
�¨¸Ó³  ¢ �—�Ÿ. 2003. º 2[117] Particles and Nuclei, Letters. 2003. No. 2[117]

“„Š 533.9

’���‘���’ˆ��‚Š� ‡���…„…‹œ��ƒ�
�‹…Š’�����ƒ� �“—Š�

‚ ‚�Š““Œ��Œ ’��Š’… ‘ �‹�‡Œ…��›Œˆ
�…�…Œ›—Š�Œˆ

�. …. „Ê¡¨´µ¢, ‚. ‘. †¤ ´µ¢, ‚. ƒ. Šµ·´¨²µ¢,
‚. „. ‘¥²¥³¨·, �. �. •¨¦´Ö±µ¢, ‚. ˆ. —¥²¶ ´µ¢

�µ¸¸¨°¸±¨° Ë¥¤¥· ²Ó´Ò° Ö¤¥·´Ò° Í¥´É· Ä
‚�ˆˆ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨, ‘ ·µ¢, �µ¸¸¨Ö

„²Ö Ê¢¥²¨Î¥´¨Ö Éµ±  Ô²¥±É·µ´´µ£µ ¶ÊÎ± , É· ´¸¶µ·É¨·Ê¥³µ£µ ¢ ¢ ±ÊÊ³´µ³ É· ±É¥, ¶·¥¤²µ-
¦¥´µ ¸µ§¤ ¢ ÉÓ ¢ É· ±É¥ ¶µ¶¥·¥Î´Ò¥ ¶² §³¥´´Ò¥ ¶¥·¥³ÒÎ±¨. �·µ¢¥¤¥´  Î¨¸²¥´´ Ö ¶·µ¢¥·±  ¨¤¥¨.
�µ± § ´µ, ÎÉµ ¢ µÉ¸ÊÉ¸É¢¨¥ ¶¥·¥³ÒÎ¥± ¢ É· ±É¥ Ëµ·³¨·Ê¥É¸Ö ¢¨·ÉÊ ²Ó´Ò° ± Éµ¤ ¸ µÉ· ¦¥´¨¥³
§´ Î¨É¥²Ó´µ° Î ¸É¨ Ô²¥±É·µ´µ¢ ¶ÊÎ± , ¢ Éµ ¢·¥³Ö ± ± É· ±É, ´ £·Ê¦¥´´Ò° ·Ö¤µ³ ¶² §³¥´´ÒÌ ¶¥-
·¥³ÒÎ¥±, ¶·µ¶Ê¸± ¥É ¢¥¸Ó ¶ÊÎµ± ¶µ²´µ¸ÉÓÕ. �¸ÊÐ¥¸É¢²¥´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¶·µ¢¥·±  É ±µ£µ
É· ±É  ´  Ê¸±µ·¨É¥²¥ ¶·Ö³µ£µ ¤¥°¸É¢¨Ö Š�‚—…ƒ ¨ ¶µ¤É¢¥·¦¤¥´  ¥£µ · ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ.

To increase electron beam current, transported in the vacuum section, it is proposed to create
transversal plasma disks. Numerical check of this idea has been made. It is shown that without the
disks virtual cathode is formed, re�ecting signiˇcant part of the beam electrons, whereas the section,
loaded with a number of disks, passes the whole beam. Experimental check of this section with
accelerator of direct operation KOVCHEG has been made, and its operetional capability is conˇrmed.

„²Ö ·¥Ï¥´¨Ö ·Ö¤  ´ ÊÎ´ÒÌ ¨ É¥Ì´¨Î¥¸±¨Ì § ¤ Î ´¥µ¡Ìµ¤¨³µ µ¡¥¸¶¥Î¨ÉÓ ¶¥·¥¤ ÎÊ
Ô´¥·£¨¨ ¢ ¢¨¤¥ ¸¨²Ó´µÉµÎ´ÒÌ Ô²¥±É·µ´´ÒÌ ¶ÊÎ±µ¢ ´  ¡µ²ÓÏ¨¥ · ¸¸ÉµÖ´¨Ö ¡¥§ § ³¥É´ÒÌ
¶µÉ¥·Ó. „²Ö ÔÉ¨Ì Í¥²¥° · §· ¡ ÉÒ¢ ÕÉ¸Ö ¢ ±ÊÊ³¨·µ¢ ´´Ò¥ É· ´¸¶µ·É¨·µ¢µÎ´Ò¥ É· ±ÉÒ
¸ ³ £´¨É´Ò³ ¸µ¶·µ¢µ¦¤¥´¨¥³ ¶ÊÎ±  [1, 2].

�¤´ ±µ µ¶¨¸ ´´Ò¥ ¢ [1, 2] É· ±ÉÒ É· ´¸¶µ·É¨·µ¢±¨ ¨³¥ÕÉ ¶·¨´Í¨¶¨ ²Ó´µ¥ µ£· -
´¨Î¥´¨¥ ´  ¢¥²¨Î¨´Ê É· ´¸¶µ·É¨·Ê¥³µ£µ Éµ±  [3], ¶·¨ ¶·¥¢ÒÏ¥´¨¨ ±µÉµ·µ° ¢ É· ±É¥
Ëµ·³¨·Ê¥É¸Ö ¢¨·ÉÊ ²Ó´Ò° ± Éµ¤ ¨ É· ±É ®§ ¶¨· ¥É¸Ö¯.

�·¨£¨´ ²Ó´µ¥ ·¥Ï¥´¨¥, ´ ¶· ¢²¥´´µ¥ ´  ¶µ¢ÒÏ¥´¨¥ ¢¥²¨Î¨´Ò É· ´¸¶µ·É¨·Ê¥³µ£µ
Éµ±  ¸¢¥·Ì ¸ÊÐ¥¸É¢ÊÕÐ¥£µ ¶·¥¤¥² , ¡Ò²µ ¶·¥¤²µ¦¥´µ ¢ · ¡µÉ¥ [4]. ‘ÊÉÓ ÔÉµ£µ ·¥Ï¥´¨Ö
§ ±²ÕÎ ¥É¸Ö ¢ · §¡¨¥´¨¨ É· ±É  ´  ¸¥±Í¨¨ ¨ µÉ¤¥²¥´¨¨ ¨Ì ¤·Ê£ µÉ ¤·Ê£  Ô²¥±É·µ¶·µ¢µ¤Ö-
Ð¨³¨ ¶²¥´± ³¨, Ëµ²Ó£ ³¨ ¨²¨ ¸¥É± ³¨, ±µÉµ·Ò¥ ¨³¥ÕÉ Éµ²Ð¨´Ê, ³´µ£µ ³¥´ÓÏÊÕ ¤²¨´Ò
¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  Ô²¥±É·µ´µ¢.

�É³¥É¨³, ÎÉµ É ±µ° É· ±É ³µ¦¥É ¨ ´¥ ¸µ¤¥·¦ ÉÓ ¸¨¸É¥³Ò ³ £´¨É´µ£µ ¸µ¶·µ¢µ¦¤¥´¨Ö
¶ÊÎ± . ’ ± ± ± ¶·µ¢µ¤ÖÐ Ö ¶²¥´±  (Ëµ²Ó£ , ¸¥É± ) ¢¡²¨§¨ ¸¥¡Ö ÏÊ´É¨·Ê¥É · ¤¨ ²Ó´µ¥ ¤¥-
Ëµ±Ê¸¨·ÊÕÐ¥¥ Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ ¶ÊÎ±  (¢¤µ²Ó ¶·µ¢µ¤ÖÐ¥° ¶µ¢¥·Ì´µ¸É¨ É ´£¥´Í¨ ²Ó-
´ Ö ¸µ¸É ¢²ÖÕÐ Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö · ¢´  ´Ê²Õ), Éµ ¢¡²¨§¨ ¶²¥´±¨ ´  Ô²¥±É·µ´Ò ¤¥°-
¸É¢ÊÕÉ Éµ²Ó±µ ¸¨²Ò ³ £´¨É´µ° Ëµ±Ê¸¨·µ¢±¨ ¡² £µ¤ ·Ö ¸µ¡¸É¢¥´´µ³Ê ³ £´¨É´µ³Ê ¶µ²Õ
¶ÊÎ± , ¨ ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¢´¥Ï´¥° Ëµ±Ê¸¨·µ¢±¨ ¸´¨³ ¥É¸Ö. �¤´ ±µ ¢µ§³µ¦´µ ¨¸¶µ²Ó§µ-
¢ ´¨¥ É ±µ£µ É· ±É  ¨ ¸ ³ £´¨É´µ° ¸¨¸É¥³µ°.
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�¥¤µ¸É É±µ³ É· ´¸¶µ·É¨·µ¢µÎ´µ£µ É· ±É  É¨¶  [4] Ö¢²Ö¥É¸Ö ¸¨²Ó´µ¥ Ê£²µ¢µ¥ · ¸¸¥Ö-
´¨¥ Ô²¥±É·µ´µ¢  Éµ³ ³¨ ¶²¥´±¨ (Ëµ²Ó£¨, ¸¥É±¨), ÎÉµ ¶·¨¢µ¤¨É ± ¶µÉ¥·Ö³ Ô²¥±É·µ´´µ£µ
¶ÊÎ±  ¨ ¸´¨¦ ¥É Š�„ É· ´¸¶µ·É¨·µ¢±¨. Š·µ³¥ Éµ£µ, Éµ´±¨¥ ¶²¥´±¨ ¤µ¸É ÉµÎ´µ ´¥¤µ²-
£µ¢¥Î´Ò ¨ ¶µ¢·¥¦¤ ÕÉ¸Ö ¶µ¸²¥ ´¥¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  ¨³¶Ê²Ó¸µ¢ Ô²¥±É·µ´´µ£µ Éµ± .

� Î¨´ Ö ¸ 1995 £., ¢ �”Ÿ–Ä‚�ˆˆ�” ¶·µ¢µ¤ÖÉ¸Ö É¥µ·¥É¨Î¥¸±¨¥ ¨ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö Ëµ·³¨·µ¢ ´¨Ö ¸¨²Ó´µÉµÎ´ÒÌ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô²¥±É·µ´´ÒÌ ¶ÊÎ±µ¢ ¢
¤¨µ¤ Ì ¸  ´µ¤µ³ ¢ ¢¨¤¥ ¶² §³¥´´µ£µ ¸²µÖ. �É¨ · ¡µÉÒ ´ ¶· ¢²¥´Ò ´  ¸µ§¤ ´¨¥ ‘‚—-
£¥´¥· Éµ·µ¢ ¸ ¢¨·ÉÊ ²Ó´Ò³ ± Éµ¤µ³ Å ¢¨·± Éµ·µ¢ [5, 6]. “± ¦¥³, ÎÉµ Ëµ·³¨·µ¢ ´¨¥
¸¨²Ó´µÉµÎ´ÒÌ Ô²¥±É·µ´´ÒÌ ¶ÊÎ±µ¢ ¢ ¤¨µ¤ Ì ¸ ¶² §³¥´´Ò³  ´µ¤µ³ ¤²Ö ¤·Ê£¨Ì Í¥²¥°
µ¶¨¸ ´µ É ±¦¥ ¢ [7Ä9].

�É¨ · ¡µÉÒ ´ ¢¥²¨ ´ ¸ ´  ³Ò¸²Ó µ § ³¥´¥ Éµ´±¨Ì ¶²e´µ± ¨ Ëµ²Ó£ ¢ É· ´¸¶µ·É¨-
·µ¢µÎ´ÒÌ É· ±É Ì ´  Éµ´±¨¥ ¶² §³¥´´Ò¥ ¶¥·¥³ÒÎ±¨. �µ ¤ ´´µ¥ É¥Ì´¨Î¥¸±µ¥ ·¥Ï¥´¨¥
´Ê¦¤ ¥É¸Ö ¢ ¶·µ¢¥·±¥: ´¥ ¢µ§´¨±´ÊÉ ²¨ ¢ É· ±É¥ ¶ÊÎ±µ¢Ò¥ ¨²¨ ¶² §³¥´´µ-¶ÊÎ±µ¢Ò¥ ´¥-
Ê¸Éµ°Î¨¢µ¸É¨, ±µÉµ·Ò¥ ¸µ·¢ÊÉ ¶·µÍ¥¸¸ É· ´¸¶µ·É¨·µ¢±¨? ‘ Í¥²ÓÕ µÉ¢¥É  ´  ÔÉµÉ ¢µ¶·µ¸
¡Ò² ¢Ò¶µ²´¥´ ±µ³¶²¥±¸ É¥µ·¥É¨Î¥¸±¨Ì ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨°.

’¥µ·¥É¨Î¥¸±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µ¢µ¤¨²¨¸Ó ³¥Éµ¤µ³ ±µ³¶ÓÕÉ¥·´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö.
„²Ö ÔÉµ£µ ¨¸¶µ²Ó§µ¢ ² ¸Ó 2,5-³¥·´ Ö ¢¥·¸¨Ö ¨§¢¥¸É´µ£µ ¶ ±¥É  ¶·µ£· ³³ ®Š���’¯ [10],
µ¸´µ¢ ´´µ£µ ´  ¶µ²´µ¸ÉÓÕ ¸µ£² ¸µ¢ ´´µ³ ·¥²ÖÉ¨¢¨¸É¸±µ³ Ô²¥±É·µ³ £´¨É´µ³ particle-in-
cell-±µ¤¥ Å ¢ ·¨ ´É¥ ³¥Éµ¤  ±·Ê¶´ÒÌ Î ¸É¨Í.

’· ±É É· ´¸¶µ·É¨·µ¢±¨ ¶·¥¤¸É ¢²Ö² ¸µ¡µ° ¶²µ¸±¨° ¢µ²´µ¢µ¤ ¤²¨´µ° 30 ¸³ ¨ Ï¨·¨-
´µ° 10 ¸³, ´  ±µÉµ·Ò° ´ ²µ¦¥´µ ¸¨²Ó´µ¥ ¶·µ¤µ²Ó´µ¥ ³ £´¨É´µ¥ ¶µ²¥ ¢¥²¨Î¨´µ° 50 ±ƒ¸.
‚ ¢µ²´µ¢µ¤ ¨´¦¥±É¨·µ¢ ²¸Ö Ô²¥±É·µ´´Ò° ¶ÊÎµ± ¸ ²¨´¥°´µ° ¶²µÉ´µ¸ÉÓÕ Éµ±  400 A/¸³
¸ Ô´¥·£¨¥° Ô²¥±É·µ´µ¢ 0,5 ŒÔ‚.

Œµ¤¥²¨·µ¢ ²¨¸Ó ¤¢¥ ¸¨ÉÊ Í¨¨: ¸¢µ¡µ¤´Ò° ¢µ²´µ¢µ¤ ¨ ¢µ²´µ¢µ¤, ´ £·Ê¦¥´´Ò° ¤¢Ê³Ö
¶² §³¥´´Ò³¨ ¶¥·¥³ÒÎ± ³¨ Éµ²Ð¨´µ° 3 ¸³ ± ¦¤ Ö ¨ ¸ ±µ´Í¥´É· Í¨¥° ¶² §³Ò ¢ ´¨Ì
5 · 1011 ¸³−3. �¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ¶µ± § ´Ò ´  ·¨¸. 1 ¨ 2 ¸µµÉ¢¥É¸É¢¥´´µ.

�µ²ÊÎ¥´µ, ÎÉµ ¢ µÉ¸ÊÉ¸É¢¨¥ ¶² §³¥´´ÒÌ ¶¥·¥³ÒÎ¥± ¢ É· ±É¥ Ëµ·³¨·Ê¥É¸Ö ¢¨·ÉÊ ²Ó-
´Ò° ± Éµ¤ (·¨¸. 1, ¡), ÎÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³, ÎÉµ ¤ ´´ Ö ¢¥²¨Î¨´  Ô²¥±É·µ´´µ£µ Éµ± 
¤²Ö ¤ ´´µ£µ ¢µ²´µ¢µ¤  Ö¢²Ö¥É¸Ö § ¶·¥¤¥²Ó´µ°.

�¨¸. 1. a) ƒ¥µ³¥É·¨Ö É· ±É  ¸ ¶ÊÎ±µ³. ¡) ” §µ¢Ò° ¶µ·É·¥É ¶ÊÎ± 

�·¨ ´ ²¨Î¨¨ ¦¥ ¢ É· ±É¥ ¶² §³¥´´ÒÌ ¶¥·¥³ÒÎ¥± Ô²¥±É·µ´´Ò° ¶ÊÎµ± ¶µ²´µ¸ÉÓÕ ¶·µ-
Ìµ¤¨É Î¥·¥§ ¢µ²´µ¢µ¤, ´¥ µ¡· §ÊÖ ¢¨·ÉÊ ²Ó´µ£µ ± Éµ¤  (·¨¸. 2, ¡).
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�¨¸. 2.  ) ƒ¥µ³¥É·¨Ö É· ±É  ¸ ¶ÊÎ±µ³ ¨ ¶² §³¥´´Ò³¨ ¶¥·¥³ÒÎ± ³¨. ¡) ” §µ¢Ò° ¶µ·É·¥É ¶ÊÎ± :

� Å Ô²¥±É·µ´Ò; + Å Ô²¥±É·µ´Ò ¶² §³Ò; * Å ¨µ´Ò ¶² §³Ò

’ ±¨³ µ¡· §µ³, ¶·¨ ³µ¤¥²¨·µ¢ ´¨¨ ¡Ò²µ Ê¸É ´µ¢²¥´µ, ÎÉµ É· ±É É· ´¸¶µ·É¨·µ¢±¨,
´ £·Ê¦¥´´Ò° ¶² §³¥´´Ò³¨ ¶¥·¥³ÒÎ± ³¨, ³µ¦¥É ¶·µ¶Ê¸± ÉÓ Ô²¥±É·µ´´Ò¥ ¶ÊÎ±¨ ¸ § ¶·¥-
¤¥²Ó´Ò³¨ Éµ± ³¨ ¡¥§ § ³¥É´ÒÌ ¶µÉ¥·Ó.

‘²¥¤Ê¥É µ¡· É¨ÉÓ ¢´¨³ ´¨¥, ÎÉµ Ô²¥±É·µ´´Ò° ¶ÊÎµ± § Ì¢ ÉÒ¢ ¥É ¢ ±µ²²¥±É¨¢´µ¥ ¤¢¨-
¦¥´¨¥ ¶µ²µ¦¨É¥²Ó´Ò¥ ¨µ´Ò ¶² §³Ò, ÎÉµ ³µ¦¥É µ± § ÉÓ¸Ö ¶µ²¥§´Ò³ ¤²Ö Ê¸±µ·¥´¨Ö ¨µ´-
´ÒÌ ¶ÊÎ±µ¢. ‚ ÔÉµ³ ¸²ÊÎ ¥,   É ±¦¥ ¶·¨ ´¥µ¡Ìµ¤¨³µ¸É¨ ¶µ²ÊÎ¥´¨Ö Î¨¸Éµ£µ Ô²¥±É·µ´´µ£µ
¶ÊÎ±  ´  ¢ÒÌµ¤¥ É· ±É  É· ´¸¶µ·É¨·µ¢±¨ ³µ¦´µ ¶µ¸É ¢¨ÉÓ ³ £´¨É´Ò° ¸¥¶ · Éµ· Î ¸É¨Í.

�±¸¶¥·¨³¥´ÉÒ ¶µ É· ´¸¶µ·É¨·µ¢±¥ § ¶·¥¤¥²Ó´µ£µ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¶·µ¢µ¤¨²¨¸Ó ´ 
Ê¸É ´µ¢±¥ Š�‚—…ƒ [11], ¶·¥¤¸É ¢²ÖÕÐ¥° ¸µ¡µ° Ô²¥±É·µ´´Ò° Ê¸±µ·¨É¥²Ó ¶·Ö³µ£µ ¤¥°-
¸É¢¨Ö ¸µ ¢§·Ò¢µÔ³¨¸¸¨µ´´Ò³ ± Éµ¤µ³ ∅180 ³³. ˆ¸ÉµÎ´¨± Ô´¥·£¨¨ Ê¸±µ·¨É¥²Ö Å Î¥ÉÒ·¥
£¥´¥· Éµ·  Œ ·±¸  µ¡Ð¥° ¥³±µ¸ÉÓÕ 1,28 ³±” ¸ ¢ÒÌµ¤´Ò³ ´ ¶·Ö¦¥´¨¥³ 300 ±‚. Šµ ±-
¸¨ ²Ó´ Ö ¢ ±ÊÊ³´ Ö ²¨´¨Ö, Ê¸É ´µ¢²¥´´ Ö ³¥¦¤Ê £¥´¥· Éµ· ³¨ Œ ·±¸  ¨ ¤¨µ¤µ³, ³µ¦¥É
É ±¦¥ ¢Ò¶µ²´ÖÉÓ ·µ²Ó ¨´¤Ê±É¨¢´µ£µ ´ ±µ¶¨É¥²Ö Ô´¥·£¨¨ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¶² §³¥´´µ£µ
¶·¥·Ò¢ É¥²Ö Éµ± . �ÉµÉ ·¥¦¨³, µ¤´ ±µ, ´¥ ¨¸¶µ²Ó§µ¢ ²¸Ö ¢ µ¶¨¸Ò¢ ¥³µ° ¸¥·¨¨ Ô±¸¶¥·¨-
³¥´Éµ¢. ‘Ê³³ ·´ Ö ¨´¤Ê±É¨¢´µ¸ÉÓ ±µ´ÉÊ·  · ¢´  1,2 ³±ƒ´. “§¥² ¶² §³¥´´µ£µ  ´µ¤  Å
Ë² ´¥Í, ¢ ±µÉµ·Ò° ¢¸É·µ¥´Ò É·¨ ±µ ±¸¨ ²Ó´ÒÌ £ §µ¶² §³¥´´ÒÌ ¨´¦¥±Éµ· . �µ²µ¸ÉÓ,
µ¡· §µ¢ ´´ Ö ¤¢Ê³Ö ¶² ¸É¨´ ³¨, ¨ ±µ²ÓÍ¥¢µ¥ ¸µ¶²µ Ëµ·³¨·ÊÕÉ · ¤¨ ²Ó´µ ¸Ìµ¤ÖÐ¨°¸Ö
¶² §³¥´´Ò° ¶µÉµ±. Œ¨´¨³ ²Ó´Ò° § §µ· ³¥¦¤Ê ¶² ¸É¨´ ³¨, µ¡· §ÊÕÐ¨³¨ ¸µ¶²µ, · ¢¥´
6 ³³; ¤¨ ³¥É· µÉ¢¥·¸É¨Ö, ¢´ÊÉ·¨ ±µÉµ·µ£µ ´ Ìµ¤¨É¸Ö ¶² §³¥´´Ò° ¸²µ°, · ¢¥´ 140 ³³,
³¨´¨³ ²Ó´ Ö Éµ²Ð¨´  ¸²µÖ ≈ 2 ¸³. �±¸¨ ²Ó´ Ö ¸µ¸É ¢²ÖÕÐ Ö ¸±µ·µ¸É¨ µÍ¥´¨¢ ¥É¸Ö
¢¥²¨Î¨´µ° 3 ³³/³±¸. ˆ§³¥´¥´¨¥ ¤²¨É¥²Ó´µ¸É¨ ¨´¦¥±Í¨¨ ¶² §³Ò ¤µ ¢±²ÕÎ¥´¨Ö £¥´¥· -
Éµ·µ¢ Œ ·±¸  ¶µ§¢µ²Ö¥É ·¥£Ê²¨·µ¢ ÉÓ ´ Î ²Ó´ÊÕ ¶²µÉ´µ¸ÉÓ ¶² §³Ò ¨ ´ Î ²Ó´Ò° ¤¨µ¤´Ò°
§ §µ· ³¥¦¤Ê ± Éµ¤µ³ ¨ ÔËË¥±É¨¢´µ° £· ´¨Í¥° ¶² §³¥´´µ£µ ¸²µÖ. Œ ±¸¨³ ²Ó´ Ö ¶²µÉ-
´µ¸ÉÓ ¶² §³Ò ≈ 1 ·1013 ¸³−3. ‚ ± Î¥¸É¢¥ ¶² §³µµ¡· §ÊÕÐ¥£µ £ §  ¨¸¶µ²Ó§µ¢ ²¸Ö ±¸¥´µ´.
‡  Ê§²µ³ ¶² §³¥´´µ£µ  ´µ¤  · ¸¶µ²µ¦¥´  É·Ê¡  ¤·¥°Ë  ¤¨ ³¥É·µ³ 355 ³³ µ¡Ð¥° ¤²¨-
´µ° 1,8 ³.

�±¸¶¥·¨³¥´ÉÒ ¢Ò¶µ²´Ö²¨¸Ó ¢ ¤¢ÊÌ ·¥¦¨³ Ì:

1) ¢ ·¥¦¨³¥ ¶² §³¥´´µ£µ  ´µ¤ . ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢³¥¸Éµ ¸¥É±¨  ´µ¤µ³ ¸²Ê¦¨² ¶² §³¥´-
´Ò°  ´µ¤,   ¤µ¶µ²´¨É¥²Ó´µ£µ ¶² §³¥´´µ£µ ¸²µÖ ¢ É· ±É¥ É· ´¸¶µ·É¨·µ¢±¨ ´¥ ¸µ§¤ ¢ ²µ¸Ó.
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‘ ¶µ³µÐÓÕ ÔÉµ° ±µ´Ë¨£Ê· Í¨¨ µ¶·¥¤¥²Ö²¨¸Ó µ¸µ¡¥´´µ¸É¨ · ¡µÉÒ ¤¨µ¤  ¸ ¶² §³¥´´Ò³
 ´µ¤µ³;

2) ¢ ·¥¦¨³¥ É· ´¸¶µ·É¨·µ¢±¨ ¢ ±µ´Ë¨£Ê· Í¨¨ ¸¥ÉµÎ´µ£µ  ´µ¤  ¸ Ê§²µ³ ¶² §³¥´-
´µ£µ ¸²µÖ ¢ É· ±É¥, · ¸¶µ²µ¦¥´´µ£µ ´  · ¸¸ÉµÖ´¨¨ 50 ¸³ µÉ ¸¥ÉµÎ´µ£µ  ´µ¤  (·¨¸. 3).
‘ ¶µ³µÐÓÕ ÔÉµ° ±µ´Ë¨£Ê· Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶µ¤É¢¥·¦¤ ² ¸Ó ¢µ§³µ¦´µ¸ÉÓ É· ´¸-
¶µ·É¨·µ¢±¨ § ¶·¥¤¥²Ó´µ£µ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  Î¥·¥§ ¢ ±ÊÊ³´Ò° É· ±É ¸ ¶² §³¥´´Ò³¨
¶¥·¥³ÒÎ± ³¨.

�¨¸. 3. ‘Ì¥³  Ô±¸¶¥·¨³¥´Éµ¢ ´  Ê¸É ´µ¢±¥ Š�‚—…ƒ: 1 Å £¥´¥· Éµ·Ò Œ ·±¸ ; 2 Å ¶¥·¥¤ ÕÐ Ö

²¨´¨Ö; 3 Å ¤¨µ¤´ Ö ¸¥±Í¨Ö; 4, 6 Å ¢ ±ÊÊ³´Ò° É· ±É É· ´¸¶µ·É¨·µ¢±¨; 5 Å Ê§¥² ¶² §³¥´´µ£µ
¸²µÖ; 7 Å · ¤¨ Í¨µ´´ Ö µÉ· ¦ ÕÐ Ö ¸¥É± ; 8, 9, 10, 11, 14 Å ¶µÖ¸  �µ£µ¢¸±µ£µ; 12 Å Ëµ²Ó£µ¢Ò°

±µ²²¥±Éµ·; 13 Å Éµ²¸ÉÒ° ±µ²²¥±Éµ·

�¨¸. 4. ‘¥³¥°¸É¢µ µ¸Í¨²²µ£· ³³ ¤¨µ¤-

´µ£µ Éµ±  ¢ ·¥¦¨³¥ ¶² §³¥´´µ£µ  ´µ¤ :

Í¨Ë·Ò ´ ¤ ±·¨¢Ò³¨ ¸µµÉ¢¥É¸É¢ÊÕÉ § -
¤¥·¦±¥ ¢±²ÕÎ¥´¨Ö ¤¨µ¤´µ£µ ´ ¶·Ö¦¥´¨Ö

¶µ µÉ´µÏ¥´¨Õ ± ¢±²ÕÎ¥´¨Õ ¡ É ·¥¨
¶² §³¥´´µ£µ ¨´¦¥±Éµ·  (¢ ³±¸)

�  ·¨¸. 4 ¶·¨¢¥¤¥´µ ¸¥³¥°¸É¢µ µ¸Í¨²²µ£· ³³
¤¨µ¤´µ£µ Éµ±  ¢ ·¥¦¨³¥ ¶² §³¥´´µ£µ  ´µ¤ .
–¨Ë·Ò ´ ¤ µ¸Í¨²²µ£· ³³ ³¨ ¸µµÉ¢¥É¸É¢ÊÕÉ § -
¤¥·¦±¥ ¢±²ÕÎ¥´¨Ö ¤¨µ¤´µ£µ ´ ¶·Ö¦¥´¨Ö ¶µ µÉ-
´µÏ¥´¨Õ ± ¢±²ÕÎ¥´¨Õ ¡ É ·¥¨ ¶² §³¥´´µ£µ ¨´-
¦¥±Éµ·  ¢ ³¨±·µ¸¥±Ê´¤ Ì (§ ¤¥·¦±  25 ³±¸ ¸µ-
µÉ¢¥É¸É¢Ê¥É ³µ³¥´ÉÊ, ¡²¨§±µ³Ê ± § ±µ· Î¨¢ ´¨Õ
§ §µ·  50 ³³). ŒÒ ¢¨¤¨³, ÎÉµ Ê¢¥²¨Î¥´¨¥ § -
¤¥·¦±¨, Ô±¢¨¢ ²¥´É´µ¥ Ê³¥´ÓÏ¥´¨Õ ¤¨µ¤´µ£µ § -
§µ· , ¶·¨¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ´ Î ²Ó´µ£µ ¤¨µ¤-
´µ£µ ¨³¶¥¤ ´¸ .

‚ ·¥¦¨³¥ ¶² §³¥´´µ£µ  ´µ¤  ¶·µ¢¥¤¥´  ¸¥-
·¨Ö Ô±¸¶¥·¨³¥´Éµ¢ ¢ ¶µ¶ÒÉ±¥ · §¤¥²¥´¨Ö Ô²¥±-
É·µ´´µ£µ ¨ ¨µ´´µ£µ Éµ±µ¢ ¢ ¤¢ÊÌ±µ²²¥±Éµ·´µ³
¢ ·¨ ´É¥. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢ ±µ´Í¥ 1 ³ ¢ ±ÊÊ³´µ£µ
É· ±É  ¶µ³¥Ð ² ¸Ó ¸¡µ·±  ¨§ Ëµ²Ó£µ¢µ£µ ±µ²-
²¥±Éµ·  (Al Éµ²Ð¨´µ° 80Ä100 ³±³) ¨ Éµ²¸Éµ£µ
³¥É ²²¨Î¥¸±µ£µ ±µ²²¥±Éµ· . �·¥¤¶µ² £ ²µ¸Ó, ÎÉµ
¶¥·¢Ò° ±µ²²¥±Éµ·, ¶·µ¶Ê¸± Ö Ô²¥±É·µ´Ò, ¡Ê¤¥É
¶µ²´µ¸ÉÓÕ ¶µ£²µÐ ÉÓ ¨µ´´Ò° Éµ±, ±µÉµ·Ò° ¡Ê-

¤¥É ·¥£¨¸É·¨·µ¢ ÉÓ¸Ö ¸ ¶µ³µÐÓÕ ÏÊ´É . ‚Éµ·µ° ±µ²²¥±Éµ· ¤µ²¦¥´ ·¥£¨¸É·¨·µ¢ ÉÓ Ô²¥±-
É·µ´´Ò° Éµ±. �¤´ ±µ ¶µ¸±µ²Ó±Ê ¶·µÍ¥¸¸ ±µ²²¥±É¨¢´µ£µ Ê¸±µ·¥´¨Ö ¨µ´µ¢ ¸¢Ö§ ´ ¸ ¶µÉ¥-
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·¥° Ô´¥·£¨¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ± , ¶µ£²µÐ¥´¨¥ Ô²¥±É·µ´µ¢ ¶¥·¢Ò³ ±µ²²¥±Éµ·µ³ µ± § ²µ¸Ó
§´ Î¨É¥²Ó´Ò³, ¸¨£´ ² ¸ ÏÊ´É  ¶µÎÉ¨ ¢¸¥£¤  ¡Ò² µÉ·¨Í É¥²Ó´Ò³. �·¨ § ¤¥·¦± Ì µ±µ²µ
20 ³±¸ ¨ ¡µ²ÓÏ¥ Ëµ²Ó£µ¢Ò° ±µ²²¥±Éµ· · §·ÊÏ ²¸Ö ¶µ¸²¥ µ¤´µ£µ ¨³¶Ê²Ó¸ . • · ±É¥·
· §·ÊÏ¥´¨Ö Å · ¸¶² ¢²¥´¨¥ ¨ · §·Ò¢. �µ ´ Ï¨³ µÍ¥´± ³, ¢ ·¥¦¨³¥ ¶² §³¥´´µ£µ  ´µ¤ 
´  · ¸¸ÉµÖ´¨¥ 1 ³ É· ´¸¶µ·É¨·Ê¥É¸Ö ¸¢ÒÏ¥ 10 % Ô´¥·£¨¨, ¢Ò¤¥²Ö¥³µ° ¢ ¤¨µ¤¥ ¢ ¢¨¤¥
Ô²¥±É·µ´-¨µ´´µ£µ ¶µÉµ± . �·¨ ÔÉµ³ ¨ §  · ¸¶² ¢²¥´¨¥, ¨ §  · §·Ò¢ ¢ ·¥§Ê²ÓÉ É¥ ¶¥-
·¥¤ Î¨ ¨³¶Ê²Ó¸  ¢ · ¢´µ° ³¥·¥ ³µ£ÊÉ ¡ÒÉÓ µÉ¢¥É¸É¢¥´´Ò ± ± Ô²¥±É·µ´Ò, É ± ¨ ¨µ´Ò.
’ ±¨³ µ¡· §µ³, ¤²Ö ¨§³¥·¥´¨Ö ±µ·¶Ê¸±Ê²Ö·´ÒÌ ¶µÉµ±µ¢ ¢ Ê¸²µ¢¨ÖÌ É· ´¸¶µ·É  Ô´¥·£¨¨
É·¥¡Ê¥É¸Ö · §· ¡µÉ±  ¤µ¶µ²´¨É¥²Ó´ÒÌ ¤¨ £´µ¸É¨±.

�¨¸. 5. ‘¥³¥°¸É¢µ µ¸Í¨²²µ£· ³³ ¤¨µ¤-

´µ£µ Éµ±  ¢ ·¥¦¨³¥ É· ´¸¶µ·É¨·µ¢±¨: Í¨-
Ë·Ò ´ ¤ ±·¨¢Ò³¨ ¸µµÉ¢¥É¸É¢ÊÕÉ § ¤¥·¦±¥

¢±²ÕÎ¥´¨Ö ¤¨µ¤´µ£µ ´ ¶·Ö¦¥´¨Ö ¶µ µÉ´µ-

Ï¥´¨Õ ± ¢±²ÕÎ¥´¨Õ ¡ É ·¥¨ ¶² §³¥´´µ£µ
¨´¦¥±Éµ·  (¢ ³±¸)

‚ ·¥¦¨³¥ É· ´¸¶µ·É¨·µ¢±¨ ³Ò ¢ ·Ó¨·µ¢ ²¨
· §³¥· ÔËË¥±É¨¢´µ£µ ¢ ±ÊÊ³´µ£µ ¶·µ³¥¦ÊÉ± 
³¥¦¤Ê ¸¥ÉµÎ´Ò³  ´µ¤µ³ ¨ ¶² §³µ°, ± ± ¨ ¢ ¶·¥-
¤Ò¤ÊÐ¥³ ¸²ÊÎ ¥, Å ¶ÊÉ¥³ ¨§³¥´¥´¨Ö Éµ²Ð¨´Ò
¶² §³¥´´µ£µ ¸²µÖ ´  ³µ³¥´É ¢±²ÕÎ¥´¨Ö ¤¨µ¤-
´µ£µ Éµ± . �  ·¨¸. 5 ¶·¨¢¥¤¥´µ ¸¥³¥°¸É¢µ µ¸Í¨²-
²µ£· ³³ ¶·µ²¥É´µ£µ Éµ±  ¢ ÔÉµ³ ·¥¦¨³¥. –¨Ë·Ò
´ ¤ µ¸Í¨²²µ£· ³³ ³¨ É ±¦¥ ¸µµÉ¢¥É¸É¢ÊÕÉ § -
¤¥·¦±¥ ¢±²ÕÎ¥´¨Ö ¤¨µ¤´µ£µ ´ ¶·Ö¦¥´¨Ö ¶µ µÉ-
´µÏ¥´¨Õ ± ¢±²ÕÎ¥´¨Õ ¡ É ·¥¨ ¶² §³¥´´µ£µ ¨´-
¦¥±Éµ·  (0 Å ¡¥§ ¶² §³Ò). �·¨ § ¤¥·¦±¥ 25 ³±¸
Ö¢´µ ¶·µÖ¢²Ö¥É¸Ö ¢²¨Ö´¨¥ ¶² §³Ò ´  · ¡µÉÊ
¤¨µ¤ .

…¸²¨ ¶² §³¥´´ Ö ¶¥·¥³ÒÎ±  µÉ¸ÊÉ¸É¢µ¢ ² ,
Éµ §  ¸¥ÉÎ ÉÒ³  ´µ¤µ³ Ëµ·³¨·µ¢ ²¸Ö ¢¨·ÉÊ ²Ó-
´Ò° ± Éµ¤. �¡ ÔÉµ³ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µÍ¥´±¨ ¶·¥-
¤¥²Ó´µ£µ Éµ± , ¢Ò¶µ²´¥´´Ò¥ ¶µ ³¥Éµ¤Ê [2], ¨ ´ -
²¨Î¨¥ ‘‚—-¨§²ÊÎ¥´¨Ö ¨§ É· ´¸¶µ·É¨·µ¢µÎ´µ£µ
É· ±É . �·¨ ´ ²¨Î¨¨ ¶² §³Ò ´ ¡²Õ¤ ¥É¸Ö Ê¢¥²¨-
Î¥´¨¥ ¶·µ²¥É´µ£µ Éµ± , ¶·¨Î¥³ ¸ Ê³¥´ÓÏ¥´¨¥³
¤²¨´Ò É· ±É   ³¶²¨ÉÊ¤  ¶·µ²¥É´µ£µ Éµ±  ¢µ§· ¸É ¥É. “¢¥²¨Î¥´¨¥ ¶·µ²¥É´µ£µ Éµ±  ¸µ¶·µ-
¢µ¦¤ ²µ¸Ó §´ Î¨É¥²Ó´Ò³ Ê¢¥²¨Î¥´¨¥³ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö, ·¥£¨¸É·¨·Ê¥³µ£µ ¢ ±µ´Í¥
É·Ê¡Ò ¤·¥°Ë . �Éµ Ê¡¥¤¨É¥²Ó´µ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¢µ§³µ¦´µ¸É¨ É· ´¸¶µ·É¨·µ¢±¨ § ¶·¥-
¤¥²Ó´µ£µ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¢ ¢ ±ÊÊ³´µ³ É· ±É¥ ¸ ¶² §³¥´´Ò³¨ ¶¥·¥³ÒÎ± ³¨.

�¤¨´ ¨§ µ¸´µ¢´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢: £²Ê¡µ±µ¥ ¢²¨Ö´¨¥ ¶·µ¸É· ´¸É¢¥´-
´µ-µ£· ´¨Î¥´´ÒÌ ¶² §³¥´´ÒÌ ¸²µ¥¢ ± ± ´  · ¡µÉÊ ¤¨µ¤ , É ± ¨ ´  ¶·µÍ¥¸¸Ò ¢ ¤·¥°Ëµ¢µ³
¶·µ¸É· ´¸É¢¥. „¨µ¤ · ¡µÉ ¥É ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¥¥ ¢·¥³Ö ¨ ¢ ¡µ²¥¥ ¸¨²Ó´µÉµÎ´µ³ ·¥-
¦¨³¥; ¢ ¤·¥°Ëµ¢µ³ ¶·µ¸É· ´¸É¢¥ ¶·µ¨¸Ìµ¤¨É Ê¸±µ·¥´¨¥ ¨µ´µ¢, Ëµ·³¨·Ê¥É¸Ö ¶² §³¥´´Ò°
± ´ ², ¶µ ±µÉµ·µ³Ê ÔËË¥±É¨¢´µ É· ´¸¶µ·É¨·Ê¥É¸Ö ���, ¨§³¥´ÖÕÉ¸Ö Ô²¥±É·µ¤¨´ ³¨Î¥-
¸±¨¥ ¸¢µ°¸É¢  ¤·¥°Ëµ¢µ° µ¡² ¸É¨, ÎÉµ ¶·¨¢µ¤¨É ± ¨§³¥´¥´¨Õ ¸¶¥±É·  Ô²¥±É·µ³ £´¨É´µ£µ
¨§²ÊÎ¥´¨Ö. ‚²¨Ö´¨¥ ¶² §³¥´´µ£µ ¸²µÖ ´¥²Ó§Ö ¸¢¥¸É¨ ± ®· ¸¶²Ò¢ ´¨Õ¯ ¥£µ, É. ¥. ± ¤¨ËËÊ-
§¨µ´´µ³Ê § ¶µ²´¥´¨Õ ¤·¥°Ëµ¢µ° É·Ê¡Ò ¶² §³µ°, ´µ ÔÉ¨ ÔËË¥±ÉÒ É·¥¡ÊÕÉ ¶·µ¤µ²¦¥´¨Ö
¨¸¸²¥¤µ¢ ´¨°.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ · ³± Ì ¶·µ¥±É  Œ�’– º 1629. �¢Éµ·Ò ¶·¨´µ¸ÖÉ ¡² £µ¤ ·´µ¸ÉÓ
‚. �. ’ · ± ´µ¢Ê §  ±µ´¸Ê²ÓÉ Í¨Õ ¶µ ¨¸¶µ²Ó§µ¢ ´¨Õ ¶ ±¥É  ®Š���’¯.
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