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‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö · ¸Î¥É ¸É Í¨μ´ ·´ÒÌ ¶μ²¥° ¢ É·¥Ì³¥·´μ° μ¡² ¸É¨ ¢ ²μ¢ÊÏ±¥
�¥´´¨´£ ÄŒ ²³¡¥·£ Ä‘Ê·±μ Ê¸É ´μ¢±¨ LEPTA ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³´μ£μ ¶ ±¥É  DAISI.
’ ±¦¥ · ¸¸³ É·¨¢ ¥É¸Ö · ¸Î¥É RW ¶μ²Ö ¢ ÔÉμ° ²μ¢ÊÏ±¥ ¨ ¥£μ  ¶¶·μ±¸¨³ Í¨Ö.

In this paper we discuss computation of stationary and RW ˇelds of PenningÄMalmbergÄSurko trap,
which was calculated by DAISI code on 3d grid. We also discuss approximation of RW ˇeld.
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�¤´μ° ¨§  ±ÉÊ ²Ó´ÒÌ § ¤ Î ¸μ¢·¥³¥´´μ° Ë¨§¨±¨ Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ Ë¨§¨Î¥¸±¨Ì
¸¢μ°¸É¢ ¶μ§¨É·μ´´ÒÌ ¶ÊÎ±μ¢. �·μ¥±É LEPTA (Low Energy Particle Toroidal Accumulator)
´ ¶· ¢²¥´ ´  ¨¸¸²¥¤μ¢ ´¨Ö ¢ ÔÉμ° μ¡² ¸É¨. „²Ö Ê¤¥·¦ ´¨Ö ¨ ´ ±μ¶²¥´¨Ö  ´É¨¢¥Ð¥¸É¢  ¨¸-
¶μ²Ó§ÊÕÉ¸Ö Ô²¥±É·μ³ £´¨É´Ò¥ ²μ¢ÊÏ±¨. � ¨¡μ²¥¥ · ¸¶·μ¸É· ´¥´´μ° ²μ¢ÊÏ±μ° Ö¢²Ö¥É¸Ö
²μ¢ÊÏ±  �¥´´¨´£ ÄŒ ²³¡¥·£ . ‘ Í¥²ÓÕ ¶μ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ²μ¢ÊÏ±¨ Š.‘Ê·±μ
¡Ò²μ ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¡ÊË¥·´Ò° £ §, ±μÉμ·Ò° ¸¶μ¸μ¡¸É¢Ê¥É μÌ² ¦¤¥´¨Õ Î ¸É¨Í
¨ ¶μ¢ÒÏ¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ ´ ±μ¶²¥´¨Ö §  ¸Î¥É · §´μ¸É¨ ¤ ¢²¥´¨Ö £ § . ’ ±¦¥ ¡Ò²μ
¢´¥¤·¥´μ ®¢· Ð ÕÐ¥¥¸Ö ¶μ²¥¯, ¸¶μ¸μ¡¸É¢ÊÕÐ¥¥ ¸¦ É¨Õ ¶ÊÎ± . �¥¸³μÉ·Ö ´  μ£·μ³´μ¥
· §¢¨É¨¥ ²μ¢ÊÏ¥±, ´¥ ¢¸¥ ¶·μÍ¥¸¸Ò, ¢²¨ÖÕÐ¨¥ ´  ´ ±μ¶²¥´¨¥ Î ¸É¨Í, ¨§ÊÎ¥´Ò. —¨-
¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ Î ¸É¨Í ¨ ¶μ²¥° ¢ ²μ¢ÊÏ±¥ ¶μ§¢μ²¨É μ¶É¨³¨§¨·μ¢ ÉÓ
¶·μÍ¥¸¸ ´ ±μ¶²¥´¨Ö ¶μ§¨É·μ´μ¢.

‹μ¢ÊÏ±  �¥´´¨´£ ÄŒ ²³¡¥·£ Ä‘Ê·±μ, ¨¸¶μ²Ó§ÊÕÐ Ö¸Ö ¢ Ê¸É ´μ¢±¥ LEPTA [1], ¸μ-
¸Éμ¨É ¨§ ¢μ¸Ó³¨ Ô²¥±É·μ¤μ¢ (·¨¸. 1). �²¥±É·μ¤Ò IÄIII ¶·¥¤´ §´ Î¥´Ò ¤²Ö ¶μ¤¤¥·¦ ´¨Ö
· §´μ¸É¨ ¤ ¢²¥´¨° ¡ÊË¥·´μ£μ £ §  ´  ±μ´Í Ì ²μ¢ÊÏ±¨, μ¸ÊÐ¥¸É¢²ÖÕÐ¥£μ μÌ² ¦¤¥´¨¥
Î ¸É¨Í ¶μ¸·¥¤¸É¢μ³ ´¥Ê¶·Ê£¨Ì ¸Éμ²±´μ¢¥´¨° ¶μ ¶ÊÉ¨ ¢ μ¡² ¸ÉÓ Ô²¥±É·μ¤μ¢ IVÄVI, £¤¥ ¨

�¨¸. 1. ‘Ì¥³  ²μ¢ÊÏ±¨ ¢ Ê¸É ´μ¢±¥ LEPTA
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�¸´μ¢´Ò¥ ¶ · ³¥É·Ò Ô²¥±É·μ¤μ¢ ²μ¢ÊÏ±¨
LEPTA

�²¥±É·μ¤
„¨ ³¥É·, „²¨´ , �μÉ¥´Í¨ ²,

³³ ³³ ‚

I 12 50 44,8

II 12,7 500 40,5

III 30 495 32,9

IV 200 160 20

V 200 160 20

VI 200 160 20

VII 200 160 100

VIII 200 20 100

¶·μ¨¸Ìμ¤¨É μ¸´μ¢´μ¥ ´ ±μ¶²¥´¨¥ ¶μ§¨É·μ-
´μ¢. „²Ö Ê¢¥²¨Î¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ´ ±μ¶-
²¥´¨Ö ¢ ¤ ´´μ° ²μ¢ÊÏ±¥ ¶·¨³¥´Ö¥É¸Ö ®¢· -
Ð ÕÐ¥¥¸Ö ¶μ²¥¯ [2, 3]. �ÉμÉ ³¥Éμ¤ § ±²Õ-
Î ¥É¸Ö ¢ Éμ³, ÎÉμ ± ¸É Í¨μ´ ·´μ³Ê ¶μ²Õ
¤μ¡ ¢²Ö¥É¸Ö Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, ¢· Ð Õ-
Ð¥¥¸Ö ¢ ¶¥·¶¥´¤¨±Ê²Ö·´μ° ± μ¸¨ ²μ¢ÊÏ±¨
¶²μ¸±μ¸É¨. „²Ö ¥£μ ·¥ ²¨§ Í¨¨ Ô²¥±É·μ¤ IV
¶·μ¤μ²Ó´μ · §¤¥²¥´ ´  Î¥ÉÒ·¥ ¸¥£³¥´É . � 
± ¦¤Ò° ¨§ ´¨Ì ¶μ¤ ¥É¸Ö ¶¥·¥³¥´´μ¥ ´ ¶·Ö-
¦¥´¨¥  ³¶²¨ÉÊ¤μ° 1 ‚ ¸ · §´¨Í¥° ¶μ Ë §¥
¢ 90◦ ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¸¥£³¥´É ³¨. �¸´μ¢-
´Ò¥ ¶ · ³¥É·Ò Ô²¥±É·μ¤μ¢ ²μ¢ÊÏ±¨ ¶·¥¤-
¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

1. ��‘’���‚Š� ‡�„�—ˆ

�Ê¸ÉÓ G = G∪∂G Å § ³±´ÊÉ Ö μ¡² ¸ÉÓ, £¤¥ ∂G = Γ1∪Γ2 ∪Γ3 ∪Γ4 ∪Γ5 ∪Γ6 ∪Γ7 Å
£· ´¨Í  μ¡² ¸É¨, Γ1 − Γ6 ¸μμÉ¢¥É¸É¢ÊÕÉ £· ´¨Î´Ò³ Ê¸²μ¢¨Ö³ „¨·¨Ì²¥,   Γ7 Å �¥°³ ´ 
(·¨¸. 2), U Å ¶μÉ¥´Í¨ ² Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. �μÉ¥´Í¨ ² ¶μ²Ö Ê¤μ¢²¥É¢μ·Ö¥É Ê· ¢´¥´¨Õ
‹ ¶² ¸  ¢ ¤¥± ·Éμ¢ÒÌ ±μμ·¤¨´ É Ì (x, y, z)

∂2U

∂x2
+

∂2U

∂y2
+

∂2U

∂z2
= 0, (x, y, z) ∈ G. (1)

“· ¢´¥´¨Ö ¤²Ö ±μ³¶μ´¥´É ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö Ex, Ey ¨ Ez ¨³¥ÕÉ ¢¨¤

Ex = −∂U

∂x
, Ey = −∂U

∂y
, Ez = −∂U

∂z
, (x, y, z) ∈ G. (2)

�ËË¥±É¨¢´μ¸ÉÓ ²μ¢ÊÏ±¨ μ¶·¥¤¥²Ö¥É¸Ö ³ ±¸¨³ ²Ó´Ò³ ±μ²¨Î¥¸É¢μ³ Î ¸É¨Í, Ê¤¥·¦¨¢ -
¥³Ò³ ²μ¢ÊÏ±μ° ¢ μ¡² ¸É¨ ´ ±μ¶²¥´¨Ö Î ¸É¨Í. �¸´μ¢´ Ö ÊÉ¥Î±  ¶μ§¨É·μ´μ¢ ¨§ ²μ¢ÊÏ±¨
¶·μ¨¸Ìμ¤¨É Î¥·¥§ μ¡² ¸ÉÓ ¨´¦¥±Í¨¨. �μÔÉμ³Ê ´ ¨¡μ²ÓÏ¨° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É μ¡² ¸ÉÓ
´ ±μ¶²¥´¨Ö ¶μ§¨É·μ´μ¢ (μ¡² ¸ÉÓ Ô²¥±É·μ¤μ¢ IVÄVI),   É ±¦¥ μ¡² ¸ÉÓ, Î¥·¥§ ±μÉμ·ÊÕ ¶·μ-
¨¸Ìμ¤¨É ¨´¦¥±Í¨Ö ¶μ§¨É·μ´μ¢ ¢ ´ ±μ¶¨É¥²Ó´μ¥ ±μ²ÓÍμ (μ¡² ¸ÉÓ Ô²¥±É·μ¤μ¢ VIIÄVIII).

„²Ö ·¥Ï¥´¨Ö ¡Ò² ¢Ò¡· ´ ³¥Éμ¤ ±μ´¥Î´ÒÌ · §´μ¸É¥° ¸μ ¸Ì¥³μ° ±·¥¸É. „²Ö ¶μ¢ÒÏ¥´¨Ö
ÉμÎ´μ¸É¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ³¥Éμ¤ ®·¥§ ´ÒÌ ÖÎ¥¥±¯ [6]. Œ¥Éμ¤ ·¥§ ´ÒÌ ÖÎ¥¥± § ±²ÕÎ ¥É¸Ö ¢
¨¸¶μ²Ó§μ¢ ´¨¨ ´¥·¥£Ê²Ö·´μ° ±μ´¥Î´μ-· §´μ¸É´μ° ¸Ì¥³Ò ¤²Ö ¶·¨£· ´¨Î´ÒÌ ÉμÎ¥±. ‚ ¸²Ê-
Î ¥, ±μ£¤  μ¤´  ¨§ ÉμÎ¥± ¸Ì¥³Ò ±·¥¸É Ö¢²Ö¥É¸Ö £· ´¨Î´μ°, ¢ÒÎ¨¸²Ö¥É¸Ö · ¸¸ÉμÖ´¨¥ ¤μ
¸μμÉ¢¥É¸É¢ÊÕÐ¥° ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ¸¥É±¨ ¨ £· ´¨ÍÒ μ¡² ¸É¨. ’ ±¨³ μ¡· §μ³, · ¸¸ÉμÖ-
´¨Ö ³¥¦¤Ê ÉμÎ± ³¨ ¸Ì¥³Ò ±·¥¸É ³μ£ÊÉ ¡ÒÉÓ · §²¨Î´Ò³¨ (·¨¸. 3).

“· ¢´¥´¨¥ ‹ ¶² ¸  ¤²Ö ±μ´¥Î´μ° · §´μ¸É´μ° ¸Ì¥³Ò ±·¥¸É ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤ 
·¥§ ´ÒÌ ÖÎ¥¥± ¶·¨´¨³ ¥É ¢¨¤

2Uleft

hleft(hleft + hright)
+

2Uright

hright(hleft + hright)
+

2Uup

hup(hup + hdown)
+

+
2Udown

hdown(hup + hdown)
+

Uright − U0

r × hright
− 2U0

huphdown
− 2U0

huphdown
= 0. (3)



� ¸Î¥É ¶μ²¥° ¢ É·¥Ì³¥·´μ° μ¡² ¸É¨ ¢ ²μ¢ÊÏ±¥ �¥´´¨´£ ÄŒ ²³¡¥·£ Ä‘Ê·±μ 651

�¨¸. 2. � ¸Î¥É´ Ö μ¡² ¸ÉÓ ¢ ¶·μ¤μ²Ó´μ³ · §·¥§¥.
Γ1 ¸μμÉ¢¥É¸É¢Ê¥É Ô²¥±É·μ¤Ê III, Γ2 Å Ô²¥±É·μ¤Ê

IV, Γ3 Å Ô²¥±É·μ¤Ê V, Γ4 Å Ô²¥±É·μ¤Ê VI,
Γ5 Å Ô²¥±É·μ¤Ê VII, Γ6 Å Ô²¥±É·μ¤Ê VIII

�¨¸. 3. �·¨³¥· ¸Ì¥³Ò ±·¥¸É ¤²Ö ¶·¨£· ´¨Î´μ°
ÉμÎ±¨

� ¸Î¥É ¶·μ¨§¢μ¤¨²¸Ö ¢ ¶·μ£· ³³´μ³ ¶ ±¥É¥ DAISI [4,5]. ‚ ´¥³ ·¥ ²¨§μ¢ ´Ò μ¶¨¸ ´-
´Ò¥ ¢ÒÏ¥ ³¥Éμ¤Ò · ¸Î¥É  ¶μ²¥°.

2. �…‡“‹œ’�’› ��‘—…’�

� ¸Î¥É ¶μ²¥° ¶·μ¨§¢¥¤¥´ ´  ¸¥É±¥ ¸ μ¤¨´ ±μ¢Ò³ ¶μ ¢¸¥³ μ¸Ö³ Ï £μ³ 0,5 ³³.
�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μÉ¥´Í¨ ²μ¢ ¸É Í¨μ´ ·´μ£μ ¨ ¢· Ð ÕÐ¥£μ¸Ö ¶μ²¥° ¶·¥¤¸É -

¢²¥´Ò μÉ¤¥²Ó´μ ¤·Ê£ μÉ ¤·Ê£  ¨§-§  · §²¨Î´ÒÌ ¤¨ ¶ §μ´μ¢ §´ Î¥´¨°.
�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò ¶μÉ¥´Í¨ ²Ò ¸É Í¨μ´ ·´μ£μ (·¨¸.  ) ¨ ¢· Ð ÕÐ¥£μ¸Ö (·¨¸. ¡)

¶μ²¥° ¢ ¶²μ¸±μ¸É¨, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ μ¸Ó ²μ¢ÊÏ±¨, ± ± ¶μ± § ´μ ´  ·¨¸. 4, ¢.

�¨¸. 4. �μÉ¥´Í¨ ²Ò ¸É Í¨μ´ ·´μ£μ ( ) ¨ ¢· Ð ÕÐ¥£μ¸Ö (¡) ¶μ²¥° ¢ Ô²¥±É·μ¤ Ì IVÄVIII ¢ ¶·μ¤μ²Ó-

´μ° ¶²μ¸±μ¸É¨ ´  μ¸¨ ²μ¢ÊÏ±¨ (¢)
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�¨¸. 5. �μÉ¥´Í¨ ²Ò ¸É Í¨μ´ ·´μ£μ ( ) ¨ ¢· Ð ÕÐ¥£μ¸Ö (¡) ¶μ²¥° ¢ ¸¥·¥¤¨´¥ Ô²¥±É·μ¤  IV ¢ ¶μ-
¶¥·¥Î´μ° ¶²μ¸±μ¸É¨ (¢)

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò ¶μÉ¥´Í¨ ²Ò ¸É Í¨μ´ ·´μ£μ (·¨¸.  ) ¨ ¢· Ð ÕÐ¥£μ¸Ö (·¨¸. ¡)
¶μ²¥° ¢ ¶²μ¸±μ¸É¨, ¶·μÌμ¤ÖÐ¥° ¶¥·¶¥´¤¨±Ê²Ö·´μ μ¸¨ ²μ¢ÊÏ±¨ ¸ ¶¥·¥¸¥Î¥´¨¥³ ²μ¢ÊÏ±¨
¢ ¸¥·¥¤¨´¥ Ô²¥±É·μ¤  IV, ± ± ¶μ± § ´μ ´  ·¨¸. 5, ¢.

3. �����Š‘ˆŒ�–ˆŸ ‚��™�	™…ƒ�‘Ÿ ��‹Ÿ

�·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¤¨´ ³¨±¨ ´¥μ¡Ìμ¤¨³μ · ¸¸Î¨ÉÒ¢ ÉÓ ¢· Ð ÕÐ¥¥¸Ö ¶μ²¥ ´  ± -
¦¤μ³ Ï £¥ ¨´É¥£·¨·μ¢ ´¨Ö ¢¸²¥¤¸É¢¨¥ ¨§³¥´¥´¨Ö £· ´¨Î´ÒÌ Ê¸²μ¢¨°. ˆ§ μ¶¨¸ ´¨Ö ¸²¥-
¤Ê¥É, ÎÉμ ±μ³¶μ´¥´ÉÒ ´ ¶·Ö¦¥´´μ¸É¨ ¢· Ð ÕÐ¥£μ¸Ö ¶μ²Ö Erw

x ¨ Erw
y ³μ¦´μ § ¶¨¸ ÉÓ ± ±

Erw
x = Erw cos (φ), (4)

Erw
y = Erw sin (φ), (5)

£¤¥ φ Å Ë §  ¢· Ð ÕÐ¥£μ¸Ö ¶μ²Ö; Erw Å  ³¶²¨ÉÊ¤  ¢· Ð ÕÐ¥£μ¸Ö ¶μ²Ö, ±μÉμ· Ö
§ ¢¨¸¨É Éμ²Ó±μ μÉ ±μμ·¤¨´ ÉÒ z. �Éμ ¶μ§¢μ²Ö¥É  ¶¶·μ±¸¨³¨·μ¢ ÉÓ Erw ¶μ²¨´μ³μ³ 4-°
¸É¥¶¥´¨ ¨ § ³¥´¨ÉÓ · ¸Î¥É ´  ¸¥É±¥ Ëμ·³Ê² ³¨ (4), (5).

�·¨ ¸· ¢´¥´¨¨ ¤¨´ ³¨±¨ Î ¸É¨Í ¶·¨ · §²¨Î´ÒÌ ¸¶μ¸μ¡ Ì · ¸Î¥É  ¢· Ð ÕÐ¥£μ¸Ö ¶μ²Ö
¸ÊÐ¥¸É¢¥´´ÒÌ · §²¨Î¨° ¢ ·¥§Ê²ÓÉ É Ì ´¥ ¡Ò²μ ¢ÒÖ¢²¥´μ.

‡�Š‹	—…�ˆ…

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶μ²¥° ¢ ²μ¢ÊÏ±¥ �¥´´¨´£ ÄŒ ²³¡¥·£ Ä
‘Ê·±μ Ê¸É ´μ¢±¨ LEPTA. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ³μ¤¥²¨-
·μ¢ ´¨Ö ¤¨´ ³¨±¨ ¶μ§¨É·μ´μ¢ ¢ ²μ¢ÊÏ±¥. „²Ö ÔÉμ£μ ¢ · ¡μÉ¥ ¡Ò²  ¢Ò¶μ²´¥´  μ¶É¨³¨§ -
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Í¨Ö · ¸Î¥É  ¶μ²¥° ¶ÊÉ¥³ · §¤¥²¥´¨Ö ¢ÒÎ¨¸²¥´¨° ¸É Í¨μ´ ·´μ£μ ¨ ¢· Ð ÕÐ¥£μ¸Ö ¶μ²¥°,
  É ±¦¥ § ³¥´μ° · ¸Î¥É  ´  ¸¥É±¥ ¢· Ð ÕÐ¥£μ¸Ö ¶μ²Ö  ¶¶·μ±¸¨³ Í¨μ´´Ò³¨ Ëμ·³Ê² ³¨.
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