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�·μ¢¥¤¥´ · ¸Î¥É ¢Ò¢μ¤  Ê¸±μ·¥´´μ£μ ¶ÊÎ±  ¨§ Í¨±²μÉ·μ´  ‘235 (IBA, 	¥²Ó£¨Ö) ¤²Ö ¶·μÉμ´´μ°
É¥· ¶¨¨. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ μ¶É¨³¨§ Í¨¨ ¶ · ³¥É·μ¢ ¢Ò¢μ¤´μ° ¸¨¸É¥³Ò ¸ Í¥²ÓÕ Ê¢¥²¨Î¥´¨Ö
ÔËË¥±É¨¢´μ¸É¨ ¢Ò¢μ¤  ¶ÊÎ± . �μ²ÊÎ¥´´Ò¥ É¥μ·¥É¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �μ ·¥§Ê²ÓÉ É ³ · ¸Î¥Éμ¢ ¶·¥¤²μ¦¥´  ´μ¢ Ö ±μ´Ë¨£Ê· Í¨Ö Ô²¥±É·μ¸É -
É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ· , ¨¸¶μ²Ó§μ¢ ´¨¥ ±μÉμ·μ° ¶μ§¢μ²¨²μ §´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ
¢Ò¢μ¤´μ° ¸¨¸É¥³Ò Í¨±²μÉ·μ´ .

Modeling of the beam extraction from C235-cyclotron (IBA, Belgium) is considered. The results
of the optimization of extraction system parameters are given.

Obtained theoretical results are in a good agreement with experimental data obtained during launch-
ing one of the C235-cyclotrons. Parameters of the improved geometry of the electrostatic de
ector are
obtained. Use of new version of the de
ector leads to essential increase of the total extraction efˇciency
of the cyclotron.

PACS: 29.20.dg
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�ËË¥±É¨¢´μ¸ÉÓ ¢Ò¢μ¤  ¶ÊÎ±  Å μ¤´  ¨§ ¢ ¦´¥°Ï¨Ì Ì · ±É¥·¨¸É¨± ²Õ¡μ£μ Í¨±²¨Î¥-
¸±μ£μ Ê¸±μ·¨É¥²Ö. �μÔÉμ³Ê μ¶É¨³¨§ Í¨Ö ¢Ò¢μ¤  Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ ¢μ¶·μ¸μ³ ¢ ¶·μÍ¥¸¸¥
· §· ¡μÉ±¨,   § É¥³ ¨ μÉ´μ¸¨É¥²Ó´μ § ¶Ê¸±  Í¨±²μÉ·μ´ . ‚ ����“ ‹Ÿ� �ˆŸˆ ¸μ§¤ ´
±μ³¶²¥±¸ ¶·μ£· ³³´ÒÌ ±μ¤μ¢ ¤²Ö · ¸Î¥Éμ¢ ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ Í¨±²μÉ·μ´ Ì, ¢ ±μÉμ·ÒÌ
³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¨§³¥·¥´´Ò¥ ¨²¨ · ¸¸Î¨É ´´Ò¥ ± ·ÉÒ ³ £´¨É´ÒÌ ¨ Ê¸±μ·ÖÕÐ¨Ì
¶μ²¥°.

�¸´μ¢´Ò³¨ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢ ¢Ò¢μ¤  ¨§ Ê¸±μ·¨É¥²Ö Ö¢²ÖÕÉ¸Ö: ¶ · ³¥É·Ò ¶ÊÎ± 
´  ¢Ìμ¤¥ ¢ ¸¨¸É¥³Ê É· ´¸¶μ·É¨·μ¢±¨, ¶μ¶¥·¥Î´Ò° · §³¥· ¶ÊÎ±  ¢μ ¢·¥³Ö ¶·μÌμ¦¤¥´¨Ö
Î¥·¥§ ¢Ò¢μ¤´ÊÕ ¸¨¸É¥³Ê,   É ±¦¥ ¢¥²¨Î¨´  ¶μÉ¥·Ó Î ¸É¨Í (¥¸²¨ μ´¨ ¥¸ÉÓ) ´  · §²¨Î´ÒÌ
Ô²¥³¥´É Ì ¢Ò¢μ¤´μ£μ É· ±É . �¶É¨³¨§ Í¨Ö ¶ · ³¥É·μ¢ ¢Ò¢μ¤´μ° ¸¨¸É¥³Ò Í¨±²μÉ·μ´ 
¶μ§¢μ²Ö¥É ¤μ¡¨ÉÓ¸Ö ³ ±¸¨³ ²Ó´μ° ÔËË¥±É¨¢´μ¸É¨ ¥¥ · ¡μÉÒ.
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‘¨¸É¥³  ¢Ò¢μ¤  ¶·μÉμ´μ¢ ¨§ Í¨±²μÉ·μ´  ‘235 ¸μ¸Éμ¨É ¨§ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥-
Ë²¥±Éμ· , ±μ··¥±Éμ·  £· ¤¨¥´É  ³ £´¨É´μ£μ ¶μ²Ö ¨ Ëμ±Ê¸¨·ÊÕÐ¥£μ ±¢ ¤·Ê¶μ²Ó´μ£μ ¤Ê-
¡²¥É  ´  μ¸´μ¢¥ ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢.

ƒ² ¢´ Ö μ¸μ¡¥´´μ¸ÉÓ Ê¸±μ·¨É¥²Ö ¸ ÉμÎ±¨ §·¥´¨Ö ¢Ò¢μ¤  ¶ÊÎ±  Å μÎ¥´Ó ³ ²Ò° ¢¥·É¨-
± ²Ó´Ò° § §μ· (9 ³³) ³¥¦¤Ê ¸¥±Éμ· ³¨ ³ £´¨É´μ° ¸¨¸É¥³Ò Ê ±· Ö ¶μ²Õ¸ . “ ÔÉμ£μ Ë ±É 
¥¸ÉÓ ¤¢  μ¸´μ¢´ÒÌ ¸²¥¤¸É¢¨Ö:

Å Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· ³μ¦¥É ¡ÒÉÓ · ¸¶μ²μ¦¥´ Éμ²Ó±μ ¢ ¤μ²¨´¥ ³ £´¨É´μ°
¸¨¸É¥³Ò Í¨±²μÉ·μ´  ¨ μ£· ´¨Î¥´ ¶μ ¤²¨´¥ ¥¥ Ê£²μ¢Ò³ · §³¥·μ³;

Å £· ¤¨¥´É ³ £´¨É´μ£μ ¶μ²Ö ¢ · ¤¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨, ±μÉμ·Ò° ¨¸¶ÒÉÒ¢ ¥É ´  ¸¥¡¥
¢Ò¢μ¤¨³Ò° ¶ÊÎμ±, Ê £· ´¨ÍÒ ¶μ²Õ¸  μÎ¥´Ó ¢Ò¸μ± (∂Bz/∂r > 20 ’²/³).

� · ³¥É·Ò ¨¸¶μ²Ó§Ê¥³μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ·  ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. �μ-
¢¥·Ì´μ¸É¨ ¸¥¶ÉÊ³  ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° Î ¸É¨ μ±·Ê¦´μ¸É¥°. ’μ²Ð¨´  ²¨´¥°´μ ´ · ¸É ¥É
¸ 0,1 ³³ ´  ¢Ìμ¤¥ ¤μ 3,0 ³³ ´  ¢ÒÌμ¤¥. �É  μ¸μ¡¥´´μ¸ÉÓ ¢Ò§¢ ´  ±μ´¸É·Ê±É¨¢´Ò³ ·¥-
Ï¥´¨¥³ ¨, ± ± ¶μ± ¦ÊÉ ¤ ²Ó´¥°Ï¨¥ · ¸Î¥ÉÒ, ¢´μ¸¨É ¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤ ¢ ±μ²¨Î¥¸É¢μ
¶μÉ¥·Ó ¶·¨ ¢Ò¢μ¤¥.

� · ³¥É·Ò Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ· 

�§¨³ÊÉ ²Ó´ Ö ¶·μÉÖ¦¥´´μ¸ÉÓ, ◦ 30

„²¨´ , ³ 0,58

�μ³¨´ ²Ó´Ò° § §μ·, ³³ 4

’μ²Ð¨´  ¸¥¶ÉÊ³ , ³³ 0,1Ä3,0

� ¶·Ö¦¥´¨¥ ´  ¢Ò¸μ±μ¢μ²ÓÉ´μ³ Ô²¥±É·μ¤¥, ±‚ 70

�μ³¨´ ²Ó´ Ö ´ ¶·Ö¦¥´´μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, Œ‚/³ 14

Œ ±¸¨³ ²Ó´ Ö ´ ¶·Ö¦¥´´μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, Œ‚/³ 17

“£²μ¢μ¥ μÉ±²μ´¥´¨¥ ¶ÊÎ± , ³· ¤ 19,2

�μ¸²¥ ¢ÒÌμ¤  §  £· ´¨ÍÊ ¶μ²Õ¸  ¶ÊÎμ± ¶μ¶ ¤ ¥É ¢ μ¡² ¸ÉÓ ·¥§±μ ¸¶ ¤ ÕÐ¥£μ ¸ · ¤¨Ê-
¸μ³ ³ £´¨É´μ£μ ¶μ²Ö. ‡¤¥¸Ó μ´ ¨¸¶ÒÉÒ¢ ¥É ¸¨²Ó´ÊÕ £μ·¨§μ´É ²Ó´ÊÕ ¤¥Ëμ±Ê¸¨·μ¢±Ê. ‚μ
¨§¡¥¦ ´¨¥ ÔÉμ£μ ¸· §Ê §  ±· ¥³ ¶μ²Õ¸ , ¢ · °μ´¥ É· ¥±Éμ·¨¨ ¢Ò¢μ¤¨³μ£μ ¶ÊÎ± , ¶·¨ ¶μ-
³μÐ¨ ¶ ¸¸¨¢´μ£μ ³ £´¨É´μ£μ ± ´ ²  Å ±μ··¥±Éμ·  Å ¸μ§¤ ¥É¸Ö ¶μ¸ÉμÖ´´μ¥ ¶μ · ¤¨Ê¸Ê
³ £´¨É´μ¥ ¶μ²¥.

‡ É¥³ ¶ÊÎμ± Ëμ±Ê¸¨·Ê¥É¸Ö ¤Ê¡²¥Éμ³ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§, ¢Ò¶μ²´¥´´ÒÌ ´  μ¸´μ¢¥
¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢. ‹¨´§Ò · ¸¶μ²μ¦¥´Ò ³¥¦¤Ê μ¸´μ¢´Ò³¨ μ¡³μÉ± ³¨ ³ £´¨É´μ° ¸¨-
¸É¥³Ò Í¨±²μÉ·μ´ . ‚ ± Î¥¸É¢¥ ³ É¥·¨ ²  ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö Sm2Co17.
”μ±Ê¸¨·ÊÕÐ¨° £· ¤¨¥´É ¢´ÊÉ·¨ ²¨´§ · ¢¥´ ∼ 16 ’²/³. �μÉμ³ ¶ÊÎμ± ¶μ¶ ¤ ¥É ¢ ²¨-
´¨Õ É· ´¸¶μ·É¨·μ¢±¨, ±μÉμ· Ö ¸μ¸Éμ¨É ¨§ ±² ¸¸¨Î¥¸±¨Ì Ô²¥±É·μ³ £´¨É´ÒÌ ±¢ ¤·Ê¶μ²¥°.
�μ¶¥·¥Î´Ò° · §³¥· ¶ÊÎ±  ´  ¢Ìμ¤¥ ¢ Ô´¥·£¥É¨Î¥¸±¨° § ³¥¤²¨É¥²Ó ∼ 1 ³³.
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‚Ò¢μ¤ ¶·μÉμ´μ¢ ¨§ ‘235 ³μ¤¥²¨·μ¢ ²¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¸´ Î ²  ¡Ò² ¶μ²ÊÎ¥´
¶μ·É·¥É ¶ÊÎ±  ´  ¢Ìμ¤¥ ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ·, § É¥³ ³μ¤¥²¨·μ¢ ²μ¸Ó ¤¢¨¦¥-
´¨¥ ÔÉ¨Ì Î ¸É¨Í ¸ ÊÎ¥Éμ³ ¤¥°¸É¢¨Ö μÉ±²μ´ÖÕÐ¥£μ ¶μ²Ö ¤¥Ë²¥±Éμ·  ¨ ¶μ²¥° Ô²¥³¥´Éμ¢
¸¨¸É¥³Ò ¢Ò¢μ¤ . ’ ±μ° · ¸Î¥É ¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò¢μ¤´μ° ¸¨¸É¥³Ò, É. ¥.
· ¸¸Î¨É ÉÓ ¶μÉ¥·¨ Î ¸É¨Í ¶·¨ § ¡·μ¸¥ ¢ ¤¥Ë²¥±Éμ· ´  ¥£μ Éμ·Í¥ ¨ ´  ¡μ±μ¢ÒÌ ¶μ¢¥·Ì-
´μ¸ÉÖÌ (¢´ÊÉ·¥´´¨Ì ¨ ¸μ ¸Éμ·μ´Ò Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ± ),   É ±¦¥ ´  ¤·Ê£¨Ì Ô²¥³¥´É Ì
¸¨¸É¥³Ò ¢Ò¢μ¤ .

„²Ö ¶μ²ÊÎ¥´¨Ö ¶μ·É·¥É  ¶ÊÎ±  ´  ¢Ìμ¤¥ ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· ³μ¤¥²¨·μ¢ -
²μ¸Ó Ê¸±μ·¥´¨¥ ¡ ´Î  Î ¸É¨Í ¤μ ±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢. ‡ É¥³ ´   §¨³ÊÉ¥ ¢Ìμ¤  ¢ ¤¥Ë²¥±Éμ·
¶·μ¢μ¤¨²¸Ö  ´ ²¨§ · ¤¨ ²Ó´μ£μ ¶μ²μ¦¥´¨Ö ± ¦¤μ° Î ¸É¨ÍÒ: μ´  ¶μ¶ ¤ ²  ´  ¢Ò¸μ±μ-
¢μ²ÓÉ´Ò° Ô²¥±É·μ¤ ²¨¡μ ´  ¢Ìμ¤ ¤¥Ë²¥±Éμ· , ²¨¡μ ´  ¥£μ ¸¥¶ÉÊ³. …¸²¨ · ¤¨Ê¸ Î ¸É¨ÍÒ
¡Ò² ³¥´ÓÏ¥ · ¤¨Ê¸  ¸¥¶ÉÊ³ , Éμ μ´  Ê¸±μ·Ö² ¸Ó ¤ ²ÓÏ¥ ¤μ ¶μ¶ ¤ ´¨Ö ¢ μ¤´Ê ¨§ Ê± § ´´ÒÌ
μ¡² ¸É¥°. �·¨ ÔÉμ³ ÊÎ¨ÉÒ¢ ² ¸Ó ·¥ ²Ó´ Ö ±μ´Ë¨£Ê· Í¨Ö ¸¥¶ÉÊ³ : Î ¸É¨ÍÒ, ¶μ¶ ¢Ï¨¥ ´ 
¸¥¶ÉÊ³ ¸μ ¸Éμ·μ´Ò Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ± , ¸Î¨É ²¨¸Ó ¶μÉ¥·Ö´´Ò³¨. ‚¸¥ · ¸Î¥ÉÒ ¶·μ¢μ-
¤¨²¨¸Ó ¢ ± ·É¥ ¨§³¥·¥´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Í¨±²μÉ·μ´  ‘235.

�·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ¢Ìμ¤ ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· ´ Ìμ¤¨É¸Ö ´   §¨³ÊÉ¥ 60◦,
  Í¥´É· ¥£μ  ¶¥·ÉÊ·Ò Å ´  · ¤¨Ê¸¥ 1058,52 ³³, ÎÉμ ¸μμÉ¢¥É¸É¢μ¢ ²μ ·¥ ²Ó´μ³Ê ¶μ²μ¦¥-
´¨Õ ¤¥Ë²¥±Éμ· . �μ²ÊÎ¥´´Ò¥ ¶μ·É·¥ÉÒ ¶ÊÎ±  ´  ¢Ìμ¤¥ ¢ ¤¥Ë²¥±Éμ· ¶μ± § ´Ò ´  ·¨¸. 1, 2.

	Ò²¨ ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò ¶ÊÎ±  ´  ¢Ìμ¤¥ ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±-
Éμ·:

Å ¸·¥¤´ÖÖ Ô´¥·£¨Ö (231,12 ± 0,38) ŒÔ‚,
Å · ¤¨ ²Ó´Ò° ¸·¥¤´¥±¢ ¤· É¨Î´Ò° Ô³¨ÉÉ ´¸ εr = 0,67π ·³³ ·³· ¤,
Å ¢¥·É¨± ²Ó´Ò° ¸·¥¤´¥±¢ ¤· É¨Î´Ò° Ô³¨ÉÉ ´¸ εz = 0,46π ·³³ ·³· ¤.

�¨¸. 1. �μ²μ¦¥´¨Ö Î ¸É¨Í Ê¸±μ·¥´´μ£μ ¡ ´Î  ´  · ¤¨ ²Ó´μ° Ë §μ¢μ° ¶²μ¸±μ¸É¨ ´   §¨³ÊÉ¥ ¢Ìμ¤ 

¢ ¤¥Ë²¥±Éμ·
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�¨¸. 2. �μ²μ¦¥´¨Ö Î ¸É¨Í, ¶μ¶ ¢Ï¨Ì ¢ ¤¥Ë²¥±Éμ· ´  ¶²μ¸±μ¸É¨ (r,W ), ´   §¨³ÊÉ¥ ¢Ìμ¤  ¢

¤¥Ë²¥±Éμ·

�μÉ¥·¨ ¶ÊÎ±  ´  Éμ·Í¥ ¸¥¶ÉÊ³  ¸μ¸É ¢¨²¨ ∼ 10%, ¶μÉ¥·¨ ´  ¥£μ ¢´¥Ï´¥° ¶μ¢¥·Ì´μ¸É¨
(¸μ ¸Éμ·μ´Ò Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ± ) ∼ 25%. �·¨Î¥³ μ¸´μ¢´μ¥ ±μ²¨Î¥¸É¢μ ÔÉ¨Ì ¶μÉ¥·Ó
¶·μ¨¸Ìμ¤¨É ´  ¶¥·¢μ° É·¥É¨ ¤²¨´Ò ¸¥¶ÉÊ³  (¸³. ·¨¸. 3).

‡ É¥³ ¤¢¨¦¥´¨¥ ¶ÊÎ±  ³μ¤¥²¨·μ¢ ²μ¸Ó ¢´ÊÉ·¨ ¤¥Ë²¥±Éμ·  ¨ ¤ ²¥¥ ¶μ ¸¨¸É¥³¥ ¢Ò¢μ¤ .
�μÉ¥·¨ ´  ¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸ÉÖÌ ¸¥¶ÉÊ³  ¨ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ Ô²¥±É·μ¤  ¸μ¸É ¢¨²¨
∼ 5 %.

�²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· μÉ±²μ´Ö¥É Ê¸±μ·Ö¥³Ò¥ Î ¸É¨ÍÒ §  ¸Î¥É ¤¥°¸É¢¨Ö Ô²¥±-
É·¨Î¥¸±μ£μ ¶μ²Ö. ‘¨² , ¸ ±μÉμ·μ° ¶μ²¥ ¤¥Ë²¥±Éμ·  ¤¥°¸É¢Ê¥É ´  ¶·μ²¥É ÕÐ¨¥ Î¥·¥§ ´¥£μ
Î ¸É¨ÍÒ, · ¢´ 

F = qEd,

£¤¥ q Å § ·Ö¤ Î ¸É¨ÍÒ; Ed Å ´ ¶·Ö¦¥´´μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ¤¥Ë²¥±Éμ·¥. �É 
¸¨²  ´ ¶· ¢²¥´  ¶· ±É¨Î¥¸±¨ ¶¥·¶¥´¤¨±Ê²Ö·´μ ± É· ¥±Éμ·¨¨ ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ.

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¶μÉ¥·Ö´´ÒÌ ´  ¢´¥Ï´¥° ¶μ¢¥·Ì´μ¸É¨ ¸¥¶ÉÊ³  Î ¸É¨Í ¶μ ¥£μ ¤²¨´¥
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’ ± ± ± § ·Ö¦¥´´ Ö Î ¸É¨Í  ¢ Í¨±²μÉ·μ´¥ ¸  §¨³ÊÉ ²Ó´μ° ¢ ·¨ Í¨¥° ³ £´¨É´μ£μ
¶μ²Ö ¤¢¨¦¥É¸Ö ¶μ ¤μ¸É ÉμÎ´μ ¸²μ¦´μ° É· ¥±Éμ·¨¨, Éμ · ¸¸Î¨É ÉÓ ¤¥°¸É¢¨¥ ¤¥Ë²¥±Éμ· 
´  Î ¸É¨ÍÊ ¢ Í¨²¨´¤·¨Î¥¸±μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É, ¨¸¶μ²Ó§ÊÖ Ô²¥±É·μ¸É É¨Î¥¸±ÊÕ ¸¨²Ê,
¤μ¸É ÉμÎ´μ ¸²μ¦´μ.

ƒμ· §¤μ ¶·μÐ¥ ¢¢¥¸É¨ Ë¨±É¨¢´ÊÕ ¤μ¡ ¢±Ê ± ¢¥²¨Î¨´¥ ¢¥·É¨± ²Ó´μ° ±μ³¶μ´¥´ÉÒ ³ £-
´¨É´μ£μ ¶μ²Ö dBz ´   §¨³ÊÉ Ì · ¸¶μ²μ¦¥´¨Ö ¤¥Ë²¥±Éμ· . ‡  ¸Î¥É ÔÉμ£μ ´  ¤¢¨¦ÊÐÊÕ¸Ö
Î ¸É¨ÍÊ ¡Ê¤¥É ¤¥°¸É¢μ¢ ÉÓ ¤μ¶μ²´¨É¥²Ó´ Ö ¸¨² , ´ ¶· ¢²¥´´ Ö ± Í¥´É·Ê ±·¨¢¨§´Ò É· ¥±-
Éμ·¨¨ ¨ · ¢´ Ö ¶μ ³μ¤Ê²Õ

F = qυdBz,

£¤¥ q Å § ·Ö¤ Î ¸É¨ÍÒ; υ Å ¥¥ ¸±μ·μ¸ÉÓ.
‚¥²¨Î¨´  dBz ´ Ìμ¤¨É¸Ö ¨§ ¶·μ¸Éμ£μ · ¢¥´¸É¢ :

qEd = qυdBz ⇒ dBz =
Ed

υ
=

Ed

cβ
=

Ed

c
√

1 − (E0/E)2
,

£¤¥ c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; E0 Å Ô´¥·£¨Ö ¶μ±μÖ ¶·μÉμ´ ; E Å ¶μ²´ Ö Ô´¥·£¨Ö ¶·μÉμ´  ¢
¶ÊÎ±¥.

� ¶·¨³¥·, ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¤¥°¸É¢¨Ö Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ·  ¸ ´ ¶·Ö¦¥-
´¨¥³ ´  ¢Ò¸μ±μ¢μ²ÓÉ´μ³ Ô²¥±É·μ¤¥ 70 ±‚ ¨ · ¤¨ ²Ó´μ°  ¶¥·ÉÊ·μ° 4 ³³ (´ ¶·Ö¦¥´´μ¸ÉÓ
Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö · ¢´  17,5 Œ‚/³) ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ´   §¨³ÊÉ Ì · ¸¶μ²μ¦¥´¨Ö
¤¥Ë²¥±Éμ·  ¤μ¡ ¢±Ê dBz ± ¢¥²¨Î¨´¥ ³ £´¨É´μ£μ ¶μ²Ö (¶μ²ÊÎ ¥³μ£μ ¨§ ± ·ÉÒ), · ¢´ÊÕ
∼ 978 ƒ¸.

Œ £´¨É´Ò¥ ± ´ ²Ò ³μ¤¥²¨·μ¢ ²¨¸Ó ¢ · ¸Î¥É¥ ¶·¨ ¶μ³μÐ¨ ¢¢¥¤¥´¨Ö ¤μ¡ ¢±¨ dBz ±
¢¥²¨Î¨´¥ ³ £´¨É´μ£μ ¶μ²Ö Bz (¤¨¶μ²Ó´ Ö ±μ³¶μ´¥´É ),   É ±¦¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶μ¶· -
¢μ± ± ¢¥²¨Î¨´ ³ ¶·μ¨§¢μ¤´ÒÌ ³ £´¨É´μ£μ ¶μ²Ö ∂Bz/∂r ¨ ∂Bz/∂φ (¤¥°¸É¢¨¥ ±¢ ¤·Ê¶μ²Ó-
´μ° ±μ³¶μ´¥´ÉÒ ¢ ³ £´¨É´μ³ ± ´ ²¥). � ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ ¥¸²¨ ¶μ¤μ¡· ÉÓ ¶ · ³¥É·Ò
μ±·Ê¦´μ¸É¥°, μ¶¨¸Ò¢ ÕÐ¨Ì ¡μ±μ¢ÊÕ £¥μ³¥É·¨Õ ¸¥¶ÉÊ³ , É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ³¨´¨-
³Ê³ ¥£μ Éμ²Ð¨´Ò ´ Ìμ¤¨²¸Ö ´  · ¸¸ÉμÖ´¨¨ ∼ 10 ¸³ μÉ ¢Ìμ¤ , Éμ ¶μÉ¥·¨ ¸μ ¸Éμ·μ´Ò
Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ±  ¸μ¸É ¢ÖÉ 8Ä10% ¢³¥¸Éμ 25 % ¢ ¸É ·μ° £¥μ³¥É·¨¨ ¸¥¶ÉÊ³ .

‚³¥¸É¥ ¸ μ¶É¨³¨§ Í¨¥° · ¤¨ ²Ó´μ£μ ¶μ²μ¦¥´¨Ö ¢Ìμ¤  ¨ ¢ÒÌμ¤  ¨§ ¤¥Ë²¥±Éμ·  ÔÉμ
¶·¨¢¥¤¥É ± Ê¢¥²¨Î¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ ¢Ò¢μ¤´μ° ¸¨¸É¥³Ò ¤μ 80 %.

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¨§³¥·¥´´μ° ¨´É¥´¸¨¢´μ¸É¨ Éμ±  ¶ÊÎ±  (´μ·³¨·μ¢ ´  ´  ¢¥²¨Î¨´Ê Éμ±  ´ 

· ¤¨Ê¸¥ 300 ³³) μÉ · ¤¨Ê¸  ¢ Í¨±²μÉ·μ´¥ ‘235 ���-111 ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤¥Ë²¥±Éμ·μ¢ ´μ¢μ£μ
(É¥³´Ò¥ ·μ³¡Ò) ¨ ¶·¥¤Ò¤ÊÐ¥£μ (¸¥·Ò¥ ±¢ ¤· ÉÒ) É¨¶μ¢. ˆ§-§  ¸¶¨· ²Ó´μ° ¸É·Ê±ÉÊ·Ò ³ £´¨É´μ°

¸¨¸É¥³Ò Í¨±²μÉ·μ´  ³¥´Ö¥É¸Ö Ê£μ² ¶μ¶ ¤ ´¨Ö ¶ÊÎ±  ´  ¶·μ¡´¨±, ¤¢¨£ ÕÐ¨°¸Ö ¶μ · ¤¨Ê¸Ê. �μÔÉμ³Ê

´ ¡²Õ¤ ¥É¸Ö ¶ ¤¥´¨¥,   § É¥³ ·μ¸É ¨´É¥´¸¨¢´μ¸É¨ ´  · ¤¨Ê¸ Ì ¡μ²¥¥ 500 ³³
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„¥Ë²¥±Éμ· ¸ ´μ¢μ° £¥μ³¥É·¨¥° ¡Ò² ¨§£μÉμ¢²¥´ ¨ ¨¸¶ÒÉ ´ ´  μ¤´μ³ ¨§ Í¨±²μÉ·μ´μ¢ Å
‘235 (‘235 ���-111 ¶·¥¤´ §´ Î ¥É¸Ö ¤²Ö ³¥¤¨Í¨´¸±μ£μ Í¥´É·  ¢ £. �·¸¥ (”· ´Í¨Ö)).
�·¨ ÔÉμ³ Ê¤ ²μ¸Ó Ê¢¥²¨Î¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò¢μ¤  ¸ 60 ¤μ 77% (·¨¸. 4).

‡�Š‹�—…�ˆ…

�·μ¢¥¤¥´ · ¸Î¥É ¢Ò¢μ¤  ¶ÊÎ±  ¨§ Í¨±²μÉ·μ´  ‘235 ¤²Ö ¶·μÉμ´´μ° É¥· ¶¨¨ ´  Ô´¥·£¨Õ
235 ŒÔ‚. � ¸¸Î¨É ´Ò Ì · ±É¥·¨¸É¨±¨ ¶ÊÎ±  ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ Ô²¥³¥´ÉÒ ¢Ò¢μ¤-
´μ° ¸¨¸É¥³Ò ¨ ¥¥ ÔËË¥±É¨¢´μ¸ÉÓ. �¥§Ê²ÓÉ ÉÒ ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ (∼ 10%)
¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, ¶μ²ÊÎ¥´´Ò³¨  ¢Éμ· ³¨ ¶·¨ § ¶Ê¸±¥ μ¤´μ£μ ¨§ ‘235-
Í¨±²μÉ·μ´μ¢.

� ¸Î¥É´Ò³ ¸¶μ¸μ¡μ³ ¶·μ¢¥¤¥´  μ¶É¨³¨§ Í¨Ö ¶ · ³¥É·μ¢ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥-
Ë²¥±Éμ· , ¨¸¶μ²Ó§Ê¥³μ£μ ¢ ¢Ò¢μ¤´μ° ¸¨¸É¥³¥ Í¨±²μÉ·μ´μ¢ ‘235. �  μ¸´μ¢¥ ¶μ²ÊÎ¥´´ÒÌ
·¥§Ê²ÓÉ Éμ¢ ¸¤¥² ´Ò ·¥±μ³¥´¤ Í¨¨ ¶μ Ê²ÊÎÏ¥´¨Õ £¥μ³¥É·¨¨ ¤¥Ë²¥±Éμ· . ˆÌ ·¥ ²¨§ Í¨Ö
¶μ§¢μ²¨²  Ê¢¥²¨Î¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò¢μ¤  ¸ 60 ¤μ 77%.
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