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  ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ����, Œ¨´¸±
¡ �¥²µ·Ê¸¸±¨° £µ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, Œ¨´¸±

�µ± § ´µ, ÎÉµ ¢ ¶·µÍ¥¸¸¥ Ô¢µ²ÕÍ¨¨ ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸  ¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ±Ê¡¨Éµ¢
¢µ§³µ¦´µ ¢µ§´¨±´µ¢¥´¨¥ ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨°.

It was shown the appearance of entangled states is possible in the process of YoungÄMillsÄHiggs
ˇelds and interactive q-bits evolution.

‚‚…„…�ˆ…

ˆ´É¥·¥¸ ± ¶¥·¥¶ÊÉ ´´Ò³ ¸µ¸ÉµÖ´¨Ö³ ± ± µ¸µ¡µ³Ê ±² ¸¸Ê ±¢ ´Éµ¢ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ-
Ö¢²Ö²¸Ö ¥Ð¥ ¢ 30-¥ ££., ¸· §Ê ¶µ¸²¥ ¸µ§¤ ´¨Ö ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨ [1], ¡² £µ¤ ·Ö ¢¥¸Ó³ 
´¥µ¡ÒÎ´Ò³ ¨Ì ¸¢µ°¸É¢ ³. ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¶·µ¡²¥³  µ¶¨¸ ´¨Ö ¨ ¶µ²ÊÎ¥´¨Ö ¶¥·¥¶Ê-
É ´´ÒÌ ¸µ¸ÉµÖ´¨° ¶·¨¢²¥± ¥É ± ¸¥¡¥ ¢¸¥ ¡µ²ÓÏ¥¥ ¢´¨³ ´¨¥. ’ ±µ° ¨´É¥·¥¸ ¸¢Ö§ ´ ¢
¶¥·¢ÊÕ µÎ¥·¥¤Ó ¸ · §¢¨É¨¥³ ¢µ§³µ¦´µ¸É¥° Ê¶· ¢²¥´¨Ö ¤¨´ ³¨±µ° ±¢ ´Éµ¢ÒÌ ¸¨¸É¥³ ´ 
Ê·µ¢´¥ µÉ¤¥²Ó´ÒÌ Î ¸É¨Í. �¸µ¡¥´´µ ¢ ¦´Ò³ ¤µ¸É¨¦¥´¨¥³ ¡Ò²µ µ¸ÊÐ¥¸É¢²¥´¨¥ ¢ 1997 £.
±¢ ´Éµ¢µ° É¥²¥¶µ·É Í¨¨ ´  ËµÉµ´ Ì �´Éµ´µ³ – °²¨´£¥·µ³ ¨ ¥£µ ¸µÉ·Ê¤´¨± ³¨ [2] ¶·¨
¶µ³µÐ¨ ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨°, ±µÉµ·Ò¥ ³µ£ÊÉ ¡ÒÉÓ ¸£¥´¥·¨·µ¢ ´Ò ¢ ±·¨¸É ²² Ì [3].

–¥´´µ¸ÉÓ ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° § ±²ÕÎ ¥É¸Ö ´¥ Éµ²Ó±µ ¢ ±¢ ´Éµ¢µ° É¥²¥¶µ·É Í¨¨,
¡² £µ¤ ·Ö ¸¢µ¨³ ´¥É·¨¢¨ ²Ó´Ò³ ¸¢µ°¸É¢ ³ µ´¨ · ¸Ï¨·ÖÕÉ £· ´¨ÍÒ ¨ ¢µ§³µ¦´µ¸É¨ ¢
µ¡² ¸É¨ ¶¥·¥¤ Î¨ ¨´Ëµ·³ Í¨¨, ±µ¤¨·µ¢ ´¨Ö, ¶·¨´Í¨¶µ¢ ¢ÒÎ¨¸²¥´¨Ö. �µÔÉµ³Ê µ´¨ ¨¸-
¶µ²Ó§ÊÕÉ¸Ö (¢µ§´¨± ÕÉ) ¶·¨ · ¡µÉ¥ ±¢ ´Éµ¢µ£µ ±µ³¶ÓÕÉ¥· , ¶²µÉ´µ£µ ±µ¤¨·µ¢ ´¨Ö, ¶·¨
¶¥·¥¤ Î¥ ¨´Ëµ·³ Í¨¨ [4]. �¸µ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¢µ§³µ¦´ Ö ¸¢Ö§Ó ±¢ ´Éµ¢µ£µ
¸¦ É¨Ö, ´¥Ê¸Éµ°Î¨¢µ¸É¨, ¶¥·¥¶ÊÉÒ¢ ´¨Ö, ¢ Î ¸É´µ¸É¨, µ¡· §µ¢ ´¨Ö ¤¢ÊÌ³µ¤µ¢ÒÌ ¸¦ ÉÒÌ
¸µ¸ÉµÖ´¨° [5].

‚ ¤ ´´µ° · ¡µÉ¥ ¨§ÊÎ ÕÉ¸Ö ¤¨¸±·¥É´Ò¥ ¨ ´¥¶·¥·Ò¢´Ò¥ ¶¥·¥¶ÊÉ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö. �É-
¤¥²Ó´µ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö ¸²ÊÎ Õ, ±µ£¤  ¶¥·¥¶ÊÉÒ¢ ´¨¥ ¶·µ¨¸Ìµ¤¨É ¶µ ¢¥²¨Î¨´ ³,
¸¶¥±É· ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ±µÉµ·ÒÌ ¸µ¸Éµ¨É Éµ²Ó±µ ¨§ ¤¢ÊÌ §´ Î¥´¨°. �·¨³¥·µ³ É -
±¨Ì ¸¨¸É¥³ ³µ£ÊÉ ¸²Ê¦¨ÉÓ Î ¸É¨ÍÒ ¸ ¸¶¨´µ³ 1/2,   É ±¦¥ ¤¢ÊÌÊ·µ¢´¥¢Ò¥ ¸¨¸É¥³Ò. ‚
ÔÉµ³ ¸²ÊÎ ¥ Ê¸²µ¢¨¥ ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° § ¶¨¸Ò¢ ¥É¸Ö Î¥·¥§ ±µÔËË¨Í¨¥´É ±µ··¥²Ö-
Í¨¨ ¨  ´ ²¨§¨·Ê¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥§Ê²ÓÉ É¥
Ô¢µ²ÕÍ¨¨ ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ° ¸¨¸É¥³Ò ¤¢ÊÌ Î ¸É¨Í.

‚ · ¡µÉ¥ ¶µ± §Ò¢ ¥É¸Ö É ±¦¥ ¢µ§³µ¦´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢
¸¨¸É¥³¥ ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸  ¨ ¤²Ö ±Ê¡¨Éµ¢. � ¸¸³µÉ·¥´ ¶·¨³¥· ±¢ ´Éµ¢µ-³¥Ì ´¨-
Î¥¸±µ° ³µ¤¥²¨ ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ , ¤²Ö ´¥£µ § ¶¨¸ ´ ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨,
Ì · ±É¥·¨§ÊÕÐ¨° ¶¥·¥¶ÊÉÒ¢ ´¨¥, Î¥·¥§ Ô²¥³¥´ÉÒ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨. �¢µ²ÕÍ¨Ö ¸¨-
¸É¥³Ò ¶·µ¸²¥¦¨¢ ² ¸Ó ¶·¨ ¶µ³µÐ¨ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¤²Ö ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ [6, 7],
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±µÉµ·Ò¥ ·¥Ï ²¨¸Ó Î¨¸²¥´´µ. �µ¶· ¢±  §  ¸Î¥É ´¥²¨´¥°´µ¸É¨ (±¢ ´Éµ¢ Ö ¶µ¶· ¢±  ¶µ �)
µÍ¥´¥´  ¢ �·¨²µ¦¥´¨¨ ¨ ¶µ± § ´µ, ÎÉµ µ´  ³ ² .

1. �…�…�“’���›… ‘�‘’�Ÿ�ˆŸ

Š ± ¨§¢¥¸É´µ, ¶¥·¥¶ÊÉ ´´Ò³ ¸µ¸ÉµÖ´¨¥³ ¸µ¸É ¢´µ° ±¢ ´Éµ¢µ° ¸¨¸É¥³Ò ´ §Ò¢ ¥É¸Ö
É ±µ¥ ¸µ¸ÉµÖ´¨¥, ±µÉµ·µ¥ ´¥¢µ§³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ ¶·Ö³µ£µ ¶·µ¨§¢¥¤¥´¨Ö ¢µ²´µ¢ÒÌ
ËÊ´±Í¨° ¸µ¸É ¢²ÖÕÐ¨Ì ¸¨¸É¥³Ò. �·¨³¥·µ³ ¶¥·¥¶ÊÉ ´´ÒÌ ¶µ ¶µ²Ö·¨§ Í¨¨ ËµÉµ´´ÒÌ
¸µ¸ÉµÖ´¨° ¸²Ê¦ É ¸µ¸ÉµÖ´¨Ö �¥²²  [3], ±µÉµ·Ò¥ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

|Φ+〉 =
|�〉1 |�〉2 + |↔〉1 |↔〉2√

2
, |Φ−〉 =

|�〉1 |�〉2 − |↔〉1 |↔〉2√
2

,

|Ψ+〉 =
|�〉1 |↔〉2 + |↔〉1 |�〉2√

2
, |Ψ−〉 =

|�〉1 |↔〉2 − |↔〉1 |�〉2√
2

,

(1)

£¤¥ |�〉 ¨ |↔〉 µ¡µ§´ Î ÕÉ · §´ÊÕ ¶µ²Ö·¨§ Í¨Õ ËµÉµ´µ¢. �É²¨Î¨É¥²Ó´µ° µ¸µ¡¥´´µ¸ÉÓÕ
ÔÉ¨Ì ¸µ¸ÉµÖ´¨° Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ¨§³¥·¥´¨¥ ¶µ²Ö·¨§ Í¨¨ µ¤´µ£µ ËµÉµ´  ³£´µ¢¥´´µ ¶¥-
·¥¢µ¤¨É ¢Éµ·µ° ËµÉµ´ ¢ ¸µ¸ÉµÖ´¨¥ ¸ µ¶·¥¤¥²¥´´µ° ¶µ²Ö·¨§ Í¨¥°, ¶·¨Î¥³ ¢Éµ· Ö ¶µ²Ö-
·¨§ Í¨Ö µ¶·¥¤¥²Ö¥É¸Ö ¨³¥´´µ ¢ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨Ö ¶¥·¢µ° ¶µ²Ö·¨§ Í¨¨ ¨ ´¥ Ö¢²Ö¥É¸Ö
µ¶·¥¤¥²¥´´µ° ¤µ ¶·µ¢¥¤¥´¨Ö ¨§³¥·¥´¨°.

� ¸¸³µÉ·¨³ ¢¥±Éµ· ¸µ¸ÉµÖ´¨Ö |αβ〉, ±µÉµ·Ò° µ¶¨¸Ò¢ ¥É Ë¨§¨Î¥¸±ÊÕ ¸¨¸É¥³Ê, ¸µ¸ÉµÖ-
ÐÊÕ ¨§ ¶µ¤¸¨¸É¥³ α ¨ β, ¨ ¶Ê¸ÉÓ ´ ¤ ¸µ¸ÉµÖ´¨¥³ |αβ〉 ¶·µ¨§¢µ¤¨É¸Ö ¤¢  ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ
¨§³¥·¥´¨Ö ¤¢ÊÌ Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´ X Å ¤²Ö ¸¨¸É¥³Ò α Å ¨ Y Å ¤²Ö ¸¨¸É¥³Ò β. �Ê-
¤¥³ ¸Î¨É ÉÓ, ÎÉµ ¨§³¥·Ö¥³Ò¥ ¢¥²¨Î¨´Ò X ¨ Y ³µ£ÊÉ ¨³¥ÉÓ Éµ²Ó±µ ¶µ ¤¢  ¸µ¡¸É¢¥´´ÒÌ
§´ Î¥´¨Ö X1, X2 ¨ Y1, Y2, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸µ¡¸É¢¥´´Ò³ µ·Éµ´µ·³¨·µ¢ ´´Ò³ ¢¥±Éµ· ³
|X1〉, |X2〉 ¨ |Yk〉, |Yk〉. „²Ö Éµ£µ ÎÉµ¡Ò ¶·µ¢¥·¨ÉÓ ¸µ¸ÉµÖ´¨¥ ¸¨¸É¥³Ò ´  ¶¥·¥¶ÊÉ ´´µ¸ÉÓ,
´¥µ¡Ìµ¤¨³µ ¢ÒÎ¨¸²¨ÉÓ Ê¸²µ¢´ÊÕ ¢¥·µÖÉ´µ¸ÉÓ ¶µ²ÊÎ¥´¨Ö ¢µ ¢Éµ·µ³ ¨§³¥·¥´¨¨ ¢¥²¨Î¨´Ò
Yk ¶·¨ Ê¸²µ¢¨¨, ÎÉµ ¢ ¶¥·¢µ³ ¨§³¥·¥´¨¨ ¡Ò²µ ¶µ²ÊÎ¥´µ §´ Î¥´¨¥ Xi. …¸²¨ ³ É·¨Í 
Ê¸²µ¢´ÒÌ ¢¥·µÖÉ´µ¸É¥° P (Yk/Xi) ¨³¥¥É ¢¨¤

P (Yk/Xi) =
(

0 1
1 0

)
¨²¨ P (Yk/Xi) =

(
1 0
0 1

)
, (2)

Éµ · ¸¸³ É·¨¢ ¥³µ¥ ¸µ¸ÉµÖ´¨¥ Ö¢²Ö¥É¸Ö ¶¥·¥¶ÊÉ ´´Ò³. “¸²µ¢´ Ö ¢¥·µÖÉ´µ¸ÉÓ · ¸¸Î¨ÉÒ¢ -
¥É¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³: P (Yi/Xk) = 〈Yi| 〈Xk |αβ〉2/‖ 〈Xk |αβ〉 ‖2; §¤¥¸Ó ¨¸¶µ²Ó§µ¢ ´µ
µ¶·¥¤¥²¥´¨¥ ´µ·³Ò ‖|Ψ〉‖ =

√
〈Ψ|Ψ〉.

„²Ö ¤ ´´µ° · ¡µÉÒ ¡µ²¥¥ Ê¤µ¡´µ · ¸¸³µÉ·¥ÉÓ ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ³¥¦¤Ê ¢¥²¨-
Î¨´ ³¨ X ¨ Y [8], ±µÉµ·Ò° ¢Ò· ¦ ¥É¸Ö Î¥·¥§ Ê¸²µ¢´Ò¥ ¢¥·µÖÉ´µ¸É¨

r (X, Y ) =
〈XY 〉 − 〈X〉 〈Y 〉

σXσY
=

P (X2) (P (Y2/X2) − P (Y2))√
P (X2) (1 − P (X2))

√
P (Y2) (1 − P (Y2))

, (3)

£¤¥ 〈〉 µ§´ Î ÕÉ ¸·¥¤´¥¥ §´ Î¥´¨¥,   σ Å ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±µ¥ µÉ±²µ-
´¥´¨¥.

‹¥£±µ ¶µ± § ÉÓ, ÎÉµ ±µ£¤  ¸µ¸ÉµÖ´¨¥ ¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö ¶¥·¥¶ÊÉ ´´Ò³, Éµ ±µÔËË¨Í¨-
¥´É ±µ··¥²ÖÍ¨¨ · ¢¥´ ±1. …¸²¨ ¦¥ ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ · ¢¥´ ±1, Éµ ¸²ÊÎ °´Ò¥
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¢¥²¨Î¨´Ò ¸¢Ö§ ´Ò ²¨´¥°´µ° § ¢¨¸¨³µ¸ÉÓÕ Y = aX+b [8], ÎÉµ µ§´ Î ¥É ¶µ²´ÊÕ ±µ··¥²Ö-
Í¨Õ ³¥¦¤Ê ¢¥²¨Î¨´ ³¨ X ¨ Y . �µÔÉµ³Ê ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ¶¥·¥¶ÊÉ ´´µ¸É¨ ¸µ¸ÉµÖ´¨°
(2) ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ · ¢¥´¸É¢µ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ (3) ±1.

…¸²¨ Ê ¨§³¥·Ö¥³ÒÌ ¢¥²¨Î¨´ Î¨¸²µ ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨°, ±µÉµ·Ò¥ ³µ£ÊÉ ¡ÒÉÓ ¶µ²Ê-
Î¥´Ò ¢ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨Ö, ¡µ²ÓÏ¥ ¤¢ÊÌ, Éµ ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ´¥ ¤ ¥É ¤µ¸É -
ÉµÎ´µ£µ ¨ ´¥µ¡Ìµ¤¨³µ£µ Ê¸²µ¢¨Ö ¶¥·¥¶ÊÉ ´´µ¸É¨. ‚ ÔÉµ³ ¸²ÊÎ ¥ ´ ²¨Î¨¥ ±µÔËË¨Í¨¥´É 
±µ··¥²ÖÍ¨¨, µÉ²¨Î´µ£µ µÉ ´Ê²Ö (¨²¨ ¡²¨§±µ£µ ± ±1) [8], ¡¥§Ê¸²µ¢´µ µ§´ Î ¥É ¶¥·¥¶Ê-
É ´´µ¥ ¸µ¸ÉµÖ´¨¥, ´µ · ¢¥´¸É¢µ ´Ê²Õ (¨²¨ ¡²¨§µ¸ÉÓ ± ´Ê²Õ) ´¥ µ§´ Î ¥É ¥Ð¥ Éµ£µ, ÎÉµ
¸µ¸ÉµÖ´¨¥ ´¥ Ö¢²Ö¥É¸Ö ¶¥·¥¶ÊÉ ´´Ò³.

�·¨ ¶¥·¥Ìµ¤¥ ± ´¥¶·¥·Ò¢´Ò³ ¢¥²¨Î¨´ ³ X ¨ Y ´¥µ¡Ìµ¤¨³µ § ³¥´¨ÉÓ ³ É·¨ÍÊ Ê¸²µ¢-
´ÒÌ ¢¥·µÖÉ´µ¸É¥° ´  Ê¸²µ¢´ÊÕ ¶²µÉ´µ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ρ(Y/X) ¨ ρ(X/Y ). …¸²¨ ¶·¨
Ë¨±¸¨·µ¢ ´¨¨ µ¤´µ° ¶¥·¥³¥´´µ°, ±µÉµ· Ö ¡Ò²  ¨§³¥·¥´  ¶¥·¢µ°, ¤²Ö ¢Éµ·µ° ¶¥·¥³¥´-
´µ° ¢ µ¡µ¨Ì · ¸¶·¥¤¥²¥´¨ÖÌ ρ(Y/X), ρ(X/Y ) ¶µ²ÊÎ¨É¸Ö δ-µ¡· §´µ¥ · ¸¶·¥¤¥²¥´¨¥, Å
Éµ£¤  ÔÉµ ¶¥·¥¶ÊÉ ´´µ¥ ¸µ¸ÉµÖ´¨¥ [9].

‚µ¸¶µ²Ó§Ê¥³¸Ö ±µÔËË¨Í¨¥´Éµ³ ±µ··¥²ÖÍ¨¨ ¤²Ö Éµ£µ, ÎÉµ¡Ò ¶·µ ´ ²¨§¨·µ¢ ÉÓ ¢µ§-
³µ¦´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö ´¥¶·¥·Ò¢´ÒÌ ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥§Ê²ÓÉ É¥ Ô¢µ²ÕÍ¨¨
±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ° ¸¨¸É¥³Ò. ŠµÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ³µ¦¥É ¡ÒÉÓ ¢Ò· ¦¥´ Î¥·¥§
Ô²¥³¥´ÉÒ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨

rp =
σ12

√
σ11σ22

, rq =
σ34

√
σ33σ44

. (4)

‡¤¥¸Ó y = (p,q) Å ¢¥±Éµ·, ¶µ²´µ¸ÉÓÕ § ¤ ÕÐ¨° ¸µ¸ÉµÖ´¨¥ ±² ¸¸¨Î¥¸±µ° £ ³¨²ÓÉµ´µ¢µ°

¸¨¸É¥³Ò; σnl =
1
2�

〈
∆ŷn∆ŷl + ∆ŷl∆ŷn

〉
Å Ô²¥³¥´ÉÒ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨; ∆ŷn = ŷn −

〈ŷn〉 Å µ¶¥· Éµ·Ò µÉ±²µ´¥´¨Ö µÉ ¸·¥¤´¥£µ §´ Î¥´¨Ö. �·¨ ¶µ³µÐ¨ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨
³µ¦´µ É ±¦¥ § ¶¨¸ ÉÓ ¤¨¸¶¥·¸¨¨ ±¢ ¤· ÉÊ·´ÒÌ µ¶¥· Éµ·µ¢ X̂1, X̂2 [10] ¨ ¶·µ¢¥·¨ÉÓ
¢µ§³µ¦´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö ±¢ ´Éµ¢µ£µ ÔËË¥±É  ¸¦ É¨Ö [13]

〈(
∆X̂i

)2
〉

=
〈
X̂i

2
〉
−

〈
X̂i

〉2

=
�

s

∑
n,l

µnµlσ
nl; (5)

¶·¨ i = 1 n = ξ+s, µξ+s =
√

mξωξ/2�, ¶·¨ i = 2 n = ξ, µξ = 1/
√

2�mξωξ, ξ = 1, . . . , s;
mξ, ωξ Å ³ ¸¸  ¨ Î ¸ÉµÉ  ξ-° ³µ¤Ò. „¨ £µ´ ²Ó´Ò¥ Ô²¥³¥´ÉÒ σnn µ¶·¥¤¥²ÖÕÉ ± ±
¤¨¸¶¥·¸¨¨ µ¶¥· Éµ·µ¢ ±µµ·¤¨´ ÉÒ (¶·¨ n = ξ+s), É ± ¨ ¤¨¸¶¥·¸¨¨ µ¶¥· Éµ·µ¢ ¨³¶Ê²Ó¸ 
(¶·¨ n = ξ). ‘É ´¤ ·É´Ò¥ Ê¸²µ¢¨Ö ±¢ ¤· ÉÊ·´µ£µ ¸¦ É¨Ö [10,11] ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ³µ¦´µ
§ ¶¨¸ ÉÓ ¢ ¢¨¤¥ (n = ξ ¨²¨ n = ξ + s)

σnn <
1

4�µ2
n

(µ¤´µ³µ¤µ¢µ¥ ¸¦ É¨¥),
∑
n,l

µnµlσ
nl <

s

4�
(³´µ£µ³µ¤µ¢µ¥ ¸¦ É¨¥). (6)

„²Ö  ´ ²¨§  Ô¢µ²ÕÍ¨¨ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ ¢µ¸¶µ²Ó§Ê¥³¸Ö Ëµ·³ ²¨§³µ³, · §-
· ¡µÉ ´´Ò³ ¢ [6,7, 13], ¨ Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö ¤²Ö ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨

d

dt
σmn = Γm

k σkn + Γn
kσmk, (7)

£¤¥ Γn
k Å ³ É·¨Í  Ê¸Éµ°Î¨¢µ¸É¨
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Γm
n = γmk ∂2H

∂yk∂yn

∣∣∣∣
y=y(t)

, {γmn} =
(

0 −Is

Is 0

)
, m, n = 1, 2s. (8)

‡¤¥¸Ó y(t) Å ±² ¸¸¨Î¥¸± Ö É· ¥±Éµ·¨Ö ¤¢¨¦¥´¨Ö, ´  ±µÉµ·µ° ¢ÒÎ¨¸²Ö¥É¸Ö ³ É·¨Í  Ê¸Éµ°-
Î¨¢µ¸É¨,   Is Å ¥¤¨´¨Î´ Ö ³ É·¨Í  · §³¥·  s × s.

�¥Ï¥´¨¥ Ê· ¢´¥´¨° (7) ¢Ò· ¦ ¥É¸Ö Î¥·¥§ µ¶¥· Éµ· Ô¢µ²ÕÍ¨¨ F (t, t0), ±µÉµ·Ò° ¸¢Ö-
§Ò¢ ¥É ¢ ·¨ Í¨Õ É· ¥±Éµ·¨¨ ¢ ´ Î ²Ó´Ò° ³µ³¥´É ¢·¥³¥´¨ t0 ¸ ¢ ·¨ Í¨¥° É· ¥±Éµ·¨¨ ¢
³µ³¥´É ¢·¥³¥´¨ t [13] (³Ê²ÓÉ¨¶²¨± É¨¢´Ò° ¨´É¥£· ² [14]).

σmn(t) = Fm
l (t, t0)Fn

k (t, t0)σlk(t0), £¤¥ F (t, t0) =

∩t∫
t0

(1 + Γ (ξ) dξ). (9)

“· ¢´¥´¨Ö (7) Ö¢²ÖÕÉ¸Ö ÉµÎ´Ò³¨ Éµ²Ó±µ ¤²Ö ¸¨¸É¥³, µ¶¨¸Ò¢ ¥³ÒÌ ±¢ ¤· É¨Î´Ò³¨ £ -
³¨²ÓÉµ´¨ ´ ³¨. ‚ ¸²ÊÎ ¥ ´ ²¨Î¨Ö ¢ £ ³¨²ÓÉµ´¨ ´¥ ´¥²¨´¥°´µ¸É¥° ¢ÒÏ¥ ¢Éµ·µ£µ ¶µ·Ö¤± 
ÔÉ¨ Ê· ¢´¥´¨Ö ¸É ´µ¢ÖÉ¸Ö ¶·¨¡²¨¦¥´´Ò³¨. „²Ö Éµ£µ ÎÉµ¡Ò µÍ¥´¨ÉÓ ÉµÎ´µ¸ÉÓ Ê· ¢´¥´¨°
(7), ´¥µ¡Ìµ¤¨³µ ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö, ±µÉµ·Ò¥ ¸µ¤¥·¦ É ±¢ ´Éµ¢Ò¥
¶µ¶· ¢±¨, µ¡Ê¸²µ¢²¥´´Ò¥ ´¥²¨´¥°´µ¸ÉÓÕ £ ³¨²ÓÉµ´¨ ´  [7]. ’ ±¨¥ Ê· ¢´¥´¨Ö ¨³¥ÕÉ
¢¨¤ (19)Ä(21), ¨Ì ·¥Ï¥´¨¥ ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´µ ¢ ¢¨¤¥ (25)Ä(27).

�·¨ ¶µ³µÐ¨ µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ ³µ¦´µ ¶·µ ´ ²¨§¨·µ¢ ÉÓ Ê¸Éµ°Î¨¢µ¸ÉÓ ¤¢¨¦¥´¨Ö
¸¨¸É¥³Ò, ¤²Ö ÔÉµ£µ ´¥µ¡Ìµ¤¨³µ ¶·µ ´ ²¨§¨·µ¢ ÉÓ ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö µ¶¥· Éµ·  Ô¢µ-
²ÕÍ¨¨. „²Ö Ê¸Éµ°Î¨¢ÒÌ ¸¨¸É¥³ ¢¸¥ ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ µ£· ´¨-
Î¥´Ò ¶µ ³µ¤Ê²Õ |λi(t)| < M , £¤¥ M Å ¶µ²µ¦¨É¥²Ó´µ¥ Î¨¸²µ, ´¥ § ¢¨¸ÖÐ¥¥ µÉ ¢·¥-
³¥´¨,   i = 1, 2s. …¸²¨ ´¥±µÉµ·Ò¥ ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ ¡Ê¤ÊÉ
´¥µ£· ´¨Î¥´´µ ¢µ§· ¸É ÉÓ ¸µ ¢·¥³¥´¥³, Éµ ÔÉµ ¡Ê¤¥É µ§´ Î ÉÓ ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ¤¢¨¦¥´¨Ö
¸¨¸É¥³Ò [13].

�·¨  ´ ²¨§¥ Ô¢µ²ÕÍ¨¨ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ ¢µ ¢·¥³¥´¨ ¡Ê¤¥³ ¶µ²Ó§µ¢ ÉÓ¸Ö
Ê· ¢´¥´¨Ö³¨ (7). ‚²¨Ö´¨¥ ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ± ¡Ê¤¥³ ÊÎ¨ÉÒ¢ ÉÓ ¶·¨ ¶µ³µÐ¨ (26), (27).

� ¸¸³µÉ·¨³ É¥¶¥·Ó ¶·¨´Í¨¶¨ ²Ó´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö ¢ ·¥§Ê²ÓÉ É¥ Ô¢µ²Õ-
Í¨¨ ¸µ¸ÉµÖ´¨Ö, ±µÉµ·µ¥ ¡Ò ¨³¥²µ ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨, · ¢´Ò° ±1. ‚µ¸¶µ²Ó§µ-
¢ ¢Ï¨¸Ó ·¥Ï¥´¨¥³ (9), ¢Ò¶¨Ï¥³ Ö¢´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö Ô²¥³¥´Éµ¢ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨,
±µÉµ·Ò¥ ¢Ìµ¤ÖÉ ¢ ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨, ¢Ò¡· ¢ ¢ ± Î¥¸É¢¥ ´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö
±µ£¥·¥´É´µ¥

σ13 =
1
2

4∑
i=1

F 1
k F 3

k , σ11 =
1
2

4∑
i=1

F 1
k F 1

k , σ33 =
1
2

4∑
i=1

F 3
k F 3

k . (10)

�µ²Ó§ÊÖ¸Ó µ¶·¥¤¥²¥´¨¥³ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ ³µ¦´µ ¶µ± § ÉÓ, ÎÉµ ±µÔËË¨Í¨¥´É
±µ··¥²ÖÍ¨¨ ³µ¦¥É ¡ÒÉÓ · ¢¥´ ±1 Éµ²Ó±µ ¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ¤¢¥ ¸É·µÎ±¨ µ¶¥· Éµ· 
Ô¢µ²ÕÍ¨¨ ²¨´¥°´µ § ¢¨¸¨³Ò,   ÔÉµ µ§´ Î ¥É, ÎÉµ ¤¥É¥·³¨´ ´É µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ · -
¢¥´ ´Ê²Õ. �·¨ ÔÉµ³, ¢µ¸¶µ²Ó§µ¢ ¢Ï¨¸Ó µ¶·¥¤¥²¥´¨¥³ µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ (9), ³µ¦´µ
¶µ± § ÉÓ, ÎÉµ ¢¸¥£¤  det (F ) = 1. �Éµ µ§´ Î ¥É, ÎÉµ ¢ · ³± Ì Ê· ¢´¥´¨° (7) ²¨´¥°´ Ö
±µ··¥²ÖÍ¨Ö ³¥¦¤Ê ¨§³¥·Ö¥³Ò³¨ ¢¥²¨Î¨´ ³¨ ´¥ ³µ¦¥É ¡ÒÉÓ ¶µ²´µ°. ‚¥·Ì´ÖÖ µÍ¥´±  ¤²Ö
³ ±¸¨³ ²Ó´µ£µ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ ¨³¥¥É ¢¨¤

|r| � 1/

(√
1 + 1/((2s)!

√
2sM4)2

)
, (11)
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£¤¥ M = max |F i
k|. ’ ± ± ± ¤²Ö Ê¸Éµ°Î¨¢ÒÌ ¸¨¸É¥³ ¢¸¥ §´ Î¥´¨Ö µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨

µ£· ´¨Î¥´Ò, Éµ ¤²Ö ´¨Ì ¨ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ¥ §´ Î¥´¨¥ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨
Éµ¦¥ µ£· ´¨Î¥´µ. ˆ Éµ²Ó±µ ¤²Ö ´¥Ê¸Éµ°Î¨¢ÒÌ ¸¨¸É¥³, ¤²Ö ±µÉµ·ÒÌ Ì · ±É¥·¥´ ´¥µ£· ´¨-
Î¥´´Ò° ·µ¸É ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ¨ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨, ¢µ§³µ¦´µ ¢ ¶·¥¤¥²¥
¤µ¸É¨¦¥´¨¥ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨, · ¢´µ£µ ±1, ¨ ¶¥·¥Ìµ¤ ¢ ¶¥·¥¶ÊÉ ´´µ¥ ¸µ¸ÉµÖ´¨¥.

�·¨¢¥¤¥´´ Ö µÍ¥´±  (11) ¤µ± §Ò¢ ¥É ´¥¢µ§³µ¦´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ-
¸ÉµÖ´¨° ¤²Ö Ê¸Éµ°Î¨¢ÒÌ ¸¨¸É¥³. �µ± ¦¥³, ÎÉµ ¤²Ö Ì µÉ¨Î¥¸±¨Ì ¸¨¸É¥³ ¢µ§³µ¦´µ ¢µ§´¨±-
´µ¢¥´¨¥ ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨°. „²Ö ÔÉµ£µ · ¸¸³µÉ·¨³ ¶·¨³¥· ´¥¢Ò·µ¦¤¥´´µ£µ ¶ · -
³¥É·¨Î¥¸±µ£µ Ê¸¨²¨É¥²Ö ¸ ¢´¥Ï´¨³¨ δ-µ¡· §´Ò³¨ Éµ²Î± ³¨ [12,13]. ’ ± ± ± ÔÉµ ¶·¨³¥·
¸¨¸É¥³Ò, ±¢ ¤· É¨Î´µ° ¶µ ¨³¶Ê²Ó¸ ³ ¨ ±µµ·¤¨´ É ³, Éµ ¤²Ö ´¥£µ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¤²Ö
³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ (7) ´¥ ¸µ¤¥·¦ É ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ± ¨ Ö¢²ÖÕÉ¸Ö ÉµÎ´Ò³¨. �¶¥· Éµ·
Ô¢µ²ÕÍ¨¨ · ¸¸³ É·¨¢ ¥³µ° ¸¨¸É¥³Ò ¢ÒÎ¨¸²¥´ ¢ · ¡µÉ¥ [13]. ‚µ¸¶µ²Ó§µ¢ ¢Ï¨¸Ó ¶µ²Ê-
Î¥´´Ò³ ·¥§Ê²ÓÉ Éµ³, § ¶¨Ï¥³ ¸²¥¤ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö Ô²¥³¥´Éµ¢ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨:

σ12(t) = −
√

ω1ω2

2
sinh (2B) cos (t(ω1 + ω2)),

σ11(t) =
ω1

2
cosh (2B), σ22(t) =

ω2

2
cosh (2B),

£¤¥ B = χt + ε [t/T ]. ŠµÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ¢ ÔÉµ³ ¸²ÊÎ ¥ · ¢¥´ r = − tanh (2B)×
cos (t(ω1 +ω2)). �Î¥¢¨¤´µ, ÎÉµ ¤²Ö ¤ ´´µ° ¸¨¸É¥³Ò, ¢ ¸²ÊÎ ¥ ¥¥ ´¥Ê¸Éµ°Î¨¢µ£µ ¤¢¨¦¥´¨Ö
(χT + ε �= 0), ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ¡Ê¤¥É ¤µ¸É¨£ ÉÓ §´ Î¥´¨° ±1.

‚ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ¸¨¸É¥³  ¸µ¸Éµ¨É ¨§ ¤¢ÊÌ Î ¸É¥°, ± ¦¤ Ö ¨§ ±µÉµ·ÒÌ ´¥Ê¸Éµ°-
Î¨¢ , ´µ µ´¨ ´¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¤·Ê£ ¸ ¤·Ê£µ³, µÎ¥¢¨¤´µ, µÉ¸ÊÉ¸É¢Ê¥É ¢µ§³µ¦´µ¸ÉÓ ¢µ§-
´¨±´µ¢¥´¨Ö ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨°. ’ ±¨³ µ¡· §µ³, ¤²Ö ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¥¶ÊÉ ´´ÒÌ
¸µ¸ÉµÖ´¨° ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ¸¨¸É¥³Ò ´¥µ¡Ìµ¤¨³ , ´µ ´¥ ¤µ¸É ÉµÎ´ .

2. ‚‡�ˆŒ�„…‰‘’‚ˆ… Š“�ˆ’�‚

� ¸¸³µÉ·¨³ ¤¢¥ ¶µ²´µ¸ÉÓÕ Éµ¦¤¥¸É¢¥´´Ò¥ ¶µ ¸¢µ°¸É¢ ³ ¸¨¸É¥³Ò, µ¡² ¤ ÕÐ¨¥ ¸¶¨-
´µ³, · ¢´Ò³ 1/2. ‚ ± Î¥¸É¢¥ ¡ §¨¸  ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¸µ¡¸É¢¥´´Ò¥ ¢¥±Éµ·Ò µ¶¥· Éµ· 
¸¶¨´ . ˆ¸Ìµ¤Ö ¨§ ¸¨³³¥É·¨¨ § ¤ Î¨, ³µ¦´µ Ê± § ÉÓ µ¡Ð¨° ¢¨¤ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ £ -
³¨²ÓÉµ´¨ ´  É ±µ° ¸¨¸É¥³Ò ¢ Ê± § ´´µ³ ¡ §¨¸¥:

{Hmn} =




A α∗ α∗ β∗

α B γ∗ α
α γ B α
β α∗ α∗ A


 , (12)

£¤¥ A, B Å ¢¥Ð¥¸É¢¥´´Ò¥ Î¨¸² ,   α, β, γ Å ±µ³¶²¥±¸´Ò¥ ¢ ¡ §¨¸¥

|1〉 = |↑〉1 |↑〉2 , |2〉 = |↑〉1 |↓〉2 , |3〉 = |↓〉1 |↑〉2 , |4〉 = |↓〉1 |↓〉2 . (13)

� Î ²Ó´µ¥ ¸µ¸ÉµÖ´¨¥ ¢Ò¡¨· ²µ¸Ó ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥: |ψ〉 =
1
2

(|↑〉1 + |↓〉1)⊗ (|↑〉2 + |↓〉2).
‚¥±Éµ· ¸µ¸ÉµÖ´¨Ö ¢ ¶·µ¨§¢µ²Ó´Ò° ³µ³¥´É ¢·¥³¥´¨ ³µ¦´µ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

|ψ〉 = C1 |1〉 + C2 |2〉 + C3 |3〉 + C4 |4〉 , (14)

£¤¥ C1, C2, C3, C4 Å ±µÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨Ö ¸µ¸ÉµÖ´¨Ö |ψ〉 ¶µ ¡ §¨¸Ê (13).
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�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´É  ±µ··¥-
²ÖÍ¨¨ µÉ ¢·¥³¥´¨ ¤²Ö ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì

±Ê¡¨Éµ¢

„²Ö ¶·µ¢¥·±¨ ¢µ§³µ¦´µ¸É¨ ¢µ§´¨±´µ¢¥´¨Ö
¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° · ¸¸³ É·¨¢ ¥³µ° ¸¨-
¸É¥³Ò ¢ ·Ó¨·µ¢ ²¨¸Ó ¶ · ³¥É·Ò £ ³¨²ÓÉµ´¨ ´ 
(12), § É¥³ Î¨¸²¥´´Ò³ µ¡· §µ³ ·¥Ï ²µ¸Ó Ê· ¢-
´¥´¨¥ ˜·¥¤¨´£¥· . �µ ·¥Ï¥´¨Õ ¢ÒÎ¨¸²Ö²¸Ö
±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ¨ Î¨¸²¥´´µ ´ Ìµ¤¨-
²µ¸Ó ¥£µ ³ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ¨ ³µ³¥´É ¢·¥-
³¥´¨, ¢ ±µÉµ·Ò° µ´µ ¤µ¸É¨£ ²µ¸Ó (¸³. �·¨²µ-
¦¥´¨¥). ‚ ·¥§Ê²ÓÉ É¥ Î¨¸²¥´´µ£µ ¶µ¨¸±  ´ ¨-
²ÊÎÏ¨° ·¥§Ê²ÓÉ É ¡Ò² ¤µ¸É¨£´ÊÉ ¢ ³µ³¥´É ¢·¥-
³¥´¨ t = 0, 473799533 ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · -
³¥É· Ì £ ³¨²ÓÉµ´¨ ´  (17). ‚¥±Éµ· ¸µ¸ÉµÖ-
´¨Ö ¸¨¸É¥³Ò ¢ ÔÉµÉ ³µ³¥´É ¢·¥³¥´¨ ¨³¥² ¢¨¤
(18),   ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ¤µ¸É¨£ §´ -
Î¥´¨Ö r(X, Y ) = 0,999999943015. ‡ ¢¨¸¨³µ¸ÉÓ
±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ µÉ ¢·¥³¥´¨ ¶·¥¤¸É -
¢²¥´  ´  ·¨¸. 1. ’ ±¨³ µ¡· §µ³, ¢¨¤´µ, ÎÉµ

¸¨¸É¥³  Ô¢µ²ÕÍ¨µ´¨·Ê¥É ¢ ¶¥·¥¶ÊÉ ´´µ¥ ¸µ¸ÉµÖ´¨¥ ¢ µ¶·¥¤¥²¥´´Ò¥ ³µ³¥´ÉÒ ¢·¥³¥´¨,
³ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ ¶µ¢Éµ·Ö¥É¸Ö ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨.

3. Š‚��’�‚�-Œ…•��ˆ—…‘Š�Ÿ Œ�„…‹œ ��‹…‰ Ÿ�ƒ�ÄŒˆ‹‹‘�Ä•ˆƒƒ‘�

� ¸¸³µÉ·¨³ ¢§ ¨³µ¤¥°¸É¢¨¥ SU(2) ± ²¨¡·µ¢µÎ´µ£µ ¶µ²Ö Aa
µ (¨´¤¥±¸ a µÉ¢¥Î ¥É ¢´Ê-

É·¥´´¥°, Í¢¥Éµ¢µ° ¸¨³³¥É·¨¨, µ Å ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° ¨´¤¥±¸) ¸ Ì¨££¸µ¢¸±¨³¨
¶µ²Ö³¨ φ. ‹ £· ´¦¨ ´ É ±µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¨³¥¥É ¢¨¤

L =
1
2

(Dµφ)+(Dµφ) − V (φ) − 1
4
F a

µνFµνa, V (φ) = µ2|φ|2 + ν|φ|4. (15)

� ²µ¦¨¢ É·¥¡µ¢ ´¨¥ ¶·µ¸É· ´¸É¢¥´´µ° µ¤´µ·µ¤´µ¸É¨ ´  ¶µ²Ö Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ 
∂iA

a
µ = ∂iφ = 0 ¨ ¶µ²µ¦¨¢

|φ0| =
√
−µ2/(4ν) = υ, A1

1 = q1, A2
2 = q2, Ȧ1

1 = p1, Ȧ2
2 = p2,

¶µ²ÊÎ¨³ ³µ¤¥²Ó´Ò° £ ³¨²ÓÉµ´¨ ´ ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸  [15,16]

Ĥ =
1
2

(
p̂2
1 + p̂2

2

)
+ g2υ2

(
q̂2
1 + q̂2

2

)
+

1
2
g2q̂2

1 q̂
2
2 . (16)

‘¨¸É¥³  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸  ¨ •¨££¸  ¨³¥¥É ¡¥¸±µ´¥Î´µ¥ Î¨¸²µ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò, ¨
¸²¨Ï±µ³ ¸²µ¦´µ ¨¸¸²¥¤µ¢ ÉÓ ¥¥ ÉµÎ´µ. „²Ö Ê³¥´ÓÏ¥´¨Ö Î¨¸²  ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò, ¸²¥-
¤ÊÖ ³´µ£¨³ ¤·Ê£¨³  ¢Éµ· ³, ¨§ÊÎ ¢Ï¨³ ¸¨¸É¥³Ê  ´ ²¨É¨Î¥¸±¨ ¨ Î¨¸²¥´´µ, ³Ò µ£· ´¨-
Î¨²¨ ´ Ï¥ · ¸¸³µÉ·¥´¨¥ ¶·µ¸É· ´¸É¢¥´´µ-µ¤´µ·µ¤´Ò³¨ ¶µ²Ö³¨. �Éµ Î ¸É´Ò° ¸²ÊÎ °
³µ¤¥²¨. �¥¸³µÉ·Ö ´  ÔÉµ, µ´ ¶·¥¤¸É ¢²Ö¥É ¸ ³µ¸ÉµÖÉ¥²Ó´Ò° ¨´É¥·¥¸. �·µ¸É· ´¸É¢¥´´µ-
µ¤´µ·µ¤´Ò¥ ¶µ²Ö, ¸µÌ· ´ÖÖ µ¸´µ¢´Ò¥ ´¥²¨´¥°´µ¸É¨, ¶µ§¢µ²ÖÕÉ ¨¸¸²¥¤µ¢ ÉÓ £² ¢´Ò¥
¸¢µ°¸É¢  ´¥µ¤´µ·µ¤´ÒÌ ¶µ²¥°, ¢ Î ¸É´µ¸É¨ ¶µ´ÖÉÓ ¶·¨Î¨´Ê ¶µÖ¢²¥´¨Ö Ì µ¸  ¨ ¶¥·¥¶ÊÉ ´-
´µ¸É¨ ¢ ¸¨¸É¥³¥ ¶µ²¥° Ÿ´£ ÄŒ¨²²¸  ¨ •¨££¸ . “¸É ´µ¢²¥´¨¥ Ì µ¸  ¨ ¶¥·¥¶ÊÉ ´´µ¸É¨ ¢
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µ¤´µ·µ¤´µ° ¶·µ¥±Í¨µ´´µ° ³µ¤¥²¨ µ§´ Î ¥É ¨Ì ´ ²¨Î¨¥ ¨ ¢ ¡µ²¥¥ µ¡Ð¥³ ¸²ÊÎ ¥. ‘²¥¤Ê¥É
µÉ³¥É¨ÉÓ É ±¦¥, ÎÉµ µ¤´µ·µ¤´Ò¥ ¶µ²Ö ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ¢ ¤¥°¸É¢¨É¥²Ó´µ¸É¨ ¶µ²Ö ¢
¤²¨´´µ¢µ²´µ¢µ³ ¶·¨¡²¨¦¥´¨¨, ¨ ¸ ³¨ ¶µ ¸¥¡¥ ¨³¥ÕÉ ¸³Ò¸² ¨ ¶·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸.

�Ê¤¥³ ¨¸¸²¥¤µ¢ ÉÓ £ ³¨²ÓÉµ´¨ ´ (16) ´  ¶·¥¤³¥É ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ-
¸ÉµÖ´¨° ¢ ·¥§Ê²ÓÉ É¥ Ô¢µ²ÕÍ¨¨. ‚ ± Î¥¸É¢¥ Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´, ¶µ ±µÉµ·Ò³ ¡Ê¤¥É · ¸-
¸³ É·¨¢ ÉÓ¸Ö ¶¥·¥¶ÊÉ ´´µ¸ÉÓ, ¢µ§Ó³¥³ ¢ µ¤´µ³ ¸²ÊÎ ¥ ¨³¶Ê²Ó¸Ò,   ¢ ¤·Ê£µ³ ±µµ·¤¨´ ÉÒ
¸¨¸É¥³Ò (16). �´ ²¨§ ¡Ê¤¥³ ¶·µ¨§¢µ¤¨ÉÓ ¶·¨ ¶µ³µÐ¨ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨. ‚
± Î¥¸É¢¥ ´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¢µ§Ó³¥³ ±µ£¥·¥´É´µ¥ ¸µ¸ÉµÖ´¨¥. Œ É·¨Í  ¤¨¸¶¥·¸¨¨ ¶·¨
ÔÉµ³ ¢ ´ Î ²Ó´Ò° ³µ³¥´É ¢·¥³¥´¨ ¡Ê¤¥É · ¢´ 

σ (0) = diag {1/2, 1/2, 1/2, 1/2}.

„²Ö ¶µ²ÊÎ¥´¨Ö § ¢¨¸¨³µ¸É¨ ±µÔËË¨Í¨¥´Éµ¢ ±µ··¥²ÖÍ¨¨ µÉ ¢·¥³¥´¨ ¡Ê¤¥³ ¶µ²Ó§µ¢ ÉÓ¸Ö
Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö ¤²Ö ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ ¡¥§ ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ± (7). �¥²¨´¥°-
´µ¸ÉÓ £ ³¨²ÓÉµ´¨ ´  ¤ ¥É ¢±² ¤ ¢ Ô¢µ²ÕÍ¨Õ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ ¨ ±µÔËË¨Í¨¥´É  ±µ·-
·¥²ÖÍ¨¨ ¶µ¸·¥¤¸É¢µ³ ¢²¨Ö´¨Ö ´  É· ¥±Éµ·¨Õ, ´  ±µÉµ·µ° ¢ÒÎ¨¸²Ö¥É¸Ö ³ É·¨Í  Ê¸Éµ°-
Î¨¢µ¸É¨ ¨ ¢Éµ·ÒÌ ¶·µ¨§¢µ¤´ÒÌ, ¢Ìµ¤ÖÐ¨Ì ¢ ´¥¥. ’ ± ± ± § ¢¨¸¨³µ¸É¨ ¤²Ö rp ¨ rq (4)
¨³¥ÕÉ µ¤¨´ ±µ¢Ò¥ Ì · ±É¥·´Ò¥ µ¸µ¡¥´´µ¸É¨, ¢¸¥ £· Ë¨±¨ ¡Ê¤ÊÉ ¶·¨¢µ¤¨ÉÓ¸Ö Éµ²Ó±µ ¤²Ö
rp,   É ±¦¥ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ´ Î ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ p1(0) = 1/2, p2(0) = 1, q1(0) = 1,
q2(0) = 2/3.

„²Ö Éµ£µ ÎÉµ¡Ò ¶·µ ´ ²¨§¨·µ¢ ÉÓ ¢²¨Ö´¨¥ ¶ · ³¥É·µ¢ £ ³¨²ÓÉµ´¨ ´  ´  ¸¢µ°¸É¢  · ¸-
¸³ É·¨¢ ¥³µ° ¸¨¸É¥³Ò, § Ë¨±¸¨·Ê¥³ ±µÔËË¨Í¨¥´É ¶¥·¥¤ ±¢ ¤· É¨Î´µ° Î ¸ÉÓÕ, ¶µ²µ¦¨³
¥£µ · ¢´Ò³ g2υ2 = 1/2 ¨ · ¸¸³µÉ·¨³ ¸²ÊÎ ¨ ¸ · §²¨Î´Ò³¨ §´ Î¥´¨Ö³¨ ±µ´¸É ´ÉÒ g2.

�¥§Ê²ÓÉ É  ´ ²¨§  ¶·¥¤¸É ¢²¥´ ¢ £· Ë¨Î¥¸±µ° Ëµ·³¥ ¤²Ö g = 0, 1; 1; 10. „²Ö ± -
¦¤µ£µ ¸²ÊÎ Ö ¶·¥¤¸É ¢¨³ £· Ë¨±¨ ¤¨¸¶¥·¸¨° ¶µ ±µµ·¤¨´ É ³ ¨ ¨³¶Ê²Ó¸ ³ ¸µ¡¸É¢¥´´ÒÌ
§´ Î¥´¨° µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨, ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨, µÍ¥´µ± ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ±
(¶µ²´ Ö ³ É·¨Í  ¤¨¸¶¥·¸¨¨ ¸ ÊÎ¥Éµ³ ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ± · ¢´  σmn = σmn(t)

(0)

+�δσmn)

δσ11, δσ33, δσ13 (¸³. ·¨¸. 2Ä7). �  µ¸´µ¢¥ ¶µ²ÊÎ¥´´ÒÌ £· Ë¨Î¥¸±¨Ì § ¢¨¸¨³µ¸É¥° ³µ¦´µ
¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢µ¤Ò. ‚µ-¶¥·¢ÒÌ, ¤²Ö ± ¦¤µ£µ · ¸¸³µÉ·¥´´µ£µ g ¢ É¥Î¥´¨¥ ¢·¥-

�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ Ô²¥³¥´Éµ¢ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ (a) ¨ ¶µ¶· ¢±¨ ± Ô²¥³¥´ÉÊ ³ É·¨ÍÒ ¤¨¸¶¥-
·¸¨¨ (¡) µÉ ¢·¥³¥´¨ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì: (υg)2 = 1/2; g2 = 0,01; p1(0) = 1/2; q1(0) = 1;

p2(0) = 1; q2(0) = 2/3 ¤²Ö ³µ¤¥²Ó´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ 
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�¨¸. 3. ‡ ¢¨¸¨³µ¸ÉÓ ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ (a) ¨ ±µÔËË¨Í¨¥´É  ±µ··¥²Ö-

Í¨¨ (¡) µÉ ¢·¥³¥´¨ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì: (υg)2 = 1/2; g2 = 0,01; p1(0) = 1/2; q1(0) = 1;

p2(0) = 1; q2(0) = 2/3 ¤²Ö ³µ¤¥²Ó´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ 

³¥´¨, ´  ¶·µÉÖ¦¥´¨¨ ±µÉµ·µ£µ ¸É·µÖÉ¸Ö £· Ë¨±¨, ±¢ ´Éµ¢Ò¥ ¶µ¶· ¢±¨ ± ³ É·¨Í¥ ¤¨¸-
¶¥·¸¨¨ Ö¢²ÖÕÉ¸Ö Î·¥§¢ÒÎ °´µ ³ ²Ò³¨, ÎÉµ µ¡Ê¸²µ¢²¥´µ ³ ²µ¸ÉÓÕ ¶µ¸ÉµÖ´´µ° �² ´± .
‚µ-¢Éµ·ÒÌ, ¸ ·µ¸Éµ³ ±µ´¸É ´ÉÒ g ·¥§±µ ¢µ§· ¸É ¥É ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ¸¨¸É¥³Ò. ‚-É·¥ÉÓ¨Ì,
¸ Ê¢¥²¨Î¥´¨¥³ g2 µÉ 0, 01 ¤µ 1 §´ Î¨É¥²Ó´µ ¢µ§· ¸É ¥É ±¢ ´Éµ¢Ò° ÔËË¥±É ¸¦ É¨Ö ¢
µ¶·¥¤¥²¥´´Ò¥ ³µ³¥´ÉÒ ¢·¥³¥´¨, ÌµÉÖ ¢ ¸·¥¤´¥³ ´ ¡²Õ¤ ¥É¸Ö ·µ¸É ¤¨¸¶¥·¸¨° ± ± ¶µ ±µ-
µ·¤¨´ É ³, É ± ¨ ¶µ ¨³¶Ê²Ó¸ ³. �·¨Î¥³ ¤²Ö ¡µ²ÓÏ¥£µ §´ Î¥´¨Ö ±µ´¸É ´ÉÒ g ¸±µ·µ¸ÉÓ
Ê¢¥²¨Î¥´¨Ö ¤¨¸¶¥·¸¨° ¸µ ¢·¥³¥´¥³ ¸É ´µ¢¨É¸Ö ¡µ²ÓÏ¥°. Š·µ³¥ Éµ£µ, ¸ Ê¢¥²¨Î¥´¨¥³ g2

µÉ 0, 01 ¤µ 1 ¢·¥³Ö, ¢ É¥Î¥´¨¥ ±µÉµ·µ£µ ³µ¦´µ ´ ¡²Õ¤ ÉÓ ÔËË¥±É ¸¦ É¨Ö, Ê³¥´ÓÏ ¥É¸Ö.
‘ Ê¢¥²¨Î¥´¨¥³ ±µ´¸É ´ÉÒ ¤µ g2 = 100 µ¶¨¸ ´´Ò¥ É¥´¤¥´Í¨¨ ¸µÌ· ´ÖÕÉ¸Ö, ¶·¨´¨³ Ö
¡µ²¥¥ ·¥§±¨° Ì · ±É¥·.

„²Ö g2 = 0, 01 ´ ¡²Õ¤ ¥É¸Ö ¸² ¡Ò° ·µ¸É ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ (·¨¸. 3), µ¡Ê¸²µ-
¢²¥´´Ò° ³ ²µ° ´¥²¨´¥°´µ¸ÉÓÕ ¨ ¸² ¡µ° ´¥Ê¸Éµ°Î¨¢µ¸ÉÓÕ ¸¨¸É¥³Ò. „²Ö g2 = 1 § ¢¨-
¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ µÉ ¢·¥³¥´¨ ´µ¸¨É ·¥§±¨° ¶Ê²Ó¸¨·ÊÕÐ¨° Ì · ±É¥·,
§´ Î¥´¨Ö r ¡²¨§±¨ ± ±1 (·¨¸. 5). „²Ö g2 = 100 ¶µ¤ ¤¥°¸É¢¨¥³ ¸¨²Ó´µ° ´¥Ê¸Éµ°Î¨¢µ¸É¨

�¨¸. 4. ‡ ¢¨¸¨³µ¸ÉÓ Ô²¥³¥´Éµ¢ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ (a) ¨ ¶µ¶· ¢±¨ ± Ô²¥³¥´ÉÊ ³ É·¨ÍÒ ¤¨¸¶¥-
·¸¨¨ (¡) µÉ ¢·¥³¥´¨ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì: (υg)2 = 1/2; g2 = 1; p1(0) = 1/2; q1(0) = 1;

p2(0) = 1; q2(0) = 2/3 ¤²Ö ³µ¤¥²Ó´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ 
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�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ (a) ¨ ±µÔËË¨Í¨¥´É  ±µ··¥²Ö-
Í¨¨ (¡) µÉ ¢·¥³¥´¨ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì: (υg)2 = 1/2; g2 = 1; p1(0) = 1/2; q1(0) = 1;

p2(0) = 1; q2(0) = 2/3 ¤²Ö ³µ¤¥²Ó´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ 

�¨¸. 6. ‡ ¢¨¸¨³µ¸ÉÓ Ô²¥³¥´É  ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ (a) ¨ ¶µ¶· ¢±¨ ± Ô²¥³¥´ÉÊ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ (¡)
µÉ ¢·¥³¥´¨ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì: (υg)2 = 1/2; g2 = 100; p1(0) = 1/2; q1(0) = 1; p2(0) = 1;

q2(0) = 2/3 ¤²Ö ³µ¤¥²Ó´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ 

�¨¸. 7. ‡ ¢¨¸¨³µ¸ÉÓ ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° µ¶¥· Éµ·  Ô¢µ²ÕÍ¨¨ (a) ¨ ±µÔËË¨Í¨¥´É  ±µ··¥²Ö-

Í¨¨ (¡) µÉ ¢·¥³¥´¨ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì: (υg)2 = 1/2; g2 = 100; p1(0) = 1/2; q1(0) = 1;
p2(0) = 1; q2(0) = 2/3 ¤²Ö ³µ¤¥²Ó´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸ 
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¶·µ¨¸Ìµ¤¨É ¡Ò¸É·Ò° ¶¥·¥Ìµ¤ ¸¨¸É¥³Ò ¢ ¶¥·¥¶ÊÉ ´´µ¥ ¸µ¸ÉµÖ´¨¥ (·¨¸. 7). ‚¶µ¸²¥¤¸É¢¨¨
¸¨¸É¥³  µ¸ÊÐ¥¸É¢²Ö¥É ¸± Î±µµ¡· §´Ò¥ ¶¥·¥Ìµ¤Ò ¨§ ¸µ¸ÉµÖ´¨Ö ¸ r = −1 ¢ ¸µ¸ÉµÖ´¨¥ c
r = +1, ¨ ´ µ¡µ·µÉ. ‚¨¤´µ, ÎÉµ ¡µ²¥¥ ¡Ò¸É·µ¥ ¶¥·¥¶ÊÉÒ¢ ´¨¥ ¶·µ¨¸Ìµ¤¨É ¤²Ö ¡µ²¥¥
´¥Ê¸Éµ°Î¨¢µ° Ô¢µ²ÕÍ¨¨.

„ ´´Ò° ¶·¨³¥· ¶µ± §Ò¢ ¥É, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É £²Ê¡µ± Ö ¸¢Ö§Ó ³¥¦¤Ê ¤¢Ê³Ö Ö¢²¥´¨Ö³¨:
¶¥·¥¶ÊÉ ´´µ¸ÉÓÕ ¨ ´¥Ê¸Éµ°Î¨¢µ¸ÉÓÕ. ’µÉ Ë ±É, ÎÉµ ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ¸¨¸É¥³Ò ¸¨²Ó´µ ¢²¨-
Ö¥É ´  ÔËË¥±É ±¢ ´Éµ¢µ£µ ¸¦ É¨Ö,   ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ Ô²¥³¥´ÉÒ
³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨, £µ¢µ·¨É µ ´¥É·¨¢¨ ²Ó´µ° ¸¢Ö§¨ ³¥¦¤Ê ¢¸¥³¨ É·¥³Ö ÔËË¥±É ³¨.

‡�Š‹�—…�ˆ…

‚¢¥¤¥´µ ¤µ¸É ÉµÎ´µ¥ ¨ ´¥µ¡Ìµ¤¨³µ¥ Ê¸²µ¢¨¥ ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¸²ÊÎ ¥, ¥¸²¨
¶¥·¥¶ÊÉÒ¢ ´¨¥ ¶·µ¨¸Ìµ¤¨É ³¥¦¤Ê ¢¥²¨Î¨´ ³¨, ¸¶¥±É· ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ±µÉµ·ÒÌ
¸µ¸Éµ¨É ¨§ ¤¢ÊÌ §´ Î¥´¨°. „ ´´µ¥ Ê¸²µ¢¨¥ § ¶¨¸ ´µ ´  Ö§Ò±¥ ±µÔËË¨Í¨¥´É  ±µ··¥²ÖÍ¨¨.

�·µ ´ ²¨§¨·µ¢ ´Ò ¤¢¥ ¸¨¸É¥³Ò: ¸¨¸É¥³  ¤¢ÊÌ Î ¸É¨Í, ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¶·¨ ¶µ-
³µÐ¨ ¸¶¨´-¸¶¨´µ¢µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ¨ ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸± Ö ³µ¤¥²Ó ¶µ²¥° Ÿ´£ Ä
Œ¨²²¸ Ä•¨££¸  Å ´  ¶·¥¤³¥É µ¡· §µ¢ ´¨Ö ¶¥·¥¶ÊÉ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥§Ê²ÓÉ É¥ Ô¢µ-
²ÕÍ¨¨.

„²Ö ¸¨¸É¥³Ò ¤¢ÊÌ Î ¸É¨Í ¶·µ¨§¢µ¤¨²¸Ö Î¨¸²¥´´Ò° ¶µ¨¸± ¶ · ³¥É·µ¢ £ ³¨²ÓÉµ´¨-
 ´ , ¶·¨ ±µÉµ·ÒÌ ¤µ¸É¨£ ²¸Ö ¡Ò ³ ±¸¨³ ²Ó´Ò° ±µÔËË¨Í¨¥´É ±µ··¥²ÖÍ¨¨. ‚ ·¥§Ê²ÓÉ É¥
¶µ¨¸±  ¡Ò²¨ ´ °¤¥´Ò ¶ · ³¥É·Ò, ¶·¨ ±µÉµ·ÒÌ, ¢ µ¶·¥¤¥²¥´´Ò¥ ³µ³¥´ÉÒ ¢·¥³¥´¨, ¤µ-
¸É¨£´ÊÉµ¥ ¸µ¸ÉµÖ´¨¥ ¡Ê¤¥É ¢¥¸É¨ ¸¥¡Ö ¶· ±É¨Î¥¸±¨ ± ± ¶¥·¥¶ÊÉ ´´µ¥.

„²Ö ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ° ³µ¤¥²¨ ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ Ä•¨££¸  ¸ ·µ¸Éµ³ ±µ´¸É ´ÉÒ
¢§ ¨³µ¤¥°¸É¢¨Ö ¶·µ¨¸Ìµ¤¨É ·¥§±µ¥ Ê¸¨²¥´¨¥ ´¥Ê¸Éµ°Î¨¢µ¸É¨ ¸¨¸É¥³Ò. Š·µ³¥ Éµ£µ, ¸
·µ¸Éµ³ g ¶·µ¨¸Ìµ¤¨É Ê¸¨²¥´¨¥ ¸¦ É¨Ö. „²Ö ¡µ²ÓÏ¨Ì ±µ´¸É ´É ¢§ ¨³µ¤¥°¸É¢¨Ö ¶·µ¨¸-
Ìµ¤¨É ¡µ²¥¥ ¡Ò¸É·µ¥ Ê¢¥²¨Î¥´¨¥ Ï¨·¨´Ò ¢µ²´µ¢µ£µ ¶ ±¥É , ÎÉµ £µ¢µ·¨É µ¡ Ê³¥´ÓÏ¥´¨¨
¢·¥³¥´¨ ±¢ §¨±² ¸¸¨Î¥¸±µ£µ ¶·¨¡²¨¦¥´¨Ö ¨ Ê¸¨²¥´¨¨ ·µ²¨ ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ±, µ¤´ ±µ
 ´ ²¨§ ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ± ¤²Ö Ô²¥³¥´Éµ¢ ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ ¶µ± §Ò¢ ¥É, ÎÉµ ¢ É¥Î¥´¨¥
· ¸¸³µÉ·¥´´µ£µ ¢·¥³¥´¨ Ô¢µ²ÕÍ¨¨ ¨Ì ¢²¨Ö´¨¥ ³ ²µ. ‚ É¥Î¥´¨¥ ¢·¥³¥´¨ ¶·¨³¥´¨³µ¸É¨
Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¤²Ö ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ ³µ¦´µ ´ ¡²Õ¤ ÉÓ ´¥¡µ²ÓÏµ° ·µ¸É ±µÔË-
Ë¨Í¨¥´É  ±µ··¥²ÖÍ¨¨ ¸µ ¢·¥³¥´¥³ ¤²Ö g2 = 0,01, ·¥§±µ¥ ¢µ§· ¸É ´¨¥ ¨ ¶µ¢Éµ·ÖÕÐ¨°¸Ö,
¶Ê²Ó¸¨·ÊÕÐ¨° Ì · ±É¥· § ¢¨¸¨³µ¸É¨ µÉ ¢·¥³¥´¨ r ¤²Ö g2 = 1, µÎ¥´Ó ¡Ò¸É·Ò° ¶¥·¥Ìµ¤ ¢
¶¥·¥¶ÊÉ ´´µ¥ ¸µ¸ÉµÖ´¨¥ ¨ ¸± Î±µµ¡· §´Ò¥ ¶¥·¥Ìµ¤Ò ¨§ ¸µ¸ÉµÖ´¨Ö c r = 1 ¢ ¸µ¸ÉµÖ´¨¥ ¸
r = −1.

‘±µ·µ¸ÉÓ µ¡· §µ¢ ´¨Ö ¶¥·¥¶ÊÉ ´´µ£µ ¸µ¸ÉµÖ´¨Ö · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ ±µ´¸É ´ÉÒ ¢§ ¨-
³µ¤¥°¸É¢¨Ö ¨ Ê³¥´ÓÏ¥´¨¥³ ¢ ±ÊÊ³´µ£µ ¸·¥¤´¥£µ Ì¨££¸µ¢¸±¨Ì ¶µ²¥°. �Éµ É ±¦¥ ¶·¨¢µ¤¨É
± Ê¢¥²¨Î¥´¨Õ ´¥Ê¸Éµ°Î¨¢µ¸É¨ ¸¨¸É¥³Ò, ÎÉµ ¶µ§¢µ²Ö¥É £µ¢µ·¨ÉÓ µ ´ ²¨Î¨¨ ¢§ ¨³µ¸¢Ö§¨
³¥¦¤Ê ´¥Ê¸Éµ°Î¨¢µ¸ÉÓÕ ¨ ¶¥·¥¶ÊÉ ´´µ¸ÉÓÕ.

‚´ÊÉ·¥´´¥ ¶·¨¸ÊÐ Ö ¶µ²Ö³ Ÿ´£ ÄŒ¨²²¸  ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ [17] ¨ ¸É ¡¨²¨§¨·ÊÕÐ Ö
·µ²Ó ¶µ²¥° •¨££¸  ¶µ± § ´   ´ ²¨É¨Î¥¸±¨ ¨ Î¨¸²¥´´µ ¢ ¡µ²ÓÏµ³ ±µ²¨Î¥¸É¢¥ · ¡µÉ.
Š¢ ´Éµ¢ Ö ·µ²Ó ÔÉµ£µ ÔËË¥±É ,   É ±¦¥ µ¡´ ·Ê¦¥´´µ£µ ÔËË¥±É  ¶¥·¥¶ÊÉÒ¢ ´¨Ö ¸µ¸ÉµÖ-
´¨° ¥Ð¥ ¦¤¥É ¸¢µ¥£µ µ¡ÑÖ¸´¥´¨Ö [18]. �É³¥É¨³, ¢ Î ¸É´µ¸É¨, ÎÉµ ¤¢ÊÌ³µ¤µ¢µ¥ ¸µ¸ÉµÖ´¨¥
£²Õµ´µ¢ ¢ ¶·µÍ¥¸¸¥ Ô¢µ²ÕÍ¨¨ ¸É ´µ¢¨É¸Ö ¶¥·¥¶ÊÉ ´´Ò³ [5], ÎÉµ ³µ¦¥É ¶·¨¢µ¤¨ÉÓ ±
¶¥·¥¶ÊÉ ´´Ò³ ¸µ¸ÉµÖ´¨Ö³ ±¢ ·±µ¢, ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ¸ ¢ ±ÊÊ³µ³ (·¥§¥·¢Ê ·µ³) Å ±
¸¢Ö§Ò¢ ´¨Õ ±¢ ·±- ´É¨±¢ ·±µ¢ÒÌ ¶ · ¨ ±µ´Ë °´³¥´ÉÊ.
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A. ‚§ ¨³µ¤¥°¸É¢¨¥ ±Ê¡¨Éµ¢

� · ³¥É·Ò £ ³¨²ÓÉµ´¨ ´ , ¶·¨ ±µÉµ·ÒÌ ¡Ò² ´ °¤¥´ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò° ±µÔË-
Ë¨Í¨¥´É ±µ··¥²ÖÍ¨¨:

{Hmn} =



−1,0109 0,44287+0,74056 i 0,44287+0,74056 i 1,1992−0,11529 i

0,44287−0,74057 i −1,1057 −0,47593−8,7099·10−4 i 0,44287−0,74056 i

0,44287−0,74056 i −0,47593+8,7099·10−4 i −1,1057 0,44287−0,74056 i

1,1992+0,11529 i 0,44287+0,74056 i 0,44287+0,74056 i −1,01089


 .

(17)
‚¥±Éµ· ¸µ¸ÉµÖ´¨Ö, ±µÉµ·Ò° ¸µµÉ¢¥É¸É¢Ê¥É ³ ±¸¨³ ²Ó´µ³Ê ±µÔËË¨Í¨¥´ÉÊ ±µ··¥²ÖÍ¨¨,

¶µ²ÊÎ¥´´µ³Ê ¢ ·¥§Ê²ÓÉ É¥ Î¨¸²¥´´µ£µ ¶µ¨¸± :

C =




0,660397− 0,157911 i
−0,0000987185− 0,0000758849 i
0,0001129− 8,31814 · 10−6 i
0,721495− 0,135593 i


 . (18)

B. “· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ ¸ ±¢ ´Éµ¢Ò³¨ ¶µ¶· ¢± ³¨ ¨ ¨Ì ·¥Ï¥´¨¥

“· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¤²Ö ³ É·¨ÍÒ ¤¨¸¶¥·¸¨¨ ¨ ±µ··¥²ÖÍ¨° ¡µ²¥¥ ¢Ò¸µ±µ£µ ¶µ·Ö¤± 
¸ ÊÎ¥Éµ³ ±¢ ´Éµ¢ÒÌ ¶µ¶· ¢µ± ¤µ ¶¥·¢µ£µ ¶µ·Ö¤±  ¶µ � ¢±²ÕÎ¨É¥²Ó´µ ¨³¥ÕÉ ¢¨¤
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2
Γm

lkr

[
σlkrn + σrkln

]
+

1
2
Γn

lkr

[
σlkrm + σrklm

]}
, (19)

d

dt
σmnl = Γm

k σknl + Γn
kσmkl + Γn

kσmnk +
�

1/2

2!

{
Γm

kr(σ
(kr)ln − σkrσln) +

+ Γn
kr(σ

m(kr)l − σkrσml) + Γl
kr(σ

mn(kr) − σkrσmn)
}

, (20)

d

dt
σmnlk = Γk

rσrnlk + Γl
rσ

mnrk + Γn
r σmrlk + Γm

r σrnlk, (21)

Γm
nl ¨ Γm

nlk Å ±² ¸¸¨Î¥¸±¨¥ µ¡Ñ¥±ÉÒ, µ¶·¥¤¥²¥´´Ò¥ ´  ¡ §µ¢µ° É· ¥±Éµ·¨¨ ¸²¥¤ÊÕÐ¨³
µ¡· §µ³:

Γm
nl = γmi ∂2H

∂yi∂yn∂yl

∣∣∣∣
y=y(t)

, Γm
nlk = γmi ∂2H

∂yi∂yn∂yl∂yk

∣∣∣∣
y=y(t)

. (22)

σmnl, σmnlk Å ±µ··¥²ÖÍ¨¨ É·¥ÉÓ¥£µ ¨ Î¥É¢¥·Éµ£µ ¶µ·Ö¤±  ¸µµÉ¢¥É¸É¢¥´´µ

σmnl =
〈∆ŷm∆ŷn∆ŷl + ∆ŷl∆ŷn∆ŷm〉

�3/2
,

σmnlk =
〈∆ŷm∆ŷn∆ŷl∆ŷk + ∆ŷk∆ŷl∆ŷn∆ŷm〉

�2
.

(23)



34 ŠÊ¢Ï¨´µ¢ ‚. ˆ., Œ ·³ÒÏ ‚. ‚.

�¥Ï¥´¨¥ Ê· ¢´¥´¨° (19), (20) § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥ · §²µ¦¥´¨Ö ¶µ �
1/2

σmnl(t) = σmnl(t)
(0)

+�
1/2 σmnl(t)

(1)

, σmn(t) = σmn(t)
(0)

+�
1/2 σmn(t)

(1)

+� σmn(t)
(2)

. (24)

‚ ¸²ÊÎ ¥, ±µ£¤  ´ Î ²Ó´Ò³ ¸µ¸ÉµÖ´¨¥³ ¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö ¶·Ö³µ¥ ¶·µ¨§¢¥¤¥´¨¥ ±µ£¥·¥´É-
´ÒÌ ¸µ¸ÉµÖ´¨° |Ψ〉 = |α〉1 ⊗ |α〉2, ·¥Ï¥´¨¥ Ê· ¢´¥´¨° (19)Ä(21) ¨³¥¥É ¸²¥¤ÊÕÐ¨° Ö¢´Ò°
¢¨¤:

σmnlk(t) = Fm
i (t, t0)Fn

j (t, t0)F l
r(t, t0)F

k
s (t, t0)σijrs(t0), (25)

σmnl(t) =
�

1/2

2
Fm

i (t, t0)Fn
j (t, t0)F l

k(t, t0) × Φijk(t, t0), £¤¥

Ψijk(t, t0) =
∫ t

t0

(F−1(τ, t0))i
cΓ

c
pq(τ)F p

a (τ, t0)F
q
b (τ, t0)(σ(ab)jk(t0) − σpq(t0)σjk(t0))dτ+

+
∫ t

t0

(F−1(τ, t0))j
cΓ

c
pq(τ)F p

a (τ, t0)F
q
b (τ, t0)(σi(ab)k(t0) − σpq(t0)σik(t0))dτ+

+
∫ t

t0

(F−1(τ, t0))k
cΓc

pq(τ)F p
a (τ, t0)F

q
b (τ, t0)(σij(ab)(t0) − σpq(t0)σij(t0))dτ. (26)

�´ ²µ£¨Î´µ ´ Ìµ¤¨³, ÎÉµ

σmn(t) = Fm
i (t, t0)Fn

j (t, t0)σ(t0) + �Fm
i (t, t0)Fn

j (t, t0)Ψij(t, t0), £¤¥

Ψij(t, t0) =
1
2

∫ t

t0

(F−1(τ, t0))i
mΓm

pq(τ)F p
a (τ, t0)F

q
b (τ, t0)Ψabj(τ)dτ+

+
1
2

∫ t

t0

(F−1(τ, t0))j
mΓm

pq(τ)F p
a (τ, t0)F

q
b (τ, t0)Ψabi(τ)dτ+

+
1
3!

∫ t

t0

(F−1(τ, t0))i
mΓm

pqr(τ)F p
a (τ, t0)F

q
b (τ, t0)F r

c (τ, t0)
(

1
2
(σabcj(t0) + σcbaj(t0))

)
dτ+

+
1
3!

∫ t

t0

(F−1(τ, t0))j
mΓm

pqr(τ)F p
a (τ, t0)F

q
b (τ, t0)F r

c (τ, t0)×

×
(

1
2
(σiabc(t0) + σicba(t0))

)
dτ. (27)

‚¨¤´µ, ÎÉµ ¢¸¥£¤  ¸ÊÐ¥¸É¢Ê¥É ¶·µ³¥¦ÊÉµ± ¢·¥³¥´¨, ¢ É¥Î¥´¨¥ ±µÉµ·µ£µ ±¢ ´Éµ¢Ò¥ ¶µ-
¶· ¢±¨ ± ³ É·¨Í¥ ¤¨¸¶¥·¸¨¨ ¡Ê¤ÊÉ ³ ²Ò.
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