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ˆ´¸É¨ÉÊÉ É¥µ·¥É¨Î¥¸±µ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨, Œµ¸±¢ 

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢, ³µ¤¥²¨·µ¢ ´¨Ö ¨ ¨¸¶ÒÉ ´¨° Ê¸¨²¨É¥²Ó´ÒÌ ± ¸± ¤µ¢ ´  Î -
¸ÉµÉÊ 81 ŒƒÍ ¤²Ö Ê¸±µ·¨É¥²Ö ¨´É¥´¸¨¢´µ£µ ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨µ´µ¢. Š ¸± ¤Ò ¶µ¸É·µ¥´Ò ´  É·¨µ¤¥
ƒˆ-27�Œ. ‚ÒÌµ¤´ Ö ¨³¶Ê²Ó¸´ Ö ³µÐ´µ¸ÉÓ Ê¸¨²¨É¥²Ó´ÒÌ ± ¸± ¤µ¢ ¸µ¸É ¢²Ö¥É 3 Œ‚É. � ¸¸³ É·¨-
¢ ÕÉ¸Ö ¶·µ¡²¥³Ò, ¸¢Ö§ ´´Ò¥ ¸ ·¥¦¨³µ³ · ¡µÉÒ ± ¸± ¤µ¢, Ô²¥±É·¨Î¥¸±µ° ¶·µÎ´µ¸ÉÓÕ ¨ ±µ´¸É·Ê±-
É¨¢´Ò³ ¨¸¶µ²´¥´¨¥³ µÉ¤¥²Ó´ÒÌ Ê§²µ¢.

The results of analysis, modelling and testing 81 MHz ampliˇers for heavy ion linear accelerator
are presented. Stages were built with GI-27AM triode. The output pulse power is equal to 3 MW.
Operating mode, electric strength and design features of these ampliˇers are discussed.

‚‚…„…�ˆ…

‚ ³µ¸±µ¢¸±µ³ ˆ´¸É¨ÉÊÉ¥ É¥µ·¥É¨Î¥¸±µ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ ¢¥¤ÊÉ¸Ö · -
¡µÉÒ ¶µ ¸µµ·Ê¦¥´¨Õ É¥· ¢ ÉÉ´µ£µ ´ ±µ¶¨É¥²Ó´µ£µ ±µ³¶²¥±¸  (’‚�). ‚ ± Î¥¸É¢¥ ¨´¦¥±-
Éµ·  ’‚� ¶·¥¤² £ ¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ²¨´¥°´Ò° Ê¸±µ·¨É¥²Ó ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¸ ¢ÒÌµ¤´µ°
Ô´¥·£¨¥° 7 ŒÔ‚/´Ê±²µ´ ¨ Éµ±µ³ 40 ³�. �¥§µ´ ´¸´ Ö ¸¨¸É¥³  Ê¸±µ·¨É¥²Ö ¸µ¸Éµ¨É ¨§
¤¢ÊÌ ·¥§µ´ Éµ·µ¢ ¸ ¶·µ¸É· ´¸É¢¥´´µ-µ¤´µ·µ¤´µ° ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±µ° (��Š”)
¨ ¶·µ¸É· ´¸É¢¥´´µ-¶¥·¨µ¤¨Î¥¸±µ° ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±µ° (��Š”) [1].

„²Ö ¢µ§¡Ê¦¤¥´¨Ö ·¥§µ´ Éµ·µ¢ ¶µÉ·¥¡Ê¥É¸Ö ¤¢  ± ´ ²  ¸ ¢ÒÌµ¤´µ° ³µÐ´µ¸ÉÓÕ 1,5 ¨
4 Œ‚É ¸µµÉ¢¥É¸É¢¥´´µ (¸ ÊÎ¥Éµ³ ¶µÉ¥·Ó ¢ ¶¥·¥¤ ÕÐ¨Ì É· ±É Ì ¨ § É· É ‚—-³µÐ´µ¸É¨
´  Ê¸±µ·¥´¨¥ ¶ÊÎ± ). ˆ´¦¥±Éµ· ¡Ê¤¥É · ¡µÉ ÉÓ ¢ ®¶ ±¥É´µ-¨³¶Ê²Ó¸´µ³¯ ·¥¦¨³¥ ¶·¨
¤²¨É¥²Ó´µ¸É¨ ‚—-¨³¶Ê²Ó¸µ¢ 300 ³±¸ ¨ Î ¸ÉµÉ¥ ¶µ¢Éµ·¥´¨Ö 20 ¨³¶./¸. „²¨É¥²Ó´µ¸ÉÓ
¶ ±¥É  30 ¸. � Ê§  ³¥¦¤Ê ¶ ±¥É ³¨ ¡Ê¤¥É µ¶·¥¤¥²ÖÉÓ¸Ö Ô´¥·£¥É¨Î¥¸±¨³¨ ¶ · ³¥É· ³¨
µ¡µ·Ê¤µ¢ ´¨Ö ¢¸¥£µ ´ ±µ¶¨É¥²Ó´µ£µ ±µ³¶²¥±¸ . �É¨ ¤ ´´Ò¥ ÊÎ¨ÉÒ¢ ²¨¸Ó ¶·¨ ¢Ò¡µ·¥
¸É·Ê±ÉÊ·´µ° ¸Ì¥³Ò ¸¨¸É¥³Ò ‚—-¶¨É ´¨Ö ¨ · §· ¡µÉ±¥ Ê¸¨²¨É¥²Ó´ÒÌ ± ¸± ¤µ¢.

1. ‚›��� ƒ…�…��’����‰ ‹�Œ�›
ˆ ‘’�“Š’“���‰ ‘•…Œ› ‚�‡�“†„…�ˆŸ

�¸µ¡¥´´µ¸ÉÓÕ ·¥¦¨³  · ¡µÉÒ ¸¨¸É¥³Ò ‚—-¶¨É ´¨Ö ¨´¦¥±Éµ·  ’‚� Ö¢²Ö¥É¸Ö ¢Ò¸µ-
± Ö ¨³¶Ê²Ó¸´ Ö ³µÐ´µ¸ÉÓ ¶·¨ µÉ´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏµ° ¸·¥¤´¥° ³µÐ´µ¸É¨. � ¨¡µ²¥¥
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¶µ¤Ìµ¤ÖÐ¥° ² ³¶µ° ¤²Ö ¨¸¶µ²Ó§µ¢ ´¨Ö ¢ µ±µ´¥Î´ÒÌ ± ¸± ¤ Ì Ö¢²Ö¥É¸Ö É·¨µ¤ ƒˆ-27�Œ
¸ ¶·¥¤¥²Ó´µ° ¢ÒÌµ¤´µ° ³µÐ´µ¸ÉÓÕ µ±µ²µ 4,5 Œ‚É ¢ ¨³¶Ê²Ó¸¥. ’ ± ± ± ¤²Ö ¢µ§¡Ê¦¤¥´¨Ö
¢Éµ·µ£µ ·¥§µ´ Éµ·  É·¥¡Ê¥É¸Ö ³µÐ´µ¸ÉÓ ¶µÎÉ¨ ¶·¥¤¥²Ó´ Ö ¤²Ö ÔÉµ° ² ³¶Ò, Éµ Í¥²¥¸µ-
µ¡· §´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¢ ± ´ ²¥ ¢µ§¡Ê¦¤¥´¨Ö ÔÉµ£µ ·¥§µ´ Éµ·  ¤¢  µ±µ´¥Î´ÒÌ ± ¸± ¤  ¸
¢ÒÌµ¤´µ° ³µÐ´µ¸ÉÓÕ ¶µ 2 Œ‚É ± ¦¤Ò°. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¢µ§¡Ê¦¤¥´¨Ö ·¥§µ´ Éµ·µ¢
¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. Š ´ ² ¢µ§¡Ê¦¤¥´¨Ö ¶¥·¢µ£µ ·¥§µ´ Éµ·  ¸µ¸Éµ¨É ¨§ ¤¢ÊÌ ³µÐ´ÒÌ
± ¸± ¤µ¢ Š1, Š2 ¨ ¸Éµ°±¨ ¶·¥¤¢ ·¨É¥²Ó´µ£µ Ê¸¨²¥´¨Ö (‘�“).

�¨¸. 1. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¢µ§¡Ê¦¤¥´¨Ö ·¥§µ´ Éµ·µ¢

‚ ± ´ ²¥ ¢µ§¡Ê¦¤¥´¨Ö ¢Éµ·µ£µ ·¥§µ´ Éµ·  ¨¸¶µ²Ó§Ê¥É¸Ö Î¥ÉÒ·¥ ³µÐ´ÒÌ ± ¸± ¤  Š1Ä
Š4 ¸ µ¡Ð¨³ ±µÔËË¨Í¨¥´Éµ³ Ê¸¨²¥´¨Ö ¡µ²¥¥ 21 ¤�. � §· ¡µÉ±  Ê¸¨²¨É¥²Ó´ÒÌ ± ¸± ¤µ¢
´  Î ¸ÉµÉÊ 81 ŒƒÍ ¶·µ¢µ¤¨² ¸Ó ´  ¡ §¥ ·¥§¥·¢´ÒÌ ± ¸± ¤µ¢ ´  Î ¸ÉµÉÊ 300 ŒƒÍ [2].
�  ´ Î ²Ó´µ³ ÔÉ ¶¥ · §· ¡µÉ±¨ · ¸¸³ É·¨¢ ²µ¸Ó ´¥¸±µ²Ó±µ ¢ ·¨ ´Éµ¢ ¶µ¸É·µ¥´¨Ö  ´µ¤-
´µ£µ ±µ´ÉÊ· . „²¨´  Î¥É¢¥·ÉÓ¢µ²´µ¢µ£µ ±µ´ÉÊ·  µ± § ² ¸Ó ´¥¤µ¸É ÉµÎ´µ° ¤²Ö · §³¥Ð¥-
´¨Ö Ê§²µ¢ ¸¢Ö§¨ ¨ ¢Ò¸µ±µ¢µ²ÓÉ´ÒÌ · §¤¥²¨É¥²Ó´ÒÌ ±µ´¤¥´¸ Éµ·µ¢. „²¨´  ¶µ²Ê¢µ²´µ¢µ£µ
±µ´ÉÊ·  ´  µ¸´µ¢¥ µ¤´µ·µ¤´µ° ±µ ±¸¨ ²Ó´µ° ²¨´¨¨ ¸É ´µ¢¨É¸Ö µÎ¥´Ó ¡µ²ÓÏµ°. �µ ±µ´-
¸É·Ê±É¨¢´Ò³ ¸µµ¡· ¦¥´¨Ö³ ¡Ò²µ ·¥Ï¥´µ ¢ µ¤´µ³ ¨§ ¢ ·¨ ´Éµ¢ ¨¸¶µ²Ó§µ¢ ÉÓ ¤µ¶µ²´¨-
É¥²Ó´ÊÕ ´¥ ±É¨¢´ÊÕ ² ³¶Ê ¢ ± Î¥¸É¢¥ ±µ´ÉÊ·´µ° ¥³±µ¸É¨, ¢ ¤·Ê£µ³ ¢ ·¨ ´É¥ ¶·¨³¥´¨ÉÓ
´¥µ¤´µ·µ¤´ÊÕ ±µ ±¸¨ ²Ó´ÊÕ ²¨´¨Õ.

� ¸Î¥ÉÒ ±µ²¥¡ É¥²Ó´ÒÌ ¸¨¸É¥³ ± ¸± ¤µ¢ ¶·µ¢µ¤¨²¨¸Ó ± ± ³¥Éµ¤ ³¨ É¥µ·¨¨ Ô²¥±É·¨-
Î¥¸±¨Ì Í¥¶¥° ¸ · ¸¶·¥¤¥²¥´´Ò³¨ ¶ · ³¥É· ³¨, É ± ¨ ¸ ¶µ³µÐÓÕ ¸¶¥Í¨ ²Ó´ÒÌ ¶·µ£· ³³,
µ¸´µ¢ ´´ÒÌ ´  ¶·¨´Í¨¶ Ì Ô²¥±É·µ¤¨´ ³¨±¨.
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‚ÒÌµ¤´µ° ±µ²¥¡ É¥²Ó´Ò° ±µ´ÉÊ· ± ¸± ¤  ¸ ¤µ¶µ²´¨É¥²Ó´µ° ´¥ ±É¨¢´µ° ² ³¶µ° ¶·¥¤-
¸É ¢²Ö¥É ¸µ¡µ° ·¥§µ´ ´¸´ÊÕ ¸¨¸É¥³Ê ¸ · ¸¶·¥¤¥²¥´´Ò³¨ ¶ · ³¥É· ³¨ ¢ ¢¨¤¥ ±µ ±¸¨ ²Ó-

�¨¸. 2. ‘Ì¥³  ±µ´¸É·Ê±Í¨¨ ± ¸± ¤  ¸ ¤µ¶µ²´¨-
É¥²Ó´µ° ² ³¶µ°

´µ° ²¨´¨¨, ´ £·Ê¦¥´´µ° ¸ µ¡µ¨Ì ±µ´Íµ¢
³¥¦¤ÊÔ²¥±É·µ¤´Ò³¨ ¥³±µ¸ÉÖ³¨ £¥´¥· Éµ·-
´ÒÌ ² ³¶. ‚¥·Ì´ÖÖ ² ³¶  Ö¢²Ö¥É¸Ö  ±É¨¢-
´µ° (± ´¥° ¶µ¤¢µ¤ÖÉ¸Ö ´ ± ² ¨ ³µÐ´µ¸ÉÓ
¢µ§¡Ê¦¤¥´¨Ö),   ´¨¦´ÖÖ Å ´¥ ±É¨¢´µ°. �¥-
 ±É¨¢´µ° ³µ¦¥É ¡ÒÉÓ µÉ· ¡µÉ ´´ Ö ² ³¶  ¸
´¥¶µ¢·¥¦¤¥´´µ° ¸¥É±µ°. �É  ² ³¶  ¸²Ê¦¨É
¢ ± Î¥¸É¢¥ ±µ´ÉÊ·´µ° ¥³±µ¸É¨ ¨ µ¡¥¸¶¥Î¨-
¢ ¥É ¸¨³³¥É·¨Î´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ¢
 ´µ¤´µ³ ±µ´ÉÊ·¥, ± ± ¢ ¤¢ÊÌÉ ±É´µ° ¸Ì¥³¥.

‘Ì¥³  ±µ´¸É·Ê±Í¨¨ Ê¸¨²¨É¥²Ó´µ£µ ± ¸-
± ¤  ¶µ± § ´  ´  ·¨¸. 2. Šµ´¸É·Ê±Í¨Ö ± ¸-
± ¤  ¸µ¸Éµ¨É ¨§ ¡²µ±  ¶¨É ´¨Ö ¨ · ¸¶µ-
²µ¦¥´´µ° ´ ¤ ´¨³ ¢Ò¸µ±µÎ ¸ÉµÉ´µ° Î -
¸É¨. �²¥±É·¨Î¥¸± Ö ¤²¨´  ·¥§µ´ Éµ·  ¸µ-
¸É ¢²Ö¥É λ/2 ¨ ¸ ÊÎ¥Éµ³ Ê±µ· Î¨¢ ÕÐ¨Ì
¥³±µ¸É¥°  ´µ¤-¸¥É±  £¥´¥· Éµ·´ÒÌ ² ³¶
· ¢´  800 ³³. ‚´ÊÉ·¥´´¨° ¤¨ ³¥É· ´ -
·Ê¦´µ° É·Ê¡Ò  ´µ¤´µ£µ ·¥§µ´ Éµ·  · -
¢¥´ 440 ³³ ¨ µ¶·¥¤¥²Ö¥É¸Ö · §³¥·µ³ ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¥£µ Ê§²  ¡ §µ¢µ£µ ± ¸± ¤  ´ 
300 ŒƒÍ. �¥ ±É¨¢´ Ö ² ³¶  ¸ µ¤´µ° ¸Éµ-
·µ´Ò ¦¥¸É±µ ±·¥¶¨É¸Ö ¸¥ÉµÎ´Ò³ ¢Ò¢µ¤µ³ ±
¶²Ê´¦¥·Ê, ¸ ¤·Ê£µ° Å ¸±µ²Ó§ÖÐ¨³ ±µ´É ±-
Éµ³ ± ¢´ÊÉ·¥´´¥³Ê Í¨²¨´¤·Ê ·¥§µ´ Éµ· .
�¥·¥³¥Ð¥´¨¥ ¶²Ê´¦¥·  ¢³¥¸É¥ ¸ ´¥ ±É¨¢-
´µ° ² ³¶µ° µ¡¥¸¶¥Î¨¢ ¥É ¶µ¤¸É·µ°±Ê Î -
¸ÉµÉÒ  ´µ¤´µ£µ ±µ´ÉÊ·  ¢ ¶·¥¤¥² Ì 5 %.
‚ ¶²µ¸±µ¸É¨ Ê§²  ‚—-´ ¶·Ö¦¥´¨Ö ±  ´µ¤Ê
² ³¶Ò Î¥·¥§ ¸¶¥Í¨ ²Ó´Ò° ¢¢µ¤ ¶µ¤¢µ¤ÖÉ¸Ö ¢Ò¸µ±µ¥ ´ ¶·Ö¦¥´¨¥ ¨ ¢µ¤ . „²Ö Ê³¥´ÓÏ¥-
´¨Ö ²¨´¥°´ÒÌ · §³¥·µ¢ ¢¢µ¤ ¢Ò¶µ²´¥´ ¢ ¢¨¤¥ ±µ³¡¨´¨·µ¢ ´´µ° ²¨´¨¨, ¸µ¸ÉµÖÐ¥° ¨§
µÉ·¥§±µ¢ ±µ ±¸¨ ²Ó´ÒÌ ¨ ¸¶¨· ²Ó´ÒÌ ²¨´¨°. ‘¢Ö§Ó ³¥¦¤Ê ·¥§µ´ Éµ·µ³ ¨ ´ £·Ê§±µ° µ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö ¶¥É²¥¢Ò³ ¸¶µ¸µ¡µ³.

Œ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ´ ¶·Ö¦¥´´µ¸É¨ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ´  ¶µ¢¥·Ì´µ¸É¨ ¢´Ê-
É·¥´´¥£µ ¶·µ¢µ¤´¨±  ¶·¨  ´µ¤´µ³ ´ ¶·Ö¦¥´¨¨ 30 ±‚ ¸µ¸É ¢²Ö¥É 10,5 ±‚/¸³.

‚Ìµ¤´µ¥ Ê¸É·µ°¸É¢µ ¢Ò¶µ²´¥´µ ¢ ¢¨¤¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ ±µ ±¸¨ ²Ó´µ£µ É· ´¸Ëµ·-
³ Éµ· , ¸µ£² ¸ÊÕÐ¥£µ ¢Ìµ¤´µ¥ ¸µ¶·µÉ¨¢²¥´¨¥ £¥´¥· Éµ·  ¸ ¢µ²´µ¢Ò³ ¸µ¶·µÉ¨¢²¥´¨¥³
± ¡¥²Ö. ’µ± ´ ± ²  Î¥·¥§ Î¥É¢¥·ÉÓ¢µ²´µ¢Ò° ¤·µ¸¸¥²Ó ¶µ¤¢µ¤¨É¸Ö ± ² ³¶¥ ¢ · °µ´¥ ³¨-
´¨³Ê³  Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö.

�·¨³¥´¥´¨¥ ´¥ ±É¨¢´µ° ² ³¶Ò ¶µ§¢µ²¨²µ Ê³¥´ÓÏ¨ÉÓ ¤²¨´Ê  ´µ¤´µ£µ ·¥§µ´ Éµ·  ¶µ
¸· ¢´¥´¨Õ ¸ ·¥§µ´ Éµ·µ³, ¢Ò¶µ²´¥´´Ò³ ´  µ¸´µ¢¥ µ¤´µ·µ¤´µ° ±µ ±¸¨ ²Ó´µ° ²¨´¨¨,
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¶µÎÉ¨ ´  42 %. ˆ¸¶ÒÉ ´¨¥ ± ¸± ¤  ¶·µ¢µ¤¨²µ¸Ó ¢ ·¥¦¨³¥ ¢´¥Ï´¥£µ ¢µ§¡Ê¦¤¥´¨Ö ¶·¨
´ £·Ê§±¥ ´  É·¨ Ô±¢¨¢ ²¥´É  ¸ ¸µ¶·µÉ¨¢²¥´¨¥³ 50 �³. �·¨  ´µ¤´µ³ ´ ¶·Ö¦¥´¨¨ 27 ±‚ ¨
´ ¶·Ö¦¥´¨¨ ´ ± ²  0,9 µÉ ´µ³¨´ ²  ¢ÒÌµ¤´ Ö ³µÐ´µ¸ÉÓ ¸µ¸É ¢¨²  2 Œ‚É, ±µÔËË¨Í¨¥´É
Ê¸¨²¥´¨Ö ¶µ ³µÐ´µ¸É¨ Å 7, Š�„ Å 65 %. ŠµÔËË¨Í¨¥´É ¸ÉµÖÎ¥° ¢µ²´Ò ´  ¢Ìµ¤¥ ± ¸± ¤ 
¢ ¶·µÍ¥¸¸¥ ¨¸¶ÒÉ ´¨° ´¥ ¶·¥¢ÒÏ ² 2.

3. “‘ˆ‹ˆ’…‹œ�›‰ Š�‘Š�„ ‘ �…�„����„�›Œ Š��’“��Œ

‘Ì¥³  ±µ´¸É·Ê±Í¨¨ Ê¸¨²¨É¥²Ó´µ£µ ± ¸± ¤  ¸  ´µ¤´Ò³ ±µ´ÉÊ·µ³ ´  µ¸´µ¢¥ ´¥µ¤´µ·µ¤-
´µ° ±µ ±¸¨ ²Ó´µ° ²¨´¨¨ ¶µ± § ´  ´  ·¨¸. 3. ‚Ìµ¤´µ¥ Ê¸É·µ°¸É¢µ ¢ ÔÉµ³ ± ¸± ¤¥ ¢Ò¶µ²-

�¨¸. 3. ‘Ì¥³  ±µ´¸É·Ê±Í¨¨ ± ¸± ¤  ¸ ´¥µ¤´µ-

·µ¤´Ò³ ±µ´ÉÊ·µ³

´¥´µ ¢ ¢¨¤¥ ¶µ²Ê¢µ²´µ¢µ£µ ±µ ±¸¨ ²Ó´µ£µ ·¥-
§µ´ Éµ· , · §µ³±´ÊÉµ£µ ´  ±µ´Í¥ ¨ ´ £·Ê¦¥´-
´µ£µ ± Éµ¤´µ-¸¥ÉµÎ´µ° ¥³±µ¸ÉÓÕ ² ³¶Ò. ‚Ò-
Ìµ¤´µ° ±µ²¥¡ É¥²Ó´Ò° ±µ´ÉÊ· ¶·¥¤¸É ¢²Ö¥É
¸µ¡µ° ¶µ²Ê¢µ²´µ¢ÊÕ ²¨´¨Õ, ´ £·Ê¦¥´´ÊÕ ¸
µ¤´µ° ¸Éµ·µ´Ò ´  ¥³±µ¸ÉÓ  ´µ¤-¸¥É±  ² ³¶Ò
ƒˆ-27�Œ,   ¸ ¤·Ê£µ° Å ´  Éµ·Í¥¢ÊÕ ¥³±µ¸ÉÓ
 ´µ¤´µ£µ ±µ´ÉÊ· .

‚´ÊÉ·¥´´¨° ¶·µ¢µ¤´¨± ±µ ±¸¨ ²Ó´µ° ²¨-
´¨¨ ¸µ¸Éµ¨É ¨§ É·¥Ì ÊÎ ¸É±µ¢ ¸ · §´Ò³¨
¢µ²´µ¢Ò³¨ ¸µ¶·µÉ¨¢²¥´¨Ö³¨: W1 = 42 �³;
W2 = 93, 8 �³; W3 = 27 �³. ‚µ²´µ¢Ò¥ ¸µ-
¶·µÉ¨¢²¥´¨Ö ¨ ¤²¨´Ò µ¤´µ·µ¤´ÒÌ ÊÎ ¸É±µ¢
¢Ò¡¨· ²¨¸Ó ¨§ Ê¸²µ¢¨Ö ¸µ±· Ð¥´¨Ö ¶·µ¤µ²Ó-
´µ£µ · §³¥·   ´µ¤´µ£µ ·¥§µ´ Éµ·  ¤µ ³¨´¨-
³ ²Ó´µ£µ §´ Î¥´¨Ö ¶·¨ ¸µÌ· ´¥´¨¨ Ô²¥±É·¨-
Î¥¸±µ° ¶·µÎ´µ¸É¨, µ¡¥¸¶¥Î¨¢ ÕÐ¥° ´ ¤¥¦-
´ÊÕ · ¡µÉÊ ± ¸± ¤  ¶·¨ ¢ÒÌµ¤´µ° ³µÐ´µ¸É¨
¤µ 3,5 Œ‚É. „²¨´   ´µ¤´µ£µ ·¥§µ´ Éµ·  ¸µ-
¸É ¢²Ö¥É 1060 ³³. ‚´ÊÉ·¥´´¨° ¤¨ ³¥É· ´ -
·Ê¦´µ° É·Ê¡Ò · ¢¥´ 440 ³³.

‚ ¶²µ¸±µ¸É¨ Ê§²  ‚—-´ ¶·Ö¦¥´¨Ö Î¥·¥§
¸¶¥Í¨ ²Ó´Ò° ¢¢µ¤ ¶µ¤¢µ¤ÖÉ¸Ö ¢Ò¸µ±µ¥ ´ ¶·Ö-
¦¥´¨¥ ¨ ¢µ¤ , µÌ² ¦¤ ÕÐ Ö  ´µ¤ ² ³¶Ò. �µ
±µ´¸É·Ê±É¨¢´µ³Ê ¨¸¶µ²´¥´¨Õ ¨ Ô²¥±É·¨Î¥-
¸±¨³ ¶ · ³¥É· ³ ¢¢µ¤  ¡¸µ²ÕÉ´µ ¨¤¥´É¨Î¥´
 ´µ¤´µ³Ê ¢¢µ¤Ê Ê¸¨²¨É¥²Ó´µ£µ ± ¸± ¤  ¸ ¤µ-
¶µ²´¨É¥²Ó´µ° ´¥ ±É¨¢´µ° ² ³¶µ°.

‘¢Ö§Ó ³¥¦¤Ê ·¥§µ´ Éµ·µ³ ¨ ¢´¥Ï´¥° ´ -
£·Ê§±µ° µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¶¥É¥²Ó,
· §³¥Ð¥´´ÒÌ ¢ ¶ÊÎ´µ¸É¨ ³ £´¨É´µ£µ ¶µ²Ö.

Šµ³¶¥´¸ Í¨Ö ¨´¤Ê±É¨¢´µ¸É¨ ¶¥É²¨ ¤µ¸É¨£ ¥É¸Ö ·¥£Ê²¨·µ¢±µ° ¤²¨´Ò ±µ ±¸¨ ²Ó´µ£µ
Ï²¥°Ë . Šµ´¸É·Ê±Í¨Ö ±µ·¶Ê¸  ·¥§µ´ Éµ·  ¶µ§¢µ²Ö¥É ¶µ¤±²ÕÎ¨ÉÓ Î¥ÉÒ·¥ ¢ÒÌµ¤´ÒÌ
Ê§²  ¸¢Ö§¨.

Œ ±¸¨³ ²Ó´Ò³ §´ Î¥´¨Ö³ ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²Ö ¢ ·¥§µ´ Éµ·¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ÉµÎ±¨,
±µÉµ·Ò¥ ´ Ìµ¤ÖÉ¸Ö ´  ¶µ¢¥·Ì´µ¸É¨ ÊÎ ¸É±  ²¨´¨¨ ¸ ´¨§±¨³ ¢µ²´µ¢Ò³ ¸µ¶·µÉ¨¢²¥´¨¥³



ŒµÐ´Ò¥ Ê¸¨²¨É¥²Ó´Ò¥ ± ¸± ¤Ò ´  Î ¸ÉµÉÊ 81 ŒƒÍ ¤²Ö ¸¨¸É¥³Ò ‚—-¶¨É ´¨Ö 85

¨ µ¶·¥¤¥²ÖÕÉ Ô²¥±É·¨Î¥¸±ÊÕ ¶·µÎ´µ¸ÉÓ ¢¸¥£µ ± ¸± ¤ . �·¨  ´µ¤´µ³ ´ ¶·Ö¦¥´¨¨ 30 ±‚
´ ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö ¤µ¸É¨£ ¥É §´ Î¥´¨Ö 15 ±‚/¸³.

ˆ¸¶ÒÉ ´¨Ö ± ¸± ¤  ¶·µ¢µ¤¨²¨¸Ó ¢ ·¥¦¨³¥ ¢´¥Ï´¥£µ ¢µ§¡Ê¦¤¥´¨Ö ¶·¨ ´ £·Ê§±¥ ´  Î¥-
ÉÒ·¥ µ¤¨´ ±µ¢ÒÌ Ô±¢¨¢ ²¥´É  ¸ ¸µ¶·µÉ¨¢²¥´¨¥³ 50 �³. �·¨  ´µ¤´µ³ ´ ¶·Ö¦¥´¨¨ ÎÊÉÓ
¡µ²ÓÏ¥ 30 ±‚ ¨ ´ ¶·Ö¦¥´¨¨ ´ ± ²  0,9 µÉ ´µ³¨´ ²Ó´µ£µ §´ Î¥´¨Ö ¢ÒÌµ¤´ Ö ³µÐ´µ¸ÉÓ
¸µ¸É ¢¨²  3 Œ‚É, ±µÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ¶µ ³µÐ´µ¸É¨ Å 7,5, Š�„ Å 68%. ŠµÔË-
Ë¨Í¨¥´É ¸ÉµÖÎ¥° ¢µ²´Ò ´  ¢Ìµ¤¥ ± ¸± ¤  ¢ ¶·µÍ¥¸¸¥ ¨¸¶ÒÉ ´¨° µ¸É ¢ ²¸Ö ¶· ±É¨Î¥¸±¨
´¥¨§³¥´´Ò³ ¨ ´¥ ¶·¥¢ÒÏ ² 1,8.

‡�Š‹�—…�ˆ…

� §· ¡µÉ ´Ò ¨ ¨¸¶ÒÉ ´Ò ¤¢  ¢ ·¨ ´É  Ê¸¨²¨É¥²Ó´ÒÌ ± ¸± ¤µ¢ ´  Î ¸ÉµÉÊ 81 ŒƒÍ ¸
¢ÒÌµ¤´µ° ¨³¶Ê²Ó¸´µ° ³µÐ´µ¸ÉÓÕ ¶µ·Ö¤±  3 Œ‚É. ‚ ¶·µÍ¥¸¸¥ ¨¸¶ÒÉ ´¨° Ê¸¨²¨É¥²Ó´ÒÌ
± ¸± ¤µ¢ ¶·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö · ¤¨µÉ¥Ì´¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±, ¨¸¸²¥¤µ¢ ´µ ¢²¨Ö´¨¥
¶¨É ÕÐ¨Ì ´ ¶·Ö¦¥´¨° ¨ ¢Ìµ¤´µ° ³µÐ´µ¸É¨ ´  ¶ · ³¥É·Ò ·¥¦¨³µ¢. ˆ¸¶ÒÉ ´¨Ö ¶µ²´µ-
¸ÉÓÕ ¶µ¤É¢¥·¤¨²¨ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¨ ¢µ§³µ¦´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´¨Ö ÔÉ¨Ì Ê¸¨²¨É¥²¥° ¢
¸¨¸É¥³¥ ‚—-¶¨É ´¨Ö ²¨´¥°´µ£µ Ê¸±µ·¨É¥²Ö ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¢ ± Î¥¸É¢¥ ¶·¥¤¢ ·¨É¥²Ó´ÒÌ
¨ µ±µ´¥Î´ÒÌ ± ¸± ¤µ¢.
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