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‘É ¡¨²¨§ Í¨Ö Ô´¥·£¨¨ Î ¸É¨Í ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·¥ ¸ÉμÖÎ¥° ¢μ²´Ò ¤μ¸É¨£ ¥É¸Ö §  ¸Î¥É § -
¤¥·¦±¨ ¨´¦¥±Í¨¨ ¶ÊÎ±  ¨  ³¶²¨ÉÊ¤´μ° ³μ¤Ê²ÖÍ¨¨ ¢Ìμ¤´μ° ¸¢¥·Ì¢Ò¸μ±μÎ ¸ÉμÉ´μ° (‘‚—) ³μÐ-
´μ¸É¨ ¢ ¸É·Ê±ÉÊ·Ê ¶·¨ μ£¨¡ ÕÐ¥°, ¨³¥ÕÐ¥° ¢¨¤ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¨§ ¤¢ÊÌ ¨³¶Ê²Ó¸μ¢ ¶·Ö³μ-
Ê£μ²Ó´μ° Ëμ·³Ò ·¥£Ê²¨·Ê¥³μ°  ³¶²¨ÉÊ¤Ò ¡¥§ § ¤¥·¦±¨ ³¥¦¤Ê ´¨³¨ ¨ ¨´¦¥±Í¨¨ ¶ÊÎ±  ¢ É¥Î¥´¨¥
¢Éμ·μ£μ ‘‚—-¨³¶Ê²Ó¸ .

Energy of the particles in the standing-waves accelerating structure is stabilized due to the delay of
the beam injection and the amplitude modulation of the input microwave power into the structure with
the envelope in the form of a sequence of two rectangular pulses of adjustable amplitude without any
delay between them and the injection of the beam during the second microwave pulse.
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‚ Ê¸±μ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ· Ì ¡¥£ÊÐ¥° ¨ ¸ÉμÖÎ¥° ¢μ²´ ¶·¨ ¨³¶Ê²Ó¸´μ³ ¸¢¥·Ì¢Ò¸μ±μ-
Î ¸ÉμÉ´μ³ (‘‚—) ¶¨É ´¨¨ ¢μ§´¨± ¥É ¶¥·¥Ìμ¤´Ò° ¶·μÍ¥¸¸,  ³¶²¨ÉÊ¤  Ê¸±μ·ÖÕÐ¥£μ ´ -
¶·Ö¦¥´¨Ö § ¢¨¸¨É μÉ ¢·¥³¥´¨, ÎÉμ ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸ 
Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í [1Ä9]. �¥·¥Ìμ¤´Ò° ¶·μÍ¥¸¸ Ê¸É ´μ¢²¥´¨Ö ‘‚—-±μ²¥¡ ´¨° ¢ Ê¸±μ·Ö-
ÕÐ¥° ¸É·Ê±ÉÊ·¥ ¸ÉμÖÎ¥° ¢μ²´Ò ¸ ÊÎ¥Éμ³ Éμ±  ¶ÊÎ±  ¨ ¥£μ ¢²¨Ö´¨¥ ´  Ô´¥·£¥É¨Î¥¸±¨°
· §¡·μ¸ Î ¸É¨Í μ¡¸Ê¦¤ ²¸Ö ¢ ·Ö¤¥ · ¡μÉ [1Ä3, 5Ä9]. � ¸¸³μÉ·¥´¨¥ ¶·μ¢μ¤ÖÉ ¨¸Ìμ¤Ö ¨§
¶·¨´Í¨¶  ¸Ê¶¥·¶μ§¨Í¨¨, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ±μÉμ·Ò³ ¶μ² £ ÕÉ, ÎÉμ £¥´¥· Éμ· ¨ ¶ÊÎμ±
´¥§ ¢¨¸¨³μ ¢μ§¡Ê¦¤ ÕÉ ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·¥ Ô²¥±É·μ³ £´¨É´Ò¥ ¶μ²Ö,  ³¶²¨ÉÊ¤´μ¥
§´ Î¥´¨¥ ± ¦¤μ£μ ¨§ ±μÉμ·ÒÌ § ¢¨¸¨É μÉ ¢·¥³¥´¨. ‘Ê¶¥·¶μ§¨Í¨Ö ÔÉ¨Ì ¶μ²¥° ¢ ¸É·Ê±ÉÊ·¥
¤ ¥É ¸Ê³³ ·´μ¥ ¶μ²¥, ¢ ±μÉμ·μ³ ¶·μ¨¸Ìμ¤¨É Ê¸±μ·¥´¨¥ Î ¸É¨Í. “¸±μ·ÖÕÐÊÕ ¸É·Ê±ÉÊ·Ê
¶·¥¤¸É ¢²ÖÕÉ ¢ ¢¨¤¥ μ¤¨´μÎ´μ£μ ·¥§μ´ Éμ· .

�³¶²¨ÉÊ¤Ê ‘‚—-±μ²¥¡ ´¨° ¢ Ê¸±μ·ÖÕÐ¥³ ·¥§μ´ Éμ·¥ ³μ¦´μ ¸É ¡¨²¨§¨·μ¢ ÉÓ ¶ÊÉ¥³
¨´¦¥±Í¨¨ ¶ÊÎ±  ¸ § ¤¥·¦±μ° μÉ´μ¸¨É¥²Ó´μ ´ Î ²  ‘‚—-¨³¶Ê²Ó¸ , ¢μ§¡Ê¦¤ ÕÐ¥£μ ·¥-
§μ´ Éμ· [1Ä3, 5, 6]. ‚¥²¨Î¨´Ê § ¤¥·¦±¨ ³μ³¥´É  ¨´¦¥±Í¨¨ ¢Ò¡¨· ÕÉ É ±μ°, ÎÉμ¡Ò ¶·¨
§ ¤ ´´μ³ Éμ±¥ ¶μ¸²¥ ¢±²ÕÎ¥´¨Ö ¶ÊÎ±  ¸Ê³³ ·´ Ö  ³¶²¨ÉÊ¤  ‘‚—-±μ²¥¡ ´¨° ¢ ·¥§μ´ -
Éμ·¥, μ¶·¥¤¥²Ö¥³ Ö £¥´¥· Éμ·μ³ ¨ ¶ÊÎ±μ³, ´¥ § ¢¨¸¥²  μÉ ¢·¥³¥´¨. ’μ£¤  Ê¸±μ·ÖÕÐ¥¥
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´ ¶·Ö¦¥´¨¥, ¢¥²¨Î¨´  ±μÉμ·μ£μ ¶·μ¶μ·Í¨μ´ ²Ó´   ³¶²¨ÉÊ¤¥ ‘‚—-±μ²¥¡ ´¨°, É ±¦¥ ´¥
§ ¢¨¸¨É μÉ ¢·¥³¥´¨. �Éμ ¶μ§¢μ²Ö¥É Ëμ·³¨·μ¢ ÉÓ Ê¸±μ·¥´´Ò° ¶ÊÎμ± § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¸ Ê§±¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¸¶¥±É·μ³. �·¨ É ±μ³ ¸¶μ¸μ¡¥ ¸É ¡¨²¨§ Í¨¨  ³¶²¨ÉÊ¤Ò ¢·¥³Ö
§ ¤¥·¦±¨ ¨ Éμ± ¶ÊÎ±  ¢§ ¨³´μ-μ¤´μ§´ Î´μ ¸¢Ö§ ´Ò: Î¥³ ³¥´ÓÏ¥ Éμ± ¶ÊÎ± , É¥³ ¡μ²ÓÏ¥
¢¥²¨Î¨´  ¢·¥³¥´¨ § ¤¥·¦±¨, ÎÉμ μ£· ´¨Î¨¢ ¥É μ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö ³¥Éμ¤ .

�¡¸Ê¦¤ ²¸Ö ³¥Éμ¤ ¸É ¡¨²¨§ Í¨¨ ´ ¶·Ö¦¥´¨Ö ¶ÊÉ¥³ ¢μ§¡Ê¦¤¥´¨Ö Ê¸±μ·ÖÕÐ¥° ¸É·Ê±-
ÉÊ·Ò ‘‚—-¸¨£´ ²μ³ ¸ ³μ¤Ê²¨·μ¢ ´´μ°  ³¶²¨ÉÊ¤μ° [4, 7Ä9]. ‡ ¤ Î  ¸É ¢¨É¸Ö É ±¨³ μ¡· -
§μ³: ´¥μ¡Ìμ¤¨³μ ´ °É¨ É ±ÊÕ Ëμ·³Ê μ£¨¡ ÕÐ¥° ¢Ìμ¤´μ£μ ‘‚—-¸¨£´ ² , ¶·¨ ±μÉμ·μ°  ³-
¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·¥ ¸ ÊÎ¥Éμ³ Éμ±  ¶ÊÎ±  ´¥ § ¢¨¸¨É μÉ ¢·¥³¥´¨.
�·¥¤²μ¦¥´´Ò³ ³¥Éμ¤μ³ [4, 7Ä9] § ¤ Î  ·¥Ï ¥É¸Ö ²¨ÏÓ Î ¸É¨Î´μ. �¨¦¥ ¶·¨¢¥¤¥´μ ·¥Ï¥-
´¨¥ § ¤ Î¨ ¸É ¡¨²¨§ Í¨¨  ³¶²¨ÉÊ¤Ò Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·¥
¸ÉμÖÎ¥° ¢μ²´Ò ³¥Éμ¤μ³ ³μ¤Ê²ÖÍ¨¨ ¢Ìμ¤´μ£μ ‘‚—-¸¨£´ ²  ¶·¨ μ¤´μ¢·¥³¥´´μ° § ¤¥·¦±¥
¨´¦¥±Í¨¨, ¶μ§¢μ²ÖÕÐ¥¥ ¶μ²ÊÎ¨ÉÓ Ê¸±μ·¥´´Ò° ¶ÊÎμ± § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ Ê§±¨³ Ô´¥·-
£¥É¨Î¥¸±¨³ ¸¶¥±É·μ³ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥  ³¶²¨ÉÊ¤Ò ¨ ¤²¨É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸μ¢ Éμ± .
‘ ÔÉμ° Í¥²ÓÕ Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ· ¢μ§¡Ê¦¤ ÕÉ ³μ¤Ê²¨·μ¢ ´´Ò³ ‘‚—-¨³¶Ê²Ó¸μ³, ¸μ-
¸ÉμÖÐ¨³ ¨§ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¤¢ÊÌ ‘‚—-¨³¶Ê²Ó¸μ¢ ¡¥§ § ¤¥·¦±¨ ³¥¦¤Ê ´¨³¨, ¶·¨Î¥³
± ¦¤Ò° ¨³¶Ê²Ó¸ ¨³¥¥É μ£¨¡ ÕÐÊÕ ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò, ·¥£Ê²¨·Ê¥³Òe ¤²¨É¥²Ó´μ¸ÉÓ ¨
 ³¶²¨ÉÊ¤Ê. ˆ´¦¥±Í¨Õ ¶ÊÎ±  ¶·μ¢μ¤ÖÉ ¸ § ¤¥·¦±μ° μÉ´μ¸¨É¥²Ó´μ ´ Î ²  ³μ¤Ê²¨·μ¢ ´-
´μ£μ ‘‚—-¨³¶Ê²Ó¸ , · ¢´μ° ¤²¨É¥²Ó´μ¸É¨ ¶¥·¢μ£μ ‘‚—-¨³¶Ê²Ó¸ , ¤²¨É¥²Ó´μ¸ÉÓ ¢·¥³¥´¨
¨´¦¥±Í¨¨ ¢Ò¡¨· ÕÉ · ¢´μ° ¤²¨É¥²Ó´μ¸É¨ ¢Éμ·μ£μ ‘‚—-¨³¶Ê²Ó¸ .

1. �‘��‚�›… ‘��’��˜…�ˆŸ

„²Ö ¶μÖ¸´¥´¨Ö ³¥Éμ¤  · ¸¸³μÉ·¨³ ¶¥·¥Ìμ¤´Ò° ¶·μÍ¥¸¸ ¢ ¸¨¸É¥³¥ ¶·¨ ¨³¶Ê²Ó¸´μ³
¢μ§¡Ê¦¤¥´¨¨ ·¥§μ´ Éμ·  ‘‚—-¸¨£´ ²μ³ ¸ ÊÎ¥Éμ³ ´ £·Ê§±¨ Éμ±μ³ Ê¸±μ·Ö¥³μ£μ ¶ÊÎ± . „²Ö
Ê¶·μÐ¥´¨Ö · ¸¸³μÉ·¥´¨Ö ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ Ê¸±μ·Ö¥³Ò° ¶ÊÎμ± ¸£·Ê¶¶¨·μ¢ ´ ¢ ±μ·μÉ-
±¨¥ ¸£Ê¸É±¨, ´¥ ³¥´Ö¥É ¸¢μÕ ¸±μ·μ¸ÉÓ ¶·¨ ¶·μÌμ¦¤¥´¨¨ ·¥§μ´ Éμ·  (·¥²ÖÉ¨¢¨¸É¸±¨°
¸²ÊÎ °), Î ¸ÉμÉ  ¢μ§¡Ê¦¤ ÕÐ¥£μ ‘‚—-¸¨£´ ²  ¨ Î ¸ÉμÉ  ¸²¥¤μ¢ ´¨Ö ¸£Ê¸É±μ¢ ¸μ¢¶ ¤ ÕÉ,
‘‚—-±μ²¥¡ ´¨Ö, ´ ¢μ¤¨³Ò¥ ¢ ·¥§μ´ Éμ·¥ ´¥§ ¢¨¸¨³μ £¥´¥· Éμ·μ³ ¨ ¶ÊÎ±μ³, ´ Ìμ¤ÖÉ¸Ö
¢ ¶·μÉ¨¢μË §¥. ’μ£¤  μÉ ±μ³¶²¥±¸´ÒÌ  ³¶²¨ÉÊ¤ ±μ²¥¡ ´¨° [5] ³μ¦´μ ¶¥·¥°É¨ ± ·¥ ²Ó-
´Ò³ ¢¥²¨Î¨´ ³ ¨ § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨  ³¶²¨ÉÊ¤Ò ‘‚—-±μ²¥¡ ´¨° U ¢ Ê¸±μ·ÖÕÐ¥³
·¥§μ´ Éμ·¥, ¢μ§¡Ê¦¤ ¥³Ò³ ¨³¶Ê²Ó¸´Ò³ ‘‚—-¸¨£´ ²μ³ ¨ ¶ÊÎ±μ³, § ¶¨¸ ÉÓ ¢ ¢¨¤¥

τ
dU

dt
+ U = UG − UB, τ =

2Q0

ω0(1 + β)
, (1)

£¤¥ τ Å ¢·¥³Ö Ê¸É ´μ¢²¥´¨Ö ±μ²¥¡ ´¨° ¢ Ê¸±μ·ÖÕÐ¥³ ·¥§μ´ Éμ·¥; UG, UB Å  ³¶²¨ÉÊ¤Ò
±μ²¥¡ ´¨°, ¢μ§¡Ê¦¤ ¥³ÒÌ ¢ Ê¸±μ·ÖÕÐ¥³ ·¥§μ´ Éμ·¥ ¸μμÉ¢¥É¸É¢¥´´μ ‘‚—-¨³¶Ê²Ó¸μ³ ¨
¶ÊÎ±μ³ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶·¨ t → ∞; Q0 Å ¸μ¡¸É¢¥´´ Ö ¤μ¡·μÉ´μ¸ÉÓ ·¥§μ´ Éμ· ;
ω0 Å Î ¸ÉμÉ  ·¥§μ´ Éμ· ; β Å ±μÔËË¨Í¨¥´É ¸¢Ö§¨ ·¥§μ´ Éμ·  ¸ ¶μ¤¢μ¤ÖÐ¥° ²¨´¨¥°.

�·¨ ¶μ¸ÉμÖ´´ÒÌ ¢¥²¨Î¨´ Ì UG, UB ¨ μ¤´μ¢·¥³¥´´μ³ ¢±²ÕÎ¥´¨¨ £¥´¥· Éμ·  ¨ ¨´-
¦¥±Í¨¨ ¶ÊÎ±  ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (1) U(t) ¨³¥¥É ¶·μ¸Éμ° ¢¨¤:

U(t) = (UG − UB)
[
1 − exp

(
− t

τ

)]
.



788 —¥·´μÊ¸μ¢ �. „., ˜¥¡μ² ¥¢ ˆ. ‚.

„ ²¥¥ · ¸¸³μÉ·¨³ ¸²ÊÎ ° ¢μ§¡Ê¦¤¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ·  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
¶·¥¤² £ ¥³Ò³ ³¥Éμ¤μ³ ¨³¶Ê²Ó¸´Ò³¨ ‘‚—-¸¨£´ ² ³¨ · §´μ°  ³¶²¨ÉÊ¤Ò ¸ μ£¨¡ ÕÐ¨³¨
¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò ¸ ¤²¨É¥²Ó´μ¸ÉÓÕ ¶¥·¢μ£μ ¨³¶Ê²Ó¸  T1 ¨ ¢Éμ·μ£μ ¨³¶Ê²Ó¸  T2 ¶·¨
¨´¦¥±Í¨¨ Ê¸±μ·Ö¥³μ£μ ¶ÊÎ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ § ¤¥·¦±μ° (¢ É¥Î¥´¨¥ ¢Éμ·μ£μ ‘‚—-
¨³¶Ê²Ó¸ ).

‚ É¥Î¥´¨¥ ¶¥·¢μ£μ ‘‚—-¨³¶Ê²Ó¸  Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ· ¢μ§¡Ê¦¤ ¥É¸Ö Éμ²Ó±μ ¶¥·¢Ò³
‘‚—-¨³¶Ê²Ó¸μ³ £¥´¥· Éμ· ,  ³¶²¨ÉÊ¤  ‘‚—-±μ²¥¡ ´¨° ¢μ§· ¸É ¥É. Š ³μ³¥´ÉÊ μ±μ´Î -
´¨Ö ¶¥·¢μ£μ ‘‚—-¨³¶Ê²Ó¸   ³¶²¨ÉÊ¤  ‘‚—-±μ²¥¡ ´¨° U(T1) μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥-
´¨¥³

U(T1) = UG1

[
1 − exp

(
−T1

τ

)]
,

£¤¥ UG1 Å ¸É Í¨μ´ ·´μ¥ §´ Î¥´¨¥  ³¶²¨ÉÊ¤Ò ±μ²¥¡ ´¨° ¢ ·¥§μ´ Éμ·¥ ¶·¨ ¢μ§¤¥°¸É¢¨¨
´  ·¥§μ´ Éμ· Éμ²Ó±μ ¶¥·¢μ£μ ‘‚—-¨³¶Ê²Ó¸  ¶·¨ T1 → ∞.

‚ É¥Î¥´¨¥ ¢Éμ·μ£μ ‘‚—-¨³¶Ê²Ó¸  ¤²¨É¥²Ó´μ¸ÉÓÕ T2 ‘‚—-±μ²¥¡ ´¨Ö ¢ Ê¸±μ·ÖÕÐ¥³
·¥§μ´ Éμ·¥ ¸±² ¤Ò¢ ÕÉ¸Ö ¨§ É·¥Ì § ¢¨¸ÖÐ¨Ì μÉ ¢·¥³¥´¨ ±μ³¶μ´¥´É Å ¸¶ ¤ ÕÐ¨Ì ‘‚—-
±μ²¥¡ ´¨° ¶μ¸²¥ ¢Ò±²ÕÎ¥´¨Ö ¶¥·¢μ£μ ‘‚—-¨³¶Ê²Ó¸  ¸  ³¶²¨ÉÊ¤μ° UT1(t):

UT1(t) = UG1

[
1 − exp

(
−T1

τ

)]
exp

(
− t − T1

τ

)
, t > T1,

‘‚—-±μ²¥¡ ´¨°, ¢μ§¡Ê¦¤ ¥³ÒÌ ¢Éμ·Ò³ ‘‚—-¨³¶Ê²Ó¸μ³, ¸  ³¶²¨ÉÊ¤μ° UG(t):

UG(t) = UG2

[
1 − exp

(
− t − T1

τ

)]
, T2 + T1 � t � T1,

£¤¥ UG2 Å ¸É Í¨μ´ ·´μ¥ §´ Î¥´¨¥ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¶·¨ ¢μ§¤¥°¸É¢¨¨ ´  ·¥§μ´ -
Éμ· Éμ²Ó±μ ¢Éμ·μ£μ ‘‚—-¨³¶Ê²Ó¸  ¶·¨ t → ∞, ¨ ‘‚—-±μ²¥¡ ´¨°, ¢μ§¡Ê¦¤ ¥³ÒÌ ¶ÊÎ±μ³
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í:

UB(t) = UB

[
1 − exp

(
− t − T1

τ

)]
, T2 + T1 � t � T1,

£¤¥ UB Å ¸É Í¨μ´ ·´μ¥ §´ Î¥´¨¥  ³¶²¨ÉÊ¤Ò ‘‚—-±μ²¥¡ ´¨° ¶·¨ ¢μ§¤¥°¸É¢¨¨ ´  ·¥§μ-
´ Éμ· Éμ²Ó±μ ¶ÊÎ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶·¨ t → ∞.

�³¶²¨ÉÊ¤  ‘‚—-±μ²¥¡ ´¨° ¢ Ê¸±μ·ÖÕÐ¥³ ·¥§μ´ Éμ·¥ Ö¢²Ö¥É¸Ö ¸Ê³³μ° É·¥Ì Ê± § ´-
´ÒÌ  ³¶²¨ÉÊ¤, § ¢¨¸ÖÐ¨Ì μÉ ¢·¥³¥´¨, ¶μÔÉμ³Ê É ±¦¥ § ¢¨¸¨É μÉ ¢·¥³¥´¨:

U(t) = UT1(t)+UG(t)−UB(t) = (UG2−UB)+
[
UG1

(
1 − exp

(
−T1

τ

))
− UG2 + UB

]
×

× exp
(
− t − T1

τ

)
, . . . , T2 + T1 � t � T1. (2)

ˆ§ ¢Ò· ¦¥´¨Ö (2) ¢¨¤´μ, ÎÉμ ¶·¨ § ¤ ´´ÒÌ §´ Î¥´¨ÖÌ UG1, UB , T1, τ ¢ ·Ó¨·μ¢ ´¨¥³ UG2

¢μ ¢·¥³¥´´μ³ ¨´É¥·¢ ²¥ T2 + T1 � t � T1 ³μ¦´μ ¤μ¡¨ÉÓ¸Ö ¢Ò¶μ²´¥´¨Ö ¸μμÉ´μÏ¥´¨Ö

UG1

(
1 − exp

(
−T1

τ

))
− UG2 + UB = 0. (3)
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‚ ÔÉμ³ ¸²ÊÎ ¥  ³¶²¨ÉÊ¤  ‘‚—-±μ²¥¡ ´¨° ¢ É¥Î¥´¨¥ ¢Éμ·μ£μ ¨³¶Ê²Ó¸ , T2 + T1 � t � T1,
´¥ § ¢¨¸¨É μÉ ¢·¥³¥´¨ ¨ μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³

U(t) = (UG2 − UB) = UG1

(
1 − exp

(
−T1

τ

))
. (4)

’ ±¨³ μ¡· §μ³, ¶·¨ ¢μ§¡Ê¦¤¥´¨¨ Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ·  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓÕ ‘‚—-
¨³¶Ê²Ó¸μ¢ ¸ μ£¨¡ ÕÐ¨³¨ ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò ¢ ·Ó¨·μ¢ ´¨¥³  ³¶²¨ÉÊ¤Ò ¢Éμ·μ£μ ¨³-
¶Ê²Ó¸  £¥´¥· Éμ·  ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¢¥²¨Î¨´Ò UG2 ³μ¦´μ ¢Ò¡· ÉÓ É ±μ° ·¥¦¨³ ¢μ§¡Ê-
¦¤¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ·¥§μ´ Éμ·  ‘‚—-¸¨£´ ²μ³, ¶·¨ ±μÉμ·μ³ ¨¸±²ÕÎ ¥É¸Ö § ¢¨¸¨³μ¸ÉÓ
 ³¶²¨ÉÊ¤Ò ‘‚—-±μ²¥¡ ´¨° μÉ ¢·¥³¥´¨, Ê± § ´´ Ö  ³¶²¨ÉÊ¤  ‘‚—-±μ²¥¡ ´¨° ¸É ¡¨²¨-
§¨·Ê¥É¸Ö, ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ ÉÓ Ê¸±μ·¥´´Ò° ¶ÊÎμ± § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ Ê§±¨³
Ô´¥·£¥É¨Î¥¸±¨³ ¸¶¥±É·μ³. ˜¨·¨´  ¸¶¥±É·  ¢ ÔÉμ³ ¸²ÊÎ ¥ μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ ¤¨´ ³¨-
±μ° Î ¸É¨Í ¶·¨ ¶μ¸ÉμÖ´´μ°  ³¶²¨ÉÊ¤¥ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö. ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ (3),
(4) ¢μ§³μ¦¥´ ´¥§ ¢¨¸¨³Ò° ¢Ò¡μ· ³μ³¥´É  ¨´¦¥±Í¨¨ ¶ÊÎ±  ¢ Ê¸±μ·ÖÕÐ¨° ·¥§μ´ Éμ· T1

¨ ¢¥²¨Î¨´Ò ´ ¶·Ö¦¥´¨Ö UB, ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ Éμ±Ê Ê¸±μ·Ö¥³μ£μ ¶ÊÎ± .

2. Œ�Š…’�›‰ �Š‘�…�ˆŒ…�’

�±¸¶¥·¨³¥´É ²Ó´ Ö ¶·μ¢¥·±  ¶·¥¤²μ¦¥´´μ£μ ¸¶μ¸μ¡  ¸É ¡¨²¨§ Í¨¨ Ô´¥·£¨¨ ¶ÊÎ± 
Ê¸±μ·¨É¥²Ö μ¸ÊÐ¥¸É¢²Ö² ¸Ó ´  ³ ±¥É¥, ¸μ¤¥·¦ Ð¥³ ¢Ò¸μ±μ¤μ¡·μÉ´Ò° ·¥§μ´ Éμ·, ¶μ¤-
±²ÕÎ¥´´Ò° ± ¨³¶Ê²Ó¸´μ³Ê ‘‚—-£¥´¥· Éμ·Ê. ‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ ¸²¥¤ÊÕÐ¨¥: Q0 =
1,2 · 104, ω0/2π = 2,45 ƒƒÍ, β ≈ 0,1, τ ≈ 1,5 · 10−6 c, T1 ≈ 1,5 · 10−6 c, T2 ≈ 4 · 10−6 c.
„²Ö Ê¶·μÐ¥´¨Ö ¨§³¥·¥´¨° Ô±¸¶¥·¨³¥´É ¶·μ¢μ¤¨²¸Ö ¡¥§ ¶ÊÎ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í, É. ¥.
¢Ò¡¨· ²¸Ö ·¥¦¨³ UB = 0. ‘ÊÐ´μ¸ÉÓ ³¥Éμ¤  ¶·¨ ÔÉμ³, μ¤´ ±μ, ¶·μ¢¥·Ö¥É¸Ö, ¶μ¸±μ²Ó±Ê
¢ ·Ó¨·μ¢ ´¨¥³  ³¶²¨ÉÊ¤Ò ¢Éμ·μ£μ ¨³¶Ê²Ó¸  ¤μ¸É¨£ ¥É¸Ö ¢Ò¶μ²´¥´¨¥ ¸μμÉ´μÏ¥´¨Ö, ±μ-
Éμ·μ¥ ¸²¥¤Ê¥É ¨§ (3) ¶·¨ UB = 0:

UG1

(
1 − exp

(
−T1

τ

))
− UG2 = 0. (5)

‚ ÔÉμ³ ¸²ÊÎ ¥ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ É ±¦¥ ¶¥·¥¸É ¥É § ¢¨¸¥ÉÓ μÉ ¢·¥³¥´¨ ¨ ¢ É¥Î¥´¨¥
¢Éμ·μ£μ ¨³¶Ê²Ó¸  μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³ (4) ¶·¨ UB = 0.

�¥§μ´ Éμ· ¢μ§¡Ê¦¤ ²¸Ö μÉ £¥´¥· Éμ·  ‘‚—-¨³¶Ê²Ó¸μ³ ¸ μ£¨¡ ÕÐ¥° ¶·Ö³μÊ£μ²Ó´μ°
Ëμ·³Ò ¨²¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓÕ ‘‚—-¨³¶Ê²Ó¸μ¢ ¡¥§ § ¤¥·¦±¨ ³¥¦¤Ê ´¨³¨ ¸ μ£¨¡ ÕÐ¥°
¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò ± ¦¤μ£μ ¨³¶Ê²Ó¸ . ‚μ ¢Éμ·μ³ ¸²ÊÎ ¥  ³¶²¨ÉÊ¤  ¶¥·¢μ£μ ¨³¶Ê²Ó¸ 
¢Ò¡¨· ² ¸Ó ¨ Ë¨±¸¨·μ¢ ² ¸Ó,  ³¶²¨ÉÊ¤  ¢Éμ·μ£μ ¨³¶Ê²Ó¸  ¢ ·Ó¨·μ¢ ² ¸Ó μÉ ´Ê²Ö ¤μ
§´ Î¥´¨Ö  ³¶²¨ÉÊ¤Ò ¶¥·¢μ£μ ¨³¶Ê²Ó¸ . ‘‚—-¨³¶Ê²Ó¸Ò ¤¥É¥±É¨·μ¢ ²¨¸Ó, ¨ ¶μ²ÊÎ¥´´Ò¥
¸¨£´ ²Ò ¶μ¤ ¢ ²¨¸Ó ´  μ¸Í¨²²μ£· Ë. �μ²ÊÎ¥´´Ò¥ μ¸Í¨²²μ£· ³³Ò ¶·¨¢¥¤¥´Ò ´  ·¨¸Ê´±¥.
‹¨´¨Ö 1 ¶·¥¤¸É ¢²Ö¥É Ëμ·³Ê μ£¨¡ ÕÐ¥° ¶ ¤ ÕÐ¥£μ ‘‚—-¸¨£´ ² , ²¨´¨Ö 2 ¶μ± §Ò¢ ¥É
Ëμ·³Ê μ£¨¡ ÕÐ¥° ‘‚—-¸¨£´ ²  ¸ §μ´¤  ¨§ ·¥§μ´ Éμ· .

�·¨ ¶μ¤ Î¥ ¢ ·¥§μ´ Éμ· ‘‚—-¨³¶Ê²Ó¸  ¸ μ£¨¡ ÕÐ¥° ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò (·¨¸. a,
²¨´¨Ö 1) ¢ ·¥§μ´ Éμ·¥ ¶·μ¨¸Ìμ¤¨É ¶·μÍ¥¸¸ Ê¸É ´μ¢²¥´¨Ö ¨ ¸¶ ¤  ±μ²¥¡ ´¨° (·¨¸. a, ²¨-
´¨Ö 2). �·¨ ¶μ¤ Î¥ ¢ ·¥§μ´ Éμ· ³μ¤Ê²¨·μ¢ ´´μ£μ ‘‚—-¨³¶Ê²Ó¸ , ¸μ¸ÉμÖÐ¥£μ ¨§ ¶μ-
¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¤¢ÊÌ ¨³¶Ê²Ó¸μ¢, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¨³¥¥É μ£¨¡ ÕÐÊÕ ¶·Ö³μÊ£μ²Ó´μ°
Ëμ·³Ò (·¨¸. ¡, ²¨´¨Ö 1), ¢ ·¥§μ´ Éμ·¥ ¢ É¥Î¥´¨¥ ¶¥·¢μ£μ ¨³¶Ê²Ó¸  ±μ²¥¡ ´¨Ö Ê¸É ´ ¢²¨¢ -
ÕÉ¸Ö,   ¢ É¥Î¥´¨¥ ¢Éμ·μ£μ ¨³¶Ê²Ó¸  ¶·¨ ¢Ò¶μ²´¥´¨¨ ¸μμÉ´μÏ¥´¨Ö (5), É. ¥. ¶·¨  ³¶²¨ÉÊ¤¥
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¢Éμ·μ£μ ¨³¶Ê²Ó¸ , · ¢´μ° ´¥±μÉμ·μ° · ¸Î¥É´μ° (¶μ¤¡¨· ¥É¸Ö ¢ ¶·μÍ¥¸¸¥ ¨§³¥·¥´¨°), Ê·μ-
¢¥´Ó § ¶ ¸¥´´μ° Ô´¥·£¨¨,   §´ Î¨É, ¨  ³¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ´¥ § ¢¨¸ÖÉ μÉ ¢·¥³¥´¨ (·¨¸. ¡,
²¨´¨Ö 2), ÎÉμ ¶μ¤É¢¥·¦¤ ¥É ¶·¥¤²μ¦¥´´Ò° ³¥Éμ¤ ¸É ¡¨²¨§ Í¨¨  ³¶²¨ÉÊ¤Ò ±μ²¥¡ ´¨° ¢
·¥§μ´ Éμ·¥ ³ ±¥É  ¨, ¸²¥¤μ¢ É¥²Ó´μ, ´ ¶·Ö¦¥´¨Ö ¢ Ê¸±μ·ÖÕÐ¥³ ·¥§μ´ Éμ·¥ ¢ ·¥ ²Ó´μ³
Ê¸±μ·¨É¥²¥ ¸ÉμÖÎ¥° ¢μ²´Ò. …¸²¨  ³¶²¨ÉÊ¤  ¢Éμ·μ£μ ¨³¶Ê²Ó¸  ¡μ²ÓÏ¥ · ¸Î¥É´μ° (·¨¸. ¢,
²¨´¨Ö 1), Éμ  ³¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ¢ ·¥§μ´ Éμ·¥ ¢μ§· ¸É ¥É (·¨¸. ¢, ²¨´¨Ö 2), ¥¸²¨ ³¥´ÓÏ¥
· ¸Î¥É´μ° (·¨¸. £, ²¨´¨Ö 1), Éμ  ³¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ¢ ·¥§μ´ Éμ·¥ ¢ É¥Î¥´¨¥ ¢Éμ·μ£μ
¨³¶Ê²Ó¸  ¶ ¤ ¥É (·¨¸. £, ²¨´¨Ö 2).

‚›‚�„›

�·¨¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¨ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢μ§¡Ê¦¤¥´¨¥ Ê¸±μ-
·ÖÕÐ¥£μ ·¥§μ´ Éμ·  ¨³¶Ê²Ó¸´Ò³ ³μ¤Ê²¨·μ¢ ´´Ò³ ‘‚—-¸¨£´ ²μ³, ¸μ¸ÉμÖÐ¨³ ¨§ ¶μ¸²¥-
¤μ¢ É¥²Ó´μ¸É¨ ¤¢ÊÌ ‘‚—-¨³¶Ê²Ó¸μ¢ ¡¥§ § ¤¥·¦±¨ ³¥¦¤Ê ´¨³¨, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¨³¥¥É
μ£¨¡ ÕÐÊÕ ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò, ¨ ¨´¦¥±Í¨Ö ¶ÊÎ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ É¥Î¥´¨¥ ¢Éμ-
·μ£μ ¨³¶Ê²Ó¸  ‘‚—-£¥´¥· Éμ·  ¶μ§¢μ²ÖÕÉ ¶·¨ § ¤ ´´μ³ ¨ Ë¨±¸¨·μ¢ ´´μ³ Éμ±¥ ¶ÊÎ± 
¢ ·Ó¨·μ¢ ´¨¥³  ³¶²¨ÉÊ¤Ò ¢Éμ·μ£μ ‘‚—-¨³¶Ê²Ó¸  Ê¸É ´μ¢¨ÉÓ É ±μ° ·¥¦¨³ ¢μ§¡Ê¦¤¥´¨Ö
±μ²¥¡ ´¨° ¢ ·¥§μ´ Éμ·¥, ¶·¨ ±μÉμ·μ³  ³¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ¨, ¸²¥¤μ¢ É¥²Ó´μ, Ê¸±μ·ÖÕ-



� ¸É ¡¨²¨§ Í¨¨ Ô´¥·£¨¨ ¶ÊÎ±  ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·¥ ¸ÉμÖÎ¥° ¢μ²´Ò 791

Ð¥¥ ´ ¶·Ö¦¥´¨¥ ¢ É¥Î¥´¨¥ ¢Éμ·μ£μ ‘‚—-¨³¶Ê²Ó¸  ´¥ § ¢¨¸ÖÉ μÉ ¢·¥³¥´¨. „ ´´Ò° ³¥Éμ¤
³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö ¸É ¡¨²¨§ Í¨¨  ³¶²¨ÉÊ¤Ò ±μ²¥¡ ´¨° ¢ ·¥§μ´ Éμ·¥, Ëμ·³¨-
·μ¢ ´¨Ö Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ Ê§±¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¸¶¥±É·μ³.
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