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АɇɇɈɌАɐɂə 

 

Ɉɛɴёɦ ɞɢɫɫɟɪɬɚɰɢɢ: ɫɨɫɬɚɜɥɹɟɬ 80 ɫɬɪɚɧɢɰ, ɫɨɞɟɪɠɢɬ 33 ɢɥɥɸɫɬɪɚɰɢɢ, 

12 ɬɚɛɥɢɰ ɢ 23 ɮɨɪɦɭɥɵ. ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫɨɫɬɨɢɬ ɢɡ 21 

ɧɚɢɦɟɧɨɜɚɧɢɹ. 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɪɚɛɨɬɵ ɩɨɫɥɭɠɢɥɢ ɤɚɧɚɥɵ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ȽȺ ɢ ɪɚɡɪɚɛɨɬɤɚ ɚɩɩɚɪɚɬɧɵɯ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɢɯ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ: 

 ɂɡɭɱɢɬɶ ɥɢɬɟɪɚɬɭɪɭ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ, ɜ ɤɨɬɨɪɨɣ ɨɬɪɚɠɟɧɚ ɩɪɨɛɥɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ȽȺ ɢ ɜɵɞɟɥɢɬɶ ɢɡ ɧɢɯ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚ Ƚɗɋ. 

 ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ, ɩɪɨɜɟɫɬɢ ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨ ɚɩɩɚɪɚɬɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, 

ɬɨɱɧɨɫɬɢ ɢ ɨɫɨɛɟɧɧɨɫɬɹɦ ɪɟɚɥɢɡɚɰɢɢ. 

 ɉɪɟɞɥɨɠɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɫɯɟɦɭ ɪɟɚɥɢɡɚɰɢɢ ɢ ɫɨɫɬɚɜ ɚɩɩɚɪɚɬɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ. 

 ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɬɢɩɨɜɵɟ ɚɥɝɨɪɢɬɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, 

ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ Ƚɗɋ, ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɧɟɞɨɫɬɚɬɤɨɜ. 

 ɉɪɟɞɥɨɠɢɬɶ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, 

ɭɫɬɪɚɧɹɸɳɢɣ ɧɚɣɞɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ. 
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ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɵɛɨɪ ɚɩɩɚɪɚɬɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɬɨɱɧɨɫɬɶɸ.  

ȼ ɪɚɛɨɬɟ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. ȼ 

ɩɪɟɞɥɨɠɟɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɢɫɤɥɸɱɟɧɵ ɧɟɞɨɫɬɚɬɤɢ ɫɨɜɪɟɦɟɧɧɵɯ ɬɢɩɨɜɵɯ 

ɚɥɝɨɪɢɬɦɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɧɚ Ƚɗɋ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɞɪɨɚɝɪɟɝɚɬ, ɝɢɞɪɨɬɭɪɛɢɧɚ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, 

ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ, ɚɥɝɨɪɢɬɦɵ ɡɚɳɢɬɵ, 

ɪɟɝɭɥɹɬɨɪ ɱɚɫɬɨɬɵ ɪɚɳɟɧɢɹ, ɞɚɬɱɢɤɢ ɱɚɫɬɨɬɵ, ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ, ɬɚɯɨɝɟɧɟɪɚɬɨɪ, 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 

ȼ ɦɚɝɢɫɬɟɪɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɜɯɨɞɹɬ: ɜɜɟɞɟɧɢɟ, ɬɪɢ ɝɥɚɜɵ ɢ ɡɚɤɥɸɱɟɧɢɟ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɤɪɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɵɛɪɚɧɧɨɦɭ 

ɧɚɩɪɚɜɥɟɧɢɸ, ɭɤɚɡɵɜɚɟɬɫɹ ɟɝɨ ɡɧɚɱɢɦɨɫɬɶ. 

ɉɟɪɜɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɛɡɨɪɭ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɜɟɞɟɧɢɣ ɜ ɨɛɥɚɫɬɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ ɢ ɞɪɭɝɢɯ ɜɪɚɳɚɸɳɢɯɫɹ 

ɚɩɩɚɪɚɬɨɜ. ȼ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɫɢɝɧɚɥɚ ɢ 

ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɢɤɢ ɪɚɫɱёɬɚ ɱɚɫɬɨɬɵ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɛɡɨɪɭ ɧɨɪɦɚɬɢɜɧɨɣ ɛɚɡɵ ɜ ɨɛɥɚɫɬɢ ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

Ɍɚɤɠɟ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɬɢɩɨɜɵɯ ɪɟɲɟɧɢɣ ɚɩɩɚɪɚɬɧɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡ 

ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɫɭɦɦɚɪɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɬɨɱɧɨɫɬɢ 

ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɣ ɢɡ Ⱥɋɍ 

Ɍɉ, ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ ɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɪɟɞɥɨɠɟɧɢɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɢ 

ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ.  

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɝɨɜɨɪɢɬɫɹ ɨ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɛɥɟɦɚɯ ɜ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɦ ɨɛɟɫɩɟɱɟɧɢɢ, ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ 
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ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. ȼ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, 

ɢɫɤɥɸɱɚɸɳɢɣ ɧɚɣɞɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ ɢ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɦɭ ɢ ɚɩɩɚɪɚɬɧɨɦɭ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ȽȺ. 
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АȼɌɈɊȿɎȿɊАɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱥɩɩɚɪɚɬɧɵɟ ɢ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ» 

Аɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ: 

ɉɨɞɞɟɪɠɚɧɢɟ ɱɚɫɬɨɬɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ 

ɢɡ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ Ƚɗɋ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ (0,05 Ƚɰ ɞɥɹ ɈɉɊɑ, ɫɨɝɥɚɫɧɨ [1], [2], [3], [4] ɢ 0,01 Ƚɰ ɞɥɹ 

ɇɉɊɑ, ɫɨɝɥɚɫɧɨ [2], [3], [5]) ɢ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ.  

Ⱦɚɧɧɵɟ ɨ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɭɱɚɫɬɜɭɸɬ ɜ ɚɥɝɨɪɢɬɦɚɯ: 

 ɩɭɫɤɚ ɢ ɨɫɬɚɧɨɜɚ ȽȺ; 

 ɫɢɧɯɪɨɧɢɡɚɰɢɢ ȽȺ ɩɟɪɟɞ ɜɤɥɸɱɟɧɢɟɦ ɜ ɫɟɬɶ; 

 ɈɉɊɑ; 

 ɇɉɊɑ; 

 ɡɚɳɢɬ ɩɪɨɬɢɜ ɪɚɡɝɨɧɚ ȽȺ; 

 ɪɟɠɢɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɫɟɬɢ ɩɪɢ ɪɚɛɨɬɟ ȽȺ ɧɚ 

ɢɡɨɥɢɪɨɜɚɧɧɭɸ ɧɚɝɪɭɡɤɭ; 

 ɪɟɠɢɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɩɪɚɤɬɢɤɟ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢɡɜɟɫɬɧɵ ɩɪɨɛɥɟɦɵ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ. Ⱦɚɧɧɵɟ ɩɪɨɛɥɟɦɵ 

ɜɨɡɧɢɤɚɸɬ ɩɨ ɩɪɢɱɢɧɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɢ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɤɨɝɞɚ ɢɯ ɬɨɱɧɨɫɬɶ ɧɟ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɇɌȾ. ɉɪɨɛɥɟɦɵ ɬɨɱɧɨɫɬɢ ɫɜɹɡɚɧɵ ɬɚɤɠɟ ɫ ɧɟɫɨɜɟɪɲɟɧɧɵɦɢ 

ɚɥɝɨɪɢɬɦɚɦɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡɜɟɫɬɧɵ ɫɥɭɱɚɢ 

ɚɜɚɪɢɣɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ ȽȺ, ɩɪɢɱɢɧɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɧɟɤɨɪɪɟɤɬɧɵɟ 

ɚɥɝɨɪɢɬɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 
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ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ ɢ ɜɵɛɨɪɚ 

ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɦɨɞɟɪɧɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

ɐɟɥɶ ɪɚɛɨɬɵ: 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ ɢ ɪɚɡɪɚɛɨɬɤɚ 

ɚɩɩɚɪɚɬɧɵɯ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɢɯ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ: 

 ɂɡɭɱɢɬɶ ɥɢɬɟɪɚɬɭɪɭ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ, ɜ ɤɨɬɨɪɨɣ ɨɬɪɚɠɟɧɚ ɩɪɨɛɥɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ȽȺ ɢ ɜɵɞɟɥɢɬɶ ɢɡ ɧɢɯ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚ Ƚɗɋ. 

 ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ, ɩɪɨɜɟɫɬɢ ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨ ɚɩɩɚɪɚɬɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, 

ɬɨɱɧɨɫɬɢ ɢ ɨɫɨɛɟɧɧɨɫɬɹɦ ɪɟɚɥɢɡɚɰɢɢ. 

 ɉɪɟɞɥɨɠɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɫɯɟɦɭ ɪɟɚɥɢɡɚɰɢɢ ɢ ɫɨɫɬɚɜ ɚɩɩɚɪɚɬɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ. 

 ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɬɢɩɨɜɵɟ ɚɥɝɨɪɢɬɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, 

ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ Ƚɗɋ, ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɧɟɞɨɫɬɚɬɤɨɜ. 

 ɉɪɟɞɥɨɠɢɬɶ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, 

ɭɫɬɪɚɧɹɸɳɢɣ ɧɚɣɞɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ. 

Ɇɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
ȼ ɩɪɨɰɟɫɫɟ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɦɟɬɨɞɵ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɤ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ, ɬɚɤ ɢ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. ɉɪɨɜɟɞɟɧ 

ɚɧɚɥɢɡ ɞɨɫɬɭɩɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɬɟɦɟ, ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 

ɢɡɦɟɪɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ. ȼɵɩɨɥɧɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 

ɚɧɚɥɢɡ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱёɬɨɜ ɩɨɝɪɟɲɧɨɫɬɟɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɚɩɩɚɪɚɬɧɨɣ 
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ɪɟɚɥɢɡɚɰɢɢ. Ɋɚɫɫɦɨɬɪɟɧɵ ɬɢɩɨɜɵɟ ɪɟɲɟɧɢɹ ɜ ɚɥɝɨɪɢɬɦɚɯ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. 

ɉɪɟɞɥɨɠɟɧ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɢɫɤɥɸɱɚɸɳɢɣ ɧɚɣɞɟɧɧɵɟ 

ɧɟɞɨɫɬɚɬɤɢ. Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɨɩɪɨɫ ɫɨɬɪɭɞɧɢɤɨɜ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɢɥɢ 

ɨɩɪɨɜɟɪɠɟɧɢɹ ɮɚɤɬɨɜ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ: 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɵɛɨɪ ɚɩɩɚɪɚɬɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɬɨɱɧɨɫɬɶɸ.  

ȼ ɪɚɛɨɬɟ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. ȼ 

ɩɪɟɞɥɨɠɟɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɢɫɤɥɸɱɟɧɵ ɧɟɞɨɫɬɚɬɤɢ ɫɨɜɪɟɦɟɧɧɵɯ ɬɢɩɨɜɵɯ 

ɚɥɝɨɪɢɬɦɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɧɚ Ƚɗɋ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɩɨɥɶɡɚ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɞɨɫɬɢɠɟɧɢɢ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. ɉɪɢ ɩɨɦɨɳɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɪɚɛɨɬɟ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ ɩɨɜɵɫɢɬɫɹ ɬɨɱɧɨɫɬɶ ɈɉɊɑ, ɇɉɊɑ, ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ ɫɬɚɧɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɚ ɫɱёɬ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɩɨɜɵɫɢɬɫɹ ɬɨɱɧɨɫɬɶ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɢɬɫɹ ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ɗȾɋ 

ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɜɟɤɬɨɪɨɦ ɗȾɋ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɪɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɡɧɚɱɢɬ 

ɢ ɭɦɟɧɶɲɢɬɫɹ ɭɞɚɪɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɜ ɫɟɬɶ. 

Аɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ: 
Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɢ, ɛɵɥɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ: 

 ɧɚ V ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ 

ɭɱɟɧɵɯ, ɫɩɟɰɢɚɥɢɫɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ «ȽɂȾɊɈɗɅȿɌɊɈɋɌȺɇɐɂɂ ȼ 

XXI  ȼȿɄȿ» (ɪ.ɩ. ɑɟɪɟɦɭɲɤɢ, 2018 ɝ.); 
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 ɧɚ VI ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ 

ɭɱɟɧɵɯ, ɫɩɟɰɢɚɥɢɫɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ «ȽɂȾɊɈɗɅȿɌɊɈɋɌȺɇɐɂɂ ȼ 

XXI ȼȿɄȿ» (ɪ.ɩ. ɑɟɪɟɦɭɲɤɢ, 2019 ɝ.). 

ɉɭɛɥɢɤɚɰɢɢ: 
Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɵɜɨɞɵ ɢɡɥɨɠɟɧɵ ɜ 2 ɩɭɛɥɢɤɚɰɢɹɯ ɜ ɧɚɭɱɧɵɯ 

ɠɭɪɧɚɥɚɯ ɢ ɢɡɞɚɧɢɹɯ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɟɧɵ ɜ ɩɟɪɟɱɟɧɶ ɪɟɚɥɢɡɭɟɦɵɯ ɧɚɭɱɧɵɯ 

ɢɡɞɚɧɢɣ, ɨɩɪɟɞɟɥɟɧɧɵɯ Ɋɂɇɐ, ISBN. 

Ɉɛɴёɦ ɞɢɫɫɟɪɬɚɰɢɢ: ɫɨɫɬɚɜɥɹɟɬ 80 ɫɬɪɚɧɢɰ, ɫɨɞɟɪɠɢɬ 33 ɢɥɥɸɫɬɪɚɰɢɢ, 

12 ɬɚɛɥɢɰ ɢ 23 ɮɨɪɦɭɥɵ. ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫɨɫɬɨɢɬ ɢɡ 21 

ɧɚɢɦɟɧɨɜɚɧɢɹ. 

Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ: 
ȼ ɦɚɝɢɫɬɟɪɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɜɯɨɞɹɬ: ɜɜɟɞɟɧɢɟ, ɬɪɢ ɝɥɚɜɵ ɢ ɡɚɤɥɸɱɟɧɢɟ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɤɪɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɵɛɪɚɧɧɨɦɭ 

ɧɚɩɪɚɜɥɟɧɢɸ, ɭɤɚɡɵɜɚɟɬɫɹ ɟɝɨ ɡɧɚɱɢɦɨɫɬɶ. 

ɉɟɪɜɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɛɡɨɪɭ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɜɟɞɟɧɢɣ ɜ ɨɛɥɚɫɬɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ ɢ ɞɪɭɝɢɯ ɜɪɚɳɚɸɳɢɯɫɹ 

ɚɩɩɚɪɚɬɨɜ. ȼ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɫɢɝɧɚɥɚ ɢ 

ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɢɤɢ ɪɚɫɱёɬɚ ɱɚɫɬɨɬɵ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɛɡɨɪɭ ɧɨɪɦɚɬɢɜɧɨɣ ɛɚɡɵ ɜ ɨɛɥɚɫɬɢ ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

Ɍɚɤɠɟ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɬɢɩɨɜɵɯ ɪɟɲɟɧɢɣ ɚɩɩɚɪɚɬɧɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡ 

ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɫɭɦɦɚɪɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɬɨɱɧɨɫɬɢ 

ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɡ Ⱥɋɍ 

Ɍɉ, ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ ɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɪɟɞɥɨɠɟɧɢɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɢ 

ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ.  

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɝɨɜɨɪɢɬɫɹ ɨ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɛɥɟɦɚɯ ɜ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɦ ɨɛɟɫɩɟɱɟɧɢɢ, ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ 
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ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. ȼ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, 

ɢɫɤɥɸɱɚɸɳɢɣ ɧɚɣɞɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ ɢ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɦɭ ɢ ɚɩɩɚɪɚɬɧɨɦɭ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ȽȺ. 
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ABSTRACT 

 

Final qualification work on the subject «Hardware and Algorithmic Solutions 

for Improved Methods Measuring the Frequency of Rotation of the Hydrounit» 

Relevance of the subject: 

Maintaining the frequency of alternating current in the power system is one of 

the main functions of hydroelectric power plants. To perform this function, it is 

necessary to accurately determine and continuously monitor the frequency of the 

hydrounit. 

Frequency data is involved in the algorithms: 

 start and stop units; 

 unit synchronization before switching on; 

 general primary frequency control; 

 normalized primary frequency control; 

 protection against overclocking; 

 frequency control mode when the unit operates on an isolated load; 

 idle speed regulation mode. 

Today, in practice, the operation of hydroelectric power plants is known 

problems associated with the accuracy of determining the frequency of rotation of the 

unit. These problems arise because of the use of a gear and a tachogenerator as a 

source of speed signal, when their accuracy does not comply with the regulations. 

Accuracy problems are also associated with imperfect rotational speed algorithms. In 

addition, there are cases of emergency shutdown units, which are caused by incorrect 

algorithms for determining the failure of the channels measuring the frequency of 

rotation. 

In this connection, the tasks of analyzing and selecting hardware, upgrading the 

algorithms for determining the rotational speed and determining the failure of the 

frequency measurement channels are relevant. 
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Work purpose: 

The study of methods for measuring the frequency of rotation of the unit and 

the development of hardware and algorithmic solutions for their improvement. 

Main objectives: 

 To study the literature on the determination of the rotational speed of 

synchronous machines, which reflects the problem of the study. 

 Investigate modern methods for determining the frequency of rotation of 

a unit and single out the most widely used today in hydroelectric power plants. 

 Analyze the operation of these methods for determining the rotational 

speed, conduct a comparative analysis of them in terms of hardware, accuracy and 

implementation features. 

 Propose an optimal implementation scheme and hardware composition 

for determining the frequency of rotation of the unit. 

 Investigate modern standard algorithms for determining the rotational 

speed and determining the malfunction of the frequency measurement channels used 

at hydroelectric power plants, and conduct a gap analysis. 

 Offer an optimized algorithm for determining the rotational speed and 

determining the failure of the frequency measurement channels, eliminating the found 

flaws. 

Research Method: 

In the process of scientific research, research methods of both theoretical and 

empirical nature were applied. The analysis of available literature on the topic, the 

analysis of the characteristics used in the measurement of rotational speed of 

technical means. A comparative analysis was performed on the basis of error 

calculations for various methods for measuring the rotational speed. The advantages 

and disadvantages of hardware implementation are considered. The typical solutions 

in the algorithms for determining the rotational speed and determining the failure of 

the frequency measurement channels are considered. An optimized algorithm that 
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eliminates the found flaws is proposed. An employee survey was conducted to 

confirm or refute the facts. 

Scientific novelty: 

This paper proposes the optimal choice of hardware for determining the 

frequency of rotation of the unit with maximum accuracy. 

The work also proposed a modernized algorithm for determining the rotational 

speed and determining the failure of the frequency measurement channels. In the 

proposed algorithm, the shortcomings of modern standard algorithms used at 

hydroelectric power stations are excluded. 

The practical use of this work is to achieve high accuracy in determining the 

rotational speed. With the help of the improvements proposed in the work, the 

accuracy of the general primary regulation, the normalized primary regulation, the 

stability of the power system, the safety and reliability of the plant will increase. In 

addition, by improving the accuracy of determining the rotational speed, the accuracy 

of regulation will increase and, as a result, the angle between the vector of 

electromotive force of the hydrogenerator and the vector of electromotive force of the 

power system will decrease during synchronization, and hence the shock current 

through the generator stator will decrease. 

Approbation of work results: 

The main results of researches stated in the thesis have been presented: 

 at the V all -Russian scientific and practical conference of young 

scientists, graduate students and students «HYDROELETRIC POWER STATIONS 

IN THE XXI CENTURY» (Cheryomushki, 2018) 

 at the VI all -Russian scientific and practical conference of young 

scientists, graduate students and students «HYDROELETRIC POWER STATIONS 

IN THE XXI CENTURY» (Cheryomushki, 2019). 
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Publications: 

Basic provisions and conclusions are stated in 2 publications in scientific 

magazines and editions, which are included in the list of the realized scientific 

publications determined by RINTs, ISBN. 

Thesis volume: makes 80 pages, contains 33 illustrations, 12 tables and 23 

formulas. The list of the used literature consists of 21 names. 

Main content of the work: 

The master's work includes: introduction, three chapters and conclusion. 

In the introduction reveals the relevance of the research in the chosen direction, 

indicates its importance. 

The first chapter is devoted to a review of theoretical information in the field of 

determining the speed of synchronous machines and other rotating devices. The 

chapter discusses the basic methods of obtaining a signal and the values of speed, as 

well as the basic methods of calculating the frequency. 

The second chapter is devoted to a review of the regulatory framework in the 

field of primary frequency control and requirements for the accuracy of rotational 

speed measurements. Also in the second chapter, a review of typical solutions for the 

hardware implementation of frequency measurement at existing hydropower plants 

was made, based on data from the technical documentation for the devices, the total 

measurement error was calculated. In addition, this chapter analyzes the accuracy of 

rotation frequency measurement channels based on real data from an automated 

process control system, draws conclusions and makes suggestions for maintaining 

and achieving the required accuracy. 

The third chapter deals with the existing problems in algorithmic software; a 

review of existing algorithms for determining the rotational speed and determining 

the failure of the frequency measurement channels was made. The chapter presents a 

modernized algorithm that eliminates found flaws. 

In conclusion, the main conclusions and proposals on the algorithmic and 

hardware improvements in determining the frequency of rotation of a unit are 

presented.  
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ȼȼȿȾȿɇɂȿ 

 

ɋɨɝɥɚɫɧɨ [6] ɪɚɛɨɬɧɢɤɢ ɷɧɟɪɝɨɨɛɴɟɤɬɨɜ ɨɛɹɡɚɧɵ ɩɨɞɞɟɪɠɢɜɚɬɶ ɤɚɱɟɫɬɜɨ 

ɨɬɩɭɫɤɚɟɦɨɣ ɷɧɟɪɝɢɢ – ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɱɚɫɬɨɬɭ ɢ ɧɚɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɬɨɤɚ. ɉɨɞɞɟɪɠɚɧɢɟ ɱɚɫɬɨɬɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ 

ɢɡ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ Ƚɗɋ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ (0,05 Ƚɰ ɞɥɹ ɈɉɊɑ, ɫɨɝɥɚɫɧɨ [1], [2], [3], [4] ɢ 0,01 Ƚɰ ɞɥɹ 

ɇɉɊɑ, ɫɨɝɥɚɫɧɨ [2], [3], [5]) ɢ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ.  

Ⱦɚɧɧɵɟ ɨ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɭɱɚɫɬɜɭɸɬ ɜ ɚɥɝɨɪɢɬɦɚɯ: 

 ɩɭɫɤɚ ɢ ɨɫɬɚɧɨɜɚ ȽȺ; 

 ɫɢɧɯɪɨɧɢɡɚɰɢɢ ȽȺ ɩɟɪɟɞ ɜɤɥɸɱɟɧɢɟɦ ɜ ɫɟɬɶ; 

 ɈɉɊɑ; 

 ɇɉɊɑ; 

 ɡɚɳɢɬ ɩɪɨɬɢɜ ɪɚɡɝɨɧɚ ȽȺ; 

 ɪɟɠɢɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɫɟɬɢ ɩɪɢ ɪɚɛɨɬɟ ȽȺ ɧɚ 

ɢɡɨɥɢɪɨɜɚɧɧɭɸ ɧɚɝɪɭɡɤɭ; 

 ɪɟɠɢɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɩɪɚɤɬɢɤɟ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢɡɜɟɫɬɧɵ ɩɪɨɛɥɟɦɵ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ. Ⱦɚɧɧɵɟ ɩɪɨɛɥɟɦɵ 

ɫɜɹɡɚɧɵ ɫ ɚɩɩɚɪɚɬɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɫ 

ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. 

ɍɯɭɞɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɥɢɹɟɬ ɧɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ, ɧɟɫɬɚɛɢɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɧɚ 

ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɬɭɪɛɢɧɵ ɜɵɡɵɜɚɟɬ ɩɪɨɛɥɟɦɵ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ. ȼ ɪɟɠɢɦɟ 

ɪɚɛɨɬɵ ȽȺ ɜ ɫɟɬɢ ɨɬ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚɩɪɹɦɭɸ 

ɡɚɜɢɫɢɬ ɜɟɥɢɱɢɧɚ ɩɟɪɜɢɱɧɨɣ ɦɨɳɧɨɫɬɢ, ɜɵɞɚɜɚɟɦɨɣ ȽȺ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɱɚɫɬɨɬɵ 

ɫɟɬɢ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɛɥɟɦɵ ɫ ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫɤɪɵɬɵ, 

ɛɥɚɝɨɞɚɪɹ ɨɫɨɛɟɧɧɨɫɬɹɦ ɫɢɧɯɪɨɧɧɵɯ ɡɨɧ ȿɗɋ Ɋɨɫɫɢɢ. ȼ 1-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ, 
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ɫɭɦɦɚɪɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɡɚ 2018 ɝɨɞ ɫ ɱɚɫɬɨɬɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɬɨɤɚ ɛɨɥɟɟ 50,05 Ƚɰ ɫɨɫɬɚɜɢɥɚ 21 ɦɢɧɭɬɭ 40 ɫɟɤɭɧɞ, ɚ ɫ ɱɚɫɬɨɬɨɣ ɦɟɧɟɟ 49,95 Ƚɰ 

– 01 ɱɚɫ 22 ɦɢɧɭɬɵ [7]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɨ 2-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ ɨɬɤɥɨɧɟɧɢɹ 

ɱɚɫɬɨɬɵ ɞɨɫɬɢɝɚɸɬ ɛɨɥɟɟ 0,1 Ƚɰ ɪɟɝɭɥɹɪɧɨ. ɂɡ-ɡɚ ɬɚɤɨɣ ɪɚɡɧɢɰɵ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɱɚɫɬɨɬɵ ɜ ɡɨɧɚɯ ɩɪɨɛɥɟɦɚ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜ 1-ɨɣ 

ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ ɜɵɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɪɟɞɤɨ, ɬɚɤ ɤɚɤ ɜɟɥɢɱɢɧɚ «ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ», 

ɫɨɝɥɚɫɧɨ [1], [2], [3], [4], [8] ɪɚɜɧɚ ±0,075 Ƚɰ ɢ ɈɉɊɑ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɜɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɭ. Ⱥɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɚ ɬɨɱɧɨɫɬɢ ɜ 1-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ 

ɨɫɬɚёɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɇɉɊɑ, ɝɞɟ «ɦɟɪɬɜɚɹ ɩɨɥɨɫɚ», ɫɨɝɥɚɫɧɨ [2], [4], [5], [8] ɪɚɜɧɚ 

±0,02 Ƚɰ. ɉɪɨɛɥɟɦɚ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɨ 2-ɨɣ 

ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɨ ɩɪɢɱɢɧɟ ɩɨɫɬɨɹɧɧɨɣ ɪɚɛɨɬɵ ɈɉɊɑ ɧɚ 

Ƚɗɋ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɞɨɛɢɬɶɫɹ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ (0,01 Ƚɰ, ɫɨɝɥɚɫɧɨ [2], [3], [5]) 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɨɡɜɨɥɹɟɬ Ƚɗɋ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɇɉɊɑ, ɫɢɫɬɟɦɧɵɦ 

ɨɩɟɪɚɬɨɪɨɦ ɷɬɚ ɮɭɧɤɰɢɹ ɪɚɫɰɟɧɢɜɚɟɬɫɹ ɤɚɤ ɭɫɥɭɝɚ ɢ ɨɩɥɚɱɢɜɚɟɬɫɹ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ Ƚɗɋ ɩɨɥɭɱɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɪɢɛɵɥɶ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɡɚɞɚɱɢ: 

 ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, 

ɨɫɧɨɜɧɵɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ,  

 ɜɵɛɨɪɚ ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɵɯ 

ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɪɟɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɯ ɞɚɧɧɵɯ; 

 ɚɧɚɥɢɡɚ ɧɟɞɨɫɬɚɬɤɨɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɢɩɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, ɪɚɡɪɚɛɨɬɤɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɢɫɤɥɸɱɚɸɳɟɝɨ 

ɧɚɣɞɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ.  
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1 Ɇɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɱɚɫɬɟɣ ɦɚɲɢɧ, ɭɫɬɪɨɣɫɬɜ ɢ ɚɝɪɟɝɚɬɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 

ɜɚɠɧɟɣɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɇɟɪɟɞɤɨ ɨɧɚ ɨɩɪɟɞɟɥɹɟɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɬɟɩɥɨɜɵɟ 

ɧɚɩɪɹɠɟɧɢɹ ɜ ɦɚɲɢɧɚɯ, ɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɜɟɥɢɱɢɧɨɣ ɞɥɹ 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɫɢɫɬɟɦ. 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ ɨɛɨɪɨɬɨɜ ɜ ɦɢɧɭɬɭ ݊, 

ɨɞɧɨɡɧɚɱɧɨ ɫɜɹɡɚɧɧɵɦ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 𝑓 ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 1,2. 

 𝑓 = ͸݊Ͳ, (1) 

  

 ݊ = ͸Ͳ ∙ 𝑓. (2) 

 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ:  

 ɰɟɧɬɪɨɛɟɠɧɵɟ, ɜ ɤɨɬɨɪɵɯ ɑɗ ɪɟɚɝɢɪɭɟɬ ɧɚ ɰɟɧɬɪɨɛɟɠɧɭɸ ɫɢɥɭ, 

ɪɚɡɜɢɜɚɟɦɭɸ ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɵɦɢ ɦɚɫɫɚɦɢ ɜɪɚɳɚɸɳɟɝɨɫɹ ɜɚɥɚ; 

 ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ 

ɜɪɚɳɚɸɳɢɦɢɫɹ ɷɥɟɦɟɧɬɚɦɢ; 

 ɫɬɪɨɛɨɫɤɨɩɢɱɟɫɤɢɟ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɫɜɨɣɫɬɜɟ ɝɥɚɡɚ ɫɨɯɪɚɧɹɬɶ 

ɜɢɞɢɦɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɧɚ ɞɟɫɹɬɵɟ ɞɨɥɢ ɫɟɤɭɧɞɵ ɩɨɫɥɟ ɟɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ. 

 ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɵɟ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɜɨɞɢɦɵɯ ɜ 

ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɬɟɥɟ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ; 

 ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɫɬɨɹɧɧɨɝɨ, ɩɟɪɟɦɟɧɧɨɝɨ ɢɥɢ ɢɦɩɭɥɶɫɧɨɝɨ ɬɨɤɚ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɚ 

ɞɥɹ ɩɟɪɟɦɟɧɧɨɝɨ ɢ ɢɦɩɭɥɶɫɧɨɝɨ ɬɨɤɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɱɚɫɬɨɬɵ ɬɨɤɚ ɨɬ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ; 
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Ʉɪɨɦɟ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɦɟɬɨɞɨɜ ɫɭɳɟɫɬɜɭɸɬ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɞɚɬɱɢɤɨɜ (ɦɚɝɧɢɬɨɪɟɡɢɫɬɢɜɧɵɯ, 

ɢɧɞɭɤɬɢɜɧɵɯ, ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ, ёɦɤɨɫɬɧɵɯ). 

ɐɟɧɬɪɨɛɟɠɧɵɣ ɦɟɬɨɞ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɤɨɧɢɱɟɫɤɨɦ ɢ ɤɨɥɶɰɟɜɨɦ ɬɚɯɨɦɟɬɪɚɯ. 

ɋɯɟɦɵ ɰɟɧɬɪɨɛɟɠɧɵɯ ɬɚɯɨɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɐɟɧɬɪɨɛɟɠɧɵɟ ɬɚɯɨɦɟɬɪɵ: 

ɚ – ɤɨɧɢɱɟɫɤɢɣ; ɛ – ɤɨɥɶɰɟɜɨɣ 

 

ȼ ɤɨɧɢɱɟɫɤɨɦ ɬɚɯɨɦɟɬɪɟ ɧɚ ɲɚɪɧɢɪɚɯ, ɜɪɚɳɚɸɳɢɯɫɹ ɜɦɟɫɬɟ ɫ ɨɫɶɸ, 

ɭɫɬɚɧɨɜɥɟɧɵ ɝɪɭɡɵ ݉, ɤɨɬɨɪɵɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɪɚɫɯɨɞɹɬɫɹ, 

ɩɟɪɟɦɟɳɚɹ ɜɞɨɥɶ ɨɫɢ ɦɭɮɬɭ 1 ɢ ɫɠɢɦɚɹ ɩɪɭɠɢɧɭ 2. ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ݕ– 

ɩɟɪɟɦɟɳɟɧɢɟ ɦɭɮɬɵ ɢ ݕ଴– ɧɚɱɚɥɶɧɭɸ ɞɥɢɧɭ ɩɪɭɠɢɧɵ (ɩɪɢ 𝜔 =  Ͳ), ɬɨ 

ɡɚɜɢɫɢɦɨɫɬɶ ݕ ɨɬ ɭɝɥɨɜɨɣ ɱɚɫɬɨɬɵ 𝜔 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3,4. 

ݕ  = ܵ𝜔ଶ, (3) 

  

 

ܵ = ଴ݕ݉݊
ቌ ଵ+ଶ𝑟0√4௟2−௬02ቍͶܿଵ  

(4) 
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ɝɞɟ ܵ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɛɨɪɚ; ݊ – ɱɢɫɥɨ ɝɪɭɡɨɜ; ݉ – ɦɚɫɫɚ ɝɪɭɡɨɜ; ݎ଴ – ɪɚɞɢɭɫ ɦɭɮɬɵ; ܿଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ ɩɪɭɠɢɧɵ. 

ɂɡ ɜɵɪɚɠɟɧɢɹ (3) ɫɥɟɞɭɟɬ, ɱɬɨ ɰɟɧɬɪɨɛɟɠɧɵɣ ɬɚɯɨɦɟɬɪ ɢɦɟɟɬ 

ɤɜɚɞɪɚɬɢɱɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ. 

ȼ ɤɨɥɶɰɟɜɨɦ ɬɚɯɨɦɟɬɪɟ ɩɪɢ ɧɟ ɜɪɚɳɚɸɳɟɣɫɹ ɨɫɢ (𝜔 =  Ͳ) ɩɥɨɫɤɨɫɬɶ 

ɤɨɥɶɰɚ ɧɚɤɥɨɧɟɧɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɫɢ ɧɚ ɭɝɨɥ ܽ଴ . ɉɪɢ ɜɪɚɳɟɧɢɢ ɤɨɥɶɰɨ 

ɫɬɪɟɦɢɬɫɹ ɡɚɧɹɬɶ ɩɨɥɨɠɟɧɢɟ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɟ ɨɫɢ ɜɪɚɳɟɧɢɹ, ɨɞɧɚɤɨ ɷɬɨɦɭ 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɪɭɠɢɧɚ 2. ɉɟɪɟɦɟɳɟɧɢɟ ɦɭɮɬɵ 1 ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɪɢɪɚɳɟɧɢɸ 

ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ ɤɨɥɶɰɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 5,6. 

ߙ  = ܵ𝜔ଶ, (5) 

  

 ܵ = ଴ʹܿଵߙʹ𝑖݊ݏଶݎ݉  
(6) 

 

ɝɞɟ ܵ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɛɨɪɚ; ݉ – ɦɚɫɫɚ ɤɨɥɶɰɚ; ݎ – ɪɚɞɢɭɫ ɤɨɥɶɰɚ; ܿଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ ɩɪɭɠɢɧɵ. 

ɐɟɧɬɪɨɛɟɠɧɵɟ ɬɚɯɨɦɟɬɪɵ ɪɚɡɜɢɜɚɸɬ ɛɨɥɶɲɨɟ ɩɟɪɟɫɬɚɧɨɜɨɱɧɨɟ ɭɫɢɥɢɟ, 

ɩɨɷɬɨɦɭ ɧɟɪɟɞɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜ ɪɟɝɭɥɹɬɨɪɚɯ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ [9]. ɇɟɞɨɫɬɚɬɤɢ ɷɬɢɯ ɩɪɢɛɨɪɨɜ – ɨɬɫɭɬɫɬɜɢɟ ɞɢɫɬɚɧɰɢɨɧɧɨɣ 

ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ, ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɬɪɭɞɧɨɫɬɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɤɢ. ɉɨɷɬɨɦɭ ɰɟɧɬɪɨɛɟɠɧɵɟ ɬɚɯɨɦɟɬɪɵ ɜ 

ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ ɦɚɥɨɩɪɢɦɟɧɢɦɵ. 
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Ɏɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɪɟɚɥɢɡɭɟɬɫɹ ɧɚ ɩɪɨɫɬɟɣɲɟɦ ɞɚɬɱɢɤɟ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɫɤ 1 ɫ Ʉ ɨɬɜɟɪɫɬɢɹɦɢ ɢɥɢ ɩɪɨɪɟɡɹɦɢ. 

ɗɬɨɬ ɞɢɫɤ ɦɨɧɬɢɪɭɟɬɫɹ ɧɚ ɜɚɥ, ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬɫɹ 

ɢɡɦɟɪɢɬɶ. ɉɨ ɨɞɧɭ ɫɬɨɪɨɧɭ ɞɢɫɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢɫɬɨɱɧɢɤ ɫɜɟɬɚ 2, ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɥɚɦɩɚ, ɩɨ ɞɪɭɝɭɸ - ɩɪɢɟɦɧɢɤ 

ɫɜɟɬɚ 3, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɮɨɬɨɞɢɨɞ ɢɥɢ ɮɨɬɨɬɪɢɨɞ. 

ɉɪɢ ɜɪɚɳɟɧɢɢ ɜɚɥɚ, ɚ ɜɦɟɫɬɟ ɫ ɧɢɦ ɢ ɞɢɫɤɚ ɫɜɟɬ, ɩɨɩɚɞɚɸɳɢɣ ɧɚ ɩɪɢɟɦɧɢɤ, 

ɩɪɟɪɵɜɚɟɬɫɹ K ɪɚɡ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ, ɢ ɱɚɫɬɨɬɚ ɫɥɟɞɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ ɨɬ 

ɮɨɬɨɩɪɢɟɦɧɢɤɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 7. 

 𝑓 ˏ˒ = 𝐾ܰ, (7) 

 

ɝɞɟ ܰ – ɢɡɦɟɪɹɟɦɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ. 

ɗɬɢ ɢɦɩɭɥɶɫɵ ɨɬ ɮɨɬɨɩɪɢɟɦɧɢɤɚ ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ ɷɥɟɤɬɪɨɧɧɨɣ ɫɯɟɦɨɣ, 

ɭɫɢɥɢɜɚɸɬɫɹ ɢ ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɜɢɞɟ ɩɨɬɨɤɚ ɨɞɧɨɪɨɞɧɵɯ ɢɦɩɭɥɶɫɨɜ ɧɚɩɪɹɠɟɧɢɹ 

ɢɥɢ ɬɨɤɚ. 

ɉɪɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɭɫɬɚɧɨɜɢɬɶ ɧɚ ɜɚɥ ɩɨɞɨɛɧɵɣ ɞɢɫɤ ɜ ɞɚɬɱɢɤɟ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɬɪɚɠɟɧɧɵɣ ɫɜɟɬ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɚɥɚ ɫ 

ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɣ ɤɪɚɫɤɢ ɢɥɢ ɢɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ 

ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɲɚɝɨɦ ɧɚɧɨɫɹɬɫɹ K ɩɨɥɨɫ 1. Ʌɭɱ ɫɜɟɬɚ ɨɬ ɢɫɬɨɱɧɢɤɚ 2 

ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɚɥɚ, ɚ ɮɨɬɨɩɪɢɟɦɧɢɤ ɜɨɫɩɪɢɧɢɦɚɟɬ ɨɬɪɚɠɟɧɧɵɣ 

ɫɜɟɬ. ȿɫɥɢ ɜɚɥ ɬɟɦɧɵɣ, ɧɚɧɨɫɹɬ ɫɜɟɬɥɵɟ ɩɨɥɨɫɵ, ɟɫɥɢ ɜɚɥ ɨɬɲɥɢɮɨɜɚɧ ɢ 

ɯɨɪɨɲɨ ɨɬɪɚɠɚɟɬ ɫɜɟɬ, ɩɨɥɨɫɵ – ɬɟɦɧɵɟ [9]. ɋɯɟɦɚ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɨɩɬɢɱɟɫɤɢɯ 

ɞɚɬɱɢɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

Ɋɢɫɭɧɨɤ 2 – Ɉɩɬɢɱɟɫɤɢɟ ɬɚɯɨɦɟɬɪɵ: 

ɚ – ɫ ɨɬɜɟɪɫɬɢɹɦɢ; ɛ – ɫ ɩɨɥɨɫɚɦɢ 
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Ɏɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɣ, ɧɨ ɢɡ-ɡɚ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɱɢɫɬɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɬɨɞɢɨɞɚ ɜ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ 

ɦɚɥɨɩɪɢɦɟɧɢɦ, ɬɚɤ ɤɚɤ ɱɚɳɟ ɜɫɟɝɨ ɞɚɬɱɢɤɢ ɫɤɨɪɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜɛɥɢɡɢ 

ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɵɯ ɧɚɩɪɚɜɥɹɸɳɢɯ ɩɨɞɲɢɩɧɢɤɨɜ ɫ ɜɨɪɨɬɧɢɤɨɜɵɦ ɭɩɥɨɬɧɟɧɢɟɦ, 

ɝɞɟ ɜɟɥɢɤɚ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɝɪɹɡɧɟɧɢɹ. 

ɋɬɪɨɛɨɫɤɨɩɢɱɟɫɤɢɣ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ, ɹɜɥɹɸɳɢɣɫɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɦ, 

ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɚ ɬɚɤ ɠɟ ɩɪɢ ɫɨɡɞɚɧɢɢ 

ɨɛɪɚɡɰɨɜɵɯ ɩɪɢɛɨɪɨɜ. ȼ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ ɞɚɧɧɵɣ ɦɟɬɨɞ ɦɚɥɨɩɪɢɦɟɧɢɦ ɩɨ ɬɨɣ 

ɠɟ ɩɪɢɱɢɧɟ, ɱɬɨ ɢ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ. ɉɪɢɧɰɢɩ ɪɟɚɥɢɡɚɰɢɢ ɷɮɮɟɤɬɚ 

ɢɡɨɛɪɚɠёɧ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

Ɋɢɫɭɧɨɤ 3 – ɋɬɪɨɛɨɫɤɨɩɢɱɟɫɤɢɣ ɬɚɯɨɦɟɬɪ 

 

ȿɫɥɢ ɨɬɦɟɬɤɭ 4 ɧɚ ɜɪɚɳɚɸɳɟɦɫɹ ɜɚɥɭ 1 ɨɫɜɟɳɚɬɶ ɜɫɩɵɲɤɚɦɢ ɫɜɟɬɚ ɨɬ 

ɢɫɬɨɱɧɢɤɚ 2, ɬɨ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɱɢɫɥɚ ɜɫɩɵɲɟɤ ܰ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 𝑓ɨɬɦɟɬɤɚ ɛɭɞɟɬ ɤɚɡɚɬɶɫɹ ɧɟɩɨɞɜɢɠɧɨɣ. ȿɫɥɢ ɪɚɡɧɨɫɬɶ 𝑓 − ܰ ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ, ɬɨ 

ɨɬɦɟɬɤɚ ɧɚɱɧɟɬ ɜɪɚɳɚɬɶɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ 𝑓 − ܰ ɜ ɬɭ ɢɥɢ ɢɧɭɸ ɫɬɨɪɨɧɭ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɤɚ ɪɚɡɧɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɝɥɚɡ 3 ɡɚɦɟɱɚɟɬ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨɟ 

ɞɜɢɠɟɧɢɟ ɨɬɦɟɬɤɢ, ɬɨ, ɩɨɞɛɢɪɚɹ ɱɚɫɬɨɬɭ ɜɫɩɵɲɤɢ ɩɨɫɪɟɞɫɬɜɨɦ ɍɊȼ, ɦɨɠɧɨ 

ɨɫɬɚɧɨɜɢɬɶ ɦɟɬɤɭ, ɱɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 𝑓 = ܰ [9]. ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɝɥɚɡ ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɤɚɦɟɪɨɣ. 

Ɍɚɯɨɦɟɬɪɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɨɦ ɦɟɬɨɞɟ, ɜɵɩɨɥɧɹɸɬɫɹ 

ɜ ɞɜɭɯ ɜɚɪɢɚɧɬɚɯ: ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɑɗ (Ɋɢɫɭɧɨɤ 4, ɚ) ɢ ɫ ɞɢɫɤɨɜɵɦ ɑɗ 

(Ɋɢɫɭɧɨɤ 4, ɛ). ɂɯ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɨɫɧɨɜɚɧ ɧɚ ɹɜɥɟɧɢɢ ɧɚɜɟɞɟɧɢɹ ɜɢɯɪɟɜɵɯ 

ɬɨɤɨɜ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɬɟɥɟ, ɜɪɚɳɚɸɳɟɦɫɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ (ɢɥɢ ɜ 
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ɧɟɩɨɞɜɢɠɧɨɦ ɬɟɥɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɜɨ ɜɪɚɳɚɸɳɟɦɫɹ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ). Ɇɨɦɟɧɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ ɫ ɜɵɡɜɚɜɲɢɦ ɢɯ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɫɥɭɠɢɬ 

ɦɟɪɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

Ɉɫɧɨɜɧɨɣ ɱɚɫɬɶɸ ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɨɝɨ ɬɚɯɨɦɟɬɪɚ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɢ-

ɬɟɥɶɧɵɣ ɭɡɟɥ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɬɨɹɧɧɨɝɨ ɦɚɝɧɢɬɚ 1 ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 

ɷɥɟɦɟɧɬɚ 2, ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ ɜɢɞɟ ɩɨɥɨɝɨ ɰɢɥɢɧɞɪɚ (Ɋɢɫɭɧɨɤ 4, ɚ) ɢɥɢ ɞɢɫɤɚ 

(Ɋɢɫɭɧɨɤ 4, ɛ). Ɉɛɵɱɧɨ ɩɨɫɬɨɹɧɧɵɣ ɦɚɝɧɢɬ ɢɦɟɟɬ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɭɸ 

ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɢɬɶ, ɚ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɜɵɩɨɥɧɟɧɧɵɣ ɢɡ ɦɟɬɚɥɥɚ ɫ 

ɛɨɥɶɲɢɦ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɭɞɟɪɠɢɜɚɟɬɫɹ ɨɬ ɜɪɚɳɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ 

ɩɪɭɠɢɧɨɣ. Ɂɚ ɫɱёɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɦɚɝɧɢɬɚ ɢ 

ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ ɫɨɡɞɚёɬɫɹ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɜɵɡɵɜɚɸɳɢɣ ɩɨɜɨɪɨɬ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɭɝɨɥ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɡɧɚɱɟɧɢɹ ɢɡɦɟɪɹɟɦɨɣ 

ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ. ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɬ 

ɧɟɩɨɫɬɨɹɧɧɨɣ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜ ɡɚɡɨɪɟ ɩɪɢɦɟɧɹɸɬ ɬɟɪɦɨɦɚɝɧɢɬɧɵɣ ɲɭɧɬ 

3. ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɬɚɯɨɦɟɬɪɚ ɨɛɭɫɥɨɜɥɟɧɵ ɢɡɦɟɧɟɧɢɟɦ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɑɗ, ɦɚɝɧɢɬɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɚɝɧɢɬɨɩɪɨɜɨɞɨɜ 

ɢ ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɸɳɟɣ ɩɪɭɠɢɧɵ [9]. ɉɨ ɩɪɢɱɢɧɟ ɛɨɥɶɲɢɯ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ ɞɚɧɧɵɣ ɜɢɞ ɬɚɯɨɦɟɬɪɚ ɜ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ, ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɧɟ ɩɪɢɦɟɧɹɟɬɫɹ. 

 

Ɋɢɫɭɧɨɤ 4 – Ɇɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɵɟ ɬɚɯɨɦɟɬɪɵ: 

ɚ – ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ; ɛ – ɫ ɞɢɫɤɨɜɵɦ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɢɦɵ ɜ 

ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ, ɩɨɷɬɨɦɭ ɧɚ ɧɢɯ ɦɵ ɨɫɬɚɧɨɜɢɦɫɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. 

 

1.1 ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ ɢ ɫɥɭɠɚɳɢɟ 

ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɫɢɝɧɚɥ, ɧɚɡɵɜɚɸɬɫɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚɦɢ. ɉɪɢ ɷɬɨɦ ɡɚɤɨɧ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ, ɬ.ɟ. ɡɚɜɢɫɢɦɨɫɬɶɸ 

ɦɟɠɞɭ ɜɯɨɞɧɨɣ ɜɟɥɢɱɢɧɨɣ – ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 𝜔 ɢ ɜɵɯɨɞɧɨɣ – 

ɧɚɩɪɹɠɟɧɢɟɦ вܷы˘ ɜ ɜɵɯɨɞɧɨɣ ɨɛɦɨɬɤɟ. ɍɪɚɜɧɟɧɢɟ ɜɵɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɢɞɟɚɥɶɧɨɝɨ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 8. 

 

вܷы˘ = 𝑘˖˔𝜔 = 𝑘˖˔ ݀Θ݀ݐ , (8) 

 

ɝɞɟ Θ – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɪɨɬɨɪɚ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ; 

 𝑘˖˔ – ɫɬɚɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ (ɤɪɭɬɢɡɧɚ ɜɵɯɨɞɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ). 

ɍɪɚɜɧɟɧɢɟ 8 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɚɯɨɝɟɧɟɪɚɬɨɪ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɟɫɥɢ ɮɭɧɤɰɢɸ ɡɚɞɚɜɚɬɶ ɜ ɜɢɞɟ ɭɝɥɚ 

ɩɨɜɨɪɨɬɚ ɪɨɬɨɪɚ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɢɞɨɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 

ɉɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɢɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɵ ɦɨɠɧɨ 

ɩɨɞɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ:  

 ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 

 ɚɫɢɧɯɪɨɧɧɵɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ; 

 ɫɢɧɯɪɨɧɧɵɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 



25 
 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚɦ, ɫɨɫɬɨɹɬ ɜ 

ɫɥɟɞɭɸɳɟɦ: 

1) Ɇɢɧɢɦɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɩɨɞ ɤɨɬɨɪɨɣ ɩɨɧɢɦɚɸɬ 

ɨɬɤɥɨɧɟɧɢɟ ɜɵɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ; 

2) Ɇɢɧɢɦɚɥɶɧɚɹ ɮɚɡɨɜɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɩɨɞ ɤɨɬɨɪɨɣ ɩɨɧɢɦɚɸɬ 

ɢɡɦɟɧɟɧɢɟ ɮɚɡɵ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ; 

3) Ɇɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ; 

4) Ɇɚɥɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ; 

5) Ɇɚɥɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ. 

ȼɟɥɢɱɢɧɚ ɚɦɩɥɢɬɭɞɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ Δܷ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ 

ɦɟɠɞɭ ɜɵɯɨɞɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɞɚɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ 

ɩɪɢ ɢɞɟɚɥɶɧɨɣ ɜɵɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɜɵɯɨɞɧɵɦ 

ɧɚɩɪɹɠɟɧɢɟɦ. 

ȼɟɥɢɱɢɧɚ ɮɚɡɨɜɨɣ ɩɨɝɪɟɲɧɨɫɬɢ Δߚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 

ɭɝɥɨɦ ߚ ɫɞɜɢɝɚ ɜɟɤɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɢɞɟɚɥɶɧɨɝɨ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ, ɭ ɤɨɬɨɪɨɝɨ ߚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ, ɢ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɭɝɥɨɦ [10]. 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɚɫɢɧɯɪɨɧɧɵɟ ɬɚɯɨɝɟɧɟɪɚɬɨɪɵ 

ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ Ɋɑȼ ɬɭɪɛɢɧɵ. ȼ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚɲɥɢ 

ɫɜɨё ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫɢɧɯɪɨɧɧɵɟ 

ɝɟɧɟɪɚɬɨɪɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɨɧɢ ɠɟ ɪɟɝɭɥɹɬɨɪɧɵɟ ɝɟɧɟɪɚɬɨɪɵ, ɬɨ ɟɫɬɶ 

ɢɫɬɨɱɧɢɤɢ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɞɥɹ Ɋɑȼ, ɪɚɫɫɦɨɬɪɢɦ ɢɯ ɩɨɞɪɨɛɧɟɟ. 
 

1.1.1 Ɋɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ 

 

Ɋɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ - ɷɬɨ ɜɪɚɳɚɸɳɚɹɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɚɲɢɧɚ 

(ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɬɪɟɯɮɚɡɧɨɝɨ ɬɨɤɚ), ɜɨɡɛɭɠɞɚɟɦɚɹ ɩɨɫɬɨɹɧɧɵɦɢ 

ɦɚɝɧɢɬɚɦɢ [11]. Ɋɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ ɜ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɝɧɨɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ (ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ) ɜɪɚɳɟɧɢɹ 

ɜɚɥɚ ȽȺ ɜ ɨɞɧɨɡɧɚɱɧɨ ɫɜɹɡɚɧɧɵɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ. Ⱦɚɧɧɵɣ 
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ɝɟɧɟɪɚɬɨɪ ɹɜɥɹɟɬɫɹ ɞɚɬɱɢɤɨɦ ɱɚɫɬɨɬɵ ɞɥɹ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɱɚɫɬɨɬɵ ɬɭɪɛɢɧɵ ɢɥɢ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɟɥɟ ɨɛɨɪɨɬɨɜ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɬɪёɯɮɚɡɧɵɣ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ. 

ɉɨɥɸɫɵ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ ɩɨɡɜɨɥɹɸɬ ɭɦɟɧɶɲɢɬɶ ɩɨɬɟɪɢ, ɚ ɬɚɤɠɟ 

ɭɫɬɪɚɧɢɬɶ ɩɨɞɜɨɞ ɬɨɤɚ ɱɟɪɟɡ ɤɨɧɬɚɤɬɧɵɟ ɤɨɥɶɰɚ ɤ ɨɛɦɨɬɤɟ ɜɨɡɛɭɠɞɟɧɢɹ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɥɸɫɨɜ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɪɚɜɧɨ ɤɨɥɢɱɟɫɬɜɭ ɩɨɥɸɫɨɜ 

ɨɫɧɨɜɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɦɚɝɧɢɱɢɜɚɧɢɹ ɦɚɝɧɢɬɨɜ, ɤɚɠɞɵɣ 

ɩɨɥɸɫ ɫɧɚɛɠёɧ ɫɩɟɰɢɚɥɶɧɨɣ ɤɚɬɭɲɤɨɣ. Ⱦɥɹ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞёɧ 

ɪɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ Ɂɟɣɫɤɨɣ Ƚɗɋ, ɤɨɬɨɪɵɣ ɛɵɥ ɞɟɦɨɧɬɢɪɨɜɚɧ ɢ ɡɚɦɟɧёɧ ɧɚ 

ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ. 

Ɋɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ ɧɚ ɧɟɤɨɬɨɪɵɯ ɫɬɚɧɰɢɹɯ ɜɵɩɨɥɧɹɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ Ɋɑȼ. ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɠɟɫɬɤɨ ɫɜɹɡɚɧɚ ɫ 

ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɨɧɢ ɢɦɟɸɬ ɨɞɢɧ ɨɛɳɢɣ ɜɚɥ. 

Ɋɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ ɞɥɹ ɭɞɨɛɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɜɟɪɯɧɟɣ 

ɱɚɫɬɢ ɜɚɥɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɨɞ ɤɪɵɲɤɨɣ ɦɚɫɥɨɩɪɢёɦɧɢɤɚ ɭ ɩɨɜɨɪɨɬɧɨ-

ɥɨɩɚɫɬɧɵɯ ɬɭɪɛɢɧ. 

 

Ɋɢɫɭɧɨɤ 5 – Ɋɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪɧɵɣ: 

1. Ɋɨɬɨɪ; 2. ɋɬɚɬɨɪ; 3. Ȼɨɥɬ ɤɪɟɩɥɟɧɢɹ 
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ɑɚɫɬɨɬɚ ɗȾɋ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɪɚɜɧɚ ɱɚɫɬɨɬɟ ɫɟɬɢ 50 Ƚɰ. Ɉɛɵɱɧɨ 

ɜɟɥɢɱɢɧɚ ɗȾɋ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɬɢɩɚɯ ɬɚɯɨɝɟɧɟɪɚɬɨɪɨɜ ɢ ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ 

ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɩɨɞɚёɬɫɹ ɧɚ ɜɯɨɞ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɭɩɪɚɜɥɟɧɢɹ, 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ. 

ɂɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɨɩɭɫɬɢɦɨ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ — ɱɚɫɬɨɬɧɵɦ 

ɢ ɚɦɩɥɢɬɭɞɧɵɦ. Ɉɛɚ ɷɬɢɯ ɫɩɨɫɨɛɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ Ƚɗɋ, ɱɚɳɟ ɜɫɟɝɨ 

ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɫɢɝɧɚɥɚ ɞɥɹ ɡɚɳɢɬ ɩɪɨɬɢɜ ɪɚɡɝɨɧɚ, ɚ 

ɱɚɫɬɨɬɧɵɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ Ɋɑȼ, ɧɨ 

ɛɵɜɚɸɬ ɢ ɢɫɤɥɸɱɟɧɢɹ. ɉɨ ɞɚɧɧɵɦ ɨɩɪɨɫɚ ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɚ Ɂɟɣɫɤɨɣ Ƚɗɋ ɞɨ 

ɞɟɦɨɧɬɚɠɚ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɨɫɨɛ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ Ɋɑȼ. Ⱦɚɥɟɟ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ 

ɪɚɫɫɦɨɬɪɢɦ ɫɩɨɫɨɛɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɟɝɭɥɹɬɨɪɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. 

 

1.1.2 ɑɚɫɬɨɬɧɵɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

 

Ɍɚɤ ɤɚɤ ɱɚɫɬɨɬɚ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɭɦɟɧɶɲɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɜɵɡɜɚɧɧɨɝɨ ɫɬɚɪɟɧɢɟɦ ɢ ɜɟɥɢɱɢɧɵ ɡɚɡɨɪɚ 

ɦɟɠɞɭ ɪɨɬɨɪɨɦ ɢ ɫɬɚɬɨɪɨɦ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ, ɬɨ ɷɬɨɬ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɫɚɦɵɯ ɬɨɱɧɵɯ. 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɭɬёɦ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɵɯɨɞɧɨɝɨ 

ɫɢɝɧɚɥɚ ɢ ɞɚɥɶɧɟɣɲɢɦ ɪɚɫɱɟɬɨɦ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɩɨ ɮɨɪɦɭɥɟ 9. 

 𝐹𝑟௢௧ = 𝐹௢௨௧𝑝 , (9) 

 

ɝɞɟ 𝐹𝑟௢௧ – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ Ƚɰ; 𝐹௢௨௧ – ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɜ Ƚɰ; 𝑝 – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɪɨɬɨɪɚ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ. 
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ɇɟɞɨɫɬɚɬɤɨɦ ɱɚɫɬɨɬɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ, ɢ ɡɚ ɷɬɨ ɜɪɟɦɹ ɱɚɫɬɨɬɚ 

ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɢɬɶɫɹ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ 

ɬɪɚɬɢɬɫɹ ɧɚ ɧɚɤɨɩɥɟɧɢɟ ɢɦɩɭɥɶɫɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ, ɬɟɦ ɛɨɥɶɲɟ 

ɞɢɧɚɦɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɢɡɦɟɪɟɧɢɹɯ, ɩɨɷɬɨɦɭ ɜ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦɚɯ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɚɡɞɵɜɚɧɢɟ 

ɪɟɚɤɰɢɢ ɧɚ ɜɨɡɦɭɳɟɧɢɟ ɢ ɷɬɨ ɜ ɧɟɤɨɬɨɪɵɯ ɩɪɢɦɟɧɟɧɢɹɯ ɧɟɠɟɥɚɬɟɥɶɧɨ. 

ɇɨ ɪɟɝɭɥɹɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɸɫɨɜ ɞɥɹ 

ɫɧɢɠɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɯɨɞɧɨɣ ɱɚɫɬɨɬɵ, ɚ ɡɧɚɱɢɬ ɢ ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɭɩɪɚɜɥɹɸɳɟɣ 

ɫɢɫɬɟɦɵ ɚɜɬɨɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɉɩɪɟɞɟɥɢɬɶ ɱɚɫɬɨɬɭ ɫɢɝɧɚɥɚ ɦɨɠɧɨ ɢɡ ɧɚɤɨɩɥɟɧɧɵɯ ɢ ɭɫɪɟɞɧɟɧɧɵɯ 

ɩɟɪɢɨɞɨɜ ɧɟɫɤɨɥɶɤɢɯ ɢɦɩɭɥɶɫɨɜ. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 10. 

 𝐹௢௨௧ = ܰଵܶ + ⋯ + 𝑁ܶ = ܰΣ𝑖=ଵ𝑁 𝑖ܶ , (10) 

 

ɝɞɟ 𝐹௢௨௧ – ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ; ܰ – ɱɢɫɥɨ ɧɚɤɨɩɥɟɧɧɵɯ ɢɦɩɭɥɶɫɨɜ; ܶ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɚ. 

ɉɪɢ ɬɚɤɨɦ ɫɩɨɫɨɛɟ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚɞɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ 

ɚɦɩɥɢɬɭɞɚ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɬɨɠɟ ɦɟɧɹɟɬɫɹ, ɚ ɡɧɚɱɢɬ ɜɯɨɞ ɱɚɫɬɨɬɧɨɝɨ 

ɞɟɬɟɤɬɨɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɞɥɹ ɩɪɢɟɦɚ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɫ 

ɢɡɦɟɧɹɸɳɟɣɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɚɦɩɥɢɬɭɞɨɣ, ɱɬɨ ɢɧɨɝɞɚ ɹɜɥɹɟɬɫɹ 

ɧɟɞɨɫɬɚɬɤɨɦ ɢɡ-ɡɚ ɭɫɥɨɠɧɟɧɢɹ ɫɯɟɦɵ [12]. ɋɭɳɟɫɬɜɭɸɬ ɩɪɢɦɟɪɵ ɚɩɩɚɪɚɬɧɨɣ 

ɪɟɚɥɢɡɚɰɢɢ, ɤɨɝɞɚ ɱɚɫɬɨɬɧɵɣ ɫɩɨɫɨɛ ɫɨɜɦɟɳёɧ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɰɢɮɪɨɜɵɦ 

ɫɱёɬɧɵɦ ɦɨɞɭɥɟɦ. 
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1.1.3 Аɦɩɥɢɬɭɞɧɵɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

 

Ɍɚɤɨɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɧɟ ɨɱɟɧɶ ɬɨɱɟɧ ɢɡ-ɡɚ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɡɚɡɨɪɚ ɦɟɠɞɭ ɪɨɬɨɪɨɦ ɢ ɫɬɚɬɨɪɨɦ, ɨɬ ɢɡɦɟɧɟɧɢɣ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɬɨɤɚ ɦɚɝɧɢɬɚ ɪɨɬɨɪɚ ɩɪɢ ɫɬɚɪɟɧɢɢ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɱɚɫɬɨɬɧɨɣ 

ɢɧɬɟɪɦɨɞɭɥɹɰɢɢ ɧɚ ɪɟɚɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɰɟɩɢ. ɇɨ, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɞɚɧɧɵɣ 

ɫɩɨɫɨɛ ɨɩɪɚɜɞɵɜɚɟɬ ɫɟɛɹ, ɤɨɦɩɟɧɫɢɪɭɹ ɧɟɞɨɫɬɚɬɤɢ ɩɪɨɫɬɨɬɨɣ ɫɯɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ. 

ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɗȾɋ, ɝɟɧɟɪɢɪɭɟɦɚɹ ɜ ɨɛɦɨɬɤɟ 

ɫɬɚɬɨɪɚ ɫɢɧɯɪɨɧɧɨɝɨ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɧɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ, ɛɭɞɟɬ 

ɜɨɡɪɚɫɬɚɬɶ. Ⱦɥɹ ɫɧɹɬɢɹ ɩɨɤɚɡɚɧɢɣ ɫ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɢ ɩɪɢɜɟɞɟɧɢɹ ɢɯ ɤ ɭɞɨɛɧɨɣ 

ɮɨɪɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɨ- ɢɥɢ ɞɜɭɯɩɨɥɭɩɟɪɢɨɞɧɵɣ ɜɵɩɪɹɦɢɬɟɥɶ ɢ 

ɧɢɡɤɨɱɚɫɬɨɬɧɵɣ ɮɢɥɶɬɪ, ɫɝɥɚɠɢɜɚɸɳɢɣ ɩɭɥɶɫɚɰɢɢ. 

Ɉɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɤ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɨɩɢɫɵɜɚɟɬ ɩɚɪɚɦɟɬɪ 

ɤɪɭɬɢɡɧɚ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɹɟɦɵɣ ɨɛɵɱɧɨ ɜ ܸ݉ ∙ ܴ𝑃ܯ (ɦɢɥɥɢɜɨɥɶɬ ɧɚ ɨɛɨɪɨɬ ɜ ɦɢɧɭɬɭ) [12]. ɉɨ 

ɷɬɨɦɭ ɩɚɪɚɦɟɬɪɭ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɩɨ ɮɨɪɦɭɥɟ 11. 

 𝐹𝑟௢௧ =  ௢ܷ௨௧͸Ͳ ௧ܵ , (11) 

 

ɝɞɟ 𝐹𝑟௢௧ – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ Ƚɰ; ܷ௢௨௧ – ɜɵɯɨɞɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɫ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ; ܵ௧ – ɤɪɭɬɢɡɧɚ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ܸ݉ ∙ ܴ𝑃ܯ. 

 

1.1.4 ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

 

ɂɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚɡɵɜɚɸɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɞɨ ɡɧɚɱɟɧɢɹ, ɭɞɨɛɧɨɝɨ ɞɥɹ 

ɢɡɦɟɪɟɧɢɹ, ɢ ɜɵɩɨɥɧɟɧɧɵɣ ɬɚɤ, ɱɬɨ ɜɬɨɪɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
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ɭɜɟɥɢɱɟɧɧɨɟ ɜ 𝐾ːˑˏ ɪɚɡ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɩɟɪɜɢɱɧɨɦɭ 

ɧɚɩɪɹɠɟɧɢɸ (ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɩɨɫɥɟɞɧɟɝɨ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɟɞɟɥɚɯ) ɤɚɤ ɩɨ 

ɦɨɞɭɥɸ, ɬɚɤ ɢ ɩɨ ɮɚɡɟ. Ɇɧɨɠɢɬɟɥɶ 𝐾ːˑˏ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɨɦɢɧɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ. 

ɉɪɢɦɟɧɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ 

ɞɥɹ ɥɸɞɟɣ, ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɫ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢ ɢ ɪɟɥɟ, ɩɨɫɤɨɥɶɤɭ 

ɰɟɩɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɡɞɟɥɟɧɵ, ɩɨɡɜɨɥɹɟɬ ɭɧɢɮɢɰɢɪɨɜɚɬɶ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɨɛɦɨɬɨɤ ɪɟɥɟ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 100 ȼ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɫɧɢɠɚɟɬ ɫɬɨɢɦɨɫɬɶ [13]. 

ɇɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ  𝐾ːˑˏ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ 

ɧɨɦɢɧɚɥɶɧɵɯ ɩɟɪɜɢɱɧɨɝɨ ଵܷːˑˏ ɢ ɜɬɨɪɢɱɧɨɝɨ ܷଶːˑˏ ɧɚɩɪɹɠɟɧɢɣ: 

 𝐾ːˑˏ =  ଵܷːˑˏܷଶːˑˏ, (12) 

 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɢɦɟɟɬ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ ɢ ɭɝɥɨɜɭɸ ɩɨɝɪɟɲɧɨɫɬɶ. Ɂɚ ɫɱёɬ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɭɦɟɧɶɲɟɧɢɹ 

ɚɦɩɥɢɬɭɞɵ ɧɚɩɪɹɠɟɧɢɹ (𝐾ːˑˏ > ͳͲͲሻ ɫɨɤɪɚɳɚɸɬɫɹ ɩɭɥɶɫɚɰɢɢ, ɩɨɦɟɯɢ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɩɨ 

ɱɚɫɬɨɬɟ ɧɚɫɬɨɥɶɤɨ ɦɚɥɚ, ɱɬɨ ɟɣ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɧɚɩɪɹɠɟɧɢɹ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɬɚɧɞɚɪɬɚ 

[14]. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ 

ɩɪɢɦɟɧɹɸɬɫɹ ɨɞɧɨɮɚɡɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɫ ɞɜɭɦɹ ɜɬɨɪɢɱɧɵɦɢ 

ɨɛɦɨɬɤɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɞɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɜɤɥɸɱёɧɧɵɟ ɩɨ 

ɫɯɟɦɟ «ɡɜɟɡɞɚ», ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 6. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥ 100 ȼ ɩɪɢɯɨɞɢɬ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɥɢ ɱɚɫɬɨɬɨɦɟɪ. ɉɨ ɦɟɬɨɞɭ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɨɦɟɪɵ 

ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɩɪɢɛɨɪɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ (ɚɧɚɥɨɝɨɜɵɟ) ɢ ɩɪɢɛɨɪɵ 

ɫɪɚɜɧɟɧɢɹ (ɗɋɑ). 
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Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɬɪɟɯ ɨɞɧɨɮɚɡɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɗɋɑ ɨɫɧɨɜɚɧ ɧɚ ɩɨɞɫɱɟɬɟ ɤɨɥɢɱɟɫɬɜɚ ɢɦɩɭɥɶɫɨɜ, 

ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜɯɨɞɧɵɦɢ ɰɟɩɹɦɢ ɢɡ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɩɪɨɢɡɜɨɥɶɧɨɣ 

ɮɨɪɦɵ, ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ. ɂɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɢɡɦɟɪɟɧɢɹ 

ɬɚɤɠɟ ɡɚɞɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɞɫɱɟɬɚ ɢɦɩɭɥɶɫɨɜ, ɜɡɹɬɵɯ ɫ ɜɧɭɬɪɟɧɧɟɝɨ ɤɜɚɪɰɟɜɨɝɨ 

ɝɟɧɟɪɚɬɨɪɚ ɗɋɑ ɢɥɢ ɢɡ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ (ɧɚɩɪɢɦɟɪ, ɫɬɚɧɞɚɪɬɚ ɱɚɫɬɨɬɵ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɗɋɑ ɹɜɥɹɟɬɫɹ ɩɪɢɛɨɪɨɦ ɫɪɚɜɧɟɧɢɹ, ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ 

ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ ɷɬɚɥɨɧɧɨɣ ɱɚɫɬɨɬɵ. ɗɋɑ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɜɢɞɨɦ ɱɚɫɬɨɬɨɦɟɪɨɜ ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɢ 

ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ [15].  

Ⱥɧɚɥɨɝɨɜɵɟ ɱɚɫɬɨɬɨɦɟɪɵ ɩɨ ɩɪɢɦɟɧɹɟɦɨɦɭ ɢɡɦɟɪɢɬɟɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ 

ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɱɚɫɬɨɬɨɦɟɪɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ, ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɢ 

ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ȼ ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɢɯ ɥɟɠɢɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɱɚɫɬɨɬɨɡɚɜɢɫɢɦɨɣ ɰɟɩɢ, ɦɨɞɭɥɶ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɨɬ 

ɱɚɫɬɨɬɵ. ɂɡɦɟɪɢɬɟɥɶɧɵɦ ɦɟɯɚɧɢɡɦɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɟɬɫɹ ɥɨɝɨɦɟɬɪ, ɧɚ ɨɞɧɨ 

ɩɥɟɱɨ ɤɨɬɨɪɨɝɨ ɩɨɞɚɟɬɫɹ ɢɡɦɟɪɹɟɦɵɣ ɫɢɝɧɚɥ ɱɟɪɟɡ ɱɚɫɬɨɬɨɧɟɡɚɜɢɫɢɦɭɸ ɰɟɩɶ, ɚ 

ɧɚ ɞɪɭɝɨɟ — ɱɟɪɟɡ ɱɚɫɬɨɬɨɡɚɜɢɫɢɦɭɸ, ɪɨɬɨɪ ɥɨɝɨɦɟɬɪɚ ɫɨ ɫɬɪɟɥɤɨɣ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɝɧɢɬɧɵɯ ɩɨɬɨɤɨɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ, 

ɡɚɜɢɫɹɳɟɟ ɨɬ ɫɨɨɬɧɨɲɟɧɢɣ ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ [15]. 
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1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɢɧɞɭɤɬɢɜɧɵɯ 

ɞɚɬɱɢɤɨɜ ɢ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

 

ɇɚ ɦɧɨɝɢɯ Ƚɗɋ ɨɬɤɚɡɚɥɢɫɶ ɜ ɩɪɨɰɟɫɫɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɟɜɨɨɪɭɠɟɧɢɹ 

ɋȺɍ ȽȺ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ. ɇɚ ɡɚɦɟɧɭ 

ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɧɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ ɩɪɢɲɥɨ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ ɢ ɤɨɦɩɥɟɤɬ 

ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ (ɨɛɵɱɧɨ ɧɟ ɛɨɥɟɟ ɬɪёɯ). ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɱɟɪɟɡ ɤɚɬɭɲɤɭ 

ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɮɨɪɦɢɪɭɟɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

ɫɢɝɧɚɥ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɟɬɚɥɢ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɹɬ ɢɡɦɟɪɟɧɢɹ. ȿɫɥɢ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɜɪɚɳɚɬɶ ɩɟɪɟɞ ɩɨɥɸɫɧɵɦ ɲɬɵɪɟɦ ɞɚɬɱɢɤɚ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ (ɜ 

ɩɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɬɨɪɰɭ ɲɬɵɪɹ), ɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɭɛɱɚɬɵɦ 

ɤɨɥɟɫɨɦ ɢ ɩɨɥɸɫɧɵɦ ɲɬɵɪɟɦ ɞɚɬɱɢɤɚ ɩɪɢ ɜɪɚɳɟɧɢɢ ɷɬɨɝɨ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

ɛɭɞɟɬ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɧɹɬɶɫɹ, ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɭ ɧɟɝɨ ɡɭɛɰɨɜ ɢ 

ɩɪɨɦɟɠɭɬɤɨɜ ɦɟɠɞɭ ɡɭɛɰɚɦɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɲɢɪɢɧɚ 

ɜɨɡɞɭɲɧɨɝɨ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɨɥɸɫɧɵɦ ɲɬɵɪɟɦ ɞɚɬɱɢɤɚ ɢ ɡɭɛɱɚɬɵɦ ɤɨɥɟɫɨɦ. 

ɍɤɚɡɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜɥɢɹɟɬ ɧɚ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɢ 

ɮɨɪɦɢɪɭɟɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ. ɋɢɝɧɚɥ ɫ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɢɦɟɟɬ 

ɢɦɩɭɥɶɫɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦɢ ɰɢɮɪɨɜɵɦɢ ɫɱёɬɧɵɦɢ 

ɦɨɞɭɥɹɦɢ. ɋɱёɬɧɵɟ ɦɨɞɭɥɢ ɢɦɟɸɬ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ Ⱥɐɉ, ɫɱёɬɱɢɤ, ɰɢɮɪɨɜɭɸ 

ɥɨɝɢɤɭ ɞɥɹ ɪɚɫɱёɬɚ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ 

ɤɨɧɬɪɨɥɥɟɪɨɦ Ɋɑȼ. ɋɭɳɟɫɬɜɭɟɬ ɬɪɢ ɦɟɬɨɞɚ ɰɢɮɪɨɜɨɝɨ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ [16].  

ɉɟɪɜɵɣ – ɨɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɩɨɹɜɥɟɧɢɟɦ ɞɜɭɯ 

ɫɨɫɟɞɧɢɯ ɢɦɩɭɥɶɫɨɜ ɨɬ ɞɚɬɱɢɤɚ. ȼɟɥɢɱɢɧɚ ɫɤɨɪɨɫɬɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 13. 

 ݊ =  𝐾ݐ , (13) 
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ɝɞɟ 𝐾 – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɨɥɢɱɟɫɬɜɨɦ ɢɦɩɭɥɶɫɨɜ ɨɬ ɞɚɬɱɢɤɚ ɧɚ 

ɨɞɢɧ ɨɛɨɪɨɬ, ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɜɵɞɚɱɢ ɨɩɟɪɚɬɨɪɭ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫ 

ɪɚɡɦɟɪɧɨɫɬɶɸ «ɨɛɨɪɨɬɵ ɜ ɦɢɧɭɬɭ»; 

 .ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɩɪɢɯɨɞɨɦ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɢɦɩɭɥɶɫɨɜ – ݐ 

ȼɬɨɪɨɣ ɦɟɬɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɞɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɢɦɩɭɥɶɫɨɜ ܰ, 

ɩɨɫɬɭɩɢɜɲɢɯ ɡɚ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ܶ̀ ˊˏ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ 14. 

 ݊ =  𝐾 ∙ ܰ, (14) 

 

Ɍɪɟɬɢɣ ɦɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ܶ, ɡɚ 

ɤɨɬɨɪɨɟ ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɜɚɥ ɫɨɜɟɪɲɢɬ ɡɚɞɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ ܼ, 

ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ 15. 

 ݊ =  𝐾 ∙ ܼܶ , (15) 

 

Ⱦɢɫɤɪɟɬɧɵɣ ɫɢɝɧɚɥ, ɞɢɫɤɪɟɬɧɵɣ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɜɵɡɵɜɚɸɬ 

ɦɟɬɨɞɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ. Ɍɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɢɧɚɦɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ܵ, 

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɤɨɬɨɪɨɣ ɨɛɭɫɥɨɜɥɟɧɨ ɩɟɪɢɨɞɨɦ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɬ.ɟ. 

ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ 

ɫɢɝɧɚɥɚɦɢ ɞɚɬɱɢɤɚ ɩɪɢ ɪɚɡɝɨɧɟ ɢɥɢ ɬɨɪɦɨɠɟɧɢɢ ɦɟɯɚɧɢɡɦɚ. Ɉɰɟɧɢɬɶ ɟɟ ɦɨɠɧɨ 

ɩɨ ɮɨɪɦɭɥɟ 16. 

 ܵ =  ܶ̀ ∙ ܽ, (16) 

 

ɝɞɟ ܶ̀  – ɜɪɟɦɹ, ɪɚɜɧɨɟ ݐ, ܶ̀ ˊˏ ɢɥɢ ܶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɢɡɦɟɪɟɧɢɹ; 

 ܽ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɭɫɤɨɪɟɧɢɹ (ɡɚɦɟɞɥɟɧɢɹ) ɦɟɯɚɧɢɡɦɚ ɜ ɨɛ/ɦɢɧ/ɫ. 

ɋɨɝɥɚɫɧɨ [16] ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨɟ ɢɡɦɟɪɟɧɢɟ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɚɛɫɨɥɸɬɧɵɦɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɦɢ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
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ɞɨɫɬɢɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɟɪɜɨɝɨ ɦɟɬɨɞɚ ɫ ɱɢɫɥɨɦ ɢɦɩɭɥɶɫɨɜ ɧɚ ɨɞɢɧ ɨɛɨɪɨɬ 

ɩɨɪɹɞɤɚ 100. 

Ʉɨɧɬɪɨɥɥɟɪ Ɋɑȼ ɢɦɟɟɬ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɩɪɨɟɤɬɟ ɫɩɟɰɢɚɥɶɧɵɣ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪ, ɤɨɬɨɪɵɣ ɜɵɞɚёɬ ɫɢɝɧɚɥ ɧɚ ɨɬɤɪɵɬɢɟ ɇȺ ɢ ɩɨɥɭɱɚɟɬ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ 

ɤɚɤ ɪɚɡ ɜ ɜɢɞɟ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ, ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɫɱёɬɧɵɦɢ ɦɨɞɭɥɹɦɢ. ɇɢɠɟ ɦɵ 

ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɢɦ ɤɨɦɩɨɧɟɧɬɵ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɵɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɧɚ ɤɚɠɞɨɣ Ƚɗɋ ɫ 

ɫɨɜɪɟɦɟɧɧɨɣ ɋȺɍ ȽȺ. 

 

1.2.1 ɂɧɞɭɤɬɢɜɧɵɣ ɞɚɬɱɢɤ 

 

ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɬɢɩɨɦ ɭɫɬɪɨɣɫɬɜ ɜ ɫɨɫɬɚɜɟ ɫɭɳɟɫɬɜɭɸɳɢɯ 

Ⱥɋɍ Ɍɉ ɹɜɥɹɸɬɫɹ ɢɧɞɭɤɬɢɜɧɵɟ ɞɚɬɱɢɤɢ ɩɨɥɨɠɟɧɢɹ, ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɜɵɲɚɟɬ 

90% ɨɬ ɜɫɟɯ ɩɪɢɦɟɧɹɟɦɵɯ ɞɢɫɤɪɟɬɧɵɯ ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ ɢ ɧɟ ɬɨɥɶɤɨ. 

Ⱦɚɬɱɢɤɢ ɢɧɞɭɤɬɢɜɧɨɝɨ ɬɢɩɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɱɚɫɬɨɬɵ ɢ ɩɨɥɨɠɟɧɢɹ ɜɪɚɳɚɸɳɢɯɫɹ ɞɟɬɚɥɟɣ. Ɉɧɢ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɟɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɥɢɧɢɹɯ ɢ 

ɫɬɚɧɤɚɯ, ɬɚɤ ɤɚɤ ɢɧɞɭɤɬɢɜɧɵɟ ɞɚɬɱɢɤɢ ɫɪɚɛɚɬɵɜɚɸɬ ɬɨɥɶɤɨ ɧɚ ɦɟɬɚɥɥɵ ɢ ɧɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɨɫɬɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ. ɗɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɡɚɳɢɳɟɧɧɨɫɬɶ 

ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɨɬ ɩɨɦɟɯ; ɧɚɩɪɢɦɟɪ, ɜɜɟɞɟɧɢɟ ɜ ɡɨɧɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɜɵɤɥɸɱɚɬɟɥɹ ɪɭɤ ɨɩɟɪɚɬɨɪɚ, ɷɦɭɥɶɫɢɢ, ɜɨɞɵ, ɫɦɚɡɤɢ ɢ ɬ.ɞ. ɧɟ ɩɪɢɜɟɞɟɬ ɤ 

ɥɨɠɧɨɦɭ ɫɪɚɛɚɬɵɜɚɧɢɸ.  

ɉɨɜɫɟɦɟɫɬɧɨɦɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɩɨɫɥɭɠɢɥɢ ɢɯ 

ɧɚɞɟɠɧɨɫɬɶ, ɨɬɥɢɱɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ. Ɉɫɧɨɜɧɵɦɢ ɪɚɛɨɱɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢɧɞɭɤɬɢɜɧɵɯ 

ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ ɹɜɥɹɸɬɫɹ: ɞɢɚɩɚɡɨɧ ɫɪɚɛɚɬɵɜɚɧɢɹ, ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ, 

ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɱɚɫɬɨɬɚ ɨɬɤɥɢɤɚ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɉɪɢ 

ɩɨɞɚɱɟ ɩɢɬɚɧɢɹ ɧɚ ɞɚɬɱɢɤ ɝɟɧɟɪɚɬɨɪɨɦ ɜɨɡɛɭɠɞɚɟɬɫɹ ɩɟɪɜɢɱɧɚɹ ɨɛɦɨɬɤɚ ɨɬ 

ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɟɦ ɫɚɦɵɦ ɫɨɡɞɚɟɬ ɜɛɥɢɡɢ ɫɟɛɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ 
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ɩɨɥɟ. ɉɪɢ ɩɨɦɟɳɟɧɢɢ ɜ ɡɨɧɭ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 

ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɣ, ɩɨ ɫɭɬɢ, ɫɬɚɧɨɜɢɬɫɹ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɨɣ, ɧɚɱɢɧɚɸɬ 

ɧɚɜɨɞɢɬɶɫɹ ɬɨɤɢ ɜɢɯɪɟɜɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɬɨɤɢ Ɏɭɤɨ. Ɍɚɤɨɟ 

ɹɜɥɟɧɢɟ ɜɟɞɟɬ ɤ ɭɯɭɞɲɟɧɢɸ ɞɨɛɪɨɬɧɨɫɬɢ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ, ɱɬɨ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ 

ɝɟɧɟɪɚɬɨɪɚ [17], ɢɡ-ɡɚ ɱɟɝɨ ɫɪɚɛɚɬɵɜɚɟɬ ɬɪɢɝɝɟɪ ɒɦɢɞɬɚ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɝɢɫɬɟɪɟɡɢɫ ɩɪɢ ɩɟɪɟɤɥɸɱɟɧɢɢ ɢ ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɪɨɧɬɨɜ ɫɢɝɧɚɥɚ 

ɭɩɪɚɜɥɟɧɢɹ. Ⱦɚɥɟɟ ɫɢɝɧɚɥ ɭɫɢɥɢɜɚɟɬɫɹ ɢ ɜɵɞɚɟɬɫɹ ɧɚ ɜɵɯɨɞ ɞɚɬɱɢɤɚ ɫ 

ɢɧɞɢɤɚɰɢɟɣ. Ʉɨɦɩɚɭɧɞ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ ɨɬ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɢ ɜɨɞɵ. Ʉɨɪɩɭɫ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɨɧɬɚɠ ɞɚɬɱɢɤɚ, 

ɡɚɳɢɳɚɟɬ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡ ɥɚɬɭɧɢ ɢɥɢ 

ɩɨɥɢɚɦɢɞɚ, ɚ ɬɚɤɠɟ ɤɨɦɩɥɟɤɬɭɟɬɫɹ ɦɟɬɢɡɧɵɦɢ ɢɡɞɟɥɢɹɦɢ. ɍɫɬɪɨɣɫɬɜɨ 

ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 

Ɋɢɫɭɧɨɤ 7 – ɂɧɞɭɤɬɢɜɧɵɣ ɞɚɬɱɢɤ 

 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɜɵɯɨɞ ɞɚɬɱɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ 

ɝɟɧɟɪɚɬɨɪɚ ɤɨɥɟɛɚɧɢɣ ɜ ɪɚɛɨɱɢɣ ɪɟɠɢɦ ɢ ɨɛɪɚɬɧɨ ɢɥɢ ɠɟ ɞɥɹ ɩɨɞɚɜɥɟɧɢɹ 

ɤɨɥɟɛɚɧɢɣ. ɋɯɟɦɚ ɬɚɤɨɝɨ ɜɚɪɢɚɧɬɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.  
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Ɋɢɫɭɧɨɤ 8 – ɂɧɞɭɤɬɢɜɧɵɣ ɞɚɬɱɢɤ ɧɚ ɛɚɡɟ ɭɩɪɚɜɥɹɟɦɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 

 

Ƚɟɧɟɪɚɬɨɪ ɫɨɡɞɚɟɬ ɤɨɥɟɛɚɧɢɹ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ ɩɨɪɹɞɤɚ 4 ɆȽɰ, ɤɨɬɨɪɵɟ 

ɞɚɥɟɟ ɤɨɦɦɭɬɢɪɭɸɬɫɹ ɫɢɝɧɚɥɨɦ ɞɚɬɱɢɤɚ, ɚ ɩɨɬɨɦ ɮɢɥɶɬɪɭɸɬɫɹ, ɱɬɨ ɞɚɟɬ ɧɚ 

ɜɵɯɨɞɟ ɫɢɝɧɚɥ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ. Ɍɚɤɚɹ ɫɯɟɦɚ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 

ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶɸ. 

ɑɬɨɛɵ ɩɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɬɶ ɢɧɞɭɤɬɢɜɧɵɣ ɞɚɬɱɢɤ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɭɸ 

ɡɚɞɚɱɭ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɪɹɞ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɚ ɬɚɤɠɟ, ɡɚ ɤɚɤɢɟ ɮɭɧɤɰɢɢ 

ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɨɬɜɟɱɚɸɬ. 

Ƚɥɚɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɭɤɚɡɚɧɧɵɦ ɜ ɩɚɫɩɨɪɬɟ ɧɚ ɞɚɬɱɢɤ, ɹɜɥɹɟɬɫɹ 

ɧɨɦɢɧɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɫɪɚɛɚɬɵɜɚɧɢɹ. Ɉɧ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ ܵ௡ – ɧɨɦɢɧɚɥɶɧɵɣ 

ɞɢɚɩɚɡɨɧ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ, 

ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɨɧ ɧɟ ɢɦɟɟɬ, ɬɚɤ ɤɚɤ ɟɝɨ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ ɪɹɞɟ 

ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɧɟɲɧɢɦɢ ɮɚɤɬɨɪɚɦɢ, ɚ ɢɦɟɧɧɨ: ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 20 ℃, ɩɢɬɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ 24 ȼ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ⱥ ɜ 

ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɞɨɥɠɧɚ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɬɚɥɶɧɚɹ ɩɥɚɫɬɢɧɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɚɥɢ, ɤɜɚɞɪɚɬɧɨɣ ɮɨɪɦɵ ɫ ɲɢɪɢɧɨɣ ɜ 3 ɪɚɡɚ ɛɨɥɶɲɟ ɲɢɪɢɧɵ 

ɡɧɚɱɟɧɢɹ ܵ௡ ɢ ɬɨɥɳɢɧɨɣ 1ɦɦ. ɉɪɚɤɬɢɱɟɫɤɨɟ ɠɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɬɚɤɢɟ 

ɩɚɪɚɦɟɬɪɵ, ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɩɚɡɨɧ ɫɪɚɛɚɬɵɜɚɧɢɹ ܵ𝑟 ɢ ɩɨɥɟɡɧɵɣ ɞɢɚɩɚɡɨɧ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ܵ௨. Ɂɧɚɱɟɧɢɟ ܵ𝑟 ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ±10% ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 
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ɞɢɚɩɚɡɨɧɚ ɫɪɚɛɚɬɵɜɚɧɢɹ, ɚ ɢɡɦɟɪɹɟɬɫɹ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ 18 ɞɨ 

28℃  ɢ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ. ɉɨɥɟɡɧɵɣ ɞɢɚɩɚɡɨɧ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ±10% ɨɬ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɢɡɦɟɪɹɟɬɫɹ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ, ɪɚɜɧɨɝɨ 85% - 110% ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ -25 ɞɨ +70 ℃. 

ɑɚɫɬɨ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ ɧɚ ɞɚɬɱɢɤ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɬɚɤɨɣ 

ɩɚɪɚɦɟɬɪ, ɤɚɤ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɡɨɧɚ (ɞɢɚɩɚɡɨɧ) ɫɪɚɛɚɬɵɜɚɧɢɹ ܵ𝑎. ȿɝɨ ɧɢɠɧɹɹ 

ɝɪɚɧɢɰɚ ɪɚɜɧɚ 0, ɚ ɜɟɪɯɧɹɹ ɡɧɚɱɟɧɢɸ 0,81ܵ ௡. Ⱦɢɚɩɚɡɨɧɵ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ ɨɬɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 9. 

 

Ɋɢɫɭɧɨɤ 9 – Ⱦɢɚɩɚɡɨɧɵ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ 

 

Ɍɚɤɠɟ ɜɚɠɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ, 

ɜɥɢɹɸɳɢɦɢ ɧɚ ɬɨɱɧɨɫɬɶ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɹɜɥɹɸɬɫɹ ɝɢɫɬɟɪɟɡɢɫ ɢ 

ɩɨɜɬɨɪɹɟɦɨɫɬɶ H ɢ R ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ƚɢɫɬɟɪɟɡɢɫɨɦ ɧɚɡɵɜɚɸɬ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɫɚɦɵɦɢ ɞɚɥɶɧɢɦɢ ɬɨɱɤɚɦɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɚɬɱɢɤɚ ɧɚ ɨɛɴɟɤɬ ɩɪɢ 

ɩɪɢɛɥɢɠɟɧɢɢ ɢ ɭɞɚɥɟɧɢɢ ɩɨɫɥɟɞɧɟɝɨ. ɇɨɪɦɚɥɶɧɵɦ ɫɱɢɬɚɟɬɫɹ ɡɧɚɱɟɧɢɟ 

ɝɢɫɬɟɪɟɡɢɫɚ ɪɚɜɧɨɟ 0,2ܵ𝑟. 

ɉɨɦɢɦɨ ɫɜɨɣɫɬɜ, ɩɪɢɫɭɳɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦɨɦɭ ɢɧɞɭɤɬɢɜɧɨɦɭ 

ɞɚɬɱɢɤɭ, ɧɚ ɞɢɚɩɚɡɨɧ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɥɢɹɸɬ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɨɛɴɟɤɬɚ, ɪɟɱɶ 

ɢɞɟɬ ɨɛ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɨ 

ɜɜɟɞɟɧɨ ɩɨɧɹɬɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɞɭɤɰɢɢ. ɗɬɚɥɨɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɫɱɢɬɚɟɬɫɹ 
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ɋɬɚɥɶ 37, ɟɟ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɞɭɤɰɢɢ ɪɚɜɟɧ 1. Ⱦɥɹ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ ɤɨɷɮɮɢɰɢɟɧɬ 

ɪɟɞɭɤɰɢɢ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ ɦɟɧɶɲɟ 1. ɇɚɩɪɢɦɟɪ, ɧɟɪɠɚɜɟɸɳɢɟ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ 

ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɞɭɤɰɢɢ 0,85, ɚ ɦɟɞɶ ɜɫɟɝɨ ɥɢɲɶ 0,3. Ɍɨ ɟɫɬɶ, ɟɫɥɢ ɨɛɴɟɤɬɨɦ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɞɶ, ɬɨ ɞɢɚɩɚɡɨɧ ɫɪɚɛɚɬɵɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 

ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɝɨ 0,3 ܵ௡. 

ɉɢɬɚɧɢɟ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɚɤ ɨɬ ɢɫɬɨɱɧɢɤɨɜ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɬɚɤ ɢ ɢɫɬɨɱɧɢɤɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. Ⱦɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

ɯɚɪɚɤɬɟɪɧɵ ɞɢɚɩɚɡɨɧɵ ɧɚɩɪɹɠɟɧɢɣ: 10-30ȼ, 10-60ȼ ɢ 5-60ȼ. Ⱦɥɹ ɩɟɪɟɦɟɧɧɨɝɨ 

ɬɨɤɚ ɯɚɪɚɤɬɟɪɟɧ ɞɢɚɩɚɡɨɧ: 98-253ȼ. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɢɧɞɭɤɬɢɜɧɵɟ ɞɚɬɱɢɤɢ, 

ɢɦɟɸɳɢɟ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɩɢɬɚɧɢɟ, ɬɚɤɢɟ ɞɚɬɱɢɤɢ ɦɨɠɧɨ ɡɚɩɢɬɚɬɶ ɤɚɤ ɨɬ 

ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɨɹɧɧɨɝɨ, ɬɚɤ ɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚɝɪɭɡɤɢ ɩɨɤɚɡɵɜɚɟɬ, ɧɚ ɤɚɤɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɪɚɫɫɱɢɬɚɧ 

ɞɚɬɱɢɤ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ. 

ɋɬɚɧɞɚɪɬɧɵɦ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ, ɪɚɜɧɨɟ 200 ɦȺ, ɧɨ ɛɵɜɚɸɬ ɫɩɟɰɢɚɥɶɧɵɟ 

ɢɫɩɨɥɧɟɧɢɹ ɞɚɬɱɢɤɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɢ ɧɚ 500 ɦȺ. 

ɑɚɫɬɨɬɚ ɨɬɤɥɢɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɫ ɤɚɤɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɚɫɬɨɬɨɣ, 

ɜɵɪɚɠɟɧɧɨɣ ɜ ɝɟɪɰɚɯ, ɞɚɬɱɢɤ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɪɟɤɥɸɱɟɧɢɹ. Ⱦɥɹ 

ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɯɜɚɬɚɟɬ ɱɚɫɬɨɬɵ ɨɬɤɥɢɤɚ ɪɚɜɧɨɣ 1000 

Ƚɰ, ɚ ɜɨɬ ɩɨɞɧɢɦɚɬɶ ɱɚɫɬɨɬɭ ɜɵɲɟ 5 ɤȽɰ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦ ɞɚɬɱɢɤɨɜ ɧɟɬ ɨɫɨɛɨɝɨ 

ɫɦɵɫɥɚ, ɬɚɤ ɤɚɤ ɬɚɤɚɹ ɱɚɫɬɨɬɚ ɛɭɞɟɬ ɜɵɲɟ ɱɚɫɬɨɬɵ ɜɵɩɨɥɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɰɢɤɥɚ ɉɅɄ. Ɍɟɦ ɫɚɦɵɦ ɫɨɫɬɨɹɧɢɟ ɬɚɤɨɝɨ ɞɚɬɱɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɧɟɜɟɪɧɨ 

ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɨ ɦɨɞɭɥɟɦ ɜɜɨɞɚ ɉɅɄ. 

ɉɪɢ ɜɵɛɨɪɟ ɞɚɬɱɢɤɨɜ ɬɚɤɠɟ ɫɬɨɢɬ ɨɛɪɚɬɢɬɶ ɧɚ ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ ɤɨɪɩɭɫɚ ɨɬ 

ɛɪɵɡɝ ɢ ɩɵɥɢ, ɢɡɨɥɹɰɢɸ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɦɚɬɟɪɢɚɥ 

ɤɨɪɩɭɫɚ, ɢɫɩɨɥɧɟɧɢɟ ɧɚ SMD-ɤɨɦɩɨɧɟɧɬɚɯ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɞёɠɧɨɫɬɢ ɢ 

ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɢɧɞɭɤɬɢɜɧɵɣ ɞɚɬɱɢɤ. 

ɋɬɚɧɞɚɪɬɧɵɦɢ ɹɜɥɹɸɬɫɹ ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ IP68, ɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɨɬ - 

25 ɞɨ + 70 ℃. Ʉɨɧɫɬɪɭɤɰɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 10. 
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Ɋɢɫɭɧɨɤ 10 – Ʉɨɧɫɬɪɭɤɰɢɹ ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ 
 

1.2.2 Ɂɭɛɱɚɬɨɟ ɤɨɥɟɫɨ 
 

ȼɚɠɧɟɣɲɢɦ ɷɥɟɦɟɧɬɨɦ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ. Ɍɨɱɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɭɫɬɚɧɨɜɤɢ ɧɚ ɜɚɥɭ ɹɜɥɹɟɬɫɹ ɡɚɥɨɝɨɦ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɱɧɨɫɬɢ ɢ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. ȼɵɫɨɬɚ ɡɭɛɚ 

ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɫ ɭɱёɬɨɦ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɡɨɧɵ (ɞɢɚɩɚɡɨɧɚ) 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ. ɒɚɝ ɡɭɛɚ ɨɛɵɱɧɨ ɪɚɜɟɧ ɞɥɢɧɟ ɡɭɛɚ. 

Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɡɭɛɱɚɬɨɦ ɤɨɥɟɫɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 17. 

ݖ  =  ͸Ͳ𝑓݊ , (17) 

 

Ⱦɥɹ ɩɪɢɦɟɪɚ, ɟɫɥɢ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ȽȺ ɪɚɜɧɚ n = 125 ɨɛɨɪɨɬɨɜ ɜ 

ɦɢɧɭɬɭ, ɱɚɫɬɨɬɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɢɧɞɭɤɬɢɜɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ, 

 f = 100 Ƚɰ, ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɞɨɥɠɧɨ ɛɵɬɶ z = 48, ɪɢɫɭɧɨɤ 11. 
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Ɋɢɫɭɧɨɤ 11 – Ɂɭɛɱɚɬɨɟ ɤɨɥɟɫɨ ɞɥɹ 125 ɨɛɨɪɨɬɨɜ ɜ ɦɢɧɭɬɭ 

 

Ɂɭɛɱɚɬɨɟ ɤɨɥɟɫɨ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɞɜɭɯ ɫɟɝɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɪɢ 

ɭɫɬɚɧɨɜɤɟ ɫɬɹɝɢɜɚɸɬɫɹ ɬɨɪɰɟɜɵɦɢ ɛɨɥɬɚɦɢ, ɩɨɦɢɦɨ ɷɬɨɝɨ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ 

ɡɚɤɪɟɩɥɹɟɬɫɹ ɛɨɥɬɨɜɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɩɨ ɜɫɟɣ ɨɤɪɭɠɧɨɫɬɢ. Ⱦɚɬɱɢɤɢ ɤɪɟɩɹɬɫɹ 

ɧɚ ɧɟɫɭɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɩɥɚɫɬɢɧɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɨɤɪɭɠɧɨɫɬɶɸ ɤɨɥɟɫɚ, ɪɢɫɭɧɨɤ 12. 
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Ɋɢɫɭɧɨɤ 12 – ɑɟɪɬёɠ ɭɫɬɚɧɨɜɤɢ ɞɚɬɱɢɤɨɜ 

 

1.2.3 ɋɱёɬɧɵɣ ɦɨɞɭɥɶ 

 

ɋɱёɬɧɵɣ ɰɢɮɪɨɜɨɣ ɦɨɞɭɥɶ ɢɥɢ ɞɟɬɟɤɬɨɪ ɨɩɪɟɞɟɥɹɟɬ ɫɤɨɪɨɫɬɶ ɧɚ ɨɫɧɨɜɟ 

ɩɨɞɫɱёɬɚ ɢɦɩɭɥɶɫɨɜ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɫ ɪɟɝɭɥɹɬɨɪɧɨɝɨ 

ɝɟɧɟɪɚɬɨɪɚ ɢɥɢ ɫ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ (ɢɫɬɨɱɧɢɤɢ ɫɢɝɧɚɥɚ). Ʉɪɭɩɧɟɣɲɢɦɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹɦ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɫɤɨɪɨɫɬɧɵɟ 

ɦɨɞɭɥɢ ɨɛɪɚɛɨɬɤɢ ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ, ɦɨɞɭɥɢ ɫɤɨɪɨɫɬɧɨɝɨ ɫɱёɬɚ, ɞɟɬɟɤɬɨɪɵ 

ɫɤɨɪɨɫɬɢ ɫ ɜɵɫɨɤɨɣ ɪɚɡɪɹɞɧɨɫɬɶɸ, ɫɯɟɦɵ ɢ ɩɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɤɨɬɨɪɵɯ 

ɡɚɳɢɳɟɧɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɶɸ.  

Ɇɨɞɭɥɢ ɫɤɨɪɨɫɬɧɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ ɢɫɩɨɥɶɡɭɸɬ Ⱥɐɉ, ɭɫɬɪɨɣɫɬɜɨ, 

ɩɪɟɨɛɪɚɡɭɸɳɟɟ ɜɯɨɞɧɨɣ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɜ ɞɢɫɤɪɟɬɧɵɣ ɤɨɞ (ɰɢɮɪɨɜɨɣ 

ɫɢɝɧɚɥ). Ⱦɥɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ Ⱥɐɉ ɩɪɹɦɨɝɨ (ɩɚɪɚɥɥɟɥɶɧɨɝɨ) 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ [18]. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɩɪɟɞɟɥɶɧɨ ɩɪɨɫɬ: ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ 

ɩɨɫɬɭɩɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚ ɜɫɟ «ɩɥɸɫɨɜɵɟ» ɜɯɨɞɵ ɤɨɦɩɚɪɚɬɨɪɨɜ, ɚ ɧɚ 

«ɦɢɧɭɫɨɜɵɟ» ɩɨɞɚɟɬɫɹ ɪɹɞ ɧɚɩɪɹɠɟɧɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɢɡ ɨɩɨɪɧɨɝɨ ɩɭɬɟɦ 

ɞɟɥɟɧɢɹ ɪɟɡɢɫɬɨɪɚɦɢ. ɇɟɞɨɫɬɚɬɤɨɦ Ⱥɐɉ ɬɚɤɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɦɚɥɚɹ 

ɪɚɡɪɹɞɧɨɫɬɶ, ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ ɜ ɢɡɦɟɪɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 
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Ɇɨɞɭɥɢ ɫɤɨɪɨɫɬɧɨɝɨ ɫɱёɬɚ ɢ ɞɟɬɟɤɬɨɪɵ ɩɨɫɬɪɨɟɧɵ ɧɚ ɨɫɧɨɜɟ ɰɢɮɪɨɜɵɯ 

ɫɱёɬɱɢɤɨɜ ɜɵɫɨɤɨɣ ɪɚɡɪɹɞɧɨɫɬɢ (ɞɨ 32 ɛɢɬ) [19]. Ɋɟɡɭɥɶɬɚɬ ɫɱɟɬɚ ɮɨɪɦɢɪɭɟɬɫɹ 

ɫɱɟɬɱɢɤɨɦ ɜ ɡɚɞɚɧɧɨɦ ɤɨɞɟ ɢ ɦɨɠɟɬ ɯɪɚɧɢɬɶɫɹ ɬɪɟɛɭɟɦɨɟ ɜɪɟɦɹ. ɋɱɟɬɱɢɤɢ 

ɫɬɪɨɹɬɫɹ ɧɚ ɬɪɢɝɝɟɪɚɯ, ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 

ɩɨɞɫɱɢɬɚɬɶ ɫɱɟɬɱɢɤ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 18. 

 ܰ = ʹ௡ − ͳ, (18) 

 

ɝɞɟ n – ɱɢɫɥɨ ɬɪɢɝɝɟɪɨɜ, ɚ ɦɢɧɭɫ ɨɞɢɧ ɩɨɬɨɦɭ ɱɬɨ ɜ ɰɢɮɪɨɜɨɣ ɬɟɯɧɢɤɟ ɡɚ ɧɚɱɚɥɨ 

ɨɬɫɱɟɬɚ ɩɪɢɧɢɦɚɟɬɫɹ 0.  

Ⱦɥɹ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɨɫɬɟɣɲɢɣ ɫɱёɬɱɢɤ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ 

ɩɟɪɟɧɨɫɨɦ, ɪɢɫɭɧɨɤ 13. 

 

 

Ɋɢɫɭɧɨɤ 13 – ɋɯɟɦɚ ɫɱɟɬɱɢɤɚ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɟɪɟɧɨɫɨɦ ɧɚ Ɍ-ɬɪɢɝɝɟɪɚɯ ɢ 

ɝɪɚɮɢɤɢ, ɩɨɹɫɧɹɸɳɢɟ ɩɪɢɧɰɢɩ ɟɝɨ ɪɚɛɨɬɵ 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢɧɹɬ ɧɭɥɟɜɨɣ ɭɪɨɜɟɧɶ ɧɚ ɜɫɟɯ ɜɵɯɨɞɚɯ 

ɬɪɢɝɝɟɪɨɜ (Q1 - Q3), ɬ. ɟ. ɰɢɮɪɨɜɨɣ ɤɨɞ 000. ɉɪɢ ɷɬɨɦ ɫɬɚɪɲɢɦ ɪɚɡɪɹɞɨɦ 

ɹɜɥɹɟɬɫɹ ɜɵɯɨɞ Q3. Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɜɫɟɯ ɬɪɢɝɝɟɪɨɜ ɜ ɧɭɥɟɜɨɟ ɫɨɫɬɨɹɧɢɟ ɜɯɨɞɵ R 

ɬɪɢɝɝɟɪɨɜ ɨɛɴɟɞɢɧɟɧɵ ɢ ɧɚ ɧɢɯ ɩɨɞɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ (ɬ. 
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ɟ. ɢɦɩɭɥɶɫ, ɨɛɧɭɥɹɸɳɢɣ ɬɪɢɝɝɟɪɵ). ɇɚ ɜɯɨɞ ɋ ɩɨɫɬɭɩɚɸɬ ɬɚɤɬɨɜɵɟ ɢɦɩɭɥɶɫɵ, 

ɤɨɬɨɪɵɟ ɭɜɟɥɢɱɢɜɚɸɬ ɰɢɮɪɨɜɨɣ ɤɨɞ ɧɚ ɟɞɢɧɢɰɭ, ɬ. ɟ. ɩɨɫɥɟ ɩɪɢɯɨɞɚ ɩɟɪɜɨɝɨ 

ɢɦɩɭɥɶɫɚ ɩɟɪɜɵɣ ɬɪɢɝɝɟɪ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɜ ɫɨɫɬɨɹɧɢɟ 1 (ɤɨɞ 001), ɩɨɫɥɟ 

ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ ɢɦɩɭɥɶɫɚ ɜɬɨɪɨɣ ɬɪɢɝɝɟɪ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɜ ɫɨɫɬɨɹɧɢɟ 1, ɚ 

ɩɟɪɜɵɣ - ɜ ɫɨɫɬɨɹɧɢɟ 0 (ɤɨɞ 010), ɩɨɬɨɦ ɬɪɟɬɢɣ ɢ ɬ. ɞ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɞɨɛɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ ɦɨɠɟɬ ɞɨɫɱɢɬɚɬɶ ɞɨ 7 (ɤɨɞ 111), ɩɨɫɤɨɥɶɤɭ 23 - 1 = 7. Ʉɨɝɞɚ ɧɚ ɜɫɟɯ 

ɜɵɯɨɞɚɯ ɬɪɢɝɝɟɪɨɜ ɭɫɬɚɧɨɜɢɥɢɫɶ ɟɞɢɧɢɰɵ, ɝɨɜɨɪɹɬ, ɱɬɨ ɫɱɟɬɱɢɤ ɩɟɪɟɩɨɥɧɟɧ. 

ɉɨɫɥɟ ɩɪɢɯɨɞɚ ɫɥɟɞɭɸɳɟɝɨ (ɞɟɜɹɬɨɝɨ) ɢɦɩɭɥɶɫɚ ɫɱɟɬɱɢɤ ɨɛɧɭɥɢɬɫɹ ɢ ɧɚɱɧɟɬɫɹ 

ɜɫɟ ɫ ɧɚɱɚɥɚ. ɇɚ ɝɪɚɮɢɤɚɯ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɣ ɬɪɢɝɝɟɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɫ 

ɧɟɤɨɬɨɪɨɣ ɡɚɞɟɪɠɤɨɣ tɡ. ɇɚ ɬɪɟɬɶɟɦ ɪɚɡɪɹɞɟ ɡɚɞɟɪɠɤɚ ɭɠɟ ɭɬɪɨɟɧɧɚɹ. 

ɍɜɟɥɢɱɢɜɚɸɳɚɹɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɪɚɡɪɹɞɨɜ ɡɚɞɟɪɠɤɚ ɹɜɥɹɟɬɫɹ 

ɧɟɞɨɫɬɚɬɤɨɦ ɫɱɟɬɱɢɤɨɜ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɟɪɟɧɨɫɨɦ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɩɪɨɫɬɨɬɭ, ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɫ ɧɟɛɨɥɶɲɢɦ ɱɢɫɥɨɦ 

ɪɚɡɪɹɞɨɜ. ɉɨɫɥɟ ɩɨɞɫɱёɬɚ ɢɦɩɭɥɶɫɨɜ ɫ ɩɨɦɨɳɶɸ ɰɢɮɪɨɜɨɣ ɥɨɝɢɤɢ ɦɨɞɭɥɶ 

ɫɤɨɪɨɫɬɧɨɝɨ ɫɱёɬɚ ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ ɡɚ ɡɚɞɚɜɚɟɦɵɣ 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ȽȺ. 
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2 Ɍɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ 

ɩɟɪɜɢɱɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɧɚɩɪɹɦɭɸ ɜɡɚɢɦɨɫɜɹɡɚɧɚ ɫ ɱɚɫɬɨɬɨɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɜɚɠɧɟɣɲɢɦ ɩɚɪɚɦɟɬɪɨɦ ɪɟɠɢɦɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

Ɂɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɩɨɤɚɡɵɜɚɟɬ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɛɚɥɚɧɫɚ ɝɟɧɟɪɢɪɭɟɦɨɣ ɢ 

ɩɨɬɪɟɛɥɹɟɦɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 

ȼɵɞɟɥɹɸɬ ɬɪɢ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɜɢɞɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ [8]: 

 ɩɟɪɜɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ;  

 ɜɬɨɪɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ; 

 ɬɪɟɬɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ. 

Ⱦɥɹ ɩɨɥɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ 

ɪɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ. ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ 

ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. 

 

Ɋɢɫɭɧɨɤ 14 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ 

 

ȼ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɩɚɞɟɧɢɟ ɱɚɫɬɨɬɵ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɩɟɪɜɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. Ɋɟɝɭɥɹɬɨɪɵ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 

ɮɨɪɦɢɪɭɸɬ ɡɚɞɚɧɢɟ ɩɟɪɜɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ 
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«ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ» ɩɨ ɱɚɫɬɨɬɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɯɨɞɭ ɪɟɡɟɪɜɚ ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ.  

Ⱦɚɥɟɟ ɜ ɪɚɛɨɬɭ ɜɫɬɭɩɚɟɬ ɜɬɨɪɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. ɐɋ ȺɊɑɆ ɫɢɫɬɟɦɧɨɝɨ 

ɨɩɟɪɚɬɨɪɚ ɜɵɞɚёɬ ɡɚɞɚɧɢɟ ɜɬɨɪɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ȽɊȺɆ ɫɬɚɧɰɢɣ, 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɪɟɡɟɪɜɵ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɢ ɱɚɫɬɨɬɚ ɫɟɬɢ 

ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɯɨɞɭɟɬɫɹ ɪɟɡɟɪɜ 

ɜɬɨɪɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ȼ ɡɚɜɟɪɲɟɧɢɢ ɫ ɩɨɦɨɳɶɸ ɬɪɟɬɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɩɥɚɧɨɜɨɝɨ ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɝɪɚɮɢɤɚ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɪɟɡɟɪɜ ɜɬɨɪɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɱɚɫɬɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 15. 

 

Ɋɢɫɭɧɨɤ 15 – ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜ 

ɷɧɟɪɝɨɫɢɫɬɟɦɟ 

 

Ɍɚɤ ɤɚɤ ɩɟɪɜɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɨ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 

ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɧёɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. 

ȼɟɫɶ ɚɥɝɨɪɢɬɦ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɛɵɱɧɨ ɪɟɚɥɢɡɨɜɚɧ ɜ 

ɤɨɧɬɪɨɥɥɟɪɟ Ɋɑȼ. ɋɭɳɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɢɛɚɜɥɟɧɢɢ ɢɥɢ 

ɜɵɱɢɬɚɧɢɢ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɤɚ ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ ɫɟɬɢ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ) 

ɢɡ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬ ȽɊȺɆ ɬɪɟɛɭɟɦɨɣ ɩɟɪɜɢɱɧɨɣ ɦɨɳɧɨɫɬɢ 

ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 19 ɫɨɝɥɚɫɧɨ [2], [3], [4]. 

 ∆𝑃П = − ʹ𝑃 ˑˏ∆𝑓ܵ , (19) 
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ɝɞɟ ܵ – ɫɬɚɬɢɡɦ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, %; 𝑃 ˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, Ɇȼɬ; ∆𝑓 – ɪɚɫɱɟɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɱɚɫɬɨɬɵ, Ƚɰ: ∆𝑓 = Ͳ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɱɚɫɬɨɬɵ ɜ ɩɪɟɞɟɥɚɯ «ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ» ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ሺͷͲ ± ∆𝑓଴ሻ; ∆𝑓 = 𝑓 − ሺͷͲ + ∆𝑓଴ሻ– ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɱɚɫɬɨɬɟ (∆𝑓 > Ͳ); ∆𝑓 = 𝑓 − ሺͷͲ − ∆𝑓଴ሻ – ɩɪɢ ɩɨɧɢɠɟɧɧɨɣ ɱɚɫɬɨɬɟ (∆𝑓 < Ͳ);  𝑓 – ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ, Ƚɰ;  ∆𝑓଴ – ɜɟɥɢɱɢɧɚ ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ ɨɬ 50 Ƚɰ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɡɧɚɱɟɧɢɟ 

«ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ» ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, Ƚɰ. 

ɉɪɢ ɨɰɟɧɤɟ ɭɱɚɫɬɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɩɟɪɜɢɱɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɩɟɪɜɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɮɚɤɬɢɱɟɫɤɢɦ 

ɢɡɦɟɧɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɩɨ ɮɨɪɦɭɥɟ 20 ɫɨɝɥɚɫɧɨ 

[5]: 

 ∆𝑃 = 𝑃 − 𝑃 ˔˘, (20) 

 

ɝɞɟ 𝑃 – ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɧɚ ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɩɨɫɥɟ 

ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ ɡɚ ɩɪɟɞɟɥɵ «ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ» ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, 

Ɇȼɬ; 𝑃 ˔˘– ɢɫɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɧɚ ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɞɨ 

ɦɨɦɟɧɬɚ ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ ɡɚ ɩɪɟɞɟɥɵ «ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ» ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ, Ɇȼɬ. 

ɉɪɢ ɨɬɤɥɨɧɟɧɢɹɯ ɱɚɫɬɨɬɵ ɡɚ ɩɪɟɞɟɥɵ «ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ» ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ Ɋɑȼ ɞɨɥɠɟɧ ɜɵɞɚɜɚɬɶ ɬɪɟɛɭɟɦɭɸ ɩɟɪɜɢɱɧɭɸ ɦɨɳɧɨɫɬɶ ɫ 

ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ, ɬ.ɟ. ɪɚɛɨɬɚɬɶ ɜ ɫɥɟɞɹɳɟɦ ɡɚ 

ɨɬɤɥɨɧɟɧɢɟɦ ɱɚɫɬɨɬɵ ɪɟɠɢɦɟ ɞɨ ɜɨɡɜɪɚɬɚ ɱɚɫɬɨɬɵ ɜ ɩɪɟɞɟɥɵ «ɦɟɪɬɜɨɣ 

ɩɨɥɨɫɵ». 
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Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɡɧɢɰɵ ɫɬɚɛɢɥɶɧɨɫɬɢ ɱɚɫɬɨɬɵ ɜ 1-ɨɣ ɢ 2-ɨɣ ɫɢɧɯɪɨɧɧɵɯ 

ɡɨɧɚɯ, ɚ ɬɚɤɠɟ ɞɥɹ ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɤɚɠɞɨɣ ɢɡ ɡɨɧ 

ɧɚ ɪɢɫɭɧɤɟ 16 ɩɪɢɜɟɞɟɧɵ ɞɜɟ ɜɪɟɦɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ 

ɢɡɦɟɪɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ Ɍɇ ɝɟɧɟɪɚɬɨɪɨɜ.  

 

Ɋɢɫɭɧɨɤ 16 – ȼɪɟɦɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ: 

ɜɟɪɯɧɹɹ ɞɢɚɝɪɚɦɦɚ – ȼɨɬɤɢɧɫɤɚɹ Ƚɗɋ, ɧɢɠɧɹɹ ɞɢɚɝɪɚɦɦɚ – Ɂɟɣɫɤɚɹ Ƚɗɋ 

 

ȼɨɬɤɢɧɫɤɚɹ Ƚɗɋ ɜɵɪɚɛɚɬɵɜɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ 1-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ ɢ 

ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɪɨɯɨɞɢɬ ɫɟɪɬɢɮɢɤɚɰɢɸ ɞɥɹ ɭɱɚɫɬɢɹ ɜ ɇɉɊɑ, «ɦёɪɬɜɚɹ 

ɩɨɥɨɫɚ» ɤɨɬɨɪɨɝɨ ɨɬɦɟɱɟɧɚ ɤɪɚɫɧɵɦɢ ɥɢɧɢɹɦɢ ɢ ɪɚɜɧɚ ±0,02 Ƚɰ [5]. Ɂɟɣɫɤɚɹ 

Ƚɗɋ ɜɵɪɚɛɚɬɵɜɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜɨ 2-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ ɢ ɭɱɚɫɬɜɭɟɬ ɜ 

ɈɉɊɑ, «ɦёɪɬɜɚɹ ɩɨɥɨɫɚ» ɤɨɬɨɪɨɝɨ ɨɬɦɟɱɟɧɚ ɫɢɧɢɦɢ ɥɢɧɢɹɦɢ ɢ ɪɚɜɧɚ ±0,075 Ƚɰ 

[2]. ɇɚ ɝɪɚɮɢɤɚɯ ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɩɟɪɜɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɛɨɬɚɟɬ ɜ ɨɛɟɢɯ 

ɫɢɧɯɪɨɧɧɵɯ ɡɨɧɚɯ. 
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ɂɡ ɩɪɢɜɟɞёɧɧɵɯ ɮɨɪɦɭɥ ɢ ɞɚɧɧɵɯ, ɨɩɢɫɵɜɚɸɳɢɯ ɪɚɛɨɬɭ ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɪɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɜ ɩɟɪɜɢɱɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ, ɤɨɬɨɪɨɟ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɩɨ 

ɜɫɟɣ ȿɗɋ. ɉɨɷɬɨɦɭ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɫɥɟɞɭɟɬ ɭɞɟɥɢɬɶ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ 

ɱɚɫɬɨɬɵ ȽȺ. 

 

2.1 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜ 
ɩɟɪɜɢɱɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɱɚɫɬɨɬɵ 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɫɬɚɧɞɚɪɬɨɜ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ Ƚɗɋ, 

ɪɚɛɨɬɚɸɳɢɦ ɜ ɪɟɠɢɦɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɞɥɹ ɭɱɚɫɬɢɹ ɜ 

ɈɉɊɑ ɢ ɇɉɊɑ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɤɨɧɤɪɟɬɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

ɋɨɝɥɚɫɧɨ ɧɨɪɦɚɦ ɭɱɚɫɬɢɹ Ƚɗɋ ɜ ɇɉɊɑ [5], ɢɡɦɟɪɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɝɢɞɪɨɬɭɪɛɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɋȺɍ ȽȺ, ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɬɨɱɧɨɫɬɶɸ 

ɧɟ ɯɭɠɟ 0,01 Ƚɰ. 

ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɭɱɚɫɬɢɸ ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɈɉɊɑ 

[1], ɫɨɛɫɬɜɟɧɧɢɤɨɦ ɢɥɢ ɢɧɵɦ ɡɚɤɨɧɧɵɦ ɜɥɚɞɟɥɶɰɟɦ ɞɨɥɠɧɨ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ 

ɢɡɦɟɪɟɧɢɟ ɬɟɤɭɳɟɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧ ɫ ɬɨɱɧɨɫɬɶɸ 0,05 Ƚɰ ɢɥɢ ɦɟɧɟɟ. 

 

2.2 ɉɪɨɬɢɜɨɪɟɱɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɟɪɜɢɱɧɨɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɱɚɫɬɨɬɵ 

 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɭɱɚɫɬɢɸ ɜ ɈɉɊɑ ɩɪɨɬɢɜɨɪɟɱɚɬ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɢɹ ɜ 

ɇɉɊɑ ɜ ɫɚɦɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɦ ɦɟɫɬɟ, ɜ ɢɫɬɨɱɧɢɤɟ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɝɢɞɪɨɬɭɪɛɢɧɵ. ȼ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɹɯ ɤ ɝɟɧɟɪɢɪɭɸɳɟɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ 

ɭɱɚɫɬɧɢɤɨɜ ɨɩɬɨɜɨɝɨ ɪɵɧɤɚ [3], ɜ ɩɭɧɤɬɟ 3, ɜ ɫɬɚɧɞɚɪɬɟ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 

ɱɚɫɬɨɬɵ [2], ɜ ɩɭɧɤɬɟ 6.1.13 ɢ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɫɬɚɧɞɚɪɬɟ [4], ɜ ɩɭɧɤɬɟ 5.1.13 

ɭɤɚɡɚɧɨ, ɱɬɨ ɜ ɭɫɬɪɨɣɫɬɜɚɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɭɱɚɫɬɢɟ ɝɟɧɟɪɢɪɭɸɳɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɟɪɜɢɱɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɱɚɫɬɨɬɵ, ɞɨɥɠɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɬɨɥɶɤɨ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ. Ɍɚɤ ɤɚɤ ɦɧɨɝɢɟ ɫɩɟɰɢɚɥɢɫɬɵ 
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ɪɚɡɥɢɱɚɸɬ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ, ɢɡɦɟɪɹɟɦɭɸ ɧɚ ɜɚɥɭ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɱɚɫɬɨɬɭ ɷɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɚ ɩɨ ɧɨɪɦɚɦ 

ɭɱɚɫɬɢɹ ɜ ɇɉɊɑ [5], ɝɞɟ ɜ ɩɭɧɤɬɟ 5.5. ɭɤɚɡɚɧɨ, ɱɬɨ ɞɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɢɡɦɟɪɟɧɢɣ ɱɚɫɬɨɬɵ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɢɥɢ Ɍɇ 

ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɜ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɟɧɢɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ. ɂɡ-ɡɚ 

ɷɬɨɝɨ ɩɪɨɬɢɜɨɪɟɱɢɹ ɛɨɥɶɲɢɧɫɬɜɨ Ƚɗɋ ɢɫɩɨɥɶɡɭɟɬ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɫ ɢɧɞɭɤɬɢɜɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɢ 

ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɜ ɚɥɝɨɪɢɬɦɚɯ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɂɫɬɨɱɧɢɤɢ ɫɢɝɧɚɥɚ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɚɥɝɨɪɢɬɦɚɯ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ 

ɫɨɜɪɟɦɟɧɧɵɯ Ƚɗɋ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – ɂɫɬɨɱɧɢɤɢ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ Ƚɗɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɗɋ ɂɫɬɨɱɧɢɤ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ 

Ȼɭɪɟɣɫɤɚɹ Ƚɗɋ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

ȼɨɥɠɫɤɚɹ Ƚɗɋ Ɍɚɯɨɝɟɧɟɪɚɬɨɪ 

ȼɨɬɤɢɧɫɤɚɹ Ƚɗɋ Ɍɚɯɨɝɟɧɟɪɚɬɨɪ 

Ɂɚɝɨɪɫɤɚɹ Ƚɗɋ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

Ɂɟɣɫɤɚɹ Ƚɗɋ Ɂɭɛɱɚɬɨɟ ɤɨɥɟɫɨ 

Ʉɪɚɫɧɨɹɪɫɤɚɹ Ƚɗɋ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

ɇɢɠɧɟ-ɛɭɪɟɣɫɤɚɹ Ƚɗɋ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

ɇɨɜɨɫɢɛɢɪɫɤɚɹ Ƚɗɋ Ɍɚɯɨɝɟɧɟɪɚɬɨɪ 

ɋɚɪɚɬɨɜɫɤɚɹ Ƚɗɋ Ɂɭɛɱɚɬɨɟ ɤɨɥɟɫɨ (ɤɚɩɫɭɥɶɧɵɟ ȽȺ) 

ɋɚɹɧɨ-ɒɭɲɟɧɫɤɚɹ Ƚɗɋ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

ɍɝɥɢɱɫɤɚɹ Ƚɗɋ Ɂɭɛɱɚɬɨɟ ɤɨɥɟɫɨ 

ɑɟɛɨɤɫɚɪɫɤɚɹ Ƚɗɋ Ɍɚɯɨɝɟɧɟɪɚɬɨɪ 

 

Ɍɨɱɧɨɫɬɶ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɧɚ ɪɭɫɥɨɜɵɯ Ƚɗɋ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ 

[5], ɧɚ ɜɵɫɨɤɨɧɚɩɨɪɧɵɯ ɫɬɚɧɰɢɹɯ ɬɨɱɧɨɫɬɶ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɧɵɯ 
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ɡɧɚɱɟɧɢɣ ɛɨɹ ɜɚɥɚ ɩɨ ɫɨɨɛɳɟɧɢɹɦ ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɟ ɜɫɟɝɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɬɪɟɛɨɜɚɧɢɹɦ, ɤɪɨɦɟ ɬɨɝɨ, ɧɚ ɦɧɨɝɢɯ ɫɬɚɧɰɢɹɯ ɨɬ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɨɬɤɚɡɚɥɢɫɶ ɩɪɢ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɋȺɍ ȽȺ ɜ ɩɨɥɶɡɭ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɫ ɢɧɞɭɤɬɢɜɧɵɦɢ ɞɚɬɱɢɤɚɦɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɭɫɬɨɹɜɲɟɟɫɹ ɦɧɟɧɢɟ, ɱɬɨ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ ɹɜɥɹɟɬɫɹ ɬɨɱɧɵɦ ɢ 

ɧɚɞёɠɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɱɚɫɬɨɬɵ, ɧɨ ɧɚ ɩɪɚɤɬɢɤɟ ɷɬɨ ɞɚɥɟɤɨ ɧɟ ɬɚɤ, ɢɧɞɭɤɬɢɜɧɵɟ 

ɞɚɬɱɢɤɢ ɜɵɯɨɞɹɬ ɢɡ ɫɬɪɨɹ, ɚ ɪɟɚɥɶɧɵɟ ɩɨɤɚɡɚɧɢɹ ɞɚɬɱɢɤɨɜ ɟɞɜɚ ɥɢ ɜɵɩɨɥɧɹɸɬ 

ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɬɨɱɧɨɫɬɢ. Ⱦɨɥɹ ɤɚɠɞɨɝɨ ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ Ƚɗɋ, ɜ 

ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

Ɋɢɫɭɧɨɤ 17 – ɉɪɨɰɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

 

ɋɦɵɫɥɨɜɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ ɬɪɟɛɨɜɚɧɢɣ ɫɬɚɧɞɚɪɬɨɜ, ɪɚɫɫɦɨɬɪɟɧɧɨɟ ɜɵɲɟ, 

ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɫɥɟ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɚɦɵɣ ɫɬɚɛɢɥɶɧɵɣ ɢɡ ɜɫɟɯ 

ɢɫɬɨɱɧɢɤ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ – Ɍɇ ɝɟɧɟɪɚɬɨɪɚ. ɂ ɷɬɨ ɤɚɫɚɟɬɫɹ 58% 

ɢɫɫɥɟɞɭɟɦɵɯ ɫɬɚɧɰɢɣ. Ɉɞɧɚɤɨ 42% ɫɬɚɧɰɢɣ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

 

2.3 Аɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 
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ɇɚ Ƚɗɋ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɧɟɫɤɨɥɶɤɨ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɨɬ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. Ʉɚɠɞɵɣ ɤɚɧɚɥ 

ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɰɟɩɨɱɤɢ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ. ɇɚ ɤɚɠɞɨɟ ɢɡ ɭɫɬɪɨɣɫɬɜ ɟɫɬɶ ɬɟɯɧɢɱɟɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ, ɜ 

ɤɨɬɨɪɨɣ ɭɤɚɡɚɧɚ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɢɥɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚ ɢɦɩɨɪɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜ ɩɚɫɩɨɪɬɚɯ ɢ 

ɞɨɤɭɦɟɧɬɚɰɢɢ ɤ ɧɢɦ ɱɚɳɟ ɜɫɟɝɨ ɭɤɚɡɚɧɚ ɚɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ. Ⱦɥɹ ɚɧɚɥɢɡɚ 

ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɢɫɫɥɟɞɭɟɦ ɫɯɟɦɭ ɩɨɞɤɥɸɱɟɧɢɹ 

ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ȼɨɬɤɢɧɫɤɨɣ ɢ Ɂɟɣɫɤɨɣ Ƚɗɋ, ɨɩɪɟɞɟɥɢɦ ɩɨɝɪɟɲɧɨɫɬɶ 

ɤɚɠɞɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɧɚɣɞёɦ ɫɭɦɦɚɪɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɠɞɨɝɨ ɤɚɧɚɥɚ 

ɢɡɦɟɪɟɧɢɹ. Ⱦɚɧɧɵɟ ɨ ɩɨɝɪɟɲɧɨɫɬɢ ɜɡɹɬɵ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ 

ɤɚɠɞɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɫɩɟɰɢɚɥɢɫɬɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɧɚ ɞɚɧɧɵɯ 

Ƚɗɋ. 

 

2.3.1 Аɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 

 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɞɥɹ ɰɟɥɟɣ ɭɱɚɫɬɢɹ 

ɜ ɩɟɪɜɢɱɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɱɚɫɬɨɬɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪ. Ʉɪɨɦɟ 

ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɨɬ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ, ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɧɚ ɜɚɥɭ ɝɢɞɪɨɬɭɪɛɢɧɵ ɢ Ɍɇ ɫɨ 

ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ. ɇɚ ɏɏɌ, XXȽ ɢ ɜ ɫɟɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɫɧɨɜɧɨɣ ɤɚɧɚɥ. 

Ʉɚɧɚɥ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɫ ɩɨɦɨɳɶɸ Ɍɇ ɜ ɚɥɝɨɪɢɬɦɟ 

ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟ ɭɱɚɫɬɜɭɟɬ.  

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 18. 
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Ɋɢɫɭɧɨɤ 18 - ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ 

ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 

 

ɋɢɧɯɪɨɧɧɵɣ ɬɚɯɨɝɟɧɟɪɚɬɨɪ ɧɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɚɯ ɜɵɞɚёɬ ɫɢɝɧɚɥ 

ɧɚɩɪɹɠɟɧɢɟɦ 110 ȼ ɧɚɩɪɹɦɭɸ ɜ ɰɢɮɪɨɜɨɣ ɞɟɬɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɫɢɫɬɟɦɵ Ovation. 

ɐɢɮɪɨɜɨɣ ɞɟɬɟɤɬɨɪ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɨɛɪɚɛɚɬɵɜɚɟɬ ɫ ɩɨɦɨɳɶɸ 

ɫɤɨɪɨɫɬɧɨɝɨ 16 ɛɢɬɧɨɝɨ ɫɱёɬɱɢɤɚ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɢ ɩɪɟɨɛɪɚɡɭɟɬ ɟɝɨ ɞɥɹ 

ɜɧɭɬɪɟɧɧɟɣ ɥɨɝɢɤɢ ɤɨɧɬɪɨɥɥɟɪɚ ɋȺɍ ȽȺ. Ɋɚɫɱёɬ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

ɤɚɧɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2 – ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ 

ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 

ɗɥɟɦɟɧɬɵ ɤɚɧɚɥɚ Ɇɚɪɤɚ 
Ⱥɛɫɨɥɸɬɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪ ɋɆɉ214/10-96 0 

ɐɢɮɪɨɜɨɣ ɞɟɬɟɤɬɨɪ 1ɋ31189G01 0,0033 

ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ: 0,0033 

 

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 19. 

 

Ɋɢɫɭɧɨɤ 19 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ Ɍɇ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 
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Ɍɇ ɦɚɪɤɢ UGE 24 D2 ɩɨɧɢɠɚɟɬ ɝɟɧɟɪɚɬɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13800 ȼ, ɜ 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ 100 ȼ. Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɢɡɦɟɪɢɬɟɥɶ ɦɨɳɧɨɫɬɢ 

Ⱥ2000 ɩɪɢɧɢɦɚɟɬ ɞɚɧɧɵɯ ɫɢɝɧɚɥ ɢ ɩɪɟɨɛɪɚɡɭɟɬ ɟɝɨ ɜ ɰɢɮɪɨɜɨɣ ɩɪɨɬɨɤɨɥɚ 

Modbus RTU, ɤɨɬɨɪɵɣ ɩɟɪɟɞɚёɬɫɹ ɩɨ ɢɧɬɟɪɮɟɣɫɭ RS485 ɧɚ Link Controller 

ɫɢɫɬɟɦɵ Ovation. ɉɨɫɥɟɞɧɢɣ ɩɪɟɨɛɪɚɡɭɟɬ ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ ɞɥɹ ɜɧɭɬɪɟɧɧɟɣ 

ɥɨɝɢɤɢ ɤɨɧɬɪɨɥɥɟɪɚ ɋȺɍ ȽȺ. Ɋɚɫɱёɬ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɚ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3. 

 

Ɍɚɛɥɢɰɚ 3 – ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ Ɍɇ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 

ɗɥɟɦɟɧɬɵ ɤɚɧɚɥɚ Ɇɚɪɤɚ 
Ⱥɛɫɨɥɸɬɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ɍɇ UGE 24 D2 0 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ Ⱥ2000 0,02 

ɐɢɮɪɨɜɨɣ ɦɨɞɭɥɶ ɫɜɹɡɢ 1C31169G02 0 

ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ: 0,02 

 

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɫ 

ɢɧɞɭɤɬɢɜɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 20. 

 

Ɋɢɫɭɧɨɤ 20 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 
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Ɍɪɢ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɚ ɩɨ ɦɟɪɟ ɩɪɨɯɨɠɞɟɧɢɹ ɡɭɛɶɟɜ ɤɨɥɟɫɚ 

ɮɨɪɦɢɪɭɸɬ ɢɦɩɭɥɶɫɧɵɟ ɫɢɝɧɚɥɵ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞ ɰɢɮɪɨɜɵɯ 

ɞɟɬɟɤɬɨɪɨɜ ɫɤɨɪɨɫɬɢ ɫɢɫɬɟɦɵ Ovation. ɐɢɮɪɨɜɵɟ ɞɟɬɟɤɬɨɪɵ ɫ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɶɸ ɨɛɪɚɛɚɬɵɜɚɸɬ ɫ ɩɨɦɨɳɶɸ ɫɤɨɪɨɫɬɧɨɝɨ 16 ɛɢɬɧɨɝɨ ɫɱёɬɱɢɤɚ ɜɯɨɞɧɨɣ 

ɫɢɝɧɚɥ ɢ ɩɪɟɨɛɪɚɡɭɸɬ ɟɝɨ ɞɥɹ ɜɧɭɬɪɟɧɧɟɣ ɥɨɝɢɤɢ ɤɨɧɬɪɨɥɥɟɪɚ ɋȺɍ ȽȺ. Ɋɚɫɱёɬ 

ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4. 

 

Ɍɚɛɥɢɰɚ 4 – ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 

ɗɥɟɦɟɧɬɵ ɤɚɧɚɥɚ Ɇɚɪɤɚ 
Ⱥɛɫɨɥɸɬɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ⱦɚɬɱɢɤ Ni8U-Ɇ12-ȺɊ6ɏ Turck 0 

ɐɢɮɪɨɜɨɣ ɞɟɬɟɤɬɨɪ 1ɋ31189G01 0,0033 

ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ: 0,0033 

 

ȼ ɢɬɨɝɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ 

ɱɚɫɬɨɬɵ ɧɚ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɫɮɨɪɦɢɪɨɜɚɧɚ ɬɚɛɥɢɰɚ 5. 

 

Ɍɚɛɥɢɰɚ 5 – ɋɪɚɜɧɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɧɚ 

ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 

ɋɩɨɫɨɛ ɢɡɦɟɪɟɧɢɹ ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪ 0,0033 

Ɍɇ 0,02 

Ɂɭɛɱɚɬɨɟ ɤɨɥɟɫɨ 0,0033 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɚɦɵɦɢ ɬɨɱɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɧɚ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪ ɢ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ. 
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2.3.2 Аɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ Ɂɟɣɫɤɨɣ Ƚɗɋ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 

 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ Ɂɟɣɫɤɨɣ Ƚɗɋ ɞɥɹ ɰɟɥɟɣ 

ɭɱɚɫɬɢɹ ɜ ɩɟɪɜɢɱɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɱɚɫɬɨɬɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ ɫ 

ɬɪɟɦɹ ɢɧɞɭɤɬɢɜɧɵɦɢ ɞɚɬɱɢɤɚɦɢ. Ʉɪɨɦɟ ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

ɨɬ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɢɫɩɨɥɶɡɭɟɬɫɹ Ɍɇ ɫɨ ɫɬɨɪɨɧɵ 

ɝɟɧɟɪɚɬɨɪɚ. ɇɚ ɏɏɌ, ɏɏȽ ɢ ɜ ɫɟɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɫɧɨɜɧɨɣ ɤɚɧɚɥ. Ʉɚɧɚɥ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɫ ɩɨɦɨɳɶɸ Ɍɇ ɜ ɚɥɝɨɪɢɬɦɟ 

ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟ ɭɱɚɫɬɜɭɟɬ.  

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɫ 

ɢɧɞɭɤɬɢɜɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 21. 

 

 

 

Ɋɢɫɭɧɨɤ 21 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

Ɂɟɣɫɤɨɣ Ƚɗɋ 

 

Ɍɪɢ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɚ ɩɨ ɦɟɪɟ ɩɪɨɯɨɠɞɟɧɢɹ ɡɭɛɶɟɜ ɤɨɥɟɫɚ 

ɮɨɪɦɢɪɭɸɬ ɢɦɩɭɥɶɫɧɵɟ ɫɢɝɧɚɥɵ, ɤɨɬɨɪɵɟ ɨɛɪɚɛɚɬɵɜɚɸɬ ɞɜɚ ɢɧɬɟɪɮɟɣɫɧɵɯ 

ɦɨɞɭɥɹ ɫ ɞɢɫɤɪɟɬɧɵɦɢ ɜɵɯɨɞɚɦɢ ɧɚ ɡɚɳɢɬɵ ɩɪɨɬɢɜ ɪɚɡɝɨɧɚ ɢ ɨɞɢɧ ɫɤɨɪɨɫɬɧɨɣ 

ɦɨɞɭɥɶ ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ. ɂɧɬɟɪɮɟɣɫɧɵɟ ɦɨɞɭɥɢ ɩɪɟɨɛɪɚɡɭɸɬ ɢɦɩɭɥɶɫɧɵɣ 

ɫɢɝɧɚɥ ɜ ɬɨɤɨɜɵɣ 4-20 ɦȺ. Ɇɨɞɭɥɢ ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ, ɜɤɥɸɱɚɹ ɫɤɨɪɨɫɬɧɨɣ, 

ɨɛɪɚɛɚɬɵɜɚɸɬ ɜɯɨɞɧɨɣ ɬɨɤɨɜɵɣ ɫɢɝɧɚɥ ɫ ɩɨɦɨɳɶɸ 8 ɛɢɬɧɨɝɨ Ⱥɐɉ ɢ 
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ɩɪɟɨɛɪɚɡɭɸɬ ɟɝɨ ɞɥɹ ɜɧɭɬɪɟɧɧɟɣ ɥɨɝɢɤɢ ɤɨɧɬɪɨɥɥɟɪɚ ɋȺɍ ȽȺ. Ɍɚɤ ɤɚɤ ɫɯɟɦɵ 

ɩɨɞɤɥɸɱɟɧɢɹ ɞɚɬɱɢɤɨɜ ɨɬɥɢɱɚɸɬɫɹ, ɪɚɫɱёɬ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɩɨɥɧɟɧ 

ɫɧɚɱɚɥɚ ɞɥɹ ɞɚɬɱɢɤɚ №1 ɢ ɞɚɬɱɢɤɚ №2, ɚ ɩɨɬɨɦ ɨɬɞɟɥɶɧɨ ɞɥɹ ɞɚɬɱɢɤɚ №3. 

Ɋɚɫɱёɬ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɞɥɹ ɞɚɬɱɢɤɚ №1 ɢ ɞɚɬɱɢɤɚ №2 ɩɪɟɞɫɬɚɜɥɟɧ ɜ 

ɬɚɛɥɢɰɟ 6. 

 

Ɍɚɛɥɢɰɚ 6 – ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɞɚɬɱɢɤɚ №1 ɢ ɞɚɬɱɢɤɚ 

№2 ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ Ɂɟɣɫɤɨɣ Ƚɗɋ 

ɗɥɟɦɟɧɬɵ ɤɚɧɚɥɚ Ɇɚɪɤɚ 
Ⱥɛɫɨɥɸɬɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ⱦɚɬɱɢɤ TURCK Bi3UEM12HAP6XH114 0 

Ɇɨɧɢɬɨɪ ɫɤɨɪɨɫɬɢ TURCK IM2114CDTRI 0,02 

Ɇɨɞɭɥɶ ɚɧɚɥɨɝɨɜɨɝɨ 

ɜɜɨɞɚ 
SM331 6ES73317NF100AB0 0,01 

ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ: 0,03 

 

Ɋɚɫɱёɬ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɞɥɹ ɞɚɬɱɢɤɚ №3 ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 7. 

 

Ɍɚɛɥɢɰɚ 7 – ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɞɚɬɱɢɤɚ №3 ɡɭɛɱɚɬɨɝɨ 

ɤɨɥɟɫɚ Ɂɟɣɫɤɨɣ Ƚɗɋ 

ɗɥɟɦɟɧɬɵ ɤɚɧɚɥɚ Ɇɚɪɤɚ 
Ⱥɛɫɨɥɸɬɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ⱦɚɬɱɢɤ TURCK Bi3UEM12HAP6XH1141 0 

ɋɤɨɪɨɫɬɧɨɣ ɦɨɞɭɥɶ 

ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ 
SM335 6ES73357HG010AB0 0,001 

ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ: 0,001 

 

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 22. 
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Ɋɢɫɭɧɨɤ 22– ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ Ɍɇ Ɂɟɣɫɤɨɣ Ƚɗɋ 

 

Ɍɇ ɦɚɪɤɢ EPR20Z ɩɨɧɢɠɚɟɬ ɝɟɧɟɪɚɬɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 15750 ȼ ɜ 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ 100 ȼ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɪɢɧɢɦɚɟɬ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

ɫɢɝɧɚɥ ɢ ɩɪɟɨɛɪɚɡɭɟɬ ɟɝɨ ɜ ɰɢɮɪɨɜɨɣ. ɋ ɩɨɦɨɳɶɸ ɩɪɨɬɨɤɨɥɚ Profibus DP, 

ɞɚɧɧɵɟ ɩɟɪɟɞɚɸɬɫɹ ɩɨ ɢɧɬɟɪɮɟɣɫɭ RS485 ɧɚ ɤɨɧɬɪɨɥɥɟɪ Ɋɑȼ. Ɋɚɫɱёɬ 

ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 8. 

 

Ɍɚɛɥɢɰɚ 8 – ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ Ɍɇ Ɂɟɣɫɤɨɣ Ƚɗɋ 

ɗɥɟɦɟɧɬɵ ɤɚɧɚɥɚ Ɇɚɪɤɚ 
Ⱥɛɫɨɥɸɬɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ɍɇ EPR20Z 0 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
Simeas p610 

7KG6100DA020AA0CC 
0,01 

ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ: 0,01 

 

ȼ ɢɬɨɝɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɧɚ Ɂɟɣɫɤɨɣ Ƚɗɋ ɫɮɨɪɦɢɪɨɜɚɧɚ ɬɚɛɥɢɰɚ 9. 

 

Ɍɚɛɥɢɰɚ 9 – ɋɪɚɜɧɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɧɚ Ɂɟɣɫɤɨɣ 

Ƚɗɋ 

ɋɩɨɫɨɛ ɢɡɦɟɪɟɧɢɹ ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, Ƚɰ 

Ⱦɚɬɱɢɤɢ №1 ɢ №2 ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 0,03 

Ⱦɚɬɱɢɤ №3 ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 0,001 

Ɍɇ 0,01 
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Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɚɦɵɦɢ ɬɨɱɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɧɚ Ɂɟɣɫɤɨɣ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɣ Ɍɇ ɢ ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ. 

 

2.4 ɉɪɨɛɥɟɦɚ ɤɨɫɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ 
ɱɚɫɬɨɬɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ 

 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ 

ɫɨɜɩɚɞɚɸɬ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɡɦɟɪɟɧɢɹ. ɉɪɢ ɢɡɦɟɪɟɧɢɹɯ ɜɟɥɢɱɢɧ ɢɦɟɸɬ ɦɟɫɬɨ 

ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ [20]. 

Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ∆𝐴௫ – ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 

ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ 𝐴௫ ɢ ɟё ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ 𝐴∗, 
ɜɵɱɢɫɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 21: 

 ∆𝐴௫ = 𝐴௫ − 𝐴∗. (21) 

 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ߛ௫ – ɨɬɧɨɲɟɧɢɟ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ∆𝐴௫ ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ ɤ ɟё ɞɟɣɫɬɜɢɬɟɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ 𝐴∗, ɜɵɪɚɠɟɧɧɨɦɭ ɜ 

ɩɪɨɰɟɧɬɚɯ, ɜɵɱɢɫɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ 22: 

௫ߛ  = ∆𝐴௫𝐴∗ ͳͲͲ%. (22) 

 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɨɥɭɱɢɬɶ ɜ 

ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɪɚɣɧɟ ɫɥɨɠɧɨ, ɞɥɹ ɬɨɱɧɨɣ ɨɰɟɧɤɢ ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɰɢɡɢɨɧɧɨ ɬɨɱɧɨɝɨ ɬɚɯɨɦɟɬɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ 

ɫɬɪɨɛɨɫɤɨɩɢɱɟɫɤɨɦɭ ɢɥɢ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɧɚ ɜɪɟɦɹ ɨɩɵɬɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɧɚɱɟɧɢɟ 

ɚɛɫɨɥɸɬɧɨɣ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɡ 

Ⱥɋɍ Ɍɉ ɫɬɚɧɰɢɢ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɢɬɶ ɧɟ ɜɨɡɦɨɠɧɨ. 
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ɉɪɨɳɟ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɨɱɧɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ 

ɞɚɧɧɵɯ. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ 

ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɩɨ ɦɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ [21]. ɂɫɫɥɟɞɭɟɦɵɟ 

ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɫ ɞɢɫɤɪɟɬɧɨɫɬɶɸ ɨɞɧɚ ɫɟɤɭɧɞɚ. Ⱥɧɚɥɢɡ, ɩɪɨɜɨɞɢɦɵɣ ɦɟɬɨɞɨɦ 

ɪɚɫɱёɬɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɱɚɫɬɨɬɵ, 

ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɤɚɤɨɣ ɢɡ ɢɫɬɨɱɧɢɤɨɜ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɣ, ɚ ɬɚɤɠɟ ɧɚɝɥɹɞɧɨ 

ɭɜɢɞɟɬɶ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢ ɚɩɩɚɪɚɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɥɢ ɨɰɟɧɤɚ ɪɚɫɫɟɹɧɢɹ ɟɞɢɧɢɱɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɜ ɪɹɞɭ ɪɚɜɧɨɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 

ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ ɨɤɨɥɨ ɫɪɟɞɧɟɝɨ ɢɯ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 23. 

 

ሻݔሺݏ = √Σ௞=ଵ௡ ሺݔ௞ − ሻଶሺ݊ݔ − ͳሻ . (23) 

 

ɝɞɟ ݔ௞ – 𝑘-ɟ ɢɡɦɟɪɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɥɢ ɩɨɤɚɡɚɧɢɟ ɜ ɪɹɞɭ ɢɡ ݊ɡɧɚɱɟɧɢɣ; ݔ – ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɡ ݊ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢɥɢ 

ɩɨɤɚɡɚɧɢɣ. 

 

2.4.1 Аɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɚɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɡɚ 19 ɮɟɜɪɚɥɹ 2019 

ɝɨɞɚ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɬɪёɯ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɫɤɨɪɨɫɬɢ ɧɚ ɡɭɛɱɚɬɨɦ ɤɨɥɟɫɟ, 

ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɢ Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ. ȼɨɬɤɢɧɫɤɚɹ Ƚɗɋ ɧɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɩɪɨɯɨɞɢɬ ɫɟɪɬɢɮɢɤɚɰɢɸ ɞɥɹ ɭɱɚɫɬɢɹ ɜ ɇɉɊɑ. Ⱦɥɢɧɚ ɜɪɟɦɟɧɧɨɝɨ 

ɢɧɬɟɪɜɚɥɚ ɪɚɜɧɚ 30 ɫɟɤɭɧɞ, ɬɚɤ ɤɚɤ, ɫɨɝɥɚɫɧɨ ɩɭɧɤɬɭ 5.18 ɧɨɪɦ ɭɱɚɫɬɢɹ ɜ ɇɉɊɑ 

[5], ɩɪɢ ɫɤɚɱɤɨɨɛɪɚɡɧɨɦ ɨɬɤɥɨɧɟɧɢɢ ɱɚɫɬɨɬɵ ɡɚ ɩɪɟɞɟɥɵ «ɦɟɪɬɜɨɣ ɩɨɥɨɫɵ» 
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ɩɨɥɧɚɹ ɬɪɟɛɭɟɦɚɹ ɜɟɥɢɱɢɧɚ ɩɟɪɜɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɞɚɧɚ ɡɚ 30 

ɫɟɤɭɧɞ.  

ȼɨ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɢɡɦɟɪɟɧɧɚɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɨɦ, 

ɢɡɦɟɧɹɟɬɫɹ ɫ ɚɦɩɥɢɬɭɞɨɣ ɜ 0,015 Ƚɰ ɢ ɜɵɯɨɞɢɬ ɡɚ «ɦёɪɬɜɭɸ ɩɨɥɨɫɭ» ɇɉɊɑ. 

Ƚɪɚɮɢɤ ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɜɵɛɪɚɧ ɩɨɫɥɟ 13:33 ɞɧɹ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 23. 

 

 

 

Ɋɢɫɭɧɨɤ 23 – ȼɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 

 

ɇɚ ɝɪɚɮɢɤɟ ɨɬɱёɬɥɢɜɨ ɜɢɞɧɨ, ɱɬɨ ɫɨɝɥɚɫɧɨ ɩɨɤɚɡɚɧɢɹɦ ɞɚɬɱɢɤɨɜ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ȽȺ ɢɡɦɟɧɹɟɬɫɹ ɧɚ 0,08 Ƚɰ ɡɚ ɫɟɤɭɧɞɭ, ɱɬɨ 

ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɨɫɬɢ ɢ ɞɨɤɚɡɵɜɚɟɬ ɢɯ ɧɟɦɚɥɭɸ ɩɨɝɪɟɲɧɨɫɬɶ. 

ɂɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ Microsoft Excel ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ 

ɋɌȺɇȾɈɌɄɅɈɇ.ȼ ɧɚɣɞёɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ 

ɟɞɢɧɢɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɪɹɞɭ ɢɡɦɟɪɟɧɢɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɨɬ 

ɤɚɠɞɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 10. 
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Ɍɚɛɥɢɰɚ 10 – ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɫɬɨɱɧɢɤɨɜ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɢɫɬɨɱɧɢɤɚ ȼɟɥɢɱɢɧɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ, Ƚɰ 

Ɍɇ 0,00652 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪ 0,00477 

Ⱦɚɬɱɢɤ №1 0,02155 

Ⱦɚɬɱɢɤ №2 0,02260 

Ⱦɚɬɱɢɤ №3 0,01675 

 

ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɦɟɧɶɲɚɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭ 

ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɚɧɚɥɢɡɭ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ 

ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɍɚɤɠɟ ɨɬɱёɬɥɢɜɨ ɜɢɞɧɨ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ 

ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɩɨɱɬɢ ɧɚ ɩɨɪɹɞɨɤ ɩɪɟɜɵɲɚɟɬ ɞɚɧɧɵɟ ɨ ɩɨɝɪɟɲɧɨɫɬɢ 

ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. 

 

2.4.1 Аɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ Ɂɟɣɫɤɨɣ Ƚɗɋ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɚɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɡɚ 19 ɦɚɪɬɚ 2019 

ɝɨɞɚ, ɩɨɥɭɱɚɟɦɵɟ ɫ ɬɪёɯ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ ɫɤɨɪɨɫɬɢ ɧɚ ɡɭɛɱɚɬɨɦ ɤɨɥɟɫɟ, ɢ 

Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ, ɬɚɯɨɝɟɧɟɪɚɬɨɪ ɞɟɦɨɧɬɢɪɨɜɚɧ ɜ ɩɪɨɰɟɫɫɟ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɟɜɨɨɪɭɠɟɧɢɹ ɋȺɍ ȽȺ. Ɂɟɣɫɤɚɹ Ƚɗɋ ɭɱɚɫɬɜɭɟɬ ɜ ɈɉɊɑ. Ⱦɥɢɧɚ 

ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɪɚɜɧɚ 60 ɫɟɤɭɧɞɚɦ, ɬɚɤ ɤɚɤ, ɫɨɝɥɚɫɧɨ ɩɭɧɤɬɭ 6.2.7.1.  

ɫɬɚɧɞɚɪɬɚ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ [2], ɜ ɫɥɭɱɚɟ ɫɤɚɱɤɨɨɛɪɚɡɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ 

ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɪɟɚɥɢɡɚɰɢɹ ɜɫɟɣ ɬɪɟɛɭɟɦɨɣ ɩɟɪɜɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɡɚ 

ɜɪɟɦɹ ɧɟ ɛɨɥɟɟ 1 ɦɢɧ.  

ȼɨ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɢɡɦɟɪɟɧɧɚɹ ɞɚɬɱɢɤɚɦɢ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɢɡɦɟɧɹɟɬɫɹ ɫ ɚɦɩɥɢɬɭɞɨɣ ɜ 0,2 Ƚɰ ɢ ɜɵɯɨɞɢɬ ɡɚ «ɦёɪɬɜɭɸ 
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ɩɨɥɨɫɭ» ɈɉɊɑ. Ƚɪɚɮɢɤ ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɜɵɛɪɚɧ ɩɨɫɥɟ 

5:12 ɭɬɪɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 24. 

 

 

 

Ɋɢɫɭɧɨɤ 24 – ȼɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ Ɂɟɣɫɤɨɣ Ƚɗɋ 

 

ɇɚ ɝɪɚɮɢɤɟ ɨɬɱёɬɥɢɜɨ ɜɢɞɧɨ, ɱɬɨ ɫɨɝɥɚɫɧɨ ɩɨɤɚɡɚɧɢɹɦ ɞɚɬɱɢɤɨɜ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ȽȺ ɢɡɦɟɧɹɟɬɫɹ ɧɚ 0,18 Ƚɰ ɡɚ ɫɟɤɭɧɞɭ, ɱɬɨ 

ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɨɫɬɢ ɢ ɞɨɤɚɡɵɜɚɟɬ ɢɯ ɧɟɦɚɥɭɸ ɩɨɝɪɟɲɧɨɫɬɶ.  

ɂɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ Microsoft Excel ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ 

ɋɌȺɇȾɈɌɄɅɈɇ.ȼ ɧɚɣɞёɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ 

ɟɞɢɧɢɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɪɹɞɭ ɢɡɦɟɪɟɧɢɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɨɬ 

ɤɚɠɞɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 11. 
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Ɍɚɛɥɢɰɚ 11 – ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɫɬɨɱɧɢɤɨɜ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ Ɂɟɣɫɤɨɣ Ƚɗɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɢɫɬɨɱɧɢɤɚ ȼɟɥɢɱɢɧɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ, Ƚɰ 

Ɍɇ 0,00997 

Ⱦɚɬɱɢɤ №1 0,03846 

Ⱦɚɬɱɢɤ №2 0,04280 

Ⱦɚɬɱɢɤ №3 0,02047 

 

ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɦɟɧɶɲɚɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭ 

Ɍɇ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɚɧɚɥɢɡɭ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡ 

ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɍɚɤɠɟ ɨɬɱёɬɥɢɜɨ ɜɢɞɧɨ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɞɚɬɱɢɤɨɜ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɩɪɟɜɵɲɚɟɬ ɞɚɧɧɵɟ ɨ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ 

ɞɨɤɭɦɟɧɬɚɰɢɢ. 

 

2.5 Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɨɝɪɟɲɧɨɫɬɟɣ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɩɨɝɪɟɲɧɨɫɬɟɣ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɞɚɧɧɵɯ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ Ⱥɋɍ 

Ɍɉ ɫɬɚɧɰɢɣ, ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɫɚɦɵɦ ɬɨɱɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪ, ɚ ɞɥɹ Ɂɟɣɫɤɨɣ Ƚɗɋ Ɍɇ. 

Ⱥɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɚɥ, 

ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɧɧɵɦ ɨ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɞɥɹ ɨɛɟɢɯ ɫɬɚɧɰɢɣ.  

Ⱦɥɹ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɷɬɨ ɧɟ ɤɪɢɬɢɱɧɨ, ɬɚɤ ɤɚɤ ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɬɪɟɛɨɜɚɧɢɹɦ [2] ɩɨ ɬɨɱɧɨɫɬɢ. Ɂɟɣɫɤɚɹ Ƚɗɋ ɢ ɞɪɭɝɢɟ Ƚɗɋ ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ, ɢɡɦɟɪɟɧɧɭɸ ɞɚɬɱɢɤɚɦɢ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ. ɇɚ ɝɪɚɮɢɤɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 22 ɢ 23, ɨɬɱёɬɥɢɜɨ 

ɜɢɞɧɵ ɫɤɚɱɤɢ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɫ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ 



64 
 

ɤ ɜɵɞɚɱɟ ɧɟɤɨɪɪɟɤɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɦɨɳɧɨɫɬɢ Ɋɑȼ, ɩɨɷɬɨɦɭ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɜ ɚɥɝɨɪɢɬɦɟ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɫɥɟɞɭɟɬ ɡɚɩɪɟɬɢɬɶ. Ɂɟɣɫɤɚɹ Ƚɗɋ ɢɦɟɟɬ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɚɫɬɢɹ (ɞɨ 70%) 

ɜ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɱɚɫɬɨɬɵ ɜɨ 2-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ, ɝɞɟ ɫɬɚɛɢɥɶɧɨɫɬɶ ɱɚɫɬɨɬɵ 

ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 1-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɵ. ɈɉɊɑ ɫɬɚɧɰɢɢ ɩɨɫɬɨɹɧɧɨ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɛɨɬɟ ɢ ɬɨɱɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɤɪɚɣɧɟ ɜɚɠɧɚ ɞɥɹ 

ɷɮɮɟɤɬɢɜɧɨɣ ɨɬɪɚɛɨɬɤɢ ɧɟɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ɍɇ ɜɦɟɫɬɨ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɩɨɡɜɨɥɢɬ 

Ɂɟɣɫɤɨɣ Ƚɗɋ ɩɨɜɵɫɢɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɱɚɫɬɨɬɵ ɜɨ 2-ɨɣ ɫɢɧɯɪɨɧɧɨɣ ɡɨɧɟ, ɚ ɬɚɤɠɟ 

ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɩɨɡɜɨɥɢɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɇɉɊɑ ɫɨ ɫɧɢɠɟɧɧɨɣ ɦёɪɬɜɨɣ ɩɨɥɨɫɨɣ, 

ɪɚɜɧɨɣ ±0,02 Ƚɰ, ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɚɦ [2] ɢ ɩɪɢɧɨɫɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɩɪɢɛɵɥɶ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɚɤɠɟ ɫɥɟɞɭɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɹɯ ɤ ɝɟɧɟɪɢɪɭɸɳɟɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ 

ɭɱɚɫɬɧɢɤɨɜ ɨɩɬɨɜɨɝɨ ɪɵɧɤɚ [3] ɜ ɩɭɧɤɬɟ 3, ɜ ɫɬɚɧɞɚɪɬɟ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 

ɱɚɫɬɨɬɵ [2] ɜ ɩɭɧɤɬɟ 6.1.13 ɢ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɫɬɚɧɞɚɪɬɟ [4] ɜ ɩɭɧɤɬɟ 5.1.13 

ɞɨɛɚɜɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɩɨɫɪɟɞɫɬɜɨɦ Ɍɇ 

ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. ɂɡɦɟɧɟɧɢɹ ɜ ɧɨɪɦɚɬɢɜɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 

ɩɨɡɜɨɥɹɬ ɩɨɜɫɟɦɟɫɬɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ Ɍɇ ɝɟɧɟɪɚɬɨɪɚ ɜ ɤɚɱɟɫɬɜɟ ɬɨɱɧɨɝɨ ɢ 

ɧɚɞɟɠɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
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3 Аɧɚɥɢɡ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

 

ɉɪɨɛɥɟɦɵ ɜ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵ ɞɥɹ 

ɫɬɚɧɰɢɣ, ɧɚ ɤɨɬɨɪɵɯ ɜɩɟɪɜɵɟ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɡɚɦɟɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɪɟɝɭɥɹɬɨɪɨɜ ɧɚ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɟɝɭɥɹɬɨɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ Voith Siemens ɜ ɩɪɨɰɟɫɫɟ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɋȺɍ ȽȺ. ɉɨɞɪɹɞɧɵɟ ɨɪɝɚɧɢɡɚɰɢɢ, ɤɨɬɨɪɵɟ ɡɚɧɢɦɚɥɢɫɶ 

ɚɞɚɩɬɚɰɢɟɣ ɧɨɜɵɯ ɫɢɫɬɟɦ ɧɚ ɪɚɧɧɟɦ ɷɬɚɩɟ, ɧɟ ɢɦɟɥɢ ɞɨɫɬɚɬɨɱɧɨɝɨ ɨɩɵɬɚ ɢ 

ɞɨɩɭɫɤɚɥɢ ɪɹɞ ɨɲɢɛɨɤ. ȼ ɱɚɫɬɢ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɨɬɫɭɬɫɬɜɭɟɬ ɪɚɫɱёɬ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɤɨɪɨɫɬɢ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɞɚɬɱɢɤɨɜ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɤɪɨɦɟ ɬɨɝɨ ɭɩɭɳɟɧ ɢɡ ɜɧɢɦɚɧɢɹ ɮɚɤɬ ɪɚɡɧɨɫɬɢ ɩɨɤɚɡɚɧɢɣ 

ɞɚɬɱɢɤɨɜ. ɂɡɜɟɫɬɧɵ ɫɥɭɱɚɢ ɚɜɚɪɢɣɧɵɯ ɨɫɬɚɧɨɜɨɜ ȽȺ ɩɨ ɩɪɢɱɢɧɟ ɧɟɤɨɪɪɟɤɬɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. ɇɟ ɭɱɬɟɧɵ 

ɜɨɡɦɨɠɧɵɟ ɡɚɜɢɫɚɧɢɹ ɥɨɝɢɤɢ ɤɨɧɬɪɨɥɥɟɪɚ. ɇɟ ɩɪɚɜɢɥɶɧɨ ɫɮɨɪɦɢɪɨɜɚɧɵ 

ɭɫɥɨɜɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ. Ⱦɚɧɧɵɟ 

ɨɲɢɛɤɢ ɜɨɡɧɢɤɥɢ ɩɨ ɩɪɢɱɢɧɟ ɨɬɫɭɬɫɬɜɢɹ ɨɩɵɬɚ, ɧɟ ɬɨɥɶɤɨ ɭ ɢɫɩɨɥɧɢɬɟɥɟɣ 

ɩɪɨɟɤɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɧɨ ɢ ɭ ɩɪɢɧɢɦɚɸɳɟɣ ɫɬɨɪɨɧɵ. ɇɢɠɟ ɧɚ ɧɚɝɥɹɞɧɨɦ 

ɩɪɢɦɟɪɟ ɪɚɫɫɦɨɬɪɢɦ ɬɢɩɨɜɨɣ ɚɥɝɨɪɢɬɦ Ɋɑȼ ɩɪɨɢɡɜɨɞɫɬɜɚ Voith Siemens, 

ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɥɫɹ ɧɚ Ɂɟɣɫɤɨɣ Ƚɗɋ, ɩɪɨɚɧɚɥɢɡɢɪɭɟɦ ɟɝɨ ɧɟɞɨɫɬɚɬɤɢ ɢ 

ɩɪɟɞɥɨɠɢɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɜ ɤɨɬɨɪɨɦ ɧɚɣɞɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ 

ɢɫɤɥɸɱɟɧɵ. 

 

3.1 Аɧɚɥɢɡ ɬɢɩɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

 

Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɨ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɫɢɫɬɟɦɵ 

ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚ Ɂɟɣɫɤɨɣ Ƚɗɋ. Ⱦɚɬɱɢɤ №1 ɩɨɞɤɥɸɱёɧ ɤ 

ɢɧɬɟɪɮɟɣɫɧɨɦɭ ɦɨɞɭɥɸ №1, ɜ ɤɨɬɨɪɨɦ ɜɵɫɬɚɜɥɟɧɚ ɭɫɬɚɜɤɚ ɩɪɨɬɢɜ ɪɚɡɝɨɧɚ 
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160%. Ʉɨɝɞɚ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ȽȺ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɜɤɢ, ɫ ɞɢɫɤɪɟɬɧɨɝɨ ɜɵɯɨɞɚ 

ɢɧɬɟɪɮɟɣɫɧɨɝɨ ɦɨɞɭɥɹ ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɞɥɹ ɫɛɪɨɫɚ ɛɵɫɬɪɨɩɚɞɚɸɳɟɝɨ ȺɊɁ. 

Ɍɚɤɠɟ ɢɧɬɟɪɮɟɣɫɧɵɣ ɦɨɞɭɥɶ №1 ɮɨɪɦɢɪɭɟɬ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɢɡɦɟɪɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 4-20 ɦȺ, ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɦɨɞɭɥɹ ɚɧɚɥɨɝɨɜɨɝɨ 

ɜɜɨɞɚ №1, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧёɧ ɫ ɤɨɧɬɪɨɥɥɟɪɨɦ Ɋɑȼ. Ⱦɚɬɱɢɤ №2 ɩɨɞɤɥɸɱёɧ ɤ 

ɢɧɬɟɪɮɟɣɫɧɨɦɭ ɦɨɞɭɥɸ №2, ɜ ɤɨɬɨɪɨɦ ɬɚɤɠɟ ɜɵɫɬɚɜɥɟɧɚ ɭɫɬɚɜɤɚ ɩɪɨɬɢɜ 

ɪɚɡɝɨɧɚ 115%. Ʉɨɝɞɚ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ȽȺ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɜɤɢ, ɫ ɞɢɫɤɪɟɬɧɨɝɨ 

ɜɵɯɨɞɚ ɢɧɬɟɪɮɟɣɫɧɨɝɨ ɦɨɞɭɥɹ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɨɧɬɪɨɥɥɟɪɚ Ɋɑȼ 

ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɞɥɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɁȺɁ. Ɍɚɤɠɟ ɢɧɬɟɪɮɟɣɫɧɵɣ ɦɨɞɭɥɶ №2 

ɮɨɪɦɢɪɭɟɬ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 4-20 ɦȺ, ɤɨɬɨɪɵɣ 

ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɦɨɞɭɥɹ ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ №2, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧёɧ ɫ 

ɤɨɧɬɪɨɥɥɟɪɨɦ Ɋɑȼ. Ⱦɚɬɱɢɤ №3 ɩɨɞɤɥɸɱёɧ ɤ ɫɩɟɰɢɚɥɶɧɨɦɭ ɫɤɨɪɨɫɬɧɨɦɭ 

ɦɨɞɭɥɸ ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ ɤɨɧɬɪɨɥɥɟɪɚ Ɋɑȼ. Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ ɫɜɨɟɣ 

ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɨɣ ɫɨɟɞɢɧёɧ ɫ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ, ɤɨɬɨɪɵɣ 

ɩɟɪɟɞɚёɬ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ ɜ ɤɨɧɬɪɨɥɥɟɪ Ɋɑȼ. ȼ 

ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 25. 

 

Ɋɢɫɭɧɨɤ 25 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
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ȼ ɬɢɩɨɜɨɦ ɚɥɝɨɪɢɬɦɟ ɜ ɱɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɞɚɬɱɢɤɨɜ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɟ ɩɪɨɜɟɪɤɢ. ɉɟɪɜɚɹ – ɤɨɧɬɪɨɥɶ ɞɚɬɱɢɤɚ ɧɚ ɨɛɪɵɜ, ɬɨ ɟɫɬɶ 

ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɞɚɬɱɢɤɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ ɜɵɯɨɞɟ ɡɚ ɝɪɚɧɢɰɵ ɬɨɤɨɜɨɝɨ ɫɢɝɧɚɥɚ 

4-20 ɦȺ. ȼɬɨɪɚɹ – ɤɨɧɬɪɨɥɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɤɚɡɚɧɢɣ, ɬɨ ɟɫɬɶ ɧɟɢɫɩɪɚɜɧɨɫɬɶ 

ɞɚɬɱɢɤɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ 

ɛɨɥɟɟ ɱɟɦ ɧɚ 5% ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɜɪɟɦɟɧɢ. ȼɨ ɜɬɨɪɨɣ ɩɪɨɜɟɪɤɟ ɞɥɹ 

ɫɪɚɜɧɟɧɢɹ ɡɚ ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɛɟɪёɬɫɹ ɫɢɝɧɚɥ ɫɤɨɪɨɫɬɢ, ɢɞɭɳɢɣ ɫ ɬɪɟɬɶɟɝɨ 

ɞɚɬɱɢɤɚ ɧɚ ɫɤɨɪɨɫɬɧɨɣ ɦɨɞɭɥɶ ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ. Ʉɚɧɚɥ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɫ ɩɨɦɨɳɶɸ Ɍɇ ɜ ɚɥɝɨɪɢɬɦɟ ɧɟ ɭɱɚɫɬɜɭɟɬ. ɋɯɟɦɚ 

ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 26. 

 

 

Ɋɢɫɭɧɨɤ 26 – Ɍɢɩɨɜɨɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

 

ɉɟɪɜɚɹ ɩɪɨɜɟɪɤɚ ɹɜɥɹɟɬɫɹ ɧɟɤɨɪɪɟɤɬɧɨɣ ɩɨ ɩɪɢɱɢɧɟ ɧɚɥɢɱɢɹ ɭ ɞɜɭɯ 

ɞɚɬɱɢɤɨɜ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ (ɦɨɧɢɬɨɪɨɜ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ), 

ɤɨɬɨɪɵɟ ɩɪɢ ɪɟɚɥɶɧɨɦ ɮɢɡɢɱɟɫɤɨɦ ɨɛɪɵɜɟ ɞɚɬɱɢɤɨɜ ɩɨɤɚɡɵɜɚɸɬ ɭɪɨɜɟɧɶ 4 ɦȺ, 

ɚ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɞɚɬɱɢɤɚ ɮɨɪɦɢɪɭɟɬɫɹ, ɟɫɥɢ ɧɚ ɜɯɨɞ ɩɪɢɯɨɞɢɬ ɬɨɤ ɦɟɧɶɲɟ 4 
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ɦȺ. ȼɬɨɪɚɹ ɩɪɨɜɟɪɤɚ ɹɜɥɹɟɬɫɹ ɧɟɤɨɪɪɟɤɬɧɨɣ ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɫɪɚɜɧɟɧɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɶɤɨ ɫ ɬɪɟɬɶɢɦ ɞɚɬɱɢɤɨɦ, ɬɨ ɟɫɬɶ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɬɪɟɬɶɟɝɨ 

ɞɚɬɱɢɤɚ ɦɵ ɬɟɪɹɟɦ ɜɫɟ ɞɚɧɧɵɟ ɩɨ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ. ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɞɜɭɯ 

ɩɪɨɜɟɪɨɤ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɤɨɪɨɫɬɶ ɛɟɪёɬɫɹ ɫ ɬɪɟɬɶɟɝɨ ɞɚɬɱɢɤɚ, ɬɨ ɟɫɬɶ 

ɩɪɨɜɟɪɤɢ ɫɚɦɢ ɩɨ ɫɟɛɟ ɨɩɪɟɞɟɥɹɸɬ ɬɨɥɶɤɨ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɞɚɬɱɢɤɨɜ ɫɤɨɪɨɫɬɢ 

ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɚɜɚɪɢɣɧɵɣ ɨɫɬɚɧɨɜ ɫɨ ɫɪɚɛɚɬɵɜɚɧɢɟɦ ɁȺɁ ɢ ɫɛɪɨɫɨɦ ȺɊɁ. 

 

3.2 Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

 

Ⱦɚɥɟɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɨɜɵɣ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɜ ɤɨɬɨɪɨɦ 

ɭɫɬɪɚɧɟɧɵ ɧɟɞɨɫɬɚɬɤɢ ɬɢɩɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɞɨɛɚɜɥɟɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɢɫɬɨɱɧɢɤ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɣ Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ. 

ɋɬɪɭɤɬɭɪɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɚɡɛɢɬɚ ɧɚ ɛɥɨɤɢ, ɤɨɬɨɪɵɟ ɞɥɹ 

ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ.  

 Ȼɥɨɤ ɮɢɥɶɬɪɚɰɢɢ ɡɧɚɱɟɧɢɹ. 

ɇɚ ɥɢɧɢɢ ɩɨɞɤɥɸɱɟɧɢɹ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɜɨɡɞɟɣɫɬɜɭɟɬ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɚ ɛɨɣ ɜɚɥɚ ɜɵɡɵɜɚɟɬ ɩɨɫɬɨɹɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ 

ɡɚɡɨɪɚ ɦɟɠɞɭ ɞɚɬɱɢɤɚɦɢ ɢ ɡɭɛɶɹɦɢ ɤɨɥɟɫɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɧɢɤɚɸɬ 

ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ. Ⱦɚɧɧɵɣ ɛɥɨɤ ɩɨɡɜɨɥɹɟɬ ɱɚɫɬɢɱɧɨ ɢɡɛɚɜɢɬɶɫɹ ɨɬ 

ɩɨɦɟɯ ɢ ɥɨɠɧɵɯ ɩɭɥɶɫɚɰɢɣ, ɜ ɧёɦ ɮɢɥɶɬɪɭɟɬɫɹ ɡɧɚɱɟɧɢɟ, ɩɨɫɬɭɩɚɸɳɟɟ ɫ 

ɤɚɠɞɨɝɨ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

 Ȼɥɨɤ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. 

Ȼɥɨɤ ɨɬɜɟɱɚɟɬ ɡɚ ɨɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɱɟɫɤɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɨ ɞɢɚɩɚɡɨɧɭ 4-20 ɦȺ, ɟɫɥɢ ɭɪɨɜɟɧɶ ɬɨɤɚ ɦɟɧɶɲɟ 4 ɦȺ ɢɥɢ 

ɜɵɲɟ 20 ɦȺ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɬɨ ɤɚɧɚɥ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɫɱɢɬɚɟɬɫɹ ɧɟɢɫɩɪɚɜɧɵɦ ɢ ɢɫɤɥɸɱɚɟɬɫɹ ɢɡ 

ɪɚɫɱёɬɚ. 
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 Ȼɥɨɤ ɤɨɪɪɟɤɬɢɪɨɜɤɢ. 

Ⱦɚɧɧɵɣ ɛɥɨɤ ɜɵɱɢɬɚɟɬ ɢɥɢ ɩɪɢɛɚɜɥɹɟɬ ɤɨɪɪɟɤɬɢɪɨɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 50 Ƚɰ, 

ɧɢɜɟɥɢɪɭɹ ɩɪɢ ɷɬɨɦ ɪɚɡɧɢɰɭ ɜ ɩɨɤɚɡɚɧɢɹɯ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, 

ɜɵɡɜɚɧɧɭɸ ɪɚɡɥɢɱɧɨɣ ɫɯɟɦɨɣ ɢɯ ɩɨɞɤɥɸɱɟɧɢɹ. 

 Ȼɥɨɤ ɡɚɳɢɬɵ ɨɬ ɩɪɨɝɪɚɦɦɧɵɯ ɡɚɦɢɪɚɧɢɣ. 

Ȼɥɨɤ ɨɬɜɟɱɚɟɬ ɡɚ ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɜɢɫɚɧɢɹ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɫ ɤɚɠɞɨɝɨ 

ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɧɟ ɦɟɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 

ɧɟɤɨɬɨɪɨɝɨ ɜɪɟɦɟɧɢ, ɬɨ ɤɚɧɚɥ ɫɱɢɬɚɟɬɫɹ ɧɟɢɫɩɪɚɜɧɵɦ ɢ ɢɫɤɥɸɱɚɟɬɫɹ ɢɡ 

ɪɚɫɱёɬɚ. 

 Ȼɥɨɤ ɡɚɳɢɬɵ ɨɬ ɪɟɡɤɢɯ ɢɡɦɟɧɟɧɢɣ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɪɟɡɤɢɯ ɫɤɚɱɤɨɜ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɨɬ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ 

ɤɨɥɟɫɚ ɪɟɚɥɢɡɨɜɚɧ ɛɥɨɤ ɩɪɨɝɪɚɦɦɧɨɝɨ ɝɪɚɞɢɟɧɬɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɢ ɪɨɫɬɟ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɛɨɥɟɟ 5% ɡɚ 30 ɦɢɥɥɢɫɟɤɭɧɞ ɤɚɧɚɥ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɱɢɬɚɟɬɫɹ 

ɧɟɢɫɩɪɚɜɧɵɦ ɢ ɢɫɤɥɸɱɚɟɬɫɹ ɢɡ ɪɚɫɱёɬɚ. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɮɚɤɬ ɧɟɢɫɩɪɚɜɧɨɫɬɢ 

ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ ɮɢɤɫɢɪɭɟɬɫɹ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢ ɢ ɫɛɪɚɫɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ 

ɨɫɬɚɧɨɜɚ ȽȺ ɫ ɚɧɚɥɢɡɨɦ ɩɪɢɱɢɧ ɪɟɡɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ. 

 Ȼɥɨɤ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɚ ȽȺ. 

ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɜ ɤɚɤɨɦ ɪɟɠɢɦɟ ɧɚɯɨɞɢɬɫɹ ȽȺ, ɟɫɥɢ ȽȺ 

ɧɚɯɨɞɢɬɫɹ ɧɚ ɏɏɌ, ɬɨ ɚɥɝɨɪɢɬɦ ɩɟɪɟɯɨɞɢɬ ɧɚ ɛɥɨɤ ɩɪɨɜɟɪɤɢ ɞɚɬɱɢɤɨɜ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɩɨ ɡɧɚɱɟɧɢɸ, ɟɫɥɢ ȽȺ ɧɚɯɨɞɢɬɫɹ ɜ ɫɟɬɢ ɢɥɢ ɧɚ ɏɏȽ, ɬɨ ɡɚ 

ɡɧɚɱɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɱɚɫɬɨɬɵ ɛɟɪёɬɫɹ ɫɢɝɧɚɥ ɫ Ɍɇ.  

 Ȼɥɨɤ ɩɪɨɜɟɪɤɢ ɤɚɧɚɥɚ Ɍɇ. 

ɋɢɝɧɚɥ ɱɚɫɬɨɬɵ ɫ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨ ɜɯɨɠɞɟɧɢɸ ɜ ɞɢɚɩɚɡɨɧ 45-55 Ƚɰ. ȿɫɥɢ ɫɢɝɧɚɥ 

ɜɵɯɨɞɢɬ ɢɡ ɞɢɚɩɚɡɨɧɚ ɚɥɝɨɪɢɬɦ ɩɟɪɟɯɨɞɢɬ ɧɚ ɛɥɨɤ ɩɪɨɜɟɪɤɢ ɞɚɬɱɢɤɨɜ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɩɨ ɡɧɚɱɟɧɢɸ. 

 Ȼɥɨɤ ɩɪɨɜɟɪɤɢ ɩɨ ɡɧɚɱɟɧɢɸ 
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ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚɥɢɱɢɟ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɦɟɠɞɭ 

ɩɨɤɚɡɚɧɢɹɦɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɫ 

ɤɚɤɨɝɨ ɞɚɬɱɢɤɚ ɛɟɪёɬɫɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɡɧɚɱɟɧɢɟ. 

ɋɯɟɦɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɬɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 27. 

 

Ɋɢɫɭɧɨɤ 27 – Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 

 

ɇɚ ɛɥɨɤɟ ɩɪɨɜɟɪɤɟ ɩɨ ɡɧɚɱɟɧɢɸ ɨɫɬɚɧɨɜɢɦɫɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. Ȼɥɨɤ 

ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

• ɩɪɢ ɢɫɩɪɚɜɧɨɫɬɢ ɜɫɟɯ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɡɚ ɡɧɚɱɟɧɢɟ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɤɨɪɨɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ ɦɟɞɢɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫ ɬɪёɯ ɞɚɬɱɢɤɨɜ 

ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ; 

• ɩɪɢ ɢɫɩɪɚɜɧɨɫɬɢ ɞɜɭɯ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɡɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ 

ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 

ɢɫɩɪɚɜɧɵɯ ɤɚɧɚɥɨɜ; 

• ɩɪɢ ɢɫɩɪɚɜɧɨɫɬɢ ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɡɚ ɡɧɚɱɟɧɢɟ ɮɚɤɬɢɱɟɫɤɨɣ 

ɱɚɫɬɨɬɵ ɩɪɢɧɢɦɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɢɫɩɪɚɜɧɨɝɨ ɤɚɧɚɥɚ; 

• ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜɫɟɯ ɤɚɧɚɥɨɜ ɫɤɨɪɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɧɚ 

ɚɜɚɪɢɣɧɵɣ ɨɫɬɚɧɨɜ ȽȺ ɫɨ ɫɛɪɨɫɨɦ ȺɊɁ. 

ɉɨɞɪɨɛɧɨ ɫɯɟɦɚ ɛɥɨɤɚ ɩɪɨɜɟɪɤɢ ɩɨ ɡɧɚɱɟɧɢɸ ɨɬɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 28. 
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Ɋɢɫɭɧɨɤ 28 – Ȼɥɨɤ ɩɪɨɜɟɪɤɢ ɩɨ ɡɧɚɱɟɧɢɸ 

 

Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɤɨɪɨɫɬɶ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɬɪёɯ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

ɤɚɤ ɦɟɞɢɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɡ ɬɪёɯ, ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɬɶ ɬɨɱɧɨɫɬɶ ɫ 

ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ. Ƚɪɚɮɢɤ ɩɪɨɰɟɫɫɚ ɪɚɫɱёɬɚ ɦɟɞɢɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡ 

ɬɪёɯ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 29. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɨ ɥɨɝɢɤɟ «ɂɅɂ» 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɫɤɨɪɨɫɬɶ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ ɫɨɜɦɟɫɬɧɨ ɫ 

ɫɢɝɧɚɥɚɦɢ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɨɬ ɦɨɧɢɬɨɪɨɜ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ, ɜ ɤɚɱɟɫɬɜɟ 

ɫɢɝɧɚɥɚ ɞɥɹ ɡɚɳɢɬ ɩɪɨɬɢɜ ɪɚɡɝɨɧɚ. Ɍɚɤɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɢɬɶ ɞɚɧɧɵɟ 

ɡɚɳɢɬɵ ɩɪɢ ɮɢɡɢɱɟɫɤɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ 

ɢɥɢ ɢɧɬɟɪɮɟɣɫɧɨɝɨ ɦɨɞɭɥɹ. 
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Ɋɢɫɭɧɨɤ 29 – ɉɪɨɰɟɫɫ ɪɚɫɱёɬɚ ɦɟɞɢɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡ ɬɪёɯ 

 

3.3 Аɧɚɥɢɡ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. 

 

Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɢ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ȽȺ ɜ ɫɟɬɢ ɢɥɢ ɧɚ ɏɏȽ 

ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɚɧɚɥ Ɍɇ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ 

ɢɫɩɪɚɜɧɨɫɬɶ ɩɨ ɞɢɚɩɚɡɨɧɭ. ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ Ɍɇ ɧɚ 

ɩɨɪɹɞɨɤ ɜɵɲɟ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ. 

ȼ ɫɥɭɱɚɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɞɢɚɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɫ ɬɪёɯ ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɤɨɬɨɪɨɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɪɟɧɨ 

ɧɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɟ, ɧɚ ɡɚɦɢɪɚɧɢɟ, ɧɚ ɮɢɡɢɱɟɫɤɢɣ ɨɛɪɵɜ, ɨɬɮɢɥɶɬɪɨɜɚɧɨ ɢ 

ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɨ. ɉɨɫɥɟ ɜɧɟɞɪɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ 

ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȽȺ ɧɚ ɏɏɌ ɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɞɚɬɱɢɤɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɱɚɫɬɨɬɵ 

ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 30-33. 
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[dE] (%) = ±0.2%, [dE] (Ƚɰ) = ±0.1Ƚɰ 

Ɋɢɫɭɧɨɤ 30 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ 

ɞɥɹ ɩɟɪɜɨɝɨ ɞɚɬɱɢɤɚ 

 

[dE] (%) = ±0.3%, [dE] (Ƚɰ) = ±0.15Ƚɰ 

Ɋɢɫɭɧɨɤ 31 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɞɥɹ 

ɜɬɨɪɨɝɨ ɞɚɬɱɢɤɚ 

[dE] (%) = ±0.2%, [dE] (Ƚɰ) = ±0.1Ƚɰ 

Ɋɢɫɭɧɨɤ 32 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ 

ɞɥɹ ɬɪɟɬɶɟɝɨ ɞɚɬɱɢɤɚ 

 

[dE] (%) = ±0.165%, [dE] (Ƚɰ) = ±0.0825Ƚɰ 

Ɋɢɫɭɧɨɤ 33 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɞɥɹ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ 

 

ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɧɚ ɡɭɛɱɚɬɨɦ ɤɨɥɟɫɟ, ɱɟɦ ɜɫɟ ɬɪɢ ɞɚɬɱɢɤɚ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. 
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Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɝɨ ɪɟɲɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɮɢɡɢɱɟɫɤɚɹ 

ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɨɫɬɚёɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɚ ɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɥɨɝɢɤɚ ɜɧɭɬɪɢ 

ɤɨɧɬɪɨɥɥɟɪɚ Ɋɑȼ. Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɟɢɦɭɳɟɫɬɜ ɞɚɧɧɨɝɨ ɪɟɲɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɜ ɬɚɛɥɢɰɟ 12. 

 

Ɍɚɛɥɢɰɚ 12 – ɋɪɚɜɧɟɧɢɟ ɬɢɩɨɜɨɝɨ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɨɜ 

ȼɨɡɦɨɠɧɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ 

ȼɨɡɦɨɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽȺ 

Ɍɢɩɨɜɨɣ 

Ⱥɥɝɨɪɢɬɦ 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ 

ɚɥɝɨɪɢɬɦ 

Ɏɢɡɢɱɟɫɤɢɣ ɨɛɪɵɜ ɩɟɪɜɨɝɨ ɞɚɬɱɢɤɚ - + 

Ɏɢɡɢɱɟɫɤɢɣ ɨɛɪɵɜ ɜɬɨɪɨɝɨ ɞɚɬɱɢɤɚ - + 

Ɏɢɡɢɱɟɫɤɢɣ ɨɛɪɵɜ ɬɪɟɬɶɟɝɨ ɞɚɬɱɢɤɚ - + 

Ɏɢɡɢɱɟɫɤɢɣ ɨɛɪɵɜ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɚɬɱɢɤɨɜ - + 

Ɏɢɡɢɱɟɫɤɢɣ ɨɛɪɵɜ ɩɟɪɜɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɞɚɬɱɢɤɨɜ - + 

Ɏɢɡɢɱɟɫɤɢɣ ɨɛɪɵɜ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɞɚɬɱɢɤɨɜ - + 

Ɏɢɡɢɱɟɫɤɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɩɟɪɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ - + 

Ɏɢɡɢɱɟɫɤɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɜɬɨɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ - + 

Ɏɢɡɢɱɟɫɤɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɫɤɨɪɨɫɬɧɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ ɦɨɞɭɥɹ 

ɜɜɨɞɚ 
- + 

Ɏɢɡɢɱɟɫɤɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɚɧɚɥɨɝɨɜɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 
- + 

Ɏɢɡɢɱɟɫɤɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɩɟɪɜɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɫɤɨɪɨɫɬɧɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ ɦɨɞɭɥɹ  
- + 

Ɏɢɡɢɱɟɫɤɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɜɬɨɪɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɫɤɨɪɨɫɬɧɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ ɦɨɞɭɥɹ 
- + 

Ɋɟɡɤɢɣ ɫɤɚɱɟɤ ɫɢɝɧɚɥɚ ɫɤɨɪɨɫɬɢ ɢɡ-ɡɚ ɗɆ ɩɨɦɟɯ ɧɚ ɩɟɪɜɨɦ 

ɞɚɬɱɢɤɟ 
- + 

Ɂɚɦɢɪɚɧɢɟ ɞɚɧɧɵɯ ɫɤɨɪɨɫɬɢ ɧɚ ɩɟɪɜɨɦ ɞɚɬɱɢɤɟ ɢɡ-ɡɚ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɡɚɜɢɫɚɧɢɹ 
- + 

ɇɟɤɨɪɪɟɤɬɧɵɟ ɩɨɤɚɡɚɧɢɹ ɩɟɪɜɨɝɨ ɞɚɬɱɢɤɚ  - + 

Ɋɟɡɤɢɣ ɫɤɚɱɟɤ ɫɢɝɧɚɥɚ ɫɤɨɪɨɫɬɢ ɢɡ-ɡɚ ɗɆ ɩɨɦɟɯ ɧɚ ɜɬɨɪɨɦ 

ɞɚɬɱɢɤɟ 
- + 

Ɂɚɦɢɪɚɧɢɟ ɞɚɧɧɵɯ ɫɤɨɪɨɫɬɢ ɧɚ ɜɬɨɪɨɦ ɞɚɬɱɢɤɟ ɢɡ-ɡɚ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɡɚɜɢɫɚɧɢɹ 
- + 

ɇɟɤɨɪɪɟɤɬɧɵɟ ɩɨɤɚɡɚɧɢɹ ɜɬɨɪɨɝɨ ɞɚɬɱɢɤɚ  - + 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 12 

ȼɨɡɦɨɠɧɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ 

ȼɨɡɦɨɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽȺ 

Ɍɢɩɨɜɨɣ 

Ⱥɥɝɨɪɢɬɦ 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ 

ɚɥɝɨɪɢɬɦ 

Ɋɟɡɤɢɣ ɫɤɚɱɟɤ ɫɢɝɧɚɥɚ ɫɤɨɪɨɫɬɢ ɢɡ-ɡɚ ɗɆ ɩɨɦɟɯ ɧɚ ɬɪɟɬɶɟɦ 

ɞɚɬɱɢɤɟ 
- + 

Ɂɚɦɢɪɚɧɢɟ ɞɚɧɧɵɯ ɫɤɨɪɨɫɬɢ ɧɚ ɬɪɟɬɶɟɦ ɞɚɬɱɢɤɟ ɢɡ-ɡɚ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɡɚɜɢɫɚɧɢɹ 
- + 

ɇɟɤɨɪɪɟɤɬɧɵɟ ɩɨɤɚɡɚɧɢɹ ɬɪɟɬɶɟɝɨ ɞɚɬɱɢɤɚ  - + 

 

ɍɱɚɫɬɢɟ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɫ Ɍɇ ɜ ɞɚɧɧɨɣ ɬɚɛɥɢɰɟ ɧɟ ɭɱɬɟɧɨ, ɩɨ 

ɩɪɢɱɢɧɟ ɨɬɫɭɬɫɬɜɢɹ Ɍɇ ɜ ɬɢɩɨɜɨɦ ɚɥɝɨɪɢɬɦɟ. Ȼɥɨɤ ɩɪɨɜɟɪɤɢ ɩɨ ɡɧɚɱɟɧɢɸ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɟɠɢɦɚ ȽȺ ɜɫɟɝɞɚ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɛɨɬɟ, ɬɨ ɟɫɬɶ ɜɨɡɦɨɠɟɧ ɜɚɪɢɚɧɬ 

ɪɚɡɜɢɬɢɹ ɫɨɛɵɬɢɣ, ɤɨɝɞɚ ɩɪɢ ɪɚɛɨɬɟ ȽȺ ɜ ɫɟɬɢ ɧɟɢɫɩɪɚɜɧɵ ɬɪɢ ɞɚɬɱɢɤɚ 

ɫɤɨɪɨɫɬɢ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ȽȺ ɛɭɞɟɬ ɨɫɬɚɧɨɜɥɟɧ ɚɜɚɪɢɣɧɨ ɫɨ ɫɛɪɨɫɨɦ ȺɊɁ, ɬɚɤ 

ɤɚɤ ɛɭɞɭɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɡɚɳɢɬɵ ɩɪɨɬɢɜ ɪɚɡɝɨɧɚ. 
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ɁАɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɢɡɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ 

ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɵɯ 

ɦɟɬɨɞɨɜ ɧɚ Ƚɗɋ. ɂɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɢ ɪɚɫɱёɬɚ ɱɚɫɬɨɬɵ, ɤɨɬɨɪɵɟ 

ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ Ƚɗɋ, ɜɤɥɸɱɚɹ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ. ɇɚɝɥɹɞɧɨ 

ɩɨɤɚɡɚɧɨ ɡɧɚɱɟɧɢɟ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜ ɩɟɪɜɢɱɧɨɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɱɚɫɬɨɬɵ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɧɨɪɦɚɬɢɜɧɨɣ 

ɞɨɤɭɦɟɧɬɚɰɢɢ ɜ ɨɬɧɨɲɟɧɢɢ ɩɟɪɜɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ ɜ ɧёɦ 

ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ.  

ɇɚ ɩɪɢɦɟɪɟ Ɂɟɣɫɤɨɣ ɢ ȼɨɬɤɢɧɫɤɨɣ Ƚɗɋ ɢɡɭɱɟɧɨ ɚɩɩɚɪɚɬɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɢ ɢɯ ɫɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɨɱɧɨɫɬɢ ɢ ɧɚɞёɠɧɨɫɬɢ ɜ ɢɡɦɟɪɟɧɢɢ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ. Ⱥɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ 

ɱɟɬɵɪёɯɭɪɨɜɧɟɜɨɟ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɱɬɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɧɚɞёɠɧɨɫɬɶ. Ɍɚɤɠɟ ɚɥɝɨɪɢɬɦ ɢɫɩɨɥɶɡɭɟɬ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

Ɍɇ ɧɚ ɏɏȽ ɢ ɜ ɫɟɬɢ, ɤɨɬɨɪɵɣ ɩɨ ɬɨɱɧɨɫɬɢ ɢ ɧɚɞёɠɧɨɫɬɢ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ 

ɞɚɬɱɢɤɨɜ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɥɝɨɪɢɬɦ ɢɫɩɨɥɶɡɭɟɬ ɦɟɞɢɚɧɧɵɣ ɦɟɬɨɞ 

ɪɚɫɱёɬɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɱɚɫɬɨɬɵ ɫ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 

ɬɨɱɧɨɫɬɶ ɧɚ ɏɏɌ. 

Ⱥɩɩɚɪɚɬɧɵɟ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ 

ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢ ɧɚ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ. ɉɪɢ 

ɩɨɦɨɳɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɪɚɛɨɬɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ ɩɨɜɵɫɢɬɫɹ ɬɨɱɧɨɫɬɶ 
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ɈɉɊɑ, ɇɉɊɑ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ 

ɫɬɚɧɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɚ ɫɱёɬ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɩɨɜɵɫɢɬɫɹ ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɦɟɧɶɲɢɬɫɹ 

ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ɗȾɋ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɜɟɤɬɨɪɨɦ ɗȾɋ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

ɩɪɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɡɧɚɱɢɬ ɢ ɭɦɟɧɶɲɢɬɫɹ ɭɞɚɪɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɜ ɫɟɬɶ. 
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ɋɉɂɋɈɄ ɋɈɄɊАЩȿɇɂɃ 

 

ȺɊɁ – ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɣ ɡɚɬɜɨɪ. 

Ⱥɋɍ Ɍɉ – ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 

ɩɪɨɰɟɫɫɨɦ. 

Ⱥɐɉ – ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ. 

ȽȺ – ɝɢɞɪɨɚɝɪɟɝɚɬ. 

ȽɊȺɆ – ɝɪɭɩɩɨɜɨɣ ɪɟɝɭɥɹɬɨɪ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

Ƚɗɋ – ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ. 

ɁȺɁ – ɡɨɥɨɬɧɢɤ ɚɜɚɪɢɣɧɨɝɨ ɡɚɤɪɵɬɢɹ. 

ɇȺ – ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ. 

ɇɉɊɑ – ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɩɟɪɜɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ. 

ɇɌȾ – ɧɨɪɦɚɬɢɜɧɚɹ ɬɟɯɧɢɱɟɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ. 

ɈɉɊɑ – ɨɛɳɟɟ ɩɟɪɜɢɱɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ. 

ɉɂȾ – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɣ. 

ɉɅɄ – ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɥɟɪ. 

Ɋɑȼ – ɪɟɝɭɥɹɬɨɪ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

ɋȺɍ ȽȺ – ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɨɦ 

Ɍɇ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 

ɍɊȼ – ɭɫɬɪɨɣɫɬɜɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɫɩɵɲɟɤ. 

ɏɏȽ – ɯɨɥɨɫɬɨɣ ɯɨɞ ɝɟɧɟɪɚɬɨɪɚ. 

ɏɏɌ – ɯɨɥɨɫɬɨɣ ɯɨɞ ɬɭɪɛɢɧɵ. 

ɐɋ ȺɊɑɆ – ɰɟɧɬɪɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɱɚɫɬɨɬɵ ɢ ɩɟɪɟɬɨɤɨɜ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɑɗ – ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ. 

ɗȾɋ – ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ. 

ɗɋɑ – ɷɥɟɤɬɪɨɧɧɨ-ɫɱɟɬɧɵɣ ɱɚɫɬɨɬɨɦɟɪ.  
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