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ˆ´¸É¨ÉÊÉ Ì¨³¨Î¥¸±μ° ±¨´¥É¨±¨ ¨ £μ·¥´¨Ö ¨³. ‚. ‚.‚μ¥¢μ¤¸±μ£μ ‘� ���,
�μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö

�·¨¢¥¤¥´Ò ´ £·Ê§μÎ´Ò¥ Ì · ±É¥·¨¸É¨±¨ Ê¸±μ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ· ¸ÉμÖÎ¥° ¢μ²´Ò ¸ ¶μ¸²¥¤μ¢ É¥²Ó-
´μ° ¨ ¶ · ²²¥²Ó´μ° ¸¢Ö§ÓÕ. ‘É·Ê±ÉÊ·  ¸ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¸¢Ö§ÓÕ ¸μ¸Éμ¨É ¨§ ´ ¡μ·  Ê¸±μ·ÖÕ-
Ð¨Ì ·¥§μ´ Éμ·μ¢ ¨ ·¥§μ´ Éμ·μ¢ ¸¢Ö§¨, ¶μ¸²¥¤μ¢ É¥²Ó´μ ¢μ§¡Ê¦¤ ¥³ÒÌ ¤·Ê£ μÉ ¤·Ê£ . ‘É·Ê±ÉÊ· 
¸ ¶ · ²²¥²Ó´μ° ¸¢Ö§ÓÕ ¸μ¤¥·¦¨É Ê¸±μ·ÖÕÐ¨¥ ·¥§μ´ Éμ·Ò, ¢μ§¡Ê¦¤ ¥³Ò¥ ¶ · ²²¥²Ó´μ ¨§ μ¡Ð¥£μ
¢Ò¸μ±μ¤μ¡·μÉ´μ£μ ¶·μÌμ¤´μ£μ ·¥§μ´ Éμ· . �μ²ÊÎ¥´Ò ¸μμÉ´μÏ¥´¨Ö, μ¶·¥¤¥²ÖÕÐ¨¥ ·¥¦¨³Ò · ¡μÉÒ
¸É·Ê±ÉÊ·, §´ Î¥´¨¥ Š�„ ¢ ·¥¦¨³¥ ±·¨É¨Î¥¸±μ° ¸¢Ö§¨. ‚ÒÖ¢²¥´Ò Ì · ±É¥·´Ò¥ μ¸μ¡¥´´μ¸É¨ ¨ μÉ-
²¨Î¨Ö § ¢¨¸¨³μ¸É¨ ±μÔËË¨Í¨¥´É  ¢Ìμ¤´μ° ¸¢Ö§¨ μÉ Éμ±μ¢μ° ´ £·Ê§±¨ Ê ¸É·Ê±ÉÊ· · §´μ£μ É¨¶ .

The load characteristics of series- and parallel-coupled standing-waves accelerating structures are
presented. The structure with the series coupling consists of a set of accelerating cavities and coupling
resonators, sequentially excited by each other. The structure with the parallel coupling contains the
accelerating resonators, excited in parallel by a common high-Q transmission-type resonator. The
relations are obtained to determine the operating modes of the structures and the efˇciency value in
the regime of critical coupling. The characteristic features and differences of the dependence of input
coupling coefˇcient on current loads in structures of various types have been revealed.

PACS: 29.20.-c
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‘¢Ö§ ´´Ò¥ ·¥§μ´ Éμ·Ò ¶·¨³¥´ÖÕÉ¸Ö ¢ É¥Ì´¨±¥ ¸¢¥·Ì¢Ò¸μ±¨Ì Î ¸ÉμÉ (‘‚—) ¨ Ê¸±μ·¨-
É¥²Ó´μ° É¥Ì´¨±¥. ˜¨·μ±μ · ¸¶·μ¸É· ´¥´Ò Ê¸±μ·ÖÕÐ¨¥ ¸É·Ê±ÉÊ·Ò ¸ÉμÖÎ¥° ¢μ²´Ò, ¸μ¤¥·-
¦ Ð¨¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ · ¸¶μ²μ¦¥´´Ò¥ ¸¢Ö§ ´´Ò¥ Ê¸±μ·ÖÕÐ¨¥ ·¥§μ´ Éμ·Ò ¨ ·¥§μ´ Éμ·Ò
¸¢Ö§¨. ’ ±¨¥ ¸É·Ê±ÉÊ·Ò (¸ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¸¢Ö§ÓÕ) ¶·¥¤¸É ¢¨³Ò ¢ ¢¨¤¥ μ¤¨´μÎ´μ£μ ·¥-
§μ´ Éμ· , ¸¢Ö§ ´´μ£μ ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥°, ¨ Ìμ·μÏμ ¨¸¸²¥¤μ¢ ´Ò [1, 2]. ‚ ¶μ¸²¥¤´¥¥
¢·¥³Ö ¤¥É ²Ó´μ ¨§ÊÎ ¥É¸Ö ¸¨¸É¥³  ¨§ ¤¢ÊÌ ¸¢Ö§ ´´ÒÌ ·¥§μ´ Éμ·μ¢ [3, 4], ¶μ¸±μ²Ó±Ê μ´ 
¶·¥¤¸É ¢²Ö¥É ³μ¤¥²Ó Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ¸ ¶ · ²²¥²Ó´μ° ¸¢Ö§ÓÕ (‘�‘) Å ¡Ò¸É·μ · §-
¢¨¢ ÕÐ¥£μ¸Ö ´ ¶· ¢²¥´¨Ö ¢ Ê¸±μ·¨É¥²Ó´μ° É¥Ì´¨±¥ [5Ä10]. ‚ ¦´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨
Ê¸±μ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ· Ö¢²ÖÕÉ¸Ö ±μÔËË¨Í¨¥´É ¸¢Ö§¨ ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥° ¨ Š�„ ¶·¥-
μ¡· §μ¢ ´¨Ö ³μÐ´μ¸É¨ ‘‚—-£¥´¥· Éμ·  ¢ ³μÐ´μ¸ÉÓ Ê¸±μ·Ö¥³μ£μ ¶ÊÎ± . ‚ ¶·¥¤² £ ¥³μ°
· ¡μÉ¥ · ¸¸³μÉ·¥´Ò ÔÉ¨ Ì · ±É¥·¨¸É¨±¨ Ê¸±μ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ·, ±μÔËË¨Í¨¥´É ¸¢Ö§¨ Å
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¢ μ¡Ð¥³ ¸²ÊÎ ¥,   Š�„ Å ¤²Ö ¸²ÊÎ Ö ®±·¨É¨Î¥¸±μ°¯ ¸¢Ö§¨. „²Ö Ê¸±μ·¨É¥²¥° ±μÔËË¨-
Í¨¥´É ¸¢Ö§¨ ¸É·¥³ÖÉ¸Ö ¸¤¥² ÉÓ É ±¨³, ÎÉμ¡Ò ¢ ·¥¦¨³¥ ¸ ¶ÊÎ±μ³ ¤μ¸É¨£ ² ¸Ó ®±·¨É¨Î¥-
¸± Ö¯ ¸¢Ö§Ó Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥°, ¢¸Ö ‘‚—-³μÐ´μ¸ÉÓ ¢¢μ¤¨² ¸Ó
¢ ¸É·Ê±ÉÊ·Ê ¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¤²Ö Ê¸±μ·¥´¨Ö ¶ÊÎ± . �¡ÒÎ´Ò¥ Ê¸±μ·ÖÕÐ¨¥ ¸É·Ê±ÉÊ·Ò ¸Éμ-
ÖÎ¥° ¢μ²´Ò, ± ± ¨ μ¤¨´μÎ´Ò° Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ·, ´ ¸É· ¨¢ ÕÉ ¡¥§ ¶ÊÎ±  ´  ·¥¦¨³
®¶¥·¥¸¢Ö§¨¯, ¨ Éμ£¤  ¸ ¶ÊÎ±μ³ ¤μ¸É¨£ ¥É¸Ö ±·¨É¨Î¥¸± Ö ¸¢Ö§Ó ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥°. ‘�‘
¶·¥¤¸É ¢¨³  ¢ ¢¨¤¥ ¸¨¸É¥³Ò ¨§ ¤¢ÊÌ ¸¢Ö§ ´´ÒÌ ·¥§μ´ Éμ·μ¢, ¨ É ±ÊÕ ¸É·Ê±ÉÊ·Ê, ± ± ¶μ± -
§ ´μ ´¨¦¥, ´¥μ¡Ìμ¤¨³μ ´ ¸É· ¨¢ ÉÓ ¢ ·¥¦¨³ ®´¥¤μ¸¢Ö§¨¯, ¨ Éμ£¤  ¸ ¶ÊÎ±μ³ ¤μ¸É¨£ ¥É¸Ö
±·¨É¨Î¥¸± Ö ¸¢Ö§Ó ¸ ²¨´¨¥°.

1. “‘Š��Ÿ�™�Ÿ ‘’�“Š’“�� ‘ ��‘‹…„�‚�’…‹œ��‰ ‘‚Ÿ‡œ�

‚´ Î ²¥ · ¸¸³μÉ·¨³ ¡μ²¥¥ ¶·μ¸Éμ° ¸²ÊÎ ° μ¡ÒÎ´μ° Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ¸ÉμÖ-
Î¥° ¢μ²´Ò Å ¸ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¸¢Ö§ÓÕ, ¶·¥¤¸É ¢¨³μ° ¢ ¢¨¤¥ μ¤¨´μÎ´μ£μ Ê¸±μ·ÖÕÐ¥£μ
·¥§μ´ Éμ· , ¢μ§¡Ê¦¤ ¥³μ£μ μÉ ‘‚—-£¥´¥· Éμ·  ¨ ´ £·Ê¦¥´´μ£μ ¶ÊÎ±μ³ Ô²¥±É·μ´μ¢. ‚ ¸É -
Í¨μ´ ·´μ³ ·¥¦¨³¥ ‘‚—-³μÐ´μ¸ÉÓ £¥´¥· Éμ·  (P ) Î ¸É¨Î´μ μÉ· ¦ ¥É¸Ö μÉ ·¥§μ´ Éμ· ,
Î ¸É¨Î´μ · ¸¸¥¨¢ ¥É¸Ö ¢ ¸É¥´± Ì (PW ) ¨ ¶·¨ ´ ²¨Î¨¨ Ê¸±μ·Ö¥³μ£μ ¶ÊÎ±  Î ¸É¨Î´μ · ¸-
Ìμ¤Ê¥É¸Ö ´  ¥£μ Ê¸±μ·¥´¨¥ (PB), É ± ÎÉμ ¢ ·¥§μ´ Éμ· ¶·μÌμ¤¨É ‘‚—-³μÐ´μ¸ÉÓ [11]:

PW + PB = 4PβB/(1 + βB)2, (1)

  ±μÔËË¨Í¨¥´É ¸¢Ö§¨ ´ £·Ê¦¥´´μ£μ ¶ÊÎ±μ³ Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ·  ¸ ²¨´¨¥° βB μ¶·¥-
¤¥²Ö¥É¸Ö ¨§ ¸μμÉ´μÏ¥´¨Ö

βB =
Pext

PW + PB
=

Pext

PW

/ (
1 +

PB

PW

)
=

β

1 + χ
. (2)

‡¤¥¸Ó Pext Å ³μÐ´μ¸ÉÓ, ¨§²ÊÎ ¥³ Ö ¨§ ·¥§μ´ Éμ·  ¶·¨ ¢Ò±²ÕÎ¥´´μ³ £¥´¥· Éμ·¥; β Å
±μÔËË¨Í¨¥´É ¸¢Ö§¨ Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ·  ¸ ¶μ¤¢μ¤ÖÐ¨³ ¢μ²´μ¢μ¤μ³ ¡¥§ ¶ÊÎ± ; χ =
PB/PW Å ´ £·Ê§μÎ´Ò° ±μÔËË¨Í¨¥´É, μÉ´μÏ¥´¨¥ ³μÐ´μ¸É¨, § É· Î¨¢ ¥³μ° ´  Ê¸±μ·¥-
´¨¥ ¶ÊÎ± , ± ¶μÉ¥·Ö³ ¢ ¸É¥´± Ì ·¥§μ´ Éμ· . ˆ§ (2) ¢¨¤´μ, ÎÉμ ¢¸¥£¤  βB < β Å ¢±²ÕÎ¥´¨¥
¶ÊÎ±  (¤μ¶μ²´¨É¥²Ó´ÒÌ ¶μÉ¥·Ó) Ê³¥´ÓÏ ¥É ¸¢Ö§Ó. �μÔÉμ³Ê, ¥¸²¨ ´¥μ¡Ìμ¤¨³μ ¤μ¡¨ÉÓ¸Ö ·¥-
¦¨³  ±·¨É¨Î¥¸±μ° ¸¢Ö§¨ ¶·¨ ¢±²ÕÎ¥´´μ³ ¶ÊÎ±¥, ¡¥§ ¶ÊÎ±  ¸É·Ê±ÉÊ·Ê ´Ê¦´μ ´ ¸É· ¨¢ ÉÓ
¢ ·¥¦¨³ ´¥¤μ¸¢Ö§¨. ‚¥²¨Î¨´  ³μÐ´μ¸É¨, ¶·μÌμ¤ÖÐ¥° ¢ ·¥§μ´ Éμ· (PB + PW ) ¢ ¸μμÉ¢¥É-
¸É¢¨¨ ¸ (1), ³ ±¸¨³ ²Ó´  ¶·¨ βB =1, ÎÉμ ¶·¨ § ¤ ´´μ³ χ ¸ ÊÎ¥Éμ³ (2) ¤ ¥É β = 1 + χ.
‚ ÔÉμ³ ¸²ÊÎ ¥ ±μÔËË¨Í¨¥´É ¶·¥μ¡· §μ¢ ´¨Ö ³μÐ´μ¸É¨ £¥´¥· Éμ·  ¢ ³μÐ´μ¸ÉÓ ¶ÊÎ± 
(Š�„)

η =
PB

P
=

χ

1 + χ
, (3)

¨ ¶·¨ ±·¨É¨Î¥¸±μ° ¸¢Ö§¨ (¸ ¶ÊÎ±μ³) ¢Ò· ¦¥´¨¥ ¤²Ö § ¢¨¸¨³μ¸É¨ ¢Ìμ¤´μ£μ ±μÔËË¨Í¨¥´É 
¸¢Ö§¨ (¡¥§ ¶ÊÎ± ) μÉ ¦¥² ¥³μ£μ Š�„ ¸ ÊÎ¥Éμ³ (2), (3) ¨³¥¥É ¢¨¤

β =
1

1 − η
. (4)

‡´ Î¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ χ, η § ¤ ¥É¸Ö ¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ ¸É·Ê±ÉÊ·Ò. � ¶·¨³¥·, ¶·¨
χ = 1, η = 0,5 ¨§ (4) ¶μ²ÊÎ ¥³ β = 2, É. ¥. Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ· ¢ ®Ìμ²μ¤´μ³¯ ·¥¦¨³¥
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(¡¥§ ¶ÊÎ± ) ¤μ²¦¥´ ¡ÒÉÓ ´ ¸É·μ¥´ ´  ®¶¥·¥¸¢Ö§Ó¯ ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥°, ¢ ±μ´±·¥É´μ³
¸²ÊÎ ¥ ¸ ±μÔËË¨Í¨¥´Éμ³ ¸¢Ö§¨ 2. ’μ£¤ , ¥¸²¨ ¢ ·¥¦¨³¥ ¸ ¶ÊÎ±μ³ Ê¸±μ·ÖÕÐ¨° ·¥§μ´ -
Éμ· ®±·¨É¨Î¥¸±¨¯ ¸¢Ö§ ´ ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥°, ±μÔËË¨Í¨¥´É ¶·¥μ¡· §μ¢ ´¨Ö ³μÐ´μ¸É¨
£¥´¥· Éμ·  ¢ ¶ÊÎμ± ¸μ¸É ¢¨É 50 %.

2. ‘’�“Š’“�� ‘ ����‹‹…‹œ��‰ ‘‚Ÿ‡œ�

� ¸¸³μÉ·¨³ ¸¨¸É¥³Ê, ¸μ¸ÉμÖÐÊÕ ¨§ ¤¢ÊÌ ¸¢Ö§ ´´ÒÌ ·¥§μ´ Éμ·μ¢, ¶¥·¢μ£μ Å ¢μ§¡Ê-
¦¤ ÕÐ¥£μ, ¢ ±μÉμ·Ò° ¢¢μ¤¨É¸Ö ‘‚—-³μÐ´μ¸ÉÓ μÉ £¥´¥· Éμ· , ¨ ¢Éμ·μ£μ Å Ê¸±μ·ÖÕÐ¥£μ,
¢ ±μÉμ·Ò° ¢¢μ¤¨É¸Ö Ê¸±μ·Ö¥³Ò° ¶ÊÎμ±. ’ ± Ö ¸Ì¥³  ¶·¥¤¸É ¢²¥´  ¢ · ¡μÉ¥ [10],   §¤¥¸Ó
¡μ²¥¥ ¶μ¤·μ¡´μ · ¸¸³μÉ·¨³ Ì · ±É¥· ¸¢Ö§¨ ¸¨¸É¥³Ò ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥° ¶·¨ ´ £·Ê§±¥
¶ÊÎ±μ³. �¥·¢Ò° ·¥§μ´ Éμ· (¨´¤¥±¸ 0) ¸¢Ö§ ´ ¸ ¢μ§¡Ê¦¤ ÕÐ¨³ £¥´¥· Éμ·μ³ ¨ ¢Éμ·Ò³
·¥§μ´ Éμ·μ³ (¨´¤¥±¸ 1), ¢Éμ·μ° Å Éμ²Ó±μ ¸ ¶¥·¢Ò³ ·¥§μ´ Éμ·μ³. ŠμÔËË¨Í¨¥´É ¸¢Ö§¨
·¥§μ´ Éμ·  c ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥° · ¢¥´ μÉ´μÏ¥´¨Õ ¢´¥Ï´¨Ì ¶μÉ¥·Ó ± ¢´ÊÉ·¥´´¨³ [11],
¨ ¢ ´ Ï¥³ ¸²ÊÎ ¥ ¢Ìμ¤´μ° ±μÔËË¨Í¨¥´É ¸¢Ö§¨ β ¶¥·¢μ£μ ·¥§μ´ Éμ·  ¶·¨ ¶μ¤±²ÕÎ¥´´μ³
¢Éμ·μ³ ·¥§μ´ Éμ·¥ μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

β =
Pext

PW0 + P01
=

Pext

PW0

/ (
1 +

P01

PW0

)
=

β0

1 + γ
. (5)

‡¤¥¸Ó Pext Å ‘‚—-³μÐ´μ¸ÉÓ, ¨§²ÊÎ ¥³ Ö ¨§ ¶¥·¢μ£μ ·¥§μ´ Éμ·  ¢ ¶μ¤¢μ¤ÖÐÊÕ ²¨´¨Õ
¶·¨ ¢Ò±²ÕÎ¥´´μ³ £¥´¥· Éμ·¥; PW0 + P01 Å ¸Ê³³ ·´Ò¥ ¶μÉ¥·¨ ¢ ¶¥·¢μ³ ·¥§μ´ Éμ·¥;
PW0 Å ³μÐ´μ¸ÉÓ ¶μÉ¥·Ó ¢ ¸É¥´± Ì ¶¥·¢μ£μ ·¥§μ´ Éμ· ; P01 = PW1 + PB Å ³μÐ´μ¸ÉÓ,
¶¥·¥Ìμ¤ÖÐ Ö ¨§ ¶¥·¢μ£μ ·¥§μ´ Éμ·  ¢μ ¢Éμ·μ°; PW1 Å ³μÐ´μ¸ÉÓ ¶μÉ¥·Ó ¢ ¸É¥´± Ì ¢Éμ-
·μ£μ ·¥§μ´ Éμ· ; PB Å ³μÐ´μ¸ÉÓ, § É· Î¨¢ ¥³ Ö ´  Ê¸±μ·¥´¨¥ ¶ÊÎ± ; β0 = Pext/PW0 Å
±μÔËË¨Í¨¥´É ¸¢Ö§¨ ¶¥·¢μ£μ ·¥§μ´ Éμ·  ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥° ¶·¨ μÉ±²ÕÎ¥´´μ³ ¢Éμ-
·μ³ ·¥§μ´ Éμ·¥; γ = P01/PW0 Å μÉ´μÏ¥´¨¥ ¶μÉ¥·Ó ¢μ ¢Éμ·μ³ ·¥§μ´ Éμ·¥ ± ¶μÉ¥·Ö³
¢ ¸É¥´± Ì ¶¥·¢μ£μ ·¥§μ´ Éμ· . ‘μμÉ´μÏ¥´¨Ö (5), (2) ¶μ¤μ¡´Ò, ¢ (5) ·μ²Ó ´ £·Ê§μÎ´μ£μ
±μÔËË¨Í¨¥´É  ¨£· ¥É γ.

�μÉ¥·¨ ¢μ ¢Éμ·μ³ ·¥§μ´ Éμ·¥ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ³μ£ÊÉ ¡ÒÉÓ μ¡Ê¸²μ¢²¥´Ò ¶μÉ¥·Ö³¨ ¢ ¥£μ
¸É¥´± Ì, ¶μÉ¥·Ö³¨ ´  Ê¸±μ·Ö¥³Ò° ¶ÊÎμ± ¨ ¶μÉ¥·Ö³¨ ´  ¨§²ÊÎ¥´¨¥ ¶·¨ ´ ²¨Î¨¨ ¤μ¶μ²-
´¨É¥²Ó´ÒÌ ¸¢Ö§¥°. � ¨¡μ²¥¥ ¶·μ¸Éμ μÉ´μÏ¥´¨¥ ¶μÉ¥·Ó μ¶·¥¤¥²Ö¥É¸Ö ¶·¨ ±·¨É¨Î¥¸±μ°
¸¢Ö§¨. �·¨ β = 1 ¨§ (5) ´ Ìμ¤¨³ γ = γcr = β0 − 1.

…¸²¨ ¶ÊÎμ± ´¥ ¢±²ÕÎ¥´, Éμ ¢ (5) β = β0+1 Å ±μÔËË¨Í¨¥´É ¸¢Ö§¨ ¸¨¸É¥³Ò ¨§ ¤¢ÊÌ
·¥§μ´ Éμ·μ¢ ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥° ¡¥§ ¶ÊÎ± , P01 = PW1, γ = γ0 = PW1/PW0 É ±¦¥
¡¥§ ¶ÊÎ± , ¨ ¨§ (5) μ¶·¥¤¥²Ö¥³ γ0 = (β0/β0+1) − 1. ‚ ÔÉμ³ ¸²ÊÎ ¥ ±μÔËË¨Í¨¥´É γ = γ0

· ¢¥´ μÉ´μÏ¥´¨Õ ¶μÉ¥·Ó ¢ ¸É¥´± Ì ¸μ¸¥¤´¨Ì ·¥§μ´ Éμ·μ¢ ¨ ³μ¦¥É ¡ÒÉÓ μ¶·¥¤¥²¥´ ¶ÊÉ¥³
¨§³¥·¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ¸¢Ö§¨ ¶·¨ μÉ±²ÕÎ¥´´μ³ ¨ ¶μ¤±²ÕÎ¥´´μ³ ¢Éμ·μ³ ·¥§μ´ Éμ·¥.

�·¨ ±·¨É¨Î¥¸±μ° ¸¢Ö§¨ (β = 1), P = P01+PW0, ¨§ (5) ¶μ²ÊÎ ¥³ P01/P = (β0−1)/β0.
Š·μ³¥ Éμ£μ, P01 = PW1 +PB = PB(1+PW1/PB) = PB(1+χ)/χ. ‡¤¥¸Ó χ = PB/PW1 Å
´ £·Ê§μÎ´Ò° ±μÔËË¨Í¨¥´É, μÉ´μÏ¥´¨¥ ³μÐ´μ¸É¨ ´  Ê¸±μ·¥´¨¥ ¶ÊÎ±  ± ¶μÉ¥·Ö³ ¢ ¸É¥´-
± Ì ¢Éμ·μ£μ ·¥§μ´ Éμ· . �É¸Õ¤  ¶·¨ ±·¨É¨Î¥¸±μ° ¸¢Ö§¨ ¶μ²ÊÎ ¥³ ¢Ò· ¦¥´¨¥ § ¢¨¸¨³μ¸É¨
Š�„ η μÉ ´ £·Ê§μÎ´μ£μ ±μÔËË¨Í¨¥´É  χ:

η =
PB

P
=

(β0 − 1)
β0

χ

(1 + χ)
. (6)
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„²Ö ¢ÒÖ¸´¥´¨Ö Ì · ±É¥·  ¸¢Ö§¨ ‘�‘ ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥° ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¢μ¸¶μ²Ó§Ê¥³¸Ö
¢Ò· ¦¥´¨¥³ ¤²Ö ±μÔËË¨Í¨¥´É  μÉ· ¦¥´¨Ö GL ¸¨¸É¥³Ò ¨§ ¤¢ÊÌ ¸¢Ö§ ´´ÒÌ ·¥§μ´ Éμ·μ¢
´  ·¥§μ´ ´¸´μ° Î ¸ÉμÉ¥ [4]:

GL = −1 +
2β0

1 + β0

1
1 + βL

, βL = QL0QL1k
2
C , (7)

£¤¥ QL0 = Q00/(1+β0) Å ´ £·Ê¦¥´´ Ö ¤μ¡·μÉ´μ¸ÉÓ ¶¥·¢μ£μ ·¥§μ´ Éμ· ; Q00 Å ¥£μ ¸μ¡-
¸É¢¥´´ Ö ¤μ¡·μÉ´μ¸ÉÓ; QL1 Å ´ £·Ê¦¥´´ Ö ¤μ¡·μÉ´μ¸ÉÓ ¢Éμ·μ£μ ·¥§μ´ Éμ· ; kC Å ±μÔË-
Ë¨Í¨¥´É ³¥¦·¥§μ´ Éμ·´μ° ¸¢Ö§¨. ŠμÔËË¨Í¨¥´É kC ´¥ § ¢¨¸¨É μÉ ¤μ¡·μÉ´μ¸É¨ ·¥§μ´ Éμ-
·μ¢, μ¶·¥¤¥²Ö¥É¸Ö £¥μ³¥É·¨¥° ¸¨¸É¥³Ò, ¨ ¥£μ ¢ÒÎ¨¸²¥´´μ¥ §´ Î¥´¨¥ ¤²Ö Î ¸É´μ£μ ¸²ÊÎ Ö
·¥§μ´ Éμ·μ¢ ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò ¶·¨¢¥¤¥´μ ¢ [4]. ‚¥²¨Î¨´  QL1 ¢ μ¡Ð¥³ ¸²ÊÎ ¥ μ¶·¥-
¤¥²Ö¥É¸Ö ¢¸¥³¨ ¸¢Ö§Ö³¨ ·¥§μ´ Éμ· , ¶μÉ¥·Ö³¨ ¢ ¸É¥´± Ì (PW1) ¨ ¶μÉ¥·Ö³¨ ´  Ê¸±μ·Ö¥³Ò°
¶ÊÎμ± (PB). �·¨ ´ ²¨Î¨¨ ¶ÊÎ±  ¨ ¸² ¡ÒÌ ¸¢Ö§ÖÌ QL1 = ωW1/(PW1+PB) = Q01/(1+χ).
‡¤¥¸Ó ω Å · ¡μÎ Ö Î ¸ÉμÉ , W1 Å § ¶ ¸¥´´ Ö Ô´¥·£¨Ö ¢μ ¢Éμ·μ³ ·¥§μ´ Éμ·¥, Q01 Å ¸μ¡-
¸É¢¥´´ Ö ¤μ¡·μÉ´μ¸ÉÓ ¢Éμ·μ£μ ·¥§μ´ Éμ· , χ = PB/PW1 Å ´ £·Ê§μÎ´Ò° ±μÔËË¨Í¨¥´É.
‘ ÊÎ¥Éμ³ ¢¢¥¤¥´´ÒÌ μ¡μ§´ Î¥´¨° ¨§ ¸μμÉ´μÏ¥´¨° (5), (7) ¨ ¨§ ¸μμÉ´μÏ¥´¨Ö ¤²Ö ±μÔËË¨-
Í¨¥´É  μÉ· ¦¥´¨Ö ¸¨¸É¥³Ò GL = (β − 1)/(β + 1) ³μ¦´μ ¢Ò· §¨ÉÓ ±μÔËË¨Í¨¥´É ¸¢Ö§¨ β
¸¨¸É¥³Ò ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥° ¶·¨ ¢±²ÕÎ¥´´μ³ ¶ÊÎ±¥:

β =
β0

1 + Q00Q01k2
C/(1 + χ)

. (8)

…¸²¨ ¶ÊÎμ± ´¥ ¢±²ÕÎ¥´, χ = 0, Éμ ¨§ (8) ¶μ²ÊÎ ¥³ ¢Ìμ¤´μ° ±μÔËË¨Í¨¥´É ¸¢Ö§¨ β = β0+1

¶·¨ ¶μ¤±²ÕÎ¥´´ÒÌ ¶¥·¢μ³ ¨ ¢Éμ·μ³ ·¥§μ´ Éμ· Ì:

β0+1 =
β0

1 + Q00Q01k2
C

. (9)

ˆ§ ÔÉμ£μ ¸μμÉ´μÏ¥´¨Ö ´ Ìμ¤¨³ Q00Q01k
2
C = (β0/β0+1)−1 = γ0. ˆ§ ÔÉμ° Ëμ·³Ê²Ò ¶μ ¨§-

¢¥¸É´Ò³ §´ Î¥´¨Ö³ Q00, Q01, β0, β0+1 ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ±μÔËË¨Í¨¥´É kC . �μ¤¸É ´μ¢± 
ÔÉμ£μ ¢Ò· ¦¥´¨Ö ¢ (8) ¤²Ö ¸¨¸É¥³Ò ¸ ¶ÊÎ±μ³ (β = βB) ¤ ¥É ¸μμÉ´μÏ¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢

βB = β0+1
1 + χ

1 + χ(β0+1/β0)
. (10)

‡¤¥¸Ó, ± ± ¨ ¢ÒÏ¥, β0+1 Å ±μÔËË¨Í¨¥´É ¢Ìμ¤´μ° ¸¢Ö§¨ ¸¨¸É¥³Ò ¶·¨ ¢Ò±²ÕÎ¥´´μ³
¶ÊÎ±¥; β0 Å ±μÔËË¨Í¨¥´É ¢Ìμ¤´μ° ¸¢Ö§¨ ¶·¨ μÉ±²ÕÎ¥´´μ³ ¢Éμ·μ³ ·¥§μ´ Éμ·¥. �¡  ÔÉ¨
±μÔËË¨Í¨¥´É  ¸Î¨É ÕÉ¸Ö ¨§¢¥¸É´Ò³¨ ¨ ³μ£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò ¶·¨ ´ ¸É·μ°±¥ ¸¨¸É¥³Ò,
¢Ò¡¨· ÕÉ¸Ö ¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ ¸É·Ê±ÉÊ·Ò ¨ μ¶¥· É¨¢´μ ¨§³¥´¥´Ò ¡ÒÉÓ ´¥ ³μ£ÊÉ.

�¥·¥¶¨¸Ò¢ Ö (5) ¢ ¢¨¤¥ γ = (β0/β)−1, ¶μ² £ Ö β = βB , ¶μ¤¸É ¢²ÖÖ ¸μμÉ´μÏ¥´¨¥ (10)
¨ ¨¸¶μ²Ó§ÊÖ ¢Ò· ¦¥´¨¥ γ0 = (β0/β0+1) − 1, ³μ¦´μ ´ °É¨ ¤²Ö γ = γB: γ = γB =
γ0/(1 + χ) Å ¢ ‘�‘ ¸ ¶μ¢ÒÏ¥´¨¥³ ´ £·Ê§μÎ´μ£μ ±μÔËË¨Í¨¥´É  χ μÉ´μÏ¥´¨¥ ¶μÉ¥·Ó ¢μ
¢Éμ·μ³ ·¥§μ´ Éμ·¥ ± ¶μÉ¥·Ö³ ¢ ¸É¥´± Ì ¶¥·¢μ£μ ·¥§μ´ Éμ·  Ê³¥´ÓÏ ¥É¸Ö.

‘μμÉ´μÏ¥´¨¥ (10) μ¶·¥¤¥²Ö¥É ¸¢Ö§Ó ±μÔËË¨Í¨¥´Éμ¢ βB ¨ χ ¶·¨ § ¤ ´´ÒÌ β0+1 ¨ β0.
�μ¸±μ²Ó±Ê, ± ± ¢¨¤´μ ¨§ (9), ¢¸¥£¤  β0+1 < β0, ¨§ (10) ¸²¥¤Ê¥É βB > β0+1, É. ¥. ¶·¨
¢±²ÕÎ¥´¨¨ ¶ÊÎ±  Å ¢μ§´¨±´μ¢¥´¨¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶μÉ¥·Ó ¢μ ¢Éμ·μ³ ·¥§μ´ Éμ·¥ ¸¨-
¸É¥³Ò ¸¢Ö§ ´´ÒÌ ·¥§μ´ Éμ·μ¢ Å ±μÔËË¨Í¨¥´É ¸¢Ö§¨ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ¸ ¶μ¤¢μ¤Ö-
Ð¥° ²¨´¨¥° ¢μ§· ¸É ¥É. �μÔÉμ³Ê, ¥¸²¨ ´¥μ¡Ìμ¤¨³μ ¤μ¡¨ÉÓ¸Ö ·¥¦¨³  ±·¨É¨Î¥¸±μ° ¸¢Ö§¨
¶·¨ ¢±²ÕÎ¥´´μ³ ¶ÊÎ±¥, ‘�‘ ¡¥§ ¶ÊÎ±  ´Ê¦´μ ´ ¸É· ¨¢ ÉÓ ¢ ·¥¦¨³ ´¥¤μ¸¢Ö§¨.
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�·¨¢¥¤¥´´Ò¥ ¸μμÉ´μÏ¥´¨Ö ¶·¥¤¸É ¢²ÖÕÉ ´ £·Ê§μÎ´Ò¥ Ì · ±É¥·¨¸É¨±¨ Ê¸±μ·ÖÕÐ¨Ì
¸É·Ê±ÉÊ· ¸ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¨ ¶ · ²²¥²Ó´μ° ¸¢Ö§ÓÕ Å ±μÔËË¨Í¨¥´É ¸¢Ö§¨ ¸ ¶μ¤¢μ¤Ö-
Ð¥° ²¨´¨¥° ¨ Š�„ ¶·¥μ¡· §μ¢ ´¨Ö ³μÐ´μ¸É¨ ‘‚—-£¥´¥· Éμ·  ¢ ³μÐ´μ¸ÉÓ Ê¸±μ·Ö¥³μ-
£μ ¶ÊÎ± .

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¸μμÉ´μÏ¥´¨Ö³¨ · §¤. 1 μ¡ÒÎ´ Ö Ê¸±μ·ÖÕÐ Ö ¸É·Ê±ÉÊ·  ¸ÉμÖÎ¥°
¢μ²´Ò (¸ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¸¢Ö§ÓÕ ¡¥§ ¶ÊÎ± ) ´ ¸É· ¨¢ ¥É¸Ö ¢ ·¥¦¨³ ®¶¥·¥¸¢Ö§¨¯. �·¨
¢¢μ¤¥ ¶ÊÎ±  Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ· ´ £·Ê¦ ¥É¸Ö, ¥£μ ¤μ¡·μÉ´μ¸ÉÓ Ê³¥´ÓÏ ¥É¸Ö, ¸μμÉ¢¥É-
¸É¢¥´´μ, Ê³¥´ÓÏ ¥É¸Ö ¸¢Ö§Ó ¨ ¶·¨ ´¥±μÉμ·μ³ Éμ±¥ ¶ÊÎ±  ¤μ¸É¨£ ¥É¸Ö ·¥¦¨³ ±·¨É¨Î¥¸-
±μ° ¸¢Ö§¨.

ˆ§ ¸μμÉ´μÏ¥´¨° · §¤. 2 ¸²¥¤Ê¥É, ÎÉμ ‘�‘ ¡¥§ ¶ÊÎ±  ´ ¸É· ¨¢ ¥É¸Ö ¢ ·¥¦¨³ ®´¥¤μ-
¸¢Ö§¨¯. �·¨ ¢¢μ¤¥ ¶ÊÎ±  Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ· ´ £·Ê¦ ¥É¸Ö, ¥£μ ¤μ¡·μÉ´μ¸ÉÓ ¶ ¤ ¥É,
¸¢Ö§Ó ³¥¦¤Ê Ê¸±μ·ÖÕÐ¨³ ¨ ¢μ§¡Ê¦¤ ÕÐ¨³ ·¥§μ´ Éμ· ³¨ Ê³¥´ÓÏ ¥É¸Ö, ¢μ§¡Ê¦¤ ÕÐ¨°
·¥§μ´ Éμ· ¶μ¤£·Ê¦ ¥É¸Ö ³¥´ÓÏ¥, ¥£μ ¤μ¡·μÉ´μ¸ÉÓ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¸¢Ö§Ó ¸ ¶μ¤¢μ¤ÖÐ¥°
²¨´¨¥° · ¸É¥É, ¨ ¶·¨ ´¥±μÉμ·μ³ Éμ±¥ ¶ÊÎ±  ¤μ¸É¨£ ¥É¸Ö ·¥¦¨³ ±·¨É¨Î¥¸±μ° ¸¢Ö§¨.
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