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‹¨´¥°´Ò° ¨´¤Ê±Í¨μ´´Ò° Ê¸±μ·¨É¥²Ó ‹ˆ“-2 · §· ¡μÉ ´ ¢ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨
¨³. ƒ.ˆ. 	Ê¤±¥·  ± ± ¨´¦¥±Éμ· Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¤²Ö ¶¥·¸¶¥±É¨¢´μ£μ ¨´¤Ê±Í¨μ´´μ£μ Ê¸±μ·¨É¥²Ö
´  Ô´¥·£¨Õ 20 ŒÔ‚, ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö ³ ²μ· ±Ê·¸´μ° Éμ³μ£· Ë¨¨. �μ ·¥§Ê²ÓÉ É ³ ¶¥·¢ÒÌ
¨¸¶ÒÉ ´¨° ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥´¨¥ ¨¸¶μ²Ó§μ¢ ÉÓ ¨´¦¥±Éμ· ± ± ¸ ³μ¸ÉμÖÉ¥²Ó´ÊÕ ·¥´É£¥´μ¢¸±ÊÕ
Ê¸É ´μ¢±Ê [1]. ‚ 2014 £. ¡Ò²  ¶·μ¢¥¤¥´  ³μ¤¥·´¨§ Í¨Ö ¨ ´ ¸É·μ°±  ¸¨¸É¥³Ò ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¶¨-
É ´¨Ö ‹ˆ“-2. “¸±μ·¨É¥²Ó ¸É ¡¨²Ó´μ · ¡μÉ ¥É ¢ μ¤´μ¨³¶Ê²Ó¸´μ³ ·¥¦¨³¥ ´  Ô´¥·£¨¨ ¤μ 1,7 ŒÔ‚,
¢ ¤¢ÊÌ¨³¶Ê²Ó¸´μ³ ·¥¦¨³¥ Å ¤μ 1,5 ŒÔ‚. �¥μ¤´μ·μ¤´μ¸ÉÓ ¶μ Ô´¥·£¨¨ ¢ ± ¦¤μ³ ¨³¶Ê²Ó¸¥ ´¥
¶·¥¢ÒÏ ¥É ± 0,5%.

LIA-2 linear induction accelerator is designed in Budker Institute of Nuclear Physics as an injector
for a perspective 20 MeV linear induction accelerator intended for X-ray 
ash radiography. By results
of the ˇrst tests, it was decided to use the injector as an independent X-ray installation [1]. In 2014
the high-voltage power supply system was upgraded. Accelerator operates stably in one pulse mode at
energies up to 1.7 MeV, in the double-pulse mode Å up to 1.5 MeV. Energy stability in each pulse
does not exceed ± 0.5%.

PACS: 29.20.Ej; 29.27.Ac
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–¥´É· ²Ó´ Ö Î ¸ÉÓ ¸μ¸Éμ¨É ¨§ ±μ·¶Ê¸  ± Éμ¤  ¸ · ¸¶μ²μ¦¥´´Ò³¨ ´  ´¥³ ³ £´¨Éμ-
· §·Ö¤´Ò³¨ ´ ¸μ¸ ³¨, ¸¶μ¸μ¡´Ò³¨ μ¡¥¸¶¥Î¨¢ ÉÓ ¢ ±ÊÊ³ ´  Ê·μ¢´¥ 3 · 10−9 Éμ·· ¶·¨
· §μ£·¥Éμ³ ± Éμ¤¥. ‚´ÊÉ·¨ ±μ·¶Ê¸  · §³¥Ð¥´ ± Éμ¤´Ò° Ê§¥². Š Éμ¤ § ±·¥¶²¥´ ´  ± Éμ¤-
´μ° ´μ£¥, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ ¨§μ²ÖÉμ·, ´  ±μÉμ·μ³ ¸Ê³³¨·Ê¥É¸Ö ´ ¶·Ö¦¥´¨¥ ¸ ¨´¤Ê±Éμ·μ¢
(·¨¸. 1). ˆ´¤Ê±Éμ·´ Ö ¸¨¸É¥³  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ · ¢´ÒÌ Î ¸É¥°, ¶·¨³Ò± ÕÐ¨Ì ¸ ¤¢ÊÌ ¸Éμ-
·μ´ ± ±μ·¶Ê¸Ê ± Éμ¤ . �¥·¢ Ö ¶μ²μ¢¨´  ¨´¤Ê±Éμ·μ¢ Ëμ·³¨·Ê¥É ´ ¶·Ö¦¥´¨¥ ´  ¤¨μ¤¥,

1E-mail: d.a.starostenko@inp.nsk.su
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�¨¸. 1. Œμ¤¥²Ó ‹ˆ“-2 ¢ · §·¥§¥

¢Éμ· Ö ¶μ²μ¢¨´  ¨´¤Ê±Éμ·μ¢ Ëμ·³¨·Ê¥É ´ ¶·Ö¦¥´¨¥ ´  Ê¸±μ·¨É¥²Ó´μ° É·Ê¡±¥, · ¸¶μ-
²μ¦¥´´μ° ¸· §Ê §   ´μ¤´Ò³ μÉ¢¥·¸É¨¥³. Š ¢ÒÌμ¤´μ³Ê Ë² ´ÍÊ Ê¸±μ·¨É¥²Ó´μ° É·Ê¡±¨
¶·¨¸ÉÒ±μ¢ ´ ± ´ ² É· ´¸¶μ·É¨·μ¢±¨ ¸ · ¸¶μ²μ¦¥´´Ò³¨ ´  ´¥³ ²¨´§ ³¨, ±μ··¥±Éμ· ³¨
¨ ¸¨¸É¥³μ° ¤¨ £´μ¸É¨±¨ ¶ÊÎ± . „ ²¥¥ · ¸¶μ² £ ÕÉ¸Ö Í¨²¨´¤· ” · ¤¥Ö, ¢Éμ·μ° É· ´¸Ëμ·-
³ Éμ· Éμ± , ¶·μÌμ¤´μ° Ï¨¡¥·, ³¨Ï¥´´Ò° Ê§¥², ¢Ò¶Ê¸±´μ¥ μ±´μ ¨ ±μ²²¨³ Éμ· [2].

�¶É¨Î¥¸± Ö ¸¨¸É¥³  · ¸¸Î¨É ´  É ±, ÎÉμ¡Ò Ô²¥±É·μ´´Ò° ¶ÊÎμ±, Ëμ·³¨·ÊÕÐ¨°¸Ö ´ 
μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏμ³ ± Éμ¤¥ ¤¨ ³¥É·μ³ 180 ³³, ³μ¦´μ ¡Ò²μ ¸¦ ÉÓ ¤μ 1 ³³ ¢ ¤¨ -
³¥É·¥ [3].

�¸´μ¢´Ò¥ É¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ‹ˆ“-2 ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ‹ˆ“-2

Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ŒÔ‚ 2,0

Œ ±¸¨³ ²Ó´Ò° Éμ± Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ±� 2,0

Šμ²¨Î¥¸É¢μ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨³¶Ê²Ó¸μ¢ 2

‚·¥³¥´´μ° ¨´É¥·¢ ² ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨, ³±¸ 2Ä100

� §³¥· Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  ³¨Ï¥´¨ ¢μ ¢¸¥Ì ·¥¦¨³ Ì, ³³, ´¥ ¡μ²¥¥ 2

� §¡·μ¸ ¶μ Ô´¥·£¨¨ ¢ ± ¦¤μ³ ¨³¶Ê²Ó¸¥, %, ´¥ ¡μ²¥¥ ± 0,5

‘·¥¤´¥¥ ±μ²¨Î¥¸É¢μ · ¡μÎ¨Ì ¢Ò¸É·¥²μ¢ ¶μ ¶² ¸É¨´ ³ ³¨Ï¥´¨ ¤μ § ³¥´Ò 150
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‚ 2014 £. ¡Ò²  ¶·μ¢¥¤¥´  · ¡μÉ  ¶μ ´ ¸É·μ°±¥ Ëμ·³¨·ÊÕÐ¨Ì ²¨´¨° ¤²Ö ±μ··¥±Í¨¨
Ëμ·³Ò ¶μ²´μ£μ ´ ¶·Ö¦¥´¨Ö ´  ¤¨μ¤¥ ¨ Ê¸±μ·¨É¥²Ó´μ° É·Ê¡±¥ [4].

‚ ·¥§Ê²ÓÉ É¥ ´ ¸É·μ°±¨ ´¥· ¢´μ³¥·´μ¸ÉÓ ¶²μ¸±μ° Î ¸É¨ ´  μ¡μ¨Ì ¨³¶Ê²Ó¸ Ì ¸´¨¦¥´ 
¤μ Ê·μ¢´Ö ± 0,5% (·¨¸. 2).

�¨¸. 2. ”μ·³  ´ ¶·Ö¦¥´¨Ö ´  ¤¨μ¤¥ ¶¥·¢μ£μ ( ) ¨ ¢Éμ·μ£μ (¡) ¨³¶Ê²Ó¸μ¢

�¨¸. 3. ‘±¢μ§´Ò¥ μÉ¢¥·¸É¨Ö Å μÉ¶¥Î É±¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  0,5-³³ É ´É ²μ¢μ° ¶² ¸É¨´¥.
‚ ²¥¢μ° Î ¸É¨ ·¨¸Ê´±  ¤¨ ³¥É· μÉ¢¥·¸É¨Ö 0,9 ³³



‘É ÉÊ¸ ‹ˆ“-2. „¢ÊÌ¨³¶Ê²Ó¸´Ò° ·¥¦¨³ 1503

�Éμ ¶μ§¢μ²¨²μ μÉ± § ÉÓ¸Ö μÉ ¨¸¶μ²Ó§μ¢ ´¨Ö ±μ··¥±Éμ·μ¢ ¨ ¤μ¡¨ÉÓ¸Ö ¡μ²¥¥ ± Î¥¸É¢¥´-
´μ° Ëμ±Ê¸¨·μ¢±¨. �É¶¥Î É±¨ ¶ÊÎ±  ´  ³¨Ï¥´¨ ¶μ¢Éμ·ÖÕÉ¸Ö ¢ ¸¥·¨¨ ¢Ò¸É·¥²μ¢ ¨ ¨³¥ÕÉ
¸¨³³¥É·¨Î´ÊÕ Ëμ·³Ê (·¨¸. 3). �  ·¨¸Ê´±¥ ¤¨ ³¥É· ²¥¢μ£μ μÉ¢¥·¸É¨Ö 0,9 ³³.

ˆ‡Œ…�…�ˆ… „‹ˆ’…‹œ��‘’ˆ ƒ�ŒŒ�-ˆŒ�“‹œ‘�

„²Ö ¶·μ¢¥¤¥´¨Ö ´¥±μÉμ·ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¸É ¢¨É¸Ö § ¤ Î  ¸μ±· Ð¥´¨Ö ¤²¨É¥²Ó´μ¸É¨
£ ³³ -¨³¶Ê²Ó¸  ¨ ¤μ¶Ê¸± ¥É¸Ö ¸´¨¦¥´¨¥ ¤μ§Ò. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¡Ò²  ¨§ÊÎ¥´  ¢μ§³μ¦´μ¸ÉÓ
¨§³¥´¥´¨Ö ¤²¨É¥²Ó´μ¸É¨ £ ³³ -¨³¶Ê²Ó¸  ¡¥§ § ³¥´Ò Ëμ·³¨·ÊÕÐ¨Ì ²¨´¨°. „²¨É¥²Ó´μ¸ÉÓ
£ ³³ -¨³¶Ê²Ó¸  ³μ¦´μ ¨§³¥´ÖÉÓ ¸ ¶μ³μÐÓÕ ¸¤¢¨£  § ¶Ê¸±  Ê¸±μ·¨É¥²Ó´μ° É·Ê¡±¨ ´ 

�¨¸. 4 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨).  ) � ¶·Ö¦¥´¨¥ ´  ¨´¤Ê±Éμ· Ì, ¶¨É ÕÐ¨Ì ¤¨μ¤ (¸¨´¨°

Í¢¥É, 1) ¨ Ê¸±μ·¨É¥²Ó´ÊÕ É·Ê¡±Ê (±· ¸´Ò° Í¢¥É, 2); ¡) Éμ± ¢ ¤¨μ¤¥; ¢) Éμ± ´  ¢Ìμ¤¥ ¢ ³¨Ï¥´´Ò°
Ê§¥²; £) ±μ´¢¥·¸¨μ´´ Ö ³¨Ï¥´Ó ¸ μÉ¶¥Î É±μ³ ¶ÊÎ±  (¤¨ ³¥É· μÉ¢¥·¸É¨Ö 1,3 ³³)
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´¥±μÉμ·μ¥ ¢·¥³Ö · ´ÓÏ¥ ¨²¨ ¶μ§¦¥ ¶μ ¸· ¢´¥´¨Õ ¸ ³μ³¥´Éμ³ ¶μÖ¢²¥´¨Ö Éμ±  ¢ ¤¨-
μ¤¥. �  ¶·¨¢¥¤¥´´μ³ ¶·¨³¥·¥ (·¨¸. 4,  ) ¸¤¢¨£ · ¢¥´ 150 ´¸. ‚ É ±μ³ ·¥¦¨³¥ · ¡μÉÒ
Î ¸ÉÓ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ´¥ ¶μ²ÊÎ¨¢Ï Ö Ê¸±μ·¥´¨Ö ¢ É·Ê¡±¥, É¥·Ö¥É¸Ö ´  Ô²¥±É·μ¤ Ì
Ê¸±μ·¨É¥²Ó´μ° É·Ê¡±¨ ²¨¡μ ¶¥·¥Ëμ±Ê¸¨·Ê¥É¸Ö ¨ ¶μ¶ ¤ ¥É ´  ¸É¥´±Ê ¢ ±ÊÊ³´μ° ± ³¥·Ò.
‚ É ±μ³ ·¥¦¨³¥ (·¨¸. 4,  ) ¤²¨É¥²Ó´μ¸ÉÓ ¶ÊÎ± , ¢Ò²¥É ÕÐ¥£μ ¨§ ¤¨μ¤ , ¸μ¸É ¢²Ö¥É 230 ´¸
(·¨¸. 4, ¡), ´μ ¤μ ³¨Ï¥´´μ£μ Ê§²  ¤μ²¥É ¥É ¶ÊÎμ± ¤²¨É¥²Ó´μ¸ÉÓÕ 145 ´¸ (·¨¸. 4, ¢). �¥§Ê²Ó-
É É Ëμ±Ê¸¨·μ¢±¨ ¸μ±· Ð¥´´μ£μ ¶ÊÎ±  ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 4, £.

‚ É ±μ³ ·¥¦¨³¥ ³μ¤Ê²ÖÉμ·Ò Î ¸ÉÓ ¢·¥³¥´¨ · ¡μÉ ÕÉ ´  ´¥¸μ£² ¸μ¢ ´´ÊÕ ´ £·Ê§±Ê,
ÎÉμ ¶·¨¢μ¤¨É ± ¶¥·¥´ ¶·Ö¦¥´¨Õ ´  Ê¸±μ·¨É¥²Ó´μ° É·Ê¡±¥ ¨ Ê¢¥²¨Î¥´¨Õ ¢¥·μÖÉ´μ¸É¨ ¢Ò-
¸μ±μ¢μ²ÓÉ´μ£μ ¶·μ¡μÖ ¶μ ¶μ¢¥·Ì´μ¸É¨. �μÔÉμ³Ê ¨§³¥´ÖÉÓ ¤²¨É¥²Ó´μ¸ÉÓ £ ³³ -¨³¶Ê²Ó¸ 
³μ¦´μ ¶·¨ Ô´¥·£¨ÖÌ ´¥ ¡μ²¥¥ 1,2 ŒÔ‚.

�‚’�Œ�’ˆ‡�–ˆŸ ��‘’��‰Šˆ ��’ˆ—…‘Š�‰ ‘ˆ‘’…Œ›

‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ´  ‹ˆ“-2 ¨¸¶μ²Ó§ÊÕÉ¸Ö ¨³¶Ê²Ó¸´Ò¥ ²¨´§Ò, ³ ±¸¨³Ê³ ¶μ²Ö ¢´ÊÉ·¨
¢ ±ÊÊ³´μ° ± ³¥·Ò ¨ ³ ±¸¨³Ê³ Éμ±  ¢ ²¨´§¥ ´¥ ¸μ¢¶ ¤ ÕÉ ¨§-§  ÔËË¥±É  Ô±· ´¨·μ¢±¨.
„²Ö ± Î¥¸É¢¥´´μ° ´ ¸É·μ°±¨ μ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò ¢ μ¤´μ¨³¶Ê²Ó¸´μ³ ·¥¦¨³¥ ´¥μ¡Ìμ-
¤¨³μ ¸μ¢³¥¸É¨ÉÓ ³ ±¸¨³Ê³ ³ £´¨É´μ£μ ¶μ²Ö ¸ ³μ³¥´Éμ³ ¶·μ²¥É  Ô²¥±É·μ´´μ£μ ¶ÊÎ± .
‚ ¤¢ÊÌ¨³¶Ê²Ó¸´μ³ ·¥¦¨³¥ É·¥¡Ê¥É¸Ö · ¸¶μ²μ¦¨ÉÓ ¶ÊÎ±¨ ¸¨³³¥É·¨Î´μ É ±, ÎÉμ¡Ò μ´¨
¶·μ²¥É ²¨ ¢ μ¤¨´ ±μ¢ÒÌ ³ £´¨É´ÒÌ ¶μ²ÖÌ (·¨¸. 5). �¥§Ê²ÓÉ ÉÒ ¸É¥´¤μ¢ÒÌ ¨§³¥·¥´¨° ¶μ-
± § ²¨, ÎÉμ ³ ±¸¨³Ê³ ¶μ²Ö ¸¤¢¨´ÊÉ ¶·¨³¥·´μ ´  200 ³±¸ ¶μ§¦¥ μÉ´μ¸¨É¥²Ó´μ ³ ±¸¨³Ê³ 
Éμ±  ¢ ²¨´§¥ ¨ § ¤¥·¦±  ³¥´Ö¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ  ³¶²¨ÉÊ¤Ò Éμ± . �  ·¨¸. 5 ¸¨´¨°
¸¨£´ ² (1) Å Éμ± ¢ ²¨´§¥, ±· ¸´Ò° ¸¨£´ ² (2) Å ¶·μ¨§¢μ¤´ Ö ³ £´¨É´μ£μ ¶μ²Ö ¢´ÊÉ·¨
¢ ±ÊÊ³´μ° ± ³¥·Ò. �¸Í¨²²μ£· ³³Ò § ¶¨¸ ´Ò ¸ ¶μ³μÐÓÕ ¤¢ÊÌ 24-¡¨É´ÒÌ ΣΔ ADC,
· ¸¶μ²μ¦¥´´ÒÌ ¢´ÊÉ·¨ ¨´É¥£· Éμ·  VsDC2 [5]. �¸É ´μ¢±  ¨´É¥£·¨·μ¢ ´¨Ö ¢Ò¶μ²´Ö¥É¸Ö
¶·¨ ´Ê²¥¢μ³ §´ Î¥´¨¨ ¶·μ¨§¢μ¤´μ° ³ £´¨É´μ£μ ¶μ²Ö. �μ¸±μ²Ó±Ê ± ´ ²Ò ¸¨´Ì·μ´´Ò¥,
μ¸Í¨²²μ£· ³³  Éμ±  μ¡·Ò¢ ¥É¸Ö ¢ ³μ³¥´É μ¸É ´μ¢±¨ ¨´É¥£·¨·μ¢ ´¨Ö.

‘ ¶μ³μÐÓÕ ËÊ´±Í¨¨ Δt(I) ¢ÒÎ¨¸²Ö¥³ ³μ³¥´É § ¶Ê¸±  ²¨´§ É ±, ÎÉμ¡Ò μ¡  ¶ÊÎ± 
¢ ³μ³¥´É ¶·μ²¥É  ´ Ìμ¤¨²¨¸Ó ¢ μ¤¨´ ±μ¢ÒÌ ³ £´¨É´ÒÌ ¶μ²ÖÌ.

�¨¸. 5 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ‘¨´¨° ¸¨£´ ² (1) Å Éμ± ¢ ²¨´§¥, ±· ¸´Ò° ¸¨£´ ² (2) Å
¶·μ¨§¢μ¤´ Ö ³ £´¨É´μ£μ ¶μ²Ö ¢´ÊÉ·¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò
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“¸±μ·¨É¥²Ó ¸¶μ¸μ¡¥´ · ¡μÉ ÉÓ ¢ ¤¢ÊÌ¨³¶Ê²Ó¸´μ³ ·¥¦¨³¥ ¸ ¨´É¥·¢ ²μ³ 2Ä100 ³±¸.
�·¨ ¢·¥³¥´´ÒÌ ¨´É¥·¢ ² Ì ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ¡μ²¥¥ 10 ³±¸ ´ ¡²Õ¤ ¥É¸Ö ÔËË¥±É Ê¢¥-
²¨Î¥´¨Ö ¤¨ ³¥É·  Ëμ±Ê¸´μ£μ ¶ÖÉ´  ¢Éμ·μ£μ ¨³¶Ê²Ó¸  §  ¸Î¥É μ¡· §μ¢ ´¨Ö ¶² §³Ò ¢ ·¥-
§Ê²ÓÉ É¥ ¶μ¶ ¤ ´¨Ö ¶¥·¢μ£μ ¨³¶Ê²Ó¸  ´  ³¨Ï¥´Ó. �¤¨´ ¨§ ¸¶μ¸μ¡μ¢ ¸´¨¦¥´¨Ö ÔÉμ£μ
ÔËË¥±É  Å ¶·¥¤¢ ·¨É¥²Ó´Ò° ¶·μ£·¥¢ ³¨Ï¥´¨ · ¸Ëμ±Ê¸¨·μ¢ ´´Ò³ ¶ÊÎ±μ³. ‚ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö ¨¸¸²¥¤ÊÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ ¸´¨¦¥´¨Ö ¢²¨Ö´¨Ö ¶¥·¢μ£μ ¨³¶Ê²Ó¸  ´  ¢Éμ·μ°.

�¨¸. 6. � ¸É·μ°±  ¤¢ÊÌ¨³¶Ê²Ó¸´μ£μ ·¥¦¨³ . 1 Å ¶¥·¢Ò° ¨³¶Ê²Ó¸; 2 Å ¢Éμ·μ° ¨³¶Ê²Ó¸; 1+ 2 Å
¤¢  ¨³¶Ê²Ó¸  ¸ ¨´É¥·¢ ²μ³ 10 ³±¸. Œ¨Ï¥´Ó Å Ta Éμ²Ð¨´μ° 1 ³³

‡�Š‹	—…�ˆ…

�¥´É£¥´μ¢¸± Ö Ê¸É ´μ¢±  ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ¢ μ¤´μ¨³¶Ê²Ó¸´μ³ (¤μ
1,7 ŒÔ‚) ¨ ¢ ¤¢ÊÌ¨³¶Ê²Ó¸´μ³ (¤μ 1,5 ŒÔ‚) ·¥¦¨³ Ì [6]. ˆ´É¥·¢ ² ³¥¦¤Ê ± ¤· ³¨
³μ¦´μ ¨§³¥´ÖÉÓ ¢ ¤¨ ¶ §μ´¥ 2Ä100 ³±¸ ¸ ³¨´¨³ ²Ó´Ò³ Ï £μ³ 5 ´¸. �  μ¸´μ¢¥ ³μ¤¥²¨·μ-
¢ ´¨Ö ¨ ·¥§Ê²ÓÉ Éμ¢ ¸É¥´¤μ¢ÒÌ ¨§³¥·¥´¨° · §· ¡μÉ ´ ¸¶μ¸μ¡  ¢Éμ³ É¨Î¥¸±μ° ´ ¸É·μ°±¨
μ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò ¢ § ¢¨¸¨³μ¸É¨ μÉ ·¥¦¨³  · ¡μÉÒ Ê¸±μ·¨É¥²Ö. �Éμ ¶μ§¢μ²¨²μ ¸μ±· -
É¨ÉÓ ±μ²¨Î¥¸É¢μ ¶·μ¡´ÒÌ ¢Ò¸É·¥²μ¢ ¶μ ³¨Ï¥´¨ ¨ É¥³ ¸ ³Ò³ ¶·μ¤²¨ÉÓ ·¥¸Ê·¸ ± Éμ¤ .
‚ ·¥§Ê²ÓÉ É¥ ´ ¸É·μ°±¨ ¨ ³μ¤¥·´¨§ Í¨¨ ¸¨¸É¥³Ò ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¶¨É ´¨Ö ¶μ¢ÒÏ¥´ 
´ ¤¥¦´μ¸ÉÓ · ¡μÉÒ Ê¸±μ·¨É¥²Ö ¨ ¶μ²ÊÎ¥´  ¡μ²¥¥ ± Î¥¸É¢¥´´ Ö Ëμ±Ê¸¨·μ¢±  ¶ÊÎ± .

�² £μ¤ ·´μ¸É¨. „ ´´ Ö · ¡μÉ  ¡Ò²  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ƒμ¸±μ·¶μ· Í¨¨
®�μ¸ Éμ³¯.
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