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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

�·¥¤² £ ¥É¸Ö ³¥Éμ¤ Ëμ·³¨·μ¢ ´¨Ö ´¥¶·¥·Ò¢´μ£μ ¶μÉμ±  ³μ´μÌ·μ³ É¨Î¥¸±¨Ì ¶μ§¨É·μ´μ¢ ¸ ±μ´-
É·μ²¨·Ê¥³Ò³ ¢·¥³¥´¥³ ¶·¨Ìμ¤  ´  ³¨Ï¥´Ó, ´¥ § ¢¨¸ÖÐ¨³ μÉ ³μ³¥´É  ¸É ·É , ¢ μ£· ´¨Î¥´´μ³ ¨´-
É¥·¢ ²¥ ¢·¥³¥´¨. ’ ±μ° Ê¶μ·Ö¤μÎ¥´´Ò° ¶μÉμ± ¶μ§¨É·μ´μ¢ ¶μ§¢μ²Ö¥É ¸μ§¤ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ
Ê¸É ´μ¢±Ê ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò É¢¥·¤μ£μ É¥²  ³¥Éμ¤μ³ ¶μ§¨É·μ´´μ°  ´´¨£¨²ÖÍ¨μ´´μ° ¸¶¥±-
É·μ¸±μ¶¨¨ (��‘) ¢ ¥£μ ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´μ³ ¢ ·¨ ´É¥ Å ¨§³¥·¥´¨¨ ¢·¥³¥´¨ ¦¨§´¨ ¶μ§¨É·μ´ 
¢ ¨¸¸²¥¤Ê¥³μ³ ¢¥Ð¥¸É¢¥. �¤´μ¢·¥³¥´´μ, ¢ ·Ó¨·ÊÖ Ê¸±μ·ÖÕÐ¨° ¶μÉ¥´Í¨ ² ³¨Ï¥´¨, ³μ¦´μ ³¥´ÖÉÓ
Ô´¥·£¨Õ ¶μ§¨É·μ´μ¢ ´  ³¨Ï¥´¨ ¨ ±μ´É·μ²¨·Ê¥³μ ³¥´ÖÉÓ £²Ê¡¨´Ê ¨Ì ¶·μ´¨±´μ¢¥´¨Ö ¢ ¨¸¸²¥¤Ê¥-
³Ò° μ¡· §¥Í. ’ ±¨³ μ¡· §μ³, ³μ¦´μ ¨§³¥·ÖÉÓ ¸ ¢Ò¸μ±¨³ · §·¥Ï¥´¨¥³ · ¸¶·¥¤¥²¥´¨¥ ¤¥Ë¥±Éμ¢
¶μ £²Ê¡¨´¥.

A method for forming a continuous 	ux of monochromatic positrons with a controlled time of
arrival at the target, independent of the start time in a limited start time interval. Such an ordered
positron 	ux (OPF) allows one to construct an experimental setup for studies of solid matter structure
by positron annihilation spectroscopy (PAS) in its most efˇcient version Å the Positron Annihilation
Lifetime Spectroscopy (PALS). Simultaneously, by varying the potential of the target, one can control
the energy of the positrons on the target and, accordingly, the depth of their penetration into the sample
under study, measuring the distribution of defects in depth with high resolution.

PACS: 29.27.Fh; 29.27.-h; 61.72.Ff

‚ ¶μ§¨É·μ´´μ°  ´´¨£¨²ÖÍ¨μ´´μ° ¸¶¥±É·μ¸±μ¶¨¨ ´ ¨¡μ²¥¥ ¨´Ëμ·³ É¨¢´Ò³,   ¶μ-
ÔÉμ³Ê ¨ ´ ¨¡μ²¥¥ ¶·¨¢²¥± É¥²Ó´Ò³ ¤²Ö ¶·¨³¥´¥´¨Ö, ¸Î¨É ¥É¸Ö ³¥Éμ¤, μ¸´μ¢ ´´Ò° ´ 
¨§³¥·¥´¨¨ ¢·¥³¥´¨ ¦¨§´¨ ¶μ§¨É·μ´  ¢ ³¨Ï¥´¨ Å μ¡· §Í¥ ¨¸¸²¥¤Ê¥³μ£μ ³ É¥·¨ ² 
(Positron Annihilation Lifetime Spectroscopy Å PALS). — Ð¥ ¢¸¥£μ ¢ PALS ¨¸¶μ²Ó§Ê¥É¸Ö
¶μ§¨É·μ´´μ- ±É¨¢´Ò° ¨§μÉμ¶ 22Na, ¨³¥ÕÐ¨° Ï¨·μ±¨°, ¤μ 545 ±Ô‚, ¸¶¥±É· ¶μ§¨É·μ-
´μ¢, ¨¸¶Ê¸± ¥³ÒÌ ¶·¨ · ¸¶ ¤¥ Ö¤·  22Na. ‡´ Î¨É¥²Ó´μ ÔËË¥±É¨¢´¥¥ ¨¸¶μ²Ó§μ¢ ÉÓ ¢ ³¥-
Éμ¤¥ PALS ¶μÉμ± ³μ´μÌ·μ³ É¨Î¥¸±¨Ì ¶μ§¨É·μ´μ¢, ±μÉμ·Ò° Ëμ·³¨·Ê¥É¸Ö ¢ ¨¸ÉμÎ´¨± Ì
¸ ¨§μÉμ¶μ³ 22Na ¨ § ³¥¤²¨É¥²¥³ Å ³μ´μÌ·μ³ É¨§ Éμ·μ³. � ¨¡μ²ÓÏ¨° ¢ÒÌμ¤ ³¥¤²¥´-
´ÒÌ ¶μ§¨É·μ´μ¢, μ±μ²μ 1 % μÉ ¶μ²´μ£μ Î¨¸²  · ¸¶ ¤μ¢, ¤μ¸É¨£ ¥É¸Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢
± Î¥¸É¢¥ § ³¥¤²¨É¥²Ö É¢¥·¤μ£μ ´¥μ´ , ±μÉμ·Ò° ´ ³μ· ¦¨¢ ¥É¸Ö ¨§ £ §μμ¡· §´μ° Ë §Ò ´ 
Ëμ²Ó£Ê § ±·ÒÉμ£μ · ¤¨μ ±É¨¢´μ£μ ¨¸ÉμÎ´¨± , μÌ² ¦¤ ¥³μ£μ ¤μ É¥³¶¥· ÉÊ·Ò 7Ä8 K.

’ ±μ° ±·¨μ£¥´´Ò° ¨¸ÉμÎ´¨± ³¥¤²¥´´ÒÌ ³μ´μÌ·μ³ É¨Î¥¸±¨Ì ¶μ§¨É·μ´μ¢ (Š�ˆŒŒ�)
· §· ¡μÉ ´ ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ´  ±μ³¶²¥±¸¥ LEPTA (Low Energy Positron Toroidal Accu-
mulator) [1, 2] ¢ �ˆŸˆ. • · ±É¥·´ Ö Ï¨·¨´  (FWHM) ¸¶¥±É·  Ô´¥·£¨¨ ¶μ§¨É·μ´μ¢ ¨§
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Š�ˆŒŒ� ¸μ¸É ¢²Ö¥É 2 Ô‚. Œ¥´ÖÖ ¶μ²μ¦¨É¥²Ó´Ò° ¶μÉ¥´Í¨ ², ´  ±μÉμ·Ò° ®¶μ¤¢¥Ï¥´¯
±μ·¶Ê¸ ¨¸ÉμÎ´¨± , ³μ¦´μ ¢ ·Ó¨·μ¢ ÉÓ ¸·¥¤´ÕÕ Ô´¥·£¨Õ ¨ μÉ·¨Í É¥²Ó´Ò° ¶μÉ¥´Í¨ ² ³¨-
Ï¥´¨ ¸ ¨¸¸²¥¤Ê¥³Ò³ μ¡· §Íμ³. ’ ±¨³ ¸¶μ¸μ¡μ³ ³μ¦´μ ±μ´É·μ²¨·μ¢ ÉÓ £²Ê¡¨´Ê ¶·μ¡¥£ 
¶μ§¨É·μ´μ¢ ¢ μ¡· §Í¥ ¨, ¨§³¥·ÖÖ ¢·¥³Ö ¦¨§´¨ ¶μ§¨É·μ´μ¢ ´  § ¤ ´´μ° £²Ê¡¨´¥, μ¶·¥-
¤¥²ÖÉÓ · ¸¶·¥¤¥²¥´¨¥ ±μ´Í¥´É· Í¨¨ ¤¥Ë¥±Éμ¢ ¶μ £²Ê¡¨´¥ μ¡· §Í . �·¨ ÔÉμ³, ¶· ¢¤ ,
¢μ§´¨± ¥É ¶·μ¡²¥³  É·¨££¥· , É ± ± ± · §¡·μ¸ §´ Î¥´¨° ¨´É¥·¢ ²  ¢·¥³¥´¨ ³¥¦¤Ê ¨¸-
¶Ê¸± ´¨¥³ ®· ¸¶ ¤´μ£μ¯ £ ³³ -±¢ ´É  ¨  ´´¨£¨²ÖÍ¨¥° ¶μ§¨É·μ´  ¢ μ¡· §Í¥ §´ Î¨É¥²Ó´μ
¶·¥¢ÒÏ ¥É Ì · ±É¥·´μ¥ ¢·¥³Ö ¦¨§´¨ ¶μ§¨É·μ´  ¢ ¢ ± ´¸¨¨ (¶μ·Ö¤±  100 ¶¸).

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤² £ ¥É¸Ö ³¥Éμ¤ Ëμ·³¨·μ¢ ´¨Ö Ê¶μ·Ö¤μÎ¥´´μ£μ ¶μÉμ±  ¶μ§¨É·μ-
´μ¢ (”“��) ¨ ¨§³¥·¥´¨Ö ¨Ì ¢·¥³¥´¨ ¦¨§´¨ ¢ μ¡· §Í¥ ¸ ÉμÎ´μ¸ÉÓÕ ¶μ·Ö¤±  30 ¶¸. �·¥¤-
² £ ¥³Ò° ³¥Éμ¤ Ö¢²Ö¥É¸Ö · §¢¨É¨¥³ ¨§¢¥¸É´μ£μ ¸¶μ¸μ¡  £·Ê¶¶¨·μ¢±¨ ¶μÉμ±  ³¥¤²¥´´ÒÌ
¶μ§¨É·μ´μ¢ [3, 4].

�¥·¢Ò³  ±É¨¢´Ò³ Ô²¥³¥´Éμ³ ± ´ ²  ”“�� (·¨¸. 1) Ö¢²Ö¥É¸Ö ¶·μ³¥¦ÊÉμ± ¸ ‚—-
´ ¶·Ö¦¥´¨¥³ URF ¸¶¥Í¨ ²Ó´μ° Ëμ·³Ò, ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ±μÉμ·μ£μ ¶μ§¨É·μ´Ò Ê¸±μ·Ö-
ÕÉ¸Ö. �  ¢Ìμ¤ ÔÉμ£μ ¶·μ³¥¦ÊÉ±  ¶μ§¨É·μ´Ò ¨§ Š�ˆŒŒ� ¶μ¸ÉÊ¶ ÕÉ ¶μ ± ´ ²Ê 1 ¢ ´¥-
±μÉμ·Ò° ¸²ÊÎ °´Ò° ³μ³¥´É tinj (¨´¦¥±Í¨Ö). ‘·¥¤´¥¥ §´ Î¥´¨¥ ¨´É¥·¢ ²  ¢·¥³¥´¨ ³¥¦¤Ê

¶μ§¨É·μ´ ³¨ ¢ ¶μÉμ±¥ ´  ¢Ìμ¤¥ T0 =
(
Ṅe+

)−1 ∼ 1 ³±¸.

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ £¥´¥· Í¨¨ Ê¶μ·Ö¤μÎ¥´´μ£μ ¶μÉμ±  ¶μ§¨É·μ´μ¢: e+ Å ±·¨μ£¥´´Ò° ¨¸ÉμÎ-
´¨± ³¥¤²¥´´ÒÌ ¶μ§¨É·μ´μ¢ ´  μ¸´μ¢¥ ¨§μÉμ¶  22Na, ± ´ ²Ò 1, 2 Å ÊÎ ¸É±¨ ± ´ ²  É· ´¸¶μ·É¨·μ¢±¨

¶μ§¨É·μ´μ¢; U0 > 0 Å · §´μ¸ÉÓ ¶μÉ¥´Í¨ ²μ¢ ³¥¦¤Ê ¨¸ÉμÎ´¨±μ³ ¨ ± ´ ²μ³ 1; UA > 0 Å · §´μ¸ÉÓ

¶μÉ¥´Í¨ ²μ¢ ³¥¦¤Ê ± ´ ² ³¨ 1 ¨ 2; LRF Å ¶·μ³¥¦ÊÉμ± ¸ ‚—-´ ¶·Ö¦¥´¨¥³ URF ¸¶¥Í¨ ²Ó´μ°
Ëμ·³Ò; LA Å 1-° ¤·¥°Ëμ¢Ò° ¶·μ³¥¦ÊÉμ± ± ´ ²  ��‘; dA Å Ê¸±μ·ÖÕÐ¨° ¶·μ³¥¦ÊÉμ± ¸μ ¸É É¨-

Î¥¸±¨³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ UA; k → I Å ¶·μÌμ¤´μ° ¨§μ²ÖÉμ·; Lt Å 2-° ¤·¥°Ëμ¢Ò° ¶·μ³¥¦ÊÉμ±

± ´ ²  ��‘; LU Å ¶·μ³¥¦ÊÉμ± ³¥¦¤Ê ¢Ìμ¤μ³ ¢ ³¨Ï¥´´ÊÕ ± ³¥·Ê ¨ ³¨Ï¥´ÓÕ ¸ ¨¸¸²¥¤Ê¥³Ò³
μ¡· §Íμ³; Utarget Å μÉ·¨Í É¥²Ó´Ò° ¶μÉ¥´Í¨ ² ³¨Ï¥´¨

�μ¸²¥ ¶·μ²¥É  ‚—-¶·μ³¥¦ÊÉ±  ¶μ§¨É·μ´ Ê¸±μ·Ö¥É¸Ö ¢ ¸É É¨Î¥¸±μ³ Ô²¥±É·¨Î¥¸±μ³
¶μ²¥ ¸ · §´μ¸ÉÓÕ ¶μÉ¥´Í¨ ²μ¢ UA ¨ § É¥³ ¶·μ²¥É ¥É ÊÎ ¸Éμ± ± ´ ²  ¤²¨´μ° Lt ¤μ ¢Ìμ¤ 
¢ ± ³¥·Ê ¸ ¨¸¸²¥¤Ê¥³Ò³ μ¡· §Íμ³, ¶μ³¥Ð¥´´Ò³ ¶μ¤ μÉ·¨Í É¥²Ó´Ò° ¶μÉ¥´Í¨ ² Utarget.
‚·¥³¥´¥³ ¶·μ²¥É  ¶μ§¨É·μ´  Î¥·¥§ ¶·μ³¥¦ÊÉμ± dA � Lt ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. �μ§¨É·μ´,

¢Ìμ¤ÖÐ¨° ¢ ¶·μ³¥¦ÊÉμ± URF ¢ ³μ³¥´É t
(n)
inj = nT0, ¤μ¸É¨£ ¥É ³¨Ï¥´¨ ¢ ³ ±¸¨³ ²Ó´Ò°

¶μ ¤²¨É¥²Ó´μ¸É¨ ¨§ ¢¸¥Ì ¢μ§³μ¦´ÒÌ ¶·μ³¥¦ÊÉμ± ¢·¥³¥´¨ Δttarget. �μÔÉμ³Ê ¢¸¥ μ¸É ²Ó-
´Ò¥ ¶μ§¨É·μ´Ò ¢ ¨´É¥·¢ ²¥ ¢·¥³¥´¨ Δt = T0 ¡Ê¤ÊÉ ®¤μ£μ´ÖÕÐ¨³¨¯,   ´ ¶·Ö¦¥´¨¥ ´ 
‚—-¶·μ³¥¦ÊÉ±¥ ¤μ²¦´μ ¡ÒÉÓ Ê¸±μ·ÖÕÐ¨³, eURF � 0. �Éμ ¸¶· ¢¥¤²¨¢μ ¤²Ö ²Õ¡ÒÌ ¶μ§¨-
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É·μ´μ¢ ²Õ¡μ£μ n-¨´É¥·¢ ²  ¤²¨É¥²Ó´μ¸ÉÓÕ T0. ‘ · ¢´Ò³ Ê¸¶¥Ìμ³ ³μ¦´μ ¢Ò¡· ÉÓ ´ Î ²μ
μÉ¸Î¥É  tinj, ´ ¶·¨³¥·, μÉ ¸¥·¥¤¨´Ò ¨´É¥·¢ ²  T0.

„²Ö Ê¶·μÐ¥´¨Ö ¨§²μ¦¥´¨Ö μ£· ´¨Î¨³¸Ö ¢Ò¡μ·μ³ μÉ¸Î¥É  ¢·¥³¥´¨ ¨´¦¥±Í¨¨ ¶μ§¨-
É·μ´  nT0 � tinj � (n + 1)T0. ”Ê´±Í¨Õ URF(t) ´ Ìμ¤¨³ ¨§ Ê¸²μ¢¨Ö · ¢¥´¸É¢  §´ Î¥´¨°
Δttarget ¤²Ö ¶μ§¨É·μ´μ¢ ¸ Ô´¥·£¨¥° E0 (δE = 0) ¶·¨ ²Õ¡μ³ §´ Î¥´¨¨ tinj ¨§ Ê± § ´´μ£μ
¢ÒÏ¥ ¨´É¥·¢ ² . ˆ§ Ê¸²μ¢¨Ö ´¥§ ¢¨¸¨³μ¸É¨ ¢·¥³¥´¨ ¶·μ²¥É  ¶μ§¨É·μ´  μÉ tinj ´ Ìμ¤¨³
(³¥Éμ¤μ³ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¶·¨¡²¨¦¥´¨°) ËÊ´±Í¨Õ URF(tinj):

URF (tinj) =

⎡
⎢⎢⎢⎢⎣

1(
1 −

√
2E0

m

tinj + δt2
LA

) − 1

⎤
⎥⎥⎥⎥⎦

E0

e
,

(1)

δt2 = Lt

(
1

vA (0, tinj)
− 1

vA (0, 0)

)
,

£¤¥ vA Å ¸±μ·μ¸ÉÓ ¶μ§¨É·μ´  ´  ¢ÒÌμ¤¥ Ê¸±μ·ÖÕÐ¥£μ ¶·μ³¥¦ÊÉ±  UA (¸³. ·¨¸. 1),
E0 = eU0.

�·¨³¥· ËÊ´±Í¨¨ URF (tinj) ¤²Ö Ì · ±É¥·´ÒÌ ¶ · ³¥É·μ¢ Ê¸É ´μ¢±¨ LEPTA ¶·¨¢¥¤¥´
´  ·¨¸. 2. ‚·¥³Ö ¶·μ²¥É  Î ¸É¨ÍÒ ¸ Ô´¥·£¨¥° E0 + δE ¤μ ³¨Ï¥´¨ ´ °¤¥³ ³¥Éμ¤μ³
¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¶·¨¡²¨¦¥´¨° ¨§ · ¢¥´¸É¢ 

ttarget (δE, tinj) = tinj +
Lt

vA (δE, tinj)
+

LA

v
(2)
RF (δE, tinj)

,

(2)

v
(2)
RF =

√
2
m

(
E0 + δE + eU

(2)
RF

)
.

„¥É ²¨ ÔÉ¨Ì ¨ ´¨¦¥ ¶·¨¢¥¤¥´´ÒÌ · ¸Î¥Éμ¢ ³μ¦´μ ´ °É¨ ¢ · ¡μÉ¥ [5].
ƒ² ¢´μ° Ì · ±É¥·¨¸É¨±μ° Ê¶μ·Ö¤μÎ¨¢ ´¨Ö ¶μÉμ±  ¶μ§¨É·μ´μ¢ Ö¢²Ö¥É¸Ö · §´μ¸ÉÓ ¢·¥-

³¥´¨ ¶·¨Ìμ¤  ´  ³¨Ï¥´Ó ¶μ§¨É·μ´μ¢, ¨³¥ÕÐ¨Ì ¸·¥¤´ÕÕ Ô´¥·£¨Õ E0 ¶·¨ ¨´¦¥±Í¨¨ ¨

�¨¸. 2. ”Ê´±Í¨Ö URF (x) [B]: T0 = 10 ´¸

(Î ¸ÉμÉ  100 ŒƒÍ), Ô´¥·£¨Ö ¶μ§¨É·μ´μ¢ E0 =

150 Ô‚ ¨ LA = 20 (1), 15 (2), 12 (3) ¸³; §¤¥¸Ó

¨ ¤ ²¥¥ 0 � x = tinj/T0 − n � 1

’ ¡²¨Í  ¶ · ³¥É·μ¢ ËÊ·Ó¥-
· §²μ¦¥´¨Ö ËÊ´±Í¨¨ FU(x)

¤²Ö ¶¥·¢ÒÌ ¶ÖÉ¨ £ ·³μ´¨±
(E0 = 150 Ô‚, LA = 12 ¸³,
A0 = 213,76 B)

n An, B ϕn, · ¤

1 85,44 π+ 0,265

2 36,54 π+ 0,667

3 21,43 π+ 0,978

4 13,93 π+ 1,281

5 9,23 π+ 1,556
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μÉ²¨Î´ÊÕ μÉ ´¥¥ ´  ´¥±μÉμ·ÊÕ ¢¥²¨Î¨´Ê δE: δttarget = ttarget (E0, δE) − ttarget (E0, 0).
„²Ö Š�ˆŒŒ� δE = ±1 Ô‚. �¥§Ê²ÓÉ ÉÒ μ¶É¨³¨§ Í¨¨ ¶ · ³¥É·μ¢ (³¨´¨³¨§ Í¨Ö δttarget)
¤ ÕÉ E0 > 150 Ô‚ ¨ 12 � LA � 20 ¸³, T0 = 10 ´¸ [5].

”μ·³¨·μ¢ ´¨¥ ¨³¶Ê²Ó¸μ¢ URF ¢μ§³μ¦´μ, ¢μμ¡Ð¥ £μ¢μ·Ö, ¸ ¶μ³μÐÓÕ Í¨Ë·μ¢μ£μ £¥´¥-
· Éμ· . �¤´ ±μ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¨³¶Ê²Ó¸μ¢ ¢Ò¸μ±μ° Î ¸ÉμÉÒ (¶μ·Ö¤±  100 ŒƒÍ ¢ · ¸-
¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥) ¢μ§´¨± ÕÉ ¸ÊÐ¥¸É¢¥´´Ò¥ É¥Ì´¨Î¥¸±¨¥ É·Ê¤´μ¸É¨. �μÔÉμ³Ê ¶·μÐ¥
¢Ò¡· ÉÓ § ¤´¨° Ë·μ´É ËÊ´±Í¨¨ URF(x) ¢ ¢¨¤¥ ²¨´¥°´μ£μ ¸¶ ¤  ¢ ¨´É¥·¢ ²¥ 0,9 � x � 1
¨ ¸Ëμ·³¨·μ¢ ÉÓ É ±μ¥ ®¸£² ¦¥´´μ¥¯ ¶¥·¨μ¤¨Î¥¸±μ¥ ‚—-´ ¶·Ö¦¥´¨¥ FU (x) ¸ ¶μ³μÐÓÕ
¸Ê³³Ò £ ·³μ´¨± An sin (nω0t + φn) ´ ¶·Ö¦¥´¨Ö Î ¸ÉμÉÒ ω0 = 2π/T0 (¸³. É ¡²¨ÍÊ ¨
·¨¸. 3 ¨ 4).

�¨¸. 3. ˆ³¶Ê²Ó¸ ´ ¶·Ö¦¥´¨Ö ´  Ê¸±μ·ÖÕÐ¥³

§ §μ·¥ ‚—-¸¨¸É¥³Ò Å ¨¸Ìμ¤´Ò° (¸¶²μÏ´ Ö

±·¨¢ Ö) ¨ ¢μ¸¸É ´μ¢²¥´´Ò° ¶μ É·¥³ ¶¥·¢Ò³
£ ·³μ´¨± ³ (ÏÉ·¨Ìμ¢ Ö)

�¨¸. 4. ”Ê´±Í¨¨ δttarget(x), ¢ÒÎ¨¸²¥´´Ò¥

¶μ Ëμ·³Ê²¥ (2) ¤²Ö ËÊ´±Í¨¨ (1) (¸¶²μÏ´Ò¥

±·¨¢Ò¥) ¨ ¤²Ö ËÊ´±Í¨¨ FU (x) (ÏÉ·¨Ìμ¢Ò¥);
E0 = 150 Ô‚, LA = 15 (¢¥·Ì´ÖÖ ¶ ·  ±·¨¢ÒÌ)

¨ 12 ¸³ (´¨¦´ÖÖ ¶ · )

„¥É ²¨ ±μ´¸É·Ê±Í¨¨ ‚—-¸¨¸É¥³Ò ¨ μ·£ ´¨§ Í¨¨ ¸¨£´ ²μ¢ ®¸É ·É¯ ¨ ®¸Éμ¶¯ μ¡¸Ê¦¤ -
ÕÉ¸Ö ¢ · ¡μÉ¥ [6].

�¢Éμ· ¢Ò· ¦ ¥É ¡² £μ¤ ·´μ¸ÉÓ �. ƒ. Šμ¡¥ÍÊ, ‚. ‚.Šμ¡¥ÍÊ ¨ �.•μ·μ¤¥±Ê §  ¶μ²¥§-
´Ò¥ μ¡¸Ê¦¤¥´¨Ö, ¶μ§¢μ²¨¢Ï¨¥ ÊÉμÎ´¨ÉÓ ¸ÊÐ¥¸É¢¥´´Ò¥ ¤¥É ²¨ ¶·¥¤² £ ¥³μ£μ ³¥Éμ¤ , ¨
’.�. ‘É¥¶ ´μ¢μ° §  ¶μ¤£μÉμ¢±Ê ·Ê±μ¶¨¸¨ ± ¶Ê¡²¨± Í¨¨.
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