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�±É¨¢´μ ¢¥¤ÊÉ¸Ö · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ±μ³¶ ±É´ÒÌ ² §¥·´ÒÌ Ê¸±μ·¨É¥²¥°. „²Ö ´¨Ì  ±ÉÊ ²Ó´μ
·¥Ï¥´¨¥ ¢μ¶·μ¸μ¢ É· ´¸¶μ·É¨·μ¢±¨ ¨ Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ±μ¢ ¢ · §·Ö¤ Ì Z-¶¨´Î¥¢μ£μ É¨¶ ,   ÔÉμ
É·¥¡Ê¥É ÉÐ É¥²Ó´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¸¶μ¸μ¡μ¢ Ëμ·³¨·μ¢ ´¨Ö É ±¨Ì · §·Ö¤μ¢. „²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¤¨-
´ ³¨±¨ ¶² §³Ò Z-¶¨´Î  ¸ ¨´¨Í¨ Í¨¥° · §·Ö¤  Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ¢ ˆ’�” ¡Ò²  ¸μ§¤ ´  Ô±¸¶¥-
·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢± . �¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ Î¨¸²¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ± -
§ ²¨, ÎÉμ ¶·μÍ¥¸¸ · §¢¨É¨Ö · §·Ö¤ , ¨´¨Í¨¨·μ¢ ´´μ£μ ¶ÊÎ±μ³ Ô²¥±É·μ´μ¢, §´ Î¨É¥²Ó´μ μÉ²¨Î ¥É¸Ö
μÉ É ±μ¢μ£μ ¤²Ö μ¡ÒÎ´μ£μ ¸¶μ¸μ¡  μ¡· §μ¢ ´¨Ö Z-¶¨´Î .

There are many projects working on construction of compact laser accelerators. To realise these
projects, it is necessary to solve the problem of transportation and focusing the beams in the Z-pinch
type discharge, which demands the thorough study of the methods of forming such discharges. To
study the dynamics of the Z-pinch plasma when the discharge is initiated by the electron beam, the
experimental setup was built at ITEP. The preliminary results of experimental and numerical studies
demonstrated that the process of discharge development initiated by the electron beam was substantially
different from the ordinary process of the Z-pinch formation.

PACS: 29.27.Eg; 29.20.Ej

‚‚…„…�ˆ…

�¡ÒÎ´μ ¶·μÍ¥¸¸ · §·Ö¤  ¶μ¸²¥ ¶μ¤ Î¨ ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö ´  · §·Ö¤´ÊÕ É·Ê¡±Ê ´ -
Î¨´ ¥É¸Ö ¸ ¶·μ¡μÖ ¶μ ¶μ¢¥·Ì´μ¸É¨ É·Ê¡±¨. �μ ¢μ§³μ¦´  É ±¦¥ ¨´¨Í¨ Í¨Ö · §·Ö¤  ¶μ μ¸¨
· §·Ö¤´μ° É·Ê¡±¨. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ§¢μ²ÖÉ μ¸ÊÐ¥¸É¢¨ÉÓ ¡μ²¥¥ ¶μ²´μ¥
¨¸¸²¥¤μ¢ ´¨¥ Ë¨§¨±¨ ¸¦ É¨Ö ¶² §³Ò ¢ Z-¶¨´Î Ì,   É ±¦¥ ²ÊÎÏ¥ ¶μ´ÖÉÓ ¤¨´ ³¨±Ê · ¸¶·¥-
¤¥²¥´¨Ö · §·Ö¤´μ£μ Éμ±  ¶·¨ · §²¨Î´ÒÌ Ê¸²μ¢¨ÖÌ Ëμ·³¨·μ¢ ´¨Ö · §·Ö¤ . �Éμ ´¥μ¡Ìμ¤¨³μ
¤²Ö ·¥Ï¥´¨Ö  ±ÉÊ ²Ó´ÒÌ § ¤ Î ¸μ§¤ ´¨Ö ¶² §³¥´´ÒÌ ²¨´§ ¸ μ¶·¥¤¥²¥´´Ò³¨ Ëμ±Ê¸¨·ÊÕ-
Ð¨³¨ ¸¢μ°¸É¢ ³¨. Š ±¨¥ · ¸¶·¥¤¥²¥´¨Ö Éμ±  ¢ · §·Ö¤¥ μÉ¢¥Î ÕÉ μ¶·¥¤¥²¥´´Ò³ É¨¶ ³
Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¡Ò²μ ¶μ¤·μ¡´μ ¨¸¸²¥¤μ¢ ´μ ´ ³¨ [2]. ‘¥°Î ¸
 ±É¨¢´μ ¢¥¤ÊÉ¸Ö · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ±μ³¶ ±É´ÒÌ ² §¥·´ÒÌ Ê¸±μ·¨É¥²¥° (Ô²¥±É·μ´´ÒÌ ¨
¶·μÉμ´´ÒÌ) [3]. „²Ö ´¨Ì  ±ÉÊ ²Ó´μ ·¥Ï¥´¨¥ ¢μ¶·μ¸μ¢ É· ´¸¶μ·É¨·μ¢±¨ ¨ Ëμ±Ê¸¨·μ¢±¨
¶ÊÎ±μ¢ ¢ · §·Ö¤ Ì Z-¶¨´Î¥¢μ£μ É¨¶ .

1E-mail: drozdovsky@itep.ru
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1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

�±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  (·¨¸. 1) ¸μ¸Éμ¨É ¨§ ¸μ¡¸É¢¥´´μ Ô²¥±É·μ´´μ° ¶ÊÏ±¨, ´ 
¢ÒÌμ¤¥ ±μÉμ·μ° · ¸¶μ²μ¦¥´Ò ¤¢¥  ±¸¨ ²Ó´μ-¸¨³³¥É·¨Î´Ò¥ ³ £´¨É´Ò¥ ²¨´§Ò, ± ³¥·Ò
´ ¡²Õ¤¥´¨Ö ¸ ¶μ³¥Ð¥´´Ò³¨ ¢ ´¨Ì ¸Í¨´É¨²²ÖÉμ· ³¨, ¨ ¨§  ¤¨ ¡ É¨Î¥¸±μ° ¶² §³¥´´μ°
²¨´§Ò ¨ ± ³¥·Ò Ëμ·³¨·μ¢ ´¨Ö Z-¶¨´Î . �³¶²¨ÉÊ¤  Éμ±  ¶ÊÎ±  Å 50 � ¨ ¤²¨É¥²Ó´μ¸ÉÓ
¶ÊÎ±  ´  ¢¥·Ï¨´¥ Å 60 ´¸. ‘É·Ê±ÉÊ·  Ê¸É ´μ¢±¨ ¶μ ¸· ¢´¥´¨Õ ¸ ¶¥·¢μ´ Î ²Ó´μ° [1]
¶μ²ÊÎ¨²  ¸ÊÐ¥¸É¢¥´´Ò¥ ¤μ¶μ²´¥´¨Ö.

�¨¸. 1. ˆ¸¸²¥¤μ¢ É¥²Ó¸±¨° ¸É¥´¤

ˆ¸¸²¥¤μ¢ ´¨Ö ¶·¥¤¶μ² £ ÕÉ¸Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¤ ¢²¥´¨°, μÉ 0,1 ¤μ 10 ³¡ ·.
‘²μ¦´μ¸ÉÓ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ¤ ¢²¥´¨¥ ¢ Ô²¥±É·μ´´μ° ¶ÊÏ±¥ ´¥ ¤μ²¦´μ ¶·¥¢ÒÏ ÉÓ
0,05 ³¡ ·. ‘ ³Ò° ¶·μ¸Éμ° ¸¶μ¸μ¡ Å Ê¸É ´μ¢±  · §¤¥²¨É¥²Ó´μ° ¶²¥´±¨. 	Ò²μ · §· -
¡μÉ ´μ ¤¨´ ³¨Î¥¸±μ¥ Ê¸É·μ°¸É¢μ · §¤¥²¥´¨Ö μ¡Ñ¥³μ¢ ¸ ¶μ³μÐÓÕ Éμ´±μ° ³ °² ·μ¢μ°
²¥´ÉÒ. �·¨ ³ ²μ° ¢¥²¨Î¨´¥ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ ¶ÊÎ±  Éμ²Ð¨´  ³ °² ·μ¢μ° ¶²¥´±¨
¤μ²¦´  ¡ÒÉÓ ´¥ ¡μ²ÓÏ¥ 10 ³±³, ÎÉμ Ê¸²μ¦´Ö¥É · ¡μÉÊ Ê¸É·μ°¸É¢  ¨ § ³¥¤²Ö¥É ¶·μ¢¥¤¥-
´¨¥ Ô±¸¶¥·¨³¥´Éμ¢, μ¸μ¡¥´´μ ´  ¶¥·¢μ³ ÔÉ ¶¥ ¨¸¸²¥¤μ¢ ´¨°, ±μ£¤  ¶·μ¨¸Ìμ¤¨É μÉ² ¤± 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ³¥Éμ¤¨± ¨  ¶¶ · ÉÊ·Ò. „²Ö ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² ¸É¨ ³ ²ÒÌ ¤ ¢²¥-
´¨°, ¤μ 0,5 ³¡ ·, ³μ¦´μ μ¡μ°É¨¸Ó ¡¥§ · §¤¥²¨É¥²Ó´μ° ¶²¥´±¨ §  ¸Î¥É £· ¤¨¥´É  ¤ ¢²¥´¨Ö,
¸μ§¤ ¢ ¥³μ£μ ¶ÊÉ¥³ ¶·¨³¥´¥´¨Ö ¸¨¸É¥³Ò ¤¨ËË¥·¥´Í¨ ²Ó´μ° μÉ± Î±¨. ‚ ³¥¸É Ì ±·μ¸¸μ-
¢¥·μ¢ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  · ¸¶μ² £ ÕÉ¸Ö ¶ ±¥ÉÒ ¤¨ Ë· £³ ¨ É ³ ¦¥ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö
¤μ¶μ²´¨É¥²Ó´Ò¥ μÉ± Î´Ò¥ ¶μ¸ÉÒ. ‚ ±ÊÊ³´ Ö μÉ± Î±  Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ¶·μ¨§¢μ¤¨É¸Ö
ÉÊ·¡μ³μ²¥±Ê²Ö·´Ò³ ´ ¸μ¸μ³, ¶¥·¥¤ · §·Ö¤´μ° ± ³¥·μ° Å ¤¢Ê³Ö Ëμ·¢ ±ÊÊ³´Ò³¨ ´ ¸μ-
¸ ³¨,   ´  ¢ÒÌμ¤¥ Ô²¥±É·μ´´μ° ¶ÊÏ±¨ Å ¸¤¢μ¥´´Ò³  £·¥£ Éμ³ �‚„-50/16. ‚ ·¥§Ê²ÓÉ É¥
¡Ò²μ ¤μ¸É¨£´ÊÉμ μÉ´μÏ¥´¨¥ ¤ ¢²¥´¨° ¢ · §·Ö¤´μ° É·Ê¡±¥ ¨ ¢ ¶ÊÏ±¥, · ¢´μ¥ 7 ¶·¨ ¤ -
¢²¥´¨¨ ¢ ¶¥·¢μ° ¤μ 0,3 ³¡ ·.

2. ��‡�Ÿ„��Ÿ Š�Œ…�� ˆ “‘’��‰‘’‚� ���‹	„…�ˆŸ Z-�ˆ�—�

„²Ö ¶μ²´μ£μ · §¤¥²¥´¨Ö ¶μ ¢ ±ÊÊ³Ê · §·Ö¤´μ° ± ³¥·Ò Z-¶¨´Î  μÉ ± ´ ²  ¶μ¤¢μ¤±¨
¨ Ëμ±Ê¸¨·μ¢±¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸μ§¤ ´  ¤¨´ ³¨Î¥¸± Ö ¸¨¸É¥³  · §¤¥²¥´¨Ö μ¡Ñ¥³μ¢ ¸
¶μ³μÐÓÕ Éμ´±μ° ³ °² ·μ¢μ° ²¥´ÉÒ. �  ËμÉμ (·¨¸. 2) ÔÉμ Å ¤¨¸± ¸ Í¨²¨´¤· ³¨ ¶μ ¡μ± ³
¸ ¶· ¢μ° ¸Éμ·μ´Ò. ‘²¥¢  ¡μ²ÓÏμ° ¤¨¸± ¸ ± ¡¥²Ö³¨ Å ¸¨¸É¥³  Éμ±μ¶μ¤¢μ¤μ¢ ¨ ±·¥¶-
²¥´¨Ö · §·Ö¤´μ° É·Ê¡±¨. ‚ÒÌμ¤ÖÐ Ö ¢²¥¢μ ±¥· ³¨Î¥¸± Ö É·Ê¡±  ¸ μ±´μ³ Å ¢Ò¢μ¤´μ°
± ´ ² ¨§²ÊÎ¥´¨Ö ¶² §³Ò. �  ·¨¸. 2 É ±¦¥ ¸Ì¥³ É¨Î´μ ¶μ± § ´ £μ·¨§μ´É ²Ó´Ò° · §·¥§
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�¨¸. 2. “¸É·μ°¸É¢μ · §·Ö¤´μ° ± ³¥·Ò ¨ ¸Ì¥³  ´ ¡²Õ¤¥´¨Ö ¸μ¡¸É¢¥´´μ£μ ¨§²ÊÎ¥´¨Ö ¶² §³Ò

¤ ´´μ° Ê¸É ´μ¢±¨ ¸ Ô²¥³¥´É ³¨ ·¥£¨¸É· Í¨¨ ¨§²ÊÎ¥´¨Ö Z-¶¨´Î . ‚ ± ¦¤μ³ ¨³¶Ê²Ó¸¥
Ëμ·³¨·μ¢ ´¨Ö Z-¶¨´Î  ¶² §³  ¶·μ¡¨¢ ¥É ¢ ²¥´É¥ μÉ¢¥·¸É¨¥, ´μ ± ¸²¥¤ÊÕÐ¥³Ê ¨³¶Ê²Ó¸Ê
¶·μ¨§¢μ¤¨É¸Ö ¶·μÉÖ¦±  ²¥´ÉÒ (¸³¥´  ± ¤· ) ¨ ¢ ±ÊÊ³´ Ö ¨§μ²ÖÍ¨Ö μ¡Ñ¥³μ¢ ¸¶¥Í¨ ²Ó´Ò³
¶·¨¦¨³´Ò³ Ê¸É·μ°¸É¢μ³.

� §·Ö¤´ Ö ± ³¥·  ¶·¨³¥´Ö¥É¸Ö ¢ ¤¢ÊÌ ¢ ·¨ ´É Ì: ±¥· ³¨Î¥¸± Ö É·Ê¡±  (¤²¨´μ° 16 ¸³,
¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 3 ¸³, Éμ²Ð¨´μ° ¸É¥´±¨ 5 ³³) ¨ ±¢ ·Í¥¢ Ö É·Ê¡±  (¤²¨´μ° 14 ¸³,
¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 3,9 ¸³, Éμ²Ð¨´μ° ¸É¥´±¨ 3 ³³). „²Ö ´ ¡²Õ¤¥´¨Ö ¶¨´Î¥¢ ´¨Ö
· §·Ö¤  ¢ ±¥· ³¨Î¥¸±μ° É·Ê¡±¥ ¢ ¥¥ ¸¥·¥¤¨´¥ ¸¤¥² ´  · ¤¨ ²Ó´ Ö ¢ 3 ³³ Ð¥²Ó, Î¥·¥§ ±μ-
Éμ·ÊÕ ¨§²ÊÎ¥´¨¥ ¶² §³Ò ¢ÒÌμ¤¨É ¨ Î¥·¥§ μ¶É¨Î¥¸±¨° ± ´ ² ¶·μÌμ¤¨É ¢ ·¥£¨¸É·¨·ÊÕÐÊÕ
�‡‘-± ³¥·Ê BIFO Š-008. ‚μ ¨§¡¥¦ ´¨¥ Ô²¥±É·μ ³ £´¨É´ÒÌ ´ ¢μ¤μ± ± ³¥·  ¶μ³¥Ð¥´ 
¢ ¦¥²¥§´Ò° Ï± Ë ¨ ¶μ¤±²ÕÎ¥´  ± ¸¶¥Í¨ ²Ó´μ³Ê ¶μ³¥Ìμ§ Ð¨Ð¥´´μ³Ê ¨¸ÉμÎ´¨±Ê ¶¨É -
´¨Ö. ˆ´Ëμ·³ Í¨Ö ¸ ± ³¥·Ò ¶μ¸ÉÊ¶ ¥É ´  �Š ¶μ μ¶Éμ¢μ²μ±μ´´μ³Ê ± ¡¥²Õ.

3. ���‚�„Š� �‹…Š’�����ƒ� �“—Š�

„²Ö ¶μ²ÊÎ¥´¨Ö ¨§μ¡· ¦¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ Éμ±  ¶ÊÎ±  ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸Í¨´-
É¨²²ÖÉμ·Ò ±μ³¶ ´¨¨ Kuraray, ¸¢¥Î¥´¨¥ ±μÉμ·ÒÌ ·¥£¨¸É·¨·ÊÕÉ¸Ö ³ É·¨Î´Ò³¨ �‡‘-É¥²¥-
± ³¥· ³¨. „²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ÔËË¥±É  ´ ¸ÒÐ¥´¨Ö ¨´É¥´¸¨¢´Ò³ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³
¸Í¨´É¨²²ÖÉμ·Ò § ±·Ò¢ ÕÉ¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ · ¸¶μ²μ¦¥´´Ò³¨  ²Õ³¨´¨¥¢Ò³¨ Ëμ²Ó£μ°
Éμ²Ð¨´μ° 0,2 ³³ ¨ 4-³³ ¶² ¸É¨´μ° ¸ ´ ¡μ·μ³ μÉ¢¥·¸É¨° ¤¨ ³¥É·μ³ 2 ³³. �²μÉ´μ¸ÉÓ
¶μÉμ±  Ô²¥±É·μ´μ¢ ¸ÊÐ¥¸É¢¥´´μ ¸´¨¦ ¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¸¨²Ó´μ£μ · ¸¸¥Ö´¨Ö ¢ Ëμ²Ó£¥ ¨
¶μ¸²¥¤ÊÕÐ¥° ±μ²²¨³ Í¨¨ ¢ Éμ´±¨Ì μÉ¢¥·¸É¨ÖÌ. ’ ±μ¥ Ê¸É·μ°¸É¢μ ¨§¡ ¢¨²μ μÉ ¶·μÖ¢²¥-
´¨Ö ÔËË¥±É  ´ ¸ÒÐ¥´¨Ö, ¸¨²Ó´μ μ¸²μ¦´Ö¢Ï¥£μ ¶·μÍ¥¸¸ ´ ¸É·μ°±¨ Ê¸±μ·¨É¥²Ö. �  ·¨¸. 3
¶μ± § ´ É ±μ° ¸Í¨´É¨²²ÖÉμ·, ±μÉμ·Ò° ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ¶·μÍ¥¤Ê·¥ ¸μ¢³¥Ð¥´¨Ö μ¸¨ ± ´ ² 
¶·μÌμ¦¤¥´¨Ö ¶ÊÎ±  ¸ μ¸ÓÕ ¶ÊÎ± .

�¸Ó Ô²¥±É·μ´´μ£μ ¶ÊÎ±  μ¶·¥¤¥²Ö² ¸Ó ¢ μ¤´μ³ ¨³¶Ê²Ó¸¥ ¶ÊÉ¥³ μ¤´μ¢·¥³¥´´μ£μ ´ -
¡²Õ¤¥´¨Ö ¤¢ÊÌ ¸Í¨´É¨²²ÖÉμ·μ¢. �  μ¸¨ ¶¥·¢μ£μ ¶μ Ìμ¤Ê ¶ÊÎ±  (·¨¸. 3,  ) ¡Ò²μ μÉ¢¥·¸É¨¥
¤¨ ³¥É·μ³ 1 ¸³, ¡² £μ¤ ·Ö Î¥³Ê Í¥´É· ²Ó´ Ö Î ¸ÉÓ ¶ÊÎ±  μÉμ¡· ¦ ² ¸Ó ´  ¶μ¸²¥¤ÊÕÐ¥³
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�¨¸. 3.  ) ‘¢¥Î¥´¨¥ ¶¥·¢μ£μ ¶μ Ìμ¤Ê ¶ÊÎ±  ¸Í¨´É¨²²ÖÉμ· , ´ ±²μ´¥´´μ£μ ¶μ¤ Ê£²μ³ 45◦ ± ¶ÊÎ±Ê.

¡) ‘¢¥Î¥´¨¥ ¢Éμ·μ£μ ¶μ Ìμ¤Ê ¶ÊÎ±  ¸Í¨´É¨²²ÖÉμ· , ¶¥·¶¥´¤¨±Ê²Ö·´μ£μ ± ¶ÊÎ±Ê

�¨¸. 4. ‘¢¥Î¥´¨¥ ¸Í¨´É¨²²ÖÉμ·  ¢ · §·Ö¤´μ° É·Ê¡±¥

¸Í¨´É¨²²ÖÉμ·¥ (·¨¸. 3, ¡). �¸¨ ¨§μ¡· ¦¥´¨° ¸μ¢³¥Ð ²¨¸Ó ¸³¥Ð¥´¨¥³ ± ´ ²  É· ´¸¶μ·-
É¨·μ¢±¨ ¶ÊÎ± .

	Ò²  ¶·μ¢¥¤¥´  ´ ¸É·μ°±  Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¤²Ö ¶μ²ÊÎ¥´¨Ö · ¢´μ³¥·´μ£μ ¶·μ-
Ìμ¦¤¥´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  Î¥·¥§ · §·Ö¤´ÊÕ É·Ê¡±Ê ¸ ¶μ³μÐÓÕ ¶¥·¥³¥Ð ¥³μ£μ ¢¤μ²Ó
¥¥ μ¸¨ ¸Í¨´É¨²²ÖÉμ· . �·¨ ÔÉμ³ ³¥É ²²¨Î¥¸±¨° Ô±· ´ ¸Í¨´É¨²²ÖÉμ·  ¢Ò¶μ²´Ö² ·μ²Ó
Í¨²¨´¤·  ” · ¤¥Ö.

�  ·¨¸. 4 ¶μ± § ´μ μÉμ¡· ¦¥´¨¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ ¸¥·¥¤¨´¥ · §·Ö¤´μ° É·Ê¡±¨.
�μ²´Ò° · §³¥· ¶ÊÎ±  ´  ¶μ²Ê¢Ò¸μÉ¥ ¸μ¸É ¢¨² ∼ 10 ³³.

4. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

�·μ¢¥¤¥´Ò ¶¥·¢Ò¥ ´ ¡²Õ¤¥´¨Ö ¶·μÍ¥¸¸  ¶¨´Î¥¢ ´¨Ö ¶² §³¥´´μ£μ · §·Ö¤  ¢ ±¥· ³¨-
Î¥¸±μ° ¨ ±¢ ·Í¥¢μ° É·Ê¡± Ì.

4.1. � §·Ö¤ ¢ ±¥· ³¨Î¥¸±μ° É·Ê¡±¥ ¤¨ ³¥É·μ³ 3 ¸³. �±¸¶¥·¨³¥´É ¶·μ¢¥¤¥´ ¶·¨
¸²¥¤ÊÕÐ¨Ì Ê¸²μ¢¨ÖÌ. � §·Ö¤´Ò° Éμ± ∼ 40 ±‚, ¢·¥³Ö · §·Ö¤  Å 5 ³±¸; ¶ · ³¥É·Ò
¶ÊÎ± : Éμ± ∼ 1 �, ¤²¨É¥²Ó´μ¸ÉÓ Å 100 ´¸. ƒ § ¶μ ¸μ¸É ¢Ê  É³μ¸Ë¥·´Ò°, μ¸É ÉμÎ´Ò°,
¤ ¢²¥´¨¥ Å 2 ’μ··.

�  ·¨¸. 5 ¶μ± § ´  ¢·¥³¥´´ Ö · §¢¥·É±  ¨§²ÊÎ¥´¨Ö ¶² §³Ò Z-¶¨´Î  ¢ ¸·¥¤´¥³ ¸¥Î¥-
´¨¨ É·Ê¡±¨ ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ¨ É· ¤¨Í¨μ´´μ£μ ¢ ·¨ ´Éμ¢ ¨´¨Í¨ Í¨¨ · §·Ö¤ . �μ²´ Ö
· §¢¥·É±  Å 4,5 ³±¸.
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�¨¸. 5. ‘¢¥Î¥´¨¥ · §·Ö¤  ¶·¨ ¥£μ ¨´¨Í¨ Í¨¨ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ( ) ¨ ¶·¨ ¥£μ É· ¤¨Í¨μ´´μ³
μ¡· §μ¢ ´¨¨ (¡). �μ²´ Ö · §¢¥·É±  Å 4,5 ³±¸

�¨¸. 6. ‘¢¥Î¥´¨¥ · §·Ö¤  ¶·¨ ¥£μ ¨´¨Í¨ Í¨¨ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ( ) ¨ ¶·¨ ¥£μ É· ¤¨Í¨μ´´μ³

μ¡· §μ¢ ´¨¨ (¡). �μ²´ Ö · §¢¥·É±  Å 2 ³±¸

4.2. � §·Ö¤ ¢ ±¢ ·Í¥¢μ° É·Ê¡±¥ ¤¨ ³¥É·μ³ 4 ¸³. � §·Ö¤´ Ö É·Ê¡±  ´ ¶μ²´Ö¥É¸Ö  ·£μ-
´μ³ ¶·¨ ¤ ¢²¥´¨¨ 0,2 ’μ··. � §·Ö¤´Ò° Éμ± ∼ 40 ±�, ¢·¥³Ö · §·Ö¤  Å 4 ³±¸. � · ³¥É·Ò
¶ÊÎ± : Éμ± ∼ 1 �, ¤²¨É¥²Ó´μ¸ÉÓ Å 100 ´¸, ¤¨ ³¥É· ¶ÊÎ±  ∼ 1 ¸³.

�  ·¨¸. 6 ¶μ± § ´  ¢·¥³¥´´ Ö · §¢¥·É±  ¨§²ÊÎ¥´¨Ö ¶² §³Ò Z-¶¨´Î  ¢ ¸·¥¤´¥³ ¸¥Î¥-
´¨¨ É·Ê¡±¨ ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ¨ É· ¤¨Í¨μ´´μ£μ ¢ ·¨ ´Éμ¢ ¨´¨Í¨ Í¨¨ · §·Ö¤ . �μ²´ Ö
· §¢¥·É±  Å 2 ³±¸.

5. ’…��…’ˆ—…‘Šˆ… �–…�Šˆ

„²Ö ¸²ÊÎ Ö · §·Ö¤  ¢ ±¥· ³¨Î¥¸±μ° É·Ê¡±¥ ¤¨ ³¥É·μ³ 3 ¸³ ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¶ÊÎ± 
·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô²¥±É·μ´μ¢ ¡Ò²¨ ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¢ £¨¤·μ¤¨´ ³¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨
¸ ¶μ³μÐÓÕ Œƒ„-±μ¤  NPINCH [4]. �¥§Ê²ÓÉ ÉÒ ¨²²Õ¸É·¨·ÊÕÉ¸Ö ·¨¸. 7 ¨ 8.

�²¥±É·μ´´Ò° ¶ÊÎμ± μ¡¥¸¶¥Î¨¢ ¥É ´¥¡μ²ÓÏÊÕ ´ Î ²Ó´ÊÕ ¨μ´¨§ Í¨Õ ¶μ ¢¸¥³Ê μ¡Ñ¥³Ê
¨ ¨´¨Í¨ Í¨Õ · §·Ö¤  ¶·¨ μÉ´μ¸¨É¥²Ó´μ ¸² ¡μ³ ´ ¶·Ö¦¥´¨¨. ‘μ£² ¸´μ · ¸Î¥É ³ ´ Î ²Ó-
´μ¥ ´ ¶·Ö¦¥´¨¥ ¶μ²ÊÎ ¥É¸Ö μ±μ²μ 30 ‚/¸³. �Éμ Ê¦¥ ¶μ¸²¥ ¶·μ¡μÖ. �μÉμ³ μ´μ · ¸É¥É
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�¨¸. 7. ’· ¥±Éμ·¨¨ ¤¢¨¦¥´¨Ö Ô²¥³¥´Éμ¢ ¶² §³Ò

�¨¸. 8. ‡ ¢¨¸¨³μ¸ÉÓ É¥³¶¥· ÉÊ·Ò Ô²¥±É·μ´´μ° ±μ³¶μ´¥´ÉÒ ¶² §³Ò μÉ ¢·¥³¥´¨ ¨ · ¤¨Ê¸ 

¨§-§  ´ Î ²  ¤¢¨¦¥´¨Ö ¶² §³Ò ¨ ·μ¸É  ¨§-§  ÔÉμ£μ ¨´¤Ê±É¨¢´μ¸É¨ · §·Ö¤ . �·¨ É ±¨Ì
¶ · ³¥É· Ì · §·Ö¤  ´¥É ¨¸¶ ·¥´¨Ö ¸É¥´μ± ¨§μ²ÖÉμ· . �·¨ μÉ·Ò¢¥ ¶² §³Ò μÉ ¨§μ²ÖÉμ·  ¨
¶¨´Î¥¢ ´¨¨ · §·Ö¤  μ¡· §Ê¥É¸Ö ¢ ±ÊÊ³´ Ö μ¡² ¸ÉÓ ¢´¥ ¸¦¨³ ÕÐ¥°¸Ö ¶² §³Ò. �Éμ ÊÎ¨-
ÉÒ¢ ²μ¸Ó ¢ ÔÉμ³ · ¸Î¥É¥ ¶ÊÉ¥³ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¢¥·¸¨¨ ±μ¤  NPINCH.

Š ± ¢¨¤´μ ¨§ ¶·¨¢¥¤¥´´ÒÌ ¨§μ¡· ¦¥´¨°, ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¨ Ô±¸¶¥·¨³¥´É  ´¥
¸¨²Ó´μ μÉ²¨Î ÕÉ¸Ö ¤·Ê£ μÉ ¤·Ê£ .

‡�Š‹	—…�ˆ…

1. � §· ¡μÉ ´ , ¨§£μÉμ¢²¥´  ¨ ¨¸¶ÒÉ ´  ¤¨´ ³¨Î¥¸± Ö ¸¨¸É¥³  · §¤¥²¥´¨Ö ¢ ±ÊÊ³´ÒÌ
μ¡Ñ¥³μ¢ · §·Ö¤´μ° ± ³¥·Ò Ëμ·³¨·μ¢ ´¨Ö Z-¶¨´Î  ¨ ¶·¨³Ò± ÕÐ¥£μ ± ´ ²  ¶μ¤¢μ¤±¨ ¨
Ëμ±Ê¸¨·μ¢±¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± .

2. ‘μ§¤ ´  ¸¨¸É¥³  ¤¨ËË¥·¥´Í¨ ²Ó´μ° μÉ± Î±¨, μ¡¥¸¶¥Î¨¢ ÕÐ Ö ¸¥³¨±· É´μ¥ Ê³¥´Ó-
Ï¥´¨¥ ¤ ¢²¥´¨Ö ¢ Ô²¥±É·μ´´μ° ¶ÊÏ±¥ ¶μ ¸· ¢´¥´¨Õ ¸ · §·Ö¤±μ° ¢ ± ³¥·¥.

3. ‘μ§¤ ´Ò Ê¸É·μ°¸É¢  ¤¨ £´μ¸É¨±¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ±μÉμ·Ò¥ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò
¢ ¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡μÉ Ì.

4. �¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¢ μ¡² ¸É¨ ´¨§±¨Ì ¤ ¢²¥´¨° ¢ · §·Ö¤´μ° É·Ê¡±¥ ¶·μ¤¥³μ´-
¸É·¨·μ¢ ²¨ §´ Î¨É¥²Ó´μ¥ μÉ²¨Î¨¥ ¤¨´ ³¨±¨ · §·Ö¤ , ÎÉμ ± Î¥¸É¢¥´´μ ¶μ¤É¢¥·¦¤ ¥É¸Ö
· ¸Î¥É ³¨ ¢ £¨¤·μ¤¨´ ³¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨.
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