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‚ ¤ ´´μ³ μ¡§μ·¥ μ¡¸Ê¦¤ ¥É¸Ö ·¥¶¥·´ Ö Ëμ·³Ê²¨·μ¢±  ¤¨´ ³¨±¨ ¡¥§³ ¸¸μ¢ÒÌ ± ²¨¡·μ¢μÎ-
´ÒÌ ¶μ²¥° ¶·μ¨§¢μ²Ó´μ£μ ¸¶¨´ , · ¸¶·μ¸É· ´ÖÕÐ¨Ì¸Ö ¢ ¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ ¨  ´É¨-¤¥
‘¨ÉÉ¥·  ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨. ‚ · ³± Ì ·¥¶¥·´μ£μ μ¶¨¸ ´¨Ö ¢¢μ¤¨É¸Ö ¶μ´ÖÉ¨¥ ¶μ²Ö ¢Ò¸-
Ï¥£μ ¸¶¨´ , ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨° ¨ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´ÒÌ ´ ¶·Ö¦¥´´μ¸É¥°. �¡¸Ê-
¦¤ ¥É¸Ö μ¡Ð Ö ¶·μÍ¥¤Ê·  ¶μ¸É·μ¥´¨Ö Ö¢´μ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´ÒÌ ËÊ´±Í¨μ´ ²μ¢ ¤¥°¸É¢¨Ö
¤²Ö ¸¢μ¡μ¤´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢,   É ±¦¥ ¶·¨¢μ¤¨É¸Ö ´¥¸±μ²Ó±μ ¸μ¤¥·¦ É¥²Ó´ÒÌ ¶·¨³¥·μ¢
¤¥°¸É¢¨° ¤²Ö ¶μ²¥° Î ¸É´ÒÌ ¸¶¨´μ¢. �·¥¤² £ ¥³ Ö ·¥¶¥·´ Ö Ëμ·³Ê²¨·μ¢±  Ö¢²Ö¥É¸Ö ÔËË¥±É¨¢-
´Ò³ ¨´¸É·Ê³¥´Éμ³ ¶μ¸É·μ¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ´  Ëμ´¥ £¥μ³¥É·¨¨  ´É¨-¤¥
‘¨ÉÉ¥· . ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¶μ¸É·μ¥´  ´¥²¨´¥°´ Ö AdS5 N = 1 ¸Ê¶¥·¸¨³³¥É·¨Î´ Ö É¥μ·¨Ö
¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, μ¶¨¸Ò¢ ÕÐ Ö ¢§a¨³μ¤¥°¸É¢¨Ö ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ³¥¦¤Ê
¸μ¡μ° ¨ £· ¢¨É Í¨¥° ´  Ê·μ¢´¥ ËÊ´±Í¨μ´ ²  ¤¥°¸É¢¨Ö ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨.

In this review the frame-like formulation of massless gauge ˇelds of any spin propagating
in Minkowski and (anti-)de Sitter spaces of any dimension is discussed. The notions of higher-spin
gauge ˇelds, gauge symmetries, and gauge-invariant ˇeld strengths are introduced in the framework of
the frame-like description. The general building procedure for the gauge-invariant action functionals
for free higher-spin ˇelds is discussed. Also, several substantial examples of actions for ˇelds of
particular spins are considered. The proposed frame-like formulation represents the effective tool for
constructing interactions of higher-spin ˇelds on the AdS background. As a case in point, non-linear
AdS5 N = 1 SUSY higher-spin gauge theory on the level of the cubic action functional describing
interactions of massless higher-spin ˇelds between themselves and gravity is constructed.

1. ‚‚…„…�ˆ…

� ± ²¨¡·μ¢μÎ´ÒÌ É¥μ·¨ÖÌ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ³μ¦´μ ¤Ê³ ÉÓ ± ± μ · ¸Ï¨·¥-
´¨¨ μ¡ÒÎ´ÒÌ É¥μ·¨° ¸Ê¶¥·£· ¢¨É Í¨¨ ¶ÊÉ¥³ ¢±²ÕÎ¥´¨Ö ¶μ²¥° ¶·μ¨§¢μ²Ó´μ
¢Ò¸μ±μ£μ ¸¶¨´ . ’ ± Ö ÉμÎ±  §·¥´¨Ö μ¶· ¢¤ ´  ¨¸Éμ·¨Î¥¸±¨: ¨³¥´´μ ´ ¤¥¦¤ 
´  Éμ, ÎÉμ ¥¸É¥¸É¢¥´´μ¥ · ¸Ï¨·¥´¨¥ ¸Ê¶¥·¸¨³³¥É·¨¨ É¥μ·¨¨,  ¸¸μÍ¨¨·μ¢ ´-
´μ¥ ¸ ¢±²ÕÎ¥´¨¥³ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¶μ§¢μ²¨É Ê¤ ²¨ÉÓ ¢¸¥ Ê²ÓÉ· Ë¨μ²¥-
Éμ¢Ò¥ · ¸Ìμ¤¨³μ¸É¨, ¶·¥μ¤μ²¥¢ ¨§¢¥¸É´Ò° ¡ ·Ó¥· N � 8, μ´  ³μÉ¨¢¨·μ¢ ² 
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¶μ¨¸±¨ É¥μ·¨°, μ¶¨¸Ò¢ ÕÐ¨Ì ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²¥° ¸μ ¸¶¨´μ³ ¢ÒÏ¥, Î¥³
Ê £· ¢¨Éμ´  [1]. �μ¸²¥¤μ¢ É¥²Ó´μ¥ · §¢¨É¨¥ ¢ ÔÉμ³ ´ ¶· ¢²¥´¨¨ ¶·¨¢¥²μ ±
¸μ§¤ ´¨Õ É¥μ·¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¤²Ö ±μÉμ·ÒÌ μ¶·¥¤¥²ÖÕÐ¨³¨ Ö¢¨²¨¸Ó ¸²¥-
¤ÊÕÐ¨¥ ¸¢μ°¸É¢  (¸³. μ¡§μ·Ò [2]):

• ¶·¨¸ÊÉ¸É¢¨¥ ¡¥¸±μ´¥Î´μ£μ ´ ¡μ·  ¡¥§³ ¸¸μ¢ÒÌ ¢μ§¡Ê¦¤¥´¨° ¶·μ¨§¢μ²Ó-
´μ£μ ¸¶¨´ , 0 � s < ∞ [3];

• ´¥´Ê²¥¢ Ö (μÉ·¨Í É¥²Ó´ Ö) ±μ¸³μ²μ£¨Î¥¸± Ö ¶μ¸ÉμÖ´´ Ö Λ �= 0 [3, 4].
“± § ´´Ò¥ ¢ÒÏ¥ ¸¢μ°¸É¢  ´¥ Ö¢²ÖÕÉ¸Ö ¶μ²´μ¸ÉÓÕ ´¥§ ¢¨¸¨³Ò³¨ ¤·Ê£ μÉ

¤·Ê£  ¨ ¢μ§´¨± ÕÉ ± ± ¸²¥¤¸É¢¨¥ ¸É·Ê±ÉÊ·Ò ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨° ¢Ò¸-
Ï¨Ì ¸¶¨´μ¢, ¤¨±ÉÊ¥³μ° ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ± ²¨¡·μ¢μÎ´μ°  ²£¥¡·μ° ¢Ò¸Ï¨Ì
¸¶¨´μ¢ [3]. �²£¥¡·  ¢Ò¸Ï¨Ì ¸¶¨´μ¢ Å ÔÉμ ¡¥¸±μ´¥Î´μ³¥·´ Ö ´¥ ¡¥²¥¢  (¸Ê-
¶¥·) ²£¥¡·  ‹¨, ¸μ¤¥·¦ Ð Ö  ²£¥¡·Ê ¨§μ³¥É·¨° ¶·μ¸É· ´¸É¢   ´É¨-¤¥ ‘¨ÉÉ¥· 
(AdSd) ²¨¡μ ¥¥ ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ · ¸Ï¨·¥´¨Ö ¢ ± Î¥¸É¢¥ ¶μ¤ ²£¥¡·Ò (¸³.
¶. 1.2). Š ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö, ¢μ§´¨± ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ ¶·μÍ¥¤Ê·Ò ± ²¨-
¡·μ¢ ´¨Ö  ²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢, μ¡· §ÊÕÉ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¶μ²¥° ¢¸¥Ì
¸¶¨´μ¢, ¶·¨Î¥³ ¶μÖ¢²¥´¨¥ ¶μ²Ö ¸¶¨´  ¸É ·Ï¥ 2 ¢²¥Î¥É §  ¸μ¡μ° ¶μÖ¢²¥´¨¥
¶μ²¥° ¢¸¥Ì ¸¶¨´μ¢ ¢¶²μÉÓ ¤μ ¡¥¸±μ´¥Î´μ¸É¨.

ƒ¥μ³¥É·¨Ö AdSd, ¢μ§´¨± ÕÐ Ö ¢ ± Î¥¸É¢¥ ¶¥·ÉÊ·¡ É¨¢´μ£μ ¢ ±ÊÊ³  É¥μ-
·¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¨³¥¥É μ¶·¥¤¥²ÖÕÐ¥¥ §´ Î¥´¨¥ ¶·¨ ¶μ¸É·μ¥´¨¨ ´¥¶·μ-
É¨¢μ·¥Î¨¢μ£μ ¨ ´¥É·¨¢¨ ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, É. ±.
¶μ§¢μ²Ö¥É μ¡μ°É¨ É¥μ·¥³Ê ŠμÊ²³¥´ ÄŒ ´¤Ê²Ò, ¤μ± § É¥²Ó¸É¢μ ±μÉμ·μ° μ¸´μ-
¢ ´μ ´  S-³ É·¨Î´μ³ ¶μ¤Ìμ¤¥, ¶·¨³¥´¨³μ³ ¤²Ö ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ Éμ²Ó±μ
´  Ëμ´¥ ¶²μ¸±μ° £¥μ³¥É·¨¨ (¨§¢¥¸É´μ, ÎÉμ ¶μ¶ÒÉ±  ¸Ëμ·³Ê²¨·μ¢ ÉÓ Ëμ·-
³ ²¨§³ S-³ É·¨ÍÒ ¢ AdSd ´ É ²±¨¢ ¥É¸Ö ´  ±μ´Í¥¶ÉÊ ²Ó´Ò¥ É·Ê¤´μ¸É¨ ¶·¨
μ¶·¥¤¥²¥´¨¨ in- ¨ out-¸μ¸ÉμÖ´¨°). ‘ É¥Ì´¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ¶·¨¸ÊÉ¸É¢¨¥
¢ É¥μ·¨¨ · §³¥·´μ£μ ¶ · ³¥É· , ±μ¨³ Ö¢²Ö¥É¸Ö ±μ¸³μ²μ£¨Î¥¸± Ö ¶μ¸ÉμÖ´´ Ö,
¶μ§¢μ²Ö¥É ¸É·μ¨ÉÓ ¡¥¸±μ´¥Î´μ¥ Î¨¸²μ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¢μ¢²¥± ÕÐ¨Ì
¶·μ¨§¢μ²Ó´μ¥ Î¨¸²μ ¶μ²¥° ¨ ¶·μ¨§¢μ¤´ÒÌ, μ¡¥§· §³¥·¨¢ ¥³ÒÌ μÉ·¨Í É¥²Ó-
´Ò³¨ ¸É¥¶¥´Ö³¨ ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ°. �μÔÉμ³Ê Ëμ·³ ²Ó´Ò° ¶·¥¤¥²
Λ = 0 ´¥ μ¶·¥¤¥²¥´, ÎÉμ ¤¥² ¥É ¶²μ¸±ÊÕ £¥μ³¥É·¨Õ ´¥ ¤¥±¢ É´Ò³ Ëμ´μ³ ¤²Ö
¤¨´ ³¨±¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢. ’¥³ ´¥ ³¥´¥¥, ¥¸²¨ ¨¸-
±²ÕÎ¨ÉÓ £· ¢¨É Í¨μ´´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨-
´μ¢, ¶·¨³¥·Ò ´¥¶·μÉ¨¢μ·¥Î¨¢ÒÌ ±Ê¡¨Î¥¸±¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ¶μ²¥° ¢Ò¸Ï¨Ì
¸¶¨´μ¢ ³μ£ÊÉ ¡ÒÉÓ ¶μ¸É·μ¥´Ò ¨ ´  ¶²μ¸±μ³ Ëμ´¥ [5Ä9]. ‘¢μ°¸É¢μ ´¥ ´ ²¨-
É¨Î´μ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¶μ ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸Éμ-
Ö´´μ°, ¸±μ·¥¥ ¢¸¥£μ, μ§´ Î ¥É, ÎÉμ ¸¨³³¥É·¨¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¤μ²¦´Ò ¡ÒÉÓ
¸¶μ´É ´´μ ´ ·ÊÏ¥´Ò ¶·¨ ¶¥·¥Ìμ¤¥ ± ¶²μ¸±μ° £¥μ³¥É·¨¨. ‚ ¸¢Ö§¨ c ÔÉ¨³ ¨´-
É¥·¥¸´μ μÉ³¥É¨ÉÓ É¥¸´ÊÕ  ´ ²μ£¨Õ ¸μ ¸É·Ê±ÉÊ·μ° ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢
É¥μ·¨ÖÌ ¸É·Ê´, £¤¥ ·μ²Ó μ¡¥§· §³¥·¨¢ ÕÐ¥£μ ¶ · ³¥É·  ¨£· ¥É ´ ±²μ´ É· ¥±-
Éμ·¨¨ �¥¤¦¥ α′. ‚ Î ¸É´μ¸É¨, ¢ ¶·¥¤¥²¥ ´Ê²¥¢μ£μ ´ ±²μ´  α′ → ∞ ¤²Ö ¸É·Ê´-
´ÒÌ  ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö ¢μ§´¨± ¥É ¡¥¸±μ´¥Î´Ò° ´ ¡μ· Éμ¦¤¥¸É¢ “μ·¤ , ÎÉμ
³μ¦¥É Ö¢²ÖÉÓ¸Ö ¶·Ö³Ò³ Ê± § ´¨¥³ ´  ¡¥¸±μ´¥Î´μ³¥·´ÊÕ ¶·μ¸É· ´¸É¢¥´´μ-
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¢·¥³¥´´ÊÕ ¸¨³³¥É·¨Õ, ±μÉμ· Ö ¸μμÉ¢¥É¸É¢Ê¥É ´¥±μÉμ·μ° É¥μ·¨¨ ¢Ò¸Ï¨Ì ¸¶¨-
´μ¢ [10].

‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ± ²¨¡·μ¢μÎ´Ò¥ É¥μ·¨¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ μ¤´μ§´ Î´μ
μ¶·¥¤¥²ÖÕÉ¸Ö ¶·¨´Í¨¶μ³ ± ²¨¡·μ¢μÎ´μ° ¸¨³³¥É·¨¨ ¨ ¸μ¤¥·¦ É ²¨ÏÓ ¤¢¥
ËÊ´¤ ³¥´É ²Ó´Ò¥ ±μ´¸É ´ÉÒ ¸¢Ö§¨: £· ¢¨É Í¨μ´´ÊÕ ¨ ±μ¸³μ²μ£¨Î¥¸±ÊÕ ¶μ-
¸ÉμÖ´´Ò¥. ‚ Î¥ÉÒ·¥Ì ¨§³¥·¥´¨ÖÌ ¡¥§· §³¥·´ Ö ±μ³¡¨´ Í¨Ö ÔÉ¨Ì ±μ´¸É ´É
¸μ¢¶ ¤ ¥É c ±μ´¸É ´Éμ° ¸¢Ö§¨ ¢ Ö´£-³¨²²¸μ¢¸±μ³ ¸¥±Éμ·¥ É¥μ·¨¨∗.

�±ÉÊ ²Ó´μ¸ÉÓ ¨§ÊÎ¥´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ É¥μ·¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ·¥§±μ ¢μ§-
·μ¸²  ¶μ¸²¥ μ¸μ§´ ´¨Ö ¨¸±²ÕÎ¨É¥²Ó´μ° ·μ²¨ £¥μ³¥É·¨¨ ¶·μ¸É· ´¸É¢   ´É¨-¤¥
‘¨ÉÉ¥·  ¢ μ±·¥¸É´μ¸É¨ Î ¸É´ÒÌ ·¥Ï¥´¨° É¥μ·¨¨ ¸Ê¶¥·¸É·Ê´ ¨ ¢μ§´¨±Ï¥£μ ´ 
μ¸´μ¢¥ ÔÉμ£μ Ö¢²¥´¨Ö AdS/CFT ¸μμÉ¢¥É¸É¢¨Ö [11Ä13]. Š ± ¨§¢¥¸É´μ, £¨¶μ-
É¥§  Œ ²¤ ¸¥´Ò ¸Ëμ·³Ê²¨·μ¢ ´  ¤²Ö IIB-É¥μ·¨¨ ¸Ê¶¥·¸É·Ê´ ´  AdS5 × S5

¸ ¶μ¸ÉμÖ´´μ° 5-Ëμ·³μ° ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö � ³μ´Ä� ³μ´  ¢ ¶ÖÉ¨³¥·´μ³
®μ¡Ñ¥³¥¯ ¨ N = 4 ¸Ê¶¥·¸¨³³¥É·¨Î´μ° É¥μ·¨¨ Ÿ´£ ÄŒ¨²²¸  ´  Î¥ÉÒ·¥Ì-
³¥·´μ° ®£· ´¨Í¥¯ ¨ ¶·¥¤¶μ² £ ¥É ¶μ²´ÊÕ Ô±¢¨¢ ²¥´É´μ¸ÉÓ ¤ ´´ÒÌ É¥μ·¨°
(¨§μ³μ·Ë¨§³ ¶·μ¸É· ´¸É¢ ¸μ¸ÉμÖ´¨°) ¤²Ö ¶·μ¨§¢μ²Ó´ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢
É¥μ·¨° N (Î¨¸²μ ®Í¢¥Éμ¢¯): gYM (±μ´¸É ´É  ¸¢Ö§¨ ¢ É¥μ·¨¨ Ÿ´£ ÄŒ¨²²¸ ),
R (· ¤¨Ê¸ ±·¨¢¨§´Ò ¶·μ¸É· ´¸É¢  AdS), T ∼ 1/α′ (´ ÉÖ¦¥´¨¥ ¸É·Ê´Ò), ¸¢Ö-
§ ´´ÒÌ ¸μμÉ´μÏ¥´¨¥³ g2

YM N = R4T 2.
�  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ¢¸¥ ´¥É·¨¢¨ ²Ó´Ò¥ É¥¸ÉÒ £¨¶μÉ¥§Ò Œ ²¤ ¸¥´Ò ¶·μ-

¢¥¤¥´Ò ¢ ·¥¦¨³¥ ¡μ²ÓÏ¨Ì §´ Î¥´¨° ¶μ¸ÉμÖ´´μ° 'É •μμËÉ  g2
YM N , ÎÉμ ¸μμÉ-

¢¥É¸É¢Ê¥É ¸¨²Ó´μ´¥¶¥·ÉÊ·¡ É¨¢´μ³Ê ·¥¦¨³Ê ¢ É¥μ·¨¨ Ÿ´£ ÄŒ¨²²¸  ¨ ±¢ §¨-
±² ¸¸¨Î¥¸±μ³Ê μ¶¨¸ ´¨Õ É¥μ·¨¨ ¸Ê¶¥·¸É·Ê´ ¢ ¸Ê¶¥·£· ¢¨É Í¨μ´´μ³ ¶·¥¤¥²¥.
�¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ³ ·¥¦¨³¥ (g2

YM N → 0) É¥μ·¨Ö ´  £· -
´¨Í¥ Ö¢²Ö¥É¸Ö ¸¢μ¡μ¤´μ°, ¤Ê ²Ó´μ¸ÉÓ ´¥ ¶μ¤¤ ¥É¸Ö ¶·μ¢¥·±¥. �·¨Î¨´  ÔÉμ£μ
¢ Éμ³, ÎÉμ É¥μ·¨Ö ¸É·Ê´ ´  ¶·μ¸É· ´¸É¢¥ AdS Ö¢²Ö¥É¸Ö ¸¨²Ó´μ ´¥²¨´¥°´μ° ¨
 ´ ²¨§ ¸¶¥±É·  ¸μ¸ÉμÖ´¨° Ö¢²Ö¥É¸Ö ´¥·¥Ï¥´´μ° ¶·μ¡²¥³μ° [14].

	Ò²μ ¶·¥¤²μ¦¥´μ É· ±Éμ¢ ÉÓ É¥μ·¨Õ ¢ μ¡Ñ¥³¥, Ö¢²ÖÕÐÊÕ¸Ö ¢ ¶·¥¤¥²¥
g2
YM N → 0 É¥μ·¨¥° ¸É·Ê´ ¸ ®¶μÎÉ¨¯ ´Ê²¥¢Ò³ ´ ÉÖ¦¥´¨¥³, ± ± ´¥±μÉμ-

·ÊÕ ´¥²¨´¥°´ÊÕ ± ²¨¡·μ¢μÎ´ÊÕ É¥μ·¨Õ ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¤Ê ²Ó´ÊÕ ¸¢μ¡μ¤-
´μ° ±μ´Ëμ·³´μ° É¥μ·¨¨ ´  £· ´¨Í¥ [15,16]. „ ´´μ¥ ¶·¥¤¶μ²μ¦¥´¨¥ Ìμ·μÏμ
¶μ¤É¢¥·¦¤ ¥É¸Ö ·¥§Ê²ÓÉ É ³¨ · ¡μÉÒ [17], £¤¥ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¸μÌ· ´Ö-
ÕÐ¨¥¸Ö Éμ±¨, ¡¨²¨´¥°´Ò¥ ¶μ ¸¢μ¡μ¤´μ³Ê ¡¥§³ ¸¸μ¢μ³Ê ¸± ²Ö·´μ³Ê ¶μ²Õ ¢
d-¨§³¥·¥´¨ÖÌ, ´ Ìμ¤ÖÉ¸Ö ¢ μ¤´μ§´ Î´μ³ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶μ²´μ¸ÉÓÕ ¸¨³³¥-
É·¨Î´Ò³¨ ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ (d + 1)-¨§³¥·¥´¨ÖÌ.
’ ±¦¥ ¡Ò²μ ¶μ± § ´μ, ÎÉμ 4d-±μ´Ëμ·³´ Ö ¸¨³³¥É·¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢, μ¤´μ-
¢·¥³¥´´μ Ö¢²ÖÕÐ Ö¸Ö ¸¨³³¥É·¨¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ AdS5-¶μ²¥°, ·¥ ²¨§Ê¥É¸Ö

∗‚ ¸²ÊÎ ¥ 4d-É¥μ·¨¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ É ±μ¥ ¶μ¢¥¤¥´¨¥ ±μ´¸É ´É ¸¢Ö§¨  ´ ²μ£¨Î´μ ®± ²¨¡·μ-
¢ ´´Ò³¯ É¥μ·¨Ö³ ¸Ê¶¥·£· ¢¨É Í¨¨, ±μÉμ·Ò¥ ³μ£ÊÉ · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ·¥§Ê²ÓÉ É ¸Ë¥·¨Î¥¸±¨Ì
±μ³¶ ±É¨Ë¨± Í¨° 11d-É¥μ·¨¨ ¸Ê¶¥·£· ¢¨É Í¨¨.
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´  ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É Ì ¸¢μ¡μ¤´ÒÌ ¶μ²¥° £· ´¨Î´μ° É¥μ·¨¨ [18]. ‚μ§³μ¦´Ò¥
¸¢Ö§¨ É¥μ·¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸ É¥μ·¨¥° ¸É·Ê´ ´  AdS
(¢ ¶·¥¤¥²¥ ´Ê²¥¢μ£μ ´ ÉÖ¦¥´¨Ö) ¸ £· ´¨Î´Ò³¨ ±μ´Ëμ·³´Ò³¨ ³μ¤¥²Ö³¨ ¨´-
É¥´¸¨¢´μ ¨§ÊÎ ²¨¸Ó ¢ · ¡μÉ Ì [15Ä32].

Š ± ³Ò ¢¨¤¨³, μ¤´μ ¨§ ´ ¶· ¢²¥´¨°, ¢ · ³± Ì ±μÉμ·μ£μ ¢μ§³μ¦´μ ¡μ²¥¥
£²Ê¡μ±μ¥ ¶μ´¨³ ´¨¥ £μ²μ£· Ë¨Î¥¸±μ° ¤Ê ²Ó´μ¸É¨ ¨ ¸ ³μ° É¥μ·¨¨ ¸É·Ê´, ¸¢μ-
¤¨É¸Ö ±  ´ ²¨§Ê (¢μ§³μ¦´μ, ¸±·ÒÉÒÌ) ¸¨³³¥É·¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨ ¨§ÊÎ¥´¨Õ
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ± ²¨¡·μ¢μÎ´ÒÌ É¥μ·¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢. �Î¥¢¨¤´μ, ÎÉμ Í¥´-
É· ²Ó´μ° § ¤ Î¥° ¸ ³μ° É¥μ·¨¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ Ö¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥ É¥μ·¨¨
¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶μ²¥° ¢¸¥Ì ¸¶¨´μ¢ ¢ ²Õ¡μ³ ¶μ·Ö¤±¥ ¶μ ¢§ ¨³μ¤¥°¸É¢¨Õ
¢ ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨. �  ¤ ´´Ò° ³μ³¥´É ¨§¢¥¸É´Ò ¸²¥¤ÊÕÐ¨¥ ´¥²¨-
´¥°´Ò¥ É¥μ·¨¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢:

• ´  Ê·μ¢´¥ ËÊ´±Í¨μ´ ²  ¤¥°¸É¢¨Ö ¢ · §³¥·´μ¸ÉÖÌ d = 4, 5, μ¶¨¸Ò¢ ÕÐ¨¥
¢§ ¨³μ¤¥°¸É¢¨Ö ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ [4,33,88];

• ´  Ê·μ¢´¥ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¢ ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨, μ¶¨¸Ò¢ -
ÕÐ¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢ ²Õ¡μ³ ¶μ·Ö¤±¥ ¶μ ¢§ ¨³μ¤¥°-
¸É¢¨Õ [34,35].

�·¨Î¨´Ò, ¶μ ±μÉμ·Ò³ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ É¥μ·¨¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ μ£· ´¨Î¨-
¢ ÕÉ¸Ö ¢§ ¨³μ¤¥°¸É¢¨¥³ ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥°, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¨ ±Ê¡¨Î¥-
¸±¨³ ¶·¨¡²¨¦¥´¨¥³ (´  Ê·μ¢´¥ ËÊ´±Í¨μ´ ²  ¤¥°¸É¢¨Ö), ¸ ¤·Ê£μ° ¸Éμ·μ´Ò,
¸μ¸ÉμÖÉ ¢ Éμ³, ÎÉμ ¶μ¸²¥¤μ¢ É¥²Ó´μ° Ëμ·³Ê²¨·μ¢±¨ ² £· ´¦¥¢μ° ¤¨´ ³¨±¨
´¥¸¨³³¥É·¨Î´ÒÌ (¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨) ¶μ²¥° ´  Ëμ´¥ £¥μ³¥É·¨¨
AdSd ¤μ ´¥¤ ¢´¨Ì ¶μ· ´¥ ¡Ò²μ ¨§¢¥¸É´μ (¸³. [92]), ¨ ¶μ¶ÒÉ±  · ¸¶·μ¸É· -
´¨ÉÓ ¸ÊÐ¥¸É¢ÊÕÐ¨° ³¥Ì ´¨§³  ´ ²¨§  ±Ê¡¨Î¥¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ´  Ê·μ¢´¥
ËÊ´±Í¨μ´ ²  ¤¥°¸É¢¨Ö ´  ¸É ·Ï¨¥ ¶μ·Ö¤±¨ Ê¶¨· ¥É¸Ö ¢ ¶μ±  ´¥· §·¥Ï¥´´Ò¥
¶·μ¡²¥³Ò (¸³. [86]).

‚μ¶·μ¸ ±μ¢ ·¨ ´É´μ£μ ² £· ´¦¥¢  μ¶¨¸ ´¨Ö ¶μ²¥° ¶·μ¨§¢μ²Ó´μ£μ ¸¶¨´ ,
· ¸¶·μ¸É· ´ÖÕÐ¨Ì¸Ö ´  Ëμ´¥ £¥μ³¥É·¨° Œ¨´±μ¢¸±μ£μ, · ¸¸³ É·¨¢ ²¸Ö ¢ · -
¡μÉ Ì [36Ä52] ¨, ¢ ¸²ÊÎ ¥ £¥μ³¥É·¨¨  ´É¨-¤¥ ‘¨ÉÉ¥· , ¢ · ¡μÉ Ì [53Ä65]. Š ±
Ê¦¥ Ê± §Ò¢ ²μ¸Ó ¢ÒÏ¥, ¨´É¥·¥¸ ± ¶μ¤μ¡´Ò³ ¨¸¸²¥¤μ¢ ´¨Ö³ ³μÉ¨¢¨·μ¢ ´ ± ±
¦¥² ´¨¥³ ¶μ¸É·μ¨ÉÓ · ¸Ï¨·¥´¨¥ É¥μ·¨° ¸Ê¶¥·£· ¢¨É Í¨¨ ¢ μ¡² ¸ÉÓ ¢Ò¸Ï¨Ì
¸¶¨´μ¢, É ± ¨ ¦¥² ´¨¥³ ¶μ´ÖÉÓ ´ ¨¡μ²¥¥ ¸¨³³¥É·¨Î´ÊÕ Ë §Ê É¥μ·¨¨ ¸É·Ê´.
�  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó É¥μ·¨Ö ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° (³ ¸¸¨¢´ÒÌ ¨ ¡¥§³ ¸¸μ¢ÒÌ)
Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ · §· ¡μÉ ´´μ° ¶μ ¸· ¢´¥´¨Õ ¸ ¶μ²Ö³¨, ·¥ ²¨§ÊÕÐ¨³¨ ´¥-
¸¨³³¥É·¨Î´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö £·Ê¶¶ �Ê ´± ·¥ ¨ AdSd [37, 38, 41, 53Ä56, 59].
„μ ´¥±μÉμ·μ° ¸É¥¶¥´¨  ±Í¥´É ´  ¸¨³³¥É·¨Î´Ò¥ ¶μ²Ö μ¡Ê¸²μ¢²¥´ É¥³, ÎÉμ ¢
4d-¨§³¥·¥´¨ÖÌ Ê £·Ê¶¶ ¨§μ³¥É·¨° ´¥É ¶·¥¤¸É ¢²¥´¨° ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥-
É·¨¨. ˆ¸±²ÕÎ¥´¨¥³ Ö¢²ÖÕÉ¸Ö É¥μ·¨¨, ¢ ±μÉμ·ÒÌ ´¥¸¨³³¥É·¨Î´Ò¥ ¶μ²Ö Ö¢²Ö-
ÕÉ¸Ö ¤Ê ²Ó´Ò³¨ ¶¥·¥³¥´´Ò³¨ μ¶¨¸ ´¨Ö ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° [50,51,67Ä70].
�¤´ ±μ ¶·¨ Ê¢¥²¨Î¥´¨¨ Î¨¸²  ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´ÒÌ ¨§³¥·¥´¨° (´ Î¨-
´ Ö ¸ d = 5) Ê £·Ê¶¶ ¨§μ³¥É·¨° ¶μÖ¢²ÖÕÉ¸Ö ´¥¸¨³³¥É·¨Î´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö.
‚ ¸²ÊÎ ¥ ¶·μ¸É· ´¸É¢  Œ¨´±μ¢¸±μ£μ ¤²Ö μ¶¨¸ ´¨Ö É ±¨Ì ¶μ²¥° ¡Ò²μ ¶·¥¤²μ-
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¦¥´μ ´¥¸±μ²Ó±μ · §²¨Î´ÒÌ ¶μ¤Ìμ¤μ¢ [47,48,50,52,62]. ‚ ¸²ÊÎ ¥ ¶·μ¸É· ´¸É¢ 
 ´É¨-¤¥ ‘¨ÉÉ¥·  ¶μ²´ Ö ±μ¢ ·¨ ´É´ Ö Ëμ·³Ê²¨·μ¢±  ´¥¸¨³³¥É·¨Î´ÒÌ ¶μ²¥°
¶·μ¨§¢μ²Ó´μ£μ ¢¨¤  ¡Ò²  ¶μ¸É·μ¥´  ¢ · ¡μÉ Ì [89,90,92] ¢ · ³± Ì ·¥¶¥·´μ£μ
¶μ¤Ìμ¤ , μ¡¸Ê¦¤ ¥³μ£μ ¢ ÔÉμ³ μ¡§μ·¥. ‘ÊÐ¥¸É¢Ê¥É É ±¦¥ ·Ö¤ ¤·Ê£¨Ì ¶μ¤Ìμ¤μ¢
[58,61,62,64,65,74,89,90], · ¸¸³ É·¨¢ ÕÐ¨Ì ¶μ²Ö Î ¸É´μ£μ É¨¶  ¸¨³³¥É·¨¨.
�·¨ ¶μ¸É·μ¥´¨¨ ¤¨´ ³¨±¨ ´¥¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢ ¶·μ¸É· ´¸É¢¥  ´É¨-¤¥
‘¨ÉÉ¥·  ¸ÊÐ¥¸É¢Ê¥É μ¸μ¡¥´´μ¸ÉÓ, ±μÉμ· Ö ´¥ ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢¨ÉÓ ¶·Ö³μ¥
μ¡μ¡Ð¥´¨¥ ·¥§Ê²ÓÉ Éμ¢, ¤μ¸É¨£´ÊÉÒÌ ¤²Ö ´¥¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢ ¶·μ¸É· ´-
¸É¢¥ Œ¨´±μ¢¸±μ£μ. „¥²μ ¢ Éμ³, ÎÉμ ±² ¸¸¨Ë¨± Í¨¨ ¡¥§³ ¸¸μ¢ÒÌ ¶·¥¤¸É ¢²¥-
´¨° £·Ê¶¶ �Ê ´± ·¥ ¨  ´É¨-¤¥ ‘¨ÉÉ¥·  ¶·¨´Í¨¶¨ ²Ó´μ · §²¨Î´Ò: ¡¥§³ ¸¸μ-
¢Ò¥ ¶μ²Ö ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ ¢ AdSd ´¥ ±² ¸¸¨Ë¨Í¨·ÊÕÉ¸Ö ¸μ£² ¸´μ
´¥¶·¨¢μ¤¨³Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ ³ ²μ° £·Ê¶¶Ò SO(d−2), ± ± ÔÉμ ³μ¦´μ ¡Ò²μ
¡Ò μ¦¨¤ ÉÓ ¶μ  ´ ²μ£¨¨ ¸ ¶·μ¸É· ´¸É¢μ³ Œ¨´±μ¢¸±μ£μ. ’μÎ´¥¥, ± ¦¤μ¥ ´¥-
¶·¨¢μ¤¨³μ¥ ¡¥§³ ¸¸μ¢μ¥ ¶μ²¥ ´  Ëμ´¥ AdSd · ¸¶ ¤ ¥É¸Ö ´  ¸μ¢μ±Ê¶´μ¸ÉÓ ´¥-
¶·¨¢μ¤¨³ÒÌ ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ´  ¶²μ¸±μ³ Ëμ´¥ [58]. ‘ É¥μ·¥É¨±μ-¶μ²¥¢μ°
ÉμÎ±¨ §·¥´¨Ö ÔÉμ μ§´ Î ¥É ¸μ¢¥·Ï¥´´μ · §²¨Î´ÊÕ ¸É·Ê±ÉÊ·Ê ± ²¨¡·μ¢μÎ´ÒÌ
¸¨³³¥É·¨° ¶μ²¥° ¢ ¶·μ¸É· ´¸É¢ Ì Œ¨´±μ¢¸±μ£μ ¨ AdSd [57, 58]. �É³¥É¨³,
ÎÉμ μ¡¸Ê¦¤ ¥³μ¥ Ö¢²¥´¨¥ ´¥ ¨³¥¥É ³¥¸É  ¤²Ö ¶·¥¤¸É ¢²¥´¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¶·Ö³μÊ£μ²Ó´Ò³ ¤¨ £· ³³ ³ 
´£ . ˆ³¥´´μ ¶μÔÉμ³Ê, ¢´¥ § ¢¨¸¨³μ¸É¨ μÉ Éμ£μ,
· ¢´  ´Ê²Õ ±μ¸³μ²μ£¨Î¥¸± Ö ¶μ¸ÉμÖ´´ Ö Λ ¨²¨ ´¥É, ´¥ ¸ÊÐ¥¸É¢Ê¥É ¶·¨´Í¨-
¶¨ ²Ó´ÒÌ · §²¨Î¨° ¢ É¥μ·¥É¨±μ-¶μ²¥¢μ³ μ¶¨¸ ´¨¨ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ
¶μ²¥° ¨²¨ ¶μ²´μ¸ÉÓÕ  ´É¨¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° p-Ëμ·³.

‚ ¶μ¸²¥¤ÊÕÐ¨Ì ¤¢ÊÌ ¢¢μ¤´ÒÌ ¶Ê´±É Ì ³Ò μ¡ÑÖ¸´Ö¥³ É¥É· ¤´ÊÕ Ëμ·³Ê-
²¨·μ¢±Ê É¥μ·¨¨ £· ¢¨É Í¨¨ ¨ μ¡μ¡Ð¥´¨¥ ¤ ´´μ£μ ¶μ¤Ìμ¤  ¤²Ö ¶μ¸É·μ¥´¨Ö
¤¨´ ³¨±¨ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ´  Ê·μ¢´¥ ËÊ´±-
Í¨μ´ ²  ¤¥°¸É¢¨Ö. ˆ§²μ¦¥´¨¥ μ¸´μ¢ ´μ ´  · ¡μÉ Ì [2,33].

‚ · §¤. 2 ³Ò ¶μ¤·μ¡´μ μ¶¨¸Ò¢ ¥³ ·¥¶¥·´ÊÕ Ëμ·³Ê²¨·μ¢±Ê ¤¨´ ³¨±¨ ¡¥§-
³ ¸¸μ¢ÒÌ ¶μ²¥° ¶·μ¨§¢μ²Ó´μ£μ É¨¶  ¸¨³³¥É·¨¨. 	Ê¤ÊÉ · ¸¸³μÉ·¥´Ò μ¡Ð Ö
±μ´¸É·Ê±Í¨Ö ¶μ²¥° ·¥¶¥·´μ£μ É¨¶ , ¨Ì ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨°, ± ²¨¡·μ-
¢μÎ´μ-¨´¢ ·¨ ´É´ÒÌ ´ ¶·Ö¦¥´´μ¸É¥° ¨ ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö ± ²¨¡·μ¢μÎ´μ-¨´-
¢ ·¨ ´É´ÒÌ ËÊ´±Í¨μ´ ²μ¢ ¤¥°¸É¢¨Ö.

‚ · §¤. 3 · ¸¸³μÉ·¥´μ ¶·¨³¥´¥´¨¥ ·¥¶¥·´μ£μ ¶μ¤Ìμ¤  ´  ¶·¨³¥·¥ ¡¥§-
³ ¸¸μ¢ÒÌ ¶μ²¥° Î ¸É´μ£μ É¨¶  ¸¨³³¥É·¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·Ö³μÊ£μ²Ó´Ò³
¤¨ £· ³³ ³ 
´£  ¸ ¤¢Ê³Ö £μ·¨§μ´É ²Ó´Ò³¨ ¸É·μ± ³¨ ¨ ¤¨ £· ³³ ³ 
´£  ¸
¤¢Ê³Ö ¢¥·É¨± ²Ó´Ò³¨ ¸É·μ± ³¨ ¶·μ¨§¢μ²Ó´μ° ¢Ò¸μÉÒ.

‚ · §¤. 4 ¨ 5 ¢ · ³± Ì ·¥¶¥·´μ£μ ¶μ¤Ìμ¤  ¸É·μ¨É¸Ö ´¥²¨´¥°´ Ö É¥μ·¨Ö
¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¡μ§μ´´ÒÌ ¨ Ë¥·³¨μ´´ÒÌ ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¢ ¶·μ-
¸É· ´¸É¢¥ AdS5 ´  Ê·μ¢´¥ ËÊ´±Í¨μ´ ²  ¤¥°¸É¢¨Ö ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨.
‘¶¥Í¨Ë¨±  ¢Ò¡μ·  ÔÉμ° · §³¥·´μ¸É¨ μ¡Ê¸²μ¢²¥´  É¥³, ÎÉμ ¤²Ö AdS5 ¶μ²-
´μ¸ÉÓÕ ¨§¢¥¸É´  ±² ¸¸¨Ë¨± Í¨Ö ± ²¨¡·μ¢μÎ´ÒÌ (¸Ê¶¥·) ²£¥¡· ¢Ò¸Ï¨Ì ¸¶¨-
´μ¢ [18], ÎÉμ Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ ¶μ¸É·μ¥´¨Ö ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥°
É¥μ·¨¨.
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1.1. ’¥É· ¤´ Ö Ëμ·³Ê²¨·μ¢±  AdSd-£· ¢¨É Í¨¨. ’¥μ·¨Ö £· ¢¨É Í¨¨ ´ 
Ëμ´¥ £¥μ³¥É·¨¨ AdS ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨ d ¸ ¸¨£´ ÉÊ·μ° (+ − . . .−)
¤μ¶Ê¸± ¥É μ¶¨¸ ´¨¥ ¢ É¥·³¨´ Ì ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° ΩAB = −ΩBA =
dxnΩAB

n ,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ £¥´¥· Éμ· ³¨ GAB  ²£¥¡·Ò h = o(d − 1, 2)
¨§μ³¥É·¨° ¶·μ¸É· ´¸É¢  AdSd. �μ¤Î¥·±´ÊÉÒ¥ ¨´¤¥±¸Ò m, n = 0 ÷ d − 1
Ö¢²ÖÕÉ¸Ö ³¨·μ¢Ò³¨ ¨´¤¥±¸ ³¨, ¨´¤¥±¸Ò A, B = 0 ÷ d Ö¢²ÖÕÉ¸Ö ¨´¤¥±¸ ³¨
¢¥±Éμ·´μ£μ ¶·¥¤¸É ¢²¥´¨Ö  ²£¥¡·Ò h. �·μ¨§¢μ²Ó´ Ö 1-Ëμ·³  ¸μ §´ Î¥´¨Ö³¨
¢ o(d − 1, 2) ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥

Ω = ΩABGAB = ωabLab + λeaPa, (1.1)

£¤¥ a, b = 0 ÷ d − 1 Ö¢²ÖÕÉ¸Ö ¨´¤¥±¸ ³¨ ¢¥±Éμ·´μ£μ ¶·¥¤¸É ¢²¥´¨Ö  ²£¥¡·Ò
‹μ·¥´Í  o(d − 1, 1). 1-Ëμ·³  ωab ¥¸ÉÓ ¶μ²¥ ¸¶¨´μ¢μ° ¸¢Ö§´μ¸É¨,  ¸¸μÍ¨¨·μ-
¢ ´´μ¥ ¸ £¥´¥· Éμ· ³¨  ²£¥¡·Ò ‹μ·¥´Í  Lab, 1-Ëμ·³  ea ¥¸ÉÓ ¶μ²¥ ·¥¶¥· ,
 ¸¸μÍ¨¨·μ¢ ´´μ¥ ¸ £¥´¥· Éμ· ³¨ AdSd É· ´¸²ÖÍ¨° Pa. ‚ Ëμ·³Ê²¥ (1.1) ¶μ-
¸ÉμÖ´´ Ö λ (λ2 = −Λ, £¤¥ Λ ¥¸ÉÓ ±μ¸³μ²μ£¨Î¥¸± Ö ¶μ¸ÉμÖ´´ Ö) ¢¢¥¤¥´  ¤²Ö
Éμ£μ, ÎÉμ¡Ò ¶μ²¥ ·¥¶¥·  ea ¸É ²μ ¡¥§· §³¥·´Ò³.

� §¡¨¥´¨¥ ¶μ²Ö ΩAB ´  ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ¶μ²Ö ¸¶¨´μ¢μ° ¸¢Ö§´μ¸É¨
¨ ·¥¶¥·  ³μ¦¥É ¡ÒÉÓ μ¸ÊÐ¥¸É¢²¥´μ o(d − 1, 2)-±μ¢ ·¨ ´É´Ò³ ¸¶μ¸μ¡μ³ ¸
¶μ³μÐÓÕ ¶μ²Ö ±μ³¶¥´¸ Éμ·  [71] V A(x), ´μ·³¨·μ¢ ´´μ£μ Ê¸²μ¢¨¥³

V AVA = 1. (1.2)

�Éμ ¶μ§¢μ²Ö¥É μÉμ¦¤¥¸É¢¨ÉÓ ¶μ¤ ²£¥¡·Ê ‹μ·¥´Í  o(d − 1, 1) ¢ AdSd- ²£¥¡·¥
o(d − 1, 2) ¸μ ¸É ¡¨²¨§ Éμ·μ³ ¢¥±Éμ·  V A(x). ‘ ¶μ³μÐÓÕ ±μ³¶¥´¸ Éμ· 
±μ¢ ·¨ ´É´μ¥ · §¡¨¥´¨¥ o(d − 1, 2) 1-Ëμ·³Ò ¸¢Ö§´μ¸É¨ ΩAB ´  ¶μ²¥ ·¥¶¥· 
EA ¨ ¸¶¨´μ¢ÊÕ ¸¢Ö§´μ¸ÉÓ ωAB = −ωBA μ¶·¥¤¥²¨³ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

λEA = DV A ≡ dV A +ΩABVB, ωAB = ΩAB −λ (EA V B −EB V A). (1.3)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ

EA VA = 0, DV A = dV A + ωABVB ≡ 0. (1.4)

Œ¥É·¨Î¥¸±¨° É¥´§μ· μ¶·¥¤¥²Ö¥É¸Ö ± ± gmn = Em
AEn

B ηAB , £¤¥ ηAB =
(+ + − . . .−).

�Ê¸ÉÓ RAB ¥¸ÉÓ ±·¨¢¨§´ ,  ¸¸μÍ¨¨·μ¢ ´´ Ö ¸ o(d−1, 2) ± ²¨¡·μ¢μÎ´Ò³¨
¶μ²Ö³¨:

RAB = dΩAB + ΩAC ∧ ΩC
B, d = dxn ∂

∂xn
. (1.5)

”μ´μ¢ Ö £¥μ³¥É·¨Ö ¶·μ¸É· ´¸É¢  AdSd, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö Ëμ´μ¢Ò³ ¶μ²Ö³
ΩAB

0 = (ha, ωab
0 ), μ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³ ´Ê²¥¢μ° ±·¨¢¨§´Ò (¸³., ´ ¶·¨-

³¥·, · ¡μÉÒ [2]):

RAB(Ω0) ≡ dΩAB
0 + Ω0

A
C ∧ Ω0

CB = 0. (1.6)
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2-Ëμ·³  ±·ÊÎ¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ± ±

tA ≡ DEA ≡ λ−1RABVB, (1.7)

¨ Ê¸²μ¢¨¥ ´Ê²¥¢μ£μ ±·ÊÎ¥´¨Ö ¥¸ÉÓ tA = 0.
‹μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ±·¨¢¨§´Ò ¤²Ö o(d−1, 2) ¨³¥ÕÉ ¢¨¤

Rmn
ab = ∂mωn

ab + ωm
a

c ωn
cb − 2λ2em

a en
b − (m ↔ n), (1.8)

Rmn
a = ∂men

a + ωm
a

cen
c − (m ↔ n). (1.9)

�·¨ Ê¸²μ¢¨¨, ÎÉμ det en
a �= 0, ¸¶¨´μ¢ Ö ¸¢Ö§´μ¸ÉÓ ωn

ab ³μ¦¥É ¡ÒÉÓ ¢Ò· ¦¥´ 
¸É ´¤ ·É´Ò³ μ¡· §μ³ Î¥·¥§ ·¥¶¥· en

a ¸ ¶μ³μÐÓÕ ¸¢Ö§¨ Rmn
a = 0 (1.6).

�μ¤¸É ¢²ÖÖ ¢Ò· ¦¥´¨¥ ω0 n
ab = ω0 n

ab(h) ¢ (1.8), ³μ¦´μ ¢¨¤¥ÉÓ, ÎÉμ Ê¸²μ¢¨¥
Rmn

ab = 0 Ô±¢¨¢ ²¥´É´μ Éμ³Ê, ÎÉμ É¥´§μ· �¨³ ´  § ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³

Rmn
ab = 2λ2(hm

a hn
b − hn

a hm
b) (1.10)

¨, ¸²¥¤μ¢ É¥²Ó´μ, μ¶¨¸Ò¢ ¥É ¶·μ¸É· ´¸É¢μ AdSd · ¤¨Ê¸  (
√

2λ)−1 (¶·¨ ÔÉμ³
R ≡ Rab

ba = −2d(d − 1)λ2). �É³¥É¨³, ÎÉμ ¶·¨ λ2 < 0 Ê· ¢´¥´¨¥ (1.10)
μ¶¨¸Ò¢ ¥É ¶·μ¸É· ´¸É¢μ dSd ¸  ²£¥¡·μ° ¸¨³³¥É·¨¨ o(d, 1). �·μ¸É· ´¸É¢μ
Œ¨´±μ¢¸±μ£μ ¢μ§´¨± ¥É ¶·¨ λ = 0.

‚¢¥¤¥´¨¥ ±μ³¶¥´¸ Éμ·  ¶μ§¢μ²Ö¥É ¶μ¸É·μ¨ÉÓ [33] d-³¥·´Ò°  ´ ²μ£ 4d-
¤¥°¸É¢¨Ö Œ ±¤ ÊÔ²² ÄŒ ´¸Ê·¨Ä‘É¥²²¥Ä‚¥¸É  ¤²Ö £· ¢¨É Í¨¨ [71,72]:

S = − 1
4λ2κd−2

∫
Md

εA1,...,Ad+1R
A1A2 ∧RA3A4 ∧EA5 ∧ . . .∧EAdV Ad+1 , (1.11)

£¤¥ κ ¥¸ÉÓ £· ¢¨É Í¨μ´´ Ö ±μ´¸É ´É . �Î¥¢¨¤´μ, ÎÉμ É¥μ·¨Ö, μ¶·¥¤¥²Ö¥³ Ö
¤¥°¸É¢¨¥³ (1.11), ¨³¥¥É ·¥Ï¥´¨¥ RAB = 0, ÎÉμ ¸μ£² ¸´μ (1.6) § ¤ ¥É £¥μ-
³¥É·¨Õ AdSd ¢ ± Î¥¸É¢¥ ¶¥·ÉÊ·¡ É¨¢´μ£μ ¢ ±ÊÊ³ . Šμ³¶¥´¸ Éμ· V A ¤¥² ¥É
o(d − 1, 2)-± ²¨¡·μ¢μÎ´ÊÕ ¸¨³³¥É·¨Õ Ö¢´μ°:

δΩAB = DεAB(x), δV A = εAB(x)VB , (1.12)

£¤¥ εAB(x) ¥¸ÉÓ ¶ · ³¥É·Ò o(d − 1, 2)-¢· Ð¥´¨°.
‚ ·¨ Í¨Ö ¤¥°¸É¢¨Ö (1.11) ¶μ μÉ´μÏ¥´¨Õ ± ¸¶¨´μ¢μ° ¸¢Ö§´μ¸É¨

δΩAB = δξAB, δξABVB = 0 (1.13)

¶·¨¢μ¤¨É ± Ê· ¢´¥´¨Õ

εA1...Ad+1t
A3∧

(
EA4∧EA5− d − 4

2λ2
RA4A5

)
∧EA6∧. . .∧EAdV Ad+1 = 0. (1.14)
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�¥·ÉÊ·¡ É¨¢´μ (É. ¥. ¤²Ö ³ ²ÒÌ RAB) Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö (1.14) Ô±¢¨¢ ²¥´É´μ
Ê¸²μ¢¨Õ ´Ê²¥¢μ£μ ±·ÊÎ¥´¨Ö.

�¡μ¡Ð¥´´Ò¥ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´ , ¢μ§´¨± ÕÐ¨¥ ¶·¨ ¢ ·¨ Í¨¨ ¤¥°-
¸É¢¨Ö (1.11) ¶μ μÉ´μÏ¥´¨Õ ± ¶μ²Õ ·¥¶¥· :

δΩAB = λ(δξAV B − δξBV A), δξAVA = 0, (1.15)

¨³¥ÕÉ ¢¨¤

εA1...Ad+1R
A2A3 ∧

(
EA4 ∧ EA5 − d − 4

4λ2
RA4A5

)
∧ EA6 ∧ . . . ∧ EAdV Ad+1 = 0.

(1.16)
�¥·¢μ¥ ¸² £ ¥³μ¥ ¢ ÔÉμ³ Ê· ¢´¥´¨¨ ¢μ¸¶·μ¨§¢μ¤¨É μ¡ÒÎ´Ò¥ Ê· ¢´¥´¨Ö �°´-
ÏÉ¥°´ . ‚Éμ·μ¥ ¸² £ ¥³μ¥ μ¶¨¸Ò¢ ¥É ´¥±μÉμ·μ¥ ´¥²¨´¥°´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥,
´¥  ´ ²¨É¨Î´μ¥ ¶μ λ ¨ ´¥ ¤ ÕÐ¥¥ ¢±² ¤  ¢ ²¨´¥ ·¨§μ¢ ´´Ò¥ ¶μ²¥¢Ò¥ Ê· ¢-
´¥´¨Ö. ‚ ¸²ÊÎ ¥ d = 4 ÔÉμÉ ¤μ¶μ²´¨É¥²Ó´Ò° ¢±² ¤ · ¢¥´ ´Ê²Õ, ÎÉμ Ö¢²Ö¥É¸Ö
¸²¥¤¸É¢¨¥³ ¢ ·Ó¨·μ¢ ´¨Ö Éμ¶μ²μ£¨Î¥¸±μ£μ ¸² £ ¥³μ£μ ƒ Ê¸¸ Ä	μ´´¥ ¢ ¤¥°-
¸É¢¨¨ (1.11).

…¸²¨ ¢Ò¶¨¸ ÉÓ ¢ ·¨ Í¨Õ ¤¥°¸É¢¨Ö (1.11) ¶μ μÉ´μÏ¥´¨Õ ± ¶μ²Õ ±μ³-
¶¥´¸ Éμ· , ³μ¦´μ ¢¨¤¥ÉÓ [33], ÎÉμ ¶μ²ÊÎ ¥³μ¥ ¢Ò· ¦¥´¨¥ ¶·μ¶μ·Í¨μ´ ²Ó´μ
2-Ëμ·³¥ ±·ÊÎ¥´¨Ö tA. �Éμ μ§´ Î ¥É, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É, ¶μ ±· °´¥° ³¥·¥ ¶¥·-
ÉÊ·¡ É¨¢´μ, É ± Ö ¢ ·¨ Í¨Ö ¶μ²¥°

δV A = εA(x), δΩAB = ζAB(R, ε) (1.17)

¶·¨ εAVA = 0 ¨ ´¥±μÉμ·ÒÌ ¶ · ³¥É· Ì ζAB(R, ε), ¡¨²¨´¥°´ÒÌ ¶μ RAB ¨
εA, ÎÉμ ¤¥°¸É¢¨¥ S μ¸É ¥É¸Ö ¨´¢ ·¨ ´É´Ò³. �É  ¤μ¶μ²´¨É¥²Ó´ Ö ¸¨³³¥É·¨Ö
¶μ§¢μ²Ö¥É § Ë¨±¸¨·μ¢ ÉÓ ±μ³¶¥´¸ Éμ· V A ¢ ²Õ¡μ³ ¢¨¤¥, Ê¤μ¢²¥É¢μ·ÖÕÐe³
Ê¸²μ¢¨Õ ´μ·³¨·μ¢±¨ (1.2). „·Ê£¨³¨ ¸²μ¢ ³¨, ¸ ¶μ²¥³ V A ´¥ ¸¢Ö§ ´μ ´¨± ±¨Ì
¸É¥¶¥´¥° ¸¢μ¡μ¤Ò.

1.2. ’¥É· ¤´Ò° ¶μ¤Ìμ¤ ¢ É¥μ·¨¨ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢. �μ¤Ìμ¤ ± μ¶¨-
¸ ´¨Õ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¨¸Ìμ¤´μ · §-
¢¨ÉÒ° ¢ 4d-¸²ÊÎ ¥ ¢ · ¡μÉ Ì [4, 54], Ö¢²Ö¥É¸Ö μ¡μ¡Ð¥´¨¥³ É¥É· ¤´μ£μ Ëμ·-
³ ²¨§³  É¥μ·¨¨ £· ¢¨É Í¨¨. –¥´É· ²Ó´ Ö ¨¤¥Ö ÔÉμ£μ μ¡μ¡Ð¥´¨Ö ¸μ¸Éμ¨É ¢
μ¶¨¸ ´¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ É¥·³¨´ Ì ¶μ²¥° É¨¶  Ÿ´£ Ä
Œ¨²²¸  ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±·¨¢¨§´,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ ´¥±μÉμ·μ°  ²£¥¡·μ°
¢Ò¸Ï¨Ì ¸¶¨´μ¢ g, Ö¢²ÖÕÐ¥°¸Ö ¡¥¸±μ´¥Î´μ³¥·´Ò³ · ¸Ï¨·¥´¨¥³ ±μ´¥Î´μ³¥·-
´μ°  ²£¥¡·Ò ¨§μ³¥É·¨° AdSd ¶·μ¸É· ´¸É¢  h = o(d−1, 2). �²£¥¡·μ° ¢Ò¸Ï¨Ì
¸¶¨´μ¢ ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¡¥¸±μ´¥Î´μ³¥·´ÊÕ (¸Ê¶¥·) ²£¥¡·Ê ‹¨ ¸μ ¸²¥¤ÊÕÐ¨³¨
μ¶·¥¤¥²ÖÕÐ¨³¨ ¸¢μ°¸É¢ ³¨ [3,73]:

(i) (cÊ¶¥·) ²£¥¡·  g ¸μ¤¥·¦¨É ¶μ¤ ²£¥¡·Ê ‹μ·¥´Í  o(d−1, 1) ¨ · ¸¶ ¤ ¥É¸Ö
´a ¶·Ö³ÊÕ ¸Ê³³Ê ±μ´¥Î´μ³¥·´ÒÌ ¶·¥¤¸É ¢²¥´¨°  ²£¥¡·Ò o(d − 1, 1);

(ii) (cÊ¶¥·) ²£¥¡·  g ¸μ¤¥·¦¨É ¶μ¤ ²£¥¡·Ê  ´É¨-¤¥ ‘¨ÉÉ¥·  o(d − 1, 2)
²¨¡μ ¥¥ ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ · ¸Ï¨·¥´¨Ö, ±μÉμ· Ö, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¸μ¤¥·-
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¦¨É ¢ ¸¥¡¥ ¶μ¤ ²£¥¡·Ê ‹μ·¥´Í  o(d − 1, 1). ‹¨´¥ ·¨§ Í¨Ö ±·¨¢¨§´,  ¸¸μÍ¨-
¨·μ¢ ´´ÒÌ ¸ ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨  ²£¥¡·Ò g, ¶μ μÉ´μÏ¥´¨Õ ± Ëμ´μ¢μ°
AdSd-£¥μ³¥É·¨¨, § ¤ ¢ ¥³μ° ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨ o(d− 1, 2), ¶·¨¢μ¤¨É ±
²¨´¥ ·¨§μ¢ ´´Ò³ ±·¨¢¨§´ ³, ¨¸¶μ²Ó§Ê¥³Ò³ ¤²Ö ¶· ¢¨²Ó´μ£μ μ¶¨¸ ´¨Ö ¸¢μ-
¡μ¤´μ° ¤¨´ ³¨±¨ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢;

(iii) (cÊ¶¥·) ²£¥¡·  g Ê¤μ¢²¥É¢μ·Ö¥É ®Ê¸²μ¢¨Õ ¤μ¶Ê¸É¨³μ¸É¨¯, É. ¥. ± ²¨-
¡·μ¢μÎ´Ò¥ ¶μ²Ö, ¢μ§´¨± ÕÐ¨¥ ¨§ ¶·μÍ¥¤Ê·Ò ± ²¨¡·μ¢ ´¨Ö, ¤μ²¦´Ò ¸μμÉ¢¥É-
¸É¢μ¢ ÉÓ ¡¥§³ ¸¸μ¢Ò³ ¶·¥¤¸É ¢²¥´¨Ö³  ²£¥¡·Ò g∗.

�Ê¸ÉÓ 1-Ëμ·³  Ω(x) = dxnΩn(x) Ö¢²Ö¥É¸Ö ± ²¨¡·μ¢μÎ´Ò³ ¶μ²¥³  ²£¥¡·Ò
g ¸ 2-Ëμ·³μ° ±·¨¢¨§´Ò:

R = dΩ + Ω ∧ � Ω, (1.18)

£¤¥ � ¥¸ÉÓ ´¥±μÉμ·μ¥  ¸¸μÍ¨ É¨¢´μ¥ ¶·μ¨§¢¥¤¥´¨¥, ¶·¨¢μ¤ÖÐ¥¥ ± ·¥ ²¨§ Í¨¨
 ²£¥¡·Ò g Î¥·¥§ (¸Ê¶¥·)±μ³³ÊÉ Éμ·Ò.

ˆ´Ë¨´¨É¥§¨³ ²Ó´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ μ¶·¥¤¥²Ö¥É¸Ö ± ±

δgΩ = Dε, (1.19)

£¤¥ 0-Ëμ·³  ε(x) ¥¸ÉÓ ¶·μ¨§¢μ²Ó´Ò° ¨´Ë¨´¨É¥§¨³ ²Ó´Ò° ¶ · ³¥É· ¸¨³³¥-
É·¨¨, ¶·¨´¨³ ÕÐ¨° ¢ g §´ Î¥´¨Ö

Df = df + [Ω, f ]� (1.20)

¨
[a, b]� = a � b − b � a. (1.21)

Š·¨¢¨§´  ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨³¥¥É ¸É ´¤ ·É´Ò° μ¤´μ·μ¤´Ò° § ±μ´ ¶·¥μ¡· §μ-
¢ ´¨Ö:

δgR = [R, ε]�. (1.22)

“· ¢´¥´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ Ëμ·³Ê²¨·ÊÕÉ¸Ö ¢ É¥·³¨´ Ì ±·¨¢¨§´ ¢Ò¸Ï¨Ì
¸¶¨´μ¢ ¨ ¶μÔÉμ³Ê ¤μ¶Ê¸± ÕÉ ¢ ±ÊÊ³´μ¥ ·¥Ï¥´¨¥ ¸ ´Ê²¥¢μ° ±·¨¢¨§´μ° R = 0.
’ ± ± ±  ²£¥¡·  ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´ÒÌ ¨§μ³¥É·¨° h ¢²μ¦¥´  ¢  ²£¥¡·Ê
¢Ò¸Ï¨Ì ¸¶¨´μ¢ g, ¢μ§³μ¦´Ò³ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö ´Ê²¥¢μ° ±·¨¢¨§´Ò ¡Ê¤¥É
 ´§ Í, ¢ ±μÉμ·μ³ ¢¸¥ ¢ ±ÊÊ³´Ò¥ ¶μ²Ö · ¢´Ò ´Ê²Õ, §  ¨¸±²ÕÎ¥´¨¥³ ¶μ²Ö Ω0,
¶·¨´¨³ ÕÐ¥£μ §´ Î¥´¨Ö ¢ h (¸³. Ëμ·³Ê²Ê (1.6)).

�·¥¤¶μ²μ¦¨³, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É É¥μ·¨Ö, ¨´¢ ·¨ ´É´ Ö μÉ´μ¸¨É¥²Ó´μ ± ²¨-
¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° (1.19). ƒ²μ¡ ²Ó´ Ö ¸¨³³¥É·¨Ö É¥μ·¨¨ μ¶·¥¤¥²Ö-
¥É¸Ö ± ± Î ¸ÉÓ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨°, μ¸É ¢²ÖÕÐ¨Ì ¨´¢ ·¨ ´É´Ò³

∗‚ ± Î¥¸É¢¥ ¶·¨³¥·  (±μ´¥Î´μ³¥·´μ°) ¸Ê¶¥· ²£¥¡·Ò, ´¥ Ê¤μ¢²¥É¢μ·ÖÕÐ¥° ®Ê¸²μ¢¨Õ ¤μ¶Ê-
¸É¨³μ¸É¨¯, ³μ¦´μ ¢§ÖÉÓ ¸Ê¶¥·¸¨³³¥É·¨Î´μ¥ · ¸Ï¨·¥´¨¥  ²£¥¡·Ò 4d  ´É¨-¤¥ ‘¨ÉÉ¥·  osp(4,N ).
Š ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö osp(4,N ) ¨³¥ÕÉ ¸¶¨´ s � 2, ¢ Éμ ¢·¥³Ö ± ± ¡¥§³ ¸¸μ¢Ò¥ ¸Ê¶¥·³Ê²ÓÉ¨-
¶²¥ÉÒ ¸μ¤¥·¦ É ¶μ²Ö s > 2 ¶·¨ N > 8, ¶μÔÉμ³Ê ´¥ ¸ÊÐ¥¸É¢Ê¥É N > 8 É¥μ·¨° ¸Ê¶¥·£· ¢¨É Í¨¨.
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¢ ±ÊÊ³´μ¥ ·¥Ï¥´¨¥ Ω0. ’¥³ ¸ ³Ò³ ¶ · ³¥É·Ò £²μ¡ ²Ó´μ° ¸¨³³¥É·¨¨ εgl

Ê¤μ¢²¥É¢μ·ÖÕÉ Ê· ¢´¥´¨Õ
0 = D0ε

gl, (1.23)

¢ ±μÉμ·μ³
D0f = df + [Ω0, f ]�. (1.24)

“¸²μ¢¨¥ ´Ê²¥¢μ° ±·¨¢¨§´Ò (1.6), ´ ²μ¦¥´´μ¥ ´  ¢ ±ÊÊ³´μ¥ ¶μ²¥ Ω0, £ · ´-
É¨·Ê¥É, ÎÉμ ¢Ò· ¦¥´¨¥ (1.23) ´¥¶·μÉ¨¢μ·¥Î¨¢μ. ‡ Ë¨±¸¨·Ê¥³ §´ Î¥´¨¥ ¶ -
· ³¥É·  εgl(x0) ¢ ´¥±μÉμ·μ° ÉμÎ±¥ x0. ’μ£¤  Ê· ¢´¥´¨¥ (1.23) ¶μ§¢μ²Ö¥É
¢μ¸¸É ´μ¢¨ÉÓ ¶ · ³¥É· εgl(x) ¢ ´¥±μÉμ·μ° μ±·¥¸É´μ¸É¨ ÉμÎ±¨ x0. ’ ± ± ± D0

Ö¢²Ö¥É¸Ö ¶·μ¨§¢μ¤´μ°, �-±μ³³ÊÉ Éμ· ²Õ¡ÒÌ ¤¢ÊÌ ·¥Ï¥´¨° Ê· ¢´¥´¨Ö (1.23)
μ¶ÖÉÓ ¶·¨¢μ¤¨É ± ¥£μ ·¥Ï¥´¨Õ. ’ ±¨³ μ¡· §μ³,  ²£¥¡·  £²μ¡ ²Ó´ÒÌ ¸¨³³¥-
É·¨° ¢ ±ÊÊ³  ¸μ¢¶ ¤ ¥É c  ²£¥¡·μ° �-±μ³³ÊÉ Éμ·μ¢ ¢ ²Õ¡μ° Ë¨±¸¨·μ¢ ´´μ°
ÉμÎ±¥ ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ x0 ¨ Ö¢²Ö¥É¸Ö  ²£¥¡·μ° g. ‡ ³¥É¨³, ÎÉμ É ±μ¥
§ ±²ÕÎ¥´¨¥ μ¸É ¥É¸Ö ¢ ¸¨²¥ ¨ ¤²Ö É¥μ·¨¨, ¨´¢ ·¨ ´É´μ° μÉ´μ¸¨É¥²Ó´μ ¤¥Ëμ·-
³¨·μ¢ ´´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢¨¤ 

δΩ = Dε + Δ(R, ε), (1.25)

£¤¥ Δ(R, ε) μ¡μ§´ Î ¥É ´¥±μÉμ·ÊÕ ¤¥Ëμ·³ Í¨Õ, É ±ÊÕ, ÎÉμ Δ(0, ε) = 0. „¥°-
¸É¢¨É¥²Ó´μ, ¢¸¥ ¤μ¶μ²´¨É¥²Ó´Ò¥ Î²¥´Ò ´¥ ¤ ÕÉ ¢±² ¤  ¢ Ê¸²μ¢¨¥ ¨´¢ ·¨ ´É-
´μ¸É¨ (1.23) ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ¢ ±ÊÊ³´μ¥ ·¥Ï¥´¨¥ Ê¤μ¢²¥É¢μ·Ö¥É (1.6). ‚ ¦´μ
μÉ³¥É¨ÉÓ, ÎÉμ ¤¥Ëμ·³ Í¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢¨¤  (1.25) ¨³¥¥É
³¥¸Éμ ¢μ ¢¸¥Ì É¥μ·¨ÖÌ, ¢±²ÕÎ ÕÐ¨Ì £· ¢¨É Í¨Õ, ¨, ¢ Î ¸É´μ¸É¨, ¢ É¥μ·¨ÖÌ
¢Ò¸Ï¨Ì ¸¶¨´μ¢.

‚¢¥¤¥³ ¶¥·ÉÊ·¡ É¨¢´μ¥ · §²μ¦¥´¨¥

Ω = Ω0 + Ω1, (1.26)

¢ ±μÉμ·μ³ Ω1 Ö¢²Ö¥É¸Ö Ë²Ê±ÉÊ Í¨¥° ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥°  ²£¥¡·Ò ¢Ò¸Ï¨Ì
¸¶¨´μ¢ g ´ ¤ Ëμ´μ³ Ω0. ’ ± ± ± ¢Ò¶μ²´Ö¥É¸Ö Ê¸²μ¢¨¥ R(Ω0) = 0, ¸¶· ¢¥¤-
²¨¢μ · §²μ¦¥´¨¥

R = R1 + R2, (1.27)

¢ ±μÉμ·μ³

R1 = dΩ1 + Ω0 � ∧Ω1 + Ω1 � ∧Ω0, R2 = Ω1 � ∧Ω1. (1.28)

— ¸ÉÓ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° (1.19) ³² ¤Ï¥£μ ¶μ·Ö¤±  ¨³¥¥É ¢¨¤

δ0Ω1 = D0ε. (1.29)

ˆ§ (1.22) ¨ (1.6) ¸²¥¤Ê¥É, ÎÉμ
δ0R1 = 0. (1.30)
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„¥°¸É¢¨¥ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸É·μ¨É¸Ö ¨§ ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ R ¢ ¢¨¤¥,
 ´ ²μ£¨Î´μ³ ¤¥°¸É¢¨Õ £· ¢¨É Í¨¨ (1.11), · ¸¸³μÉ·¥´´μ³Ê ¢ ¶. 1.1:

S =
∫

U ∧ R ∧ R, (1.31)

£¤¥ (d − 4)-Ëμ·³Ò U Ö¢²ÖÕÉ¸Ö ´¥±μÉμ·Ò³¨ ±μÔËË¨Í¨¥´É ³¨, ¶μ¸É·μ¥´´Ò³¨
¨§ ¶μ²¥° ·¥¶¥·  ¨ ±μ³¶¥´¸ Éμ· . ‚ Í¥²μ³ ¶·μ¡²¥³  ¶μ¸É·μ¥´¨Ö ¶· ¢¨²Ó´μ£μ
¤¥°¸É¢¨Ö ¸¢μ¤¨É¸Ö ± ´ Ìμ¦¤¥´¨Õ ±μÔËË¨Í¨¥´Éμ¢ U . ‚ · ³± Ì ¶·¨´ÖÉμ£μ
¶¥·ÉÊ·¡ É¨¢´μ£μ · §²μ¦¥´¨Ö ¶¥·¢Ò³ Ï £μ³ ¡Ê¤¥É ´ Ìμ¦¤¥´¨¥ ¶· ¢¨²Ó´μ£μ
±¢ ¤· É¨Î´μ£μ ¤¥°¸É¢¨Ö, μ¶¨¸Ò¢ ÕÐ¥£μ ¸¢μ¡μ¤´Ò¥ ¶μ²Ö § ¤ ´´μ£μ ¸¶¨´  s:

Ss
2 =

∫
Us

0 ∧ Rs
1 ∧ Rs

1. (1.32)

�É³¥É¨³, ÎÉμ ¤²Ö ¸²ÊÎ Ö ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¡μ§μ´´ÒÌ ¨ Ë¥·³¨μ´-
´ÒÌ ¶μ²¥° ²Õ¡μ£μ ¸¶¨´  ¶·¨ ¶·μ¨§¢μ²Ó´μ³ Î¨¸²¥ ¨§³¥·¥´¨° ±¢ ¤· É¨Î´Ò¥
¤¥°¸É¢¨Ö ¡Ò²¨ ¶μ¸É·μ¥´Ò ¢ · ¡μÉ Ì [54Ä56]. ‚ ¸¨²Ê ¨´¢ ·¨ ´É´μ¸É¨ (1.30)
²Õ¡μ¥ ¤¥°¸É¢¨¥ ¢¨¤  (1.32) Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³ μÉ´μ¸¨É¥²Ó´μ  ¡¥²¥¢ÒÌ
± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸¢μ¡μ¤´ÒÌ ¶μ²¥° (1.29). �¤-
´ ±μ ¶·¨ ¶·μ¨§¢μ²Ó´ÒÌ ±μÔËË¨Í¨¥´É Ì Us

0 ´¥¸³μÉ·Ö ´  ± ²¨¡·μ¢μÎ´ÊÕ ¨´-
¢ ·¨ ´É´μ¸ÉÓ ¤¥°¸É¢¨¥ (1.32) ´¥ μ¡Ö§ É¥²Ó´μ ¤μ²¦´μ μ¶¨¸Ò¢ ÉÓ ¶· ¢¨²Ó´ÊÕ
¶μ²¥¢ÊÕ ¤¨´ ³¨±Ê ¢Ò¸Ï¨Ì ¸¶¨´μ¢. „¥²μ ¢ Éμ³, ÎÉμ o(d − 1, 2)-±μ¢ ·¨ ´É´μ¥
¶μ²¥ 1-Ëμ·³Ò Ωs

1, μÉ¢¥Î ÕÐ¥¥ ¸¶¨´Ê s, · §²μ¦¥´´μ¥ ¶μ μÉ´μÏ¥´¨Õ ± ¶μ¤ ²-
£¥¡·¥ ‹μ·¥´Í , ¶·¨¢μ¤¨É ± ¸μ¢μ±Ê¶´μ¸É¨ ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ¶μ²¥° 1-Ëμ·³
ωs,t, £¤¥ t = 0, 1, . . . , s − 1. ”¨§¨Î¥¸±μ¥ ¶μ²¥ μÉμ¦¤¥¸É¢²Ö¥É¸Ö ¸ ωs,0. ’·¥¡Ê-
¥É¸Ö, ÎÉμ¡Ò μ¸É ²Ó´Ò¥ ¶μ²Ö ωs,t ¶·¨ t > 0 ´¥ ¤ ¢ ²¨ ¢±² ¤  ¢ ¤¥°¸É¢¨¥, ÎÉμ
Ê¸É· ´Ö¥É ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò,  ¸¸μÍ¨¨·μ¢ ´´Ò¥ ¸ ÔÉ¨³¨ ¶μ²Ö³¨. ‚ ¡μ§μ´´μ³
¸²ÊÎ ¥ ¶μ²¥ ¸ t = 1 Ö¢²Ö¥É¸Ö ¢¸¶μ³μ£ É¥²Ó´Ò³ ¨ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¶·μ¨§-
¢μ¤´Ò¥ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö ´  ·¥Ï¥´¨ÖÌ ¸¢μ¨Ì Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö. �μ²Ö ¸
t � 2 ´ §Ò¢ ÕÉ¸Ö Ô±¸É· ¶μ²Ö³¨. �·¨ · ¸¸³μÉ·¥´¨¨ ±¢ ¤· É¨Î´μ£μ ¤¥°¸É¢¨Ö
¢ ·¨ Í¨Ö ¶μ ÔÉ¨³ ¶μ²Ö³ ¶μ¤Î¨´¥´  Ê¸²μ¢¨Õ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°:

δSs
2

δωs,t
≡ 0, t � 2. (1.33)

‚Ò¶μ²´¥´¨¥ (1.33) £ · ´É¨·Ê¥É, ÎÉμ ±¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥ ¸μ¤¥·¦¨É ¶·μ¨§-
¢μ¤´Ò¥ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö ´¥ ¸É ·Ï¥ ¢Éμ·μ£μ ¶μ·Ö¤± . �± §Ò¢ ¥É¸Ö, ÎÉμ Ê¸²μ-
¢¨¥ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° μ¤´μ§´ Î´μ Ë¨±¸¨·Ê¥É ±¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥
(É. e. ¢¨¤ ±μÔËË¨Í¨¥´Éμ¢ Us

0 ) ¶μ ³μ¤Ê²Õ ¸² £ ¥³ÒÌ, Ö¢²ÖÕÐ¨Ì¸Ö ¶μ²´Ò³¨
¶·μ¨§¢μ¤´Ò³¨, ¨ μ¡Ð¥£μ ¶·μ¨§¢μ²Ó´μ£μ Ë ±Éμ·  ¶¥·¥¤ ¤¥°¸É¢¨¥³ ± ¦¤μ£μ
¸¶¨´ . ‚ Ë¥·³¨μ´´μ³ ¸²ÊÎ ¥ ¢¸¥ ¶μ²Ö ¸ t � 1 Ö¢²ÖÕÉ¸Ö Ô±¸É· ¶μ²Ö³¨ ¨
Ê¸²μ¢¨¥ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° £ · ´É¨·Ê¥É, ÎÉμ ±¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥ ´¥
¸μ¤¥·¦¨É ¶·μ¨§¢μ¤´ÒÌ ¸É ·Ï¥ ¶¥·¢μ£μ ¶μ·Ö¤± .
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�¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¨ Ô±¸É· ¶μ²Ö ´¥ ¤ ÕÉ ¢±² ¤  ¢
±¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥, μ´¨ ¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¶μÖ¢²ÖÕÉ¸Ö ¢ ´¥²¨´¥°´μ° É¥-
μ·¨¨. ‚ · ¸¸³ É·¨¢ ¥³μ° ¤ ²¥¥ ±Ê¡¨Î¥¸±μ° ¤¥Ëμ·³ Í¨¨ ±¢ ¤· É¨Î´μ£μ ¤¥°-
¸É¢¨Ö ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¨ Ô±¸É· ¶μ²Ö ³μ£ÊÉ ¡ÒÉÓ ¢Ò· ¦¥´Ò Î¥·¥§ ¶·μ¨§¢μ¤´Ò¥
Ë¨§¨Î¥¸±μ£μ ¶μ²Ö ¸ ¶μ³μÐÓÕ ´¥±μÉμ·ÒÌ Ê· ¢´¥´¨° ¸¢Ö§¨. ‚ ±Ê¡¨Î¥¸±μ³ ¶·¨-
¡²¨¦¥´¨¨ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò¥ ¸¢Ö§¨ ¢Ò¡¨· ÕÉ¸Ö ¢ ¢¨¤¥ ´¥±μÉμ·ÒÌ
²¨´¥°´ÒÌ ±μ³¡¨´ Í¨° ²¨´¥ ·¨§μ¢ ´´ÒÌ ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢

Φlin(R1) = 0 (1.34)

¸ ±μÔËË¨Í¨¥´É ³¨, ¶μ¸É·μ¥´´Ò³¨ ¨§ Ëμ´μ¢μ£μ ¶μ²Ö ·¥¶¥· . �¥Ï¥´¨¥ ÔÉ¨Ì
Ê· ¢´¥´¨° ¶·¨¢μ¤¨É ± ¢Ò· ¦¥´¨Ö³ ¢¨¤ 

ωs,t ∼
( ∂

λ∂x

)t (
ωs,0

)
+ Î¨¸Éμ ± ²¨¡·μ¢μÎ´Ò° ¢±² ¤ (1.29). (1.35)

Š ± ¸²¥¤¸É¢¨¥ μ¶·¥¤¥²¥´¨Ö ¶μ²Ö ·¥¶¥·  (1.1), ÔÉ¨ ¸μμÉ´μÏ¥´¨Ö ¸μ¤¥·¦ É Ö¢-
´ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ AdSd · ¤¨Ê¸  ∼ λ−1. ‚Ò· ¦¥´¨Ö (1.35), ¢μ§´¨± ÕÐ¨¥
¶·¨ ·¥Ï¥´¨¨ Ê· ¢´¥´¨° ¸¢Ö§¨ ¤²Ö Ô±¸É· ¶μ²¥°, ¶·¨¢μ¤ÖÉ ± ¶μÖ¢²¥´¨Õ ¢Ò¸-
Ï¨Ì ¶·μ¨§¢μ¤´ÒÌ ¢ ¢¥·Ï¨´ Ì ¢§ ¨³μ¤¥°¸É¢¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢. � ²¨Î¨¥ μÉ·¨-
Í É¥²Ó´ÒÌ ¸É¥¶¥´¥° ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ° ¤¥² ¥É ¨Ì ¡¥§· §³¥·´Ò³¨.
� ¸¸³μÉ·¥´¨¥ ¸É ·Ï¨Ì ¶μ·Ö¤±μ¢ ¶μ ¢§ ¨³μ¤¥°¸É¢¨Õ É·¥¡Ê¥É μ¡μ¡Ð¥´¨Ö Ê· ¢-
´¥´¨° ¸¢Ö§¨ (1.34), ±μÉμ·μ¥ ¢ ¤ ´´Ò° ³μ³¥´É ´¥¨§¢¥¸É´μ. �´ ²¨§ (1.34) ¢
¸μ¢μ±Ê¶´μ¸É¨ ¸ Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö ¸¢μ¡μ¤´μ° É¥μ·¨¨ ¶μ§¢μ²Ö¥É ¸Ëμ·³Ê-
²¨·μ¢ ÉÓ ¶¥·¢ÊÕ É¥μ·¥³Ê ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ [54Ä56], ÊÉ¢¥·¦¤ ÕÐÊÕ, ÎÉμ
´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ ¡μ²ÓÏ¨´¸É¢μ ±μ³¶μ´¥´É 2-Ëμ·³ ²¨´¥ ·¨§μ¢ ´´ÒÌ
±·¨¢¨§´ R1 ³μ£ÊÉ ¡ÒÉÓ ¶μ²μ¦¥´Ò · ¢´Ò³¨ ´Ê²Õ, §  ¨¸±²ÕÎ¥´¨¥³ ±μ³¶μ´¥´É
¸¶¥Í¨ ²Ó´μ£μ É¨¶  ¸¨³³¥É·¨¨ C, ±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö 0-Ëμ·³ ³¨ ¨ ´ §Ò¢ ÕÉ¸Ö
μ¡μ¡Ð¥´´Ò³¨ É¥´§μ· ³¨ ‚¥°²Ö, É. ¥.

R1 = h ∧ h C + X

(
δS2

δΩ

)
. (1.36)

‡¤¥¸Ó h μ¡μ§´ Î ¥É Ëμ´μ¢μ¥ ¶μ²¥ ·¥¶¥·  (¸³. ¶. 1.1), ¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ
¶ ·  ± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢ É¥´§μ·μ¢ ‚¥°²Ö C ¶¥·¥¢μ¤¨É¸Ö ¢ ³¨·μ¢Ò¥ ¨´¤¥±¸Ò
2-Ëμ·³ ±·¨¢¨§´ R,   X ¥¸ÉÓ ´¥±μÉμ·Ò¥ ²¨´¥°´Ò¥ ËÊ´±Í¨μ´ ²Ò μÉ ²¥¢ÒÌ

Î ¸É¥° ¸¢μ¡μ¤´ÒÌ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö
δS2

δΩ
= 0.

� ¸¸³μÉ·¨³ ¤¥Ëμ·³ Í¨Õ ±¢ ¤· É¨Î´μ£μ ¤¥°¸É¢¨Ö ¢ ¶¥·¢μ³ ´¥É·¨¢¨ ²Ó-
´μ³ (±Ê¡¨Î¥¸±μ³) ¶·¨¡²¨¦¥´¨¨. ‚ · ³± Ì ¶·¨´ÖÉμ£μ ¶¥·ÉÊ·¡ É¨¢´μ£μ · §²μ-
¦¥´¨Ö ¶μ²¥° (1.26) ¤¥°¸É¢¨¥ ¶·¨´¨³ ¥É ¢¨¤

S = S2 + S3 + . . . (1.37)

Š¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥ S2 μ¶¨¸Ò¢ ¥É ¸¢μ¡μ¤´ÊÕ ¤¨´ ³¨±Ê ¶μ²¥° ¢Ò¸Ï¨Ì
¸¶¨´μ¢. S3 ¥¸ÉÓ ±Ê¡¨Î¥¸± Ö ¶μ¶· ¢± . �μ¶· ¢±¨ ¸É ·Ï¨Ì ¶μ·Ö¤±μ¢ ´¥ ¤ ÕÉ
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¢±² ¤  ¢ · ¸¸³ É·¨¢ ¥³μ³ ¶·¨¡²¨¦¥´¨¨. �´ ²μ£¨Î´Ò³ μ¡· §μ³ · §²μ¦¨³
± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¶μ²¥° (1.25):

δΩ = δ0Ω + δ1Ω + . . . , (1.38)

£¤¥ δ0Ω ¥¸ÉÓ ²¨´¥ ·¨§μ¢ ´´Ò¥  ¡¥²¥¢Ò ¶·¥μ¡· §μ¢ ´¨Ö (1.29),   δ1Ω ¸μ¤¥·-
¦¨É Î²¥´Ò, ²¨´¥°´Ò¥ ¶μ ¤¨´ ³¨Î¥¸±¨³ ¶μ²Ö³ Ω1. � ¶μ³´¨³, ÎÉμ Ëμ´μ¢Ò¥
¶μ²Ö Ω0 Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Õ R0 = 0, ¨ ¶μÔÉμ³Ê · §²μ¦¥´¨¥ R ´ Î¨´ -
¥É¸Ö ¸ ¶¥·¢μ£μ ¶μ·Ö¤±  ¶μ ¶μ²Ö³ (1.28). ‚ ·¥§Ê²ÓÉ É¥ ¤¥Ëμ·³ Í¨Ö Δ(R, ε) ¢
(1.25) ¤ ¥É ¢±² ¤ ´ Î¨´ Ö ¸ δ1Ω. ’. ±. ±¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥ ¶μ ¶μ¸É·μ¥´¨Õ
¨´¢ ·¨ ´É´μ μÉ´μ¸¨É¥²Ó´μ ²¨´¥ ·¨§μ¢ ´´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨°,
δ0S2 = 0, Î ¸ÉÓ ¢ ·¨ Í¨¨, ²¨´¥°´ Ö ¶μ ¤¨´ ³¨Î¥¸±¨³ ¶μ²Ö³, · ¢´  ´Ê²Õ. �μ-
ÔÉμ³Ê ¶¥·¢μ¥ ´¥É·¨¢¨ ²Ó´μ¥ ¸² £ ¥³μ¥ ¡¨²¨´¥°´μ ¶μ ¤¨´ ³¨Î¥¸±¨³ ¶μ²Ö³:

δ1S = δ0S3 + δ1S2 ∼ Ω2
1ε. (1.39)

�¥Ï¥´¨¥ § ¤ Î¨ ¡Ê¤¥É ¸μ¸ÉμÖÉÓ ¢ ´ Ìμ¦¤¥´¨¨ É ±μ£μ ¤¥°¸É¢¨Ö S3, ÎÉμ μ´μ
¤μ¶Ê¸± ¥É ´¥É·¨¢¨ ²Ó´ÊÕ ¤¥Ëμ·³ Í¨Õ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨°, ¶·¨
±μÉμ·μ° ¢ ·¨ Í¨Ö (1.39) ¡Ò²  ¡Ò · ¢´  ´Ê²Õ.

ˆ¸¶μ²Ó§ÊÖ · §²μ¦¥´¨¥ (1.25), ³μ¦´μ ¶¥·¥¶¨¸ ÉÓ Ê¸²μ¢¨¥ δ1S = 0 ¢ Ô±¢¨-
¢ ²¥´É´μ³ ¢¨¤¥:

0 = δgS + ΔS2 + O(Ω3
1ε), (1.40)

£¤¥ δg μ¡μ§´ Î ¥É ¨¸Ìμ¤´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö (1.19), ±μÉμ·Ò¥
¸μ¤¥·¦ É Î²¥´Ò ´¥ ¸É ·Ï¥ ¶¥·¢μ£μ ¶μ·Ö¤±  ¶μ ¶μ²Ö³. „·Ê£¨¥ ¢μ§³μ¦´Ò¥
²¨´¥°´Ò¥ ¢±² ¤Ò ¸μ¤¥·¦ É¸Ö ¢ ¢ ·¨ Í¨¨ ΔΩ1. ’. ±.

ΔS2 =
δS2

δΩphys
ΔΩphys, (1.41)

(²μ± ²Ó´ Ö) ¤¥Ëμ·³ Í¨Ö ΔΩphys, Ê¤μ¢²¥É¢μ·ÖÕÐ Ö Ê¸²μ¢¨Õ ¨´¢ ·¨ ´É´μ¸É¨
(1.40), ¸ÊÐ¥¸É¢Ê¥É Éμ£¤  ¨ Éμ²Ó±μ Éμ£¤ , ±μ£¤ 

δgS = −Y

(
Ω1,

δS2

δΩphys
, ε

)
+ O(Ω3

1ε), (1.42)

£¤¥ Y

(
Ω1,

δS2

δΩphys
, ε

)
¥¸ÉÓ ´¥±μÉμ·Ò° É·¨²¨´¥°´Ò° ËÊ´±Í¨μ´ ². „·Ê£¨³¨

¸²μ¢ ³¨, Ê¸²μ¢¨¥ ¨´¢ ·¨ ´É´μ¸É¨ ¨³¥¥É ³¥¸Éμ, ¥¸²¨ ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö S2+S3

¶μ μÉ´μÏ¥´¨Õ ± ´¥¤¥Ëμ·³¨·μ¢ ´´Ò³ ± ²¨¡·μ¢μÎ´Ò³ ¶·¥μ¡· §μ¢ ´¨Ö³ · ¢´ 

´Ê²Õ ¢ Ê· ¢´¥´¨ÖÌ
δS2

δΩphys
= 0.

�É³¥É¨³, ÎÉμ ¤¥Ëμ·³ Í¨Ö ¢ ·¨ Í¨¨ ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¨ Ô±¸É· ¶μ²¥° ´¥
¤ ¥É ¢±² ¤  ¢ ¢ ·¨ Í¨Õ ¤¥°¸É¢¨Ö ¢ · ¸¸³ É·¨¢ ¥³μ³ ¶·¨¡²¨¦¥´¨¨, É. ±. ¢ -
·¨ Í¨Ö S2 ¶μ μÉ´μÏ¥´¨Õ ± ÔÉ¨³ ¶μ²Ö³ Éμ¦¤¥¸É¢¥´´μ · ¢´  ´Ê²Õ ²¨¡μ ¢



1396 �‹Š�‹�…‚ Š.	.

¸¨²Ê Ê¸²μ¢¨Ö μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° (1.33), ²¨¡μ ´  μ¸´μ¢ ´¨¨ ¸¢Ö§¥° ¤²Ö
¢¸¶μ³μ£ É¥²Ó´ÒÌ ¶μ²¥° (É. ¥. ¨¸¶μ²Ó§Ê¥É¸Ö 1,5 (¶μ²ÊÉμ·´Ò°) Ëμ·³ ²¨§³).

„ ²Ó´¥°Ï¨°  ´ ²¨§ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ μ¸´μ¢ ´ ´  ¨¸¶μ²Ó-
§μ¢ ´¨¨ ¶¥·¢μ° É¥μ·¥³Ò ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ (1.36), a ¨³¥´´μ: ¢ ·¨ Í¨Ö
δgS Ö¢²Ö¥É¸Ö ¡¨²¨´¥°´Ò³ ËÊ´±Í¨μ´ ²μ³ ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ R, ±μ-
Éμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ § ³¥´¥´Ò ¢ · ¸¸³ É·¨¢ ¥³μ³ ¶μ·Ö¤±¥ ²¨´¥ ·¨§μ¢ ´´Ò³¨
±·¨¢¨§´ ³¨ R1. � ±² ¤Ò¢ Ö ´  ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¨ Ô±¸É· ¶μ²Ö ¸¢Ö§¨ (1.34),
¢μ¸¶μ²Ó§Ê¥³¸Ö ¸μμÉ´μÏ¥´¨Ö³¨ (1.36). ‚ X ¢¸¥ Î²¥´Ò ¶·μ¶μ·Í¨μ´ ²Ó´Ò ²¥-
¢Ò³ Î ¸ÉÖ³ ¸¢μ¡μ¤´ÒÌ ¶μ²¥¢ÒÌ Ê· ¢´¥´¨° ¨ ¶μÔÉμ³Ê ¶·¨¢μ¤ÖÉ ± ¢ ·¨ Í¨¨
¢¨¤  (1.42), ±μÉμ· Ö ³μ¦¥É ¡ÒÉÓ ±μ³¶¥´¸¨·μ¢ ´  ¶μ¤Ìμ¤ÖÐ¥° ¤¥Ëμ·³ Í¨¥°
ΔΩ1. ‘² £ ¥³Ò¥, ±μÉμ·Ò¥ ´¥ ³μ£ÊÉ ¡ÒÉÓ ±μ³¶¥´¸¨·μ¢ ´Ò É ±¨³ μ¡· §μ³, Å
ÔÉμ μ¸É ÉμÎ´Ò¥ ¡¨²¨´¥°´Ò¥ ±μ³¡¨´ Í¨¨ É¥´§μ·μ¢ ‚¥°²Ö C. �μÔÉμ³Ê Ê¸²μ-
¢¨¥³ Éμ£μ, ÎÉμ ¤¥°¸É¢¨¥ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨´¢ ·¨ ´É´μ μÉ´μ¸¨É¥²Ó´μ ´¥±μÉμ·μ°
¤¥Ëμ·³ Í¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, Ö¢²Ö¥É¸Ö Ê¸²μ-
¢¨¥, ¸μ£² ¸´μ ±μÉμ·μ³Ê ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö ¶μ μÉ´μÏ¥´¨Õ ± ¨¸Ìμ¤´Ò³ (É. ¥.
´¥¤¥Ëμ·³¨·μ¢ ´´Ò³) ¶·¥μ¡· §μ¢ ´¨Ö³ · ¢´  ´Ê²Õ, ¥¸²¨ ²¨´¥ ·¨§μ¢ ´´Ò¥
±·¨¢¨§´Ò R1 § ³¥´¥´Ò É¥´§μ· ³¨ ‚¥°²Ö C ¸μ£² ¸´μ (1.36), É. ¥.

δgS
∣∣∣
R=h∧h C

= 0. (1.43)

�·μ£· ³³  ¶μ¸É·μ¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ´  Ê·μ¢´¥ ËÊ´±-
Í¨μ´ ²  ¤¥°¸É¢¨Ö ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨, μ¶¨¸ ´´ Ö ¢ ÔÉμ³ · §¤¥²¥ ¨
¶·¨¢μ¤ÖÐ Ö ± ·¥Ï¥´¨Õ Ê¸²μ¢¨Ö (1.43), ¡Ò²  ¢¶¥·¢Ò¥ μ¸ÊÐ¥¸É¢²¥´  ¢ 4d-
¸²ÊÎ ¥ ¢ · ¡μÉ Ì [3,4,54]. ‚ 5d-¸²ÊÎ ¥ ¢ · ¡μÉ¥ [33] ¡Ò²  ¶μ¸É·μ¥´  Î¨¸Éμ ¡μ-
§μ´´ Ö É¥μ·¨Ö ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢. � ¸Ï¨·¥´¨¥ 5d- ´ ²¨§ 
´  ¸²ÊÎ ° ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ±Ê¡¨Î¥¸±¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ¡Ê¤¥É · ¸¸³μÉ·¥´μ
¢ · §¤. 5. �·¨ ¶·μ¨§¢μ²Ó´μ³ Î¨¸²¥ ¨§³¥·¥´¨° § ¤ Î  ¶μ¸É·μ¥´¨Ö ´¥²¨´¥°´μ£μ
¤¥°¸É¢¨Ö ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ μ¸É ¥É¸Ö ´¥·¥Ï¥´´μ°.

2. �…‡Œ�‘‘�‚›… ��‹Ÿ
‘Œ…˜����ƒ� ’ˆ�� ‘ˆŒŒ…’�ˆˆ ‚ ADSd

‚ ÔÉμ³ · §¤¥²¥ ³Ò · ¸¸³ É·¨¢ ¥³ ´μ¢Ò° ¶μ¤Ìμ¤ ± ±μ¢ ·¨ ´É´μ³Ê μ¶¨¸ -
´¨Õ ¶μ²¥° ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ ¶·μ¨§¢μ²Ó´μ£μ ¸¶¨´ , · ¸¶·μ¸É· ´Ö-
ÕÐ¨Ì¸Ö ´  Ëμ´¥ AdSd-£¥μ³¥É·¨¨ [89]. „ ´´Ò° ³¥Éμ¤ μ¡μ¡Ð ¥É É¥É· ¤´ÊÕ
Ëμ·³Ê²¨·μ¢±Ê ¤¨´ ³¨±¨ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥°, · §¢¨ÉÊÕ · ´¥¥ ¢
· ¡μÉ Ì [33,41,54Ä56], ¨  ´ ²μ£¨Î´Ò° Ëμ·³ ²¨§³ ¶¥·¢μ£μ ¶μ·Ö¤± , · §· ¡μ-
É ´´Ò° ¢ · ¡μÉ¥ [65] ´  ¶·¨³¥· Ì Î ¸É´ÒÌ ´¥¸¨³³¥É·¨Î´ÒÌ ¶μ²¥°.

‘ÊÉÓ ³¥Éμ¤  ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³. �Ê¸ÉÓ ¨³¥¥É¸Ö Ê´¨É ·´μ¥ ¶·¥¤¸É ¢²¥-
´¨¥ ³² ¤Ï¥£μ ¢¥¸  AdSd  ²£¥¡·Ò o(d − 1, 2), Ì · ±É¥·¨§Ê¥³μ¥ ¢ ±ÊÊ³´Ò³
¶·μ¸É· ´¸É¢μ³ ´¨§Ï¥£μ §´ Î¥´¨Ö Ô´¥·£¨¨, ·¥ ²¨§μ¢ ´´μ£μ ± ± ¶·¥¤¸É ¢²¥-
´¨¥  ²£¥¡·Ò o(d − 1) ⊂ o(d − 1, 2) ¢ ¢¨¤¥ ¡¥¸¸²¥¤μ¢μ° ¤¨ £· ³³Ò 
´£ 
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Yo(d−1), Ê ±μÉμ·μ° ¸ ³ Ö ¤²¨´´ Ö ¸É·μ±  ¨³¥¥É ¤²¨´Ê s ¨ ¸ ³Ò° ±μ·μÉ-
±¨° ¸Éμ²¡¥Í ¨³¥¥É ¢Ò¸μÉÊ p. ’μ£¤  ¸μμÉ¢¥É¸É¢ÊÕÐ Ö É¥μ·¥É¨±μ-¶μ²¥¢ Ö ¸¨-
¸É¥³  ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´  ± ²¨¡·μ¢μÎ´Ò³ ¶μ²¥³ p-Ëμ·³Ò, ¶·¨´¨³ ÕÐ¥°
§´ Î¥´¨Ö ¢ ¶·¥¤¸É ¢²¥´¨¨  ²£¥¡·Ò o(d − 1, 2), ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ¡¥¸¸²¥¤μ¢μ°
¤¨ £· ³³¥ 
´£  Yo(d−1,2), ¶μ²ÊÎ ÕÐ¥°¸Ö ¨§ Yo(d−1) ¢ ·¥§Ê²ÓÉ É¥ μÉ·¥§ ´¨Ö
±· °´¥£μ ¶· ¢μ£μ ¸Éμ²¡Í  ¢Ò¸μÉμ° p ¨ ¤μ¡ ¢²¥´¨Ö ¸ ³μ° ¤²¨´´μ° ¸É·μ±¨
¤²¨´μ° s − 1. �μ²ÊÎ¨¢Ï¥¥¸Ö AdSd-± ²¨¡·μ¢μÎ´μ¥ ¶μ²¥ p-Ëμ·³Ò ¸μ¤¥·¦¨É
²μ·¥´Í-±μ¢ ·¨ ´É´μ¥ Ë¨§¨Î¥¸±μ¥ ¶μ²¥ ¢Ò¸Ï¥£μ ¸¶¨´  ¢³¥¸É¥ ¸μ ¢¸¥³¨ ´¥-
μ¡Ìμ¤¨³Ò³¨ ¢¸¶μ³μ£ É¥²Ó´Ò³¨ ¨ Ô±¸É· ¶μ²Ö³¨ ¨ ¶μ§¢μ²Ö¥É ¶μ¸É·μ¨ÉÓ Ö¢´μ
± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò¥ ±·¨¢¨§´Ò, ¨¸¶μ²Ó§Ê¥³Ò¥ ¤²Ö ¶μ¸É·μ¥´¨Ö ËÊ´±-
Í¨μ´ ²μ¢ ¤¥°¸É¢¨Ö ¢ Ëμ·³¥ Œ ±¤ ÊÔ²² ÄŒ ´¸Ê·¨ [72]. �·¥¤²μ¦¥´´ Ö Ëμ·³Ê-
²¨·μ¢±  ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ É¥·³¨´ Ì p-Ëμ·³ ¸¢Ö§´μ¸É¥° ¨ ±·¨¢¨§´ ¢Ò¸-
Ï¨Ì ¸¶¨´μ¢ ¶μ§¢μ²Ö¥É £¥μ³¥É·¨Î¥¸±¨ ±μ´É·μ²¨·μ¢ ÉÓ ± ²¨¡·μ¢μÎ´Ò¥ ¸¨³³¥-
É·¨¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢.

„²Ö ¡μ§μ´´ÒÌ ¶μ²¥° ¶·¥¤²μ¦¥´´Ò° Ëμ·³ ²¨§³ ¶·¨³¥´¨³ ¨ ¶·¨ μ¶¨¸ -
´¨¨ ¤¨´ ³¨±¨ ´  Ëμ´¥ £¥μ³¥É·¨¨ ¤¥ ‘¨ÉÉ¥· . „²Ö Ë¥·³¨μ´μ¢ ÔÉμ ´¥ É ±,
¶μÉμ³Ê ÎÉμ Ê¸²μ¢¨Ö ¢¥Ð¥¸É¢¥´´μ¸É¨ ¤²Ö ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ´  ¶·μ¸É· ´¸É¢¥
dS É·¥¡ÊÕÉ ¶·¨¸ÊÉ¸É¢¨Ö ¢ ¤¥°¸É¢¨¨ ³´¨³ÒÌ ³ ¸¸μ¢μ¶μ¤μ¡´ÒÌ ¸² £ ¥³ÒÌ, ¶μ-
¸É·μ¥´´ÒÌ ´  μ¸´μ¢¥ ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ°. „²Ö μ¶·¥¤¥²¥´´μ¸É¨ ³Ò
¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¤¨´ ³¨±Ê ¶μ²¥° Éμ²Ó±μ ´  ¶·μ¸É· ´¸É¢¥ AdSd, μÉ¤¥²Ó´μ
μ£μ¢ ·¨¢ Ö ¸²ÊÎ ¨ ¶·μ¸É· ´¸É¢ Œ¨´±μ¢¸±μ£μ ¨ dSd.

‚ ¶μ¸²¥¤ÊÕÐ¥³ ¨§²μ¦¥´¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸¨£´ ÉÊ·  (+− . . . −). �¡μ§´ -
Î¥´¨Ö m, n = 0÷ d− 1 ¸μμÉ¢¥É¸É¢ÊÕÉ ³¨·μ¢Ò³ ¨´¤¥±¸ ³, a, b = 0 ÷ d − 1 Å
± ¸ É¥²Ó´Ò³ so(d − 1, 1) ¢¥±Éμ·´Ò³ ¨´¤¥±¸ ³ ¨ A, B = 0 ÷ d Å ± ¸ -
É¥²Ó´Ò³ so(d − 1, 2) ¢¥±Éμ·´Ò³ ¨´¤¥±¸ ³. ’ ±¦¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ±μ´¤¥´¸¨-
·μ¢ ´´Ò¥ μ¡μ§´ Î¥´¨Ö ¨§ · ¡μÉÒ [54] ¤²Ö ´ ¡μ·  ¸¨³³¥É·¨§μ¢ ´´ÒÌ ¨´-
¤¥±¸μ¢: a(k) ≡ (a1 · · · ak). ‚¥·Ì´¨¥ (´¨¦´¨¥) ¨´¤¥±¸Ò, μ¡μ§´ Î¥´´Ò¥ μ¤-
´μ° ¡Ê±¢μ°, ¸Î¨É ÕÉ¸Ö ¸¨³³¥É·¨§μ¢ ´´Ò³¨ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: XaY a ≡
1
2!

(Xa1Y a2 + Xa2Y a1).

2.1. „¨ £· ³³Ò 	´£  ¨ ¸²¥¤μ¢Ò¥ Ê¸²μ¢¨Ö. �Ê¸ÉÓ A(s1,...,sq) μ¡μ§´ Î ¥É
É¥´§μ·

Aa1(s1), a2(s2),...,aq(sq), (2.1)

¸¨³³¥É·¨Î´Ò° ¶μ ± ¦¤μ° £·Ê¶¶¥ ¨´¤¥±¸μ¢∗ ai(si) ¨ Ê¤μ¢²¥É¢μ·ÖÕÐ¨° ¸¢μ°-
¸É¢Ê ¸¨³³¥É·¨¨ 
´£ ,  ¸¸μÍ¨¨·μ¢ ´´μ³Ê ¸ ¤¨ £· ³³μ° 
´£  É¨¶ 

∗�¡ÒÎ´μ ¶ · ³¥É· q ¢ (2.1) Ê¤μ¢²¥É¢μ·Ö¥É ´¥· ¢¥´¸É¢Ê q � ν, £¤¥ ν =

[
d

2

]
− 1 Å · ´£

³ ²μ° £·Ê¶¶Ò SO(d− 2) ¤²Ö ¶·μ¸É· ´¸É¢  Œ¨´±μ¢¸±μ£μ ²¨¡μ ν =

[
d − 1

2

]
Å · ´£ SO(d− 1)

¢ ¸²ÊÎ ¥ ¶·μ¸É· ´¸É¢  AdSd, ÌμÉÖ ¢μ§³μ¦´Ò ¨ ¤Ê ²Ó´Ò¥ É¥μ·¨¨ ¸ ¡�o²ÓÏ¨³ ¶ · ³¥É·μ³ q.
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Y (s1, s2, . . . , sq), ¸μ¸É ¢²¥´´μ° ¨§ q ¸É·μ± ¸ ¤²¨´ ³¨ s1 � s2 � s3 � . . . �
sq > 0, É. ¥. ¸¨³³¥É·¨§ Í¨Ö ¢¸¥Ì ¨´¤¥±¸μ¢ ¢ i-° ¸É·μ±¥ ¸ ²Õ¡Ò³ ¨´¤¥±¸μ³ ¨§
(i + k)-° ¸É·μ±¨ ¶·¨ k > 0 ¤ ¥É ´Ê²Ó.

�Ê¸ÉÓ É¥´§μ· (2.1) Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Ö³

ηaiaiηaiaiA
a1(s1), a2(s2),...,aq(sq) = 0, 0 < i � m, (2.2)

¨
ηaiaiA

a1(s1), a2(s2),...,aq(sq) = 0, m < i � q, (2.3)

£¤¥ ηab ¥¸ÉÓ ´¥±μÉμ· Ö ³¥É·¨±  ¸¨£´ ÉÊ·Ò (p, r) (´ ¶·¨³¥·, ¢ ¸²ÊÎ ¥ ²μ·¥´Í¥¢-
¸±μ° ¸¨£´ ÉÊ·Ò ¨³¥¥³ p = d−1 ¨ r = 1) ¨ m ¥¸ÉÓ ´¥±μÉμ·μ¥ ´¥μÉ·¨Í É¥²Ó´μ¥
Î¨¸²μ. “¸²μ¢¨¥ (2.2) μ§´ Î ¥É, ÎÉμ ¸¢¥·É±  ²Õ¡ÒÌ ¤¢ÊÌ ¶ · ¨´¤¥±¸μ¢ ²Õ¡μ°
¨§ ¶¥·¢ÒÌ m ¸É·μ± ¤¨ £· ³³Ò 
´£  ¤ ¥É ´Ê²Ó. “¸²μ¢¨¥ (2.3) μ§´ Î ¥É, ÎÉμ
¸¢¥·É±  ²Õ¡μ° ¶ ·Ò ¨´¤¥±¸μ¢ ²Õ¡μ° ¨§ ¶μ¸²¥¤´¨Ì q − m ¸É·μ± ¤ ¥É ´Ê²Ó.

‹¨´¥°´μ¥ ¶·μ¸É· ´¸É¢μ É¥´§μ·μ¢ (2.1), Ö¢²ÖÕÐ¨Ì¸Ö ¤¨ £· ³³ ³¨ 
´£ 
É¨¶  Y (s1, . . . , sq) ¨ Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì Ê¸²μ¢¨Ö³ (2.2), (2.3), ¡Ê¤¥É μ¡μ§´ -
Î ÉÓ¸Ö Î¥·¥§ Bp,r

m (s1, . . . , sq). ‡ ³¥É¨³, ÎÉμ ¶·¨ i < j ¸¶· ¢¥¤²¨¢μ ¢²μ¦¥´¨¥
Bp,r

i (s1, . . . , sq) ⊂ Bp,r
j (s1, . . . , sq). ‚ Î ¸É´μ¸É¨, Bp,r

0 (s1, . . . , sq) ¥¸ÉÓ ¶·μ-
¸É· ´¸É¢μ ¡¥¸¸²¥¤μ¢ÒÌ É¥´§μ·μ¢ ¸ ¤¨ £· ³³´Ò³¨ ¸¢μ°¸É¢ ³¨ É¨¶ 
Y (s1, . . . , sq).

“¤μ¡´μ · ¡μÉ ÉÓ ¸ ¤¨ £· ³³ ³¨ 
´£ , ¶μ¸É·μ¥´´Ò³¨, ¢ ± Î¥¸É¢¥ Ô²¥³¥´-
É ·´ÒÌ ¸μ¸É ¢²ÖÕÐ¨Ì, ¨§ ¶·Ö³μÊ£μ²Ó´ÒÌ ¡²μ±μ¢ (s, p) ¤²¨´μ° s ¨ ¢Ò¸μÉμ° p:

s

p (2.4)

’μ£¤  ¨´¤¥±¸Ò ¢ ¸É·μ± Ì ¤¨ £· ³³Ò 
´£  Y (s1, . . . , sq) ¶¥·¥· ¸¶·¥¤¥²ÖÕÉ¸Ö
¶μ ¡²μ± ³ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

A(s1,...,sq) ∼ A(s̃1,p1);(s̃2,p2);...; (s̃k,pk), (2.5)

£¤¥ ¡²μ±¨ μ¶¨¸Ò¢ ÕÉ¸Ö ´ ¡μ· ³¨ ¶ · ¶μ²μ¦¨É¥²Ó´ÒÌ Í¥²ÒÌ Î¨¸¥² (s̃i, pi) ¸
s̃1 > s̃2 > . . . > s̃k > 0 ¨ ´¥±μÉμ·Ò³¨ pi, ¤²Ö ±μÉμ·ÒÌ ¢Ò¶μ²´Ö¥É¸Ö Ê¸²μ¢¨¥∑

i pi = q. ’μÎ´μ¥ μÉμ¦¤¥¸É¢²¥´¨¥ ¢ (2.5) ¨³¥¥É ¢¨¤

s̃1 = s1 = . . . = sp1︸ ︷︷ ︸
p1

> s̃2 = sp1+1 = . . . = sp1+p2︸ ︷︷ ︸
p2

> . . . >

> s̃k = sp1+...+pk−1+1 = . . . = sq︸ ︷︷ ︸
pk

. (2.6)
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„²Ö ¢¥·Ì´¥£μ ¡²μ±  ¨´μ£¤  ¡Ê¤¥É Ê¤μ¡´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥-
´¨Ö: s̃1 = s ¨ p1 = p.

�É³¥É¨³, ÎÉμ ¶·Ö³μÊ£μ²Ó´Ò° ¡²μ± Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³ (¢μ§³μ¦´μ, ¸
ÉμÎ´μ¸ÉÓÕ ¤μ §´ ± ) ¶·¨ ¶¥·¥¸É ´μ¢±¥ ¥£μ ¸É·μ±, ÎÉμ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³
Õ´£μ¢¸±μ° ¸¨³³¥É·¨¨.

2.2. Šμ¢ ·¨ ´É´Ò¥ ¶·μ¨§¢μ¤´Ò¥. ”μ´μ¢ Ö £¥μ³¥É·¨Ö ¶·μ¸É· ´¸É¢ Œ¨´-
±μ¢¸±μ£μ ¨ AdSd μ¶¨¸Ò¢ ¥É¸Ö ¶μ²¥³ ·¥¶¥·  ha = hn

a dxn ¨ ¶μ²¥³ ¸¶¨-
´μ¢μ° ¸¢Ö§´μ¸É¨ ωab

0 = ω0 n
ab dxn, ±μÉμ·Ò¥ Ê¤μ¢²¥É¢μ·ÖÕÉ Ê· ¢´¥´¨Õ (1.6).

„¥°¸É¢¨¥ Ëμ´μ¢μ° ±μ¢ ·¨ ´É´μ° ¶·μ¨§¢μ¤´μ° ´  ¶·μ¨§¢μ²Ó´Ò° ²μ·¥´Í-±μ¢ -
·¨ ´É´Ò° É¥´§μ· ¨³¥¥É ¢¨¤

DnAa1(s1),...,aq(sq) = ∂nAa1(s1),...,aq(sq) + s1ω
a1
0ncA

a1(s1−1)c,...,aq(sq) + . . . ,

∂n =
∂

∂xn
,

(2.7)

¨

[Dm,Dn]Aa1(s1),...,aq(sq) =

= λ2(s1hm
a1hncA

a1(s1−1)c,...,aq(sq) + . . .) − (m ↔ n). (2.8)

Šμ¢ ·¨ ´É´Ò³ μ¶¥· Éμ·μ³ „'A² ³¡¥·  Ö¢²Ö¥É¸Ö

D2 ≡ DaDa ≡ ha
mDm(hn, aDn), (2.9)

£¤¥ Ëμ´μ¢ Ö ²μ·¥´Í-±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö § ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³ (2.7).
‚ ¶μ¸²¥¤ÊÕÐ¥³ ¨§²μ¦¥´¨¨ ³Ò ¶μ²Ó§Ê¥³¸Ö AdSd-±μ¢ ·¨ ´É´Ò³¨ μ¡μ-

§´ Î¥´¨Ö³¨ ¨ μ¶¥·¨·Ê¥³ É¥´§μ· ³¨ AA1(s1),A2(s2),...,Ak(sk)(x), ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¨³¨ ¤¨ £· ³³ ³ 
´£  É¨¶  Y (s1, . . . , sk). „¥°¸É¢¨¥ Ëμ´μ¢μ° ¶·μ¨§¢μ¤´μ°
D0 ´  ¶·μ¨§¢μ²Ó´Ò° AdSd-É¥´§μ· ¨³¥¥É ¢¨¤

D0A
A1(s1),...,Ak(sk) = dAA1(s1),...,Ak(sk)+

+ s1 ΩA1
0 C ∧ ACA1(s1−1),...,Ak(sk) + . . . +

+ sk ΩAk
0 C ∧ AA1(s1),...,CAk(sk−1), (2.10)

£¤¥ Ëμ´μ¢ Ö ¸¢Ö§´μ¸ÉÓ ΩAB
0 Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Õ ´Ê²¥¢μ° ±·¨¢¨§´Ò (1.6).

2.3. �¥§³ ¸¸μ¢Ò¥ ¡μ§μ´´Ò¥ ¶μ²Ö ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨. �¥²ÖÉ¨-
¢¨¸É¸±¨¥ ¶μ²Ö ¢ AdSd, ¤μ¶Ê¸± ÕÐ¨¥ ´¥¶·μÉ¨¢μ·¥Î¨¢μ¥ ±¢ ´Éμ¢μ-³¥Ì ´¨Î¥¸-
±μ¥ μ¶¨¸ ´¨¥, ±² ¸¸¨Ë¨Í¨·ÊÕÉ¸Ö ¶μ Ê´¨É ·´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ ³² ¤Ï¥£μ
¢¥¸   ²£¥¡·Ò o(d−1, 2). “´¨É ·´μ¸ÉÓ Ö¢²Ö¥É¸Ö ¸É ´¤ ·É´Ò³ ±¢ ´Éμ¢μ-³¥Ì ´¨-
Î¥¸±¨³ Ê¸²μ¢¨¥³, ¢ Éμ ¢·¥³Ö ± ± ³² ¤Ï¨° ¢¥¸ £ · ´É¨·Ê¥É, ÎÉμ Ô´¥·£¨Ö μ£· -
´¨Î¥´  ¸´¨§Ê. �É³¥É¨³, ÎÉμ ¢ ¸²ÊÎ ¥ ¶·μ¸É· ´¸É¢  dSd ¶·¥¤¸É ¢²¥´¨°, Ö¢²Ö-
ÕÐ¨Ì¸Ö μ¤´μ¢·¥³¥´´μ ¨ Ê´¨É ·´Ò³¨, ¨ ³² ¤Ï¥£μ (¸É ·Ï¥£μ) ¢¥¸ , ´¥ ¸ÊÐ¥-
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¸É¢Ê¥É, ÎÉμ Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ μÉ²¨Î¨¥³ μÉ ¶·μ¸É· ´¸É¢  AdSd (¨ ¶·μ¸É· ´-
¸É¢  Œ¨´±μ¢¸±μ£μ). “´¨É ·´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ³² ¤Ï¥£μ ¢¥¸  D(E0, s) ¸É·μ-
ÖÉ¸Ö ¸É ´¤ ·É´Ò³ μ¡· §μ³ ¸ ¶μ³μÐÓÕ μ¶¥· Éμ·μ¢ ·μ¦¤¥´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö,
¤¥°¸É¢ÊÕÐ¨Ì ´  ¢ ±ÊÊ³´μ¥ ¶·μ¸É· ´¸É¢μ |E0, s〉, ±μÉμ·μ¥ Ö¢²Ö¥É¸Ö Ê´¨É ·-
´Ò³ ±μ´¥Î´μ³¥·´Ò³ ¶·¥¤¸É ¢²¥´¨¥³ ³ ±¸¨³ ²Ó´μ° ±μ³¶ ±É´μ° ¶μ¤ ²£¥¡·Ò
o(2) ⊕ o(d − 1) ⊂ o(d − 1, 2). E0 μ¡μ§´ Î ¥É ´¨¦´¥¥ £· ´¨Î´μ¥ ¸μ¡¸É¢¥´´μ¥

§´ Î¥´¨¥ μ¶¥· Éμ·  Ô´¥·£¨¨,   s = (s1, . . . , sq) ¶·¨ q � ν =
[
d − 1

2

]
¥¸ÉÓ

μ¡μ¡Ð¥´´Ò° ¸¶¨´. ‚ É¥·³¨´ Ì ¤¨ £· ³³ 
´£  si § ¤ ¥É ¤²¨´Ê i-° ¸É·μ±¨
o(d − 1)-¤¨ £· ³³Ò 
´£  É¨¶  Y (s1, . . . , sq), É. ¥. ¢ ±ÊÊ³´μ¥ ¶·¥¤¸É ¢²¥´¨¥
 ²£¥¡·Ò o(d− 1, 2) ¸ ´¥±μÉμ·Ò³ §´ Î¥´¨¥³ Ô´¥·£¨¨ E0 μ¡· §Ê¥É ±μ´¥Î´μ³¥·-
´μ¥ ¶·¥¤¸É ¢²¥´¨¥ o(d−1), Ì · ±É¥·¨§Ê¥³μ¥ o(d−1)-¡¥¸¸²¥¤μ¢μ° ¤¨ £· ³³μ°

´£ :

s̃k

pk

s̃k−1

pk−1

s̃2

p2

(2.11)

s

p
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	¥§³ ¸¸μ¢Ò¥ ¶μ²Ö ´  AdSd μ¶¨¸Ò¢ ÕÉ¸Ö Ê´¨É ·´Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ ¸ μ£· -
´¨Î¥´´μ° Ô´¥·£¨¥°, ´¥ ¢ÒÌμ¤ÖÐ¥° §  ¶·¥¤¥²Ò £· ´¨ÍÒ Ê´¨É ·´μ¸É¨ E0 =
E0(s). Š ± ¶μ± § ´μ ¢ · ¡μÉ¥ [57], ¤²Ö ¡μ§μ´´ÒÌ ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¸ÊÐ¥-
¸É¢Ê¥É ¸μμÉ´μÏ¥´¨¥

E0(s) = s − p + d − 2. (2.11)

‚ · ³± Ì ´ Ï¥£μ ¶μ¤Ìμ¤  ¡¥§³ ¸¸μ¢ Ö ¡μ§μ´´ Ö Î ¸É¨Í  ¸³¥Ï ´´μ£μ É¨¶ 
¸¨³³¥É·¨¨ ¸¶¨´  s = (s1, . . . , sq) μ¶¨¸Ò¢ ¥É¸Ö ¶μ²¥³

Φa1(s1), a2(s2),...,aq(sq)(x) ∈ Bd−1,1
p (s1, . . . , sq), (2.13)

£¤¥ p ¥¸ÉÓ ¢Ò¸μÉ  ¢¥·Ì´¥£μ ¶·Ö³μÊ£μ²Ó´μ£μ ¡²μ±  ¤¨ £· ³³Ò 
´£  É¨¶ 
Y (s1, s2, . . . , sq), É. ¥.

s = s1 = s2 = . . . = sp > sp+1 � . . . � sq > 0, 0 < p � q. (2.14)

�μ²¥ Φ(s1,...,sq)(x) μ¡μ¡Ð ¥É Ë²Ê±ÉÊ Í¨μ´´ÊÕ Î ¸ÉÓ ¶μ²Ö ³¥É·¨±¨ ¢ £· ¢¨-
É Í¨¨ ¨ ¡Ê¤¥É ¢ ¤ ²Ó´¥°Ï¥³ ´ §Ò¢ ÉÓ¸Ö ¶μ²¥³ ³¥É·¨Î¥¸±μ£μ É¨¶ . (“ ¶μ²Ö
³¥É·¨Î¥¸±μ£μ É¨¶  ³μ¦´μ ¶¨¸ ÉÓ ± ± ± ¸ É¥²Ó´Ò¥, É ± ¨ ³¨·μ¢Ò¥ ¨´¤¥±¸Ò.
‚ ²Õ¡μ³ ¸²ÊÎ ¥ μ´¨ ³μ£ÊÉ ¡ÒÉÓ ±μ´¢¥·É¨·μ¢ ´Ò ¤·Ê£ ¢ ¤·Ê£  ¸ ¶μ³μÐÓÕ
Ëμ´μ¢μ£μ ¶μ²Ö ·¥¶¥·  ha

m.)
‘²¥¤μ¢Ò¥ Ê¸²μ¢¨Ö (2.2), (2.3), ´ ²μ¦¥´´Ò¥ ´  ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶ 

Φ(s1,...,sq)(x), μ¡μ¡Ð ÕÉ ´  ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¶·μ¨§¢μ²Ó´μ£μ É¨¶  ¸¨³³¥-
É·¨¨ Ê¸²μ¢¨Ö ¤¢μ°´μ° ¡¥¸¸²¥¤μ¢μ¸É¨ ”·μ´¸¤ ²  ¤²Ö ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î-
´ÒÌ ¶μ²¥° [38]. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ ²¨É¥· ÉÊ·¥ ¸ÊÐ¥¸É¢ÊÕÉ ¤·Ê£¨¥
μ¡μ¡Ð¥´¨Ö ¸²¥¤μ¢ÒÌ Ê¸²μ¢¨° ”·μ´¸¤ ²  ´  ¶μ²Ö ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥-
É·¨¨ [46Ä48]. � Ï ¢Ò¡μ· μÉ²¨Î ¥É¸Ö μÉ ´¨Ì Ée³, ÎÉμ Ê¸²μ¢¨¥ ¤¢μ°´μ° ¡¥¸-
¸²¥¤μ¢μ¸É¨ ´ ²μ¦¥´μ Éμ²Ó±μ ´  ¢¥·Ì´¨° ¶·Ö³μÊ£μ²Ó´Ò° ¡²μ±, ¢ Éμ ¢·¥³Ö ± ±
μ¸É ¢Ï Ö¸Ö Î ¸ÉÓ ¤¨ £· ³³Ò 
´£  Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Õ μ¤¨´ ·´μ° ¡¥¸-
¸²¥¤μ¢μ¸É¨. (ˆ¸±²ÕÎ¨É¥²Ó´ Ö ·μ²Ó ¢¥·Ì´¥£μ ¡²μ±  Ö¸´  ¨§ ¢Ò· ¦¥´¨Ö ¤²Ö
Ô´¥·£¨¨ (2.11).) �Éμ · §²¨Î¨¥ ³¥¦¤Ê ´ Ï¨³ ¨ ¤·Ê£¨³¨ ¶μ¤Ìμ¤ ³¨ ¶·μÖ¢²Ö-
¥É¸Ö ¤²Ö ´¥¶·Ö³μÊ£μ²Ó´ÒÌ ¤¨ £· ³³ 
´£ , ±μÉμ·Ò¥ ¸μ¤¥·¦ É, ¶μ ±· °´¥°
³¥·¥, ¤¢  · §²¨Î´ÒÌ ¡²μ±  ¤²¨´μ° 2 ¨ ¡μ²¥¥. �·μ¸É¥°Ï¨³ ¶·¨³¥·μ³ Ö¢²Ö-
¥É¸Ö ¤¨ £· ³³  
´£  É¨¶  Y (3, 2).

‚ ´ Ï¥³ Ëμ·³ ²¨§³¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢
¨³¥ÕÉ ¸É·Ê±ÉÊ·Ê,  ´ ²μ£¨Î´ÊÕ ¶·¥¤²μ¦¥´´μ° ¢ · ¡μÉ¥ [47]:

δΦ(s1,...,sq) =
q∑

i=p

P(i)
(
Dξ

(s1,...,si−1,...,sq)
i

)
, (2.15)

£¤¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶ · ³¥É·Ò ξ
(s1,...,si−1,...,sq)
i ¸μμÉ¢¥É¸É¢ÊÕÉ · §²¨Î´Ò³ ¤¨ -

£· ³³ ³ 
´£  É¨¶  Y (s1, . . . , si − 1, . . . , sq) ¶·¨ Ê¸²μ¢¨¨, ÎÉμ si − 1 � si+1.

Š ²¨¡·μ¢μÎ´Ò° ¶ · ³¥É· ξ
(s1,...,s1−1,sp+1,...,sq)
p ¶·¨´ ¤²¥¦¨É Bd−1,1

p−1 (s1, . . . ,
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s1 − 1, sp+1, . . . , sq),   ¶ · ³¥É·Ò ξ
(s1,...,sk−1,...,sq)
k , k > p, ¶·¨´ ¤²¥¦ É

Bd−1,1
p (s1, . . . , sk − 1, . . . , sq). P(i) ¢ (2.15) μ¡μ§´ Î ÕÉ ¶·μ¥±Éμ·Ò, ¢μ¢²¥-

± ÕÐ¨¥ ¸¨³³¥É·¨§ Í¨¨ ¶μ 
´£Ê ¨ ¸²¥¤μ¢Ò¥ Ê¸²μ¢¨Ö, ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö Éμ£μ,
ÎÉμ¡Ò ¸¶·μ¥±É¨·μ¢ ÉÓ ¶· ¢Ò¥ Î ¸É¨ ´  ¶·μ¸É· ´¸É¢μ Bd−1,1

p (s1, . . . , sq).
ˆ§ Ê¸²μ¢¨Ö Ê´¨É ·´μ¸É¨ ¸²¥¤Ê¥É, ÎÉμ ± ²¨¡·μ¢μÎ´Ò¥ ¸¨³³¥É·¨¨ ¶μ²Ö ¸³¥-

Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ · §²¨Î´Ò ¤²Ö ¶μ²¥° ´  ¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ
¨ AdSd [57]. ‘μ£² ¸´μ ¢Ò¢μ¤ ³ · ¡μÉÒ [57] ± ²¨¡·μ¢μÎ´Ò¥ ¸¨³³¥É·¨¨ ¢Ò¸-

Ï¨Ì ¸¶¨´μ¢ ¢ (2.15) ¸ ¶ · ³¥É· ³¨ ξ
(s1,...,si−1,...,sq)
i , i > p, μÉ¸ÊÉ¸É¢ÊÕÉ ¢ ¶·μ-

¸É· ´¸É¢¥ AdSd. „·Ê£¨³¨ ¸²μ¢ ³¨, ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ ¶· ¢¨²Ó´Ò° ´ ¡μ· AdSd-
± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢, · §·¥Ï ¥É¸Ö μÉ·¥§ ÉÓ ±²¥É±Ê Éμ²Ó±μ μÉ ¢¥·Ì´¥£μ
¶·Ö³μÊ£μ²Ó´μ£μ ¡²μ± . Š ²¨¡·μ¢μÎ´Ò¥ ¶ · ³¥É·Ò ¸ i > p ¸ ´¥μ¡Ìμ¤¨³μ-
¸ÉÓÕ ¶μÖ¢²ÖÕÉ¸Ö ¶·¨ ¶¥·¥Ìμ¤¥ ± ¶²μ¸±μ³Ê ¶·μ¸É· ´¸É¢Ê. �¤´ ±μ μ´¨ ³μ£ÊÉ
¢μ§´¨± ÉÓ ¨ ¢ AdSd-É¥μ·¨¨ ± ± ¶ · ³¥É·Ò ¸¨³³¥É·¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ± -
²¨¡·μ¢μÎ´Ò³ ¶μ²Ö³ ˜ÉÕ±¥²Ó¡¥·£  [58].

2.4. �¥¶¥·´ Ö Ëμ·³Ê²¨·μ¢±  ¡¥§³ ¸¸μ¢ÒÌ ¡μ§μ´´ÒÌ ¶μ²¥°. ˆ¤¥Ö ¶·¥¤-
² £ ¥³μ£μ ·¥¶¥·´μ£μ ¶μ¤Ìμ¤  ¸μ¸Éμ¨É ¢ § ³¥´¥ ¶μ²Ö ³¥É·¨Î¥¸±μ£μ É¨¶ 
Φ(s1,...,sq)(x) (2.13) ¶μ²¥³ p-Ëμ·³Ò ·¥¶¥·´μ£μ É¨¶ :

ω(p)
a1(s−1),...,ap(s−1), ap+1(sp+1),...,aq(sq) =

= dxn1 ∧ . . . ∧ dxnp ω[n1···np]
a1(s−1),...,ap(s−1),ap+1(sp+1),...,aq(sq), (2.16)

±μÉμ·μ¥ ¶·¨´¨³ ¥É §´ Î¥´¨Ö ¢ ¡¥¸¸²¥¤μ¢μ³ É¥´§μ·´μ³ ¶·¥¤¸É ¢²¥´¨¨
Bd−1,1

0 (s − 1, . . . , s − 1, sp+1, . . . , sq) £·Ê¶¶Ò ‹μ·¥´Í . „·Ê£¨³¨ ¸²μ¢ ³¨, ³Ò
μ¡·¥§ ¥³ ¶μ¸²¥¤´¨° ¸Éμ²¡¥Í ¢ ¢¥·Ì´¥³ ¶·Ö³μÊ£μ²Ó´μ³ ¡²μ±¥ ¢Ò¸μÉμ° p ¤¨ -
£· ³³Ò 
´£  É¨¶  Y (s1, . . . , sq), § ³¥´ÖÖ ¥£μ ´  ´¥§ ¢¨¸¨³Ò¥ ³¨·μ¢Ò¥ ¨´-
¤¥±¸Ò p-Ëμ·³Ò.

’·¥¡Ê¥É¸Ö, ÎÉμ¡Ò ± ²¨¡·μ¢μÎ´Ò¥ ¸¨³³¥É·¨¨ ¶μ²Ö p-Ëμ·³Ò ω(p) ¨³¥²¨
¢¨¤

δω
(s−1,...,sq)

(p) = Dξ
(s−1,...,sq)

(p−1) +
q+1∑

l=p+1

P(i)
(
h ∧ ξ

(s−1,...,sl+1,...,sq,0)

(p−1)

)
. (2.17)

(p − 1)-Ëμ·³  ± ²¨¡·μ¢μÎ´μ£μ ¶ · ³¥É·  ξ
(s−1,...,sq)

(p−1) , μ¡μ¡Ð ÕÐ Ö ²¨´¥ ·¨-
§μ¢ ´´Ò¥ ¤¨ËË¥μ³μ·Ë¨§³Ò ¶μ²Ö ·¥¶¥·  ¢ £· ¢¨É Í¨¨, ¶·¨´ ¤²¥¦¨É Éμ³Ê ¦¥
¶·¥¤¸É ¢²¥´¨Õ Bd−1,1

0 (s − 1, . . . , s − 1, sp+1, . . . , sq) £·Ê¶¶Ò ‹μ·¥´Í , ÎÉμ ¨
¶μ²¥ ω(p). (p − 1)-Ëμ·³Ò ¸¤¢¨£μ¢ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢

ξ
(s−1,...,sl+1,...,sq ,sq+1)

(p−1) , p + 1 � l � q + 1 (¸Î¨É ¥É¸Ö, ÎÉμ sq+1 = 0), ¶·¨´ ¤²¥-

¦ É ¶·μ¸É· ´¸É¢Ê Bd−1,1
0 (s− 1, . . . , sl + 1, . . . , sq, sq+1) ¨ μ¡μ¡Ð ÕÉ ²¨´¥ ·¨-

§μ¢ ´´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ‹μ·¥´Í  ¶μ²Ö ·¥¶¥·  ¢ £· ¢¨É Í¨¨. �´¨ ¶·¨´¨³ ÕÉ
§´ Î¥´¨Ö ¢ ´¥±μÉμ·μ° ± ¸ É¥²Ó´μ° ¤¨ £· ³³¥ 
´£ , ±μÉμ· Ö μÉ²¨Î ¥É¸Ö μÉ
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ω(p) ´  μ¤´Ê ±²¥É±Ê ¢ l-° ¸É·μ±¥. �ÉμÉ ¤μ¶μ²´¨É¥²Ó´Ò° ¨´¤¥±¸ ¢¸¥£¤  ¸¢μ-

· Î¨¢ ¥É¸Ö ¸ ± ¸ É¥²Ó´Ò³ ¨´¤¥±¸μ³ Ëμ´μ¢μ£μ ¶μ²Ö ·¥¶¥·  ha. —¥·¥§ P(i)

μ¡μ§´ Î ÕÉ ¶·μ¥±Éμ·Ò, ¢μ¢²¥± ÕÐ¨¥ ´¥μ¡Ìμ¤¨³Ò¥ ¸¨³³¥É·¨§ Í¨¨ ¶μ 
´£Ê.
�μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ±μ³¶μ´¥´ÉÒ ¶μ²Ö (2.16) ¸²¥-

¤ÊÕÐ¨³ μ¡· §μ³:

Φa1(s1), a2(s2),...,aq(sq)(x) =

= ω[a1...ap]; a1(s−1),...,ap(s−1), ap+1(sp+1),...,aq(sq)(x), (2.18)

É. ¥. μ´μ ¢μ§´¨± ¥É ¢ ·¥§Ê²ÓÉ É¥ ¸¨³³¥É·¨§ Í¨¨ ³¨·μ¢ÒÌ ¨´¤¥±¸μ¢ p-Ëμ·³Ò
(±μ´¢¥·É¨·μ¢ ´´ÒÌ ¢ ± ¸ É¥²Ó´Ò¥ ¨´¤¥±¸Ò) ¸ ± ¸ É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨ ¶¥·-
¢ÒÌ p ¸É·μ± ¢ ω(p). ˆ§ ÔÉμ° Ëμ·³Ê²Ò ¸²¥¤Ê¥É, ÎÉμ É ±¨³ μ¡· §μ³ μ¶·¥¤¥-

²¥´´μ¥ ¶μ²¥ Φ(s1,...,sq) ¶·¨´ ¤²¥¦¨É ¶·μ¸É· ´¸É¢Ê Bd−1,1
p (s1, . . . , sq). „¥°-

¸É¢¨É¥²Ó´μ, ¤¨ £· ³³´Ò¥ ¸¢μ°¸É¢  μÎ¥¢¨¤´Ò ¨§ Ö¢´μ£μ ¢¨¤  (2.18), É ± ± ±
¸¨³³¥É·¨§ Í¨Ö ²Õ¡μ£μ ¨´¤¥±¸  ¨§ ´¨¦´¥° ¸É·μ±¨ ¸μ ¢¸¥³¨ ¨´¤¥±¸ ³¨ ´¥-
±μÉμ·μ° ¢¥·Ì´¥° ¸É·μ±¨ ¤ ¥É ´Ê²Ó, ²¨¡μ ¡² £μ¤ ·Ö ¤¨ £· ³³´Ò³ ¸¢μ°¸É¢ ³
± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢ ¶μ²Ö (2.16) (¥¸²¨ ¸¨³³¥É·¨§μ¢ ´´Ò° ¨´¤¥±¸ ¶·¨´ ¤²¥-
¦¨É ± ¸ É¥²Ó´Ò³ ¨´¤¥±¸ ³ ¶μ²Ö ω(p)), ²¨¡μ ¡² £μ¤ ·Ö  ´É¨¸¨³³¥É·¨¨ ³¨·μ-
¢ÒÌ ¨´¤¥±¸μ¢ Ëμ·³Ò (¥¸²¨ ¸¨³³¥É·¨§μ¢ ´´Ò° ¨´¤¥±¸ ¶·¨´ ¤²¥¦¨É ³¨·μ¢Ò³
¨´¤¥±¸ ³ ¶μ²Ö ω(p)). �¥´Ê²¥¢Ò¥ ¸²¥¤Ò ¶μ²Ö Φ(s1,...,sq) ³μ£ÊÉ ¢μ§´¨± ÉÓ Éμ²Ó±μ
¶·¨ ¸¢¥·É±¥ ³¨·μ¢ÒÌ ¨ ± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢. ˆ³¥´´μ ÔÉμ ´ ¡²Õ¤¥´¨¥ ¶·¨-
¢μ¤¨É ± ¸²¥¤μ¢Ò³ Ê¸²μ¢¨Ö³ (2.2), (2.3).

�μ²Ó ± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢ ξ(p−1), ¶μÖ¢²ÖÕÐ¨Ì¸Ö ¢ ± ²¨¡·μ¢μÎ-
´μ³ § ±μ´¥ ¶·¥μ¡· §μ¢ ´¨Ö (2.17) ¡¥§ ¶·μ¨§¢μ¤´ÒÌ, ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ¡Ò
¸±μ³¶¥´¸¨·μ¢ ÉÓ ²¨Ï´¨¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö p-Ëμ·³Ò (2.16) ¶μ ¸· ¢´¥´¨Õ ¸
¶μ²¥³ ³¥É·¨Î¥¸±μ£μ É¨¶  (2.18). ‘¤¢¨£μ¢ Ö ¸¨³³¥É·¨Ö ¢ § ±μ´¥ ¶·¥μ¡· -
§μ¢ ´¨Ö (2.17) ±μ³¶¥´¸¨·Ê¥É ¢¸¥ ±μ³¶μ´¥´ÉÒ, §  ¨¸±²ÕÎ¥´¨¥³ ±μ³¶μ´¥´É,
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶μ²Õ Φ(s1,...,sq). �·μ¸É¥°Ï¨° ¸¶μ¸μ¡ Ê¡¥¤¨ÉÓ¸Ö ¢ Éμ³, ÎÉμ
¸¤¢¨£μ¢Ò¥ ¶ · ³¥É·Ò ´¥ ¤ ÕÉ ¢±² ¤  ¢ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¶μ²Ö
Φ(s1,...,sq), ¸μ¸Éμ¨É ¢ ´ ¡²Õ¤¥´¨¨, ÎÉμ ²μ·¥´Í-¨´¢ ·¨ ´É´μ¥ ¸± ²Ö·´μ¥ ¶·μ-
¨§¢¥¤¥´¨¥ ¶μ²Ö Φ(s1,...,sq) ¨ ¸¤¢¨£μ¢ÒÌ ¶ · ³¥É·μ¢ · ¢´μ ´Ê²Õ ¢ ¸¨²Ê ¨Ì
¤¨ £· ³³´ÒÌ ¸¢μ°¸É¢, É. ¥. μ´¨ μ¶¨¸Ò¢ ÕÉ¸Ö · §²¨Î´Ò³¨ ¤¨ £· ³³ ³¨ 
´£ .

— ¸ÉÓ § ±μ´  ¶·¥μ¡· §μ¢ ´¨Ö (2.17), ¸μ¤¥·¦ Ð Ö ¶·μ¨§¢μ¤´Ò¥, É ±μ¢ ,
ÎÉμ ± ²¨¡·μ¢μÎ´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ ¶μ²Ö Φ(s1,...,sq) ¸μ¢¶ ¤ ¥É ¸ (2.15) ¶·¨
Ê¸²μ¢¨¨, ÎÉμ ¢¸¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶ · ³¥É·Ò ξi, i > p, μÉ¸ÊÉ¸É¢ÊÕÉ. ’ ±¨³
μ¡· §μ³, ´  Ëμ´¥ £¥μ³¥É·¨¨ AdSd ¶μ²¥ p-Ëμ·³Ò (2.16), ´ ¤¥²¥´´μ¥ ± ²¨¡·μ-
¢μÎ´Ò³ § ±μ´μ³ ¶·¥μ¡· §μ¢ ´¨Ö (2.17), μ¶¨¸Ò¢ ¥É ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶ 
Φ(s1,...,sq) ¸ ¶· ¢¨²Ó´Ò³¨ AdSd-± ²¨¡·μ¢μÎ´Ò³¨ ¸¨³³¥É·¨Ö³¨. ‚¢¥¤¥´´μ¥
É ±¨³ ¸¶μ¸μ¡μ³ ¶μ²¥ p-Ëμ·³Ò μ¡μ¡Ð ¥É 1-Ëμ·³Ê ± ²¨¡·μ¢μÎ´μ° ¸¢Ö§´μ¸É¨
en

a(s−1), ¢¢¥¤¥´´ÊÕ ¢ · ¡μÉ¥ [41] ¤²Ö μ¶¨¸ ´¨Ö ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ
± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° ¸¶¨´  s. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ÔÉμÉ ¦¥ Ëμ·³ ²¨§³
³μ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´ ¤²Ö μ¶¨¸ ´¨Ö ¤¨´ ³¨±¨ ¶μ²¥° ´  ¶·μ¸É· ´¸É¢¥ dSd.
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—Éμ¡Ò ¶μ¸É·μ¨ÉÓ Ö¢´μ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´μ¥ ¤¥°¸É¢¨¥, ¸²¥¤Ê¥É ¢¢¥-
¸É¨ ¡μ²ÓÏ¥ ¶μ²¥°, ±μÉμ·Ò¥ μ¡μ¡Ð ÕÉ ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¨ Ô±¸É· ¶μ²Ö, ¢¢¥¤¥´-
´Ò¥ ¢ · ¡μÉ Ì [41, 54, 55]. ˆ¤¥Ö ¢¢¥¤¥´¨Ö ÔÉ¨Ì ¶μ²¥° ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ¸¤¢¨-
£μ¢Ò³ ¶ · ³¥É· ³ § ±μ´  ¶·¥μ¡· §μ¢ ´¨Ö (2.17) ¸²¥¤Ê¥É ¸μ¶μ¸É ¢¨ÉÓ ´μ¢Ò¥
± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö, μ¡μ¡Ð ÕÐ¨¥ ¸¶¨´μ¢ÊÕ ¸¢Ö§´μ¸ÉÓ ¢ £· ¢¨É Í¨¨. 	Ê¤¥³
´ §Ò¢ ÉÓ ¨Ì ¢¸¶μ³μ£ É¥²Ó´Ò³¨ ¶μ²Ö³¨,   ¨¸Ìμ¤´μ¥ ¶μ²¥ p-Ëμ·³Ò (2.16) ¡Ê¤¥³
´ §Ò¢ ÉÓ Ë¨§¨Î¥¸±¨³ ¶μ²¥³. ‚¸¶μ³μ£ É¥²Ó´Ò¥ ¶μ²Ö ¨³¥ÕÉ § ±μ´Ò ¶·¥μ¡· §μ-
¢ ´¨Ö,  ´ ²μ£¨Î´Ò¥ ¶μ Ëμ·³¥ § ±μ´Ê (2.17), ¢ ±μÉμ·ÒÌ Î ¸ÉÓ ¸ ¶·μ¨§¢μ¤´Ò³¨
¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö ¸¤¢¨£μ¢Ò³¨ ¶ · ³¥É· ³¨ § ±μ´  ¶·¥μ¡· §μ¢ ´¨Ö Ë¨§¨Î¥-
¸±μ£μ ¶μ²Ö p-Ëμ·³Ò (2.17). �·¨ ÔÉμ³ ¢μ§´¨±´ÊÉ ´¥±μÉμ·Ò¥ ´μ¢Ò¥ ¸¤¢¨£μ-
¢Ò¥ ¶ · ³¥É·Ò. ‚ ¸¢μÕ μÎ¥·¥¤Ó, ÔÉ¨³ ´μ¢Ò³ ¸¤¢¨£μ¢Ò³ ¶ · ³¥É· ³ ³μ¦´μ
¸μ¶μ¸É ¢¨ÉÓ ´μ¢Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö, ±μÉμ·Ò¥ ³Ò ¡Ê¤¥³ ´ §Ò¢ ÉÓ Ô±¸É· -
¶μ²Ö³¨. �·μÍ¥¤Ê·  ¶·μ¤μ²¦ ¥É¸Ö ¤μ É¥Ì ¶μ·, ¶μ±  ´¥ ¡Ê¤¥É ¶μ²ÊÎ¥´ ¶μ²´Ò°
´ ¡μ· Ë¨§¨Î¥¸±μ£μ, ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¨ Ô±¸É· ¶μ²¥°, ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ¶μ-
¸É·μ¥´¨Ö (p + 1)-Ëμ·³ ±·¨¢¨§´, Ö¢´μ ¨´¢ ·¨ ´É´ÒÌ μÉ´μ¸¨É¥²Ó´μ ¶μ²´μ£μ
´ ¡μ·  ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨°.

Š ± ¡Ê¤¥É ¢¨¤´μ ¨§  ´ ²¨§  ¸²¥¤ÊÕÐ¥£μ · §¤¥² , ¸É·Ê±ÉÊ·  ÉμÎ´μ£μ ¸¶¨¸± 
´¥μ¡Ìμ¤¨³ÒÌ ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¨ Ô±¸É· ¶μ²¥° ¢ÒÖ¸´Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ´ ¡²Õ-
¤¥´¨Ö, ¸¤¥² ´´μ£μ ¢ · ¡μÉ¥ [33] ¢ ¸²ÊÎ ¥ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥°
¨ ¸μ¸ÉμÖÐ¥£μ ¢ Éμ³, ÎÉμ ¢¸¥ μ´¨ ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥ ®· §³¥·´μ°¯ ·¥-
¤Ê±Í¨¨ ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö p-Ëμ·³Ò, ´¥¸ÊÐ¥° ¸¶¥Í¨ ²Ó´μ¥ ´¥¶·¨¢μ¤¨³μ¥
¶·¥¤¸É ¢²¥´¨¥  ²£¥¡·Ò o(d − 1, 2).

2.5. AdSd-±μ¢ ·¨ ´É´ Ö Ëμ·³Ê²¨·μ¢± . �μ¤Ìμ¤ÖÐ¨° ´ ¡μ· ± ²¨¡·μ¢μÎ-
´ÒÌ ¶μ²¥° (Ë¨§¨Î¥¸±μ£μ, ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¨ Ô±¸É· ¶μ²¥°) ¢μ§´¨± ¥É ¨§ · ¸-
¸³μÉ·¥´¨Ö ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö p-Ëμ·³Ò:

Ω(p)
A0(r0), A1(r1),..., Aq(rq), (2.19)

±μÉμ·oe ¶·¨´¨³ ¥É §´ Î¥´¨Ö ¢ ¶·¥¤¸É ¢²¥´¨¨ AdSd- ²£¥¡·Ò, μ¶¨¸Ò¢ ¥³μ³
¡¥¸¸²¥¤μ¢μ° ¤¨ £· ³³μ° 
´£  É¨¶  Y (r0, r1, . . . , rq) ¸ ¶ · ³¥É· ³¨

r0 = r1 = . . . = rp = s − 1, ri = si, i > p. (2.20)

(‘¢¥·É±  ²Õ¡ÒÌ ¤¢ÊÌ ± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢ A ¸ o(d− 1, 2)-¨´¢ ·¨ ´É´μ° ³¥-
É·¨±μ° ηAB ¤ ¥É ´Ê²Ó.) „·Ê£¨³¨ ¸²μ¢ ³¨, ¤²Ö μ¶¨¸ ´¨Ö ¡¥§³ ¸¸μ¢μ° Î ¸É¨ÍÒ,
 ¸¸μÍ¨¨·μ¢ ´´μ° ¸ ¢ ±ÊÊ³´Ò³ ¶·¥¤¸É ¢²¥´¨¥³ (2.11)

Bd−1,0
0 (s, . . . , s︸ ︷︷ ︸

p

, sp+1, . . . , sq)

 ²£¥¡·Ò o(d−1) ⊂ o(d−1, 2), ³Ò ¶·¥¤² £ ¥³ ¨¸¶μ²Ó§μ¢ ÉÓ p-Ëμ·³Ê ¸¢Ö§´μ¸É¨
(2.19), ¶·¨´¨³ ÕÐÊÕ §´ Î¥´¨Ö ¢ ¶·¥¤¸É ¢²¥´¨¨

Bd−1,2
0 (s − 1, . . . , s − 1︸ ︷︷ ︸

p+1

, sp+1, . . . , sq)
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AdSd- ²£¥¡·Ò o(d−1, 2). ’ ±¨³ μ¡· §μ³, ¶·¥¤¶¨¸ ´¨¥ ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³:
ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ AdSd-É¥´§μ·´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö, ¸²¥-
¤Ê¥É μ¡·¥§ ÉÓ ´ ¨³¥´ÓÏ¨° ¸Éμ²¡¥Í ¨ § É¥³ ¤μ¡ ¢¨ÉÓ ¸ ³ÊÕ ¤²¨´´ÊÕ ¸É·μ±Ê
¢ ¤¨ £· ³³¥ 
´£ , ¸μμÉ¢¥É¸É¢ÊÕÐ¥° · ¸¸³ É·¨¢ ¥³μ³Ê ¢ ±ÊÊ³´μ³Ê ¶·¥¤¸É -
¢²¥´¨Õ. Š ²¨¡·μ¢μÎ´Ò³ ¶μ²¥³ Ö¢²Ö¥É¸Ö p-Ëμ·³ , Ê ±μÉμ·μ° p Å ÔÉμ ¢Ò-
¸μÉ  μ¡·¥§ ´´μ£μ ¸Éμ²¡Í  ¨¸Ìμ¤´μ° ¢ ±ÊÊ³´μ° ¤¨ £· ³³Ò 
´£ . ’¥´§μ·Ò,
¶·¨´ ¤²¥¦ Ð¨¥ ¶·μ¸É· ´¸É¢Ê Bd−1,2

0 (s − 1, . . . , s − 1︸ ︷︷ ︸
p+1

, sp+1, . . . , sq), ¨§μ¡· -

¦ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

s̃k

pk

s̃k−1

pk−1

s̃2

p2

(2.21)

s − 1

p + 1

� ¡μ· ¢¸¥Ì ¢μ§³μ¦´ÒÌ ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° p-Ëμ·³,
¢±²ÕÎ Ö Ë¨§¨Î¥¸±μ¥, ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¨ Ô±¸É· ¶μ²Ö,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ ¤ ´-
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´Ò³ ¶·¥¤¸É ¢²¥´¨¥³ AdSd- ²£¥¡·Ò, ´ Ìμ¤¨É¸Ö ¢ μ¤´μ§´ Î´μ³ ¸μμÉ¢¥É¸É¢¨¨
¸ ´ ¡μ·μ³ ´¥¶·¨¢μ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° ¶μ¤ ²£¥¡·Ò ‹μ·¥´Í  o(d − 1, 1) ⊂
o(d − 1, 2), ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ Bd−1,2

0 (s − 1, . . . , s − 1︸ ︷︷ ︸
p+1

, sp+1, . . . , sq). �  ¶· ±-

É¨±¥ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ¶μ²Ö μÉμ¦¤¥¸É¢²ÖÕÉ¸Ö ¸ · §²¨Î´Ò³¨ ´¥§ ¢¨¸¨-
³Ò³¨ ¡¥¸¸²¥¤μ¢Ò³¨ V -¶μ¶¥·¥Î´Ò³¨ ±μ³¶μ´¥´É ³¨ (§¤¥¸Ó V A Å ÔÉμ ¢¥±Éμ·
±μ³¶¥´¸ Éμ· , ¢¢¥¤¥´´Ò° ¢ ¶. 1.1) ¨¸Ìμ¤´μ° o(d−1, 2) ¡¥¸¸²¥¤μ¢μ° ¤¨ £· ³³Ò

´£ . ‚ Î ¸É´μ³ ¸²ÊÎ ¥ £· ¢¨É Í¨¨ ¤ ´´Ò° ³¥Ì ´¨§³ ·¥ ²¨§μ¢ ´ ¢ Ê· ¢´¥´¨¨
(1.3). � §²μ¦¥´¨¥ ¶·μ¨§¢μ²Ó´μ£μ ¶μ²Ö ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ ¶·¨¢μ-
¤¨É ± ´ ¡μ·Ê ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ¶μ²¥° p-Ëμ·³ ¸ ± ¸ É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨,
μ¡· §ÊÕÐ¨³¨ ´¨¦¥¸²¥¤ÊÕÐ¨¥ o(d − 1, 1)-¤¨ £· ³³Ò 
´£ :

s̃k

tk

pk − 1
oo

s̃k−1

tk−1

pk−1 − 1

oo

s̃2

t2

p2 − 1

(2.22)
o o o

s − 1

t1

p

o o



„ˆ��ŒˆŠ� Š�‹ˆ	��‚�—�›• ��‹…‰ ‚›‘˜ˆ• ‘�ˆ��‚ 1407

£¤¥
s̃i+1 � ti � s̃i (2.23)

(¸Î¨É ¥É¸Ö, ÎÉμ s̃1 = s−1 ¨ s̃k+1 = 0). ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥
É¥´§μ·Ò ¢μ§´¨± ÕÉ ¶·¨ ¸¢¥·É±¥ Î ¸É¨ ¨´¤¥±¸μ¢ ¨¸Ìμ¤´μ£μ o(d− 1, 2)-É¥´§μ· 
¸ ±μ³¶¥´¸ Éμ·μ³ V A ¨ ¶·μ¥±Í¨¨ ´  ´ ¶· ¢²¥´¨¥, μ·Éμ£μ´ ²Ó´μ¥ ±μ³¶¥´¸ -
Éμ·Ê V A ¶μ μÉ´μÏ¥´¨Õ ± μ¸É ¢Ï¨³¸Ö ¨´¤¥±¸ ³. ‚ ¤¨ £· ³³¥ (2.22) ¨´¤¥±¸Ò,
¸¢¥·´ÊÉÒ¥ ¸ ±μ³¶¥´¸ Éμ·μ³, μ¡μ§´ Î¥´Ò Î¥·¥§ o . �´¨ ¶·μ¶ ¤ ÕÉ ¢ ±μ´¥Î´μ°
²μ·¥´Í¥¢¸±μ° ¤¨ £· ³³¥, ¢Ò¤¥²¥´´μ° ¦¨·´μ° ²¨´¨¥°, ¶μÉμ³Ê ÎÉμ ±μ³¶¥´¸ -
Éμ· Ö¢²Ö¥É¸Ö, ¶μ μ¶·¥¤¥²¥´¨Õ, ²μ·¥´Í-¨´¢ ·¨ ´É´Ò³. �Î¥¢¨¤´μ, ÎÉμ ·¥§Ê²Ó-
É É Ô±¢¨¢ ²¥´É¥´ · §³¥·´μ° ·¥¤Ê±Í¨¨ ´¥¶·¨¢μ¤¨³μ£μ É¥´§μ·  ¢ · §³¥·´μ¸ÉÓ
´  ¥¤¨´¨ÍÊ ³¥´ÓÏ¥∗. �É³¥É¨³, ÎÉμ ¢ ±μ´¥Î´μ³ ´ ¡μ·¥ ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ
¶μ²¥° ¸¢¥·É±¨ ±μ³¶¥´¸ Éμ·μ¢ ¸ ¨´¤¥±¸ ³¨ ´¥ ³μ£ÊÉ · ¸¶μ² £ ÉÓ¸Ö ¢ μ¤´μ³
¸Éμ²¡Í¥, É. ¥. ´¨± ±¨¥ ¤¢¥ ±²¥É±¨ o ´¥ ³μ£ÊÉ ¡ÒÉÓ · ¸¶μ²μ¦¥´Ò μ¤´  ´ ¤
¤·Ê£μ°. „ ´´μ¥ ¸¢μ°¸É¢μ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Éμ£μ, ÎÉμ ¶·μ¨§¢¥¤¥´¨¥ ¤¢ÊÌ
±μ³¶¥´¸ Éμ·μ¢ V AV B ¥¸ÉÓ ¸¨³³¥É·¨Î´Ò° É¥´§μ·.

’ ±¨³ μ¡· §μ³, · §²μ¦¥´¨¥ AdSd-± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö p-Ëμ·³Ò ¸ ± ¸ -
É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨, μ¡· §ÊÕÐ¨³¨ ¡¥¸¸²¥¤μ¢ÊÕ o(d − 1, 2)-¤¨ £· ³³Ê 
´£ 
(2.21), ¢ ´ ¡μ· ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ¶μ²¥° p-Ëμ·³ § ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³

Ω(p) →
⊕

(t1,..., tk)

ω(p)
(t1,..., tk), (2.24)

¢ ±μÉμ·μ³ ¶μ²Ö ω(p)
(t1,..., tk), ¶ · ³¥É·¨§μ¢ ´´Ò¥ Í¥²μÎ¨¸²¥´´Ò³¨ ¶ · ³¥-

É· ³¨ ti (2.23), ¨³¥ÕÉ ± ¸ É¥²Ó´Ò¥ ¨´¤¥±¸Ò, μ¡· §ÊÕÐ¨¥ · §²¨Î´Ò¥ ¡¥¸¸²¥-
¤μ¢Ò¥ o(d − 1, 1)-¤¨ £· ³³Ò 
´£  (2.22), (2.23).

„¨´ ³¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö · §²¨Î´ÒÌ ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ¶μ²¥° É -
±μ¢ :

• ”¨§¨Î¥¸±μ¥ ¶μ²¥ ¸μμÉ¢¥É¸É¢Ê¥É ¤¨ £· ³³¥ (2.22) ¸ ti = s̃i+1 ¤²Ö ¢¸¥Ì i,
ÎÉμ Ô±¢¨¢ ²¥´É´μ μ¡·¥§ ´¨Õ ¢¥·Ì´¥° ¸É·μ±¨ ¢ ¤¨ £· ³³¥ 
´£  (2.21). �Éμ
μ§´ Î ¥É, ÎÉμ Ë¨§¨Î¥¸±μ¥ ¶μ²¥ μÉμ¦¤¥¸É¢²Ö¥É¸Ö ¸ V -¶μ¶¥·¥Î´μ° ±μ³¶μ´¥´Éμ°
AdS-¶μ²Ö (2.19),  ¸¸μÍ¨¨·μ¢ ´´μ° ¸μ ¸¢¥·É±μ° s − 1 ¨´¤¥±¸μ¢ ¸ V A, É. ¥.

ω(p)
a1(s−1),...,ap(s−1),ap+1(sp+1),...,aq(sq) =

= VA0 · · ·VA0︸ ︷︷ ︸
s−1

Ω(p)
A0(s−1), a1(s−1),..., aq(sq). (2.25)

∗ˆ´É¥·¶·¥É Í¨Ö ¤¨ £· ³³Ò (2.22) Ö¢²Ö¥É¸Ö, ¤μ ´¥±μÉμ·μ° ¸É¥¶¥´¨, ¸Ì¥³ É¨Î´μ° ¢ Éμ³ μÉ-
´μÏ¥´¨¨, ÎÉμ ´¥¶μ¸·¥¤¸É¢¥´´ Ö · §³¥·´ Ö ·¥¤Ê±Í¨Ö ´¥¶·¨¢μ¤¨³μ° ¤¨ £· ³³Ò 
´£  ¶ÊÉ¥³ ¸¢μ-
· Î¨¢ ´¨Ö Î ¸É¨ ¨´¤¥±¸μ¢ ¸ ±μ³¶¥´¸ Éμ·μ³, ¢μμ¡Ð¥ £μ¢μ·Ö, ´¥ ¶·¨¢μ¤¨É ± ´¥¶·¨¢μ¤¨³μ³Ê ¶·¥¤-
¸É ¢²¥´¨Õ ¢ · §³¥·´μ¸É¨ ´  ¥¤¨´¨ÍÊ ³¥´ÓÏ¥. ’¥³ ´¥ ³¥´¥¥ ³μ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ¶μ²´Ò° ´ ¡μ·
²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ´¥¶·¨¢μ¤¨³ÒÌ ±μ³¶μ´¥´É ¶· ¢¨²Ó´μ ¢μ¸¶·μ¨§¢μ¤¨É¸Ö ¤¨ £· ³³ ³¨ 
´£ ,
μÎ¥·Î¥´´Ò³¨ ¦¨·´μ° ²¨´¨¥° ´  ¤¨ £· ³³e (2.22).
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�É³¥É¨³, ÎÉμ ¸¢¥·É±  ²Õ¡ÒÌ s ¨´¤¥±¸μ¢ ¶μ²Ö Ω(p)
A0(s−1),..., Aq(sq) ¸ ±μ³¶¥´-

¸ Éμ·μ³ V A ¤ ¥É ´Ê²Ó ¢ ¸¨²Ê ¤¨ £· ³³´ÒÌ ¸¢μ°¸É¢ ¶μ²Ö Ω(p)
A0(s−1),...,Aq(sq).

• ‚¸¶μ³μ£ É¥²Ó´Ò¥ ¶μ²Ö ¨³¥ÕÉ ¸É·Ê±ÉÊ·Ê ± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢, μÉ²¨-
Î ÕÐÊÕ¸Ö μÉ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö ´  μ¤¨´ ¤μ¶μ²´¨É¥²Ó´Ò° ¨´¤¥±¸. ’ ±¨³
μ¡· §μ³, μ´¨ ¸μμÉ¢¥É¸É¢ÊÕÉ ¤¨ £· ³³ ³ (2.22) ¸ tj = s̃j+1 +1 ¤²Ö ´¥±μÉμ·μ£μ
j ¨ ti = s̃i+1 ¤²Ö ¢¸¥Ì μ¸É ²Ó´ÒÌ i. „²Ö ¤¨ £· ³³Ò (2.21), ¸μ¸É ¢²¥´´μ° ¨§ k
¡²μ±μ¢, ¢μ§´¨± ¥É k · §²¨Î´ÒÌ ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¶μ²¥°.

• Š² ¸¸ Ô±¸É· ¶μ²¥° ¢±²ÕÎ ¥É ¢¸¥ μ¸É ¢Ï¨¥¸Ö ²μ·¥´Í¥¢¸±¨¥ ¤¨ £· ³³Ò
(2.22), Ê ±μÉμ·ÒÌ ´  2 ¨ ¡μ²¥¥ ¨´¤¥±¸μ¢ ¡μ²ÓÏ¥, Î¥³ Ê ¤¨ £· ³³Ò Ë¨§¨Î¥¸±μ£μ
¶μ²Ö.

‹¨´¥ ·¨§μ¢ ´´Ò¥ (p + 1)-Ëμ·³Ò ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢,  ¸¸μÍ¨¨·μ¢ ´-
´Ò¥ ¸ ± ²¨¡·μ¢μÎ´Ò³ ¶μ²¥³ p-Ëμ·³Ò (2.19)Ä(2.21), μ¶·¥¤¥²ÖÕÉ¸Ö ± ±

R(p+1)
A0(s−1),..., Aq(sq) = D0Ω(p)

A0(s−1),..., Aq(sq), (2.26)

£¤¥ o(d − 1, 2)-±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö D0 μ¶·¥¤¥²¥´  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
(2.10).

(p + 1)-Ëμ·³  ²¨´¥ ·¨§μ¢ ´´μ° ±·¨¢¨§´Ò Ö¢´μ ¨´¢ ·¨ ´É´ :

δR(p+1)
A0(s−1),...,Aq(sq) = 0, (2.27)

μÉ´μ¸¨É¥²Ó´μ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨°

δΩ(p)
A0(s−1),..., Aq(sq) = D0ξ(p−1)

A0(s−1),..., Aq(sq) (2.28)

¸ (p − 1)-Ëμ·³μ° ± ²¨¡·μ¢μÎ´μ£μ ¶ · ³¥É·  ξ(p−1)
A0(s−1),..., Aq(sq) ¨ Ê¤μ¢²¥-

É¢μ·Ö¥É Éμ¦¤¥¸É¢ ³ 	ÓÖ´±¨

D0R(p+1)
A0(s−1),..., Aq(sq) = 0, (2.29)

ÎÉμ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Ê¸²μ¢¨Ö ´Ê²¥¢μ° ±·¨¢¨§´Ò (1.6). „·Ê£¨³ ¸²¥¤¸É¢¨¥³
Ê¸²μ¢¨Ö ´Ê²¥¢μ° ±·¨¢¨§´Ò Ö¢²Ö¥É¸Ö ¶·¨¢μ¤¨³μ¸ÉÓ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ-
¢ ´¨° (2.28). ‘ÊÐ¥¸É¢Ê¥É ´ ¡μ· ± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢ ¨ ¶·¥μ¡· §μ¢ ´¨°
Ê·μ¢´Ö (l + 2) (0 � l � p − 2), ¨³¥ÕÐ¨Ì ¢¨¤

δξ(p−l−1)
A0(s−1),..., Aq(sq) = D0ξ(p−l−2)

A0(s−1),..., Aq(sq). (2.30)

‡ ±μ´ ± ²¨¡·μ¢μÎ´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö (2.28) ¢μ¸¶·μ¨§¢μ¤¨É ÉμÎ´Ò° ¢¨¤
¶·¥μ¡· §μ¢ ´¨° (2.17),   É ±¦¥ ¢¨¤ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¤²Ö ¢¸¥Ì
¢¸¶μ³μ£ É¥²Ó´ÒÌ ¨ Ô±¸É· ¶μ²¥°.

2.6. �¥¶¥·´ Ö Ëμ·³Ê²¨·μ¢±  ¡¥§³ ¸¸μ¢ÒÌ Ë¥·³¨μ´´ÒÌ ¶μ²¥°. ”μ·³Ê-
²¨·μ¢±  ¡¥§³ ¸¸μ¢ÒÌ Ë¥·³¨μ´´ÒÌ ¶μ²¥° ¶·μ¨§¢μ²Ó´μ£μ É¨¶  ¸¨³³¥É·¨¨ ¶μ²-
´μ¸ÉÓÕ  ´ ²μ£¨Î´  ¶·¨¢¥¤¥´´μ³Ê ¢ÒÏ¥  ´ ²¨§Ê ¡μ§μ´´μ£μ ¸²ÊÎ Ö. � ¸¸³μ-
É·¨³ Ë¥·³¨μ´´μ¥ ¶μ²¥, μ¶¨¸Ò¢ ÕÐ¥¥ ¶μ¸²¥ ±¢ ´Éμ¢ ´¨Ö Ê´¨É ·´Ò° ³μ¤Ê²Ó
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AdSd- ²£¥¡·Ò ¸¨³³¥É·¨¨ o(d − 1, 2), ¨´¤ÊÍ¨·μ¢ ´´Ò° ¸ ¢ ±ÊÊ³´μ£μ ¶·¥¤-
¸É ¢²¥´¨Ö ³ ±¸¨³ ²Ó´μ° ±μ³¶ ±É´μ° ¶μ¤ ²£¥¡·Ò o(2) ⊕ o(d − 1), Ì · ±É¥-
·¨§Ê¥³Ò° ´¥±μÉμ·Ò³ §´ Î¥´¨¥³ Ô´¥·£¨¨ E0 ¨ ¸¶¨´μ³ s = (h1, . . . , hq) ¸
h1 � h2 � . . . � hq > 1/2, £¤¥ ¢¸¥ 2hi Ö¢²ÖÕÉ¸Ö ´¥Î¥É´Ò³¨ Î¨¸² ³¨ ¨

q � ν =
[
d − 1

2

]
. „²Ö ¤¨ £· ³³Ò 
´£ ,  ¸¸μÍ¨¨·μ¢ ´´μ° ¸ ¸μμÉ¢¥É¸É¢ÊÕ-

Ð¨³ ¸¶¨´-É¥´§μ·´Ò³ ¶·¥¤¸É ¢²¥´¨¥³  ²£¥¡·Ò o(d − 1), si = (hi − 1/2) ¥¸ÉÓ
¤²¨´  i-° ¸É·μ±¨. ‚ ±ÊÊ³´ Ö Ô´¥·£¨Ö E0 ¡¥§³ ¸¸μ¢ÒÌ Ë¥·³¨μ´´ÒÌ ¶μ²¥°
¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³ [57]:

E0 = s1 − p + d − 3
2
, (2.31)

¢ ±μÉμ·μ³ p Å ÔÉμ ¢Ò¸μÉ  ¢¥·Ì´¥£μ ¶·Ö³μÊ£μ²Ó´μ£μ ¡²μ±  ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
o(d − 1)-¤¨ £· ³³Ò 
´£ .

‚¢¥¤¥³ ²μ·¥´Í-±μ¢ ·¨ ´É´μ¥ ¸¶¨´-É¥´§μ·´μ¥ ¶μ²¥

ψα |a1(s1), a2(s2),..., aq(sq), (2.32)

±μÉμ·μ¥ ¸¨³³¥É·¨Î´μ ¶μ ± ¦¤μ° £·Ê¶¶¥ ¨´¤¥±¸μ¢ ai(si) ¨ Ö¢²Ö¥É¸Ö ¤¨ £· ³-
³μ° 
´£  É¨¶  Y (s1, s2, . . . , sq). α ¥¸ÉÓ ²μ·¥´Í¥¢¸±¨° ¸¶¨´μ·´Ò° ¨´¤¥±¸.

�Ê¸ÉÓ ¸¶¨´-É¥´§μ· (2.32) Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Ö³

(γaiγaiγai)
α

β ψβ |a1(s1), a2(s2),..., aq(sq) = 0, 0 < i � m, (2.33)

¨
γai

α
β ψβ |a1(s1), a2(s2),..., aq(sq) = 0, m < i � q, (2.34)

£¤¥ γa Å ÔÉμ ³ É·¨ÍÒ „¨· ± ; {γa, γb} = 2ηab ¨ m ¥¸ÉÓ ´¥±μÉμ·μ¥ ´¥-
μÉ·¨Í É¥²Ó´μ¥ Í¥²μ¥ Î¨¸²μ. ‹¨´¥°´μ¥ ¶·μ¸É· ´¸É¢μ o(d−1, 1) ¸¶¨´-É¥´§μ·μ¢
(2.32), Ö¢²ÖÕÐ¨Ì¸Ö ¤¨ £· ³³ ³¨ 
´£  É¨¶  Y (s1, . . . , sq) ¨ Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì
Ê¸²μ¢¨Ö³ (2.33), (2.34), ¡Ê¤¥É μ¡μ§´ Î ÉÓ¸Ö Î¥·¥§ F d−1,1

m (s1, . . . , sq) (¸μμÉ¢¥É-
¸É¢¥´´μ, F p,r

m (s1, . . . , sq) ¤²Ö o(p, r)). ˆ§ Ê¸²μ¢¨Ö (2.33) ¸²¥¤Ê¥É, ÎÉμ ¸¢¥·É± 
²Õ¡ÒÌ ¤¢ÊÌ ¶ · ¨´¤¥±¸μ¢, ¶·¨´ ¤²¥¦ Ð¨Ì ²Õ¡μ° ¨§ ¶¥·¢ÒÌ m ¸É·μ±, ¤ ¥É
´Ê²Ó. ’ ±¦¥ ¨§ Ê¸²μ¢¨Ö (2.34) ¸²¥¤Ê¥É, ÎÉμ ¸¢¥·É±  ¤¢ÊÌ ¨´¤¥±¸μ¢, ¶·¨´ ¤²¥-
¦ Ð¨Ì ²Õ¡μ° ¨§ ¶μ¸²¥¤´¨Ì q − m ¸É·μ±, ¤ ¥É ´Ê²Ó.

„²Ö μ¶¨¸ ´¨Ö AdSd-¤¨´ ³¨±¨ ¡¥§³ ¸¸μ¢μ£μ Ë¥·³¨μ´  ¸¶¨´  s ¢¢¥¤¥³
²μ·¥´Í-±μ¢ ·¨ ´É´μ¥ ¸¶¨´-É¥´§μ·´μ¥ ¶μ²¥

ψα |a1(s1), a2(s2),...,aq(sq)(x) ∈ F d−1,1
p (s1, . . . , sq), (2.35)

£¤¥ p Å ÔÉμ ¢Ò¸μÉ  ¢¥·Ì´¥£μ ¶·Ö³μÊ£μ²Ó´μ£μ ¡²μ±  ¤¨ £· ³³Ò 
´£  É¨¶ 
Y (s1, s2, . . . sq), É. ¥.

s = s1 = s2 = . . . = sp > sp+1 � . . . � sq > 0, 0 < p � q. (2.36)
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�μ  ´ ²μ£¨¨ ¸ ¡μ§μ´´Ò³¨ ¶μ²Ö³¨ ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  (2.35) ¸²¥¤Ê¥É
§ ³¥´¨ÉÓ ¸¶¨´-É¥´§μ·´Ò³ ¶μ²¥³ p-Ëμ·³Ò∗:

Ω(p)
α̂ |A0(s−1),..., Aq(sq), (2.37)

±μÉμ·oe ¶·¨´¨³ ¥É §´ Î¥´¨Ö ¢ ¶·¥¤¸É ¢²¥´¨¨

F d−1,2
0 (s − 1, . . . , s − 1︸ ︷︷ ︸

p+1

, sp+1, . . . , sq)

 ²£¥¡·Ò o(d − 1, 2). ‡¤¥¸Ó α̂ ¥¸ÉÓ ´¥±μÉμ·Ò° ´¥¶·¨¢μ¤¨³Ò° o(d − 1, 2)-
¸¶¨´μ·´Ò° ¨´¤¥±¸, É. ¥. ÔÉμ ²¨¡μ ³ °μ· ´μ¢¸±¨°, ²¨¡μ ¢¥°²¥¢¸±¨° ¸¶¨´μ·,
²¨¡μ ¨Ì ±μ³¡¨´ Í¨Ö ¢ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ÔÉμ ¢μ§³μ¦´μ.

„¥°¸É¢¨¥ Ëμ´μ¢μ° ±μ¢ ·¨ ´É´μ° ¶·μ¨§¢μ¤´μ° ´  ¶·μ¨§¢μ²Ó´Ò° AdSd-
¸¶¨´-É¥´§μ· μ¶·¥¤¥²Ö¥É¸Ö ¸É ´¤ ·É´Ò³ μ¡· §μ³:

D0Υα̂ |A1(s1),..., Am(sm) =

= d Υα̂ |A1(s1),..., Am(sm) +
1
2

Ω0BC (σBC)α̂
β̂ ∧ Υβ̂ |A1(s1),..., Am(sm)+

+s1ΩA1
0 C∧Υα̂|CA1(s1−1),...,Am(sm)+. . .+smΩAm

0 C∧Υα̂ |A1(s1),...,CAm(sm−1),
(2.38)

£¤¥ Ëμ´μ¢ Ö ¸¢Ö§´μ¸ÉÓ ΩAB
0 Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Õ ´Ê²¥¢μ° ±·¨¢¨§´Ò (1.6) ¨

σBC =
1
4

[
γB, γC

]
, {γA, γB} = 2ηAB.

”¥·³¨μ´´ Ö ²¨´¥ ·¨§μ¢ ´´ Ö ±·¨¢¨§´ 

R(p+1)
α̂ |A0(s−1),..., Aq(sq) = D0Ω(p)

α̂ |A0(s−1),..., Aq(sq) (2.39)

¨´¢ ·¨ ´É´ :
δR(p+1)

α̂ |A0(s−1),..., Aq(sq) = 0, (2.40)

μÉ´μ¸¨É¥²Ó´μ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨°

δΩ(p)
α̂ |A0(s−1),..., Aq(sq) = D0ξ(p−1)

α̂ |A0(s−1),..., Aq(sq). (2.41)

”¨§¨Î¥¸±μ¥ ¶μ²¥ μ¶·¥¤¥²Ö¥É¸Ö ± ±

ω(p)
α |a1(s−1),...,ap(s−1), ap+1(sp+1),...,aq(sq) =

= VA0 · · ·VA0︸ ︷︷ ︸
s−1

Ω(p)
α̂ |A0(s−1), a1(s−1),..., aq(sq). (2.42)

∗�´ ²μ£¨Î´ Ö ±μ´¸É·Ê±Í¨Ö ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¢ · ¡μÉ Ì [87, 88] ¤²Ö μ¶¨¸ ´¨Ö ¸¨³³¥É·¨Î-
´ÒÌ ¡¥§³ ¸¸μ¢ÒÌ Ë¥·³¨μ´μ¢ ¢ AdS5 (¸³. · §¤. 4, 5).
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„²Ö Ë¥·³¨μ´μ¢ ¢¸¥ μ¸É ²Ó´Ò¥ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö

Ω(p)
α̂ |A0(s−1),..., Aq(sq) (2.43)

¡Ê¤ÊÉ ´ §Ò¢ ÉÓ¸Ö Ô±¸É· ¶μ²Ö³¨. ”¨§¨Î¥¸±μ¥ ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  ¸É·μ¨É¸Ö
É ± ¦¥, ± ± ¨ ¤²Ö ¡μ§μ´´ÒÌ ¶μ²¥°:

ψα |a1(s1), a2(s2),..., aq(sq)(x) =

= ωα | [a1...ap]; a1(s−1),...,ap(s−1), ap+1(sp+1),...,aq(sq)(x). (2.44)

‚ ·¥§Ê²ÓÉ É¥ μ´μ Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Ö³ (2.33) ¨ (2.34) ¨ ¶·¨´ ¤²¥¦¨É ¶·μ-
¸É· ´¸É¢Ê F d−1,1

p (s1, . . . , sq).
2.7. „¥°¸É¢¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢. �μ¸É·μ¨¢ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò¥

²¨´¥ ·¨§μ¢ ´´Ò¥ ±·¨¢¨§´Ò (2.26) ¨ (2.39), ³μ¦´μ ¨¸± ÉÓ ¸¢μ¡μ¤´μ¥ ¤¥°¸É¢¨¥
¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ ¢¨¤¥ [55]:

S2 =
∫

Md

α···(V ) E··· ∧ . . . ∧ E···︸ ︷︷ ︸
d−2p−2

∧ R···
(p+1) ∧ R···

(p+1). (2.45)

‡¤¥¸Ó E Å ÔÉμ Ëμ´μ¢μ¥ ¶μ²¥ ·¥¶¥· ; α···(V ) Å ÔÉμ ´¥±μÉμ·Ò¥ ±μÔËË¨-
Í¨¥´ÉÒ, ¶ · ³¥É·¨§ÊÕÐ¨¥ · §²¨Î´Ò¥ É¨¶Ò ¨´¤¥±¸´ÒÌ ¸¢¥·Éμ± ³¥¦¤Ê ±·¨-
¢¨§´ ³¨, ¶μ²Ö³¨ ·¥¶¥·  ¨ ±μ³¶¥´¸ Éμ· ³¨. ‹Õ¡μ¥ ¤¥°¸É¢¨¥ É ±μ£μ ¢¨¤  Ö¢²Ö-
¥É¸Ö ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò³ ¶μ μÉ´μÏ¥´¨Õ ± ¶μ²´μ³Ê ´ ¡μ·Ê ± ²¨¡·μ-
¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢ ¸¨²Ê ¸μμÉ´μÏ¥´¨° (2.27), (2.28) ¨ (2.40), (2.41).

ŠμÔËË¨Í¨¥´ÉÒ μ¶·¥¤¥²ÖÕÉ¸Ö ¨§ Ê¸²μ¢¨Ö μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°, ±μ-
Éμ·μ¥ É·¥¡Ê¥É, ÎÉμ¡Ò ¤¥°¸É¢¨¥ ´¥ § ¢¨¸¥²μ μÉ ¢Ò¸Ï¨Ì ¶·μ¨§¢μ¤´ÒÌ Ë¨§¨-
Î¥¸±μ£μ ¶μ²Ö (¸³. É ±¦¥ ¶. 1.2). ‚ Ë¥·³¨μ´´μ³ ¸²ÊÎ ¥ Ê· ¢´¥´¨Ö ¢Ò¸Ï¨Ì
¸¶¨´μ¢ ¤μ²¦´Ò ¡ÒÉÓ ¶¥·¢μ£μ ¶μ·Ö¤± , ÎÉμ £ · ´É¨·μ¢ ´μ, ¥¸²¨ ¢ ·¨ Í¨Ö ¤¥°-
¸É¢¨Ö S2 ¶μ μÉ´μÏ¥´¨Õ ±μ ¢¸¥³ Ô±¸É· ¶μ²Ö³ Éμ¦¤¥¸É¢¥´´μ · ¢´  ´Ê²Õ [56].
‚ ¡μ§μ´´μ³ ¸²ÊÎ ¥ Ê· ¢´¥´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¤μ²¦´Ò ¡ÒÉÓ ¢Éμ·μ£μ ¶μ·Ö¤± .
‚¸¶μ³μ£ É¥²Ó´Ò¥ ¶μ²Ö ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¶¥·¢Ò¥ ¶·μ¨§¢μ¤´Ò¥ Ë¨§¨Î¥¸±μ£μ
¶μ²Ö ³¥É·¨Î¥¸±μ£μ É¨¶  Φ(s1,...,sq) ´  ·¥Ï¥´¨ÖÌ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¤²Ö
¢¸¶μ³μ£ É¥²Ó´ÒÌ ¶μ²¥°. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²¥¢Ò¥ Ê· ¢´¥´¨Ö ¤²Ö ¡μ§μ´μ¢ ¡Ê-
¤ÊÉ ¢Éμ·μ£μ ¶μ·Ö¤±  ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö S2 ¶μ μÉ´μÏ¥´¨Õ
± Ô±¸É· ¶μ²Ö³ ¡Ê¤¥É Éμ¦¤¥¸É¢¥´´μ · ¢´  ´Ê²Õ [55]. „¥°¸É¢¨¥, Ê¤μ¢²¥É¢μ-
·ÖÕÐ¥¥ Ê¸²μ¢¨Õ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°, ¡Ê¤¥É ¶μ ¶μ¸É·μ¥´¨Õ ¨´¢ ·¨ ´É-
´Ò³ μÉ´μ¸¨É¥²Ó´μ ¶· ¢¨²Ó´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨ ¶·¨¢¥¤¥É
± ¨´¢ ·¨ ´É´Ò³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨Ö³ ¢Éμ·μ£μ ¶μ·Ö¤±  ¤²Ö ¶μ²Ö
³¥É·¨Î¥¸±μ£μ É¨¶  Φa1(s1), a2(s2),...,aq(sq)(x) ¢ ¡μ§μ´´μ³ ¸²ÊÎ ¥ ¨ ¤²Ö ¶μ²Ö
ψα |a1(s1), a2(s2),..., aq(sq)(x) ¢ Ë¥·³¨μ´´μ³ ¸²ÊÎ ¥. ‚ ¸²ÊÎ ¥ AdS5-¡μ§μ´´ÒÌ
¨ Ë¥·³¨μ´´ÒÌ ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ É ± Ö ¶·μ-
£· ³³  ¡Ò²  ·¥ ²¨§μ¢ ´  ¢ · ¡μÉ¥ [91] ¨ ¢ ¸²ÊÎ ¥ AdSd-¡¥§³ ¸¸μ¢ÒÌ ¡μ-
§μ´´ÒÌ ¶μ²¥° ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ Å ¢ · ¡μÉ¥ [92]. ‚ ¸²¥¤ÊÕÐ¥³
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· §¤¥²¥ ¡Ê¤¥É ¶·μ¨²²Õ¸É·¨·μ¢ ´μ, ± ± ¤ ´´ Ö ¶·μÍ¥¤Ê·  · ¡μÉ ¥É ¤²Ö ¶μ²¥°
¸¶¥Í¨ ²Ó´μ£μ É¨¶  ¸¨³³¥É·¨¨.

‚ ± Î¥¸É¢¥ § ±²ÕÎ¨É¥²Ó´μ£μ ±μ³³¥´É ·¨Ö μÉ³¥É¨³, ÎÉμ, É ± ± ± ± ²¨-
¡·μ¢μÎ´Ò¥ ¶μ²Ö p-Ëμ·³ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¤μ²¦´Ò ¢μ§´¨± ÉÓ ¶·¨ ¶·μÍ¥¤Ê·¥
± ²¨¡·μ¢ ´¨Ö ´¥ ¡¥²¥¢ÒÌ ¸¨³³¥É·¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¶·¥¤²μ¦¥´´Ò° ¶μ¤Ìμ¤
¤ ¥É ¢ ¦´ÊÕ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ ÔÉ¨Ì ¸¨³³¥É·¨° ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
(¸Ê¶¥·) ²£¥¡· ¢Ò¸Ï¨Ì ¸¶¨´μ¢.

�É³¥É¨³ É ±¦¥, ÎÉμ ¶μ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ Ëμ·³ ²¨§³ ³¨, ¨§¢¥¸É´Ò³¨
¢ ²¨É¥· ÉÊ·¥ [47], ´ Ï ¶μ¤Ìμ¤ ¤ ¥É ³¥´ÓÏ¥¥ Î¨¸²μ ±μ³¶μ´¥´É ¶·μ¨§¢μ²Ó´μ£μ
¶μ²Ö ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨. �Éμ Ö¢²¥´¨¥ ¨³¥¥É ³¥¸Éμ ´ Î¨´ Ö ¸ ¶¥·-
¢μ£μ ´¥É·¨¢¨ ²Ó´μ£μ ¶·¨³¥·  ¶μ²Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¤¨ £· ³³¥ 
´£  É¨¶ 
Y (3, 2). �¸É ¥É¸Ö ¢ÒÖ¸´¨ÉÓ, Ö¢²Ö¥É¸Ö ²¨ ÔÉμÉ Ë ±É Ê± § ´¨¥³ ´  ´¥±μÉμ·μ£μ
·μ¤  ¶·¨¢μ¤¨³μ¸ÉÓ ³μ¤¥²¥° [47], ¨²¨ μ´ Ê¸É· ´Ö¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¢Ò¡μ· 
¸¶¥Í¨ ²Ó´μ° ± ²¨¡·μ¢±¨, ¨²¨ μ´ Ö¢²Ö¥É¸Ö μ¸μ¡¥´´μ¸ÉÓÕ AdSd-¤¨´ ³¨±¨. �μ
¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ ¶·¨³¥· ³¨ ´¥¸¨³³¥É·¨Î´μ° ¤¨´ ³¨±¨ [48] ¢ ´ Ï¥³
¶μ¤Ìμ¤¥ ¶·¨¸ÊÉ¸É¢Ê¥É É ±¦¥ ¡μ²ÓÏ¥¥ Î¨¸²μ Ö¢´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨°.

3. ��ˆŒ…�›

3.1. „¢ÊÌ¸É·μÎ´Ò¥ ¶·Ö³μÊ£μ²Ó´Ò¥ ¤¨ £· ³³Ò. � ¸¸³μÉ·¨³ ¶·μ¨§¢μ²Ó-
´μ¥ ¤¢ÊÌ¸É·μÎ´μ¥ ¶·Ö³μÊ£μ²Ó´μ¥ ²μ·¥´Í-±μ¢ ·¨ ´É´μ¥ ¡μ§μ´´μ¥ ¶μ²¥, · ¸-
¶·μ¸É· ´ÖÕÐ¥¥¸Ö ´  Ëμ´¥ ¶²μ¸±μ° ¨²¨ AdSd-£¥μ³¥É·¨¨. �´ ²¨§, ¶·μ¢μ¤¨-
³Ò° ¢ ¤ ´´μ³ · §¤¥²¥, ¢μ ³´μ£¨Ì μÉ´μÏ¥´¨ÖÌ  ´ ²μ£¨Î¥´ · ¸¸³μÉ·¥´¨Õ ¶μ²-
´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ · ¡μÉ Ì [33,55].

‚¢¥¤¥³ ± ²¨¡·μ¢μÎ´μ¥ ¶μ²¥ 2-Ëμ·³Ò, ±μÉμ·μ¥ μ¡· §Ê¥É ¶μ μÉ´μÏ¥´¨Õ ±
± ¸ É¥²Ó´Ò³ ¨´¤¥±¸ ³ AdSd-É¥´§μ·, μ¶¨¸Ò¢ ¥³Ò° É·¥Ì¸É·μÎ´μ° ¶·Ö³μÊ£μ²Ó-
´μ° ¤¨ £· ³³μ° 
´£  É¨¶  Y (s − 1, s − 1, s − 1):

ΩA(s−1),B(s−1),C(s−1)
(2) = dxm ∧ dxn Ω[mn]

A(s−1),B(s−1),C(s−1), (3.1)

¨ ¶μ¤Î¨´¥´´Ò° Ê¸²μ¢¨Õ ¡¥¸¸²¥¤μ¢μ¸É¨

ΩA(s−1),B(s−1),C(s−1)
(2) ηA(2) = 0. (3.2)

‚¸¥ μ¸É ²Ó´Ò¥ ¸²¥¤Ò É ±¦¥ · ¢´Ò ´Ê²Õ ¢ ¸¨²Ê ¤¨ £· ³³´ÒÌ ¸¢μ°¸É¢. „·Ê£¨³¨
¸²μ¢ ³¨, Ω(2) ∈ Bd−1,2

0 (s−1, s−1, s−1). � §²μ¦¥´¨¥ ´  ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥
É¥´§μ·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¤ ¥É

ΩA(s−1),B(s−1),C(s−1)
(2) ∼

s−1⊕
t=0

ω
a(s−1),b(s−1),c(t)
(2) , (3.3)
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£¤¥ ¢¸¥ ¤¨ £· ³³Ò 
´£  ¢ ¶· ¢μ° Î ¸É¨ (3.3) Ö¢²ÖÕÉ¸Ö ¡¥¸¸²¥¤μ¢Ò³¨. ‚ ¸μ-
μÉ¢¥É¸É¢¨¨ c ¶·¥¤¶¨¸ ´¨¥³ · §¤. 1 ²μ·¥´Í-±μ¢ ·¨ ´É´μ¥ ¶μ²¥ 2-Ëμ·³Ò ¸ ´Ê-
²¥¢μ° É·¥ÉÓ¥° ¸É·μ±μ° (t = 0) ´ §Ò¢ ¥É¸Ö Ë¨§¨Î¥¸±¨³, ¶μ²Ö ¸ ´¥´Ê²¥¢μ°
É·¥ÉÓ¥° ¸É·μ±μ° ¡Ê¤ÊÉ ¢¸¶μ³μ£ É¥²Ó´Ò³ (t = 1) ¨ Ô±¸É· ¶μ²Ö³¨ (t > 1), μ´¨
¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¶·μ¨§¢μ¤´Ò¥ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö ¶μ¸·¥¤¸É¢μ³ μ¶·¥¤¥²¥´´ÒÌ
¸¢Ö§¥°. ŒÒ ´¥ ¡Ê¤¥³ μ¡¸Ê¦¤ ÉÓ ¸É·Ê±ÉÊ·Ê ÔÉ¨Ì ¸¢Ö§¥° ¤²Ö Ô±¸É· ¶μ²¥°, É ±
± ± μ´¨ ´¥ ¤ ÕÉ ¢±² ¤  ¢ ¸¢μ¡μ¤´Ò¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö. ‚¸¶μ³μ£ É¥²Ó´μ¥
¶μ²¥ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ Ë¨§¨Î¥¸±μ¥ ¶μ¸·¥¤¸É¢μ³ ¸¢μ¨Ì Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö.

Š ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¨³¥ÕÉ ¢¨¤

δΩA(s−1),B(s−1),C(s−1)
(2) = D0ξ

A(s−1),B(s−1),C(s−1)
(1) , (3.4)

£¤¥ 1-Ëμ·³  ± ²¨¡·μ¢μÎ´μ£μ ¶ · ³¥É·  ξ(1) ¶μ¤Î¨´¥´  É¥³ ¦¥ Ê¸²μ¢¨Ö³ ´¥-
¶·¨¢μ¤¨³μ¸É¨, ÎÉμ ¨ ¶μ²¥ Ω(2). ‚ ¸¢μÕ μÎ¥·¥¤Ó, ¶ · ³¥É· ξ(1) ¶·¨¢μ¤¨É ±
± ²¨¡·μ¢μÎ´Ò³ ¶·¥μ¡· §μ¢ ´¨Ö³ ¢Éμ·μ£μ Ê·μ¢´Ö

δξ
A(s−1),B(s−1),C(s−1)
(1) = D0χ

A(s−1),B(s−1),C(s−1)
(0) (3.5)

¸ ¶ · ³¥É·μ³ χ(0), Ö¢²ÖÕÐ¨³¸Ö 0-Ëμ·³μ°.
3-Ëμ·³Ò ²¨´¥ ·¨§μ¢ ´´ÒÌ ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢

R
A(s−1),B(s−1),C(s−1)
(3) = D0Ω

A(s−1),B(s−1),C(s−1)
(2) (3.6)

¨´¢ ·¨ ´É´Ò μÉ´μ¸¨É¥²Ó´μ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° (3.4).
‘μ£² ¸´μ μ¡Ð¥° Ëμ·³Ê²¥ (2.18) ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶ 

Φa(s),b(s) = ω[ab];a(s−1),b(s−1) (3.7)

Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö, Ê ±μÉμ·μ£μ ³¨·μ¢Ò¥ ¨´¤¥±¸Ò 2-Ëμ·³Ò ¶¥-
·¥¢¥¤¥´Ò ¢ ± ¸ É¥²Ó´Ò¥. „·Ê£¨¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö ω(2) [mn]

a(s−1), b(s−1) ³μ£ÊÉ

¡ÒÉÓ μÉ± ²¨¡·μ¢ ´Ò ¸ ¶μ³μÐÓÕ ¸¤¢¨£μ¢ÒÌ ¶ · ³¥É·μ¢ ξ(1) m
a(s−1), b(s−1), c.

Š ± ¸²¥¤¸É¢¨¥ Ê¸²μ¢¨Ö ¡¥¸¸²¥¤μ¢μ¸É¨ (3.2), ¶μ²¥ (3.7) Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Ö³
¤¢μ°´μ° ¡¥¸¸²¥¤μ¢μ¸É¨:

Φa(s),b(s)ηa(2)ηa(2) = 0. (3.8)

’ ±¨³ μ¡· §μ³, Φa(s),b(s) ∈ Bd−1,1
2 (s, s). ˆ§ (3.8) É ±¦¥ ¸²¥¤Ê¥É, ÎÉμ

Φa(s),b(s) ηabηb(2) = 0, Φa(s),b(s) ηa(2)ηb(2) + 2 Φa(s),b(s) ηabηab = 0. (3.9)

�É¨ ¸μμÉ´μÏ¥´¨Ö ¢μ¸¶·μ¨§¢μ¤ÖÉ ¸²¥¤μ¢Ò¥ Ê¸²μ¢¨Ö · ¡μÉÒ [48], ¢ ±μÉμ·μ°
· ¸¸³ É·¨¢ ²¨¸Ó ¶μ²Ö ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ ¸ ¤¢Ê³Ö ¸É·μÎ± ³¨ ´ 
¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ.
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‡ ±μ´ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¨³¥¥É ¢¨¤

δΦa(s),b(s) = DbΛa(s),b(s−1) + (−)s DaΛb(s),a(s−1). (3.10)

Š ²¨¡·μ¢μÎ´Ò° ¶ · ³¥É· Λ μ¶·¥¤¥²¥´ ± ±

Λa(s),b(s−1) = ξa; a(s−1),b(s−1) (3.11)

¨ Ê¤μ¢²¥É¢μ·Ö¥É ¸²¥¤μ¢Ò³ Ê¸²μ¢¨Ö³ ¸²¥¤ÊÕÐ¥£μ ¢¨¤ :

Λa(s),b(s−1) ηa(2)ηa(2) = 0, Λa(s),b(s−1) ηb(2) = 0. (3.12)

	Ê¤ÊÎ¨ ¸²¥¤¸É¢¨¥³ ± ²¨¡·μ¢μÎ´μ£μ § ±μ´  (3.4), ÔÉμ μ¶·¥¤¥²¥´¨¥ ¸μ¢³¥¸É¨³μ
¸ Ê¸²μ¢¨Ö³¨ (3.8) ¨ (3.10). �Î¥¢¨¤´μ, ÎÉμ Λa(s), b(s−1) ∈ Bd−1,1

1 (s, s − 1).

Š ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ³¥É·¨Î¥¸±μ£μ É¨¶  (3.7), ¶μ¤Î¨´¥´´Ò¥ ¸²¥¤μ¢Ò³
Ê¸²μ¢¨Ö³ (3.8),  ´ ²μ£¨Î´Ò ¶μ²Ö³, · ¸¸³μÉ·¥´´Ò³ ¢ · ¡μÉ¥ [48]. ‘²¥¤μ¢Ò¥
Ê¸²μ¢¨Ö, ´ ±² ¤Ò¢ ¥³Ò¥ ´  ¶μ²Ö ¨§ · ¡μÉÒ [48],  ¢Éμ³ É¨Î¥¸±¨ ¢μ§´¨± ÕÉ
¢ · ³± Ì ´ Ï¥£μ ¶μ¤Ìμ¤  ± ± ·¥§Ê²ÓÉ É ´¥¶·¨¢μ¤¨³μ¸É¨ ¶μ²Ö 2-Ëμ·³Ò ¶μ
± ¸ É¥²Ó´Ò³ ¨´¤¥±¸ ³. �¤´ ±μ μÉ²¨Î¨¥ ¸μ¸Éμ¨É ¢ μÉ¸ÊÉ¸É¢¨¨ É·¥¡μ¢ ´¨Ö ¡¥¸-
¸²¥¤μ¢μ¸É¨ ± ²¨¡·μ¢μÎ´μ£μ ¶ · ³¥É· . ‚³¥¸Éμ ÔÉμ£μ ´ ²μ¦¥´Ò ¡μ²¥¥ ¸² ¡Ò¥
¸²¥¤μ¢Ò¥ Ê¸²μ¢¨Ö (3.12), É. ¥. ¢ · ³± Ì ´ Ï¥£μ ¶μ¤Ìμ¤  ¨³¥¥É¸Ö ¡μ²ÓÏ¥ Ö¢´ÒÌ
± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨°.

	Ê¤¥³ ¨¸± ÉÓ P -¨´¢ ·¨ ´É´μ¥ ¤¥°¸É¢¨¥∗ ¢ ¢¨¤¥

S2 =
1
2

∫
Md

s−2∑
p=0

a(s, p) εA1···Ad+1E
A7 ∧ . . . ∧ EAd V Ad+1VD1 · · ·VD2(s−p−2)∧

∧ R
A1B(s−2),A2C(s−2),A3D(s−2−p)F (p)
(3) ∧

∧ R(3)
A4

B(s−2),
A5

C(s−2),
A6D(s−2−p)

F (p), (3.13)

¢ ±μÉμ·μ³ ¶·μ¨§¢μ²Ó´Ò¥ ±μÔËË¨Í¨¥´ÉÒ a(s, p) ¸²¥¤Ê¥É § Ë¨±¸¨·μ¢ ÉÓ ´ 
μ¸´μ¢¥ Ê¸²μ¢¨Ö μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°. ’ ±μ¥ ¤¥°¸É¢¨¥ ¨³¥¥É ¸³Ò¸² Éμ²Ó±μ

∗�μ¤· §Ê³¥¢ ¥É¸Ö ¨´¢ ·¨ ´É´μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° P -Î¥É´μ¸É¨ £·Ê¶¶Ò
‹μ·¥´Í .



„ˆ��ŒˆŠ� Š�‹ˆ	��‚�—�›• ��‹…‰ ‚›‘˜ˆ• ‘�ˆ��‚ 1415

¢ · §³¥·´μ¸ÉÖÌ d � 6. ‚ ·¨ Í¨Ö ¨³¥¥É ¢¨¤

δS2 =
(−)dλ

(d − 5)

∫
Md

×

×
s−2∑
p=0

(
(s − p + 1)(d − 9 + 2(s − p))

(s − p − 1)
a(s, p) + (s − p − 1)a(s, p − 1)

)
×

× εA1···Ad+1E
A6 ∧ . . . ∧ EAd V Ad+1VD1 · · ·VD2(s−p)−3∧

∧
(
R

A1B(s−2),A2C(s−2),D(s−p−1)F (p)
(3) ∧ δΩA3

(2)B(s−2),
A4

C(s−2),
A5D(s−p−2)

F (p)−

−δΩA1B(s−2),A2C(s−2),D(s−p−1)F (p)
(2) ∧RA3

(3)B(s−2),
A4

C(s−2),
A5D(s−p−2)

F (p)

)
.

(3.14)

„²Ö ´ ²μ¦¥´¨Ö Ê¸²μ¢¨Ö μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° ¸²¥¤Ê¥É ¶μÉ·¥¡μ¢ ÉÓ, ÎÉμ¡Ò
¢¸¥ ¸² £ ¥³Ò¥ ¢ (3.14) ¡Ò²¨ · ¢´Ò ´Ê²Õ, §  ¨¸±²ÕÎ¥´¨¥³ ¢±² ¤  ¸ p = 0.
�Éμ É·¥¡μ¢ ´¨¥ μ¤´μ§´ Î´μ Ë¨±¸¨·Ê¥É ±μÔËË¨Í¨¥´ÉÒ a(s, p) ¸ ÉμÎ´μ¸ÉÓÕ ¤μ
´μ·³¨·μ¢μÎ´μ£μ Ë ±Éμ·  ã(s):

a(p, s) = ã(s) (−)p (s − p)(s − p − 1)(d − 11 + 2(s − p))!!
(s − p − 2)!

. (3.15)

�μ¸²¥ ¢Ò¡μ·  ¶μ¤μ¡´Ò³ μ¡· §μ³ ±μÔËË¨Í¨¥´Éμ¢ a(p, s) ¤¥°¸É¢¨¥ § ¢¨¸¨É
Éμ²Ó±μ μÉ ¶μ²Ö

ΩA(s−1),B(s−1)
(2) ≡ ΩA(s−1),B(s−1),C(s−1)

(2) VC(s−1), (3.16)

±μÉμ·μ¥  ¢Éμ³ É¨Î¥¸±¨ Ö¢²Ö¥É¸Ö V -¶μ¶¥·¥Î´Ò³, ¨ μÉ V -¶μ¶¥·¥Î´μ° Î ¸É¨
¶μ²Ö

ΩA(s−1),B(s−1),C
(2) ≡ ΩA(s−1),B(s−1),CD(s−2)

(2) VD(s−2). (3.17)

�Éμ, ¸μμÉ¢¥É¸É¢¥´´μ, Ë¨§¨Î¥¸±μ¥ ¶μ²¥ (t = 0) ¨ ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ (t = 1).
�±¸É· ¶μ²Ö ´¥ ¤ ÕÉ ¢±² ¤  ¢ ±¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥, ÎÉμ £ · ´É¨·Ê¥É¸Ö Ê¸²μ-

¢¨¥³ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°. ‚¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ ω
a(s−1),b(s−1),c
(2) ¢Ò· -

¦ ¥É¸Ö Î¥·¥§ ¶·μ¨§¢μ¤´Ò¥ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö ω
a(s−1),b(s−1)
(2) ¶μ¸·¥¤¸É¢μ³ ¸¢μ¨Ì

Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö. �μ¸²¥ ÔÉμ£μ ¶μ¤¸É ´μ¢±  ¢Ò· ¦¥´¨Ö ¤²Ö ¢¸¶μ³μ£ É¥²Ó-

´μ£μ ¶μ²Ö ω
a(s−1),b(s−1),c
(2) μ¡· É´μ ¢ ¤¥°¸É¢¨¥ ¶·¨¢μ¤¨É ± ¤¥°¸É¢¨Õ, ¶μ²´μ-

¸ÉÓÕ ¢Ò· ¦¥´´μ³Ê ¢ É¥·³¨´ Ì ¶μ²Ö ³¥É·¨Î¥¸±μ£μ É¨¶  (3.7) ¨ ¥£μ ¢Éμ·ÒÌ
¶·μ¨§¢μ¤´ÒÌ. Š ²¨¡·μ¢μÎ´ Ö ¨´¢ ·¨ ´É´μ¸ÉÓ ¨³¥¥É ³¥¸Éμ ¶μ ¶μ¸É·μ¥´¨Õ.
�²μ¸±¨° ¶·¥¤¥² É¥μ·¨¨ ´¥ ¤ ¥É ¤μ¶μ²´¨É¥²Ó´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨°.
�ÉμÉ Ë ±É ´ Ìμ¤¨É¸Ö ¢ ¸μ£² ¸¨¨ ¸ ¢Ò¢μ¤ ³¨ · ¡μÉÒ [58], £¤¥ ¡Ò²μ ¶μ± § ´μ,
ÎÉμ ±² ¸¸ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò �Ê ´± ·¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶·Ö³μÊ£μ²Ó´Ò³
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¤¨ £· ³³ ³, ¤μ¶Ê¸± ¥É £² ¤±ÊÕ (¡¥§ ¸± Î±  ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò) ¤¥Ëμ·³ Í¨Õ ¢
¶·μ¸É· ´¸É¢μ AdSd. ‚ ¨Éμ£¥ ¶μ²ÊÎ¨¢Ï¥¥¸Ö ¤¥°¸É¢¨¥ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ μ¡² ¤ ¥É
´Ê¦´Ò³¨ ± ²¨¡·μ¢μÎ´Ò³¨ ¸¨³³¥É·¨Ö³¨ ¨ ¶·¨¢μ¤¨É ± ¶· ¢¨²Ó´μ³Ê μ¶¨¸ ´¨Õ
¸¢μ¡μ¤´μ° ¤¨´ ³¨±¨ ¢ ¶·μ¸É· ´¸É¢ Ì Œ¨´±μ¢¸±μ£μ ¨ AdSd.

3.2. „¢ÊÌ¸Éμ²¡Íμ¢Ò¥ ¤¨ £· ³³Ò. � ¸¸³μÉ·¨³ ²μ·¥´Í-±μ¢ ·¨ ´É´μ¥ É¥´-
§μ·´μ¥ ¶μ²¥ φ(s,p)(x) ´  d-³¥·´μ³ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨∗:

φa[s], b[p](x) ≡ φ[a1...as], [b1...bp](x), (3.18)

±μÉμ·μ¥ Ö¢²Ö¥É¸Ö  ´É¨¸¨³³¥É·¨Î´Ò³ ¶μ μ¡¥¨³ £·Ê¶¶ ³ ¨´¤¥±¸μ¢, Ê¤μ¢²¥É¢μ-
·Ö¥É Ê¸²μ¢¨Õ ¸¨³³¥É·¨¨ 
´£  φ[ a1...as, as+1 ]b2...bp(x) = 0 ¨ ¸μ¤¥·¦¨É ¢¸¥ ¸¢μ¨
¸²¥¤Ò. ‘μ£² ¸´μ É¥·³¨´μ²μ£¨¨ · §¤. 2 É¥´§μ· φ(s,p)(x) ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¶μ²¥³
³¥É·¨Î¥¸±μ£μ É¨¶ .

‘Î¨É ¥É¸Ö, ÎÉμ ¢Ò¸μÉÒ ¸Éμ²¡Íμ¢ s ¨ p Ê¤μ¢²¥É¢μ·ÖÕÉ ¸²¥¤ÊÕÐ¥³Ê ´¥· -
¢¥´¸É¢Ê:

0 < p � s � ν. (3.19)

‡´ Î¥´¨¥ ¢¥·Ì´¥° £· ´¨ÍÒ ¢ (3.19) · §²¨Î´μ ¤²Ö ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¢ ¶·μ-
¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ ¨ AdSd. „²Ö ¶·μ¸É· ´¸É¢  Œ¨´±μ¢¸±μ£μ ν ≡ νMink =[
d − 2

2

]
Ö¢²Ö¥É¸Ö · ´£μ³ ³ ²μ° £·Ê¶¶Ò SO(d − 2). „²Ö AdSd-¶·μ¸É· ´¸É¢ 

ν ≡ νAdS =
[
d − 1

2

]
Ö¢²Ö¥É¸Ö · ´£μ³ ¢ ±ÊÊ³´μ° £·Ê¶¶Ò SO(d − 1). �É-

¸Õ¤  ¸²¥¤Ê¥É ´¥· ¢¥´¸É¢μ νMink � νAdS , ¶μ§¢μ²ÖÕÐ¥¥ § ±²ÕÎ¨ÉÓ, ÎÉμ É¥μ·¨¨
¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¢ AdSd ¶·¨ ¢§ÖÉ¨¨ ¶²μ¸±μ£μ ¶·¥¤¥²  ³μ£ÊÉ ¶·¨¢μ¤¨ÉÓ
± ¤Ê ²Ó´Ò³ μ¶¨¸ ´¨Ö³ ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¢ ¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ∗∗.
…¸²¨ s > νAdS ¨ 0 < p � s, Éμ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö AdSd-É¥μ·¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢
¤Ê ²Ó´  ´¥±μÉμ·μ° Î ¸É´μ° AdSd-É¥μ·¨¨ ¸ ¶ · ³¥É· ³¨ p̃, s̃, Ê¤μ¢²¥É¢μ·ÖÕ-
Ð¨³¨ (3.19).

�μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  φ(s,p)(x) (3.18) Ö¢²Ö¥É¸Ö ± ²¨¡·μ¢μÎ´Ò³ ¶μ²¥³ ¸
§ ±μ´μ³ ¶·¥μ¡· §μ¢ ´¨Ö, § ¤ ´´Ò³ ¤¢Ê³Ö É¨¶ ³¨ ¶ · ³¥É·μ¢ [47] (¸³. É ±¦¥
Ëμ·³Ê²Ê (2.15)):

δφ(s,p) = ∂S(s−1,p) + ∂Λ(s,p−1), (3.20)

¢ ±μÉμ·μ³ É¥´§μ·Ò S(s−1,p) ¨ Λ(s,p−1) ¸μ¤¥·¦ É ¢¸¥ ¸¢μ¨ ¸²¥¤Ò ¨ μ¶¨¸Ò¢ -
ÕÉ¸Ö ¤¨ £· ³³ ³¨ 
´£ , ¶μ²ÊÎ¥´´Ò³¨ ¢ ·¥§Ê²ÓÉ É¥ μÉ·¥§ ´¨Ö ±²¥É±¨ ¸μμÉ-
¢¥É¸É¢¥´´μ ¨§ ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸Éμ²¡Íμ¢ ¶μ²Ö φ(s,p)(x).

∗„²Ö ´ ¡μ·   ´É¨¸¨³³¥É·¨§μ¢ ´´ÒÌ ¨´¤¥±¸μ¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö ±μ´¤¥´¸¨·μ¢ ´´Ò¥ μ¡μ§´ Î¥-
´¨Ö: a[k] ≡ [a1 · · · ak ]. ˆ´¤¥±¸Ò, μ¡μ§´ Î¥´´Ò¥ μ¤´μ° ¡Ê±¢μ°, ¸Î¨É ÕÉ¸Ö  ´É¨¸¨³³¥É·¨§μ¢ ´-

´Ò³¨: XaY a ≡ 1

2!
(Xa1Y a2 − Xa2Y a1 ).

∗∗�¡¸Ê¦¤¥´¨¥ ¤Ê ²Ó´ÒÌ Ëμ·³Ê²¨·μ¢μ± ¸¢μ¡μ¤´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ ¶·μ¸É· ´¸É¢¥
Œ¨´±μ¢¸±μ£μ ¸μ¤¥·¦¨É¸Ö ¢ · ¡μÉ Ì [50, 67, 68, 70].
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„ ²¥¥ ³Ò · §¢¨¢ ¥³ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´ÊÕ AdSd-É¥μ·¨Õ ¶μ²Ö ³¥-
É·¨Î¥¸±μ£μ É¨¶  φ(s,p)(x) ¸ ¶·μ¨§¢μ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ s ¨ p, ±μÉμ·Ò¥ Ê¤μ-
¢²¥É¢μ·ÖÕÉ (3.19). �¥·¥¤ É¥³, ± ± ´ Î ÉÓ ¨§²μ¦¥´¨¥ ·¥¶¥·´μ£μ Ëμ·³ ²¨§³  ¢
¸²ÊÎ ¥ ¤¢ÊÌ¸Éμ²¡Íμ¢ÒÌ ¶μ²¥°, μ¡¸Ê¤¨³, ± ± ³μ¦´μ ¡Ò²μ ¡Ò ¶μ¸ÉÊ¶¨ÉÓ, ÎÉμ¡Ò
¶μ²ÊÎ¨ÉÓ AdSd-É¥μ·¨Õ ´ Î¨´ Ö ¸ ´¥±μÉμ·μ£μ ² £· ´¦¨ ´  L, ¨´¢ ·¨ ´É´μ£μ
μÉ´μ¸¨É¥²Ó´μ (3.20) ´  ¶²μ¸±μ³ Ëμ´¥. �¡Ð¥¥ ¶·¥¤¶¨¸ ´¨¥ ¸μ¸Éμ¨É ¢ § ³¥´¥
∂ → D, £¤¥ D ¥¸ÉÓ Ëμ´μ¢ Ö ²μ·¥´Í-±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö, ±μ³³ÊÉ¨·ÊÕ-
Ð Ö ± ± [D,D] ∼ λ2, ¨ ¤μ¡ ¢²¥´¨¨ ³ ¸¸μ¢μ¶μ¤μ¡´ÒÌ ¸² £ ¥³ÒÌ ¢ L, ±μÉμ·Ò¥
μ¡¥¸¶¥Î¨¢ ÕÉ ± ²¨¡·μ¢μÎ´ÊÕ ¨´¢ ·¨ ´É´μ¸ÉÓ. Š ± ³Ò §´ ¥³ [57, 58], É ± Ö
¶·μÍ¥¤Ê·  ´¥ ¢¸¥£¤  Ö¢²Ö¥É¸Ö ´¥¶·μÉ¨¢μ·¥Î¨¢μ° ¤²Ö ¶μ²Ö ¸³¥Ï ´´μ£μ É¨¶ 
¸¨³³¥É·¨¨ μ¡Ð¥£μ ¢¨¤ : Éμ²Ó±μ Î ¸ÉÓ ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨° ³μ¦¥É ¡ÒÉÓ
¶·μ¤¥Ëμ·³¨·μ¢ ´  ¢ AdSd. ‚ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ ¸¨³³¥É·¨Ö, ±μÉμ· Ö
¢Ò¦¨¢ ¥É ¢ AdSd, ¸μμÉ¢¥É¸É¢Ê¥É ± ²¨¡·μ¢μÎ´μ³Ê ¶ · ³¥É·Ê Λ(s,p−1). �É-
¸ÊÉ¸É¢¨¥ μ¤´μ° ¨§ ± ²¨¡·μ¢μÎ´ÒÌ ¸¨³³¥É·¨° ´  AdSd ¶·¨¢μ¤¨É ± · §´¨Í¥
³¥¦¤Ê Ë¨§¨Î¥¸±¨³¨ ¸É¥¶¥´Ö³¨ ¸¢μ¡μ¤Ò ¶μ²Ö φ(s,p)(x) ´  Ëμ´¥ ¶²μ¸±μ° ¨
AdSd-£¥μ³¥É·¨°. 	 ² ´¸ ³μ¦¥É ¡ÒÉÓ ¢μ¸¸É ´μ¢²¥´ ¶·¨ ¢¢¥¤¥´¨¨ ¶μ²Ö ˜ÉÕ-
±¥²Ó¡¥·£  ¤²Ö μÉ¸ÊÉ¸É¢ÊÕÐ¥° ¸¨³³¥É·¨¨ S(s−1,p), ±μÉμ·μ¥, μ¤´ ±μ, ³μ¦¥É
¡ÒÉÓ μÉ± ²¨¡·μ¢ ´μ ¶·¨ λ �= 0. �²μ¸±¨° ¶·¥¤¥² É ±¨³ μ¡· §μ³ · ¸Ï¨·¥´-
´ÒÌ É¥μ·¨° μ¶¨¸Ò¢ ¥É ´¥ μ¤´μ,   ¤¢  ´¥§ ¢¨¸¨³ÒÌ ¶μ²Ö [58,64].

3.2.1. Š ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö p-Ëμ·³. ‘²¥¤ÊÖ μ¡Ð¥³Ê ¶·¥¤¶¨¸ ´¨Õ · §¤. 2,
³Ò μ¶¨¸Ò¢ ¥³ ¤¢ÊÌ¸Éμ²¡Íμ¢μ¥ ¶μ²¥ φ(s,p) (3.18), · ¸¶·μ¸É· ´ÖÕÐ¥¥¸Ö ¢ ¶·μ-
¸É· ´¸É¢¥ AdSd, ¢ É¥·³¨´ Ì ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö p-Ëμ·³Ò ·¥¶¥·´μ£μ É¨¶ :

e
a[s]
(p) = e

[a1···as]
[m1···mp] dxm1 ∧ . . . ∧ dxmp . (3.21)

“¤μ¡´μ § ³¥´¨ÉÓ ³¨·μ¢Ò¥ ¨´¤¥±¸Ò ¢ (3.21) ± ¸ É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨:

e[a1···as]; [b1···bp] ≡ e
[a1···as]
[m1···mp] hm1; b1 · · ·hmp; bp , (3.22)

£¤¥ hm; a Ö¢²Ö¥É¸Ö Ëμ´μ¢Ò³ ¶μ²¥³ ·¥¶¥·  ´  AdSd.
�·¨ É¥´§μ·´μ³ ¶¥·¥³´μ¦¥´¨¨ ³¨·μ¢ÒÌ ¨ ± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢ ± ²¨¡·μ-

¢μÎ´μ£μ ¶μ²Ö p-Ëμ·³Ò ·¥¶¥·´μ£μ É¨¶  (3.21) ¢μ§´¨± ¥É ¸μ¢μ±Ê¶´μ¸ÉÓ ±μ³¶μ-
´¥´É:

ea[s]; b[p] ∼
p⊕

i=0

φa[s+i], b[p−i]. (3.23)

‡¤¥¸Ó ± ¦¤ Ö É¥´§μ·´ Ö ±μ³¶μ´¥´É  φa[s+i], b[p−i] ¸μμÉ¢¥É¸É¢Ê¥É ¤¨ £· ³³¥

´£  ¸ (s+ i)  ´É¨¸¨³³¥É·¨Î´Ò³¨ ¨´¤¥±¸ ³¨ ¢ ¶¥·¢μ³ ¸Éμ²¡Í¥, (p− i)  ´É¨-
¸¨³³¥É·¨Î´Ò³¨ ¨´¤¥±¸ ³¨ ¢μ ¢Éμ·μ³ ¸Éμ²¡Í¥ ¨ ¸μ¤¥·¦¨É ¢¸¥ ¸¢μ¨ ¸²¥¤Ò.
“¤μ¡´μ ± ¦¤ÊÕ ±μ³¶μ´¥´ÉÊ ¢ (3.23) μ¡μ§´ Î¨ÉÓ ± ± φ(i). �¥·¢ Ö ±μ³¶μ´¥´É 
i = 0 ¢ (3.23) μÉμ¦¤¥¸É¢²Ö¥É¸Ö ¸ ¶μ²¥³ ³¥É·¨Î¥¸±μ£μ É¨¶ : φ(0) ≡ φ(s,p)

(3.18).
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‚ ¶·¨´Í¨¶¥, ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö p-Ëμ·³Ò (3.21) ¤μ¸É ÉμÎ´μ ¤²Ö Éμ£μ,
ÎÉμ¡Ò ¶μ¸É·μ¨ÉÓ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò° ËÊ´±Í¨μ´ ² ¤¥°¸É¢¨Ö, ±μÉμ·Ò°
¶· ¢¨²Ó´μ μ¶¨¸Ò¢ ¥É AdSd-¤¨´ ³¨±Ê ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö φ(s,p). �¤´ ±μ
¤²Ö Éμ£μ, ÎÉμ¡Ò ±μ´É·μ²¨·μ¢ ÉÓ ± ²¨¡·μ¢μÎ´Ò¥ ¸¨³³¥É·¨¨ Ö¢´Ò³ μ¡· §μ³,
¸²¥¤Ê¥É ¢¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö. ‚ · ¸¸³ É·¨¢ ¥³μ³ ¸²Ê-

Î ¥ ¶μ¤Ìμ¤ÖÐ¨° ´ ¡μ· ¶μ²¥° § ¤ ¥É¸Ö e
a[s]
(p) ¨ ω

a[s+1]
(p) , ±μÉμ·Ò¥ ¸μ£² ¸´μ É¥·-

³¨´μ²μ£¨¨ · §¤. 2 ¡Ê¤¥³ ´ §Ò¢ ÉÓ Ë¨§¨Î¥¸±μ° ¨ ¢¸¶μ³μ£ É¥²Ó´μ° p-Ëμ·³ ³¨.
(p+1)-Ëμ·³Ò  ¡¥²¥¢ÒÌ ±·¨¢¨§´,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ Ë¨§¨Î¥¸±¨³ ¨ ¢¸¶μ-

³μ£ É¥²Ó´Ò³ ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨ p-Ëμ·³, § ¤ ÕÉ¸Ö ± ±

r
a[s]
(p+1) = De

a[s]
(p) +hb∧ω

a[s]b
(p) , Ra[s+1]

(p+1) = Dω
a[s+1]
(p) −(s+1)λ2ha∧e

a[s]
(p) . (3.24)

�´¨ ¨´¢ ·¨ ´É´Ò μÉ´μ¸¨É¥²Ó´μ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¸ ¶ · ³¥-

É· ³¨ Λa[s]
(p−1) ¨ ξ

a[s+1]
(p−1) , Ö¢²ÖÕÐ¨³¨¸Ö (p − 1)-Ëμ·³ ³¨:

δe
a[s]
(p) = DΛa[s]

(p−1) + hb ∧ ξ
a[s]b
(p−1), δω

a[s+1]
(p) = Dξ

a[s+1]
(p−1) − (s + 1)λ2ha ∧ Λa[s]

(p−1).

(3.25)
‚ Î ¸É´μ¸É¨, ¸É·Ê±ÉÊ·  ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ (3.25) É·¥¡Ê¥É, ÎÉμ¡Ò
±·¨¢¨§´Ò Ê¤μ¢²¥É¢μ·Ö²¨ Éμ¦¤¥¸É¢ ³ 	ÓÖ´±¨:

Dr
a[s]
(p+1) + hb ∧Ra[s]b

(p+1) = 0, DRa[s+1]
(p+1) − (s + 1)λ2ha ∧ r

a[s]
(p+1) = 0. (3.26)

Š ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö (3.25) ¶·¨¢μ¤¨³Ò. ‘ÊÐ¥¸É¢Ê¥É ´ ¡μ· ± ²¨¡-
·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° Ê·μ¢´Ö (l + 2) (0 � l � p − 2) ¢¨¤ 

δΛa[s]
(p−l−1) = DΛa[s]

(p−l−2) + hb ∧ ξ
a[s]b
(p−l−2),

δξ
a[s+1]
(p−l−1) = Dξ

a[s+1]
(p−l−2) − (s + 1)λ2ha ∧ Λa[s]

(p−l−2).
(3.27)

�μ²Ó ± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢ ¸¤¢¨£  ξ
a[s+1]
(p−1) ¢ ¶·¥μ¡· §μ¢ ´¨ÖÌ (3.25) ¸μ¸-

Éμ¨É ¢ Éμ³, ÎÉμ¡Ò ¸±μ³¶¥´¸¨·μ¢ ÉÓ ¢¸¥ ±μ³¶μ´¥´ÉÒ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö p-
Ëμ·³Ò ¢ (3.23) ¶·¨ i > 0. �Éμ ³μ¦¥É ¡ÒÉÓ ²¥£±μ ¤μ¸É¨£´ÊÉμ ¶·¨ · §²μ¦¥´¨¨

± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢ ξ
a[s+1]
(p−1) ,  ´ ²μ£¨Î´μ³ (3.23):

ξa[s+1]; b[p−1] ∼
p−1⊕
i=0

ξa[s+i+1], b[p−i−1], (3.28)

¢ ±μÉμ·μ³ É¥´§μ·Ò ¢ ¶· ¢μ° Î ¸É¨ ¨³¥ÕÉ ¤¨ £· ³³´Ò¥ ¸¢μ°¸É¢  
´£  ¨ ¸μ¤¥·-
¦ É ¢¸¥ ¸¢μ¨ ¸²¥¤Ò. ’ ±¨³ μ¡· §μ³, ¶ÊÉ¥³ Ë¨±¸ Í¨¨ ± ²¨¡·μ¢±¨ ¨ ¨¸¶μ²Ó-

§μ¢ ´¨Ö ¸¤¢¨£μ¢ÒÌ ¶ · ³¥É·μ¢ ξ
a[s+1]
(p−1) ± ²¨¡·μ¢μÎ´μ¥ ¶μ²¥ p-Ëμ·³Ò (3.21)

¸¢μ¤¨É¸Ö ± ±μ³¶μ´¥´É¥ φ(0), ¸μμÉ¢¥É¸É¢ÊÕÐ¥° i = 0 ¢ · §²μ¦¥´¨¨ (3.23),
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±μÉμ·ÊÕ ¸²¥¤Ê¥É μÉμ¦¤¥¸É¢¨ÉÓ ¸ ¶μ²¥³ ³¥É·¨Î¥¸±μ£μ É¨¶  (3.18). — ¸ÉÓ ¶·¥-
μ¡· §μ¢ ´¨° (3.25) ¸ ¶·μ¨§¢μ¤´Ò³¨ ³μ¦¥É ¡ÒÉÓ ¶·μ ´ ²¨§¨·μ¢ ´  É ±¨³ ¦¥

¸¶μ¸μ¡μ³,   ¨³¥´´μ: ¢¢¥¤¥³ · §²μ¦¥´¨¥ ± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢ Λa[s]
(p−1),

 ´ ²μ£¨Î´μ¥ (3.28):

Λa[s]; b[p−1] ∼
p−1⊕
i=0

Λa[s+i], b[p−i−1], (3.29)

¢ ±μÉμ·μ³ É¥´§μ·Ò ¢ ¶· ¢μ° Î ¸É¨ ¨³¥ÕÉ ¤¨ £· ³³´Ò¥ ¸¢μ°¸É¢  
´£  ¨ ¸μ¤¥·-
¦ É ¢¸¥ ¸¢μ¨ ¸²¥¤Ò. ’μ£¤  ¨§ (3.23) ¨ (3.29) ´ Ìμ¤¨³, ÎÉμ ¶μ²¥ ³¥É·¨Î¥¸±μ£μ
É¨¶  φ(0) ≡ φ(s,p) ¶·¥μ¡· §Ê¥É¸Ö ¸μ£² ¸´μ

δφ(0) = DΛ(0), (3.30)

£¤¥ ± ²¨¡·μ¢μÎ´Ò° ¶ · ³¥É· Λ(0) Ö¢²Ö¥É¸Ö ¶¥·¢μ° ±μ³¶μ´¥´Éμ° i = 0 ¢ (3.29)
¨ ¨³¥¥É ÉμÉ ¦¥ É¨¶ ¸¨³³¥É·¨¨ 
´£ , ÎÉμ ¨ Λ(s,p−1) ¢ (3.20). Š ± ¸²¥¤¸É¢¨¥
¨§ (3.27), ± ²¨¡·μ¢μÎ´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ (3.30) Ö¢²Ö¥É¸Ö ¶·¨¢μ¤¨³Ò³ ¤μ p-£μ
Ê·μ¢´Ö.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ´ Ï ¶μ¤Ìμ¤ ¸Ëμ·³Ê²¨·μ¢ ´ É ±¨³ μ¡· §μ³, ÎÉμ μ´
¶·¨¢μ¤¨É ± ± ²¨¡·μ¢μÎ´μ° ¸¨³³¥É·¨¨, Ö¢²ÖÕÐ¥°¸Ö ¶· ¢¨²Ó´μ° ¸¨³³¥É·¨¥°
¤²Ö ¶μ²Ö ³¥É·¨Î¥¸±μ£μ É¨¶  φ(s,p) ´  Ëμ´¥ AdSd Éμ²Ó±μ ¸ ¶ · ³¥É·μ³ Λ(s,p−1)

(3.20). „·Ê£μ° É¨¶ ± ²¨¡·μ¢μÎ´μ° ¸¨³³¥É·¨¨ ¸ ¶ · ³¥É·μ³ S(s,p−1) (3.20) ´¥
¨³¥¥É ³¥¸É  ¢ AdSd-Ëμ·³Ê²¨·μ¢±¥,   ¶μÖ¢²Ö¥É¸Ö ¢ ¶²μ¸±μ³ ¶·¥¤¥²¥ λ = 0.
ŒÒ μ¡¸Ê¤¨³ ÔÉμ Ö¢²¥´¨¥ ´¨¦¥.

�  ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö p-Ëμ·³, ¢¢¥¤¥´´Ò¥ ¤²Ö
Éμ£μ, ÎÉμ¡Ò μ¶¨¸ ÉÓ ¶μ²¥ ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ ¢ AdSd, ³μ¦´μ ¸³μ-
É·¥ÉÓ ± ± ´  ·¥§Ê²ÓÉ É · §²μ¦¥´¨Ö ¶μ μÉ´μÏ¥´¨Õ ± £·Ê¶¶¥ ‹μ·¥´Í  ± ²¨¡·μ-
¢μÎ´μ£μ ¶μ²Ö p-Ëμ·³Ò, ´¥¸ÊÐ¥° ¸¶¥Í¨ ²Ó´μ¥ ´¥¶·¨¢μ¤¨³μ¥ ¶·¥¤¸É ¢²¥´¨¥

AdSd  ²£¥¡·Ò o(d− 1, 2). ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¶μ²Ö e
a[s]
(p) ¨ ω

a[s+1]
(p) ¶μ²ÊÎ ÕÉ¸Ö ¨§

¸²¥¤ÊÕÐ¥£μ ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö AdSd p-Ëμ·³Ò:

ΩA[s+1]
(p) ∼ e

a[s]
(p) ⊕ ω

a[s+1]
(p) . (3.31)

‘ ¶μ³μÐÓÕ ¢¥±Éμ·  ±μ³¶¥´¸ Éμ·  (¸³. ¶. 1.1) ¨§μ³μ·Ë¨§³ (3.31) ¶·¨´¨³ ¥É
ÉμÎ´Ò° ¢¨¤:

ΩA[s+1]
(p) = ω

A[s+1]
(p) + λ (s + 1)V A e

A[s]
(p) , (3.32)

¤μ¶μ²´¥´´Ò° Ê¸²μ¢¨Ö³¨ ¶μ¶¥·¥Î´μ¸É¨:

e
A[s−1]C
(p) VC = 0, ω

A[s]C
(p) VC = 0. (3.33)

�μÖ¢²¥´¨¥ ¶μ¸ÉμÖ´´μ° λ ¢ (3.32) ³μÉ¨¢¨·μ¢ ´μ · §²¨Î´Ò³¨ ³ ¸¸μ¢Ò³¨ · §-
³¥·´μ¸ÉÖ³¨ Ë¨§¨Î¥¸±μ£μ ¨ ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²¥° p-Ëμ·³, É. ±. ´  Ê·μ¢´¥



1420 �‹Š�‹�…‚ Š.	.

Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¶¥·¢Ò¥ ¶·μ¨§-
¢μ¤´Ò¥ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö.

‚ AdSd-±μ¢ ·¨ ´É´μ³ Ëμ·³ ²¨§³¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¨ ±·¨-
¢¨§´Ò § ¤ ÕÉ¸Ö ¢Ò· ¦¥´¨Ö³¨ (0 � l � p − 2)

R
A[s+1]
(p+1) = D0Ω

A[s+1]
(p) , δΩA[s+1]

(p) = D0ξ
A[s+1]
(p−1) , δξ

A[s+1]
(p−l−1) = D0ξ

A[s+1]
(p−l−2),

(3.34)
£¤¥

R
A[s+1]
(p+1) ∼ r

a[s]
(p+1) ⊕Ra[s+1]

(p+1) , ξ
A[s+1]
(p−l−1) ∼ Λa[s]

(p−l−1) ⊕ ξ
a[s+1]
(p−l−1) (3.35)

¨ ±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö D0 ¡¥·¥É¸Ö ¶μ μÉ´μÏ¥´¨Õ ± Ëμ´μ¢μ° o(d−1, 2)-
¸¢Ö§´μ¸É¨. ’μ¦¤¥¸É¢  	ÓÖ´±¨ D0R

A[s+1]
(p+1) = 0 Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨Ö³¨ Ê¸²μ¢¨Ö

´Ê²¥¢μ° ±·¨¢¨§´Ò (1.6).
3.2.2. „¨´ ³¨± . ‘μ£² ¸´μ ¶·¥¤¶¨¸ ´¨Õ ¶. 2.7 ´ ¨¡μ²¥¥ μ¡Ð¥¥ ¤¥°¸É¢¨¥

¤²Ö ¤¢ÊÌ¸Éμ²¡Íμ¢ÒÌ ¶μ²¥° ¨³¥¥É ¢¨¤

S2 =
κ1

λ2

∫
Md

HA[2p+2] ∧ R
A[p+1]B[s−p]
(p+1) ∧ R

A[p+1]
(p+1) B[s−p]+

+
κ2

λ2

∫
Md

HA[2p+2] ∧ R
A[p+1]B[s−p−1]C
(p+1) ∧ R

A[p+1]
(p+1) B[s−p−1]

DVCVD, (3.36)

£¤¥ ¨¸¶μ²Ó§Ê¥É¸Ö μ¡μ§´ Î¥´¨¥ HA[m] = εA1···AmBm+1···Bd+1h
Bm+1 ∧ . . .

∧hBdV Bd+1 ,   κ1,2 ¥¸ÉÓ ¶·μ¨§¢μ²Ó´Ò¥ ¡¥§· §³¥·´Ò¥ ±μ´¸É ´ÉÒ. �·μ¨§¢μ²
¢ ¢Ò¡μ·¥ κ1,2 ³μ¦¥É ¡ÒÉÓ Ë¨±¸¨·μ¢ ´ ¸ ÉμÎ´μ¸ÉÓÕ ¤μ μ¡Ð¥£μ ³´μ¦¨É¥²Ö
¶¥·¥¤ ¤¥°¸É¢¨¥³ (3.36) ¶ÊÉ¥³ ¤μ¡ ¢²¥´¨Ö Î²¥´  ¸ ¶μ²´μ° ¶·μ¨§¢μ¤´μ°:

O =
∫

Md

d
(

HA[2p+3] ∧ R
A[p+2]B[s−p−1]
(p+1) ∧ R

A[p+1]
(p+1) B[s−p−1]

CVC

)
. (3.37)

�É³¥É¨³, ÎÉμ ¢¨¤ ¤¥°¸É¢¨Ö ´ ±² ¤Ò¢ ¥É ¥¸É¥¸É¢¥´´μ¥ μ£· ´¨Î¥´¨¥ p �[
d − 2

2

]
, ¢ Éμ ¢·¥³Ö ± ± s ´¥ μ£· ´¨Î¥´.

‚ ·¨ Í¨Ö ¤¥°¸É¢¨Ö (3.36) ¶·¨¢μ¤¨É ± Ê· ¢´¥´¨Ö³ ¤¢¨¦¥´¨Ö:

εA[p+1]
B[p+1]C[d−2p−1]h

C1 ∧ . . . ∧ hCd−2p−1 ∧ R
A[s−p]B[p+1]
(p+1) = 0. (3.38)

„²Ö Éμ£μ ÎÉμ¡Ò ¶·μÖ¸´¨ÉÓ ¤¨´ ³¨Î¥¸±μ¥ ¸μ¤¥·¦ ´¨¥ ÔÉ¨Ì Ê· ¢´¥´¨°, Ê¤μ¡´μ
¶·μ¢μ¤¨ÉÓ  ´ ²¨§ ¢ É¥·³¨´ Ì ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ±μ³¶μ´¥´É. ‚¢¥¤¥³ · §-
²μ¦¥´¨¥ É¥´§μ·μ¢ ±·¨¢¨§´Ò (3.24),  ´ ²μ£¨Î´μ¥ (3.23):

ra[s]; b[p+1] ∼
p+1⊕
i=0

ra[s+i], b[p−i+1], Ra[s+1]; b[p+1] ∼
p+1⊕
i=0

Ra[s+i+1], b[p−i+1],

(3.39)
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¢ ±μÉμ·μ³ É¥´§μ·Ò ¢ ¶· ¢ÒÌ Î ¸ÉÖÌ μ¡² ¤ ÕÉ ¸¢μ°¸É¢ ³¨ ¸¨³³¥É·¨¨ 
´£ 
¨ ¸μ¤¥·¦ É ¢¸¥ ¸¢μ¨ ¸²¥¤Ò. ‚ ·¥§Ê²ÓÉ É¥ ¶·Ö³μ£μ ¢ÒÎ¨¸²¥´¨Ö ¶μ± §Ò¢ ¥É¸Ö,
ÎÉμ Ê· ¢´¥´¨Ö (3.38) ³μ£ÊÉ ¡ÒÉÓ ¶·¨¢¥¤¥´Ò ± ¢¨¤Ê

p < s : r
a[s]
(p+1) = hb1 ∧ . . . ∧ hbp+1 T a[s], b[p+1],

p = s : r
a[s]
(p+1) = 0

(3.40)

¨
p � s : Ra[s+1]

(p+1) = hb1 ∧ . . . ∧ hbp+1 Ca[s+1], b[p+1] (3.41)

¸ ¶·μ¨§¢μ²Ó´Ò³¨ ¡¥¸¸²¥¤μ¢Ò³¨ 0-Ëμ·³ ³¨ T a[s], b[p+1] ¨ Ca[s+1], b[p+1], ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨³¨ ¤¢ÊÌ¸Éμ²¡Íμ¢Ò³ ¤¨ £· ³³ ³ 
´£ . ‚¸¥ μ¸É ²Ó´Ò¥ ±μ³¶μ-
´¥´ÉÒ ±·¨¢¨§´ (3.39) · ¢´Ò ´Ê²Õ. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ¡¥¸¸²¥¤μ¢μ¸ÉÓ ¤²Ö
T a[s], b[p+1] ¨³¥¥É ³¥¸Éμ Éμ²Ó±μ ¶·¨ λ �= 0 (ÔÉμ ¸²¥¤Ê¥É ¨§ Éμ¦¤¥¸É¢ 	ÓÖ´±¨).

‚ ¸²ÊÎ ¥ p = s, ±μÉμ·Ò° ¸μμÉ¢¥É¸É¢Ê¥É Ë¨§¨Î¥¸±μ³Ê ¶μ²Õ ³¥É·¨Î¥¸±μ£μ
É¨¶ , μ¶¨¸Ò¢ ¥³μ³Ê ¶·Ö³μÊ£μ²Ó´μ° ¤¨ £· ³³μ° 
´£ , 0-Ëμ·³  C Ö¢²Ö¥É¸Ö
¶·¨³ ·´Ò³ É¥´§μ·μ³ ‚¥°²Ö [89]. �´ ¶ · ³¥É·¨§Ê¥É É¥ ±μ³¶μ´¥´ÉÒ ±·¨¢¨§´,
±μÉμ·Ò¥ ´¥ ¨¸Î¥§ ÕÉ ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ ¨ ´¥ ³μ£ÊÉ ¡ÒÉÓ ¢Ò· ¦¥´Ò
Î¥·¥§ ¶·μ¨§¢μ¤´Ò¥ ¤·Ê£¨Ì ±μ³¶μ´¥´É ±·¨¢¨§´Ò. ‚ ¸²ÊÎ ¥, ±μ£¤  Ë¨§¨Î¥¸±μ¥
¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  μ¶¨¸Ò¢ ¥É¸Ö ´¥¶·Ö³μÊ£μ²Ó´μ° ¤¨ £· ³³μ° 
´£  ¸
p < s, ¶·¨³ ·´Ò³ É¥´§μ·μ³ ‚¥°²Ö Ö¢²Ö¥É¸Ö 0-Ëμ·³  T ,   0-Ëμ·³  C ¥¸ÉÓ
¢Éμ·¨Î´Ò° É¥´§μ· ‚¥°²Ö [89], ¢Ò· ¦ ÕÐ¨°¸Ö Î¥·¥§ ¶¥·¢Ò¥ ¶·μ¨§¢μ¤´Ò¥ ¶·¨-
³ ·´μ£μ É¥´§μ·  ‚¥°²Ö T ´  μ¸´μ¢¥ Éμ¦¤¥¸É¢ 	ÓÖ´±¨.

�¡· É¨³¸Ö É¥¶¥·Ó ± ¶μ¤·μ¡´μ³Ê  ´ ²¨§Ê Ê· ¢´¥´¨° (3.40), (3.41). �μ
 ´ ²μ£¨¨ ¸ (3.23) ¢¢¥¤¥³ · §²μ¦¥´¨¥ p-Ëμ·³Ò ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö:

ωa[s+1]; b[p] ∼
p⊕

i=0

ωa[s+i+1], b[p−i]. (3.42)

’μ£¤  ¢¸¥ ±μ³¶μ´¥´ÉÒ ω(i) ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö p-Ëμ·³Ò (3.42) ³μ£ÊÉ ¡ÒÉÓ
¢Ò· ¦¥´Ò Î¥·¥§ ¶¥·¢Ò¥ ¶·μ¨§¢μ¤´Ò¥ ±μ³¶μ´¥´É φ(i), 0 � i � p, Ë¨§¨Î¥¸±μ£μ
¶μ²Ö p-Ëμ·³Ò:

ω(i) = Dφ(i) + Dφ(i+1), 0 � i � p. (3.43)

�Éμ ¢Ò· ¦¥´¨¥ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Éμ£μ Ë ±É , ÎÉμ ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥
¢Ìμ¤¨É ¢ Ë¨§¨Î¥¸±ÊÕ ±·¨¢¨§´Ê (3.24) ¡¥§ ¶·μ¨§¢μ¤´ÒÌ ¨ Ê· ¢´¥´¨Ö (3.40)
Ö¢²ÖÕÉ¸Ö ´  ¸ ³μ³ ¤¥²¥ ²¨´¥°´Ò³¨ μ¤´μ·μ¤´Ò³¨ Ê· ¢´¥´¨Ö³¨ ¶μ μÉ´μÏ¥-
´¨Õ ± ±μ³¶μ´¥´É ³ ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö p-Ëμ·³Ò. �É³¥É¨³, ÎÉμ ¶·¨ p < s
±μ³¶μ´¥´É  ±·¨¢¨§´Ò T a[s], b[p+1] ´¥ · ¢´  ´Ê²Õ ¨ ´¥ ¸μ¤¥·¦¨É ±μ³¶μ´¥´É
¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö p-Ëμ·³Ò (3.42). �μÔÉμ³Ê Î¨¸²μ ²¨´¥°´ÒÌ μ¤´μ·μ¤-
´ÒÌ Ê· ¢´¥´¨° (3.40) ¢ ÉμÎ´μ¸É¨ ¸μ¢¶ ¤ ¥É ¸ Î¨¸²μ³ ±μ³¶μ´¥´É ¢¸¶μ³μ£ É¥²Ó-
´μ° p-Ëμ·³Ò. „·Ê£¨³¨ ¸²μ¢ ³¨, ¢Ò· ¦¥´¨¥ (3.40) Ö¢²Ö¥É¸Ö ¸¢Ö§ÓÕ, ±μÉμ· Ö
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¶μ§¢μ²Ö¥É ¢Ò· §¨ÉÓ ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ Î¥·¥§ ¶·μ¨§¢μ¤´Ò¥ Ë¨§¨Î¥¸±μ£μ
¶μ²Ö.

Š ± μ¡¸Ê¦¤ ²μ¸Ó ¢ÒÏ¥, Ì · ±É¥·´ Ö Î¥·É  ± ²¨¡·μ¢μÎ´μ£μ ¶ · ³¥É· 

ξ
a[s+1]
(p−1) ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ μ´ ¢Ìμ¤¨É  ²£¥¡· ¨Î¥¸±¨ ¢ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· -

§μ¢ ´¨Ö ¤²Ö Ë¨§¨Î¥¸±μ£μ ¶μ²Ö p-Ëμ·³Ò (3.25) ¨ Î¥·¥§ ¶·μ¨§¢μ¤´ÊÕ Å ¤²Ö
¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö p-Ëμ·³Ò. ˆ§ (3.28) ¸²¥¤Ê¥É, ÎÉμ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥-
μ¡· §μ¢ ´¨Ö (3.25) ³μ£ÊÉ ¡ÒÉÓ ¶·¨¢¥¤¥´Ò ± ¢¨¤Ê

δφ(i) = ξ(i−1), 1 � i � p ; δω(j) = Dξ(j) + Dξ(j−1), 0 � j � p. (3.44)

�¡Ñ¥¤¨´ÖÖ ÔÉ¨ ¢Ò· ¦¥´¨Ö ¸ (3.43) ¨ ¶μ² £ Ö · ¢´Ò³¨ ´Ê²Õ ¢¸¥ ¨§¡ÒÉμÎ´Ò¥
±μ³¶μ´¥´ÉÒ Ë¨§¨Î¥¸±μ£μ ¶μ²Ö p-Ëμ·³Ò, ¶ÊÉ¥³ Ë¨±¸ Í¨¨ ± ²¨¡·μ¢±¨ ´ Ìμ-
¤¨³, ÎÉμ ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ Ë¨§¨Î¥¸±μ¥ ± ±

ω(0) = Dφ(0). (3.45)

‚¸²¥¤¸É¢¨¥ ¸μμÉ´μÏ¥´¨° (3.41) ¤¨´ ³¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¢Éμ-
·μ£μ ¶μ·Ö¤±  ´  Ë¨§¨Î¥¸±μ¥ ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  φ(s,p) ¢μ§´¨± ÕÉ ± ±
¸²¥¤ ±μ³¶μ´¥´ÉÒ R(0) (3.39):

Ra[s]c,
c

b[p] = 0, (3.46)

¢ ±μÉμ·μ° ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ ¢Ò· ¦¥´μ Î¥·¥§ ¶¥·¢Ò¥ ¶·μ¨§¢μ¤´Ò¥ Ë¨§¨-
Î¥¸±μ£μ ¸μ£² ¸´μ (3.45). �Î¥¢¨¤´μ, ÎÉμ É¥´§μ· ¢ ²¥¢μ° Î ¸É¨ (3.46) ¨³¥¥É ÉμÉ
¦¥ É¨¶ ¸¨³³¥É·¨¨ 
´£ , ÎÉμ ¨ ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  φ(s,p).

„²Ö Éμ£μ ÎÉμ¡Ò ´ °É¨ ÉμÎ´Ò° ¢¨¤ ¤¨´ ³¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö,
Ê¶·μ¸É¨³ ¢ÒÎ¨¸²¥´¨Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‚¢¥¤¥³ μ¶¥· Éμ·Ò ·μ¦¤¥´¨Ö ¨
Ê´¨ÎÉμ¦¥´¨Ö αa

i , ᾱb
j , i, j = 1, 2, μ¶·¥¤¥²¥´´Ò¥ ´  Ëμ±μ¢¸±μ³ ¢ ±ÊÊ³¥ ᾱi

c|0〉 =
0 ¨ Ê¤μ¢²¥É¢μ·ÖÕÐ¨¥  ²£¥¡·¥

{ᾱi
a, α

j
b} = δijηab, {αi

a, αj
b} = 0, {ᾱi

a, ᾱ
j
b} = 0. (3.47)

‘²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö Ê¤μ¡´Ò ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ:

Lij = ᾱa
i ᾱja, Tij = αa

i ᾱja, Nij = αa
i αja, Di = αa

i Da, D̄i = ᾱa
i Da.
(3.48)

‚ É¥·³¨´ Ì Ëμ±μ¢¸±μ£μ ¶·μ¸É· ´¸É¢  ¶μ²¥ ³¥É·¨Î¥¸±μ£μ É¨¶  § ¤ ¥É¸Ö ¢ ¢¨¤¥

|φ〉 = φ[a1···as], [b1···bp] αa1
1 · · ·αas

1 αb1
2 · · ·αbp

2 |0〉 (3.49)

¨ Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Ö³

T12|φ〉 = 0, T11|φ〉 = s1|φ〉, T22|φ〉 = s2|φ〉, (3.50)

μÉ· ¦ ÕÐ¨³ ¥£μ ¤¨ £· ³³´Ò¥ ¸¢μ°¸É¢ .
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‚ É¥·³¨´ Ì μ¶¥· Éμ·μ¢ (3.48) ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ (3.45) ¨ ± ²¨¡·μ¢μÎ-
´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö (3.30) ¶·¨μ¡·¥É ÕÉ ¢¨¤

|ω〉 = D1|φ〉, (3.51)

δ|φ〉 =

(
D2 −

1
s − p + 1

D1T21

)
|Λ〉. (3.52)

Šμ³¶μ´¥´É  i = 0 · §²μ¦¥´¨Ö (3.39) |R(0)〉 ¢Ò· ¦ ¥É¸Ö ¢ ¢¨¤¥

|R(0)〉 =

(
D2 −

1
s − p + 1

D1T21

)
|ω〉 − λ2(s − p + 2)N12|φ〉. (3.53)

�μ¤¸É ¢²ÖÖ ¢Ò· ¦¥´¨¥ ¤²Ö ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö (3.51) ¢ ±·¨¢¨§´Ê (3.53) ¨
¢ÒÎ¨¸²ÖÖ ¸²¥¤ L12|R(0)〉 = 0 (3.46), ³Ò ´ Ìμ¤¨³ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö:(
D2−D1D̄1−D2D̄2−D1D2L12+λ2N12L12+λ2(d(p−1)+2p−p2+s)

)
|φ〉 = 0,

(3.54)
£¤¥ ±μ¢ ·¨ ´É´Ò° μ¶¥· Éμ· „'A² ³¡¥·  D2 § ¤ ¥É¸Ö Ëμ·³Ê²μ° (2.9).

‚ ± ²¨¡·μ¢±¥ D̄i|φ〉 = 0 ¨ L12|φ〉 = 0 Ê· ¢´¥´¨Ö (3.54) ¶·¨´¨³ ÕÉ ¢¨¤(
D2 + λ2(d(p − 1) + 2p − p2 + s)

)
|φ〉 = 0. (3.55)

—Éμ¡Ò ¸· ¢´¨ÉÓ (3.55) ¸ Ê¦¥ ¨§¢¥¸É´Ò³¨ ·¥§Ê²ÓÉ É ³¨, ³Ò ¢μ¸¶·μ¨§¢μ¤¨³
§¤¥¸Ó Ê· ¢´¥´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨§ · ¡μÉÒ [57], § ¶¨¸ ´´Ò¥ ¢ ±μ¢ ·¨ ´É´μ°
± ²¨¡·μ¢±¥ ¤²Ö ¶·μ¨§¢μ²Ó´ÒÌ ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É-
·¨¨ φ(h1,...,hν), ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì AdSd-¶·¥¤¸É ¢²¥´¨Ö³ D(E0, s) ¸ Ô´¥·£¨¥°
E0, ²¥¦ Ð¥° ´  £· ´¨Í¥ Ê´¨É ·´μ¸É¨, ¨ ¸¶¨´μ³ s = (h1, . . . , hν) (hl Å
ÔÉμ ¤²¨´Ò ¸É·μ± ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¡¥¸¸²¥¤μ¢μ° o(d − 1)-¤¨ £· ³³Ò 
´£  ¨
ν ≡ νAdS Å ÔÉμ · ´£ o(d − 1)):(

D2 − λ2(hk − k − 1)(hk − k − 2 + d) + λ2
ν∑

l=1

hl)

)
φ(h1,...,hν) = 0. (3.56)

‡¤¥¸Ó hk Å ÔÉμ ¤²¨´  ¢¥·Ì´¥£μ ¶·Ö³μÊ£μ²Ó´μ£μ ¡²μ±  ¨ k Å ÔÉμ ´μ³¥· ´¨¦-
´¥° ¸É·μ±¨ ¢ ÔÉμ³ ¡²μ±¥ (É. ¥. k Å ÔÉμ ¢Ò¸μÉ  ¡²μ± ). ‘²ÊÎ ° ¤¢ÊÌ¸Éμ²¡Íμ¢ÒÌ
¤¨ £· ³³ 
´£  ¸μμÉ¢¥É¸É¢Ê¥É

k = p, hk = 2, hl =
{

2, 1 � l � p,
1, p < l � s.

(3.57)

�μ¤¸É ¢²ÖÖ ÔÉ¨ §´ Î¥´¨Ö ¢ (3.56), ³Ò ¤¥°¸É¢¨É¥²Ó´μ ¶·¨Ìμ¤¨³ ± Ê· ¢´¥´¨Ö³
(3.55).
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‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ Ê· ¢´¥´¨Ö (3.56) ¸¶· ¢¥¤²¨¢Ò ¢ Î¥É´ÒÌ · §³¥·´μ-
¸ÉÖÌ ¤²Ö ²Õ¡μ£μ hl ¨ ¢ ´¥Î¥É´ÒÌ · §³¥·´μ¸ÉÖÌ ¶·¨ h(d−1)/2 = 0 [57] ¨ ´¥
¤μ²¦´Ò ¸Î¨É ÉÓ¸Ö § ¢¥¤μ³μ ¸¶· ¢¥¤²¨¢Ò³¨ ¤²Ö ¸ ³μ¤Ê ²Ó´ÒÌ ¨  ´É¨¸ ³μ¤Ê-
 ²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨°, ±μÉμ·Ò¥ ¶μÖ¢²ÖÕÉ¸Ö ¶·¨ ´¥´Ê²¥¢ÒÌ ±h(d−1)/2. ‚ ´ -
Ï¥° Ëμ·³Ê²¨·μ¢±¥ h(d−1)/2 ³μ¦¥É ¶·¨´¨³ ÉÓ ´¥´Ê²¥¢Ò¥ §´ Î¥´¨Ö ¨ ´  ¸ ³μ³
¤¥²¥ ¢Ìμ¤¨É ¢ É¥μ·¨Õ Éμ²Ó±μ ± ± |h(d−1)/2|. ŒÒ ¸Î¨É ¥³, ÎÉμ ´ Ï¨ Ê· ¢´¥´¨Ö
μ¶¨¸Ò¢ ÕÉ ¸Ê³³Ê ´¥¶·¨¢μ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° ¸ −h(d−1)/2 ¨ +h(d−1)/2.

�¡¸Ê¤¨³ É¥¶¥·Ó ¶²μ¸±¨° ¶·¥¤¥² λ = 0 ¶μ²¥¢ÒÌ Ê· ¢´¥´¨° (3.54). �± -
§Ò¢ ¥É¸Ö, ÎÉμ ¢ ¤μ¶μ²´¥´¨¥ ± ¸¨³³¥É·¨¨, μ¶·¥¤¥²¥´´μ° ¢Ò· ¦¥´¨¥³ (3.52),
¶μÖ¢²Ö¥É¸Ö ´μ¢ Ö ¸¨³³¥É·¨Ö δ|φ〉 = ∂1|S〉. ‚ ·¥§Ê²ÓÉ É¥ μ¡Ð¨¥ ± ²¨¡·μ¢μÎ-
´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¶·¨´¨³ ÕÉ ¢¨¤

δ|φ〉 = ∂1|S〉 +

(
∂2 −

1
s − p + 1

∂1 T21

)
|Λ〉, (3.58)

¢ ±μÉμ·μ³ Ëμ±μ¢¸±¨° ¢¥±Éμ· |S〉  ¸¸μÍ¨¨·μ¢ ´ ¸ É¥´§μ·μ³ S(s−1,p) (3.20)
¨ μ¶¥· Éμ·Ò ∂i ¶μ²ÊÎ¥´Ò ¨§ Di (3.48) ¶ÊÉ¥³ § ³¥´Ò Da → ∂a. Œμ¦´μ
´¥¶μ¸·¥¤¸É¢¥´´μ Ê¡¥¤¨ÉÓ¸Ö ¢ Éμ³, ÎÉμ Ê· ¢´¥´¨Ö (3.54) ¤¥°¸É¢¨É¥²Ó´μ Ö¢²Ö-
ÕÉ¸Ö ¨´¢ ·¨ ´É´Ò³¨ μÉ´μ¸¨É¥²Ó´μ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° (3.58) ¸
¶ · ³¥É·μ³ |S〉 ¶·¨ λ = 0. �¤´ ±μ ¶·μ¸É¥°Ï¨° ¸¶μ¸μ¡ ¤μ± § ÉÓ ÔÉÊ ¨´-
¢ ·¨ ´É´μ¸ÉÓ ¸μ¸Éμ¨É ¢ ´ ¡²Õ¤¥´¨¨ Éμ£μ, ÎÉμ ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥, ¡Ê¤ÊÎ¨
¢Ò· ¦¥´´Ò³ Î¥·¥§ Ë¨§¨Î¥¸±μ¥, Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³ ¢Ò· ¦¥´¨¥³ ¶μ μÉ´μ-
Ï¥´¨Õ ± δ|φ〉 = ∂1|S〉. ’ ±¨³ μ¡· §μ³, ÔÉ  ¤μ¶μ²´¨É¥²Ó´ Ö ¨´¢ ·¨ ´É´μ¸ÉÓ
¸²¥¤Ê¥É ¤²Ö Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ´  ¶²μ¸±μ³ Ëμ´¥.

4. ‘‚���„�›… ”…�Œˆ���›… ��‹Ÿ ‚ AdS5

� Î¨´ Ö ¸ ÔÉμ£μ · §¤¥²  ³Ò ¶¥·¥Ìμ¤¨³ ± ¶μ¸É·μ¥´¨Õ ´¥²¨´¥°´μ° ¸¨-
¸É¥³Ò ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¶μ²¥° ¢ ¶·μ¸É· ´¸É¢¥ AdS5. ‘ ÔÉμ° Í¥²ÓÕ
¶μ¸É·μ¥´μ ¸¢μ¡μ¤´μ¥ Ë¥·³¨μ´´μ¥ ¤¥°¸É¢¨¥ ¢ Ö¢´μ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É-
´μ³ ¢¨¤¥, ¶·μ ´ ²¨§¨·μ¢ ´  ¥£μ μ¡Ð Ö ¸É·Ê±ÉÊ·  ¨ ¶μ± § ´μ, ÎÉμ ¸ ÉμÎ´μ¸ÉÓÕ
¤μ ¢±² ¤μ¢ ¸ ¶μ²´Ò³¨ ¶·μ¨§¢μ¤´Ò³¨ ¶·μ¨§¢μ² ¢ ±μÔËË¨Í¨¥´É Ì ¸¢μ¤¨É¸Ö ±
μ¡Ð¥³Ê Ë ±Éμ·Ê ¶¥·¥¤ ¤¥°¸É¢¨¥³ ¤ ´´μ£μ ¸¶¨´ . ‘ÊÐ¥¸É¢¥´´Ò³ ³μ³¥´Éμ³
μ± §Ò¢ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ³Ê²ÓÉ¨¸¶¨´μ·´μ£μ μ¶¨¸ ´¨Ö AdS5-¶μ²¥°, ±μÉμ-
·μ¥, ¢ ¸¢μÕ μÎ¥·¥¤Ó, μ¸´μ¢ ´μ ´  Ìμ·μÏμ ¨§¢¥¸É´μ³ ¨§μ³μ·Ë¨§³¥ ³¥¦¤Ê
AdS5- ²£¥¡·μ° o(4, 2) ¨  ²£¥¡·μ° su(2, 2). �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤μ¶μ²-
´ÖÕÉ ¸¶¨´μ·´μ¥ μ¶¨¸ ´¨¥ AdS5-¡μ§μ´´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¶·¥¤²μ-
¦¥´´μ¥ ¢ · ¡μÉ¥ [33]. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò¥ Ë¥·-
³¨μ´´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨¸Ìμ¤´μ ¡Ò²¨ · ¸¸³μÉ·¥´Ò ¢ · ³± Ì ²μ·¥´Í-
±μ¢ ·¨ ´É´ÒÌ ¸¶¨´-É¥´§μ·μ¢ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸¢μ¡μ¤´Ò¥ ¤¥°¸É¢¨Ö ¡Ò²¨
¶μ¸É·μ¥´Ò ¢ [56]. �¤´ ±μ μ¶¨¸ ´¨¥ ¸ ¶μ³μÐÓÕ ¸¶¨´-É¥´§μ·μ¢, ¶μ-¢¨¤¨³μ³Ê,
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Ö¢²Ö¥É¸Ö ´¥ ¤¥±¢ É´Ò³ ¶·μ¡²¥³¥ ¶μ¸É·μ¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö, ¶μÉμ³Ê ÎÉμ Ê¦¥
´  ¸¢μ¡μ¤´μ³ Ê·μ¢´¥ · ¸¸³μÉ·¥´¨Ö ¢μ§´¨± ÕÉ ¡μ²ÓÏ¨¥ É¥Ì´¨Î¥¸±¨¥ É·Ê¤´μ-
¸É¨. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ± ± ³Ò Ê¢¨¤¨³,  ´ ²¨§ ¢ É¥·³¨´ Ì ³Ê²ÓÉ¨¸¶¨´μ·μ¢
¸ÊÐ¥¸É¢¥´´μ ¶·μÐ¥.

4.1. �·¥¤¢ ·¨É¥²Ó´Ò¥ ¸¢¥¤¥´¨Ö. �·¨¢¥¤¥³ μ¸´μ¢´Ò¥ Ë ±ÉÒ su(2, 2)-
¸¶¨´μ·´μ£μ Ëμ·³ ²¨§³ . �´ ²μ£¨Î´μ · ¡μÉ¥ [33] ¢¢¥¤¥³ ´ ¡μ· μ¸Í¨²²ÖÉμ·μ¢:

[aα, bβ ]� = δα
β , [aα, aβ]� = [bα, bβ ]� = 0, α, β = 1 ÷ 4, (4.1)

£¤¥ §¢¥§¤μÎ±  � μ¡μ§´ Î ¥É ¶·μ¨§¢¥¤¥´¨¥ ¶μ ‚¥°²Õ:

(A � B)(a, b) = A(a, b) exp (�) B(a, b),

� =
1
2

( ←−
∂

∂aα

−→
∂

∂bα
−

←−
∂

∂bα

−→
∂

∂aα

)
,

(4.2)

¨ ±μ³³ÊÉ Éμ·Ò ¡¥·ÊÉ¸Ö ¶μ μÉ´μÏ¥´¨Õ ± �-¶·μ¨§¢¥¤¥´¨Õ. 	¥¸¸²¥¤μ¢Ò¥ ¡¨-
²¨´¥°´Ò¥ ±μ³¡¨´ Í¨¨ tα

β ¨§ aα ¨ bβ , ±μ³³ÊÉ¨·ÊÕÐ¨¥ ¸ aαbα, Ö¢²ÖÕÉ¸Ö
£¥´¥· Éμ· ³¨ sl4(C)- ²£¥¡·Ò [33, 75]. �²£¥¡·  su(2, 2) Ö¢²Ö¥É¸Ö ¢¥Ð¥¸É¢¥´-
´μ° Ëμ·³μ° sl4(C) ¨ ¢μ§´¨± ¥É ¨§ Ê¸²μ¢¨Ö ¢¥Ð¥¸É¢¥´´μ¸É¨ āα = bβCβα,
b̄α = Cαβaβ , £¤¥ Î¥·É  μ¡μ§´ Î ¥É ±μ³¶²¥±¸´μ¥ ¸μ¶·Ö¦¥´¨¥, Cαβ ¨ Cβα ¥¸ÉÓ
´¥±μÉμ·Ò¥ ¢¥Ð¥¸É¢¥´´Ò¥  ´É¨¸¨³³¥É·¨Î´Ò¥ ³ É·¨ÍÒ (³ É·¨ÍÒ ®§ ·Ö¤μ¢μ£μ
¸μ¶·Ö¦¥´¨Ö¯), Ê¤μ¢²¥É¢μ·ÖÕÐ¨¥ CαγCβγ = δα

β . �¸Í¨²²ÖÉμ·Ò bα ¨ aα μ¡· -
§ÊÕÉ ËÊ´¤ ³¥´É ²Ó´μ¥ ¨ ¸μ¶·Ö¦¥´´μ¥ ËÊ´¤ ³¥´É ²Ó´μ³Ê ¶·¥¤¸É ¢²¥´¨Ö  ²£¥-
¡·Ò su(2, 2), Ô±¢¨¢ ²¥´É´Ò¥ ¤¢Ê³ ¸¶¨´μ·´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³  ²£¥¡·Ò o(4, 2).

AdS5-£· ¢¨É Í¨μ´´Ò¥ ¶μ²Ö μÉμ¦¤¥¸É¢²ÖÕÉ¸Ö ¸ 1-Ëμ·³μ° ¸¢Ö§´μ¸É¨, ¶·¨-
´¨³ ÕÐ¥° §´ Î¥´¨¥ ¢ AdS5- ²£¥¡·¥ su(2, 2) (¸³. ¶. 1.1):

Ω = Ωα
β tα

β . (4.3)

‚¢¥¤¥³ ¶μ²¥ ±μ³¶¥´¸ Éμ·  [33,71], ±μÉμ·μ¥ Ö¢²Ö¥É¸Ö  ´É¨¸¨³³¥É·¨Î´Ò³ ¡¨-
¸¶¨´μ·μ³∗: V αβ = −V βα, ¨ ¶μ¤Î¨´¥´μ Ê¸²μ¢¨Õ ´μ·³¨·μ¢±¨ VαγV βγ . ’ ±
± ± ¶μ¤ ²£¥¡·  ‹μ·¥´Í  μÉμ¦¤¥¸É¢²Ö¥É¸Ö ¸μ ¸É ¡¨²¨§ Éμ·μ³ ¡¨¸¶¨´μ·  V αβ ,
¸¶· ¢¥¤²¨¢Ò ¸²¥¤ÊÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö ¤²Ö ¶μ²Ö ·¥¶¥·  Eαβ ¨ ¸¶¨´μ¢μ° ¸¢Ö§-

´μ¸É¨ Wα
β : Eαβ = DV αβ, Wα

β = Ωα
β +

1
2
EαγVγβ , £¤¥ Ö¢´ Ö § ¢¨¸¨³μ¸ÉÓ

μÉ ±μ¸³μ²μ£¨Î¥¸±μ£μ ¶ · ³¥É·  λ μ¶ÊÐ¥´  ¨ ±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö D
¡¥·¥É¸Ö ¶μ μÉ´μÏ¥´¨Õ ± 1-Ëμ·³¥ ¸¢Ö§´μ¸É¨ (4.3).

∗ŒÒ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ V αβ ¢ ± Î¥¸É¢¥ ¸¨³¶²¥±É¨Î¥¸±μ° Ëμ·³Ò, ±μÉμ· Ö ¶μ§¢μ²Ö-
¥É ¶μ¤´¨³ ÉÓ ¨ μ¶Ê¸± ÉÓ ¸¶¨´μ·´Ò¥ ¨´¤¥±¸Ò ²μ·¥´Í-±μ¢ ·¨ ´É´Ò³ μ¡· §μ³: Aα = V αβAβ ,
Aα = AβVβα.
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’¥´§μ· ±·¨¢¨§´Ò,  ¸¸μÍ¨¨·μ¢ ´´Ò° ¸ ¶μ²Ö³¨ (4.3), ¨³¥¥É ¢¨¤

Rα
β = d Ωα

β + Ωα
γ ∧ Ωγ

β. (4.4)

AdS5-Ëμ´μ¢ Ö £¥μ³¥É·¨Ö μ¶·¥¤¥²¥´  Ê¸²μ¢¨¥³ ´Ê²¥¢μ° ±·¨¢¨§´Ò Rα
β = 0.

”μ´μ¢Ò¥ ¶μ²Ö ·¥¶¥·  ¨ ¸¶¨´μ¢μ° ¸¢Ö§´μ¸É¨, Ö¢²ÖÕÐ¨¥¸Ö ·¥Ï¥´¨¥³ Ê¸²μ¢¨Ö
´Ê²¥¢μ° ±·¨¢¨§´Ò, ¡Ê¤ÊÉ μ¡μ§´ Î ÉÓ¸Ö ± ± hα

β ¨ w0
α

β .
‚ ¶μ¸²¥¤ÊÕÐ¨Ì · §¤¥² Ì ³Ò ¶·¨³¥´¨³ ¶·¥¤¸É ¢²¥´´Ò° ¸¶¨´μ·´Ò° ¶μ¤-

Ìμ¤ ¤²Ö μ¶¨¸ ´¨Ö AdS5-Ë¥·³¨μ´´ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ± ± su(2, 2)-
³Ê²ÓÉ¨¸¶¨´μ·μ¢. 	Ê¤¥É ¶μ± § ´μ, ÎÉμ Ë¥·³¨μ´´Ò¥ ¡¥§³ ¸¸μ¢Ò¥ ¶μ²Ö, ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨¥ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò³ γ-¶μ¶¥·¥Î´Ò³ ¸¶¨´-É¥´§μ·´Ò³ ¶·¥¤¸É -
¢²¥´¨Ö³ ³ ²μ° £·Ê¶¶Ò ‚¨£´¥·  SO(3), μ¶¨¸Ò¢ ÕÉ¸Ö ± ± su(2, 2)-¡¥¸¸²¥¤μ¢Ò¥

³Ê²ÓÉ¨¸¶¨´μ·Ò Ω(α1···αm)
(β1···βm) = dxnΩn

α(m)
β(n) ¸ |m − n| = 1.

4.2. ”¥·³¨μ´´Ò¥ ¶μ²Ö. ‘ ÊÎ¥Éμ³ ·¥§Ê²ÓÉ Éμ¢ · ¡μÉÒ [56] Ë¥·³¨μ´-
´Ò¥ AdS5-¡¥§³ ¸¸μ¢Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶μ²´μ¸ÉÓÕ
¸¨³³¥É·¨Î´Ò³ ´¥¶·¨¢μ¤¨³Ò³ ¸¶¨´-É¥´§μ·´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ ³ ²μ° £·Ê¶¶Ò
SO(3), ³μ£ÊÉ ¡ÒÉÓ μ¶¨¸ ´Ò ± ± ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö 1-Ëμ·³ ¸ μ¶·¥¤¥²¥´´μ°
¸¶¨´-É¥´§μ·´μ° ¸É·Ê±ÉÊ·μ° ²μ·¥´Í¥¢¸±¨Ì ± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢ (¸³. É ±¦¥
¶. 2.6). ‚ ÔÉμ³ · §¤¥²¥ ³Ò ¶¥·¥Ëμ·³Ê²¨·Ê¥³ ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ [56] ¢ É¥·³¨-
´ Ì su(2, 2)-±μ¢ ·¨ ´É´ÒÌ ³Ê²ÓÉ¨¸¶¨´μ·μ¢. 	Ê¤¥É ¨¸¶μ²Ó§μ¢ ´ ÉμÉ Ë ±É, ÎÉμ
¢¸¥ É·¥¡Ê¥³Ò¥ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ É¥´§μ·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢μ§´¨± ÕÉ ¶·¨
· §³¥·´μ° ·¥¤Ê±Í¨¨ ´¥±μÉμ·μ£μ ¸¶¥Í¨ ²Ó´μ£μ ¶·¥¤¸É ¢²¥´¨Ö £·Ê¶¶Ò o(4, 2)
[33] (¸³. ¶. 2.6).

‘μ£² ¸´μ [56] ¤²Ö μ¶¨¸ ´¨Ö 5d-¡¥§³ ¸¸μ¢μ£μ ¶μ²Ö ¸¶¨´  s′ = s+3/2 ¤μ²-
¦¥´ ¡ÒÉÓ ¢¢¥¤¥´ ´ ¡μ· 1-Ëμ·³ dxnωn

α| a(s), b(t) ¸ Ë¨±¸¨·μ¢ ´´Ò³ §´ Î¥´¨¥³
¶ · ³¥É·  s ¨ ¶·μ¨§¢μ²Ó´Ò³ ¶ · ³¥É·μ³ t, 0 � t � s. ˆ´¤¥±¸ α = 1÷ 4 ¥¸ÉÓ
¤¨· ±μ¢¸±¨° ¸¶¨´μ·´Ò° ¨´¤¥±¸, a, b = 0 ÷ 4 ¥¸ÉÓ ²μ·¥´Íe¢¸±¨¥ ¢¥±Éμ·´Ò¥
¨´¤¥±¸Ò, ¶μ¤Î¥·±´ÊÉÒ¥ ¨´¤¥±¸Ò m, n = 0÷ 4 ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ³¨·μ¢ÒÌ ¨´-
¤¥±¸μ¢ ¢ 5-³¥·´μ³ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨. �É¨ É¥´§μ·Ò μ¶¨¸Ò¢ ÕÉ¸Ö o(4, 1)-
¡¥¸¸²¥¤μ¢Ò³¨ ¤¨ £· ³³ ³¨ 
´£  ¶μ μÉ´μÏ¥´¨Õ ± ± ¸ É¥²Ó´Ò³ ¢¥±Éμ·´Ò³
¨´¤¥±¸ ³ ¨ Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Õ γ-¶μ¶¥·¥Î´μ¸É¨. �μ²¥ ωn

α| a(s), b(0) Ö¢²Ö-
¥É¸Ö Ë¨§¨Î¥¸±¨³ ¶μ²¥³ ¸¶¨´  s′. ‚¸¥ μ¸É ²Ó´Ò¥ ¶μ²Ö, ¸ t > 0, Ö¢²ÖÕÉ¸Ö
Ô±¸É· ¶μ²Ö³¨, ´¥μ¡Ìμ¤¨³Ò³¨ ¤²Ö ¶μ¸É·μ¥´¨Ö ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢. 	Ê-
¤¥É ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ ÔÉ¨ ¶μ²Ö ´¥ ¤ ÕÉ ¢±² ¤  ¢ ¸¢μ¡μ¤´μ¥ ¤¥°¸É¢¨¥
¢¸²¥¤¸É¢¨¥ Ê¸²μ¢¨Ö μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°.

‘μ¢μ±Ê¶´μ¸ÉÓ ¶μ²¥° 1-Ëμ·³ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸ 0 � t � s ³μ¦¥É ¡ÒÉÓ
¶·μ¨´É¥·¶·¥É¨·μ¢ ´  ± ± ·¥§Ê²ÓÉ É · §³¥·´μ° ·¥¤Ê±Í¨¨ ¶μ²Ö 1-Ëμ·³Ò ¸ ± -
¸ É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨ ´¥¶·¨¢μ¤¨³μ£μ ¸¶¨´-É¥´§μ·´μ£μ ¶·¥¤¸É ¢²¥´¨Ö AdS5

 ²£¥¡·Ò o(4, 2), μ¶¨¸Ò¢ ¥³μ£μ ¡¥¸¸²¥¤μ¢μ° ¤¢ÊÌ¸É·μÎ´μ° ¤¨ £· ³³μ° 
´£ :

Ωα̂|A(s), B(s) ≡ dxn Ωn
α̂|A(s), B(s), A, B = 0 ÷ 5, α̂ = 1 ÷ 8, ±μÉμ· Ö ¶μ¤-

Î¨´¥´  Ê¸²μ¢¨Õ Γ-¶μ¶¥·¥Î´μ¸É¨. Š ¦¤Ò° ¸¶¨´ ¶μÖ¢²Ö¥É¸Ö ¤¢ ¦¤Ò, É. ±. ¶·¨
· §³¥·´μ° ·¥¤Ê±Í¨¨ 6d-¤¨· ±μ¢¸±¨° ¸¶¨´μ· · ¸¶ ¤ ¥É¸Ö ´  ¤¢  5d-¸¶¨´μ· .
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� ¸¸³μÉ·¨³ ¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê o(4, 2)-¶·Ö³μÊ£μ²Ó´Ò³ ¶·¥¤¸É ¢²¥´¨¥³
¨ ¥£μ su(2, 2)-³Ê²ÓÉ¨¸¶¨´μ·´Ò³  ´ ²μ£μ³. ˆ³¥¥É ³¥¸Éμ ¸²¥¤ÊÕÐ¨° ¨§μ³μ·-
Ë¨§³:

Ωα(s+1)
β(s) ⊕

−
Ω

α(s)
β(s+1) ∼ Ωα̂|A(s), B(s). (4.5)

‚§ ¨³´μ ¸μ¶·Ö¦¥´´Ò¥ ³Ê²ÓÉ¨¸¶¨´μ·Ò ¸Î¨É ÕÉ¸Ö ¡¥¸¸²¥¤μ¢Ò³¨:

Ωα(s)γ
β(s−1)γ =

−
Ω

α(s−1)δ
β(s)δ = 0. (4.6)

�·μ¸É¥°Ï¨° ¸¶μ¸μ¡ Ê¸É ´μ¢¨ÉÓ ÔÉμÉ ¨§μ³μ·Ë¨§³ ¸μ¸Éμ¨É ¢ ¸· ¢´¥´¨¨ · §-
³¥·´μ¸É¥° ¶·¥¤¸É ¢²¥´¨°.

„²Ö · §²μ¦¥´¨Ö ³Ê²ÓÉ¨¸¶¨´μ·  Ωα(s+1)
β(s) ´  ´¥¶·¨¢μ¤¨³Ò¥ ²μ·¥´Í-±μ¢ -

·¨ ´É´Ò¥ É¥´§μ·Ò ¨¸¶μ²Ó§Ê¥³ ±μ³¶¥´¸ Éμ· Vαβ :

Ωα(s+1)
β(s) =

s∑
t=0

ωα(s+1)γ(t),γ(s−t)Vβ(s),γ(s), (4.7)

£¤¥ Vα(m), β(m) μ¡μ§´ Î ¥É Vα1β1Vα2β2 · · ·Vαmβm . �´ ²μ£¨Î´μ¥ · §²μ¦¥´¨¥

¨³¥¥É ³¥¸Éμ ¨ ¤²Ö ¸μ¶·Ö¦¥´´μ£μ ¸¶¨´μ· 
−
Ω

α(s)
β(s+1). ‹μ·¥´Í-±μ¢ ·¨ ´É´Ò¥

¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ωα(s+t+1),β(s−t), 0 � t � s, μ¶¨¸Ò¢ ÕÉ¸Ö su(2, 2)-
¤¨ £· ³³ ³¨ 
´£ , ¢¸¥ ¸¢¥·É±¨ ¸ V αβ · ¢´Ò ´Ê²Õ:

ωα(s+t+1), αβ(s−t−1) = 0, ωα(s+t+1), β(s−t)Vαβ = 0. (4.8)

Š ± ¡Ò²μ ¶μ± § ´μ ¢ · ¡μÉax [33,76], ¡¥¸¸²¥¤μ¢Ò¥ ³Ê²ÓÉ¨¸¶¨´μ·Ò ¸ · ¢-

´Ò³ ±μ²¨Î¥¸É¢μ³ ¢¥·Ì´¨Ì ¨ ´¨¦´¨Ì ¨´¤¥±¸μ¢ Ωα(s)
β(s) ¸μμÉ¢¥É¸É¢ÊÕÉ ¡μ§μ´´Ò³

¶μ²Ö³ ¸¶¨´  s′ = s+1. ‚ · §¤. 5 ¡Ê¤¥É ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ Ë¥·³¨μ´´Ò¥
± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢, μ¡¸Ê¦¤ ¥³Ò¥ ¢ ÔÉμ³ · §¤¥²¥, ¢³¥¸É¥ ¸
¡μ§μ´´Ò³¨ ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨, · ¸¸³μÉ·¥´´Ò³¨ ¢ [33, 76], ¢μ§´¨± ÕÉ
¶·¨ ± ²¨¡·μ¢ ´¨¨ ¸Ê¶¥· ²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¸¢Ö§ ´´μ° ¸ ´¥±μÉμ·μ° ¸¶¥-
Í¨ ²Ó´μ°  ²£¥¡·μ° Š²¨ËËμ·¤ Äƒ¥°§¥´¡¥·£  [18,75].

4.3. ‹¨´¥ ·¨§μ¢ ´´Ò¥ ±·¨¢¨§´Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢. ‚ ¤ ²Ó´¥°Ï¥³ ³Ò
¨¸¶μ²Ó§Ê¥³ μ¸Í¨²²ÖÉμ·´Ò° Ëμ·³ ²¨§³ (4.1), ±μÉμ·Ò° Ê¤μ¡¥´ ¶·¨ · ¡μÉ¥ ¸
É¥´§μ· ³¨ ¶·μ¨§¢μ²Ó´μ£μ · ´£  ¨ Î ¸Éμ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μ¶¨¸ ´¨Ö ¶μ²¥°
¢Ò¸Ï¨Ì ¸¶¨´μ¢. ‚¢¥¤¥³ ¸²¥¤ÊÕÐ¨° μ¡Ñ¥±É:

Ω(a, b|x) = Ωα(s+1)
β(s) (x) aα(s+1)b

β(s), (4.9)

£¤¥ aα(s+1) ≡ aα1 · · ·aαs+1 ¨ bβ(s) ≡ bβ1 · · · bβs . �¸¸μÍ¨¨·μ¢ ´´Ò¥ ¸ ¶μ²Ö³¨
(4.9) 5d-²¨´¥ ·¨§μ¢ ´´Ò¥ ±·¨¢¨§´Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨³¥ÕÉ ¢¨¤

R = dΩ + Ω0 � ∧Ω + Ω � ∧Ω0. (4.10)
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”μ´μ¢Ò¥ £· ¢¨É Í¨μ´´Ò¥ ¶μ²Ö

Ω0(a, b|x) = Ω0
α

β aαbβ, Ω0
α

α = 0, (4.11)

Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Õ ´Ê²¥¢μ° ±·¨¢¨§´Ò dΩ0+Ω0∧ � Ω0 = 0. �±¢¨¢ ²¥´É´μ,
¨¸¶μ²Ó§ÊÖ (4.1), ¶μ²ÊÎ ¥³

R(a, b|x) = d Ω(a, b|x) + Ω0
α

β

(
bβ ∂

∂bα
− aα

∂

∂aβ

)
∧ Ω(a, b|x). (4.12)

Šμ³¶μ´¥´É´ Ö Ëμ·³  ±·¨¢¨§´ (4.12) ¨³¥¥É ¢¨¤

R
α(s+1)
β(s) = d Ω α(s+1)

β(s) − (s + 1) Ω0
α

γ ∧Ω γ α(s)
β(s) − s Ω0

γ
β ∧Ω α(s+1)

β(s−1) γ . (4.13)

‹¨´¥ ·¨§μ¢ ´´Ò¥ ( ¡¥²¥¢Ò) ¶·¥μ¡· §μ¢ ´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ § ¤ ÕÉ¸Ö ¢Ò· -
¦¥´¨¥³

δΩ(a, b|x) = D0ε(a, b|x), (4.14)

¢ ±μÉμ·μ³ Ëμ´μ¢ Ö ±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö ¨³¥¥É ¢¨¤

D0 = d + Ω0
α

β

(
bβ ∂

∂bα
− aα

∂

∂aβ

)
. (4.15)

‹¥£±μ ¢¨¤¥ÉÓ, ÎÉμ δR(a, b|x) = 0.
‚ ¤ ²Ó´¥°Ï¥³ ³Ò ¨¸¶μ²Ó§Ê¥³ ¤¢  ´ ¡μ·  μ¶¥· Éμ·μ¢, ¢¢¥¤¥´´ÒÌ ¢ [33]:

S− = aα
∂

∂bβ
V αβ , S+ = bα ∂

∂aβ
Vαβ , S0 = Nb − Na (4.16)

¨

T− =
1
4

∂2

∂aα∂bα
, T + = aαbα, T 0 =

1
4
(Na + Nb + 4), (4.17)

£¤¥

Na = aα
∂

∂aα
, Nb = bα ∂

∂bα
. (4.18)

‘ ¶μ³μÐÓÕ (4.16) ¨ (4.17) ²¥£±μ ¸Ëμ·³Ê²¨·μ¢ ÉÓ ¢¸¥ Ê¸²μ¢¨Ö ´¥¶·¨¢μ¤¨³μ¸É¨
´  ¶μ²¥ Ω(a, b) ¢ ¢¨¤¥

T−Ω(a, b) = 0, (1 + S0)Ω(a, b) = 0. (4.19)

Š ± ¶μ± § ´μ ¢ ¶. 4.2, ± ²¨¡·μ¢μÎ´μ¥ ¶μ²¥ ¢Ò¸Ï¥£μ ¸¶¨´  Ω ¤μ¶Ê¸± ¥É ¶·¥¤-
¸É ¢²¥´¨¥ ¢ É¥·³¨´ Ì ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ´¥¶·¨¢μ¤¨³ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì
¸¶¨´μ¢ (4.7). ˆ¸¶μ²Ó§ÊÖ μ¶¥· Éμ·Ò (4.16), ¶¥·¥¶¨Ï¥³ (4.7) ¸²¥¤ÊÕÐ¨³
μ¡· §μ³:

Ω(a, b|x) =
s∑

t=0

(S+)t ωt(a, b|x), (4.20)
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£¤¥
ωt(a, b|x) = ωα(s+t+1), β(s−t) (x)aα(s+t+1)bβ(s−t). (4.21)

“¸²μ¢¨Ö ´¥¶·¨¢μ¤¨³μ¸É¨ ´  ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ³Ê²ÓÉ¨¸¶¨´μ·Ò ωt(a, b),  
¨³¥´´μ: ¸¢μ°¸É¢μ ¸¨³³¥É·¨¨ 
´£  ¨ Ê¸²μ¢¨¥ V -¶μ¶¥·¥Î´μ¸É¨ (4.8), ³μ£ÊÉ
¡ÒÉÓ ¶¥·¥¶¨¸ ´Ò ¢ ¢¨¤¥

S−ωt(a, b) = 0, T−ωt(a, b) = 0. (4.22)

‹¨´¥ ·¨§μ¢ ´´Ò¥ ±·¨¢¨§´Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ (4.12) ¤μ¶Ê¸± ÕÉ · §²μ¦¥´¨¥,
 ´ ²μ£¨Î´μ¥ · §²μ¦¥´¨Õ (4.20):

R(a, b|x) =
s∑

t=0

(S+)t rt(a, b|x), (4.23)

¢ ±μÉμ·μ³ rt(a, b) Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Ö³ ´¥¶·¨¢μ¤¨³μ¸É¨ (4.22). Œμ¦´μ
Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ± ²¨¡·μ¢μÎ´ Ö ¨´¢ ·¨ ´É´μ¸ÉÓ É·¥¡Ê¥É ¸²¥¤ÊÕÐ¥° ¸É·Ê±ÉÊ·Ò
±·¨¢¨§´ rt [56]:

rt = Dωt + T −ωt+1 + T 0ωt + T +ωt−1, (4.24)

¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ± ²¨¡·μ¢μÎ´Ò³¨ ¶·¥μ¡· §μ¢ ´¨Ö³¨, μ¸É ¢²ÖÕÐ¨³¨ ²μ-
·¥´Í-±μ¢ ·¨ ´É´Òe ±·¨¢¨§´Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ (4.24) ¨´¢ ·¨ ´É´Ò³¨ μÉ´μ¸¨-
É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨°

δωt = Dεt + T −εt+1 + T 0εt + T +εt−1. (4.25)

‡¤¥¸Ó 0-Ëμ·³Ò εt Ö¢²ÖÕÉ¸Ö ± ²¨¡·μ¢μÎ´Ò³¨ ¶ · ³¥É· ³¨. D ¥¸ÉÓ Ëμ´μ¢ Ö
²μ·¥´Í-±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö:

D = d + wα
0 β

(
aα

∂

∂aβ
+ bα

∂

∂bβ

)
, (4.26)

¨ μ¶¥· Éμ·Ò T −, T +, T 0 ¨³¥ÕÉ ¢¨¤

T + = −(1 + S0) hα
βaα

∂

∂bβ
, (4.27)

T 0 = − 1
S0

hα
β

(
bα

∂

∂bβ
− aα

∂

∂aβ
+

2
S0 − 2

(
bγ

∂

∂aγ

)
aα

∂

∂bβ

)
, (4.28)

T − =
1

(S0)2
hα

β

(
(2 − S0)bα

∂

∂aβ
+ bγ

∂

∂aγ

(
bα

∂

∂bβ
− aα

∂

∂aβ

)
+

+
1

S0 − 3

(
bγ

∂

∂aγ

)2

aα
∂

∂bβ

)
. (4.29)
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�É¨ μ¶¥· Éμ·Ò Ê¤μ¢²¥É¢μ·ÖÕÉ ¸²¥¤ÊÕÐ¨³ ¸μμÉ´μÏ¥´¨Ö³:

{T 0, T −} = {T 0, T +} = 0,

(T −)2 = 0, (T +)2 = 0,

{T −, T +} + (T 0)2 + D2 = 0.

(4.30)

�É³¥É¨³, ÎÉμ ±μÔËË¨Í¨¥´ÉÒ ¢ (4.27)Ä(4.29) ³μ£ÊÉ ¡ÒÉÓ ¨§³¥´¥´Ò ¶ÊÉ¥³ ¶¥-
·¥μ¶·¥¤¥²¥´¨Ö ¶μ²¥° ¢¨¤  ω̃t = C(t, s)ωt, £¤¥ C �= 0 ¥¸ÉÓ ´¥±μÉμ· Ö ¶·μ¨§-
¢μ²Ó´ Ö ËÊ´±Í¨Ö. �¶¥· Éμ· T 0 (4.28) ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± μ¡μ¡Ð¥´¨¥
´  ¢Ò¸Ï¨¥ ¸¶¨´Ò μ¶¥· Éμ·  γμ, ¢Ìμ¤ÖÐ¥£μ ¢ AdS-¸Ê¶¥·¶·¥μ¡· §μ¢ ´¨Ö ¤²Ö
¶μ²Ö £· ¢¨É¨´μ: δψμ = Dμε + iγμε [77].

4.4. ”¥·³¨μ´´μ¥ ¤¥°¸É¢¨¥ ¢Ò¸Ï¨Ì ¸¶¨´μ¢. �μ  ´ ²μ£¨¨ ¸ · ¡μÉ ³¨ [33,
56] ¤¥°¸É¢¨¥ ¤²Ö ¡¥§³ ¸¸μ¢μ£μ Ë¥·³¨μ´´μ£μ ¶μ²Ö ¸¶¨´  s′ = s + 3/2 ¨Ð¥É¸Ö
¢ ¢¨¤¥

Ss+3/2
2 =

∫
M5

Ĥ ∧ Rs(a1, b1)∧
−
R

s(a2, b2)|ai=bi=0, (4.31)

¢ ±μÉμ·μ³ Rs μ¡μ§´ Î ¥É ²¨´¥ ·¨§μ¢ ´´ÊÕ ±·¨¢¨§´Ê (4.12) ¨ 1-Ëμ·³  Ĥ
Ö¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ μ¶¥· Éμ·μ³:

Ĥ = ζ(p, q)hα
β ∂2

∂a2α∂bβ
1

ĉ12ĉ12 + γ(p, q)hα
β ∂2

∂a1α∂bβ
2

+

+ α(p, q)hαβ
∂2

∂a1α∂a2β
b̂12ĉ12 + β(p, q)hαβ ∂2

∂bα
1 ∂bβ

2

â12ĉ12. (4.32)

‡¤¥¸Ó hα
β μ¡μ§´ Î ¥É Ëμ´μ¢μ¥ ¶μ²¥ ·¥¶¥· , ±μÔËË¨Í¨¥´ÉÒ α, β, γ ¨ ζ

μÉ¢¥Î ÕÉ §  ¸¢¥·É±¨ · §²¨Î´μ£μ É¨¶  ³¥¦¤Ê ¶μ²Ö³¨ ·¥¶¥·  ¨ ±·¨¢¨§´ ³¨ ¨
§ ¢¨¸ÖÉ μÉ μ¶¥· Éμ·μ¢

p = â12b̂12, q = ĉ12ĉ21, (4.33)

£¤¥

â12 = Vαβ
∂2

∂a1α∂a2β
, b̂12 = V αβ ∂2

∂bα
1 ∂bβ

2

,

ĉ12 =
∂2

∂a1α∂bα
2

, ĉ21 =
∂2

∂a2α∂bα
1

.

(4.34)

„¥°¸É¢¨¥ Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³ μÉ´μ¸¨É¥²Ó´μ ±μ³¶²¥±¸´μ£μ ¸μ¶·Ö¦¥´¨Ö
S̄2 = S2, ¢´¥ § ¢¨¸¨³μ¸É¨ μÉ Î ¸É´μ£μ ¢¨¤  ¢¥Ð¥¸É¢¥´´ÒÌ ±μÔËË¨Í¨¥´Éμ¢
α, β, γ ¨ ζ.



„ˆ��ŒˆŠ� Š�‹ˆ	��‚�—�›• ��‹…‰ ‚›‘˜ˆ• ‘�ˆ��‚ 1431

�É³¥É¨³, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É ¶·μ¨§¢μ² ¢ μ¶·¥¤¥²¥´¨¨ ±μÔËË¨Í¨¥´Éμ¢ α(p, q)
¨ β(p, q), μ¡Ê¸²μ¢²¥´´Ò° ¶·μ¨§¢μ²μ³ ¢ ¤μ¡ ¢²¥´¨¨ ± ¤¥°¸É¢¨Õ ¸² £ ¥³ÒÌ ¸
¶μ²´μ° ¶·μ¨§¢μ¤´μ°:

δS2 =
∫

M5

d(Φ(p, q)ĉ12R(a1, b1)∧
−
R (a2, b2)|ai=bi=0)×

×
∫

M5

∂Φ(p, q)
∂p

(
hαβ

∂2

∂a1α∂a2β
b̂12ĉ12 − hαβ ∂2

∂bα
1 ∂bβ

2

â12ĉ12

)
∧

∧ R(a1, b1)∧
−
R (a2, b2)|ai=bi=0, (4.35)

£¤¥, ¨¸¶μ²Ó§ÊÖ Ö¢´ÊÕ su(2, 2)-±μ¢ ·¨ ´É´μ¸ÉÓ ´ Ï¥£μ Ëμ·³ ²¨§³ , ³Ò § ³¥-
´¨²¨ ¤¨ËË¥·¥´Í¨ ² d ±μ¢ ·¨ ´É´μ° Ëμ´μ¢μ° ¶·μ¨§¢μ¤´μ° ¨ ¨¸¶μ²Ó§μ¢ ²¨
Éμ¦¤¥¸É¢  	ÓÖ´±¨ D0(R) = 0. ‚ ·¥§Ê²ÓÉ É¥ ¢ ·¨ Í¨Ö ±μÔËË¨Í¨¥´Éμ¢ ¢¨¤ 

δα(p, q) = ε(p, q), δβ(p, q) = −ε(p, q) (4.36)

´¥ ³¥´Ö¥É Ë¨§¨Î¥¸±μ£μ ¸μ¤¥·¦ ´¨Ö ¤¥°¸É¢¨Ö, É. ¥. ±μ³¡¨´ Í¨Ö α(p, q)+β(p, q)
¨³¥¥É ¨´¢ ·¨ ´É´Ò° ¸³Ò¸².

‚ ¸¨²Ê Éμ£μ, ÎÉμ μ¡Ð Ö ¢ ·¨ Í¨Ö ²¨´¥ ·¨§μ¢ ´´ÒÌ Ë¥·³¨μ´´ÒÌ ±·¨¢¨§´
¨³¥¥É ¢¨¤ δR = D0δΩ,   É ±¦¥ ¶μ Éμ° ¶·¨Î¨´¥, ÎÉμ ¤¥°¸É¢¨¥ ¸Ëμ·³Ê²¨·μ-
¢ ´μ su(2, 2)-±μ¢ ·¨ ´É´Ò³ μ¡· §μ³, ¨´É¥£·¨·μ¢ ´¨¥ ¶μ Î ¸ÉÖ³ ¶·¨¢μ¤¨É ±
μ¡Ð¥³Ê ¢Ò· ¦¥´¨Õ ¤²Ö ¢ ·¨ Í¨¨ S2:

δS2 =
∫

M5

D0Ĥ ∧ δΩ(a1, b1)∧
−
R (a2, b2)|ai=bi=0 + c. c. (4.37)

�·μ¨§¢μ¤´ Ö D0 ¤ ¥É ¶μ²¥ ·¥¶¥·  ± ¦¤Ò° · § ¶·¨ ¤¥°¸É¢¨¨ ´  ¶μ²¥ ±μ³-
¶¥´¸ Éμ· . “Î¨ÉÒ¢ Ö, ÎÉμ D0h

αβ = 0, hα
β = hαγVγβ , ¨ ¢¢μ¤Ö μ¡μ§´ Î¥´¨¥

Hαβ = Hβα = hα
γ ∧ hβγ , ´ Ìμ¤¨³

D0Ĥ = ρ1H
β

α
∂2

∂a2α∂b1
β
ĉ12ĉ12 + ρ2H

β
α

∂2

∂a1α∂b2
β
+

+ ρ3Hαβ
∂2

∂a1α∂a2β
b̂12ĉ12 + ρ3H

αβ ∂2

∂bα
1 ∂bβ

2

â12ĉ12, (4.38)

£¤¥

ρ1 =
(

1 + p
∂

∂p

)
(−2ζ + (α + β)),

ρ2 =
(

1 + p
∂

∂p

)
(−2γ + q(α + β)),

ρ3 =
∂

∂p
(γ − qζ).

(4.39)
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� ¸¸³μÉ·¨³ Ê¸²μ¢¨¥ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° (¸³. ¶. 1.2 ¨ 2.5), ±μÉμ·μ¥
É·¥¡Ê¥É, ÎÉμ¡Ò ¢ ·¨ Í¨Ö ±¢ ¤· É¨Î´μ£μ ¤¥°¸É¢¨Ö ¶μ μÉ´μÏ¥´¨Õ ± Ô±¸É· ¶μ-
²Ö³ ¡Ò²  Éμ¦¤¥¸É¢¥´´μ · ¢´  ´Ê²Õ:

δSs+3/2
2

δωs+3/2, t
≡ 0, t > 0. (4.40)

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ · §²μ¦¥´¨¥³ (4.20) ¢ ·¨ Í¨Õ ¶μ μÉ´μÏ¥´¨Õ ±μ ¢¸¥³
Ô±¸É· ¶μ²Ö³ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

δΩex(a, b) = S+ξ(a, b), (4.41)

¢ ±μÉμ·μ³ ξ(a, b) Ö¢²Ö¥É¸Ö ¶·μ¨§¢μ²Ó´μ° ËÊ´±Í¨¥° ¨ Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Õ
(Na − Nb − 3)ξ(a, b) = 0. �μ¤¸É ¢²ÖÖ (4.41) ¢ ¢ ·¨ Í¨Õ ¤¥°¸É¢¨Ö ¨ ÊÎ¨ÉÒ-
¢ Ö (4.38), (4.39), ¶μ²ÊÎ¨³, ÎÉμ Ê¸²μ¢¨¥ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° (4.40) ¸¢μ-
¤¨É¸Ö ±

∂ρ2

∂p
− ∂ρ2

∂q
+ ρ3 = 0,

∂ρ3

∂p
− ∂ρ3

∂q
= 0, ρ1 + ρ3 = 0. (4.42)

’·¨¢¨ ²Ó´μ¥ ·¥Ï¥´¨¥ ρi = 0 ¸μμÉ¢¥É¸É¢Ê¥É Éμ³Ê, ÎÉμ ±μ¢ ·¨ ´É´ Ö ¶·μ¨§-
¢μ¤´ Ö μÉ Ĥ · ¢´  ´Ê²Õ, D0Ĥ = 0, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¤¥°¸É¢¨¥ ¸É ´μ¢¨É¸Ö
¶μ²´μ° ¶·μ¨§¢μ¤´μ°. ˆ§ (4.39) ¸²¥¤Ê¥É ρi = 0 ¶·¨ Ê¸²μ¢¨¨, ÎÉμ

(α + β)top = 2ζtop, γtop = qζtop, (4.43)

£¤¥ ËÊ´±Í¨Ö ζtop Ö¢²Ö¥É¸Ö ¶·μ¨§¢μ²Ó´Ò³ ¶μ²¨´μ³μ³ ¸É¥¶¥´¨ (s− 1) μÉ ¶¥·¥-
³¥´´ÒÌ q ¨ p. Ÿ¸´μ, ÎÉμ, ¤μ¡ ¢²ÖÖ ¶μ²´Ò¥ ¶·μ¨§¢μ¤´Ò¥ ¸ ±μÔËË¨Í¨¥´É ³¨,
Ê¤μ¢²¥É¢μ·ÖÕÐ¨³¨ (4.43), ³Ò ¢¸¥£¤  ³μ¦¥³ ¶μ²μ¦¨ÉÓ ζ = 0 ¢ (4.31), (4.32).

’ ± ± ± ±μÔËË¨Í¨¥´ÉÒ α, β ¨ γ ¨³¥ÕÉ ¢¨¤
m∑

k=0

υ(k, m)pkqm−k, £¤¥ υ(k, m) ¥¸ÉÓ

¢¥Ð¥¸É¢¥´´Ò¥ Î¨¸²  (m = s − 1 ¤²Ö α, β ¨ m = s ¤²Ö γ), ²¥£±μ ¢Ò¶¨¸Ò¢ ¥³
μ¡Ð¥¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° (4.42) (¶μ ³μ¤Ê²Õ ¶μ¢¥·Ì´μ¸É´ÒÌ Î²¥´μ¢):

ζ = 0, γ(p + q) = γ(s) (p + q)s,

(α + β)(p, q) = −sγ(s)

1∫
0

dτ(pτ + q)s−1,
(4.44)

¢ ±μÉμ·μ³ ¢¥Ð¥¸É¢¥´´Ò° ±μÔËË¨Í¨¥´É γ(s) Ö¢²Ö¥É¸Ö ¶·μ¨§¢μ²Ó´Ò³. �¡Ð¨°
Ë ±Éμ· γ(s) ¶¥·¥¤ ¤¥°¸É¢¨¥³ ¤ ´´μ£μ ¸¶¨´  ´¥ ³μ¦¥É ¡ÒÉÓ Ë¨±¸¨·μ¢ ´ ´ 
μ¸´μ¢¥  ´ ²¨§  ¸¢μ¡μ¤´μ£μ ¤¥°¸É¢¨Ö ¨ § ¤ ¥É μ¸É ÉμÎ´Ò° ¶·μ¨§¢μ² ¢ μ¶·¥¤¥-
²¥´¨¨ ±μÔËË¨Í¨¥´Éμ¢ (¶μ³¨³μ É·¨¢¨ ²Ó´μ£μ ¶·μ¨§¢μ²  (4.36)).
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5. N = 1 ’…��ˆŸ AdS5-��‹…‰ ‚›‘˜ˆ• ‘�ˆ��‚
‚ Š“�ˆ—…‘Š�Œ ��ˆ�‹ˆ†…�ˆˆ

‚ ÔÉμ³ · §¤¥²¥ ³Ò ¸É·μ¨³ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¡¥§-
³ ¸¸μ¢ÒÌ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ AdS5 [88], · ¸Ï¨·ÖÖ É¥³ ¸ ³Ò³  ´ ²¨§
· ¡μÉÒ [33] ¶ÊÉ¥³ ¢±²ÕÎ¥´¨Ö Ë¥·³¨μ´μ¢. ’ ± Ö É¥μ·¨Ö ·¥ ²¨§Ê¥É ¸¨³³¥É·¨¨
¢Ò¸Ï¨Ì ¸¶¨´μ¢,  ¸¸μÍ¨¨·μ¢ ´´Ò¥ ¸ ¶·μ¸É¥°Ï¥° AdS5-¸Ê¶¥· ²£¥¡·μ° ¢Ò¸Ï¨Ì
¸¶¨´μ¢, μ¡μ§´ Î ¥³μ° ¸μ£² ¸´μ ±² ¸¸¨Ë¨± Í¨¨ · ¡μÉÒ [18] ± ± cu(1, 1|8).
�μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¢μ§´¨± Õ-
Ð¨¥ ¨§ ¶·μÍ¥¤Ê·Ò ± ²¨¡·μ¢ ´¨Ö ¸Ê¶¥· ²£¥¡·Ò cu(1, 1|8), μ¡· §ÊÕÉ ¡¥¸±μ´¥Î-
´Ò¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢ {s}(k), 0 � k < ∞, ¸μ ¸¶¨´ ³¨(

s, s − 1
2
, s − 1

)(k)

, μ¶·¥¤¥²Ö¥³Ò³¨ Í¥²μÎ¨¸²¥´´Ò³¨ ¸É ·Ï¨³¨ §´ Î¥´¨Ö³¨

s = 2, 3, . . . ,∞.
‘É·μ£μ £μ¢μ·Ö, · ¸¸³ É·¨¢ ¥³ Ö É¥μ·¨Ö ´¥ Ö¢²Ö¥É¸Ö ¶μ²´μ¸ÉÓÕ ¸Ê¶¥·¸¨³-

³¥É·¨Î´μ°, ¶μÉμ³Ê ÎÉμ ³Ò μÉ¸¥± ¥³ ¢¸¥ ¶μ²Ö ´¨§Ï¨Ì ¸¶¨´μ¢, s � 1 (¢ Î ¸É-
´μ¸É¨, ¶μ²¥ ¸¶¨´  1 ¨§ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  £· ¢¨Éμ´ ). ’ ±μ¥ Ê¸¥Î¥´¨¥ ¸¤¥² ´μ
¢ Í¥²ÖÌ Ê¶·μÐ¥´¨Ö  ´ ²¨§ , É. ±. ¶μ²Ö ´¨§Ï¨Ì ¸¶¨´μ¢ É·¥¡ÊÕÉ μÉ¤¥²Ó´μ£μ
· ¸¸³μÉ·¥´¨Ö ¢ · ³± Ì ´ Ï¥£μ Ëμ·³ ²¨§³ , ¢ Éμ ¢·¥³Ö ± ± ´ Ï¥° Í¥²ÓÕ
Ö¢²Ö¥É¸Ö ¶·μ¢¥·±  ¸μ¢³¥¸É´μ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸ £· ¢¨É -
Í¨¥° ¨ ³¥¦¤Ê ¸μ¡μ°. �É³¥É¨³, ÎÉμ Ê¸¥Î¥´¨¥ ¶μ²¥° ´¨§Ï¨Ì ¸¶¨´μ¢ ¢μ§³μ¦´μ
Éμ²Ó±μ ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨, ¨ ÔÉ¨ ¶μ²Ö (¢ Î ¸É´μ¸É¨, ¸± ²Ö·´Ò¥ ¶μ²Ö)
¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¤μ²¦´Ò ¡ÒÉÓ ¢¢¥¤¥´Ò ¶·¨  ´ ²¨§¥ ¶μ¶· ¢μ± ¸É ·Ï¥£μ ¶μ-
·Ö¤±  ¶μ ¢§ ¨³μ¤¥°¸É¢¨Õ. ‚ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ É ±¨³ μ¡· §μ³ Ê¸¥Î¥´-
´ Ö ¸¨¸É¥³  μ¸É ¥É¸Ö Ëμ·³ ²Ó´μ ´¥¶·μÉ¨¢μ·¥Î¨¢μ°, É. ±. ³μ¦´μ ®¢Ò±²ÕÎ¨ÉÓ¯
¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ²Õ¡Ò³¨ É·¥³Ö ¶μ²Ö³¨ ¡¥§ ´ ·ÊÏ¥´¨Ö ¸μ¢³¥¸É´μ¸É¨ ¢
ÔÉμ³ ¶μ·Ö¤±¥. �Éμ ´ ¡²Õ¤¥´¨¥ Ö¢²Ö¥É¸Ö ¶·μ¸ÉÒ³ ¸²¥¤¸É¢¨¥³ ¨´É¥·¶·¥É Í¨¨
±Ê¡¨Î¥¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ É¥·³¨´ Ì ¶·μÍ¥¤Ê·Ò �¥É¥·: ¥¸²¨ Î ¸ÉÓ ¶μ²¥°
¶μ²μ¦¥´  · ¢´μ° ´Ê²Õ, Éμ±¨ ¶μ-¶·¥¦´¥³Ê ¸μÌ· ´ÖÕÉ¸Ö. �μÔÉμ³Ê μ¶· ¢-
¤ ´μ ´ §Ò¢ ÉÓ · ¸¸³ É·¨¢ ¥³ÊÕ É¥μ·¨Õ ¸Ê¶¥·¸¨³³¥É·¨Î´μ° ± ²¨¡·μ¢μÎ´μ°
É¥μ·¨¥°.

ŒÒ · ¸¸³ É·¨¢ ¥³ ± ± ´¥·¥¤ÊÍ¨·μ¢ ´´ÊÕ ³μ¤¥²Ó, μ¸´μ¢ ´´ÊÕ ´  ¸Ê¶¥·-
 ²£¥¡·¥ cu(1, 1|8) ¸μ ¢¸¥³¨ ¶μ²Ö³¨, ¶μÖ¢²ÖÕÐ¨³¨¸Ö ¢ ¡¥¸±μ´¥Î´μ³ ±μ²¨-
Î¥¸É¢¥ ±μ¶¨°, É ± ¨ ·¥¤ÊÍ¨·μ¢ ´´ÊÕ ³μ¤¥²Ó, μ¸´μ¢ ´´ÊÕ ´  ¸Ê¶¥· ²£¥¡·¥
hu0(1, 1|8), ¢ ±μÉμ·μ° ± ¦¤Ò° ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ¶μÖ¢²Ö¥É¸Ö Éμ²Ó±μ μ¤¨´ · §.
„²Ö ÔÉ¨Ì Î ¸É´ÒÌ ³μ¤¥²¥° ³Ò ¸É·μ¨³ ¤¥°¸É¢¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¶· ¢¨²Ó´μ
μ¶¨¸Ò¢ ÕÐ¨¥ ± ± ¸¢μ¡μ¤´ÊÕ, É ± ¨ ´¥²¨´¥°´ÊÕ ¤¨´ ³¨±Ê. �É³¥É¨³, ÎÉμ
¶μ¸É·μ¥´´ Ö É¥μ·¨Ö ´¥ ¨¸Î¥·¶Ò¢ ¥É ¢¸¥Ì ¢μ§³μ¦´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¢ · ¸-
¸³ É·¨¢ ¥³μ³ ¶μ·Ö¤±¥. 	μ²¥¥ Éμ£μ, ¶μ²´ Ö ¸É·Ê±ÉÊ·  ±Ê¡¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö
³μ¦¥É ¡ÒÉÓ μ¶·¥¤¥²¥´  Éμ²Ó±μ ´  μ¸´μ¢¥  ´ ²¨§  ¸É ·Ï¨Ì ¶μ·Ö¤±μ¢.

� Ï Ëμ·³ ²¨§³ ¨¸¶μ²Ó§Ê¥É ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¨ Ô±¸É· ¶μ²Ö, μÉμ¦¤¥¸É¢²Ö-
¥³Ò¥ ¸ ¶μ²Ö³¨ ¸¢Ö§´μ¸É¥° ¸Ê¶¥· ²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢. �É¨ ¢¸¶μ³μ£ É¥²Ó-
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´Ò¥ ¶¥·¥³¥´´Ò¥, ¡Ê¤ÊÎ¨ ¢Ò· ¦¥´´Ò³¨ Î¥·¥§ ¶·μ¨§¢μ¤´Ò¥ Ë¨§¨Î¥¸±¨Ì ¶μ²¥°
¢Ò¸Ï¨Ì ¸¶¨´μ¢ (¶μ ³μ¤Ê²Õ Î¨¸Éμ ± ²¨¡·μ¢μÎ´ÒÌ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò) ¸ ¶μ³μ-
ÐÓÕ ¶μ¤Ìμ¤ÖÐ¨Ì ¸¢Ö§¥° [55,56], §´ Î¨É¥²Ó´μ Ê¶·μÐ ÕÉ ·¥Ï¥´¨¥ § ¤ Î¨. ŒÒ
´¥ ¡Ê¤¥³ μ¡¸Ê¦¤ ÉÓ ÉμÎ´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¶μ²¥°, ¢Ò· ¦¥´-
´ÒÌ Î¥·¥§ Ë¨§¨Î¥¸±¨¥, ¶μÉμ³Ê ÎÉμ, ± ± ¸É ´μ¢¨É¸Ö ¶μ´ÖÉ´μ ¨§ · ¸¸³μÉ·¥´¨Ö
 ´ ²μ£¨Î´μ£μ 4d- ´ ²¨§  · ¡μÉÒ [54], ÔÉ¨ Ëμ·³Ê²Ò ´¥ Ö¢²ÖÕÉ¸Ö μ¸μ¡¥´´μ ¶μ-
ÊÎ¨É¥²Ó´Ò³¨. ’¥³ ´¥ ³¥´¥¥ ¶ÊÉ¥³ ¶·Ö³μ£μ  ´ ²¨§  ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¢¨¤ ±Ê¡¨-
Î¥¸±¨Ì ¢¥·Ï¨´ Ë¨§¨Î¥¸±¨Ì ¶μ²¥°, ·¥Ï Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ¸¢Ö§¨,
¨³¥ÕÐ¨¥ Ëμ·³Ê ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ´  ¢¸¶μ³μ£ É¥²Ó´Ò¥
¶¥·¥³¥´´Ò¥ (¸³. ¶. 1.2).

5.1. 5d-¸Ê¶¥· ²£¥¡·  ¢Ò¸Ï¨Ì ¸¶¨´μ¢. � ¸¸³μÉ·¨³  ¸¸μÍ¨ É¨¢´ÊÕ  ²£¥-
¡·Ê ‚¥°²ÖÄŠ²¨ËËμ·¤  ¸ ( ´É¨)±μ³³ÊÉ Í¨μ´´Ò³¨ μ¡· §ÊÕÐ¨³¨ ¸μμÉ´μÏ¥-
´¨Ö³¨:

[aα, bβ ]� = δα
β, [aα, aβ]� = [bα, bβ]� = 0, α, β = 1, . . . , 4,

{ψ, ψ̄}� = 1, {ψ, ψ}� = {ψ̄, ψ̄}� = 0,
(5.1)

¢§ÖÉÒ³¨ ¶μ μÉ´μÏ¥´¨Õ ± �-¶·μ¨§¢¥¤¥´¨Õ ‚¥°²ÖÄŠ²¨ËËμ·¤ :

(F � G)(a, b, ψ, ψ̄) = F (a, b, ψ, ψ̄) (exp�) G(a, b, ψ, ψ̄), (5.2)

£¤¥

� =
1
2

( ←−
∂

∂aα

−→
∂

∂bα
−

←−
∂

∂bα

−→
∂

∂aα
+

←−
∂

∂ψ

−→
∂

∂ψ̄
+

←−
∂

∂ψ̄

−→
∂

∂ψ

)
. (5.3)

ƒ¥´¥· Éμ·Ò

Tα
β = aαbβ , Qα = aαψ̄, Q̄β = bβψ, U = ψψ̄ (5.4)

μ¡· §ÊÕÉ ¸Ê¶¥· ²£¥¡·Ê gl(4|1;C) ¶μ μÉ´μÏ¥´¨Õ ± £· ¤Ê¨·μ¢ ´´μ³Ê ¸Ê¶¥·-
±μ³³ÊÉ Éμ·Ê

[F, G}� = F � G − (−1)π(F )π(G)G � F, (5.5)

£¤¥ Z2-£· ¤Ê¨·μ¢±  π μ¶·¥¤¥²¥´  ¶· ¢¨²μ³ F (−a,−b, ψ, ψ̄) = (−1)π(F )×
F (a, b, ψ, ψ̄). � ¡μ· £¥´¥· Éμ·μ¢ (5.4) ¸μ¸Éμ¨É ¨§ gl(4;C)-£¥´¥· Éμ·μ¢ T , £¥-
´¥· Éμ·μ¢ ¸Ê¶¥·¸¨³³¥É·¨¨ Q ¨ Q̄,   É ±¦¥ u(1)-£¥´¥· Éμ·  ±¨· ²Ó´ÒÌ ¢· -
Ð¥´¨° U . –¥´É· ²Ó´Ò³ Ô²¥³¥´Éμ³ ¢ gl(4|1;C) Ö¢²Ö¥É¸Ö

N = aαbα − ψψ̄. (5.6)

ƒ¥´¥· Éμ· ³¨ sl(4|1;C) Ö¢²ÖÕÉ¸Ö

tα
β = aαbβ − δα

β ψψ̄, qα = aαψ̄, q̄β = bβψ. (5.7)
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AdS5-¸Ê¶¥· ²£¥¡·  su(2, 2|1) [81] Ö¢²Ö¥É¸Ö ¢¥Ð¥¸É¢¥´´μ° Ëμ·³μ°  ²£¥¡·Ò
sl(4|1;C), ¢Ò¤¥²Ö¥³μ° Ê¸²μ¢¨Ö³¨ ¢¥Ð¥¸É¢¥´´μ¸É¨, μ¡¸Ê¦¤ ¥³Ò³¨ ´¨¦¥.

…¸É¥¸É¢¥´´μ¥ · ¸Ï¨·¥´¨¥ ´  ¢Ò¸Ï¨¥ ¸¶¨´Ò  ²£¥¡·Ò su(2, 2|1), ¢¢¥¤¥´´μ¥
¢ · ¡μÉ¥ [79] ¶μ¤ ´ §¢ ´¨¥³ shsc∞(4|1) ¨ ´ §¢ ´´μ¥ cu(1, 1|8) ¢ · ¡μÉ¥ [18],
 ¸¸μÍ¨¨·μ¢ ´μ ¸ �- ²£¥¡·μ° ¢¸¥Ì ¶μ²¨´μ³μ¢ F (a, b, ψ, ψ̄), Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì
Ê¸²μ¢¨Õ

[N, F ]� = 0. (5.8)

„·Ê£¨³¨ ¸²μ¢ ³¨, 5d-¸Ê¶¥· ²£¥¡·  ¢Ò¸Ï¨Ì ¸¶¨´μ¢ cu(1, 1|8) μ¡· §μ¢ ´ 
�-( ´É¨)±μ³³ÊÉ Éμ· ³¨ Ô²¥³¥´Éμ¢ Í¥´É· ²¨§ Éμ·  N ¢ �- ²£¥¡·¥ (5.1). ‚
·¥§Ê²ÓÉ É¥ ± ¦¤Ò° ¶μ²¨´μ³ F , Ê¤μ¢²¥É¢μ·ÖÕÐ¨° (5.8), ¨³¥¥É ¢¨¤

F (a, b, ψ, ψ̄) ≡ A(a, b) + B(a, b)ψ + D(a, b)ψ̄ + E(a, b)ψψ̄ =

=
∞∑

k=0

A
α(k)
β(k) aα(k) bβ(k) +

∞∑
k=0

B
α(k)
β(k+1) aα(k) bβ(k+1) ψ+

+
∞∑

k=0

D
α(k+1)
β(k) aα(k+1) bβ(k) ψ̄ +

∞∑
k=0

E
α(k)
β(k) aα(k) bβ(k) ψψ̄. (5.9)

A
α(k)
β(k), B

α(k)
β(k+1), D

α(k+1)
β(k) ¨ E

α(k)
β(k) ¥¸ÉÓ ¶·μ¨§¢μ²Ó´Ò¥ ³Ê²ÓÉ¨¸¶¨´μ·Ò, ¶μ²-

´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò¥ ¶μ ¢¥·Ì´¨³ ¨ ´¨¦´¨³ ¨´¤¥±¸ ³. �É³¥É¨³, ÎÉμ F ∈
cu(1, 1|8) Ö¢²Ö¥É¸Ö Î¥É´μ° ËÊ´±Í¨¥° ¸Ê¶¥·μ¸Í¨²²ÖÉμ·μ¢.

„²Ö ¢Ò¤¥²¥´¨Ö É·¥¡Ê¥³μ° ¢¥Ð¥¸É¢¥´´μ° Ëμ·³Ò ±μ³¶²¥±¸´μ°  ²£¥¡·Ò
¢Ò¸Ï¨Ì ¸¶¨´μ¢ cu(1, 1|8) ³Ò ´ ±² ¤Ò¢ ¥³ Ê¸²μ¢¨Ö ¢¥Ð¥¸É¢¥´´μ¸É¨ ¸²¥¤ÊÕ-
Ð¨³ μ¡· §μ³. ‚¢¥¤¥³ ¨´¢μ²ÕÍ¨Õ †, μ¶·¥¤¥²¥´´ÊÕ ¸μμÉ´μÏ¥´¨Ö³¨

(aα)† = ibβCβα, (bα)† = iCαβaβ, (5.10)

(ψ)† = ψ̄, (ψ̄)† = ψ, (5.11)

£¤¥ ¢¥Ð¥¸É¢¥´´Ò¥  ´É¨¸¨³³¥É·¨Î´Ò¥ ³ É·¨ÍÒ Cαβ ¨ Cαβ Ö¢²ÖÕÉ¸Ö ³ É·¨-
Í ³¨ § ·Ö¤μ¢μ£μ ¸μ¶·Ö¦¥´¨Ö ¶. 5.1. ’·¥¡Ê¥É¸Ö, ÎÉμ¡Ò ¨´¢μ²ÕÍ¨Ö ¶¥·¥¸É -
¢²Ö²  ¶μ·Ö¤μ± ¸μ³´μ¦¨É¥²¥°:

(F � G)† = G† � F †, (5.12)

¨ ¸μ¶·Ö£ ²  ±μ³¶²¥±¸´Ò¥ Î¨¸² :

(μF )† = μ̄F †, μ ∈ C, (5.13)

£¤¥ Î¥·É  μ§´ Î ¥É ±μ³¶²¥±¸´μ¥ ¸μ¶·Ö¦¥´¨¥. ˆ´¢μ²ÕÍ¨Ö † μ¸É ¢²Ö¥É ¨´¢ ·¨-
 ´É´Ò³¨ μ¶·¥¤¥²ÖÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö (5.1) �- ²£¥¡·Ò ¨ Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ-
¢¨Õ (†)2 = Id. ‚ ¸¨²Ê ¶· ¢¨²  ¶¥·¥¸É ´μ¢±¨ (5.12) ¤¥°¸É¢¨¥ ¨´¢μ²ÕÍ¨¨ †
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(5.10), (5.11) · ¸¶·μ¸É· ´Ö¥É¸Ö ´  ¶·μ¨§¢μ²Ó´Ò° Ô²¥³¥´É F �- ²£¥¡·Ò. ’ ±
± ± ¨¸¶μ²Ó§Ê¥³μ¥ �-¶·μ¨§¢¥¤¥´¨¥ ¸μμÉ¢¥É¸É¢Ê¥É ¶μ²´μ¸ÉÓÕ ( ´É¨)¸¨³³¥É·¨§μ-
¢ ´´μ³Ê (É. ¥. ¢¥°²¥¢¸±μ³Ê) Ê¶μ·Ö¤μÎ¥´¨Õ ¸μ³´μ¦¨É¥²¥°, ·¥§Ê²ÓÉ Éμ³ ¡Ê¤¥É

(F (aα, bβ, ψ, ψ̄))† = Ā(ibγCγα, iCβγaγ) + D̄(ibγCγα, iCβγaγ)ψ+

+ B̄(ibγCγα, iCβγaγ)ψ̄ + Ē(ibγCγα, iCβγaγ)ψψ̄. (5.14)

ˆ´¢μ²ÕÍ¨Ö † (5.14) ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¢¥Ð¥¸É¢¥´´ÊÕ Ëμ·³Ê ¸Ê¶¥· ²£¥¡·Ò
‹¨, ¶μ¸É·μ¥´´μ° ¸ ¶μ³μÐÓÕ £· ¤Ê¨·μ¢ ´´ÒÌ ±μ³³ÊÉ Éμ·μ¢ Ô²¥³¥´Éμ¢ (5.9),
¶ÊÉ¥³ ´ ²μ¦¥´¨Ö Ê¸²μ¢¨Ö

F † = −iπ(F )F (5.15)

(¶μ¤·μ¡´μ¸É¨ ¸³. ¢ · ¡μÉ¥ [82]). �Éμ Ê¸²μ¢¨¥ μ¶·¥¤¥²Ö¥É ¢¥Ð¥¸É¢¥´´ÊÕ ¸Ê-
¶¥· ²£¥¡·Ê ¢Ò¸Ï¨Ì ¸¶¨´μ¢ cu(1, 1|8) [18]. �´  ¸μ¤¥·¦¨É N = 1 AdS5-
¸Ê¶¥· ²£¥¡·Ê su(2, 2|1) ¢ ¢¨¤¥ ±μ´¥Î´μ³¥·´μ° ¶μ¤ ²£¥¡·Ò. ‚ Î ¸É´μ¸É¨, Ê¸²μ-
¢¨Ö ¢¥Ð¥¸É¢¥´´μ¸É¨ (5.15) £ · ´É¨·ÊÕÉ, ÎÉμ cu(1, 1|8) ¤μ¶Ê¸± ¥É ¡¥§³ ¸¸μ¢Ò¥
Ê´¨É ·´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¸ Ô´¥·£¨¥°, μ£· ´¨Î¥´´μ° ¸´¨§Ê [73].

5.2. 5d-± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢. �μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò¥
± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ ¶·μ¸É· ´¸É¢¥ AdS5 ³μ£ÊÉ ¡ÒÉÓ μ¶¨-
¸ ´Ò [33, 55, 56, 76, 87] ¢ É¥·³¨´ Ì ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° 1-Ëμ·³
Ω(a, b, ψ, ψ̄|x) = dxnΩn(a, b, ψ, ψ̄|x) ¸Ê¶¥· ²£¥¡·Ò cu(1, 1|8):

Ω(a, b, ψ, ψ̄|x) = ΩE1(a, b|x) + ΩO1(a, b|x)ψ+
+ ΩO2(a, b|x)ψ̄ + ΩE2(a, b|x)ψψ̄, (5.16)

£¤¥

ΩE1(a, b|x) =
∞∑

k=0

(ΩE1(x))α(k)
β(k)aα(k)b

β(k), (5.17)

ΩE2(a, b|x) =
∞∑

k=0

(ΩE2(x))α(k)
β(k)aα(k)b

β(k) (5.18)

¸ ±μ³³ÊÉ¨·ÊÕÐ¨³¨ ³Ê²ÓÉ¨¸¶¨´μ· ³¨ (ΩE1,2(x))α(m)
β(m) (E μ§´ Î ¥É ®Î¥É´Ò°¯) ¨

ΩO1(a, b|x) =
∞∑

k=0

(ΩO1(x))α(k)
β(k+1)aα(k)b

β(k+1), (5.19)

ΩO2(a, b|x) =
∞∑

k=0

(ΩO2(x))α(k+1)
β(k) aα(k+1)b

β(k) (5.20)

¸  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨³¨ ³Ê²ÓÉ¨¸¶¨´μ· ³¨
(
ΩO1,2 (x)

)α(m)

β(n)
, |m − n| = 1 (O

μ§´ Î ¥É ®´¥Î¥É´Ò°¯). ’·¥¡Ê¥É¸Ö, ÎÉμ¡Ò ±μ³¶μ´¥´É´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö
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Ωα(m)
β(n) (x) = dxnΩ α(m)

n β(n) (x), |m− n| � 1 ±μ³³ÊÉ¨·μ¢ ²¨ ¸ ¡ §¨¸´Ò³¨ Ô²¥³¥´-

É ³¨  ²£¥¡·Ò cu(1, 1|8) (É. ¥. ¸ ¸Ê¶¥·μ¸Í¨²²ÖÉμ· ³¨ aα, bβ, ψ ¨ ψ̄).
� ¶·Ö¦¥´´μ¸É¨ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ R(a, b, ψ, ψ̄|x) ≡ R:

R = dΩ + Ω ∧ � Ω, d = dxn ∂

∂xn
, (5.21)

¤μ¶Ê¸± ÕÉ · §²μ¦¥´¨¥,  ´ ²μ£¨Î´μ¥ · §²μ¦¥´¨Õ (5.16)Ä(5.20). ˆ´Ë¨´¨É¥§¨-
³ ²Ó´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨³¥ÕÉ ¢¨¤

δΩ = Dε, δR = [R, ε]�, (5.22)

£¤¥ 0-Ëμ·³  ε = ε(a, b, ψ, ψ̄|x) Ö¢²Ö¥É¸Ö ¶·μ¨§¢μ²Ó´Ò³ ¨´Ë¨´¨É¥§¨³ ²Ó´Ò³
± ²¨¡·μ¢μÎ´Ò³ ¶ · ³¥É·μ³ ¨ ±μ¢ ·¨ ´É´Ò° ¤¨ËË¥·¥´Í¨ ² μ¶·¥¤¥²¥´ ¸²¥¤Ê-
ÕÐ¨³ μ¡· §μ³:

DF = dF + [Ω, F ]�. (5.23)

„²Ö  ´ ²¨§  ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²¥° É¥μ·¨¨ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¶¥·ÉÊ·¡ -
É¨¢´μ¥ · §²μ¦¥´¨¥, ¢ ±μÉμ·μ³ ¤¨´ ³¨Î¥¸±μ¥ ¶μ²¥ Ω1 É· ±ÉÊ¥É¸Ö ± ± Ë²Ê±ÉÊ-
 Í¨Ö ´  Ëμ´¥ Ω0:

Ω = Ω0 + Ω1, (5.24)

£¤¥ ¢ ±ÊÊ³´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö Ω0 = Ω α
0 β(x) aαbβ ¸μμÉ¢¥É¸É¢ÊÕÉ Ëμ´μ-

¢μ° £¥μ³¥É·¨¨ AdS5, ¢μ§´¨± ÕÐ¥° ¶·¨ ´ ²μ¦¥´¨¨ Ê¸²μ¢¨Ö ´Ê²¥¢μ° ±·¨¢¨§´Ò
R(Ω0) ≡ dΩ0 +Ω0∧� Ω0 = 0 (¸³. [2,33],   É ±¦¥ ¶. 1.1 ¨ 1.2). ‚ ¸¨²Ê Ê¸²μ¢¨Ö
´Ê²¥¢μ° ±·¨¢¨§´Ò R(Ω0) = 0 ³Ò ¨³¥¥³ ¢Ò· ¦¥´¨¥ R = R1 + R2, ¢ ±μÉμ·μ³

R1 = dΩ1 + Ω0 � ∧Ω1 + Ω1 � ∧Ω0, R2 = Ω1 � ∧Ω1. (5.25)

Œ² ¤Ï¨° ¶μ·Ö¤μ± · §²μ¦¥´¨Ö ¶·¥μ¡· §μ¢ ´¨° (5.22) ¨³¥¥É ¢¨¤

δ0Ω1 = D0ε, δ0R1 = 0, (5.26)

£¤¥ ±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö D0 (5.23) ¡¥·¥É¸Ö ¶μ μÉ´μÏ¥´¨Õ ± Ëμ´μ¢μ°
¸¢Ö§´μ¸É¨ Ω0. ‚ ÔÉμ³ ¶·¨¡²¨¦¥´¨¨ ¶·¥μ¡· §μ¢ ´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸É ´μ-
¢ÖÉ¸Ö  ¡¥²¥¢Ò³¨.

Š ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¢μ§´¨± ÕÐ¨¥ ¶·¨ ± ²¨¡·μ¢ ´¨¨
¢¥Ð¥¸É¢¥´´μ° ¸Ê¶¥· ²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ cu(1, 1|8), ¢Ò¤¥²¥´´μ° ¸μμÉ´μ-
Ï¥´¨Ö³¨ (5.15), Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Ö³ ¢¥Ð¥¸É¢¥´´μ¸É¨ [18,82]:

Ω† = −iπ(Ω)Ω. (5.27)

‚ ¤¥°¸É¢¨É¥²Ó´μ¸É¨ ÔÉμ Ê¸²μ¢¨¥ μ§´ Î ¥É, ÎÉμ ´¥Î¥É´Ò¥ ±μ³¶μ´¥´É´Ò¥ ¶μ²Ö

(ΩO1)
α(s)
β(s+1) (x) ¨ (ΩO2)

α(s+1)
β(s) (x) ¸μ¶·Ö¦¥´Ò ¤·Ê£ c ¤·Ê£μ³,   Î¥É´Ò¥ ±μ³¶μ-

´¥´É´Ò¥ ¶μ²Ö
(
ΩE1,2

)α(s)

β(s)
(x) Ö¢²ÖÕÉ¸Ö ¸ ³μ¸μ¶·Ö¦¥´´Ò³¨.
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‚ ¸μμÉ¢¥É¸É¢¨¨ ¸  ´ ²¨§μ³, ¶·μ¢¥¤¥´´Ò³ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ¤²Ö Ë¥·-
³¨μ´μ¢ ¨ ¢ · ¡μÉ Ì [33, 76] ¤²Ö ¡μ§μ´μ¢, ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò¥ ¶μ²Ö 5d

³μ£ÊÉ ¡ÒÉÓ μ¶¨¸ ´Ò ± ± 1-Ëμ·³Ò Ωα(m)
β(n) (x) ≡ dxnΩn

α(m)
β(n)(x), |m − n| � 1,

Ö¢²ÖÕÐ¨¥¸Ö ¡¥¸¸²¥¤μ¢Ò³¨ ³Ê²ÓÉ¨¸¶¨´μ· ³¨, ¸¨³³¥É·¨Î´Ò³¨ ¶μ ´¨¦´¨³ ¨
¢¥·Ì´¨³ ¨´¤¥±¸ ³. ‘²ÊÎ ° m = n = s ¸μμÉ¢¥É¸É¢Ê¥É ¡μ§μ´´Ò³ ¶μ²Ö³ ¸¶¨´ 
s′ = s + 1. ‘²ÊÎ ° n = s, m = s + 1 ¨ n = s + 1, m = s ¸μμÉ¢¥É¸É¢Ê¥É
Ë¥·³¨μ´´Ò³ ¶μ²Ö³ ¸¶¨´  s′ = s + 3/2. ’ ±¨³ μ¡· §μ³, Î¥É´Ò¥ ¨ ´¥Î¥É´Ò¥
³Ê²ÓÉ¨¸¶¨´μ·Ò ¢ · §²μ¦¥´¨¨ (5.17)Ä(5.20) μÉμ¦¤¥¸É¢²ÖÕÉ¸Ö, ¸μμÉ¢¥É¸É¢¥´´μ,
¸ ¡μ§μ´´Ò³¨ ¨ Ë¥·³¨μ´´Ò³¨ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò³¨ ¶μ²Ö³¨ ¢Ò¸Ï¨Ì
¸¶¨´μ¢. Š ± ¡Ò²μ ¶μ± § ´μ ¢ · ¡μÉ¥ [56], Î¨¸²μ Ë¨§¨Î¥¸±¨Ì ¸É¥¶¥´¥° ¸¢μ-

¡μ¤Ò deg (m, n) ¶μ²Ö Ωn
α(m)
β(n)(x), |m − n| � 1, ±μÉμ·μ¥ § ¤ ¥É¸Ö Ëμ·³Ê²μ°

deg (m, n) =

⎧⎨⎩
2s + 3, n = m = s,
4(s + 2), m = s + 1, n = s,
4(s + 2), m = s, n = s + 1,

(5.28)

Ö¢²Ö¥É¸Ö ¢ ÉμÎ´μ¸É¨ (¢¥Ð¥¸É¢¥´´μ°) · §³¥·´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ (¸¶¨´)-
É¥´§μ·´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ³ ²μ° £·Ê¶¶Ò SO(3). ’¥³ ¸ ³Ò³ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É(

s, s − 1
2
, s − 1

)
¸μ¤¥·¦¨É · ¢´μ¥ Î¨¸²μ ¡μ§μ´´ÒÌ ¨ Ë¥·³¨μ´´ÒÌ ¸É¥¶¥´¥°

¸¢μ¡μ¤Ò.
ŒÊ²ÓÉ¨¸¶¨´μ·Ò ¢ · §²μ¦¥´¨¨ (5.17)Ä(5.20) ´¥ Ö¢²ÖÕÉ¸Ö ¡¥¸¸²¥¤μ¢Ò³¨

¨ ¶μÔÉμ³Ê ± ¦¤Ò° ¨§ ´¨Ì · §² £ ¥É¸Ö ´a ¸Ê³³Ê ´¥¶·¨¢μ¤¨³ÒÌ ¡¥¸¸²¥¤μ¢ÒÌ
±μ³¶μ´¥´É, a ¨³¥´´μ: ¶·¨ ¶·μ¨§¢μ²Ó´ÒÌ Ë¨±¸¨·μ¢ ´´ÒÌ §´ Î¥´¨ÖÌ n ¨ m

É¥´§μ· Ωα(m)
β(n) (x) · §² £ ¥É¸Ö ´a ´ ¡μ· ´¥¶·¨¢μ¤¨³ÒÌ ¡¥¸¸²¥¤μ¢ÒÌ ±μ³¶μ´¥´É

Ω′α(k)
β(l) (x) (Ω′α(k−1)γ

β(l−1)γ (x) = 0) ¸ ¶ · ³¥É· ³¨ k � 0, l � 0, § ¤ ´´Ò³¨ ¸μμÉ´μ-
Ï¥´¨Ö³¨ k + l � n + m, k − l = n − m. ‚ ¨Éμ£¥ ¢ · §²μ¦¥´¨¨ (5.16)Ä(5.20)
¶μ²¥ ± ¦¤μ£μ ¸¶¨´  ¶μÖ¢²Ö¥É¸Ö ¢ ¡¥¸±μ´¥Î´μ³ Î¨¸²¥ ±μ¶¨°:

Ω =
∞∑

k=0

∞∑
s=2

D(k)(s) ⊕ D(k)

(
s − 1

2

)
⊕ D̄(k)

(
s − 1

2

)
⊕ D(k)(s − 1), (5.29)

£¤¥ D(k)(s) μ¡μ§´ Î ¥É k-Õ ±μ¶¨Õ ´¥¶·¨¢μ¤¨³μ£μ ¶·¥¤¸É ¢²¥´¨Ö £·Ê¶¶Ò
su(2, 2) ¸¶¨´  s, ±μÉμ·μ¥ ·¥ ²¨§Ê¥É¸Ö ¸ ¶μ³μÐÓÕ ± ¸ É¥²Ó´ÒÌ ¨´¤¥±¸μ¢ ¡¥¸-

¸²¥¤μ¢ÒÌ ³Ê²ÓÉ¨¸¶¨´μ·μ¢ 1-Ëμ·³ Ωα(m)
β(n) , |m − n| � 1.

�·μ¨¸Ìμ¦¤¥´¨¥ ÔÉμ£μ ¡¥¸±μ´¥Î´μ£μ ¢Ò·μ¦¤¥´¨Ö ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´μ
É¥³ Ë ±Éμ³, ÎÉμ ¸Ê¶¥· ²£¥¡·  cu(1, 1|8) ´¥ Ö¢²Ö¥É¸Ö ¶·μ¸Éμ° ¨ ¸μ¤¥·¦¨É ¡¥¸-
±μ´¥Î´μ ³´μ£μ ¨¤¥ ²μ¢ IP (N),  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ · §²¨Î´Ò³¨ Í¥´É· ²Ó´Ò³¨
Ô²¥³¥´É ³¨ P (N), Ö¢²ÖÕÐ¨³¨¸Ö ¶·μ¨§¢μ²Ó´Ò³¨ ¶μ²¨´μ³ ³¨ μÉ N ¶μ μÉ´μ-
Ï¥´¨Õ ± �-¶·μ¨§¢¥¤¥´¨Õ, {x ∈ IP (N) : x = P (N) � F, F ∈ cu(1, 1|8)} [79].
Œμ¦´μ · ¸¸³ É·¨¢ ÉÓ Ë ±Éμ·- ²£¥¡·Ò cu(1, 1|8)/IP (N). �¤´μ° ¨§ ´ ¨¡μ²¥¥
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¨´É¥·¥¸´ÒÌ ·¥¤Ê±Í¨° Ö¢²Ö¥É¸Ö ¸Ê¶¥· ²£¥¡·  hu0(1, 1|8) = cu(1, 1|8)/IN , £¤¥
IN ¥¸ÉÓ ¨¤¥ ², ¸μ¸ÉμÖÐ¨° ¨§ Ô²¥³¥´Éμ¢ ¢¨¤  x = N � F = F � N . Œμ¤¥²Ó ¸μ
¸¶¥±É·μ³ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¢μ§´¨± ÕÐ¨Ì ¶·¨ ± ²¨¡·μ¢ ´¨¨ hu0(1, 1|8),
¸É·μ¨É¸Ö ¢ ¶. 5.5.

‚¢¥¤¥³ ´ ¡μ· ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ μ¶¥· Éμ·μ¢ ¶μ ¢¸¶μ³μ£ É¥²Ó´Ò³ ¶¥·¥-
³¥´´Ò³:

P+ = T +−ψψ̄, P− = T−+
1
4

∂2

∂ψ̄∂ψ
, P 0 = T 0 +

1
4
(Nψ +Nψ̄−1), (5.30)

£¤¥ T +, T−, T 0 μ¶·¥¤¥²¥´Ò ¢Ò· ¦¥´¨Ö³¨ (4.17) ¨

Nψ = ψ
∂

∂ψ
, Nψ̄ = ψ̄

∂

∂ψ̄
. (5.31)

�É¨ μ¶¥· Éμ·Ò μ¡· §ÊÕÉ sl2- ²£¥¡·Ê:

[P 0, P±] = ±1
2
P±, [P−, P+] = P 0. (5.32)

ŠμÔËË¨Í¨¥´ÉÒ · §²μ¦¥´¨Ö Ô²¥³¥´É  Ω(a, b, ψ, ψ̄|x) Ö¢²ÖÕÉ¸Ö ¸Ê¶¥·¡¥¸¸²¥¤μ-
¢Ò³¨ Éμ£¤  ¨ Éμ²Ó±μ Éμ£¤ , ±μ£¤  P− Ω(a, b, ψ, ψ̄|x) = 0. ‚ ·¥§Ê²ÓÉ É¥ μ¶¥-
· Éμ·Ò P− ¨ P+ ¶μ§¢μ²ÖÕÉ ¢Ò¶¨¸ ÉÓ · §²μ¦¥´¨¥ ¶·μ¨§¢μ²Ó´μ£μ Ô²¥³¥´É 
Ω(a, b, ψ, ψ̄|x)-¸Ê¶¥· ²£¥¡·Ò cu(1, 1|8) ´  ´¥¶·¨¢μ¤¨³Ò¥ su(2, 2|1) ¸Ê¶¥·±μ³-
¶μ´¥´ÉÒ ¢ ¢¨¤¥

Ω(a, b, ψ, ψ̄|x) =
∞∑

k=0

∞∑
s=1

χ(k, s) (P+)k Ωk, s+1(a, b, ψ, ψ̄|x), (5.33)

£¤¥ χ(k, s) ¥¸ÉÓ ´¥±μÉμ·Ò¥ ´¥´Ê²¥¢Ò¥ ´μ·³¨·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ,
(s+1) μ¡μ§´ Î ¥É ¸É ·Ï¥¥ Í¥²μÎ¨¸²¥´´μ¥ §´ Î¥´¨¥ ¸¶¨´  ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É¥
¨ Ωk,s+1, μ¶·¥¤¥²¥´´μ¥ Ê¸²μ¢¨¥³ P 0Ωk, s+1 = (2s+3)/4 Ωk, s+1, Ö¢²Ö¥É¸Ö ¸Ê-
¶¥·¡¥¸¸²¥¤μ¢Ò³:

P− Ωk, s+1(a, b, ψ, ψ̄|x) = 0. (5.34)

“¸²μ¢¨¥ ¸Ê¶¥·¡¥¸¸²¥¤μ¢μ¸É¨ (5.34) · §·¥Ï ¥É¸Ö ¢ ¢¨¤¥

Ωk,s+1(a, b, ψ, ψ̄|x) = Ω̃k,s+1
E1

(a, b|x) − 1
(2s + 2)

T +Ω̃k,s
E2

(a, b|x)+

+ Ω̃k,s+ 1
2

O1
(a, b|x)ψ + Ω̃k,s+ 1

2
O2

(a, b|x)ψ̄ + Ω̃k,s
E2

(a, b|x)ψψ̄, (5.35)

£¤¥ ¢¸¥ su(2, 2)-³Ê²ÓÉ¨¸¶¨´μ·Ò Ö¢²ÖÕÉ¸Ö ¡¥¸¸²¥¤μ¢Ò³¨:

T−Ω̃k,s′

E1,2
(a, b|x) = T−Ω̃k,s′

O1,2
(a, b|x) = 0, s′ = s, s +

1
2
, s + 1. (5.36)



1440 �‹Š�‹�…‚ Š.	.

’ ±¨³ μ¡· §μ³, ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö, ¢μ§´¨± ÕÐ¨¥ ¶·¨ ± ²¨¡·μ¢ ´¨¨ ¸Ê¶¥·-
 ²£¥¡·Ò cu(1, 1|8), μ¡· §ÊÕÉ ¡¥¸±μ´¥Î´ÊÕ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸Ê¶¥·³Ê²ÓÉ¨-

¶²¥Éμ¢ {s′}(k), 0 � k < ∞, ¸μ ¸¶¨´ ³¨

(
s′, s′ − 1

2
, s′ − 1

)(k)

, μ¶·¥¤¥²Ö¥³Ò³¨

¸É ·Ï¨³¨ Í¥²μÎ¨¸²¥´´Ò³¨ §´ Î¥´¨Ö³¨ s′ = 2, 3, . . . ,∞.
� §²μ¦¥´¨¥ (5.33) ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´μ ¢ su(2, 2)-±μ¢ ·¨ ´É´μ³ ¡ §¨¸¥, ¢

±μÉμ·μ³ ¢³¥¸Éμ ¸Ê¶¥·¡¥¸¸²¥¤μ¢ÒÌ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¡¥¸¸²¥¤μ¢Ò¥ ³Ê²ÓÉ¨¸¶¨´μ·Ò.
�É¨ ¤¢  ¡ §¨¸  ¸¢Ö§ ´Ò ±μ´¥Î´Ò³ ¶¥·¥μ¶·¥¤¥²¥´¨¥³ ¶μ²¥°. �¥§Ê²ÓÉ É ¨³¥¥É
¢¨¤

ΩE1,2(a, b|x) =
∞∑

n, s=0

vE1,2,n(T 0) (T +)n Ωn,s+1
E1,2

(a, b|x), (5.37)

ΩO1,2(a, b|x) =
∞∑

n, s=0

vO1,2,n(T 0) (T +)n Ωn,s+3/2
O1,2

(a, b|x), (5.38)

£¤¥ vE1,2,n ¨ vO1,2,n ¥¸ÉÓ ´¥±μÉμ·Ò¥ ´¥´Ê²¥¢Ò¥ ´μ·³¨·μ¢μÎ´Ò¥ ±μÔËË¨Í¨-
¥´ÉÒ, ±μÉμ·Ò¥ ¤²Ö ¤ ²Ó´¥°Ï¥£μ Ê¤μ¡¸É¢  ³μ¦´μ § Ë¨±¸¨·μ¢ ÉÓ ¢ ¢¨¤¥

vE1,2,n(s) = (2i)n

√
(2s + 3)!

n!(2s + 3 + n)!
, (5.39)

vO1,2,n(s) = (2i)n

√
(2s + 4)!

n!(2s + 4 + n)!
, (5.40)

£¤¥ ¢ ¸¨²Ê  ´É¨Ô·³¨Éμ¢μ¸É¨ μ¶¥· Éμ·  T+ ¶μÖ¢²Ö¥É¸Ö Ë ±Éμ· in.
‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ · §²μ¦¥´¨Ö ´  ¸Ê¶¥·¡¥¸¸²¥¤μ¢Ò¥

±μ³¶μ´¥´ÉÒ (5.33) ¶μ²Ö ¸ ¸μ¢¶ ¤ ÕÐ¨³¨ §´ Î¥´¨Ö³¨ ¶ · ³¥É·  n ¢ (5.37),
(5.38) ³μ£ÊÉ ¶·¨´ ¤²¥¦ ÉÓ · §²¨Î´Ò³ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ³.

‚ ¤μ¶μ²´¥´¨¥ ± Ê¸²μ¢¨Ö³ ¡¥¸¸²¥¤μ¢μ¸É¨ ¶μ²Ö Ω(a, b|x) Ê¤μ¢²¥É¢μ·ÖÕÉ
Ê¸²μ¢¨Ö³

(1 + Na − Nb)ΩO1 (a, b|x) = 0, (1 + Nb − Na)ΩO2(a, b|x) = 0,

(Nb − Na)ΩE1,2(a, b|x) = 0,
(5.41)

±μÉμ·Ò¥ ¢Ò· ¦ ÕÉ É·¥¡μ¢ ´¨¥ (5.8).
‹¨´¥ ·¨§μ¢ ´´Ò¥ ±·¨¢¨§´Ò ¤μ¶Ê¸± ÕÉ · §²μ¦¥´¨¥,  ´ ²μ£¨Î´μ¥ · §²μ-

¦¥´¨Õ (5.37), (5.38):

R1, E1,2(a, b|x) =
∞∑

n, s=0

vE1,2,n(T 0) (T +)n Rn,s+1
1, E1,2

(a, b|x), (5.42)

R1, O1,2(a, b|x) =
∞∑

n, s=0

vO1,2,n(T 0) (T +)n R
n,s+3/2
1, O1,2

(a, b|x), (5.43)
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¢ ±μÉμ·μ³ ±·¨¢¨§´Ò ¢ ¶· ¢μ° Î ¸É¨ Ê¤μ¢²¥É¢μ·ÖÕÉ É¥³ ¦¥ Ê¸²μ¢¨Ö³ ´¥¶·¨-
¢μ¤¨³μ¸É¨, ÎÉμ ¨ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö.

� ¸¸³μÉ·¨³ · §²μ¦¥´¨¥ su(2, 2)-´¥¶·¨¢μ¤¨³μ£μ ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö
¢Ò¸Ï¥£μ ¸¶¨´  Ωn,s′

´  ¸μ¢μ±Ê¶´μ¸ÉÓ ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ¶μ²¥°, ±μÉμ·Ò¥
μ¡· §ÊÕÉ ´¥¶·¨¢μ¤¨³Ò¥ ¶·¥¤¸É ¢²¥´¨Ö  ²£¥¡·Ò ‹μ·¥´Í  so(4, 1) ⊂ su(2, 2).
� §²¨Î´Ò¥ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¨³¥ÕÉ · §²¨Î´ÊÕ ¤¨-
´ ³¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ. � ¶·¨³¥·, su(2, 2)-´¥¶·¨¢μ¤¨³μ¥ ¶μ²¥ Ωα

β(x) ¢
¶·¨¸μ¥¤¨´¥´´μ³ ¶·¥¤¸É ¢²¥´¨¨ su(2, 2), ¨¸¶μ²Ó§μ¢ ´´μ¥ ¤²Ö μ¶¨¸ ´¨Ö ¶μ²Ö
¸¶¨´  2, ¸μ¤¥·¦¨É ¶μ²¥ ·¥¶¥·  ¨ ¸¶¨´μ¢ÊÕ ¸¢Ö§´μ¸ÉÓ ± ± · §²¨Î´Ò¥ ´¥-
¶·¨¢μ¤¨³Ò¥ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ±μ³¶μ´¥´ÉÒ. „²Ö Éμ£μ ÎÉμ¡Ò · §²μ¦¨ÉÓ
su(2, 2)-¶·¥¤¸É ¢²¥´¨¥ ´  ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ´¥¶·¨¢μ¤¨³Ò¥ ¶·¥¤¸É ¢²¥-
´¨Ö, ¨¸¶μ²Ó§Ê¥É¸Ö ±μ³¶¥´¸ Éμ·´Ò° Ëμ·³ ²¨§³. ‘ ¶μ³μÐÓÕ μ¶¥· Éμ·μ¢ (4.16)
· §²μ¦¥´¨¥ ´  ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ § ¤ ¥É¸Ö ¸μμÉ´μ-
Ï¥´¨¥³

ΩE1,2(a, b|x) =
s∑

t=0

(S+)t ωt
e1,2

(a, b|x), (5.44)

£¤¥ ¶μ²Ö
ωt

e1,2
(a, b|x) = ωα(s+t), β(s−t)

e1,2
(x) aα(s+t)bβ(s−t) (5.45)

Ö¢²ÖÕÉ¸Ö ¡μ§μ´ ³¨, ¨ · ¢¥´¸É¢ ³¨

ΩO1(a, b|x) =
s∑

t=0

(S−)t ωt
o1

(a, b|x), (5.46)

ΩO2(a, b|x) =
s∑

t=0

(S+)t ωt
o2

(a, b|x), (5.47)

£¤¥ ¶μ²Ö
ωt

o1
(a, b|x) = ωβ(s+t+1), α(s−t)

o1
(x) aα(s−t)bβ(s+t+1), (5.48)

ωt
o2

(a, b|x) = ωα(s+t+1), β(s−t)
o2

(x) aα(s+t+1)bβ(s−t) (5.49)

Ö¢²ÖÕÉ¸Ö Ë¥·³¨μ´ ³¨. �μ ¸¢μ¨³ ± ¸ É¥²Ó´Ò³ ¨´¤¥±¸ ³ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥
¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ωe1,2 (5.45) ¨ ωo1,2 (5.48), (5.49) μ¶¨¸Ò¢ ÕÉ¸Ö ¡¥¸¸²¥¤μ-
¢Ò³¨ ¤¢ÊÌ¸É·μÎ´Ò³¨ ¤¨ £· ³³ ³¨ 
´£ , É. ¥. ¸¶· ¢¥¤²¨¢Ò ¸²¥¤ÊÕÐ¨¥ Ê¸²μ-
¢¨Ö ´¥¶·¨¢μ¤¨³μ¸É¨:

S−ωt
e1,2

(a, b|x) = 0, S−ωt
o2

(a, b|x) = 0, S+ωt
o1

(a, b|x) = 0,

T−ωt
e1,2

(a, b|x) = 0, T−ωt
o1,2

(a, b|x) = 0.
(5.50)

‹μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ±·¨¢¨§´Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ rt(a, b|x),  ¸¸μÍ¨¨·μ¢ ´´Ò¥
¸ ¶μ²Ö³¨ ωt(a, b|x), μ¶·¥¤¥²ÖÕÉ¸Ö  ´ ²μ£¨Î´μ° ¶·μÍ¥¤Ê·μ°, ¶·¨³¥´¥´´μ° ±
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R(a, b|x). Š·¨¢¨§´Ò, ¢Ò· ¦¥´´Ò¥ ¢ É¥·³¨´ Ì ²μ·¥´Í-±μ¢ ·¨ ´É´ÒÌ ¶μ²¥°,
§ ¤ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

rt
e = Dωt

e + τ−ωt+1
e + τ+ωt−1

e , (5.51)

rt
o = Dωt

o + T −ωt+1
o + T 0ωt

o + T +ωt−1
o , (5.52)

£¤¥ D ¥¸ÉÓ Ëμ´μ¢ Ö ²μ·¥´Í-±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö. �μ¤·μ¡´Ò¥ ¢Ò· ¦¥-
´¨Ö ¤²Ö μ¶¥· Éμ·μ¢ τ and T ¶·¨¢μ¤ÖÉ¸Ö ¢ · ¡μÉ¥ [33] ¨ · §¤. 4 ¸μμÉ¢¥É¸É¢¥´´μ.
‹μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö (5.26) ¶·¨´¨³ ÕÉ ¢¨¤,
 ´ ²μ£¨Î´Ò° ¢Ò· ¦¥´¨Ö³ (5.51), (5.52).

‘ ÉμÎ±¨ §·¥´¨Ö ¤¨´ ³¨±¨ ³μ¤¥²¨ ¡μ§μ´´Ò¥ ¶μ²Ö ωe ¨ Ë¥·³¨μ´´Ò¥ ¶μ²Ö
ωo (5.45), (5.48), (5.49) ¸ t = 0 Ö¢²ÖÕÉ¸Ö μ¡μ¡Ð¥´¨¥³ ´  ¢Ò¸Ï¨¥ ¸¶¨´Ò
¶μ²¥° ³¥É·¨±¨ ¨ £· ¢¨É¨´μ ¨ ¸Î¨É ÕÉ¸Ö ¤¨´ ³¨Î¥¸±¨³¨ ¶μ²Ö³¨ ωph,   ¢¸¥
μ¸É ²Ó´Ò¥ ¶μ²Ö ¸ t > 0 ¨£· ÕÉ ·μ²Ó,  ´ ²μ£¨Î´ÊÕ ·μ²¨ ¸¶¨´μ¢μ° ¸¢Ö§´μ¸É¨ ¢
£· ¢¨É Í¨¨. �É¨ ¶μ²Ö Ö¢²ÖÕÉ¸Ö ²¨¡μ ¢¸¶μ³μ£ É¥²Ó´Ò³¨ (t = 1 ¤²Ö ¡μ§μ´μ¢),
²¨¡μ Ô±¸É· ¶μ²Ö³¨ (t � 2 ¤²Ö ¡μ§μ´μ¢ ¨ t � 1 ¤²Ö Ë¥·³¨μ´μ¢). �±¸É· ¶μ²Ö
´¥ ¤ ÕÉ ¢±² ¤  ¢ ¸¢μ¡μ¤´Ò° ËÊ´±Í¨μ´ ² ¤¥°¸É¢¨Ö, É ± ± ± É·¥¡Ê¥É¸Ö, ÎÉμ¡Ò
¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö ¶μ μÉ´μÏ¥´¨Õ ± Ô±¸É· ¶μ²Ö³ ¡Ò²  Éμ¦¤¥¸É¢¥´´μ · ¢´ 
´Ê²Õ. (�Éμ ¥¸ÉÓ Ê¸²μ¢¨¥ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°, μ¡¸Ê¦¤ ¢Ï¥¥¸Ö ¢ · §¤. 2 ¨
4; ¸³. É ±¦¥ ¶. 5.3.) ’¥³ ´¥ ³¥´¥¥ Ô±¸É· ¶μ²Ö ¤ ÕÉ ¢±² ¤ ¢ ¤¥°¸É¢¨¥ ´  Ê·μ¢´¥
¢§ ¨³μ¤¥°¸É¢¨Ö, ¨§³¥´ÖÖ ¶· ¢¨²Ó´μ¥ Î¨¸²μ Ë¨§¨Î¥¸±¨Ì ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò.
—Éμ¡Ò ¸¤¥² ÉÓ É¥μ·¨Õ ¸μ ¢§ ¨³μ¤¥°¸É¢¨¥³ Ë¨§¨Î¥¸±¨ ±μ··¥±É´μ°, ¸²¥¤Ê¥É
¢Ò· §¨ÉÓ ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¨ Ô±¸É· ¶μ²Ö Î¥·¥§ Ë¨§¨Î¥¸±μ¥ ¶μ²¥ ¶μ ³μ¤Ê²Õ
± ²¨¡·μ¢μÎ´ÒÌ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò. �Éμ ¤μ¸É¨£ ¥É¸Ö ´ ²μ¦¥´¨¥³ ¶μ¤Ìμ¤ÖÐ¨³
μ¡· §μ³ ¢Ò¡· ´´ÒÌ ¸¢Ö§¥° [55,56], ¨³¥ÕÐ¨Ì ¢¨¤

Υ+
2 ∧ rt

1 = 0, 0 � t < s, (5.53)

£¤¥ rt
1 ¥¸ÉÓ ²μ·¥´Í-±μ¢ ·¨ ´É´Ò¥ ²¨´¥ ·¨§μ¢ ´´Ò¥ ±·¨¢¨§´Ò (5.51), (5.52) ¨

2-Ëμ·³ 

Υ+
2 =

{
τ0 ∧ τ+, s = 3, 4, . . . ,
T 0 ∧ T +, s = 5/2, 7/2, . . .

(5.54)

Ö¢²Ö¥É¸Ö É ±¨³ μ¶¥· Éμ·μ³, ÎÉμ Î¨¸²μ ´¥§ ¢¨¸¨³ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì ¸μμÉ-
´μÏ¥´¨°, ´ ²μ¦¥´´ÒÌ ´  ±μ³¶μ´¥´ÉÒ ±·¨¢¨§´Ò rt

1 Ê¸²μ¢¨Ö³¨ ¸¢Ö§¨ (5.53),
¸μ¢¶ ¤ ¥É ¸ Î¨¸²μ³ ±μ³¶μ´¥´É Ô±¸É· ¶μ²Ö ωt+1 ³¨´Ê¸ Î¨¸²μ Î¨¸Éμ ± ²¨¡·μ-
¢μÎ´ÒÌ ±μ³¶μ´¥´É ÔÉμ£μ ¶μ²Ö.

‚ ¦´Ò³ Ë ±Éμ³ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ´  μ¸´μ¢ ´¨¨ ÔÉ¨Ì ¸¢Ö§¥° ¡μ²ÓÏ Ö Î ¸ÉÓ
±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ rt(a, b|x) ³μ¦¥É ¡ÒÉÓ ¶μ²μ¦¥´  · ¢´μ° ´Ê²Õ ´  ³ ¸-
¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨. �Éμ ÊÉ¢¥·¦¤¥´¨¥ ¸μ¸É ¢²Ö¥É ¸μ¤¥·¦ ´¨¥ ¶¥·¢μ° É¥μ·¥³Ò
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³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ [33,55,56,63,76]:

rα(s+t), β(s−t)(x) = Xα(s+t), β(s−t)

(
δS2

δωph
e

)
, t < s,

rα(2s)(x) = hαγ ∧ hγ
αCα(2s+2)

e (x) + Xα(2s)

(
δS2

δωph
e

)
, t = s,

(5.55)

¤²Ö ¡μ§μ´μ¢ ¨

rα(s+t+1), β(s−t)(x) = Y α(s+t+1), β(s−t)

(
δS2

δωph
o

)
, t < s,

rα(2s+1)(x) = hαγ ∧ hγ
αCα(2s+3)

o (x) + Y α(2s+1)

(
δS2

δωph
o

)
, t = s

(5.56)

(¶²Õ¸ ±μ³¶²¥±¸´μ-¸μ¶·Ö¦¥´´Ò¥ ¢Ò· ¦¥´¨Ö), ¤²Ö Ë¥·³¨μ´μ¢. ‡¤¥¸Ó hαβ μ¡μ-
§´ Î ¥É Ëμ´μ¢μ¥ ¶μ²¥ ·¥¶¥·  (¸³. · §¤. 4), X ¨ Y Ö¢²ÖÕÉ¸Ö ´¥±μÉμ·Ò³¨
²¨´¥°´Ò³¨ ËÊ´±Í¨μ´ ² ³¨ μÉ ¶μ²¥¢ÒÌ Ê· ¢´¥´¨° ¤¢¨¦¥´¨°. 0-Ëμ·³Ò Ce

¨ Co ¢ ¶· ¢ÒÌ Î ¸ÉÖÌ ¢Ò· ¦¥´¨° (5.55), (5.56) ¥¸ÉÓ μ¡μ¡Ð¥´´Ò¥ É¥´§μ·Ò
‚¥°²Ö, Ö¢²ÖÕÐ¨¥¸Ö ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò³¨ ³Ê²ÓÉ¨¸¶¨´μ· ³¨. su(2, 2)-
±μ¢ ·¨ ´É´ Ö ¢¥·¸¨Ö ¢Ò· ¦¥´¨° (5.55), (5.56) ¨³¥¥É ¢¨¤

RE(a, b|x)
∣∣∣
m.s

= H2 α
β ∂2

∂aα∂bβ
Re sμ(CE(μa + μ−1b|x)) (5.57)

¤²Ö ¡μ§μ´μ¢ ¨

RO1(a, b|x)
∣∣∣
m.s

= H2 α
β ∂2

∂aα∂bβ
Re sμ(μ CO1 (μa + μ−1b|x)), (5.58)

RO2(a, b|x)
∣∣∣
m.s

= H2 α
β ∂2

∂aα∂bβ
Re sμ(μ−1 CO2 (μa + μ−1b|x)) (5.59)

¤²Ö Ë¥·³¨μ´μ¢. ‡¤¥¸Ó H2 αβ = hαγ ∧ hγ
β , ¸¨³¢μ²

∣∣∣
m.s

¶μ¤· §Ê³¥¢ ¥É · ¸¸³μ-

É·¥´¨¥ ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨
δS2

δωph
= 0 ¨ Re sμ ¢Ò¤¥²Ö¥É μ-´¥§ ¢¨¸¨³ÊÕ

Î ¸ÉÓ ·Ö¤  ‹μ· ´  ¶μ ¶¥·¥³¥´´μ° μ. �É³¥É¨³, ÎÉμ ËÊ´±Í¨Ö μ¤´μ° ¸¶¨´μ·´μ°
¶¥·¥³¥´´μ°

C(μa + μ−1b) =
∑
k, l

μk−l

k! l!
Cα1···αkβ1···βlaα1 · · · aαk

bβ1 · · · bβl
(5.60)

¨³¥¥É ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò¥ ±μÔËË¨Í¨¥´ÉÒ Cα1···αkβ1···βl , ¢ Éμ ¢·¥³Ö ± ±
Re sμ ¢ (5.57)Ä(5.59) ¢Ò¤¥²Ö¥É Î ¸ÉÓ, ¶·¨´ ¤²¥¦ ÐÊÕ ¸Ê¶¥· ²£¥¡·¥ cu(1, 1|8)
¸ Î¨¸² ³¨ μ¸Í¨²²ÖÉμ·μ¢ a ¨ b, · §²¨Î ÕÐ¨³¨¸Ö ´¥ ¡μ²¥¥ Î¥³ ´  1.
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5.3. N = 1 ¤¥°¸É¢¨¥ ¢Ò¸Ï¨Ì ¸¶¨´μ¢
5.3.1. �¡Ð¨¥ ¸¢μ°¸É¢ . ”Ê´±Í¨μ´ ² ¤¥°¸É¢¨Ö, ²¥¦ Ð¨° ¢ μ¸´μ¢¥ 5d-

´¥²¨´¥°´μ° ¤¨´ ³¨±¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨, ¨³¥¥É
¸²¥¤ÊÕÐ¨° ¢¨¤ [4,33,54]:

S =
∫

U12 ∧ R(Ω1) ∧ R(Ω2). (5.61)

„¥°¸É¢¨Ö É ±μ£μ ·μ¤  μ¡¸Ê¦¤ ²¨¸Ó ¢ ¶·¥¤Ò¤ÊÐ¨Ì · §¤¥² Ì ¨ Ö¢²ÖÕÉ¸Ö μ¡μ¡-
Ð¥´¨¥³ ´  ¢Ò¸Ï¨¥ ¸¶¨´Ò ¤¥°¸É¢¨Ö Œ ±¤ ÊÔ²² ÄŒ ´§Ê·¨ ¢ £· ¢¨É Í¨¨ [72].
‚¥²¨Î¨´Ò U12 ¥¸ÉÓ ´¥±μÉμ·Ò¥ 1-Ëμ·³Ò, ¶μ¸É·μ¥´´Ò¥ ¨§ ¶μ²Ö ·¥¶¥·  ¨ ¶μ²Ö
±μ³¶¥´¸ Éμ· . R(Ω1,2) Ö¢²ÖÕÉ¸Ö ±·¨¢¨§´ ³¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢,  ¸¸μÍ¨¨·μ¢ ´-
´Ò³¨ ¸ ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ Ω1,2 (5.16). � Ï  Í¥²Ó
¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ¡Ò ´ °É¨ É ±¨¥ ±μÔËË¨Í¨¥´ÉÒ U12, ±μÉμ·Ò¥ ¶·¨¢μ¤ÖÉ ±
¶· ¢¨²Ó´μ³Ê μ¶¨¸ ´¨Õ ¸¢μ¡μ¤´μ° ¤¨´ ³¨±¨ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨ ¥¥ ´¥-
¶·μÉ¨¢μ·¥Î¨¢μ° ¤¥Ëμ·³ Í¨¨ ¢§ ¨³μ¤¥°¸É¢¨¥³. �É³¥É¨³, ÎÉμ ¥¸²¨ ¡Ò U12 ¡Ò²
¨´¢ ·¨ ´É´Ò³ É¥´§μ·μ³ ¸Ê¶¥· ²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¤¥°¸É¢¨¥ (5.61) Ö¢²Ö-
²μ¸Ó ¡Ò Éμ¶μ²μ£¨Î¥¸±¨³ ¨´¢ ·¨ ´Éμ³, μ¶¨¸Ò¢ ÕÐ¨³ É·¨¢¨ ²Ó´ÊÕ ¤¨´ ³¨±Ê.
Šμ´¥Î´μ, £² ¢´Ò°  ·£Ê³¥´É ¢ ¶μ²Ó§Ê ¢Ò¡μ·  (5.61) ¢ ± Î¥¸É¢¥ ¤¥°¸É¢¨Ö ¤²Ö
¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ, ± ± ¡Ê¤¥É ¶μ± § ´μ ´¨¦¥, É ±μ¥ ¤¥°-
¸É¢¨¥ ´  ¸ ³μ³ ¤¥²¥ ·¥Ï ¥É § ¤ ÎÊ ¶μ¸É·μ¥´¨Ö ±Ê¡¨Î¥¸±¨Ì ¢§ ¨³μ¤¥°¸É¢¨°.

�¡¸Ê¤¨³ ¸É·Ê±ÉÊ·Ê ¤¥°¸É¢¨Ö (5.61) ¡μ²¥¥ ¶μ¤·μ¡´μ. �μ¤Ìμ¤ÖÐ¨°  ´§ Í
¨³¥¥É ¢¨¤

S(R, R) =
1
2
A(R, R), (5.62)

¢ ±μÉμ·μ³ ¸¨³³¥É·¨Î´ Ö ¡¨²¨´¥°´ Ö ±μ³¡¨´ Í¨Ö A(F, G) = A(G, F ) ²Õ¡ÒÌ
2-Ëμ·³ F ¨ G:

F = FE1 + FO1ψ + FO2 ψ̄ + FE2ψψ̄,

G = GE1 + GO1ψ + GO2 ψ̄ + GE2ψψ̄,
(5.63)

μ¶·¥¤¥²¥´  ± ±
A(F, G) = B(FE , GE) + F(FO, GO), (5.64)

£¤¥
B(FE, GE) ≡ B′(FE1 , GE1) + B′′(FE2 , GE2), (5.65)

B′(FE1 , GE1) =
∫

M5

ĤE1 ∧ tr (FE1(a1, b1) ∧ GE1(a2, b2))|ai=bi=0,

B′′(FE2 , GE2) =
∫

M5

ĤE2 ∧ tr (FE2(a1, b1) ∧ GE2(a2, b2))|ai=bi=0,

(5.66)
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F(FO, GO) =
1
2

∫
M5

ĤO ∧ tr (GO2(a1, b1) ∧ FO1(a2, b2))|ai=bi=0+

+
1
2

∫
M5

ĤO ∧ tr (FO2 (a1, b1) ∧ GO1(a2, b2))|ai=bi=0. (5.67)

1-Ëμ·³Ò ĤE1, ĤE2, ĤO Ö¢²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨ μ¶¥· -
Éμ· ³¨:

ĤEi = αi(p, q, t)Eαβ
∂2

∂a1α∂a2β
b̂12 + βi(p, q, t)Eαβ ∂2

∂bα
1 ∂bβ

2

â12+

+ γi(p, q, t)

(
Eα

β ∂2

∂a2α∂bβ
1

ĉ21 − Eα
β

∂2

∂bα
1 ∂a2β

ĉ12

)
, i = 1, 2, (5.68)

ĤO = α3(p, q, t)Eαβ
∂2

∂a1α∂a2β
b̂12ĉ12 + β3(p, q, t)Eαβ ∂2

∂bα
1 ∂bβ

2

â12ĉ12+

+ γ3(p, q, t)Eα
β ∂2

∂a1α∂bβ
2

. (5.69)

‡¤¥¸Ó Eαβ = DV αβ ¥¸ÉÓ ¶μ²¥ ·¥¶¥· . ŠμÔËË¨Í¨¥´ÉÒ α, β, γ, ¶ · ³¥É·¨§Ê-
ÕÐ¨¥ · §²¨Î´Ò¥ É¨¶Ò ¸¢¥·Éμ± ¨´¤¥±¸μ¢, § ¢¨¸ÖÉ μÉ μ¶¥· Éμ·μ¢

p = â12b̂12, q = ĉ12ĉ21, t = ĉ11ĉ22, (5.70)

£¤¥

â12 = Vαβ
∂2

∂a1α∂a2β
, b̂12 = V αβ ∂2

∂bα
1 ∂bβ

2

, ĉij =
∂2

∂aiα∂bα
j

. (5.71)

‚ ¶μ¸²¥¤ÊÕÐ¥³ ¨§²μ¦¥´¨¨ ³Ò ¨¸¶μ²Ó§Ê¥³ μ¡μ§´ Î¥´¨¥ Aα,β,γ(F, G) ¤²Ö
(5.64) ¸ ±μ²²¥±É¨¢´Ò³¨ ±μÔËË¨Í¨¥´É ³¨

α = (α1, α2, α3), β = (β1, β2, β3), γ = (γ1, γ2, γ3) . (5.72)

‚ ´ Ï¥³  ´ ²¨§¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ É ±¦¥ ¶·¨´¨³ ÕÉ §´ -
Î¥´¨Ö ¢ ´¥±μÉμ·μ° ³ É·¨Î´μ°  ²£¥¡·¥ Ω → ΩI

J . �μ²ÊÎ ÕÐ¨°¸Ö ¶·μ¨§-
¢μ² Ô±¢¨¢ ²¥´É¥´ ¶·μ¨§¢μ²Ê ¶·¨ ±μ´±·¥É´μ³ ¢Ò¡μ·¥ ± ²¨¡·μ¢μÎ´μ°  ²£¥¡·Ò
Ÿ´£ ÄŒ¨²²¸  ¢ ¸¥±Éμ·¥ ¶μ²¥° ¸¶¨´  1. Š² ¸¸¨Ë¨± Í¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ¶μ-
²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ · §²¨Î´Ò³ ¢Ò¡μ·μ³  ²£¥¡· Ÿ´£ Ä
Œ¨²²¸ , ¶·¨¢μ¤¨É¸Ö ¢ [18]. ’¥³ ¸ ³Ò³ ¤¥°¸É¢¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ (5.66) ¨
(5.67) ¸Ëμ·³Ê²¨·μ¢ ´Ò ¢ É¥·³¨´ Ì ¸²¥¤  tr ¢ ÔÉμ° ³ É·¨Î´μ°  ²£¥¡·¥ (´¥
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¸²¥¤Ê¥É ¶ÊÉ ÉÓ ¸μ ¸²¥¤μ³ ¢ �- ²£¥¡·¥). ‚ ¨Éμ£¥ ¤μ¶Ê¸É¨³Ò Éμ²Ó±μ Í¨±²¨Î¥¸±¨¥
¶¥·¥¸É ´μ¢±¨ ³ É·¨Î´ÒÌ ¸μ³´μ¦¨É¥²¥° ¶μ¤ §´ ±μ³ ¸²¥¤  ¢ ¤¥°¸É¢¨ÖÌ (5.66)
¨ (5.67). ‡ ³¥Î É¥²Ó´μ, ÎÉμ ÔÉμ ¸¢μ°¸É¢μ §´ Î¨É¥²Ó´μ Ê¶·μÐ ¥É ¢¥¸Ó  ´ ²¨§
± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ ±Ê¡¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö. �É³¥É¨³: É·¥¡Ê¥É¸Ö,
ÎÉμ¡Ò £· ¢¨É Í¨μ´´Ò¥ ¶μ²Ö, ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ ¥¤¨´¨Î´μ° ³ É·¨Í¥, ¶·¨´¨-
³ ²¨ §´ Î¥´¨Ö ¢ Í¥´É·¥ ³ É·¨Î´μ°  ²£¥¡·Ò. �μ ÔÉμ° ¶·¨Î¨´¥ ³´μ¦¨É¥²¨,
 ¸¸μÍ¨¨·μ¢ ´´Ò¥ ¸ £· ¢¨É Í¨μ´´Ò³¨ ¶μ²Ö³¨, ¶¨ÏÊÉ¸Ö §  ¶·¥¤¥² ³¨ ¸²¥¤ .

� Î´¥³  ´ ²¨§ É¥μ·¨¨ ¸ · ¸¸³μÉ·¥´¨Ö ±¢ ¤· É¨Î´μ° Î ¸É¨ ¨¸Ìμ¤´μ£μ
¤¥°¸É¢¨Ö. „²Ö Éμ£μ ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò,  ¸¸μÍ¨¨·μ¢ ´´Ò¥ ¸
Ô±¸É· ¶μ²Ö³¨, ¸²¥¤Ê¥É § Ë¨±¸¨·μ¢ ÉÓ μ¶¥· Éμ·Ò Ĥ (5.68) ¨ (5.69) ´  μ¸´μ¢¥
Ê¸²μ¢¨Ö μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°. „·Ê£μ¥ μ£· ´¨Î¥´¨¥ ´  ¢¨¤ ¤¥°¸É¢¨Ö (5.62)
¢μ§´¨± ¥É ¨§ É·¥¡μ¢ ´¨Ö, ÎÉμ¡Ò ¥£μ ±¢ ¤· É¨Î´ Ö Î ¸ÉÓ ³μ£²  ¡ÒÉÓ ¶·¥¤¸É -
¢²¥´  ¢ ¢¨¤¥ ¡¥¸±μ´¥Î´μ° ¸Ê³³Ò ±¢ ¤· É¨Î´ÒÌ ¤¥°¸É¢¨° ¤²Ö · §²¨Î´ÒÌ ±μ¶¨°
¶μ²¥° μ¤¨´ ±μ¢μ£μ ¸¶¨´ ,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸μ ¸¶¨´μ·´Ò³¨ ¸²¥¤ ³¨. ’ ±μ¥
Ê¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ [33] Ë¨±¸¨·Ê¥É Ê¤μ¡´Ò° ¡ §¨¸ ¢ ¶·μ¸É· ´¸É¢¥ ¶μ²¥°,
  ´¥ ´ ±² ¤Ò¢ ¥É ± ±¨Ì-²¨¡μ ¤¨´ ³¨Î¥¸±¨Ì μ£· ´¨Î¥´¨° ´  ¢¨¤ ¤¥°¸É¢¨Ö.
�¡  ÔÉ¨Ì Ê¸²μ¢¨Ö ´  ¢¨¤ ±¢ ¤· É¨Î´μ° Î ¸É¨ ¤¥°¸É¢¨Ö (5.64)  ´ ²¨§¨·ÊÕÉ¸Ö
¢ ¶μ¤¶Ê´±É¥ 5.3.2. ’ ±¦¥ ³Ò ¢¢μ¤¨³ Ê¸²μ¢¨¥ C-¨´¢ ·¨ ´É´μ¸É¨ [33], É·¥¡Ê-
ÕÐ¥¥ Í¨±²¨Î´μ¸É¨ ¡¨²¨´¥°´μ° Ëμ·³Ò ¤¥°¸É¢¨Ö (5.64) ¶μ μÉ´μÏ¥´¨Õ ± Í¥´-
É· ²Ó´Ò³ Ô²¥³¥´É ³ ¸Ê¶¥· ²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢. 	Ê¤ÊÎ¨ ´ ²μ¦¥´´Ò³, ÔÉμ
Ê¸²μ¢¨¥ ¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ¥É  ´ ²¨§ ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ ¢Ò¸Ï¨Ì ¸¶¨´μ¢,
¢μ¢²¥± ÕÐ¨Ì ¡¥¸±μ´¥Î´Ò¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢ μ¤¨´ ±μ-
¢μ£μ ¸¶¨´ . ŒÒ ¶μ± §Ò¢ ¥³, ÎÉμ Ê¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ ¢³¥¸É¥ ¸ Ê¸²μ¢¨¥³
μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° ¨ Ê¸²μ¢¨¥³ C-¨´¢ ·¨ ´É´μ¸É¨ Ë¨±¸¨·Ê¥É ±μÔËË¨-
Í¨¥´É´Ò¥ ËÊ´±Í¨¨ α, β, γ (5.72) ¸ ÉμÎ´μ¸ÉÓÕ ¤μ ´μ·³¨·μ¢μÎ´μ£μ Ë ±Éμ· 
¶¥·¥¤ ±¢ ¤· É¨Î´Ò³ ¤¥°¸É¢¨¥³ ± ¦¤μ£μ ¸¶¨´ , ¶μ ³μ¤Ê²Õ É·¨¢¨ ²Ó´μ£μ ¶·μ-
¨§¢μ² , ¸¢Ö§ ´´μ£μ ¸μ ¢±² ¤μ³ ¶μ¢¥·Ì´μ¸É´ÒÌ ¸² £ ¥³ÒÌ.

„ ²¥¥ ³Ò ´ Ìμ¤¨³ ÉμÎ´Ò° ¢¨¤ ±Ê¡¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö (5.62), ±μÉμ·μ¥
¶· ¢¨²Ó´μ μ¶¨¸Ò¢ ¥É ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²¥° ¸¶¨´  s � 3/2 ³¥¦¤Ê ¸μ¡μ°
¨ £· ¢¨É Í¨¥° ¢ ¶¥·¢μ³ ´¥É·¨¢¨ ²Ó´μ³ ¶μ·Ö¤±¥. Š ± · §ÑÖ¸´Ö¥É¸Ö ¢ · ¡μ-
É Ì [4, 33],  ´ ²¨§ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥-
´¨¨ ¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ¥É¸Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶¥·¢μ° É¥μ·¥³Ò ³ ¸¸μ¢μ°
¶μ¢¥·Ì´μ¸É¨ (¸³. ¶. 1.2). “¸²μ¢¨¥, ¶·¨ ¢Ò¶μ²´¥´¨¨ ±μÉμ·μ£μ ¤¥°¸É¢¨¥ ¢Ò¸-
Ï¨Ì ¸¶¨´μ¢ ¨´¢ ·¨ ´É´μ ¶μ μÉ´μÏ¥´¨Õ ± ´¥±μÉμ·μ° ¤¥Ëμ·³ Í¨¨ ± ²¨¡·μ-
¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, Ô±¢¨¢ ²¥´É´μ Ê¸²μ¢¨Õ, ¶·¨ ±μÉμ·μ³
¨¸Ìμ¤´ Ö (É. ¥. ´¥¤¥Ëμ·³¨·μ¢ ´´ Ö) ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö · ¢´  ´Ê²Õ ¶·¨ § -
³¥´¥ ²¨´¥ ·¨§μ¢ ´´ÒÌ ±·¨¢¨§´ R1 É¥´§μ· ³¨ ‚¥°²Ö C ¸μ£² ¸´μ ¢Ò· ¦¥´¨Ö³
(5.57)Ä(5.59). ‡ ³¥É¨³, ÎÉμ ¶·¨ ¶·μ¢¥·±¥ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ ´¥-
μ¡Ìμ¤¨³μ ±μ´É·μ²¨·μ¢ ÉÓ ¢±² ¤Ò, ¢μ§´¨± ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ ± ²¨¡·μ¢μÎ´ÒÌ
¶·¥μ¡· §μ¢ ´¨° £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ¨ ¶μ²Ö ±μ³¶¥´¸ Éμ·  V αβ . „μ± § -
É¥²Ó¸É¢μ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¨´¢ ·¨ ´É´μ¸É¨ Í¥²¨±μ³ μ¸´μ¢Ò¢ ¥É¸Ö ´  Ö¢´μ°
su(2, 2)-±μ¢ ·¨ ´É´μ¸É¨ ¨ ¨´¢ ·¨ ´É´μ¸É¨ ¢¸¥£μ Ëμ·³ ²¨§³  μÉ´μ¸¨É¥²Ó´μ
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¤¨ËË¥μ³μ·Ë¨§³μ¢ ¨ ³μ¦¥É ¡ÒÉÓ ²¥£±μ ¶·μ¢¥¤¥´μ. ’ ±¦¥ ´ ¤μ ¶·¨´ÖÉÓ ¢μ
¢´¨³ ´¨¥, ÎÉμ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¢Ò¸Ï¨Ì ¸¶¨´μ¢ £· ¢¨É Í¨μ´-
´ÒÌ ¶μ²¥° ¶μ ±· °´¥° ³¥·¥ ²¨´¥°´Ò ¶μ ¤¨´ ³¨Î¥¸±¨³ ¶μ²Ö³ ¨ ¶μÔÉμ³Ê
¤μ²¦´Ò ¡ÒÉÓ μÉ¡·μÏ¥´Ò ¶·¨  ´ ²¨§¥ · ¸¸³ É·¨¢ ¥³ÒÌ ¢±² ¤μ¢ É¨¶  Ω2ε.

ˆ§ ¢ÒÏ¥¸± § ´´μ£μ ¸²¥¤Ê¥É, ÎÉμ ¶·μ¡²¥³  ¸¢μ¤¨É¸Ö ± ´ Ìμ¦¤¥´¨Õ É ±¨Ì
ËÊ´±Í¨° α, β ¨ γ (5.72), ÎÉμ

δS(R, R)
∣∣∣
E=h,R=h∧hC

≡ Ah
α,β,γ(R, [R, ε]�)

∣∣∣
R=h∧hC

= 0 (5.73)

¤²Ö ¶·μ¨§¢μ²Ó´μ£μ ± ²¨¡·μ¢μÎ´μ£μ ¶ · ³¥É·  ε(a, b, ψ, ψ̄|x). Š ± ¡Ê¤¥É ¶μ± -
§ ´μ ¢ ¶. 5.4, ÔÉμ Ê¸²μ¢¨¥, ¤μ¶μ²´¥´´μ¥ Ê¸²μ¢¨¥³ Ë ±Éμ·¨§ Í¨¨ ¸μ¢³¥¸É´μ ¸
Ê¸²μ¢¨¥³ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° ¨ Ê¸²μ¢¨¥³ C-¨´¢ ·¨ ´É´μ¸É¨, Ë¨±¸¨·Ê¥É
±μÔËË¨Í¨¥´ÉÒ ¢ ¢¨¤¥

α1(p, q, t) + β1(p, q, t) =

= Φ0

∞∑
m,n=0

(−1)m+n m + 1
22(m+n+1)(m + n + 2)!m!(n + 1)!

pnqm, (5.74)

γ1(p, q, t) = γ1(p + q), γ1(p) = Φ0

∞∑
m=0

(−1)m+1 1
22m+3(m + 2)!m!

pm,

(5.75)

α2(p, q, t) + β2(p, q, t) =
1
4
(α1(p, q, t) + β1(p, q, t)), γ2(p, q, t) =

1
4
γ1(p, q, t),

(5.76)

α3(p, q, t) + β3(p, q, t) =

= Φ0

∞∑
m,n=0

(−1)m+n+1 1
22(m+n)+3 (m + 1)! (m + n + 2)! n!

pm qn, (5.77)

γ3(p, q, t) = γ3(p + q), γ3(p) = Φ0

∞∑
m=0

(−1)m+1 1
22m+1 m! (m + 1)!

pm,

(5.78)
£¤¥ Φ0 ¥¸ÉÓ ¶·μ¨§¢μ²Ó´Ò° ´μ·³¨·μ¢μÎ´Ò° Ë ±Éμ·, ±μÉμ·Ò° ¸²¥¤Ê¥É μÉμ¦¤¥-
¸É¢¨ÉÓ ¸ £· ¢¨É Í¨μ´´μ° ±μ´¸É ´Éμ° ¸¢Ö§¨, ¶μ¤Ìμ¤ÖÐ¨³ μ¡· §μ³ ´μ·³¨·μ-
¢ ´´μ° ¢ É¥·³¨´ Ì ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ°.

5.3.2. Š¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥. Š¢ ¤· É¨Î´ Ö Î ¸ÉÓ S2 ¤¥°¸É¢¨Ö S (5.62)
¶μ²ÊÎ ¥É¸Ö ¶μ¤¸É ´μ¢±μ° ²¨´¥ ·¨§μ¢ ´´ÒÌ ±·¨¢¨§´ R1 (5.25) ¢³¥¸Éμ R ¨
Ëμ´μ¢μ£μ ¶μ²Ö ·¥¶¥·  hα

β ¢³¥¸Éμ Eα
β . ‚μ§´¨± ÕÐ¥¥ ¤¥°¸É¢¨¥ Ö¢´μ ¨´¢ -

·¨ ´É´μ μÉ´μ¸¨É¥²Ó´μ ²¨´¥ ·¨§μ¢ ´´ÒÌ ¶·¥μ¡· §μ¢ ´¨° (5.26), ¶μÉμ³Ê ÎÉμ
²¨´¥ ·¨§μ¢ ´´Ò¥ ±·¨¢¨§´Ò R1 Ö¢²ÖÕÉ¸Ö ¨´¢ ·¨ ´É´Ò³¨, É. ¥. δR1 = 0. ŒÒ
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É·¥¡Ê¥³, ÎÉμ¡Ò ±¢ ¤· É¨Î´μ¥ ¤¥°¸É¢¨¥ ³μ¦´μ ¡Ò²μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ μÉ-
¤¥²Ó´ÒÌ ¤¥°¸É¢¨° ¤²Ö ± ¦¤μ£μ ´¥¶·¨¢μ¤¨³μ£μ ¶μ²Ö ¢Ò¸Ï¥£μ ¸¶¨´ . �Éμ É·¥-
¡μ¢ ´¨¥ μÉ´Õ¤Ó ´¥ É·¨¢¨ ²Ó´μ, É. ±. ¢ É¥μ·¨¨ ¶·¨¸ÊÉ¸É¢Ê¥É ¡¥¸±μ´¥Î´ Ö ¢Ò-
·μ¦¤¥´´μ¸ÉÓ ¶μ ± ¦¤μ³Ê ¸¶¨´Ê.

“¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ É·¥¡Ê¥É ¢Ò¶μ²´¥´¨Ö ¸²¥¤ÊÕÐ¥£μ ¸μμÉ´μÏ¥´¨Ö:

S2 =
∞∑

n, s=0

Bs,n
2 (Ωn,s+2

E1,2
) +

∞∑
n, s=0

Fs+3/2,n
2 (Ωn,s+3/2

O1,2
), (5.79)

É. ¥. ¸² £ ¥³Ò¥, ¸μ¤¥·¦ Ð¨¥ ¶·μ¨§¢¥¤¥´¨Ö ¶μ²¥° Ωn, s ¨ Ωm, s ¸ n �= m ¢
¸²¥¤μ¢μ³ · §²μ¦¥´¨¨ (5.37), (5.38), ¤μ²¦´Ò ¡ÒÉÓ · ¢´Ò ´Ê²Õ. Š ± ¸²¥¤Ê¥É
¨§ (5.37), (5.38), ÔÉμ ¸¶· ¢¥¤²¨¢μ Éμ£¤  ¨ Éμ²Ó±μ Éμ£¤ , ±μ£¤  ¢Ò¶μ²´¥´μ
Ê¸²μ¢¨¥

Aα, β, γ(F, (T +)kG) = Aα(k), β(k), γ(k)((T−)kF, G), ∀k, (5.80)

¤²Ö ´¥±μÉμ·ÒÌ ´μ¢ÒÌ ¶ · ³¥É·μ¢ α(k), β(k), γ(k) (5.72). “¸²μ¢¨¥ Ë ±Éμ·¨-
§ Í¨¨ ¤²Ö ¡μ§μ´´μ£μ ¤¥°¸É¢¨Ö B (5.65) ¶·μ ´ ²¨§¨·μ¢ ´μ ¢ · ¡μÉ¥ [33], £¤¥
¡Ò²μ ¶μ± § ´μ, ÎÉμ ¸¶· ¢¥¤²¨¢μ ¸μμÉ´μÏ¥´¨¥

B α, β,γ(FE , T +GE) = B α(1),β(1),γ(1)(T−FE , GE), (5.81)

¢ ±μÉμ·μ³ ´μ¢Ò¥ ¶ · ³¥É·Ò α(1), β(1), γ(1) μ¤´μ§´ Î´μ ¢Ò· ¦ ÕÉ¸Ö ¢ É¥·³¨-
´ Ì ¶ · ³¥É·μ¢ α, β, γ:

α
(1)
1,2 = 4

((
2 + p

∂

∂p

)
∂

∂p
+

(
1 + q

∂

∂q

)
∂

∂q
+

+
(

2p
∂

∂p
+ 2q

∂

∂q
+ t

∂

∂t
+ 6

)
∂

∂t

)
α1,2, (5.82)

β
(1)
1,2 = 4

((
2 + p

∂

∂p

)
∂

∂p
+

(
1 + q

∂

∂q

)
∂

∂q
+

+
(

2p
∂

∂p
+ 2q

∂

∂q
+ t

∂

∂t
+ 6

)
∂

∂t

)
β1,2, (5.83)

γ
(1)
1,2 = 4

((
1 + p

∂

∂p

)
∂

∂p
+

(
2 + q

∂

∂q

)
∂

∂q
+

+
(

2p
∂

∂p
+ 2q

∂

∂q
+ t

∂

∂t
+ 6

)
∂

∂t

)
γ1,2, (5.84)
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¶·¨ Ê¸²μ¢¨¨, ÎÉμ ¢Ò¶μ²´¥´μ ¸²¥¤ÊÕÐ¥¥ · ¢¥´¸É¢μ:(
1 + p

∂

∂p

)
(α1,2 + β1,2) + 2

(
1 + q

∂

∂q

)
γ1,2 = 0. (5.85)

“¸²μ¢¨¥ (5.85)  ¢Éμ³ É¨Î¥¸±¨ ¸¶· ¢¥¤²¨¢μ ¤²Ö α
(1)
1,2, β

(1)
1,2 ¨ γ

(1)
1,2 , ¨ ¶μÔÉμ³Ê

(5.85) £ · ´É¨·Ê¥É ¢Ò¶μ²´¥´¨¥ (5.80) ¢ ¡μ§μ´´μ³ ¸¥±Éμ·¥ É¥μ·¨¨ ¶·¨ ²Õ¡ÒÌ
k [33].

‚ Ë¥·³¨μ´´μ³ ¸¥±Éμ·¥ ¶μ²ÊÎ ¥³ ¸μμÉ´μÏ¥´¨Ö ¢¨¤ 

Fα3, β3, γ3 (FO, T +GO) = F
α

(1)
3 , β

(1)
3 , γ

(1)
3

(T−FO, GO)+

+
1
2

∫
M5

QO(p, q, t)Eα
β ∂2

∂a1α∂bβ
1

ĉ12 ∧ tr (GO2 (a1, b1) ∧ FO1 (a2, b2))|ai=bi=0+

+
1
2

∫
M5

QO(p, q, t)Eα
β ∂2

∂a1α∂bβ
1

ĉ12 ∧ tr (FO2 (a1, b1) ∧ GO1(a2, b2))|ai=bi=0,

(5.86)

¢ ±μÉμ·ÒÌ

QO =
(

1 + p
∂

∂p

)
(α3 + β3) +

∂

∂q
γ3 (5.87)

¨

α
(1)
3 = 4

((
2 + p

∂

∂p

)
∂

∂p
+

(
2 + q

∂

∂q

)
∂

∂q
+

+
(

2p
∂

∂p
+ 2q

∂

∂q
+ t

∂

∂t
+ 7

)
∂

∂t

)
α3, (5.88)

β
(1)
3 = 4

((
2 + p

∂

∂p

)
∂

∂p
+

(
2 + q

∂

∂q

)
∂

∂q
+

+
(

2p
∂

∂p
+ 2q

∂

∂q
+ t

∂

∂t
+ 7

)
∂

∂t

)
β3, (5.89)

γ
(1)
3 = 4

((
1 + p

∂

∂p

)
∂

∂p
+

(
1 + q

∂

∂q

)
∂

∂q
+

+
(

2p
∂

∂p
+ 2q

∂

∂q
+ t

∂

∂t
+ 5

)
∂

∂t

)
γ3. (5.90)
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’¥³ ¸ ³Ò³ Ê¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ É·¥¡Ê¥É, ÎÉμ¡Ò

QO =
(

1 + p
∂

∂p

)
(α3 + β3) +

∂

∂q
γ3 = 0. (5.91)

ˆ§ (5.91) ¸²¥¤Ê¥É, ÎÉμ É ±μ¥ ¦¥ ¸μμÉ´μÏ¥´¨¥ ¸¶· ¢¥¤²¨¢μ ¤²Ö ±μÔËË¨-
Í¨¥´Éμ¢ α(1), β(1) ¨ γ(1) (5.88)Ä(5.90), ¨ ¶μÔÉμ³Ê (5.85), (5.91) £ · ´É¨·ÊÕÉ
¢Ò¶μ²´¥´¨¥ (5.80) ¤²Ö ²Õ¡ÒÌ k.

�·¨  ´ ²¨§¥ [33] ¢ ¦´ÊÕ ·μ²Ó ¨£· ²μ Ê¸²μ¢¨¥ C-¨´¢ ·¨ ´É´μ¸É¨, É·¥¡Ê-
ÕÐ¥¥, ÎÉμ¡Ò ¢Ò¶μ²´Ö²μ¸Ó ¸μμÉ´μÏ¥´¨¥ B(T + � FE , GE) = B(FE , GE � T +).
‚ Î¨¸Éμ ¡μ§μ´´μ³ ¸²ÊÎ ¥ μ¶¥· Éμ· T + ¸μ¢¶ ¤ ¥É ¸ Í¥´É· ²Ó´Ò³ Ô²¥³¥´Éμ³
N . ‡´ Î¥´¨¥ Ê¸²μ¢¨Ö C-¨´¢ ·¨ ´É´μ¸É¨ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¡¨²¨´¥°´ Ö
Ëμ·³ , ¨¸¶μ²Ó§Ê¥³ Ö ¶·¨ ¶μ¸É·μ¥´¨¨ ¤¥°¸É¢¨Ö, ¨³¥¥É Í¨±²¨Î¥¸±μ¥ ¸¢μ°¸É¢μ
¶μ μÉ´μÏ¥´¨Õ ± Í¥´É· ²Ó´Ò³ Ô²¥³¥´É ³  ²£¥¡·Ò. Š ± Ê¦¥ £μ¢μ·¨²μ¸Ó, μ´μ
¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ¥É  ´ ²¨§ ¢§ ¨³μ¤¥°¸É¢¨° ¨ ¢ ¨Éμ£¥ ¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨
Ô²¥³¥´É ·´ÊÕ ·¥¤Ê±Í¨Õ ± Ë ±Éμ·- ²£¥¡·¥, ¢ ±μÉμ·μ° μÉË ±Éμ·¨§μ¢ ´ ¨¤¥ ²,
¶μ·μ¦¤¥´´Ò° Í¥´É· ²Ó´Ò³ Ô²¥³¥´Éμ³ N (¸³. ¶. 5.5).

‘Ê¶¥·¸¨³³¥É·¨Î´μ¥ Ê¸²μ¢¨¥ C-¨´¢ ·¨ ´É´μ¸É¨ ¨³¥¥É  ´ ²μ£¨Î´ÊÕ Ëμ·³Ê:

A(N � F, G) = A(F, G � N), (5.92)

¢ ±μÉμ·μ° 2-Ëμ·³Ò F ¨ G Ö¢²ÖÕÉ¸Ö Ô²¥³¥´É ³¨  ²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢,
Ê¤μ¢²¥É¢μ·ÖÕÐ¨³¨ ¸μμÉ´μÏ¥´¨Õ F � N = N � F , G � N = N � G. ˆ¸¶μ²Ó§ÊÖ
Ëμ·³Ê²Ê

N � F = (P+ − P−)F = (5.93)

=
(

(T + − T−)FE1 −
1
4
FE2

)
+ (T + − T−)FO1ψ+

+(T + − T−)FO2 ψ̄ + ((T + − T−)FE2 − FE1)ψψ̄

(5.94)

¨ ¶·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ Ê¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ (5.80), ³μ¦´μ ¶¥·¥¶¨¸ ÉÓ
Ê¸²μ¢¨¥ C-¨´¢ ·¨ ´É´μ¸É¨ (5.92) ¢ ¢¨¤¥

B α, β,γ(FE , T−GE) + B α(1),β(1),γ(1)(FE , T−GE)+

+ F α, β,γ(FO, T−GO) + F α(1),β(1),γ(1)(FO, T−GO) =

= B α, β,γ(T−FE , GE) + B α(1),β(1),γ(1)(T−FE , GE)+

+ F α, β,γ(T−FO, GO) + F α(1),β(1),γ(1)(T−FO, GO)−

− 1
4
B′

α, β,γ(FE1 , GE2) + B′′
α, β,γ(FE1 , GE2)+

+
1
4
B′

α, β,γ(FE2 , GE1) − B′′
α, β,γ(FE2 , GE1). (5.95)
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�Éμ Ê¸²μ¢¨¥ ¸¶· ¢¥¤²¨¢μ Éμ£¤  ¨ Éμ²Ó±μ Éμ£¤ , ±μ£¤ 

B α, β,γ(FE , GE) = −B α(1),β(1),γ(1)(FE , GE), (5.96)

F α, β,γ(FO, GO) = −F α(1),β(1),γ(1)(FO, GO), (5.97)

1
4
B′

α, β,γ(FE , GE) = B′′
α, β,γ(FE , GE), (5.98)

É. ¥.

αi(p, q, t) = −α
(1)
i (p, q, t), βi(p, q, t) = −β

(1)
i (p, q, t), i = 1, 2, 3,

γj(p, q, t) = −γ
(1)
j (p, q, t), γj(p, q, t) = −γ

(1)
j (p, q, t), j = 1, 2, 3,

(5.99)

¨

α2(p, q, t) =
1
4
α1(p, q, t), β2(p, q, t) =

1
4
β1(p, q, t), γ2(p, q, t) =

1
4
γ1(p, q, t).

(5.100)
ˆ¸¶μ²Ó§ÊÖ Ê¸²μ¢¨¥ C-¨´¢ ·¨ ´É´μ¸É¨, ²¥£±μ ¢ÒÎ¨¸²¨ÉÓ μÉ´μ¸¨É¥²Ó´Ò¥

±μÔËË¨Í¨¥´ÉÒ ¤²Ö ¢±² ¤  · §²¨Î´ÒÌ ±μ¶¨° ¶μ²¥° ¢ · §²μ¦¥´¨Ö (5.37), (5.38).
�μ·³¨·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ (5.39), (5.40) ¢Ò¡· ´Ò É ±¨³ μ¡· §μ³, ÎÉμ¡Ò
²¨´¥ ·¨§μ¢ ´´Ò¥ ¤¥°¸É¢¨Ö ¨³¥²¨ μ¤¨´ ¨ ÉμÉ ¦¥ ¢¨¤ ¤²Ö · §²¨Î´ÒÌ ±μ¶¨°
¶μ²¥° μ¤´μ£μ ¸¶¨´ , ¶ · ³¥É·¨§μ¢ ´´ÒÌ ¶ · ³¥É·μ³ n:

S2 =
∞∑

n, s=0

Bs
2(Ω

n,s+2
E1,2

) +
∞∑

n, s=0

Fs+3/2
2 (Ωn,s+3/2

O1,2
). (5.101)

’¥³ ¸ ³Ò³ ¢ ±¢ ¤· É¨Î´μ³ ¶·¨¡²¨¦¥´¨¨ ¤μ¸É ÉμÎ´μ ¶·μ¢¥¸É¨  ´ ²¨§ ¤²Ö
¶·μ¨§¢μ²Ó´μ£μ Ë¨±¸¨·μ¢ ´´μ£μ n. ŒÒ μ£· ´¨Î¨¢ ¥³¸Ö ¸²ÊÎ ¥³, ±μ£¤  Ωs′

=
Ω0, s′

, É. ¥. ¢ μ¸É ¢Ï¥°¸Ö Î ¸É¨ · §¤¥²  ¡Ê¤¥³ ¶μ¤· §Ê³¥¢ ÉÓ, ÎÉμ ¢Ò¶μ²´Ö¥É¸Ö
Ê¸²μ¢¨¥ T−Ωs′

= 0.
“¸²μ¢¨¥ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° É·¥¡Ê¥É ¢Ò¶μ²´¥´¨Ö Ê¸²μ¢¨°

δB2

δωt
e1,2

≡ 0, t � 2;
δF2

δωt
o1,2

≡ 0, t � 1. (5.102)

‚ ¡μ§μ´´μ³ ¸¥±Éμ·¥ É¥μ·¨¨ μ´μ ¡Ò²μ ¶μ¤·μ¡´μ ¶·μ ´ ²¨§¨·μ¢ ´μ ¢ · -
¡μÉ¥ [33],   ¢ Ë¥·³¨μ´´μ³ ¸¥±Éμ·¥ Å ¢ · §¤. 4, μ´μ ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¨³
±μÔËË¨Í¨¥´É´Ò³ ËÊ´±Í¨Ö³:

αi(p, q, 0) + βi(p, q, 0) = −2

1∫
0

du

(
1 + q

∂

∂q

)
ρi(pu + q, 0), i = 1, 2,

α3(p, q, 0) + β3(p, q, 0) = −
1∫

0

du
∂

∂p
ρ3(pu + q, 0),

γi(p, q, 0) = ρi(p + q, 0), i = 1, 2, 3.

(5.103)
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‡¤¥¸Ó ËÊ´±Í¨¨ μ¤´μ° ¶¥·¥³¥´´μ° ρi(p + q), i = 1, 2, 3, ¶ · ³¥É·¨§ÊÕÉ μ¸É -
ÉμÎ´Ò° ¶·μ¨§¢μ² ¢ ¢Ò¡μ·¥ ´μ·³¨·μ¢μÎ´ÒÌ Ë ±Éμ·μ¢ ¶¥·¥¤ ±¢ ¤· É¨Î´Ò³¨
¤¥°¸É¢¨Ö³¨ ¶μ²¥° · §²¨Î´μ£μ ¸¶¨´ .

Š ± ¡Ò²μ § ³¥Î¥´μ ¢ · ¡μÉ Ì [33, 87], ´  Ê·μ¢´¥ ¸¢μ¡μ¤´μ° ¶μ²¥¢μ°
¤¨´ ³¨±¨ ¸ÊÐ¥¸É¢Ê¥É ¶·μ¨§¢μ² ¢ μ¶·¥¤¥²¥´¨¨ ±μÔËË¨Í¨¥´Éμ¢ αi(p, q, t) ¨
βi(p, q, t), i = 1, 2, 3, ± ± ¸²¥¤¸É¢¨¥ ¢μ§³μ¦´μ¸É¨ ¤μ¡ ¢²¥´¨Ö ¢ ¤¥°¸É¢¨¥ ¸² -
£ ¥³ÒÌ, Ö¢²ÖÕÐ¨Ì¸Ö ¶μ²´Ò³¨ ¶·μ¨§¢μ¤´Ò³¨, a ¨³¥´´μ: ¢ ·¨ Í¨Ö ±μÔËË¨Í¨-
¥´Éμ¢

δαi(p, q, t) = εi(p, q, t), δβi(p, q, t) = −εi(p, q, t), i = 1, 2, 3, (5.104)

´¥ ¢²¨Ö¥É ´  Ë¨§¨Î¥¸±ÊÕ ¤¨´ ³¨±Ê, μ¶¨¸Ò¢ ¥³ÊÕ ±¢ ¤· É¨Î´Ò³ ¤¥°¸É¢¨¥³,
É. ¥. ¢ ¸μμÉ¢¥É¸É¢¨¨ c (5.103) ²¨ÏÓ ±μ³¡¨´ Í¨Ö αi(p, q, t) + βi(p, q, t) ¨³¥¥É
¨´¢ ·¨ ´É´Ò° ¸³Ò¸².

’ ±¨³ μ¡· §μ³, Ê¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ (5.80) ¢³¥¸É¥ ¸ Ê¸²μ¢¨¥³ μÉÐ¥¶²¥-
´¨Ö Ô±¸É· ¶μ²¥° (5.102) Ë¨±¸¨·Ê¥É ËÊ´±Í¨¨ α, β, γ (¶μ ³μ¤Ê²Õ É·¨¢¨ ²Ó´μ£μ
¶·μ¨§¢μ²  (5.104)) ¸ ÉμÎ´μ¸ÉÓÕ ¤μ ¶·μ¨§¢μ²Ó´ÒÌ ËÊ´±Í¨° ρ(p), ¶ · ³¥É·¨-
§ÊÕÐ¨Ì ¶·μ¨§¢μ² ¢ ¢Ò¡μ·¥ ´μ·³¨·μ¢μÎ´ÒÌ ±μ´¸É ´É ¶¥·¥¤ ËÊ´±Í¨μ´ ² ³¨
¤¥°¸É¢¨° ¸¢μ¡μ¤´ÒÌ ¡μ§μ´´ÒÌ ¨ Ë¥·³¨μ´´ÒÌ ¶μ²¥°. ‡ ³¥Î É¥²Ó´μ, ÎÉμ  ´ -
²¨§ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ ¢ ±Ê¡¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ μ¶·¥¤¥²Ö¥É
ËÊ´±Í¨¨ ρ(p) ¥¤¨´¸É¢¥´´Ò³ μ¡· §μ³.

5.4. ŠÊ¡¨Î¥¸±¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö. ’¥¶¥·Ó ¨³¥¥É¸Ö ¢¥¸Ó ´¥μ¡Ìμ¤¨³Ò° ³ -
É¥·¨ ² ¤²Ö  ´ ²¨§  Ê¸²μ¢¨Ö (5.73) ¸ Í¥²ÓÕ ¤μ± § É¥²Ó¸É¢  ¸ÊÐ¥¸É¢μ¢ ´¨Ö ´¥-
¶·μÉ¨¢μ·¥Î¨¢μ° ¤¥Ëμ·³ Í¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢,
μ¸É ¢²ÖÕÐ¨Ì ±Ê¡¨Î¥¸±ÊÕ Î ¸ÉÓ ¤¥°¸É¢¨Ö (5.62) ¨´¢ ·¨ ´É´μ° ¸ ÉμÎ´μ¸ÉÓÕ ¤μ
¶μ¶· ¢μ± ¸É ·Ï¥£μ ¶μ·Ö¤±  ¶μ ¢§ ¨³μ¤¥°¸É¢¨Õ. �¥¤¥Ëμ·³¨·μ¢ ´´Ò¥ ± ²¨-
¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ δR = [R, ε]� ¸

R(a, b, ψ, ψ̄|x) = RE1(a, b|x) + RO1(a, b|x)ψ+
+ RO2(a, b|x)ψ̄ + RE2(a, b|x)ψψ̄, (5.105)

ε(a, b, ψ, ψ̄|x) = εE1(a, b|x) + εO1(a, b|x)ψ + εO2(a, b|x)ψ̄ + εE2(a, b|x)ψψ̄
(5.106)

¤ ÕÉ

δRE1 = [RE1 , εE1]� +
1
4
[RE2 , εE2 ]� +

1
2
[RO1 , εO2 ]� +

1
2
[RO2 , εO1 ]�, (5.107)

δRO1 = [RE1 , εO1 ]� + [RO1 , εE1 ]� −
1
2
{RO1 , εE2}� +

1
2
{RE2 , εO1}�, (5.108)

δRO2 = [RE1 , εO2 ]� + [RO2 , εE1 ]� +
1
2
{RO2 , εE2}� −

1
2
{RE2 , εO2}�, (5.109)

δRE2 = [RE1 , εE2 ]� + [RE2 , εE1 ]� + {RO1 , εO2}� − {RO2 , εO1}�, (5.110)
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£¤¥ [f, g]� = f � g− g � f ¨ {f, g}� = f � g + g � f ¤²Ö f = f(a, b) ¨ g = g(a, b).
„¥Ëμ·³¨·μ¢ ´´Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¨³¥ÕÉ ¢¨¤

δΩ = δgΩ + Δ(R, ε), (5.111)

£¤¥ Δ(R, ε) μ¡μ§´ Î ¥É ´¥±μÉμ·Ò¥ R-§ ¢¨¸¨³Ò¥ Î²¥´Ò, É ±¨¥, ÎÉμ Δ(0, ε) =
0, ¨ δg μ¡μ§´ Î ¥É ± ²¨¡·μ¢μÎ´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ (5.22). �·¥μ¡· §μ¢ ´¨Ö
(5.111) ³μ£ÊÉ ¡ÒÉÓ ¶¥·¥¶¨¸ ´Ò ¢ ¢¨¤¥

δΩE = (δgΩ)E+
∼
ΔE (RE , εE)+

≈
ΔE (RO, εO),

δΩO = (δgΩ)O+
∼
ΔO (RO, εE)+

≈
ΔO (RE , εO).

(5.112)

� Ï¥° Í¥²ÓÕ Ö¢²Ö¥É¸Ö ´ Ìμ¦¤¥´¨¥ É ±μ£μ ¤¥°¸É¢¨Ö S, ±μÉμ·μ¥ ¤μ¶Ê¸± ¥É
´¥¶·μÉ¨¢μ·¥Î¨¢ÊÕ ¤¥Ëμ·³ Í¨Õ ± ²¨¡·μ¢μÎ´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö, £ · ´É¨·Ê-
ÕÐ¥£μ, ÎÉμ

δgS +
δS2

δωph
Δωph = O(Ω3ε), (5.113)

£¤¥ Δ ¥¸ÉÓ ´¥±μÉμ· Ö ¤¥Ëμ·³ Í¨Ö § ±μ´  ¶·¥μ¡· §μ¢ ´¨Ö Ë¨§¨Î¥¸±¨Ì ¶μ²¥°.
�·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ (5.112), ¢Éμ·μ° Î²¥´ ¶·¨μ¡·¥É ¥É ¢¨¤

δS2

δωph
Δωph =

δB2

δωph
e

∼
ΔE (RE , εE) +

δB2

δωph
e

≈
ΔE (RO, εO)+

+
δF2

δωph
o

∼
ΔO (RO, εE) +

δF2

δωph
o

≈
ΔO (RE , εO). (5.114)

�É³¥É¨³, ÎÉμ ¤¥Ëμ·³ Í¨Ö ¢ ·¨ Í¨¨ Ô±¸É· ¶μ²¥° ´¥ ¤ ¥É ¢±² ¤  ¢ ¢ ·¨ -
Í¨Õ ¤¥°¸É¢¨Ö ¢ · ¸¸³ É·¨¢ ¥³μ³ ¶μ·Ö¤±¥ ¶μ ¢§ ¨³μ¤¥°¸É¢¨Õ ¢ ¸¨²Ê Ê¸²μ¢¨Ö
(5.102). �¥·¢Ò° Î²¥´ ¢ ²¥¢μ° Î ¸É¨ (5.113) ¨³¥¥É ¸É·Ê±ÉÊ·Ê REREεE +
REROεO +ROROεE , £¤¥ ¢¸¥ ±·¨¢¨§´Ò ²¨´¥ ·¨§μ¢ ´Ò. � ²μ¦¥´¨¥ ¸¢Ö§¥° ´ 
Ô±¸É· ¶μ²Ö, ¶·¥¤²μ¦¥´´ÒÌ ¢ · ¡μÉ Ì [55, 56], μ§´ Î ¥É ¢Ò¶μ²´¥´¨¥ ¶¥·¢μ°
É¥μ·¥³Ò ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨. �Éμ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¶·¥¤¸É ¢²¥´¨¥
(5.55), (5.56) ¤²Ö ²¨´¥ ·¨§μ¢ ´´ÒÌ ±·¨¢¨§´ ¨ ¸Ì¥³ É¨Î¥¸±¨ ¶¥·¥¶¨¸ ÉÓ ¶¥·-
¢Ò° Î²¥´ ¢ (5.113) ¢ ¢¨¤¥

CECEεE + CECOεO + COCOεE+

+
∼
HE

(
RE ,

δB2

δωph
e

, εE

)
+

≈
HE

(
RO,

δB2

δωph
e

, εO

)
+

+
∼
HO

(
RO,

δF2

δωph
o

, εE

)
+

≈
HO

(
RE ,

δF2

δωph
o

, εO

)
, (5.115)

¢ ±μÉμ·μ³ HE ¨ HO ¥¸ÉÓ ´¥±μÉμ·Ò¥ É·¨²¨´¥°´Ò¥ ËÊ´±Í¨μ´ ²Ò. �Î¥¢¨¤´μ,
ÎÉμ ¢¸¥ Î²¥´Ò ¢ HE ¨ HO ³μ£ÊÉ ¡ÒÉÓ ¸±μ³¶¥´¸¨·μ¢ ´Ò ¶μ¤Ìμ¤ÖÐ¨³¨ ¤¥Ëμ·-

³ Í¨Ö³¨
∼
Δ ¨

≈
Δ. —²¥´Ò, ¡¨²¨´¥°´Ò¥ ¶μ É¥´§μ· ³ ‚¥°²Ö C, ´¥ ³μ£ÊÉ ¡ÒÉÓ
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Ê¸É· ´¥´Ò É ±¨³ ¸¶μ¸μ¡μ³. ’¥³ ¸ ³Ò³ Ê¸²μ¢¨¥, ¸μ£² ¸´μ ±μÉμ·μ³Ê ¤¥°¸É¢¨¥
¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¨´¢ ·¨ ´É´μ μÉ´μ¸¨É¥²Ó´μ ´¥±μÉμ·μ° ¤¥Ëμ·³ Í¨¨ ± ²¨¡·μ-
¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, Ô±¢¨¢ ²¥´É´μ É·¥¡μ¢ ´¨Õ ¸μ±· Ð¥-
´¨Ö ¢±² ¤μ¢ ¢¨¤  C2, ÎÉμ ¢Ò· ¦ ¥É¸Ö Ëμ·³Ê²μ° (5.73).

�¸´μ¢Ò¢ Ö¸Ó ´  ÔÉμ³ ÊÉ¢¥·¦¤¥´¨¨, ¶·μ¤μ²¦¨³ ´ Ï  ´ ²¨§, ´ Î ¢ ¸ ¢ -
·¨ Í¨¨ ¤¥°¸É¢¨Ö ¶μ μÉ´μÏ¥´¨Õ ± ¶·μ¨§¢μ²Ó´μ³Ê ¡μ§μ´´μ³Ê ¶·¥μ¡· §μ¢ ´¨Õ

¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸ ¶ · ³¥É·μ³ εE1(a, b|x) = ε
α(s)
β(s)(x)aα(s)b

β(s). ‘μ£² ¸´μ (5.73)
´ Ï  Í¥²Ó ¸μ¸Éμ¨É ¢ ¤μ± § É¥²Ó¸É¢¥ ¸ÊÐ¥¸É¢μ¢ ´¨Ö É ±¨Ì ±μÔËË¨Í¨¥´É´ÒÌ
ËÊ´±Í¨° α, β ¨ γ (5.72), Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì Ê¸²μ¢¨Õ C-¨´¢ ·¨ ´É´μ¸É¨, Ê¸²μ-
¢¨Õ Ë ±Éμ·¨§ Í¨¨ ¨ Ê¸²μ¢¨Õ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°, ÎÉμ ¸¶· ¢¥¤²¨¢μ ¸μ-
μÉ´μÏ¥´¨¥

2Bh
(
R1, E1,2 , [εE1 , R1, E1,2 ]�

) ∣∣∣
R=h∧hC

+

+ Fh (R1, O2 , [εE1 , R1, O1 ]�)
∣∣∣
R=h∧hC

+

+ Fh ([εE1 , R1, O2 ]�, R1,O1)
∣∣∣
R=h∧hC

= 0 (5.116)

¤²Ö ¶·μ¨§¢μ²Ó´μ£μ ± ²¨¡·μ¢μÎ´μ£μ ¶ · ³¥É·  εE1 = εE1(a, b|x) ¨ ¶·μ¨§-
¢μ²Ó´ÒÌ É¥´§μ·μ¢ ‚¥°²Ö C(a). “Î¨ÉÒ¢ Ö · §²μ¦¥´¨Ö (5.42), (5.43), Ê¸²μ¢¨¥
(5.116) ¶·¨´¨³ ¥É ¢¨¤

2
∑
mn

Bh
(
(T +)mvE1,2,m(T 0)Rm

1,E1,2
(a, b),[

εE1 , (T
+)nvE1,2,n(T 0)Rn

1,E1,2
(a, b)

]
�

) ∣∣∣
R=h∧hC

+

+
∑
mn

Fh
(
(T +)mvO2,m(T 0)Rm

1,O2
(a, b),

[
εE1 , (T

+)nvO1,n(T 0)Rn
1,O1

(a, b)
]
�

) ∣∣∣
R=h∧hC

+

+
∑
mn

Fh
(
[εE1 , (T

+)mvO2,m(T 0)Rm
1,O2

(a, b)]�,

(T +)nvO1,n(T 0)Rn
1,O1

(a, b)
) ∣∣∣

R=h∧hC
= 0 (5.117)

¸ ¶·μ¨§¢μ²Ó´Ò³ ± ²¨¡·μ¢μÎ´Ò³ ¶ · ³¥É·μ³ εE1(a, b|x) ¨ ¶·μ¨§¢μ²Ó´Ò³¨ É¥´-
§μ· ³¨ ‚¥°²Ö Cn

E1,2
(a|x) ¨ Cm

O1,2
(a|x) ¢ · §²μ¦¥´¨¨ (5.57)Ä(5.59) ²¨´¥ ·¨§μ-

¢ ´´ÒÌ ±·¨¢¨§´ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ Rn
1, E1,2

(a, b|x) ¨ Rm
1, O1,2

(a, b|x).
Œμ¦´μ ¶μ± § ÉÓ [33, 88], ÎÉμ ¤μ¸É ÉμÎ´μ ´ °É¨ ±μÔËË¨Í¨¥´ÉÒ, Ê¤μ¢²¥-

É¢μ·ÖÕÐ¨¥ Ê¸²μ¢¨Õ C-¨´¢ ·¨ ´É´μ¸É¨ ¨ Ê¸²μ¢¨Õ Ë ±Éμ·¨§ Í¨¨ ¤²Ö ¡¥¸-
¸²¥¤μ¢ÒÌ ±·¨¢¨§´ R = R ≡ R0, É. ¥. ¤²Ö ±·¨¢¨§´, ¶μ¤Î¨´¥´´ÒÌ Ê¸²μ¢¨Õ
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T−(R) = 0. „·Ê£¨³¨ ¸²μ¢ ³¨, ¸²¥¤Ê¥É ¤μ± § ÉÓ, ÎÉμ

Sh(R, [εE1,R]�) = 0, (5.118)

£¤¥

RE1,2(a, b) = H2 α
β ∂2

∂aα∂bβ
Re sμ(CE1,2(μa + μ−1b)) (5.119)

¤²Ö ¡μ§μ´μ¢ ¨

RO1 (a, b) = H2 α
β ∂2

∂aα∂bβ
Re sμ(μ CO1 (μa + μ−1b)), (5.120)

RO2 (a, b) = H2 α
β ∂2

∂aα∂bβ
Re sμ(μ−1 CO2 (μa + μ−1b)) (5.121)

¤²Ö Ë¥·³¨μ´μ¢. �É³¥É¨³, ÎÉμ ¢ ¸¨²Ê T−(R) = 0 ¸² £ ¥³Ò¥, ¸μ¤¥·¦ Ð¨¥ ĉ11

(5.71) ¨, É¥³ ¸ ³Ò³, t (5.70), ´¥ ¤ ÕÉ ¢±² ¤  ¢ Ê¸²μ¢¨¥ (5.118).
� ¸¸³μÉ·¨³ ¸´ Î ²  ¢ ·¨ Í¨Õ Ë¥·³¨μ´´μ£μ ¤¥°¸É¢¨Ö:

δFh =
∫

M5

ĤO ∧ tr (δ RO2(a1, b1) ∧RO1(a2, b2))|ai=bi=0+

+
∫

M5

ĤO ∧ tr (RO2 (a1, b1) ∧ δRO1(a2, b2))|ai=bi=0. (5.122)

�μ¤¸É ¢²ÖÖ δRO1 = [RO1 , εE1 ]� ¨ δRO2 = [RO2 , εE1 ]�, ¨¸¶μ²Ó§ÊÖ �-¶·μ¨§¢¥-
¤¥´¨¥ (5.1) ¨ ¶¥·¥¶¨¸Ò¢ Ö (5.120), (5.121) ¢ ¢¨¤¥

RO1(a, b) = Re sμμ−1 exp
(

μ−1aγ
∂

∂cγ
+ μbγ ∂

∂cγ

)
Hαβ

2

∂2

∂cα∂cβ
CO1(c)

∣∣∣∣
c=0

,

(5.123)

RO2(a, b) = Re sμμ−1 exp
(

μaγ
∂

∂cγ
+ μ−1bγ ∂

∂cγ

)
Hαβ

2

∂2

∂cα∂cβ
CO2(c)

∣∣∣∣
c=0

,

(5.124)
´ Ìμ¤¨³

δFh= − 1
15

∫
M5

H5k̄
2 Re sμ

(
μ−1 exp

(
1
2
(μ−1ū2 − μ v̄2)

)
(μk̄ − ū1)Φ(Y )

)
×

× tr (CO2(c2)CO1 (c1)εE1(a3, b3))|a=b=c=0 +

+
1
15

∫
M5

H5 k̄2 Re sμ

(
μ−1 exp

(
1
2
(μ−1v̄1 − μ ū1)

(
μ k̄ − v̄2)Φ(Z)

)
×

× tr (CO2(c2)CO1(c1)εE1(a3, b3))|a=b=c=0 , (5.125)
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£¤¥ H5 = hα
β ∧ hβ

γ ∧ hγ
δ ∧ hδ

ρ ∧ hρ
α ¨

k̄ =
∂2

∂c1 α∂cα
2

, ūi =
∂2

∂cα
i ∂a3 α

, v̄i =
∂2

∂ci α∂bα
3

, (5.126)

Y = (μ−1k̄ + v̄1)(μ k̄ − ū1), Z = (μk̄ − v̄2)(μ−1 k̄ + ū2), (5.127)

Φ(Y ) = Y (α3(Y,−Y ) + β3(Y,−Y )) + γ3(Y,−Y ). (5.128)

‚¢¥¤¥³ ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö:

A = (μk̄ − ū1), B = (μ−1 k̄ + v̄1), F = (μk̄ − v̄2), D = (μ−1k̄ + ū2).
(5.129)

’μ£¤  ¶·μ¡²¥³  ¸¢μ¤¨É¸Ö ± ¶μ¨¸±Ê É ±μ° ËÊ´±Í¨¨ Φ(Y ), ÎÉμ

k̄2 Re sμ

(
μ−1 A exp

(
1
2
(μ−1ū2 − μ v̄2)

)
Φ(AB)−

− μ−1 F exp
(

1
2
(μ−1v̄1 − μ ū1)

)
Φ(FD)

)
×

× tr (CO2 (c2)CO1 (c1)εE1(a3, b3))|a=b=c=0 = 0. (5.130)

‚¢μ¤Ö μ¶·¥¤¥²¥´¨¥ Φ̃(A, B) = AΦ(AB), ¶¥·¥¶¨Ï¥³ (5.130) ¢ ¢¨¤¥

k̄2 Re sμ

(
μ−1 exp

(
1
2
(μ−1ū2 − μ v̄2)

)
Φ̃(A, B)−

− μ−1 exp
(

1
2
(μ−1v̄1 − μ ū1)

)
Φ̃(F, D)

)
×

× tr (CO2 (c2)CO1 (c1)εE1(a3, b3))|a=b=c=0 = 0. (5.131)

‡ ³¥É¨³, ÎÉμ ËÊ´±Í¨Ö Φ̃(A, B) = Φ0 Re sν

(
ν−1 exp

(
1
2
(ν A + ν−1B)

))
, ¢

±μÉμ·μ° Φ0 ¥¸ÉÓ ´¥±μÉμ·Ò° ´μ·³¨·μ¢μÎ´Ò° Ë ±Éμ·, Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³ Ê· ¢-
´¥´¨Ö (5.131).

‚ ¨Éμ£¥ Ê¸²μ¢¨¥ (5.118) ¸¢μ¤¨É¸Ö ± ¸μμÉ´μÏ¥´¨Õ

A(α3(A,−A) + β3(A,−A)) + γ3(A,−A) =

= Φ0 A−1 Re sν

(
ν−1 exp

(
1
2
(ν A + ν−1)

))
=

=
Φ0

2

1∫
0

du Re sν exp
(

1
2
(ν−1 + νuA)

)
. (5.132)
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“Î¨ÉÒ¢ Ö (5.103), μ´μ ·¥Ï ¥É¸Ö ¢ ¢¨¤¥

γ3(p) =
Φ0

2

1∫
0

du Re sν exp
(

1
2
(−ν−1 + νpu)

)
(5.133)

¨

(α3 + β3)(p, q) =
γ3(p + q)

q
− Φ0

2q

1∫
0

du Re sν exp
(

1
2
(−ν−1 + ν(pu + q))

)
.

(5.134)
‘ ¶μ³μÐÓÕ ÔÉ¨Ì ¢Ò· ¦¥´¨° ³μ¦´μ ¶·μ¢¥·¨ÉÓ ¸¶· ¢¥¤²¨¢μ¸ÉÓ ¸²¥¤ÊÕÐ¨Ì
Éμ¦¤¥¸É¢: (

p
∂2

∂p2
+ 2

∂

∂p
+

1
4

)
γ3(p) = 0, (5.135)

((
2 + p

∂

∂p

)
∂

∂p
+

(
2 + q

∂

∂q

)
∂

∂q
+

1
4

)
(α3(p, q, 0) + β3(p, q, 0)) = 0.

(5.136)
ˆ§ ÔÉ¨Ì Éμ¦¤¥¸É¢ ¨ ¸μμÉ´μÏ¥´¨° (5.88)Ä(5.90) ¸²¥¤Ê¥É, ÎÉμ Ê¸²μ¢¨¥ C-¨´¢ -
·¨ ´É´μ¸É¨ (5.92) ¢Ò¶μ²´¥´μ ¶·¨ ±μÔËË¨Í¨¥´É Ì

α3(p, q, t) + β3(p, q, t) = α3(p, q, 0) + β3(p, q, 0), γ3(p, q, t) = γ3(p, q, 0).
(5.137)

� §²μ¦¥´¨¥ ¶μ ¸É¥¶¥´Ö³ ¢ ¢Ò· ¦¥´¨ÖÌ (5.133), (5.134) ¤²Ö γ3(p) ¨ α3(p, q, 0)+
β3(p, q, 0) ¤ ¥É (5.77) ¨ (5.78).

’ ±¨³ μ¡· §μ³, ¶μ± § ´μ, ÎÉμ ¢ Ë¥·³¨μ´´μ³ ¸¥±Éμ·¥ É¥μ·¨¨ ±μÔËË¨-
Í¨¥´É´Ò¥ ËÊ´±Í¨¨ (5.133) ¨ (5.134) Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Õ Ë ±Éμ·¨§ Í¨¨,
Ê¸²μ¢¨Õ C-¨´¢ ·¨ ´É´μ¸É¨, Ê¸²μ¢¨Õ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥° ¨ Ê¸²μ¢¨Õ
(5.73). �¸É ÉμÎ´Ò° ¶·μ¨§¢μ² ¢ ¢Ò¡μ·¥ ±μÔËË¨Í¨¥´Éμ¢ α3(p, q, t)+β3(p, q, t) ¨
γ3(p, q, t) ¸¢μ¤¨É¸Ö ± μ¡Ð¥³Ê Ë ±Éμ·Ê Φ0 ¶¥·¥¤ Ë¥·³¨μ´´Ò³ ¤¥°¸É¢¨¥³ F .

’μÎ´Ò° ¢¨¤ ±μÔËË¨Í¨¥´Éμ¢ ¡μ§μ´´μ£μ ¤¥°¸É¢¨Ö ¡Ò² ´ °¤¥´ ¢ · ¡μÉ¥
[33] ¨¸Ìμ¤Ö ¨§ É·¥¡μ¢ ´¨Ö ¨´¢ ·¨ ´É´μ¸É¨ É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ (¤¥Ëμ·³¨-
·μ¢ ´´ÒÌ) ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¸ ¶ · ³¥É· ³¨

ε(a, b|x) = ε
α(s)
β(s)(x)aα(s)b

β(s). ‚ ´ Ï¥° ¸Ê¶¥·¸¨³³¥É·¨Î´μ° ³μ¤¥²¨ ·¥§Ê²Ó-

É ÉÒ Î¨¸Éμ ¡μ§μ´´μ° É¥μ·¨¨ · ¡μÉÒ [33] μ¸É ÕÉ¸Ö ¸¶· ¢¥¤²¨¢Ò³¨. CμμÉ¢¥É-
¸É¢ÊÕÐ¨¥ ±μÔËË¨Í¨¥´É´Ò¥ ËÊ´±Í¨¨ ¨³¥ÕÉ ¢¨¤

γi(p) =
Φi

4

1∫
0

dvv Re sν

(
ν exp

(
1
2
(−ν−1 + νvp)

))
, i = 1, 2, (5.138)
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¨
αi(p, q, 0) + βi(p, q, 0) = 2γi(p + q)−

− 1
2
Φi

1∫
0

du Re sν

(
ν exp

(
1
2
(−ν−1 + ν(up + q))

))
, i = 1, 2, (5.139)

£¤¥ Φ1 ¨ Φ2 ¥¸ÉÓ ¶·μ¨§¢μ²Ó´Ò¥ ¢¥Ð¥¸É¢¥´´Ò¥ ±μ´¸É ´ÉÒ.
‚ ·¨ Í¨Ö ¶μ μÉ´μÏ¥´¨Õ ± ¡μ§μ´´Ò³ ¶ · ³¥É· ³ εE2(a, b, ψ, ψ̄|x) =

ε
α(s)
β(s)(x)aα(s)b

β(s)ψψ̄ ¸¢Ö§Ò¢ ¥É ±μÔËË¨Í¨¥´ÉÒ Φ1, Φ2 ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Φ2 =
1
4
Φ1, (5.140)

¨ ¤ ¥É Ê· ¢´¥´¨Ö ¤²Ö Ë¥·³¨μ´´ÒÌ ±μÔËË¨Í¨¥´Éμ¢, Ô±¢¨¢ ²¥´É´Ò¥ É¥³, ÎÉμ
¸²¥¤ÊÕÉ ¨§ ¢ ·¨ Í¨¨ ¶μ μÉ´μÏ¥´¨Õ ± εE1(a, b|x). �É³¥É¨³, ÎÉμ Ê¸²μ¢¨¥
(5.140), ¢Ò¢¥¤¥´´μ¥ ¨§ É·¥¡μ¢ ´¨Ö ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨, ¤ ¥É Éμ
¦¥ ¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê ¡μ§μ´´Ò³¨ ±μÔËË¨Í¨¥´É ³¨ (5.98), Ë¨±¸¨·μ¢ ´´Ò³¨
´ ²μ¦¥´¨¥³ Ê¸²μ¢¨Ö ‘-¨´¢ ·¨ ´É´μ¸É¨ (5.92).

’·¥¡μ¢ ´¨¥ · ¢¥´¸É¢  ´Ê²Õ ¢ ·¨ Í¨¨ ¶μ²´μ£μ ¤¥°¸É¢¨Ö ¶μ μÉ´μÏ¥´¨Õ ±
Ë¥·³¨μ´´Ò³ ¶·¥μ¡· §μ¢ ´¨Ö³ ¸ ¶·μ¨§¢μ²Ó´Ò³ ± ²¨¡·μ¢μÎ´Ò³ ¶ · ³¥É·μ³
εO(a, b, ψ, ψ̄|x) = εO1(a, b|x)ψ + εO2(a, b|x)ψ̄ ¶·¨¢μ¤¨É ± ¸μμÉ´μÏ¥´¨Õ

Φ0 = −Φ1, (5.141)

¨ μ¸É ÉμÎ´Ò° ¶·μ¨§¢μ² ¢ ±μÔËË¨Í¨¥´É Ì (5.74)Ä(5.78) ¸¢μ¤¨É¸Ö ± μ¡Ð¥³Ê
Ë ±Éμ·Ê Φ0.

ˆÉ ±, ¶μ± § ´μ, ÎÉμ ¤¥°¸É¢¨¥ (5.62) ±μ··¥±É´μ μ¶¨¸Ò¢ ¥É N = 1 ¸Ê-
¶¥·¸¨³³¥É·¨Î´ÊÕ ¤¨´ ³¨±Ê ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ± ± ´  ¸¢μ¡μ¤´μ³ Ê·μ¢´¥,
É ± ¨ ´  Ê·μ¢´¥ ±Ê¡¨Î¥¸±¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ±μÔËË¨Í¨¥´ÉÒ
¡¨²¨´¥°´μ° Ëμ·³Ò ¢ (5.62) Ë¨±¸¨·μ¢ ´Ò ¸μ£² ¸´μ (5.74)Ä(5.78).

5.5. �¥¤ÊÍ¨·μ¢ ´´ Ö ³μ¤¥²Ó. „μ ¸¨Ì ¶μ· ³Ò μ¡¸Ê¦¤ ²¨ 5d-¸Ê¶¥· ²£¥¡·Ê
¢Ò¸Ï¨Ì ¸¶¨´μ¢ cu(1, 1|8), Ö¢²ÖÕÐÊÕ¸Ö Í¥´É· ²¨§ Éμ·μ³ N ¢ �- ²£¥¡·¥. �É 
¸Ê¶¥· ²£¥¡·  ´¥ Ö¢²Ö¥É¸Ö ¶·μ¸Éμ°, É. ±. ¸μ¤¥·¦¨É ¡¥¸±μ´¥Î´μ ³´μ£μ ¨¤¥ ²μ¢
IP (N), μ¡· §μ¢ ´´ÒÌ Ô²¥³¥´É ³¨ ¢¨¤  P (N) � F ¤²Ö ²Õ¡μ£μ F ∈ cu(1, 1|8) ¨
¶·μ¨§¢μ²Ó´μ£μ �-¶μ²¨´μ³  P (N) [79]. ‚ ÔÉμ³ ¶Ê´±É¥ ³Ò ¸μ¸·¥¤μÉμÎ¨³¸Ö ´ 
¸Ê¶¥· ²£¥¡·¥ hu0(1, 1|8), ±μÉμ· Ö ¶μ²ÊÎ ¥É¸Ö [18] ¶·¨ Ë ±Éμ·¨§ Í¨¨ ³ ±¸¨-
³ ²Ó´μ£μ ¨¤¥ ² , ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¢Ò¡μ·Ê P (N) = N . Š ± ¡Ê¤¥É ¶μ± § ´μ,
Ô²¥³¥´ÉÒ ÔÉμ° ¸Ê¶¥· ²£¥¡·Ò ¸μμÉ¢¥É¸É¢ÊÕÉ ¸Ê¶¥·¡¥¸¸²¥¤μ¢Ò³ ³Ê²ÓÉ¨¸¶¨´μ-
· ³. ’ ±¨³ μ¡· §μ³, hu0(1, 1|8) μ¶¨¸Ò¢ ¥É ¸¨¸É¥³Ê ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢,
¢ ±μÉμ·μ° ± ¦¤Ò° ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ¶μÖ¢²Ö¥É¸Ö μ¤¨´ · §. �É³¥É¨³, ÎÉμ ¤ ´-
´ Ö ·¥¤Ê±Í¨Ö ´¥ Ö¢²Ö¥É¸Ö ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ°. �²£¥¡·Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢,
¶·¨¢μ¤ÖÐ¨¥ ± É¥μ·¨Ö³ ¸ ³ ±¸¨³ ²Ó´μ ·¥¤ÊÍ¨·μ¢ ´´Ò³¨ ¸¶¥±É· ³¨ ¶μ²¥°,
μ¡¸Ê¦¤ ²¨¸Ó ¢ · ¡μÉ Ì [18,76].
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�·¨ · ¸¸³μÉ·¥´¨¨ ·¥¤ÊÍ¨·μ¢ ´´μ° ¸¨¸É¥³Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥° hu0(1, 1|8), ³Ò ¶·¨³¥´Ö¥³ ¶μ¤Ìμ¤, · §· ¡μÉ ´´Ò° ¤²Ö Î¨¸Éμ ¡μ§μ´´μ°
¸¨¸É¥³Ò ¢Ò¸Ï¨Ì ¸¶¨´μ¢ [33], ¸¢μ¤ÖÐ¨°¸Ö ± ¢¸É ¢±¥ ¢ ¨¸Ìμ¤´μ¥ ¤¥°¸É¢¨¥
(5.64) μ¶¥· Éμ·  M, ¶·μ¥Í¨·ÊÕÐ¥£μ ´  Ë ±Éμ·- ²£¥¡·Ê, a ¨³¥´´μ: ¶Ê¸ÉÓ M
Ê¤μ¢²¥É¢μ·Ö¥É

N � M = M � N = 0. (5.142)

�¶·¥¤¥²¨¢ ¢¨¤ μ¶¥· Éμ·  M, ¤¥°¸É¢¨¥ ·¥¤ÊÍ¨·μ¢ ´´μ° ¸¨¸É¥³Ò,  ¸¸μÍ¨¨-
·μ¢ ´´μ° ¸ hu0(1, 1|8), ¶μ²ÊÎ ¥³ ¶ÊÉ¥³ § ³¥´Ò ¡¨²¨´¥°´μ° Ëμ·³Ò ¢ ¤¥°-
¸É¢¨¨ ´ 

A(F, G) → A0(F, G) = A(F,M � G), (5.143)

£¤¥ A(F, G) ¸μμÉ¢¥É¸É¢Ê¥É ¤¥°¸É¢¨Õ, μ¶¨¸Ò¢ ÕÐ¥³Ê ¨¸Ìμ¤´ÊÕ (´¥·¥¤ÊÍ¨·μ-
¢ ´´ÊÕ) ¤¨´ ³¨±Ê ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢. „²Ö ¢Ò¶μ²´¥´¨Ö ± ²¨¡·μ¢μÎ´μ° ¨´-
¢ ·¨ ´É´μ¸É¨ É·¥¡Ê¥³, ÎÉμ¡Ò M ±μ³³ÊÉ¨·μ¢ ² ¸ Ô²¥³¥´É ³¨ ¸Ê¶¥· ²£¥¡·Ò
cu(1, 1|8):

F � M = M � F, F ∈ cu(1, 1|8). (5.144)

�  ¸ ³μ³ ¤¥²¥ ÔÉμ μ§´ Î ¥É, ÎÉμ M ¤μ²¦¥´ ¡ÒÉÓ ´¥±μÉμ·μ° �-ËÊ´±Í¨¥° μÉ
N . ’μ£¤  ¨§ Ê¸²μ¢¨Ö C-¨´¢ ·¨ ´É´μ¸É¨ ¸²¥¤Ê¥É, ÎÉμ

A(F,M � G) = A(F � M, G), (5.145)

É. ¥. ¡¨²¨´¥°´ Ö Ëμ·³  ¢ ¤¥°¸É¢¨¨ ¸μ ¢¸É ¢±μ° M μ¸É ¥É¸Ö ¸¨³³¥É·¨Î´μ°.
‚ ·¥§Ê²ÓÉ É¥ ¢¸¥ ¸² £ ¥³Ò¥, ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ N , ´¥ ¤ ÕÉ ¢±² ¤  ¢ ¤¥°-

¸É¢¨¥ (5.143), ±μÉμ·μ¥, É¥³ ¸ ³Ò³, μ¶·¥¤¥²¥´μ ´  Ë ±Éμ·- ²£¥¡·¥. �·¥¤¸É ¢¨-
É¥²¨ Ë ±Éμ·- ²£¥¡·Ò hu0(1, 1|8) μÉμ¦¤¥¸É¢²ÖÕÉ¸Ö ¸ Ô²¥³¥´É ³¨ F , Ê¤μ¢²¥É¢μ-
·ÖÕÐ¨³¨ Ê¸²μ¢¨Õ ¸Ê¶¥·¡¥¸¸²¥¤μ¢μ¸É¨ P−F = 0. �Éμ ¶μ§¢μ²Ö¥É ¶μÉ·¥¡μ¢ ÉÓ,
ÎÉμ¡Ò ¢¸¥ ¶μ²Ö ¢ · §²μ¦¥´¨¨ (5.16)Ä(5.20) ¡Ò²¨ ¸Ê¶¥·¡¥¸¸²¥¤μ¢Ò³¨. „¥°-
¸É¢¨É¥²Ó´μ, ´  μ¸´μ¢ ´¨¨ (5.93) ²Õ¡μ° ¶μ²¨´μ³ F̃ (a, b, ψ, ψ̄|x) ∈ cu(1, 1|8)
Ô±¢¨¢ ²¥´É¥´ ´¥±μÉμ·μ³Ê F , Ê¤μ¢²¥É¢μ·ÖÕÐ¥³Ê Ê¸²μ¢¨Õ ¸Ê¶¥·¡¥¸¸²¥¤μ¢μ¸É¨
¶μ ³μ¤Ê²Õ ¸² £ ¥³ÒÌ, ¸μ¤¥·¦ Ð¨Ì �-¶·μ¨§¢¥¤¥´¨Ö ¸ N , É·¨¢¨ ²¨§ÊÕÐ¨Ì¸Ö
¶·¨ ¤¥°¸É¢¨¨ M. �-¶·μ¨§¢¥¤¥´¨¥ F �G ²Õ¡ÒÌ ¤¢ÊÌ Ô²¥³¥´Éμ¢ F ¨ G, Ê¤μ¢²¥-
É¢μ·ÖÕÐ¨Ì Ê¸²μ¢¨Õ ¸Ê¶¥·¡¥¸¸²¥¤μ¢μ¸É¨, ³μ¦¥É ¨ ´¥ ¡ÒÉÓ ¸Ê¶¥·¡¥¸¸²¥¤μ¢Ò³,
É. ¥. P−(F � G) �= 0 (¨´ Î¥ ¸Ê¶¥·¡¥¸¸²¥¤μ¢Ò¥ Ô²¥³¥´ÉÒ μ¡· §μ¢Ò¢ ²¨ ¡Ò
 ²£¥¡·Ê,   ´¥ Ë ±Éμ·- ²£¥¡·Ê). �¤´ ±μ ÔÉ¨³ · §²¨Î¨¥³ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ,
É. ±. ¢μ§´¨± ÕÐ¨¥ ´¥´Ê²¥¢Ò¥ ¸² £ ¥³Ò¥ ¶·μ¶μ·Í¨μ´ ²Ó´Ò N ¨ ¢Ò¶ ¤ ÕÉ ¨§
¤¥°¸É¢¨Ö, ¶μ¸É·μ¥´´μ£μ ¸ ¶μ³μÐÓÕ ¡¨²¨´¥°´μ° Ëμ·³Ò A0.

—Éμ¡Ò ´ °É¨ ÉμÎ´Ò° ¢¨¤ M, § ³¥É¨³, ÎÉμ ²Õ¡ Ö �-ËÊ´±Í¨Ö μÉ N Ö¢²Ö-
¥É¸Ö ´¥±μÉμ·μ° (¢μ§³μ¦´μ, ¤·Ê£μ°) μ¡ÒÎ´μ° ËÊ´±Í¨¥° μÉ N , É. ¥.

M(N) ≡ M(N) = M(aγbγ) − M ′(aγbγ)ψψ̄, (5.146)

£¤¥ M ′ μ¡μ§´ Î ¥É ¶·μ¨§¢μ¤´ÊÕ μÉ M . �Éμ ¥¸ÉÓ ¶·μ¸Éμ¥ ¸²¥¤¸É¢¨¥ Éμ£μ Ë ±É ,
ÎÉμ ²Õ¡ Ö É ± Ö ËÊ´±Í¨Ö ¤μ²¦´  ±μ³³ÊÉ¨·μ¢ ÉÓ ¸ £¥´¥· Éμ· ³¨ su(2, 2|1).
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„ ´´μ¥ Ê¸²μ¢¨¥ ´ ±² ¤Ò¢ ÕÉ ´¥±μÉμ·Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ê· ¢´¥´¨Ö ¶¥·-
¢μ£μ ¶μ·Ö¤± , ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ · §·¥Ï¥´Ò ¢ É¥·³¨´ Ì ¶·μ¨§¢μ²Ó´μ° ËÊ´±-
Í¨¨ μÉ N .

�μ¤¸É ´μ¢±  (5.146) ¢ (5.142) ¶·¨¢μ¤¨É ± ¤¨ËË¥·¥´Í¨ ²Ó´μ³Ê Ê· ¢´¥´¨Õ
¢Éμ·μ£μ ¶μ·Ö¤± :

xM ′′(x) + 3M ′(x) − 4xM(x) = 0, x ≡ aγbγ , (5.147)

±μÉμ·μ¥ ¨³¥¥É ¥¤¨´¸É¢¥´´μ¥  ´ ²¨É¨Î¥¸±μ¥ ·¥Ï¥´¨¥ (¸ ÉμÎ´μ¸ÉÓÕ ¤μ ³Ê²Ó-
É¨¶²¨± É¨¢´μ£μ Ë ±Éμ· ):

M(x) =

1∫
0

dτ Re sν exp
(
−1

2
(ν−1 + 4νx2τ)

)
. (5.148)

�μ¸É·μ¨¢ μ¶¥· Éμ· M, ³Ò μ¶·¥¤¥²Ö¥³ ¤¥°¸É¢¨¥ ¤²Ö ·¥¤ÊÍ¨·μ¢ ´´μ° ¸¨-
¸É¥³Ò,  ¸¸μÍ¨¨·μ¢ ´´μ° ¸ ¸Ê¶¥· ²£¥¡·μ° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ hu0(1, 1|8), ¢ ¢¨¤¥
(5.143). �É³¥É¨³, ÎÉμ A(F, G) ¸μ ¢¸É ¢±μ° M ¸μ£² ¸´μ (5.143) Ö¢²Ö¥É¸Ö
Ìμ·μÏμ μ¶·¥¤¥²¥´´Ò³ ËÊ´±Í¨μ´ ²μ³ μÉ ¶μ²¨´μ³¨ ²Ó´ÒÌ ËÊ´±Í¨° F ¨ G,
É. ±. ¤²Ö ¶μ²¨´μ³μ¢ F ¨ G Éμ²Ó±μ ±μ´¥Î´μ¥ Î¨¸²μ ¸² £ ¥³ÒÌ ¢ · §²μ¦¥´¨¨
M(aαbα, ψψ̄) ¤ eÉ ¢±² ¤ ¢ (5.143).

Œμ¤¨Ë¨± Í¨Ö ¤¥°¸É¢¨Ö ¸μ£² ¸´μ (5.143) ´¥ ¶·μÉ¨¢μ·¥Î¨É  ´ ²¨§Ê ¶. 5.4,
¢ ±μÉμ·μ³ ÊÉ¢¥·¦¤ ²μ¸Ó, ÎÉμ ¤¥°¸É¢¨¥ (5.62) Ë¨±¸¨·μ¢ ´μ μ¤´μ§´ Î´μ, É. ±.
¢  ´ ²¨§¥ ¶. 5.3 ¡Ò²μ ´ ²μ¦¥´μ Ê¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ ¢ Î ¸É´μ³ ¡ §¨¸¥ ¶μ-
²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, ´¥ ¶μ§¢μ²ÖÕÐ¥¥, É¥³ ¸ ³Ò³, ¶¥·¥Ìμ¤ ± ¨´¢ ·¨ ´É´μ³Ê
¤¥°¸É¢¨Õ (5.143). ‡¤¥¸Ó Ê¸²μ¢¨¥ Ë ±Éμ·¨§ Í¨¨ μ¶ÊÐ¥´μ. ‚¸¥ μ¸É ²Ó´Ò¥ Ê¸²μ-
¢¨Ö,   ¨³¥´´μ: Ê¸²μ¢¨¥ C-¨´¢ ·¨ ´É´μ¸É¨, Ê¸²μ¢¨¥ μÉÐ¥¶²¥´¨Ö Ô±¸É· ¶μ²¥°
¨ Ê¸²μ¢¨¥ (5.73) μ¸É ÕÉ¸Ö ¸¶· ¢¥¤²¨¢Ò³¨.

Š ± ³Ò ¢¨¤¨³, ´¥¶·μÉ¨¢μ·¥Î¨¢μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢
¸ÊÐ¥¸É¢Ê¥É ± ± ¤²Ö ³μ¤¥²¨, μ¸´μ¢ ´´μ° ´  ¸Ê¶¥· ²£¥¡·¥ cu(1, 1|8) (± ¦¤Ò°
¸Ê¶¥·³Ê²ÓÉ¨¶²¥É (s, s − 1/2, s− 1), s = 2, 3, . . . ,∞, ¢Ìμ¤¨É ¢ ¡¥¸±μ´¥Î´μe
Î¨¸²o ±μ¶¨°), É ± ¨ ¤²Ö ·¥¤ÊÍ¨·μ¢ ´´μ° ³μ¤¥²¨, μ¸´μ¢ ´´μ° ´  ¸Ê¶¥·¸¨³³¥-
É·¨ÖÌ hu0(1, 1|8) (¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ± ¦¤μ£μ ¸¶¨´  ¢Ìμ¤¨É ·μ¢´μ μ¤¨´ · §). ‚
ÔÉμ³ μÉ´μÏ¥´¨¨ ¶μ¸É·μ¥´´ Ö ´ ³¨ É¥μ·¨Ö μÉ²¨Î ¥É¸Ö μÉ ³μ¤¥²¨ · ¡μÉÒ [84],
¢ ±μÉμ·μ°  ·£Ê³¥´É¨·μ¢ ²μ¸Ó, ÎÉμ Éμ²Ó±μ ´¥·¥¤ÊÍ¨·μ¢ ´´ Ö  ²£¥¡·  cu(1, 1|8)
¤μ¶Ê¸± ¥É ¸μ¢³¥¸É´ÊÕ ¤¨´ ³¨±Ê ¢ · ³± Ì 4d-±μ´Ëμ·³´μ° É¥μ·¨¨ ¢Ò¸Ï¨Ì
¸¶¨´μ¢. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¤¢¥ ¸· ¢´¨¢ ¥³Ò¥ ³μ¤¥²¨ · §²¨Î´Ò, É. ±. ³μ-
¤¥²Ó · ¡μÉÒ [84], Ö¢²ÖÖ¸Ó · ¸Ï¨·¥´¨¥³ 4d C2-£· ¢¨É Í¨¨ ¢ μ¡² ¸ÉÓ ¢Ò¸Ï¨Ì
¸¶¨´μ¢, ¸μ¤¥·¦¨É ¸É ·Ï¨¥ ¶·μ¨§¢μ¤´Ò¥ ¨ ¤ÊÌ¨, ¢ Éμ ¢·¥³Ö ± ± ´ Ï  AdS5-
³μ¤¥²Ó Ö¢²Ö¥É¸Ö Ê´¨É ·´μ° ¢ Ë¨§¨Î¥¸±μ³ ¸¥±Éμ·¥ É¥μ·¨¨, ¶μ ±· °´¥° ³¥·¥
´  ¸¢μ¡μ¤´μ³ Ê·μ¢´¥.
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‘Ê³³¨·Ê¥³ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ.
1. �·¥¤²μ¦¥´  ±μ´¸É·Ê±É¨¢´ Ö ¸Ì¥³  É¥μ·¥É¨±μ-¶μ²¥¢μ£μ μ¶¨¸ ´¨Ö ¸¢μ-

¡μ¤´μ° ¤¨´ ³¨±¨ ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° ¶·μ¨§¢μ²Ó´μ£μ É¨¶  ¸¨³³¥É·¨¨, · ¸-
¶·μ¸É· ´ÖÕÐ¨Ì¸Ö ¢ ¶·μ¸É· ´¸É¢¥  ´É¨-¤¥ ‘¨ÉÉ¥·  ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ-
¸É¨, ±μÉμ· Ö μ¸´μ¢ ´  ´  ·¥ ²¨§ Í¨¨ ¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ ¢¨¤¥ ± ²¨-
¡·μ¢μÎ´ÒÌ ¶μ²¥° p-Ëμ·³, ´ ¤¥²¥´´ÒÌ ± ¸ É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨, ¶·¥μ¡· §Ê-
ÕÐ¨³¨¸Ö ¸μ£² ¸´μ § ¤ ´´μ³Ê ´¥¶·¨¢μ¤¨³μ³Ê ¶·¥¤¸É ¢²¥´¨Õ £·Ê¶¶Ò  ´É¨-¤¥
‘¨ÉÉ¥·  [89].

2. ‚ · ³± Ì ¶·¥¤²μ¦¥´´μ£μ Ëμ·³ ²¨§³  μ¶¨¸ ´¨Ö ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥°
¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ ¶μ¤·μ¡´μ · ¸¸³μÉ·¥´Ò ´¥É·¨¢¨ ²Ó´Ò¥ ±² ¸¸Ò
¡μ§μ´´ÒÌ ¶μ²¥° ¢ ¶·μ¸É· ´¸É¢¥  ´É¨-¤¥ ‘¨ÉÉ¥· , ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶·μ¨§-
¢μ²Ó´Ò³ ¤¢ÊÌ¸Éμ²¡Íμ¢Ò³ ¤¨ £· ³³ ³ 
´£  ¨ ¶·μ¨§¢μ²Ó´Ò³ ¶·Ö³μÊ£μ²Ó´Ò³
¤¨ £· ³³ ³ 
´£  ¸ ¤¢Ê³Ö ¸É·μ± ³¨, ¤²Ö ±μÉμ·ÒÌ ¶μ¸É·μ¥´Ò ËÊ´±Í¨μ´ ²Ò
¤¥°¸É¢¨Ö, ´ °¤¥´Ò Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¨ ¶·μ ´ ²¨§¨·μ¢ ´Ò ¸¨³³¥É·¨¨ É¥μ-
·¨¨. ‚ ¸¶¨´μ·´μ³ Ëμ·³ ²¨§³¥ ¶μ¸É·μ¥´o ¤¥°¸É¢¨¥ ¶μ²´μ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ
¶μ²¥° ¶·μ¨§¢μ²Ó´μ£μ ¶μ²ÊÍ¥²μ£μ ¸¶¨´  s � 3/2 ¢ ¶ÖÉ¨³¥·´μ³ ¶·μ¸É· ´¸É¢¥
 ´É¨-¤¥ ‘¨ÉÉ¥·  [87,89,90].

3. �μ¸É·μ¥´μ ¤¥°¸É¢¨¥, μ¶¨¸Ò¢ ÕÐ¥¥ ¸Ê¶¥·¸¨³³¥É·¨Î´ÊÕ ¤¨´ ³¨±Ê ¡¥¸-
±μ´¥Î´μ£μ ´ ¡μ·  ¸¨³³¥É·¨Î´ÒÌ ¡μ§μ´´ÒÌ ¨ Ë¥·³¨μ´´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ
¶μ²¥° ¢Ò¸Ï¨Ì ¸¶¨´μ¢, · ¸¶·μ¸É· ´ÖÕÐ¨Ì¸Ö ´  Ëμ´¥ ¶ÖÉ¨³¥·´μ£μ ¶·μ¸É· ´-
¸É¢   ´É¨-¤¥ ‘¨ÉÉ¥· , ¢ ¶¥·¢μ³ ´¥É·¨¢¨ ²Ó´μ³ ¶μ·Ö¤±¥ ¶μ ¢§ ¨³μ¤¥°¸É¢¨Õ
(±Ê¡¨Î¥¸±μ¥ ¶·¨¡²¨¦¥´¨¥). �·μ ´ ²¨§¨·μ¢ ´Ò ¤¢  ¢ ·¨ ´É  É¥μ·¨¨, ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨¥ ¸Ê¶¥· ²£¥¡· ³ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ cu(1, 1|8) ¨ hu0(1, 1|8) [88].

‚ ± Î¥¸É¢¥ ¢μ§³μ¦´ÒÌ ¶¥·¸¶¥±É¨¢ ¶·¨³¥´¥´¨Ö ·¥¶¥·´μ£μ ¶μ¤Ìμ¤ , ¢ ¶¥·-
¢ÊÕ μÎ¥·¥¤Ó, ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ ¶μ¸É·μ¥´¨¥ ± ²¨¡·μ¢μÎ´ÒÌ (¸Ê¶¥·) ²£¥¡· ¢Ò¸-
Ï¨Ì ¸¶¨´μ¢, ¶·μÍ¥¤Ê·  ± ²¨¡·μ¢ ´¨Ö ±μÉμ·ÒÌ ¶·¨¢μ¤¨É ± ¢μ§´¨±´μ¢¥´¨Õ
¶μ²¥° p-Ëμ·³ ¶·μ¨§¢μ²Ó´μ£μ É¨¶  ¸¨³³¥É·¨¨ (É. ¥. ¸¶¥±É· É ±¨Ì  ²£¥¡· ¸μ-
¤¥·¦¨É ¡¥§³ ¸¸μ¢Ò¥ ¶μ²Ö ¶·μ¨§¢μ²Ó´μ£μ ¸¶¨´ ). ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·μ-
£·¥¸¸ ¢ ÔÉμ³ ´ ¶· ¢²¥´¨¨ ¨¸Î¥·¶Ò¢ ¥É¸Ö D = 5 (¸Ê¶¥·) ²£¥¡· ³¨ ¢Ò¸Ï¨Ì
¸¶¨´μ¢ [18], ¢ ¸¶¥±É·¥ ±μÉμ·ÒÌ ¢μ§´¨± ÕÉ ¶μ²Ö ¶·μ¨§¢μ²Ó´μ£μ É¨¶  ¸¨³³¥-
É·¨¨,   É ±¦¥ (¸Ê¶¥·) ²£¥¡· ³¨ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨
D [85], ¢ ¸¶¥±É·¥ ±μÉμ·ÒÌ ¢μ§³μ¦´Ò ¶μ²Ö μÎ¥´Ó μ£· ´¨Î¥´´μ£μ É¨¶  ¸¨³-
³¥É·¨¨ (¸ μ¤´μ° £μ·¨§μ´É ²Ó´μ° ¸É·μ±μ° ¨ μ¤´¨³ ¢¥·É¨± ²Ó´Ò³ ¸Éμ²¡Íμ³).
‡´ ´¨¥ ¸É·Ê±ÉÊ·Ò  ²£¥¡· ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨ ¶μ-
§¢μ²¨É ¸É·μ¨ÉÓ ´¥²¨´¥°´Ò¥ É¥μ·¨¨ ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¶·μ¨§¢μ²Ó´μ£μ É¨¶ 
¸¨³³¥É·¨¨. � ¨¡μ²¥¥ ¤¥°¸É¢¥´´Ò³ ¨´¸É·Ê³¥´Éμ³ §¤¥¸Ó μ± §Ò¢ ¥É¸Ö É ± ´ -
§Ò¢ ¥³ Ö · §¢¥·´ÊÉ Ö Ëμ·³Ê²¨·μ¢±  ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ [86], ¶μÔÉμ³Ê ¥¥
· §· ¡μÉ±  ¤²Ö ¶μ²¥° ¸³¥Ï ´´μ£μ É¨¶  ¸¨³³¥É·¨¨ É ±¦¥ Ö¢²Ö¥É¸Ö ¢ ¦´Ò³
Ï £μ³ ´  ¶ÊÉ¨ ¶μ¸É·μ¥´¨Ö ´¥²¨´¥°´ÒÌ É¥μ·¨° ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥° ¢¸¥Ì ¸¶¨-
´μ¢ ¢ ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨.
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�² £μ¤ ·´μ¸É¨. — ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ ÔÉμ³ μ¡§μ·¥, ¶μ-
²ÊÎ¥´a ¢ ¸μ ¢Éμ·¸É¢¥ ¸ Œ. �. ‚ ¸¨²Ó¥¢Ò³ ¨ �.‚.˜¥°´±³ ´μ³. Ÿ ¨¸±·¥´´¥
¡² £μ¤ ·¥´ Œ.�. ‚ ¸¨²Ó¥¢Ê, �. �.Œ¥Í ¥¢Ê, �.
.‘¥£ ²Ê ¨ �.‚.˜¥°´±³ ´Ê
§  ³´μ£μÎ¨¸²¥´´Ò¥ ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.
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