
�¨¸Ó³  ¢ �—�Ÿ. 2018. ’. 15, º 7(219). ‘. 764Ä769

”ˆ‡ˆŠ� ˆ ’…•�ˆŠ� “‘Š��ˆ’…‹…‰

‘�‚�…Œ…��›… –ˆŠ‹�’����›… Š�Œ�‹…Š‘›
�ˆˆ�”�

�. ‚. ‚ ´¨´, �. �. ƒ ¢·¨Ï1

�� ®�ˆˆ�”�¯, ‘ ´±É-�¥É¥·¡Ê·£, �μ¸¸¨Ö

‚ �� ®�ˆˆ�”�¯ · §· ¡μÉ ´ ·Ö¤ Í¨±²μÉ·μ´μ¢ ¨ ±μ³¶²¥±¸μ¢ ´  ¨Ì μ¸´μ¢¥, μ¡¥¸¶¥Î¨¢ Õ-
Ð¨Ì £¥´¥· Í¨Õ ¨ ¨¸¶μ²Ó§μ¢ ´¨¥ Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨ μÉ 1
¤μ 80 ŒÔ‚. ‚ ´¥±μÉμ·ÒÌ ³μ¤¥²ÖÌ Í¨±²μÉ·μ´μ¢ ¶·¥¤Ê¸³μÉ·¥´μ ¶μ²ÊÎ¥´¨¥ Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢ ¤¥°-
É·μ´μ¢. Šμ³¶²¥±¸Ò, · §³¥Ð ¥³Ò¥ ¢ ³¥¤¨Í¨´¸±¨Ì Í¥´É· Ì, μ¸´ Ð ÕÉ¸Ö ³¨Ï¥´´Ò³¨ Ê¸É·μ°¸É¢ ³¨
¤²Ö ¶·μ¨§¢μ¤¸É¢  · ¤¨μ´Ê±²¨¤μ¢ ¢ £ §μμ¡· §´μ°, ¦¨¤±μ° ¨ É¢¥·¤μÉ¥²Ó´μ° Ë § Ì.

A series of cyclotrons and cyclotron systems for generation of accelerated proton beams with
energies from 1 up to 80 MeV has been designed, manufactured in the JSC ©NIIEFAª and successfully
put into operation. Some models of cyclotrons provide for production of accelerated deuteron beams.
Cyclotron systems intended for operation in medical centers are equipped with water, gaseous and solid
target devices.

PACS: 29.20.dg

‚‚…„…�ˆ…

‚ �� ®�ˆˆ�”�¯ · §· ¡μÉ ´ ·Ö¤ Í¨±²μÉ·μ´μ¢, ·¥ ²¨§ÊÕÐ¨Ì Ê¸±μ·¥´¨¥ μÉ·¨Í É¥²Ó-
´ÒÌ ¨μ´μ¢ ¢μ¤μ·μ¤  ¨ ¤¥°É¥·¨Ö ¸ ¢Ò¶Ê¸±μ³ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¨ ¤¥°É·μ´μ¢ § 
¸Î¥É ¶¥·¥§ ·Ö¤±¨ ´  Éμ´±¨Ì £· Ë¨Éμ¢ÒÌ Ëμ²Ó£ Ì. �¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ Í¨±²μÉ·μ-
´μ¢ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

–¨±²μÉ·μ´
�´¥·£¨Ö, ’μ±,

„μ¶μ²´¨É¥²Ó´μ¥ μ¡μ·Ê¤μ¢ ´¨¥ ±μ³¶²¥±¸ 
ŒÔ‚ (p/d) ³±�

‘‘-1-3 1Ä3 20 �´ ²¨§ Éμ·: ΔE/E < 10−3

‘‘-12 12 100 Œ¨Ï¥´´Ò° ±μ³¶²¥±¸ ¤²Ö ´ · ¡μÉ±¨ “Š†- (‘-11, N-13,
�-15 ¨ F-18) ´Ê±²¨¤μ¢

‘‘-18/9 18/9 100/50 Œ¨Ï¥´´Ò° ±μ³¶²¥±¸: “Š†- ¨ Š†- (Rb-81, I-123,
In-111, Tl-201, Ga-67, Y-87 ¨ ¤·.) ´Ê±²¨¤Ò

‘‘-18/9Œ 12Ä18/6Ä9 150/50 Œ¨Ï¥´´Ò° ±μ³¶²¥±¸: “Š†- ¨ Š†- (Rb-81, I-123,
In-111, Tl-201, Ga-67, Y-87 ¨ ¤·.) ´Ê±²¨¤Ò

Œ‘‘-30/15 18Ä30/9Ä15 100/50 Œ¨Ï¥´´Ò° ±μ³¶²¥±¸: “Š†-, Š†- ¨ „†- (Na-22, Co-57,
Cd-109, Ce-139) ´Ê±²¨¤Ò

–-80 40Ä80 100 ’· ±É Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ±  ¤²Ö ¶·μÉμ´´μ° É¥· ¶¨¨

1E-mail: gavrish@luts.niiefa.spb.su
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“¶· ¢²¥´¨¥ · ¡μÉμ° Í¨±²μÉ·μ´μ¢ ¨ Í¨±²μÉ·μ´´ÒÌ ±μ³¶²¥±¸μ¢ ¶μ²´μ¸ÉÓÕ  ¢Éμ³ É¨-
§¨·μ¢ ´μ. ‘�“ ¨³¥ÕÉ  ·Ì¨É¥±ÉÊ·Ê · ¸¶·¥¤¥²¥´´μ£μ É¨¶  ¨ ¸μ¸ÉμÖÉ ¨§ ±μ´É·μ²²¥·μ¢ ¨
±μ³¶ÓÕÉ¥·μ¢, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ μÉ¢¥Î ¥É §  Ê¶· ¢²¥´¨¥ μ¤´μ° ¨²¨ ´¥¸±μ²Ó±¨³¨ ¸¨¸É¥-
³ ³¨ Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸ .

1. –ˆŠ‹�’����›‰ Š�Œ�‹…Š‘ „‹Ÿ ���‹ˆ’ˆ—…‘Šˆ• ˆ‘‘‹…„�‚��ˆ‰

–¨±²μÉ·μ´´Ò° ±μ³¶²¥±¸ ‘‘-1-3 [1, 2] μ¡¥¸¶¥Î¨¢ ¥É ¶μ²ÊÎ¥´¨¥ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¸ Ê´¨-
± ²Ó´Ò³¨ ¶ · ³¥É· ³¨ (¤¨ ¶ §μ´ §´ Î¥´¨° Ô´¥·£¨¨ μÉ 1 ¤μ 3 ŒÔ‚ ¶·¨ Ï¨·¨´¥ ¸¶¥±-
É·  ´¥ ¡μ²¥¥ 0,1% ¨ ÉμÎ´μ¸É¨ Ê¸É ´μ¢²¥´¨Ö Ô´¥·£¨¨ ´¥ ÌÊ¦¥ 1 ±Ô‚), ¶·¥¤´ §´ Î¥´
¤²Ö ¶·μ¢¥¤¥´¨Ö  ´ ²¨É¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ´  μ¸´μ¢¥ ·¥´É£¥´μ¸¶¥±É· ²Ó´μ£μ ¨ £ ³³ -
¸¶¥±É· ²Ó´μ£μ ³¥Éμ¤μ¢,   É ±¦¥ ³¥Éμ¤  μ¡· É´μ£μ ·¥§¥·Ëμ·¤μ¢¸±μ£μ · ¸¸¥Ö´¨Ö.

„²Ö ·¥ ²¨§ Í¨¨ Ê± § ´´ÒÌ ¶ · ³¥É·μ¢ ¶ÊÎ±  ¢Ò¡· ´ ¢ ·¨ ´É ¶μ¸É·μ¥´¨Ö ±μ³¶²¥±¸ ,
¢±²ÕÎ ÕÐ¥£μ ¢ ¸¥¡Ö ±μ³¶ ±É´Ò° Í¨±²μÉ·μ´ ¨ ¸¨¸É¥³Ê Ëμ·³¨·μ¢ ´¨Ö ¨ É· ´¸¶μ·É¨-
·μ¢±¨ ¶ÊÎ±  (·¨¸. 1). �²¥±É·μ³ £´¨É Í¨±²μÉ·μ´  ¨³¥¥É ³ £´¨Éμ¶·μ¢μ¤ ¡·μ´¥¢μ£μ É¨¶ ,
Ö¢²ÖÕÐ¨°¸Ö μ¤´μ¢·¥³¥´´μ ¢ ±ÊÊ³´μ° ± ³¥·μ°, ³¥¤¨ ´´ Ö ¶²μ¸±μ¸ÉÓ · ¸¶μ²μ¦¥´  £μ-
·¨§μ´É ²Ó´μ. �¥§μ´ ´¸´ Ö Ê¸±μ·ÖÕÐ Ö ¸¨¸É¥³  · §³¥Ð¥´  ¢ μ¡Ñ¥³¥ ¢ ±ÊÊ³´μ° ± ³¥·Ò.
‘¨¸É¥³  ¢´¥Ï´¥° ¨´¦¥±Í¨¨ μÉ·¨Í É¥²Ó´ÒÌ ¨μ´μ¢ ¢μ¤μ·μ¤  · ¸¶μ²μ¦¥´  ¶μ¤ Ô²¥±É·μ-
³ £´¨Éμ³. ‚Ò¶Ê¸± Ê¸±μ·¥´´μ£μ ¶ÊÎ±  ¶·μÉμ´μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö §  ¸Î¥É ¨¸¶μ²Ó§μ¢ ´¨Ö
μ¡¤¨·μÎ´μ£μ Ê¸É·μ°¸É¢ , μ¸´ Ð¥´´μ£μ É·¥³Ö £· Ë¨Éμ¢Ò³¨ Ëμ²Ó£ ³¨.

�¨¸. 1. –¨±²μÉ·μ´´Ò° ±μ³¶²¥±¸ ‘‘-1-3 ¸ É· ±Éμ³ Ëμ·³¨·μ¢ ´¨Ö ¨ É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ± 
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‘¨¸É¥³  Ëμ·³¨·μ¢ ´¨Ö ¨ É· ´¸¶μ·É¨·μ¢±¨ μ¡¥¸¶¥Î¨¢ ¥É ´¥¸É ´¤ ·É´Ò¥ ¤²Ö Í¨±²μ-
É·μ´μ¢ ¶ · ³¥É·Ò ¶ÊÎ±  ¶·μÉμ´μ¢ ¶μ Ï¨·¨´¥ ¸¶¥±É·  ¨ ÉμÎ´μ¸É¨ Ê¸É ´μ¢²¥´¨Ö Ô´¥·£¨¨.
‚ ¸¨¸É¥³Ê ¢Ìμ¤ÖÉ ¸μ£² ¸ÊÕÐ¨°, ±μ³³ÊÉ¨·ÊÕÐ¨° ¨ ±μ··¥±É¨·ÊÕÐ¨¥ Ô²¥±É·μ³ £´¨ÉÒ, ¤¢ 
¤Ê¡²¥É  ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§. ƒ² ¢´Ò° Ê§¥² ¸¨¸É¥³Ò Å ³ £´¨É´Ò°  ´ ²¨§ Éμ·, ¢±²ÕÎ Õ-
Ð¨° ¢ ¸¥¡Ö Ô²¥±É·μ³ £´¨É ¸ Ê£²μ³ ¶μ¢μ·μÉ  270 ◦ ¨ ¤¢  ±μ²²¨³ Éμ· , Ê¸É ´μ¢²¥´´ÒÌ ´ 
¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ¢ ±ÊÊ³´μ° ± ³¥·Ò Ô²¥±É·μ³ £´¨É .

�¡μ·Ê¤μ¢ ´¨¥ Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  ¸³μ´É¨·μ¢ ´μ ¨ ´ ² ¦¥´μ ¢ ¨´¸É¨ÉÊÉ¥
®‚¨´Î ¯ (	¥²£· ¤). �¥ ²¨§μ¢ ´ ¢Ò¶Ê¸± ¶ÊÎ±  ¶·μÉμ´μ¢ ¨§ Í¨±²μÉ·μ´  ¨ ¶·μ¢μ¤±  ¶ÊÎ± 
¶μ É· ±ÉÊ Ëμ·³¨·μ¢ ´¨Ö. ˆ¸¶ÒÉ ´¨Ö ±μ³¶²¥±¸  ¶·μ¢¥¤¥´Ò ¶·¨ É·¥Ì ¸μ£² ¸μ¢ ´´ÒÌ §´ -
Î¥´¨ÖÌ Ô´¥·£¨¨ ¶·μÉμ´μ¢: 1, 1,7 ¨ 2,9 ŒÔ‚. –¨±²μÉ·μ´´Ò° ±μ³¶²¥±¸ ¸ ¶ · ³¥É· ³¨, ´¥
¨³¥ÕÐ¨³¨  ´ ²μ£μ¢, ´ Ìμ¤¨É¸Ö ¢ · ¡μÎ¥³ ¸μ¸ÉμÖ´¨¨.

2. –ˆŠ‹�’����›… Š�Œ�‹…Š‘› „‹Ÿ Œ…„ˆ–ˆ�‘Šˆ• –…�’��‚

–¨±²μÉ·μ´Ò ‘‘-12, ‘‘-18/9, ‘‘-18/9Œ, Œ‘‘-30/15 [3Ä6] ¶·¥¤´ §´ Î¥´Ò ¤²Ö ´ · -
¡μÉ±¨ · ¤¨μ´Ê±²¨¤μ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ³¥¤¨Í¨´¸±¨Ì ÊÎ·¥¦¤¥´¨ÖÌ. �É²¨Î¨Ö ¢ ¶ · ³¥-
É· Ì Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢ μ¶·¥¤¥²ÖÕÉ Í¥²¥¸μμ¡· §´μ¸ÉÓ ¶·¨³¥´¥´¨Ö Éμ° ¨²¨ ¨´μ° ³μ¤¥²¨
¢ ±μ´±·¥É´ÒÌ Ê¸²μ¢¨ÖÌ.

‚ ÔÉ¨Ì Î¥ÉÒ·¥Ì ³μ¤¥²ÖÌ Í¨±²μÉ·μ´μ¢ ¶·¨³¥´¥´μ ´¥¸±μ²Ó±μ μ¡Ð¨Ì É¥Ì´¨Î¥¸±¨Ì ·¥-
Ï¥´¨°, μÉ²¨Î ÕÐ¨Ì ¨Ì μÉ Í¨±²μÉ·μ´μ¢ ¤·Ê£¨Ì Ë¨·³. �¸´μ¢´μ° Ô²¥±É·μ³ £´¨É ¡·μ´¥¢μ£μ
¨¸¶μ²´¥´¨Ö ¨³¥¥É ¢¥·É¨± ²Ó´μ¥ · ¸¶μ²μ¦¥´¨¥ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É
Ê¤μ¡´Ò° ¤μ¸ÉÊ¶ ± Ê¸É·μ°¸É¢ ³, · ¸¶μ²μ¦¥´´Ò³ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥, ¶ÊÉ¥³ μÉμ¤¢¨£ -
´¨Ö ¶μ¤¢¨¦´μ° Î ¸É¨ Ô²¥±É·μ³ £´¨É  ¶μ ´ ¶· ¢²ÖÕÐ¨³. “¸±μ·¥´¨¥ ¨μ´μ¢ ¢μ¤μ·μ¤  ¨
¤¥°É¥·¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´  Ë¨±¸¨·μ¢ ´´μ° Î ¸ÉμÉ¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Éμ·μ° ¨ Î¥É¢¥·-
Éμ° £ ·³μ´¨± Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö. � ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö
¶·¨ ¨§³¥´¥´¨¨ É¨¶  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ±μ··¥±É¨·Ê¥É¸Ö ¡¥§ ¤μ¶μ²´¨É¥²Ó´ÒÌ μ¡³μÉμ± § 
¸Î¥É μ¶¥· É¨¢´μ£μ ¶¥·¥³¥Ð¥´¨Ö ¸¶¥Í¨ ²Ó´ÒÌ Ï¨³³μ¢. �¡¥¸¶¥Î¥´ μ¤´μ¢·¥³¥´´Ò° ¢Ò-
¶Ê¸± ¤¢ÊÌ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢. –¨±²μÉ·μ´Ò μ¸´ Ð¥´Ò ¸¨¸É¥³ ³¨ ¢´¥Ï´¥° ¨´¦¥±-
Í¨¨ μÉ·¨Í É¥²Ó´ÒÌ ¨μ´μ¢ ¨ ¸¨¸É¥³ ³¨ É· ´¸¶μ·É¨·μ¢±¨ ¢Ò¶ÊÐ¥´´ÒÌ ¶ÊÎ±μ¢ (·¨¸. 2, 3).

�¨¸. 2. –¨±²μÉ·μ´ ‘‘-18/9 ¸ μÉ±·ÒÉμ° ¢ -
±ÊÊ³´μ° ± ³¥·μ°

�¨¸. 3. –¨±²μÉ·μ´ ‘‘-18/9Œ ¸ Ê¤ ²¥´´Ò³¨ ³¨-
Ï¥´Ö³¨
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–¨±²μÉ·μ´ ‘‘-18/9Œ μ¸´ Ð¥´ ³¨Ï¥´´Ò³ ±μ³¶²¥±¸μ³ ¤²Ö ¶·μ¨§¢μ¤¸É¢  · ¤¨μ´Ê-
±²¨¤μ¢ ¢ £ §μμ¡· §´μ° ¨ ¦¨¤±μ° Ë § Ì, · §· ¡μÉ ´´Ò³ ¨ ¨§£μÉμ¢²¥´´Ò³ É ±¦¥ ��
®�ˆˆ�”�¯ [7]. Œ¨Ï¥´¨ ³μ£ÊÉ Ê¸É ´ ¢²¨¢ ÉÓ¸Ö ± ± ´  ¶ É·Ê¡± Ì ¸¨¸É¥³Ò É· ´¸-
¶μ·É¨·μ¢±¨, É ± ¨ ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¢Ò¶Ê¸±´ÒÌ ¶ É·Ê¡± Ì Ô²¥±É·μ³ £´¨É . Œ¨Ï¥´-
´Ò° ±μ³¶²¥±¸ ¨ ¥£μ μ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ¸¨¸É¥³Ò ¨´É¥£·¨·μ¢ ´Ò ¢ μ¡ÐÊÕ ¸¨¸É¥³Ê Ê¶· -
¢²¥´¨Ö Í¨±²μÉ·μ´´Ò³ ±μ³¶²¥±¸μ³. ‚μ§³μ¦´  ´¥§ ¢¨¸¨³ Ö ¶μ¸É ¢±  ³¨Ï¥´´μ£μ ±μ³-
¶²¥±¸  (¨²¨ μÉ¤¥²Ó´ÒÌ ³¨Ï¥´¥°) ¤²Ö · ´¥¥ ¢¢¥¤¥´´ÒÌ ¢ Ô±¸¶²Ê É Í¨Õ Í¨±²μÉ·μ´μ¢ ��
®�ˆˆ�”�¯ ¨²¨ ¤·Ê£¨Ì Ë¨·³. Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ · §· ¡μÉ ´μ ·μ¡μÉ¨§¨·μ¢ ´´μ¥
Ê¸É·μ°¸É¢μ, μ¡¥¸¶¥Î¨¢ ÕÐ¥¥ μ¶¥· É¨¢´ÊÕ ¸³¥´Ê ³¨Ï¥´¥°.

3. –ˆŠ‹�’����›‰ Š�Œ�‹…Š‘ –-80

–¨±²μÉ·μ´´Ò° ±μ³¶²¥±¸ –-80, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶·μÉμ´´ÒÌ ¶ÊÎ±μ¢ ¸
Ô´¥·£¨¥° ¢ ¤¨ ¶ §μ´¥ 40Ä80 ŒÔ‚ ¨ Éμ±μ³ ´¥ ³¥´¥¥ 100 ³±�, · §· ¡μÉ ´, ¨§£μÉμ¢²¥´ ¨ ¶μ-
¸É ¢²¥´ ¢ �ˆŸ” ¨³. 	.�.Šμ´¸É ´É¨´μ¢  [8, 9]. �ÊÎ±¨ ¸ É ±¨³¨ ¶ · ³¥É· ³¨ ¶μ§¢μ²ÖÕÉ
·¥ ²¨§μ¢ ÉÓ Í¥²Ò° ·Ö¤ ´ ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì ¨ ±μ³³¥·Î¥¸±¨Ì ¶·μ¥±Éμ¢:

Å μÉ· ¡μÉ±Ê É¥Ì´μ²μ£¨¨ ¶μ²ÊÎ¥´¨Ö Ï¨·μ±μ£μ ¸¶¥±É·  ¨§μÉμ¶μ¢ ³¥¤¨Í¨´¸±μ£μ ´ §´ -
Î¥´¨Ö, ¢ Éμ³ Î¨¸²¥ £¥´¥· Éμ·μ¢ ¨§²ÊÎ¥´¨Ö;

Å ¶·μ¨§¢μ¤¸É¢μ ¨§μÉμ¶μ¢ ¢ ±μ³³¥·Î¥¸±¨Ì ³ ¸ÏÉ ¡ Ì;
Å μ·£ ´¨§ Í¨Õ ¶·μÉμ´´μ° É¥· ¶¨¨ μËÉ ²Ó³μ²μ£¨Î¥¸±¨Ì § ¡μ²¥¢ ´¨°;
Å ·¥¸Ê·¸´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö · ¤¨ Í¨μ´´μ° ¸Éμ°±μ¸É¨ · ¤¨μÔ²¥±É·μ´´ÒÌ ¨§¤¥²¨° ¸

¨¸¶μ²Ó§μ¢ ´¨¥³ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¨ ´¥°É·μ´μ¢;
Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢ μ¡² ¸É¨ Ö¤¥·´μ° Ë¨§¨±¨ ¨ · ¤¨ Í¨μ´´μ£μ ³ -

É¥·¨ ²μ¢¥¤¥´¨Ö.
�·¨´Í¨¶¨ ²Ó´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¶·μ¥±É  Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ± Î¥¸É¢¥ μ¸´μ¢-

´μ£μ Ô²¥±É·μ³ £´¨É  ¸ÊÐ¥¸É¢μ¢ ¢Ï¥° ¢ �ˆŸ” ³μ¤¥²¨ Ô²¥±É·μ³ £´¨É  ¤¥°¸É¢ÊÕÐ¥£μ
¸¨´Ì·μÍ¨±²μÉ·μ´ . �Éμ ·¥Ï¥´¨¥ ¶μ§¢μ²¨²μ ¸μ±· É¨ÉÓ · ¸Ìμ¤Ò, ´μ μ£· ´¨Î¨²μ ¢Ò¡μ·
É¥Ì´¨Î¥¸±¨Ì ·¥Ï¥´¨° ¶·¨ · §· ¡μÉ±¥ ±μ´¸É·Ê±Í¨¨ Í¨±²μÉ·μ´ :

• § ¤ ´Ò £ ¡ ·¨ÉÒ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¨, μÉÎ ¸É¨, ±μ²¨Î¥¸É¢μ ¨ · ¸¶μ²μ¦¥´¨¥ ´ ¢¥¸-
´ÒÌ Ê¸É·μ°¸É¢;

• § ¤ ´Ò ¶ · ³¥É·Ò ¨¸ÉμÎ´¨±μ¢ ¸¨¸É¥³Ò Ô²¥±É·μ¶¨É ´¨Ö ³ £´¨É ;
• ¶· ±É¨Î¥¸±¨ § ¤ ´Ò £ ¡ ·¨ÉÒ ·¥§μ´ ´¸´μ° ¸¨¸É¥³Ò;
• ¸¨¸É¥³  ¢´¥Ï´¥° ¨´¦¥±Í¨¨ μÉ·¨Í É¥²Ó´ÒÌ ¨μ´μ¢ ¢μ¤μ·μ¤  · §³¥Ð¥´  ¢ ¶μ¤¢ ²Ó´μ³

¶μ³¥Ð¥´¨¨ ´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¤ Ô²¥±É·μ³ £´¨Éμ³;
• ¢Ò¢μ¤ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ μ¤¨´ ¢Ò¢μ¤´μ° ¶ É·Ê¡μ±

¸ ¶μ³μÐÓÕ ¶¥·¥³¥Ð ¥³μ£μ ¢ ´Ê¦´μ¥ ¶μ²μ¦¥´¨¥ μ¡¤¨·μÎ´μ£μ Ê¸É·μ°¸É¢ ;
• ¤¨ ¶ §μ´ ·¥£Ê²¨·μ¢ ´¨Ö Ô´¥·£¨¨ ¢Ò¢μ¤¨³ÒÌ ¨§ Í¨±²μÉ·μ´  ¶·μÉμ´μ¢ μ£· ´¨Î¨¢ -

¥É¸Ö ¢§ ¨³´Ò³ ¶μ²μ¦¥´¨¥³ μ¡¤¨·μÎ´μ£μ Ê¸É·μ°¸É¢  ¨ ·¥§μ´ ´¸´μ° ¸¨¸É¥³Ò;
• ¤²Ö ¶μ¢ÒÏ¥´¨Ö ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ § ´μ¢μ ¸¶·μ¥±É¨·μ¢ ´Ò ¨

¨§£μÉμ¢²¥´Ò ¶μ²Õ¸´Ò¥ ´ ±μ´¥Î´¨±¨ ¸ ¸¥±Éμ· ³¨ ¢Ò¸μ±μ° ¸¶¨· ²Ó´μ¸É¨.
�¡μ·Ê¤μ¢ ´¨¥ Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  ¸³μ´É¨·μ¢ ´μ ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥

±μ·¶Ê¸  2 ¨ ¥£μ ¶μ¤¢ ²Ó´μ³ ¶μ³¥Ð¥´¨¨. �  ¶¥·¢μ³ ÔÉ ¦¥ · ¸¶μ² £ ¥É¸Ö μ¡μ·Ê¤μ¢ ´¨¥
Í¨±²μÉ·μ´  ¨ ¶¥·¢μ£μ ÊÎ ¸É±  ¸¨¸É¥³Ò É· ´¸¶μ·É¨·μ¢±¨, ¢ ¶μ¤¢ ²Ó´μ³ ¶μ³¥Ð¥´¨¨ Å
¸¨¸É¥³  ¢´¥Ï´¥° ¨´¦¥±Í¨¨ Í¨±²μÉ·μ´ , ¢Ò¸μ±μÎ ¸ÉμÉ´Ò° £¥´¥· Éμ· ¨ ¸¨¸É¥³  É· ´¸-
¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¸ · §¢μ¤±μ° ´  É·¨ ¶·¨¥³´ÒÌ ³¨Ï¥´¨ (·¨¸. 4). ‚ ¤ ²Ó´¥°Ï¥³ ´  ¶¥·-
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¢μ³ ÔÉ ¦¥ ¡Ê¤¥É Ê¸É ´μ¢²¥´μ μ¡μ·Ê¤μ¢ ´¨¥ É· ±É  Ëμ·³¨·μ¢ ´¨Ö £μ³μ£¥´´μ£μ ¶ÊÎ±  ¤²Ö
É¥· ¶¨¨ μËÉ ²Ó³μ²μ£¨Î¥¸±¨Ì § ¡μ²¥¢ ´¨°.

‚ ¨Õ´¥ 2016 £. ¶·μ¨§¢¥¤¥´ Ë¨§¨Î¥¸±¨° ¶Ê¸± ±μ³¶²¥±¸ . �¥ ²¨§μ¢ ´ ¢Ò¢μ¤ ¶ÊÎ±μ¢
Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨ 40Ä79 ŒÔ‚, ¢ ¤¨ ¶ §μ´¥ 40Ä60 ŒÔ‚
¶μ¤É¢¥·¦¤¥´μ ¶μ²ÊÎ¥´¨¥ ¶·μ¥±É´μ£μ Éμ± . �ÊÎμ± ¸ ¸μ£² ¸μ¢ ´´μ° Ô´¥·£¨¥° ¶·μÉμ´μ¢
50 ŒÔ‚ ¶·μ¢¥¤¥´ ¤μ ±μ´¥Î´μ£μ Í¨²¨´¤·  ” · ¤¥Ö (· ¸¸ÉμÖ´¨¥ ∼ 35 ³) ¶·¨ ¨´É¥£· ²Ó-
´ÒÌ ¶μÉ¥·ÖÌ ¨´É¥´¸¨¢´μ¸É¨ 12 %. ”¨§¨Î¥¸±¨° ¶Ê¸± ¨ ¨¸¶ÒÉ ´¨Ö μ¸ÊÐ¥¸É¢²Ö²¨¸Ó ¢
 ¢Éμ³ É¨§¨·μ¢ ´´μ³ ·¥¦¨³¥ Ê¶· ¢²¥´¨Ö ¨ ±μ´É·μ²Ö ¢¸¥Ì ¸¨¸É¥³ Í¨±²μÉ·μ´´μ£μ ±μ³-

�¨¸. 4. ‘Ì¥³  · ¸¸É ´μ¢±¨ (a) ¨ μ¡μ·Ê¤μ¢ ´¨¥ (¡, ¢) Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  –-80

�¨¸. 5. �Éμ¡· ¦¥´¨¥ ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò É· ´¸¶μ·É¨·μ¢±¨ (a) ¨ Ê¸±μ·¥´´μ£μ ¶ÊÎ±  (¡)
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¶²¥±¸ . �  ·¨¸. 5 ¤²Ö ¶·¨³¥·  ¶·¥¤¸É ¢²¥´  ¨´Ëμ·³ Í¨Ö μ ¸μ¸ÉμÖ´¨¨ ¨ ¶ · ³¥É· Ì Ê§²μ¢
¸¨¸É¥³Ò É· ´¸¶μ·É¨·μ¢±¨ ¢ ¶·μÍ¥¸¸¥ ¶·μ¢¥¤¥´¨Ö · ¡μÉ.

‡�Š‹�—…�ˆ…

� §· ¡μÉ ´´Ò° ¨ ·¥ ²¨§μ¢ ´´Ò° �� ®�ˆˆ�”�¯ ·Ö¤ ¸μ¢·¥³¥´´ÒÌ Í¨±²μÉ·μ´μ¢ ¨
±μ³¶²¥±¸μ¢ ´  ¨Ì μ¸´μ¢¥ μ¡¥¸¶¥Î¨¢ ¥É £¥´¥· Í¨Õ Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ -
§μ´¥ §´ Î¥´¨° Ô´¥·£¨¨ μÉ 1 ¤μ 80 ŒÔ‚. Šμ´±·¥É´Ò¥ ³μ¤¥²¨ Í¨±²μÉ·μ´´ÒÌ ±μ³¶²¥±¸μ¢
³μ£ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ± ± ¤²Ö ¶·μ¢¥¤¥´¨Ö ¨¸¸²¥¤μ¢ ´¨° ¢ · §²¨Î´ÒÌ μ¡² ¸ÉÖÌ ´ Ê±¨ ¨
É¥Ì´¨±¨, É ± ¨ ¤²Ö ±μ³³¥·Î¥¸±μ° ´ · ¡μÉ±¨ · ¤¨μ´Ê±²¨¤´μ° ¶·μ¤Ê±Í¨¨. �·¨´Í¨¶¨ ²Ó-
´μ° μ¸μ¡¥´´μ¸ÉÓÕ �ˆˆ�”� Ö¢²Ö¥É¸Ö μ¡¥¸¶¥Î¥´¨¥ ¶μ²´μ£μ Í¨±²  ¸ÊÐ¥¸É¢μ¢ ´¨Ö ¶·μ-
¨§¢μ¤¨³μ° ¶·μ¤Ê±Í¨¨: · §· ¡μÉ±¨, ¨§£μÉμ¢²¥´¨Ö, ¢¢μ¤  ¢ Ô±¸¶²Ê É Í¨Õ, £ · ´É¨°´μ£μ ¨
¶μ¸É£ · ´É¨°´μ£μ μ¡¸²Ê¦¨¢ ´¨Ö.
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