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‚¸¥·μ¸¸¨°¸±¨° Ô²¥±É·μÉ¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ Å Ë¨²¨ ² ”ƒ“� �”Ÿ–-‚�ˆˆ’”, Œμ¸±¢ 

„²Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ¸ Ô²²¨¶É¨Î¥¸±¨³ ¸¥Î¥´¨¥³ ´  μ¸´μ¢ ´¨¨ ³μ¤¥²¨, μÉ²¨Î´μ° μÉ ±² ¸-
¸¨Î¥¸±μ£μ ¢ ·¨ ´É , · ¸¸Î¨É ´  ±μ´Ë¨£Ê· Í¨Ö É· ±É  É· ´¸¶μ·É¨·μ¢±¨ ¶·¨ ¢Ò¸μ±μ³ §´ Î¥´¨¨ ±μ-
ÔËË¨Í¨¥´É  § ¶μ²´¥´¨Ö ± ´ ² .

For intense elliptic beams of charged particles, the drift-tube cross-section with high value of
beam/tube areas ratio is calculated using a new approach which differs from the classical one.

PACS: 41.85.Ct

‚ ²¨É¥· ÉÊ·¥ [1Ä3] Ìμ·μÏμ ¨§¢¥¸É´μ ¢Ò· ¦¥´¨¥ ¤²Ö ¶μÉ¥´Í¨ ²  ¢ ¶ÊÎ±¥ Ô²²¨¶É¨Î¥-
¸±μ£μ ¸¥Î¥´¨Ö ¸ · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´´Ò³ ¶·μ¸É· ´¸É¢¥´´Ò³ § ·Ö¤μ³ ρ,   É ±¦¥ ¤²Ö
¸²ÊÎ Ö ¶·μ¨§¢μ²Ó´μ° § ¢¨¸¨³μ¸É¨ ρ = ρ(λ2

0) [4]

λ2
0 =

x2

a2
+

y2

b2
, a > b, (1)

£¤¥ a, b Å ¶μ²Êμ¸¨ ¸¥Î¥´¨Ö; Î¥·¥§ A, B μ¡μ§´ Î¨³ ¢¥·Ï¨´Ò Ô²²¨¶¸ .
�¥Ï¥´¨¥ ¢ ² ¶² ¸μ¢¸±μ° μ¡² ¸É¨ ¤²Ö ÔÉμ£μ ¸²ÊÎ Ö ¶·¨¢¥¤¥´μ ¢ [4] ¢ ¢¨¤¥ ±¢ ¤· ÉÊ·,

  ¶·¨ ¶μ²¨´μ³¨ ²Ó´μ° § ¢¨¸¨³μ¸É¨ ρ(λ2
0) ¢Ò· ¦¥´μ ¢ Ô²¥³¥´É ·´ÒÌ ËÊ´±Í¨ÖÌ ¢ · -

¡μÉ¥ [5].
“¶μ³Ö´ÊÉÒ¥ ³μ¤¥²¨ · ¡μÉ ÕÉ Éμ²Ó±μ ¸ Ê· ¢´¥´¨¥³ �Ê ¸¸μ´  ¨ ¨³¥ÕÉ ¸³Ò¸² ¶·¨

· ¸¸³μÉ·¥´¨¨ ¶·μ¡²¥³Ò É· ´¸¶μ·É¨·μ¢±¨, ±μ£¤  ¶ÊÎμ± ¤¢¨¦¥É¸Ö ¸ ¶μ¸ÉμÖ´´μ° ¶·μ¤μ²Ó-
´μ° ¸±μ·μ¸ÉÓÕ, §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ÕÐ¥° ¸±μ·μ¸ÉÓ ¶μ¶¥·¥Î´μ£μ ¶¥·¥³¥Ð¥´¨Ö § ·Ö¤μ¢.
‹¥£Î¥ ¢¸¥£μ ÔÉμ Ê¸²μ¢¨¥ ¢Ò¶μ²´Ö¥É¸Ö, ¶μ-¢¨¤¨³μ³Ê, ¢ ¸²ÊÎ ¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸±μ·μ¸É¥°
¶·¨ Ë¨±¸¨·μ¢ ´´μ° ¶²μÉ´μ¸É¨ ρ. ’¥³ ´¥ ³¥´¥¥ ¢ ²¨É¥· ÉÊ·¥ ¢¸É·¥Î ÕÉ¸Ö ¢ ·¨ ´ÉÒ
¸ Ê¸±μ·¥´´Ò³ ¤¢¨¦¥´¨¥³ (´ ¶·¨³¥·, ¢ [3]), ±μ£¤  ¶μÉ¥´Í¨ ² ¢ ¶μÉμ±¥ ¢ ¶ · ±¸¨ ²Ó´μ³
¶·¨¡²¨¦¥´¨¨ μ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³

ϕi = U − 1
4
(U ′′ − ρ)

[
(x2 + y2) − a − b

a + b
(x2 − y2)

]
, (2)
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£¤¥ U(z) Å ¶μÉ¥´Í¨ ² ´  μ¸¨; ¶μÉ¥´Í¨ ² ¢ (2) ´μ·³¨·μ¢ ´ ´  ¢¥²¨Î¨´Ê Φ = |e/m|V 2,
e/m Å Ê¤¥²Ó´Ò° § ·Ö¤ Î ¸É¨ÍÒ, V Å Ì · ±É¥·´ Ö ¸±μ·μ¸ÉÓ. ‚ ·¥²ÖÉ¨¢¨¸É¸±μ³ ¸²ÊÎ ¥
V = c, c Å ¸±μ·μ¸ÉÓ ¸¢¥É , ¶·¨ ³ ²ÒÌ ¸±μ·μ¸ÉÖÌ Ê¤μ¡´μ ¸Î¨É ÉÓ V 2 = 2|e/m|ϕ0,
ϕ0 Å ¶μÉ¥´Í¨ ² ´  μ¸¨ ¶ÊÎ± . �μ¸±μ²Ó±Ê ´ ¸ ¨´É¥·¥¸Ê¥É ± ·É¨´  ¶μ²Ö ¢ ¶μ¶¥·¥Î´μ³
¸¥Î¥´¨¨, ¡Ê¤¥³ μÉ¸Î¨ÉÒ¢ ÉÓ ¶μÉ¥´Í¨ ² μÉ ϕ0,   ¡¥§· §³¥·´ÊÕ ¶²μÉ´μ¸ÉÓ ρ, ±μÉμ· Ö ¨£· ¥É
·μ²Ó ³ ¸ÏÉ ¡´μ£μ ±μÔËË¨Í¨¥´É , ¡¥§ μ£· ´¨Î¥´¨Ö μ¡Ð´μ¸É¨ ¶μ²μ¦¨³ · ¢´μ° ¥¤¨´¨Í¥;
¢ ± Î¥¸É¢¥ ¥¤¨´¨ÍÒ ¤²¨´Ò ¢Ò¡¥·¥³ ³¥´ÓÏÊÕ ¶μ²Êμ¸Ó Ô²²¨¶¸  b.

�·¥¤¸É ¢²¥´¨¥ (2) ´¥ ¸μμÉ¢¥É¸É¢Ê¥É  ¸¨³¶ÉμÉ¨Î¥¸±μ° É¥μ·¨¨ ¶ · ±¸¨ ²Ó´ÒÌ ¶μÉμ±μ¢
¸ ³ ²Ò³ £¥μ³¥É·¨Î¥¸±¨³ ¶ · ³¥É·μ³ ε, μ¶¨¸Ò¢ ÕÐ¨³ Ê§μ¸ÉÓ § ´ÖÉμ° § ·Ö¤ ³¨ μ¡² ¸É¨
¨ ®³¥¤²¥´´μ¸ÉÓ¯ ¶·μ¤μ²Ó´μ° ¢ ·¨ Í¨¨ ¶μÉ¥´Í¨ ²  (¸³., ´ ¶·¨³¥·, [6]), ¸μ£² ¸´μ ±μÉμ-
·μ° ¢Éμ· Ö ¶·μ¨§¢μ¤´ Ö U ′′ ¨³¥¥É ¢Éμ·μ° ¶μ·Ö¤μ± ³ ²μ¸É¨, ± ± ¨ ±¢ ¤· É ¶μ¶¥·¥Î´μ°
¸±μ·μ¸É¨ ¢ ¨´É¥£· ²¥ Ô´¥·£¨¨.

‚ · ¡μÉ¥ [7] μÉ³¥Î¥´μ, ÎÉμ ±¢ ¤·Ê¶μ²Ó´Ò° Î²¥´ ¢ Ëμ·³Ê²¥ (2), ¢¢¥¤¥´´Ò° ¶·¨ · ¸¸³μ-
É·¥´¨¨ Ô²²¨¶É¨Î¥¸±μ£μ Í¨²¨´¤·  ¢ ¡¥¸±μ´¥Î´μ³ ¶·μ¸É· ´¸É¢¥ ¶·¨ É·¥¡μ¢ ´¨¨ ²μ£ ·¨Ë-
³¨Î¥¸±μ° μ¸μ¡¥´´μ¸É¨ Ê ² ¶² ¸μ¢¸±μ£μ ¶μÉ¥´Í¨ ²  ϕe ¢´¥ ¶ÊÎ±  [1Ä4], ´¥ ¨³¥¥É ¸³Ò¸² 
¶·¨ · ¸¸³μÉ·¥´¨¨ ¶· ±É¨Î¥¸±¨Ì § ¤ Î μ Ëμ·³¨·μ¢ ´¨¨, Ê¸±μ·¥´¨¨ ¨ ¶μ¢¥¤¥´¨¨ ¶ÊÎ±  ¢
É· ±É¥ É· ´¸¶μ·É¨·μ¢±¨, É ± ± ± ¢ ÔÉ¨Ì ¸²ÊÎ ÖÌ Ê¸²μ¢¨¥ ´  ¡¥¸±μ´¥Î´μ¸É¨ § ³¥´Ö¥É¸Ö
±· ¥¢Ò³¨ Ê¸²μ¢¨Ö³¨ ´  ¸É¥´±¥ ± ´ ²  ¨²¨ ´ Î ²Ó´Ò³¨ ¤ ´´Ò³¨ ´  £· ´¨Í¥ ¶ÊÎ± .

�·¥¤¸É ¢²¥´¨¥ (2) ¶μ ¸ÊÉ¨ ¢ μ£· ´¨Î¥´´μ° μ¡² ¸É¨ ¶·¥¤² £ ¥É · ¸¸³ É·¨¢ ÉÓ Ô²-
²¨¶É¨Î¥¸±¨° ¶ÊÎμ± ´¥ ¢ ¸¢μ¡μ¤´μ³ μÉ ¶μ²¥° ¶·μ¸É· ´¸É¢¥,   ¢μ ¢´¥Ï´¥³ ±¢ ¤·Ê¶μ²¥,
Ê´¨ÎÉμ¦ ÕÐ¥³ ´  ¡¥¸±μ´¥Î´μ¸É¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶ÊÎ±Ê ±¢ ¤·Ê¶μ²Ó ¨ ¤¥² ÕÐ¥³ £² ¢-
´Ò³ Î²¥´μ³ ¢ ¢Ò· ¦¥´¨¨ ¤²Ö ϕe ²μ£ ·¨Ë³¨Î¥¸±μ¥ ¸² £ ¥³μ¥ 1. �¡μ§´ Î¨³ ¨´É¥´¸¨¢´μ¸ÉÓ
¢¢¥¤¥´´μ£μ É ±¨³ μ¡· §μ³ ±¢ ¤·Ê¶μ²Ö ¨´¤¥±¸μ³ K [1]:

CK = −a − b

a + b
. (3)

‘²¥¤¸É¢¨¥³ ÔÉμ£μ ¶μ¤Ìμ¤  Ö¢²Ö¥É¸Ö ·¥§±μ¥ ¨§³¥´¥´¨¥ ¶μÉ¥´Í¨ ²  ¢ a/b · § ´  ±μ´ÉÊ·¥
¨ ¡Ò¸É·μ¥ ¸É·¥³²¥´¨¥ Ô±¢¨¶μÉ¥´Í¨ ²¥° ¢´¥ ¶ÊÎ±  ± μ±·Ê¦´μ¸ÉÖ³, ¤ ²¥±μ μÉ¸ÉμÖÐ¨³ μÉ
¢¥·Ï¨´Ò ‚ Ô²²¨¶¸ . �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´ ¶ÊÎμ± ¸ μÉ´μÏ¥´¨¥³ ¶μ²Êμ¸¥° a/b = 5,
¶μÉ¥´Í¨ ²μ³ ¢ ¢¥·Ï¨´ Ì 2,1, 0,42 ¨ Ô±¢¨¶μÉ¥´Í¨ ²Ó ϕ = 5,5 (a/b = 1,22), ±μÉμ· Ö
³μ¦¥É μ¶·¥¤¥²ÖÉÓ Ëμ·³Ê ± ´ ²  É· ´¸¶μ·É¨·μ¢±¨ [5].

‚ ³μ´μ£· Ë¨¨ [2] ¶·¨¢¥¤¥´ ¥Ð¥ μ¤¨´ ¶·¨³¥· ¨¸¶μ²Ó§μ¢ ´¨Ö ¢´¥Ï´¥£μ ±¢ ¤·Ê¶μ²Ö:
¶·¨ ¨´É¥´¸¨¢´μ¸É¨

CL = −a2 − b2

a2 + b2
(4)

¶μÉ¥´Í¨ ² ´  ±μ´ÉÊ·¥ ¶μ¸ÉμÖ´¥´. �¢Éμ· ¸Î¨É ¥É, ÎÉμ ÔÉμÉ ¸²ÊÎ ° ®´¥ ¶·¥¤¸É ¢²Ö¥É ¸Ê-
Ð¥¸É¢¥´´μ£μ ¶· ±É¨Î¥¸±μ£μ ¨´É¥·¥¸ ¯, É ± ± ± ¶·¨ ÔÉμ³ ®¸É¥´±¨ ± ³¥·Ò ¢¶²μÉ´ÊÕ ¶·¨-
²¥£ ÕÉ ± ¶ÊÎ±Ê¯. �Éμ ÊÉ¢¥·¦¤¥´¨¥ ´¥ ¸μ¢¸¥³ ¶μ²´μ¥: ¢¢¥¤¥´¨¥ ¶μ²Ö (4) ¨§³¥´Ö¥É ±μ´-
Ë¨£Ê· Í¨Õ Ô±¢¨¶μÉ¥´Í¨ ²¥° ¢´¥ ¶ÊÎ± . �  μ¸¨ x ¶μÖ¢²Ö¥É¸Ö ÉμÎ±  x∗ ¸ ³ ±¸¨³Ê³μ³

1�·¨ μÉ± §¥ μÉ ²μ£ ·¨Ë³¨Î¥¸±μ° μ¸μ¡¥´´μ¸É¨ ·¥Ï¥´¨¥ ¤²Ö ¶μÉ¥´Í¨ ²  ϕe ¨³¥¥É ±¢ ¤·Ê¶μ²Ó´Ò° Ì · ±É¥· ¸
´ ¶·Ö¦¥´´μ¸ÉÓÕ, ´¥μ£· ´¨Î¥´´μ ¢μ§· ¸É ÕÐ¥° ¶·¨ Ê¤ ²¥´¨¨ μÉ ¶ÊÎ± . �Éμ ¶μ²¥ ´¥ ¸μ§¤ ¥É¸Ö ¸ ³¨³¨ § ·Ö¤ ³¨,
ÎÉμ ¡Ò²μ ¡Ò  ¡¸Ê·¤μ³: ¤²Ö ¶μ¤¤¥·¦ ´¨Ö ¢Ò¡· ´´μ° Ô²²¨¶É¨Î¥¸±μ° Ëμ·³Ò ¸¥Î¥´¨Ö, ´ Ìμ¤Ö¸Ó ´  ¡¥¸±μ´¥Î´μ³
Ê¤ ²¥´¨¨ μÉ ¶μÉμ± , ´¥μ¡Ìμ¤¨³μ · ¸¶μ² £ ÉÓ ¡¥¸±μ´¥Î´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³.
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�¨¸. 1. �ÊÎμ± ¸ μÉ´μÏ¥´¨¥³ ¶μ²Êμ¸¥° a/b = 5, ¶μÉ¥´Í¨ ²μ³ ¢ ¢¥·Ï¨´ Ì 2,1, 0,42 ¨ Ô±¢¨¶μÉ¥´Í¨ ²Ó
ϕ = 5,5 (a/b = 1,22)

�¨¸. 2. �±¢¨¶μÉ¥´Í¨ ²¨ ¢´¥ ¶ÊÎ± 

¶μÉ¥´Í¨ ²  ϕ∗ ¨ Ô±¢¨¶μÉ¥´Í¨ ²Ó-¸¥¶ · É·¨¸  ϕ = ϕ∗ (·¨¸. 2), μÌ¢ ÉÒ¢ ÕÐ Ö Ô²²¨¶É¨-
Î¥¸±¨° ±μ´ÉÊ·. Š ± μ´ , É ± ¨ · ¸¶μ²μ¦¥´´Ò¥ ¶μ¤ ´¥° Ô±¢¨¶μÉ¥´Í¨ ²¨ ³μ£²¨ ¡Ò ¡ÒÉÓ
¨¸¶μ²Ó§μ¢ ´Ò ¢ ± Î¥¸É¢¥ ¸É¥´μ± ± ´ ² , μ¤´ ±μ ±·¨¢ Ö ϕ = ϕ∗ · ¸¶μ²μ¦¥´  ¸²¨Ï±μ³
¡²¨§±μ ± ¢¥·Ï¨´¥ ‚ ¨ ¤μ¸É ÉμÎ´μ ¤ ²¥±μ μÉ ¢¥·Ï¨´Ò �. �·¨ a = 5, b = 1 ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨¥ ±μμ·¤¨´ ÉÒ y∗, x∗ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥ ¢¥²¨Î¨´Ò: y∗ = 1,026, x∗ = 6,6.

Š¢ ¤·Ê¶μ²Ó (3) ¶·¨¢μ¤¨É ± ¸²¨Ï±μ³ ¡μ²ÓÏ¨³,   ±¢ ¤·Ê¶μ²Ó (4) Å ± ´¥¤μ¸É ÉμÎ´μ
¡μ²ÓÏ¨³ §´ Î¥´¨Ö³ y∗. �Î¥¢¨¤´μ, ÎÉμ ¤μ²¦´Ò ¡ÒÉÓ Ê¤ Î´Ò¥ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¢ ·¨ ´ÉÒ.

‚ Ô²²¨¶É¨Î¥¸±¨Ì ±μμ·¤¨´ É Ì ξ, η ·¥Ï¥´¨¥ ¢ ² ¶² ¸μ¢¸±μ° μ¡² ¸É¨ ¢ ¸²ÊÎ ¥ ρ = 1
¸ ¢´¥Ï´¨³ ±¢ ¤·Ê¶μ²¥³ ¨´É¥´¸¨¢´μ¸É¨ C ¨³¥¥É ¢¨¤

x =
√

a2 − b2 ch ξ cos η, y =
√

a2 − b2 sh ξ sin η, cth ξ0 =
a

b
;
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ϕe = ϕi +
1
2
(a2 − b2)

[
2 sh 2ξ0(ξ − ξ0) − (ch 2ξ − ch 2ξ0)+

+ (ch 2ξ0 ch 2ξ − sh 2ξ0 sh 2ξ − 1) cos 2η
]
,

ϕi =
1
2
(a2 − b2)

[
ch 2ξ + cos 2η + C(ch 2ξ cos 2η + 1)

]
, (5)

ϕe =
1
2
(a2 − b2)

[(
a2 + b2

a2 − b2
+ C

)
(1 + ch2ξ cos 2η)+

+
4ab

a2 − b2
(ξ − ξ0) −

2ab

a2 − b2
sh 2ξ cos 2η

]
,

£¤¥ ξ = ξ0 Å Ê· ¢´¥´¨¥ ±μ´ÉÊ· .
“¸²μ¢¨¥ Ô±¸É·¥³Ê³  ¤²Ö ¶μÉ¥´Í¨ ²  ´  μ¸¨ x ∂ϕ/∂ξ(ξ, 0) = 0 ¶μ§¢μ²Ö¥É μ¶·¥¤¥-

²¨ÉÓ ±μμ·¤¨´ ÉÊ ξ∗ Ô±¢¨¶μÉ¥´Í¨ ²¨-¸¥¶ · É·¨¸Ò,   § É¥³ ¶μ Ëμ·³Ê² ³ ¨§ (5) §´ Î¥´¨Ö
¶μÉ¥´Í¨ ²  ϕ∗ ¨ ±μμ·¤¨´ ÉÒ x∗:

exp (2ξ∗) =
2ab +

[
(a2 − b2)C + (a2 + b2)

]
2ab −

[
(a2 − b2)C + (a2 + b2)

] , x∗ =
√

a2 − b2 ch ξ∗. (6)

‚¤μ²Ó μ¸¨ y ¶μÉ¥´Í¨ ² ³μ´μÉμ´´μ ¢μ§· ¸É ¥É. „²Ö ¸²ÊÎ ¥¢ a = 5, b = 1 ¨ a = 10,
b = 1 ±¢ ¤·Ê¶μ²¨ (3), (4) ¨³¥ÕÉ ¸μμÉ¢¥É¸É¢¥´´μ ¸²¥¤ÊÕÐ¨¥ ¨´É¥´¸¨¢´μ¸É¨:

CK = −2
3
≈ −0,667, CL = −12

13
≈ −0,923;

(7)

CK = − 9
11

≈ −0,8182, CL = − 99
101

≈ −0,9802.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ´¥¸±μ²Ó±¨Ì ¢ ·¨ ´Éμ¢ ¤²Ö a/b = 5 ¨ a/b =
10 ¸ · §´Ò³¨ §´ Î¥´¨Ö³¨ ¨´É¥´¸¨¢´μ¸É¨ ±¢ ¤·Ê¶μ²Ö. ‚¥²¨Î¨´Ò δx, δy μ¡μ§´ Î ÕÉ · ¸-
¸ÉμÖ´¨Ö μÉ ¢¥·Ï¨´ Ô²²¨¶¸  ¤μ Ô±¢¨¶μÉ¥´Í¨ ²¨-¸¥¶ · É·¨¸Ò, δϕ Å · §´μ¸ÉÓ §´ Î¥´¨°
¶μÉ¥´Í¨ ²  ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ÉμÎ± Ì; ¢¥²¨Î¨´Ò δϕ/δx, δϕ/δy ¸²Ê¦ É ¤²Ö μÍ¥´±¨ ¸·¥¤-
´¥£μ ¶μ²Ö; ±μÔËË¨Í¨¥´É k Ì · ±É¥·¨§Ê¥É ±μÔËË¨Í¨¥´É § ¶μ²´¥´¨Ö, ¥¸²¨ ± ´ ² ¢Ò¶μ²´¥´
¢ Ëμ·³¥ ¸¥¶ · É·¨¸Ò,  ¶¶·μ±¸¨³¨·Ê¥³μ° Ô²²¨¶¸μ³ ¸ ¶μ²Êμ¸Ö³¨ x∗, y∗. ‚ ¤¥°¸É¢¨É¥²Ó-
´μ¸É¨ ¶²μÐ ¤Ó É ±μ£μ Ô²²¨¶¸  ¡μ²ÓÏ¥ ¶²μÐ ¤¨, μ£· ´¨Î¥´´μ° ¸¥¶ · É·¨¸μ°, ´¥ £μ¢μ·Ö
Ê¦¥ μ Éμ³, ÎÉμ ±μ´ÉÊ· ± ´ ²  ³μ¦¥É μ¶·¥¤¥²ÖÉÓ¸Ö Ô±¢¨¶μÉ¥´Í¨ ²ÓÕ, ´ Ìμ¤ÖÐ¥°¸Ö ¶μ¤
±·¨¢μ° ϕ = ϕ∗. “¶μ³Ö´ÊÉÒ¥ ¢¥²¨Î¨´Ò μ¶¨¸Ò¢ ÕÉ¸Ö Ëμ·³Ê² ³¨

δx = x∗−a, δy = y∗−b, δϕ = ϕ−ϕ∗, k =
ab

x∗y∗
; ϕa = a2(1+C), ϕb = b2(1−C),

(8)
£¤¥ ϕa, ϕb Å §´ Î¥´¨Ö ¶μÉ¥´Í¨ ²  ¢ ¢¥·Ï¨´ Ì Ô²²¨¶¸ .

C ϕa ϕb ϕ∗ ϕa/ϕb δx δy δϕa/δx δϕb/δy k

a = 5, b = 1, ξ0 = 0,2

Ä0,9 2,5 1,9 2,69 1,32 0,45 0,21 0,42 3,76 0,76

a = 10, b = 1, ξ0 = 0,1

Ä0,94 6,0 1,94 6,40 3,09 0,84 1,20 0,48 3,40 0,42
Ä0,96 4,0 1,96 4,15 2,04 0,42 0,60 0,36 3,65 0,60
Ä0,97 3,0 1,97 3,08 1,52 0,27 0,30 0,30 3,70 0,75
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„²Ö ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö Ea, Eb ¨³¥¥³

Ea = 2(1 + C)a, Eb = 2(1 − C)
b2

a
. (9)

ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ¤μ¸É¨¦¨³Ò ¢ ·¨ ´ÉÒ, ±μ£¤  ¶·μ¸¢¥É ³¥¦¤Ê ¶ÊÎ±μ³ ¨ ± ´ ²μ³
¶μÎÉ¨ ¶μ¸ÉμÖ´¥´,   ±μÔËË¨Í¨¥´É § ¶μ²´¥´¨Ö ¤μ¸É¨£ ¥É ¢Ò¸μ±¨Ì §´ Î¥´¨°. �·¨ a = 10,
b = 1 ¤²Ö ±¢ ¤·Ê¶μ²Ö CK ¶·¨ ϕ∗ = 11, x∗ = 13, y∗ = 7 (¸¥¶ · É·¨¸  μÉ¸ÊÉ¸É¢Ê¥É) [5]
¢¥²¨Î¨´  ¶μ²Ö δϕa/δx ¶·¨ ±μÔËË¨Í¨¥´É¥ § ¶μ²´¥´¨Ö k, · ¢´μ³ 0,05, μÍ¥´¨¢ ¥É¸Ö ¢¥²¨-
Î¨´μ° 7,3, ¢¤¢μ¥ ¶·¥¢ÒÏ ÕÐ¥° ¤ ´´Ò¥ É ¡²¨ÍÒ.
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