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NICA Å ´μ¢Ò° Ê¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸, ¸μ§¤ ¢ ¥³Ò° ¢ �ˆŸˆ, μ¸´μ¢´μ° § ¤ Î¥° ±μÉμ·μ£μ
Ö¢²Ö¥É¸Ö μ¡¥¸¶¥Î¥´¨¥ Ô±¸¶¥·¨³¥´Éμ¢ ´  ¢¸É·¥Î´ÒÌ ¶ÊÎ± Ì ¨μ´μ¢ ¢¶²μÉÓ ¤μ Ê· ´  ¸ Ô´¥·£¨Ö³¨ ¤μ
3,5 × 3,5 ƒÔ‚/´Ê±²μ´. ‚ ¸μ¸É ¢ ±μ³¶²¥±¸  ¢Ìμ¤ÖÉ: ¨¸ÉμÎ´¨± ¨μ´μ¢ Ô²¥±É·μ´´μ-¸É·Ê´´μ£μ É¨¶ ,
²¨´¥°´Ò° Ê¸±μ·¨É¥²Ó ´  6 ŒÔ‚/´Ê±²μ´, ¡Ê¸É¥·, ´Ê±²μÉ·μ´ ¨ ±μ²² °¤¥· ¸μ ¸·¥¤´¥° ¸¢¥É¨³μ¸ÉÓÕ
1027 ¸³−2 · ¸−1. �¸´μ¢´Ò³¨ § ¤ Î ³¨ ¡Ê¸É¥·  Ö¢²ÖÕÉ¸Ö: ´ ±μ¶²¥´¨¥ ¨μ´μ¢ 197Au32+ ¤μ 4 · 109;
Ê¸±μ·¥´¨¥ ¤μ Ô´¥·£¨¨ 600 ŒÔ‚/´Ê±²μ´, ±μÉμ·μ° ¤μ¸É ÉμÎ´μ ¤²Ö ¶μ²´μ° μ¡¤¨·±¨ Ö¤¥·; ¸´¨¦¥´¨¥
É·¥¡μ¢ ´¨° ± ¢ ±ÊÊ³´Ò³ Ê¸²μ¢¨Ö³ ¢ ´Ê±²μÉ·μ´¥; Ëμ·³¨·μ¢ ´¨¥ ´¥μ¡Ìμ¤¨³μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ±  ¸
¶μ³μÐÓÕ ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö. �¸μ¡¥´´μ¸É¨ ¡Ê¸É¥·  NICA, É·¥¡μ¢ ´¨Ö ± £² ¢´Ò³
¸¨¸É¥³ ³ ¸¨´Ì·μÉ·μ´  ¨ ¨Ì ¶ · ³¥É·Ò ¶·¥¤¸É ¢²¥´Ò ¢ ÔÉμ° ¸É ÉÓ¥.

NICA is the new complex being constructed at JINR aimed to provide collider experiments with
ions up to uranium at energy of 3.5×3.5 GeV/u. The NICA layout includes Electron String Ion Source,
6 MeV/u linac, booster, upgraded Nuclotron and collider with average luminosity of 1027 cm−2 · s−1.
The main goals of the booster are the following: accumulation of 4 · 109 197Au32+ ions; acceleration
of the ions up to energy of 600 MeV/u that is sufˇcient for stripping of the ions up to the bare nucleus
state; simpliˇcation of the requirements to the vacuum conditions in the Nuclotron; forming of the
required beam emittance at the energy of 100 MeV/u with electron cooling system. The features of
this booster, the requirement to the main synchrotron systems and their parameters are presented in this
paper.

PACS: 29.20.-c; 29.20.dk

‚‚…„…�ˆ…

	Ê¸É¥· Å ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° ÉÖ¦¥²μ¨μ´´Ò° ¸¨´Ì·μÉ·μ´ ¸ ¶¥·¨³¥É·μ³ μ·¡¨ÉÒ 211,2 ³,
³ ±¸¨³ ²Ó´μ° ³ £´¨É´μ° ¦¥¸É±μ¸ÉÓÕ 25 ’² ·³ ¨ É¥³¶μ³ ·μ¸É  ¶μ²Ö 1 ’²/¸, ÎÉμ ¸μμÉ-
¢¥É¸É¢Ê¥É μ¶É¨³ ²Ó´μ³Ê ·¥¦¨³Ê · ¡μÉÒ ¢¸¥Ì Ô²¥³¥´Éμ¢ ¨´¦¥±Í¨μ´´μ° Í¥¶μÎ±¨ ±μ³-
¶²¥±¸  NICA. �·¨ Ê¸±μ·¥´¨¨ ¨μ´μ¢ §μ²μÉ  197Au32+ ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö ¸μ¸É ¢¨É
600 ŒÔ‚/´Ê±²μ´. 	Ê¸É¥· ¶·¥¤´ §´ Î¥´ ¤²Ö ´ ±μ¶²¥´¨Ö, μÌ² ¦¤¥´¨Ö ¨ Ê¸±μ·¥´¨Ö ¶ÊÎ±μ¢
ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¨Ì μ¤´μμ¡μ·μÉ´Ò³ ¢Ò¢μ¤μ³, μ¡¤¨·±μ° ¨ ¶¥·¥¢μ¤μ³ ¢ ´Ê-
±²μÉ·μ´. ’ ±¦¥ μ´ ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ± ± ¸ ³μ¸ÉμÖÉ¥²Ó´Ò° ¸¨´Ì·μÉ·μ´ ¤²Ö Ê¸±μ·¥´¨Ö
¨ μÌ² ¦¤¥´¨Ö ¶ÊÎ±μ¢ ¨μ´μ¢ μÉ ¤¥°É¥·¨Ö ¤μ Ê· ´  ¶·¨ ¶·μ¢¥¤¥´¨¨ ³¥¤¨±μ-¡¨μ²μ£¨Î¥¸±¨Ì
¨ ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¨¸É¥³Ò ³¥¤²¥´´μ£μ ¢Ò¢μ¤ .
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�¨¸. 1. � ¸¶μ²μ¦¥´¨¥ μ¸´μ¢´ÒÌ ¸¨¸É¥³ ¡Ê¸É¥·  ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì §¤ ´¨ÖÌ: 1 Å ¸ É¥²²¨É´Ò°
£¥²¨¥¢Ò° ·¥Ë·¨¦¥· Éμ· ¨ ¨§³¥·¨É¥²Ó´Ò° ¶μ²Ê¶¥·¨μ¤; 2 Å Ô²¥±É·μ¸É É¨Î¥¸±¨° ¸¥¶ÉÊ³ ¨ ¸¥¶ÉÊ³-

³ £´¨É ¸¨¸É¥³Ò ³¥¤²¥´´μ£μ ¢Ò¢μ¤  ¶ÊÎ±  ¢ ±μ·¶Ê¸ 1	; 3 Å ¸¨¸É¥³Ò ¡Ò¸É·μ£μ ¢Ò¢μ¤  ¨ ± ´ ²
¶¥·¥¢μ¤  ¢ ´Ê±²μÉ·μ´; ‚— Å Ê¸±μ·ÖÕÐ Ö ¸É ´Í¨Ö; �� Å ¸¥±Í¨Ö Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö; I, II,

III, IV Å ¶·Ö³μ²¨´¥°´Ò¥ ¸¥±Í¨¨ ¡Ê¸É¥· 

�¨¸. 2. � ¸¶μ²μ¦¥´¨¥ Ô²¥³¥´Éμ¢ ³ £´¨É´ÒÌ ¸¨¸É¥³ ¡Ê¸É¥·  ¨ ´Ê±²μÉ·μ´ 
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ƒ¥μ³¥É·¨Ö ¦¥²¥§´μ£μ Ö·³  ³ £´¨É  ¸¨´Ì·μË § É·μ´  ¶μ§¢μ²Ö¥É · §³¥¸É¨ÉÓ ¶μ¢μ·μÉ-
´Ò¥ ¸¥±Í¨¨ ¡Ê¸É¥·  ¢´ÊÉ·¨ ´¥£μ. “¸É·μ°¸É¢  ¢¢μ¤  ¨ ¢Ò¢μ¤  ¶ÊÎ± , Ê¸±μ·ÖÕÐ Ö ¸É ´Í¨Ö ¨
¸¥±Í¨Ö Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö · ¸¶μ² £ ÕÉ¸Ö ¢ ¶·Ö³μ²¨´¥°´ÒÌ ¶·μ³¥¦ÊÉ± Ì (·¨¸. 1).
�É´μ¸¨É¥²Ó´μ¥ ¶μ²μ¦¥´¨¥ Ô²¥³¥´Éμ¢ ³ £´¨É´ÒÌ ¸¨¸É¥³ ¡Ê¸É¥·  ¨ ´Ê±²μÉ·μ´ . μ¶·¥¤¥-
²ÖÕÐ¥¥ £¥μ³¥É·¨Õ ± ´ ²  ¶¥·¥¢μ¤  ¶ÊÎ±  ¢ ´Ê±²μÉ·μ´, ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 2.

1. ��’ˆ—…‘Š�Ÿ ‘’�“Š’“��

�¶É¨Î¥¸± Ö ¸É·Ê±ÉÊ·  ¡Ê¸É¥·  (É ¡². 1) · §· ¡μÉ ´  ´  μ¸´μ¢ ´¨¨ ¸²¥¤ÊÕÐ¨Ì É·¥¡μ-
¢ ´¨°:

• ¤μ¸É¨¦¥´¨¥ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ° Ô´¥·£¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¶·¨ § ¤ ´´ÒÌ · §-
³¥· Ì ±μ²ÓÍ¥¢μ£μ Éμ´´¥²Ö ¢´ÊÉ·¨ ¦¥²¥§´μ£μ Ö·³  ¸¨´Ì·μË §μÉ·μ´ ;

• ¶μ²ÊÎ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¤μ 4 · 109 Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Au32+ §  Í¨±² Ê¸±μ·¥´¨Ö;
• μ¡¥¸¶¥Î¥´¨¥ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨ ¢Ò¢μ¤  ¶ÊÎ±  ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨°;
• ¢Ò¡μ· ³¨´¨³ ²Ó´μ ¢μ§³μ¦´ÒÌ · §³¥·μ¢  ¶¥·ÉÊ· ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ô²¥³¥´Éμ¢ ±μ²Ó-

Í  ¨ ¨Ì ¶μ¶¥·¥Î´ÒÌ ¸¥Î¥´¨° ¢ Í¥²ÖÌ ¸´¨¦¥´¨Ö ± ¶¨É ²Ó´ÒÌ § É· É ¨ Ô´¥·£μ¶μÉ·¥¡²¥´¨Ö;
• ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ± Î¥¸É¢¥ ¨´¦¥±Éμ·  ¢´μ¢Ó ¸μ§¤ ¢ ¥³μ£μ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ÉÖ-

¦¥²ÒÌ ¨μ´μ¢.

’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¡Ê¸É¥· 

�¡Ð¨¥ ¤ ´´Ò¥

�´¥·£¨Ö ¨´¦¥±Í¨¨, ŒÔ‚/´Ê±²μ´ 6,2

Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö ¨μ´μ¢ Au32+, ŒÔ‚/´Ê±²μ´ 600

Œ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ ¶·¨ ¨´¦¥±Í¨¨ / ³ ±¸¨³ ²Ó´ Ö, ’²·³ 2,2/25,0

�¥·¨³¥É·, ³ 211,2

ŠÊ²μ´μ¢¸±¨° ¶·¥¤¥² ¶μ ¨´É¥´¸¨¢´μ¸É¨, Î ¸É./Í¨±² 5,109 A/q2

Š·¨É¨Î¥¸± Ö Ô´¥·£¨Ö, ƒÔ‚/´Ê±²μ´ 3,8

‘É·Ê±ÉÊ·  ¨ ³ £´¨É´Ò¥ Ô²¥³¥´ÉÒ

Šμ²¨Î¥¸É¢μ ¸Ê¶¥·¶¥·¨μ¤μ¢ / ¶¥·¨μ¤μ¢ É¨¶  ”�„� 4/24
¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ 40
±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ 48

Œ £´¨É´μ¥ ¶μ²¥ ¢ ¤¨¶μ²Ó´ÒÌ ³ £´¨É Ì, ’² 1,8

ƒ· ¤¨¥´É ¢ ²¨´§ Ì, ’²/³ 19,7/Ä20,3

„¨´ ³¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¸É·Ê±ÉÊ·Ò ¨ ¶ÊÎ± 

— ¸ÉμÉÒ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° 5,75

•·μ³ É¨Î´μ¸ÉÓ ΔQx/(Δp/p)/ΔQz/(Δp/p) Ä6,8/Ä6,5

ŠμÔËË¨Í¨¥´É Ê¶²μÉ´¥´¨Ö μ·¡¨É, α 0,04

�³¨ÉÉ ´¸ ¶ÊÎ± , π·³³·³· ¤

¶·¨ ¨´¦¥±Í¨¨ εx,z 10
¢ ±μ´Í¥ Ê¸±μ·¥´¨Ö εx/εz 1,7/2,0
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�¨¸. 3. �¤¨´ ±¢ ¤· ´É ³ £´¨É´μ° ¸¨¸É¥³Ò ¡Ê¸É¥· , · §³¥Ð¥´´μ° ¢´ÊÉ·¨ Ö·³  ¸¨´Ì·μË §μÉ·μ´ :

DIP Å ¤¨¶μ²Ó´Ò¥ ³ £´¨ÉÒ; QF, QD Å ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò

‘É·Ê±ÉÊ·  ¡Ê¸É¥·  ¨³¥¥É FODO-¶¥·¨μ¤¨Î´μ¸ÉÓ ¨ ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì cÊ¶¥·¶¥·¨μ¤μ¢,
¢ ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¢Ìμ¤ÖÉ ¶ÖÉÓ ·¥£Ê²Ö·´ÒÌ ¶¥·¨μ¤μ¢ ¨ μ¤¨´ ¶¥·¨μ¤, ´¥ ¸μ¤¥·¦ Ð¨°
¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢. �¥£Ê²Ö·´Ò° ¶¥·¨μ¤ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö Ëμ±Ê¸¨·ÊÕÐÊÕ ¨ ¤¥Ëμ±Ê-
¸¨·ÊÕÐÊÕ ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò, ¤¢  ¤¨¶μ²Ó´ÒÌ ³ £´¨É  ¨ Î¥ÉÒ·¥ ³ ²ÒÌ ¸¢μ¡μ¤´ÒÌ
¶·μ³¥¦ÊÉ± . ‘μμÉ¢¥É¸É¢¥´´μ, ± ¦¤Ò° ¸Ê¶¥·¶¥·¨μ¤ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¥¸ÖÉÓ ¤¨¶μ²Ó´ÒÌ
³ £´¨Éμ¢, Ï¥¸ÉÓ Ëμ±Ê¸¨·ÊÕÐ¨Ì ¨ Ï¥¸ÉÓ ¤¥Ëμ±Ê¸¨·ÊÕÐ¨Ì ²¨´§ (·¨¸. 3).

„²Ö Ê³¥´ÓÏ¥´¨Ö ¤¨´ ³¨Î¥¸±μ£μ ¨§³¥´¥´¨Ö ¤ ¢²¥´¨Ö ¢ ¶ÊÎ±μ¢μ° ± ³¥·¥ ¨ ¶μ£²μÐ¥-
´¨Ö ¶¥·¥§ ·Ö¦¥´´ÒÌ ¨μ´μ¢ ¶·¥¤Ê¸³ É·¨¢ ¥É¸Ö Ê¸É ´μ¢±  11 ¸¶¥Í¨ ²Ó´ÒÌ ²μ¢ÊÏ¥± Å
±μ²²¨³ Éμ·μ¢ ¢ ± ¦¤μ³ ¨§ Î¥ÉÒ·¥Ì ¸Ê¶¥·¶¥·¨μ¤μ¢ μ¶É¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò [2].

2. Š��‘’�“Š–ˆŸ ‘’�“Š’“��›• Œ�ƒ�ˆ’�‚ ˆ ‹ˆ�‡

�²¥³¥´ÉÒ ³ £´¨É´μ° ¸¨¸É¥³Ò ¡Ê¸É¥·  NICA ¶² ´¨·Ê¥É¸Ö ¶μ¸É·μ¨ÉÓ ¶μ  ´ ²μ£¨¨ ¸
³ £´¨É ³¨ ¤¥°¸É¢ÊÕÐ¥£μ ¡Ò¸É·μÍ¨±²¨·ÊÕÐ¥£μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ Ê¸±μ·¨É¥²Ö Å ´Ê±²μ-
É·μ´  [1]. �´  μÉ²¨Î ¥É¸Ö ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ¨ ´ ¤¥¦´μ¸ÉÓÕ ¶·¨ μÉ´μ¸¨É¥²Ó´μ°
¶·μ¸ÉμÉ¥ ¨ ´¨§±¨Ì § É· É Ì.

’ ¡²¨Í  2. �¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¤¨¶μ²Ó´μ£μ ³ £´¨É  ¡Ê¸É¥·  NICA

�ËË¥±É¨¢´ Ö ¤²¨´  ³ £´¨É  L, ³ 2,2

„²¨´  ¦¥²¥§´μ£μ Ö·³ , ³ 2,14

�¥μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö, ΔB/B ¶·¨ x⊥ = ±60 ³³ ±6 · 10−4

�¶¥·ÉÊ·  ¶μ ¢ ±ÊÊ³´μ° ± ³¥·¥, ³³ 128 × 64

“£μ² ¶μ¢μ·μÉ , ◦ 9

� ¤¨Ê¸ ±·¨¢¨§´Ò ¸·¥¤´¥° É· ¥±Éμ·¨¨, ³ 14,09

Œ ¸¸  ³ £´¨É , ±£ 850

’μ± ¶·¨ ³ ±¸¨³ ²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥, ±� 12,1
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�¨¸. 4. „¨¶μ²Ó´Ò° ³ £´¨É ¡Ê¸É¥·  NICA ¢ ±·¨μ¸É É¥

„¨¶μ²Ó´Ò° ³ £´¨É Å ¸¥±Éμ·´Ò°, É¨¶  ®μ±μ´´ Ö · ³ ¯ (É ¡². 2). �¤´μ¸²μ°´ Ö ¨§μ-
£´ÊÉ Ö μ¡³μÉ±  ³ £´¨É  ¨§£μÉμ¢²¥´  ¨§ É·Ê¡Î Éμ£μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ± ¡¥²Ö. Ÿ·³μ ¨§
²¨¸Éμ¢ Ô²¥±É·μÉ¥Ì´¨Î¥¸±μ° ¸É ²¨ Éμ²Ð¨´μ° 1 ³³, ¸±·¥¶²¥´´ÒÌ ³¥¦¤Ê ¸μ¡μ° ¸¢ ·´μ°
μ¡¢Ö§±μ° ¨§ Ê£μ²±μ¢ ¨ ¶² ¸É¨´, μÌ² ¦¤ ¥É¸Ö ¶μÉμ±μ³ £¥²¨Ö ¶μ¸²¥ μ¡³μÉ±¨. ‘¨¸É¥³  ¶μ¤-
¢¥¸±¨ ³ £´¨É  ¢ ±·¨μ¸É É¥ É ±¦¥  ´ ²μ£¨Î´  ¶μ¤¢¥¸±¥ ³ £´¨É  ´Ê±²μÉ·μ´  ´  ¢μ¸Ó³¨
¸É¥·¦´ÖÌ (·¨¸. 4).

Š¢ ¤·Ê¶μ²Ó´Ò° ³ £´¨É (²¨´§ ) ·¥£Ê²Ö·´μ° ¸É·Ê±ÉÊ·Ò ¡Ê¸É¥·  É ±¦¥  ´ ²μ£¨Î¥´ ¶μ
¸¢μ¥° ±μ´¸É·Ê±Í¨¨ ±¢ ¤·Ê¶μ²Ó´μ³Ê ³ £´¨ÉÊ ´Ê±²μÉ·μ´ .

3. ‘ˆ‘’…Œ� Š���…Š–ˆˆ ��ƒ�…˜��‘’…‰
Œ�ƒ�ˆ’��ƒ� ��‹Ÿ

‘¨¸É¥³  ±μ··¥±Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¡Ê¸É¥·  ¶·¥¤´ §´ Î¥´  ¤²Ö: ±μ··¥±Í¨¨ · ¢´μ-
¢¥¸´μ° μ·¡¨ÉÒ, Ì·μ³ É¨Î´μ¸É¨, ¸¤¢¨£μ¢ ¨ · §¡·μ¸μ¢ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ, ¡¥É É·μ´´ÒÌ
·¥§μ´ ´¸μ¢ 2-£μÄ3-£μ ¶μ·Ö¤±μ¢.

Šμ··¥±Í¨Ö, ¨²¨ ¨§³¥´¥´¨¥ Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°, μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μ-
ÐÓÕ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¸É·Ê±ÉÊ·´ÒÌ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§.

„²Ö · §³¥Ð¥´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ ¨ ¤¨ £´μ¸É¨Î¥¸±μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¢ ¡Ê-
¸É¥·¥ μÉ¢¥¤¥´μ 48 ³ ²ÒÌ ¸¢μ¡μ¤´ÒÌ ¶·μ³¥¦ÊÉ±μ¢ ¢¡²¨§¨ ²¨´§. ‚¸¥£μ ¢ ±μ²ÓÍ¥ Ê¸É -
´μ¢²¥´μ 44 ±μ··¥±Éμ·  ¤²¨´μ° 0,3 ³, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¸μ¤¥·¦¨É É·¨ É¨¶  Éμ±μ¢ÒÌ
μ¡³μÉμ±: ¤¢¥ ¤¨¶μ²Ó´Ò¥, ¤²Ö ±μ··¥±Í¨¨ § ³±´ÊÉμ° μ·¡¨ÉÒ, ¨ μ¤´  ³Ê²ÓÉ¨¶μ²Ó´ Ö. ’·¥¡Ê-
¥³Ò¥ ¢¥²¨Î¨´Ò ¶μ²¥° ¨ £· ¤¨¥´Éμ¢ ·¥ ²¨§ÊÕÉ¸Ö ¸ ¶μ³μÐÓÕ ´¥Ö¢´μ¶μ²Õ¸´ÒÌ ¸¢¥·Ì¶·μ-
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¢μ¤ÖÐ¨Ì ³Ê²ÓÉ¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢, ¨³¥ÕÐ¨Ì Éμ´±μ¸²μ°´Ò¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨¥ μ¡³μÉ±¨
¸ ±μ¸¢¥´´Ò³ μÌ² ¦¤¥´¨¥³. ‚ ± ¦¤μ° ¸É·Ê±ÉÊ·´μ° ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§¥ · ¸¶μ²μ¦¥´Ò
Ô²¥±É·μ¸É É¨Î¥¸±¨¥ ¶¨± ¶-Ô²¥±É·μ¤Ò (48 ¸É ´Í¨°).

4. ‘ˆ‘’…Œ› ˆ�†…Š–ˆˆ ˆ ‚›‚�„� �“—Š�

‘¨¸É¥³  ¨´¦¥±Í¨¨ ¶ÊÎ±  ¨μ´μ¢ ¢ ¡Ê¸É¥· μ¡¥¸¶¥Î¨¢ ¥É É·¨ ·¥¦¨³  · ¡μÉÒ.
1. �¤´μ±· É´ Ö μ¤´μμ¡μ·μÉ´ Ö ¨´¦¥±Í¨Ö ¤²¨É¥²Ó´μ¸ÉÓÕ 7 ³±¸. �ÉμÉ ·¥¦¨³ Ö¢²Ö¥É¸Ö

μ¸´μ¢´Ò³ ¶·¨ ¨´¦¥±Í¨¨ ¨μ´μ¢ 197Au32+ ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ, μ¦¨¤ ¥³μ° μÉ ¶·μ¥±É¨·Ê¥-
³μ£μ ¨¸ÉμÎ´¨±  Ô²¥±É·μ´´μ-¸É·Ê´´μ£μ É¨¶  ®Š·¨μ´-N¯.

2. ’·¨ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨³¶Ê²Ó¸  μ¤´μμ¡μ·μÉ´μ° ¨´¦¥±Í¨¨ ¶μ 7 ³±¸ ¸ ¶¥·¨μ¤μ³
¸²¥¤μ¢ ´¨Ö 100 ³¸ ¨ ´ ±μ¶²¥´¨¥³ ¶ÊÎ±  ¢ ¶μ¶¥·¥Î´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥. �ÉμÉ ·¥¦¨³
· §· ¡μÉ ´ ¢ ± Î¥¸É¢¥ ·¥§¥·¢´μ£μ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö É¥Ì´¨Î¥¸±μ£μ § ¶ ¸  ¶μ ¨´É¥´¸¨¢´μ¸É¨
¶ÊÎ± .

3. �¥¦¨³ ³´μ£μμ¡μ·μÉ´μ° ¨´¦¥±Í¨¨ ¤²¨É¥²Ó´μ¸ÉÓÕ 140 ³±¸ ¸ ´ ±μ¶²¥´¨¥³ ¶ÊÎ±  ¢
Ë §μ¢μ° ¶²μ¸±μ¸É¨ £μ·¨§μ´É ²Ó´ÒÌ ±μ²¥¡ ´¨°, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö · ¡μÉÒ ¸ ¨¸ÉμÎ´¨-
± ³¨ ¨μ´μ¢ ¤·Ê£μ£μ É¨¶ .

ˆ´¦¥±Í¨μ´´ Ö ¸Ì¥³  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö É·¨ ¨³¶Ê²Ó¸´ÒÌ μÉ±²μ´ÖÕÐ¨Ì Ê¸É·μ°¸É¢ , ¸μ-
§¤ ÕÐ¨Ì ²μ± ²Ó´μ¥ ¸³¥Ð¥´¨¥ · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ ´  ¢·¥³Ö ¨´¦¥±Í¨¨, ¨ μ¤¨´ ¸¥¶ÉÊ³-
´Ò° ³ £´¨É (·¨¸. 5).

‚ ± Î¥¸É¢¥ ¨³¶Ê²Ó¸´ÒÌ Ê¸É·μ°¸É¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¨´Ë²¥±Éμ·´Ò¥ ¶² ¸É¨´Ò, · §· ¡μÉ ´-
´Ò¥ ´  μ¸´μ¢¥ ¤μ· ¡μÉ ´´μ£μ ¶·μÉμÉ¨¶  Å ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´ ¸¨¸É¥³Ò ¨´¦¥±Í¨¨
´Ê±²μÉ·μ´ .

‘¨¸É¥³  ³¥¤²¥´´μ£μ ¢Ò¢μ¤  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö Ô²¥±É·μ¸É É¨Î¥¸±¨° ¸¥¶ÉÊ³ ¨ ¸¥¶ÉÊ³-
³ £´¨É, · ¸¶μ²μ¦¥´´Ò¥ ¢μ ¢Éμ·μ° ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨¨ ¡Ê¸É¥· . ˆÌ ±μ´¸É·Ê±Í¨Ö  ´ -
²μ£¨Î´  ±μ´¸É·Ê±Í¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ê¸É·μ°¸É¢ ´Ê±²μÉ·μ´ . Œ¥¤²¥´´Ò° ¢Ò¢μ¤ μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö §  ¸Î¥É ¸³¥Ð¥´¨Ö · ¡μÎ¥° ÉμÎ±¨ ¡Ê¸É¥·  ¢ μ¡² ¸ÉÓ ´¥²¨´¥°´μ£μ ·¥§μ´ ´¸ 
3Qx = 17, ¢μ§¡Ê¦¤ ¥³μ£μ 17-° £ ·³μ´¨±μ° ¸¥±¸ÉÊ¶μ²Ó´μ° ´¥²¨´¥°´μ¸É¨.

�¨¸. 5. ‘Ì¥³  ¨´¦¥±Í¨¨ ¶ÊÎ± : QD, QF Å ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò; DIP Å ¤¨¶μ²Ó´Ò¥ ³ £´¨ÉÒ; BM1,

BM2, BM3 Å ¨³¶Ê²Ó¸´Ò¥ μÉ±²μ´ÖÕÐ¨¥ Ê¸É·μ°¸É¢ ; SM Å ¨´¦¥±Í¨μ´´Ò° ¸¥¶ÉÊ³´Ò° ³ £´¨É
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�¨¸. 6. ‘Ì¥³  ¡Ò¸É·μ£μ (μ¤´μμ¡μ·μÉ´μ£μ) ¢Ò¢μ¤  ¶ÊÎ±  ¨§ ¡Ê¸É¥· : DIP Å ¤¨¶μ²Ó´Ò¥ ³ £´¨ÉÒ; QD

¨ QF Å Ëμ±Ê¸¨·ÊÕÐ¨¥ ¨ ¤¥Ëμ±Ê¸¨·ÊÕÐ¨¥ ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò; Š¨±¥· Å ¨³¶Ê²Ó¸´Ò° Ê¤ ·´Ò°

³ £´¨É; SM Å ¸¥¶ÉÊ³´Ò° ³ £´¨É

�Ò¸É·Ò° ¢Ò¢μ¤ ¶·¥¤´ §´ Î¥´ ¤²Ö ¶¥·¥¢μ¤  ¶ÊÎ±  ¢ ´Ê±²μÉ·μ´. „²Ö ¢Ò¢μ¤  ¶ÊÎ± 
¨¸¶μ²Ó§Ê¥É¸Ö ¨³¶Ê²Ó¸´Ò° Ê¤ ·´Ò° ³ £´¨É (±¨±¥·) ¨ ¸¥¶ÉÊ³´Ò° ³ £´¨É, · ¸¶μ²μ¦¥´´Ò¥
¢ É·¥ÉÓ¥° ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨¨ ¡Ê¸É¥· . ‘Ì¥³  ¡Ò¸É·μ£μ ¢Ò¢μ¤  (·¨¸. 6) · §· ¡μÉ ´ 
¤²Ö ¶ÊÎ±  ¸ Ô³¨ÉÉ ´¸μ³ ¤μ 7,5 π ·³³ ³· ¤ ¨ · §¡·μ¸μ³ ¶μ ¨³¶Ê²Ó¸Ê ¤μ ±10−4.

5. ‚�Š““Œ��Ÿ ‘ˆ‘’…Œ�

�·¨ μ¡Ð¥° ¤²¨´¥ ¡Ê¸É¥·  ∼ 211,2 ³ ¥£μ ®Ìμ²μ¤´ Ö¯ Î ¸ÉÓ ¸μ¸É ¢²Ö¥É 180 ³,   ®É¥-
¶²Ò¥¯ ¶·Ö³μ²¨´¥°´Ò¥ ¶·μ³¥¦ÊÉ±¨ 31 ³. �μ¢¥·Ì´μ¸ÉÓ ®Ìμ²μ¤´μ°¯ Î ¸É¨ ¶ÊÎ±μ¢μ° ¢ -
±ÊÊ³´μ° ± ³¥·Ò ¨³¥¥É É¥³¶¥· ÉÊ·Ê T � 10 Š, ®É¥¶²μ°¯ Å T ∼ 300 Š. � ·Í¨ ²Ó´Ò°
¸μ¸É ¢ μ¸É ÉμÎ´ÒÌ £ §μ¢ [3] ¸ ¡μ²ÓÏμ° ¤μ¸Éμ¢¥·´μ¸ÉÓÕ ¡Ê¤¥É ¸μ¸ÉμÖÉÓ ¨§ Î ¸É¥°:

• ®É¥¶²μ°¯ Å H2 ∼ 90 % ¨ ∼ 10 % Å CO, CH4, CO2,
• ®Ìμ²μ¤´μ°¯ Å ¢μ¤μ·μ¤ ¨ £¥²¨°.
�·¨ ¢Ò¶μ²´¥´¨¨ ¸μ¢·¥³¥´´ÒÌ É·¥¡μ¢ ´¨° ¶μ¤£μÉμ¢±¨ ¶μ¢¥·Ì´μ¸É¥° ¸É¥´μ± ¶ÊÎ±μ¢μ°

± ³¥·Ò, ¨§£μÉμ¢²¥´´μ° ¨§ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨, ¤²Ö ¶μ²ÊÎ¥´¨Ö ¤ ¢²¥´¨Ö
P ∼ 10−11 ’μ·· ¶μÉ·¥¡Ê¥É¸Ö Ê¸É ´μ¢±  É·¥Ì ´ ¸μ¸μ¢ ¸ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ 1250 ²/¸
´  ± ¦¤Ò° ®É¥¶²Ò°¯ ¶·Ö³μ²¨´¥°´Ò° ÊÎ ¸Éμ±. Š·μ³¥ Éμ£μ, ÔÉ¨ ÊÎ ¸É±¨ ¤μ²¦´Ò ¨³¥ÉÓ
¸¨¸É¥³Ê ¶·μ£·¥¢  ¨ μ¡¥§£ ¦¨¢ ´¨Ö ´  ³¥¸É¥ ¶·¨ É¥³¶¥· ÉÊ·¥ ∼ 300◦‘.

‚ ±·¨μ£¥´´μ° Î ¸É¨ ¶ÊÎ±μ¢μ° ± ³¥·Ò ¢¥²¨Î¨´  £ §μμÉ¤¥²¥´¨Ö Ìμ²μ¤´ÒÌ ¶μ¢¥·Ì´μ-
¸É¥° ´  ¶μ·Ö¤±¨ ³¥´ÓÏ¥, Î¥³ Ê ®É¥¶²ÒÌ¯,   ¸±μ·μ¸ÉÓ μÉ± Î±¨, §  ¨¸±²ÕÎ¥´¨¥³ ¢μ¤μ·μ¤ 
¨ £¥²¨Ö, ´  ¶μ·Ö¤±¨ ¢ÒÏ¥. “¸É ´μ¢¨¢ ¤²Ö μÉ± Î±¨ £¥²¨Ö ¨ ¢μ¤μ·μ¤  ¤μ¶μ²´¨É¥²Ó´Ò¥
±·¨μ¸μ·¡Í¨μ´´Ò¥ ´ ¸μ¸Ò, ¸μ¤¥·¦ Ð¨¥  ±É¨¢¨·μ¢ ´´Ò° Ê£μ²Ó, ³μ¦´μ ¸ Ê¢¥·¥´´μ¸ÉÓÕ
· ¸¸Î¨ÉÒ¢ ÉÓ ´  ¤ ¢²¥´¨¥ P � 10−12 ’μ··. ‘·¥¤´ÖÖ ¢¥²¨Î¨´  ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö ¶μ
±μ²ÓÍÊ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¡Ê¤¥É · ¢´  P ∼ 3 · 10−12 ’μ··.

‚ ±ÊÊ³´ Ö ¸¨¸É¥³  ¨§μ²¨·ÊÕÐ¥£μ μ¡Ñ¥³  ±·¨μ£¥´´μ° Î ¸É¨ Ê¸±μ·¨É¥²Ö ´¥ É·¥¡Ê¥É
¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³ , ¢¶μ²´¥ ¤μ¸É ÉμÎ´μ ¤ ¢²¥´¨¥ P � 1 · 10−6 ’μ··. „²Ö ¶·¥¤¢ ·¨-
É¥²Ó´μ° μÉ± Î±¨ ÔÉμ£μ μ¡Ñ¥³  ¤μ ¤ ¢²¥´¨Ö P ∼ 1 · 10−4 ’μ·· ´¥μ¡Ìμ¤¨³Ò ÉÊ·¡μ³μ²¥±Ê-
²Ö·´Ò¥ ´ ¸μ¸Ò ¸ ¡¥§³ ¸²Ö´Ò³¨ Ëμ·¢ ±ÊÊ³´Ò³¨ ´ ¸μ¸ ³¨. � ²¨Î¨¥ ¡μ²ÓÏμ° ±·¨μ£¥´´μ°
¶μ¢¥·Ì´μ¸É¨ μ¡¥¸¶¥Î¨É ¶μ²ÊÎ¥´¨¥ É·¥¡Ê¥³μ£μ ¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢ ¨§μ²¨·ÊÕÐ¥³ μ¡Ñ¥³¥.
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6. ‘ˆ‘’…Œ� 	‹…Š’�����ƒ� �•‹�†„…�ˆŸ

‘¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¡Ê¸É¥·  ¶·¥¤´ §´ Î¥´  ¤²Ö Ëμ·³¨·μ¢ ´¨Ö Ë §μ-
¢μ£μ μ¡Ñ¥³  ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢, ´¥μ¡Ìμ¤¨³μ£μ ¤²Ö ¥£μ ¤ ²Ó´¥°Ï¥£μ ÔËË¥±É¨¢´μ£μ
¶¥·¥¢μ¤  ¢ ´Ê±²μÉ·μ´ ¨ ±μ²ÓÍ  ±μ²² °¤¥· . —Éμ¡Ò ¨§¡¥¦ ÉÓ μ£· ´¨Î¥´¨°, ¸¢Ö§ ´´ÒÌ ¸
¤¥°¸É¢¨¥³ ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ , μÌ² ¦¤¥´¨¥ ¶·μ¨§¢μ¤¨É¸Ö ´  ¶·μ³¥¦ÊÉμÎ´μ°
Ô´¥·£¨¨ ¨μ´μ¢, · ¢´μ° 100 ŒÔ‚/´Ê±²μ´, ¢ É¥Î¥´¨¥ 1 ¸.

� · ³¥É·Ò ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¡Ê¸É¥·  (É ¡². 3) ¤μ¸É ÉμÎ´μ É¨¶¨Î´Ò
¤²Ö Ê¸É·μ°¸É¢ ÔÉμ£μ ±² ¸¸  [4]. …¥ μ¸´μ¢´μ° ±μ´¸É·Ê±É¨¢´μ° μ¸μ¡¥´´μ¸ÉÓÕ Ö¢²Ö¥É¸Ö
¨¸¶μ²Ó§μ¢ ´¨¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸μ²¥´μ¨¤μ¢ ¢ Éμ·μ¨¤ ²Ó´ÒÌ ¨ ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨ÖÌ.
’ ± Ö ±μ´¸É·Ê±Í¨Ö ¢Ò¡· ´  ¤²Ö Éμ£μ, ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ ¶¥·¥Ìμ¤Ò ³¥¦¤Ê ®É¥¶²Ò³¨¯ ¨
®Ìμ²μ¤´Ò³¨¯ ÊÎ ¸É± ³¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¢ ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨¨ ¡Ê¸É¥· , ¶·¨ ÔÉμ³
¤²¨´  ¸¥±Í¨¨ μÌ² ¦¤¥´¨Ö ¶μ²ÊÎ ¥É¸Ö ³ ±¸¨³ ²Ó´μ°.

’ ¡²¨Í  3. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö

Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Ô²¥±É·μ´μ¢, ±Ô‚ 60,0

’μ± ¶ÊÎ± , � 0Ä1,0

�ËË¥±É¨¢´ Ö ¤²¨´  ¸¥±Í¨¨ μÌ² ¦¤¥´¨Ö, ³ 2,5

Œ £´¨É´μ¥ ¶μ²¥ ¢ ¸¥±Í¨¨ μÌ² ¦¤¥´¨Ö, ±ƒ¸ 1Ä2

�É´μ¸¨É¥²Ó´ Ö ¶μ£·¥Ï´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö < 1 · 10−4

� ¤¨Ê¸ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¸³ 2,5

’¥³¶¥· ÉÊ·  Ô²¥±É·μ´μ¢ ¶μ¶¥·¥Î´ Ö/¶·μ¤μ²Ó´ Ö, ŒÔ‚ 200/0,5
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