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‚ μ¸´μ¢´μ° Î ¸É¨ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ¶·μÉμ´μ¢ ˆŸˆ ��� ·¥§μ´ Éμ·Ò ¸μ¸ÉμÖÉ ¨§ Î¥ÉÒ·¥Ì
Ê¸±μ·ÖÕÐ¨Ì ¸¥±Í¨°, μ¡Ñ¥¤¨´¥´´ÒÌ ³μ¸Éμ¢Ò³¨ Ê¸É·μ°¸É¢ ³¨ ¸¢Ö§¨ ¢ ·¥§μ´ ´¸´ÊÕ ¸¨¸É¥³Ê. ‚¢μ¤
‚—-³μÐ´μ¸É¨ ·¥ ²¨§μ¢ ´ ¢ ¸·¥¤´¥¥ Ê¸É·μ°¸É¢μ ¸¢Ö§¨. �¥§μ´ Éμ· ´ ¸É· ¨¢ ¥É¸Ö ± ± ³´μ£μ³μ¤μ¢ Ö
¸É·Ê±ÉÊ·  ¸ ±μ³¶¥´¸¨·μ¢ ´´Ò³ · ¡μÎ¨³ ±μ²¥¡ ´¨¥³ ¨ ‚—-¶μ²¥³, ¸ÊÐ¥¸É¢ÊÕÐ¨³ μ¤´μ¢·¥³¥´´μ
¢ ¸¥±Í¨ÖÌ ¨ ¢ Ê¸É·μ°¸É¢ Ì ¸¢Ö§¨. �¡μ¸´μ¢ ´¨¥ ´ ²¨Î¨Ö ¨ ¢μ§³μ¦´μ¸É¨ ·¥£Ê²¨·μ¢±¨ ¢¥²¨Î¨´Ò
³ £´¨É´μ£μ ¶μ²Ö · ¡μÎ¥£μ ±μ²¥¡ ´¨Ö ¢ Ê¸É·μ°¸É¢¥ ¸¢Ö§¨ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¢¢μ¤  ‚—-³μÐ´μ¸É¨
· ¸Ï¨·Ö¥É ¢μ§³μ¦´μ¸É¨ ¢ · §· ¡μÉ±¥ ³´μ£μ¸¥±Í¨μ´´ÒÌ ·¥§μ´ Éμ·μ¢.

In the main part of the INR proton linac the cavities consist of four accelerating sections, coupled
with bridge coupling devices into resonant system. RF input is implemented in the middle coupling
device. The cavity is developed as a multimode structure with conpensated operating mode and RF
ˇeld existing simultaneously both in sections and in coupling devices. Justiˇcation of availability and
possibility of adjusting the magnetic ˇeld value in coupling devices for RF input realization extends
capabilities in the development of multisectional accelerating cavities.

PACS: 29.27.-a; 41.85.-p; 07.78.+s
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�μ·³ ²Ó´μ ¶·μ¢μ¤ÖÐ¨¥ Ê¸±μ·ÖÕÐ¨¥ ·¥§μ´ Éμ·Ò μ¸´μ¢´ÒÌ Î ¸É¥° (�—) ²¨´¥°´ÒÌ
Ê¸±μ·¨É¥²¥° (‹“) ¨μ´μ¢ ¢μ¤μ·μ¤  ¸μ¸ÉμÖÉ ¨§ ´¥¸±μ²Ó±¨Ì Ê¸±μ·ÖÕÐ¨Ì ¸¥±Í¨° (“‘), μ¡Ñ-
¥¤¨´¥´´ÒÌ ¢ ¥¤¨´ÊÕ ·¥§μ´ ´¸´ÊÕ ¸¨¸É¥³Ê ¸ ¶μ³μÐÓÕ ³μ¸Éμ¢ÒÌ Ê¸É·μ°¸É¢ ¸¢Ö§¨ (Œ“‘).
�— Ê¸±μ·¨É¥²Ö ¶·μÉμ´μ¢ ˆŸˆ ���, · §· ¡μÉ ´´μ£μ ¢ �’ˆ �� ‘‘‘�, ´  ÊÎ ¸É±¥ Ô´¥·-
£¨° 100Ä600 ŒÔ‚ ¸μ¸Éμ¨É ¨§ 27 Ê¸±μ·ÖÕÐ¨Ì ·¥§μ´ Éμ·μ¢, ± ¦¤Ò° ¸ Î¥ÉÒ·Ó³Ö ¸¥±Í¨Ö³¨
Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ¸ Ï °¡ ³¨ ¨ ¤¨ Ë· £³ ³¨ (“‘˜„). ‚ ± Î¥¸É¢¥ Œ“‘ ¶·¥¤²μ¦¥´μ
¶·μ¸Éμ¥ Ê¸É·μ°¸É¢μ [1], ¨§£μÉ ¢²¨¢ ¥³μ¥ ¨§ μÉ·¥§±μ¢ ¸É ´¤ ·É´μ£μ ¢μ²´μ¢μ¤ .

„²Ö ¶μ¢ÒÏ¥´¨Ö ³μÐ´μ¸É¨ ¶ÊÎ±  ‹“ ˆŸˆ ��� ´¥μ¡Ìμ¤¨³  § ³¥´  ¶¥·¢μ£μ ·¥§μ´ -
Éμ·  �—. ‚μ¸¶·μ¨§¢¥¤¥´¨¥ É¥Ì´μ²μ£¨¨ ¨§£μÉμ¢²¥´¨Ö “‘˜„ ¤²Ö μ¤¨´μÎ´μ£μ ·¥§μ´ Éμ· 
É·¥¡Ê¥É ¡μ²ÓÏ¨Ì § É· É. �·¥¤² £ ¥É¸Ö § ³¥´¨ÉÓ “‘˜„ ´  ¡μ²¥¥ ¶·μ¸ÉÊÕ ¢ ¨§£μÉμ¢²¥´¨¨
¸É·Ê±ÉÊ·Ê CDS ¸ ³¥´ÓÏ¨³¨ ¢ ¤¢  · §  ¶μ¶¥·¥Î´Ò³¨ · §³¥· ³¨ [2]. �·¨ § ³¥´¥ Ê¸±μ·ÖÕ-
Ð¥° ¸É·Ê±ÉÊ·Ò É·¥¡Ê¥É¸Ö ± ± ³¨´¨³¨§¨·μ¢ ÉÓ ¤μ· ¡μÉ±¨ ¢ ¸¨¸É¥³ Ì ‹“, É ± ¨ ¸μÌ· ´¨ÉÓ
¶μ¸É·μ¥´¨¥ Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ· , ¶μ± § ´´μ¥ ´  ·¨¸. 1.

1E-mail: paramono@inr.ru



‚¢μ¤ ‚—-³μÐ´μ¸É¨ ¢ Ê¸É·μ°¸É¢μ ¸¢Ö§¨ Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ·  909

�¨¸. 1. �μ¸É·μ¥´¨¥ Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ·  �— ‹“ ˆŸˆ ���: 1 Å ¸¥±Í¨¨ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±-
ÉÊ·Ò; 2 Å ³μ¸Éμ¢Ò¥ Ê¸É·μ°¸É¢  ¸¢Ö§¨; 3 Å ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò; 4 Å § ±μ·μÎ¥´´Ò¥ μÉ·¥§±¨

Œ“‘; 5 Å ¶μ²μ¦¥´¨¥ Ê§²  ¢¢μ¤  ‚—-³μÐ´μ¸É¨

‚ ¶·μ¸É¥°Ï¥³ μ¤´μ³μ¤μ¢μ³ ¶·¨¡²¨¦¥´¨¨ ·¥§μ´ Éμ· · ¸¸³ É·¨¢ ²¸Ö ± ± ¸¨¸É¥³  ¨§
¸¥³¨ ¸¢Ö§ ´´ÒÌ ÖÎ¥¥±: Î¥ÉÒ·¥Ì Ê¸±μ·ÖÕÐ¨Ì Å “‘ ¨ É·¥Ì ÖÎ¥¥± ¸¢Ö§¨ Å Œ“‘. ‚ μ±·¥¸É-
´μ¸É¨ Î ¸ÉμÉÒ · ¡μÎ¥£μ ±μ²¥¡ ´¨Ö ¢ Ê§±μ° ¶μ²μ¸¥ ¸ÊÐ¥¸É¢ÊÕÉ ¸¥³Ó ±μ²¥¡ ´¨° [3], ¨ · -
¡μÎ¥¥ ±μ²¥¡ ´¨¥ Ö¢²Ö¥É¸Ö Í¥´É· ²Ó´Ò³. �  ´¥³ ¢ ¸μ¸¥¤´¨Ì “‘ Ê¸±μ·ÖÕÐ¨¥ ¶μ²Ö ¨³¥ÕÉ
μ¤¨´ ±μ¢Ò¥  ³¶²¨ÉÊ¤Ò ¨ ¶·μÉ¨¢μ¶μ²μ¦´Ò¥ ´ ¶· ¢²¥´¨Ö. �μ ÔÉ¨³ ¶·¨§´ ± ³ · ¡μÎ¥¥
±μ²¥¡ ´¨¥ ¢ ·¥§μ´ Éμ·¥ μ¶·¥¤¥²Ö²μ¸Ó ± ± ³μ¤  ¢¨¤  π/2. �μ ´  ±μ²¥¡ ´¨¨ ¢¨¤  π/2
¢ ÖÎ¥°± Ì ¸¢Ö§¨ Å Œ“‘ Å ¶μ²Ö μÉ¸ÊÉ¸É¢ÊÕÉ, ÎÉμ ´¥ ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢¨ÉÓ ¢¢μ¤ ‚—-
³μÐ´μ¸É¨ ¢ Í¥´É· ²Ó´μ¥ Œ“‘.
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˜¨·¨´  ¶μ²μ¸Ò, ¢ ±μÉμ·μ° · ¸¶μ²μ¦¥´Ò ¸¥³Ó ±μ²¥¡ ´¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ²¥¡ -
É¥²Ó´μ° ¸¨¸É¥³¥ ·¥§μ´ Éμ· , ³¥´ÓÏ¥, ´μ ¸· ¢´¨³  ¸ · ¸¸ÉμÖ´¨¥³ ¶μ Î ¸ÉμÉ¥ ±μ²¥¡ ´¨°
¤μ ¸μ¸¥¤´¨Ì ¸ · ¡μÎ¨³ ¢ “‘ [3]. �Éμ ´¥ ¸μμÉ¢¥É¸É¢Ê¥É Ê¸²μ¢¨Ö³ ¶·¨³¥´¨³μ¸É¨ μ¤´μ³μ-
¤μ¢μ£μ ¶·¨¡²¨¦¥´¨Ö ¤²Ö  ´ ²¨§  ·¥§μ´ Éμ· . Œ´μ£μ³μ¤μ¢μ¥ ¶·¨¡²¨¦¥´¨¥ [4] ¶μ§¢μ²Ö¥É
¶μ¤·μ¡´¥¥ μ¶¨¸ ÉÓ ¢§ ¨³μ¤¥°¸É¢¨¥ ±μ²¥¡ ´¨° ¢ ·¥§μ´ Éμ·¥. ‚ · ¸¸³μÉ·¥´¨¥ ¢μ¢²¥± ÕÉ¸Ö
¢¸¥ ±μ²¥¡ ´¨Ö ¸¥±Í¨°, ¶·¨´ ¤²¥¦ Ð¨¥ · ¡μÎ¥° ¤¨¸¶¥·¸¨μ´´μ° Ì · ±É¥·¨¸É¨±¥ ¸É·Ê±-
ÉÊ·Ò, ¨ ¢¸¥ Î ¸ÉμÉÒ Œ“‘ ¢ ÔÉμ° ¶μ²μ¸¥ Î ¸ÉμÉ. ‚ ³´μ£μ³μ¤μ¢μ³ ¶·¨¡²¨¦¥´¨¨ Ð¥²¨
¸¢Ö§¨ ³¥¦¤Ê “‘ ¨ Œ“‘ ¸¢Ö§Ò¢ ÕÉ ³¥¦¤Ê ¸μ¡μ° ¢¸¥ ¸μ¡¸É¢¥´´Ò¥ ±μ²¥¡ ´¨Ö ¢ ¸μ¸¥¤´¨Ì
Ô²¥³¥´É Ì ¸¨¸É¥³Ò. ™¥²Ó É ±¦¥ ¸¢Ö§Ò¢ ¥É ³¥¦¤Ê ¸μ¡μ° ¢¸¥ ¸μ¡¸É¢¥´´Ò¥ ±μ²¥¡ ´¨Ö
¢ μÉ¤¥²Ó´ÒÌ Ô²¥³¥´É Ì ± ± “‘, É ± ¨ Œ“‘. ‘μ¡¸É¢¥´´ Ö Î ¸ÉμÉ  ± ¦¤μ£μ ±μ²¥¡ ´¨Ö
¢ μÉ¤¥²Ó´μ³ Ô²¥³¥´É¥ ¶μ²ÊÎ ¥É μÉ·¨Í É¥²Ó´μ¥ ¸³¥Ð¥´¨¥, ¶·μ¶μ·Í¨μ´ ²Ó´μ¥ ±¢ ¤· ÉÊ
´ ¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ÔÉμ£μ ±μ²¥¡ ´¨Ö ´  Ð¥²¨ ¸¢Ö§¨.

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ · ¸¸Î¨É ´´ÒÌ ¨²¨ μ¶·¥¤¥²¥´´ÒÌ ¤·Ê£¨³ ¸¶μ¸μ¡μ³ Ì · ±É¥·¨¸É¨±
μÉ¤¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¸¨¸É¥³Ò §´ Î¥´¨Ö ¸μ¡¸É¢¥´´ÒÌ Î ¸ÉμÉ ±μ²¥¡ ´¨° ¨ ¢¥²¨Î¨´Ò ´ -
¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ±μ²¥¡ ´¨° ´  Ð¥²ÖÌ ¸¢Ö§¨ ³¥¦¤Ê “‘ ¨ Œ“‘ · ¸¸Î¨-
ÉÒ¢ ÕÉ¸Ö ± ± Î ¸ÉμÉÒ ±μ²¥¡ ´¨° ¢ ·¥§μ´ Éμ·¥, É ± ¨ · ¸¶·¥¤¥²¥´¨Ö ¶μ²¥° ¶μ Ô²¥³¥´-
É ³ ·¥§μ´ Éμ· . �¥§Ê²ÓÉ ÉÒ ¸ Ìμ·μÏ¥° ÉμÎ´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ ± ± ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨, ¶μ²ÊÎ¥´´Ò³¨ ¶·¨ ´ ¸É·μ°±¥ ·¥§μ´ Éμ·μ¢ ¸ “‘˜„ [5], É ± ¨ ¸ ·¥§Ê²ÓÉ É ³¨
¶·Ö³μ£μ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö Ê¶·μÐ¥´´ÒÌ ¸¨¸É¥³ ¸ CDS.

� ¸¸³μÉ·¨³ ¸¨¸É¥³Ê ¨§ ¤¢ÊÌ ¸¥±Í¨° CDS, ¸¢Ö§ ´´ÊÕ μÉ·¥§±μ³ ¢μ²´μ¢μ¤  (·¨¸. 2,  ).
	¥§ ¶μÉ¥·¨ μ¡Ð´μ¸É¨ ·¥ ²Ó´μ¥ Œ“‘ ¸ ¤¢Ê³Ö É¥Ì´μ²μ£¨Î¥¸¨³¨ …-Ê£μ²± ³¨ ³μ¦´μ § -
³¥´¨ÉÓ ¶·Ö³Ò³ μÉ·¥§±μ³ ¢μ²´μ¢μ¤  ¸ ¤²¨´μ° Lw, ¢ ±μÉμ·μ³ ¢μ§¡Ê¦¤ ¥É¸Ö É ±μ¥ ¦¥
±μ²¥¡ ´¨¥ TE10n. ‚μ²´μ¢μ¤ μ£· ´¨Î¥´ É¥Ì´μ²μ£¨Î¥¸±¨³¨ ¶¥·¥Ìμ¤ ³¨ Å μÉ·¥§± ³¨
· ¢´μ° ¸ ¢μ²´μ¢μ¤μ³ Ï¨·¨´Ò, ´μ ³¥´ÓÏ¥° ¢Ò¸μÉÒ. �  Éμ·Í¥ ¶¥·¥Ìμ¤  Ê ¸¥±Í¨¨ · ¸-
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�¨¸. 2.  ) ‘¢Ö§ ´´ Ö ¸¨¸É¥³ : 1 Å ¸¥±Í¨¨ ¸É·Ê±ÉÊ·Ò CDS; 2 Å μÉ·¥§μ± ¶·Ö³μÊ£μ²Ó´μ£μ ¢μ²´μ-
¢μ¤  ¤²¨´μ° Lw ; 3 Å ¶¥·¥Ìμ¤. ¡) ƒ· Ë¨±¨ § ¢¨¸¨³μ¸É¥° Î ¸ÉμÉ ±μ²¥¡ ´¨° ¢ ¸¨¸É¥³¥ μÉ ¤²¨´Ò

¢μ²´μ¢μ¤  Lw, ±μ²¥¡ ´¨Ö ¸ Î¥É´Ò³ (1) ¨ ´¥Î¥É´Ò³ (2) · ¸¶·¥¤¥²¥´¨¥³ Ht ¢ ¢μ²´μ¢μ¤¥; 3 Å

§ ¢¨¸¨³μ¸É¨ ¸μ¡¸É¢¥´´ÒÌ Î ¸ÉμÉ ³μ¤ TE10n ¢ ¢μ²´μ¢μ¤¥ ¸ ¶¥·¥Ìμ¤ ³¨; 4 Å É·¥¡Ê¥³Ò° ÊÎ ¸Éμ±
¢§ ¨³μ¤¥°¸É¢¨Ö ³μ¤

¶μ²μ¦¥´  Ð¥²Ó ¸¢Ö§¨ ¸ “‘. �μ¤·μ¡´¥¥ ÊÎ ¸Éμ± ¶¥·¥Ìμ¤  “‘ÄŒ“‘, ¢Ò¶μ²´¥´´Ò° ¤²Ö
“‘˜„, μ¶¨¸ ´ ¢ [5].

�  ·¨¸. 2, ¡ ¶μ± § ´Ò £· Ë¨±¨ § ¢¨¸¨³μ¸É¥° Î ¸ÉμÉ ±μ²¥¡ ´¨° ¢ ÔÉμ° ¸¨¸É¥³¥ μÉ
¤²¨´Ò ¢μ²´μ¢μ¤  Lw, ¶μ²ÊÎ¥´´Ò¥ ¶·Ö³Ò³ Î¨¸²¥´´Ò³ ³μ¤¥²¨·μ¢ ´¨¥³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
MWS CST [6]. Œ¥É±¨ fo, fd, fu μ¡μ§´ Î ÕÉ §´ Î¥´¨Ö Î ¸ÉμÉ · ¡μÎ¥£μ, ´¨¦´¥£μ ¨ ¢¥·Ì-
´¥£μ (¶μ μÉ´μÏ¥´¨Õ ± · ¡μÎ¥³Ê) ±μ²¥¡ ´¨° ¢ ¸¥±Í¨ÖÌ CDS. Š·¨¢Ò¥ 3 ¸μμÉ¢¥É¸É¢ÊÕÉ
Î ¸ÉμÉ ³ ³μ¤ TE10n ¢ ¢μ²´μ¢μ¤¥ ¢³¥¸É¥ ¸ ¶¥·¥Ìμ¤ ³¨. ‚¸¥ ÔÉμ Ö¢²Ö¥É¸Ö ¶ ·Í¨ ²Ó´Ò³¨
Î ¸ÉμÉ ³¨ ±μ²¥¡ É¥²Ó´μ° ¸¨¸É¥³Ò ¸μ ³´μ£¨³¨ ¸É¥¶¥´Ö³¨ ¸¢μ¡μ¤Ò [7]. ‚ ·¥§Ê²ÓÉ É¥
¢§ ¨³μ¤¥°¸É¢¨Ö ¸μ¡¸É¢¥´´ÒÌ ±μ²¥¡ ´¨° ¢ Ô²¥³¥´É Ì μ¡· §Ê¥É¸Ö ¸¥³¥°¸É¢μ ¢μ²´μμ¡· §´μ
¸¶ ¤ ÕÐ¨Ì ±·¨¢ÒÌ. Š ¦¤ Ö ±·¨¢ Ö ¸μμÉ¢¥É¸É¢Ê¥É μ¶·¥¤¥²¥´´μ³Ê ±μ²¥¡ ´¨Õ TE10n

¢ μÉ·¥§±¥ ¢μ²´μ¢μ¤  ¢³¥¸É¥ ¸ ¶¥·¥Ìμ¤ ³¨. Š·¨¢Ò¥ ¤²Ö ±μ²¥¡ ´¨° μ¤¨´ ±μ¢μ° Î¥É´μ-
¸É¨, ¸μ¸É ¢²ÖÕÐ¥° Ht ³ £´¨É´μ£μ ¶μ²Ö ¢ μÉ·¥§±¥ ¢μ²´μ¢μ¤ , · §´¥¸¥´Ò ´  · ¸¸ÉμÖ´¨¥ Λ,
  ±·¨¢Ò¥ · §´μ° Î¥É´μ¸É¨ Å ´  · ¸¸ÉμÖ´¨¥ Λ/2 ¶μ μ¸¨  ¡¸Í¨¸¸. ‡¤¥¸Ó Λ Å ¤²¨´  ¢μ²´Ò
¢ ¢μ²´μ¢μ¤¥ ´  Î ¸ÉμÉ¥ f .

„²Ö ¸μ£² ¸μ¢ ´¨Ö ¸ ²¨´¨¥° ¶¥·¥¤ Î¨ ‚—-³μÐ´μ¸É¨ μÉ £¥´¥· Éμ·  ´¥μ¡Ìμ¤¨³  ¶ÊÎ-
´μ¸ÉÓ Ht ¢ ¸¥·¥¤¨´¥ μÉ·¥§±  ¢μ²´μ¢μ¤  2 (·¨¸. 2,  ). �Éμ³Ê ¸μμÉ¢¥É¸É¢Ê¥É μ¡² ¸ÉÓ ¢§ ¨-
³μ¤¥°¸É¢¨Ö ±μ²¥¡ ´¨° 4, ¢Ò¤¥²¥´´ Ö ´  ·¨¸. 2, ¡. � ¸Î¥ÉÒ ¢ ³´μ£μ³μ¤μ¢μ³ ¶·¨¡²¨¦¥´¨¨
´  · ¡μÎ¥° Î ¸ÉμÉ¥ ¶μ± §Ò¢ ÕÉ Ê¦¥ ¢¥²¨Î¨´Ê Ht �= 0 ¢ ¸¥·¥¤¨´¥ μÉ·¥§±  ¢μ²´μ¢μ¤  2 ¨
¢μ§³μ¦´μ¸ÉÓ ¨§³¥´¥´ÖÉÓ ¶·¨ § ¤ ´´μ³ ¶μ²¥ ¢ ¸¥±Í¨¨ ¢¥²¨Î¨´Ê Ht ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ±
§  ¸Î¥É ¶μ¤¡μ·  · §³¥·μ¢ Ð¥²¨ ¸¢Ö§¨ ¨ ¤²¨´Ò ÊÎ ¸É±  ¶¥·¥Ìμ¤  3 (·¨¸. 2, a).

�Éμ ¶μ§¢μ²Ö¥É ·¥Ï¨ÉÓ ¶· ±É¨Î¥¸±ÊÕ § ¤ ÎÊ · §· ¡μÉ±¨ ·¥§μ´ Éμ·  ¸ “‘ ´  μ¸´μ¢¥
CDS ¨ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì Œ“‘, É ±¦¥ Ö¢²ÖÕÐ¥£μ¸Ö ´ ¨¡μ²¥¥ ¶·μ¸ÉÒ³ ¢ ¨§£μÉμ¢²¥´¨¨. �μ
μ¸É ¥É¸Ö ´¥· ¸±·ÒÉμ° Ë¨§¨Î¥¸± Ö ¨¤¥Ö ¶μ¸É·μ¥´¨Ö ·¥§μ´ Éμ· , ±μÉμ· Ö ¸´¨³ ¥É ± ¦Ê-
Ð¥¥¸Ö ¶·μÉ¨¢μ·¥Î¨¥, μÉ´μ¸ÖÐ¥¥¸Ö ± ¢μ§³μ¦´μ¸É¨ ¢¢μ¤  ‚—-³μÐ´μ¸É¨ ¢ Œ“‘.
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2. ��‘’��‰Š� �…‡���’��� Š�Š Š�Œ�…�‘ˆ��‚����‰ ‘ˆ‘’…Œ›

Š ± ¢¨¤´μ ¨§ ·¨¸. 1, ·¥§μ´ Éμ· Ö¢²Ö¥É¸Ö ¶¥·¨μ¤¨Î¥¸±μ° ¸É·Ê±ÉÊ·μ°, ¢ ±μÉμ·μ° ³μ¦´μ
¢Ò¤¥²¨ÉÓ ¶¥·¨μ¤, ¶μ± § ´´Ò° ´  ·¨¸. 3. �μ¸É·μ¨³ ·¥§μ´ Éμ· ± ± ±μ³¶¥´¸¨·μ¢ ´´ÊÕ
¸¨¸É¥³Ê [8], ¤μ¸Éμ¨´¸É¢  ±μÉμ·μ° Ìμ·μÏμ ¨§¢¥¸É´Ò ¢ É¥Ì´¨±¥ ‹“. „²Ö ÔÉμ£μ ´  Î ¸ÉμÉ¥
· ¡μÎ¥£μ ±μ²¥¡ ´¨Ö ·¥§μ´ Éμ·  ¤μ²¦´Ò ¸μ¢¶ ¤ ÉÓ Î ¸ÉμÉÒ ¤¢ÊÌ ±μ²¥¡ ´¨° ¸ ¸μ¶·Ö¦¥´´μ°
Î¥É´μ¸ÉÓÕ · ¸¶·¥¤¥²¥´¨° ¶μ²¥°. „²Ö ¢¢μ¤  ‚—-³μÐ´μ¸É¨ ¢ ¸¥·¥¤¨´Ê Œ“‘ ´  ¶²μ¸±μ-
¸ÉÖÌ 5 (·¨¸. 3) ´¥μ¡Ìμ¤¨³  ¶ÊÎ´μ¸ÉÓ ¶¥·¶¥´¤¨±Ê²Ö·´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, É. ¥. £· ´¨Î´Ò¥
Ê¸²μ¢¨Ö ³ £´¨É´μ° ¸É¥´±¨. �  ¶· ±É¨±¥ É ±¨¥ Ê¸²μ¢¨Ö ´¥ ·¥ ²¨§ÊÕÉ¸Ö. �É³¥É¨³, ÎÉμ “‘
´  μ¸´μ¢¥ ±μ³¶¥´¸¨·μ¢ ´´ÒÌ ¸É·Ê±ÉÊ· “‘˜„ ¨²¨ CDS, §  ¨¸±²ÕÎ¥´¨¥³ Éμ·Í¥¢ÒÌ ¶μ²Ê-
ÖÎ¥¥±, Ê¦¥ ´ ¸É·μ¥´  ¨ Ê¸²μ¢¨¥ ¸μ¢¶ ¤¥´¨Ö Î ¸ÉμÉ ¸μ¶·Ö¦¥´´ÒÌ ¶μ Î¥É´μ¸É¨ ±μ²¥¡ ´¨°
¤²Ö ´¥¥ ¢Ò¶μ²´Ö¥É¸Ö.

Œ¥Éμ¤¨±  ´ ¸É·μ°±¨ ¸¥±Í¨° CDS ¸μ Ð¥²Ö³¨ ¸¢Ö§¨ ¢ Í¥²μ³ ¶μ¤μ¡´  ¶·¨³¥´Ö¢Ï¥°¸Ö
¤²Ö ´ ¸É·μ°±¨ ¸¥±Í¨° “‘˜„ [5] ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ´  Ô²¥³¥´É Ì ¢ ¢Ò¤¥²¥´´μ³ ´  ·¨¸. 3
ÊÎ ¸É±¥ 2. �¥·¥Ìμ¤ 3 É¥Ì´μ²μ£¨Î¥¸±¨ ¢Ò¶μ²´Ö¥É¸Ö ¢³¥¸É¥ ¸ Éμ·Í¥¢μ° ¶μ²ÊÖÎ¥°±μ° ¸¥±-
Í¨¨. Š ¶¥·¥Ìμ¤Ê ¶·¨¸μ¥¤¨´Ö¥É¸Ö μÉ·¥§μ± ¢μ²´μ¢μ¤  ¸ ¶μ¤¢¨¦´Ò³ § ±μ· Î¨¢ ÕÐ¨³ ¶μ·Ï-
´¥³. ‘´¨³ ÕÉ¸Ö § ¢¨¸¨³μ¸É¨ μÉ ¶μ²μ¦¥´¨Ö ¶μ·Ï´Ö Î ¸ÉμÉ Í¥´É· ²Ó´μ£μ ¨ ¡μ±μ¢ÒÌ ±μ-
²¥¡ ´¨° ¨§ ¤¨ ¶ §μ´  ¢§ ¨³μ¤¥°¸É¢¨Ö 4 (¸³. ·¨¸. 2, ¡). �¶·¥¤¥²ÖÕÉ¸Ö ¶μ²μ¦¥´¨¥ ¶μ·Ï´Ö
¨ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¥³Ê Î ¸ÉμÉ  Í¥´É· ²Ó´μ£μ (· ¡μÎ¥£μ) ±μ²¥¡ ´¨Ö, ¶·¨ ±μÉμ·μ³ Î ¸ÉμÉÒ
¡μ±μ¢ÒÌ ±μ²¥¡ ´¨° · ¸¶μ²μ¦¥´Ò ¸¨³³¥É·¨Î´μ μÉ´μ¸¨É¥²Ó´μ Í¥´É· ²Ó´μ°. �μ¤¸É·μ°±μ°
Éμ·Í¥¢μ° ¶μ²ÊÖÎ¥°±¨ ¢ ´Ê¦´μ³ ´ ¶· ¢²¥´¨¨ Î ¸ÉμÉ  Í¥´É· ²Ó´μ£μ ±μ²¥¡ ´¨Ö ¶·¨¡²¨¦ -
¥É¸Ö ± · ¡μÎ¥°. — ¸ÉμÉÒ ¡μ±μ¢ÒÌ ±μ²¥¡ ´¨° É ±¦¥ ¨§³¥´ÖÕÉ¸Ö ¶·¨ ¶μ¤¸É·μ°±¥ Éμ·Í¥¢μ°
¶μ²ÊÖÎ¥°±¨, ¨ ¶·μÍ¥¤Ê·  ¢Ò¶μ²´Ö¥É¸Ö §  ´¥¸±μ²Ó±μ ¶·¨¡²¨¦¥´¨°. ‚ ·¥§Ê²ÓÉ É¥ ¸¥±Í¨Ö
´ ¸É·μ¥´  ´  · ¡μÎÊÕ Î ¸ÉμÉÊ ¶·¨ ´¥±μÉμ·μ³ ¶μ²μ¦¥´¨¨ § ±μ· Î¨¢ ÕÐ¥£μ ¶μ·Ï´Ö 4
´  ·¨¸. 3, ¨ ¡μ±μ¢Ò¥ ±μ²¥¡ ´¨Ö · ¸¶μ²μ¦¥´Ò ¸¨³³¥É·¨Î´μ. �·¨ ÔÉμ³ ´  ¶²μ¸±μ¸É¨ 4
¶μ²μ¦¥´¨Ö ¶μ·Ï´Ö ¢Ò¶μ²´ÖÕÉ¸Ö £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö Ô²¥±É·¨Î¥¸±μ° ¸É¥´±¨. �²¥±É·¨Î¥-
¸± Ö ¤²¨´  ¤μ¶μ²´¥´¨Ö 3 (¸³. ·¨¸. 3) ¢Ò¡¨· ¥É¸Ö · ¢´μ° (2m + 1)Λ/4, £¤¥ m Å Í¥²μ¥
Î¨¸²μ. �Éμ μ¡¥¸¶¥Î¨¢ ¥É ´  ¶²μ¸±μ¸É¨ 5 ´¥μ¡Ìμ¤¨³Ò¥ Ê¸²μ¢¨Ö ³ £´¨É´μ° ¸É¥´±¨ ¶·¨
´¥¨§³¥´´μ¸É¨ Î ¸ÉμÉÒ · ¡μÎ¥£μ ±μ²¥¡ ´¨Ö.

‚¥²¨Î¨´  ¶¥·¶¥´¤¨±Ê²Ö·´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ´  ¶²μ¸±μ¸É¨ 5 μ¤´μ§´ Î´μ ¸¢Ö§ ´  ¸
¢¥²¨Î¨´μ° ± ¸ É¥²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶²μ¸±μ¸É¨ 4 ¢μ²´μ¢μ¤´Ò³¨ ¸μμÉ´μÏ¥´¨Ö³¨.
‚¥²¨Î¨´Ò ± ¸ É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ´  Ð¥²¨ ¸¢Ö§¨ ¸μ ¸Éμ·μ´Ò ¸¥±Í¨¨ ¨ ÊÎ ¸É± 
¶¥·¥Ìμ¤  · ¢´Ò ³¥¦¤Ê ¸μ¡μ°. “Î ¸Éμ± ¶¥·¥Ìμ¤  ¢³¥¸É¥ ¸μ Ð¥²ÓÕ ¸¢Ö§¨ É ±¦¥ Ö¢²Ö¥É¸Ö
É· ´¸Ëμ·³ Éμ·μ³ ´ ¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ¸ ¶μ¢¥·Ì´μ¸É¨ Éμ·Í¥¢μ° ¶μ²ÊÖÎ¥°±¨

�¨¸. 3. �²¥³¥´É ¶¥·¨μ¤¨Î´μ¸É¨ ¢ ·¥§μ´ Éμ·¥: 1 Å ´ ¸É·μ¥´´ Ö ¸¥±Í¨Ö; 2 Å ´ ¸É· ¨¢ ¥³Ò°
ÊÎ ¸Éμ±; 3 Å ¤μ¶μ²´¥´¨¥; 4 Å ¶μ²μ¦¥´¨¥ ¶²μ¸±μ¸É¨ ¶²Ê´¦¥·  ¶·¨ ´ ¸É·μ°±¥; 5 Å ¶²μ¸±μ¸É¨

§¥·± ²Ó´μ° ¸¨³³¥É·¨¨
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´  ¶²μ¸±μ¸ÉÓ ¶μ·Ï´Ö 4. �Ê¦´Ò¥ ¢¥²¨Î¨´Ò ±μÔËË¨Í¨¥´É  É· ´¸Ëμ·³ Í¨¨ ³ £´¨É´μ£μ
¶μ²Ö ¨ ±μÔËË¨Í¨¥´É  ¸¢Ö§¨ ³¥¦¤Ê “‘ ¨ Œ“‘ ¢Ò¡¨· ÕÉ¸Ö ¶·¨ · §· ¡μÉ±¥ ÊÎ ¸É±  2 (¸³.
·¨¸. 3) ¶μ¤¡μ·μ³ ¸μμÉ´μÏ¥´¨Ö · §³¥·μ¢ Ð¥²¨ ¸¢Ö§¨ ¨ ¤²¨´Ò ÊÎ ¸É±  ¶¥·¥Ìμ¤ . ‚¥²¨Î¨´ 
³ £´¨É´μ£μ ¶μ²Ö ¢ Œ“‘ ¢Ò¡¨· ¥É¸Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ°, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¸μ£² ¸μ¢ ´¨¥
¸ ¶μ¤¢μ¤ÖÐ¨³ ¢μ²´μ¢μ¤μ³, ´μ ´¥ ¸²¨Ï±μ³ ¡μ²ÓÏμ°, ÎÉμ¡Ò § ³¥É´μ Ê³¥´ÓÏ ÉÓ ÏÊ´Éμ¢μ¥
¸μ¶·μÉ¨¢²¥´¨¥ ¢¸¥£μ ·¥§μ´ Éμ· .

�·¨ ¤μ¡ ¢²¥´¨¨ ¤μ¶μ²´¥´¨Ö 3 ¢¥²¨Î¨´Ò Î ¸ÉμÉ ¡μ±μ¢ÒÌ ±μ²¥¡ ´¨° ¨§³¥´ÖÕÉ¸Ö ¶μ
¸· ¢´¥´¨Õ ¸ ¢¥²¨Î¨´ ³¨, ¨§³¥·¥´´Ò³¨ ¢ ¸¨¸É¥³¥ ¸ § ±μ· Î¨¢ ÕÐ¨³ ¶μ·Ï´¥³. �μ ¸¨³³¥-
É·¨Ö · ¸¶μ²μ¦¥´¨Ö ¡μ±μ¢ÒÌ ±μ²¥¡ ´¨° μÉ´μ¸¨É¥²Ó´μ · ¡μÎ¥£μ ¶·¨ ÔÉμ³ ´¥ ´ ·ÊÏ ¥É¸Ö.
�μ¢Ò¥ ¢¥²¨Î¨´Ò ¡μ±μ¢ÒÌ Î ¸ÉμÉ μ¶·¥¤¥²ÖÕÉ £· ´¨ÍÒ ¶μ²μ¸Ò, ¢ ±μÉμ·μ° ´ Ìμ¤ÖÉ¸Ö ¸¥³Ó
±μ²¥¡ ´¨° ·¥§μ´ ´¸´μ° ¸¨¸É¥³Ò ¨§ Î¥ÉÒ·¥Ì “‘ ¨ É·¥Ì Œ“‘.

„²Ö ±μ²¥¡ ´¨Ö ¸μ¶·Ö¦¥´´μ° Î¥É´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¶μ²Ö ´  ¶²μ¸±μ¸ÉÖÌ 3 ¢Ò¶μ²-
´ÖÕÉ¸Ö Ê¸²μ¢¨Ö Ô²¥±É·¨Î¥¸±μ° ¸É¥´±¨. �·¨ Ô²¥±É·¨Î¥¸±μ° ¤²¨´¥ ¤μ¶μ²´¥´¨Ö 3, · ¢´μ°
(2m+1)Λ/4, ÔÉμ ¸μμÉ¢¥É¸É¢Ê¥É ´¥ ·¥ ²¨§Ê¥³Ò³ ´  ¶· ±É¨±¥ Ê¸²μ¢¨Ö³ ³ £´¨É´μ° ¸É¥´±¨
´  ¶²μ¸±μ¸É¨ 4. �μ · ¢¥´¸É¢μ Î ¸ÉμÉÒ ±μ²¥¡ ´¨Ö ¸μ¶·Ö¦¥´´μ° Î¥É´μ¸É¨ Î ¸ÉμÉ¥ · ¡μÎ¥£μ
±μ²¥¡ ´¨Ö ¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¸¨³³¥É·¨¥° · ¸¶μ²μ¦¥´¨Ö ¡μ±μ¢ÒÌ Î ¸ÉμÉ.
�Éμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ± ± · ¸Î¥É ³¨ ¤²Ö ¶μ± § ´´μ£μ ´  ·¨¸. 3 ¶¥·¨μ¤  ¢ ³´μ£μ³μ¤μ¢μ³
¶·¨¡²¨¦¥´¨¨, É ± ¨ ·¥§Ê²ÓÉ É ³¨ ¶·Ö³μ£μ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¢ MWS CST.

’ ±¨³ μ¡· §μ³, Ê¸²μ¢¨Ö Ëμ·³¨·μ¢ ´¨Ö ³´μ£μ¸¥±Í¨μ´´μ£μ ·¥§μ´ Éμ·  ± ± ±μ³¶¥´¸¨-
·μ¢ ´´μ° ¸¨¸É¥³Ò ´  · ¡μÎ¥³ ±μ²¥¡ ´¨¨ ¢Ò¶μ²´¥´Ò. ‘²¥¤ÊÖ ¶·¨´ÖÉμ° ±² ¸¸¨Ë¨± Í¨¨
±μ²¥¡ ´¨° ¢ ¶¥·¨μ¤¨Î¥¸±μ° ¸¨¸É¥³¥ ¶μ ¸¤¢¨£Ê Ë §Ò ´  ¶¥·¨μ¤, · ¡μÎ¨³ Ö¢²Ö¥É¸Ö ±μ²¥-
¡ ´¨¥ ¢¨¤  π.

‡�Š‹�—…�ˆ…

Œ´μ£μ¸¥±Í¨μ´´Ò° Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ·, ¡ §¨·ÊÕÐ¨°¸Ö ´  ±μ³¶¥´¸¨·μ¢ ´´μ° Ê¸±μ-
·ÖÕÐ¥° ¸É·Ê±ÉÊ·¥, ¸ ³ ¸É·μ¨É¸Ö ± ± ±μ³¶¥´¸¨·μ¢ ´´ Ö ¸¨¸É¥³ . �¥μ¡Ìμ¤¨³μ¥ ¤²Ö ¢Ò-
¶μ²´¥´¨Ö Ê¸²μ¢¨° ±μ³¶¥´¸ Í¨¨ ¸μ¢¶ ¤¥´¨¥ Î ¸ÉμÉ ±μ²¥¡ ´¨° ¸ ¸μ¶·Ö¦¥´´μ° Î¥É´μ¸ÉÓÕ
· ¸¶·¥¤¥²¥´¨Ö ¶μ²¥° μ¡¥¸¶¥Î¨¢ ¥É¸Ö ± ± ¶·¨³¥´¥´¨¥³ ¢ Ê¸±μ·ÖÕÐ¨Ì ¸¥±Í¨ÖÌ ±μ³¶¥´-
¸¨·μ¢ ´´ÒÌ Ê¸±μ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ·, É ± ¨ ¶·μÍ¥¤Ê·μ° ´ ¸É·μ°±¨ ¸¥±Í¨° ¢³¥¸É¥ ¸ ³μ¸Éμ-
¢Ò³¨ Ê¸É·μ°¸É¢ ³¨ ¸¢Ö§¨. ‚—-¶μ²¥ · ¡μÎ¥£μ ±μ²¥¡ ´¨Ö ¸ÊÐ¥¸É¢Ê¥É ± ± ¢ ¸¥±Í¨ÖÌ, É ± ¨ ¢
Ê¸É·μ°¸É¢ Ì ¸¢Ö§¨. ‚¥²¨Î¨´  ³ £´¨É´μ£μ ¶μ²Ö ¢ Ê¸É·μ°¸É¢¥ ¸¢Ö§¨, ´¥μ¡Ìμ¤¨³ Ö ¤²Ö ¸μ£² -
¸μ¢ ´¨Ö ¸ ¶μ¤¢μ¤ÖÐ¨³ ¢μ²´μ¢μ¤μ³, μ¶·¥¤¥²Ö¥É¸Ö ¢Ò¡μ·μ³ ¶ · ³¥É·μ¢ ÊÎ ¸É±  ¶¥·¥Ìμ¤ 
³¥¦¤Ê ¸¥±Í¨¥° ¨ Ê¸É·μ°¸É¢μ³ ¸¢Ö§¨. “Î ¸Éμ± ¶¥·¥Ìμ¤  μ¤´μ¢·¥³¥´´μ ¢Ò¶μ²´Ö¥É ËÊ´±Í¨¨
μ¡¥¸¶¥Î¥´¨Ö ´¥μ¡Ìμ¤¨³μ£μ ±μÔËË¨Í¨¥´É  ¸¢Ö§¨ ¨ § ¤ ´´μ£μ ±μÔËË¨Í¨¥´É  É· ´¸Ëμ·³ -
Í¨¨ ´ ¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö.

� ¸¸³ É·¨¢ ¥³μ¥ Ê¸É·μ°¸É¢μ ¸¢Ö§¨ (¶μ ¸· ¢´¥´¨Õ ¸  ´ ²μ£ ³¨) Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥
¶·μ¸ÉÒ³ ¢ ¨§£μÉμ¢²¥´¨¨ ¨ ´ ¸É·μ°±¥. “¸É·μ°¸É¢μ ³μ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´μ ¢³¥¸É¥ ¸ ²Õ¡μ°
±μ³¶¥´¸¨·μ¢ ´´μ° Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·μ°, μ¤´μ¢·¥³¥´´μ Ê¶·μÐ Ö ±μ´¸É·Ê±Í¨Õ Ê§² 
¢¢μ¤  ‚—-³μÐ´μ¸É¨ ¢ ·¥§μ´ Éμ·.

�¢Éμ·Ò ¶·¨§´ É¥²Ó´Ò ² ¡μ· Éμ·¨¨ DESY §  ¶·¥¤μ¸É ¢²¥´´ÊÕ ¢ · ³± Ì ±μ²² ¡μ· Í¨¨
¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¸É¨ ¨²²Õ¸É·¨·ÊÕÐ¨¥ · ¸Î¥ÉÒ ¸ ¶·¨³¥´¥´¨¥³ CST MWS.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ · ³± Ì –� RFMEF162117X0014.
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