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1 ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° � Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É· 

®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, �·μÉ¢¨´μ, �μ¸¸¨Ö

2 �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

3 ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨ ¨³. �. ˆ. �²¨Ì ´μ¢ 

� Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É·  ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, Œμ¸±¢ 

�  ¡ §¥ ¤¥É¥±Éμ·  ‘�ˆ� (ˆ”‚�, �·μÉ¢¨´μ) ¶·¥¤¶μ² £ ¥É¸Ö ¸μ§¤ ´¨¥ ¤¢ÊÌ¶²¥Î¥-
¢μ£μ ¸¶¥±É·μ³¥É·  ®”²Ê±Éμ´¯ ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¶μ ¶·μ£· ³³¥ ·¥²ÖÉ¨¢¨¸É¸±μ° Ö¤¥·-
´μ° Ë¨§¨±¨ ¶·¨ Ô´¥·£¨ÖÌ “-70. �¸´μ¢´ Ö Í¥²Ó ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨° Å ¶μ²ÊÎ¥´¨¥ ´μ¢ÒÌ
¤ ´´ÒÌ μ ¸£Ê¸É± Ì Ìμ²μ¤´μ° ¸¢¥·Ì¶²μÉ´μ° Ö¤¥·´μ° ³ É¥·¨¨. �·¥¤¶μ² £ ¥É¸Ö ¶μ²ÊÎ¥-
´¨¥ ·¥§Ê²ÓÉ Éμ¢ ± ± ¸ ¢Ò¸μ±μ¨´É¥´¸¨¢´Ò³ ¶·μÉμ´´Ò³ ¶ÊÎ±μ³ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
Ö¤¥·´ÒÌ ³¨Ï¥´¥°, É ± ¨ ¸ ¨μ´´Ò³ ¶ÊÎ±μ³, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨³ ¸ ¦¨¤±μ¢μ¤μ·μ¤´μ°
¨ Ö¤¥·´Ò³¨ ³¨Ï¥´Ö³¨.

On the basis of already existing SPIN detector (IHEP, Protvino), it is proposed to
create a two-arm spectrometer FLUKTON for investigation on relativistic nuclear physics
at U-70 energies. The main goal of the experiment is to get new data on the cold
superdense clusters (	uctions) inside the nuclear matter. The results are supposed to be
obtained both in interactions of high-intensity proton beams with nuclear targets and in
interactions of ion beams with the liquid hydrogen and nuclear targets.

PACS: 21.65.Qr; 25.75.Nq; 13.85.-t; 29.30.Ep

∗E-mail: Vladimir.Gapienko@ihep.ru
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ƒ² ¢´μ° § ¤ Î¥° ¶·¥¤² £ ¥³μ£μ Ô±¸¶¥·¨³¥´É  ®”²Ê±Éμ´¯ ¡Ê¤¥É ¶·μ¤μ²-
¦¥´¨¥ ¨§ÊÎ¥´¨Ö Ìμ²μ¤´ÒÌ ¸¢¥·Ì¶²μÉ´ÒÌ μ¡· §μ¢ ´¨° (Ë²Ê±Éμ´μ¢) ¢ Ö¤¥·´μ°
³ É¥·¨¨, ±μÉμ·μ¥ Ê¦¥ ¢¥¤¥É¸Ö ´  Ê¸É ´μ¢±¥ ‘�ˆ� ¢ ¶·μÉμ´-Ö¤¥·´ÒÌ ¨ Ö¤·μ-
Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ. �μ²ÊÎ¥´´Ò¥ ´  Ê¸É ´μ¢±¥ ‘�ˆ� ¤ ´´Ò¥ [1] ¢¶¥·¢Ò¥
¶μ± § ²¨ ´ ²¨Î¨¥ ±Ê³Ê²ÖÉ¨¢´μ£μ ÔËË¥±É  ¤²Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ μ¡² ¸É¨
¡μ²ÓÏ¨Ì ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ (pT > 2 ƒÔ‚/¸), £¤¥ ¸μ£² ¸´μ É¥μ·¥É¨Î¥¸±¨³
μÍ¥´± ³ [2] μ¸´μ¢´μ° ¢±² ¤ ¤μ²¦´Ò ¤ ¢ ÉÓ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ Ë²Ê±Éμ´ ³¨.

Ò²μ ¶μ²ÊÎ¥´μ Ê± § ´¨¥ ´  ²μ± ²Ó´Ò° Ì · ±É¥· μ¡· §μ¢ ´¨Ö ± ± ¶·μÉμ´μ¢ ¨
¶¨μ´μ¢, É ± ¨ ²¥£Î °Ï¨Ì Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢ (d ¨ t) [3, 4]. „·Ê£¨³¨ ¸²μ¢ ³¨,
¡Ò²μ ¶μ± § ´μ μÉ¸ÊÉ¸É¢¨¥ ¸ÊÐ¥¸É¢¥´´μ£μ ¢²¨Ö´¨Ö ¢´ÊÉ·¨Ö¤¥·´μ£μ ¶¥·¥· ¸¸¥-
Ö´¨Ö ¶·¨ μ¡· §μ¢ ´¨¨ Î ¸É¨Í ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì pT (pT > 2 ƒÔ‚/¸).
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�¨¸. 1. ‘Ì¥³ É¨Î´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¨¤¥¨
¶·¥¤² £ ¥³μ£μ Ô±¸¶¥·¨³¥´É 

‚ ´μ¢μ³ Ô±¸¶¥·¨³¥´É¥ ¶·¥¤¶μ-
² £ ¥É¸Ö ¨¸¸²¥¤μ¢ ÉÓ ¸¢μ°¸É¢  ³´μ-
£μ´Ê±²μ´´ÒÌ ±μ´Ë¨£Ê· Í¨°, ´ Ìμ-
¤ÖÐ¨Ì¸Ö ¢´ÊÉ·¨ Ö¤¥·, ¢ ¨§³¥·¥-
´¨ÖÌ ±μ··¥²ÖÍ¨μ´´μ£μ É¨¶ . �μ-
¤ ¢²ÖÕÐ¥¥ ±μ²¨Î¥¸É¢μ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ ¨§ÊÎ¥´¨Õ ±Ê³Ê-
²ÖÉ¨¢´ÒÌ ¶·μÍ¥¸¸μ¢ ¶μ²ÊÎ¥´μ ¶·¨
·¥£¨¸É· Í¨¨ ±Ê³Ê²ÖÉ¨¢´ÒÌ Î ¸É¨Í,
²¥ÉÖÐ¨Ì ¨§ Ö¤¥· ¢ § ¤´ÕÕ ¶μ²Ê-
¸Ë¥·Ê ¨ μ¶¨¸Ò¢ ¥³ÒÌ ± ± ·¥§Ê²ÓÉ É
Ë· £³¥´É Í¨¨ Ë²Ê±Éμ´ . ‚ ¶·¥¤-
² £ ¥³μ³ Ô±¸¶¥·¨³¥´É¥ ¶μÖ¢²Ö¥É¸Ö
¢μ§³μ¦´μ¸ÉÓ μ¸ÊÐ¥¸É¢¨ÉÓ ¢¨§Ê ²¨-
§ Í¨Õ ¸ ³μ£μ Ë²Ê±Éμ´  ¶ÊÉ¥³ ¥£μ
¢Ò¡¨¢ ´¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨-

¸É· Í¨¨ (¨²¨ ·¥£¨¸É· Í¨¨ ¸É·Ê° μÉ ¥£μ Ë· £³¥´É Í¨¨). �  ·¨¸. 1 ¸Ì¥³ É¨Î´μ
¶μ± § ´  μ¸´μ¢´ Ö ¨¤¥Ö ¶·¥¤² £ ¥³μ£μ Ô±¸¶¥·¨³¥´É . ˆμ´´Ò° ¶ÊÎμ± ¸ Ô´¥·-
£¨¥° ¢ ¤¨ ¶ §μ´¥ 10A−20A ƒÔ‚ ´ ¶· ¢²Ö¥É¸Ö ´  ¢μ¤μ·μ¤´ÊÕ ³¨Ï¥´Ó. �·μ-
Éμ´, ¶μ¸²¥ Éμ£μ ± ± ¶μ ´¥³Ê Ê¤ ·¨É Ë²Ê±Éμ´ Ö¤· , ·¥£¨¸É·¨·Ê¥É¸Ö ¢ ¶²¥Î¥
μÉ¤ Î¨ ¢ ±Ê³Ê²ÖÉ¨¢´μ° ±¨´¥³ É¨Î¥¸±μ° μ¡² ¸É¨ ¨ Ö¢²Ö¥É¸Ö É·¨££¥·´μ° Î -
¸É¨Í¥°. ”²Ê±Éμ´ (²¨¡μ ¸É·ÊÖ μÉ ¥£μ Ë· £³¥´É Í¨¨) ¶μ¸²¥ ¥£μ ¢Ò¡¨¢ ´¨Ö ¶·μ-
Éμ´μ³ ²¥É¨É ¢ ¶¥·¥¤´¥¥ ¶²¥Îμ. �¸É É±¨ Ö¤·  ²¥ÉÖÉ ¶μ ´ ¶· ¢²¥´¨Õ ¶ÊÎ± 
¨ ´¥ ³¥Ï ÕÉ ·¥£¨¸É· Í¨¨ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨. „ ´´Ò¥ ‘�ˆ� [3] ¶μ ·μ¦¤¥-
´¨Õ ±Ê³Ê²ÖÉ¨¢´ÒÌ Î ¸É¨Í ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨ ¡μ²ÓÏ¨Ì pT ¢²¨Ö´¨¥³ Ö¤· 
³μ¦´μ ¶·¥´¥¡·¥ÎÓ. �·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ Ê¦¥ ¸ÊÐ¥¸É¢ÊÕÐ¥¥ ¶²¥Îμ
μÉ¤ Î¨ Ê¸É ´μ¢±¨ ‘�ˆ� ¨ ¤μ¶μ²´¨ÉÓ ¥£μ ¢´μ¢Ó ¸μ§¤ ´´Ò³ ¶¥·¥¤´¨³ ¶²¥Îμ³,
¸μ¸ÉμÖÐ¨³ ¨§ É·¥±μ¢μ° ¸¨¸É¥³Ò ¨  ¤·μ´´μ£μ ± ²μ·¨³¥É· . �·¨ · ¸Î¥É Ì · §-
³¥·μ¢ ¤¥É¥±Éμ·μ¢ ¶¥·¥¤´¥£μ ¶²¥Î  ÊÎ¨ÉÒ¢ ²μ¸Ó, ÎÉμ ¸É·ÊÖ μÉ · ¸¶ ¤  ¡Ê¤¥É
Ê§±μ°, ¶μ¸±μ²Ó±Ê ¨§¢¥¸É´μ, ÎÉμ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ±Ê³Ê²ÖÉ¨¢´ÒÌ Î ¸É¨Í
μ¶¨¸Ò¢ ÕÉ¸Ö f = C exp (−T/T0) ¶·¨ T0 ≈ 100 ŒÔ‚ [5].
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�·¨·μ¤  μ¡· §μ¢ ´¨Ö Ë²Ê±Éμ´μ¢ ¨ ¶·μÍ¥¸¸  ¨Ì Ë· £³¥´É Í¨¨ ¤μ ¸¨Ì
¶μ· ´¥ Ö¸´ . �Í¥´±¨ ¢¥·μÖÉ´μ¸É¨ ¸μ¡ÒÉ¨° ¢ ¶·¥¤² £ ¥³μ³ Ô±¸¶¥·¨³¥´É¥ ¸¤¥-
² ´Ò ´  μ¸´μ¢¥ Ê¦¥ ¶μ²ÊÎ¥´´ÒÌ ´  Ê¸É ´μ¢±¥ ‘�ˆ� ¤ ´´ÒÌ, ÎÉμ ·μ¦¤¥´¨¥
±Ê³Ê²ÖÉ¨¢´ÒÌ d ¨ t ¸ ¡μ²ÓÏ¨³¨ §´ Î¥´¨Ö³¨ pT ¢ pA-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·μ¨¸-
Ìμ¤¨É ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ¤¢ÊÌ- ¨ É·¥Ì´Ê±²μ´´Ò³¨ ±μ´Ë¨£Ê· Í¨Ö³¨ ¢´ÊÉ·¨
Ö¤· . ‘ÊÐ¥¸É¢μ¢ ´¨¥ ¤¢ÊÌ- ¨ É·¥Ì´Ê±²μ´´ÒÌ μ¡· §μ¢ ´¨° ¶μ¤É¢¥·¦¤ ¥É¸Ö ¨
¶·¨  ´ ²¨§¥ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ¢ Ô±¸¶¥·¨³¥´É¥ [6] ¶μ £²Ê¡μ±μ´¥Ê¶·Ê£μ³Ê
eA-· ¸¸¥Ö´¨Õ. �μÔÉμ³Ê ¶μ¶ÒÉ±  ¢¨§Ê ²¨§ Í¨¨ Ë²Ê±Éμ´  Î¥·¥§ ¢Ò¡¨¢ ´¨¥,
¶·¥¦¤¥ ¢¸¥£μ ¤¢ÊÌ- ¨ É·¥Ì´Ê±²μ´´ÒÌ μ¡· §μ¢ ´¨°, ¶·¥¤¸É ¢²Ö¥É¸Ö μ¡μ¸´μ¢ ´-
´μ°. ‚ É ¡². 1 ¢ ¸É·μ± Ì 1Ä4 ¶·¨¢¥¤¥´Ò ±¨´¥³ É¨Î¥¸±¨¥ ¶ · ³¥É·Ò · ¸¸¥Ö-
´¨Ö d + p → d + p ¶·¨ · §´ÒÌ Ê£² Ì ¶²¥Î  μÉ¤ Î¨ ¨ ¶·¨ ¨³¶Ê²Ó¸¥ ¤¥°É·μ´ 
2 · 15 ƒÔ‚/¸. „²Ö ¸· ¢´¥´¨Ö ¢ ¸É·μ± Ì 5, 6 ¶μ± § ´Ò ¨³¶Ê²Ó¸Ò ¶·μÉμ´μ¢ ¤²Ö
Ê¶·Ê£μ£μ pp-· ¸¸¥Ö´¨Ö. ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ¢ ¸²ÊÎ ¥ ¢Ò¡¨¢ ´¨Ö ¤¢ÊÌ-
´Ê±²μ´´μ£μ μ¡Ñ¥±É  ¶·μÉμ´μ³ ³¨Ï¥´¨ ¸¨£´ ÉÊ·μ° ÔÉμ£μ ¶·μÍ¥¸¸  ¤μ²¦´μ
¸É ÉÓ ¶μÖ¢²¥´¨¥ ±Ê³Ê²ÖÉ¨¢´μ£μ ¶·μÉμ´  ¢ ¶²¥Î¥ μÉ¤ Î¨ μ¤´μ¢·¥³¥´´μ ¸ ¢Ò-
¤¥²¥´¨¥³ ¢ ± ²μ·¨³¥É·¥ Ô´¥·£¨¨ ¢ ∼ 2 · §  ¡μ²ÓÏ¥, Î¥³ ³μ¦´μ ¡Ò²μ ¡Ò
μ¦¨¤ ÉÓ μÉ μ¡ÒÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö pp → pp. …Ð¥ ¡μ²ÓÏ¥¥ μÉ²¨Î¨¥ ¢ ·¥-
£¨¸É·¨·Ê¥³ÒÌ ¢¥²¨Î¨´ Ì μÉ μ¡ÒÎ´μ£μ pp-¢§ ¨³μ¤¥°¸É¢¨Ö ¤μ²¦´μ ¡ÒÉÓ ¢ ¸²Ê-
Î ¥ ¢Ò¡¨¢ ´¨Ö ¶·μÉμ´μ³ É·¥Ì´Ê±²μ´´μ° ¸¨¸É¥³Ò. �  μ¸´μ¢ ´¨¨ ¤ ´´ÒÌ ¶μ
¨§³¥·¥´¨Õ ¸¥Î¥´¨° Ê¶·Ê£μ£μ p + d-¶·μÍ¥¸¸  [7] ¨ ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ ¤μ²Ö
¤¢ÊÌ´Ê±²μ´´ÒÌ ¸μ¸ÉμÖ´¨° ¢ Ö¤·¥ Ê£²¥·μ¤  ¸μ¸É ¢²Ö¥É ∼ 20% [6], ¶·μ¢¥¤¥´ 
μÍ¥´±  μ¦¨¤ ¥³ÒÌ ¢ÒÌμ¤μ¢ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ Ê£²¥·μ¤´μ£μ ¶ÊÎ±  ¸ ¦¨¤±μ-
¢μ¤μ·μ¤´μ° ³¨Ï¥´ÓÕ (†‚Œ). � ¸Î¥É ¶·μ¢¥¤¥´ ¤²Ö ¤¢ÊÌ §´ Î¥´¨° Ô´¥·£¨¨
¶ÊÎ±  10A ¨ 15A ƒÔ‚, ¨´É¥´¸¨¢´μ¸ÉÓ ¢Ò¢¥¤¥´´μ£μ ¨§ “-70 ¶ÊÎ±  ¶·¨´¨³ ² ¸Ó
· ¢´μ° 109 ¨μ´μ¢/Í¨±². �·¨ · ¸Î¥É Ì ÊÎ¨ÉÒ¢ ²¸Ö ¶·¥¤¶μ² £ ¥³Ò°  ±¸¥¶É ´¸
¤¥É¥±Éμ·  (É ¡². 2).

‚ ± Î¥¸É¢¥ Ëμ´  ¤²Ö ¨§ÊÎ ¥³μ£μ ¶·μÍ¥¸¸  · ¸¸³ É·¨¢ ²μ¸Ó ¸²ÊÎ °´μ¥
¸μ¢¶ ¤¥´¨¥ ¶μÖ¢²¥´¨Ö ±Ê³Ê²ÖÉ¨¢´μ£μ ¶·μÉμ´  ¢ ¶²¥Î¥ μÉ¤ Î¨ ¨ μ¤´μ¢·¥-

’ ¡²¨Í  1. Š¨´¥³ É¨Î¥¸±¨¥ ¶ · ³¥É·Ò · ¸¸¥Ö´¨Ö d + p → d + p ¶·¨ · §´ÒÌ Ê£² Ì
¶²¥Î  μÉ¤ Î¨ ¨ ¶·¨ ¨³¶Ê²Ó¸¥ ¤¥°É·μ´  2 · 15 ƒÔ‚/¸

º � · ³¥É·
“£μ² ¶·μÉμ´  ®μÉ¤ Î¨¯, ◦

45 48 50 52

1 −t, ƒÔ‚2 3,10 2,54 2,22 1,94

2 ˆ³¶Ê²Ó¸ ¶·μÉμ´  ®μÉ¤ Î¨¯, ƒÔ‚/¸ 2,41 2,09 1,90 1,73

3 ˆ³¶Ê²Ó¸ ¤¥°É·μ´ , ƒÔ‚/¸ 28,34 28,64 28,81 28,97

4 “£μ² ¢Ò²¥É  ¤¥°É·μ´ , ◦ 3,45 3,11 2,90 2,70

5 ˆ³¶Ê²Ó¸ ¶·μÉμ´  ®μÉ¤ Î¨¯ ¢ Ê¶·Ê£μ³ pp, ƒÔ‚/¸ 2,23 1,95 1,78 1,63

6 ˆ³¶Ê²Ó¸ ¶·μÉμ´  ¢¶¥·¥¤ ¢ Ê¶·Ê£μ³ pp, ƒÔ‚/¸ 13,51 13,77 13,92 14,06
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’ ¡²¨Í  2. ‘¥Î¥´¨Ö ¨ μ¦¨¤ ¥³Ò¥ ¢ÒÌμ¤Ò ¢ · ¸¸¥Ö´¨¨ 12C+ p → d + p ¶·¨ · §´ÒÌ
Ê£² Ì ¶·μÉμ´  ®μÉ¤ Î¨¯

� · ³¥É·
“£μ² ¶·μÉμ´  ®μÉ¤ Î¨¯, ◦

45 48 50 52

10A ƒÔ‚/¸
dσ/dt, ³±¡/ƒÔ‚2 1,35EÄ03 9,7EÄ03 3,4EÄ02 1,0EÄ01

‚ÒÌμ¤/Î ∼ 0,4 3,1 12 33

15A ƒÔ‚/¸
dσ/dt, ³±¡/ƒÔ‚2 3,1EÄ04 3,0EÄ03 1,1EÄ02 3,7EÄ02

‚ÒÌμ¤/Î 0,1 1 3,5 12

³¥´´μ ·¥£¨¸É· Í¨¨ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¢ ± ²μ·¨³¥É·¥ ¢ÒÏ¥ ¶μ·μ£μ¢μ° (¤²Ö
pp-· ¸¸¥Ö´¨Ö). ˆ¸ÉμÎ´¨±μ³ ¢Ò¤¥²¥´¨Ö Ô´¥·£¨¨ ¢ÒÏ¥ ¶μ·μ£μ¢μ£μ §´ Î¥´¨Ö
Ö¢²Ö¥É¸Ö ¶μ¶ ¤ ´¨¥ ¢ ± ²μ·¨³¥É· Î ¸É¨Í, μ¡· §μ¢ ´´ÒÌ ¢´ÊÉ·¨Ö¤¥·´Ò³ ± ¸-
± ¤μ³. � ¸Î¥É, ¶·μ¢¥¤¥´´Ò° ¸ ¶μ³μÐÓÕ HIJING (¢¥·¸¨Ö 1.34), ¶μ± § ², ÎÉμ
¤μ²Ö Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¤²Ö ¨§ÊÎ ¥³ÒÌ ¶·μÍ¥¸¸μ¢ ¸μ¸É ¢²Ö¥É ´¥ ¡μ²¥¥ ´¥-
¸±μ²Ó±¨Ì ¶·μÍ¥´Éμ¢.

Š·μ³¥ ·¥Ï¥´¨Ö £² ¢´μ° § ¤ Î¨ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¸¢μ°¸É¢ ³´μ£μ´Ê±²μ´-
´ÒÌ ±μ´Ë¨£Ê· Í¨° (Ë²Ê±Éμ´μ¢) ¤¢ÊÌ¶²¥Î¥¢μ° ¤¥É¥±Éμ· ¤ ¸É ¢μ§³μ¦´μ¸ÉÓ ¶·μ-
¢¥¸É¨ ¨¸¸²¥¤μ¢ ´¨¥ ¥Ð¥ μ¤´μ° ¨´É¥·¥¸´μ° ¶·μ¡²¥³Ò Å ¨§³¥·¥´¨¥ Ö¤¥·-
´μ° (Í¢¥Éμ¢μ°) ¶·μ§· Î´μ¸É¨ ¶·¨ Ô´¥·£¨ÖÌ “-70. ‘μ£² ¸´μ Š•„ ÉμÎ¥Î´Ò¥
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�¨¸. 2. �¶·¥¤¥²¥´¨¥ Tpp Î¥·¥§ μÉ´μÏ¥-
´¨¥ ¸¥Î¥´¨° ±¢ §¨Ê¶·Ê£μ£μ ¨ Ê¶·Ê£μ£μ
· ¸¸¥Ö´¨°. �¨¸Ê´μ± ¢§ÖÉ ¨§ [8]

¡¥¸Í¢¥É´Ò¥ μ¡Ñ¥±ÉÒ, ·μ¦¤¥´´Ò¥ ¢ Ô±¸-
±²Õ§¨¢´ÒÌ ¶·μÍ¥¸¸ Ì ¶·¨ ¡μ²ÓÏ¨Ì ¶¥-
·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸ Ì, ¤μ²¦´Ò ¨³¥ÉÓ
³ ²Ò¥ ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò. Š ± ¸²¥¤-
¸É¢¨¥, É ±¨¥ μ¡Ñ¥±ÉÒ ¸² ¡μ ¶μ£²μÐ -
ÕÉ¸Ö Ö¤¥·´μ° ³ É¥·¨¥°. �μ¢¥¤¥´¨¥ ¨§-
³¥·¥´´μ° Ö¤¥·´μ° (Í¢¥Éμ¢μ°) ¶·μ§· Î-
´μ¸É¨ ¢ ±¢ §¨Ê¶·Ê£μ³ · ¸¸¥Ö´¨¨ ¶·¨
Ê£² Ì, ¡²¨§±¨Ì ± 90◦ ¢ ¸. Í. ³. (¸³. μ¡-
§μ· [8]), ¸´ Î ²  Ê¢¥²¨Î¨¢ ÕÐ¥°¸Ö
¸ ·μ¸Éμ³ ¨³¶Ê²Ó¸ ,   § É¥³ ¶μ¸²¥
∼ 9 ƒÔ‚/¸ ¶ ¤ ÕÐ¥° ¤μ Ê·μ¢´Ö ¶·¥¤-
¸± § ´¨Ö ¶μ £² Ê¡¥·μ¢¸±μ° ³μ¤¥²¨,
μ¸É ¥É¸Ö ´¥¶μ´ÖÉÒ³ [9], ´¥¸³μÉ·Ö ´ 
∼ 30 ²¥É, ¶·μÏ¥¤Ï¨¥ ¸ ³μ³¥´É  ¶μ-
Ö¢²¥´¨Ö ¶¥·¢ÒÌ ·¥§Ê²ÓÉ Éμ¢.

�·μ§· Î´μ¸ÉÓ Ö¤·  Tpp ¨§³¥·Ö¥É¸Ö
¸· ¢´¥´¨¥³ ¸¥Î¥´¨° Ê¶·Ê£μ£μ pp- ¨ ±¢ §¨Ê¶·Ê£μ£μ A(p, 2p)-· ¸¸¥Ö´¨°, ± ±
ÔÉμ ¶μ± § ´μ ´  ·¨¸. 2. ‚ ¸²ÊÎ ¥ Ê¸É ´μ¢±¨ ®”²Ê±Éμ´¯ ¶·¥¤¶μ² £ ¥É¸Ö ¨§³¥-
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·ÖÉÓ Tpp ¢ ¤μ¸ÉÊ¶´μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 25Ä70 ƒÔ‚ ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¸¥Î¥´¨Ö
±¢ §¨Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¶·μÉμ´μ¢ ´  Ö¤¥·´ÒÌ ³¨Ï¥´ÖÌ ¸ ¸¥Î¥´¨¥³ Ê¶·Ê£μ£μ
pp-· ¸¸¥Ö´¨Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¦¨¤±μ¢μ¤μ·μ¤´μ° ³¨Ï¥´¨. �·¥¤¶μ² £ ¥³ Ö
¸É·Ê±ÉÊ·  É·¥±μ¢μ° ¸¨¸É¥³Ò ¶¥·¥¤´¥£μ ¶²¥Î  μ¶É¨³¨§¨·μ¢ ² ¸Ó ¸ ¶μ³μÐÓÕ
· ¸Î¥Éμ¢ ¶μ ³¥Éμ¤Ê Œμ´É¥-Š ·²μ ¤²Ö ·¥£¨¸É· Í¨¨ pp- ¨ A(p, 2p)-¶·μÍ¥¸¸μ¢.

ˆ¤¥Ö ¸μ§¤ ´¨Ö ´μ¢μ£μ ¤¥É¥±Éμ·  ®”²Ê±Éμ´¯ ¡ §¨·Ê¥É¸Ö ´  ·¥§Ê²ÓÉ É Ì,
¶μ²ÊÎ¥´´ÒÌ · ´¥¥ ¢ Ô±¸¶¥·¨³¥´É¥ ‘�ˆ� ¶μ ·μ¦¤¥´¨Õ ±Ê³Ê²ÖÉ¨¢´ÒÌ Î -
¸É¨Í ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢. � ¸Î¥ÉÒ ¤²Ö ¤¢ÊÌ¶²¥Î¥¢μ£μ
¸¶¥±É·μ³¥É·  ¶μ¤É¢¥·¦¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ·¥Ï¥´¨Ö ¶μ¸É ¢²¥´´ÒÌ Ë¨§¨Î¥¸±¨Ì
§ ¤ Î.
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