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‚ · ¡μÉ¥ μ¡¸Ê¦¤ ¥É¸Ö ´ ±μ¶²¥´¨¥ ¨μ´μ¢ ¢ ±μ²² °¤¥·¥ NICA ¸ ¶μ³μÐÓÕ ‚—-¡ ·Ó¥·μ¢. �μ¸²¥
´ ±μ¶²¥´¨Ö ¸¨¸É¥³  ‚—2 £·Ê¶¶¨·Ê¥É ¶ÊÎμ± ´  22-° £ ·³μ´¨±¥. �·¨  ¤¨ ¡ É¨Î¥¸±μ³ Ê¢¥²¨Î¥´¨¨
‚—2-´ ¶·Ö¦¥´¨Ö ¨ μÌ² ¦¤¥´¨¨ ¸£Ê¸É±  ¥£μ ¶·μ¤μ²Ó´Ò° · §³¥· Ê³¥´ÓÏ ¥É¸Ö ¤μ Ê·μ¢´Ö, ±μ£¤ 
μ´ ¶μ³¥Ð ¥É¸Ö ¢ ¸¥¶ · É·¨¸Ê 66-° £ ·³μ´¨±¨. ‚ ÔÉμ ¢·¥³Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶¥·¥§ Ì¢ É ¸£Ê¸É±  ¢
¸¥¶ · É·¨¸Ê 66-° £ ·³μ´¨±¨ ‚—3-¸¨¸É¥³Ò. �·¨ ¤ ²Ó´¥°Ï¥³  ¤¨ ¡ É¨Î¥¸±μ³ Ê¢¥²¨Î¥´¨¨ ‚—3-
´ ¶·Ö¦¥´¨Ö ¨ μÌ² ¦¤¥´¨¨ Ëμ·³¨·ÊÕÉ¸Ö ¨μ´´Ò¥ ¸£Ê¸É±¨ ¸ É·¥¡Ê¥³Ò³¨ ¤²Ö Ô±¸¶¥·¨³¥´É  ¶ · ³¥-
É· ³¨. �·¨ ´ ±μ¶²¥´¨¨ ¨ £·Ê¶¶¨·μ¢±¥ ¨μ´´ÒÌ ¸£Ê¸É±μ¢ ¶·μ¨¸Ìμ¤ÖÉ ¨Ì ¶ · §¨É´Ò¥ ¸Éμ²±´μ¢¥´¨Ö
¢ μ¡² ¸É¨ ¢¸É·¥Î¨.

The ion storage in collider NICA with RF buckets is discussed. After ion storage with RF buckets,
the RF2 system provides the beam bunching on 22nd harmonic. At adiabatic increase of RF2 voltage
and cooling, the bunch length is reduced to size where it is placed inside separatrix of RF3 system. The
bunch rebucking in 66th harmonic separatrix is realized at this time. At further increase of RF3 voltage
and cooling, the bunch length is reduced to a value of 0.6 m required for collision experiments. The
parasitic collisions take place in collider interaction region at ion storage and bunching.

PACS: 29.20.dk; 29.20.db
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‚—-¸¨¸É¥³  ±μ²² °¤¥·  [1, 2] ¤μ²¦´  μ¡¥¸¶¥Î¨¢ ÉÓ ´ ±μ¶²¥´¨¥ É·¥¡Ê¥³μ£μ ±μ²¨Î¥-
¸É¢  ¨μ´μ¢ ¸ Ô´¥·£¨¥° 1Ä4,5 ƒÔ‚/´Ê±²μ´, Ëμ·³¨·μ¢ ´¨¥ 22 ¨μ´´ÒÌ ¸£Ê¸É±μ¢,   É ±¦¥
¶ · ³¥É·Ò ¸£Ê¸É±  ¤²Ö ¤μ¸É¨¦¥´¨Ö É·¥¡Ê¥³μ° ¸¢¥É¨³μ¸É¨ 1027 ¸³−2 · ¸−1. ”μ·³¨·μ¢ ´¨¥
¶ÊÎ±  ¢ ±μ²² °¤¥·¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ É·¥Ì · §²¨Î´ÒÌ ‚—-¸¨¸É¥³. ˆμ´Ò, ¶μ¸²¥-
¤μ¢ É¥²Ó´μ ¨´¦¥±É¨·Ê¥³Ò¥ ¨§ ´Ê±²μÉ·μ´ , ´ ± ¶²¨¢ ÕÉ¸Ö ¢ ±μ²² °¤¥·¥ ¸ ¶μ³μÐÓÕ ¡ -
·Ó¥·´μ° ‚—-¸¨¸É¥³Ò (‚—1). �μ¸²¥ ´ ±μ¶²¥´¨Ö ¤μ¸É ÉμÎ´μ£μ ±μ²¨Î¥¸É¢  Î ¸É¨Í ¡ ·Ó¥·-
´ Ö ‚—-¸¨¸É¥³  ¢Ò±²ÕÎ ¥É¸Ö ¨ § ±μ· Î¨¢ ¥É¸Ö. �μ¸²¥ ·μ¸¶Ê¸±  ´ ±μ¶²¥´´μ£μ ¸£Ê¸É± 
¶μ ¶¥·¨³¥É·Ê ±μ²² °¤¥·  ¢±²ÕÎ ¥É¸Ö £ ·³μ´¨Î¥¸± Ö ¸¨¸É¥³  ‚—2, · ¡μÉ ÕÐ Ö ´  22-°
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£ ·³μ´¨±¥ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö. �³¶²¨ÉÊ¤  ‚—2-´ ¶·Ö¦¥´¨Ö  ¤¨ ¡ É¨Î¥¸±¨ ¢μ§· ¸É ¥É
¶μ ³¥·¥ Ê³¥´ÓÏ¥´¨Ö ¤²¨´Ò ¸£Ê¸É± . ‚ ¶·μÍ¥¸¸¥ £·Ê¶¶¨·μ¢±¨ ¶ÊÎ±  §  ¸Î¥É μÌ² ¦¤¥-
´¨Ö ¨μ´μ¢ ¸´¨¦ ¥É¸Ö ¥£μ ¶·μ¤μ²Ó´Ò° Ô³¨ÉÉ ´¸. ‚ Ìμ¤¥ μÌ² ¦¤¥´¨Ö ‚—2-´ ¶·Ö¦¥´¨¥³
μ¡¥¸¶¥Î¨¢ ¥É¸Ö É ±μ° ¨³¶Ê²Ó¸´Ò° · §¡·μ¸ ¨μ´μ¢, ±μ£¤  ´¥ · §¢¨¢ ¥É¸Ö ¶·μ¤μ²Ó´ Ö ´¥-
Ê¸Éμ°Î¨¢μ¸ÉÓ ¶ÊÎ± . �³¶²¨ÉÊ¤  ‚—2 · ¸É¥É ¤μ Éμ£μ ³μ³¥´É , ±μ£¤  ¸£Ê¸Éμ± ¢Ìμ¤¨É ¢ ¸¥-
¶ · É·¨¸Ê 66-° £ ·³μ´¨±¨ ‚—3-¸¨¸É¥³Ò. ‚ ÔÉμÉ ³μ³¥´É ¶·μ¨¸Ìμ¤¨É ¶¥·¥§ Ì¢ É ¸£Ê¸É± 
¨§ ‚—2- ¢ ‚—3-¸¨¸É¥³Ê. �·¨ ¤ ²Ó´¥°Ï¥³  ¤¨ ¡ É¨Î¥¸±μ³ Ê¢¥²¨Î¥´¨¨ ‚—3-´ ¶·Ö¦¥´¨Ö ¨
μÌ² ¦¤¥´¨¨ Ëμ·³¨·ÊÕÉ¸Ö ¨μ´´Ò¥ ¸£Ê¸É±¨ ¸ ¶ · ³¥É· ³¨, É·¥¡Ê¥³Ò³¨ ¤²Ö Ô±¸¶¥·¨³¥´É .
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ˆ§ ´Ê±²μÉ·μ´  ± ¦¤Ò¥ 4 ¸ ¨´¦¥±É¨·ÊÕÉ¸Ö ¸£Ê¸É±¨ ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ 109 ¨μ´μ¢ ¶μ-
μÎ¥·¥¤´μ ¢ ± ¦¤μ¥ ±μ²ÓÍμ ±μ²² °¤¥·  ¸μ ¸·¥¤´¥±¢ ¤· É¨Î´Ò³ ¨³¶Ê²Ó¸´Ò³ · §¡·μ¸μ³
dp/p = (0,95−2,8) · 10−4 ¶·¨ Ô´¥·£¨¨ 1 ƒÔ‚/´Ê±²μ´ ¨ dp/p = (0,85−2,1) · 10−4 ¶·¨
Ô´¥·£¨¨ 4,5 ƒÔ‚/´Ê±²μ´. ‘·¥¤´¥±¢ ¤· É¨Î´ Ö ¤²¨´  ¸£Ê¸É±  · ¢´  σs = 5,9−17,5 ³ ¶·¨
Ô´¥·£¨¨ 1 ƒÔ‚/´Ê±²μ´ ¨ σs = 2,5−6,2 ³ ¶·¨ Ô´¥·£¨¨ 4,5 ƒÔ‚/´Ê±²μ´.

‚μ ¢·¥³Ö ´ ±μ¶²¥´¨Ö ‚—1-¸É ´Í¨Ö £¥´¥·¨·Ê¥É §  ¶¥·¨μ¤ μ¡· Ð¥´¨Ö Î¥ÉÒ·¥ ¨³¶Ê²Ó¸ 
´ ¶·Ö¦¥´¨Ö. �³¶²¨ÉÊ¤  ¨³¶Ê²Ó¸  ‚—-´ ¶·Ö¦¥´¨Ö · ¢´  5 ±‚. „²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸μ¢
·¥£Ê²¨·Ê¥É¸Ö ¢ ¶·¥¤¥² Ì 20Ä80 ´¸, Ë·μ´É/¸¶ ¤ ¸μ¸É ¢²ÖÕÉ ´¥ ¡μ²¥¥ 10 ´¸. Œ ±¸¨³ ²Ó-
´ Ö Ë §μ¢ Ö ¶·μÉÖ¦¥´´μ¸ÉÓ ¨³¶Ê²Ó¸μ¢ · ¢´  π/12. ”·μ´ÉÒ ¨³¶Ê²Ó¸  ´¥ ¢²¨ÖÕÉ ´ 
¤¨´ ³¨±Ê Î ¸É¨Í ¶·¨ ´ ±μ¶²¥´¨¨ ¨μ´μ¢, ¥¸²¨ ¨Ì ¤²¨É¥²Ó´μ¸ÉÓ ³¥´ÓÏ¥ Î¥³ 1/5 μÉ ¤²¨-
É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸ . Œ ±¸¨³ ²Ó´ Ö Ë §μ¢ Ö ¶·μÉÖ¦¥´´μ¸ÉÓ ¸£Ê¸É±  ´ ±μ¶²¥´´ÒÌ Î ¸É¨Í
¸μ¸É ¢²Ö¥É ψ = 0,86π. �¥·¢Ò° ¨ ¢Éμ·μ° ¨³¶Ê²Ó¸Ò ‚—-´ ¶·Ö¦¥´¨Ö ¶·¥¤´ §´ Î¥´Ò ¤²Ö
Ê¤¥·¦ ´¨Ö ´ ±μ¶²¥´´ÒÌ Î ¸É¨Í. ‚ ¶·μ³¥¦ÊÉμ± ³¥¦¤Ê É·¥ÉÓ¨³ ¨ Î¥É¢¥·ÉÒ³ ¨³¶Ê²Ó¸ ³¨
‚—-´ ¶·Ö¦¥´¨Ö ¶·μ¨§¢μ¤¨É¸Ö ¨´¦¥±Í¨Ö Î ¸É¨Í. � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê É·¥ÉÓ¨³ ¨ Î¥É¢¥·ÉÒ³
¨³¶Ê²Ó¸ ³¨ μ¶·¥¤¥²Ö¥É¸Ö ¤²¨É¥²Ó´μ¸ÉÓÕ ¶² Éμ ¨³¶Ê²Ó¸  ±¨±¥·  ¨ ¸μ¸É ¢²Ö¥É 200 ´¸
(59 ³ ¨²¨ 0,23π). „²Ö ¨μ´´ÒÌ ¸£Ê¸É±μ¢ ¸μ ¸·¥¤´¥±¢ ¤· É¨Î´μ° ¤²¨´μ° σs = 6−10 ³ ÔË-
Ë¥±É¨¢´μ¸ÉÓ § Ì¢ É  ‚—-¡ ·Ó¥· ³¨ ¡²¨§±  ± 100%. Œ ±¸¨³ ²Ó´ Ö ¸·¥¤´¥±¢ ¤· É¨Î´ Ö
¤²¨´  ¸£Ê¸É±  ¨§ ´Ê±²μÉ·μ´  ¸μ¸É ¢²Ö¥É σs = 17,5 ³ ¶·¨ Ô´¥·£¨¨ ¨μ´μ¢ 1 ƒÔ‚/´Ê±²μ´.
‚ ÔÉμ³ ¸²ÊÎ ¥ ¶² Éμ ¨³¶Ê²Ó¸  ±¨±¥·  μ¡¥¸¶¥Î¨¢ ¥É § Ì¢ É ‚—-¡ ·Ó¥· ³¨ ¸£Ê¸É±  ¤²¨´μ°
±1,7σs ¨ ¸μμÉ¢¥É¸É¢Ê¥É ¨Ì ÔËË¥±É¨¢´μ¸É¨ § Ì¢ É  μ±μ²μ 80 %. � ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ¢Éμ-
·Ò³ ¨ É·¥ÉÓ¨³, Î¥É¢¥·ÉÒ³ ¨ ¶¥·¢Ò³ ¨³¶Ê²Ó¸ ³¨ ‚—-¡ ·Ó¥·μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö Ë·μ´É ³¨
±¨±¥· . �¥·¥¤´¨° Ë·μ´É ±¨±¥·  · ¢¥´ 100 ´¸ (29,5 ³ ¨²¨ 0,115π). ‡ ¤´¨° Ë·μ´É ±¨±¥· 
¸μ¸É ¢²Ö¥É 410 ´¸ (121 ³ ¨²¨ 0,47π). „²Ö ¨´¦¥±Í¨¨ ´μ¢μ° ¶μ·Í¨¨ ¨μ´μ¢ ¸ ‚—-¡ ·Ó¥· ³¨
É·¥¡Ê¥É¸Ö Ë §μ¢ Ö ¶·μÉÖ¦¥´´μ¸ÉÓ 1,14π.

�·μ¤μ²Ó´Ò° ¶·μË¨²Ó ¨´¦¥±É¨·Ê¥³μ£μ ¸£Ê¸É±  ¨§³¥·Ö¥É¸Ö ¶μ ¸¨£´ ²Ê ¸ ¶¨± ¶-¸É ´-
Í¨¨. ‘¨£´ ² ¸ ¶¨± ¶-Ô²¥±É·μ¤  ¶¥·¥¤ ¥É¸Ö ¢ ¸¨¸É¥³Ê Ê¶· ¢²¥´¨Ö ‚—1. ‘ ¶μ³μÐÓÕ
¶¨± ¶-Ô²¥±É·μ¤  μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ´ Ìμ¦¤¥´¨¥ Í¥´É·  ³ ¸¸ ¨´¦¥±É¨·μ¢ ´´μ£μ ¸£Ê¸É± ,
Ê¸É ´μ¢±  ¡ ·Ó¥·μ¢ ¤²Ö ¨´¦¥±Í¨¨ ´  · ¸¸ÉμÖ´¨¨ ±(2−3)σs, μ¶·¥¤¥²¥´¨¥ ´Ê²¥¢μ° Ë §Ò
(Í¥´É· ) ´ ±μ¶²¥´´μ£μ ¸£Ê¸É± .

„²Ö ´ ±μ¶²¥´¨Ö É·¥¡Ê¥³μ° ¨´É¥´¸¨¢´μ¸É¨ ¨μ´´μ£μ ¸£Ê¸É±  ´¥μ¡Ìμ¤¨³μ ¢·¥³Ö
100Ä250 ¸ ¶·¨ Ô´¥·£¨¨ ¨μ´μ¢ 1Ä2,5 ƒÔ‚/´Ê±²μ´. 	¥§ μÌ² ¦¤¥´¨Ö ÔËË¥±É¨¢´μ¸ÉÓ ´ -
±μ¶²¥´¨Ö ¶·¨ Ô´¥·£¨¨ 1,5 ƒÔ‚/´Ê±²μ´ ¸μ¸É ¢²Ö¥É 68%, ¶·¨ Ô´¥·£¨¨ 4,5 ƒÔ‚/´Ê±²μ´ μ´ 
· ¢´  74% [2]. �·¨ μÌ² ¦¤¥´¨¨ ÔËË¥±É¨¢´μ¸ÉÓ ´ ±μ¶²¥´¨Ö ¢μ§· ¸É ¥É ¤μ 90% [2].
� ¢´μ¢¥¸´Ò° ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · §¡·μ¸ ¶μ ¨³¶Ê²Ó¸Ê dp/p = 2 · 10−4 μ¶·¥¤¥²Ö¥É¸Ö



746 �·μ¢±μ �. ¨ ¤·.

μÌ² ¦¤¥´¨¥³ ¨ ¢´ÊÉ·¨¶ÊÎ±μ¢Ò³ · ¸¸¥Ö´¨¥³. „²Ö ´ ±μ¶²¥´¨Ö ¸£Ê¸É±  ¨μ´μ¢ ¸μ ¸ÉμÌ ¸É¨-
Î¥¸±¨³ μÌ² ¦¤¥´¨¥³ É·¥¡Ê¥É¸Ö ¢·¥³Ö 500Ä800 ¸ ¶·¨ Ô´¥·£¨¨ 3Ä4,5 ƒÔ‚/´Ê±²μ´ [2].

‚ Ìμ¤¥ ´ ±μ¶²¥´¨Ö ‚—-¡ ·Ó¥·Ò ¤μ²¦´Ò μ¡¥¸¶¥Î¨ÉÓ ¸¨´Ì·μ´¨§¨·μ¢ ´´μ¥ ¶μ²μ¦¥´¨¥
Í¥´É·μ¢ ´ ±μ¶²¥´´ÒÌ ¸£Ê¸É±μ¢ ¢ ± ¦¤μ³ ¨§ ±μ²¥Í ¢ ¸¥·¥¤¨´¥ μ¤´μ° ¨§  ·μ± ±μ²² °-
¤¥·  ¢ ´¥±μÉμ·Ò° ³μ³¥´É ¢·¥³¥´¨. ‚ ÔÉμÉ ³μ³¥´É ´ ±μ¶²¥´´Ò¥ ¸£Ê¸É±¨ ¤μ²¦´Ò · §-
³¥Ð ÉÓ¸Ö ³¥¦¤Ê ¤¨¶μ²Ó´Ò³¨ ¢¥·É¨± ²Ó´Ò³¨ ³ £´¨É ³¨ · §¢¥¤¥´¨Ö ¶ÊÎ±μ¢ ¤¢ÊÌ ÉμÎ¥±
¢¸É·¥Î¨. ‘¢μ¡μ¤´ Ö μÉ ´ ±μ¶²¥´´ÒÌ ¸£Ê¸É±μ¢ ¶μ²μ¢¨´  ±μ²¥Í ±μ²² °¤¥·  μÉ¢μ¤¨É¸Ö ¶μ¤
‚—-¡ ·Ó¥·Ò ¤²Ö ¨´¦¥±É¨·μ¢ ´´ÒÌ ¸£Ê¸É±μ¢. ‚ ÔÉμ³ ¸²ÊÎ ¥ Ê¤ ¥É¸Ö ¨§¡¥¦ ÉÓ ¶ · §¨É´ÒÌ
¸Éμ²±´μ¢¥´¨° ³¥¦¤Ê ´ ±μ¶²¥´´Ò³¨ ¸£Ê¸É± ³¨ ¤¢ÊÌ ±μ²¥Í. �¤´ ±μ ¢´μ¢Ó ¨´¦¥±É¨·Ê¥-
³Ò° ¸£Ê¸Éμ± μ¤´μ£μ ±μ²ÓÍ  ¡Ê¤¥É ¸É ²±¨¢ ÉÓ¸Ö ¸ ´ ±μ¶²¥´´Ò³ ¸£Ê¸É±μ³ ¤·Ê£μ£μ ±μ²ÓÍ 
¢ μ¡Ð¥³ ¶·Ö³μ²¨´¥°´μ³ ¶·μ³¥¦ÊÉ±¥.

’ ¡²¨Í  1. � · ³¥É·Ò ¨μ´´ÒÌ ¶ÊÎ±μ¢ ¢ ±μ²² °¤¥·¥ ¶·¨ ´ ±μ¶²¥´¨¨ ¨ £·Ê¶¶¨·μ¢±¥

� · ³¥É· ‡´ Î¥´¨¥

�´¥·£¨Ö ¨μ´μ¢, ƒÔ‚/´Ê±²μ´ 1 3 4,5
Šμ²¨Î¥¸É¢μ ¨μ´μ¢ 4,4 · 109 5,3 · 1010 5,1 · 1010

‘·¥¤´¥±¢ ¤· É¨Î´Ò° (dp/p)σ ¢ ·¥¦¨³¥ ¸μÊ¤ ·¥´¨° 6 · 10−4 1,15 · 10−3 1,6 · 10−3

�μ·μ£μ¢Ò° ¸·¥¤´¥±¢ ¤· É¨Î´Ò° dp/pσ-th

¤²Ö ¸£Ê¸É±  ¢ ·¥¦¨³¥ ¸μÊ¤ ·¥´¨° 2,1 ·10−4 5,7 ·10−4 6,5 ·10−4

�μ·μ£μ¢Ò° ¸·¥¤´¥±¢ ¤· É¨Î´Ò° dp/pσ-th

¤²Ö · ¸¶ÊÐ¥´´μ£μ ´ ±μ¶²¥´´μ£μ ¸£Ê¸É±  5,6 · 10−5 1,5 · 10−4 1,7 · 10−4

‘¥¶ · É·¨¸  ‚—-¡ ·Ó¥·  ¶μ (dp/p)h 7,3 · 10−4 1,1 · 10−3 1,82 · 10−3

�³¨ÉÉ ´¸ ¢ ·¥¦¨³¥ ¸Éμ²±´μ¢¥´¨°, Ô‚ · ¸ 28 120 235
�μ·μ£μ¢Ò° Ô³¨ÉÉ ´¸ ´ ±μ¶²¥´´μ£μ ¸£Ê¸É± , Ô‚ · ¸ 31 173 300
�³¨ÉÉ ´¸ ´ ±μ¶²¥´´μ£μ ¸£Ê¸É± , Ô‚ · ¸ 59 202 470

‚Ò¸μÉ  ¸¥¶ · É·¨¸Ò ‚—-¡ ·Ó¥·μ¢ μ¡¥¸¶¥Î¨¢ ¥É Ê¤¥·¦ ´¨¥ Î ¸É¨Í ´ ±μ¶²¥´´μ£μ
¸£Ê¸É±  ¸ (dp/p)h = 0,7 · 10−4−1,8 · 10−3 (É ¡². 1). �·μ¤μ²Ó´Ò° Ô³¨ÉÉ ´¸ ´ ±μ¶²¥´-
´μ£μ ¸£Ê¸É±  μ¶·¥¤¥²Ö¥É¸Ö ¸·¥¤´¥±¢ ¤· É¨Î´Ò³ · §¡·μ¸μ³ ¶μ ¨³¶Ê²Ó¸ ³ (Δp/p)σ =
(dp/p)h/3 ¨ ¥£μ Ë §μ¢μ° ¶·μÉÖ¦¥´´μ¸ÉÓÕ. �·¨ ´ ±μ¶²¥´¨¨ ¸£Ê¸É±  ¢μ§³μ¦´μ · §¢¨-
É¨¥ ³¨±·μ¢μ²´μ¢μ° ¶·μ¤μ²Ó´μ° ´¥Ê¸Éμ°Î¨¢μ¸É¨, ¶μ·μ£μ¢Ò° Éμ± ±μÉμ·μ° ¶·μ¶μ·Í¨μ´ -
²¥´ I ∝ (Δp/p)2 (±·¨É¥·¨° Š °² Ä˜´¥²²Ö). �·¨ ´ ±μ¶²¥´¨¨ ¨μ´μ¢ ‚—-¡ ·Ó¥· ³¨ ¸μ-
¢³¥¸É´μ ¸ μÌ² ¦¤¥´¨¥³ · §¡·μ¸ ¶μ ¨³¶Ê²Ó¸ ³ ´ ±μ¶²¥´´μ£μ ¸£Ê¸É±  ´¥ ¤μ²¦¥´ ¡ÒÉÓ
³¥´ÓÏ¥ Î¥³ (dp/p)σ-th(2π/ψ), ÎÉμ¡Ò ¨§¡¥¦ ÉÓ · §¢¨É¨Ö ¶·μ¤μ²Ó´μ° ´¥Ê¸Éμ°Î¨¢μ¸É¨.
‚ ¶·μÍ¥¸¸¥ £·Ê¶¶¨·μ¢±¨ ¶ÊÎ±  μÌ² ¦¤¥´¨¥ ¤μ²¦´μ μ¡¥¸¶¥Î¨ÉÓ ¸´¨¦¥´¨¥ ¶·μ¤μ²Ó´μ£μ
Ô³¨ÉÉ ´¸  μÉ ´ Î ²Ó´μ£μ ¥£μ §´ Î¥´¨Ö ¤μ Ê·μ¢´Ö, É·¥¡Ê¥³μ£μ ¤²Ö ·¥¦¨³  ¸Éμ²±´μ¢¥´¨°.
� ¶·Ö¦¥´¨¥ ‚—2- ¨ ‚—3-¸É ´Í¨° ¤μ²¦´μ μ¡¥¸¶¥Î¨ÉÓ ¶·μ¤μ²Ó´Ò° · §¡·μ¸ ¶μ ¨³¶Ê²Ó¸ ³
¢ ¸£Ê¸É±¥ ¡μ²ÓÏ¥ ¶μ·μ£μ¢μ£μ §´ Î¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ±·¨É¥·¨Õ Š °² Ä˜´¥²²Ö ¤²Ö
¶¨±μ¢μ£μ Éμ± .
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‚ ¶·μÍ¥¸¸¥ ´ ±μ¶²¥´¨Ö ¨ £·Ê¶¶¨·μ¢±¨ ¨μ´μ¢ ¢ ¤¢ÊÌ ´ ±μ¶¨É¥²Ó´ÒÌ ±μ²ÓÍ Ì ¡Ê¤ÊÉ
¶·μ¨¸Ìμ¤¨ÉÓ ¨Ì ¶ · §¨É´Ò¥ ¸Éμ²±´μ¢¥´¨Ö ¢ μ¡Ð¥³ ¶·Ö³μ²¨´¥°´μ³ ¶·μ³¥¦ÊÉ±¥ ¥Ð¥ ¤μ
Éμ£μ ³μ³¥´É , ± ± ¡Ê¤ÊÉ ¸Ëμ·³¨·μ¢ ´Ò ¸£Ê¸É±¨, ¸ ¶ · ³¥É· ³¨, É·¥¡Ê¥³Ò³¨ ¤²Ö Ô±¸¶¥-
·¨³¥´É .



� ±μ¶²¥´¨¥, £·Ê¶¶¨·μ¢±  ¨ ¶ · §¨É´Ò¥ ¸Éμ²±´μ¢¥´¨Ö ¢ ±μ²² °¤¥·¥ NICA 747

� · ³¥É·Ò ¨μ´´ÒÌ ¶ÊÎ±μ¢ ¢ ±μ²² °¤¥·¥ μ£· ´¨Î¥´Ò ´¥±μ£¥·¥´É´Ò³ ¸¤¢¨£μ³ ¡¥É -
É·μ´´μ° Î ¸ÉμÉÒ ΔQtot = ΔQsp + 2ξ, £¤¥ ξ Å ¶ · ³¥É· ÔËË¥±Éμ¢ ¢¸É·¥Î¨, ΔQsp Å
² ¸²¥Éμ¢¸±¨° ¸¤¢¨£ ¡¥É É·μ´´μ° Î ¸ÉμÉÒ, · ¢´Ò°

ΔQsp = −
(

Z2rp

A

) (
Nb

4πβ2γ3ε

)(
Cring√
2πσs

)
,

£¤¥ Z, A ¨ rp Å § ·Ö¤μ¢μ¥ Î¨¸²μ,  Éμ³´Ò° ´μ³¥· ¨μ´  ¨ ±² ¸¸¨Î¥¸±¨° · ¤¨Ê¸ ¶·μÉμ´ ;
ε Å Ô³¨ÉÉ ´¸ ¶ÊÎ± ; Cring Å ¶¥·¨³¥É· ±μ²² °¤¥· ; σs Å ¤²¨´  ¸£Ê¸É± . � · ³¥É·
ÔËË¥±Éμ¢ ¢¸É·¥Î¨ ¤²Ö ±·Ê£²ÒÌ ¶ÊÎ±μ¢ · ¢¥´

ξ =
(

Z2rp

A

) (
Nb

4πβ2γε

) (
1 + β2

2

)
.

� · ³¥É·Ò ΔQsp, ξ ¨ τint (¢·¥³Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¤²Ö ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¸£Ê¸É±μ¢)
¶·¨¢¥¤¥´Ò ¢ É ¡². 2 ¤²Ö Ô´¥·£¨¨ ¨μ´μ¢ 1/4,5 ƒÔ‚/´Ê±²μ´. �É¨ ¶ · ³¥É·Ò ¶·¨¢¥¤¥´Ò
¤²Ö Î¥ÉÒ·¥Ì ·¥¦¨³μ¢: ¸Éμ²±´μ¢¥´¨° ¸£Ê¸É±μ¢ ´  Ô±¸¶¥·¨³¥´É (Ô±¸¶¥·¨³¥´É), ¶ · §¨É-
´ÒÌ ¸Éμ²±´μ¢¥´¨° ¸£Ê¸É±μ¢, ´ ±μ¶²¥´´ÒÌ ¢ ¤¢ÊÌ ±μ²ÓÍ Ì, ¤·Ê£ ¸ ¤·Ê£μ³ (´ ±μ¶²¥´´Ò¥
¸£Ê¸É±¨), ¶ · §¨É´ÒÌ ¸Éμ²±´μ¢¥´¨° ´ ±μ¶²¥´´μ£μ ¸£Ê¸É±  μ¤´μ£μ ±μ²ÓÍ  ¸ ¨´¦¥±É¨·μ¢ ´-
´Ò³ ¸£Ê¸É±μ³ ¤·Ê£μ£μ ±μ²ÓÍ  (´ ±μ¶²¥´´Ò° ¨ ¨´¦¥±É¨·μ¢ ´´Ò° ¸£Ê¸É±¨) ¨ ¶ · §¨É´ÒÌ
¸Éμ²±´μ¢¥´¨° ¸£Ê¸É±μ¢ ¶·¨ ¨Ì £·Ê¶¶¨·μ¢±¥ (¸£Ê¸É±¨ ¶·¨ £·Ê¶¶¨·μ¢±¥).

’ ¡²¨Í  2. � · ³¥É·Ò ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¸£Ê¸É±μ¢ ¢ ±μ²² °¤¥·¥

� · ³¥É· �±¸¶¥·¨³¥´É
� ±μ¶²¥´´Ò¥

¸£Ê¸É±¨

� ±μ¶²¥´´Ò°
¨ ¨´¦¥±É¨·μ¢ ´´Ò°

¸£Ê¸É±¨

‘£Ê¸É±¨ ¶·¨
£·Ê¶¶¨·μ¢±¥

ΔQsp 0,035/0,014 0,013/0,005 0,013/0,005 0,006/0,002
ξ 0,004/0,0014 0,004/0,0014 0,02/0,0015 0,004/0,0014
τint, c 15 0Ä100/800 8/64 0,1/7

�·¨ ¤²¨É¥²Ó´μ¸É¨ Ô±¸¶¥·¨³¥´É  1 Î ¸Ê³³ ·´μ¥ ¢·¥³Ö ¸Éμ²±´μ¢¥´¨° ¸£Ê¸É±μ¢ ¤·Ê£
¸ ¤·Ê£μ³ ¢ μ¡² ¸ÉÖÌ ¢¸É·¥Î¨ ¸μ¸É ¢¨É μ±μ²μ 15 ¸. ‘Ê³³ ·´μ¥ ¢·¥³Ö ¶ · §¨É´ÒÌ ¸Éμ²±-
´μ¢¥´¨° ´ ±μ¶²¥´´ÒÌ ¸£Ê¸É±μ¢ ¤·Ê£ ¸ ¤·Ê£μ³ § ¢¨¸¨É μÉ ¨Ì ¢§ ¨³´μ£μ · ¸¶μ²μ¦¥´¨Ö ¢
´ ±μ¶¨É¥²Ó´ÒÌ ±μ²ÓÍ Ì. �μ²μ¦¥´¨¥ Í¥´É·μ¢ ´ ±μ¶²¥´´ÒÌ ¸£Ê¸É±μ¢ ¢ ± ¦¤μ³ ¨§ ±μ²¥Í
¤μ²¦´μ ¡ÒÉÓ ¸¨´Ì·μ´¨§¨·μ¢ ´μ μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ ¤·Ê£ . “¤ ¥É¸Ö ¨§¡¥¦ ÉÓ ¶ · §¨É´ÒÌ
¸Éμ²±´μ¢¥´¨° ´ ±μ¶²¥´´ÒÌ ¸£Ê¸É±μ¢, ±μ£¤  ¢ ´¥±μÉμ·Ò° ³μ³¥´É ¢·¥³¥´¨ ¨Ì Í¥´É·Ò ¸¨´-
Ì·μ´´μ ´ Ìμ¤¨É¸Ö ¢ ¸¥·¥¤¨´¥ μ¤´μ° ¨§  ·μ± ±μ²² °¤¥· . � μ¡μ·μÉ, ¥¸²¨ ¢ ± ±μ°-Éμ
³μ³¥´É ¢·¥³¥´¨ Í¥´É· ´ ±μ¶²¥´´μ£μ ¸£Ê¸É±  μ¤´μ£μ ±μ²ÓÍ  ¡Ê¤¥É ´ Ìμ¤¨ÉÓ¸Ö ¢ ¸¥·¥¤¨´¥
¶· ¢μ°  ·±¨ ±μ²² °¤¥· ,   Í¥´É· ¢Éμ·μ£μ Å ¢ ¸¥·¥¤¨´¥ ²¥¢μ°  ·±¨, ¸Éμ²±´μ¢¥´¨Ö ¡Ê¤ÊÉ
´¥¶·¥·Ò¢´Ò ¢ ¤¢ÊÌ ÉμÎ± Ì ¢¸É·¥Î¨ ¢ É¥Î¥´¨¥ ¢·¥³¥´¨ ´ ±μ¶²¥´¨Ö ¨μ´μ¢ 100Ä800 ¸.

�·¨ ¶ · §¨É´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ´ ±μ¶²¥´´μ£μ ¨ ¨´¦¥±É¨·Ê¥³μ£μ ¸£Ê¸É±μ¢ ¶ · ³¥É·
ÔËË¥±Éμ¢ ¢¸É·¥Î¨ ¸μ¸É ¢²Ö¥É μ±μ²μ ξ = 0,02 ¶·¨ Ô´¥·£¨¨ ¨μ´μ¢ 1 ƒÔ‚/´Ê±²μ´, ±μ²¨-
Î¥¸É¢¥ ¨μ´μ¢ ¢ ¨´¦¥±É¨·Ê¥³μ³ ¸£Ê¸É±¥ 109 ¨ ¥£μ Ô³¨ÉÉ ´¸¥ 1,2π ³³ · ³· ¤. ‡ ³¥É´μ¥
¢μ§· ¸É ´¨¥ ¶ · ³¥É·  ÔËË¥±Éμ¢ ¢¸É·¥Î¨ ξ ¶·¨ Ô´¥·£¨¨ 1 ƒÔ‚/´Ê±²μ´ μ¡Ê¸²μ¢²¥´μ ¡μ²Ó-
Ï¨³ ±μ²¨Î¥¸É¢μ³ ¨μ´μ¢ ¢μ ¢´μ¢Ó ¨´¦¥±É¨·μ¢ ´´μ³ ¸£Ê¸É±¥ ¶μ ¸· ¢´¥´¨Õ ¸μ ¸£Ê¸É± ³¨,
¸Ëμ·³¨·μ¢ ´´Ò³¨ ´¥¶μ¸·¥¤¸É¢¥´´μ ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¶·¨ ÔÉμ° Ô´¥·£¨¨. …¸²¨ ¶ · -
§¨É´Ò¥ ¸Éμ²±´μ¢¥´¨Ö ¸ ¢Ò¸μ±¨³ §´ Î¥´¨¥³ ¶ · ³¥É·  ÔËË¥±Éμ¢ ¢¸É·¥Î¨ ξ = 0,02 ¡Ê-
¤ÊÉ ¶·¨¢μ¤¨ÉÓ ± ¶μÉ¥·Ö³ ´ ±μ¶²¥´´ÒÌ Î ¸É¨Í, Í¥²¥¸μμ¡· §´μ ¸´¨§¨ÉÓ ±μ²¨Î¥¸É¢μ ¨μ´μ¢
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¢μ ¢´μ¢Ó ¨´¦¥±É¨·μ¢ ´´μ³ ¸£Ê¸É±¥ §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö ¢·¥³¥´¨ ´ ±μ¶²¥´¨Ö ¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, ·μ¸É  ¢·¥³¥´¨ ¶ · §¨É´ÒÌ ¸Éμ²±´μ¢¥´¨°. „²Ö ¸£Ê¸É±μ¢ ¸μ ¸·¥¤´¥±¢ ¤· É¨Î´μ°
¤²¨´μ° σs = 12−15 ³ ¶ · ³¥É· ÔËË¥±Éμ¢ ¢¸É·¥Î¨ ξ ¸´¨¦ ¥É¸Ö ¶·¨³¥·´μ ¢ 2 · §  §  ¸Î¥É
Éμ£μ, ÎÉμ ¢ μ¡² ¸É¨ ¸Éμ²±´μ¢¥´¨° ¸ ´ ±μ¶²¥´´Ò³ ¸£Ê¸É±μ³ ´ Ìμ¤¨É¸Ö μ±μ²μ 50% Î -
¸É¨Í ¨´¦¥±É¨·Ê¥³μ£μ ¸£Ê¸É± . �·¨ É¨¶¨Î´μ³ ¢·¥³¥´¨ ´ ±μ¶²¥´¨Ö 100 ¸ ¸Ê³³ ·´μ¥ ¢·¥³Ö
¸Éμ²±´μ¢¥´¨Ö ´ ±μ¶²¥´´μ£μ ¨ ¢´μ¢Ó ¨´¦¥±É¨·μ¢ ´´μ£μ ¸£Ê¸É±μ¢ ¸μ¸É ¢¨É μ±μ²μ 8 ¸, ¥¸²¨
‚—-¡ ·Ó¥·Ò, μ¡¥¸¶¥Î¨¢ ÕÐ¨¥ § Ì¢ É ¨´¦¥±É¨·μ¢ ´´μ£μ ¸£Ê¸É± , ¶¥·¥³¥Ð ÕÉ¸Ö ± ´ ±μ¶-
²¥´´μ³Ê ¸£Ê¸É±Ê ¢ É¥Î¥´¨¥ ¢·¥³¥´¨ 8 ¸, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶¥·¨μ¤Ê ¨´¦¥±Í¨¨ ¢ ± ¦¤μ¥
±μ²ÓÍμ ±μ²² °¤¥· . …¸²¨ ‚—-¡ ·Ó¥·Ò μ¸ÊÐ¥¸É¢ÖÉ ¶¥·¥³¥Ð¥´¨¥ ¢´μ¢Ó ¨´¦¥±É¨·μ¢ ´´μ£μ
¸£Ê¸É±  ± ´ ±μ¶²¥´´μ³Ê ¸£Ê¸É±Ê ¢ É¥Î¥´¨¥ 1 ¸, ¸Ê³³ ·´μ¥ ¢·¥³Ö ¸Éμ²±´μ¢¥´¨° ³μ¦¥É
¡ÒÉÓ ¸μ±· Ð¥´μ ¶μÎÉ¨ ´  ¶μ·Ö¤μ±.

‚ Ìμ¤¥ £·Ê¶¶¨·μ¢±¨ 22 ¸£Ê¸É±μ¢ ¶·μ¨¸Ìμ¤ÖÉ ¨Ì ¶ · §¨É´Ò¥ ¸Éμ²±´μ¢¥´¨Ö, ±μ£¤  Ê
´¨Ì ¥Ð¥ μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏ¨¥ ¶·μ¤μ²Ó´Ò¥ · §³¥·Ò. ‚ ´ Î ²Ó´Ò° ³μ³¥´É £·Ê¶¶¨·μ¢±¨
¸·¥¤´¥±¢ ¤· É¨Î´ Ö ¤²¨´  ¸£Ê¸É±  ¸μ¸É ¢²Ö¥É μ±μ²μ σs = 3,8 ³, ¨ ² ¸²¥Éμ¢¸±¨° ¸¤¢¨£
¡¥É É·μ´´μ° Î ¸ÉμÉÒ ¶·¨³¥·´μ ¢ 6 · § ´¨¦¥, Î¥³ ¤²Ö ¸Éμ²±´μ¢¥´¨° ¸£Ê¸É±μ¢ ¢ Ìμ¤¥ Ô±¸-
¶¥·¨³¥´Éμ¢. �μ ³¥·¥ Ê³¥´ÓÏ¥´¨Ö ¤²¨´Ò ¸£Ê¸É±  ² ¸²¥Éμ¢¸±¨° ¸¤¢¨£ ¡¥É É·μ´´μ° Î ¸ÉμÉÒ
¶μ¤· ¸É ¥É ¨ ¤μ¸É¨£ ¥É Ê·μ¢´Ö ΔQsp, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ Ê·μ¢´Õ ·¥¦¨³  ´  Ô±¸¶¥·¨³¥´É.
‚·¥³Ö £·Ê¶¶¨·μ¢±¨ ¨ Ëμ·³¨·μ¢ ´¨Ö ¸£Ê¸É±μ¢ ¸μ ¸·¥¤´¥±¢ ¤· É¨Î´μ° ¤²¨´μ° σs = 0,6 ³
μ¶·¥¤¥²Ö¥É¸Ö ¢·¥³¥´¥³ μÌ² ¦¤¥´¨Ö, ±μÉμ·μ¥ ¸μ¸É ¢²Ö¥É 10Ä700 ¸ ¤²Ö ¨μ´μ¢ ¸ Ô´¥·£¨¥°
1Ä4,5 ƒÔ‚/´Ê±²μ´. ‘Ê³³ ·´μ¥ ¢·¥³Ö ¸Éμ²±´μ¢¥´¨° ¸£Ê¸É±μ¢ §  ¢·¥³Ö £·Ê¶¶¨·μ¢±¨ μÍ¥-
´¨¢ ¥É¸Ö ¢ ¨´É¥·¢ ²¥ 0,1Ä7 ¸ ¤²Ö ¨μ´μ¢ ¸ Ô´¥·£¨¥° 1Ä4,5 ƒÔ‚/´Ê±²μ´.
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