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aˆ´¸É¨ÉÊÉ £¥µ²µ£¨¨ Š ·¥²Ó¸±µ£µ ´ ÊÎ´µ£µ Í¥´É·  ���, �¥É·µ§ ¢µ¤¸±
¡�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�¡· ¡µÉ±  ¤ ´´ÒÌ ¨´É¥·Ë¥·¥´Í¨µ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¢ Ë¨§¨±¥ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¶·¥¤¶µ² £ ¥É
¶·¨¢²¥Î¥´¨¥ ³¥Éµ¤µ¢ ¸¶¥±É· ²Ó´µ£µ  ´ ²¨§ . ˆ§²µ¦¥´Ò ³¥Éµ¤Ò ¸¶¥±É· ²Ó´µ£µ  ´ ²¨§ , ¨¸¶µ²Ó§Ê-
ÕÐ¨¥  ¢Éµ·¥£·¥¸¸¨µ´´ÊÕ ³µ¤¥²Ó Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ: ³ ±¸¨³Ê³  Ô´É·µ¶¨¨, �¨¸ ·¥´±µ ¨
�·µ´¨. ‚µ§³µ¦´µ¸É¨ ³¥Éµ¤µ¢ ¶·µ¤¥³µ´¸É·¨·µ¢ ´Ò ´  ¶·¨³¥·¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ¸¨³Ê²¨·µ-
¢ ´´ÒÌ § ÏÊ³²¥´´ÒÌ ¤ ´´ÒÌ.

The treatment of data of the interferentional experiments in high energy physics needs to attract
the spectral analysis methods. The spectral analysis methods are explained: the maximum entropy
technique, the Pisarenko and the Prony based on the autoregressive model data. The possibilities of
these methods have been demonstrated on the examples of experimental and simulation data with the
noise.

�²ÓÉ¥·´ É¨¢µ° ¶µ¢ÒÏ¥´¨Õ Ô´¥·£¨¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Î ¸É¨Í ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨
¸¢µ°¸É¢ ¢¥Ð¥¸É¢  ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ Ö¢²Ö¥É¸Ö ´ ¡²Õ¤¥´¨¥ ¨ ¨§ÊÎ¥´¨¥ Éµ´±¨Ì ÔË-
Ë¥±Éµ¢ ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨°  Éµ³µ¢ ¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í [1]. �¸µ¡Ò° ¨´É¥·¥¸ ¶·¥¤-
¸É ¢²ÖÕÉ Ô´¥·£¨¨ ¨ Ë §Ò ¨´É¥·Ë¥·¥´Í¨¨ ¸µ¸ÉµÖ´¨°, ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ± ¶µ¢¥¤¥´¨Õ ¶µÉ¥´-
Í¨ ²  ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ ¨ ¢´¥Ï´¨³ ¢µ§¤¥°¸É¢¨Ö³ [2]. ˆ´Ëµ·³ Í¨Õ µ ¸¢Ö§ ´´ÒÌ ¸µ-
¸ÉµÖ´¨ÖÌ ¸¨¸É¥³ ¶µ²ÊÎ ÕÉ ¢ ¨´É¥·Ë¥·¥´Í¨µ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì [3]. „ ´´Ò¥ É ±µ£µ Ô±¸-
¶¥·¨³¥´É  ¶·¥¤¸É ¢²¥´Ò µ¸Í¨²²¨·ÊÕÐ¨³¨ § ¢¨¸¨³µ¸ÉÖ³¨, ¶µ ¸¶¥±É· ²Ó´Ò³ ¶ · ³¥É· ³
±µÉµ·ÒÌ ¸Ê¤ÖÉ µ¡ Ô´¥·£¥É¨Î¥¸±¨Ì ¨ Ë §µ¢ÒÌ Ì · ±É¥·¨¸É¨± Ì ¸¨¸É¥³Ò [4]. „µ¸Éµ¢¥·-
´µ¸ÉÓ ¶µ²ÊÎ ¥³µ° ¨´Ëµ·³ Í¨¨ § ¢¨¸¨É µÉ ¸¶µ¸µ¡´µ¸É¨ ¢Ò¤¥²ÖÉÓ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ ¶¥·¨µ¤¨Î´µ¸É¨ ¨ µ¶·¥¤¥²ÖÉÓ ¨Ì ¶ · ³¥É·Ò.

Œ É¥³ É¨Î¥¸± Ö É¥µ·¨Ö ¨  ²£µ·¨É³¨Î¥¸±¨°  ¶¶ · É ¢ÒÖ¢²¥´¨Ö ¸±·ÒÉÒÌ ¶¥·¨µ¤¨Î´µ-
¸É¥° ¨³¥ÕÉ ¤²¨É¥²Ó´ÊÕ ¨¸Éµ·¨Õ ¨ · §´µµ¡· §´Ò¥ ¶· ±É¨Î¥¸±¨¥ ¶·¨²µ¦¥´¨Ö. Œ¥Éµ¤Ò
¢ÒÖ¢²¥´¨Ö ¶¥·¨µ¤¨Î´µ¸É¥° ¶µ¤· §¤¥²ÖÕÉ ´   ¶¶·µ±¸¨³ Í¨µ´´Ò¥, ¶µ§¢µ²ÖÕÐ¨¥  ¶¶·µ±-
¸¨³¨·µ¢ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ËÊ´±Í¨¥°, ¸µµÉ¢¥É¸É¢ÊÕÐ¥°  ¶·¨µ·¨ § ¤ ´´µ°
³µ¤¥²¨, ¨ Ë¨²ÓÉ· Í¨µ´´Ò¥, ¤ ÕÐ¨¥ ¨´Ëµ·³ Í¨Õ µ ±µ³¶µ´¥´É Ì ¨ ¨Ì ¶ · ³¥É· Ì ¶·¨
³¨´¨³ ²Ó´ÒÌ  ¶·¨µ·´ÒÌ ¸¢¥¤¥´¨ÖÌ. �µ ¸· ¢´¥´¨Õ ¸  ¶¶·µ±¸¨³ Í¨µ´´Ò³¨ ³¥Éµ¤ ³¨
Ë¨²ÓÉ· Í¨µ´´Ò¥ ³¥Éµ¤Ò ¤ ÕÉ ³¥´ÓÏÊÕ ÉµÎ´µ¸ÉÓ ¶·¨ µ¶·¥¤¥²¥´¨¨ ¸¶¥±É· ²Ó´ÒÌ Ì · ±-
É¥·¨¸É¨± ¸¨£´ ²  [5].

‚ · ¡µÉ¥ ·¥ÎÓ ¶µ°¤¥É µ ¶µ¨¸±¥ ¸±·ÒÉÒÌ ¶¥·¨µ¤¨Î´µ¸É¥° ¢ ¤ ´´ÒÌ ¸ ³µ° · §²¨Î´µ°
¶·¨·µ¤Ò ¸ ¶µ³µÐÓÕ ³¥Éµ¤µ¢ ´  µ¸´µ¢¥  ¢Éµ·¥£·¥¸¸¨µ´´µ° ³µ¤¥²¨ ¤ ´´ÒÌ (�Œ„) [6].

Œ¥Éµ¤Ò ´  µ¸´µ¢¥ �Œ„ § ´¨³ ÕÉ ¶·µ³¥¦ÊÉµÎ´µ¥ ¶µ²µ¦¥´¨¥ ¸·¥¤¨ µ¡¸Ê¦¤ ¥³ÒÌ
£·Ê¶¶ ³¥Éµ¤µ¢ µ¡· ¡µÉ±¨ ¤ ´´ÒÌ. �¶¶·µ±¸¨³ Í¨Ö ¢ ´¨Ì ¶·¥¤¸É ¢²¥´  ¶µ¸ÉÊ² Éµ³ µ
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²µ± ²Ó´µ° ¸¢Ö§¨ ¤ ´´ÒÌ,   Ë¨²ÓÉ· Í¨Ö Å µ¶¥· Í¨Ö³¨ ¶µ ¶µ²ÊÎ¥´¨Õ ¸¶¥±É·  ¨ ¢Ò-
¤¥²¥´¨Õ ±µ³¶µ´¥´É. �² £µ¤ ·Ö ¶·µ³¥¦ÊÉµÎ´µ³Ê ¶µ²µ¦¥´¨Õ ³¥Éµ¤Ò �Œ„ ¨¸¶µ²Ó§ÊÕÉ
¶·¥¨³ÊÐ¥¸É¢  ± ¦¤µ° ¨§ µ¶¨¸ ´´ÒÌ £·Ê¶¶ ¨ Ì · ±É¥·¨§ÊÕÉ¸Ö ¡µ²¥¥ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ
µ¶·¥¤¥²¥´¨Ö ¸¶¥±É· ²Ó´ÒÌ ¶ · ³¥É·µ¢ ¨ · §·¥Ï¥´¨¥³ ¶µ ¸· ¢´¥´¨Õ ¸ Ë¨²ÓÉ· Í¨µ´´Ò³¨
³¥Éµ¤ ³¨ ´  µ¸´µ¢¥ ¤¨¸±·¥É´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö ”Ê·Ó¥ („�”) [7, 8].

‚ µÉ²¨Î¨¥ µÉ  ²£µ·¨É³µ¢ „�”, ¢ ±µÉµ·ÒÌ ´ ¡²Õ¤ ¥³Ò° ¸¨£´ ² · ¸±² ¤Ò¢ ÕÉ ´ 
£ ·³µ´¨Î¥¸±¨¥ ±µ³¶µ´¥´ÉÒ, ´¥±µÉµ·Ò¥ ¨§ �Œ„-³¥Éµ¤µ¢ (³¥Éµ¤ �·µ´¨) ¨¸¶µ²Ó§ÊÕÉ · §-
²µ¦¥´¨¥ ´  ±µ³¶µ´¥´ÉÒ ¢ ¢¨¤¥ § ÉÊÌ ÕÐ¨Ì ±µ²¥¡ ´¨°. �·¨ µ¡· ¡µÉ±¥ ¤ ´´ÒÌ ¨´É¥·-
Ë¥·¥´Í¨µ´´µ£µ Ô±¸¶¥·¨³¥´É  É ±µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ± §Ò¢ ¥É¸Ö ¡µ²¥¥ ·¥ ²¨¸É¨Î´Ò³ ¶µ
¸· ¢´¥´¨Õ ¸ É· ¤¨Í¨µ´´Ò³, ¶µ¸±µ²Ó±Ê ÊÎ¨ÉÒ¢ ¥É ¢·¥³Ö ¦¨§´¨ ¸µ¸ÉµÖ´¨°. �É  É¥´¤¥´-
Í¨Ö ¶·µ¤µ²¦¥´  ¢ ¢¥°¢²¥É- ´ ²¨§¥, £¤¥ · §²µ¦¥´¨¥ ´  ¸µ²¨Éµ´µ¶µ¤µ¡´Ò¥ ±µ³¶µ´¥´ÉÒ
¶µ§¢µ²¨²µ ¶·µ¸²¥¤¨ÉÓ ¨§³¥´¥´¨Ö ¸¶¥±É· ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ¸¨£´ ²µ¢ ¢ ¶·µ¸É· ´¸É¢¥
¨ ¢·¥³¥´¨ [9].

Œ¥Éµ¤ �·µ´¨ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ µ¶·¥¤¥²¨ÉÓ Ë §Ò ±µ²¥¡ ´¨° ¸ ÉµÎ´µ¸ÉÓÕ ¡µ²¥¥ ¢Ò¸µ-
±µ°, Î¥³ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ „�”. ’ ± Ö ¢µ§³µ¦´µ¸ÉÓ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¦´µ° ¸ ÊÎ¥Éµ³
¨´Ëµ·³ É¨¢´µ¸É¨ Ë § ¢ ¨´É¥·Ë¥·¥´Í¨µ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì.

‚ · ¡µÉ¥ ¶·µ¢¥¤¥´µ ³µ¤¥²¨·µ¢ ´¨¥ �Œ„ ¸¶¥±É· ²Ó´ÒÌ ³¥Éµ¤µ¢ ³ ±¸¨³Ê³  Ô´É·µ¶¨¨
(ŒŒ�), �¨¸ ·¥´±µ ¨ �·µ´¨ [10Ä12] ´  ¶·¨³¥·¥ ¸¨³Ê²¨·µ¢ ´´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ.

�¢Éµ·¥£·¥¸¸¨µ´´ Ö ³µ¤¥²Ó ¤ ´´ÒÌ. �Œ„ ¸²ÊÎ °´µ£µ ¶·µÍ¥¸¸  ¶µ¸ÉÊ²¨·Ê¥É ²µ± ²Ó-
´ÊÕ ¸¢Ö§Ó ¤ ´´ÒÌ: É¥±ÊÐ¥¥ §´ Î¥´¨¥ ËÊ´±Í¨¨ y(l),  ¶¶·µ±¸¨³¨·ÊÕÐ¥° ¨¸¸²¥¤Ê¥³Ò°
¶·µÍ¥¸¸, µ¶·¥¤¥²¥´µ ¶·¥¤Ï¥¸É¢ÊÕÐ¨³¨ µÉ¸Î¥É ³¨ ¤ ´´ÒÌ x(l−k) ¢ ¢¨¤¥ ²¨´¥°´µ° ±µ³-
¡¨´ Í¨¨:

y(l) =
p∑

k=1

a(k)x(l − k) (1)

¸ £²Ê¡¨´µ° p ¨ ¶ · ³¥É· ³¨ a(k). � · ³¥É·Ò a(k) ¸µ¤¥·¦ É ¢¸Õ ¨´Ëµ·³ Í¨Õ µ ¸¶¥±-
É· ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± Ì ¶·µÍ¥¸¸  [13].

‚ÒÎ¨É Ö ¨§ µ¡¥¨Ì Î ¸É¥° · ¢¥´¸É¢  (1) §´ Î¥´¨¥ ¶¥·¥³¥´´µ° x(l), µÏ¨¡±Ê É¥±ÊÐ¥£µ
§´ Î¥´¨Ö ε(l) = y(l) − x(l) ¢Ò· ¦ ÕÉ ¢ ¢¨¤¥

ε(l) =
p∑

k=0

a(k)x(l − k) (2)

¸ ¶ · ³¥É·µ³ a(0) = −1. �Ï¨¡±  É¥±ÊÐ¥£µ §´ Î¥´¨Ö É ±¦¥ ¶·¥¤¸É ¢²¥´  ²¨´¥°´µ°
±µ³¡¨´ Í¨¥° ¶·¥¤Ï¥¸É¢ÊÕÐ¨Ì µÉ¸Î¥Éµ¢ ¤ ´´ÒÌ, ÎÉµ ¶µ§¢µ²Ö¥É · ¸¸³ É·¨¢ ÉÓ ¶ · ³¥É·Ò
a(k) ± ± ±µÔËË¨Í¨¥´ÉÒ ²¨´¥°´µ£µ Ë¨²ÓÉ· , ¶·¥¤¸± §Ò¢ ÕÐ¥£µ µÏ¨¡±Ê.

�Ï¨¡±Ê ¶·¥¤¸± § ´¨Ö É¥±ÊÐ¥£µ §´ Î¥´¨Ö µÏ¨¡±¨ ³µ¦´µ ³¨´¨³¨§¨·µ¢ ÉÓ, ¨¸Ìµ¤Ö,
´ ¶·¨³¥·, ¨§ ¶·¨´Í¨¶  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢. �·¨ ´¥§ ¢¨¸¨³ÒÌ ¸¨£´ ²¥ ¨  ¤¤¨É¨¢´µ³
ÏÊ³¥ ¶µ¸ÉÊ¶ ÕÐ¨¥ ´  ¢Ìµ¤ Ë¨²ÓÉ·  ¶·¥¤¸± § ´¨Ö µÏ¨¡±¨ ¤ ´´Ò¥ ´ ¡²Õ¤¥´¨° ´  ¢ÒÌµ¤¥
¶·¥¢· Ð ÕÉ¸Ö ¢ ¡¥²Ò° ÏÊ³. ’ ±µ° Ë¨²ÓÉ· ´ §Ò¢ ÕÉ ®µÉ¡¥²¨¢ ÕÐ¨³¯.

“³´µ¦ Ö µ¡¥ Î ¸É¨ ¸µµÉ´µÏ¥´¨Ö (2) ´  ±µ³¶²¥±¸´µ-¸µ¶·Ö¦¥´´µ¥ §´ Î¥´¨¥ x∗(l) ¨
Ê¸·¥¤´ÖÖ ¶µ ¢¸¥³ ¤ ´´Ò³ ´ ¡²Õ¤¥´¨°, ¤²Ö ¶ · ³¥É·µ¢ a(k) ¶µ²ÊÎ ¥³ ¸¨¸É¥³Ê ²¨´¥°´ÒÌ
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Ê· ¢´¥´¨° (3)

p∑
k=0

R(m − k)a(k) = σ2δ(m), (3)

£¤¥ σ2 Å ¤¨¸¶¥·¸¨Ö ÏÊ³ ; δ(m) Å ¤¥²ÓÉ -ËÊ´±Í¨Ö; R(m− k) Å §´ Î¥´¨Ö  ¢Éµ±µ··¥²Ö-
Í¨µ´´µ° ËÊ´±Í¨¨ R(k), m = 0, 1, 2, . . . , p.

„²Ö ´ Ìµ¦¤¥´¨Ö ±µÔËË¨Í¨¥´Éµ¢ Ë¨²ÓÉ·  a(k) µ¡ÒÎ´µ ¶·¨³¥´ÖÕÉ ·¥±Ê·¸¨¢´Ò°  ²£µ-
·¨É³ „¥·¡ÊÄ‹¥¢¨´¸µ´  [14], ¸µ¸ÉµÖÐ¨° ¢ ¶µ¸²¥¤µ¢ É¥²Ó´µ³ ÊÉµÎ´¥´¨¨ ±µÔËË¨Í¨¥´Éµ¢
µÉ¡¥²¨¢ ÕÐ¥£µ Ë¨²ÓÉ·  ¨ µÍ¥´±¥ ³µÐ´µ¸É¨ ¶·¥¤¸± § ´´µ° µÏ¨¡±¨, ´ Î¨´ Ö ¸ Ë¨²ÓÉ· 
¶¥·¢µ£µ ¶µ·Ö¤±  ¨ ±µ´Î Ö Ë¨²ÓÉ·µ³ p-£µ ¶µ·Ö¤± , ¢ÒÎ¨¸²ÖÕÐ¥£µ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ:
{a11, σ

2
1}, {a21, a22, σ

2
2}, . . . , {ap1, ap2, . . . , app, σ

2
p} ¶µ Ëµ·³Ê² ³:

a11 = −R(1)/R(0); σ2
1 = (1 − /a11/

2)R(0),

akk = −
[
R(k) +

k−1∑
i=1

ak−1,iR(k − i)
]

/σ2
k−1,

aki = ak−1,i + akka∗
k−1,k−i; σ2

k = (1 − /akk/2)σ2
k−1.

(4)

�Ò¸É·µ¤¥°¸É¢¨¥ ¨ Ô±µ´µ³¨Î´µ¸ÉÓ  ²£µ·¨É³  „¥·¡ÊÄ‹¥¢¨´¸µ´  µ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉµ
¢ µÉ²¨Î¨¥ µÉ  ²£µ·¨É³  ·¥Ï¥´¨Ö ¸¨¸É¥³ ²¨´¥°´ÒÌ Ê· ¢´¥´¨° ƒ Ê¸¸  ¤²Ö ´ Ìµ¦¤¥´¨Ö
·¥Ï¥´¨Ö µ´ É·¥¡Ê¥É p2 µ¶¥· Í¨° ¢³¥¸Éµ p3 µ¶¥· Í¨° ¨ ¨¸¶µ²Ó§Ê¥É ·¥§Ê²ÓÉ ÉÒ ¶·¥¤Ï¥-
¸É¢ÊÕÐ¨Ì ¢ÒÎ¨¸²¥´¨°. „²Ö É¥Ì ¦¥ Í¥²¥° · §· ¡µÉ ´Ò ¡µ²¥¥ ÔËË¥±É¨¢´Ò¥  ²£µ·¨É³Ò
[15].

Œ¥Éµ¤ ³ ±¸¨³Ê³  Ô´É·µ¶¨¨ (ŒŒ�). ‚ ± Î¥¸É¢¥ ¸¶¥±É· ²Ó´µ£µ ³¥Éµ¤  ŒŒ� ¡Ò²
¢¶¥·¢Ò¥ ¶·¥¤²µ¦¥´ �Ê·£µ³ [10]. ˆ¤¥Ö ¸µ¸ÉµÖ²  ¢ ³ ±¸¨³¨§ Í¨¨ Ô´É·µ¶¨°´µ£µ ËÊ´±Í¨-
µ´ ²  ¶²µÉ´µ¸É¨ ¸¶¥±É· ²Ó´µ° ³µÐ´µ¸É¨ ¶·µÍ¥¸¸  P (l)

−
(n−1)/2∑

l=−(n−1)/2

ln P (l) − max (5)

¶·¨ ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨° É¥µ·¥³Ò ‚¨´¥· Ä•¨´Î¨´  ¤²Ö p + 1 ¨§¢¥¸É´ÒÌ §´ Î¥´¨°  ¢Éµ-
±µ··¥²ÖÍ¨µ´´µ° ËÊ´±Í¨¨

(N−1)/2∑
l=−(N−1)/2

P (l) exp (−j∆ωlk∆t) = R(k), (6)

£¤¥ ∆ω ¨ ∆t Å Î ¸ÉµÉ´Ò¥ ¨ ¢·¥³¥´´Ò¥ ¨´É¥·¢ ²Ò ³¥¦¤Ê µÉ¸Î¥É ³¨ ¸¶¥±É·  ¨ ¤ ´´ÒÌ;
j Å ³´¨³ Ö ¥¤¨´¨Í  (j2 = −1), k = 0, 1, 2, . . . , p.

„²Ö £ Ê¸¸µ¢¸±µ£µ ¸²ÊÎ °´µ£µ ¶·µÍ¥¸¸  É·¥¡µ¢ ´¨¥ ³ ±¸¨³Ê³  Ô´É·µ¶¨°´µ£µ ËÊ´±Í¨-
µ´ ²  Ô±¢¨¢ ²¥´É´µ ³¨´¨³Ê³Ê ËÊ´±Í¨µ´ ²  ¶·¥¤¸± §Ò¢ ¥³µ° µÏ¨¡±¨. �¥Ï¥´¨¥ É ±µ°
¢ ·¨ Í¨µ´´µ° § ¤ Î¨ ¸ ±µÔËË¨Í¨¥´É ³¨ µÉ¡¥²¨¢ ÕÐ¥£µ Ë¨²ÓÉ·  a(k) ¢ ± Î¥¸É¢¥ ³´µ-
¦¨É¥²¥° ‹ £· ´¦  ¤ ´µ Ëµ·³Ê²µ°

P (l) =
σ2

/1 +
p∑

k=1

a(k) exp (−j∆ωl∆tk)/2
, (7)
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¨³¥ÕÐ¥° ¶·µ¸Éµ° ¸³Ò¸²: ¸¶¥±É· ³µÐ´µ¸É¨ ¸¨£´ ²  ¶µ²ÊÎ ÕÉ ¤¥²¥´¨¥³ ¢ÒÌµ¤´µ° ³µÐ-
´µ¸É¨ ÏÊ³  ´  ±¢ ¤· É ³µ¤Ê²Ö ¸¶¥±É· ²Ó´µ° Ì · ±É¥·¨¸É¨±¨ µÉ¡¥²¨¢ ÕÐ¥£µ Ë¨²ÓÉ· .
ŠµÔËË¨Í¨¥´ÉÒ a(k) ´ Ìµ¤ÖÉ ¢ �Œ„ ¶ÊÉ¥³ ·¥Ï¥´¨Ö ¸¨¸É¥³Ò Ê· ¢´¥´¨° (3).

ŒŒ� ÊÎ¨ÉÒ¢ ¥É ²µ± ²Ó´ÊÕ ¸¢Ö§Ó ¤ ´´ÒÌ, ¤ ¥É µÍ¥´±Ê ¸¶¥±É·  ³µÐ´µ¸É¨ ÏÊ³ , ´¥
¶·¨¢µ¤¨É ± µÉ·¨Í É¥²Ó´Ò³ §´ Î¥´¨Ö³ ¢ ¸¶¥±É·¥ ³µÐ´µ¸É¨, ¨³¥¥É ²ÊÎÏ¥¥ · §·¥Ï¥´¨¥
¶µ ¸· ¢´¥´¨Õ ¸ „�”, ´µ Ê¸ÉÊ¶ ¥É ¶µ · §·¥Ï¥´¨Õ ³¥Éµ¤ ³ �¨¸ ·¥´±µ ¨ �·µ´¨. ‚ ¸¨²Ê
Ô±¢¨¢ ²¥´É´µ¸É¨ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢ ŒŒ� ¤ ¥É ´¥¸³¥Ð¥´´ÊÕ µÍ¥´±Ê ¸¶¥±É· .
� É·¥¡µ¢ ´¨¥ ³ ±¸¨³ ²Ó´µ° Ô´É·µ¶¨¨ ¨²¨ ³¨´¨³ ²Ó´µ° ¶·¨ § ¤ ´´ÒÌ µ£· ´¨Î¥´¨ÖÌ ¨´-
Ëµ·³ Í¨¨  ¢Éµ³ É¨Î¥¸±¨ ¨¸±²ÕÎ ¥É ¨§ µÍ¥´±¨ ¸¶¥±É·  ¢¸¥ ¶µ¸Éµ·µ´´¨¥ Î ¸ÉµÉ´Ò¥ ¶¨±¨.
�µ ÔÉµ° ¶·¨Î¨´¥ ¸²¥¤Ê¥É µ¦¨¤ ÉÓ, ÎÉµ ¢ ŒŒ� ¸¶¥±É· ²Ó´Ò¥ ¶¨±¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥  ´-
£ ·³µ´¨Î¥¸±µ° ¶¥·¨µ¤¨Î¥¸±µ° £¨¸Éµ£· ³³¥, ¤µ²¦´Ò ¶·µÖ¢²ÖÉÓ¸Ö ¸² ¡¥¥, Î¥³ ¢ „�” [16].

�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ ¶µÉ¥´Í¨ ²  ¨µ´¨§ Í¨¨  Éµ³µ¢ ¢

µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ µÉ  Éµ³´µ£µ ´µ³¥·  Ô²¥³¥´É  ( )
¨ ŒŒ�-µÍ¥´±  ¥¥ ¸¶¥±É·  ³µÐ´µ¸É¨ (¡). — ¸ÉµÉ´Ò³

¶¨± ³ ¸¶¥±É·  ³µÐ´µ¸É¨ ¶µ¸É ¢²¥´Ò ¢ ¸µµÉ¢¥É¸É¢¨¥

¶¥·¨µ¤Ò É ¡²¨ÍÒ Œ¥´¤¥²¥¥¢ 

ŒŒ� ÔËË¥±É¨¢¥´ ¶·¨ Ô±¸¶·¥¸¸´µ³
µ¶·¥¤¥²¥´¨¨ Î ¸ÉµÉ´µ£µ ¸¶¥±É·  ¸²Ê-
Î °´ÒÌ ¶·µÍ¥¸¸µ¢. �·¨³¥´¥´¨¥ ŒŒ�
± ¢ÒÖ¢²¥´¨Õ ¸±·ÒÉÒÌ ¶¥·¨µ¤¨Î´µ¸É¥°
· ¸¸³µÉ·¨³ ´  ¶·¨³¥·¥ § ¢¨¸¨³µ¸É¥°
¶µÉ¥´Í¨ ²  ¨µ´¨§ Í¨¨  Éµ³  ¢ µ¸´µ¢-
´µ³ ¸µ¸ÉµÖ´¨¨ µÉ  Éµ³´µ£µ ´µ³¥·  Ô²¥-
³¥´É  [17] (·¨¸. 1,  ) ¨ ¸±µ·µ¸É¨ É¥-
Î¥´¨Ö Î¥·¥§ ‘µ²µ³¥´¸±¨° ¶·µ²¨¢ �¥-
É·µ§ ¢µ¤¸±µ° £Ê¡Ò �´¥¦¸±µ£µ µ§¥·  µÉ
¢·¥³¥´¨ [18] (·¨¸. 2,  ). „²Ö ¶µ²ÊÎ¥´¨Ö
Î ¸ÉµÉ´ÒÌ ¸¶¥±É·µ¢ ¢ ÔÉ¨Ì ¶·¨³¥· Ì
¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¶·µ£· ³³  [19].

— ¸ÉµÉ´Ò° ¸¶¥±É· ·¨¸. 1, ¡ ¤¥³µ´-
¸É·¨·Ê¥É ¶¥·¨µ¤Ò 8, 10, 18, 32, Ì -
· ±É¥·´Ò¥ ¤²Ö É ¡²¨ÍÒ Œ¥´¤¥²¥¥¢ .
„�”-¸¶¥±É· É ±µ£µ  ´£ ·³µ´¨Î¥¸±µ£µ
· ¸¶·¥¤¥²¥´¨Ö ¶µ³¨³µ µ¸´µ¢´ÒÌ ¶¥·¨-
µ¤µ¢ Tk,1 ¸µ¤¥·¦¨É ¶¥·¨µ¤Ò Tk,i =
Tk,i−1((i − 1)/i), i = 2, 3, 4, ¸µ¸É ¢²Ö-
ÕÐ¨¥ ¤²Ö ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´µ£µ ¨ Ê§-
±µ£µ ¶¨±  ¶¥·¨µ¤  8 ¸µµÉ¢¥É¸É¢¥´´µ
4,0, 2,7, 2,0. ‚ ¤ ´´µ³ ¸¶¥±É·¥ ¸² -
¡µ¨´É¥´¸¨¢´ÒÌ ¶¨±µ¢ µ± §Ò¢ ¥É¸Ö §´ -
Î¨É¥²Ó´µ ¡µ²ÓÏ¥,   ¸·¥¤¨ ¨Ì ¶¥·¨µ-
¤µ¢ 6,0, 4,7, 4,1, 3,1, 2,8, 2,3, 2,2,
2,1 Éµ²Ó±µ 4,1, 2,8 ¨ 2,1 ³µ¦´µ ¸Î¨-
É ÉÓ ¡²¨§±¨³¨ ± Ê± § ´´Ò³  ´£ ·³µ´¨-
Î¥¸±¨³ ¶¥·¨µ¤ ³.

‚µ ¢Éµ·µ³ ¶·¨³¥·¥ Ì · ±É¥· ¨¸¸²¥¤Ê¥³µ£µ ¸¨£´ ²  ¢¥¸Ó³  ¡²¨§µ± ¸³¥¸¨ £ ·³µ´¨±
¨ ÏÊ³µ¢µ° ±µ³¶µ´¥´ÉÒ. ‚ ¸¶¥±É·¥ ³µÐ´µ¸É¨ ¤ ´´µ£µ ¸¨£´ ²  (·¨¸. 2, ¡) ¢¸¥ ¸·¥¤´¥Î -
¸ÉµÉ´Ò¥ ¨ ¢Ò¸µ±µÎ ¸ÉµÉ´Ò¥ ¶¨±¨ ´ Ï²¨ µ¡ÑÖ¸´¥´¨¥. �É¨³ ¶¨± ³ ¢ ¶µ·Ö¤±¥ ¢µ§· ¸É ´¨Ö
¶¥·¨µ¤µ¢ ¡Ò²¨ ¸µ¶µ¸É ¢²¥´Ò ¸¥°Ï¥¢Ò¥ ±µ²¥¡ ´¨Ö ¢µ¤µ¥³ , ¸µ¥¤¨´¥´´µ£µ Î¥·¥§ ¶·µ-
²¨¢ ¸ �¥É·µ§ ¢µ¤¸±µ° £Ê¡µ°, �¥É·µ§ ¢µ¤¸±µ° £Ê¡Ò ¨ �µ²ÓÏµ£µ �´¥£µ. ‘µ¶µ¸É ¢²¥´¨¥ ¸
¤ ´´Ò³¨ ´ ÉÊ·´ÒÌ ´ ¡²Õ¤¥´¨° ¨ ³µ¤¥²¨·µ¢ ´¨Ö ¤ ²µ ¸µ£² ¸ÊÕÐ¨¥¸Ö ·¥§Ê²ÓÉ ÉÒ [18].
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�¨¸. 2. ‚·¥³¥´´ Ö § ¢¨¸¨³µ¸ÉÓ ¸±µ·µ¸É¨ É¥Î¥´¨Ö Î¥·¥§ ‘µ²µ³¥´¸±¨° ¶·µ²¨¢ �¥É·µ§ ¢µ¤¸±µ° £Ê¡Ò

�´¥¦¸±µ£µ µ§¥·  ( ) ¨ ¥¥ ŒŒ�-µÍ¥´±  ¸¶¥±É·  ³µÐ´µ¸É¨ (¡). — ¸ÉµÉ´Ò³ ¶¨± ³ ¸µµÉ¢¥É¸É¢ÊÕÉ
¶¥·¨µ¤Ò ¸¥°Ï¥¢ÒÌ ±µ²¥¡ ´¨°: ‹µ£³µ§¥·  (¢µ¤µ¥³ , ¸µ¥¤¨´¥´´µ£µ Î¥·¥§ ‘µ²µ³¥´¸±¨° ¶·µ²¨¢ ¸

�¥É·µ§ ¢µ¤¸±µ° £Ê¡µ°) Å 22Ä60 ³¨´; �¥É·µ§ ¢µ¤¸±µ° £Ê¡Ò Å 1 Î 20 ³¨´ Ä 2 Î 18 ³¨´; �´¥¦¸±µ£µ

µ§¥·  Å 3 Î 08 ³¨´ Ä 4 Î 27 ³¨´, ¶·¨²¨¢´µ£µ ¶¥·¨µ¤  Å 12 Î 24 ³¨´

‘¶¥±É· ²Ó´Ò°  ´ ²¨§ ¢ÒÖ¢¨² · ´¥¥ ´¥¨§¢¥¸É´Ò° ¤²Ö µ§¥·´ÒÌ ¢µ¤µ¥³µ¢ ¶·¨²¨¢´µ° ¶¥-
·¨µ¤ µ±µ²µ 12 Î ¸µ¢,   É ±¦¥ ¤·Ê£¨¥ ´¨§±µÎ ¸ÉµÉ´Ò¥ ¶¥·¨µ¤Ò, ¸ É·Ê¤µ³ ¶µ¤¤ ÕÐ¨¥¸Ö
¨´É¥·¶·¥É Í¨¨. „²Ö  ´ ²¨§  ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¸¶¥±É· ²Ó´µ¥ · §·¥Ï¥´¨¥ ŒŒ�
µ± § ²µ¸Ó ¢¶µ²´¥ ¤µ¸É ÉµÎ´Ò³.

Œ¥Éµ¤Ò �¨¸ ·¥´±µ ¨ �·µ´¨. Œ¥Éµ¤ �¨¸ ·¥´±µ, ¶·¨³¥´Ö¥³Ò° ¤²Ö ¢Ò¤¥²¥´¨Ö £ ·³µ-
´¨Î¥¸±¨Ì ±µ³¶µ´¥´É ¨§ ¨Ì ¸³¥¸¨ ¸ ¡¥²Ò³ ÏÊ³µ³, ¤ ¥É ¥Ð¥ ¡µ²¥¥ ¢Ò¸µ±µ¥ ¸¶¥±É· ²Ó´µ¥
· §·¥Ï¥´¨¥, Î¥³ ŒŒ�. ‚ ÔÉµ³ ³¥Éµ¤¥ Î ¸ÉµÉÒ ±µ³¶µ´¥´É µ¶·¥¤¥²ÖÕÉ ´¥ ¢¨§Ê ²Ó´µ, ± ±
¢ „�” ¨²¨ ŒŒ�, ¶µ ¶µ²µ¦¥´¨Ö³ ¶¨±µ¢ Î ¸ÉµÉ´µ£µ ¸¶¥±É· ,   ¢ÒÎ¨¸²ÖÕÉ. ’µÎ´µ¸ÉÓ
µ¶·¥¤¥²¥´¨Ö Î ¸ÉµÉÒ ¨ ¸¶¥±É· ²Ó´µ¥ · §·¥Ï¥´¨¥ § ¤ ´Ò ÉµÎ´µ¸ÉÓÕ ¢ÒÎ¨¸²¥´¨°.

�²£µ·¨É³ ¢ÒÎ¨¸²¥´¨° Î ¸ÉµÉ ¢ ³¥Éµ¤¥ �¨¸ ·¥´±µ ¶·µ¤¥³µ´¸É·¨·Ê¥³ ´  ¶·¨³¥·¥ ¸¨-
´Ê¸µ¨¤Ò x(l) = sin(Ωl). ’·¨£µ´µ³¥É·¨Î¥¸±µ¥ Éµ¦¤¥¸É¢µ

sin (Ωl) = 2 cosΩ sin (Ω(l − 1)) − sin (Ω(l − 2)) (8)

¤ ¥É ¸¢Ö§Ó ³¥¦¤Ê ¤ ´´Ò³¨:

x(l) = 2 cosΩx(l − 1) − x(l − 2). (9)
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”Ê·Ó¥-¶·¥µ¡· §µ¢ ´¨¥ ¸µµÉ´µÏ¥´¨Ö (9) ¶·¨¢µ¤¨É ± ¸µµÉ´µÏ¥´¨Õ

X(ω)(1 − 2 cosΩz−1 + z−2) = 0, (10)

£¤¥ ¶µ¤ z ¶µ´¨³ ÕÉ exp (−jΩ). Šµ·´¨ Ê· ¢´¥´¨Ö ¢Éµ·µ° ¸É¥¶¥´¨ z1 = z•2 µ¶·¥¤¥²ÖÕÉ
Î ¸ÉµÉÒ Ω ¨ −Ω ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢Ò· ¦¥´¨¥³

Ω = arctg (Im zi/Re zi). (11)

‚ µ¡Ð¥³ ¸²ÊÎ ¥ ²µ± ²Ó´ÊÕ ¸¢Ö§Ó ³¥¦¤Ê ¤ ´´Ò³¨ ¢ ³¥Éµ¤¥ �¨¸ ·¥´±µ § ¤ ÕÉ ¢ ¢¨¤¥

x(l) = −
2p∑

k=1

a(k)y(l − k) + ε(l), (12)

  ¤²Ö ±µÔËË¨Í¨¥´Éµ¢ a(k) ¶µ²ÊÎ ÕÉ ¸¨¸É¥³Ê ²¨´¥°´ÒÌ Ê· ¢´¥´¨°

2p∑
k=0

R(m − k)a(k) = σ2a(m). (13)

ŠµÔËË¨Í¨¥´ÉÒ a(k) ¨ ¤¨¸¶¥·¸¨Õ ÏÊ³  σ2 ´ Ìµ¤ÖÉ, µ¶·¥¤¥²ÖÖ ¸µ¡¸É¢¥´´Ò¥ Î¨¸² 
¨ ¸µ¡¸É¢¥´´Ò¥ ¢¥±Éµ·Ò ³ É·¨ÍÒ  ¢Éµ±µ··¥²ÖÍ¨µ´´ÒÌ ËÊ´±Í¨° R(m, k) [20]. Œ¨´¨-
³ ²Ó´µ³Ê ¸µ¡¸É¢¥´´µ³Ê Î¨¸²Ê ³ É·¨ÍÒ R(m, k) ¸µµÉ¢¥É¸É¢Ê¥É ¤¨¸¶¥·¸¨Ö σ2. �·¨ ÔÉµ³
Ê¤µ¡´µ ¨¸¶µ²Ó§µ¢ ÉÓ ·¥±Ê·¸¨¢´µ¥ ¢Ò· ¦¥´¨¥ Rc(l+1) = c(l), ¸²¥¤ÊÕÐ¥¥ ¨§ (13), ¨ µ¶·¥-
¤¥²¨ÉÓ ¢¥±Éµ· c(l + 1) ¶µ ¢¥±Éµ·Ê c(l), ¶µ²ÊÎ¥´´µ³Ê ´  ¶·¥¤Ò¤ÊÐ¥° ¨É¥· Í¨¨. ‚¥±Éµ·
c(0) = [1, 1, 1, . . . , 1] Ê¤µ¡´µ ¶·¨´ÖÉÓ §  ´ Î ²Ó´µ¥ ¶·¨¡²¨¦¥´¨¥. �¥¸±µ²Ó±µ ¨É¥· Í¨° ¶µ-
§¢µ²ÖÕÉ ¶µ²ÊÎ¨ÉÓ ¢¥±Éµ·, ¡²¨§±¨° ± c(∞). �µ ´¥³Ê ¢ÒÎ¨¸²ÖÕÉ λmin = σ2 = (cT Rc/cT c),
¨ ¢¥±Éµ· a ´ Ìµ¤ÖÉ ± ± a = c/λmin.

‘É·Ê±ÉÊ·  ³ É·¨ÍÒ  ¢Éµ±µ··¥²ÖÍ¨µ´´ÒÌ ËÊ´±Í¨° R(m, k) É ±µ¢ , ÎÉµ ¶·¨ ´ ²¨Î¨¨
¢ ¨¸¸²¥¤Ê¥³µ³ ¶·µÍ¥¸¸¥ £ ·³µ´¨± ±µÔËË¨Í¨¥´ÉÒ Ë¨²ÓÉ·  a(k) ¤¥°¸É¢¨É¥²Ó´Ò ¨ Ê¤µ-
¢²¥É¢µ·ÖÕÉ Ê¸²µ¢¨Õ: a(k) = a(2p − k). ‘µ¸É ¢²ÖÖ ¨ ·¥Ï Ö  ²£¥¡· ¨Î¥¸±µ¥ Ê· ¢´¥´¨¥
¸É¥¶¥´¨ 2p ¸ ¤¥°¸É¢¨É¥²Ó´Ò³¨ ±µÔËË¨Í¨¥´É ³¨ a(k) ¨ a(0) = 1

2p∑
k=0

a(k)z2p−k = 0, (14)

¶µ²ÊÎ ÕÉ ±µ³¶²¥±¸´µ-¸µ¶·Ö¦¥´´Ò¥, · ¢´Ò¥ ¶µ ³µ¤Ê²Õ ¥¤¨´¨Í¥ ±µ·´¨, µ¶·¥¤¥²ÖÕÐ¨¥
Î ¸ÉµÉÒ £ ·³µ´¨± ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢Ò· ¦¥´¨¥³ (11).

�µ²µ¦¨É¥²Ó´Ò¥ Î ¸ÉµÉÒ £ ·³µ´¨± Ωi, I = 1, 2, . . . , p, ¨¸¶µ²Ó§ÊÕÉ ¤²Ö ´ Ìµ¦¤¥´¨Ö
¶²µÉ´µ¸É¥° ¸¶¥±É· ²Ó´µ° ³µÐ´µ¸É¨ P (l), ·¥Ï Ö ¸¨¸É¥³Ê Ê· ¢´¥´¨°

p∑
i=1

P (i) cos (Ωil∆t) = R(l). (15)

‘ ³µ¸µ£² ¸µ¢ ´´µ¸ÉÓ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¶·µ¢¥·ÖÕÉ, µ¶·¥¤¥²ÖÖ ¤¨¸¶¥·¸¨Õ ÏÊ³ 
σ2, ¢Ò· §¨¢ ¥¥ ¸µµÉ´µÏ¥´¨¥³ (16)

σ2 = R(0) −
p∑

i=1

P (i). (16)
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Œ¥Éµ¤ �¨¸ ·¥´±µ ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ ¤¨¸¶¥·¸¨Õ  ¤¤¨É¨¢´µ£µ ¡¥²µ£µ ÏÊ³ . �¤-
´ ±µ ¢ ³¥Éµ¤¥ µÉ¸ÊÉ¸É¢ÊÕÉ £ · ´É¨¨ ¶µ²ÊÎ¥´¨Ö ´¥µÉ·¨Í É¥²Ó´ÒÌ µÍ¥´µ± ¸¶¥±É· ²Ó´µ°
¶²µÉ´µ¸É¨ £ ·³µ´¨±. Š ± ¨ ¢ ŒŒ�, ¢ ³¥Éµ¤¥ �¨¸ ·¥´±µ ´ Î ²Ó´ÊÕ Ë §Ê £ ·³µ´¨± ´¥
µ¶·¥¤¥²ÖÕÉ.

�ÉµÉ ´¥¤µ¸É Éµ± ¶·¥µ¤µ²¥´ ¢ ³¥Éµ¤¥ �·µ´¨, µ¡µ¡Ð¨¢Ï¥³ ¨¤¥Õ �¨¸ ·¥´±µ ´  ¸²ÊÎ °
´¥¸É Í¨µ´ ·´ÒÌ ¶¥·¨µ¤¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢, ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¢ ± Î¥¸É¢¥ ¡ §¨¸  ¸¶¥±-
É· ²Ó´µ£µ · §²µ¦¥´¨Ö § ÉÊÌ ÕÐ¨¥ ±µ²¥¡ ´¨Ö.

‚ ³¥Éµ¤¥ �·µ´¨ ËÊ´±Í¨Ö,  ¶¶·µ±¸¨³¨·ÊÕÐ Ö ¶·µÍ¥¸¸, y(l) ¢Ò· ¦¥´  Î¥·¥§ ±µ³-
¶²¥±¸´Ò¥ Î¨¸²  bi ¨ zi ¸µµÉ´µÏ¥´¨¥³

y(l) =
2p∑

i=1

bizi, l = 0, 1, 2, . . . , n − 1,

bi = Ai exp (jθi),
zi = exp (αi + jΩi∆t),

(17)

£¤¥ ¶ · ³¥É·Ò Ai, αi, Ωi, θi Å ¸µµÉ¢¥É¸É¢¥´´µ  ³¶²¨ÉÊ¤ , ±µÔËË¨Í¨¥´É § ÉÊÌ ´¨Ö,
Î ¸ÉµÉ  ¨ ´ Î ²Ó´ Ö Ë §  i-° ±µ³¶µ´¥´ÉÒ · §²µ¦¥´¨Ö ¨¸Ìµ¤´ÒÌ ¤ ´´ÒÌ.

‹µ± ²Ó´ÊÕ ¸¢Ö§Ó ³¥¦¤Ê ¤ ´´Ò³¨ ¶µ¸ÉÊ²¨·ÊÕÉ É ± ¦¥, ± ± ¨ ¢ ³¥Éµ¤¥ �¨¸ ·¥´±µ,
É ± ¦¥ µ¶·¥¤¥²ÖÕÉ ±µÔËË¨Í¨¥´ÉÒ a(k) ¨ ¶µ ´¨³ ¸µ¸É ¢²ÖÕÉ ¶µ²¨´µ³ (14). �É²¨Î¨¥ § -
±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ±µ·´Ö³¨ ¶µ²¨´µ³  É¥¶¥·Ó µ± §Ò¢ ÕÉ¸Ö ±µ³¶²¥±¸´Ò¥ Ô±¸¶µ´¥´ÉÒ zi.

ˆ¸Ìµ¤Ö ¨§ ³¨´¨³Ê³  ËÊ´±Í¨µ´ ²  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢

n−1∑
l=0

(x(l) − y(l))2 − min (18)

´ Ìµ¤ÖÉ ¢¥±Éµ· B(b1, b2, . . . , b2p), µ¶·¥¤¥²Ö¥³Ò° ¸µµÉ´µÏ¥´¨¥³

B = (Φ#Φ)−1Φ#X, (19)

£¤¥ ¶µ¤ X ¶µ´¨³ ÕÉ ¸É·µ±Ê ¤ ´´ÒÌ, ¶µ¤ Φ Å ³ É·¨ÍÊ ‚ ´-¤¥·-Œµ´¤ , ¸µ¸É ¢²¥´´ÊÕ
¨§ ¸É¥¶¥´¥° ±µ·´¥° zi, ¶µ¤ Φ# Å É· ´¸¶µ´¨·µ¢ ´´ÊÕ ³ É·¨ÍÊ. � ¶µ ´¥³Ê ¨ ±µ·´Ö³
¶µ²¨´µ³  zi µ¶·¥¤¥²ÖÕÉ ¶ · ³¥É·Ò ±µ³¶µ´¥´É · §²µ¦¥´¨Ö:

Ai = /bi/, Ωi = arctg (Im zi/Re zi),
αi = (ln /zi/)/∆t, θi = arctg (Im bi/Re bi). (20)

�±µ´Î É¥²Ó´µ ³¥Éµ¤ �·µ´¨ ¤ ¥É:
µÍ¥´±Ê ¤ ´´ÒÌ

s(t) =
2p∑

i=1

Ai exp (αit) exp (j(ωit + θi)), (21)

¥¥ ËÊ·Ó¥-µ¡· §

S(ω) =
2p∑

i=1

Ai exp (jθi)
1

(ω − ωi) − jαi
(22)

¨ ¸¶¥±É· Ô´¥·£¨¨

E(ω) = /S(ω)/2. (23)
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�¨¸. 3. �¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤ 

�·µ´¨ ´  ³µ¤¥²ÖÌ:  ) ¶·µ¸Éµ° £ ·³µ´¨-

Î¥¸±¨° ¸¨£´ ² 1,600 cos (2,021t + 1,0798)

¨ ¥£µ µÍ¥´±  1,594 cos (2,021t + 1,0930);

¡) ¸³¥¸Ó £ ·³µ´¨± 2,000 cos (0,5054t +

0,2670) + 2,000 cos (1,015t + 0,5422) +

1,000 cos (1,844t+0,9848)+1,6 cos (2,465t+

1,3167) ¨ ¥¥ µÍ¥´±  1,932 cos (0,5054t +

0,2821) + 1,957 cos (1,015t + 0,5887) +

0,9216 cos (1,844t + 0,9716) +

1,636 cos (2,465t + 1,2530)

Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó, ¶·¥¨³ÊÐ¥¸É¢µ³ ³¥-
Éµ¤  �·µ´¨ Ö¢²Ö¥É¸Ö · ¸Ï¨·¥´¨¥ ±² ¸¸  ËÊ´±-
Í¨°, ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ ± Î¥¸É¢¥ ¡ §¨¸  ¸¶¥±-
É· ²Ó´µ£µ · §²µ¦¥´¨Ö. ”µ·³ ²¨§³ ³¥Éµ¤  ¤µ-
¶Ê¸± ¥É ¢±²ÕÎ¥´¨¥ ¢ ÔÉµÉ ±² ¸¸ Ô±¸¶µ´¥´Í¨-
 ²Ó´µ ¸¶ ¤ ÕÐ¨Ì ¨ ´ · ¸É ÕÐ¨Ì ¸¨£´ ²µ¢, ÎÉµ
¶µ§¢µ²Ö¥É · ¸¶·µ¸É· ´¨ÉÓ ³¥Éµ¤Ò ¸¶¥±É· ²Ó-
´µ£µ  ´ ²¨§  ´  ³µ´µÉµ´´µ ³¥´ÖÕÐ¨¥¸Ö ¨ ¶¥-
·¥Ìµ¤´Ò¥ ¸²ÊÎ °´Ò¥ ¶·µÍ¥¸¸Ò. ‚µ§³µ¦´µ¸ÉÓ
¢ÒÎ¨¸²ÖÉÓ  ³¶²¨ÉÊ¤Ò, ±µÔËË¨Í¨¥´ÉÒ § ÉÊÌ -
´¨Ö, Î ¸ÉµÉÒ ¨ µ¸µ¡¥´´µ Ë §Ò ±µ²¥¡ ´¨° ¸
¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ³µ¦¥É µ± § ÉÓ¸Ö ¶µ²¥§´µ°
¶·¨ ¨´É¥·¶µ²ÖÍ¨¨ ¨ Ô±¸É· ¶µ²ÖÍ¨¨ ¸¨£´ ²µ¢,
  ¢ ´¥±µÉµ·ÒÌ ¸²ÊÎ ÖÌ ¸¶µ¸µ¡¸É¢µ¢ ÉÓ ·¥Ï¥-
´¨Õ ¢¥¸Ó³  É·Ê¤´µ° ¶·µ¡²¥³Ò ¶·µ£´µ§¨·µ¢ -
´¨Ö ¶·µÍ¥¸¸µ¢.

Œµ¤¥²¨·µ¢ ´¨¥ ³¥Éµ¤  �·µ´¨ ¶·µ¢¥¤¥´µ
¸ ¶µ³µÐÓÕ  ¢Éµ·¸±µ° ¶·µ£· ³³Ò, ´ ¶¨¸ ´-
´µ° ´  ”µ·É· ´¥. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò
¨¸Ìµ¤´Ò¥ ¸¨£´ ²Ò ¢ ¢¨¤¥ µ¤¨´µÎ´µ° ¸¨´Ê-
¸µ¨¤Ò ( ) ¨ ¸³¥¸¨ Î¥ÉÒ·¥Ì · §²¨Î´ÒÌ £ ·-
³µ´¨± ¸  ¤¤¨É¨¢´Ò³ ¡¥²Ò³ ÏÊ³µ³ (¡) ¨
·¥§Ê²ÓÉ ÉÒ ¨Ì ·¥±µ´¸É·Ê±Í¨¨ ¶µ ¶µ²ÊÎ¥´-
´Ò³ ¶·¨ · §²µ¦¥´¨¨ ¶ · ³¥É· ³. „²Ö ¸¨´Ê-
¸µ¨¤Ò, § ¤ ´´µ° Ëµ·³Ê²µ° 1,600 cos (2,021t +
1,0798) ¸  ¤¤¨É¨¢´Ò³ ÏÊ³µ³ 15 % ¶µ²Ê-
Î¥´  µÍ¥´±  1,594 cos (2,021t + 1,0930),   ¤²Ö
¸³¥¸¨ £ ·³µ´¨± 2,000 cos (0,5054t + 0,2670) +
2,000 cos (1,015t+ 0,5422)+ 1,000 cos (1,844t+

0,9848) + 1,6 cos (2,465t + 1,3167) ¸ ÏÊ³µ³ 6 % Å µÍ¥´±  1,932 cos (0,5054t + 0,2821) +
1,957 cos (1,015t + 0,5887) + 0,9216 cos (1,844t + 0,9716) + 1,636 cos (2,465t + 1,2530).

�·¨¢¥¤¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤¥³µ´¸É·¨·ÊÕÉ Ìµ·µÏ¥¥ ¸µµÉ¢¥É¸É¢¨¥ ¨¸Ìµ¤´Ò³ ¸¨£´ ² ³.
‚ ÔÉ¨Ì ¨ ¤·Ê£¨Ì ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¶µ± § ´µ, ÎÉµ ´ ¨¡µ²¥¥ ÉµÎ´µ ³¥Éµ¤
�·µ´¨ µ¶·¥¤¥²Ö¥É Î ¸ÉµÉÒ, ´ ¨³¥´¥¥ ÉµÎ´µ Å Ë §Ò ±µ³¶µ´¥´É ¨ ±µÔËË¨Í¨¥´ÉÒ § ÉÊÌ -
´¨Ö ±µ³¶µ´¥´É,   ¸¶¥±É· ²Ó´Ò¥ ¶ · ³¥É·Ò ¢Ò¸µ±µÎ ¸ÉµÉ´ÒÌ ±µ³¶µ´¥´É ¨³¥ÕÉ ²ÊÎÏÊÕ
ÉµÎ´µ¸ÉÓ ¶µ ¸· ¢´¥´¨Õ ¸ ´¨§±µÎ ¸ÉµÉ´Ò³¨.

‚ ³¥Éµ¤ Ì �Œ„  ¶·¨µ·´ Ö ¨´Ëµ·³ Í¨Ö µ ¶·µÍ¥¸¸¥, § ¤ ´´ Ö ¢ ¢¨¤¥ ²µ± ²Ó´µ° ¸¢Ö§¨
¤ ´´ÒÌ, ´µ¸¨É µ¡µ¡Ð¥´´Ò° Ì · ±É¥·, ¶µ§¢µ²Ö¥É ¸Ëµ·³¨·µ¢ ÉÓ ³µ¤¥²Ó µ¸Í¨²²¨·ÊÕÐ¥£µ
¸¨£´ ² , µ¶·¥¤¥²¨ÉÓ ¥£µ ¸µ¸É ¢ ¨ ¸¶¥±É· ²Ó´Ò¥ ¶ · ³¥É·Ò ±µ³¶µ´¥´É ¡¥§ ± ±¨Ì-²¨¡µ
¸¶¥Í¨ ²Ó´ÒÌ  ¶·¨µ·´ÒÌ ¶·¥¤¶µ²µ¦¥´¨°. “ÉµÎ´¥´¨¥ ¶µ²ÊÎ¥´´ÒÌ ¶ · ³¥É·µ¢ ¢ · ³± Ì
¸Ëµ·³¨·µ¢ ´´µ° ³µ¤¥²¨ ¢µ§³µ¦´µ,   ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ ¨ Í¥²¥¸µµ¡· §´µ ¸ ¶·¨³¥´¥´¨¥³ ¤·Ê-
£¨Ì ³¥Éµ¤µ¢, ´ ¶·¨³¥·, É ±¨Ì ³µÐ´ÒÌ  ¶¶·µ±¸¨³ Í¨µ´´ÒÌ ³¥Éµ¤µ¢, ± ± ³¥Éµ¤ Œµ´É¥-
Š ·²µ [21].

‚Ò¢µ¤Ò. 1. Œ¥Éµ¤Ò ¸¶¥±É· ²Ó´µ£µ  ´ ²¨§  ¨´Ëµ·³ É¨¢´Ò ¶·¨ µ¡· ¡µÉ±¥ ¤ ´´ÒÌ
¨´É¥·Ë¥·¥´Í¨µ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢, ¶µ§¢µ²ÖÕÉ ¶µ²ÊÎ¨ÉÓ ¸¢¥¤¥´¨Ö µ Ì · ±É¥·¨¸É¨± Ì
¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¸¨¸É¥³:  Éµ³µ¢, Ö¤¥·, Î ¸É¨Í.
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2. Œ¥Éµ¤Ò ´  µ¸´µ¢¥ �Œ„ ¸µÎ¥É ÕÉ ¸¨²Ó´Ò¥ ¸Éµ·µ´Ò  ¶¶·µ±¸¨³ Í¨µ´´ÒÌ ¨ Ë¨²Ó-
É· Í¨µ´´ÒÌ ³¥Éµ¤µ¢ ¶·¨ µ¶·¥¤¥²¥´¨¨ ¸¶¥±É· ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ¸¨£´ ²µ¢.

3. ŒŒ�-µÍ¥´±¨ ¸¶¥±É·µ¢ ³µÐ´µ¸É¨ ·¥ ²Ó´ÒÌ ¸¨£´ ²µ¢ µÉ²¨Î ÕÉ¸Ö ¨´Ëµ·³ É¨¢´µ-
¸ÉÓÕ ¨ ¶·¨³¥´¨³Ò ¤²Ö  ´ ²¨§  £ ·³µ´¨Î¥¸±¨Ì ¸¨£´ ²µ¢ ¨  ´£ ·³µ´¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥-
´¨°. ‘¶¥±É· ²Ó´Ò¥ ¶ · ³¥É·Ò µ¸Í¨²²¨·ÊÕÐ¨Ì ¸¨£´ ²µ¢, µ¶·¥¤¥²¥´´Ò¥ ³¥Éµ¤µ³ �·µ´¨,
¨³¥ÕÉ ¢Ò¸µ±ÊÕ ÉµÎ´µ¸ÉÓ ¨ ¶µ§¢µ²ÖÕÉ ¶·¥¤¸É ¢¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¸Ê¶¥·¶µ-
§¨Í¨¥° ¡ §¨¸´ÒÌ ËÊ´±Í¨°.
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