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‚Ò¶μ²´¥´ · ¸Î¥É ¢Ò¢μ¤  ¶ÊÎ±  ·¥£¥´¥· É¨¢´Ò³ ³¥Éμ¤μ³ ¨§ Ë §μÉ·μ´  �ˆŸˆ ¶·¨ ¶μ³μÐ¨
¸¶¥Í¨ ²Ó´μ ¸μ§¤ ´´μ° ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò. �·¥¤¢ ·¨É¥²Ó´Ò¥ · ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ ÔËË¥±-
É¨¢´μ¸ÉÓ ¢Ò¢μ¤  ´¥ ³μ¦¥É ¶·¥¢ÒÏ ÉÓ 40%.

The proton beam regenerative extraction from the JINR Phasotron is examined with the specially
prepared computer code for beam dynamic simulation. The beam extraction efˇciency in the preliminary
calculations was found to be more than 40%.

PACS: 29.20.-c

„²Ö ¢Ò¢μ¤  ¶ÊÎ±  ¨§ ¸¨´Ì·μÍ¨±²μÉ·μ´  μ¡ÒÎ´μ ¶·¨³¥´Ö¥É¸Ö ·¥£¥´¥· É¨¢´Ò° ³¥-
Éμ¤ · ¤¨ ²Ó´ÒÌ ±μ²¥¡ ´¨° [1, 2]. ‚ ÔÉμ³ ³¥Éμ¤¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ²μ± ²Ó´Ò¥ (¶μ  §¨-
³ÊÉÊ ¨ · ¤¨Ê¸Ê) ´¥μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö ¶ · ³¥É·¨Î¥¸±μ£μ ·¥§μ´ ´¸´μ£μ
¢μ§¡Ê¦¤¥´¨Ö (· ¸± Î±¨) · ¤¨ ²Ó´ÒÌ ±μ²¥¡ ´¨° ¢¡²¨§¨ · ¢´μ£μ ¥¤¨´¨Í¥ §´ Î¥´¨Ö Î -
¸ÉμÉÒ · ¤¨ ²Ó´ÒÌ ±μ²¥¡ ´¨°. ’¥μ·¨Ö ³¥Éμ¤  ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ · §¢¨É  É·Ê¤ ³¨
‚.�. „³¨É·¨¥¢¸±μ£μ [3, 4]. ˆ§ [4], ¢ Î ¸É´μ¸É¨, ¸²¥¤Ê¥É, ÎÉμ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¢Ò¡μ·μ³
¶ · ³¥É·μ¢ ´¥μ¤´μ·μ¤´μ¸É¥° ³ £´¨É´μ£μ ¶μ²Ö (μ¡ÒÎ´μ ¨Ì ¤¢¥: ¢μ§¡Ê¤¨É¥²Ó P Å μ¡² ¸ÉÓ
¸ μÉ·¨Í É¥²Ó´Ò³ £· ¤¨¥´Éμ³ ³ £´¨É´μ£μ ¶μ²Ö ¨ ·¥£¥´¥· Éμ· R Å μ¡² ¸ÉÓ ¸ ¶μ²μ¦¨É¥²Ó-
´Ò³ £· ¤¨¥´Éμ³ ³ £´¨É´μ£μ ¶μ²Ö) ³μ¦´μ ¤μ¡¨ÉÓ¸Ö ´¥Ê¸Éμ°Î¨¢μ¸É¨ · ¤¨ ²Ó´ÒÌ ±μ²¥¡ -
´¨° ¶·¨ ¸μÌ· ´¥´¨¨ Ê¸Éμ°Î¨¢μ¸É¨  ±¸¨ ²Ó´ÒÌ. �·¨ ÔÉμ³ Î ¸ÉμÉ  · ¤¨ ²Ó´ÒÌ ±μ²¥¡ ´¨°
¸³¥Ð ¥É¸Ö ¢ μ¡² ¸ÉÓ ·¥§μ´ ´¸  νr ≈ 1,    ³¶²¨ÉÊ¤  Ê¢¥²¨Î¨¢ ¥É¸Ö ¶μ Ô±¸¶μ´¥´Í¨ ²Ó´μ³Ê
§ ±μ´Ê ¸ ¨´±·¥³¥´Éμ³ λ, ±μÉμ·Ò° μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨¥³

ch λ = cos (ϑ1 + ϑ2) −
TP + TR

2ν
sin (ϑ1 + ϑ2) +

TPTR

2ν2
sin ϑ1 sin ϑ2, (1)

£¤¥ ν Å Î ¸ÉμÉ  · ¤¨ ²Ó´ÒÌ ±μ²¥¡ ´¨°; TP,R =
r∂B

B∂r
ΔϕP,R Å ®¸¨²Ò¯ ¢μ§¡Ê¤¨É¥²Ö ¨

·¥£¥´¥· Éμ· ; ϑ1 = νϕ, ϑ2 = ν(2π − ϕ), ϕ Å Ê£²μ¢μ¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¢μ§¡Ê¤¨É¥²¥³ ¨
·¥£¥´¥· Éμ·μ³.

“· ¢´¥´¨¥ (1) ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¶·¥¤¢ ·¨É¥²Ó´μ£μ ¢Ò¡μ·  ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò · ¸-
± Î±¨.

Šμ´¥Î´μ, μ±μ´Î É¥²Ó´Ò° ¢Ò¡μ· ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò ¢Ò¢μ¤  ¨ μ¶·¥¤¥²¥´¨¥ ¥¥ ÔËË¥±-
É¨¢´μ¸É¨ É·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¨ ³μ¤¥²¨·μ¢ ´¨Ö.



� ¸Î¥É Ê¸±μ·¥´¨Ö ¨ ¢Ò¢μ¤  ¶ÊÎ±  ¨§ Ë §μÉ·μ´  �ˆŸˆ 641

�  ·¨¸. 1 ¶μ± § ´μ · §³¥Ð¥´¨¥ ¸¨¸É¥³Ò ¢Ò¢μ¤  ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ Ë §μÉ·μ´ . �²¥-
³¥´ÉÒ ¸¨¸É¥³Ò ¢Ò¢μ¤  (¢μ§¡Ê¤¨É¥²Ó, ·¥£¥´¥· Éμ· ¨ ¸¥±Í¨¨ ± ´ ² ) ³μ£ÊÉ ¶¥·¥³¥Ð ÉÓ¸Ö
¢¤μ²Ó · ¤¨Ê¸  ´¥§ ¢¨¸¨³μ ¤·Ê£ μÉ ¤·Ê£ . Š ´ ² ¢Ò¢μ¤  ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì ¸¥±Í¨°. �¥·¢ Ö
¸¥±Í¨Ö Å ¦¥²¥§´μ-Éμ±μ¢ Ö ¸ Éμ²Ð¨´μ° ¸¥¶ÉÊ³  4 ³³. �  ·¨¸. 2 ¤ ´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò
¢μ§¡Ê¤¨É¥²Ö ¨ ·¥£¥´¥· Éμ· .

�¨¸. 1. ‘Ì¥³  · §³¥Ð¥´¨Ö ¸¨¸É¥³Ò ¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨§ Ë §μÉ·μ´ . P Å ¢μ§¡Ê¤¨É¥²Ó; R Å

·¥£¥´¥· Éμ·; I, II, III, IV Å ¸¥±Í¨¨ ± ´ ²  ¢Ò¢μ¤ 

�¨¸. 2. Œ £´¨É´μ¥ ¶μ²¥ ¢μ§¡Ê¤¨É¥²Ö (a) ¨ ·¥£¥´¥· Éμ·  (¡) (1) ¨ ¥£μ £· ¤¨¥´É (2)

“¸±μ·¥´¨¥ ¶ÊÎ± ,   É ±¦¥ ¥£μ Ì · ±É¥·¨¸É¨±¨ ¶·¨ § ¡·μ¸¥ ´  ¢Ìμ¤ ¢Ò¢μ¤´μ° ¸¨¸É¥³Ò
· ¸¸Î¨ÉÒ¢ ²¨¸Ó ¶μ ¸¶¥Í¨ ²Ó´μ ¸μ§¤ ´´μ° ¶·μ£· ³³¥ ¤²Ö · ¸Î¥É  ¤¨´ ³¨±¨ Î ¸É¨Í ¢
Í¨±²μÉ·μ´ Ì ¨ Ë §μÉ·μ´ Ì.
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‚ ¶·μ£· ³³¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ¶μ²´Ò¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö [5] § ·Ö¦¥´´μ°
Î ¸É¨ÍÒ ¢ Í¨²¨´¤·¨Î¥¸±μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É:

r̈ = rϕ̇2 +
qc2

E

[
εr − rϕ̇Bz + żBϕ − ṙ

c2
(ṙεr + rϕ̇εϕ + żεz)

]
,

z̈ =
qc2

E

[
εz + rϕ̇Br − ṙBϕ − ż

c2
(ṙεr + rϕ̇εϕ + żεz)

]
,

ϕ̈ = −2ṙϕ̇

r
+

qc2

rE

[
εϕ + ṙBz − żBr −

rϕ̇

c2
(ṙεr + rϕ̇εϕ + żεz)

]
,

£¤¥ r, ϕ, z Å ±μμ·¤¨´ ÉÒ Î ¸É¨ÍÒ; Br, Bϕ, Bz , εr, εϕ, εz Å ±μ³¶μ´¥´ÉÒ ³ £´¨É-
´μ£μ ¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²¥°; q Å § ·Ö¤ Î ¸É¨ÍÒ; c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; E Å ¶μ²´ Ö
Ô´¥·£¨Ö Î ¸É¨ÍÒ, ÉμÎ±  ´ ¤ ±μμ·¤¨´ É ³¨ μ§´ Î ¥É ¤¨ËË¥·¥´Í¨·μ¢ ´¨¥ ¶μ ¢·¥³¥´¨. „²Ö
¨´É¥£·¨·μ¢ ´¨Ö Ê· ¢´¥´¨° ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ �Ê´£¥ÄŠÊÉÉ  Î¥É¢¥·Éμ£μ ¶μ·Ö¤± . Œ £´¨É-
´μ¥ ¶μ²¥ ¢¢μ¤¨É¸Ö ¢ ¶·μ£· ³³Ê ¢ ¢¨¤¥ ± ·ÉÒ Bz(r, ϕ) ¢ ¸·¥¤´¥° ¶²μ¸±μ¸É¨ Ê¸±μ·¨É¥²Ö.
“¸±μ·ÖÕÐ¥¥ ¶μ²¥ μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³

εRF
ϕ,z = εmax

ϕ,z cos

⎛
⎝2π

t∫
0

f(t) dt + ψ

⎞
⎠ ,

£¤¥ f(t) Å Î ¸ÉμÉ´ Ö ¶·μ£· ³³  Ë §μÉ·μ´  (¤²Ö ¸²ÊÎ Ö Í¨±²μÉ·μ´  ÔÉμ ±μ´¸É ´É ); ψ Å
¸É ·Éμ¢ Ö Ë §  Î ¸É¨ÍÒ. „²Ö · ¸Î¥É   ³¶²¨ÉÊ¤ εmax

ϕ , εmax
z ¨¸¶μ²Ó§Ê¥É¸Ö  ´ ²¨É¨Î¥¸±μ¥

¶·¥¤¸É ¢²¥´¨¥ [6]. �  ± ¦¤μ³ Ï £¥ ¨´É¥£·¨·μ¢ ´¨Ö Î ¸É¨Í  ¶·¨μ¡·¥É ¥É ¨²¨ É¥·Ö¥É
Ô´¥·£¨Õ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸μ §´ ±μ³ ¢Ò· ¦¥´¨Ö

Δw = q(ṙεr + rϕ̇εϕ + żεz)Δt,

£¤¥ Δt Å Ï £ ¨´É¥£·¨·μ¢ ´¨Ö. ” °² ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ ¶·μ£· ³³Ò ¸μ¤¥·¦¨É ± ·ÉÊ
³ £´¨É´μ£μ ¶μ²Ö, μ¶¨¸ ´¨¥ £¥μ³¥É·¨¨ ¨ Î ¸ÉμÉ´μ° ¶·μ£· ³³Ò Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò,  
É ±¦¥ ¸É ·Éμ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ¢ ¢μ¸Ó³¨³¥·´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥ (r, dr/dϕ,
z, dz/dϕ, ϕ, ψ, f , w), £¤¥ (dr/dϕ, dz/dϕ) Å ¶·μ¨§¢μ¤´Ò¥ ¶μ¶¥·¥Î´ÒÌ ±μμ·¤¨´ É ¶μ
 §¨³ÊÉ ²Ó´μ³Ê Ê£²Ê ϕ. ‘É ·Éμ¢μ¥ ¶μ²μ¦¥´¨¥ Î ¸É¨Í μ¡· §Ê¥É μ¤¨´ ¡ ´Î.

‚ ± ·ÉÊ ³ £´¨É´μ£μ ¶μ²Ö ¡Ò²¨ ¢´¥¸¥´Ò ¢μ§³ÊÐ¥´¨Ö, ¸μ§¤ ¢ ¥³Ò¥ ¢μ§¡Ê¤¨É¥²¥³ ¨
·¥£¥´¥· Éμ·μ³ ¢ §μ´¥ ¢Ò¢μ¤  ¶ÊÎ± .

	 ´Î ¨§ 2000 Î ¸É¨Í Ê¸±μ·Ö²¸Ö (¡¥§ ÊÎ¥É  ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ± ) μÉ · ¤¨Ê¸ 
∼ 100 ¸³ (´ Î ²Ó´Ò° ´ ¡μ· Î ¸É¨Í (·¨¸. 3) ¡Ò² ¢§ÖÉ ¨§ · ¸Î¥É  Ê¸±μ·¥´¨Ö ¶·¨ ¶¥·¢ÒÌ
3000 μ¡μ·μÉμ¢ ¸ ÊÎ¥Éμ³ ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ± ) ¤μ ³¥¸É  · ¸± Î±¨ · ¤¨-
 ²Ó´ÒÌ ±μ²¥¡ ´¨° ¨ § ¡·μ¸  ¢ ¢Ò¢μ¤´ÊÕ ¸¨¸É¥³Ê. ‚¥·É¨± ²Ó´Ò° ¶·μË¨²Ó ¶ÊÎ±  ¶μ± § ´
´  ·¨¸. 4.

�  ·¨¸. 5 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö ¶¥·¢μ£μ ¨μ´  ¢ ¡ ´Î¥ μÉ ´μ³¥· 
μ¡μ·μÉ  ¨ Î ¸ÉμÉ´ Ö ¶·μ£· ³³  Ë §μÉ·μ´ . •μ·μÏμ ¢¨¤´Ò ¸¨´Ì·μÉ·μ´´Ò¥ ±μ²¥¡ ´¨Ö,
¶¥·¨μ¤ ±μÉμ·ÒÌ ¸μ¸É ¢²Ö¥É ∼ 600 μ¡μ·μÉμ¢.

�  ·¨¸. 6 ¶μ± § ´Ò · ¸¸Î¨É ´´Ò¥ ´  μ¸´μ¢¥  ´ ²¨§  ± ·ÉÒ ¶μ²Ö,   É ±¦¥  ´ ²¨§ 
¢¥·É¨± ²Ó´μ£μ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¶·¨ Ê¸±μ·¥´¨¨ Î ¸ÉμÉÒ ¢¥·É¨± ²Ó´ÒÌ ¡¥É É·μ´´ÒÌ ±μ-
²¥¡ ´¨°, · ¸Î¥É´Ò¥ ¤ ´´Ò¥ ¶μ Qz ¸μ£² ¸ÊÕÉ¸Ö ¸ ÉμÎ´μ¸ÉÓÕ ∼ 10%.
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�¨¸. 3. � Î ²Ó´Ò¥ ¤ ´´Ò¥ ¡ ´Î  Î ¸É¨Í ´  ¶²μ¸±μ¸ÉÖÌ (r, z) (a) ¨ (x, y) (¡), ¨¸¶μ²Ó§Ê¥³Ò¥ ¢

· ¸Î¥É¥ Ê¸±μ·¥´¨Ö

�¨¸. 4. ‚¥·É¨± ²Ó´Ò° ¶·μË¨²Ó ¶ÊÎ±  ¶·¨ Ê¸±μ·¥´¨¨. z-±μμ·¤¨´ ÉÒ Î ¸É¨Í ¸´¨³ ²¨¸Ó μ¤¨´ · § § 

μ¡μ·μÉ

�¨¸. 5. — ¸ÉμÉ  μ¡· Ð¥´¨Ö 1-£μ ¨μ´  ¢ ¡ ´Î¥ (1) ¢ § ¢¨¸¨³μ¸É¨ μÉ ´μ³¥·  μ¡μ·μÉ  ¨ Î ¸ÉμÉ´ Ö
¶·μ£· ³³  Ë §μÉ·μ´  (2)
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�¨¸. 6. ‡ ¢¨¸¨³μ¸É¨ · ¸¸Î¨É ´´ÒÌ ´  μ¸´μ¢¥  ´ ²¨§  ± ·ÉÒ ¶μ²Ö (a),   É ±¦¥  ´ ²¨§  ¢¥·É¨± ²Ó-
´μ£μ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¶·¨ Ê¸±μ·¥´¨¨ (¡) Î ¸ÉμÉ ¢¥·É¨± ²Ó´ÒÌ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° μÉ ¸·¥¤´¥£μ

· ¤¨Ê¸  μ·¡¨ÉÒ

„²Ö ¶μ²ÊÎ¥´¨Ö ¶μ·É·¥É  ¶ÊÎ±  ´  ¢Ìμ¤¥ ¢ ¦¥²¥§´μ-Éμ±μ¢ÊÕ ¸¥±Í¨Õ (†’‘) (·¨¸. 7Ä
10) ³μ¤¥²¨·μ¢ ²μ¸Ó Ê¸±μ·¥´¨¥ ¡ ´Î  Î ¸É¨Í ¤μ ±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢. ‡ É¥³ ¶·μ¢μ¤¨²¸Ö
 ´ ²¨§ · ¤¨ ²Ó´μ£μ ¶μ²μ¦¥´¨Ö ± ¦¤μ° Î ¸É¨ÍÒ ´   §¨³ÊÉ¥ ¢Ìμ¤  ¢ †’‘: μ´  ¶μ¶ ¤ ² 
´  ¦¥²¥§´μ-Éμ±μ¢ÊÕ ¶² ¸É¨´Ê ²¨¡μ ´  ¢Ìμ¤ †’‘, ²¨¡μ ´  ¥¥ ¸¥¶ÉÊ³. …¸²¨ · ¤¨Ê¸ Î ¸É¨ÍÒ

�¨¸. 7. �μ²μ¦¥´¨¥ Î ¸É¨Í ´  · ¤¨ ²Ó´μ° Ë §μ¢μ° ¶²μ¸±μ¸É¨, ±μÉμ· Ö ¸μμÉ¢¥É¸É¢Ê¥É  §¨³ÊÉÊ ¢Ìμ¤ 

¢ ¸¨¸É¥³Ê ¢Ò¢μ¤ 



� ¸Î¥É Ê¸±μ·¥´¨Ö ¨ ¢Ò¢μ¤  ¶ÊÎ±  ¨§ Ë §μÉ·μ´  �ˆŸˆ 645

�¨¸. 8. �μ²μ¦¥´¨¥ Î ¸É¨Í ´  ¶²μ¸±μ¸É¨ rÄz, ±μÉμ· Ö ¸μμÉ¢¥É¸É¢Ê¥É ¢Ìμ¤Ê ¢ †’‘

�¨¸. 9. �μ²μ¦¥´¨¥ Î ¸É¨Í ´   ±¸¨ ²Ó´μ° Ë §μ¢μ° ¶²μ¸±μ¸É¨ ´  ¢Ìμ¤¥ ¢ †’‘

�¨¸. 10. �´¥·£¥É¨Î¥¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í, ¶μ¶ ¢Ï¨Ì ¢  ¶¥·ÉÊ·Ê †’‘

¡Ò² ³¥´ÓÏ¥ · ¤¨Ê¸  · ¸¶μ²μ¦¥´¨Ö ¸¥¶ÉÊ³ , Éμ μ´  Ê¸±μ·Ö² ¸Ó ¤ ²ÓÏ¥ ¤μ ¶μ¶ ¤ ´¨Ö ¢
μ¤´Ê ¨§ Ê± § ´´ÒÌ μ¡² ¸É¥°.

ˆ§ 2000 Î ¸É¨Í, ±μÉμ·Ò¥ ¶·¨´¨³ ²¨¸Ó ¢ · ¸Î¥É, ¶μ¸²¥ ¶·¨³¥·´μ 37 000 μ¡μ·μÉμ¢
¶μ¶ ²  ¢ ¸¥¶ · É·¨¸Ê ¨ ¡Ò²  § ¡·μÏ¥´  ´  ¢Ìμ¤ ¢ ¸¨¸É¥³Ê ¢Ò¢μ¤  1951 (98 %) Î ¸É¨Í .
49 (2 %) Î ¸É¨Í ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö ¨ § ¡·μ¸  ¢Ò¶ ²¨ ¨§ ¸¥¶ · É·¨¸Ò, ¢μ§³μ¦´μ, ¨§-§ 
¢μ§¡Ê¦¤¥´¨Ö ¸²¨Ï±μ³ ¡μ²ÓÏ¨Ì · ¤¨ ²Ó´ÒÌ  ³¶²¨ÉÊ¤. �μ²μ¦¥´¨¥ Î ¸É¨Í ´  · ¤¨ ²Ó´μ°
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Ë §μ¢μ° ¶²μ¸±μ¸É¨, ±μÉμ· Ö ¸μμÉ¢¥É¸É¢Ê¥É ¢Ìμ¤Ê ¢ †’‘, ¶μ± § ´μ ´  ·¨¸. 7. ˆ§ 1951 Î -
¸É¨ÍÒ, § ¡·μÏ¥´´μ° ´  ¶²μ¸±μ¸ÉÓ ¢Ìμ¤  ¢ ¸¨¸É¥³Ê ¢Ò¢μ¤ , 857 (43% μÉ ¸É ·Éμ¢ ¢Ï¨Ì
¢ · ¸Î¥É¥) ¶μ¶ ²¨ ¢  ¶¥·ÉÊ·Ê †’‘, 241 (13 %) Î ¸É¨Í  μ± § ² ¸Ó ´  Éμ·Í¥ ¸¥¶ÉÊ³  ¨
814 (42 %) Î ¸É¨Í ¶μÉ¥·Ö²¨¸Ó ´  ¶·μÉ¨¢μ¶μ²μ¦´μ° ¶² ¸É¨´¥ †’‘.

�μ¶¥·¥Î´Ò¥ ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ Ô³¨ÉÉ ´¸Ò ¶ÊÎ± , ¶μ¶ ¢Ï¥£μ ¢  ¶¥·ÉÊ·Ê †’‘, μ± -
§ ²¨¸Ó · ¢´Ò³¨ εr = 25π ·³³ ·³· ¤, εz = 8π ·³³ ·³· ¤. ’ ±¨³ μ¡· §μ³, ÔËË¥±É¨¢´μ¸ÉÓ
Ê¸±μ·¥´¨Ö ¢ Ë §μÉ·μ´¥ �ˆŸˆ ³μ¦´μ μÍ¥´¨ÉÓ ± ± ∼ 40%. „²Ö ¶μ²´μ° μÍ¥´±¨ ÔËË¥±-
É¨¢´μ¸É¨ Ê¸±μ·¥´¨Ö ¨ ¢Ò¢μ¤  ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ · ¸Î¥É ¶·μÌμ¦¤¥´¨Ö ¶ÊÎ±  Î¥·¥§
¢Ò¢μ¤´ÊÕ ¸¨¸É¥³Ê Ë §μÉ·μ´ .
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