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ɄȺɆȿɊɕ ɋȽɈɊȺɇɂə 

ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɚ ɦɟɬɨɞɨɥɨɝɢɹ ɪɟɲɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɨ ɜɵ-

ɛɨɪɭ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɦɩɭɥɶɫɧɨɣ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɷɥɟ-

ɦɟɧɬɵ ɫɢɫɬɟɦɵ. ɉɪɨɜɟɞɟɧ ɜɵɛɨɪ ɤɪɢɬɟɪɢɹ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɰɟɧɢɬɶ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɢɥɢ ɟɟ ɦɨɞɟɥɢ ɫ ɬɟɦ, ɱɬɨɛɵ ɜɵɹɜɢɬɶ «ɧɚɢɥɭɱɲɭɸ» 

ɦɨɞɟɥɶ ɢɥɢ ɦɧɨɠɟɫɬɜɨ «ɧɚɢɥɭɱɲɢɯ» ɭɫɥɨɜɢɣ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. 

ɉɪɨɜɟɞɟɧ ɜɵɛɨɪ ɦɟɬɨɞɚ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɨɩɬɢ-

ɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ. 

Ʉɥɸɱɟɜыɟ ɫɥɨɜɚ: ɨɩɬɢɦɢɡɚɰɢɹ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɪɢɬɟɪɢɣ, ɨɝɪɚɧɢ-

ɱɟɧɢɹ, ɚɥɝɨɪɢɬɦ. 
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PERFORMANCE OPTIMIZATION OF  

A PULSE-TYPE COMBUSTION CHAMBER  

The article describes methodology of solving an optimization problem on choice 



of the main performances of a pulse-type combustion chamber.  The system elements 

were considered. The authors demonstrate how to choose the criterion which provides 

evaluation of performances of the system or its model to figure out “the best” model 

or a set of “the best” conditions for system operation. The choice of an optimization 

method was demonstrated and the results of solving the optimization problem are pro-

vided.  
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ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɧɟɪɟɞɤɨ ɫɬɚɜɢɬɫɹ 

ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɥɭɱɲɢɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɨɜ. Ɍɚɤɚɹ ɡɚɞɚɱɚ 

ɧɚɡɵɜɚɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ. ȿɫɥɢ ɨɩɬɢɦɢɡɚɰɢɹ ɫɜɹɡɚɧɚ ɫ ɪɚɫɱёɬɨɦ ɨɩɬɢɦɚɥɶ-

ɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɨɛɴɟɤɬɚ, ɬɨ ɨɧɚ ɧɚɡɵɜɚɟɬɫɹ ɩɚ-

ɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɟɣ. Ɉɩɬɢɦɢɡɚɰɢɹ (optimization) − ɩɪɨɰɟɫɫ ɧɚɯɨɠɞɟ-

ɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɮɭɧɤɰɢɢ, ɬ. ɟ. ɜɵɛɨɪ ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɢɡ ɦɧɨɠɟɫɬɜɚ ɜɨɡ-

ɦɨɠɧɵɯ, ɩɪɨɰɟɫɫ ɜɵɪɚɛɨɬɤɢ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟшɟɧɢɣ ɢɥɢ ɩɪɨɰɟɫɫ ɩɪɢɜɟɞɟɧɢɹ ɫɢ-

ɫɬɟɦɵ ɜ ɧɚɢɥɭɱɲɟɟ (ɨɩɬɢɦɚɥɶɧɨɟ) ɫɨɫɬɨяɧɢɟ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɪɟɲɢɬɶ ɨɩɬɢɦɢɡɚɰɢɨɧɧɭɸ ɡɚɞɚɱɭ ɧɟɨɛɯɨɞɢɦɨ: 

- ɭɫɬɚɧɨɜɢɬɶ ɝɪɚɧɢɰɵ ɩɨɞɥɟɠɚɳɟɣ ɪɚɰɢɨɧɚɥɢɡɚɰɢɢ ɢɧɠɟɧɟɪɧɨɣ ɫɢ-

ɫɬɟɦɵ; 

- ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɤɪɢɬɟɪɢɣ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɨ-

ɜɟɫɬɢ ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ «ɨɩɬɢɦɚɥɶɧɨɝɨ» ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɜɵ-

ɛɨɪ ɜɧɭɬɪɢɫɢɫɬɟɦɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɚɪɢɚɧɬɨɜ; 

- ɩɨɫɬɪɨɢɬɶ ɦɨɞɟɥɶ, ɨɬɪɚɠɚɸɳɭɸ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ. 

ɉɪɟɠɞɟ ɱɟɦ ɩɪɢɫɬɭɩɢɬɶ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ, ɜɚɠɧɨ ɱɟɬɤɨ ɨɩɪɟɞɟɥɢɬɶ ɝɪɚɧɢɰɵ 

ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɵ (ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɨɢɫɤɚ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ). Ƚɪɚɧɢɰɵ ɫɢ-

ɫɬɟɦɵ ɡɚɞɚɸɬɫɹ ɩɪɟɞɟɥɚɦɢ, ɨɬɞɟɥɹɸɳɢɦɢ ɫɢɫɬɟɦɭ ɨɬ ɜɧɟɲɧɟɣ ɫɪɟɞɵ.  

ɂɫɫɥɟɞɭɟɦɚɹ ɫɢɫɬɟɦɚ (ɪɢɫ. 1) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɴɟɦ, ɨɝɪɚɧɢɱɟɧɧɵɣ ɨɛɟ-

ɱɚɣɤɨɣ 3 ɢɦɩɭɥɶɫɧɨɣ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɜɨ ɮɪɨɧɬɨɜɨɦ ɭɫɬɪɨɣɫɬɜɟ 1 ɤɨɬɨɪɨɣ ɭɫɬɚ-



ɧɨɜɥɟɧ ɩɟɪɢɮɟɪɢɣɧɵɣ ɡɚɜɢɯɪɢɬɟɥɶ ɩɨɬɨɤɚ 2. ɑɟɪɟɡ ɮɪɨɧɬɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɚ-

ɟɬɫɹ ɫɠɚɬɵɣ ɜɨɡɞɭɯ, ɤɨɬɨɪɵɣ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɡɚɜɢɯɪɢɬɟɥɶ, ɩɨɥɭɱɚɟɬ ɨɩɪɟɞɟɥɟɧ-

ɧɭɸ ɫɬɟɩɟɧɶ ɡɚɤɪɭɬɤɢ. Кɪɭɬɤɚ ɩɨɬɨɤɚ ɜ ɡɚɜɢɯɪɢɬɟɥɟ ɨɩɪɟɞɟɥɹɟɬ ɨɛɴɟɦ ɰɢɪɤɭɥɹ-

ɰɢɨɧɧɨɣ ɡɨɧɵ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ. Ɉɬ ɨɛɴɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɜɨ ɦɧɨɝɨɦ ɡɚ-

ɜɢɫɢɬ ɤɚɱɟɫɬɜɨ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɟɟ ɝɨɪɟɧɢɟ.  

Кɪɨɦɟ ɬɨɝɨ, ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, ɡɚ-

ɜɢɫɢɬ ɨɬ ɟɟ ɞɢɚɦɟɬɪɚ ɢ ɨɬ ɞɢɚɦɟɬɪɚ ɫɨɩɥɚ 4. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɭɟɦɚɹ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɦɤɧɭɬɵɣ ɰɢɥɢɧ-

ɞɪɢɱɟɫɤɢɣ ɨɛɴɟɦ ɫ ɮɪɨɧɬɨɜɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɜ ɜɢɞɟ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ ɢ ɡɚɜɢɯɪɢ-

ɬɟɥɹ, ɩɪɨɩɭɫɤɚɸɳɢɦ ɜ ɞɚɧɧɵɣ ɨɛɴɟɦ ɫɠɚɬɵɣ ɜɨɡɞɭɯ. ɇɚ ɜɵɯɨɞɟ ɢɡ ɰɢɥɢɧɞɪɚ 

ɢɦɟɟɬɫɹ ɞɪɨɫɫɟɥɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɢɡ ɤɨɬɨɪɨɝɨ ɜɵɯɨɞɢɬ ɩɨɬɨɤ [ɂɫɚɟɜ, 2014, 

ɫ. 143]. 

 

ȿɫɥɢ ɨɩɪɟɞɟɥɟɧɚ ɩɨɞɥɟɠɚɳɚɹ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɢɫɬɟɦɚ ɢ ɟɟ ɝɪɚɧɢɰɵ ɭɫɬɚ-

ɧɨɜɥɟɧɵ, ɬɨ ɫɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɤɪɢɬɟɪɢɹ, 

ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɢɥɢ ɟɟ ɦɨɞɟɥɢ ɫ 

ɬɟɦ, ɱɬɨɛɵ ɜɵɹɜɢɬɶ «ɧɚɢɥɭɱɲɭɸ» ɦɨɞɟɥɶ ɢɥɢ ɦɧɨɠɟɫɬɜɨ «ɧɚɢɥɭɱɲɢɯ» ɭɫɥɨ-

ɜɢɣ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ.  

ɉɨɞ ɤɪɢɬɟɪɢɟɦ ɩɨɧɢɦɚɟɬɫɹ ɫɬɟɩɟɧɶ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɟɣ ɫɢɫɬɟɦɨɣ.  

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ 

ɜ ɢɦɩɭɥɶɫɧɨɣ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ ɤɪɢɬɟɪɢɹ. ɗɬɨ −ɤɪɢɬɟɪɢɣ 

цɢрɤуɥяцɢɨɧɧые
ɡɨɧы

Ɋɢɫ. 1. ɂɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɤɬ. ɋɯɟɦɚ ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɵ 



ɩɟɪɜɨɝɨ ɪɨɞɚ ɢ ɤɪɢɬɟɪɢɣ ɜɬɨɪɨɝɨ ɪɨɞɚ.  

Кɪɢɬɟɪɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɜɨɝɨ ɪɨɞɚ – ɫɬɟɩɟɧɶ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɟɣ ɫɢɫɬɟ-

ɦɨɣ ɜ ɡɚɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 

ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɚ ɤɪɢɬɟɪɢɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɜɨɝɨ ɪɨɞɚ ɩɪɢɧɹɬɶ ɜɟɥɢɱɢɧɭ ɢɦɩɭɥɶɫɚ ɬɹɝɢ ɜɵɪɚɛɚɬɵɜɚɟ-

ɦɨɝɨ ɢɦɩɭɥɶɫɧɨɣ ɤɚɦɟɪɨɣ ɫɝɨɪɚɧɢɹ, ɬɚɤ ɤɚɤ ɨɧ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚ-

ɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɤɪɢɬɟɪɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ. 

Ⱥ ɧɚɢɥɭɱɲɢɣ ɩɭɬɶ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɢɦɩɭɥɶɫɚ ɬɹɝɢ ɦɨɠɧɨ ɧɚɣɬɢ ɱɟɪɟɡ ɤɪɢɬɟɪɢɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɤɨɬɨɪɵɣ ɛɵ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥ ɫɬɪɭɤɬɭɪɭ ɢ ɨɛɴёɦ 

ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ.  

Кɪɢɬɟɪɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɬɨɪɨɝɨ ɪɨɞɚ – ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚ ɧɟɤɨɬɨ-

ɪɨɦ ɡɚɞɚɧɧɨɦ ɩɭɬɢ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ. Кɪɢɬɟɪɢɣ ɜɬɨɪɨɝɨ ɪɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɤɪɢɬɟɪɢɸ ɩɟɪɜɨɝɨ ɪɨɞɚ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɝɥɚɜɧɵɦ ɞɥɹ ɫɢɫɬɟɦɵ 

ɹɜɥɹɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟ ɰɟɥɟɣ. Ɂɚ ɤɪɢɬɟɪɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɬɨɪɨɝɨ ɪɨɞɚ ɦɨɠɧɨ 

ɜɡɹɬɶ ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ. 

ɉɨ ɤɪɢɬɟɪɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɬɨɪɨɝɨ ɪɨɞɚ ɨɰɟɧɢɜɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɟɪɢɮɟɪɢɣɧɵɦ ɡɚɜɢɯɪɢɬɟɥɟɦ ɩɨ-

ɬɨɤɚ. 

ȼɵɛɨɪ ɜɟɥɢɱɢɧɵ ɨɛɴɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 

ɤɪɢɬɟɪɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɬɨɪɨɝɨ ɪɨɞɚ ɨɛɭɫɥɨɜɥɟɧ ɫɥɟɞɭɸɳɢɦ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 

ɩɪɢ ɡɚɞɚɧɢɢ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɮɪɨɧɬɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ 

ɜɨɡɧɢɤɧɭɬ ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ ɬɟɱɟɧɢɹ. Ɉɬ ɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ 

ɤɚɱɟɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. Кɚɱɟɫɬɜɟɧɧɨ ɩɟɪɟɦɟɲɚɧɧɚɹ 

ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ ɫɝɨɪɢɬ ɜ ɨɛɴɟɦɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɫ ɛɨɥɶɲɢɦ ɜɵɞɟ-

ɥɟɧɢɟɦ ɬɟɩɥɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɱɬɨ ɨɤɚɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 

ɜɥɢɹɧɢɟ ɧɚ ɢɦɩɭɥɶɫ ɪɟɚɤɬɢɜɧɨɣ ɬɹɝɢ ɨɬ ɝɚɡɨɜ, ɢɫɬɟɤɚɸɳɢɯ ɱɟɪɟɡ ɫɨɩɥɨ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɝɟɨɦɟɬɪɢ-

ɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɜɢɯɪɢɬɟɥɹ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ ɤɪɢɬɟɪɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɤɨɬɨɪɵɣ ɯɚɪɚɤ-

ɬɟɪɢɡɭɟɬ ɧɚɢɥɭɱɲɢɣ ɩɭɬɶ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ «ɢɦɩɭɥɶɫɧɚɹ ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ» ɤ 



ɰɟɥɢ, ɦɨɠɧɨ ɜɡɹɬɶ ɤɪɢɬɟɪɢɣ «ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ». 

ɇɚ ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɜɢɯɪɢɬɟɥɹ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɩɪɢ 

ɜɵɛɨɪɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɜɢɯɪɢɬɟɥɹ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɨɛɴɟɦ 

ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɞɨɥɠɟɧ ɛɵɬɶ ɦɚɤɫɢɦɚɥɶɧɵɦ. Ɂɚɬɟɦ ɩɨ ɨɫɧɨɜɧɨɦɭ ɤɪɢɬɟ-

ɪɢɸ ɦɨɠɧɨ ɛɭɞɟɬ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɵɯ ɪɟɲɟɧɢɣ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɜɡɚɢɦɨ-

ɫɜɹɡɢ ɩɟɪɟɦɟɧɧɵɯ ɢ ɨɬɪɚɠɚɸɳɚɹ ɜɥɢɹɧɢɟ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɫɬɟɩɟɧɶ 

ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ (ɧɚ ɤɪɢɬɟɪɢɣ). 

ɂɦɟɟɬɫɹ ɢɦɩɭɥɶɫɧɚɹ ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ ɬɪɭɛɱɚɬɨɝɨ ɬɢɩɚ ɫ ɮɪɨɧɬɨɜɵɦ ɭɫɬɪɨɣ-

ɫɬɜɨɦ ɜ ɜɢɞɟ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ ɢ ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɡɚɜɢɯɪɢɬɟɥɹ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 

ɡɚ ɨɛɪɚɬɧɵɦ ɤɥɚɩɚɧɨɦ. 

ɋɮɨɪɦɢɪɭɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. Ⱥɧɚɥɢɡɢɪɭɹ ɪɟɡɭɥɶ-

ɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɢɫɩɵɬɚɧɢɸ ɤɚ-

ɦɟɪɵ ɫɝɨɪɚɧɢɹ ɜ ɭɫɬɚɧɨɜɤɟ ɝɢɞɪɨɛɚɫɫɟɣɧ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɧɚ ɨɛɴɟɦ ɢ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɜɢɯɪɢɬɟɥɹ, ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɢ ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɤɚ-

ɦɟɪɵ ɫɝɨɪɚɧɢɹ. ȼɥɢɹɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɭɫɬɚ-

ɧɨɜɥɟɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɜɵɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɜ ɢɦɩɭɥɶɫɧɨɣ 

ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ 

0( ; ; ; ; ; )ɁОɌ Кɋ ɋV f z c s D D
. 

Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜ ɫɚɦɨɦ ɨɛɳɟɦ ɜɢɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 

ɦɨɞɟɥɶ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɪɟɲɚɟɦɚɹ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɢɫɤɭ ɦɚɤɫɢɦɭɦɚ ɮɭɧɤɰɢɢ 

maxɁОɌV . 

Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɨɪɝɚɧɢɡɭɟɬɫɹ ɜ ɪɚɦɤɚɯ ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɵ ɨɝɪɚɧɢ-

ɱɟɧɢɣ: 



- ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɡɚɜɢɯɪɢɬɟɥɹ 0 =0…900; 

- ɜɵɫɨɬɚ ɥɨɩɚɬɤɢ ɡɚɜɢɯɪɢɬɟɥɹ z =0,09…0,18; 

- ɲɚɝ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɡɚɜɢɯɪɢɬɟɥɹ s =0,31…0,73; 

- ɞɥɢɧɚ ɯɨɪɞɵ ɥɨɩɚɬɤɢ ɡɚɜɢɯɪɢɬɟɥɹ c =0,5…1,1; 

- ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ КɋD =1,39…2,67; 

- ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɋD =0,2…1,4. 

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɩɪɢɦɟɧɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɨɢɬ ɜ 

ɬɨɦ, ɱɬɨɛɵ ɨɫɭɳɟɫɬɜɢɬɶ ɷɬɨɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 

ɫɩɨɫɨɛɨɦ. 

ɇɟɤɨɬɨɪɵɟ ɩɪɨɫɬɟɣɲɢɟ, ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ ɨɬɵɫɤɚɧɢɹ ɷɤɫɬɪɟɦɭɦɨɜ 

ɨɛɵɱɧɨ ɧɟɩɪɢɝɨɞɧɵ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɟɪɟɦɟɧɧɵɯ. ɉɨ-

ɷɬɨɦɭ ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɝɨ ɦɟɬɨɞɚ ɩɨɢɫɤɚ ɦɢɧɢɦɭɦɚ ɢɥɢ 

ɦɚɤɫɢɦɭɦɚ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɢɡ ɱɢɫɥɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ. 

Ɉɱɟɧɶ ɱɚɫɬɨ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɧɟɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɢ ɩɪɢ ɧɚɥɢ-

ɱɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɨɩɬɢɦɢɡɢɪɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɜ ɜɢɞɟ ɧɟɪɚɜɟɧɫɬɜ ɞɟɥɹɬ ɩɨ ɩɪɢ-

ɡɧɚɤɭ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɨɢɫɤɚ ɧɚ ɦɟɬɨɞɵ ɫɥɟɩɨɝɨ ɢ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɩɨɢɫɤɚ. 

К ɦɟɬɨɞɚɦ ɫɥɟɩɨɝɨ ɩɨɢɫɤɚ ɨɬɧɨɫɹɬɫɹ ɦɟɬɨɞ ɫɩɥɨɲɧɨɝɨ ɩɟɪɟɛɨɪɚ ɜɚɪɢɚɧɬɨɜ 

(ɦɟɬɨɞ ɩɪɹɦɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ ɜɚɪɢɚɧɬɨɜ ɩɨ ɤɪɢɬɟɪɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ) ɢ ɦɟɬɨɞ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (ɦɟɬɨɞ Ɇɨɧɬɟ-Кɚɪɥɨ). 

К ɦɟɬɨɞɚɦ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɩɨɢɫɤɚ ɨɬɧɨɫɹɬɫɹ ɝɪɚɞɢɟɧɬɧɵɣ ɦɟɬɨɞ, ɦɟɬɨɞ 

ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ, ɦɟɬɨɞ ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ ɢ ɞɪ. Ɉɞɧɚɤɨ ɜɫɟ ɷɬɢ ɦɟ-

ɬɨɞɵ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɨɩɬɢɦɢɡɚɰɢɸ ɬɨɥɶɤɨ ɩɨ ɨɞɧɨɦɭ ɜɥɢɹɸɳɟɦɭ ɩɚɪɚ-

ɦɟɬɪɭ ɢ ɦɢɧɢɦɢɡɢɪɭɸɬ ɢɥɢ ɦɚɤɫɢɦɢɡɢɪɭɸɬ ɮɭɧɤɰɢɸ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜ ɪɚɛɨɬɟ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɧɚɯɨɠɞɟɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɮɭɧɤɰɢɢ ɫ 

ɭɱɟɬɨɦ ɜɫɟɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɧɚ ɧɟё ɜɥɢɹɧɢɟ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ 

ɡɨɧ ɜ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɟɬɫɹ Ɇɟɬɨɞ ɝɪɭɩɩɨɜɨɝɨ ɭɱёɬɚ ɚɪɝɭɦɟɧɬɨɜ (ɆȽɍȺ) (Group 

Method of Data Handling, GMDH) − ɦɟɬɨɞ ɩɨɪɨɠɞɟɧɢɹ ɢ ɜɵɛɨɪɚ ɪɟɝɪɟɫɫɢɨɧɧɵɯ 

ɦɨɞɟɥɟɣ ɨɩɬɢɦɚɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ [ɂɜɚɯɧɟɧɤɨ, 1989, ɫ. 142]. ɉɨɞ ɫɥɨɠɧɨɫɬɶɸ ɦɚ-

ɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɆȽɍȺ ɩɨɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ. Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ 



ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɚɡɨɜɚɹ ɦɨɞɟɥɶ, ɩɨɞɦɧɨɠɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ 

ɤɨɬɨɪɨɣ ɞɨɥɠɧɨ ɜɯɨɞɢɬɶ ɜ ɢɫɤɨɦɭɸ ɦɨɞɟɥɶ. Ⱦɥɹ ɜɵɛɨɪɚ ɦɨɞɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɜɧɟɲɧɢɟ ɤɪɢɬɟɪɢɢ, ɫɩɟɰɢɚɥɶɧɵɟ ɮɭɧɤɰɢɨɧɚɥɵ ɤɚɱɟɫɬɜɚ ɦɨɞɟɥɟɣ, ɜɵɱɢɫɥɟɧɧɵɟ 

ɧɚ ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɟ. ɆȽɍȺ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ 

ɜɵɛɨɪɤɚ ɫɨɞɟɪɠɢɬ ɧɟɫɤɨɥɶɤɨ ɷɥɟɦɟɧɬɨɜ. Кɨɝɞɚ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɪɟɝɪɟɫɫɢɨɧɧɵɯ 

ɦɨɞɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɝɢɩɨɬɟɡɵ ɨ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 

ɧɚɩɪɢɦɟɪ, ɝɢɩɨɬɟɡɭ ɨ Ƚɚɭɫɫɨɜɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ, ɧɟɜɨɡɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧ-

ɞɭɤɬɢɜɧɵɣ ɩɨɞɯɨɞ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɪɨɠɞɚɸɬɫɹ ɦɨɞɟɥɢ 

ɜɨɡɪɚɫɬɚɸɳɟɣ ɫɥɨɠɧɨɫɬɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɧɚɣɞɟɧ ɦɢɧɢɦɭɦ ɢɥɢ ɦɚɤɫɢ-

ɦɭɦ ɤɪɢɬɟɪɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ⱦɨɫɬɢɠɟɧɢɟ ɝɥɨɛɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ ɢɥɢ ɦɚɤɫɢ-

ɦɭɦɚ ɤɪɢɬɟɪɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɨɞɟɥɶ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɬɚɤɨɣ ɷɤɫ-

ɬɪɟɦɭɦ, ɹɜɥɹɟɬɫɹ ɢɫɤɨɦɨɣ. ɗɤɫɬɪɟɦɭɦ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ ɨɩɪɟɞɟɥɹɟɬ ɦɨɞɟɥɶ ɨɩ-

ɬɢɦɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

ɐɟɥɶɸ ɆȽɍȺ ɹɜɥɹɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟ ɦɢɧɢɦɭɦɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɣ 

ɨɲɢɛɤɢ (ɋКɈ) ɧɚ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɤɚɯ ɩɪɢ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɦ ɜɢɞɟ 

ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ. ɉɨɷɬɨɦɭ, ɩɨɥɶɡɭɹɫɶ ɚɥɝɨɪɢɬɦɚɦɢ ɆȽɍȺ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɡ-

ɛɢɜɚɬɶ ɞɚɧɧɵɟ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɩɪɨɜɟɪɨɱɧɭɸ ɢ ɨɛɭɱɚɸɳɭɸ ɩɨɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 

ɢɫɩɨɥɶɡɭɸɬ ɨɛɭɱɚɸɳɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɤɚɤ ɢ ɜ ɨɛɵɱɧɨɦ ɪɟɝɪɟɫɫɢɨɧɧɨɦ 

ɚɧɚɥɢɡɟ, ɚ ɞɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɪɟɝɭɥɹɪɧɨɫɬɢ ɩɨ ɜɟɥɢɱɢɧɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟ-

ɧɢɹ ɋКɈ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɜɟɪɨɱɧɭɸ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨ ɜɵɛɨɪɟ ɧɚɢɥɭɱɲɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚ-

ɜɢɯɪɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɤɨɦɛɢɧɚɬɨɪɧɵɣ ɚɥɝɨɪɢɬɦ (COMBI). 

Кɨɦɛɢɧɚɬɨɪɧɵɣ ɚɥɝɨɪɢɬɦ ɢɫɬɨɪɢɱɟɫɤɢ ɹɜɥɹɥɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɚɥɝɨɪɢɬɦɨɜ, 

ɪɟɚɥɢɡɭɸɳɢɯ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ ɝɪɭɩɩɨɜɨɝɨ ɭɱɟɬɚ ɚɪɝɭɦɟɧɬɨɜ. Ⱥɥɝɨ-

ɪɢɬɦ ɢɡɧɚɱɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɥ ɩɨɥɢɧɨɦɢɚɥɶɧɵɣ ɛɚɡɢɫ ɮɭɧɤɰɢɣ ɞɥɹ ɝɟɧɟɪɚɰɢɢ 

ɫɬɪɭɤɬɭɪ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɥɹ ɨɰɟɧɤɢ ɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɂɞɟɹ ɚɥɝɨɪɢɬɦɚ ɫɨɫɬɨɢɬ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɜɫɟɯ ɩɨɥɢɧɨɦɨɜ ɜ ɪɚɦ-



ɤɚɯ ɡɚɞɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɫ ɰɟɥɶɸ ɧɚɯɨɠɞɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɩɚɪɚɦɟɬɪɨɜ, ɦɢɧɢ-

ɦɢɡɢɪɭɸɳɢɯ ɡɧɚɱɟɧɢɟ ɜɧɟɲɧɟɝɨ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ ɦɨɞɟɥɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛ-

ɳɚɹ ɫɯɟɦɚ ɤɨɦɛɢɧɚɬɨɪɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ:  

- ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɆɇК) ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɫɟɯ 

ɱɚɫɬɧɵɯ ɦɨɞɟɥɟɣ ɩɪɢ ɫɥɨɠɧɨɫɬɢ 1, 2,...,s s s n   ;  

- ɞɥɹ ɤɚɠɞɨɣ ɦɨɞɟɥɢ ɜɵɱɢɫɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɜɧɟɲɧɟɝɨ ɤɪɢɬɟɪɢɹ ɫɟɥɟɤɰɢɢ;  

- ɟɞɢɧɫɬɜɟɧɧɚɹ ɦɨɞɟɥɶ ɨɩɬɢɦɚɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɦɢɧɢɦɚɥɶ-

ɧɨɦɭ ɤɪɢɬɟɪɢɸ.  

ȼ ɫɬɪɭɤɬɭɪɟ ɚɥɝɨɪɢɬɦɚ ɜɵɞɟɥɹɸɬɫɹ ɬɪɢ ɨɫɧɨɜɧɵɯ ɛɥɨɤɚ:  

1) ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɨɣ 

ɨɩɨɪɧɵɯ (ɛɚɡɢɫɧɵɯ) ɮɭɧɤɰɢɣ, ɜ ɤɨɬɨɪɨɣ ɢɳɟɬɫɹ ɦɨɞɟɥɶ;  

2) ɝɟɧɟɪɢɪɨɜɚɧɢɹ (ɩɟɪɟɛɨɪɚ) ɩɨɥɧɨɝɨ ɢɥɢ ɧɟɩɨɥɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɭɫɥɨɠɧɹɸ-

ɳɢɯɫɹ ɱɚɫɬɧɵɯ ɦɨɞɟɥɟɣ ɜ ɜɵɛɪɚɧɧɨɦ ɛɚɡɢɫɟ;  

3) ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɤɪɢɬɟɪɢɹ ɫɟɥɟɤɰɢɢ, ɢɦɟɸɳɟɝɨ ɫɜɨɣɫɬɜɚ 

ɜɧɟɲɧɟɝɨ ɞɨɩɨɥɧɟɧɢɹ, ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ ɱɚɫɬɧɵɯ ɦɨɞɟɥɟɣ, ɥɭɱɲɢɯ ɩɨ 

ɷɬɨɦɭ ɤɪɢɬɟɪɢɸ.  

ȿɫɥɢ ɡɚɞɚɧɵ ɡɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 1 2, ,..., vz z z  ɦɨɞɟɥɢ-

ɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɩɨɥɢɧɨɦɚ, ɬɨ ɱɢɫɥɨ ɫɥɚɝɚɟɦɵɯ «n» ɜ 

ɩɨɥɧɨɦ ɩɨɥɢɧɨɦɟ ɫɬɟɩɟɧɢ max  ɨɬ v  ɩɟɪɟɦɟɧɧɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ 
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ɂɬɚɤ, ɱɥɟɧɵ ix  ɩɨɥɧɨɝɨ ɩɨɥɢɧɨɦɚ ɹɜɥɹɸɬɫɹ ɛɚɡɢɫɧɵɦ ɧɚɛɨɪɨɦ ɨɩɨɪɧɵɯ 

ɮɭɧɤɰɢɣ ɞɥɹ ɤɨɦɛɢɧɚɬɨɪɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɉɩɢɫɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɩɨɡɜɨɥɹɟɬ ɫɮɨɪ-

ɦɢɪɨɜɚɬɶ ɦɚɬɪɢɰɭ ɢɡɦɟɪɟɧɢɣ ɨɛɨɛɳёɧɧɵɯ ɚɪɝɭɦɟɧɬɨɜ [ ]X Nxn , ɝɞɟ N – ɱɢɫɥɨ ɬɨ-

ɱɟɤ ɢɡɦɟɪɟɧɢɣ.   

Ɇɚɬɪɢɰɭ X ɫɥɟɞɭɟɬ ɪɚɡɞɟɥɢɬɶ ɧɚ ɨɛɭɱɚɸɳɭɸ C ɞɥɢɧɨɣ CN ɢ ɬɟɫɬɨɜɭɸ L ɞɥɢ-

ɧɨɣ LN , ɩɪɢɱɟɦ C LN N N  . 

Ɉɫɧɨɜɧɵɦɢ ɨɩɟɪɚɰɢɹɦɢ, ɩɪɢ ɝɟɧɟɪɢɪɨɜɚɧɢɢ ɦɨɞɟɥɟɣ, ɹɜɥɹɸɬɫɹ:  

- ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɱɟɪɟɞɧɨɣ ɱɚɫɬɧɨɣ ɦɨɞɟɥɢ;  

- ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɨɪɦɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ;  

- ɪɟɲɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ (ɨɰɟɧɤɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɨɞɟɥɢ).  

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪ ɱɚɫɬɧɵɯ ɦɨɞɟɥɟɣ ɮɨɪɦɚɥɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɜɨɢɱ-

ɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɜɟɤɬɨɪɚ 1 2( , ,..., )nd d d d . ȿɫɥɢ ɷɥɟɦɟɧɬ id  ɷɬɨɝɨ ɜɟɤɬɨɪɚ ɩɪɢ-

ɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 1, ɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ i-ɣ ɚɪɝɭɦɟɧɬ ɜɤɥɸɱɚɟɬɫɹ ɜ ɱɚɫɬɧɭɸ ɦɨ-

ɞɟɥɶ, ɟɫɥɢ – 0, ɬɨ ɧɟ ɜɤɥɸɱɚɟɬɫɹ 1,2,...,i n . ɂɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɣ ɜɟɤɬɨɪɚ d 

ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɦɧɨɝɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɧɨ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɩɨ ɫɜɨɟɣ ɢɞɟɟ 

ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɫɩɨɫɨɛ: ɩɨɥɭɱɚɬɶ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɪɚɡɦɟɳɟɧɢɹ ɜ 

ɜɟɤɬɨɪɟ d ɫɧɚɱɚɥɚ ɨɞɧɨɣ ɟɞɢɧɢɰɵ (ɜɫɟɝɨ 1

n
C n  ɜɚɪɢɚɧɬɨɜ), ɡɚɬɟɦ ɞɜɭɯ (ɜɫɟɝɨ 

1 0.5 ( 1)
n

C n n   ɜɚɪɢɚɧɬɨɜ) ɢ ɬ. ɞ. ɜɩɥɨɬɶ ɞɨ n ɟɞɢɧɢɰ ( 1n

n
C   ɜɚɪɢɚɧɬ). Ɍɚɤɢɦ ɨɛ-

ɪɚɡɨɦ, ɧɚ k-ɣ ɫɟɥɟɤɰɢɢ ɱɢɫɥɨ ɝɟɧɟɪɢɪɭɟɦɵɯ ɦɨɞɟɥɟɣ ɛɭɞɟɬ ɪɚɜɧɨ k

n
C . ȼ ɫɨɨɬɜɟɬ-

ɫɬɜɢɢ ɫ ɩɪɢɜɟɞɟɧɧɨɣ ɫɯɟɦɨɣ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɚɟɬ ɬɚɤ. ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɫɟ 

ɦɨɞɟɥɢ ɩɪɢ 1s  , ɬ. ɟ. ɫɨɫɬɨɹɳɢɟ ɥɢɲɶ ɢɡ ɨɞɧɨɝɨ ɚɪɝɭɦɟɧɬɚ:  

1 1q a , 
2 2 1q a x , 

3 3 2q a x ,…, 
n n nq a x . 

Ⱦɚɥɟɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɦɨɞɟɥɢ ɩɪɢ 2s  , ɫɨɫɬɨɹɳɢɟ ɢɡ ɞɜɭɯ 

ɚɪɝɭɦɟɧɬɨɜ: 

1 1 2 1q a a x  , 
2 1 3 2q a a x  ,…, 

1 0 2 3iq a a x x  ,…, 
2 1 3 3jq a x a x  ,…, 

1 2 1 0 2 3kq a x a x x   ,…, 
0 1 3 0 2 3kq a x x a x x  . 



Ⱥɧɚɥɨɝɢɱɧɨ ɫɬɪɨɹɬɫɹ ɱɚɫɬɧɵɟ ɦɨɞɟɥɢ ɩɪɢ 3s  , ɩɪɢ 4s   ɢ ɬ. ɞ. ɞɨ 1n

n
C   

Ɇɨɞɟɥɢ ɩɪɢ s n , ɬ. ɟ. ɞɨ ɩɨɥɧɨɝɨ ɩɨɥɢɧɨɦɚ.   

Ɉɛɳɟɟ ɱɢɫɥɨ ɜɚɪɢɚɧɬɨɜ ɫɨɫɬɚɜɢɬ 2 1n

np  
 ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪ, ɬ. ɟ. ɩɨɥ-

ɧɵɣ ɩɟɪɟɛɨɪ. Ɉɞɧɚɤɨ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɞɚɥɟɤɨ ɧɟ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ, ɢ ɬɚɤɨɣ ɩɟɪɟɛɨɪ ɫɬɪɭɤɬɭɪ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ 

ɜ ɚɥɝɨɪɢɬɦɚɯ ɧɟɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ.  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ np  ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ «n» ɨɱɟɧɶ ɛɵɫɬɪɨ ɜɨɡɪɚɫɬɚɟɬ (ɧɚɩɪɢɦɟɪ, 

10 1024p  , ɚ 15 32768p  ). ɉɨɷɬɨɦɭ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɦɛɢɧɚɬɨɪɧɨɝɨ ɩɟɪɟɛɨɪɚ ɨɝɪɚ-

ɧɢɱɟɧɵ. ɋɭɳɟɫɬɜɭɸɬ ɧɟɤɨɬɨɪɵɟ ɫɩɨɫɨɛɵ ɭɫɤɨɪɟɧɢɹ ɫɱɟɬɚ ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɛɨɪɟ. 

ɇɚɩɪɢɦɟɪ, ɨɩɬɢɦɚɥɶɧɚɹ ɫɯɟɦɚ ɩɟɪɟɛɨɪɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɜɵɱɢɫɥɟɧɢɢ ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɥɭɱɚɟɦɵɯ ɱɚɫɬɧɵɯ ɦɨɞɟɥɟɣ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɨɤɚɣɦ-

ɥɟɧɢɹ, ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ n ɩɪɢɦɟɪɧɨ ɞɨ 23.   

ɉɪɢ ɛɨɥɶɲɨɦ «n» ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɦɟɧɹɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɟ ɭɫɟɱɟɧɢɟ ɩɟɪɟɛɨɪɚ. 

ɇɚɩɪɢɦɟɪ, ɢɡɜɟɫɬɟɧ ɫɩɨɫɨɛ ɭɫɟɱɟɧɢɹ ɬɪɟɭɝɨɥɶɧɢɤɚ ɩɟɪɟɛɨɪɚ: ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 

ɜɫɟ ɦɨɞɟɥɢ ɫɨ ɫɥɨɠɧɨɫɬɶɸ ɨɬ 1s   ɞɨ maxs  , ɚ ɦɨɞɟɥɢ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɚɪ-

ɝɭɦɟɧɬɨɜ ɢɫɤɥɸɱɚɸɬɫɹ ɢɡ ɩɟɪɟɛɨɪɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ maxs  ɡɚɞɚɟɬɫɹ, ɢɫ-

ɯɨɞɹ ɢɡ ɜɨɡɦɨɠɧɨɫɬɢ ɗȼɆ.  

ɇɚɢɛɨɥɟɟ ɤɨɦɩɚɤɬɧɨɣ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ ɢɡɦɟɧɟɧɢɹ ɞɜɨɢɱɧɨɝɨ 

ɜɟɤɬɨɪɚ ɩɨ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ ɞɜɨɢɱɧɨɝɨ ɫɱёɬɱɢɤɚ, ɜ ɩɨɫɥɟɞɧɢɣ ɪɚɡɪɹɞ ɤɨɬɨɪɨɝɨ 

ɞɨɛɚɜɥɹɟɬɫɹ ɟɞɢɧɢɰɚ. ɉɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɟɧɧɨ ɬɨ, ɱɬɨ ɫɨɛɥɸɞɚɟɬɫɹ ɜɡɚɢɦɧɨ ɨɞɧɨ-

ɡɧɚɱɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɩɨɪɹɞɤɨɜɵɦ ɧɨɦɟɪɨɦ ɨɱɟɪɟɞɧɨɣ ɱɚɫɬɧɨɣ ɦɨɞɟɥɢ ɢ 

ɫɨɫɬɨɹɧɢɟɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɜɟɤɬɨɪɚ. ɗɬɨɬ ɫɩɨɫɨɛ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢ ɨɱɟɧɶ ɩɪɨɫɬ ɢ 

ɜɟɫɶɦɚ ɭɞɨɛɟɧ ɢɦɟɧɧɨ ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɛɨɪɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɢ 

ɫɨɫɬɚɜ ɚɪɝɭɦɟɧɬɨɜ ɜ ɱɚɫɬɧɵɯ ɦɨɞɟɥɹɯ ɜɫɟ ɜɪɟɦɹ ɦɟɧɹɸɬɫɹ. Ȼɨɥɟɟ ɬɨɝɨ, ɨɧ ɩɨɡɜɨ-

ɥɹɟɬ ɞɚɠɟ ɨɪɝɚɧɢɡɨɜɚɬɶ ɪɟɤɭɪɪɟɧɬɧɭɸ ɩɪɨɰɟɞɭɪɭ ɩɟɪɟɛɨɪɚ. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɧɨɪɦɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɱɟɪɟɞɧɨɦɭ ɫɬɪɭɤɬɭɪɧɨɦɭ 

ɜɟɤɬɨɪɭ, ɦɨɠɧɨ ɩɨɫɬɭɩɢɬɶ ɮɨɪɦɚɥɶɧɨ. ɂɡ ɫɬɨɥɛɰɨɜ ɩɨɥɧɨɣ ɦɚɬɪɢɰɵ X, ɭɤɚɡɚɧ-

ɧɵɯ ɟɞɢɧɢɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ d, ɫɨɫɬɚɜɥɹɟɬɫɹ ɱɚɫɬɧɚɹ ɦɚɬɪɢɰɚ 
1X , ɚ ɡɚɬɟɦ ɜɵɱɢɫ-

ɥɹɸɬɫɹ ɷɥɟɦɟɧɬɵ ɧɨɪɦɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 
1 1 1,T T

X X X Y . Ɉɞɧɚɤɨ ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɛɨɪɟ 



ɷɬɨɬ ɮɨɪɦɚɥɶɧɵɣ ɩɭɬɶ ɹɜɥɹɟɬɫɹ ɧɚɢɯɭɞɲɢɦ, ɩɨɫɤɨɥɶɤɭ ɩɪɢɜɨɞɢɬ ɤ ɦɧɨɝɨɤɪɚɬ-

ɧɨɦɭ ɜɵɱɢɫɥɟɧɢɸ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɫɤɚɥɹɪɧɵɯ ɩɪɨɢɡɜɟɞɟɧɢɣ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 

ɫɬɪɭɤɬɭɪ 010, 011 ɢ 110 ɬɪɢɠɞɵ ɜɵɱɢɫɥɹɟɬɫɹ ɨɞɧɚ ɢ ɬɚ ɠɟ ɜɟɥɢɱɢɧɚ 

2

2 2 2

1

N
T

j

j

x x x



.
 

ɉɨɷɬɨɦɭ ɜ ɤɨɦɛɢɧɚɬɨɪɧɨɦ ɚɥɝɨɪɢɬɦɟ ɞɨɫɬɚɬɨɱɧɨ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ ɜɵɱɢɫɥɢɬɶ 

ɦɚɬɪɢɰɵ ɩɨɥɧɨɣ ɧɨɪɦɚɥɶɧɨɣ ɫɢɫɬɟɦɵ:  

1 1 2 1 1

2 1 2 2 2

1 2

...

...

...... ... ...

...

T T T

n

T T T

T n

T T T

n n n n

X X X X X X

X X X X X X
X X

X X X X X X

 
 
 
 
 
  

,

1

2

...

T

T

T

T

n

X Y

X Y
X Y

X Y

 
 
 
 
 
  

. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɥɸɛɨɣ ɱɚɫɬɧɨɣ ɧɨɪɦɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɨɫɬɚɬɨɱɧɨ ɜɡɹɬɶ ɷɥɟ-

ɦɟɧɬɵ ɦɚɬɪɢɰɵ T
X X , ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɪɨɤ ɢ ɫɬɨɥɛɰɨɜ, ɭɤɚɡɚɧɧɵɯ 

ɟɞɢɧɢɰɚɦɢ ɜɟɤɬɨɪɚ d, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪɚ T
X Y . Ⱦɥɹ ɪɟ-

ɲɟɧɢɹ ɤɚɠɞɨɣ ɧɨɪɦɚɥɶɧɨɣ ɫɢɫɬɟɦɵ T T

i i i i
X X a X y , ɬ. ɟ. ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɰɟɧɨɤ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɱɚɫɬɧɨɣ ɦɨɞɟɥɢ, ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɥɸɛɵɟ ɩɪɨɰɟɞɭɪɵ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (ɫ ɫɢɦɦɟɬɪɢɱɧɨɣ ɦɚɬɪɢɰɟɣ) ɫ ɯɨɪɨɲɢɦɢ ɜɵ-

ɱɢɫɥɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

Ɉɬɛɨɪ ɦɨɞɟɥɟɣ, ɥɭɱɲɢɯ ɩɨ ɡɚɞɚɧɧɨɦɭ ɤɪɢɬɟɪɢɸ I, ɨɛɵɱɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɧɟ ɜ 

ɤɨɧɰɟ ɩɟɪɟɛɨɪɚ (ɤɨɝɞɚ ɩɨɥɭɱɟɧɵ ɜɫɟ ɱɚɫɬɧɵɟ ɦɨɞɟɥɢ), ɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ. Ⱦɥɹ ɷɬɨɝɨ 

ɡɚɩɨɦɢɧɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɱɢɫɥɚ F ɩɟɪɜɵɯ ɦɨɞɟɥɟɣ, ɚ ɡɚɬɟɦ 

ɜɟɥɢɱɢɧɚ ɤɪɢɬɟɪɢɹ ɤɚɠɞɨɣ ɩɨɫɥɟɞɭɸɳɟɣ ɦɨɞɟɥɢ 
iI  ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɯɭɞɲɢɦ 

maxI

ɢɡ F ɡɧɚɱɟɧɢɣ. ȿɫɥɢ 
maxiI I , ɬɨ ɧɨɜɚɹ ɦɨɞɟɥɶ ɡɚɩɨɦɢɧɚɟɬɫɹ ɜɦɟɫɬɨ ɯɭɞɲɟɣ (ɡɚɩɨ-

ɦɢɧɚɸɬɫɹ ɫɬɪɭɤɬɭɪɚ, ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɤɪɢɬɟɪɢɣ); ɟɫɥɢ ɠɟ 
maxi iI I I , ɬɨ 

ɷɬɚ ɦɨɞɟɥɶ ɩɪɨɩɭɫɤɚɟɬɫɹ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɩɟɪɟɛɨɪɚ ɨɫɬɚɜɲɢɟɫɹ F ɦɨɞɟɥɟɣ ɹɜ-

ɥɹɸɬɫɹ ɥɭɱɲɢɦɢ ɢɡ ɜɫɟɯ 
np ɜ ɫɦɵɫɥɟ ɡɚɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɬɚ-

ɤɨɦ ɩɨɞɯɨɞɟ ɛɥɨɤɢ ɝɟɧɟɪɚɰɢɢ ɢ ɨɬɛɨɪɚ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢ ɨɛɴɟɞɢɧɹɸɬɫɹ. ɇɟɨɛɯɨ-

ɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɚɥɝɨɪɢɬɦɚɯ ɆȽɍȺ ɨɛɵɱɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɟɳɟ ɨɞɢɧ ɷɬɚɩ ɜɵ-

ɱɢɫɥɟɧɢɣ – ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɨɬɨɛɪɚɧɧɵɯ ɥɭɱɲɢɯ ɦɨɞɟɥɟɣ. ɉɪɢ ɷɬɨɦ ɜɵɱɢɫɥɹ-



ɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɢ ɨɲɢɛɤɚ ɷɤɫɬɪɚ-

ɩɨɥɹɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɜɵɛɨɪɭ ɧɚɢɛɨɥɟɟ ɥɭɱɲɢɯ ɝɟɨɦɟɬɪɢ-

ɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɜɢɯɪɢɬɟɥɹ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɨɛɴɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɨɫɬɨɹɧɢɣ 1 2, ,..., ka a a . Кɚɠɞɨɟ ɫɨɫɬɨɹɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɛɨɪɨɦ 

ɩɚɪɚɦɟɬɪɨɜ 1 2 1( , ,..., , )n nx x x x   (ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɡɚɜɢɯɪɢɬɟɥɹ ɢ ɤɚɦɟɪɵ 

ɫɝɨɪɚɧɢɹ) ɧɨɦɟɧɤɥɚɬɭɪɚ ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ: 1 2 1( , ,..., , )i n na a x x x x  .  

ɋɪɟɞɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɵɞɟɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ, ɤɨɬɨ-

ɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɰɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɂɦɟɧɧɨ ɬɚɤɨɣ ɫɦɵɫɥ ɜɤɥɚɞɵɜɚɸɬ ɜ ɬɟɪ-

ɦɢɧ ɪɟɡɭɥɶɬɚɬɢɜɧɵɣ ɩɪɢɡɧɚɤ ɢ ɨɛɨɡɧɚɱɚɸɬ ɟɝɨ 0Y  (ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ 

ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ). Ɍɚɤɢɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ 1nx  , ɩɨɷɬɨɦɭ 0 1nY x  . Ɋɟɡɭɥɶ-

ɬɚɬɵ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɥɢɹɧɢɹ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥ. 1 ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

Ɍɚɛɥɢɰɚ 1  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɇɨɦɟɪ 

ɫɨɫɬɨɹ-

ɧɢɹ 

ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

1( )x   
2 ( )x z  

3( )x c  
4 ( )x s  

5 ( )
KC

x D  
6 ( )

C
x D  

0 1nY x   

1a  0,4674 0,4497 0,4515 0,4251 0,8124 0,3526 36,1238 

2a  0,5133 0,5126 0,5162 0,4764 0,8243 0,3769 38,7295 

3a  0,5681 0,5324 0,5514 0,5015 0,8493 0,3991 39,9564 

4a  0,5424 0,5481 0,5836 0,5237 0,8451 0,4314 41,8999 

5a  0,5312 0,5499 0,6187 0,5469 0,8437 0,4533 47,5387 

6a  0,5267 0,5512 0,5782 0,5634 0,8399 0,4861 47,8531 

7a  0,5013 0,5584 0,5491 0,5823 0,8484 0,5234 48,2131 

8a  0,4861 0,5641 0,5037 0,5918 0,8311 0,5846 51,0832 

9a  0,4639 0,5689 0,4643 0,5767 0,8193 0,5632 51,8934 

10a  0,4498 0,5734 0,4238 0,5614 0,8031 0,5417 52,7312 



11a  0,4384 0,5548 0,4214 0,5236 0,7552 0,5319 53,1183 

12a  0,4246 0,5329 0,4191 0,5047 0,7167 0,5143 53,3527 

13a  0,4147 0,5127 0,4153 0,4814 0,6834 0,5027 53,5721 

14a  0,4002 0,5046 0,4132 0,4792 0,6971 0,4894 53,9215 

15a  0,3826 0,4949 0,3943 0,4657 0,7034 0,4749 53,7159 

16a  0,3751 0,4894 0,3743 0,4523 0,7231 0,4629 53,4892 

17a  0,3697 0,4724 0,3611 0,4401 0,6879 0,4591 52,7391 

18a  0,3634 0,4631 0,3547 0,4294 0,6764 0,4513 52,4682 

19a  0,3594 0,4519 0,3318 0,4036 0,6612 0,4424 52,1258 

20a  0,3511 0,4459 0,3171 0,3891 0,6581 0,4543 51,6977 

21a  0,3395 0,4391 0,2769 0,3681 0,6709 0,4714 51,7058 

22a  0,3254 0,4254 0,2437 0,3458 0,6814 0,4843 51,7243 

23a  0,3025 0,4195 0,2011 0,3221 0,6934 0,4912 51,7513 

24a  0,2584 0,4121 0,1895 0,2794 0,7052 0,3279 51,7925 

25a  0,1829 0,4057 0,1759 0,2264 0,7156 0,2561 51,8299 

26a  0,1171 0,3998 0,1651 0,1721 0,7213 0,1734 51,9519 

 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɢɜɧɨɝɨ ɩɪɢ-

ɡɧɚɤɚ 
0Y  ɫ ɧɚɛɨɪɨɦ ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 1 2, ,..., nx x x , ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɟɡɚ-

ɜɢɫɢɦɵɦɢ. 

ɉɨɫɬɪɨɟɧɢɟ ɢ ɚɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ 0( )Y x  ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɦɨ-

ɦɟɧɬɨɦ, ɩɨɫɤɨɥɶɤɭ ɪɟɡɭɥɶɬɚɬɢɜɧɵɣ ɩɪɢɡɧɚɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɨɦ ɢ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɟ ɞɨɫɬɢɱɶ ɷɤɫɬɪɟɦɚɥɶɧɵɯ 

ɭɪɨɜɧɟɣ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɟɬɨɞɚ ɝɪɭɩɩɨɜɨɝɨ ɭɱɟɬɚ ɚɪɝɭɦɟɧ-

ɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ ɆȽɍȺ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɧɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɆȽɍȺ ɞɥɹ ɨɰɟɧɤɢ ɫɬɪɭɤɬɭɪɵ ɰɢɪɤɭɥɹ-

ɰɢɨɧɧɵɯ ɡɨɧ ɦɨɞɟɥɢ.  

Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɫɥɟɞɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ: 



2

0 1 1 2 2 3 3 4 4 5 5 6 6 7 1 8 1 2 9 1 3

2

10 1 4 11 1 5 12 1 6 13 2 14 2 3 15 2 4 16 2 5 17 2 6

2 2 2

18 3 19 3 4 20 3 5 21 3 6 22 4 23 4 5 24 4 6 25 5

2

26 5 6 27 6

y a a x a x a x a x a x a x a x a x x a x x

a x x ɚ x x a x x a x a x x a x x a x x a x x
a x a x x a x x a x x a x a x x a x x a x

a x x a x

          

        

        

 

 

ɉɨɥɭɱɢɜ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ, ɧɚɣɞɟɦ ɤɨɪɧɢ ɩɨɥɢɧɨɦɢɚɥɶ-

ɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ɨɩɬɢɦɢɡɚɰɢɢ. 

 

 

 

 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɝɟɨɦɟɬɪɢ-

ɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɜɢɯɪɢɬɟɥɹ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ [ɂɫɚɟɜ, 2016, № 88]: 

- ɨɩɬɢɦɚɥɶɧɵɣ ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɡɚɜɢɯɪɢɬɟɥɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɟɥɢɱɢɧɚ 

ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɦɚɤɫɢɦɚɥɶɧɚ 052  ; 

- ɨɩɬɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɥɨɩɚɬɤɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɜɟɥɢɱɢɧɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ 

ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɚ 0.2z  ; 

- ɨɩɬɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɯɨɪɞɵ ɥɨɩɚɬɤɢ, ɝɟɧɟɪɢɪɭɸɳɚɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɛɴɟɦ 

ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɪɚɜɧɚ 0.8c  ; 

- ɝɭɫɬɨɬɚ ɪɟɲɟɬɤɢ ɡɚɜɢɯɪɢɬɟɥɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɴɟɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɡɨɧ ɦɚɤ-

ɫɢɦɚɥɟɧ, ɪɚɜɟɧ s =0.43, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 10 ɥɨɩɚɬɤɚɦ; 

- ɧɚɢɥɭɱɲɢɣ ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɨɝɪɚɧɢɱɟɧ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɫɨɨɛɪɚ-

ɠɟɧɢɹɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 𝐷̅кс= 1.79; 

- ɨɩɬɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɞɢɚɦɟɬɪɚ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɨɩɥɚ ɢɦɩɭɥɶɫɧɨɣ ɤɚ-

ɦɟɪɵ ɫɝɨɪɚɧɢɹ ɪɚɜɧɹɟɬɫɹ 𝐷̅с=0,41. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɲɟɧɢɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɨɡɜɨɥɢɥɨ ɭɬɨɱɧɢɬɶ ɨɩ-

ɬɢɦɚɥɶɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɜɢɯɪɢɬɟɥɹ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ȼ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɚɤɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɩɨɡɜɨɥɹɬ 

ɭɥɭɱɲɢɬɶ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, ɱɬɨ ɩɨɜɵɫɢɬ ɤɚɱɟɫɬɜɨ ɝɨɪɟɧɢɹ 

ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ.  

1 2 3 4 5 6

2

1 1 2 1 3 1 4 1 5 1 6

2 2

2 2 3 2 4 2 5 2 6 3

0.4041 0.1490 9.6220 1.6460 4.1780 0.0044 7.6540

1.9120 66.1000 1.1780 29.7300 0.3164 2.3450

0.4528 0.1489 0.7690 0.0415 4.8110 5.3920

0.6

y x x x x x x

x x x x x x x x x x x

x x x x x x x x x x

       

      

      

 2

3 4 3 5 3 6 4 4 5 4 6

2 2

5 5 6 6

139 0.2842 0.4157 0.0374 5.2710 0.1651

2.8110 0.7687 5.1930

x x x x x x x x x x x

x x x x

     

  
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