
�¨¸Ó³  ¢ �—�Ÿ. 2014. ’. 11, º 5(189). ‘. 922Ä927

”ˆ‡ˆŠ� ˆ ’…•�ˆŠ� “‘Š��ˆ’…‹…‰

ˆ‘‘‹…„�‚��ˆ… ‚�‡Œ�†��‘’ˆ
���‚…„…�ˆŸ �Š‘�…�ˆŒ…�’�‚ ELISE ˆ EXL

�� ��‡… “‘Š��ˆ’…‹œ��ƒ� Š�Œ�‹…Š‘� ˆ’�”
�. …. �μ²ÓÏ ±μ¢, �. �. ƒμ²Ê¡¥¢,

�. �. ‡¥´±¥¢¨Î1, Œ.Œ.Š Í, �. �. Šμ²μ³¨¥Í
ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨, Œμ¸±¢ 

� ¸¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö ¢ ˆ’�” Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¸Éμ²±´μ¢¥´¨°
Ö¤¥· · ¤¨μ ±É¨¢´ÒÌ Ë· £³¥´Éμ¢ ¸ Ô²¥±É·μ´ ³¨ (ELISE ¨ EXL). ‚Ò¡· ´  ¸Ì¥³  Ê¸±μ·¥´¨Ö ¨μ´μ¢
Ê· ´  ¢ Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ ˆ’�”, ¨ ¶μ± § ´μ, ÎÉμ ¶μ¸²¥ ³μ¤¨Ë¨± Í¨¨ ±μ³¶²¥±¸  ¨ ¸μμ·Ê-
¦¥´¨Ö ´μ¢μ£μ ¨´¦¥±Éμ·  ¢ ´¥³ ¢μ§³μ¦´μ Ê¸±μ·ÖÉÓ ¨μ´Ò Ê· ´  ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ ∼ 1 · 1011 ¸−1.
�·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ±μ³¶²¥±¸  ¨ ¸Ì¥³  · §³¥Ð¥´¨Ö ³¨Ï¥´¨
¤²Ö £¥´¥· Í¨¨ · ¤¨μ ±É¨¢´ÒÌ Ë· £³¥´Éμ¢, ¸¥¶ · Éμ·  ¨ ´ ±μ¶¨É¥²Ó´ÒÌ ±μ²¥Í (CR, RESR, NESR
¨ ER) ´  ¶²μÐ ¤±¥ ˆ’�”.

A possibility is studied to perform experiments on collisions of radioactive fragments of nuclei with
electrons (ELISE and EXL) in ITEP. The scheme of uranium nuclei acceleration in ITEP acceleration
complex is chosen and it is shown that after the complex modiˇcation and construction of new injector
we will be able to accelerate in the complex the beam of uranium ions with intensity about ∼ 1·1011 s−1.
The characteristics of the modiˇed complex and scheme of new facilities location (target for generation
of the radioactive fragments, separator and storage rings (CR, RESR, NESR and ER) on ITEP site
are given.
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‚ Ê¸±μ·¨É¥²Ó´μ-´ ±μ¶¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ FAIR [1] ¶·¥¤¶μ² £ ²μ¸Ó ¶·μ¢¥¸É¨ Ô±¸-
¶¥·¨³¥´ÉÒ (ELISE ¨ EXL) ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¸Éμ²±´μ¢¥´¨° Ö¤¥· · ¤¨μ ±É¨¢´ÒÌ Ë· £-
³¥´Éμ¢ ¸ Ô²¥±É·μ´ ³¨. Š ¸μ¦ ²¥´¨Õ, ¶μ±  ÔÉ  Î ¸ÉÓ ¶·μ¥±É  μ¶ÊÐ¥´  ¨§-§  ´¥Ì¢ É±¨
¸·¥¤¸É¢ ¨ ²Õ¤¸±¨Ì ·¥¸Ê·¸μ¢. ˆ’�” ¶μ²ÊÎ¨² μË¨Í¨ ²Ó´μ¥ ¶¨¸Ó³μ μÉ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ±μ²² ¡μ· Í¨° ELISE ¨ EXL ¸ ¶·μ¸Ó¡μ° · ¸¸³μÉ·¥ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö É ±¨Ì
Ô±¸¶¥·¨³¥´Éμ¢ ´  ¡ §¥ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ˆ’�”, ÎÉμ ¨ ¢Ò¶μ²´¥´μ ¢ ´ ¸ÉμÖ-
Ð¥° · ¡μÉ¥.

� ¸¸³μÉ·¨³ ¢±· ÉÍ¥ ¸Ì¥³Ê ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¢ FAIR. ‚Ò¢¥¤¥´´Ò° ¨§ ¸¨´Ì·μ-
É·μ´  ‘ˆ‘-100 ¶ÊÎμ± ¨μ´μ¢ Ê· ´  ¸ Ô´¥·£¨¥° 1,5 ƒÔ‚/´Ê±²μ´ ´ ¶· ¢²Ö¥É¸Ö ´  ³¨Ï¥´Ó,

1E-mail: Zenkevich@itep.ru
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¨§ ±μÉμ·μ° ¢Ò²¥É ÕÉ · ¤¨μ ±É¨¢´Ò¥ Ô²¥³¥´ÉÒ, μ¡· §μ¢ ¢Ï¨¥¸Ö ¶·¨ ¸Éμ²±´μ¢¥´¨¨ Ê· ´ 
¸ ³¨Ï¥´ÓÕ. �É¨ Ô²¥³¥´ÉÒ ¶·μÌμ¤ÖÉ Î¥·¥§ ¸¥¶ · Éμ· · ¤¨μ ±É¨¢´ÒÌ Ë· £³¥´Éμ¢ (SFRS) ¨
´ ¶· ¢²ÖÕÉ¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ ¢ É·¨ ¨μ´´ÒÌ ´ ±μ¶¨É¥²Ó´ÒÌ ±μ²ÓÍ : CR, RESR ¨ NESR.
Š·μ³¥ Éμ£μ, ¶·μ¥±É ¢±²ÕÎ ¥É É ±¦¥ Ô²¥±É·μ´´μ¥ ´ ±μ¶¨É¥²Ó´μ¥ ±μ²ÓÍμ (ER). �¥·¢μ¥ ¨§
±μ²¥Í CR (Collimator Ring) ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö § Ì¢ É  Ë· £³¥´Éμ¢ ¨ ¨Ì ¡Ò¸É·μ£μ ¸ÉμÌ -
¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¶·¨ ¶μ¸ÉμÖ´´μ° Ô´¥·£¨¨ 740 ŒÔ‚/´Ê±²μ´. ˆμ´Ò § É¥³ ¨´¦¥±É¨-
·ÊÕÉ¸Ö ¢μ ¢Éμ·μ¥ ±μ²ÓÍμ RESR (Accumulator Ring), ËÊ´±Í¨¥° ±μÉμ·μ£μ Ö¢²Ö¥É¸Ö ¡Ò¸É·μ¥
§ ³¥¤²¥´¨¥ ¨§μÉμ¶μ¢ μÉ Ô´¥·£¨¨ 740 ŒÔ‚/´Ê±²μ´ ¤μ Ô´¥·£¨¨ 100Ä500 ŒÔ‚/´Ê±²μ´, ´¥μ¡-
Ìμ¤¨³μ° ¤²Ö Ô±¸¶¥·¨³¥´É . ‡ É¥³ ¨μ´Ò ´ ¶· ¢²ÖÕÉ¸Ö ¢ NESR (New Experimental Storage
Ring), ¢ ±μÉμ·μ³ μ´¨ ¸É ²±¨¢ ÕÉ¸Ö ¸ Ô²¥±É·μ´ ³¨, Í¨·±Ê²¨·ÊÕÐ¨³¨ ¢ ER (Electron
Ring). ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ · §· ¡μÉ ´´ Ö ¢ FAIR ±μ´¸É·Ê±Í¨Ö ÔÉ¨Ì
±μ²¥Í μ¸É ¥É¸Ö ´¥¨§³¥´´μ°. � ¸¸³ É·¨¢ ²¨¸Ó É·¨ § ¤ Î¨:

1. ‘Ì¥³  Ê¸±μ·¥´¨Ö ¨μ´μ¢ Ê· ´  ¢ “Š ˆ’�” ¤μ Ô´¥·£¨¨ 1,5 ƒÔ‚/´Ê±²μ´ ¸ ³ ±¸¨-
³ ²Ó´μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ;

2. � §³¥Ð¥´¨¥ ±μ²¥Í ´  ¶²μÐ ¤±¥ ˆ’�”;
3. � ¸Î¥É Ëμ±Ê¸¨·μ¢±¨ ¨μ´μ¢ Ê· ´  ´  ³¨Ï¥´Ó ¨ ¸¥¶ · Éμ·  Ë· £³¥´Éμ¢.
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“¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸ ˆ’�” ¶μ ¸É·Ê±ÉÊ·¥ ¶μ²´μ¸ÉÓÕ  ´ ²μ£¨Î¥´ Ê¸±μ·¨É¥²Ó-
´μ³Ê ±μ³¶²¥±¸Ê FAIR. Šμ³¶²¥±¸ ¢±²ÕÎ ¥É ¤¢  ¸¨´Ì·μÉ·μ´ : ¡Ê¸É¥· (³ £´¨É´ Ö ¦¥¸É-
±μ¸ÉÓ Bρ = 13,4 ’² ·³) ¨ μ¸´μ¢´μ¥ ±μ²ÓÍμ (³ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ Bρ = 34 ’² ·³).
� ´¥¥ ¢ ˆ’�” · ¸¸³ É·¨¢ ²¸Ö ¶·μ¥±É Ê¸±μ·¥´¨Ö ¨μ´μ¢ Ê· ´ , ¢ ±μÉμ·μ³ ¶·¥¤¶μ² £ ²μ¸Ó
¨¸¶μ²Ó§μ¢ ÉÓ ² §¥·´Ò° ¨¸ÉμÎ´¨± ¨μ´μ¢ ¸ ´ ±μ¶²¥´´μ° Ô´¥·£¨¥° 100 „¦ ¨ ²¨´¥°´Ò°
·¥§μ´ Éμ·´Ò° Ê¸±μ·¨É¥²Ó ˆ-3. �·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ±μ³¶²¥±¸  ¢ ÔÉμ° ¸Ì¥³¥ ¸μ¸É ¢²Ö¥É
∼ 5 · 109 c−1, ÎÉμ Ö¢´μ ´¥¤μ¸É ÉμÎ´μ ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ELISE ¨ EXL.

�´ ²¨§ ¢μ§³μ¦´ÒÌ ¢ ·¨ ´Éμ¢ ¶μ¢ÒÏ¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ±μ³¶²¥±¸  ¶μ± § ², ÎÉμ ´¥-
μ¡Ìμ¤¨³μ ¸μμ·Ê¦¥´¨¥ ´μ¢μ£μ ¨´¦¥±Éμ· , ¡²¨§±μ£μ ¶μ ¸¢μ¨³ Ì · ±É¥·¨¸É¨± ³ ¨ ¸É·Ê±ÉÊ·¥
± ¨´¦¥±Éμ·Ê “Š FAIR Å ²¨´¥°´μ³Ê Ê¸±μ·¨É¥²Õ UNILAC. ’·¥¡Ê¥³ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ ³μ-
¦¥É μ¡¥¸¶¥Î¨ÉÓ Éμ²Ó±μ ¨¸ÉμÎ´¨± É¨¶  MEVVA, ±μÉμ·Ò° ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ¸¨²Ó´μÉμÎ´μ³
¨´¦¥±Éμ·¥ (HSI) ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö UNILAC. �¸´μ¢´Ò³ ¥£μ ´¥¤μ¸É É±μ³ Ö¢²Ö¥É¸Ö
´¨§±¨° § ·Ö¤ ¨μ´μ¢ Å +4.

Œ¨´¨³ ²Ó´Ò° § ·Ö¤ ¨μ´μ¢, ´¥μ¡Ìμ¤¨³Ò° ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ° Ô´¥·£¨¨
1,5 ƒÔ‚/´Ê±²μ´, Zi = +53. ŒÒ ¢Ò¡· ²¨ ¸Ì¥³Ê, ¶·¨ ±μÉμ·μ° ¶¥·¥§ ·Ö¤±  ¨μ´μ¢ μÉ § -
·Ö¤  Zi = +4 ¤μ § ·Ö¤  Zi = +53 ¶·μ¨¸Ìμ¤¨É ¶·¨ Ô´¥·£¨¨ 2,2 ŒÔ‚/´Ê±²μ´. � · ³¥É·Ò
¶¥·¥§ ·Ö¤´μ° ³¨Ï¥´¨ ¡Ò²¨ ´ °¤¥´Ò ¶ÊÉ¥³ Ô±¸É· ¶μ²ÖÍ¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ,
¶·¨¢¥¤¥´´ÒÌ ¢ · ¡μÉ¥ [2].
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‹“ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ Î ¸É¥° (·¨¸. 1): ´¨§±μ§ ·Ö¤´μ° Î ¸É¨ (¤μ ¶¥·¥§ ·Ö¤±¨) ¨ ¢Ò¸μ±μ-
§ ·Ö¤´μ° Î ¸É¨ (¶μ¸²¥ ¶¥·¥§ ·Ö¤±¨).

� Î ²Ó´ Ö ´¨§±μ§ ·Ö¤´ Ö Î ¸ÉÓ ‹“ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸É·Ê±ÉÊ·Ê ¸ ¶·μ¸É· ´¸É¢¥´´μ-
μ¤´μ·μ¤´μ° Ëμ±Ê¸¨·μ¢±μ° (RFQ), · §· ¡μÉ ´´ÊÕ ¢ ˆ’�” ´μ¢ÊÕ £¨¡·¨¤´ÊÕ ¸É·Ê±ÉÊ·Ê
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�¨¸. 1. 	²μ±-¸Ì¥³  ‹“

(Hybrid), ¢ ±μÉμ·μ° μ¡Ñ¥¤¨´¥´Ò Ê¸±μ·ÖÕÐ¨¥ § §μ·Ò, Ëμ·³¨·Ê¥³Ò¥ μ¡ÒÎ´Ò³¨ É·Ê¡± ³¨
¤·¥°Ë , ¨ ¢Ò¸μ±μÎ ¸ÉμÉ´Ò¥ ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò,   É ±¦¥ ¸É·Ê±ÉÊ·Ò ¸ É·Ê¡± ³¨ ¤·¥°Ë 
¸ Ô²¥±É·μ³ £´¨É´Ò³¨ ±¢ ¤·Ê¶μ²Ö³¨, · §³¥Ð¥´´Ò³¨ ³¥¦¤Ê ·¥§μ´ Éμ· ³¨ (IH). „²Ö Éμ£μ
ÎÉμ¡Ò ¶μ¢Ò¸¨ÉÓ Ô´¥·£¨Õ Ê¸±μ·¨É¥²Ö, ¶·¥¤¶μ² £ ¥É¸Ö ¶·¨³¥´¨ÉÓ ´μ¢Ò¥ (¶μ ¸· ¢´¥´¨Õ
¸ ‹“ UNILAC) ·¥Ï¥´¨Ö:

1. ‚ RFQ ¨¸¶μ²Ó§μ¢ ´ ¡μ²¥¥ ÔËË¥±É¨¢´Ò° ¶·μË¨²Ó ³μ¤Ê²ÖÍ¨¨ Ô²¥±É·μ¤μ¢. �¥·¥Ìμ¤
´  ¡μ²¥¥ ÔËË¥±É¨¢´ÊÕ ¸É·Ê±ÉÊ·Ê ¶·μ¨§¢μ¤¨É¸Ö ´  ³¥´ÓÏ¥° Ô´¥·£¨¨;

2. ‘´¨¦¥´  ¢ÒÌμ¤´ Ö Ô´¥·£¨Ö RFQ;

3. ˆ¸¶μ²Ó§μ¢ ´  ´μ¢ Ö £¨¡·¨¤´ Ö ¸É·Ê±ÉÊ·  ¶μ¸²¥ RFQ;

4. �μ¢ÒÏ¥´  Î ¸ÉμÉ  ¢ ·¥§μ´ Éμ· Ì ¸ É·Ê¡± ³¨ ¤·¥°Ë .

�μ¸²¥ ¶·μÌμ¦¤¥´¨Ö μ¡¤¨·μÎ´μ° ¸É ´Í¨¨ Éμ± ¶ÊÎ±  Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨³¥·´μ ¢ É·¨
· § . �¥μ¡Ìμ¤¨³μ¥ Ê¢¥²¨Î¥´¨¥ ¦¥¸É±μ¸É¨ Ëμ±Ê¸¨·μ¢±¨ ³μ¦´μ μ¡¥¸¶¥Î¨ÉÓ, ¥Ð¥ · § ¶·¨-
³¥´ÖÖ £¨¡·¨¤´ÊÕ ¸É·Ê±ÉÊ·Ê ¸ Ê¤¢μ¥´´μ° Î ¸ÉμÉμ° ‚—-¶μ²Ö. ˆ´¦¥±Éμ· ¨μ´μ¢ Ê· ´  ¶·¥¤-
¸É ¢²Ö¥É ¸μ¡μ° ¸²μ¦´ÊÕ Ê¸É ´μ¢±Ê, ±μÉμ· Ö ¢±²ÕÎ ¥É ¢ ¸¥¡Ö 14 ‚—-·¥§μ´ Éμ·μ¢ · §´ÒÌ
É¨¶μ¢ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ±μ²¨Î¥¸É¢μ³ ³μÐ´ÒÌ ‚—-Ê¸¨²¨É¥²¥°. �¡Ð Ö ¤²¨´  ·¥§μ´ -
Éμ·μ¢ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 50 ³. ‘ ÊÎ¥Éμ³ ¤²¨´ ± ´ ²μ¢ É· ´¸¶μ·É¨·μ¢±¨ ³¥¦¤Ê ·¥§μ-
´ Éμ· ³¨ ¨ ¤²¨´Ò ¸É ´Í¨¨ ¶¥·¥§ ·Ö¤±¨ ¶μ²´ÊÕ ¤²¨´Ê ‹“ ³μ¦´μ μÍ¥´¨ÉÓ ¢ 70Ä80 ³.
� · ³¥É·Ò ¶ÊÎ±  ´  ¢ÒÌμ¤¥ ‹“ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

� · ³¥É·Ò ¶ÊÎ±  ´  ¢ÒÌμ¤¥ ‹“

‡ ·Ö¤μ¢μ¥ Î¨¸²μ Ê· ´  +53

Šμ²¨Î¥¸É¢μ ¨μ´μ¢ ¢ ¨³¶Ê²Ó¸¥ 5,4 · 1010

�´¥·£¨Ö ¨μ´μ¢, ŒÔ‚/´Ê±²μ´ 15,0

„²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Éμ±  ¶ÊÎ± , ³±¸ 42,0

�μ·³ ²¨§μ¢ ´´Ò° ¶μ¶¥·¥Î´Ò° Ô³¨ÉÉ ´¸, πβα ³³ ·³· ¤ � 2,0
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‘Ì¥³  ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ “Š ˆ’�” ¨§μ¡· ¦¥´  ´  ·¨¸. 2.
„²Ö § ¶μ²´¥´¨Ö ¡Ê¸É¥·  (¶¥·¨μ¤ μ¡· Ð¥´¨Ö ¢ ¡Ê¸É¥·¥ Tb = 4,2 ³±¸) ¶·¥¤¶μ² £ ¥É¸Ö

¨¸¶μ²Ó§μ¢ ÉÓ 10-μ¡μ·μÉ´ÊÕ ¶μ¶¥·¥Î´ÊÕ ¨´¦¥±Í¨Õ. �·¨ Ô³¨ÉÉ ´¸¥ ¶ÊÎ±  ´  ¢ÒÌμ¤¥ ‹“
2 ³³ ·³· ¤ ¨ ±μÔËË¨Í¨¥´É¥ · §¦¨¦¥´¨Ö D = 2,5 Ô³¨ÉÉ ´¸ ¶ÊÎ±  ¡Ê¤¥É ¸μ¸É ¢²ÖÉÓ
50 ³³ ·³· ¤, ÎÉμ ¢¶μ²´¥ ¤μ¶Ê¸É¨³μ. �¸´μ¢´μ° ¶·μ¡²¥³μ° Ö¢²Ö¥É¸Ö ±Ê²μ´μ¢¸±¨° ¸¤¢¨£
¡¥É É·μ´´μ° Î ¸ÉμÉÒ ¶·¨ ¨´¦¥±Í¨¨ ¢ ¡Ê¸É¥· (®² ¸²¥ÉÉμ¢¸±¨° ¸¤¢¨£¯), ±μÉμ·Ò° μ¶·¥¤¥-
²Ö¥É¸Ö ¸²¥¤ÊÕÐ¥° Ëμ·³Ê²μ°:

ΔQx,y = − riNb

2πβ2γ3εx,y

(
1 +

√
εy,x

εx,y

) Fb. (1)

‚ ÔÉμ° Ëμ·³Ê²¥ β, γ Å ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶ · ³¥É·Ò; Nb Å Î¨¸²μ Î ¸É¨Í ¢ ¸£Ê¸É±¥; εx,y Å
¸·¥¤´¥±¢ ¤· É¨Î´Ò° Ô³¨ÉÉ ´¸ ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ±  ¶μ ¤¢Ê³ ¶μ¶¥·¥Î´Ò³ ¸É¥¶¥´Ö³ ¸¢μ-
¡μ¤Ò; ri = Z2

i · rp/Ai, Zi ¨ Ai Å § ·Ö¤ ¨  Éμ³´Ò° ´μ³¥· ¨μ´ ; rp Å ±² ¸¸¨Î¥¸±¨°

· ¤¨Ê¸ ¶·μÉμ´ . ” ±Éμ· £·Ê¶¶¨·μ¢±¨ Fb =
Cring√
2πσs

, £¤¥ Cring Å ¤²¨´  ±μ²ÓÍ , σs Å

¸·¥¤´¥±¢ ¤· É¨Î´Ò° ¶·μ¤μ²Ó´Ò° · §³¥· ¸£Ê¸É± . �Í¥´±¨ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨ · §Ê³´μ³
§´ Î¥´¨¨ Fb = 3 ±Ê²μ´μ¢¸±¨° ¸¤¢¨£ ΔQ = 0,24, É. ¥. ´ Ìμ¤¨É¸Ö ¢ ¤μ¶Ê¸É¨³ÒÌ ¶·¥¤¥² Ì.
�  ¢ÒÌμ¤¥ ¡Ê¸É¥·  Ô´¥·£¨Ö ¨μ´μ¢ W = 358 ŒÔ‚/´Ê±²μ´.

‡ ³¥É¨³, ÎÉμ ³ £´¨É´ Ö ¸¨¸É¥³  ¡Ê¸É¥·  ¸μ¸Éμ¨É ¨§ ³ £´¨Éμ¢ ¡Ê¸É¥·  ˆ”‚�, ±μÉμ·Ò¥
¶μ§¢μ²ÖÕÉ · ¡μÉ ÉÓ ¸ Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö fb = 10 ƒÍ. �Éμ ¶μ§¢μ²Ö¥É ¨´¦¥±É¨·μ¢ ÉÓ

�¨¸. 2. �² ´ · §³¥Ð¥´¨Ö μ¡μ·Ê¤μ¢ ´¨Ö ´  ¶²μÐ ¤±¥ ˆ’�”
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¢ “-10 10 ¸£Ê¸É±μ¢ μÉ ¡Ê¸É¥·  ´  ¶²μÐ ¤±¥ ¤²¨É¥²Ó´μ¸ÉÓÕ 0,9 ¸. „²Ö Ô±¸¶²Ê É Í¨¨
¡Ê¸É¥·  ¢ É ±μ³ ·¥¦¨³¥ ´¥μ¡Ìμ¤¨³μ ¨§£μÉμ¢¨ÉÓ ¸²¥¤ÊÕÐ¨¥ ¸¨¸É¥³Ò: 1) ´μ¢ÊÕ ¸¨¸É¥³Ê
¶¨É ´¨Ö ³ £´¨Éμ¢ ¡Ê¸É¥· , · ¡μÉ ÕÐÊÕ ´  Î ¸ÉμÉ¥ 10 ƒÍ; 2) ´μ¢ÊÕ Ê¸±μ·ÖÕÐÊÕ ¸¨¸É¥³Ê
¸  ³¶²¨ÉÊ¤μ° ´ ¶·Ö¦¥´¨Ö μ±μ²μ 80 ±‚. �μ¸²¥ μ±μ´Î ´¨Ö Í¨±²  Ê¸±μ·¥´¨Ö ¢ ¡Ê¸É¥·¥
¨μ´Ò ¸μ¡¨· ÕÉ¸Ö ¢ μ¤¨´ ¸£Ê¸Éμ± ¨ ¨´¦¥±É¨·ÊÕÉ¸Ö ¢ μ¸´μ¢´μ¥ ±μ²ÓÍμ. „²¨É¥²Ó´μ¸ÉÓ
¶²μÐ ¤±¨ ³ £´¨É´μ£μ ¶μ²Ö ¢ “-10 ¸μ¸É ¢²Ö¥É 1 ¸. ” §μ¢Ò° μ¡Ñ¥³ ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ± 
´  ¢ÒÌμ¤¥ ¡Ê¸É¥·  ¸ ÊÎ¥Éμ³  ¤¨ ¡ É¨Î¥¸±μ£μ § ÉÊÌ ´¨Ö · ¢¥´ 5,6 ³³ ·³· ¤. „²¨É¥²Ó´μ¸ÉÓ
Í¨±²  Ê¸±μ·¥´¨Ö ¢ μ¸´μ¢´μ³ ±μ²ÓÍ¥ · ¢´  2 ¸; ´¥μ¡Ìμ¤¨³ Ö  ³¶²¨ÉÊ¤  ‚—-¶μ²Ö (¶·¨
¤²¨É¥²Ó´μ¸É¨ Ê¸±μ·¥´¨Ö 0,5 ¸) Å 20 ±‚.

–¨·±Ê²ÖÍ¨Ö ¨μ´μ¢ U53+ ¶μÉ·¥¡Ê¥É §´ Î¨É¥²Ó´μ£μ Ê²ÊÎÏ¥´¨Ö ¢ ±ÊÊ³  ¢¢¨¤Ê ¡μ²ÓÏ¨Ì
¶μÉ¥·Ó ´  ¶¥·¥§ ·Ö¤±¥ ´  £ §¥. „·Ê£μ° ¶·μ¡²¥³μ°, ±μÉμ· Ö É·¥¡Ê¥É ÉÐ É¥²Ó´μ£μ ¨§ÊÎ¥´¨Ö,
Ö¢²Ö¥É¸Ö ± Î¥¸É¢μ ³ £´¨É´μ£μ ¶μ²Ö. �¥μ¡Ìμ¤¨³μ ÉÐ É¥²Ó´μ¥ Î¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥
¶μÉ¥·Ó Î ¸É¨Í ´  Í¨·±Ê²ÖÍ¨¨ ¨, ¢¥·μÖÉ´μ, ±μ³¶¥´¸ Í¨Ö μ¶ ¸´ÒÌ ·¥§μ´ ´¸μ¢ ¶μ¶¥·¥Î´ÒÌ
¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°.

�μ μ±μ´Î ´¨¨ Í¨±²  Ê¸±μ·¥´¨Ö ¶·¥¤¶μ² £ ¥É¸Ö ¢Ò¶μ²´¨ÉÓ μ¡ÒÎ´ÊÕ Ë §μ¢ÊÕ £¨³´ -
¸É¨±Ê, ¸£·Ê¶¶¨·μ¢ ¢ Î ¸É¨ÍÒ ¢ μ¤¨´ ±μ·μÉ±¨° ¸£Ê¸Éμ±. „²Ö ¶μ¸²¥¤´¥° μ¶¥· Í¨¨ ´¥μ¡Ìμ-
¤¨³ ·¥§μ´ Éμ· ¸ ¢Ò¸μ±μ°  ³¶²¨ÉÊ¤μ° ´ ¶·Ö¦¥´¨Ö (μ±μ²μ 500 ±‚).

�Í¥´¨³ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ±μ³¶²¥±¸ . �·¥¤¶μ² £ Ö, ÎÉμ ±μÔËË¨Í¨¥´É ¶·μ¶Ê¸± -
´¨Ö ±μ²ÓÍ¥¢ÒÌ Ê¸±μ·¨É¥²¥° ¸μ¸É ¢²Ö¥É 0,5, ´ °¤¥³, ÎÉμ Î¨¸²μ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ · ¢´μ
1,3 · 1011 c−1, ÎÉμ ¸· ¢´¨³μ ¸ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ ‘ˆ‘100.
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‡ ¤ Î  ¸μ¸ÉμÖ²  ¢ ¢Ò¡μ·¥ ³¥¸É  ¤²Ö · ¸¶μ²μ¦¥´¨Ö ´ ±μ¶¨É¥²Ó´ÒÌ ±μ²¥Í (‘R, RESR,
NESR), ¢ · ¸Î¥É Ì ³ £´¨É´ÒÌ ± ´ ²μ¢ ¤²Ö É· ´¸¶μ·É¨·μ¢±¨ ¨μ´μ¢, ¢Ò¢¥¤¥´´ÒÌ ¨§ ¸¨´Ì·μ-
É·μ´ -´ ±μ¶¨É¥²Ö “-10 ¢ ´ ±μ¶¨É¥²Ó´μ¥ ±μ²ÓÍμ CR. � §³¥·Ò ¶μ³¥Ð¥´¨Ö ¤²Ö ±μ²¥Í CR
¨ RESR ¡Ò²¨ μÍ¥´¥´Ò ¨§ μÉÎ¥É  FAIR ± ± 80 × 80 ³. ‚¢¨¤Ê μ£· ´¨Î¥´´μ° ¶²μÐ ¤¨
ÊÎ ¸É±  ¶·¥¤²μ¦¥´μ · ¸¶μ²μ¦¨ÉÓ ÔÉμ μ¡μ·Ê¤μ¢ ´¨¥ ´  ¤¢ÊÌ Ê·μ¢´ÖÌ. �  ´¨¦´¥³ § £²Ê-
¡²¥´´μ³ ÔÉ ¦¥ ¶·¥¤²μ¦¥´μ · ¸¶μ²μ¦¨ÉÓ ±μ²ÓÍ  CR ¨ RESR.

‚Ò¡· ´´Ò° ¶² ´ · §³¥Ð¥´¨Ö ±μ³¶²¥±¸  ¨§μ¡· ¦¥´ ´  ·¨¸. 2.
‘μ£² ¸´μ μÍ¥´± ³, ¢Ò¢¥¤¥´´Ò° ¨§ “-10 ¨μ´´Ò° ¶ÊÎμ± ¡Ê¤¥É ¨³¥ÉÓ Ë §μ¢Ò° μ¡Ñ¥³

μ±μ²μ 2 ³³ ·³· ¤. �ÉμÉ ¶ÊÎμ± ³μ¦´μ ¸Ëμ±Ê¸¨·μ¢ ÉÓ ´  ³¨Ï¥´Ó ¢ ¶ÖÉ´μ ¸ · §³¥· ³¨
2 × 4 ³³ ¶·¨ ¶μ³μÐ¨ É¥¶²ÒÌ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ (20Š100 ¨ 10Š100). Œ¨Ï¥´Ó ´ ¤μ
· ¸¶μ²μ¦¨ÉÓ ´¥ ¢ ±μ²ÓÍ¥¢μ³ § ²¥ Ê¸±μ·¨É¥²¥°,   §  ±μ²ÓÍ¥¢μ° ¸É¥´μ°, ¢ ¸¶¥Í¨ ²Ó´μ
§ Ð¨Ð¥´´μ³ ¶μ³¥Ð¥´¨¨. Œ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ ¸¶¥±É·μ³¥É·  ¢Ò¡· ´  · ¢´μ° ¦¥¸É±μ¸É¨
´ ±μ¶¨É¥²Ó´μ£μ ±μ²ÓÍ  CR, · ¢´μ° 12 ’² ·³. ‚Ò¡· ´Ò ¶ · ³¥É·Ò ²¨´§ ¨ ³ £´¨Éμ¢ ¨
· ¸¸Î¨É ´Ò ¶ · ³¥É·Ò ²¨´§ ¨ ³ £´¨Éμ¢ ¶·¨ · §¡·μ¸¥ ¶μ ¨³¶Ê²Ó¸ ³ ±3%.

‡�Š‹
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�¥μ¡Ìμ¤¨³ Ö ³μ¤¨Ë¨± Í¨Ö “Š ˆ’�” ¢±²ÕÎ ¥É:
Å ´μ¢Ò° ²¨´¥°´Ò° Ê¸±μ·¨É¥²Ó Å ¨´¦¥±Éμ· ÉÖ¦¥²ÒÌ ¨μ´μ¢ (³ ¸ÏÉ ¡  UNILAC).

�ÉμÉ Ê¸±μ·¨É¥²Ó ¤μ²¦¥´ ¡ÒÉÓ · §³¥Ð¥´ ¢ ´μ¢μ³ §¤ ´¨¨;
Å ´μ¢ÊÕ ¸¨¸É¥³Ê ¶¨É ´¨Ö ³ £´¨Éμ¢ ¡Ê¸É¥·  ¸ Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö 10 ƒÍ;
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Å ´μ¢ÊÕ ¸¨¸É¥³Ê Ê¸±μ·¥´¨Ö ¡Ê¸É¥·  ¸  ³¶²¨ÉÊ¤μ° ´ ¶·Ö¦¥´¨Ö 80 ±‚;
Å ·¥§μ´ Éμ·Ò ¤²Ö £·Ê¶¶¨·μ¢±¨ ¶ÊÎ±  ¢ μ¤¨´ ¸£Ê¸Éμ± ¢ ¡Ê¸É¥·¥ ¨ μ¸´μ¢´μ³ ±μ²ÓÍ¥;
Å ´μ¢ÊÕ ± ³¥·Ê ¨ ¢ ±ÊÊ³´ÊÕ ¸¨¸É¥³Ê μ¸´μ¢´μ£μ ±μ²ÓÍ  ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¢ ±ÊÊ³ 

¶μ·Ö¤±  10−11 ’μ··;
Å Ê²ÊÎÏ¥´¨¥ ± Î¥¸É¢  ¶μ²Ö ¢ μ¸´μ¢´μ³ ±μ²ÓÍ¥ ¤²Ö ¶·¥¤Ê¶·¥¦¤¥´¨Ö ¶μÉ¥·Ó ´  Í¨·-

±Ê²ÖÍ¨¨ ¨ ¸μ§¤ ´¨¥ ¸¨¸É¥³ ±μ··¥±Í¨¨ μ¶ ¸´ÒÌ ·¥§μ´ ´¸μ¢.
Š·μ³¥ Éμ£μ, ´¥μ¡Ìμ¤¨³Ò É¥Ì´¨Î¥¸±¨¥ ¨ ¸É·μ¨É¥²Ó´Ò¥ · ¡μÉÒ ¤²Ö ¢Ò¶μ²´¥´¨Ö Ô±¸¶¥-

·¨³¥´Éμ¢. �É¨ · ¡μÉÒ ¢±²ÕÎ ÕÉ:
• ¸μ§¤ ´¨¥ ¸¨¸É¥³Ò Ëμ±Ê¸¨·μ¢±¨ ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ¨μ´μ¢ Ê· ´  ¤²Ö Ëμ±Ê¸¨·μ¢±¨

´  ³¨Ï¥´Ó;
• ¸μμ·Ê¦¥´¨¥ ¸¥¶ · Éμ·  · ¤¨μ ±É¨¢´ÒÌ Ë· £³¥´Éμ¢ ¨ §¤ ´¨Ö, ¢ ±μÉμ·μ³ μ´ ¡Ê¤¥É

· §³¥Ð¥´;
• ¸É·μ¨É¥²Ó¸É¢μ ¤¢ÊÌÊ·μ¢´¥¢μ£μ §¤ ´¨Ö ¤²Ö · §³¥Ð¥´¨Ö ±μ²¥Í ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ

μ¡μ·Ê¤μ¢ ´¨Ö. �  ¶¥·¢μ³ Ê·μ¢´¥ ¡Ê¤ÊÉ · §³¥Ð¥´Ò CR ¨ RESR, ´  ¢¥·Ì´¥³ Ê·μ¢´¥ ±μ²ÓÍμ
NESR (¢ ±μÉμ·μ³ ¶·μ¨§¢μ¤ÖÉ¸Ö Ô±¸¶¥·¨³¥´ÉÒ), Ô²¥±É·μ´´μ¥ ±μ²ÓÍμ ER ¨ ¤¥É¥±Éμ·;

• ¸μ§¤ ´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ ¨μ´μ¶·μ¢μ¤  ¤²Ö É· ´¸¶μ·É¨·μ¢±¨ Ë· £³¥´Éμ¢ ¨§ RESR
¢ NESR.

‚¸¥ ÔÉ¨ ¸¨¸É¥³Ò ¤μ²¦´Ò ¡ÒÉÓ · §³¥Ð¥´Ò ¢ ´μ¢ÒÌ §¤ ´¨ÖÌ.

‡�Š‹
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�·¥¤²μ¦¥´´Ò° ¶·μ¥±É, ¢ ¶·¨´Í¨¶¥, μ¸ÊÐ¥¸É¢¨³ ´  ¶²μÐ ¤±¥ ˆ’�” (¢μ§³μ¦´Ò³
¶·¥¶ÖÉ¸É¢¨¥³ ³μ¦¥É Ö¢¨ÉÓ¸Ö § Ð¨É  μÉ ¨§²ÊÎ¥´¨Ö), ÌμÉÖ μ´ ¨ É·¥¡Ê¥É §´ Î¨É¥²Ó´ÒÌ ³ -
É¥·¨ ²Ó´ÒÌ, É¥Ì´¨Î¥¸±¨Ì ¨ ¨´É¥²²¥±ÉÊ ²Ó´ÒÌ Ê¸¨²¨°. �¸μ¡μ£μ ¢´¨³ ´¨Ö É·¥¡Ê¥É É ±¦¥
´¥ · ¸¸³μÉ·¥´´ Ö ¢ ¤ ´´μ° · ¡μÉ¥ ¶·μ¡²¥³  § Ð¨ÉÒ μÉ ¨§²ÊÎ¥´¨Ö.
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