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ɉɪɢɜɟɞɟɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɟɥɢɧɟɣɧɨɣ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ȼɨɥɶɬɟɪɪɚ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɫɬɨɜɵɯ ɩɨɥɢɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ 
ɢɡɦɟɪɟɧɢɣ ɨɬɤɥɢɤɨɜ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɨɞɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ  ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɢ ɩɪɨɰɟɞɭɪɵ ɲɭɦɨɩɨɞɚɜɥɟɧɢɹ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɟɣɜɥɟɬ–ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ. ɂɫɫɥɟɞɭɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜа: ɧɟɥɢɧɟɣɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ, ɦɨɞɟɥɶ 
ȼɨɥɶɬɟɪɪɚ, ɹɞɪɚ ȼɨɥɶɬɟɪɪɚ, ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ, ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ, ɪɟɝɭɥɹɪɢɡɚɰɢɹ, ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɥɢɢɦɩɭɥɶɫɧɵɟ ɬɟɫɬɨɜɵɟ 
ɫɢɝɧɚɥɵ. 

ȼɜɟɞɟɧиɟ 

Ɇɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɇȾɋ). Ⱦɥɹ 
ɨɩɢɫɚɧɢɹ ɇȾɋ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɩɩɚɪɚɬ ɢɧɬɟɝɪɨɫɬɟɩɟɧɧɵɯ ɪɹɞɨɜ ȼɨɥɶɬɟɪɪɚ Д1, 2]. 
ɉɪɢ ɷɬɨɦ ɧɟɥɢɧɟɣɧɵɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ ɩɨɥɧɨɫɬɶɸ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ — ɹɞɟɪ ȼɨɥɶɬɟɪɪɚ. Ɂɚɞɚɱɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ (ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ) ɜ ɜɢɞɟ ɪɹɞɚ ȼɨɥɶɬɟɪɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 
ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ «ɜɯɨɞ–ɜɵɯɨɞ» 
ɇȾɋ. 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɪɚɬɧɵɦ ɡɚɞɚɱɚɦ, ɩɪɢ ɪɟɲɟɧɢɢ 
ɤɨɬɨɪɵɯ ɜɨɡɧɢɤɚɸɬ ɬɪɭɞɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɥɚɧɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 
ɧɟɤɨɪɪɟɤɬɧɨɫɬɶɸ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ. ɉɨɥɭɱɚɟɦɵɟ ɪɟɲɟɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ 
ɧɟɭɫɬɨɣɱɢɜɵɦɢ ɤ ɩɨɝɪɟɲɧɨɫɬɹɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ — ɢɡɦɟɪɟɧɢɣ ɨɬɤɥɢɤɨɜ 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɨɣ ɇȾɋ [3, 4]. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɟɣ ȼɨɥɶɬɟɪɪɚ ɬɪɟɛɭɟɬɫɹ ɬɚɤɠɟ 
ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɪɚɡɞɟɥɟɧɢɹ ɨɬɤɥɢɤɚ y(t) ɢɫɫɥɟɞɭɟɦɨɣ ɇȾɋ ɧɚ ɩɚɪɰɢɚɥɶɧɵɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ (ɉɋ) yn(t), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɬɞɟɥɶɧɵɦ ɱɥɟɧɚɦ ɪɹɞɚ ȼɨɥɶɬɟɪɪɚ, 

ɩɨɫɤɨɥɶɤɭ ɢɡɦɟɪɹɟɬɫɹ ɫɭɦɦɚɪɧɵɣ ɨɬɤɥɢɤ y(t) ɧɚ ɬɟɫɬɨɜɵɣ ɫɢɝɧɚɥ x(t) [5]. ɉɨɷɬɨɦɭ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢёɦɵ  ɜɵɞɟɥɟɧɢɹ  ɉɋ ɢɡ ɨɬɤɥɢɤɚ ɇȾɋ.  

ȼ [6] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɩɨɫɨɛ ɬɚɤɨɣ ɞɟɤɨɦɩɨɡɢɰɢɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ȼɨɥɶɬɟɪɪɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɫɬɨɜɵɯ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɚɦɩɥɢɬɭɞɚɦɢ ɢ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɚ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɆɇɄ) ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ɉɞɧɚɤɨ, 
ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɇȾɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɵɯ 
ɩɨɥɢɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɢɦ ɨɲɢɛɤɚɦ ɜ ɩɨɥɭɱɚɟɦɵɯ ɨɰɟɧɤɚɯ 
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ɞɢɚɝɨɧɚɥɶɧɵɯ ɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢɦ ɫɟɱɟɧɢɣ ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ, ɱɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɢɡɦɟɪɟɧɢɣ ɨɬɤɥɢɤɨɜ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɢɬɶ ɩɪɨɰɟɞɭɪɭ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɧɟɤɨɪɪɟɤɬɧɵɯ ɡɚɞɚɱ ɩɨ              
Ⱥ.ɇ.Ɍɢɯɨɧɨɜɭ [7, 8]. 

Цеɥью ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɇȾɋ 
ɧɚ ɨɫɧɨɜɟ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ȼɨɥɶɬɟɪɪɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɫɬɨɜɵɯ 
ɩɨɥɢɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ; ɪɚɡɪɚɛɨɬɤɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ 
ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ ɨɬɤɥɢɤɨɜ; ɩɨɜɵɲɟɧɢɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ  ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɢ 
ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɲɭɦɨɩɨɞɚɜɥɟɧɢɹ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɜɟɣɜɥɟɬ–ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ. 

Ɇɟɬɨɞ иɞɟɧɬиɮиɤаɰии  

Ɇɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɇȾɋ ɧɚ ɨɫɧɨɜɟ ɪɹɞɨɜ ȼɨɥɶɬɟɪɪɚ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɨɬɤɥɢɤɚ ɇȾɋ )(ty  (t –– ɬɟɤɭɳɟɟ ɜɪɟɦɹ) ɧɚ 
ɩɪɨɢɡɜɨɥɶɧɵɣ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɣ ɫɢɝɧɚɥ )(tx ɜ ɜɢɞɟ ɢɧɬɟɝɪɨɫɬɟɩɟɧɧɨɝɨ ɩɨɥɢɧɨɦɚ N–
ɝɨ ɩɨɪɹɞɤɚ (N –– ɩɨɪɹɞɨɤ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ): 
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1 nnw  –– ɜɟɫɨɜɚɹ ɮɭɧɤɰɢɹ (ɹɞɪɨ ȼɨɥɶɬɟɪɪɚ) n–ɝɨ ɩɨɪɹɞɤɚ ɜ 

ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ; )(ˆ tyN  ɢ )(ˆ tyn  –– ɨɬɤɥɢɤ ɚɩɩɪɨɤɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɢ ɟɝɨ 
ɩɚɪɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ n–ɝɨ ɩɨɪɹɞɤɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɭɫɬɶ ɧɚ ɜɯɨɞ ɇȾɋ ɩɨɨɱɟɪɟɞɧɨ ɩɨɞɚɸɬɫɹ ɬɟɫɬɨɜɵɟ ɫɢɝɧɚɥɵ a1x(t), a2x(t), ,…, 
aLx(t); a1, a2,…, aL — ɪɚɡɥɢɱɧɵɟ ɜɟɳɟɫɬɜɟɧɧɵɟ ɱɢɫɥɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ 
0<aj1 ɞɥɹ j=1,2,...,L, ɬɨɝɞɚ  
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ɉɋ ɜ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ )(ˆ tyn  ɧɚɯɨɞɹɬɫɹ ɫ ɩɨɦɨɳɶɸ ɆɇɄ, ɤɨɬɨɪɵɣ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɬɚɤɢɟ ɢɯ ɨɰɟɧɤɢ ɩɪɢ ɤɨɬɨɪɵɯ ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɨɬɤɥɨɧɟɧɢɣ 
ɨɬɤɥɢɤɨɜ ɦɨɞɟɥɢ )]([ˆ txay jN

 ɨɬ ɨɬɤɥɢɤɨɜ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɨɣ ɇȾɋ )]([ txay j  

ɦɢɧɢɦɚɥɶɧɚ, ɬ.ɟ. ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɢɧɢɦɭɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɤɪɢɬɟɪɢɹ   

min)](ˆ)([)])([ˆ)]([(
1

2

11

2   
 

L

j

N

n

n

n

jj

L

j

jNjN tyatytxaytxayJ , (1) 

ɝɞɟ )]([)( txayty jj  . Ɇɢɧɢɦɢɡɚɰɢɹ ɤɪɢɬɟɪɢɹ (1) ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ 
ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ Ƚɚɭɫɫɚ, ɤɨɬɨɪɭɸ ɜ ɜɟɤɬɨɪɧɨ-ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɜ ɜɢɞɟ 

yAŷAA  , (2) 
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ɂɡ (2), ɩɨɥɭɱɢɦ 

yA)AA(ŷ 1  
. (3) 

ɉɪиɦɟɧɟɧиɟ ɬɟɫɬɨɜɵɯ ɩɨɥииɦɩɭɥьɫɧɵɯ ɫиɝɧаɥɨɜ  

ȿɫɥɢ ɬɟɫɬɨɜɵɣ ɫɢɝɧɚɥ )(tx  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɟɞɢɧɢɱɧɵɣ ɢɦɩɭɥɶɫ (ɮɭɧɤɰɢɸ 

Ⱦɢɪɚɤɚ) ɫ ɜɟɫɨɦ s , ɬɨ ɪɟɲɟɧɢɟɦ ɋɅȺɍ (3) ɹɜɥɹɸɬɫɹ ɜɟɫɨɜɚɹ ɮɭɧɤɰɢɹ 1-ɝɨ ɩɨɪɹɞɤɚ 
)(ˆ

1 tw  ɢ ɞɢɚɝɨɧɚɥɶɧɵɟ ɫɟɱɟɧɢɹ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ n-ɝɨ ɩɨɪɹɞɤɚ ),...,(ˆ ttwn , Nn ,2 . 

ɉɨɫɤɨɥɶɤɭ ɩɪɢ )()( tstx   

),...,(ˆ)()τ,...,τ(ˆ...)(ˆ
10

1

0

ttwsdtswty n

n
n

i

ii

t

nn

t

раɡn
n  



 , 

ɬɨ 

n

n
n

s

ty
ttw

)(ˆ
),...,(ˆ  . (4) 

Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɞɞɢɚɝɨɧɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ n–ɝɨ ɩɨɪɹɞɤɚ 

( Nn 2 ) ɇȾɋ ),...,(ˆ
1 nn ttw    ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɭɬɜɟɪɠɞɟɧɢɢ, ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ 

ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɨ ɜ Д9]. 

ɍтɜерɠɞеɧɢе. ɉɭɫɬɶ ɬɟɫɬɨɜɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɭɦɦɭ n 

ɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ )()( ii tstx    ( ni ,1 ) ɫɨ ɫɞɜɢɝɨɦ ɩɨ ɜɪɟɦɟɧɢ t ɧɚ n ,...,1 , 

ɬɨɝɞɚ ɨɰɟɧɤɚ ɩɨɞɞɢɚɝɨɧɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ  n-ɝɨ ɩɨɪɹɞɤɚ  








 

1

0,...,

1

1

1

1 ),...,,(ˆ)1(
!

)1(
),...,(ˆ

n

n

n

i
i

ty
sn

ttw
n

n

nn










 , 
(5) 

ɝɞɟ ),...,,(ˆ
1 n

tyn    –– ɨɰɟɧɤɚ n–ɨɣ ɩɚɪɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɬɤɥɢɤɚ ɧɟɥɢɧɟɣɧɨɣ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ (3) ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɜɯɨɞɟ ɫɢɫɬɟɦɵ ɩɨɥɢɢɦɩɭɥɶɫɧɨɝɨ ɫɢɝɧɚɥɚ 
ɫ ɜɟɫɨɦ s , ɩɪɢɱɟɦ ɟɫɥɢ 1

i
 , ɬɨ ɬɟɫɬɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ  ɫɨɞɟɪɠɢɬ ɢɦɩɭɥɶɫɧɵɣ ɫɢɝɧɚɥ 

ɫɨ ɫɞɜɢɝɨɦ ɧɚ i, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɩɪɢ 0
i

  –– ɧɟ ɫɨɞɟɪɠɢɬ.  
ɇɚɩɪɢɦɟɪ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ 2-ɝɨ ɩɨɪɹɞɤɚ ɫɧɚɱɚɥɚ ɇȾɋ 

ɢɫɩɵɬɵɜɚɟɬɫɹ ɢɦɩɭɥɶɫɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɫɨ ɫɞɜɢɝɚɦɢ ɩɨ ɜɪɟɦɟɧɢ ɧɚ 1 ɢ 2 

)()( 11   tstx  ɢ )()( 22   tstx , ɢɡɦɟɪɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɬɤɥɢɤɢ )0,1,(ty  ɢ 
),y(t, 10 . ɋ ɩɨɦɨɳɶɸ ɆɇɄ ɧɚɯɨɞɹɬɫɹ )0,1,(ˆ

2 ty  ɢ )1,0,(ˆ
2 ty . Ɂɚɬɟɦ, ɧɚ ɜɯɨɞ ɇȾɋ ɩɨɞɚɸɬ 
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ɫɭɦɦɭ ɞɜɭɯ ɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ  )()()( 21   tststx  ɢ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ 
ɷɬɨɦ ɉɋ )1,1,(ˆ

2 ty  ɨɬɤɥɢɤɚ ɜɵɱɢɬɚɸɬɫɹ ɉɋ ɨɬɤɥɢɤɨɜ ɧɚ ɨɞɢɧɨɱɧɵɟ ɢɦɩɭɥɶɫɧɵɟ ɫɢɝɧɚɥɵ 

).,(ˆ2)1,0,(ˆ)0,1,(ˆ)1,1,(ˆ
212

2

222   ttwstytyty  

ɂɡ (5), ɩɨɫɥɟ ɧɨɪɦɢɪɨɜɤɢ, ɫɥɟɞɭɟɬ  

 )1,0,(ˆ)0,1,(ˆ)1,1,(ˆ
2

1
),(ˆ

2222212 tytyty
s

ttw   . 

ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ  1  ɢ  2  ɨɰɟɧɤɚ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ 2-ɝɨ ɩɨɪɹɞɤɚ 
),(ˆ

212   ttw  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɭɧɤɰɢɸ ɨɬ ɩɟɪɟɦɟɧɧɨɣ t  –– ɫɟɱɟɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ),( 212 tth


 ɩɥɨɫɤɨɫɬɶɸ, ɩɪɨɯɨɞɹɳɟɣ ɩɨɞ ɭɝɥɨɦ ɜ 450 ɤ ɨɫɹɦ t1  ɢ t 2  ɢ 
ɫɞɜɢɧɭɬɨɣ ɩɨ ɨɫɢ t1 ɧɚ ɜɟɥɢɱɢɧɭ 210   . ɂɡɦɟɧɹɹ ɜɟɥɢɱɢɧɭ 0, ɩɨɥɭɱɚɸɬ 
ɪɚɡɥɢɱɧɵɟ ɫɟɱɟɧɢɹ ),(ˆ

02 ttw , ɩɨ ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɜɨɫɫɬɚɧɨɜɢɬɶ ɜɫɸ ɩɨɜɟɪɯɧɨɫɬɶ 
),(ˆ

212 ttw . ɉɪɢ 021  , ɩɨɥɭɱɚɟɦ ɞɢɚɝɨɧɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ),(ˆ
2 ttw . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ, ɪɟɚɥɢɡɭɸɳɢɣ ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ɧɚ ɨɫɧɨɜɟ ɫɨɨɬɧɨɲɟɧɢɹ (8) ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɋɅȺɍ 
(4) ɞɥɹ ɤɚɠɞɨɝɨ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ t ɧɚ ɢɧɬɟɪɜɚɥɟ [0, T], ɝɞɟ T – ɜɪɟɦɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɋɟɝɭɥяɪиɡаɰия ɩɪɨɰɟɞɭɪɵ ɨɰɟɧɤи ɜɟɫɨɜɵɯ ɮɭɧɤɰиɣ 

ɋɢɫɬɟɦɚ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ Ƚɚɭɫɫɚ (2) ɞɚɟɬ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɮɭɧɤɰɢɣ, ɟɫɥɢ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ L ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ (ɦɧɨɝɨ ɛɨɥɶɲɟ, 
ɱɟɦ ɫɬɟɩɟɧɶ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ N) ɢɥɢ ɨɲɢɛɤɢ ɢɡɦɟɪɟɧɢɣ ɦɚɥɵ. ȼ 
ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɢɬɟɥɶ ɫɢɫɬɟɦɵ ɨɤɚɡɵɜɚɟɬɫɹ ɛɥɢɡɤɢɦ ɤ ɧɭɥɸ ɢ ɫɢɫɬɟɦɚ 
ɫɬɚɧɨɜɢɬɫɹ ɩɥɨɯɨ ɨɛɭɫɥɨɜɥɟɧɧɨɣ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɛɨɥɶɲɢɟ ɨɲɢɛɤɢ ɜ ɨɰɟɧɤɟ 
ɩɚɪɚɦɟɬɪɨɜ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ ɤ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɪɟɲɟɧɢɹ ɋɅȺɍ (4) 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɪɟɝɭɥɹɪɢɡɚɰɢɢ Ⱥ.ɇ.Ɍɢɯɨɧɨɜɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɚɪɢɚɰɢɨɧɧɨɦ 
ɫɩɨɫɨɛɟ ɩɨɫɬɪɨɟɧɢɹ ɪɟɝɭɥɹɪɢɡɭɸɳɟɝɨ ɨɩɟɪɚɬɨɪɚ [7]. ɗɬɨɬ ɦɟɬɨɞ ɫɜɨɞɢɬɫɹ ɤ 
ɧɚɯɨɠɞɟɧɢɸ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɜɟɤɬɨɪɚ ɪɟɲɟɧɢɹ ŷ , ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ ɧɟɤɨɬɨɪɵɣ 
ɫɝɥɚɠɢɜɚɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɭɫɥɨɜɢɸ 
ɦɢɧɢɦɭɦɚ ɫɝɥɚɠɢɜɚɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɪɟɲɟɧɢɹ ɋɅȺɍ  

yΑŷ)IΑΑ(   , (6) 

ɝɞɟ Α  –– ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɚɹ ɦɚɬɪɢɰɚ; I –– ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ;  –– ɩɚɪɚɦɟɬɪ 
ɪɟɝɭɥɹɪɢɡɚɰɢɢ Ɍɢɯɨɧɨɜɚ.  

ɉɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɩɨɥɭɱɚɟɦɨɟ ɧɚ ɨɫɧɨɜɟ (6), ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɭɥɟɜɨɦɭ 
ɩɨɪɹɞɤɭ ɪɟɝɭɥɹɪɢɡɚɰɢɢ (ɫɥɚɛɚɹ ɪɟɝɭɥɹɪɢɡɚɰɢɹ). Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɝɥɚɞɤɨɫɬɢ ɪɟɲɟɧɢɣ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɝɭɥɹɪɢɡɚɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ R  ɢ ɧɚɯɨɞɢɬɫɹ ɪɟɲɟɧɢɟ ɋɅȺɍ  

yΑŷ)RΑΑ(   , (7) 
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ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ . Ɋɟɝɭɥɹɪɢɡɚɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ R  ɢɦɟɟɬ 
ɥɟɧɬɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ ɪɚɜɧɵ 21  )ΔК(rii , ɚ 

ɷɥɟɦɟɧɬɵ ɧɚɞ– ɢ ɩɨɞɞɢɚɝɨɧɚɥɟɣ ɪɚɜɧɵ LjijiΔКrij ,1,;,)( 2  
; ./ LaΔК L . 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɚɪɚɦɟɬɪ ɪɟɝɭɥɹɪɢɡɚɰɢɢ  ɜɵɛɢɪɚɸɬ 
ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɦ ɢɡ ɚɧɚɥɢɡɚ ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɝɪɟɲɧɨɫɬɢ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɢ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ. ȼ ɪɚɛɨɬɟ ɩɨɞɯɨɞɹɳɟɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
ɪɟɝɭɥɹɪɢɡɚɰɢɢ   ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɩɨɞɛɨɪɚ, ɬ.ɟ. ɦɧɨɝɨɤɪɚɬɧɵɦ ɜɵɱɢɫɥɟɧɢɹɦɢ ŷ  

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ  . Ʉɜɚɡɢɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
0αα   ɜɵɛɢɪɚɟɬɫɹ 

ɢɡ ɭɫɥɨɜɢɹ 

min||ˆˆ|| 1   ii yy , (8) 

ɝɞɟ ,..2,1,0  ,10  ,1  iii  . ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɦɨɝɭɬ ɞɚɬɶ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɪɚɡɥɢɱɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɪɟɝɭɥɹɪɢɡɨɜɚɧɧɵɟ ɪɟɲɟɧɢɹ 
[8]. 

Ʉɨɦɩьɸɬɟɪɧɨɟ ɦɨɞɟɥиɪɨɜаɧиɟ  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɵɛɪɚɧ ɨɛɴɟɤɬ, ɤɨɬɨɪɵɣ ɨɩɢɫɵɜɚɟɬɫɹ 
ɧɟɥɢɧɟɣɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ: 

)()()(
)( 2 txtyty

dt

tdy
  , 

(9) 

ɝɞɟ   ɢ   –– ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. Ɇɨɞɟɥɶ ɨɛɴɟɤɬɚ ɜ ɜɢɞɟ ɢɧɬɟɝɪɨɫɬɟɩɟɧɧɨɝɨ 
ɩɨɥɢɧɨɦɚ ɬɪɟɬɶɟɣ ɫɬɟɩɟɧɢ ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢɦɟɟɬ ɜɢɞ: 
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Ⱦɢɚɝɨɧɚɥɶɧɵɟ ɫɟɱɟɧɢɹ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ɩɨɥɭɱɚɟɦ, ɩɨɥɚɝɚɹ 1=2=3=t: 
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).2(),,(),(),( 23
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Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɹɞɟɪ ȼɨɥɶɬɟɪɪɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɨɜ 
ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɟɞɥɚɝɚɟɦɵɦ ɦɟɬɨɞɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ (4) ɢ (5) ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ 

),,(ˆ),,(ˆ),(ˆ 32132121 tttwttwtw . 

ȼɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɨɱɧɨɫɬɢ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ.  
ɑɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ 
ɫɪɟɞɟ MATLAB–SIMULINK. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
(ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ 
(ɇɋɄɈ) ɨɰɟɧɤɢ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ 
ɨɬɤɥɢɤɨɜ ɇȾɋ 

 







k

t

k

t

ntntntn www
1

1

1

22 )()ˆ( , 
 

ɝɞɟ k –– ɤɨɥɢɱɟɫɬɜɨ ɨɬɱɟɬɨɜ ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɧɚɛɥɸɞɟɧɢɹ; ntnt ww ˆ,  –– ɷɬɚɥɨɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɢ ɨɰɟɧɤɢ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ n-ɝɨ ɩɨɪɹɞɤɚ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɨɬɤɥɢɤɨɜ ɫɢɫɬɟɦɵ) ɜ ɞɢɫɤɪɟɬɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ t, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ 

ɩɪɨɰɟɞɭɪɵ ɲɭɦɨɩɨɞɚɜɥɟɧɢɹ (ɫɝɥɚɠɢɜɚɧɢɹ) ɤ ɩɨɥɭɱɚɟɦɵɦ ɨɰɟɧɤɚɦ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɜɟɣɜɥɟɬ–ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Д10].  

ɒɭɦɨɩɨɞɚɜɥɟɧɢɟ ɨɛɵɱɧɨ ɞɨɫɬɢɝɚɟɬɫɹ ɭɞɚɥɟɧɢɟɦ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɢɡ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɚɞɞɢɬɢɜɧɭɸ ɫɦɟɫɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ –– ɜɟɫɨɜɨɣ  ɮɭɧɤɰɢɢ, ɩɨɥɭɱɚɟɦɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɨɬɤɥɢɤɨɜ, ɢ 
ɲɭɦɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɜɟɣɜɥɟɬɧɵɦ ɪɚɡɥɨɠɟɧɢɹɦ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɞɚɥɟɧɢɟɦ 
ɞɟɬɚɥɢɡɢɪɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɭɪɨɜɧɟɣ. Ɂɚɞɚɜɚɹ ɧɟɤɨɬɨɪɵɣ ɩɨɪɨɝ 
ɞɥɹ ɢɯ ɭɪɨɜɧɹ, ɢ ɫɪɟɡɚɹ ɩɨ ɧɟɦɭ ɞɟɬɚɥɢɡɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɦɨɠɧɨ ɭɦɟɧɶɲɚɬɶ 
ɭɪɨɜɟɧɶ ɲɭɦɨɜ. 

Ⱦɥɹ ɫɝɥɚɠɢɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɭɬɢɥɢɬɚ wden ɢɡ 
ɩɚɤɟɬɚ ɪɚɫɲɢɪɟɧɢɹ АКЯОlОt TШШlЛШб ɫɢɫɬɟɦɵ MКtlКЛ ɫ ɦɚɬɟɪɢɧɫɤɢɦ ɜɟɣɜɥɟɬɨɦ coiflet –– 

coif4  ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ: ɩɚɪɚɦɟɬɪ ɭɫɬɚɧɨɜɤɢ ɩɪɚɜɢɥɚ ɜɵɱɢɫɥɟɧɢɹ 
ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɥɨɠɟɧɢɹ TPTR='ЦТЧТЦКбТ' (ɩɨ 
ɦɢɧɢɦɚɤɫɧɨɣ ɨɰɟɧɤɟ); ɩɚɪɚɦɟɬɪ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɩɨɪɨɝɚ ɨɱɢɫɬɤɢ SORH='s' (ɝɢɛɤɢɣ); 
ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɩɨɫɨɛ ɩɟɪɟɫɱɟɬɚ ɩɨɪɨɝɚ SCAL='ШЧО' (ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɪɨɝɚ, 
ɟɞɢɧɨɝɨ ɞɥɹ ɜɫɟɯ ɭɪɨɜɧɟɣ ɪɚɡɥɨɠɟɧɢɹ, ɛɟɡ ɩɟɪɟɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ); ɝɥɭɛɢɧɚ ɪɚɡɥɨɠɟɧɢɹ 

ɞɚɧɧɵɯ –– 3 [11]. 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɦɨɞɟɥɶ, ɩɨɥɭɱɚɟɦɨɣ ɡɚɲɭɦɥɟɧɧɨɣ ɨɰɟɧɤɢ ɫɟɱɟɧɢɹ ɜɟɫɨɜɨɣ 
ɮɭɧɤɰɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɚɞɞɢɬɢɜɧɨɣ:  t,tt,t,wn  ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɲɚɝɨɦ ɩɨ 
ɚɪɝɭɦɟɧɬɭ t, ɝɞɟ   ,tt,t,wn  –– ɩɨɥɟɡɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ζ(t) –– ɩɨɦɟɯɚ 
(ɛɟɥɵɣ ɝɚɭɫɫɨɜ ɲɭɦ ɫ ɞɢɫɩɟɪɫɢɟɣ σ2 ɢ ɫɪɟɞɧɢɦ ɧɭɥɟɜɵɦ ɡɧɚɱɟɧɢɟɦ). 

ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɇɋɄɈ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɬɟɫɬɨɜɨɣ ɇȾɋ (8) ɜ ɜɢɞɟ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ȼɨɥɶɬɟɪɪɚ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɫɬɨɜɵɯ 
ɢɦɩɭɥɶɫɨɜ ɪɚɡɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ 1%, 3% 

ɢ 5% ɢ ɩɪɢɦɟɧɟɧɢɢ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ (7).  
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ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɬɚɥɨɧɧɵɟ ɜɟɫɨɜɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɬɟɫɬɨɜɨɣ ɇȾɋ (9) w1(t), 

w2(t,t), w3(t,t,t), ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ (10) – (12). 

Ɋɟɡɭɥɶɬɚɬɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɬɟɫɬɨɜɨɣ ɇȾɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ   

(Δa, L=20) ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɪɟɝɭɥɹɪɢɡɨɜɚɧɧɨɝɨ ɆɇɄ ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɨɬɤɥɢɤɨɜ ɫ 
ɩɨɝɪɟɲɧɨɫɬɶɸ 3 % –– ɨɰɟɧɤɢ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ),,(ˆ),,(ˆ),(ˆ

321 tttwttwtw  ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫ. 2 – 4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɚ ɪɢɫ. 3, 4 ɩɪɢɜɟɞɟɧɵ ɨɰɟɧɤɢ ɞɢɚɝɨɧɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ɜɬɨɪɨɝɨ ɢ 
ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɨɜ ɬɟɫɬɨɜɨɣ ɇȾɋ ɩɪɢ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɨɬɤɥɢɤɨɜ 3% ɛɟɡ 
ɫɝɥɚɠɢɜɚɧɢɹ (ɚ) ɢ ɩɨɫɥɟ ɫɝɥɚɠɢɜɚɧɢɹ (ɛ).  

 

Ɍаɛɥиɰа 1. 

ɇɋɄɈ ɨɰɟɧɤɢ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ɬɟɫɬɨɜɨɣ ɇȾɋ 1–ɝɨ, 2–ɝɨ ɢ 3–ɝɨ ɩɨɪɹɞɤɨɜ 

  n Δa L 
Ⱦɨ ɫɝɥɚɠɢɜɚɧɢɹ ɉɨɫɥɟ ɫɝɥɚɠɢɜɚɧɢɹ 

0% 1% 3% 5% 1% 3% 5% 

1 

50 4 

0,0084 0,0707 0,2358 0,3799 0,0258 0,0677 0,0998 

2 0,1536 0,2633 0,5522 0,8292 0,2177 0,3455 0,4993 

3 0,2469 1,0575 3,5061 5,3985 0,4423 0,9244 1,3222 

1 

25 8 

0,0086 0,0269 0,0779 0,1329 0,0151 0,0282 0,0421 

2 0,1366 0,1905 0,3146 0,4538 0,1686 0,2228 0,2838 

3 0,2568 0,5114 1,2161 2,1412 0,3399 0,5089 0,6782 

1 

20 10 

0,0086 0,0203 0,0534 0,0992 0,0138 0,023 0,0342 

2 0,1319 0,1716 0,2869 0,3941 0,1534 0,2 0,2436 

3 0,2522 0,3915 0,9032 1,6804 0,3168 0,4415 0,575 

1 

12,5 16 

0,0085 0,0127 0,0317 0,0461 0,011 0,0154 0,0207 

2 0,1241 0,1484 0,2104 0,2785 0,1356 0,1572 0,1836 

3 0,2412 0,2757 0,6014 0,8409 0,276 0,3409 0,4065 

1 

10 20 

0,0085 0,0111 0,0239 0,0359 0,0101 0,0138 0,0179 

2 0,1212 0,1392 0,1877 0,2472 0,13 0,1468 0,1663 

3 0,2364 0,2581 0,4403 0,6885 0,2607 0,3113 0,3501 
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Ɋиɫ. 1. ɗɬɚɥɨɧɧɵɟ ɜɟɫɨɜɵɟ ɮɭɧɤɰɢɢ   w1(t), w2(t,t), w3(t,t,t), ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ 
ɜɵɪɚɠɟɧɢɣ (15) – (17) ɞɥɹ ɬɟɫɬɨɜɨɣ ɇȾɋ 
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              а                ɛ 

 

ɜ 

Ɋиɫ. 2. Ɉɰɟɧɤɢ ɞɢɚɝɨɧɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ: ɚ – ɨɰɟɧɤɚ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ 1-

ɝɨ ɩɨɪɹɞɤɚ ɩɪɢ ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɹɯ ɢ ɷɬɚɥɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɩɭɧɤɬɢɪɨɦ) ɬɟɫɬɨɜɨɣ ɇȾɋ; ɛ 
– ɨɰɟɧɤɚ ɞɢɚɝɨɧɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ 2-ɝɨ ɩɨɪɹɞɤɚ ɩɪɢ ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɹɯ 
ɢ ɷɬɚɥɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɩɭɧɤɬɢɪɨɦ) ɬɟɫɬɨɜɨɣ ɇȾɋ; ɜ – ɨɰɟɧɤɚ ɞɢɚɝɨɧɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 
ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ 3-ɝɨ ɩɨɪɹɞɤɚ ɩɪɢ ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɹɯ ɢ ɷɬɚɥɨɧɧɚɹ ɮɭɧɤɰɢɹ 
(ɩɭɧɤɬɢɪɨɦ) ɬɟɫɬɨɜɨɣ ɇȾɋ 
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Ɋиɫ. 3. Ɉɰɟɧɤɢ ɞɢɚɝɨɧɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ 2-ɝɨ ɩɨɪɹɞɤɚ ɩɪɢ ɩɨɝɪɟɲɧɨɫɬɢ 
ɢɡɦɟɪɟɧɢɣ 3 % ɢ ɷɬɚɥɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɩɭɧɤɬɢɪɨɦ) ɬɟɫɬɨɜɨɣ ɇȾɋ: ɚ – ɛɟɡ ɫɝɥɚɠɢɜɚɧɢɹ;  
ɛ – ɩɨɫɥɟ ɫɝɥɚɠɢɜɚɧɢɹ 
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Ɋиɫ. 4. Ɉɰɟɧɤɢ ɞɢɚɝɨɧɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ 3-ɝɨ ɩɨɪɹɞɤɚ ɩɪɢ ɩɨɝɪɟɲɧɨɫɬɢ 
ɢɡɦɟɪɟɧɢɣ 3 % ɢ ɷɬɚɥɨɧɧɚɹ ɮɭɧɤɰɢɹ (ɩɭɧɤɬɢɪɨɦ) ɬɟɫɬɨɜɨɣ ɇȾɋ: ɚ – ɛɟɡ ɫɝɥɚɠɢɜɚɧɢɹ;  
ɛ – ɩɨɫɥɟ ɫɝɥɚɠɢɜɚɧɢɹ 

ȼɵɜɨɞɵ  

ɇɚ ɪɟɡɭɥɶɬɚɬɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ȼɨɥɶɬɟɪɪɚ ɇȾɋ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɫɬɨɜɵɯ ɩɨɥɢɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ 
ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. Ⱦɥɹ ɬɟɫɬɨɜɨɣ ɇȾɋ ɫɪɟɞɫɬɜɚɦɢ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɜ ɫɪɟɞɟ MКtlКЛ-Simulink ɜɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɱɧɨɫɬɢ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ 
ɩɨɥɭɱɚɟɦɵɯ ɨɰɟɧɨɤ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ɩɟɪɜɨɝɨ, ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɨɜ. 
ɉɪɢɟɦɥɟɦɵɟ ɧɚ ɩɪɚɤɬɢɤɟ ɬɨɱɧɨɫɬɶ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ 
ɦɟɬɨɞɚ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɧɟɤɨɪɪɟɤɬɧɵɯ ɡɚɞɚɱ ɩɨ Ⱥ.ɇ.Ɍɢɯɨɧɨɜɭ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɨɰɟɞɭɪɵ 
ɲɭɦɨɩɨɞɚɜɥɟɧɢɹ ɤ ɩɨɥɭɱɚɟɦɵɦ ɨɰɟɧɤɚɦ ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ, ɨɫɧɨɜɚɧɧɵɟ 
ɧɚ ɜɟɣɜɥɟɬ–ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɝɥɚɠɟɧɧɵɟ ɪɟɲɟɧɢɹ ɢ ɭɦɟɧɶɲɢɬɶ 
ɩɨɝɪɟɲɧɨɫɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ 1,5–3 ɪɚɡɚ. 
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ɇɚɜɟɞɟɧɨ ɬɟɨɪɟɬɢɱɧɟ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɦɟɬɨɞɭ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɧɟɥɿɧɿɣɧɨʀ ɞɢɧɚɦɿɱɧɨʀ 
ɫɢɫɬɟɦɢ ɧɚ ɨɫɧɨɜɿ ɚɩɪɨɤɫɢɦɚɰɿɣɧɨʀ ɦɨɞɟɥɿ ȼɨɥɶɬɟɪɪɚ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɟɫɬɨɜɢɯ 
ɩɨɥɿɿɦɩɭɥɶɫɧɢɯ ɫɢɝɧɚɥɿɜ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɨɯɢɛɨɤ ɜɢɦɿɪɸɜɚɧɶ ɜɿɞɝɭɤɿɜ. Ⱦɥɹ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɫɬɿɣɤɨɫɬɿ ɦɟɬɨɞɭ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɦɟɬɨɞ 
ɪɟɝɭɥɹɪɢɡɚɰɿʀ ɿ ɩɪɨɰɟɞɭɪɢ ɲɭɦɨɡɚɝɥɭɲɟɧɧɹ, ɡɚɫɧɨɜɚɧɿ ɧɚ ɜɟɣɜɥɟɬ–ɩɟɪɟɬɜɨɪɟɧɧɿ. 
Ⱦɨɫɥɿɞɠɭєɬɶɫɹ ɟɮɟɤɬɢɜɧɿɫɬɶ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɚɥɝɨɪɢɬɦɿɜ, ɳɨ ɪɟɚɥɿɡɭɸɬɶ ɦɟɬɨɞ 
ɿɞɟɧɬɢɮɿɤɚɰɿʀ. 
Ʉɥɸɱɨɜі ɫɥɨɜа: ɧɟɥɿɧɿɣɧɿ ɞɢɧɚɦɿɱɧɿ ɫɢɫɬɟɦɢ, ɿɞɟɧɬɢɮɿɤɚɰɿɹ, ɦɨɞɟɥɶ ȼɨɥɶɬɟɪɪɚ, ɹɞɪɚ 
ȼɨɥɶɬɟɪɪɚ, ɚɩɪɨɤɫɢɦɚɰɿɣɧɚ ɦɨɞɟɥɶ, ɦɟɬɨɞ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ, ɪɟɝɭɥɹɪɢɡɚɰɢɹ, 
ɜɟɣɜɥɟɬ-ɩɟɪɟɬɜɨɪɟɧɧɹ, ɩɨɥɿɿɦɩɭɥɶɫɧɿ ɬɟɫɬɨɜɿ ɫɢɝɧɚɥɢ. 
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The theoretical substantiation of the method of identification of nonlinear dynamical systems 

based on approximation of the Volterra model when using the test polyimpulse signals with 

respect to the measurement errors of the responses. To ensure numerical stability of the method 

of identification used regularization method and procedure of denoising based on wavelet 

transformation. Investigates the efficiency of computational algorithms that implement a 

method of identification. 
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