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1. £ÄÇÆÇÐËÇ

¯ÇÔÏÑÕÓâ ÐÂ, ÍÂÊÂÎÑÔß ÃÞ, ÑÔÐÑÄÂÕÇÎßÐÖá ÒÓÑÓÂÃÑÕÍÖ
ÄÑÒÓÑÔÑÄ, ÔÄâÊÂÐÐÞØ Ô ÒÂÓÂÆÑÍÔÑÏ ¿ÌÐÛÕÇÌÐÂì±ÑÆÑ-
ÎßÔÍÑÅÑì²ÑÊÇÐÂ (¿±²) [1] Ë ÕÇÑÓÇÏÑÌ ¢ÇÎÎÂ [2], ÒÑÕÑÍ
ÒÖÃÎËÍÂÙËÌ ÐÂ àÕÖ ÕÇÏÖ Ä ÒÑÔÎÇÆÐÇÇ ÄÓÇÏâ ÊÂÏÇÕÐÑ
ÄÑÊÓÂÔÕÂÇÕ (ÔÏ., ÐÂÒÓËÏÇÓ, [3] Ë ÙËÕËÓÖÇÏÖá ÕÂÏ ÎËÕÇÓÂ-
ÕÖÓÖ). ±ÓÇÆÔÍÂÊÂÐÐÑÇ ÍÄÂÐÕÑÄÑÌ ÕÇÑÓËÇÌ Ë ÐÇÑÆÐÑÍÓÂÕÐÑ
ÒÓÑÄÇÓÇÐÐÑÇ àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ÐÂÓÖÛÇÐËÇ ÐÇÓÂÄÇÐÔÕÄÂ
¢ÇÎÎÂ ÒÑÆÂÄÎâáÜËÏ ÃÑÎßÛËÐÔÕÄÑÏ ÂÄÕÑÓÑÄ ÕÓÂÍÕÖÇÕÔâ
ÍÂÍ ÒÓÑâÄÎÇÐËÇ ÐÇÎÑÍÂÎßÐÑÔÕË ÍÄÂÐÕÑÄÑÌ ÕÇÑÓËË. ¥ÇÎÑ Ä
ÕÑÏ, ÚÕÑ ÑÓËÅËÐÂÎßÐÞÇ ÐÇÓÂÄÇÐÔÕÄÂ ¢ÇÎÎ [2] ÄÞÄÇÎ ÐÂ
ÑÔÐÑÄÂÐËË ÍÑÐÙÇÒÙËÌ ÕÇÑÓËË ÔÍÓÞÕÞØ ÒÂÓÂÏÇÕÓÑÄ [1],
ÑÆÐËÏ ËÊ ÆÑÒÖÜÇÐËÌ ÍÑÕÑÓÑÌ âÄÎâÇÕÔâ ÒÓÇÆÒÑÎÑÉÇÐËÇ Ñ
ÎÑÍÂÎßÐÑÔÕË, Õ.Ç. ÑÕÔÖÕÔÕÄËË ÄÎËâÐËâ ÆÄÖØ ÖÆÂÎÇÐÐÞØ
ËÊÏÇÓËÕÇÎßÐÞØ ÒÓËÃÑÓÑÄ ÆÓÖÅ ÐÂ ÆÓÖÅÂ. ÑÅËÚÇÔÍÂâ

ÐÇÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕß ÐÇÑÃØÑÆËÏÑÔÕË ÒÓËÄÎÇÚÇÐËâ
ÒÑÐâÕËâ ÐÇÎÑÍÂÎßÐÑÔÕË ÆÎâ ÑÃÝâÔÐÇÐËâ ÐÇÄÞÒÑÎÐÇÐËâ
ÐÇÓÂÄÇÐÔÕÄ ¢ÇÎÎÂ ÒÑÍÂÊÂÐÂ Ä ÐÇÆÂÄÐÇÏ ÑÃÊÑÓÇ [3] (ÔÏ.
ÕÂÍÉÇ [4ì7]). ³×ÑÓÏÖÎËÓÑÄÂÕß ÔÕÓÑÅÑÇ ÆÑÍÂÊÂÕÇÎßÔÕÄÑ
ÕÇÑÓÇÏÞ ¢ÇÎÎÂ ÃÇÊ ËÔÒÑÎßÊÑÄÂÐËâ ÅËÒÑÕÇÊÞ Ñ ÎÑÍÂÎßÐÑ-
ÔÕË ì ÙÇÎß ÆÂÐÐÑÌ ÓÂÃÑÕÞ.

2. ¯ÇÓÂÄÇÐÔÕÄÑ ¢ÇÎÎÂ

ªÔÒÑÎßÊÖâ ÂÎÅÑÓËÕÏ, ÂÐÂÎÑÅËÚÐÞÌ ÑÒËÔÂÐÐÑÏÖ Ä [6],
ÄÞÄÇÆÇÏ ÐÇÓÂÄÇÐÔÕÄÑ ¢ÇÎÎÂ Ä ÇÅÑ ÕÓÂÆËÙËÑÐÐÑÌ ×ÑÓÏÇ

jhABi � hA 0Bi � hAB 0i ÿ hA 0B 0ij � 2 (1)

ÃÇÊ ÆÑÒÖÜÇÐËâ Ñ ÎÑÍÂÎßÐÑÔÕË. ¥ÓÖÅÑÌ ÄËÆ ÐÇÓÂÄÇÐÔÕÄÂ
ÒÑÎÖÚÇÐ Ä [6]; ÊÆÇÔß A, A 0, B, B 0 ì ÆËØÑÕÑÏÐÞÇ
ÒÇÓÇÏÇÐÐÞÇ, ÒÓËÐËÏÂáÜËÇ ÇÆËÐËÚÐÞÇ ÊÐÂÚÇÐËâ:

A; A 0; B; B 0 � � 1. (2)

µÔÓÇÆÐÇÐËÇ ÒÓÑËÊÄÑÆËÕÔâ ÒÑ ÓÇÂÎËÊÂÙËâÏ. ¥Îâ ÆÑÍÂÊÂ-
ÕÇÎßÔÕÄÂ (1) ÐÇÑÃØÑÆËÏÂ ÕÑÎßÍÑ ÐÇÑÕÓËÙÂÕÇÎßÐÑÔÕß
ÆËÔÍÓÇÕÐÞØ ÐÑÓÏËÓÑÄÂÐÐÞØ ×ÖÐÍÙËÌ ÓÂÔÒÓÇÆÇÎÇÐËâ
ÄÇÓÑâÕÐÑÔÕÇÌ:

W�A; A 0; B; B 0� � 0,W�A; B; B 0� � 0 Ë Õ.Æ., (3)

X
A;A 0 ;B;B 0

W�A; A 0; B; B 0� � 1,

X
A;B;B 0

W�A; B; B 0� � 1 Ë Õ.Æ. (4)

²ÂÊÖÏÇÇÕÔâ, ÄÞÒÑÎÐâáÕÔâ ÖÔÎÑÄËâ ÔÑÑÕÄÇÕÔÕÄËâ:

W�A; A 0; B; B 0� � W�ÿA; A 0; B; B 0� �
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°ÆÐÑ ËÊ ÆÑÒÖÜÇÐËÌ ¢ÇÎÎÂ ÒÓË ÄÞÄÑÆÇ ÇÅÑ ÐÇÓÂÄÇÐÔÕÄ ÊÂÍÎáÚÂÎÑÔß Ä ÒÓÇÆÒÑÎÑÉÇÐËË Ñ ÎÑÍÂÎßÐÑÔÕË ì
ÑÕÔÖÕÔÕÄËË ÄÎËâÐËâ ÆÄÖØ ÖÆÂÎÇÐÐÞØ ËÊÏÇÓËÕÇÎßÐÞØ ÒÓËÃÑÓÑÄ ÆÓÖÅ ÐÂ ÆÓÖÅÂ. ±ÑàÕÑÏÖ ÐÂÓÖÛÇÐËâ àÕËØ
ÐÇÓÂÄÇÐÔÕÄ, ÐÂÃÎáÆÂÇÏÞÇ Ä àÍÔÒÇÓËÏÇÐÕÂØ, ÚÂÔÕÑ ÕÓÂÍÕÖáÕ ÍÂÍ ÒÓÑâÄÎÇÐËÇ ÐÇÎÑÍÂÎßÐÑÔÕË ÍÄÂÐÕÑÄÑÌ
ÕÇÑÓËË ËÎË ÑÒÓÑÄÇÓÉÇÐËÇ ÎÑÍÂÎßÐÑÅÑ ÓÇÂÎËÊÏÂ. £ ÐÂÔÕÑâÜÇÌ ÓÂÃÑÕÇ ÄÞÄÇÆÇÐÑ ÐÇÓÂÄÇÐÔÕÄÑ ¢ÇÎÎÂ Ä ÇÅÑ
ÕÓÂÆËÙËÑÐÐÑÌ ×ÑÓÏÇ, ÐÑ ÃÇÊ ËÔÒÑÎßÊÑÄÂÐËâ ÅËÒÑÕÇÊÞ Ñ ÎÑÍÂÎßÐÑÔÕË, ËÔØÑÆâ ÎËÛß ËÊ ÖÔÎÑÄËâ ÐÇÑÕÓËÙÂÕÇ-
ÎßÐÑÔÕË ×ÖÐÍÙËÌ ÓÂÔÒÓÇÆÇÎÇÐËâ ÄÇÓÑâÕÐÑÔÕÇÌ. ´ÇÉÇ ×ÖÐÍÙËË ÓÂÔÒÓÇÆÇÎÇÐËâ ÓÂÔÔÚËÕÂÐÞ ÒÓËÏÇÐËÕÇÎßÐÑ
Í ÍÑÐÍÓÇÕÐÑÏÖ ÑÒÕËÚÇÔÍÑÏÖ àÍÔÒÇÓËÏÇÐÕÖ Ä ÓÂÏÍÂØ ÍÄÂÐÕÑÄÑÌ ÕÇÑÓËË Ë ÒÑÍÂÊÂÐÑ, ÚÕÑ ÑÐË ÏÑÅÖÕ
ÒÓËÐËÏÂÕß ÑÕÓËÙÂÕÇÎßÐÞÇ ÊÐÂÚÇÐËâ. ´ÂÍËÏ ÑÃÓÂÊÑÏ, ÔÕÓÑÅÑ ÆÑÍÂÊÂÐÂ ÐÇÒÓËÚÂÔÕÐÑÔÕß ÒÓÇÆÒÑÎÑÉÇÐËâ
Ñ ÎÑÍÂÎßÐÑÔÕË Í ÐÂÓÖÛÇÐËâÏ ÐÇÓÂÄÇÐÔÕÄ ¢ÇÎÎÂ. ±ÓÑÂÐÂÎËÊËÓÑÄÂÐ ×ËÊËÚÇÔÍËÌ ÔÏÞÔÎ ÒÑÎÖÚÇÐÐÞØ ÓÇÊÖÎß-
ÕÂÕÑÄ.

PACS numbers: 03.65. ì w



� W�A 0; B; B 0� � W�A; A 0; B; B 0�, (5)

ÂÐÂÎÑÅËÚÐÑ ÆÎâ ÆÓÖÅËØ ÒÇÓÇÏÇÐÐÞØ Ë ÐËÊÛËØ ÓÂÊÏÇÓÐÑÔ-
ÕÇÌ ÓÂÔÒÓÇÆÇÎÇÐËÌ.

³ÑÅÎÂÔÐÑ ÔÄÑÌÔÕÄÖ (5) ÏÑÉÐÑ ÊÂÒËÔÂÕß

W�A; B; B0� �W�A; A 0; B; B 0� �W�A; ÿA 0; B; B 0� �
� W�A 0; B 0� � W�ÿA 0; B� �
� W�A 0; B 0� � W�B� ÿ W�A 0; B�. (6)

¡ÐÂÎÑÅËÚÐÑ

0 � W�A; ÿB; ÿB 0� �
� W�A; ÿB� ÿ W�A; ÿB; B 0� �
� W�A� ÿ W�A;B� ÿ W�A;B 0� � W�A; B; B 0�.

(7)

±ÇÓÇÐÇÔÇÏ ÒÑÔÎÇÆÐÇÇ ÔÎÂÅÂÇÏÑÇ (7) Ä ÎÇÄÖá ÚÂÔÕß
ÐÇÓÂÄÇÐÔÕÄÂ (Í ÐÖÎá) Ë ÔÎÑÉËÏ ÒÑÎÖÚËÄÛÇÇÔâ ÔÑÑÕÐÑÛÇ-
ÐËÇ Ô ÐÇÓÂÄÇÐÔÕÄÑÏ (6). £ ÓÇÊÖÎßÕÂÕÇ ÒÑÎÖÚËÏ

0 � W�A� � W�B� ÿ W�A; B�ÿ
ÿW�A 0; B� ÿ W�A; B 0� � W�A 0; B 0�, (8)

ËÎË

L�A; A 0; B; B 0� � W�A; B� �W�A 0; B� �W�A; B 0� ÿ
ÿW�A 0; B 0� ÿW�A� ÿW�B� � 0. (9)

©ÂÒËÛÇÏ ÆÂÎÇÇ

W�B; B 0� � W�B� ÿW�B; ÿB 0�. (10)

¡ÐÂÎÑÅËÚÐÑ

W�ÿB; ÿB 0� � W�ÿB 0� ÿW�B; ÿB 0� �
� 1ÿW�B 0� ÿW�B; ÿB 0�. (11)

£ÞÚÕÇÏ ËÊ (11) ÓÂÄÇÐÔÕÄÑ (10). £ ÓÇÊÖÎßÕÂÕÇ ÒÑÎÖÚËÏ

W�ÿB; ÿB 0� � 1ÿW�B� ÿW�B 0� �W�B; B 0�. (12)

¿ÕÑ ÔÑÑÕÐÑÛÇÐËÇ ÄÏÇÔÕÇ Ô ÓÂÄÇÐÔÕÄÑÏ (7) ÒÑÆÔÕÂÄËÏ Ä
ÔÎÇÆÖáÜÇÇ ÐÇÓÂÄÇÐÔÕÄÑ

0 �W�ÿA;ÿB;ÿB 0� �W�ÿB;ÿB 0� ÿW�A;ÿB;ÿB 0�.
(13)

´ÑÅÆÂ

0 � 1ÿW�A� ÿW�B� ÿW�B 0� �W�A;B� �W�A;B 0��
�W�B; B 0� ÿW�A; B; B 0� � 1ÿW�A� ÿW�B�ÿ

ÿW�B 0� �W�A; B� �W�A; B 0� �W�ÿA; B; B 0�.
(14)

±ÑÔÎÇÆÐÇÇ ÔÎÂÅÂÇÏÑÇ ÊÆÇÔß ÒÑÆÚËÐÇÐÑ ÐÇÓÂÄÇÐÔÕÄÖ

W�ÿA; B; B 0� �W�ÿA; A 0; B; B 0��

�W�ÿA; ÿA 0; B; B 0� � W�A 0; B� �W�ÿA 0; B 0� �

�W�A 0; B� �W�B 0� ÿW�A 0; B 0�, (15)

ÑÕÍÖÆÂ

0 � 1ÿW�A� ÿW�B� �W�A; B� �W�A 0; B��

�W�A; B 0� ÿW�A 0; B 0�, (16)

ËÎË, Ô ÖÚÇÕÑÏ (9),

ÿ1 � L�A; A 0; B; B 0� � 0. (17)

±ÓÇÆÔÕÂÄËÏ ÄØÑÆâÜËÇ Ä (1) ÔÓÇÆÐËÇ ÚÇÓÇÊ ÔÑÄÏÇÔÕÐÞÇ
ÄÇÓÑâÕÐÑÔÕË, ÐÂÒÓËÏÇÓ

hABi �WAB���� �WAB�ÿÿ�ÿ
ÿWAB��ÿ� ÿWAB�ÿ��, (18)

ÅÆÇWAB���� �W�A � �1; B � �1� Ë Õ.Æ.
£ ÓÇÊÖÎßÕÂÕÇ ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑÌ ÒÑÆÔÕÂÐÑÄÍË ÏÑÉÐÑ

ÖÃÇÆËÕßÔâ Ä ÕÑÏ, ÚÕÑ

hABi � hA 0Bi � hAB 0i ÿ hA 0B 0i � L�� � ����
�L�ÿ ÿ ÿÿ� ÿ L�� ÿ �ÿ� ÿ L�ÿ � ÿ��. (19)

³ÑÅÎÂÔÐÑ (17) ËÏÇÇÏ

ÿ2 � L�� � ��� � L�ÿ ÿ ÿÿ� � 0, (20)

0 � ÿL�� ÿ �ÿ� ÿ L�ÿ � ÿ�� � 2. (21)

³ÍÎÂÆÞÄÂâ (20) Ë (21), Ô ÖÚÇÕÑÏ (19) ÒÑÎÖÚËÏ ËÕÑÅÑÄÞÌ
ÓÇÊÖÎßÕÂÕ (1). ±ÑÆÚÇÓÍÐÇÏ, ÚÕÑ ÒÓÇÆÒÑÎÑÉÇÐËÇ Ñ ÎÑÍÂÎß-
ÐÑÔÕË Ä ÇÅÑ ÄÞÄÑÆÇ ÐÇ ËÔÒÑÎßÊÑÄÂÐÑ.

3. ±ÓËÏÇÓ Ë ÒÓËÚËÐÂ ÐÇÄÞÒÑÎÐÇÐËâ
ÐÇÓÂÄÇÐÔÕÄÂ ¢ÇÎÎÂ (1)

±ÑÚÇÏÖ ÉÇ (1), ÃÂÊËÓÖáÜÇÇÔâ ÐÂ ÄÇÔßÏÂ ÑÃÜËØ ÒÑÔÞÎÍÂØ,
ÐÂÓÖÛÂÇÕÔâ ÐÂ ÒÓÂÍÕËÍÇ? °ÕÔÖÕÔÕÄËÇ ÑÕÄÇÕÂ ÐÂ àÕÑÕ
ÄÑÒÓÑÔ Ä ÓÂÃÑÕÇ [6], ÄËÆËÏÑ, Ë ÒÓËÄÇÎÑ Í ÇÇ ÐÇÊÂÔÎÖÉÇÐ-
ÐÑÏÖ ËÅÐÑÓËÓÑÄÂÐËá.

²ÂÔÔÏÑÕÓËÏ ÔØÇÏÖ ÒÓÑÔÕÇÌÛÇÅÑ àÍÔÒÇÓËÏÇÐÕÂ ÒÑ
ÒÓÑÄÇÓÍÇ (1) [3,8,9]. ¥ÄÂ ÐÂÃÎáÆÂÕÇÎâ (ÔÏ. ÓËÔÖÐÑÍ) A Ë
B ÑÆÐÑÄÓÇÏÇÐÐÑ ÓÇÅËÔÕÓËÓÖáÕ ÍÂÉÆÞÌ ÒÑ ÑÆÐÑÏÖ
×ÑÕÑÐÖ ÐÂ ÆÇÕÇÍÕÑÓÂØ "+" ËÎË "ÿ", ÒÓËÒËÔÞÄÂâ àÕËÏ
ÔÑÃÞÕËâÏ ÊÐÂÚÇÐËâ A; B � �1 ËÎË ÿ1. ªÊÏÇÐââ ×ÂÊÑÄÞÇ
ÊÂÆÇÓÉÍË a ÐÂ a 0 Ë(ËÎË) b ÐÂ b 0, ÑÔÖÜÇÔÕÄÎâÇÕÔâ ÒÇÓÇØÑÆ
ÑÕ ÒÇÓÇÏÇÐÐÞØ A Ë B Í A 0 Ë(ËÎË) B 0. ®ÐÑÅÑÍÓÂÕÐÑÇ
ÒÑÄÕÑÓÇÐËÇ ËÊÏÇÓÇÐËÌ ÒÑÊÄÑÎâÇÕ ÄÞÚËÔÎËÕß ÄØÑÆâÜËÇ Ä
(1) ÔÓÇÆÐËÇ.

¬ÄÂÐÕÑÄÑÇ ÔÑÔÕÑâÐËÇ ÒÑÔÕÖÒÂáÜËØ Í ÐÂÃÎáÆÂÕÇÎâÏ
×ÑÕÑÐÑÄ ÑÒËÔÞÄÂÇÕÔâ ÄÑÎÐÑÄÞÏ ÄÇÍÕÑÓÑÏ [3]

jci � �1 =
���
2
p
� �a�1 b�1 � a�2 b

�
2 �j0i �

� �1 =
���
2
p
� �j10iaj10ib � j01iaj01ib�, (22)

ÅÆÇ a�j Ë b�j ì ÑÒÇÓÂÕÑÓÞ ÓÑÉÆÇÐËâ ×ÑÕÑÐÑÄ Ä ÆÄÖØ
ÔËÅÐÂÎßÐÞØ (ÒÑÔÕÖÒÂáÜËØ Í ÐÂÃÎáÆÂÕÇÎá ¡) Ë ØÑÎÑ-
ÔÕÞØ (Í £) ÏÑÆÂØ, j � 1,2 ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÐÑÏÇÓÖ ÍÓË-

³ØÇÏÂ ËÐÕÇÓ×ÇÓÑÏÇÕÓÂ ËÐÕÇÐÔËÄÐÑÔÕË Ô ÒÂÓÂÏÇÕÓËÚÇÔÍËÏË ËÔÕÑÚ-
ÐËÍÂÏË ËÊÎÖÚÇÐËâ ÆÎâ ÆÄÖØ ÐÂÃÎáÆÂÕÇÎÇÌ A Ë B. ¬ÑÓÓÇÎËÓÑÄÂÐÐÞÇ
×ÑÕÑÐÞ ÓÑÉÆÂáÕÔâ ÑÆÐÑÄÓÇÏÇÐÐÑ Ä ÐÇÎËÐÇÌÐÞØ àÎÇÏÇÐÕÂØ 1 ËÎË 2
ÒÑÆ ÆÇÌÔÕÄËÇÏ ÑÃÜÇÌ ÍÑÅÇÓÇÐÕÐÑÌ ÐÂÍÂÚÍË P Ë ÐÂÒÓÂÄÎâáÕÔâ ÍA ËB
ÒÑ ÆÄÖÏ ÏÑÆÂÏ, ÑÆÐÂ ËÊ ÍÑÕÑÓÞØ ËÔÒÞÕÞÄÂÇÕ ×ÂÊÑÄÖá ÊÂÆÇÓÉÍÖ
(ÍÓÖÉÍË). ®ÑÆÞ ÔÏÇÛËÄÂáÕÔâ ÐÂ 50%-ÐÞØ ÔÄÇÕÑÆÇÎËÕÇÎâØ (ÛÕÓË-
ØÑÄÞÇ ÑÕÓÇÊÍË) Ë ÆÇÕÇÍÕËÓÖáÕÔâ
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ÔÕÂÎÎÂ, ËÊÎÖÚÂáÜÇÅÑ ÆÂÐÐÖá ÏÑÆÖ (ÔÏ. ÓËÔÖÐÑÍ), Â j0i
ÑÃÑÊÐÂÚÂÇÕ ÄÂÍÖÖÏ.

°ÒÇÓÂÕÑÓÞ ÚËÔÇÎ ×ÑÕÑÐÑÄ, ÓÇÅËÔÕÓËÓÖÇÏÞØ ÆÇÕÇÍÕÑ-
ÓÂÏË "+" Ë "ÿ" Ä ÍÂÐÂÎÇ ¡, ËÏÇáÕ ÄËÆ

na� � a��a� � �1 = 2� �na1 � na2 � �saÿeia � sa�e
ÿia��, (23)

ÅÆÇ naj � a�j aj, s
a
ÿ � a1a

�
2 , s

a
� � �saÿ��, j � 1; 2. ¡ÐÂÎÑ-

ÅËÚÐÞÇ ÔÑÑÕÐÑÛÇÐËâ ÑÒÓÇÆÇÎâáÕ nb� Ä ÍÂÐÂÎÇ £.
¯ÂÌÆÇÏ ×ÖÐÍÙËá ÓÂÔÒÓÇÆÇÎÇÐËâ W�A; A 0; B; B 0�,

ÄÞÚËÔÎËÄ ÔÑÄÏÇÔÕÐÞÇ ÄÇÓÑâÕÐÑÔÕË, ÓÂÄÐÞÇ ÔÑÑÕÄÇÕ-
ÔÕÄÖáÜËÏ ÏÑÏÇÐÕÂÏ:

WAA 0BB 0 �� � ��� �
�W�A � �1; A 0 � �1; B � �1;B 0 � �1� �
� hcjna�na

0
� nb�n

b 0
� jci,

WAA 0BB 0 �� � �ÿ� � hcjna�na
0
� nb�n

b 0
ÿ jci Ë Õ.Æ. (24)

ºÕÓËØË ÊÆÇÔß ÑÊÐÂÚÂáÕ ÊÂÏÇÐÖ a ÐÂ a 0 Ä (23) Ë(ËÎË) b ÐÂ b 0

Ä ÍÂÐÂÎÇ £.
µÔÕÂÐÑÄËÏ ÔÎÇÆÖáÜËÇ ×ÂÊÞ Ä ÍÂÐÂÎÂØ:

a � 0, a 0 � p=2, b � ÿp=4, b 0 � p=4, (25)

ÚÕÑ ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÐÂÓÖÛÇÐËâÏ (1). £ ÓÇÊÖÎßÕÂÕÇ ÒÑÎÖÚËÏ
ÏÂÕÓËÚÐÞÇ àÎÇÏÇÐÕÞ (ÐËÉÐËÇ ËÐÆÇÍÔÞ ÑÒÖÜÇÐÞ)

W�� � ��� �W�� ÿ ÿ�� �
�W�ÿ � �ÿ� �W�ÿ ÿ ÿÿ� �

���
2
p

= 16,

W�� � ÿÿ� �W�� ÿ �ÿ� �W�ÿ � ÿ�� �
�W�ÿ ÿ ��� � ÿ

���
2
p

= 16,

W�� � ÿ�� �W�� ÿ ÿÿ� �W�ÿ � ��� �
�W�ÿ ÿ �ÿ� � �2ÿ

���
2
p
� = 16,

W�� � �ÿ� �W�� ÿ ��� �W�ÿ � ÿÿ� �
�W�ÿ ÿ ÿ�� � �2�

���
2
p
� = 16. (26)

°ÕÓËÙÂÕÇÎßÐÞ Ë ÐÇÍÑÕÑÓÞÇ ÕÓÇØÏÇÓÐÞÇ ÄÇÓÑâÕÐÑÔÕË,
ÐÂÒÓËÏÇÓ,

WA 0BB 0 �� � �� �W�ÿ � �� �

�W�� ÿ ÿ� �W�ÿ ÿ ÿ� � 1 =8,

WA 0BB 0 �ÿ ÿ �� �W�� � ÿ� � �1�
���
2
p
� = 8,

WA 0BB 0 �� ÿ �� �W�ÿ � ÿ� � �1ÿ
���
2
p
� = 8. (27)

ªÕÂÍ, ÇÆËÐÔÕÄÇÐÐÑÌ ÒÓËÚËÐÑÌ ÐÇÄÞÒÑÎÐÇÐËâ (1)
âÄÎâÇÕÔâ ÑÕÓËÙÂÕÇÎßÐÑÔÕß ×ÖÐÍÙËÌ ÓÂÔÒÓÇÆÇÎÇÐËâ
ÄÇÓÑâÕÐÑÔÕÇÌ, Õ.Ç. ÐÇÔÑÃÎáÆÇÐËÇ (3) Ë, ÍÂÍ ÔÎÇÆÔÕÄËÇ,
ÐÂÓÖÛÇÐËÇ ÐÇÓÂÄÇÐÔÕÄÂ (5). ³ÑÅÎÂÔÐÑ (26), (27) ÒÓË àÕÑÏ
ÖÔÎÑÄËâ ÐÑÓÏËÓÑÄÍË (4) Ë ÓÂÄÇÐÔÕÄÂ ÕËÒÂ (5) (ÖÔÎÑÄËâ
ÔÑÑÕÄÇÕÔÕÄËâ) ÄÞÒÑÎÐâáÕÔâ.

4. ©ÂÍÎáÚÇÐËÇ

°ÕÓËÙÂÕÇÎßÐÞÇ ÓÂÔÒÓÇÆÇÎÇÐËâ ÄÇÓÑâÕÐÑÔÕË Ä ÔÄâÊË Ô
ÒÂÓÂÆÑÍÔÑÏ ¿±² Ë ÕÇÑÓÇÏÑÌ ¢ÇÎÎÂ ÄÔÕÓÇÚÂÎËÔß Ä
ÎËÕÇÓÂÕÖÓÇ [10ì15]. °ÆÐÂÍÑ ÑÒÓÇÆÇÎÇÐËÇ ×ÖÐÍÙËË ÓÂÔ-
ÒÓÇÆÇÎÇÐËâ Ä ×ÑÓÏÇ W�A; A 0; B; B 0� ÒÑÊÄÑÎâÇÕ ÒÖÕÇÏ
ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑÅÑ ÔÑÒÑÔÕÂÄÎÇÐËâ (27) Ô ËÔØÑÆÐÞÏË ÒÑ-

ÔÞÎÍÂÏË (3)ì (5) ÔÆÇÎÂÕß ÑÆÐÑÊÐÂÚÐÞÌ ÄÞÄÑÆ Ñ ÓÑÎË
ÎÑÍÂÎßÐÑÔÕË, ÕÑÚÐÇÇ, ÑÃ ÑÕÔÖÕÔÕÄËË ÕÂÍÑÄÑÌ, Ä ÐÂÓÖÛÇ-
ÐËË (1). ¯ÇÕ ÐÇÑÃØÑÆËÏÑÔÕË ÕÂÍÉÇ Ä ÒÓËÄÎÇÚÇÐËË
"ÔÍÓÞÕÞØ ÒÂÓÂÏÇÕÓÑÄ".

¶ÖÐÍÙËâ ÓÂÔÒÓÇÆÇÎÇÐËâ W�A; A 0; B; B 0� ÂÐÂÎÑÅËÚÐÂ
ÓÂÔÒÓÇÆÇÎÇÐËá £ËÅÐÇÓÂ. ¯Ç ÄÔÇ ÄØÑÆâÜËÇ Ä ÐÇÇ ÐÂÃÎá-
ÆÂÇÏÞÇ ÑÒËÔÞÄÂáÕÔâ ÍÑÏÏÖÕËÓÖáÜËÏË ÑÒÇÓÂÕÑÓÂÏË,
ÐÂÒÓËÏÇÓ, A Ë A 0. °ÐË ÐÇ ÏÑÅÖÕ ÃÞÕß ËÊÏÇÓÇÐÞ Ä ÑÆÐÑÌ
ÓÇÂÎËÊÂÙËË (ÇÆËÐÔÕÄÇÐÐÞÌ ×ÑÕÑÐ ÐÂÃÎáÆÂÕÇÎá ¡ ÐËÍÂÍ
ÐÇ ÊÂÓÇÅËÔÕÓËÓÑÄÂÕß ÒÓË ÓÂÊÎËÚÐÞØ×ÂÊÑÄÞØ ÊÂÆÇÓÉÍÂØ a
Ë a 0). ³ÎÇÆÑÄÂÕÇÎßÐÑ, ÒÓâÏÞÇ ËÊÏÇÓÇÐËâW�A; A 0; B; B 0�
ÐÇÄÑÊÏÑÉÐÞ. °ÆÐÂÍÑ ÍÑÔÄÇÐÐÞÇ ÏÇÕÑÆÞ ËÊÏÇÓÇÐËÌ
×ÖÐÍÙËÌ ÓÂÔÒÓÇÆÇÎÇÐËÌ ÕÂÍÑÅÑ ÕËÒÂ ÄÔÇ ÉÇ ÆÑÒÖÔÕËÏÞ.
´ÂÍ, Ä [16] ÒÓÇÆÎÑÉÇÐÂ Ë àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ÓÇÂÎËÊÑÄÂÐÂ
ÑÓËÅËÐÂÎßÐÂâ ÏÇÕÑÆËÍÂ, ÒÓÇÆÐÂÊÐÂÚÇÐÐÂâ, ÒÓÂÄÆÂ, ÆÎâ
ÐÇÒÓÇÓÞÄÐÞØ ÆÄÖÏÇÓÐÞØ ÄËÅÐÇÓÑÄÔÍËØ ÓÂÔÒÓÇÆÇÎÇÐËÌ, Ä
ÕÑÏ ÚËÔÎÇ Ë ÑÕÓËÙÂÕÇÎßÐÞØ. ®ÑÉÇÕ ÃÞÕß, ÔÎÇÆÖÇÕ
ÒÓËÏËÓËÕßÔâ Ô ÑÕÓËÙÂÕÇÎßÐÑÌ ÄÇÓÑâÕÐÑÔÕßá, ÓÂÔÔÏÂÕ-
ÓËÄÂâ ÇÇ, ÔÎÇÆÖâ ¥ËÓÂÍÖ [17], ÍÂÍ ÄÒÑÎÐÇ ÑÒÓÇÆÇÎÇÐÐÞÌ
ÏÂÕÇÏÂÕËÚÇÔÍË ÂÐÂÎÑÅ ÑÕÓËÙÂÕÇÎßÐÑÌ ÔÖÏÏÞ ÆÇÐÇÅ (ÔÏ.
ÕÂÍÉÇ [12])?

¥ÇÌÔÕÄËÕÇÎßÐÑ, ÒÓÑÆÄËÅÂâÔß ÒÑ ÆÑÍÂÊÂÕÇÎßÔÕÄÖ (1) Ä
ÑÃÓÂÕÐÑÏ ÐÂÒÓÂÄÎÇÐËË ÑÕ àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ÊÂÓÇÅËÔÕÓË-
ÓÑÄÂÐÐÞØ ÔÓÇÆÐËØ, ÒÑÎÖÚËÏ ØÑÕß Ë ÐÇ ÍÑÐÍÓÇÕÐÞÇ
ÊÐÂÚÇÐËâ ÄÇÓÑâÕÐÑÔÕÇÌ ÄËÆÂ (26), (27), ÐÑ, ÒÑ ÍÓÂÌÐÇÌ
ÏÇÓÇ, ÐÇÑÃØÑÆËÏÑÔÕß ÚÂÔÕË ËÊ ÐËØ ÃÞÕß ÑÕÓËÙÂÕÇÎß-
ÐÞÏË.

£ÑÕ ÇÜÇ ÑÆÐÂ ÂÐÂÎÑÅËâ. °ÕÓËÙÂÕÇÎßÐÞØ ÕÇÏÒÇÓÂÕÖÓ Ä
ÛÍÂÎÇ ¬ÇÎßÄËÐÂ ÐÇ ÔÖÜÇÔÕÄÖÇÕ. °ÆÐÂÍÑ Ä ÍÄÂÐÕÑÄÑÌ
àÎÇÍÕÓÑÐËÍÇ ÛËÓÑÍÑ ËÔÒÑÎßÊÖÇÕÔâ ×ÑÓÏÂÎßÐÑÇ ÑÒËÔÂ-
ÐËÇ ËÐÄÇÓÔÐÑÌ ÐÂÔÇÎÇÐÐÑÔÕË Ô ÒÑÏÑÜßá ÑÕÓËÙÂÕÇÎßÐÑÌ
ÕÇÏÒÇÓÂÕÖÓÞ. ¤ÓÂÆÖÔÐËÍÑÏ ÇÇ ÐÇ ËÊÏÇÓËÕß, ÐÑ ÄÞâÔÐËÕß
ÔÑÔÕÑâÐËÇ ÓÂÃÑÚËØ ÖÓÑÄÐÇÌ Ë ÄÞÚËÔÎËÕß àÕÖ ÑÕÓËÙÂÕÇÎß-
ÐÖá ÕÇÏÒÇÓÂÕÖÓÖ ÏÑÉÐÑ. ´ÂÍËÏ ÑÃÓÂÊÑÏ, ×ÑÓÏÂÎßÐÑÇ
ÒÓËÊÐÂÐËÇ ÔÖÜÇÔÕÄÑÄÂÐËâ ×ÖÐÍÙËË ÓÂÔÒÓÇÆÇÎÇÐËâ
W�A; A 0; B; B 0�, ÚÕÑ ÔÎÇÆÖÇÕ ËÊ ÍÑÐÙÇÒÙËÌ ÕÇÑÓËË ÔÍÓÞ-
ÕÞØ ÒÂÓÂÏÇÕÓÑÄ, ÐÇ ÑÔÕÂÄÎâÇÕ ÏÇÔÕÂ ÆÎâ ÕÓÇÃÑÄÂÐËâ ÇÇ
ÐÇÑÕÓËÙÂÕÇÎßÐÑÔÕË.

¯ÂÔÕÑâÜÂâ ÓÂÃÑÕÂ ÐÇ ÒÓÇÕÇÐÆÖÇÕ ÐÂ ÑØÄÂÕ ÄÔÇÄÑÊÏÑÉ-
ÐÞØ ÍÄÂÐÕÑÄÞØ à××ÇÍÕÑÄ Ë ÄÞâÔÐÇÐËÇ ÒÓÑÃÎÇÏÞ ÐÇÎÑÍÂ-
ÎßÐÑÔÕË Ä ÍÄÂÐÕÑÄÑÌ ÕÇÑÓËË ÄÑÑÃÜÇ. ¯ÂÒÓËÏÇÓ, ÍÂÍ
ÐÇÎÑÍÂÎßÐÑÇ ÏÑÉÐÑ ÕÓÂÍÕÑÄÂÕß ÒÑÄÇÆÇÐËÇ ÑÆËÐÑÚÐÑÅÑ
×ÑÕÑÐÂ Ä ËÐÕÇÓ×ÇÓÑÏÇÕÓÇ®ÂØÂì¸ÇÐÆÇÓÂ Ä ÕÑÏ ÔÏÞÔÎÇ,
ÚÕÑ ÑÐ ÑÆÐÑÄÓÇÏÇÐÐÑ ÒÓËÐÂÆÎÇÉËÕ ÆÄÖÏ ÒÓÑÔÕÓÂÐ-
ÔÕÄÇÐÐÑ ÓÂÊÆÇÎÇÐÐÞÏ ÏÑÆÂÏ (ÒÎÇÚÂÏ) ËÐÕÇÓ×ÇÓÑÏÇÕÓÂ
(ÔÏ. ÕÂÍÉÇ [3]). ±ÓËÄÇÆÇÐÐÑÇ ÓÂÔÔÏÑÕÓÇÐËÇ, ÕÇÏ ÐÇ ÏÇÐÇÇ,
ÒÑÊÄÑÎâÇÕ ÖÕÄÇÓÉÆÂÕß, ÚÕÑ ÐÂÓÖÛÇÐËÇ ÐÇÓÂÄÇÐÔÕÄ ¢ÇÎÎÂ
ÐÇ ÆÂÇÕ ÑÔÐÑÄÂÐËÌ ÅÑÄÑÓËÕß Ñ ÒÓËÔÖÜÇÌ ÍÄÂÐÕÑÄÑÌ
ÏÇØÂÐËÍÇ ÐÇÑÃÝâÔÐËÏÑÌ ÐÇÎÑÍÂÎßÐÑÔÕË Ë ÒÓËÄÎÇÍÂÕß Ä
àÕÑÌ ÔÄâÊË ÐÂ ÒÑÏÑÜß ÏËÔÕËÍÖ.

Á ÃÎÂÅÑÆÂÓÇÐÀ.¡.ªÎßËÐÔÍÑÏÖ, ¤.·.¬ËÕÂÇÄÑÌ, ¥.¯.
¬ÎÞÛÍÑ, ³.±. ¬ÖÎËÍÖ, ¡.¯. ±ÇÐËÐÖ, ®.£. ¹ÇØÑÄÑÌ ÊÂ
ÒÑÎÇÊÐÞÇ ÑÃÔÖÉÆÇÐËâ. ¿ÕÂ ÓÂÃÑÕÂ ÃÞÎÂ ÒÑÆÆÇÓÉÂÐÂ
²ÑÔÔËÌÔÍËÏ ×ÑÐÆÑÏ ×ÖÐÆÂÏÇÐÕÂÎßÐÞØ ËÔÔÎÇÆÑÄÂÐËÌ,
ÍÑÆ ÒÓÑÇÍÕÂ 93-02-14848. Á ÕÂÍÉÇ ÃÎÂÅÑÆÂÓÇÐ ®ÇÉÆÖÐÂ-
ÓÑÆÐÑÏÖ ÐÂÖÚÐÑÏÖ ×ÑÐÆÖ ³ÑÓÑÔÂ ÊÂ ×ËÐÂÐÔÑÄÖá ÒÑÆ-
ÆÇÓÉÍÖ.
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BELL'S THEOREM WITHOUT THE HYPOTHESIS OF LOCALITY
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One of the Bell's assumptions in this original derivation of the inequalities was the locality one, i. e. the independence of two separated
measuring devices. That is why the Bell inequalities breaking, observed in the experiments, is often interpreted as a demonstration of
nonlocal quantum mechanic features or the contradiction to the local realism. In this work a straightforward derivation of the Bell
inequalities traditional form is given, without appealing to locality, but based only on the assumption that the probability distributions
is to be nonnegative. The same probability distributions are calculated for the concrete optical experiment under the quantum theory
consideration, and it is shown that they can be negative. So, the irrelevance of the Bell inequalities breaking to the locality assumption is
strictly proved. The physical nature of the obtained results is examined.
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