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¸ É·Ê¡±μ° ¤·¥°Ë  ´  ¥£μ Ì · ±É¥·¨¸É¨±¨

�  μ¸´μ¢¥ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¨¸¸²¥¤μ¢ ´μ ¢²¨Ö´¨¥ £¥μ³¥É·¨¨ ¸μ¶·Ö-
¦¥´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ´¨μ¡¨¥¢μ£μ ·¥§μ´ Éμ·  ¸ É·Ê¡±μ° ¤·¥°Ë . 	 ¸Î¥É´Ò³
¶ÊÉ¥³ Ê¸É ´μ¢²¥´μ ¶·¥¨³ÊÐ¥¸É¢μ Ô²²¨¶É¨Î¥¸±μ£μ ¸μ¶·Ö¦¥´¨Ö ·¥§μ´ Éμ·  ¸ É·Ê¡-
±μ° ¤·¥°Ë  ¶μ ¸· ¢´¥´¨Õ ¸ ¸μ¶·Ö¦¥´¨¥³ ¶μ μ±·Ê¦´μ¸É¨: ¢ ·¨ ´É ¸ Ô²²¨¶¸μ³ ´ 
7Ä10 % ¸´¨¦ ¥É ³ ±¸¨³ ²Ó´ÊÕ ¢¥²¨Î¨´Ê ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
´  ¸É¥´±¥ ·¥§μ´ Éμ· .
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Using numerical recipes geometry of connection of superconductive niobium
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elliptical connection allows reducing the maximum electric ˇeld strength at the cavity
wall by 7Ä10 %.
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‚‚…„…�ˆ…

‚ · ³± Ì ÊÎ ¸É¨Ö �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ ¶·μ-
¥±É¥ Œ¥¦¤Ê´ ·μ¤´μ£μ ²¨´¥°´μ£μ ±μ²² °¤¥·  (International Linear Collider Å
ILC) [1, 2] ¢ 2010 £. ¨´¨Í¨¨·μ¢ ´Ò · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì
‘‚—-·¥§μ´ Éμ·μ¢ ¨§ ´¨μ¡¨Ö ¸¨² ³¨ ¢¥¤ÊÐ¨Ì ´ ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì μ·-
£ ´¨§ Í¨° 	¥¸¶Ê¡²¨±¨ �¥²μ·Ê¸¸¨¨ [3]. „²Ö ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö
‘‚—-·¥§μ´ Éμ·  ¢ ÔÉ¨Ì · ¡μÉ Ì § ¤¥°¸É¢μ¢ ´ �¥²μ·Ê¸¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò°
Ê´¨¢¥·¸¨É¥É ¨´Ëμ·³ É¨±¨ ¨ · ¤¨μÔ²¥±É·μ´¨±¨ (�ƒ“ˆ	).

�¡Ð¨° ¢¨¤ μ¤´μÖÎ¥¥Î´μ£μ ·¥§μ´ Éμ·  ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1.

	¨¸. 1. ‚´¥Ï´¨° ¢¨¤ μ¤´μÖÎ¥¥Î´μ£μ ·¥§μ´ Éμ· 

�·¨ ¨§£μÉμ¢²¥´¨¨ É ±¨Ì ·¥§μ´ Éμ·μ¢ ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö μÎ¥´Ó ¢Ò¸μ±¨¥ É·¥-
¡μ¢ ´¨Ö ± μ¡¥¸¶¥Î¥´¨Õ ¥£μ μ¸´μ¢´ÒÌ Ì · ±É¥·¨¸É¨±. ‘μ¡¸É¢¥´´ Ö ¤μ¡·μÉ-
´μ¸ÉÓ ¤μ²¦´  ¡ÒÉÓ ´¥ ³¥´¥¥ 1010, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¢¥²¨Î¨´Ê Ê¸±μ·ÖÕÐ¥£μ
£· ¤¨¥´É  ´  μ¸¨ μ±μ²μ Eacc ≈ 300−350 ±‚/¸³ ¶·¨ μ£· ´¨Î¥´¨¨ ´  ¢¥²¨-
Î¨´Ò ¶·μ¡¨¢´μ£μ ´ ¶·Ö¦¥´¨Ö ¨ ³ £´¨É´μ£μ ¶μ²Ö ´  ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨.
„μ²¦´  ¡ÒÉÓ μ¡¥¸¶¥Î¥´  ¢μ§³μ¦´μ¸ÉÓ ´ ¸É·μ°±¨ § ¤ ´´μ° ¸μ¡¸É¢¥´´μ° Î -
¸ÉμÉÒ 1,3 ƒƒÍ ·¥§μ´ Éμ·  ¶·¨ ´¥¨§¡¥¦´μ³ μÉ±²μ´¥´¨¨ £¥μ³¥É·¨Î¥¸±¨Ì · §-
³¥·μ¢ ¢ ¶·μÍ¥¸¸¥ ¨§£μÉμ¢²¥´¨Ö. �¡¥¸¶¥Î¥´¨¥ ÔÉ¨Ì É·¥¡μ¢ ´¨° ´¥¢μ§³μ¦´μ
¡¥§ ¢ÒÖ¸´¥´¨Ö μ¸´μ¢´ÒÌ § ±μ´μ³¥·´μ¸É¥° ¢²¨Ö´¨Ö · §²¨Î´ÒÌ Ë ±Éμ·μ¢ ´ 
ÔÉ¨ £² ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨. “¸É ´μ¢²¥´¨¥ É ±¨Ì § ±μ´μ³¥·´μ¸É¥° ¢μ§³μ¦´μ
²¨ÏÓ ´  μ¸´μ¢¥ ¤¥É ²Ó´μ£μ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö Ô²¥±É·μ³ £´¨É´ÒÌ
¶μ²¥° ¢ ·¥§μ´ Éμ·¥ ¶·¨ ¨§³¥´¥´¨¨ ¥£μ ¶·μË¨²Ö. �¶ÒÉ É ±¨Ì · ¸Î¥Éμ¢ ¨³¥-
¥É¸Ö ¢ �ƒ“ˆ	 [4].

‚ ·¥§Ê²ÓÉ É¥ ¢Ò¶μ²´¥´´ÒÌ · ´¥¥ ¢ �ƒ“ˆ	 ¨¸¸²¥¤μ¢ ´¨° ¸μ¢³¥¸É´μ ¸
�– ”—‚
 �ƒ“ ¨ �ˆŸˆ ¡Ò²¨ ´ · ¡μÉ ´Ò ³¥Éμ¤¨±¨ ¨ ¸μ§¤ ´Ò μ·¨£¨´ ²Ó-
´Ò¥ ¶ ±¥ÉÒ ÔËË¥±É¨¢´ÒÌ ¶μ ¸· ¢´¥´¨Õ ¸ ¨³¥ÕÐ¨³¨¸Ö ¶·μ£· ³³ · ¸Î¥É  ¨
μ¶É¨³¨§ Í¨¨ ¶ · ³¥É·μ¢ · ¸¸³ É·¨¢ ¥³ÒÌ ·¥§μ´ Éμ·μ¢ [5Ä7].
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‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ · §· ¡μÉ ´´Ò¥ ¶·μ£· ³³Ò ÌμÉÖ ¨ Ö¢²ÖÕÉ¸Ö ÔË-
Ë¥±É¨¢´Ò³¨, μ¤´ ±μ ¨³¥ÕÉ ¸ÊÐ¥¸É¢¥´´Ò¥ μ£· ´¨Î¥´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ´¥¢μ§-
³μ¦´μ¸ÉÓÕ ¢Ò¶μ²´¥´¨Ö · ¸Î¥Éμ¢ É·¥Ì³¥·´ÒÌ § ¤ Î ¤²Ö ·¥§μ´ Éμ·μ¢ ¸  §¨³Ê-
É ²Ó´μ° ´¥μ¤´μ·μ¤´μ¸ÉÓÕ £· ´¨ÍÒ. 
É  μ¸μ¡¥´´μ¸ÉÓ ´¥ ¶μ§¢μ²Ö¥É, ¢ Î ¸É-
´μ¸É¨, ·¥ ²¨§μ¢ ÉÓ · ¸Î¥É ·¥§μ´ Éμ·  ¸ ´¥¸¨³³¥É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ ¢¢μ¤ -
¢Ò¢μ¤  ‘‚—-³μÐ´μ¸É¨, Ô²¥³¥´É ³¨ Ê¶· ¢²¥´¨Ö ¸¥²¥±Í¨¥° ³μ¤. ‚¢¨¤Ê ÔÉμ£μ
¤²Ö  §¨³ÊÉ ²Ó´μ-´¥¸¨³³¥É·¨Î´ÒÌ § ¤ Î ¸Éμ¨É ¨¸¶μ²Ó§μ¢ ÉÓ ¶ ±¥ÉÒ É·¥Ì³¥·-
´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö. �¤´ ±μ, ± ± ¶μ± §Ò¢ ¥É ¸· ¢´¥´¨¥, ¶·¨³¥´¥´¨¥ É ±¨Ì
¶ ±¥Éμ¢ ¤²Ö ·¥Ï¥´¨Ö  §¨³ÊÉ ²Ó´μ-¸¨³³¥É·¨Î´ÒÌ § ¤ Î ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥-
´¨Õ ³ Ï¨´´μ£μ ¢·¥³¥´¨ ´  ¶μ·Ö¤μ± ¶·¨ Éμ° ¦¥ ÉμÎ´μ¸É¨ · ¸Î¥Éμ¢.

–¥²Ó ¨¸¸²¥¤μ¢ ´¨Ö Å ¶μ¨¸± ´  μ¸´μ¢¥ ¢ÒÎ¨¸²¨É¥²Ó´μ£μ Ô±¸¶¥·¨³¥´É  ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¸μ¢·¥³¥´´ÒÌ ¶·μË¥¸¸¨μ´ ²Ó´ÒÌ ¶ ±¥Éμ¢ ¶·μ£· ³³ ¶¥·¸¶¥±-
É¨¢´ÒÌ ¢ ·¨ ´Éμ¢ μ¤´μÖÎ¥¥Î´μ£μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ´¨μ¡¨¥¢μ£μ ·¥§μ´ Éμ· 
¤²Ö Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ¢ ILC ¨ · §· ¡μÉ±  ³¥Éμ¤¨±¨ ¨§³¥-
·¥´¨Ö ¥£μ ¤μ¡·μÉ´μ¸É¨.

1. ���”ˆ‹œ ˆ‘‘‹…„“…Œ�ƒ� �…‡���’���

	 ¸¸³ É·¨¢ ¥³Ò° ·¥§μ´ Éμ· ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶μ²μ¸ÉÓ ¢ ±·Ê£²μ³ ¢μ²-
´μ¢μ¤¥. �·μË¨²Ó ¶·μ¤μ²Ó´μ£μ ¸¥Î¥´¨Ö ¨ ¨¸¶μ²Ó§Ê¥³Ò¥ ¤²Ö ¨§£μÉμ¢²¥´¨Ö £¥μ-
³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ·¥§μ´ Éμ·  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2. 	 ¤¨Ê¸ ·¥£Ê²Ö·-
´μ£μ ¢μ²´μ¢μ¤  b0 Ö¢²Ö¥É¸Ö § ±·¨É¨Î¥¸±¨³ ¤²Ö ¸¨³³¥É·¨Î´μ° E01-¢μ²´Ò ´ 
§ ¤ ´´μ° Î ¸ÉμÉ¥. �μÔÉμ³Ê ¢ ¶μ²μ¸É¨ ·¥§μ´ Éμ·  z0 < z < zL § ¶¨· ¥É¸Ö
¸¨³³¥É·¨Î´ Ö ¸μ¡¸É¢¥´´ Ö E-³μ¤ , ±μÉμ· Ö ¤²Ö Î ¸ÉμÉÒ f = 1,3 ƒƒÍ Ö¢²Ö-
¥É¸Ö · ¡μÎ¥° ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É ±μ£μ ·¥§μ´ Éμ·  ¢ ¸μ¸É ¢¥ Ê¸±μ·¨É¥²Ó´μ°
¸¥±Í¨¨ ±μ²² °¤¥· . �·¨ ÔÉμ³ · §³¥· ¶·μ²¥É´μ£μ ¨´É¥·¢ ²  2d μ¶·¥¤¥²Ö¥É¸Ö
Ê¸²μ¢¨Ö³¨ ³ ±¸¨³Ê³  Ê¸±μ·¥´¨Ö ¨ · ¢¥´ λ/2.

	¨¸. 2. ƒ¥μ³¥É·¨Ö ¶·μË¨²Ö ·¥§μ´ Éμ· 
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„¥É ²Ó´ Ö ¶μ¸É ´μ¢±  Ô²¥±É·μ¤¨´ ³¨Î¥¸±μ° § ¤ Î¨ ¤²Ö · ¸¸³ É·¨¢ ¥³μ£μ
·¥§μ´ Éμ· , ³¥Éμ¤Ò ¥¥ ·¥Ï¥´¨Ö ¨ μ¶¨¸ ´¨¥ μ¸´μ¢´ÒÌ · ¸¸Î¨ÉÒ¢ ¥³ÒÌ · ¡μ-
Î¨Ì Ì · ±É¥·¨¸É¨± ·¥§μ´ Éμ·  ¶·¥¤¸É ¢²¥´Ò ¢ [4Ä7]. ‚ ¤ ´´μ° ¸É ÉÓ¥ ¶·¨-
´ÖÉÒ μ¡μ§´ Î¥´¨Ö, ¶·¨¢¥¤¥´´Ò¥ ¢ ÔÉ¨Ì ¨¸ÉμÎ´¨± Ì.

Š ± ¢ÒÖ¢¨²¨ · ¸Î¥ÉÒ [7] ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¢¥²¨Î¨´Ò · ¤¨Ê¸μ¢ ¸μ¶·Ö¦¥-
´¨Ö μ±·Ê¦´μ¸ÉÖ³¨ (a = b), ¤μ¡·μÉ´μ¸ÉÓ ¶μ¢ÒÏ ¥É¸Ö, ¥¸²¨ a → 0 ¨ r → d.
�¤´ ±μ ¶·¨ a → 0 ¢ μ¡² ¸É¨ ¸μ¶·Ö¦¥´¨Ö ¸ μÉ·¥§±μ³ ·¥£Ê²Ö·´μ£μ ¢μ²´μ¢μ¤ 
(¶·¨ z ≈ z0 + 0,7a) ·¥§±μ ¢μ§· ¸É ¥É ´ ¶·Ö¦¥´´μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
´  £· ´¨Í¥ ·¥§μ´ Éμ· , ¢ Éμ ¦¥ ¢·¥³Ö ¶·¨ Ê³¥´ÓÏ¥´¨¨ a μÉ a < 0,35λ/2π
¢Ò¨£·ÒÏ ¢ ¤μ¡·μÉ´μ¸É¨ ³¥´ÓÏ¥ 0,5 %. ‡¤¥¸Ó ¨ ¤ ²¥¥ λ = 230,8 ³³ Å ¤²¨´ 
¢μ²´Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö · ¡μÎ¥° Î ¸ÉμÉ¥ f = 1,3 ƒƒÍ. �¥¸±μ²Ó±μ ¡μ²ÓÏ¨°
¢Ò¨£·ÒÏ ¢ ¤μ¡·μÉ´μ¸É¨ (¤μ 5 %) ¤μ¸É¨£ ¥É¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ ¢¥·Ì´¥£μ · ¤¨-
Ê¸  ¸μ¶·Ö¦¥´¨Ö 1,1 < r < d. �¤´ ±μ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ a ¨ ¶·¨¡²¨¦¥´¨¨ r
± d ¢μ§· ¸É ¥É É ´£¥´¸ ´ ±²μ´  ¸μ¶·Ö£ ¥³μ° ¶·Ö³μ° tg l ´  ¡μ±μ¢μ° £· ´¨Í¥
¨ μ¶ÖÉÓ ¦¥ ´ ¡²Õ¤ ¥É¸Ö ·¥§±¨° ·μ¸É ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
´  £· ´¨Í¥ ¢¡²¨§¨ z ≈ z0 + 0,7a. ˆ¸Ìμ¤Ö ¨§ ±μ³¶·μ³¨¸¸  ¶μ ¤μ¡·μÉ´μ¸É¨
¨ §´ Î¥´¨Õ ¶μ²Ö ´  £· ´¨Í¥, ¶·¨´ÖÉμ³Ê ¢ · ¡μÉ¥ [7], ¡Ò²¨ ¢Ò¡· ´Ò ·¥±μ-
³¥´¤μ¢ ´´Ò¥ ¤²Ö ¨§£μÉμ¢²¥´¨Ö · ¤¨Ê¸Ò ¸μ¶·Ö¦¥´¨Ö a = 0,31, r = 1,1, ÎÉμ
¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ [8].

‚ · ¡μÉ¥ [8], μ¤´ ±μ, ¤²Ö ´¨¦´¥£μ ¸μ¶·Ö¦¥´¨Ö ¨¸¶μ²Ó§μ¢ ´  ´¥ μ±·Ê¦-
´μ¸ÉÓ,   Ô²²¨¶¸, ÌμÉÖ É¥Ì´μ²μ£¨Î¥¸±¨ ¨ ¸ ÉμÎ±¨ §·¥´¨Ö ¶·μ¸ÉμÉÒ · ¸Î¥Éμ¢
²¥£Î¥ ¡Ò²μ ¡Ò ¢Ò¶μ²´¨ÉÓ ¸μ¶·Ö¦¥´¨¥ μ¡ÒÎ´μ° μ±·Ê¦´μ¸ÉÓÕ.

„²Ö ¢ÒÖ¢²¥´¨Ö Í¥²¥¸μμ¡· §´μ¸É¨ Ô²²¨¶¸μ¨¤ ²Ó´μ£μ ¸μ¶·Ö¦¥´¨Ö ¢ ´ ¸Éμ-
ÖÐ¥³ ¨¸¸²¥¤μ¢ ´¨¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¸ Í¥²ÓÕ Ê¸É ´μ¢²¥´¨Ö ¢²¨Ö´¨Ö
¶ · ³¥É·μ¢ Ô²²¨¶¸μ¨¤ ²Ó´μ£μ ¸μ¶·Ö¦¥´¨Ö ´  ¢¥²¨Î¨´Ê §´ Î¥´¨Ö ¶μ²Ö ´  £· -
´¨Í¥, ±μÉμ· Ö Ì · ±É¥·¨§Ê¥É¸Ö μÉ´μ¸¨É¥²Ó´Ò³ ¶ · ³¥É·μ³ Emax

g /Eacc. „²Ö
ÔÉμ£μ ¡Ò² · §· ¡μÉ ´ ³μ¤Ê²Ó · ¸Î¥É  Ô²²¨¶¸μ¨¤ ²Ó´μ£μ ¸μ¶·Ö¦¥´¨Ö, Ê¸μ¢¥·-
Ï¥´¸É¢μ¢ ´  μ·¨£¨´ ²Ó´ Ö ¶·μ£· ³³ , μ¶¨¸ ´´ Ö ¢ [7], ¨ ¢Ò¶μ²´¥´Ò · ¸Î¥ÉÒ
·¥§μ´ Éμ·  ¸ ¶·μË¨²¥³, ¢ ±μÉμ·μ³ ¸μ¶·Ö¦¥´¨¥ ¸ É·Ê¡±μ° ¤·¥°Ë  ¶μ²ÊÎ ¥É¸Ö
¸ ¶μ³μÐÓÕ Ô²²¨¶¸ , ± ± ¶μ± § ´μ ´  ·¨¸. 2.

2. �…‡“‹œ’�’› ��‘—…’�‚ •���Š’…�ˆ‘’ˆŠ �…‡���’���
‘ ��‡‹ˆ—�›Œ ‘���Ÿ†…�ˆ…Œ

‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ¶ · ³¥É·Ò ¢ ·¨ ´É  ¶·μË¨²Ö ·¥§μ´ Éμ·  ¸ ´¨¦´¨³
¸μ¶·Ö¦¥´¨¥³ μ±·Ê¦´μ¸ÉÓÕ (a = b), ¡²¨§±μ£μ ± μ¡· §ÍÊ ·¥§μ´ Éμ· , ¶μ²Ê-
Î¥´´μ£μ ¨§ FNAL ¨ ¨¸¶μ²Ó§Ê¥³μ£μ ± ± ÔÉ ²μ´. ‚ ¢¥·Ì´¨Ì ¸É·μ± Ì É ¡². 1Ä5
¶·¨¢¥¤¥´Ò ¡¥§· §³¥·´Ò¥ §´ Î¥´¨Ö (¡/·) ¶ · ³¥É·μ¢ (μÉ´¥¸¥´´Ò¥ ± λ/2π), ¢
´¨¦´¨Ì Å ¨Ì §´ Î¥´¨Ö ¢ ³¨²²¨³¥É· Ì.

�·¨ É ±μ° £¥μ³¥É·¨¨ ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ μ¸´μ¢´Ò¥ ¢ÒÌμ¤´Ò¥ Ì · ±É¥-
·¨¸É¨±¨ (¨Ì μ¶¨¸ ´¨¥ ¶·¨¢¥¤¥´μ ¢ [4Ä6]):

3



’ ¡²¨Í  1. � · ³¥É·Ò ·¥§μ´ Éμ· , ¢ ·¨ ´É 1 (a = b, d = π/2), μ±·Ê¦´μ¸ÉÓ W = 1

b0 h d a b r z1 h1 z2 h2

1,063 1,764 1,5708 0,31 0,31 1,10 0,298 0,224 0,514 0,970
39,05 64,79 57,65 11,380 11,38 40,37 10,9 8,18 18,9 35,41

Emax
z = 0,73683 (¡/·); V0 = 1,30264 (¡/·); Eacc = 0,41464 (¡/·);

Emax
z /Eacc = 1,77704; Emax

g /Eacc = 1,69638;
Bmax/Eacc = 0,00039 T²/(±‚/¸³),
AQ · Z0 = 272,8; Q = 27186; Zres = R/Q = 418,1 �³.

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¶ · ³¥É·Ò ¢ ·¨ ´É  ¶·μË¨²Ö ·¥§μ´ Éμ·  ¸ Ô²²¨¶¸μ¨-
¤ ²Ó´Ò³ ¸μ¶·Ö¦¥´¨¥³ a �= b, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ μ¡· §ÍÊ ¨³¥ÕÐ¥£μ¸Ö ·¥§μ´ -
Éμ· , ¶μ²ÊÎ¥´´μ³Ê £·Ê¶¶μ°  ¢Éμ·μ¢ ¨§ FNAL [3]. 
ÉμÉ ¢ ·¨ ´É ¶·¥¤² £ ¥É¸Ö
¤²Ö ¨§£μÉμ¢²¥´¨Ö.

’ ¡²¨Í  2. � · ³¥É·Ò ·¥§μ´ Éμ· , ¢ ·¨ ´É 2 (a < b, d = π/2)

b0 h d a b r z1 h1 z2 h2

1,063 1,777 1,5708 0,245 0,349 1,098 0,2166 0,186 0,541 1,061
39,05 65,27 57,65 9,0 12,82 40,33 7,96 6,83 19,87 38,97

�·¨ É ±μ° £¥μ³¥É·¨¨ ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ μ¸´μ¢´Ò¥ ¢ÒÌμ¤´Ò¥ Ì · ±É¥-
·¨¸É¨±¨:

Emax
z = 5,96941 (¡/·); V0 = 10,62594 (¡/·); Eacc = 3,38244 (¡/·);

Emax
z /Eacc = 1,76482; Emax

g /Eacc = 1,57989;
Bmax/Eacc = 0,00038 T²/(±‚/¸³),
AQ · Z0 = 278,1 �³; Q = 27710; Zres = R/Q = 418 �³.

ˆ§ ¸· ¢´¥´¨Ö É ¡²¨Í ¢¨¤´μ, ÎÉμ ¶·¨ ¨§³¥´¥´¨¨ ¶ · ³¥É·μ¢ ¸μ¶·Ö¦¥´¨Ö
´¥¸±μ²Ó±μ ¨§³¥´¨²μ¸Ó · ¸¶μ²μ¦¥´¨¥ ÉμÎ¥± ¸μ¶·Ö¦¥´¨Ö.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´μ Ì · ±É¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
´  μ¸¨ ¨ ´  £· ´¨Í¥ ·¥§μ´ Éμ· .

Š ± ¸²¥¤Ê¥É ¨§ ¸· ¢´¥´¨Ö Ì · ±É¥·¨¸É¨± ÔÉ¨Ì ¤¢ÊÌ ¢ ·¨ ´Éμ¢ ·¥§μ´ Éμ-
·μ¢, ¶·¨ § ³¥´¥ ¸μ¶·Ö¦¥´¨Ö μ±·Ê¦´μ¸ÉÓÕ ´  Ô²²¨¶¸μ¨¤ ²Ó´μ¥, ¤ ¦¥ ´¥¸³μ-
É·Ö ´  Éμ, ÎÉμ ¸·¥¤´¨° · ¤¨Ê¸ Ô²²¨¶¸  (a + b)/2 = 0,29 ³¥´ÓÏ¥ · ¤¨Ê¸ 
μ±·Ê¦´μ¸É¨ (a = 0,31), ¢¥²¨Î¨´  Emax

g /Eacc (É. ¥. ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥
¶μ²Ö ´  £· ´¨Í¥) ¶μ²ÊÎ ¥É¸Ö ´  7 % ³¥´ÓÏ¥ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸μ¶·Ö¦¥´¨Ö
Ô²²¨¶¸μ³.

�¨¦¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ·¥§μ´ Éμ·  ¶·¨ ¨§³¥´¥´¨¨ · §²¨Î-
´ÒÌ ¶ · ³¥É·μ¢. “ ¢ ·¨ ´É  3 Ê³¥´ÓÏ¥´ · ¤¨Ê¸ b0 ¨ ´¥³´μ£μ Ê¢¥²¨Î¥´μ d ¶μ
¸· ¢´¥´¨Õ ¸ ¢ ·¨ ´Éμ³ 2.
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	¨¸. 3. 	 ¸¶·¥¤¥²¥´¨Ö ¶μ²¥° ¶·¨ A = 0,1, σ = 5,6 · 107 (³¥¤Ó): a Å ¶μ²¥ Ez0 ´  μ¸¨
·¥§μ´ Éμ· ; ¡ Å ¶μ²¥ Eg ´  ¸É¥´±¥ ·¥§μ´ Éμ· ; b(z) Å ¶·μË¨²Ó ·¥§μ´ Éμ· 

’ ¡²¨Í  3. � · ³¥É·Ò ·¥§μ´ Éμ· , ¢ ·¨ ´É 3 (a < b, d > π/2), Ô²²¨¶¸ W = 1,009,
f = 1,31

b0 h d a b r z1 h1 z2 h2

1,06128 1,7547 1,625 0,245 0,3484 1,143 0,2119 0,1736 0,5666 1,0433
39,00 64,45 59,7 9,0 12,8 42,00 7,78 6,376 20,81 38,32

�¸´μ¢´Ò¥ ¢ÒÌμ¤´Ò¥ Ì · ±É¥·¨¸É¨±¨, ¶μ²ÊÎ ¥³Ò¥ ¶·¨ É ±μ° £¥μ³¥É·¨¨:

Emax
z = 5,84483 (¡/·); V0 = 10,53943 (¡/·); Eacc = 3,24290 (¡/·);

Emax
z /Eacc = 1,80235; Emax

g /Eacc = 1,54632;
Bmax/Eacc = 0,00039 T²/(±‚/¸³),
AQ · Z0 = 286,6 �³; Q = 28435; Zres = R/Q = 433,4 �³; tg l = 2,5.

‚ ·¨ ´ÉÒ 4 ¨ 5 (É ¡². 4 ¨ 5) · ¸¸Î¨É ´Ò ¶·¨ ¸μ¶·Ö¦¥´¨¨ μ±·Ê¦´μ¸ÉÖ³¨.
“ ´¨Ì ¢Ò¤¥·¦ ´Ò b0, h, d, ± ± Ê ¢ ·¨ ´É  3.

’ ¡²¨Í  4. � · ³¥É·Ò ·¥§μ´ Éμ· , ¢ ·¨ ´É 4 (a = b, d > π/2), μ±·Ê¦´μ¸ÉÓ
W = 1,0, f = 1,3

b0 h d a b r z1 h1 z2 h2

1,06128 1,7547 1,625 0,31 0,31 1,186 0,299 0,227 0,4825 0,887
39,00 64,45 59,7 11,38 11,38 43,56 10,98 8,34 17,72 32,58

Emax
z = 5,47196 (¡/·); V0 = 9,73783 (¡/·); Eacc = 2,99626 (¡/·);

Emax
z /Eacc = 1,82626; Emax

g /Eacc = 1,71622;
Bmax/Eacc = 0,00039 T²/(±‚/¸³),
AQ · Z0 = 281,7 �³; Q = 28070; Zres = R/Q = 421 �³; tg l = 3,5.

…¸²¨ ¸¤¥² ÉÓ ¢Ò¸μÉÊ h = 65,26 ³³ ÎÊÉÓ ¡μ²ÓÏ¥°, Éμ ¶·¨ r = 40,4 ³³
¶μ²ÊÎ ¥³ §´ Î¥´¨¥ Emax

g /Eacc = 1,65, É. ¥. μ´μ Ê³¥´ÓÏ ¥É¸Ö ¨ ¶·¨¡²¨¦ ¥É¸Ö
± §´ Î¥´¨Õ ¢  ³¥·¨± ´¸±μ³ ¢ ·¨ ´É¥, ´μ ¶·¨ ÔÉμ³ ¤μ¡·μÉ´μ¸ÉÓ É ±¦¥ Ê³¥´Ó-
Ï ¥É¸Ö: AQ · Z0 = 277 �³.
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“ ¸²¥¤ÊÕÐ¥£μ ¢ ·¨ ´É  5 · ¤¨Ê¸ ¸μ¶·Ö¦¥´¨Ö ¶·¨¡²¨¦¥´ ± ³¥´ÓÏ¥³Ê
§´ Î¥´¨Õ ¶μ²Êμ¸¨ Ô²²¨¶¸  Ê ¢ ·¨ ´É  3. 
Éμ ¸· §Ê ¶·¨¢¥²μ ± Ê¢¥²¨Î¥´¨Õ
Emax

g /Eacc ´  10 %.

’ ¡²¨Í  5. � · ³¥É·Ò ·¥§μ´ Éμ· , ¢ ·¨ ´É 5 (a = b, d > π/2), · ¸Î¥É´Ò¥ W = 1,0,
f = 1,3

b0 h d a b r z1 h1 z2 h2

1,06128 1,7547 1,625 0,26 0,26 1,212 0,248 0,184 0,4656 0,896
39,00 64,45 59,7 9,54 9,54 44,52 9,11 6,76 17,10 32,91

Emax
z = 5, 68714 (¡/·); V0 = 10,16337 (¡/·); Eacc = 3, 12719 (¡/·);

Emax
z /Eacc = 1,81861; Emax

g /Eacc = 1,71800;
Bmax/Eacc = 0,00038 T²/(±‚/¸³),
AQ · Z0 = 285,65 �³; Q = 28463,486; Zres = R/Q = 422,57333 �³;

tg l = 3,2.

‚ ·¥§Ê²ÓÉ É¥ ÔÉ¨Ì · ¸Î¥Éμ¢ ¡Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ ¥¸²¨ ¢Ò¡¨· ÉÓ ¸±·Ê£-
²¥´¨¥ · ¤¨Ê¸μ³ ¶·¨ Ë¨±¸¨·μ¢ ´´μ° ¢Ò¸μÉ¥ h, Éμ ±·ÊÉ¨§´  ¡μ±μ¢ÒÌ ¸É¥´μ±
¶μ²ÊÎ ¥É¸Ö ¡μ²ÓÏ¥, Î¥³ Ê ¨¸Ìμ¤´μ£μ  ³¥·¨± ´¸±μ£μ ¢ ·¨ ´É  ¸ Ô²²¨¶¸μ¨-
¤ ²Ó´Ò³ ¸μ¶·Ö¦¥´¨¥³. ‡  ¸Î¥É ÔÉμ£μ Emax

g ¶μ²ÊÎ ¥É¸Ö ¢ÒÏ¥. �μÔÉμ³Ê ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ ¶·μ¸Éμ£μ ¸μ¶·Ö¦¥´¨Ö μ±·Ê¦´μ¸ÉÓÕ ´¥ Ê¤ ¥É¸Ö Ê³¥´ÓÏ¨ÉÓ ´ -
¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö ´  £· ´¨Í¥ ¶μ ¸· ¢´¥´¨Õ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸μ¶·Ö¦¥´¨Ö
Ô²²¨¶¸μ³.

‚›‚�„›

‚ ·¥§Ê²ÓÉ É¥ ¶·μ¢¥¤¥´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨° ¢Ò-
¢μ¤: ¸μ¶·Ö¦¥´¨¥ ·¥§μ´ Éμ·  ¸ μÉ·¥§±μ³ ·¥£Ê²Ö·´μ£μ ¢μ²´μ¢μ¤  Ö¢²Ö¥É¸Ö ´ ¨-
¡μ²¥¥ ±·¨É¨Î´Ò³ ³¥¸Éμ³ ¤²Ö ¢μ§³μ¦´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶·μ¡μÖ. ‘· ¢´¥-
´¨¥ ¤¢ÊÌ ¸¶μ¸μ¡μ¢ ¸μ¶·Ö¦¥´¨Ö Å ¸ ¶μ³μÐÓÕ μ±·Ê¦´μ¸É¨ ¨ ¸ ¶μ³μÐÓÕ Ô²-
²¨¶¸  Å ¶μ± § ²μ, ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ Ô²²¨¶¸  ¶μ§¢μ²Ö¥É ´  7Ä10 % ¸´¨§¨ÉÓ
³ ±¸¨³ ²Ó´ÊÕ ¢¥²¨Î¨´Ê ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ´  £· ´¨Í¥ ¶μ
¸· ¢´¥´¨Õ ¸ ¸μ¶·Ö¦¥´¨¥³ μ±·Ê¦´μ¸ÉÓÕ.
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