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  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ Š § Ì¸±¨° ´ Í¨μ´ ²Ó´Ò° Ê´¨¢¥·¸¨É¥É ¨³.  ²Ó-” · ¡¨, �²³ -�É , Š § Ì¸É ´

�´ ²¨É¨Î¥¸±¨ ¢ÒÎ¨¸²¥´Ò Ô´¥·£¨¨ ¸¨´£²¥É´μ£μ ¨ É·¨¶²¥É´μ£μ ¸μ¸ÉμÖ´¨° ¶μ§¨É·μ´¨Ö ¸ ÊÎ¥Éμ³
 ´´¨£¨²ÖÍ¨μ´´μ° ¨ ¶¥É²¥¢μ° ¶μ¶· ¢μ± ¢ · ³± Ì ËÊ´±Í¨μ´ ²Ó´μ£μ ¶μ¤Ìμ¤ . �¶·¥¤¥²¥´Ò § ¢¨¸¨³μ-
¸É¨ ±μ´¸É¨ÉÊ¥´É´μ° ³ ¸¸Ò ¸μ¸É ¢²ÖÕÐ¨Ì Î ¸É¨Í μÉ ³ ¸¸ ¨¸Ìμ¤´μ£μ ¸μ¸ÉμÖ´¨Ö ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ
±¢ ´Éμ¢μ£μ Î¨¸² . ‚ÒÎ¨¸²¥´  ¢μ²´μ¢ Ö ËÊ´±Í¨Ö ¢ ´ Î ²¥ ±μμ·¤¨´ É, ¨ μ¶·¥¤¥²¥´Ò Ï¨·¨´Ò · ¸¶ ¤ 
μ·Éμ- ¨ ¶ · ¶μ§¨É·μ´¨Ö. �μ²ÊÎ¥´´Ò° ·¥§Ê²ÓÉ É Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ ¸μ£² ¸Ê¥É¸Ö ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

The energy spectrum of the singlet triplet state of positronium annihilation and with the loop
corrections is calculated analytically in the functional approach. The dependence of constituent masses
on the mass of constituent particles of the initial state with the corresponding quantum numbers is
determined. We calculate the wave function at the origin and determine the width of the decay of ortho-
and parapositronium. This result is in satisfactory agreement with the available experimental data.
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�´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ³μ¦¥É ¡ÒÉÓ μ¶·¥¤¥²¥´ ¸ Ìμ·μÏ¥° ÉμÎ-
´μ¸ÉÓÕ ¢ · ³± Ì ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ (�ŠŒ) ¶·¨ ´ ¤²¥¦ Ð¥³ ¶μ¤¡μ·¥
¶μÉ¥´Í¨ ²  ¢§ ¨³μ¤¥°¸É¢¨Ö. �¤´ ±μ ´¥·¥²ÖÉ¨¢¨¸É¸±μ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  (“˜), ¤ -
ÕÐ¥¥ ³ É¥³ É¨Î¥¸±¨ ±μ··¥±É´μ¥ μ¶¨¸ ´¨¥ ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨°, Ê¦¥ ´¥ Ö¢²Ö¥É¸Ö ¤μ¸É -
ÉμÎ´Ò³, É ± ± ± É·¥¡Ê¥É¸Ö ÊÎ¥É ·¥²ÖÉ¨¢¨¸É¸±μ£μ Ì · ±É¥·  ¢§ ¨³μ¤¥°¸É¢¨Ö, ¶μ¸±μ²Ó±Ê ¤²Ö
μ¶¨¸ ´¨Ö ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ± ± ¢  Éμ³´μ° [1],
É ± ¨ ¢  ¤·μ´´μ° Ë¨§¨±¥ [2], É·¥¡Ê¥É¸Ö ÊÎ¥É ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶μ¶· ¢μ±. ’¥³ ´¥ ³¥´¥¥
´¥·¥²ÖÉ¨¢¨¸É¸±μ¥ “˜ Ö¢²Ö¥É¸Ö ´ ¤¥¦´Ò³ ¨´¸É·Ê³¥´Éμ³ ¨¸¸²¥¤μ¢ ´¨Ö ¨ μ¶·¥¤¥²¥´¨Ö
Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨°. �·¨ ÔÉμ³ ·¥ ²Ó´Ò¥ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶μ-
¶· ¢±¨ ³ ²Ò, É ± ÎÉμ É¥μ·¥É¨Î¥¸± Ö § ¤ Î  ¸¢μ¤¨É¸Ö ± ¶μ²ÊÎ¥´¨Õ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶μ¶· -
¢μ± ± ´¥·¥²ÖÉ¨¢¨¸É¸±μ³Ê ¶μÉ¥´Í¨ ²Ê ¢§ ¨³μ¤¥°¸É¢¨Ö ¨¸Ìμ¤Ö ¨§ Ëμ·³ ²¨§³  ±¢ ´Éμ¢μ°
É¥μ·¨¨ ¶μ²Ö (Š’�). �É  ¨¤¥Ö ²¥¦¨É ¢ μ¸´μ¢¥ ¶μÉ¥´Í¨ ²  	·¥°É  [3] ¨ ÔËË¥±É¨¢´μ°
´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ´Éμ¢μ° É¥μ·¨¨ ¶μ²Ö Š ¸¢¥²²  ¨ ‹¥¶ ¦  [4]. ‚ ÔÉ¨Ì ¶μ¤Ìμ¤ Ì ¨¸-
¶μ²Ó§Ê¥É¸Ö ³ É·¨Í  · ¸¸¥Ö´¨Ö ± ± ¨¸ÉμÎ´¨± ¨¸±μ³ÒÌ ¶μ¶· ¢μ±. �¢Éμ· ³¨ · ¡μÉÒ [4]
¢ · ³± Ì ±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±¨ (Š�„), ¸ ÊÎ¥Éμ³ ¶¥·¥´μ·³¨·μ¢±¨ ¨ ¶μ¸²¥¤ÊÕÐ¨³
¶¥·¥Ìμ¤μ³ ± ´¥·¥²ÖÉ¨¢¨¸É¸±μ³Ê ¶·¥¤¥²Ê ¨§ÊÎ¥´  ³ É·¨Í  · ¸¸¥Ö´¨Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨
¤¨ £· ³³ ³¨ ”¥°´³ ´ , É. ¥. μ¶·¥¤¥²¥´ ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ-
¶· ¢±μ°. ‚ ·¥§Ê²ÓÉ É¥ ¸Ëμ·³Ê²¨·μ¢ ´ ³¥Éμ¤ ´¥·¥²ÖÉ¨¢¨¸É¸±μ° Š�„ (�Š�„) ¤²Ö μ¶·¥-
¤¥²¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¸ ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ¶· ¢±μ°. ‚ ¤ ²Ó´¥°Ï¥³ ÔÉμÉ ³¥Éμ¤
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Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´ ¢ [5]. �¤´ ±μ ¢ ÔÉ¨Ì · ¡μÉ Ì ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶μ¶· ¢±¨ ¢ · ³± Ì É¥μ·¨¨
¢μ§³ÊÐ¥´¨Ö ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢ μ¸´μ¢´μ³ ± ¶μÉ¥´Í¨ ²Ê ¢§ ¨³μ¤¥°¸É¢¨Ö,   ¶μ¶· ¢±  ± ±¨´¥É¨-
Î¥¸±μ° Î ¸É¨ £ ³¨²ÓÉμ´¨ ´  ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μÎÉ¨ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö. “Î¥É ·¥²ÖÉ¨¢¨¸É¸±μ°
¶μ¶· ¢±¨ ± ±¨´¥É¨Î¥¸±μ° Î ¸É¨ £ ³¨²ÓÉμ´¨ ´  ¢ μ¡ÒÎ´μ³ ±¢ ´Éμ¢μ-³¥Ì ´¨Î¥¸±μ³ Ëμ·-
³ ²¨§³¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Éμ²Ó±μ ¢ · ³± Ì ·¥²ÖÉ¨¢¨¸É¸±μ£μ “˜. ˆ§¢¥¸É´μ, ÎÉμ μ¶·¥¤¥²¥-
´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¨ ¢μ²´μ¢μ° ËÊ´±Í¨¨ (‚”) ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö, ¸μ¸ÉμÖÐ¨Ì
¨§ ´¥¸±μ²Ó±¨Ì É¥² ¨§ ·¥²ÖÉ¨¢¨¸É¸±μ£μ “˜, ¸ ÉμÎ±¨ §·¥´¨Ö ³ É¥³ É¨Î¥¸±μ£μ ¢ÒÎ¨¸²¥´¨Ö
¶μÎÉ¨ ´¥¢μ§³μ¦´μ. �μÔÉμ³Ê ÊÎ¥É ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ¶· ¢±¨ ¶·¨ μ¶·¥¤¥²¥´¨¨ ¸¢μ°¸É¢
·¥²ÖÉ¨¢¨¸É¸±μ£μ ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ± ± ¶μÉ¥´Í¨ ²Ó´μ°, É ± ¨ ±¨´¥É¨Î¥¸±μ° Î ¸É¨
£ ³¨²ÓÉμ´¨ ´  ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¢²Ö¥É¸Ö μ¤´μ° ¨§  ±ÉÊ ²Ó´ÒÌ ¶·μ¡²¥³ ¸μ¢·¥³¥´´μ£μ É¥-
μ·¥É¨Î¥¸±μ£μ ¨¸¸²¥¤μ¢ ´¨Ö.

‚ · ¡μÉ Ì [6,7] ¶·¥¤²μ¦¥´ μ¤¨´ ¨§ ¢ ·¨ ´Éμ¢ ÊÎ¥É  ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ¶· ¢±¨ ± ±¨´¥-
É¨Î¥¸±μ° Î ¸É¨ £ ³¨²ÓÉμ´¨ ´  ¨ ¶μÉ¥´Í¨ ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. ‚ ÔÉμ³ ¶μ¤Ìμ¤¥ ³ ¸¸ 
¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö μ¶·¥¤¥²Ö¥É¸Ö  ¸¨³¶ÉμÉ¨Î¥¸±¨³ ¶μ¢¥¤¥´¨¥³ ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±-
Í¨¨ μÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Éμ±μ¢ ¸ ´¥μ¡Ìμ¤¨³Ò³¨ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨. Šμ··¥²ÖÍ¨μ´´ Ö
ËÊ´±Í¨Ö, ±μÉμ· Ö ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ±¢ ´Éμ¢μ-¶μ²¥¢Ò¥ ËÊ´±Í¨¨ ƒ·¨´ , ¶·¥¤¸É ¢²Ö¥É¸Ö ¢
Ëμ·³¥ ËÊ´±Í¨μ´ ²Ó´μ£μ ¨´É¥£· ² , ÎÉμ ¶μ§¢μ²Ö¥É ¢Ò¤¥²¨ÉÓ ´¥μ¡Ìμ¤¨³ÊÕ  ¸¨³¶ÉμÉ¨±Ê,
  É ±¦¥ ÉμÎ´μ ¢Ò¶μ²´¨ÉÓ Ê¸·¥¤´¥´¨¥ ¶μ ¢´¥Ï´¥³Ê ± ²¨¡·μ¢μÎ´μ³Ê ¶μ²Õ. �μ²ÊÎ¥´-
´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶μÌμ¦¥ ´  Ë¥°´³ ´μ¢¸±¨° ËÊ´±Í¨μ´ ²Ó´Ò° ¨´É¥£· ² ¶μ ¶ÊÉÖ³ [8]
¢ ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ´Éμ¢μ° ³¥Ì ´¨±¥. �·¨ ÔÉμ³ ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö μ¶·¥¤¥-
²Ö¥É¸Ö ¤¨ £· ³³μ° ”¥°´³ ´ , ¶μ²ÊÎ¥´´μ° ¢ ·¥§Ê²ÓÉ É¥ μ¡³¥´  ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö,
  ³ ¸¸  ¢ “˜ Ö¢²Ö¥É¸Ö ±μ´¸É¨ÉÊ¥´É´μ° ¨ μÉ²¨Î ¥É¸Ö μÉ ³ ¸¸Ò ¨¸Ìμ¤´μ£μ ¸μ¸ÉμÖ´¨Ö
¤ ´´μ° ¸¨¸É¥³Ò, É. ¥. ±¨´¥É¨Î¥¸± Ö Î ¸ÉÓ £ ³¨²ÓÉμ´¨ ´  ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ±μ´¸É¨ÉÊ¥´É-
´ÊÕ ³ ¸¸Ê ¸μ¸É ¢´ÒÌ Î ¸É¨Í. ’ ±¨³ μ¡· §μ³, ¡² £μ¤ ·Ö ±μ´¸É¨ÉÊ¥´É´μ° ³ ¸¸¥ ¸μ¸É ¢-
´ÒÌ Î ¸É¨Í ÊÎ¨ÉÒ¢ ÕÉ¸Ö ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶μ¶· ¢±¨ ± ±¨´¥É¨Î¥¸±μ° Î ¸É¨ £ ³¨²ÓÉμ´¨ ´ 
¢§ ¨³μ¤¥°¸É¢¨Ö.

‚ ¤ ´´μ° · ¡μÉ¥ ¢ · ³± Ì ÔÉμ£μ ¶μ¤Ìμ¤  ¡Ê¤¥³ μ¶·¥¤¥²ÖÉÓ · ¸Ð¥¶²¥´¨¥ Ô´¥·£¥É¨Î¥-
¸±¨Ì ¸¶¥±É·μ¢ μ·É - ¨ ¶ · ¶μ§¨É·μ´¨Ö. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö
¢ÒÎ¨¸²Ö²¨¸Ó ¤μ²£μ¥ ¢·¥³Ö · §²¨Î´Ò³¨  ¢Éμ· ³¨ ¢ · ³± Ì ÔËË¥±É¨¢´μ° É¥μ·¨¨ ±¢ ´Éμ-
¢μ£μ ¶μ²Ö [4,5]. �μ¤·μ¡´μ¥ ¨§²μ¦¥´¨¥ ¶·¨¢μ¤¨É¸Ö ¢ μ¡§μ·¥ [9], ¸ ¤¥É ²Ö³¨ ±μ´±·¥É´ÒÌ
·¥§Ê²ÓÉ Éμ¢ ³μ¦´μ μ§´ ±μ³¨ÉÓ¸Ö ¢ Í¨É¨·μ¢ ´´μ° ¢ ´¥³ ²¨É¥· ÉÊ·¥. �±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ ¤²Ö μ·Éμ¶μ§¨É·μ´¨Ö ¡Ò²¨ ¢¶¥·¢Ò¥ ¶μ²ÊÎ¥´Ò ¢ [10]. „ ²¥¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ Ê²ÊÎ-
Ï¥´Ò ¢ [11,12],   ¶μ¸²¥¤´¨¥ ·¥§Ê²ÓÉ ÉÒ μ¶¨¸ ´Ò ¢ [13]. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö
¶ · ¶μ§¨É·μ´¨Ö ¶·¨¢¥¤¥´Ò ¢ [14].

� ¡μÉ  ¶μ¸É·μ¥´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¢ · §¤. 1 ±μ·μÉ±μ ¨§²μ¦¥´ ³¥Éμ¤ μ¶·¥¤¥²¥´¨Ö
³ ¸¸ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¸ ÊÎ¥Éμ³ ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ¶· ¢±¨
¢ ±¨´¥É¨Î¥¸±ÊÕ Î ¸ÉÓ £ ³¨²ÓÉμ´¨ ´ . ‚ · §¤. 2 ¢ÒÎ¨¸²¥´Ò Ô´¥·£¨¨ ¶ · - ¨ μ·Éμ¶μ§¨-
É·μ´¨Ö ¸ ÊÎ¥Éμ³ ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ¶· ¢±¨, ¢ · §¤. 3 Å Ï¨·¨´Ò ¤¢ÊÌ- ¨ É·¥ÌËμÉμ´´μ£μ
· ¸¶ ¤  ¶μ§¨É·μ´¨Ö. ‚ § ±²ÕÎ¥´¨¨ ¶μ¤ÒÉμ¦¥´ μ¸´μ¢´μ° ·¥§Ê²ÓÉ É.
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‘¢¥·ÌÉμ´±μ¥ · ¸Ð¥¶²¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ Ê·μ¢´Ö ¶μ§¨É·μ´¨Ö Δν = E(13S1) −
E(11S0) Ô±¸¶¥·¨³¥´É ²Ó´μ [15,16] μ¶·¥¤¥²¥´μ ± ±

Δν = 203 387,5(1,6) ŒƒÍ,

Δν = 203 389,10(0,74) ŒƒÍ.
(1.1)
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‘ ÊÎ¥Éμ³ ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ¶· ¢±¨ ¢ [17] ¢ÒÎ¨¸²¥´Ò ¶¥É²¥¢μ° ÔËË¥±É ¨ ÔËË¥±É μÉ¤ Î¨
¢ · ³± Ì ÔËË¥±É¨¢´μ° Š�„.

Š· É±μ ¨§²μ¦¨³ ¤¥É ²¨ ´ Ï¥£μ ¶μ¤Ìμ¤ . �Ê¸ÉÓ J(x) = Φ+(x)Φ(x) Å Éμ± ¸± ²Ö·´ÒÌ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í. …¸²¨ ¶·¥´¥¡·¥ÎÓ  ´´¨£¨²ÖÍ¨μ´´Ò³ ± ´ ²μ³, Éμ · ¸¸³ É·¨¢ ¥³Ò¥
±μ··¥²ÖÉμ·Ò Ê¤μ¡´μ ¶·¥¤¸É ¢¨ÉÓ ± ± Ê¸·¥¤´¥´¨¥ ¶μ ± ²¨¡·μ¢μÎ´μ³Ê ¶μ²Õ Aα(x) ¶·μ¨§-
¢¥¤¥´¨Ö ËÊ´±Í¨° ƒ·¨´  Gm(x, y|A) ¸± ²Ö·´ÒÌ Î ¸É¨Í ¢μ ¢´¥Ï´¥³ ± ²¨¡·μ¢μÎ´μ³ ¶μ²¥:

Π(x − y) = 〈J(x)J(y)〉 = 〈Φ+(x)Φ(x)Φ+(y)Φ(y)〉 = 〈Gm1(x, y|A)Gm2 (y, x|A)〉A. (1.2)

”Ê´±Í¨Ö ƒ·¨´  Gm(x, y|A) ¤²Ö ¸± ²Ö·´μ° Î ¸É¨ÍÒ ¢μ ¢´¥Ï´¥³ ± ²¨¡·μ¢μÎ´μ³ ¶μ²¥
μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨¥³[(

i
∂

∂xα
+

g

c�
Aα(x)

)2

+
c2m2

�2

]
Gm(x, y|A) = δ(x − y). (1.3)

�¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (1.3) ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ ËÊ´±Í¨μ´ ²Ó´μ£μ ¨´É¥£· ²  (¤¥É ²¨ ¸³.
¢ [18])

Gm(x, y|A) =

∞∫
0

ds

(4sπ)2
exp

{
−sm2 − (x − y)2

4s

}
×

×
∫

dσβ exp

⎧⎨
⎩ig

1∫
0

dξ
∂Zα(ξ)

∂ξ
Aα(ξ)

⎫⎬
⎭ . (1.4)

‡¤¥¸Ó ¢¢¥¤¥´Ò μ¡μ§´ Î¥´¨Ö

Zα(ξ) = (x − y)αξ + yα − 2
√

sBα(ξ),

dσβ = NδBβ exp

⎧⎨
⎩−1

2

1∫
0

dξ Ḃ2(ξ)

⎫⎬
⎭ (1.5)

¸ ´μ·³¨·μ¢±μ°

Bβ(0) = Bβ(1) = 0 ¨

∫
dσβ = 1,

£¤¥ N Å ±μ´¸É ´É  ´μ·³¨·μ¢±¨. „¥É ²¨ ¢ÒÎ¨¸²¥´¨Ö ¶μ¤·μ¡´μ ¨§²μ¦¥´Ò ¢ [19]. Œ ¸¸ 
¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ± ± ¶·¥¤¥²:

M = − lim
|x−y|→∞

ln Π(x − y)
|x − y| . (1.6)

’ ±¨³ μ¡· §μ³, ¤²Ö μ¶·¥¤¥²¥´¨Ö ³ ¸¸Ò M ´ ³ ´Ê¦´μ ¢ÒÎ¨¸²¨ÉÓ ±μ··¥²ÖÍ¨μ´´ÊÕ ËÊ´±-
Í¨Õ Π(x) ¢  ¸¨³¶ÉμÉ¨Î¥¸±μ° μ¡² ¸É¨ |x| → ∞.

�μ¤¸É ¢²ÖÖ (1.4) ¢ (1.2) ¨ ¶·μ¢μ¤Ö Ê¸·¥¤´¥´¨¥ ¶μ ¢´¥Ï´¥³Ê ± ²¨¡·μ¢μÎ´μ³Ê ¶μ²Õ,
¶μ²ÊÎ ¥³

Π(x) =
∫ ∞∫

0

dμ1 dμ2

(8π2x)2
J(μ1, μ2) exp

{
−|x|

2

(
m2

1

μ1
+ μ1

)
− |x|

2

(
m2

2

μ2
+ μ2

)}
. (1.7)
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‡¤¥¸Ó

J(μ1, μ2) = N1N2

∫ ∫
δr1 δr2 exp

⎧⎨
⎩−1

2

x∫
0

dτ
[
μ1ṙ

2
1(τ) + μ2ṙ

2
2(τ)

]⎫⎬⎭ e−W ,

(1.8)
W = W1,1 + W2,2 − 2W1,2,

£¤¥ ¢¢¥¤¥´Ò ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö:

Wi,j =
g2

2
(−1)i+j

x∫
0

x∫
0

dτ1 dτ2 Ż(i)
α (τ1)Dαβ

(
Z(i)(τ1) − Z(j)(τ2)

)
Ż

(j)
β (τ2). (1.9)

�·¥¤¸É ¢²¥´¨¥ (1.8) ¨³¥¥É ¸³Ò¸² ±¢ ´Éμ¢μ° ËÊ´±Í¨¨ ƒ·¨´  ¢ Ëμ·³¥ ËÊ´±Í¨μ´ ²Ó´μ£μ
¨´É¥£· ²  ”¥°´³ ´ , ±μ£¤  ¤¢¥ Î ¸É¨ÍÒ ¸ ³ ¸¸ ³¨ μ1 ¨ μ2 ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¶μ¸·¥¤¸É¢μ³
´¥²μ± ²Ó´μ£μ ¶μÉ¥´Í¨ ²  W . �μÔÉμ³Ê ³Ò ¡Ê¤¥³ ´ §Ò¢ ÉÓ ³ ¸¸Ò m1 ¨ m2 Éμ±μ¢Ò³¨,  
¶ · ³¥É·Ò μ1 ¨ μ2 Å ±μ´¸É¨ÉÊ¥´É´Ò³¨ ³ ¸¸ ³¨. �É³¥É¨³, ÎÉμ ¢ (1.8) ËÊ´±Í¨μ´ ²Ó´μ¥

¨´É¥£·¨·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö ¶μ Î¥ÉÒ·¥Ì³¥·´Ò³ ¢¥±Éμ· ³ r1 = (r1, r
(4)
1 ) ¨ r2 = (r2, r

(4)
2 ).

�·¨ ÔÉμ³ ¢¥²¨Î¨´  Wi,j μ¶·¥¤¥²Ö¥É¸Ö ¢±² ¤μ³ ¢¸¥¢μ§³μ¦´ÒÌ É¨¶μ¢ ¤¨ £· ³³ ”¥°´-
³ ´ . ‘ÊÐ¥¸É¢ÊÕÉ ¤¢  É¨¶  ¢§ ¨³μ¤¥°¸É¢¨°: ¶¥·¢μ¥ Å ¢§ ¨³μ¤¥°¸É¢¨¥ ¸μ¸É ¢²ÖÕÐ¨Ì
Î ¸É¨Í ¶μ¸·¥¤¸É¢μ³ ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö, ¢±² ¤ ±μÉμ·μ£μ μ¶·¥¤¥²Ö¥É¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ
W1,2; ¢Éμ·μ¥ Å ¢§ ¨³μ¤¥°¸É¢¨¥ ¸μ¸É ¢²ÖÕÐ¨Ì Î ¸É¨Í ¸ ³¨Ì ¸ ¸μ¡μ°, É. ¥. ¤¨ £· ³³  ¸μ¡-
¸É¢¥´´μ° Ô´¥·£¨¨, ¢±² ¤ ±μÉμ·μ° μ¶·¥¤¥²Ö¥É¸Ö W1,1, W2,2. ‚ ´¥·¥²ÖÉ¨¢¨¸É¸±μ³ ¶·¥¤¥²¥
¢¥²¨Î¨´  W1,2 ¸μμÉ¢¥É¸É¢Ê¥É ¶μÉ¥´Í¨ ²Ó´μ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ,   W1,1, W2,2 ¸μμÉ¢¥É-
¸É¢ÊÕÉ ´¥¶μÉ¥´Í¨ ²Ó´Ò³ ¢§ ¨³μ¤¥°¸É¢¨Ö³, ±μÉμ·Ò¥ μ¶·¥¤¥²ÖÕÉ ¢±² ¤ ¢ ¶¥·¥´μ·³¨·μ¢±Ê
³ ¸¸ Î ¸É¨Í.

‚  ¸¨³¶ÉμÉ¨±¥ |x| → ∞ ¨´É¥£· ² (1.8) ¢¥¤¥É ¸¥¡Ö ± ±

lim
|x|→∞

J(μ1, μ2) =⇒ exp{−xE(μ1, μ2)}, (1.10)

£¤¥ ËÊ´±Í¨Ö E(μ1, μ2) § ¢¨¸¨É μÉ ±μ´¸É ´ÉÒ ¸¢Ö§¨ g ¨ μÉ ¶ · ³¥É·μ¢ μ1, μ2, ´μ ´¥
§ ¢¨¸¨É μÉ ³ ¸¸ m1, m2. �·¨ |x| → ∞ ¨´É¥£· ² (1.7) ¢ÒÎ¨¸²Ö¥É¸Ö ³¥Éμ¤μ³ ¶¥·¥¢ ² .
Œ ¸¸  ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ÉμÎ±μ° ¶¥·¥¢ ² :

M =
1
2

min
μ1,μ2

{
m2

1

μ1
+ μ1 +

m2
2

μ2
+ μ2 + 2E(μ1, μ2)

}
. (1.11)

’ ±¨³ μ¡· §μ³, ¶·μ¡²¥³  ¸¢¥² ¸Ó ± ¢ÒÎ¨¸²¥´¨Õ ËÊ´±Í¨μ´ ²Ó´μ£μ ¨´É¥£· ²  (1.8).
‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ÉμÎ´Ò¥ ³ É¥³ É¨Î¥¸±¨¥ ³¥Éμ¤Ò ¢ÒÎ¨¸²¥´¨Ö ÔÉμ£μ ¨´É¥£· ²  μÉ¸ÊÉ-
¸É¢ÊÕÉ. �μÔÉμ³Ê ´ ¤μ ¶·¨¢²¥± ÉÓ · §²¨Î´Ò¥ Ë¨§¨Î¥¸±¨¥ ¶·¥¤¶μ²μ¦¥´¨Ö ¨²¨ ¶·¨¡²¨-

¦¥´¨Ö, ÎÉμ¡Ò ± ±-Éμ ¢Ò¶μ²´¨ÉÓ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ Î¥É¢¥·ÉÒ³ ±μ³¶μ´¥´É ³ r
(4)
1 , r

(4)
2 .

‚Ò¶μ²´¥´¨¥ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ Î¥É¢¥·ÉÒ³ ±μ³¶μ´¥´É ³ ÔËË¥±É¨¢´μ ¸μμÉ¢¥É¸É¢Ê¥É ¶¥-
·¥Ìμ¤Ê ± ´¥·¥²ÖÉ¨¢¨¸É¸±μ³Ê ¶·¥¤¥²Ê. „·Ê£¨³¨ ¸²μ¢ ³¨, μ¶·¥¤¥²Ö¥É¸Ö ¶μÉ¥´Í¨ ² ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¸ ¶μ¶· ¢± ³¨, ÊÎ¨ÉÒ¢ ÕÐ¨³¨ ´¥¶¥·ÉÊ·¡ É¨¢´μ¸ÉÓ, ·¥²ÖÉ¨¢¨§³ ¨ ´¥²μ± ²Ó´Ò°
Ì · ±É¥· ¢§ ¨³μ¤¥°¸É¢¨°. ‚ Î ¸É´μ¸É¨, ¥¸²¨ ¢ ËÊ´±Í¨μ´ ²¥ Wi,j ¢ (1.9) ¶·¥´¥¡·¥ÎÓ § -

¢¨¸¨³μ¸ÉÓÕ μÉ r
(4)
1 ¨ r

(4)
2 , Éμ ¸¨¸É¥³  (1.8) ¸¢μ¤¨É¸Ö ± Ë¥°´³ ´μ¢¸±μ³Ê ¨´É¥£· ²Ê ¶μ
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É· ¥±Éμ·¨Ö³ ¤²Ö ¤¢¨¦¥´¨Ö ¸± ²Ö·´ÒÌ Î ¸É¨Í ¸ ³ ¸¸ ³¨ μ1, μ2 ¢ �ŠŒ [8] ¸ ²μ± ²Ó-
´Ò³ ¶μÉ¥´Í¨ ²μ³. ‚ ÔÉμ³ ¶·¨¡²¨¦¥´¨¨, ¸μ£² ¸´μ (1.8), £ ³¨²ÓÉμ´¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö
¸± ²Ö·´ÒÌ Î ¸É¨Í ¸ ³ ¸¸ ³¨ μ1 ¨ μ2 § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

H =
1

2μ1
P2

1 +
1

2μ2
P2

2 + V (r1 − r2), (1.12)

£¤¥ V (r1 − r2) Å ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö, ±μÉμ·Ò° ¢Ò· ¦ ¥É¸Ö Î¥·¥§ Wi,j , Éμ£¤ 
E(μ1, μ2) Ö¢²Ö¥É¸Ö ¸μ¡¸É¢¥´´Ò³ §´ Î¥´¨¥³ £ ³¨²ÓÉμ´¨ ´  ¢§ ¨³μ¤¥°¸É¢¨Ö (1.12), É. ¥.

HΨ(r1, r2) = E(μ1, μ2)Ψ(r1, r2). (1.13)

’μ£¤  ¨§ Ê¸²μ¢¨Ö ³¨´¨³Ê³  (1.11) ¶μ²ÊÎ ¥³ Ê· ¢´¥´¨¥ ¤²Ö μj :

μj −
m2

j

μj
+ 2μj

dE(μ1, μ2)
dμj

= 0, j = 1, 2. (1.14)

� · ³¥É·Ò μ1, μ2 ¨³¥ÕÉ · §³¥·´μ¸ÉÓ ³ ¸¸Ò. �·¨ ¤ ²Ó´¥°Ï¨Ì ¢ÒÎ¨¸²¥´¨ÖÌ ¢¢μ¤¨³
´μ¢Ò° ¶ · ³¥É·

1
μ

=
1
μ1

+
1
μ2

. (1.15)

’μ£¤  ¢Ò· ¦¥´¨¥ (1.11) ¶·¨´¨³ ¥É ¢¨¤

M = μ1 + μ2 + μ
dE

dμ
+ E(μ), E(μ1, μ2) = E(μ), (1.16)

£¤¥

μ1 =

√
m2

1 − 2μ2
dE

dμ
, μ2 =

√
m2

2 − 2μ2
dE

dμ
. (1.17)

‚ ´ Ï¥³ ¶μ¤Ìμ¤¥ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¨ ¢μ²´μ¢ Ö ËÊ´±Í¨Ö ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö
μ¶·¥¤¥²ÖÕÉ¸Ö ¨§ “˜ ¸ ±μ´¸É¨ÉÊ¥´É´μ° ³ ¸¸μ° μ. �μ¶· ¢± , ¸¢Ö§ ´´ Ö ¸ ·¥²ÖÉ¨¢¨¸É¸±μ°
¶·¨·μ¤μ° ¢§ ¨³μ¤¥°¸É¢¨Ö, ÊÎ¨ÉÒ¢ ¥É¸Ö ´¥ Éμ²Ó±μ ¶μ¶· ¢± ³¨ ± ¶μÉ¥´Í¨ ²Ê ¢§ ¨³μ¤¥°-
¸É¢¨Ö, ´μ ¨ Î¥·¥§ ¶ · ³¥É·Ò μ1 ¨ μ2 (±μ´¸É¨ÉÊ¥´É´Ò¥ ³ ¸¸Ò), ±μÉμ·Ò¥ ¶·¥¤¸É ¢²¥´Ò
¢ (1.11) ¨ (1.17). �μÔÉμ³Ê, ¨¸¶μ²Ó§ÊÖ ¸É ´¤ ·É´Ò¥ ¶μÉ¥´Í¨ ²Ò ¤²Ö μ¶¨¸ ´¨Ö ¸¢μ°¸É¢
 Éμ³´ÒÌ ¨  ¤·μ´´ÒÌ ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨°, ±μÉμ·Ò¥ μ¶·¥¤¥²¥´Ò · §²¨Î´Ò³¨  ¢Éμ· ³¨,
¨§ “˜ ¸ ±μ´¸É¨ÉÊ¥´É´μ° ³ ¸¸μ° ³Ò ¸³μ¦¥³ μ¶·¥¤¥²¨ÉÓ ¸¶¥±É· ¸ ·¥²ÖÉ¨¢¨¸É¸±μ° ¶μ-

¶· ¢±μ°. ‚ ËÊ´±Í¨μ´ ²¥ W1,2 ¨§ (1.9) ´¥μ¡Ìμ¤¨³μ ¨¸±²ÕÎ¨ÉÓ § ¢¨¸¨³μ¸ÉÓ μÉ r
(4)
1 , r

(4)
2 ,

Éμ£¤  ¶μ²ÊÎ ¥³ ´¥·¥²ÖÉ¨¢¨¸É¸±¨° ¶μÉ¥´Í¨ ² ¶²Õ¸ ´¥¶¥·ÉÊ·¡ É¨¢´ÊÕ ¨ ·¥²ÖÉ¨¢¨¸É¸±ÊÕ
¶μ¶· ¢±¨. …¸²¨ ±μ´¸É ´É  ¸¢Ö§¨ ³ ² , Éμ ¢ ´¨§Ï¥³ ¶·¨¡²¨¦¥´¨¨ ¶μ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°

³μ¦´μ ¢Ò¶μ²´¨ÉÓ ¨´É¥£·¨·μ¢ ´¨¥ ¶μ Î¥É¢¥·ÉÒ³ ±μ³¶μ´¥´É ³ r
(4)
1 , r

(4)
2 ¢ (1.8) (¤¥É ²¨

¸³. ¢ [19]).

2. ‚›—ˆ‘‹…�ˆ… ��…�ƒ…’ˆ—…‘Š�ƒ� ‘�…Š’�� ��‡ˆ’���ˆŸ

ˆ§ “˜ ¡Ê¤¥³ μ¶·¥¤¥²ÖÉÓ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¶μ§¨É·μ´¨Ö. ƒ ³¨²ÓÉμ´¨ ´ ¢§ ¨³μ-
¤¥°¸É¢¨Ö § ¶¨¸Ò¢ ¥³ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

H =
1
2μ

p2 − αem

r
+ Vbr + Vann + Vlop. (2.1)
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‡¤¥¸Ó Vbr Å ¶μÉ¥´Í¨ ² 	·¥°É  [3], ±μÉμ·Ò° ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

Vbr(r) =
πα

μ2
e

δ(r) − α

2μ2
e

[
p2 +

r(rp)p
r2

]
+

+
3α

2μ2
er

2
(S�) +

8πα

3μ2
e

(S1S2) δ(r) +
α

μ2
e

1
r3

[
3(S1r)(S2r)

r2
− (S1S2)

]
, (2.2)

  Vann Å ¶μÉ¥´Í¨ ² ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ  ´´¨£¨²ÖÍ¨μ´´μ£μ ± ´ ²  Å ¤ ¥É ¢±² ¤ Éμ²Ó±μ ¢
É·¨¶²¥É´μ¥ ¸μ¸ÉμÖ´¨¥ ¨ · ¢¥´:

Vann(r) =
πe2

2μ2
e

δ(r) [3 + 4(S1S2)] =
3πα

2μ2
e

δ(r) +
2πα

μ2
e

(S1S2)δ(r). (2.3)

� ±μ´¥Í, Vlop Å ¶μÉ¥´Í¨ ², μ¶·¥¤¥²ÖÕÐ¨° ¢±² ¤ ¶¥É²¥¢μ° ¶μ¶· ¢±¨, ¶·¥¤¸É ¢²Ö¥É¸Ö ¢
¢¨¤¥ [3]

Vlop(r) = −g1

∞∫
1

dξ1 W1(ξ)
e−2meξr

r
, (2.4)

£¤¥ ¨¸¶μ²Ó§μ¢ ´Ò μ¡μ§´ Î¥´¨Ö

g1 =
2α2

em

3π
, W1(ξ) =

(
1 +

1
2ξ2

) √
ξ2 − 1
ξ2

. (2.5)

�μÉ¥´Í¨ ²Ò, ¶·¥¤¸É ¢²¥´´Ò¥ ¢ (2.2) ¨ (2.4), μ¶·¥¤¥²ÖÕÉ ·¥²ÖÉ¨¢¨¸É¸±ÊÕ ¶μ¶· ¢±Ê ±
Ô´¥·£¥É¨Î¥¸±μ³Ê Ê· ¢´¥´¨Õ μ·Éμ- ¨ ¶ · ¶μ§¨É·μ´¨Ö. ‘μ£² ¸´μ (1.20) ¶μ¶· ¢±  ± ±¨-
´¥É¨Î¥¸±μ° Î ¸É¨ £ ³¨²ÓÉμ´¨ ´  ÊÎ¨ÉÒ¢ ¥É¸Ö Î¥·¥§ ±μ´¸É¨ÉÊ¥´É´ÊÕ ³ ¸¸Ê Ô²¥±É·μ´  ¨
¶μ§¨É·μ´ . ’¥¶¥·Ó ¨§ Ê· ¢´¥´¨Ö

HΨ = EΨ (2.6)

μ¶·¥¤¥²¨³ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¨ ¢μ²´μ¢ÊÕ ËÊ´±Í¨Õ ¢ · ³± Ì ³¥Éμ¤  μ¸Í¨²²ÖÉμ·-
´μ£μ ¶·¥¤¸É ¢²¥´¨Ö (��) [20]. �·¥¦¤¥ ¢¸¥£μ ¡Ê¤¥³ ÊÎ¨ÉÒ¢ ÉÓ ¢±² ¤ ¶μÉ¥´Í¨ ²  	·¥°É .
‘μ£² ¸´μ �� ¶·μ¢μ¤¨³ § ³¥´Ê ¶¥·¥³¥´´ÒÌ

r = q2, Ψ ⇒ q2�Φ(q2). (2.7)

“Î¨ÉÒ¢ Ö (2.1) ¨ (2.2), ¶μ¸²¥ ´¥±μÉμ·ÒÌ Ê¶·μÐ¥´¨° ¨§ (2.7) ¶μ²ÊÎ ¥³ ³μ¤¨Ë¨Í¨·μ¢ ´-
´μ¥ “˜:{

−1
2

(
∂2

∂q2
+

d − 1
q

∂

∂q

)
− 4αemμ − 4μEq2 +

4αem

3μ

(S1S2)
π

×

× lim∧
→∞

∧∫
0

dk k2
∞∑

j=0

(−1)j

(2j + 1)!
k2jq2(1+2j) +

3αem

2μq4
(LS) +

αem

4μq4
S12

}
Φ(q2) = 0, (2.8)

£¤¥ d Å · §³¥·´μ¸ÉÓ ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶·μ¸É· ´¸É¢ :

d = 4 + 4
, (2.9)
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¨

S12 = 12
[
(S1r)(S2r)

r2
− 1

3
(S1S2)

]
=

4
(2
 + 3)(2
 − 1)

[
Ŝ2L̂2 − 3

2
(L̂)(Ŝ) − 3(L̂Ŝ)2

]
.

‘μ£² ¸´μ �� [20] ± ´μ´¨Î¥¸±¨¥ ¶¥·¥³¥´´Ò¥ ¶·¥¤¸É ¢²ÖÕÉ Î¥·¥§ μ¶¥· Éμ·Ò ·μ¦¤¥´¨Ö ¨
Ê´¨ÎÉμ¦¥´¨Ö,   £ ³¨²ÓÉμ´¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö Å ¢ ´μ·³ ²Ó´μ° Ëμ·³¥:

H = H0 + ε0(E) + HI , (2.10)

£¤¥ H0 Å £ ³¨²ÓÉμ´¨ ´ ¸¢μ¡μ¤´μ£μ μ¸Í¨²²ÖÉμ· 

H0 = ω(a+a), (2.11)

ε0(E) Å Ô´¥·£¨Ö μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ ´Ê²¥¢μ³ ¶·¨¡²¨¦¥´¨¨ ��,   HI Å £ ³¨²ÓÉμ-
´¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ´μ·³ ²Ó´μ° Ëμ·³¥. ŒÒ ¡Ê¤¥³ ¨¸¸²¥¤μ¢ ÉÓ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É·
μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö. �·¨¢¥¤¥³ ¢Ò· ¦¥´¨Ö ε0(E) ¤²Ö ¸¨´£²¥É´μ£μ ¨ É·¨¶²¥É´μ£μ ¸μ¸Éμ-
Ö´¨° ¶μ μÉ¤¥²Ó´μ¸É¨.

„²Ö ¸¨´£²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö

εs
0(E) =

dω

4
− 4μαem − 2μdE

ω
− 2αemω2

2μ
δl,0, (2.12)

¤²Ö É·¨¶²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö

εt
0(E) =

dω

4
− 4μαem − 2μdE

ω
+

αemω2

6μ
δl,0 +

3αemω2Γ(d/2 − 2)
2μΓ(d/2)

(LS)+

+
αem

4μ

ω2Γ(d/2 − 2)
Γ(d/2)

S12. (2.13)

‡¤¥¸Ó ω Å Î ¸ÉμÉ  μ¸Í¨²²ÖÉμ· , μ¶·¥¤¥²¥´´ Ö ¢ �� [20], ¨ ¶μ¸²¥ ¸É ´¤ ·É´ÒÌ Ê¶·μÐ¥-
´¨° ¨³¥¥³ ωs = σsμ,   ¤²Ö Î ¸ÉμÉÒ ¸¨´£²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö σs ¨ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É· 
Es ¶μ²ÊÎ ¥³

σs =
8

15αem

(
1 −

√
1 − 15

2
α2

em

)
, (2.14)

Es

μ
=

σ2
s

8
− αemσs

2
− 5αemσ3

s

64
. (2.15)

— ¸ÉμÉ  É·¨¶²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö ωt = σtμ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

σt =
8

9αem

(√
1 +

9
2
α2

em − 1

)
. (2.16)

�´¥·£¨Ö É·¨¶²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö

Et

μt
=

σ2
t

8
− αemσt

2
+

3αemσ3
t

64
. (2.17)
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Šμ´¸É¨ÉÊ¥´É´ÊÕ ³ ¸¸Ê ¸¨´£²¥É´μ£μ μs ¨ É·¨¶²¥É´μ£μ μt ¸μ¸ÉμÖ´¨° μ¸Í¨²²ÖÉμ·  μ¶·¥¤¥-
²Ö¥³ ¨§ (1.20). ’¥¶¥·Ó ¶·¨¸ÉÊ¶¨³ ± ¢ÒÎ¨¸²¥´¨Õ ¢±² ¤   ´´¨£¨²ÖÍ¨μ´´μ£μ ¶μÉ¥´Í¨ ² .

�´´¨£¨²ÖÍ¨μ´´Ò° ± ´ ² ¤ ¥É ¢±² ¤ Éμ²Ó±μ ¢ É·¨¶²¥É´μ¥ ¸μ¸ÉμÖ´¨¥, ¨ ¶μ¸²¥ ´¥±μÉμ-
·ÒÌ ¢ÒÎ¨¸²¥´¨° ¤²Ö Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ “˜ ¶μ²ÊÎ ¥³

εt
0(E) =

dω

4
− 4μαem − 2dμE

ω
+

αemω2

8μ
×

×
[

3(
 + 1)
2(2
 + 1)

+
7
3


 + 1
2
 + 1

+ 2 − 5(
 + 1)
2
 + 1

+
6

2
 + 1
− 4

(2
 + 1)(2
 + 3)

]
. (2.18)

ˆ§ �� [20] ¸²¥¤Ê¥É
∂εt

0

∂ω
= 0. (2.19)

„²Ö Î ¸ÉμÉÒ μ¸Í¨²²ÖÉμ·  ωt = μσt ¨³¥¥³

σt =
8

13αem

(√
1 +

13
2

α2
em − 1

)
. (2.20)

’μ£¤  ¤²Ö Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  μ·Éμ¶μ§¨É·μ´¨Ö ¶μ²ÊÎ ¥³

Et

μt
=

σ2
t

8
− αemσt

2
+

13αemσ3
t

192
. (2.21)

’¥¶¥·Ó ¶·¨¸ÉÊ¶ ¥³ ± ¢ÒÎ¨¸²¥´¨Õ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¸ ÊÎ¥Éμ³ ¢±² ¤  μ¤´μ° ¶¥-
É²¥¢μ° ¶μ²Ö·¨§ Í¨μ´´μ° ¤¨ £· ³³Ò, ÊÎ¨ÉÒ¢ Ö (2.4). �μ¸²¥ ¸É ´¤ ·É´ÒÌ Ê¶·μÐ¥´¨° ¤²Ö
Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  μ·Éμ¶μ§¨É·μ´¨Ö ¨³¥¥³

Es

μs
=

σ2
s

8
− αemσs

2
− 5αemσ3

s

64
− g1σ

3
s

2

∞∫
1

dt
W1(t)

(σs + 4t)2
, (2.22)

£¤¥ σs Å ¶ · ³¥É·, ±μÉμ·Ò° ¸¢Ö§ ´ ¸ Î ¸ÉμÉμ° μ¸Í¨²²ÖÉμ·  ¨ μ¶·¥¤¥²Ö¥É¸Ö ¨§ ¸²¥¤ÊÕÐ¥£μ
Ê· ¢´¥´¨Ö:

σs − 2αem − 15
16

αemσ2
s − 2g1σ

2
s

∞∫
1

dt
W1(t)

(σs + 4x)2

[
1 +

8x

σs + 4x

]
= 0. (2.23)

ˆ§ ÔÉμ£μ Ê· ¢´¥´¨Ö ¡Ê¤¥³ μ¶·¥¤¥²ÖÉÓ σs Î¨¸²¥´´μ. ˆ§ (2.23) μ¶·¥¤¥²¨³ Ô´¥·£¥É¨Î¥¸±¨°
¸¶¥±É· μ·Éμ¶μ§¨É·μ´¨Ö. ˆ¸¶μ²Ó§ÊÖ ÔÉ¨ §´ Î¥´¨Ö, ¨§ (1.20) μ¶·¥¤¥²¨³ ±μ´¸É¨ÉÊ¥´É´Ò¥
³ ¸¸Ò Ô²¥±É·μ´μ¢ μ·Éμ¶μ§¨É·μ´¨Ö:

μs
e =

me√
1 +

1
2
E

(0)
s

, (2.24)

£¤¥ E0
s = Es/μs ¨ ¶·¥¤¸É ¢²¥´μ ¢ (2.23).
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’¥¶¥·Ó μ¶·¥¤¥²¨³ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¶ · ¶μ§¨É·μ´¨Ö ¤²Ö μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö:

Et

μt
=

σ2
t

8
− αemσt

2
+

13αemσ3
t

192
+

g1σ
3
t

2

∞∫
1

dt
W1(t)

(σt + 4t)2
. (2.25)

“· ¢´¥´¨¥ ¤²Ö σt ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

σt − 2αem +
13
16

αemσ2
t − 2g1σ

2
t

∞∫
1

dt
W1(t)

(σt + 4t)2

[
1 +

8t

σt + 4t

]
= 0, (2.26)

  ±μ´¸É¨ÉÊ¥´É´ Ö ³ ¸¸  § ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

μt
e =

me√
1 +

1
2
E0

t

, (2.27)

£¤¥ E0
t = Et/μt.

ˆ¸¶μ²Ó§ÊÖ ÔÉ¨ §´ Î¥´¨Ö ±μ´¸É ´É:

αem =
1

137,03599976
, me = 0,510998910 ŒÔ‚, meα

2
em = 18,658 ŒƒÍ,

¢ÒÎ¨¸²¨³ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö ¨ ¤²Ö · ¸Ð¥¶²¥´¨Ö ÔÉ¨Ì Ê·μ¢-
´¥° ¶μ²ÊÎ¨³

�νour = 203393,761 ŒƒÍ. (2.28)

„²Ö · §´μ¸É¨ ±μ´¸É¨ÉÊ¥´É´μ° ³ ¸¸Ò ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö ¨§ (2.24) ¨ (2.27) ¨³¥¥³

�μ = μs
e − μt

e = 51098,6953 ŒƒÍ. (2.29)

„²Ö ¡¥§· §³¥·´ÒÌ ¶ · ³¥É·μ¢ σs ¨ σt, ±μÉμ·Ò¥ ¸¢Ö§ ´Ò ¸ Î ¸ÉμÉμ° μ¸Í¨²²ÖÉμ· , ¶μ²ÊÎ¨³

σs = 0,0145961629, σt = 0,014593456. (2.30)

�É¨ ¶ · ³¥É·Ò μ¶·¥¤¥²ÖÕÉ¸Ö ¨§ ‚” ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö ¸μμÉ¢¥É¸É¢¥´´μ.
� Ï Î¨¸²¥´´Ò° ·¥§Ê²ÓÉ É (2.28) Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-

´Ò³¨ (1.1).

3. ���…„…‹…�ˆ… ˜ˆ�ˆ� ��‘��„�

‚ ÔÉμ³ · §¤¥²¥ ¢ÒÎ¨¸²ÖÕÉ¸Ö Ï¨·¨´Ò ¤¢ÊÌËμÉμ´´μ°  ´´¨£¨²ÖÍ¨¨ ¢ ¸²ÊÎ ¥ ¶ · -
¶μ§¨É·μ´¨Ö ¨ É·¥ÌËμÉμ´´μ°  ´´¨£¨²ÖÍ¨¨ ¢ ¸²ÊÎ ¥ μ·Éμ¶μ§¨É·μ´¨Ö. ˜¨·¨´  (¸±μ·μ¸ÉÓ)
· ¸¶ ¤  ¶ · ¶μ§¨É·μ´¨Ö ´  ¤¢  ËμÉμ´  ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ [3]

Γp−ps→2γ =
πα2

em

μ2
s

|Ψs(0)|2 , (3.1)
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  Ï¨·¨´  · ¸¶ ¤  μ·Éμ¶μ§¨É·μ´¨Ö ´  É·¨ ËμÉμ´  [3]

Γo−ps→3γ =
(π2 − 9)αem

9μ2
t

|Ψt(0)|2 . (3.2)

‡¤¥¸Ó μs ¨ μt Å ¶·¨¢¥¤¥´´Ò¥ ³ ¸¸Ò ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö,   Ψs, Ψt Å ‚”-ËÊ´±Í¨¨
ÔÉ¨Ì ¸μ¸ÉμÖ´¨° ¢ ´ Î ²¥ ±μμ·¤¨´ É. ˆ§ (3.1) ¨ (3.2) ¢¨¤´μ, ÎÉμ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸±μ·μ¸É¨
· ¸¶ ¤  ´¥μ¡Ìμ¤¨³μ μ¶·¥¤¥²¨ÉÓ §´ Î¥´¨¥ ‚” ¢ ´ Î ²¥ ±μμ·¤¨´ É.

’¥¶¥·Ó ¶·¨¢¥¤¥³ ´¥±μÉμ·Ò¥ ¤¥É ²¨ ¢ÒÎ¨¸²¥´¨Ö §´ Î¥´¨Ö ‚” ¢ ´ Î ²¥ ±μμ·¤¨´ É.
„²Ö ÔÉμ£μ μ¶·¥¤¥²¨³ ±μ´¸É ´ÉÊ ´μ·³¨·μ¢±¨ ‚”:

1 = C2
n�

∫
drΨ∗

n�(r)Ψn�(r) = 4πC2
n�

∞∫
0

dr r2Ψ∗
n�(r)Ψn�(r), (3.3)

£¤¥ 
 Å μ·¡¨É ²Ó´μ¥, n Å · ¤¨ ²Ó´μ¥ ±¢ ´Éμ¢μ¥ Î¨¸²μ,   Ψn�(r) Å · ¤¨ ²Ó´ Ö ‚”. „²Ö
¢ÒÎ¨¸²¥´¨Ö ¨´É¥£· ²  (3.3) ¶·¨³¥´¨³ ³¥Éμ¤ �� ¨ ¶·μ¢¥¤¥³ § ³¥´Ê ¶¥·¥³¥´´ÒÌ:

r = q2, Ψn� → q2�Φn(q2). (3.4)

“Î¨ÉÒ¢ Ö (3.4), ¶μ¸²¥ ´¥±μÉμ·ÒÌ Ê¶·μÐ¥´¨° ¨§ (3.3) ¶μ²ÊÎ ¥³

1 = 4πC2
n�2ρ

∞∫
0

dq qd−1Φ∗
n�q

2Φn� = 8πρC2
n�〈n|q2|n〉. (3.5)

�·¨ ¤ ²Ó´¥°Ï¨Ì · ¸Î¥É Ì ¨¸¶μ²Ó§Ê¥³ ¶·¥¤¸É ¢²¥´¨¥

q2(2ρ−1) =
1

ω2ρ−1

∞∫
0

dxx−2ρ

Γ(1 − 2ρ)

∫ (
dη√
π

)d

e−η2(1+x) : e2i
√

xω(qη), (3.6)

  É ±¦¥ Ö¢´Ò° ¢¨¤ · ¤¨ ²Ó´μ° ‚”. �μ¸²¥ ´¥±μÉμ·ÒÌ ¢ÒÎ¨¸²¥´¨° ¨§ (3.5) ¤²Ö C2
n�

¶μ²ÊÎ ¥³

C2
n� =

1
4π

ω
d
2 +2ρ−1

ρΓ(d/2 + 2ρ − 1)
1
Sn

, (3.7)

£¤¥

Sn =
Γ(d/2)

Γ(d/2 − 2ρ − 1)
Γ(1 + n)

Γ(d/2 + n)
1

Γ(1 − 2ρ)

n∑
k=0

1
Γ2(n − k + 1)

k∑
k=0

(−1)s

s!(k − s)!
×

× Γ(2n − 2k + s − 2ρ + 1)Γ(d/2 + k − s + 2ρ − 1). (3.8)

‚ Î ¸É´μ¸É¨,

S0 = 1, S1 = 1 − 2ρ(1 − 2ρ)
1 + ρ + 2ρ


. (3.9)

ˆ¸¶μ²Ó§ÊÖ (3.7), ¤²Ö ‚” ¢ ´ Î ²¥ ±μμ·¤¨´ É ¶μ²ÊÎ ¥³ ¢Ò· ¦¥´¨¥

|Ψn(0)|2 =
1
4π

(ωρ)(3+2�)

ρ Γ(3ρ + 2ρ
)
1
Sn

. (3.10)
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„²Ö μ¶·¥¤¥²¥´¨Ö Ï¨·¨´ · ¸¶ ¤  ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö ¡Ê¤¥³ μ¶·¥¤¥²ÖÉÓ ‚” ¤²Ö μ¸´μ¢-
´μ£μ ¸μ¸ÉμÖ´¨Ö ¨ ¤²Ö ±Ê²μ´μ¢¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, É. ¥. ρ = 1. ’μ£¤ , ÊÎ¨ÉÒ¢ Ö ¶ · ³¥-
É·¨§ Í¨Õ, ¤²Ö Î ¸ÉμÉÒ μ¸Í¨²²ÖÉμ·  ¨§ (3.10) ¶μ²ÊÎ¨³

|Ψ(0)|2 =
μ3

jσ
3
j

8π
, j = s, t. (3.11)

…¸²¨ ¡Ê¤¥³ μ£· ´¨Î¨¢ ÉÓ¸Ö ´¨§Ï¨³ ¶μ·Ö¤±μ³ ¶μ αem, Éμ ¨§ (2.13) ¨ (2.16) ¶μ²ÊÎ¨³
¶ · ³¥É·, ±μÉμ·Ò° μ¶·¥¤¥²Ö¥É Î ¸ÉμÉÒ μ¸Í¨²²ÖÉμ· :

σs ≡ σt = 2αem. (3.12)

’μ£¤ , ÊÎ¨ÉÒ¢ Ö (3.12), ¨§ (3.1) ¨ (3.2) ¶μ²ÊÎ ¥³ ¤²Ö μ·Éμ¶μ§¨É·μ´¨Ö

Γ(0)
o→ps→2γ =

me

2
α5

em (3.13)

¨ ¤²Ö ¶ · ¶μ§¨É·μ´¨Ö

Γ(0)
p→ps→3γ =

2me(π2 − 9)α6
em

9π
. (3.14)

�ÉμÉ  ´ ²¨É¨Î¥¸±¨° ·¥§Ê²ÓÉ É ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ [17]. …¸²¨
¶·¨ μ¶·¥¤¥²¥´¨¨ ¶ · ³¥É·μ¢ σs ¨ σt,   É ±¦¥ ±μ´¸É¨ÉÊ¥´É´μ° ³ ¸¸Ò ¸μ¸É ¢²ÖÕÐ¨Ì
Î ¸É¨Í ³Ò ÊÎÉ¥³ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶μ¶· ¢±¨, Éμ ³μ¦¥³ μ¶·¥¤¥²¨ÉÓ Ï¨·¨´Ò · ¸¶ ¤  ¶μ§¨-
É·μ´¨Ö ¸ ÔÉ¨³¨ ¶μ¶· ¢± ³¨.

‚ Î ¸É´μ¸É¨, ÊÎ¨ÉÒ¢ Ö (3.10) ¨ (2.22), ¨§ (3.1) ¶μ²ÊÎ ¥³ ¤²Ö Ï¨·¨´Ò ¤¢ÊÌËμÉμ´´μ£μ
· ¸¶ ¤  ¶ · ¶μ§¨É·μ´¨Ö

Γour
p→ps→2γ = 7987,69 ³±¸−1. (3.15)

�´ ²μ£¨Î´μ ¤²Ö Ï¨·¨´Ò É·¥ÌËμÉμ´´μ£μ · ¸¶ ¤  μ·Éμ¶μ§¨É·μ´¨Ö ¨³¥¥³

Γour
o→ps→3γ = 7,037 ³±¸−1. (3.16)

�±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö Ï¨·¨´ · ¸¶ ¤  ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö, ¨§³¥·¥´´Ò¥
¢ [12,14], · ¢´Ò:

Γexp
p→ps→2γ = 7990,9(1,7) ³±¸−1 (3.17)

¨
Γexp

o→ps→3γ = 7,0482(16) ³±¸−1. (3.18)

ˆ§ ¸· ¢´¥´¨Ö (3.15), (3.16) ¨ (3.18) ¢¨¤´μ, ÎÉμ ´ Ï ·¥§Ê²ÓÉ É ¤²Ö Ï¨·¨´ · ¸¶ ¤  ¶μ§¨-
É·μ´¨Ö Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ ¸μ£² ¸Ê¥É¸Ö ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

‡�Š‹�—…�ˆ…

“Î¨ÉÒ¢ Ö ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶μ¶· ¢±¨ ± ± ¢ ¶μÉ¥´Í¨ ²¥ ¢§ ¨³μ¤¥°¸É¢¨Ö, É ± ¨ ¢ ±¨´¥É¨-
Î¥¸±μ° Î ¸É¨ £ ³¨²ÓÉμ´¨ ´ , Î¥·¥§ ±μ´¸É¨ÉÊ¥´É´Ò¥ ³ ¸¸Ò Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´¨Ö  ´ -
²¨É¨Î¥¸±¨ μ¶·¥¤¥²Ö¥³ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö. ’ ±¦¥ ¢ÒÎ¨¸²¥´Ò
Ï¨·¨´Ò ¤¢ÊÌ- ¨ É·¥ÌËμÉμ´´μ£μ · ¸¶ ¤  ¶ · - ¨ μ·Éμ¶μ§¨É·μ´¨Ö. �μ²ÊÎ¥´´Ò¥ Î¨¸²¥´-
´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ ¸μ£² ¸ÊÕÉ¸Ö ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨.
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�¥²ÖÉ¨¢¨¸É¸±¨¥ ¶μ¶· ¢±¨ ± ‚” ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ ´ Ï¥³ ¶μ¤Ìμ¤¥ ÊÎ¨ÉÒ¢ ÕÉ¸Ö
Î¥·¥§ ¶ · ³¥É·Ò σs ¨ σt ¤²Ö ¸¨´£²¥É´μ£μ ¨ É·¨¶²¥É´μ£μ ¸μ¸ÉμÖ´¨° ¶μ§¨É·μ´¨Ö ¸μμÉ-
¢¥É¸É¢¥´´μ. �É¨ ¶ · ³¥É·Ò · §²¨Î ÕÉ¸Ö ³¥¦¤Ê ¸μ¡μ°, É. ¥. ÔÉμ ¶·¨¢μ¤¨É ± μÉ²¨Î¨Õ ‚”
¸¨´£²¥É´μ£μ ¨ É·¨¶²¥É´μ£μ ¸μ¸ÉμÖ´¨°. Šμ´¸É¨ÉÊ¥´É´Ò¥ ³ ¸¸Ò ¸¨´£²¥É´μ£μ ¨ É·¨¶²¥É´μ£μ
¸μ¸ÉμÖ´¨° É ±¦¥ · §²¨Î ÕÉ¸Ö. �Éμ · §²¨Î¨¥ μ¡¥¸¶¥Î¨¢ ¥É Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ³¥¦¤Ê · ¸-
Ð¥¶²¥´¨Ö³¨ Ô´¥·£¥É¨Î¥¸±¨Ì Ê·μ¢´¥° ¸¨´£²¥É´μ£μ ¨ É·¨¶²¥É´μ£μ ¸μ¸ÉμÖ´¨° ¶μ§¨É·μ´¨Ö.

�´ ²¨É¨Î¥¸±¨ μ¶·¥¤¥²¥´  § ¢¨¸¨³μ¸ÉÓ ‚” ¢ ´ Î ²¥ ±μμ·¤¨´ É μÉ ¶ · ³¥É·μ¢ σs ¨
σt,   É ±¦¥ μÉ ±μ´¸É¨ÉÊ¥´É´μ° ³ ¸¸Ò ¸μ¸É ¢²ÖÕÐ¨Ì Î ¸É¨Í ¤²Ö μ¸´μ¢´μ£μ ¨ · ¤¨ ²Ó-
´μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨°. �Éμ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¢¥·μÖÉ´μ¸É¨ ¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê
· §²¨Î´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ ¶μ§¨É·μ´¨Ö.
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