
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɋɚɹɧɨ-ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ 
ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ «Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ» 

ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ 
ɂ.ɨ. Ɂɚɜɟɞɭɸɳɟɝɨ 
ɤɚɮɟɞɪɨɣ ȽȽɗɗɋ 
________    Ⱥ.Ⱥ. Ⱥɱɢɬɚɟɜ 
       ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
«____» _________ 2020ɝ. 

 
ɆАȽɂɋɌȿɊɋɄАə ȾɂɋɋȿɊɌАɐɂə 

 
ɊȺɁɊȺȻɈɌɄȺ ɉɊȿȾɅɈɀȿɇɂɃ ɉɈ ȼɇȿȾɊȿɇɂɘ ȼɈɁɈȻɇɈȼɅəȿɆɕɏ 

ɂɋɌɈɑɇɂɄɈȼ ɗɇȿɊȽɂɂ ȼ ɋɏȿɆɍ ɋɈȻɋɌȼȿɇɇɕɏ ɇɍɀȾ ɆȺɅɕɏ Ƚɗɋ 
ɬɟɦɚ 

13.04.02 - ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

13.04.02.06 - Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 

 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ 
_________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

ɂ.ɨ. ɡɚɜɟɞɭɸɳɢɣ 
ɤɚɮɟɞɪɨɣ ȽȽɗɗɋ, 
ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ 

ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ 

Ⱥ.Ⱥ. Ⱥɱɢɬɚɟɜ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ 
_________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ  

Ⱥ.ȼ. Ⱥɦɟɥɶɱɚɤɨɜ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɋɟɰɟɧɡɟɧɬ 
_________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ 
ɫɨɬɪɭɞɧɢɤ 

ɂɧɫɬɢɬɭɬɚ ɫɢɫɬɟɦ 
ɷɧɟɪɝɟɬɢɤɢ ɢɦ Ʌ.Ⱥ. 
Ɇɟɥɟɧɬɶɟɜɚ, ɤɚɧɞ. 

ɬɟɯɧ. ɧɚɭɤ 
ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ 

Ⱦ.ɇ. Ʉɚɪɚɦɨɜ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ 
_________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
Ⱥ.Ⱥ. ɑɚɛɚɧɨɜɚ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 

ɋɚɹɧɨɝɨɪɫɤ 2020  
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АɇɇɈɌАɐɂə 

 

Ɉɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 53 ɫɬɪɚɧɢɰ, ɫɨɞɟɪɠɢɬ 27 ɢɥɥɸɫɬɪɚɰɢɢ, 9 

ɬɚɛɥɢɰ ɢ 14 ɮɨɪɦɭɥ. ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ ɫɨɫɬɨɢɬ ɢɡ 12 

ɧɚɢɦɟɧɨɜɚɧɢɣ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɦɚɥɵɟ ɢ ɦɢɤɪɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɦɚɥɵɟ ɢ 

ɦɢɤɪɨ-Ƚɗɋ). 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɟɞɥɨɠɟɧɢɣ ɩɨ 

ɜɧɟɞɪɟɧɢɸ ɜ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ ɢ ɦɢɤɪɨ-Ƚɗɋ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɝɟɧɟɪɚɰɢɢ ɜ ɜɢɞɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɧɵɟ 

ɫɪɟɞɫɬɜɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ: 

 ɉɪɟɞɥɨɠɟɧɢɟ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɨɣ ɢ ɦɢɤɪɨ-Ƚɗɋ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɢɡɨɥɢɪɨɜɚɧɧɭɸ 

ɷɧɟɪɝɨɫɢɫɬɟɦɭ; 

 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɥɚɜɧɵɯ ɫɯɟɦ ɩɪɢɫɨɟɞɢɧɟɧɢɣ 

ɦɚɥɵɯ ɢ ɦɢɤɪɨ-Ƚɗɋ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 

 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ 

ɜɯɨɞɢɬ ɦɚɥɚɹ Ƚɗɋ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫ ɩɨɦɨɳɶɸ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ; 

 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɟɧɟɪɚɰɢɟɣ ɦɚɥɨɣ 

Ƚɗɋ ɫ ȼɂɗ-ɝɟɧɟɪɚɰɢɟɣ; 

 Ⱥɩɪɨɛɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɟɞɥɨɠɟɧɢɣ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɦɢɤɪɨɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɜɯɨɞɹɳɚɹ ɜ ɧɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ 

ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ «R&P complex», ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɪɚɛɨɱɟɦ ɩɨɫɟɥɤɟ 

ɑɟɪɟɦɭɲɤɢ.  

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɜɚɪɢɚɧɬɵ ɫɯɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ɦɚɥɵɯ Ƚɗɋ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ ɜ ɜɢɞɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ 
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ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɨɧɢ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ, ɚɧɚɥɢɡɢɪɨɜɚɧɵ 

ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɥɚɹ ɝɟɧɟɪɚɰɢɹ, ɷɧɟɪɝɢɹ ɫɨɥɧɰɚ, ɷɧɟɪɝɢɹ ɜɟɬɪɚ, 

ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ, ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ, ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɢɡɨɥɢɪɨɜɚɧɧɚɹ 

ɷɧɟɪɝɨɫɢɫɬɟɦɚ. 

ȼ ɦɚɝɢɫɬɟɪɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɜɯɨɞɹɬ ɜɜɟɞɟɧɢɟ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɹɬɶ 

ɝɥɚɜ ɢ ɡɚɤɥɸɱɟɧɢɟ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɫɤɚɡɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ, 

ɭɤɚɡɵɜɚɟɬɫɹ ɟɝɨ ɡɧɚɱɢɦɨɫɬɶ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɨɤɚɡɚɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɜ 

ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɩɪɟɞɥɨɠɟɧɢɹɦ ɩɨ ɜɧɟɞɪɟɧɢɸ ɜ ɫɯɟɦɭ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ Ƚɗɋ ȼɂɗ-ɝɟɧɟɪɚɰɢɢ. 

Ɍɪɟɬɶɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɵɯ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. 

ɑɟɬɜɟɪɬɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢ ɫɯɟɦ ɩɪɟɞɥɚɝɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɚɥɨɝɨ 

ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ. 

ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɩɨɤɚɡɚɧ ɚɥɝɨɪɢɬɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɵɦ 

ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɨɦ. 

ȼ ɲɟɫɬɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ 

ɪɟɲɟɧɢɣ, ɩɪɟɞɥɚɝɚɟɦɵɯ ɜ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ. 

ȼ ɫɟɞɶɦɨɣ ɝɥɚɜɟ ɩɨɤɚɡɚɧ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɜɚɪɢɚɧɬɨɜ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɨɫɜɹɳɟɧɨ ɨɫɧɨɜɧɵɦ ɜɵɜɨɞɚɦ. 

  



4 
 

АȼɌɈɊȿɎȿɊАɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɩɪɟɞɥɨɠɟɧɢɣ ɩɨ ɜɧɟɞɪɟɧɢɸ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɷɧɟɪɝɢɢ ɜ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ Ƚɗɋ». 

Аɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ: 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɧɢɦɚɧɢɹ ɧɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɥɨɣ ɝɟɧɟɪɚɰɢɢ ɜ ɜɢɞɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɜ 

ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ. 

Ɍɚɤɠɟ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɚɱɢɧɚɟɬɫɹ ɪɚɡɜɢɬɢɟ ɤɨɧɰɟɩɰɢɢ «SmartGrid» ɢ 

«Microgrids», ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɝɟɧɟɪɚɰɢɹ, ɚɤɬɢɜɧɵɟ 

ɫɟɬɢ ɢ ɩɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ⱦɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ 

ɪɟɝɢɨɧɚ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɜɚ ɜɚɪɢɚɧɬɚ: ɜɨɡɜɟɞɟɧɢɟ ɦɚɥɨɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɭ ɩɨɬɪɟɛɢɬɟɥɹ ɢɥɢ ɜɨɡɜɟɞɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɢ 

ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɢ ɩɨɧɢɠɚɸɳɢɯ ɩɨɞɫɬɚɧɰɢɢ. ɇɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɟɛɨɥɶɲɨɝɨ ɩɨɫɟɥɟɧɢɹ ɜ ɝɨɪɧɨɣ ɦɟɫɬɧɨɫɬɢ ɜɨɡɜɟɞɟɧɢɟ ȼɅɗɉ 

ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ. ɉɨɷɬɨɦɭ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɦɚɥɵɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɚ ɛɥɢɡɥɟɠɚɳɢɯ 

ɪɟɤɚɯ.  

Ɇɚɥɵɟ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɛɟɡɜɪɟɞɧɵɯ ɜɢɞɨɜ 

ɝɟɧɟɪɚɰɢɢ. ɇɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɚɤɢɯ ɫɬɚɧɰɢɣ ɧɟɨɛɯɨɞɢɦɨ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɦɟɬɨɞɢɤɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɚɤɢɯ ɫɬɚɧɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ 

ɜɚɪɢɚɧɬɨɜ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɢɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɵɯ Ƚɗɋ ɜ ɫɨɫɬɚɜɟ 

ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ ɩɪɟɞɥɚɝɚɸɬɫɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɤɨɦɩɥɟɤɫɚ, ɨɩɢɫɚɧɧɵɟ 

ɜ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ: 
Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɢɱɟɫɤɢɟ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɜɧɟɞɪɟɧɢɸ ɜ ɫɯɟɦɭ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ ɢ ɦɢɤɪɨ-Ƚɗɋ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ ɜ ɜɢɞɟ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ: 

 ɉɪɟɞɥɨɠɟɧɢɟ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɨɣ ɢ ɦɢɤɪɨ-Ƚɗɋ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɢɡɨɥɢɪɨɜɚɧɧɭɸ 

ɷɧɟɪɝɨɫɢɫɬɟɦɭ; 

 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɥɚɜɧɵɯ ɫɯɟɦ ɩɪɢɫɨɟɞɢɧɟɧɢɣ 

ɦɚɥɵɯ ɢ ɦɢɤɪɨ-Ƚɗɋ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 

 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ 

ɜɯɨɞɢɬ ɦɚɥɚɹ Ƚɗɋ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫ ɩɨɦɨɳɶɸ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ; 

 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɟɧɟɪɚɰɢɟɣ ɦɚɥɨɣ 

Ƚɗɋ ɫ ȼɂɗ-ɝɟɧɟɪɚɰɢɟɣ; 

 Ⱥɩɪɨɛɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɟɞɥɨɠɟɧɢɣ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɦɢɤɪɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɜɯɨɞɹɳɚɹ ɜ ɧɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ 

ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ «R&P complex», ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɪɚɛɨɱɟɦ ɩɨɫɟɥɤɟ 

ɑɟɪɟɦɭɲɤɢ.  

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
Ⱥɧɚɥɢɡ, ɤɥɚɫɫɢɮɢɤɚɰɢɹ, ɫɬɪɭɤɬɭɪɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɦɟɬɨɞ, 

ɮɨɪɦɚɥɢɡɚɰɢɹ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ: 
Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɜɚɪɢɚɧɬɵ ɫɯɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ Ƚɗɋ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ ɜ ɜɢɞɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɷɧɟɪɝɢɢ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɨɧɢ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ, ɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɨɫɬɨɢɧɫɬɜɚ ɢ 

ɧɟɞɨɫɬɚɬɤɢ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ.  

Аɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ: 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ ɤɨɧɮɟɪɟɧɰɢɹɯ: 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ ɚɫɩɢɪɚɧɬɨɜ ɢ 

ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɇɚɭɱɧɚɹ ɫɟɫɫɢɹ ɌɍɋɍɊ», X Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɝɥɚɡɚɦɢ ɦɨɥɨɞɟɠɢ-2019» ɢ 

ɋɟɞɶɦɚɹ ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, 
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ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ «Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ XXI  ɜɟɤɟ». Ɍɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ 

ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ «R&P complex». 

ɉɭɛɥɢɤɚɰɢɢ: 
ɉɨ ɨɫɧɨɜɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɭɛɥɢɤɨɜɚɧɨ ɱɟɬɵɪɟ ɩɟɱɚɬɧɵɯ ɪɚɛɨɬɵ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 
Ɇɚɥɚɹ ɝɟɧɟɪɚɰɢɹ, ɷɧɟɪɝɢɹ ɫɨɥɧɰɚ, ɷɧɟɪɝɢɹ ɜɟɬɪɚ, ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ, 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ, ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɢɡɨɥɢɪɨɜɚɧɧɚɹ ɷɧɟɪɝɨɫɢɫɬɟɦɚ. 
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ABSTRACT 

 

Final qualification work in the form of a master's dissertation on the topic 

"Development of proposals for the introduction of renewable energy sources in the 

scheme of own needs of small HPP". 

Relevance of the topic: 

Currently, there is a large amount of attention on the use of small-scale 

generation in the form of renewable energy sources as electricity generation for 

consumers of isolated systems. The Russian Federation is also beginning to develop 

the concept of «SmartGrid» and «Microgrids», which include distributed generation, 

active networks and electricity consumers. For the power supply of an isolated 

region, two options must be considered: the construction of a small power station at 

the consumer or the construction of overhead power lines and lowering substations. 

But to provide electricity to a small settlement in a mountainous area, the 

construction of an overhead power line is problematic. Therefore, to solve this 

problem, it is proposed to build small hydroelectric power stations on nearby rivers. 

Small hydroelectric power plants are efficient and one of the most harmless 

types of generation. However, to improve the energy efficiency of such stations, it is 

necessary to improve the design methods of such stations. As options for improving 

the design methods of small hydroelectric power plants as part of the power complex, 

the power supply schemes of the complex described in the master's dissertation are 

proposed. 

Purpose of work: 

Develop technical proposals for the introduction of additional generation in the 

form of renewable energy sources into the scheme of own needs of small and micro-

power plants, using software modeling tools. 

Main task: 

 Proposal and justification of options for power supply schemes for own 

needs of small and micro-HPP operating on an isolated power system; 
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 Development of methods for designing the main connection schemes for 

small and micro-HPP with various variants of power supply schemes for their own 

needs; 

 Modeling of an isolated power system, which includes a small 

hydroelectric power station with various variants of power supply schemes for its 

own needs using application software systems; 

 Development of algorithms for automatic generation control of small hydro 

with renewable energy-generation; 

 Approbation of the developed proposals on the example of a projected 

micro-hydroelectric power station, which is part of the scientific and educational 

complex of electric power industry "R&P complex", located in the working village of 

Cheremushki. 

Methods of research: 

Analysis, classification, structural and functional method, formalization, 

modeling. 

Scientific novelty: 

Variants of schemes of own needs of small hydroelectric power plants with 

the use of additional generation in the form of renewable energy sources were 

proposed. In the course of the work, they were considered and analyzed the 

advantages and disadvantages of each option. 

Approbation of the work results: 

The results were presented and discussed at the conferences: International 

scientific-technical conference of students, postgraduates and young scientists 

"Scientific session TUSUR", X International scientific-technical conference 

"electrical power engineering through the eyes of youth-2019" and the Seventh all-

Russian scientific-practical conference of young scientists, postgraduates and 

students "Hydroelectric power in the twenty-first century." The results were also 

applied in the design scientific and educational complex of electric power industry 

"R&P complex". 

Publications: 
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According to the main results, four printed works were published. 

Keyword: 

Small generation, solar power, wind power, solar panels, wind generator, own 

needs, isolated power system. 
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ȼȼȿȾȿɇɂȿ 

 

Ɇɚɥɵɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɷɬɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɭ 

ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 10 ɤȼɬ ɞɨ 30 Ɇȼɬ. Ɍɚɤɢɟ 

ɫɬɚɧɰɢɢ ɪɚɛɨɬɚɸɬ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɧɚɩɪɢɦɟɪ ɜ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ ɛɚɡ ɨɬɞɵɯɚ, ɛɵɬɨɜɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɥɟɫɨɩɢɥɨɤ, ɡɢɦɨɜɨɤ 

ɢ ɬɚɤ ɞɚɥɟɟ. Ɉɛɵɱɧɨ, ɝɢɞɪɨɚɝɪɟɝɚɬɵ ɬɚɤɢɯ ɫɬɚɧɰɢɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɭɦɟɥɶɰɚɦɢ 

ɢɡ ɩɨɞɪɭɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢ ɷɬɨ ɪɚɛɨɬɚɟɬ ɢ ɫɧɚɛɠɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ 

ɷɥɟɤɬɪɨɩɨɬɪɟɛɢɬɟɥɟɣ.  

ȼ ɤɚɱɟɫɬɜɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɚɥɵɯ 

Ƚɗɋ ɹɜɥɹɟɬɫɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɵɯ Ƚɗɋ, 

ɩɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɗɬɨ ɩɪɢɦɟɧɢɦɨ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. ɇɨ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɝɟɧɟɪɚɰɢɸ, ɩɨɞɤɥɸɱɟɧɧɭɸ ɜ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ 

ɧɭɠɞ ɦɚɥɨɣ Ƚɗɋ. ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɩɪɢɦɟɧɹɟɦ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ, ɬɚɤɢɟ ɤɚɤ ɫɨɥɧɟɱɧɭɸ ɢ ɜɟɬɪɹɧɭɸ. ɉɨɬɨɦɭ 

ɱɬɨ ɜɤɥɸɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɭɜɟɥɢɱɢɜɚɸɬ ɭɫɬɚɧɨɜɥɟɧɧɭɸ 

ɦɨɳɧɨɫɬɶ ɦɚɥɨɝɨ ɝɢɞɪɨɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ. ȼ ɤɚɱɟɫɬɜɟ ɜɚɪɢɚɧɬɨɜ ɩɨɞɤɥɸɱɟɧɢɹ 

ɢɯ ɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ,  ɤɚɤ ɢ ɩɚɪɚɥɥɟɥɶɧɨɟ ɜɤɥɸɱɟɧɢɟ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ, ɬɚɤ 

ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɫɬɚɜɤɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ.  
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1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 

ɂɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɤɬ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɧɚɭɱɧɨ-

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ «R&P complex»ɫ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 24,55 ɤȼɬ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɪɚɛɨɱɟɦ 

ɩɨɫɟɥɤɟ ɑɟɪɟɦɭɲɤɢ. Ʉɥɚɫɫ ɧɚɩɪɹɠɟɧɢɹ 0,4 ɤȼ, ɱɚɫɬɨɬɚ ɫɟɬɢ 50 Ƚɰ. Ʉɨɦɩɥɟɤɫ 

ɫɨɫɬɨɢɬ ɢɡ ɦɢɤɪɨ-ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɦɢɤɪɨ-Ƚɗɋ) ɫ ɬɪɟɦɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ ɫ 

ɪɚɡɧɵɦɢ ɬɢɩɚɦɢ ɝɢɞɪɨɬɭɪɛɢɧ ɫ ɫɢɧɯɪɨɧɧɵɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ ɧɚ ɩɨɫɬɨɹɧɧɵɯ 

ɦɚɝɧɢɬɚɯ ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɶɸ 16,95 ɤȼɬ, ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ 

(ȼɗɍ) ɦɨɳɧɨɫɬɶɸ 1 ɤȼɬ ɢ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɧɟɥɟɣ (Ɏɗɉ) ɫ ɫɭɦɦɚɪɧɨɣ 

ɦɨɳɧɨɫɬɶɸ 6,6 ɤȼɬ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 1.1. 

 

Ɍɚɛɥɢɰɚ 1.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɦɢɤɪɨ-Ƚɗɋ «R&P 

complex» 

ɉɚɪɚɦɟɬɪ ȽȺ №1 ȽȺ №2 ȽȺ №3 
Ɍɢɩ ɝɢɞɪɨɬɭɪɛɢɧɵ Ʉ15-Ƚ-40 ɊɈ15-ȼ-40 ɉɪ15-ȼ-40 
Ɇɨɳɧɨɫɬɶ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɤȼɬ 5,82 5,78 5,8 
Ɍɢɩ ɝɟɧɟɪɚɬɨɪɚ ɋɢɧɯɪɨɧɧɵɣ, ɬɪɟɯɮɚɡɧɵɣ, ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 5,65 
Ɋɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ȽȺ, % 

88 92 90 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 400 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɦɢɧ-1 750 750 750 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɨ.ɟ. 0,8 
ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɡɜɟɡɞɚ 

 

ȼ ɫɨɫɬɚɜɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɭɱɬɟɧɚ ɧɚɝɪɭɡɤɚ, ɦɨɳɧɨɫɬɶɸ 0,06% ɨɬ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɦɢɤɪɨ-Ƚɗɋ. ɋɯɟɦɚ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ ɦɢɤɪɨ-Ƚɗɋ 

ɬɚɤɨɜɚ, ɱɬɨ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɟ ɝɟɧɟɪɚɬɨɪɚ ɫɨɜɩɚɞɚɟɬ ɫ 

ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼɗɍ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 
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Ɍɚɛɥɢɰɚ 1.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼɗɍ «R&P complex» 

ɉɚɪɚɦɟɬɪ ȼȺ 
Ɍɢɩ ɜɟɬɪɨɬɭɪɛɢɧɵ Ɉɪɬɨɝɨɧɚɥɶɧɵɣ, ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ 
Ɍɢɩ ɝɟɧɟɪɚɬɨɪɚ ɋɢɧɯɪɨɧɧɵɣ, ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ 
ɇɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/ɫ 1,8 
ɇɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/ɫ 10 
ɇɨɦɢɧɚɥɶɧɚɹ Ɇɨɳɧɨɫɬɶ, ɤȼɬ 1,0 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/ɫ 25 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 1,5 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 48 
ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ  ɪɨɬɨɪɚ, ɦɢɧ-1 150 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɦɢɧ-1 200 

 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɏɗɉ ɞɥɹ ɫɨɥɧɟɱɧɨɣ ɱɚɫɬɢ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3. 

 

Ɍɚɛɥɢɰɚ 1.3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɏɗɉ «R&P complex» 

ɉɚɪɚɦɟɬɪ ɋɉ 
Ɇɨɞɟɥɶ ɎɋɆ-330ɉ 
Ɍɢɩ ɫɨɥɧɟɱɧɨɣ ɩɚɧɟɥɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɨɞɧɨɣ ɩɚɧɟɥɢ, ȼɬ 330  
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɞɧɨɣ ɩɚɧɟɥɢ, ȼ 24 
ɇɚɩɪɹɠɟɧɢɟ ɩɪɢ ɩɢɤɨɜɨɣ ɦɨɳɧɨɫɬɢ, ȼ 37,1 
Ɍɨɤ ɩɪɢ ɩɢɤɨɜɨɣ ɦɨɳɧɨɫɬɢ, Ⱥ 8,63 
Ɍɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, Ⱥ 9,33 
ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ 45,4 
Ƚɚɛɚɪɢɬɵ (ȾɯɒɯȽ), ɦɦ 1956ɯ992ɯ50 
ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɧɟɥɟɣ, ɲɬ 20 
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2 ɉɪɟɞɥɨɠɟɧɢɹ ɩɨ ɜɧɟɞɪɟɧɢɸ ɜ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ Ƚɗɋ 

ȼɂɗ-ɝɟɧɟɪɚɰɢɢ  

 

ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɭɳɟɫɬɜɭɸɬ ɦɧɨɝɨ ɪɚɛɨɬɚɸɳɢɯ ɦɚɥɵɯ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɍɚɤɢɟ Ƚɗɋ ɩɨ ɫɯɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɟ ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɬɚɤɠɟ ɧɟ 

ɢɦɟɟɬ ɢɫɬɨɱɧɢɤɨɜ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ.   

ɇɚ ɪɢɫɭɧɤɟ 2.1 ɩɨɤɚɡɚɧɚ ɤɥɚɫɫɢɱɟɫɤɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɦɚɥɨɣ Ƚɗɋ. 

 

ȽȺ1 ȽȺ2 ȽȺ3

Ʌ1

Ⱥɋɇ ȽȺ1

Ɋɍ 0,4 ɤȼ

Ⱥɋɇ ȽȺ2 Ⱥɋɇ ȽȺ3

Ɉɋɇ 0,4 ɤȼ

 

Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɦɚɥɨɣ Ƚɗɋ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɝɟɧɟɪɚɰɢɢ 

 

ɉɨɷɬɨɦɭ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 

ɩɨɬɪɟɛɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɢɬɚɧɢɹ 

ɩɪɢɦɟɧɹɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ, ɚ ɢɦɟɧɧɨ ȼɗɍ ɢ Ɏɗɉ[1]. 

ɉɪɟɞɥɚɝɚɸɬɫɹ ɞɜɚ ɜɚɪɢɚɧɬɚ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ: 

1. ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɩɨ 

ɩɟɪɟɦɟɧɧɨɦɭ ɬɨɤɭ. ȼɚɪɢɚɧɬ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ, ɩɨɬɨɦɭ ɱɬɨ ɭɦɟɧɶɲɚɸɬɫɹ 
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ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɢɥɨɜɵɯ ɜɵɩɪɹɦɢɬɟɥɶɧɵɯ ɢ 

ɢɧɜɟɪɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ. ɇɨ ɧɚ ɤɚɠɞɵɣ ɢɫɬɨɱɧɢɤ ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɤɚ 

ɚɜɬɨɫɢɧɯɪɨɧɢɡɚɬɨɪɚ, ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɝɟɧɟɪɚɬɨɪɨɜ ɫ ɫɟɬɶɸ. 

ɇɚ ɪɢɫɭɧɤɟ 2.2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ȼɂɗ-ɝɟɧɟɪɚɰɢɟɣ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ. 

 

ȽȺ1 ȽȺ2 ȽȺ3

Ʌ1

Ⱥɋɇ ȽȺ1

Ɋɍ 0,4 ɤȼ

Ⱥɋɇ ȽȺ2 Ⱥɋɇ ȽȺ3

Ɉɋɇ 0,4 ɤȼ

ȼȺ

~
=

ɋȻ

ȺɄȻ

 

Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɦɚɥɨɣ Ƚɗɋ ɫ ɩɪɢɦɟɧɟɧɢɟɦ  

ȼɂɗ-ɝɟɧɟɪɚɰɢɢ (ɜɚɪɢɚɧɬ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɩɟɪɟɦɟɧɧɨɦɭ ɬɨɤɭ) 

 

2. ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɩɨ 

ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ. ȼ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɢ ȽȺ, ȼɗɍ ɢ Ɏɗɉ  ɹɜɥɹɟɬɫɹ 

ɜɫɬɚɜɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɋɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ (ȽȺ1, 

ȽȺ2, ȽȺ3, ȼȺ) ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜɵɩɪɹɦɢɬɟɥɢ, ɤ ɲɢɧɟ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ ɧɭɠɞ 

(Ɉɋɇ) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢɧɜɟɪɬɨɪ. ɇɚ ɪɢɫɭɧɤɟ 2.3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ȼɂɗ-ɝɟɧɟɪɚɰɢɟɣ ɞɥɹ ɜɬɨɪɨɝɨ 

ɜɚɪɢɚɧɬɚ. 
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Ⱥɋɇ ȽȺ2 Ⱥɋɇ ȽȺ3

Ɉɋɇ 0,4 ɤȼ

ȼȺ

~
=

ɋȻ

ȺɄȻ

 

Ɋɢɫɭɧɨɤ 2.3 – ɋɯɟɦɚ ɦɚɥɨɣ Ƚɗɋ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ȼɂɗ-ɝɟɧɟɪɚɰɢɢ (ɜɚɪɢɚɧɬ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɨ 

ɜɫɬɚɜɤɨɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ) 

 

Ɍɚɤɠɟ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɫɯɟɦɭ ɛɟɡ ɨɬɩɚɣɤɢ ɨɬ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ, ɬɨ ɟɫɬɶ 

ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɨɬ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɧɚɤɨɩɢɬɟɥɹ ɗɗ. ɇɚɞɟɠɧɨɫɬɶ ɞɚɧɧɨɣ ɫɯɟɦɵ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɪɚɛɨɬɟ ɋɇɗɗ ɜ ɪɟɠɢɦɟ ɩɨɥɧɨɝɨ ɩɨɞɡɚɪɹɞɚ. Ɍɨɝɞɚ ɩɪɢ 

ɢɫɱɟɡɧɨɜɟɧɢɢ ɩɢɬɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼɂɗ-ɝɟɧɟɪɚɬɨɪɨɜ, ɩɢɬɚɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɚɜɬɨɧɨɦɧɨ ɡɚ ɫɱɟɬ ɋɇɗɗ.   

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɪɚɛɨɬ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ 

ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ (ɧɚɩɪɢɦɟɪ, ɞɥɹ 

ɬɟɩɥɨɜɨɣ ɫɬɚɧɰɢɢ [2]). ɇɨ ɞɥɹ ɦɚɥɨɣ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ ɪɚɛɨɬ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ 

ɩɨɬɪɟɛɥɟɧɢɹ ɧɚɣɞɟɧɨ ɧɟ ɛɵɥɨ. 
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3 Ɇɟɬɨɞɢɤɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɚɥɵɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɷɧɟɪɝɢɢ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɬɜɟɪɠɞɟɧɧɵɯ ɦɟɬɨɞɢɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɵɯ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɧɨ ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɬɚɤɢɟ Ƚɗɋ ɦɨɠɧɨ 

ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɚɧɚɥɨɝɢɱɧɨ Ƚɗɋ ɫɪɟɞɧɟɣ ɢ ɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ (ɨɬ 30 Ɇȼɬ). 

ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɛɵɫɬɪɨɝɨ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɦɚɥɵɯ Ƚɗɋ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɝɨ ɢ 

ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ.  

ɗɬɚɩɵ ɢ ɦɟɬɨɞɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɵɯ Ƚɗɋ: 

1. Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɵɛɨɪ ɪɚɣɨɧɚ ɢ ɫɬɜɨɪɚ, 

ɢɧɠɟɧɟɪɧɵɟ ɢɡɵɫɤɚɧɢɹ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ (ɉɄ) ArcGIS ɢ Google Earth [3]; 

2. ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɍ, ɜɵɪɚɛɨɬɤɢ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɉɄ MS 

Excel; 

3. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɤɨɦɩɥɟɤɫɚ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɉɄ Homer Energy; 

4. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɨɝɨ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ, 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜ ɉɄ MS Excel, ɚ ɨɤɨɧɱɚɬɟɥɶɧɨ ɜ ɉɄ Ansys; 

5. Ɋɚɫɱɟɬ ɫɨɥɧɟɱɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɋɗɍ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɉɄ Homer Energy ɢ ɉɄ PVsyst; 

6. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɪɚɡɪɚɛɨɬɤɚ 

ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɫɨɨɪɭɠɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɉɄ MS Excel; 

7. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɦɚɥɨɣ Ƚɗɋ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɉɄ MatLab Simulink; 
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8. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɦɚɥɨɣ Ƚɗɋ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɉɄ MS Excel; 

9. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɉɄ ProjectExpert. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɬɚɩɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ 

ɫɨɜɪɟɦɟɧɧɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɛɚɡɭ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɍɚɤɠɟ 

ɬɪɟɛɭɟɬɫɹ ɨɩɵɬ ɢ ɧɚɜɵɤɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ (ɨɫɨɛɟɧɧɨ ɩɥɨɬɢɧ), ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɬɭɪɛɢɧ, 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

Ɉɫɧɨɜɧɵɦ ɦɨɦɟɧɬɨɦ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɨɣ Ƚɗɋ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ȼɂɗ-

ɝɟɧɟɪɚɰɢɟɣ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɬɚɤɨɝɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ.  

Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɨɪɝɚɧɢɡɚɰɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɚɥɨɣ 

Ƚɗɋ ɫ ȼɂɗ-ɝɟɧɟɪɚɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɫɬɨɬɚ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɜ ɫɯɟɦɟ ɛɟɡ ɩɪɢɫɭɬɫɬɜɢɹ 

ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬ ɞɥɹ ɜɵɛɨɪɚ 

ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ[4]. ȼ ɫɨɫɬɚɜ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɜɯɨɞɢɬ: 

 Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ; 

 Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɪɭɛɹɳɟɝɨ ɬɢɩɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɢɞɢɦɨɝɨ ɪɚɡɪɵɜɚ ɜɨ 

ɜɪɟɦɹ ɪɟɦɨɧɬɨɜ. 

Ɍɚɤɠɟ ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɞɥɹ ɜɵɛɨɪɚ ɲɢɧ, ɩɪɨɜɨɞɨɜ ɢ ɤɚɛɟɥɟɣ.  

Ⱦɥɹ ɜɵɛɨɪɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

ɢ ɬɨɤɨɩɪɨɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɨɦɢɧɚɥɶɧɵɣ ɮɚɡɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: 

 𝐼 ˑˏ.ˆеː = 𝑆ːˑˏ
3∙𝑈ːˑˏ.фаˊ, (3.1) 

 

ɝɞɟ 𝑆ːˑˏ – ɩɨɥɧɚɹ (ɤɚɠɭɳɚɹɫɹ) ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; 
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𝑈ːˑˏ.фаˊ – ɧɨɦɢɧɚɥɶɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, 

 𝑈ːˑˏ.фаˊ = 𝑈ːˑˏ 3 . (3.2) 

 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɭɫɥɨɜɢɟ ɪɚɛɨɬɵ ɩɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɪɟɠɢɦ ɪɚɛɨɬɵ ɫɯɟɦɵ ɫ ɬɪɟɯɮɚɡɧɵɦ ɤɨɪɨɬɤɢɦ 

ɡɚɦɵɤɚɧɢɟɦ ɧɚ ȽȺ, ȼȺ ɢ ɩɨɫɥɟ ɢɧɜɟɪɬɨɪɚ, ɚ ɬɚɤɠɟ ɨɞɧɨɮɚɡɧɨɟ ɄɁ ɧɚ ɲɢɧɟ 

ɫɬɚɧɰɢɢ. 

Ɍɨɤɨɩɪɨɜɨɞɵ ɩɨɫɥɟ ɝɟɧɟɪɚɬɨɪɚ ɞɨɥɠɧɵ ɛɵɬɶ ɢɡɨɥɢɪɨɜɚɧɵ. 

Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɤɚɛɟɥɶ, ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɩɪɨɜɨɞɚ ɢ ɡɚɤɪɵɬɵɟ 

ɤɨɦɩɥɟɤɬɧɵɟ ɬɨɤɨɩɪɨɜɨɞɵ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ 

ɜɧɚɱɚɥɟ ɥɢɧɢɢ.  

Ⱦɥɹ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢɧɜɟɪɬɨɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɨɦɢɧɚɥɶɧɵɣ ɮɚɡɧɵɣ ɬɨɤ ɩɨɫɥɟ ɢɧɜɟɪɬɨɪɚ: 

 𝐼 ˑˏ.ˋː˅е˓˕ˑ˓ = 𝑆ːˑˏ.ˋː˅е˓˕ˑ˓а
3∙𝑈ːˑˏ.фаˊ . (3.3) 

 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɜɵɛɢɪɚɸɬɫɹ ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɚɩɩɚɪɚɬɵ, 

ɬɨɤɨɩɪɨɜɨɞɵ, ɤɚɛɟɥɢ ɢ ɲɢɧɵ. 
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4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɨɣ Ƚɗɋ 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɯɟɦ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɩɪɢɦɟɧɹɟɦ ɉɄ MatLab Simulink.  

Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɥɭɱɚɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɉɉ: 

 Ɍɪɟɯɮɚɡɧɨɟ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɧɚ ɲɢɧɚɯ ɫɬɚɧɰɢɢ; 

 Ɋɟɡɤɢɣ ɫɛɪɨɫ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɵ ɧɚ 30% ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ; 

 Ɋɟɡɤɢɣ ɧɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ ɧɚ 10% ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɣ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɉɄ MatLab Simulink ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɫɨɟɞɢɧɟɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ (ɛɥɨɤɨɜ) ɪɚɡɞɟɥɚ SimPowerSystems. 

Ⱥɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɯɟɦɚɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɚɥɨɝɨ 

ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: 

 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ȽȺ (ɪɚɞ/ɫ); 

 Ɋɚɫɯɨɞ ɜɨɞɵ ɜ ȽȺ (ɥ/ɫ); 

 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ȼȺ (ɪɚɞ/ɫ); 

 ɇɚɩɪɹɠɟɧɢɟ ɩɨ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ɝɟɧɟɪɚɬɨɪɚ (ȼ); 

 Ɍɨɤ ɩɨ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ɝɟɧɟɪɚɬɨɪɚ (Ⱥ); 

 ɇɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ ɩɨɫɥɟ ɢɧɜɟɪɬɨɪɚ (ȼ ɢ Ⱥ); 

 ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ȼ). 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɚɧɚɥɢɡɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɛɵɥɨ ɜɵɛɪɚɧɵ ɬɨɥɶɤɨ 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ȽȺ, ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ɝɟɧɟɪɚɬɨɪɚ, ɬɨɤ ɩɨ 

ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ƚɢɞɪɨɚɝɪɟɝɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɮɨɪɦɭɥɵ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɬɭɪɛɢɧɵ. Ⱦɥɹ ɪɚɛɨɬɵ ɦɨɞɟɥɢ 

ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ ɛɵɥɚ ɩɟɪɟɜɟɞɟɧɚ ɜɨ ɜɪɚɳɚɸɳɢɣɫɹ ɦɨɦɟɧɬ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ 

ɤ ɦɨɞɟɥɢ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɫ ɩɨɫɬɨɹɧɧɵɦɢ  ɦɚɝɧɢɬɚɦɢ (Permanent Magnet 

Synchronous Machine). Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɚ ɜ ɦɨɞɟɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ 
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ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɢɧɬɟɝɪɚɥɶɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ (ɉɂȾ) 

ɪɟɝɭɥɹɬɨɪɨɦ, ɤɨɧɬɪɨɥɢɪɭɸɳɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. 

Ⱦɨɩɭɳɟɧɢɟɦ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɚɝɪɟɝɚɬɚɯ 

ɩɪɢɧɹɬɵ ɨɞɢɧɚɤɨɜɵɦɢ. Ɍɚɤɠɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɧɚɩɨɪ, ɚ ɢɦɟɧɧɨ 

ɨɬɦɟɬɤɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɨɜ ɧɟ ɢɡɦɟɧɹɸɬɫɹ. Ɇɨɞɟɥɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ (ȽȺ) 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. 

 

 
Ɋɢɫɭɧɨɤ 4.1 – Ɇɨɞɟɥɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɦɚɥɨɣ Ƚɗɋ ɜ MatLab Simulink 

 

Ɇɨɞɟɥɶ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ (ȼɗɍ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 

4.2. 

 

 
Ɋɢɫɭɧɨɤ 4.2 – Ɇɨɞɟɥɶ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɜ MatLab Simulink 
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ȼɗɍ ɫɨɫɬɨɢɬ ɢɡ ɛɥɨɤɚ ɦɨɞɟɥɢ ɜɟɬɪɨɬɭɪɛɢɧɵ, ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɫ 

ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ, ɩɨɜɵɲɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 

ɩɪɢɛɨɪɨɜ.  

Ɇɨɞɟɥɶ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɚɧɟɥɢ (Ɏɗɉ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.3. 

 

 
Ɋɢɫɭɧɨɤ 4.3 – Ɇɨɞɟɥɶ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɚɧɟɥɢ ɜ MatLab Simulink 

 

Ɏɗɉ ɫɨɫɬɨɢɬ ɢɡ ɛɥɨɤɚ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ, IGBT ɦɨɫɬɚ, ɜɵɩɨɥɧɹɸɳɟɝɨ 

ɪɨɥɶ ɢɧɜɟɪɬɨɪɚ, ɫɨɫɬɚɜɥɹɸɳɢɟ ɮɢɥɶɬɪɚ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɢɦɭɥɹɰɢɢ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɵ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ 

ɛɵɥ ɩɪɢɧɹɬ ɛɥɨɤ Three-Phase Series RLC Load, ɜ ɤɨɬɨɪɨɦ ɜɵɫɬɚɜɥɹɸɬɫɹ 

ɩɚɪɚɦɟɬɪɵ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɢ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ɇɨɞɟɥɶ ɫɯɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.4. 
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Ɋɢɫɭɧɨɤ 4.4 – ɋɯɟɦɚ ɦɨɞɟɥɶ ɲɢɧɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɨɣ Ƚɗɋ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɨɞɟɥɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ 

ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɦɚɥɨɝɨ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ. 

 

4.1 ȼɚɪɢɚɧɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɣ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ȼɂɗ 
 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɨɤɚɡɚɬɶ ɬɟɨɪɢɸ ɨ ɩɪɢɦɟɧɟɧɢɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɜ ɫɯɟɦɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ Ƚɗɋ, ɧɭɠɧɨ 

ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɯɟɦɚɯ ɜɫɟɯ ɜɚɪɢɚɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ 

ɫɯɟɦɟ ɛɟɡ ȼɂɗ.  

ɋɨɫɬɚɜɥɹɟɦ ɫɯɟɦɭ ɜ ɉɄ MatLab Simulink ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 2.1 

(ɪɢɫɭɧɨɤ 4.5).  
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Ɋɢɫɭɧɨɤ 4.5 – ɋɯɟɦɚ-ɦɨɞɟɥɶ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɚɥɨɣ Ƚɗɋ 

 

Ɇɨɞɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɛɥɨɤɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɚ (GA1, GA2, GA3), ɛɥɨɤɚ 

ɲɢɧɵ ɋɇ (OSN), ɧɚɝɪɭɡɤɢ (Three-Phase Series RLC Load), ɛɥɨɤɚ ɫɢɦɭɥɹɰɢɢ 

ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (Three-Phase Fault), ɩɟɪɟɤɥɸɱɚɬɟɥɢ ɞɥɹ ɫɢɦɭɥɹɰɢɢ ɫɛɪɨɫɚ 

ɧɚɛɪɨɫɚ ɧɚɝɪɭɡɤɢ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɛɥɨɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.6-4.9. 
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Ɋɢɫɭɧɨɤ 4.6 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ȽȽ  

 

 
Ɋɢɫɭɧɨɤ 4.7 – ɇɚɩɪɹɠɟɧɢɟ ɩɨ q-ɨɫɢ ɫɬɚɬɨɪɚ ȽȽ 
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Ɋɢɫɭɧɨɤ 4.8 – Ɍɨɤ ɩɨ q-ɨɫɢ ɫɬɚɬɨɪɚ ȽȽ 

 

 
Ɋɢɫɭɧɨɤ 4.9 – ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 

4.2 ȼɚɪɢɚɧɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɩɟɪɟɦɟɧɧɨɦɭ ɬɨɤɭ 

 

ɋɨɫɬɚɜɥɹɟɦ ɫɯɟɦɭ ɜ ɉɄ MatLab Simulink ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 2.2 

(ɪɢɫɭɧɨɤ 4.10).  
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Ɋɢɫɭɧɨɤ 4.10 – ɋɯɟɦɚ-ɦɨɞɟɥɶ ɞɥɹ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨ ɩɟɪɟɦɟɧɧɨɦɭ 

ɬɨɤɭ 

 

Ʉ ɦɨɞɟɥɢ ɢɡ ɩɪɟɞɵɞɭɳɟɝɨ ɩɭɧɤɬɚ ɞɨɛɚɜɥɹɸɬɫɹ ɛɥɨɤɢ 

ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ (VA) , ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɚɧɟɥɢ (Solar panel) ɢ 

ɛɥɨɤɚ ɋɇɗɗ (AKB). Ȼɥɨɤ ɋɇɗɗ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɛɥɨɤɚ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɩɚɧɟɥɢ, ɩɨɷɬɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 4.10 ɨɧ ɧɟ ɩɨɤɚɡɚɧ. Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.11-4.14. 
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Ɋɢɫɭɧɨɤ 4.11 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ȽȽ  

 

 
Ɋɢɫɭɧɨɤ 4.12 – ɇɚɩɪɹɠɟɧɢɟ ɩɨ q-ɨɫɢ ɫɬɚɬɨɪɚ ȽȽ 
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Ɋɢɫɭɧɨɤ 4.13 – Ɍɨɤ ɩɨ q-ɨɫɢ ɫɬɚɬɨɪɚ ȽȽ 

 

 
Ɋɢɫɭɧɨɤ 4.14 – ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 

4.3 ȼɚɪɢɚɧɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɣ ɫ ɜɫɬɚɜɤɨɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

 

ɋɨɫɬɚɜɥɹɟɦ ɫɯɟɦɭ ɜ ɉɄ MatLabSimulink ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 2.3 

(ɪɢɫɭɧɨɤ 4.15).  
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Ɋɢɫɭɧɨɤ 4.15 – ɋɯɟɦɚ-ɦɨɞɟɥɶ ɞɥɹ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫ ɜɫɬɚɜɤɨɣ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

 

Ʉ ɦɨɞɟɥɢ ɢɡ ɩɪɟɞɵɞɭɳɟɝɨ ɩɭɧɤɬɚ ɞɨɛɚɜɥɹɸɬɫɹ ɛɥɨɤ ɢɧɜɟɪɬɨɪɧɨɣ 

ɭɫɬɚɧɨɜɤɢ (Invertor) ɢ ɜɵɩɪɹɦɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ (Universal Bridge). 

Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.16-

4.19. 
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Ɋɢɫɭɧɨɤ 4.16 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ȽȽ  

 

 
Ɋɢɫɭɧɨɤ 4.17 – ɇɚɩɪɹɠɟɧɢɟ ɩɨ q-ɨɫɢ ɫɬɚɬɨɪɚ ȽȽ 
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Ɋɢɫɭɧɨɤ 4.18 – Ɍɨɤ ɩɨ q-ɨɫɢ ɫɬɚɬɨɪɚ ȽȽ 

 

 
Ɋɢɫɭɧɨɤ 4.19 – ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 

4.4 Аɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

 

ɇɚ ɨɫɰɢɥɥɨɝɪɚɦɦɚɯ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɜɚɪɢɚɧɬɨɜ ɢɦɟɸɬɫɹ ɩɭɥɶɫɚɰɢɢ. 

ɗɬɨ ɫɜɹɡɚɧɧɨ ɫ ɧɟɬɨɱɧɨɣ ɧɚɫɬɪɨɣɤɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢɧɜɟɪɬɨɪɚ ɢ 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ. ɉɨɷɬɨɦɭ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɫɪɟɞɧɟɣ ɥɢɧɢɢ 

ɩɭɥɶɫɚɰɢɢ. Ʉɪɢɬɟɪɢɹɦɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɹɜɥɹɸɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɪɟɠɢɦɚ. Ⱦɥɹ ɭɞɨɛɧɨɝɨ ɚɧɚɥɢɡɚ ɡɚɩɨɥɧɢɦ ɬɚɛɥɢɰɭ 4.1. 
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Ɍɚɛɥɢɰɚ 4.1 – Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  

ȼɚɪɢɚɧɬ Ʉɥɚɫɫɢɱɟɫɤɢɣ ɉɨ ɩɟɪɟɦɟɧɧɨɦɭ 
ɋ ɜɫɬɚɜɤɨɣ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ 

Ɉɬɤɥɨɧɟɧɢɟ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +33% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: -
0,5% 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -
43%; +29% 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +25% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: -
0,3% 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -
43%; +18% 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +32% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: 
0% 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -
41%; +20% 

Ɉɬɤɥɨɧɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +28% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: -
1% 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -
46%; +22% 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +25% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: -
0,3% 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -
44%; +22% 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +31% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: 
0% 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ:-
43%; +20% 

Ɉɬɤɥɨɧɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +15% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: -
0,8%  

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -
62%; +7% 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: +15% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: 
Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -

62%; +7% 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: 20% 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: 
10% 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: -
20%; +10% 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɟ 
ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ:2,5 ɫ 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: 
0,5 ɫ 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ:3,5 
ɫ 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: 1,8 ɫ 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ:0,3 
ɫ 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: 
2,1 ɫ 

ɋɛɪɨɫ ɧɚɝɪɭɡɤɢ 
ɫɢɫɬɟɦɵ: 2 ɫ 

ɇɚɛɪɨɫ ɧɚɝɪɭɡɤɢ ɋɇ: 
0,8 ɫ 

Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ: 
2,1 ɫ 

 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 4.1 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɚɪɢɚɧɬɵ ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ ɜ ɜɢɞɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɷɧɟɪɝɢɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɤɪɢɬɟɪɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ, ɩɨɬɨɦɭ ɱɬɨ ɭ 

ɜɚɪɢɚɧɬɨɜ ɨɬɤɥɨɧɟɧɢɹ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɜɚɪɢɚɧɬɚ ɫ 

ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɯɟɦɨɣ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɋɇ.  
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5 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɨɝɨ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 
 

5.1 Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɜ ɫɨɫɬɚɜɟ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɨɩɪɹɠɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɫɢɫɬɟɦ ɧɚɤɨɩɥɟɧɢɹ ɷɧɟɪɝɢɢ [5]. ɍɱɢɬɵɜɚɹ 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɜɵɪɚɛɨɬɤɢ ɷɧɟɪɝɢɢ ɨɬ ɨɬɞɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 

ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɤɥɸɱɟɧɢɹ ɧɚ ɧɟɡɚɜɢɫɢɦɭɸ ɪɚɛɨɬɭ ɨɬ 

ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɭɪɨɜɧɹ ɝɟɧɟɪɚɰɢɢ. 

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ ɪɟɚɥɢɡɚɰɢɸ ɪɚɡɞɟɥɶɧɨɣ ɪɚɛɨɬɵ ɋɗɋ ɢ ȼɗɋ, ɨɪɝɚɧɢɡɨɜɚɧɧɨɣ 

ɞɜɭɦɹ ɨɬɞɟɥɶɧɵɦɢ ɲɢɧɚɦɢ. ɇɚɤɨɩɢɬɟɥɶ ɷɧɟɪɝɢɣ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɱɚɫɬɨɬɵ ɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɚɜɬɨɧɨɦɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. Ɋɨɥɶ ɜɟɞɭɳɟɝɨ 

ɝɟɧɟɪɚɬɨɪɚ ɮɨɪɦɢɪɭɸɳɟɝɨ ɛɚɡɨɜɭɸ ɱɚɫɬɨɬɭ ɬɚɤɠɟ ɧɟɫɟɬ ɧɚɤɨɩɢɬɟɥɶ. Ɉɞɧɚɤɨ, ɜ 

ɫɨɱɟɬɚɧɢɢ ɪɚɛɨɬɵ Ƚɗɍ, ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ȼɗɍ ɢ 

ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɚɧɟɥɢ Ɏɗɉ ɩɪɢ ɧɢɡɤɨɣ ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɜɨɡɦɨɠɧɨ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɨɝɨ, ɢ, ɩɨɷɬɨɦɭ, ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɜ ɢɧɜɟɪɬɨɪɟ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. ɋɥɟɞɭɟɬ, 

ɱɬɨ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɚɤɨɝɨ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ ɞɨɥɠɟɧ ɩɪɨɜɨɞɢɬɶɫɹ ɞɥɹ ɤɚɠɞɨɝɨ 

ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɭɡɥɚ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɤɚɛɟɥɶɧɵɯ, ɜɨɡɞɭɲɧɵɯ 

ɥɢɧɢɢ) ɫ ɩɨɦɨɳɶɸ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ. ɉɨɷɬɨɦɭ, ɫɭɳɟɫɬɜɭɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ 

ɦɚɥɨɝɨ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ. 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɨɣ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɤɨɧɫɬɪɭɤɰɢɹ 

ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɩɪɢɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɝɭɥɹɬɨɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧ, 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɢɧɜɟɪɬɨɪɚ.  
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ɑɬɨɛɵ ɭɩɪɚɜɥɹɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɬɚɜɢɬɶ ɬɨɱɤɢ 

ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 5.1. 

 

Ɍɚɛɥɢɰɚ 5.1 – Ɍɨɱɤɢ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

Ɍɢɩ ɢɡɦɟɪɹɟɦɨɣ 
ɜɟɥɢɱɢɧɵ 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ Ɇɟɯɚɧɢɱɟɫɤɢɟ ɉɪɨɱɢɟ 

Ƚɢɞɪɨɚɝɪɟɝɚɬ 

ɇɚɩɪɹɠɟɧɢɟ: 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɧɚɩɪɹɠɟɧɢɹ (Ɍɇ) ɧɚ 
ɝɥɚɜɧɵɯ, ɧɭɥɟɜɵɯ 

ɜɵɜɨɞɚɯ, ɩɨɫɥɟ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ; 

Ɍɨɤ: ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɬɨɤɚ (ɌɌ) ɧɚ ɝɥɚɜɧɵɯ, 

ɧɭɥɟɜɵɯ ɜɵɜɨɞɚɯ 

ȼɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ ɢ 
ɛɢɟɧɢɟ ɜɚɥɚ: ɤɨɪɩɭɫ 
ɝɟɧɟɪɚɬɨɪɚ, ɤɨɪɩɭɫɚ 

ɩɨɞɲɢɩɧɢɤɨɜ; 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 

ɪɨɬɨɪɚ: ɬɚɯɨɦɟɬɪ ɧɚ 
ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɩɨɞɲɢɩɧɢɤɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ: ɤɨɪɩɭɫ 
ɝɟɧɟɪɚɬɨɪɚ; ɪɚɫɯɨɞ 
ɜɨɞɵ: ɨɤɨɧɱɚɧɢɟ 
ɜɨɞɨɜɨɞɚ; ɧɚɩɨɪ: 
ɞɚɬɱɢɤɢ ɭɪɨɜɧɹ ɜ 

ɜɟɪɯɧɟɦ ɢ ɧɢɠɧɟɦ 
ɛɶɟɮɟ; ɩɨɥɨɠɟɧɢɟ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɜɵɤɥɸɱɚɬɟɥɹ (ɜɤɥ-
ɨɬɤɥ) 

ȼɟɬɪɨɝɟɧɟɪɚɬɨɪ 

ɇɚɩɪɹɠɟɧɢɟ: Ɍɇ ɧɚ 
ɝɥɚɜɧɵɯ, ɧɭɥɟɜɵɯ 

ɜɵɜɨɞɚɯ, ɩɨɫɥɟ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ; 

Ɍɨɤ: ɌɌ ɧɚ ɝɥɚɜɧɵɯ, 
ɧɭɥɟɜɵɯ ɜɵɜɨɞɚɯ 

ȼɢɛɪɚɰɢɢ ɤɨɪɩɭɫɚ ɢ 
ɛɢɟɧɢɟ ɜɚɥɚ: ɤɨɪɩɭɫ 
ɝɟɧɟɪɚɬɨɪɚ, ɤɨɪɩɭɫɚ 

ɩɨɞɲɢɩɧɢɤɨɜ; 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 

ɪɨɬɨɪɚ: ɬɚɯɨɦɟɬɪ ɧɚ 
ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɩɨɞɲɢɩɧɢɤɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ: ɤɨɪɩɭɫ 
ɝɟɧɟɪɚɬɨɪɚ; ɫɤɨɪɨɫɬɶ 

ɜɟɬɪɚ: ɚɧɟɧɨɦɟɬɪ; 
ɩɨɥɨɠɟɧɢɟ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɜɵɤɥɸɱɚɬɟɥɹ (ɜɤɥ-
ɨɬɤɥ) 

ɋɨɥɧɟɱɧɚɹ ɩɚɧɟɥɶ 
ɇɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ: 

ɧɚ ɜɵɜɨɞɚɯ 
Ɇɟɯɚɧɢɱɟɫɤɨɟ 

ɞɚɜɥɟɧɢɟ: ɧɚ ɩɚɧɟɥɹɯ 
Ɍɟɦɩɟɪɚɬɭɪɚ: ɧɚ ɜɫɟɯ 

ɩɚɧɟɥɹɯ 

Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ 

ɇɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ: 
Ɍɇ ɧɚ ɲɢɧɟ ɢ ɌɌ ɧɚ 
ɨɬɞɟɥɶɧɵɯ ɜɟɬɜɹɯ. 

- 
ɉɨɥɨɠɟɧɢɟ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ 
ɚɩɩɚɪɚɬɚ (ɜɤɥ-ɨɬɤɥ). 

ɂɧɜɟɪɬɨɪ 
ɇɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ: 

ɩɨɫɬɨɹɧɧɵɣ ɧɚ ɜɯɨɞɟ 
ɢ ɌɌ ɢ Ɍɇ ɧɚ ɜɵɯɨɞɟ. 

- 
Ɍɟɦɩɟɪɚɬɭɪɚ: ɜɧɭɬɪɢ 

ɤɨɪɩɭɫɚ 

Ⱥɤɤɭɦɭɥɹɬɨɪɧɚɹ 
ɛɚɬɚɪɟɹ 

ɇɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ: 
ɩɨɫɬɨɹɧɧɵɣ ɧɚ 

ɤɥɟɦɦɚɯ 
- - 

 

ȼɫɟ ɢɡɦɟɪɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɫ ɞɚɬɱɢɤɨɜ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ 

ɩɨɫɬɭɩɚɸɬ ɜ ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɷɥɟɦɟɧɬɚ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 

ɩɪɨɰɟɫɫɨɦ (Ⱥɋɍ Ɍɉ) ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ. 

Ɉɛɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɢ ɜ Ⱥɋɍ ɢ ɋȺɍ, ɚ ɢɦɟɧɧɨ ɜɵɱɢɫɥɟɧɢɟ ɢ 

ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ 
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ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ (ɉȼɄɗ). ɉɪɨɢɡɜɨɞɢɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɦɨɳɧɨɫɬɶ, ɱɚɫɬɨɬɚ ɫɟɬɢ, ɭɝɨɥ ɫɞɜɢɝɚ ɮɚɡ ɢ ɬ.ɞ.). ɂɡɦɟɪɟɧɧɵɟ ɢ 

ɜɵɱɢɫɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɧɨ-

ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ (ɉȼɄ). Ɍɚɤɠɟ ɉȼɄ ɦɨɠɟɬ ɜɵɞɚɜɚɬɶ ɭɩɪɚɜɥɹɸɳɢɟ 

ɤɨɦɚɧɞɵ ɧɚ ɢɡɦɟɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɥɟɤɫɚ: ɜɤɥɸɱɟɧɢɟ ɢɥɢ 

ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ (ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɨɦ ȽȺ), ɧɚɩɪɹɠɟɧɢɟ ɢ 

ɱɚɫɬɨɬɚ ɫɟɬɢ ɩɨɫɥɟ ɢɧɜɟɪɬɨɪɚ.  

 

5.2 Аɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɝɟɧɟɪɚɰɢɟɣ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɚɪɢɚɧɬɵ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɚɥɨɝɨ 

ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ: 

 ȼɫɟ ɝɟɧɟɪɚɬɨɪɵ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɛɨɬɟ; 

 Ƚɟɧɟɪɚɬɨɪɵ ɱɚɫɬɢɱɧɨ ɧɚɯɨɞɹɬɫɹ ɜ ɪɟɡɟɪɜɟ; 

 Ƚɟɧɟɪɚɬɨɪɵ ɱɚɫɬɢɱɧɨ ɧɚɯɨɞɹɬɫɹ ɜ ɪɟɦɨɧɬɟ; 

 Ƚɟɧɟɪɚɬɨɪɵ ɱɚɫɬɢɱɧɨ ɧɚɯɨɞɹɬɫɹ ɜ ɪɟɡɟɪɜɟ ɢ ɜ ɪɟɦɨɧɬɟ; 

 ȼɫɟ ɝɟɧɟɪɚɬɨɪɵ ɚɜɚɪɢɣɧɨ ɨɬɤɥɸɱɟɧɵ. 

ȼ ɩɨɫɥɟɞɧɟɦ ɜɚɪɢɚɧɬɟ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɤɥɸɱɟɧɢɹ ɯɨɬɹ 

ɛɵ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ ɱɟɪɟɡ ɢɧɜɟɪɬɨɪ. 

Ɏɨɪɦɢɪɨɜɚɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɱɚɫɬɨɬɵ ɫɮɨɪɦɢɪɨɜɚɧɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɩɪɚɜɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɫɢɫɬɟɦɵ ɧɚɤɨɩɥɟɧɢɹ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ (ɋɇɗɗ). ɇɚ ɪɢɫɭɧɤɟ 5.1 ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɚ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɟ. ɋɭɬɶ 

ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫɨɫɬɨɢɬ ɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɭɝɥɚ 

ɦɟɠɞɭ ɬɨɤɨɦ ɢ ɧɚɩɪɹɠɟɧɢɹ. Ȼɚɥɚɧɫ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɡɚ ɫɱɟɬ ɧɚɤɨɩɢɬɟɥɹ 

ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɬɪɟɛɭɟɦɭɸ ɱɚɫɬɨɬɭ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ 

ɫɮɨɪɦɢɪɨɜɚɬɶ ɞɢɧɚɦɢɤɭ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɪɟɚɥɢɡɚɰɢɢ 

ɩɟɪɟɤɥɸɱɟɧɢɹ ɪɟɡɟɪɜɧɨɝɨ ɩɢɬɚɧɢɹ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɞɢɧɚɦɢɤɭ 



37 
 

ɧɚɤɨɩɢɬɟɥɹ ɷɧɟɪɝɢɢ, ɢ ɩɨɡɜɨɥɹɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɜɪɟɦɟɧɢ 

ɩɟɪɟɤɥɸɱɟɧɢɹ ɧɚ Ⱥɉȼ ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɨɝɨ ɜɪɟɦɟɧɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ[6]. 

 

ɂɡɦɟɪɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ 

Ƚɗɍ

ɂɡɦɟɪɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ 

Ƚɗɍ

ɂɡɦɟɪɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ 

Ƚɗɍ

Ɇɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ
ɇɚɤɨɩɢɬɟɥɶ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɣ

(+)
(+)

(+)

(+)
(-)

 
Ɋɢɫɭɧɨɤ 5.1 – Ⱥɥɝɨɪɢɬɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 

 

Ƚɗɍ, ȼɗɍ, Ɏɗɉ ɢ ɋɇɗɗ ɦɨɝɭɬ ɬɚɤɠɟ ɪɚɛɨɬɚɬɶ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɜɧɟɲɧɟɣ 

ɫɟɬɶɸ. Ɍɨɝɞɚ ɪɨɥɶ ɜɟɞɭɳɟɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚ ɫɟɛɹ ɛɟɪɟɬ ɜɧɟɲɧɹɹ ɫɟɬɶ. 

ɇɚɥɢɱɢɟ ɫɟɬɢ ɨɫɜɨɛɨɠɞɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ȺȼɊ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɫ 

ɢɧɜɟɪɬɨɪɨɦ, ɮɨɪɦɢɪɭɸɳɢɣ ɡɚɞɚɧɧɵɣ ɜɟɤɬɨɪ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚ ɚɤɬɢɜɧɨɣ 

ɦɨɳɧɨɫɬɢ, ɢɫɤɥɸɱɚɸɳɢɣ ɩɟɪɟɬɨɤ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɫɨɡɞɚɧɢɸ ɫɬɪɭɤɬɭɪɵ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɪɪɟɤɬɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɦɨɳɧɨɫɬɢ[7].ɇɚ ɪɢɫɭɧɤɟ 5.2 ɩɨɤɚɡɚɧ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ, 

ɫɨɫɬɨɹɳɟɝɨ ɢɡ Ƚɗɍ, ȼɗɍ, Ɏɗɉ ɢ ɋɇɗɗ ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɢɡɨɥɢɪɨɜɚɧɧɭɸ 

ɫɢɫɬɟɦɭ. 
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Ɋɢɫɭɧɨɤ 5.2 – Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɫɬɚɛɢɥɢɡɚɰɢɢ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ 

 

ȼ ɚɥɝɨɪɢɬɦɟ ɜ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɩɨɥɨɠɟɧɢɹ 

ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɧɚ ɫɥɭɱɚɣ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ, ɜɡɹɬɨɣ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ ɋȺɍ Ƚɗɍ. ȿɫɥɢ ɬɨɤ ɨɬɫɭɬɫɬɜɭɟɬ ɢ ȽȺ 

ɇȺɑȺɅɈ 

ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɟɬɢ
I, U, f, P, Q, Hɜɛ, ɇɧɛ, υ, Ɍ, ɢɧɫɨɥɹɰɢɹ

ɉɨɥɨɠɟɧɢɟ ɝɥɚɜɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɇɄɍ

ȿɫɥɢ I>0
ɆȽɗɋI==1 
ɋɇɗɗ=0

ȼɜɨɞ ɇɄɍɆȽɗɋIȼɵɜɨɞ ɇɄɍɆȽɗɋ

ȿɫɥɢ U<0.95Uɇɨɦ
ɆȽɗɋII==1

ȼɜɨɞ ɇɄɍɆȽɗɋII

ȿɫɥɢ U<0.95Uɇɨɦ
ɆȽɗɋIII==1

ȼɜɨɞ ɇɄɍɆȽɗɋIII

ȿɫɥɢ U<0.95Uɇɨɦ
ɋɗɋ==1

ȼɜɨɞ ɇɄɍɋɗɋ

ȿɫɥɢ U<0.95Uɇɨɦ
ȼɗɋ==1

ȼɜɨɞ ɇɄɍȼɗɋ

ȿɫɥɢ U>1.05Uɧɨɦ
ɉɭɫɤ ɋɇɗɗ ɉɨɬɪɟɛ.

ȿɫɥɢ f<50
ɉɭɫɤ ɋɇɗɗ 

Ƚɟɧɟɪ.

ȿɫɥɢ Uɧɨɦ(ɋɇɗɗ)=Uɧɨɦ
Ⱦɚ, ɪɚɛɨɬɚ ɩɨ 

ɩɥɚɜɚɸɳɟɣ ɱɚɫɬɨɬɟ
ɇɟɬ, ɪɚɛɨɬɚ ɩɨ 

ɫɬɚɛɢɥɶɧɨɣ ɱɚɫɬɨɬɟ

ȿɫɥɢ f>50
ɋɬɚɛɢɥɶɧɚɹ 

ɱɚɫɬɨɬɚ

ɧɟɬ ɞɚ

ɄɈɇȿɐ

ɉɥɚɜɚɸɳɚɹ 
ɱɚɫɬɨɬɚ
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ɢɫɩɪɚɜɟɧ, ɬɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɫɤ ɩɟɪɜɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. ȼɵɛɨɪ ɩɟɪɜɨɝɨ 

ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜɵɯɨɞɢɬ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ, ɢɫɩɪɚɜɧɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɨɜ ɪɚɛɨɬɵ ɩɨɫɥɟ ɤɚɩɢɬɚɥɶɧɨɝɨ 

ɪɟɦɨɧɬɚ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɦɢɧɚɥɶɧɨɝɨ. ȿɫɥɢ ɧɚɩɪɹɠɟɧɢɹ ɦɟɧɶɲɟ 95% ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɩɨɫɥɟ ɩɭɫɤɚ ɩɟɪɜɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ, ɬɨ ɡɚɩɭɫɤɚɸɬɫɹ ɨɫɬɚɥɶɧɚɹ 

ɝɟɧɟɪɚɰɢɹ ɞɨ ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɭɫɥɨɜɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

ɉɪɨɜɟɪɤɚ ɩɨ ɱɚɫɬɨɬɟ ɪɟɚɥɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɟɪɜɢɱɧɵɯ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹ ɜ ɱɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɚ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ 50 Ƚɰ[8], ɨɞɧɚɤɨ ɜ 

ɫɥɭɱɚɟ ɚɜɬɨɧɨɦɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɞɚɧɧɵɣ ȽɈɋɌ ɪɟɤɨɦɟɧɞɚɰɢɢ ɧɟ 

ɞɚɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɛɭɞɟɬ ɨɫɧɨɜɚɧɨ ɧɚ ɩɟɪɜɢɱɧɨɦ 

ɪɟɝɭɥɹɬɨɪɟ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɦɚɥɨɣ Ƚɗɋ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɚɫɬɚɬɢɱɟɫɤɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɬ.ɟ. ɜ ɤɚɱɟɫɬɜɟ «ɜɟɞɭɳɟɝɨ» ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɱɚɫɬɨɬɟ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɨɛɟɫɩɟɱɟɧɢɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɫɨɫɬɚɜɟ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɩɨɞɞɟɪɠɚɧɢɸ 

ɧɚɩɪɹɠɟɧɢɹ. ɑɚɫɬɨɬɚ ɛɭɞɟɬ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ (ɋɇɗɗ). 

Ⱥɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɵɦ, ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɟɝɨ ɩɪɢɦɟɧɢɬɶ ɧɚ ɥɸɛɵɯ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɩɥɚɬɮɨɪɦɚɯ, ɧɚɩɪɢɦɟɪ, ɢɫɩɨɥɧɹɸɳɢɯ 

ɧɚ ɛɚɡɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ LogoSoft Siemens, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ 

ɪɟɚɥɢɡɨɜɚɧɨ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ 

(ɇɄɍ). ɗɬɨ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɨɦ ɢɡ ɰɟɧɬɪɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

 
5.3 Ⱦɢɚɝɧɨɫɬɢɤɚ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɚɥɨɝɨ 

ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ 

 

ɂɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɦɚɥɨɣ ɷɧɟɪɝɟɬɢɤɢ, 

ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
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ɤɨɦɩɥɟɤɫɚ. ɉɨɷɬɨɦɭ ɩɟɪɟɞ ɩɭɫɤɨɦ ɝɟɧɟɪɚɬɨɪɚ, ɤɚɤ ɛɵɥɨ ɨɩɢɫɚɧɨ ɜ ɚɥɝɨɪɢɬɦɟ, 

ɩɪɨɜɨɞɢɬɫɹ ɟɝɨ ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɚ. 

Ɉɪɝɚɧɢɡɨɜɚɬɶ ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɭ ɧɟɨɛɯɨɞɢɦɨ ɧɟɫɤɨɥɶɤɢɦɢ ɷɬɚɩɚɦɢ: 

 Ɇɨɞɟɥɢɪɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɩɨ ɪɚɡɥɢɱɧɵɦ ɪɟɠɢɦɚɦ 

ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ. Ⱥɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ; 

 Ɉɪɝɚɧɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼɧɟɞɪɟɧɢɟ ɜ 

ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ 

ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦ ɜɢɛɪɨɤɨɧɬɪɨɥɹ ɢ ɬɟɪɦɨɤɨɧɬɪɨɥɹ; 

 Ɉɪɝɚɧɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɚɧɚɥɢɡɚ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɯɨɞɹɳɚɹ ɢɡ ɋȺɍ; 

 Ɉɪɝɚɧɢɡɚɰɢɹ ɛɚɡɵ ɞɚɧɧɵɯ ɞɥɹ ɫɛɨɪɚ ɢ ɯɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɩɨ 

ɫɨɫɬɨɹɧɢɸ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜ 

ɪɚɡɞɟɥɟ 4. 

Ɉɪɝɚɧɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 

ɬɟɯɧɢɱɟɫɤɢɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɨ ɟɫɬɶ ɫɢɫɬɟɦɚ 

ɦɨɧɢɬɨɪɢɧɝɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɧɟɞɪɟɧɚ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɝɢɞɪɨɬɭɪɛɢɧ, ɜɟɬɪɨɬɭɪɛɢɧ, 

ɝɟɧɟɪɚɬɨɪɨɜ, ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɢɥɢ ɛɵɬɶ ɩɨɡɞɧɟɟ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɜ ɢɯ 

ɤɨɧɫɬɪɭɤɰɢɸ. Ⱦɥɹ ɷɬɨɝɨ, ɜ ɯɨɞɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɚ ɧɚ ɨɫɧɨɜɧɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɩɪɨɢɫɯɨɞɹɳɢɟ 

ɜ ɚɝɪɟɝɚɬɟ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɬɭɪɛɢɧɚ-

ɝɟɧɟɪɚɬɨɪ».  

Ⱦɥɹ ȽȺ ɢ ȼɗɍ ɪɚɡɥɢɱɧɵɯ ɢɫɩɨɥɧɟɧɢɣ ɬɨɱɤɢ ɭɫɬɚɧɨɜɤɢ ɞɚɬɱɢɤɨɜ 

ɜɢɛɪɨɤɨɧɬɪɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɵ 5.2. 

 

Ɍɚɛɥɢɰɚ 5.2 – Ɍɨɱɤɢ ɭɫɬɚɧɨɜɤɢ ɞɚɬɱɢɤɨɜ ɜɢɛɪɨɤɨɧɬɪɨɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɢ ȽȺ 

Ʉɨɧɬɪɨɥɢɪɭɟɦɵɣ ɩɚɪɚɦɟɬɪ ȼɟɪɬɢɤɚɥɶɧɨɟ Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ 
ɂɡɦɟɪɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɜɚɥɚ ȼ ɨɩɨɪɟ ɜɟɪɯɧɟɣ ɤɪɟɫɬɨɜɢɧɵ Ɉɩɨɪɚ ɩɨɞɲɢɩɧɢɤɚ 

ɂɡɦɟɪɟɧɢɟ ɛɢɟɧɢɹ ɜɚɥɚ 
ȼɨɫɟɦɶ ɞɚɬɱɢɤɨɜ ɧɚ ɜɚɥɭ ɩɨ 
ɱɟɬɵɪɟ ɞɚɬɱɢɤɚ ɞɨ ɢ ɩɨɫɥɟ 

ɦɭɮɬɵ (ɮɥɚɧɰɚ) 

ȼɨɫɟɦɶ ɞɚɬɱɢɤɨɜ ɧɚ ɜɚɥɭ ɩɨ 
ɱɟɬɵɪɟ ɞɚɬɱɢɤɚ ɧɚ ɭɱɚɫɬɤɚɯ 

ɩɨɫɥɟ ɬɭɪɛɢɧɵ ɢ ɞɨ 
ɝɟɧɟɪɚɬɨɪɚ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.2 
Ʉɨɧɬɪɨɥɢɪɭɟɦɵɣ ɩɚɪɚɦɟɬɪ ȼɟɪɬɢɤɚɥɶɧɨɟ Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ 

ɂɡɦɟɪɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ 
ɤɪɵɲɤɢ ɬɭɪɛɢɧɵ 

Ʉɪɵɲɤɚ ɬɭɪɛɢɧɵ - 

ɂɡɦɟɪɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɜɫɟɝɨ 
ȽȺ 

Ɉɩɨɪɵ ȽȺ Ɉɩɨɪɵ ȽȺ, ɥɚɩɵ ɝɟɧɟɪɚɬɨɪɚ 

ɂɡɦɟɪɟɧɢɟ ɢɡɝɢɛɚ ɜɚɥɚ 
Ɍɚɤ ɠɟ ɤɚɤ ɢ ɜ ɂɡɦɟɪɟɧɢɟ 

ɛɢɟɧɢɹ ɜɚɥɚ 
Ɍɚɤ ɠɟ ɤɚɤ ɢ ɜ ɂɡɦɟɪɟɧɢɟ 

ɛɢɟɧɢɹ ɜɚɥɚ 

 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɝɟɧɟɪɚɬɨɪɚ, ɤɨɬɨɪɵɟ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɨɯɥɚɠɞɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɬɟɩɥɨɜɨɣ 

ɪɟɠɢɦ. Ⱦɥɹ ɡɚɦɟɪɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɬɟɪɦɨɩɚɪɵ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 

ɞɚɬɱɢɤɢ. Ɇɟɫɬɚ ɭɫɬɚɧɨɜɤɢ ɞɚɬɱɢɤɨɜ ɬɟɪɦɨɤɨɧɬɪɨɥɹ ɞɥɹ ȽȺ ɢ ȼɗɍ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.3. 

 

Ɍɚɛɥɢɰɚ 5.3 - Ɍɨɱɤɢ ɭɫɬɚɧɨɜɤɢ ɞɚɬɱɢɤɨɜ ɬɟɪɦɨɤɨɧɬɪɨɥɹ  
Ʉɨɧɬɪɨɥɢɪɭɟɦɵɣ ɩɚɪɚɦɟɬɪ Ɇɟɫɬɨ ɭɫɬɚɧɨɜɤɢ 
Ɍɟɦɩɟɪɚɬɭɪɚ  ɬɭɪɛɢɧɧɨɝɨ 

ɩɨɞɲɢɩɧɢɤɚ 
ȼɧɟɲɧɹɹ ɨɛɨɣɦɚ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɩɨɞɲɢɩɧɢɤɚ 

ȼɧɟɲɧɹɹ ɨɛɨɣɦɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɟɧɟɪɚɬɨɪɚ ȼɧɭɬɪɢ ɤɨɪɩɭɫɚ ɫɬɚɬɨɪɚ 

 

ɋɢɫɬɟɦɚ ɜɢɛɪɨɤɨɧɬɪɨɥɹ ɢ ɬɟɪɦɨɤɨɧɬɪɨɥɹ ɚɝɪɟɝɚɬɚ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɋȺɍ 

ɚɝɪɟɝɚɬɚ. Ɉɧɚ ɩɪɨɢɡɜɨɞɢɬ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɪɚɜɧɢɜɚɧɢɟ ɫ ɡɚɞɚɧɧɨɣ 

ɭɫɬɚɜɤɨɣ. Ɍɚɤɠɟ ɩɪɨɜɨɞɢɬɫɹ ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɚ ɰɟɥɨɫɬɧɨɫɬɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 

ɰɟɩɟɣ. ɉɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɚɝɪɟɝɚɬɚ ɢɥɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɰɟɩɟɣ ɚɝɪɟɝɚɬ ɜɜɨɞɢɬ 

ɚɜɚɪɢɣɧɵɣ ɪɟɠɢɦ ɫ ɫɢɝɧɚɥɢɡɚɰɢɟɣ ɰɟɧɬɪɭ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɜɡɚɢɦɧɨɟ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɢ ɞɭɛɥɢɪɨɜɚɧɢɟ. 

ɂɧɮɨɪɦɚɰɢɹ, ɩɪɢɯɨɞɹɳɚɹ ɢɡ ɋȺɍ ɚɝɪɟɝɚɬɚ, ɚ ɢɦɟɧɧɨ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 

ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ, ɢɡɦɟɪɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ, 

ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɢ ɜɵɞɚɟɬɫɹ ɤɨɦɚɧɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɍɚɤɠɟ ɫɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɞɨɥɠɧɚ ɢɦɟɬɶ ɛɨɥɟɟ ɦɨɳɧɨɟ 

ɩɪɨɝɪɚɦɦɧɨɟ ɢ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɜɨɢɯ ɮɭɧɤɰɢɣ. 

ɉɨɷɬɨɦɭ ɢɧɮɨɪɦɚɰɢɹ ɞɨɥɠɧɚ ɢɦɟɬɶ ɦɟɫɬɨ ɞɥɹ ɯɪɚɧɟɧɢɹ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɵɯ (ɜɫɟ ɞɚɧɧɵɟ ɫɨɛɪɚɧɧɵɟ ɡɚ 30 ɞɧɟɣ), ɱɬɨɛɵ ɫɢɫɬɟɦɚ 
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ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɦɨɝɥɚ ɩɨ ɬɪɟɧɞɚɦ ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɧɚ ɩɭɫɤ ɚɝɪɟɝɚɬɚ ɜ 

ɪɚɛɨɬɭ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɛɚɡɭ ɞɚɧɧɵɯ ɞɥɹ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ.  

Ⱥ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɫɢɫɬɟɦɭ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɞɥɹ ɰɟɧɬɪɚ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟɦ ɢ ɫɟɪɜɟɪ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɞɥɹ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɞɚɧɧɵɯ ɫɨ ɜɪɟɦɟɧɟɦ).  
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6 ȼɧɟɞɪɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɜ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 

ɤɨɦɩɥɟɤɫ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ «R&P complex» 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ «R&P complex» ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɰɟɩɰɢɟɣ 

Microgrid ɢ SmartGrid, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɨɣ 

ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ. Ʉ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɨɬɧɨɫɹɬɫɹ: 

 Ȼɟɫɩɟɪɟɛɨɣɧɨɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ; 

 ȼɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 

 Ɉɩɬɢɦɚɥɶɧɚɹ ɰɟɧɚ ɡɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 

 ɗɤɨɥɨɝɢɹ. 

ȼ ɯɨɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɢ ɩɪɢɧɹɬɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ 

ɜɧɟɞɪɟɧɢɸ ɜ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɢɤɪɨɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ ɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ⱥ ɢɦɟɧɧɨ: 

1. ɉɪɢɦɟɧɟɧɢɟ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɬɭɪɛɢɧɨɣ[9] ɫ ɧɢɡɤɨɣ ɫɬɚɪɬɨɜɨɣ ɫɤɨɪɨɫɬɶɸ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɭ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɬɪɚ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ 

ɜɵɪɚɛɚɬɵɜɚɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɞɚɠɟ ɩɪɢ ɫɥɚɛɨɦ ɜɟɬɪɟ. ȼɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ 

ɭɫɬɚɧɨɜɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.1;  

 

 
Ɋɢɫɭɧɨɤ 6.1 – ȼɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɜɟɬɪɨɬɭɪɛɢɧɨɣ VAWT 1/1,5 

ɤȼɬ 
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2. ɉɪɢɦɟɧɟɧɢɟ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɞɥɹ Ɏɗɉ[10]. ɍ 

ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɋɉ ɜɵɫɨɤɢɣ ɄɉȾ ɞɚɠɟ ɩɪɢ ɩɚɫɦɭɪɧɨɣ ɩɨɝɨɞɟ. ɇɚ 

ɪɢɫɭɧɤɟ 6.2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɨɥɧɟɱɧɚɹ ɩɚɧɟɥɶ ɎɋɆ 330ɉ; 

 

 

Ɋɢɫɭɧɨɤ 6.2 – ɋɨɥɧɟɱɧɵɣ ɦɨɞɭɥɶ ɎɋɆ 330ɉ 

 

3.  ȼɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɩɟɪɟɞ ɩɭɫɤɨɦ, ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɢ ɨɬɤɥɸɱɟɧɢɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɰɟɧɬɪɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛ ɭɯɭɞɲɟɧɢɢ 

ɩɚɪɚɦɟɬɪɨɜ; 

4. ɉɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɢ ɨɪɝɚɧɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɢ 

ɧɚɩɪɹɠɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɲɚɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɞɥɹ ɬɨɱɧɨɝɨ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ[11]. ɇɚ ɪɢɫɭɧɤɟ 6.3 ɩɪɟɞɫɬɚɜɥɟɧ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɣ ɪɟɝɭɥɢɪɭɸɳɢɣ ɨɪɝɚɧ ɤɨɜɲɨɜɨɣ ɬɭɪɛɢɧɵ; 
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ɚ) 

 

ɛ) 

Ɋɢɫɭɧɨɤ 6.3 - Ɋɟɝɭɥɢɪɭɸɳɢɣ ɨɪɝɚɧ ɤɨɜɲɨɜɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ: ɚ –ɩɨɥɭɪɚɡɪɟɡ ɩɨ 
ɬɪɭɛɨɩɪɨɜɨɞɭ; ɛ – ɪɚɡɪɟɡ ɩɨ ɤɚɩɫɭɥɟ 

1-ɢɝɥɚ; 2-ɫɨɩɥɨ; 3-ɤɚɩɫɭɥɚ; 4-ɤɪɵɲɤɚ ɤɚɩɫɭɥɵ; 5-ɨɛɬɟɤɚɬɟɥɢ; 6-ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ; 7-
ɧɚɩɪɚɜɥɹɸɳɢɟ; 8-ɭɩɥɨɬɧɢɬɟɥɶɧɨɟ ɤɨɥɶɰɨ 

 

5. ɉɪɢɦɟɧɟɧɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɱɟɬɱɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ 

ɷɥɟɦɟɧɬɚɦɢ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ[12]. ɗɬɨ ɩɨɡɜɨɥɢɬ ɭɩɪɚɜɥɹɬɶ 

ɩɨɬɪɟɛɥɟɧɢɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ ɜ ɦɨɦɟɧɬ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɢ. 
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7 ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ 

 

7.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 
ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ 

 

Ɉɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɫɯɟɦ ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɵɟ 

ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɩɪɢ ɦɚɥɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ. ȼ 

ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɛɭɞɟɬ ɩɨɤɚɡɚɧ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɪɨɟɤɬɚ 

ɩɪɢɦɟɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦ.  

Ɋɚɫɫɦɨɬɪɢɦ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ Ƚɗɍ NȽɗɍ, ȼɗɍ 

Nȼɗɍ ɢ Ɏɗɉ NɎɗɉ ɢ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɗȽɗɍ, ɗȼɗɍ ɢ 

ɗɎɗɉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɫɯɟɦ: 

 

 К1 = КʒЭʢ + КʟʢК2 = КʒЭʢ + Кʟʢ + КʑЭʢ + КʣЭʞ + Кˋː˅е˓ + КʏКʐК3 = КʒЭʢ + Кʟʢ + КʑЭʢ + КʣЭʞ + Кˋː˅е˓ + КʏКʐ + Кʑʢ  , (7.1) 

 

ɝɞɟ КʒЭʢ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɭɫɬɚɧɨɜɤɭ, 

 КʒЭʢ =  Кʒʏ݅𝑛ʒʏ݅=1 , (7.2) 

 

ɝɞɟ Кʒʏ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɝɢɞɪɨɚɝɪɟɝɚɬ; 𝑛ʒʏ - ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ; Кʟʢ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɜ ɫɬɨɢɦɨɫɬɶ 

ɜɯɨɞɹɬ ɬɚɤɠɟ ɜ ɤɚɛɟɥɢ, ɬɨɤɨɩɪɨɜɨɞɵ ɢ ɨɲɢɧɨɜɤɢ; КʑЭʢ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɭɫɬɚɧɨɜɤɭ, 

 КʑЭʢ =  Кʑʏ݅𝑛ʑʏ݅=1 , (7.3) 
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ɝɞɟ Кʑʏ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ; 𝑛ʑʏ – ɤɨɥɢɱɟɫɬɜɨ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɜ; КʣЭʞ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɚɧɟɥɶ, 

 КʣЭʞ =  Кʠʞ݅𝑛ʠʞ݅=1 , (7.4) 

 

ɝɞɟ Кʠʞ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ; 𝑛ʠʞ – ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ; Кˋː˅е˓ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɢɧɜɟɪɬɨɪɧɭɸ ɭɫɬɚɧɨɜɤɭ; КʏКʐ – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɧɚɤɨɩɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ; Кʑʢ - ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɜɵɩɪɹɦɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, 

 Кʑʢ = К˅ы˒˓яˏ ∙ (𝑛ʒʏ+ 𝑛ʑʏ). (7.5) 

 

ɝɞɟ К˅ы˒˓яˏ - ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɜɵɩɪɹɦɢɬɟɥɶ. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɦɨɳɧɨɫɬɢ ɩɪɢ ɪɚɫɱɟɬɟ ɢɯ ɩɨ ɭɤɪɭɩɧɟɧɧɵɦ 

ɩɨɤɚɡɚɬɟɥɹɦ. 

Ɂɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɝɟɧɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɢɡɞɟɪɠɟɤ ɧɚ 

ɚɦɨɪɬɢɡɚɰɢɸ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ, ɢɡɞɟɪɠɟɤ ɧɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ 

(ɫɦɚɡɵɜɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ, ɡɚɩɚɫɧɵɟ ɞɟɬɚɥɢ ɢ ɬ.ɞ.) ɢ ɢɡɞɟɪɠɤɢ ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ 

ɪɟɦɨɧɬ: 

 ʗ = ʏ+ ʗЭ + ʗ˅˔˒ + ʗка˒, (7.6) 

 

ɝɞɟ Ⱥ - ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ; ʗЭ - ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ; ʗ˅˔˒ – ɢɡɞɟɪɠɤɢ ɧɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ;  ʗка˒ - ɢɡɞɟɪɠɤɢ ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ. 

ɋɭɦɦɚɪɧɵɟ ɢɡɞɟɪɠɤɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ: 
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 ʗ1 = ʗʒЭʢʗ2 = ʗʒЭʢ + ʗʑЭʢ + ʗʣЭʞ + ʗˋː˅е˓ + ʗʏКʐʗ3 = ʗʒЭʢ + ʗʑЭʢ + ʗʣЭʞ + ʗˋː˅е˓ + ʗʏКʐ + ʗʑʢ  , (7.7) 

 

ɝɞɟ ʗʒЭʢ – ɨɛɳɢɟ ɢɡɞɟɪɠɤɢ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ; ʗʑЭʢ – ɨɛɳɢɟ ɢɡɞɟɪɠɤɢ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ; ʗʣЭʞ – ɨɛɳɢɟ ɢɡɞɟɪɠɤɢ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ; ʗˋː˅е˓ – ɨɛɳɢɟ ɢɡɞɟɪɠɤɢ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ; ʗʏКʐ – ɨɛɳɢɟ ɢɡɞɟɪɠɤɢ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ; ʗʑʢ – ɨɛɳɢɟ ɢɡɞɟɪɠɤɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɢ ɢɡɞɟɪɠɟɤ ɫɬɚɧɰɢɢ ɡɚɜɢɫɢɬ ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɰɢɢ. ɇɨ ɢɡɞɟɪɠɤɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ ɦɚɥɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɡɞɟɪɠɟɤ Ƚɗɍ.  

ȼɵɪɭɱɤɚ ɨɬ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ: 

  ʑ1 =  ЭʒЭʢ − ЭʠН ∙ Цʑ2 = ʑ3 =  ЭʒЭʢ + ЭʑЭʢ + ЭʣЭʞ − ЭʠН ∙ Ц , (7.8) 

 

ɝɞɟ ЭʒЭʢ – ɤɨɥɢɱɟɫɬɜɨ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ƚɗɍ; ЭʠН – ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɥɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɨɛɫɬɜɟɧɧɵɦɢ ɧɭɠɞɚɦɢ; ЭʑЭʢ - ɤɨɥɢɱɟɫɬɜɨ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ȼɗɍ; ЭʣЭʞ – ɤɨɥɢɱɟɫɬɜɨ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɏɗɉ; Ц - ɰɟɧɚ ɡɚ ɟɞɢɧɢɰɭ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȼ ɩɟɪɜɨɦ ɜɚɪɢɚɧɬɟ ɜɵɪɚɛɨɬɤɚ ɗɗ ɫɧɢɠɚɟɬɫɹ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɗɗ, 

ɩɨɬɪɟɛɥɟɧɧɨɣ ɫɨɛɫɬɜɟɧɧɵɦɢ ɧɭɠɞɚɦɢ ɫɬɚɧɰɢɢ. ȼɨ ɜɬɨɪɨɦ ɢ ɬɪɟɬɶɟɦ ɜɚɪɢɚɧɬɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɥɟɧɧɨɣ ɷɧɟɪɝɢɢ ɩɨɤɪɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɝɟɧɟɪɚɰɢɹ.  

ɉɨ ɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜɵɪɭɱɤɢ ɢ ɢɡɞɟɪɠɟɤ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɞɨɯɨɞ: 
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ʞ݆݇ = ʑ݆݇ − ʖ݆ ݇ , (7.9) 

 

ɝɞɟ j – ɧɨɦɟɪ ɜɚɪɢɚɧɬɚ, 

k=0, 1… k – ɧɨɦɟɪ ɩɟɪɢɨɞɚ. 

ȼ «ɧɭɥɟɜɨɣ» ɩɟɪɢɨɞ ɧɟɨɛɯɨɞɢɦɨ ɞɨɯɨɞ ɭɦɟɧɶɲɚɬɶ ɡɚ ɫɱɟɬ ɪɚɡɨɜɨɣ 

ɜɵɩɥɚɬɵ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɢ ɜ ɩɪɨɟɤɬ. 

Ⱦɚɥɟɟ ɩɨɥɭɱɚɟɦ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ: 

 𝐶𝐹݇ = 1 1+ ݅
100

 ݇ ∙ ʞ݆݇ , (7.10) 

 

ɝɞɟ ݅ – ɩɪɨɰɟɧɬɧɚɹ ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɢɧɹɬɚ 11,6 %. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɧɚɤɨɩɥɟɧɧɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɨɬɨɤ. ȼ ɩɟɪɢɨɞ k-1 ɢ k, ɤɨɝɞɚ ɧɚɤɨɩɥɟɧɧɵɣ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɨɬɨɤ ɛɭɞɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɬ.ɟ. ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɭɞɟɬ 

ɩɨɥɭɱɚɬɶ ɱɢɫɬɭɸ ɩɪɢɛɵɥɶ, ɨɩɪɟɞɟɥɹɟɦ ɬɨɱɧɨ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

 𝑛ˑк݆ = 𝑛(݇−1)݆′ +  𝐾݆−𝐶𝐹 ݇−1 ݆′𝐶𝐹 ݆′  ∙  1 + ݅
100

 −݇ , (7.11) 

 

ɝɞɟ 𝑛(݇−1)݆′  - ɧɨɦɟɪ ɩɟɪɢɨɞɚ (݇ − 1)݆ ɜɚɪɢɚɧɬɚ; 𝐾  – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ݆ ɜɚɪɢɚɧɬɚ; 𝐶𝐹 ݇−1 ݆′  - ɧɚɤɨɩɥɟɧɧɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɨɬɨɤ (݇ − 1) ɩɟɪɢɨɞɚ ݆ 
ɜɚɪɢɚɧɬɚ; 𝐶𝐹 ݆′  - ɧɚɤɨɩɥɟɧɧɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɨɬɨɤ ݇ ɩɟɪɢɨɞɚ ݆ ɜɚɪɢɚɧɬɚ. 

 

7.2 Аɧɚɥɢɡ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɱɟɪɟɡ ɭɤɪɭɩɧɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɤɚɡɚɬɶ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɦɚɥɨɝɨ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ, ɧɟɨɛɯɨɞɢɦɨ 
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ɩɪɢɜɟɫɬɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɤ ɭɤɪɭɩɧɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. ɋɬɨɢɦɨɫɬɶ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɚɥɨɝɨ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫɚ ɩɪɢɜɨɞɢɬɫɹ ɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ ɦɨɳɧɨɫɬɢ 

ɷɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɍɤɪɭɩɧɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɧɚ ɩɪɢɦɟɪɟ ɨɛɨɪɭɞɨɜɚɧɢɹ R&P 

complex ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.1. 

 

Ɍɚɛɥɢɰɚ 7.1 – ɍɤɪɭɩɧɟɧɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ ɡɚ ɬɵɫ.ɪɭɛ/1 ɤȼɬ 
Ƚɢɞɪɨɚɝɪɟɝɚɬ ɫ ɬɭɪɛɢɧɨɣ ɉɪ15-ȼ-40 40 
Ƚɢɞɪɨɚɝɪɟɝɚɬ ɫ ɬɭɪɛɢɧɨɣ Ʉ15-Ƚ-40 36 

Ƚɢɞɪɨɚɝɪɟɝɚɬ ɫ ɬɭɪɛɢɧɨɣ ɊɈ15-ȼ-40 30 
ȼɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ VAWT 1/1,5 ɤȼɬ 259 

Ɏɨɬɨɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɚɧɟɥɶ ɎɋɆ 330P 856 
ɂɧɜɟɪɬɨɪ (ɩɪɢɦɟɪɧɨ) 13,5 

ȼɵɩɪɹɦɢɬɟɥɶ (ɩɪɢɦɟɪɧɨ) 9 
Ⱥɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ (ɩɪɢɦɟɪɧɨ) 5 

 

ɋɬɨɢɦɨɫɬɶ Ɋɍ ɜ ɪɚɫɱɟɬɟ ɧɟ ɭɱɢɬɵɜɚɟɦ. ɉɪɢɦɟɧɹɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 

ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɨɩɢɫɚɧɚ ɜ ɩɭɧɤɬɟ 7.1, ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ. Ɋɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɚ ɞɥɹ ɩɟɪɜɵɯ ɝɨɞɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɟɤɬɚ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 7.2. 

 

Ɍɚɛɥɢɰɚ 7.2 – Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 

ɉɚɪɚɦɟɬɪ ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, 

ɬɵɫ ɪɭɛ. 
106 1239,5 1275,5 

ɂɡɞɟɪɠɤɢ, ɬɵɫ. ɪɭɛ. 5,08 38,4 39,42 
ȼɵɪɭɱɤɚ, ɬɵɫ.ɪɭɛ. 4551,39 12382,83 12382,83 
Ⱦɨɯɨɞ, ɬɵɫ. ɪɭɛ. 4546,31 12344,43 12343,41 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ 
ɞɨɯɨɞ, ɬɵɫ. ɪɭɛ. 

-94,98 (0-ɣ ɝɨɞ) 
3650,32 (1-ɣ ɝɨɞ) 

-1110,66 (0-ɣ ɝɨɞ) 
9911,57 (1-ɣ ɝɨɞ) 

-1142,92 (0-ɣ ɝɨɞ) 
9910,76 (1-ɣ ɝɨɞ) 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, 
ɥɟɬ 

1,045 ɝɨɞɚ 
1 ɝɨɞ 15 ɞɧɟɣ 

1,214 
1 ɝɨɞ 3 ɦɟɫɹɰɚ 

1,221 
1 ɝɨɞ 3 ɦɟɫɹɰɚ 

 

Ɋɚɡɧɢɰɚ ɫɪɨɤɨɜ ɨɤɭɩɚɟɦɨɫɬɢ ɦɟɠɞɭ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ, ɚ ɬɚɤɠɟ ɦɟɠɞɭ 

ɩɟɪɜɵɦ ɢ ɬɪɟɬɶɢɦ ɜɚɪɢɚɧɬɚɦɢ ɫɨɫɬɚɜɥɹɸɬ 16,17% ɢ 16,84% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɩɨɤɚɡɵɜɚɟɬ ɧɟɛɨɥɶɲɭɸ ɪɚɡɧɢɰɭ ɫɪɨɤɨɜ ɨɤɭɩɚɟɦɨɫɬɢ 

ɩɪɨɟɤɬɚ, ɩɨɷɬɨɦɭ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢɛɵɥɶ.  
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ɁАɄɅɘɑȿɇɂȿ 

 

ȼ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɛɵɥɢ ɩɨɤɚɡɚɧɵ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ 

ɜɧɟɞɪɟɧɢɸ ȼɂɗ-ɝɟɧɟɪɚɰɢɢ ɜ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ Ƚɗɋ. Ɉɫɧɨɜɧɵɦɢ 

ɜɵɜɨɞɚɦɢ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɸɬɫɹ: 

 ȼɧɟɞɪɟɧɢɟ ɜ ɫɯɟɦɭ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɦɚɥɵɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢɦɟɟɬ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɜ ɩɥɚɧɟ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɚ 

ɢɦɟɧɧɨ ɭɦɟɧɶɲɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɪɟɦɟɧɢ ɩɪɨɬɟɤɚɧɢɹ 

ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ; 

 ɉɪɟɞɥɨɠɟɧɢɹ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɚɥɵɯ 

ɝɢɞɪɨɷɧɟɪɝɨɤɨɦɩɥɟɤɫɨɜ ɦɨɝɭɬ ɛɵɬɶ ɬɢɩɨɜɵɦɢ ɢ ɩɪɢɦɟɧɹɬɫɹ ɞɥɹ ɞɪɭɝɢɯ 

ɭɫɥɨɜɢɣ; 

 ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɪɟɞɥɨɠɟɧɢɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ, ɬɨ ɟɫɬɶ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɢ, ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɬɚɤɨɝɨ ɩɪɨɟɤɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɪɨɟɤɬɚ ɛɟɡ ȼɂɗ-ɝɟɧɟɪɚɰɢɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

  



52 
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