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‚ ˆŸ” ‘� ��� · §· ¡μÉ ´ ¶·μ¥±É ¶·μÉμ´´μ-¨μ´´μ£μ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ´μ¢μ£μ ¶μ-
±μ²¥´¨Ö ¤²Ö É¥· ¶¨¨ · ± . ‚ ¸μ¸É ¢ ±μ³¶²¥±¸  ¢Ìμ¤ÖÉ: Ô²¥±É·μ¸É É¨Î¥¸±¨° ¨´¦¥±Éμ·, ¡Ê¸É¥· ¸
Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö 10 ƒÍ, μ¸´μ¢´μ° ¸¨´Ì·μÉ·μ´ ¸ Ô²¥±É·μ´´Ò³ μÌ² ¦¤¥´¨¥³ ¨ É· ´¸¶μ·É´Ò¥
± ´ ²Ò ¤²Ö · §¢¥¤¥´¨Ö ¶ÊÎ±μ¢ ¢ μ¡²ÊÎ É¥²Ó´Ò¥ ±μ³´ ÉÒ. �·¨³¥´¥´¨¥ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö
¶μ§¢μ²Ö¥É Ê¢¥²¨Î¨ÉÓ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± , Ê³¥´ÓÏ¨ÉÓ  ¶¥·ÉÊ·Ò ¸¨´Ì·μÉ·μ´  ¨ ± ´ ²μ¢ ¢Ò¸μ±μ°
Ô´¥·£¨¨, ¸μ±· É¨ÉÓ ¸Éμ¨³μ¸ÉÓ ¨ Ô´¥·£μ¶μÉ·¥¡²¥´¨¥ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ . ‚ ¸É ÉÓ¥ ¶·¥¤¸É -
¢²¥´Ò μ¸´μ¢´Ò¥ μ¸μ¡¥´´μ¸É¨ ¸¨´Ì·μÉ·μ´ , É·¥¡μ¢ ´¨Ö ± £² ¢´Ò³ ¸¨¸É¥³ ³ ¨ ¨Ì ¶ · ³¥É·Ò.

The project of new generation accelerator facility for proton and ion therapy of cancer is developed
in BINP SB RAS. The facility includes an electrostatic injector, the booster with repetition rate 10 Hz, the
main synchrotron with electron cooling, and the transport channels for beam delivering to the irradiation
rooms. The electron cooling application allows increasing of beam intensity, decreasing of synchrotron
and high energy transport channels apertures, and reducing facility cost and power consumption. In the
paper the main features of synchrotron, the requirement to the main systems and their parameters are
presented.

PACS: 29.20.dk; 87.56.bd

‚‚…„…�ˆ…

�¸´μ¢´Ò³ Ô²¥³¥´Éμ³ ¶·μÉμ´´μ-¨μ´´μ£μ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ¤²Ö É¥· ¶¨¨
· ±  [1Ä3] Ö¢²Ö¥É¸Ö ¸¨´Ì·μÉ·μ´ ¸ Ô²¥±É·μ´´Ò³ μÌ² ¦¤¥´¨¥³. ‘¨´Ì·μÉ·μ´ μ¡¥¸¶¥Î¨¢ ¥É
¶ÊÎμ± ¨μ´μ¢ Ê£²¥·μ¤  ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ ¤μ 1010 Î ¸É¨Í ¢ Í¨±²¥, ¸ Î ¸ÉμÉμ° ¶μ¢Éμ·¥-
´¨Ö ¤μ 1 ƒÍ, ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 140Ä430 ŒÔ‚/´Ê±². (·¨¸. 1). ˆ´¦¥±Éμ·μ³ Ö¢²Ö¥É¸Ö
¡Ê¸É¥·´Ò° ¸¨´Ì·μÉ·μ´, Ô´¥·£¨Ö ¨´¦¥±Í¨¨ Å 30 ŒÔ‚/´Ê±². �·¨ ³´μ£μ±· É´μ° ¨´¦¥±-
Í¨¨ ¨μ´´Ò° ¶ÊÎμ± ´ ± ¶²¨¢ ¥É¸Ö ¨ μÌ² ¦¤ ¥É¸Ö. �·¨ ¤μ¸É¨¦¥´¨¨ ´¥μ¡Ìμ¤¨³μ° ¨´É¥´-
¸¨¢´μ¸É¨ ¶ÊÎμ± Ê¸±μ·Ö¥É¸Ö ¤μ § ¤ ´´μ° Ô´¥·£¨¨ ¨ ¢Ò¶Ê¸± ¥É¸Ö ¢ É· ´¸¶μ·É´Ò° ± ´ ²
¢Ò¸μ±μ° Ô´¥·£¨¨. �·¨ μÌ² ¦¤¥´¨¨ ¶ÊÎ±  ´  Ô´¥·£¨¨ ¢Ò¶Ê¸±  ¤μ¸É¨£ ÕÉ¸Ö ¶·¥¤¥²Ó´μ
³ ²Ò¥ ¶μ¶¥·¥Î´Ò° Ô³¨ÉÉ ´¸ ¨ Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ É¥· ¶¥¢É¨Î¥¸±μ£μ ¶ÊÎ± . ‘É·Ê±-
ÉÊ·  ¸¨´Ì·μÉ·μ´  ¶μ§¢μ²Ö¥É ¢Ò¶Ê¸± ÉÓ ¶ÊÎμ± É·¥³Ö · §²¨Î´Ò³¨ ¸¶μ¸μ¡ ³¨, É ±¨³¨ ± ±
®¶μ·Í¨μ´´Ò°¯ ¢Ò¶Ê¸± ¶ÊÎ±  ¢ ¢¨¤¥ ¸¥·¨¨ ¸£Ê¸É±μ¢ ¸ ±μ´É·μ²¨·Ê¥³μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ,
·¥§μ´ ´¸´Ò° ¢Ò¶Ê¸± ¨ ¢Ò¶Ê¸± ´  ·¥±μ³¡¨´ Í¨¨. Š·μ³¥ Éμ£μ, Ô²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥
¶μ§¢μ²Ö¥É ¶² ¢´μ ·¥£Ê²¨·μ¢ ÉÓ Ô´¥·£¨Õ ¢Ò¶ÊÐ¥´´μ£μ ¶ÊÎ± . ‘μ¢μ±Ê¶´μ¸ÉÓ É ±¨Ì ¢μ§-
³μ¦´μ¸É¥° ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¢Ò¸μ±μÉμÎ´μ¥ μ¡²ÊÎ¥´¨¥ μ¶ÊÌμ²¨.
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�¨¸. 1. �¡Ð¨° ¢¨¤ ¸¨´Ì·μÉ·μ´ : M Å ¤¨¶μ²Ó´Ò¥ ³ £´¨ÉÒ; QF, QD Å ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò;

CX, CY Å ¤¨¶μ²Ó´Ò¥ ±μ··¥±Éμ·Ò; BR, BM Å ¡ ³¶-³ £´¨ÉÒ; QS Å ¸±ÓÕ-±¢ ¤·Ê¶μ²¨; S Å
¸¥±¸ÉÊ¶μ²¨; SEPT Å ¸¥¶ÉÊ³-³ £´¨ÉÒ; ES Å Ô²¥±É·μ¸É É¨Î¥¸±¨° ¸¥¶ÉÊ³; KF Å ±¨±¥·; EC Å

Ô²¥±É·μ´´Ò° ±Ê²¥·; BPM Å ¶¨± ¶Ò; RF Å ‚—-·¥§μ´ Éμ·; IP Å μÉ± Î´Ò¥ ¶μ·ÉÒ

1. ��’ˆ—…‘Š�Ÿ ‘’�“Š’“��

‘¨´Ì·μÉ·μ´ ¨³¥¥É §¥·± ²Ó´μ-¸¨³³¥É·¨Î´ÊÕ ¸É·Ê±ÉÊ·Ê, μ¸Ó ¸¨³³¥É·¨¨ ±μÉμ·μ° ¶·μ-
Ìμ¤¨É Î¥·¥§ Í¥´É·Ò ¶·Ö³μ²¨´¥°´ÒÌ ¶·μ³¥¦ÊÉ±μ¢, ¸ ´Ê²¥¢μ° ¤¨¸¶¥·¸¨μ´´μ° ËÊ´±Í¨¥°.
‚ μ¤´μ³ ¶·μ³¥¦ÊÉ±¥ · ¸¶μ²μ¦¥´ Ô²¥±É·μ´´Ò° μÌ² ¤¨É¥²Ó ¨ Ï¥¸ÉÓ ²¨´§, μ¡¥¸¶¥Î¨¢ -

�¨¸. 2. �¶É¨Î¥¸±¨¥ ËÊ´±Í¨¨ ¸¨´Ì·μÉ·μ´ : 1 Å £μ·¨§μ´É ²Ó´ Ö βx-ËÊ´±Í¨Ö; 2 Å ¢¥·É¨± ²Ó´ Ö
βy-ËÊ´±Í¨Ö; 3 Å ¤¨¸¶¥·¸¨μ´´ Ö ËÊ´±Í¨Ö
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’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸¨´Ì·μÉ·μ´ 

’¨¶ Î ¸É¨Í C6+

�´¥·£¨Ö ¨´¦¥±Í¨¨, ŒÔ‚/´Ê±². 30
�´¥·£¨Ö ¢Ò¶Ê¸± , ŒÔ‚/´Ê±². 140Ä430
Œ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ, ’² ·³ 6,7
�¥·¨³¥É·, ³ 82,94
— ¸ÉμÉ  μ¡· Ð¥´¨Ö, ¨´¦/¢Ò¶, ŒƒÍ 0,89/2,63
Œ ±¸¨³ ²Ó´μ¥ ¶μ²¥, ’² 1,63
	¥É É·μ´´ Ö Î ¸ÉμÉ , £μ·./¢¥·É. 2,76/2,82
Œ ±¸¨³ ²Ó´Ò¥ ËÊ´±Í¨¨ βx max/βy max, ³ 35/18
ηmax, ³ 4,3
ŠμÔËË¨Í¨¥´É Ê¶²μÉ´¥´¨Ö μ·¡¨É α 0,13
�³¨ÉÉ ´¸ μÌ² ¦¤¥´´μ£μ ¶ÊÎ± , ´³ · · ¤ 20Ä150
�´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ μÌ² ¦¤¥´´μ£μ
¶ÊÎ± 

1 · 10−4

ÕÐ¨Ì ´  ÊÎ ¸É±¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ · ¢´Ò¥ ¨ ¤μ¸É ÉμÎ´μ ¡μ²Ó-
Ï¨¥ (μ±μ²μ 15 ³) β-ËÊ´±Í¨¨ (·¨¸. 2). �·μÉ¨¢μ¶μ²μ¦´Ò° ¶·μ³¥¦ÊÉμ± ¶·¥¤´ §´ Î¥´ ¤²Ö
· §³¥Ð¥´¨Ö ¸¨¸É¥³ ¢¶Ê¸± -¢Ò¶Ê¸±  ¶ÊÎ± ,   ¶·¨²¥£ ÕÐ¨° ± ´¥³Ê ¶·μ³¥¦ÊÉμ± Å ¤²Ö
¶μ¸É ´μ¢±¨ Ï¨·μ±μ¶μ²μ¸´μ£μ ·¥§μ´ Éμ· , μ¡¥¸¶¥Î¨¢ ÕÐ¥£μ § Ì¢ É ¶ÊÎ±  ¢ ¶¥·¢ÊÕ £ ·-
³μ´¨±Ê. ƒμ·¨§μ´É ²Ó´Ò° ¨ ¢¥·É¨± ²Ó´Ò°  ±¸¥¶É ´¸Ò ¸¨´Ì·μÉ·μ´  AX = 8 ¸³ ·³· ¤
¨ AY = 2 ¸³ ·³· ¤, Ô´¥·£¥É¨Î¥¸± Ö  ¶¥·ÉÊ·  0,7 %. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸¨´Ì·μÉ·μ´ 
¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

� · ³¥É·Ò ¢Ò¶Ê¸± ¥³μ£μ ¶ÊÎ±  ´ ±² ¤Ò¢ ÕÉ ¸²¥¤ÊÕÐ¨¥ μ£· ´¨Î¥´¨Ö ´   ³¶²¨ÉÊ¤Ò
¨¸± ¦¥´¨° § ³±´ÊÉμ° μ·¡¨ÉÒ: ¶·¨ ¨´¦¥±Í¨¨ ±10 ³³ ¶μ £μ·¨§μ´É ²¨ ¨ ±7,5 ³³ ¶μ
¢¥·É¨± ²¨; ¶·¨ ¢Ò¶Ê¸±¥ ²μ± ²Ó´μ¥ μÉ±²μ´¥´¨¥ (´   §¨³ÊÉ Ì ¸¥¶ÉÊ³  ¨ ¸¥±¸ÉÊ¶μ²¥°) ³¥-
´¥¥ ±1 ³³, ´  ¢¸¥Ì ¤·Ê£¨Ì ÊÎ ¸É± Ì ³¥´¥¥ ±5 ³³.

2. Œ�ƒ�ˆ’��Ÿ ‘ˆ‘’…Œ�

Œ £´¨É´ Ö ¸¨¸É¥³  ¸¨´Ì·μÉ·μ´  ¸μ¸Éμ¨É ¨§ 12 30◦-Ì ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ (R =
4,11 ³, H = 1,65 ’², § §μ· 36 ³³), 14 ±¢ ¤·Ê¶μ²Ó´ÒÌ ³ £´¨Éμ¢ „“-70 (·¨¸. 3) (L = 24 c³,
G = 16 ’²/³) ¨ 14 ±¢ ¤·Ê¶μ²Ó´ÒÌ ³ £´¨Éμ¢ „“-100 (L = 40 c³, G = 16 ’²/³). Š¢ ¤·Ê-
¶μ²Ó´Ò¥ ²¨´§Ò ¸ Ê¢¥²¨Î¥´´μ°  ¶¥·ÉÊ·μ° ¨¸¶μ²Ó§ÊÕÉ¸Ö ´  ÊÎ ¸É±¥ μÌ² ¦¤¥´¨Ö ¨ ¢¡²¨§¨

�¨¸. 3. Šμ´¸É·Ê±Í¨Ö ¤¨¶μ²Ó´μ£μ ³ £´¨É  ( ) ¨ ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§Ò „“-70 (¡)
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¸¥¶ÉÊ³μ¢. Š·μ³¥ Éμ£μ, ¨¸¶μ²Ó§ÊÕÉ¸Ö Ï¥¸ÉÓ ¸±ÓÕ-±¢ ¤·Ê¶μ²¥°, ¶ÖÉÓ ¸¥±¸ÉÊ¶μ²¥°, 16 £μ-
·¨§μ´É ²Ó´ÒÌ ¨ 12 ¢¥·É¨± ²Ó´ÒÌ ¤¨¶μ²Ó´ÒÌ ±μ··¥±Éμ·μ¢ ¨ ¸¥³Ó ¡ ³¶-³ £´¨Éμ¢ ¤²Ö
²μ± ²Ó´μ£μ ¨¸± ¦¥´¨Ö μ·¡¨ÉÒ ¶·¨ ¢¶Ê¸±¥/¢Ò¶Ê¸±¥.

3. ˆ�†…Š–ˆŸ ˆ ‚›�“‘Š ˆ‡ ‘ˆ�•��’����

ˆ´¦¥±Í¨Ö Å μ¤´μμ¡μ·μÉ´ Ö, ¸μ ¸¤¢¨£μ³ μÉ´μ¸¨É¥²Ó´μ · ¢´μ¢¥¸´μ° Ë §Ò ‚— (·¨¸. 4).
ˆ¸¶μ²Ó§ÊÕÉ¸Ö Ë¥··¨Éμ¢Ò° ±¨±¥· (L = 62 ¸³, H = 430 ƒ¸) ¨ 15,8◦-° ¶μ¸ÉμÖ´´Ò° ¸¥¶ÉÊ³-
³ £´¨É (H = 5,7 ±ƒ¸, ÔËË¥±É¨¢´ Ö Éμ²Ð¨´  ´μ¦  h = 24 ³³).

�¸´μ¢´Ò³ ¢Ò¡· ´ ®¶μ·Í¨μ´´Ò°¯ ¢Ò¶Ê¸± ¶ÊÎ±  ¢ ¢¨¤¥ ¸¥·¨¨ ¸£Ê¸É±μ¢ ¸ ±μ´É·μ²¨·Ê-
¥³μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ ¤²Ö ¶μÉμÎ¥Î´μ£μ ¸± ´¨·μ¢ ´¨Ö. �μ¸²¥ Ê¸±μ·¥´¨Ö ¨ ¢Ò±²ÕÎ¥´¨Ö
‚— ¶ÊÎμ± · §£·Ê¶¶¨·Ê¥É¸Ö ¨ μÌ² ¦¤ ¥É¸Ö. ‘± ´¨·μ¢ ´¨¥³ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 

�¨¸. 4. ‘Ì¥³  ¨´¦¥±Í¨¨ ¢ ¸¨´Ì·μÉ·μ´: 1 Å ¸¥¶ÉÊ³-³ £´¨É; 2 Å Ë¥··¨Éμ¢Ò° ±¨±¥·; 3 Å £· ´¨Í 

 ±¸¥¶É ´¸  ¸¨´Ì·μÉ·μ´ ; 4 Å ¨´¦¥±É¨·Ê¥³Ò° ¶ÊÎμ±

�¨¸. 5. �μ·Í¨μ´´Ò° ¢Ò¶Ê¸± ¶ÊÎ± : 1 Å ±¨±¥·; 2 Å Ô²¥±É·μ¸É É¨Î¥¸±¨° ¸¥¶ÉÊ³; 3 Å ¸¥¶ÉÊ³-

³ £´¨É; 4 Å μ¸´μ¢´μ° ¶ÊÎμ±; 5 Å É· ¥±Éμ·¨Ö Î ¸É¨Í ¸ dE/E = 0,0025 (±¨±¥· ¢Ò±²ÕÎ¥´)
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�¨¸. 6. ‚Ò¶Ê¸± ´  ·¥±μ³¡¨´ Í¨¨: 1 Å μ¸´μ¢´μ° ¶ÊÎμ± C6+; 2 Å ¶ÊÎμ± C5+; 3 Å ¶¥·¥§ ·Ö¤´ Ö
Ëμ²Ó£ ; 4 Å ¸¥¶ÉÊ³-³ £´¨É

�¨¸. 7. ‘Ì¥³  ·¥§μ´ ´¸´μ£μ ¢Ò¶Ê¸± : 1 Å Ô²¥±É·μ¸É É¨Î¥¸±¨° ¸¥¶ÉÊ³; 2 Å ¸¥¶ÉÊ³-³ £´¨É

μÉ´μ¸¨É¥²Ó´μ ¸·¥¤´¥° Ô´¥·£¨¨ ¸μ§¤ ¥É¸Ö ¶²μ¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¨μ´μ¢ ¶μ ¨³¶Ê²Ó¸ ³
Δp/p = ±2,5 ·10−3. „ ²¥¥ Ô´¥·£¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢¡²¨§¨ ±· Ö · ¸-
¶·¥¤¥²¥´¨Ö ¨μ´μ¢ ¶μ ¨³¶Ê²Ó¸Ê. 	²¨§²¥¦ Ð¨¥ ¨μ´Ò ¶μ¤ ¤¥°¸É¢¨¥³ ¸¨²Ò É·¥´¨Ö £·Ê¶¶¨·Ê-
ÕÉ¸Ö, ¨´É¥´¸¨¢´μ¸ÉÓ ¶μ·Í¨¨ ·¥£Ê²¨·Ê¥É¸Ö ¢·¥³¥´¥³ ´ ±μ¶²¥´¨Ö ¨ ¢¥²¨Î¨´μ° μÉ¸É·μ°±¨
Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± . � ¸¶μ²μ¦¥´¨¥³ ±¨±¥·  ¢ ³¥¸É¥ ¸ ¤¨¸¶¥·¸¨¥°, ¤μ¸É ÉμÎ´μ°
¤²Ö · §¤¥²¥´¨Ö μ¸´μ¢´μ£μ ¶ÊÎ±  ¨ ¶μ·Í¨¨, ·¥ ²¨§Ê¥É¸Ö μ¤´μμ¡μ·μÉ´Ò° ¢Ò¢μ¤ ¶μ·Í¨¨.
‚ ³¥¸É Ì · ¸¶μ²μ¦¥´¨Ö ±¨±¥·  (L = 1,2 ³, E = 9 ±‚/¸³), Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¸¥¶-
ÉÊ³  (L = 40 ¸³, E = 37 ±‚/¸³) ¨ 13,5◦-£μ ¶μ¸ÉμÖ´´μ£μ ¸¥¶ÉÊ³-³ £´¨É  (H = 8,5 ±ƒ¸,
h = 5 ³³) ¸μ§¤ ÕÉ¸Ö ²μ± ²Ó´Ò¥ ¡ ³¶Ò, ¸³¥Ð ÕÐ¨¥ μ·¡¨ÉÊ μ¸´μ¢´μ£μ ¶ÊÎ±  ± £· ´¨Í¥
 ±¸¥¶É ´¸  (·¨¸. 5). �   §¨³ÊÉ¥ ±¨±¥·  ¨ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¸¥¶ÉÊ³  μ·¡¨ÉÒ μ¸´μ¢´μ£μ
¶ÊÎ±  ¨ ¶μ·Í¨¨ · §´¥¸¥´Ò ´  10 ³³.

�¥±μ³¡¨´ Í¨Ö ¨μ´μ¢ Ê£²¥·μ¤  C6+ →C5+ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ ÊÎ ¸Éμ± μÌ² ¦¤¥-
´¨Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ¤·Ê£μ° ¸Ì¥³¥ ³¥¤²¥´´μ£μ ¢Ò¶Ê¸±  (·¨¸. 6). Œ ² Ö μÉ´μ¸¨É¥²Ó´ Ö
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¸±μ·μ¸ÉÓ ³¥¦¤Ê ¨μ´ ³¨ ¨ Ô²¥±É·μ´ ³¨ ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´μ° ¢¥·μÖÉ´μ¸É¨ É ±μ° ·¥-
±μ³¡¨´ Í¨¨. �ÊÉ¥³ ¨§³¥´¥´¨Ö ¶²μÉ´μ¸É¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ³μ¦´μ Ê¶· ¢²ÖÉÓ ¨´É¥´-
¸¨¢´μ¸ÉÓÕ ¢Ò¶Ê¸± ¥³μ£μ ¶ÊÎ± . Š ± ¨ ¢ ¤·Ê£¨Ì ¸Ì¥³ Ì ¢Ò¢μ¤ , μ·¡¨É  μ¸´μ¢´μ£μ ¶ÊÎ± 
¶μ¤¢μ¤¨É¸Ö ± ´μ¦Ê ¸¥¶ÉÊ³-³ £´¨É . �  ¢ÒÌμ¤¥ ¨§ ¸¥±Í¨¨ μÌ² ¦¤¥´¨Ö ¸μ§¤ ¥É¸Ö ²μ± ²Ó-
´Ò° · ¤¨ ²Ó´Ò° ¡ ³¶, · §¤¥²ÖÕÐ¨° μ·¡¨ÉÒ ¶ÊÎ±μ¢ C6+ ¨ C5+ ´  8 ³³ ¢ Í¥´É·¥ ¡ ³¶ ,
£¤¥ Ê¸É ´μ¢²¥´  Éμ´± Ö ¶¥·¥§ ·Ö¤´ Ö Ëμ²Ó£ . �μ¸²¥ μ¡¤¨·±¨ ¨μ´Ò ¨³¥ÕÉ É ±¨¥ §´ Î¥-
´¨Ö Ê£²  ¨ ±μμ·¤¨´ ÉÒ, ÎÉμ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¶μ²Ê±μ²ÓÍ  μ´¨ ´ Ìμ¤ÖÉ¸Ö §  ´μ¦μ³
¸¥¶ÉÊ³-³ £´¨É .

‚Ò¶Ê¸± ´  ·¥§μ´ ´¸¥ É·¥ÉÓ¥£μ ¶μ·Ö¤±  Ö¢²Ö¥É¸Ö É· ¤¨Í¨μ´´Ò³ ¤²Ö É ±¨Ì Ê¸É ´μ¢μ±
(·¨¸. 7). �¥μ¡Ìμ¤¨³μ § ³¥É¨ÉÓ, ÎÉμ μÌ² ¦¤¥´¨¥ §´ Î¨É¥²Ó´μ ¶μ¢ÒÏ ¥É ± Î¥¸É¢μ ¨ ¸É -
¡¨²Ó´μ¸ÉÓ Éμ±  ¢Ò¶ÊÐ¥´´μ£μ ¶ÊÎ± , ÎÉμ Ê²ÊÎÏ ¥É ±μ´É·μ²Ó ¶·μÍ¥¸¸  μ¡²ÊÎ¥´¨Ö.

4. ‘ˆ‘’…Œ� �‹…Š’�����ƒ� �•‹�†„…�ˆŸ

‡  ¡ §μ¢ÊÕ ¶·¨´ÖÉ  ±μ´¸É·Ê±Í¨Ö Ô²¥±É·μ´´μ£μ μÌ² ¤¨É¥²Ö …‘-300, · §· ¡μÉ ´´μ£μ ¢
ˆŸ” ‘� ��� ¤²Ö IMP, ‹ ´¦μÊ, Š�� [4]. „²¨É¥²Ó´ Ö ¨ ¡¥§μÉ± §´ Ö Ô±¸¶²Ê É Í¨Ö EC-300
¤μ± § ²  ´ ¤¥¦´μ¸ÉÓ ¤ ´´μ° ±μ´¸É·Ê±Í¨¨. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò Ê¸É ´μ¢±¨ Ô²¥±É·μ´´μ£μ
μÌ² ¦¤¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

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

�´¥·£¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ±Ô‚ ¤μ 250
’μ± ¶ÊÎ± , � 1
„²¨´  ¸¥±Í¨¨ μÌ² ¦¤¥´¨Ö, ³ 4,8
Œ £´¨É´μ¥ ¶μ²¥, ’² 0,1Ä0,15

Š Î¥¸É¢μ ³ £´¨É´μ£μ ¶μ²Ö 10−4

� ¤¨Ê¸ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¸³ 0,3Ä1,5

‡�Š‹	—…�ˆ…

ˆ¸¶μ²Ó§μ¢ ´¨¥ ³¥Éμ¤  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¢ ³¥¤¨Í¨´¸±¨Ì Ê¸±μ·¨É¥²ÖÌ ¤²Ö É¥-
· ¶¨¨ · ±  μÉ±·Ò¢ ¥É Ï¨·μ±¨¥ ¢μ§³μ¦´μ¸É¨ ± ± ¤²Ö Ê²ÊÎÏ¥´¨Ö ± Î¥¸É¢  μ¡²ÊÎ¥´¨Ö
¶ Í¨¥´É , É ± ¨ ¤²Ö Ê³¥´ÓÏ¥´¨Ö § É· É ´  ¸μ§¤ ´¨¥ ¨ Ô±¸¶²Ê É Í¨Õ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³-
¶²¥±¸ . ‚ ˆŸ” ‘� ��� ¶·μ¤μ²¦ ÕÉ¸Ö · ¡μÉÒ ¶μ ¶·μ¥±É¨·μ¢ ´¨Õ ¨ ³ ±¥É¨·μ¢ ´¨Õ
μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢ ±μ³¶²¥±¸ .
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