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ȼȼȿȾȿɇɂȿ 
 

 ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬ ɡɚɜɨɟɜɵɜɚɟɬ ɩɨɩɭɥɹɪɧɨɫɬɶ ɜ 

ɩɨɜɫɟɞɧɟɜɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɦɢɪɨɜɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɫɬɚɜɹɬ ɰɟɥɢ ɧɚ 

ɫɥɟɞɭɸɳɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɜɵɩɭɫɬɢɬɶ ɩɨɥɧɨɰɟɧɧɵɟ ɫɟɪɢɣɧɵɟ ɥɢɧɟɣɤɢ 

ɷɥɟɤɬɪɨɚɜɬɨɦɨɛɢɥɟɣ ɢ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɨɜ. ȼ ɝɨɪɨɞɚɯ ɩɪɨɯɨɞɹɬ ɪɟɮɨɪɦɵ ɨ 

ɩɨɱɬɢ ɩɨɥɧɨɣ ɷɥɟɤɬɪɨɮɢɤɚɰɢɢ ɬɪɚɧɫɩɨɪɬɚ, ɧɚɩɪɢɦɟɪ, ɜ Ⱥɦɫɬɟɪɞɚɦɟ.  

ɇɨ ɜ ɞɚɧɧɨɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬ ɛɟɡ ɩɨɫɬɨɹɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 

ɜɨɫɩɨɥɧɹɟɦɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɩɨ ɛɨɥɶɲɟɣ ɦɟɪɟ ɝɨɪɨɞɫɤɢɦ ɢɥɢ ɥɨɤɚɥɶɧɵɦ 

ɬɪɚɧɫɩɨɪɬɨɦ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɧɟɛɨɥɶɲɢɯ ɭɱɚɫɬɤɨɜ ɦɟɫɬɧɨɫɬɢ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɧɢɡɤɢɦ ɡɚɩɚɫɨɦ ɯɨɞɚ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɧɚ 

ɞɚɥɶɧɢɟ ɪɚɫɫɬɨɹɧɢɟ ɢ ɫɨɜɟɪɲɚɬɶ, ɧɚɩɪɢɦɟɪ, ɦɟɠɞɭɝɨɪɨɞɧɢɟ, ɩɚɬɪɭɥɢɪɭɸɳɢɟ 

ɢɥɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɩɨɟɡɞɤɢ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 

ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɟ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ, ɬ.ɤ. ɩɪɨɰɟɧɬ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ ɢ 

ɟɝɨ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɛɵɫɬɪɨ ɪɚɫɬɟɬ ɢ ɧɚɛɢɪɚɟɬ ɩɨɩɭɥɹɪɧɨɫɬɶ. Ɍɚɤ ɠɟ ɫɭɳɟɫɬɜɭɟɬ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɢɞɨɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ ɞɥɹ ɧɢɯ 

ɪɚɡɧɨɟ. 

Ɋɟɲɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɟ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɢ ɩɨɦɨɠɟɬ ɭɥɭɱɲɢɬɶ 

ɩɪɨɞɜɢɠɟɧɢɟ ɜ ɪɟɲɟɧɢɢ ɜɨɩɪɨɫɚ ɞɚɥɶɧɨɫɬɢ ɯɨɞɚ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ.  

 ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɩɚɫɚ ɯɨɞɚ ɫɜɨɟɝɨ 

ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ ɭɥɭɱɲɚɸɬ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɚɬɚɪɟɢ, ɪɚɛɨɬɚɸɬ ɧɚɞ 

ɭɥɭɱɲɟɧɢɟɦ ɞɢɡɚɣɧɚ ɤɨɪɩɭɫɚ ɢ ɪɚɦɵ, ɭɜɟɥɢɱɢɜɚɸɬ ɨɛɳɢɣ ɨɛɴɟɦ ɟɦɤɨɫɬɢ 

ɛɚɬɚɪɟɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɭɥɭɱɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɩɚɫɚ 

ɯɨɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɩɪɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɯɨɞɨɜɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ  ɞɢɡɚɣɧɚ ɤɨɪɩɭɫɚ ɢ ɪɚɦɵ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ 

ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. 
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1 Иɡɭɱɟɧɢɟ ɬɟɦɵ 

1.1 Аɤɬɭɚɥɶɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɦɵ 

 

ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɩɨɩɭɥɹɪɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ 

ɬɪɚɧɫɩɨɪɬɟ ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɭɥɭɱɲɟɧɢɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɧɧɨɝɨ ɜɢɞɚ ɬɪɚɧɫɩɨɪɬɚ. 

Ʌɢɞɟɪɵ ɦɢɪɨɜɨɝɨ ɪɵɧɤɚ ɭɠɟ ɫɨɡɞɚɸɬ ɞɟɫɹɬɤɢ ɦɨɞɟɥɟɣ 

ɷɥɟɤɬɪɨɚɜɬɨɦɨɛɢɥɟɣ ɢ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɰɢɹɯ ɢ ɞɥɹ ɪɚɡɧɨɣ 

ɚɭɞɢɬɨɪɢɢ, ɨɯɜɚɬ ɜ ɫɨɰɢɚɥɶɧɵɯ ɫɟɬɹɯ ɪɚɫɬɟɬ ɩɨ ɬɟɝɚɦ «ɷɥɟɤɬɪɨɦɨɬɨɪ» ɢɥɢ 

«ɷɥɟɤɬɪɨɦɨɛɢɥɶ», ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɪɨɫɬɟ ɨɛɳɟɣ ɭɜɥɟɱɟɧɧɨɫɬɢ ɥɸɞɟɣ ɞɚɧɧɨɣ 

ɬɟɦɨɣ. ȿɳё ɫɬɨɢɬ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɩɨɤɚɡɚɬɟɥɶ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɫɬɪɚɧɵ 

ɩɟɪɟɯɨɞɹɬ ɢɥɢ ɭɠɟ ɩɟɪɟɲɥɢ ɧɚ ɛɨɥɟɟ ɱɟɦ 90% ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ ɜ ɝɪɚɠɞɚɧɫɤɢɯ ɰɟɥɹɯ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɬɪɟɛɥɟɧɢɹ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɟ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ, ɬ.ɤ. ɩɪɨɰɟɧɬ 

ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ ɢ ɟɝɨ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɛɵɫɬɪɨ ɪɚɫɬɟɬ ɢ ɧɚɛɢɪɚɟɬ 

ɩɨɩɭɥɹɪɧɨɫɬɶ. Ɍɚɤ ɠɟ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɢɞɨɜ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ ɞɥɹ ɧɢɯ ɪɚɡɧɨɟ. 

Ɋɟɲɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɟ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɢ ɩɨɦɨɠɟɬ ɭɥɭɱɲɢɬɶ 

ɩɪɨɞɜɢɠɟɧɢɟ ɜ ɪɟɲɟɧɢɢ ɜɨɩɪɨɫɚ ɞɚɥɶɧɨɫɬɢ ɯɨɞɚ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ.  

Ʉɪɭɩɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ ɪɟɲɚɸɬ ɩɪɨɛɥɟɦɭ 

ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɭɥɭɱɲɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɛɚɬɚɪɟɣ, 

ɭɫɤɨɪɟɧɢɹ ɜɪɟɦɟɧɢ ɡɚɪɹɞɤɢ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ, ɭɥɭɱɲɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɪɩɭɫɚ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɚ [1]. 
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1.2 Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɪɨɛɥɟɦɵ ɨɩɬɢɦɢɡɚɰɢɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ 

 

Ɉɩɬɢɦɢɡɚɰɢɹ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɫɬɪɨɣ ɩɪɨɛɥɟɦɨɣ ɜ 

ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ. ȼ ɞɚɧɧɨɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬ ɹɜɥɹɟɬɫɹ ɩɨ ɛɨɥɶɲɟɣ 

ɦɟɪɟ ɝɨɪɨɞɫɤɢɦ ɢɥɢ ɥɨɤɚɥɶɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɧɟɛɨɥɶɲɢɯ 

ɭɱɚɫɬɤɨɜ ɦɟɫɬɧɨɫɬɢ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɢɡɤɢɦ ɡɚɩɚɫɨɦ ɯɨɞɚ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɩɟɪɟɦɟɳɚɬɶɫɹ ɧɚ ɞɚɥɶɧɢɟ ɪɚɫɫɬɨɹɧɢɟ ɢ ɫɨɜɟɪɲɚɬɶ, ɧɚɩɪɢɦɟɪ, ɦɟɠɝɨɪɨɞɫɤɢɟ, 

ɩɚɬɪɭɥɢɪɭɸɳɢɟ ɢɥɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɩɨɟɡɞɤɢ.  

Ɂɚɞɚɱɚ ɞɚɧɧɨɣ ɪɚɛɨɬɵ — ɭɜɟɥɢɱɢɬɶ ɡɚɩɚɫ ɯɨɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ, ɩɪɢ ɭɠɟ ɢɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɞɢɡɚɣɧɚ 

ɤɨɪɩɭɫɚ, ɚɪɯɢɬɟɤɬɭɪɵ ɪɚɦɵ ɢ ɜɵɛɪɚɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ.   

 

1.3 Цɟɥɢ ɢ ɡɚɞɚɱɢ ɪɚɛɨɬɵ ɨɩɬɢɦɢɡɚɰɢɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɞɥɹ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɞɥɹ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɢɤɥɨɦ.  

ȼ ɡɚɞɚɱɢ ɜɯɨɞɢɬ: 

- Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɯɨɞɚ ɡɚɩɚɫɚ ɛɚɬɚɪɟɢ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 

- Ɋɚɡɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

- Ɍɟɫɬɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

- ȼɵɜɨɞɵ ɩɨ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ. 

 

1.4 Оɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥ, ɩɨɫɬɪɨɟɧɧɵɣ ɧɚ ɛɚɡɟ 

ɋɢɛɢɪɫɤɨɝɨ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ [2]. Ɉɧ ɢɦɟɟɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ 

ɧɚɩɪɹɠɟɧɢɟɦ 48ȼ ɢ ɦɨɳɧɨɫɬɶɸ 5 ɤȼɬ, LiFePo4 ɛɚɬɚɪɟɢ 48ȼ ɧɚ 60Ⱥ/ɱ, ɦɟɠɞɭ 
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ɧɢɦɢ ɪɚɛɨɬɚɟɬ ɫɢɧɭɫɧɵɣ ɤɨɧɬɪɨɥɥɟɪ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɞɜɢɝɚɬɟɥɹ. ɉɪɢ 

ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜ 70 ɤɦ/ɱ, ɩɪɢ ɩɨɥɧɨɦ ɡɚɪɹɞɟ ɛɚɬɚɪɟɢ ɡɚɩɚɫ ɯɨɞɚ ɞɚɧɧɨɝɨ Ɍɋ 

ɨɤɨɥɨ 80 ɤɦ. Ɂɚɞɚɱɚ — ɭɜɟɥɢɱɢɬɶ ɡɚɩɚɫ ɯɨɞɚ, ɩɪɢ ɢɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ.   

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɦɨɞɟɥɢɪɭɟɦ ɫɢɫɬɟɦɭ ɩɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɟɡɞɵ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɨɞɚ. ȼɟɞɶ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɨɪɨɝɢ, 

ɭɤɥɨɧɚ, ɮɚɤɬɨɪɚ ɧɚɥɢɱɢɹ «ɩɪɨɛɨɤ»  ɧɚ ɞɨɪɨɝɟ - ɜɫɟ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɜɥɢɹɸɬ ɧɚ 

ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɪɚɫɯɨɞɚ ɛɚɬɚɪɟɢ.  ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɪɚɫɯɨɞ ɛɚɬɚɪɟɢ 

ɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɢɬɶ ɦɨɳɧɨɫɬɶ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ [3]: 

ɍɫɥɨɜɢɟ ɫɨɯɪɚɧɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ Ɍɋ: 

𝑁дв = 𝑁в + 𝑁д + 𝑁п + 𝑁к,                                                                (1) 

ɝɞɟ 𝑁в − ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɜɟɬɪɚ, ɤȼɬ; Nд − ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɞɨɪɨɝɢ, ɤȼɬ;  Nп − Ɇɨɳɧɨɫɬɶ ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɩɨɞɴɟɦɚ, ɤȼɬ;  Nк − Ɇɨɳɧɨɫɬɶ ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɤɚɱɟɧɢɸ, ɤȼɬ. 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɟɬɪɚ: 

 𝑁в = 𝑘вிаሺ𝜐±𝜐вሻ2𝜐ଵ଴଴଴ ,                                                                                                

(2) 

 

ɝɞɟ kв − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ;  Fа − ɥɨɛɨɜɚɹ ɩɥɨɳɚɞɶ Ɍɋ, мଶ;  υ −ɫɤɨɪɨɫɬɶ Ɍɋ, ɦ/ɫ. 
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Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɨɪɨɝɢ: 

 𝑁д = 𝜓ீ𝜐ଵ଴଴଴,                                                                                                             

(3) 

 

ɝɞɟ ψ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɨɪɨɝɢ;   G − ɜɟɫ Ɍɋ, ɇ; υ −ɫɤɨɪɨɫɬɶ Ɍɋ, ɦ/ɫ. 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɞɴɟɦɚ: 

        𝑁п = 𝜐ீ𝑠𝑖௡ሺ𝛼ሻଵ଴଴଴ ,                                                                                                       

(4) 

 

ɝɞɟ υ −ɫɤɨɪɨɫɬɶ Ɍɋ, ɦ/ɫ;  G − ɜɟɫ Ɍɋ, ɇ;  α − ɭɝɨɥ ɩɨɞɴɟɦɚ ɜ ɝɪɚɞɭɫɚɯ. 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ:  

 𝑁к = 𝜐𝑓кீ𝑐௢𝑠ሺ𝛼ሻଵ଴଴଴ ,                                                                                                 (5)   

                                                  

ɝɞɟ 𝑓к = ଵଵ5+𝜐ଵ଴଴଴଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ;  υ −ɫɤɨɪɨɫɬɶ Ɍɋ, ɦ/ɫ;  α − ɭɝɨɥ ɩɨɞɴɟɦɚ ɜ ɝɪɚɞɭɫɚɯ;  G − ɜɟɫ Ɍɋ, ɇ. 

Ɍɨɝɞɚ: 𝑁дв =  𝑘вܨаሺ𝜐±𝜐вሻʹ𝜐ͳͲ͵ + 𝜓ܩ𝜐ͳͲ͵ + 𝜐ܩ𝑠𝑖݊ሺ𝛼ሻͳͲ͵ + 𝜐ሺͳͳ5+𝜐ሻܩ𝑐݋𝑠ሺ𝛼ሻͳͲ7                             (6) 
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨɣ ɜɵɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 70 ɤɦ/ɱ ɢɥɢ 19,4 ɦ/c ɢɫɩɨɥɶɡɭɟɦ ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɜɵɲɟ 

ɮɨɪɦɭɥɭ ɢ ɩɨɥɭɱɢɦ ɪɟɡɭɥɶɬɚɬ ɪɚɜɧɵɣ 1552 ȼɬ, ɢɦɟɧɧɨ ɫɤɨɥɶɤɨ ɱɢɫɬɨɣ ɷɧɟɪɝɢɢ 

ɧɭɠɧɨ ɡɚɬɪɚɬɢɬɶ ɧɚ ɩɟɪɟɞɜɢɠɟɧɢɟ ɩɪɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ.  

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɬɚɛɥɢɰɭ 

[3] ɬɟɫɬɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɢ ɟё ɷɮɮɟɤɬɢɜɧɨɫɬɶ (Ɋɢɫɭɧɨɤ 1). ȼɨɡɶɦɟɦ 

ɩɪɢɛɥɢɠɟɧɧɭɸ ɤ ɧɚɲɟɦɭ ɪɟɡɭɥɶɬɚɬɭ ɡɚɬɪɚɱɢɜɚɟɦɭɸ ɷɧɟɪɝɢɸ ɜ 1531.11 ȼɬ.  

 

Ɋɢɫɭɧɨɤ 1 - Ɍɟɫɬ ɞɢɧɚɦɢɤɢ ɞɜɢɝɚɬɟɥɹ 

 

ɉɨ ɬɚɛɥɢɰɟ ɜɢɞɧɨ, ɱɬɨ ɬɪɟɛɭɟɬɫɹ ɭɱɢɬɵɜɚɬɶ ɄɉȾ ɞɜɢɝɚɬɟɥɹ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɠɧɨ ɩɨɬɪɚɬɢɬɶ ɧɟ 1531 ȼɬ ɱɢɫɬɵɦɢ, ɚ 1707 ȼɬ ɷɧɟɪɝɢɢ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ, ɞɥɹ ɞɜɢɠɟɧɢɹ ɩɨ ɪɨɜɧɨɣ ɞɨɪɨɝɟ ɫɨ ɫɤɨɪɨɫɬɶɸ 70 ɤɦ/ɱ ɬɪɟɛɭɟɬɫɹ 

1707 ȼɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ.  

Ʉ ɩɪɢɦɟɪɭ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɟɯɚɬɶ 100 ɤɦ ɫ ɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

ɉɪɢ ɫɤɨɪɨɫɬɢ 70ɤɦ/ɱ 100 ɤɦ ɩɪɟɨɞɨɥɟɜɚɟɬɫɹ ɡɚ 1,4 ɱɚɫɚ.  

1,4ɱ * 1707ȼɬ = 2389 ȼ*Ⱥ*ɱ. 

ɉɨɞɟɥɢɦ ɢ ɩɨɥɭɱɢɦ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɟɦɤɨɫɬɢ 

ɛɚɬɚɪɟɢ:  

3329 ȼ*Ⱥ*ɱ  / 48ȼ = 49Ⱥɱ 
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ɇɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɟ ɫɬɨɹɬ ɛɚɬɚɪɟɢ ɧɚ 

60Ⱥɱ, ɬɨɝɞɚ ɩɪɢ 100/69*60 ɩɨɥɭɱɚɟɦ ɩɪɢɦɟɪɧɨ 122 ɤɦ ɞɚɥɶɧɨɫɬɢ ɯɨɞɚ ɩɨ 

ɚɫɮɚɥɶɬɢɪɨɜɚɧɧɨɣ ɩɪɹɦɨɣ ɞɨɪɨɝɟ ɛɟɡ ɧɚɤɥɨɧɨɜ.  

ɑɬɨɛɵ ɩɨɜɥɢɹɬɶ ɧɚ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ ɞɚɧɧɨɝɨ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ 

ɞɨɫɬɭɩɟɧ ɪɟɝɭɥɢɪɭɟɦɵɣ ɩɚɪɚɦɟɬɪ — ɧɚɩɪɹɠɟɧɢɟ ɪɭɱɤɢ ɝɚɡɚ, ɤɨɬɨɪɚɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɩɨɬɟɧɰɢɨɦɟɬɪ ɞɥɹ ɪɟɝɭɥɢɪɨɜɤɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɢɧɬɟɪɜɚɥ ɞɟɣɫɬɜɢɹ ɪɭɱɤɢ ɝɚɡɚ ɨɬ 1 ɞɨ 5ȼ.  

Ɍɨ ɟɫɬɶ ɟɫɥɢ ɜɵɤɪɭɬɢɬɶ ɪɭɱɤɭ ɝɚɡɚ ɧɚ ɩɨɥɨɜɢɧɭ, ɷɬɨ ɞɚɫɬ 2,5ȼ ɧɚɩɪɹɠɟɧɢɹ 

ɧɚ ɤɨɧɬɪɨɥɥɟɪ, ɱɬɨ ɞɚɫɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɸ ɩɨɥɨɜɢɧɭ ɜɨɡɦɨɠɧɨɝɨ ɤɪɭɬɹɳɟɝɨ 

ɦɨɦɟɧɬɚ (14 ɇɦ), ɚ ɱɟɦ ɛɨɥɶɲɟ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɬɟɦ ɛɨɥɶɲɟ ɪɚɫɯɨɞ ɛɚɬɚɪɟɢ. 

ȼ ɭɫɥɨɜɢɹɯ ɞɜɢɠɟɧɢɹ ɜ ɱɟɪɬɟ ɝɨɪɨɞɚ ɜɫɬɪɟɱɚɸɬɫɹ ɜɧɟɲɧɢɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ 

ɧɚ ɩɨɬɪɟɛɥɟɧɢɟ ɛɚɬɚɪɟɢ: ɷɬɨ ɩɨɞɴɟɦɵ, ɫɩɭɫɤɢ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɩɪɨɛɤɢ. 

ɉɨɝɨɞɧɵɟ ɭɫɥɨɜɢɹ ɜ ɜɢɞɟ ɧɢɡɤɨɣ ɢɥɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɫɱɟɬ ɛɪɚɬɶ ɧɟ 

ɛɭɞɟɦ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɡɚɞɚɱɢ.  

 

1.5 Оɛɡɨɪ ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ ɩɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɦɟ 

 

1) ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɧɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɫ ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɦɢ ɡɚɩɚɫɚɦɢ ɧɟɮɬɢ. Ⱥɜɬɨɪɵ: Ʉɚɪɚɢɱɟɜ Ʉ. 

ɇ., Ɂɵɪɢɧ ȼ. Ɉ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɭɛɥɢɤɚɰɢɢ: ɇɚɰɢɨɧɚɥɶɧɵɣ ɦɢɧɟɪɚɥɶɧɨ-

ɫɵɪɶɟɜɨɣ ɭɧɢɜɟɪɫɢɬɟɬ «Ƚɨɪɧɵɣ», ɠɭɪɧɚɥ EUROPEAN SCIENCE  2016 ɝ. [5] 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɩɪɨɛɥɟɦɚ ɭɜɟɥɢɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɧɚɫɨɫɨɜ ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɞɨɛɵɱɢ ɧɟɮɬɢ ɧɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. ɉɭɬɟɦ ɫɨɡɞɚɧɢɹ ɧɨɜɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ. Ɍɚɤɠɟ 

ɭɥɭɱɲɟɧɢɹ ɧɟɮɬɟɞɨɛɵɱɢ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɫ ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɦɢ ɡɚɩɚɫɚɦɢ 

ɧɟɮɬɢ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɡɚ ɫɱɟɬ ɨɩɬɢɦɢɡɚɰɢɢ ɫɢɫɬɟɦɵ «ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ» - ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɩɟɪɚɰɢɹɦɢ ɩɨ ɞɨɛɵɱɟ 

ɧɟɮɬɢ ɢ ɝɚɡɚ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɣ ɫɨɡɞɚɸɬɫɹ ɢɧɬɟɝɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
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ɢ ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɞɨɛɵɱɟɣ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɧɟɮɬɟɞɨɛɵɱɭ.  

Ⱥɜɬɨɪɵ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɧɚɫɨɫɨɜ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɫ ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɦɢ 

ɡɚɩɚɫɚɦɢ ɧɟɮɬɢ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɧɚɫɨɫɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ - ɫɢɫɬɟɦɵ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɤɨɧɬɪɨɥɟɦ, ɚɞɚɩɬɢɜɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ 

ɭɩɪɚɜɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ – ɬɚɤɢɯ ɤɚɤ ɤɨɧɬɪɨɥɥɟɪɵ, ɉɅɂɋ – ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ 

ɥɨɝɢɱɟɫɤɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ. 

2) ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɜɨɡɛɭɠɞɟɧɢɹ. Ⱥɜɬɨɪɵ: Ɇɢɧ Ɍ. Ⱥ., ɋɭɡɞɨɪɮ ȼ. ɂ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɭɛɥɢɤɚɰɢɢ: 

ɠɭɪɧɚɥ ȼɟɫɬɧɢɤ Ʉɭɡɛɚɫɫɤɨɝɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ Ɍɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, 

2017 ɝ. [6]  

ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɚɬɢɤɟ, ɫɜɹɡɚɧɧɨɣ ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ 

ɷɧɟɪɝɟɬɢɤɢ, ɚɥɝɨɪɢɬɦɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ, ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɫ ɞɜɢɝɚɬɟɥɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɜ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ ɞɥɹ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɵɯ ɭɩɪɚɜɥɟɧɢɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ. ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɨɬ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɞɨ ɛɵɬɨɜɵɯ 

ɩɪɢɛɨɪɨɜ ɢ ɪɭɱɧɨɝɨ ɷɥɟɤɬɪɨɢɧɫɬɪɭɦɟɧɬɚ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɫɬɚɬɶɟ, ɤɨɧɫɬɚɬɢɪɭɸɬ ɧɚɥɢɱɢɟ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɚɬɢɤɢ, 

ɫɜɹɡɚɧɧɨɣ ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ ɷɧɟɪɝɟɬɢɤɢ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ. ɂɡ ɰɟɥɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɩɪɨɛɥɟɦ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɜ ɫɬɚɬɶɟ ɩɨɫɬɚɜɥɟɧ ɜɨɩɪɨɫ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ ɚɧɚɥɢɡɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɫɢɧɬɟɡɟ ɭɩɪɚɜɥɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢɧɰɢɩ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɫɩɟɤɬɪɚɥɶɧɵɣ ɦɟɬɨɞ ȼ.ȼ. ɋɨɥɨɞɨɜɧɢɤɨɜɚ, ɚ ɬɚɤɠɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɪɟɞɟ Matlab Simulink. 
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3) ɉɪɚɤɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɱɢɫɥɟɧɧɨɝɨ ɩɨɢɫɤɚ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ 

ɦɨɳɧɨɫɬɢ ɩɨɬɟɪɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. Ⱥɜɬɨɪɵ: Ȼɨɪɢɫɟɜɢɱ Ⱥ. ȼ. 

Ɋɚɡɦɟɳɟɧɢɟ ɫɬɚɬɶɢ: ɠɭɪɧɚɥ “ɇɚɭɤɨɜɟɞɟɧɶɟ”, 2014 ɝ. [7] 

ɐɟɥɶ ɞɚɧɧɨɣ ɫɬɚɬɶɢ - ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɪɹɦɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɩɨɢɫɤɚ 

ɦɢɧɢɦɭɦɚ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɛɵ ɨɛɥɚɞɚɥ 

ɞɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɩɬɭɚɥɶɧɨɣ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨɬɨɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɧɚ 

ɨɫɧɨɜɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ɉɩɢɫɚɧɧɨɟ ɜ ɫɬɚɬɶɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɡɞɚɧɨ ɜ ɫɪɟɞɟ MATHLAB/Simulink, ɬɚɦ 

ɠɟ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɪɟɚɥɶɧɵɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɬɨɞ ɪɚɛɨɬɨɫɩɨɫɨɛɟɧ ɢ ɭɫɬɨɣɱɢɜ ɤ ɲɭɦɚɦ ɢɡɦɟɪɟɧɢɹ. 

4) Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. Ⱥɜɬɨɪɵ: Ɂɨɥɨɬɵɯ ɋ.Ɏ., Ɋɨɠɤɨɜ ɋ.ȼ., Ʌɨɛɚɧɨɜɚ ɋ.ȼ. 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɬɚɬɶɢ: ɀɭɪɧɚɥ ɂɡɜɟɫɬɢɹ Ɍɭɥɶɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ. Ɍɟɯɧɢɱɟɫɤɢɟ ɧɚɭɤɢ. 2013 ɝ. [8] 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɥɢɬɟɪɚɬɭɪɧɨ ɩɚɬɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɨɫɬɭɩɧɵɯ 

ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɣ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ, 

ɩɪɢɜɟɞɟɧɵ ɧɚɢɛɨɥɟɟ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɟ ɫɟɛɹ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. 

Ʉɚɠɞɵɣ ɢɡ ɜɵɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ ɚɪɝɭɦɟɧɬɢɪɨɜɚɧ. 

 

1.6 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɜɵɛɪɚɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɬɟɦɟ ɢɫɫɥɟɞɨɜɚɧɢɹ  
 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɵɛɪɚɧɧɵɯ ɫɬɚɬɟɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɫɪɚɜɧɟɧɢɹ. 

ɋɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ (Ɍɚɛɥɢɰɚ 1) ɞɥɹ ɧɚɝɥɹɞɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜɵɛɪɚɧɧɵɯ ɫɬɚɬɟɣ, 

ɤɪɢɬɟɪɢɢ ɛɭɞɭɬ ɬɚɤɢɦɢ: ɝɨɞ ɩɭɛɥɢɤɚɰɢɢ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɦɟɬɨɞɵ, ɨɫɧɨɜɧɚɹ 

ɩɪɨɛɥɟɦɚ ɪɚɛɨɬɵ ɢ ɡɚɞɚɱɢ, ɪɟɲɚɟɦɵɟ ɚɜɬɨɪɨɦ. 

Ɍɚɛɥɢɰɚ 1 - ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɪɚɧɧɵɦ ɩɭɛɥɢɤɚɰɢɹɦ 
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Ƚɨɞ ɇɚɡɜɚɧɢɟ ɫɬɚɬɶɢ Ⱥɜɬɨɪɵ 
ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ 

ɦɟɬɨɞ 

Ɂɚɞɚɱɢ, ɪɟɲɚɟɦɵɟ 

ɚɜɬɨɪɨɦ 

Ɉɫɧɨɜɧɚɹ 

ɩɪɨɛɥɟɦɚ 

2016  

ɉɨɜɵɲɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɪɚɛɨɬɵ 

ɷɥɟɤɬɪɨɰɟɧɬɪɨɛɟɠɧɵɯ 

ɧɚɫɨɫɨɜ ɧɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɫ 

ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɦɢ 

ɡɚɩɚɫɚɦɢ ɧɟɮɬɢ 

Ʉɚɪɚɢɱɟɜ 

Ʉ. ɇ., 

Ɂɵɪɢɧ ȼ. 

Ɉ. .    

ɉɪɟɞɥɨɠɟɧɢɟ 

ɫɨɡɞɚɬɶ ɫɢɫɬɟɦɭ ɞɥɹ  

ɤɨɧɬɪɨɥɢɪɨɜɚɧɢɹ ɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɧɟɮɬɟɞɨɛɵɱɢ 

Ɂɚɞɚɱɚ ɭɜɟɥɢɱɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

ɧɚɫɨɫɨɜ 

ɧɟɮɬɟɞɨɛɵɱɢ 

ɩɪɨɛɥɟɦɚ 

ɭɜɟɥɢɱɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟ

ɣ ɧɚɫɨɫɨɜ ɞɥɹ 

ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɞɨɛɵɱɢ ɧɟɮɬɢ ɧɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ 

2017  

ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ 

ɞɜɢɝɚɬɟɥɟɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɜɨɡɛɭɠɞɟɧɢɹ 

Ɇɢɧ Ɍ. Ⱥ., 

ɋɭɡɞɨɪɮ 

ȼ. ɂ 

Ɇɟɬɨɞ 

ȼ.ȼ.ɋɨɥɨɞɨɜɧɢɤɨɜɚ, 

ɚ ɬɚɤɠɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ 

ɫɪɟɞɟ Matlab 

Simulink. 

Ɂɚɞɚɱɚ ɚɧɚɥɢɡɚ 

ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɢ 

ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

ɫ ɞɜɢɝɚɬɟɥɟɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɜɨɡɛɭɠɞɟɧɢɹ ɜ 

ɩɟɪɟɯɨɞɧɵɯ 

ɩɪɨɰɟɫɫɚɯ ɞɥɹ 

ɩɨɢɫɤɚ 

ɨɩɬɢɦɚɥɶɧɵɯ 

ɭɩɪɚɜɥɟɧɢɣ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ 

ɉɪɨɛɥɟɦɚ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨ

ɫɬɢ ɭɩɪɚɜɥɟɧɢɹ 

2014  

ɉɪɚɤɬɢɱɟɫɤɢɣ 

ɚɥɝɨɪɢɬɦ ɱɢɫɥɟɧɧɨɝɨ 

ɩɨɢɫɤɚ ɞɥɹ 

ɦɢɧɢɦɢɡɚɰɢɢ 

ɦɨɳɧɨɫɬɢ ɩɨɬɟɪɶ 

ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

Ȼɨɪɢɫɟɜɢɱ 

Ⱥ. ȼ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 

ɫɢɫɬɟɦɵ 

ɨɩɬɢɦɢɡɚɰɢɢ ɜ 

ɫɪɟɞɟ 

MATHLAB/Simulin

k 

Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ 

ɩɪɹɦɨɝɨ 

ɱɢɫɥɟɧɧɨɝɨ ɩɨɢɫɤɚ 

ɦɢɧɢɦɭɦɚ 

ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢ

ɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ɉɪɨɛɥɟɦɚ ɩɨɬɟɪɢ 

ɦɨɳɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ɩɪɢ ɪɚɛɨɬɟ 

2013  

Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ 

ɩɨɜɵɲɟɧɢɹ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 

Ɂɨɥɨɬɵɯ 

ɋ.Ɏ., 

Ɋɨɠɤɨɜ 

ɋ.ȼ., 

Ʌɨɛɚɧɨɜɚ 

ɋ.ȼ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɩɞ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ɩɭɬɟɦ ɩɨɞɫɱɟɬɚ 

ɦɨɳɧɨɫɬɢ. 

ɍɜɟɥɢɱɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

Ⱦɨɪɨɝɚɹ 

ɷɤɫɩɥɭɚɬɚɰɢɹ ɢ 

ɦɚɥɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟ

ɣ 
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ɉɨ ɩɨɥɭɱɢɜɲɟɣɫɹ ɬɚɛɥɢɰɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1)   ɋɚɦɚɹ ɪɚɧɧɹɹ ɫɬɚɬɶɹ ɢɡ ɜɵɛɪɚɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɛɵɥɚ ɢɡɞɚɧɚ ɜ  2013 

ɝɨɞɭ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ ɚɤɬɭɚɥɶɧɨɫɬɢ ɞɚɧɧɨɣ ɬɟɦɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ;   

2) ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɬɚɬɶɹɯ ɚɜɬɨɪɵ ɨɩɢɫɵɜɚɸɬ ɪɚɡɧɵɟ ɩɪɨɛɥɟɦɵ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɭɬɟɦ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɛɨɬɵ ɫ ɧɢɦ. ɑɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɨɛɲɢɪɧɨ ɢ ɟɫɬɶ ɨɛɳɚɹ ɩɪɨɛɥɟɦɚ ɭɥɭɱɲɟɧɢɹ ɢɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɬɚɤɢɟ ɫɬɚɬɶɢ ɤɚɤ «Ⱥɧɚɥɢɡ ɜɥɢɹɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɥɢɧɟɣɧɨɝɨ ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɝɨ 

ɪɚɛɨɬɵ», ɚɜɬɨɪɵ Ɇɢɥɵɯ ȼ.ɂ., Ɍɤɚɱɟɧɤɨ ɋ.ȼ.[9] 

«Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɧɟɝɨɫɛɟɪɟɝɚɸɳɟɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɧɚɫɨɫɨɜ ɤɧɫ», ɚɜɬɨɪɵ Ʌɵɫɨɜɚ Ɉ.Ⱥ., 

ɉɨɪɬɧɹɝɢɧ Ⱥ.Ʌ., Ʉɨɱɧɟɜ ɉ.ȼ.[10]. 

«ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɝɪɟɛɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɭɫɬɚɧɨɜɤɢ», ɚɜɬɨɪɵ Ʉɚɥɦɵɤɨɜ Ⱥ.ɇ, Ƚɚɥɭɲɢɧ ɋ.ə., Ⱦɦɢɬɪɢɟɜ Ȼ.Ɏ.[11]. 

«ɉɪɟɞɥɨɠɟɧɢɹ ɩɨ ɭɥɭɱɲɟɧɢɸ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɬɨɤɨɦ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɷɥɟɤɬɪɨɜɨɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɝɨ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ», ɚɜɬɨɪɵ ɋɚɜɨɫɶɤɢɧ Ⱥ. ɇ., Ɍɟɥɟɝɢɧ Ɇ. ȼ., ɉɥɢɫ ȼ. ɂ., 

ɀɢɪɤɨɜ Ⱥ. ɂ.[12] 

ɋɢɫɬɟɦɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟɦ ɪɨɬɨɪɚ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɚɜɬɨɪɵ Ɉɜɫɹɧɧɢɤɨɜ ȿ.Ɇ., ɇɝɭɟɧ Ʉ.Ɍ. [13]. 

«ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ «ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ - 

ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ» ɧɚɫɨɫɨɜ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɚɞɚɩɬɢɜɧɵɦ 

ɚɥɝɨɪɢɬɦɨɦ ɭɩɪɚɜɥɟɧɢɹ», ɚɜɬɨɪɵ Ɍɚɪɚɧɨɜ Ⱦ.Ɇ., Ʉɚɭɧ Ɉ.ɘ., Ƚɟɬɦɚɧɟɧɤɨ ȼ.Ɇ., 

Ʌɟɛɟɞɟɜ Ʉ.ɇ., Ʌɢɬɜɢɧɨɜ ȼ.ɇ., ɋɬɚɪɨɜɨɣɬ Ɇ.ɘ.[14] 

«Ɉɛ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ», 

ɚɜɬɨɪɵ  əɧɨɱɤɢɧɚ Ɉ. Ɉ. [15]. 
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«Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ɪɨɛɨɬɚ-ɤɨɧɜɟɪɬɨɩɥɚɧɚ», ɚɜɬɨɪɵ Ɇɨɫɤɟɪɚ Ɇ. Ɇ. [16]. 

«ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ», ɚɜɬɨɪɵ Ɇɚɤɫɚɤɨɜ ɋ.Ⱥ. [17]. 

«ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ ɫɢɫɬɟɦɟ ɭɦɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ», ɚɜɬɨɪɵ Ɇɢɧɚɤɨɜɚ Ɍ.ȿ. [18]. 

«Ɋɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɩɥɢɫ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ 

ɢɦɩɭɥɶɫɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɚɦɢ "ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ - ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ" 

ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ», ɚɜɬɨɪɵ Ʉɪɢɜɢɥɟɜ 

Ⱥ.ȼ. [19]. 

«ɐɢɮɪɨɜɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ», 

ɚɜɬɨɪɵ Ɂɚɯɚɪɨɜ ȼ.ɋ. [20] 

ɂɫɯɨɞɹ ɢɡ ɡɚɬɪɚɝɢɜɚɟɦɵɯ ɜ ɫɬɚɬɶɹɯ ɩɪɨɛɥɟɦɚɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ ɫɨɜɩɚɞɚɸɬ ɫ ɩɪɨɛɥɟɦɨɣ, ɜɵɞɟɥɟɧɧɨɣ ɜ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ, ɬ.ɟ. ɨɩɬɢɦɢɡɚɰɢɹ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ 

ɩɨɜɵɲɟɧɢɟ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

ɩɪɨɯɨɞɹɬ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ — ɜ ɧɟɮɬɟɞɨɛɵɱɟ, ɜ ɚɜɢɚɰɢɢ, ɜ ɚɝɪɚɪɧɨɣ ɨɛɥɚɫɬɢ, 

ɜ ɫɭɞɨɯɨɞɫɬɜɟ, ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɛɴɟɤɬɵ, ɬɪɚɧɫɩɨɪɬ. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɯɨɞɢɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɟɦ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɜɚɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɬɚɤɠɟ 

ɫɨɡɞɚɜɚɬɶ ɫɢɫɬɟɦɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ ɫɚɦɨɨɛɭɱɟɧɢɟɦ.  

ȼɵɛɨɪ ɞɚɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɛɵɥ ɨɛɨɫɧɨɜɚɧ ɧɚɥɢɱɢɟɦ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 

ɫɜɟɞɟɧɢɣ, ɢ ɦɟɬɨɞɨɜ ɫ ɩɨɥɧɵɦɢ ɪɟɲɟɧɢɹɦɢ ɧɟɨɛɯɨɞɢɦɵɯ ɡɚɞɚɱ, ɱɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɵ. Ɍɚɤ ɠɟ ɩɪɨɛɥɟɦɵ, ɢ 

ɩɪɟɞɦɟɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɵɹɜɥɟɧɧɵɟ ɚɜɬɨɪɚɦɢ ɜ ɜɵɛɪɚɧɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ, 

ɫɨɜɩɚɞɚɸɬ ɫ ɩɪɨɛɥɟɦɚɦɢ, ɢɫɫɥɟɞɭɟɦɵɦɢ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

Ɋɟɡɭɥɶɬɚɬ ɩɪɨɜɟɞɟɧɧɨɝɨ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɚɬɟɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɬɨɦ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ 
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ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɬɨɞɵ, ɢɡ ɤɨɬɨɪɵɯ ɜɵɛɢɪɚɸɬɫɹ ɫɚɦɵɟ ɷɮɮɟɤɬɢɜɧɵɟ ɞɥɹ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ⱦɥɹ 

ɷɬɨɝɨ ɩɪɨɜɨɞɹɬɫɹ ɦɨɞɢɮɢɤɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɩɨɞ ɤɨɧɤɪɟɬɧɵɟ 

ɩɪɨɰɟɫɫɵ ɢ ɭɫɥɨɜɢɹ. 

 

 

 

 

2 Мɟɬɨɞɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

2.1 Мɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɤɥɚɫɫɢɮɢɤɚɰɢɣ 

Ɂɚɞɚɱɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ — ɮɨɪɦɚɥɢɡɨɜɚɧɧɚɹ ɡɚɞɚɱɚ, ɜ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ 

ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ (ɫɢɬɭɚɰɢɣ), ɪɚɡɞɟɥёɧɧɵɯ ɧɟɤɨɬɨɪɵɦ ɨɛɪɚɡɨɦ ɧɚ ɤɥɚɫɫɵ. 

Ɂɚɞɚɧɨ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɡɜɟɫɬɧɨ, ɤ ɤɚɤɢɦ ɤɥɚɫɫɚɦ 

ɨɧɢ ɨɬɧɨɫɹɬɫɹ. ɗɬɨ ɦɧɨɠɟɫɬɜɨ ɧɚɡɵɜɚɟɬɫɹ ɜɵɛɨɪɤɨɣ. Ʉɥɚɫɫɨɜɚɹ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɨɫɬɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɧɟɢɡɜɟɫɬɧɚ. Ɍɪɟɛɭɟɬɫɹ ɩɨɫɬɪɨɢɬɶ 

ɚɥɝɨɪɢɬɦ, ɫɩɨɫɨɛɧɵɣ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ (ɫɦ. ɧɢɠɟ) ɩɪɨɢɡɜɨɥɶɧɵɣ ɨɛɴɟɤɬ ɢɡ 

ɢɫɯɨɞɧɨɝɨ ɦɧɨɠɟɫɬɜɚ. 

Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɨɛɴɟɤɬ — ɡɧɚɱɢɬ, ɭɤɚɡɚɬɶ ɧɨɦɟɪ (ɢɥɢ ɧɚɢɦɟɧɨɜɚɧɢɟ) 

ɤɥɚɫɫɚ, ɤ ɤɨɬɨɪɨɦɭ ɨɬɧɨɫɢɬɫɹ ɞɚɧɧɵɣ ɨɛɴɟɤɬ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɨɛɴɟɤɬɚ — ɧɨɦɟɪ 

ɢɥɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɤɥɚɫɫɚ, ɜɵɞɚɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦɨɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɤ ɞɚɧɧɨɦɭ ɤɨɧɤɪɟɬɧɨɦɭ ɨɛɴɟɤɬɭ. 

ȼ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɚɡɵɜɚɸɬɫɹ ɬɚɤɠɟ 

ɡɚɞɚɱɚɦɢ ɞɢɫɤɪɢɦɢɧɚɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ȼ ɦɚɲɢɧɧɨɦ ɨɛɭɱɟɧɢɢ ɡɚɞɚɱɚ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɪɟɲɚɟɬɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɜɢɞɟ ɨɛɭɱɟɧɢɹ ɫ ɭɱɢɬɟɥɟɦ 

[21]. 
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2.2 Ɉɛɡɨɪ ɦɟɬɨɞɨɜ ɡɚɞɚɱ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

2.2.1 Ɋɟɲɚɸɳɟɟ ɞɟɪɟɜɨ 
 

Ɋɟɲɚɸɳɢɟ ɞɟɪɟɜɶɹ ɜɨɫɩɪɨɢɡɜɨɞɹɬ ɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ 

ɩɨɥɭɱɢɬɶ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɚ ɫ ɩɨɦɨɳɶɸ ɨɬɜɟɬɨɜ 

ɧɚ ɢɟɪɚɪɯɢɱɟɫɤɢ ɨɪɝɚɧɢɡɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɜɨɩɪɨɫɨɜ. ɉɪɢɱёɦ ɜɨɩɪɨɫ, 

ɡɚɞɚɜɚɟɦɵɣ ɧɚ ɩɨɫɥɟɞɭɸɳɟɦ ɢɟɪɚɪɯɢɱɟɫɤɨɦ ɭɪɨɜɧɟ, ɡɚɜɢɫɢɬ ɨɬ ɨɬɜɟɬɚ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɭɪɨɜɧɟ. ɉɨɞɨɛɧɵɟ ɥɨɝɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢɡɞɚɜɧɚ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɛɨɬɚɧɢɤɟ, ɡɨɨɥɨɝɢɢ, ɦɢɧɟɪɚɥɨɝɢɢ, ɦɟɞɢɰɢɧɟ ɢ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ. 

ɉɪɢɦɟɪ, ɪɟɲɚɸɳɟɝɨ ɞɟɪɟɜɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɝɪɭɛɨ ɨɰɟɧɢɬɶ ɫɬɨɢɦɨɫɬɶ 

ɤɜɚɞɪɚɬɧɨɝɨ ɦɟɬɪɚ ɠɢɥɶɹ ɜ ɩɪɟɞɩɨɥɚɝɚɟɦɨɦ ɝɨɪɨɞɟ ɩɪɢɜɟɞɟɧɚ ɧɚ Ɋɢɫɭɧɤɟ 2. 

ɋɯɟɦɟ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɢɡɨɛɪɚɠёɧɧɨɣ ɧɚ Ɋɢɫɭɧɤɟ 2, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɹɡɧɵɣ 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɚɰɢɤɥɢɱɟɫɤɢɣ ɝɪɚɮ – ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɞɟɪɟɜɨ. Ⱦɟɪɟɜɨ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɨɪɧɟɜɭɸ ɜɟɪɲɢɧɭ, ɢɧɰɢɞɟɧɬɧɭɸ ɬɨɥɶɤɨ ɜɵɯɨɞɹɳɢɦ ɪёɛɪɚɦɢ, 

ɜɧɭɬɪɟɧɧɢɟ ɜɟɪɲɢɧɵ, ɢɧɰɢɞɟɧɬɧɭɸ ɨɞɧɨɦɭ ɜɯɨɞɹɳɟɦɭ ɪɟɛɪɭ ɢ ɧɟɫɤɨɥɶɤɢɦ 

ɜɵɯɨɞɹɳɢɦ, ɢ ɥɢɫɬɶɹ – ɤɨɧɰɟɜɵɟ ɜɟɪɲɢɧɵ, ɢɧɰɢɞɟɧɬɧɵɟ ɬɨɥɶɤɨ ɨɞɧɨɦɭ 

ɜɯɨɞɹɳɟɦɭ ɪɟɛɪɭ 

 

Ɋɢɫɭɧɨɤ 2 - ɋɯɟɦɚ ɪɟɲɚɸɳɟɝɨ ɞɟɪɟɜɚ 

 



18 

 

 

Ʉɚɠɞɨɣ ɢɡ ɜɟɪɲɢɧ ɞɟɪɟɜɚ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɥɢɫɬɶɟɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɟɤɨɬɨɪɵɣ ɜɨɩɪɨɫ, ɩɨɞɪɚɡɭɦɟɜɚɸɳɢɣ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɨɬɜɟɬɨɜ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɵɯɨɞɹɳɢɦ ɪёɛɪɚɦ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ 

ɨɬɜɟɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ ɫɥɟɞɭɸɳɟɝɨ ɭɪɨɜɧɹ. Ʉɨɧɰɟɜɵɦ 

ɜɟɪɲɢɧɚɦ ɩɨɫɬɚɜɥɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɬɤɢ, ɭɤɚɡɵɜɚɸɳɢɟ ɧɚ ɨɬɧɟɫɟɧɢɟ 

ɪɚɫɩɨɡɧɚɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɤ ɨɞɧɨɦɭ ɢɡ ɤɥɚɫɫɨɜ. Ɋɟɲɚɸɳɟɟ ɞɟɪɟɜɨ ɧɚɡɵɜɚɟɬɫɹ 

ɛɢɧɚɪɧɵɦ, ɟɫɥɢ ɤɚɠɞɚɹ ɜɧɭɬɪɟɧɧɹɹ ɢɥɢ ɤɨɪɧɟɜɚɹ ɜɟɪɲɢɧɚ ɢɧɰɢɞɟɧɬɧɚ ɬɨɥɶɤɨ 

ɞɜɭɦ ɜɵɯɨɞɹɳɢɦ ɪёɛɪɚɦ. Ȼɢɧɚɪɧɵɟ ɞɟɪɟɜɶɹ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɦɨɞɟɥɹɯ 

ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 

 

2.2.2 Ɇɟɬɨɞ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ 
 

Ɇɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɤɨɬɨɪɵɣ ɨɬɧɨɫɢɬ ɨɛɴɟɤɬɵ ɤ 

ɤɥɚɫɫɭ, ɤɨɬɨɪɨɦɭ ɩɪɢɧɚɞɥɟɠɢɬ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ k ɟɝɨ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɜ 

ɦɧɨɝɨɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɡɧɚɤɨɜ. ɗɬɨ ɨɞɢɧ ɢɡ ɩɪɨɫɬɟɣɲɢɯ ɚɥɝɨɪɢɬɦɨɜ 

ɨɛɭɱɟɧɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ. ɑɢɫɥɨ k – ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɫɨɫɟɞɧɢɯ 

ɨɛɴɟɤɬɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɡɧɚɤɨɜ, ɤɨɬɨɪɨɟ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɤɥɚɫɫɢɮɢɰɢɪɭɟɦɵɦ 

ɨɛɴɟɤɬɨɦ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɟɫɥɢ k=10, ɬɨ ɤɚɠɞɵɣ ɨɛɴɟɤɬ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ 10-ɸ 

ɫɨɫɟɞɹɦɢ. Ɇɟɬɨɞ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɹɯ Data Mining ɞɥɹ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 3 - ɋɯɟɦɚ ɦɟɬɨɞɚ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ 

 

ȼ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ ɚɥɝɨɪɢɬɦ ɩɪɨɫɬɨ ɡɚɩɨɦɢɧɚɟɬ ɜɫɟ ɜɟɤɬɨɪɵ ɩɪɢɡɧɚɤɨɜ 

ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɦɟɬɤɢ ɤɥɚɫɫɨɜ. ɉɪɢ ɪɚɛɨɬɟ ɫ ɪɟɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɬ.ɟ. 

ɧɚɛɥɸɞɟɧɢɹɦɢ, ɦɟɬɤɢ ɤɥɚɫɫɚ ɤɨɬɨɪɵɯ ɧɟɢɡɜɟɫɬɧɵ, ɜɵɱɢɫɥɹɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ɧɨɜɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɢ ɪɚɧɟɟ ɡɚɩɨɦɧɟɧɧɵɦɢ. Ɂɚɬɟɦ ɜɵɛɢɪɚɟɬɫɹ 

k ɛɥɢɠɚɣɲɢɯ ɤ ɧɟɦɭ ɜɟɤɬɨɪɨɜ, ɢ ɧɨɜɵɣ ɨɛɴɟɤɬ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ, ɤɨɬɨɪɨɦɭ 

ɩɪɢɧɚɞɥɟɠɢɬ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ. 

ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɚ k ɩɪɨɬɢɜɨɪɟɱɢɜ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɭɜɟɥɢɱɟɧɢɟ ɟɝɨ 

ɡɧɚɱɟɧɢɹ ɩɨɜɵɲɚɟɬ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɝɪɚɧɢɰɵ ɦɟɠɞɭ 

ɤɥɚɫɫɚɦɢ ɫɬɚɧɨɜɹɬɫɹ ɦɟɧɟɟ ɱɟɬɤɢɦɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɞɚɸɬ 

ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɚ k, ɧɚɩɪɢɦɟɪ, ɩɟɪɟɤɪɟɫɬɧɚɹ ɩɪɨɜɟɪɤɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɫɜɨɸ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɚɥɝɨɪɢɬɦɢɱɟɫɤɭɸ ɩɪɨɫɬɨɬɭ ɦɟɬɨɞ 

ɩɨɤɚɡɵɜɚɟɬ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ. Ƚɥɚɜɧɵɦ ɟɝɨ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ 

ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɜɚɞɪɚɬɢɱɧɨ ɫ ɪɨɫɬɨɦ 

ɱɢɫɥɚ ɡɚɩɢɫɟɣ ɜ ɧɚɛɨɪɟ ɞɚɧɧɵɯ. 

 

2.2.3 Ɇɟɬɨɞ ɨɤɧɚ ɉɚɪɡɟɧɚ 
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Ɇɟɬɨɞ ɛɚɣɟɫɨɜɫɤɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɩɨ ɢɦɟɸɳɟɣɫɹ ɜɵɛɨɪɤɟ. ɉɨɫɥɟ ɜɜɨɞɚ ɦɟɬɪɢɤɢ, 

ɦɟɬɨɞ ɩɚɪɡɟɧɨɜɫɤɨɝɨ ɨɤɧɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɧɟ ɨɩɢɪɚɹɫɶ ɧɚ ɜɟɪɨɹɬɧɨɫɬɧɭɸ 

ɩɪɢɪɨɞɭ ɞɚɧɧɵɯ. 

ȼ ɨɫɧɨɜɟ ɩɨɞɯɨɞɚ ɥɟɠɢɬ ɢɞɟɹ ɨ ɬɨɦ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɜɵɲɟ ɜ ɬɟɯ ɬɨɱɤɚɯ, 

ɪɹɞɨɦ ɫ ɤɨɬɨɪɵɦɢ ɧɚɯɨɞɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɴɟɤɬɨɜ ɜɵɛɨɪɤɢ. 

ȿɫɥɢ ɦɨɳɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ ɷɥɟɦɟɧɬɚɪɧɵɯ ɢɫɯɨɞɨɜ ɦɧɨɝɨ ɦɟɧɶɲɟ ɪɚɡɦɟɪɚ 

ɜɵɛɨɪɤɢ, ɬɨ ɜ ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɩɨ ɜɵɛɨɪɤɟ ɩɥɨɬɧɨɫɬɢ ɦɵ ɜɩɨɥɧɟ 

ɦɨɠɟɦ ɜɡɹɬɶ ɢ ɝɢɫɬɨɝɪɚɦɦɭ ɡɧɚɱɟɧɢɣ ɜɵɛɨɪɤɢ. 

ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ (ɧɚɩɪɢɦɟɪ, ɧɟɩɪɟɪɵɜɧɨɦ) ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɧɟ 

ɩɪɢɦɟɧɢɦ, ɬɚɤ ɤɚɤ ɩɥɨɬɧɨɫɬɶ ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɜɛɥɢɡɢ ɨɛɭɱɚɸɳɢɯ ɨɛɴɟɤɬɨɜ, ɢ 

ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɟɬɟɪɩɟɜɚɟɬ ɪɟɡɤɢɟ ɫɤɚɱɤɢ. ɉɪɢɯɨɞɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɟɬɨɞɨɦ ɉɚɪɡɟɧɚ-Ɋɨɡɟɧɛɥɚɬɬɚ. 

 

2.2.4 ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɪɟɝɪɟɫɫɢɹ. Ɏɨɪɦɭɥɚ ɇɚɞɚɪɚɹ-ȼɚɬɫɨɧɚ 

 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɬ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɧɟ 

ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɧɟɱɧɵɦ ɱɢɫɥɨɦ ɩɚɪɚɦɟɬɪɨɜ. 

ɐɟɥɶ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɨɢɬ ɜ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɪɚɡɭɦɧɨɣ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɟɢɡɜɟɫɬɧɨɣ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ܻሺܺሻ  ɩɨ ɢɡɜɟɫɬɧɵɦ ɬɨɱɤɚɦ . ሺ 𝑖ܺ, 𝑖ܻሻ𝑖=ଵ௠ . ȼ ɫɥɭɱɚɟ ɦɚɥɵɯ ɨɲɢɛɨɤ ɧɚɛɥɸɞɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ 

ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɜɚɠɧɵɯ ɞɟɬɚɥɹɯ ɫɪɟɞɧɟɣ ɡɚɜɢɫɢɦɨɫɬɢ Y ɨɬ 

X ɩɪɢ ɟɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ. 

ɉɪɨɰɟɞɭɪɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɨɛɵɱɧɨ ɧɚɡɵɜɚɟɬɫɹ ɫɝɥɚɠɢɜɚɧɢɟɦ. ɉɨ 

ɫɭɳɟɫɬɜɭ ɷɬɚ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ Y ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɞɜɭɦɹ 

ɫɩɨɫɨɛɚɦɢ. Ⱦɨɜɨɥɶɧɨ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɩɨɞɯɨɞ, 

ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɮɭɧɤɰɢɹ ɨɬɤɥɢɤɚ Y ɢɦɟɟɬ ɧɟɤɨɬɨɪɭɸ 

ɩɪɟɞɩɢɫɚɧɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɮɨɪɦɭ, ɧɚɩɪɢɦɟɪ, ɷɬɨ ɩɪɹɦɚɹ ɥɢɧɢɹ ɫ 

ɧɟɢɡɜɟɫɬɧɵɦɢ ɫɜɨɛɨɞɧɵɦ ɱɥɟɧɨɦ ɢ ɧɚɤɥɨɧɨɦ. Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɷɬɨɦɭ ɦɨɠɟɬ 
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ɫɥɭɠɢɬɶ ɩɨɩɵɬɤɚ ɨɰɟɧɢɬɶ Y ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɨɛɪɚɡɨɦ, ɛɟɡ ɭɤɚɡɚɧɢɹ 

ɤɨɧɤɪɟɬɧɨɝɨ ɟɟ ɜɢɞɚ. ɉɟɪɜɵɣ ɩɨɞɯɨɞ ɤ ɚɧɚɥɢɡɭ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɧɚɡɵɜɚɟɬɫɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ, ɩɨɫɤɨɥɶɤɭ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɢɞ ɮɭɧɤɰɢɢ 

ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɧɟɱɧɵɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ. Ɍɢɩɢɱɧɵɣ ɩɪɢɦɟɪ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɧɨɦɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɪɟɝɪɟɫɫɢɢ, ɤɨɝɞɚ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ ɧɟɢɡɜɟɫɬɧɵɯ.  

Ɉɞɧɚɤɨ ɩɪɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɩɨɞɯɨɞɟ ɦɨɥɱɚɥɢɜɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 

ɤɪɢɜɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɟɪɦɢɧɚɯ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɢɥɢ, ɩɨ 

ɤɪɚɣɧɟɣ ɦɟɪɟ, ɢɦɟɟɬɫɹ ɭɜɟɪɟɧɧɨɫɬɶ ɜ ɬɨɦ, ɱɬɨ ɨɲɢɛɤɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ 

ɧɚɢɥɭɱɲɟɝɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɚ. ɇɚɨɛɨɪɨɬ, ɜ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɜ "ɩɪɨɤɪɭɫɬɨɜɨ ɥɨɠɟ" ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɩɚɪɚɦɟɬɪɢɡɚɰɢɢ.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɡɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ 

ɫɥɢɲɤɨɦ ɨɝɪɚɧɢɱɢɬɟɥɶɧɵɦ ɢɥɢ ɱɟɪɟɫɱɭɪ ɦɚɥɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɞɥɹ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɟɩɪɟɞɜɢɞɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɫɝɥɚɠɢɜɚɧɢɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɝɢɛɤɢɟ ɫɪɟɞɫɬɜɚ ɚɧɚɥɢɡɚ 

ɧɟɢɡɜɟɫɬɧɵɯ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. 

ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɩɪɢɜɨɞɢɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɤ ɝɢɛɤɨɦɭ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɜɢɞɭ ɤɪɢɜɨɣ ɪɟɝɪɟɫɫɢɢ. 

 

2.2.5 Ɇɟɬɨɞ ɨɩɨɪɧыɯ ɜɟɤɬɨɪɨɜ 

 

əɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɦɟɬɨɞɨɥɨɝɢɣ ɨɛɭɱɟɧɢɹ ɩɨ 

ɩɪɟɰɟɞɟɧɬɚɦ, ɩɪɟɞɥɨɠɟɧɧɨɣ ȼ. ɇ. ȼɚɩɧɢɤɨɦ ɢ ɢɡɜɟɫɬɧɨɣ ɜ ɚɧɝɥɨɹɡɵɱɧɨɣ 

ɥɢɬɟɪɚɬɭɪɟ ɩɨɞ ɧɚɡɜɚɧɢɟɦ SVM (Support Vector Machine). 

Ɉɩɬɢɦɚɥɶɧɚɹ ɪɚɡɞɟɥɹɸɳɚɹ ɝɢɩɟɪɩɥɨɫɤɨɫɬɶ. ɉɨɧɹɬɢɟ ɡɚɡɨɪɚ ɦɟɠɞɭ 

ɤɥɚɫɫɚɦɢ (margin). ɋɥɭɱɚɣ ɥɢɧɟɣɧɨɣ ɪɚɡɞɟɥɢɦɨɫɬɢ. Ɂɚɞɚɱɚ ɤɜɚɞɪɚɬɢɱɧɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ɉɩɨɪɧɵɟ ɜɟɤɬɨɪɵ. ɋɥɭɱɚɣ ɨɬɫɭɬɫɬɜɢɹ ɥɢɧɟɣɧɨɣ 

ɪɚɡɞɟɥɢɦɨɫɬɢ. Ɏɭɧɤɰɢɢ ɹɞɪɚ (kernel functions), ɫɩɪɹɦɥɹɸɳɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, 

ɬɟɨɪɟɦɚ Ɇɟɪɫɟɪɚ. ɋɩɨɫɨɛɵ ɩɨɫɬɪɨɟɧɢɹ ɹɞɟɪ. ɉɪɢɦɟɪɵ ɹɞɟɪ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ 
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SVM ɢ ɧɟɣɪɨɧɧɨɣ RBF-ɫɟɬɢ. Ɉɛɭɱɟɧɢɟ SVM ɦɟɬɨɞɨɦ ɚɤɬɢɜɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ. 

SVM-ɪɟɝɪɟɫɫɢɹ. 

ȼ ɫɥɭɱɚɟ ɦɟɬɨɞɚ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ ɬɨɱɤɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɤɚɤ ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ p. Ɇɵ ɯɨɬɢɦ ɭɡɧɚɬɶ, ɫɦɨɠɟɦ ɥɢ ɦɵ ɪɚɡɞɟɥɢɬɶ ɞɚɧɧɵɟ 

ɬɨɱɤɢ ɝɢɩɟɪɩɥɨɫɤɨɫɬɶɸ ɪɚɡɦɟɪɧɨɫɬɢ (p-1). ȿɟ ɧɚɡɨɜɟɦ ɥɢɧɢɟɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ. 

Ⱦɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ 

ɝɢɩɟɪɩɥɨɫɤɨɫɬɟɣ. Ʌɭɱɲɚɹ ɝɢɩɟɪɩɥɨɫɤɨɫɬɶ - ɝɢɩɟɪɩɥɨɫɤɨɫɬɶ, ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɤɨɬɨɪɨɣ ɪɚɡɞɟɥɟɧɢɟ ɢ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 2 ɤɥɚɫɫɚɦɢ ɦɚɤɫɢɦɚɥɶɧɨ.  

Ⱦɜɭɦɟɪɧɵɟ ɨɛɴɟɤɬɵ – ɞɚɧɧɵɟ ɧɚ ɩɥɨɫɤɨɫɬɢ. Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɵɟ ɧɚ 

ɩɥɨɫɤɨɫɬɢ, ɝɢɩɟɪɩɥɨɫɤɨɫɬɶ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɷɬɨ ɩɪɹɦɚɹ. ɉɪɨɜɟɞɟɦ ɥɸɛɭɸ 

ɩɪɹɦɭɸ, ɨɧɚ ɪɚɡɞɟɥɢɬ ɬɨɱɤɢ ɧɚ 2 ɦɧɨɠɟɫɬɜɚ. ȼɵɛɟɪɟɦ ɩɪɹɦɭɸ, ɦɚɤɫɢɦɚɥɶɧɨ 

ɞɚɥɟɤɨ ɩɪɨɯɨɞɹɳɭɸ ɨɬ ɬɨɱɟɤ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɟ ɞɨ ɛɥɢɠɚɣɲɟɣ ɬɨɱɤɢ ɫ ɤɚɠɞɨɣ 

ɫɬɨɪɨɧɵ ɦɚɤɫɢɦɚɥɶɧɚ. ȿɫɥɢ ɬɚɤɚɹ ɩɪɹɦɚɹ ɫɭɳɟɫɬɜɭɟɬ, ɬɨ ɟɟ ɧɚɡɵɜɚɸɬ 

ɝɢɩɟɪɩɥɨɫɤɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɢɰɵ, ɢ ɥɢɧɟɣɧɵɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪ, ɟɟ 

ɨɩɪɟɞɟɥɹɸɳɢɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɢɥɢ 

ɩɟɪɫɟɩɬɪɨɧ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ (ɭɫɬɨɣɱɢɜɨɫɬɢ).  

Ɉɩɨɪɧɵɟ ɜɟɤɬɨɪɚ – ɷɬɨ ɬɨɱɤɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ. 

Ɉɧɢ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ. 

 

2.2.6 Ɇɟɬɨɞ ɫɥɭɱɚɣɧыɣ ɥɟɫ 

 

Ⱥɥɝɨɪɢɬɦ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɵɣ Ʌɟɨ Ȼɪɟɣɦɚɧɨɦ ɢ Ⱥɞɟɥɶ 

Ʉɚɬɥɟɪ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɦɢɬɟɬɚ (ɚɧɫɚɦɛɥɹ) ɪɟɲɚɸɳɢɯ 

ɞɟɪɟɜɶɟɜ. Ⱥɥɝɨɪɢɬɦ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɞɜɟ ɨɫɧɨɜɧɵɟ ɢɞɟɢ: ɦɟɬɨɞ ɛɷɝɝɢɧɝɚ 

Ȼɪɟɣɦɚɧɚ, ɢ ɦɟɬɨɞ ɫɥɭɱɚɣɧɵɯ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜ, ɩɪɟɞɥɨɠɟɧɧɵɣ Tin Kam Ho. 

Ⱥɥɝɨɪɢɬɦ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɡɚɞɚɱ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɪɟɝɪɟɫɫɢɢ ɢ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɶɲɨɝɨ ɚɧɫɚɦɛɥɹ ɪɟɲɚɸɳɢɯ 

ɞɟɪɟɜɶɟɜ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɫɚɦɨ ɩɨ ɫɟɛɟ ɞɚёɬ ɨɱɟɧɶ ɧɟɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɧɨ ɯɨɪɨɲɢɣ ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɚɟɬɫɹ ɡɚ ɫɱёɬ ɛɨɥɶɲɢɯ ɱɢɫɟɥ. 
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Ɋɚɫɫɦɨɬɪɟɧɵ ɫɚɦɵɟ ɩɨɩɭɥɹɪɧɵɟ ɦɟɬɨɞɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɚɧɧɵɯ. ɍ 

ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ ɟɫɬɶ ɤɚɤ ɫɜɨɢ ɩɥɸɫɵ, ɬɚɤ ɢ ɦɢɧɭɫɵ. Ʉɚɠɞɵɣ ɦɟɬɨɞ ɩɨ - ɫɜɨɟɦɭ 

ɩɨɞɯɨɞɢɬ ɤ ɪɚɡɥɢɱɧɵɦ ɡɚɞɚɱɚɦ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɟ ɢɦɟɟɬɫɹ ɬɪɢ 

ɩɟɪɟɦɟɧɧɵɟ ɜ ɮɨɪɦɭɥɟ ɪɚɫɱɟɬɚ ɩɨɬɪɟɛɥɹɟɦɨɣ ɷɧɟɪɝɢɢ ɛɚɬɚɪɟɢ, ɜɥɢɹɸɳɢɟ ɧɚ 

ɩɨɤɚɡɚɬɟɥɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

 

2.3 Python ɞɥɹ ɡɚɞɚɱ ɚɧɚɥɢɡɚ ɞɚɧɧыɯ  
 

Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɱɢɫɥɨɜɵɦɢ ɞɚɧɧɵɦɢ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python, ɬɚɤ ɤɚɤ ɨɧ ɭɠɟ ɹɜɥɹɟɬɫɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 

ɮɚɤɬɢɱɟɫɤɢɦ ɫɬɚɧɞɚɪɬɨɦ ɞɥɹ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ [22].  

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɛɢɛɥɢɨɬɟɤɢ: 

- NumPy - ɷɬɨ ɛɢɛɥɢɨɬɟɤɚ ɹɡɵɤɚ Python, ɞɨɛɚɜɥɹɸɳɚɹ ɩɨɞɞɟɪɠɤɭ 

ɛɨɥɶɲɢɯ ɦɧɨɝɨɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ ɢ ɦɚɬɪɢɰ, ɜɦɟɫɬɟ ɫ ɛɨɥɶɲɨɣ ɛɢɛɥɢɨɬɟɤɨɣ 

ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɯ (ɢ ɨɱɟɧɶ ɛɵɫɬɪɵɯ) ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɞɥɹ ɨɩɟɪɚɰɢɣ ɫ 

ɷɬɢɦɢ ɦɚɫɫɢɜɚɦɢ. 

- SciPy - ɛɢɛɥɢɨɬɟɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɧɚɭɱɧɵɯ ɢ 

ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱёɬɨɜ. 

- Matplotlib - ɛɢɛɥɢɨɬɟɤɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python ɞɥɹ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɞɜɭɦɟɪɧɨɣ (2D) ɝɪɚɮɢɤɨɣ (3D ɝɪɚɮɢɤɚ ɬɚɤɠɟ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ). ɉɨɥɭɱɚɟɦɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɣ ɜ ɩɭɛɥɢɤɚɰɢɹɯ. 

- Pandas - ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ. 

- Scikit-learn - ɷɬɨ ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 

Ⱦɥɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɢɫɬɪɢɛɭɬɢɜ Python ɩɨɞ ɧɚɡɜɚɧɢɟɦ Anaconda. ɉɪɟɢɦɭɳɟɫɬɜɚ Anaconda ɜ ɬɨɦ, 

ɱɬɨ ɨɧɚ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɭɠɟ ɛɨɥɟɟ 200 ɛɢɛɥɢɨɬɟɤ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ [23]. Ɂɚɩɭɫɤɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɛɪɚɭɡɟɪɚ, ɱɬɨ ɞɟɥɚɟɬ 

ɜɨɡɦɨɠɧɵɦ ɡɚɩɭɫɤ ɫ ɥɸɛɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɤɨɬɨɪɚɹ ɩɨɞɞɟɪɠɢɜɚɟɬ 

ɪɚɛɨɬɭ ɫ ɛɪɚɭɡɟɪɨɦ). 
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2.4 Гɟɧɟɪɚɰɢɹ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ 

 

Ɍɚɤ ɤɚɤ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɪɢ ɩɟɪɟɦɟɧɧɵɯ ɞɥɹ ɚɧɚɥɢɡɚ, ɬɨ ɦɨɠɧɨ 

ɫɝɟɧɟɪɢɪɨɜɚɬɶ ɢɯ ɫɪɟɞɫɬɜɚɦɢ Python ɢ ɫ ɩɨɦɨɳɶɸ numpy. ɉɟɪɜɨɧɚɱɚɥɶɧɨ 

ɫɝɟɧɟɪɢɪɭɟɦ ɞɚɧɧɵɟ ɩɨ ɭɝɥɭ ɧɚɤɥɨɧɚ ɞɨɪɨɝɢ. Ƚɪɚɮɢɱɟɫɤɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɭɟɬ 

ɞɚɧɧɵɟ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦɵ Matplotlib. 

Ʌɢɫɬɢɧɝ: 

import numpy as np 

import matplotlib.mlab as mlab 

import matplotlib.pyplot as plt 

mu = 0.4  # ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ 

sigma = 0.15  # ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɟ 

x = mu + sigma * np.random.randn(1000) 

num_bins = 80 # ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɞɟɥɟɧɢɣ ɞɚɧɧɵɯ ɧɚ ɛɭɧɤɟɪɵ 

#Ɉɬɪɢɫɨɜɤɚ ɝɢɫɬɨɝɪɚɦɦɵ 

n, bins, patches = plt.hist(x, num_bins, normed=1, facecolor='orange', alpha=0.5) 

y = mlab.normpdf(bins, mu, sigma) 

plt.plot(bins, y, 'r--') 

plt.xlabel('ɍɝɨɥ') 

plt.ylabel('ȼɟɪɨɹɬɧɨɫɬɶ') 

plt.title(r'Ⱦɚɧɧɵɟ ɩɨ ɭɝɥɭ ɧɚɤɥɨɧɚ ɞɨɪɨɝɢ') 

plt.subplots_adjust(left=0.15) 

plt.show() 

Ɋɟɡɭɥɶɬɚɬ ɩɨ ɭɝɥɭ ɧɚɤɥɨɧɚ ɞɨɪɨɝɢ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

Ɋɢɫɭɧɤɟ 4. 
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Ɋɢɫɭɧɨɤ 4 - Ƚɢɫɬɨɝɪɚɦɦɚ ɭɝɥɚ ɧɚɤɥɨɧɚ ɞɨɪɨɝɢ 

Ɍɟ ɠɟ ɞɟɣɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɞɟɥɚɬɶ ɞɥɹ ɜɬɨɪɨɣ ɩɟɪɟɦɟɧɧɨɣ -

ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɢɥɵ ɬɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɪɨɝɢ. ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɜ ɝɨɪɨɞɟ 

ɞɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 0,018 (ɚɫɮɚɥɶɬ).  

mu = 0.018  # ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ 

sigma = 0.009  # ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɟ 

Ɋɟɡɭɥɶɬɚɬ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ Ɋɢɫɭɧɤɟ 5: 

 

Ɋɢɫɭɧɨɤ 5 - Ƚɢɫɬɨɝɪɚɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɞɨɪɨɝɢ 

Ƚɟɧɟɪɚɰɢɹ ɬɟɦ ɠɟ ɦɟɬɨɞɨɦ ɞɚɧɧɵɯ ɩɨ ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɩɨɪɬɚ. ɋɤɨɪɨɫɬɶ ɜ 

ɢɬɨɝɨɜɨɦ ɜɚɪɢɚɧɬɟ ɞɨɥɠɧɚ ɜɨɡɜɨɞɢɬɶɫɹ ɜ ɤɭɛ ɩɨ ɭɫɥɨɜɢɹɦ ɮɨɪɦɭɥɵ. 
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mu = 60  # ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 

sigma = 10  # ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɟ 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɝɟɧɟɪɚɰɢɢ ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦɵ: 

 

 

Ɋɢɫɭɧɨɤ 6 - Ƚɢɫɬɨɝɪɚɦɦɚ ɫɤɨɪɨɫɬɢ ɦɨɬɨɰɢɤɥɚ 

 

Ƚɟɧɟɪɢɪɭɟɦɵɟ ɮɚɣɥɵ ɛɭɞɟɦ ɡɚɩɢɫɵɜɚɬɶ ɜ list. 

Ʌɢɫɬɢɧɝ: 

mu = 60 # ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 

sigma = 10  # ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɟ 

speed_array = [] 

x = mu + sigma * np.random.randn(10) 

for (i, item) in enumerate(x): 

speed_array.append(item) 

for (i, item) in enumerate(speed_array): 

print (i+1, item) 

Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɨɩɟɪɚɰɢɣ ɭɦɟɧɶɲɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɞɨ 10-ɬɢ. 

Ɋɟɡɭɥɶɬɚɬ ɯɪɚɧɢɦɵɯ ɞɚɧɧɵɯ ɜ ɫɩɢɫɤɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ Ɋɢɫɭɧɤɟ 7: 
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Ɋɢɫɭɧɨɤ 7 - Ɋɟɡɭɥɶɬɚɬ ɫɨɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ (ɫɤɨɪɨɫɬɶ) 

 

2.5 ɉɪɢɦɟɧɟɧɢɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɞɚɧɧыɯ 

 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨɣ ɜɵɞɚɜɚɟɦɨɣ 

ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 70 ɤɦ/ɱ ɢɥɢ 19,4 ɦ/c 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ 1. Ɍɨ ɟɫɬɶ, ɟɫɥɢ ɫɨɫɬɚɜɢɬɶ ɢɬɨɝɨɜɭɸ ɮɨɪɦɭɥɭ, ɬɨ 

ɩɨɥɭɱɢɬɫɹ ɬɚɤɨɣ ɜɢɞ, ɥɢɫɬɢɧɝ: 

cx = 0.342 

S = 0.5 

g = 9.8 

m = 230 

pb = 1.225 

for i in range(1,10): 

speed = float("{0:.1f}".format(speed_array[i])) 

fric = float("{0:.1f}".format(friction_array[i])) 

angle = float("{0:.1f}".format(angle_array[i])) 

W=g*fric*m*(speed*1000/3600)*np.cos(angle)+0.5*cx*S*pb*((speed*1000/3600)*

*3)*g*m*np.sin(angle)*(speed*1000/3600) 
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print((int(float("{0:.1f}".format(W/1000))))) 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɧɚ ɞɟɫɹɬɶ ɢɬɟɪɚɰɢɣ (ȼɬ): 

19141 

0 

11025 

4417 

2165 

3800 

10149 

4765 

1711 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɫɩɢɫɤɚ ɜ ɜɵɛɨɪɤɟ ɦɨɝɭɬ ɩɨɩɚɞɚɬɶɫɹ ɩɭɫɬɵɟ ɡɧɚɱɟɧɢɹ, ɡɧɚɱɢɬ 

ɩɨɬɪɟɛɭɟɬɫɹ ɨɱɢɫɬɤɚ ɞɚɧɧɵɯ. 

ȼɵɲɟ ɨɩɢɫɚɧɧɵɣ, ɤɨɞ ɜ ɨɛɳɟɣ ɫɬɪɭɤɬɭɪɟ ɩɪɨɝɪɚɦɦɵ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

ɨɬɞɟɥɶɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɫɱɟɬɚ ɬɪɟɛɭɸɳɟɣɫɹ ɦɨɳɧɨɫɬɢ ɧɚ ɤɚɠɞɭɸ ɢɬɟɪɚɰɢɸ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɥɚɫɫɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɨɞ 

ɫɥɭɱɚɣɧɨɝɨ ɥɟɫɚ (random forest). 

ȼ ɷɥɟɦɟɧɬ «ɥɟɫɚ» ɜɯɨɞɢɬ: 

- ɮɭɧɤɰɢɹ ɦɨɳɧɨɫɬɢ (ȼɬ); 

- ɮɭɧɤɰɢɹ ɪɚɫɱɟɬɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ; 

- ɨɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ (ɷɮɮɟɤɬɢɜɧɵɣ/ɧɟ ɷɮɮɟɤɬɢɜɧɵɣ); 

 

2.6 Оɛɡɨɪ ɤɨɦɩɥɟɤɬɭɸɳɢɯ ɞɥɹ ɦɨɞɭɥɹ ɭɩɪɚɜɥɟɧɢɹ 

 

ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜ ɛɥɨɤɟ ɭɩɪɚɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɩɥɚɬɮɨɪɦɚ Arduino ɧɚ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 

ATmega2560, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɢɮɟɪɢɢ ɬɪɚɧɫɩɨɪɬɚ ɢ ɞɥɹ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫ android ɭɫɬɪɨɣɫɬɜɨɦ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ ɬɪɟɛɭɟɬɫɹ ɡɚɦɟɧɢɬɶ Arduino, ɩɨ 
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ɩɪɢɱɢɧɟ ɧɟɯɜɚɬɤɢ ɦɨɳɧɨɫɬɢ ɢ ɧɟ ɩɨɞɯɨɞɹɳɟɣ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɩɨɞ 

ɜɵɛɪɚɧɧɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python. 

Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Python ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɯ ɩɨɞɯɨɞɹɬ ɩɥɚɬɵ ɫ ARM 

(Advanced RISC Machine) ɚɪɯɢɬɟɤɬɭɪɨɣ. 

RISC – ɷɬɨ ɚɪɯɢɬɟɤɬɭɪɚ ɩɪɨɰɟɫɫɨɪɚ, ɜ ɤɨɬɨɪɨɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚ ɫɱёɬ ɭɩɪɨɳɟɧɢɹ ɢɧɫɬɪɭɤɰɢɣ, ɱɬɨɛɵ ɢɯ ɞɟɤɨɞɢɪɨɜɚɧɢɟ ɛɵɥɨ 

ɛɨɥɟɟ ɩɪɨɫɬɵɦ, ɚ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ — ɦɟɧɶɲɢɦ. 

ɂɡ ɞɨɫɬɭɩɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɧɚ ɪɵɧɤɟ ɟɫɬɶ ɩɥɚɬɵ ɥɢɧɟɣɤɢ stm32 ɢ 

ɩɥɚɬɵ Raspberry Pi.  

ɇɚ Raspberry Pi ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ Unix-ɩɨɞɨɛɧɵɯ 

ɫɢɫɬɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɨɡɞɚɧɧɭɸ ɫɩɟɰɢɚɥɶɧɨ Ɉɋ Raspbian ɞɥɹ ɭɩɪɨɳɟɧɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɞɭɥɹɦɢ ɩɥɚɬɵ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɨɞɞɟɪɠɤɚ Python 2, 3 ɜɟɪɫɢɣ. 

 

 

Ɋɢɫɭɧɨɤ 8 - Ɋɚɛɨɱɢɣ ɫɬɨɥ OS Raspbian 

Ɍɚɤ ɤɚɤ Raspberry ɜ ɨɛɳɟɣ ɫɯɟɦɟ ɦɨɞɭɥɹ ɧɚɯɨɞɢɬɫɹ ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɢ ɫɨɟɞɢɧɟɧɚ ɜ ɰɟɩɶ ɫ ɞɚɬɱɢɤɚɦɢ ɢ ɩɢɬɚɧɢɟɦ, ɬɨ ɟɟ ɨɬɥɚɞɤɚ ɫ 

ɢɡɜɥɟɱɟɧɢɟɦ ɢɡ ɨɛɳɟɣ ɰɟɩɢ ɨɱɟɧɶ ɡɚɬɪɭɞɧɢɬɟɥɶɧɚ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 

ɭɞɚɥɟɧɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɪɚɛɨɱɟɦɭ ɫɬɨɥɭ ɤɨɦɩɶɸɬɟɪɚ ɩɨ ɫɟɬɢ VNC, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
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ɨɬɥɚɠɢɜɚɬɶ ɢ ɨɛɧɨɜɥɹɬɶ ɩɪɨɝɪɚɦɦɧɭɸ ɱɚɫɬɶ ɦɨɞɭɥɹ ɧɚ ɥɸɛɨɦ ɪɚɫɫɬɨɹɧɢɢ, ɛɟɡ 

ɞɟɦɨɧɬɚɠɚ ɨɛɳɟɣ ɰɟɩɢ, ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɞɤɥɸɱɟɧɢɹ Raspberry Pi ɤ ɫɟɬɢ. 

 

2.7 Мɨɞɭɥɶ ɭɩɪɚɜɥɟɧɢɹ 

 

ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

- ɉɥɚɬɭ ɫ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɦ - Raspberry Pi 3B+. 

- ɇɚɛɨɪ ɞɚɬɱɢɤɨɜ – ɞɚɬɱɢɤ ɯɨɥɥɚ, ɝɢɪɨɫɤɨɩ. 

- ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɧɚ Python. 

 

 

Ɋɢɫɭɧɨɤ 9 - Ɉɛɳɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ 

ɂɡ ɨɛɳɟɣ ɫɯɟɦɵ ɞɥɹ ɧɚɲɟɣ ɪɚɛɨɬɵ ɩɨɧɚɞɨɛɹɬɫɹ ɞɚɬɱɢɤɢ, ɤɚɤ ɢɫɬɨɱɧɢɤ 

ɜɯɨɞɹɳɢɯ ɞɚɧɧɵɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɨɞɭɥɶ. ɉɨɥɭɱɚɹ ɪɟɡɭɥɶɬɚɬ 

ɪɚɛɨɬɵ ɦɨɞɭɥɹ, ɧɚɩɪɹɦɭɸ ɜɥɢɹɬɶ ɧɚ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ, ɬɚɤ 

ɤɚɤ ɫɨɡɞɚɜɚɹ ɜɥɢɹɧɢɟ ɧɚ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ ɩɪɹɦɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ, 

ɩɪɨɢɫɯɨɞɢɬ ɜɥɢɹɧɢɟ ɧɚ ɬɟɤɭɳɭɸ ɫɤɨɪɨɫɬɶ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟ ɛɟɡɨɩɚɫɧɵɦ 

ɞɟɣɫɬɜɢɟɦ. 
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ȼыɜɨɞ ɩɨ ɝɥɚɜɟ 2 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɚɧɧɵɯ ɢ ɜɵɛɪɚɧ 

ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɦɟɬɨɞ ɞɥɹ ɞɚɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ. ȼɵɛɪɚɧ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ Raspberry PI ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɪɚɛɨɬɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ. ɋɨɫɬɚɜɥɟɧ ɫɩɢɫɨɤ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɛɢɛɥɢɨɬɟɤ ɹɡɵɤɚ Python ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ. 

ɉɪɨɜɟɞɟɧɵ ɩɟɪɜɵɟ ɪɚɛɨɬɵ ɩɨ ɝɟɧɟɪɚɰɢɢ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ ɧɚ ɞɢɫɬɪɢɛɭɬɢɜɟ 

Python Anaconda. 

3 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ 

3.1 ɋɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ 

 

Ɉɛɨɡɧɚɱɢɦ ɤɨɦɩɨɧɟɧɬɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ, 

ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɭɸɬɫɹ ɞɥɹ ɟɝɨ ɪɚɛɨɬɵ: 

ɚ) Ƚɟɧɟɪɚɬɨɪ ɡɧɚɱɟɧɢɣ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ. 

ɛ) Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ. 

ɜ) Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɛɥɨɤ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɝ) Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɛɥɨɤ ɚɫɫɢɫɬɟɧɬɚ.  

ɞ) ɏɪɚɧɟɧɢɟ ɞɚɧɧɵɯ. 

ɟ) ɉɪɢɟɦ ɜɯɨɞɹɳɢɯ ɞɚɧɧɵɯ (GPIO). 

ɠ) Ƚɪɚɮɢɱɟɫɤɢɣ ɛɥɨɤ (ɝɢɫɬɨɝɪɚɦɦɵ, ɬɚɛɥɢɰɵ, ɝɪɚɮɢɤɢ). 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɛɢɛɥɢɨɬɟɤɢ Python: 

1) NumPy - ɷɬɨ ɛɢɛɥɢɨɬɟɤɚ ɹɡɵɤɚ Python, ɞɨɛɚɜɥɹɸɳɚɹ ɩɨɞɞɟɪɠɤɭ 

ɛɨɥɶɲɢɯ ɦɧɨɝɨɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ ɢ ɦɚɬɪɢɰ, ɜɦɟɫɬɟ ɫ ɛɨɥɶɲɨɣ ɛɢɛɥɢɨɬɟɤɨɣ 

ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɯ (ɢ ɨɱɟɧɶ ɛɵɫɬɪɵɯ) ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɞɥɹ ɨɩɟɪɚɰɢɣ ɫ 

ɷɬɢɦɢ ɦɚɫɫɢɜɚɦɢ. 

 

2) SciPy - ɛɢɛɥɢɨɬɟɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɧɚɭɱɧɵɯ ɢ 

ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱёɬɨɜ.  



32 

 

 

3) Matplotlib - ɛɢɛɥɢɨɬɟɤɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python ɞɥɹ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɞɜɭɦɟɪɧɨɣ (2D) ɝɪɚɮɢɤɨɣ (3D ɝɪɚɮɢɤɚ ɬɚɤɠɟ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ). ɉɨɥɭɱɚɟɦɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɣ ɜ ɩɭɛɥɢɤɚɰɢɹɯ. 

4) Pandas - ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ. 

5) Scikit-learn - ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 

6) RPi.GPIO - ɛɢɛɥɢɨɬɟɤɚ ɫɨɡɞɚɧɧɚɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɢɧɚɦɢ ɧɚ ɩɥɚɬɟ 

Raspberry Pi. 

 

3.2 Ɉɩɢɫɚɧɢɟ ɛɥɨɤɨɜ ɩɪɨɝɪɚɦɦы 

 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɭɟɦ IDE (ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ) 

Pycharm Community. 

 

Ɋɢɫɭɧɨɤ 10 - ɋɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ 

Ⱦɥɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦɵ ɢɫɩɨɥɶɡɭɟɦ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ (ɈɈɉ). ɈɈɉ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ 
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ɱɢɬɚɛɟɥɶɧɨɫɬɢ ɢ ɩɨɧɢɦɚɧɢɹ ɤɨɞɚ, ɞɥɹ ɪɚɡɛɢɟɧɢɹ ɧɚ ɛɥɨɤɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɪɨɜɟɧɶ ɚɛɫɬɪɚɤɰɢɢ.  

ɈɈɉ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɩɨɡɜɨɥɢɬ ɪɚɡɞɟɥɢɬɶ ɩɪɨɟɤɬ ɧɚ ɱɚɫɬɶ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɢ ɧɚ ɱɚɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɚ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɟ, ɛɟɡ ɩɨɬɟɪɢ ɤɚɱɟɫɬɜɚ ɢ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ. 

Ɉɩɢɫɚɧɢɟ ɤɥɚɫɫɨɜ: 

ɚ) Generator.py – ɮɚɣɥ ɤɥɚɫɫɚ ɫ ɜɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɟɪɟɦɟɧɧɵɯ ɞɥɹ 

ɝɟɧɟɪɚɰɢɢ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ. 

ɛ) Datamining.py – ɮɚɣɥ ɤɥɚɫɫɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɚɧɧɵɯ. 

ɜ) Grafs.py – ɮɚɣɥ ɤɥɚɫɫɚ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɝɪɚɮɢɤɨɜ, ɨɫɧɨɜɧɚɹ 

ɛɢɛɥɢɨɬɟɤɚ Matplotlib. 

ɝ) Randforest – ɮɚɣɥ ɤɥɚɫɫɚ ɞɥɹ ɪɚɛɨɬɵ ɫ ɦɟɬɨɞɨɦ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ 

ɋɥɭɱɚɣɧɵɣ ɥɟɫ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ Scikit-learn. 

Ɏɚɣɥɵ: 

1)    Ɏɚɣɥ main.py – ɝɥɚɜɧɵɣ ɮɚɣɥ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɵ. 

2) Ɏɚɣɥ functions.py – ɫɥɭɠɢɬ ɞɥɹ ɫɨɞɟɪɠɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɢ ɜ ɩɪɨɝɪɚɦɦɟ. 

3) Ɏɚɣɥ tools.py – ɫɥɭɠɢɬ ɞɥɹ ɫɨɞɟɪɠɚɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɮɭɧɤɰɢɣ 

ɩɪɨɝɪɚɦɦɵ. 

4) Analytics.py – ɮɚɣɥ ɞɥɹ ɝɪɚɮɢɱɟɫɤɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 

ɫ ɞɚɬɱɢɤɨɜ. 

5) Ɏɚɣɥ table_golden_motor.py – ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣ ɜ ɫɥɨɜɚɪɟ ɬɚɛɥɢɰɭ ɫ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɜɢɝɚɬɟɥɹ ɨɬ ɩɨɫɬɚɜɳɢɤɚ. 

 

3.2.1 Ƚɟɧɟɪɚɬɨɪ ɡɧɚɱɟɧɢɣ 

Ⱦɥɹ ɝɟɧɟɪɚɰɢɢ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ ɧɚɩɢɫɚɧ ɫɥɟɞɭɸɳɢɣ ɤɥɚɫɫ ɩɪɨɝɪɚɦɦɵ 

Generator.py: 

class Generator: 

    m_speed = 0  # ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 
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    sigma_speed = 0  # ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɟ 

    mu_angle = 0  # ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ 

    sigma_angle = 0  # ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɟ 

    mu_trenie = 0  # ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ 

    sigma_trenie = 0  # ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɟ 

    count_step = 1000 

    count_range = 1000 

    def __init__(self, mu_speed, sigma_speed, mu_angle, sigma_angle, mu_trenie, sigma_trenie, 

mu_veter, sigma_veter): 

        self.mu_speed = mu_speed 

        self.mu_angle = mu_angle 

        self.mu_trenie = mu_trenie 

        self.mu_veter = mu_veter 

        self.sigma_speed = sigma_speed 

        self.sigma_angle = sigma_angle 

        self.sigma_trenie = sigma_trenie 

        self.sigma_veter = sigma_veter 

        self._gen_arrays() 

    def _gen_arrays(self): 

        speed_array = [] 

        friction_array = [] 

        angle_array = [] 

        veter_array = [] 

        speed = self.mu_speed + self.sigma_speed * np.random.randn(self.count_step) 

        angle = self.mu_angle + self.sigma_angle * np.random.randn(self.count_step) 

        friction = self.mu_trenie + self.sigma_trenie * np.random.randn(self.count_step) 

        veter = self.mu_veter + self.sigma_veter * np.random.randn(self.count_step) 

        tools.write_to_file('files/gen_data_speed.txt', speed) 

        tools.write_to_file('files/gen_data_angle.txt', angle) 

        tools.write_to_file('files/gen_data_fric.txt', friction) 

        tools.write_to_file('files/gen_data_veter.txt', veter) 

 

        for (i, item) in enumerate(speed): 

            speed_array.append(item) 
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        for (i, item) in enumerate(friction): 

            friction_array.append(item) 

        for (i, item) in enumerate(angle): 

            angle_array.append(item) 

        for (i, item) in enumerate(veter): 

            veter_array.append(item) 

        self._math_array(speed_array, friction_array, angle_array, veter_array) 

    def _math_array(self, speed_array, friction_array, angle_array, veter_array): 

        file = open('files/gen_data.txt', 'w') 

        for i in range(1, self.count_range): 

            speed = float("{0:.4f}".format(speed_array[i])) 

            fric = float("{0:.4f}".format(friction_array[i])) 

            angle = float("{0:.4f}".format(angle_array[i])) 

            veter = float("{0:.4f}".format(veter_array[i])) 

            speed = speed * 1000 / 3600 

            N = functions.save_lumbda_speed(speed, fric, angle, veter) 

            file.write(str((int(float("{0:.4f}".format(N * 1000)))))+'\n') 

        file.close() 

 

ȼ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɦɵ ɝɟɧɟɪɢɪɭɟɦ ɞɚɧɧɵɟ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ ɫɤɨɪɨɫɬɢ, ɭɝɥɚ 

ɧɚɤɥɨɧɚ ɞɨɪɨɝɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɞɨɪɨɝɢ ɢ ɜɟɬɪɚ ɫ ɭɤɚɡɚɧɧɵɦ ɪɚɡɛɪɨɫɨɦ 

ɡɧɚɱɟɧɢɣ. 

ɗɤɡɟɦɩɥɹɪ ɤɥɚɫɫɚ ɫɨɡɞɚɟɬɫɹ ɜ ɝɥɚɜɧɨɦ ɮɚɣɥɟ main.py: 

generator.Generator(50, 30, 4, 2, 0.015, 0.009, 4, 10). 

ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜɡɹɬɵ ɭɫɪɟɞɧɟɧɧɵɟ ɢ ɩɪɢɛɥɢɠɟɧɧɵɟ ɤ ɪɟɚɥɶɧɨɫɬɢ. Ⱦɥɹ 

ɷɬɨɝɨ ɛɵɥɢ ɢɡɭɱɟɧɵ ɦɚɬɟɪɢɚɥɵ ɩɨ ɜɢɞɚɦ ɧɚɤɥɨɧɨɜ ɞɨɪɨɝ ɨɬ ɦɢɧɢɫɬɟɪɫɬɜɚ 

ɬɪɚɧɫɩɨɪɬɚ, ɜɡɹɬɵ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɪɨɝ ɢ ɛɨɥɟɟ 

ɜɟɪɨɹɬɧɵɟ ɩɨɜɫɟɞɧɟɜɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɨɬɞɟɥɶɧɵɟ ɮɚɣɥɵ ɫ ɪɚɫɲɢɪɟɧɢɟɦ txt. Ⱦɥɹ 

ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɜɵɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɹ ɫɨɯɪɚɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɢɡ ɛɥɨɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ function.py.  
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ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɮɨɪɦɭɥɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɨɬɞɟɥɶɧɵɣ ɮɚɣɥ ɫ 

ɪɚɫɲɢɪɟɧɢɟɦ txt.  

Ɂɚɩɢɫɶ ɜ ɮɚɣɥ ɧɟɫɟɬ ɪɨɥɶ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɩɪɨɝɪɚɦɦɵ, ɬɚɤ ɤɚɤ ɞɥɹ ɷɬɨɣ 

ɰɟɥɢ ɧɟ ɢɫɩɨɥɶɡɭɟɦ ɤɚɤɭɸ-ɥɢɛɨ ɛɚɡɭ ɞɚɧɧɵɯ, ɞɥɹ ɭɞɨɛɫɬɜɚ ɦɢɝɪɚɰɢɢ ɩɪɨɟɤɬɚ ɫ 

ɞɚɧɧɵɦɢ ɧɚ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ Raspberry.  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɜɢɬɢɢ ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ NoSQL 

ɛɚɡɭ ɞɚɧɧɵɯ Mongodb. ȼɵɛɨɪ ɞɚɧɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɨɛɭɫɥɨɜɥɟɧ ɲɢɪɨɤɨɣ 

ɩɨɞɞɟɪɠɤɨɣ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɧɬɟɝɪɚɰɢɢ ɫ 

ɜɟɛ-ɫɟɪɜɢɫɚɦɢ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɝɪɚɦɦɧɨɣ ɩɥɚɬɮɨɪɦɵ node.js ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɚɪɯɢɬɟɤɬɭɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ REST (Representational state transfer). 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɟ ɧɚɩɢɫɚɧ ɤɥɚɫɫ Paintgraf ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ Matplotlib. ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɦɵ ɦɨɠɟɦ 

ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɩɥɨɬɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɧɚ ɝɢɫɬɨɝɪɚɦɦɚɯ, ɷɬɨ ɦɨɠɟɬ 

ɛɵɬɶ ɩɨɥɟɡɧɵɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɝɟɧɟɪɢɪɭɟɦɵɯ ɞɚɧɧɵɯ ɢ 

ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɧɹɬɶ ɩɨɞɯɨɞɹɳɢɟ ɥɢ ɝɟɧɟɪɢɪɭɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɩɨɞ ɧɚɲɭ 

ɡɚɞɚɱɭ. 

ɇɚ ɪɢɫɭɧɤɟ ɧɢɠɟ ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ ɫɤɨɪɨɫɬɢ: 

 

Ɋɢɫɭɧɨɤ 11 – Ƚɢɫɬɨɝɪɚɦɦɚ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ ɫɤɨɪɨɫɬɶ 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɝɪɚɮɢɤɚ ɢɧɢɰɢɚɥɢɡɢɪɭɟɦ ɷɤɡɟɦɩɥɹɪ ɤɥɚɫɫɚ Paintgraf: 

graf = grafs.Paintgraf() 
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graf.show_hist(speed, self.mu_speed, self.sigma_speed) 

 

3.2.2 Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧыɯ 

 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ ɧɚɩɢɫɚɧ ɤɥɚɫɫ ɩɪɨɝɪɚɦɦɵ 

datamining.py 

class Classifield: 

    gen_data = [] 

    def __init__(self, data): 

        self._data = data 

        self._prepare_data() 

    def _prepare_data(self): 

        get_generate_data = open('files/gen_data.txt') 

        l_gen_data = [] 

        for line in get_generate_data: 

            l_gen_data.append(int(line)) 

        l_key = [] 

        l_val = [] 

        val_for_train = [] 

        val_for_train_learn = [] 

        cont_ok = 0 

        cont_non = 0 

        for i in self._data: 

            l_key.append(int(i)) 

            l_val.append(self._data[i]) 

        n = 0 

        for val in l_gen_data: 

            r = functions.nearest(l_key, val) 

            d_effect = self._data[str(r)] 

            if d_effect > 88: 

                cont_ok = cont_ok + 1 

                val_for_train_learn.append(1) 

            else: 
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                cont_non = cont_non + 1 

                val_for_train_learn.append(0) 

            val_for_train.append(val) 

            n = n + 1 

        get_generate_data.close() 

 

ȼ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɦɵ ɩɟɪɟɛɢɪɚɟɦ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɜ ɤɥɚɫɫɟ ɝɟɧɟɪɚɬɨɪɚ 

ɡɧɚɱɟɧɢɹ ɢ ɫɪɚɜɧɢɜɚɟɦ ɫ ɡɧɚɱɟɧɢɹɦɢ ɬɚɛɥɢɰɵ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ.  

ɋɪɚɜɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɫɩɨɫɨɛɨɦ ɩɨɢɫɤɚ ɛɥɢɠɚɣɲɟɝɨ ɡɧɚɱɟɧɢɹ, ɬɨ ɟɫɬɶ ɜ ɰɢɤɥɟ 

ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɪɚɛɨɬɵ ɮɨɪɦɭɥɵ ɩɨɞɫɱɟɬɚ ɜɵɞɟɥɟɧɢɹ 

ɦɨɳɧɨɫɬɢ ɞɥɹ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɢɫɤ ɛɥɢɠɚɣɲɟɝɨ 

ɡɧɚɱɟɧɢɹ ɢɡ ɬɚɛɥɢɰɵ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɛɥɢɠɚɣɲɟɝɨ ɡɧɚɱɟɧɢɹ ɦɵ 

ɦɨɠɟɦ ɜɡɹɬɶ ɩɪɨɰɟɧɬ ɄɉȾ ɞɜɢɝɚɬɟɥɹ. 

Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɦ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɠɟɫɬɤɢɦ ɫɪɚɜɧɟɧɢɟɦ. Ɍɨɱɤɨɣ 

ɫɪɚɜɧɟɧɢɹ ɜɡɹɬɨ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɟ 88% ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɧɚɲɟɝɨ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. Ⱦɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɯɨɞɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɩɪɨɝɪɚɦɦɵ ɢ ɜɡɹɬɨ ɤɚɤ ɬɟɫɬɨɜɨɟ, ɬɚɤ ɠɟ ɨɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɪɟɛɭɸɳɟɝɨɫɹ ɭɪɨɜɧɹ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ɉɪɢ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɜ ɤɨɥɢɱɟɫɬɜɟ 50000 ɲɬɭɤ, ɩɨɥɭɱɚɟɦ ɪɟɡɭɥɶɬɚɬ, 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɧɵɣ ɧɚ ɞɢɚɝɪɚɦɦɟ ɧɢɠɟ: 
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Ɋɢɫɭɧɨɤ 12 – Ƚɪɚɮɢɱɟɫɤɢɣ ɜɵɜɨɞ ɪɟɡɭɥɶɬɚɬɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫɪɚɜɧɟɧɢɟɦ 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɞɢɚɝɪɚɦɦɵ ɢɧɢɰɢɚɥɢɡɢɪɭɟɦ ɷɤɡɟɦɩɥɹɪ ɤɥɚɫɫɚ Paintgraf. ɉɨ 

ɞɢɚɝɪɚɦɦɟ ɜɢɞɧɨ, ɱɬɨ ɛɨɥɶɲɢɣ ɩɪɨɰɟɧɬ ɧɚɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɨɤɚɡɚɥɫɹ 

ɧɟɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ ɧɚɲɟɣ ɡɚɞɚɱɢ. ɉɪɢ ɩɨɜɬɨɪɟɧɢɢ ɝɟɧɟɪɚɰɢɢ ɜ 50000 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜ 50ɤɦ/ɱ, ɜ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɤɥɨɧɚ ɜ 4 

ɝɪɚɞɭɫɚ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɚɫɮɚɥɶɬɭ, ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ ɜɟɬɪɚ ɜ 4 ɦ/ɫ 

ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

Ɍɚɛɥɢɰɚ 2 – Ɋɟɡɭɥɶɬɚɬ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɝɨɪɨɞɚ 

№ ɩ/ɩ 0 - ɧɟɷɮɮɟɤɬɢɜɧɨ 1 - ɷɮɮɟɤɬɢɜɧɨ 

1 26520 23479 

2 26431 23568 

3 26276 23723 

4 26542 23457 

5 26404 23595 

6 26466 23533 

7 26516 23483 

8 26615 23384 

9 26576 23423 

10 26307 23692 
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Ɂɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɱɢɫɥɨɜɨɦ ɜɢɞɟ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ 

ɧɚɛɥɸɞɟɧɢɹ. ɇɚɛɥɸɞɚɟɬɫɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɹ 

ɷɧɬɪɨɩɢɢ ɩɪɢ ɞɚɧɧɵɯ ɢɫɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɪɚɜɧɨ 

ɛɨɥɶɲɟɦɭ ɩɪɨɰɟɧɬɭ ɫɥɭɱɚɟɜ ɧɟɷɮɮɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ.  

Ɇɨɞɟɥɶ ɡɚɞɚɧɧɵɯ ɞɢɚɩɚɡɨɧɨɜ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɦɭɥɢɪɨɜɚɥɚ 

ɟɡɞɭ ɩɨ ɝɨɪɨɞɭ. 

ɉɪɨɜɟɞɟɦ ɟɳɟ ɨɞɢɧ ɷɤɫɩɟɪɢɦɟɧɬ ɫɢɦɭɥɢɪɭɸ ɩɨɟɡɞɤɭ ɫ ɫɪɟɞɧɟɣ 

ɫɤɨɪɨɫɬɶɸ ɜ 35 ɤɦ/ɱ ɩɨ ɯɨɥɦɢɫɬɨɣ ɦɟɫɬɧɨɫɬɢ ɫ ɝɪɭɧɬɨɜɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɦɚɥɨɣ 

ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɨɪɵɜɨɜ ɜɟɬɪɚ. 

 

Ɍɚɛɥɢɰɚ 3 – Ɋɟɡɭɥɶɬɚɬ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɯɨɥɦɢɫɬɨɣ 

ɦɟɫɬɧɨɫɬɢ 

№ ɩ/ɩ 0 - ɧɟɷɮɮɟɤɬɢɜɧɨ 1 - ɷɮɮɟɤɬɢɜɧɨ 

1 17877 32122 

2 17832 32167 

3 17687 32312 

4 17817 32182 

5 17786 32213 

6 17900 32099 

7 17760 32239 

8 18001 31998 

9 17901 32098 

10 17878 32121 

 

ȼ ɞɚɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ – ɡɧɚɱɟɧɢɹ 

ɷɧɬɪɨɩɢɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɛɨɥɶɲɢɣ % 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɩɪɢ ɞɚɧɧɵɯ ɜɯɨɞɹɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. 
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ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɞɜɭɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥ ɫ ɧɚɲɢɦɢ ɢɫɯɨɞɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɛɨɥɶɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ 

ɩɨɟɡɞɨɤ ɩɨ ɯɨɥɦɢɫɬɨɣ ɦɟɫɬɧɨɫɬɢ ɫ ɧɟɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɪɟɞɧɢɦɢ 

ɜɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨ ɞɪɭɝɢɦ ɦɨɞɟɥɹɦ 

ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 

 

3.2.3 Ʉɥɚɫɫɢɮɢɤɚɬɨɪ ɫɥɭɱɚɣɧыɣ ɥɟɫ 

 

ȼ Ƚɥɚɜɟ 2 ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɞɚɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. Ȼɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɦɟɬɨɞ ɤ ɧɚɲɟɣ 

ɪɚɛɨɬɟ — ɷɬɨ ɦɟɬɨɞ «ɋɥɭɱɚɣɧɵɣ ɥɟɫ». 

Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɦɟɬɨɞɨɦ ɫɥɭɱɚɣɧɵɣ ɥɟɫ ɧɚɩɢɫɚɧ ɤɥɚɫɫ Randforest ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ sklearn. 

class randforest: 

    def __init__(self, data_x, data_y): 

        self.data_x = data_x 

        self.data_y = data_y 

        self._random_forest() 

    def _random_forest(self): 

        get_generate_angle = open('files/gen_data_angle.txt') 

        get_generate_fric = open('files/gen_data_fric.txt') 

        get_generate_veter = open('files/gen_data_veter.txt') 

        x_train = [] 

        x = 0 

        with open('files/gen_data_speed.txt') as f: 

            for speed in f: 

                if x <= len(self.data_x)-1: 

                    angle = float(get_generate_angle.readline()) 

                    fric = float(get_generate_fric.readline()) 
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                    veter = float(get_generate_veter.readline()) 

                    x_train.append([float(speed), angle, fric, veter]) 

                x = x + 1 

        # ɦɚɫɫɢɜ ɜɢɞɚ [1, 1, 0, 0] 

        y_train = self.data_y 

        clf_rf = RandomForestClassifier() 

        X_train, X_test, Y_train, Y_test = train_test_split(x_train, y_train, 

test_size=0.2) 

   clf_rf.fit(X_test, Y_test) 

   clf_rf.predict(X_train) 

ȼ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɦɵ ɛɟɪɟɦ ɜɫɟ ɫɨɯɪɚɧɟɧɧɵɟ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ, 

ɜ ɞɚɧɧɨɦ ɪɟɲɟɧɢɢ ɩɨ 50000 ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢ ɩɪɢɦɟɧɹɟɦ ɢɯ ɤ 

ɮɭɧɤɰɢɢ RandomForestClassifier() ɛɢɛɥɢɨɬɟɤɢ sklearn. Ⱦɚɧɧɚɹ ɮɭɧɤɰɢɹ 

ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɢɫɩɨɥɧɟɧɢɟ ɦɟɬɨɞɚ «ɋɥɭɱɚɣɧɵɣ ɥɟɫ».  

Ⱦɥɹ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ ɩɨɞɟɥɢɦ ɨɛɴɹɫɧɹɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɩɨɥɚɦ ɞɥɹ 

ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ ɢ ɩɪɨɜɟɪɹɸɳɢɯ, ɞɥɹ ɷɬɨɝɨ ɜ sklearn ɟɫɬɶ ɮɭɧɤɰɢɹ 

train_test_split(). Ɉɛɭɱɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ fit() ɢ ɫɚɦɨ 

ɩɪɟɞɫɤɚɡɚɧɢɟ ɩɨ ɜɯɨɞɹɳɢɦ ɩɚɪɚɦɟɬɪɚɦ ɢɧɢɰɢɚɥɢɡɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ 

predict(). 

ɉɨɫɥɟ ɨɛɭɱɟɧɢɹ ɢ ɡɚɩɭɫɤɚ ɧɚ ɩɪɨɜɟɪɨɱɧɵɯ ɞɚɧɧɵɯ ɩɨɥɭɱɢɦ ɪɟɡɭɥɶɬɚɬ 

ɪɚɛɨɬɵ ɤɥɚɫɫɚ ɜ ɜɢɞɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɬɚɤɨɝɨ ɜɢɞɚ: 

[1 0 0 1 1 0 … 1 0 0 0 1] 

Ɍɨ ɟɫɬɶ, ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɩɪɟɞɫɤɚɡɚɧɵ ɞɥɹ ɜɨɡɦɨɠɧɨɝɨ ɤɥɚɫɫɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ.  

Ⱦɥɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɣ ɚɧɚɥɢɬɢɤɢ ɪɟɡɭɥɶɬɚɬɚ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 

ɮɭɧɤɰɢɟɣ ɛɢɛɥɢɨɬɟɤɢ sklearn ɞɥɹ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɢɫɜɚɢɜɚɧɢɹ ɤɥɚɫɫɚ -   

predict_proba(x). 

Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɦɚɫɫɢɜ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 

[0.4 0.6] 
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[0.6 0.4] 

[0.4 0.6] 

[0.5 0.5] 

[0.3 0.7] 

[0.  1.] 

[0.7 0.3] 

[0.2 0.8] 

[0.6 0.4] 

[0.4 0.6] 

[0.3 0.7] 

Ɇɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ ɫ ɤɚɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɟɬɨɞ ɨɬɧɟɫ ɜɵɛɪɚɧɧɵɣ ɧɚɛɨɪ 

ɜɯɨɞɹɳɢɯ ɞɚɧɧɵɯ ɤ ɤɥɚɫɫɚɦ ɷɮɮɟɤɬɢɜɧɨ ɢ ɧɟɷɮɮɟɤɬɢɜɧɨ. ɉɨɞɫɱɢɬɚɜ 

ɤɨɥɢɱɟɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɜɟɪɨɹɬɧɨɫɬɶ ɛɨɥɟɟ 80% ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɢɥɢ 8-15% 

ɬɚɤɢɯ ɪɟɲɟɧɢɣ ɨɬ ɨɛɲɟɣ ɜɵɛɨɪɤɢ. ɑɬɨɛɵ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɦɟɬɨɞɚ 

ɛɵɥɢ ɜɧɟɫɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤ ɷɤɡɟɦɩɥɹɪɭ ɤɥɚɫɫɚ 

RandomForestClassifier: 

Criterion - ɤɪɢɬɟɪɢɣ ɞɥɹ ɜɵɛɨɪɚ ɪɟɲɚɸɳɢɯ ɩɪɚɜɢɥ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɭɡɥɨɜ 

ɞɟɪɟɜɶɟ, ɜɵɛɪɚɧ ɜɚɪɢɚɧɬ «entropy». Max_depth - ɦɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɞɟɪɟɜɚ. 

ȼɵɛɪɚɧ ɜɚɪɢɚɧɬ None, ɬɨ ɟɫɬɶ ɞɟɪɟɜɨ ɫɬɪɨɢɬɫɹ ɥɢɛɨ ɩɨɤɚ ɤɚɠɞɵɣ ɥɢɫɬ ɧɟ 

ɫɨɞɟɪɠɢɬ ɨɛɴɟɤɬɨɜ ɢɡ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ, ɥɢɛɨ ɩɨɤɚ ɥɢɫɬ ɫɨɞɟɪɠɢɬ ɧɟ ɛɨɥɟɟ 

min_samples_split (ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɡɧɚɤɨɜ ɞɥɹ ɞɟɥɟɧɢɹ) ɨɛɴɟɤɬɨɜ ɜɵɛɨɪɤɢ. 

Min_samples_split - ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɴɟɤɬɨɜ ɜɵɛɨɪɤɢ, 

ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɭɡɥɚ ɞɟɪɟɜɚ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɟɲɚɸɳɟɝɨ ɩɪɚɜɢɥɚ, 

ɜɵɛɪɚɧ ɜɚɪɢɚɧɬ «2». 

N_estimators - ɤɨɥɢɱɟɫɬɜɨ ɪɟɲɚɸɳɢɯ ɞɟɪɟɜɶɟɜ ɜ ɤɨɦɩɨɡɢɰɢɢ, ɜɵɛɪɚɧ 

ɜɚɪɢɚɧɬ «10».  

Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɪɚɛɨɬɵ ɦɟɬɨɞɚ: 
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Ɋɢɫɭɧɨɤ 13 - Ƚɪɚɞɢɟɧɬ ɪɟɡɭɥɶɬɚɬɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

Ⱦɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɥɭɱɲɢɥɢ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɞɨ 35-45% ɛɨɥɟɟ 

ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɢ (ɛɨɥɟɟ 80% ɩɪɚɜɢɥɶɧɨɫɬɢ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɢɹ). 

ɑɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ ɧɚɛɥɸɞɚɬɶ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɣ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜ 

ɞɚɧɧɨɦ ɚɧɫɚɦɛɥɟ ɩɚɪɚɦɟɬɪ ɢɫɩɨɥɶɡɭɟɦ ɮɭɧɤɰɢɸ feature_importances_ 

Ɋɟɡɭɥɶɬɚɬ ɟɟ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ: 
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Ɋɢɫɭɧɨɤ 14 – ȼɚɠɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɨɞɚ ɋɥɭɱɚɣɧɵɣ ɥɟɫ 

ȼ ɱɢɫɥɨɜɨɦ ɜɢɞɟ ɷɬɨ ɜɵɝɥɹɞɢɬ ɬɚɤ: [0.25815397 0.2520947  0.24524019 

0.24451114]. 

ɉɨ ɞɚɧɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ ɪɚɛɨɬɵ ɮɭɧɤɰɢɢ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɥɢɹɟɬ ɛɨɥɶɲɟ ɧɚ ɪɟɡɭɥɶɬɚɬ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɪɭɝɢɦɢ ɨɛɴɹɫɧɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

ɑɬɨɛɵ ɫɨɯɪɚɧɢɬɶ ɪɟɡɭɥɶɬɚɬ ɨɛɭɱɟɧɢɹ ɦɟɬɨɞɚ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɭɧɤɰɢɟɣ 

ɛɢɛɥɢɨɬɟɤɢ sklearn joblib.dump(), ɮɚɣɥ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɮɨɪɦɚɬɟ pkl. 

Ⱦɥɹ ɡɚɝɪɭɡɤɢ ɫɨɯɪɚɧɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ ɩɪɨɟɤɬ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɭɧɤɰɢɟɣ 

ɛɢɛɥɢɨɬɟɤɢ sklearn joblib.load(). 

 

3.2.4 ɉɨɥɭɱɟɧɢɟ ɞɚɧɧыɯ ɫ ɞɚɬɱɢɤɨɜ 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɚɬɱɢɤɨɜ ɧɚɩɢɫɚɧ ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɜ 

ɮɚɣɥɟ Gpioinput ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ RPi.GPIO 
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Ɋɢɫɭɧɨɤ 15 – Ɋɚɫɩɢɧɨɜɤɚ Raspberry PI 3 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ ɧɚɩɢɫɚɧ ɮɭɧɤɰɢɨɧɚɥ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ RPi.GPIO, ɞɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɧɚɩɢɫɚɧɚ ɫɩɟɰɢɚɥɶɧɨ 

ɞɥɹ Raspberry PI ɢ ɪɚɛɨɬɚɟɬ ɫ ɟɟ ɩɢɧɚɦɢ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɚɬɶ ɩɨɧɹɬɶ ɤɚɤɨɣ ɩɢɧ ɫɥɭɲɚɬɶ ɜ ɞɚɧɧɨɟ ɜɪɟɦɹ ɬɪɟɛɭɟɬɫɹ 

ɭɫɬɚɧɨɜɢɬɶ ɞɥɹ ɞɚɧɧɨɝɨ ɩɢɧɚ ɮɥɚɝ IN: GPIO.setup(ɧɨɦɟɪ ɩɢɧɚ, GPIO.IN). 

Ⱦɥɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɚɬɶ ɞɚɧɧɵɟ ɫ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ – 

ɞɚɬɱɢɤ ɏɨɥɥɚ, ɞɚɬɱɢɤ ɝɢɪɨɫɤɨɩɚ, ɞɚɬɱɢɤ ɜɟɬɪɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɨɪɨɝɢ 

ɡɚɞɚɟɬɫɹ ɜɧɭɬɪɢ ɩɪɨɝɪɚɦɦɵ ɫ ɚɦɩɥɢɬɭɞɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. 

Ɍɚɤɠɟ ɜɫɟ ɜɯɨɞɹɳɢɟ ɞɚɧɧɵɟ ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɫɢɫɬɟɦɭ ɢɫɱɢɫɥɟɧɢɹ, 

ɢɫɩɨɥɶɡɭɟɦɭɸ ɜ ɮɨɪɦɭɥɟ ɪɚɫɱɟɬɚ ɬɪɟɛɭɟɦɨɣ ɦɨɳɧɨɫɬɢ ɞɥɹ ɞɜɢɠɟɧɢɹ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 

ɇɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɭɹ ɞɚɬɱɢɤ ɏɨɥɥɚ ɦɵ ɩɨɥɭɱɚɟɦ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ 

ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ, ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɤɨɪɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɭɦɧɨɠɢɬɶ ɩɨɥɭɱɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɞɚɬɱɢɤɚ ɧɚ ɱɢɫɥɨ ɉ ɢ ɧɚ ɪɚɞɢɭɫ ɤɨɥɟɫɚ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 
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Ɍɟɫɬɢɪɨɜɚɧɢɟ 

 

ɇɚɩɢɫɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɚ ɧɚ ɞɜɟ ɱɚɫɬɢ – ɩɟɪɜɚɹ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ 

ɨɛɭɱɟɧɢɹ ɦɟɬɨɞɚ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. ȼɬɨɪɚɹ – ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɫɨɯɪɚɧɟɧɧɨɦ ɨɩɵɬɟ, ɩɨɥɭɱɟɧɧɨɦ ɜ 

ɩɟɪɜɨɣ ɱɚɫɬɢ ɦɨɞɭɥɹ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɜɵɜɨɞ ɨ ɬɟɤɭɳɟɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɵ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɚɪɚɦɟɬɪɵ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ 

ɞɥɹ ɝɟɧɟɪɚɰɢɢ 50000 ɡɧɚɱɟɧɢɣ ɩɨɞɯɨɞɹɳɢɟ ɩɨɞ ɭɫɥɨɜɢɹ ɝɨɪɨɞɚ – ɷɬɨ ɫɪɟɞɧɹɹ 

ɫɤɨɪɨɫɬɶ 50 ɤɦ/ɱ, ɫɪɟɞɧɢɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɞɨɪɨɝɢ 4%, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ 

ɚɫɮɚɥɶɬɨɜɨɣ ɞɨɪɨɝɢ 0,007, ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 4 ɦ/ɫ.  

ɂ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɯɨɥɦɢɫɬɨɣ ɦɟɫɬɧɨɫɬɢ – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ 35 ɤɦ/ɱ, 

ɫɪɟɞɧɢɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɞɨɪɨɝɢ 8%, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɝɪɭɧɬɨɜɨɣ ɞɨɪɨɝɢ 0,025, 

ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 2 ɦ/ɫ. 

ɉɪɨɜɟɥɢ ɩɨ 10 ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɝɟɧɟɪɚɰɢɢ ɞɚɧɧɵɯ, ɛɵɥɚ ɜɵɹɜɥɟɧɚ 

ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɚɯ.  

Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ (ɷɮɮɟɤɬɢɜɧɨ ɢ 

ɧɟɷɮɮɟɤɬɢɜɧɨ) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2 ɢ 3. 

ɂɡ ɬɚɛɥɢɰ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɛɨɥɶɲɟ 

ɜɟɪɨɹɬɧɨɫɬɟɣ, ɱɬɨ ɷɮɮɟɤɬɢɜɟɧ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥ ɛɭɞɟɬ ɩɪɢ ɟɡɞɟ ɩɨ ɯɨɥɦɢɫɬɨɣ 

ɦɟɫɬɧɨɫɬɢ ɱɟɦ ɩɨ ɝɨɪɨɞɫɤɨɣ ɫɪɟɞɟ. 

Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɦɟɬɨɞɚ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ «ɋɥɭɱɚɣɧɵɣ ɥɟɫ» ɨɬɫɟɹɧɨ 20% 

ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ – ɷɬɨ 10000 ɩɚɪɚɦɟɬɪɨɜ. 

Ɉɫɬɚɜɲɢɟɫɹ 40000 ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɢ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɚɧɧɵɦ 

ɦɟɬɨɞɨɦ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɝɨɧɚ ɩɨɥɭɱɢɥɢ 17011 ɡɧɚɱɟɧɢɣ ɫ ɧɚɢɛɨɥɟɟ 

ɜɵɫɨɤɨɣ ɷɧɬɪɨɩɢɟɣ. Ɋɟɡɭɥɶɬɚɬ ɨɛɭɱɟɧɢɹ ɫɨɯɪɚɧɟɧ ɜ ɮɚɣɥ ɫ ɪɚɫɲɢɪɟɧɢɟɦ pkl.  

Ɍɚɤɠɟ ɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ ɧɚ ɝɪɚɮɢɤɟ, ɤɚɤɨɣ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɛɨɥɶɲɟ 

ɭɱɚɫɬɜɨɜɚɥ ɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɟɬɨɞɚ, ɞɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɨɛɪɚɬɢɬɶɫɹ ɤ Ɋɢɫɭɧɤɭ 14. 
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ȼɬɨɪɚɹ ɱɚɫɬɶ ɦɨɞɭɥɹ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɮɭɧɤɰɢɣ ɩɪɢɧɹɬɢɹ ɜɯɨɞɧɵɯ 

ɞɚɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢɯ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɨɛɭɱɟɧɧɨɣ ɱɚɫɬɢ 

ɜɵɛɨɪɤɢ ɢɡ pkl ɮɚɣɥɚ, ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ Raspberry PI. ɉɪɢ 

ɩɨɥɭɱɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɨɢɦ ɩɨ ɧɢɦ ɚɜɬɨɨɛɧɨɜɥɹɟɦɭɸ ɝɢɫɬɨɝɪɚɦɦɭ ɢ 

ɤɥɚɫɫɢɮɢɰɢɪɭɟɦ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɧɬɪɨɩɢɢ. 

 
Ɋɢɫɭɧɨɤ 16 - Ƚɢɫɬɨɝɪɚɦɦɚ ɜɯɨɞɹɳɟɝɨ ɩɚɪɚɦɟɬɪɚ 

Ɍɟɫɬɢɪɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ, ɦɨɞɭɥɢ ɩɪɨɝɪɚɦɦɵ ɪɚɛɨɬɚɸɬ ɭɫɩɟɲɧɨ. 

ȼыɜɨɞы ɩɨ ɝɥɚɜɟ 3 

 

Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. ɉɪɨɜɟɞɟɧɨ ɟё ɭɫɩɟɲɧɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ. ɇɚ ɨɫɧɨɜɚɧɢɢ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɜɨɞɵ, ɤɨɬɨɪɵɟ ɫɥɭɠɚɬ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɧɚɫɬɪɨɟɤ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ ɞɥɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɯɨɞɚ ɡɚɩɚɫɚ ɛɚɬɚɪɟɢ ɩɪɢ 

ɩɪɨɯɨɠɞɟɧɢɢ ɩɭɬɢ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ 

ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ: 

1) ɇɚɫɬɪɨɣɤɚ ɤɨɧɬɪɨɥɥɟɪɚ ɛɚɬɚɪɟɢ. 
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2) Ʉɨɪɪɟɤɬɢɪɨɜɤɚ ɜɵɛɪɚɧɧɨɝɨ ɦɚɪɲɪɭɬɚ. 

3) Ⱥɧɚɥɢɬɢɤɚ ɞɥɹ ɜɨɞɢɬɟɥɹ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 

ɇɚɫɬɪɨɣɤɚ ɤɨɧɬɪɨɥɥɟɪɚ ɛɚɬɚɪɟɢ ɩɨɡɜɨɥɹɟɬ ɡɚɪɚɧɟɟ, ɩɟɪɟɞ ɞɜɢɠɟɧɢɟɦ, 

ɡɚɞɚɬɶ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɚɤ: 

ɚ) Ɋɟɤɭɩɟɪɚɬɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ (Ⱦɚ/ɇɟɬ). 

ɛ) ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ. 

ɜ) Ȼɚɬɚɪɟɣɧɵɣ ɬɨɤ, Ⱥ. 

ɝ) ɉɢɤɨɜɵɣ, ɮɚɡɧɵɣ ɬɨɤ, Ⱥ. 

ɞ) Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ. 

ɟ) ɍɫɤɨɪɟɧɢɟ, %. 

ɉɪɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɜɵɛɪɚɧɧɨɝɨ ɩɭɬɢ ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɬɚɤɨɣ ɩɭɬɶ, 

ɤɨɬɨɪɵɣ ɛɵ ɩɨɤɚɡɵɜɚɥ ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, 

ɨɫɧɨɜɵɜɚɜɲɢɯɫɹ ɧɚ ɜɵɛɪɚɧɧɨɦ ɩɭɬɢ, ɧɚɢɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ 

ɬɪɟɛɭɟɬɫɹ ɡɚɩɭɫɬɢɬɶ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥ ɤɚɤ ɩɚɫɫɚɠɢɪɫɤɢɣ ɬɪɚɧɫɩɨɪɬ ɩɚɫɫɚɠɢɪɚ ɫ 

ɢɧɫɬɢɬɭɬɚ ɧɚ ɭɥɢɰɟ ɋɜɨɛɨɞɧɵɣ ɩɪɨɫɩɟɤɬ ɜ ɢɧɫɬɢɬɭɬ ɧɚ ɭɥɢɰɟ Ⱥɤɚɞɟɦɢɤɚ 

Ʉɢɪɟɧɫɤɨɝɨ, ɬɨ ɦɨɠɧɨ ɫɝɟɧɟɪɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɫ ɫɪɟɞɧɢɦ ɩɨɤɚɡɚɬɟɥɟɦ 

ɞɚɧɧɨɝɨ ɦɚɪɲɪɭɬɚ ɢ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɯɨɠɞɟɧɢɹ ɦɟɬɨɞɚ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɟɲɟɧɢɹ ɩɨ ɧɚɫɬɪɨɣɤɟ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 

Ⱥɧɚɥɢɬɢɤɚ ɞɥɹ ɜɨɞɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɝɢɫɬɨɝɪɚɦɦɭ ɧɚ ɞɢɫɩɥɟɟ: 
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Ɋɢɫɭɧɨɤ 17 – Ʉɨɧɰɟɩɬ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɩɢɞɨɦɟɬɪɚ 

 

Ⱦɚɧɧɵɣ ɜɢɞ ɚɥɶɬɟɪɧɚɬɢɜɵ ɫɩɢɞɨɦɟɬɪɚ ɩɨɡɜɨɥɢɬ ɜɨɞɢɬɟɥɸ ɩɨɧɢɦɚɬɶ 

ɫɢɬɭɚɰɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɯɨɞɚ ɛɚɬɚɪɟɢ. Ⱦɚɧɧɵɣ ɜɢɞ ɝɪɚɮɢɤɚ ɩɨɡɜɨɥɢɬ 

ɫɪɚɜɧɢɬɶ ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɨɞɧɨɝɨ ɢɡ ɜɯɨɞɹɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɞɪɭɝɢɦ ɢ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɨɛɭɱɟɧɢɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɦɟɬɨɞɚ «ɋɥɭɱɚɣɧɵɣ 

ɥɟɫ» - ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɜɵɜɟɞɟɬ ɧɚ ɷɤɪɚɧ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ ɤɨɦɛɢɧɚɰɢɸ 

ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɡɚɩɚɫɚ ɯɨɞɚ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ. 

Ɍɚɤ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɦɵ ɧɟ ɦɨɠɟɦ 

ɧɚɩɪɹɦɭɸ ɜɥɢɹɬɶ ɧɚ ɯɨɞ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ, ɬɚɤ ɤɚɤ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɭ 

ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ, ɬɨ ɩɪɟɞɥɨɠɟɧ ɜɚɪɢɚɧɬ ɪɚɡɪɚɛɨɬɤɢ ɢ ɭɫɬɚɧɨɜɤɢ ɧɚ 

ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥ ɦɟɯɚɧɢɡɦɚ - ɜɚɪɢɚɬɨɪɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɟɝɭɥɢɪɨɜɤɢ 

ɦɨɦɟɧɬɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɟɝɨ ɨɛɨɪɨɬɨɜ. 
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ɁАɄɅɘɑȿɇɂȿ 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɦɵ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, 

ɢɡɭɱɟɧɵ ɞɪɭɝɢɟ ɫɬɚɬɶɢ ɢ ɪɚɛɨɬɵ ɩɨ ɬɟɦɚɦ ɨɩɬɢɦɢɡɚɰɢɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥ, ɩɨɫɬɪɨɟɧɧɵɣ ɧɚ ɛɚɡɟ ɋɎɍ, 

ɤɚɤ ɨɛɴɟɤɬ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɚɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ 

ɦɨɞɭɥɶ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɛɚɬɚɪɟɢ, ɱɬɨ 

ɩɨɡɜɨɥɢɬ ɩɪɨɟɡɠɚɬɶ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ ɩɪɢ ɢɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ 

ɞɜɢɝɚɬɟɥɹ, ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɞɢɡɚɣɧɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɜɵɛɪɚɧ 

ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ – ɦɟɬɨɞ «ɋɥɭɱɚɣɧɵɣ ɥɟɫ». ȼɵɛɪɚɧ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python ɢ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ Raspberry PI ɤɚɤ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ 

ɛɥɨɤ.  

Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɦɨɞɭɥɹ ɧɚ ɜɵɛɪɚɧɧɨɦ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɱɚɫɬɶ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ 

ɩɨɦɨɳɶɸ ɝɟɧɟɪɚɰɢɢ ɩɨɞɨɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɱɚɫɬɶ ɨɛɪɚɛɨɬɤɨɣ ɜɯɨɞɹɳɢɯ 

ɞɚɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɟ. ɍɫɩɟɲɧɨ 

ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɪɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ, ɜɵɹɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɨ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɥɨɠɟɧɵ ɜɚɪɢɚɧɬɵ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ 

ɪɚɡɜɢɬɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɨɞɭɥɹ.  
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼАɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1. ɗɥɟɤɬɪɨɧɧɵɣ ɧɚɭɱɧɵɣ ɠɭɪɧɚɥ [ ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : ɦɟɬɨɞɵ 

ɭɥɭɱɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɚɬɚɪɟɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://futurism.com 

2. Ʉɪɢɰɤɢɣ ɋ.Ⱦ., Ʉɭɩɪɟɟɜ ɋ.Ⱥ., Ɍɚɪɚɫɨɜ Ⱥ.ȼ. ɉɪɨɟɤɬ ɷɥɟɤɬɪɨɦɨɬɨɰɢɤɥɚ 

ɤɚɬɟɝɨɪɢɢ L3 – ɩɭɛɥɢɤɚɰɢɹ ɜ ɫɛɨɪɧɢɤɟ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɜ ɝ. ɋɨɱɢ, 2016ɝ. 

3. Ʉɪɢɰɤɢɣ ɋ.Ⱦ. Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɜ ɡɚɞɚɱɚɯ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɯɨɞɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – ɫɬɚɬɶɹ ɜ ɫɛɨɪɧɢɤɟ ɤɨɧɮɟɪɟɧɰɢɢ Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ 

ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ, ɝ. ɀɟɥɟɡɧɨɝɨɪɫɤ, 2017ɝ. 

4. ɉɪɟɞɫɬɚɜɢɬɟɥɶ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ Ɋɨɫɫɢɢ [ɗɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ] : ɬɚɛɥɢɰɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ  ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. – 

https://goldenmotor.ru/bldc-motors/hpm5000b-fan-cooling/ 

5. Ʉɚɪɚɢɱɟɜ Ʉ. ɇ., Ɂɵɪɢɧ ȼ. Ɉ. ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 

ɷɥɟɤɬɪɨɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɫ 

ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɦɢ ɡɚɩɚɫɚɦɢ ɧɟɮɬɢ. 2016. 

6. Ɇɢɧ Ɍ. Ⱥ., ɋɭɡɞɨɪɮ ȼ. ɂ. ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ. 2017. 

7. Ȼɨɪɢɫɟɜɢɱ Ⱥ. ȼ. ɉɪɚɤɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɱɢɫɥɟɧɧɨɝɨ ɩɨɢɫɤɚ ɞɥɹ 

ɦɢɧɢɦɢɡɚɰɢɢ ɦɨɳɧɨɫɬɢ ɩɨɬɟɪɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 2014. 

8. Ɂɨɥɨɬɵɯ ɋ.Ɏ., Ɋɨɠɤɨɜ ɋ.ȼ., Ʌɨɛɚɧɨɜɚ ɋ.ȼ. Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. 2013. 

9. Ɇɢɥɵɯ ȼ.ɂ., Ɍɤɚɱɟɧɤɨ ɋ.ȼ. Ⱥɧɚɥɢɡ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɥɢɧɟɣɧɨɝɨ 

ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɝɨ ɪɚɛɨɬɵ. 

10. Ʌɵɫɨɜɚ Ɉ.Ⱥ., ɉɨɪɬɧɹɝɢɧ Ⱥ.Ʌ., Ʉɨɱɧɟɜ ɉ.ȼ. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɷɧɟɝɨɫɛɟɪɟɝɚɸɳɟɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɵɦɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɧɚɫɨɫɨɜ ɤɧɫ. 

11. Ʉɚɥɦɵɤɨɜ Ⱥ.ɇ, Ƚɚɥɭɲɢɧ ɋ.ə., Ⱦɦɢɬɪɢɟɜ Ȼ.Ɏ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɝɪɟɛɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ. 
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12. ɋɚɜɨɫɶɤɢɧ Ⱥ. ɇ., Ɍɟɥɟɝɢɧ Ɇ. ȼ., ɉɥɢɫ ȼ. ɂ., ɀɢɪɤɨɜ Ⱥ. ɂ. ɉɪɟɞɥɨɠɟɧɢɹ 

ɩɨ ɭɥɭɱɲɟɧɢɸ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɨɤɨɦ ɬɹɝɨɜɵɯ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɷɥɟɤɬɪɨɜɨɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 

13. Ɉɜɫɹɧɧɢɤɨɜ ȿ.Ɇ., ɇɝɭɟɧ Ʉ.Ɍ. ɋɢɫɬɟɦɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɢ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟɦ ɪɨɬɨɪɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

14. Ɍɚɪɚɧɨɜ Ⱦ.Ɇ., Ʉɚɭɧ Ɉ.ɘ., Ƚɟɬɦɚɧɟɧɤɨ ȼ.Ɇ., Ʌɟɛɟɞɟɜ Ʉ.ɇ., Ʌɢɬɜɢɧɨɜ 

ȼ.ɇ., ɋɬɚɪɨɜɨɣɬ Ɇ.ɘ. ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ «ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɱɚɫɬɨɬɵ - ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ» ɧɚɫɨɫɨɜ ɫɢɫɬɟɦɵ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɚɞɚɩɬɢɜɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɭɩɪɚɜɥɟɧɢɹ. 

15. əɧɨɱɤɢɧɚ Ɉ. Ɉ. Ɉɛ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ. 

16. Ɇɨɫɤɟɪɚ Ɇ. Ɇ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɪɨɛɨɬɚ-ɤɨɧɜɟɪɬɨɩɥɚɧɚ.  

17. Ɇɚɤɫɚɤɨɜ ɋ.Ⱥ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

18. Ɇɢɧɚɤɨɜɚ Ɍ.ȿ. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɨɜ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ 

ɫɢɫɬɟɦɟ ɭɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

19. Ʉɪɢɜɢɥɟɜ Ⱥ.ȼ. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɩɥɢɫ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ 

ɫɩɨɫɨɛɨɜ ɢɦɩɭɥɶɫɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɚɦɢ "ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ - 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ" ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  

20. Ɂɚɯɚɪɨɜ ȼ.ɋ. ɐɢɮɪɨɜɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ. 

21. Ȼɚɡɚ ɫɬɚɬɟɣ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : ɦɟɬɨɞɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɚɧɧɵɯ. – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://machinelearning.ru 
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23. Ɉɮɢɰɢɚɥɶɧɵɣ ɫɚɣɬ ɞɨɤɭɦɟɧɬɚɰɢɹ ɞɢɫɬɪɢɛɭɬɢɜɚ Anaconda [ɗɥɟɤɬɪɨɧɧɵɣ 
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