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ȼɜɟɞɟɧɢɟ 
 

Ɇɚɬɪɢɰɚ ɫɟɬɟɜɵɯ ɩɟɪɟɞɜɢɠɟɧɢɣ ɩɚɫɫɚɠɢɪɨɜ 
ɹɜɥɹɟɬɫɹ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɪɚɡɪɚ-
ɛɨɬɤɢ ɝɟɧɟɪɚɥɶɧɵɯ ɩɥɚɧɨɜ ɝɨɪɨɞɚ, ɤɨɦɩɥɟɤɫ-
ɧɵɯ ɫɯɟɦ ɬɪɚɧɫɩɨɪɬɚ ɢ ɦɚɪɲɪɭɬɧɨɣ ɫɟɬɢ ɝɨ-
ɪɨɞɚ [1]. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɨɥɭɱɟɧɢɟ 

ɮɚɤɬɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ ɫɟɬɟɜɵɯ ɤɨɪɪɟɫɩɨɧ-

ɞɟɧɰɢɣ ɫɨɩɪɹɠɟɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɬɪɭɞɨ-
ɜɵɦɢ ɢ ɮɢɧɚɧɫɨɜɵɦɢ ɡɚɬɪɚɬɚɦɢ ɢ ɧɟɨɛɯɨɞɢ-

ɦɨɫɬɶɸ ɩɪɢɜɥɟɱɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɭɱɟɬɱɢɤɨɜ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɫɩɟɰɢɚɥɶɧɨɣ 

ɩɨɞɝɨɬɨɜɤɢ. ɍɜɟɥɢɱɟɧɢɟ ɦɚɫɲɬɚɛɨɜ ɝɨɪɨɞɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɭɫɥɨɠɧɟɧɢɸ ɩɪɨɰɟɞɭɪɵ ɨɛɫɥɟɞɨ-
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ɜɚɧɢɣ, ɱɬɨ ɡɚɫɬɚɜɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢɛɟ-
ɝɚɬɶ ɤ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ, ɫɥɟɞɫɬɜɢɟɦ ɱɟɝɨ ɹɜɥɹ-
ɟɬɫɹ ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɝɧɨɡɚ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɋɭɳɟɫɬɜɭɸɳɢɣ ɤɨɦɩɥɟɤɫ ɫɩɨɫɨɛɨɜ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɧɚɫɟɥɟɧɢɹ ɜ ɩɟɪɟɞɜɢ-

ɠɟɧɢɹɯ ɢ ɦɟɬɨɞɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ 

ɩɚɫɫɚɠɢɪɫɤɢɯ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ (ɆɉɄ) 

ɦɨɠɧɨ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɢɫɯɨɞɹ ɢɡ ɩɨɞɯɨɞɚ 
ɤ ɩɨɥɭɱɟɧɢɸ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɧɚɱɟɧɢɹ ɤɨɪ-
ɪɟɫɩɨɧɞɟɧɰɢɢ. ɗɬɨ ɥɢɛɨ ɧɚɬɭɪɧɨɟ ɨɛɫɥɟɞɨ-
ɜɚɧɢɟ, ɥɢɛɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɧɚ ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɵɯ ёɦɤɨɫɬɟɣ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɪɚɣɨɧɨɜ ɩɨ ɨɬɩɪɚɜɥɟɧɢɸ ɢ ɩɪɢɛɵɬɢɸ. ȼɬɨ-
ɪɚɹ ɝɪɭɩɩɚ ɦɟɬɨɞɨɜ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ 
ɛɵɬɶ ɪɚɡɞɟɥɟɧɚ ɧɚ ɚɩɪɢɨɪɧɵɟ, ɫɬɚɬɢɫɬɢɱɟ-
ɫɤɢɟ ɦɨɞɟɥɢ ɢ ɢɧɬɟɪɜɚɥɶɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɦɧɨɠɟɫɬɜɚ ɞɨɩɭɫɬɢɦɵɯ ɜɚɪɢɚɧɬɨɜ ɆɉɄ. 

 

ɇɚɢɛɨɥɟɟ ɬɨɱɧɨɟ ɨɩɢɫɚɧɢɟ ɩɨɬɪɟɛɧɨɫɬɟɣ 

ɧɚɫɟɥɟɧɢɹ ɜ ɝɨɪɨɞɫɤɢɯ ɩɟɪɟɞɜɢɠɟɧɢɹɯ ɞɚɸɬ 
ɧɚɬɭɪɧɵɟ ɨɛɫɥɟɞɨɜɚɧɢɹ ɬɚɥɨɧɧɵɦ ɢɥɢ ɬɚɛ-

ɥɢɱɧɨ-ɨɩɪɨɫɧɵɦ ɦɟɬɨɞɚɦɢ [2], ɨɞɧɚɤɨ ɞɚɠɟ 
ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɚɯ ɝɨɪɨɞɚ ɨɧɢ ɫɨ-
ɩɪɹɠɟɧɵ ɫɨ ɫɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɨɪɝɚɧɢɡɚ-
ɰɢɨɧɧɵɦɢ, ɩɪɚɜɨɜɵɦɢ ɢ ɮɢɧɚɧɫɨɜɵɦɢ ɩɪɨ-
ɛɥɟɦɚɦɢ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɯ ɪɟɲɟɧɢɹ 
ɞɟɥɚɟɬ ɩɪɨɜɟɞɟɧɢɟ ɬɚɤɢɯ ɨɛɫɥɟɞɨɜɚɧɢɣ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɵɦ. 

 

ɂɡ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨɫɬɭɩɧɵɯ ɦɟɬɨɞɨɜ ɨɛɫɥɟɞɨ-
ɜɚɧɢɹ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɬɚɛɥɢɱɧɵɣ ɦɟɬɨɞ, ɞɨɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɬɢɱɟ-
ɫɤɢɦ ɦɟɬɨɞɨɦ ɨɰɟɧɤɢ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ [3]. 

ɇɨ ɩɪɨɜɟɞɟɧɢɟ ɫɩɥɨɲɧɨɝɨ ɬɚɛɥɢɱɧɨɝɨ ɨɛ-

ɫɥɟɞɨɜɚɧɢɹ ɝɨɪɨɞɫɤɢɯ ɦɚɪɲɪɭɬɨɜ ɜɨɡɦɨɠɧɨ 
ɥɢɲɶ ɜ ɦɚɥɵɯ ɝɨɪɨɞɚɯ, ɚ ɦɟɬɨɞɨɥɨɝɢɹ ɩɪɨɜɟ-
ɞɟɧɢɹ ɜɵɛɨɪɨɱɧɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɬɚɛɥɢɱɧɵɦ 

ɦɟɬɨɞɨɦ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɬɫɭɬɫɬɜɭɟɬ. ɗɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ-
ɫɬɢ ɨɯɜɚɬɚ ɩɨɥɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɦɚɪɲɪɭɬɨɜ 
ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɢɡɭɚɥɶɧɵɣ ɦɟɬɨɞ, ɤɨ-
ɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɦɨɳɧɨɫɬɶ 
ɩɚɫɫɚɠɢɪɨɩɨɬɨɤɚ ɧɚ ɤɥɸɱɟɜɵɯ ɬɨɱɤɚɯ ɦɚɪɲ-

ɪɭɬɧɨɣ ɫɟɬɢ. Ɉɧ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɵɦ ɫɩɨɫɨ-
ɛɨɦ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɨ ёɦɤɨɫɬɹɯ ɬɪɚɧɫ-
ɩɨɪɬɧɵɯ ɪɚɣɨɧɨɜ ɩɨ ɨɬɩɪɚɜɥɟɧɢɸ ɢ 

ɩɪɢɛɵɬɢɸ [4], ɨɞɧɚɤɨ ɨɧ ɧɟ ɞɚɟɬ ɧɢɤɚɤɢɯ 
ɭɤɚɡɚɧɢɣ ɧɚ ɜɟɥɢɱɢɧɭ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ. 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɆɉɄ ɱɚɳɟ ɜɫɟɝɨ ɪɟɚɥɢɡɭɟɬ-
ɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɩɪɢɨɪɧɵɯ ɦɨɞɟɥɟɣ, 

ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɝɢɩɨɬɟɡɚɯ ɨɛ ɚɧɚɥɨɝɢɢ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ ɫ ɡɚɤɨɧɚɦɢ 

ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɝɪɚɜɢɬɚɰɢɢ. ɋɨɝɥɚɫɧɨ ɝɪɚ-
ɜɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɜɟɥɢɱɢɧɚ ɩɚɫɫɚɠɢɪɫɤɨɣ 

ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ [5] ɢɡ 
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                (1) 

 

ɝɞɟ iA  – ёɦɤɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɚɣɨɧɚ ɩɨ 
ɨɬɩɪɚɜɥɟɧɢɸ, ɩɚɫɫ.; jD  – ёɦɤɨɫɬɶ ɬɪɚɧɫ-
ɩɨɪɬɧɨɝɨ ɪɚɣɨɧɚ ɩɨ ɩɪɢɛɵɬɢɸ, ɩɚɫɫ.; ijc  – 

ɜɟɥɢɱɢɧɚ ɮɭɧɤɰɢɢ ɬɹɝɨɬɟɧɢɹ ɦɟɠɞɭ i-ɦ ɢ j-ɦ 

ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɪɚɣɨɧɚɦɢ; kij – ɤɚɥɢɛɪɨɜɨɱ-
ɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ; n  – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫ-
ɩɨɪɬɧɵɯ ɪɚɣɨɧɨɜ ɜ ɦɨɞɟɥɢ ɦɚɪɲɪɭɬɧɨɣ ɫɟɬɢ 

ɝɨɪɨɞɚ, ɟɞ. 

 

Ɉɫɧɨɜɧɵɦ ɧɚɭɱɧɵɦ ɜɨɩɪɨɫɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ 

ɮɨɪɦɚɥɢɡɚɰɢɢ ɮɭɧɤɰɢɢ ɬɹɝɨɬɟɧɢɹ. Ɍɚɤ, ɫɨ-
ɝɥɚɫɧɨ [6] ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɜɢ-

ɞɚ (2), ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ (3) ɢ ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɨɝɨ (4). 

n
ij ijc k  ,                          (2) 

 

exp( )ij ijc k   ,                 (3) 

 

exp( )n
ij ij ijc k k    ,             (4) 

 

ɝɞɟ ijk  – ɩɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɬɟ-
ɩɟɧɶ «ɩɪɢɬɹɠɟɧɢɹ» ɦɟɠɞɭ i-ɦ ɢ j-ɦ ɬɪɚɧɫ-
ɩɨɪɬɧɵɦɢ ɪɚɣɨɧɚɦɢ ɝɨɪɨɞɚ;   – ɷɦɩɢɪɢɱɟ-
ɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
 

Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɚɤ ɜɫɟɯ ɚɩɪɢɨɪɧɵɯ 
ɦɨɞɟɥɟɣ, ɬɚɤ ɢ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ, ɜ ɱɚɫɬɧɨɫɬɢ, 

ɹɜɥɹɟɬɫɹ ɧɟɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɚ ɜɟɥɢ-

ɱɢɧɵ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ. Ɉɲɢɛɤɚ ɪɚɫɱɟɬɨɜ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɫɪɟɞɧɟɦ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 200 ɞɨ 
300 ɩɪɨɰɟɧɬɨɜ [3], ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɩɪɢɦɟɧɢ-

ɦɵɦɢ ɥɢɲɶ ɞɥɹ ɝɪɭɛɵɯ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱɟɬɨɜ.  
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ 
ɩɟɪɟɦɟɳɟɧɢɹ ɩɚɫɫɚɠɢɪɨɜ ɩɨ ɦɚɪɲɪɭɬɧɨɣ 
ɫɟɬɢ ɫɪɟɞɧɢɯ ɢ ɛɨɥɶɲɢɯ ɝɨɪɨɞɨɜ. ȼ ɤɚɱɟɫɬɜɟ 
ɩɪɟɞɦɟɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɡɚ-
ɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɪɲɪɭɬɧɵɯ 
ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɫɫɚɠɢ-
ɪɨɨɛɦɟɧɚ ɨɫɬɚɧɨɜɨɱɧɵɯ ɩɭɧɤɬɨɜ ɢ ɤɨɥɢɱɟ-
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ɫɬɜɚ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɧɢɦ. ȼ ɤɚɱɟɫɬɜɟ ɝɢɩɨɬɟ-
ɡɵ ɜɵɞɜɢɝɚɟɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɫɭɳɟ-
ɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɵɯ 
ɦɚɬɪɢɰ ɦɚɪɲɪɭɬɧɵɯ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ ɧɚ 
ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɛɨɪɨɱɧɨɝɨ ɬɚɛɥɢɱɧɨɝɨ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɦɚɪɲɪɭɬɨɜ ɜ ɫɢɫɬɟɦɚɯ ɨɛɳɟ-
ɫɬɜɟɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫɪɟɞɧɢɯ ɢ ɛɨɥɶɲɢɯ 
ɝɨɪɨɞɨɜ.  
 

ɂɡɥɨɠɟɧɢɟ ɦɟɬɨɞɢɤɢ ɨɛɫɥɟɞɨɜɚɧɢя 

 

ȼ ɪɚɦɤɚɯ ɪɟɲɚɟɦɨɝɨ ɜɨɩɪɨɫɚ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ 
ɧɚɯɨɠɞɟɧɢɹ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɭɱɟɬɱɢɤɨɜ, 
ɤɨɬɨɪɵɟ, ɜɵɩɨɥɧɢɜ ɜɵɛɨɪɨɱɧɨɟ ɨɛɫɥɟɞɨɜɚ-
ɧɢɟ ɬɚɛɥɢɱɧɵɦ ɦɟɬɨɞɨɦ, ɝɚɪɚɧɬɢɪɭɸɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɆɉɄ ɫ ɧɟɨɛɯɨɞɢ-
ɦɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɞɟɥɚɟɬɫɹ 
ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɜɫɟ ɤɨɧɤɭɪɟɧɬɧɵɟ ɦɚɪɲɪɭɬɵ 
ɨɛɥɚɞɚɸɬ ɪɚɜɧɨɡɧɚɱɧɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨ-
ɫɬɶɸ. ɉɭɫɬɶ ɢɡɜɟɫɬɧɨ ɤɨɥɢɱɟɫɬɜɨ ɪɟɣɫɨɜ ɩɨ 

ɦɚɪɲɪɭɬɧɨɣ ɫɟɬɢ ɝɨɪɨɞɚ – ZR . Ʉɨɥɢɱɟɫɬɜɨ 
ɚɜɬɨɛɭɫɨɜ, ɜ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ ɭɱɟɬɱɢɤɢ, 

ɫɨɫɬɚɜɥɹɟɬ ir . ɋɬɚɜɢɬɫɹ ɡɚɞɚɱɚ: ɨɩɪɟɞɟɥɢɬɶ 
ɬɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɱɟɬɱɢɤɨɜ n , ɤɨɬɨɪɨɟ ɩɨɡ-
ɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ 

ɦɟɠɞɭ ɨɫɬɚɧɨɜɨɱɧɵɦɢ ɩɭɧɤɬɚɦɢ i ɢ j, ijh , ɫ 
ɡɚɞɚɧɧɵɦ ɭɪɨɜɧɟɦ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨ-
ɫɬɢ Ɋ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 

 

ij ijf

f

h h ,                       (5) 

 
ɝɞɟ f – ɢɧɞɟɤɫ ɪɟɣɫɚ. 
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɫɥɟɞɨɜɚɧɢɹ 
ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ 
 

2

α
α

1 1

δ γ
M M

l ll l
ij ij ij

l ll l

R R
h h

a a 
              ,          (6) 

 

ɝɞɟ aγ  – ɤɜɚɧɬɢɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɨɩɪɟɞɟɥɹ-
ɟɦɵɣ ɧɚ ɨɫɧɨɜɟ ɭɪɨɜɧɹ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨ-
ɹɬɧɨɫɬɢ; Ɇ – ɤɨɥɢɱɟɫɬɜɨ ɦɚɪɲɪɭɬɨɜ ɜ ɫɟɬɢ 
ɝɨɪɨɞɚ, ɟɞ. 
 
Ɏɚɤɬɢɱɟɫɤɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵ-
ɛɨɪɨɱɧɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɜɨɟɨɛɪɚɡ-
ɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ ɨɲɢɛɤɢ ɫɩɥɨɲɧɨɝɨ ɨɛ-
ɫɥɟɞɨɜɚɧɢɹ 
 

αδ γ δij ij
   ,                    (7) 

 

ɝɞɟ δij  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫɩɥɨɲ-

ɧɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ. 

Ʉɜɚɧɬɢɥɶ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
  αλ γ λ αt ij ijP h t t      ,       (8) 

 

ɝɞɟ λ ij  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɞɯɨɞɚ ɩɚɫɫɚɠɢɪɨɜ 
ɧɚ ɨɫɬɚɧɨɜɨɱɧɵɣ ɩɭɧɤɬ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɨ-
ɟɡɞɤɢ ɦɟɠɞɭ i-ɦ ɢ j-ɦ ɨɫɬɚɧɨɜɨɱɧɵɦɢ ɩɭɧɤ-
ɬɚɦɢ, ɩɚɫɫ/ɱ; t  – ɪɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ ɩɪɨɜɟɞɟ-
ɧɢɹ ɡɚɦɟɪɨɜ (ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɨɞɧɨɦɭ 

ɱɚɫɭ), ɱ. 
 

ɂɫɯɨɞɹ ɢɡ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 

 

α
α

(γ )
2
  .                      (9) 

 

ɉɭɫɬɶ ɜɯɨɞɹɳɢɣ ɩɨɬɨɤ ɩɚɫɫɚɠɢɪɨɜ ɧɚ ɨɫɬɚ-
ɧɨɜɨɱɧɨɦ ɩɭɧɤɬɟ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ iD , ɚ 
ɜɵɯɨɞɹɳɢɣ – iA . Ɉɛɫɥɟɞɨɜɚɧɢɟ ɩɪɨɯɨɞɢɬ ɧɚ 
m-ɦ ɦɚɪɲɪɭɬɟ, ɤɨɬɨɪɵɣ ɨɛɫɥɭɠɢɜɚɟɬ k ɨɫɬɚ-
ɧɨɜɨɤ ɜ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼ ɷɬɨɦ ɫɥɭ-

ɱɚɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɲɟɞɲɢɯ ɩɚɫɫɚɠɢɪɨɜ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɦɚɪɲɪɭɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɞɨ j-ɣ ɨɫɬɚ-
ɧɨɜɤɢ ɫɨɫɬɚɜɥɹɟɬ 
 

1 2 1( ) ...i i i jD j D D D D       ,     (10) 

 

ɝɞɟ iD  – ɤɨɥɢɱɟɫɬɜɨ ɜɨɲɟɞɲɢɯ ɩɚɫɫɚɠɢɪɨɜ ɜ 
ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɧɚ i-ɦ ɨɫɬɚɧɨɜɨɱɧɨɦ 

ɩɭɧɤɬɟ, ɩɚɫɫ. 
 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɥɢɱɟɫɬɜɨ ɜɵɲɟɞɲɢɯ ɩɚɫ-
ɫɚɠɢɪɨɜ ɞɨ j-ɣ ɨɫɬɚɧɨɜɤɢ ɫɨɫɬɚɜɥɹɟɬ 
 

1 2 1( ) ...i i jA j A A A      ,         (11) 

 

ɝɞɟ 1iA   – ɤɨɥɢɱɟɫɬɜɨ ɜɵɲɟɞɲɢɯ ɩɚɫɫɚɠɢɪɨɜ 
ɧɚ 1i  -ɦ ɨɫɬɚɧɨɜɨɱɧɨɦ ɩɭɧɤɬɟ, ɩɚɫɫ. 
 

ɋ ɭɱɟɬɨɦ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɫɬɚɧɨɜɨɤ ɧɚ  
m-ɦ ɦɚɪɲɪɭɬɟ, ɢɫɩɨɥɶɡɭɹ (10) ɢ (11), ɩɨɥɭɱɚ-
ɟɦ ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ 
 

1 2 1

2 3

.... ...

... ... .

i k

i k

D D D D

A A A A

     
           (12) 

 

ȼɟɥɢɱɢɧɚ ɦɚɪɲɪɭɬɧɨɣ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ 

ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ 
 

( )
( )

i
ij j

D
h m A

D j
  .                 (13) 
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ɋ ɭɱɟɬɨɦ ɜɵɛɨɪɨɱɧɨɝɨ ɫɩɨɫɨɛɚ ɩɪɨɜɟɞɟɧɢɹ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɢ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɟɣɫɨɜ ɧɚ 
ɦɚɪɲɪɭɬɟ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ ɦɚɪɲɪɭɬɧɨɣ 

ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ ɛɭɞɟɦ ɢɦɟɬɶ ɜɢɞ 

 

( ) ( ) .m
ij ij

m

A
H m h m

a
 

            

 (14) 

 

ɉɨɬɨɤ ɩɚɫɫɚɠɢɪɨɜ, ɩɨɞɯɨɞɹɳɢɯ ɤ ɨɫɬɚɧɨɜɨɱ-
ɧɨɦɭ ɩɭɧɤɬɭ, ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɟɣɲɢɦ, ɪɚɫɩɪɟ-
ɞɟɥɟɧɧɵɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ ɉɭɚɫɫɨ-
ɧɚ. Ɉɫɧɨɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨɬɨɤɚ ɹɜɥɹɸɬɫɹ 
ɨɬɫɭɬɫɬɜɢɟ ɩɨɫɥɟɞɟɣɫɬɜɢɹ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶ. 
ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɟɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚ-
ɧɢɟ ɪɚɜɧɨ ɞɢɫɩɟɪɫɢɢ 

 

D ( ) ( )ij ijh m h m .               (15) 

 

ɋ ɭɱɟɬɨɦ ɜɵɛɨɪɨɱɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɨɛɫɥɟɞɨɜɚ-
ɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ, ɱɬɨ  
 

2

D ( ) ( ) m
ij ij

m

A
H m h m

a

     .      (16) 

 

Ɉɰɟɧɤɚ ɜɫɟɯ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ ɩɨ ɜɫɟɦ 

ɦɚɪɲɪɭɬɚɦ 

 

1 1

( ) ( )
M M

m
ij ij ij

m m m

A
H H m h m

a 
    .    (17) 

 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɢɫɩɟɪɫɢɹ ɜɟɥɢɱɢɧɵ ɤɨɪɪɟ-
ɫɩɨɧɞɟɧɰɢɢ 

 
2

1 1

D D ( ) ( )
M M

m
ij ij ij

m m m

A
H H m h m

a 
       .  (18) 

 

ȿɫɥɢ ɡɚɞɚɬɶ ɞɨɜɟɪɢɬɟɥɶɧɭɸ ɜɟɪɨɹɬɧɨɫɬɶ α , 

ɬɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɨɩɪɟɞɟɥɢɬɫɹ ɤɚɤ 
  ;ij ijij ij ijH H H        ,    (19) 

 

ɝɞɟ ij  – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ 
ɜɟɥɢɱɢɧɵ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ ɦɟɠɞɭ i-ɦ ɢ j-ɦ 

ɨɫɬɚɧɨɜɨɱɧɵɦɢ ɩɭɧɤɬɚɦɢ, ɩɚɫɫ.; αγ  – ɤɜɚɧ-

ɬɢɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɭɪɨɜ-
ɧɸ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ. 

 

ȼɵɜɨɞɵ 

 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɦɚɬɪɢɰ 

ɦɚɪɲɪɭɬɧɵɯ ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ ɩɨ ɪɟɡɭɥɶɬɚ-

ɬɚɦ ɬɚɛɥɢɱɧɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɥɟɝɤɨ 
ɩɪɢɦɟɧɢɦɵɦ ɞɥɹ ɦɚɪɲɪɭɬɧɵɯ ɫɟɬɟɣ ɫɪɟɞɧɢɯ 
ɢ ɛɨɥɶɲɢɯ ɝɨɪɨɞɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɨɞɟɥɢ 

ɧɚ ɨɫɧɨɜɟ ɡɚɞɚɜɚɟɦɨɝɨ ɭɪɨɜɧɹ ɞɨɜɟɪɢɬɟɥɶɧɨɣ 

ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɧɟɨɛɯɨ-
ɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɱɟɬɱɢɤɨɜ ɢ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, ɡɚɦɟɪɨɜ ɧɚ ɦɚɪɲɪɭɬɧɨɣ ɫɟɬɢ. ɂɫ-
ɩɨɥɶɡɭɹ ɩɨɫɬɪɨɟɧɧɵɟ ɦɨɞɟɥɢ ɦɚɪɲɪɭɬɧɵɯ 
ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɣ, ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɮɨɪɦɢ-

ɪɨɜɚɧɢɟ ɦɚɬɪɢɰɵ ɫɟɬɟɜɵɯ ɩɟɪɟɞɜɢɠɟɧɢɣ, 

ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɶɸ ɫɩɪɨɫɚ ɧɚɫɟɥɟɧɢɹ 
ɝɨɪɨɞɚ ɧɚ ɭɫɥɭɝɢ ɝɨɪɨɞɫɤɨɝɨ ɩɚɫɫɚɠɢɪɫɤɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ. 
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