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� ¸Î¥É ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¶ÊÎ±  μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢
¢ �–�-¨¸ÉμÎ´¨±

�·μ¥±É DRIBs, ·¥ ²¨§Ê¥³Ò° ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ‹Ÿ� �ˆŸˆ, ¶μ¸¢ÖÐ¥´
¨¸¸²¥¤μ¢ ´¨Õ ¸¢μ°¸É¢  Éμ³´ÒÌ Ö¤¥· ¢ ·¥ ±Í¨ÖÌ ¸ ¢Éμ·¨Î´Ò³¨ · ¤¨μ ±É¨¢´Ò³¨
¨μ´´Ò³¨ ¶ÊÎ± ³¨. �¥·¢ Ö ¸É ¤¨Ö ¶·μ¥±É  DRIBs ¶·¥¤¶μ² £ ¥É ¶·Ö³μ¥ Ê¸±μ·¥-
´¨¥ ¶ÊÎ±μ¢ μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ (6He, 8He, 9Li), ¶μ²ÊÎ ¥³ÒÌ ³¥Éμ¤μ³ ISOL, ¢
Í¨±²μÉ·μ´¥ U-400. ‚Éμ· Ö ¸É ¤¨Ö μ¸´μ¢ ´  ´  ¶μ²ÊÎ¥´¨¨ ÉÖ¦¥²ÒÌ · ¤¨μ ±É¨¢-
´ÒÌ Ö¤¥· ËμÉμ¤¥²¥´¨¥³ Ê· ´ . ƒ² ¢´ Ö Í¥²Ó ÔÉμ° ¸É ¤¨¨ ¶·μ¥±É  Å ¶μ²ÊÎ¥´¨¥
Ê¸±μ·¥´´μ£μ ¢ Í¨±²μÉ·μ´¥ U-400 ¶ÊÎ±  ÉÖ¦¥²ÒÌ · ¤¨μ ±É¨¢´ÒÌ ¨μ´μ¢. �μ¸²¥
¨μ´¨§ Í¨¨ μ¤´μ§ ·Ö¤´Ò¥ ¨μ´Ò ¨´¦¥±É¨·ÊÕÉ¸Ö ¢ ¨μ´´Ò° ¨¸ÉμÎ´¨± �–�-É¨¶ 
¸¶¥Í¨ ²Ó´μ° ±μ´¸É·Ê±Í¨¨ (É ± ´ §Ò¢ ¥³Ò° ®charge breeder¯), ÎÉμ¡Ò ¶μ¢Ò¸¨ÉÓ
¨Ì § ·Ö¤ ¤μ É·¥¡Ê¥³μ° ¢¥²¨Î¨´Ò n+, ´¥μ¡Ìμ¤¨³μ° ¤²Ö ¨´¦¥±Í¨¨ ¢ Í¨±²μÉ·μ´
¨ Ê¸±μ·¥´¨Ö. ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´ · ¸Î¥É Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¤²Ö
μ¸ÊÐ¥¸É¢²¥´¨Ö ¢¢μ¤  ¢Éμ·¨Î´ÒÌ, ¢ Éμ³ Î¨¸²¥ ¨ · ¤¨μ ±É¨¢´ÒÌ, ¶ÊÎ±μ¢ μ¤´μ§ -
·Ö¤´ÒÌ ¨μ´μ¢ ´¨§±¨Ì Ô´¥·£¨° (¤μ 25 ±Ô‚).

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·μ¢  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2005

Leporis M. P9-2005-47
Calculation of the Injection System of the Single Charge Ions
Beam in ECR Ion Source

The project DRIBs which is now being realized at the JINR FLNR is dedicated
to the research of nuclear reactions with accelerated radioactive ion beams. The
ˇrst stage of the project DRIBs assumes direct injection and acceleration of light
single charged ions (6He, 8He, 9Li), produced with the use of the ISOL method, at
the U400 cyclotron. The second stage aims at the production of heavy radioactive
nuclei by uranium target photoˇssion. The main goal of this stage is production
of the heavy radioactive elements beam accelerated at the U400 cyclotron. After
the ionization, singly charged ions are injected to a special ion source of the ECR
type (the so-called charge breeder) to increase their charge states up to the value
required for injection into the cyclotron and acceleration. In this paper calculation of
experimental installation for realization of injection secondary, including radioactive,
singly charged low energy ions beams (up to 25 keV) is presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2005



1. ��ˆ‘��ˆ… ���…Š’� DRIBs

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶² ´μ³ · §¢¨É¨Ö ‹Ÿ� �ˆŸˆ ¶μ²ÊÎ¥´¨¥ ¨ ¨¸¸²¥¤μ-
¢ ´¨¥ Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥· Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ £² ¢´ÒÌ ´ ÊÎ´ÒÌ ´ ¶· ¢²¥´¨°.
�·μ¥±É DRIBs (Dubna Radioactive Ion Beams) ¶·¥¤¶μ² £ ¥É ¨¸¶μ²Ó§μ¢ ´¨¥
Ê¸±μ·¨É¥²  ¶¥·¢¨Î´μ£μ ¨μ´´μ£μ ¨²¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¤²Ö £¥´¥· Í¨¨ · -
¤¨μ ±É¨¢´ÒÌ Ö¤¥·, É· ´¸¶μ·É¨·Ê¥³ÒÌ § É¥³ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ Í¥´É· ²Ó´ÊÕ
μ¡² ¸ÉÓ Í¨±²μÉ·μ´ , £¤¥ ¶·μ¨¸Ìμ¤¨É ¨Ì ¤ ²Ó´¥°Ï¥¥ Ê¸±μ·¥´¨¥. �É¨ ËÊ´±-
Í¨¨ ³μ£ÊÉ ¡ÒÉÓ ¢Ò¶μ²´¥´Ò ¤¢Ê³Ö ¤¥°¸É¢ÊÕÐ¨³¨ Ê¸±μ·¨É¥²Ö³¨ É¨¶  U-400
¨ ±μ³¶ ±É´Ò³ Ê¸±μ·¨É¥²¥³ Ô²¥±É·μ´μ¢ (³¨±·μÉ·μ´ Œ’-25). Šμ´Í¥¶ÉÊ ²Ó´ Ö
¸Ì¥³  ¶·μ¥±É  ¶μ± § ´  ´  ·¨¸. 1.

�¨¸. 1. Šμ´Í¥¶ÉÊ ²Ó´ Ö ¸Ì¥³  ¶·μ¥±É  DRIBs

ˆ¸¶μ²Ó§μ¢ ´¨¥ ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· §´ Î¨É¥²Ó´μ · ¸-
Ï¨·Ö¥É ¢μ§³μ¦´μ¸É¨ ¨¸¸²¥¤μ¢ ´¨Ö ¸¢μ°¸É¢  Éμ³´ÒÌ Ö¤¥· ¨ ¨§ÊÎ¥´¨Ö Ö¤¥·´ÒÌ
·¥ ±Í¨°. �¸´μ¢´Ò¥ μ¡² ¸É¨ ¶·¨³¥´¥´¨Ö ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢:

1) ¨¸¸²¥¤μ¢ ´¨¥ ¸¢μ°¸É¢  Éμ³´ÒÌ Ö¤¥·, · ¸¶μ²μ¦¥´´ÒÌ ¢¤ ²¨ μÉ μ¸É·μ¢ 
¸É ¡¨²Ó´μ¸É¨;

2) ¨§ÊÎ¥´¨¥ μ¸μ¡¥´´μ¸É¥° ¤¨´ ³¨±¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¤²Ö ¢ÒÏ¥Ê¶μ³Ö´Ê-
ÉÒÌ Ö¤¥·;

3) ¸¨´É¥§ ¨ ¨§ÊÎ¥´¨¥ ¸¢μ°¸É¢ ´μ¢ÒÌ Ô²¥³¥´Éμ¢ ¨ ¨§μÉμ¶μ¢.
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�¥·¢ Ö ¸É ¤¨Ö ¶·μ¥±É  (DRIBs I) ¶·¥¤¶μ² £ ¥É Ê¸±μ·¥´¨¥ ²¥£±¨Ì μ¤´μ-
§ ·Ö¤´ÒÌ · ¤¨μ ±É¨¢´ÒÌ ¨μ´μ¢ ¢ Í¨±²μÉ·μ´¥ U-400. �¥·¢¨Î´Ò° ¶ÊÎμ± ¨μ-
´μ¢, Ê¸±μ·¥´´Ò° Í¨±²μÉ·μ´μ³ U-400M, μ¡· §Ê¥É ¢ ³¨Ï¥´¨ ²¥£±¨¥ ¢Éμ·¨Î´Ò¥
 Éμ³Ò (6He, 8He, 9Li, 11Be ¨ ¤·.). ‚ ± Î¥¸É¢¥ ¨μ´¨§ Éμ·  ¨¸¶μ²Ó§Ê¥É¸Ö ¨μ´-
´Ò° ¨¸ÉμÎ´¨± �–�-2.45 ƒƒÍ [1, 2], ±μÉμ·Ò° ¶·¥¤´ §´ Î¥´ ¤²Ö ¶μ²ÊÎ¥´¨Ö
μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢. �μ¸²¥ ¨μ´¨§ Í¨¨ · ¤¨μ ±É¨¢´ÒÌ  Éμ³μ¢ ¶ÊÎμ± ¨μ´μ¢
É· ´¸¶μ·É¨·Ê¥É¸Ö ¢ Í¨±²μÉ·μ´ U-400 ¨ § É¥³, ¶μ¸²¥ Ê¸±μ·¥´¨Ö, ´  Ô±¸¶¥·¨-
³¥´É ²Ó´ÊÕ Ê¸É ´μ¢±Ê. „²Ö Ê¸±μ·¥´¨Ö ¡μ²¥¥ ÉÖ¦¥²ÒÌ ¢Éμ·¨Î´ÒÌ Ö¤¥· ´¥μ¡-
Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ´¨¥ ¤μ¶μ²´¨É¥²Ó´μ£μ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  (É ± ´ §Ò¢ ¥³μ£μ
®charge breeder¯) ¤²Ö É· ´¸Ëμ·³ Í¨¨ μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¢ ¨μ´Ò ¸ É·¥¡Ê¥-
³Ò³ ¤²Ö Ê¸±μ·¥´¨Ö § ·Ö¤μ³.

‚Éμ· Ö ¸É ¤¨Ö ¶·μ¥±É  DRIBs ¶·¥¤¶μ² £ ¥É ¶μ²ÊÎ¥´¨¥ ¶ÊÎ±μ¢ ´¥°É·μ-
´μ¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢, ¢μ§´¨± ÕÐ¨Ì ¢ ·¥§Ê²ÓÉ É¥ ¤¥²¥´¨Ö Ö¤¥· Ê· ´  ¨²¨
Éμ·¨Ö. �É²¨Î¨¥ ÔÉμ£μ ¢ ·¨ ´É  ¸μ¸Éμ¨É ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ±μ³¶ ±É´μ£μ Ô²¥±-
É·μ´´μ£μ Ê¸±μ·¨É¥²Ö MT-25. ‚ ¤ ´´μ³ ¸²ÊÎ ¥ £ ³³ -±¢ ´ÉÒ, μ¡· §ÊÕÐ¨¥¸Ö
¢ ·¥§Ê²ÓÉ É¥ Éμ·³μ¦¥´¨Ö ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¢ ³¨Ï¥´¨, ¢Ò§Ò¢ ÕÉ ËμÉμ¤¥²¥´¨¥
Ê· ´  (¨²¨ Éμ·¨Ö). ˆ§ ´ £·¥Éμ° Ê· ´μ¢μ° ³¨Ï¥´¨ μ¸±μ²±¨ ¤¥²¥´¨Ö ¢ ·¥§Ê²Ó-
É É¥ É¥·³μ¤¨ËËÊ§¨¨ ¶¥·¥Ìμ¤ÖÉ ¢ £μ·ÖÎÊÕ ± ³¥·Ê ¨¸ÉμÎ´¨±  μ¤´μ§ ·Ö¤´ÒÌ
¨μ´μ¢. ˆ§¢²¥± ¥³Ò° ¶ÊÎμ± ¨μ´μ¢ 1+ ¶μ¸²¥ ³ ¸¸-¸¥¶ · Í¨¨ ¨´¦¥±É¨·Ê¥É¸Ö
¢ ¨μ´´Ò° ¨¸ÉμÎ´¨± ®charge breeder¯, £¤¥ ¶ÊÎμ± μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ Éμ·³μ-
§¨É¸Ö ¢ ¶² §³¥´´μ° ± ³¥·¥ ¨ ¶·μ¨¸Ìμ¤¨É ¨μ´¨§ Í¨Ö ¨§ ¸μ¸ÉμÖ´¨Ö 1+ ¢ ¨μ´Ò
¸ É·¥¡Ê¥³Ò³ ¤²Ö Ê¸±μ·¥´¨Ö § ·Ö¤μ³ n+. �μ²ÊÎ¥´´Ò¥ ³´μ£μ§ ·Ö¤´Ò¥ ¨μ´Ò
¨´¦¥±É¨·ÊÕÉ¸Ö ¢ Í¨±²μÉ·μ´ U-400 ¨ Ê¸±μ·¥´´Ò° ¶ÊÎμ± É· ´¸¶μ·É¨·Ê¥É¸Ö ´ 
Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ Ê¸É ´μ¢±Ê.

�¥ ²¨§ Í¨Ö ¶·μ¥±É  DRIBs ¶·¥¤¶μ² £ ¥É ³μ¤¥·´¨§ Í¨Õ ¨μ´´ÒÌ ¨¸ÉμÎ-
´¨±μ¢, Í¨±²μÉ·μ´μ¢ ¨ ¸μ§¤ ´¨¥ ´μ¢ÒÌ ± ´ ²μ¢ ¤²Ö É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ± .
„²Ö ¨μ´¨§ Í¨¨ ¨ ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±μ¢ ¨μ´μ¢ μ¸±μ²±μ¢ ¤¥²¥´¨Ö £ §μμ¡· §´ÒÌ
Ô²¥³¥´Éμ¢ (¨§μÉμ¶Ò Kr ¨ Xe), ³¥É ²²¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ (¨§μÉμ¶Ò Rb ¨ Cs),
  É ±¦¥ Ô²¥³¥´Éμ¢ É¥²²Ê·μ¢μ° £·Ê¶¶Ò ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ · §´Ò¥ É¨¶Ò
¨μ´´ÒÌ ¨¸ÉμÎ´¨±μ¢. � ¶·¨³¥·, ¨μ´¨§ Í¨Ö £ §μμ¡· §´ÒÌ Ô²¥³¥´Éμ¢ ³μ¦¥É
ÔËË¥±É¨¢´μ μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¢ ¨μ´´μ³ ¨¸ÉμÎ´¨±¥ �–�-É¨¶  ¸μ ¸· ¢´¨É¥²Ó´μ
´¨§±μ° ³¨±·μ¢μ²´μ¢μ° Î ¸ÉμÉμ° (2,45 ƒƒÍ). „²Ö ¨μ´¨§ Í¨¨ Ð¥²μÎ´ÒÌ Ô²¥-
³¥´Éμ¢ ¶μ¤Ìμ¤¨É ¨¸ÉμÎ´¨± ¸ ¶μ¢¥·Ì´μ¸É´μ° ¨μ´¨§ Í¨¥°. „²Ö ¶μ²ÊÎ¥´¨Ö ¨μ-
´μ¢ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢ ¢μ§³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨μ´´Ò° ¨¸ÉμÎ´¨± ¤Ê£μ¢μ£μ É¨¶ 
¸ ´ £·¥¢ ¥³μ° ± ³¥·μ° [3, 4].

�¤´ ±μ ¢ ²Õ¡μ³ ¸²ÊÎ ¥ ¶·¨ ¶μ²ÊÎ¥´¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸ μÉ´μ¸¨É¥²Ó´μ
¡μ²ÓÏμ°  Éμ³´μ° ³ ¸¸μ° É·¥¡Ê¥É¸Ö ¶μ¢ÒÏ¥´¨¥ ¨Ì § ·Ö¤  ¤²Ö Ê¸±μ·¥´¨Ö ¢ Í¨-
±²μÉ·μ´¥. �¸´μ¢´Ò³ μÉ²¨Î¨¥³ ¨¸ÉμÎ´¨±  ®charge breeder¯ μÉ É· ¤¨Í¨μ´´ÒÌ
�–�-¨¸ÉμÎ´¨±μ¢ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¢¢μ¤ · ¡μÎ¥£μ ¢¥Ð¥¸É¢  ¢ ´¥£μ μ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö ¢ ¢¨¤¥ ¶ÊÎ±  μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢,   ´¥ ¢ ¢¨¤¥ ´¥°É· ²Ó´ÒÌ  Éμ³μ¢ ¨²¨
³μ²¥±Ê². �·¨¸ÊÉ¸É¢¨¥ ¤μ¸É ÉμÎ´μ ¸¨²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¢ μ¡² ¸É¨ ¨´-
¦¥±Í¨¨ É·¥¡Ê¥É ¸μ§¤ ´¨Ö ¸¶¥Í¨ ²Ó´μ° ¸¨¸É¥³Ò ¢¢μ¤  ¶ÊÎ±  ¨μ´μ¢ ¢ · ¡μÎÊÕ
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§μ´Ê ¨¸ÉμÎ´¨± . „ ´´ Ö ¸¨¸É¥³  ¤μ²¦´  μ¡¥¸¶¥Î¨¢ ÉÓ ÔËË¥±É¨¢´Ò° ®§ Ì¢ É¯
¨´¦¥±É¨·Ê¥³ÒÌ ¨μ´μ¢ ¢ μ¡² ¸ÉÓ ¨μ´¨§ Í¨¨ ¨ ³ ±¸¨³ ²Ó´μ ÔËË¥±É¨¢´μ¥ μ¸Ê-
Ð¥¸É¢²¥´¨¥ ¶·μÍ¥¸¸  1+ → n+.

2. ‘ˆ‘’…Œ� ‚‚�„� ‚’��ˆ—�›• �“—Š�‚ �„��‡��Ÿ„�›•
ˆ���‚ ‚ �‹�‡Œ…��“� Š�Œ…�“ ˆ‘’�—�ˆŠ�

‚ ¤ ´´μ³ · §¤¥²¥ ¶·¥¤¸É ¢²¥´ · ¸Î¥É Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¤²Ö
μ¸ÊÐ¥¸É¢²¥´¨Ö ¢¢μ¤  ¢Éμ·¨Î´ÒÌ, ¢ Éμ³ Î¨¸²¥ ¨ · ¤¨μ ±É¨¢´ÒÌ, ¶ÊÎ±μ¢ μ¤´μ-
§ ·Ö¤´ÒÌ ¨μ´μ¢ ´¨§±¨Ì Ô´¥·£¨° (¤μ 25 ±Ô‚). ˆ§ ¢μ§³μ¦´ÒÌ ¢ ·¨ ´Éμ¢ ¢¢μ¤ ,
±μÉμ·Ò¥ ¡Ò²¨ μ¡¸Ê¦¤¥´Ò ¢ · ¡μÉ¥ [5], ¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨³ ± ± ¸ ÉμÎ±¨ §·¥´¨Ö
±μ´¸É·Ê±Í¨¨ (·¥ ²¨§ Í¨¨), É ± ¨ ÔËË¥±É¨¢´μ¸É¨ Ö¢²Ö¥É¸Ö ¢¢μ¤ ¸μ ¸Éμ·μ´Ò
¨´¦¥±Í¨¨ (É ± ´ §Ò¢ ¥³Ò° ®forward injection¯) ¸ Ô²¥±É·μ¸É É¨Î¥¸±¨³ § ³¥¤-
²¥´¨¥³ ¶ÊÎ± . �¡Ð Ö ¡²μ±-¸Ì¥³  Ê¸É ´μ¢±¨ ¶μ± § ´  ´  ·¨¸. 2. �´  ¸μ¸Éμ¨É

�¨¸. 2. 	²μ±Ä¸Ì¥³  ¢¢μ¤  ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢ μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¢ ¶² §³¥´´ÊÕ ± ³¥·Ê
¨μ´´μ£μ ¨¸ÉμÎ´¨±  DECRIS-4

¨§  ´ ²¨§¨·ÊÕÐ¥£μ ³ £´¨É , ¤¨ Ë· £³Ò, Í¨²¨´¤·  ” · ¤¥Ö, Ô³¨ÉÉ ´¸³¥É· ,
³ £´¨É´μ£μ ¸É¨·¨´£ , ¤¢μ°´μ° Ô²¥±É·μ¸É É¨Î¥¸±μ° ²¨´§Ò Å É ± ´ §Ò¢ ¥³μ°
®Einzel lens¯ ¨ É·Ê¡±¨, Î¥·¥§ ±μÉμ·ÊÕ ¢¢μ¤¨É¸Ö ¶ÊÎμ± ¢ ¨μ´´Ò° ¨¸ÉμÎ´¨±.
�¥±μÉμ·Ò¥ μ¸´μ¢´Ò¥ Ô²¥³¥´ÉÒ É· ¸¸Ò ¡Ê¤ÊÉ · ¸¸³μÉ·¥´Ò ¡μ²¥¥ ¶μ¤·μ¡´μ.

Œ É¥³ É¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¸¨¸É¥³Ò ¢¢μ¤ . �¥·¥¤ ´ Î ²μ³ ³μ¤¥-
²¨·μ¢ ´¨Ö ´¥μ¡Ìμ¤¨³μ μÍ¥´¨ÉÓ ¶·μ¸É· ´¸É¢μ, ¸¢μ¡μ¤´μ¥ ¤²Ö · §³¥Ð¥´¨Ö,
¨¸Ìμ¤Ö ¨§ ·¥ ²Ó´ÒÌ · §³¥·μ¢ Ê¸É ´μ¢±¨, £¤¥ ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¸¨-
¸É¥³Ê ¢¢μ¤  ¶ÊÎ±μ¢ μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¢ ¨μ´´Ò° ¨¸ÉμÎ´¨± ®charge breeder¯.
�¡Ð Ö ¤²¨´  É· ¸¸Ò μÉ Í¥´É·  ³ £´¨É  ¤μ Í¥´É·   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ Í¨-
±²μÉ·μ´  “Ä400 ¸μ¸É ¢²Ö¥É 4469 ³³. ‚ÒÎ¨É Ö ¨§ ÔÉμ° ¤²¨´Ò É ± ´ §Ò¢ ¥³Ò¥
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®§ ´ÖÉÒ¥ · §³¥·Ò¯, ¢ ±μÉμ·Ò¥ ¢Ìμ¤ÖÉ Ëμ±Ê¸´μ¥ · ¸¸ÉμÖ´¨¥ ¶μ¢μ·μÉ´μ£μ ³ £-
´¨É  �Œ-1, ¤²¨´  ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¨ ¥£μ · ¸¸ÉμÖ´¨¥ μÉ  ´ ²¨§¨·ÊÕÐ¥£μ
³ £´¨É  �Œ-2, ¶μ²ÊÎ ¥³ 1449 ³³ ¤²Ö ±μ³¶μ´μ¢±¨ Ô²¥³¥´Éμ¢ É· ¸¸Ò.

‚ ÉμÎ±¥ Ëμ±Ê¸  ¶μ¢μ·μÉ´μ£μ ³ £´¨É  �Œ-1, ±μÉμ· Ö Ö¢²Ö¥É¸Ö ¸É ·Éμ-
¢μ° ÉμÎ±μ° ³ É¥³ É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¸¨¸É¥³Ò ¢¢μ¤  ¶ÊÎ± , Ê¸É ´μ¢²¥´
Í¨²¨´¤· ” · ¤¥Ö ¤²Ö ¨§³¥·¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¨μ´´μ£μ ¶ÊÎ± . �· ±É¨Î¥-
¸±¨ ¶·Ö³μ ¶¥·¥¤ Í¨²¨´¤·μ³ ´ Ìμ¤¨É¸Ö ·¥£Ê²¨·Ê¥³ Ö ¢ ¤¨ ¶ §μ´¥ μÉ 10 ¤μ
45 ³³ ¤¨ Ë· £³ , ¸ ¶μ³μÐÓÕ ±μÉμ·μ° ³μ¦´μ ¨§³¥´ÖÉÓ · §³¥·Ò ¶ÊÎ± , ¸μμÉ-
¢¥É¸É¢¥´´μ ³¥´ÖÖ ¥£μ Ô³¨ÉÉ ´¸. ‚ Éμ³ ¦¥ ¡²μ±¥ ¤¨ £´μ¸É¨±¨ (DB-1) ¶μ¸²¥
Í¨²¨´¤·  ” · ¤¥Ö ¶·¥¤¶μ² £ ¥É¸Ö Ê¸É ´μ¢¨ÉÓ Ô³¨ÉÉ ´¸³¥É· ¨²¨ ¶·μË¨²μ³¥É·
¤²Ö ¨§³¥·¥´¨Ö Ëμ·³Ò ¨ ± Î¥¸É¢  ¶ÊÎ± .

�¥·¥¤ ¨ ¶μ¸²¥ ¡²μ±  ¤¨ £´μ¸É¨±¨ (DB-1) ´ Ìμ¤ÖÉ¸Ö ³ £´¨É´Ò¥ ¸É¨·¨´£¨,
¸ ¶μ³μÐÓÕ ±μÉμ·ÒÌ ³μ¦´μ ±μ··¥±É¨·μ¢ ÉÓ ¢μ§³μ¦´Ò¥ μÉ±²μ´¥´¨Ö ¶ÊÎ± 
¨μ´μ¢ μÉ μ¸¨. Š ¦¤Ò° ¸É¨·¨´£ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ± ÉÊÏ¥±, · ¸¶μ²μ¦¥´´ÒÌ
¢μ ¢§ ¨³´μ ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ¶²μ¸±μ¸ÉÖÌ, ´  ±μÉμ·Ò¥ ¶μ¤ ¥É¸Ö ¶μ¸ÉμÖ´´Ò°
Éμ±. ‚ ·¥§Ê²ÓÉ É¥ ¢μ§´¨± ¥É ¢μ§³μ¦´μ¸ÉÓ ±μ··¥±É¨·μ¢ ÉÓ ¶μ²μ¦¥´¨¥ ¶ÊÎ±  ¢
μ¡μ¨Ì ´ ¶· ¢²¥´¨ÖÌ (£μ·¨§μ´É ²Ó´μ³ ¨²¨ ¢¥·É¨± ²Ó´μ³).

�¥¶μ¸·¥¤¸É¢¥´´μ ¶¥·¥¤ ¨μ´´Ò³ ¨¸ÉμÎ´¨±μ³, ± ± ¶μ± § ´μ ´  ·¨¸. 2, · ¸-
¶μ² £ ¥É¸Ö ¢Éμ·μ° ¡²μ± ¤¨ £´μ¸É¨±¨ ¸ Ê¸É ´μ¢²¥´´μ° ¢´ÊÉ·¨ Ô²¥±É·μ¸É É¨Î¥-
¸±μ° ²¨´§μ°. „ ´´Ò° É¨¶ μ¶É¨Î¥¸±μ£μ Ô²¥³¥´É  μ¸ÊÐ¥¸É¢²Ö¥É Ëμ±Ê¸¨·μ¢±Ê
¨μ´´μ£μ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö Í¨²¨´¤·¨Î¥¸±μ° ¸¨³³¥É·¨¨.
�  ¶· ±É¨±¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤¢  ¢¨¤  É ±¨Ì ²¨´§:

• �·μ¸É Ö Å μ¤¨´μÎ´ Ö ²¨´§  Å μ¡· §μ¢ ´  ¨§ É·¥Ì Ô²¥±É·μ¤μ¢ Í¨²¨´-
¤·¨Î¥¸±μ° Ëμ·³Ò. –¥´É· ²Ó´Ò° Ô²¥±É·μ¤ ´ Ìμ¤¨É¸Ö ´  ¢Ò¸μ±μ³ ¶μÉ¥´Í¨-
 ²¥ ¨ ¤¢  ±· °´¨Ì ´  ¶μÉ¥´Í¨ ²¥ §¥³²¨. „ ´´Ò° É¨¶ ²¨´§Ò ¤μ¢μ²Ó´μ Î ¸Éμ
¶·¨³¥´Ö¥É¸Ö ¤²Ö Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ± , ¨§¢²¥± ¥³μ£μ ¨§ ¨μ´´μ£μ ¨¸ÉμÎ´¨± .
’¨¶¨Î´μ¥ ´ ¶·Ö¦¥´¨¥, ¶·¨³¥´Ö¥³μ¥ ´  ²¨´§¥, ³μ¦´μ μÍ¥´¨ÉÓ ¶μ Ëμ·³Ê²¥
Ulens ≈ 2/3Ubeam. �Éμ §´ Î¨É, ÎÉμ ¤²Ö ¶ÊÎ±  ¸ Ô´¥·£¨¥° 18 ±Ô‚ ´ ¶·Ö¦¥´¨¥
´  ²¨´§¥ ¸μ¸É ¢²Ö¥É μ¡ÒÎ´μ μ±μ²μ 13 ±‚.

• „¢μ°´ Ö ²¨´§  Å ¸μ¸Éμ¨É ¨§ ¶ÖÉ¨ Ô²¥±É·μ¤μ¢: ¤¢  ´  ¢Ò¸μ±μ³ ¶μÉ¥´Í¨-
 ²¥ (´  ·¨¸. 2 ¶μ± § ´Ò ¦¨·´μ° ²¨´¨¥°) ¨ É·¥Ì § §¥³²¥´´ÒÌ (Éμ´±¨¥ ²¨´¨¨).

�μ μÉ´μÏ¥´¨Õ ± μ¤¨´μÎ´μ° ²¨´§¥ ¤¢μ°´ Ö ²¨´§  ¶μ§¢μ²Ö¥É ¢ §´ Î¨É¥²Ó´μ
¡μ²ÓÏ¥° ¸É¥¶¥´¨ ³¥´ÖÉÓ Ëμ±Ê¸´μ¥ · ¸¸ÉμÖ´¨¥, ¨§³¥´ÖÖ ´ ¶·Ö¦¥´¨Ö ´  Ô²¥±-
É·μ¤ Ì. �μÔÉμ³Ê ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¤¢μ°´ Ö ²¨´§  Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¥°
¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¡μ²¥¥ ÔËË¥±É¨¢´μ° ¨´¦¥±Í¨¨ ¶ÊÎ±  Î¥·¥§ ¢Ìμ¤´ÊÕ É·Ê¡±Ê
¢ ¨μ´´Ò° ¨¸ÉμÎ´¨± ®charge breeder¯ ¨ ¢Ò¡μ· ¤¢μ°´μ° ²¨´§Ò Ö¢²Ö¥É¸Ö μ¶· ¢-
¤ ´´Ò³. „²Ö · ¸Î¥Éμ¢ ¡Ò²μ ¶·¥¤²μ¦¥´μ ´¥¸±μ²Ó±μ ±μ´Ë¨£Ê· Í¨° ²¨´§. ˆÌ
μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1, £¤¥ D1 Ä ¤¨ ³¥É· ¨ L1 Å ¤²¨´ 
¶¥·¢μ° ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¶² ¸É¨´Ò; D2 Å ¤¨ ³¥É· ¨ L2 Å ¤²¨´  ¢Éμ·μ° ¢Ò¸μ-
±μ¢μ²ÓÉ´μ° ¶² ¸É¨´Ò; d Å ¤¨ ³¥É· ¨ l Å ¤²¨´  § §¥³²¥´´ÒÌ ¶² ¸É¨´ ²¨´§Ò.
� ¸Î¥É´Ò¥ ³μ¤¥²¨ Î¥ÉÒ·¥Ì É¨¶μ¢ ²¨´§ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3.

�μ¸²¥¤´¨³ Ô²¥³¥´Éμ³ ²¨´¨¨ ¢¢μ¤  Ö¢²Ö¥É¸Ö § §¥³²¥´´ Ö É·Ê¡± , ¢Ìμ¤Ö-
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’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¤¢μ°´ÒÌ ²¨´§

Šμ´Ë¨£Ê· Í¨Ö
D1, ³³ L1, ³³ D2, ³³ L2, ³³ d, ³³ l, ³³

²¨´§

‹¨´§  1 100 60 100 60 70 60
‹¨´§  1-70 100 70 100 70 70 60
‹¨´§  2 80 60 80 60 80 60
‹¨´§  3 70 60 70 60 100 60

�¨¸. 3. � §²¨Î´Ò¥ ¶·¨³¥´Ö¥³Ò¥ ¢ · ¸Î¥É¥ ±μ´Ë¨£Ê· Í¨¨ Ô²¥±É·μ¸É É¨Î¥¸±¨Ì ²¨´§

Ð Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ± ³¥·Ê ¨μ´´μ£μ ¨¸ÉμÎ´¨± . ˆ§-§  ´ ²¨Î¨Ö · §´μ¸É¨
¶μÉ¥´Í¨ ²μ¢ ³¥¦¤Ê ¶² §³¥´´μ° ± ³¥·μ° ¨¸ÉμÎ´¨±  ¨ É·Ê¡±μ° ¨μ´´Ò° ¶Ê-
Îμ± Ô²¥±É·μ¸É É¨Î¥¸±¨ Éμ·³μ§¨É¸Ö ¨ ¶μ¶ ¤ ¥É ¢ ¶² §³Ê, £¤¥ ¶·μ¨¸Ìμ¤¨É ¥£μ
¤ ²Ó´¥°Ï Ö ¨μ´¨§ Í¨Ö.

�¸´μ¢´μ° § ¤ Î¥° · ¸Î¥É  ¡Ò²μ ´ °É¨ μ¶É¨³ ²Ó´μ¥ · ¸¶μ²μ¦¥´¨¥ Ô²¥±-
É·μ¸É É¨Î¥¸±μ° ²¨´§Ò É ±, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¢¢μ¤ ¶ÊÎ±  μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢
¢ ¶² §³Ê ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´μ. Š ± Ê¦¥ Ê¶μ³¨´ ²μ¸Ó ¢ÒÏ¥, ´ Î ²μ³ · ¸Î¥É 
Ö¢²Ö² ¸Ó ÉμÎ±  Ëμ±Ê¸  ¶μ¢μ·μÉ´μ£μ ³ £´¨É  �Œ-1,   ±μ´¥Î´μ° ÉμÎ±μ° Å
Í¥´É· ¶² §³¥´´μ° ± ³¥·Ò ¨μ´´μ£μ ¨¸ÉμÎ´¨± . � ¸Î¥É ¶·μ¢μ¤¨²¸Ö ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ¶·μ£· ³³´ÒÌ ¶ ±¥Éμ¢ TRANSPORT [6] ¨ IGUN [7, 8]. �μ¸±μ²Ó±Ê
¢Éμ· Ö Ë §  ¶·μ¥±É  DRIBs ¶·¥¤¶μ² £ ¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢ ¦¤Ò ³ £¨Î¥¸±μ¥
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Ö¤·μ μ²μ¢ , ¢¸¥ · ¸Î¥ÉÒ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¤²Ö ¶ÊÎ±  μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¸
³ ¸¸μ° Î ¸É¨ÍÒ � = 132 ¨ Ô´¥·£¨¥° ¶ÊÎ± , · ¢´μ° 16 ±Ô‚. �  ¸É ·É¥ ¨¸¶μ²Ó-
§μ¢ ²¨¸Ó ¶ÊÎ±¨ ¸ Ô³¨ÉÉ ´¸μ³ μÉ 10 ¶μ 127 π·³³·³· ¤. � · ³¥É·Ò ÔÉ¨Ì ¶ÊÎ±μ¢
¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  2. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¨´¦¥±É¨·Ê¥³ÒÌ ¶ÊÎ±μ¢ μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢,
¨¸¶μ²Ó§Ê¥³ÒÌ ¢ · ¸Î¥É Ì

�ÊÎμ±
Rmax, φmax, �³¨ÉÉ ´¸ ε, ŠμÔËË¨Í¨¥´ÉÒ Œ É·¨Í 

³³ ³· ¤ π·³³·³· ¤ α β γ r12 = r43

1 6.13 4.816 10.22 -2.744 3.6786 2.3186 0.93957
2 1.47 21.425 13.12 2.197 0.1665 34.9938 -0.841
3 5.614 43.96 23.1 -10.648 1.3658 83.7452 0.9956
4 7.908 37.152 49.6 -5.832 1.2592 27.804 0.9856
5 4.41 34.09 75.45 1.728 0.2588 15.4021 -0.86551
6 3.284 65.524 89.1 -2.197 0.121 48.1673 0.91
7 9.179 58.613 127.6 -4.096 0.6603 26.9226 0.9715

‚ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò TRANSPORT ¡Ò²¨ ´ °-
¤¥´Ò μ¶É¨³ ²Ó´Ò¥ ¶μ²μ¦¥´¨Ö ¤²Ö ¢¸¥Ì ±μ´Ë¨£Ê· Í¨° ²¨´§ ± ± ¸ ÉμÎ±¨ §·¥´¨Ö
Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ± , É ± ¨ ±μ´¸É·Ê±Í¨¨ É· ¸¸Ò. �μ¸²¥ ÔÉμ£μ ¡Ò²¨ · ¸¸Î¨É ´Ò
¨ ´ °¤¥´Ò É·¥¡Ê¥³Ò¥ ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ´  Ô²¥±É·μ¤ Ì ²¨´§
(±μ´Ë¨£Ê· Í¨¨  , ¡, ¢ ¨ £) ¤²Ö ¢¸¥Ì ¨´¦¥±É¨·Ê¥³ÒÌ ¶ÊÎ±μ¢ (1Ä7). �·¨ ÔÉμ³
μ¡· Ð ²μ¸Ó ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¶·μÌμ¦¤¥´¨¥ 100% ¶ÊÎ± . ‚
¤ ´´μ° ¶·μ£· ³³¥ É·Ê¡±  ¡Ò²  ¢¢¥¤¥´  ± ± ËÊ´±Í¨Ö FIT ¨ Ê¸²μ¢¨Ö · ¸Î¥É 
§ ¤ ´Ò É ±, ÎÉμ¡Ò £ ¡ ·¨ÉÒ ¶ÊÎ±  ¡Ò²¨ ³¥´ÓÏ¥ Ê± § ´´μ° ËÊ´±Í¨¨. Œ £-
´¨É´μ¥ ¶μ²¥ ¨¸ÉμÎ´¨± , ±μÉμ·μ¥ ¶·¨¸ÊÉ¸É¢Ê¥É ¢ μ¡² ¸É¨ ¨´¦¥±Í¨¨ ¨ É ±¦¥
¢²¨Ö¥É ´  μ£¨¡ ÕÐÊÕ ¶ÊÎ± , ¢¢μ¤¨²μ¸Ó ¢ ¢¨¤¥ Éμ´±¨Ì ¸μ²¥´μ¨¤μ¢.

‚μ ¢Éμ·μ³ ¶·¨¡²¨¦¥´¨¨ É· ¸¸  ¡Ò²  · ¸¸Î¨É ´  ¶·μ£· ³³μ° IGUN, ¶μ-
¸±μ²Ó±Ê μ´  ÊÎ¨ÉÒ¢ ¥É ¨ ¶·μ¸É· ´¸É¢¥´´Ò° § ·Ö¤ ¶ÊÎ± . ‡  μ¸´μ¢Ê ¡· ²¨¸Ó
´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö Ep, ±‚/¸³, ±μÉμ·Ò¥ ¡Ò²¨ ´ °¤¥´Ò ¸ ¶μ-
³μÐÓÕ ¶·μ£· ³³Ò TRANSPORT. �μ¸±μ²Ó±Ê ¢ ¤ ´´μ° ¶·μ£· ³³¥ § ¤ ¥É¸Ö
´ ¶·Ö¦¥´¨¥ ´  ²¨´§¥, μ´μ ¡Ò²μ ¶¥·¥¸Î¨É ´μ ¶μ Ëμ·³Ê²¥ Ep = 2 · (U/a), £¤¥
U Å ´ ¶·Ö¦¥´¨¥ ´  ¶² ¸É¨´¥, ±‚, ¨   Å · ¤¨Ê¸ ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¶² ¸É¨´Ò.
� ¸Î¥É ¡Ò² · §¤¥²¥´ ´  ¤¢¥ Î ¸É¨: ¤²Ö ²¨´§Ò ¨ É·Ê¡±¨, ¶·¨Î¥³ ¶·μ£· ³³ 
¶μ§¢μ²Ö¥É  ¢Éμ³ É¨Î¥¸±¨ § £·Ê¦ ÉÓ ·¥§Ê²ÓÉ É ´  ¢ÒÌμ¤¥ ¶¥·¢μ° Î ¸É¨ ± ±
´ Î ²Ó´Ò¥ ¶ · ³¥É·Ò ¶ÊÎ±  ´  ¢Ìμ¤¥ ¢Éμ·μ£μ Ë °² .

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸μ¡· ´Ò ¢ É ¡². 3, ¢ ±μÉμ·μ° ¶·¥¤¸É ¢²¥´Ò ¢¥²¨-
Î¨´Ò ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²  ¨ ´ ¶·Ö¦¥´¨Ö ´  ¶² ¸É¨´ Ì ²¨´§.
‘μ¢¶ ¤¥´¨¥ · ¸Î¥Éμ¢ μ¡¥¨Ì ¶·μ£· ³³ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ ± ± ¸ ÉμÎ±¨ §·¥´¨Ö
É·¥¡Ê¥³μ£μ ´ ¶·Ö¦¥´¨Ö ¤²Ö Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ± , É ± ¨ ¶μ μ£¨¡ ÕÐ¥° ¶ÊÎ± . ‚
± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 4 ¶μ± § ´  Ëμ·³  ¢Ìμ¤´μ£μ ¶ÊÎ± , · ¸¸Î¨É ´´ Ö ¶·μ-
£· ³³ ³¨ TRANSPORT ¨ IGUN, ±μÉμ· Ö, ± ± Ê¶μ³¨´ ²μ¸Ó ¢ÒÏ¥, · §¤¥²¥´ 
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’ ¡²¨Í  3. ’ ¡²¨Í  ¶μ²ÊÎ¥´´ÒÌ ¢ · ¸Î¥É Ì ·¥§Ê²ÓÉ Éμ¢ ¤²Ö μÉ¤¥²Ó´ÒÌ
±μ´Ë¨£Ê· Í¨° ²¨´§

‹¨´§  1

�ÊÎμ±
TRANSPORT IGUN η

Ep, ±‚/¸³ UT , ±‚ UI , ±‚ %
1 3 0 7,5 0 8,5 0 100
2 5,5 0 13,75 0 14,5 0 100
3 5 0,5 12,5 1,25 13,75 1,4 100
4 5 0 12,5 0 13,5 0 100
5 5 3 12,5 7,5 13,75 8,25 100
6 6,2 0 15,45 0 13 10 90
7 5,4 0 13,5 0 13,5 0 85

‹¨´§  1-70

�ÊÎμ±
TRANSPORT IGUN η

Ep, ±‚/¸³ UT , ±‚ UI , ±‚ %
1 3 0 7,5 0 8,0 0 100
2 5 0 12,5 0 12 0 100
3 4,8 0 12 0 12 0 100
4 4,5 0 11,5 0 12,6 0 100
5 3 4 7,5 10 8,25 11 100
6 5,1 0,5 12,8 1,5 13 1,5 90
7 4,3 0,5 10,75 1,25 11,8 1,5 85

‹¨´§  2

�ÊÎμ±
TRANSPORT IGUN η

Ep, ±‚/¸³ UT , ±‚ UI , ±‚ %
1 2,5 0 5,0 0 5,5 0 100
2 5 0 10 0 11 0 100
3 4,5 0 9 0 10 0 100
4 4 0 8 0 9 0 100
5 1,5 4 3 8 3,5 9 100
6 4,6 0,5 9,5 1 10 1 90
7 3,93 0,5 8 1 10 0 85

‹¨´§  3

�ÊÎμ±
TRANSPORT IGUN η

Ep, ±‚/¸³ UT , ±‚ UI , ±‚ %
1 2 0 3,5 0 3,5 0 100
2 4 0 7 0 7,7 0 100
3 4 0 7 0 10 0 100
4 3,66 0 6,5 0 9 0 100
5 1 4 1,75 7 0 9 100
6 4,33 0 7,6 0 10 0 90
7 3,8 0 6,7 0 10 0 85

´  ¤¢¥ Î ¸É¨ Å ¤²Ö ²¨´§Ò ¨ É·Ê¡±¨. �É²¨Î¨¥ ³¥¦¤Ê ¶·μ£· ³³ ³¨ ¸μ¸É ¢²Ö¥É
¶·¨³¥·´μ 10 % ¨ ÔÉμ μ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉμ ¶·μ£· ³³  IGUN ÊÎ¨ÉÒ¢ ¥É ¢
· ¸Î¥É¥ ¶·μ¸É· ´¸É¢¥´´Ò° § ·Ö¤.

ˆ§ ¶·¥¤²μ¦¥´´ÒÌ ±μ´Ë¨£Ê· Í¨° Ô²¥±É·μ¸É É¨Î¥¸±¨Ì ²¨´§, ¸ ´ Ï¥° ÉμÎ±¨
§·¥´¨Ö, ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨³¨ Ö¢²ÖÕÉ¸Ö ¢Éμ· Ö ¨²¨ É·¥ÉÓÖ ±μ´Ë¨£Ê· Í¨¨
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�¨¸. 4. �·¨³¥· · ¸Î¥É´ÒÌ ·¥§Ê²ÓÉ Éμ¢:  ) Ëμ·³  ¶ÊÎ±  ¢ ¸É ·Éμ¢μ° ÉμÎ±¥, ¡) TRANS-
PORT; ¢) IGUN
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(·¨¸. 3 ¡, ¢). ‚ ¶¥·¢μ³ ¢ ·¨ ´É¥ a ´¥¤μ¸É É±μ³ Ö¢²Ö¥É¸Ö ¤μ¢μ²Ó´μ ¢Ò¸μ-
±μ¥ ´ ¶·Ö¦¥´¨¥ ´  ¶² ¸É¨´ Ì ²¨´§Ò ¤²Ö μ¡¥¸¶¥Î¥´¨Ö Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ± .
‚ ¶μ¸²¥¤´¥³ ¢ ·¨ ´É¥ £ ´ ¶·Ö¦¥´¨Ö ´¥ É ± ¢¥²¨±¨. �μ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¤μ-
¢μ²Ó´μ ¢Ò¸μ±  ´ ¶·Ö¦¥´´μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ³¥¦¤Ê ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¨
§ §¥³²¥´´μ° ¶² ¸É¨´ ³¨, ±μÉμ· Ö ¢ μÉ¤¥²Ó´ÒÌ ¸²ÊÎ ÖÌ ¤μ¸É¨£ ¥É ¢¥²¨Î¨´Ò
30 ±‚/¸³.

’ ±¨³ μ¡· §μ³, ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ ¶·¥¤²μ¦¥´´ Ö ¸¨¸É¥³  μ± §Ò¢ ¥É¸Ö
¤μ¸É ÉμÎ´μ £¨¡±μ° ¨ ÔËË¥±É¨¢´μ° ¤²Ö ¢¢μ¤  ¶ÊÎ±  μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¢
¶² §³¥´´ÊÕ ± ³¥·Ê ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ®charge breeder¯. �´  μ¡¥¸¶¥Î¨¢ ¥É
¢¢μ¤ ¢ ¨¸ÉμÎ´¨± ¡¥§ ¶μÉ¥·Ó ¶ÊÎ±  ¸ Ô³¨ÉÉ ´¸μ³ ¤μ 80π·³³·³· ¤ ¨ 90%-¥
¶·μÌμ¦¤¥´¨¥ ¶ÊÎ±  ¸ Ô³¨ÉÉ ´¸μ³ ¤μ 130 π·³³·³· ¤. �·¨ ÔÉμ³  ±¸¥¶É ´¸
É·Ê¡±¨ ¸μ¸É ¢²Ö¥É 550 π·³³·³· ¤.

‚›‚�„›

�μ¸²¥ ¶·μ¢¥¤¥´´ÒÌ · ¸Î¥Éμ¢ ¨ ¶·¥¤²μ¦¥´¨° ¶μ ·¥ ²¨§ Í¨¨ ±μ´¸É·Ê±Í¨¨
¢¢μ¤  ³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò:

• �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ± § ²¨ ¶·¨´Í¨¶¨ ²Ó´ÊÕ ¢μ§³μ¦´μ¸ÉÓ ·¥ ²¨§ -
Í¨¨ ¸¨¸É¥³Ò ¢¢μ¤  ¶ÊÎ±  μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢, ´ °¤¥´μ μ¶É¨³ ²Ó´μ¥ · ¸¶μ-
²μ¦¥´¨¥ Ô²¥³¥´Éμ¢ É· ¸¸Ò ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¢¢μ¤  ¸ ³ ±¸¨³ ²Ó´μ° ÔËË¥±É¨¢-
´μ¸ÉÓÕ.

• ˆ§ ¶·¥¤²μ¦¥´´ÒÌ ±μ´Ë¨£Ê· Í¨° ¤¢μ°´ÒÌ Ô²¥±É·μ¸É É¨Î¥¸±¨Ì ²¨´§ ¡μ-
²¥¥ ¶μ¤Ìμ¤ÖÐ¨³¨ Ö¢²ÖÕÉ¸Ö ¢ ·¨ ´ÉÒ ¡ ¨ ¢. „²Ö μ±μ´Î É¥²Ó´μ£μ ¢Ò¡μ·  ¶·¥¤-
² £ ¥É¸Ö ¶·μ¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´ÊÕ ±μ³¶ÓÕÉ¥·´ÊÕ ¸¨³Ê²ÖÍ¨Õ ¶·μ£· ³³μ°,
ÊÎ¨ÉÒ¢ ÕÐ¥° ¶·μ¸É· ´¸É¢¥´´Ò° § ·Ö¤ ¶ÊÎ±  ¨ ¸ ±μ²¨Î¥¸É¢μ³ Î ¸É¨Í ¢ ¶ÊÎ±¥,
¡²¨§±¨³ ·¥ ²Ó´Ò³ Ê¸²μ¢¨Ö³.
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