµν) Uν Uµ , µ, ν = 1, . . . , d, (1)

  ¢µ ¢Éµ·µ³ ¸²ÊÎ ¥ Ö¢²ÖÕÉ¸Ö ¶·µ¤µ²Ó´Ò³¨ ±µµ·¤¨´ É ³¨ ¢ ³¨·µ¢µ³ µ¡Ñ¥³¥
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D-p-¡· ´Ò ¨ µ¡· §ÊÕÉ d = p + 1-³¥·´ÊÕ  ²£¥¡·Ê ±¢ ´Éµ¢ÒÌ µ¸Í¨²²ÖÉµ·µ¢

[xµ, xν ] = −2π i θµν . (2)

‚ µ¡µ¨Ì ¸²ÊÎ ÖÌ θµν = −θνµ Ö¢²ÖÕÉ¸Ö ±µ´¸É ´É´Ò³¨ ¢¥Ð¥¸É¢¥´´Ò³¨ ³ É·¨-
Í ³¨, ±µÉµ·Ò¥ µ¶·¥¤¥²ÖÕÉ¸Ö, ¢ ¶¥·¢µ³ ¸²ÊÎ ¥, § ·Ö¤ ³¨, ¸¢Ö§ ´´Ò³¨ ¸ ´ ¶·Ö-
¦¥´´µ¸ÉÓÕ Cµνρ,   ¢µ ¢Éµ·µ³ ¸²ÊÎ ¥ Ë¨±¸¨·ÊÕÉ¸Ö ±µ´¸É ´É ³¨ Bµν . �²£¥¡· 
(1) ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ (¸ ¶µ³µÐÓÕ Ëµ·³Ê²Ò Uµ = exp (i xµ)) ¢±² ¤Ò¢ -
¥É¸Ö ¢  ²£¥¡·Ê (2), ¶µ¶µ²´¥´´ÊÕ Ëµ·³ ²Ó´Ò³¨ ·Ö¤ ³¨. �µ²Ö ´  ±¢ ´Éµ¢ÒÌ
¶·µ¸É· ´¸É¢ Ì (1) ¨ (2) ·¥ ²¨§ÊÕÉ¸Ö ± ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥  ²£¥¡·Ò ËÊ´±Í¨°
¨ É ±¦¥ ¸É ´µ¢ÖÉ¸Ö ´¥±µ³³ÊÉ É¨¢´Ò³¨. �¤´ ±µ Ê¤µ¡´µ ¶¥·¥Ëµ·³Ê²¨·µ¢ ÉÓ
´¥±µ³³ÊÉ É¨¢´µ¸ÉÓ ¶µ²¥° (ËÊ´±Í¨° µÉ xµ) ´  Ö§Ò±¥, ¶·¨´ÖÉµ³ ¢ É¥µ·¨¨ ¤¥-
Ëµ·³ Í¨µ´´µ£µ ±¢ ´Éµ¢ ´¨Ö, É. ¥. ¸ ³¨ ¶µ²Ö ¸Î¨É ÉÓ ±µ³³ÊÉ É¨¢´Ò³¨, ´µ ¨Ì
Ê³´µ¦¥´¨¥ ¶¥·¥µ¶·¥¤¥²¨ÉÓ ¸ ¶µ³µÐÓÕ ¸¶¥Í¨ ²Ó´µ£µ ´¥±µ³³ÊÉ É¨¢´µ£µ (´µ
 ¸¸µÍ¨ É¨¢´µ£µ) ³µ°²µ¢¸±µ£µ ¶·µ¨§¢¥¤¥´¨Ö

A(x) ∗ B(x) = A(x) exp (−
←
∂ µ (π i θµν)

→
∂ ν)B(x). (3)

�Éµ µ¶·¥¤¥²¥´¨¥ ¸µ£² ¸µ¢ ´µ ¸ (2), ¥¸²¨ ¸Î¨É ÉÓ, ÎÉµ [xµ, xν ] ≡ xµ ∗ xν −
xν ∗xµ. �É³¥É¨³, ÎÉµ  ´ ²µ£ ¶·µ¨§¢¥¤¥´¨Ö (3) ¤²Ö ´¥±µ´¸É ´É´ÒÌ ¶Ê ¸¸µ´µ¢-
¸±¨Ì ³ É·¨Í θµν(x) (ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Õ ´¥±µ´¸É ´É´µ£µ ¶µ²Ö Bµν(x))
¸É·µ¨É¸Ö ¢ · ³± Ì Ëµ·³ ²Ó´µ° É¥µ·¨¨ Œ. Šµ´Í¥¢¨Î  ¨ ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´ ¸
¶µ³µÐÓÕ ´¥±µÉµ·µ° Éµ¶µ²µ£¨Î¥¸±µ° É¥µ·¨¨ ¶µ²Ö. �µ²Ó§ÊÖ¸Ó ¶·µ¨§¢¥¤¥´¨¥³
(3) Ê¦¥ ²¥£±µ Ö¢´µ ¶·¥¤ÑÖ¢¨ÉÓ ´¥±µ³³ÊÉ É¨¢´ÊÕ É¥µ·¨Õ, ´ ¶·¨³¥· ¤²Ö U(1)
± ²¨¡·µ¢µÎ´µ£µ ¶µ²Ö Aµ(x), ¸ ¤¥°¸É¢¨¥³

S =
∫

ddx (Fµν ∗ Fµν) , Fµν := ∂µAν + Aµ ∗ Aν − (µ ↔ ν), (4)

±µÉµ·µ¥, ± ± ²¥£±µ ¶·µ¢¥·¨ÉÓ, ¨´¢ ·¨ ´É´µ µÉ´µ¸¨É¥²Ó´µ ´¥±µ³³ÊÉ É¨¢´µ£µ
U(1)-¶·¥µ¡· §µ¢ ´¨Ö ¸ ± ²¨¡·µ¢µÎ´Ò³ ¶ · ³¥É·µ³ Λ(x):

δAµ(x) = Aµ(x) ∗ Λ(x) − Λ(x) ∗ Aµ(x) + ∂µ Λ(x). (5)

‡ ³¥É¨³, ÎÉµ, ´¥¸³µÉ·Ö ´  ¸¢µ¥ ´¥±µ³³ÊÉ É¨¢´µ¥ ¶·µ¨¸Ìµ¦¤¥´¨¥, ³µ¤¥²Ó ¸
¤¥°¸É¢¨¥³ (4) Ö¢²Ö¥É¸Ö µ¡ÒÎ´µ° ´¥²µ± ²Ó´µ° É¥µ·¨¥° ¶µ²Ö ¸ ¢Ò¸Ï¨³¨ ¶·µ¨§-
¢µ¤´Ò³¨, µ¶¨¸Ò¢ ÕÐ¥° ¢§ ¨³µ¤¥°¸É¢¨¥ ® ¡¥²¥¢ ¯ ¶µ²Ö Aµ ¸ ¢´¥Ï´¨³ ¶µ²¥³
Bµν . 	µ²¥¥ Éµ£µ, ® ¡¥²¥¢µ¯ ¶µ²¥ Aµ Ö¢²Ö¥É¸Ö ¸ ³µ¤¥°¸É¢ÊÕÐ¨³,   ¥£µ ¸ ³µ-
¤¥°¸É¢¨¥ ¸±µ·¥¥ ´ ¶µ³¨´ ¥É ¸ ³µ¤¥°¸É¢¨¥ ´¥ ¡¥²¥¢ÒÌ ± ²¨¡·µ¢µÎ´ÒÌ ¶µ²¥°,
ÎÉµ Ö¢²Ö¥É¸Ö ¶·Ö³Ò³ ¸²¥¤¸É¢¨¥³ ´¥±µ³³ÊÉ É¨¢´µ¸É¨ ³µ°²µ¢¸±µ£µ ¶·µ¨§¢¥¤¥-
´¨Ö. �¥±µ³³ÊÉ É¨¢´ Ö U(1) ± ²¨¡·µ¢µÎ´ Ö É¥µ·¨Ö (4) µ¡² ¤ ¥É Í¥²Ò³ ·Ö¤µ³
§ ³¥Î É¥²Ó´ÒÌ ± ± ±² ¸¸¨Î¥¸±¨Ì, É ± ¨ ±¢ ´Éµ¢ÒÌ ¸¢µ°¸É¢. „²Ö ÔÉµ° É¥µ·¨¨
³µ¦´µ ¶µ¸É·µ¨ÉÓ ³µ´µ¶µ²Ó´Ò¥ ¨ ¨´¸É ´Éµ´´Ò¥ ±² ¸¸¨Î¥¸±¨¥ ·¥Ï¥´¨Ö, ¨´-
Ë· ±· ¸´µ¥ ¨ Ê²ÓÉ· Ë¨µ²¥Éµ¢µ¥ ¶µ¢¥¤¥´¨¥ ±µ··¥²ÖÉµ·µ¢ µ± §Ò¢ ¥É¸Ö ¸¢Ö§ ´-
´Ò³ ¢ ¸¨²Ê ¶µÖ¢²¥´¨Ö ¢ ¢¥·Ï¨´ Ì ¸¶¥Í¨ ²Ó´ÒÌ Ô±¸¶µ´¥´Í¨ ²Ó´ÒÌ Ë ±Éµ·µ¢,
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§ ¢¨¸ÖÐ¨Ì µÉ ¨³¶Ê²Ó¸µ¢. …¸É¥¸É¢¥´´µ µ¦¨¤ ÉÓ É ±¦¥, ÎÉµ ÔÉ  É¥µ·¨Ö Ö¢²Ö¥É¸Ö
 ¸¨³¶ÉµÉ¨Î¥¸±¨ ¸¢µ¡µ¤´µ°.

‚µ§¢· Ð Ö¸Ó ± ³µ¤¥²Ö³ ¸Ê¶¥·¸É·Ê´, ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¤¨´ ³¨± 
D−p-¡· ´, ¢ ¶·¨¸ÊÉ¸É¢¨¨ ´¥¨¸Î¥§ ÕÐ¥£µ ¶µ²Ö Bµν , µ¶¨¸Ò¢ ¥É¸Ö ¤¥°¸É¢¨¥³
´¥±µ³³ÊÉ É¨¢´µ° ¸Ê¶¥·¸¨³³¥É·¨Î´µ° U(1)-É¥µ·¨¨ 	µ·´ Äˆ´Ë¥²Ó¤ , ±µÉµ·µ¥
Ö¢²Ö¥É¸Ö ´¥²¨´¥°´Ò³ ¨ ¸Ê¶¥·¸¨³³¥É·¨Î´Ò³ µ¡µÐ¥´¨¥³ ¤¥°¸É¢¨Ö (4). �·µ-
¡²¥³µ° Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ´¥ ¡¥²¥¢µ µ¡µ¡Ð¥´¨¥ ¸Ê¶¥·¸¨³³¥É·¨Î´µ° É¥µ·¨¨
	µ·´ Äˆ´Ë¥²Ó¤  ´¥¨§¢¥¸É´µ ¤µ ¸¨Ì ¶µ· (É ± Ö É¥µ·¨Ö ³µ£²  ¡Ò ¶·¨¢¥¸É¨ ±
¸ÊÐ¥¸É¢¥´´µ° ·¥¢¨§¨¨ ¸µ¢·¥³¥´´µ° ¸É ´¤ ·É´µ° ³µ¤¥²¨). �¤¨´ ¨§ ¢µ§³µ¦´ÒÌ
¶ÊÉ¥° ·¥Ï¥´¨Ö ÔÉµ° ¶·µ¡²¥³Ò Å ÔÉµ ¶µ²ÊÎ¥´¨¥ ´¥ ¡¥²¥¢µ°
U(n)-± ²¨¡·µ¢µÎ´µ° £·Ê¶¶Ò ¨§ ´¥±µ³³ÊÉ É¨¢´µ° U(1)-¸¨³³¥É·¨¨ ¸ ¶µ³µ-
ÐÓÕ D-¡· ´´µ° É¥Ì´µ²µ£¨¨. „²Ö ÔÉµ£µ ´¥µ¡Ìµ¤¨³µ · ¸¸³µÉ·¥ÉÓ ´¥²¨´¥°´ÊÕ
É¥µ·¨Õ ´¥±µ³³ÊÉ É¨¢´µ£µ É Ì¨µ´´µ£µ ¶µ²Ö (�’�’�) (±µÉµ·µ¥ É ±¦¥ ¸µ¤¥·-
¦¨É¸Ö ¢ ¸¶¥±É·¥ µÉ±·ÒÉÒÌ ¸É·Ê´), ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ ¸ U(1)-´¥±µ³³ÊÉ É¨¢-
´Ò³ ¶µ²¥³. �± §Ò¢ ¥É¸Ö, ÎÉµ ¢ �’�’� ¸ÊÐ¥¸É¢ÊÕÉ ¸µ²¨Éµ´´Ò¥ ·¥Ï¥´¨Ö,
±µÉµ·Ò¥ ³µ£ÊÉ ¡ÒÉÓ ¨´É¥·¶·¥É¨·µ¢ ´Ò ± ± ±µ´Ë¨£Ê· Í¨¨ n ±µ¶¨° D-¡· ´.
�É¨ ·¥Ï¥´¨Ö § ³¥Î É¥²Ó´Ò³ µ¡· §µ³ ¶·µ¥±É¨·ÊÕÉ ´¥±µ³³ÊÉ É¨¢´ÊÕ U(1)-
± ²¨¡·µ¢µÎ´ÊÕ ¸¨³³¥É·¨Õ (±µÉµ· Ö, ¸±µ·¥¥, Ö¢²Ö¥É¸Ö U(∞)-± ²¨¡·µ¢µÎ´µ°
¸¨³³¥É·¨¥° ¢ µ¡ÒÎ´µ³ ¸³Ò¸²¥) ´  U(n)-± ²¨¡·µ¢µÎ´ÊÕ £·Ê¶¶Ê. ‹¨É¥· ÉÊ·Ê
¶µ ÔÉµ° É¥³¥,   É ±¦¥ µ¡¸Ê¦¤¥´¨¥ ¸É·Ê±ÉÊ·Ò ¢ ±ÊÊ³  U(1)-±¨· ²Ó´µ£µ É Ì¨-
µ´´µ£µ ¶µ²Ö ³µ¦´µ ´ °É¨ ¢ · ¡µÉ¥ [7].

‚ § ±²ÕÎ¥´¨¥ µÉ³¥É¨³, ÎÉµ Ê¶µ³Ö´ÊÉÒ¥ ¢ ÔÉµ° ¸É ÉÓ¥ ´µ¢Ò¥ ¨¤¥¨ ¨
³µÉ¨¢Ò ¢ ¸µ¢·¥³¥´´µ° É¥µ·¨¨ ¶µ²Ö ¢¥¸Ó³  ¤ ²¥±¨ µÉ Éµ£µ, ÎÉµ¡Ò µ±µ´Î -
É¥²Ó´µ µËµ·³¨ÉÓ¸Ö ¢ ´¥±µÉµ·ÊÕ § ±µ´Î¥´´ÊÕ ¨ ¸É·µ£ÊÕ ´ Ê±Ê. �µ-¢¨¤¨³µ³Ê,
¶·¥¤¸Éµ¨É ¥Ð¥ ¢Ò¶µ²´¨ÉÓ £¨£ ´É¸±ÊÕ · ¡µÉÊ ´¥ µ¤´µ³Ê ¶µ±µ²¥´¨Õ Ë¨§¨±µ¢-
É¥µ·¥É¨±µ¢ ¨ ³ É¥³ É¨±µ¢ ¤²Ö Éµ£µ, ÎÉµ¡Ò ÔÉ¨ ¨¤¥¨ ¶·¥¤¸É ²¨ ¢ ¢¨¤¥ ¸É·µ£µ°
É¥µ·¨¨ ¢¸¥Ì ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢ ¶·¨·µ¤¥.
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