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–¨±²µÉ·µ´ –ˆ’�…Š ¶·¥¤´ §´ Î¥´ ¤²Ö µ¡²ÊÎ¥´¨Ö ¶µ²¨³¥·´ÒÌ ¶²¥´µ±, ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ ¶·µ-
¨§¢µ¤¸É¢¥ · §¤¥²ÖÕÐ¨Ì ¨ Ë¨²ÓÉ·ÊÕÐ¨Ì Ô²¥³¥´Éµ¢ ³¥¤¨Í¨´¸±µ£µ, ¶·µ³ÒÏ²¥´´µ£µ ¨ ¡ÒÉµ¢µ£µ ´ -
§´ Î¥´¨Ö. ‚  ¢£Ê¸É¥ 2002 £. ¸µ¸ÉµÖ²¸Ö ¶Ê¸± Í¨±²µÉ·µ´  –ˆ’�…Š Å ¡Ò² Ê¸±µ·¥´ ¨ ¢Ò¢¥¤¥´ ¶ÊÎµ±
¨µ´µ¢ 40Ar8+ ¸ Ô´¥·£¨¥° 2,4 ŒÔ‚/´Ê±²µ´ ¨ ¨´É¥´¸¨¢´µ¸ÉÓÕ ¢Ò¢¥¤¥´´µ£µ ¶ÊÎ±  200 ´�, ¶·¨ ÔÉµ³
ÔËË¥±É¨¢´µ¸ÉÓ ¢Ò¢µ¤  ¸µ¸É ¢¨²  ∼ 50%.

The industrial cyclotron CYTRACK is dedicated to produce the track membranes. It is the basic
instrument for the industry of membrane products to be consumed in medicine, biotechnology, pharma-
cology, microelectronics and many other industries. ‘yclotron CYTRACK started working in August
2002. Argon ions were accelerated to the project energy Å 2.4 ŒeV/nucleon, extracted beam intensity
was about 200 nA, extraction efˇciency totaled ∼ 50%.

1. ˆ‡�•����›‰ –ˆŠ‹�’��� –ˆ’�…Š

“¸±µ·¨É¥²Ó –ˆ’�…Š ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¨§µÌ·µ´´Ò° Í¨±²µÉ·µ´ ¸  §¨³ÊÉ ²Ó´µ° ¢ -
·¨ Í¨¥° ³ £´¨É´µ£µ ¶µ²Ö,  ±¸¨ ²Ó´µ° ¨´¦¥±Í¨¥° ¨µ´µ¢, ¢Ò¸µ±µÎ ¸ÉµÉ´µ° Ê¸±µ·ÖÕÐ¥°
¸¨¸É¥³µ° ¨ Ô²¥±É·µ¸É É¨Î¥¸±µ° ¸¨¸É¥³µ° ¢Ò¢µ¤ . �¸´µ¢´Ò¥ É¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨
Í¨±²µÉ·µ´  –ˆ’�…Š [1] ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

�  ·¨¸. 1 ¶µ± § ´ µ¡Ð¨° ¢¨¤ Ê¸±µ·¨É¥²Ö. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´ ¢¨¤ Í¨±²µÉ·µ´  ¢
¶² ´¥, £¤¥ µ¡µ§´ Î¥´Ò, ¢ Î ¸É´µ¸É¨, Î¥ÉÒ·¥ ¸¥±Éµ·  S ´  ¶µ²Õ¸¥ Ô²¥±É·µ³ £´¨É , ¤¢ 
¤Ê ´É  D1 ¨ D2 ¢Ò¸µ±µÎ ¸ÉµÉ´µ° Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò, Ô²¥±É·µ¸É É¨Î¥¸±¨¥ ¤¥Ë²¥±Éµ·Ò
ESD1, ESD2 ¨ ¶ ¸¸¨¢´Ò° ³ £´¨É´Ò° Ëµ±Ê¸¨·ÊÕÐ¨° ± ´ ² FD.

„²Ö Í¨±²µÉ·µ´  –ˆ’�…Š ¨¸¶µ²Ó§Ê¥É¸Ö ¨¸ÉµÎ´¨± ¨µ´µ¢ �–�-É¨¶ . �´¥·£¨Ö ¨µ´µ¢,
¨§¢²¥± ¥³ÒÌ ¨§ ¨¸ÉµÎ´¨± , ¸µ¸É ¢²Ö¥É 3 ±Ô‚/´Ê±²µ´, ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±   ·£µ´  ´  Í¨-
²¨´¤·¥ ” · ¤¥Ö, · ¸¶µ²µ¦¥´´µ³ ¢ ¡²µ±¥ ¤¨ £´µ¸É¨±¨ ¢ ´ Î ²¥ ²¨´¨¨ ¨´¦¥±Í¨¨, ¶µ·Ö¤± 
3Ä5 ³±�. ‚ ¸¨¸É¥³¥ ¨´¦¥±Í¨¨ ¶·¥¤Ê¸³µÉ·¥´ ¡ ´Î¥·. ‘¨¸É¥³  ¨´¦¥±Í¨¨ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö
É ±¦¥ ¨µ´µ¶·µ¢µ¤,  ´ ²¨§¨·ÊÕÐ¨° ¨ ¶µ¢µ·µÉ´Ò° ¤¢ÊÌ¸¥±Í¨µ´´Ò° ³ £´¨É, Ô²¥³¥´ÉÒ Ëµ-
±Ê¸¨·µ¢±¨ ¨ Õ¸É¨·µ¢±¨ ¶ÊÎ± .

„²Ö ¶µ¢µ·µÉ  ¶ÊÎ±  ¨µ´µ¢ ¨§ ¢¥·É¨± ²Ó´µ° ¢ £µ·¨§µ´É ²Ó´ÊÕ ¶²µ¸±µ¸ÉÓ Í¨±²µÉ·µ´ 
–ˆ’�…Š ¶·¨³¥´Ö¥É¸Ö ¸¶¨· ²Ó´Ò° Ô²¥±É·µ¸É É¨Î¥¸±¨° ¨´Ë²¥±Éµ·. �·¥¤Ê¸³µÉ·¥´ ³¥Ì -
´¨§³, µ¡¥¸¶¥Î¨¢ ÕÐ¨° ¶µ¢µ·µÉ ¨´Ë²¥±Éµ·  ¢µ±·Ê£ µ¸¨ (±8◦) ¤²Ö ¶µ¤¸É·µ°±¨ É· ¥±Éµ·¨¨
¨µ´µ¢ ¶µ¤ ¸É ·Éµ¢Ò° · ¤¨Ê¸ ¨ ¸É ·Éµ¢Ò° Ê£µ² ¤²Ö µ¶É¨³¨§ Í¨¨ ´ Î ²Ó´ÒÌ Ê¸²µ¢¨° Ê¸±µ-
·¥´¨Ö ¨µ´µ¢ ¢ Í¨±²µÉ·µ´¥. ˆµ´Ò ¨´¦¥±É¨·ÊÕÉ¸Ö ¢ ± ³¥·Ê Í¨±²µÉ·µ´  ´  · ¤¨Ê¸ 5,3 ¸³.

‚¥¤ÊÐ¥¥ ¨ Ëµ±Ê¸¨·ÊÕÐ¥¥ ³ £´¨É´µ¥ ¶µ²¥ ¸µ§¤ eÉ¸Ö ¶·¨ ¶µ³µÐ¨ ˜-µ¡· §´µ£µ Ô²¥±-
É·µ³ £´¨É  ¸ Î¥ÉÒ·Ó³Ö ¸¥±Éµ·´Ò³¨ Ï¨³³ ³¨.

„²Ö Ê¸±µ·¥´¨Ö ¨µ´µ¢ ¢ ³ £´¨É´µ³ ¶µ²¥ Í¨±²µÉ·µ´  ¨¸¶µ²Ó§Ê¥É¸Ö ¢Ò¸µ±µÎ ¸ÉµÉ´ Ö
Ê¸±µ·ÖÕÐ Ö ¸¨¸É¥³ , ´ ¸É· ¨¢ ¥³ Ö ´  Ë¨±¸¨·µ¢ ´´ÊÕ Î ¸ÉµÉÊ. ‚—-¸¨¸É¥³  ¸µ¸Éµ¨É ¨§
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“¸±µ·Ö¥³Ò¥ ¨µ´Ò 40Ar8+

’¨¶ ¨´¦¥±Í¨¨ �±¸¨ ²Ó´ Ö
’¨¶ ¨µ´´µ£µ ¨¸ÉµÎ´¨±  �–�
�´¥·£¨Ö, ŒÔ‚/´Ê±²µ´,

´ Î ²Ó´ Ö 0,003
±µ´¥Î´ Ö 2,4

� ¤¨Ê¸ Ê¸±µ·¥´¨Ö, ³³,
´ Î ²Ó´Ò° 53
±µ´¥Î´Ò° 730

�ËË¥±É¨¢´µ¸ÉÓ ¢Ò¢µ¤ , % 50
ˆ´É¥´¸¨¢´µ¸ÉÓ ¢Ò¢¥¤¥´´µ£µ ¶ÊÎ± , ´� 200

� ¡µÎ¨° ¢ ±ÊÊ³, Éµ·· 3 · 10−7

Œ £´¨É
ƒ ¡ ·¨É´Ò¥ · §³¥·Ò ³ £´¨É , ³ 3,7 × 2 × 1,65

Œ ¸¸  ³ £´¨É , É 83
“·µ¢¥´Ó ³ £´¨É´µ£µ ¶µ²Ö, ’² 1,48
‡ §µ· ³¥¦¤Ê ¶µ²Õ¸ ³¨, ³³,

¢ Ìµ²³¥ 40
¢ ¤µ²¨´¥ 100

“¸±µ·ÖÕÐ Ö ¸¨¸É¥³ 
Šµ²¨Î¥¸É¢µ ¤Ê ´Éµ¢ 2
� ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì, ±‚ 40Ä50
�¥§µ´ ´¸´ Ö Î ¸ÉµÉ , ŒƒÍ 18,258
Š· É´µ¸ÉÓ Ê¸±µ·¥´¨Ö 4
�§¨³ÊÉ ²Ó´ Ö ¶·µÉÖ¦e´´µ¸ÉÓ, ◦ 45
„µ¡·µÉ´µ¸ÉÓ 3500

ˆ´Ë²¥±Éµ·
�²¥±É·¨Î¥¸±¨° · ¤¨Ê¸ (Ë¨§¨Î¥¸± Ö ¢Ò¸µÉ ), ³³ 20
˜¨·¨´  Ô²¥±É·µ¤µ¢, ³³ 20
� ¶·Ö¦¥´¨¥ ´  Ô²¥±É·µ¤ Ì, ±‚ ±7,5

‡ §µ· ³¥¦¤Ê ¶µÉ¥´Í¨ ²Ó´Ò³¨ ¶² ¸É¨´ ³¨, ³³ 10
‘¨¸É¥³  ¢Ò¢µ¤ 

Šµ²¨Î¥¸É¢µ ¤¥Ë²¥±Éµ·µ¢ 2
�§¨³ÊÉ ²Ó´ Ö ¶·µÉÖ¦¥´´µ¸ÉÓ, ◦ 21 ¨ 28
� ¶·Ö¦¥´¨¥ ´  ¤¥Ë²¥±Éµ· Ì, ±‚ 40Ä50

¤¢ÊÌ Î¥É¢¥·ÉÓ¢µ²´µ¢ÒÌ ·¥§µ´ Éµ·µ¢ ¸ Ê¸±µ·ÖÕÐ¨³¨ Ô²¥±É·µ¤ ³¨ ¢ ¢¨¤¥ ¤Ê ´Éµ¢. ‚—-
·¥§µ´ Éµ·Ò µ¡¥¸¶¥Î¨¢ ÕÉ ¶µ²ÊÎ¥´¨¥ Î ¸ÉµÉ´µ£µ ¤¨ ¶ §µ´  18,25Ä18,6 ŒƒÍ. „¢  ¤Ê ´É 
Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò ¨³¥ÕÉ  §¨³ÊÉ ²Ó´ÊÕ ¶·µÉÖ¦e´´µ¸ÉÓ 45◦ ¨ · §³¥Ð¥´Ò ¢ ¶·µÉ¨¢µ-
¶µ²µ¦´ÒÌ ¤µ²¨´ Ì ³ £´¨É´µ° ¸¨¸É¥³Ò.

‘¨¸É¥³  ¢Ò¢µ¤  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¢¥ ¸¥±Í¨¨ Ô²¥±É·µ¸É É¨Î¥¸±µ£µ ¤¥Ë²¥±Éµ·  ¸ Ê£²µ-
¢µ° ¶·µÉÖ¦e´´µ¸ÉÓÕ 21◦ (ESD1 ´  ·¨¸. 2) ¨ 28◦ (ESD2 ´  ·¨¸. 2), É·¨ ¨§³¥·¨É¥²Ó´ÒÌ
¶·µ¡´¨±  Éµ±  ¶ÊÎ±  (¢Ìµ¤´µ°, ¶·µ³¥¦ÊÉµÎ´Ò°, ¢ÒÌµ¤´µ°) ¨ ¶ ¸¸¨¢´Ò° ³ £´¨É´Ò° ± -
´ ² FD ¸ Ê£²µ¢µ° ¶·µÉÖ¦e´´µ¸ÉÓÕ 17◦, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö · ¤¨ ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨
¶ÊÎ±  ¢ §µ´¥ ¢Ò¢µ¤ . � ¤¨ ²Ó´ Ö  ¶¥·ÉÊ·  ¤¥Ë²¥±Éµ·µ¢ 7,5 ³³. � ¶·Ö¦¥´¨¥ ´  ¤¥Ë²¥±-
Éµ· Ì ³µ¦¥É ·¥£Ê²¨·µ¢ ÉÓ¸Ö µÉ 0 ¤µ 53 ±‚.
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�µ¸²¥ ¢Ò¢µ¤  ¨§ ± ³¥·Ò Í¨±²µÉ·µ´  ¶ÊÎµ± É· ´¸¶µ·É¨·Ê¥É¸Ö ¶µ ¢ ±ÊÊ³´µ³Ê É· ±ÉÊ,
¢ ±µÉµ·µ³ ¨³¥ÕÉ¸Ö: ¶µ¢µ·µÉ´Ò° ³ £´¨É (¸³. ´  ·¨¸. 2 SM), ¤¢¥ ±¢ ¤·Ê¶µ²Ó´Ò¥ ²¨´§Ò,
Ëµ±Ê¸¨·ÊÕÐ¨¥ ¶ÊÎµ± ¨µ´µ¢ ¢ £µ·¨§µ´É ²Ó´µ³ ¨ ¢¥·É¨± ²Ó´µ³ ´ ¶· ¢²¥´¨ÖÌ, ±µ··¥±É¨-

�¨¸. 1. �¡Ð¨° ¢¨¤ Ê¸±µ·¨É¥²Ö �¨¸. 2. ‚¨¤ ¢ ¶² ´¥

·ÊÕÐ¨° ¢ ¢¥·É¨± ²Ó´µ³ ´ ¶· ¢²¥´¨¨ ³ £´¨É. „²Ö µ¡²ÊÎ¥´¨Ö ¶µ²¨³¥·´ÒÌ ¶²e´µ± É·¥¡Ê-
¥É¸Ö µ¤´µ·µ¤´Ò° ¶µ ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎµ± Ï¨·¨´µ° µ±µ²µ 30 ¸³, ¶µÔÉµ³Ê ¶·¥¤Ê¸³µÉ·¥´µ
¨¸¶µ²Ó§µ¢ ´¨¥ ¸± ´¨·ÊÕÐ¥£µ ³ £´¨É , ¸µ§¤ ÕÐ¥£µ ¸¨´Ê¸µ¨¤ ²Ó´µ¥ £µ·¨§µ´É ²Ó´µ¥ ±µ-
²¥¡ É¥²Ó´µ¥ ¤¢¨¦¥´¨¥ ¶ÊÎ± .

�¡²ÊÎ É¥²Ó´µ¥ Ê¸É·µ°¸É¢µ ¸µ¸Éµ¨É ¨§ ¢ ±ÊÊ³´µ° ± ³¥·Ò ¸µ ¸¶¥Í¨ ²Ó´Ò³ ²¥´Éµ¶·µ-
ÉÖ¦´Ò³ ³¥Ì ´¨§³µ³, µ¡¥¸¶¥Î¨¢ ÕÐ¨³ ¶µ¸ÉµÖ´´ÊÕ ¸±µ·µ¸ÉÓ ¶·µÉÖ¦±¨ ¶²e´±¨ ¢ ¢¥·É¨-
± ²Ó´µ³ ´ ¶· ¢²¥´¨¨ ¢ ¨´É¥·¢ ²¥ ¸±µ·µ¸É¥° 2Ä80 ¸³/¸.

‘¨¸É¥³  ¤¨ £´µ¸É¨±¨ ¸µ¸Éµ¨É ¨§ Í¨²¨´¤·  ” · ¤¥Ö ¡²µ±  ¤¨ £´µ¸É¨±¨, 30-± ´ ²Ó´µ£µ
¶·µË¨²µ³¥É·  ¡²µ±  ¤¨ £´µ¸É¨±¨, ¤¢ÊÌ Î¥ÉÒ·¥Ì± ´ ²Ó´ÒÌ ¶·µË¨²µ³¥É·µ¢ É· ±É  É· ´¸-
¶µ·É¨·µ¢±¨, ¶µ¤¢¨¦´µ£µ ¶·µË¨²µ³¥É·  µ¡²ÊÎ É¥²Ó´µ° Ê¸É ´µ¢±¨ ¨ ¶ÖÉ¨ ¤¨ËË¥·¥´Í¨-
 ²Ó´ÒÌ ¶·µ¡´¨±µ¢ ¢ ± ³¥·¥ Í¨±²µÉ·µ´ .

�¥¶·¥·Ò¢´Ò° ¸É Í¨µ´ ·´Ò° ¤µ§¨³¥É·¨Î¥¸±¨° ±µ´É·µ²Ó · ¤¨ Í¨µ´´µ° µ¡¸É ´µ¢±¨ ¢
§¤ ´¨¨ Ê¸±µ·¨É¥²Ö µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ  ¢Éµ³ É¨§¨·µ¢ ´´µ° ¸¨¸É¥³Ò ¤µ§¨³¥É·¨-
Î¥¸±µ£µ ±µ´É·µ²Ö. ˆ´Ëµ·³ Í¨Ö ¶µ¸ÉÊ¶ ¥É ¸ É·eÌ ¤ ÉÎ¨±µ¢, · ¸¶µ²µ¦¥´´ÒÌ ¢µ§²¥ §µ´Ò
¢Ò¢µ¤  ¶ÊÎ±  ¨§ Í¨±²µÉ·µ´ , ´ ¤ É· ±Éµ³ ¶ÊÎ±  ¨ µ±µ²µ ± ³¥·Ò ¤²Ö µ¡²ÊÎ¥´¨Ö ¶²e´±¨.

2. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

‚µ ¢·¥³Ö ¶Ê¸±µ´ ² ¤µÎ´ÒÌ · ¡µÉ ¢ Í¨±²µÉ·µ´¥ Ê¸±µ·Ö²¨ ¨µ´Ò  ·£µ´  ¸ A/Z = 5 ¶·¨
Ê¸±µ·ÖÕÐ¥³ ´ ¶·Ö¦¥´¨¨ 40 ±‚ ¤µ Ô´¥·£¨¨ 2,4 ŒÔ‚/´Ê±²µ´.

�  ·¨¸. 3 ¶µ± § ´ ¶µ·É·¥É ¶ÊÎ±  ´  ³µ´¨Éµ·¥ Ê¶· ¢²ÖÕÐ¥£µ ±µ³¶ÓÕÉ¥·  ¸ ¶·µË¨²µ-
³¥É· , · ¸¶µ²µ¦¥´´µ£µ ¢ ²¨´¨¨ ¨´¦¥±Í¨¨. �  ·¨¸. 4 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ ¨´É¥´-
¸¨¢´µ¸É¨ ¶ÊÎ±  µÉ · ¤¨Ê¸  (¢ ¶·µÍ¥¸¸¥ ´ ² ¤±¨ Í¨±²µÉ·µ´ ), ¶µ²ÊÎ¥´´ Ö ¸ ¨´É¥£· ²Ó´µ£µ
¶·µ¡´¨± , · ¸¶µ²µ¦¥´´µ£µ ¢ ¸¥·¥¤¨´¥ ¤µ²¨´Ò ³ £´¨É .

‚Ò¢µ¤´Ò¥ Ê¸É·µ°¸É¢  ¡Ò²¨ ¢Ò¸É ¢²¥´Ò ¢ · ¸ÎeÉ´Ò¥ ¶µ²µ¦¥´¨Ö. „µ¡¨¢ Ö¸Ó ¶µ²ÊÎ¥-
´¨Ö ³ ±¸¨³ ²Ó´µ£µ Éµ±  ´  ¢ÒÌµ¤¥ ¨§ ¢Éµ·µ£µ ¤¥Ë²¥±Éµ· , Ô³¶¨·¨Î¥¸±¨ µ¶É¨³¨§¨·µ¢ ²¨
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�¨¸. 3. �·µË¨²Ó ¶ÊÎ±  ´  ¶·µË¨²µ³¥É·¥ ¢ ²¨´¨¨ ¨´¦¥±Í¨¨ (· ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¶·µ¢µ²µ± ³¨ 5 ³³

¶µ²µ¦¥´¨Ö ¤¥Ë²¥±Éµ·µ¢ ¨ ´ ¶·Ö¦¥´¨Ö ´  ´¨Ì. ‚¥²¨Î¨´  ±µÔËË¨Í¨¥´É  ¢Ò¢µ¤  ¸µ¸É -
¢¨²  50%.

„²Ö Éµ£µ ÎÉµ¡Ò µ¡²ÊÎe´´ Ö ¨µ´ ³¨  ·£µ´  ¶²e´±  ¸µµÉ¢¥É¸É¢µ¢ ²  É¥Ì´¨Î¥¸±¨³ É·¥-
¡µ¢ ´¨Ö³ (µ¸´µ¢´µ¥ É·¥¡µ¢ ´¨¥ ± ¶ · ³¥É· ³ É·¥±µ¢ÒÌ ³¥³¡· ´ ¸¢µ¤¨É¸Ö ± ´¥µ¡Ìµ¤¨³µ-
¸É¨ µ¡¥¸¶¥Î¨ÉÓ µ¤¨´ ±µ¢ÊÕ ¶²µÉ´µ¸ÉÓ µÉ¢¥·¸É¨° ¶µ ¢¸¥° ¶²µÐ ¤¨ É·¥±µ¢µ° ³¥³¡· ´Ò ¸
¶µ£·¥Ï´µ¸ÉÓÕ ´¥ ¡µ²¥¥ Î¥³ ±10%), ¡Ò² ¶·µ¢¥¤e´ ·Ö¤ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨¸¶µ²Ó§µ¢ ´¨Õ
· §²¨Î´ÒÌ ·¥¦¨³µ¢ µ¡²ÊÎ¥´¨Ö. ‚ Î ¸É´µ¸É¨, ¢ ·Ó¨·µ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò µ¡²Ê-
Î¥´¨Ö: ¸±µ·µ¸ÉÓ ¶·µÉÖ¦±¨ ¶²e´±¨, £µ·¨§µ´É ²Ó´Ò° · §³¥· ¶ÊÎ±  ¨ ¢¥²¨Î¨´  ´ ¶·Ö¦¥´¨Ö
´  ¸± ´¨·ÊÕÐ¥³ ³ £´¨É¥.

�¨¸. 4. ‡ ¢¨¸¨³µ¸ÉÓ ¨´É¥´¸¨¢´µ¸É¨

¶ÊÎ±  µÉ · ¤¨Ê¸ 

‘±µ·µ¸ÉÓ ¶·µÉÖ¦±¨ ¤µ²¦´  ¸µµÉ¢¥É¸É¢µ¢ ÉÓ
¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ± , ¸ É¥³ ÎÉµ¡Ò µ¡¥¸¶¥Î¨ÉÓ É·¥-
¡Ê¥³ÊÕ ¶²µÉ´µ¸ÉÓ µÉ¢¥·¸É¨°. �É  ³¶²¨ÉÊ¤Ò ´ ¶·Ö-
¦¥´¨Ö ´  ¸± ´¨·ÊÕÐ¥³ ³ £´¨É¥ ¨ £µ·¨§µ´É ²Ó´µ£µ
· §³¥·  ¶ÊÎ±  § ¢¨¸¨É · ¢´µ³¥·´µ¸ÉÓ µ¡²ÊÎ¥´¨Ö
¶²e´±¨ ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨.

‡´ Î¥´¨¥ Éµ±  ¶ÊÎ±  Ê ± ³¥·Ò ¤²Ö µ¡²ÊÎ¥´¨Ö
¶²e´±¨ ¸µ¸É ¢²Ö²µ ≈ 200 ´�. �·¨ É ±µ³ Éµ±¥
³µ¦´µ ¶·µ¨§¢µ¤¨ÉÓ µ¡²ÊÎ¥´¨¥ ³¨Ï¥´¨ ´  ¸±µ·µ-
¸É¨ ¶·µÉÖ¦±¨ 12,5 ¸³/¸, ÎÉµ ¤µ¸É ÉµÎ´µ ¤²Ö ÔË-
Ë¥±É¨¢´µ° · ¡µÉÒ ±µ³¶²¥±¸ .

’¥µ·¥É¨Î¥¸±¨¥ · ¸ÎeÉÒ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ ¶µ± § ²¨, ÎÉµ · ¢´µ³¥·´µ¸ÉÓ µ¡²ÊÎ¥´¨Ö
Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ · ¤¨ ²Ó´µ£µ · §-
³¥·  ¶ÊÎ± , ¶µÔÉµ³Ê £µ·¨§µ´É ²Ó´ÊÕ Ëµ±Ê¸¨·µ¢±Ê
¢Éµ·µ£µ ±¢ ¤·Ê¶µ²Ö ¡Ò²µ ·¥Ï¥´µ § ³¥´¨ÉÓ ´  ¢¥·É¨± ²Ó´ÊÕ, É ±¨³ µ¡· §µ³, Ï¨·¨´ 
¶ÊÎ±  ¸µ¸É ¢¨²  ¶µ·Ö¤±  20 ¸³, ÎÉµ ¶µ§¢µ²¨²µ ¤µ¡¨ÉÓ¸Ö É·¥¡Ê¥³µ° µ¤´µ·µ¤´µ¸É¨ · ¸¶·¥-
¤¥²¥´¨Ö ¶ÊÎ±  ´  ³¨Ï¥´¨ ¶·¨ · ¡µÉ¥ ¸± ´¨·ÊÕÐ¥£µ ³ £´¨É  (·¨¸. 5).
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‚ ¶·µÍ¥¸¸¥ · ¡µÉÒ ¡Ò²¨ ¢Ò¡· ´Ò ¸²¥¤ÊÕÐ¨¥ µ¶É¨³ ²Ó´Ò¥ ¶ · ³¥É·Ò ¤²Ö µ¡²ÊÎ¥´¨Ö:
´ ¶·Ö¦¥´¨¥ ´  ¸± ´¨·ÊÕÐ¥³ ³ £´¨É¥ 73 ‚, ¸±µ·µ¸ÉÓ ¶·µÉÖ¦±¨ ¶²e´±¨ 12,5 ¸³/¸ (¶·¨
· ¡µÉ¥ Ê¸±µ·¨É¥²Ö ¸ ¡ ´Î¨·µ¢ ´´Ò³ ¶ÊÎ±µ³).

�¨¸. 5. ‘¨£´ ²Ò ¸ ¶·µË¨²µ³¥É·  µ¡²ÊÎ É¥²Ó´µ£µ Ê¸É·µ°¸É¢ : a) ¡¥§ ¸± ´¨·µ¢ ´¨Ö; ¡) ¶·¨ ¢±²ÕÎ¥´-

´µ³ ¸± ´¨·ÊÕÐ¥³ ³ £´¨É¥

�¤´µ·µ¤´µ¸ÉÓ µ¡²ÊÎ¥´¨Ö ¢ ¶·µ¤µ²Ó´µ³ ´ ¶· ¢²¥´¨¨ ´ ·ÊÏ ¥É¸Ö ¶·µ¡µÖ³¨, ¶¥·¨µ¤¨-
Î¥¸±¨ ¢µ§´¨± ÕÐ¨³¨ ¶·¨ · ¡µÉ¥ Í¨±²µÉ·µ´  ´  ¨´Ë²¥±Éµ·¥, ¤¥Ë²¥±Éµ· Ì ¨ ¤Ê ´É Ì. �¤-
´ ±µ ¶·µ¡µ¨ ¤²ÖÉ¸Ö, ± ± ¶· ¢¨²µ, ¤µ²¨ ¸¥±Ê´¤Ò, ¸±µ·µ¸ÉÓ ³¨Ï¥´¨ ´¥¢¥²¨±  Å 12,5 ¸³/c,
¶µÔÉµ³Ê §  ¢·¥³Ö ¶·µ¡µÖ ¶²e´±  ¶·µÌµ¤¨É ¥¤¨´¨ÍÒ ¸ ´É¨³¥É·µ¢, ÎÉµ ¶·¨ ¢¥·É¨± ²Ó´µ³
· §³¥·¥ ¶ÊÎ±  ≈ 6 ¸³ ¶·¨¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ Ê·µ¢´Ö µ¡²ÊÎ¥´¨Ö ´¥ ¡µ²¥¥ Î¥³ ´  20%.

‡�Š‹�—…�ˆ…

‡ ¶Ê¸± Í¨±²µÉ·µ´  –ˆ’�…Š ¶µ§¢µ²¨² ¶µ²ÊÎ¨ÉÓ ¢Ò¢¥¤¥´´Ò° ¶ÊÎµ± ¢µ¸Ó³¨§ ·Ö¤´ÒÌ
¨µ´µ¢  ·£µ´  ¸ Ô´¥·£¨¥° 2,4 ŒÔ‚/´Ê±²µ´ ¨ ¨´É¥´¸¨¢´µ¸ÉÓÕ 200 ´�. ‚¥²¨Î¨´  ±µÔË-
Ë¨Í¨¥´É  ¢Ò¢µ¤  Ê¸±µ·¥´´ÒÌ ¨µ´µ¢ ¨§ Í¨±²µÉ·µ´  ¸µ¸É ¢¨²  µ±µ²µ 50%. �Ò²¨ ¶µ¤µ-
¡· ´Ò ·¥¦¨³Ò µ¡²ÊÎ¥´¨Ö ¶²e´±¨ ¸ ´¥µ¡Ìµ¤¨³Ò³¨ ¤²Ö ¶·µ¨§¢µ¤¸É¢  Ë¨²ÓÉ·µ¢ ¶ · ³¥-
É· ³¨. � ¢´µ³¥·´µ¸ÉÓ µ¡²ÊÎ¥´¨Ö ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨ µ¡¥¸¶¥Î¨¢ ² ¸Ó ¸± ´¨·µ¢ -
´¨¥³ ¶ÊÎ±  ¸ ´ ¶·Ö¦¥´¨¥³ ´  ¸± ´¨·ÊÕÐ¥³ ³ £´¨É¥ 73 ‚, · ¢´µ³¥·´µ¸ÉÓ ¢ ¶·µ¤µ²Ó´µ³
´ ¶· ¢²¥´¨¨ Å ¶µ¸ÉµÖ´¸É¢µ³ ¸±µ·µ¸É¨ ¶·µÉÖ¦±¨ ¶²e´±¨ ¨ ¸É ¡¨²Ó´µ¸ÉÓÕ Éµ±  ¶ÊÎ± 
¨µ´µ¢ ´  ¶·µÉÖ¦¥´¨¨ ¢¸¥£µ Í¨±²  µ¡²ÊÎ¥´¨Ö.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. �²¥´¨Í±¨° �. ƒ. ¨ ¤·. � §· ¡µÉ±  ¨ ¸µ§¤ ´¨¥ µ¡²ÊÎ É¥²Ó´µ£µ ±µ³¶²¥±¸  ®�²ÓË ¯ ¤²Ö ¶·µ¨§¢µ¤-
¸É¢  É·¥±µ¢ÒÌ ³¥³¡· ´ // ��. 2004. T. 97, ¢Ò¶. 1. C. 33Ä40.


