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

„ ´ ·¥É·µ¸¶¥±É¨¢´Ò° µ¡§µ· ¨¤¥°, ¸¢Ö§ ´´ÒÌ ¸ Ë¨§¨Î¥¸±¨³¨ ¶µ´ÖÉ¨Ö³¨ ¶·µ¸É· ´¸É¢  ¨ ¢·¥-
³¥´¨, ´  ±µÉµ·ÒÌ µ¸´µ¢ ´  ´¥²µ± ²Ó´ Ö ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¶µ²Ö ¸ ¶·µ¶ £ Éµ· ³¨, Ö¢²ÖÕÐ¨³¨¸Ö
Í¥²Ò³¨  ´ ²¨É¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨ ¢ ¨³¶Ê²Ó¸´µ³ ¶·µ¸É· ´¸É¢¥, ¨  ¤·µ´´ Ö Ë¨§¨±  ¸  ´ ²¨É¨-
Î¥¸±¨³ ±µ´Ë °´³¥´Éµ³ ±¢ ·±µ¢ ¨ £²Õµ´µ¢∗ .

The retrospective review is devoted to the discussion of ideas connected with physical concep-
tions of space and time, on which the nonlocal quantum ˇeld theory with propagators, being entire
analytical functions in momentum space, and hadron physics with analytical conˇnement quarks and
gluons are based.

Å �µÎ¥³Ê ÉÒ É ± ¶·¥¤Ê¡¥¦¤¥´ ¶·µÉ¨¢
³ÒÏ²¥´¨Ö? Å ¸¶·µ¸¨² Œ ¸É¥·  Ë¨²µ¸µË.
Å ‚¥¤Ó ³Ò¸²Ó Å ¥¤¨´¸É¢¥´´Ò° ¨´¸É·Ê³¥´É,
¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ ³Ò ³µ¦¥³ Ê¶µ·Ö¤µÎ¨ÉÓ
³¨·.

Å ‚¥·´µ. �µ ³Ò¸²Ó ³µ¦¥É É ± §¤µ-
·µ¢µ Ê¶µ·Ö¤µÎ¨ÉÓ ³¨·, ÎÉµ ÉÒ ´¨±µ£¤  ¥£µ
¡µ²ÓÏ¥ ´¥ Ê¢¨¤¨ÏÓ.

�´Éµ´¨ ¤¥ Œ¥²²µ

‚‚…„…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ ³´µ£µÎ¨¸²¥´´ÒÌ µ¡¸Ê¦¤¥´¨° ¨ ¸µ¢³¥¸É´ÒÌ ¢ÒÎ¨¸²¥´¨°, ±µ-
Éµ·Ò¥ ³´¥ ¶µ¸Î ¸É²¨¢¨²µ¸Ó ¶·µ¢µ¤¨ÉÓ ¸ „³¨É·¨¥³ ˆ¢ ´µ¢¨Î¥³ �²µÌ¨´Í¥¢Ò³,
Ö ¶µ²´µ¸ÉÓÕ · §¤¥²ÖÕ ¥£µ ¶µ´¨³ ´¨¥ ±µ´Í¥¶ÉÊ ²Ó´ÒÌ µ¸´µ¢ Ë¨§¨±¨ Ô²¥³¥´-
É ·´ÒÌ Î ¸É¨Í ¨ µ¸´µ¢ Éµ° É¥µ·¨¨, ±µÉµ· Ö ÔÉÊ Ë¨§¨±Ê ¤µ²¦´  µ¶¨¸Ò¢ ÉÓ.
Œ¥´Ö ¶µ· ¦ ²µ ¨ ¢µ¸Ì¨Ð ²µ Ê³¥´¨¥ „³¨É·¨Ö ˆ¢ ´µ¢¨Î  µ¡· §´µ ¶·¥¤¸É -
¢²ÖÉÓ ¸ ³Ò¥, ± § ²µ¸Ó ¡Ò, ¸²µ¦´Ò¥ ¶·µÍ¥¸¸Ò ¢ ±¢ ´Éµ¢µ° Ë¨§¨±¥ ³¨±·µ³¨· .
…£µ ¶µ´¨³ ´¨¥ ¶·µ¡²¥³Ò ¨ Éµ, ÎÉµ Ê¤ ²µ¸Ó ³´¥ Ê¸¢µ¨ÉÓ §  ¢¸¥ 40 ²¥É · ¡µÉÒ
¢ ÔÉµ° µ¡² ¸É¨ Ë¨§¨±¨, ³µ¦´µ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¢ Ëµ·³¥ ¸²¥¤ÊÕÐ¨Ì µ¸´µ¢-
´ÒÌ ¶µ²µ¦¥´¨°, ´¥ ¸µ¸É ¢²ÖÕÐ¨Ì ± ±ÊÕ-²¨¡µ ¸¨¸É¥³Ê  ±¸¨µ³, ´  ±µÉµ·ÒÌ

∗� ¸Ï¨·¥´´ Ö ¢¥·¸¨Ö ¤µ±² ¤ , ¸¤¥² ´´µ£µ ´  XII Œ¥¦¤Ê´ ·µ¤´µ° ±µ´Ë¥·¥´Í¨¨ ®ˆ§-
¡· ´´Ò¥ ¶·µ¡²¥³Ò ¸µ¢·¥³¥´´µ° Ë¨§¨±¨¯, ¶µ¸¢ÖÐ¥´´µ° 95-° £µ¤µ¢Ð¨´¥ ¸µ ¤´Ö ·µ¦¤¥´¨Ö
„. ˆ. �²µÌ¨´Í¥¢ . „Ê¡´ , 8Ä11 ¨Õ´Ö 2003 £.
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¸É·µ¨É¸Ö ´¥¶·µÉ¨¢µ·¥Î¨¢ Ö É¥µ·¨Ö,  , ¸±µ·¥¥, Ö¢²ÖÕÐ¨Ì¸Ö ®§¤· ¢Ò³¨ ³Ò¸²Ö-
³¨¯, ±µÉµ·Ò¥ ¤µ²¦´Ò ²¥¦ ÉÓ ¢ µ¸´µ¢¥ ´ Ï¨Ì ¶µ¶ÒÉµ± ¶µ¸É·µ¥´¨Ö É¥µ·¨¨
³¨±·µ³¨·  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. ˆÉ ±:

• �²¥³¥´É ·´Ò¥ Î ¸É¨ÍÒ ´¥ ³µ£ÊÉ ¡ÒÉÓ ÉµÎ¥Î´Ò³¨.
• Œ ±·µ¸±µ¶¨Î¥¸±¨¥ ¶µ´ÖÉ¨Ö ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÒÌ ±µµ·¤¨´ É

Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¢¥¸Ó³  ¤ ²¥±¨ µÉ ¡Ê±¢ x, y, z, t, ¨¸¶µ²Ó§Ê¥³ÒÌ ¶·¨ µ¡µ-
§´ Î¥´¨¨ ¸É ´¤ ·É´ÒÌ ¶¥·¥³¥´´ÒÌ ¶µ²¥° ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ° É¥µ·¨¨
¶µ²Ö (Š’�). �É¸Õ¤ , ¢ Î ¸É´µ¸É¨, ¸²¥¤Ê¥É, ÎÉµ É·¥¡µ¢ ´¨¥ ³¨±·µ¶·¨Î¨´´µ-
¸É¨ ¶·¨ ¶µ¸É·µ¥´¨¨ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö Ö¢²Ö¥É¸Ö
³ É¥³ É¨Î¥¸±¨³ É·¥¡µ¢ ´¨¥³, ±µÉµ·µ¥ ´¥ ³µ¦¥É ¡ÒÉÓ ¶·µ¢¥·¥´µ ´¨ ¢ ± ±µ³
Ô±¸¶¥·¨³¥´É¥, ¶µ¸±µ²Ó±Ê Ê ´ ¸ ¤²Ö ÔÉµ£µ ´¥É Ë¨§¨Î¥¸±µ£µ ¨´¸É·Ê³¥´É .

• Š’� ³µ¦¥É ¡ÒÉÓ ÔËË¥±É¨¢´µ ¨¸¶µ²Ó§µ¢ ´  Éµ²Ó±µ ¢ ¸²ÊÎ ¥ ³ ²µ°
±µ´¸É ´ÉÒ ¸¢Ö§¨, ±µ£¤  ´¨§Ï¨¥ ¶µ·Ö¤±¨ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¶· ¢¨²Ó´µ ¸Ì¢ -
ÉÒ¢ ÕÉ µ¸´µ¢´Ò¥ Î¥·ÉÒ · ¸¸³ É·¨¢ ¥³µ£µ ¶·µÍ¥¸¸ .

• ‹µ± ²Ó´ Ö Š’� Å ¶·¨¡²¨¦¥´¨¥, ±µ£¤  ³ ²Ò¥ · ¸¸ÉµÖ´¨Ö ´¥ ¸ÊÐ¥-
¸É¢¥´´Ò ¤²Ö · ¸¸³ É·¨¢ ¥³ÒÌ Ë¨§¨Î¥¸±¨Ì ÔËË¥±Éµ¢.

• ‚ É¥µ·¨ÖÌ ¸ ³ ²µ° ±µ´¸É ´Éµ° ¸¢Ö§¨ (Ô²¥±É·µ¤¨´ ³¨±  ¨ ¸² ¡Ò¥ ¢§ ¨³µ-
¤¥°¸É¢¨Ö) ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ ¶µ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¨¸¶µ²Ó§µ¢ ´¨¥ ¸É ´¤ ·É-
´ÒÌ ¶·µ¶ £ Éµ·µ¢ „¨· ±  ¨ Š²¥°´ Äƒµ·¤µ´ , É. ¥. ¶²µ¸±¨Ì ¢µ²´, ¤²Ö µ¶¨¸ ´¨Ö
¶·µ³¥¦ÊÉµÎ´ÒÌ Î ¸É¨Í ¢¶µ²´¥ µ¶· ¢¤ ´´µ.

• ‚ Ë¨§¨±¥ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢µ§´¨±²µ ´µ¢µ¥ Ö¢²¥´¨¥ Å ±µ´Ë °´³¥´É.
�µÔÉµ³Ê ¨¸¶µ²Ó§µ¢ ´¨¥ ¶²µ¸±¨Ì ¢µ²´ ¢ ¸É ´¤ ·É´µ° Ë¥°´³ ´µ¢¸±µ° Ëµ·³Ê-
²¨·µ¢±¥ S-³ É·¨ÍÒ ¤²Ö µ¶¨¸ ´¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¶·¨ ¶µ¶ÒÉ± Ì ¶µ´ÖÉÓ
Ö¢²¥´¨Ö ±µ´Ë °´³¥´É  ¨  ¤·µ´¨§ Í¨¨ ´¥ Ö¢²Ö¥É¸Ö  ¤¥±¢ É´Ò³ ³ É¥³ É¨Î¥-
¸±¨³  ¶¶ · Éµ³ ¨ Î·¥§¢ÒÎ °´µ Ê¸²µ¦´Ö¥É ·¥Ï¥´¨¥ § ¤ Î¨, ¥¸²¨ ´¥ ¤¥² ¥É ¥¥
¡¥§´ ¤¥¦´µ°. �µ ¢Ò· ¦¥´¨Õ �²µÌ¨´Í¥¢ , ®±²ÕÎ ± ¶µ´¨³ ´¨Õ Ë¨§¨±¨ Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í ²¥¦¨É ´  ¤´¥  ¤·µ´´µ£µ ¢ ±ÊÊ³ ¯. �µ ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó
 ±ÉÊ ²Ó´  ¶·µ¡²¥³ : ÎÉµ É ±µ¥ ±¢ ·±-£²Õµ´´Ò° ¢ ±ÊÊ³, ¨²¨ ¢ ±ÊÊ³ ±¢ ´Éµ¢µ°
Ì·µ³µ¤¨´ ³¨±¨ (Š•„), ± ± ¥£µ ³µ¦´µ µ¶¨¸ ÉÓ, ± ±µ¢µ ¶µ¢¥¤¥´¨¥ ±¢ ·±µ¢ ¨
£²Õµ´µ¢ ¢ ÔÉµ³ ¢ ±ÊÊ³¥, ± ± ¶·µ¨¸Ìµ¤¨É  ¤·µ´¨§ Í¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢?

• „µ²¦¥´ ¸ÊÐ¥¸É¢µ¢ ÉÓ ¤µ¸É ÉµÎ´µ ¶·µ¸Éµ° ±¢ ´Éµ¢µ-¶µ²¥¢µ° ³ É¥³ É¨-
Î¥¸±¨°  ¶¶ · É, ¢ · ³± Ì ±µÉµ·µ£µ ³µ¦´µ ¡Ò²µ ¡Ò µ¶¨¸ ÉÓ, ¶µ ±· °´¥° ³¥·¥
± Î¥¸É¢¥´´µ, Ö¢²¥´¨Ö  ¤·µ´´µ° Ë¨§¨±¨. Ÿ ¸Î¨É Õ, ÎÉµ  ´ ²¨É¨Î¥¸±¨° ±µ´-
Ë °´³¥´É, ±µ£¤  ¶·µ¶ £ Éµ·Ò ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢ µ¡² ¸É¨ ±µ´Ë °´³¥´É 
µ¶¨¸Ò¢ ÕÉ¸Ö Í¥²Ò³¨  ´ ²¨É¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨ £ Ê¸¸µ¢¸±µ£µ É¨¶ , ¢¶µ²´¥
³µ¦¥É Ö¢¨ÉÓ¸Ö µ¸´µ¢µ° É ±µ£µ  ¶¶ · É .

�¥³´µ£µ ¨¸Éµ·¨¨. �¥·¢ Ö ´ ¨¢´ Ö ¶µ¶ÒÉ±  ¢¢¥¸É¨ ¶·µÉÖ¦¥´´Ò¥ µ¡Ñ¥±ÉÒ
¢ Ëµ·³ ²¨§³ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ´ Î ² ¸Ó, ± § ²µ¸Ó ¡Ò, ¸ ¥¸É¥¸É¢¥´´µ°
¶µ¶ÒÉ±¨ µ¶¨¸ ÉÓ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨ ´¥²µ± ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¶ÊÉ¥³ ¢¢¥-
¤¥´¨Ö Ëµ·³Ë ±Éµ·  ¢ ² £· ´¦¨ ´ ¸ Í¥²ÓÕ ®· §³ § ÉÓ ¢§ ¨³µ¤¥°¸É¢¨¥¯. �¤-
´ ±µ ¢µ§´¨±²¨ ³´µ£µÎ¨¸²¥´´Ò¥ ¨ ¤ ¦¥, ± ± Éµ£¤  ± § ²µ¸Ó, ¶·µ¸Éµ ´¥¶·¥µ¤µ-
²¨³Ò¥ É·Ê¤´µ¸É¨. �± § ²µ¸Ó, ÎÉµ ´¥¢µ§³µ¦´µ Ê¤µ¢²¥É¢µ·¨ÉÓ µ¤´µ¢·¥³¥´´µ
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¤¢Ê³ µ¸´µ¢´Ò³ É·¥¡µ¢ ´¨Ö³: Ëµ·³Ë ±Éµ·Ò, ¢µ-¶¥·¢ÒÌ, ¤µ²¦´Ò ¤µ¸É ÉµÎ´µ
¡Ò¸É·µ Ê¡Ò¢ ÉÓ, ÎÉµ¡Ò É¥µ·¨Ö ¡Ò²  ±µ´¥Î´µ°, ¨, ¢µ-¢Éµ·ÒÌ, ´¥ ¤µ²¦´Ò ´ -
·ÊÏ ÉÓ Ê´¨É ·´µ¸ÉÓ, É. ¥. ´¥ ¤µ²¦´Ò ¶·¨¢µ¤¨ÉÓ ± ¢µ§´¨±´µ¢¥´¨Õ ± ±¨Ì-²¨¡µ
µ¸µ¡¥´´µ¸É¥°, ±µÉµ·Ò¥ ¤ ¢ ²¨ ¡Ò ´¥Ë¨§¨Î¥¸±¨¥ ¢±² ¤Ò ¢ Ë¨§¨Î¥¸±¨° ¸¶¥±É·.
Š ± ¸É ²µ Ö¸´µ ¢¶µ¸²¥¤¸É¢¨¨, ÔÉ¨ ®´¥¶·¥µ¤µ²¨³Ò¥¯ ¶·µ¡²¥³Ò ¡Ò²¨ ¸²¥¤-
¸É¢¨¥³ ¢Ò¡µ·  Ëµ·³Ë ±Éµ·µ¢ Éµ²Ó±µ ¨§ ±² ¸¸  ³¥·µ³µ·Ë´ÒÌ ËÊ´±Í¨° ¨
¶µ´¨³ ´¨Ö Ô±¢¨¢ ²¥´É´µ¸É¨ ¶·µ¸É· ´¸É¢ Œ¨´±µ¢¸±µ£µ ¨ …¢±²¨¤  ¢ É¥µ·¨¨
S-³ É·¨ÍÒ Éµ²Ó±µ ± ± ¢µ§³µ¦´µ¸É¨ ¶·µ¢¥¸É¨ É ± ´ §Ò¢ ¥³Ò° ¢¨±µ¢¸±¨° ¶µ-
¢µ·µÉ ±µ´ÉÊ·  ¨´É¥£·¨·µ¢ ´¨Ö.

’ ±¨³ µ¡· §µ³, § ¤ Î  ¸¢¥² ¸Ó ± Î¨¸Éµ É¥Ì´¨Î¥¸±µ° ¨²¨ ³ É¥³ É¨Î¥¸±µ°
¶·µ¡²¥³¥ ´ °É¨ ±² ¸¸ Ëµ·³Ë ±Éµ·µ¢, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì ´¥µ¡Ìµ¤¨³Ò³ Ê¸²µ-
¢¨Ö³. ˆ ·¥Ï¥´¨¥ ÔÉµ° § ¤ Î¨ µ± § ²µ¸Ó Î¨¸Éµ ®É¥Ì´¨Î¥¸±¨³¯. �± § ²µ¸Ó,
ÎÉµ ±² ¸¸Ò Í¥²ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ËÊ´±Í¨°, Ê¡Ò¢ ÕÐ¨Ì ¢ ¶·µ¸É· ´¸É¢¥´´µ-
¶µ¤µ¡´µ³ ´ ¶· ¢²¥´¨¨, µ¡² ¤ ÕÉ ´Ê¦´Ò³¨ ¸¢µ°¸É¢ ³¨ ¨ ³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó-
§µ¢ ´Ò ¢ ± Î¥¸É¢¥ Ëµ·³Ë ±Éµ·µ¢ ¶·¨ ¶µ¸É·µ¥´¨¨ ´¥²µ± ²Ó´µ° ±¢ ´Éµ¢µ°
É¥µ·¨¨ ¶µ²Ö. �·¨ ÔÉµ³ ¸ÊÐ¥¸É¢¥´´µ, ÎÉµ ¨¸Ìµ¤´µ É¥µ·¨Ö ¤µ²¦´  ¡ÒÉÓ ¸Ëµ·-
³Ê²¨·µ¢ ´  ¢ ¥¢±²¨¤µ¢µ° ³¥É·¨±¥,   ¶¥·¥Ìµ¤ ¢ Ë¨§¨Î¥¸±ÊÕ µ¡² ¸ÉÓ µ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö  ´ ²¨É¨Î¥¸±¨³ ¶·µ¤µ²¦¥´¨¥³ ¶µ ¨´¢ ·¨ ´É´Ò³ ¨³¶Ê²Ó¸´Ò³ ¶¥·¥-
³¥´´Ò³ ³¥Éµ¤ ³¨, ´¥ ¸¢Ö§ ´´Ò³¨ ¸ ¢¨±µ¢¸±¨³ ¶µ¢µ·µÉµ³ ±µ´ÉÊ·  ¨´É¥£·¨-
·µ¢ ´¨Ö. ‚ · ³± Ì ÔÉ¨Ì ¨¤¥° ¡Ò²¨ ¶µ¸É·µ¥´Ò ´¥²µ± ²Ó´Ò¥ ±¢ ´Éµ¢ Ö É¥µ·¨Ö
¸± ²Ö·´µ£µ ¶µ²Ö ¨ ±¢ ´Éµ¢ Ö Ô²¥±É·µ¤¨´ ³¨± .

‡ ³¥É¨³, ÎÉµ ¢¸¥ ÔÉ¨ ¶·µ¡²¥³Ò µ¡¸Ê¦¤ ²¨¸Ó ¢ Éµ ¢·¥³Ö, ±µ£¤  ´¥ ¡Ò²¨
¥Ð¥ µÉ±·ÒÉÒ ±¢ ·±¨ ¨ £²Õµ´Ò ¨ ¥Ð¥ ´¥ ¢µ§´¨±²µ ¶µ´ÖÉ¨¥ ±µ´Ë °´³¥´É .
‘ ¢¢¥¤¥´¨¥³ ¢ Ë¨§¨Î¥¸±¨° µ¡¨Ìµ¤ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢µ§´¨±²  ¶·µ¡²¥³ ,
± ± µ¶¨¸ ÉÓ ¨Ì ¶µ¢¥¤¥´¨¥ ¢ µ¡² ¸É¨ ±µ´Ë °´³¥´É . �¥ ¡Ê¤¥³ §¤¥¸Ó ¤ ¢ ÉÓ
µ¡§µ· ¢¸¥Ì µ¡¸Ê¦¤ ¥³ÒÌ ¶·¥¤²µ¦¥´¨°,   µ¸É ´µ¢¨³¸Ö ²¨ÏÓ ´  Éµ° ¢µ§³µ¦-
´µ¸É¨, ±µÉµ· Ö ¸¢Ö§ ´  ¸ Ëµ·³Ë ±Éµ· ³¨, Ö¢²ÖÕÐ¨³¨¸Ö Í¥²Ò³¨  ´ ²¨É¨Î¥-
¸±¨³¨ ËÊ´±Í¨Ö³¨. �Î¥¢¨¤´µ, ÎÉµ ´¥É·¨¢¨ ²Ó´Ò° Ëµ·³Ë ±Éµ·, ´¥ ¢´µ¸ÖÐ¨°
´¨± ±¨Ì ´¥Ê´¨É ·´ÒÌ ¢±² ¤µ¢ ´¨ ¢ ± ±¨¥ Ë¨§¨Î¥¸±¨¥  ³¶²¨ÉÊ¤Ò, Ö¢²Ö¥É¸Ö
Ìµ·µÏ¨³ ± ´¤¨¤ Éµ³ ´  µ¶¨¸ ´¨¥ ±µ´Ë °´³¥´É  ±¢ ·±µ¢ ¨ £²Õµ´µ¢. „¥°-
¸É¢¨É¥²Ó´µ, Î ¸É¨Í , ¶·µ¶ £ Éµ· ±µÉµ·µ° Ö¢²Ö¥É¸Ö ´¥É·¨¢¨ ²Ó´µ° Í¥²µ°  ´ -
²¨É¨Î¥¸±µ° ËÊ´±Í¨¥° ¨ ´¥ ¶·¨¢´µ¸¨É ´¨± ±¨Ì ´¥Ê´¨É ·´ÒÌ ¢±² ¤µ¢, ´¥ ³µ-
¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ ± ± µ¡ÒÎ´ Ö Ô²¥³¥´É ·´ Ö Î ¸É¨Í . ’ ± ¢µ§´¨±²µ ¶µ´ÖÉ¨¥
® ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É¯.

ˆ¤¥Ö  ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´³¥´É  ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¶·¨ Ëµ·³Ê²¨-
·µ¢±¥ ¢¨·Éµ´´µ° ³µ¤¥²¨ ¨ ³µ¤¥²¨ ±µ´Ë °´³¨·µ¢ ´´ÒÌ ±¢ ·±µ¢, £¤¥ Ë¥´µ-
³¥´µ²µ£¨Î¥¸±¨ ¶µ¸ÉÊ²¨·µ¢ ² ¸Ó Ëµ·³  ±¢ ·±µ¢µ£µ ¶·µ¶ £ Éµ· . �¡¥ ³µ¤¥²¨
¶· ¢¨²Ó´µ µ¶¨¸Ò¢ ÕÉ ´¨§±µÔ´¥·£¥É¨Î¥¸±ÊÕ Ë¨§¨±Ê  ¤·µ´µ¢. ’ ±¨³ µ¡· §µ³,
µ± § ²µ¸Ó, ÎÉµ Ê¸¶¥Ï´µ · ¡µÉ ¥É ²µ£¨Î¥¸± Ö Í¥¶µÎ± 

�¥²µ± ²Ó´µ¸ÉÓ → ”µ·³Ë ±Éµ· → Šµ´Ë °´³¥´É → �¤·µ´Ò .
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„ ²¥¥ ¡Ò²µ ´ °¤¥´µ ¢ · ³± Ì Š•„, ÎÉµ µ¤´µ·µ¤´µ¥ ¸ ³µ¤Ê ²Ó´µ¥ £²Õµ´-
´µ¥ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ, Ö¢²ÖÖ¸Ó ·¥Ï¥´¨¥³ Ê· ¢´¥´¨° Ÿ´£ Ä
Œ¨²²¸ , ¢µ-¶¥·¢ÒÌ, ¸ ¡µ²ÓÏµ° ¸É¥¶¥´ÓÕ ¢¥·µÖÉ´µ¸É¨ ·¥ ²¨§Ê¥É ¢ ±ÊÊ³ Š•„
¨, ¢µ-¢Éµ·ÒÌ, ¢¥¤¥É ±  ´ ²¨É¨Î¥¸±µ³Ê ±µ´Ë °´³¥´ÉÊ ±¢ ·±µ¢ ¨ £²Õµ´µ¢.

�µ ¢¸¥° ¢¨¤¨³µ¸É¨,  ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É ¨³¥¥É ¡µ²¥¥ £²µ¡ ²Ó´Ò°
¨ £²Ê¡µ±¨° ¸³Ò¸², Î¥³ ÔÉµ ¸¥°Î ¸ ¶·¥¤¸É ¢²Ö¥É¸Ö. ˆ³¥´´µ ·¥²ÖÉ¨¢¨¸É¸±¨¥
±¢ ´Éµ¢µ-¶µ²¥¢Ò¥ ³µ¤¥²¨, µ¸´µ¢ ´´Ò¥ ´  ¶·¥¤¶µ²µ¦¥´¨ÖÌ:

1)  ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É Å ¶·µ¶ £ Éµ·Ò ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢¨¤ 
∼ ep2/Λ2

, £¤¥ Λ µ¶·¥¤¥²Ö¥É Ï± ²Ê ±µ´Ë °´³¥´É ,
2) ² £· ´¦¨ ´ ¢§ ¨³µ¤¥°¸É¢¨Ö Õ± ¢¸±µ£µ É¨¶  ¸ ³ ²µ° ±µ´¸É ´Éµ° ¸¢Ö§¨

¤²Ö µ¶¨¸ ´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢,
3)  ¤·µ´Ò ± ± ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢ µ¶¨¸Ò¢ ÕÉ¸Ö ·¥-

²ÖÉ¨¢¨¸É¸±¨³ Ê· ¢´¥´¨¥³ �¥É¥Ä‘µ²¶¨É¥· ,
¶· ¢¨²Ó´µ ¶¥·¥¤ ÕÉ µ¸´µ¢´Ò¥ Î¥·ÉÒ  ¤·µ´´µ£µ ¸¶¥±É·  ¨ ¶· ¢¨²Ó´µ µ¶¨¸Ò-
¢ ÕÉ ¢§ ¨³µ¤¥°¸É¢¨Ö  ¤·µ´µ¢ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ. ’ ±¨³ µ¡· §µ³, ´ ²¨-
Î¨¥ £²Õµ´´µ£µ ¢ ±ÊÊ³´µ£µ ¶µ²Ö, ¢¥¤ÊÐ¥£µ ±  ´ ²¨É¨Î¥¸±µ³Ê ±µ´Ë °´³¥´ÉÊ,
¶µ§¢µ²Ö¥É ¶µ¸É·µ¨ÉÓ Í¥¶µÎ±Ê, ¸¢Ö§ ´´ÊÕ, ± ± ¶·¨´ÖÉµ £µ¢µ·¨ÉÓ, ¸ ¶¥·¢Ò³¨
¶·¨´Í¨¶ ³¨:

Š•„ → ƒ². ¢ ±ÊÊ³ → �´ ². ±µ´Ë °´³¥´É → �¤·µ´¨§ Í¨Ö .

ˆ§²µ¦¥´¨Õ ÔÉ¨Ì ¨¤¥° ¨ ¶µ¸¢ÖÐ¥´ ¤ ´´Ò° µ¡§µ·.

1. Š���„ˆ��’› ˆ ‚�…ŒŸ ‚ Œ…•��ˆŠ…

� Î´¥³ ¸  ´ ²¨§  ¶µ´ÖÉ¨Ö ®¢·¥³Ö t¯ ¶·¨ ¶µ¸É ´µ¢±¥ § ¤ Î ¢ Ë¨§¨±¥, ¨§Ê-
Î ÕÐ¥° ³¨±·µ³¨·, ± ± ¶µ´¨³ ² ÔÉµ �²µÌ¨´Í¥¢. …£µ ÉµÎ±  §·¥´¨Ö ¨§²µ¦¥´ 
¢ ±´¨£¥ ®�·µ¸É· ´¸É¢µ ¨ ¢·¥³Ö ¢ ³¨±·µ³¨·¥¯ [1]. �·µÏ²µ 33 £µ¤  ¸µ ¤´Ö
µ¶Ê¡²¨±µ¢ ´¨Ö ÔÉµ° ±´¨£¨, µ¤´ ±µ, ± ± ³´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö, µ¸É ¥É¸Ö  ±ÉÊ-
 ²Ó´Ò³ ¥£µ ±·¨É¨Î¥¸±¨°  ´ ²¨§ ¶µ´ÖÉ¨° ®¶·µ¸É· ´¸É¢µ¯ ¨ ®¢·¥³Ö¯ ¨ ¸¢Ö§¨
ÔÉ¨Ì ¶µ´ÖÉ¨° ¸µ ¸É ´¤ ·É´Ò³ ¸¶µ¸µ¡µ³ Ê¶µÉ·¥¡²¥´¨Ö ¡Ê±¢ x, y, z, t ¶·¨
µ¡µ§´ Î¥´¨¨ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÒÌ ±µµ·¤¨´ É Î ¸É¨Í ¨ ¶µ²¥° ¢ ±¢ ´-
Éµ¢µ° ³¥Ì ´¨±¥ ¨ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. �²µÌ¨´Í¥¢ ¸Î¨É ², ÎÉµ ´ ²¨Î¨¥
¸É·Ê±ÉÊ·Ò Ê É ± ´ §Ò¢ ¥³ÒÌ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¸É ¢¨É ¶µ¤ ¸µ³´¥´¨¥ ¸ ³Ê
¢µ§³µ¦´µ¸ÉÓ ÉµÎ´µ£µ µ¶·¥¤¥²¥´¨Ö ±µµ·¤¨´ É Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í x, y, z, t.
�µ ¥£µ ¸²µ¢ ³, ®¢µ§´¨± ¥É ¸µ³´¥´¨¥ ¢ ²µ£¨Î¥¸±µ° § ±µ´´µ¸É¨ Ê¶µÉ·¥¡²¥´¨Ö
¸¨³¢µ²µ¢ x, y, z, t ¢ ± Î¥¸É¢¥ ¶·µ¸É· ´¸É¢¥´´ÒÌ ¨ ¢·¥³¥´´ÒÌ ±µµ·¤¨´ É,
¶·¨£µ¤´ÒÌ ¤²Ö µ¶¨¸ ´¨Ö Ö¢²¥´¨° ¢´ÊÉ·¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í¯. �·¨ ÔÉµ³
¶µ´ÖÉ¨¥ ®¢·¥³Ö¯ ¨£· ¥É ¢Ò¤¥²¥´´ÊÕ ·µ²Ó. ‘²¥¤Ê¥É µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  Éµ,
ÎÉµ ´¥±µÉµ·Ò¥ ¶µ´ÖÉ¨Ö ¶·¨´¨³ ÕÉ¸Ö ± ± µÎ¥¢¨¤´Ò¥, ´¥ ¶µ¤²¥¦ Ð¨¥ ´¨± -
±µ³Ê ±·¨É¨Î¥¸±µ³Ê  ´ ²¨§Ê ¨ ¸Î¨É ÕÐ¨¥¸Ö ¸ ³µ ¸µ¡µ° · §Ê³¥ÕÐ¨³¨¸Ö. Š
Î¨¸²Ê É ±¨Ì ¶µ´ÖÉ¨° µÉ´µ¸¨É¸Ö ¢·¥³Ö t.
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� ¸¸³µÉ·¨³, ± ± ¸É ¢¨É¸Ö § ¤ Î  ¢ ±² ¸¸¨Î¥¸±µ° ¨ ±¢ ´Éµ¢µ° Ë¨§¨±¥ ¸
¨´É¥·¥¸ÊÕÐ¥° ´ ¸ ÉµÎ±¨ §·¥´¨Ö ·µ²¨ ±µµ·¤¨´ É ®¶·µ¸É· ´¸É¢ -¢·¥³¥´¨¯.

Š² ¸¸¨Î¥¸± Ö ³¥Ì ´¨±  ³ É¥·¨ ²Ó´µ° ÉµÎ±¨ (Ô²¥³¥´É ·´µ° Î ¸É¨ÍÒ).
‘µ¸ÉµÖ´¨¥ Î ¸É¨ÍÒ § ¤ ¥É¸Ö ±µµ·¤¨´ É ³¨ x = (x, y, z), ¨ ¸Î¨É ¥É¸Ö, ÎÉµ
³Ò ¢¸¥ §´ ¥³ µ Î ¸É¨Í¥, ¥¸²¨ ³µ¦¥³ µ¶·¥¤¥²¨ÉÓ ¥¥ ±µµ·¤¨´ ÉÒ ¢ ²Õ¡µ°
³µ³¥´É ¢·¥³¥´¨. ‹ £· ´¦¥¢  ¤¨´ ³¨±  ¤¢¨¦¥´¨Ö § ¤ ¥É¸Ö Ê· ¢´¥´¨¥³ ¢Éµ·µ£µ
¶µ·Ö¤±  ¶µ ¢·¥³¥´¨

K (ẍ(t),x(t)) = 0,

¨ ·¥Ï ¥É¸Ö § ¤ Î  ŠµÏ¨, É. ¥. ¢ ´¥±µÉµ·Ò° ³µ³¥´É ¢·¥³¥´¨ t = t0 ´ ³ ¨§-
¢¥¸É´Ò ±µµ·¤¨´ É  x(t0) = x0 ¨ ¸±µ·µ¸ÉÓ ẋ(t0) = v0 ¨ ´¥µ¡Ìµ¤¨³µ ´ °É¨
x(t). �·¨ ÔÉµ³ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ±µµ·¤¨´ ÉÒ ¨ ¢·¥³Ö ³µ£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò
 ¡¸µ²ÕÉ´µ ÉµÎ´µ.

�¥·¥²ÖÉ¨¢¨¸É¸± Ö ±¢ ´Éµ¢ Ö ³¥Ì ´¨± . ‘µ¸ÉµÖ´¨¥ Î ¸É¨ÍÒ ¢ ´¥±µÉµ-
·Ò° ³µ³¥´É ¢·¥³¥´¨ t § ¤ ¥É¸Ö ¢µ²´µ¢µ° ËÊ´±Í¨¥° Ψ(x, t). — ¸É¨Í  ´¥
¨³¥¥É ÉµÎ´µ µ¶·¥¤¥²¥´´ÒÌ ¶·µ¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É. Šµµ·¤¨´ É ³ ¸µµÉ-
¢¥É¸É¢ÊÕÉ Ô·³¨Éµ¢Ò µ¶¥· Éµ·Ò x̂. �µ¸ÉÊ²¨·Ê¥É¸Ö, ÎÉµ ³µ£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò
Éµ²Ó±µ ¸·¥¤´¨¥ §´ Î¥´¨Ö ±µµ·¤¨´ É

x̄(t) =
∫

dx Ψ∗(x, t)xΨ(x, t).

„¨´ ³¨±  · §¢¨É¨Ö ¸¨¸É¥³Ò µ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨¥³ ˜·¥¤¨´£¥· 

i�
d

dt
Ψ(x, t) = H(x)Ψ(x, t),

¤²Ö ±µÉµ·µ£µ Ëµ·³Ê²¨·Ê¥É¸Ö § ¤ Î  ŠµÏ¨

Ψ(x, t0) = Ψ0(x).

�µ¤Î¥·±´¥³: ¢·¥³Ö µ¸É ¥É¸Ö ±² ¸¸¨Î¥¸±¨³ ¶ · ³¥É·µ³, ¶·¨Î¥³ ¶·¥¤¶µ² £ -
¥É¸Ö, ÎÉµ µ´µ ³µ¦¥É ¡ÒÉÓ ¨§³¥·¥´µ  ¡¸µ²ÕÉ´µ ÉµÎ´µ. Šµµ·¤¨´ ÉÒ ¨ ¢·¥³Ö
µÎ¥¢¨¤´µ ´¥· ¢´µ¶· ¢´Ò.

�¥²ÖÉ¨¢¨¸É¸± Ö ±¢ ´Éµ¢ Ö ³¥Ì ´¨± . ‚ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ ¢µ§´¨-
± ¥É ± ¦ÊÐ¥¥¸Ö · ¢´µ¶· ¢¨¥ ³¥¦¤Ê ¶·µ¸É· ´¸É¢¥´´Ò³¨ ±µµ·¤¨´ É ³¨ x ¨
¢·¥³¥´¥³ t, ¶µ¸±µ²Ó±Ê ¶µ¸ÉÊ²¨·Ê¥É¸Ö ¸µµÉ´µÏ¥´¨¥

ds2 = c2dt2 − dx2.

�¤´ ±µ ¶·¨ ¨§ÊÎ¥´¨¨ ·¥ ²Ó´ÒÌ Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨° µ¸µ¡µ¥, ¢Ò¤¥²¥´´µ¥ §´ -
Î¥´¨¥ ¢·¥³¥´¨ ¶·µÖ¢²Ö¥É¸Ö ¸µ¢¥·Ï¥´´µ µÉÎ¥É²¨¢µ. „¨´ ³¨Î¥¸±¨¥ § ¤ Î¨ ¸É -
¢ÖÉ¸Ö É ±: ¶µ §´ Î¥´¨Ö³ ¤¨´ ³¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±, § ¤ ´´ÒÌ ¢ ´¥±µÉµ·Ò°
³µ³¥´É ¢·¥³¥´¨ t0, ´ ¤µ ´ °É¨ ¨Ì ¨§³¥´¥´¨¥ ¶·¨ t > t0, ÎÉµ ¢Ò· ¦ ¥É¸Ö ± ±
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·¥Ï¥´¨¥ § ¤ Î¨ ŠµÏ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¨´ ³¨Î¥¸±¨Ì Ê· ¢´¥´¨°. ‚ Î ¸É-
´µ¸É¨, ´¥²Ó§Ö ±µ··¥±É´µ ¶µ¸É ¢¨ÉÓ § ¤ ÎÊ: ®¤ ´Ò t, y, z ¶·¨ ´¥±µÉµ·µ³
x = x0, µ¶·¥¤¥²¨ÉÓ ¨Ì §´ Î¥´¨Ö ¶·¨ x �= x0¯. �Éµ ¢ ¦´¥°Ï¥¥ µ¡¸ÉµÖÉ¥²Ó¸É¢µ
¢Ò· ¦ ¥É¸Ö É¥³, ÎÉµ ¤²Ö Î ¸É¨ÍÒ ¶¥·¥³¥´´Ò¥ x ¨ t ´¥ ¸¢Ö§ ´Ò ´¨± ±¨³¨
¸µµÉ´µÏ¥´¨Ö³¨, ¢ Éµ ¢·¥³Ö ± ± ¢ ¶·µ¸É· ´¸É¢¥ ¸µ¶·Ö¦¥´´ÒÌ ¶¥·¥³¥´´ÒÌ
¨³¶Ê²Ó¸ p ¨ Ô´¥·£¨Ö E Î ¸É¨ÍÒ ¸¢Ö§ ´Ò:

E =
p2

2m
¨²¨ E =

√
p2 + m2

¢ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ¨²¨ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨ÖÌ ¸µµÉ¢¥É¸É¢¥´´µ.
Š¢ ´Éµ¢ Ö É¥µ·¨Ö ¶µ²Ö. Š ¦¤µ° Î ¸É¨Í¥ ¸µµÉ¢¥É¸É¢Ê¥É ±¢ ´Éµ¢ ´´µ¥

¶µ²¥. � ¶·¨³¥·, ¢ ¸²ÊÎ ¥ ¸± ²Ö·´ÒÌ Î ¸É¨Í φ(x, t) = φx(t) ¸¨³¢µ² x ¢Ò-
¸ÉÊ¶ ¥É ± ± ±µµ·¤¨´ É  ¶µ²Ö. �·¨ ÔÉµ³ · §²¨Î¨¥ ³¥¦¤Ê ¢·¥³¥´¥³ t ¨ ±µ-
µ·¤¨´ Éµ° x ËÊ´¤ ³¥´É ²Ó´µ. �·¨ ¸É ´¤ ·É´µ³ ± ´µ´¨Î¥¸±µ³ ±¢ ´Éµ¢ ´¨¨
´¥µ¡Ìµ¤¨³µ ·¥Ï¨ÉÓ ¤¨´ ³¨Î¥¸±µ¥ µ¶¥· Éµ·´µ¥ Ê· ¢´¥´¨¥ ¨ Ê¤µ¢²¥É¢µ·¨ÉÓ
µ¤´µ¢·¥³¥´´Ò³ ¶¥·¥¸É ´µ¢µÎ´Ò³ ¸µµÉ´µÏ¥´¨Ö³ (¸³. ´¨¦¥). ‘´µ¢  ¶µ¤Î¥·±-
´¥³, ÎÉµ ¢ ¤ ´´µ³ ¶µ¤Ìµ¤¥ ±µµ·¤¨´ ÉÒ x ¨ ¢·¥³Ö t Ö¢²ÖÕÉ¸Ö ±² ¸¸¨Î¥¸±¨³¨
¶ · ³¥É· ³¨ ¨ ³µ£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò  ¡¸µ²ÕÉ´µ ÉµÎ´µ.

ˆÉ ±, ³µ¦´µ ¶µ¤¢¥¸É¨ ¨Éµ£: ¢·¥³Ö t ¢µ ¢¸¥Ì ¢ ·¨ ´É Ì ±² ¸¸¨Î¥¸±¨Ì
¨ ±¢ ´Éµ¢ÒÌ É¥µ·¨° Ö¢²Ö¥É¸Ö ±² ¸¸¨Î¥¸±¨³ ¶ · ³¥É·µ³ ¨ ¢Ò¸ÉÊ¶ ¥É ¸µ¢¥·-
Ï¥´´µ µ¤¨´ ±µ¢µ ± ± ¢ ±² ¸¸¨Î¥¸±µ°, É ± ¨ ¢ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ¨ ·¥²ÖÉ¨¢¨¸É-
¸±µ° ±¢ ´Éµ¢µ° Ë¨§¨±¥. �·¨ ÔÉµ³ ³µ²Î ²¨¢µ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ µ´µ ³µ¦¥É
¡ÒÉÓ ¨§³¥·¥´µ  ¡¸µ²ÕÉ´µ ÉµÎ´µ. �Éµ ¢Ò· ¦ ¥É¸Ö ¢ Éµ³, ÎÉµ ¤¢¨¦¥´¨¥ ¸¨-
¸É¥³Ò Ëµ·³Ê²¨·Ê¥É¸Ö ± ± § ¤ Î  ŠµÏ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¨´ ³¨Î¥¸±¨Ì Ê· ¢-
´¥´¨°. �·¨ ÔÉµ³ § ¤ Î  ŠµÏ¨ Ö¢²Ö¥É¸Ö ¡ §µ¢Ò³ ¤¨´ ³¨Î¥¸±¨³ ¶·¨´Í¨¶µ³:
¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ³Ò ¢ ¸µ¸ÉµÖ´¨¨  ¡¸µ²ÕÉ´µ ÉµÎ´µ Ë¨±¸¨·µ¢ ÉÓ ´ Î ²Ó-
´Ò° t0 ¨ ±µ´¥Î´Ò° t ³µ³¥´É ¢·¥³¥´¨, ¨ ¶·µ¡²¥³  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò ´ °É¨
´¥±µÉµ·ÊÕ Ë¨§¨Î¥¸±ÊÕ Ì · ±É¥·¨¸É¨±Ê O(t) ¶·¨ t > t0, ¥¸²¨ ¨§¢¥¸É´  O(t0).

2. Š‚��’�‚�Ÿ ’…��ˆŸ ��‹Ÿ ˆ ����‹…Œ� ‹�Š�‹œ��‘’ˆ

‘¨ÉÊ Í¨Ö ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¨³¥¥É ¸¢µ¨ µ¸µ¡¥´´µ¸É¨. „¥²µ ¢ Éµ³,
ÎÉµ ¢ ±² ¸¸¨Î¥¸±µ° ³¥Ì ´¨±¥, ±² ¸¸¨Î¥¸±µ° É¥µ·¨¨ ¶µ²Ö ¨ ´¥·¥²ÖÉ¨¢¨¸É¸±µ°
±¢ ´Éµ¢µ° ³¥Ì ´¨±¥ § ¤ Î  ŠµÏ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Ê· ¢´¥´¨° Ö¢²Ö¥É¸Ö ³ É¥-
³ É¨Î¥¸±¨ ±µ··¥±É´µ ¶µ¸É ¢²¥´´µ°, ¢ Éµ ¢·¥³Ö ± ± ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö
ÔÉµ ´¥ É ±. �¸É ´µ¢¨³¸Ö ¡µ²¥¥ ¶µ¤·µ¡´µ ´  ¸É ´¤ ·É´µ° ¶·µÍ¥¤Ê·¥ ± ´µ´¨Î¥-
¸±µ£µ ±¢ ´Éµ¢ ´¨Ö. „²Ö ¶·µ¸ÉµÉÒ · ¸¸³µÉ·¨³ µ¤´µ±µ³¶µ´¥´É´µ¥ ¢¥Ð¥¸É¢¥´-
´µ¥ ¸± ²Ö·´µ¥ ¶µ²¥ φ(x) = φ(x, t), µ¶¨¸Ò¢ ¥³µ¥ ´¥±µÉµ·Ò³ ² £· ´¦¨ ´µ³,
´ ¶·¨³¥·

L(x) =
1
2
(
φ[� − m2]φ

)
− g

N
φN . (1)

‡¤¥¸Ó N Å ´¥±µÉµ·µ¥ Í¥²µ¥ Î¨¸²µ.
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�·¨´Í¨¶ ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö

δS = δ

∫
dxL(x) = 0

¶·¨¢µ¤¨É ± Ê· ¢´¥´¨Õ ƒ¥°§¥´¡¥·£ 

(� − m2)φ(x, t) − gφN−1(x, t) = 0, (2)

£¤¥ ± ´µ´¨Î¥¸±¨¥ ¶µ²¥¢Ò¥ ¶¥·¥³¥´´Ò¥{
φ(x, t), π(x, t) = φ̇(x, t)

}
¤µ²¦´Ò Ê¤µ¢²¥É¢µ·ÖÉÓ µ¤´µ¢·¥³¥´´Ò³ ± ´µ´¨Î¥¸±¨³ ¶¥·¥¸É ´µ¢µÎ´Ò³ ¸µµÉ-
´µÏ¥´¨Ö³

[φ(x, t), φ(x′, t)] = [π(x, t), π(x′, t)] = 0,

[φ(x, t), π(x′, t)] = i�δ(x − x′).
(3)

”µ·³ ²Ó´µ ¶µ¸É ¢²¥´´ Ö § ¤ Î  ³µ¦¥É ¡ÒÉÓ ²¥£±µ ·¥Ï¥´ . „¥°¸É¢¨É¥²Ó´µ,
¶Ê¸ÉÓ ¨§¢¥¸É´  ´¥±µÉµ· Ö ¶ ·  ´¥ § ¢¨¸ÖÐ¨Ì µÉ ¢·¥³¥´¨ µ¶¥· Éµ·µ¢
{φ(x), π(x)}, Ê¤µ¢²¥É¢µ·ÖÕÐ Ö ± ´µ´¨Î¥¸±¨³ ¶¥·¥¸É ´µ¢µÎ´Ò³ ¸µµÉ´µÏ¥-
´¨Ö³ (3). �µ¸É·µ¨³ £ ³¨²ÓÉµ´¨ ´, ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ² £· ´¦¨ ´Ê (1):

H =
∫

dx
[
1
2
(π2(x) + (∇φ(x))2 + m2φ2(x)) + gφN (x)

]
. (4)

’µ£¤  µ¶¥· Éµ·Ò

φ(x, t) = eitHφ(x) e−itH , π(x, t) = eitHπ(x) e−itH

Ê¤µ¢²¥É¢µ·ÖÕÉ Ê· ¢´¥´¨Õ (2) ¨ ± ´µ´¨Î¥¸±¨³ ¶¥·¥¸É ´µ¢µÎ´Ò³ ¸µµÉ´µÏ¥-
´¨Ö³ (3).

‘²¥¤ÊÕÐ¨³ Ï £µ³ ¤µ²¦¥´ ¡ÒÉÓ ¢Ò¡µ· ¶·¥¤¸É ¢²¥´¨Ö ¶¥·¥¸É ´µ¢µÎ´ÒÌ
¸µµÉ´µÏ¥´¨°, É. ¥. µ¶·¥¤¥²¥´¨¥ Ö¢´µ£µ ¢¨¤  ± ´µ´¨Î¥¸±µ° ¶ ·Ò ¨ ¶·µ¸É· ´-
¸É¢ , ´  ±µÉµ·µ³ µ´¨ ¤¥°¸É¢ÊÕÉ. �ÉµÉ ¶Ê´±É ¨³¥¥É ¶·Ö³µ¥ Ë¨§¨Î¥¸±µ¥ ¸µ¤¥·-
¦ ´¨¥, ¶µ¸±µ²Ó±Ê µ¤¨´ ¢Ò¡µ· ³µ¦¥É ¸¤¥² ÉÓ £ ³¨²ÓÉµ´¨ ´ Ë¨§¨Î¥¸±¨ µ¸³Ò-
¸²¥´´Ò³,   ¤·Ê£µ° ¢Ò¡µ· Å ´¥É (¶µ¤·µ¡´¥¥ ¸³. [2]). �Ê¦´µ ¸¶¥Í¨ ²Ó´µ
µÉ³¥É¨ÉÓ, ÎÉµ ¤µ ¸¨Ì ¶µ· ¸±µ²Ó±µ-´¨¡Ê¤Ó ¶µ²´ Ö ±² ¸¸¨Ë¨± Í¨Ö ¢¸¥Ì ´¥-
¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° · ¸¸³ É·¨¢ ¥³ÒÌ ¶¥·¥¸É ´µ¢µÎ´ÒÌ ¸µµÉ´µÏ¥´¨°
µÉ¸ÊÉ¸É¢Ê¥É.

�Ê¤ÊÎ¨ ´¥ ¢ ¸µ¸ÉµÖ´¨¨ ·¥Ï¨ÉÓ § ¤ ÎÊ ¢ ¶µ²´µ³ µ¡Ñ¥³¥, ³Ò ¸Ê¦ ¥³ ¶·µ-
¡²¥³Ê Å ·¥Ï ¥³ § ¤ ÎÊ · ¸¸¥Ö´¨Ö. ‘É ´¤ ·É´ Ö  ·£Ê³¥´É Í¨Ö ¢Ò£²Ö¤¨É ¸²¥-
¤ÊÕÐ¨³ µ¡· §µ³.
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“ ´ ¸ ´¥É Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢µ§³µ¦´µ¸É¥° ¶·µ¸²¥¤¨ÉÓ, ÎÉµ ¶·µ¨¸Ìµ¤¨É
¸ Î ¸É¨Í ³¨ ´¥¶µ¸·¥¤¸É¢¥´´µ ¢ ¶·µÍ¥¸¸¥ ¸Éµ²±´µ¢¥´¨Ö: ¸²¨Ï±µ³ ´  ³ ²ÒÌ
· ¸¸ÉµÖ´¨ÖÌ ¨ §  ¸²¨Ï±µ³ ±µ·µÉ±¨¥ ¶·µ³¥¦ÊÉ±¨ ¢·¥³¥´¨ ¶·µ¨¸Ìµ¤ÖÉ ÔÉ¨
¸µ¡ÒÉ¨Ö. ‘Ê¤¨³ ³Ò µ¡ ÔÉ¨Ì ¸µ¡ÒÉ¨ÖÌ ¶µ ÔËË¥±É¨¢´Ò³ ¸¥Î¥´¨Ö³ ¨ · ¸¶·¥¤¥-
²¥´¨Ö³ Î ¸É¨Í ¶µ¸²¥ ¢§ ¨³µ¤¥°¸É¢¨Ö, ±µ£¤  · §²¥É ÕÐ¨¥¸Ö Î ¸É¨ÍÒ ¢¶µ²´¥
³µ£ÊÉ ¸Î¨É ÉÓ¸Ö ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨³¨. ’ ±¨³ µ¡· §µ³, ¶·µÍ¥¸¸ · ¸¸¥Ö´¨Ö
¥¸É¥¸É¢¥´´µ ¶·¥¤¸É ¢¨ÉÓ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥. ‚ ´ Î ²Ó´µ³ ¸µ¸ÉµÖ´¨¨, ±µÉµ-
·µ³Ê · §Ê³´µ ¶·¨¶¨¸ ÉÓ ¢·¥³Ö t = −∞, Î ¸É¨ÍÒ ´ Ìµ¤ÖÉ¸Ö ¤ ²¥±µ ¤·Ê£ µÉ
¤·Ê£ , ¨ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê ´¨³¨ ¶µ²´µ¸ÉÓÕ µÉ¸ÊÉ¸É¢Ê¥É. ‡ É¥³ ¶µ ³¥·¥
¸¡²¨¦¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨¥ ± ±-Éµ ®¢±²ÕÎ ¥É¸Ö¯, ¤µ¸É¨£ ¥É ´ ¨¡µ²ÓÏ¥° ¸¨²Ò
¶·¨ ³ ±¸¨³ ²Ó´µ³ ¸¡²¨¦¥´¨¨ ¨ ¶µ¸É¥¶¥´´µ ®¢Ò±²ÕÎ ¥É¸Ö¯ ¶·¨ · §²¥É¥ Î -
¸É¨Í ¶µ¸²¥ ¢§ ¨³µ¤¥°¸É¢¨Ö. Šµ´¥Î´µ¥ ¸µ¸ÉµÖ´¨¥ · §Ê³´µ µÉ´¥¸É¨ ±µ ¢·¥³¥´¨
t = +∞. �µÔÉµ³Ê ¥¸É¥¸É¢¥´´µ µ¶¨¸Ò¢ ÉÓ Î ¸É¨ÍÒ ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³
¸µ¸ÉµÖ´¨ÖÌ (¶·¨ t = ±∞) ² £· ´¦¨ ´µ³ ¡¥§ ¢§ ¨³µ¤¥°¸É¢¨Ö, É. ¥. ¶µ²µ¦¨ÉÓ
g = 0 ¢ (1) ¨ (2).

‚Ò¡µ· ± ´µ´¨Î¥¸±µ° ¶ ·Ò {φ(x), π(x)} ± ± ·¥Ï¥´¨Ö ¨ ±¢ ´Éµ¢ ´¨Ö ² -
£· ´¦¨ ´  (1) ¡¥§ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶·¨ g = 0 ¤ ¥É

H = H0 + HI ,

H0 =
∫

dk ωka+
k ak, HI = g

∫
dx φN (x),

(5)

φ(x) =
∫

dk
(2π)3/2

√
2ωk

(
ak eikx + a+

k e−ikx
)
,

[ak, ak′ ] = [a+
k , a+

k′ ] = 0, [ak, ak′ ] = δ(k − k′),

£¤¥ ωk =
√

k2 + m2.
�·µ¸É· ´¸É¢µ Ë¨§¨Î¥¸±¨Ì ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¸µ¸ÉµÖ´¨° ¢Ò¡¨· ¥É¸Ö

¨§ É·¥¡µ¢ ´¨Ö ¸É ¡¨²Ó´µ¸É¨: ²Õ¡Ò¥ Ë¨§¨Î¥¸±¨¥ ¸µ¸ÉµÖ´¨Ö ´¥ ³µ£ÊÉ ¨³¥ÉÓ
µÉ·¨Í É¥²Ó´ÊÕ Ô´¥·£¨Õ. „²Ö ÔÉµ£µ ¶µ¸ÉÊ²¨·Ê¥É¸Ö, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É ¸µ¸ÉµÖ´¨¥
¢ ±ÊÊ³  Φ0 = |0〉, Ê¤µ¢²¥É¢µ·ÖÕÐ¥¥ Ê¸²µ¢¨Ö³

〈0|0〉 = 1, ak|0〉 = 0 ∀k.

�µÔÉµ³Ê a+
k ¨ ak ´ §Ò¢ ÕÉ¸Ö µ¶¥· Éµ· ³¨ ·µ¦¤¥´¨Ö ¨ Ê´¨ÎÉµ¦¥´¨Ö.

‘µ¢µ±Ê¶´µ¸ÉÓ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì, ¨²¨ ®¸¢µ¡µ¤´ÒÌ¯, ¸µ¸ÉµÖ´¨°, ±µÉµ-
·Ò¥ Ö¢²ÖÕÉ¸Ö ¸µ¡¸É¢¥´´Ò³¨ ËÊ´±Í¨Ö³¨ £ ³¨²ÓÉµ´¨ ´  H0:

Φk1···kn =
1√
n!

a+
k1

· · · a+
kn

|0〉,

´ §Ò¢ ¥É¸Ö ¶·µ¸É· ´¸É¢µ³ ”µ±  F = {Φ}, £¤¥ ±¢ ´Éµ¢µ-¶µ²¥¢ Ö ¢µ²´µ¢ Ö
ËÊ´±Í¨Ö Φk1···kn µ¶¨¸Ò¢ ¥É n ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í ¢ ¸µ¸ÉµÖ´¨¨
¶²µ¸±¨Ì ¢µ²´.
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Š¢ ´Éµ¢µ-¶µ²¥¢µ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

i�
d

dt
Ψ(t) = (H0 + HI)Ψ(t), (6)

¨ ¸É ¢¨É¸Ö § ¤ Î  ŠµÏ¨ Ψ(t0) = Ψ0.
…¸É¥¸É¢¥´´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ´ Î ²Ó´µ¥ ¸µ¸ÉµÖ´¨¥ ¨ ·¥Ï¥´¨¥ ¶·¨´ ¤-

²¥¦ É ¶·µ¸É· ´¸É¢Ê ”µ±  F , É. ¥. ·¥Ï¥´¨¥ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´µ ¢ ¢¨¤¥
¸Ìµ¤ÖÐ¥£µ¸Ö ·Ö¤ 

Ψ(t) =
∑

n

∑
k1···kn

Ck1···kn(t)Φk1···kn ∈ F . (7)

‘´µ¢  ¶µ¤Î¥·±´¥³: ¸Î¨É ¥É¸Ö µÎ¥¢¨¤´Ò³, ÎÉµ ¢·¥³Ö t ³µ¦¥É ¡ÒÉÓ ¨§³¥·¥´µ
 ¡¸µ²ÕÉ´µ ÉµÎ´µ.

�¤´ ±µ £ ³¨²ÓÉµ´¨ ´ ¢§ ¨³µ¤¥°¸É¢¨Ö HI ´¥ Ö¢²Ö¥É¸Ö Ìµ·µÏµ µ¶·¥¤¥-
²¥´´Ò³ µ¶¥· Éµ·µ³ ¢ ¶·µ¸É· ´¸É¢¥ ”µ± . �Éµ ¥¸ÉÓ ¸²¥¤¸É¢¨¥ É¥µ·¥³Ò • -
 £  (¢ ¥¢±²¨¤µ¢µ-¨´¢ ·¨ ´É´µ° É¥µ·¨¨ ¶µ²Ö, ¨¸¶µ²Ó§ÊÕÐ¥° Ëµ±µ¢¸±µ¥ ¶·¥¤-
¸É ¢²¥´¨¥ ¶¥·¥¸É ´µ¢µÎ´ÒÌ ¸µµÉ´µÏ¥´¨°, ¸µ¸ÉµÖ´¨¥ ¡¥§ Î ¸É¨Í ¥¢±²¨¤µ¢µ-
¨´¢ ·¨ ´É´µ) ¨ Ëµ·³Ò ¶µ²¥¢ÒÌ £ ³¨²ÓÉµ´¨ ´µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö, Ö¢²ÖÕÐ¨Ì¸Ö
´¥±µÉµ·Ò³¨ ¶µ²¨´µ³ ³¨ ±¢ ´Éµ¢ ´´ÒÌ ¶µ²¥° φ(x). �µ¤·µ¡´µ ÔÉ¨ ¶·µ¡²¥³Ò
· ¸¸³µÉ·¥´Ò ‚ °É³ ´µ³ ¢ ±´¨£¥ [2]. ’ ±¨³ µ¡· §µ³, ³µ¦´µ ±µ´¸É É¨·µ¢ ÉÓ,
ÎÉµ ±¢ ´Éµ¢µ-¶µ²¥¢µ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· , ¸É·µ£µ £µ¢µ·Ö, ³ É¥³ É¨Î¥¸±¨
´¥ ¶µ¸É ¢²¥´µ. �É¸Õ¤  ¸²¥¤Ê¥É Ë¨§¨Î¥¸±¨ µ¡¥¸±Ê· ¦¨¢ ÕÐ¨° ¢Ò¢µ¤:

ŒÒ ´¥ ¢ ¸µ¸ÉµÖ´¨¨ µ¶¨¸ ÉÓ · §¢¨É¨¥ ±¢ ´Éµ¢µ-¶µ²¥¢µ° ¸¨¸É¥³Ò ¢µ
¢·¥³¥´¨, µ¸É ¢ Ö¸Ó ¢ · ³± Ì ¶·µ¸É· ´¸É¢  ”µ± .

�É  É·Ê¤´µ¸ÉÓ ´¥ ¶·¥µ¤µ²¥´  ¤µ ¸¨Ì ¶µ·. ‚ ²¨É¥· ÉÊ·¥ µ´  ¨§¢¥¸É´  ± ±
¶·µ¡²¥³  ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¶·¥¤¸É ¢²¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö.

Š·µ³¥ Éµ£µ, ¶·¨ ·¥Ï¥´¨¨ ¶µ²¥¢µ£µ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  (6) ¶µ É¥µ·¨¨
¢µ§³ÊÐ¥´¨°, É. ¥. ¶µ ¸É¥¶¥´Ö³ £ ³¨²ÓÉµ´¨ ´  ¢§ ¨³µ¤¥°¸É¢¨Ö, ¢µ§´¨± ÕÉ É ±
´ §Ò¢ ¥³Ò¥ Ê²ÓÉ· Ë¨µ²¥Éµ¢Ò¥ · ¸Ìµ¤¨³µ¸É¨.

�·¨´ÖÉÒ° ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ÒÌµ¤ ¨§ ¢µ§´¨±Ï¨Ì É·Ê¤´µ¸É¥° ¸µ¸Éµ¨É ¢
¸²¥¤ÊÕÐ¥³. Š ± Ê¦¥ £µ¢µ·¨²µ¸Ó ¢ÒÏ¥, ³Ò µÉ± §Ò¢ ¥³¸Ö µÉ ¸ ³µ° ¢µ§³µ¦-
´µ¸É¨ µ¶¨¸Ò¢ ÉÓ · §¢¨É¨¥ ±¢ ´Éµ¢µ-¶µ²¥¢µ° ¸¨¸É¥³Ò ¢µ ¢·¥³¥´¨ ¨ £µ¢µ·¨³,
ÎÉµ ´ ³ ¤µ¸É ÉµÎ´µ ´ ÊÎ¨ÉÓ¸Ö ¢ÒÎ¨¸²ÖÉÓ  ³¶²¨ÉÊ¤Ò ¶¥·¥Ìµ¤  µÉ µ¤´µ£µ ¸¢µ-
¡µ¤´µ£µ ¸µ¸ÉµÖ´¨Ö, ´ Ìµ¤ÖÐ¥£µ¸Ö ¶·¨ ¢·¥³¥´¨ t0 → −∞, ®in¯-¸µ¸ÉµÖ´¨Ö,
± ¤·Ê£µ³Ê ¸¢µ¡µ¤´µ³Ê ¸µ¸ÉµÖ´¨Õ, ´ Ìµ¤ÖÐ¥³Ê¸Ö ¶·¨ ¢·¥³¥´¨ t1 → +∞,
®out¯-¸µ¸ÉµÖ´¨Õ. �·¨ ÔÉµ³ ®in¯- ¨ ®out¯-¸µ¸ÉµÖ´¨Ö ¥¸É¥¸É¢¥´´µ µ¶¨¸Ò¢ -
ÕÉ¸Ö ¢¥±Éµ· ³¨ ¶·µ¸É· ´¸É¢  ”µ± . ‘µ¢µ±Ê¶´µ¸ÉÓ ¢¸¥Ì ¨´É¥·¥¸ÊÕÐ¨Ì ´ ¸
 ³¶²¨ÉÊ¤ ¢¸¥¢µ§³µ¦´ÒÌ ¶¥·¥Ìµ¤µ¢ ¸µ¤¥·¦¨É¸Ö ¢ S-³ É·¨Í¥, ¨²¨ ³ É·¨Í¥ · ¸-
¸¥Ö´¨Ö. ‡ ¤ Î  ¸¢µ¤¨É¸Ö ± ¶µ¸É·µ¥´¨Õ S-³ É·¨ÍÒ ± ± Ê´¨É ·´µ£µ µ¶¥· Éµ· 
´  ¶·µ¸É· ´¸É¢¥ ”µ± . ”¨§¨Î¥¸±¨³ µ¡µ¸´µ¢ ´¨¥³ É ±µ£µ ¶µ¤Ìµ¤  Ö¢²Ö¥É¸Ö
¸µµ¡· ¦¥´¨¥, ÎÉµ ¶·µÍ¥¸¸Ò ¢§ ¨³µ¤¥°¸É¢¨Ö Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¶·µÌµ¤ÖÉ
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´  · ¸¸ÉµÖ´¨ÖÌ ¶µ·Ö¤± 

l ∼ 10−13 ÷ 10−15 ¸³ §  ¢·¥³Ö t ∼ 10−23 ÷ 10−25 ¸,

±µÉµ·Ò¥ ´¥¤µ¸ÉÊ¶´Ò ´ Ï¨³ ¶·¨¡µ· ³, ¶µ ±· °´¥° ³¥·¥, ¢ µ¡µ§·¨³µ¥ ¢·¥³Ö.
� ¨¡µ²¥¥ ¶µ¸²¥¤µ¢ É¥²Ó´Ò³ ³¥Éµ¤µ³ ¶µ¸É·µ¥´¨Ö S-³ É·¨ÍÒ ¢ · ³± Ì

ÔÉµ° ¨¤¥¨ Ö¢²Ö¥É¸Ö ¶µ¤Ìµ¤ �µ£µ²Õ¡µ¢ Ä˜¨·±µ¢  [3], ¸ÊÉÓ ±µÉµ·µ£µ ¸µ¸Éµ¨É
¢ ¸²¥¤ÊÕÐ¥³. �·¥¦¤¥ ¢¸¥£µ Ëµ·³Ê²¨·ÊÕÉ¸Ö µ¸´µ¢´Ò¥ É·¥¡µ¢ ´¨Ö, ¨²¨  ±-
¸¨µ³Ò, ±µÉµ·Ò³ ¤µ²¦´  Ê¤µ¢²¥É¢µ·ÖÉÓ S-³ É·¨Í . �¥·¥Î¨¸²¨³ µ¸´µ¢´Ò¥
 ±¸¨µ³Ò:

• ®in¯- ¨ ®out¯-¸µ¸ÉµÖ´¨Ö µ¶¨¸Ò¢ ÕÉ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨¥ Î ¸É¨ÍÒ ¨
¶·¨´ ¤²¥¦ É ¶·µ¸É· ´¸É¢Ê ”µ± ;

• S-³ É·¨Í  ¨ ¥¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ·¥²ÖÉ¨¢¨¸É¸±¨-±µ¢ ·¨ ´É´Ò;
• S-³ É·¨Í  Ê´¨É ·´ , É. ¥. SS+ = 1;
• S-³ É·¨Í  ¨Ð¥É¸Ö ¢ ¢¨¤¥ · §²µ¦¥´¨Ö ¶µ ¸É¥¶¥´Ö³ ¢§ ¨³µ¤¥°¸É¢¨Ö

S[g] =
∞∑

n=0

in

n!

∫
dx1 · · ·

∫
dxn g(x1) · · · g(xn)Sn(x1, . . . , xn), (8)

£¤¥ ¤²Ö ¶·µ¢¥·±¨ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÒÌ ¸¢µ°¸É¢ S-³ É·¨ÍÒ ¨¸±Ê¸¸É¢¥´-
´µ ¢¢¥¤¥´  ®ËÊ´±Í¨Ö ¢±²ÕÎ¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö¯ g(x) (0 � g(x) � 1);

• S-³ É·¨Í  ³¨±·µ¶·¨Î¨´´ , ¢ ¤¨ËË¥·¥´Í¨ ²Ó´µ° Ëµ·³¥ ÔÉµ Ê¸²µ¢¨¥
§ ¶¨¸Ò¢ ¥É¸Ö

δ

δg(x)

(
δS[g]
δg(y)

S+[g]
)

= 0

(9)
¶·¨ (x − y)2 < 0 ¨²¨ ¶·¨ (x − y)2 > 0, x0 < y0.

„²Ö Éµ£µ ÎÉµ¡Ò ¸¢Ö§ ÉÓ S-³ É·¨ÍÊ ¸ § ¤ ´´Ò³ ² £· ´¦¨ ´µ³ ¢§ ¨³µ¤¥°-
¸É¢¨Ö, Ëµ·³Ê²¨·Ê¥É¸Ö ¶·¨´Í¨¶ ¸µµÉ¢¥É¸É¢¨Ö, ¸µ£² ¸´µ ±µÉµ·µ³Ê S-³ É·¨Í 
¶·¨ ¡¥¸±µ´¥Î´µ ³ ²ÒÌ ±µ´¸É ´É Ì ¸¢Ö§¨ ¤µ²¦´  ¨³¥ÉÓ ¢¨¤

S = 1 + i

∫
dx g(x)LI(x).

”µ·³ ²Ó´µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥ É·¥¡µ¢ ´¨° Ê´¨É ·´µ¸É¨ ¨ ¶·¨Î¨´´µ¸É¨ ¤ ¥É

Sn(x1, . . . , xn) = T (LI(x1) · · · LI(xn)). (10)

S-³ É·¨Í  (8), ¸µ£² ¸´µ (10), ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢ ¸²¥¤ÊÕÐ¨Ì Ô±¢¨¢ ²¥´É-
´ÒÌ ¶·¥¤¸É ¢²¥´¨ÖÌ:
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S = S[g] = T exp
(
−i

∫
dx g(x)LI(φ(x))

)
=

= exp
(

1
2

∫∫
dxdx′ δ

δφ(x′)
Dc(x − x′)

δ

δφ(x)

)
×

× exp
(
−i

∫
dx g(x)LI(φ(x))

)
=

=
∫

DΦ exp
(

i

∫
dx

[
1
2
(Φ(x)(� − m2)Φ(x)) − g(x)L[Φ(x) + φ(x)]

])
, (11)

£¤¥ Dc(x − x′) ¥¸ÉÓ É ± ´ §Ò¢ ¥³ Ö ¶·¨Î¨´´ Ö ËÊ´±Í¨Ö, ¨²¨ ¶·µ¶ £ Éµ·

Dc(x − x′) = 〈0|T (φ(x)φ(x′))|0〉 =
∫

dk

i(2π)4
eik(x−x′)

m2 − k2 − i0
, (12)

Ê¤µ¢²¥É¢µ·ÖÕÐ¨° Ê· ¢´¥´¨Õ

(� + m2)Dc(x − x′) = δ(x − x′).

�± § ²µ¸Ó, ÎÉµ ¤²Ö ¢¸¥Ì ¸±µ²Ó±µ-´¨¡Ê¤Ó ´¥É·¨¢¨ ²Ó´ÒÌ ² £· ´¦¨ ´µ¢
¢§ ¨³µ¤¥°¸É¢¨Ö ±µÔËË¨Í¨¥´ÉÒ Sn ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö ¸µ¤¥·¦ É Ê²ÓÉ· Ë¨-
µ²¥Éµ¢Ò¥ · ¸Ìµ¤¨³µ¸É¨. ‘ÊÐ¥¸É¢¥´´µ µÉ³¥É¨ÉÓ, ÎÉµ ´ ¡µ· ¤¨ £· ³³ ”¥°´-
³ ´ , ¸É ¢ÖÐ¨°¸Ö ¢ ¸µµÉ¢¥É¸É¢¨¥ ± ¦¤µ³Ê Î²¥´Ê Sn ·Ö¤  É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°
³ É·¨ÍÒ · ¸¸¥Ö´¨Ö, ´¥ § ¢¨¸¨É µÉ Éµ£µ, ¨³¥ÕÉ¸Ö ¨²¨ µÉ¸ÊÉ¸É¢ÊÕÉ Ê²ÓÉ· Ë¨-
µ²¥Éµ¢Ò¥ · ¸Ìµ¤¨³µ¸É¨. �µÔÉµ³Ê ¢µ§³µ¦´µ ¸¢Ö§ ÉÓ ±² ¸¸¨Ë¨± Í¨Õ · ¸Ìµ¤¨-
³µ¸É¥° ¸ ±² ¸¸¨Ë¨± Í¨¥° ¤¨ £· ³³. „²Ö É ± ´ §Ò¢ ¥³ÒÌ ¶¥·¥´µ·³¨·Ê¥³ÒÌ
É¥µ·¨°, ¢ ±µÉµ·ÒÌ ¨³¥¥É¸Ö ±µ´¥Î´µ¥ Î¨¸²µ É¨¶µ¢ · ¸Ìµ¤ÖÐ¨Ì¸Ö ¤¨ £· ³³,
Ê¤ ¥É¸Ö ¢±²ÕÎ¨ÉÓ · ¸Ìµ¤ÖÐ¨¥¸Ö ¢¥²¨Î¨´Ò ¢ Ë¨§¨Î¥¸±¨¥ ±µ´¸É ´ÉÒ (³ ¸¸Ò ¨
±µ´¸É ´ÉÒ ¸¢Ö§¨), É. ¥. ¶¥·¥´µ·³¨·µ¢ ÉÓ ¨Ì.

Œ¥Éµ¤ Ê¸É· ´¥´¨Ö Ê²ÓÉ· Ë¨µ²¥Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥° �µ£µ²Õ¡µ¢  ¨ ˜¨·-
±µ¢  [3] ¨¸Ìµ¤¨É ¨§ ´ ¡²Õ¤¥´¨Ö, ÎÉµ T -¶·µ¨§¢¥¤¥´¨Ö ¢ ±µÔËË¨Í¨¥´É Ì Sn

(10) µ¶·¥¤¥²¥´Ò ¢¸Õ¤Ê, ±·µ³¥ ¸µ¢¶ ¤ ÕÐ¨Ì ÉµÎ¥± xi = xj (i, j = 1, . . . , n).
‚µ§´¨± ¥É ´¥µ¶·¥¤¥²¥´´µ¸ÉÓ ¢ ¸µ¢¶ ¤ ÕÐ¨Ì ÉµÎ± Ì, ¨ ³µ¦´µ ¢µ¸¶µ²Ó§µ-
¢ ÉÓ¸Ö ÔÉµ° ´¥µ¶·¥¤¥²¥´´µ¸ÉÓÕ, ¶·¨¡ ¢²ÖÖ ± Sn(x1, . . . , xn) É ± ´ §Ò¢ ¥³Ò¥
±¢ §¨²µ± ²Ó´Ò¥ µ¶¥· Éµ·Ò, ¸¨³¢µ²¨Î¥¸±¨ § ¶¨¸Ò¢ ¥³Ò¥ ¢ ¢¨¤¥

Kn(x1, . . . , xn) =
N∑

{mi,j}
Omi,j (x1, . . . , xn)

∏
i,j

δ(mi,j)(xi − xj), (13)

£¤¥ N Å ´¥±µÉµ·µ¥ ±µ´¥Î´µ¥ Î¨¸²µ, ¨ µÉ²¨Î´Ò¥ µÉ ´Ê²Ö Éµ²Ó±µ ¢ ¸µ¢¶ ¤ -
ÕÐ¨Ì ÉµÎ± Ì. “É¢¥·¦¤ ¥É¸Ö, ÎÉµ ³µ¦´µ É ± ¢¢¥¸É¨ ¸¶µ¸µ¡ ·¥£Ê²Ö·¨§ Í¨¨
¶·¨ ¢ÒÎ¨¸²¥´¨¨ · ¸Ìµ¤ÖÐ¨Ì¸Ö ¨´É¥£· ²µ¢ ¨ É ± ¶µ¤µ¡· ÉÓ ±µÔËË¨Í¨¥´ÉÒ



�‹�•ˆ�–…‚ ˆ �…‹�Š�‹œ��Ÿ Š‚��’�‚�Ÿ ’…��ˆŸ ��‹Ÿ 1127

±¢ §¨²µ± ²Ó´ÒÌ µ¶¥· Éµ·µ¢, ÎÉµ¡Ò ¢ ¶·¥¤¥²¥ ¸´ÖÉ¨Ö ·¥£Ê²Ö·¨§ Í¨¨ ¶µ²ÊÎ¥´-
´ Ö ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö S-³ É·¨Í  Ê¤µ¢²¥É¢µ·Ö²  ¢¸¥³ ´¥µ¡Ìµ¤¨³Ò³ É·¥¡µ¢ -
´¨Ö³. �·¨ ÔÉµ³ ¨§²µ¦¥´´ Ö ¶·µÍ¥¤Ê·  ¶·¨³¥´¨³  ± ± ± ¶¥·¥´µ·³¨·Ê¥³Ò³,
É ± ¨ ± ´¥¶¥·¥´µ·³¨·Ê¥³Ò³ É¥µ·¨Ö³. �¤´ ±µ ¢ ¸²ÊÎ ¥ ¶¥·¥´µ·³¨·Ê¥³ÒÌ
É¥µ·¨° ³µ¦´µ µ£· ´¨Î¨ÉÓ¸Ö ±µ´¥Î´Ò³ Î¨¸²µ³ É¨¶µ¢ ±¢ §¨²µ± ²Ó´ÒÌ µ¶¥· -
Éµ·µ¢, É. ¥. ¨³¥¥É¸Ö ±µ´¥Î´Ò° ¶·µ¨§¢µ² ¢ ¢Ò¡µ·¥ ¶ · ³¥É·µ¢, ±µÉµ·Ò¥ § É¥³
µ¡Ñ¥¤¨´ÖÕÉ¸Ö ¸ Ë¨§¨Î¥¸±¨³¨ ±µ´¸É ´É ³¨ Å ¶·µ¨¸Ìµ¤¨É ¶¥·¥´µ·³¨·µ¢± 
Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´. ‚ ¸²ÊÎ ¥ ´¥¶¥·¥´µ·³¨·Ê¥³ÒÌ É¥µ·¨° ¤²Ö Ê¤ ²¥´¨Ö ¢¸¥Ì
· ¸Ìµ¤¨³µ¸É¥° Î¨¸²µ ´¥µ¡Ìµ¤¨³ÒÌ ±¢ §¨²µ± ²Ó´ÒÌ µ¶¥· Éµ·µ¢ ¨ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨Ì ¶ · ³¥É·µ¢ Ê¦¥ ¡¥¸±µ´¥Î´µ Å ¢µ§´¨± ¥É ¶²µÌµ ±µ´É·µ²¨·Ê¥³Ò°
ËÊ´±Í¨µ´ ²Ó´Ò° ¶·¨§¢µ² ¶·¨ µ¶·¥¤¥²¥´¨¨ ±µ´¥Î´µ° S-³ É·¨ÍÒ. �µÔÉµ³Ê
¶·¨´ÖÉµ ¸Î¨É ÉÓ, ÎÉµ ´¥¶¥·¥´µ·³¨·Ê¥³Ò¥ É¥µ·¨¨ ´¥¶·¨¥³²¥³Ò ¸ Ë¨§¨Î¥¸±µ°
ÉµÎ±¨ §·¥´¨Ö.

’ ±¨³ µ¡· §µ³, ¶µ¸É·µ¥´¨¥ ±µ´¥Î´µ° S-³ É·¨ÍÒ ¢ ¸²ÊÎ ¥ ²µ± ²Ó´ÒÌ
¢§ ¨³µ¤¥°¸É¢¨° ¸¨³¢µ²¨Î¥¸±¨ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´µ ± ±

S = lim
Λ→∞

TΛ e−i
∫

dx g(x)LI(φ(x),Λ). (14)

‡¤¥¸Ó ¶µ¤· §Ê³¥¢ ¥É¸Ö: LI(φ(x), Λ) Å ² £· ´¦¨ ´ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¤µ¡ -
¢²¥´´Ò³¨ ±µ´É·Î²¥´ ³¨; TΛ Å ¸¶µ¸µ¡ ¢ÒÎ¨¸²¥´¨° · ¸Ìµ¤ÖÐ¨Ì¸Ö ¢Ò· ¦¥-
´¨°; Λ Å ¶ · ³¥É· ·¥£Ê²Ö·¨§ Í¨¨. …¸É¥¸É¢¥´´µ, ¨ ² £· ´¦¨ ´, ¨ ¸¶µ¸µ¡
¢ÒÎ¨¸²¥´¨° ¤µ²¦´Ò ¡ÒÉÓ ¸µ£² ¸µ¢ ´Ò É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ¸ÊÐ¥¸É¢µ¢ ²
±µ´¥Î´Ò° ¶·¥¤¥² ¶·¨ ¸´ÖÉ¨¨ ·¥£Ê²Ö·¨§ Í¨¨ Λ → ∞ ¢ (14). ‘Ëµ·³Ê²¨·µ-
¢ ´´ Ö ¶·µÍ¥¤Ê·  ¶¥·¥´µ·³¨·µ¢µ± Ê¸¶¥Ï´µ · ¡µÉ ¥É, ¨ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö
¶·¨´Í¨¶ ¶¥·¥´µ·³¨·Ê¥³µ¸É¨ Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±¨³ ±·¨É¥·¨¥³, ¶µ ±µÉµ·µ³Ê
µÉ¡¨· ÕÉ¸Ö Ë¨§¨Î¥¸±¨ ¶·¨¥³²¥³Ò¥ É¥µ·¨¨.

‘²¥¤Ê¥É µ¸µ¡µ µÉ³¥É¨ÉÓ, ÎÉµ ¶·¨ É ±µ³ ¶µ¸É·µ¥´¨¨ S-³ É·¨ÍÒ Ö¢´Ò³
µ¡· §µ³ É¥·Ö¥É¸Ö ¶·Ö³ Ö ¸¢Ö§Ó ¸ ¨¸Ìµ¤´Ò³ Ê· ¢´¥´¨¥³ ˜·¥¤¨´£¥·  (6). �µ-
ÔÉµ³Ê ´¥µ¡Ìµ¤¨³µ ¤µ± §Ò¢ ÉÓ, ÎÉµ ¶µ¸É·µ¥´´ Ö S-³ É·¨Í  ¢ (14) Ê¤µ¢²¥É¢µ-
·Ö¥É ¢¸¥³ ´¥µ¡Ìµ¤¨³Ò³ É·¥¡µ¢ ´¨Ö³. ‘ÊÐ¥¸É¢¥´´µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¢·¥³Ö
t É¥·Ö¥É ¸¢µÕ ·µ²Ó ¶ · ³¥É· , Ë¨±¸¨·ÊÕÐ¥£µ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¸µ¡ÒÉ¨°
¢ · ¸¸³ É·¨¢ ¥³µ° ±¢ ´Éµ¢µ-¶µ²¥¢µ° ¸¨¸É¥³¥, ÔÉÊ ·µ²Ó ¢·¥³¥´¨ § ³¥´Ö¥É
É·¥¡µ¢ ´¨¥ ¶·¨Î¨´´µ¸É¨ (9), ±µÉµ·µ¥ ¶·¨ ±µ··¥±É´µ° ¶µ¸É ´µ¢±¥ § ¤ Î¨
ŠµÏ¨ Ö¢²Ö²µ¸Ó ¡Ò ´¥¶µ¸·¥¤¸É¢¥´´Ò³ ¸²¥¤¸É¢¨¥³ ±¢ ´Éµ¢µ-¶µ²¥¢µ£µ Ê· ¢-
´¥´¨Ö ˜·¥¤¨´£¥· .

�²µÌ¨´Í¥¢ ¶µ¤Î¥·±¨¢ ², ÎÉµ ÉµÎ¥Î´µ¸ÉÓ ¢§ ¨³µ¤¥°¸É¢¨Ö ¥¸ÉÓ ¶·¨¡²¨¦¥-
´¨¥, ¨³¥ÕÐ¥¥ ¸³Ò¸² Éµ²Ó±µ ¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  · ¸¸³ É·¨¢ ÕÉ¸Ö ¶·µÍ¥¸¸Ò
´  É ±¨Ì · ¸¸ÉµÖ´¨ÖÌ ¨ §  É ±¨¥ ¶·µ³¥¦ÊÉ±¨ ¢·¥³¥´¨, ¶·¨ ±µÉµ·ÒÌ · §³¥·Ò
Î ¸É¨Í ´¥ ¤µ²¦´Ò ¨£· ÉÓ ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨. ˆ³¥´´µ ¶µÔÉµ³Ê ³µ¦´µ ¸Î¨-
É ÉÓ ´ ²¨Î¨¥ Ê²ÓÉ· Ë¨µ²¥Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥° ²µ± ²Ó´µ° É¥µ·¨¨ ¶·¨´Í¨¶¨-
 ²Ó´Ò³ ´¥¤µ¸É É±µ³ É¥µ·¨¨, ¶µ¸±µ²Ó±Ê µ¡² ¸ÉÓ ³ ²ÒÌ · ¸¸ÉµÖ´¨° ´ Î¨´ ¥É
¸± §Ò¢ ÉÓ¸Ö ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ. �¤´ ±µ Ê¸¶¥Ì É¥µ·¨¨ ¶¥·¥´µ·³¨·µ¢µ±
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µ§´ Î ¥É, ÎÉµ ¢²¨Ö´¨¥ ³ ²ÒÌ · ¸¸ÉµÖ´¨° ³µ¦¥É ¡ÒÉÓ Ê¶·ÖÉ ´µ ¢ Ë¨§¨Î¥¸±¨¥
¶ · ³¥É·Ò É¥µ·¨¨,   ÔÉµ, ¢ ¸¢µÕ µÎ¥·¥¤Ó, £µ¢µ·¨É µ Éµ³, ÎÉµ §  ¶·µ¨¸Ìµ¦¤¥´¨¥
ÔÉ¨Ì ¶ · ³¥É·µ¢ µÉ¢¥Î ÕÉ ¥Ð¥ ´¥ ¶µ§´ ´´Ò¥ ¶·µÍ¥¸¸Ò ´  ¥Ð¥ ¡µ²¥¥ ³ ²ÒÌ
· ¸¸ÉµÖ´¨ÖÌ. �·¨´Í¨¶ ¶¥·¥´µ·³¨·Ê¥³µ¸É¨ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¶µ²ÊÎ¨²
¸É ÉÊ¸ Ë¨§¨Î¥¸±µ£µ ¶·¨´Í¨¶  ¨ ¶· ±É¨Î¥¸±¨ ´¥ µ¡¸Ê¦¤ ¥É¸Ö, É¥³ ´¥ ³¥´¥¥ Ö
¸µ£² ¸¥´ ¸ ³´¥´¨¥³ �. ”¥°´³ ´ , ±µÉµ·Ò° ¸Î¨É ², ÎÉµ É¥µ·¨Ö ¶¥·¥´µ·³¨·µ-
¢µ± Ö¢²Ö¥É¸Ö ´¥ ·¥Ï¥´¨¥³ ¶·µ¡²¥³Ò,   ®§ ³¥É ´¨¥³ ³Ê¸µ·  ¶µ¤ ±µ¢¥·¯.

‚¥·´¥³¸Ö ± É·¥¡µ¢ ´¨Õ ³¨±·µ¶·¨Î¨´´µ¸É¨ (9). ‚ ¥£µ µ¸´µ¢¥ ²¥¦¨É
¥¸É¥¸É¢¥´´µ¥ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ±µµ·¤¨´ ÉÒ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¨ ¶µ²Ö
¢ ÔÉ¨Ì ±µµ·¤¨´ É´ÒÌ ÉµÎ± Ì ³µ£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò ¸±µ²Ó Ê£µ¤´µ ÉµÎ´µ.
Œ É¥³ É¨Î¥¸±¨ ÔÉµ ¢Ò· ¦ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³: É·¥¡Ê¥É¸Ö, ÎÉµ¡Ò ±µÔËË¨Í¨-
¥´É´Ò¥ ËÊ´±Í¨¨ Sn ¢ (10) ¨ ±¢ §¨²µ± ²Ó´Ò¥ µ¶¥· Éµ·Ò Kn ¢ (13) ¡Ò²¨
µ¡µ¡Ð¥´´Ò³¨ ËÊ´±Í¨Ö³¨ Ê³¥·¥´´µ£µ ·µ¸É ,   ¢ ± Î¥¸É¢¥ ËÊ´±Í¨¨ ¢±²ÕÎ¥-
´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö g(x) ³µ¦´µ ¡Ò²µ ¡Ò ¢Ò¡¨· ÉÓ ËÊ´±Í¨¨ ¸ µ£· ´¨Î¥´´Ò³
´µ¸¨É¥²¥³.

�¤´ ±µ ¥Ð¥ �µ· ¨ �µ§¥´Ë¥²Ó¤ ¢ ¸¢µ¨Ì · ¡µÉ Ì [4] (¸³. É ±¦¥ [5]), ¶µ-
¸¢ÖÐ¥´´ÒÌ ¶·µ¡²¥³¥ ¨§³¥·¨³µ¸É¨ Ô²¥±É·µ³ £´¨É´ÒÌ ¶µ²¥°, ¶µ± § ²¨, ÎÉµ
¨§³¥·¨³Ò ³µ£ÊÉ ¡ÒÉÓ ²¨ÏÓ ¸·¥¤´¨¥ §´ Î¥´¨Ö µ¶¥· Éµ·µ¢ ¶µ²Ö ¶µ ³ ²Ò³
¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´Ò³ µ¡² ¸ÉÖ³, É. ¥. ¨§³¥·¨³Ò ²¨ÏÓ Ô·³¨Éµ¢Ò µ¶¥· -
Éµ·Ò ¢¨¤ 

φ(Γ) =
∫

Γ∈R4

dx φ(x),

£¤¥ Γ Å ³ ² Ö µ¡² ¸ÉÓ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. �Éµ µ¡Ê¸²µ¢²¥´µ ±µ´¥Î´Ò³¨
· §³¥· ³¨ ±² ¸¸¨Î¥¸±¨Ì ¨§³¥·¨É¥²Ó´ÒÌ ¶·¨¡µ·µ¢ ¨ ±µ´¥Î´Ò³¨ ¶·µ³¥¦ÊÉ-
± ³¨ ¢·¥³¥´¨, ´¥µ¡Ìµ¤¨³Ò³¨ ¤²Ö ¨§³¥·¥´¨Ö ¤¥°¸É¢¨Ö φ(Γ) ´  ³ ±·µ¸±µ¶¨-
Î¥¸±¨¥ ¶·µ¡´Ò¥ É¥² . �µÔÉµ³Ê ®¶·¨Î¨´´ Ö ¸¢Ö§Ó, ¨³¥¢Ï Ö¸Ö ¢ ±² ¸¸¨Î¥¸±µ°
É¥µ·¨¨ ³¥¦¤Ê ¶µ²Ö³¨ ¨ ¨Ì ¨¸ÉµÎ´¨± ³¨, ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ É¥·Ö¥É¸Ö¯. ’ -
±¨³ µ¡· §µ³, Ë¨§¨Î¥¸±¨ ´¥µ¡µ¸´µ¢ ´´Ò³ Ö¢²Ö¥É¸Ö ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¶µ²¥-
¢Ò¥ µ¶¥· Éµ·Ò, ¢§ÖÉÒ¥ ¢ ¸É·µ£µ µ¶·¥¤¥²¥´´ÒÌ ÉµÎ± Ì ¶·µ¸É· ´¸É¢  ¨ ¢·¥³¥´¨,
¸ÊÐ¥¸É¢ÊÕÉ ¢ µ¡ÒÎ´µ³ ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ³ ¸³Ò¸²¥. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ
¶µ¸ÉÊ² É ²µ± ²Ó´µ° ³¨±·µ¶·¨Î¨´´µ¸É¨ (9) ¸ Ë¨§¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö Ö¢²Ö-
¥É¸Ö § ¢ÒÏ¥´´Ò³, ¸²¨Ï±µ³ ¸¨²Ó´Ò³ É·¥¡µ¢ ´¨¥³.

Š ± ³µ¦¥É ¡ÒÉÓ ·¥ ²¨§µ¢ ´  ¨¤¥Ö, ÎÉµ Ê ´ ¸ ´  ¸ ³µ³ ¤¥²¥ ´¥É ¨´-
¸É·Ê³¥´É  ¤²Ö ¶·µ¢¥·±¨ ³¨±·µ²µ± ²Ó´µ¸É¨ ±¢ ´Éµ¢µ-¶µ²¥¢ÒÌ µ¡Ñ¥±Éµ¢? �·¨
ÔÉµ³ ³Ò ´¥ ¶·¥¤¶µ² £ ¥³, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É ´¥±µÉµ· Ö Ô²¥³¥´É ·´ Ö ¤²¨´  l,
Ö¢²ÖÕÐ Ö¸Ö Ê´¨¢¥·¸ ²Ó´µ° ¶µ¸ÉµÖ´´µ° É¨¶  ¸±µ·µ¸É¨ ¸¢¥É  c ¨²¨ ¶µ¸ÉµÖ´-
´µ° �² ´±  �. �  ¸µ¢·¥³¥´´µ³ ³ É¥³ É¨Î¥¸±µ³ Ö§Ò±¥ ¶µ²¥¢Ò¥ µ¶¥· Éµ·Ò
¨ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¶·µ¨§¢¥¤¥´¨° ÔÉ¨Ì µ¶¥· Éµ·µ¢ Ö¢²ÖÕÉ¸Ö ËÊ´±Í¨µ´ -
² ³¨, ¨²¨ µ¡µ¡Ð¥´´Ò³¨ ËÊ´±Í¨Ö³¨, § ¤ ´´Ò³¨ ´  ¶·µ¸É· ´¸É¢¥ µ¸´µ¢´ÒÌ
ËÊ´±Í¨°, ¨³¥ÕÐ¨Ì ¸³Ò¸² ± ± · § É¥Ì ¨´¸É·Ê³¥´Éµ¢, ¶·¨ ¶µ³µÐ¨ ±µÉµ·ÒÌ
µ¶·¥¤¥²ÖÕÉ¸Ö ²µ± ²Ó´Ò¥ ¸¢µ°¸É¢  ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ËÊ´±Í¨µ´ ²µ¢. ’ ±, ¤²Ö
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¢µ§³µ¦´µ¸É¨ ¶·µ¢¥·±¨ ³¨±·µ¶·¨Î¨´´µ¸É¨ ¶·µ¸É· ´¸É¢µ µ¸´µ¢´ÒÌ ËÊ´±Í¨°
¤µ²¦´µ ¸µ¤¥·¦ ÉÓ ËÊ´±Í¨¨ ¸ µ£· ´¨Î¥´´Ò³ ´µ¸¨É¥²¥³ (¸³. ¶µ¤·µ¡´¥¥ ¢ [6]).
…¸²¨ ¦¥ ³Ò ¸Î¨É ¥³, ÎÉµ ¶·¨´Í¨¶¨ ²Ó´µ ³µ£ÊÉ ¡ÒÉÓ ¨§³¥·¨³Ò ²¨ÏÓ ¸·¥¤-
´¨¥ §´ Î¥´¨Ö µ¶¥· Éµ·µ¢ ¶µ²Ö ¶µ ³ ²Ò³ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´Ò³ µ¡Ñ-
¥³ ³, Éµ ¶·µ¸É· ´¸É¢µ µ¸´µ¢´ÒÌ ËÊ´±Í¨° ´¥ ¤µ²¦´µ ¸µ¤¥·¦ ÉÓ ËÊ´±Í¨° ¸
µ£· ´¨Î¥´´Ò³ ´µ¸¨É¥²¥³. ’µ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥ Ê ´ ¸ ´¥ ¡Ê¤¥É ¢µ§³µ¦´µ-
¸É¨ ¶µ¸É ¢¨ÉÓ ¢µ¶·µ¸ µ ¸É·µ£µ° ³¨±·µ¶·¨Î¨´´µ¸É¨ ¨²¨ ³¨±·µ²µ± ²Ó´µ¸É¨.
�·µ¸É¥°Ï¥° ·¥ ²¨§ Í¨¥° ÔÉµ° ¨¤¥¨ Ö¢²Ö¥É¸Ö ¢Ò¡µ· ¶·µ¸É· ´¸É¢ µ¸´µ¢´ÒÌ
ËÊ´±Í¨°, ¸µ¸ÉµÖÐ¨Ì ¨§ Í¥²ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ËÊ´±Í¨° ¢ ±µ´Ë¨£Ê· Í¨µ´´µ³
z = x+iy ∈ C4 ¶·µ¸É· ´¸É¢¥ (±² ¸¸¨Ë¨± Í¨Ö ¢µ§³µ¦´ÒÌ ¶·µ¸É· ´¸É¢ µ¸´µ¢-
´ÒÌ ËÊ´±Í¨° ¸ ÔÉµ° ÉµÎ±¨ §·¥´¨Ö ¤ ´  ¢ [6]). ’ ±µ¥ ¶·¥¤¶µ²µ¦¥´¨¥ ¸· §Ê ¦¥
¶·¨¢µ¤¨É ± · ¸Ï¨·¥´¨Õ ±² ¸¸  µ¡µ¡Ð¥´´ÒÌ ËÊ´±Í¨°, ±µÉµ·Ò¥ ³µ¦´µ ¡Ò²µ
¡Ò ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö µ¶¨¸ ´¨Ö ´¥²µ± ²Ó´µ£µ ¶µ¢¥¤¥´¨Ö ¶µ²¥¢ÒÌ µ¶¥· Éµ·µ¢.

�·¨¢¥¤¥³ ¶·¨³¥·, ¨³¥ÕÐ¨° ¶·Ö³µ¥ µÉ´µÏ¥´¨¥ ± µ¡¸Ê¦¤ ¥³Ò³ §¤¥¸Ó
¶·µ¡²¥³ ³. � ¸¸³µÉ·¨³ ¤²Ö ¶·µ¸ÉµÉÒ Éµ²Ó±µ t-¶·µ¸É· ´¸É¢µ. �Ê¸ÉÓ ´¥±µÉµ-
· Ö ËÊ´±Í¨Ö ƒ·¨´  ¨³¥¥É ¢¨¤

G(t − t′) = e−(l d
dt)

2

δ(t − t′) =

∞∫
−∞

dE

2π
e−iE(t−t′)+l2E2

. (15)

�Î¥¢¨¤´µ, ÔÉ  ËÊ´±Í¨Ö ƒ·¨´  ± ± µ¡ÒÎ´ Ö ËÊ´±Í¨Ö ´¥ µ¶·¥¤¥²¥´ , ¶µ¸±µ²Ó±Ê
¨´É¥£· ² ¢ (15) ´¥ ¸ÊÐ¥¸É¢Ê¥É, ´µ ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´  Éµ²Ó±µ ± ± µ¡µ¡-
Ð¥´´ Ö ËÊ´±Í¨Ö. � ¸¸³µÉ·¨³ ¢Ò· ¦¥´¨¥

Jout(t) = (GJin)(t) =

∞∫
−∞

dE

2π
e−iEt e+l2E2

J̃in(E). (16)

”¨§¨Î¥¸±¨° ¸³Ò¸² ÔÉµ£µ ¢Ò· ¦¥´¨Ö ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¨³¥¥É¸Ö ´ Î ²Ó´Ò°
®¶ ±¥É¯ Jin(t), ¨ ´ ¸ ¨´É¥·¥¸Ê¥É, ± ± µ´ · ¸¶²Ò¢ ¥É¸Ö, ¥¸²¨ ¶·¥É¥·¶¥¢ ¥É
¢µ§¤¥°¸É¢¨¥, µ¶¨¸Ò¢ ¥³µ¥ ËÊ´±Í¨¥° ƒ·¨´  G(t − t′).

ˆ´É¥£· ² ¢ (16) ¤µ²¦¥´ ¸Ìµ¤¨ÉÓ¸Ö, ¶µÔÉµ³Ê ËÊ·Ó¥-µ¡· § ´ Î ²Ó´µ£µ ¶ -
±¥É  J̃in(E) ¤µ²¦¥´ Ê¡Ò¢ ÉÓ ¡Ò¸É·¥¥ £ Ê¸¸µ¢¸±µ° Ô±¸¶µ´¥´ÉÒ, µÉ±Ê¤  ¸²¥¤Ê¥É,
ÎÉµ ËÊ´±Í¨Ö Jin(t+ iτ) Ö¢²Ö¥É¸Ö Í¥²µ°  ´ ²¨É¨Î¥¸±µ° ËÊ´±Í¨¥° ¢ ±µ³¶²¥±¸-
´µ° ¶²µ¸±µ¸É¨ z0 = t + iτ ∈ C.

Œ É¥³ É¨Î¥¸±¨ ÔÉµ ³µ¦¥É ¡ÒÉÓ ¸Ëµ·³Ê²¨·µ¢ ´µ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³.
‚¢¥¤¥³ ¶·µ¸É· ´¸É¢µ Í¥²ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ËÊ´±Í¨° Zρ (1 < ρ < 2). „²Ö
± ¦¤µ° ËÊ´±Í¨¨ ¨§ ÔÉµ£µ ¶·µ¸É· ´¸É¢  F (t + iτ) ∈ Zρ ¸ÊÐ¥¸É¢ÊÕÉ É ±¨¥
¶µ¸ÉµÖ´´Ò¥ B, b ¨ c, ÎÉµ

|F (t + iτ)| � B e−b|t|ρ+c|τ |ρ.
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�·µ¸É· ´¸É¢µ³ ËÊ·Ó¥-µ¡· §µ¢ Ö¢²Ö¥É¸Ö

Z̃ρ = Zρ1 , ρ1 =
ρ

ρ − 1
> 2.

�Ê¸ÉÓ Jin(t) ∈ Zρ, É. ¥.

|Jin(t)| � B e−|t/∆|ρ ¨ |J̃in(E)| � C e−∆|E|ρ1
, ρ1 > 2.

’ ±¨³ µ¡· §µ³, ´ Î ²Ó´Ò° ¶ ±¥É, µ¶¨¸Ò¢ ¥³Ò° ËÊ´±Í¨¥°, ¶·¨´ ¤²¥¦ Ð¥°
¶·µ¸É· ´¸É¢Ê Zρ, ´¥ ³µ¦¥É ¡ÒÉÓ ÉµÎ´µ ¸µ¸·¥¤µÉµÎ¥´ ¢ ÉµÎ±¥ t = 0, ¸É¥-
¶¥´Ó ²µ± ²¨§ Í¨¨ Ì · ±É¥·¨§Ê¥É¸Ö ¶ · ³¥É·µ³ ∆. ‘²¥¤µ¢ É¥²Ó´µ, É·¥¡µ¢ ´¨¥
¸Ìµ¤¨³µ¸É¨ ¨´É¥£· ²  ¢ (16) ¨¸±²ÕÎ ¥É ¸ÊÐ¥¸É¢µ¢ ´¨¥ ²µ± ²Ó´ÒÌ ®¶ ±¥Éµ¢¯
Jin(t) ∼ δ(t), É. ¥. J̃in(E) ∼ const.

„²Ö ±µ´¥Î´µ£µ ®¶ ±¥É ¯ Jout(t) ¨³¥¥³

J̃out(E) = el2E2
J̃in(E) ∈ Z̃ρ1 ,

É. ¥. G̃(E) = el2E2
Ö¢²Ö¥É¸Ö ³Ê²ÓÉ¨¶²¨± Éµ·µ³ ¢ ¶·µ¸É· ´¸É¢¥ Z̃ρ, ¨

|J̃out(t)| � C e−|t/∆|ρ.

Šµ´¥Î´Ò° ¶ ±¥É · ¸¶²Ò¢ ¥É¸Ö É ± ¦¥, ± ± ¨ ´ Î ²Ó´Ò°, ¨ ³Ò ³µ¦¥³ ±µ´-
¸É É¨·µ¢ ÉÓ, ÎÉµ ¤¥°¸É¢¨¥ ËÊ´±Í¨¨ ƒ·¨´  (15) ¤¥°¸É¢¨É¥²Ó´µ µ£· ´¨Î¨¢ ¥É¸Ö
³ ²µ° µ±·¥¸É´µ¸ÉÓÕ ¶µ·Ö¤±  |t − t′| ∼ l. — ¸É¨Í , µ¶¨¸Ò¢ ¥³ Ö ËÊ´±Í¨¥°
ƒ·¨´  ¢¨¤  (15), ³µ¦¥É ¨´É¥·¶·¥É¨·µ¢ ÉÓ¸Ö ± ± Ë²Ê±ÉÊ Í¨Ö ¸µ¸ÉµÖ´¨Ö ¸ ´¥-
±µÉµ·Ò³¨ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨, ¸ÊÐ¥¸É¢ÊÕÐ Ö ¢ É¥Î¥´¨¥ µÉ·¥§±  ¢·¥³¥´¨
∆t ∼ l.

ƒ² ¢´Ò° ¶· ±É¨Î¥¸±¨° ¢Ò¢µ¤ § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ µ¸² ¡²¥´¨¥ É·¥¡µ-
¢ ´¨Ö ³¨±·µ¶·¨Î¨´´µ¸É¨ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ · ¸Ï¨·¨ÉÓ ±² ¸¸Ò ¨¸¶µ²Ó§Ê¥³ÒÌ
µ¡µ¡Ð¥´´ÒÌ ËÊ´±Í¨°.

3. Š‚��’�‚�Ÿ ’…��ˆŸ ��‹Ÿ
‘ �…‹�Š�‹œ�›Œ ‚‡�ˆŒ�„…‰‘’‚ˆ…Œ

�·¥¤¶µ²µ¦¨³ É¥¶¥·Ó, ÎÉµ É¥µ·¨Ö ´¥²µ± ²Ó´ , É. ¥. ¢§ ¨³µ¤¥°¸É¢¨¥ ±¢ ´-
Éµ¢ ´´ÒÌ ¶µ²¥° ¶·µ¨¸Ìµ¤¨É ´¥ ¢ ÉµÎ±¥,   ¢ ´¥±µÉµ·µ° µ¡² ¸É¨ · §³¥·µ³ l.
„ ¢´¨¥ ¶µ¶ÒÉ±¨ ·¥ ²¨§µ¢ ÉÓ ÔÉÊ ¨¤¥Õ (¸³. [1,6Ä8]) ´µ¸¨²¨, É ± ¸± § ÉÓ, ®É¥Ì-
´¨Î¥¸±¨°¯ Ì · ±É¥·, É ± ± ± § ¤ Î  ¸µ¸ÉµÖ²  ¢ Éµ³, ÎÉµ¡Ò ¢¢¥¸É¨ ¢ ² £· ´-
¦¨ ´ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥±µÉµ·Ò° Ëµ·³Ë ±Éµ· F ((x − y)2/l2), ±µÉµ·Ò° ¡Ò²
¡Ò ¢ ¸µ¸ÉµÖ´¨¨ Ê¸É· ´¨ÉÓ Ê²ÓÉ· Ë¨µ²¥Éµ¢Ò¥ · ¸Ìµ¤¨³µ¸É¨ ¨ Ê¤µ¢²¥É¢µ·¨ÉÓ
¢¸¥³ É·¥¡µ¢ ´¨Ö³ ± É¥µ·¨¨: ·¥²ÖÉ¨¢¨¸É¸±µ° ±µ¢ ·¨ ´É´µ¸É¨, Ê´¨É ·´µ¸É¨,
· §Ê³´µ° ³ ±·µ¶·¨Î¨´´µ¸É¨, ± ²¨¡·µ¢µÎ´µ° ¨´¢ ·¨ ´É´µ¸É¨. �É¨ ¶µ¶ÒÉ±¨
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´¥ Ê¢¥´Î ²¨¸Ó Ê¸¶¥Ìµ³. �¸´µ¢´Ò³ ± ³´¥³ ¶·¥É±´µ¢¥´¨Ö Ö¢¨²µ¸Ó É·¥¡µ¢ ´¨¥
Ê´¨É ·´µ¸É¨. „¥²µ ¢ Éµ³, ÎÉµ ²Õ¡Ò¥ µ¸µ¡¥´´µ¸É¨  ³¶²¨ÉÊ¤ ²Õ¡ÒÌ Ë¨§¨Î¥-
¸±¨Ì ¶·µÍ¥¸¸µ¢ ¢ ±µ³¶²¥±¸´µ° µ¡² ¸É¨ ¨§³¥´¥´¨Ö ¨³¶Ê²Ó¸´ÒÌ ¶¥·¥³¥´´ÒÌ
¸¢Ö§ ´Ò ¸ ¢¨·ÉÊ ²Ó´Ò³¨ ¶·µÍ¥¸¸ ³¨ ·¥ ²Ó´ÒÌ Î ¸É¨Í. �µÖ¢²¥´¨¥ ± ±¨Ì-²¨¡µ
¤µ¶µ²´¨É¥²Ó´ÒÌ µ¸µ¡¥´´µ¸É¥° ¸ ´¥¨§¡¥¦´µ¸ÉÓÕ ¢¥¤¥É ± ¶µÖ¢²¥´¨Õ ´¥Ë¨§¨-
Î¥¸±¨Ì µ¸µ¡¥´´µ¸É¥° Ê  ³¶²¨ÉÊ¤ ¨ É¥³ ¸ ³Ò³ ± ´ ·ÊÏ¥´¨Õ Ê´¨É ·´µ¸É¨ ³ -
É·¨ÍÒ · ¸¸¥Ö´¨Ö. ƒ² ¢´Ò³ µ¡· §µ³ ¨¸¶µ²Ó§µ¢ ²¨¸Ó Ëµ·³Ë ±Éµ·Ò, Ö¢²ÖÕÐ¨-
¥¸Ö ³¥·µ³µ·Ë´Ò³¨ ËÊ´±Í¨Ö³¨ ¢ ¨³¶Ê²Ó¸´µ³ ¶·µ¸É· ´¸É¢¥, É. ¥. ¨³¥ÕÐ¨³¨
´¥Ë¨§¨Î¥¸±¨¥ µ¸µ¡¥´´µ¸É¨ ¢´¥ Ë¨§¨Î¥¸±¨ ´ ¡²Õ¤ ¥³µ° µ¡² ¸É¨ (ÔÉµ ¤¥² ¥É¸Ö
¤µ ¸¨Ì ¶µ· (¸³., ´ ¶·¨³¥·, [9])). �¤´ ±µ ÔÉ¨ µ¸µ¡¥´´µ¸É¨ ¢ ¢Ò¸Ï¨Ì ¶µ·Ö¤± Ì
É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¶·¨¢µ¤ÖÉ ± ¢µ§´¨±´µ¢¥´¨Õ ¤µ¶µ²´¨É¥²Ó´ÒÌ µ¸µ¡¥´´µ-
¸É¥° Ê¦¥ Ê ´ ¡²Õ¤ ¥³ÒÌ  ³¶²¨ÉÊ¤ ¢ Ë¨§¨Î¥¸±µ° µ¡² ¸É¨ ¨³¶Ê²Ó¸´ÒÌ ¶¥·¥-
³¥´´ÒÌ, ÎÉµ ´ ·ÊÏ ¥É Ê´¨É ·´µ¸ÉÓ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö. �µ¶ÒÉ±¨ ¸Ëµ·³Ê-
²¨·µ¢ ÉÓ ¶· ¢¨²  ¢ÒÎ¨¸²¥´¨° É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ¢Ò¡·µ¸¨ÉÓ ´ ·ÊÏ ÕÐ¨¥
Ê´¨É ·´µ¸ÉÓ ¸² £ ¥³Ò¥, ´  ¶· ±É¨±¥ ¶·¨¢µ¤¨²¨ ± ¢¥¸Ó³  £·µ³µ§¤±¨³ ¶· ¢¨-
² ³ ¢ÒÎ¨¸²¥´¨°, É ± ÎÉµ ·¥ ²Ó´µ ¢ÒÎ¨¸²¥´¨Ö ³µ¦´µ ¡Ò²µ ¶·µ¢¥¸É¨ ²¨ÏÓ ¢
¸ ³ÒÌ ´¨§Ï¨Ì ¶µ·Ö¤± Ì É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° (¸³. [7, 8]).

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ´ ³ ´Ê¦´Ò É ±¨¥ Ëµ·³Ë ±Éµ·Ò, ±µÉµ·Ò¥ µ¤´µ¢·¥-
³¥´´µ µ¡¥¸¶¥Î¨¢ ÕÉ ¸Ìµ¤¨³µ¸ÉÓ ¢¸¥Ì ¨´É¥£· ²µ¢ ¶·¨ ¡µ²ÓÏ¨Ì ¨³¶Ê²Ó¸ Ì ¨
´¥ ¨³¥ÕÉ ´¨± ±¨Ì µ¸µ¡¥´´µ¸É¥° ¢ ±µ³¶²¥±¸´µ³ ¶·µ¸É· ´¸É¢¥ ¨³¶Ê²Ó¸´ÒÌ
¶¥·¥³¥´´ÒÌ. �± § ²µ¸Ó, ÎÉµ ¢ µ¸´µ¢¥ ¸ ³µ¸µ£² ¸µ¢ ´´µ° ´¥²µ± ²Ó´µ° ±¢ ´-
Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ²¥¦ É ¤¢  µ¸´µ¢´ÒÌ ¶µ²µ¦¥´¨Ö.

‚µ-¶¥·¢ÒÌ, ¢ ± Î¥¸É¢¥ Ëµ·³Ë ±Éµ·µ¢ ¤µ²¦´Ò ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò Í¥²Ò¥
 ´ ²¨É¨Î¥¸±¨¥ ËÊ´±Í¨¨, Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ Ê¸²µ¢¨Ö³:

• V (z), £¤¥ z = l2k2, Ö¢²Ö¥É¸Ö Í¥²µ°  ´ ²¨É¨Î¥¸±µ° ËÊ´±Í¨¥° ±µ´¥Î´µ£µ
¶µ·Ö¤±  ·µ¸É  1/2 � ρ < ∞ (¤ ²¥¥ ³Ò Ê¢¨¤¨³, ÎÉµ ¢ ·¨ ´É ρ = 1, É. ¥.
£ Ê¸¸µ¢¸±µ¥ ¶µ¢¥¤¥´¨¥, ¨³¥¥É ¢Ò¤¥²¥´´µ¥ §´ Î¥´¨¥);

• [V (z)]∗ = V (z∗) Å Ëµ·³Ë ±Éµ· ¢¥Ð¥¸É¢¥´;
• Ëµ·³Ë ±Éµ·Ò Ê¡Ò¢ ÕÉ ¢ ¥¢±²¨¤µ¢µ³ ´ ¶· ¢²¥´¨¨:

V (z) =




O(1/|z|2), Re z → −∞ (k2 → −∞),

O
(
eA|z|ρ) , Re z → ∞ (k2 → ∞);

• ±² ¸¸Ò µ¸´µ¢´ÒÌ ËÊ´±Í¨°, ´  ±µÉµ·ÒÌ µ¶·¥¤¥²¥´Ò Ëµ·³Ë ±Éµ·Ò ± ±
µ¡µ¡Ð¥´´Ò¥ ËÊ´±Í¨¨, ¸µ¸ÉµÖÉ ¨§ Í¥²ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ËÊ´±Í¨° (É¨¶  Zρ) ¢
±µ´Ë¨£Ê· Í¨µ´´µ³ x-¶·µ¸É· ´¸É¢¥ ¨ ´¥ ¸µ¤¥·¦ É ËÊ´±Í¨° ¸ µ£· ´¨Î¥´´Ò³
´µ¸¨É¥²¥³.

�µ¤·µ¡´Ò°  ´ ²¨§ ²µ± ²Ó´ÒÌ ¸¢µ°¸É¢ µ¡µ¡Ð¥´´ÒÌ ËÊ´±Í¨° ¨ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨Ì ±² ¸¸µ¢ µ¸´µ¢´ÒÌ ËÊ´±Í¨° ¸¤¥² ´ ¢ ³µ´µ£· Ë¨¨ [6].

‚µ-¢Éµ·ÒÌ, ¨¸Ìµ¤´µ É¥µ·¨Ö ¤µ²¦´  ¡ÒÉÓ ¸Ëµ·³Ê²¨·µ¢ ´  ¢ ¥¢±²¨¤µ¢µ³
¶·µ¸É· ´¸É¢¥, £¤¥ ¶·µ¢µ¤ÖÉ¸Ö ¢ÒÎ¨¸²¥´¨Ö ²Õ¡ÒÌ Ë¨§¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±
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É¥µ·¨¨. �³¶²¨ÉÊ¤Ò · §²¨Î´ÒÌ ¶·µÍ¥¸¸µ¢ ¢ Ë¨§¨Î¥¸±µ° µ¡² ¸É¨ ¶µ²ÊÎ ÕÉ¸Ö
³¥Éµ¤µ³  ´ ²¨É¨Î¥¸±µ£µ ¶·µ¤µ²¦¥´¨Ö ¶µ ¨´¢ ·¨ ´É´Ò³ ¨³¶Ê²Ó¸´Ò³ ¶¥·¥-
³¥´´Ò³, ¶·¨Î¥³  ´ ²¨É¨Î¥¸±µ¥ ¶·µ¤µ²¦¥´¨¥ ¶µ ¨´¢ ·¨ ´É´Ò³ ¨³¶Ê²Ó¸´Ò³
¶¥·¥³¥´´Ò³ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ S-³ É·¨ÍÒ ¶µ É¥µ·¨¨
¢µ§³ÊÐ¥´¨° ´¥ ³µ¦¥É ¡ÒÉÓ µ¸ÊÐ¥¸É¢²¥´µ ¢¨±µ¢¸±¨³ ¶µ¢µ·µÉµ³ ±µ´ÉÊ·  ¨´-
É¥£·¨·µ¢ ´¨Ö ¢ ¨³¶Ê²Ó¸´µ³ ¶·µ¸É· ´¸É¢¥.

�µ± ¦¥³ É¥¶¥·Ó, ± ± ÔÉ  ¨¤¥Ö ·¥ ²¨§Ê¥É¸Ö ¤²Ö · §²¨Î´ÒÌ ±¢ ´Éµ¢µ-¶µ²¥-
¢ÒÌ ¢ ·¨ ´Éµ¢ ¢§ ¨³µ¤¥°¸É¢¨°.

‘± ²Ö·´Ò¥ É¥µ·¨¨. ‚ ¸± ²Ö·´ÒÌ É¥µ·¨ÖÌ ³µ¦´µ ¶µ¸ÉÊ¶¨ÉÓ ¤¢µÖ±µ. � -
¶·¨³¥·, µ¡ÑÖ¢¨ÉÓ, ÎÉµ T -¶·µ¨§¢¥¤¥´¨Ö ¶µ²¥¢ÒÌ µ¶¥· Éµ·µ¢ ¢ (10) µ¶·¥¤¥²¥´Ò
´¥ Éµ²Ó±µ ¶·¨ ¸µ¢¶ ¤ ÕÐ¨Ì ÉµÎ± Ì xi = xj , ´µ ¨ ¢ ´¥±µÉµ·µ° ¨Ì ³ ²µ°
µ±·¥¸É´µ¸É¨, ¢§ÖÉÓ ¢³¥¸Éµ ±¢ §¨²µ± ²Ó´µ£µ µ¶¥· Éµ·  (13) ´¥±µÉµ·Ò° ´¥²µ-
± ²Ó´Ò° µ¶¥· Éµ· ¨§ ¶µ¤Ìµ¤ÖÐ¥£µ ±² ¸¸  ´¥²µ± ²Ó´ÒÌ µ¡µ¡Ð¥´´ÒÌ ËÊ´±Í¨°.
�¤´ ±µ É ±µ° ¶ÊÉÓ ¤¥°¸É¢¨° ¢¥¤¥É ± ¶²µÌµ ±µ´É·µ²¨·Ê¥³µ³Ê ËÊ´±Í¨µ´ ²Ó-
´µ³Ê ¶·µ¨§¢µ²Ê ¶·¨ µ¶·¥¤¥²¥´¨¨ Sn(x1, . . . , xn) ¢ (10).

Œµ¦´µ ¶µ¸ÉÊ¶¨ÉÓ ¥Ð¥ ¶·µÐ¥ Å ¶µ¸ÉÊ²¨·µ¢ ÉÓ, ÎÉµ T -¶·µ¨§¢¥¤¥´¨¥ ´¥
µ¶·¥¤¥²¥´µ Éµ²Ó±µ ¤²Ö ¶·µ¶ £ Éµ· 

Dc(x − x′) = 〈0|T (φ(x)φ(x′))|0〉 + K(l2�)δ(x − x′) =

=
∫

dk eik(x−x′)

i(2π)4
V (l2k2)

m2 − k2 − i0
. (17)

�·¥¤¶µ² £ ¥É¸Ö, ÎÉµ Ëµ·³Ë ±Éµ· Ê¤µ¢²¥É¢µ·Ö¥É ¶¥·¥Î¨¸²¥´´Ò³ ¢ÒÏ¥ ¸¢µ°-
¸É¢ ³. �·¨ É ±µ³ ¶µ¤Ìµ¤¥ ¶ · ³¥É· l ¨³¥¥É ¸³Ò¸² Ô²¥³¥´É ·´µ° ¤²¨´Ò, ÌµÉÖ
´¥ ¢µ§´¨± ¥É ´¨± ±¨Ì ¨§³¥´¥´¨° ³¥É·¨±¨ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ´  ³ ²ÒÌ
· ¸¸ÉµÖ´¨ÖÌ.

�ËË¥±É¨¢´µ ± Éµ³Ê ¦¥ ·¥§Ê²ÓÉ ÉÊ ¢¥¤¥É ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ´¥²µ± ²Ó-
´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ µ¶¨¸Ò¢ ¥É¸Ö ´¥²µ± ²Ó´Ò³ ² £· ´¦¨ ´µ³ ¢§ ¨³µ¤¥°¸É¢¨Ö
É¨¶ 

LI(x) = g
(
v(l2�)φ(x)

)N
, (18)

  ¶·µ¶ £ Éµ·µ³ ¶µ²Ö φ Ö¢²Ö¥É¸Ö (17), £¤¥ V (l2p2) = v2(l2p2). ‚ ÔÉµ³ ¸²Ê-
Î ¥ ¶ · ³¥É· l ¨³¥¥É ¸³Ò¸² · §³¥·  µ¡² ¸É¨ ´¥²µ± ²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¨
¤µ²¦¥´ µ¶·¥¤¥²ÖÉÓ¸Ö ¨§ ± ±¨Ì-²¨¡µ Ë¨§¨Î¥¸±¨Ì ¸µµ¡· ¦¥´¨°.

�µ¸É·µ¥´´ Ö É ±¨³ µ¡· §µ³ ³ É·¨Í  · ¸¸¥Ö´¨Ö ´¥ ¸µ¤¥·¦¨É Ê²ÓÉ· Ë¨µ-
²¥Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥° ¨ Ê¤µ¢²¥É¢µ·Ö¥É Ê¸²µ¢¨Ö³ Ê´¨É ·´µ¸É¨ ¨ ³ ±·µ¶·¨-
Î¨´´µ¸É¨ (¸³. [6]). ‚¢¥¤¥´¨¥ Ëµ·³Ë ±Éµ·  ¢ ¶·µ¶ £ Éµ· ¸± ²Ö·´µ£µ ¶µ²Ö
¤¥² ¥É ±µ´¥Î´Ò³¨ ± ± ¶¥·¥´µ·³¨·Ê¥³Ò¥ (N = 3, 4), É ± ¨ ´¥¶¥·¥´µ·³¨·Ê¥-
³Ò¥ (N � 5) É¥µ·¨¨. Œµ¦´µ ¸± § ÉÓ, ÎÉµ Ëµ·³Ë ±Éµ· V (l2p2) ¶ · ³¥É·¨§Ê¥É
¢¸¥ Ê²ÓÉ· Ë¨µ²¥Éµ¢Ò¥ · ¸Ìµ¤¨³µ¸É¨ ¢ ¨¸¸²¥¤Ê¥³µ° ±¢ ´Éµ¢µ-¶µ²¥¢µ° ³µ¤¥²¨.

�¥²µ± ²Ó´ Ö ±¢ ´Éµ¢ Ö Ô²¥±É·µ¤¨´ ³¨± . �µ²¥¥ ¨´É¥·¥¸´Ò É¥µ·¨¨ ¸
 ¡¥²¥¢µ° ± ²¨¡·µ¢µÎ´µ° £·Ê¶¶µ° U(1), µ¶¨¸Ò¢ ÕÐ¨¥ ¢§ ¨³µ¤¥°¸É¢¨¥ § ·Ö-
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¦¥´´ÒÌ ¶µ²¥° ¸ ¶µ²¥³ ËµÉµ´µ¢. � ¸¸³µÉ·¨³ ±¢ ´Éµ¢ÊÕ Ô²¥±É·µ¤¨´ ³¨±Ê. ‚
ÔÉµ³ ¸²ÊÎ ¥ ¶·¥µ¡· §µ¢ ´¨Ö ± ²¨¡·µ¢µÎ´µ° £·Ê¶¶Ò ¤²Ö ¸¶¨´µ·´µ° Ô²¥±É·µ-
¤¨´ ³¨±¨ ¢Ò£²Ö¤ÖÉ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

Aµ(x) → Aµ(x) + ∂µf(x),
(19)

ψ(x) → e−ieK(l2�)f(x)ψ(x), ψ̄(x) → ψ̄(x) eieK(l2�)f(x),

£¤¥ Aµ(x) ¨ ψ(x) Å ¶µ²Ö ËµÉµ´µ¢ ¨ Ô²¥±É·µ´µ¢ ¸µµÉ¢¥É¸É¢¥´´µ ¨ Ëµ·³Ë ±-
Éµ· ´µ·³¨·µ¢ ´ Ê¸²µ¢¨¥³ K(0) = 1.

�·¥µ¡· §µ¢ ´¨Ö (19) µ§´ Î ÕÉ, ÎÉµ § ·Ö¦¥´´µ¥ ¶µ²¥ ψ(x) Ì · ±É¥·¨-
§Ê¥É¸Ö ´¥ Éµ²Ó±µ § ·Ö¤µ³ e, ´µ ¨ ®±² ¸¸¨Î¥¸±¨³¯ · ¸¶·¥¤¥²¥´¨¥³ § ·Ö¤ 
K(l2�)δ(x − x′), ±µÉµ·µ¥ ¤²Ö ¶µ±µÖÐ¥°¸Ö § ·Ö¦¥´´µ° Î ¸É¨ÍÒ µ¶¨¸Ò¢ ¥É¸Ö
Ëµ·³Ë ±Éµ·µ³ K(−l2k2). ‡¤¥¸Ó ¶ · ³¥É· l Ì · ±É¥·¨§Ê¥É ®±² ¸¸¨Î¥¸±¨°¯
· §³¥· Ô²¥±É·µ´ .

‹ £· ´¦¨ ´ ´¥²µ± ²Ó´µ° Ô²¥±É·µ¤¨´ ³¨±¨ § ¶¨¸Ò¢ ¥É¸Ö

L = −1
4

(∂νAµ − ∂µAν)2 + (ψ̄[p̂ + eK(l2�)Â − m]ψ). (20)

�ËË¥±É¨¢´µ ÔÉµÉ ² £· ´¦¨ ´ ¢¥¤¥É ± ¨§³¥´¥´¨Õ ¶·µ¶ £ Éµ·  ËµÉµ´ , ±µÉµ-
·Ò° ¢ ¥¢±²¨¤µ¢µ° ³¥É·¨±¥ ¨³¥¥É ¢¨¤

Dµν(x − x′) = K(l2�x)K(l2�x′)〈0|T (Aµ(x)Aν (x′))|0〉 =

=
∫

dk eik(x−x′)

i(2π)4

(
δµν − kµkν

k2

)
K2(l2k2)
k2 + i0

.

�µ²ÊÎ¥´´Ò° ² £· ´¦¨ ´ µ¶¨¸Ò¢ ¥É ´¥²µ± ²Ó´ÊÕ ¸Ê¶¥·¶¥·¥´µ·³¨·Ê¥³ÊÕ É¥µ-
·¨Õ, ¢ ±µÉµ·µ° ¨³¥¥É¸Ö Éµ²Ó±µ µ¤´  · ¸Ìµ¤ÖÐ Ö¸Ö ¤¨ £· ³³  Å ¶µ²Ö·¨§ Í¨Ö
¢ ±ÊÊ³ , ¨²¨ Ô²¥±É·µ´-¶µ§¨É·µ´´ Ö ¶¥É²Ö.

‘ÊÐ¥¸É¢¥´´µ, ÎÉµ ¶ · ³¥É· l Ö¢²Ö¥É¸Ö ´¥§ ¢¨¸¨³µ° ¢¥²¨Î¨´µ° ¨, ¢µµ¡Ð¥
£µ¢µ·Ö, ³µ¦¥É ¶·¨´¨³ ÉÓ ²Õ¡Ò¥ §´ Î¥´¨Ö. �·¨ ÔÉµ³ É¥µ·¨Ö µ¸É ¥É¸Ö ±µ´¥Î-
´µ°, Ê´¨É ·´µ°, ± ²¨¡·µ¢µÎ´µ-¨´¢ ·¨ ´É´µ° ¨ ³ ±·µ¶·¨Î¨´´µ° ¢ ± ¦¤µ³
¶µ·Ö¤±¥ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°, ± ± ¨ ¢ ¸²ÊÎ ¥ ²µ± ²Ó´µ° Š�„.

‚ · ³± Ì ÔÉµ° É¥µ·¨¨ Ê¤ ²µ¸Ó µ±µ´Î É¥²Ó´µ § ¢¥·Ï¨ÉÓ ³´µ£µ²¥É´¨¥ Ê¸¨-
²¨Ö ¶µ ¶µ²ÊÎ¥´¨Õ ±² ¸¸¨Î¥¸±µ£µ ¶·¥¤¥²  ¢ § ¤ Î¥ µ ¸µ¡¸É¢¥´´µ° Ô´¥·£¨¨
Ô²¥±É·µ´  (¸³. [6]). ‚ ¸ ³µ¸µ£² ¸µ¢ ´´µ° É¥µ·¨¨, £¤¥ ¨³¥¥É ¸³Ò¸² · §³¥· Î -
¸É¨ÍÒ, ±¢ ´Éµ¢Ò° ¨ ±² ¸¸¨Î¥¸±¨° ¶·¥¤¥²Ò ¥¸É¥¸É¢¥´´µ µ¶·¥¤¥²ÖÕÉ¸Ö ¸µµÉ´µ-
Ï¥´¨¥³ ³¥¦¤Ê ±² ¸¸¨Î¥¸±¨³ · §³¥·µ³ Î ¸É¨ÍÒ ¨ ¥¥ ±µ³¶Éµ´µ¢¸±µ° ¤²¨´µ°:
±¢ ´Éµ¢Ò° ¶·¥¤¥² λc � l ¨ ±² ¸¸¨Î¥¸±¨° ¶·¥¤¥² λc � l, £¤¥ λc = �/(mc) Å
±µ³¶Éµ´µ¢¸± Ö ¤²¨´  ¢µ²´Ò Ô²¥±É·µ´ .
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�µ¶· ¢±  ± ³ ¸¸¥ Ô²¥±É·µ´  ¢ ´¥²µ± ²Ó´µ° ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¥
(20), ¢ÒÎ¨¸²¥´´ Ö ¶µ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°, ¨³¥¥É ¢¨¤

δm = m

∞∑
n=1

(
e2

�c

)n

Mn

(
�

mc l

)
. (21)

�± § ²µ¸Ó, ÎÉµ £² ¢´Ò¥ ¸µ¡ÒÉ¨Ö ¶·µ¨¸Ìµ¤ÖÉ ¢ ´¨§Ï¥³ ¸² £ ¥³µ³ ¶µ É¥µ·¨¨
¢µ§³ÊÐ¥´¨°:

m
e2

�c
M1

(
�

mc l

)
=




3m

16π2

e2

�c
ln
(

�

mc l

)2

¶·¨
�

mc
� l,

const
e2

c2l
¶·¨

�

mc
� l,

(22)

  µ¸É ²Ó´Ò¥ Î²¥´Ò ·Ö¤  (n > 1) ¸É·¥³ÖÉ¸Ö ± ´Ê²Õ ¢ ±² ¸¸¨Î¥¸±µ³ ¶·¥¤¥²¥:(
e2

�c

)n

Mn

(
�

mc l

)
= O

((
�

mc l

))
→ 0 ¶·¨

�

mcl
→ 0.

’ ±¨³ µ¡· §µ³, ¢ ±² ¸¸¨Î¥¸±µ³ ¶·¥¤¥²¥ �/(mc) � l ¶µ¶· ¢±  ± ³ ¸¸¥ Ô²¥±-
É·µ´  µ¶¨¸Ò¢ ¥É¸Ö ±² ¸¸¨Î¥¸±µ° Ëµ·³Ê²µ°.

4. �Š‘ˆ�Œ�’ˆ—…‘Š�Ÿ Š‚��’�‚�Ÿ ’…��ˆŸ ��‹Ÿ

�¤´µ ¨§ ¢µ§· ¦¥´¨° ¶·µÉ¨¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¸ ´¥²µ± ²Ó´Ò³ ¢§ -
¨³µ¤¥°¸É¢¨¥³ ¡Ò²µ µ¸´µ¢ ´µ ´  Ê¡¥¦¤¥´¨¨, ÎÉµ É¥µ·¥³  µ¡ µ¡Ð¥° ¶·¨·µ¤¥
²µ± ²Ó´µ° ±µ³³ÊÉ É¨¢´µ¸É¨, ¤µ± § ´´ Ö ¢  ±¸¨µ³ É¨Î¥¸±µ° ±¢ ´Éµ¢µ° É¥µ-
·¨¨ ¶µ²Ö (¸³., ´ ¶·¨³¥·, [10]), ¶µ²´µ¸ÉÓÕ § ±·Ò¢ ¥É ± ±¨¥ ¡Ò Éµ ´¨ ¡Ò²µ
¶¥·¸¶¥±É¨¢Ò ¶µ¸É·µ¥´¨Ö ´¥¶·µÉ¨¢µ·¥Î¨¢µ° ´¥²µ± ²Ó´µ° É¥µ·¨¨.

‘ÊÉÓ É¥µ·¥³Ò ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¥¸²¨ ±µ³³ÊÉ Éµ· £¥°§¥´¡¥·£µ¢¸±µ£µ ¶µ²Ö
Ê¤µ¢²¥É¢µ·Ö¥É Ê¸²µ¢¨Õ

[φ(x), φ(y)] = 0 ¶·¨ (x − y)2 < −l2,

Éµ ÔÉµÉ ±µ³³ÊÉ Éµ· µ¡· Ð ¥É¸Ö ¢ ´Ê²Ó ¨ ¶·¨ (x − y)2 < 0. �Éµ µ§´ Î ¥É, ÎÉµ
¶µ²¥ φ(x) ²µ± ²Ó´µ. ’¥µ·¥³  µ¸´µ¢ ´  ´  ¶·¥¤¶µ²µ¦¥´¨ÖÌ:

• É· ´¸²ÖÍ¨µ´´ Ö ¨ ·¥²ÖÉ¨¢¨¸É¸± Ö ±µ¢ ·¨ ´É´µ¸ÉÓ,
• ¶µ²´µÉ  Ë¨§¨Î¥¸±¨Ì ¸µ¸ÉµÖ´¨° ¸ ¶µ²µ¦¨É¥²Ó´µ° Ô´¥·£¨¥°,
• ¶·µ¸É· ´¸É¢µ µ¡µ¡Ð¥´´ÒÌ ËÊ´±Í¨° Ê³¥·¥´´µ£µ ·µ¸É , ±µÉµ·µ³Ê ¤µ²¦-

´Ò ¶·¨´ ¤²¥¦ ÉÓ ¢ ±ÊÊ³´Ò¥ ¸·¥¤´¨¥ µ¶¥· Éµ·µ¢ ¶µ²Ö.
�µ¸²¥¤´¥¥ ¶·¥¤¶µ²µ¦¥´¨¥ ± § ²µ¸Ó ¥¸É¥¸É¢¥´´Ò³, ´µ ¨³¥´´µ µ´µ ¶·¥¤µ-

¶·¥¤¥²Ö¥É ÊÉ¢¥·¦¤¥´¨¥ É¥µ·¥³Ò, ¶µ¸±µ²Ó±Ê ¢ ÔÉµ³ ¶·µ¸É· ´¸É¢¥ µÉ¸ÊÉ¸É¢ÊÕÉ
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´¥²µ± ²Ó´Ò¥ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´Ò¥ µ¡µ¡Ð¥´´Ò¥ ËÊ´±Í¨¨, ¸ ¶µ³µÐÓÕ
±µÉµ·ÒÌ ¸É·µ¨É¸Ö ´¥¶·µÉ¨¢µ·¥Î¨¢ Ö ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¸ ´¥²µ± ²Ó´Ò³ ¢§ ¨-
³µ¤¥°¸É¢¨¥³.

�±¸¨µ³ É¨Î¥¸± Ö ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¶µ²Ö ¸ Ô±¸¶µ´¥´Í¨ ²Ó´Ò³ ·µ¸Éµ³ ¢ -
±ÊÊ³´ÒÌ ¸·¥¤´¨Ì ¡Ò²  · ¸¸³µÉ·¥´  ¢ ±µ´Í¥ 60-Ì ££. ¢ · ¡µÉ Ì Œ. ‡. ˆµËÒ ¨
‚. Ÿ. ” °´¡¥·£  [11] ¨ § É¥³ Œ. �. ‘µ²µ¢Ó¥¢  [12]. �Ò²µ ¶µ± § ´µ, ÎÉµ µ¸´µ¢-
´Ò¥ É¥µ·¥³Ò  ±¸¨µ³ É¨±¨ (CPT, ¸¢Ö§Ó ¸¶¨´  ¨ ¸É É¨¸É¨±¨, É¥µ·¨Ö  ¸¨³¶Éµ-
É¨Î¥¸±¨Ì ¶µ²¥°) ¸µÌ· ´ÖÕÉ ¸¢µÕ ¸¨²Ê, ¢ Éµ ¢·¥³Ö ± ± É¥µ·¥³  µ ²µ± ²Ó´µ°
±µ³³ÊÉ É¨¢´µ¸É¨ Ê¦¥ ´¥¸¶· ¢¥¤²¨¢ . ’ ±¨³ µ¡· §µ³, ¢ ´¥²µ± ²Ó´µ° ±¢ ´Éµ-
¢µ° É¥µ·¨¨ ¶µ²Ö ¤µ¸É¨£´ÊÉ ÉµÉ ¦¥ Ê·µ¢¥´Ó ³ É¥³ É¨Î¥¸±µ° ¸É·µ£µ¸É¨, ÎÉµ ¨
¢ ²µ± ²Ó´µ° ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö.

5. ��‚…„…�ˆ… ��ˆ ��‹œ˜ˆ• ��…�ƒˆŸ•

„·Ê£µ¥ ¶·¥¤Ê¡¥¦¤¥´¨¥ ¶·µÉ¨¢ ·¥²ÖÉ¨¢¨¸É¸±µ° ´¥²µ± ²Ó´µ° ±¢ ´Éµ¢µ° É¥-
µ·¨¨ ¶µ²Ö ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ Ëµ·³Ë ±Éµ·Ò ¨ ¶·µ¶ £ Éµ·Ò, ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö
Í¥²Ò³¨  ´ ²¨É¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨, Ê¡Ò¢ ÕÐ¨³¨ ¢ ¥¢±²¨¤µ¢µ³ ¨³¶Ê²Ó¸´µ³
¶·µ¸É· ´¸É¢¥, ¡Ò¸É·µ · ¸ÉÊÉ ¢ Ë¨§¨Î¥¸±µ° µ¡² ¸É¨ ¶·¨ s → +∞:

|K(s)| ∼ e(l2s)ρ

, ρ � 1
2
. (23)

�µÔÉµ³Ê ±µÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨Ö ¶µ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¤²Ö ²Õ¡µ°  ³-
¶²¨ÉÊ¤Ò · ¸ÉÊÉ ¢ Ë¨§¨Î¥¸±µ° µ¡² ¸É¨ ± ±

M(sij) =
∞∑

n=0

gn0+2nM(n)(sij), |M(n)(sij)| ∼ ensρ
ij ¶·¨ sij → +∞,

£¤¥ sij = (ki + kj)2.
�Éµ µ§´ Î ¥É, ÎÉµ ·¥¦¨³ ¸¨²Ó´µ° ±µ´¸É ´ÉÒ ¸¢Ö§¨ ¢ ´¥²µ± ²Ó´µ° É¥µ·¨¨

´ ¸ÉÊ¶ ¥É ¶·¨ g2 exp (l2s)ρ � 1, É. ¥. ¶·¨ µÉ´µ¸¨É¥²Ó´µ ´¥¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ,
¸· ¢´¨³ÒÌ ¸ ¢¥²¨Î¨´µ° µ¡² ¸É¨ ´¥²µ± ²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö s ∼ 1/l2, ¢ Éµ
¢·¥³Ö ± ± ¢ ²µ± ²Ó´ÒÌ ¶¥·¥´µ·³¨·Ê¥³ÒÌ É¥µ·¨ÖÌ ·¥¦¨³ ¸¨²Ó´µ° ¸¢Ö§¨ ´ -
¸ÉÊ¶ ¥É ¶·¨ g2 ln s � 1, ¨, ¸ ¶· ±É¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö, ÔÉ  £· ´¨Í  ¢¥¸Ó³ 
¤ ²¥± . ‘²¥¤µ¢ É¥²Ó´µ, ´¥²Ó§Ö ¶µ²Ó§µ¢ ÉÓ¸Ö ¢ÒÎ¨¸²¥´¨Ö³¨ ¶µ É¥µ·¨¨ ¢µ§³Ê-
Ð¥´¨° ¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ. ’ ±¨³ µ¡· §µ³, ± ± ¨ ¢ ²µ± ²Ó´ÒÌ
É¥µ·¨ÖÌ, ´¥µ¡Ìµ¤¨³µ ¶·¨¢²¥± ÉÓ ³¥Éµ¤Ò ¸Ê³³¨·µ¢ ´¨Ö ·Ö¤µ¢ É¥µ·¨¨ ¢µ§-
³ÊÐ¥´¨°, ÎÉµ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³  ¸²µ¦´µ° § ¤ Î¥° ¨
Ö¢²Ö¥É¸Ö § ¤ Î¥° ´  ¡Ê¤ÊÐ¥¥.

�¤´ ±µ ¢ ² £· ´¦¥¢µ³ Ëµ·³ ²¨§³¥, · §¢¨Éµ³ ¢ [6], ¡Ò²  ¤µ± § ´  Ê´¨É ·-
´µ¸ÉÓ S-³ É·¨ÍÒ ¢ ± ¦¤µ³ ¶µ·Ö¤±¥ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¨ ¶µ± § ´µ, ÎÉµ  ´ -
²¨É¨Î¥¸±¨¥ ¸¢µ°¸É¢   ³¶²¨ÉÊ¤ ¢ ²Õ¡µ° ±µ´¥Î´µ° µ¡² ¸É¨ ±µ³¶²¥±¸´ÒÌ ¨³-
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¶Ê²Ó¸´ÒÌ ¶¥·¥³¥´´ÒÌ ¢ ²µ± ²Ó´µ° ¨ ´¥²µ± ²Ó´µ° É¥µ·¨ÖÌ ¸µ¢¶ ¤ ÕÉ. …¸É¥-
¸É¢¥´´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É ´¥±µÉµ·Ò° ³¥Éµ¤ ¸Ê³³¨·µ¢ ´¨Ö ·Ö¤µ¢
É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°, É ± ÎÉµ ÉµÎ´ Ö S-³ É·¨Í  Ê´¨É ·´ ,  ´ ²¨É¨Î¥¸±¨¥ µ¸µ-
¡¥´´µ¸É¨  ³¶²¨ÉÊ¤ ¢ ²Õ¡µ° ±µ´¥Î´µ° µ¡² ¸É¨ ±µ³¶²¥±¸´ÒÌ ¨³¶Ê²Ó¸´ÒÌ ¶¥-
·¥³¥´´ÒÌ ¢ ²µ± ²Ó´µ° ¨ ´¥²µ± ²Ó´µ° É¥µ·¨ÖÌ ¸µ¢¶ ¤ ÕÉ ¨ µ£· ´¨Î¥´¨¥ (23)
¸¶· ¢¥¤²¨¢µ ¤²Ö ÉµÎ´ÒÌ  ³¶²¨ÉÊ¤. ‚ Î ¸É´µ¸É¨,  ³¶²¨ÉÊ¤  Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö
 ´ ²¨É¨Î´  ¢ Ô²²¨¶¸¥ Œ ·É¥´ Ä‹¥³ ´ . Š¸É É¨, Éµ ¦¥ ¸ ³µ¥ ¶·¥¤¶µ²µ¦¥´¨¥
¤¥² ¥É¸Ö ¨ ¢ ²µ± ²Ó´µ° Š’�. ’µ£¤  ¢µ§³µ¦´µ ¶µ²ÊÎ¨ÉÓ µ£· ´¨Î¥´¨¥ ¸¢¥·ÌÊ
´  ¶µ²´µ¥ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ¢ �Š’�.

�¥·¢Ò° ·¥§Ê²ÓÉ É ¤²Ö ±² ¸¸  ¸ÊÐ¥¸É¢¥´´µ ´¥²µ± ²¨§Ê¥³ÒÌ É¥µ·¨°, ¢ ±µ-
Éµ·ÒÌ ·µ¸É  ³¶²¨ÉÊ¤ ¢µ ¢¸¥³ ¨³¶Ê²Ó¸´µ³ ¶·µ¸É· ´¸É¢¥ µ£· ´¨Î¥´ Ô±¸¶µ´¥´-
Éµ° exp (b||p2||ρ), ρ > 1/2, ¡Ò² ¶µ²ÊÎ¥´ ¢ [14]. �¢Éµ·Ò ¶µ± § ²¨, ÎÉµ ¶µ²´µ¥
¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ µ£· ´¨Î¥´µ ËÊ´±Í¨¥°

σtot(s) < Cs1+2ρ.

�É  µÍ¥´±  ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³  § ¢ÒÏ¥´´µ°. ‘ Ë¨§¨Î¥¸±µ° ÉµÎ±¨ §·¥-
´¨Ö µÎ¥¢¨¤´µ, ÎÉµ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¶µ²´µ¥ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ¶·¨
´¥²µ± ²Ó´µ³ ¢§ ¨³µ¤¥°¸É¢¨¨, ¶µ ±· °´¥° ³¥·¥, ´¥ ¤µ²¦´µ · ¸É¨ ¡Ò¸É·¥¥
¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö ¶·¨ ²µ± ²Ó´µ³ ¢§ ¨³µ¤¥°¸É¢¨¨, ¶µ¸±µ²Ó±Ê ®´¥²µ± ²Ó-
´Ò¥ Î ¸É¨ÍÒ¯, ¨³¥ÕÐ¨¥ ´¥±µÉµ·ÊÕ ¶·µÉÖ¦¥´´µ¸ÉÓ, ¤µ²¦´Ò ¸É ´µ¢¨ÉÓ¸Ö ¢¸¥
¡µ²¥¥ ¨ ¡µ²¥¥ ¶·µ§· Î´Ò³¨.

‚ · ¡µÉ¥ [15] ¶µ± § ´µ, ÎÉµ µ£· ´¨Î¥´¨¥ ”·Ê ¸¸ ·  ´  ¶µ²´µ¥ ¶µ¶¥·¥Î-
´µ¥ ¸¥Î¥´¨¥ ¨³¥¥É ¢¨¤

σtot(s) < Csρ−1 ln2 s.

‘²ÊÎ ° £ Ê¸¸µ¢¸±µ£µ ¶µ¢¥¤¥´¨Ö ρ = 1 ´ ³ ¶·¥¤¸É ¢²Ö¥É¸Ö µ¸µ¡¥´´µ ¨´É¥·¥¸-
´Ò³. Š ± ³Ò Ê¢¨¤¨³ ´¨¦¥, ¨³¥´´µ ÔÉµÉ ¢ ·¨ ´É ·¥ ²¨§Ê¥É¸Ö ¶·¨  ´ ²¨É¨Î¥-
¸±µ³ ±µ´Ë °´³¥´É¥ ¢ Š•„. ’µ£¤  µ£· ´¨Î¥´¨¥ ´  ¶µ¢¥¤¥´¨¥ ¶µ²´µ£µ ¸¥Î¥´¨Ö
· ¸¸¥Ö´¨Ö ¶·¨ ¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ Éµ ¦¥ ¸ ³µ¥, ÎÉµ ¨ ¢ ²µ± ²Ó´µ° É¥µ·¨¨:

σtot(s) < C ln2 s.

’ ±¨³ µ¡· §µ³, ¤¥²µ §  · §¢¨É¨¥³ ³¥Éµ¤µ¢ ¸Ê³³¨·µ¢ ´¨Ö ·Ö¤µ¢ É¥µ·¨¨
¢µ§³ÊÐ¥´¨°. �·¨ ÔÉµ³ ³´¥ ÌµÉ¥²µ¸Ó ¡Ò ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¥¥ § ³¥Î ´¨¥. ‚
´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µ¡Ð¥¶·¨´ÖÉµ, ÎÉµ ²Õ¡µ° ¢ÒÌµ¤ §  · ³±¨ É¥µ·¨¨ ¢µ§³Ê-
Ð¥´¨° ¶·¥¤¶µ² £ ¥É ¸Ê³³¨·µ¢ ´¨¥ ± ±µ£µ-Éµ µ¶·¥¤¥²¥´´µ£µ ±² ¸¸  ¤¨ £· ³³
”¥°´³ ´ . �¤´ ±µ ´ ³ ¶·¥¤¸É ¢²Ö¥É¸Ö, ÎÉµ ·¥ ²Ó´µ¥ ¶µ¢¥¤¥´¨¥  ³¶²¨ÉÊ¤ ¶·¨
¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¨²¨ ±µ´¸É ´É Ì ¸¢Ö§¨ ´¥ ¤µ²¦´µ ¡ÒÉÓ ¸¢Ö§ ´µ ¸ ¸Ê³³¨·µ-
¢ ´¨¥³ ± ±µ£µ-Éµ µ¶·¥¤¥²¥´´µ£µ ±² ¸¸  ¤¨ £· ³³. � ¶·¨³¥·, ¢ ¸± ²Ö·´µ°
¸¨³³¥É·¨Î´µ° ³µ¤¥²¨ Š¥³³¥·  (¸³. [16]), ±µÉµ· Ö ¶¥·¥´µ·³¨·Ê¥³  ¢ ¸²Ê-
Î ¥ ²µ± ²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ¶·¨³¥´¥´¨¥ ³¥Éµ¤  ‹ ¶¶µÄ„ ´¨²¥¢¸±µ£µ, ´¥
¸¢µ¤ÖÐ¥£µ¸Ö ± ¸Ê³³¨·µ¢ ´¨Õ ¤¨ £· ³³, ¶·¨¢µ¤¨É ± ±µ´¥Î´µ° ¸¢Ö§¨ ³¥¦¤Ê
¶¥·¥´µ·³¨·µ¢ ´´µ° ¨ ´¥¶¥·¥´µ·³¨·µ¢ ´´µ° ±µ´¸É ´É ³¨ ¸¢Ö§¨, É. ¥. ¸ÊÐ¥-
¸É¢Ê¥É ±µ´¥Î´Ò° ¶·¥¤¥² ¶·¨ ¸´ÖÉ¨¨ ·¥£Ê²Ö·¨§ Í¨¨.
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6. ���‹ˆ’ˆ—…‘Šˆ‰ Š��”�‰�Œ…�’.
”…��Œ…��‹�ƒˆ—…‘Šˆ‰ ��„•�„

ˆÉ ±, µ± § ²µ¸Ó, ÎÉµ Ëµ·³Ë ±Éµ·Ò, Ö¢²ÖÕÐ¨¥¸Ö Í¥²Ò³¨  ´ ²¨É¨Î¥¸±¨³¨
ËÊ´±Í¨Ö³¨, µ¶¨¸Ò¢ ÕÉ ¸É·Ê±ÉÊ·Ê Î ¸É¨Í ¨ ¢ Éµ ¦¥ ¢·¥³Ö ´¥ ¶·¨¢´µ¸ÖÉ ´¨-
± ±¨Ì  ´ ²¨É¨Î¥¸±¨Ì µ¸µ¡¥´´µ¸É¥° ¢  ³¶²¨ÉÊ¤Ò Ë¨§¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢. „·Ê-
£¨³¨ ¸²µ¢ ³¨, É ±¨¥ Ëµ·³Ë ±Éµ·Ò ´¥ ¸¢Ö§ ´Ò ´¨ ¸ ± ±¨³¨ ·¥ ²Ó´Ò³¨ Î ¸É¨-
Í ³¨. �µÔÉµ³Ê ´¥ ³µ£²µ ´¥ ¢µ§´¨±´ÊÉÓ ¦¥² ´¨Ö ¶µ¶ÒÉ ÉÓ¸Ö µ¶¨¸ ÉÓ Ö¢²¥´¨¥
±µ´Ë °´³¥´É , ¶µ ±· °´¥° ³¥·¥, Ë¥´µ³¥´µ²µ£¨Î¥¸±¨ ´  Ö§Ò±¥ Í¥²ÒÌ  ´ ²¨-
É¨Î¥¸±¨Ì ËÊ´±Í¨°. �Ò²µ ¶µ¸É·µ¥´µ ´¥¸±µ²Ó±µ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ³µ¤¥²¥°,
¨ µ± § ²µ¸Ó, ÎÉµ ÔÉ¨ ³µ¤¥²¨ · §Ê³´µ µ¶¨¸Ò¢ ÕÉ Ë¨§¨±Ê  ¤·µ´µ¢ ¶·¨ ´¨§±¨Ì
Ô´¥·£¨ÖÌ. Œµ¦´µ ¸± § ÉÓ, ÎÉµ µ¶¨¸ ´¨¥ ±¢ ·±µ¢ ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ,
É. ¥. ¢ µ¡² ¸É¨ ±µ´Ë °´³¥´É , Í¥²Ò³¨  ´ ²¨É¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨ £ Ê¸¸µ¢-
¸±µ£µ É¨¶  ¢¶µ²´¥ · §Ê³´µ.

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉµ ¢ Ë¨§¨±¥  ¤·µ´µ¢ ´¨§±¨Ì Ô´¥·£¨° ¸µ§¤ ² ¸Ó ²Õ¡µ-
¶ÒÉ´ Ö ¸¨ÉÊ Í¨Ö, ´  ±µÉµ·ÊÕ µ¡· Ð ² ¢´¨³ ´¨¥ ¥Ð¥ �²µÌ¨´Í¥¢ ¨ ±µÉµ·ÊÕ
³µ¦´µ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¢ ¢¨¤¥ ¢µ¶·µ¸ : ¶µÎ¥³Ê ¢ ÔÉµ° µ¡² ¸É¨  ¤·µ´´µ° Ë¨-
§¨±¨ ¨³¥¥É¸Ö ¸Éµ²Ó ³´µ£µ · §²¨Î´ÒÌ ³µ¤¥²¥° ¨ ¶µ¤Ìµ¤µ¢ ¨ ¶µÎ¥³Ê ¢¸¥ µ´¨ ¤µ-
¸É ÉµÎ´µ Ìµ·µÏµ µ¶¨¸Ò¢ ÕÉ ¨³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥? �µ ¢¸¥°
¢¨¤¨³µ¸É¨, ¢ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ° Ë¨§¨±¥  ¤·µ´µ¢ µ¸´µ¢´ÊÕ ·µ²Ó ¨£· ¥É ¸¨³-
³¥É·¨Ö (Ë²Ô°¢µ·´ Ö, ±¨· ²Ó´ Ö),   ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ · §²¨Î´ÒÌ ¶·µÍ¥¸¸µ¢
´¥ ¸²¨Ï±µ³ ÎÊ¢¸É¢¨É¥²Ó´Ò ± ±µ´±·¥É´µ³Ê ¢Ò¡µ·Ê ¶·µ¶ £ Éµ·µ¢ ¨ ¢¥·Ï¨´´ÒÌ
ËÊ´±Í¨°, ¨´É¥£· ² ³¨ µÉ ±µÉµ·ÒÌ µ´¨ Ö¢²ÖÕÉ¸Ö. …¸É¥¸É¢¥´´µ, ¢¸Ö± Ö ³µ¤¥²Ó
¸µ¤¥·¦¨É ¸¢µ¨ ¶ · ³¥É·Ò, ¶µÔÉµ³Ê ¶µ³¨³µ µ¡Ð¨Ì  ±¸¨µ³ É¨Î¥¸±¨Ì É·¥¡µ¢ -
´¨°, ± ¸ ÕÐ¨Ì¸Ö ´¥¶·µÉ¨¢µ·¥Î¨¢µ¸É¨ ¨ ¢´ÊÉ·¥´´¥° ¸ ³µ¸µ£² ¸µ¢ ´´µ¸É¨ ³µ-
¤¥²¨, ³µ¦´µ ²¨ÏÓ ¢¢¥¸É¨ ®ÊÉ¨²¨É ·´Ò°¯ ±·¨É¥·¨°: Î¥³ ³¥´ÓÏ¥¥ ±µ²¨Î¥¸É¢µ
¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢ ¸µ¤¥·¦¨É ³µ¤¥²Ó ¨ Î¥³ ¡µ²ÓÏ¥¥ Î¨¸²µ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± µ´  µ¶¨¸Ò¢ ¥É, É¥³ ¡²¨¦¥ ¤ ´´ Ö ³µ¤¥²Ó ± ¨¸É¨´´µ°
É¥µ·¨¨. ’¥³ ´¥ ³¥´¥¥ ´ ¤µ ¢¸¥£¤  ¨³¥ÉÓ ¢ ¢¨¤Ê ÏÊÉµÎ´µ¥ ÊÉ¢¥·¦¤¥´¨¥ ‹ ´¤ Ê,
±µÉµ·µ¥ Ö § ¶µ³´¨² ¢ Ëµ·³¥: ®‘·¥¤¨ ¸Î¥É´µ£µ ³´µ¦¥¸É¢  ´¥¢¥·´ÒÌ É¥µ·¨°
¢¸¥£¤  ´ °¤¥É¸Ö ±µ´¥Î´µ¥ Î¨¸²µ ¨Ì, ¸µ£² ¸ÊÕÐ¥¥¸Ö ¸ Ô±¸¶¥·¨³¥´Éµ³¯.

‚¨·Éµ´´ Ö ³µ¤¥²Ó µ¸´µ¢ ´  ´  ¸²¥¤ÊÕÐ¥³ ¶·µ¸Éµ³ · ¸¸Ê¦¤¥´¨¨. �Ê¸ÉÓ
² £· ´¦¨ ´, µ¶¨¸Ò¢ ÕÐ¨° ±¢ ·±¨ ¢ µ¡² ¸É¨ ±µ´Ë °´³¥´É , ¨³¥¥É ¢¨¤

L(x) = q̄(x)S−1(p̂)q(x),

£¤¥ S−1(p̂) Å ´¥±µÉµ·Ò° ´¥É·¨¢¨ ²Ó´Ò° µ¶¥· Éµ·. Šµ´Ë °´³¥´É ±¢ ·±µ¢
µ§´ Î ¥É, ÎÉµ ¥¤¨´¸É¢¥´´Ò³ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö

S−1(p̂)q(x) = 0

¤µ²¦´µ ¡ÒÉÓ ¶µ²¥, Éµ¦¤¥¸É¢¥´´µ · ¢´µ¥ ´Ê²Õ: q(x) ≡ 0. �É¸Õ¤  ´¥¶µ¸·¥¤-
¸É¢¥´´µ ¸²¥¤Ê¥É, ÎÉµ ËÊ´±Í¨Ö S−1(z) ´¥ ¤µ²¦´  ¨³¥ÉÓ ´Ê²¥° ¢µ ¢¸¥° ±µ³-
¶²¥±¸´µ° ¶²µ¸±µ¸É¨ z ∈ C, ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¶·µ¶ £ Éµ·, ¨²¨ ËÊ´±Í¨Ö ƒ·¨´ 
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S(p̂), ¤µ²¦¥´ ¡ÒÉÓ Í¥²µ°  ´ ²¨É¨Î¥¸±µ° ËÊ´±Í¨¥° ¢ ¶²µ¸±µ¸É¨ p̂ = z ∈ C.
�·µ¸É¥°Ï¨° ´¥É·¨¢¨ ²Ó´Ò° ¶·µ¶ £ Éµ·, ±µÉµ·Ò° Ö¢²Ö¥É¸Ö Í¥²µ°  ´ ²¨É¨Î¥-
¸±µ° ËÊ´±Í¨¥° µÉ p̂ ¨ Ê¡Ò¢ ¥É ¢ ¥¢±²¨¤µ¢µ³ ¶·µ¸É· ´¸É¢¥, ¨³¥¥É ¢¨¤

S̃(p) = S0 eap̂−bp2
, (24)

£¤¥ S0, a ¨ b Å ¥¤¨´¸É¢¥´´Ò¥ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³µ¤¥²¨, · §-
²¨Î´Ò¥ ¤²Ö · §²¨Î´ÒÌ ±¢ ·±µ¢ ¨ µ¶·¥¤¥²Ö¥³Ò¥ ¶µ¤£µ´±µ° Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ. ’ ±µ¥ ¶µ²¥ ¡Ò²µ ´ §¢ ´µ ¢¨·Éµ´´Ò³. �¤·µ´Ò, É. ¥. ³¥§µ´Ò ¨
¡ ·¨µ´Ò, ¸Î¨É ÕÉ¸Ö ¸¢Ö§ ´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ ±¢ ·±µ¢. � ¶·¨³¥·, ¢§ ¨³µ¤¥°-
¸É¢¨¥ ³¥§µ´µ¢ ¸ ±¢ ·± ³¨ µ¶¨¸Ò¢ ¥É¸Ö ² £· ´¦¨ ´ ³¨ É¨¶ 

LMq̄q = gMM(q̄Γq), (25)

£¤¥ ³ É·¨Í  Γ µ¶·¥¤¥²Ö¥É ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ±¢ ´Éµ¢Ò¥ Î¨¸²  ³¥§µ´ . Œ¥§µ´
Ö¢²Ö¥É¸Ö ¸¢Ö§ ´´Ò³ ¸µ¸ÉµÖ´¨¥³ ±¢ ·±µ¢. �Éµ µ§´ Î ¥É, ÎÉµ ±µ´¸É ´É  ¶¥·¥-
´µ·³¨·µ¢±¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨ ³¥§µ´ , ¨³¥ÕÐ Ö ¸³Ò¸² ¢¥·µÖÉ´µ¸É¨ ¸µ¸É ¢-
´µ° ®Ë¨§¨Î¥¸±µ°¯ Î ¸É¨Í¥ |M〉 ´ Ìµ¤¨ÉÓ¸Ö ¢ ¸µ¸ÉµÖ´¨¨ ®£µ²µ°¯ |M〉, ¤µ²¦´ 
· ¢´ÖÉÓ¸Ö ´Ê²Õ (¸³., ´ ¶·¨³¥·, [20]):

Z
(M)
2 = |〈M|M〉|2 = 0. (26)

„·Ê£¨³¨ ¸²µ¢ ³¨, ¸µ¸É ¢´ Ö Î ¸É¨Í  ´¥ ³µ¦¥É ´ Ìµ¤¨ÉÓ¸Ö ¢ ®£µ²µ³¯ ¸µ¸ÉµÖ-
´¨¨.

�É  ±µ´¸É ´É  ¢ ´¥²µ± ²Ó´µ° É¥µ·¨¨ ±µ´¥Î´  ¨ ¢ÒÎ¨¸²Ö¥É¸Ö. “· ¢´¥´¨¥
(26) µ¶·¥¤¥²Ö¥É ¢¥²¨Î¨´Ê ±µ´¸É ´ÉÒ ¸¢Ö§¨ gM , ¥¸²¨ ¨§¢¥¸É´  ³ ¸¸  ¸¢Ö§ ´´µ£µ
¸µ¸ÉµÖ´¨Ö. „·Ê£¨³¨ ¸²µ¢ ³¨, ¸¶¥±É· ³ ¸¸  ¤·µ´µ¢ ´¥ ³µ¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´
¢ ¤ ´´µ° ³µ¤¥²¨, ´µ ³µ¦´µ ¢ÒÎ¨¸²ÖÉÓ  ³¶²¨ÉÊ¤Ò · §´µµ¡· §´ÒÌ · ¸¶ ¤µ¢
 ¤·µ´µ¢. ‚¨·Éµ´´ Ö ³µ¤¥²Ó ¨§²µ¦¥´  ¢ ³µ´µ£· Ë¨¨ [13].

� ¸Î¥ÉÒ ¶µ± § ²¨, ÎÉµ ¢ ¢¨·Éµ´´µ° ³µ¤¥²¨ ¶· ¢¨²Ó´µ Ê£ ¤ ´Ò µ¸´µ¢´Ò¥
Î¥·ÉÒ  ¤·µ´´µ° ¸É·Ê±ÉÊ·Ò ´  ¶¥·¨Ë¥·¨¨  ¤·µ´ , £¤¥ ¶·µ¨¸Ìµ¤¨É ±µ´Ë °´-
³¥´É ¨  ¤·µ´¨§ Í¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢. Œµ¤¥²Ó Ìµ·µÏµ · ¡µÉ ¥É ¶·¨ µ¶¨-
¸ ´¨¨ · §²¨Î´µ£µ ·µ¤  · ¸¶ ¤µ¢  ¤·µ´µ¢ ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ. „²Ö µ¶¨¸ ´¨Ö
 ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö ¨ Ë¨§¨Î¥¸±¨Ì Ëµ·³Ë ±Éµ·µ¢ ³µ¤¥²Ó µ± § ² ¸Ó ¸²¨Ï±µ³
£·Ê¡µ°.

Œµ¤¥²Ó ±µ´Ë °´³¨·µ¢ ´´ÒÌ ±¢ ·±µ¢ Ö¢¨² ¸Ó ¶µ¶ÒÉ±µ° µ¶¨¸ ÉÓ Ë¨-
§¨±Ê  ¤·µ´µ¢ ¶·¨ ¡	µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¶µ ¸· ¢´¥´¨Õ ¸ ¢¨·Éµ´´µ° ³µ¤¥²ÓÕ.
Œµ¤¥²Ó ¨§²µ¦¥´  ¢ ³µ´µ£· Ë¨¨ [17]. ‚ µ¸´µ¢Ê ³µ¤¥²¨ ¶µ²µ¦¥´µ ¶·¥¤¸É ¢²¥-
´¨¥, ÎÉµ  ¤·µ´Ò ¢µ§´¨± ÕÉ ± ± ·¥§Ê²ÓÉ É ¢§ ¨³µ¤¥°¸É¢¨Ö ±¢ ·±µ¢ÒÌ Éµ±µ¢
É¨¶  (25). Š¢ ·±¨ ´¥ ¸ÊÐ¥¸É¢ÊÕÉ ± ± µ¡ÒÎ´Ò¥ Î ¸É¨ÍÒ „¨· ± , ´µ µ´¨
³µ£ÊÉ ¸ÊÐ¥¸É¢µ¢ ÉÓ ¢ ¢¨·ÉÊ ²Ó´µ³ ¸µ¸ÉµÖ´¨¨ ¨ ¨£· ÕÉ ·µ²Ó ¶¥·¥´µ¸Î¨±µ¢
¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê  ¤·µ´ ³¨. ’·¥¡µ¢ ´¨¥ ±µ´Ë °´³¥´É  ·¥ ²¨§Ê¥É¸Ö Ë¥-
´µ³¥´µ²µ£¨Î¥¸±¨ ± ±  ´§ Í ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ±¢ ·±µ¢ÒÌ ¶¥É¥²Ó. � ¶·¨³¥·,
¤²Ö É·¥Ê£µ²Ó´µ° ¤¨ £· ³³Ò ¨³¥¥³
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An(x1, x2, x3) = 〈0|T {(q̄(x1)Γ1q(x1))(q̄(x2)Γ2q(x2))(q̄(x3)Γ3q(x3))}|0〉 =

=
∫

dσvTr (Γ1Sv(x1 − x2)Γ2Sv(x2 − x3)Γ3Sv(x3 − x1)), (27)

Sv(x − x′) =
∫

dp

i(2π)4
e−ip(x−x′)

p̂ − v
.

Œ¥·  dσv µ¶·¥¤¥²¥´  ± ±∫
dσv

v − z
= G(z) = a(−z2) + z b(−z2), (28)

£¤¥ a(−z2) ¨ b(−z2) Å Ê´¨¢¥·¸ ²Ó´Ò¥ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨¥ ËÊ´±Í¨¨, ¢ É¥·-
³¨´ Ì ±µÉµ·ÒÌ ¢Ò· ¦ ÕÉ¸Ö  ³¶²¨ÉÊ¤Ò ²Õ¡ÒÌ Ë¨§¨Î¥¸±¨Ì ¶·Í¥¸¸µ¢. �Ò²¨
¨¸¶µ²Ó§µ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨:

a(u) = a0 e−u2−a1u, b(u) = b0 e−u2+b1u.

� · ³¥É·Ò a0, a1, b0 ¨ b1 Ö¢²ÖÕÉ¸Ö Ë¥´µ³¥´µ²µ£¨Î¥¸±¨³¨ ¶ · ³¥É· ³¨ ³µ-
¤¥²¨.

Š ± ¨ ¢ ¢¨·Éµ´´µ° ³µ¤¥²¨, ±µ´¸É ´ÉÒ ¸¢Ö§¨  ¤·µ´µ¢ ¸ ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨³¨ ±¢ ·±µ¢Ò³¨ Éµ± ³¨ gM ¡¥§ É·Ê¤  ¢ÒÎ¨¸²ÖÕÉ¸Ö ¨§ Ê¸²µ¢¨Ö ¸¢Ö§´µ¸É¨

Z
(M)
2 = 0.

�·µ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¶µ± § ²¨, ÎÉµ ³µ¤¥²Ó Ìµ·µÏµ µ¶¨¸Ò¢ ¥É · §²¨Î-
´µ£µ ·µ¤  · ¸¶ ¤Ò  ¤·µ´µ¢ ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ.

ƒ² ¢´Ò° ¶µ²µ¦¨É¥²Ó´Ò° ·¥§Ê²ÓÉ É, ¶µ²ÊÎ¥´´Ò° ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ÔÉ¨Ì
³µ¤¥²¥°, ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¨¤¥Ö  ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´³¥´É  ¨ ¶·µ¸É Ö
Ëµ·³  ¢§ ¨³µ¤¥°¸É¢¨Ö  ¤·µ´µ¢ ¸ ±¢ ·± ³¨ É¨¶  (25) ¤ ÕÉ ¶· ¢¨²Ó´µ¥ µ¶¨¸ -
´¨¥ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ°  ¤·µ´´µ° Ë¨§¨±¨.

‘²¥¤Ê¥É ¥Ð¥ µÉ³¥É¨ÉÓ, ÎÉµ ¢ ² £· ´¦¨ ´¥ ¢§ ¨³µ¤¥°¸É¢¨Ö (25) ¸¢Ö§Ó ³¥-
§µ´  ¸ ±¢ ·±µ¢Ò³ Éµ±µ³ ¶·¥¤¶µ² £ ¥É¸Ö ²µ± ²Ó´µ°, ÎÉµ ´  ¸ ³µ³ ¤¥²¥ Ö¢²Ö-
¥É¸Ö £·Ê¡Ò³ ¶·¨¡²¨¦¥´¨¥³, ¶µ¸±µ²Ó±Ê  ¤·µ´Ò ¢µ§´¨± ÕÉ ± ± ·¥§Ê²ÓÉ É ¢§ -
¨³µ¤¥°¸É¢¨Ö ±¢ ·±µ¢ ¸ £²Õµ´ ³¨, ±µÉµ·µ¥ ¤µ²¦´µ ¶·¨¢µ¤¨ÉÓ ± ´¥²µ± ²Ó´Ò³
¢¥·Ï¨´ ³ ¢ ÔËË¥±É¨¢´ÒÌ ² £· ´¦¨ ´ Ì ¢§ ¨³µ¤¥°¸É¢¨Ö É¨¶  (25). �µÔÉµ³Ê
¸²¥¤ÊÕÐ¨° Ï £ ¢ · §¢¨É¨¨ ¨¤¥¨  ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´³¥´É  ¸µ¸Éµ¨É ¢
µÉÒ¸± ´¨¨ ³¥Ì ´¨§³ , ¢¥¤ÊÐ¥£µ ± ¢µ§´¨±´µ¢¥´¨Õ  ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´-
³¥´É  ¢ · ³± Ì Š•„.

7. ‘�Œ�„“�‹œ��… ��‹… ˆ ‘’��ˆ‹œ��‘’œ Š�„ ˆ Š•„

ƒ² ¢´ Ö ¶·µ¡²¥³   ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´³¥´É  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò
µÉ¢¥É¨ÉÓ ´  ¤¢  ¢µ¶·µ¸ : ± ±µ° ³¥Ì ´¨§³ ¢¥¤¥É ± ¢µ§´¨±´µ¢¥´¨Õ  ´ ²¨É¨Î¥-
¸±µ£µ ±µ´Ë °´³¥´É  ¨ ± ±¨³¨ ËÊ´±Í¨Ö³¨ µ¶¨¸Ò¢ ÉÓ ±¢ ·±¨ ¨ £²Õµ´Ò ¢ µ¡² -
¸É¨ ±µ´Ë °´³¥´É ? � Ï  ÉµÎ±  §·¥´¨Ö ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ±µ´Ë °´³¥´É ´¥
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¸¢Ö§ ´ ¸ É ± ´ §Ò¢ ¥³Ò³ ¶¥·¥Ìµ¤µ³ ± ·¥¦¨³Ê ¸¨²Ó´µ° ¸¢Ö§¨ ¢ Š•„, É. ¥. ±µ´-
Ë °´³¥´É ´¥ ¢µ§´¨± ¥É ¢ ·¥§Ê²ÓÉ É¥ ± ±µ£µ-Éµ ¸Ê³³¨·µ¢ ´¨Ö ¤¨ £· ³³ É¥µ·¨¨
¢µ§³ÊÐ¥´¨°, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¨¸Ìµ¤´µ³Ê ²µ± ²Ó´µ³Ê ¢§ ¨³µ¤¥°¸É¢¨Õ Š•„.

ŒÒ ¸Î¨É ¥³, ÎÉµ ¢ ±ÊÊ³ Š•„ ¤µ²¦¥´ ·¥ ²¨§µ¢ ÉÓ¸Ö ¶·¨ ´¥±µÉµ·µ³ ´¥-
É·¨¢¨ ²Ó´µ³ £²Õµ´´µ³ ¶µ²¥, É. ¥. Ô´¥·£¨Ö ¢ ±ÊÊ³  ±¢ ·±-£²Õµ´´µ° ¸¨¸É¥³Ò
¢ ÔÉµ³ ¶µ²¥ ¤µ²¦´  ¨³¥ÉÓ ´ ¨´¨§Ï¥¥ §´ Î¥´¨¥, ¨ ¢ ÔÉµ³ ¶µ²¥ ¢µ§´¨± ¥É
 ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É ±¢ ·±µ¢.

ŒÒ ¶·¨¤¥·¦¨¢ ¥³¸Ö £¨¶µÉ¥§Ò, ÎÉµ Ìµ·µÏ¨³ ± ´¤¨¤ Éµ³ ´  ·µ²Ó ¢ ±Ê-
Ê³´µ£µ £²Õµ´´µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö ¸ ³µ¤Ê ²Ó´µ¥ £²Õµ´´µ¥ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ°
´ ¶·Ö¦¥´´µ¸ÉÓÕ. �Éµ ¶µ²¥ ¨³¥¥É ¢¨¤

Ba
µ(x) = naBµ(x), Bµ(x) = Λ2 bµνxν ,

(29)
Bµν(x) = ∂µBν(x) − ∂νBµ(x) = −2Λ2 bµν = const,

£¤¥ na Å ¶µ¸ÉµÖ´´Ò° ¢¥±Éµ· ¢ Í¢¥Éµ¢µ³ ¶·µ¸É· ´¸É¢¥. � · ³¥É· Λ Ì · ±É¥-
·¨§Ê¥É ´ ¶·Ö¦¥´´µ¸ÉÓ ¸ ³µ¤Ê ²Ó´µ£µ ¶µ²Ö ¨

bµν = −bνµ, bµρbρν = −δµν , b̃µν =
1
2
ενµαβbαβ = ±bµν .

‘ ³µ¤Ê ²Ó´Ò° ¨²¨  ´É¨¸ ³µ¤Ê ²Ó´Ò° É¥´§µ· bµν Ì · ±É¥·¨§Ê¥É¸Ö ´¥±µÉµ·Ò³
´ ¶· ¢²¥´¨¥³ hj = bj4 (hh = 1) ¢ ±µ´Ë¨£Ê· Í¨µ´´µ³ É·¥Ì³¥·´µ³ ¶·µ¸É· ´-
¸É¢¥. Šµ´Ë¨£Ê· Í¨µ´´ Ö Î ¸ÉÓ ¸ ³µ¤Ê ²Ó´µ£µ ¶µ²Ö ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´-
´µ¸ÉÓÕ Bµ(x) Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö Œ ±¸¢¥²²  ¢ ¶Ê¸ÉµÉ¥

∂µBµν(x) = 0.

�µ²¥ Ba
µ(x) Ê¤µ¢²¥É¢µ·Ö¥É Ê· ¢´¥´¨Ö³ Ÿ´£ ÄŒ¨²²¸  ¨ ¢¥¤¥É ±  ´ ²¨-

É¨Î¥¸±µ³Ê ±µ´Ë °´³¥´ÉÊ, É. ¥. ¶·µ¶ £ Éµ·Ò ±¢ ·±µ¢ ¢ ÔÉµ³ ¶µ²¥ ¸É ´µ¢ÖÉ¸Ö
Í¥²Ò³¨  ´ ²¨É¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨ £ Ê¸¸µ¢¸±µ£µ É¨¶  ¢ ¨³¶Ê²Ó¸´µ³ ¶·µ-
¸É· ´¸É¢¥ ¨ ±¢ ·±¨ ´¥ ³µ£ÊÉ ¸ÊÐ¥¸É¢µ¢ ÉÓ ± ± µ¡ÒÎ´Ò¥ Î ¸É¨ÍÒ.

Šµ´Ë °´³¥´É Î ¸É¨ÍÒ, ´ Ìµ¤ÖÐ¥°¸Ö ¢ ÔÉµ³ ¶µ²¥, ¨³¥¥É ¶·µ§· Î´Ò° Ë¨-
§¨Î¥¸±¨° ¸³Ò¸². �Ê¸ÉÓ ¢¥±Éµ· h ´ ¶· ¢²¥´ ¢¤µ²Ó µ¸¨ z. ’µ£¤  ¶µ²¥ Bµ(x)
¤¥°¸É¢Ê¥É ¢ ¶²µ¸±µ¸É¨ x, y ± ± µ¡ÒÎ´µ¥ ³ £´¨É´µ¥ ¶µ²¥ ´  § ·Ö¦¥´´ÊÕ
Î ¸É¨ÍÊ, É. ¥. § ±·ÊÎ¨¢ ¥É Î ¸É¨ÍÊ ¢ ÔÉµ° ¶²µ¸±µ¸É¨, ´¥ ¤ ¢ Ö ¥° ¢µ§³µ¦´µ-
¸É¨ Ê°É¨ ´  ¡¥¸±µ´¥Î´µ¸ÉÓ. ‚ ¶²µ¸±µ¸É¨ z, t4 ¶µ²¥ Bµ(x) ¸µµÉ¢¥É¸É¢Ê¥É
¸ ÉµÎ±¨ §·¥´¨Ö ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ Î¨¸Éµ ³´¨³µ³Ê Ô²¥±É·¨Î¥¸±µ³Ê
¶µ²Õ, ¤¥°¸É¢¨¥ ±µÉµ·µ£µ Ô±¢¨¢ ²¥´É´µ ¤¥°¸É¢¨Õ ³ £´¨É´µ£µ ¶µ²Ö, É. ¥. µ´µ
§ ±·ÊÎ¨¢ ¥É § ·Ö¦¥´´ÊÕ Î ¸É¨ÍÊ ¢ ¶²µ¸±µ¸É¨ z, t4. ‚µ§´¨± ¥É ±µ´Ë °´³¥´É
´¥ Éµ²Ó±µ ¢ ¶·µ¸É· ´¸É¢¥, ´µ ¨ ¢µ ¢·¥³¥´¨. �µ¸±µ²Ó±Ê Š•„ ¢ É ±µ³ ¶µ²¥ ¸É -
´µ¢¨É¸Ö ±¢ ´Éµ¢µ° É¥µ·¨¥° ¶µ²Ö ¸ ´¥²µ± ²Ó´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³, µ ±µÉµ·µ³
Ï²  ·¥ÎÓ ¢ÒÏ¥, Éµ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, £¤¥, ± ± £µ¢µ·¨²µ¸Ó ¢ÒÏ¥,
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´¥É ²µ± ²¨§µ¢ ´´ÒÌ µ¡Ñ¥±Éµ¢,  ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É ³µ¦´µ ¶·¥¤¸É -
¢¨ÉÓ ± ± ¢µ§´¨±´µ¢¥´¨¥ ¨ ¨¸Î¥§´µ¢¥´¨¥ Î ¸É¨ÍÒ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ±¢ ´-
Éµ¢Ò³¨ Î¨¸² ³¨, É. ¥. ®±µ´Ë °´³¨·µ¢ ´´ Ö¯ Î ¸É¨Í  Ö¢²Ö¥É¸Ö Ë²Ê±ÉÊ Í¨¥° ¢
¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° µ¡² ¸É¨ · §³¥·µ³ Lconf ∼ 1/Λ.

‘ ³µ¤Ê ²Ó´µ¥ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ · ¸¸³ É·¨¢ ²µ¸Ó ¥Ð¥
¢ ±µ´Í¥ 70-Ì ¨ ´ Î ²¥ 80-Ì ££. ¶·µÏ²µ£µ ¢¥± . �Ò²µ ¶µ± § ´µ [19], ÎÉµ ÔÉµ
¶µ²¥ ¸É ¡¨²Ó´µ µÉ´µ¸¨É¥²Ó´µ ¢ ±ÊÊ³´ÒÌ Ë²Ê±ÉÊ Í¨°. Š·µ³¥ Éµ£µ, µ± § ²µ¸Ó,
ÎÉµ Ô´¥·£¨Ö £²Õµ´´µ£µ ¢ ±ÊÊ³  ·¥ ²¨§Ê¥É¸Ö ¶·¨ ´¥´Ê²¥¢µ° ´ ¶·Ö¦¥´´µ¸É¨
¶µ²Ö [18,19]. �¤´ ±µ ¢ ¶µ¸²¥¤´¥° ¨§ Ê¶µ³Ö´ÊÉÒÌ · ¡µÉ ¢Ò¸± §Ò¢ ¥É¸Ö ¢¥¸Ó³ 
±·¨É¨Î¥¸±µ¥ µÉ´µÏ¥´¨¥ ± ¢µ§³µ¦´µ³Ê ¨¸¶µ²Ó§µ¢ ´¨Õ ÔÉ¨Ì ¶µ²¥° ¢  ¤·µ´´µ°
Ë¨§¨±¥. Œ´¥ ¦¥ ¶·¥¤¸É ¢²Ö¥É¸Ö, ÎÉµ ¸ ³µ¤Ê ²Ó´µ¥ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö-
¦¥´´µ¸ÉÓÕ § ¸²Ê¦¨¢ ¥É ¡µ²¥¥ ¸¥·Ó¥§´µ£µ µÉ´µÏ¥´¨Ö ± ¸¥¡¥, ¨ ´¥µ¡Ìµ¤¨³µ
¡µ²¥¥ Ï¨·µ±µ ¢§£²Ö´ÊÉÓ ´  ·µ²Ó ÔÉµ£µ ¶µ²Ö ¢ Š’�, ¶µ¸±µ²Ó±Ê ¸ ³µ¤Ê ²Ó´µ¥
¶µ²¥ ¨ ¢ Š�„ Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³ Ê· ¢´¥´¨° Œ ±¸¢¥²² . �µÔÉµ³Ê ´¥¡¥§Ò´É¥-
·¥¸´µ ¸· ¢´¨ÉÓ ·µ²Ó ¸ ³µ¤Ê ²Ó´µ£µ ¶µ²Ö ¢ Š�„ ¨ Š•„ ¸ Í¥²ÓÕ ¶µ´ÖÉÓ, ¢ Î¥³
¸µ¸Éµ¨É ¶·¨´Í¨¶¨ ²Ó´ Ö · §´¨Í  ³¨·  Š�„ ¨ ³¨·  Š•„ ¸ ÉµÎ±¨ §·¥´¨Ö ¢²¨-
Ö´¨Ö ¸ ³µ¤Ê ²Ó´ÒÌ ¶µ²¥° ´  ¸É ¡¨²Ó´µ¸ÉÓ ¸¨¸É¥³ Î ¸É¨Í ¢ ÔÉ¨Ì ¤¢ÊÌ ³¨· Ì.

�·¨ É¥µ·¥É¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ ± ¨§ÊÎ¥´¨Õ ¶µ¸É ¢²¥´´µ° § ¤ Î¨ ¢µ§´¨± ÕÉ
¤¢  µ¸´µ¢´ÒÌ ¢µ¶·µ¸ :

1) ± ±ÊÕ ¸¨¸É¥³Ê Î ¸É¨Í · ¸¸³ É·¨¢ ÉÓ ¨ ± ± ¢¢µ¤¨ÉÓ ¶µ²¥, ±µÉµ·µ¥ ·¥-
 ²¨§Ê¥É ¢ ±ÊÊ³, ¢ ² £· ´¦¨ ´ ¸¨¸É¥³Ò ¶µ²¥°,

2) ± ±¨³ ³ É¥³ É¨Î¥¸±¨³  ¶¶ · Éµ³ ¶µ²Ó§µ¢ ÉÓ¸Ö ¶·¨ ¢ÒÎ¨¸²¥´¨¨ Ô´¥·-
£¨¨ ¢ ±ÊÊ³ .

‚ µ¸´µ¢´ÒÌ · ¡µÉ Ì [18,19], ¶µ¸¢ÖÐ¥´´ÒÌ ¢ÒÎ¨¸²¥´¨Õ Ô´¥·£¨¨ ¢ ±ÊÊ³ 
¢ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥, · ¸¸³ É·¨¢ ² ¸Ó ¸¨¸É¥³ , ¸µ¸ÉµÖÐ Ö Éµ²Ó±µ ¨§ £²Õµ´µ¢.
� ³ É ±µ° ¶µ¤Ìµ¤ ¶·¥¤¸É ¢²Ö¥É¸Ö ´¥¤µ¸É ÉµÎ´Ò³, ¶µ¸±µ²Ó±Ê ±¢ ·±¨ ¨ £²Õ-
µ´Ò ¶·¥¤¸É ¢²ÖÕÉ ¥¤¨´ÊÕ ¸¨¸É¥³Ê ¨ ´ Ìµ¤ÖÉ¸Ö ¢ ¥¤¨´µ³ ¢ ±ÊÊ³¥. �µÔÉµ³Ê ¢
Š•„ Ë¨§¨Î¥¸± Ö ¸¨¸É¥³  ¸µ¸Éµ¨É ¨§ ±¢ ·±µ¢ ¨ £²Õµ´µ¢,   ¢ Š�„ Å ¨§ ¢¸¥Ì
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í (Ë¥·³¨µ´µ¢ ¨ ¡µ§µ´µ¢) ¶²Õ¸ Ô²¥±É·µ³ £´¨É´µ¥ ¶µ²¥.

�¡ÒÎ´µ ¢ ±ÊÊ³´µ¥ ¶µ²¥ · ¸¸³ É·¨¢ ¥É¸Ö ± ± ¢´¥Ï´¥¥ ¶µ²¥, ´  ¶· ±É¨±¥
ÔÉµ µ§´ Î ¥É, ÎÉµ ¢ ¶µ²´µ³ ² £· ´¦¨ ´¥ ¶·µ¨§¢µ¤¨É¸Ö § ³¥´  Aµ → Aµ +Bµ,
£¤¥ Bµ Å ¢´¥Ï´¥¥,   Aµ Å ±¢ ´Éµ¢ ´´µ¥ ¶µ²¥, § É¥³ · ¸¸³ É·¨¢ ¥É¸Ö ¶µ²Ê-
Î¨¢Ï¨°¸Ö ² £· ´¦¨ ´, ¢ ±µÉµ·Ò° ¢´¥Ï´¥¥ ¶µ²¥ ¢Ìµ¤¨É ¢ ±µ³¡¨´ Í¨¨ eBµ.
ŒÒ ¦¥ ¶·¥¤² £ ¥³ ¤·Ê£ÊÕ ÉµÎ±Ê §·¥´¨Ö: ¥¸²¨ ¶µ²¥ Bµ ·¥ ²¨§Ê¥É ¢ ±ÊÊ³ Š�„
¨²¨ Š•„, Éµ µ´µ ± ± ¡Ò ¢´ÊÉ·¥´´¥ ¶·¨¸ÊÐ¥ · ¸¸³ É·¨¢ ¥³µ° ¸¨¸É¥³¥ Î ¸É¨Í,
É. ¥. µ´µ ´¥ Ö¢²Ö¥É¸Ö ¢´¥Ï´¨³ ¶µ²¥³ ¢ µ¡ÒÎ´µ³ ¶µ´¨³ ´¨¨ ¨ ¨§´ Î ²Ó´µ
¤µ²¦´µ ¡ÒÉÓ ¢¢¥¤¥´µ ¢ ² £· ´¦¨ ´ ¸¨¸É¥³Ò ¶µ²¥°. �·¨ ÔÉµ³ ¢ ±ÊÊ³´µ¥ ¶µ²¥
´¥¶µ¸·¥¤¸É¢¥´´µ ´¥ ¸¢Ö§ ´µ ¸ § ·Ö¤µ³, ¨ ¢¥²¨Î¨´  ´ ¶·Ö¦¥´´µ¸É¨ ¢ ±ÊÊ³´µ£µ
¶µ²Ö ¤µ²¦´  µ¶·¥¤¥²ÖÉÓ¸Ö ³¨´¨³Ê³µ³ Ô´¥·£¨¨ ¸¨¸É¥³Ò Î ¸É¨Í, ´ Ìµ¤ÖÐ¨Ì¸Ö
¢ ÔÉµ³ ¢ ±ÊÊ³¥. �Éµ ¶µ²¥ ³µ¦¥É ¡ÒÉÓ µÉ²¨Î´Ò³ µÉ ´Ê²Ö ¤ ¦¥ ¶·¨ · ¢¥´¸É¢¥
´Ê²Õ § ·Ö¤ , e = 0, ¨²¨ ±µ´¸É ´ÉÒ ¸¢Ö§¨, g = 0, ±µÉµ·Ò¥ µ¶·¥¤¥²ÖÕÉ ¸¨²Ê
¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨Í ¸ ËµÉµ´ ³¨ ¨²¨ £²Õµ´ ³¨.
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’¥¶¥·Ó µ ¸¶µ¸µ¡¥ ¢ÒÎ¨¸²¥´¨°. ŒÒ ¸Î¨É ¥³, ÎÉµ £ ³¨²ÓÉµ´µ¢ ¶µ¤Ìµ¤ ¶·¨
¢ÒÎ¨¸²¥´¨ÖÌ Ô´¥·£¨¨ ¢ ±ÊÊ³  ´¥ Ö¢²Ö¥É¸Ö ´ ¨²ÊÎÏ¨³, ¶µ¸±µ²Ó±Ê, ¢µ-¶¥·¢ÒÌ,
£ ³¨²ÓÉµ´¨ ´ ¢ Š’� ´¥ Ö¢²Ö¥É¸Ö Ìµ·µÏµ µ¶·¥¤¥²¥´´Ò³ µ¶¥· Éµ·µ³ (¸³., ´ -
¶·¨³¥·, [2]), ¨, ¢µ-¢Éµ·ÒÌ, ´¥ Ö¸´µ,   ¨³¥¥³ ²¨ ³Ò £ ³¨²ÓÉµ´µ¢Ê ¸¨¸É¥³Ê
¶·¨ ¢±²ÕÎ¥´¨¨ ¸ ³µ¤Ê ²Ó´µ£µ ¶µ²Ö, ¶µ¸±µ²Ó±Ê ² £· ´¦¨ ´ µ± §Ò¢ ¥É¸Ö Ö¢´µ
§ ¢¨¸ÖÐ¨³ µÉ ¢·¥³¥´¨,   ¢¸¥ ¢ÒÎ¨¸²¥´¨Ö ¶·µ¢µ¤ÖÉ¸Ö ¢ ¥¢±²¨¤µ¢µ° ³¥É·¨±¥.
Œ ±¸¨³Ê³, ÎÉµ ¸ ³ É¥³ É¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö ¤µ¸É¨£´ÊÉµ ¢ Š’�, ÔÉµ ¶µ-
¸É·µ¥´  É¥µ·¨Ö S-³ É·¨ÍÒ ¨ ¶·µ¨§¢µ¤ÖÐ¥£µ ËÊ´±Í¨µ´ ²  Z, É. ¥. ¸Ëµ·³Ê-
²¨·µ¢ ´Ò ¶· ¢¨²  ¶µ¸É·µ¥´¨Ö ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö ± ± Ê´¨É ·´µ£µ µ¶¥· Éµ· 
´  ¶·µ¸É· ´¸É¢¥ ”µ±  ¨ ËÊ´±Í¨° ƒ·¨´ , ¨¸Ìµ¤Ö ¨§ § ¤ ´´µ£µ ² £· ´¦¨ ´ 
¸¨¸É¥³Ò ¶µ²¥°. �·¨ ÔÉµ³ ·¥£Ê²Ö·¨§ Í¨Ö ¨ ¸¶µ¸µ¡ ¢ÒÎ¨¸²¥´¨° ¶²Õ¸ ¶¥·¥-
´µ·³¨·µ¢µÎ´ Ö ¶·µÍ¥¤Ê·  ¸ ¶· ¢¨²µ³ ¶µ¸É·µ¥´¨Ö ´¥µ¡Ìµ¤¨³ÒÌ ±µ´É·Î²¥´µ¢
¨£· ÕÉ µ¶·¥¤¥²ÖÕÐÊÕ ·µ²Ó. „·Ê£¨³¨ ¸²µ¢ ³¨, §´ ´¨Ö £ ³¨²ÓÉµ´¨ ´  ¥Ð¥ ¸µ-
¢¸¥³ ´¥ ¤µ¸É ÉµÎ´µ, ÎÉµ¡Ò ¢ÒÎ¨¸²ÖÉÓ · §²¨Î´Ò¥ Ë¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨.
�µ¸²¥¤´¥¥ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¥Ð¥ · § £µ¢µ·¨É µ Éµ³, ÎÉµ ± £ ³¨²ÓÉµ´µ¢Ê ³¥-
Éµ¤Ê ¢ Š’� ´ ¤µ µÉ´µ¸¨ÉÓ¸Ö ¸ ¡µ²ÓÏµ° µ¸Éµ·µ¦´µ¸ÉÓÕ. �µÔÉµ³Ê µ¸´µ¢´Ò³
³¥Éµ¤µ³ ¨ µ¡Ñ¥±Éµ³ ´ Ï¨Ì ¢ÒÎ¨¸²¥´¨° ¡Ê¤¥É ¶·µ¨§¢µ¤ÖÐ¨° ËÊ´±Í¨µ´ ².

Š¢ ´Éµ¢ Ö Ô²¥±É·µ¤¨´ ³¨± . � ¸¸³µÉ·¨³ ¸¨¸É¥³Ê Ë¥·³¨µ´µ¢ {ψF} ¨
¡µ§µ´µ¢ {φB} ¸ ´¥´Ê²¥¢Ò³¨ ³ ¸¸ ³¨ ¨ µ¤¨´ ±µ¢Ò³ § ·Ö¤µ³ e ¢ Š�„. � Ï 
±µ´¥Î´ Ö Í¥²Ó ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò ¶µ´ÖÉÓ, ÎÉµ ¶·µ¨¸Ìµ¤¨É ¢ Ì·µ³µ¤¨´ ³¨±¥
±¢ ·±µ¢ ¨ £²Õµ´µ¢, ¶µÔÉµ³Ê Ë¥·³¨µ´Ò ¨ ¡µ§µ´Ò ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ± ±
¸¨¸É¥³Ê Î ¸É¨Í ¸ µ¤¨´ ±µ¢Ò³ § ·Ö¤µ³.

‚¸¥ ¢ÒÎ¨¸²¥´¨Ö ¡Ê¤¥³ ¶·µ¢µ¤¨ÉÓ ¢ ¥¢±²¨¤µ¢µ° ³¥É·¨±¥. ‘µ£² ¸´µ ¸¤¥² ´-
´µ³Ê ¢ÒÏ¥ § ³¥Î ´¨Õ, ² £· ´¦¨ ´ ¸¨¸É¥³Ò § ·Ö¦¥´´ÒÌ Î ¸É¨Í § ¶¨¸Ò¢ ¥É¸Ö
¢ Ëµ·³¥

L(x) = −1
4
F 2

µν +
∑
F

(ψ̄F (x)[D̂(x) − MF ]ψF (x))−

−
∑
B

φ∗
B(x)

[
−D2(x) + m2

B

]
φB(x). (30)

Šµ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö ¨³¥¥É ¢¨¤

Dµ(x) = ∇µ(x) + ieAµ(x), ∇µ(x) = ∂µ + iBµ(x),

∇µ(x) = ∂µ + iBµ(x) = ∂µ + iΛ2bµνxν ,

[∇µ(x),∇ν (x)] = −2iΛ2bµν .

‹ £· ´¦¨ ´ ¨´¢ ·¨ ´É¥´ µÉ´µ¸¨É¥²Ó´µ ¸²¥¤ÊÕÐ¨Ì ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· -
§µ¢ ´¨°:

Aµ(x) → Aµ(x) + ∂µf(x), Bµ(x) → Bµ(x),

ψF (x) → eief(x)ψF (x), φB(x) → eief(x)φB(x).
(31)
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‚¢¥¤¥´¨¥ ¢ ±ÊÊ³´µ£µ ¶µ²Ö ¢ (30) ¶·¨¢µ¤¨É ± ®· ¸Ð¥¶²¥´¨Õ¯ § ¢¨¸¨³µ¸É¨
µÉ ´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·µ¢ Λ ¨ e ¢ ²Õ¡µ³ ³ É·¨Î´µ³ Ô²¥³¥´É¥. …¸²¨ ¸Î¨É ÉÓ
±µ´¸É ´ÉÊ ¢§ ¨³µ¤¥°¸É¢¨Ö e ¤µ¸É ÉµÎ´µ ³ ²µ°, ¢¸¥ ¢ÒÎ¨¸²¥´¨Ö ³µ¦´µ ¶·µ-
¢µ¤¨ÉÓ ¶µ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°, ¢ Éµ ¢·¥³Ö ± ± ´ ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö Λ ³µ¦¥É
¶·¨´¨³ ÉÓ ¶·µ¨§¢µ²Ó´Ò¥ §´ Î¥´¨Ö. ’ ±¨³ µ¡· §µ³, ²Õ¡ Ö  ³¶²¨ÉÊ¤  ³µ¦¥É
¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥

A(e, Λ) =
∞∑

n=n0

enAn(Λ),

¶·¨ ÔÉµ³ ËÊ´±Í¨¨ An(Λ) ³µ£ÊÉ ¡ÒÉÓ ÉµÎ´µ ¢ÒÎ¨¸²¥´Ò, ¨ § ¢¨¸¨³µ¸ÉÓ ³ É·¨Î-
´ÒÌ Ô²¥³¥´Éµ¢ µÉ ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²Ö Λ ³µ¦´µ ¨§ÊÎ ÉÓ ¢ ± ¦¤µ³ ¶µ·Ö¤±¥
É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¶µ e.

„·Ê£µ¥ ¸ÊÐ¥¸É¢¥´´µ¥ § ³¥Î ´¨¥ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¸ ³µ¤Ê ²Ó´µ¥ ¶µ²¥
Bµ(x) ´¥ ¶·¨¢´µ¸¨É ´¨± ±¨Ì ´µ¢ÒÌ Ê²ÓÉ· Ë¨µ²¥Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥° ¢ É¥µ-
·¨Õ, ¶µÔÉµ³Ê ¶µÖ¢²¥´¨¥ Ê²ÓÉ· Ë¨µ²¥Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥° ¸¢Ö§ ´µ Éµ²Ó±µ ¸
· §²µ¦¥´¨¥³ ¶µ § ·Ö¤Ê e ¨ ¨³¥¥É ÉÊ ¦¥ ¤¨ £· ³³´ÊÕ ¸É·Ê±ÉÊ·Ê ¢¸¥Ì ¶¥·¥-
´µ·³¨·µ¢µÎ´ÒÌ Î²¥´µ¢, ÎÉµ ¨ ¶·¨ ¸É ´¤ ·É´µ³ ¢ ·¨ ´É¥ ¶¥·¥´µ·³¨·µ¢±¨ ¢
±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¥. Š·µ³¥ Éµ£µ, ¶·µ¶ £ Éµ·Ò Ë¥·³¨µ´µ¢ ¨ ¡µ§µ´µ¢
¢ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥ Bµ(x) ³µ£ÊÉ ¡ÒÉÓ ¢ÒÎ¨¸²¥´Ò ¢ Ö¢´µ° Ëµ·³¥. ’ ±¨³
µ¡· §µ³, ¸É ´¤ ·É´Ò¥ ³¥Éµ¤Ò ¶µ¸É·µ¥´¨Ö ¶¥·¥´µ·³¨·µ¢ ´´µ° S-³ É·¨ÍÒ ¢
±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¥ ¶µ²´µ¸ÉÓÕ ¶¥·¥´µ¸ÖÉ¸Ö ´  ¤ ´´Ò° ¸²ÊÎ °.

’ ±¨³ µ¡· §µ³, ² £· ´¦¨ ´ (30) µ¶¨¸Ò¢ ¥É ¢§ ¨³µ¤¥°¸É¢¨¥ § ·Ö¦¥´´ÒÌ
Ë¥·³¨µ´µ¢ ¨ ¡µ§µ´µ¢, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ ¢ ±ÊÊ³´µ³ ¶µ²¥ Bµ(x). …¸É¥¸É¢¥´´µ
¢µ§´¨± ¥É ¢µ¶·µ¸: ± ±µ¢  ´ ¶·Ö¦¥´´µ¸ÉÓ ÔÉµ£µ ¶µ²Ö Λ? �µ¸±µ²Ó±Ê ³Ò ¶·¥¤-
¶µ² £ ¥³ ±µ´¸É ´ÉÊ Ô²¥±É·µ³ £´¨É´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö α = e2/(4π) ³ ²µ°,
´ ¶·Ö¦¥´´µ¸ÉÓ Λ ¤µ²¦´  ¡ÒÉÓ ¢Ò¡· ´  ¨§ Ê¸²µ¢¨Ö ³¨´¨³Ê³  Ô´¥·£¨¨ µ¸´µ¢-
´µ£µ ¸µ¸ÉµÖ´¨Ö Å ¢ ±ÊÊ³ . �µÔÉµ³Ê µ¡Ñ¥±Éµ³ ´ Ï¥£µ ¨¸¸²¥¤µ¢ ´¨Ö ¡Ê¤¥É
¶·µ¨§¢µ¤ÖÐ¨° ËÊ´±Í¨µ´ ²

ZV =
∫∫

dσF dσB

∫
DA exp


∫

V

dxL(x)


 =

∫∫
dσF dσB×

×
∫

DA exp


−1

4

∫
V

dxF 2
µν(x) +

∫
V

dxLF (x) +
∫
V

dxLB(x)


 , (32)

dσF =
∏
F

DψF Dψ̄F

NF
, dσB =

∏
B

DφBDφ∗
B

NB
. (33)

�µ·³¨·µ¢±  ËÊ´±Í¨µ´ ²Ó´µ£µ ¨´É¥£· ²  §¤¥¸Ó ¢Ò¡· ´  É ±¨³ µ¡· §µ³, ÎÉµ
¶·¨ Λ = 0 ¨ e = 0 ¶·µ¨§¢µ¤ÖÐ¨° ËÊ´±Í¨µ´ ² · ¢¥´ ¥¤¨´¨Í¥: Z = 1.
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–¥²ÓÕ ´ Ï¥£µ ¨¸¸²¥¤µ¢ ´¨Ö Ö¢²Ö¥É¸Ö Ô´¥·£¨Ö ¢ ±ÊÊ³  ¢ ¸ ³µ¤Ê ²Ó´µ³
¶µ²¥ Bµ(x). ”Ê´±Í¨µ´ ²Ó´Ò° ¨´É¥£· ² ¢ (32) ¢ ´¨§Ï¥³ ¶·¨¡²¨¦¥´¨¨ É¥µ·¨¨
¢µ§³ÊÐ¥´¨° ¶·¨ e = 0 ¢ÒÎ¨¸²Ö¥É¸Ö ¢ Ö¢´µ³ ¢¨¤¥:

Z(0)
V =

∫
dσF exp

(∑
F

(ψ̄F (−∇̂ + MF )ψF )

)
×

×
∫

dσB exp

(
−
∑
F

(φ∗
B(−∇2 + m2

B)φ)

)
=

=
∏
F

Det

[
−∇̂(x) + MF

−∂̂ + MF

]∏
B

Det
[
−� + m2

B

−∇2 + m2
B

]
, (34)

¨ ¸µµÉ¢¥É¸É¢¥´´µ ¤²Ö Ô´¥·£¨¨ ¢ ±ÊÊ³  ¢ ´¨§Ï¥³ ¶·¨¡²¨¦¥´¨¨ ¨³¥¥³

E0(Λ) = − lim
V →∞

1
V

lnZ(0)
V = EF (Λ) + EB(Λ). (35)

�·¥¤¸É ¢²¥´¨¥ (34) Ö¸´µ ¶µ± §Ò¢ ¥É, ÎÉµ ËÊ´±Í¨¨ EF (Λ) ¨ EB(Λ) · ¸ÉÊÉ
¶·¨ Λ → ∞, ¶·¨Î¥³ ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ÔÉµÉ ·µ¸É ¤µ²¦¥´ ¡ÒÉÓ ¶·µÉ¨¢µ¶µ-
²µ¦´µ£µ §´ ± .

‚ ·¥§Ê²ÓÉ É¥ ´¥¶µ¸·¥¤¸É¢¥´´ÒÌ ¢ÒÎ¨¸²¥´¨° (¸³. [28]) ¶µ¸²¥ ¥¸É¥¸É¢¥´´µ°
¶¥·¥´µ·³¨·µ¢±¨ ¶µ²ÊÎ¨³ ¤²Ö Ô´¥·£¨¨ ¢ ±ÊÊ³  ¸¨¸É¥³Ò § ·Ö¦¥´´ÒÌ Ë¥·³¨µ-
´µ¢ ¨ ¡µ§µ´µ¢ ¢ Š�„ ¢Ò· ¦¥´¨¥

Evac(Λ) =
4Λ4

(4π)2

[∑
F

2W

(
2Λ2

M2
F

)
−
∑
B

W

(
2Λ2

m2
B

)]
, (36)

£¤¥ W (X) Å ³µ´µÉµ´´µ ¢µ§· ¸É ÕÐ Ö ¶µ²µ¦¨É¥²Ó´ Ö ËÊ´±Í¨Ö:

W (X) =

∞∫
0

dt

t
e−tw(Xt) =

{
1/15X2 + O(X3) ¶·¨ X → 0,

1/3 ln (X) + O(1) ¶·¨ X → ∞,

w(t) =
1
3
− 1

t2
+

1
sinh2 t

=
t2

15
+ O(t4).

„²Ö ± Î¥¸É¢¥´´ÒÌ · ¸¸Ê¦¤¥´¨° Ê¤µ¡´µ ¢¢¥¸É¨ ¶·¨¡²¨¦¥´´ÊÕ ËÊ´±Í¨Õ

W (X) ≈ Wa(X) =
1
6

ln
(

1 +
2
5
X2

)
,

¨³¥ÕÐÊÕ Éµ ¦¥ ¸ ³µ¥  ¸¨³¶ÉµÉ¨Î¥¸±µ¥ ¶µ¢¥¤¥´¨¥ ¶·¨ ³ ²ÒÌ ¨ ¡µ²ÓÏ¨Ì
§´ Î¥´¨ÖÌ X , ÎÉµ ¨ W (X).
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�¸¨³¶ÉµÉ¨Î¥¸±µ¥ ¶µ¢¥¤¥´¨¥ Ô´¥·£¨¨ ¢ ±ÊÊ³  Evac(Λ) ¶·¨ ³ ²ÒÌ ¨ ¡µ²Ó-
Ï¨Ì §´ Î¥´¨ÖÌ Λ § ¤ ¥É¸Ö ¢Ò· ¦¥´¨Ö³¨

Evac(Λ) =




4Λ4

(4π)2
1
15

[∑
F

2
(

2Λ2

M2
F

)2

−
∑
B

(
2Λ2

m2
B

)2
]

¶·¨ Λ → 0,

4Λ4

(4π)2
1
3

[∑
F

2 ln
(

2Λ2

M2
F

)
−
∑
B

ln
(

2Λ2

m2
B

)]
¶·¨ Λ → ∞.

(37)

�  µ¸´µ¢ ´¨¨ ¶µ²ÊÎ¥´´ÒÌ Ëµ·³Ê² ¤²Ö Ô´¥·£¨¨ ¢ ±ÊÊ³  (36) ¨ (37) ³µ¦´µ
§ ±²ÕÎ¨ÉÓ: ¢ Ô²¥±É·µ³ £´¨É´µ³ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´-
´µ¸ÉÓÕ

• ¸¨¸É¥³ , ¸µ¸ÉµÖÐ Ö Éµ²Ó±µ ¨§ § ·Ö¦¥´´ÒÌ Ë¥·³¨µ´µ¢, £²µ¡ ²Ó´µ ¸É -
¡¨²Ó´ , É. ¥. ¶·¨ Λ → ∞ Ô´¥·£¨Ö ¢ ±ÊÊ³  · ¸É¥É ¨ ³¨´¨³Ê³ Ô´¥·£¨¨ ·¥ ²¨§Ê-
¥É¸Ö ¶·¨ Λ = 0;

• ¸¨¸É¥³ , ¸µ¸ÉµÖÐ Ö Éµ²Ó±µ ¨§ § ·Ö¦¥´´ÒÌ ¡µ§µ´µ¢, £²µ¡ ²Ó´µ ´¥¸É -
¡¨²Ó´ , É. ¥. ¶·¨ Λ → ∞ Ô´¥·£¨Ö ¢ ±ÊÊ³  Ê¡Ò¢ ¥É ¨ ¸¨¸É¥³  ³µ¦¥É ¨³¥ÉÓ
¶·µ¨§¢µ²Ó´µ ¡µ²ÓÏÊÕ µÉ·¨Í É¥²Ó´ÊÕ Ô´¥·£¨Õ;

• ¸¨¸É¥³  § ·Ö¦¥´´ÒÌ Ë¥·³¨µ´µ¢ ¨ ¡µ§µ´µ¢ ¸É ¡¨²Ó´  ¨ ³¨´¨³Ê³ Ô´¥·-
£¨¨ ¢ ±ÊÊ³  ·¥ ²¨§Ê¥É¸Ö ¶·¨ Λ = 0, ¥¸²¨ ¢Ò¶µ²´¥´Ò Ê¸²µ¢¨Ö:

1) Î¨¸²µ ¡µ§µ´µ¢ ³¥´ÓÏ¥ Ê¤¢µ¥´´µ£µ Î¨¸²  Ë¥·³¨µ´µ¢:

2NF > NB,

2) ´ ¨²¥£Î °Ï¨³¨ Î ¸É¨Í ³¨ Ö¢²ÖÕÉ¸Ö Ë¥·³¨µ´Ò:

∑
F

2
M2

F

>
∑
B

1
m2

B

.

ˆ³¥´´µ ÔÉÊ ¸¨ÉÊ Í¨Õ ³Ò ´ ¡²Õ¤ ¥³ ¢ �·¨·µ¤¥: ¶· ±É¨Î¥¸±¨ ¢¸¥ ¸É ¡¨²Ó-
´Ò¥ Î ¸É¨ÍÒ Ö¢²ÖÕÉ¸Ö Ë¥·³¨µ´ ³¨ (Ô²¥±É·µ´Ò ¨ ¶·µÉµ´Ò), Ë¥·³¨µ´µ¢ Ö¢´µ
¡µ²ÓÏ¥, Î¥³ ¡µ§µ´µ¢, ¨ ²¥£Î °Ï¥° § ·Ö¦¥´´µ° Î ¸É¨Í¥° Ö¢²Ö¥É¸Ö Ô²¥±É·µ´,
³ ¸¸  ±µÉµ·µ£µ ¸ÊÐ¥¸É¢¥´´µ ³¥´ÓÏ¥ µ¸É ²Ó´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ’ ±¨³
µ¡· §µ³, ´¥´Ê²¥¢µ¥ ¸ ³µ¤Ê ²Ó´µ¥ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ ´¥ ³µ-
¦¥É ·¥ ²¨§µ¢ ÉÓ Ô²¥±É·µ³ £´¨É´Ò° ¢ ±ÊÊ³ ¢ ¸¨¸É¥³¥ § ·Ö¦¥´´ÒÌ Ë¥·³¨µ´µ¢
¨ ¡µ§µ´µ¢, ¨³¥ÕÐ¨Ì¸Ö ¢ �·¨·µ¤¥.

„²Ö Éµ£µ ÎÉµ¡Ò ²ÊÎÏ¥ ¶µ´ÖÉÓ Ê¸²µ¢¨¥ ¸É ¡¨²Ó´µ¸É¨, · ¸¸³µÉ·¨³ £¨¶µ-
É¥É¨Î¥¸±¨° ³¨·, ¸µ¸ÉµÖÐ¨° ¨§ ¤¢ÊÌ ¸µ·Éµ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í: Ë¥·³¨µ´µ¢
¸ ³ ¸¸µ° M ¨ ¡µ§µ´µ¢ ¸ ³ ¸¸µ° m, ¶·¨Î¥³ ³ ¸¸  ¡µ§µ´  ³¥´ÓÏ¥ ³ ¸¸Ò
Ë¥·³¨µ´ . ’µ£¤  Ô´¥·£¨Ö ¢ ±ÊÊ³  ¢ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö-
¦¥´´µ¸ÉÓÕ § ¶¨Ï¥É¸Ö

Evac(Λ) ≈ 4Λ4

6(4π)2

[
2 ln

(
1 +

2
5

2Λ2

M2

)
− ln

(
1 +

2
5

2Λ2

m2

)]
, (38)
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£¤¥ ³Ò ¤²Ö ¶·µ¸ÉµÉÒ ¨¸¶µ²Ó§µ¢ ²¨ ¶·¨¡²¨¦¥´´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ËÊ´±Í¨¨
W (X).

� Ï £¨¶µÉ¥É¨Î¥¸±¨° ³¨· £²µ¡ ²Ó´µ ¸É ¡¨²¥´, ¶µ¸±µ²Ó±Ê Ô´¥·£¨Ö ¢ ±ÊÊ³ 

Evac(Λ) → 4Λ4 ln Λ2

6(4π)2
→ +∞ ¶·¨ Λ → ∞.

�¤´ ±µ ¥¸²¨ ³ ¸¸  ¡µ§µ´  ³ ² , m2 < (1/2)M2, Éµ ¶·¨ ¤µ¸É ÉµÎ´µ ³ ²ÒÌ
m ËÊ´±Í¨Ö Evac(Λ) ¨³¥¥É µÉ·¨Í É¥²Ó´Ò° ³¨´¨³Ê³ ¶·¨ ±µ´¥Î´ÒÌ Λ > 0.
’ ±¨³ µ¡· §µ³, ¢ ±ÊÊ³ Š�„ ¢ ´ Ï¥³ £¨¶µÉ¥É¨Î¥¸±µ³ ³¨·¥ ·¥ ²¨§Ê¥É¸Ö ¶·¨
´¥´Ê²¥¢µ³ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥. � ²¨Î¨¥ ´¥´Ê²¥¢µ£µ ¶µ²Ö Bµ(x) ¢¥¤¥É ± ¢µ§-
´¨±´µ¢¥´¨Õ ±µ´Ë °´³¥´É  § ·Ö¦¥´´ÒÌ Ë¥·³¨µ´µ¢ ¨ ¡µ§µ´µ¢, ¶µ¸±µ²Ó±Ê ¨Ì
¶·µ¶ £ Éµ·Ò ¸É ´µ¢ÖÉ¸Ö Í¥²Ò³¨  ´ ²¨É¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨ ¢ ¨³¶Ê²Ó¸´µ³
¶·µ¸É· ´¸É¢¥. ‚³¥¸Éµ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢µ§´¨± ÕÉ ´¥°É· ²Ó´Ò¥ ¸¢Ö§ ´´Ò¥
¸µ¸ÉµÖ´¨Ö, ³ ¸¸Ò ±µÉµ·ÒÌ ³µ¦´µ ¢ÒÎ¨¸²¨ÉÓ, ¨¸¶µ²Ó§ÊÖ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥
Ê· ¢´¥´¨Ö �¥É¥Ä‘µ²¶¨É¥· .

�ÉµÉ ¶·¨³¥· ± Î¥¸É¢¥´´µ ¶· ¢¨²Ó´µ ¶¥·¥¤ ¥É ¸¨ÉÊ Í¨Õ ¢ Š•„, £¤¥ ·µ²Ó
§ ·Ö¦¥´´µ£µ ¡µ§µ´  ¸ ³ ²µ° ³ ¸¸µ° ¨£· ÕÉ ¸ ³µ¤¥°¸É¢ÊÕÐ¨¥ ¡¥§³ ¸¸µ¢Ò¥
£²Õµ´Ò.

Š¢ ´Éµ¢ Ö Ì·µ³µ¤¨´ ³¨± . ‚ Š•„ ¸ ³µ¤Ê ²Ó´µ¥ £²Õµ´´µ¥ ¶µ²¥ ¸ ¶µ-
¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ § ¶¨¸Ò¢ ¥É¸Ö

B̆µ(x) = n̆Bµ(x) = Ba
µ(x)ta, Ba

µ(x) = na Bµ(x), (39)

£¤¥ Bµ(x) ¤ ¥É¸Ö (29). �µ¸ÉµÖ´´Ò° ¢¥±Éµ· na Ì · ±É¥·¨§Ê¥É¸Ö ¤¢Ê³Ö ¨´¢ -
·¨ ´É´Ò³¨ ¶ · ³¥É· ³¨ (nana) = 1 ¨ (nanbncdabc) ¨ µ¶·¥¤¥²Ö¥É ´¥±µÉµ·µ¥
´ ¶· ¢²¥´¨¥ ¢ Í¢¥Éµ¢µ³ ¶·µ¸É· ´¸É¢¥ SUc(3). � · ³¥É· Λ Ì · ±É¥·¨§Ê¥É
´ ¶·Ö¦¥´´µ¸ÉÓ ¸ ³µ¤Ê ²Ó´µ£µ ¶µ²Ö.

�µ²¥ B̆µ(x) Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³ Ê· ¢´¥´¨° Ÿ´£ ÄŒ¨²²¸ . Š ± ¨ ¢ ¸²ÊÎ ¥
Ô²¥±É·µ¤¨´ ³¨±¨, ³Ò ¶·¥¤¶µ² £ ¥³, ÎÉµ · ¸¸³ É·¨¢ ¥³ Ö ¸¨¸É¥³  ±¢ ·±µ¢ ¨
£²Õµ´µ¢ ´ Ìµ¤¨É¸Ö ¢ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥ B̆µ(x), ±µÉµ·µ¥ ·¥ ²¨§Ê¥É Ì·µ³µ¤¨-
´ ³¨Î¥¸±¨° ¢ ±ÊÊ³.

�µ²´Ò° ² £· ´¦¨ ´ Š•„, µ¶¨¸Ò¢ ÕÐ¨° ±¢ ·±¨ ¨ £²Õµ´Ò ¢ ¸ ³µ¤Ê ²Ó-
´µ³ ¶µ²¥ B̆µ(x), ¢ ¥¢±²¨¤µ¢µ° ³¥É·¨±¥ ¨³¥¥É ¢¨¤

L = −1
8
Tr Ğ2

µν +
∑

f

(
q̄f

[
γµ(∇̆µ + igĂµ) − mf

]
qf

)
,

(40)
Ğµν(x) = ∇̆νĂµ − ∇̆µĂν + g[Ăµ(x), Ăν(x)], Ăµ = taAa

µ,

£¤¥

∇̆µ(x) = ∂µ + iB̆µ(x) = ∂µ + iΛ2n̆bµνxν ,

[∇̆µ(x), ∇̆ν (x)] = −2iΛ2n̆bµν , n̆ = nata.



�‹�•ˆ�–…‚ ˆ �…‹�Š�‹œ��Ÿ Š‚��’�‚�Ÿ ’…��ˆŸ ��‹Ÿ 1147

‚Ò¤¥²¨³ ±¢ ¤· É¨Î´ÊÕ ¶µ ¶µ²Õ Aa
µ(x) Î ¸ÉÓ £²Õµ´´µ£µ ² £· ´¦¨ ´ ,

±µÉµ· Ö ¶µ¸²¥ ´¥±µÉµ·ÒÌ ¶·¥µ¡· §µ¢ ´¨° ¶·¨µ¡·¥É ¥É ¢¨¤

Lg0(x) = −1
2
Tr
[
F̆µν(x)F̆µν(x) + 2B̆µνĂµ(x)Ăν (x)

]
=

= −1
2
(Aµ(x)[−∇̌2(x)δµν + 4iΛ2ňbµν ]Aν(x)),

£¤¥ ¶·¨´ÖÉ  ± ²¨¡·µ¢± 

∇̌µAµ(x) = 0, ¨²¨ (∇̌µ)ab(x)Ab
µ(x) = 0.

‚ ¸²ÊÎ ¥ Ì·µ³µ¤¨´ ³¨±¨ µ¸É ÕÉ¸Ö ¸¶· ¢¥¤²¨¢Ò³¨ § ³¥Î ´¨Ö, ¸¤¥² ´´Ò¥
¤²Ö Ô²¥±É·µ¤¨´ ³¨±¨. �µ¢Éµ·¨³ ¨Ì.

‚µ-¶¥·¢ÒÌ, ¸ ³µ¤Ê ²Ó´µ¥ ¶µ²¥ B̆µ(x) ´¥ ¶·¨¢´µ¸¨É ´¨± ±¨Ì ´µ¢ÒÌ Ê²Ó-
É· Ë¨µ²¥Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥° ¢ É¥µ·¨Õ, ¶µÔÉµ³Ê ¶µÖ¢²¥´¨¥ Ê²ÓÉ· Ë¨µ²¥-
Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥° ¸¢Ö§ ´µ Éµ²Ó±µ ¸ · §²µ¦¥´¨¥³ ¶µ § ·Ö¤Ê g ¨ ¨³¥¥É
ÉÊ ¦¥ ¤¨ £· ³³´ÊÕ ¸É·Ê±ÉÊ·Ê ¢¸¥Ì ¶¥·¥´µ·³¨·µ¢µÎ´ÒÌ Î²¥´µ¢, ÎÉµ ¨ ¶·¨
¸É ´¤ ·É´µ³ ¢ ·¨ ´É¥ ¶¥·¥´µ·³¨·µ¢±¨ ¢ ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¥. Š·µ³¥
Éµ£µ, ¶·µ¶ £ Éµ·Ò ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥ B̆µ(x) ³µ£ÊÉ ¡ÒÉÓ
¢ÒÎ¨¸²¥´Ò ¢ Ö¢´µ° Ëµ·³¥. ’ ±¨³ µ¡· §µ³, ¸É ´¤ ·É´Ò¥ ³¥Éµ¤Ò ¶µ¸É·µ¥´¨Ö
¶¥·¥´µ·³¨·µ¢ ´´µ° S-³ É·¨ÍÒ ¢ ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¥ ¶µ²´µ¸ÉÓÕ ¶¥·¥-
´µ¸ÖÉ¸Ö ´  ¤ ´´Ò° ¸²ÊÎ °.

‚µ-¢Éµ·ÒÌ, ¢ ² £· ´¦¨ ´¥ (40) ¶µ²´µ¸ÉÓÕ ®· ¸Ð¥¶²¥´ ¯ § ¢¨¸¨³µ¸ÉÓ µÉ
´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·µ¢ g ¨ Λ ¢ ²Õ¡ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´É Ì, É. ¥. ¤²Ö ²Õ¡µ£µ
³ É·¨Î´µ£µ Ô²¥³¥´É  ³Ò ¶µ²ÊÎ ¥³ ¢Ò· ¦¥´¨Ö ¢¨¤ 

A(g, Λ) =
∞∑

n=n0

gnAn(Λ).

„·Ê£¨³¨ ¸²µ¢ ³¨, ¥¸²¨ ¸Î¨É ÉÓ ±µ´¸É ´ÉÊ ¢§ ¨³µ¤¥°¸É¢¨Ö g ¤µ¸É ÉµÎ´µ ³ ²µ°,
¢¸¥ ¢ÒÎ¨¸²¥´¨Ö ³µ¦´µ ¶·µ¢µ¤¨ÉÓ ¶µ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°, ¢ Éµ ¢·¥³Ö ± ±
´ ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö Λ ³µ¦¥É ¶·¨´¨³ ÉÓ ¶·µ¨§¢µ²Ó´Ò¥ §´ Î¥´¨Ö, ¶·¨ ÔÉµ³
ËÊ´±Í¨¨ An(Λ) ³µ£ÊÉ ¡ÒÉÓ ÉµÎ´µ ¢ÒÎ¨¸²¥´Ò. ’ ±¨³ µ¡· §µ³, § ¢¨¸¨³µ¸ÉÓ
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µÉ ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²Ö Λ ³µ¦´µ ¨§ÊÎ ÉÓ ¢ ± ¦¤µ³
¶µ·Ö¤±¥ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¶µ g.

�·¥¤¸É ¢²Ö¥É¸Ö ¨´É¥·¥¸´Ò³ ¸¤¥² ÉÓ ± Î¥¸É¢¥´´µ¥ ¶·¥¤¸± § ´¨¥ ¶µ¢¥¤¥-
´¨Ö Ô´¥·£¨¨ ¢ ±ÊÊ³  ¢ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ ¢
Ì·µ³µ¤¨´ ³¨±¥, ¨¸Ìµ¤Ö ¨§ ¶µ²ÊÎ¥´´µ£µ ·¥§Ê²ÓÉ É  ¢ ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ -
³¨±¥. ˆÉ ±, ÎÉµ ³Ò ³µ¦¥³ ¨§¢²¥ÎÓ ¨§ Ëµ·³Ê² (36) ¨ (37)? ‚µ-¶¥·¢ÒÌ, ¢±² ¤
±¢ ·±µ¢ ¢ Ô´¥·£¨Õ ¢ ±ÊÊ³  ± Î¥¸É¢¥´´µ ¸µ¢¶ ¤ ¥É ¸ ¢±² ¤µ³ Ô²¥±É·µ´µ¢ ¢
Š�„, É. ¥. ±¢ ·±¨ µ¡¥¸¶¥Î¨¢ ÕÉ ¸É ¡¨²Ó´µ¸ÉÓ ±¢ ´Éµ¢µ° ¸¨¸É¥³Ò. ‚ Š•„
®¡µ§µ´µ¢¯ ´¥É, ¨Ì ·µ²Ó ¨£· ÕÉ £²Õµ´Ò ¡² £µ¤ ·Ö ¨Ì ¸ ³µ¤¥°¸É¢¨Õ, Î¥£µ ´¥
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¡Ò²µ Ê ËµÉµ´µ¢ ¢ Š�„. �µ¸±µ²Ó±Ê £²Õµ´Ò Ö¢²ÖÕÉ¸Ö ¡µ§µ´ ³¨, ± Î¥¸É¢¥´-
´µ¥ ¶µ¢¥¤¥´¨¥ £²Õµ´´µ£µ ¢±² ¤  ¢ Ô´¥·£¨Õ ¢ ±ÊÊ³  µ¶¨¸Ò¢ ¥É¸Ö Ëµ·³Ê² ³¨,
¡²¨§±¨³¨ ± ¡µ§µ´´µ³Ê ¢±² ¤Ê ¢ Š�„ ¸ ÊÎ¥Éµ³ ´Ê²¥¢µ° ³ ¸¸Ò £²Õµ´µ¢. �É 
§ ¢¨¸¨³µ¸ÉÓ µÉ Λ ¤µ²¦´  ¡ÒÉÓ ¢¨¤  ∼ −Λ4 ln Λ2, ¤·Ê£¨³¨ ¸²µ¢ ³¨, £²Õµ´Ò
¢¥¤ÊÉ ± ´¥¸É ¡¨²Ó´µ¸É¨ ¢ ±ÊÊ³  Š•„. ‘²¥¤Ê¥É µ¡· É¨ÉÓ µ¸µ¡µ¥ ¢´¨³ ´¨¥
´  §´ ± ®³¨´Ê¸¯ ÔÉµ£µ ¢±² ¤ , ¢ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ ¨³¥ÕÐ¨³¸Ö ¢ ²¨É¥· -
ÉÊ·¥ Ëµ·³Ê² ³ (¸³. [19]). �µ¸±µ²Ó±Ê ¶µ¢¥¤¥´¨¥ ¶·¨ ¡µ²ÓÏ¨Ì Λ ¨ Ê ±¢ ·±µ-
¢µ£µ, ¨ Ê £²Õµ´´µ£µ ¢±² ¤µ¢ ¢ ¢ ±ÊÊ³´ÊÕ Ô´¥·£¨Õ ËÊ´±Í¨µ´ ²Ó´µ µ¤¨´ ±µ¢µ
∼ Λ4 ln Λ2, Éµ · §²¨Î´ÒÌ É¨¶µ¢ ±¢ ·±µ¢ ¤µ²¦´µ ¡ÒÉÓ ®¤µ¸É ÉµÎ´µ ³´µ£µ¯,
ÎÉµ¡Ò µ¡¥¸¶¥Î¨ÉÓ £²µ¡ ²Ó´ÊÕ ¸É ¡¨²Ó´µ¸ÉÓ ±¢ ·±-£²Õµ´´µ° ¸¨¸É¥³Ò. �¨¦¥
³Ò ¢ÒÎ¨¸²¨³, ¸±µ²Ó±µ ±¢ ·±µ¢ ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ¤µ²¦´µ ¡ÒÉÓ.

ˆÉ ±, ¢ Š•„ ¢ µÉ²¨Î¨¥ µÉ Š�„ £²Õµ´ ¨£· ¥É ·µ²Ó ²¥£Î °Ï¥£µ ¡µ§µ´ 
(¸³. (37)). �·¨ ³ ²ÒÌ Λ ¨³¥¥É¸Ö ± ± ¶µ²µ¦¨É¥²Ó´Ò° ¢±² ¤ µÉ ±¢ ·±µ¢, É ±
¨ µÉ·¨Í É¥²Ó´Ò° ¢±² ¤ µÉ £²Õµ´µ¢. …¸²¨ ¢ ±ÊÊ³ ¨³¥¥É ³¨´¨³Ê³ ¶·¨ Λ = 0,
É. ¥. ¸ ³µ¤Ê ²Ó´µ¥ ¶µ²¥ µÉ¸ÊÉ¸É¢Ê¥É, Éµ ÔÉµ µ§´ Î ¥É, ÎÉµ ±¢ ·±¨ ¨ £²Õµ´Ò
¸ÊÐ¥¸É¢ÊÕÉ ± ± µ¡ÒÎ´Ò¥ Î ¸É¨ÍÒ ¨ µ¶¨¸Ò¢ ÕÉ¸Ö ¸¢µ¡µ¤´Ò³¨ Ê· ¢´¥´¨Ö³¨.
…¸²¨ ¦¥ ¢ ±ÊÊ³ ¨³¥¥É ³¨´¨³Ê³ ¶·¨ ´¥´Ê²¥¢ÒÌ Λ, Éµ ÔÉµ µ§´ Î ¥É, ÎÉµ ¸ -
³µ¤Ê ²Ó´µ¥ £²Õµ´´µ¥ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ ·¥ ²¨§Ê¥É ¢ ±ÊÊ³
±¢ ·±-£²Õµ´´µ° ¸¨¸É¥³Ò, ±¢ ·±¨ ¨ £²Õµ´Ò ´ Ìµ¤ÖÉ¸Ö ¢ ÔÉµ³ ¶µ²¥ ¨ ¢µ§´¨-
± ¥É ±µ´Ë °´³¥´É ±¢ ·±µ¢, É. ¥. ·¥ ²¨§Ê¥É¸Ö É ± ´ §Ò¢ ¥³Ò°  ´ ²¨É¨Î¥¸±¨°
±µ´Ë °´³¥´É.

� ¸¸³µÉ·¨³ ¶·µ¨§¢µ¤ÖÐ¨° ËÊ´±Í¨µ´ ²

ZV =
∫

dσq

∫
dσA exp


−1

2

∫
V

dxTr Ğ2
µν(x) +

∫
V

dxLq(x)


 ,

(41)

dσq =
∏
f

DψfDψ̄f

Nf
, dσA =

1
NA

DAδ(∇A)∆(A).

�µ·³¨·µ¢±  ËÊ´±Í¨µ´ ²Ó´µ£µ ¨´É¥£· ²  ¢Ò¡· ´  É ±¨³ µ¡· §µ³, ÎÉµ ¶·¨
Λ = 0 ¨ g = 0 ¶·µ¨§¢µ¤ÖÐ¨° ËÊ´±Í¨µ´ ² · ¢¥´ ¥¤¨´¨Í¥: Z = 1.

‚ ´¨§Ï¥³ ¶µ·Ö¤±¥ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° g = 0 ¨³¥¥³ ¤²Ö ¶·µ¨§¢µ¤ÖÐ¥£µ
ËÊ´±Í¨µ´ ² 

Z(0)
V = Z(0)

V q · Z(0)
V g , (42)

£¤¥

Z(0)
V q =

∫
dσq exp


∫

V

dxLq(x)


 =

∏
f

Det

[
γµ∇̆µ(x) − Mf

γµ∂µ − Mf

]
(43)
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¨

Z(0)
V g =

1
NA

∫
DAδ(∇A)∆(A)×

× exp


−1

2

∫
V

dx(Aµ[−∇̌2δµν + 4iΛ2ňbµν ]Aν)


 =

= Det
[

−�

−∇2 + 4Λ2
g

]
· Det

[
−�

−∇2 − 4Λ2
g

]
. (44)

‘µµÉ¢¥É¸É¢¥´´µ ¤²Ö Ô´¥·£¨¨ ¢ ±ÊÊ³  ¨³¥¥³ ¶µ¸²¥ ´¥±µÉµ·ÒÌ ¢ÒÎ¨¸²¥´¨°
(¸³. [28])

Evac(Λ) =
4Λ4

(4π)2


−1

2
ln
(

2Λ2

H2

)
+
∑

f

Wq

(
2Λ2

M2
f

) , (45)

£¤¥

Wq(X) =
1
3

[
W

(
X

2
√

3

)
+ 2W

(
X√
3

)]
=

{
1/60X2 + O(X3),
1/3 ln X + O(1).

�¸¨³¶ÉµÉ¨Î¥¸±µ¥ ¶µ¢¥¤¥´¨¥ Ô´¥·£¨¨ ¢ ±ÊÊ³  ¶·¨ ¡µ²ÓÏ¨Ì Λ

Evac(Λ) →
(
−1

2
+

1
3
Nq

)
Λ4 ln Λ2

(2π)2
, (46)

£¤¥ Nq =
∑
f

Å Î¨¸²µ ±¢ ·±µ¢.

�  µ¸´µ¢ ´¨¨ ¶µ²ÊÎ¥´´ÒÌ Ëµ·³Ê² ¤²Ö Ô´¥·£¨¨ ¢ ±ÊÊ³  (45) ¨ (46) ³µ¦´µ
§ ±²ÕÎ¨ÉÓ:

• ‚ £²Õµ´´µ³ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ ¸¨¸É¥³ 
±¢ ·±µ¢ ¨ £²Õµ´µ¢ £²µ¡ ²Ó´µ ¸É ¡¨²Ó´ , ¥¸²¨ Î¨¸²µ ´¥§ ¢¨¸¨³ÒÌ ±¢ ·±µ¢
¡µ²ÓÏ¥ ¤¢ÊÌ:

Nq � 2. (47)

�¥ ÔÉµ ²¨ µ¡¸ÉµÖÉ¥²Ó¸É¢µ µ¡ÑÖ¸´Ö¥É ¢Ò¤¥²¥´´µ¸ÉÓ ¨§µÉµ¶¨Î¥¸±µ° £·Ê¶¶Ò
SUf (2) ¨ ¶· ±É¨Î¥¸±µ¥ · ¢¥´¸É¢µ ³ ¸¸ u- ¨ d-±¢ ·±µ¢?

• Œ¨´¨³Ê³ Ô´¥·£¨¨ ¢ ±ÊÊ³  ¢ (45) ¶µ Λ µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³
³¥¦¤Ê ¶µ¸ÉµÖ´´µ° H , ¸¢Ö§ ´´µ° ¸ Ì·µ³µ¤¨´ ³¨Î¥¸±µ° Ï± ²µ° ΛQCD, ¨ ³ ¸-
¸ ³¨ ±¢ ·±µ¢ Mf . � · ³¥É· Λ, ¤²Ö ±µÉµ·µ£µ Ô´¥·£¨Ö ¢ ±ÊÊ³  ¨³¥¥É ³¨´¨³Ê³,
µ¶·¥¤¥²Ö¥É ³ ¸ÏÉ ¡ µ¡² ¸É¨ ±µ´Ë °´³¥´É  ¨ ´ ¶·Ö³ÊÕ ¸¢Ö§ ´ ¸ ´ ±²µ´µ³
·¥¤¦¥¢¸±¨Ì É· ¥±Éµ·¨° ¢ ¸¶¥±É·¥  ¤·µ´µ¢.
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‚ ¸²ÊÎ ¥ ¨§µÉµ¶¨Î¥¸±µ° £·Ê¶¶Ò SUf(2) Ô´¥·£¨Ö ¢ ±ÊÊ³  ¨³¥¥É ¢¨¤

Evac = min
Λ

4Λ4

(4π)2

[
−1

2
ln
(

2Λ2

H2

)
+ 2Wq

(
2Λ2

M2
u

)]
. (48)

‚ ¸²ÊÎ ¥ ¨§µÉµ¶¨Î¥¸±µ° £·Ê¶¶Ò SUf(3)

Evac = min
Λ

4Λ4

(4π)2

[
−1

2
ln
(

2Λ2

H2

)
+ 2Wq

(
2Λ2

M2
u

)
+ Wq

(
2Λ2

M2
s

)]
. (49)

Œµ¦´µ ¢¨¤¥ÉÓ, ÎÉµ ¸ÊÐ¥¸É¢ÊÕÉ ´ ¡µ·Ò ¶ · ³¥É·µ¢, ¤²Ö ±µÉµ·ÒÌ ³¨´¨-
³Ê³ ¢ ±ÊÊ³´µ° Ô´¥·£¨¨ ·¥ ²¨§Ê¥É¸Ö ¶·¨ ´¥´Ê²¥¢µ³ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥, É ±
ÎÉµ ¢ · ¸¸³ É·¨¢ ¥³µ° ¸¨¸É¥³¥ ¢µ§´¨± ¥É ±µ´Ë °´³¥´É ±¢ ·±µ¢. ‘Ëµ·³Ê²¨-
·Ê¥³ £² ¢´Ò° ¢Ò¢µ¤:

�·¨Î¨´  ±µ´Ë °´³¥´É  Å ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ¡µ§µ´µ¢ ¢ ¸ ³µ¤Ê ²Ó´µ³ ¢ -
±ÊÊ³´µ³ ¶µ²¥. „²Ö £²µ¡ ²Ó´µ° Ê¸Éµ°Î¨¢µ¸É¨ ¸¨¸É¥³Ò, ¸µ¸ÉµÖÐ¥° ¨§ Ë¥·-
³¨µ´µ¢ ¨ ¡µ§µ´µ¢, ´¥µ¡Ìµ¤¨³µ, ÎÉµ¡Ò Ë¥·³¨µ´µ¢ ¡Ò²µ ®¤µ¸É ÉµÎ´µ¯ ³´µ£µ.
Šµ´Ë °´³¥´É ´¥ ¢µ§´¨± ¥É ¢ ¸²ÊÎ ¥, ±µ£¤  ´ ¨³¥´ÓÏÊÕ ³ ¸¸Ê ¢ ¸¨¸É¥³¥
Î ¸É¨Í ¨³¥¥É Ë¥·³¨µ´ (Ô²¥±É·µ´ ¢ Š�„), ¨ ¢µ§´¨± ¥É, ±µ£¤  ´ ¨³¥´ÓÏÊÕ
³ ¸¸Ê ¨³¥¥É ¡µ§µ´ (£²Õµ´ ¢ Š•„).

8. ‚�Š““Œ��… ƒ‹	����… ��‹… ‚ Š•„.
Œ�„…‹œ ˆ�„“–ˆ��‚���›• Š‚��Š�‚›• ’�Š�‚

ˆ§²µ¦¥´´Ò¥ ¢ÒÏ¥  ·£Ê³¥´ÉÒ ¤¥² ÕÉ ¶· ¢¤µ¶µ¤µ¡´µ° £¨¶µÉ¥§Ê: ´¥´Ê²¥-
¢µ¥ ( ´É¨)¸ ³µ¤Ê ²Ó´µ¥ ¶µ²¥ Bµ(x) ·¥ ²¨§Ê¥É ¨¸É¨´´Ò° ¢ ±ÊÊ³ Š•„.

�µ²´Ò° ² £· ´¦¨ ´ Š•„, µ¶¨¸Ò¢ ÕÐ¨° ±¢ ·±¨ ¨ £²Õµ´Ò, ¢ ¥¢±²¨¤µ¢µ°
³¥É·¨±¥ ¤ ´ ¢ (40). �·µ¶ £ Éµ· ±¢ ·±  ¢ µ¤´µ·µ¤´µ³ ¸ ³µ¤Ê ²Ó´µ³ ¶µ²¥
Ê¤µ¢²¥É¢µ·Ö¥É Ê· ¢´¥´¨Õ

(∇̂(x) − m)S(x) = −δ(x), ∇µ(x) = ∂µ + iΛ2n̆bµνxν .

‚ ·¥§Ê²ÓÉ É¥ ¢ÒÎ¨¸²¥´¨° µ± §Ò¢ ¥É¸Ö

S̃±(p) =

1∫
0

du

2Λ2
exp

(
−u

p2

2Λ2

)(
1 − u

1 + u

)m2/(4Λ2)

×

×
{

ip̂ ± un̆γ5(γbp) +
m

1 − u2

[
1 ∓ γ5u

2 +
i

2
n̆(γbγ)u

]}
, (50)

£¤¥ §´ ±¨ ± µÉ´µ¸ÖÉ¸Ö ± ¸ ³µ¤Ê ²Ó´µ³Ê ¨  ´É¨¸ ³µ¤Ê ²Ó´µ³Ê ¢ ±ÊÊ³´µ³Ê
¶µ²Õ. ”Ê´±Í¨Ö S̃±(p) Ö¢²Ö¥É¸Ö Í¥²µ°  ´ ²¨É¨Î¥¸±µ° ¢ p2-±µ³¶²¥±¸´µ° ¶²µ¸-
±µ¸É¨. ’ ±¨³ µ¡· §µ³, ¨³¥¥É ³¥¸Éµ  ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É.
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Ÿ¢´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶·µ¶ £ Éµ·  £²Õµ´  ¶·¨¢¥¤¥´µ ¢ [24].
Œµ¤¥²Ó, ¢ µ¸´µ¢Ê ±µÉµ·µ° ¶µ²µ¦¥´µ ¢ ±ÊÊ³´µ¥ £²Õµ´´µ¥ ¶µ²¥ (39), ¡Ò² 

´ §¢ ´  ³µ¤¥²ÓÕ ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ±¢ ·±µ¢ÒÌ Éµ±µ¢. �É  ³µ¤¥²Ó · §¢¨¢ ² ¸Ó ¢
· ¡µÉ Ì [21Ä24].

‘Ëµ·³Ê²¨·Ê¥³ ¸Ì¥³Ê ¶µ¸É·µ¥´¨Ö ³µ¤¥²¨ ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ±¢ ·±µ¢ÒÌ Éµ-
±µ¢, ±µÉµ· Ö ¶µ§¢µ²Ö¥É µ¤´µ§´ Î´µ ¢ÒÎ¨¸²ÖÉÓ ²Õ¡Ò¥  ¤·µ´´Ò¥ Ì · ±É¥·¨-
¸É¨±¨, ¢ Î ¸É´µ¸É¨, ¶µ²ÊÎ ÉÓ ³¥§µ´Ò ± ± ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ±¢ ·±µ¢ ¸ ¨Ì
³ ¸¸ ³¨ ¨ ¢¥·Ï¨´´Ò³¨ ËÊ´±Í¨Ö³¨ ¢ ±¢ ·±µ¢ÒÌ Éµ± Ì.

• ‡ ¤ ´ ² £· ´¦¨ ´ Š•„ (40) ¢ ¸ ³µ¤Ê ²Ó´µ³ µ¤´µ·µ¤´µ³ £²Õµ´´µ³ ¶µ²¥
B̆µ(x), ±µÉµ·µ¥ ·¥ ²¨§Ê¥É ¢ ±ÊÊ³ Š•„.

• ‚ ÔÉµ³ ¶µ²¥ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö  ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É: ¶·µ¶ £ Éµ·Ò
±¢ ·±µ¢ Å Í¥²Ò¥  ´ ²¨É¨Î¥¸±¨¥ ËÊ´±Í¨¨.

• ‚ ¶·µ¨§¢µ¤ÖÐ¥³ ËÊ´±Í¨µ´ ²¥ ¢Ò¤¥²Ö¥É¸Ö ¸² £ ¥³µ¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥
µ¤´µ£²Õµ´´µ³Ê µ¡³¥´Ê ³¥¦¤Ê ±¢ ·±µ¢Ò³¨ Éµ± ³¨:

LI =
g2

2

∫∫
dx1dx2×

×
∑
f1f2

(q̄f1 (x1)γµtaqf1(x1))Dab
µν(x1, x2)(q̄f2 (x2)γνtbqf2(x2)).

• �·¥µ¡· §µ¢ ´¨¥ ”¨·Í  ¤²Ö ¶¥·¥Ìµ¤  ± ¡¥¸Í¢¥É´Ò³ ¡¨²µ± ²Ó´Ò³ ±¢ ·-
±µ¢Ò³ Éµ± ³ ¨ ¶¥·¥Ìµ¤ ¢ ¸¨¸É¥³Ê Í¥´É·  ³ ¸¸:

LI =
g2

2

∫∫
dx1dx2

∑
Jf1f2

JJf1f2(x1, x2)JJf2f1(x2, x1) =

=
g2

2

∫∫
dxdy

∑
Jf1f2

JJf1f2(x, y)JJf2f1(x, y),

x1 = x + ξ1y, x2 = x − ξ2y,

ξ1 =
mf2

mf1 + mf2

, ξ2 =
mf1

mf1 + mf2

.

• ‚¢µ¤¨É¸Ö µ·Éµ´µ·³¨·µ¢ ´´ Ö ¸¨¸É¥³  ËÊ´±Í¨° {UQ(x)}, ¶µ ±µÉµ·Ò³
¸É·µÖÉ¸Ö ±¢ ·±µ¢Ò¥ Éµ±¨ ¨ ¢¥·Ï¨´´Ò¥ ËÊ´±Í¨¨ ¸ § ¤ ´´Ò³¨ ±¢ ´Éµ¢Ò³¨
Î¨¸² ³¨ Q = nκlm:

JJf1f2(x, y) =
√

D(y)(q̄f1(x + ξ1y)ΓJqf2(x − ξ2y)) =
∑
Q

JJQf1f2(x)UQ(y),

JJQ(x) = q̄f1(x)VJQ(
↔
∂ )qf2(x).
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• �·¥¤¸É ¢²¥´¨¥ ² £· ´¦¨ ´  LI ¢ ¤¨ £µ´ ²Ó´µ° Ëµ·³¥ ¶µ ¡¥¸Í¢¥É´Ò³
±¢ ·±µ¢Ò³ Éµ± ³:

LI =
g2

2

∑
N

∫
dxJ +

N (x)JN (x), N = JQf1f2.

• ƒ Ê¸¸µ¢¸±µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¨ ¢¸¶µ³µ£ É¥²Ó´Ò¥ ³¥§µ´´Ò¥ ¶µ²Ö:

e(g2/2)(J 2
N ) =

∫
DBN exp (−(1/2)(B2

N ) + g(BNJN )),

eg2(J+
NJN ) =

∫∫
DBNDB+

N exp (−(B+
NBN ) + g[(B+

NJN ) + (J +
N BN )]).

• ˆ´É¥£·¨·µ¢ ´¨¥ ¶µ ±¢ ·±µ¢Ò³ ¶µ²Ö³ q̄(x) ¨ q(x) ¨ ÔËË¥±É¨¢´µ¥ ¤¥°-
¸É¢¨¥:

SN [B] = −1
2
(B2

N ) + Tr ln [1 + g(BNVN )S].

• �µ¸ÉÊ² É  ¤·µ´¨§ Í¨¨ Å µÉµ¦¤¥¸É¢²¥´¨¥ ¢¸¶µ³µ£ É¥²Ó´ÒÌ ¶µ²¥°
BN (x) ¸ ³¥§µ´´Ò³¨ ¶µ²Ö³¨ ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ N = {JQff}, Ê¸·¥¤-
´¥´¨¥ ¤¥°¸É¢¨Ö ¶µ ´ ¶· ¢²¥´¨Ö³ ¸ ³µ¤Ê ²Ó´µ£µ ¶µ²Ö ¨ ¶µ ´ ¶· ¢²¥´¨Ö³ ¢
Í¢¥Éµ¢µ³ ¨ ±µ´Ë¨£Ê· Í¨µ´´µ³ ¶·µ¸É· ´¸É¢ Ì:

SN [B] = −1
2
(B2

N ) + Tr ln [1 + g(BNVN )S],

(51)

Tr =
∫

dh TrcTrγ

∑
s=±

,

£¤¥ dh Å ¨´É¥£·¨·µ¢ ´¨¥ ¶µ ´ ¶· ¢²¥´¨Ö³ ¢¥±Éµ·  h; Trc ¨ Trγ Å ¢§Ö-
É¨¥ ¸²¥¤µ¢ ¢ Í¢¥Éµ¢µ³ ¨ ¸¶¨´µ¢µ³ ¶·µ¸É· ´¸É¢ Ì ¸µµÉ¢¥É¸É¢¥´´µ;

∑
s=±

Å

¸Ê³³¨·µ¢ ´¨¥ ¶µ ¸ ³µ¤Ê ²Ó´Ò³ ¨  ´É¨¸ ³µ¤Ê ²Ó´Ò³ ³µ¤ ³ ¶µ²¥°. ‚ ·¥§Ê²Ó-
É É¥ ÔËË¥±É¨¢´µ¥ ¤¥°¸É¢¨¥ ±µ¢ ·¨ ´É´µ µÉ´µ¸¨É¥²Ó´µ ± ± ± ²¨¡·µ¢µÎ´ÒÌ
SUc(3), É ± ¨ ²µ·¥´Í¥¢¸±¨Ì ¶·¥µ¡· §µ¢ ´¨°. �µ¸É·µ¥´´ Ö ¶µ ÔËË¥±É¨¢´µ³Ê
¤¥°¸É¢¨Õ S-³ É·¨Í  ¶·¨´ ¤²¥¦¨É ±² ¸¸Ê ±¢ ´Éµ¢ÒÌ É¥µ·¨° ¶µ²Ö ¸ ´¥²µ± ²Ó-
´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¨ ¡Ê¤¥É Ê´¨É ·´  ´   ¤·µ´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ [6,17].

• �·µ¨§¢µ¤ÖÐ¨° ËÊ´±Í¨µ´ ² ³¥§µ´´ÒÌ ¶µ²¥° ¨ ¢Ò¤¥²¥´¨¥ ±¢ ¤· É¨Î´µ£µ
±¨´¥É¨Î¥¸±µ£µ ¸² £ ¥³µ£µ:

ZN =
∫

DBN exp
(
−1

2
(B2

N ) + Tr ln [1 + g(BNVN )S]
)

=

=
∫

DBN exp
(
−1

2
(BN [1 + g2 TrVNSVNS]BN ) + WI [BN ]

)
.
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�µ²ÊÎ¥´´ Ö É¥µ·¨Ö ¶·¨´ ¤²¥¦¨É ±² ¸¸Ê ±¢ ´Éµ¢ÒÌ É¥µ·¨° ¶µ²Ö ¸ ´¥²µ± ²Ó-
´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³, µ ±µÉµ·ÒÌ £µ¢µ·¨²µ¸Ó ¢ÒÏ¥.

• „¨ £µ´ ²¨§ Í¨Ö ±¢ ¤· É¨Î´µ° Ëµ·³Ò ¢ ±¨´¥É¨Î¥¸±µ³ ¸² £ ¥³µ³ Ô±¢¨-
¢ ²¥´É´  ·¥Ï¥´¨Õ Ê· ¢´¥´¨Ö �¥É¥Ä‘µ²¶¨É¥·  ¢ ²¥¸É´¨Î´µ³ ¶·¨¡²¨¦¥´¨¨ ¨
µ¶·¥¤¥²¥´¨Õ µ·Éµ´µ·³¨·µ¢ ´´µ° ¸¨¸É¥³Ò:

g2 Tr (VNSVN ′S) = (UNΠUN ′) = λN (−p2)δJJ′δQQ′ .

• ‘¶¥±É· ³ ¸¸ ¨ ¢¥·Ï¨´´Ò¥ ËÊ´±Í¨¨ µ¶·¥¤¥²ÖÕÉ¸Ö Ê· ¢´¥´¨Ö³¨

1 + λN (M2
N ) = 0, VN (

↔
∂ ) = ΓJ

∫
dy UQ(y)

√
D(y) e(y/2)

↔
∂ .

• ‚§ ¨³µ¤¥°¸É¢¨Ö ³¥§µ´´ÒÌ ¶µ²¥° µ¶¨¸Ò¢ ÕÉ¸Ö ËÊ´±Í¨µ´ ²µ³ ¢§ ¨³µ-
¤¥°¸É¢¨Ö WI [BN ] = O[B3

N ].
�¸É ´µ¢¨³¸Ö ¶µ¤·µ¡´¥¥ ´  ¶µ¸ÉÊ² É¥  ¤·µ´¨§ Í¨¨. Šµ´¥Î´µ, ± ± Éµ²Ó±µ

³Ò ¶·µ¨§´¥¸²¨: ¨³¥¥É¸Ö ´¥´Ê²¥¢µ¥ £²Õµ´´µ¥ ¶µ²¥, ³¨´¨³¨§¨·ÊÕÐ¥¥ Ô´¥·£¨Õ
¢ ±ÊÊ³ , ¨ ¤ ¦¥ ¥Ð¥ ´¨Î¥£µ ´¥ ¸± § ²¨ µ ¥£µ ¶·¨·µ¤¥ ¨ Ö¢´µ³ ¢¨¤¥, ¸· §Ê ¢µ§-
´¨± ¥É µÎ¥¢¨¤´ Ö ¶·µ¡²¥³ . ‹Õ¡µ¥ ´¥´Ê²¥¢µ¥ £²Õµ´´µ¥ ¶µ²¥ ¨³¥¥É ± ±¨¥-Éµ
´ ¶· ¢²¥´¨Ö ¢ Í¢¥Éµ¢µ³ ¨ ±µ´Ë¨£Ê· Í¨µ´´µ³ ¶·µ¸É· ´¸É¢ Ì. …¸É¥¸É¢¥´´µ,
Ô´¥·£¨Ö ¢ ±ÊÊ³  ¢Ò·µ¦¤¥´  ¶µ ÔÉ¨³ ´ ¶· ¢²¥´¨Ö³. �¤´ ±µ ¢µ§´¨± ¥É ¢µ¶·µ¸:
± ± ÔÉ¨ ´ ¶· ¢²¥´¨Ö ¶·µÖ¢ÖÉ¸Ö ´  Ë¨§¨Î¥¸±¨Ì ´ ¡²Õ¤ ¥³ÒÌ? Œµ¦´µ ²¨ ¨Ì
´ ¡²Õ¤ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ ¨²¨ ¸ÊÐ¥¸É¢Ê¥É ± ±µ°-²¨¡µ ÔËË¥±É¨¢´Ò° ³¥-
Ì ´¨§³ Ê¸·¥¤´¥´¨Ö ¶µ ÔÉ¨³ ´ ¶· ¢²¥´¨Ö³? �  ÔÉ¨ ¢µ¶·µ¸Ò ¥Ð¥ ¶·¥¤¸Éµ¨É
µÉ¢¥É¨ÉÓ ¢ ¡Ê¤ÊÐ¥³. �É  ¦¥ ¶·µ¡²¥³  ¸ÊÐ¥¸É¢Ê¥É ¶·¨ ¢¢¥¤¥´¨¨ ¨´¸É ´Éµ-
´µ¢ ¢ Ë¨§¨Î¥¸±¨¥  ³¶²¨ÉÊ¤Ò. Œ´¥ ´¥ ¨§¢¥¸É´Ò ¶µ¶ÒÉ±¨ ± ±-Éµ Ô±¸¶¥·¨-
³¥´É ²Ó´µ § ·¥£¨¸É·¨·µ¢ ÉÓ ´ ¶· ¢²¥´¨¥ ¨´¸É ´Éµ´ ,   ¢¸Ö É¥Ì´¨±  ¢ÒÎ¨¸²¥-
´¨° ¸ ¨´¸É ´Éµ´ ³¨ ¶·¥¤¶µ² £ ¥É Ê¸·¥¤´¥´¨¥ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ¶µ ¨Ì
´ ¶· ¢²¥´¨Ö³. ˆ³¥´´µ ¶µÔÉµ³Ê ¨¤¥Õ ¨¸¶µ²Ó§µ¢ ÉÓ ¸ ³µ¤Ê ²Ó´µ¥ ¶µ²¥ ³´µ-
£¨¥ ¸Î¨É ÕÉ ¡¥¸¶¥·¸¶¥±É¨¢´µ°, ¶µ¸±µ²Ó±Ê ¶·¨ ¶·µ¸É¥°Ï¥° ¨´É¥·¶·¥É Í¨¨ ¶µ
¶·Ö³µ°  ´ ²µ£¨¨ ¸ É¥µ·¨¥° Ë¥··µ³ £´¥É¨±µ¢ ¶·¨ ¶µ´¨³ ´¨¨ ¸ ³µ¤Ê ²Ó´µ£µ
¶µ²Ö ± ± ³¥Ì ´¨§³  ¸¶µ´É ´´µ£µ ´ ·ÊÏ¥´¨Ö ¸¨³³¥É·¨¨ ¢ Š•„ ³Ò ¶µ²ÊÎ ¥³
¢ ±ÊÊ³, ±µÉµ·Ò° ´ ·ÊÏ ¥É ± ± ± ²¨¡·µ¢µÎ´ÊÕ £·Ê¶¶Ê SUc(3), É ± ¨ £·Ê¶¶Ê
‹µ·¥´Í , ÎÉµ, ¡¥§Ê¸²µ¢´µ, ¶·µÉ¨¢µ·¥Î¨É ¢¸¥³ ¸µ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³.
‚ ·¥ ²Ó´µ¸É¨ ³Ò ´ ¡²Õ¤ ¥³ Éµ²Ó±µ ¡¥¸Í¢¥É´Ò¥ µ¡Ñ¥±ÉÒ Å  ¤·µ´Ò. �µÔÉµ³Ê
§ ¤ Î  ¸¢µ¤¨É¸Ö ± ¶·µ¡²¥³¥: ± ± ¶·µ¨¸Ìµ¤¨É  ¤·µ´¨§ Í¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢
¨ ± ±µ¢ ³¥Ì ´¨§³ ÔËË¥±É¨¢´µ£µ Ê¸·¥¤´¥´¨Ö ¶µ ÔÉ¨³ ´ ¶· ¢²¥´¨Ö³?

ˆ§ ¨¸Éµ·¨¨ ´ Ê±¨ ¨§¢¥¸É´µ, ÎÉµ ¶·¨ · §¢¨É¨¨ Ë ±É¨Î¥¸±¨ ²Õ¡µ° É¥µ·¨¨
¶·¨Ìµ¤¨É¸Ö ¤¥² ÉÓ ¶·¥¤¶µ²µ¦¥´¨Ö, ±µÉµ·Ò¥ ´¥ ³µ£ÊÉ ¡ÒÉÓ ¸É·µ£µ µ¡µ¸´µ¢ ´Ò
¢ · ³± Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶·¥¤¸É ¢²¥´¨°. �¤´ ±µ, ¥¸²¨ ± ±µ¥-²¨¡µ ¶·¥¤¶µ²µ-
¦¥´¨¥ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¶·µ¤¢¨´ÊÉÓ¸Ö ¤ ²ÓÏ¥ ¢ · ¸Î¥É Ì ¨ ¢¥¤¥É ± · §Ê³´Ò³
·¥§Ê²ÓÉ É ³, Éµ É ±µ° ¶ÊÉÓ ¨³¥¥É ¶· ¢µ ´  ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¨ ¤µ²¦¥´ ¡ÒÉÓ
ÉÐ É¥²Ó´µ µ¡¸²¥¤µ¢ ´.
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‚ ± Î¥¸É¢¥ ¶ ²²¨ É¨¢  ¢ É¥µ·¨¨ S-³ É·¨ÍÒ ÔÉÊ ¶·µ¡²¥³Ê ³µ¦´µ ·¥Ï¨ÉÓ,
¢¢µ¤Ö Ê¸·¥¤´¥´¨¥ ÔËË¥±É¨¢´µ£µ ¤¥°¸É¢¨Ö (51). ŒÒ ¨¸Ìµ¤¨³ ¨§ ¸²¥¤ÊÕÐ¨Ì
¸µµ¡· ¦¥´¨°. ‚ · ¸¸³ É·¨¢ ¥³µ° ± ·É¨´¥ ¨³¥¥É¸Ö É·¨ Ï± ²Ò · ¸¸ÉµÖ´¨°.
�¥·¢ Ö Ï± ²  · ¸¸ÉµÖ´¨° Å ÔÉµ Ï± ²  ±µ´Ë °´³¥´É  Lconf ∼ 1/Λ, ´  ÔÉ¨Ì
· ¸¸ÉµÖ´¨ÖÌ ¶·µ¨¸Ìµ¤ÖÉ Ë²Ê±É Í¨¨ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¨ ¶·µ¨¸Ìµ¤¨É  ¤·µ´¨-
§ Í¨Ö ±¢ ·±µ¢. ‚Éµ· Ö Ï± ²  Å ÔÉµ · ¸¸ÉµÖ´¨Ö Lvac, ´  ±µÉµ·ÒÌ ¨§³¥´Ö¥É¸Ö
´ ¶· ¢²¥´¨¥ ¢ ±ÊÊ³´µ£µ £²Õµ´´µ£µ ¶µ²Ö

B2
µ(x) = Λ2na

(
x

Lvac

)
bµν

(
x

Lvac

)
xν .

’·¥ÉÓÖ Ï± ²  Å ÔÉµ ³ ±·µ· ¸¸ÉµÖ´¨Ö Lmes, ´  ±µÉµ·ÒÌ ¸ÊÐ¥¸É¢ÊÕÉ ¨ ´ -
¡²Õ¤ ÕÉ¸Ö ³¥§µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö. …¸É¥¸É¢¥´´µ ¸Î¨É ÉÓ, ÎÉµ

Lmes � Lvac � Lconf ∼
1
Λ

.

’ ±µ¥ ¶·¥¤¶µ²µ¦¥´¨¥ ¡²¨§±µ ± £¨¶µÉ¥§¥, ÎÉµ ¢ ±ÊÊ³ ¨³¥¥É ¤µ³¥´´ÊÕ ¸É·Ê±-
ÉÊ·Ê. �µ¸ÉÊ² É  ¤·µ´¨§ Í¨¨ Ô±¢¨¢ ²¥´É¥´ ¶·¥¤¶µ²µ¦¥´¨Õ, ÎÉµ ³¥§µ´´Ò¥
¶µ²Ö, ¡Ê¤ÊÎ¨ ¸É ¡¨²Ó´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ ¨ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ´  · ¸¸ÉµÖ´¨ÖÌ
∼ Lmes, ´¥ ÎÊ¢¸É¢ÊÕÉ ¡Ò¸É·ÒÌ ¨§³¥´¥´¨° ¢ ±ÊÊ³´ÒÌ ¶µ²¥° ´  · ¸¸ÉµÖ-
´¨ÖÌ ∼ Lvac.

� ¸Î¥ÉÒ ¶µ± § ²¨ [21Ä24], ÎÉµ ³µ¤¥²Ó ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ±¢ ·±µ¢ÒÌ Éµ±µ¢
Ìµ·µÏµ µ¶¨¸Ò¢ ¥É  ¤·µ´´ÊÕ Ë¨§¨±Ê ´¨§±¨Ì Ô´¥·£¨°. �¥ ¡Ê¤¥³ ¶·¨¢µ¤¨ÉÓ · §-
´Ò¥ Î¨¸² , ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ³´µ£µÎ¨¸²¥´´ÒÌ ¢ÒÎ¨¸²¥´¨°, ±µÉµ·Ò¥,
¸ µ¤´µ° ¸Éµ·µ´Ò, ¤¥³µ´¸É·¨·ÊÕÉ ÔËË¥±É¨¢´µ¸ÉÓ ³µ¤¥²¨, ´µ ¸ ¤·Ê£µ° Å ¶µ-
£·Ê¦ ÕÉ ¢ ¤¥¡·¨ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Éµ´±µ¸É¥°, ±µ£¤  ®¸·¥¤¨ ¤¥·¥¢Ó¥¢ ´¥ ¢¨¤´µ
²¥¸ ¯. �µ ¢¸¥° ¢¨¤¨³µ¸É¨, ¨¤¥Ö  ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´³¥´É  ¨³¥¥É £²Ê-
¡µ±¨°, ¥Ð¥ ´¥ ¤µ ±µ´Í  ¢ÒÖ¸´¥´´Ò° ¸³Ò¸². �µÔÉµ³Ê ¶·¥¤¸É ¢²Ö¥É¸Ö ¡µ²¥¥
· §Ê³´Ò³ ¶·¨¢¥¸É¨ ¨ µ¡¸Ê¤¨ÉÓ ´¥±µÉµ·Ò¥ ¶·µ¸ÉÒ¥ ¸²¥¤¸É¢¨Ö, ¢ÒÉ¥± ÕÐ¨¥ ¨§
¶·¥¤¶µ²µ¦¥´¨Ö µ ¸ÊÐ¥¸É¢µ¢ ´¨¨  ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´³¥´É .

�´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É ¨ ³¥§µ´´Ò° ¸¶¥±É·. �¤´µ° ¨§ Î¥·É Ì · ±-
É¥·  �²µÌ¨´Í¥¢  ± ± Ë¨§¨±  ¡Ò²µ ¥£µ ¸É·¥³²¥´¨¥ ¶µ´ÖÉÓ · ¸¸³ É·¨¢ ¥³µ¥
Ë¨§¨Î¥¸±µ¥ Ö¢²¥´¨¥ ¶·¥¦¤¥ ¢¸¥£µ ®´  ¶ ²ÓÍ Ì¯ ¨ Éµ²Ó±µ § É¥³ Ê¦¥ ¶¥·¥-
Ìµ¤¨ÉÓ ± ¸²µ¦´Ò³ ¢ÒÎ¨¸²¥´¨Ö³. ŒÒ ¶µ¸²¥¤Ê¥³ ¥£µ ¶·¨³¥·Ê ¨ ¶µ¶ÒÉ ¥³¸Ö
¸Ëµ·³Ê²¨·µ¢ ÉÓ µ¸´µ¢´Ò¥ µÉ¶· ¢´Ò¥ ÉµÎ±¨ ´ Ï¨Ì · ¸¸Ê¦¤¥´¨°. ŒÒ ¡Ê¤¥³
¨¸Ìµ¤¨ÉÓ ¨§ ¸²¥¤ÊÕÐ¨Ì ¸µµ¡· ¦¥´¨°.

• ‘²µ¦´µ¸ÉÓ ¨ £·µ³µ§¤±µ¸ÉÓ ¢ÒÎ¨¸²¥´¨° ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì  ¤·µ´´ÒÌ
Ì · ±É¥·¨¸É¨± ¢ ¸µ¢·¥³¥´´µ° Š•„ (¸³., ´ ¶·¨³¥·, [26,27], ¢ Î ¸É´µ¸É¨, ¶µ-
¶·µ¡Ê°É¥ ¶µ¢Éµ·¨ÉÓ ÔÉ¨ · ¸Î¥ÉÒ) ¸¢Ö§ ´Ò, ¶µ ´ Ï¥³Ê Ê¡¥¦¤¥´¨Õ, ¸ µÉ¸ÊÉ-
¸É¢¨¥³ ¶·µ¸Éµ£µ ¨ Ö¸´µ£µ µ¶¨¸ ´¨Ö ¶µ¢¥¤¥´¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢ µ¡² ¸É¨
±µ´Ë °´³¥´É .

• �¤·µ´Ò Å ·¥²ÖÉ¨¢¨¸É¸±¨¥ µ¡Ñ¥±ÉÒ, ¤²Ö ¨Ì µ¶¨¸ ´¨Ö ´¥µ¡Ìµ¤¨³Ò ·¥²Ö-
É¨¢¨¸É¸±¨¥ Ê· ¢´¥´¨Ö ¨ ³¥Éµ¤Ò. ‘¢¥¤¥´¨¥ ¶·µ¡²¥³Ò ± ´¥·¥²ÖÉ¨¢¨¸É¸±µ° § -
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¤ Î¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¸ · ¸ÉÊÐ¨³ ¶µÉ¥´Í¨ ²µ³ ´¥±µ··¥±É´µ,
¶µ¸±µ²Ó±Ê ´¥·¥²ÖÉ¨¢¨¸É¸±µ¥ µ¶¨¸ ´¨¥ ¢µ§³µ¦´µ ²¨ÏÓ ¶·¨ ε/µ � 10−4÷5, £¤¥
ε Å Ô´¥·£¨Ö ¸¢Ö§¨,   µ Å ¶·¨¢¥¤¥´´ Ö ³ ¸¸  ±µ´¸É¨ÉÊ¥´É´ÒÌ Î ¸É¨Í, ± ± ÔÉµ
¨³¥¥É ³¥¸Éµ ¢ Ô²¥±É·µ¤¨´ ³¨±¥. �·¨ ε/µ � 10−2÷3 ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶µ¶· ¢±¨
¸É ´µ¢ÖÉ¸Ö µ¶·¥¤¥²ÖÕÐ¨³¨ (¸³., ´ ¶·¨³¥·, [30]).

• �·¨³¥´¥´¨¥ ³¥Éµ¤µ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¶·¥¤¶µ² £ ¥É ³ ²µ¸ÉÓ ±µ´-
¸É ´ÉÒ ¸¢Ö§¨, ¶µÔÉµ³Ê µ¸´µ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨  ¤·µ´µ¢, ¢ Î ¸É´µ¸É¨ ¸¶¥±É·,
¤µ²¦´Ò µ¶¨¸Ò¢ ÉÓ¸Ö ¢ ´¨§Ï¥³ ¶µ·Ö¤±¥ ¶µ ±µ´¸É ´É¥ ¸¢Ö§¨. �É¸Õ¤  ¸²¥¤Ê¥É,
ÎÉµ ¥¸²¨ ³Ò ¶·¨¤¥·¦¨¢ ¥³¸Ö £¨¶µÉ¥§Ò, ÎÉµ Ë¨§¨±   ¤·µ´µ¢ µ¶¨¸Ò¢ ¥É¸Ö ³¥-
Éµ¤ ³¨ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö, Éµ ÔËË¥±É¨¢´ Ö ±µ´¸É ´É  ¸¢Ö§¨ αs ¤µ²¦´ 
¡ÒÉÓ ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ, ¨ ¤²Ö µ¶¨¸ ´¨Ö  ¤·µ´µ¢ ± ± ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨°
±¢ ·±µ¢ ²¥¸É´¨Î´µ¥ ¶·¨¡²¨¦¥´¨¥ Ê· ¢´¥´¨Ö �¥É¥Ä‘µ²¶¨É¥·  Ö¢²Ö¥É¸Ö  ¤¥-
±¢ É´Ò³  ¶¶ · Éµ³.

• ‘¶¥±É·  ¤·µ´µ¢ Ö¢²Ö¥É¸Ö ¨´É¥£· ²Ó´µ° Ì · ±É¥·¨¸É¨±µ° ¨ Ëµ·³¨·Ê¥É¸Ö
´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ ¢ µ¡² ¸É¨ ±µ´Ë °´³¥´É , ¶µÔÉµ³Ê ·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨-
¸²¥´¨° ¤µ²¦´Ò µ¶·¥¤¥²ÖÉÓ¸Ö Éµ²Ó±µ £²µ¡ ²Ó´Ò³¨ ¸¢µ°¸É¢ ³¨ ¶·µ¶ £ Éµ·µ¢
±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢ µ¡² ¸É¨ ±µ´Ë °´³¥´É  ¨ ´¥ ¤µ²¦´Ò ¸¨²Ó´µ § ¢¨¸¥ÉÓ µÉ
¤¥É ²Ó´µ£µ ®³¨±·µ¶µ¢¥¤¥´¨Ö¯ ¶·µ¶ £ Éµ·µ¢ ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ.

‚ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥ ¶µÉ¥´Í¨ ²Ò (É¨¶  µ¸Í¨²²ÖÉµ· 
¨²¨ ¶µÉ¥´Í¨ ²  ŠÊ²µ´ ), ¤²Ö ±µÉµ·ÒÌ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  ³µ¦¥É ¡ÒÉÓ
ÉµÎ´µ ·¥Ï¥´µ ¨ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´ °¤¥´  ´ ²¨É¨Î¥¸±¨, ¨£· ÕÉ ¢ ¦-
´ÊÕ ·µ²Ó ¤²Ö ¶µ´¨³ ´¨Ö ¤¨´ ³¨±¨ ±¢ ´Éµ¢µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö. ‡¤¥¸Ó ¦¥ Ö
ÌµÎÊ µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  ±¢ ´Éµ¢µ-¶µ²¥¢Ò¥ ³µ¤¥²¨ ¸  ´ ²¨É¨Î¥¸±¨³ ±µ´-
Ë °´³¥´Éµ³, ¢ ±µÉµ·ÒÌ ¶·µ¶ £ Éµ·Ò ±µ´¸É¨ÉÊ¥´É´ÒÌ Î ¸É¨Í Ö¢²ÖÕÉ¸Ö Î¨¸Éµ
£ Ê¸¸µ¢¸±¨³¨ Ô±¸¶µ´¥´É ³¨ Å ¢¨·Éµ´´Ò³¨ ¶µ²Ö³¨. ‚ ÔÉ¨Ì ³µ¤¥²ÖÌ Ê· ¢-
´¥´¨¥ �¥É¥Ä‘µ²¶¨É¥·  ¢ ²¥¸É´¨Î´µ³ ¶·¨¡²¨¦¥´¨¨ ·¥Ï ¥É¸Ö ÉµÎ´µ, É ± ÎÉµ
¤²Ö ¸¶¥±É·  ³ ¸¸ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò
Ö¢´Ò¥ § ³±´ÊÉÒ¥ ¢Ò· ¦¥´¨Ö. ’ ±¨¥ ³µ¤¥²¨ ¶·¥¤¸É ¢²ÖÕÉ ´¥¸µ³´¥´´Ò° ¨´É¥-
·¥¸, ¶µ¸±µ²Ó±Ê ¶·µÖ¸´ÖÕÉ ¤¨´ ³¨Î¥¸±ÊÕ ·µ²Ó  ´ ²¨É¨Î¥¸±µ£µ ±µ´Ë °´³¥´É .

’ ±¨¥ ³µ¤¥²¨ ¡Ò²¨ ¶µ¸É·µ¥´Ò [25, 31], ¨ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ, ÎÉµ ¶·µ-
¸Éµ¥ ¶·¥¤¶µ²µ¦¥´¨¥ µ¡  ´ ²¨É¨Î¥¸±µ³ ±µ´Ë °´³¥´É¥ £ Ê¸¸µ¢¸±µ£µ É¨¶  ³µ-
¦¥É µ¡ÑÖ¸´¨ÉÓ £² ¢´Ò¥ Î¥·ÉÒ  ¤·µ´´µ£µ ¸¶¥±É· : · §²¨Î¨¥ ¢ ³ ¸¸ Ì ´¨§Ï¨Ì
¸µ¸ÉµÖ´¨°  ¤·µ´µ¢: ³¥§µ´ , ´Ê±²µ´  ¨ £²Õ¡µ² ,   É ±¦¥ ·¥¤¦¥¢¸±¨° Ì · ±É¥·
µ·¡¨É ²Ó´ÒÌ ¨ · ¤¨ ²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨° ÔÉ¨Ì Î ¸É¨Í. �Ò²µ ¶µ± § ´µ, ÎÉµ
·¥¤¦¥¢¸±¨° Ì · ±É¥· ¸¶¥±É·  ¤¢ÊÌ- ¨ É·¥ÌÎ ¸É¨Î´ÒÌ ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨°
³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´ ´  µ¸´µ¢¥ ¸²¥¤ÊÕÐ¨Ì ¶·¥¤¶µ²µ¦¥´¨°:

Å  ´ ²¨É¨Î¥¸±¨° ±µ´Ë °´³¥´É ¨³¥¥É ³¥¸Éµ, ¶·µ¶ £ Éµ·Ò ±¢ ·±µ¢ ¨ £²Õ-
µ´µ¢ Ö¢²ÖÕÉ¸Ö ¶·µ¸ÉÒ³¨ £ Ê¸¸µ¢¸±¨³¨ Ô±¸¶µ´¥´É ³¨

S̃(p) ∼ ep2/Λ2
,

£¤¥ Λ Ì · ±É¥·¨§Ê¥É µ¡² ¸ÉÓ ±µ´Ë °´³¥´É ;
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Å ¢§ ¨³µ¤¥°¸É¢¨¥ µ¶¨¸Ò¢ ¥É¸Ö ² £· ´¦¨ ´µ³ Õ± ¢¸±µ£µ É¨¶  ¸ ³ ²µ°
±µ´¸É ´Éµ° ¸¢Ö§¨;

Å ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ±¢ ·±µ¢ ¨ £²Õµ´µ¢ µ¶·¥¤¥²ÖÕÉ¸Ö ± ± ·¥Ï¥´¨Ö
·¥²ÖÉ¨¢¨¸É¸±µ£µ Ê· ¢´¥´¨Ö �¥É¥Ä‘µ²¶¨É¥·  ¢ ²¥¸É´¨Î´µ³ ¶·¨¡²¨¦¥´¨¨.

�·¨ ÔÉµ³ µ± § ²µ¸Ó, ÎÉµ ¤²Ö ·¥¤¦¥¢¸±µ£µ ¶µ¢¥¤¥´¨Ö ¸¶¥±É·  ¸¢Ö§ ´´ÒÌ
¸µ¸ÉµÖ´¨° ¸µ¢¥·Ï¥´´µ ´¥ ¢ ¦´µ, Ö¢²ÖÕÉ¸Ö ²¨ ±¢ ·±¨ Ë¥·³¨µ´ ³¨ ¨²¨ ¡µ§µ-
´ ³¨.

�¤´ ±µ Ê ¸¶¥±É·  ·¥ ²Ó´ÒÌ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ π-, K-, η-, η′- ¨ ¢¥±Éµ·-
´ÒÌ ρ-, K∗-, ω-, φ-³¥§µ´µ¢ ¨³¥ÕÉ¸Ö ¸¢µ¨ Ì · ±É¥·´Ò¥ µ¸µ¡¥´´µ¸É¨, ±µÉµ·Ò¥
É·¥¡ÊÕÉ ¤²Ö ¸¢µ¥£µ µ¡ÑÖ¸´¥´¨Ö ¡µ²¥¥ ¤¥É ²Ó´µ£µ · ¸¸³µÉ·¥´¨Ö. ‚ Î ¸É´µ-
¸É¨, ¤µ ¸¨Ì ¶µ· Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ ´¥ ·¥Ï¥´  §´ ³¥´¨É Ö, É ± ´ §Ò¢ ¥³ Ö
U(1)-¶·µ¡²¥³ , ±µÉµ· Ö ³µ¦¥É ¡ÒÉÓ ¸Ëµ·³Ê²¨·µ¢ ´  ¢ Ëµ·³¥ ¢µ¶·µ¸ : ¶µ-
Î¥³Ê Ê ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ¨§µ¢¥±Éµ·´µ£µ π(139 ŒÔ‚)-³¥§µ´  ¨ ¨§µ¸± ²Ö·´µ£µ
η(547 ŒÔ‚)-³¥§µ´  ¸Éµ²Ó ¢¥²¨±  · §´¨Í  ¢ ³ ¸¸ Ì,   Ê ¢¥±Éµ·´µ£µ ¨§µ¢¥±Éµ·-
´µ£µ ρ(770 ŒÔ‚)-³¥§µ´  ¨ ¨§µ¸± ²Ö·´µ£µ ω(782 ŒÔ‚)-³¥§µ´  ³ ¸¸Ò ¶· ±É¨-
Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ?

ˆ´É·¨£  Ê¸Ê£Ê¡²Ö¥É¸Ö É¥³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³, ÎÉµ ¥¸²¨ ¨¸Ìµ¤¨ÉÓ ¨§ ¶µ²¥¢µ°
±¢ ·±µ¢µ° ³µ¤¥²¨ ¸ ³ ²µ° ±µ´¸É ´Éµ° ¸¢Ö§¨, Éµ ¨³¥¥É ³¥¸Éµ ¨¤¥ ²Ó´µ¥ ¸³¥-
Ï¨¢ ´¨¥, ¨ ¶µ²Ö·¨§ Í¨µ´´Ò¥ µ¤´µ¶¥É²¥¢Ò¥ ±¢ ·±µ¢Ò¥ ¤¨ £· ³³Ò ¸µ¢¶ ¤ ÕÉ
¤²Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ¨ ¢¥±Éµ·´ÒÌ ³¥§µ´µ¢:

π =
1√
2
(ūu − d̄d) ¨ η =

1√
2
(ūu + d̄d),

ρ =
1√
2
(ūu − d̄d) ¨ ω =

1√
2
(ūu + d̄d)

¸µµÉ¢¥É¸É¢¥´´µ. Ÿ¸´µ, ¥¸²¨ ±µ´¸É ´É  ¸¢Ö§¨ ³ ² , Éµ ¤µ¶µ²´¨É¥²Ó´Ò¥ ¶·µ-
Í¥¸¸Ò, ¨¤ÊÐ¨¥ ¢ ¨§µ¸± ²Ö·´µ³ ¨ ´¥ ¨¤ÊÐ¨¥ ¢ ¨§µ¢¥±Éµ·´µ³ ± ´ ² Ì, ´¥
³µ£ÊÉ ¸ÊÐ¥¸É¢¥´´µ ¨§³¥´¨ÉÓ ³ ¸¸Ò, ÌµÉÖ ´  ÔÉÊ É¥³Ê ¨³¥¥É¸Ö §´ Î¨É¥²Ó´µ¥
Î¨¸²µ ¶Ê¡²¨± Í¨°. �µÔÉµ³Ê, ¶µ ´ Ï¥³Ê ³´¥´¨Õ, ÔÉ  ¶·µ¡²¥³  ¤µ²¦´  ± ±-Éµ
·¥Ï ÉÓ¸Ö ¢ ´¨§Ï¥³ ¶·¨¡²¨¦¥´¨¨ ¶µ ±µ´¸É ´É¥ ¸¢Ö§¨. ‡¤¥¸Ó ³Ò ¶·¥¤²µ¦¨³
¢µ§³µ¦´Ò° ¢ ·¨ ´É ·¥Ï¥´¨Ö.

� ¸¸³µÉ·¨³ ±¢ ·±-£²Õµ´´Ò° ² £· ´¦¨ ´, µÉ¢¥É¸É¢¥´´Ò° §  ¢µ§´¨±´µ¢¥-
´¨¥ ³¥§µ´µ¢ ± ± ¸¢Ö§ ´´ÒÌ ±¢ ·±- ´É¨±¢ ·±µ¢ÒÌ ¸µ¸ÉµÖ´¨°:

L = (q̄S−1q) − 1
2
(gD−1g) + g(q̄ĝq), ĝ = iγµtaga

µ(x). (52)

Š¢ ·±¨ ¨³¥ÕÉ ¸É ´¤ ·É´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò:

q(x) = qfiα(x), i Å Í¢¥É, f Å  ·µ³ É, α Å ¸¶¨´.

‚¸¥ ¢ÒÎ¨¸²¥´¨Ö ³Ò ¡Ê¤¥³ ¶·µ¢µ¤¨ÉÓ ¢ ¥¢±²¨¤µ¢µ° ³¥É·¨±¥. ‚ ± Î¥¸É¢¥ ¶·µ-
¶ £ Éµ·µ¢ £²Õµ´µ¢ ¨ ±¢ ·±µ¢ ¢Ò¡¥·¥³ ËÊ´±Í¨¨, ¡²¨§±¨¥ ± ¶·µ¶ £ Éµ· ³ ÔÉ¨Ì
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Î ¸É¨Í ¢ ¸ ³µ¤Ê ²Ó´µ³ ¢ ±ÊÊ³´µ³ £²Õµ´´µ³ ¶µ²¥ ¸ ¶µ¸ÉµÖ´´µ° ´ ¶·Ö¦¥´´µ-
¸ÉÓÕ. „²Ö £²Õµ´´µ£µ ¶·µ¶ £ Éµ·  ¨³¥¥³

D̃ab
µν(k) = δabδµνD̃(k), D̃(k) =

1
Λ2

e−k2/(2Λ2).

Š¢ ·±µ¢Ò° ¶·µ¶ £ Éµ· § ¶¨Ï¥³ ¢ ¢¨¤¥, ±µÉµ·Ò° ¨´¤ÊÍ¨·µ¢ ´ ¶µ¢¥¤¥´¨¥³
ËÊ´±Í¨¨ (50) ¢ ¶·¥¤¥²¥ ³ ²ÒÌ ³ ¸¸ ±¢ ·±µ¢:

S̃f(p) =
1

mf
(1 ± γ5ωf ) exp

(
−

p2 + m2
f

2Λ2

)
, ωf =

1
1 + v(m2

f/Λ2)
.

‡¤¥¸Ó ¸Î¨É ¥É¸Ö, ÎÉµ ¶·µ¶ £ Éµ· ±¢ ·±   ·µ³ É  f = u, d, s ¶·µ¶µ·Í¨µ´ ²¥´
¥¤¨´¨Î´µ° ³ É·¨Í¥ ¢ Í¢¥Éµ¢µ³ ¶·µ¸É· ´¸É¢¥, ¥£µ ³ ¸¸  · ¢´  mf , ¨ ¶µ²µ¦¨-
É¥²Ó´ Ö ±µ´¸É ´É  v Ì · ±É¥·¨§Ê¥É ·¥§Ê²ÓÉ É ¢²¨Ö´¨Ö ¸ ³µ¤Ê ²Ó´µ£µ ¶µ²Ö ´ 
±¢ ·±. ‚ ¤ ²Ó´¥°Ï¥³ ³Ò ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¶ · ³¥É·Ò mf ¨ v ± ± ¸¢µ¡µ¤-
´Ò¥ ¶ · ³¥É·Ò, ±µÉµ·Ò¥ ¡Ê¤¥³ Ë¨É¨·µ¢ ÉÓ ¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³.

‚Ò¡µ· ¶·µ¶ £ Éµ·µ¢ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢ ¸Éµ²Ó ¶·µ¸Éµ° Ëµ·³¥ µ¶·¥¤¥-
²Ö¥É¸Ö ¥¤¨´¸É¢¥´´µ É¥³, ÎÉµ Éµ²Ó±µ ¤²Ö ¶·µ¶ £ Éµ·µ¢ ¢¨·Éµ´´µ£µ É¨¶  (Î¨¸Éµ
£ Ê¸¸µ¢¸±¨¥ Ô±¸¶µ´¥´ÉÒ) ³µ¦´µ ÉµÎ´µ ·¥Ï¨ÉÓ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ê· ¢´¥´¨Ö
�¥É¥Ä‘µ²¶¨É¥· , ¨ ¸¶¥±É· ³ ¸¸ ³µ¦¥É ¡ÒÉÓ ´ °¤¥´ ¢ ¢¨¤¥ ¶·µ¸ÉÒÌ  ´ ²¨-
É¨Î¥¸±¨Ì Ëµ·³Ê², ÎÉµ ¶µ§¢µ²¨É ± Î¥¸É¢¥´´µ ¨ ¶µ²Ê±µ²¨Î¥¸É¢¥´´µ ¶·µ¢¥¸É¨
 ´ ²¨§ ³¥§µ´´µ£µ ¸¶¥±É· .

‚¥¸Ó³  ¸ÊÐ¥¸É¢¥´ ¢µ¶·µ¸ µ ¢Ò¡µ·¥ ±µ´¸É ´ÉÒ ¸¢Ö§¨, ¨²¨ ¨´¢ ·¨ ´É´µ£µ
§ ·Ö¤  αs(z), ± ± ËÊ´±Í¨¨ ¢´¥Ï´¥£µ ¨³¶Ê²Ó¸  z = M2/Λ2, É. ¥. ³ ¸¸Ò ¸¢Ö-
§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö. �·µ¡²¥³  ¢ Éµ³, ÎÉµ ¶µ¢¥¤¥´¨¥ ËÊ´±Í¨¨ αs(z) ¢ µ¡² ¸É¨
Ô´¥·£¨° ³¥´¥¥ 1,5 ƒÔ‚ É·¥¡Ê¥É µ¸µ¡µ£µ  ´ ²¨§  (¸³., ´ ¶·¨³¥·, [29]). ŒÒ
¢Ò¡¥·¥³ § ·Ö¤ ¢ Ëµ·³¥ É ± ´ §Ò¢ ¥³µ£µ µ¤´µ¶¥É²¥¢µ£µ ¶·¨¡²¨¦¥´¨Ö

αs(z) =
g2

4π
=

4π

β0

(
1 − 1

z

)
1

ln (z)
,

(53)
β0 = 11 − 2

3
nf , nf = 3.

�É  ËÊ´±Í¨Ö · ¸É¥É ¶·¨ M → 0. Š ± Ê¢¨¤¨³ ´¨¦¥, ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¡Ê¤¥É
¨£· ÉÓ £² ¢´ÊÕ ·µ²Ó ¶·¨ µ¡ÑÖ¸´¥´¨¨ · §´¨ÍÒ ³ ¸¸ π- ¨ η-³¥§µ´µ¢.

‘Ëµ·³Ê²¨·Ê¥³ É¥¶¥·Ó § ¤ ÎÊ, ±µÉµ·ÊÕ ³Ò ¸É ¢¨³ ¶¥·¥¤ ¸µ¡µ°.
Œµ¦´µ ²¨ É ± ¶µ¤µ¡· ÉÓ ³ ¸¸Ò ±¢ ·±µ¢ mu = md, ms ¨ ¶ · ³¥É· v,

ÎÉµ¡Ò ± Î¥¸É¢¥´´µ ¨ ¶µ²Ê±µ²¨Î¥¸É¢¥´´µ µ¶¨¸ ÉÓ ³ ¸¸Ò ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ¨
¢¥±Éµ·´ÒÌ ³¥§µ´µ¢, ¸µ¸ÉµÖÐ¨Ì ¨§ u-, d- ¨ s-±¢ ·±µ¢?

�·µ¢¥¤Ö ¢¸¥ ¢ÒÎ¨¸²¥´¨Ö, ¸²¥¤ÊÖ ¸Ì¥³¥, µ ±µÉµ·µ° £µ¢µ·¨²µ¸Ó ¢ÒÏ¥, ¶µ-
²ÊÎ¨³ Ê· ¢´¥´¨¥, µ¶·¥¤¥²ÖÕÐ¥¥ ³ ¸¸Ê ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö, ¸µ¸É ¢²¥´´µ¥ ¨§
±¢ ·±µ¢  ·µ³ Éµ¢ f1 ¨ f2, ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ J00, £¤¥ J = P, V :
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1 = exp

(
M2

4Λ2

2(m2
f1

+ m2
f2

)
(mf1 + mf2)2

−
m2

f1
+ m2

f2

2Λ2

)
×

×
αs

(
M2/Λ2

)
π

16TJf1f2

3(2 +
√

3)2
Λ2

mf1mf2

, (54)

TPf1f2 = 2(1 + ωf1ωf2), TV f1f2 = 1 − ωf1ωf2 .

‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ³ ¸¸µ¢Ò¥ Ëµ·³Ê²Ò ¸µ¢¶ ¤ ÕÉ ¤²Ö ¨§µ¢¥±Éµ·´ÒÌ ¨
¨§µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢, ¸µ¸ÉµÖÐ¨Ì ¨§ u- ¨ d-±¢ ·±µ¢. �µÔÉµ³Ê ¢ ¸²ÊÎ ¥, ±µ£¤ 
±µ´¸É ´É  ¸¢Ö§¨ αs(z) = const ¶µ¸ÉµÖ´´ , É. ¥. ´¥ § ¢¨¸¨É µÉ ³ ¸¸Ò ¸¢Ö§ ´´µ£µ
¸µ¸ÉµÖ´¨Ö, ¶µ²ÊÎ¨³

Mπ = Mη ¨ Mρ = Mω,

ÎÉµ Ìµ·µÏµ ¤²Ö ¢¥±Éµ·´ÒÌ ¨ ¸µ¢¸¥³ ¶²µÌµ ¤²Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢.
…¸²¨ ¦¥ ³Ò ¨¸¶µ²Ó§Ê¥³ ±µ´¸É ´ÉÊ ¸¢Ö§¨ ¢ Ëµ·³¥ (53), Éµ ¢µ§´¨± ¥É ²Õ¡µ-
¶ÒÉ´ Ö ¢µ§³µ¦´µ¸ÉÓ: Ê· ¢´¥´¨¥ (54) ¤µ¶Ê¸± ¥É ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¤¢ÊÌ ·¥Ï¥´¨°
¶µ ³ ¸¸¥ M , ¨, ¥¸É¥¸É¢¥´´µ, ¢µ§´¨± ¥É ¨¸±ÊÏ¥´¨¥ ¶µ²ÊÎ¨ÉÓ ´¥µ¡Ìµ¤¨³µ¥
· ¸Ð¥¶²¥´¨¥ ³ ¸¸ π- ¨ η-³¥§µ´µ¢.

„²Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ π-, η- ¨ ¢¥±Éµ·´ÒÌ ρ-, ω-³¥§µ´µ¢ ¨³¥¥³

M2
P + 4Λ2 ln

αs(M2
P /Λ2)
π

= 4m2
u − 4Λ2 ln

[
32

3(2 +
√

3)2
· Λ2

m2
u

(1 + ω2
u)
]

,

M2
V + 4Λ2 ln

αs(M2
V /Λ2)
π

= 4m2
u − 4Λ2 ln

[
16

3(2 +
√

3)2
· Λ2

m2
u

(1 − ω2
u)
]

.

�·¨ ´ ¤²¥¦ Ð¥³ ¢Ò¡µ·¥ ¶ · ³¥É·µ¢ ¶¥·¢µ¥ Ê· ¢´¥´¨¥ ³µ¦¥É ¨³¥ÉÓ ¤¢ 
·¥Ï¥´¨Ö, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ³ ¸¸ ³ π- ¨ η-³¥§µ´µ¢,   ¢Éµ·µ¥ Ê· ¢´¥´¨¥ Å

Œ¥§µ´ (q̄q) Mexp, ƒÔ‚ Mth, ƒÔ‚

π
ūu − d̄d√

2
0,140 0,140

η
ūu + d̄d√

2
0,547 0,547

K ūs 0,494 0,764

η′ s̄s 0,957 0,957

ρ
ūu − d̄d√

2
0,770 0,770

K∗ ūs 0,892 0,889

ω
ūu + d̄d√

2
0,782 0,770

φ s̄s 1,019 1,049

Éµ²Ó±µ µ¤´µ ·¥Ï¥´¨¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥
· ¢¥´¸É¢Ê ³ ¸¸ ρ- ¨ ω-³¥§µ´µ¢.

—¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ¢
É ¡²¨Í¥. ŠÊ·¸¨¢µ³ ¢Ò¤¥²¥´Ò §´ Î¥´¨Ö
³ ¸¸, ¶µ ±µÉµ·Ò³ ¶·µ¢µ¤¨²µ¸Ó Ë¨É¨·µ-
¢ ´¨¥ ¶ · ³¥É·µ¢

Λ = 0, 233 ƒÔ‚, mu = md = 0, 201 ƒÔ‚,

ms = 0, 335 ƒÔ‚, v = 1, 6.

‡ ³¥É¨³, ÎÉµ §´ Î¥´¨Ö ÔÉ¨Ì ¶ · ³¥É-
·µ¢ ¢¶µ²´¥ ¸µ£² ¸ÊÕÉ¸Ö ¸µ ¸É ´¤ ·É´Ò³¨
¶·¨´ÖÉÒ³¨ Î¨¸² ³¨.

’ ±¨³ µ¡· §µ³, ¢¨¤´µ, ÎÉµ ³ ¸¸Ò
¢¥±Éµ·´µ£µ µ±É¥É  µ¶¨¸Ò¢ ÕÉ¸Ö ¢¶µ²´¥
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¶·¨²¨Î´µ, ¢ Éµ ¢·¥³Ö ± ± ¢ ¶¸¥¢¤µ¸± ²Ö·´µ³ µ±É¥É¥ ¶·µ¡²¥³  µ¸É ¥É¸Ö, ´µ
¥¥ Ëµ·³Ê²¨·µ¢±  §¢ÊÎ¨É Ê¦¥ ¨´ Î¥: ¶µÎ¥³Ê K-³¥§µ´ ²¥£Î¥ η-³¥§µ´ , ¶·¨ Éµ³
ÎÉµ ¸É· ´´Ò° s-±¢ ·± ÉÖ¦¥²¥¥ u-±¢ ·± ?

‚ Í¥²µ³ ³µ¦´µ ¸± § ÉÓ, ÎÉµ, ´¥¸³µÉ·Ö ´  ¤µ¸É ÉµÎ´µ £·Ê¡µ¥ ¶·¨¡²¨¦¥-
´¨¥, ³µ¤¥²¨ ¸  ´ ²¨É¨Î¥¸±¨³ ±µ´Ë °´³¥´Éµ³ ¶µ§¢µ²ÖÕÉ ± Î¥¸É¢¥´´µ ¶· -
¢¨²Ó´µ ¶µ´¨³ ÉÓ ¸É·Ê±ÉÊ·Ê  ¤·µ´µ¢ ± ± ¸¢Ö§ ´´ÒÌ ±¢ ·±-£²Õµ´´ÒÌ ¸¨¸É¥³.

‡�Š‹	—…�ˆ…

‚ § ±²ÕÎ¥´¨¥ ´¥µ¡Ìµ¤¨³µ ¥Ð¥ · § ¸± § ÉÓ, ÎÉµ ¨¤¥Ö, ±µÉµ·ÊÕ µÉ¸É -
¨¢ ² „. ˆ. �²µÌ¨´Í¥¢, µ ´¥¢µ§³µ¦´µ¸É¨ ÉµÎ´µ£µ µ¶·¥¤¥²¥´¨Ö ±µµ·¤¨´ É ¨
³µ³¥´É  ¢·¥³¥´¨ ± ± Ì · ±É¥·¨¸É¨± Ô²¥³¥´É ·´µ° Î ¸É¨ÍÒ µ± § ² ¸Ó ¢¥¸Ó³ 
¶·µ¤Ê±É¨¢´µ° ¨ ¶µ§¢µ²¨²  · ¸Ï¨·¨ÉÓ ±² ¸¸ ËÊ´±Í¨° ¤²Ö µ¶¨¸ ´¨Ö  ³¶²¨-
ÉÊ¤  ¤·µ´´ÒÌ ¶·µÍ¥¸¸µ¢. �µ¸É·µ¥´´ Ö ´  ÔÉ¨Ì ËÊ´±Í¨ÖÌ ±¢ ´Éµ¢ Ö É¥µ·¨Ö
¶µ²Ö ¸ ´¥²µ± ²Ó´Ò³¨ Ëµ·³Ë ±Éµ· ³¨ ¶µ¸É¥¶¥´´µ ¶·¨µ¡·¥É ¥É ¢¨¤ ¸ ³µ¸µ-
£² ¸µ¢ ´´µ° É¥µ·¨¨, ±µÉµ· Ö Ê¦¥ ´ Ìµ¤¨É ¸¢µ¥ ³¥¸Éµ ¢ µ¶¨¸ ´¨¨ Ö¢²¥´¨Ö
±µ´Ë °´³¥´É  ¨  ¤·µ´´µ° Ë¨§¨±¨ ´¨§±¨Ì Ô´¥·£¨°. Šµ´¥Î´µ, ³´µ£µ ¥Ð¥ ´ ¤µ
¸¤¥² ÉÓ, µ¸µ¡¥´´µ ¢ · §¢¨É¨¨ ³ É¥³ É¨Î¥¸±µ£µ  ¶¶ · É  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö  ³-
¶²¨ÉÊ¤ · §²¨Î´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢. Š·µ³¥ Éµ£µ, ¨§ÊÎ¥´¨¥ ¶µ¢¥¤¥´¨Ö
 ³¶²¨ÉÊ¤ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ É·¥¡Ê¥É · §¢¨É¨Ö ¸¢µ¨Ì ³¥Éµ¤µ¢, µÉ²¨Î´ÒÌ
µÉ ¶·µ¸Éµ£µ ¸Ê³³¨·µ¢ ´¨Ö µ¶·¥¤¥²¥´´ÒÌ É¨¶µ¢ ¤¨ £· ³³ ”¥°´³ ´ .

� ¡µÉ  ¶µ¤¤¥·¦ ´  �µ¸¸¨°¸±¨³ Ëµ´¤µ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨°,
£· ´É º 04-02-17370.
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