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�μ²Ò¥ Í¨²¨´¤·¨Î¥¸±¨¥ ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢Ò¸μ±μ° Ô´¥·£¨¨ Ö¢²ÖÕÉ¸Ö ÔËË¥±É¨¢´Ò³ ¤· °¢¥-
·μ³ ¤²Ö μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¥° ¸ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö ¢¥Ð¥¸É¢  ¸¢¥·Ì¶²μÉ´μ£μ ¸μ¸ÉμÖ´¨Ö. � ¡μÉ  ¶μ¸¢Ö-
Ð¥´  ¨§ÊÎ¥´¨Õ Ëμ·³¨·μ¢ ´¨Ö ¶μ²ÒÌ ¶ÊÎ±μ¢ ¸ ¶μ³μÐÓÕ ¶² §³¥´´μ° ²¨´§Ò. � ¸Î¥ÉÒ ¨ ¨§³¥·¥´¨Ö
¶·μ¢μ¤¨²¨¸Ó ¸ ¶ÊÎ±μ³ C+6 ¸ Ô´¥·£¨¥° 200 ŒÔ‚/ . ¥. ³. �·¨¢¥¤¥´  ´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢.

Hollow cylinder shaped beams of high energetic heavy ions are efˇcient drivers for implosion targets
to create matter in a highly compressed state. The work deals with the study of the formation of a
hollow beam in the plasma lens. Calculations and measurements were performed with a C+6 beam of
200 MeV/amu energy. The obtained results and analysis are reported.
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö  ±É¨¢´μ · §· ¡ ÉÒ¢ ¥É¸Ö ¶·¥¤²μ¦¥´´ Ö ¢ ˆ’�” ¸Ì¥³  ¶μ²ÊÎ¥´¨Ö
¸¢¥·Ì¶²μÉ´μ£μ ¸μ¸ÉμÖ´¨Ö ¢¥Ð¥¸É¢ , ¢ ±μÉμ·μ° Í¨²¨´¤·¨Î¥¸± Ö ®³¨Ï¥´Ó¯ (¢ Î ¸É´μ¸É¨,
Éμ¶²¨¢´Ò° Ô²¥³¥´É ˆ’‘) ¸¦¨³ ¥É¸Ö ¨ ®§ ¦¨£ ¥É¸Ö¯ ¶μ¸·¥¤¸É¢μ³ μ¡²ÊÎ¥´¨Ö ¶ÊÎ±μ³ ÉÖ-
¦¥²ÒÌ ¨μ´μ¢ [1]. � ¸¸³ É·¨¢ ÕÉ¸Ö ¤¢  ¸¶μ¸μ¡  μ¡²ÊÎ¥´¨Ö ±μ²ÓÍ¥¢μ£μ ¸²μÖ: ²¨¡μ ¶ÊÉ¥³

�¨¸. 1. ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö ¶² §³¥´´μ° ²¨´§Ò ´  ± ´ ²¥ ¢Ò¢μ¤ 



864 „·μ§¤μ¢¸±¨° �. �. ¨ ¤·.

¡Ò¸É·μ£μ ¢· Ð¥´¨Ö Éμ´±μ£μ ¶ÊÎ± , ²¨¡μ É·Ê¡Î ÉÒ³ ¶ÊÎ±μ³. „ ´´ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¨¸-
¸²¥¤μ¢ ´¨Õ Ëμ·³¨·μ¢ ´¨Ö É·Ê¡Î Éμ£μ ¶ÊÎ±  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶² §³¥´´μ° ²¨´§Ò. ‘Ì¥³ 
¶² §³¥´´μ° ²¨´§Ò ˆ’�” [2] ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. ”μ±Ê¸¨·μ¢±  ¨μ´´μ£μ ¶ÊÎ±  ¢ ¶² §-
³¥´´μ° ²¨´§¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¨³¶Ê²Ó¸´Ò° Éμ± ¶² §³¥´´μ£μ · §·Ö¤ 
¸μ§¤ ¥É  §¨³ÊÉ ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥, ¨ ´  ¨μ´Ò, ¢¢μ¤¨³Ò¥ ¢¤μ²Ó μ¸¨ ²¨´§Ò, ¤¥°¸É¢Ê¥É
Ëμ±Ê¸¨·ÊÕÐ Ö · ¤¨ ²Ó´ Ö ¸¨² . ‘É·Ê±ÉÊ·  Ëμ±Ê¸¨·ÊÕÐ¥£μ ¶μ²Ö ¢ ´¥° μ¶·¥¤¥²Ö¥É¸Ö
· ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ Éμ± . �  ·¨¸. 2 ¶μ± § ´  ¢·¥³¥´´ Ö · §¢¥·É±  Éμ±  · §·Ö¤ 
¨ ¸¢¥É¨³μ¸É¨ ¶² §³Ò. � ¸¶·¥¤¥²¥´¨¥ Éμ±  ¸ÊÐ¥¸É¢¥´´μ ¨§³¥´Ö¥É¸Ö ¢ É¥Î¥´¨¥ · §·Ö¤ 
¨ ¡μ²ÓÏÊÕ Î ¸ÉÓ ¢·¥³¥´¨ Ö¢²Ö¥É¸Ö ´¥μ¤´μ·μ¤´Ò³. �μÔÉμ³Ê ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¶² §³¥´´ Ö
²¨´§  Ö¢²Ö¥É¸Ö ´¥²¨´¥°´μ° ¨ ³μ¦¥É ¸ÊÐ¥¸É¢¥´´μ ¨§³¥´ÖÉÓ · ¸¶·¥¤¥²¥´¨¥ ¶μ¶¥·¥Î´μ°
¶²μÉ´μ¸É¨ Ëμ±Ê¸¨·Ê¥³μ£μ ¶ÊÎ± . �¥ ²Ó´μ¸ÉÓ ¶·¥μ¡· §μ¢ ´¨Ö μ¡ÒÎ´μ£μ ¨μ´´μ£μ ¶ÊÎ±  ¢
É·Ê¡Î ÉÒ° ¡Ò²  ¶·μ¤¥³μ´¸É·¨·μ¢ ´  Ô±¸¶¥·¨³¥´É ²Ó´μ ¢ GSI [3]. ˆ¸¸²¥¤μ¢ ´¨Ö, ¶·μ-
¢μ¤¨³Ò¥ ´  ¶² §³¥´´μ° ²¨´§¥ ˆ’�”, ¶μ¤É¢¥·¤¨²¨ ¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö É ±¨Ì ¶ÊÎ±μ¢
¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ·¥¦¨³μ¢ · ¡μÉÒ ²¨´§Ò. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò μÉμ¡· ¦¥´¨Ö ¶ÊÎ± 
¨μ´μ¢ ‘+6 ¸ Ô´¥·£¨¥° 200 ŒÔ‚/ . ¥. ³. ´  ¸Í¨´É¨²²ÖÉμ·¥ ´  · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨ÖÌ μÉ
¢ÒÌμ¤  ¨§ · §·Ö¤´μ° É·Ê¡±¨.

�¨¸. 2. � §¢¥·É±  ¢μ ¢·¥³¥´¨ ¸¢¥É¨³μ¸É¨ ¶² §³¥´´μ£μ ¸Éμ²¡  ( ) ¨ Éμ±  · §·Ö¤  (¡)

�¨¸. 3. ‘¢¥Î¥´¨¥ ¸Í¨´É¨²²ÖÉμ·  ¢ ·Ö¤¥ ¸¥Î¥´¨° É·Ê¡Î Éμ£μ ¶ÊÎ± 
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—¨¸²¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨, ÎÉμ μ¡Ö§ É¥²Ó´Ò³ Ê¸²μ¢¨¥³ ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±  ¸
¢´ÊÉ·¥´´¨³ ¶·μ¢ ²μ³ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ±¥·´  · ¸¶·¥¤¥²¥´¨Ö
· §·Ö¤´μ£μ Éμ±  ¢ ¶² §³¥´´μ° ²¨´§¥. ‚μ§´¨± ¥É ¢μ¶·μ¸: ± ±μ¥ · ¸¶·¥¤¥²¥´¨¥ Éμ±  ¶·¨-
¢μ¤¨É ± Ëμ·³¨·μ¢ ´¨Õ É·Ê¡Î Éμ£μ ¨μ´´μ£μ ¶ÊÎ± ? �´ ²¨§ ¶μ± § ², ÎÉμ ÔÉ  § ¤ Î  ³μ¦¥É
¡ÒÉÓ ·¥Ï¥´  ¢ ¶·¨¡²¨¦¥´¨¨ Éμ´±μ° ²¨´§Ò. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶ · ±¸¨ ²Ó´Ò° ¶ÊÎμ± ¸
´Ê²¥¢Ò³ Ô³¨ÉÉ ´¸μ³ ¶·¥μ¡· §Ê¥É¸Ö ¢ É·Ê¡Î ÉÒ°, ¥¸²¨ · ¸¶·¥¤¥²¥´¨¥  §¨³ÊÉ ²Ó´μ£μ ³ £-
´¨É´μ£μ ¶μ²Ö ¢ ¶² §³¥´´μ° ²¨´§¥ ¨³¥¥É ¢¨¤

B = a + br, (1)

£¤¥ a ¨ b Å ±μ´¸É ´ÉÒ. ’ ±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ²ÊÎ ¥É¸Ö, ¥¸²¨ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨
· §·Ö¤´μ£μ Éμ±  Ö¢²Ö¥É¸Ö ¸Ê¶¥·¶μ§¨Í¨¥° μ¤´μ·μ¤´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¨ ¸¨´£Ê²Ö·´μ£μ,
¸¶ ¤ ÕÐ¥£μ μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´μ · ¸¸ÉμÖ´¨Õ r μÉ μ¸¨ ²¨´§Ò:

j =
I0

πR2
+

Is

2πRr
. (2)

‡¤¥¸Ó R Å  ¶¥·ÉÊ·  ¶² §³¥´´μ° ²¨´§Ò, ¢ ¶·¥¤¥² Ì ±μÉμ·μ° ¶·μÉ¥± ¥É μ¤´μ·μ¤´Ò° Éμ±
I0 ¨ ¸¨´£Ê²Ö·´Ò° Is. ‚ ÔÉ¨Ì μ¡μ§´ Î¥´¨ÖÌ ¨³¥¥³

B = B0

(
r

R
+

Is

I0

)
, (3)

£¤¥ B0 Å ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö, μ¡Ê¸²μ¢²¥´´μ£μ μ¤´μ·μ¤´Ò³ Éμ±μ³ I0 ´  ±· Õ · §·Ö¤ 
· ¤¨Ê¸μ³ R. ‚ É ±μ° ²¨´§¥ ¶ÊÎμ± ¨μ´μ¢ Ëμ±Ê¸¨·Ê¥É¸Ö ¢ ±μ²ÓÍμ · ¤¨Ê¸μ³

ρ =
RIs

I0
(4)

´  · ¸¸ÉμÖ´¨¨ μÉ ²¨´§Ò

z =
RR
B0L

, (5)

£¤¥ L Å ¤²¨´  ²¨´§Ò,   R Å ¦¥¸É±μ¸ÉÓ ¶ÊÎ±  ¨μ´μ¢. �É³¥É¨³, ÎÉμ z0 · ¢´μ Ëμ±Ê¸´μ³Ê
· ¸¸ÉμÖ´¨Õ Éμ° ¦¥ ¶² §³¥´´μ° ²¨´§Ò ¢ μÉ¸ÊÉ¸É¢¨¥ ¸¨´£Ê²Ö·´μ° ¸μ¸É ¢²ÖÕÐ¥° Éμ± .
�  ·¨¸. 4 ¶μ± § ´  ± ·É¨´  É· ¥±Éμ·¨° ¶ÊÎ±  ¨μ´μ¢ ‘+6 ¸ Ô´¥·£¨¥° 200 ŒÔ‚/ . ¥. ³. „²Ö
· ¸¸³ É·¨¢ ¥³μ£μ ¶·¨¡²¨¦¥´¨Ö Éμ²Ð¨´  ±μ²ÓÍ¥¢μ£μ ¸²μÖ ¢ ¶²μ¸±μ¸É¨ z · ¢´  ´Ê²Õ.

�¨¸. 4. ’· ¥±Éμ·¨¨ ¶ÊÎ±  Ëμ±Ê¸¨·Ê¥³ÒÌ ¨μ´μ¢
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¨μ´μ¢ ¶·¨ ¤¨¸±·¥É´μ³ · ¸¶·¥¤¥²¥´¨¨ ( ) · §·Ö¤´μ£μ Éμ±  ¤²Ö

Ô³¨ÉÉ ´¸  � = 0 (¡) ¨ ¶·¨  ´ ²¨É¨Î¥¸±μ³ · ¸¶·¥¤¥²¥´¨¨ ¤²Ö � = 10 ³³ ·³· ¤ (¢). R = 1 ¸³,

L = 10 ¸³, z = 18 ¸³, ρ = 1 ¸³, Is/I0 = 1, Is + I0 = 100 ±A

�·¨ ¶μ²ÊÎ¥´¨¨ ¶μ²μ£μ ¶ÊÎ± , Ê¤μ¢²¥É¢μ·ÖÕÐ¥£μ ¶· ±É¨Î¥¸±¨³ É·¥¡μ¢ ´¨Ö³, ±μÉμ-
·Ò¥, ¥¸É¥¸É¢¥´´μ, ¤μ¶Ê¸± ÕÉ ´¥´Ê²¥¢Ò¥ §´ Î¥´¨Ö Éμ²Ð¨´Ò ±μ²ÓÍ¥¢μ£μ ¸²μÖ ¨ ¶²μÉ´μ¸É¨
Î ¸É¨Í ¢´ÊÉ·¨ ¶μ²μ¸É¨, · ¸¶·¥¤¥²¥´¨¥ · §·Ö¤´μ£μ Éμ±  ´¥ ¤μ²¦´μ ¡ÒÉÓ ¸Éμ²Ó Ô±¸É·¥³ ²Ó-
´Ò³. ’ ±, ¥¸²¨ · §³¥· μ¤´μ·μ¤´μ£μ ±¥·´  · §·Ö¤´μ£μ Éμ±  §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ · §³¥· 
¶ÊÎ± , Éμ ¨ Î¨¸²μ Î ¸É¨Í ¢´ÊÉ·¨ ¶μ²μ¸É¨ ¡Ê¤¥É ´¥§´ Î¨É¥²Ó´μ. �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò
· ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ Éμ±  ¨μ´μ¢ ¢ μ¡· §μ¢ ´´μ³ É·Ê¡Î Éμ³ ¶ÊÎ±¥ ¢ ¸²ÊÎ ¥ ¸ÉÊ¶¥´Î -
Éμ°  ¶¶·μ±¸¨³ Í¨¨ É¥μ·¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö · §·Ö¤´μ£μ Éμ±  ¢ ²¨´§¥ (2) ¸ ±¥·´μ³
· ¤¨Ê¸μ³ 0,1 R ¤²Ö ´Ê²¥¢μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ± ,   É ±¦¥ ¢ ¸²ÊÎ ¥  ´ ²¨É¨Î¥¸±μ£μ · ¸¶·¥-
¤¥²¥´¨Ö (2) ¤²Ö ·¥ ²Ó´μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ± .

Š ± ¢¨¤¨³, ÊÎ¥É ·¥ ²Ó´μ° ¢¥²¨Î¨´Ò Ë §μ¢μ£μ μ¡Ñ¥³  Ëμ±Ê¸¨·Ê¥³μ£μ ¶ÊÎ±  ´¨¢¥-
²¨·Ê¥É ÔËË¥±É μÉ²¨Î¨Ö ·¥ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö Éμ±  ¢ ¶² §³¥´´μ° ²¨´§¥ μÉ ³μ¤¥²¨
¨¤¥ ²Ó´μ° Éμ´±μ° ²¨´§Ò. Š ±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸ÊÐ¥¸É¢Ê¥É ¢ ·¥ ²Ó´μ¸É¨, ³μ¦´μ μÍ¥-
´¨ÉÓ ¶ÊÉ¥³ ¸· ¢´¥´¨Ö Ì · ±É¥·¨¸É¨± ¶ÊÎ± , ¶μ²ÊÎ¥´´μ£μ ¢ Ô±¸¶¥·¨³¥´É¥, ¸ · §²¨Î´Ò³¨
¢ ·¨ ´É ³¨ Î¨¸²¥´´ÒÌ ³μ¤¥²¥°.
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�μ¸²¥ Ê¸É ´μ¢±¨ ¶² §³¥´´μ° ²¨´§Ò ´  ± ´ ²¥ ¢Ò¢μ¤  ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¨§ Ê¸±μ-
·¨É¥²Ó´μ-´ ±μ¶¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ’‚� ˆ’�” ¡Ò²¨ ¶·μ¢¥¤¥´Ò μ¡§μ·´Ò¥ Ô±¸¶¥·¨³¥´-

�¨¸. 6. �¸Í¨²²μ£· ³³  Éμ±μ¢ ¶ÊÎ±  ¨μ´μ¢

(¢¥·Ì´ÖÖ ±·¨¢ Ö) ¨ ¶² §³¥´´μ£μ · §·Ö¤ 

É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ-
¢ ´¨Ö ²¨´§Ò ± ± ¤²Ö μ¸É·μ° Ëμ±Ê¸¨·μ¢±¨,
É ± ¨ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö É·Ê¡Î ÉÒÌ ¶ÊÎ±μ¢.
�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó-
´μ° Ê¸É ´μ¢±¨. � §·Ö¤´ Ö É·Ê¡±  ¨³¥¥É · §-
³¥·Ò R = 1 ¸³ ¨ L = 10 ¸³. „²¨É¥²Ó´μ¸ÉÓ
¨³¶Ê²Ó¸  Éμ±  ¶² §³¥´´μ£μ · §·Ö¤  ¸μ¸É ¢²Ö² 
5 ³±¸,   ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Éμ±  ¨μ´´μ£μ
¶ÊÎ±  0,3 ³±¸ (·¨¸. 6).

�¡Ð¨³ ¢Ò¢μ¤μ³ ¤²Ö ¶·μ¢¥¤¥´´ÒÌ ¨¸¸²¥¤μ¢ -
´¨° Ö¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ¥¥: §  ¢·¥³Ö ¶² §³¥´´μ£μ
· §·Ö¤  · ¸¶·¥¤¥²¥´¨¥ Éμ±  ´¥ Ê¸¶¥¢ ¥É ¸É ÉÓ
· ¢´μ³¥·´Ò³ ¶μ ¸¥Î¥´¨Õ · §·Ö¤´μ° É·Ê¡±¨. �·¨
μ¸É·μ° Ëμ±Ê¸¨·μ¢±¥ ÔÉμ ¶·μÖ¢²Ö¥É¸Ö ¢ Éμ³, ÎÉμ

¨§³¥·¥´´μ¥ Ëμ±Ê¸´μ¥ · ¸¸ÉμÖ´¨¥ ³¥´ÓÏ¥ · ¸Î¥É´μ£μ. ‚ Éμ ¦¥ ¢·¥³Ö ¶μÎÉ¨ ´  ¢¸¥° ¶μ-
²ÊÏ¨·¨´¥ ¨³¶Ê²Ó¸  · §·Ö¤´μ£μ Éμ±  ¶ÊÎμ± ¨μ´μ¢, ¢ÒÌμ¤ÖÐ¨° ¨§ ²¨´§Ò, ¸É ´μ¢¨É¸Ö ´ 



ˆ¸¸²¥¤μ¢ ´¨¥ Ëμ·³¨·μ¢ ´¨Ö É·Ê¡Î ÉÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢ ¶² §³¥´´μ° ²¨´§¥ 867

μ¶·¥¤¥²¥´´μ° ¤¨¸É ´Í¨¨ É·Ê¡Î ÉÒ³. �  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ, μÉ´μ¸ÖÐ¨¥¸Ö ±
Ëμ·³¨·μ¢ ´¨Õ É·Ê¡Î Éμ£μ ¶ÊÎ±  μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏμ£μ ¤¨ ³¥É· , ³¥´ÓÏ¥ 1 ¸³, ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¥£μ · §³¥· ³ Í¨²¨´¤·¨Î¥¸±μ° ³¨Ï¥´¨ ¤²Ö ˆ’‘ [4]. �·¨ ÔÉμ³ ¶² §³¥´´ Ö
²¨´§  · ¡μÉ ¥É ¶·¨ ¸· ¢´¨É¥²Ó´μ ´¥¡μ²ÓÏ¨Ì Éμ± Ì, I � 100 ±A, ¨ ¸ Ìμ·μÏ¨³ ¶·¨¡²¨-
¦¥´¨¥³ ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± Éμ´± Ö ²¨´§ .

	Ò²¨ ¶·μ¢¥¤¥´Ò Î¨¸²¥´´Ò¥ · ¸Î¥ÉÒ ¤¨´ ³¨±¨ ¶² §³Ò ¢´ÊÉ·¨ · §·Ö¤´μ° É·Ê¡±¨ ¶² §-
³¥´´μ° ²¨´§Ò ¨ μ¶·¥¤¥²¥´Ò · ¸¶·¥¤¥²¥´¨Ö Éμ±  ¢ ¶² §³¥. � ¸Î¥ÉÒ ¢¥²¨¸Ó ¢ μ¤´μ³¥·´μ³

�¨¸. 7. ‘¢¥Î¥´¨¥ ¸Í¨´É¨²²ÖÉμ·  ( ) ¨ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¨μ´μ¢ ¶·¨ Z = 230 ³³ ¢ ³μ³¥´ÉÒ

¢·¥³¥´¨ 2,3 ³±¸ ¶μ¸²¥ ´ Î ²  · §·Ö¤  (¡)

�¨¸. 8. � ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Éμ±  ¢ ¶² §³¥ ¨ ¸Ëμ±Ê¸¨·μ¢ ´´ÒÌ ¨μ´μ¢ ¶·¨ Z = 230 ³³ ¢

³μ³¥´ÉÒ ¢·¥³¥´¨ 1,3 ³±¸ ¶μ¸²¥ ´ Î ²  · §·Ö¤ , · ¸¸Î¨É ´´Ò¥ ¢ Œƒ„-¶·¨¡²¨¦¥´¨¨

�¨¸. 9. � ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¨μ´μ¢ ¶·¨ Z = 230 ³³ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¥³Ê · ¸¶·¥¤¥²¥´¨¥

· §·Ö¤´μ£μ Éμ± , ¶μ¤μ¡· ´´μ¥ · ¸Î¥É´Ò³ ¶ÊÉ¥³
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Œƒ„-¶·¨¡²¨¦¥´¨¨ [5]. �·¨Éμ± ¢¥Ð¥¸É¢  ¢ ¶² §³Ê ¨§-§  ¨¸¶ ·¥´¨Ö ³ É¥·¨ ²  ¸É¥´±¨
· §·Ö¤´μ° É·Ê¡±¨ ÊÎ¨ÉÒ¢ ²¸Ö ¢ ¶·¥¤¶μ²μ¦¥´¨¨ ¶·¥´¥¡·¥¦¨³μ ³ ²ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ ´ 
¨¸¶ ·¥´¨¥. � ¸¸Î¨É ´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ Éμ±  ¢ ¶² §³¥ ¨ ¨μ´μ¢ ¢ ¸Ëμ±Ê¸¨·μ-
¢ ´´μ³ ¶ÊÎ±¥ ¢ ³μ³¥´É μ¡· §μ¢ ´¨Ö ¶¨´Î  ¶² §³¥´´μ£μ · §·Ö¤  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 8.

� ¨¡μ²¥¥  ¤¥±¢ É´Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ μ± § ²μ¸Ó · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ-
¸É¨ ¨μ´μ¢ ¢ ¸Ëμ±Ê¸¨·μ¢ ´´μ³ ¶ÊÎ±¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ³μ³¥´ÉÊ μ¡· §μ¢ ´¨Ö ¶² §³¥´´μ£μ
¶¨´Î . ’μ£¤  ± ± ¤²Ö ³μ³¥´É  ³ ±¸¨³Ê³  · §·Ö¤´μ£μ Éμ±  · ¸¶·¥¤¥²¥´¨¥ ¸¨²Ó´μ μÉ²¨-
Î ¥É¸Ö μÉ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ (·¨¸. 7). �  ·¨¸. 9 ¶μ± § ´μ, ± ±μ£μ É¨¶  · ¸¶·¥¤¥²¥´¨¥
· §·Ö¤´μ£μ Éμ±  ¤ ¥É Ëμ±Ê¸¨·ÊÕÐ¨° ÔËË¥±É, ¡²¨§±¨° ± Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê. ‚¨¤¨³μ,
¢±² ¤ Éμ± , μ¡Ê¸²μ¢²¥´´μ£μ ¨¸¶ ·¥´¨¥³ ¸É¥´±¨, §´ Î¨É¥²Ó´μ ¶·¥¢μ¸Ìμ¤¨É · ¸Î¥É´ÊÕ ¢¥-
²¨Î¨´Ê.

�‘��‚�›… �…‡“‹œ’�’›

‚ ¤ ´´μ° ±μ´Ë¨£Ê· Í¨¨ ¶² §³¥´´μ° ²¨´§Ò ¢ μ¡² ¸É¨ ³ ±¸¨³ ²Ó´μ° ¢¥²¨Î¨´Ò · §-
·Ö¤´μ£μ Éμ±  ¶μ¸²¥¤´¨° ¸μ¸·¥¤μÉμÎ¥´ ¢μ ¢´ÊÉ·¥´´¥° Î ¸É¨ ¸¥Î¥´¨Ö. �μÔÉμ³Ê ²¨´§  ¤ ¦¥
¢ μ¡² ¸É¨ ³ ±¸¨³Ê³  · §·Ö¤´μ£μ Éμ±  Ö¢²Ö¥É¸Ö ´¥²¨´¥°´μ° ¶·¨ ¨´¦¥±Í¨¨ ¢ ´¥¥ ¶ÊÎ± ,
¶μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ±μÉμ·μ£μ ¸μ¢¶ ¤ ¥É ¸ · §³¥·μ³ · §·Ö¤´μ° É·Ê¡±¨.

�μ²ÊÎ¥´Ò É¥μ·¥É¨Î¥¸±¨¥ § ¢¨¸¨³μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö · §·Ö¤´μ£μ Éμ±  ¢ ²¨´§¥ ¤²Ö
Ëμ·³¨·μ¢ ´¨Ö ¨¤¥ ²Ó´ÒÌ É·Ê¡Î ÉÒÌ ¶ÊÎ±μ¢ ¸ § ¤ ´´Ò³¨ ¶ · ³¥É· ³¨.

�±¸¶¥·¨³¥´É ²Ó´μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö É·Ê¡Î ÉÒÌ ¶ÊÎ±μ¢
¨μ´μ¢ ¸ · §³¥· ³¨, É·¥¡Ê¥³Ò³¨ ¤²Ö μ¡²ÊÎ¥´¨Ö Í¨²¨´¤·¨Î¥¸±μ° ³¨Ï¥´¨ ˆ’‘.

‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨° ¶² §³¥´´μ° ²¨´§Ò ¢ GSI ¨ ˆ’�” ¶μ± §Ò¢ ÕÉ,
ÎÉμ ¢¨¤ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö · §·Ö¤´μ£μ Éμ±  ¸¨²Ó´μ § ¢¨¸¨É μÉ
¤²¨É¥²Ó´μ¸É¨ · §·Ö¤ , £¥μ³¥É·¨Î¥¸±¨Ì ¨ ¤·Ê£¨Ì ¶ · ³¥É·μ¢ ²¨´§Ò. �Éμ ¶μ§¢μ²Ö¥É ´ ¤¥-
ÖÉÓ¸Ö ´  ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ£μ É·Ê¡Î Éμ£μ ¶ÊÎ±  ¤²Ö ¨³¶²μ§¨¨ ³¨Ï¥´¨ ¢
¨³¶Ê²Ó¸´μ³ É¥·³μÖ¤¥·´μ³ ·¥ ±Éμ·¥.

�² §³¥´´ Ö ²¨´§  Ö¢²Ö¥É¸Ö Ìμ·μÏ¨³ ¨´¸É·Ê³¥´Éμ³ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸μ¢ ¢
¶¨´Î¥¢μ³ ¶² §³¥´´μ³ · §·Ö¤¥, ¶μ§¢μ²ÖÕÐ¥³ μ¸ÊÐ¥¸É¢²ÖÉÓ ÉμÎ´Ò¥ ¨§³¥·¥´¨Ö ¡¥§ ¢²¨Ö´¨Ö
´  ÔÉ¨ ¶·μÍ¥¸¸Ò.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ Ë¥¤¥· ²Ó´μ£μ  £¥´É¸É¢  ¶μ  Éμ³´μ°
Ô´¥·£¨¨ (±μ´É· ±É �.4¥. 45.03.09.1085).
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