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„²Ö Ê¢¥²¨Î¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¨ ± Î¥¸É¢  ¢Ò¢¥¤¥´´µ£µ ¶ÊÎ±  ´  Ë §µÉ·µ´¥ �ˆŸˆ ¢¥¤ÊÉ¸Ö · -
¡µÉÒ ´ ¤ ¶·µ¥±Éµ³ ¢´¥Ï´¥° ¨´¦¥±Í¨¨, ¶µ§¢µ²ÖÕÐ¥° Ê¢¥²¨Î¨ÉÓ Éµ± ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± 
´  ¶µ·Ö¤µ±. „²Ö ÔÉµ° Í¥²¨ ¶² ´¨·Ê¥É¸Ö ¸µ§¤ ´¨¥ ¸¨¸É¥³Ò ¢´¥Ï´¥° ¨´¦¥±Í¨¨ ¢ Ë §µÉ·µ´ ´  ¤¢ÊÌ-
¸¥±Í¨µ´´µ³ ²¨´¥°´µ³ Ê¸±µ·¨É¥²¥ µÉ·¨Í É¥²Ó´ÒÌ ¨µ´µ¢ ¢µ¤µ·µ¤ . „ ´µ µ¡µ¸´µ¢ ´¨¥ ¢µ§³µ¦´µ¸É¨
¸µ§¤ ´¨Ö ²¨´¥°´µ£µ Ê¸±µ·¨É¥²Ö µÉ·¨Í É¥²Ó´ÒÌ ¨µ´µ¢ ¢µ¤µ·µ¤ , · ¸¸³µÉ·¥´Ò ¢µ¶·µ¸Ò · §· ¡µÉ±¨
Ê¸±µ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò, ¸¨¸É¥³Ò ‚—-¶¨É ´¨Ö, ±µ´¸É·Ê±Í¨¨ Ê¸±µ·¨É¥²Ö.

The project of external injection into JINR synchrocyclotron is aimed to increase the intensity and
quality of extracted beam. Expected increase of the beam current is about one order of magnitude.
For this aim one plans to create a system of external injection into synchrocyclotron based on a two-
section linear accelerator for negative ions of hydrogen. In this paper the motivation of a possibility
of constructing the linear accelerator at required parameters is given. The questions of accelerating
structure, RF-systems and accelerator design are discussed.

„²Ö Ê¢¥²¨Î¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¨ ± Î¥¸É¢  ¢Ò¢¥¤¥´´µ£µ ¶ÊÎ±  ´  Ë §µÉ·µ´¥ �ˆŸˆ
µ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö · ¡µÉÒ ´ ¤ ¶·µ¥±Éµ³ ¢´¥Ï´¥° ¨´¦¥±Í¨¨, ¶µ§¢µ²ÖÕÐ¥° Ê¢¥²¨Î¨ÉÓ Éµ±
¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ´  ¶µ·Ö¤µ±. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢´ÊÉ·¥´´¨° Éµ± ¢ Ë §µ-
É·µ´¥ ¸µ¸É ¢²Ö¥É 5 ³±� ¶·¨ Î ¸ÉµÉ¥ ³µ¤Ê²ÖÍ¨¨ 250 ƒÍ ¨ ¢·¥³¥´¨ § Ì¢ É  20 ³±¸, É. ¥.
¶·¨ ³ ±·µ¸±¢ ¦´µ¸É¨ 200. ’ ±¨³ µ¡· §µ³, ¨³¶Ê²Ó¸´Ò° Éµ± ¸µ¸É ¢²Ö¥É 1 ³� ¢ É¥Î¥-
´¨¥ ¢·¥³¥´¨ § Ì¢ É , ¨²¨ 1,25 · 1011 Î ¸É¨Í. �·¥¤¶µ² £ ¥É¸Ö Ê¢¥²¨Î¨ÉÓ Î¨¸²µ Î ¸É¨Í ¢
¨³¶Ê²Ó¸¥ ¤µ 1,25 · 1012.

„²Ö ÔÉµ° Í¥²¨ ¶² ´¨·Ê¥É¸Ö ¸µ§¤ ´¨¥ ¸¨¸É¥³Ò ¢´¥Ï´¥° ¨´¦¥±Í¨¨ ¢ Ë §µÉ·µ´ ´  ¤¢ÊÌ-
¸¥±Í¨µ´´µ³ ²¨´¥°´µ³ Ê¸±µ·¨É¥²¥ µÉ·¨Í É¥²Ó´ÒÌ ¨µ´µ¢ ¢µ¤µ·µ¤ . “¸±µ·¥´´Ò¥ µÉ·¨Í -
É¥²Ó´Ò¥ ¨µ´Ò ¢µ¤µ·µ¤  ¶¥·¥§ ·Ö¦ ÕÉ¸Ö ´  £ §µ¢µ° ³¨Ï¥´¨. �¥°É· ²Ó´Ò° ¶ÊÎµ± ¨´¦¥±-
É¨·Ê¥É¸Ö ¢ Ë §µÉ·µ´, £¤¥ ¶¥·¥§ ·Ö¦ ¥É¸Ö ¢ ¶·µÉµ´Ò, ±µÉµ·Ò¥ ¨ § Ì¢ ÉÒ¢ ÕÉ¸Ö ¢ ·¥¦¨³
Ê¸±µ·¥´¨Ö. Š²ÕÎ¥¢Ò³ Ô²¥³¥´Éµ³ ¸Ì¥³Ò ¢´¥Ï´¥° ¨´¦¥±Í¨¨ ¢ Ë §µÉ·µ´ Ö¢²Ö¥É¸Ö Ê¸±µ·¨-
É¥²Ó µÉ·¨Í É¥²Ó´ÒÌ ¨µ´µ¢ ¢µ¤µ·µ¤ . “¸±µ·¨É¥²Ó ¤µ²¦¥´ ¨³¥ÉÓ µ¸´µ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨,
Ê± § ´´Ò¥ ¢ É ¡². 1.

‚Ò¡µ· Ê¸±µ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ¸ ¢ÒÌµ¤´µ° Ô´¥·£¨¥° 5 ŒÔ‚ ¡Ò² µ¡Ê¸²µ¢²¥´ ¢Ò¸µ-
±¨³¨ É·¥¡µ¢ ´¨Ö³¨ ± ¶ · ³¥É· ³ ¶ÊÎ±  ¶·¨ · ¡µÉ¥ ¸ ³ ²µ° ¸±¢ ¦´µ¸ÉÓÕ. ‘É·Ê±ÉÊ· 
¸ ¶·µ¸É· ´¸É¢¥´´µ-µ¤´µ·µ¤´µ° ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±µ° (��Š”) [1] µ¡¥¸¶¥Î¨¢ ¥É
É·¥¡Ê¥³µ¥ ± Î¥¸É¢µ ¶ÊÎ± , ´µ ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ 2Ä3 ŒÔ‚ ¢ É ±µ° ¸É·Ê±ÉÊ·¥ ¶ ¤ ¥É
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ÔËË¥±É¨¢´µ¸ÉÓ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, É¥³¶ Ê¸±µ·¥´¨Ö. „²Ö ¤ ²Ó´¥°Ï¥£µ Ê¸±µ·¥´¨Ö ¶·¨-
³¥´ÖÕÉ¸Ö ¸É·Ê±ÉÊ·Ò �²Ó¢ ·¥Í  ¨²¨ ¸ ¶·µ¸É· ´¸É¢¥´´µ-¶¥·¨µ¤¨Î¥¸±µ° ±¢ ¤·Ê¶µ²Ó´µ°
Ëµ±Ê¸¨·µ¢±µ° (��Š”) [2]. �¥·¥Ìµ¤ µÉ ¸É·Ê±ÉÊ·Ò ¸ ��Š” ± ¤·Ê£¨³ ÊÌÊ¤Ï ¥É ¶ · -
³¥É·Ò ¶ÊÎ±  ¨ É·¥¡Ê¥É ¸¶¥Í¨ ²Ó´µ£µ ¸µ£² ¸µ¢ ´¨Ö. �µÔÉµ³Ê ¤²Ö ¶µ²ÊÎ¥´¨Ö ¶ÊÎ±µ¢ ¸
Ô´¥·£¨¥° ¤µ 5 ŒÔ‚ ¨ ³ ²Ò³ Ô³¨ÉÉ ´¸µ³, Ê§±¨³ ¸¶¥±É·µ³, ³¨´¨³ ²Ó´Ò³ µÉ¸¥¢µ³ Î ¸É¨Í,
ÎÉµ µ¸µ¡¥´´µ ¢ ¦´µ ¶·¨ ¡µ²ÓÏµ³ ¸·¥¤´¥³ Éµ±¥ ¶ÊÎ± , ¨³¥¥É ¸³Ò¸² ¶·¨³¥´¨ÉÓ ¸É·Ê±ÉÊ·Ê
¸ ��Š”, ´¥¸³µÉ·Ö ´  ¶ ¤¥´¨¥ É¥³¶  Ê¸±µ·¥´¨Ö.

’ ¡²¨Í  1

‘µ·É Î ¸É¨Í ˆµ´Ò �−

’µ± Ê¸±µ·¥´´ÒÌ Î ¸É¨Í, ³� 50
�´¥·£¨Ö ´  ¢ÒÌµ¤¥, ŒÔ‚,

¸¥±Í¨Ö 1 2
¸¥±Í¨Ö 2 5

„²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸ , ³±¸ 80
— ¸ÉµÉ  ¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢, ƒÍ 250
� ¡µÎ Ö Î ¸ÉµÉ  (18,1 × 8), ŒƒÍ 144,5
�³¨ÉÉ ´¸ ¶ÊÎ± , π · ³³ · ³· ¤ 1
� §¡·µ¸ ¶µ Ô´¥·£¨Ö³, % ±2

‚ ˆ”‚� ¶·¥¤²µ¦¥´µ ¨§³¥´¥´¨¥ Ëµ·³Ò ³µ¤Ê²ÖÍ¨¨ Ô²¥±É·µ¤µ¢ [3], ¶µ§¢µ²ÖÕÐ¥¥ Ê¢¥-
²¨Î¨ÉÓ É¥³¶ Ê¸±µ·¥´¨Ö ¢ ¸É·Ê±ÉÊ·¥ ¸ ��Š” [4]. �  µ¸´µ¢ ´¨¨ ÔÉµ£µ ¶·¥¤² £ ¥É¸Ö ¶·¨-
³¥´¨ÉÓ ¢ ¸µ§¤ ¢ ¥³µ³ Ê¸±µ·¨É¥²¥ ´  Ô´¥·£¨Õ 5 ŒÔ‚ ¸É·Ê±ÉÊ·Ò ¸ ��Š” ¨ Ê¢¥²¨Î¥´´Ò³
É¥³¶µ³ Ê¸±µ·¥´¨Ö.

�Ò²¨ ¶·µ¸Î¨É ´Ò ¤¢  ¢ ·¨ ´É  £¥µ³¥É·¨¨ Ê¸±µ·ÖÕÐ¥-Ëµ±Ê¸¨·ÊÕÐ¥£µ ± ´ ²  ¸É·Ê±-
ÉÊ·Ò ¸ ��Š”. ‚ µ¡µ¨Ì ¢ ·¨ ´É Ì ¶·¨ 100%-³ Éµ±µ¶·µÌµ¦¤¥´¨¨ ¶ÊÎµ± ¸ Éµ±µ³ 50 ³�
¨³¥¥É ´µ·³ ²¨§µ¢ ´´Ò° Ô³¨ÉÉ ´¸ � 0, 05 π · ¸³ · ³· ¤,   ¶¥·¢ Ö ¸¥±Í¨Ö Ê¸±µ·¨É¥²Ö ¸ ¢Ò-
Ìµ¤´µ° Ô´¥·£¨¥° 2 ŒÔ‚ ¸µ¤¥·¦¨É µ±µ²µ 140 ¶¥·¨µ¤µ¢ Ê¸±µ·¥´¨Ö. ‚ £¥µ³¥É·¨¨ ¢ ·¨ ´É 
1 É· ¶¥Í¥¨¤ ²Ó´ Ö ³µ¤Ê²ÖÍ¨Ö ´ Î¨´ ¥É¸Ö ¸µ 108-£µ ¶¥·¨µ¤ , ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É ¢Ò¸µ±¨°
É¥³¶ Ê¸±µ·¥´¨Ö. ‚ ·¨ ´É 2 ¡ §¨·Ê¥É¸Ö ´  ´ Î ²Ó´µ° Î ¸É¨ ¸ÊÐ¥¸É¢ÊÕÐ¥£µ ‹“‘ˆ [5]
´  Ô´¥·£¨Õ 2 ŒÔ‚ ¸ ¸¨´Ê¸µ¨¤ ²Ó´µ° ³µ¤Ê²ÖÍ¨¥° Ô²¥±É·µ¤µ¢. ’· ¶¥Í¥¨¤ ²Ó´ Ö ¶·¨³¥-
´Ö¥É¸Ö ´  ÊÎ ¸É±¥ Ê¸±µ·¥´¨Ö 2Ä5 ŒÔ‚. “¸±µ·¨É¥²Ó ¢Éµ·µ£µ ¢ ·¨ ´É  ¨³¥¥É ¡µ²ÓÏ¨¥
¶µÉ¥·¨ ‚—-³µÐ´µ¸É¨ ¨ ¡µ²ÓÏÊÕ ¤²¨´Ê. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¤¢ÊÌ ¢ ·¨ ´Éµ¢ ¶·¨¢¥¤¥´Ò
¢ É ¡². 2.

‚—-´ ¶·Ö¦¥´¨¥ ´  Ô²¥±É·µ¤ Ì ¸É·Ê±ÉÊ·Ò ¸µ§¤ ¥É¸Ö ¸ ¶µ³µÐÓÕ ·¥§µ´ Éµ· . � ¨¡µ²Ó-
Ï¥¥ · ¸¶·µ¸É· ´¥´¨¥ ¤²Ö · ¡µÉÒ ¸µ ¸É·Ê±ÉÊ· ³¨ ¸ ��Š” ¶µ²ÊÎ¨² Î¥ÉÒ·¥Ì± ³¥·´Ò°
·¥§µ´ Éµ· (4Š-·¥§µ´ Éµ·). ‚ ˆ”‚� ¤²Ö ¸É·Ê±ÉÊ· ¸ ��Š” ¶·¨³¥´ÖÕÉ¸Ö · §´µ±µ´ÉÊ·´Ò¥
4Š-·¥§µ´ Éµ·Ò Å 2�-·¥§µ´ Éµ·Ò. � §´µ±µ´ÉÊ·´µ¸ÉÓ µ¡¥¸¶¥Î¨¢ ¥É µÉ´µ¸¨É¥²Ó´ÊÕ Î -
¸ÉµÉ´ÊÕ · ¸¸É·µ°±Ê ³¥¦¤Ê · ¡µÎ¨³ ¨ ¡²¨¦ °Ï¨³ ³¥Ï ÕÐ¨³ É¨¶µ³ ±µ²¥¡ ´¨° ∼ 10−2,
ÎÉµ ¨¸±²ÕÎ ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¶·¨´ÖÉ¨Ö ¸¶¥Í¨ ²Ó´ÒÌ ³¥· ¶µ Ê¸É· ´¥´¨Õ ¢²¨Ö´¨Ö ³¥Ï -
ÕÐ¨Ì É¨¶µ¢ ±µ²¥¡ ´¨°. � ¸Î¥É, ¶·µ¢¥¤¥´´Ò° ¢ ¤¢Ê³¥·´µ³ ¶·¨¡²¨¦¥´¨¨, ¤ ¥É ¸²¥¤ÊÕÐ¨¥
£¥µ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ¨ · ¤¨µÉ¥Ì´¨Î¥¸±¨¥ ¶ · ³¥É·Ò 2�-·¥§µ´ Éµ·  ¤²Ö ¢ ·¨ ´Éµ¢ 1
¨ 2 ¶·¨ ´ ¶·Ö¦¥´¨ÖÌ ´  ·¥§µ´ Éµ· Ì, Ê± § ´´ÒÌ ¢ É ¡². 2 (¸³. É ¡². 3).

‘µ§¤ ´¨¥ ²¨´¥°´µ£µ Ê¸±µ·¨É¥²Ö ¸ ‚—Š-Ëµ±Ê¸¨·µ¢±µ° ¸¢Ö§ ´µ ¸ ·¥Ï¥´¨¥³ ·Ö¤  § -
¤ Î, µ¡Ê¸²µ¢²¥´´ÒÌ · ¡µÉµ° Ô²¥³¥´Éµ¢ ±µ´¸É·Ê±Í¨¨ ¶µ¤ ¢µ§¤¥°¸É¢¨¥³ É¥¶²µ¢ÒÌ ¶µÉµ±µ¢
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µÉ ¤¨¸¸¨¶ É¨¢´ÒÌ ¶µÉ¥·Ó ‚—-³µÐ´µ¸É¨. � ¨¡µ²ÓÏ¨¥ É·Ê¤´µ¸É¨ ¢µ§´¨± ÕÉ ¶·¨ ¸É ¡¨-
²¨§ Í¨¨ £¥µ³¥É·¨Î¥¸±¨Ì · §³¥·µ¢ Ê¸±µ·ÖÕÐ¥-Ëµ±Ê¸¨·ÊÕÐ¥£µ ± ´ ²  ¨§-§  ¦¥¸É±µ£µ ¤µ-
¶Ê¸±  ´  ¸³¥Ð¥´¨¥ Ô²¥±É·µ¤µ¢ µÉ´µ¸¨É¥²Ó´µ µ¸¨ Ê¸±µ·¥´¨Ö, µ¡Ê¸²µ¢²¥´´µ£µ ¤¨´ ³¨±µ°
¶ÊÎ±  [6].

’ ¡²¨Í  2

� · ³¥É·Ò Ê¸±µ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò
��Š” ��Š” ‹“‘ˆ ‹“‘ˆ
2 ŒÔ‚ 5 ŒÔ‚ 2 ŒÔ‚ 2 ŒÔ‚

�´¥·£¨Ö ¨´¦¥±Í¨¨, ŒÔ‚ 0,1 2,0 0,098 1,9
‚ÒÌµ¤´ Ö Ô´¥·£¨Ö, ŒÔ‚ 2,0 5,0 1,9 5,0
’µ± Ê¸±µ·¥´´ÒÌ ¶·µÉµ´µ¢, ³� 50 50 50 50
� ¶·Ö¦¥´¨¥ ´  ·¥§µ´ Éµ·¥, ±‚ 130 130 150 150
� ¡µÎ Ö Î ¸ÉµÉ  ‚—-¶µ²Ö, ŒƒÍ 144,8 144,8 144,8 144,8
’µ²Ð¨´  Ô²¥±É·µ¤µ¢, ³³ 9,5 9,5 10,94 10,94
‘·¥¤´¨° · ¤¨Ê¸  ¶¥·ÉÊ·Ò, ³³ 7 7 8,82 8,82
Œ¨´¨³ ²Ó´Ò° · ¤¨Ê¸  ¶¥·ÉÊ·Ò, ³³ 4,2 4,22 6,68 5,2
�ËË¥±É¨¢´µ¸ÉÓ Ê¸±µ·¥´¨Ö 0,005Ä0,643 0,643Ä0,65 0,002Ä0,32 0,32Ä0,65
‘·¥¤´¨° É¥³¶ Ê¸±µ·¥´¨Ö, ŒÔ‚/³ 0,61 0,72 0,5 0,77
Œ ±¸¨³ ²Ó´ Ö ´ ¶·Ö¦¥´´µ¸ÉÓ ´ 
¶µ¢¥·Ì´µ¸É¨ Ô²¥±É·µ¤µ¢, ±‚/¸³ 240 240 225 235
’µ±µ¶·µÌµ¦¤¥´¨¥ ¶ÊÎ±  ¢ ± ´ ²¥, % 100 100 100 100
ŠoÔËË¨Í¨¥´É § Ì¢ É  ¶·¨ I = 50 ³�, % 99 Å 97 Å
�³¨ÉÉ ´¸ ¢Ìµ¤´µ£µ ¶ÊÎ± , π · ¸³ · ³· ¤ 0,05 Å 0,04 Å
‘·¥¤´¥±¢ ¤· É¨Î´Ò° Ô³¨ÉÉ ´¸
¢ÒÌµ¤´µ£µ ¶ÊÎ± , π · ¸³ · ³· ¤
(≈ 87% ¶ÊÎ± ) 0,044 0,045 0,044 0,043

� §¡·µ¸ ¶µ Ô´¥·£¨¨, % 7,0 4,0 5,9 3,2
� §¡·µ¸ ¶µ Ë § ³, £· ¤ 45 32 50 40
„²¨´  ¸µ£² ¸µ¢ É¥²Ö, ³³ 181,32 Å 221,18 Å
„²¨´  Ê¸±µ·ÖÕÐ¥-Ëµ±Ê¸¨·ÊÕÐ¥£µ
± ´ ² , ³ 3,27 3,43 3,8 3,9

„²Ö µ¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´Ò µÉ±²µ´¥´¨° Ô²¥±É·µ¤µ¢ µÉ ¶·µ¥±É´µ£µ ¶µ²µ¦¥´¨Ö ¶·¨
¢¢¥¤¥´¨¨ ´µ³¨´ ²Ó´µ° ‚—-³µÐ´µ¸É¨ ¢ ·¥§µ´ Éµ· Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò ·¥Ï ² ¸Ó § ¤ Î 
É¥·³µÊ¶·Ê£µ¸É¨. �¥Ï¥´¨¥ ¶·µ¢µ¤¨²µ¸Ó ¢ ¤¢  ÔÉ ¶ . �  ¶¥·¢µ³ ÔÉ ¶¥ ·¥Ï ² ¸Ó § ¤ Î 
É¥¶²µ¶·µ¢µ¤´µ¸É¨, ´  ¢Éµ·µ³ Å É¥·³µÊ¶·Ê£µ¸É¨. �¥§Ê²ÓÉ ÉÒ ·¥Ï¥´¨Ö § ¤ Î¨ É¥¶²µ¶·µ-
¢µ¤´µ¸É¨ ¸²Ê¦¨²¨ ¨¸Ìµ¤´Ò³¨ ¤ ´´Ò³¨ ¤²Ö § ¤ Î¨ É¥·³µÊ¶·Ê£µ¸É¨. ‚ · ¸Î¥É Ì ¨¸¶µ²Ó-
§µ¢ ²¸Ö ¶ ±¥É ¶·µ£· ³³ HAST [7].

‡ ¤ Î¨ ·¥Ï ²¨¸Ó ¶·¨³¥´¨É¥²Ó´µ ± ¨³¶Ê²Ó¸´µ³Ê ·¥¦¨³Ê · ¡µÉÒ Ê¸±µ·¨É¥²Ö, ¨³¥-
ÕÐ¥³Ê ¸±¢ ¦´µ¸ÉÓ 30. �·¨ ÔÉµ³ ¸·¥¤´ÖÖ ¶²µÉ´µ¸ÉÓ É¥¶²µ¢µ£µ ¶µÉµ±  ´  ¢´ÊÉ·¥´´¥°
¶µ¢¥·Ì´µ¸É¨ ·¥§µ´ Éµ·  ¸µ¸É ¢²Ö¥É 1358 ‚É/³2, ´  ´ ·Ê¦´µ° ¶µ¢¥·Ì´µ¸É¨ ·¥§µ´ Éµ· 
163 ‚É/³2, ´  ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ±µ´É¥°´¥·  172 ‚É/³2. ˆ´É¥´¸¨¢´µ¸ÉÓ É¥¶²µµ¡-
³¥´  ´  ¶µ¢¥·Ì´µ¸É¨ ± ´ ²µ¢ § ¢¨¸¨É µÉ · ¸Ìµ¤  µÌ² ¦¤ ÕÐ¥° ¢µ¤Ò ¨ ¨Ì £¥µ³¥É·¨Î¥¸±¨Ì
· §³¥·µ¢. � ¸Î¥ÉÒ ¶µ± § ²¨, ÎÉµ Ê¸±µ·ÖÕÐ¥¥-Ëµ±Ê¸¨·ÊÕÐ¨¥ Ô²¥±É·µ¤Ò ¸³¥Ð ÕÉ¸Ö µÉ-
´µ¸¨É¥²Ó´µ ¨¸Ìµ¤´µ£µ ¶µ²µ¦¥´¨Ö ´  −2 ³±³ ¶µ µ¸¨ x ¨ +15 ³±³ ¶µ µ¸¨ y (Í¥´É·
±µµ·¤¨´ É´ÒÌ µ¸¥° ²¥¦¨É ´  µ¸¨ Ê¸±µ·¨É¥²Ö).
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�µ¸±µ²Ó±Ê ±µ´É¥°´¥· Ê¸É ´ ¢²¨¢ ¥É¸Ö ´  Ï ·µ¢ÒÌ µ¶µ· Ì, Éµ µ´ ´¥ ¨³¥¥É µ£· ´¨-
Î¥´¨° ¶µ ¤¥Ëµ·³ Í¨Ö³ ¢ µ¶·¥¤¥²¥´´µ³ ´ ¶· ¢²¥´¨¨. ‚ ÔÉµ° § ¤ Î¥ ´ ¸ ¨´É¥·¥¸Ê¥É ¤¥-
Ëµ·³ Í¨Ö ³¥¸É  ±·¥¶²¥´¨Ö ·¥§µ´ Éµ· . �µ ¶·µ¢¥¤¥´´Ò³ · ¸Î¥É ³ µ´  ¸µ¸É ¢²Ö¥É 10 ³±³
¢ ´ ¶· ¢²¥´¨¨ µÉ µ¸¨ ±µ´É¥°´¥· .

’ ¡²¨Í  3

� · ³¥É·Ò ‚ ·¨ ´É 1 ‚ ·¨ ´É 2
‚´ÊÉ·¥´´¨° · ¤¨Ê¸ ·¥§µ´ Éµ· , ³³ 86 89
‚´¥Ï´¨° · ¤¨Ê¸ ·¥§µ´ Éµ· , ³³ 102 109
� ¤¨Ê¸ ±µ´É¥°´¥· , ³³ 260 260
‘µ¡¸É¢¥´´ Ö ¤µ¡·µÉ´µ¸ÉÓ 15900 16350
�µ£µ´´ Ö ¥³±µ¸ÉÓ, ¶”/³ 108 102
�µ£µ´´Ò¥ ¶µÉ¥·¨, ±‚É/³ 54 64
�É´µ¸¨É¥²Ó´Ò¥ ¶µÉ¥·¨, %,

´  ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ·¥§µ´ Éµ·  75 75
´  ¢´¥Ï´¥° ¶µ¢¥·Ì´µ¸É¨ ·¥§µ´ Éµ·  7 7
´  Ô²¥±É·µ¤ Ì 5 5
´  ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ±µ´É¥°´¥·  13 13

„²Ö ¶µ²ÊÎ¥´¨Ö ¶µ²´µ° ± ·É¨´Ò ¤¥Ëµ·³ Í¨° ´Ê¦´µ ´ ²µ¦¨ÉÓ ¤¥Ëµ·³ Í¨Õ ±µ´É¥°-
´¥·  ´  ¤¥Ëµ·³ Í¨Õ 2�-·¥§µ´ Éµ· . „¥Ëµ·³ Í¨Ö Ô²¥±É·µ¤µ¢ 2�-·¥§µ´ Éµ·  ¶µ µ¸¨ y
±µ³¶¥´¸¨·Ê¥É¸Ö ¤¥Ëµ·³ Í¨¥° ±µ´É¥°´¥·  ¨ ¸µ¸É ¢²Ö¥É 5 ³±³. ‘²¥¤µ¢ É¥²Ó´µ, ±µ´¸É·Ê±-
Í¨Ö 2�-·¥§µ´ Éµ·  ¸µÌ· ´Ö¥É ¶µ²µ¦¥´¨¥ Ô²¥±É·µ¤µ¢ µÉ´µ¸¨É¥²Ó´µ µ¸¨ Ê¸±µ·¥´¨Ö ¢ § -
¤ ´´µ³ ¤µ¶Ê¸±¥ 50 ³±³ ¢ ¨³¶Ê²Ó¸´µ³ ·¥¦¨³¥ · ¡µÉÒ Ê¸±µ·¨É¥²Ö ¸µ ¸±¢ ¦´µ¸ÉÓÕ 30.
� ¸Ìµ¤ µÌ² ¦¤ ÕÐ¥° ¢µ¤Ò 1 ±£/¸ Î¥·¥§ ·¥§µ´ Éµ·Ò ¨ 0,5 ±£/¸ Î¥·¥§ ±µ´É¥°´¥· ´  ± ¦¤Ò°
¶µ£µ´´Ò° ³¥É· Ê¸±µ·¨É¥²Ö. �µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ¤¥Ëµ·³ Í¨¨ ¸¥Î¥´¨Ö 2�-·¥§µ´ Éµ· 
¶µ§¢µ²ÖÕÉ · ¸¸Î¨É ÉÓ ÊÌµ¤ Î ¸ÉµÉÒ ·¥§µ´ Éµ· , ÎÉµ ´¥µ¡Ìµ¤¨³µ ¤²Ö ´ ¤¥¦´µ° · ¡µÉÒ
¸¨¸É¥³Ò  ¢Éµ³ É¨Î¥¸±µ° ¶µ¤¸É·µ°±¨ Î ¸ÉµÉÒ ¸¥±Í¨¨ Ê¸±µ·¨É¥²Ö.

�´ ²µ£ 2�-·¥§µ´ Éµ·  Ê¸±µ·¨É¥²Ö ‹“‘ˆ ¤²¨´µ° 700 ³³ ¡Ò² ¨¸¶ÒÉ ´ ¢ ·¥¦¨³¥ ³ ²µ°
¸±¢ ¦´µ¸É¨ ¢¶²µÉÓ ¤µ ´¥¶·¥·Ò¢´µ£µ. ˆ§ ·¥§Ê²ÓÉ Éµ¢ ¨¸¶ÒÉ ´¨° ¸²¥¤Ê¥É ¢µ§³µ¦´µ¸ÉÓ
µ¡¥¸¶¥Î¥´¨Ö ÊÌµ¤  Ô²¥±É·µ¤µ¢ µÉ µ¸¨ §  ¸Î¥É É¥·³µ¤¥Ëµ·³ Í¨¨, ´¥ ¶·¥¢ÒÏ ÕÐ¥° 20 ³±³
¶·¨ ³µÐ´µ¸É¨ ¶µÉ¥·Ó ¢ ¸É¥´± Ì 2�-·¥§µ´ Éµ· , ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¤ ´´Ò³ É ¡². 3. ’ ± Ö
¤¥Ëµ·³ Í¨Ö ´ Ìµ¤¨É¸Ö ¢ ¶·¥¤¥² Ì ¤µ¶Ê¸± . ˆ§³¥´¥´¨¥ ·¥§µ´ ´¸´µ° Î ¸ÉµÉÒ ¶·¨ ÔÉµ³ ´¥
¶·¥¢ÒÏ ¥É 90 ±ƒÍ ¨ Ê¸É· ´Ö¥É¸Ö Ô²¥³¥´É ³¨ ¶µ¤¸É·µ°±¨ Î ¸ÉµÉÒ.

Š ± ¸²¥¤Ê¥É ¨§ ¢ÒÏ¥¨§²µ¦¥´´µ£µ, Ê¸±µ·ÖÕÐ Ö ¸¨¸É¥³  ¸ ��Š” ¤²Ö ¨´¦¥±Éµ·  ¢ Ë -
§µÉ·µ´ ¶µ¸É·µ¥´  ¶µ ¸Ì¥³¥ ¤¢µ°´µ£µ �-·¥§µ´ Éµ· . �´  ¸µ¸Éµ¨É ¨§ ¤¢ÊÌ ¸¥±Í¨°. Š ¦¤ Ö
¸¥±Í¨Ö ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ±µ´É¥°´¥·, ¢´ÊÉ·¨ ±µÉµ·µ£µ Ê¸É ´µ¢²¥´Ò ·¥§µ´ Éµ·Ò, ´ £·Ê-
¦¥´´Ò¥ Ê¸±µ·ÖÕÐ¥¥-Ëµ±Ê¸¨·ÊÕÐ¨³¨ Ô²¥±É·µ¤ ³¨. Šµ´É¥°´¥·Ò ¨ ·¥§µ´ Éµ·Ò ¨§£µÉ -
¢²¨¢ ÕÉ¸Ö ¨§ ¸¶² ¢  �Œƒ-6. �ÉµÉ ³ É¥·¨ ² ´¥µ¤´µ±· É´µ ¨¸¶µ²Ó§µ¢ ²¸Ö ¢ ±µ´¸É·Ê±Í¨ÖÌ
Ê¸±µ·¨É¥²¥° ˆ”‚�.

‚ ·¥¦¨³¥, ¢ ±µÉµ·µ³ ¶·¥¤¶µ² £ ¥É¸Ö · ¡µÉ  Ê¸±µ·¨É¥²Ö (¸±¢ ¦´µ¸ÉÓ 30), ± ± ¶µ± -
§Ò¢ ÕÉ · ¸Î¥ÉÒ [7] ¨ Ô±¸¶¥·¨³¥´É, ¶·¥¤² £ ¥³ Ö ±µ´¸É·Ê±Í¨Ö Ê¸±µ·¨É¥²Ö ¢¶µ²´¥ ¶·¨³¥-
´¨³ .
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