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”¨§¨Î¥¸±¨° Ë ±Ê²ÓÉ¥É Œμ¸±μ¢¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É  ¨³. Œ.‚. ‹μ³μ´μ¸μ¢ ,
Œμ¸±¢ 

�·¥¤² £ ¥É¸Ö ³μ¤¥²Ó ¸μËÉ-±Ê¡¨É  Å ¸¨¸É¥³Ò, ±μÉμ· Ö ¢μ¸¶·μ¨§¢μ¤¨É ¨´Ëμ·³ Í¨μ´´Ò¥ ¸¢μ°-
¸É¢  ±¢ ´Éμ¢μ£μ μ¡Ñ¥±É , ´¥¸ÊÐ¥£μ ±Ê¡¨É ¨´Ëμ·³ Í¨¨. �¤´μ¢·¥³¥´´μ ¸ ÔÉ¨³ ¸μËÉ-±Ê¡¨É ¤μ¶Ê¸± ¥É
·¥ ²¨§ Í¨Õ ¢ ¢¨¤¥ ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò.

The model of a soft-qubit is offered. It is a system which reproduces information properties of
the quantum object bearing a qubit of information. Simultaneously the soft-qubit can be realised in the
form of a computer program.

PACS: 03.65.Ud
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‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¨´É¥´¸¨¢´μ · §¢¨¢ ¥É¸Ö ´μ¢μ¥ ´ ÊÎ´μ¥ ´ ¶· ¢²¥´¨¥, ²¥¦ Ð¥¥
´  ¸ÉÒ±¥ ±¢ ´Éμ¢μ° Ë¨§¨±¨ ¨ É¥μ·¨¨ ¨´Ëμ·³ Í¨¨, Å Ë¨§¨±  ±¢ ´Éμ¢μ° ¨´Ëμ·³ Í¨¨
(¸³., ´ ¶·¨³¥·, [1]).

‚ ±² ¸¸¨Î¥¸±μ° É¥μ·¨¨ ¨´Ëμ·³ Í¨¨ ¢ ± Î¥¸É¢¥ Ô²¥³¥´É ·´μ° ¥¤¨´¨ÍÒ ¶·¨´ÖÉ ¡¨É.
�Éμ ¨´Ëμ·³ Í¨Ö, ¨³¥ÕÐ Ö¸Ö ¢ ²Õ¡μ° ±² ¸¸¨Î¥¸±μ° ¸¨¸É¥³¥, ±μÉμ· Ö ³μ¦¥É ´ Ìμ¤¨ÉÓ¸Ö
¢ ¤¢ÊÌ ¢§ ¨³μ¨¸±²ÕÎ ÕÐ¨Ì ¸μ¸ÉμÖ´¨ÖÌ: ¤ Ä´¥É, 0Ä1, ¢±²ÕÎ¥´Ä¢Ò±²ÕÎ¥´ ¨ É. ¶.

�²¥³¥´É ·´ Ö ¥¤¨´¨Í  ¢ ±¢ ´Éμ¢μ° É¥μ·¨¨ ¨´Ëμ·³ Í¨¨ ´ §Ò¢ ¥É¸Ö ±Ê¡¨Éμ³. ‘Î¨-
É ¥É¸Ö, ÎÉμ ´μ¸¨É¥²¥³ ±Ê¡¨É  Ö¢²Ö¥É¸Ö ±¢ ´Éμ¢ Ö ¸¨¸É¥³ , ¨³¥ÕÐ Ö ´ ¡²Õ¤ ¥³ÊÕ, ±μÉμ-
· Ö ³μ¦¥É ¶·¨´¨³ ÉÓ ¤¢  §´ Î¥´¨Ö. 	 ¶·¨³¥·, Î ¸É¨Í  ¸μ ¸¶¨´μ³ 1/2 ³μ¦¥É ´ Ìμ¤¨ÉÓ¸Ö
¢ ¸μ¸ÉμÖ´¨ÖÌ, ¢ ±μÉμ·ÒÌ ¶·μ¥±Í¨Ö ¸¶¨´  ´  ¢Ò¤¥²¥´´ÊÕ μ¸Ó · ¢´  ²¨¡μ +1/2, ²¨¡μ −1/2.
”μÉμ´ ³μ¦¥É ¨³¥ÉÓ ¸¶¨· ²Ó´μ¸ÉÓ, · ¢´ÊÕ ²¨¡μ +1, ²¨¡μ −1 ¨ É. ¶.

�¤´μ¢·¥³¥´´μ ¸ ÔÉ¨³ ¸Î¨É ¥É¸Ö, ÎÉμ, ¢ μÉ²¨Î¨¥ μÉ ±² ¸¸¨Î¥¸±μ° ¸¨¸É¥³Ò, ±¢ ´Éμ¢ Ö
¸¨¸É¥³  ³μ¦¥É ´ Ìμ¤¨ÉÓ¸Ö ¢ ¸Ê¶¥·¶μ§¨Í¨¨ ÔÉ¨Ì ¸μ¸ÉμÖ´¨°. �μÔÉμ³Ê ±Ê¡¨É ¶μÉ¥´Í¨ ²Ó´μ
³μ¦¥É ¸μ¤¥·¦ ÉÓ £μ· §¤μ ¡μ²ÓÏ¨° μ¡Ñ¥³ ¨´Ëμ·³ Í¨¨, Î¥³ ¡¨É. ˆ³¥´´μ ¸ ÔÉ¨³ ¸¢μ°-
¸É¢μ³ ±¢ ´Éμ¢ÒÌ ¸¨¸É¥³ ¸¢Ö§Ò¢ ÕÉ μÎ¥´Ó ¡μ²ÓÏ¨¥ ´ ¤¥¦¤Ò ´  ¨Ì ¶· ±É¨Î¥¸±μ¥ ¨¸¶μ²Ó-
§μ¢ ´¨¥ ¢ μ¡² ¸É¨ Ì· ´¥´¨Ö, μ¡· ¡μÉ±¨ ¨ ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨.

‘ ÉμÎ±¨ §·¥´¨Ö É¥μ·¨¨ ¨´Ëμ·³ Í¨¨ Ë¨§¨Î¥¸± Ö ·¥ ²¨§ Í¨Ö ´μ¸¨É¥²Ö ¨´Ëμ·³ Í¨¨
¸μ¢¥·Ï¥´´μ ´¥¸ÊÐ¥¸É¢¥´´ . �μÔÉμ³Ê ¢ ¤ ²Ó´¥°Ï¥³ É¥·³¨´ ³¨ ¡¨É ¨ ±Ê¡¨É ³Ò ¡Ê¤¥³
´ §Ò¢ ÉÓ ´¥ Éμ²Ó±μ ¥¤¨´¨ÍÒ ¨´Ëμ·³ Í¨¨, ´μ ¨ ´μ¸¨É¥²¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¨´Ëμ·³ Í¨¨.

1E-mail: slavnov@goa.bog.msu.ru
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�μÉ¥´Í¨ ²Ó´μ ±Ê¡¨É, ¢·μ¤¥ ¡Ò, ¨³¥¥É ¡μ²ÓÏ¨¥ ¶·¥¨³ÊÐ¥¸É¢  ¶¥·¥¤ ¡¨Éμ³. �¤´ ±μ ´ 
¸μ¢·¥³¥´´μ³ Ê·μ¢´¥ · §¢¨É¨Ö É¥Ì´¨±¨ ¶· ±É¨Î¥¸±¨ ¸ ±Ê¡¨É ³¨ μÎ¥´Ó É·Ê¤´μ · ¡μÉ ÉÓ.
‚ Î ¸É´μ¸É¨, μÎ¥´Ó μ¸É·μ ¸Éμ¨É ¶·μ¡²¥³  ¤¥±μ£¥·¥´Í¨¨.

‚ ¶·¥¤² £ ¥³μ° · ¡μÉ¥ ¶·¥¤¶·¨´ÖÉ  ¶μ¶ÒÉ±  § ³¥´¨ÉÓ ±Ê¡¨É É ± ´ §Ò¢ ¥³Ò³ ³Ö£±¨³
±Ê¡¨Éμ³ (¸μËÉ-±Ê¡¨Éμ³), ¨²¨ ¡μ²¥¥ ±μ·μÉ±μ ¸±Ê¡¨Éμ³. ‘ μ¤´μ° ¸Éμ·μ´Ò, ¸±Ê¡¨É ¤μ²¦¥´
´¥¸É¨ ÉÊ ¦¥ ´ ¡²Õ¤ ¥³ÊÕ ¨´Ëμ·³ Í¨Õ, ÎÉμ ¨ ®¦¥²¥§´Ò°¯ ±Ê¡¨É,   ¸ ¤·Ê£μ° ¸Éμ·μ´Ò,
¸±Ê¡¨É ¤μ²¦¥´ ¤μ¶Ê¸± ÉÓ ·¥ ²¨§ Í¨Õ ¢ ¢¨¤¥ ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò. ‚ μÉ²¨Î¨¥ μÉ
¸μ¸ÉμÖ´¨Ö ®¦¥²¥§´μ£μ¯ ±Ê¡¨É  ±μ³¶ÓÕÉ¥·´ Ö ¶·μ£· ³³  ³μ¦¥É Ì· ´¨ÉÓ¸Ö ¶· ±É¨Î¥¸±¨
¡¥¸±μ´¥Î´μ ¤μ²£μ ¨ ¶¥·¥¤ ¢ ÉÓ¸Ö ¡¥§ ¨¸± ¦¥´¨Ö ´  ²Õ¡Ò¥ · ¸¸ÉμÖ´¨Ö.

’¥Ì´¨Î¥¸±¨ · ¡μÉ ÉÓ ¸μ ¸±Ê¡¨Éμ³ ´¥¸· ¢´¥´´μ ¶·μÐ¥, Î¥³ ¸ ±Ê¡¨Éμ³. �μÔÉμ³Ê ¸±Ê¡¨É
£μ· §¤μ ¡μ²¥¥ Ê¤μ¡´Ò° μ¡Ñ¥±É ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢. Šμ´¥Î´μ, ¨³¥¥É¸Ö μ¶ ¸-
´μ¸ÉÓ, ÎÉμ ¢ ¸±Ê¡¨É¥ ³Ò ¢μ¸¶·μ¨§¢¥²¨ ´¥ ¢¸¥ ´ ¡²Õ¤ ¥³Ò¥ ¸¢μ°¸É¢  ±Ê¡¨É . �μÔÉμ³Ê
μ±μ´Î É¥²Ó´μ¥ ¸²μ¢μ μ¸É ¥É¸Ö §  Ô±¸¶¥·¨³¥´É ³¨ ¸ ±Ê¡¨É ³¨. �¤´ ±μ Ô±¸¶¥·¨³¥´ÉÒ ¸μ
¸±Ê¡¨É ³¨ ³μ£ÊÉ ¡ÒÉÓ μÎ¥´Ó Ìμ·μÏ¨³¨ Ô¸±¨§ ³¨ ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¸ ±Ê¡¨É ³¨. Š·μ³¥
Éμ£μ, É ±¨¥ Ô±¸¶¥·¨³¥´ÉÒ ³μ£ÊÉ ¶μ¸É ¢¨ÉÓ ¶μ¤ ¸μ³´¥´¨¥ ³´μ£¨¥ ¸É¥·¥μÉ¨¶Ò, ±μÉμ·Ò¥
¢ ¡μ²ÓÏμ³ ±μ²¨Î¥¸É¢¥ ¸²μ¦¨²¨¸Ó ¢ ±¢ ´Éμ¢μ° Ë¨§¨±¥.

1. �„ˆ��—�›‰ ‘Š“�ˆ’

‚ Ë¨§¨±¥ ±¢ ´Éμ¢μ° ¨´Ëμ·³ Í¨¨ ¸Î¨É ¥É¸Ö, ÎÉμ ¸μ¸ÉμÖ´¨¥ (Î¨¸Éμ¥) ±Ê¡¨É  μ¶¨¸Ò¢ -
¥É¸Ö ¢¥±Éμ·μ³ μ¤´μÎ ¸É¨Î´μ£μ £¨²Ó¡¥·Éμ¢  ¶·μ¸É· ´¸É¢ . �¤´ ±μ ¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥-
·¨³¥´É  ÔÉμÉ ¢¥±Éμ· ¸¢Ö§ ´ μÎ¥´Ó μ¶μ¸·¥¤μ¢ ´´Ò³ μ¡· §μ³. ˆ³¥´´μ ¸Î¨É ¥É¸Ö, ÎÉμ ³ -
É¥³ É¨Î¥¸±μ¥ μ¦¨¤ ´¨¥ μ¶·¥¤¥²¥´´μ£μ ¸ ³μ¸μ¶·Ö¦¥´´μ£μ ²¨´¥°´μ£μ μ¶¥· Éμ·  ´  ÔÉμ³
¢¥±Éμ·¥ · ¢´Ö¥É¸Ö ¶μ²ÊÎ¥´´μ³Ê ¢ ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¸·¥¤´¥³Ê §´ Î¥´¨Õ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥° ´ ¡²Õ¤ ¥³μ°.

ˆ§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ÔÉμ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ § ±μ´ ³ ¸É ´-
¤ ·É´μ° ±² ¸¸¨Î¥¸±μ° É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¥°. �Éμ §´ Î¨É, ÎÉμ ¢ · ³± Ì ±μ²³μ£μ·μ¢¸±μ£μ
¶μ¤Ìμ¤  [2, 3] ± ¦¤Ò° ·¥§Ê²ÓÉ É ¥¤¨´¨Î´μ£μ Ô±¸¶¥·¨³¥´É  ¸μμÉ¢¥É¸É¢Ê¥É Ô²¥³¥´É ·´μ³Ê
¸μ¡ÒÉ¨Õ. �¤´ ±μ ¸Î¨É ¥É¸Ö, ÎÉμ ¢ ±¢ ´Éμ¢μ° Ë¨§¨±¥ ±μ²³μ£μ·μ¢¸± Ö É¥μ·¨Ö ¢¥·μÖÉ-
´μ¸É¥° ´¥¶·¨³¥´¨³ . „¥°¸É¢¨É¥²Ó´μ, ¸É ´¤ ·É´Ò° ³ É¥³ É¨Î¥¸±¨°  ¶¶ · É ±¢ ´Éμ¢μ°
³¥Ì ´¨±¨ ´¥ ¸μ¤¥·¦¨É ¨´£·¥¤¨¥´É , ±μÉμ·Ò° μ¡² ¤ ¥É ¸¢μ°¸É¢ ³¨ Ô²¥³¥´É ·´μ£μ ¸μ¡Ò-
É¨Ö. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, Ô²¥³¥´É ·´μ¥ ¸μ¡ÒÉ¨¥ Å ÔÉμ ¡ §μ¢μ¥ ¶μ´ÖÉ¨¥ ±μ²³μ£μ·μ¢¸±μ°
É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¥°.

‚ Í¨±²¥ · ¡μÉ [4Ä6]  ¢Éμ·  ´ ¸ÉμÖÐ¥° ¸É ÉÓ¨ · §¢¨É ´μ¢Ò° ¶μ¤Ìμ¤ ± ±¢ ´Éμ¢μ° ³¥-
Ì ´¨±¥, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö ¸¶¥Í¨ ²Ó´Ò³ ¢ ·¨ ´Éμ³  ²£¥¡· ¨Î¥¸±μ£μ ¶μ¤Ìμ¤  (¸³., ´ ¶·¨-
³¥·, [7, 8]). �¸´μ¢   ²£¥¡· ¨Î¥¸±μ£μ ¶μ¤Ìμ¤  Å ¶·¥¤¸É ¢²¥´¨¥ μ Éμ³, ÎÉμ ´ ¡²Õ¤ ¥³Ò³
¸μμÉ¢¥É¸É¢ÊÕÉ Ô²¥³¥´ÉÒ C∗- ²£¥¡·Ò [9]. ˆ³¥´´μ μ´¨ Ö¢²ÖÕÉ¸Ö ¡ §μ¢Ò³¨ ¶μ´ÖÉ¨Ö³¨
¶μ¤Ìμ¤ , ¢ Éμ ¢·¥³Ö ± ± £¨²Ó¡¥·Éμ¢μ ¶·μ¸É· ´¸É¢μ ¨ ²¨´¥°´Ò¥ μ¶¥· Éμ·Ò ¢ ÔÉμ³ ¶·μ-
¸É· ´¸É¢¥ Å ²¨ÏÓ ¢Éμ·¨Î´Ò¥ ¶μ´ÖÉ¨Ö.

‚ ¶·¥¤²μ¦¥´´μ³ ¢ ·¨ ´É¥  ²£¥¡· ¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ¢¢μ¤¨É¸Ö ´μ¢μ¥ ¶μ´ÖÉ¨¥ ®Ô²¥³¥´-
É ·´μ¥ ¸μ¸ÉμÖ´¨¥¯. ‘ μ¤´μ° ¸Éμ·μ´Ò, ÔÉμ ¸μ¸ÉμÖ´¨¥ ¸¢Ö§ ´μ ¸ ¡μ²¥¥ ¶μ²´Ò³ μ¶¨¸ ´¨¥³
±¢ ´Éμ¢μ° ¸¨¸É¥³Ò, Î¥³ ±¢ ´Éμ¢μ¥ ¸μ¸ÉμÖ´¨¥. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, μ´μ μ¡² ¤ ¥É ¸¢μ°¸É¢ ³¨
Ô²¥³¥´É ·´μ£μ ¸μ¡ÒÉ¨Ö ±μ²³μ£μ·μ¢¸±μ° É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¥°.

‘μμÉ¢¥É¸É¢¥´´μ, ³Ò ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ μ¤¨´μÎ´Ò° ¸±Ê¡¨É ¸²¥¤Ê¥É Ì · ±É¥·¨§μ¢ ÉÓ
´¥ ±¢ ´Éμ¢Ò³ ¸μ¸ÉμÖ´¨¥³,   ¡μ²¥¥ ¤¥É ²Ó´μ, Ô²¥³¥´É ·´Ò³ ¸μ¸ÉμÖ´¨¥³. �Éμ ¶μ§¢μ²¨É
· ¡μÉ ÉÓ ¸μ ¸±Ê¡¨É ³¨, ¨¸¶μ²Ó§ÊÖ ±μ²³μ£μ·μ¢¸±ÊÕ É¥μ·¨Õ ¢¥·μÖÉ´μ¸É¥°.
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’ ± ¦¥ ± ± μ¡ÒÎ´Ò° ±Ê¡¨É, ¸±Ê¡¨É ³μ¦¥É ¡ÒÉÓ ·¥ ²¨§μ¢ ´ · §²¨Î´Ò³¨ ¸¶μ¸μ¡ ³¨.
ŒÒ ¢μ¸¶μ²Ó§Ê¥³¸Ö ¸¶μ¸μ¡μ³, ¶·¥¤²μ¦¥´´Ò³ ¢ ¸É ÉÓ¥ [10]. ‚ ÔÉμ³ ¢ ·¨ ´É¥ ¸±Ê¡¨É
¨³¥¥É ¢¨¤ ³´μ£μ¸²μ°´μ° ¸¥·μ-· ¸±· Ï¥´´μ° ¸Ë¥·Ò ¥¤¨´¨Î´μ£μ · ¤¨Ê¸ . Š ¦¤Ò° ¸²μ°
· ¸±· Ï¥´ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �μ²μ¦¨É¥²Ó´Ò° ¶μ²Õ¸ Å Î¥·´Ò° (+1), μÉ·¨Í É¥²Ó´Ò°
¶μ²Õ¸ Å ¡¥²Ò° (−1). �·μ³¥¦ÊÉμÎ´Ò¥ μ¡² ¸É¨ ¨³¥ÕÉ ¸¥·ÊÕ μ±· ¸±Ê, ´ ¸ÒÐ¥´´μ¸ÉÓ
±μÉμ·μ° Î¥·´Ò³ Í¢¥Éμ³ ³¥´Ö¥É¸Ö ¶μ § ±μ´Ê

ρr(r) = (rR),

£¤¥ r Å ¥¤¨´¨Î´Ò° · ¤¨Ê¸-¢¥±Éμ·, ¶·μ¢¥¤¥´´Ò° ¢ É¥±ÊÐÊÕ ¸¥·ÊÕ ÉμÎ±Ê,   R Å ¥¤¨-
´¨Î´Ò° · ¤¨Ê¸-¢¥±Éμ·, ¶·μ¢¥¤¥´´Ò° ¢ ¶μ²μ¦¨É¥²Ó´Ò° ¶μ²Õ¸. � §´Ò¥ ¸²μ¨ ³μ£ÊÉ ¨³¥ÉÓ
· §´ÊÕ μ·¨¥´É Í¨Õ. Š·μ³¥ Éμ£μ, ¸ ± ¦¤Ò³ ¸²μ¥³, ¨³¥ÕÐ¨³ ´μ³¥· k, ¸¢Ö§ ´  ËÊ´±-
Í¨Ö ε(k)(r), ±μÉμ· Ö ¤²Ö ¢¸¥Ì r, ¢μ-¶¥·¢ÒÌ, Ê¤μ¢²¥É¢μ·Ö¥É Ê¸²μ¢¨Ö³

−1/2 < ε(k)(r) < +1/2, ε(k)(−r) = −ε(k)(r), (1)

¢μ-¢Éμ·ÒÌ, μ¤´μ³Ê ¨§ Ê¸²μ¢¨°

|R(k)r + ε(k)(r)| > 1/2 (2)

¨²¨
|R(k)r + ε(k)(r)| � 1/2. (3)

‘²μ°, ¤²Ö ±μÉμ·μ£μ ¢Ò¶μ²´Ö¥É¸Ö Ê¸²μ¢¨¥ (2), ´ §μ¢¥³  ±É¨¢´Ò³,   ¤²Ö ±μÉμ·μ£μ ¢Ò-
¶μ²´Ö¥É¸Ö Ê¸²μ¢¨¥ (3) Å ¶ ¸¸¨¢´Ò³. ”Ê´±Í¨Ö ε(k)(r) ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ [11], ´μ É ³ ´¥
¢¢μ¤¨²¨¸Ó ¸²μ¨ ¨ ¶μ´ÖÉ¨Ö  ±É¨¢´μ£μ ¨ ¶ ¸¸¨¢´μ£μ ¸²μÖ.

�·¨ ¢§£²Ö¤¥ ´  ËÊ´±Í¨Õ ρR(r) ¸· §Ê ¦¥ ¢μ§´¨± ¥É  ¸¸μÍ¨ Í¨Ö ¸ ËÊ´±Í¨¥° · ¸¶·¥¤¥-
²¥´¨Ö ¸·¥¤´¥£μ §´ Î¥´¨Ö ¶·μ¥±Í¨¨ ¸¶¨´  ´  ´ ¶· ¢²¥´¨¥ r ¤²Ö Î ¸É¨ÍÒ ¸μ ¸¶¨´μ³ 1/2,
´ Ìμ¤ÖÐ¥°¸Ö ¢ Ë¨±¸¨·μ¢ ´´μ³ ±¢ ´Éμ¢μ³ ¸μ¸ÉμÖ´¨¨. �Éμ ¢¶μ²´¥ ¥¸É¥¸É¢¥´´μ. …¸²¨ ³Ò
ÌμÉ¨³, ÎÉμ¡Ò ¸±Ê¡¨É ³μ¤¥²¨·μ¢ ² ¸¢μ°¸É¢  ±Ê¡¨É , Éμ ÔÉ¨ ¸¢μ°¸É¢  ± ±¨³-Éμ μ¡· §μ³
¸²¥¤Ê¥É § ²μ¦¨ÉÓ ¢ μ¶·¥¤¥²¥´¨¥ ¸±Ê¡¨É . Š· °´¥ ¦¥² É¥²Ó´μ, ÎÉμ¡Ò ÔÉμ μ¶·¥¤¥²¥´¨¥
(¢ Î ¸É´μ¸É¨, ËÊ´±Í¨Ö ρR(r)) ¡Ò²μ ¥¤¨´Ò³ ¤²Ö ¢¸¥Ì ¶·μÍ¥¸¸μ¢, ±μÉμ·Ò¥ ³Ò ¸μ¡¨· -
¥³¸Ö μ¶¨¸Ò¢ ÉÓ ¸ ¶μ³μÐÓÕ ¸±Ê¡¨Éμ¢. ‚ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ³Ò ¡Ê¤¥³ ¨³¥ÉÓ ¤¥²μ ´¥ ¸
³μ¤¥²¨·μ¢ ´¨¥³ ±Ê¡¨É ,   ¸ ³μ¤¥²¨·μ¢ ´¨¥³ μÉ¤¥²Ó´μ£μ ±¢ ´Éμ¢μ£μ ¶·μÍ¥¸¸ , ÎÉμ ´ ³
¶·¥¤¸É ¢²Ö¥É¸Ö £μ· §¤μ ³¥´¥¥ ¨´É¥·¥¸´μ° § ¤ Î¥°.

„ ²¥¥ ¤²Ö ¸±Ê¡¨É  ¨¸¶μ²Ó§Ê¥É¸Ö É¥·³¨´μ²μ£¨Ö, ±μÉμ· Ö ¶·¨³¥´Ö¥É¸Ö ¤²Ö ±Ê¡¨É , ·¥-
 ²¨§Ê¥³μ£μ ¢ ¢¨¤¥ ±¢ ´Éμ¢μ° Î ¸É¨ÍÒ ¸μ ¸¶¨´μ³ 1/2. �²¥³¥´É ·´μ¥ ¸μ¸ÉμÖ´¨¥ ¸±Ê¡¨É 
Ë¨±¸¨·Ê¥É¸Ö μ¤´μ§´ Î´μ, ¥¸²¨ § ¤ ´Ò R(k) ¨ ε(k)(r) ¤²Ö ¢¸¥Ì k ¨ r. „²Ö ÔÉμ£μ É·¥-
¡Ê¥É¸Ö ¡¥¸±μ´¥Î´Ò° μ¡Ñ¥³ ¨´Ëμ·³ Í¨¨. �μÔÉμ³Ê ³μ¦¥É ¶μ± § ÉÓ¸Ö, ÎÉμ ¸ ³μ ¶μ´ÖÉ¨¥
Ô²¥³¥´É ·´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ ¤μ¸É ÉμÎ´μ° ³¥·¥ ¡¥¸¶μ²¥§´μ. ‚ ¤¥°¸É¢¨É¥²Ó´μ¸É¨ ÔÉμ ´¥ É ±
¨§-§  ¸¶¥Í¨Ë¨Î¥¸±μ£μ Ì · ±É¥·  ±¢ ´Éμ¢ÒÌ ¨§³¥·¥´¨°. Š ± ³Ò Ê¢¨¤¨³ ¤ ²¥¥, ¢ ¡μ²ÓÏ¨´-
¸É¢¥ ¸²ÊÎ ¥¢ ¤²Ö ¶μ²ÊÎ¥´¨Ö Î¨¸²¥´´μ£μ §´ Î¥´¨Ö ¨¸¸²¥¤Ê¥³μ° ´ ¡²Õ¤ ¥³μ° ¤μ¸É ÉμÎ´μ
§´ ÉÓ Ì · ±É¥·¨¸É¨±¨ ´¥¡μ²ÓÏμ£μ Î¨¸²  ¢´¥Ï´¨Ì ¸²μ¥¢. Š·μ³¥ Éμ£μ, É ± ± ± ¢ ± ¦¤μ³
μÉ¤¥²Ó´μ³ ¨§³¥·¥´¨¨ ³μ¦´μ ¨§³¥·¨ÉÓ ¶·μ¥±Í¨Õ ¸¶¨´  S(r) Éμ²Ó±μ ´  μ¤´μ ´ ¶· ¢²¥-
´¨¥ r, Éμ ¤²Ö Ë¨±¸¨·μ¢ ´¨Ö ·¥§Ê²ÓÉ É  ¨§³¥·¥´¨Ö ¤μ¸É ÉμÎ´μ § Ë¨±¸¨·μ¢ ÉÓ §´ Î¥´¨Ö
ËÊ´±Í¨° ε(k)(r) Éμ²Ó±μ ¤²Ö ÔÉμ£μ ´ ¶· ¢²¥´¨Ö r.

‘É É¨¸É¨Î¥¸±¨° Ì · ±É¥· ¨§³¥·¥´¨° ²¥£±μ ´ £²Ö¤´μ ¶·¥¤¸É ¢¨ÉÓ, ¶·¥¤¶μ²μ¦¨¢ ´ ²¨-
Î¨¥ ´¥±μ¥£μ ®Ìμ§Ö¨´  Ô²¥³¥´É ·´μ£μ ¸μ¡ÒÉ¨Ö¯, ±μÉμ·Ò° μ²¨Í¥É¢μ·Ö¥É ¢¸¥ ´¥±μ´É·μ²¨-
·Ê¥³Ò¥ ¢μ§¤¥°¸É¢¨Ö ´  ¨¸¸²¥¤Ê¥³Ò° μ¡Ñ¥±É. �ÉμÉ Ìμ§Ö¨´ ¢Ò¡¨· ¥É ¨§ ¢¸¥Ì ¤μ¶Ê¸É¨³ÒÌ
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Ô²¥³¥´É ·´ÒÌ ¸μ¡ÒÉ¨° μ¤´μ ±μ´±·¥É´μ¥. ‚ ¸²ÊÎ ¥ ¸±Ê¡¨É  μ´ ¢Ò¡¨· ¥É R(k) ¨ ε(k)(r),
Ê¤¥·¦¨¢ Ö r Ë¨±¸¨·μ¢ ´´Ò³. ‚ ±μ³¶ÓÕÉ¥·´μ° ·¥ ²¨§ Í¨¨ ¸±Ê¡¨É  ¢ ± Î¥¸É¢¥ É ±μ£μ
Ìμ§Ö¨´  ¢Ò¸ÉÊ¶ ¥É £¥´¥· Éμ· ¸²ÊÎ °´ÒÌ Î¨¸¥².


Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ¶·¨¡μ·, ¨§³¥·ÖÕÐ¨° ¶·μ¥±Í¨Õ ¸¶¨´  S(r), ·¥ £¨·Ê¥É Éμ²Ó±μ ´ 
 ±É¨¢´Ò° ¸²μ°. …¸²¨ R(k′)r > 0, Éμ S(r) = +1/2, ¥¸²¨ R(k′)r < 0, Éμ S(r) = −1/2.
’ ±¨³ μ¡· §μ³, ·¥§Ê²ÓÉ É ±μ´±·¥É´μ£μ ¨§³¥·¥´¨Ö § ¢¨¸¨É μÉ μ¤´μ£μ ±μ´É·μ²¨·Ê¥³μ£μ
¶ · ³¥É·  r (±μ´É·μ²¨·Ê¥É¸Ö ¨§³¥·¨É¥²Ó´Ò³ ¶·¨¡μ·μ³) ¨ ¤¢ÊÌ ´¥±μ´É·μ²¨·Ê¥³ÒÌ ¶ · -
³¥É·μ¢: ´μ³¥·   ±É¨¢´μ£μ ¸²μÖ (k′) ¨ ¶μ²Õ¸   ±É¨¢´μ£μ ¸²μÖ R(k′). �É¨ ¤¢  ¶ · ³¥É· 
μ¶·¥¤¥²ÖÕÉ¸Ö ¶ · ³¥É· ³¨ R(k) ¨ ε(k)(r), ±μÉμ·Ò¥ ¢Ò¡¨· ÕÉ¸Ö Ìμ§Ö¨´μ³.

‚ ±μ²³μ£μ·μ¢¸±μ° É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¥° Ô²¥³¥´É ·´μ³Ê ¸μ¡ÒÉ¨Õ (¢ ´ Ï¥³ ¸²ÊÎ ¥
Ô²¥³¥´É ·´μ³Ê ¸μ¸ÉμÖ´¨Õ), ¢ μ¡Ð¥³ ¸²ÊÎ ¥, ´¥²Ó§Ö ¶·¨¶¨¸ ÉÓ ´¨± ±μ° ¢¥·μÖÉ´μ¸É´μ°
³¥·Ò. ’ ±¨¥ ³¥·Ò ³μ¦´μ ¶·¨¶¨¸ ÉÓ Éμ²Ó±μ ´¥±μÉμ·Ò³ ¶μ¤³´μ¦¥¸É¢ ³ ³´μ¦¥¸É¢  Ô²¥-
³¥´É ·´ÒÌ ¸μ¡ÒÉ¨°. �É¨ ¶μ¤³´μ¦¥¸É¢  ¤μ²¦´Ò μ¡· §μ¢Ò¢ ÉÓ É ± ´ §Ò¢ ¥³ÊÕ σ- ²£¥¡·Ê
(¸³., ´ ¶·¨³¥·, [2, 3]). �É²¨Î¨É¥²Ó´μ° μ¸μ¡¥´´μ¸ÉÓÕ ±¢ ´Éμ¢ÒÌ ¸¨¸É¥³ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ
¤²Ö ´¨Ì ´¥²Ó§Ö ¶μ¸É·μ¨ÉÓ μ¡ÐÊÕ σ- ²£¥¡·Ê, ±μÉμ· Ö ¶μ§¢μ²Ö²  ¡Ò μ¶¨¸Ò¢ ÉÓ ¢¥·μÖÉ´μ¸É¨
¸μ¡ÒÉ¨°, ¸μ¤¥·¦ Ð¨Ì μ¶·¥¤¥²¥´´Ò¥ §´ Î¥´¨Ö ´¥¸μ¢³¥¸É¨³ÒÌ ´ ¡²Õ¤ ¥³ÒÌ (¸³. [4, 6]).
„²Ö ± ¦¤μ° £·Ê¶¶Ò ¸μ¢³¥¸É¨³ÒÌ ´ ¡²Õ¤ ¥³ÒÌ ¸²¥¤Ê¥É ¸É·μ¨ÉÓ ¸¢μÕ σ- ²£¥¡·Ê. „²Ö ¸±Ê-
¡¨Éμ¢ ¢ ± Î¥¸É¢¥ μ¡· §ÊÕÐ¨Ì É ±¨Ì σ- ²£¥¡· ³μ¦´μ ¢§ÖÉÓ (¸³. [10]) ³´μ¦¥¸É¢  Ô²¥-
³¥´É ·´ÒÌ ¸μ¸ÉμÖ´¨°, ¤²Ö ±μÉμ·ÒÌ R(k) ²¥¦ É ¢´ÊÉ·¨ ³ ²ÒÌ É¥²¥¸´ÒÌ Ê£²μ¢ dR(k),
  ε(k)(r) ¢´ÊÉ·¨ ³ ²ÒÌ ¨´É¥·¢ ²μ¢ dε. „²Ö ± ¦¤μ£μ §´ Î¥´¨Ö r ¸²¥¤Ê¥É ¶μ¸É·μ¨ÉÓ
¸¢μÕ σ- ²£¥¡·Ê ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¸¢μ¨ ¢¥·μÖÉ´μ¸É´Ò¥ ³¥·Ò. ‚ ³´μ£μÎ¨¸²¥´´ÒÌ ®¤μ-
± § É¥²Ó¸É¢ Ì¯ ÊÉ¢¥·¦¤¥´¨Ö, ÎÉμ ¢ · ³± Ì ±μ²³μ£μ·μ¢¸±μ° É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¥° ´¥-
²Ó§Ö ¢μ¸¶·μ¨§¢¥¸É¨ ±¢ ´Éμ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö, ·¥£Ê²Ö·´μ § ¡Ò¢ ÕÉ, ¢μ-¶¥·¢ÒÌ, μ ´¥-
μ¡Ìμ¤¨³μ¸É¨ § Ë¨±¸¨·μ¢ ÉÓ σ- ²£¥¡·Ê,   ¢μ-¢Éμ·ÒÌ, ÎÉμ ¥¥ ´¥²Ó§Ö § Ë¨±¸¨·μ¢ ÉÓ ¤²Ö
´¥¸μ¢³¥¸É¨³ÒÌ ´ ¡²Õ¤ ¥³ÒÌ. 	 ¶·¨³¥·, ¢ ¤μ± § É¥²Ó¸É¢ Ì · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ´¥-
· ¢¥´¸É¢ 
¥²²   ¢Éμ·Ê ´ ¸ÉμÖÐ¥° ¸É ÉÓ¨ ´¨ · §Ê ´¥ ¢¸É·¥É¨²μ¸Ó ¤ ¦¥ Ê¶μ³¨´ ´¨¥ μ
σ- ²£¥¡·¥, ÌμÉÖ σ- ²£¥¡·  Ö¢²Ö¥É¸Ö ¡ §μ¢Ò³ ¶μ´ÖÉ¨¥³ ±μ²³μ£μ·μ¢¸±μ° É¥μ·¨¨ ¢¥·μÖÉ-
´μ¸É¥°.

’¥¶¥·Ó μ¶¨Ï¥³ ¢μ§¤¥°¸É¢¨¥ ´  ¸±Ê¡¨É ¶·¨¡μ· , ±μÉμ·Ò° Ö¢²Ö¥É¸Ö  ´ ²μ£μ³ ¶·¨¡μ· ,
´ §Ò¢ ÕÐ¥£μ¸Ö ¢ μ¶É¨±¥ ¶μ²Ö·¨§ Í¨μ´´Ò³ ¸¢¥Éμ¤¥²¨É¥²¥³ PBS. ‚ μ¶É¨±¥ ÔÉμÉ ¶·¨¡μ·
· §¤¥²Ö¥É ´¥¶μ²Ö·¨§μ¢ ´´Ò° ²ÊÎ ¸¢¥É  ´  ¤¢  ²ÊÎ , ¶μ²Ö·¨§μ¢ ´´ÒÌ ¢ ¤¢ÊÌ μ·Éμ£μ´ ²Ó´ÒÌ
´ ¶· ¢²¥´¨ÖÌ. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ £¥μ³¥É·¨Ö ¶·¨¡μ·  ¢Ò¤¥²Ö¥É ´¥±μÉμ·μ¥
´ ¶· ¢²¥´¨¥ n (¥¤¨´¨Î´Ò° ¢¥±Éμ·) ¨ · §¤¥²Ö¥É  ´¸ ³¡²Ó ¸±Ê¡¨Éμ¢ ´  ¤¢  ¶μ¤ ´¸ ³¡²Ö
Ψ+

n ¨ Ψ−
n . „²Ö ± ¦¤μ£μ μÉ¤¥²Ó´μ£μ ¸±Ê¡¨É  ·¥§Ê²ÓÉ É ¨§³¥·¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¤¥°¸É¢¨Ö³¨

Ìμ§Ö¨´  Ô²¥³¥´É ·´μ£μ ¸μ¡ÒÉ¨Ö (£¥´¥· Éμ·  ¸²ÊÎ °´ÒÌ Î¨¸¥²). •μ§Ö¨´ £¥´¥·¨·Ê¥É §´ -
Î¥´¨Ö R(1) ¨ ε(1)(n) ¤²Ö ¶¥·¢μ£μ ¸²μÖ ¸±Ê¡¨É . …¸²¨ R(1)n + ε(1)(n) > 1/2, Éμ PBS
·¥£¨¸É·¨·Ê¥É §´ Î¥´¨¥ S(n) = +1/2 ¨ ´ ¶· ¢²Ö¥É ¸±Ê¡¨É ¢ ¶μ¤ ´¸ ³¡²Ó Ψ+

n . …¸²¨
R(1)n + ε(1)(n) < −1/2, Éμ PBS ·¥£¨¸É·¨·Ê¥É §´ Î¥´¨¥ S(n) = −1/2 ¨ ´ ¶· ¢²Ö¥É
¸±Ê¡¨É ¢ ¶μ¤ ´¸ ³¡²Ó Ψ−

n . …¸²¨ |R(1)n + ε(1)(n)| � 1/2, Éμ PBS ´¥ ·¥£¨¸É·¨·Ê¥É ´¨-
± ±μ£μ §´ Î¥´¨Ö,   ¤¥² ¥É ¢Éμ·ÊÕ ¶μ¶ÒÉ±Ê, ¶¥·¥Ìμ¤Ö ´  ¢Éμ·μ° ¸²μ° ¨ ¶μ¢Éμ·ÖÖ ¢¸Õ
¶·μÍ¥¤Ê·Ê. ‘ Ë¨§¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö Ìμ§Ö¨´ ¤μ²¦¥´ ¸´ Î ²  ¸£¥´¥·¨·μ¢ ÉÓ ¡μ²Ó-
Ïμ¥ ±μ²¨Î¥¸É¢μ ¸²μ¥¢,   Éμ²Ó±μ § É¥³ ¸²¥¤μ¢ ²μ ¡Ò ¶·μ¢¥·ÖÉÓ ÔÉ¨ ¸²μ¨ ´   ±É¨¢´μ¸ÉÓ.
�¤´ ±μ, ¸ ÉμÎ±¨ §·¥´¨Ö ±μ³¶ÓÕÉ¥· , É ± Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸μ¶·Ö¦¥´  ¸ ¡¥¸¶μ²¥§´μ°
É· Éμ° ·¥¸Ê·¸μ¢. �¡· É¨³ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ¶ · ³¥É·Ò ¢Éμ·μ£μ ¸²μÖ R(2) ¨ ε(2)(n)
´¥ § ¢¨¸ÖÉ μÉ §´ Î¥´¨° ¶ · ³¥É·μ¢ ¶¥·¢μ£μ ¸²μÖ. �·μÍ¥¸¸ ¶·μ¤μ²¦ ¥É¸Ö ¤μ É¥Ì ¶μ·,
¶μ±  ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ¸±Ê¡¨É  ´¥ ¡Ê¤¥É § ·¥£¨¸É·¨·μ¢ ´μ μ¶·¥¤¥²¥´´μ¥ §´ Î¥´¨¥ S(n).
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’¥μ·¥É¨Î¥¸±¨ ¤²Ö ÔÉμ£μ ³μ¦¥É ¶μ´ ¤μ¡¨ÉÓ¸Ö ¡¥¸±μ´¥Î´μ¥ Î¨¸²μ ¶μ¶ÒÉμ±. 	μ ¶· ±-
É¨Î¥¸±¨ ¢¥·μÖÉ´μ¸ÉÓ ¸μ¡ÒÉ¨Ö ¸ ¡μ²ÓÏ¨³ ±μ²¨Î¥¸É¢μ³ Ï £μ¢ μ± §Ò¢ ¥É¸Ö Î·¥§¢ÒÎ °´μ
³ ²μ°.

	  ¶¥·¢Ò° ¢§£²Ö¤ ± ¦¥É¸Ö, ÎÉμ ¶μ¤ ´¸ ³¡²¨ Ψ+
n ¨ Ψ−

n ¸μμÉ¢¥É¸É¢ÊÕÉ ±¢ ´Éμ¢Ò³ ¸μ-
¸ÉμÖ´¨Ö³ ¸ μ¶·¥¤¥²¥´´Ò³¨ §´ Î¥´¨Ö³¨ S(n) = +1/2 ¨ S(n) = −1/2 ¸μμÉ¢¥É¸É¢¥´´μ.
�¤´ ±μ ¤¥²μ μ¡¸Éμ¨É ¸²μ¦´¥¥. „¥²μ ¢ Éμ³, ÎÉμ, ¤¥°¸É¢¨É¥²Ó´μ, ¤²Ö ± ¦¤μ£μ ¨§ ¶μ¤ ´-
¸ ³¡²¥° § ·¥£¨¸É·¨·μ¢ ´μ μ¶·¥¤¥²¥´´μ¥ §´ Î¥´¨¥ S(n), ´μ ÔÉμ£μ ³ ²μ. „²Ö ±¢ ´Éμ¢μ£μ
¸μ¸ÉμÖ´¨Ö Ì · ±É¥·´μ ¢¶μ²´¥ μ¶·¥¤¥²¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ´μ¸É¥° ¤²Ö §´ Î¥´¨°
¶·μ¥±Í¨° ¸¶¨´  ´  ¤·Ê£¨¥ ´ ¶· ¢²¥´¨Ö r.

Š·μ³¥ Éμ£μ, ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ±Ê¡¨É  (¸±Ê¡¨É ) ¸ ¨§³¥·¨É¥²Ó´Ò³ ¶·¨-
¡μ·μ³ ¥£μ Ô²¥³¥´É ·´μ¥ ¸μ¸ÉμÖ´¨¥ ³μ¦¥É ¨§³¥´¨ÉÓ¸Ö. ‡¤¥¸Ó ¢μ§³μ¦´Ò É·¨ ¢ ·¨ ´É .
‚μ-¶¥·¢ÒÌ, Ô²¥³¥´É ·´μ¥ ¸μ¸ÉμÖ´¨¥ ³μ¦¥É ¨§³¥´¨ÉÓ¸Ö ´¥±μ´É·μ²¨·Ê¥³Ò³ μ¡· §μ³.
‚ ÔÉμ³ ¸²ÊÎ ¥ £μ¢μ·¨ÉÓ μ ± ±μ³-Éμ ±¢ ´Éμ¢μ³ ¸μ¸ÉμÖ´¨¨ ´¥ ¶·¨Ìμ¤¨É¸Ö. ‚μ-¢Éμ·ÒÌ,
Ô²¥³¥´É ·´μ¥ ¸μ¸ÉμÖ´¨¥ ³μ¦¥É ´¥ ¨§³¥´¨ÉÓ¸Ö. �Éμ ¶·μ¨¸Ìμ¤¨É ¢ É ± ´ §Ò¢ ¥³ÒÌ ±μ¸-
¢¥´´ÒÌ ¨§³¥·¥´¨ÖÌ, ¢ ±μÉμ·ÒÌ ¨§³¥·¥´¨¥ ¶·μ¨¸Ìμ¤¨É ¡¥§ Ë¨§¨Î¥¸±μ£μ ±μ´É ±É  ¨§³¥-
·Ö¥³μ° Î ¸É¨ÍÒ ¸ ¨§³¥·¨É¥²Ó´Ò³ ¶·¨¡μ·μ³. �Éμ ¢μ§³μ¦´μ, ¥¸²¨ § · ´¥¥ ¨§¢¥¸É´μ, ÎÉμ
Ô²¥³¥´É ·´Ò¥ ¸μ¸ÉμÖ´¨Ö ¤¢ÊÌ Ê¤ ²¥´´ÒÌ ¤·Ê£ μÉ ¤·Ê£  Î ¸É¨Í ¸±μ··¥²¨·μ¢ ´Ò. ’μ£¤ ,
¨§³¥·ÖÖ Ì · ±É¥·¨¸É¨±¨ μ¤´μ° ¨§ Î ¸É¨Í, ³Ò ¶μ²ÊÎ ¥³ ¸¢¥¤¥´¨Ö μ Ì · ±É¥·¨¸É¨± Ì ¤·Ê-
£μ°. ‚ ÔÉμ³ ¸²ÊÎ ¥ μÉ¢¥É ´  ¢μ¶·μ¸ μ ±¢ ´Éμ¢μ³ ¸μ¸ÉμÖ´¨¨ § ¢¨¸¨É μÉ Ì · ±É¥·¨¸É¨±
 ´¸ ³¡²Ö ¤μ ¨§³¥·¥´¨Ö.

	 ±μ´¥Í, ¢μ§³μ¦¥´ É·¥É¨° ¢ ·¨ ´É, ±μ£¤  ¨§³¥·¨É¥²Ó´Ò° ¶·¨¡μ· ¶·¨£μÉ ¢²¨¢ ¥É
±¢ ´Éμ¢μ¥ ¸μ¸ÉμÖ´¨¥. �Éμ ¶·μ¨¸Ìμ¤¨É ¢ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ¶·¨¡μ· ³¥´Ö¥É Ô²¥³¥´É ·´μ¥
¸μ¸ÉμÖ´¨¥ ¢¶μ²´¥ μ¶·¥¤¥²¥´´Ò³ μ¡· §μ³. ‚ ´ Ï¥³ ¸²ÊÎ ¥, ±μ£¤  ¶μ¸²¥ ¨§³¥·¥´¨Ö R(k)

(k = k′) ¸²ÊÎ °´Ò³ μ¡· §μ³ (· ¢´μ³¥·´μ) · ¸¶·¥¤¥²¥´Ò ¶μ ¢¥·Ì´¥° ¶μ²Ê¸Ë¥·¥ R+
n ¸ Í¥´-

É· ²Ó´Ò³ ¢¥±Éμ·μ³ n,   ¤²Ö ¶ ¸¸¨¢´ÒÌ ¸²μ¥¢ R(k) (k �= k′) · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´Ò
¶μ ¢¸¥° ¸Ë¥·¥ R. ”Ê´±Í¨¨ ε(k)(r) ¤²Ö ¢¸¥Ì k · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´Ò ¶μ ¨´É¥·¢ ²Ê
(−1/2, +1/2). „²Ö S(n) = −1/2 ¢¥±Éμ· R(k′) ¤μ²¦¥´ ¡ÒÉÓ · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´ ¶μ
¶μ²Ê¸Ë¥·¥ R−

n ¸ Í¥´É· ²Ó´Ò³ ¢¥±Éμ·μ³ −n.

� ¸¸³μÉ·¨³ ¸μ¡ÒÉ¨¥ (¶μ¤³´μ¦¥¸É¢μ Ô²¥³¥´É ·´ÒÌ ¸μ¸ÉμÖ´¨°), ¢ ±μÉμ·μ³ r ¨ dε Ë¨±-
¸¨·μ¢ ´Ò, R(k′) ∈ R+

n , R(k) ∈ R (k �= k′), ε(k)(r) ∈ dε ¨²¨ −ε(k)(r) ∈ dε.

	 Î´¥³ ¸ ¶¥·¢μ£μ ¸²μÖ, É. ¥. ¶μ²μ¦¨³ k = 1. ‚¥·μÖÉ´μ¸ÉÓ ·¥ ²¨§ Í¨¨ ´¥· ¢¥´-
¸É¢  (2) ¸ ¤μ¶μ²´¨É¥²Ó´Ò³ Ê¸²μ¢¨¥³ R(k)r > 0 (j = +1) ¨²¨ ¸ ¤μ¶μ²´¨É¥²Ó´Ò³ Ê¸²μ¢¨¥³
R(k)r < 0 (j = −1) μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³

P (1)
n (r, ε, j) dε = dε

N

2

∫
dRΘ(Rn)

[
Θ

[
j(Rr + ε) − 1

2

]
+ Θ

[
j(Rr − ε) − 1

2

]]
. (4)

‡¤¥¸Ó N Å ´μ·³¨·μ¢μÎ´Ò° ³´μ¦¨É¥²Ó; dR = dϕdϑ sin ϑ, Θ(x) Å ¶μ·μ£μ¢ Ö ËÊ´±Í¨Ö
•¥¢¨¸ °¤ . ˆ§ (4) ¸²¥¤Ê¥É

P (1)
n (r, ε) ≡

∑
j=±1

P (1)
n (r, ε, j) = Nπ. (5)
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‚¥·μÖÉ´μ¸ÉÓ ·¥ ²¨§ Í¨¨ ´¥· ¢¥´¸É¢  (3) μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³

P̃ (1)
n (r, ε) dε = dε

N

2

∫
dR

[
Θ

[
1
2

+ Rr + ε

]
Θ

[
1
2
− Rr − ε

]
+

+Θ
[
1
2

+ Rr− ε

]
Θ

[
1
2
− Rr + ε

]]
= 2Nπ dε. (6)

ˆ§ Ëμ·³Ê² (5) ¨ (6) ¶μ²ÊÎ ¥³ N = (3π)−1 ¨

P̃ (1)
n (r, ε) = 2/3. (7)

„²Ö ¢Éμ·μ£μ ¸²μÖ (k = 2) ³μ¦´μ ¶μ¢Éμ·¨ÉÓ É¥ ¦¥ · ¸¸Ê¦¤¥´¨Ö. 	 ¤μ Éμ²Ó±μ ÊÎ¥¸ÉÓ,
ÎÉμ ¡² £μ¤ ·Ö Ëμ·³Ê²¥ (7) ¸μ ¢Éμ·Ò³ ¸²μ¥³ ´ ³ ¶·¨¤¥É¸Ö ¨³¥ÉÓ ¤¥²μ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ 2/3.
�·μ¤μ²¦ Ö ÔÉμÉ ¶·μÍ¥¸¸, ³Ò ¶μ²ÊÎ¨³, ÎÉμ ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ r, dε ¨ j ¢¥·μÖÉ´μ¸ÉÓ
 ±É¨¢´μ³Ê ¸²μÕ ¨³¥ÉÓ ´μ³¥· k′ ¸ ¤μ¶μ²´¨É¥²Ó´Ò³ Ê¸²μ¢¨¥³ jR(k′)r > 0 · ¢´ 

P (k′)
n (r, ε, j) =

1
2π

(
2
3

)k′ ∫
dRΘ(jRn)

[
Θ

[
Rr + ε − 1

2

]
+ Θ

[
Rr − ε − 1

2

]]
, (8)

  ¢¥·μÖÉ´μ¸ÉÓ μ¡´ ·Ê¦¨ÉÓ Ê  ±É¨¢´μ£μ ¸²μÖ ´μ³¥·, ¡�μ²ÓÏ¨° k, · ¢´ 

P̃ (k)
n (r, ε) =

(
2
3

)k

. (9)

�É  ¢¥·μÖÉ´μ¸ÉÓ ¡Ò¸É·μ Ê¡Ò¢ ¥É ¸ ·μ¸Éμ³ k. �μÔÉμ³Ê ¤²Ö ¶μ²ÊÎ¥´¨Ö μ±μ´Î É¥²Ó´μ£μ
·¥§Ê²ÓÉ É  ¶· ±É¨Î¥¸±¨ ¶·¨¤¥É¸Ö ¸£¥´¥·¨·μ¢ ÉÓ Ì · ±É¥·¨¸É¨±¨ ²¨ÏÓ ´¥¡μ²ÓÏμ£μ Î¨¸² 
¸²μ¥¢.

ˆ§ · ¢¥´¸É¢  (8) ¶μ²ÊÎ ¥³

Pn(r, j) =
∞∑

k=1

1/2∫
−1/2

dεP (k)
n (r, ε, j) =

1
π

∫
dRΘ[jRn](Rr)Θ[Rr]. (10)

’ ± ± ± ∑
j

Pn(r, j) = 1,
∑

j

j Pn(r, j) = (rn), (11)

Éμ

Pn(r, j) =
1
2
(1 + j(rn)). (12)

�É  Ëμ·³Ê²  ¶· ¢¨²Ó´μ μ¶¨¸Ò¢ ¥É · ¸¶·¥¤¥²¥´¨¥ §´ Î¥´¨° ¶·μ¥±Í¨° ¸¶¨´  ´  ´ -
¶· ¢²¥´¨¥ r ¢ ±¢ ´Éμ¢μ³ ¸μ¸ÉμÖ´¨¨, ¢ ±μÉμ·μ³ S(n) = +1/2. ’μÉ ¦¥ μ±μ´Î É¥²Ó´Ò°
·¥§Ê²ÓÉ É ¶μ²ÊÎ ¥É¸Ö ¢ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ¢ ¶μ¤ ´¸ ³¡²Ó Ψ+

n ¢±²ÕÎ ÕÉ¸Ö ¸±Ê¡¨ÉÒ, Ê ±μ-
Éμ·ÒÌ ¤²Ö ¢¸¥Ì ¸²μ¥¢ R(k) ∈ R+

n . �Éμ μ§´ Î ¥É, ÎÉμ É ± Ö ¢Ò¡μ·±  Ö¢²Ö¥É¸Ö ¢¶μ²´¥
·¥¶·¥§¥´É É¨¢´μ° ¤²Ö ±¢ ´Éμ¢μ£μ ¸μ¸ÉμÖ´¨Ö ¸ S(n) = +1/2. �É³¥É¨³, ÎÉμ ±¢ ´Éμ¢μ¥
¸μ¸ÉμÖ´¨¥ ¢μ§´¨± ¥É ¶μ¸²¥ ³μ³¥´É  ¨§³¥·¥´¨Ö.

ˆ§ (12) ¶μ²ÊÎ ¥É¸Ö, ÎÉμ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¶·μ¥±Í¨¨ ¸¶¨´  ´  ´ ¶· ¢²¥´¨¥ r § ¤ ¥É¸Ö
Ëμ·³Ê²μ°

〈S(r)〉 =
1
2
(rn). (13)
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�·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò, ±μÉμ· Ö ¶μ§¢μ²Ö¥É ¶·¨°É¨ ± ·¥§Ê²Ó-
É ÉÊ (13), ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³.

1. ”¨±¸¨·ÊÕÉ¸Ö ¤¢  ¥¤¨´¨Î´ÒÌ ¢¥±Éμ·  n ¨ r.
2. ƒ¥´¥· Éμ· ¸²ÊÎ °´ÒÌ Î¨¸¥² £¥´¥·¨·Ê¥É ¥¤¨´¨Î´Ò° ¢¥±Éμ· R ∈ R+

n ¨ ε(r) ∈
(−1/2, +1/2).

3. ‚ÒÎ¨¸²Ö¥É¸Ö |Rr + ε(r)|.
4. …¸²¨ ¢Ò¶μ²´Ö¥É¸Ö ´¥· ¢¥´¸É¢μ (2), Éμ ¢ÒÎ¨¸²Ö¥É¸Ö Rr. …¸²¨ Rr > 0, Éμ Î¨¸²μ 1

¤μ¡ ¢²Ö¥É¸Ö ¢ ¶ ³ÖÉÓ M+, ¥¸²¨ Rr < 0, Éμ Î¨¸²μ 1 ¤μ¡ ¢²Ö¥É¸Ö ¢ ¶ ³ÖÉÓ M−. 	  ÔÉμ³
Ô±¸¶¥·¨³¥´É ¸ ¤ ´´Ò³ ¸±Ê¡¨Éμ³ ¸Î¨É ¥É¸Ö § ¢¥·Ï¥´´Ò³.

5. …¸²¨ ¢ ¶Ê´±É¥ 3 ¢Ò¶μ²´Ö¥É¸Ö ´¥· ¢¥´¸É¢μ (3), Éμ ¶·μ£· ³³  ¢μ§¢· Ð ¥É¸Ö ± ¶Ê´-
±ÉÊ 2 ¨ É. ¤.

6. �μ¸²¥ Éμ£μ ± ± Í¨±² μ¡μ·¢¥É¸Ö (¨²¨ ¡Ê¤¥É ¨¸±Ê¸¸É¢¥´´μ μ¡μ·¢ ´ μ£· ´¨Î¨É¥²¥³),
¶·μ£· ³³  ¶¥·¥Ìμ¤¨É ± ¨¸¸²¥¤μ¢ ´¨Õ ¸²¥¤ÊÕÐ¥£μ ¸±Ê¡¨É .

7. �μ¸²¥ μ¡· ¡μÉ±¨ ¤μ¸É ÉμÎ´μ£μ Î¨¸²  ¸±Ê¡¨Éμ¢ ¢ÒÎ¨¸²Ö¥É¸Ö ¸·¥¤´¥¥ §´ Î¥´¨¥ ¶·μ-
¥±Í¨¨ ¸¶¨´  ¶μ Ëμ·³Ê²¥

〈S(r)〉 =
1
2

M+ − M−
M+ + M−

.

‡¤¥¸Ó ¸¨³¢μ²Ò M± μ¡μ§´ Î ÕÉ Î¨¸² , ¸±μ¶¨¢Ï¨¥¸Ö ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¶ ³ÖÉ¨.
‚ ÔÉμ° ¸Ì¥³¥ ¢¥±Éμ· n ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ´¥ ± ± Ì · ±É¥·¨¸É¨±Ê μÉ¤¥²Ó´μ£μ ¸±Ê-

¡¨É ,   ± ± Ì · ±É¥·¨¸É¨±Ê ¶μ¤ ´¸ ³¡²Ö Ψ+
n ¢¸¥Ì ¸±Ê¡¨Éμ¢, ¤²Ö ±μÉμ·ÒÌ R ∈ R+

n , É ± ± ±
¤²Ö μÉ¤¥²Ó´μ£μ ¸±Ê¡¨É  ´¥²Ó§Ö ¢ÒÎ¨¸²¨ÉÓ ¸·¥¤´¥¥ §´ Î¥´¨¥ 〈S(r)〉. ’ ±¨³ μ¡· §μ³, ¢ ± -
Î¥¸É¢¥ ¶·¥¤¸É ¢¨É¥²Ö ±¢ ´Éμ¢μ£μ ¸μ¸ÉμÖ´¨Ö §¤¥¸Ó · ¸¸³ É·¨¢ ¥É¸Ö ´¥ ¢¥±Éμ· £¨²Ó¡¥·Éμ¢ 
¶·μ¸É· ´¸É¢ ,   ¶μ¤ ´¸ ³¡²Ó Ψ+

n .
” ±É¨Î¥¸± Ö ·¥ ²¨§ Í¨Ö ÔÉμ° ¶·μ£· ³³Ò μ¶¨¸ ´  ¢ ¸É ÉÓ¥ [12].
	  ¶¥·¢Ò° ¢§£²Ö¤ ± ¦¥É¸Ö, ÎÉμ ¶μ¤ ´¸ ³¡²Ó Ψ+

n ´¥ ¨³¥¥É ´¨Î¥£μ μ¡Ð¥£μ ¸ ¢¥±Éμ-
·μ³ £¨²Ó¡¥·Éμ¢  ¶·μ¸É· ´¸É¢ , ¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ μ¶¨¸Ò¢ ¥É¸Ö ±¢ ´Éμ¢μ¥ ¸μ¸ÉμÖ´¨¥ ¢
¸É ´¤ ·É´μ³ ³ É¥³ É¨Î¥¸±μ³  ¶¶ · É¥ ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨. �¤´ ±μ ± ´μ´¨Î¥¸± Ö ±μ´-
¸É·Ê±Í¨Ö ƒ¥²ÓË ´¤ Ä	 °³ ·± Ä‘¨£ ²  (ƒ	‘) ¤ ¥É É ±ÊÕ ¸¢Ö§Ó. ‚ Éμ³ ¸²ÊÎ ¥, ±μ£¤ 
´ ¡²Õ¤ ¥³Ò¥ Ö¢²ÖÕÉ¸Ö Ô²¥³¥´É ³¨ C∗- ²£¥¡·Ò ¨ ´  ÔÉμ°  ²£¥¡·¥ § ¤ ´ ²¨´¥°´Ò° ¶μ-
²μ¦¨É¥²Ó´Ò° ´μ·³¨·μ¢ ´´Ò° ËÊ´±Í¨μ´ ², ±μ´¸É·Ê±Í¨Ö ƒ	‘ ¶μ§¢μ²Ö¥É ¶μ¸É·μ¨ÉÓ £¨²Ó-
¡¥·Éμ¢μ ¶·μ¸É· ´¸É¢μ (¸³., ´ ¶·¨³¥·, [7, 13]), ¢ ±μÉμ·μ³ ´ ¡²Õ¤ ¥³Ò³ μ¤´μ§´ Î´μ ¸μ-
μÉ¢¥É¸É¢ÊÕÉ ¸ ³μ¸μ¶·Ö¦¥´´Ò¥ μ¶¥· Éμ·Ò,   ²¨´¥°´Ò¥ ËÊ´±Í¨μ´ ²Ò ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢
¢¨¤¥ ³ É¥³ É¨Î¥¸±¨Ì μ¦¨¤ ´¨° μ¶¥· Éμ·μ¢ ´  ¢¥±Éμ· Ì ÔÉμ£μ ¶·μ¸É· ´¸É¢ .

‚ ´ Ï¥³ ¸²ÊÎ ¥ ÔÉ¨ ²¨´¥°´Ò¥ ËÊ´±Í¨μ´ ²Ò § ¤ ÕÉ¸Ö Ëμ·³Ê²μ° (13). ‚ ¶· ¢μ° Î ¸É¨
¢¥±Éμ· n μÉ²¨Î ¥É μ¤¨´ ËÊ´±Í¨μ´ ² μÉ ¤·Ê£μ£μ,   ¢¥±Éμ· r Ö¢²Ö¥É¸Ö  ·£Ê³¥´Éμ³ É ±μ£μ
ËÊ´±Í¨μ´ ² . ’ ± ± ± ¶μ ¶μ¸É·μ¥´¨Õ ËÊ´±Í¨μ´ ²Ò (13) ¨³¥ÕÉ ¸³Ò¸² ¸·¥¤´¨Ì §´ Î¥´¨°
´ ¡²Õ¤ ¥³ÒÌ ¶μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¶μ¤ ´¸ ³¡²Ö³ ¸±Ê¡¨Éμ¢, Éμ μÉ¶ ¤ ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ
¢  ±¸¨μ³¥ 
μ·´ . ‚ ¸É ´¤ ·É´μ³ ³ É¥³ É¨Î¥¸±μ³  ¶¶ · É¥ ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ ¶¥·-
¢¨Î´Ò³ ¶μ´ÖÉ¨¥³ Ö¢²Ö¥É¸Ö £¨²Ó¡¥·Éμ¢μ ¶·μ¸É· ´¸É¢μ,   ¸·¥¤´¨¥ §´ Î¥´¨Ö ´ ¡²Õ¤ ¥³ÒÌ
¢Éμ·¨Î´Ò. ‚ ´ Ï¥° ¸Ì¥³¥ ¶¥·¢¨Î´Ò³¨ Ö¢²ÖÕÉ¸Ö §´ Î¥´¨Ö ´ ¡²Õ¤ ¥³ÒÌ,   £¨²Ó¡¥·Éμ¢μ
¶·μ¸É· ´¸É¢μ Î¥·¥§ ±μ´¸É·Ê±Í¨Õ ƒ	‘ Ö¢²Ö¥É¸Ö ¢Éμ·¨Î´Ò³ Ô²¥³¥´Éμ³. ‚ Éμ ¢·¥³Ö ± ±
§´ Î¥´¨Ö ´ ¡²Õ¤ ¥³ÒÌ ¨³¥ÕÉ ´ £²Ö¤´Ò° Ë¨§¨Î¥¸±¨° ¸³Ò¸², ´¨ £¨²Ó¡¥·Éμ¢μ ¶·μ¸É· ´-
¸É¢μ, ´¨ ¶· ¢¨²μ 
μ·´  ´ £²Ö¤´μ£μ Ë¨§¨Î¥¸±μ£μ ¸³Ò¸²  ´¥ ¨³¥ÕÉ.

�¡· É¨³ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¸·¥¤´¥£μ §´ Î¥´¨Ö 〈S(r)〉 ³Ò ¶·μ¢¥-
·Ö²¨ ´¥· ¢¥´¸É¢  (2) ¨ (3), ¢ ±μÉμ·ÒÌ Ë¨£Ê·¨·Ê¥É ¢¥±Éμ· r. �Éμ μ§´ Î ¥É, ÎÉμ ¤²Ö μ¤´μ£μ
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¨ Éμ£μ ¦¥ ³´μ¦¥¸É¢  ¢¥±Éμ·μ¢ R (R ∈ R+
n ) ¸Ì¥³  ¢ÒÎ¨¸²¥´¨Ö ¸·¥¤´¨Ì §´ Î¥´¨° ¤²Ö

· §´ÒÌ S(r) ¡Ê¤¥É · §´μ°. ‚ É¥·³¨´ Ì É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¥° ÔÉμ μ§´ Î ¥É, ÎÉμ ³´μ¦¥¸É¢μ
Ô²¥³¥´É ·´ÒÌ ¸μ¡ÒÉ¨° μ¤´μ ¨ Éμ ¦¥,   ¢¥·μÖÉ´μ¸É´Ò¥ ³¥·Ò · §´Ò¥. 	 ¶μ³´¨³, ÎÉμ ¢
±μ²³μ£μ·μ¢¸±μ° É¥μ·¨¨ ¢¥·μÖÉ´μ¸É´Ò¥ ³¥·Ò § ¢¨¸ÖÉ ´¥ Éμ²Ó±μ μÉ ³´μ¦¥¸É¢  Ô²¥³¥´É ·-
´ÒÌ ¸μ¡ÒÉ¨°, ´μ ¨ μÉ σ- ²£¥¡·Ò, ±μÉμ·μ° μ¸´ Ð¥´μ ÔÉμ ³´μ¦¥¸É¢μ. ‚ ´ Ï¥³ ¸²ÊÎ ¥
´ ¡²Õ¤ ¥³Ò¥, μ¶¨¸Ò¢ ÕÐ¨¥ ¶·μ¥±Í¨¨ ¸¶¨´  ´  · §´Ò¥ ´ ¶· ¢²¥´¨Ö r, ´¥¸μ¢³¥¸É¨³Ò, ¨
¤²Ö É ±¨Ì ´ ¡²Õ¤ ¥³ÒÌ ´¥²Ó§Ö ¶μ¸É·μ¨ÉÓ μ¡ÐÊÕ σ- ²£¥¡·Ê.

2. ‘ˆ�ƒ‹…’��… ‘�‘’�Ÿ�ˆ… „‚“• ‘Š“�ˆ’�‚

• · ±É¥·´Ò³ ¸¢μ°¸É¢μ³ ¸¨´£²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö ¤¢ÊÌ Î ¸É¨Í Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·¨ ¨§-
³¥·¥´¨¨ ¶·μ¥±Í¨° ¸¶¨´  ¶¥·¢μ° ¨ ¢Éμ·μ° Î ¸É¨Í S1(n) ¨ S2(n) ´  ²Õ¡μ¥ ´ ¶· ¢²¥´¨¥ n
¢¸¥£¤  ¢Ò¶μ²´Ö¥É¸Ö · ¢¥´¸É¢μ

S1(n) + S2(n) ≡ S(n) = 0. (14)

‚ · ¸¸³ É·¨¢ ¥³μ³ ¶μ¤Ìμ¤¥ · ¢¥´¸É¢μ (14) ¶·¥¤¶μ² £ ¥É ¦¥¸É±ÊÕ ±μ··¥²ÖÍ¨Õ ³¥¦¤Ê
Ô²¥³¥´É ·´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ ¸±Ê¡¨Éμ¢ 1 ¨ 2. �ÉÊ ±μ··¥²ÖÍ¨Õ ³μ¦´μ ·¥ ²¨§μ¢ ÉÓ,
¶μÉ·¥¡μ¢ ¢ ¢Ò¶μ²´¥´¨Ö · ¢¥´¸É¢

R(k)
1 + R(k)

2 = 0, ε
(k)
1 (r) = ε

(k)
2 (−r). (15)

‡¤¥¸Ó R(k)
1 ¨ R(k)

2 Å ¢¥±Éμ·Ò μ·¨¥´É Í¨¨ k-£μ ¸²μÖ ¤²Ö ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸±Ê¡¨Éμ¢;

ε
(k)
i (r) (i = 1, 2) Å ËÊ´±Í¨¨ ε(k)(r) ¤²Ö ÔÉ¨Ì ¸±Ê¡¨Éμ¢. ˆ§ · ¢¥´¸É¢ (15) ¸· §Ê ¦¥

¸²¥¤Ê¥É, ÎÉμ ´μ³¥·   ±É¨¢´ÒÌ ¸²μ¥¢ ¤²Ö ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸±Ê¡¨Éμ¢ ¸μ¢¶ ¤ ÕÉ ¨ ¤²Ö
²Õ¡μ£μ ´ ¶· ¢²¥´¨Ö n ¢Ò¶μ²´Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥ (14) ¢´¥ § ¢¨¸¨³μ¸É¨ μÉ · ¸¸ÉμÖ´¨Ö
³¥¦¤Ê ¸±Ê¡¨É ³¨ ¢ ³μ³¥´É ¨§³¥·¥´¨Ö. ˆ´Ò³¨ ¸²μ¢ ³¨, ·¥ ²¨§Ê¥É¸Ö ¸¨ÉÊ Í¨Ö ¶ · ¤μ±¸ 
�°´ÏÉ¥°´ Ä�μ¤μ²Ó¸±μ£μÄ�μ§¥´  [14]. Šμ··¥²ÖÍ¨Ö (14) ¢μ§´¨± ¥É ´¥ ¢ ³μ³¥´É ¨§³¥·¥-
´¨Ö ¶·μ¥±Í¨° ¸¶¨´ ,   ¢ ³μ³¥´É ¶·¨£μÉμ¢²¥´¨Ö ¸¨´£²¥É´μ£μ ¤¢ÊÌ¸±Ê¡¨É´μ£μ ¸μ¸ÉμÖ´¨Ö.
— ¸É¨ÍÒ ¸ É ±μ° ±μ··¥²ÖÍ¨¥° Î ¸Éμ ´ §Ò¢ ÕÉ ���-¶ ·μ°.

�μ¸³μÉ·¨³, ± ± ±¨³ ±μ··¥²ÖÍ¨Ö³ ÔÉμ ¶·¨¢μ¤¨É ¤²Ö ¶·μ¥±Í¨° S1(r1), S2(r2) ¸¶¨-
´μ¢ ¸±Ê¡¨Éμ¢ ´  ´ ¶· ¢²¥´¨Ö r1 ¨ r2 ¸μμÉ¢¥É¸É¢¥´´μ. ’ ± ¦¥ ± ± ¤²Ö μ¤´μ¸±Ê¡¨É´μ°
¸¨¸É¥³Ò, Ô²¥³¥´É ·´μ³Ê ¸μ¸ÉμÖ´¨Õ ¤¢ÊÌ¸±Ê¡¨É´μ° ¸¨¸É¥³Ò ´¥²Ó§Ö ¶·¨¶¨¸ ÉÓ ´¨± ±μ°
¢¥·μÖÉ´μ¸É´μ° ³¥·Ò. �μÔÉμ³Ê · ¸¸³μÉ·¨³ ¸μ¡ÒÉ¨¥, ¢ ±μÉμ·μ³ r1, r2 ¨ dε Ë¨±¸¨·μ¢ ´Ò,

  R(k)
1 ∈ R, ε

(k)
1 (r1) ∈ dε ¨²¨ −ε

(k)
1 (r1) ∈ dε. ‚¢¥¤¥³ É ±¦¥ ¤¢  ¶ · ³¥É·  j1 ¨ j2:

j1 = +1, ¥¸²¨ Rk′

1 r1 > 0; j1 = −1, ¥¸²¨ Rk′

1 r1 < 0; j2 = +1, ¥¸²¨ Rk′

2 r2 > 0; j2 = −1,
¥¸²¨ Rk′

2 r2 < 0. “ μ¡μ¨Ì ¸±Ê¡¨Éμ¢ ´μ³¥·  ±É¨¢´μ£μ ¸²μÖ k′ μ¤¨´ ¨ ÉμÉ ¦¥.
�Ê¸ÉÓ Ë¨±¸¨·μ¢ ´Ò r1, r2, dε, j1 ¨ j2. �Ê¸ÉÓ k = 1. ’μ£¤  ¢¥·μÖÉ´μ¸ÉÓ ·¥ ²¨§ Í¨¨

´¥· ¢¥´¸É¢  (2) ¤²Ö ¸±Ê¡¨É  1 μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³

P (1)(r1, r2, ε, j1, j2) dε =

= dε
N

2

∫
dRΘ[−j2Rr2]

[
Θ

[
j1(Rr1 + ε) − 1

2

]
+ Θ

[
j1(Rr1 − ε) − 1

2

]]
. (16)
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�É¸Õ¤  ¶μ²ÊÎ ¥³

P (1)(r1, r2, ε) =
∑
j1,j2

P (1)(r1, r2, ε, j1, j2) = N2π. (17)

‚¥·μÖÉ´μ¸ÉÓ ·¥ ²¨§ Í¨¨ ´¥· ¢¥´¸É¢  (3) μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³

P̃ (1)(r1, r2, ε) dε = dε
N

2

∫
dR

[
Θ

[
1
2

+ Rr1 + ε

]
Θ

[
1
2
− Rr1 − ε

]
+

+Θ
[
1
2

+ Rr1 − ε

]
Θ

[
1
2
− Rr1 + ε

]]
= N2π dε. (18)

ˆ§ (17) ¨ (18) ¶μ²ÊÎ ¥³

N = (4π)−1, P̃ (1)(r1, r2, ε) = 1/2.

�μ¢Éμ·ÖÖ ¢Ò±² ¤±¨ ¤²Ö μ¤´μ¸±Ê¡¨É´μ° ¸¨¸É¥³Ò, ¶μ²ÊÎ¨³, ÎÉμ ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ r1,
r2, dε, j1, j2 ¢¥·μÖÉ´μ¸ÉÓ Ê  ±É¨¢´μ£μ ¸²μÖ ¨³¥ÉÓ ´μ³¥· k = k′ μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°

P (k′)(r1, r2, ε, j1, j2) =

=
1
4π

1
2k′

∫
dRΘ[−j1j2Rr2]

[
Θ

[
Rr1 + ε − 1

2

]
+ Θ

[
Rr1 − ε − 1

2

]]
, (19)

  ¢¥·μÖÉ´μ¸ÉÓ μ¡´ ·Ê¦¨ÉÓ Ê  ±É¨¢´μ£μ ¸²μÖ ´μ³¥·, ¡μ²ÓÏ¨° k, μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°

P̃ (k)(r1, r2, ε) = 2−k.

„ ²¥¥, ¸²¥¤ÊÖ ¶·μÍ¥¤Ê·¥,  ´ ²μ£¨Î´μ° Éμ°, ±μÉμ· Ö ¶·¨¢¥²  ± Ëμ·³Ê² ³ (10), (11)
¨ (12), ¶μ²ÊÎ¨³

P (r1, r2, j1, j2) =
1
4
(1 − j1j2(r1r2)). (20)

�Éμ ¢Ò· ¦¥´¨¥ μ¶¨¸Ò¢ ¥É ¢¥·μÖÉ´μ¸ÉÓ μ¡´ ·Ê¦¨ÉÓ Ê ¶¥·¢μ£μ ¸±Ê¡¨É  ¶μ ´ ¶· ¢²¥-
´¨Õ r1 ¶·μ¥±Í¨Õ ¸¶¨´ , · ¢´ÊÕ j1/2,   Ê ¢Éμ·μ£μ ¸±Ê¡¨É  ¶μ ´ ¶· ¢²¥´¨Õ r2 μ¡´ ·Ê¦¨ÉÓ
¶·μ¥±Í¨Õ ¸¶¨´ , · ¢´ÊÕ j2/2.

‚¥·μÖÉ´μ¸ÉÓ (20) ¸μ¢¶ ¤ ¥É ¸ Éμ°, ±μÉμ· Ö ¶μ²ÊÎ ¥É¸Ö ¢ ¸É ´¤ ·É´μ³ ¶μ¤Ìμ¤¥ ± ±¢ ´-
Éμ¢μ° ³¥Ì ´¨±¥. Š ± ¨ ¸²¥¤μ¢ ²μ μ¦¨¤ ÉÓ, Ëμ·³Ê²  (20) ¸¨³³¥É·¨Î´  μÉ´μ¸¨É¥²Ó´μ
¸±Ê¡¨Éμ¢ 1 ¨ 2, ÌμÉÖ ¨¸Ìμ¤´ Ö Ëμ·³Ê²  (16) ´¥¸¨³³¥É·¨Î´ . �Éμ μ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉμ
¶·¨ Ë¨±¸¨·μ¢ ´¨¨ ¢¥·μÖÉ´μ¸É´μ° ³¥·Ò ³Ò ¤μ²¦´Ò ± ±-Éμ μ¡Ñ¥¤¨´¨ÉÓ Ô²¥³¥´É ·´Ò¥ ¸μ-
¡ÒÉ¨Ö (Ô²¥³¥´É ·´Ò¥ ¸μ¸ÉμÖ´¨Ö) ¢ ¸μ¡ÒÉ¨Ö, ±μÉμ·Ò³ ³μ¦´μ ¶·¨¶¨¸ ÉÓ ¢¥·μÖÉ´μ¸É´ÊÕ

³¥·Ê. ‚ Ëμ·³Ê²¥ (16) ÔÉμ μ¡Ñ¥¤¨´¥´¨¥ ¶·μ¨§¢¥¤¥´μ ¶μ ¶·¨§´ ± ³ R(k)
1 ∈ R, ±ε

(k)
1 ∈ dε.


² £μ¤ ·Ö · ¢¥´¸É¢ ³ (15) Ë¨±¸¨·μ¢ ÉÓ R(k)
2 ¨ ε

(k)
2 Ê¦¥ ´¥ ¸²¥¤Ê¥É. ‡ ³¥É¨³, ÎÉμ ± -

¦¤ Ö ¨§ ËÊ´±Í¨° ε
(k)
i (i = 1, 2) ¤μ²¦´  Ê¤μ¢²¥É¢μ·ÖÉÓ ´¥· ¢¥´¸É¢ ³ (1)Ä(3). Š·μ³¥ Éμ£μ,

ËÊ´±Í¨¨ ε
(k)
i ´Ê¦´Ò Éμ²Ó±μ ¤²Ö ¢Ò¤¥²¥´¨Ö  ±É¨¢´μ£μ ¸²μÖ,   ¨Ì ±μ´±·¥É´Ò¥ §´ Î¥´¨Ö

¨´É¥·¥¸  ´¥ ¶·¥¤¸É ¢²ÖÕÉ. �·¨ μ¡Ñ¥¤¨´¥´¨¨ ¶μ ¶·¨§´ ±Ê ±ε
(k)
1 ∈ dε ³Ò μ¡Ñ¥¤¨´Ö²¨

Ô²¥³¥´É ·´Ò¥ ¸μ¡ÒÉ¨Ö ¶μ ¶·¨§´ ±Ê · ¸¶·¥¤¥²¥´¨Ö  ±É¨¢´ÒÌ ¸²μ¥¢ Ê ¸±Ê¡¨É  1. �¢Éμ-
³ É¨Î¥¸±¨ É ±μ¥ ¦¥ · ¸¶·¥¤¥²¥´¨¥ ¡Ê¤¥É ¨ Ê ¸±Ê¡¨É  2. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ÎÉμ¡Ò ¶μ
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ÔÉμ³Ê · ¸¶·¥¤¥²¥´¨Õ ¢μ¸¸É ´μ¢¨ÉÓ · ¸¶·¥¤¥²¥´¨¥ §´ Î¥´¨° ËÊ´±Í¨° ε
(k)
2 (r2), ¸²¥¤μ¢ ²μ

¡Ò § ¤ ÉÓ Ö¢´Ò° ¢¨¤ ¢¸¥Ì ËÊ´±Í¨° ε
(k)
i (r), ÎÉμ Ö¢²Ö¥É¸Ö μÎ¥´Ó É·Ê¤´μ° § ¤ Î¥°, ¶·¨ ÔÉμ³

´¨± ±μ£μ ¶· ±É¨Î¥¸±μ£μ ¨´É¥·¥¸  ´¥ ¶·¥¤¸É ¢²ÖÕÐ¥°.
ˆ§ Ëμ·³Ê²Ò (20) ¤²Ö ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ ¶μ²ÊÎ ¥³ ¢Ò· ¦¥´¨¥

E(r1, r2) =
1
4

∑
j1,j2

j1j2P (r1, r2, j1, j2) = −1
4
(r1r2), (21)

±μÉμ·μ¥ ´ ·ÊÏ ¥É ´¥· ¢¥´¸É¢μ 
¥²² .
Šμ··¥²ÖÍ¨Ö (21) ¨³¥¥É ´¥²μ± ²Ó´Ò° Ì · ±É¥·, É ± ± ± ¸¢Ö§Ò¢ ¥É ³¥¦¤Ê ¸μ¡μ° ¨§³¥·Ö-

¥³Ò¥ §´ Î¥´¨Ö ¶·μ¥±Í¨° ¸¶¨´μ¢ ¸±Ê¡¨Éμ¢, ±μÉμ·Ò¥ ¢ ³μ³¥´É ¨§³¥·¥´¨Ö ³μ£ÊÉ ´ Ìμ¤¨ÉÓ¸Ö
´  ²Õ¡ÒÌ · ¸¸ÉμÖ´¨ÖÌ. 	μ ÔÉ  ±μ··¥²ÖÍ¨Ö ´¥ ¢μ§´¨± ¥É ± ±¨³-Éμ ÎÊ¤μ¤¥°¸É¢¥´´Ò³ μ¡· -
§μ³ ¢ ³μ³¥´É ¨§³¥·¥´¨Ö. �´  ¢μ§´¨±²  ¢ ³μ³¥´É ¶·¨£μÉμ¢²¥´¨Ö ¸¨´£²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö.

3. ’…‹…���’�–ˆŸ

Šμ·μÉ±μ ´ ¶μ³´¨³ μ¸´μ¢´Ò¥ ¶μ²μ¦¥´¨Ö ¸É ´¤ ·É´μ£μ μ¶¨¸ ´¨Ö ±¢ ´Éμ¢μ° É¥²¥¶μ·-
É Í¨¨. �Éμ Ö¢²¥´¨¥ ¸¢Ö§Ò¢ ¥É¸Ö ¸ § ¶ÊÉ ´´Ò³¨ ±¢ ´Éμ¢Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨. ‚ ± Î¥¸É¢¥
É ±μ¢ÒÌ Î Ð¥ ¢¸¥£μ ¨¸¶μ²Ó§ÊÕÉ¸Ö É ± ´ §Ò¢ ¥³Ò¥ ¸μ¸ÉμÖ´¨Ö 
¥²² 

|Ψ(−)〉12 =
1√
2

[|+〉1|−〉2 − |−〉1|+〉2],

|Ψ(+)〉12 =
1√
2

[|+〉1|−〉2 + |−〉1|+〉2],

|Φ(−)〉12 =
1√
2

[|+〉1|+〉2 − |−〉1|−〉2],

|Φ(+)〉12 =
1√
2

[|+〉1|+〉2 + |−〉1|−〉2].

(22)

�É¨ ¸μ¸ÉμÖ´¨Ö μ¡· §ÊÕÉ μ·Éμ´μ·³¨·μ¢ ´´Ò° ¡ §¨¸ ¢ ¤¢ÊÌÎ ¸É¨Î´μ³ £¨²Ó¡¥·Éμ¢μ³
¶·μ¸É· ´¸É¢¥. ‘É·μÖÉ¸Ö μ´¨ ¨§ μ¤´μÎ ¸É¨Î´ÒÌ ¸μ¸ÉμÖ´¨° |±〉i (i = 1, 2). ‘μ¸ÉμÖ-
´¨¥ |Ψ(−)〉12 Å ¸¨´£²¥É´μ¥, ¸μ¸ÉμÖ´¨Ö |Ψ(+)〉12, |Φ(−)〉12, |Φ(+)〉12 Å É·¨¶²¥É´Ò¥.

”¨§¨Î¥¸± Ö ·¥ ²¨§ Í¨Ö ÔÉ¨Ì ¸μ¸ÉμÖ´¨° ³μ¦¥É ¡ÒÉÓ · §´μ°. ‚ É¥μ·¥É¨Î¥¸±¨Ì · ¸¸Ê-
¦¤¥´¨ÖÌ ¢ ± Î¥¸É¢¥ |±〉i μ¡ÒÎ´μ · ¸¸³ É·¨¢ ÕÉ ¸¶¨´μ¢Ò¥ ¸μ¸ÉμÖ´¨Ö Î ¸É¨ÍÒ ¸μ ¸¶¨-
´μ³ 1/2. ‚ Ô±¸¶¥·¨³¥´É Ì μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ ËμÉμ´Ò ¸ · §²¨Î´μ° ¶μ²Ö·¨§ Í¨¥°.
ŒÒ ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¸¶¨´μ¢ÊÕ É¥·³¨´μ²μ£¨Õ.

	  ·¨¸Ê´±¥ ¨§μ¡· ¦¥´  ¶·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ±¢ ´Éμ¢μ° É¥²¥¶μ·É Í¨¨: S Å
¨¸ÉμÎ´¨± ´ Î ²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö; EPR Å ¨¸ÉμÎ´¨± ���-¶ ·; A Å  ´ ²¨§ Éμ· ¸μ¸ÉμÖ-
´¨° 
¥²²  (�²¨¸ ); B Å Ê´¨É ·´Ò° ¶·¥μ¡· §μ¢ É¥²Ó (
μ¡); {C} Å ± ´ ² ±² ¸¸¨Î¥¸±μ°
¸¢Ö§¨; {1} Å ´μ¸¨É¥²Ó ´ Î ²Ó´μ£μ É¥²¥¶μ·É¨·Ê¥³μ£μ ¸μ¸ÉμÖ´¨Ö; {2}Ä{3} Å ���-¶ · ;
{4} Å ´μ¸¨É¥²Ó ±μ´¥Î´μ£μ É¥²¥¶μ·É¨·μ¢ ´μ£μ ¸μ¸ÉμÖ´¨Ö.

‘É ´¤ ·É´μ¥ μ¶¨¸ ´¨¥ ¸Ì¥³Ò É¥²¥¶μ·É Í¨¨ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ˆ¸ÉμÎ-
´¨± S ¨¸¶Ê¸± ¥É Î ¸É¨ÍÊ {1} ¢ ±¢ ´Éμ¢μ³ ¸μ¸ÉμÖ´¨¨ |Ψ〉1 = α|+〉 + β|−〉, £¤¥ α ¨ β Å
±μ³¶²¥±¸´Ò¥ Î¨¸²  (|α|2 + |β|2 = 1). — ¸É¨Í  {1} ´ ¶· ¢²Ö¥É¸Ö �²¨¸¥. ˆ¸ÉμÎ´¨± EPR
¨¸¶Ê¸± ¥É ���-¶ ·Ê {2} ¨ {3} ¢ ¸¨´£²¥É´μ³ ¸μ¸ÉμÖ´¨¨ |Ψ(−)〉23. �¤´  Î ¸É¨Í  ({2})
¶ ·Ò ´ ¶· ¢²Ö¥É¸Ö �²¨¸¥, ¤·Ê£ Ö Î ¸É¨Í  ({3}) ´ ¶· ¢²Ö¥É¸Ö 
μ¡Ê.
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‘Ì¥³  ±¢ ´Éμ¢μ° É¥²¥¶μ·É Í¨¨

�μ ¶· ¢¨² ³ ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ ¸μ¸ÉμÖ´¨¥ ¸¨¸É¥³Ò ¨§ É·¥Ì Î ¸É¨Í {1}, {2}, {3}
μ¶¨¸Ò¢ ¥É¸Ö ¢¥±Éμ·μ³ |Ψ〉123 = |Ψ〉1

⊗
|Ψ(−)〉23. �ÉμÉ ¢¥±Éμ· ³μ¦¥É ¡ÒÉÓ · §²μ¦¥´ ¶μ

¸μ¸ÉμÖ´¨Ö³ 
¥²²  (22) Î ¸É¨Í {1} ¨ {2}:

|Ψ〉123 =
1
2

{
|Ψ(−)〉12 (−α|+〉3 − β|−〉3) + |Ψ(+)〉12 (−α|+〉3 + β|−〉3)+

+ |Φ(−)〉12 (α|−〉3 + β|+〉3) + |Φ(+)〉12 (α|−〉3 − β|+〉3)
}

. (23)

�²¨¸  μ¶·¥¤¥²Ö¥É, ¢ ± ±μ³ ¨§ Î¥ÉÒ·¥Ì ¸μ¸ÉμÖ´¨° (22) ´ Ìμ¤ÖÉ¸Ö Î ¸É¨ÍÒ {1} ¨ {2}.
�±¸¶¥·¨³¥´É ²Ó´μ ÔÉμ ¸· ¢´¨É¥²Ó´μ ²¥£±μ ¸¤¥² ÉÓ ¤²Ö ¸μ¸ÉμÖ´¨Ö |Ψ(−)〉12. �μÔÉμ³Ê ¤·Ê-
£¨¥ ¸μ¸ÉμÖ´¨Ö μ¡ÒÎ´μ ¶·μ¸Éμ μÉ¡· ¸Ò¢ ÕÉ. �Éμ ¸´¨¦ ¥É ÔËË¥±É¨¢´μ¸ÉÓ É¥²¥¶μ·É Í¨¨ ¢
Î¥ÉÒ·¥ · § , ´μ ¸ ÔÉ¨³ ³¨·ÖÉ¸Ö. �²¨¸  ¸μμ¡Ð ¥É ·¥§Ê²ÓÉ É ¸¢μ¥£μ ´ ¡²Õ¤¥´¨Ö 
μ¡Ê ¶μ
± ´ ²Ê {C}.

…¸²¨ �²¨¸  § ·¥£¨¸É·¨·μ¢ ²  É ±μ° ·¥§Ê²ÓÉ É, Éμ, ¸μ£² ¸´μ ¶·μ¥±Í¨μ´´μ³Ê ¶·¨´Í¨¶Ê,
É·¥ÌÎ ¸É¨Î´ Ö ¸¨¸É¥³  ±μ²² ¶¸¨·Ê¥É ¢ ¸μ¸ÉμÖ´¨¥ |Ψ′〉123 = |Ψ(−)〉12(−α|+〉3 − β|−〉3).
‚ ÔÉμ³ ¸²ÊÎ ¥ Î ¸É¨Í  {3} Ê¦¥ ´ Ìμ¤¨É¸Ö ¢ ¸μ¸ÉμÖ´¨¨, ¸μ¢¶ ¤ ÕÐ¥³ ¸ ¸μ¸ÉμÖ´¨¥³ Î -
¸É¨ÍÒ {1} (¸³. (22)), ¨ 
μ¡Ê ´¨Î¥£μ ¤¥² ÉÓ ´¥ ´ ¤μ. …¸²¨ �²¨¸  § ·¥£¨¸É·¨·μ¢ ²  μ¤´μ ¨§
É·¨¶²¥É´ÒÌ ¸μ¸ÉμÖ´¨°, Éμ 
μ¡Ê ¶·¨¤¥É¸Ö ¸μ¢¥·Ï¨ÉÓ ´¥±μÉμ·Ò¥ Ê´¨É ·´Ò¥ ¶·¥μ¡· §μ¢ -
´¨Ö ¸μ¸ÉμÖ´¨Ö Î ¸É¨ÍÒ {3} (¶μ³¥´ÖÉÓ ´¥±μÉμ·Ò¥ §´ ±¨ Ê ±μÔËË¨Í¨¥´Éμ¢ α ¨ β), ÎÉμ¡Ò
¶μ²ÊÎ¨ÉÓ ¸μ¸ÉμÖ´¨¥ (Î ¸É¨ÍÒ {4}), ¸μ¢¶ ¤ ÕÐ¥¥ ¸ ¸μ¸ÉμÖ´¨¥³ Î ¸É¨ÍÒ {1}. ‚ ·¥ ²Ó-
´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¢ ± Î¥¸É¢¥  ´ ²¨§ Éμ·  ¤¢ÊÌÎ ¸É¨Î´ÒÌ ¸μ¸ÉμÖ´¨° Î ¸É¨Í {1} ¨ {2}
μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·μ¸Éμ° ¸¢¥Éμ¤¥²¨É¥²Ó BS. �´ ¢Ò¤¥²Ö¥É ¸¨´£²¥É´μ¥ ¸μ¸ÉμÖ´¨¥, ´μ
É·¨¶²¥É´Ò¥ ¸μ¸ÉμÖ´¨Ö μÉ²¨Î¨ÉÓ ¤·Ê£ μÉ ¤·Ê£  ´¥ ³μ¦¥É.

’¥¶¥·Ó ¶μ¸³μÉ·¨³, ± ± ÔÉμ Ö¢²¥´¨¥ ³μ¦´μ ·¥ ²¨§μ¢ ÉÓ ¸ ¶μ³μÐÓÕ ¸±Ê¡¨Éμ¢. ‘´ Î ² 
μ¶¨Ï¥³ ¶·μ£· ³³Ê, ±μÉμ· Ö ¡Ê¤¥É ¨¸¶μ²´ÖÉÓ ·μ²Ó ¶·¨¡μ·  BS. �ÉÊ ¶·μ£· ³³Ê É ±¦¥ ´ -
§μ¢¥³ BS. ƒ¥μ³¥É·¨Ö ¶·¨¡μ·  BS ¢Ò¤¥²Ö¥É ¢ ¶·μ¸É· ´¸É¢¥ ´¥±μÉμ·ÊÕ ¤¥± ·Éμ¢Ê ¸¨¸É¥³Ê
±μμ·¤¨´ É ¸ ´ ¶· ¢²ÖÕÐ¨³¨ ¢¥±Éμ· ³¨ x, y, z. �μÉ·¥¡Ê¥³, ÎÉμ¡Ò ¶·¨¡μ· BS ³μ£ · §-
²¨Î ÉÓ ³¥¦¤Ê ¸μ¡μ° ¸¨´£²¥É´μ¥ ¨ É·¨ É·¨¶²¥É´ÒÌ ¸μ¸ÉμÖ´¨Ö. �É¨ ¸μ¸ÉμÖ´¨Ö ³μ¦´μ
μÌ · ±É¥·¨§μ¢ ÉÓ ¶·μ§¢¥¤¥´¨Ö³¨ ¶·μ¥±Í¨° ¸¶¨´μ¢ ¤²Ö ¶¥·¢μ° ¨ ¢Éμ·μ° Î ¸É¨Í. �É¨ ´ -
¡²Õ¤ ¥³Ò¥ ¸μ¢³¥¸É¨³Ò. Šμ³¡¨´ Í¨Ö [S1(x)S2(x) < 0, S1(z)S2(z) < 0] Ì · ±É¥·´  ¤²Ö
¸¨´£²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö. Šμ³¡¨´ Í¨¨ [S1(x)S2(x) > 0, S1(z)S2(z) > 0], [S1(x)S2(x) > 0,
S1(z)S2(z) < 0], [S1(x)S2(x) < 0, S1(z)S2(z) > 0] Ì · ±É¥·´Ò ¤²Ö É·¥Ì É·¨¶²¥É´ÒÌ
¸μ¸ÉμÖ´¨°.

�Ê¸ÉÓ ¸±Ê¡¨ÉÒ {1} ¨ {2} ¶μ¶ ¤ ÕÉ ¢ ¶·¨¡μ· BS. 
Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ¶·¨¡μ· BS
·¥ £¨·Ê¥É ´   ±É¨¢´Ò¥ ¸²μ¨ ¸±Ê¡¨Éμ¢ {1}, {2} ¨ ¨§³¥·Ö¥É §´ ±¨ S1(x)S2(x), S1(z)S2(z).
’ ±¨³ μ¡· §μ³, ´ Ï ¶·¨¡μ· BS · §²¨Î ¥É ¢¸¥ Î¥ÉÒ·¥ μ·Éμ£μ´ ²Ó´ÒÌ ¤¢ÊÌÎ ¸É¨Î´ÒÌ
¸μ¸ÉμÖ´¨Ö. �μÔÉμ³Ê ¸ ¥£μ ¶μ³μÐÓÕ ³μ¦´μ ¤μ¡¨ÉÓ¸Ö ¸Éμ¶·μÍ¥´É´μ° ÔËË¥±É¨¢´μ¸É¨
É¥²¥¶μ·É Í¨¨.
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�¡· É¨³ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ³Ò ¨¸¶μ²Ó§Ê¥³ ¶·μ¥±Í¨¨ Éμ²Ó±μ ´  ¤¢¥ μ¸¨,   ´¥ ´  ¢¸¥
É·¨. „¥²μ ¢μÉ ¢ Î¥³. � ¸¸³μÉ·¨³, ´ ¶·¨³¥·, ¸¨´£²¥É´μ¥ ¸μ¸ÉμÖ´¨¥. ‚ ¸É ´¤ ·É´μ³ Ëμ·-
³ ²¨§³¥ ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ ¥³Ê ¸μμÉ¢¥É¸É¢ÊÕÉ É ±¨¥ ±μ³¡¨´ Í¨¨ §´ Î¥´¨° ¶·μ¥±Í¨°
¸¶¨´μ¢: S1(x)S2(x) < 0, S1(z)S2(z) < 0, S1(y)S2(y) < 0, ÌμÉÖ ¤²Ö μ¤´μ§´ Î´μ° Ë¨±¸ -
Í¨¨ ±¢ ´Éμ¢μ£μ ¸μ¸ÉμÖ´¨Ö ¤μ¸É ÉμÎ´μ ¶¥·¢ÒÌ ¤¢ÊÌ Ê¸²μ¢¨°. „²Ö ¤¢ÊÌ ¸±Ê¡¨Éμ¢ ¶μ³¨³μ
Ê± § ´´μ£μ ´ ¡μ·  ¢μ§³μ¦¥´ ¨ É ±μ°: S1(x)S2(x) < 0, S1(z)S2(z) < 0, S1(y)S2(y) > 0.
�ÉμÉ ´ ¡μ· ´¥ ¸μμÉ¢¥É¸É¢Ê¥É ´¨± ±μ³Ê ±¢ ´Éμ¢μ³Ê ¸μ¸ÉμÖ´¨Õ ¤¢ÊÌÎ ¸É¨Î´μ° ¸¨¸É¥³Ò.
�´ ²μ£¨Î´Ò¥ · ¸¸Ê¦¤¥´¨Ö ¸¶· ¢¥¤²¨¢Ò ¨ ¤²Ö É·¥Ì ¢ ·¨ ´Éμ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì É·¨¶²¥É-
´μ³Ê ¸μ¸ÉμÖ´¨Õ. ’ ±¨³ μ¡· §μ³, ³Ò ´¥ ³μ¦¥³ ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ · ¸¸³ É·¨¢ ¥³ Ö ¶ · 
´ Ìμ¤¨É¸Ö ¢ ± ±μ³-Éμ μ¤´μ³ ¨§ ±¢ ´Éμ¢ÒÌ ¸μ¸ÉμÖ´¨°. ŒÒ ³μ¦¥³ Éμ²Ó±μ ±μ´¸É É¨·μ-
¢ ÉÓ, ÎÉμ ÔÉ  ¶ ·  ¶·¨´ ¤²¥¦¨É μ¤´μ³Ê ¨§ Î¥ÉÒ·¥Ì ¶·¥¤±¢ ´Éμ¢ÒÌ ¸μ¸ÉμÖ´¨°. �μ¸²¥¤´¥¥
μ§´ Î ¥É, ÎÉμ ¶·¨¡μ·, ±μÉμ·Ò° ¨§³¥·Ö¥É ¶·μ¨§¢¥¤¥´¨Ö ¶·μ¥±Í¨° ¸¶¨´μ¢ Éμ²Ó±μ ´  ¤¢ 
´ ¶· ¢²¥´¨Ö, ¢Ò¤ ¥É ·¥§Ê²ÓÉ É, Ì · ±É¥·´Ò° ¤²Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ±¢ ´Éμ¢μ£μ ¸μ¸ÉμÖ´¨Ö.

‘ ¤·Ê£μ° ¸Éμ·μ´Ò, BS ³μ¦¥É ´¥ Éμ²Ó±μ ¡ÒÉÓ ¨§³¥·ÖÕÐ¨³ ¶·¨¡μ·μ³, ´μ ³μ¦¥É ¨
¶·¨£μÉ ¢²¨¢ ÉÓ ¸¨´£²¥É´μ¥ ±¢ ´Éμ¢μ¥ ¸μ¸ÉμÖ´¨¥. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨¡μ· BS, ¶μ²ÊÎ¨¢ ´ 
¢Ìμ¤¥ Ô²¥³¥´É ·´μ¥ ¸μ¸ÉμÖ´¨¥ ¸±Ê¡¨Éμ¢ ¸ ´ ¡μ·μ³ S1(x)S2(x) < 0, S1(z)S2(z) < 0,
´  ¢ÒÌμ¤¥ ¤μ²¦¥´ ¤ ¢ ÉÓ Ô²¥³¥´É ·´μ¥ ¸μ¸ÉμÖ´¨¥ ¸±Ê¡¨Éμ¢ ¸ ´ ¡μ·μ³ S1(x)S2(x) < 0,
S1(z)S2(z) < 0, S1(y)S2(y) < 0. �Éμ μ¶ÖÉÓ-É ±¨ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¶μ± § ´¨Ö
¨§³¥·¨É¥²Ó´μ£μ ¶·¨¡μ·  μ¶·¥¤¥²ÖÕÉ¸Ö Ô²¥³¥´É ·´Ò³ ¸μ¸ÉμÖ´¨¥³ ¸±Ê¡¨Éμ¢ ´¥¶μ¸·¥¤-
¸É¢¥´´μ ¶¥·¥¤ ³μ³¥´Éμ³ ¨§³¥·¥´¨Ö,   μ¶·¥¤¥²ÖÕÉ ±¢ ´Éμ¢μ¥ ¸μ¸ÉμÖ´¨¥ ¶μ¸²¥ ³μ³¥´É 
¨§³¥·¥´¨Ö. Œμ¦´μ μ¦¨¤ ÉÓ, ÎÉμ ¶μ¸²¥¤´¥¥ ¸¶· ¢¥¤²¨¢μ ´¥ Éμ²Ó±μ ¤²Ö ¸±Ê¡¨Éμ¢, ´μ ¨
¤²Ö ±Ê¡¨Éμ¢.

Š ± μÉ³¥Î¥´μ ¢ · §¤. 2, ¥¸²¨ ¤²Ö  ±É¨¢´μ£μ ¸²μÖ R(k′)
1 ∈ R+(x), Éμ S1(x) = +1/2.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ¥¸²¨ x1 ≡ R(k′)
1 x > 0, Éμ S1(x) = +1/2. �´ ²μ£¨Î´μ ¤²Ö ¢Éμ·μ£μ

¸±Ê¡¨É  ¨ ¤²Ö ¶·μ¥±Í¨° ´  z. �μÔÉμ³Ê ±μ³¡¨´ Í¨Ö [x1x2 < 0, z1z2 < 0] Ì · ±É¥·´ 
¤²Ö ¸¨´£²¥É´μ£μ ¸μ¸ÉμÖ´¨Ö,   ±μ³¡¨´ Í¨¨ [x1x2 > 0, z1z2 > 0], [x1x2 > 0, z1z2 < 0],
[x1x2 < 0, z1z2 > 0] Ì · ±É¥·´Ò ¤²Ö É·¨¶²¥É´ÒÌ ¸μ¸ÉμÖ´¨°. ’ ±¨³ μ¡· §μ³, ³Ò ³μ¦¥³
¸Î¨É ÉÓ, ÎÉμ ¶·¨¡μ· BS ´¥¶μ¸·¥¤¸É¢¥´´μ ¸μ·É¨·Ê¥É ¸±Ê¡¨ÉÒ ´¥ ¶μ ¶·μ¥±Í¨Ö³ ¸¶¨´μ¢,
  ¶μ ¶·μ¥±Í¨Ö³ x, z ¢¥±Éμ·μ¢ R, § ¤ ÕÐ¨Ì μ·¨¥´É Í¨Õ  ±É¨¢´ÒÌ ¸²μ¥¢ ¸±Ê¡¨Éμ¢. „²Ö
±μ³¶ÓÕÉ¥·´μ° ·¥ ²¨§ Í¨¨ ÔÉμ §´ Î¨É¥²Ó´μ ¡μ²¥¥ Ê¤μ¡´μ.

’¥¶¥·Ó ¢¥·´¥³¸Ö ± ·¨¸Ê´±Ê. ˆ¸ÉμÎ´¨± S ¶μ¸Ò² ¥É �²¨¸¥ ¶ÊÎμ± ¸±Ê¡¨Éμ¢ {1},
¶μ²Ö·¨§μ¢ ´´ÒÌ ¶μ ¢¥±Éμ·Ê n. �Ê¸ÉÓ ¢¥±Éμ·Ò R1 Ì · ±É¥·¨§ÊÕÉ μ·¨¥´É Í¨Õ  ±É¨¢-
´ÒÌ ¸²μ¥¢ ¸±Ê¡¨Éμ¢ {1},   ε1 ≡ ε1(n) Å §´ Î¥´¨Ö ËÊ´±Í¨° ε1 ¤²Ö ÔÉ¨Ì ¸²μ¥¢. ’μ£¤  ¤²Ö
¶μ¸Ò² ¥³ÒÌ ¨¸ÉμÎ´¨±μ³ S ¸±Ê¡¨Éμ¢ ¸¶· ¢¥¤²¨¢μ ´¥· ¢¥´¸É¢μ

R1n + ε1 − 1/2 > 0. (24)

ˆ¸ÉμÎ´¨± EPR ¨¸¶Ê¸± ¥É ���-¶ ·Ò ¸±Ê¡¨Éμ¢ {2}Ä{3}, ¢¥±Éμ·Ò R2 = −R3 Ì · ±É¥-
·¨§ÊÕÉ μ·¨¥´É Í¨¨  ±É¨¢´ÒÌ ¸²μ¥¢ ¤²Ö ÔÉ¨Ì ¸±Ê¡¨Éμ¢,   ε2 = −ε3 Å §´ Î¥´¨Ö ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨Ì ËÊ´±Í¨° ε ¤²Ö ´ ¶· ¢²¥´¨Ö n.

‚μ¸¶·μ¨§¢μ¤Ö Ê¸²μ¢¨Ö ·¥ ²Ó´μ£μ Ô±¸¶¥·¨³¥´É , ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ¶·¨¡μ· BS μÉ¡¨-
· ¥É É¥ ¶ ·Ò ¸±Ê¡¨Éμ¢ {1}Ä{2}, ¤²Ö ±μÉμ·ÒÌ μ´ ·¥£¨¸É·¨·Ê¥É ¸¨´£²¥É´μ¥ ¶·¥¤±¢ ´Éμ¢μ¥
¸μ¸ÉμÖ´¨¥. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ÔÉμ ¶ ·Ò, Ê ±μÉμ·ÒÌ ¤²Ö  ±É¨¢´ÒÌ ¸²μ¥¢ x1x2 < 0 ¨ z1z2 < 0.
�Éμ Ô±¢¨¢ ²¥´É´μ Éμ³Ê, ÎÉμ BS μÉ¡¨· ¥É ¶ ·Ò {1}Ä{3}, Ê ±μÉμ·ÒÌ

x1x3 > 0, z1z3 > 0. (25)
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‡ ³¥É¨³, ÎÉμ ¶·¨¡μ· BS ´¥ ±μ´É ±É¨·Ê¥É ¸μ ¸±Ê¡¨É ³¨ {3}. �μÔÉμ³Ê μ´ ´¥ ¨§³¥´Ö¥É ¨Ì
¶¥·¢μ´ Î ²Ó´Ò¥ Ô²¥³¥´É ·´Ò¥ ¸μ¸ÉμÖ´¨Ö.

„²Ö ¸±Ê¡¨Éμ¢, ¤²Ö ±μÉμ·ÒÌ

R3n + ε3 >
1
2
, (26)

É¥²¥¶μ·É Í¨Ö ¶·μÏ²  Ê¸¶¥Ï´μ,   ¤²Ö ¸±Ê¡¨Éμ¢, ¤²Ö ±μÉμ·ÒÌ

R3n + ε3 < −1
2
, (27)

É¥²¥¶μ·É Í¨Ö μ± § ² ¸Ó ´¥Ê¸¶¥Ï´μ°.
“Î¨ÉÒ¢ Ö Ëμ·³Ê²Ò (24)Ä(27), ¶μ²ÊÎ ¥³, ÎÉμ Î¨¸²μ ¸±Ê¡¨Éμ¢, ¤²Ö ±μÉμ·ÒÌ É¥²¥¶μ·É -

Í¨Ö ¶·μÏ²  Ê¸¶¥Ï´μ, § ¤ ¥É¸Ö Ëμ·³Ê²μ°

N+ = N

∫
dR1

∫
dR3

∫
dε1

∫
dε3 Θ

(
R1n + ε1 −

1
2

)
Θ(R1x · R3x)×

× Θ(R1z ·R3z)Θ
(
R3n + ε3 −

1
2

)
, (28)

  Î¨¸²μ ¸±Ê¡¨Éμ¢, ¤²Ö ±μÉμ·ÒÌ É¥²¥¶μ·É Í¨Ö ±μ´Î¨² ¸Ó ´¥Ê¤ Î¥°, § ¤ ¥É¸Ö Ëμ·³Ê²μ°

N− = N

∫
dR1

∫
dR3

∫
dε1

∫
dε3 Θ

(
R1n + ε1 −

1
2

)
Θ(R1x · R3x)×

× Θ(R1z · R3z)Θ
(
−R3n − ε3 −

1
2

)
. (29)

‡¤¥¸Ó N Å ´μ·³¨·μ¢μÎ´Ò° ³´μ¦¨É¥²Ó.
Š Î¥¸É¢μ É¥²¥¶μ·É Í¨¨ μÍ¥´¨¢ ¥É¸Ö Î¨¸²μ³ F = N+(N+ + N−)−1, ±μÉμ·μ¥ ¶·¨´ÖÉμ

´ §Ò¢ ÉÓ Ë¨¤¥²¨É¨.
‘É ´¤ ·É´Ò° ³ É¥³ É¨Î¥¸±¨° Ëμ·³ ²¨§³ ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ ¶·¥¤¸± §Ò¢ ¥É ¤²Ö ¢¸¥Ì

´ ¶· ¢²¥´¨° n Ë¨¤¥²¨É¨ F = 1. �¥ ²Ó´Ò° Ô±¸¶¥·¨³¥´É [15] ¤ ² ¤²Ö Ë¨¤¥²¨É¨ §´ Î¥´¨Ö
F1 = 0,92 ± 0,02 ¶·¨ n = z, F1 = 0,90 ± 0,03 ¶·¨ n = x. Œ¨´¨³Ê³ Ë¨¤¥²¨É¨
F1 = 0,84± 0,02 ¤μ¸É¨£ ²¸Ö ¶·¨ n = 2−1/2(z+x). �É´μ¸¨É¥²Ó´μ¥ Ë¨¤¥²¨É¨ (μÉ´μÏ¥´¨¥
± ³ ±¸¨³ ²Ó´μ³Ê §´ Î¥´¨Õ) ¢ ³¨´¨³Ê³¥ ¨³¥²μ §´ Î¥´¨¥ F1r = 0,913.


μ²¥¥ ´μ¢Ò° Ô±¸¶¥·¨³¥´É [16], ¶μ¸¢ÖÐ¥´´Ò° É¥²¥¶μ·É Í¨¨ ´  ¡μ²ÓÏμ¥ · ¸¸ÉμÖ´¨¥,
¤ ² ¤²Ö Ë¨¤¥²¨É¨ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö: F2 = 0,890±0,042 ¶·¨ n = z, F2 = 0,865±0,046
¶·¨ n = x, F2 = 0,845 ± 0,027 ¶·¨ n = 2−1/2(z + x). �É´μ¸¨É¥²Ó´μ¥ Ë¨¤¥²¨É¨ ¶·¨
n = 2−1/2(z + x) · ¢´μ F2r = 0,949.

‚ ´ Ï¥³ ¸²ÊÎ ¥ ¢¥²¨Î¨´Ò N+ ¨ N− μ¶·¥¤¥²ÖÕÉ¸Ö Ëμ·³Ê² ³¨ (28) ¨ (29).
‘¤¥² ¥³ ¢ ´¨Ì § ³¥´Ê

Θ(R1x ·R3x) → Θ(R1x)Θ(R3x) + Θ(−R1x)Θ(−R3x)

¨  ´ ²μ£¨Î´ÊÕ § ³¥´Ê ¶·¨ x → z. �μ¸²¥ ÔÉμ£μ Ë¨£Ê·¨·ÊÕÐ¨¥ ¢ ´¨Ì ¨´É¥£· ²Ò,
μÉ´μ¸ÖÐ¨¥¸Ö ± ¸±Ê¡¨É ³ {1} ¨ {3}, Ë ±Éμ·¨§ÊÕÉ¸Ö ¨ ²¥£±μ ¢ÒÎ¨¸²ÖÕÉ¸Ö. ‚ ·¥§Ê²ÓÉ É¥,
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¸ ÉμÎ´μ¸ÉÓÕ ¤μ μ¡Ð¥£μ ³´μ¦¨É¥²Ö ¶μ²ÊÎ ¥É¸Ö

N−(n = x) = N−(n = z) = 0,

N+

(
n =

x + z√
2

)
= 4 + 2(

√
2 − 1)2,

N−

(
n =

x + z√
2

)
= 2(

√
2 − 1)2.

�É¸Õ¤  ¤²Ö Ë¨¤¥²¨É¨ ¶μ²ÊÎ ¥³

F (x) = F (z) = 1, F

(
n =

x + z√
2

)
=

2 + (
√

2 − 1)2

2 + 2(
√

2 − 1)2
≈ 0,927.

�μ¸²¥¤´¨° ·¥§Ê²ÓÉ É ²¥¦¨É ¶μ¸·¥¤¨´¥ ³¥¦¤Ê F1r ¨ F2r . ‘ ÊÎ¥Éμ³ μÏ¨¡μ± Ô±¸¶¥-
·¨³¥´É  μ´ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥´¨Ö³¨ ¤²Ö μÉ´μ¸¨É¥²Ó´ÒÌ Ë¨¤¥²¨É¨ ¢ μ¡μ¨Ì
Ô±¸¶¥·¨³¥´É Ì. �¡· É¨³ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ´¨± ±¨Ì ¶μ¤£μ´μÎ´ÒÌ ¶ · ³¥É·μ¢ ³Ò ´¥
¨¸¶μ²Ó§μ¢ ²¨.

‡�Š‹�—…�ˆ…

�·¥¤²μ¦¥´´ Ö ³μ¤¥²Ó ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ±¢ ´Éμ¢ Ö ³μ¤¥²Ó ¸μ ¸±·ÒÉÒ³¨ ¶ -
· ³¥É· ³¨. �´ , ¢·μ¤¥ ¡Ò, ¶·μÉ¨¢μ·¥Î¨É §´ ³¥´¨Éμ° É¥μ·¥³¥ Ëμ´ 	¥°³ ´  [17]. ‚ ¤¥°-
¸É¢¨É¥²Ó´μ¸É¨ ´¨± ±μ£μ ¶·μÉ¨¢μ·¥Î¨Ö ´¥É. ‚ ¸¢μ¥° É¥μ·¥³¥ Ëμ´ 	¥°³ ´ ¶·¥¤¶μ² £ ²,
ÎÉμ · ¸¸³ É·¨¢ ¥³ Ö ±¢ ´Éμ¢ Ö ¸¨¸É¥³  μ¶¨¸Ò¢ ¥É¸Ö ¢¥±Éμ· ³¨ £¨²Ó¡¥·Éμ¢  ¶·μ¸É· ´-
¸É¢ ,   ´ ¡²Õ¤ ¥³Ò¥ μ¶¨¸Ò¢ ÕÉ¸Ö ²¨´¥°´Ò³¨ μ¶¥· Éμ· ³¨. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¢¥±Éμ·Ò
£¨²Ó¡¥·Éμ¢  ¶·μ¸É· ´¸É¢  ´¥ Ö¢²ÖÕÉ¸Ö  É·¨¡ÊÉ ³¨ ±¢ ´Éμ¢μ° ¸¨¸É¥³Ò. ˆÌ ³μ¦´μ ¸¢Ö-
§ ÉÓ Éμ²Ó±μ ¸μ ¸¶¥Í¨ ²Ó´Ò³ μ¡· §μ³ ¶·¨£μÉμ¢²¥´´Ò³¨  ´¸ ³¡²Ö³¨ ±¢ ´Éμ¢ÒÌ ¸¨¸É¥³.
‘μμÉ¢¥É¸É¢¥´´μ, μÉ ´ ¡²Õ¤ ¥³ÒÌ ´¥²Ó§Ö É·¥¡μ¢ ÉÓ, ÎÉμ¡Ò μ´¨ μ¶¨¸Ò¢ ²¨¸Ó ²¨´¥°´Ò³¨
μ¶¥· Éμ· ³¨. 	  ´ ¡²Õ¤ ¥³Ò¥ ³μ¦´μ ´ ²μ¦¨ÉÓ ²¨ÏÓ ¡μ²¥¥ ¸² ¡μ¥ Ê¸²μ¢¨¥. Œμ¦´μ ¶μ-
É·¥¡μ¢ ÉÓ, ÎÉμ¡Ò μ´¨ ¡Ò²¨ Ô²¥³¥´É ³¨ ´¥±μÉμ·μ° C∗- ²£¥¡·Ò. �·¨ É ±¨Ì Ê¸²μ¢¨ÖÌ
¤μ± § É¥²Ó¸É¢μ Ëμ´ 	¥°³ ´  ´¥ ¶·μÌμ¤¨É.

�¡· É¨³ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ³Ò ´¥ ¤¥² ²¨ ´¨± ±¨Ì ¶·¥¤¶μ²μ¦¥´¨° μ ¤¨´ ³¨±¥
· ¸¸³ É·¨¢ ¥³μ° ´ ³¨ ¸¨¸É¥³Ò. ‚¸¥ · ¸¸³μÉ·¥´´Ò¥ ´ ³¨ ±¢ ´Éμ¢Ò¥ ÔËË¥±ÉÒ Ö¢²ÖÕÉ¸Ö
Î¨¸Éμ ¸É É¨¸É¨Î¥¸±¨³¨. �·¨ ÔÉμ³ μ´¨ ´¥ Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨Ö³¨ ± ±μ°-Éμ ¸¶¥Í¨ ²Ó´μ°
±¢ ´Éμ¢μ° É¥μ·¨¨ ¢¥·μÖÉ´μ¸É¥°. �´¨ ¢¶μ²´¥ Ê±² ¤Ò¢ ÕÉ¸Ö ¢ ¸É ´¤ ·É´ÊÕ ±μ²³μ£μ·μ¢-
¸±ÊÕ É¥μ·¨Õ ¢¥·μÖÉ´μ¸É¥°. …¤¨´¸É¢¥´´μ¥, μ Î¥³ Éμ²Ó±μ ´¥ ´ ¤μ § ¡Ò¢ ÉÓ, ÔÉμ Éμ, ÎÉμ
¢¥·μÖÉ´μ¸É´μ¥ ¶·μ¸É· ´¸É¢μ ¤μ²¦´μ ¡ÒÉÓ μ¸´ Ð¥´μ σ- ²£¥¡·μ°. ‡¤¥¸Ó ¨³¥¥É¸Ö ¶·¨´Í¨-
¶¨ ²Ó´μ¥ · §²¨Î¨¥ ³¥¦¤Ê ±² ¸¸¨Î¥¸±¨³¨ ¨ ±¢ ´Éμ¢Ò³¨ ¸¨¸É¥³ ³¨. ‚ Éμ ¢·¥³Ö ± ± ¤²Ö
±² ¸¸¨Î¥¸±μ° ¸¨¸É¥³Ò ³μ¦´μ ¢¢¥¸É¨ ¥¤¨´ÊÕ σ- ²£¥¡·Ê, ±μÉμ· Ö ³μ¦¥É μ¡¸²Ê¦¨ÉÓ ¢¸¥
´ ¡²Õ¤ ¥³Ò¥, Ì · ±É¥·´Ò¥ ¤²Ö ¸¨¸É¥³Ò, ¢ ±¢ ´Éμ¢μ° ¸¨¸É¥³¥ ¤²Ö ± ¦¤μ° £·Ê¶¶Ò ¸μ-
¢³¥¸É¨³ÒÌ ´ ¡²Õ¤ ¥³ÒÌ ´ ¤μ ¢¢μ¤¨ÉÓ ¸¢μÕ σ- ²£¥¡·Ê ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¸¢μÕ ¸¨¸É¥³Ê
¢¥·μÖÉ´μ¸É´ÒÌ ³¥·. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¢ ¶μ¸É·μ¥´¨¨ É ±¨Ì ³¥· ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó ¨£· ²¨
ËÊ´±Í¨¨ ε(r), §´ Î¥´¨Ö ±μÉμ·ÒÌ § ¢¨¸ÖÉ μÉ r. 	 ¶μ³´¨³, ÎÉμ · ¸¸³ É·¨¢ ¥³Ò¥ ´ ³¨
´ ¡²Õ¤ ¥³Ò¥ Å ¶·μ¥±Í¨¨ ¸¶¨´  ´  ´ ¶· ¢²¥´¨Ö r Å Ö¢²ÖÕÉ¸Ö ´¥¸μ¢³¥¸É¨³Ò³¨ ¤²Ö
· §´ÒÌ r.
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