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ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɦɩ ɢ ɦɚɫɲɬɚɛɵ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

ɩɪɟɜɵɲɚɸɬ ɚɞɚɩɬɚɰɢɨɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɛɢɨɫɮɟɪɵ ɢ ɩɨɷɬɨɦɭ ɩɪɨɢɫɯɨɞɹɬ 

ɧɟɨɛɪɚɬɢɦɵɟ ɩɪɨɰɟɫɫɵ ɜ ɩɪɢɪɨɞɟ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɤɚɬɚɫɬɪɨɮɚɦ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɟɲɟɧɢɹ ɢɡɥɨɠɟɧɧɵɯ ɜ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɡɚɞɚɱ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɹɜɥɹɸɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɪɟɞɩɪɢɹɬɢɹ, ɚ ɫɪɟɞɢ ɧɢɯ 

ɞɨɦɢɧɢɪɭɸɳɭɸ ɪɨɥɶ ɡɚɧɢɦɚɸɬ ɬɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ (Ɍɗɋ). 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɨɩɚɫɧɵɦɢ ɜɵɛɪɨɫɚɦɢ ɨɬ Ɍɗɋ 

ɹɜɥɹɸɬɫɹ ɨɤɫɢɞɵ ɚɡɨɬɚ (NOx), ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɥɸɛɨɝɨ ɜɢɞɚ 

ɬɨɩɥɢɜɚ. Ʉɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɭɸɳɢɯɫɹ ɢ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ NOx 

ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ: ɜɢɞɚ ɬɨɩɥɢɜɚ, ɫɩɨɫɨɛɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɢ ɨɱɢɫɬɤɢ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

Ɉɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɜ ɫɧɢɠɟɧɢɢ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢɝɪɚɸɬ 

ɪɟɠɢɦɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɩɨɞɚɜɥɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ 

NOx ɜ ɬɨɩɤɚɯ ɤɨɬɥɚ ɢ ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ, 

ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɫɠɢɝɚɧɢɟ, ɪɟɰɢɪɤɭɥɹɰɢɸ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɜɩɪɵɫɤ ɜɥɚɝɢ ɢ 

ɞɪ. Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɞɚɥɶɧɟɣɲɟɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɷɬɢɯ ɦɟɬɨɞɨɜ, 

ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɬɶ ɧɨɪɦɚɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɵɛɪɨɫɚɦ NOx ɛɟɡ 

ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɨɬɟɪɶ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɵɯ 

ɭɫɬɚɧɨɜɨɤ ɧɚ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɬɨɩɥɢɜɚ. 

Ⱦɪɭɝɢɦ ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɫɩɨɫɨɛɨɦ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɝɨɪɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜ ɨɫɧɨɜɧɨɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɜɨɡɞɭɯɚ ɢ ɬɨɩɥɢɜɚ, ɚ ɬɚɤɠɟ ɧɚɞɥɟɠɚɳɢɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɜɨɡɞɭɯɚ ɜɧɭɬɪɢ ɤɨɬɥɚ. ɉɨɷɬɨɦɭ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ 

ɦɟɠɞɭ ɬɨɩɥɢɜɨɦ ɢ ɜɨɡɞɭɯɨɦ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɜ ɨɬɧɨɲɟɧɢɢ 

ɦɢɧɢɦɢɡɚɰɢɢ ɜɵɛɪɨɫɨɜ NOx ɢ ɩɨɜɵɲɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ. ȼ 

ɫɥɭɱɚɟ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɨɫɨɛɟɧɧɨ 



ɧɢɡɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɤ ɤɨɬɨɪɨɦɭ ɨɬɧɨɫɹɬɫɹ ɛɭɪɵɟ ɤɚɧɫɤɨ-ɚɱɢɧɫɤɢɟ ɭɝɥɢ (ɄȺɍ), 

ɧɚɣɬɢ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɚɤɨɣ ɛɚɥɚɧɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ.  

ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɨɛɨɫɧɨɜɚɧɢɟ 

ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɨɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ȿ-500 

Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɩɪɢ ɫɠɢɝɚɧɢɢ ɛɭɪɵɯ ɄȺɍ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ⱦɚɬɶ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɧɚ ɷɤɨɥɨɝɢɸ ɪɟɝɢɨɧɚ. 

2. ɂɡɭɱɢɬɶ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɚ ȿ-500 ɢ ɨɛɨɫɧɨɜɚɬɶ ɦɟɬɨɞ 

ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ ɄȺɍ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ 

ɚɡɨɬɚ.  

3. Ɋɚɡɪɚɛɨɬɚɬɶ ɫɯɟɦɭ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɤɨɬɥɟ ȿ-500 ɫ 

ɫɬɭɩɟɧɱɚɬɵɦ ɫɠɢɝɚɧɢɟɦ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 

4. ɉɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ, ɝɨɪɟɥɨɤ ɢ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ 

ɞɭɬɶɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ. 

Ⱦɥɹ ɤɨɬɥɚ ȿ-500 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ 

ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɄȺɍ, ɜɤɥɸɱɚɸɳɢɟ ɫɬɭɩɟɧɱɚɬɭɸ 

ɩɨɞɚɱɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɱɟɪɟɡ ɛɨɤɨɜɵɟ ɫɨɩɥɚ 

ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ, ɚ ɬɚɤɠɟ ɜ ɡɨɧɭ ɞɨɠɢɝɚɧɢɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɫɨɩɥɚ ɜɟɪɯɧɟɝɨ 

ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ. 

ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ, ɝɨɪɟɥɨɤ ɢ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɢ 

ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɤɨɬɥɚ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ 

ɧɚɝɪɭɡɤɟ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɬɪɟɯ ɩɵɥɟɫɢɫɬɟɦɚɯ. 

Ɋɟɡɭɥɶɬɚɬɵ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ 

ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɟɤɬɧɵɦ ɜɚɪɢɚɧɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɹɞɪɟ ɝɨɪɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ – 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ 

ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɯɟɦɵ ɫɠɢɝɚɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɨɬɥɟ ȿ-500 ɩɪɢɜɨɞɢɬ 

ɤ ɫɨɤɪɚɳɟɧɢɸ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ ɜ ɚɬɦɨɫɮɟɪɭ ɛɨɥɟɟ ɱɟɦ ɧɚ 60 %. 

  



1 Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Ɍɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ ɢ ɩɭɬɢ ɟɝɨ ɫɧɢɠɟɧɢɹ 
 
 

1.1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɵɛɪɨɫɨɜ Ɍɗɋ 
 
ɗɧɟɪɝɟɬɢɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɨɬɪɚɫɥɟɣ ɧɚɪɨɞɧɨɝɨ 

ɯɨɡɹɣɫɬɜɚ. ɉɪɢ ɧɟɪɚɡɭɦɧɨɦ ɩɨɞɯɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚɪɭɲɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɛɢɨɫɮɟɪɵ (ɜɨɡɞɭɯɚ, ɜɨɞɵ, ɩɨɱɜɵ, 

ɠɢɜɨɬɧɨɝɨ ɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɢɪɚ), ɚ ɜ ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ ɫɥɭɱɚɹɯ, ɩɨɞɨɛɧɵɯ 

ɑɟɪɧɨɛɵɥɸ, ɩɨɞ ɭɝɪɨɡɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɢ ɫɚɦɚ ɠɢɡɧɶ. ɉɨɷɬɨɦɭ ɝɥɚɜɧɵɦ ɞɨɥɠɟɧ 

ɫɬɚɬɶ ɩɨɞɯɨɞ ɫ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɡɢɰɢɣ, ɭɱɢɬɵɜɚɸɳɢɯ ɢɧɬɟɪɟɫɵ ɧɟ ɬɨɥɶɤɨ 

ɧɚɫɬɨɹɳɟɝɨ, ɧɨ ɢ ɛɭɞɭɳɟɝɨ[1–5]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɲɭ ɫɬɪɚɧɭ 3/4 ɜɫɟɣ 

ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɧɟɪɝɢɢ. Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɠɢɝɚɧɢɢ 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ – ɧɟɮɬɢ, ɝɚɡɚ, ɭɝɥɹ, ɬɨɪɮɚ, ɫɥɚɧɰɚ. ɉɪɢ 

ɷɬɨɦ Ɍɗɐ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɚɬɦɨɫɮɟɪɵ ɬɜɺɪɞɵɦɢ 

ɱɚɫɬɢɰɚɦɢ ɡɨɥɵ, ɨɤɢɫɥɚɦɢ ɫɟɪɵ ɚɡɨɬɚ, ɞɪɭɝɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɨɤɚɡɵɜɚɹ ɜɪɟɞɧɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɡɞɨɪɨɜɶɟ ɥɸɞɟɣ, ɚ ɬɚɤɠɟ ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ 

ɜɨɡɧɢɤɧɨɜɟɧɢɸ «ɩɚɪɧɢɤɨɜɨɝɨ ɷɮɮɟɤɬɚ». ɉɪɨɰɟɫɫ ɧɚɤɨɩɥɟɧɢɹ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ 

ɜ ɚɬɦɨɫɮɟɪɟ ɛɭɞɟɬ ɭɫɢɥɢɜɚɬɶ ɧɟɠɟɥɚɬɟɥɶɧɭɸ ɬɟɧɞɟɧɰɢɸ ɜ ɫɬɨɪɨɧɭ ɩɨɜɵɲɟɧɢɹ 

ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɥɚɧɟɬɟ. 

Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɚɷɪɨɡɨɥɶɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ 

ɜɨɡɞɭɯɚ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ Ɍɗɋ ɢ Ɍɗɐ, ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɥɹɸɬ ɭɝɨɥɶ ɜɵɫɨɤɨɣ 

ɡɨɥɶɧɨɫɬɢ. Ⱥɷɪɨɡɨɥɶɧɵɟ ɱɚɫɬɢɰɵ ɨɬɥɢɱɚɸɬɫɹ ɛɨɥɶɲɢɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɑɚɳɟ ɜɫɟɝɨ ɜ ɢɯ ɫɨɫɬɚɜɟ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ 

ɤɪɟɦɧɢɹ, ɤɚɥɶɰɢɹ ɢ ɭɝɥɟɪɨɞɚ, ɪɟɠɟ - ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ: ɠɟɥɟɡɚ, ɦɚɝɧɢɹ, 

ɦɚɪɝɚɧɰɚ, ɰɢɧɤɚ, ɦɟɞɢ, ɧɢɤɟɥɹ, ɫɜɢɧɰɚ, ɫɭɪɶɦɵ, ɜɢɫɦɭɬɚ, ɫɟɥɟɧɚ, ɦɵɲɶɹɤɚ, 

ɛɟɪɢɥɥɢɹ, ɤɚɞɦɢɹ, ɯɪɨɦɚ, ɤɨɛɚɥɶɬɚ, ɦɨɥɢɛɞɟɧɚ, ɚ ɬɚɤɠɟ ɚɫɛɟɫɬ. ȿɳɟ ɛɨɥɶɲɟɟ 

ɪɚɡɧɨɨɛɪɚɡɢɟ ɫɜɨɣɫɬɜɟɧɧɨ ɨɪɝɚɧɢɱɟɫɤɨɣ ɩɵɥɢ, ɜɤɥɸɱɚɸɳɟɣ ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɢ 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫɨɥɢ ɤɢɫɥɨɬ. Ɉɫɨɛɨ ɛɨɥɶɲɢɟ ɫɤɨɩɥɟɧɢɹ ɜɪɟɞɧɵɯ 

ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɚɷɪɨɡɨɥɶɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɜɨɡɞɭɯɚ ɹɜɥɹɸɬɫɹ 



ɨɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɩɪɢɱɢɧ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɨɝɨ ɜ ɩɪɢɪɨɞɟ 

ɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɦɚɧɚ. 

Ɏɨɬɨɯɢɦɢɱɟɫɤɢɣ ɬɭɦɚɧ (ɫɦɨɝ) – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ 

ɫɦɟɫɶ ɝɚɡɨɜ ɢ ɚɷɪɨɡɨɥɶɧɵɯ ɱɚɫɬɢɰ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ȼ 

ɫɨɫɬɚɜ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɨɝɚ ɜɯɨɞɹɬ ɨɡɨɧ, ɨɤɫɢɞɵ ɚɡɨɬɚ ɢ ɫɟɪɵ, 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɧɚɡɵɜɚɟɦɵɟ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɮɨɬɨɨɤɫɢɞɚɧɬɚɦɢ. 

Ɏɨɬɨɯɢɦɢɱɟɫɤɢɣ ɫɦɨɝ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɨɬɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ 

ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ: ɧɚɥɢɱɢɢ ɜ ɚɬɦɨɫɮɟɪɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɢɧɬɟɧɫɢɜɧɨɣ ɫɨɥɧɟɱɧɨɣ 

ɪɚɞɢɚɰɢɢ ɢ ɛɟɡɜɟɬɪɢɹ ɢɥɢ ɨɱɟɧɶ ɫɥɚɛɨɝɨ ɨɛɦɟɧɚ ɜɨɡɞɭɯɚ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɩɪɢ 

ɦɨɳɧɨɣ ɢ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ ɫɭɬɨɤ ɩɨɜɵɲɟɧɧɨɣ ɢɧɜɟɪɫɢɢ [6–8]. 

ɋɦɨɝɢ – ɧɟɪɟɞɤɨɟ ɹɜɥɟɧɢɟ ɧɚɞ Ʌɨɧɞɨɧɨɦ, ɉɚɪɢɠɟɦ, Ʌɨɫ-Ⱥɧɞɠɟɥɟɫɨɦ, 

ɇɶɸ-Ƀɨɪɤɨɦ ɢ ɞɪɭɝɢɦɢ ɝɨɪɨɞɚɦɢ ȿɜɪɨɩɵ ɢ Ⱥɦɟɪɢɤɢ. ɉɨ ɫɜɨɟɦɭ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɨɧɢ ɤɪɚɣɧɟ ɨɩɚɫɧɵ ɞɥɹ 

ɞɵɯɚɬɟɥɶɧɨɣ ɢ ɤɪɨɜɟɧɨɫɧɨɣ ɫɢɫɬɟɦɵ ɢ ɱɚɫɬɨ ɛɵɜɚɸɬ ɩɪɢɱɢɧɨɣ 

ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɣ ɫɦɟɪɬɢ ɝɨɪɨɞɫɤɢɯ ɠɢɬɟɥɟɣ ɫ ɨɫɥɚɛɥɟɧɧɵɦ ɡɞɨɪɨɜɶɟɦ [9] 

ɉɨɫɥɟɞɫɬɜɢɹɦɢ ɧɚɤɨɩɥɟɧɢɹ ɝɥɨɛɚɥɶɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ Ɍɗɐ ɜ ɚɬɦɨɫɮɟɪɟ 

ɹɜɥɹɸɬɫɹ: ɩɚɪɧɢɤɨɜɵɣ ɷɮɮɟɤɬ, ɪɚɡɪɭɲɟɧɢɟ ɨɡɨɧɨɜɨɝɨ ɫɥɨɹ ɢ ɤɢɫɥɨɬɧɵɟ ɨɫɚɞɤɢ. 

Ɍɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɟɦɨɜ ɢ ɩɪɢɛɪɟɠɧɵɯ ɦɨɪɫɤɢɯ 

ɚɤɜɚɬɨɪɢɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɛɪɨɫɚ ɧɚɝɪɟɬɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ ɢ 

ɧɟɤɨɬɨɪɵɦɢ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚɦɢ. ɋɛɪɨɫ ɧɚɝɪɟɬɵɯ ɜɨɞ ɜɨ ɦɧɨɝɢɯ 

ɫɥɭɱɚɹɯ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɜɨɞɨɟɦɚɯ ɧɚ 6-8 

ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ. ɉɥɨɳɚɞɶ ɩɹɬɟɧ ɧɚɝɪɟɬɵɯ ɜɨɞ ɜ ɩɪɢɛɪɟɠɧɵɯ ɪɚɣɨɧɚɯ ɦɨɠɟɬ 

ɞɨɫɬɢɝɚɬɶ 30 ɤɦ2. ɗɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɜɨɞɨɨɛɦɟɧɭ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɢ 

ɞɨɧɧɵɦ ɫɥɨɟɦ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɤɢɫɥɨɪɨɞɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɩɨɬɪɟɛɥɟɧɢɟ ɟɝɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɫɢɥɢɜɚɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶ 

ɚɷɪɨɛɧɵɯ ɛɚɤɬɟɪɢɣ, ɪɚɡɥɚɝɚɸɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ. 

 

  



ɋɪɟɞɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɚɬɦɨɫɮɟɪɭ ɫ 

ɚɧɬɪɨɩɨɝɟɧɧɵɦɢ ɜɵɛɪɨɫɚɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɨɤɫɢɞɵ ɚɡɨɬɚ (NOx) ɨɬɧɨɫɹɬɫɹ ɤ 

ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦ. Ɉɧɢ ɨɛɪɚɡɭɸɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ ɩɪɢ 

ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, 

ɤɨɬɨɪɵɟ ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ NO2. ȼɫɟ ɜɵɛɪɨɫɵ ɨɛɵɱɧɨ ɨɰɟɧɢɜɚɸɬɫɹ ɜ 

ɩɟɪɟɫɱɟɬɟ ɧɚ NO2, ɯɨɬɹ ɧɟɥɶɡɹ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɚɹ ɱɚɫɬɶ ɜɵɛɪɨɫɨɜ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɚɬɦɨɫɮɟɪɟ ɜ ɜɢɞɟ NO2 ɢɥɢ NO. Ɉɤɫɢɞ ɢ ɞɢɨɤɫɢɞ ɚɡɨɬɚ ɢɝɪɚɸɬ 

ɫɥɨɠɧɭɸ ɢ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɮɨɬɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ 

ɬɪɨɩɨɫɮɟɪɟ ɢ ɫɬɪɚɬɨɫɮɟɪɟ ɩɨɞ ɜɥɢɹɧɢɟɦ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɢ ɹɜɥɹɸɳɢɯɫɹ 

ɩɪɢɱɢɧɨɣ ɨɛɪɚɡɨɜɚɧɢɹ ɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɫɦɨɝɚ ɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ O3[10]. 

ɇɚ ɞɨɥɸ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɪɢɯɨɞɢɬɫɹ 

ɩɪɢɦɟɪɧɨ 16 % ɨɛɴɟɦɚ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɬɪɚɧɫɩɨɪɬɚ. Ɂɚɝɪɹɡɧɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ 

ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɷɧɟɪɝɟɬɢɤɢ ɫɜɹɡɚɧɨ ɜ ɨɫɧɨɜɧɨɦ ɫ ɜɵɛɪɨɫɚɦɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 

ɨɛɪɚɡɭɸɳɢɯ ɩɪɢ ɫɠɢɝɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɨɬɥɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 

[11]. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɭɠɟɫɬɨɱɟɧɢɟ ɧɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɢ ɪɟɝɢɨɧɚɥɶɧɨɦ ɭɪɨɜɧɟ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɚɥɢɱɢɟ ɧɚ Ɍɗɐ ɦɚɥɨɷɮɮɟɤɬɢɜɧɨɝɨ 

ɩɪɢɪɨɞɨɨɯɪɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɧɚ ɪɹɞɟ Ɍɗɐ ɢ ɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɩɪɢɜɨɞɢɬ ɤ 

ɬɨɦɭ, ɱɬɨ ɧɨɪɦɚɬɢɜɵ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ (ɉȾȼ) ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ: 

-ɩɨ ɡɨɥɟ ɧɚ 18 % Ɍɗɐ, ɫɠɢɝɚɸɳɢɯ ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ; 

-ɩɨ ɨɤɫɢɞɚɦ ɚɡɨɬɚ ɧɚ 25 % Ɍɗɐ; 

-ɩɨ ɞɢɨɤɫɢɞɭ ɫɟɪɵ ɧɚ 15 % Ɍɗɐ, ɫɠɢɝɚɸɳɢɯ ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ ɢ ɦɚɡɭɬ; 

Ⱦɥɹ ɜɧɨɜɶ ɜɜɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɧɨɪɦɚɬɢɜɵ ɭɞɟɥɶɧɵɯ ɜɵɛɪɨɫɨɜ ɜ 

ɚɬɦɨɫɮɟɪɭ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 50831-95 ɫɨɫɬɚɜɥɹɸɬ; 

-ɨɤɫɢɞɵ ɚɡɨɬɚ – ɨɬ 150 ɞɨ 350 ɦɝ/ɧɦ3; 

-ɨɤɫɢɞɵ ɫɟɪɵ – ɨɬ 400 ɞɨ 2400 (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɳɧɨɫɬɢ) ɩɪɢ 

ɫɠɢɝɚɧɢɟ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ; 

-ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ – ɨɬ 50 ɞɨ 100ɦɝ/ɧɦ3; 

-ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɡɨɥɨɭɥɚɜɥɢɜɚɧɢɹ – 99,3 %. 

  



1.2 Ɇɟɬɨɞɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɨɞɚɜɥɟɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
 
Ɉɤɫɢɞɵ ɚɡɨɬɚ, ɩɨɹɜɥɹɸɳɢɟɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɟɣ, ɩɨ ɦɟɯɚɧɢɡɦɭ 

ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɢɟ, ɛɵɫɬɪɵɟ ɢ ɬɨɩɥɢɜɧɵɟ. 

Ɍɟɪɦɢɱɟɫɤɢɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɚɡɨɬɚ ɫ 

ɤɢɫɥɨɪɨɞɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɜɵɲɟ 1500 °ɋ. ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 

ɬɟɪɦɢɱɟɫɤɢɯ NOx ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɡɨɧɟ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. ɂɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɨɫɧɨɜɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ 

ɫɥɟɞɭɟɬ ɱɬɨ ɦɢɧɢɦɢɡɚɰɢɹ ɬɟɪɦɢɱɟɫɤɢɯ NOx ɜɨɡɦɨɠɧɚ ɩɭɬɟɦ ɫɧɢɠɟɧɢɹ ɜɪɟɦɟɧɢ 

ɧɚɯɨɠɞɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɢɫɥɢɬɟɥɹ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɨɧɟ, ɚ ɬɚɤɠɟ 

ɩɭɬɟɦ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ[12–14]. 

Ȼɵɫɬɪɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ ɨɛɪɚɡɭɸɬɫɹ ɧɚ ɮɪɨɧɬɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɩɥɚɦɟɧɢ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦɢ ɪɚɞɢɤɚɥɚɦɢ ɬɨɩɥɢɜɚ ɢ 

ɚɬɦɨɫɮɟɪɧɵɦ ɚɡɨɬɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬɫɹ «ɚɤɬɢɜɧɵɣ ɚɡɨɬ». 

Ɍɨɩɥɢɜɧɵɟ NOx ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɢɫɥɨɪɨɞɚ ɫ 

ɚɡɨɬɨɫɨɞɟɪɠɚɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ 

ɫɠɢɝɚɧɢɹ ɢ ɡɚɜɢɫɹɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɚɡɨɬɚ ɜ ɬɨɩɥɢɜɟ ɢ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ. 

Ɍɨɩɥɢɜɧɵɟ NOx (ɞɨ 80 %) ɨɛɪɚɡɭɸɬɫɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɮɚɤɟɥɚ ɩɪɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɨɬ 1000 ɞɨ 1400 °ɋ) ɜ ɡɨɧɟ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɫɤɨɪɨɫɬɟɣ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɬ.ɟ. ɧɚ ɫɬɚɞɢɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɝɨɪɟɧɢɹ ɥɟɬɭɱɢɯ. 

ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɤɟɥɚ ɞɨ 

1500°ɋ(ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɠɢɝɚɧɢɟ) ɨɤɫɢɞɵ ɚɡɨɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɟɣ 

ɨɛɪɚɡɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɚɡɨɬɚ ɬɨɩɥɢɜɚ. ɇɚ ɞɨɥɸ ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɛɵɫɬɪɵɯ 

NOxɩɪɢɯɨɞɢɬɫɹ ɨɤɨɥɨ 5 %, ɩɨɷɬɨɦɭ ɪɨɥɶ ɢɯ ɜɟɫɶɦɚ ɧɟɡɧɚɱɢɬɟɥɶɧɚ, ɨɫɨɛɟɧɧɨ 

ɩɪɢ ɫɠɢɝɚɧɢɢ ɛɭɪɵɯ ɭɝɥɟɣ ɜ ɬɨɩɤɚɯ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜ ɩɵɥɟɭɝɨɥɶɧɵɯ ɬɨɩɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɩɪɢ ɝɨɪɟɧɢɢ ɨɛɪɚɡɭɸɬɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɨɩɥɢɜɧɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ [12, 13]. 

ɋɧɢɠɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨɫɬɢɝɚɟɬɫɹ 

ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɡɨɧɟ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɭɝɥɹ. ɗɬɨɬ 

ɫɩɨɫɨɛ ɧɚɡɵɜɚɟɬɫɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɢɥɢ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɫɠɢɝɚɧɢɟɦ 

ɬɨɩɥɢɜɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ 



ɲɥɚɤɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɩɨɜɵɲɟɧɢɹ ɩɨɬɟɪɶ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 

ɧɟɞɨɠɨɝɨɦ [15]. 

ȼ ɡɚɪɭɛɟɠɧɨɣ ɢ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ 

ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɠɢɝɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɭɬɹɦɢ. 

1. Ɉɩɬɢɦɢɡɚɰɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɫɠɢɝɚɧɢɹ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ ɜ ɨɬɥɚɞɤɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɤɨɬɥɚ ɫ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ 

ɢɡɛɵɬɤɨɦ ɜɨɡɞɭɯɚ ɩɪɢ ɩɪɢɟɦɥɟɦɨɣ ɫɬɟɩɟɧɢ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɭɪɨɜɧɟ ɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ (CO) ɢ ɲɥɚɤɨɜɚɧɢɹ. 

ɋɠɢɝɚɧɢɹ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ɜ ɤɨɬɥɟ ȿ-500 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɫ 

ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ ɢɡɛɵɬɤɨɦ ɜɨɡɞɭɯɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫɧɢɠɟɧɢɟ  ɨɬ 1,25 

ɞɨ 1,17 ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɢɠɟɧɢɸɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɬɪɟɯ ɦɟɥɶɧɢɱɧɨɦ 

ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫ 430 ɞɨ 310ɦɝ/ɧɦ3, ɩɪɢ ɪɚɛɨɬɟ ɜ ɱɟɬɵɪɟɯ ɦɟɥɶɧɢɱɧɨɦ ɪɟɠɢɦɟ – 

ɫ 580 ɞɨ 460 ɦɝ/ɧɦ3(ɩɪɢ ɩɪɢɟɦɥɟɦɨɣ ɫɬɟɩɟɧɢ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɭɪɨɜɧɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ CO ɢ ɲɥɚɤɨɜɚɧɢɹ)[16–18]. ɉɪɟɞɨɬɜɪɚɬɢɬɶ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɚɡɨɜ (ɫ ɰɟɥɶɸ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɜɬɨɪɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ) ɭɞɚɥɨɫɶ ɡɚ 

ɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɣ ɜɨɞɹɧɨɣ ɨɱɢɫɬɤɢ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ. 

2. ɉɪɢɦɟɧɟɧɢɹ ɝɨɪɟɥɨɤ ɫ ɩɨɧɢɠɟɧɧɵɦ ɜɵɯɨɞɨɦ NOx. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ 

ɝɨɪɟɥɤɢ ɜɵɩɨɥɧɹɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɦɟɥɨ ɦɟɫɬɨ ɡɚɬɹɝɢɜɚɧɢɟ, 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ (ɩɨɜɨɪɨɬ ɫɨɩɥ ɜɬɨɪɢɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɬɪɭɹɦ ɚɷɪɨɫɦɟɫɢ, ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 20 ɞɨ 25 

% ɜ ɫɬɨɪɨɧɭ ɷɤɪɚɧɨɜ), ɬ.ɟ. ɨɛɟɫɩɟɱɢɜɚɥɫɹ ɛɵ ɫɬɚɞɢɣɧɵɣ ɩɨɞɜɨɞ ɜɨɡɞɭɯɚ 

(ɫɬɭɩɟɧɱɚɬɨɫɬɶ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɝɨɪɟɧɢɟ ɥɟɬɭɱɢɯ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɧɟɞɨɫɬɚɬɤɟ ɤɢɫɥɨɪɨɞɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɤɨɧɰɟɧɬɪɚɰɢɢ NOx ɨɬ 30 ɞɨ 50 % (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ, ɋɒȺ). 

ȼ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ ɬɨɩɤɚɯ ɬɚɤɨɣ ɠɟ ɷɮɮɟɤɬ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ 

ɜɧɟɞɪɟɧɢɢ ɫɯɟɦɵ ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ 

(LowNOxConcentricFiringSystem-LNCFS), ɬ.ɟ. ɩɨɞɚɱɢ ɱɚɫɬɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 

ɜɧɟ ɝɨɪɟɥɨɤ. Ɋɚɡɦɵɤɚɧɢɟ ɝɨɪɟɥɨɱɧɨɣ ɫɬɪɭɢ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ, ɤɨɝɞɚ ɨɬ 10 ɞɨ 20 % 

ɜɨɡɞɭɯɚ ɩɨɞɚɟɬɫɹ ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɫɛɨɤɭ ɨɬ ɝɨɪɟɥɨɤ, ɩɨɡɜɨɥɹɟɬ ɬɚɤɠɟ ɭɦɟɧɶɲɢɬɶ 

ɢɡɛɵɬɤɢ ɜɨɡɞɭɯɚ ɧɚ ɧɚɱɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɝɨɪɟɥɨɱɧɨɣ ɫɬɪɭɢ. ɉɪɢ ɷɬɨɦ ɧɚ 



ɪɚɫɫɬɨɹɧɢɢ ɨɬ 3 ɞɨ 4 ɦ ɫ ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ ɪɚɡɜɢɬɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ, ɮɚɤɟɥ ɢ 

ɬɪɟɬɢɱɧɵɣ ɜɨɡɞɭɯ ɫɦɵɤɚɸɬɫɹ ɢ ɩɪɨɢɫɯɨɞɢɬ ɞɨɝɨɪɚɧɢɟ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ 

ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ. ɇɚ ɤɨɬɥɟ Ɍɉ-85 ɂɪɤɭɬɫɤɨɣ Ɍɗɐ-9 ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

420 ɬ/ɱ ɭɫɩɟɲɧɨ ɜɧɟɞɪɟɧɚ ɫɯɟɦɚ ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɝɨ ɫɠɢɝɚɧɢɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 

ɭɩɪɨɳɟɧɧɨɣ ɫɯɟɦɨɣ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ, ɩɨɡɜɨɥɢɜɲɚɹ ɫɧɢɡɢɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɸ NOxɜ ɜɵɛɪɨɫɚɯ (ɋNOx)ɫ 1100 ɞɨ 700 ɦɝ/ɧɦ3 (ɧɚ 36 %) ɛɟɡ 

ɡɚɦɟɬɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ q3 ɢ q4. 

3. Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ. ɑɚɫɬɶ ɜɨɡɞɭɯɚ (ɨɬ 20 ɞɨ 30 %) ɩɨɩɚɞɚɟɬ ɜ 

ɬɨɩɤɭ ɜɵɲɟ ɨɫɧɨɜɧɵɯ ɝɨɪɟɥɨɤ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɫɨɩɥɚ (ɫɬɭɩɟɧɱɚɬɨɫɬɶ ɩɨ 

ɜɟɪɬɢɤɚɥɢ). ȼ ɡɨɧɟ ɝɨɪɟɥɨɤ ɨɛɪɚɡɭɟɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɚɬɦɨɫɮɟɪɚ ( 1), 

ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɧɚ ɧɚɱɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ 

ɮɚɤɟɥɚ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. ɋɦɟɲɟɧɢɟ ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɢ ɩɪɨɞɭɤɬɨɜ 

ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɝɨɪɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɢ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ. Ɉɬɫɭɬɫɬɜɢɟ ɩɪɨɞɭɤɬɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɬɨɩɥɢɜɚ 

ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ, ɩɪɢ ɧɚɥɢɱɢɢ ɢɧɬɟɧɫɢɜɧɨɝɨ ɦɚɫɫɨɨɛɦɟɧɚ, ɨɛɟɫɩɟɱɢɬ ɧɢɡɤɢɣ 

ɬɟɦɩ ɲɥɚɤɨɜɚɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɧɢɠɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɫɠɢɝɚɧɢɢ ɜɵɲɟ ɩɪɢ ɜɪɟɦɟɧɢ 

ɩɪɟɛɵɜɚɧɢɹ ɩɵɥɟɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɡɨɧɟ ɮɚɤɟɥɚ ɞɨ 1 

ɫ.Ɉɩɬɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɞɨɥɢ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɜɪɟɦɟɧɢ 

ɧɚɯɨɠɞɟɧɢɹ ɮɚɤɟɥɚ ɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɡɨɧɟ ɢ ɩɨɫɬɨɹɧɧɨɦ  ɫɨɫɬɚɜɥɹɟɬ ɨɬ 

0,25 ɞɨ 0,35. Ɋɚɡɦɵɤɚɧɢɟ ɮɚɤɟɥɚ ɩɨ ɜɟɪɬɢɤɚɥɢ ɨɛɟɫɩɟɱɢɜɚɥɨ ɫɧɢɠɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚ 40 %. 

ȼɩɟɪɜɵɟ ɫɯɟɦɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɤɨɬɥɟ 

ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 210 ɬ/ɱ (Ɂɚɩɚɞɧɨ-ɋɢɛɢɪɫɤɚɹ Ɍɗɐ, ɝ. ɇɨɜɨɤɭɡɧɟɰɤ) 

ɩɪɢ ɫɠɢɝɚɧɢɢ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ ɦɚɪɤɢ Ƚ ɢ ɩɪɨɦɩɪɨɞɭɤɬɚ ɜ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɬɨɩɤɟ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOxɫɧɢɡɢɥɚɫɶ ɜ 1,5 ɪɚɡɚ ɢ ɫɨɫɬɚɜɢɥɚɋNOx= 500…600 

ɦɝ/ɧɦ3.ɒɥɚɤɨɜɚɧɢɟ ɢ ɤɨɪɪɨɡɢɹ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɧɟ ɧɚɛɥɸɞɚɥɢɫɶ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 40 °ɋ. 

ɋ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɤɨɬɥɨɫɬɪɨɢɬɟɥɶɧɵɟ ɮɢɪɦɵ ɋɒȺ ɢɞɭɬ 

ɩɨ ɩɭɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɬɚɪɵɯ ɢ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɝɨɪɟɥɨɤ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 



ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɫɠɢɝɚɧɢɟɦ. Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɞɜɨɟɧɧɵɯ ɜɢɯɪɟɜɵɯ ɝɨɪɟɥɨɤ ɧɚ 

ɤɨɬɥɟ ɷɧɟɪɝɨɛɥɨɤɚ ɦɨɳɧɨɫɬɶɸ 605 Ɇȼɬ ɩɨɡɜɨɥɢɥɚ ɫɨɤɪɚɬɢɬɶ ɜɵɛɪɨɫɵ NOx ɞɨ 

50 % ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ. ȼɧɟɞɪɟɧɢɟɦ 

ɞɜɭɯɪɟɝɢɫɬɪɨɜɵɯ ɜɢɯɪɟɜɵɯ ɝɨɪɟɥɨɤ ɮɢɪɦɵ Babcock-Wilcox, ɚ ɬɚɤɠɟ ɮɢɪɦɵ 

Foster-Wheeler ɫ ɪɚɫɳɟɩɥɟɧɧɵɦ ɫɨɩɥɨɦ ɚɷɪɨɫɦɟɫɢ ɧɚ ɷɧɟɪɝɨɛɥɨɤɚɯ ɦɨɳɧɨɫɬɶɸ 

ɫ 90 ɩɨ 700 Ɇȼɬ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ ɫɧɢɠɟɧɢɟ ɋNOx ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɨɬ 40 ɞɨ 60 

%. Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɟ ɜɫɟɝɞɚ ɢɦɟɸɬ ɦɟɫɬɨ ɫɬɨɥɶ ɷɮɮɟɤɬɢɜɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ. Ɍɚɤ ɮɢɪɦɨɣ Foster-Wheeler ɧɚ ɤɨɬɥɟ ɷɧɟɪɝɨɛɥɨɤɚ 500 Ɇȼɬ Ɍɗɋ 

Hammond ɛɵɥɢ ɜɧɟɞɪɟɧɵ ɧɨɜɵɟ ɜɢɯɪɟɜɵɟ ɝɨɪɟɥɤɢ ɫ ɩɨɧɢɠɟɧɧɵɦ 

ɨɛɪɚɡɨɜɚɧɢɟɦ NOx ɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɫɯɟɦɚ ɫɠɢɝɚɧɢɹ. ɋɧɢɠɟɧɢɟ 

ɋNOxɫɨɫɬɚɜɢɥɨ ɧɟ ɛɨɥɟɟ 30 %, ɚ ɫɨɞɟɪɠɚɧɢɟ ɝɨɪɸɱɢɯ ɜ ɭɧɨɫɟ ɭɞɜɨɢɥɨɫɶ. ȼ 

ɋɒȺ ɢɦɟɟɬɫɹ ɨɩɵɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ ɬɨɩɨɤ ɧɚ ɫɯɟɦɭ 

ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɝɨ ɫɠɢɝɚɧɢɹ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɫɠɢɝɚɧɢɟɦ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ɧɚ ɤɨɬɥɟ ɛɥɨɤɚ 165 Ɇɜɬ Ɍɗɋ Valmont ɫɧɢɡɢɥɢɫɶ ɧɚ 30 % ɛɟɡ 

ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɝɨɪɸɱɢɯ ɜ ɭɧɨɫɟ. ɇɚ ɤɨɬɥɟ ɛɥɨɤɚ 350 Ɇȼɬ Ɍɗɋ Cherokee 

ɷɮɮɟɤɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ NOx ɫɨɫɬɚɜɢɥ 40 %, ɨɞɧɚɤɨ ɛɵɥɨ 

ɨɛɧɚɪɭɠɟɧɨ ɡɚɝɪɹɡɧɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

4.Ɍɪɟɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ (Reborn ɬɟɯɧɨɥɨɝɢɹ), ɩɪɢ ɤɨɬɨɪɨɦ ɱɚɫɬɶ 

ɬɨɩɥɢɜɚ ɫ ɧɟɞɨɫɬɚɬɤɨɦ ɤɢɫɥɨɪɨɞɚ ɜɜɨɞɢɬɫɹ ɜ ɬɨɩɤɭ ɜɵɲɟ ɨɫɧɨɜɧɵɯ ɝɨɪɟɥɨɤ. 

Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɨɞɭɤɬɵ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ NOx, 

ɨɛɪɚɡɨɜɚɜɲɢɦɢɫɹ ɜ ɡɨɧɟ ɨɫɧɨɜɧɵɯ ɝɨɪɟɥɨɤ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɢɯ ɞɨ ɚɬɨɦɚɪɧɨɝɨ 

ɤɢɫɥɨɪɨɞɚ. ȼɨɡɞɭɯ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɞɨɠɢɝɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɧɟɩɨɥɧɨɝɨ 

ɫɝɨɪɚɧɢɹ, ɩɨɞɚɟɬɫɹ ɜɵɲɟ ɡɨɧɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ.  

ȼɧɟɞɪɟɧɢɟ ɫɯɟɦɵ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɧɚ ɤɨɬɥɟ ɫ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ 

ɩɵɥɟɭɝɨɥɶɧɨɣ ɬɨɩɤɨɣ Ɍɗɋ Kingsnorth ɫɧɢɠɚɥɨ ɋNOx ɧɚ 50 % ɨɬ 500…600 ɞɨ 

260…290 ɦɝ/ɧɦ3. (ɩɪɢɜɟɞɟɧɨ ɤ ɫɨɞɟɪɠɚɧɢɸ Ɉ2=3 %) ɩɪɢ ɩɨɞɚɱɢ ɜ ɡɨɧɭ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ. ɇɚ ɩɵɥɟɭɝɨɥɶɧɨɦ ɛɥɨɤɟ 108 Ɇȼɬ Niles ɜ 

ɲɬɚɬɟ Ɉɝɚɣɨ ɫ ɩɨɞɚɱɟɣ ɜ ɡɨɧɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 18 % ɝɚɡɚ (ɩɨ ɬɟɩɥɭ) ɩɨɡɜɨɥɢɥɨ 

ɫɧɢɡɢɬɶ ɜɵɛɪɨɫɵ NOxɨɬ 50 ɞɨ 60 %. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɭɝɥɹ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɧɚ Ɍɗɐ ɇɟɥɶɫɨɧ Ⱦɟɣɜɟ ɩɪɢɜɟɥɨ ɤ ɭɦɟɧɶɲɟɧɢɸ ɋNOxɧɚ 57 %. 



ɋɟɪɶɟɡɧɵɯ ɩɪɨɛɥɟɦ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɤɨɬɥɚ ɧɟ ɜɨɡɧɢɤɥɨ. ȼɧɟɞɪɟɧɢɟ Reborn ɩɨ 

ɭɩɪɨɳɟɧɧɨɣ ɫɯɟɦɟ ɧɚ ɤɨɬɥɟ Ɍɉ-92 (Ⱦɨɛɪɨɬɜɨɪɫɤɚɹ ɌɊɗɋ) ɫ ɩɪɹɦɨɬɨɱɧɵɦɢ 

ɝɨɪɟɥɤɚɦɢ ɢ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɩɨɤɚɡɚɥɨ ɫɧɢɠɟɧɢɟɋNOxɩɪɢ ɫɠɢɝɚɧɢɢ 

ɥɶɜɨɜɫɤɨ-ɜɨɥɵɧɫɤɨɝɨ ɭɝɥɹ ɩɪɢɦɟɪɧɨ ɧɚ 30 % (ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɝɥɹ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɡɨɧɵ). ɄɉȾ ɤɨɬɥɚ ɛɪɭɬɬɨ ɫɧɢɡɢɥɫɹ ɧɚ 0,68 % ɢɡ-ɡɚ 

ɩɨɜɵɲɟɧɢɹ ɝɨɪɸɱɢɯ ɜ ɭɧɨɫɟ ɞɨ 4,4 %. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɨɬɟɥ ɪɚɛɨɬɚɟɬ ɧɚ 

ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ. ɇɚ ɤɨɬɥɟ Ɍɉɉ-312 ɛɥɨɤɚ 300 Ɇȼɬ (Ʌɚɞɵɠɢɧɫɤɚɹ ȽɊɗɋ) ɫ 

ɜɢɯɪɟɜɵɦɢ ɝɨɪɟɥɤɚɦɢ ɢ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɫ ɩɨɞɚɱɟɣ ɜ ɡɨɧɭ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɪɢ ɫɠɢɝɚɧɢɢ ɞɨɧɟɰɤɢɯ ɭɝɥɟɣ 

ɦɚɪɤɢ Ƚɋɒ ɢ Ⱦɋɒ ɞɜɭɯɤɪɚɬɧɨɟ ɫɧɢɠɟɧɢɟ ɋNOx (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɛɵɬɤɚ 

ɜɨɡɞɭɯɚ ɨɬ 410 ɞɨ 600 ɦɝ/ɧɦ3.). ɉɪɢ ɷɬɨɦ ɋCOɧɟ ɩɪɟɜɵɲɚɥɚ 125 ɦɝ/ɧɦ3. Ɉɞɧɚɤɨ, 

ɦɟɬɨɞ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɩɨɤɚ ɧɟ ɧɚɲɟɥ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜ 

Ɋɨɫɫɢɢ, ɧɨ ɨɬɞɟɥɶɧɵɣ ɨɩɵɬ ɜ ɷɧɟɪɝɟɬɢɤɟ ɢɦɟɟɬɫɹ. 

ɉɨ ɡɚɪɭɛɟɠɧɵɦ ɢɫɬɨɱɧɢɤɚɦ ɤɨɦɩɥɟɤɫ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɦɟɪɨɩɪɢɹɬɢɣ 

ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɜɵɛɪɨɫɵ NOx ɧɚ 80 %.ȼ ɬɚɛɥɢɰɟ 1.1 ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ 

ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɨɬɥɨɚɝɪɟɝɚɬɚɯ. 

Ɍɚɛɥɢɰɚ 1.1 – ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ ɨɤɫɢɞɚ ɚɡɨɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɋɧɢɠɟɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, % 

ɋɧɢɠɟɧɢɟ ɨɛɳɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ 

10…15 

Ɉɬɤɥɸɱɟɧɢɟ ɝɨɪɟɥɨɤ 15…20 
Ƚɨɪɟɥɤɢ ɫ ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ ɨɤɫɢɞɨɜ ɚɡɨɬɚ  30…50 
Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ 30…40 
Ɋɟɰɢɪɤɭɥɹɰɢɹ ɝɚɡɨɜ 15…20 
Ɍɪɟɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ 40…60 
ɋɨɱɟɬɚɧɢɟ ɦɟɬɨɞɨɜ 50…80 

 

ȼɵɛɨɪ ɤɨɧɤɪɟɬɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɫɧɢɠɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ 

NOxɭɱɢɬɵɜɚɟɬɩɪɟɠɞɟ ɜɫɟɝɨ ɨɫɨɛɟɧɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹɌɗɋ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɜ 

ɪɟɝɢɨɧɟɷɤɨɥɨɝɢɱɟɫɤɢɟɧɨɪɦɵ ɩɨ ɜɵɛɪɨɫɚɦɜɪɟɞɧɵɯ ɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, 

ɫɬɨɢɦɨɫɬɶ ɦɨɞɟɪɧɢɡɚɰɢɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɄȺɍ ɨɛɥɚɞɚɸɬ 

ɜɵɫɨɤɢɦɢ ɲɥɚɤɭɸɳɢɦɢ ɢ ɡɚɝɪɹɡɧɹɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɇɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɦɢ 



ɞɥɹ ɢɯ ɫɠɢɝɚɧɢɹ ɨɤɚɡɚɥɢɫɶ ɤɨɬɥɵ ɬɢɩɚ ȿ-500 (ȻɄɁ-500-140-1) ɫ ɜɵɫɨɤɢɦɢ 

ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ: =92,1 %, =7,0 %, =0,5-0,6 %, 

ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɬɚɧɝɟɧɰɢɚɥɶɧɵɦɢ ɬɨɩɤɚɦɢ, ɩɵɥɟɫɢɫɬɟɦɚɦɢ ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ ɫ 

ɦɟɥɶɧɢɰɚɦɢ-ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɢ ɝɚɡɨɜɨɣ ɫɭɲɤɨɣ ɬɨɩɥɢɜɚ. Ɉɞɧɚɤɨ, ɨɧɢ ɧɟ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɜɵɛɪɨɫɚɦ NOx, (ɋNOx 

ɦɨɠɟɬɞɨɫɬɢɝɚɬɶ 580 ɦɝ/ɧɦ3) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ Ɋ 

50831-95ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɞɥɹ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ350 ɦɝ/ɧɦ3.  

Ɂɚɪɭɛɟɠɧɵɣ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɨɩɵɬ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ 

ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ NOxɤɨɬɟɥɶɧɵɦɢ ɚɝɪɟɝɚɬɚɦɢ ɩɭɬɟɦ 

ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɫɬɭɩɟɧɱɚɬɨɟ 

ɫɠɢɝɚɧɢɟ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 

 
 
1.3 ȼɵɜɨɞɵ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 
Ⱦɚɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ Ɍɗɋɜ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ ɢ ɪɚɫɫɦɨɬɪɟɧɵ ɩɭɬɢ ɢɯ ɫɧɢɠɟɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɨɞɚɜɥɟɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ:  

1. Ⱦɚɬɶ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɧɚ ɷɤɨɥɨɝɢɸ ɪɟɝɢɨɧɚ. 

2. ɂɡɭɱɢɬɶ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɚ ȿ-500 ɢ ɨɛɨɫɧɨɜɚɬɶ ɦɟɬɨɞɬɟɯɧɨɥɨɝɢɢ 

ɫɠɢɝɚɧɢɹ ɄȺɍ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ.  

3. Ɋɚɡɪɚɛɨɬɚɬɶ ɫɯɟɦɭ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɤɨɬɥɟȿ-500 ɫ 

ɫɬɭɩɟɧɱɚɬɵɦ ɫɠɢɝɚɧɢɟɦ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 

4. ɉɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ, ɝɨɪɟɥɨɤ ɢ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ 

ɞɭɬɶɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ. 

  



2 Ɉɫɨɛɟɧɧɨɫɬɢ ɫɠɢɝɚɧɢɹ ɤɚɧɫɤɨ-ɚɱɢɧɫɤɢɯ ɭɝɥɟɣ ɜ ɬɨɩɤɟ 
ɤɨɬɥɚ ȿ-500Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 

 
 
2.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɐ-2 
 
Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɠɢɥɵɯ ɢ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ 

ɡɞɚɧɢɣ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ, ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɜɵɞɚɱɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 

ɷɧɟɪɝɨɫɢɫɬɟɦɭ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɄɌɗɐ-2 ɫɨɫɬɚɜɥɹɟɬ ɩɨ 

ɩɪɨɟɤɬɭ 465 Ɇȼɬ [17, 19, 20]. 

ȼ ɫɜɹɡɢ ɫ ɩɟɪɟɦɚɪɤɢɪɨɜɤɨɣ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ ɫɧɢɠɚɟɬɫɹ ɞɨ 439 Ɇȼɬ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ 

1080 Ƚɤɚɥ/ɱ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɄɌɗɐ-2 

ɩɪɢɧɹɬ ɛɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ. Ɉɫɧɨɜɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ ɜɨɞɨɝɪɟɣɧɵɯ 

ɤɨɬɥɨɜ ɹɜɥɹɟɬɫɹ ɬɨɩɨɱɧɵɣ ɦɚɡɭɬ. Ɉɛɳɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɢ ɬɨɩɥɢɜɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2.1 ɢ 2.2. 

ɇɚ ɫɬɚɧɰɢɢ ɭɫɬɚɧɨɜɥɟɧɵ: ɝɨɥɨɜɧɵɟ ɤɨɬɥɵ ȻɄɁ-420-140 ɉɌ-1 ɫɬ. № 1, 2, 3, 

ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɵɟ, ɩɪɟɞɲɟɫɬɜɭɸɳɢɟ ɝɨɥɨɜɧɵɦ ɤɨɬɥɵ ȻɄɁ-500-140 ɫɬ.№ 

4, 5, 6 ɢ ɩɢɤɨɜɵɟ ɜɨɞɨɝɪɟɣɧɵɟ ɉɌȼɆ-180 ɫɬ.№ 1, 2.  

ɉɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ: 

1) Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ tɩɩ = 560 °ɋ. 

2) Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ tɯɜ = 30 °ɋ. 

3) Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ȼɁɉ tɜɩ = 50 °ɋ. 

4) ɇɚɝɪɟɜ ɜɨɡɞɭɯɚ ɡɚ ɫɱɟɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ∆tɪɟɰ = 20 °ɋ. 

5) Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ tɩɜ = 230 °ɋ. 

6) Ɂɚɬɪɚɬɵ ɬɨɩɥɢɜɚ, ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɭɫɤɢ ɢɡ ɯɨɥɨɞɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ 51 ɬ, 23 Ƚɤɚɥ, 4,7 Ɇȼɬ·ɱ. 

  



Ɍɚɛɥɢɰɚ 2.1 – ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɋɬ. № 
Ɍɢɩ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ʉ
ɨɥ

ɢɱ
ɟɫ

ɬɜ
ɨ Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Ɇɨɳɧɨɫɬɶ ɉɚɪɚɦɟɬɪɵ ɨɫɬɪɨɝɨ ɩɚɪɚ 

 
 

ɌɍɊȻɈȺȽɊȿȽȺɌЫ 
 
 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ 
ɦɨɳɧɨɫɬɶ, Ɇȼɬ 

Ⱦɚɜɥɟɧɢɟ, 
ɚɬɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ, 
°ɋ 

1 Ɍ-110/120-130 1 110/120 130 555 
2 Ɍ-110/120-130 1 110/120 130 555 
3 Ɍ-110/120-130 1 110/120 130 555 
4 Ɍ-135/165-130/15 1 135/165 130 555 

 
 

ȽȿɇȿɊȺɌɈɊЫ 
 
 

Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, 
Ɇȼɬ 

 
 

 
 

1 ɌȼɎ-120-2 1 120/10 - - 
2 ɌȼɎ-120-2 1 120/10 - - 
3 ɌȼɎ-120-2 1 120/10 - - 
4 Ɍȼȼ-160-2 1 160/18 - - 

 
 

ɄɈɌɅɈȺȽɊȿȽȺɌЫ 
 
 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 
ɬ/ɱ 

 
 

 
 

1 ȻɄɁ-420-140 1 420 140 560 
2 ȻɄɁ-420-140 1 420 140 560 
3 ȻɄɁ-420-140 1 420 140 560 

4 ȻɄɁ-500-140 1 500 140 560 

5 ȻɄɁ-500-140 1 500 140 560 

6 ȻɄɁ-500-140 1 500 140 560 

1 ɉɌȼɆ-180 1 180 - - 

2 ɉɌȼɆ-180 1 180 - - 

 

ɏɚɪɚɤɬɟɪɧɵɟ ɫɨɱɟɬɚɧɢɹ ɪɚɛɨɬɚɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɂɢɦɧɢɣ ɩɟɪɢɨɞ: 

1) Ʉɨɬɟɥ ȻɄɁ-420-14 ɈɉɌ-1 – 3 ɟɞ; 

2) Ʉɨɬɟɥ ȻɄɁ-500-140 – 2 ɟɞ; 

3) Ɍɭɪɛɢɧɚ Ɍ-100/120-130 – 3 ɟɞ; 

4) Ɍɭɪɛɢɧɚ ɉɌ- 135/165-130/15 – 1 ɟɞ. 

Ɍɭɪɛɨɚɝɪɟɝɚɬɵ ɪɚɛɨɬɚɸɬ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ. 

 



Ʌɟɬɧɢɣ ɩɟɪɢɨɞ:  

1) Ʉɨɬɟɥ ȻɄɁ-420-140 ɉɌ-1 – 1 ɟɞ; 

2) Ʉɨɬɟɥ ȻɄɁ-500-140 – 1 ɟɞ; 

3) Ɍɭɪɛɢɧɚ Ɍ-100/120-130 – 1 ɟɞ; 

4) Ɍɭɪɛɢɧɚ ɉɌ-135/165-130/15 –1 ɟɞ. 

Ɍɭɪɛɨɚɝɪɟɝɚɬɵ ɪɚɛɨɬɚɸɬ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ.  

 

Ɍɚɛɥɢɰɚ 2.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɨɩɥɢɜɚ 

Ɇɟɫɬɨ ɞɨɛɵɱɢ 
1 Ȼɚɫɫɟɣɧ  Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɢɣ 

Ɋɚɡɪɟɡ  Ȼɨɪɨɞɢɧɫɤɢɣ 

Ɇɚɪɤɚ 
2 ɝɪɭɩɩɚ  Ȼ 

ɤɥɚɫɫ  Ȼ2Ɋ 

Ƚɨɪɸɱɚɹ ɦɚɫɫɚ 

3 ɋɝ % 71,5 
ɇɝ % 5,0 
Nɝ % 1,0 

Ɉɝ %  22,2 

Sɝ
ɨɪɝ % 0,3 

Sɝ 
Vɝ % 48,0 
Qɝ

ɛ ɆȾɠ/ɤɝ 28,26 
ɏɚɪɚɤɬɟɪ ɥɟɬɭɱɟɝɨ 
ɨɫɬɚɬɤɚ 

4 
  ɉɨɪɨɲɤɨɨɛɪɚɡɧɵɣ 

ɋɭɯɚɹ ɦɚɫɫɚ 

5 Ⱥɫ %  6 

Ⱥɫ
ɩɪɟɞ % 16 

Sɫ
ɨɛ % 0,3 

Wɝɢ % 12 
 

I. Кɨɬɥɵ ɢ ɢɯ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

1). Ʉɨɬɥɵ ȻɄɁ-420-140ɉɌ-1 ɜɟɪɬɢɤɚɥɶɧɵɟ ɛɚɪɚɛɚɧɧɵɟ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ 

ɰɢɪɤɭɥɹɰɢɟɣ. ɇɚ ɤɨɬɥɟ ɭɫɬɚɧɨɜɥɟɧɨ 16 ɨɫɧɨɜɧɵɯ ɝɨɪɟɥɨɤ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɨɩɤɢ ɜ 

ɞɜɚ ɹɪɭɫɚ ɢ 6 ɫɛɪɨɫɧɵɯ ɝɨɪɟɥɨɤ. ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 

560  ɋ, 140 ɤɝɫ/ɫɦ2. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 

ɜɩɪɵɫɤɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ. ɉɪɨɟɤɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɥɚ ɩɨ ɝɚɡɚɦ – 

291,5 ɤɝ/ɫɦ2, ɩɨ ɜɨɡɞɭɯɭ – 347,5 ɤɝ/ɦ2. Ɂɨɥɨɭɥɨɜɢɬɟɥɶ – ɷɥɟɤɬɪɨɮɢɥɶɬɪ ɬɢɩɚ  ɍȽ-

2-4-74. ɒɥɚɤɨɭɞɚɥɟɧɢɟ ɠɢɞɤɨɟ. ɉɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ: ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ – 

36530 ɦ2, ɷɤɨɧɨɦɚɣɡɟɪ – 718 ɦ2, ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ - 36530 ɦ2. Ɍɹɝɨɞɭɬɶɟɜɚɹ 

ɭɫɬɚɧɨɜɤɚ ɫɨɫɬɨɢɬ ɢɡ ɞɵɦɨɫɨɫɚ ɬɢɩɚ ȾɈȾ-31.5Ɏ (ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 490 



ɨɛ/ɦɢɧ, ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ 3150 ɦɦ, ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ – 1000 ɤȼɬ) ɢ ɞɭɬɶɟɜɨɝɨ 

ɜɟɧɬɢɥɹɬɨɪɚ ȼɇȾ-28-2. 

ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɬɪɭɛɱɚɬɵɣ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ, ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ 

ɜɵɧɟɫɟɧɚ ɜ ɨɬɞɟɥɶɧɵɣ ɝɚɡɨɯɨɞ, ɜɬɨɪɚɹ ɫɬɭɩɟɧɶ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ 

ɦɟɠɞɭ ɫɬɭɩɟɧɹɦɢ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ. Ʉɨɦɩɥɟɤɫ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɧɚɝɪɟɜɚ ɜɤɥɸɱɚɟɬ ɨɛɞɭɜɤɭ ɚɩɩɚɪɚɬɚɦɢ ɈɆ-0.35, ɨɛɞɭɜɤɭ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɚɩɩɚɪɚɬɚɦɢ ɈȽ-8, ɞɪɨɛɟɨɱɢɫɬɤɭ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

Ʉɨɬɥɵ ɨɛɨɪɭɞɨɜɚɧɵ ɫɢɫɬɟɦɚɦɢ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɨɦɛɭɧɤɟɪɨɦ 

ɩɵɥɢ, ɞɜɭɦɹ ɦɨɥɨɬɤɨɜɵɦɢ ɦɟɥɶɧɢɰɚɦɢ ɬɢɩɚ ɆɆɌ-2000/2950/730 ɢ ɞɜɭɦɹ 

ɦɟɥɶɧɢɱɧɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦ ȼɆ-160/850ɍ. ɋɭɲɤɚ ɬɨɩɥɢɜɚ ɜ ɦɟɥɶɧɢɰɚɯ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɩɨɱɧɵɦɢ ɝɚɡɚɦɢ ɫ ɩɪɢɫɚɞɤɨɣ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤɨɬɨɪɵɟ 

ɩɨɞɚɸɬ ɞɵɦɨɫɨɫɚɦɢ ɪɟɰɢɪɤɭɥɹɰɢɢ ɬɢɩɚ Ⱦɇ-15,5 ɜ ɝɚɡɨ-ɡɚɛɨɪɧɵɟ ɲɚɯɬɵ. 

ɉɨɞɚɱɚ ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɤ ɝɨɪɟɥɤɚɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɦ ɨɬ ɜɨɡɞɭɯɨɞɭɜɨɤ 

ɬɢɩɚ ɌȼɎ-80-1,6 ɩɨɞ ɞɚɜɥɟɧɢɟɦ. 

Ʉɨɬɥɵ ȻɄɁ-420-140 ɉɌ-1 ɫɬ. № 1, 2, 3 ɩɟɪɟɦɚɪɤɢɪɨɜɚɧɵ ɫɨ ɫɧɢɠɟɧɢɟɦ 

ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɨ 380 ɬ/ɱ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɜɨ-

ɞɹɧɵɯ ɷɤɨɧɨɦɚɣɡɟɪɨɜ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ȻɄɁ-420-140 ɉɌ-1. 

ɍɫɥɨɜɢɹ ɪɚɛɨɬɵ. 

1. Ɍɨɩɥɢɜɨ – Ȼɨɪɨɞɢɧɫɤɢɣ ɦɚɪɤɢ Ȼ2: Qɪ
ɧ= 3740 ɤɤɚɥ/ɤɝ, Ⱥɪ = 6 %, 

Wɪ = 33 %, Vɪ= l 7 %, Sɪ= 0,2 %. 

2. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ Ɍɩɩ = 560 °C. 

3. ɉɪɢɫɨɫɵ ɜ ɬɨɩɤɭ ∆αɬɩ = 5 %. 

4. Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ Ɍɯɜ= 30 °ɋ. 

5. ȼɨɡɞɭɯ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɪɟɰɢɪɤɭɥɹɰɢɟɣ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɚ ɩɪɢ 

ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɧɢɠɟ 30 °ɋ ɜɤɥɸɱɚɸɬɫɹ 

ɤɚɥɨɪɢɮɟɪɵ.  

6. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦɌ`ɜɡɩ= 50 °ɋ. 

7. ɇɚɝɪɟɜ ɜɨɡɞɭɯɚ ɡɚ ɫɱɺɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ∆tɪɟɰ= 20 °ɋ. 

8. ɇɚɝɪɟɜ ɜɨɡɞɭɯɚ ɜ ɤɚɥɨɪɢɮɟɪɚɯ ∆tɤɮ=30 °ɋ.  



9. Ɍɨɧɢɧɚ ɩɨɦɨɥɚ ɬɨɩɥɢɜɚ R90 = 50 %. 

10. Ɍɢɩ ɩɵɥɟɫɢɫɬɟɦ – ɦɨɥɨɬɤɨɜɵɟ ɦɟɥɶɧɢɰɵ ɆɆɌ-2000/2590/730 ɫ 

ɦɟɥɶɧɢɱɧɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ȼɆ-160/850-ɍ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɛɭɧɤɟɪɚɦɢ.  

11. ɉɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɭ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ∆αɩɫ  =30 %. 

12. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ Ɍɩɜ = 230 °ɋ. 

Ɋɚɫɯɨɞ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ Dɧɩ=0,01Dɩɥ ɬ/ɱ. 

2.1.4 Ʉɨɬɥɵ ȻɄɁ-500-140-1 

2). Ʉɨɬɥɵ ȿ-500 (ȻɄɁ-500-140) ɜɟɪɬɢɤɚɥɶɧɵɟ, ɛɚɪɚɛɚɧɧɵɟ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ 

ɰɢɪɤɭɥɹɰɢɟɣ. ɇɚ ɤɨɬɥɟ ɭɫɬɚɧɨɜɥɟɧɨ ɱɟɬɵɪɟ ɬɪɟɯɴɹɪɭɫɧɵɯ ɝɨɪɟɥɤɢ ɩɪɹɦɨɝɨ 

ɜɞɭɜɚɧɢɹ ɨɬ ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ ɬɢɩɚ Ɇȼ-2700/150/590. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɜɩɪɵɫɤɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ. 

ɉɪɨɟɤɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ – 297 ɤɝ/ɦ2, ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ – 257 

ɤɝ/ɦ2. Ɂɨɥɨɭɥɨɜɢɬɟɥɶ – ɷɥɟɤɬɪɨɮɢɥɶɬɪ ɬɢɩɚ ɗȽȺ-2-88-12-6-4. ɒɥɚɤɨɭɞɚɥɟɧɢɟ 

ɬɜɟɪɞɨɟ. ɉɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ: ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ – 5052 ɦ2, ɷɤɨɧɨɦɚɣɡɟɪ – 

6888 ɦ2, ɜoɡɞɭɯɨɩɨɞɨɝɪeɜaɬeɥɶ – 28868 ɦ2. 

ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ: ɞɚɜɥɟɧɢɟ – 140 ɤɝɫ/ɫɦ2; 

ɬɟɦɩɟɪɚɬɭɪɚ – 560 °ɋ. 

ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɬɪɭɛɱɚɬɵɣ. 

Ʉɨɦɩɥɟɤɫ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜɤɥɸɱɚɟɬ: ɨɛɞɭɜɤɭ ɬɨɩɤɢ – 

ɚɩɩɚɪɚɬɚɦɢ ɈɆ-0,35, ɨɛɞɭɜɤɭ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ – ɚɩɩɚɪɚɬɚɦɢ ɈȽ-8, ɚ ɬɚɤɠɟ 

ɞɪɨɛɟɨɱɢɫɬɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

ɇɚ ɤɨɬɥɟ ɭɫɬɚɧɨɜɥɟɧɨ ɩɨ ɞɜɚ ɞɵɦɨɫɨɫɚ ɬɢɩɚ Ⱦɇ 26ɯ2 (ɱɚɫɬɨɬɚ – 745 

ɨɛ/ɦɢɧ, ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ – 2600 ɦɦ, ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ – 1000 ɤȼɬ), ɩɨ ɞɜɚ 

ɜɟɧɬɢɥɹɬɨɪɚ ȼȾɇ 26II-ɍ (ɱɚɫɬɨɬɚ – 740 ɨɛ/ɦɢɧ, ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ – 2600 ɦɦ, 

ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ – 630 ɤȼɬ). 

Ɋɚɡɦɨɥ ɢ ɫɭɲɤɚ ɬɨɩɥɢɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɦɟɥɶɧɢɰɚɯ ɜɟɧɬɢɥɹɬɨɪɚɯ ɬɢɩɚ 

Ɇȼ-2700/650/590 ɬɨɩɨɱɧɵɦɢ ɝɚɡɚɦɢ ɫ ɩɪɢɫɚɞɤɨɣ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤɨɬɨɪɵɟ 

ɩɨɞɚɸɬɫɹ ɞɵɦɨɫɨɫɚɦɢ ɪɟɰɢɪɤɭɥɹɰɢɢ (ȾɊȽ) ɬɢɩɚ Ⱦɇ-21. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ȻɄɁ-500-140. 

ɍɫɥɨɜɢɹ ɪɚɛɨɬɵ. 



1. Ɍɨɩɥɢɜɨɜɨ Ȼɨɪɨɞɢɧɫɤɢɣ ɦɚɪɤɢ Ȼ2: Qɪ
ɧ = 3740 ɤɤɚɥ/ɤɝ, Ⱥɪ = 7,4 %, 

Wɪ = 1,2 %, Vɪ= l 7 %, Sɪ = 0,3 %. 

2. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ Ɍɩɩ= 560 °C. 

3. Ɍɨɩɤɚ ɫ ɰɟɥɶɧɨɫɜɚɪɧɵɦɢ ɷɤɪɚɧɚɦɢ ɛɟɫɩɪɢɫɨɫɧɚɹ. 

4. Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ Ɍɯɜ= 30 °ɋ. 

5. ȼɨɡɞɭɯ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɪɟɰɢɪɤɭɥɹɰɢɟɣ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ.  

6. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ Ɍ`ɜɡɩ= 50 °ɋ. 

7. ɇɚɝɪɟɜ ɜɨɡɞɭɯɚ ɡɚ ɫɱɺɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ∆tɪɟɰ= 20 °ɋ. 

8. Ɍɢɩ ɩɵɥɟɫɢɫɬɟɦ – ɦɟɥɶɧɢɰɵ-ɜɟɧɬɢɥɹɬɨɪɵ Ɇȼ-2700/650/590 

ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ.  

9. ɉɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɭ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ∆αɩɫ= 30 %. 

10. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ Ɍɩɜ=230 °ɋ. 

Ɋɚɫɯɨɞ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ Dɧɩ=0,01Dɩɥ ɬ/ɱ. 

3). Ʉɨɬɥɵ ɉɌȼɆ-180 ɜɟɪɬɢɤɚɥɶɧɵɟ, ɜɨɞɨɝɪɟɣɧɵɟ. Ɋɟɠɢɦ ɪɚɛɨɬɵ 

ɩɢɤɨɜɵɣ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɤɥɸɱɟɧɢɟ ɜ ɪɚɛɨɬɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ 

ɜɨɡɞɭɯɚ ɧɢɠɟ –15 °ɋ. ɉɨɞɨɝɪɟɜ ɜɨɡɞɭɯɚ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɮɚɤɬɢɱɟɫɤɢ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. ɇɚ ɤɨɬɥɟ 

ɭɫɬɚɧɨɜɥɟɧɨ 20 ɦɟɯɚɧɢɱɟɫɤɢɯ ɦɚɡɭɬɧɵɯ ɮɨɪɫɭɧɨɤ ɩɨ ɮɪɨɧɬɭ ɢ ɬɵɥɭ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ – 28,5 ɤɝ/ɦ2, ɜɨɡɞɭɲɧɨɝɨ – 74,4 ɤɝ/ɦ2. ɉɥɨɳɚɞɶ 

ɤɨɧɜɟɤɬɢɜɧɨɣ ɱɚɫɬɢ 5500 ɦ2. Ⱦɵɦɨɫɨɫ ɬɢɩɚ Ⱦɇ 26ɯ2ɍ (ɱɚɫɬɨɬɚ 745 ɨɛ/ɦɢɧ, 

ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ – 2600 ɦɦ, ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ – 1000 ɤȼɬ), ɚ ɬɚɤɠɟ 20 

ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɐ-14ɯ46 (ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1000 ɨɛ/ɦɢɧ, ɞɢɚɦɟɬɪ 

ɤɨɥɟɫɚ – 500 ɦɦ, ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ – 10 ɤȼɬ). 

Ɂɚɜɨɞɨɦ ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɉɈ «ɋɢɛɷɧɟɪɝɨɦɚɲ» ɭɫɬɚɧɨɜɥɟɧɚ ɬɟɩɥɨ-

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɨɜ ɉɌȼɆ-180 ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɦɚɡɭɬɟ – 135 Ƚɤɚɥ/ɱ.   

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɨɜ ɉɌȼɆ-180. 

ɍɫɥɨɜɢɹ ɪɚɛɨɬɵ.  

1. Ɍɨɩɥɢɜɨ – ɦɚɡɭɬ ɦɚɪɤɢ Ɇ-100: Qɪ
ɧ = 9700 ɤɤɚɥ/ɤɝ, Sɪ= 1,19 %. 

2. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɤɨɬɥɚ – ɩɢɤɨɜɵɣ, ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. 



3. ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɤɨɬɟɥ Gɫɜ=3860 ɬ/ɱ. 

4. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɟɥ Ɍɫɜ=104 °ɋ. 

5. ɉɨɞɨɝɪɟɜ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ, tɯɜ=-20 °ɋ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɡɭɬɚ ɩɟɪɟɞ ɤɨɬɥɨɦ Ɍɦ=140 °ɋ. 

II. Ɍɭɪɛɢɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

1). ɉɚɪɨɜɚɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɬɭɪɛɢɧɚ Ɍ-110/120-130 ɫ ɞɜɭɦɹ 

ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɢɜɨɞɚ 

ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ ɢ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ.  

Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ: 

1) ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ – 110 Ɇȼɬ;  

2) Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ – 130 ɤɝɫ/ɫɦ2 ; 

3) Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ ɩɚɪɚ – 555 °ɋ; 

4) Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ – 175 Ƚɤɚɥ ; 

5) Ɋɚɫɯɨɞ ɫɜɟɠɟɝɨ ɩɚɪɚ ɧɨɦɢɧɚɥɶɧɵɣ – 480 ɬ/ɱ ; 

6) ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 3000 ɨɛ/ɦɢɧ; 

7) Ⱥɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɩɚɪɚ – 0,05 ɤɝɫ/ɫɦ2.  

ȼ ɫɨɫɬɚɜ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɧɚɪɹɞɭ ɫ ɬɭɪɛɢɧɨɣ ɜɯɨɞɢɬ ɫɥɟɞɭɸɳɢɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ: 

– ɝɟɧɟɪɚɬɨɪ ɌȼɎ-120-2 ɫ ɜɨɞɨɪɨɞɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ; 

– ɱɟɬɵɪɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 

– ɬɪɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 

– ɤɨɧɞɟɧɫɚɬɧɚɹ ɝɪɭɩɩɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɄȽ-2-620-3 ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɯɥɚɠɞɟɧɢɹ 2300 ɦ2. ȼ ɤɚɠɞɨɦ ɤɨɧɞɟɧɫɚɬɨɪɟ ɩɨɜɟɪɯɧɨɫɬɶ 

ɨɯɥɚɠɞɟɧɢɹ ɪɚɡɞɟɥɟɧɚ ɧɚ ɞɜɚ ɩɭɱɤɚ (ɜɧɭɬɪɟɧɧɟɟ ɢ ɜɧɟɲɧɟɟ). Ɉɯɥɚɠɞɚɸɳɚɹ 

ɜɨɞɚ ɩɪɨɯɨɞɢɬ ɩɨ ɬɪɭɛɚɦ ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ ɞɜɚ ɯɨɞɚ. 

Ⱦɜɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɟɬɟɜɨɣ ɜɨɞɵ: 

– ɜɟɪɯɧɢɣ ɉɋȽ-2300-3-8-2;  

– ɧɢɠɧɢɣ ɉɋȽ-2300-3-8-1. 

2). ɉɚɪɨɜɚɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɬɭɪɛɢɧɚ ɉɌ-135/165-130/15 ɫ ɞɜɭɦɹ 

ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɢ ɞɜɭɦɹ ɨɬɨɩɢɬɟɥɶɧɵɦɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ. 



Ɍɭɪɛɢɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɢɜɨɞɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɢ 

ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɨɬɨɩɥɟɧɢɟ. 

Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ: 

1) ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ – 135 Ɇȼɬ; 

2) Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ – 130 ɤɝɫ/ɫɦ2; 

3) Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ ɩɚɪɚ – 555 °ɋ; 

4) Ɋɚɫɯɨɞ ɫɜɟɠɟɝɨ ɩɚɪɚ ɧɨɦɢɧɚɥɶɧɵɣ – 750 ɬ/ɱ; 

5) ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 3000 ɨɛ/ɦɢɧ;  

6) ɇɨɦɢɧɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ: ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ – 

320 ɬ/ɱ , ɨɬɨɩɢɬɟɥɶɧɨɝɨ – 110 Ƚɤɚɥ/ɱ,  

7) Ⱥɛɫɨɥɸɬɧɨɝɨ ɞɚɜɥɟɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɩɚɪɚ  0,064 ɤɝɫ/ɫɦ2.  

3). ȼ ɫɨɫɬɚɜ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɧɚɪɹɞɭ ɫ ɬɭɪɛɢɧɨɣ ɜɯɨɞɢɬ ɫɥɟɞɭɸɳɟɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ: 

– ɝɟɧɟɪɚɬɨɪ Ɍȼȼ-165-2 ɫ ɜɨɞɨɪɨɞɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ; 

– ɱɟɬɵɪɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 

– ɬɪɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 

– ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɞɜɭɯ ɩɨɬɨɱɧɵɣ ɤɨɧɞɟɧɫɚɬɨɪ ɄȽ-2-6000-1 ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɯɥɚɠɞɟɧɢɹ 3000 ɦ2; 

– ɞɜɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɟɬɟɜɨɣ ɜɨɞɵ ɉɋȽ-1300-3-8-1. 

 
 
2.2 Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɧɚ ɷɤɨɥɨɝɢɸ ɪɟɝɢɨɧɚ 
 
Ƚɨɪɨɞ Ʉɪɚɫɧɨɹɪɫɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɚɤ ɱɪɟɡɜɵɱɚɣɧɨ ɡɚɝɪɹɡɧɟɧɧɵɣ 

ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɜɵɛɪɨɫɚɦɢ ɫ ɩɪɟɜɵɲɟɧɢɟɦ ɩɨ ɪɹɞɭ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ 

ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. 

ɋɭɳɟɫɬɜɭɸɳɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɝɨɪɨɞɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɧɨɝɨɨɬɪɚɫɥɟ-

ɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ȼ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɞɟɣɫɬɜɭɟɬ ɰɟɥɵɣ ɪɹɞ 

ɤɪɭɩɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. ɋ ɫɟɜɟɪɚ ɩɪɨɦɩɥɨɳɚɞɤɚ ɝɪɚɧɢɱɢɬ ɫ 



ɏɢɦɢɤɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦ ɡɚɜɨɞɨɦ, ɚɫɮɚɥɶɬɨɜɵɦ ɡɚɜɨɞɨɦ ɢ ɱɚɫɬɢɱɧɨ 

ɰɟɦɟɧɬɧɵɦ ɡɚɜɨɞɨɦ. 

ɋ ɜɨɫɬɨɤɚ ɫ ɠɢɥɩɨɫɟɥɤɨɦ ɰɟɦɟɧɬɧɨɝɨ ɡɚɜɨɞɚ ɢ ɱɚɫɬɧɨɣ ɡɚɫɬɪɨɣɤɨɣ 

ɩɨɫɟɥɤɚɌɨɪɝɚɲɢɧɨ. ɋ ɸɝɚ ɩɪɨɦɩɥɨɳɚɞɤɭ ɨɝɪɚɠɞɚɟɬ ɜɵɫɨɤɚɹ ɝɨɪɧɚɹ ɝɪɹɞɚ,ɧɚ 

ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɨ ɬɨɪɝɚɲɢɧɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɢɡɜɟɫɬɧɹɤɨɜ, 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɰɟɦɟɧɬɧɵɦ ɡɚɜɨɞɨɦ. ɋ ɡɚɩɚɞɚ ɝɪɚɧɢɰɚ ɩɪɨɦɩɥɨɳɚɞɤɢ 

ɩɪɨɯɨɞɢɬ ɩɨ ɜɨɫɬɨɱɧɨɣ ɨɤɪɚɢɧɟ ɠɢɥɢɳɧɨɝɨ ɩɨɫɟɥɤɚ "Ɇɟɬɚɥɥɢɫɬ". 

ɉɨ ɞɚɧɧɵɦ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɐɇɁɉɋ ɮɨɧɨɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɪɚɣɨɧɟ 

Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɧɚ ɩɨɫɬɭ ɧɚɛɥɸɞɟɧɢɹ № 8 (ɭɥ.Ʉɭɬɭɡɨɜɚ,92) ɫɨɫɬɚɜɥɹɸɬ: 

-ɩɵɥɶ1,4 – ɉȾɄ (0,7ɦɝ/ɦ3); 

-ɫɟɪɧɢɫɬɵɣ ɚɧɝɢɞɪɢɞ – 0,04 ɉȾɄ (0,02ɦɝ/ɦ3); 

-ɞɢɨɤɫɢɞ ɚɡɨɬɚ – 1,18 ɉȾɄ (0,1ɦɝ/ɦ3); 

- ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ – 0,6 ɉȾɄ (3ɦɝ/ɦ3). 

ɇɚɢɛɨɥɟɟ ɦɨɳɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɭ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɹɜɥɹɸɬɫɹ ɞɵɦɨɜɵɟ ɬɪɭɛɵ Ɍɗɐ. ȼ ɩɪɨɰɟɫɫɟ ɫɠɢɝɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɬɨɩɥɢɜɚ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɩɨɫɬɭɩɚɸɬ: 

- ɡɨɥɚ;  

- ɫɟɪɧɢɫɬɵɣ ɚɧɝɢɞɪɢɞ; 

- ɨɤɫɢɞɵ ɚɡɨɬɚ; 

- ɛɟɧɡ(ɚ)ɩɢɪɟɧ; 

- ɩɹɬɢɨɤɢɫɶ ɜɚɧɚɞɢɹ (ɬɨɥɶɤɨ ɩɪɢ ɫɠɢɝɚɧɢɢ ɦɚɡɭɬɚ); 

- ɨɤɫɢɞɵ ɭɝɥɟɪɨɞɚ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ ɚɬɦɨɫɮɟɪɭ ɩɨɫɬɭɩɚɸɬ ɬɨɤɫɢɱɧɵɟ 

ɦɢɤɪɨɷɥɟɦɟɧɬɵ, ɤɨɬɨɪɵɯ ɢɫɩɚɪɹɸɬɫɹ, ɚ ɡɚɬɟɦ ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ ɢɥɢ 

ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɧɚ ɱɚɫɬɢɰɚɯ ɡɨɥɵ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ ɜ ɬɪɚɤɬɟ 

ɤɨɬɥɚ. 

ȼɵɛɪɨɫɵ ɡɨɥɵ ɡɚɜɢɫɹɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢ ɡɨɥɶɧɨɫɬɢ ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɬɨɩɥɢɜɚ, 

ɚ ɬɚɤɠɟ ɨɬ ɫɨɜɟɪɲɟɧɫɬɜɚ ɢ ɭɪɨɜɧɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɨɥɨɭɥɨɜɢɬɟɥɟɣ. 

ɉɨ ɞɚɧɧɵɦ ɢɫɩɵɬɚɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɧɚ Ɍɗɐ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɡɨɥɨ-

ɭɥɨɜɢɬɟɥɟɣ ɤɨɬɥɨɜ ɨɬ 1 ɞɨ 3 ɫɨɫɬɚɜɥɹɟɬ 97,5%, ɤɨɬɥɨɜ ɨɬ 4 ɞɨ 6 – 97,8%. 



ȼɵɞɟɥɟɧɢɟ ɫɟɪɧɢɫɬɨɝɨ ɚɧɝɢɞɪɢɞɚ ɩɪɚɤɬɢɱɟɫɤɢ ɰɟɥɢɤɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨ-

ɞɟɪɠɚɧɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɬɨɩɥɢɜɟ ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ. ȼ ɬɨɩɨɱɧɨɦ ɩɪɨɰɟɫɫɟ ɩɪɨɢɫ-

ɯɨɞɢɬ ɱɚɫɬɢɱɧɨɟ ɫɜɹɡɵɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ ɦɢɧɟɪɚɥɶɧɨɣ 

ɱɚɫɬɢ ɬɨɩɥɢɜɚ ɨɤɢɫɥɚɦɢ ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ. ɍɪɨɜɟɧɶ ɫɜɹɡɵɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 

ɫɟɪɵ ɫɨɫɬɚɜɥɹɟɬ 20% ɞɥɹ ɤɨɬɥɨɜ 4,5 ɢ 5,0% ɞɥɹ ɤɨɬɥɨɜ ɫ 1 ɩɨ 3 (ɤɨɬɥɵ ɫ ɠɢɞɤɢɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ). 

ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɹ ɫɜɹɡɚɧɵ ɫ ɨɤɢɫɥɟɧɢɟɦ ɚɡɨɬɚ, 

ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɬɨɩɥɢɜɟ, ɩɪɢ ɟɝɨ ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɡɚɜɢɫɢɬ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɟɪɟ ɨɬ 

ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɦɨɠɟɬ ɱɚɫɬɢɱɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɬɨɩɨɱɧɵɦɢ 

ɦɟɬɨɞɚɦɢ. ɉɨ ɞɚɧɧɵɦ ɡɚɦɟɪɨɜ, ɜɵɩɨɥɧɹɟɦɵɯ ɧɚ Ɍɗɐ, ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ 

ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɤɨɬɥɨɜ ɫɨɫɬɚɜɥɹɟɬ 500 ɦɝ/ɧɦ3 ɞɥɹ ɤɨɬɥɨɜ 1,2 ɢ 3 ɢ 580 ɦɝ/ɧɦ3 

ɞɥɹ ɤɨɬɥɨɜ 4, 5 ɢ 6. 

Ɉɤɫɢɞɵ ɚɡɨɬɚ ɩɨɫɬɭɩɚɸɬ ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɨɫɧɨɜɧɨɦ ɜ ɜɢɞɟNɈ, 

ɛɨɥɶɲɚɹɱɚɫɬɶ ɤɨɬɨɪɨɝɨ (ɞɨ 80%) ɞɨɨɤɢɫɥɹɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɟ ɞɨ NO2. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɟɝɨɫɹ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ, ɚɞɫɨɪɛɢɪɭɸɳɟɝɨɫɹ ɧɚ 

ɫɚɠɢɫɬɵɯ ɱɚɫɬɢɰɚɯ ɭɧɨɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɨɥɨɭɥɚɜɥɢɜɚɧɢɹ ɢ ɨɪ-

ɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɇɚ ɩɪɨɦɩɥɨɳɚɞɤɟ Ɍɗɐ ɢɦɟɟɬɫɹ ɬɚɤɠɟ ɪɹɞ ɧɟɛɨɥɶɲɢɯ ɩɨ ɦɨɳɧɨɫɬɢ ɢɫ-

ɬɨɱɧɢɤɨɜ ɜɵɞɟɥɟɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɜ ɨɫɧɨɜɧɨɦ ɜ ɜɢɞɟ ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɵɯ 

ɜɵɛɪɨɫɨɜ. 

ɉɨɫɬɭɩɥɟɧɢɟ ɜ ɚɬɦɨɫɮɟɪɭ ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɜɵ-

ɞɭɜɚɧɢɹ ɦɟɥɤɢɯ ɮɪɚɤɰɢɣ (ɦɟɧɟɟ 10 ɦɤɦ) ɢɡ ɲɬɚɛɟɥɟɣ ɬɨɩɥɢɜɧɨɝɨ ɫɤɥɚɞɚ, 

ɩɵɥɟɧɢɹ ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɜɚɝɨɧɨɜ, ɪɚɛɨɬɵ ɚɫɩɢɪɚɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɬɪɚɤɬɟ 

ɬɨɩɥɢɜɨɩɨɞɚɱɢ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɩɵɥɟɧɢɹ ɭɝɨɥɶɧɨɝɨ ɫɤɥɚɞɚ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɨɫɥɨɣɧɨɟ 

ɭɤɚɬɵɜɚɧɢɟ ɛɭɥɶɞɨɡɟɪɚɦɢ, ɞɥɹ ɭɤɚɬɵɜɚɧɢɹ ɨɬɤɨɫɨɜ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ 

ɩɪɢɰɟɩɧɵɟ ɤɚɬɤɢ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɩɵɥɟɧɢɹ ɭɝɨɥɶɧɨɝɨ ɫɤɥɚɞɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɝɚɥɟɪɟɟ ɜɵɞɚɱɢ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ 



ɬɟɥɟɫɤɨɩɢɱɟɫɤɨɣ ɬɪɭɛɵ ɫ ɰɟɥɶɸ ɫɨɤɪɚɳɟɧɢɹ ɜɵɫɨɬɵ ɨɬɤɪɵɬɨɝɨ ɫɫɵɩɚɧɢɹ 

ɬɨɩɥɢɜɚ. 

ɋɢɫɬɟɦɵ ɚɫɩɢɪɚɰɢɢ ɜɨɡɞɭɯɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɩɨɦɟɳɟɧɢɹɯ ɬɪɚɤɬɚ: 

ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ, ɞɪɨɛɢɥɶɧɨɝɨ ɤɨɪɩɭɫɚ, ɭɡɥɚɯ ɩɟɪɟɫɵɩɤɢ ɬɨɩɥɢɜɚ 

ɧɚɞɛɭɧɤɟɪɧɨɣ ɝɚɥɟɪɟɟ. 

ɇɚɞɡɟɦɧɚɹ ɱɚɫɬɶ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ ɢɦɟɟɬ ɜɵɬɹɠɧɭɸ ɜɟɧɬɢɥɹɰɢɸ. 

Ɉɱɢɫɬɤɚ ɜɨɡɞɭɯɚ ɩɪɢɦɟɧɟɧɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɜ ɝɪɭɩɩɨɜɵɯ ɰɢɤɥɨɧɚɯ ɇɂɂɈȽȺɁ 

ɬɢɩɚ ɐɇ-15. 

Ⱥɫɩɢɪɚɰɢɨɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɞɪɨɛɢɥɶɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɭɡɥɨɜ ɩɟɪɟɫɵɩɤɢ 

ɨɛɨɪɭɞɨɜɚɧɵ ɩɵɥɟɭɥɚɜɥɢɜɚɸɳɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ - ɫɭɯɢɦɢ ɰɢɤɥɨɧɚɦɢ ɐɇ-II , 

ɐɇ-15 ɢ ɦɨɤɪɵɦɢ ɩɵɥɟɭɥɨɜɢɬɟɥɹɦɢ – ɫɤɨɪɨɫɬɧɵɦɢ ɩɪɨɦɵɜɚɬɟɥɹɦɢ ɬɢɩɚ 

ɋɂɈɌ, ɩɨɫɥɟ ɤɨɬɨɪɵɯ ɨɱɢɳɟɧɧɵɣ ɜɨɡɞɭɯ ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ ɱɟɪɟɡ 

ɫɛɪɨɫɧɵɟ ɬɪɭɛɵ. ɋɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɩɵɥɟɭɥɨɜɢɬɟɥɟɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɫɢɫɬɟɦɚɯ 

ɚɫɩɢɪɚɰɢɢ, ɧɟ ɧɢɠɟ 97%. 

ȼ ɧɚɞɛɭɧɤɟɪɧɨɣ ɝɚɥɟɪɟɟ ɤɨɬɟɥɶɧɨɣ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɚɫɩɢɪɚɰɢɢɫɨ 

ɫɛɪɨɫɨɦ ɡɚɩɵɥɟɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɨɬɥɨɚɝɪɟɝɚɬ. 

ȼɵɛɪɨɫɵ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜɨɡɧɢɤɚɸɬ ɜɫɥɟɞɫɬɜɢɟ ɢɫɩɚɪɟɧɢɹ ɩɪɢ ɫɥɢɜɟ ɢ 

ɯɪɚɧɟɧɢɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ (ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɸɬ ɩɪɟɞɟɥɶɧɵɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ). 

ɇɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜɵɞɟɥɹɟɬɫɹ ɧɚ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ – ɯɨɥɨɞɧɚɹ ɢ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ, 

ɫɜɚɪɨɱɧɵɟ ɪɚɛɨɬɵ, ɨɤɪɚɫɤɚ, ɢɡɨɥɹɰɢɨɧɧɵɟ ɪɚɛɨɬɵ, ɚ ɬɚɤɠɟ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɬɪɚɧɫɩɨɪɬɚ, ɤɨɬɨɪɵɟ ɧɟ ɨɤɚɡɵɜɚɸɬ ɡɚɦɟɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɳɢɣ ɛɚɥɚɧɫ 

ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ Ɍɗɐ ɜ ɚɬɦɨɫɮɟɪɭ ɢ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ ɡɚ 

ɩɪɟɞɟɥɚɦɢ ɩɪɨɦɩɥɨɳɚɞɤɢ Ɍɗɐ. 

Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 ɜɵɛɪɚɫɵɜɚɟɬ ɜ ɚɬɦɨɫɮɟɪɭ 31 ɢɧɝɪɟɞɢɟɧɬ ɨɬ 18 

ɢɫɬɨɱɧɢɤɨɜ (ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɢ ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɵɯ) ɡɚɝɪɹɡɧɟɧɢɹ.ɉɪɢ ɷɬɨɦ 

ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɜɵɞɟɥɟɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɹɜɥɹɸɬɫɹ 

ɤɨɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ. Ⱦɥɹ ɜɫɟɯ ɧɨɪɦɢɪɭɟɦɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ ɦɚɤɫɢɦɚɥɶɧɵɟ 



ɩɪɢɡɟɦɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟ ɩɪɟɜɵɲɚɸɬ ɉȾɄ ɢ ɫɨɫɬɚɜɥɹɸɬ(ɜ ɩɪɟɞɟɥɚɯ 

ɩɪɨɦɩɥɨɳɚɞɤɢ): 

- ɩɵɥɶ ɧɟɨɪɝɚɧɢɱɟɫɤɚɹ (ɡɨɥɚ) – 0,149ɉȾɄ; 

- ɞɢɨɤɫɢɞ ɚɡɨɬɚ – 0,905ɉȾɄ; 

- ɞɢɨɤɫɢɞ ɫɟɪɵ – 0,327ɉȾɄ; 

- ɜɚɧɚɞɢɣ – 0,178ɉȾɄ; 

- ɩɵɥɶ ɧɟɨɪɝɚɧɢɱɟɫɤɚɹ (ɭɝɨɥɶɧɚɹ ɩɵɥɶ) – 0,452ɉȾɄ; 

- ɨɤɫɢɞɵ ɭɝɥɟɪɨɞɚ – 0,0109ɉȾɄ; 

- ɛɟɧɡ(ɚ)ɩɢɪɟɧ – 0,000072ɉȾɄ; 

- ɝɪɭɩɩɚ ɫɭɦɦɚɰɢɢ (ɞɢɨɤɫɢɞɵ ɫɟɪɵ ɢ ɚɡɨɬɚ) – 1,233ɉȾɄ; 

- ɩɵɥɶ ɞɪɟɜɟɫɧɚɹ – 11,8ɉȾɄ. 

Ⱦɥɹ ɩɪɢɜɟɞɟɧɧɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ ɧɨɪɦɚɬɢɜɵ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɯ ɜɵ-

ɛɪɨɫɨɜ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ȺɈ «ɋɢɛȼɌɂ» ɢ ɭɬɜɟɪɠɞɟɧɵ ɧɚ ɭɪɨɜɧɟ ɮɚɤɬɢɱɟɫɤɢɯ 

ɜɵɛɪɨɫɨɜ. 

ȼ ɬɚɛɥɢɰɟ 2.3 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚ 

ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɢ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ. Ɋɚɫɱɟɬɵ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ 

ɩɪɨɜɟɞɟɧɵ ɩɨ ɩɪɨɝɪɚɦɦɟ «ɗɤɨɥɨɝ», ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɟɞɩɪɢɹɬɢɟɦ «ɂɧɬɟɝɪɚɥ».ɝ. 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ.ȼɢɞɧɨ, ɱɬɨ ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɧɟ ɫɨɡɞɚɸɬ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɚɬɦɨɫɮɟɪɵ, ɩɪɟɜɵɲɚɸɳɢɯ ɩɪɟɞɟɥɶɧɨ-

ɞɨɩɭɫɬɢɦɵɟ. 

Ɍɚɛɥɢɰɚ 2.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ȼɟɳɟɫɬɜɚ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɞɨɥɹɯ ɉȾɄ 

ɋɭɳɟɫɬɜɭɸɳɟɟ ɩɨɥɨɠɟɧɢɟ ɉɟɪɫɩɟɤɬɢɜɚ 

ɉɵɥɶ ɧɟɨɪɝɚɧɢɱɟɫɤɚɹ (ɡɨɥɚ) 0,092 0,149 

Ⱦɢɨɤɫɢɞ ɚɡɨɬɚ 0,561 0,797 

Ⱦɢɨɤɫɢɞ ɫɟɪɵ 0,228 0,327 

ȼɚɧɚɞɢɹ ɩɹɬɢɨɤɢɫɶ 0,153 0,178 

Ɉɤɢɫɶ ɭɝɥɟɪɨɞɚ 0,0069 0,0109 

Ȼɟɧɡ(ɚ)ɩɢɪɟɧ 0,043 0,0716 

 



ɉɪɨɜɟɞɟɧɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɞɥɹ ɫɧɢɠɟɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɨɤɫɢɞɵ ɚɡɨɬɚ ɞɨ 0,797 ɉȾɄ. ɉɪɢ ɷɬɨɦ ɝɪɭɩɩɚ ɫɭɦɦɚɰɢɢ 

ɫɨɫɬɚɜɢɬ 1,125 ɉȾɄ. 

2.3 Ʉɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɚ ȿ-500 
 
ɉɚɪɨɜɨɣ ɤɨɬɟɥ ȿ-500 (ɦɨɞɟɥɶ ȻɄɁ-500-140-1) ɨɞɧɨɛɚɪɚɛɚɧɧɵɣ, 

ɜɟɪɬɢɤɚɥɶɧɨ-ɜɨɞɨɬɪɭɛɧɵɣ, ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɫɠɢɝɚɧɢɢ Ȼɨɪɨɞɢɧɫɤɨɝɨ ɛɭɪɨɝɨ ɭɝɥɹ ɫ 

ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ (ɬɚɛɥɢɰɚ 2.4)[19–21]. 

Ʉɨɦɩɨɧɨɜɤɚ ɤɨɬɥɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɉ-ɨɛɪɚɡɧɨɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 2.1). 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɜɨɫɯɨɞɹɳɢɦ ɝɚɡɨɯɨɞɨɦ. ȼɨ ɜɬɨɪɨɦ 

(ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ) ɝɚɡɨɯɨɞɟ ɪɚɫɩɨɥɨɠɟɧ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ. ȼ ɬɪɟɬɶɟɦ 

(ɨɩɭɫɤɧɨɦ) ɝɚɡɨɯɨɞɟ ɪɚɫɩɨɥɨɠɟɧɵ: ɜɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ ɢ ɬɪɭɛɱɚɬɵɣ 

ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ. 

Ʉɨɬɟɥ ɨɛɨɪɭɞɨɜɚɧ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ (Ⱥɋɍ Ɍɉ) ɧɚ ɛɚɡɟ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɌɉɌɋ 51, ɜɤɥɸɱɚɸɳɟɣ ɜ ɫɟɛɹ ɪɚɛɨɱɭɸ ɫɬɚɧɰɢɸ ɦɚɲɢɧɢɫɬɚ ɤɨɬɥɚ, ɪɚɛɨɱɭɸ 

ɫɬɚɧɰɢɸ ɫɬɚɪɲɟɝɨ ɦɚɲɢɧɢɫɬɚ ɤɨɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɧɠɟɧɟɪɧɭɸ ɫɬɚɧɰɢɸ, 

ɲɤɚɮɵ ɤɨɧɬɪɨɥɥɟɪɨɜ, ɲɤɚɮɵ ɩɪɨɦɪɟɥɟ ɢ ɩɪɨɦɤɥɟɦ, ɲɤɚɮ ɩɢɬɚɧɢɹ 

ɤɨɧɬɪɨɥɥɟɪɨɜ. ɉɟɪɢɮɟɪɢɣɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɲɤɚɮɵ ɊɌɁɈ ɨɛɞɭɜɤɢ, ɪɨɡɠɢɝɚ 

ɝɨɪɟɥɨɤ, ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɪɚɫɯɨɞɚ, ɭɪɨɜɧɹ ɢ ɜɢɛɪɚɰɢɢ.  

ɋɢɫɬɟɦɚ Ⱥɋɍ Ɍɉ ɩɨɡɜɨɥɹɟɬ: 

– ɩɨɜɵɫɢɬɶ ɤɭɥɶɬɭɪɭ ɩɪɨɢɡɜɨɞɫɬɜɚ; 

– ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɬɨɱɧɨɝɨ 

ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ; 

– ɫɧɢɡɢɬɶ ɜɪɟɞɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

1). Ɍɨɩɨɱɧɚя ɤɚɦɟɪɚ. 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɨɥɧɨɫɬɶɸ 

ɜɵɩɨɥɧɟɧɚ ɢɡ ɰɟɥɶɧɨɫɜɚɪɧɵɯ ɩɚɧɟɥɟɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɬɪɭɛ 60ɯ6 ɫɬɚɥɶ 20 ɫ 

ɜɜɚɪɤɨɣ ɩɨɥɨɫɵ 6ɯ20. ɒɚɝ ɬɪɭɛ 80 ɦɦ. 



ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɢɣ ɷɤɪɚɧɵ ɨɛɪɚɡɭɸɬ 

ɫɤɚɬɵ «ɯɨɥɨɞɧɨɣ» ɜɨɪɨɧɤɢ ɫ ɭɝɥɨɦ ɧɚɤɥɨɧɚ 50°. 

ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɪɭɛɵ ɮɪɨɧɬɨɜɨɝɨ ɷɤɪɚɧɚ ɤɪɭɬɨ ɨɬɝɢɛɚɸɬɫɹ ɢ ɨɛɪɚɡɭɸɬ 

ɫɥɚɛɨɧɚɤɥɨɧɧɵɣ (ɩɨɞ ɭɝɥɨɦ 15° ɤ ɝɨɪɢɡɨɧɬɭ) ɩɨɬɨɥɨɤ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. 

Ɍɚɛɥɢɰɚ 2.4 –Ɉɫɧɨɜɧɵɟ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ȿ-500 
 

№ 
ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

1.  ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ 500 ɬ/ɱ 
2.  Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ  161 ɤɝɫ/ɫɦ2 
3.  Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɩɚɪɨɫɛɨɪɧɨɣ ɤɚɦɟɪɟ 140 ɤɝɫ/ɫɦ2 
4.  Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 560 ɋ 
5.  Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ*  230 ɋ 
6.  Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ  158 ɋ 
7.  ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ  85,9 ɬ/ɱ 
8.  ȼɨɞɹɧɨɣ ɨɛɴɟɦ ɤɨɬɥɚ  96 ɦ3 
9.  ɉɚɪɨɜɨɣ ɨɛɴɟɦ ɤɨɬɥɚ  102 ɦ3 
10.  ɄɉȾ ɤɨɬɥɚ, ɛɪɭɬɬɨ 91,2 % 

      *Ⱦɨɩɭɫɤɚɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɤɨɬɥɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 
ɞɨ 160 °ɋ ɩɪɢ ɫɧɢɠɟɧɢɢ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɥɚ ɞɨ 89 % ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ 
(445 ɬ/ɱ).  

 
Ɂɚɞɧɢɣ ɷɤɪɚɧ ɧɚ ɭɪɨɜɧɟ ɧɢɠɧɟɣ ɨɬɦɟɬɤɢ ɜɵɯɨɞɧɨɝɨ ɨɤɧɚ ɬɨɩɤɢ ɜɵɩɨɥɧɟɧ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɹɬɚɹ ɱɚɫɬɶ ɜɫɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɪɭɛ (ɨɞɧɚ ɬɪɭɛɚ ɢɡ ɤɚɠɞɵɯ 

ɩɹɬɢ) ɩɪɨɞɨɥɠɚɟɬɫɹ ɩɪɹɦɨ ɞɨ ɜɫɬɪɟɱɢ ɫ ɤɨɥɥɟɤɬɨɪɨɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɜɵɲɟ 

ɨɬɦɟɬɤɢ ɩɨɬɨɥɤɚ, ɢ ɨɛɪɚɡɭɟɬ ɨɞɧɨɪɹɞɧɵɣ ɮɟɫɬɨɧ ɫ ɲɚɝɨɦ ɦɟɠɞɭ ɬɪɭɛɚɦɢ 400 

ɦɦ, ɹɜɥɹɸɳɢɣɫɹ ɩɨɞɜɟɫɤɨɣ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ. Ɉɫɬɚɥɶɧɵɟ ɬɪɭɛɵ (ɱɟɬɵɪɟ ɬɪɭɛɵ ɢɡ 

ɤɚɠɞɨɣ ɩɹɬɢ) ɜɵɜɨɞɹɬɫɹ ɢɡ ɩɥɨɫɤɨɫɬɢ ɷɤɪɚɧɚ ɢ ɫ ɲɚɝɨɦ 100 ɦɦ ɨɪɝɚɧɢɡɭɸɬ 

ɰɟɥɶɧɨɫɜɚɪɧɨɣ ɩɨɞ, ɝɥɚɞɤɨɬɪɭɛɧɵɣ ɮɟɫɬɨɧ ɢ ɩɨɬɨɥɨɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 

ɝɚɡɨɯɨɞɚ. Ȼɨɤɨɜɵɟ ɫɬɟɧɵ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ ɷɤɪɚɧɢɪɨɜɚɧɵ 

ɰɟɥɶɧɨɫɜɚɪɧɵɦɢ ɝɚɡɨɩɥɨɬɧɵɦɢɩɟɪɟɝɪɟɜɚɬɟɥɶɧɵɦɢ ɩɚɧɟɥɹɦɢ. 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɨ ɨɫɹɦ ɬɪɭɛ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɷɤɪɚɧɨɜ ɢɦɟɟɬ ɪɚɡɦɟɪ 11260ɯ10260 ɦɦ. Ɉɛɴɟɦ ɬɨɩɨɱɧɨɣ 

ɤɚɦɟɪɵ ɫɨɫɬɚɜɥɹɟɬ 3770 ɦ3. 

Ʉɨɬɟɥ ɨɛɨɪɭɞɨɜɚɧ ɩɪɹɦɨɬɨɱɧɵɦɢ ɝɨɪɟɥɤɚɦɢ, ɬɚɧɝɟɧɰɢɚɥɶɧɨ 

ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɭɝɥɚɯ ɬɨɩɤɢ ɧɚ ɤɚɠɞɨɦ ɢɡ ɬɪɟɯ ɹɪɭɫɨɜ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɡɚɤɪɭɬɤɭ ɮɚɤɟɥɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ʉɚɧɚɥɵ ɚɷɪɨɫɦɟɫɢ ɢ ɜɬɨɪɢɱɧɨɝɨ 



ɜɨɡɞɭɯɚ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɩɪɢɦɵɤɚɸɳɢɯ ɞɪɭɝ ɤ ɞɪɭɝɭ ɜɟɪɬɢɤɚɥɶɧɵɯ ɳɟɥɟɣ. 

ɉɨɞɚɱɚ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɟ ɜɪɚɳɟɧɢɹ 

ɮɚɤɟɥɚ ɜ ɬɨɩɤɟ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɢ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɧɚ 

ɤɨɬɥɟ ɡɚɜɟɞɟɧɨ ɧɢɠɧɟɟ ɞɭɬɶɟ. 

 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɉɛɳɢɣ ɜɢɞ ɤɨɬɥɚ ȿ-500 

  



Ⱦɥɹ ɪɚɫɬɨɩɤɢ ɤɨɬɥɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɚɡɭɬɧɵɟ ɮɨɪɫɭɧɤɢ 

ɩɚɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɫɩɵɥɟɧɢɹ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɩɵɥɟɭɝɨɥɶɧɵɟ ɝɨɪɟɥɤɢ ɧɢɠɧɟɝɨ 

ɹɪɭɫɚ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɮɨɪɫɭɧɤɢ 2500 ɤɝ/ɱ, ɞɚɜɥɟɧɢɟ ɦɚɡɭɬɚ 30 

ɤɝɫ/ɫɦ2, ɞɚɜɥɟɧɢɟ ɩɚɪɚ 2…3 ɤɝɫ/ɫɦ2. 

Ɋɚɛɨɬɚ ɜɫɟɯ ɮɨɪɫɭɧɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɝɪɭɡɤɭ ɤɨɬɥɚ, ɩɪɢɦɟɪɧɨ ɪɚɜɧɭɸ 30 

% ɧɨɦɢɧɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɝɨɪɟɥɤɢ ɩɪɢɜɚɪɟɧɵ ɤ ɷɤɪɚɧɧɵɦ ɬɪɭɛɚɦ ɢ ɩɪɢ 

ɬɟɩɥɨɜɵɯ ɪɚɫɲɢɪɟɧɢɹɯ ɷɤɪɚɧɨɜ ɩɟɪɟɦɟɳɚɸɬɫɹ ɜɦɟɫɬɟ ɫ ɧɢɦɢ. 

ȼɫɟ ɬɨɩɨɱɧɵɟ ɛɥɨɤɢ ɩɨɞɜɟɲɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɭɠɢɧɧɵɯ ɨɯɥɚɠɞɚɟɦɵɯ 

ɩɨɞɜɟɫɨɤ ɤ ɩɨɬɨɥɨɱɧɨɦɭ ɩɟɪɟɤɪɵɬɢɸ ɤɚɪɤɚɫɚ ɤɨɬɥɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɬɟɩɥɨɜɨɟ 

ɪɚɫɲɢɪɟɧɢɟ ɢɯ ɢɞɟɬ ɜɧɢɡ. ɀɟɫɬɤɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɫɬɟɧ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɨɩɤɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ 

ɩɨɹɫɚɦɢ ɠɟɫɬɤɨɫɬɢ. Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɨɬ ɫɬɟɧ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɩɪɢ 

ɫɥɭɱɚɣɧɵɯ «ɯɥɨɩɤɚɯ» ɜ ɬɨɩɤɟ ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ ɨɫɧɨɜɧɵɦ ɤɚɪɤɚɫɨɦ ɤɨɬɥɚ ɱɟɪɟɡ 

ɩɨɹɫɚ ɠɟɫɬɤɨɫɬɢ ɢ ɫɩɟɰɢɚɥɶɧɵɟ ɲɚɪɧɢɪɧɵɟ ɤɪɟɩɥɟɧɢɹ ɢ ɭɩɨɪɵ, ɧɟ 

ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɬɟɩɥɨɜɵɦ ɩɟɪɟɦɟɳɟɧɢɹɦ ɷɤɪɚɧɨɜ. 

ɂɡɨɥɹɰɢɹ ɤɨɬɥɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɥɢɛɨ ɜɭɥɤɚɧɢɬɨɜɵɦɢ ɩɥɢɬɚɦɢ, 

ɥɢɛɨ ɧɚɩɵɥɟɧɢɟɦ ɚɫɛɨɩɟɪɥɢɬɨɜɨɣ ɦɚɫɫɵ. 

2). Ȼɚɪɚɛɚɧ ɤɨɬɥɚ ɢ ɫɟɩɚɪɚɰɢɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. 

Ȼɚɪɚɛɚɧ ɤɨɬɥɚ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 1600 ɦɦ, ɞɥɢɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɱɚɫɬɢ 18000 ɦɦ ɢ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ 112 ɦɦ ɜɵɩɨɥɧɟɧ ɢɡ ɫɬɚɥɢ 16ȽɇɆȺ. 

ɋɪɟɞɧɢɣ ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ ɪɚɫɩɨɥɨɠɟɧ ɧɚ 200 ɦɦ ɧɢɠɟ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɨɫɢ ɛɚɪɚɛɚɧɚ. ȼɵɫɲɢɣ ɢ ɧɢɡɲɢɣ ɪɚɛɨɱɢɟ ɭɪɨɜɧɢ ɪɚɫɩɨɥɨɠɟɧɵ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 50 ɦɦ ɜɵɲɟ ɢ ɧɢɠɟ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ. 

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɫɯɨɥɚɠɢɜɚɧɢɹ ɢ ɭɥɭɱɲɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɛɚɪɚɛɚɧɚ ɩɪɢ ɨɫɬɚɧɨɜɟ ɤɨɬɥɚ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 

ɭɫɬɪɨɣɫɬɜɨ ɩɚɪɨɜɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɛɚɪɚɛɚɧɚ, ɤɨɬɨɪɨɟ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɜɟɪɯɧɟɝɨ 

ɢ ɞɜɭɯ ɧɢɠɧɢɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ. 

ȼɟɪɯɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɨɥɥɟɤɬɨɪ ɪɚɫɩɨɥɨɠɟɧ ɜ ɩɚɪɨɜɨɦ ɨɛɴɟɦɟ 

ɛɚɪɚɛɚɧɚ ɦɟɠɞɭ ɞɪɨɫɫɟɥɶɧɵɦ ɩɨɬɨɥɤɨɦ ɢ ɩɪɨɦɵɜɨɱɧɵɦ ɥɢɫɬɨɦ. ɇɚɩɪɚɜɥɟɧɢɟ 



ɩɨɬɨɤɨɜ ɩɚɪɚ, ɢɫɬɟɤɚɸɳɟɝɨ ɜ ɩɚɪɨɜɨɣ ɨɛɴɟɦ, ɜɵɛɪɚɧɨ ɩɨɞ ɭɝɥɨɦ 45° ɤ 

ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɛɚɪɚɛɚɧɚ. ɉɨɬɨɤɢ ɩɚɪɚ ɤ ɬɨɪɰɚɦ ɛɚɪɚɛɚɧɚ ɧɚɩɪɚɜɥɟɧɵ ɜɞɨɥɶ 

ɟɝɨ ɨɫɢ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɩɨɬɨɤɨɜ ɩɚɪɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɬɨɪɰɟɜɭɸ ɩɟɪɟɝɨɪɨɞɤɭ, ɚ 

ɱɚɫɬɶ – ɜ ɧɚɩɪɚɜɥɹɸɳɢɟ ɥɢɫɬɵ, ɩɪɢɜɚɪɟɧɧɵɟ ɤ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ 

ɤɨɥɥɟɤɬɨɪɚɦ. 

Ⱦɜɚ ɧɢɠɧɢɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɤɨɥɥɟɤɬɨɪɚ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɜɨɞɹɧɨɦ 

ɨɛɴɟɦɟ ɛɚɪɚɛɚɧɚ ɢ ɩɪɢ ɪɚɫɬɨɩɤɚɯ ɫɥɭɠɚɬ ɞɥɹ ɩɚɪɨɜɨɝɨ ɪɚɡɨɝɪɟɜɚ ɛɚɪɚɛɚɧɚ ɨɬ 

ɩɨɫɬɨɪɨɧɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ ɞɚɜɥɟɧɢɟɦ 40…160 ɤɝɫ/ɫɦ2. ɉɪɢ 

ɨɫɬɚɧɨɜɤɚɯ ɤɨɬɥɚ ɧɢɠɧɢɟ ɤɨɥɥɟɤɬɨɪɵ ɩɨɞɤɥɸɱɚɸɬɫɹ ɬɨɥɶɤɨ ɩɪɢ 

ɪɚɫɯɨɥɚɠɢɜɚɧɢɢ ɩɨɥɧɨɫɬɶɸ ɨɩɨɪɨɠɧɟɧɧɨɝɨ ɛɚɪɚɛɚɧɚ (ɛɟɡ ɭɪɨɜɧɹ ɜɨɞɵ). 

ɉɨɬɨɤɢ ɩɚɪɚ ɢɡ ɞɚɧɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɧɚɩɪɚɜɥɟɧɵ ɜɞɨɥɶ ɨɫɢ ɛɚɪɚɛɚɧɚ, ɚ ɜ ɬɨɪɰɚɯ 

- ɩɨɞ ɭɝɥɨɦ 45° ɤ ɨɫɢ ɛɚɪɚɛɚɧɚ. 

Ʌɢɧɢɹ ɩɨɞɜɨɞɚ ɩɚɪɚ ɤ ɜɟɪɯɧɟɦɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦɭ ɤɨɥɥɟɤɬɨɪɭ 

ɭɫɬɪɨɣɫɬɜɚ ɩɚɪɨɜɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɤɨɬɥɚ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɨɬɛɨɪɚ ɩɚɪɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɫɨɫɟɞɧɢɯ ɨɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɤɨɬɥɨɜ 

ɢ ɩɚɪɨɜɨɣ ɪɚɡɨɝɪɟɜ ɩɪɢ ɢɯ ɪɚɫɬɨɩɤɚɯ. 

ɋɯɟɦɚ ɩɚɪɨɜɨɝɨ ɪɚɡɨɝɪɟɜɚ ɛɚɪɚɛɚɧɚ ɜɵɩɨɥɧɟɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɨɬɛɨɪ 

ɩɚɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬ ɤɨɬɥɨɜ ɫɬ. № 1, 3, 5. 

Ȼɚɪɚɛɚɧɵ ɜɫɟɯ ɤɨɬɥɨɜ ɫɨɟɞɢɧɟɧɵ ɨɛɳɢɦ ɤɨɥɥɟɤɬɨɪɨɦ, ɧɚ ɥɢɧɢɢ ɩɨɞɜɨɞɚ 

ɩɚɪɚ ɤ ɛɚɪɚɛɚɧɭ ɭɫɬɚɧɨɜɥɟɧɵ: ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ, ɪɟɝɭɥɢɪɭɸɳɚɹ ɢ ɡɚɩɨɪɧɚɹ 

ɚɪɦɚɬɭɪɚ. ȼ ɛɚɪɚɛɚɧɟ ɭɫɬɚɧɨɜɥɟɧɵ ɜɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ 

ɤɨɥɥɟɤɬɨɪɵ, ɤ ɤɨɬɨɪɵɦ ɢ ɩɨɞɜɨɞɢɬɫɹ ɩɚɪ. 

Ⱦɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɩɟɪɟɩɢɬɤɢ ɤɨɬɥɚ ɜ ɛɚɪɚɛɚɧɟ ɭɫɬɚɧɨɜɥɟɧɚ ɬɪɭɛɚ 

ɚɜɚɪɢɣɧɨɝɨ ɫɥɢɜɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɫɛɪɚɫɵɜɚɬɶ ɢɡɥɢɲɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɧɨ ɧɟ 

ɧɢɠɟ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ. 

ɇɚ ɩɪɨɦɵɜɤɭ ɩɚɪɚ ɩɨɞɚɟɬɫɹ ɜɫɹ ɩɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɞɟɚɷɪɚɰɢɸ ɜɨɞɵ ɢ ɩɨɞɨɝɪɟɜ ɟɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ. 

ɋɥɢɜ ɜɨɞɵ ɫ ɩɚɪɨɩɪɨɦɵɜɨɱɧɨɝɨ ɥɢɫɬɚ ɞɜɭɯɫɬɨɪɨɧɧɢɣ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɩɚɪɚ ɧɚ ɤɨɬɥɟ ɩɪɢɦɟɧɟɧɚ ɫɯɟɦɚ 

ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɢɫɩɚɪɟɧɢɹ. ɉɟɪɜɭɸ ɫɬɭɩɟɧɶ ɢɫɩɚɪɟɧɢɹ (ɱɢɫɬɵɣ ɨɬɫɟɤ) 



ɫɨɫɬɚɜɥɹɸɬ ɛɚɪɚɛɚɧ ɫ ɮɪɨɧɬɨɜɵɦɢ, ɡɚɞɧɢɦɢ ɢ ɛɨɤɨɜɵɦɢ ɷɤɪɚɧɚɦɢ, ɤɪɨɦɟ 

ɤɪɚɣɧɢɯ ɩɟɪɟɞɧɢɯ ɛɨɤɨɜɵɯ ɷɤɪɚɧɨɜ, ɤɨɬɨɪɵɟ ɫɨɜɦɟɫɬɧɨ ɫ ɜɵɧɨɫɧɵɦɢ 

ɰɢɤɥɨɧɚɦɢ ɫɨɫɬɚɜɥɹɸɬ ɜɬɨɪɭɸ ɫɬɭɩɟɧɶ ɢɫɩɚɪɟɧɢɹ. 

ɉɚɪɨɜɨɞɹɧɚɹ ɫɦɟɫɶ ɢɡ ɷɤɪɚɧɨɜ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɢɫɩɚɪɟɧɢɹ, 

ɩɨɫɬɭɩɚɟɬ ɜɨ ɜɧɭɬɪɢɛɚɪɚɛɚɧɧɵɟ ɰɢɤɥɨɧɵ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɞɟɥɟɧɢɟ ɜɨɞɵ ɢɡ 

ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ. ȼɨɞɚ, ɨɬɫɟɩɚɪɢɪɨɜɚɧɧɚɹ ɜ ɰɢɤɥɨɧɚɯ, ɫɥɢɜɚɟɬɫɹ ɜ ɜɨɞɹɧɨɣ 

ɨɛɴɟɦ ɛɚɪɚɛɚɧɚ. ɉɚɪ ɢɡ ɰɢɤɥɨɧɨɜ ɩɨɫɬɭɩɚɟɬ ɩɨɞ ɩɪɨɦɵɜɨɱɧɵɣ ɞɵɪɱɚɬɵɣ ɥɢɫɬ 

ɢ, ɩɨɞɧɢɦɚɹɫɶ ɜɜɟɪɯ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɥɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. Ⱦɚɥɶɧɟɣɲɚɹ 

ɫɟɩɚɪɚɰɢɹ ɩɚɪɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɚɪɨɜɨɦ ɨɛɴɟɦɟ ɛɚɪɚɛɚɧɚ. Ɉɫɭɲɟɧɧɵɣ ɩɚɪ 

ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶɧɵɣ ɥɢɫɬ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɪɚɜɧɨɦɟɪɧɭɸ ɩɨ ɞɥɢɧɟ 

ɛɚɪɚɛɚɧɚ ɪɚɛɨɬɭ ɩɚɪɨɜɨɝɨ ɨɛɴɟɦɚ, ɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɤɨɬɥɚ. 

ɋɟɩɚɪɚɰɢɨɧɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢɫɩɚɪɟɧɢɹ ɹɜɥɹɸɬɫɹ ɞɜɚ 

ɜɫɬɪɨɟɧɧɵɯ ɛɥɨɤɚ ɜɵɧɨɫɧɵɯ ɰɢɤɥɨɧɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɪɭɛ 426ɯ6 ɦɦ ɫɬɚɥɶ 

20. ɉɨɞɜɨɞ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ ɤ ɜɵɧɨɫɧɵɦ ɰɢɤɥɨɧɚɦ ɜɵɩɨɥɧɟɧ ɬɚɧɝɟɧɰɢɚɥɶɧɨ 

ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɧɭɬɪɟɧɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɰɢɤɥɨɧɚ. ȼ ɰɢɤɥɨɧɚɯ ɜɨɞɚ, ɨɬɠɚɬɚɹ ɤ 

ɫɬɟɧɤɟ, ɫɬɟɤɚɟɬ ɜɧɢɡ, ɚ ɩɚɪ ɩɪɨɯɨɞɢɬ ɜɜɟɪɯ ɱɟɪɟɡ ɞɵɪɱɚɬɵɣ ɞɪɨɫɫɟɥɶɧɵɣ ɥɢɫɬ, 

ɜɵɪɚɜɧɢɜɚɸɳɢɣ ɩɨɞɴɟɦɧɭɸ ɫɤɨɪɨɫɬɶ ɩɨ ɜɫɟɦɭ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɰɢɤɥɨɧɚ 

ɢ ɩɨ ɬɪɭɛɚɦ 133ɯ13 ɦɦ ɫɬɚɥɶ 20 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɩɚɪɨɜɨɣ ɨɛɴɟɦ ɛɚɪɚɛɚɧɚ. 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨɩɚɞɚɧɢɹ ɩɚɪɚ ɜ ɨɩɭɫɤɧɭɸ ɬɪɭɛɭ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ 

ɤɨɧɬɭɪɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɚɠɞɨɝɨ ɰɢɤɥɨɧɚ ɭɫɬɚɧɨɜɥɟɧɚ ɤɪɟɫɬɨɜɢɧɚ, 

ɥɢɤɜɢɞɢɪɭɸɳɚɹ ɜɪɚɳɟɧɢɟ ɜɨɞɵ ɢ ɩɪɟɩɹɬɫɬɜɭɸɳɚɹ ɨɛɪɚɡɨɜɚɧɢɸ ɜɨɪɨɧɨɤ ɧɚɞ 

ɜɯɨɞɨɦ ɜ ɨɩɭɫɤɧɭɸ ɬɪɭɛɭ. ɉɨɞɜɨɞ ɤɨɬɥɨɜɨɣ ɜɨɞɵ ɨɬ ɛɚɪɚɛɚɧɚ ɤ ɰɢɤɥɨɧɚɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɪɭɛɚɦɢ 133ɯ13 ɦɦ ɫɬɚɥɶ 20. 

ɐɢɪɤɭɥɹɰɢɨɧɧɚɹ ɫɯɟɦɚ ɤɨɬɥɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɝɥɭɛɨɤɨɟ 

ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɤɪɚɧɨɜ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɢ ɜ ɤɨɬɥɟ. 

ɗɤɪɚɧɧɚɹ ɫɢɫɬɟɦɚ ɪɚɡɞɟɥɟɧɚ ɧɚ 16 ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɤɨɧɬɭɪɨɜ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜ ɤɨɬɥɟ ɧɨɪɦɚɥɶɧɨɝɨ ɫɨɥɟɜɨɝɨ ɪɟɠɢɦɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ: 

ɚ) ɥɢɧɢɹ ɫɧɢɠɟɧɢɹ ɤɪɚɬɧɨɫɬɢ ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ ɩɨ ɫɬɭɩɟɧɹɦ 

ɢɫɩɚɪɟɧɢɹ; ɷɬɚ ɥɢɧɢɹ ɫɨɟɞɢɧɹɟɬ ɜɨɞɹɧɵɟ ɨɛɴɟɦɵ ɥɟɜɨɝɨ ɛɥɨɤɚ ɜɵɧɨɫɧɵɯ 

ɰɢɤɥɨɧɨɜ ɫ ɧɢɠɧɟɣ ɤɚɦɟɪɨɣ ɮɪɨɧɬɨɜɨɝɨ ɷɤɪɚɧɚ (ɩɪɚɜɵɣ ɫɪɟɞɧɢɣ ɛɥɨɤ); 



ɛ) ɥɢɧɢɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɤɪɚɬɧɨɫɬɢ ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ; ɷɬɢ ɥɢɧɢɢ ɫɨɟɞɢɧɹɸɬ 

ɜɨɞɹɧɵɟ ɨɛɴɟɦɵ ɜɵɧɨɫɧɵɯ ɰɢɤɥɨɧɨɜ ɫ ɧɢɠɧɢɦɢ ɤɚɦɟɪɚɦɢ ɤɪɚɣɧɢɯ ɩɟɪɟɞɧɢɯ 

ɛɨɤɨɜɵɯ ɛɥɨɤɨɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɟɧɵ ɬɨɩɤɢ; 

ɜ) ɥɢɧɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ ɰɢɤɥɨɧɨɜ; 

ɝ) ɥɢɧɢɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɪɨɞɭɜɤɢ ɧɢɠɧɢɯ ɤɨɥɥɟɤɬɨɪɨɜ ɷɤɪɚɧɨɜ; 

ɞ) ɥɢɧɢɢ ɜɜɨɞɚ ɮɨɫɮɚɬɨɜ ɜ ɛɚɪɚɛɚɧ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɤɨɬɥɨɜɨɣ ɜɨɞɵ. 

Ʌɢɧɢɢ (ɚ, ɜ, ɞ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨ ɭɤɚɡɚɧɢɸ ɞɟɠɭɪɧɨɝɨ ɩɟɪɫɨɧɚɥɚ 

ɯɢɦɢɱɟɫɤɨɝɨ ɰɟɯɚ. 

3). ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ. 

ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɤɨɬɥɚ ɩɨ ɯɚɪɚɤɬɟɪɭ ɜɨɫɩɪɢɹɬɢɹ ɬɟɩɥɚ ɪɚɞɢɚɰɢɨɧɧɨ-

ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɢɩɚ. Ɋɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɫɨɫɬɨɢɬ ɢɡ 24 

ɲɢɪɦ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɞɜɚ ɪɹɞɚ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɨɱɧɨɝɨ 

ɨɛɴɟɦɚ. Ʉɨɧɜɟɤɬɢɜɧɚɹ ɱɚɫɬɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɫɨɫɬɨɢɬ ɢɡ ɩɚɤɟɬɨɜ ɡɦɟɟɜɢɤɨɜ 

ɩɟɪɜɨɣ, ɬɪɟɬɶɟɣ ɢ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɟɣ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɝɚɡɨɯɨɞɟ. Ʉ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶɧɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ ɨɬɧɨɫɹɬɫɹ ɨɝɪɚɠɞɚɸɳɢɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɤɨɜɵɯ ɫɬɟɧ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɩɨɬɨɥɨɤ, ɮɪɨɧɬɨɜɚɹ 

ɡɚɞɧɹɹ ɫɬɟɧɤɢ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɛɨɤɨɜɵɯ ɫɬɟɧ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɟɪɟɤɨɫɨɜ ɩɚɪɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 

ɩɟɪɟɛɪɨɫɵ ɩɚɪɚ ɩɨ ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ, ɩɨɥɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɜ ɤɚɠɞɨɦ ɩɨɬɨɤɟ. 

ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɢɦɟɟɬ ɞɜɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɚ ɩɚɪɚ. Ⱦɜɢɠɟɧɢɟ ɩɚɪɚ 

ɫɥɟɞɭɸɳɟɟ. 

ɉɚɪ ɢɡ ɛɚɪɚɛɚɧɚ ɤɨɬɥɚ ɩɨ ɞɟɫɹɬɢ ɬɪɭɛɚɦ 159ɯ14, ɫɬɚɥɶ 20, ɩɨɫɬɭɩɚɟɬ ɜ 

ɩɹɬɶ ɜɟɪɯɧɢɯ ɤɚɦɟɪ 219ɯ36 ɫɬɚɥɶ 20 ɩɚɧɟɥɟɣ ɛɨɤɨɜɵɯ ɫɬɟɧ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 

ɝɚɡɨɯɨɞɚ. ɉɪɨɣɞɹ ɩɚɧɟɥɢ ɫɜɟɪɯɭ ɜɧɢɡ, ɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɧɢɠɧɢɟ ɤɚɦɟɪɵ 

219ɯ36 ɫɬɚɥɶ 20 ɛɨɤɨɜɵɯ ɩɚɧɟɥɟɣ. Ʉɚɠɞɚɹ ɢɡ ɱɟɬɵɪɟɯ ɩɚɧɟɥɟɣ ɜɵɩɨɥɧɟɧɚ ɢɡ 20 

ɬɪɭɛ ɢ ɨɞɧɚ ɩɚɧɟɥɶ ɢɡ 16 ɬɪɭɛ 42ɯ5 ɫɬɚɥɶ 20 ɫ ɲɚɝɨɦ 80 ɦɦ. 

Ⱦɚɥɟɟ ɩɚɪ ɞɟɫɹɬɶɸ ɬɪɭɛɚɦɢ 159ɯ14 ɫɬɚɥɶ 20 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɩɹɬɶ ɧɢɠɧɢɯ 

ɤɚɦɟɪ 219ɯ36 ɫɬɚɥɶ 20 ɮɪɨɧɬɨɜɨɣ ɫɬɟɧɤɢ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ ɨɩɭɫɤɧɨɝɨ 

ɝɚɡɨɯɨɞɚ, ɨɬɤɭɞɚ ɩɪɨɯɨɞɢɬ ɩɹɬɶ ɩɚɧɟɥɟɣ ɷɤɪɚɧɢɪɭɸɳɢɯ ɮɪɨɧɬɨɜɭɸ, 

ɩɨɬɨɥɨɱɧɭɸ ɢ ɡɚɞɧɸɸ ɫɬɟɧɤɢ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ ɢ ɩɨɫɬɭɩɚɟɬ ɜ ɩɹɬɶ ɧɢɠɧɢɯ 



ɤɚɦɟɪ 219ɯ36 ɫɬɚɥɶ 20. Ⱦɜɟ ɩɚɧɟɥɢ ɜɵɩɨɥɧɟɧɵ ɢɡ 20 ɬɪɭɛ ɢ ɬɪɢ ɩɚɧɟɥɢ ɢɡ 24 

ɬɪɭɛ 60×6 ɫɬɚɥɶ 20 ɫ ɲɚɝɨɦ 100 ɦɦ. 

ɂɡ ɩɹɬɢ ɤɚɦɟɪ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ ɩɚɪ ɩɨ 10 ɬɪɭɛɚɦ 159ɯ15 

ɫɬɚɥɶ 20 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɩɹɬɶ ɜɯɨɞɧɵɯ ɤɚɦɟɪ 273ɯ36 ɫɬɚɥɶ 20 ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ 111 ɬɪɟɯɧɢɬɨɱɧɵɯ ɩɚɤɟɬɨɜ, 

ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɪɭɛ 38ɯ4 ɫɬɚɥɶ 20, (ɜɵɯɨɞɧɚɹ ɩɟɬɥɹ ɜɵɩɨɥɧɟɧɚ ɢɡ ɬɪɭɛ 38ɯ4,5 

ɫɬɚɥɶ 12ɏ1ɆɎ). ɉɪɨɣɞɹ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɩɹɬɶ ɜɵɯɨɞɧɵɯ ɤɚɦɟɪ 

273×25 ɫɬɚɥɶ 12ɏ1ɆɎ, ɨɬɤɭɞɚ ɩɨ ɞɟɫɹɬɢ ɬɪɭɛɚɦ 159ɯ13 ɫɬɚɥɶ 12ɏ1ɆɎ 

ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɜɚ ɪɚɫɬɨɩɨɱɧɵɯ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹ 325ɯ30 ɫɬɚɥɶ 12ɏ1ɆɎ. 

ɉɨɫɥɟ ɪɚɫɬɨɩɨɱɧɵɯ ɩɚɪɨɨɯɥɚɞɢɬɟɥɟɣ ɩɚɪ ɩɨ 12 ɬɪɭɛɚɦ 133ɯ13 ɫɬɚɥɶ 

12ɏ1ɆɎ ɩɨɫɬɭɩɚɟɬ ɜ 12 ɜɯɨɞɧɵɯ ɤɚɦɟɪ 133ɯ20 ɫɬɚɥɶ 12ɏ1ɆɎ ɮɪɨɧɬɨɜɵɯ 

ɲɢɪɦ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɪɭɛ 32ɯ5 ɫɬɚɥɶ 12ɏ1ɆɎ ɩɨ 22 ɬɪɭɛɵ ɜ 

ɤɚɠɞɨɣ, ɢ ɩɪɨɯɨɞɢɬ ɢɯ ɩɪɨɬɢɜɨɬɨɤɨɦ. ɉɨɫɥɟ ɮɪɨɧɬɨɜɵɯ ɲɢɪɦ ɩɚɪ ɩɨ 12 ɬɪɭɛɚɦ 

133ɯ13 ɫɬɚɥɶ 12ɏ1ɆɎ ɩɨɫɬɭɩɚɟɬ ɜ ɞɜɚ ɜɩɪɵɫɤɢɜɚɸɳɢɯ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹ ɩɟɪɜɨɣ 

ɫɬɭɩɧɢ 325ɯ30 ɫɬɚɥɶ 12ɏ1ɆɎ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɛɪɨɫ ɩɚɪɚ ɩɨ ɲɢɪɢɧɟ 

ɝɚɡɨɯɨɞɚ ɫɥɟɜɚ ɧɚɩɪɚɜɨ ɢ ɧɚɨɛɨɪɨɬ. 

ɉɨɫɥɟ ɩɚɪɨɨɯɥɚɞɢɬɟɥɟɣ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɩɚɪ ɩɨ 12 ɬɪɭɛɚɦ 133ɯ13 ɫɬɚɥɶ 

12ɏ1ɆɎ ɩɨɫɬɭɩɚɟɬ ɜ 12 ɜɯɨɞɧɵɯ ɤɚɦɟɪ 133ɯ20 ɫɬɚɥɶ 12ɏ1ɆɎ ɡɚɞɧɢɯ ɲɢɪɦ 

ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɪɭɛ 32ɯ5 ɫɬɚɥɶ 12ɏ1ɆɎ ɩɨ 22 ɬɪɭɛɵ ɜ 

ɤɚɠɞɨɣ, ɩɪɨɯɨɞɢɬ ɢɯ ɩɪɨɬɢɜɨɬɨɤɨɦ ɢ, ɩɨ 12 ɬɪɭɛɚɦ 159ɯ17 ɫɬɚɥɶ 12ɏ1ɆɎ, 

ɩɨɫɬɭɩɚɟɬ ɜ ɱɟɬɵɪɟ ɜɯɨɞɧɵɟ ɤɚɦɟɪɵ 273ɯ25 ɫɬɚɥɶ 12ɏ1ɆɎ ɬɪɟɬɶɟɣ ɫɬɭɩɧɢ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. ɉɪɨɯɨɞɢɬ ɩɪɹɦɨɬɨɤɨɦ 54 ɩɹɬɢɧɢɬɨɱɧɵɯ ɩɚɤɟɬɚ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɪɭɛ 38ɯ6 ɫɬɚɥɶ 12ɏ1ɆɎ, ɢ ɩɨɫɬɭɩɚɟɬ ɜ 

ɱɟɬɵɪɟ ɜɵɯɨɞɧɵɟ ɤɚɦɟɪɵ 273ɯ36 ɫɬɚɥɶ 12ɏ1ɆɎ, ɨɬɤɭɞɚ ɩɨ 12 ɬɪɭɛɚɦ 159ɯ20 

ɫɬɚɥɶ 12ɏ1ɆɎ ɩɨɫɬɭɩɚɟɬ ɜ ɞɜɚ ɜɩɪɵɫɤɢɜɚɸɳɢɯ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹ ɜɬɨɪɨɣ 

ɫɬɭɩɟɧɢ 325ɯ36 ɫɬɚɥɶ 12ɏ1ɆɎ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɛɪɨɫ ɩɚɪɚ ɩɨ ɲɢɪɢɧɟ 

ɝɚɡɨɯɨɞɚ ɢɡ ɩɪɚɜɨɣ ɱɚɫɬɢ ɝɚɡɨɯɨɞɚ ɜ ɥɟɜɭɸ ɢ ɧɚɨɛɨɪɨɬ. 

ɉɨɫɥɟ ɩɚɪɨɨɯɥɚɞɢɬɟɥɟɣ ɩɚɪ ɩɨ 12 ɬɪɭɛɚɦ 159ɯ20 ɫɬɚɥɶ 12ɏ1ɆɎ 

ɩɨɫɬɭɩɚɟɬ ɜ ɱɟɬɵɪɟ ɜɯɨɞɧɵɟ ɤɚɦɟɪɵ 273ɯ36 ɫɬɚɥɶ 12ɏ1ɆɎ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɢ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɩɪɨɯɨɞɢɬ ɩɪɹɦɨɬɨɤɨɦ 54 ɩɹɬɢɧɢɬɨɱɧɵɯ ɩɚɤɟɬɚ ɢɡ ɬɪɭɛ 38ɯ5 



ɫɬɚɥɶ 12ɏ18ɇ12Ɍ, ɢ ɩɨɫɬɭɩɚɟɬ ɜ ɱɟɬɵɪɟ ɜɵɯɨɞɧɵɟ ɤɚɦɟɪɵ 325ɯ50 ɫɬɚɥɶ 

15ɏ1Ɇ1Ɏ, ɡɚɬɟɦ ɩɨ 12 ɬɪɭɛɚɦ 159ɯ26 ɫɬɚɥɶ 12ɏ1ɆɎ, ɩɨɫɬɭɩɚɟɬ ɜ ɞɜɟ 

ɩɚɪɨɫɛɨɪɧɵɟ ɤɚɦɟɪɵ 325ɯ50 ɫɬɚɥɶ 15ɏ1Ɇ1Ɏ. ȼɵɯɨɞ ɩɚɪɚ ɢɡ ɤɚɠɞɨɣ ɤɚɦɟɪɵ 

ɨɞɧɨɫɬɨɪɨɧɧɢɣ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɜɩɪɵɫɤɚ 

«ɫɨɛɫɬɜɟɧɧɨɝɨ» ɤɨɧɞɟɧɫɚɬɚ ɜ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹɯ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ. 

ɉɟɪɜɵɣ ɜɩɪɵɫɤ ɜɵɩɨɥɧɟɧ ɩɨɫɥɟ ɮɪɨɧɬɨɜɵɯ ɲɢɪɦ, ɜɬɨɪɨɣ – ɩɨɫɥɟ ɬɪɟɬɶɟɣ 

ɫɬɭɩɟɧɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 

Ⱦɥɹ ɜɩɪɵɫɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɧɞɟɧɫɚɬ, ɩɨɥɭɱɚɟɦɵɣ ɜ ɭɫɬɚɧɨɜɤɚɯ 

«ɫɨɛɫɬɜɟɧɧɨɝɨ» ɤɨɧɞɟɧɫɚɬɚ ɩɭɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, 

ɩɨɫɬɭɩɚɸɳɟɝɨ ɢɡ ɛɚɪɚɛɚɧɚ, ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɨɣ, ɩɪɨɲɟɞɲɟɣ ɩɟɪɜɵɣ (ɩɨ ɯɨɞɭ 

ɜɨɞɵ) ɩɚɤɟɬ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ. ɂɡ ɜɨɫɶɦɢ ɬɪɭɛ 133ɯ13 ɫɬɚɥɶ 20, 

ɜɵɯɨɞɹɳɢɯ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɚɤɟɬɚ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɵ ɢɞɭɬ ɱɟɬɵɪɟ 

ɬɪɭɛɵ. Ⱦɪɭɝɢɟ ɱɟɬɵɪɟ ɬɪɭɛɵ ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɜɯɨɞɧɵɦɢ ɤɨɥɥɟɤɬɨɪɚɦɢ ɜɬɨɪɨɝɨ 

ɩɚɤɟɬɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ (ɞɥɹ ɫɧɢɠɟɧɢɹ 

ɫɤɨɪɨɫɬɢ ɜɨɞɵ ɜ ɡɦɟɟɜɢɤɚɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ). ɉɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɩɢɬɚɬɟɥɶɧɚɹ 

ɜɨɞɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜɨ ɜɯɨɞɧɵɟ ɤɚɦɟɪɵ ɜɬɨɪɨɝɨ ɩɚɤɟɬɚ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ. 

Ʉɨɧɞɟɧɫɚɬɨɪɵ ɪɚɛɨɬɚɸɬ ɜ ɡɚɬɨɩɥɟɧɧɨɦ ɪɟɠɢɦɟ. ɉɨɞɚɱɚ ɤɨɧɞɟɧɫɚɬɚ ɜ 

ɩɚɪɨɨɯɥɚɞɢɬɟɥɢ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ 

ɦɟɠɞɭ ɩɚɪɨɨɯɥɚɞɢɬɟɥɟɦ ɢ ɤɨɧɞɟɧɫɚɬɨɪɨɦ, ɚ ɬɚɤɠɟ ɩɟɪɟɩɚɞɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɫ 

ɩɨɦɨɳɶɸ ɩɚɪɨɜɵɯ ɷɠɟɤɬɨɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɤɚɦɟɪɚɯ ɩɚɪɨɨɯɥɚɞɢɬɟɥɟɣ. 

ɉɨɞɚɱɚ ɤɨɧɞɟɧɫɚɬɚ ɜ ɩɚɪɨɨɯɥɚɞɢɬɟɥɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ 

ɫɱɟɬ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɣ ɦɟɠɞɭ ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɢ ɤɚɦɟɪɨɣ ɤɚɠɞɨɝɨ ɢɡ 

ɩɚɪɨɨɯɥɚɞɢɬɟɥɟɣ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɦɟɬɚɥɥɚ ɲɢɪɦɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜ ɩɟɪɢɨɞ ɪɚɫɬɨɩɤɢ 

ɧɚ ɤɨɬɥɟ ɩɪɟɞɭɫɦɨɬɪɟɧ ɪɚɫɬɨɩɨɱɧɵɣ ɩɚɪɨɨɯɥɚɞɢɬɟɥɶ. Ⱦɥɹ ɜɩɪɵɫɤɚ ɜ ɧɟɝɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ. 

4). Кɨɧɜɟɤɬɢɜɧɚя ɲɚɯɬɚ. 

Ʉɨɧɜɟɤɬɢɜɧɚɹ ɲɚɯɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɭɫɤɧɨɣ ɝɚɡɨɯɨɞ ɫ 

ɪɚɡɦɟɳɟɧɧɵɦɢ ɜ ɧɟɦ ɜɨɞɹɧɵɦ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɢ ɬɪɭɛɱɚɬɵɦ 



ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ. ȼɟɪɯɧɹɹ ɱɚɫɬɶ ɛɨɤɨɜɵɯ ɫɬɟɧ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ 

ɷɤɪɚɧɢɪɨɜɚɧɚ ɬɪɭɛɚɦɢ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ. 

ȼɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ ɫɤɨɦɩɨɧɨɜɚɧ ɜ ɬɪɢ ɩɚɤɟɬɚ ɡɦɟɟɜɢɤɨɜ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨ ɮɪɨɧɬɭ ɤɨɬɥɚ. ɉɚɤɟɬɵ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɬɪɭɛ 32ɯ4 

ɫɬɚɥɶ 20. 

ɉɨɞ ɜɨɞɹɧɵɦ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɪɚɫɩɨɥɨɠɟɧ ɬɪɭɛɱɚɬɵɣ 

ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɫɤɨɦɩɨɧɨɜɚɧɧɵɣ ɩɨ ɱɟɬɵɪɟɯɩɨɬɨɱɧɨɣ ɫɯɟɦɟ ɢɡ 

ɬɪɭɛ 40ɯ1,6 ɫɬɚɥɶ 3ɩɫ. ɉɨ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɩɨɥɧɟɧ 

ɱɟɬɵɪɟɯɯɨɞɨɜɵɦ. 

ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɤɪɨɦɟ ɜɯɨɞɧɵɯ ɤɭɛɨɜ) ɢ ɧɢɠɧɢɣ ɩɚɤɟɬ 

ɷɤɨɧɨɦɚɣɡɟɪɚ ɫɜɚɪɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɤɨɦɩɟɧɫɚɬɨɪɨɜ ɢ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɤɨɧɜɟɤɬɢɜɧɚɹ ɲɚɯɬɚ ɪɚɫɲɢɪɹɟɬɫɹ ɜɜɟɪɯ ɨɬ ɪɚɦɵ ɤɚɪɤɚɫɚ. Ⱦɥɹ 

ɤɨɦɩɟɧɫɚɰɢɢ ɬɟɩɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɫɨɡɞɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɜɨɛɨɞɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ ɦɟɠɞɭ ɧɢɠɧɢɦ ɢ ɫɪɟɞɧɢɦ ɩɚɤɟɬɚɦɢ ɜɨɞɹɧɨɝɨ 

ɷɤɨɧɨɦɚɣɡɟɪɚ ɭɫɬɚɧɨɜɥɟɧ ɩɟɫɨɱɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ. ȼɯɨɞɧɵɟ ɤɭɛɵ 

ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɨɞɜɟɲɟɧɵ ɤ ɪɚɦɟ ɤɚɪɤɚɫɚ. 

5). Ɉɱɢɫɬɤɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

Ⱦɥɹ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɚ ɩɪɢɦɟɧɹɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚ 

ɫɥɟɞɭɸɳɟɝɨ ɬɢɩɚ: 

– ɞɥɹ ɨɱɢɫɬɤɢ ɷɤɪɚɧɨɜ 4 ɚɩɩɚɪɚɬɚ ɜɨɞɹɧɨɣ ɨɛɞɭɜɤɢ ɬɢɩɚ ɈȼȾ; 

– ɞɥɹ ɨɱɢɫɬɤɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ: ɝɥɭɛɨɤɨɜɵɞɜɢɠɧɵɟɨɛɞɭɜɨɱɧɵɟ 

ɚɩɩɚɪɚɬɵ ɬɢɩɚ ɈȽ-8 ɜ ɤɨɥɢɱɟɫɬɜɟ 20 ɲɬɭɤ; 

– ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ: 4 

ɤɨɧɬɭɪɚ ɞɪɨɛɟɨɱɢɫɬɤɢ. 

Ɇɨɧɬɚɠ, ɧɚɥɚɞɤɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɹ ɚɩɩɚɪɚɬɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɩɟɰɢɚɥɶɧɨɣ 

ɢɧɫɬɪɭɤɰɢɢ. 

Ⱥɝɟɧɬɨɦ ɞɥɹ ɨɛɞɭɜɤɢ ɫɥɭɠɢɬ ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ ɞɚɜɥɟɧɢɟɦ 30…40 ɤɝɫ/ɫɦ2 ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ 350…400 °ɋ, ɤɨɬɨɪɵɣ ɛɟɪɟɬɫɹ ɢɡ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹ ɩɟɪɜɨɣ 

ɫɬɭɩɟɧɢ, ɢ ɜɨɞɚ ɞɚɜɥɟɧɢɟɦ 6…15 ɤɝɫ/ɫɦ2 ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɟ ɜɵɲɟ 60 °ɋ. 



Ɍɪɚɧɫɩɨɪɬ ɞɪɨɛɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɦ ɩɪɢ ɩɨɦɨɳɢ ɜɨɡɞɭɲɧɨɝɨ 

ɢɧɠɟɤɬɨɪɚ, ɩɨɫɬɚɜɥɹɟɦɨɝɨ ɫɨɜɦɟɫɬɧɨ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɞɪɨɛɟɨɱɢɫɬɤɢ. ȼɨɡɞɭɲɧɵɟ 

ɢɧɠɟɤɬɨɪɵ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɞɚɜɥɟɧɢɟ 0,6 ɤɝɫ/ɫɦ2. Ⱦɥɹ ɞɪɨɛɟɨɱɢɫɬɤɢ ɩɪɢɦɟɧɹɟɬɫɹ 

ɱɭɝɭɧɧɚɹ ɞɪɨɛɶ ɞɢɚɦɟɬɪɨɦ 5…6 ɦɦ. 

Ⱦɪɨɛɟɨɱɢɫɬɤɚ ɜɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɭ ɩɨɫɥɟ ɰɢɤɥɚ ɩɚɪɨɜɨɣ ɢ ɜɨɞɹɧɨɣ 

ɨɛɞɭɜɤɢ ɬɨɩɤɢ, ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɢ ɲɢɪɦ. ȼɪɟɦɹ ɪɚɛɨɬɵ ɞɪɨɛɟɨɱɢɫɬɤɢ ɢ 

ɢɧɬɟɪɜɚɥɚ ɦɟɠɞɭ ɟɟ ɜɤɥɸɱɟɧɢɹɦɢ ɨɩɪɟɞɟɥɹɸɬɫɹ «ɂɧɫɬɪɭɤɰɢɟɣ ɩɨ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ». 

Ɉɛɞɭɜɤɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: ɫɧɚɱɚɥɚ 

ɨɛɞɭɜɚɟɬɫɹ ɬɨɩɤɚ, ɲɢɪɦɵ, ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ, ɡɚɬɟɦ ɨɱɢɫɬɤɚ 

ɞɪɨɛɶɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ. 

6). ɍɫɬɚɧɨɜɤɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɲɥɚɤɨɭɞɚɥɟɧɢя. 

Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɲɥɚɤɚ ɢɡ-ɩɨɞ ɬɨɩɤɢ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɲɥɚɤɨɭɞɚɥɟɧɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɥɟɞɭɸɳɢɯ 

ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ: 

– ɲɥɚɤɨɜɵɣ ɛɭɧɤɟɪ ɫ ɝɚɪɧɢɬɭɪɨɣ ɢ ɞɟɬɚɥɹɦɢ ɤɪɟɩɥɟɧɢɹ - 3 ɲɬɭɤɢ; 

– ɲɧɟɤɨɜɵɣ ɬɪɚɧɫɩɨɪɬɟɪ ɫ ɩɪɢɜɨɞɨɦ - 3 ɲɬɭɤɢ. 

ɒɥɚɤɨɜɵɣ ɛɭɧɤɟɪ, ɨɛɦɭɪɨɜɚɧɧɵɣ ɢɡɧɭɬɪɢ, ɤɪɟɩɢɬɫɹ ɤ ɷɤɪɚɧɚɦ ɯɨɥɨɞɧɨɣ 

ɜɨɪɨɧɤɢ ɬɨɩɤɢ ɢ ɫɜɨɛɨɞɧɨ ɨɩɭɫɤɚɟɬɫɹ ɜɧɢɡ ɩɪɢ ɬɟɩɥɨɜɨɦ ɩɟɪɟɦɟɳɟɧɢɢ 

ɷɤɪɚɧɨɜ. 

ɇɢɠɧɹɹ ɱɚɫɬɶ ɛɭɧɤɟɪɚ ɩɨɝɪɭɠɟɧɚ ɩɨɞ ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɝɢɞɪɨɡɚɬɜɨɪɟ. ɉɪɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɥɨɫɬɶ ɝɢɞɪɨɡɚɬɜɨɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɫɬɨɹɧɧɨ ɡɚɩɨɥɧɟɧɚ ɜɨɞɨɣ. 

ɒɧɟɤɨɜɵɣ ɬɪɚɧɫɩɨɪɬɟɪ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ, ɡɚɩɨɥɧɹɟɦɨɝɨ ɜɨɞɨɣ, ɨɩɨɪɧɨɣ 

ɪɚɦɵ ɢ ɲɧɟɤɨɜɨɝɨ ɜɚɥɚ, ɜɪɚɳɚɸɳɟɝɨɫɹ ɜ ɬɟɤɫɬɨɥɢɬɨɜɵɯ ɩɨɞɲɢɩɧɢɤɚɯ 

ɫɤɨɥɶɠɟɧɢɹ. 

ɒɧɟɤɨɜɨɟ ɲɥɚɤɨɭɞɚɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɵɦ ɢ ɞɨɥɝɨɜɟɱɧɵɦ 

ɭɫɬɪɨɣɫɬɜɨɦ ɩɪɢ ɩɪɚɜɢɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɚɧɫɩɨɪɬɟɪɚ, ɧɚɥɚɠɟɧɧɨɦ 

ɬɨɩɨɱɧɨɦ ɪɟɠɢɦɟ ɢ ɪɟɝɭɥɹɪɧɨɣ ɨɛɞɭɜɤɟ ɷɤɪɚɧɨɜ ɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 

ɄȺɍ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɭɦɟɪɟɧɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɞɨ 38 %, ɧɢɡɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɞɨ 0,6 % ɢ ɡɨɥɶɧɨɫɬɢ ɞɨ 12 %.Ⱦɥɢɬɟɥɶɧɵɣ ɨɩɵɬ 



ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹɨɪɝɚɧɢɱɟɫɤɨɝɨ ɢ 

ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɄȺɍ ɜ ɬɨɩɨɱɧɨɦ ɩɪɨɰɟɫɫɟ ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ 

ɮɚɤɬɨɪɚɦɢ ɩɪɢ ɜɵɛɨɪɟ ɬɟɯɧɨɥɨɝɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɢɯ ɫɠɢɝɚɧɢɹ. 

ɋɟɪɶɟɡɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɨɬɥɨɜ ȿ-500, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɢɯ ɩɪɢɦɟɧɟɧɢɟ 

ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚNOx. Ɍɚɤ ɩɪɢ 

ɪɚɛɨɬɟ ɤɨɬɥɚ ɧɚ ɬɪɟɯ ɩɟɥɟɫɢɫɬɟɦɚɯ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ αɬ 

= 1,25 ɤɨɧɰɟɧɬɪɚɰɢɹ NOx ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɞɨɫɬɢɝɚɟɬ 430 ɦɝ/ɦ3, ɚ ɧɚ ɱɟɬɵɪɟɯ 

ɩɵɥɟɫɢɫɬɟɦɚɯ – 580 ɦɝ/ɦ3. ɉɪɢ ɡɨɧɞɢɪɨɜɚɧɢɢ ɬɨɩɤɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɧɰɟɧɬɪɚɰɢɹ NOxɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 4…5 ɤɚɥɢɛɪɨɜ 

ɝɨɪɟɥɤɢ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜ ɝɥɚɜɟ 

1, ɩɪɨɜɟɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɤɨɬɥɚ ɫ ɜɧɟɞɪɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 

 
 
2.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2 
 
1. ɉɪɢɜɟɞɟɧɚ ɩɨɞɪɨɛɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɟɥɶɧɨɝɨ ɢ ɬɭɪɛɢɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2. 

2.ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ Ɍɗɐ-2 ɧɚ ɷɤɨɥɨɝɢɸ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ. ɉɨɤɚɡɚɧ, 

ɱɬɨ Ɍɗɐ-2 ɜɵɛɪɚɫɵɜɚɟɬ ɜ ɚɬɦɨɫɮɟɪɭ 31 ɢɧɝɪɟɞɢɟɧɬ ɨɬ 18 ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɢ 

ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 

ɜɵɞɟɥɟɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɹɜɥɹɸɬɫɹ ɤɨɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ. ɉɪɢɜɟɞɟɧɵ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ 

ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɢ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ. 

3.Ɋɚɫɫɦɨɬɪɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹɤɨɬɥɚ ȿ-500 ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ ɟɝɨ 

ɷɥɟɦɟɧɬɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɨɬɥɨɜ ȿ-500, 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ 

ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ NOx.ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɬɪɟɛɭɟɬ ɩɪɨɜɟɫɬɢ 

ɦɨɞɟɪɧɢɡɚɰɢɸ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɤɨɬɥɚ ɫ ɜɧɟɞɪɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 

ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 



3 ɉɪɟɞɥɨɠɟɧɢɹ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɤɨɬɥɚ ȿ-500 
 
 

3.1 ɉɪɟɞɥɚɝɚɟɦɚɹ ɫɯɟɦɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ 
 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɞɥɹ ɤɨɬɥɚ ȿ-500 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.1. ɋɨɯɪɚɧɹɸɬɫɹ ɨɫɧɨɜɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɤɨɬɥɚ – 

ɝɚɡɨɜɚɹ ɫɭɲɤɚ ɢ ɪɚɡɦɨɥ ɬɨɩɥɢɜɚ ɜ ɦɟɥɶɧɢɰɚɯ-ɜɟɧɬɢɥɹɬɨɪɚɯ, ɬɚɧɝɟɧɰɢɚɥɶɧɨɟ 

ɦɧɨɝɨɹɪɭɫɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ. ȼ ɝɨɪɟɥɤɢ 1,2 ɢ 3 ɹɪɭɫɨɜ 

ɬɨɩɥɢɜɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ [14, 15, 22]. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ 

ɝɨɪɟɥɨɱɧɨɣ ɫɬɪɭɢ ɨɪɝɚɧɢɡɨɜɚɧɚ ɩɨɞɚɱɚ ɞɨ 12 % ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ (ɨɬ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ).ȼɨɡɞɭɲɧɨɟ ɞɭɬɶɟ ɩɨɞɚɟɬɫɹ ɩɨɦɢɦɨ ɝɨɪɟɥɨɤ ɱɟɪɟɡ 

ɫɩɟɰɢɚɥɶɧɵɟ ɛɨɤɨɜɵɟ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ ɨɬɦɟɬɤɚɯ 2 ɢ 3 ɹɪɭɫɨɜ 

(ɫɬɭɩɟɧɱɚɬɨɫɬɶ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ). ɇɚɩɪɚɜɥɟɧɢɟ ɩɪɨɞɨɥɶɧɵɯ ɨɫɟɣ ɨɫɧɨɜɧɵɯ 

ɝɨɪɟɥɨɤ ɢ ɛɨɤɨɜɵɯ ɜɨɡɞɭɲɧɵɯ ɫɨɩɟɥ ɜɵɛɪɚɧɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 

ɫɥɢɹɧɢɟ ɝɨɪɟɥɨɱɧɵɯ ɫɬɪɭɣ ɢ ɜɨɡɞɭɯɚ ɛɨɤɨɜɵɯ ɫɨɩɟɥ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 4 ɞɨ 5 

ɤɚɥɢɛɪɚ ɨɬ ɫɪɟɡɚ ɝɨɪɟɥɤɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɫɢ ɛɨɤɨɜɵɯ ɫɨɩɥ ɞɨɥɠɧɵ ɛɵɬɶ 

ɧɚɩɪɚɜɥɟɧɵ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɜɨɨɛɪɚɠɚɟɦɨɣ ɨɤɪɭɠɧɨɫɬɢ ɞɢɚɦɟɬɪɨɦ 3 ɦ. 

ȼɵɲɟ ɬɪɟɬɶɟɝɨ ɹɪɭɫɚ ɝɨɪɟɥɨɤ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɝɪɭɩɩɚ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ 

ɫɨɩɟɥ ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɫ ɩɨɞɚɱɟɣ ɜ ɧɢɯ 15 % ɜɨɡɞɭɯɚ (ɨɬ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ) ɫ ɤɪɭɬɤɨɣ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ 

ɜɪɚɳɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɝɚɡɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɬɨɩɤɢ 

(ɫɬɭɩɟɧɱɚɬɨɫɬɶ ɩɨ ɜɟɪɬɢɤɚɥɢ). ɉɪɨɬɢɜɨɩɨɥɨɠɧɚɹ ɤɪɭɬɤɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɦɚɫɫɨɨɛɦɟɧɚ ɢ ɞɨɠɢɝɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɧɟɩɨɥɧɨɝɨ ɝɨɪɟɧɢɹ. Ⱦɥɹ 

ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɝɨɪɟɥɤɚɦ, 

ɨɬɛɨɪ ɜɨɡɞɭɯɚ ɧɚ ɫɨɩɥɚ ɜɟɪɯɧɟɝɨ ɞɭɬɶɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɩɟɪɟɦɵɱɟɤ, 

ɫɦɨɧɬɢɪɨɜɚɧɧɵɯ ɦɟɠɞɭ ɤɨɪɨɛɚɦɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ. 

ɋ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɥɚɤɨɜɚɧɢɹ, ɤɚɤ ɩɨɤɚɡɚɥɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɬɥɚ ȿ-500, ɧɟɨɛɯɨɞɢɦɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɩɨɞɚɱɚ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ 

ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ [19–21]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɩɨɞɚɱɚ ɞɨ 10 % 



ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɬɨɩɤɭ ɱɟɪɟɡ ɤɚɧɚɥɵ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɨɫɧɨɜɧɵɯ 

ɝɨɪɟɥɨɤ. 

 

 

Ɋɢɫɭɧɨɤ 3.1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ 
ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɨɬɥɟ ȿ-500 

 

  



Ƚɨɪɟɥɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɥɚ ȿ-500 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɷɮɮɟɤɬɢɜɧɨɟ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɬɨɩɥɢɜɚ, ɩɨɷɬɨɦɭ ɤɨɧɫɬɪɭɤɰɢɹ ɝɨɪɟɥɨɤ ɧɟ 

ɢɡɦɟɧɹɟɬɫɹ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ 27 % ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɨɬɜɨɞɢɬɫɹ ɢɡ ɝɨɪɟɥɨɤ ɢ 

ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɨɪɟɥɨɤ 2W =35 ɦ/ɫ, ɫɟɱɟɧɢɟ ɤɚɧɚɥɨɜ 

ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɭɦɟɧɶɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɜɫɬɚɜɨɤ ɪɢɫɭɧɤɟ 3.2.  

 

 

 

 

Ɋɢɫɭɧɨɤ 3.2 – ȼɫɬɚɜɤɚ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɫɟɱɟɧɢɹ ɤɚɧɚɥɨɜ ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɭɝɨɥɶɧɵɯ ɝɨɪɟɥɤɚɯ 

 

 

  



3.2 Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ, ɝɨɪɟɥɨɤ ɢ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 
 

Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ ɢ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɜɵɫɨɬɵ 

ɭɫɬɚɧɨɜɤɢ ɫɨɩɥ ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ [23, 24] ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.1. 

Ɍɚɛɥɢɰɚ 3.1-Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ, ɝɨɪɟɥɨɤ ɢ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

 ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧ 
 

Ɉɛɨɡɧɚ- 
ɱɟɧɢɟ 

Ɋɚɡɦɟɪ- 
ɧɨɫɬɶ 

ɑɢɫɥɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

1 2 3 4 5 
1 Ɍɢɩ ɤɨɬɥɚ ȿ-500   
2 ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ ɩɟD  

ɤɝ/ɱ 500000 

3 Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ ɛP  
2/ ɫɦɤɝɫ  161 

4 Ⱦɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɟP  
3/ ɫɦɤɝɫ  140 

5 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ  ɩɟt  
 560 

6 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɜt  
 230 

7 ɗɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɟi  
ɤɤɚɥ/ɤɝ 833,2 

8 ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɜi  
ɤɤɚɥ/ɤɝ 237,2 

9 ɉɨɬɟɪɢ ɬɟɩɥɚ ɫ ɦɟɯɧɟɞɨɠɟɝɨɦ 
4q  % 0,5 

10 ɄɉȾ ɛɪɭɬɬɨ ɤɨɬɥɚ ɛɪ
 

% 92,1 

11 Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɝɜt  
 279 

12 Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɭɯt
 

 150 

15 ȼɟɧɬɢɥɹɰɢɹ ɦɟɥɶɧɢɰ ɦV  ɫɦ /3
 31,94 

17 Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɚɸɳɢɯ ɦɟɥɶɧɢɰ ɪɦZ
 

ɲɬɭɤ 3 

22 Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ ɪɝZ
 

ɲɬɭɤ 9 

23 ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ ɤB  ɤɝ/ɫ 23,65 

24 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ ɪB  
ɤɝ/ɫ 23,53 

28 Ⱦɨɥɹ ɪɟɰɢɪɤɭɥɹɰɢɢ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɜ ɩɵɥɟɫɢɫɬɟɦɭ 

ɩɫ
ɭɯr

 
- 0,076 

 
29 Ⱦɨɥɹ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ ɨɬɛɨɪɚ ɨɬɛr  

- 0,176 

30 Ⱦɨɥɹ ɪɟɰɢɪɤɭɥɹɰɢɢ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɜɨ ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ (ɨɛɳɚɹ)  

ɜɜ
ɭɯr

 
- 0,1 

 
31 Ɍɨɠɟ ɩɨ ɹɪɭɫɚɦ    
 -1 ɹɪɭɫ 1ɜɜ

ɭɯr
 

- 0,03 

 

  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 

 

1 2 3 4 5 
 -2 ɹɪɭɫ 2ɜɜ

ɭɯr
 

- 0,03 

 -3 ɹɪɭɫ 3ɜɜ
ɭɯr

 
- 0,03 

32 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɬ  
- 1,2 

33 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɚɡɚɯ 
Ɉɬɛɨɪɚ 

ɨɬɛ  
- 1,2 

 
34 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɚɡɚɯ 

Ɋɟɰɢɪɤɭɥɹɰɢɢ 
ɭɯ  

- 1,37 
 
35 ɉɪɢɫɨɫ ɜ ɬɨɩɤɭ ɬ  

- 0,05 

36 ɉɪɢɫɨɫ ɜ ɩɵɥɟɫɢɫɬɟɦɭ ɩɫ  
- 0,116 

37 Ⱦɨɥɹ ɜɨɡɞɭɯɚ ɧɚ ɜɟɪɯɧɟɟ ɬɪɟɬɢɱɧɨɟ  
ɞɭɬɶɟ (ɨɛɳɚɹ) 

ɜɟɪ
3  

- 0,15 
 
38 Ʉɨɥɢɱɟɫɬɜɨ ɹɪɭɫɨɜ ɜɟɪɯɧɟɝɨ  

ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 
ɜɟɪn3  

- 2 
 
39 Ɉɩɪɟɞɟɥɢɬɟɥɶ ɩɨɞɚɱɢ ɬɪɟɬɢɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɧɚ ɫɨɩɥɚ ɩɨ ɜɟɪɬɢɤɚɥɢ 
   

 
 -1 ɹɪɭɫ 

1  - 0 

 -2 ɹɪɭɫ 
2  - 1 

40 Ⱦɨɥɹ ɜɨɡɞɭɯɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɟ  
ɬɪɟɬɢɱɧɨɟ ɞɭɬɶɟ ɩɨ ɹɪɭɫɚɦ 

   
 
 -1 ɹɪɭɫ 1

3
ɜɟɪ

 
- 0 

 -2 ɹɪɭɫ 2
3
ɜɟɪ

 
- 0,15 

41 Ⱦɨɥɹ ɜɨɡɞɭɯɚ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ 
ɬɪɟɬɢɱɧɨɟ ɞɭɬɶɟ (ɨɛɳɚɹ)  

ɝɨɪ
3  

- 0,12 
 
     
42 Ʉɨɥɢɱɟɫɬɜɨ ɹɪɭɫɨɜ ɩɨɞɚɱɢ  

ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ 
ɝɨɪn3  

- 2 
 
43 Ɉɩɪɟɞɟɥɢɬɟɥɶ ɩɨɞɚɱɢ ɬɪɟɬɢɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɧɚ ɫɨɩɥɚ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ 
   

 
 -1 ɹɪɭɫ 

1P  - 0 

 -2 ɹɪɭɫ 
2P  - 1 

 -3 ɹɪɭɫ 
3P
 

- 1 

44 Ⱦɨɥɹ ɜɨɡɞɭɯɚ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ  
ɬɪɟɬɢɱɧɨɟ ɞɭɬɶɟ ɩɨ ɹɪɭɫɚɦ 

   
 
 -1 ɹɪɭɫ 1

3
ɝɨɪ

 
- 0 

 -2 ɹɪɭɫ 2
3
ɝɨɪ

 
- 0,06 

 -3 ɹɪɭɫ 3
3
ɝɨɪ

 
- 0,06 

 

 

  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 

 

1 2 3 4 5 
45 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɫɨɫɨɜ ɩɨ ɹɪɭɫɚɦ:    
 -1 ɹɪɭɫ 

1ɩɪɫk
 

- 0,5 

 -2 ɹɪɭɫ 
2ɩɪɫk
 

- 0,3 

 -3 ɹɪɭɫ 
3ɩɪɫk
 

- 0,2 

Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ: 
46 Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɨɞɧɭ ɦɟɥɶɧɢɰɭ ɦB  

ɤɝ/ɫ 7,88 

47 Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ:    
 -1 ɹɪɭɫ 

1яB  
ɤɝ/ɫ 7,84 

 -2 ɹɪɭɫ 
2яB
 

ɤɝ/ɫ 7,84 

 -3 ɹɪɭɫ 
3яB  

ɤɝ/ɫ 7,84 

48 Ɋɚɫɯɨɞ ɚɷɪɨɫɦɟɫɢ ɧɚ ɝɨɪɟɥɤɭ:    
 -1 ɹɪɭɫ ɚV1  ɫɦ /3

 10,65 

 -2 ɹɪɭɫ ɚV2  ɫɦ /3
 10,65 

 -3 ɹɪɭɫ ɚV3  ɫɦ /3
 10,65 

49 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɨV
 

ɤɝɧɦ /3
 4,32 

50 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɨ
ɝV  ɤɝɧɦ /3

 5,13 

51 Ⱦɨɥɹ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ  
ɝɚɡɚɯ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɪɰ  
- 0,03 

 
52 Ⱦɨɥɹ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ  

ɝɚɡɚɯ ɨɬɛɨɪɚ 
ɨɬɛ  

- 0,035 
 
53 Ⱦɨɥɹ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɤɨɬɟɥ 1  - 0,179 

54 Ⱦɨɥɹ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɚɯ    
 -1 ɹɪɭɫ 

11я  
- 0,06 

 -2 ɹɪɭɫ 
21я  

- 0,06 

 -3 ɹɪɭɫ 
31я  

- 0,06 

55 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɩɟɪɜɢɱɧɨɝɨ 
 ɜɨɡɞɭɯɚ ɜ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɤɚɯ 

   
 
 -1 ɹɪɭɫ 

)11(1  
- 0,179 

 -2 ɹɪɭɫ 
)21(1  

- 0,179 

 -3 ɹɪɭɫ 
)31(1  

- 0,179 

56 Ⱦɨɥɹ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ 
2   0,734 

57 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ  
ɩɨ ɹɪɭɫɚɦ ɝɨɪɟɥɤɚɯ 

   
 
 -1 ɹɪɭɫ 1

2
яɪɜɜd  

- 0,333 

 

  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 

1 2 3 4 5 
 -2 ɹɪɭɫ 2

2
яɪɜɜd  

- 0,333 

 -3 ɹɪɭɫ 3
2
яɪɜɜd  

- 0,333 

58 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ ɧɚ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɤɚɯ 

   

 -1 ɹɪɭɫ 
)12(ɪɝ  

- 0,551 

 -2 ɹɪɭɫ 
)22(ɪɝ  

- 0,551 

 -3 ɹɪɭɫ 
)32(ɪɝ  

- 0,551 

59 Ⱦɨɥɹ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ  
ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɤɚɯ 

   
 
 -1 ɹɪɭɫ 

)12(ɪɝ  
- 0,184 

 -2 ɹɪɭɫ 
)22(ɪɝ  

- 0,184 

 -3 ɹɪɭɫ 
)32(ɪɝ  

- 0,184 

60 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 
Ƚɨɪɟɥɤɢ 

   
 
 -1 ɹɪɭɫ 

1ɝ  
- 0,734 

 -2 ɹɪɭɫ 
2ɝ  

- 0,734 

 -3 ɹɪɭɫ 
3ɝ  

- 0,734 

61 Ⱦɨɥɹ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɞɭɬɶɟ ɩɨ  
ɝɨɪɢɡɨɧɬɚɥɢ ɜ ɡɨɧɟ ɝɨɪɟɥɨɤ 

   
 
 -1 ɹɪɭɫ 

13ɝ  
- 0 

 -2 ɹɪɭɫ 
23ɝ  

- 0,060 

 -3 ɹɪɭɫ 
33ɝ  

- 0,060 

62 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɹɪɭɫɚɯ  
ɝɨɪɟɥɨɤ ɫ ɭɱɟɬɨɦ ɩɪɢɫɨɫɨɜ 

   
 
 -1 ɹɪɭɫ 

1яɪ  
- 0,940 

 -2 ɹɪɭɫ 
2яɪ  

- 1,015 

 -3 ɹɪɭɫ 
3яɪ  

- 1,035 

63 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɡɨɧɟ  
ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

   
 
 -1 ɹɪɭɫ 1

3  
- 1,035 

 -2 ɹɪɭɫ 2
3  

- 1,185 

64 ɋɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ 

ɪɚɫ
ɬ  

- 1,2 
 
 

 

  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 

 

1 2 3 4 5 
Ɋɚɫɱɟɬ ɤɚɧɚɥɨɜ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɚɯ 
65 Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɞɧɭ ɝɨɪɟɥɤɭ    
 -1 ɹɪɭɫ 

)12(ɝV
 ɫɧɦ /3

 6,22 

 -2 ɹɪɭɫ 
)22(ɝV
 ɫɧɦ /3

 6,22 

 -3 ɹɪɭɫ 
)32(ɝV
 ɫɧɦ /3

 6,22 

66 ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ 
ɢɡ ɝɨɪɟɥɨɤ (ɧɟɨɛɯɨɞɢɦɚɹ) 

   

 -1 ɹɪɭɫ 
)12(W
 

ɦ/ɫ 35 

67 Ɋɚɫɯɨɞ ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ  
ɜɨ ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ 

   

 -1 ɹɪɭɫ 
1ɪɰɝV
 ɫɧɦ /3

 0,53 

68 ɉɥɨɳɚɞɶ ɤɚɧɚɥɨɜ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ    
 -1 ɹɪɭɫ 

12F  
2ɦ  0,359 

 -2 ɹɪɭɫ 
22F  

2ɦ  0,359 

 -3 ɹɪɭɫ 
32F
 

2ɦ  0,359 

69 Ɍɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 
ɢ ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ 

   
 
 -1 ɹɪɭɫ 

1ɫɦt
 

 269 

 -2 ɹɪɭɫ 
2ɫɦt
 

 269 

 -3 ɹɪɭɫ 
3ɫɦt
 

 269 

70 ɋɤɨɪɨɫɬɶ ɫɦɟɫɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ 
ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɨɪɟɥɨɤ 

   
 
 -1 ɹɪɭɫ 

12W  ɦ/ɫ 35,3 

 -2 ɹɪɭɫ 
22W  ɦ/ɫ 35,3 

 -3 ɹɪɭɫ 
32W
 

ɦ/ɫ 35,3 

71 Ɋɚɫɯɨɞ ɫɦɟɫɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɝɚɡɨɜ 
ɪɟɰɢɪɤɭɥɹɰɢɢ ɧɚ ɨɞɧɭ ɝɨɪɟɥɤɭ 

   
 
 -1 ɹɪɭɫ 1

2
ɫɦV  ɫɦ /3

 12,7 

 -2 ɹɪɭɫ 2
2
ɫɦV  ɫɦ /3

 12,7 

 -3 ɹɪɭɫ 3
2
ɫɦV  ɫɦ /3

 12,7 

72 Ɋɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ    
 -1 ɹɪɭɫ 1

2
ɫɦW  

ɦ/ɫ 35,3 

 -2 ɹɪɭɫ 2
2
ɫɦW  

ɦ/ɫ 35,3 

 -3 ɹɪɭɫ 3
2
ɫɦW  

ɦ/ɫ 35,3 

73 ɇɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɧF2  
3ɦ  0,359 

 

  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 

 

1 2 3 4 5 
Ɋɚɫɱɟɬ ɤɚɧɚɥɨɜ ɚɷɪɨɫɦɟɫɢ ɜ ɝɨɪɟɥɤɟ 
74 ɋɤɨɪɨɫɬɶ ɚɷɪɨɫɦɟɫɢ ɧɚ ɜɵɯɨɞɟ ɢɡ  

ɝɨɪɟɥɨɤ (ɧɟɨɛɯɨɞɢɦɚɹ) 
   

 -1 ɹɪɭɫ 
1W  ɦ/ɫ 14 

 -2 ɹɪɭɫ 
2W  ɦ/ɫ 14 

 -3 ɹɪɭɫ 
3W  

ɦ/ɫ 14 

75 ɉɥɨɳɚɞɶ ɤɚɧɚɥɨɜ ɚɷɪɨɫɦɟɫɢ    
 -1 ɹɪɭɫ 

11F  
2ɦ  0,76 

 -2 ɹɪɭɫ 
21F  

2ɦ  0,76 

 -3 ɹɪɭɫ 
31F
 

2ɦ  0,76 

76 Ʉɨɥɢɱɟɫɬɜɨ ɤɚɧɚɥɨɜ ɚɷɪɨɫɦɟɫɢ ɜ ɝɨɪɟɥɤɟ    
 -1 ɹɪɭɫ 

1n  ɲɬɭɤ 4 

77 ɉɥɨɳɚɞɶ ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɚɷɪɨɫɦɟɫɢ    
 -1 ɹɪɭɫ 11ɤF  

2ɦ  0,19 

 -2 ɹɪɭɫ 21ɤF  
2ɦ  0,19 

 -3 ɹɪɭɫ 
31ɤF
 

2ɦ  0,19 

78 ɋɤɨɪɨɫɬɶ ɚɷɪɨɫɦɟɫɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɨɪɟɥɨɤ    
 ɉɨ ɱɟɪɬɟɠɚɦ   15,2 
79 Ɋɚɡɦɟɪɵ ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɚɷɪɨɫɦɟɫɢ    
 ȼɵɫɨɬɚ a ɦ 0,480 
 ɒɢɪɢɧɚ b ɦ 0,365 
Ɋɚɫɱɟɬ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 
80 Ʉɨɥɢɱɟɫɬɜɨ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ 

ɞɭɬɶɹ ɜ ɹɪɭɫɟ 
   

 
 -1 ɹɪɭɫ 

1k  ɲɬɭɤ 0 

 -2 ɹɪɭɫ 
2k  ɲɬɭɤ 4 

 -3 ɹɪɭɫ 
3k
 

ɲɬɭɤ 4 

81 Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɨɞɧɨ ɫɨɩɥɨ    
 -1 ɹɪɭɫ 

1ɬɪɝV
 ɫɦ /3

 0 

 -2 ɹɪɭɫ 
2ɬɪɝV
 ɫɦ /3

 3,1 

 -3 ɹɪɭɫ 
3ɬɪɝV

 ɫɦ /3
 3,1 

82 ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɚ ɫW
 

ɦ/ɫ 35 

83 ɉɥɨɳɚɞɶ ɨɞɧɨɝɨ ɫɨɩɥɚ    
 -1 ɹɪɭɫ 

1ɬɪɝF
 

2ɦ  0 

 -2 ɹɪɭɫ 
2ɬɪɝF

 
2ɦ  0,088 

 -3 ɹɪɭɫ 
3ɬɪɝF
 

2ɦ  0,088 

 

  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 

1 2 3 4 5 
84 Ɋɚɡɦɟɪɵ ɫɨɩɥɚ    
 -2 ɹɪɭɫ                            ɜɵɫɨɬɚ a ɦ 0,44 
 -2 ɹɪɭɫ                            ɲɢɪɢɧɚ b ɦ 0,20 
 -3 ɹɪɭɫ                            ɜɵɫɨɬɚ  a ɦ 0,44 
 -3 ɹɪɭɫ                            ɲɢɪɢɧɚ b ɦ 0,20 
ɋɨɩɥɚ ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ (ɩɨ ɜɟɪɬɢɤɚɥɢ) 
85 Ʉɨɥɢɱɟɫɬɜɨ ɹɪɭɫɨɜ ɞɭɬɶɹ f ɲɬɭɤ 1 
86 Ʉɨɥɢɱɟɫɬɜɨ ɫɨɩɥ ɜ ɹɪɭɫɟ 

2S  ɲɬɭɤ 6 

87 Ʉɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ ɧɚ ɨɞɧɨ ɫɨɩɥɨ 
2ɬɪdV
 ɫɦ /3

 5,16 

88 ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɚ ɫW
 

ɦ/ɫ 40 

89 ɉɥɨɳɚɞɶ ɨɞɧɨɝɨ ɫɨɩɥɚ ɫF
 

2ɦ  0,13 

90 Ɋɚɡɦɟɪ ɫɨɩɥɚ    
                                          ɜɵɫɨɬɚ a ɦ 0,430 
                                          ɲɢɪɢɧɚ b ɦ 0,300 
 
 

3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ 

 
ȼ ɬɚɛɥɢɰɟ 3.2ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɬɟɥɟɣ ɤɨɬɥɚ ɩɨɫɥɟ 

ɜɧɟɞɪɟɧɢɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɬɨɩɤɟ 

ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɫɨɜɦɟɫɬɧɨ ɫ ɫɨɬɪɭɞɧɢɤɚɦɢ ȺɈ «ɋɢɛȼɌɂ» ɡɨɧɚɥɶɧɵɦ ɦɟɬɨɞɨɦ. 

Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɫɠɢɝɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɹɞɪɟ 

ɝɨɪɟɧɢɹ ɩɨɧɢɠɚɟɬɫɹ ɧɚ 42 °ɋ, ɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ – ɩɨɜɵɲɚɟɬɫɹ ɧɚ 6 °ɋ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɵɫɨɬɟ ɬɨɩɤɢ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.3. 

Ɍɚɛɥɢɰɚ 3.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɬɥɚ ȿ-500 
ɩɨɫɥɟ ɜɧɟɞɪɟɧɢɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɵ ɫɠɢɝɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
 
 

Ɉɛɨ- 
ɡɧɚɱɟ- 

ɧɢɟ 

Ɋɚɡɦɟɪ- 
ɧɨɫɬɶ 

Ȼɟɡ ɫɬɭɩɟɧ- 
ɱɚɬɨɫɬɢ 

Ⱦɜɭɯɫɬɭɩɟɧɱɚ- 
ɬɨɟ ɫɠɢɝɚɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɹɞɪɟ ɝɨɪɟɧɢɹ 
ɹɞ  

°ɋ 1331 1289 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
Ɍɨɩɤɢ ɬ  °ɋ 1114 1120 

ɉɨɜɵɲɟɧɢɟ ɩɨɬɟɪɶ ɬɟɩɥɚ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ 

∆q4 

 
% – 0,035 

ɉɨɬɟɪɢ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

q4 % 0,5 0,535 

  



 

Ɋɢɫɭɧɨɤ 3.3 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɵɫɨɬɟ ɬɨɩɤɢ, °ɋ 

  



ɉɨɬɟɪɢ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɩɨɜɵɲɚɸɬɫɹ ɫ 0,5 ɞɨ 0,535 % 

ɩɨɫɥɟ ɜɧɟɞɪɟɧɢɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ, ɞɥɹ ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 

ɞɚɧɧɵɟ ɢɡ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ. 

ɉɨɫɥɟ ɪɚɡɪɚɛɨɬɤɢ ɫɯɟɦɵ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɤɨɬɥɚ, ɛɵɥ ɩɪɨɜɟɞɟɧ 

ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ. Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ 

ɬɪɚɤɬɚ ɤɨɬɥɚ ȿ-500 ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɨɪɦɚɦɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɪɚɫɱɟɬɨɜ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ[24]. Ɋɚɫɱɟɬ ɜɵɩɨɥɧɟɧ ɞɥɹ 

ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 500 ɬ/ɱ ɧɚ ɛɨɪɨɞɢɧɫɤɨɦ ɭɝɥɟ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɩɪɢɧɢɦɚɥɢɫɶ ɢɡ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ ȿ-500. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɧɚɝɪɭɡɤɟ 500 ɬ/ɱ ɩɪɢ 

ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɤɬɚ 

ɫɨɫɬɚɜɢɥɨ 300 ɤɝɫ/ɫɦ2 (ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 257ɤɝɫ/ɫɦ2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɤɨɬɥɟ ɜɟɧɬɢɥɹɬɨɪɚ ȼȾɇ-

26IIɭ ɫ ɱɢɫɥɨɦ ɨɛɨɪɨɬɨɜ 740 ɨɛ/ɦɢɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɢ 

ɧɟɨɛɯɨɞɢɦɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

 
 
3.4 Ɋɚɫɱɟɬɵ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ 

 
Ⱦɥɹ ɤɨɬɥɚ ȿ-500 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ 

ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɭɝɥɟɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ, 

ɜɤɥɸɱɚɸɳɢɟ: 

-ɫɬɭɩɟɧɱɚɬɭɸ ɩɨɞɚɱɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɱɟɪɟɡ 

ɛɨɤɨɜɵɟ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ ɭɪɨɜɧɟ 2 ɢ 3 ɹɪɭɫɨɜ; 

-ɩɨɞɚɱɭ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɞɨɠɢɝɚɧɢɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɫɨɩɥɚ ɜɟɪɯɧɟɝɨ 

ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ. 

Ⱦɥɹ 2 ɢ 3 ɹɪɭɫɨɜ ɩɪɟɞɥɚɝɚɸɬɫɹ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɪɹɦɨɬɨɱɧɵɟ ɝɨɪɟɥɤɢ ɫ 

ɩɟɪɢɮɟɪɢɣɧɨɣ ɢ ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨɞɚɱɟɣ ɚɷɪɨɫɦɟɫɢ. ɋɟɱɟɧɢɟ ɝɨɪɟɥɨɤ ɩɨ 

ɜɬɨɪɢɱɧɨɦɭ ɜɨɡɞɭɯɭ ɭɦɟɧɶɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɪɢɫɬɚɜɨɤ. 



ɋ ɰɟɥɶɸ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɦɚɫɫɨɨɛɦɟɧɚ ɜɟɪɯɧɢɟ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ɬɨɩɤɢ ɫ ɩɪɨɬɢɜɨɤɪɭɬɤɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɨɫɧɨɜɧɵɦ ɝɨɪɟɥɤɚɦ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɤɨɬɥɚ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɢ ɪɚɛɨɬɟ 

ɬɪɟɯɩɵɥɟɫɢɫɬɟɦ: 

-ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ: 

-ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɟαɬ=1,2; 

-ɜ ɝɨɪɟɥɤɚɯ 1-3 ɹɪɭɫɨɜ αɝ1-3=0,734; 

-ɜ ɡɨɧɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ α1ɹɪ=0,94; 

-ɜ ɡɨɧɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ α2ɹɪ=1,015; 

-ɜ ɡɨɧɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ α3ɹɪ=1,035; 

-ɫɭɦɦɚɪɧɚɹ ɞɨɥɹ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɱɟɪɟɡ ɛɨɤɨɜɵɟ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ 

ɞɭɬɶɹ ɜ ɡɨɧɟ ɝɨɪɟɥɨɤ 2 ɢ 3 ɹɪɭɫɨɜ ∆αɡ
ɝ=0,12; 

-ɞɨɥɹ ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɡɨɧɭ ɞɨɠɢɝɚɧɢɹ ∆αɬɪɟ = 

0,15; 

-ɫɤɨɪɨɫɬɶ ɚɷɪɨɫɦɟɫɢW1ɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ W2ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɝɨɪɟɥɨɤɫɨɫɬɚɜɢɥɚ15 ɢ 35 ɦ/ɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

-ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɛɨɤɨɜɵɯ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɜ ɡɨɧɟ 

ɝɨɪɟɥɨɤ 2 ɢ 3 ɹɪɭɫɨɜWɡ
ɝɨɪ=35 ɦ/ɫ; 

-ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɟɪɯɧɢɯ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɜ ɡɨɧɟ 

ɞɨɠɢɝɚɧɢɹ ɜɟɪ
3W =40 ɦ/ɫ. 

ȼ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɩɚɪɨɜɵɯ ɢ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɦɨɧɨɨɤɫɢɞ ɚɡɨɬɚ NO 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ 95 ɞɨ 99 % ɨɛɳɟɝɨ ɜɵɛɪɨɫɚ NOx , ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ 

ɛɨɥɟɟ ɬɨɤɫɢɱɧɨɝɨ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ NO2 ɧɟ ɩɪɟɜɵɲɚɟɬ 1…5 %. ɉɨɫɥɟ ɜɵɛɪɨɫɚ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɭ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɢɪɨɞɧɵɯ ɮɚɤɬɨɪɨɜ ɛɨɥɶɲɚɹ 

ɱɚɫɬɶ NOɤɨɧɜɟɪɬɢɪɭɟɬɫɹ ɜNO2. ɉɨɷɬɨɦɭ ɪɚɫɱɟɬ ɦɚɫɫɨɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ 

ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ NOx ɜɟɞɟɬɫɹ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ NO2. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢ ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ ɞɨ ɢ ɩɨɫɥɟ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨ ɦɟɬɨɞɢɤɚɦ [25, 26]ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.3 ɢ 3.4. 



ȼ ɫɜɹɡɢ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɪɚɡɞɟɥɶɧɵɦɢ ɉȾɄ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ ɧɚ 

NO ɢ NO2, ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɚɬɦɨɫɮɟɪɟ ɩɪɢ 

ɪɚɫɱɟɬɟ ɡɚɝɚɡɨɜɚɧɧɨɫɬɢ ɢ ɧɨɪɦɢɪɨɜɚɧɢɢ ɜɵɛɪɨɫɨɜ Ɍɗɐ ɫɭɦɦɚɪɧɵɟ ɦɚɫɫɨɜɵɟ 

ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: ɜ ɞɢɨɤɫɢɞ ɚɡɨɬɚ– 0,8, ɚ ɜ ɦɨɧɨɨɤɫɢɞɚɡɨɬɚ – 

0,13. 

Ɋɚɡɞɟɥɟɧɢɹ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.5. 

Ɍɚɛɥɢɰɚ 3.3 – Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɚ 

 ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧ 
 

Ɉɛɨɡɧɚ- 
ɱɟɧɢɟ 

Ɋɚɡɦɟɪ- 
ɧɨɫɬɶ 

ɑɢɫɥɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɂɫɯɨɞɧɵɟ ɜɟɥɢɱɢɧɵ 
1 2 3 4 5 

1 ȼɢɞ ɬɨɩɥɢɜɚ  - ɤɚɧɫɤɨ-
ɚɱɢɧɫɤɢɣ  
ɛɭɪɵɣ ɭɝɨɥɶ 

2 ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɪ
ɧQ  

ɆȾɠ/ɤɝ 15,66 

3 Ɂɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ 
 ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

ɪA  % 6 

4 ȼɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ  
ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

ɪW  % 33 

5 ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɬɨɩɥɢɜɚ 
 ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

ɪN  % 0,6 

6 Ɍɢɩ ɝɨɪɟɥɨɤ  - ɉɪɹɦɨɬɨɱɧɵɟ 
7 ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɧɚ 

 ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ 
ɝV  % 48 

8 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ  
ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ 

ɝ  
- 1,1 

9 Ⱦɨɥɹ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ  
ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɦɭ 

1 - 0,18 

10 ɋɬɟɩɟɧɶ ɪɟɰɢɪɤɭɥɹɰɢɢ  
ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɬɨɩɤɭ 

R  % 0,35 

 ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɬɨɩɤɭ    
11 Ɉɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɜɧɭɬɪɟɧɧɟɝɨ ɤɚɧɚɥɚ (ɛɥɢɠɚɣɲɟɝɨ ɤ 
ɩɟɪɜɢɱɧɨɦɭ) ɤ ɫɤɨɪɨɫɬɢ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 1

2

w

w

 

- 2,40 

12 Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ  
ɢɡ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ 

"
ЗȺГT  

Ʉ 1604 

13 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɪB
 

ɤɝ/ɫ 23,742 

Ɋɚɫɱɟɬ ɭɞɟɥɶɧɵɯ ɜɵɛɪɨɫɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
14 ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɧɚ 

 ɫɭɯɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ 
33100

6,0100

100

100
ɪ

ɪ
ɫ

W

N
N

 

% 0,896 



15 ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɧɚ  
ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

100

48633100
100

100 ɝɪɪ
ɪ VAW

V

 

% 29,28 

16 ɋɨɞɟɪɠɚɧɢɟ ɫɜɹɡɚɧɧɨɝɨ 
ɭɝɥɟɪɨɞɚ 

ɪɪɪɫɜ VAWC 100  - 31,72 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.3 

1 2 3 4 5 

17 Ɍɨɩɥɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

28,29

72,31
ɪ

ɫɜ

V

C
FR

 

- 1,08 

18 ȼɥɢɹɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɬɨɩɥɢɜɚ ɧɚ ɨɤɫɢɞɵ ɬɨɩɥɢɜɚ 

ɫ
NO NFR 16,0

 
- 2,94 

 
 

19 
ȼɥɢɹɧɢɟ ɝ  ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 2

2

12,01,153,0

12,053,0 ɝɝ

 

- 0,494 

20 ȼɥɢɹɧɢɟ 1  ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 48,018,073,1

48,073,1 11

 

- 0,791 

21 
 

ȼɥɢɹɧɢɟ R ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ  
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

35,0016,01

016,01 RR

 

- 0,991 

22 
ȼɥɢɹɧɢɟ 

"
ЗȺГT  ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 

ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 3

3 "

1100160411,0

110011,0 ЗȺГT

 

- 0,875 

23 ȼɥɢɹɧɢɟ ɫɦɟɲɟɧɢɹ ɜ ɤɨɪɧɟ 
ɮɚɤɟɥɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

47,040,298,0

47,098,0
1

2

w

w
ɫɦ  

- 1,882 

24  ɍɞɟɥɶɧɵɣ ɜɵɛɪɨɫ ɬɨɩɥɢɜɧɵɯ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ  

882,1875,0991,0

791,0494,094,212,0

12,0
1

ɫɦ

RNONO ɝ
K

 

ɝ/ɆȾɠ 0,225 

25 ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ 
ɜɵɛɪɨɫɚ 
 66,15742,23225,0

ɪ
ɪ

ɧNONO BQKM
xx  

ɝ/ɫ 83,655 

 
 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɚ 
 
 ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧ  

 
Ɉɛɨɡɧɚ-
ɱɟɧɢɟ 

Ɋɚɡɦɟɪ-
ɧɨɫɬɶ 

ɑɢɫɥɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ɂɫɯɨɞɧɵɟ ɜɟɥɢɱɢɧɵ 
1 2 3 4 5 

1 ȼɢɞ ɬɨɩɥɢɜɚ  - ɤɚɧɫɤɨ-
ɚɱɢɧɫɤɢɣ  



ɛɭɪɵɣ ɭɝɨɥɶ 
2 ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɪ

ɧQ  
ɆȾɠ/ɤɝ 15,66 

3 Ɂɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ 
 ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

ɪA  % 6 

4 ȼɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ  
ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

ɪW  % 33 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.4 

1 2 3 4 5 
5 ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɬɨɩɥɢɜɚ 

 ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ 
ɪN  % 0,6 

6 Ɍɢɩ ɝɨɪɟɥɨɤ  - ɉɪɹɦɨɬɨɱɧɵɟ 
7 ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɧɚ 

 ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ 
ɝV  % 48 

8 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ  
ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ 

ɝ  
- 0,83 

9 Ⱦɨɥɹ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɦɭ 

1  - 0,18 

10 ɋɬɟɩɟɧɶ ɪɟɰɢɪɤɭɥɹɰɢɢ  
ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɬɨɩɤɭ 

R  % 0,35 

11 Ɉɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɜɧɭɬɪɟɧɧɟɝɨ ɤɚɧɚɥɚ (ɛɥɢɠɚɣɲɟɝɨ ɤ 
ɩɟɪɜɢɱɧɨɦɭ) ɤ ɫɤɨɪɨɫɬɢ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 1

2

w

w

 

- 2,40 

12 Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ  
ɢɡ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ 

"
ЗȺГT  

Ʉ 1562 

13 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɪB
 

ɤɝ/ɫ 23,742 
 

Ɋɚɫɱɟɬ ɭɞɟɥɶɧɵɯ ɜɵɛɪɨɫɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
14 ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɧɚ 

 ɫɭɯɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ 
33100

6,0100

100

100
ɪ

ɪ
ɫ

W

N
N

 

% 0,896 

15 ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɧɚ  
ɪɚɛɨɱɭɸ ɦɚɫɫɭ 

100

48633100
100

100 ɝɪɪ
ɪ VAW

V

 

% 29,28 

16 ɋɨɞɟɪɠɚɧɢɟ ɫɜɹɡɚɧɧɨɝɨ 
ɭɝɥɟɪɨɞɚ 

ɪɪɪɫɜ VAWC 100  - 31,72 

17 Ɍɨɩɥɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

28,29

72,31
ɪ

ɫɜ

V

C
FR

 

- 1,08 

18 ȼɥɢɹɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɬɨɩɥɢɜɚ ɧɚ ɨɤɫɢɞɵ ɬɨɩɥɢɜɚ 

ɫ
NO NFR 16,0

 
- 2,94 

 
 

19 
ȼɥɢɹɧɢɟ ɝ  ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 2

2

12,083,053,0

12,053,0 ɝɝ

 

- 0,313 

20 ȼɥɢɹɧɢɟ 1  ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 48,018,073,1

48,073,1 11

 

- 0,791 



21 
 

ȼɥɢɹɧɢɟ R ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ  
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

35,0016,01

016,01 RR

 

- 0,991 

22 
ȼɥɢɹɧɢɟ 

"
ЗȺГT  ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 

ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 3

3 "

1100156211,0

110011,0 ЗȺГT

 

- 0,850 

  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.4 
 

1 2 3 4 5 
23 ȼɥɢɹɧɢɟ ɫɦɟɲɟɧɢɹ ɜ ɤɨɪɧɟ 

ɮɚɤɟɥɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

47,040,298,0

47,098,0
1

2

w

w
ɫɦ

 

- 1,882 

24  ɍɞɟɥɶɧɵɣ ɜɵɛɪɨɫ ɬɨɩɥɢɜɧɵɯ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ  

882,1850,0991,0

791,0313,094,212,0

12,0
1

ɫɦ

RNONO ɝ
K

 

ɝ/ɆȾɠ 0,139 

25 ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ 
ɜɵɛɪɨɫɚ 

66,15742,23225,0

ɪ
ɪ

ɧNONO BQKM
xx

 

ɝ/ɫ 51,68 

 
 

Ɍɚɛɥɢɰɚ 3.5 – Ɋɚɡɞɟɥɟɧɢɹ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
 

 ɉɚɪɚɦɟɬɪɵ Ɉɛɨɡɧɚɱɟɧ
ɢɟ 

Ɋɚɡɦɟɪɧɨ
ɫɬɶ 

Ⱦɨɪɟɤɨɧɫɬ
ɪɭɤɰɢɢ 

ɉɨɫɥɟ 
Ɋɟɤɨɧɫɬɪɭɤ
ɰɢɢ 

ɋɨɤɪɚɳɟɧ
ɢɹ 

ɜɵɛɪɨɫɨɜ 
ȼ 
ɪɚɛɨɬɟ 
ɨɞɢɧ 
ɤɨɬɟɥ 
ȿ-500 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

 
NOx 

 
ɦɝ/ɧɦ3 

 
580 

 
350 

 
1,66 

ȼɵɛɪɨɫɵ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
ɜ ɚɬɦɨɫɮɟɪɭ 

NO2 ɝ/ɫ 66,924 41,344  
1,62 NO ɝ/ɫ 10,875 6,718 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɩɪɟɞɥɨɠɟɧɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɚ ȿ-500 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɩɪɢɜɨɞɢɬ ɤ 

ɫɨɤɪɚɳɟɧɢɸ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ ɜ ɚɬɦɨɫɮɟɪɭ ɢ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɥɚɬɟɠɟɣ 

Ɍɗɐ ɡɚ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. Ɍɚɤ, ɜɵɛɪɨɫɵ ɨɬ ɨɞɧɨɝɨ ɤɨɬɥɚ Ɍɗɐ-2 

ɭɦɟɧɶɲɚɸɬɫɹ ɜ 1,62 ɪɚɡɚ. 

 
 

  



3.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3 

1. Ⱦɥɹ ɤɨɬɥɚ ȿ-500 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ 

ɪɟɲɟɧɢɹ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɄȺɍ, ɜɤɥɸɱɚɸɳɢɟ 

ɫɬɭɩɟɧɱɚɬɭɸ ɩɨɞɚɱɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɱɟɪɟɡ ɛɨɤɨɜɵɟ 

ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ, ɚ ɬɚɤɠɟɜ ɡɨɧɭ ɞɨɠɢɝɚɧɢɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɫɨɩɥɚ 

ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ. 

2.ɉɪɟɞɥɨɠɟɧɨɞɥɹ 2 ɢ 3 ɹɪɭɫɨɜ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɪɹɦɨɬɨɱɧɵɟ 

ɝɨɪɟɥɤɢ ɫ ɩɟɪɢɮɟɪɢɣɧɨɣ ɢ ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨɞɚɱɟɣ ɚɷɪɨɫɦɟɫɢ. 

3. ɉɪɟɞɥɨɠɟɧɨɭɫɬɚɧɨɜɢɬɶ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ɬɨɩɤɢ ɜɟɪɯɧɢɟ ɫɨɩɥɚ 

ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɫ ɩɪɨɬɢɜɨɤɪɭɬɤɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɫɧɨɜɧɵɦ ɝɨɪɟɥɤɚɦ ɫ 

ɰɟɥɶɸ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɦɚɫɫɨɨɛɦɟɧɚ. 

4. ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ, ɝɨɪɟɥɨɤ ɢ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

ɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɤɨɬɥɚ ɧɚ 

ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɢ ɪɚɛɨɬɟ ɧɚ ɬɪɟɯɩɵɥɟɫɢɫɬɟɦɚɯ (ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɡɛɵɬɤɚ 

ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɟ, ɜ ɝɨɪɟɥɤɚɯ ɢɜ ɡɨɧɚɯ ɹɪɭɫɨɜ ɝɨɪɟɥɨɤ;ɞɨɥɹ ɜɨɡɞɭɯɚ, 

ɩɨɞɚɜɚɟɦɨɝɨ ɱɟɪɟɡ ɛɨɤɨɜɵɟ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ;ɫɤɨɪɨɫɬɶ ɚɷɪɨɫɦɟɫɢ ɢ 

ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ). 

5. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ 

ɬɟɦɩɟɪɚɬɭɪɚɜ ɹɞɪɟ ɝɨɪɟɧɢɹ ɢ ɭ ɷɤɪɚɧɨɜɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 42 °ɋ, ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɬɨɩɤɢ – ɧɚɛɥɸɞɚɟɬɫɹ ɟɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ.  

6. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ 

ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɥɚ ȿ-500 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɩɪɢɜɨɞɢɬ ɤ ɫɨɤɪɚɳɟɧɢɸ 

ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ ɜ ɚɬɦɨɫɮɟɪɭ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ 

ɫɠɢɝɚɧɢɹ ɜɵɛɪɨɫɵ ɨɬ ɨɞɧɨɝɨ ɤɨɬɥɨɚɝɪɟɝɚɬɚ № 4 ɭɦɟɧɶɲɚɸɬɫɹ ɜ 1,62 ɪɚɡɚ. 

  



ɁАɄɅɘɑȿɇɂȿ 
 
ȼ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɪɟɲɚɥɚɫɶ ɡɚɞɚɱɚ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ 

ɭɦɟɧɶɲɟɧɢɟ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɤɨɬɥɚɦɢ ȿ-500(ȻɄɁ-500-140-1) 

Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɫɯɟɦɵ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɄȺɍ.ȼ 

ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ. 

1. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ 

ɊɎ.Ⱦɚɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ Ɍɗɐ-2 ɧɚ ɷɤɨɥɨɝɢɸ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

Ɍɗɐ-2 ɜɵɛɪɚɫɵɜɚɟɬ ɜ ɚɬɦɨɫɮɟɪɭ 31 ɢɧɝɪɟɞɢɟɧɬ ɨɬ 18 ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɢ 

ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 

ɜɵɞɟɥɟɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɹɜɥɹɸɬɫɹ ɤɨɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ. ɉɪɢɜɟɞɟɧɵ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ 

ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɢ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ. 

2. Ɋɚɫɫɦɨɬɪɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹɤɨɬɥɚ ȿ-500 ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ ɟɝɨ 

ɷɥɟɦɟɧɬɨɜ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɨɬɥɨɜ ȿ-500, 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɧɚ Ɍɗɋ, ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɜɵɛɪɨɫɵ ɧɚɢɛɨɥɟɟ 

ɨɩɚɫɧɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ – ɨɤɫɢɞɨɜ ɚɡɨɬɚ (NOx). ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɬɪɟɛɭɟɬ 

ɩɪɨɜɟɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɤɨɬɥɚ ɫ ɜɧɟɞɪɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɦɟɬɨɞɨɜ ɩɨɞɚɜɥɟɧɢɹ NOxɩɪɢ ɫɠɢɝɚɧɢɢ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɩɪɢɦɟɧɟɧɢɟ ɫɯɟɦ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɨɡɜɨɥɹɟɬ 

ɫɧɢɡɢɬɶ ɜɵɛɪɨɫɵNOx ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 30 ɞɨ 60 %. 

3. Ⱦɥɹ ɤɨɬɥɚ ȿ-500 ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 

ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɄȺɍ, ɜɤɥɸɱɚɸɳɢɟ ɫɬɭɩɟɧɱɚɬɭɸ ɩɨɞɚɱɭ ɝɨɪɹɱɟɝɨ 

ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɱɟɪɟɡ ɛɨɤɨɜɵɟ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ, ɚ 

ɬɚɤɠɟ ɜ ɡɨɧɭ ɞɨɠɢɝɚɧɢɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɫɨɩɥɚ ɜɟɪɯɧɟɝɨ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ. 

4. ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ, ɝɨɪɟɥɨɤ ɢ ɫɨɩɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

ɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɤɨɬɥɚ ɧɚ 

ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɬɪɟɯ ɩɵɥɟɫɢɫɬɟɦɚɯ. Ɉɩɪɟɞɟɥɟɧɵ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɟ, ɜ ɝɨɪɟɥɤɚɯ ɢ ɜ ɡɨɧɚɯ ɹɪɭɫɨɜ 

ɝɨɪɟɥɨɤ; ɞɨɥɹ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɱɟɪɟɡ ɛɨɤɨɜɵɟ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ; 

ɫɤɨɪɨɫɬɶ ɚɷɪɨɫɦɟɫɢ ɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. 



5. Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ 

ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɟɤɬɧɵɦ ɜɚɪɢɚɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɹɞɪɟ 

ɝɨɪɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 42 °ɋ, ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ – ɜɨɡɪɚɫɬɚɟɬɧɚ 6 °ɋ. 

6. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ 

ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɥɚ ȿ-500 ɩɪɢɜɨɞɢɬ ɤ ɫɨɤɪɚɳɟɧɢɸ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɚɡɨɬɚ ɜ 

ɚɬɦɨɫɮɟɪɭ: ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ ɫɠɢɝɚɧɢɹ ɜɵɛɪɨɫɵ ɨɬ ɨɞɧɨɝɨ 

ɤɨɬɥɨɚɝɪɟɝɚɬɚ № 4 ɭɦɟɧɶɲɚɸɬɫɹ ɜ 1,62 ɪɚɡɚ. 
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