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1. £ÄÇÆÇÐËÇ

´ÇÓÏËÐÂÏË "ÊÇÓÍÂÎßÐÞÇ ÚÂÔÕËÙÞ", "ÊÇÓÍÂÎßÐÂâ ÏÂÕÇ-
ÓËâ" Ë "ÊÇÓÍÂÎßÐÞÌ ÏËÓ" Ä ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÑÃÑÊÐÂÚÂáÕ
ÅËÒÑÕÇÕËÚÇÔÍËÌ ÔÍÓÞÕÞÌ ÔÇÍÕÑÓ ÚÂÔÕËÙ Ë ÄÊÂËÏÑÆÇÌ-
ÔÕÄËÌ, ÍÑÕÑÓÞÇ ÍÑÏÒÇÐÔËÓÖáÕ ÊÇÓÍÂÎßÐÖá ÂÔËÏÏÇÕÓËá
ÔÎÂÃÞØ ÄÊÂËÏÑÆÇÌÔÕÄËÌ ÑÃÞÚÐÞØ ÚÂÔÕËÙ. ©ÇÓÍÂÎßÐÂâ
ÏÂÕÇÓËâ ÓÂÔÔÏÂÕÓËÄÂÇÕÔâ ÍÂÍ ÄÑÊÏÑÉÐÂâ ÔÑÔÕÂÄÎâáÜÂâ
ÐÇÄËÆËÏÑÌ ÕÇÏÐÑÌ ÏÂÕÇÓËË. ¦Ç ËÔÕÑÓËâ ì àÕÑ ËÔÕÑÓËâ
ÒÇÓÇÒÎÇÕÇÐËâ ÄÞÓÑÉÆÇÐËâ ÒÑ ÚÇÕÐÑÔÕË Ë ÐÂÓÖÛÇÐËâ
ÊÇÓÍÂÎßÐÑÌ ÔËÏÏÇÕÓËË, ÕÇÏÐÑÅÑ ÄÇÜÇÔÕÄÂ ÄÑ £ÔÇÎÇÐÐÑÌ,
ÂÕÑÏÐÑÌ Ë âÆÇÓÐÑÌ ×ËÊËÍË, ×ËÊËÍË ÄÞÔÑÍËØ àÐÇÓÅËÌ,
ÂÔÕÓÑ×ËÊËÍË Ë ÍÑÔÏÑÎÑÅËË.

2. ¯ÂÓÖÛÇÐËÇ P Ë C

¬ ÔÇÓÇÆËÐÇ 1950-Ø ÅÑÆÑÄ ÕÂÍ ÐÂÊÞÄÂÇÏÂâ yt-ÒÓÑÃÎÇÏÂ
ÔÕÂÎÂ ÔÂÏÑÌ ÑÔÕÓÑÌ ÒÓÑÃÎÇÏÑÌ ×ËÊËÍË àÎÇÏÇÐÕÂÓÐÞØ
ÚÂÔÕËÙ. £ ÕÑ ÄÓÇÏâ ÓÂÔÒÂÆÞ K� ! 2p ÒÓËÒËÔÞÄÂÎË
y�-ÏÇÊÑÐÖ, ÂK� ! 3pì t�-ÏÇÊÑÐÖ, ÕÂÍ ÍÂÍ ÚÇÕÐÑÔÕË 2p Ë
3p ÓÂÊÎËÚÐÞ. ¯Ñ ÏÂÔÔÞ Ë ÄÓÇÏÇÐÂ ÉËÊÐË y� Ë t� ÃÞÎË
ÒÑÆÑÊÓËÕÇÎßÐÑ ÃÎËÊÍË. ±ÑàÕÑÏÖ ­Ë Ë ÁÐÅ [1] ÄÞÆÄËÐÖÎË
ËÆÇá Ñ ÄÞÓÑÉÆÇÐËË ÚÂÔÕËÙ ÒÑ ÚÇÕÐÑÔÕË.

£ ÂÒÓÇÎÇ 1956 Å. ÒÓÑÃÎÇÏÂ yt ÑÃÔÖÉÆÂÎÂÔß ÐÂ ÔÒÇÙË-
ÂÎßÐÑÏ ÊÂÔÇÆÂÐËË 6-Ì ²ÑÚÇÔÕÇÓÔÍÑÌ ÍÑÐ×ÇÓÇÐÙËË. ¯Â ÐÇÏ
¶ÇÌÐÏÂÐ, ÔÑ ÔÔÞÎÍÑÌ ÐÂ ¢ÎÑÍÂ, ÊÂÆÂÎ ÓÇÛÂáÜËÌ ÄÑÒÓÑÔ:
"¡ ÏÑÉÇÕ ÎË ÃÞÕß, ÚÕÑ ÚÇÕÐÑÔÕß ÐÇ ÔÑØÓÂÐâÇÕÔâ?" £ÑÕ
ÐÇÔÍÑÎßÍÑ ÑÕÓÞÄÍÑÄ ËÊ ÔÕÇÐÑÅÓÂÏÏÞ ÍÑÐ×ÇÓÇÐÙËË [2]:

"±ÓÇÆÔÇÆÂÕÇÎß ¥É.². °ÒÒÇÐÅÇÌÏÇÓ: ªÏÇáÕÔâ ÒâÕß
ÑÃÝÇÍÕÑÄ Kp3 , Kp2 , Km2 , Km3 , Ke3 . µ ÐËØ ÓÂÄÐÞÇ ËÎË
ÒÓËÏÇÓÐÑ ÓÂÄÐÞÇ ÏÂÔÔÞ Ë ÕÑÉÆÇÔÕÄÇÐÐÞÇ ËÎË ÍÂÉÖ-
ÜËÇÔâ ÕÑÉÆÇÔÕÄÇÐÐÞÏË ÄÓÇÏÇÐÂ ÉËÊÐË. ®Þ ÒÞÕÂÇÏÔâ
ÖÊÐÂÕß, ËÏÇÇÏ ÎË ÏÞ ÆÇÎÑ Ô ÒâÕßá, ÚÇÕÞÓßÏâ, ÕÓÇÏâ,
ÆÄÖÏâ ËÎË ÑÆÐÑÌ ÚÂÔÕËÙÇÌ...

©ÂÕÇÏ ÒÑÔÎÇÆÑÄÂÎ ÄÄÑÆÐÞÌ ÆÑÍÎÂÆ ÁÐÅÂ: ...ÔËÕÖÂÙËâ
ÕÂÍÑÄÂ, ÚÕÑ ÂÓÅÖÏÇÐÕÞ ¥ÂÎËÕÙÂ ÖÃÇÆËÕÇÎßÐÑ ÖÍÂÊÞÄÂáÕ
ÐÂ ÕÑ, ÚÕÑÏÂÎÑÄÇÓÑâÕÐÑ, ÚÕÑK�p3�� t�� ËK�p2�� y��ìàÕÑ
ÑÆÐÂ Ë ÕÂ ÉÇ ÚÂÔÕËÙÂ...

¥ÂÎËÕÙ ÑÃÔÖÉÆÂÎ ty-ÒÓÑÃÎÇÏÖ: ...600 ÔÑÃÞÕËÌ ÐÂ
"ÆËÂÅÓÂÏÏÇ ¥ÂÎËÕÙÂ" ÆÂáÕ ÊÂÏÇÚÂÕÇÎßÐÑ ÑÆÐÑÓÑÆÐÑÇ
ÓÂÔÒÓÇÆÇÎÇÐËÇ ... ¿ÕÑ ÖÍÂÊÞÄÂÇÕ ÐÂ ÕÑ, ÚÕÑ Ö t-ÏÇÊÑÐÂ
ÔÒËÐ-ÚÇÕÐÑÔÕß 0ÿ...

¶ÇÌÐÏÂÐ ÒÑÆÐâÎ ÄÑÒÓÑÔ ¢ÎÑÍÂ: ÏÑÉÇÕ ÎË ÃÞÕß ÕÂÍ,
ÚÕÑ y Ë tìàÕÑ ÔÑÔÕÑâÐËâ Ô ÓÂÊÎËÚÐÑÌ ÚÇÕÐÑÔÕßá ÑÆÐÑÌ Ë
ÕÑÌ ÉÇ ÚÂÔÕËÙÞ, ÍÑÕÑÓÂâ ÐÇ ËÏÇÇÕ ÑÒÓÇÆÇÎÇÐÐÑÌ ÚÇÕÐÑ-
ÔÕË, Õ.Ç. ÚÕÑ ÚÇÕÐÑÔÕß ÐÇ ÔÑØÓÂÐâÇÕÔâ?...

ÁÐÅ ÔÑÑÃÜËÎ, ÚÕÑ ÑÐ Ë ­Ë ÓÂÔÔÏÂÕÓËÄÂÎË àÕÑÕ
ÄÑÒÓÑÔ, ÐÇ ÒÓËÆâ Í ÍÂÍÑÏÖ-ÎËÃÑ ÑÒÓÇÆÇÎÇÐÐÑÏÖ ÊÂÍÎá-
ÚÇÐËá".

±Ñ-ÄËÆËÏÑÏÖ, ¶ÇÌÐÏÂÐ ËÏÇÎ Ä ÄËÆÖ ÔÒÇÙËÂÎßÐÞÌ
ÏÇØÂÐËÊÏ ÐÂÓÖÛÇÐËâ ÚÇÕÐÑÔÕË ÊÂ ÔÚÇÕ ÒÇÓÇÏÇÛËÄÂÐËâ
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ÄÞÓÑÉÆÇÐÐÞØ ÔÍÂÎâÓÐÑÅÑ Ë ÒÔÇÄÆÑÔÍÂÎâÓÐÑÅÑ ÏÇÊÑ-
ÐÑÄ.

ªÐÕÇÓÇÔÐÑ ÑÕÏÇÕËÕß, ÚÕÑ ÐË ¥ÂÎËÕÙ, ÐË ®ËÛÇÎß,
ÍÑÕÑÓÞÌ ÕÂÍÉÇ ÒÓËÐËÏÂÎ ÖÚÂÔÕËÇ Ä ÆËÔÍÖÔÔËË, ÐÇ ÖÒÑÏâ-
ÐÖÎË Ñ ÄÑÊÏÑÉÐÑÏ ÐÇÔÑØÓÂÐÇÐËË ÚÇÕÐÑÔÕË.

¯ÇÔÍÑÎßÍÑ ÏÇÔâÙÇÄ ÔÒÖÔÕâ ­Ë Ë ÁÐÅ ÒÓÇÆÒÑÎÑÉËÎË,
ÚÕÑ Ä ÔÎÂÃÞØ ÓÂÔÒÂÆÂØ ÚÇÕÐÑÔÕß ÐÇ ÔÑØÓÂÐâÇÕÔâ, Ë ÒÓÇÆ-
ÎÑÉËÎË àÍÔÒÇÓËÏÇÐÕÞ ÒÑ ÒÑËÔÍÂÏ ÒÔÇÄÆÑÔÍÂÎâÓÐÞØ
ÍÑÓÓÇÎâÙËÌ ÔÒËÐÂ Ë ËÏÒÖÎßÔÂ sp [3]. (ªØ ÊÐÂÏÇÐËÕÂâ
ÔÕÂÕßâ ÃÞÎÂ ÒÑÎÖÚÇÐÂ ÉÖÓÐÂÎÑÏ Physical Review 22 ËáÐâ
Ë ÑÒÖÃÎËÍÑÄÂÐÂ 1 ÑÍÕâÃÓâ 1956 Å.). £ ÍÑÐÙÇ ÔÕÂÕßË, ÚÕÑÃÞ
ÔÑØÓÂÐËÕß ÔËÏÏÇÕÓËá ÏÇÉÆÖ ÎÇÄÞÏ Ë ÒÓÂÄÞÏ Ä ÃÑÎÇÇ
ÑÃÜÇÏ ÔÏÞÔÎÇ, ÃÞÎÂ ÄÞÆÄËÐÖÕÂ ÅËÒÑÕÇÊÂ Ñ ÔÖÜÇÔÕÄÑÄÂ-
ÐËË "ÒÓÂÄÞØ ÒÓÑÕÑÐÑÄ" pR. ´ÇÓÏËÐ "ÊÇÓÍÂÎßÐÞÇ ÚÂÔ-
ÕËÙÞ" Ä [3] ÐÇ ËÔÒÑÎßÊÑÄÂÎÔâ, Ë ÒÓÇÆÒÑÎÂÅÂÎÑÔß, ÚÕÑ pR Ë
pL ÄÊÂËÏÑÆÇÌÔÕÄÖáÕ "Ô ÑÆÐËÏ Ë ÕÇÏ ÉÇ àÎÇÍÕÓÑÏÂÅÐËÕ-
ÐÞÏ ÒÑÎÇÏ Ë, ÄÑÊÏÑÉÐÑ, Ô ÑÆÐËÏ Ë ÕÇÏ ÉÇ ÒËÑÐÐÞÏ
ÒÑÎÇÏ".

®ÐÑÅÑ ÒÑÊÆÐÇÇ â ÖÊÐÂÎ, ÚÕÑ ÇÜÇ Ä 1952 Å. ®ËÛÇÎß [4]
ÓÂÔÔÏÂÕÓËÄÂÎ ÄÊÂËÏÑÆÇÌÔÕÄËâ, ÐÇ ÔÑØÓÂÐâáÜËÇ ÚÇÕ-
ÐÑÔÕß, Ë ÒÔÇÄÆÑÔÍÂÎâÓÐÞÇ ÍÑÓÓÇÎâÙËË ÏÇÉÆÖ ËÏÒÖÎß-
ÔÂÏË ÐÇÔÍÑÎßÍËØ ÚÂÔÕËÙ Ä ÏÐÑÅÑÚÂÔÕËÚÐÞØ ÒÓÑÙÇÔÔÂØ.
¥Ñ ÐÇÅÑ £ËÍ, £ÂÌÕÏÂÐ Ë £ËÅÐÇÓ [5] ÓÂÔÔÏÂÕÓËÄÂÎË
ÒÔÇÄÆÑÔÍÂÎâÓÐÞÇ ÂÏÒÎËÕÖÆÞ, Â ±ÇÓÔÇÎÎ Ë ²ÂÏÊÇÌ [6]
ÒÓÇÆÎÑÉËÎË ÒÓÑÄÇÓâÕß ÔÑØÓÂÐÇÐËÇ ÚÇÕÐÑÔÕË, ËÊÏÇÓââ
àÎÇÍÕÓËÚÇÔÍËÌ ÆËÒÑÎßÐÞÌ ÏÑÏÇÐÕ ÐÇÌÕÓÑÐÂ. °ÆÐÂÍÑ
ÑÐË ÐÇ ÑÔÑÊÐÂÎË (ÍÂÍ àÕÑ ÄÒÑÔÎÇÆÔÕÄËË ÑÔÑÊÐÂÎ ­ÂÐÆÂÖ),
ÚÕÑ àÎÇÍÕÓËÚÇÔÍËÌ ÆËÒÑÎßÐÞÌÏÑÏÇÐÕ ÚÂÔÕËÙÞ ÐÂÓÖÛÂÇÕ
ÕÂÍÉÇ ËÐÄÂÓËÂÐÕÐÑÔÕß ÑÕÐÑÔËÕÇÎßÐÑ ÑÃÓÂÜÇÐËâ ÄÓÇÏÇ-
ÐË. ¦ÜÇ ÓÂÐßÛÇ¢ÇÓÇÔÕÇÙÍËÌ Ë±ÑÏÇÓÂÐÚÖÍ [7] Ä ÊÂÏÇÕÍÇ Ñ
ÃÇÕÂ-ÓÂÔÒÂÆÇ ÐÇÌÕÓÑÐÂ ÖÒÑÏâÐÖÎË, ÚÕÑ, ÒÑ ÊÂÏÇÚÂÐËá
­ÂÐÆÂÖ, ÔÖÜÇÔÕÄÖÇÕ 10 (Â ÐÇ 5) ÚÇÕÞÓÇØ×ÇÓÏËÑÐÐÞØ
ÄÊÂËÏÑÆÇÌÔÕÄËÌ, "ÇÔÎË ÐÂÓâÆÖ ÔÑ ÔÒËÐÑÓÂÏË ËÔÒÑÎßÊÑ-
ÄÂÕß ÒÔÇÄÆÑÔÒËÐÑÓÞ".

¬ÂÍ ØÑÓÑÛÑ ËÊÄÇÔÕÐÑ, àÍÔÒÇÓËÏÇÐÕÞ, ÒÓÇÆÎÑÉÇÐÐÞÇ
­Ë Ë ÁÐÅÑÏ, ÃÞÎË ÒÓÑÄÇÆÇÐÞ ÒÑÎÅÑÆÂ ÔÒÖÔÕâ Ë ÆÇÌÔÕÄË-
ÕÇÎßÐÑ ÑÃÐÂÓÖÉËÎË ÃÑÎßÛÖá ÎÇÄÑ-ÒÓÂÄÖá ÂÔËÏÏÇÕÓËá
Ä b-ÓÂÔÒÂÆÇ 60Co [8] Ë Ä p! m! e-ÓÂÔÒÂÆÂØ [9, 10].

¥Ñ ÕÑÅÑ, ÍÂÍ ÓÇÊÖÎßÕÂÕÞ àÕËØ àÍÔÒÇÓËÏÇÐÕÑÄ ÔÕÂÎË
ËÊÄÇÔÕÐÞ, ªÑ××Ç Ë ²ÖÆËÍ ÐÂÒÓÂÄËÎË Ä ¨¿´¶ ÐÇÃÑÎß-
ÛÖá ÔÕÂÕßá, Ä ÍÑÕÑÓÑÌ ÆÑÍÂÊÞÄÂÎË, ÚÕÑ sp-ÍÑÓÓÇÎâÙËË
ÐÇÄÑÊÏÑÉÐÞ, ÒÑÔÍÑÎßÍÖ ÑÐË T-ÚÇÕÐÞ, Â ÒÓË ÐÂÓÖÛÇÐËË P
ÆÑÎÉÐÂ ÑÃâÊÂÕÇÎßÐÑ ÐÂÓÖÛÂÕßÔâ ÑÃÓÂÕËÏÑÔÕß ÍÑ ÄÓÇÏÇ-
ÐË T. ¿ÕÑ ÖÕÄÇÓÉÆÇÐËÇ ÑÔÐÑÄÞÄÂÎÑÔß ÐÂ CPT-ÕÇÑÓÇÏÇ Ë
ÖÃÇÉÆÇÐËË, ÚÕÑ ÊÂÓâÆÑÄÂâ ÚÇÕÐÑÔÕß C ÆÑÎÉÐÂ ÔÑØÓÂ-
ÐâÕßÔâ, ÒÑÔÍÑÎßÍÖ ÔÖÜÇÔÕÄÖÇÕ ÍÑÓÑÕÍÑÉËÄÖÜËÌ K0

1-ÏÇ-
ÊÑÐ Ô ÒÑÎÑÉËÕÇÎßÐÑÌ ÊÂÓâÆÑÄÑÌ ÚÇÕÐÑÔÕßá C � �1 Ë
ÆÑÎÅÑÉËÄÖÜËÌK0

2-ÏÇÊÑÐ Ô C � ÿ1.
Á ÉËÄÑ ÒÑÏÐá, ÍÂÍ ÕÇÑÓÇÕËÍË ªÐÔÕËÕÖÕÂ ÕÇÑÓÇÕËÚÇ-

ÔÍÑÌ Ë àÍÔÒÇÓËÏÇÐÕÂÎßÐÑÌ ×ËÊËÍË (ª´¿¶) ÑÃÔÖÉÆÂÎË
àÕÖ ÓÂÃÑÕÖ Ô ­ÂÐÆÂÖ Ä ÐÑâÃÓÇ 1956 Å. ÒÑÔÎÇ ÑÚÇÓÇÆÐÑÅÑ
ÔÇÏËÐÂÓÂ ª´¿¶ (Ä ÕÑ ÄÓÇÏâ ´ÇÒÎÑÕÇØÐËÚÇÔÍÂâ ÎÂÃÑÓÂ-
ÕÑÓËâ ¡¯ ³³³² (´´­); ÔÇÏËÐÂÓÞ ÒÓÑÄÑÆËÎËÔß Ë ÔÇÌÚÂÔ
ÒÓÑÄÑÆâÕÔâ ÒÑ ÔÓÇÆÂÏ). °ÃÔÖÉÆÇÐËÇ ÒÓÑØÑÆËÎÑ Ä ÍÑÏ-
ÐÂÕÇ å 9, ÅÆÇ ÕÑÅÆÂ ÓÂÃÑÕÂÎË ÏÑÎÑÆÞÇ ÕÇÑÓÇÕËÍË Ë ÔÕÑâÎ
ÏÑÌ ÔÕÑÎ.

­ÂÐÆÂÖ Ä ÕÑ ÄÓÇÏâ ÔÚËÕÂÎ, ÚÕÑ ÐÂÓÖÛÇÐËÇ P-ÚÇÕÐÑÔÕË
ÐÇÄÑÊÏÑÉÐÑ, ÒÑÔÍÑÎßÍÖ ÒÓÑÔÕÓÂÐÔÕÄÑ ÊÇÓÍÂÎßÐÑ ÔËÏÏÇÕ-
ÓËÚÐÑ. ¡ÐÂÎÑÅËÚÐÑ ÕÑÏÖ, ÍÂÍ ÔÑØÓÂÐâáÕÔâ ËÏÒÖÎßÔ Ë
ÖÅÎÑÄÑÌ ÏÑÏÇÐÕ ÄÔÎÇÆÔÕÄËÇ ÑÆÐÑÓÑÆÐÑÔÕË Ë ËÊÑÕÓÑÒËË
ÒÓÑÔÕÓÂÐÔÕÄÂ. ²ÂÊÖÏÇÇÕÔâ, àÕÂ ÂÐÂÎÑÅËâ ÐÇ ÒÑÎÐÂâ:
ÔÆÄËÅË Ë ÄÓÂÜÇÐËâ ÐÇÒÓÇÓÞÄÐÞ, Â ÑÕÓÂÉÇÐËâ ÆËÔÍÓÇÕÐÞ.

±ÓËÏÇÓÐÑ ÊÂ ÒÑÎÅÑÆÂ ÆÑ àÕÑÅÑ Ä ®ÑÔÍÄÇ Ä ¶ª¡¯Ç
ÔÑÔÕÑâÎÂÔß ÒÇÓÄÂâ ÍÑÐ×ÇÓÇÐÙËâ ÒÑ ×ËÊËÍÇ àÎÇÏÇÐÕÂÓÐÞØ

ÚÂÔÕËÙ [11, 12], ÐÂ ÍÑÕÑÓÖá ÒÓËÇØÂÎË ÂÏÇÓËÍÂÐÔÍËÇ
×ËÊËÍË. Á ÒÑÏÐá, ÍÂÍ ­ÂÐÆÂÖ ÔÂÓÍÂÔÕËÚÇÔÍË ÔÏÇâÎÔâ,
ÍÑÅÆÂ ¤ÇÎÎ-®ÂÐ (ÔÂÏÞÌ ÏÑÎÑÆÑÌ ËÊ ÒÓËÇØÂÄÛËØ ÂÏÇÓË-
ÍÂÐÙÇÄ, ÐÑ ÖÉÇ ÑÚÇÐß ÊÐÂÏÇÐËÕÞÌ) ÖÒÑÏâÐÖÎ ÐÂ ÔÇÏËÐÂÓÇ
Ä ªÐÔÕËÕÖÕÇ ×ËÊËÚÇÔÍËØ ÒÓÑÃÎÇÏ (ª¶±), ÚÕÑ ÑÆÐËÏ ËÊ
ÓÇÛÇÐËÌ yt-ÒÓÑÃÎÇÏÞ ÏÑÉÇÕ ÃÞÕß ÐÇÔÑØÓÂÐÇÐËÇ ÚÇÕÐÑ-
ÔÕË 1.

±ÓËÏÇÓÐÑ Ä ÕÑ ÉÇ ÄÓÇÏâ ÒÑÚÕË ÕÂÍÑÌ ÉÇ ÃÞÎÂ ÓÇÂÍÙËâ
­ÂÐÆÂÖ ÐÂ ÕÂÍ Ë ÐÇ ÑÒÖÃÎËÍÑÄÂÐÐÖá ÊÂÏÇÕÍÖ ºÂÒËÓÑ, Ä
ÍÑÕÑÓÑÌ ÕÑÕ ÒÓÇÆÎÂÅÂÎ ÑÒÞÕ ÕËÒÂ ÑÒÞÕÂ £Ö. Á ÖÊÐÂÎ ÑÃ
àÕÑÏ ÕÓË ÅÑÆÂ ÔÒÖÔÕâ, ÍÑÅÆÂºÂÒËÓÑ ÒÇÓÇÛÇÎ ËÊ®ÑÔÍÑÄ-
ÔÍÑÅÑ ÅÑÔÖÆÂÓÔÕÄÇÐÐÑÅÑ ÖÐËÄÇÓÔËÕÇÕÂ Ä ª´¿¶ Ë ÆÂÎ ÏÐÇ
ÒÓÑÚÇÔÕß ÔÄÑá ÊÂÏÇÕÍÖ. (±ÑÊÆÐÇÇ ÑÐ ÆÂÎ ÇÇ ÆËÓÇÍÕÑÓÖ
ª´¿¶ ¡ÎËØÂÐÑÄÖ, Ë ÊÂÏÇÕÍÂ ÒÑÕÇÓâÎÂÔß. ¬ÔÇÓÑÍÔÂ Ä
ª´¿¶ ÕÑÅÆÂ ÐÇ ÃÞÎÑ.) ±ÑÏÐá, ÚÕÑ Ä ÊÂÏÇÕÍÇ ÃÞÎÑ
ÐÇÒÓÂÄËÎßÐÑÇ ÖÕÄÇÓÉÆÇÐËÇ, ÚÕÑ ÒÓË ÐÇÔÑØÓÂÐÇÐËË ÚÇÕÐÑ-
ÔÕË ÒÇÓÇØÑÆ Í ÊÇÓÍÂÎßÐÑ ÑÕÓÂÉÇÐÐÞÏ ÍÑÑÓÆËÐÂÕÂÏ
ÏÇÐâÇÕ ÄÇÎËÚËÐÖ àÐÇÓÅËË ×ËÊËÚÇÔÍÑÌ ÔËÔÕÇÏÞ 2.

¯Ñ ÄÇÓÐÇÏÔâ Ä ÍÑÏÐÂÕÖ å 9. £Ñ ÄÓÇÏâ ÑÃÔÖÉÆÇÐËâ â
ÊÂÏÇÕËÎ, ÚÕÑ ÒÓË ÐÂÓÖÛÇÐËË P-ÚÇÕÐÑÔÕË ÏÑÉÇÕ ÐÂÓÖ-
ÛÂÕßÔâ Ë C-ÚÇÕÐÑÔÕß, Â ÍÑÓÑÕÍÑ- Ë ÆÑÎÅÑÉËÄÖÜËÇ K1 Ë
K2 ÏÑÅÖÕ ÔÖÜÇÔÕÄÑÄÂÕß ÐÇ ÃÎÂÅÑÆÂÓâ C-ËÐÄÂÓËÂÐÕÐÑÔÕË,
ÍÂÍ ÃÞÎÑ ÒÓÇÆÎÑÉÇÐÑ ÊÂ ÅÑÆ ÆÑ ÕÑÅÑ ¤ÇÎÎ-®ÂÐÑÏ Ë
±ÂÌÔÑÏ [16], Â ÃÎÂÅÑÆÂÓâ ØÑÕâ ÃÞ ÒÓËÃÎËÉÇÐÐÑÌ T-
ËÐÄÂÓËÂÐÕÐÑÔÕË (Ë, ÔÎÇÆÑÄÂÕÇÎßÐÑ, CP-ËÐÄÂÓËÂÐÕÐÑ-
ÔÕË). £ àÕÑÏ ÔÎÖÚÂÇ ÆÑÎÉÐÞ ÃÞÕß ÓÂÊÓÇÛÇÐÞ T-ÚÇÕÐÞÇ
sp-ÂÔËÏÏÇÕÓËË Ë ÓÂÔÒÂÆ K0

2 ! 3p0.
±ÑÔÎÇ àÕÑÅÑ ÑÃÔÖÉÆÇÐËâ ªÑ××Ç Ë ²ÖÆËÍ ÓÇÛËÎË

ÄÍÎáÚËÕß ÏÑË ÊÂÏÇÚÂÐËâ Ä ÔÄÑá ÔÕÂÕßá Ë ÐÂÚÂÎË
ÐÂÔÕÑÌÚËÄÑ ÖÃÇÉÆÂÕß ÏÇÐâ ÔÕÂÕß ÔÑÂÄÕÑÓÑÏ ËØ ÓÂÆË-
ÍÂÎßÐÑ ËÔÒÓÂÄÎÇÐÐÑÌ ÔÕÂÕßË 3. ±ÑÐÂÚÂÎÖ â ÑÕÍÂÊÞÄÂÎÔâ,
ÐÑ ÔÑÅÎÂÔËÎÔâ ÒÑÔÎÇ ÕÑÅÑ, ÍÂÍªÑ××Ç ÔÕÂÎ ÒÇÓÇÆÑÏÐÑÌ ÐÂ
ÑÆÐÑ ÍÑÎÇÐÑ. (¿ÕÑ ÃÞÎÑ Ä ÕÑÌ ÉÇ ÍÑÏÐÂÕÇ å 9.) ¯ÂÛÂ
ÔÕÂÕßâ [18] ÃÞÎÂ ÊÂÏÇÚÇÐÂ ÁÐÅÑÏ Ë ­Ë, ÍÑÕÑÓÞÇ ÐÇÊÂÄË-
ÔËÏÑ, ÐÑ ÐÇÔÍÑÎßÍÑ ÒÑÊÆÐÇÇ ÒÓËÛÎË ÔÑÄÏÇÔÕÐÑ Ô °ÏÇ [19]
Í ÕÇÏ ÉÇ ÖÕÄÇÓÉÆÇÐËâÏ (ÔÏ. ÔÔÞÎÍË ÐÂ [18] Ä ËØ ¯ÑÃÇÎÇÄ-
ÔÍËØ ÎÇÍÙËâØ [20, 21]).

¥ÓÖÅËÏ ÔÎÇÆÔÕÄËÇÏ ÆËÔÍÖÔÔËË ÔÕÂÎÑ ÕÑ, ÚÕÑ ­ÂÐÆÂÖ
ÄÐÇÊÂÒÐÑ ËÊÏÇÐËÎ ÔÄÑÇ ÑÕÐÑÛÇÐËÇ Í ÐÇÔÑØÓÂÐÇÐËá ÚÇÕÐÑ-
ÔÕË Ë ÄÞÆÄËÐÖÎ ËÆÇá ÔÕÓÑÅÑÅÑ ÔÑØÓÂÐÇÐËâ CP-ÚÇÕÐÑÔÕË
(ÑÐ ÐÂÊÄÂÎ ÇÇ ÍÑÏÃËÐËÓÑÄÂÐÐÑÌ ÚÇÕÐÑÔÕßá) [22] (ÔÏ.
ÕÂÍÉÇ [23]). £ ÍÑÐÙÇ àÕÑÌ ÔÕÂÕßË ÑÐ ÐÂÒËÔÂÎ: "£ ÊÂÍÎá-
ÚÇÐËÇ â ØÑÕÇÎ ÃÞ ÄÞÓÂÊËÕß ÅÎÖÃÑÍÖá ÃÎÂÅÑÆÂÓÐÑÔÕß
­. °ÍÖÐá, ¢. ªÑ××Ç Ë ¡. ²ÖÆËÍÖ, ËÊ ÆËÔÍÖÔÔËË Ô
ÍÑÕÑÓÞÏË ÄÑÊÐËÍÎÂ ËÆÇâ ÆÂÐÐÑÌ ÓÂÃÑÕÞ". ³ÑÅÎÂÔÐÑ
ËÆÇÇ ­ÂÐÆÂÖ ÒÓÑÙÇÔÔ, ÑÕÓÂÉÇÐÐÞÌ Ä ÊÇÓÍÂÎÇ, ÐÇ ÏÑÉÇÕ

1 ¤ÇÎÎ-®ÂÐ ÔÆÇÎÂÎ ÆÄÂ ÑÆËÐÂÍÑÄÞØ ÆÑÍÎÂÆÂ: Ä ª¶± Ë Ä ¶ª¡¯Ç, Ä
ÍÂÃËÐÇÕÇ ´ÂÏÏÂ. °ÃÂ ÆÑÍÎÂÆÂ â ÕÜÂÕÇÎßÐÑ ÍÑÐÔÒÇÍÕËÓÑÄÂÎ. °ÔÕÂÐÑ-
ÄËÄÛËÔß ÐÂ ÏËÐÖÕÖ, ÑÐ ÛÖÕÎËÄÑ ÔÒÓÑÔËÎ ÏÇÐâ: "¡ ÚÕÑ ÃÖÆÇÕ, ÇÔÎË
ÆÑÏÂ £Þ ÑÃÐÂÓÖÉËÕÇ, ÚÕÑ ÆÄÇ ÊÂÒËÔË ÒÓÑÕËÄÑÓÇÚÂÕ ÆÓÖÅ ÆÓÖÅÖ?" £
1980-Ø ÅÑÆÂØ ´ÇÎÇÅÆË ÑÒÖÃÎËÍÑÄÂÎ ÆÄÂ ÑÚÇÐß ÔÑÆÇÓÉÂÕÇÎßÐÞØ ÆÑ-
ÍÎÂÆÂ ÒÑ ËÔÕÑÓËË ÐÇÔÑØÓÂÐÇÐËâ ÚÇÕÐÑÔÕË [13, 14]. £ [14] ÐÂÒËÔÂÐÑ:
"®ÇÓÓÇÌ ¤ÇÎÎ-®ÂÐ ÒÑÆÚÇÓÍÐÖÎ Ä ÓÂÊÅÑÄÑÓÇ ÔÑ ÏÐÑÌ ... ÚÕÑ
ª.³. ºÂÒËÓÑ ÔÂÏÞÏ àÐÇÓÅËÚÐÞÏ ÑÃÓÂÊÑÏ ÄÑÊÓÂÉÂÎ ÒÓÑÕËÄ ËÆÇË Ñ
ÐÂÓÖÛÇÐËË ÚÇÕÐÑÔÕË, ÍÑÅÆÂ ®.¤.®. ÅÑÄÑÓËÎ Ñ ÐÇÌ Ä 1956 Å. ÐÂ
ÔÇÏËÐÂÓÇ ­ÂÐÆÂÖ ÍÂÍ ÑÃ ÑÆÐÑÏ ËÊ ÄÑÊÏÑÉÐÞØ ÓÇÛÇÐËÌ ÊÂÅÂÆÍË
tÿy". ¬ÂÍ ÖÉÇ ÖÒÑÏâÐÖÕÑ ÄÞÛÇ, â ØÑÓÑÛÑ ÒÑÏÐá ÄÑÊÓÂÉÇÐËâ
­ÂÐÆÂÖ. °ÆÐÂÍÑ â ÔÑÄÇÓÛÇÐÐÑ ÐÇ ÒÑÏÐá, ÚÕÑÃÞ ÔÑÄÏÇÔÕÐÑ Ô ÐËÏ
ÄÑÊÓÂÉÂÎ ºÂÒËÓÑ.
2 ²ÂÊÄËÕËÇ àÕÑÅÑ ÖÕÄÇÓÉÆÇÐËâ ÔÑÆÇÓÉËÕÔâ Ä [15].
3 ³ØÇÏÂ, Ä ÍÑÕÑÓÑÌ ÐÂÓÖÛÂáÕÔâ P Ë T, ÐÑ ÔÑØÓÂÐâÇÕÔâ C, ÒÑÆÓÑÃÐÑ
ÑÃÔÖÉÆÂÎÂÔß Ä [17] ÆÂÉÇ ÒÑÔÎÇ ÕÑÅÑ, ÍÂÍ àÕÂ ÔØÇÏÂ ÃÞÎÂ ÑÒÓÑÄÇÓÅÐÖÕÂ
ÑÒÞÕÑÏ.
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ÔÖÜÇÔÕÄÑÄÂÕß Ä ÒÓËÓÑÆÇ ì ÑÐ ÔÕÂÐÑÄËÕÔâ ×ËÊËÚÇÔÍËÏ
ÕÑÎßÍÑ ÒÑÔÎÇ ÊÂÏÇÐÞ ÚÂÔÕËÙ ËØ ÂÐÕËÚÂÔÕËÙÂÏË 4.

±ÓÇÍÓÂÔÐÞÌ ÒÓËÏÇÓ CP-ÔÑÒÓâÉÇÐÐÞØ ÚÂÔÕËÙ ÃÞÎ
ÒÓÇÆÔÕÂÄÎÇÐ ­ÂÐÆÂÖ Ä ÇÅÑ ÕÇÑÓËË ÃÇÊÏÂÔÔÑÄÞØ ÒÓÑ-
ÆÑÎßÐÑ ÒÑÎâÓËÊÑÄÂÐÐÞØ ÐÇÌÕÓËÐÑ [25]. ³ÒËÐ n ÐÂÒÓÂÄ-
ÎÇÐ ÒÓÑÕËÄ ËÏÒÖÎßÔÂ, Â ÔÒËÐ �n ì ÄÆÑÎß ËÏÒÖÎßÔÂ. ¥ÓÖ-
ÅËÏË ÔÎÑÄÂÏË, ÐÇÌÕÓËÐÑ ì ÎÇÄÑÄËÐÕÑÄÞÇ, Â ÂÐÕËÐÇÌÕ-
ÓËÐÑ ì ÒÓÂÄÑÄËÐÕÑÄÞÇ. ³ÕÂÕßâ [25] ÔÎÇÆÑÄÂÎÂ Ä ¨¿´¶
ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ ÊÂ ÔÕÂÕßÇÌ [22]; ÒÑÊÆÐÇÇ [22, 25] ÄÞÛÎË
ÍÂÍ ÑÆÐÂ ÔÕÂÕßâ [26] ÐÂ ÂÐÅÎËÌÔÍÑÏ âÊÞÍÇ. ±ÓÑÆÑÎßÐÞÇ
ÐÇÌÕÓËÐÑ ÃÞÎË ÐÇÊÂÄËÔËÏÑ, ÐÑ ÐÇÔÍÑÎßÍÑ ÒÑÊÆÐÇÇ ÒÓÇÆ-
ÎÑÉÇÐÞ ³ÂÎÂÏÑÏ [27] Ë ­Ë Ë ÁÐÅÑÏ [28]. ±ÓÑÆÑÎßÐÞÇ
ÐÇÌÕÓËÐÑ, ÒÑ ÔÖÜÇÔÕÄÖ, ÖÍÂÊÂÎË ÒÖÕß Í ÕÇÑÓËË ÖÐËÄÇÓ-
ÔÂÎßÐÑÅÑ ÔÎÂÃÑÅÑ VÿA-ÄÊÂËÏÑÆÇÌÔÕÄËâ [29, 30]. ³ÑÅÎÂÔ-
ÐÑ àÕÑÌ ÕÇÑÓËË Ä ÓÇÎâÕËÄËÔÕÔÍÑÏ ÒÓÇÆÇÎÇ �v=c! 1� ÄÔÇ
àÎÇÏÇÐÕÂÓÐÞÇ ×ÇÓÏËÑÐÞ ÔÕÂÐÑÄâÕÔâ ÎÇÄÑÄËÐÕÑÄÞÏË ÄÑ
ÄÊÂËÏÑÆÇÌÔÕÄËâØ ÔÎÂÃÞØ ÊÂÓâÉÇÐÐÞØ ÕÑÍÑÄ, Â ËØ ÂÐÕË-
ÚÂÔÕËÙÞ ì ÒÓÂÄÑÄËÐÕÑÄÞÏË. ´ÑÎßÍÑ ÐÇÔÍÑÎßÍÑ ÎÇÕ
ÐÂÊÂÆ, ÍÑÅÆÂ ÃÞÎË ÑÕÍÓÞÕÞ ÑÔÙËÎÎâÙËË ÐÇÌÕÓËÐÑ, ÔÕÂÎÑ
âÔÐÑ, ÚÕÑ ÐÇÌÕÓËÐÑ ÐÇ ÃÇÊÏÂÔÔÑÄÞ Ë, ÔÎÇÆÑÄÂÕÇÎßÐÑ,
ÕÇÑÓËâ ÒÓÑÆÑÎßÐÞØ ÐÇÌÕÓËÐÑ ÑÒËÔÞÄÂÇÕ ÒÓËÓÑÆÖ ÎËÛß
ÒÓËÃÎËÉÇÐÐÑ, ØÑÕâ ÄÑ ÏÐÑÅËØ ÔÎÖÚÂâØ Ô ÑÚÇÐß ÄÞÔÑÍÑÌ
ÔÕÇÒÇÐßá ÕÑÚÐÑÔÕË.

©ÆÇÔß ÖÏÇÔÕÐÑ ÑÕÏÇÕËÕß ÔÕÂÕßá [31] Ñ ÄÑÊÏÑÉÐÑÏ
ÔÖÜÇÔÕÄÑÄÂÐËË ÃÂÓËÑÐÐÞØ ×ÑÕÑÐÑÄ, ËÔÕÑÚÐËÍÑÏ ÍÑÕÑ-
ÓÞØ âÄÎâÎÔâ ÃÞ ÃÂÓËÑÐÐÞÌ ÊÂÓâÆ. ¿ÕÂ ÔÕÂÕßâ ÒÑÎÑÉËÎÂ
ÐÂÚÂÎÑ ÒÑÔÎÇÆÖáÜËÏ ÑÃÔÖÉÆÇÐËâÏ ÎÇÒÕÑÐÐÞØ ×ÑÕÑÐÑÄ,
ÒÂÓÂ×ÑÕÑÐÑÄ Ë ÊÇÓÍÂÎßÐÞØ ×ÑÕÑÐÑÄ (ÔÏ. ÓÂÊÆÇÎÞ 3, 5, 6).

3. 1960-Ç ÅÑÆÞ. ¯ÂÓÖÛÇÐËÇ CP

®ÐÇ ÑÚÇÐß ÐÓÂÄËÎÂÔß ËÆÇâ ÔÕÓÑÅÑÅÑ ÔÑØÓÂÐÇÐËâ ³²-
ËÐÄÂÓËÂÐÕÐÑÔÕË. ¯Ñ, Ô ÆÓÖÅÑÌ ÔÕÑÓÑÐÞ, â ÐÇ ÏÑÅ ÒÑÐâÕß,
ÒÑÚÇÏÖ ÍÑà××ËÙËÇÐÕÞ Ä ÎÂÅÓÂÐÉËÂÐÇ ÐÇ ÏÑÅÖÕ ÃÞÕß
ÍÑÏÒÎÇÍÔÐÞÏË. ´ÂÍ, Ä ÎÇÍÙËâØ Ä ª´¿¶ [32] ÐÂ ÑÔÐÑÄÇ
ÔÑÔÕÂÄÐÑÌ ÏÑÆÇÎË ÂÆÓÑÐÑÄ ÃÞÎË ÑÒËÔÂÐÞ ÔÎÂÃÞÇ ÄÊÂË-
ÏÑÆÇÌÔÕÄËâ Ä ÒÓÇÆÒÑÎÑÉÇÐËË, ÚÕÑ ³² ÔÑØÓÂÐâÇÕÔâ. ¡ Ä
ÎÇÍÙËâØ Ä ¥ÖÃÐÇ [33] Ë Ä ÍÐËÅÇ [34] â ÐÂÔÕÂËÄÂÎ ÐÂ ÕÑÏ, ÚÕÑ
àÍÔÒÇÓËÏÇÐÕÂÎßÐÂâ ÒÓÑÄÇÓÍÂ ³²-ËÐÄÂÓËÂÐÕÐÑÔÕË
âÄÎâÇÕÔâ ÑÆÐËÏ ËÊ ÄÞÔÛËØ ÒÓËÑÓËÕÇÕÑÄ. ¤ÓÖÒÒÂ °ÍÑ-
ÐÑÄÂ Ä ¥ÖÃÐÇ ËÔÍÂÎÂ ³²-ÊÂÒÓÇÜÇÐÐÞÇ ÓÂÔÒÂÆÞ
K0

2 ! p�pÿ Ë ÖÔÕÂÐÑÄËÎÂ ÄÇÓØÐËÌ ÒÓÇÆÇÎ ÆÎâ ËØ ÑÕÐÑÔË-
ÕÇÎßÐÑÌ ÄÇÓÑâÕÐÑÔÕË, ÒÓËÏÇÓÐÑ 2� 10ÿ3 [35]. (°ÐË ÐÇ
ÑÃÐÂÓÖÉËÎË ÐË ÑÆÐÑÅÑ ÆÄÖØÚÂÔÕËÚÐÑÅÑ ÓÂÔÒÂÆÂ, ÊÂÓÇÅË-
ÔÕÓËÓÑÄÂÄ 600 ÕÓÇØÚÂÔÕËÚÐÞØ.) ¬ ÔÑÉÂÎÇÐËá, ÐÂ àÕÑÏ ËØ
àÍÔÒÇÓËÏÇÐÕ ÃÞÎ ÒÓÇÍÓÂÜÇÐ ÓÇÛÇÐËÇÏ ÆËÓÇÍÕÑÓÂ ÎÂÃÑ-
ÓÂÕÑÓËË. ¤ÓÖÒÒÇ ÐÇ ÒÑÄÇÊÎÑ. ¥ÄÂ ÅÑÆÂ ÔÒÖÔÕâ ÐÇÔÍÑÎßÍÑ
ÆÇÔâÕÍÑÄ ÆÄÖØÚÂÔÕËÚÐÞØ ÔÑÃÞÕËÌ Ô ÑÕÐÑÔËÕÇÎßÐÑÌ
ÄÇÓÑâÕÐÑÔÕßá, ÒÑÚÕË ÆÑÔÕËÅÐÖÕÑÌ Ä [35], ÃÞÎÑ ÑÕÍÓÞÕÑ
ÒÓËÐÔÕÑÐÔÍÑÌ ÅÓÖÒÒÑÌ [36].

°ÕÍÓÞÕËÇ ÓÂÔÒÂÆÂ K0
2 ! 2p ¬ÓËÔÕÇÐÔÑÐÑÏ Ë ÆÓ. [36]

"ÊÂÍÓÞÎÑ" ËÆÇá ­ÂÐÆÂÖ Ñ ÔÕÓÑÅÑÏ ÔÑØÓÂÐÇÐËË CP-
ÚÇÕÐÑÔÕË, ÔÑÅÎÂÔÐÑ ÍÑÕÑÓÑÌ ÂÐÕËÚÂÔÕËÙÞ ÄÞÅÎâÆâÕ Ä
ÕÑÚÐÑÔÕË, ÍÂÍ ÊÇÓÍÂÎßÐÞÇ ÑÕÓÂÉÇÐËâ ÚÂÔÕËÙ. ¥Îâ ÕÑÅÑ
ÚÕÑÃÞ ËÊÃÇÉÂÕß àÕÑÅÑ ÊÂÍÎáÚÇÐËâ, ¯ËÛËÆÉËÏÂ Ë ³Â×-
×ÖÓË ÄÞÆÄËÐÖÎË ÅËÒÑÕÇÊÖ "ÕÇÐÇÄÑÌ £ÔÇÎÇÐÐÑÌ" [37].
³ÑÅÎÂÔÐÑ àÕÑÌ ÅËÒÑÕÇÊÇ, ÓÂÔÒÂÆÞ ÐÂ ÆÄÂ ÒËÑÐÂ, ÐÂÃÎá-
ÆÇÐÐÞÇ Ä [36], ÒÓËÐÂÆÎÇÉÂÎË ÐÇ CP-ÐÇÚÇÕÐÑÏÖK0

2-ÏÇÊÑÐÖ,
Â CP-ÚÇÕÐÑÏÖ "ÕÇÐÇÄÑÏÖ" K0

1-ÏÇÊÑÐÖ, Ä ÍÑÕÑÓÞÌ ÒÇ-
ÓÇØÑÆËÎ Ä ÄÂÍÖÖÏÇ ÑÃÞÚÐÞÌ K0

1. ´ÂÍ ÚÕÑ ³² ÔÑØÓÂÐâ-
ÎÑÔß. °ÆÐÂÍÑ ÄÔÍÑÓÇ ÃÞÎÑ ÒÑÍÂÊÂÐÑ [38], ÚÕÑ àÕÑÕ

ÏÇØÂÐËÊÏ ÒÓÑÕËÄÑÓÇÚËÕ ÓÇÊÖÎßÕÂÕÂÏ ÐÇÌÕÓËÐÐÑÅÑ àÍÔÒÇ-
ÓËÏÇÐÕÂ. ¥ÇÎÑ Ä ÕÑÏ, ÚÕÑ ÕÇÐÇÄÞÇ K0

1-ÏÇÊÑÐÞ ÆÑÎÉÐÞ
ÃÞÎË ÃÞ ÒÓÑÐËÍÂÕß ÔÍÄÑÊß ÊÂÜËÕÖ Ë ÓÂÔÒÂÆÂÕßÔâ ÐÂ ÆÄÂ
ÒËÑÐÂ Ä ÐÇÌÕÓËÐÐÑÏ ÆÇÕÇÍÕÑÓÇ. ¡ ÕÂÍËØ ÔÑÃÞÕËÌ Ä
ÑÒÞÕÂØ ÐÇ ÐÂÃÎáÆÂÎÑÔß.

£ ÔÎÇÆÖáÜÇÌ ÔÕÂÕßÇ [39] ¬ÑÃÊÂÓÇÄ, ±ÑÏÇÓÂÐÚÖÍ Ë â
ÒÑÔÕÖÎËÓÑÄÂÎË ÔÖÜÇÔÕÄÑÄÂÐËÇ ÅËÒÑÕÇÕËÚÇÔÍËØ ÊÇÓÍÂÎß-
ÐÞØ ÚÂÔÕËÙ, ÊÇÓÍÂÎßÐÑÅÑ ÏËÓÂ Ë ³²¡-ÔËÏÏÇÕÓËá (¡ ì
ÑÕ ¡ÎËÔÞ). (³ÑÄÓÇÏÇÐÐÂâ ÕÇÓÏËÐÑÎÑÅËâ, ÔÑÅÎÂÔÐÑ ÍÑÕÑ-
ÓÑÌ ÔÖÜÇÔÕÄÑÄÂÐËÇ ÊÇÓÍÂÎßÐÑÌ ÏÂÕÇÓËË ÑÊÐÂÚÂÎÑ ÃÞ
ÖÆÄÑÇÐËÇ ÄÔÇØ ÑÃÞÚÐÞØ ÚÂÔÕËÙ, Â ÐÇ ÕÑÎßÍÑ ÐÇÍÑÕÑÓÞØ
ËÊ ÐËØ, ÐÂØÑÆËÎÂÔß Ä ÔÕÂÆËË ÓÑÉÆÇÐËâ.±ÑàÕÑÏÖ ÕÇÓÏËÐÞ
"ÊÇÓÍÂÎßÐÞÌ ÏËÓ" Ë "ÊÇÓÍÂÎßÐÞÇ ÚÂÔÕËÙÞ" ËÔÒÑÎßÊÑÄÂ-
ÎËÔß Ä [39] ÍÂÍ ÔËÐÑÐËÏÞ. ³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ³ÕÂÐ-
ÆÂÓÕÐÑÌ ÏÑÆÇÎË ÇÜÇ ÐÇ ÔÖÜÇÔÕÄÑÄÂÎÑ.) ³ÑÅÎÂÔÐÑ [39],
ÊÇÓÍÂÎßÐÞÇ ÚÂÔÕËÙÞ ÐÇ ÏÑÅÖÕ ÖÚÂÔÕÄÑÄÂÕß Ä ÑÃÞÚÐÞØ
ÔËÎßÐÞØ Ë àÎÇÍÕÓÑÏÂÅÐËÕÐÞØ ÄÊÂËÏÑÆÇÌÔÕÄËâØ. £ àÕÑÏ
ÑÕÐÑÛÇÐËË ÑÐË ÓÂÆËÍÂÎßÐÑ ÑÕÎËÚÂáÕÔâ ÑÕ ÒÓÂÄÞØ ÒÓÑ-
ÕÑÐÑÄ, ÓÂÔÔÏÑÕÓÇÐÐÞØ ­Ë Ë ÁÐÅÑÏ [3]. ³ÍÓÞÕÞÌ ÊÇÓ-
ÍÂÎßÐÞÌ ÔÇÍÕÑÓ ÆÑÎÉÇÐ ËÏÇÕß ÔÄÑË ÔÑÃÔÕÄÇÐÐÞÇ ÔËÎß-
ÐÞÇ, ÔÎÂÃÞÇ Ë àÎÇÍÕÓÑÏÂÅÐËÕÐÞÇ ÄÊÂËÏÑÆÇÌÔÕÄËâ. ¡ àÕÑ
ÑÊÐÂÚÂÎÑ, ÚÕÑ ÐÇÄËÆËÏÞÇ ÊÇÓÍÂÎßÐÞÇ ÚÂÔÕËÙÞ, ÒÑÆÑÃÐÑ
ÑÃÞÚÐÞÏ, ÆÑÎÉÐÞ ÑÃÓÂÊÑÄÞÄÂÕß ÊÇÓÍÂÎßÐÞÇ ÂÕÑÏÞ,
ÏÑÎÇÍÖÎÞ, ÐÇÄËÆËÏÞÇ ÊÄÇÊÆÞ, ÒÎÂÐÇÕÞ Ë ÆÂÉÇ ÊÇÓÍÂÎß-
ÐÖá ÉËÊÐß. ¢ÑÎÇÇ ÕÑÅÑ, àÕÑÕ ÐÇÄËÆËÏÞÌ ÊÇÓÍÂÎßÐÞÌ ÏËÓ
ÏÑÉÇÕ ÔÑÔÖÜÇÔÕÄÑÄÂÕß Ô ÐÂÛËÏ ÏËÓÑÏ Ä ÑÆÐÑÏ Ë ÕÑÏ ÉÇ
ÒÓÑÔÕÓÂÐÔÕÄÇ 5.

±ÑÏÐá, ÍÂÍ ªÅÑÓß ¬ÑÃÊÂÓÇÄ Ë â Ä ÄÞØÑÆÐÑÌ ÆÇÐßÛÎË
ÒÑ ÒÑÆÏÑÔÍÑÄÐÑÏÖ ÎÇÔÖ (ÑÕ ÔÕÂÐÙËË ¶ËÓÔÂÐÑÄÍÂ ÐÂ
ÎÇÐËÐÅÓÂÆÔÍÑÏ ÐÂÒÓÂÄÎÇÐËË Í ÔÕÂÐÙËË ¯ÂØÂÃËÐÑ ÐÂ
ÓËÉÔÍÑÏ ÐÂÒÓÂÄÎÇÐËË). ª ÄÆÓÖÅ â ÑÚÇÐß âÓÍÑ "ÖÄËÆÇÎ",
ÍÂÍ ÚÇÓÇÊ ÒÑÎâÐÖ ÒÑ ÐÇÄËÆËÏÞÏ ÓÇÎßÔÂÏ ËÆÇÕ ÐÇÄËÆËÏÞÌ
Ë ÐÇÔÎÞÛËÏÞÌ ÒÑÇÊÆ. £ ÓÂÃÑÕÇ [39] ÏÞ ÒÑÍÂÊÂÎË, ÚÕÑ
ÒÑÆÑÃÐÑÇ ÐÇÄÑÊÏÑÉÐÑ, ÕÂÍ ÍÂÍ "ÊÇÓÍÂÎßÐÞÌ ÊÇÏÐÑÌÛÂÓ"
ÅÓÂÄËÕÂÙËÑÐÐÑ ÔËÎßÐÑ ÄÑÊÏÖÕËÎ ÃÞ ÆÄËÉÇÐËÇ ÐÂÛÇÅÑ
ÊÇÏÐÑÅÑ ÛÂÓÂ. °ÆÐÂÍÑ, ÒÑ ÍÓÂÌÐÇÌ ÏÇÓÇ, ÅÓÂÄËÕÂÙËÑÐ-
ÐÑÇ ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÑÃÞÚÐÞØ Ë ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙ ÐÇÑÃ-
ØÑÆËÏÑ, ÕÂÍ ÍÂÍ Ä ÑÕÔÖÕÔÕÄËÇ ÍÂÍÑÅÑ-ÎËÃÑ ÄÊÂËÏÑÆÇÌ-
ÔÕÄËâ Ô ÐÂÛÇÌ ÏÂÕÇÓËÇÌ ÊÇÓÍÂÎßÐÂâ ÏÂÕÇÓËâ ÒÓÇÄÓÂ-
ÜÂÇÕÔâ Ä ×ËÍÙËá. ¬ÓÑÏÇ ÑÃÏÇÐÂ ÅÓÂÄËÕÑÐÂÏË Ä [39]
ÆÑÒÖÔÍÂÎËÔß ÑÃÏÇÐÞ ÐÇÌÕÓËÐÑ. ·ÑÕâ ÍÑÐÍÓÇÕÐÑÅÑ ÑÃÔÖÉ-
ÆÇÐËâ, ÍÂÍ àÕÑ ÔÑÅÎÂÔÑÄÂÕß Ô VÿA-ÕÇÑÓËÇÌ ÔÎÂÃÑÅÑ
ÄÊÂËÏÑÆÇÌÔÕÄËâ, ÒÓÇÆÔÕÂÄÎÇÐÑ ÐÇ ÃÞÎÑ. ±ÇÓÇØÑÆÞ
ÏÇÉÆÖ ÑÃÞÚÐÞÏË Ë ÊÇÓÍÂÎßÐÞÏË ÍÂÑÐÂÏË ÃÞÎË ÆÇ-
ÕÂÎßÐÑ ÓÂÔÔÏÑÕÓÇÐÞ Ä [43].

£ ÔÇÐÕâÃÓÇ 1967 Å. ÊÇÓÍÂÎßÐÞÇ ÚÂÔÕËÙÞ ÑÃÔÖÉÆÂÎËÔß
ÐÂ ¹ÇÕÄÇÓÕÑÌ ÇÄÓÑÒÇÌÔÍÑÌ ÍÑÐ×ÇÓÇÐÙËË ÒÑ àÎÇÏÇÐÕÂÓ-
ÐÞÏ ÚÂÔÕËÙÂÏ [44] Ë Ä âÐÄÂÓÇ 1968 Å. ÐÂ ®ÑÔÍÑÄÔÍÑÌ
ÍÑÐ×ÇÓÇÐÙËË ÒÑ ÒÓÑÃÎÇÏÂÏ ÐÂÓÖÛÇÐËâ ³²-ËÐÄÂÓËÂÐÕÐÑ-
ÔÕË [45].

±ÑÉÂÎÖÌ, ÊÆÇÔß ÔÕÑËÕ ÖÒÑÏâÐÖÕß ÕÂÍÉÇ ÔÕÂÕßá [46] Ñ
ÏáÑÐÐÑÏ ×ÑÕÑÐÇ, ØÑÕâ ÒÓâÏÑÅÑ ÑÕÐÑÛÇÐËâ Í ÊÇÓÍÂÎß-
ÐÞÏ ÚÂÔÕËÙÂÏ ÑÐÂ ÐÇ ËÏÇÎÂ. £ ÐÇÌ ÓÂÔÔÏÂÕÓËÄÂÎÔâ
ÆÑÒÑÎÐËÕÇÎßÐÞÌ ÅËÒÑÕÇÕËÚÇÔÍËÌ ×ÑÕÑÐ Ë ÇÅÑ ÒÇÓÇØÑÆ Ä
ÐÂÛ ×ÑÕÑÐ ÚÇÓÇÊ ÏáÑÐÐÖá ÒÇÕÎá. ¿ÕÑ ÆÂÇÕ à××ÇÍÕËÄÐÑÇ
ÄÊÂËÏÑÆÇÌÔÕÄËÇ EFabF

0
ab, ÅÆÇ F ì ÒÑÎÇ ÐÂÛÇÅÑ ×ÑÕÑÐÂ,

F 0 ì ÒÑÎÇ ÏáÑÐÐÑÅÑ ×ÑÕÑÐÂ, Â E ì ÃÇÊÓÂÊÏÇÓÐÂâ
ÍÑÐÔÕÂÐÕÂ. ªÊ-ÊÂ àÕÑÅÑ ÄÊÂËÏÑÆÇÌÔÕÄËâ, ÍÑÕÑÓÑÇ ÔÇÌÚÂÔ
ÐÂÊÞÄÂáÕ ÍËÐÇÕËÚÇÔÍËÏ ÒÇÓÇÏÇÛËÄÂÐËÇÏ, ÏáÑÐÐÑÇ
ÐÇÌÕÓËÐÑ ÒÓËÑÃÓÇÕÂÇÕ ÏÂÎÇÐßÍËÌ àÎÇÍÕÓËÚÇÔÍËÌ ÊÂÓâÆ
Ee (ÔÏ. ÕÂÍÉÇ [66, 86 ë 89, 147 ë 153, 231 ë 236]).

4 ³Ï. ÕÂÍÉÇ [24].

5 ®Þ ÐÇ ÊÐÂÎË Ñ ÒËÑÐÇÓÔÍËØ ÓÂÃÑÕÂØ ÒÑ ÕÇÏÐÑÏÖ ÄÇÜÇÔÕÄÖ °ÑÓÕÂ [40]
Ë ¸ÄËÍÇ [41, 42].
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£ ÔÕÂÕßÇ [47] ÃÞÎ ÓÂÔÔÏÑÕÓÇÐ ÅÓÂÄËÕÂÙËÑÐÐÞÌ ÆË-
ÒÑÎßÐÞÌ ÏÑÏÇÐÕ ÒÓÑÕÑÐÂ Ë ÃÞÎÑ ÒÑÍÂÊÂÐÑ, ÚÕÑ ÑÐ
ÊÂÒÓÇÜÇÐ Ä ÓÂÏÍÂØ ÑÃÜÇÌ ÕÇÑÓËË ÑÕÐÑÔËÕÇÎßÐÑÔÕË.
¤ÓÂÄËÕÂÙËÑÐÐÑÇ ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÕÂÍ ÐÂÊÞÄÂÇÏÞØ ÔÕÇ-
ÓËÎßÐÞØ ÐÇÌÕÓËÐÑ ÃÞÎÑ ÓÂÔÔÏÑÕÓÇÐÑ Ä [48].

·ÑÓÑÛÑ ËÊÄÇÔÕÐÑ, ÚÕÑ Ä ÑÔÐÑÄÐÑÏ ÒÑÕÑÍÇ ×ËÊËÍË
ÚÂÔÕËÙ 1960-Ç ÅÑÆÞ ÑÊÐÂÏÇÐÑÄÂÎËÔß ÄÄÇÆÇÐËÇÏ ÒÑÐâÕËâ
Ñ ÍÄÂÓÍÂØ Ë àÎÇÍÕÓÑÔÎÂÃÑÌ ÕÇÑÓËÇÌ ÔÑ ÔÒÑÐÕÂÐÐÞÏ
ÐÂÓÖÛÇÐËÇÏ ÔËÏÏÇÕÓËË. ¢ÞÎÂ ÑÒÖÃÎËÍÑÄÂÐÂ ÄÂÉÐÂâ
ÔÕÂÕßâ ³ÂØÂÓÑÄÂ [49], ÍÑÕÑÓÂâ ÔÄâÊÞÄÂÎÂ ÐÂÓÖÛÇÐËÇ ³²
Ô ÃÂÓËÑÐÐÑÌ ÂÔËÏÏÇÕÓËÇÌ £ÔÇÎÇÐÐÑÌ Ë, ÔÎÇÆÑÄÂÕÇÎßÐÑ, Ô
ÐÂÛËÏ ÔÖÜÇÔÕÄÑÄÂÐËÇÏ.

4. 1970-Ç ÅÑÆÞ.
"®ËÐËÏÖÏ".
¿ÍÊÑÕËÚÇÔÍËÇ ÄÂÍÖÖÏÞ

£ 1970-Ç ÅÑÆÞ ÑÕÍÓÞÄÂáÕ t-ÎÇÒÕÑÐ, c- Ë b-ÍÄÂÓÍË Ë
×ÑÓÏÖÎËÓÖáÕ ÍÄÂÐÕÑÄÖá ØÓÑÏÑÆËÐÂÏËÍÖ, ÐÑ Ä ÕÑ ÉÇ
ÄÓÇÏâ ÐÂÃÎáÆÂÇÕÔâ ÏËÐËÏÖÏ ÔÕÂÕÇÌ ÒÑ ÊÇÓÍÂÎßÐÞÏ
ÚÂÔÕËÙÂÏ. ®ÐÇ ËÊÄÇÔÕÐÂ ÎËÛß ÑÆÐÂ ÕÂÍÂâ ÔÕÂÕßâ, ±ÂÄ-
ÛËÚÂ [50], Ä ÍÑÕÑÓÑÌ ÄÑÒÓÑÔ Ñ ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙÂØ
ÔÄâÊÞÄÂÎÔâ Ô ÄÑÒÓÑÔÑÏ Ñ ÔÕÓÖÍÕÖÓÇ àÎÇÏÇÐÕÂÓÐÞØ
ÚÂÔÕËÙ. ¡ÄÕÑÓ ÔÕÂÕßË [50] ÔÚËÕÂÎ, ÚÕÑ ÊÇÓÍÂÎßÐÞÇ
ÃÂÓËÑÐÞ ÃÇÊÖÔÎÑÄÐÑ ÐÇÑÃØÑÆËÏÞ, ÒÑÔÍÑÎßÍÖ ÃÂÓËÑÐÞ
ÔÑÔÕÂÄÐÞÇ, Â ÊÇÓÍÂÎßÐÞÇ ÎÇÒÕÑÐÞ âÄÎâáÕÔâ ÔÑÔÕÂÄÐÞÏË
ÎËÛß Ä ÕÑÏ ÔÎÖÚÂÇ, ÇÔÎË ÎÇÒÕÑÐÞ ÕÑÉÇ ËÏÇáÕ ÄÐÖÕÓÇÐ-
Ðáá ÔÕÓÖÍÕÖÓÖ. ¿ÕÑ ÑÕÎËÚÂÇÕÔâ ÑÕ ÔÕÂÐÆÂÓÕÐÑÅÑ ÒÓÇÆ-
ÔÕÂÄÎÇÐËâ Ñ ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙÂØ. £ 2001 Å. ±ÂÄÛËÚ
ÒÑÏÇÔÕËÎ ÔÕÂÕßá [50] Ä àÎÇÍÕÓÑÐÐÞÌ ÂÓØËÄ Ô ÒÑÏÇÕÍÑÌ:
"²ÂÐÐÇÇ ÒÓÇÆÎÑÉÇÐËÇ ÊÇÓÍÂÎßÐÑÌ ÏÂÕÇÓËË, ÑÒÖÃÎËÍÑÄÂÐ-
ÐÑÇ Ä 1974 Å." [51].

£ 1970-Ç ÅÑÆÞ ÔÒÑÐÕÂÐÐÑÇ ÐÂÓÖÛÇÐËÇ ÍÂÎËÃÓÑÄÑÚ-
ÐÞØ ÔËÏÏÇÕÓËÌ ÃÞÎÑ ÓÂÔÔÏÑÕÓÇÐÑ Ä ÍÑÔÏÑÎÑÅËÚÇÔÍÑÌ
ÏÑÆÇÎË ÅÑÓâÚÇÌ £ÔÇÎÇÐÐÑÌ [52 ë 54], ÕÑÅÆÂ ÉÇ ÃÞÎË
ÑÒÖÃÎËÍÑÄÂÐÞ ÒÇÓÄÞÇ ÓÂÃÑÕÞ ÒÑ ÔÒÑÐÕÂÐÐÑÏÖ ÐÂÓÖÛÇ-
ÐËá ³²-ÔËÏÏÇÕÓËË [55], ÆÑÏÇÐÐÑÌ ÔÕÓÖÍÕÖÓÇ ÄÂÍÖÖÏÂ
[56, 57] Ë ÏÇÕÂÔÕÂÃËÎßÐÑÏÖ ÄÂÍÖÖÏÖ [58]. ³ÑÅÎÂÔÐÑ [56,
57], ÄÂÍÖÖÏÐÞÇ ÆÑÏÇÐÞ âÄÎâáÕÔâ ÔÎÇÆÔÕÄËÇÏ ÔÒÑÐÕÂÐ-
ÐÑÅÑ ÐÂÓÖÛÇÐËâ CP-ËÐÄÂÓËÂÐÕÐÑÔÕË. °ÐË ÆÑÎÉÐÞ ÄÑÊ-
ÐËÍÂÕß Ä àÕÑÏ ÔÎÖÚÂÇ ÒÓË ÑØÎÂÉÆÇÐËË ÅÑÓâÚÇÌ £ÔÇÎÇÐ-
ÐÑÌ ÒÑÔÎÇ ¢ÑÎßÛÑÅÑ ÄÊÓÞÄÂ. ®ÇÕÂÔÕÂÃËÎßÐÞÌ ÄÂÍÖÖÏ
ÃÞÎ ÐÂÊÄÂÐ ÎÑÉÐÞÏ ÎËÛß ÕÓË ÅÑÆÂ ÔÒÖÔÕâ (ÔÏ. ÔÕÂÕßË
[59 ë 61]).

5. 1980-Ç ÅÑÆÞ.
£ÑÊÓÑÉÆÇÐËÇ

£ 1980-Ç ÅÑÆÞ ÒÓÑËÊÑÛÎÑ ÄÑÊÓÑÉÆÇÐËÇ ËÐÕÇÓÇÔÂ Í
ÊÇÓÍÂÎßÐÞÏ ÚÂÔÕËÙÂÏ Ë Í ÔÍÓÞÕÑÏÖ ÔÇÍÕÑÓÖ ÚÂÔÕËÙ Ë
ÄÊÂËÏÑÆÇÌÔÕÄËÌ. £ ÓÂÃÑÕÂØ [62 ë 70] ÃÞÎË ÓÂÔÔÏÑÕÓÇÐÞ
ÓÂÊÎËÚÐÞÇ ÂÔÒÇÍÕÞ ÔÍÓÞÕÑÅÑ ÔÇÍÕÑÓÂ ÚÂÔÕËÙ Ë ÄÊÂËÏÑ-
ÆÇÌÔÕÄËÌ. £ [62] ÃÞÎÑ ÒÓÇÆÒÑÎÑÉÇÐÑ ÔÖÜÇÔÕÄÑÄÂÐËÇ
ÐÑÄÞØ ÆÂÎßÐÑÆÇÌÔÕÄÖáÜËØ ÔËÎ Ë ÐÑÄÞØ ÚÂÔÕËÙ: x Ë y.
³ÑÅÎÂÔÐÑ [62], y-ÚÂÔÕËÙÞ ÐÇ ËÏÇáÕ ÒÓâÏÞØ ÄÊÂËÏÑÆÇÌ-
ÔÕÄËÌ Ô ÑÃÞÚÐÞÏË ÚÂÔÕËÙÂÏË, Â x-ÚÂÔÕËÙÞ ÔÎÖÉÂÕ
ÒÑÔÓÇÆÐËÍÂÏË: ÑÐË ÄÊÂËÏÑÆÇÌÔÕÄÖáÕ Ô ÑÃÞÚÐÞÏË Ë Ô y-
ÚÂÔÕËÙÂÏË. £ ÔÕÂÕßâØ [63, 64] ÃÞÎË ÄÄÇÆÇÐÞ ÅÎáÑÐÑÒÑ-
ÆÑÃÐÞÇ y-ÃÑÊÑÐÞ Ô ÃÑÎßÛËÏ ÓÂÆËÖÔÑÏ ÍÑÐ×ÂÌÐÏÇÐÕÂ,
ÍÑÕÑÓÞÇ ÏÑÅÎË ÃÞ ÔÑÊÆÂÄÂÕß ÐÇÓÄÖÜËÇÔâ ÔÕÓÖÐÞ ÆÎËÐÑÌ,
ËÊÏÇÓâÇÏÑÌ ÍËÎÑÏÇÕÓÂÏË. ²ÑÎß y-ÃÑÊÑÐÑÄ Ä ÓÂÐÐÇÌ
£ÔÇÎÇÐÐÑÌ ÃÞÎÂ ÓÂÔÔÏÑÕÓÇÐÂ Ä [65]. £ ÓÂÃÑÕÂØ [66]
ÑÃÔÖÉÆÂÎËÔß ÊÇÓÍÂÎßÐÞÇ ÂÆÓÑÐÞ Ë ÐÇÌÕÓÂÎßÐÞÇ ÏÇÊÑÐ-
ÐÞÇ ÒÑÔÓÇÆÐËÍË ÏÇÉÆÖ ÑÃÞÚÐÞÏ Ë ÊÇÓÍÂÎßÐÞÏ ÏËÓÑÏ.

³ÖÜÇÔÕÄÑÄÂÐËÇ ÒÂÓÂ×ÑÕÑÐÑÄ ÃÞÎÑ ÒÓÇÆÒÑÎÑÉÇÐÑ Ä [67].
ªØ ÒÇÓÇÏÇÛËÄÂÐËÇ ÏÑÉÇÕ ÒÓËÄÑÆËÕß Í ÑÔÙËÎÎâÙËâÏ
ÑÃÞÚÐÞØ ×ÑÕÑÐÑÄ, ÑÃÔÖÉÆÂÄÛËÏÔâ Ä [67]. °ÚÇÐß ÏÂÎÇÐß-
ÍËÇ ÊÂÓâÆÞ ÚÂÔÕËÙ, ÍÑÕÑÓÞÇ ÑÃÞÚÐÑ ÔÚËÕÂáÕÔâ ÐÇÌÕ-
ÓÂÎßÐÞÏË (ÂÕÑÏÑÄ Ë ÐÇÌÕÓËÐÑ), ÂÐÂÎËÊËÓÑÄÂÎËÔß Ä [68].
°ÃÊÑÓ ÅËÒÑÕÇÕËÚÇÔÍËØ âÄÎÇÐËÌ ÃÞÎ ÆÂÐ Ä ÓÂÒÒÑÓÕÇÓÔÍÑÏ
ÆÑÍÎÂÆÇ "©Â ÒÓÇÆÇÎÂÏË ÔÕÂÐÆÂÓÕÐÑÌ ÏÑÆÇÎË" [69]. ³ÓÇÆË
ÆÓÖÅËØ ÕÇÏ Ä ÐÇÏ ÑÃÔÖÉÆÂÎËÔß ×ÑÕÑÐÐÞÇ ÑÔÙËÎÎâÙËË Ë
ÎÇÄÑ-ÒÓÂÄÑÔËÏÏÇÕÓËÚÐÞÇ ÏÑÆÇÎË, ÐÑ ÐÇ ÊÂÕÓÂÅËÄÂÎÂÔß
ÕÇÏÂ ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙ.

£ 1986 Å. ¿ÎÎËÔ ÒÑÔÇÕËÎ ª´¿¶, Ë ÏÞ ÔÑÄÏÇÔÕÐÑ Ô
£ÑÎÑÛËÐÞÏ ÐÂÒËÔÂÎË ÑÃÊÑÓ [70] Ñ ÒÑËÔÍÂØ ÐÑÄÞØ ÒÓÑ-
ÐËÍÂáÜËØ ÚÂÔÕËÙ, ÔÖÜÇÔÕÄÇÐÐÂâ ÚÂÔÕß ÍÑÕÑÓÑÅÑ ÃÞÎÂ
ÒÑÔÄâÜÇÐÂ ÊÇÓÍÂÎßÐÞÏ ÚÂÔÕËÙÂÏ. £ ÒÑÔÎÇÆÐËÌ ÏÑÏÇÐÕ
â ÐÇ ÓÇÛËÎÔâ ÒÓÇÆÔÕÂÄËÕß ÇÅÑ ÍÂÍ ÔÎËÛÍÑÏ ÔÒÇÍÖÎâÕËÄ-
ÐÞÌ Ä ÑÃÊÑÓÐÞÌ ÉÖÓÐÂÎ µ¶¯, Ë ÑÐ ÄÞÛÇÎ ÕÑÎßÍÑ Ä ÄËÆÇ
ÒÓÇÒÓËÐÕÂ ª´¿¶ [70].

±ÑËÔÍË ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙ ÒÓÑÆÑÎÉËÎ £ÑÎÑÛËÐ. °Ð
ÖÃÇÆËÎ ×ËÊËÍÑÄ ÍÑÎÎÂÃÑÓÂÙËË ¡²¤µ³ (ÑÕ ÂÐÅÎ. ì A
Russian ëGerman ëUnited States ë Swedish) Ä¥¦©ªËÔÍÂÕß
ÓÂÔÒÂÆÞU�2S� ! p�pÿU�1S�, Ä ÍÑÕÑÓÞØU�1S� ËÊ-ÊÂ ÒÇÓÇ-
ØÑÆÑÄ Ä ÔÄÑÇÅÑ ÊÇÓÍÂÎßÐÑÅÑ ÒÂÓÕÐÇÓÂ ÓÂÔÒÂÆÂÇÕÔâ Ä
"ÐËÚÕÑ". ¢ÞÎ ÖÔÕÂÐÑÄÎÇÐ ÄÇÓØÐËÌ ÒÓÇÆÇÎ ÆÎâ ÆÑÎË àÕËØ
ÐÇÄËÆËÏÞØ ÍÂÐÂÎÑÄ: BR4 2;3% ÐÂ 90%-ÐÑÏ ÖÓÑÄÐÇ
ÆÑÔÕÑÄÇÓÐÑÔÕË [71, 72]. ±ÑËÔÍË ÐÇÄËÆËÏÞØ ÒÓÑÆÖÍÕÑÄ
ÓÂÔÒÂÆÂ f-ÏÇÊÑÐÂ ÃÞÎË ÒÓÑÄÇÆÇÐÞ Ä [73].

ªÊÏÇÓââ ÄÇÓØÐËÌ ÍÑÐÇÙ ÔÒÇÍÕÓÂ àÎÇÍÕÓÑÐÑÄ Ä b-ÓÂÔ-
ÒÂÆÇ ÕÓËÕËâ, ÅÓÖÒÒÂ àÍÔÒÇÓËÏÇÐÕÂÕÑÓÑÄ ª´¿¶ ÒÓËÛÎÂ Í
ÄÞÄÑÆÖ (ÍÑÕÑÓÞÌ ÄÒÑÔÎÇÆÔÕÄËË ÐÇ ÒÑÆÕÄÇÓÆËÎÔâ), ÚÕÑ
ÏÂÔÔÂ àÎÇÍÕÓÑÐÐÑÅÑ ÐÇÌÕÓËÐÑ ÓÂÄÐÂ 30 à£. £ ÔÄâÊË Ô
àÕËÏ ©ÇÎßÆÑÄËÚ Ë ·ÎÑÒÑÄ ÑÒÖÃÎËÍÑÄÂÎË ÑÃÊÑÓ [74], Ä
ÍÑÕÑÓÑÏ, ÐÂÓâÆÖ Ô ÆÓÖÅËÏË ÔÙÇÐÂÓËâÏË, ÓÂÔÔÏÂÕÓËÄÂ-
ÎÂÔß ÄÑÊÏÑÉÐÑÔÕß ÕÑÅÑ, ÚÕÑ ÏÂÔÔÂ ÐÇÌÕÓËÐÑ ÄÑÊÐËÍÂÇÕ
ËÊ-ÊÂ ÒÇÓÇØÑÆÑÄ ÏÇÉÆÖ ÐÂÛËÏ ÎÇÄÞÏ Ë ÊÇÓÍÂÎßÐÞÏ
ÒÓÂÄÞÏ ÐÇÌÕÓËÐÑ Ë âÄÎâÇÕÔâ ÏÑÔÕËÍÑÏ ÏÇÉÆÖ ÐÂÛËÏ Ë
ÊÇÓÍÂÎßÐÞÏ ÏËÓÂÏË.

£ ÔÕÂÕßÇ [75] ÃÞÎÂ ÓÂÔÔÏÑÕÓÇÐÂ ÏÑÆÇÎß, Ä ÍÑÕÑÓÑÌ
ÒÑÔÓÇÆÐËÍÂÏË ÏÇÉÆÖ ÆÄÖÏâ ÏËÓÂÏË âÄÎâáÕÔâ ÕÂÍ ÐÂÊÞ-
ÄÂÇÏÞÇ ÅËÃÓËÆÞ (ÚÂÔÕËÙÞ Ô àÎÇÍÕÓÑÔÎÂÃÞÏË ÍÄÂÐÕÑÄÞ-
ÏË ÚËÔÎÂÏË ÑÃÞÚÐÞØ ÍÄÂÓÍÑÄ Ë ØÓÑÏÑÆËÐÂÏËÚÇÔÍËÏË
ÍÄÂÐÕÑÄÞÏË ÚËÔÎÂÏË ÊÇÓÍÂÎßÐÞØ ÍÄÂÓÍÑÄ Ë ËØ ÊÇÓÍÂÎß-
ÐÞÇ ÒÂÓÕÐÇÓÞ). £ ÕÂÍÑÌ ÏÑÆÇÎË ÄÑÊÐËÍÂáÕ ÔÄâÊÂÐÐÞÇ
ÔÑÔÕÑâÐËâ Ô ÆÓÑÃÐÞÏË ÊÂÓâÆÂÏË ì ×ÓÂÍÕÑÐÞ.

ºÄÂÓÙ Ë ´áÒÍËÐ ÒÓÇÆÎÑÉËÎË ÏÑÆÇÎß ÑÃÝÇÆËÐÇÐËâ
ÊÇÓÍÂÎßÐÞØ Ë ÑÃÞÚÐÞØ ÚÂÔÕËÙ Ô ÒÑÏÑÜßá ÅÓÖÒÒÞ SO(20).
£ ÓÂÏÍÂØ àÕÑÌ ÏÑÆÇÎË ÒÑâÄËÎËÔß ÊÇÓÍÂÎßÐÞÇ ÍÑÔÏËÚÇ-
ÔÍËÇ ÔÕÓÖÐÞ. ³ÑÄÇÓÛËÄ ÑÃÑÓÑÕ ÄÑÍÓÖÅ ÕÂÍÑÌ ÔÕÓÖÐÞ,
ÑÃÞÚÐÂâ ÚÂÔÕËÙÂ ÒÓÇÄÓÂÜÂÇÕÔâ Ä ÊÇÓÍÂÎßÐÖá Ë ÐÂÑÃÑ-
ÓÑÕ [76] (ÔÏ. ÕÂÍÉÇ [77, 78]).

¥ÂÎßÐÇÌÛËÇ ÍÑÔÏÑÎÑÅËÚÇÔÍËÇ Ë ÂÔÕÓÑ×ËÊËÚÇÔÍËÇ
ÒÓÑâÄÎÇÐËâ ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙ ÑÃÔÖÉÆÂÎËÔß Ä [79 ë 85]. £
ÚÂÔÕÐÑÔÕË, ÔÕÓÖÐÞ ¡ÎËÔÞ ÃÞÎË ÓÂÔÔÏÑÕÓÇÐÞ Ä [79, 82].

¤ÎÇÛÑÖ ÄÏÇÔÕÇ Ô ÔÑÂÄÕÑÓÂÏË ÊÂËÐÕÇÓÇÔÑÄÂÎÔâ ÊÇÓ-
ÍÂÎßÐÑÌ £ÔÇÎÇÐÐÑÌ Ë ×ÑÕÑÐÐÞÏË ÑÔÙËÎÎâÙËâÏË [86, 87,
90]. £ ÔÕÂÕßÇ [87] ÑÐ ÒÓÇÆÎÑÉËÎ ÑÃÝâÔÐËÕß ÐÂÃÎáÆÂÄ-
ÛÖáÔâ Ä ÕÑ ÄÓÇÏâ àÍÔÒÇÓËÏÇÐÕÂÎßÐÖá ÂÐÑÏÂÎËá Ä
ÓÂÔÒÂÆÇ ÑÓÕÑÒÑÊËÕÓÑÐËâ ÒÇÓÇØÑÆÂÏË Ä ÊÇÓÍÂÎßÐÞÌ
ÑÓÕÑÒÑÊËÕÓÑÐËÌ. (¥ÂÎßÐÇÌÛÇÇ ÓÂÊÄËÕËÇ ÔÏ. Ä [105, 148,
150].)

ªÊ-ÊÂ ÔÏÇÛËÄÂÐËâ ÑÃÞÚÐÞØ Ë ÊÇÓÍÂÎßÐÞØ ×ÑÕÑÐÑÄ
ÊÇÓÍÂÎßÐÞÇ ÚÂÔÕËÙÞ, ÐÇ ÑÃÎÂÆÂáÜËÇ ÑÃÞÚÐÞÏ àÎÇÍÕÓË-
ÚÇÔÍËÏ ÊÂÓâÆÑÏ, ÐÑ ËÏÇáÜËÇ ÊÇÓÍÂÎßÐÞÌ àÎÇÍÕÓËÚÇÔÍËÌ,
ÒÓËÑÃÓÇÕÂáÕ ÑÃÞÚÐÞÌ, ØÑÕâ Ë ÑÚÇÐß ÏÂÎÞÌ, àÎÇÍÕÓËÚÇ-
ÔÍËÌ ÊÂÓâÆ [88, 89] (ÔÏ. ÕÂÍÉÇ [240]).
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£ 1990-Ø ÅÑÆÂØ ÚËÔÎÑ "ÊÇÓÍÂÎßÐÞØ" ÔÕÂÕÇÌ ÔÕÂÎÑ ÔÕÓÇÏË-
ÕÇÎßÐÑ ÄÑÊÓÂÔÕÂÕß. ³ÂÏÞÏ ÃÑÎßÛËÏ àÐÕÖÊËÂÔÕÑÏ âÄËÎÔâ
ÂÄÔÕÓÂÎËÌÔÍËÌ ÕÇÑÓÇÕËÍ ¶ÖÕ, ÑÒÖÃÎËÍÑÄÂÄÛËÌ ÐÇÔÍÑÎß-
ÍÑ ÆÇÔâÕÍÑÄ ÔÕÂÕÇÌ. ±ÓÑÔÏÂÕÓËÄÂâ ÊÂÅÑÎÑÄÍË ÔÕÂÕÇÌ [91 ë
132] Ë ÍÐËÅË [133], ÏÑÉÐÑ ÑÙÇÐËÕß ÛËÓÑÕÖ ËÐÕÇÓÇÔÑÄ
¶ÖÕÂ. £ ÔÕÂÕßÇ [91] ÃÞÎÂ ÓÂÔÔÏÑÕÓÇÐÂ ÊÇÓÍÂÎßÐÑ-ÔËÏÏÇÕ-
ÓËÚÐÂâ ÄÇÓÔËâ ÔÕÂÐÆÂÓÕÐÑÌ ÍÂÎËÃÓÑÄÑÚÐÑÌ ÏÑÆÇÎË. £
ÚÂÔÕÐÑÔÕË, ÃÞÎÑ ÒÓÑÂÐÂÎËÊËÓÑÄÂÐÑ ÄÊÂËÏÑÆÇÌÔÕÄËÇ,
ÒÇÓÇÏÇÛËÄÂáÜÇÇ ÑÃÞÚÐÞÇ Ë ÊÇÓÍÂÎßÐÞÇ ØËÅÅÔÞ. °ÕÏÇ-
ÕËÏ, ÚÕÑ Ä àÕÑÌ ÒÇÓÇÐÑÓÏËÓÖÇÏÑÌ ÏÑÆÇÎË ÊÂÒÓÇÜÇÐÞ
ÔËÎßÐÞÇ ÒÇÓÇØÑÆÞ ÕÓÇØ ÍÄÂÓÍÑÄ Ä ÕÓË ÊÇÓÍÂÎßÐÞØ ÍÄÂÓÍÂ
ËÎË ÆÄÖØ ÅÎáÑÐÑÄ Ä ÆÄÂ ÊÇÓÍÂÎßÐÞØ ÅÎáÑÐÂ, ÒÑÔÍÑÎßÍÖ
ÕÂÍËÇ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÐÇÒÇÓÇÐÑÓÏËÓÖÇÏÞ. ±ÑàÕÑÏÖ
ÑÕÍÓÞÕËÇ ÐÂ ÑÒÞÕÇ ÒÇÓÇØÑÆÑÄ ÐÇÌÕÓÑÐÂ Ä ÊÇÓÍÂÎßÐÞÌ
ÐÇÌÕÓÑÐ n$ n 0 ËÎË U$ U 0 ÑÊÐÂÚÂÎÑ ÃÞ ÐÇÒÓÂÄËÎß-
ÐÑÔÕß àÕÑÌ ÕÇÑÓÇÕËÚÇÔÍÑÌ ÏÑÆÇÎË.

³ÒÇÙËÂÎßÐÑÅÑ ÖÒÑÏËÐÂÐËâ ÊÂÔÎÖÉËÄÂÇÕ ÐÑÄÂâ ×ÂÐÕÂ-
ÔÕËÚÇÔÍÂâ ËÆÇâ Ñ ÕÑÏ, ÚÕÑ Ä ÑÍÓÖÉÂáÜÇÏ ÐÂÔ ÄÇÜÇÔÕÄÇ
ÏÑÅÖÕ ÐÂØÑÆËÕßÔâ ÊÇÓÐÂ ÊÇÓÍÂÎßÐÑÅÑ ÄÇÜÇÔÕÄÂ [114, 118,
121], "ÒÓËÎËÒÛËÇ" Í ÐÇÏÖ ÃÎÂÅÑÆÂÓâ ÄÊÂËÏÑÆÇÌÔÕÄËá,
ÑÃÖÔÎÑÄÎÇÐÐÑÏÖ ÒÇÓÇÏÇÛËÄÂÐËÇÏ ÑÃÞÚÐÞØ Ë ÊÇÓÍÂÎß-
ÐÞØ ×ÑÕÑÐÑÄ. ³ÑÂÄÕÑÓÞ ¶ÖÕÂ ì £ÑÎÍÂÔ, ­ßá, ®ËÕÓÂ,
ªÅÐÂÕßÇÄ, ¤ÐËÐÇÐÍÑ, ³ËÎÂÅÂÆÊÇ, ÀÐ ì ÐÂÒËÔÂÎË ÓâÆ
ÔÕÂÕÇÌ Ë ÃÇÊ ÐÇÅÑ (ÔÏ., ÐÂÒÓËÏÇÓ, [134 ë 159]). ¯ÇÍÑÕÑÓÞÇ
ËÊ àÕËØ ÔÕÂÕÇÌ ÕÂÍÉÇ ÒÑÔÄâÜÇÐÞ ÊÇÓÍÂÎßÐÞÏ ÊÇÓÐÂÏ [145,
147, 156 ë 159].

¢ÑÎßÛÑÌ ÄÍÎÂÆ Ä ÎËÕÇÓÂÕÖÓÖ Ñ ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙÂØ
ÄÐÇÔ ¢ÇÓÇÉËÂÐË. °Ð Ë ÇÅÑ ÔÑÂÄÕÑÓÞ ÑÒÖÃÎËÍÑÄÂÎË ÃÑÎÇÇ
15 ÔÕÂÕÇÌ [160 ë 176] (ÔÏ. ÕÂÍÉÇ [177 ë 182]).

¢ÑÎßÛËÐÔÕÄÑ ÔÕÂÕÇÌ, ÓÂÔÔÏÂÕÓËÄÂÇÏÞØ Ä àÕÑÏ ÓÂÊ-
ÆÇÎÇ, ÑÔÐÑÄÂÐÞ ÐÂ ÔÕÓÑÅÑÌ ÊÇÓÍÂÎßÐÑÌ ÔËÏÏÇÕÓËË.
¯ÂÃÎáÆÂÇÏÑÇ ÐÇÓÂÄÐÑÒÓÂÄËÇ ÎÇÄÑÅÑ Ë ÒÓÂÄÑÅÑ ÐÂÏÂÍÓÑ-
ÔÍÑÒËÚÇÔÍÑÏ ÖÓÑÄÐÇ ÄÑÊÐËÍÎÑ, ÔÑÅÎÂÔÐÑ àÕËÏ ÓÂÃÑÕÂÏ,
ÄÑ ÄÓÇÏâ ËÐ×ÎâÙËÑÐÐÑÌ ÔÕÂÆËË£ÔÇÎÇÐÐÑÌ (ÔÏ. [143, 166]).

®ÑØÂÒÂÕÓÂ ÑÒÖÃÎËÍÑÄÂÎ ÑÍÑÎÑ 15 ÔÕÂÕÇÌ (ÏÐÑÅËÇ ËÊ
ÍÑÕÑÓÞØ ì Ô ÔÑÂÄÕÑÓÂÏË) ÒÑ ÓÂÊÎËÚÐÞÏ ÄÑÒÓÑÔÂÏ
ÂÔÕÓÑ×ËÊËÍË Ä ÓÂÏÍÂØ ÐÂÓÖÛÇÐÐÑÌ ÊÇÓÍÂÎßÐÑÌ ÔËÏÏÇÕ-
ÓËË [183 ë 196].

±ÑËÔÍË ÅÓÂÄËÕÂÙËÑÐÐÞØ ÏËÍÓÑÎËÐÊ, ÔÑÊÆÂÄÂÇÏÞØ
ÑÕÆÇÎßÐÞÏË ÊÄÇÊÆÂÏË ì ®¡¹° (Massive Compact Halo
Object)ì Ä ÅÂÎÑ ÅÂÎÂÍÕËÍ [197 ë 201], ÒÓËÄÇÎË Í ÑÕÍÓÞÕËá
ËÊÃÞÕÍÂ ÕÂÍËØ ÏËÍÓÑÎËÐÊ Ä ÐÂÒÓÂÄÎÇÐËË ¢ÑÎßÛÑÅÑ
®ÂÅÇÎÎÂÐÑÄÂ °ÃÎÂÍÂ [200, 201]. ¦ÜÇ ÆÑ àÕÑÅÑ ÑÕÍÓÞÕËâ
ÕÇÑÓÇÕËÍË ÖÍÂÊÂÎË [154, 162, 202], ÚÕÑ ÕÂÍËÏË ®¡¹°
ÏÑÅÖÕ ÃÞÕß ÊÇÓÍÂÎßÐÞÇ ÊÄÇÊÆÞ. ¿ÕÂ ËÐÕÇÓÒÓÇÕÂÙËâ
ÓÂÊÄËÄÂÎÂÔß Ä [203, 204]. ·ÑÕâ ÑÕÍÓÞÕËÇ ®¡¹° ÃÞÎÑ
ÒÑÔÕÂÄÎÇÐÑ ÒÑÆ ÔÑÏÐÇÐËÇ [205, 206] (ÔÏ. ÆËÔÍÖÔÔËá [207,
208]), ÏÐÑÅËÇ ÂÔÕÓÑ×ËÊËÍË ÔÚËÕÂáÕ (ÔÏ., ÐÂÒÓËÏÇÓ, [209,
210]), ÚÕÑ ÐÂÃÎáÆÂÇÏÂâ ÊÄÇÊÆÐÂâ ÕÇÏÐÂâ ÏÂÕÇÓËâ ÐÇ
ÏÑÉÇÕ ÔÑÔÕÑâÕß ÕÑÎßÍÑ ËÊ ÑÃÞÚÐÞØ ÃÂÓËÑÐÑÄ.

³Ñ ÄÓÇÏÇÐË ÑÒÖÃÎËÍÑÄÂÐËâ ÓÂÃÑÕ °ÑÓÕÂ [40] Ë ¸ÄËÍË
[41, 42] ÔÖÜÇÔÕÄÑÄÂÎË ÆÄÂ ÂÎßÕÇÓÐÂÕËÄÐÞØ ÑÃÝâÔÐÇÐËâ
ÂÐÑÏÂÎßÐÑ ÃÑÎßÛËØ ÔÍÑÓÑÔÕÇÌ ÒÇÓË×ÇÓËÌÐÞØ ÊÄÇÊÆ Ë
ÅÂÎÂÍÕËÍ (ÕÂÍ ÐÂÊÞÄÂÇÏÑÅÑ "ÄËÓËÂÎßÐÑÅÑ ÒÂÓÂÆÑÍÔÂ"):
1) ÐÇÄËÆËÏÑÇ ÕÇÏÐÑÇ ÄÇÜÇÔÕÄÑ, 2) ÂÐÑÏÂÎßÐÑ ÔËÎßÐÂâ
ÅÓÂÄËÕÂÙËâ ÐÂ ÃÑÎßÛËØ ÓÂÔÔÕÑâÐËâØ. ¯ÑÄÇÌÛËÇ ÐÂÃÎá-
ÆÇÐËâ [211, 212] ÔÕÑÎÍÐÑÄÇÐËâ ÔÍÑÒÎÇÐËÌ ÅÂÎÂÍÕËÍ, ÒÑ-
ÄËÆËÏÑÏÖ, ÓÂÊÓÇÛÂáÕ àÕÖ ÐÇÑÒÓÇÆÇÎÇÐÐÑÔÕß Ä ÒÑÎßÊÖ
ÕÇÏÐÑÌ ÏÂÕÇÓËË. £ àÕÑÏ ÔÕÑÎÍÐÑÄÇÐËË ÕÇÏÐÂâ ÏÂÕÇÓËâ,
ÍÑÕÑÓÂâ ÒÓÑâÄÎâÇÕÔâ ÃÎÂÅÑÆÂÓâ ÔÄÑÇÏÖ ÅÓÂÄËÕÂÙËÑÐ-

ÐÑÏÖ ÎËÐÊËÓÑÄÂÐËá, ÑÕÆÇÎÇÐÂ ÑÕ ÔÄÇÕâÜËØÔâ ÚÂÔÕÇÌ
ÔÍÑÒÎÇÐËÌ. ¦ÔÎË ÑÐÂ ÒÓÇÆÔÕÂÄÎâÇÕ ÔÑÃÑÌ ÊÇÓÍÂÎßÐÖá
ÏÂÕÇÓËá, ÕÑ ÑÕÐÑÛÇÐËÇ ÊÄÇÊÆÞ/ÅÂÊ Ä ÐÇÌ ÆÑÎÉÐÑ ÃÞÕß
ÃÑÎßÛÇ, ÚÇÏ ÆÎâ ÑÃÞÚÐÞØ ÊÄÇÊÆ Ë ÅÂÊÂ (¢ÎËÐÐËÍÑÄ,
³ËÎÂÅÂÆÊÇ, ÚÂÔÕÐÑÇ ÔÑÑÃÜÇÐËÇ).

¬ÑÓÓÇÎâÙËâ ÄÔÒÞÛÇÍ ÅÂÏÏÂ-ÎÖÚÇÌ (gamma ray bursts)
Ô ÓÂÔÒÓÇÆÇÎÇÐËÇÏ ÕÇÏÐÑÌ ÏÂÕÇÓËË Ä ÅÂÎÂÍÕËÍÂØ ÏÑÉÇÕ
ÔÎÖÉËÕß ÖÍÂÊÂÐËÇÏ ÐÂ ÕÑ, ÚÕÑ àÕË ÄÔÒÞÛÍË ÑÃÖÔÎÑÄÎÇÐÞ
ÄÊÓÞÄÂÏË ÊÇÓÍÂÎßÐÞØ ÊÄÇÊÆ, ÔÑÒÓÑÄÑÉÆÂáÜËÏËÔâ ËÔÒÖ-
ÔÍÂÐËÇÏ ÊÇÓÍÂÎßÐÞØ ÐÇÌÕÓËÐÑ [213 ë 215] ËÎË ÊÇÓÍÂÎßÐÞØ
ÂÍÔËÑÐÑÄ [165, 167, 181] (ÔÏ. ÕÂÍÉÇ [182]).

°ÅÓÂÐËÚÇÐËâ ÐÂ ÓÑÉÆÇÐËÇ ÔÕÇÓËÎßÐÞØ ÐÇÌÕÓËÐÑ ÄÑ
ÄÊÓÞÄÇ ÔÄÇÓØÐÑÄÑÌ ÒÓËÄÑÆâÕÔâ Ä [216]. ¬ÑÔÏËÚÇÔÍËÇ
ÊÇÓÍÂÎßÐÞÇ ÔÕÓÖÐÞ ÍÂÍ ËÔÕÑÚÐËÍË ÍÑÔÏËÚÇÔÍËØ ÐÇÌÕÓË-
ÐÑ ÔÄÇÓØÄÞÔÑÍËØ àÐÇÓÅËÌ ÃÞÎË ÓÂÔÔÏÑÕÓÇÐÞ Ä [217] (ÔÏ.
ÕÂÍÉÇ [218 ë 220]). ²ÂÊÎËÚÐÞÇ ÂÔÒÇÍÕÞ ÊÇÓÍÂÎßÐÑÌ ÂÔÕÓÑ-
×ËÊËÍË ÃÞÎË ÑÃÔÖÉÆÇÐÞ Ä ÔÕÂÕßâØ [221, 222] Ë ÍÐËÅÂØ [223,
224]. ¯ÑÄÂâ ÍÂÎËÃÓÑÄÑÚÐÂâ ÔËÏÏÇÕÓËâ ÕËÒÂ ÊÇÓÍÂÎßÐÑÌ
ÔÎÂÃÑÌ SU(2) ÃÞÎÂ ÒÓÇÆÎÑÉÇÐÂ Ä [225] (ÔÏ. ÇÇ ÍÓËÕËÚÇÔÍÑÇ
ÑÃÔÖÉÆÇÐËÇ Ä [226 ë 230]). °ÃÔÖÉÆÇÐËÇ Ä 1990-Ø ÅÑÆÂØ
ÎÇÒÕÑÐÐÞØ (ÏáÑÐÐÞØ) ×ÑÕÑÐÑÄ ÃÞÎÑ ÒÓÑÄÇÆÇÐÑ Ä [231 ë
236]. £ÇÓØÐËÇ ÒÓÇÆÇÎÞ ÐÇÄËÆËÏÞØ ÓÂÔÒÂÆÑÄ B0-ÏÇÊÑÐÑÄ,
Z- Ë Z 0-ÏÇÊÑÐÑÄ ÃÞÎË ÖÔÕÂÐÑÄÎÇÐÞ Ä [237, 238]. £ÇÓØÐËÌ
ÒÓÇÆÇÎ ÆÎâ ÑÕÐÑÔËÕÇÎßÐÑÌ ÄÇÓÑâÕÐÑÔÕË ÐÇÄËÆËÏÞØ ÓÂÔ-
ÒÂÆÑÄ U�1S�-ÏÇÊÑÐÂ B < 2;5� 10ÿ3 ÃÞÎ ÖÔÕÂÐÑÄÎÇÐ ÍÑÎ-
ÎÂÃÑÓÂÙËÇÌ Belle [239].

²ÂÊÎËÚÐÞÇ "ÊÇÓÍÂÎßÐÞÇ ÄÑÒÓÑÔÞ" ÓÂÔÔÏÑÕÓÇÐÞ Ä
[240 ë 246]; ÒÓÇÆÎÑÉÇÐËâ ÒÑËÔÍÑÄ ÕÇÏÐÑÅÑ ÄÇÜÇÔÕÄÂ ì
[247 ë 249].

£ 2004 Å. Ä ¥ÖÃÐÇ ÔÑÔÕÑâÎÔâ ×ËÊËÚÇÔÍËÌ ÒÖÔÍ ÔÒÇÙË-
ÂÎßÐÑÅÑ ÍÑÎßÙÇÄÑÅÑ ÐÂÍÑÒËÕÇÎâ ÒÑÊËÕÓÑÐÑÄ LEPTA (ÑÕ
ÂÐÅÎ. ì Low Energy Particle Toroidal Accumulator). °ÆÐÂ
ËÊ ÊÂÆÂÚ àÕÑÅÑ ÍÑÎßÙÂ ì ÒÑËÔÍË ÊÇÓÍÂÎßÐÑÅÑ ÑÓÕÑÒÑÊËÕ-
ÓÑÐËâ [250 ë 255].

°ÚÇÐß ËÐÕÇÓÇÔÐÑÇ ÑÃÔÖÉÆÇÐËÇ ÐÇÄËÆËÏÞØ ÊÇÓÍÂÎßÐÞØ
ÍÂÐÂÎÑÄ ÓÂÔÒÂÆÑÄ ØËÅÅÔÑÄÞØ ÃÑÊÑÐÑÄ, ÍÑÕÑÓÞÇ ÏÑÅÖÕ
ÃÞÕß ÓÑÉÆÇÐÞ ÐÂ ¢ÑÎßÛÑÏ ÂÆÓÑÐÐÑÏ ÍÑÎÎÂÌÆÇÓÇ LHC
(Large Hadron Collider) Ä ¸¦²¯Ç, ÔÑÆÇÓÉËÕÔâ Ä ÔÕÂÕßâØ
[141, 256 ë 258] (ÔÏ. ÕÂÍÉÇ [259]). ¯ÇÄËÆËÏÞÇ ÓÂÔÒÂÆÞ
ÄÑÊÐËÍÂáÕ ËÊ-ÊÂ ÔÏÇÛËÄÂÐËâ ÑÃÞÚÐÞØ Ë ÊÇÓÍÂÎßÐÞØ
ØËÅÅÔÑÄ. ·ËÅÅÔÞ ÏÑÅÖÕ ÃÞÕß ÐÂÌÆÇÐÞ Ä ÃÎËÉÂÌÛÇÏ
ÃÖÆÖÜÇÏ.

7. ©ÂÍÎáÚËÕÇÎßÐÞÇ ÊÂÏÇÚÂÐËâ

³ÓÂÄÐËÏ ÊÇÓÍÂÎßÐÖá ÔËÏÏÇÕÓËá Ô ÔÖÒÇÓÔËÏÏÇÕÓËÇÌ.
±ÇÓÄÂâ, ÍÑÐÇÚÐÑ, ÐÇ ÏÑÉÇÕ ÍÑÐÍÖÓËÓÑÄÂÕß ÔÑ ÄÕÑÓÑÌ ÒÑ
ÅÎÖÃËÐÇ ÍÑÐÙÇÒÙËÌ Ë ÒÑ ÏÂÕÇÏÂÕËÚÇÔÍÑÏÖ ÂÒÒÂÓÂÕÖ. ¯Ñ
ÑÐÂ ÏÑÉÇÕ ÍÑÐÍÖÓËÓÑÄÂÕß ÒÑ ÛËÓÑÕÇ Ë ÓÂÊÐÑÑÃÓÂÊËá
ÔÄÑËØ ×ÇÐÑÏÇÐÑÎÑÅËÚÇÔÍËØ ÒÓÇÆÔÍÂÊÂÐËÌ. ¯ÇÔÑÏÐÇÐÐÑ,
ÊÇÓÍÂÎßÐÂâ ÏÂÕÇÓËâ ÅÑÓÂÊÆÑ ÃÑÅÂÚÇ, ÚÇÏ ÕÇÏÐÂâ ÏÂÕÇÓËâ
ÔÖÒÇÓÔËÏÏÇÕÓËË.

±ÓÇÆÄÂÓËÕÇÎßÐÞÌ ÄÂÓËÂÐÕ àÕÑÌ ÔÕÂÕßË ÃÞÎ ÒÓËÅÑÕÑ-
ÄÎÇÐ ÆÎâ ÆÑÍÎÂÆÂ ÐÂ ²ÂÃÑÚÇÌ ÍÑÐ×ÇÓÇÐÙËË ÒÑ ÃÖÆÖÜÇÏÖ
×ËÊËÍË ÕâÉÇÎÞØ ÂÓÑÏÂÕÑÄ, ª´¿¶, 24 ë 29 ËáÎâ 2006 Å.
(http://www.itep.ru/eng/bellemeeting) Ë ÑÒÖÃÎËÍÑÄÂÐ 19
ËáÐâ Ä àÎÇÍÕÓÑÐÐÑÏ ÂÓØËÄÇ Ä hep-ph/0606202 v.1. °ÍÑÐ-
ÚÂÕÇÎßÐÂâ ÄÇÓÔËâ (v.2) ÃÞÎÂ ÒÑÆÅÑÕÑÄÎÇÐÂ ÆÎâ µ¶¯ Ä
ÕÇÚÇÐËÇ ÎÇÕÂ 2006 Å.

£ ÓÇÊÖÎßÕÂÕÇ ÚËÔÎÑ ÔÕÂÕÇÌ Ä ÔÒËÔÍÇ ÎËÕÇÓÂÕÖÓÞ
ÖÆÄÑËÎÑÔß. °ÐÑ ÏÑÅÎÑ ÄÑÊÓÂÔÕË ÇÜÇ ÃÑÎßÛÇ. ¦ÔÎË £Þ
ÐÂÒÇÚÂÕÂÇÕÇ Ä Google ÔÎÑÄÂ "mirror particles" (ÐÇ ÊÂÃÖÆßÕÇ
ÍÂÄÞÚÍË!), ÕÑ ÒÑÎÖÚËÕÇ ÒÓËÏÇÓÐÑ ÕÞÔâÚÖ ÔÔÞÎÑÍ. (¦ÔÎË
£Þ ÐÂÒÇÚÂÕÂÇÕÇ "mirror world" ËÎË "mirror universe", ÕÑ

´. 177, å 4] ©¦²¬¡­¾¯½¦ ¹¡³´ª¸½ ª ©¦²¬¡­¾¯¡Á ®¡´¦²ªÁ: 50 ­¦´ ¤ª±°´¦© ª ±°ª³¬°£ 401



ÒÑÎÖÚËÕÇ ÒÓËÏÇÓÐÑ ÆÄÇÔÕË ÕÞÔâÚ ÔÔÞÎÑÍ, Ä ÑÔÐÑÄÐÑÏ ÐÂ
àÒËÊÑÆÞ ÕÇÎÇÄËÊËÑÐÐÞØ ÔáÉÇÕÑÄ Star Trek.) £ ÐÇÍÑÕÑÓÞØ
ÔÔÞÎÍÂØ ÒÓÇÆÎÂÅÂÇÕÔâ ÒÑËÔÍ Ä Wikipedia, ÐÑ ÔÕÂÕßË Ä
Wikipedia ÒÑ ÊÇÓÍÂÎßÐÑÏÖ ÄÇÜÇÔÕÄÖ ÏÑÅÖÕ ÄÄÇÔÕË Ä
ÊÂÃÎÖÉÆÇÐËÇ. £ÏÇÔÕÑ Google ÎÖÚÛÇ ËÔÒÑÎßÊÑÄÂÕß ÒÑËÔ-
ÍÑÄÖá ÔËÔÕÇÏÖGoogle Scholar, Ä ÍÑÕÑÓÑÌ ÚËÔÎÑ ÔÔÞÎÑÍ ÐÂ
"ÊÇÓÍÂÎßÐÖá ÄÔÇÎÇÐÐÖá" ì ÒÑÓâÆÍÂ ÔÕÂ, Â ÐÂ "ÊÇÓÍÂÎß-
ÐÖá ÚÂÔÕËÙÖ" ì ÐÇÔÍÑÎßÍÑ ÔÑÕÇÐ. £ àÕÑÏ ÔÎÖÚÂÇ ÆÑÒÑÎ-
ÐËÕÇÎßÐÞÇ ÔÕÂÕßË ÑÕÐÑÔâÕÔâ ÐÇ Í ÊÇÓÍÂÎßÐÞÏ ÚÂÔÕËÙÂÏ,
ÍÑÕÑÓÞÇ ÑÃÔÖÉÆÂáÕÔâ Ä ÐÂÔÕÑâÜÇÌ ÔÕÂÕßÇ, Â Í ÚÂÔÕËÙÂÏ,
"ÊÇÓÍÂÎßÐÞÏ" Ä ËÐÑÏ ÔÏÞÔÎÇ. ¯ÂÒÓËÏÇÓ, ÕÇÓÏËÐÞ
"ÊÇÓÍÂÎßÐÞÇ ÔÇÏÇÌÔÕÄÂ" ËÎË "ÊÇÓÍÂÎßÐÞÇ ×ÇÓÏËÑÐÞ"
ÑÕÐÑÔâÕÔâ Í ÔÇÏÇÌÔÕÄÂÏ ÑÚÇÐß ÕâÉÇÎÞØ ÅËÒÑÕÇÕËÚÇÔÍËØ
×ÇÓÏËÑÐÑÄ Ô ÑÃÓÂÜÇÐÐÞÏË ÊÐÂÚÇÐËâÏË ËÊÑÕÑÒËÚÇÔÍËØ
ÍÄÂÐÕÑÄÞØ ÚËÔÇÎ. ±ÓÇÆÒÑÎÂÅÂáÕ, ÚÕÑ ÕÂÍËÇ ×ÇÓÏËÑÐÞ
ÄÊÂËÏÑÆÇÌÔÕÄÖáÕ Ô ÑÃÞÚÐÞÏË ×ÑÕÑÐÂÏË Ë ÅÎáÑÐÂÏË.

¢ÎÂÅÑÆÂÓÐÑÔÕË. Á ÃÎÂÅÑÆÂÓÇÐ ®.£. ¥ÂÐËÎÑÄÖ ÊÂ ÒÓËÅÎÂ-
ÛÇÐËÇ ÔÆÇÎÂÕß ÆÑÍÎÂÆ Ñ ÊÇÓÍÂÎßÐÑÏ ÄÇÜÇÔÕÄÇ ÐÂ ÍÑÐ×Ç-
ÓÇÐÙËË Ä ª´¿¶. Á ØÑÕÇÎ ÃÞ ÒÑÃÎÂÅÑÆÂÓËÕß ©.¤. ¢ÇÓÇ-
ÉËÂÐË, ³.ª. ¢ÎËÐÐËÍÑÄÂ, ².². £ÑÎÍÂÔÂ, ®.¢. £ÑÎÑÛËÐÂ,
³.¯. ¤ÐËÐÇÐÍÑ, °.¥. ¥ÂÎßÍÂÓÑÄÂ, ¡.¥. ¥ÑÎÅÑÄÂ,
¡.À. ªÅÐÂÕßÇÄÂ, ©.¬. ³ËÎÂÅÂÆÊÇ Ë ®.À. ·ÎÑÒÑÄÂ ÊÂ
ÑÚÇÐß ÙÇÐÐÞÇ ÒÓÇÆÎÑÉÇÐËâ, Â ÕÂÍÉÇ ´.¢ÂÔÂÎßá,
¦.¡. ªÎßËÐÖ Ë °.£. ®ËÎâÇÄÖ ÊÂ ÒÑÏÑÜß Ä ÒÓËÅÑÕÑÄÎÇÐËË
àÕÑÌ ÔÕÂÕßË. ²ÂÃÑÕÂ ÃÞÎÂ ÒÑÆÆÇÓÉÂÐÂ ÅÓÂÐÕÑÏ ¯º-
5603.2006.2.

³ÒËÔÑÍ ÎËÕÇÓÂÕÖÓÞ
1. Lee T D, Yang C N "Mass degeneracy of the heavy mesons" Phys.

Rev. 102 290 (1956)

2. Proc. of the Rochester Conf., April, 1956 (New York: Interscience

Publ., 1956) SessionVIII. Theoretical interpretation of new particles

3. Lee T D, Yang C N "Question of parity conservation in weak
interactions" Phys. Rev. 104 254 (1956)

4. Michel L "Interactions of elementary particles", in Progress in

Cosmic Ray Physics Vol. 1 (Ed. J G Wilson) (Amsterdam: Elsevier,

1952) [®ËÛÇÎß­ "£ÊÂËÏÑÆÇÌÔÕÄËâ àÎÇÏÇÐÕÂÓÐÞØ ÚÂÔÕËÙ", Ä ÍÐ.
¶ËÊËÍÂ ÍÑÔÏËÚÇÔÍËØ ÎÖÚÇÌ. ³ÑÄÓÇÏÇÐÐÞÇ ÆÑÔÕËÉÇÐËâ ´. 1 (±ÑÆ
ÓÇÆ. ¥É. £ËÎßÔÑÐÂ) (®.: ª­, 1954)]

5. Wick G C, Wightman A S, Wigner E P "The intrinsic parity of
elementary particles" Phys. Rev. 88 101 (1952)

6. Purcell E M, Ramsey N F "On the possibility of electric dipole
moments for elementary particles and nuclei" Phys. Rev. 78 807

(1950)

7. ¢ÇÓÇÔÕÇÙÍËÌ £ ¢, ±ÑÏÇÓÂÐÚÖÍ ª Á "° b-ÓÂÔÒÂÆÇ ÐÇÌÕÓÑÐÂ"
¨¿´¶ 19 75 (1949)

8. Wu C S, Ambler E, Hayward R W, Hoppes D D, Hudson R P
"Experimental test of parity conservation in beta decay" Phys. Rev.
105 1413 (1957)

9. Garwin R L, Lederman L M, Weinrich M "Observations of the
failure of conservation of parity and charge conjugation in meson
decays: the magnetic moment of the free muon"Phys. Rev. 105 1415
(1957)

10. Friedman J I, Telegdi V L "Nuclear emulsion evidence for parity
nonconservation in the decay chain p�ÿm�ÿe�" Phys. Rev. 105

1681 (1957)

11. ´ÇÊËÔÞ ÆÑÍÎÂÆÑÄ ÐÂ £ÔÇÔÑáÊ. ÍÑÐ×. ÒÑ ×ËÊËÍÇ ÚÂÔÕËÙ ÄÞÔÑÍËØ
àÐÇÓÅËÌ, 14 ë 22 ÏÂâ 1956 Å. (®.: ªÊÆ-ÄÑ ¡¯ ³³³², 1956)

12. ­ÇÌÍËÐ ¦ ®, ¢ÖÓÙÇÄ ¡ ¬, ¥ÂÐËÎÍËÐ ª ³, ­ÇÃÇÆÇÄ ¡ ¯,
°ÍÖÐß ­ ¢ "³ÑÄÇÜÂÐËÇ ÒÑ ×ËÊËÍÇ ÚÂÔÕËÙ ÄÞÔÑÍËØ àÐÇÓÅËÌ"
µ¶¯ 61 103 (1957)

13. Telegdi V L "Parity violation", in Symmetries in Physics (1600 ±

1980). Proc. of the 1st Intern. Meeting on the History of Scientific

Ideas, Sant Feliu de GuõÂxols, Catalonia, Spain, September 20 ± 26,

1983 (Eds M G Doncel et al.) (Bellaterra, Barcelona, Spain:

Seminari d'Historia les CieÁ ncies, Univ. AutoÁ noma de Barcelona,

1987) p. 433

14. Telegdi V L "The early experiments leading to the VÿA interac-
tions", in Pions to Quarks: Particle Physics in the 1950s: Based on a

Fermilab Symp. (2nd Intern. Symp. on theHistory of Particle Physics,

Batavia, Ill., 1985) (Eds L M Brown, M Dresden, L Hoddeson)

(Cambridge: Cambridge Univ. Press, 1989) p. 464

15. ºÂÒËÓÑª³ "° ÐÇÔÑØÓÂÐÇÐËË ÚÇÕÐÑÔÕË ÒÓË b-ÓÂÔÒÂÆÇ"µ¶¯ 61
313 (1957)

16. Gell-Mann M, Pais A "Behavior of neutral particles under charge
conjugation" Phys. Rev. 97 1387 (1955)

17. ªÑ××Ç¢­"°ÆÄÖØ ÄÑÊÏÑÉÐÞØ ÔØÇÏÂØ ÐÇÔÑØÓÂÐÇÐËâ ÚÇÕÐÑÔÕË Ä
ÔÎÂÃÞØ ÄÊÂËÏÑÆÇÌÔÕÄËâØ"¨¿´¶ 32 1246 (1957)

18. ªÑ××Ç ¢ ­, °ÍÖÐß ­ ¢, ²ÖÆËÍ ¡ ± "¬ ÄÑÒÓÑÔÖ Ñ ÐÇÔÑØÓÂÐÇÐËË
ÚÇÕÐÑÔÕË Ä ÔÎÂÃÞØ ÄÊÂËÏÑÆÇÌÔÕÄËâØ"¨¿´¶ 32 396 (1957)

19. Lee T D, Oehme R, Yang CN "Remarks on possible noninvariance
under time reversal and charge conjugation" Phys. Rev. 106 340

(1957)

20. Lee T D "Weak interaction and nonconservation of parity" (Nobel
lecture. December 11, 1957), inNobel Lectures: Physics: 1901 ± 1995

(Singapore: World Scientific) (CD-ROM) p. 406; ­Ë ¸ "³ÎÂÃÞÇ
ÄÊÂËÏÑÆÇÌÔÕÄËâ Ë ÐÇÔÑØÓÂÐÇÐËÇ ÚÇÕÐÑÔÕË" µ¶¯ 66 89 (1958)

21. Yang CN "The law of parity conservation and other symmetry laws
of physics" (Nobel lecture. December 11, 1957), in Nobel Lectures:

Physics: 1901 ± 1995 (Singapore: World Scientific) (CD-ROM)

p. 393; ÁÐÅ ¹ "©ÂÍÑÐ ÔÑØÓÂÐÇÐËâ ÚÇÕÐÑÔÕË Ë ÆÓÖÅËÇ ÊÂÍÑÐÞ
ÔËÏÏÇÕÓËË" µ¶¯ 66 79 (1959)

22. ­ÂÐÆÂÖ ­ ¥ "° ÊÂÍÑÐÂØ ÔÑØÓÂÐÇÐËâ ÒÓË ÔÎÂÃÞØ ÄÊÂËÏÑÆÇÌ-
ÔÕÄËâØ"¨¿´¶ 32 405 (1957)

23. ¡ÐÑÐËÏÐÞÌ ÍÑÓÓÇÔÒÑÐÆÇÐÕ ÅÂÊÇÕÞ "±ÓÂÄÆÂ". "¯ÑÄÑÇ Ä âÆÇÓ-
ÐÑÌ ×ËÊËÍÇ", "±ÓÂÄÆÂ", 15 ×ÇÄÓÂÎâ 1957 Å., å 46, Ô. 4 (Ä ÕÇÍÔÕÇ
ÔÕÂÕßË ì ËÐÕÇÓÄßá Ô ­.¥. ­ÂÐÆÂÖ)

24. Wigner E P "Relativistic invariance and quantum phenomena"Rev.
Mod. Phys. 29 255 (1957)

25. ­ÂÐÆÂÖ ­ ¥ "°Ã ÑÆÐÑÌ ÄÑÊÏÑÉÐÑÔÕË ÆÎâ ÒÑÎâÓËÊÂÙËÑÐÐÞØ
ÔÄÑÌÔÕÄ ÐÇÌÕÓËÐÑ" ¨¿´¶ 32 407 (1957)

26. Landau LD "On the conservation laws for weak interactions"Nucl.

Phys. 3 127 (1957)

27. Salam A "On parity conservation and neutrino mass" Nuovo

Cimento 5 299 (1957)

28. Lee T D, Yang C N "Parity nonconservation and a two-component
theory of the neutrino" Phys. Rev. 105 1671 (1957)

29. Feynman R P, Gell-Mann M "Theory of the Fermi interaction"
Phys. Rev. 109 193 (1958)

30. Sudarshan E C G, Marshak R E "Chirality invariance and the
universal Fermi interaction" Phys. Rev. 109 1860 (1958)

31. Lee T D, Yang C N "Conservation of heavy particles and general-
ized gauge transformations" Phys. Rev. 98 1501 (1955)

32. °ÍÖÐß ­ ¢ "­ÇÍÙËË ÒÑ ÕÇÑÓËË ÔÎÂÃÞØ ÄÊÂËÏÑÆÇÌÔÕÄËÌ"
17 ÒÓÇÒÓËÐÕÑÄ ª´¿¶ (®.: ª´¿¶, 1960 ë 1961) ["Theory of weak
interactions: Thirteen lectures", AEC-tr-5226 (Oak Ridge, Tenn.:
US Atomic Energy Commission); Translation of lectures 14 ë 16
and the contents: NP-10254, 10842, 10845, 10840]

33. °ÍÖÐß ­ ¢ "­ÇÍÙËË ÒÑ ÕÇÑÓËË ÔÎÂÃÞØ ÄÊÂËÏÑÆÇÌÔÕÄËÌ àÎÇÏÇÐ-
ÕÂÓÐÞØ ÚÂÔÕËÙ", ±ÓÇÒÓËÐÕ ²-833 (¥ÖÃÐÂ: °ªÁª, 1961)

34. °ÍÖÐß ­ ¢ ³ÎÂÃÑÇ ÄÊÂËÏÑÆÇÌÔÕÄËÇ àÎÇÏÇÐÕÂÓÐÞØ ÚÂÔÕËÙ (®.:
¶ËÊÏÂÕÅËÊ, 1963) [Okun L B Weak Interactions of Elementary

Particles (Oxford: Pergamon Press, 1965)]

35. ¡ÐËÍËÐÂ ® Ë ÆÓ. "¿ÍÔÒÇÓËÏÇÐÕÂÎßÐÑÇ ËÊÖÚÇÐËÇ ÐÇÍÑÕÑÓÞØ
ÔÎÇÆÔÕÄËÌ ³²-ËÐÄÂÓËÂÐÕÐÑÔÕË Ä ÓÂÔÒÂÆÂØ K0

2 -ÏÇÊÑÐÑÄ" ¨¿´¶
42 130 (1962)

36. Christenson J H, Cronin JW, Fitch V L, Turlay R "Evidence for the
2p decay of the K 0

2 meson" Phys. Rev. Lett. 13 138 (1964)
37. Nishijima K, Saffouri M H "CP invariance and the shadow

universe" Phys. Rev. Lett. 14 205 (1965)
38. °ÍÖÐß ­ ¢, ±ÑÏÇÓÂÐÚÖÍ ª Á "´ÇÐÇÄÂâ £ÔÇÎÇÐÐÂâ" Ë ÐÇÌÕÓËÐ-

ÐÞÌ ÑÒÞÕ" ±ËÔßÏÂ Ä ¨¿´¶ 1 (6) 28 (1965); Okun L B,
Pomeranchuk I Ya Phys. Lett. 16 338 (1965)

39. ¬ÑÃÊÂÓÇÄ ª À, °ÍÖÐß ­ ¢, ±ÑÏÇÓÂÐÚÖÍ ª Á "° ÄÑÊÏÑÉÐÑÔÕË
àÍÔÒÇÓËÏÇÐÕÂÎßÐÑÅÑ ÑÃÐÂÓÖÉÇÐËâ ÊÇÓÍÂÎßÐÞØ ÚÂÔÕËÙ" Á¶ 3
1154 (1966)

40. Oort J H "The force exerted by the stellar system in the direction
perpendicular to the galactic plane and some related problems"Bull.
Astron. Inst. Netherlands 6 249 (1932)

402 ­.¢. °¬µ¯¾ [µ¶¯ 2007



41. Zwicky F "Die Rotverschiebung von extragalaktischen Nebeln"
Helv. Phys. Acta 6 110 (1933)

42. Zwicky F "On the masses of nebulae and of clusters of nebulae"
Astrophys. J. 86 217 (1937)

43. NikolaevNN,OkunLB "Possible experiments on search formirror
K 0 mesons" Phys. Lett. B 27 226 (1968)

44. Okun L B, Rubbia C "CP violation" (Section 6. Mirror particles), in
Proc. of the Heidelberg Intern. Conf. on Elementary Particles,

Heidelberg, Germany, September 20 ± 27, 1967 (Ed. H Filthuth)

(Amsterdam: North-Holland, 1968) p. 301

45. °ÍÖÐß ­ ¢ "¯ÂÓÖÛÇÐËÇ ³²-ËÐÄÂÓËÂÐÕÐÑÔÕË" (²ÂÊÆ. V. "©ÇÓ-
ÍÂÎßÐÂâ ÔËÏÏÇÕÓËâ Ë ÊÇÓÍÂÎßÐÞÇ ÚÂÔÕËÙÞ") µ¶¯ 95 402 (1968)

46. °ÍÖÐß ­¢ "°ÏáÑÐÐÑÏ ÊÂÓâÆÇ Ë ÏáÑÐÐÞØ ×ÑÕÑÐÂØ"Á¶ 10 358
(1969)

47. ¬ÑÃÊÂÓÇÄªÀ,°ÍÖÐß­¢ "° ÅÓÂÄËÕÂÙËÑÐÐÑÏ ÄÊÂËÏÑÆÇÌÔÕÄËË
×ÇÓÏËÑÐÑÄ" ¨¿´¶ 43 1904 (1962)

48. ¬ÑÃÊÂÓÇÄ ª À, °ÍÖÐß ­ ¢ "°Ã àÎÇÍÕÓÑÏÂÅÐËÕÐÑÏ Ë ÅÓÂÄËÕÂ-
ÙËÑÐÐÑÏ ÄÊÂËÏÑÆÇÌÔÕÄËâØ ÏÂÌÑÓÂÐÑÄÔÍËØ ÚÂÔÕËÙ", Ä ÔÃ.±ÓÑÃ-
ÎÇÏÞ ÕÇÑÓÇÕËÚÇÔÍÑÌ ×ËÊËÍË. ±ÂÏâÕË ªÅÑÓâ ¦ÄÅÇÐßÇÄËÚÂ
´ÂÏÏÂ (°ÕÄ. ÓÇÆ. £ ª ²ËÕÖÔ) (®.: ¯ÂÖÍÂ, 1972) Ô. 219

49. ³ÂØÂÓÑÄ¡¥ "¯ÂÓÖÛÇÐËÇ ³²-ËÐÄÂÓËÂÐÕÐÑÔÕË, ³-ÂÔËÏÏÇÕÓËâ Ë
ÃÂÓËÑÐÐÂâ ÂÔËÏÏÇÕÓËâ £ÔÇÎÇÐÐÑÌ"±ËÔßÏÂ Ä¨¿´¶ 5 32 (1967)

50. Pav�si�c M "External inversion, internal inversion, and reêection
invariance" Int. J. Theor. Phys. 9 229 (1974)

51. Pav�si�c M "External inversion, internal inversion, and reêection
invariance", hep-ph/0105344

52. ¬ËÓÉÐËÙ ¥ ¡ "®ÑÆÇÎß £ÂÌÐÃÇÓÅÂ Ë "ÅÑÓâÚÂâ" £ÔÇÎÇÐÐÂâ"
±ËÔßÏÂ Ä ¨¿´¶ 15 745 (1972)

53. Kirzhnits D A, Linde A D "Macroscopic consequences of the
Weinberg model" Phys. Lett. B 42 471 (1972)

54. Linde A D "Phase transitions in gauge theories and cosmology"
Rep. Prog. Phys. 42 389 (1979)

55. Lee T D "CP nonconservation and spontaneous symmetry break-
ing" Phys. Rep. 9 143 (1974)

56. Kobsarev I Yu, Okun L B, Zeldovich Ya B "Spontaneous CP-
violation and cosmology" Phys. Lett. B 50 340 (1974)

57. ©ÇÎßÆÑÄËÚ Á ¢, ¬ÑÃÊÂÓÇÄ ª À, °ÍÖÐß ­ ¢ "¬ÑÔÏÑÎÑÅËÚÇÔÍËÇ
ÔÎÇÆÔÕÄËâ ÔÒÑÐÕÂÐÐÑÅÑ ÐÂÓÖÛÇÐËâ ÆËÔÍÓÇÕÐÑÌ ÔËÏÏÇÕÓËË"
¨¿´¶ 67 3 (1974)

58. £ÑÎÑÛËÐ ® ¢, ¬ÑÃÊÂÓÇÄ ª À, °ÍÖÐß ­ ¢ "° ÒÖÊÞÓßÍÂØ Ä
ÏÇÕÂÔÕÂÃËÎßÐÑÏ ÄÂÍÖÖÏÇ" Á¶ 20 1229 (1974)

59. Frampton P H "Consequences of vacuum instability in quantum
éeld theory" Phys. Rev. D 15 2922 (1977)

60. Coleman S "Fate of the false vacuum: Semiclassical theory" Phys.

Rev. D 15 2929 (1977); "Erratum" 16 1248 (1977)

61. Callan C G (Jr.), Coleman S "Fate of the false vacuum. II. First
quantum corrections" Phys. Rev. D 16 1762 (1977)

62. °ÍÖÐß ­ ¢ "° ÒÑËÔÍÂØ ÐÑÄÞØ ÆÂÎßÐÑÆÇÌÔÕÄÖáÜËØ ÔËÎ"¨¿´¶
79 694 (1980)

63. Okun L B "Theta particles" Nucl. Phys. B 173 1 (1980)

64. °ÍÖÐß ­ ¢ "´ÇÕÑÐÞ"±ËÔßÏÂ Ä ¨¿´¶ 31 156 (1979)
65. ¥ÑÎÅÑÄ¡¥ "° ÍÑÐÙÇÐÕÓÂÙËË ÓÇÎËÍÕÑÄÞØ y-ÚÂÔÕËÙ"Á¶ 31 1522

(1980)
66. °ÍÖÐß ­ ¢ "¤ÓÂÐËÙÞ àÎÇÍÕÓÑÆËÐÂÏËÍË: ÒÂÓÂ×ÑÕÑÐÞ?" ¨¿´¶

83 892 (1982); ±ÓÇÒÓËÐÕ ª´¿¶-48 (®.: ª´¿¶, 1982)
67. Okun L B "On a search for mirror particles", Preprint ITEP-149

(Moscow: ITEP, 1983) and Addendum to the preprint
68. Okun L B, Voloshin M B, Zakharov V I "Electrical neutrality of

atoms and grand uniécation models" Phys. Lett. B 138 115 (1984)

69. Okun L "Beyond the standard model", in Proc. of the 25th Intern.

Conf. onHigh Energy Phys., Singapore, 2 ± 8August 1990Vol. 1 (Eds

KKPhua, YYamaguchi) (Singapore:World Scientific, 1991) p. 319

70. £ÑÎÑÛËÐ ® ¢, °ÍÖÐß ­ ¢, ¿ÎÎËÔ ¥É "° ÒÑËÔÍÂØ ÐÑÄÞØ
ÒÓÑÐËÍÂáÜËØ ÚÂÔÕËÙ", ±ÓÇÒÓËÐÕ ª´¿¶-86-189 (®.: ª´¿¶,
1986)

71. Albrecht H et al. (The ARGUS Collab.) "Search for exotic decay
modes of the U�1s�" Phys. Lett. B 179 403 (1986)

72. £ÑÎÑÛËÐ ® ¢, ©ÂÌÙÇÄ À ® "¶ËÊËÍÂ U-ÓÇÊÑÐÂÐÔÑÄ: ÆÇÔâÕß ÎÇÕ
ÔÒÖÔÕâ" µ¶¯ 152 361 (1987)

73. Druzhinin V P et al. "Search for rare radiative decays of jmeson at
VEPP-2M" Z. Phys. C 37 1 (1988)

74. ©ÇÎßÆÑÄËÚ Á ¢, ·ÎÑÒÑÄ ® À "®ÂÔÔÂ ÐÇÌÕÓËÐÑ Ä ×ËÊËÍÇ
àÎÇÏÇÐÕÂÓÐÞØ ÚÂÔÕËÙ Ë ÍÑÔÏÑÎÑÅËË ÓÂÐÐÇÌ £ÔÇÎÇÐÐÑÌ" µ¶¯
135 45 (1981)

75. ·ÎÑÒÑÄ ® À "¥ÓÑÃÐÑÊÂÓâÉÇÐÐÞÇ ÚÂÔÕËÙÞ Ë ÐÇÄÞÎÇÕÂÐËÇ
ÍÄÂÓÍÑÄ" ±ËÔßÏÂ Ä ¨¿´¶ 33 170 (1981)

76. Schwarz A S, Tyupkin Yu S "Grand uniécation and mirror
particles" Nucl. Phys. B 209 427 (1982)

77. Schwarz A S "Field theories with no local conservation of the
electric charge" Nucl. Phys. B 208 141 (1982)

78. Schwarz A S, Tyupkin Yu S "Grand uniécation, strings and mirror
particles", in Group Theoretical Methods in Physics: Proc. of the

Intern. Seminar, Zvenigorod, 24 ± 26 November 1982 Vol. 2 (Execu-

tive Ed. M AMarkov) (Moscow: Nauka, 1983) p. 279

79. ¢ÎËÐÐËÍÑÄ ³ ª, ·ÎÑÒÑÄ ® À "° ÄÑÊÏÑÉÐÞØ ÒÓÑâÄÎÇÐËâØ
"ÊÇÓÍÂÎßÐÞØ" ÚÂÔÕËÙ" Á¶ 36 809 (1982)

80. Blinnikov S I,KhlopovMYu "Excitation of the solar oscillations by
objects consisting of y-matter" Solar Phys. 82 383 (1983)

81. ¢ÎËÐÐËÍÑÄ ³ª, ·ÎÑÒÑÄ®À"° ÄÑÊÏÑÉÐÞØ ÂÔÕÓÑÐÑÏËÚÇÔÍËØ
ÒÓÑâÄÎÇÐËâØ "ÊÇÓÍÂÎßÐÞØ" ÚÂÔÕËÙ"¡ÔÕÓÑÐ.ÉÖÓÐ. 60 632 (1983)

82. ³ÂÉËÐ ® £, ·ÎÑÒÑÄ ® À "¬ÑÔÏÑÎÑÅËÚÇÔÍËÇ ÐËÕË Ë à××ÇÍÕÞ
ÅÓÂÄËÕÂÙËÑÐÐÑÌ ÎËÐÊÞ" ¡ÔÕÓÑÐ. ÉÖÓÐ. 66 191 (1989)

83. ¥ÖÃÓÑÄËÚ £ ¬, ·ÎÑÒÑÄ ® À "° ÆÑÏÇÐÐÑÌ ÔÕÓÖÍÕÖÓÇ ÕÇÐÇÄÑÌ
ÏÂÕÇÓËË" ¡ÔÕÓÑÐ. ÉÖÓÐ. 66 232 (1989)

84. Kolb EW, Seckel D, TurnerM S "The shadow world of superstring
theories" Nature 314 415 (1985)

85. Goldberg H, Hall L J "A new candidate for darkmatter" Phys. Lett.
B 174 151 (1986)

86. Georgi H, Ginsparg P, Glashow S L "Photon oscillations and
cosmic background radiation" Nature 306 765 (1983)

87. Glashow SL "Positronium versus themirror universe"Phys. Lett. B
167 35 (1986)

88. Holdom B "Two U(1)'s and e charge shifts" Phys. Lett. B 166 196

(1986)

89. Holdom B "Searching for e charges and a new U(1)" Phys. Lett. B
178 65 (1986)

90. Carlson E D, Glashow S L "Nucleosynthesis versus the mirror
universe" Phys. Lett. B 193 168 (1987)

91. Foot R, Lew H, Volkas R R "A model with fundamental improper
spacetime symmetries" Phys. Lett. B 272 67 (1991)

92. Foot R, He X-G "Comment on ZÿZ 0 mixing in extended gauge
theories" Phys. Lett. B 267 509 (1991)

93. Foot R, Lew H, Volkas R R "Possible consequences of parity
conservation"Mod. Phys. Lett. A 7 2567 (1992)

94. Foot R "Neutrino oscillations and the exact parity model" Mod.

Phys. Lett. A 9 169 (1994); hep-ph/9402241

95. Foot R "A Parity invariant SU�3�C � SU�3�L �U�1�model"Mod.

Phys. Lett. A 10 159 (1995); hep-ph/9402244

96. Foot R, Lew H "A novel left-right symmetric model", hep-ph/
9411390

97. Foot R "Experimental signatures of a massive mirror photon", hep-
ph/9407331

98. Foot R, Volkas R R "Neutrino physics and the mirror world: How
exact parity symmetry explains the solar neutrino deécit, the
atmospheric neutrino anomaly, and the LSND experiment" Phys.

Rev. D 52 6595 (1995); hep-ph/9505359

99. Brumby S P, Foot R, Volkas R R "Quaternionic formulation of the
exact parity model", hep-th/9602139

100. Foot R, Volkas R R "The exact parity symmetric model and big
bang nucleosynthesis" Astropart. Phys. 7 283 (1997); hep-ph/

9612245

101. Collie M, Foot R "Neutrino masses in the SU�5� � SU�5� 0 mirror
symmetric model" Phys. Lett. B 432 134 (1998); hep-ph/9803261

102. Foot R "Have mirror planets been observed?" Phys. Lett. B 471 191

(1999); astro-ph/9908276

103. Foot R "Have mirror stars been observed?" Phys. Lett. B 452 83

(1999); astro-ph/9902065

104. Foot R, Volkas R R "Implications of mirror neutrinos for early
universe cosmology" Phys. Rev. D 61 043507 (2000); hep-ph/

9904336

105. Foot R, Gninenko S N "Can the mirror world explain the ortho-
positronium lifetime puzzle?" Phys. Lett. B 480 171 (2000); hep-ph/

0003278

´. 177, å 4] ©¦²¬¡­¾¯½¦ ¹¡³´ª¸½ ª ©¦²¬¡­¾¯¡Á ®¡´¦²ªÁ: 50 ­¦´ ¤ª±°´¦© ª ±°ª³¬°£ 403



106. Foot R, Lew H, Volkas R R "Unbroken versus broken mirror
world: a tale of two vacua" J. High Energy Phys. (JHEP07) 032

(2000); hep-ph/0006027

107. Foot R, Ignatiev A Yu, Volkas R R "Do `isolated' planetary mass
objects orbit mirror stars?"Astropart. Phys. 17 195 (2002); astro-ph/
0010502

108. Foot R, Ignatiev A Yu, Volkas R R "Physics of mirror photons"
Phys. Lett. B 503 355 (2001); astro-ph/0011156

109. Foot R "Are mirror worlds opaque?" Phys. Lett. B 505 1 (2001);

astro-ph/0101055

110. Foot R "Seven (and a half) reasons to believe in mirror matter: from
neutrino puzzles to the inferred dark matter in the universe" Acta

Phys. Polon. B 32 2253 (2001); astro-ph/0102294

111. FootR, Silagadze ZK"Domirror planets exist in our solar system?"
Acta Phys. Polon. B 32 2271 (2001); astro-ph/0104251

112. Foot R "The mirror world interpretation of the 1908 Tunguska
event and other more recent events" Acta Phys. Polon. B 32 3133

(2001); hep-ph/0107132

113. Foot R, Volkas R R "A mirror world explanation for the Pioneer
spacecraft anomalies?" Phys. Lett. B 517 13 (2001); hep-ph/0108051

114. Foot R, Yoon T L "Exotic meteoritic phenomena: The Tunguska
event and anomalous low altitude éreballs ì manifestations of the
mirror world?" Acta Phys. Polon. B 33 1979 (2002); astro-ph/

0203152

115. FootR,Mitra S "Ordinary atomëmirror-atombound states: A new
window on the mirror world" Phys. Rev. D 66 061301 (2002); hep-

ph/0204256

116. Foot R "Does mirror matter exist?", hep-ph/0207175
117. Foot R, Mitra S "Mirror matter in the solar system: new evidence

for mirror matter from Eros" Astropart. Phys. 19 739 (2003); astro-
ph/0211067

118. Mitra S, Foot R "Detecting dark matter using centrifuging techni-
ques" Phys. Lett. B 558 9 (2003); astro-ph/0301229

119. Foot R, Volkas R R "Was ordinary matter synthesized frommirror
matter? An attempt to explain why OBaryon � 0:2ODark" Phys. Rev.
D 68 021304 (2003); hep-ph/0304261

120. Foot R, Mitra S "Have mirror micrometeorites been detected?"
Phys. Rev. D 68 071901 (2003); hep-ph/0306228

121. Foot R, Mitra S "Detecting mirror matter on Earth via its thermal
imprint on ordinarymatter"Phys. Lett. A 315 178 (2003); cond-mat/

0306561

122. Foot R "Implications of the DAMA and CRESST experiments for
mirror matter-type dark matter" Phys. Rev. D 69 036001 (2004);

hep-ph/0308254

123. Foot R "Experimental implications of mirror matter-type dark
matter" Int. J. Mod. Phys. A 19 3807 (2004); astro-ph/0309330

124. Foot R, Volkas R R "Explaining OBaryon � 0:2ODark through the
synthesis of ordinary matter from mirror matter: A more general
analysis" Phys. Rev. D 69 123510 (2004); hep-ph/0402267

125. Foot R "Exploring the mirror matter interpretation of the DAMA
experiment: Has the dark matter problem been solved?", astro-ph/
0403043

126. Foot R, Silagadze Z K "Supernova explosions, 511 keV photons,
gamma ray bursts and mirror matter" Int. J. Mod. Phys. D 14 143

(2005); astro-ph/0404515

127. Foot R "Reconciling the positive DAMA annual modulation signal
with the negative results of the CDMS II experiment" Mod. Phys.

Lett. A 19 1841 (2004); astro-ph/0405362

128. Foot R, Volkas R R "Spheroidal galactic halos and mirror dark
matter" Phys. Rev. D 70 123508 (2004); astro-ph/0407522

129. Foot R "Testing the mirror world hypothesis for the close-in
extrasolar planets" Acta Phys. Polon. B 35 2473 (2004); astro-ph/

0406257

130. Foot R "Mirror matter-type dark matter" Int. J. Mod. Phys. D 13

2161 (2004); astro-ph/0407623

131. Foot R "Generalized mirror matter models" Phys. Lett. B 632 467

(2006); hep-ph/0507294

132. Foot R "Implications of the DAMA/NAL and CDMS experiments
for mirror matter-type dark matter" Phys. Rev. D 74 023514 (2006);

astro-ph/0510705

133. Foot R Shadowlands: Quest for Mirror Matter in the Universe

(Parkland, Fla.: Universal Publ., 2002)

134. Volkas R R, Wong Y Y Y "Energy-dependent solar neutrino êux
depletion in the exact parity model and implications for SNO,
SuperKamiokande, and BOREXINO" Phys. Rev. D 58 113001

(1998); hep-ph/9803456

135. Bell N F, Volkas R R, Wong Y Y Y "Relic neutrino asymmetry
evolution from érst principles" Phys. Rev. D 59 113001 (1999); hep-

ph/9809363

136. Bell N F, Volkas R R "Mirror matter and primordial black holes"
Phys. Rev. D 59 107301 (1999); astro-ph/9812301

137. Volkas R R "Neutrino physics and the mirror world", in 8th Intern.

Workshop on Neutrino Telescopes, Venezia, February 23 ± 26, 1999

Vol. 2 (Ed. M B Ceolin) (Padova: Papergraf, 1999) p. 13; hep-ph/

9904437

138. Volkas R R, Wong Y Y Y "Matter-affected neutrino oscillations in
ordinary and mirror stars and their implications for gamma-ray
bursts" Astropart. Phys. 13 21 (2000); astro-ph/9907161

139. Volkas RR "Mirror neutrinos and the early universe", inCosmo-99:

3rd Intern. Workshop on Particle Physics and the Early Universe,

Trieste, Italy, 27 September ± 2 October 1999 (Eds U Cotti et al.)

(Singapore: World Scientific, 2000) p. 347; hep-ph/0002002

140. Bell N F "Mirror matter and heavy singlet neutrino oscillations in
the early universe" Phys. Lett. B 479 257 (2000); hep-ph/0003072

141. Ignatiev A Yu, Volkas R R "Discovering mirror particles at the
Large Hadron Collider and the implied cold universe" Phys. Lett. B
487 294 (2000); hep-ph/0005238

142. Ignatiev A Yu, Volkas R R "Geophysical constraints on mirror
matter within the Earth" Phys. Rev. D 62 023508 (2000); hep-ph/

0005125

143. Ignatiev A Yu, Volkas R R "Mirror dark matter and large scale
structure" Phys. Rev. D 68 023518 (2003); hep-ph/0304260

144. Ignatiev A Yu, Volkas R R "Mirror matter", Talk given at 15th
Biennial Congress of the Australian Institute of Physics, Sydney,

Australia, 8 ± 11 July 2002; hep-ph/0306120

145. Mitra S "Applications of mirror matter", http://people.zeelandnet.
nl/smitra/applications.htm

146. Mitra S "Has DAMA detected self-interacting dark matter?" Phys.
Rev. D 71 121302(R) (2005); astro-ph/0409121

147. Mitra S "Detecting dark matter in electromagnetic éeld penetration
experiments" Phys. Rev. D 74 043532 (2006); astro-ph/0605369

148. Gninenko S N "Limit on `disappearance' of orthopositronium in
vacuum" Phys. Lett. B 326 317 (1994)

149. Gninenko S N, Krasnikov N V, Rubbia A "Invisible decay of
orthopositronium vs extra dimensions", hep-ph/0205056

150. Badertscher A et al. "An apparatus to search for mirror dark matter
via the invisible decay of orthopositronium in vacuum", hep-ex/
0311031; Gninenko S N "An apparatus to search for mirror dark
matter" Int. J. Mod. Phys. A 19 3833 (2004)

151. Rubbia A "Positronium as a probe for new physics beyond the
standard model" Int. J. Mod. Phys. A 19 3961 (2004); hep-ph/

0402151

152. Badertscher A et al. "A new experiment to search for the invisible
decay of the orthopositronium", hep-ex/0404037

153. Gninenko S N, Krasnikov N V, Matveev V A, Rubbia A "Some
aspects of positronium physics" ¿¹¡Á 37 604 (2006)

154. Silagadze Z K "Neutrino mass and the mirror universe"Á¶ 60 336
(1997); hep-ph/9503481

155. Silagadze Z K "Mirror World versus large extra dimensions" Mod.

Phys. Lett. A 14 2321 (1999); hep-ph/9908208

156. Silagadze Z K "TeV scale gravity, mirror universe, and ... dino-
saurs", Extended version of the talk given at Gran Sasso Summer

Institute:MassiveNeutrinos in Physics and Astrophysics, Gran Sasso,

Italy, 13 ± 24 September 1999;Acta Phys. Polon. B 32 99 (2001); hep-

ph/0002255

157. Silagadze Z K "Mirror objects in the solar system?", Prepared for
Tunguska 2001: Intern. Conf.,Moscow, Russia, 30 June ± 1 July 2001;

Acta Phys. Polon. B 33 1325 (2002); astro-ph/0110161

158. Silagadze Z K "Tunguska genetic anomaly and electrophonic
meteors" Acta Phys. Polon. B 36 935 (2005); astro-ph/0311337

159. Silagadze Z K "Maxwell's demon through the looking glass" Acta

Phys. Polon. B 38 101 (2007); physics/0608114

160. Akhmedov E Kh, Berezhiani Z G, Senjanovi�c G "Planck-scale
physics and neutrino masses" Phys. Rev. Lett. 69 3013 (1992); hep-

ph/9205230

404 ­.¢. °¬µ¯¾ [µ¶¯ 2007



161. Berezhiani Z G, Mohapatra R N "Reconciling present neutrino
puzzles: Sterile neutrinos as mirror neutrinos" Phys. Rev. D 52 6607

(1995); hep-ph/9505385

162. Berezhiani Z G, Dolgov A D, Mohapatra R N "Asymmetric
inêationary reheating and the nature of mirror universe" Phys.

Lett. B 375 26 (1996); hep-ph/9511221

163. Berezhiani Z G "Astrophysical implications of the mirror world
with brokenmirror parity"Acta Phys. Polon. B 27 1503 (1996); hep-

ph/9602326

164. Berezhiani Z "Uniéed picture of the particle and sparticle masses in
SUSY GUT" Phys. Lett. B 417 287 (1998)

165. Berezhiani Z, Drago A "Gamma ray bursts via emission of axion-
like particles" Phys. Lett. B 473 281 (2000); hep-ph/9911333

166. Berezhiani Z, Comelli D, Villante F L "The early mirror universe:
inêation, baryogenesis, nucleosynthesis and dark matter" Phys.

Lett. B 503 362 (2001); hep-ph/0008105

167. Berezhiani Z, Gianfagna L, Giannotti M "Strong CP problem and
mirror world: the Weinberg ëWilczek axion revisited" Phys. Lett. B
500 286 (2001); hep-ph/0009290

168. Bento L, Berezhiani Z "Leptogenesis via collisions: leaking lepton
number to the hidden sector"Phys. Rev. Lett. 87 231304 (2001); hep-
ph/0107281

169. Bento L, Berezhiani Z "Baryon asymmetry, dark matter and the
hidden sector" Fortschr. Phys. 50 489 (2002)

170. Bento L, Berezhiani Z "Baryogenesis: the lepton leaking mechan-
ism", hep-ph/0111116

171. Berezhiani Z "Mirror world and its cosmological consequences" Int.
J. Mod. Phys. A 19 3775 (2004); hep-ph/0312335

172. Berezhiani Z, Ciarcelluti P, Comelli D, Villante F L "Structure
formation with mirror dark matter: CMB and LSS" Int. J. Mod.

Phys. D 14 107 (2005); astro-ph/0312605

173. Berezhiani Z, Bento L "Neutron ëmirror-neutron oscillations: How
fast might they be?" Phys. Rev. Lett. 96 081801 (2006); hep-ph/

0507031

174. Berezhiani Z, Ciarcelluti P, Cassisi S, Pietrinferni A "Evolutionary
and structural properties of mirror starMACHOs"Astropart. Phys.
24 495 (2006); astro-ph/0507153

175. Berezhiani Z "Through the looking-glass: Alice's adventures in
mirror world", in From Fields to Strings: Circumnavigating Theore-

tical Physics: Ian KoganMemorial CollectionVol. 3 (EdsM Shifman

et al.) (Singapore: World Scientific, 2005) p. 2147; hep-ph/0508233

176. Berezhiani Z, Bento L "Fast neutron ëmirror neutron oscillation
and ultra high energy cosmic rays"Phys. Lett. B 635 253 (2006); hep-

ph/0602227

177. Ciarcelluti P "Cosmology of the mirror universe", Ph.D. Thesis
(Advisor: Berezhiani Z); astro-ph/0312607

178. Ciarcelluti P "Structure formation, CMB and LSS in a mirror dark
matter scenario" Frascati Phys. Ser. 555 1 (2004); astro-ph/0409629

179. Ciarcelluti P "Cosmology with mirror dark matter I: Linear
evolution of perturbations" Int. J. Mod. Phys. D 14 187 (2005);

astro-ph/0409630

180. Ciarcelluti P "Cosmology with mirror dark matter II: Cosmic
microwave background and large scale structure" Int. J. Mod.

Phys. D 14 223 (2005); astro-ph/0409633

181. Gianfagna L, Giannotti M, Nesti F "Mirror world, supersymmetric
axion and gamma ray bursts" J. High Energy Phys. (JHEP10) 044

(2004); hep-ph/0409185

182. Giannotti M "Mirror world and axion: relaxing cosmological
bounds" Int. J. Mod. Phys. A 20 2454 (2005); astro-ph/0504636

183. Mohapatra R N, Teplitz V L "Structures in the mirror universe"
Astrophys. J. 478 29 (1997); astro-ph/9603049

184. Brahmachari B, Mohapatra R N "Grand uniécation of the sterile
neutrino" Phys. Lett. B 437 100 (1998); hep-ph/9805429

185. Mohapatra R N "Sterile neutrinos: phenomenology and theory",
hep-ph/9808236

186. Mohapatra RN, SciamaDW "Diffuse ionization in theMilkyWay
and sterile neutrinos", hep-ph/9811446

187. Mohapatra RN, Teplitz V L "MirrormatterMACHOs"Phys. Lett.
B 462 302 (1999)

188. Mohapatra R N "Sterile neutrinos", hep-ph/9903261
189. Mohapatra R N, Nussinov S, Teplitz V L "TeV scale quantum

gravity and mirror supernovae as sources of gamma-ray bursts"
Astropart. Phys. 13 295 (2000); astro-ph/9909376

190. Mohapatra R N "Theories of neutrino masses and mixings", in
Current Aspects of Neutrino Physics (Ed. D O Caldwell) (Berlin:

Springer-Verlag, 2001) p. 217; hep-ph/9910365

191. Mohapatra R N, Teplitz V L "Mirror dark matter and galaxy core
densities" Phys. Rev. D 62 063506 (2000); astro-ph/0001362

192. Mohapatra R N, Teplitz V L "Mirror dark matter", astro-ph/
0004046

193. Mohapatra R N "Origin of neutrino masses and mixings" Nucl.

Phys. B: Proc. Suppl. 91 313 (2001); hep-ph/0008232

194. Mohapatra R N, Nussinov S, Teplitz V L "Mirror matter as self-
interacting dark matter" Phys. Rev. D 66 063002 (2002); hep-ph/

0111381

195. Mohapatra R N, Nasri S "Avoiding BBN constraints on mirror
models for sterile neutrinos"Phys. Rev. D 71 053001 (2005); hep-ph/

0407194

196. Mohapatra R N, Nasri S, Nussinov S "Some implications of
neutron mirror neutron oscillation" Phys. Lett. B 627 124 (2005);

hep-ph/0508109

197. Aubourg EÂ et al. "Microlensing optical depth of the Large

Magellanic Cloud" Astron. Astrophys. 347 850 (1999)

198. Lasserre T et al. "Not enough stellar mass Machos in the Galactic
halo" Astron. Astrophys. 355 L39 (2000)

199. Alcock C et al. "Possible gravitational microlensing of a star in the
Large Magellanic Cloud" Nature 365 621 (1993)

200. Alcock C et al. "The MACHO project Large Magellanic Cloud
microlensing results from the érst two years and the nature of the
Galactic Dark Halo" Astrophys. J. 486 697 (1997)

201. Alcock C et al. "TheMACHOproject: microlensing results from 5.7
years of Large Magellanic Cloud observations" Astrophys. J. 542

281 (2000)

202. Hodges HM "Mirror baryons as the dark matter" Phys. Rev. D 47

456 (1993)

203. Blinnikov S I "A quest for weak objects and for invisible stars",
astro-ph/9801015

204. Mohapatra RN, Teplitz V L "Mirror matterMACHOS", astro-ph/
9902085

205. Belokurov V, Evans N W, Du Y L "Light-curve classiécation in
massive variability surveys. I. Microlensing" Mon. Not. R. Astron.

Soc. 341 1373 (2003)

206. Belokurov V, Evans N W, Du Y L "Light-curve classiécation in
massive variability surveys. II. Transients towards the Large
Magellanic Cloud"Mon. Not. R. Astron. Soc. 352 233 (2004)

207. Griest K, Thomas CL "Contamination in theMACHOdata set and
the puzzle of Large Magellanic Cloud microlensing" Mon. Not. R.

Astron. Soc. 359 464 (2005); astro-ph/0412443

208. Evans N W, Belokurov V "Is there a microlensing puzzle?", astro-
ph/0505167

209. Freese K "Death of baryonic dark matter" Phys. Rep. 333 ± 334 183
(2000)

210. FreeseK, Fields B, GraffD "Death of stellar baryonic darkmatter",
in The First Proc. of the MPA/ESO Symp., Garching, Germany, 4 ±

6 Aug. 1999 (ESO Astrophys. Symp., Eds A Weiss, T Abel, V Hill)

(Berlin: Springer, 2000) p. 18; astro-ph/0002058

211. Brada�cMet al. "Strong and weak lensing united. III. Measuring the
mass distribution of the merging galaxy cluster 1E0657ë56" Astro-
phys. J. 652 937 (2006); astro-ph/0608408

212. Clowe D et al. "A direct empirical proof of the existence of dark
matter" Astrophys. J. 648 L109 (2006); astro-ph/0608407

213. Blinnikov S "Gamma-ray bursts produced by mirror stars", astro-
ph/9902305

214. Blinnikov S "Cosmic gamma-ray bursts" Surv. High Energy Phys.

15 37 (2000); astro-ph/9911138

215. Tsvetkov D Yu, Blinnikov S I, Pavlyuk N N "Gamma-ray bursts,
type Ib/c supernovae and star-forming sites in host galaxies", astro-
ph/0101362

216. Kolb E W, Mohapatra R N, Teplitz V L "New supernova
constraints on sterile-neutrino production" Phys. Rev. Lett. 77

3066 (1996); hep-ph/9605350

217. Berezinsky V, Vilenkin A "Ultrahigh energy neutrinos from hidden-
sector topological defects" Phys. Rev. D 62 083512 (2000); hep-ph/

9908257

218. Berezinsky V, Narayan M, Vissani F "Mirror model for sterile
neutrinos" Nucl. Phys. B 658 254 (2003); hep-ph/0210204

´. 177, å 4] ©¦²¬¡­¾¯½¦ ¹¡³´ª¸½ ª ©¦²¬¡­¾¯¡Á ®¡´¦²ªÁ: 50 ­¦´ ¤ª±°´¦© ª ±°ª³¬°£ 405



219. Berezinsky V "SuperGZK neutrinos: testing physics beyond the
Standard Model", hep-ph/0303091

220. Berezinsky V "SuperGZK neutrinos", astro-ph/0509675
221. ·ÎÑÒÑÄ ® À, ¢ÇÔÍËÐ ¤ ®, ¢ÑÚÍÂÓÇÄ ¯ ¤, ±ÖÔÕËÎßÐËÍ ­ ¡,

±ÖÔÕËÎßÐËÍ ³ ¡ "¯ÂÃÎáÆÂÕÇÎßÐÂâ ×ËÊËÍÂ ÊÇÓÍÂÎßÐÑÅÑ ÏËÓÂ"
¡ÔÕÓÑÐ. ÉÖÓÐ. 68 42 (1991)

222. Oknyanskij V L "QSO 0957+561 and other large-separated double
quasars: some new results and a future observational project", astro-
ph/0502087

223. KhlopovMYuCosmoparticle Physics (Singapore:World Scientific,

1999)

224. ·ÎÑÒÑÄ ®À °ÔÐÑÄÞ ÍÑÔÏÑÏËÍÓÑ×ËÊËÍË (®.: µ²³³, 2004)
225. Glashow S L "A sinister extension of the standard model to

SU�3� � SU�2� � SU�2� �U�1�, in 11th Intern. Workshop on Neu-

trino Telescopes, Venice, Italy, 22 ± 25 February 2005 (Ed.

M B Ceolin) (Padova: Papergraf, 2005) p. 539; hep-ph/0504287

226. KhlopovMYu "New symmetries in microphysics, new stable forms
of matter around us", Invited contribution to the special issue of
honorary series of "Annals of Louis de Broglie Foundations",
dedicated to E. Majorana; astro-ph/0607048

227. Belotsky K M, Khlopov M Yu, Shibaev K I "Composite dark
matter and its charged constituents", astro-ph/0604518

228. KhlopovMYu, Stephan S A "Composite dark matter with invisible
light from almost-commutative geometry", astro-ph/0603187

229. Fargion D, Khlopov M, Stephan C A "Cold dark matter by heavy
double charged leptons?", astro-ph/0511789 (v1)

230. Fargion D, Khlopov M "Tera-leptons shadows over Sinister
Universe", hep-ph/0507087

231. CË iftcË i A K, Sultansoi S, T�urk�oz S "Lepton charge as possible source

of new force", Preprint AU/94-03(HEP) (Ankara: Ankara Univ.,

1994)

232. Blinnikov S I, Dolgov A D, Okun L B, Voloshin M B "How strong
can the coupling of leptonic photons be?" Nucl. Phys. B 458 52

(1996); hep-ph/9505444

233. Okun L "Leptons and photons" Phys. Lett. B 382 389 (1996); hep-

ph/9512436

234. Okun L B "Leptonic photon and light element abundancies" Mod.

Phys. Lett. A 11 3041 (1996); hep-ph/9611360

235. Ilyin V A, Okun L B, Rozanov A N "On the search for muonic
photons in neutrino experiments" Nucl. Phys. B 525 51 (1998); hep-

ph/9707479

236. Akkus B et al. (CHARM II Collab.) "Experimental search for
muonic photons" Phys. Lett. B 434 200 (1998)

237. Aubert B et al. (BABAR Collab.) "Search for B0 decays to invisible
énal states and to n�ng" Phys. Rev. Lett. 93 091802 (2004); hep-ex/

0405071

238. AblikimM (BES Collab.) "Search for invisible decays of Z and Z 0 in
J=c! fZ and fZ 0" Phys. Rev. Lett. 97 202002 (2006); hep-ex/

0607006

239. Tajima O et al. (Belle Collab.) "Seach for the invisible decay of the
U�1S�" Phys. Rev. Lett. 98 132001 (2007); hep-ex/0611041

240. Davidson S, Campbell B, Bailey D "Limits on particles of small
electric charge" Phys. Rev. D 43 2314 (1991)

241. Okun L B "Spacetime and vacuum as seen from Moscow", in 2001:

A Spacetime Odyssey: Proc. of the Inaugural Conf. of the Michigan

Center for Theoretical Physics, Michigan, USA, 21 ± 25 May 2001

(Eds M J Duff, J T Liu) (River Edge, NJ: World Scientific, 2002)

p. 105; Int. J. Mod. Phys. A 17 (S1) 105 (2002); hep-ph/0112031

242. Dubovsky S L, Sibiryakov S M "Domain walls in noncommutative
gauge theories, folded D-branes, and communication with mirror
world" Nucl. Phys. B 691 91 (2004); hep-th/0401046

243. Evslin J, Fairbairn M "Photon mixing in domain walls and the
cosmic coincidence problem" J. Cosmol. Astropart. Phys. (JCAP02)

011 (2006); hep-ph/0507020

244. Pokotilovski Yu N "On the experimental search for neutron !
mirror neutron oscillations" Phys. Lett. B 639 214 (2006); nucl-ex/

0601017

245. Dolgov A D "Cosmology and new physics", hep-ph/0606230
246. ®ÂÍÔËÏÇÐÍÑ ° "£ ÒÑËÔÍÂØ ÊÇÓÍÂÎßÐÑÅÑ ÏËÓÂ" £ÑÍÓÖÅ ÔÄÇÕÂ (6)

29 (2006)
247. Rosner J L "Dark matter in many forms", astro-ph/0509196
248. Seto N, Cooray A "Search for small-mass black-hole dark matter

with space-based gravitational wave detectors" Phys. Rev. D 70

063512 (2004); astro-ph/0405216

249. AdamsAW, Bloom J S "Direct detection of darkmatter with space-
based laser interferometers", astro-ph/0405266

250. Meshkov I N, Skrinsky A N "The antihydrogen and positronium
generation and studies using storage rings" Nucl. Instrum. Meth. A

391 205 (1997)

251. Meshkov I N, Sidorin A O "Conceptual design of the low energy
positron storage ring" Nucl. Instrum. Meth. A 391 216 (1997)

252. Kartavtsev O I, Meshkov I N "Method of in-êight production of
exotic systems in charge-exchange reactions"Nucl. Instrum.Meth. A

391 221 (1997)

253. ®ÇÛÍÑÄ ª ¯ "¿ÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ ËÔÎÇÆÑÄÂÐËâ ×ËÊËÍË ÂÐÕË-
ÄÑÆÑÓÑÆÂ Ë ÒÑÊËÕÓÑÐËâ. ±ÓÑÃÎÇÏÞ Ë ÄÑÊÏÑÉÐÑÔÕË" ¿¹¡Á 28
495 (1997)

254. Meshkov I N "High-precision experiments with antihydrogen and
positronium in êight" Yad. Fiz. 61 1796 (1998)

255. ¢ÑÎÕÖÛÍËÐ ¦ £ Ë ÆÓ. "¶ËÊËÚÇÔÍËÌ ÒÖÔÍ ÐÂÍÑÒËÕÇÎâ LEPTA"
¡ÕÑÏÐÂâ àÐÇÓÅËâ 98 (3) 225 (2005)

256. Chacko Z,GohH-S, HarnikR "Natural electroweak breaking from
a mirror symmetry" Phys. Rev. Lett. 96 231802 (2006); "The twin

higgs: natural electroweak breaking from mirror symmetry", hep-

ph/0506256

257. Barbieri R, Gregoire T, Hall L J "Mirror world at the Large Hadron
Collider", CERN-PH-TH-2005/162, UCB-PTH-05/25, LBNL-
58803; hep-ph/0509242

258. Patt B, Wilczek F "Higgs-éeld portal into hidden sectors", hep-ph/
0605188

259. Strassler M J "Possible effects of a hidden valley on supersymmetric
phenomenology", hep-ph/0607160

Mirror particles and mirror matter: 50 years of speculation and search

L.B. Okun'

Russian Federation State Scientific Center "A.L. Alikhanov Institute of Theoretical and Experimental Physics",

ul. B. Cheremushkinskaya 25, 117218 Moscow, Russian Federation

Tel. (7-495) 123-31 92, (7-495) 125-96 60

E-mail: okun@itep.ru

This review describes history of discovery of violation of spatial parity P, charge conjugation parity C, combined parity CP. The
hypothesis of existence of mirror particles was called upon by its authors to restore the symmetry between left and right. The review
presents the emergence and evolution of the concepts "mirror particles" and "mirror matter". It could serve as a concise guide to the
"mirror-land". An important part of the review is the list of about 250 references with their titles.

PACS numbers: 01.65.+g, 11.30.Er, 12.60. ± i

Bibliography ì 259 references Received 2 December 2006

Uspekhi Fizicheskikh Nauk 177 (4) 397 ± 406 (2007) Physics ±Uspekhi 50 (4) (2007)

406 ­.¢. °¬µ¯¾ [µ¶¯ 2007


	1. Ââåäåíèå
	2. Íàðóøåíèå P è C
	3. 1960-å ãîäû. Íàðóøåíèå CP
	4. 1970-å ãîäû. "Ìèíèìóì". Ýêçîòè÷åñêèå âàêóóìû
	5. 1980-å ãîäû. Âîçðîæäåíèå
	6. 1991--2006 ãã. "Ìàêñèìóì". Îò çåðêàëüíûõ çâåçä äî Áîëüøîãî àäðîííîãî êîëëàéäåðà
	7. Çàêëþ÷èòåëüíûå çàìå÷àíèÿ
	 Ñïèñîê ëèòåðàòóðû

