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ȼɜɟɞɟɧɢɟ 
Ɉɞɧɨɣ ɢɯ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɩɪɨɫɥɟɠɢɜɚɧɢɹ ɫɟɣ-

ɫɦɢɱɟɫɤɢɯ ɜɨɥɧ ɹɜɥɹɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ ɮɢɤɫɢɪɨ-
ɜɚɧɧɵɯ ɜɨɥɧ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɜ ɫɟɣɫɦɨ-
ɪɚɡɜɟɞɤɟ ɩɪɟɞɥɨɠɟɧ ɪɹɞ ɦɟɬɨɞɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɜ 
ɤɚɱɟɫɬɜɟ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɩɪɢɡɧɚɤɨɜ, ɩɪɟɢɦɭɳɟ-
ɫɬɜɟɧɧɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɝɧɚɥɨɜ. 
ȼ ɬɨɠɟ ɜɪɟɦɹ, ɜ ɫɥɨɠɧɵɯ ɫɟɣɫɦɨɝɟɨɥɨɝɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɮɚɡɨɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ (Ɏɑɏ) ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɡɧɚɱɢɬɟɥɶɧɨ 
ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ. ȼ ɮɚɡɭ 
ɫɢɝɧɚɥɚ, ɬɨɱɧɟɟ ɜ ɫɥɨɠɧɵɣ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɮɚɡɨ-
ɜɨɝɨ ɫɩɟɤɬɪɚ, ɦɨɠɟɬ ɛɵɬɶ ɡɚɥɨɠɟɧɚ ɢɧɮɨɪɦɚɰɢɹ, 
ɩɨɡɜɨɥɹɸɳɚɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɜɵɞɟɥɹɬɶ ɫɢɝ-
ɧɚɥɵ ɢɡ ɩɨɦɟɯ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ.  

ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɟɪɟɣɞɟɦ ɤ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɨɜ ɩɨ ɢɧɮɨɪɦɚɰɢɢ, ɢɡɜɥɟɤɚɟ-
ɦɨɣ ɢɡ Ɏɑɏ ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ ɜɨɥɧ. 

 
Ɏɚɡɨɱɚɫɬɨɬɧɨɟ ɨɛɧɚɪɭɠɟɧɢɟ ɫɟɣɫɦɢɱɟɫɤɢɯ 

ɫɢɝɧɚɥɨɜ 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɪɢ ɤɨɧɤɪɟɬɧɨɦ ɡɧɚɱɟɧɢɢ l 

ɢɦɟɟɬɫɹ ɭɱɚɫɬɨɤ ɫɟɣɫɦɢɱɟɫɤɨɣ ɬɪɚɫɫɵ x(k), ɤɨɬɨ-
ɪɵɣ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɬɨɥɶɤɨ ɩɨɦɟɯɭ ȟ(t) ɢɥɢ ɚɞ-
ɞɢɬɢɜɧɭɸ ɫɦɟɫɶ ɫɢɝɧɚɥɚ S(t) ɢ ɩɨɦɟɯɢ ȟ(t).  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɨɞɟɥɟɣ ɫɟɣɫɦɨɝɪɚɦɦ ɢ ɨɬɞɟɥɶ-
ɧɵɯ ɫɟɣɫɦɨɢɦɩɭɥɶɫɨɜ ɩɪɢɦɟɦμ S(t) =  Sd(T), ɝɞɟ 
Sd(T) - ɦɧɨɠɟɫɬɜɨ ɫɢɝɧɚɥɨɜ ɨɝɪɚɧɢɱɟɧɧɨɣ ɞɥɢ-
ɬɟɥɶɧɨɫɬɢν ȟ(t) - ɫɬɚɰɢɨɧɚɪɧɚɹ ɝɚɭɫɫɨɜɚ ɩɨɦɟɯɚ, 
ɢɦɟɸɳɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ ࢼȟ

2 Rȟ(Ĳ). 
Ɂɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɨɫɬɪɨɢɬɶ ɩɪɨɰɟ-

ɞɭɪɭ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɨɜ, ɤɨɝɞɚ ɨɩɬɢɦɚɥɶɧɨɣ 
ɨɛɪɚɛɨɬɤɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɬɨɥɶɤɨ Ɏɑɏ ɚɧɚɥɢɡɢɪɭɟ-
ɦɨɝɨ ɭɱɚɫɬɤɚ ɫɟɣɫɦɨɬɪɚɫɫɵ. 

 
Ɉɩɬɢɦɚɥɶɧɨɟ ɮɚɡɨɱɚɫɬɨɬɧɨɟ ɨɛɧɚɪɭɠɟɧɢɟ 

ɫɟɣɫɦɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ 
Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɭɫɥɨɜɢɹ Ⱦɢɪɢɯɥɟ ɜɵɩɨɥɧɹ-

ɸɬɫɹ. Ɍɨɝɞɚ ɩɪɟɞɫɬɚɜɢɦ ɮɭɧɤɰɢɢ ȟ(t), S(t) ɢ x(t) =  
S(t)+  ȟ(t) ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ T ɜ ɱɚɫɬɨɬɧɨɣ ɨɛ-
ɥɚɫɬɢ ȍ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟμ 
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ɝɞɟ F – ɫɢɦɜɨɥ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟν ȍ – ɨɛ-
ɥɚɫɬɶ ɱɚɫɬɨɬ, ɝɞɟ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɨɫɧɨɜɧɚɹ ɷɧɟɪɝɢɹ 
ɫɢɝɧɚɥɚ. 

ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹμ 
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F S t
      – Ɏɚɡɨɱɚɫɬɨɬɧɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (Ɏɑɏ) ɫɢɝɧɚɥɚν 
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      – Ɏɑɏ ɫɦɟɫɢ 

ɫɢɝɧɚɥɚ ɫ ɩɨɦɟɯɨɣν 
Ɍɟɩɟɪɶ, ɫ ɭɱɟɬɨɦ ɢɦɟɸɳɟɣɫɹ ɚɩɪɢɨɪɧɨɣ ɢɧ-

ɮɨɪɦɚɰɢɢ, ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɮɚɡɨɱɚ-
ɫɬɨɬɧɨɝɨ ɤɪɢɬɟɪɢɹ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ, ɢɫɩɨɥɶ-
ɡɭɟɦ ɦɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɮɨɪɦɢɪɨɜɚɬɶ 
ɫɥɟɞɭɸɳɟɟ ɨɬɧɨɲɟɧɢɟμ 
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ɝɞɟ 

1 2 1( ( ), ( ),..., ( ) )m mW H       – m-ɦɟɪɧɚɹ 
ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɨɬɤɥɨɧɟɧɢɹ Ɏɑɏ ɫɦɟɫɢ ɨɬ 
Ɏɑɏ ɫɢɝɧɚɥɚ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɜɟɪɧɚ ɝɢɩɨɬɟ-
ɡɚ H1 (ɫɢɝɧɚɥ ɟɫɬɶ)ν 

 1 2 0( ), ( ),..., ( )m mW H         – m-ɦɟɪɧɚɹ 
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ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɨɬɤɥɨɧɟɧɢɹ Ɏɑɏ ɩɨɦɟɯɢ ɜ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɜɟɪɧɚ ɝɢɩɨɬɟɡɚ H0 (ɫɢɝɧɚɥɚ 
ɧɟɬ)ν m





 – ɱɢɫɥɨ ɭɱɢɬɵɜɚɟɦɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɤɨɦɩɨɧɟɧɬν  – ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɨ ɱɚɫɬɨɬɟ. 
ȿɫɥɢ ( )x     ɢ ( )s    , ɬɨ ɨɞɧɨɦɟɪ-

ɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɡɧɚɱɟɧɢɣ Ɏɑɏ ɩɨɦɟɯɢ 

ɪɚɜɧɚ 1
( ( ))

2kW   


, ɚ ( )x   ɫɨɜɩɚɞɚɟɬ ɫ ɭɝ-

ɥɨɜɨɣ ɤɨɨɪɞɢɧɚɬɨɣ ɜɟɤɬɨɪɚ 
( cos ( ),  sin ( ))x k x k      . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɞɧɨ-
ɦɟɪɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɞɥɹ ( )k   ɜɵ-
ɪɚɠɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ: 
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ɝɞɟ Ɏ – ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ. 
ȼ ɜɵɪɚɠɟɧɢɢ (γ)  2

k   ɢɦɟɟɬ ɫɦɵɫɥ ɨɬɧɨ-
ɲɟɧɢɹ ɫɢɝɧɚɥ ɩɨɦɟɯɚ ɧɚ ɱɚɫɬɨɬɟ 

k  ɢ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɤɚɤμ 
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ɝɞɟ  s kA   – ɡɧɚɱɟɧɢɟ Ⱥɑɏ ɫɢɝɧɚɥɚ ɧɚ ɱɚɫɬɨɬɟ 

k ;  2
k   – ɡɧɚɱɟɧɢɟ ɞɢɫɩɟɪɫɢɢ, ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɦɟɯɢ ɧɚ ɱɚ-
ɫɬɨɬɟ k , 

  2 2Re [ { ( )}] Im [ { ( )}]sA F S t F S t    

 2 2 2[ { ( )}] (Re [ { ( )}] Im [ { ( )}])D F t E F t F t         

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɧɨɝɨɦɟɪɧɵɯ ɩɥɨɬɧɨɫɬɟɣ ɜɟɪɨ-
ɹɬɧɨɫɬɢ Ɏɑɏ ɫɦɟɫɢ ɢ ɩɨɦɟɯɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɬɟɦ, 
ɱɬɨ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɜɵɛɨɪɟ ɡɧɚɱɟɧɢɹ Ɏɑɏ ɜ 
ɜɵɛɨɪɤɟ  ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɟɡɚ-
ɜɢɫɢɦɵɦ. Ɍɨɝɞɚμ 
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ɉɨɞɫɬɚɜɥɹɹ (4) ɜ ɜɵɪɚɠɟɧɢɟ (β), ɩɨɥɭɱɢɦ (5) 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɪɢɬɟɪɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ 
«ɫɢɝɧɚɥ ɟɫɬɶ», ɟɫɥɢ ( )L C  , ɢ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɟɲɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ «ɫɢɝɧɚɥɚ ɧɟɬ», ɟɫɥɢ ( )L C  . 
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ɢ ɭɱɢɬɵɜɚɹ, ɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɥɨɝɚɪɢɮɦɢɱɟ-
ɫɤɨɣ ɮɭɧɤɰɢɢ, ɡɚɩɢɲɟɦμ ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɨ 
ɬɨɦ, ɱɬɨ «ɫɢɝɧɚɥ ɟɫɬɶ», ɟɫɥɢ ln ( ) lnL C  , ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ «ɫɢɝɧɚɥɚ ɧɟɬ», 
ɟɫɥɢ ln ( ) lnL C  . 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ 

ɦɟɬɨɞ ɮɚɡɨɱɚɫɬɨɬɧɨɝɨ ɩɪɨɫɥɟɠɢɜɚɧɢɹ ɫɟɣɫɦɢɱɟ-
ɫɤɢɯ ɫɢɝɧɚɥɨɜ, ɜɤɥɸɱɚɸɳɢɣ ɨɩɬɢɦɚɥɶɧɵɟ ɩɪɨɰɟ-
ɞɭɪɵ ɨɛɧɚɪɭɠɟɧɢɹ.  

ɉɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɜɟɪɨ-
ɹɬɧɨɫɬɟɣ ɨɲɢɛɨɤ ɨɛɧɚɪɭɠɟɧɢɹ. ɉɨɥɭɱɟɧ ɜɵɜɨɞ ɨ 
ɬɨɦ, ɱɬɨ «ɫɢɝɧɚɥ ɟɫɬɶ», ɟɫɥɢ ln ( ) lnL C  , ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ «ɫɢɝɧɚɥɚ ɧɟɬ», 
ɟɫɥɢ ln ( ) lnL C  . 
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