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‘μ£² ¸´μ ¤μ£μ¢μ·Ê Ê¸É ´μ¢±  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¤²Ö ¡Ê¸É¥·  ±μ³¶²¥±¸  NICA ¤μ²¦´ 
¡Ò²  ¡ÒÉÓ § ¶ÊÐ¥´  ¢ ¸É·μ° ¢ ±μ´Í¥ 2015 £. ‚ ¤μ±² ¤¥ μ¶¨¸ ´  ¸É¥¶¥´Ó £μÉμ¢´μ¸É¨ · §²¨Î´ÒÌ Ê§²μ¢
¨ ±μ³¶μ´¥´Éμ¢ Ê¸É ´μ¢±¨ ¶μ ¸μ¸ÉμÖ´¨Õ ´  ¸¥´ÉÖ¡·Ó 2015 £. — ¸ÉÓ ¤μ±² ¤  ¶μ¸¢ÖÐ¥´  μ¡¸Ê¦¤¥´¨Õ
¶ · ³¥É·μ¢ Ê¸É ´μ¢±¨ ¨ É¥Ì´¨Î¥¸±¨Ì ·¥Ï¥´¨°, ¶·¨³¥´¥´´ÒÌ ¤²Ö ¨Ì ¤μ¸É¨¦¥´¨Ö.

According to the agreement, the electron cooling device for the NICA booster should have been
commissioned in late 2015. The report describes the readiness of various parts and components of the
installation as of September 2015. Part of the report is devoted to the discussion of installation options
and technical solutions used to achieve them.

PACS: 29.20.dk; 29.20.db
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‚ ¤ ´´μ° ¸É ÉÓ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¡μÉ ¶μ ¤μ£μ¢μ·Ê ¸ �ˆŸˆ („Ê¡´ ) ´  ¨§-
£μÉμ¢²¥´¨¥ ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¡Ê¸É¥·  Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  NICA.

’¥Ì´¨Î¥¸±¨¥ É·¥¡μ¢ ´¨Ö. ‘�� ¤μ²¦´  μ¡¥¸¶¥Î¨ÉÓ ÔËË¥±É¨¢´μ¥ μÌ² ¦¤¥´¨¥ ÉÖ¦¥²ÒÌ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í Å μÉ ¶·μÉμ´μ¢ ¤μ ¨μ´μ¢ 197Au31+ ¨ ¨³¥ÉÓ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò,
Ê± § ´´Ò¥ ¢ É ¡²¨Í¥.

�¸´μ¢  ¤²Ö ¶·μ¥±É  Å ¸¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö, ¨§£μÉμ¢²¥´´ Ö ¢ ˆŸ”
¢ 2006 £. ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¸£Ê¸É±μ¢ ¨μ´μ¢ ¸¢¨´Í  ¢ LEIR (LHC) –…��.

��‡�� ‘’…�…�ˆ ƒ�’�‚��‘’ˆ Š�Œ���…�’�‚ “‘’���‚Šˆ

• Œ £´¨É´ Ö ¸¨¸É¥³ . �μ²´μ¸ÉÓÕ ¸μ¡· ´ , ¶·μ¢¥¤¥´Ò ³ £´¨É´Ò¥ ¨§³¥·¥´¨Ö ¤ ÉÎ¨-
± ³¨ •μ²² . ‘²¥¤ÊÕÐ¨° ÔÉ ¶ Å ´ ¸É·μ°±  Í¥´É· ²Ó´μ£μ ¸μ²¥´μ¨¤  (¨§³¥·¥´¨Ö ¶·¨
¶μ³μÐ¨ ®±μ³¶ ¸ ¯).

1E-mail: bubley@inp.nsk.su



‘μ¸ÉμÖ´¨¥ ¤¥² ¶μ ¶·μ¨§¢μ¤¸É¢Ê Ê¸É ´μ¢±¨ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö 1239

�´¥·£¨Ö Ô²¥±É·μ´μ¢ E, ±Ô‚ 1,5Ä50
‚μ§³μ¦´μ¸ÉÓ ¶¥·¥¸É·μ°±¨ Ô´¥·£¨¨ ¢ ¤ ´´μ³ ¤¨ ¶ §μ´¥

’μ± Ô²¥±É·μ´´μ£μ ¶ÊÎ±  I , � 0,2Ä1,0
’μÎ´μ¸ÉÓ ·¥£Ê²¨·μ¢±¨ Ô´¥·£¨¨ ¨ ¥¥ ¸É ¡¨²Ó´μ¸ÉÓ ΔE/E � 1 · 10−5

‘É ¡¨²Ó´μ¸ÉÓ Éμ±  ¶ÊÎ±  ΔI/I � 1 · 10−4

�¥¦¨³ ·¥±Ê¶¥· Í¨¨ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
’μ± ¶μÉ¥·Ó Ô²¥±É·μ´´μ£μ ¶ÊÎ±  δI/I � 3 · 10−5

� ¶·Ö¦¥´´μ¸ÉÓ ¶·μ¤μ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ‘��, ’² 0,1Ä0,2
„μ¶Ê¸É¨³ Ö ´¥μ¤´μ·μ¤´μ¸ÉÓ ¶·μ¤μ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
´  ÊÎ ¸É±¥ μÌ² ¦¤¥´¨Ö ΔB/B ´  ¤²¨´¥ 15 ¸³ (É·¨ ¶¥·¨μ¤ 
² ·³μ·μ¢¸±μ° ¸¶¨· ²¨ Ô²¥±É·μ´  ¸ Ô´¥·£¨¥° 50 ±Ô‚ ¢ ¶μ²¥ 0,1 ’²) � 3 · 10−5

�μ¶¥·¥Î´ Ö É¥³¶¥· ÉÊ·  Ô²¥±É·μ´μ¢ ´  ÊÎ ¸É±¥ μÌ² ¦¤¥´¨Ö, Ô‚ � 0,3
Šμ··¥±Í¨Ö μ·¡¨ÉÒ ¨μ´μ¢ ´  ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ‘��:
¸³¥Ð¥´¨¥, ³³ � 1,0
Ê£²μ¢μ¥ μÉ±²μ´¥´¨¥, ³· ¤ � 1,0

• ‚ ±ÊÊ³´ Ö ¸¨¸É¥³ . ‡ ±μ´Î¥´μ ¶·μ¨§¢μ¤¸É¢μ ¢ ±ÊÊ³´ÒÌ ± ³¥· Ô²¥³¥´Éμ¢ ±Ê²¥· .
‘²¥¤ÊÕÐ¨¥ ÔÉ ¶Ò Å ³¥¦Ê§²μ¢ Ö ¸¡μ·± , ³μ´É ¦ Ô²¥³¥´Éμ¢ ¶·μ£·¥¢ , ¶·μ£·¥¢, ¶μ²ÊÎ¥´¨¥
É·¥¡Ê¥³μ£μ ¢ ±ÊÊ³ .

• �²¥±É·μ´´ Ö ¶ÊÏ±  ¨ ±μ²²¥±Éμ· Å ¨§£μÉμ¢²¥´¨¥ 70%, ¨§£μÉμ¢²¥´¨¥ ±¥· ³¨Î¥¸±¨Ì
¨§μ²ÖÉμ·μ¢, ¸¡μ·±  ¶ÊÏ±¨ (± Éμ¤´Ò° Ê§¥² ¨ É. ¤.).

• ˆ¸ÉμÎ´¨±¨ ¶¨É ´¨Ö Å ¸¨²Ó´μÉμÎ´Ò¥ ¨¸ÉμÎ´¨±¨ ¶¨É ´¨Ö ¶μ¸É ¢²¥´Ò ¢ �ˆŸˆ.
‘² ¡μÉμÎ´Ò¥ ¨¸ÉμÎ´¨±¨ ´  ¸É ¤¨¨ ¨§£μÉμ¢²¥´¨Ö 60 %. ‡ ¶Ê¸± ¶·¨ ¶μ³μÐ¨ ¨¸ÉμÎ´¨±μ¢,
¨³¥ÕÐ¨Ì¸Ö ¢ ˆŸ”.

• ‚Ò¸μ±μ¢μ²ÓÉ´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö (¶ÊÏ± -±μ²²¥±Éμ·) Å § ¢¥·Ï¥´  ¸¡μ·±  Î ¸É¨
¨¸ÉμÎ´¨±  ¸ É· ´¸Ëμ·³ Éμ·μ³ ¨ ³ ¸²Ö´Ò³ ¡ ±μ³. ˆ§£μÉμ¢²¥´¨¥ ±μ³¶μ´¥´Éμ¢ ¨¸ÉμÎ-
´¨±  Å 90%, ¸¡μ·±  ¨ ¨¸¶ÒÉ ´¨Ö ±μ³¶μ´¥´Éμ¢ ¨¸ÉμÎ´¨±  ¢Ò¸μ±μ¢μ²ÓÉ´Ò° É¥·³¨´ ²,
£¥´¥· Éμ· ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö 60 ±‚.

• ‘¨¸É¥³  ¢μ¤Ö´μ£μ μÌ² ¦¤¥´¨Ö Å ¨§£μÉμ¢²¥´¨¥ Å 60%, § ¶Ê¸± ¶·¨ ¶μ³μÐ¨ ¢μ¤Ö´μ°
¸¨¸É¥³Ò, ¨³¥ÕÐ¥°¸Ö ¢ ˆŸ”.

• ‘¨¸É¥³  ³ ¸²Ö´μ£μ μÌ² ¦¤¥´¨Ö (¢Ò¸μ±μ¢μ²ÓÉ´Ò° ¨¸ÉμÎ´¨±). ƒμÉμ¢μ ¨ ¨¸¶ÒÉ ´μ.
• ‘¨¸É¥³  “	‘ �²¥±É·μ´¨±  Å 100%. Œμ´É ¦ ± ¡¥²¥° ± Ê¸É ´μ¢±¥, ¨´É¥£· Í¨Ö

“	‘ ¢ ¸¨¸É¥³Ê Ê¶· ¢²¥´¨Ö Ê¸É ´μ¢±μ°.
• ‘¨¸É¥³  Ê¶· ¢²¥´¨Ö Å · §· ¡μÉ±  Å 80 %, ¢¢μ¤ ¢ ¤¥°¸É¢¨¥ ´  ·¥ ²Ó´μ° Ê¸É ´μ¢±¥.
• ‘¨¸É¥³  ¶·μ£·¥¢  ¢ ±ÊÊ³´μ° ± ³¥·Ò Å ¸¡μ·±  ±μ³¶μ´¥´Éμ¢, ¨¸¶ÒÉ ´¨Ö ´  É¥¸Éμ¢μ°

´ £·Ê§±¥.

Œ�ƒ�ˆ’��Ÿ ‘ˆ‘’…Œ�

–¥´É· ²Ó´Ò° ¸μ²¥´μ¨¤ (¸μ²¥´μ¨¤ μÌ² ¦¤¥´¨Ö) Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ¢ ¦´Ò³ Ô²¥³¥´-
Éμ³ ³ £´¨É´μ° ¸¨¸É¥³Ò (·¨¸. 1). ’·¥¡μ¢ ´¨Ö ± ± Î¥¸É¢Ê ³ £´¨É´μ£μ ¶μ²Ö μ¶·¥¤¥²ÖÕÉ
É·¥¡μ¢ ´¨Ö ± ÉμÎ´μ¸É¨ ¨§£μÉμ¢²¥´¨Ö ¨ Õ¸É¨·μ¢±¨ ¤¥É ²¥° ¸μ²¥´μ¨¤  [1].

� ¨¡μ²¥¥ ·¥¸Ê·¸μ¥³±¨³ Ô²¥³¥´Éμ³ Ö¢²Ö¥É¸Ö ± ÉÊÏ±  Í¥´É· ²Ó´μ£μ ¸μ²¥´μ¨¤ . �μ-
³¨³μ ´ ³μÉ±¨ ± ÉÊÏ±¨, ¶μ¢ÒÏ¥´´Ò¥ É·¥¡μ¢ ´¨Ö ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ± ± Î¥¸É¢Ê ¨§£μÉμ¢²¥´¨Ö
¨ ¸¡μ·±¨ Õ¸É¨·μ¢μÎ´ÒÌ ¶·¨¸¶μ¸μ¡²¥´¨°. ‚ ±μ´¸É·Ê±Í¨Õ ¤ ´´μ° ± ÉÊÏ±¨ ¡Ò²¨ ¢´¥-
¸¥´Ò § ³¥É´Ò¥ ¨§³¥´¥´¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ ¤¨§ °´μ³ ¶·¥¤Ò¤ÊÐ¨Ì ¢¥·¸¨° (LEIR, COSY),
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�¨¸. 1. Œ £´¨É´ Ö ¸¨¸É¥³  Ê¸É ´μ¢±¨ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö: 1 Å μ¶μ·´ Ö · ³ ; 2 Å Í¥´-

É· ²Ó´Ò° ¸μ²¥´μ¨¤; 3 Å 50◦ Éμ·μ¨¤ (¶μ¢μ·μÉ); 4 Å 40◦ Éμ·μ¨¤ (¶μ¢μ·μÉ); 5 Å ¸μ²¥´μ¨¤ ¶ÊÏ±¨
(±μ²²¥±Éμ· ); 6 Å ¤¨¶μ²Ó´Ò° ±μ··¥±Éμ·

ÎÉμ ¶μ§¢μ²¨É ¤μ¡¨ÉÓ¸Ö ¡μ²¥¥ ¢Ò¸μ±μ£μ ± Î¥¸É¢  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É¥Ì ¦¥ É¥Ì´μ²μ£¨°.
Œ £´¨Éμ¶·μ¢μ¤ Í¥´É· ²Ó´μ£μ ¸μ²¥´μ¨¤  ¢μ ³´μ£μ³ ¸Ìμ¦ ¸ ³ £´¨Éμ¶·μ¢μ¤ ³¨, ±μÉμ·Ò¥
Ê¸É ´μ¢²¥´Ò ´  ¶·¥¤Ò¤ÊÐ¨Ì ¢¥·¸¨ÖÌ ±Ê²¥·μ¢, μ¤´ ±μ μÉ²¨Î¨¥ ¶μ ¤²¨´¥, Ï £Ê ± ÉÊÏ¥±
¨ · ¸¶μ²μ¦¥´¨Õ μ¶μ· ¶μ¤· §Ê³¥¢ ¥É ´¥±μÉμ·Ò¥ ¨§³¥´¥´¨Ö ¢ ±μ´¸É·Ê±Í¨¨. �μ¢μ·μÉ´Ò¥
³ £´¨ÉÒ (Éμ·μ¨¤Ò) ¢Ò¶μ²´¥´Ò ¶μ Éμ° ¦¥ ¸Ì¥³¥, ÎÉμ ¨ ¤²Ö Ê¸É ´μ¢±¨ LEIR (–…��), ¨
¸²Ê¦ É ¤²Ö ¶μ¢μ·μÉ  Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  90◦ ¸ · ¤¨Ê¸μ³ ¤Ê£¨ É· ¥±Éμ·¨¨ ¢ 1 ³. „²Ö
μ¡²¥£Î¥´¨Ö ¸¡μ·±¨ (· §¡μ·±¨) Ê¸É ´μ¢±¨ ¡Ò²  ¨§³¥´¥´  ±μ´¸É·Ê±Í¨Ö ¶μ¤¢¥¸±¨ 50◦ Éμ·μ-
¨¤μ¢. ‚ ´μ¢μ° ¢¥·¸¨¨ μ´¨ ±·¥¶ÖÉ¸Ö ´  μ¸¨ ¢· Ð¥´¨Ö, ¢ Éμ ¢·¥³Ö ± ± ¢ · ´´¨Ì ¢ ·¨ ´É Ì
Éμ·μ¨¤Ò ¶¥·¥³¥Ð ²¨¸Ó £μ·¨§μ´É ²Ó´μ ¶μ ´ ¶· ¢²ÖÕÐ¨³,   ¢¥·É¨± ²Ó´μ ¶·¨ ¶μ³μÐ¨
¤μ³±· Éμ¢. Š ÉÊÏ±  ¸μ²¥´μ¨¤μ¢ ¶ÊÏ±¨ ¨ ±μ²²¥±Éμ·  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ±·Ê£²ÊÕ ¤¢Ê-
¸²μ°´ÊÕ μ¡³μÉ±Ê,  ´ ²μ£¨Î´ÊÕ É¥³, ÎÉμ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö ¶·μ¥±É  ±Ê²¥·  LEIR [2].

�¥§Ê²ÓÉ ÉÒ ³ £´¨É´ÒÌ ¨§³¥·¥´¨° ¤ ÉÎ¨± ³¨ •μ²²  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2. ˆ§³¥·¥´¨Ö
¶·μ¢μ¤¨²¨¸Ó ¢¤μ²Ó μ¸¨ ¸μ²¥´μ¨¤  Ê¸É ´μ¢±¨ ¨ ¢±²ÕÎ ²¨ μ¡² ¸É¨ ¸μ²¥´μ¨¤  μÌ² ¦¤¥-

�¨¸. 2 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). �·μ¤μ²Ó´ Ö (¸¨´ÖÖ, 1) ¨ ¢¥·É¨± ²Ó´ Ö (±· ¸´ Ö, 2) ±μ³¶μ-

´¥´ÉÒ ³ £´¨É´μ£μ ¶μ²Ö ¢¤μ²Ó μ¸¨ Ê¸É ´μ¢±¨
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�¨¸. 3. ƒμ·¨§μ´É ²Ó´μ¥ ( ) ¨ ¢¥·É¨± ²Ó´μ¥ (¡) ¸³¥Ð¥´¨¥ ¨μ´´μ£μ ¶ÊÎ± . �Ê²¥¢ Ö ±μμ·¤¨´ É  Å
Í¥´É· ¸μ²¥´μ¨¤  μÌ² ¦¤¥´¨Ö

´¨Ö, ¶μ¢μ·μÉ´ÒÌ Éμ·μ¨¤μ¢ ¨ ±μ··¥±É¨·ÊÕÐ¨Ì ¤¨¶μ²¥°. ‡  ´Ê²¥¢ÊÕ ±μμ·¤¨´ ÉÊ ¶·¨´ÖÉ 
±μμ·¤¨´ É  Í¥´É·  Ê¸É ´μ¢±¨.

‘μ£² ¸´μ ¶μ²ÊÎ¥´´Ò³ ¤ ´´Ò³ ÔËË¥±É¨¢´ Ö ³ £´¨É´ Ö ¤²¨´  Ê¸É ´μ¢±¨ ¶μ ¶·μ¤μ²Ó-
´μ³Ê ¶μ²Õ ¸μ¸É ¢²Ö¥É 4,31 ³. „ ´´ Ö ¢¥²¨Î¨´  ´¥μ¡Ìμ¤¨³  ¤²Ö · ¸Î¥Éμ¢ ®μ¶É¨±¨¯ ¡Ê-
¸É¥· , ¶μ¸±μ²Ó±Ê ¸μ²¥´μ¨¤ ²Ó´μ¥ ¶μ²¥ ¢´μ¸¨É ¤μ¶μ²´¨É¥²Ó´ÊÕ ¸¢Ö§Ó.

‚¥·É¨± ²Ó´ Ö ±μ³¶μ´¥´É  ³ £´¨É´μ£μ ¶μ²Ö (±· ¸´ Ö, 2) Ëμ·³¨·Ê¥É¸Ö ¶μ²¥³ Éμ·μ¨¤μ¢
¨ ±μ··¥±É¨·ÊÕÐ¨Ì ¤¨¶μ²¥° É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ¸±μ³¶¥´¸¨·μ¢ ÉÓ μÉ±²μ´¥´¨¥ ¨μ´´μ£μ
¶ÊÎ±  μÉ μ¸¨ (·¨¸. 3).

�·¨ ¶·μÌμ¦¤¥´¨¨ ³ £´¨É´μ° ¸¨¸É¥³Ò Ê¸É ´μ¢±¨ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¨μ´´Ò°
¶ÊÎμ± ¶·¨μ¡·¥É ¥É £μ·¨§μ´É ²Ó´μ¥ ¸³¥Ð¥´¨¥ ¢¸²¥¤¸É¢¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¢¥·É¨± ²Ó´μ°
±μ³¶μ´¥´Éμ° ³ £´¨É´μ£μ ¶μ²Ö ¶μ¢μ·μÉ´ÒÌ Éμ·μ¨¤μ¢. �Éμ ¸³¥Ð¥´¨¥ ´¥μ¡Ìμ¤¨³μ ±μ³¶¥´-
¸¨·μ¢ ÉÓ, ¶μ¸±μ²Ó±Ê ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ¶ÊÎμ± ¶μ¶ ¤¥É ´  ¸É¥´±Ê ¢ ±ÊÊ³´μ° ± ³¥·Ò, ÎÉμ
¶·¨¢¥¤¥É ±  ¢ ·¨¨. „²Ö ÔÉμ° Í¥²¨ ¢ ¸μ¸É ¢ Ê¸É ´μ¢±¨ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¢±²ÕÎ¥´Ò
¤¢  ¤¨¶μ²Ó´ÒÌ ±μ··¥±Éμ·  ¨μ´´μ° μ·¡¨ÉÒ, ±μÉμ·Ò¥ ¸μ§¤ ÕÉ ¶μ²¥, ¶μ§¢μ²ÖÕÐ¥¥ ¸±μ³-
¶¥´¸¨·μ¢ ÉÓ μÉ±²μ´¥´¨¥ ¶ÊÎ±  μÉ μ·¡¨ÉÒ.

�¤¨´ ¨§ ¢ ·¨ ´Éμ¢ ±μ··¥±Í¨¨ ¶·¥¤Ê¸³ É·¨¢ ¥É ±μ´Ë¨£Ê· Í¨Õ ³ £´¨É´μ£μ ¶μ²Ö, ±μ-
£¤  ¢¸¥ ¸³¥Ð¥´¨Ö ¶ÊÎ±  ¶·μ¨¸Ìμ¤ÖÉ ¢´ÊÉ·¨ ³ £´¨É´μ° ¸¨¸É¥³Ò Ê¸É ´μ¢±¨,   ´  ¢Ìμ¤¥
¨ ¢ÒÌμ¤¥ ¨§ ±μ²ÓÍ  ¡Ê¸É¥·  ¶ÊÎμ± ¨³¥¥É ¶· ±É¨Î¥¸±¨ ´Ê²¥¢μ¥ μÉ±²μ´¥´¨¥. �  ·¨¸. 3
¶·¥¤¸É ¢²¥´ · ¸Î¥É É· ¥±Éμ·¨¨ ¨μ´μ¢ §μ²μÉ  ´  Ô´¥·£¨¨ ¨´¦¥±Í¨¨ (¶·¨ ÔÉμ³ ¸³¥Ð¥´¨¥
³ ±¸¨³ ²Ó´μ). � ¸Î¥É ¢¥¤¥É¸Ö μÉ Í¥´É·  ¸μ²¥´μ¨¤  μÌ² ¦¤¥´¨Ö. ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ´ 
¢ÒÌμ¤¥ ¨§ Ê¸É ´μ¢±¨ ¨μ´´Ò° ¶ÊÎμ± ¨³¥¥É ¶· ±É¨Î¥¸±¨ ´Ê²¥¢μ¥ ¸³¥Ð¥´¨¥ μÉ´μ¸¨É¥²Ó´μ
μ¸¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò.

‚�Š““Œ��Ÿ ‘ˆ‘’…Œ�

”Ê´±Í¨μ´ ²Ó´μ ¢ ±ÊÊ³´ Ö ± ³¥·  Ê¸É ´μ¢±¨  ´ ²μ£¨Î´  ¶μ¤μ¡´Ò³, ¨¸¶μ²Ó§μ¢ ´´Ò³
´  Ê¸É ´μ¢± Ì LEIR [3], COSY, μ¤´ ±μ ´  μ¸´μ¢¥ ´ ±μ¶²¥´´μ£μ μ¶ÒÉ  ¡Ò²μ ¶·μ¨§¢¥¤¥´μ
´¥¸±μ²Ó±μ ¨§³¥´¥´¨° ±μ´¸É·Ê±Í¨¨. „μ¡ ¢²¥´Ò ¤μ¶μ²´¨É¥²Ó´Ò¥ pick-up Ô²¥±É·μ¤Ò ´¥¶μ-
¸·¥¤¸É¢¥´´μ ¢¡²¨§¨ ¶ÊÏ±¨ ¨ ±μ²²¥±Éμ· ,   É ±¦¥ ¤μ¶μ²´¨É¥²Ó´ Ö μÉ± Î±  ¶μ¸·¥¤¸É¢μ³
£¥ÉÉ¥·´ÒÌ ´ ¸μ¸μ¢ ¸ ¢´¥Ï´¥°  ±É¨¢ Í¨¥°. ‘Ê³³ ·´μ Ê¸É ´μ¢±  ¨³¥¥É É·¨ ¶ ·Ò ´ ¸μ¸μ¢:
¤¢  ³ £´¨Éμ· §·Ö¤´ÒÌ, ¸μ¥¤¨´¥´´ÒÌ ¸ ± ³¥· ³¨ Éμ·μ¨¤μ¢, ¤¢  É¨É ´μ¢ÒÌ ¸Ê¡²¨³ Í¨μ´-
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�¨¸. 4. � §·¥§ ÊÎ ¸É±  ¢ ±ÊÊ³´μ° ± -
³¥·Ò (± ³¥·  Éμ·μ¨¤μ¢)

´ÒÌ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ± ³¥·¥ Éμ·μ¨¤μ¢ ¨ ¤¢  £¥ÉÉ¥·-
´ÒÌ ¢ ± ³¥· Ì ¶ÊÏ±¨ ¨ ±μ²²¥±Éμ· .

�²¥±É·μ´´ Ö ¶ÊÏ±  ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ ¶μ-
¢Éμ·Ö¥É ¶ÊÏ±Ê, ¨¸¶μ²Ó§Ê¥³ÊÕ ´  ±Ê²¥·¥ COSY. ’ ±
¦¥, ± ± ¨ ¶·¥¤Ò¤ÊÐ Ö ³μ¤¥²Ó, μ´  μ¸´ Ð¥´  Î¥ÉÒ·¥Ì-
¸¥£³¥´É´Ò³ Ê¶· ¢²ÖÕÐ¨³ Ô²¥±É·μ¤μ³, ±μÉμ·Ò° ¶μ-
§¢μ²Ö¥É Ëμ·³¨·μ¢ ÉÓ Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¸ ¨§³¥´Ö¥-
³Ò³ ¶·μË¨²¥³ [4]. �É²¨Î¨¥ Éμ²Ó±μ ¢ Ëμ·³¥ ¢¥·Ì-
´¥° Î ¸É¨, μÉ±Ê¤  Ê¡· ´ ¶μ·É ¤²Ö ´ ¸μ¸  ¨ £¤¥ ¨§-
³¥´¥´ ¤¨ ³¥É·. Šμ²²¥±Éμ· Ô²¥±É·μ´μ¢ ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ±μ³¶¨²ÖÍ¨Õ ¤¢ÊÌ ±μ´¸É·Ê±Í¨°, ¨¸¶μ²Ó§Ê¥³ÒÌ
´  Ê¸É ´μ¢± Ì LEIR ¨ COSY. ‚¥·Ì´ÖÖ Î ¸ÉÓ, ±μÉμ-
· Ö ¶·¨´¨³ ¥É ´  ¸¥¡Ö ¶μÉμ± Ô²¥±É·μ´μ¢, ¸¤¥² ´ 
±μ´¨Î¥¸±μ°, ÎÉμ¡Ò Ê¢¥²¨Î¨ÉÓ ¶μ¢¥·Ì´μ¸ÉÓ μ¸ ¦¤¥´¨Ö
Éμ± . �Ì² ¦¤¥´¨¥ ±μ²²¥±Éμ·  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö É· ´¸-
Ëμ·³ Éμ·´Ò³ ³ ¸²μ³, ´ £´¥É ¥³Ò³ ¶·¨ ¶μ³μÐ¨ ¸¶¥-
Í¨ ²Ó´μ · §· ¡μÉ ´´μ° ³ ¸²μ´ ¸μ¸´μ° ¸É ´Í¨¨.

‘ˆ‘’…Œ� ‚›‘�Š�‚�‹œ’��ƒ� �ˆ’��ˆŸ

Œ £´¨Éμ¶·μ¢μ¤ ³μÐ´μ£μ É· ´¸Ëμ·³ Éμ·  ¨§£μÉμ¢²¥´ ¨ ¸μ¡· ´ ¨§  ´¨§μÉ·μ¶´μ° Ô²¥±-
É·μÉ¥Ì´¨Î¥¸±μ° ²¥´ÉÒ Éμ²Ð¨´μ° 0,3 ³³ ³ ·±¨ 3408 ¶μ É¥Ì´μ²μ£¨¨ UNICORE.

�μ¸±μ²Ó±Ê ¦¥² É¥²Ó´μ μÌ² ¦¤¥´¨¥ É· ´¸Ëμ·³ Éμ· ,   ¢Éμ·¨Î´Ò¥ μ¡³μÉ±¨ ´ Ìμ¤ÖÉ¸Ö
¶μ¤ ¶μÉ¥´Í¨ ²μ³ μ¸´μ¢´μ£μ ¢Ò¶·Ö³¨É¥²Ö ¨ ¤μ²¦´Ò ¢Ò¤¥·¦¨¢ ÉÓ ´ ¶·Ö¦¥´¨¥ ¤μ 60 ±‚,
É· ´¸Ëμ·³ Éμ· ¶μ£·Ê¦¥´ ¢ ¡ ± ¸ ¶·μÉμ±μ³ É· ´¸Ëμ·³ Éμ·´μ£μ ³ ¸²  (·¨¸. 5).

‚Ò¸μ±μ¢μ²ÓÉ´Ò° É¥·³¨´ ² ´ Ìμ¤¨É¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ´ ¤ ³ ¸²Ö´Ò³ ¡ ±μ³ ¸ É· ´¸-
Ëμ·³ Éμ·μ³ ¨ ¶μ³¥Ð¥´ ¢ Ô±· ´¨·μ¢ ´´Ò° ¡μ±¸. ‚´ÊÉ·¨ É¥·³¨´ ²  · §³¥Ð¥´Ò Ô²¥±-

�¨¸. 5. ‚Ò¸μ±μ¢μ²ÓÉ´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö: 1 Å ¸¨²μ¢μ° É· ´¸Ëμ·³ Éμ· ¢ ³ ¸²Ö´μ³ ¡ ±¥; 2 Å

¢Ò¸μ±μ¢μ²ÓÉ´Ò° É¥·³¨´ ²; 3 Å ¸¨¸É¥³  ¶·μ± Î±¨ ³ ¸² ; 4 Å ¸Éμ°±  “	‘



‘μ¸ÉμÖ´¨¥ ¤¥² ¶μ ¶·μ¨§¢μ¤¸É¢Ê Ê¸É ´μ¢±¨ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö 1243

É·μ´´Ò¥ ¡²μ±¨ ¶¨É ´¨Ö ¨ Ê¶· ¢²¥´¨Ö ¶ÊÏ±μ° (¥¢·μ³¥Ì ´¨± ). ‘´ ·Ê¦¨ ¢¸Ö ±μ´¸É·Ê±-
Í¨Ö § ±·Ò¢ ¥É¸Ö ¢´¥Ï´¨³ ±μ²¶ ±μ³, ±μÉμ·Ò° § §¥³²¥´. „²Ö Ê¤μ¡¸É¢  Ô±¸¶²Ê É Í¨¨ ¨
´ ² ¤±¨ ¢´¥Ï´¨° ±μ²¶ ± ¨ ¢Ò¸μ±μ¢μ²ÓÉ´Ò° É¥·³¨´ ² μÉ± ÉÒ¢ ÕÉ¸Ö ¢ ¸Éμ·μ´Ê ¶μ ´ ¶· -
¢²ÖÕÐ¨³.

‡�Š‹	—…�ˆ…

‚Ò¸μ± Ö ¸É¥¶¥´Ó £μÉμ¢´μ¸É¨ μ¸´μ¢´ÒÌ ±μ³¶μ´¥´Éμ¢ Ê¸É ´μ¢±¨ Ô²¥±É·μ´´μ£μ μÌ² -
¦¤¥´¨Ö ¶μ§¢μ²¨²  ´ ¤¥ÖÉÓ¸Ö ´  ¶Ê¸± ¤μ ±μ´Í  2015 £.

ˆ¸¸²¥¤μ¢ ´¨Ö ¶μ ¨¸ÉμÎ´¨± ³ Ô²¥±É·μ´μ¢ ¨ ± Éμ¤ ³ ¤²Ö ¶μ²ÊÎ¥´¨Ö Ô²¥±É·μ´´μ£μ
¶ÊÎ±  ¢Ò¶μ²´¥´Ò §  ¸Î¥É £· ´É  �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤  (¶·μ¥±É º14-50-00080).
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