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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɢɦɟɧɟɧɢɟ ɧɟɩɪɨɟɤɬɧɨɝɨ 

ɬɨɩɥɢɜɚ ɧɚ ɭɝɨɥɶɧɵɯ Ɍɗɐ» ɫɨɞɟɪɠɢɬ 64 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 

12 ɢɥɥɸɫɬɪɚɰɢɣ, 19 ɬɚɛɥɢɰ, 22 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɍȽɈɅɖ, ɌɈɉɅɂȼɇɕȿ ɋɆȿɋɂ, ɇȿɉɊɈȿɄɌɇɈȿ ɌɈɉɅɂȼɈ, ɄɈɌȿɅ, 

ɗɇȿɊȽɈɋȻȿɊȿɀȿɇɂȿ, ɊȿɋɍɊɋɈɋȻȿɊȿɀȿɇɂȿ, ɒɅȺɄɈȼȺɇɂȿ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɨɩɥɢɜɧɚɹ ɫɦɟɫɶ ɢɡ ɛɭɪɵɯ ɭɝɥɟɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ 

ɛɚɫɫɟɣɧɚ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɨɰɟɧɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɤ ɫɠɢɝɚɧɢɸ 

ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɭɝɨɥɶɧɨɣ Ɍɗɐ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɩɪɨɜɟɞɟɧ ɪɚɫɱёɬ ɫɤɥɨɧɧɨɫɬɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ ɤɨɬɥɨɜ;  

- ɩɪɟɞɥɨɠɟɧɨ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɫɦɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɨɩɥɢɜ; 

- ɪɚɡɪɚɛɨɬɚɧɨ ɪɟɲɟɧɢɟ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ Ɍɗɐ ɧɚ 

ɧɟɩɪɨɟɤɬɧɨɦ ɬɨɩɥɢɜɟ. 

- ɩɪɨɜɟɞɟɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɩɟɪɟɜɨɞɚ ɤɨɬɥɚ ȻɄɁ-160-1,4-5 

ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɫɤɥɨɧɧɨɫɬɶ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɤ 

ɲɥɚɤɨɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɩɪɟɞɥɨɠɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ 

ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɸ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɸ ɬɨɩɥɢɜ, ɨɩɪɟɞɟɥɟɧɵ ɫɨɨɬɧɨɲɟɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɛɵɥ 

ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɪɟɤɨɦɟɧɞɚɰɢɣ ɢ ɩɪɟɞɥɨɠɟɧɢɣ ɩɨ ɫɠɢɝɚɧɢɸ ɧɟɩɪɨɟɤɬɧɨɝɨ 

ɬɨɩɥɢɜɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ Ɍɗɐ. ɉɪɨɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɟɪɟɜɨɞɚ ɤɨɬɥɚ ȻɄɁ-160-1,4-5 ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ 

ɬɨɩɥɢɜɚ. 

  



3 

ɋɈȾȿɊɀȺɇɂȿ 

 

ȼȼȿȾȿɇɂȿ ................................................................................................................. 5 

1 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ............................................................................................. 11 

1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜ .................................................................................. 11 

1.2 Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɥɨɧɧɨɫɬɢ ɬɨɩɥɢɜ ɤ ɲɥɚɤɨɜɚɧɢɸ ........................ 12 

1.3 Ɇɟɬɨɞ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ..................................................... 14 

1.4 Ɉɩɢɫɚɧɢɟ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ...................................................................... 17 

1.5 Ɇɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. .......................... 22 

2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢ ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ ................................................................. 23 

2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɭɝɥɟɣ ɞɥɹ ɫɠɢɝɚɧɢɹ ɜ ɤɨɬɟɥɶɧɵɯ 

ɚɝɪɟɝɚɬɚɯ ................................................................................................................. 23 

2.2 ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɥɢɜ ..................... 24 

2.2.1 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ....................... 24 

2.2.2 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ...................... 26 

2.2.3 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 50% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 50% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ....................................................... 28 

2.2.4 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 60% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 40% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ....................................................... 31 

2.2.5 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 70% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 30% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ....................................................... 34 

2.2.6 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 80% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 20% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ....................................................... 37 

2.2.7 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 90% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 10% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ....................................................... 40 



4 

2.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɜ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ

 ................................................................................................................................. 46 

2.4 Ɋɚɫɱёɬ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɧɵɯ 

ɫɦɟɫɟɣ ..................................................................................................................... 51 

3 Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɫɠɢɝɚɧɢɟ ɧɟɩɪɨɟɤɬɧɵɯ ɬɨɩɥɢɜ .......... 53 

3.1 Ɋɚɡɪɚɛɨɬɤɚ ɪɟɲɟɧɢɣ ɩɨ ɭɦɟɧɶɲɟɧɢɸ ɲɥɚɤɨɜɚɧɢɹ ..................................... 53 

3.2 ɏɪɚɧɟɧɢɟ ɬɨɩɥɢɜ ............................................................................................. 54 

3.3 ɋɩɨɫɨɛɵ ɨɪɝɚɧɢɡɚɰɢɢ ɫɦɟɲɟɧɢɹ ................................................................... 56 

4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɟɪɟɯɨɞɚ ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ ɬɨɩɥɢɜɚ ...... 57 

4.1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɟɬɨɞɢɤɢ ɨɛɨɫɧɨɜɚɧɢɹ ɩɟɪɟɯɨɞɚ ɧɟɩɪɨɟɤɬɧɨɝɨ 

ɬɨɩɥɢɜɚ ................................................................................................................... 57 

4.2 Ɋɟɡɭɥɶɬɚɬɵ ɦɟɬɨɞɢɤɢ ɨɛɨɫɧɨɜɚɧɢɹ ɩɨ ɩɟɪɟɜɨɞɭ Ɍɗɐ ɧɚ ɫɠɢɝɚɧɢɟ ɞɪɭɝɨɝɨ 

ɭɝɥɹ.......................................................................................................................... 58 

ɁȺɄɅɘЧȿɇɂȿ ....................................................................................................... 60 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ ......................................... 62 

 

 



5 

ȼȼȿȾȿɇɂȿ 

 

ɋɨɝɥɚɫɧɨ ɭɤɚɡɭ ɩɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ “Ɉ ɋɬɪɚɬɟɝɢɢ ɧɚɭɱɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ” ɨɬ 1 ɞɟɤɚɛɪɹ 2016 ɝɨɞɚ, ɜ 

ɛɥɢɠɚɣɲɢɟ 10-15 ɥɟɬ ɩɪɢɨɪɢɬɟɬɚɦɢ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɫɥɟɞɭɟɬ 

ɫɱɢɬɚɬɶ ɬɟ ɧɚɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɞɨɫɬɢɱɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɫɨɡɞɚɬɶ ɬɟɯɧɨɥɨɝɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜ ɱɚɫɬɧɨɫɬɢ 

ɩɟɪɟɯɨɞ ɤ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɟɣ ɷɧɟɪɝɟɬɢɤɟ [1]. 

Ȼɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɪɚɡɜɢɬɢɟ ɷɧɟɪɝɟɬɢɤɢ ɧɚɲɟɣ ɫɬɪɚɧɵ ɛɭɞɟɬ ɬɚɤɠɟ 

ɫɜɹɡɚɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ: ɝɚɡɚ ɢ ɭɝɥɹ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ 

ɋɢɛɢɪɫɤɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɪɟɝɢɨɧɚ ɛɭɞɭɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɭɝɨɥɶɧɵɟ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɢ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ 

ɬɜёɪɞɨɦ ɬɨɩɥɢɜɟ [2], ɩɨɷɬɨɦɭ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɢ 

ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɷɧɟɪɝɨёɦɤɢɟ ɫɨɪɬɚ ɭɝɥɟɣ, 

ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɟɛɟ ɦɟɧɶɲɟ ɡɨɥɵ ɢ ɜɟɳɟɫɬɜ, ɨɛɪɚɡɭɸɳɢɯ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ.  

ɉɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɞɪɭɝɢɟ ɜɢɞɵ ɭɝɥɟɣ, ɜɚɠɧɨ ɡɧɚɬɶ, ɱɬɨ ɧɚ ɷɬɚɩɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɗɋ ɜɵɛɢɪɚɟɬɫɹ ɭɝɨɥɶ ɨɩɪɟɞɟɥёɧɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ (ɱɚɳɟ 

ɛɥɢɡɥɟɠɚɳɢɯ), ɟɝɨ ɧɚɡɵɜɚɸɬ ɩɪɨɟɤɬɧɵɦ. ȼɫё ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɭɫɬɚɧɨɜɤɢ ɫɬɚɧɰɢɢ 

ɜɵɛɪɚɧɵ ɫɨɝɥɚɫɧɨ ɩɨɤɚɡɚɬɟɥɹɦ ɷɬɨɝɨ ɬɨɩɥɢɜɚ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɝɥɟɣ 

ɞɪɭɝɢɯ ɫɨɪɬɨɜ ɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɦɨɠɟɬ ɫɨɡɞɚɬɶ ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɫɬɚɧɰɢɢ 

ɢɡ-ɡɚ ɪɚɡɥɢɱɢɹ ɫɨɫɬɚɜɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɫɟɣ ɢɡ ɛɥɢɡɤɢɯ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɭɝɥɟɣ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ, ɜ ɨɫɧɨɜɧɨɦ, ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɤɚɱɟɫɬɜɚ 

ɬɨɜɚɪɧɨɝɨ ɬɨɩɥɢɜɚ. ȼ ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧɚɯ ɫɠɢɝɚɸɬ ɫɦɟɫɢ ɢɡ ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ 

ɩɚɪɚɦɟɬɪɚɦ ɢ ɫɜɨɣɫɬɜɚɦ ɭɝɥɟɣ, ɞɨɛɵɬɵɯ ɧɚ ɪɚɡɧɵɯ ɤɨɧɬɢɧɟɧɬɚɯ. ɋɦɟɫɢ ɝɨɬɨɜɹɬ 

ɧɚ ɭɝɨɥɶɧɵɯ ɫɤɥɚɞɚɯ ɩɨɪɬɨɜ ɢ ɧɚ ɫɚɦɢɯ ɫɬɚɧɰɢɹɯ. Ʉɚɱɟɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɰɟɥɶɸ 

ɩɪɢɦɟɧɟɧɢɹ ɢ ɫɬɟɩɟɧɶɸ ɨɬɥɢɱɢɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɭɝɥɟɣ.  

Ɍɪɚɞɢɰɢɨɧɧɨ ɧɚ ɛɨɥɶɲɢɧɫɬɜɨ ɨɬɟɱɟɫɬɜɟɧɧɵɯ Ɍɗɋ ɭɝɨɥɶ ɩɨɫɬɚɜɥɹɟɬɫɹ ɨɬ 

ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɬɚɜɳɢɤɨɜ ɢ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ ɫɠɢɝɚɧɢɟ ɩɨɩɟɪɟɦɟɧɧɨ ɢɥɢ ɜ ɜɢɞɟ 
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ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɫɦɟɫɢ. ɉɨɞɝɨɬɨɜɤɚ ɨɞɧɨɪɨɞɧɨɣ ɫɦɟɫɢ ɩɪɚɤɬɢɤɭɟɬɫɹ ɪɟɞɤɨ ɢɡ-

ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɭɫɪɟɞɧɟɧɢɹ ɧɚ ɭɝɨɥɶɧɵɯ ɫɤɥɚɞɚɯ 

ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɭɝɥɹ. ɇɨ ɤɚɱɟɫɬɜɟɧɧɨɟ 

ɭɫɪɟɞɧɟɧɢɟ ɜɨɡɦɨɠɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɦɟɸɳɟɝɨɫɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɧɚɥɢɱɢɢ 

ɫɢɫɬɟɦɵ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢ ɡɚɤɥɚɞɤɢ ɲɬɚɛɟɥɹ, ɢɥɢ ɪɚɡɞɟɥɶɧɨɝɨ 

ɫɤɥɚɞɢɪɨɜɚɧɢɹ ɭɝɥɟɣ ɪɚɡɧɵɯ ɩɨɫɬɚɜɳɢɤɨɜ [3]. 

ɉɪɢɦɟɧɟɧɢɟ ɫɦɟɫɟɣ ɩɨɡɜɨɥɹɟɬ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɜɵɫɢɬɶ ɭɧɢɮɢɤɚɰɢɸ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɩɥɢɜɨɦ, ɚ ɧɚ Ɍɗɐ ɞɨɛɢɬɶɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜ ɤɚɤ ɜ ɬɟɯɧɢɱɟɫɤɨɦ, ɬɚɤ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɩɥɚɧɚɯ: 

- ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɧɢɦɵɯ ɭɝɥɟɣ ɢ ɭɦɟɧɶɲɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɫɬɚɜɳɢɤɚ; 

- ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɡɚ ɫɱёɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɝɥɹ 

ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ, ɦɟɧɶɲɟɣ ɡɨɥɶɧɨɫɬɶɸ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɥɨɠɟɧɢɣ; 

- ɞɨɛɚɜɥɟɧɢɟ ɞɟɲёɜɨɝɨ ɭɝɥɹ ɢɥɢ ɢɦɟɸɳɟɝɨ ɛɨɥɶɲɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɩɪɢ 

ɫɪɚɜɧɢɦɨɣ ɫɬɨɢɦɨɫɬɢ ɞɥɹ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ; 

- ɭɥɭɱɲɟɧɢɹ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚ ɫɱёɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɟɟ 

ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɨɩɥɢɜɚ, ɟɫɥɢ ɧɚ ɧɢɡɤɨɫɨɪɬɧɨɦ ɬɨɩɥɢɜɟ ɨɧɚ ɛɵɥɚ ɧɟ ɨɩɬɢɦɚɥɶɧɚ.  

Ɋɟɚɥɢɡɨɜɚɧɧɵɟ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɠɢɝɚɧɢɹ ɫɦɟɫɟɣ ɜɟɫɶɦɚ 

ɡɧɚɱɢɬɟɥɶɧɵ, ɢ ɨɠɢɞɚɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 

ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɟɧɢɟ ɧɟ ɫɠɢɝɚɟɦɵɯ ɪɚɧɟɟ ɫɦɟɫɟɣ ɧɚ Ɍɗɋ ɦɨɠɟɬ ɭɯɭɞɲɢɬɶ 

ɭɫɥɨɜɢɹ ɲɥɚɤɨɜɚɧɢɹ, ɯɪɚɧɟɧɢɹ, ɪɚɡɦɨɥɚ ɢ ɜɵɝɨɪɚɧɢɹ.  Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɫɨɫɬɚɜ ɭɝɥɟɣ 

ɪɚɡɧɢɬɫɹ ɦɟɠɞɭ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦɢ, ɜɧɭɬɪɢ ɨɞɧɨɝɨ ɛɚɫɫɟɣɧɚ ɜ ɪɚɡɧɵɯ ɦɟɫɬɚɯ 

ɞɨɛɵɱɢ, ɬɚɤ ɢ ɜ ɨɞɧɨɦ ɦɟɫɬɟ ɞɨɛɵɱɢ ɜ ɬɟɱɟɧɢɢ ɟɝɨ ɜɵɪɚɛɨɬɤɢ. ɂɡɦɟɧɹɟɬɫɹ 

ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ, ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ, ɡɨɥɶɧɨɫɬɢ, ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɚ ɬɚɤɠɟ 

ɫɨɞɟɪɠɚɧɢɟ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɜɥɚɝɢ, ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɢɣ 

ɪɚɫɯɨɞ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɡɨɥɶɧɨɫɬɢ – ɩɨɜɵɲɚɟɬɫɹ ɪɚɫɯɨɞ ɢ 

ɦɨɳɧɨɫɬɶ ɞɵɦɨɫɨɫɨɜ, ɧɚɝɪɭɡɤɚ ɧɚ ɡɨɥɨɭɥɨɜɢɬɟɥɶ, ɜɨɡɦɨɠɟɧ ɡɚɧɨɫ ɤɨɧɜɟɤɬɢɜɧɨɣ 

ɱɚɫɬɢ, ɚ ɜ ɫɥɭɱɚɟ ɪɚɡɥɢɱɢɹ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɢ ɤɨɬɟɥɶɧɨɝɨ 

ɚɝɪɟɝɚɬɚ. Ⱥ ɦɢɧɟɪɚɥɶɧɚɹ ɱɚɫɬɶ ɜɥɢɹɟɬ ɧɚ ɚɛɪɚɡɢɜɧɵɟ ɢ ɲɥɚɤɭɸɳɢɟ ɫɜɨɣɫɬɜɚ 

ɬɨɩɥɢɜ.  
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ɋɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɭɝɥɹ ɢɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɟɛɭɟɦɨɝɨ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ, ɚ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɩɨɜɵɲɟɧɢɸ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɞɥɹ ɩɟɪɟɯɨɞɚ ɧɚ ɫɠɢɝɚɧɢɟ 

ɧɟɩɪɨɟɤɬɧɨɝɨ ɭɝɥɹ, ɩɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ ɜɵɛɢɪɚɬɶ ɞɥɹ ɩɟɪɟɯɨɞɚ ɬɨɩɥɢɜɚ, 

ɧɚɢɛɨɥɟɟ ɫɯɨɠɢɟ ɫ ɩɪɨɟɤɬɧɵɦ ɢɥɢ ɞɨɛɚɜɥɹɬɶ ɢɯ ɜ ɨɩɪɟɞɟɥёɧɧɨɣ ɩɪɨɩɨɪɰɢɢ ɞɥɹ 

ɫɯɨɠɟɫɬɢ ɩɚɪɚɦɟɬɪɨɜ. 

Ȼɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɜɵɛɪɨɫɨɜ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ, ɨɤɫɢɞɨɜ 

ɚɡɨɬɚ ɢ ɨɤɫɢɞɨɜ ɫɟɪɵ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɧɚ Ɍɗɐ ɛɢɨɦɚɫɫɵ, ɷɬɨ ɦɨɠɟɬ 

ɛɵɬɶ ɫɚɦɚ ɞɪɟɜɟɫɢɧɚ ɬɚɤ ɢ ɤɨɪɨɞɪɟɜɟɫɧɵɟ ɨɬɯɨɞɵ.  

Ʉɪɨɦɟ ɭɝɥɹ Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ ɛɨɝɚɬ ɞɪɟɜɟɫɢɧɨɣ, ɤɨɬɨɪɚɹ ɩɨɫɬɭɩɚɟɬ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɩɪɨɞɭɤɰɢɢ ɧɚ ɛɨɥɟɟ 300 ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɢɯ 

ɩɪɟɞɩɪɢɹɬɢɣ, ɧɚɩɪɢɦɟɪ, ɈɈɈ «ȿɧɢɫɟɣɫɤɢɣ ɐȻɄ», ȺɈ «Ʉɪɚɫɧɨɹɪɫɤɢɣ ȾɈɄ», 

ɈȺɈ «Ʌɟɫɨɫɢɛɢɪɫɤɢɣ ɅȾɄ № 1», ɈɈɈ «ȿɧɢɫɟɣɫɤɢɣ ɮɚɧɟɪɧɵɣ ɤɨɦɛɢɧɚɬ», 

ɩɨɫɥɟ ɤɨɬɨɪɵɯ ɨɫɬɚёɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɪɟɜɟɫɧɵɯ ɨɬɯɨɞɨɜ, ɤɨɬɨɪɵɟ 

ɹɜɥɹɸɬɫɹ ɛɢɨɬɨɩɥɢɜɨɦ ɢ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɜ ɬɨɩɥɢɜɧɨ-

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ. 

ɇɨ ɩɟɪɟɯɨɞ ɧɚ ɩɨɥɧɨɟ ɫɠɢɝɚɧɢɟ ɛɢɨɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ ɡɚɬɪɭɞɧɹɟɬɫɹ: 

ɛɨɥɶɲɢɦɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɬɟɦ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ 

ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɬɜёɪɞɨɦ 

ɢɫɤɨɩɚɟɦɨɦ ɬɨɩɥɢɜɟ, ɫɥɨɠɧɨɫɬɶɸ ɫɬɚɛɢɥɶɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɛɢɨɬɨɩɥɢɜɨɦ Ɍɗɋ, 

ɛɥɢɡɤɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɝɪɨɦɧɵɯ ɭɝɨɥɶɧɵɯ ɡɚɩɚɫɨɜ.  

ɇɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦ ɪɟɲɟɧɢɟɦ ɷɬɢɯ ɬɪɭɞɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɨɟ 

ɫɠɢɝɚɧɢɢ ɭɝɥɹ ɫ ɛɢɨɦɚɫɫɨɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ ɛɢɨɦɚɫɫɵ ɫ ɭɝɥёɦ: 

- ɫɨɜɦɟɫɬɧɨɟ ɫɠɢɝɚɧɢɟ ɭɝɥɹ ɢ ɛɢɨɦɚɫɫɵ ɜ ɬɨɩɤɟ ɤɨɬɥɚ; 

- ɫɨɜɦɟɫɬɧɨɟ ɫɠɢɝɚɧɢɟ ɭɝɥɹ ɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɝɚɡɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ 

ɝɚɡɢɮɢɤɚɰɢɢ ɛɢɨɦɚɫɫɵ; 

- ɫɠɢɝɚɧɢɟ ɭɝɥɹ ɢ ɨɬɞɟɥɶɧɨ ɛɢɨɦɚɫɫɵ ɜ ɤɨɬɥɚɯ, ɫɬɨɹɳɢɯ ɜ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ. 
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ɉɪɢ ɫɨɜɦɟɫɬɧɨɦ ɫɠɢɝɚɧɢɢ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ 

ɬɨɩɥɢɜɧɨɦ ɫɤɥɚɞɟ, ɞɚɥɶɲɟ ɬɨɩɥɢɜɧɚɹ ɫɦɟɫɶ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɤɨɧɜɟɣɟɪɨɦ ɜ 

ɞɪɨɛɢɥɤɢ, ɚ ɡɚɬɟɦ ɜ ɬɨɩɥɢɜɧɵɟ ɛɭɧɤɟɪɚ ɢ ɦɟɥɶɧɢɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɝɚɡɚ ɛɢɨɦɚɫɫɚ ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɝɚɡɨɝɟɧɟɪɚɬɨɪ. ȼ ɬɪɟɬɶɟɦ ɫɥɭɱɚɟ ɞɥɹ 

ɫɠɢɝɚɧɢɹ ɭɝɥɹ ɢ ɛɢɨɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɬɨɩɥɢɜɧɵɟ ɤɨɧɜɟɣɟɪɵ ɢ 

ɤɨɬɥɵ.   

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɨɫɧɨɜɧɵɟ ɬɪɭɞɧɨɫɬɢ ɫɜɹɡɚɧɵ ɜ ɬɨɩɥɢɜɨɩɨɞɝɨɬɨɜɤɟ 

ɞɪɟɜɟɫɧɨɝɨ ɛɢɨɬɨɩɥɢɜɚ ɢ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɝɨɪɟɧɢɹ ɫɨɜɦɟɫɬɧɨ ɫ ɭɝɥёɦ. ɂɡ-ɡɚ 

ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɫɥɨɠɧɨɫɬɢ ɬɨɧɤɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɞɪɟɜɟɫɢɧɚ ɦɨɠɟɬ ɧɟ 

ɭɫɩɟɬɶ ɫɝɨɪɟɬɶ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. ɗɬɨ ɩɨɞɬɜɟɪɞɢɥɢ ɜ ɫɜɨёɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɚɜɬɨɪɵ ɢɡ ɂɪɤɭɬɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɧɚ ɤɨɬɥɟ 

ȻɄɁ-320-140 ɉɌ-5 ɂɪɤɭɬɫɤɨɣ Ɍɗɐ-6, ɩɪɨɟɤɬɧɵɦ ɬɨɩɥɢɜɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ 

ɛɨɪɨɞɢɧɫɤɢɣ ɭɝɨɥɶ. ȼɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɨɧɢ ɫɠɢɝɚɥɢ ɫɦɟɫɶ ɢɡ ɤɨɪɨɞɪɟɜɟɫɧɵɯ 

ɨɬɯɨɞɨɜ (ɄȾɈ) ɜ ɜɢɞɟ ɩɥɨɫɤɨɣ ɳɟɩɵ 30-120 ɦɦ, ɲɢɪɢɧɨɣ 5-20 ɦɦ ɢ ɬɨɥɳɢɧɨɣ  

2-10 ɦɦ ɢ ɢɪɛɟɣɫɤɨɝɨ ɭɝɥɹ. ɄȾɈ ɢɦɟɥɨ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  ܹ௥ = 25-40%, ܣௗ = 0,25-1,3%, ܸௗ௔௙ = 87%, ܳ𝑖௥ = 2600-3300 ɤɤɚɥ/ɤɝ,  ܵௗ = 0,047%. ɂɪɛɟɣɫɤɢɣ ɭɝɨɥɶ ɢɦɟɥ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  ܹ௥ = 27-29%, ܣௗ = 7,5%, ܸௗ௔௙ = 46,5%, ܳ𝑖௥ ≈ 4000-4150 ɤɤɚɥ/ɤɝ, ܵௗ = 0,25%.  

Ʉɨɬёɥ ɨɫɧɚɳёɧ ɱɟɬɵɪɶɦɹ ɦɨɥɨɬɤɨɜɵɦɢ ɦɟɥɶɧɢɰɚɦɢ ɫ ɨɬɞɟɥɶɧɵɦ 

ɛɭɧɤɟɪɨɦ ɩɵɥɢ. ɉɨɞɚɱɚ ɄȾɈ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɱɟɪɟɡ ɫɛɪɨɫɧɭɸ ɝɨɪɟɥɤɭ, ɢɥɢ 

ɦɭɮɟɥɶɧɭɸ ɝɨɪɟɥɤɭ, ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɱɟɪɟɡ ɫɛɪɨɫɧɭɸ ɢ ɦɭɮɟɥɶɧɭɸ. Ȼɵɥɨ 

ɜɵɹɜɥɟɧɨ ɛɨɥɟɟ ɩɨɡɞɧɟɟ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɬɨɩɥɢɜɚ ɢɡ-ɡɚ ɤɪɭɩɧɨɫɬɢ ɪɚɡɦɟɪɨɜ ɄȾɈ 

(4). 

ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɬɨɩɥɢɜɨɩɨɞɝɨɬɨɜɤɭ ɛɢɨɦɚɫɫɵ ɫ ɰɟɥɶɸ 

ɫɧɢɠɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɥɟɬɭɱɢɯ ɷɥɟɦɟɧɬɨɜ. ȼɨɡɞɟɣɫɬɜɨɜɚɬɶ ɦɨɠɧɨ 

ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɢ, ɬɚɤ ɢ ɡɚ ɫɱёɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ȼɨɡɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ 

ɩɟɥɥɟɬɵ, ɬɨɩɥɢɜɧɵɟ ɛɪɢɤɟɬɵ ɢ ɩɨɞɨɛɧɵɟ ɩɪɨɞɭɤɬɵ ɡɚ ɫɱёɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ. ɉɨɞ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɨɧɢɦɚɟɬɫɹ 

ɬɨɪɪɟɮɢɤɚɰɢɹ (200-300 °ɋ), ɩɢɪɨɥɢɡ (400-600 °ɋ) ɢ ɝɚɡɢɮɢɤɚɰɢɹ (ɫɜɵɲɟ 600 °ɋ) 
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Ɉɬɯɨɞɵ ɨɬ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ - ɨɛɵɱɧɨɟ ɫɵɪɶё ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɥɥɟɬ. Ɍɚɤɨɟ ɛɢɨɬɨɩɥɢɜɨ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɜɥɚɝɢ ɦɟɧɟɟ 10% ɢ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ 3800-4700 ɤɤɚɥ/ɤɝ. Ƚɪɚɧɭɥɵ 

ɢɦɟɸɬ ɩɨɱɬɢ ɨɞɢɧɚɤɨɜɵɣ ɪɚɡɦɟɪ, ɱɬɨ ɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɤɨɦɩɚɤɬɧɨɦ 

ɯɪɚɧɟɧɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɨɞɚɱɢ ɤ ɬɨɩɤɟ ɤɨɬɥɚ. Ɂɚ 2016 ɝɨɞ ɧɚ ɦɢɪɨɜɨɦ ɪɵɧɤɟ 

ɩɪɨɞɚɧɨ 16,5 ɦɥɧ. ɬɨɧɧ ɩɟɥɥɟɬ. ȼ ɨɫɧɨɜɧɨɦ ɩɨɬɪɟɛɥɹɸɳɢɦɢ ɩɟɥɥɟɬɵ ɹɜɥɹɸɬɫɹ 

ȿɜɪɨɩɟɣɫɤɢɟ ɫɬɪɚɧɵ ɬɚɤɢɟ ɤɚɤ ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ, ɇɢɞɟɪɥɚɧɞɵ, Ⱦɚɧɢɹ, Ȼɟɥɶɝɢɹ ɢ 

Ƚɟɪɦɚɧɢɹ. Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɸɬ ɞɪɟɜɟɫɧɵɟ ɝɪɚɧɭɥɵ ɜ ɬɚɤɢɯ 

ɫɬɪɚɧɚɯ ɤɚɤ Ʉɢɬɚɣ, əɩɨɧɢɹ, Ƚɟɪɦɚɧɢɹ, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ ɢ ɇɢɞɟɪɥɚɧɞɵ. ȼ ɂɧɞɢɢ 

ɫɭɳɟɫɬɜɭɸɬ ɭɫɩɟɲɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɩɨɥɭɱɟɧɢɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɡ ɛɢɨɦɚɫɫɵ. 

ȼ ɤɚɱɟɫɬɜɟ ɛɢɨɦɚɫɫɵ ɩɪɢɦɟɧɹɸɬɫɹ ɨɩɢɥɤɢ, ɫɨɥɨɦɚ, ɥɭɡɝɚ ɢ ɬ.ɩ. [5]. ȼ Ʉɢɬɚɟ 80% 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɬɟɦ ɫɠɢɝɚɧɢɹ ɭɝɥɹ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɬɚɤɢɯ ɤɚɤ CO2, NOx, SOx ɢ ɞɪɭɝɢɯ ɩɪɢɦɟɧɹɸɬ 

ɫɩɨɫɨɛ ɱɚɫɬɢɱɧɨɝɨ ɞɨɛɚɜɥɟɧɢɹ ɭɝɥɟɪɨɞɧɨ-ɧɟɣɬɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɬɚɤɨɝɨ ɤɚɤ 

ɤɭɤɭɪɭɡɧɚɹ ɫɨɥɨɦɚ [6].  

ȼ Ɋɨɫɫɢɢ ɨɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɥɭɡɝɢ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɱɧɨɝɨ ɬɨɩɥɢɜɚ ɛɵɥ 

ɢɫɫɥɟɞɨɜɚɧ ɩɪɢ ɫɠɢɝɚɧɢɢ ɜ ɤɨɬɥɟ Ɍɉ-14Ⱥ Ʉɭɦɟɪɬɚɭɫɤɨɣ Ɍɗɐ ȺɈ «ɋɗȽɄ» ɝ. 

Ʉɭɦɟɪɬɚɭ Ɋɟɫɩɭɛɥɢɤɢ Ȼɚɲɤɨɪɬɨɫɬɚɧ. Ʉɨɬɟɥ Ɍɉ-14Ⱥ ɨɛɨɪɭɞɨɜɚɧ ɫɢɫɬɟɦɨɣ 

«ɇɌȼ-ɬɟɯɧɨɥɨɝɢɹ» ɞɥɹ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɜɢɯɪɟ, 

ɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ ɹɜɥɹɟɬɫɹ ɛɭɪɵɣ ɭɝɨɥɶ Ɍɸɥɶɝɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫ 

ɤɚɥɨɪɢɣɧɨɫɬɶɸ 1500-1700 ɤɤɚɥ/ɤɝ, ɜɵɯɨɞ ɥɟɬɭɱɢɯ 65,2%. ɇɢɡɤɢɟ ɬɨɩɥɢɜɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɨɝɨ ɭɝɥɹ ɩɨɞɬɨɥɤɧɭɥɢ ɤ ɩɪɨɜɟɞɟɧɢɸ ɢɫɩɵɬɚɧɢɣ ɩɨ ɫɠɢɝɚɧɢɸ 

ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɜɢɞɟ ɥɭɡɝɢ ɩɨɞɫɨɥɧɟɱɧɢɤɚ. Ʌɭɡɝɚ ɩɨɞɫɨɥɧɟɱɧɢɤɚ ɢɦɟɟɬ 

ɧɢɡɲɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ, ɪɚɜɧɭɸ 4000-4200 ɤɤɚɥ/ɤɝ, ɜɵɯɨɞ ɥɟɬɭɱɢɯ ɫɨɫɬɚɜɢɥ 

69,5%. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɜɭɯ ɤɨɬɥɚɯ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 15%, 23%, 32% ɢ 

39% ɥɭɡɝɢ ɤ ɭɝɥɸ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 

ɥɭɡɝɢ ɫ ɩɨɞɫɜɟɬɤɨɣ ɩɪɢɪɨɞɧɵɦ ɝɚɡɨɦ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ Ɍɗɋ. ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɦɨɞɟɪɧɢɡɚɰɢɸ 

ɫɢɫɬɟɦɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɞɥɹ ɫɠɢɝɚɧɢɹ ɛɢɨɬɨɩɥɢɜɚ [7]. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɛɟɫɩɟɱɢɬɶ 

ɪɚɰɢɨɧɚɥɶɧɨɟ ɯɪɚɧɟɧɢɟ ɛɢɨɦɚɫɫɵ ɧɚ ɬɨɩɥɢɜɧɨɦ ɫɤɥɚɞɟ ɢ ɟё ɞɨɫɬɚɜɤɭ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɨ ɫɤɥɚɞɚ ɞɨ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ. ɇɟɬ ɨɩɢɫɚɧɧɵɯ ɫɩɨɫɨɛɨɜ 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɞɪɟɜɟɫɢɧɵ ɞɨ ɪɚɡɦɟɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɫɬɚɛɢɥɶɧɵɣ ɪɟɠɢɦ ɝɨɪɟɧɢɹ ɢ ɫɩɨɫɨɛɨɜ ɨɞɧɨɪɨɞɧɨɝɨ ɫɦɟɲɟɧɢɹ ɫ ɭɝɥёɦ.  

Ɉɛɨɛɳɢɜ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɩɟɪɟɯɨɞɚ ɤ 

ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɟɣ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɩɥɢɜɧɵɟ ɫɦɟɫɢ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɣ ɬɚɤ ɤɚɤ ɜɨɡɥɟ ɤɪɭɩɧɵɯ ɝɨɪɨɞɨɜ 

Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɪɚɫɩɨɥɨɠɟɧɵ ɛɨɥɶɲɢɟ ɭɝɨɥɶɧɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. Ⱦɥɹ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɟɪɟɯɨɞɚ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ ɬɨɩɥɢɜɚ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɪɚɫɱёɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɫɜɨɣɫɬɜ 

ɬɨɩɥɢɜ: 

- ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ;  

- ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɨɩɥɢɜɚ ɢ ɡɨɥɵ, ɜɥɢɹɸɳɢɯ ɧɚ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, 

ɡɨɥɨɭɥɚɜɥɢɜɚɧɢɟ ɢ ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɟ; 

- ɲɥɚɤɭɸɳɢɯ ɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɫɜɨɣɫɬɜɚ; 

- ɚɛɪɚɡɢɜɧɵɯ ɫɜɨɣɫɬɜ; 

- ɫɤɥɨɧɧɨɫɬɢ ɤ ɫɚɦɨɜɨɡɝɨɪɚɧɢɸ; 

- ɫɵɩɭɱɟɫɬɢ; 

- ɫɦɟɪɡɚɟɦɨɫɬɢ. 
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1 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

 

1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜ 

 

ȼ ɛɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 

ɜɨɫɬɨɱɧɨɣ ɱɚɫɬɢ ɫɬɪɚɧɵ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɡɚ ɫɱёɬ ɬɜёɪɞɨɝɨ ɬɨɩɥɢɜɚ, 

ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴёɦ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɬɚɤɠɟ ɞɨɛɵɜɚɬɶɫɹ ɫ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ 

ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɟɯɨɞɚ Ɍɗɐ ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ ɜɢɞɵ 

ɬɨɩɥɢɜɚ ɜɨɡɶɦёɦ ɭɝɥɢ, ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɜ ɤɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ. ȼ ɟɝɨ ɩɪɟɞɟɥɚɯ 

ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ Ɍɗɋ ɩɪɨɟɤɬɢɪɨɜɚɥɚɫɶ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɛɵɜɚɟɦɨɝɨ ɜ ɛɨɥɶɲɢɯ 

ɨɛɴёɦɚɯ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ɦɚɪɤɢ Ȼ2, ɞɥɹ ɞɨɫɬɚɜɤɢ ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɥɢɧɢɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɩɪɨɥɨɠɟɧɧɵɟ ɜ ɪɚɡɧɵɯ ɪɚɣɨɧɚɯ ɤɪɚɹ ɢ ɩɨɡɜɨɥɹɸɳɢɟ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɨɫɬɚɜɤɭ ɬɨɩɥɢɜɚ ɜ ɛɨɥɶɲɢɯ ɨɛɴёɦɚɯ.  

Ȼɨɪɨɞɢɧɫɤɢɣ ɭɝɨɥɶ ɞɨɛɵɜɚɟɬɫɹ ɜ ɝ. Ȼɨɪɨɞɢɧɨ ɤɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɜ 

ɭɝɨɥɶɧɨɦ ɪɚɡɪɟɡɟ ȺɈ «ɋɍɗɄ-Ʉɪɚɫɧɨɹɪɫɤ» «Ɋɚɡɪɟɡ Ȼɨɪɨɞɢɧɫɤɢɣ ɢɦɟɧɢ Ɇ.ɂ. 

ɓɚɞɨɜɚ». ȿɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɝɥɚɫɧɨ ɫɟɪɬɢɮɢɤɚɬɚ ɤɚɱɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ 

ɍɝɨɥɶ 

Ɍɟɯɧɢɱɟɫɤɢɣ ɢ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ  ܹ௥ , % 

ௗܣ , % 

ௗ௔௙ܥ , % 

ௗ௔௙ܪ , % 

ܵௗ , % 

ܰௗ௔௙ , % 

ܱௗ௔௙ , % 

ܸௗ௔௙ , % 

ܳ𝑖௥ , ˍˍ˃ˎ/ˍˆ 

Ȼ2 32,6 7,3 73,2 5,1 0,3 1,0 20,7 48,0 3900 

 

Ⱦɥɹ ɡɚɦɟɳɟɧɢɹ ɜɵɛɟɪɟɦ ɞɪɭɝɨɣ ɛɭɪɵɣ ɭɝɨɥɶ ɫ ɛɨɥɶɲɟɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ 

ɷɬɨɝɨ ɠɟ ɛɚɫɫɟɣɧɚ, ɱɬɨɛɵ ɫɧɢɡɢɬɶ ɪɚɡɧɢɰɭ ɫɜɨɣɫɬɜ, ɢ ɬɟɦ ɫɚɦɵɦ, ɭɩɪɨɫɬɢɬɶ 

ɩɟɪɟɯɨɞ. Ɍɚɤɢɦ ɹɜɥɹɟɬɫɹ Ȼɚɥɚɯɬɢɧɫɤɢɣ ɭɝɨɥɶ Ȼ3. Ɉɧ ɢɦɟɟɬ ɭɧɢɤɚɥɶɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɧɢɡɤɚɹ ɜɥɚɠɧɨɫɬɶ; 

 ɧɢɡɤɚɹ ɡɨɥɶɧɨɫɬɶ; 

 ɜɵɫɨɤɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɞɥɹ ɛɭɪɨɝɨ ɭɝɥɹ.  
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ȿɝɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ, 

ɬɚɤ ɤɚɤ ɞɨɫɬɚɜɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɚɜɬɨɬɪɚɧɫɩɨɪɬɨɦ. ȿɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ 

ɍɝɨɥɶ 

Ɍɟɯɧɢɱɟɫɤɢɣ ɢ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ  ܹ௥ , % 

ௗܣ , % 

ௗ௔௙ܥ , % 

ௗ௔௙ܪ , % 

ܵௗ , % 

ܰௗ௔௙ , % 

ܱௗ௔௙ , % 

ܸௗ௔௙ , % 

ܳ𝑖௥ , ˍˍ˃ˎ/ˍˆ 

Ȼɚɥɚɯɬɢɧɫɤɢɣ 20,8 6,2 74,1 5,0 0,34 0,86 19,69 44,6 4890 

 

1.2 Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɥɨɧɧɨɫɬɢ ɬɨɩɥɢɜ ɤ ɲɥɚɤɨɜɚɧɢɸ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɥɨɧɧɨɫɬɢ ɬɨɩɥɢɜ ɤ ɲɥɚɤɨɜɚɧɢɸ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɟɦɨɣ ɦɟɬɨɞɢɤɨɣ ɍɪɚɥȼɌɂ, ɩɨɫɤɨɥɶɤɭ ɢɦ ɧɚɤɨɩɥɟɧ ɛɨɥɶɲɨɣ ɨɛɴёɦ 

ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɲɥɚɤɭɸɳɢɦ ɫɜɨɣɫɬɜɚɦ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɬɨɩɥɢɜ 

(3,8-10). 

Ɋɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ ɞɥɹ ɭɝɥɹ: 

 ݇𝑜 = ௌ𝑖ைమ+஺௟మைయ+்𝑖ைమ஼௔ை+ெ௚ை+𝐾మை+ே௔మை                                                                                                 (1)   

 

ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ, %: 

 

  ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ ܵ௧ௗ௔௙ − Ͳ,Ͳ͵                                                                                                  (2)   

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 

 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙ௌ𝑝𝑑𝑎𝑓∙భబబ−𝐴𝑑𝐴𝑑 +଴,଴଼ଵଷ∙𝐹௘మ଴య Ͳ͵                                                                                      (3) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ ܰ𝑎ଶܱ − Ͳ,Ͳͳ͵ ∙ 𝐾ଶܱ − Ͳ,Ͳͷሻ଴,ଷଵଷ                                                 (4) 
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ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ:  

𝑎ܱ௔ܥ  = 𝑎ܱܥ ∙ ሺͳ − Ͳ,ͲͲʹͷ ∙ ௗሻܣ − Ͳ,Ͳͷ                                                                                             (5) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 

 

஼ܲ௔ = Ͳ,ͷ ∙ ሺܥ𝑎ܱ௔ሻ଴,ଶଶ − ேܲ௔                                                                                                 (6) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ݇𝑜                                                                                                              (7) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ: 

 ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺ 𝐹ܲ௘ሻଶ+ሺ 𝑥ܲ௖ሻଶሻ଴,ହ                                                                                                (8) 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 

 𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ݇𝑜                                                                                                          (9) 

 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɢɧɚɪɧɨɣ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ: 

 ܺ˔˓ = ஼భଵ଴଴ ∙ ܺଵ + ஼మଵ଴଴ ∙ ܺଶ                                                                                                (10) 

 

ɝɞɟ ܥଵ – ɩɪɨɰɟɧɬ ɫɨɞɟɪɠɚɧɢɹ ɩɟɪɜɨɝɨ ɭɝɥɹ ɜ ɫɦɟɫɢ ɩɨ ɦɚɫɫɟ; ܥଶ – ɩɪɨɰɟɧɬ ɫɨɞɟɪɠɚɧɢɹ ɜɬɨɪɨɝɨ ɭɝɥɹ ɜ ɫɦɟɫɢ ɩɨ ɦɚɫɫɟ; ܺଵ – ɡɧɚɱɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɜɨɝɨ ɭɝɥɹ; 
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ܺଶ – ɡɧɚɱɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɬɨɪɨɝɨ ɭɝɥɹ.  

ȼ ɬɚɛɥɢɰɟ 3 ɨɬɪɚɠɟɧɨ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɲɥɚɤɭɸɳɢɯ ɢ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɫɜɨɣɫɬɜ ɭɝɥɟɣ ɩɨ ɦɟɬɨɞɢɤɟ ɍɪɚɥȼɌɂ. 

Ɍɚɛɥɢɰɚ 3 - ɉɨɤɚɡɚɬɟɥɢ ɲɥɚɤɭɸɳɢɯ ɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɫɜɨɣɫɬɜ ɭɝɥɟɣ ɢ ɢɯ 

ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ ɍɪɚɥȼɌɂ 

ɉɨɤɚɡɚɬɟɥɶ ɇɢɡɤɚɹ ɋɪɟɞɧɹɹ ȼɵɫɨɤɚɹ 
Ɉɱɟɧɶ 

ɜɵɫɨɤɚɹ 
ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ 
ɨɬɥɨɠɟɧɢɣ, 𝐹ܲ௘ 

<0,25 0,25-0,50 0,50-0,72 >0,72 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ 
ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ, ேܲ௔௔  

<0,40 0,40-0,45 0,50-0,70 >0,70 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-
ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ, ஼ܲ௔ 

<0,42 0,42-0,60 >0,60 - 

ɋɤɥɨɧɧɨɫɬɶ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɤɢ, ܴ௦௧ <0,42 0,42-0,62 0,62-0,75 >0,75 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ, 𝑡шˎ >1100 1020-1100 980-1020 <980 

 

1.3 Ɇɟɬɨɞ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

 

Ƚɨɪɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ ɫɥɨɠɧɵɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, 

ɫɨɫɬɨɹɳɢɣ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɱɟɬɵɪɟɯ ɷɬɚɩɨɜ.  ȼ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚɝɪɟɜ ɢ 

ɭɞɚɥɟɧɢɟ ɜɥɚɝɢ, ɜɬɨɪɨɣ ɷɬɚɩ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɢ ɝɨɪɟɧɢɟ 

ɥɟɬɭɱɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰɵ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɚɝɪɟɜɚɟɬ ɭɝɥɟɪɨɞɧɵɣ 

ɨɫɬɚɬɨɤ ɡɚ ɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ. ȼ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɢ 

ɝɨɪɟɧɢɟ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ. ȼ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɞɨɝɨɪɚɧɢɟ ɧɚɢɛɨɥɟɟ 

ɩɥɨɬɧɨɝɨ ɭɝɥɟɪɨɞɢɫɬɨɝɨ ɨɫɬɚɬɤɚ ɥɢɛɨ ɪɚɡɥɨɠɟɧɢɟ ɦɢɧɟɪɚɥɶɧɵɯ ɜɟɳɟɫɬɜ, 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɛɭɪɨɦ ɭɝɥɟ, ɬɚɤɢɯ ɤɚɤ ɞɨɥɨɦɢɬ CaCO3•MgCO3 (Ɋɢɫ.1b).  

Ɍɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ (ɌȽ) — ɦɟɬɨɞ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɜ 

ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. [11] 

ɗɬɨɬ ɦɟɬɨɞ ɫɨɫɬɨɢɬ ɜ ɪɟɝɢɫɬɪɚɰɢɢ ɦɚɫɫɵ ɢɫɫɥɟɞɭɟɦɨɣ ɧɚɜɟɫɤɢ ɜɟɳɟɫɬɜɚ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟё ɬɟɦɩɟɪɚɬɭɪɵ. Ɋɟɡɭɥɶɬɚɬɨɦ ɹɜɥɹɸɬɫɹ ɌȽ-ɤɪɢɜɵɟ — ɤɪɢɜɵɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɥɢ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ ɌȽ-ɚɧɚɥɢɡɚ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ ɌȽ-ɤɪɢɜɵɟ. ɉɪɨɢɡɜɨɞɧɚɹ ɨɬ ɌȽ-
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ɫɢɝɧɚɥɚ (ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ), ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɜɨɣ ȾɌȽ ɢ ɩɨɡɜɨɥɹɟɬ 

ɭɫɬɚɧɨɜɢɬɶ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ ɤɨɬɨɪɨɣ ɢɡɦɟɧɟɧɢɟ ɜɟɫɚ 

ɩɪɨɢɫɯɨɞɢɬ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ. 

ȼ ɯɨɞɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡ (ȾɌȺ) ɢ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (ȾɋɄ) ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɚɤ ɮɭɧɤɰɢɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ (ɜɪɟɦɟɧɢ), ɜɨɡɦɨɠɧɨ ɩɪɢ ɪɚɡɧɵɯ ɚɬɦɨɫɮɟɪɚɯ. Ⱦɚɧɧɵɣ ɫɢɧɯɪɨɧɧɵɣ 

ɚɧɚɥɢɡ ɧɟ ɬɨɥɶɤɨ ɭɫɤɨɪɹɟɬ ɢɡɦɟɪɟɧɢɹ, ɧɨ ɢ ɭɩɪɨɳɚɟɬ ɪɚɫɲɢɮɪɨɜɤɭ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɡɚ ɫɱёɬ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɞɨ- ɢ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɨɜ, ɧɟ ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ 

ɢɡɦɟɧɟɧɢɟɦ ɦɚɫɫɵ (ɧɚɩɪɢɦɟɪ, ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ) ɨɬ ɩɪɨɰɟɫɫɨɜ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ. 

ɋɚɦ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɜɵɫɨɤɨɬɨɱɧɵɯ ɜɟɫɨɜ ɫ ɬɢɝɥɹɦɢ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɧɭɬɪɢ ɷɥɟɤɬɪɨɩɟɱɢ, ɚ ɧɟɞɚɥɟɤɨ ɨɬ ɬɢɝɥɹ ɧɚɯɨɞɢɬɫɹ ɤɨɧɬɪɨɥɶɧɚɹ 

ɬɟɪɦɨɩɚɪɚ, ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɭ. ɉɟɱɶ ɦɨɠɟɬ ɛɵɬɶ ɧɚɩɨɥɧɟɧɚ 

ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɨɤɢɫɥɟɧɢɹ ɢɥɢ ɞɪɭɝɢɯ ɪɟɚɤɰɢɣ. ɋɧɹɬɢɟ 

ɩɨɤɚɡɚɧɢɣ ɢ ɭɩɪɚɜɥɟɧɢɟ ɚɩɩɚɪɚɬɭɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɩɶɸɬɟɪɨɦ. Ⱦɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɢɡɦɟɪɹɸɳɟɣ ɚɩɩɚɪɚɬɭɪɨɣ ɢ ɫɧɹɬɢɹ ɩɨɤɚɡɚɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɤɨɦɩɶɸɬɟɪ. 

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɵɲɚɟɬɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɢ 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨɬɟɪɹ ɦɚɫɫɵ ɨɬ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɌȽ-ɚɧɚɥɢɡɟ ɜɵɫɨɤɚɹ 

ɬɨɱɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɢɡ-ɡɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɟɫɚ ɨɛɪɚɡɰɚ. ȼ ɯɨɞɟ 

ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɡɚɦɟɞɥɹɟɬɫɹ ɧɚɝɪɟɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɜɵɲɚɟɬɫɹ ɬɨɱɧɨɫɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ʉɪɨɦɟ ɷɬɨɝɨ ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɵ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɭɫɬɚɧɨɜɢɬɶ ɤ ɜɵɯɨɞɭ ɝɚɡɨɜ ɢɡ ɩɟɱɢ ɢɧɮɪɚɤɪɚɫɧɵɣ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪ ɞɥɹ 

ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɚ ɜɵɯɨɞɹɳɢɯ ɝɚɡɨɜ.  

ɉɨ ɤɪɢɜɵɦ ɌȽ ɢ ȾɌȽ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɨɪɟɧɢɹ ɬɚɤɢɟ 

ɤɚɤ: ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ( ௠ܶ௔𝑥) ɨɫɧɨɜɧɨɝɨ ɩɢɤɚ ȾɌȽ ɩɪɢ ɤɨɬɨɪɨɣ 

ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɭɛɵɥɢ ɦɚɫɫɵ (ʓТʒ௠௔𝑥), ɬɟɦɩɟɪɚɬɭɪɚ 

ɜɨɫɩɥɚɦɟɧɟɧɢɹ (ܶ˅ ˔˒ˎ) ɢ ɜɵɝɨɪɚɧɢɹ (ܶ˅ ˆ) ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ. ܶ˅ ˔˒ˎ ɢ ܶ˅ ˆ  
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ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡɜɟɫɬɧɵɦ ɦɟɬɨɞɨɦ [8, 16] ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ, 

ɜɢɡɭɚɥɢɡɚɰɢɹ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.  

 

 

Ɋɢɫɭɧɨɤ 1 - ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɜɵɝɨɪɚɧɢɹ 

ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ 

 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ, ɢɡ ௠ܶ௔𝑥   ɨɩɭɫɤɚɟɬɫɹ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɞɨ ɤɪɢɜɨɣ ɌȽ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɜ ɬɨɱɤɟ Ⱥ, ɢɡ ɬɨɱɤɢ Ⱥ ɩɪɨɜɨɞɢɬɫɹ 

ɩɪɹɦɚɹ ɩɨ ɧɚɤɥɨɧɧɨɣ ɤɪɢɜɨɣ ɌȽ ɜɜɟɪɯ, ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɩɪɹɦɨɣ ɩɪɨɯɨɞɹɳɟɣ 

ɱɟɪɟɡ ɬɨɱɤɭ B ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɪɢɜɨɣ ɌȽ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɷɬɢɯ ɩɪɹɦɵɯ ɜ ɬɨɱɤɟ ɋ. 

Ɂɚɬɟɦ ɢɡ ɬɨɱɤɢ ɋ ɨɩɭɫɤɚɟɬɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɞɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɲɤɚɥɵ, ɨɩɪɟɞɟɥɹɹ 

ɬɟɦ ɫɚɦɵɦ ɬɟɦɩɟɪɚɬɭɪɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ܶ ˅˔˒ˎ (ɪɢɫ. 2). Ɍɟɦɩɟɪɚɬɭɪɚ ɜɵɝɨɪɚɧɢɹ 

ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɤɨɦɭ ɠɟ ɦɟɬɨɞɭ, ɬɨɥɶɤɨ ௠ܶ௔𝑥  ɩɪɢɧɢɦɚɟɬɫɹ 

ɡɚ ɡɧɚɱɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɩɢɤɚ ȾɌȽ. ɉɪɢɧɹɬɨ, ɱɬɨ ௠ܶ௔𝑥  ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɨɩɥɢɜɚ.  
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ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

ɨɩɪɟɞɟɥɹɥɫɹ ɢɧɞɟɤɫ ɝɨɪɟɧɢɹ (S) [12–15]. ɂɧɞɟɤɫ ɝɨɪɟɧɢɹ (S) ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 

ɫɪɚɜɧɟɧɢɹ ɝɨɪɸɱɟɫɬɢ ɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ ɬɨɩɥɢɜ ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɨɫɩɥɚɦɟɧɟɧɢɟ, 

ɝɨɪɟɧɢɟ ɢ ɜɵɝɨɪɚɧɢɟ ɭɝɥɟɪɨɞɧɨɝɨ ɨɫɬɚɬɤɚ. ȼɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɢɧɞɟɤɫɚ ɝɨɪɟɧɢɹ 

ɯɚɪɚɤɬɟɪɧɨ ɬɨɩɥɢɜɚɦ ɫ ɜɵɫɨɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɝɨɪɟɧɢɹ ɭɝɥɟɪɨɞɧɨɝɨ ɨɫɬɚɬɤɚ. ȿɝɨ 

ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ܵ = ሺܴ௠௔𝑥 ∙ ܴ௠௔𝑥ሻ/ሺ 𝑖ܶଶ ∙ ௕ܶଶሻ                                                                                   (11)
  

 
ɝɞɟ Rmax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ;  

      Rmean – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ (ɨɬ ɡɚɠɢɝɚɧɢɹ ɞɨ ɜɵɝɨɪɚɧɢɹ 

ɭɝɥɟɪɨɞɧɨɝɨ ɨɫɬɚɬɤɚ);  

      Ti – ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɠɢɝɚɧɢɹ;  

      Tb – ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɝɨɪɚɧɢɹ, ɨɩɪɟɞɟɥɹɥɢɫɶ ɦɟɬɨɞɨɦ ɷɤɫɬɪɚɩɨɥɹɰɢɢ 

ɤɪɢɜɵɯ [16–19]. 

 

1.4 Ɉɩɢɫɚɧɢɟ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 

 

Ɂɚ ɨɫɧɨɜɭ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɪɚɫɱёɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ, 

ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɐ ɩɪɢ ɫɠɢɝɚɧɢɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɬɨɩɥɢɜɚ 

ɜɨɡɶɦёɦ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ȻɄɁ-160-1,4-5. 

Ɉɫɧɨɜɧɨɟ ɬɨɩɥɢɜɨ – ɛɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ ɦɚɪɤɢ 2Ȼ, ɪɟɡɟɪɜɧɨɟ – 

ɛɟɪɟɡɨɜɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ ɦɚɪɤɢ 2Ȼ. Ʉɨɬɟɥ ȻɄɁ-160-1,4-5 ɨɛɨɪɭɞɨɜɚɧ ɱɟɬɵɪɶɦɹ 

ɩɵɥɟɫɢɫɬɟɦɚɦɢ ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ ɫ ɦɟɥɶɧɢɰɚɦɢ-ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɬɢɩɚ Ɇȼ 

1600/400/980 ɫ ɝɚɡɨɜɨɣ ɫɭɲɤɨɣ ɬɨɩɥɢɜɚ. ȼɨɫɟɦɶ ɩɵɥɟɭɝɨɥɶɧɵɯ ɝɨɪɟɥɨɤ 

ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɭɝɥɚɯ ɬɨɩɤɢ ɜ ɞɜɚ ɹɪɭɫɚ ɩɨ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɯɟɦɟ.  

ɇɚ ɫɤɚɬɚɯ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɫɟɦɶ ɫɨɩɟɥ ɧɢɠɧɟɝɨ ɞɭɬɶɹ ɩɨ 

ɜɫɬɪɟɱɧɨ-ɫɦɟɳɟɧɧɨɣ ɫɯɟɦɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɲɥɚɤɨɜɚɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ 

ɩɨɬɟɪɢ ɬɟɩɥɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ. Ʉɨɦɩɥɟɤɫ ɨɱɢɫɬɤɢ 
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ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɨɬ ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɜɤɥɸɱɚɟɬ ɚɩɩɚɪɚɬɵ ɜɨɞɹɧɨɣ 

ɨɛɞɭɜɤɢ ɬɨɩɤɢ, ɩɚɪɨɜɭɸ ɨɛɞɭɜɤɭ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɢ ɞɪɨɛɟɜɭɸ ɨɱɢɫɬɤɭ 

ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ. Ɉɛɳɢɣ ɜɢɞ ɤɨɬɥɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

Ɋɢɫɭɧɨɤ 2 – Ɉɛɳɢɣ ɜɢɞ ɤɨɬɥɚ ȻɄɁ-160-1,4-5 
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 Ⱦɥɹ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɬ ɡɨɥɵ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɷɥɟɤɬɪɨɮɢɥɶɬɪ ɬɢɩɚ ɗȽȼ2-30-9-6-3. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɨɪɝɚɧɢɡɚɰɢɹ 

ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɤɨɬɥɚ ȻɄɁ-160-1,4-5 ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɠɢɝɚɧɢɹ 

ɲɥɚɤɭɸɳɢɯ ɛɭɪɵɯ ɭɝɥɟɣ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4 

Ɍɚɛɥɢɰɚ 4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ȻɄɁ-160-1,4-5 

№ Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɋɚɡɦɟɪɧɨɫɬɶ ȼɟɥɢɱɢɧɚ 
 Ʉɨɬёɥ  ȻɄɁ-160-1,4-5 

1 
ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
(ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ) 

ɬ/ɱ (Ƚɤɚɥ/ɱ) 160 (95,2) 

2 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ °C 250 
3 Ⱦɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ˍˆ˔/˔ˏଶ (Ɇɉɚ) 14 (1,372) 
4 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ °C 104 
5 Ⱦɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ˍˆ˔/˔ˏଶ (Ɇɉɚ) 23,5 (2,303) 
6 Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ °C 155 
7 ɄɉȾ ɛɪɭɬɬɨ % 91,9 

 

Ɍɨɩɤɚ ɤɨɬɥɚ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ, ɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢɦɟɟɬ ɜ ɩɥɚɧɟ ɩɨ ɨɫɹɦ 

ɬɪɭɛ ɪɚɡɦɟɪɵ 7040x6600 ɦɦ. 

Ɏɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɢɣ ɷɤɪɚɧɵ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɨɛɪɚɡɭɸɬ ɫɤɚɬɵ ɯɨɥɨɞɧɨɣ 

ɜɨɪɨɧɤɢ ɫ ɭɝɥɨɦ ɧɚɤɥɨɧɚ ɤ ɝɨɪɢɡɨɧɬɚɥɢ 50°. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɬɪɭɛɵ 

ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ ɨɛɪɚɡɭɸɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɜɵɫɬɭɩ, ɤɨɬɨɪɵɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɭɥɭɱɲɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɤɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɢ ɱɚɫɬɢɱɧɨɝɨ 

ɡɚɬɟɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɲɢɪɦ. Ȼɨɤɨɜɵɟ ɷɤɪɚɧɵ ɢɦɟɸɬ ɩɥɨɫɤɭɸ 

ɤɨɧɫɬɪɭɤɰɢɸ. 

ȼɫɟ ɷɤɪɚɧɵ ɬɨɩɤɢ ɫɨɫɬɨɹɬ ɤɚɠɞɵɣ ɢɡ ɬɪɟɯ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɩɚɧɟɥɟɣ ɢ 

ɜɵɩɨɥɧɟɧɵ ɢɡ ɬɪɭɛ 60x4, ɫɬɚɥɶ 20, ɫ ɜɜɚɪɤɨɣ ɩɨɥɨɫɵ 5x40, ɫɬɚɥɶ 20, ɦɟɠɞɭ ɧɢɦɢ, 

ɲɚɝ ɬɪɭɛ ɜ ɩɚɧɟɥɹɯ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ – 100 ɦɦ. ɉɨɬɨɥɨɤ ɬɨɩɤɢ, ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 

ɢ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɨɜ ɷɤɪɚɧɢɪɨɜɚɧ ɰɟɥɶɧɨɫɜɚɪɧɵɦɢ ɩɚɧɟɥɹɦɢ ɩɨɬɨɥɨɱɧɨɝɨ 

ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɜɵɩɨɥɧɟɧɧɵɦɢ ɢɡ ɬɪɭɛ 60x4, ɫɬɚɥɶ 20, ɫ 

ɜɜɚɪɤɨɣ ɩɨɥɨɫɵ 5x40, ɫɬɚɥɶ 20 ɦɟɠɞɭ ɧɢɦɢ, ɲɚɝ ɬɪɭɛ ɜ ɩɚɧɟɥɹɯ – 100 ɦɦ. 
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Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɬɨɩɤɚ ɨɛɨɪɭɞɨɜɚɧɚ 8 ɩɪɹɦɨɬɨɱɧɵɦɢ 

ɩɵɥɟɭɝɨɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ, 4 ɪɚɫɬɨɩɨɱɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɢ 7 ɫɨɩɥɚɦɢ ɧɢɠɧɟɝɨ 

ɞɭɬɶɹ 

ɉɵɥɟɭɝɨɥɶɧɵɟ ɝɨɪɟɥɤɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɭɝɥɚɯ ɬɨɩɤɢ ɢ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨ 

ɜɵɫɨɬɟ ɜ ɞɜɚ ɹɪɭɫɚ ɧɚ ɨɬɦɟɬɤɚɯ +8800 ɦɦ ɢ +11400 ɦɦ. Ɉɫɢ ɝɨɪɟɥɨɱɧɵɯ 

ɭɫɬɪɨɣɫɬɜ ɪɚɫɩɨɥɨɠɟɧɵ ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɤ ɜɨɨɛɪɚɠɚɟɦɨɣ ɨɤɪɭɠɧɨɫɬɢ ɞɢɚɦɟɬɪɨɦ 

900 ɦɦ ɜ ɰɟɧɬɪɟ ɬɨɩɤɢ. 

ɇɚɩɪɚɜɥɟɧɢɟ ɤɪɭɬɤɢ - ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. Ɍɚɤɨɟ ɪɚɡɦɟɳɟɧɢɟ ɝɨɪɟɥɨɤ 

ɜ ɬɨɩɤɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɜɧɨɦɟɪɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɫɟɱɟɧɢɹ ɬɨɩɤɢ ɮɚɤɟɥɨɦ. 

Ʉɚɠɞɚɹ ɩɵɥɟɭɝɨɥɶɧɚɹ ɝɨɪɟɥɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɥɨɤ ɫ ɱɟɬɵɪɶɦɹ 

ɩɪɹɦɨɭɝɨɥɶɧɵɦɢ ɤɚɧɚɥɚɦɢ ɩɵɥɟɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ 

ɤɚɧɚɥɟ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɬɨɩɤɢ ɤɨɬɥɚ ɧɚ ɦɚɡɭɬɟ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ 4 

ɪɚɫɬɨɩɨɱɧɵɯ ɜɢɯɪɟɜɵɯ ɦɚɡɭɬɧɵɯ ɝɨɪɟɥɨɤ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɩɨɞɜɨɞɨɦ ɜɨɡɞɭɯɚ. 

Ɋɚɫɬɨɩɨɱɧɵɟ ɝɨɪɟɥɤɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɞ ɩɵɥɟɭɝɨɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɩɟɪɜɨɝɨ ɹɪɭɫɚ 

ɧɚ ɨɬɦɟɬɤɟ +8080 ɦɦ. 

ɋɭɦɦɚɪɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɫɟɯ ɦɚɡɭɬɧɵɯ ɮɨɪɫɭɧɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 30 % ɧɚɝɪɭɡɤɢ ɤɨɬɥɚ. Ⱦɚɜɥɟɧɢɟ ɦɚɡɭɬɚ ɢ ɪɚɫɩɵɥɢɜɚɸɳɟɝɨ 

ɚɝɟɧɬɚ ɩɪɢ ɪɚɫɬɨɩɤɟ ɤɨɬɥɚ: ɦɚɡɭɬ – 2,5Ɇɉɚ (25 ˍˆ˔/˔ˏଶ), ɩɚɪ – 1,0 Ɇɉɚ (10 

ɤɝɫ/ɫɦ2). ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɪɚɫɩɵɥɢɜɚɧɢɟ ɦɚɡɭɬɚ ɫɨɫɬɚɜɥɹɟɬ 0,08 ɤɝ ɧɚ 1 

ɤɝ ɦɚɡɭɬɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ 230–250 °ɋ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɚɬɢɜɧɵɯ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (NOх) 

ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɩɨɞɚɱɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɜ ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ ɱɟɪɟɡ 7 ɫɨɩɟɥ 

ɧɢɠɧɟɝɨ ɞɭɬɶɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɜɫɬɪɟɱɧɨ-ɫɦɟɳɟɧɧɨɣ ɫɯɟɦɟ ɧɚ ɫɤɚɬɚɯ 

ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ ɩɨɞ ɭɝɥɨɦ 15° ɤ ɝɨɪɢɡɨɧɬɚɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ 

ɫɢɫɬɟɦɵ ɧɢɠɧɟɝɨ ɞɭɬɶɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɲɥɚɤɨɜɚɧɢɹ ɢ 

ɭɦɟɧɶɲɟɧɢɸ ɦɟɯɧɟɞɨɠɨɝɚ ɜ ɲɥɚɤɟ. ɇɚ ɤɚɠɞɨɦ ɢɡ ɞɜɭɯ ɨɛɳɢɯ ɩɨɞɜɨɞɨɜ ɝɨɪɹɱɟɝɨ 

ɜɨɡɞɭɯɚ ɤ ɫɨɩɥɚɦ ɧɢɠɧɟɝɨ ɞɭɬɶɹ ɭɫɬɚɧɨɜɥɟɧɨ ɩɨ ɪɟɝɭɥɢɪɭɸɳɟɦɭ 

ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɤɥɚɩɚɧɭ. 
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Ⱦɥɹ ɨɱɢɫɬɤɢ ɨɬ ɨɬɥɨɠɟɧɢɣ ɷɤɪɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɬɨɩɤɢ 

ɩɪɢɦɟɧɹɸɬɫɹ ɚɩɩɚɪɚɬɵ ɜɨɞɹɧɨɣ ɨɛɞɭɜɤɢ ɬɢɩɚ ɈȼȾ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬɭɤ, 

ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ ɬɨɩɤɢ. Ⱦɥɹ ɨɱɢɫɬɤɢ ɨɬ ɨɬɥɨɠɟɧɢɣ 

ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɲɢɪɦ ɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɪɢɦɟɧɹɸɬɫɹ 

ɝɥɭɛɨɤɨɜɵɞɜɢɠɧɵɟ ɩɚɪɨɜɵɟ ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ ɬɢɩɚ ɈȽ ɫɟɪɢɢ 221ɗɈȻ051-

081 ɜ ɤɨɥɢɱɟɫɬɜɟ 8 ɲɬɭɤ. Ⱦɥɹ ɨɱɢɫɬɤɢ ɨɬ ɨɬɥɨɠɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɨɩɭɫɤɧɨɦ ɝɚɡɨɯɨɞɟ, ɩɪɢɦɟɧɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɞɪɨɛɟɜɨɣ ɨɱɢɫɬɤɢ. 

Ɍɪɚɧɫɩɨɪɬ ɞɪɨɛɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɦ ɩɪɢ ɩɨɦɨɳɢ ɜɨɡɞɭɯɨɞɭɜɧɵɯ ɦɚɲɢɧ. 

ɉɨɞɚɱɚ ɞɪɨɛɢ ɜ ɨɩɭɫɤɧɨɣ ɝɚɡɨɯɨɞ ɤɨɬɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɪɟɯ 

ɩɧɟɜɦɨɪɚɡɛɪɚɫɵɜɚɬɟɥɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɡɚɞɧɟɣ ɫɬɟɧɟ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ. 

Ʉɨɬɟɥ ɨɛɨɪɭɞɨɜɚɧ ɱɟɬɵɪɶɦɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɫɢɫɬɟɦɚɦɢ 

ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ. Ɍɨɩɥɢɜɨ ɢɡ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ 

ɫɤɪɟɛɤɨɜɵɦ ɩɢɬɚɬɟɥɟɦ ɫɵɪɨɝɨ ɭɝɥɹ ɬɢɩɚ ɉɋ-700/9000 (ɢɥɢ ɉɋ-700/21000) 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 16 ɬ/ɱ, ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 300–1500 ɨɛ/ɦɢɧ ɩɨɞɚɟɬɫɹ ɜ 

ɦɟɥɶɧɢɰɭ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɪɟɝɭɥɹɬɨɪɚ ɬɨɥɳɢɧɵ ɫɥɨɹ ɬɨɩɥɢɜɚ (ɩɨ ɦɟɫɬɭ), ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟɦ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ (ɞɢɫɬɚɧɰɢɨɧɧɨ ɢɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɟɝɭɥɹɬɨɪɨɦ 

ɡɚɝɪɭɡɤɢ ɦɟɥɶɧɢɰɵ). 

Ɋɚɡɦɨɥ ɢ ɫɭɲɤɚ ɭɝɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɱɟɬɵɪɟɯ ɦɟɥɶɧɢɰɚɯ-ɜɟɧɬɢɥɹɬɨɪɚɯ 

ɬɢɩɚ MB 1600/400/980 ɪɚɫɱɟɬɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɢɪɲɚ-ɛɨɪɨɞɢɧɫɤɨɦɭ 

ɭɝɥɸ 7,04 ɬ/ɱ, ɩɨ ɛɟɪɟɡɨɜɫɤɨɦɭ ɛɭɪɨɦɭ ɭɝɥɸ – 7,14 ɬ/ɱ. Ɇɟɥɶɧɢɰɵ ɨɛɨɪɭɞɨɜɚɧɵ 

ɢɧɟɪɰɢɨɧɧɵɦɢ ɫɟɩɚɪɚɬɨɪɚɦɢ ɞɥɹ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɬɨɩɥɢɜ, ɝɞɟ ɢɡ ɩɨɬɨɤɚ 

ɚɷɪɨɫɦɟɫɢ ɨɬɞɟɥɹɸɬɫɹ ɤɪɭɩɧɵɟ ɮɪɚɤɰɢɢ ɩɵɥɢ ɢ ɜɨɡɜɪɚɳɚɸɬɫɹ ɧɚ ɞɨɦɨɥ ɜ 

ɦɟɥɶɧɢɰɭ. Ɍɪɟɛɭɟɦɚɹ ɬɨɧɢɧɚ ɩɨɦɨɥɚ (ɪɚɫɱɟɬɧɚɹ ɬɨɧɢɧɚ ɩɨɦɨɥɚ R90 = 57 %) 

ɞɨɫɬɢɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɨɣ ɜ ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɥɨɩɚɬɨɤ ɫɟɩɚɪɚɬɨɪɚ, ɤɨɬɨɪɨɟ 

ɭɬɨɱɧɹɟɬɫɹ ɩɪɢ ɧɚɥɚɞɤɟ ɩɵɥɟɫɢɫɬɟɦɵ. 

ɉɨɫɥɟ ɫɟɩɚɪɚɬɨɪɚ ɚɷɪɨɫɦɟɫɶ ɩɨɫɬɭɩɚɟɬ ɜ ɩɵɥɟɞɟɥɢɬɟɥɶ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɨ 

ɩɵɥɟɩɪɨɜɨɞɚɦ ɩɨɞɚɟɬɫɹ ɜ ɝɨɪɟɥɤɢ. Ⱦɥɹ ɫɭɲɤɢ ɭɝɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɦɟɫɶ ɬɨɩɨɱɧɵɯ 

ɝɚɡɨɜ, ɨɬɛɢɪɚɟɦɵɯ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ, ɢ ɯɨɥɨɞɧɵɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 

ɨɬɛɢɪɚɟɦɵɯ ɡɚ ɞɵɦɨɫɨɫɨɦ. 
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1.5 Ɇɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ.  

 

ɇɨɦɢɧɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɧɚɬɭɪɚɥɶɧɨɦ 

ɢɫɱɢɫɥɟɧɢɢ, ɬɨɧɧ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ/ɱɚɫ: 

˕˃ːܤ  = 𝑄ˍ˃ː
ˍ˃ː ∙𝑄𝑖𝑟∙ଵ଴య                                                                                                                 (12) 

ɝɞɟ ܳˍ˃˄˓  – ɧɨɦɢɧɚɥɶɧɚɹ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, 

Ƚɤɚɥ/ɱɚɫ; 

       ˍ˃ː  – ɧɨɦɢɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɟɥɶɧɨɝɨ 

ɚɝɪɟɝɚɬɚ; 

       ܳ𝑖௥ – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, Ʉɤɚɥ/ɤɝ. 

 

ɇɨɦɢɧɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɭɫɥɨɜɧɨɦ 

ɢɫɱɢɫɥɟɧɢɢ, ɬɨɧɧ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ/ɱɚɫ: 

ˎ˔˖ܤ  = 𝑄ˍ˃˄˓
ˍ˃˄˓∙଻଴଴଴∙ଵ଴య                                                                                                                 (13) 

 

ɝɞɟ  ܳˍ˃˄˓  – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ ɜɵɲɟ; 

       ˍ˃ː  – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ ɜɵɲɟ. 

Ɋɚɫɱёɬ ɦɚɫɫɵ ɡɨɥɵ, ɜɧɨɫɢɦɨɣ ɫ ɬɨɩɥɢɜɨɦ ɞɥɹ ɫɠɢɝɚɧɢɹ ɜ ɤɨɬɟɥɶɧɵɣ 

ɚɝɪɟɝɚɬ ɡɚ ɱɚɫ, ɬɨɧɧ/ɱɚɫ: 

஺ܩ  = ˕˃ːܤ ∙  (14)                                                                                                                      ݀ܣ

 

ɝɞɟ ܣௗ – ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ. 
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2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢ ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

 

2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɭɝɥɟɣ ɞɥɹ ɫɠɢɝɚɧɢɹ ɜ 

ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ Ɍɗɐ ɩɪɢɦɟɧɹɟɬɫɹ ɫɦɟɲɟɧɢɟ ɭɝɥɟɣ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ 

ɫɦɟɫɟɣ ɜ ɩɪɨɩɨɪɰɢɢ ɩɨ ɦɚɫɫɟ 30% ɧɚ 70% ɢɥɢ 50% ɧɚ 50%. Ɍɚɤ ɤɚɤ ɭɝɨɥɶ Ȼ3 

ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ, ɜɵɝɨɞɧɟɟ ɢɦɟɬɶ ɩɨɜɵɲɟɧɧɵɣ ɟɝɨ ɩɪɨɰɟɧɬ ɜ 

ɫɦɟɫɢ, ɧɨ ɢɡ-ɡɚ ɞɨɫɬɚɜɤɢ ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɜɢɞɨɦ ɬɪɚɧɫɩɨɪɬɚ ɧɟɜɨɡɦɨɠɧɨ 

ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨɝɨ ɨɛɴёɦɚ ɩɨɫɬɚɜɨɤ ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɪɢɦɟɪɧɨ 50% ɨɬ 

ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ, ɜɵɛɟɪɟɦ ɨɩɬɢɦɚɥɶɧɭɸ ɞɥɹ ɫɠɢɝɚɧɢɹ ɫɦɟɫɶ, 

ɫɨɫɬɨɹɳɭɸ ɢɡ 50% ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 50% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɟɣ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɝɨɞɧɨɫɬɢ ɫɦɟɫɢ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɪɨɟɤɬɧɨɝɨ 

ɬɨɩɥɢɜɚ ɛɟɡ ɫɟɪɶёɡɧɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢɥɢ ɡɚɦɟɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɐ ɧɚ ɤɨɬɥɟ 

ȻɄɁ-160-1,4-5 ɩɪɨɜɟɞёɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɢ 

ɪɚɫɫɱɢɬɚɟɦ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɨɬɨɩɥɢɜɧɨɣ 

ɫɦɟɫɢ. ɉɪɢ ɷɬɨɦ ɜɵɛɟɪɟɦ ɲɚɝ ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɭɝɥɟɣ, 

ɪɚɜɧɵɣ 10%. ɍ ɭɝɥɟɣ Ȼ2 ɢ Ȼ3 ɧɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɪɚɡɥɢɱɢɹ ɩɨ ɞɚɧɧɵɦ 

ɩɨɤɚɡɚɬɟɥɹɦ:  

 ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɫɜɨɣɫɬɜ;  

 ɚɛɪɚɡɢɜɧɵɯ ɫɜɨɣɫɬɜɚ ɬɨɩɥɢɜɚ ɢ ɡɨɥɵ;  

 ɩɨɤɚɡɚɬɟɥɟɣ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɫɚɦɨɜɨɡɝɨɪɚɧɢɸ; 

 ɫɵɩɭɱɢɯ ɫɜɨɣɫɬɜ; 

 ɫɦɟɪɡɚɟɦɨɫɬɢ. 
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2.2 ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɥɢɜ 

 

2.2.1 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ 

 

ȼ ɬɚɛɥɢɰɟ 5 ɢ 6 ɩɪɟɞɫɬɚɜɥɟɧ ɬɟɯɧɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ɢ 

ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɟɝɨ ɡɨɥɵ. 

Ɍɚɛɥɢɰɚ 5 - Ɍɟɯɧɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɭɝɥɹ Ȼ2  

ɉɨɤɚɡɚɬɟɥɢ  
Ɋɚɛɨɱɟɟ 

ɫɨɫɬɨɹɧɢɟ 
r 

Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ 
ɫɨɫɬɨɹɧɢɟ  

a 

ɋɭɯɨɟ 
ɫɨɫɬɨɹɧɢɟ 

d 

ɋɭɯɨɟ 
ɛɟɡɡɨɥɶɧɨɟ 
ɫɨɫɬɨɹɧɢɟ 

daf 
Ɉɛɳɚɹ ɜɥɚɝɚ ɭɝɥɹ, % ௧ܹ 32,6 7,0   
ɩɪɟɞɟɥɶɧɚɹ ௧ܹ 33,0    
Ɂɨɥɶɧɨɫɬɶ ɭɝɥɹ, % 7,3 6,8 4,9 ܣ  
ɩɪɟɞɟɥɶɧɚɹ 8,2 7,6 5,5 ܣ  
ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, % ܸ 28,8 41,4 44,5 48,0 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, 
ɤɤɚɥ/ɤɝ ܳ𝑖 3900 5644 6068 6544 

Ɉɛɳɚɹ ɫɟɪɚ ɭɝɥɹ,% ܵ௧ 0,20 0,28 0,3 0,32 
 

Ɍɚɛɥɢɰɚ 6 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ ɭɝɥɹ Ȼ2 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ, % 
Ɉɤɫɢɞ ɤɪɟɦɧɢɹ ܵ𝑖Ͳଶ 45,5 
Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ݈ܣଶͲଷ 9,95 
Ɉɤɫɢɞ ɠɟɥɟɡɚ ݁ܨଶͲଷ 9,65 
Ɉɤɫɢɞ ɤɚɥɶɰɢɹ ܥ𝑎ܱ 23,01 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ܯ𝑔ܱ 4,78 
Ɉɤɫɢɞ ɬɢɬɚɧɚ ܶ𝑖Ͳଶ 0,1 
Ɉɤɫɢɞ ɮɨɫɮɨɪɚ ଶܲͲହ 0,04 
Ɉɤɫɢɞ ɫɟɪɵ  ܵͲଷ 6,01 
Ɉɤɫɢɞ ɧɚɬɪɢɹ ܰ𝑎ଶܱ 0,2 
Ɉɤɫɢɞ ɤɚɥɢɹ 𝐾ଶܱ 0,3 

 

ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ ɞɥɹ 

ɭɝɥɹ Ȼ2: 

 ݇𝑜 = ସହ,ହ+ଽ,ଽହ+଴,ଵଶଷ,଴ଵ+ସ,଻଼+଴,ଷ+଴,ଶ = ͳ,ͻ͸Ͷ                                                                                                 (15) 

 

ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ: 
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 ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ Ͳ,͵ʹ − Ͳ,Ͳ͵ = Ͳ,ͳͷ͸ %                                                                            (16) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙଴,ଵହ଺∙భబబ−ళ,యళ,య +଴,଴଼ଵଷ∙ଽ,଺ହ = Ͳ,͸͵ͷ                                                                (17) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ Ͳ,ʹ − Ͳ,Ͳͳ͵ ∙ Ͳ,͵ − Ͳ,Ͳͷሻ଴,ଷଵଷ = Ͳ,ʹ͵͵                                        (18) 

 

ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ: 

𝑎ܱ௔ܥ  = ʹ͵,Ͳͳ ∙ ሺͳ − Ͳ,ͲͲʹͷ ∙ ͹,͵ሻ = ʹʹ,ͷͶ %                                                                  (19) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

஼ܲ௔ = Ͳ,ͷ ∙ ሺܥ𝑎ܱ௔ሻ଴,ଶଶ − ேܲ௔ = Ͳ,ͷ ∙ ሺʹʹ,ͷͶሻ଴,ଶଶ − Ͳ,ʹ͵͵ = Ͳ,͹͹                                        (20) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ͳ,ͻ͸Ͷ = Ͳ,ͻͷͳ                                                                                                             (21) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ: 

 ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺͲ,͸͵ͷሻଶ+ሺͲ,ͻͷͳሻଶሻ଴,ହ = Ͳ,ͺͲͺ                                                                (22) 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 
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𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ͳ,ͻ͸Ͷ = ͻ͸ͳ,ͳͶ °C                                                                                               (23) 

 

2.2.2 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ 

 

ȼ ɬɚɛɥɢɰɟ 7 ɢ 8 ɩɪɟɞɫɬɚɜɥɟɧ ɬɟɯɧɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ɢ 

ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɟɝɨ ɡɨɥɵ. 

Ɍɚɛɥɢɰɚ 7 - Ɍɟɯɧɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɭɝɥɹ Ȼ3 

ɉɨɤɚɡɚɬɟɥɢ  Ɂɧɚɱɟɧɢɟ 
Ɉɛɳɚɹ ɜɥɚɝɚ ɭɝɥɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, % ௧ܹ௥ 20,8 
Ɂɨɥɶɧɨɫɬɶ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ,  % Aௗ 6,2 
ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, ɫɭɯɨɟ ɛɟɡɡɨɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ, % Vௗ௔௙ 44,6 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɤɚɥ/ɤɝ Qi 4890 
Ɉɛɳɚɹ ɫɟɪɚ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ, % S௧ௗ 0,34 

 

Ɍɚɛɥɢɰɚ 8 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ ɭɝɥɹ Ȼ3 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ, % 
Ɉɤɫɢɞ ɤɪɟɦɧɢɹ ܵ𝑖Ͳଶ 37,7 
Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ݈ܣଶͲଷ 12,8 
Ɉɤɫɢɞ ɠɟɥɟɡɚ ݁ܨଶͲଷ 9,8 
Ɉɤɫɢɞ ɤɚɥɶɰɢɹ ܥ𝑎ܱ 22,7 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ܯ𝑔ܱ 3,1 
Ɉɤɫɢɞ ɬɢɬɚɧɚ ܶ𝑖Ͳଶ 0,7 
Ɉɤɫɢɞ ɫɟɪɵ  ܵͲଷ 10,2 
Ɉɤɫɢɞ ɧɚɬɪɢɹ ܰ𝑎ଶܱ 0,7 
Ɉɤɫɢɞ ɤɚɥɢɹ 𝐾ଶܱ 0,7 

 

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɧɚ ɫɭɯɨɟ ɛɟɡɡɨɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ: 

 ܵ௧ௗ௔௙ = S𝑡 ∙ ͳͲͲͳͲͲ−A݀                                                                                                              (24) 

 ܵ௧ௗ௔௙ = Ͳ,͵Ͷ ∙ ͳͲͲͳͲͲ−͸,ʹ = Ͳ,͵͸ʹ                                                                                           (25) 

 

ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ: 

 ݇𝑜 = ଷ଻,଻+ଵଶ,଼+଴,଻ଶଶ,଻+ଷ,ଵ+଴,଻+଴,଻ = ͳ,ͺͺʹ                                                                                              (26) 
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ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ: 

 ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ Ͳ,͵͸ʹ − Ͳ,Ͳ͵ = Ͳ,ͳͺͳ %                                                                          (27) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙଴,ଵ଼ଵ∙భబబ−ల,మల,మ +଴,଴଼ଵଷ∙ଽ,଼ = Ͳ,͸ͺʹ                                                                (28) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ Ͳ,͹ − Ͳ,Ͳͳ͵ ∙ Ͳ,͹ − Ͳ,Ͳͷሻ଴,ଷଵଷ = Ͳ,͵ͷͷ                                       (29) 

 

ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ: 

𝑎ܱ௔ܥ  = ʹʹ,͹ ∙ ሺͳ − Ͳ,ͲͲʹͷ ∙ ͸,ʹሻ = ʹʹ,ʹͻͺ %                                                                  (30) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

஼ܲ௔ = Ͳ,ͷ ∙ ሺʹʹ,ʹͻͺሻ଴,ଶଶ − Ͳ,͵ͷͷ = Ͳ,͸͵Ͷ                                                                         (31) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ͳ,ͺͺʹ = Ͳ,ͻͷ͵                                                                                                 (32) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ: 

 ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺͲ,͸ͺʹሻଶ+ሺͲ,ͻͷ͵ሻଶሻ଴,ହ = Ͳ,ͺʹͺ                                                                (33) 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 

 𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ͳ,ͺͺʹ = ͻ͸Ͳ,Ͷ͹ °C                                                                              (34) 

 

2.2.3 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 50% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 50% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ 

 

Ɉɩɪɟɞɟɥɢɦ ɫɤɥɨɧɧɨɫɬɶ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɵɯ ɫɦɟɫɟɣ, ɫɨɫɬɨɹɳɢɯ ɢɡ 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ. Ⱦɥɹ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɜɵɛɟɪɟɦ ɲɚɝ 

ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɭɝɥɟɣ, ɪɚɜɧɵɣ 10%. 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 50% ɭɝɥɹ Ȼ2 ɢ 

50% ɭɝɥɹ Ȼ3 ɪɚɫɫɱɢɬɚɟɦ ɟё ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɫɬɚɜ: 

 

௧ܹ௥ = Ͳ,ͷ ∙ ͵ʹ,͸ + Ͳ,ͷ ∙ ʹͲ,ͺ = ʹ͸,ͺ %                                                                             (35) 

 Aௗ = Ͳ,ͷ ∙ ͹,͵ + Ͳ,ͷ ∙ ͸,ʹ = ͸,͹ͷ %                                                                                   (36) 

 ܳ𝑖 = Ͳ,ͷ ∙ ͵ͻͲͲ + Ͳ,ͷ ∙ ͶͻͺͲ = ͶͶͶͲ  ɤɤɚɥ/ɤɝ                                                              (37) 

 S௧ௗ௔௙ = Ͳ,ͷ ∙ Ͳ,͵ʹ + Ͳ,ͷ ∙ Ͳ,͵͸ʹ = Ͳ, ͵Ͷͳ %                                                                      (38) 

 

 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 50% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 50% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 9. 

Ɍɚɛɥɢɰɚ 9 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ 

ɉɨɤɚɡɚɬɟɥɢ  Ɂɧɚɱɟɧɢɟ 
Ɉɛɳɚɹ ɜɥɚɝɚ ɭɝɥɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, % ௧ܹ௥ 26,8 
Ɂɨɥɶɧɨɫɬɶ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ,  % Aௗ 6,75 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɤɚɥ/ɤɝ Qi 4440 
Ɉɛɳɚɹ ɫɟɪɚ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ, % S௧ௗ௔௙ 0,341 

 

ȼɵɱɢɫɥɢɦ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ: 
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ܵ𝑖Ͳଶ = Ͳ,ͷ ∙ Ͷͷ,ͷ + Ͳ,ͷ ∙ ͵͹,͹ = Ͷͳ,͸ %                                                                           (39) 

ଶͲଷ݈ܣ  = Ͳ,ͷ ∙ ͻ,ͻͷ + Ͳ,ͷ ∙ ͳʹ,ͺ = ͳͳ,͵ͷ %                                                                       (40) 

ଶͲଷ݁ܨ  = Ͳ,ͷ ∙ ͻ,͸ͷ + Ͳ,ͷ ∙ ͻ,ͺ = ͻ,͹ʹ %                                                                           (41) 

𝑎ܱܥ  = Ͳ,ͷ ∙ ʹ͵,Ͳͳ + Ͳ,ͷ ∙ ʹʹ,͹ = ʹʹ,ͺͷ %                                                                       (42) 

𝑔ܱܯ  = Ͳ,ͷ ∙ Ͷ,͹ͺ + Ͳ,ͷ ∙ ͵,ͳ = ͵,ͻͶ %                                                                            (43) 

 ܶ𝑖Ͳଶ = Ͳ,ͷ ∙ Ͳ,ͳ + Ͳ,ͷ ∙ Ͳ,͹ = Ͳ,Ͷ %                                                                                  (44) 

 ܵͲଷ = Ͳ,ͷ ∙ ͸,Ͳͳ + Ͳ,ͷ ∙ ͳͲ,ʹ = ͺ,ͳ %                                                                               (45) 

 ܰ𝑎ଶܱ = Ͳ,ͷ ∙ Ͳ,ʹ + Ͳ,ͷ ∙ Ͳ,͹ = Ͳ,Ͷͷ %                                                                             (46) 

 𝐾ଶܱ = Ͳ,ͷ ∙ Ͳ,͵ + Ͳ,ͷ ∙ Ͳ,͹ = Ͳ,ͷ %                                                                                  (47) 

 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ ɫɦɟɫɢ 50% Ȼ2 + 50% Ȼ3 ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 10. 

Ɍɚɛɥɢɰɚ 10 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ, % 
Ɉɤɫɢɞ ɤɪɟɦɧɢɹ ܵ𝑖Ͳଶ 41,6 
Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ݈ܣଶͲଷ 11,37 
Ɉɤɫɢɞ ɠɟɥɟɡɚ ݁ܨଶͲଷ 9,72 
Ɉɤɫɢɞ ɤɚɥɶɰɢɹ ܥ𝑎ܱ 22,85 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ܯ𝑔ܱ 3,94 
Ɉɤɫɢɞ ɬɢɬɚɧɚ ܶ𝑖Ͳଶ 0,4 
Ɉɤɫɢɞ ɫɟɪɵ  ܵͲଷ 8,1 
Ɉɤɫɢɞ ɧɚɬɪɢɹ ܰ𝑎ଶܱ 0,45 
Ɉɤɫɢɞ ɤɚɥɢɹ 𝐾ଶܱ 0,5 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɞɥɹ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 50% ɩɨ ɦɚɫɫɟ 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 50% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ:  
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ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ: ݇𝑜 = Ͳ,ͷ ∙ ͳ,ͻ͸Ͷ + Ͳ,ͷ ∙ ͳ,ͺͺʹ = ͳ,ͻʹ͵                                                                              (48) 

 

ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ: 

 ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ Ͳ,͵Ͷͳ − Ͳ,Ͳ͵ = Ͳ,ͳ͸ͺ %                                                                          (49) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙଴,ଵ଺଼∙భబబ−ల,ళఱ,ల,ళఱ +଴,଴଼ଵଷ∙ଽ,଻ଶ = Ͳ,͸ͷͻ                                                            (50) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ Ͳ,Ͷͷ − Ͳ,Ͳͳ͵ ∙ Ͳ,ͷ − Ͳ,Ͳͷሻ଴,ଷଵଷ = Ͳ,͵Ͳͷ                                               (51) 

 

ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ: 

𝑎ܱ௔ܥ  = Ͳ,ͷ ∙ ʹʹ,ͷͶ, +Ͳ,ͷ ∙ ʹʹ,ʹͻͺ = ʹʹ,Ͷʹ %                                                                  (52) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

஼ܲ௔ = Ͳ,ͷ ∙ ሺʹʹ,Ͷʹሻ଴,ଶଶ − Ͳ,͵Ͳͷ = Ͳ,͸ͺ͸                                                                           (53) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ͳ,ͻʹ͵ = Ͳ,ͻͷʹ                                                                                        (54) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ: 
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ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺͲ,͸ͷͻሻଶ+ሺͲ,ͻͷʹሻଶሻ଴,ହ = Ͳ,ͺͳͻ                                                                (55) 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 

 𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ͳ,ͻʹ͵ = ͻ͸Ͳ,ͺͳ °C                                                                               (56) 

 

2.2.4 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 60% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 40% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɫɦɟɫɢ ɪɚɫɫɱɢɬɚɟɦ ɟё ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɫɬɚɜ. 

 

௧ܹ௥ = Ͳ,͸ ∙ ͵ʹ,͸ + Ͳ,Ͷ ∙ ʹͲ,ͺ = ʹ͹,ͻ %                                                                             (57) 

 Aௗ = Ͳ,͸ ∙ ͹,͵ + Ͳ,Ͷ ∙ ͸,ʹ = ͸,ͺ͸ %                                                                                   (58) 

 ܳ𝑖 = Ͳ,͸ ∙ ͵ͻͲͲ + Ͳ,Ͷ ∙ ͶͻͺͲ = Ͷ͵͵ʹ  ɤɤɚɥ/ɤɝ                                                              (59) 

 S௧ௗ௔௙ = Ͳ,͸ ∙ Ͳ,͵ʹ + Ͳ,Ͷ ∙ Ͳ,͵͸ʹ = Ͳ,͵͵͹  %                                                                     (60) 

  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 60% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 40% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 11. 

Ɍɚɛɥɢɰɚ 11 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ 

ɉɨɤɚɡɚɬɟɥɢ  Ɂɧɚɱɟɧɢɟ 
Ɉɛɳɚɹ ɜɥɚɝɚ ɭɝɥɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, % ௧ܹ௥ 27,88 
Ɂɨɥɶɧɨɫɬɶ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ,  % Aௗ 6,86 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɤɚɥ/ɤɝ Qi 4333 
Ɉɛɳɚɹ ɫɟɪɚ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ, % S௧ௗ௔௙ 0,377 

 

ȼɵɱɢɫɥɢɦ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ: 

 ܵ𝑖Ͳଶ = Ͳ,͸ ∙ Ͷͷ,ͷ + Ͳ,Ͷ ∙ ͵͹,͹ = Ͷʹ,͵ͺ %                                                                         (61) 
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ଶͲଷ݈ܣ  = Ͳ,͸ ∙ ͻ,ͻͷ + Ͳ,Ͷ ∙ ͳʹ,ͺ = ͳͳ,Ͳͻ %                                                                       (62) 

ଶͲଷ݁ܨ  = Ͳ,͸ ∙ ͻ,͸ͷ + Ͳ,Ͷ ∙ ͻ,ͺ = ͻ,͹ͳ %                                                                           (63) 

𝑎ܱܥ  = Ͳ,͸ ∙ ʹ͵,Ͳͳ + Ͳ,Ͷ ∙ ʹʹ,͹ = ʹʹ,ͺͻ %                                                                       (64) 

𝑔ܱܯ  = Ͳ,͸ ∙ Ͷ,͹ͺ + Ͳ,Ͷ ∙ ͵,ͳ = Ͷ,ͳͳ %                                                                            (65) 

 ܶ𝑖Ͳଶ = Ͳ,͸ ∙ Ͳ,ͳ + Ͳ,Ͷ ∙ Ͳ,͹ = Ͳ,͵Ͷ %                                                                               (66) 

 ܵͲଷ = Ͳ,͸ ∙ ͸,Ͳͳ + Ͳ,Ͷ ∙ ͳͲ,ʹ = ͹,͸ͻ %                                                                            (67) 

 ܰ𝑎ଶܱ = Ͳ,͸ ∙ Ͳ,ʹ + Ͳ,Ͷ ∙ Ͳ,͹ = Ͳ,Ͷ %                                                                               (68) 

 𝐾ଶܱ = Ͳ,͸ ∙ Ͳ,͵ + Ͳ,Ͷ ∙ Ͳ,͹ = Ͳ,Ͷ͸ %                                                                               (69) 

 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ cɦɟɫɢ 60% Ȼ2 + 40% Ȼ3 ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 12. 

Ɍɚɛɥɢɰɚ 12 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ, % 
Ɉɤɫɢɞ ɤɪɟɦɧɢɹ ܵ𝑖Ͳଶ 42,38 
Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ݈ܣଶͲଷ 11,09 
Ɉɤɫɢɞ ɠɟɥɟɡɚ ݁ܨଶͲଷ 9,71 
Ɉɤɫɢɞ ɤɚɥɶɰɢɹ ܥ𝑎ܱ 22,89 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ܯ𝑔ܱ 4,11 
Ɉɤɫɢɞ ɬɢɬɚɧɚ ܶ𝑖Ͳଶ 0,34 
Ɉɤɫɢɞ ɫɟɪɵ  ܵͲଷ 7,69 
Ɉɤɫɢɞ ɧɚɬɪɢɹ ܰ𝑎ଶܱ 0,4 
Ɉɤɫɢɞ ɤɚɥɢɹ 𝐾ଶܱ 0,46 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɞɥɹ ɫɦɟɫɢ:  

 

ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ: ݇𝑜 = Ͳ,͸ ∙ ͳ,ͻ͸Ͷ + Ͳ,Ͷ ∙ ͳ,ͺͺʹ = ͳ,ͻ͵                                                                                (70) 
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ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ: 

 ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ Ͳ,͵͵͹ − Ͳ,Ͳ͵ = Ͳ,ͳ͸͸  %                                                                         (71) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙଴,ଵ଺଺∙భబబ−ల,ఴల,ల,ఴల +଴,଴଼ଵଷ∙ଽ,଻ଵ = Ͳ,͸ͷͷ                                                                        (72) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ Ͳ,Ͷ − Ͳ,Ͳͳ͵ ∙ Ͳ,Ͷ͸ − Ͳ,Ͳͷሻ଴,ଷଵଷ = Ͳ,ʹͻʹ                                               (73) 

 

ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ: 

𝑎ܱ௔ܥ  = Ͳ,͸ ∙ ʹʹ,ͷͶ, +Ͳ,Ͷ ∙ ʹʹ,ʹͻͺ = ʹʹ,ͶͶ %                                                                        (74) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

஼ܲ௔ = Ͳ,ͷ ∙ ሺʹʹ,ͶͶሻ଴,ଶଶ − Ͳ,ʹͻʹ = Ͳ,͸ͻͻ                                                                           (75) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ͳ,ͻ͵ = Ͳ,ͻͷʹ                                                                                         (76) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ 

 ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺͲ,͸ͷͷሻଶ+ሺͲ,ͻͷʹሻଶሻ଴,ହ = Ͳ,ͺͳ͹                                                                        (77) 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 

 𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ͳ,ͻ͵ = ͻ͸Ͳ,ͺ͹ °C                                                                                 (78) 

 

2.2.5 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 70% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 30% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɫɦɟɫɢ ɪɚɫɫɱɢɬɚɟɦ ɟё ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɫɬɚɜ: 

 

௧ܹ௥ = Ͳ,͹ ∙ ͵ʹ,͸ + Ͳ,͵ ∙ ʹͲ,ͺ = ʹͻ,ͳ %                                                                             (79) 

 Aௗ = Ͳ,͹ ∙ ͹,͵ + Ͳ,͵ ∙ ͸,ʹ = ͸,ͻ͹ %                                                                                   (80) 

 ܳ𝑖 = Ͳ,͹ ∙ ͵ͻͲͲ + Ͳ,͵ ∙ ͶͻͺͲ = ͶʹʹͶ  ɤɤɚɥ/ɤɝ                                                              (81) 

 S௧ௗ௔௙ = Ͳ,͹ ∙ Ͳ,͵ʹ + Ͳ,͵ ∙ Ͳ,͵͸ʹ = Ͳ,͵͵͵  %                                                                      (82) 

  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 70% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 30% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 13. 

Ɍɚɛɥɢɰɚ 13 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ 

ɉɨɤɚɡɚɬɟɥɢ  Ɂɧɚɱɟɧɢɟ 
Ɉɛɳɚɹ ɜɥɚɝɚ ɭɝɥɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, % ௧ܹ௥ 29,1 
Ɂɨɥɶɧɨɫɬɶ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ,  % Aௗ 6,97 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɤɚɥ/ɤɝ Qi 4224 
Ɉɛɳɚɹ ɫɟɪɚ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ, % S௧ௗ௔௙ 0,333 

 

ȼɵɱɢɫɥɢɦ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ: 

 ܵ𝑖Ͳଶ = Ͳ,͹ ∙ Ͷͷ,ͷ + Ͳ,͵ ∙ ͵͹,͹ = Ͷ͵,ͳ͸ %                                                                         (83) 

ଶͲଷ݈ܣ  = Ͳ,͹ ∙ ͻ,ͻͷ + Ͳ,͵ ∙ ͳʹ,ͺ = ͳͲ,ͺͳ %                                                                       (84) 
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ଶͲଷ݁ܨ  = Ͳ,͹ ∙ ͻ,͸ͷ + Ͳ,͵ ∙ ͻ,ͺ = ͻ,͸ͻ %                                                                           (85) 

𝑎ܱܥ  = Ͳ,͹ ∙ ʹ͵,Ͳͳ + Ͳ,͵ ∙ ʹʹ,͹ = ʹʹ,ͻʹ%                                                                        (86) 

𝑔ܱܯ  = Ͳ,͹ ∙ Ͷ,͹ͺ + Ͳ,͵ ∙ ͵,ͳ = Ͷ,ʹͺ %                                                                            (87) 

 ܶ𝑖Ͳଶ = Ͳ,͹ ∙ Ͳ,ͳ + Ͳ,͵ ∙ Ͳ,͹ = Ͳ,ʹͺ %                                                                               (88) 

 ܵͲଷ = Ͳ,͹ ∙ ͸,Ͳͳ + Ͳ,͵ ∙ ͳͲ,ʹ = ͹,ʹ͹ %                                                                            (89) 

 ܰ𝑎ଶܱ = Ͳ,͹ ∙ Ͳ,ʹ + Ͳ,͵ ∙ Ͳ,͹ = Ͳ,͵ͷ %                                                                             (90) 

 𝐾ଶܱ = Ͳ,͹ ∙ Ͳ,͵ + Ͳ,͵ ∙ Ͳ,͹ = Ͳ,Ͷʹ %                                                                                (91) 

 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ cɦɟɫɢ 70% Ȼ2 + 30% Ȼ3 ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 14. 

Ɍɚɛɥɢɰɚ 14 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ, % 
Ɉɤɫɢɞ ɤɪɟɦɧɢɹ ܵ𝑖Ͳଶ 43,16 
Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ݈ܣଶͲଷ 10,8 
Ɉɤɫɢɞ ɠɟɥɟɡɚ ݁ܨଶͲଷ 9,69 
Ɉɤɫɢɞ ɤɚɥɶɰɢɹ ܥ𝑎ܱ 22,92 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ܯ𝑔ܱ 4,28 
Ɉɤɫɢɞ ɬɢɬɚɧɚ ܶ𝑖Ͳଶ 0,28 
Ɉɤɫɢɞ ɫɟɪɵ  ܵͲଷ 7,27 
Ɉɤɫɢɞ ɧɚɬɪɢɹ ܰ𝑎ଶܱ 0,35 
Ɉɤɫɢɞ ɤɚɥɢɹ 𝐾ଶܱ 0,42 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɞɥɹ ɫɦɟɫɢ:  

 

ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ: 

 ݇𝑜 = Ͳ,͹ ∙ ͳ,ͻ͸Ͷ + Ͳ,͵ ∙ ͳ,ͺͺʹ = ͳ,ͻ͵ͻ                                                                            (92) 
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ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ: 

 ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ Ͳ,͵͵͵ − Ͳ,Ͳ͵ = Ͳ,ͳ͸͵  %                                                                         (93) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙଴,ଵ଺ଷ∙భబబ−ల,వళల,వళ +଴,଴଼ଵଷ∙ଽ,଻ଵ = Ͳ,͸ͷ                                                                            (94) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ Ͳ,͵ͷ − Ͳ,Ͳͳ͵ ∙ Ͳ,Ͷʹ − Ͳ,Ͳͷሻ଴,ଷଵଷ = Ͳ,ʹ͹ͺ                                             (95) 

 

ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ: 

𝑎ܱ௔ܥ  = Ͳ,͹ ∙ ʹʹ,ͷͶ, +Ͳ,͵ ∙ ʹʹ,ʹͻͺ = ʹʹ,Ͷ͹ %                                                                            (96) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

஼ܲ௔ = Ͳ,ͷ ∙ ሺʹʹ,Ͷ͹ሻ଴,ଶଶ − Ͳ,ʹ͹ͺ = Ͳ,͹ͳ͵                                                                            (97) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ͳ,ͻ͵ͻ = Ͳ,ͻͷʹ                                                                                       (98) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ: 

 ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺͲ,͸ͷሻଶ+ሺͲ,ͻͷʹሻଶሻ଴,ହ = Ͳ,ͺͳͷ                                                                            (99) 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 

 𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ͳ,ͻ͵ͻ = ͻ͸Ͳ,ͻͶ °C                                                                            (100) 

 

2.2.6 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 80% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 20% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɫɦɟɫɢ ɪɚɫɫɱɢɬɚɟɦ ɟё ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɫɬɚɜ: 

 

௧ܹ௥ = Ͳ,ͺ ∙ ͵ʹ,͸ + Ͳ,ʹ ∙ ʹͲ,ͺ = ͵Ͳ,ʹ %                                                                                      (101) 

 Aௗ = Ͳ,ͺ ∙ ͹,͵ + Ͳ,ʹ ∙ ͸,ʹ = ͹,Ͳͺ %                                                                                      (102) 

 ܳ𝑖 = Ͳ,ͺ ∙ ͵ͻͲͲ + Ͳ,ʹ ∙ ͶͻͺͲ = Ͷͳͳ͸ ɤɤɚɥ/ɤɝ                                                                                  (103) 

 S௧ௗ௔௙ = Ͳ,ͺ ∙ Ͳ,͵ʹ + Ͳ,ʹ ∙ Ͳ,͵͸ʹ = Ͳ,͵ʹͺ  %                                                                                      (104) 

  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 80% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 20% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ɨɬɪɚɠɟɧɵ ɜ 15 ɬɚɛɥɢɰɟ. 

Ɍɚɛɥɢɰɚ 15 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ 

ɉɨɤɚɡɚɬɟɥɢ  Ɂɧɚɱɟɧɢɟ 
Ɉɛɳɚɹ ɜɥɚɝɚ ɭɝɥɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, % ௧ܹ௥ 30,2 
Ɂɨɥɶɧɨɫɬɶ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ,  % Aௗ 7,08 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɤɚɥ/ɤɝ Qi 4116 
Ɉɛɳɚɹ ɫɟɪɚ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ, % S௧ௗ௔௙ 0,328 

 

ȼɵɱɢɫɥɢɦ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ: 

 ܵ𝑖Ͳଶ = Ͳ,ͺ ∙ Ͷͷ,ͷ + Ͳ,ʹ ∙ ͵͹,͹ = Ͷ͵,ͻͶ %                                                                                      (105) 

ଶͲଷ݈ܣ  = Ͳ,ͺ ∙ ͻ,ͻͷ + Ͳ,ʹ ∙ ͳʹ,ͺ = ͳͲ,ͷʹ %                                                                                      (106) 
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ଶͲଷ݁ܨ  = Ͳ,ͺ ∙ ͻ,͸ͷ + Ͳ,ʹ ∙ ͻ,ͺ = ͻ,͸ͺ %                                                                                      (107) 

𝑎ܱܥ  = Ͳ,ͺ ∙ ʹ͵,Ͳͳ + Ͳ,ʹ ∙ ʹʹ,͹ = ʹʹ,ͻͷ %                                                                                      (108) 

𝑔ܱܯ  = Ͳ,ͺ ∙ Ͷ,͹ͺ + Ͳ,ʹ ∙ ͵,ͳ = Ͷ,ͶͶ %                                                                                      (109) 

 ܶ𝑖Ͳଶ = Ͳ,ͺ ∙ Ͳ,ͳ + Ͳ,ʹ ∙ Ͳ,͹ = Ͳ,ʹʹ %                                                                                      (110) 

 ܵͲଷ = Ͳ,ͺ ∙ ͸,Ͳͳ + Ͳ,ʹ ∙ ͳͲ,ʹ = ͸,ͺͷ %                                                                                      (111) 

 ܰ𝑎ଶܱ = Ͳ,ͺ ∙ Ͳ,ʹ + Ͳ,ʹ ∙ Ͳ,͹ = Ͳ,͵ %                                                                                      (112) 

 𝐾ଶܱ = Ͳ,ͺ ∙ Ͳ,͵ + Ͳ,ʹ ∙ Ͳ,͹ = Ͳ,͵ͺ %                                                                                      (113) 

 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ cɦɟɫɢ 80% Ȼ2 + 20% Ȼ3 ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 16. 

Ɍɚɛɥɢɰɚ 16 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ, % 
Ɉɤɫɢɞ ɤɪɟɦɧɢɹ ܵ𝑖Ͳଶ 43,94 
Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ݈ܣଶͲଷ 10,52 
Ɉɤɫɢɞ ɠɟɥɟɡɚ ݁ܨଶͲଷ 9,68 
Ɉɤɫɢɞ ɤɚɥɶɰɢɹ ܥ𝑎ܱ 22,95 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ܯ𝑔ܱ 4,44 
Ɉɤɫɢɞ ɬɢɬɚɧɚ ܶ𝑖Ͳଶ 0,22 
Ɉɤɫɢɞ ɫɟɪɵ  ܵͲଷ 6,85 
Ɉɤɫɢɞ ɧɚɬɪɢɹ ܰ𝑎ଶܱ 0,3 
Ɉɤɫɢɞ ɤɚɥɢɹ 𝐾ଶܱ 0,38 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɞɥɹ ɫɦɟɫɢ:  

 

ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ: ݇𝑜 = Ͳ,ͺ ∙ ͳ,ͻ͸Ͷ + Ͳ,ʹ ∙ ͳ,ͺͺʹ = ͳ,ͻͶͺ                                                                                      (114) 
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ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ: 

 ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ Ͳ,͵ʹͺ − Ͳ,Ͳ͵ = Ͳ,ͳ͸ͳ  %                                                                                      (115) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙଴,ଵ଺ଵ  ∙భబబ−ళ,బఴళ,బఴ +଴,଴଼ଵଷ∙ଽ,଺଼ = Ͳ,͸Ͷͷ                                                                           (116) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ Ͳ,͵ − Ͳ,Ͳͳ͵ ∙ Ͳ,͵ͺ − Ͳ,Ͳͷሻ଴,ଷଵଷ = Ͳ,ʹ͸͵                                              (117) 

 

ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ: 

𝑎ܱ௔ܥ  = Ͳ,ͺ ∙ ʹʹ,ͷͶ, +Ͳ,ʹ ∙ ʹʹ,ʹͻͺ = ʹʹ,Ͷͻ %                                                                                   (118) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

஼ܲ௔ = Ͳ,ͷ ∙ ሺʹʹ,Ͷͻሻ଴,ଶଶ − Ͳ,ʹ͸͵ = Ͳ,͹ʹͻ                                                                                      (119) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ͳ,ͻͶͺ = Ͳ,ͻͷͳ                                                                                      (120) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ 

 ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺ 𝐹ܲ௘ሻଶ+ሺ 𝑥ܲ௖ሻଶሻ଴,ହ = Ͳ,ͺͳ͵                                                                                      (121) 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 
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 𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ͳ,ͻͶͺ = ͻ͸ͳ,ͲͲ °C                                                                                      (122) 

 

2.2.7 Ɉɰɟɧɤɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢɡ 90% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 10% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɫɦɟɫɢ ɪɚɫɫɱɢɬɚɟɦ ɟё ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɫɬɚɜ: 

 

௧ܹ௥ = Ͳ,ͻ ∙ ͵ʹ,͸ + Ͳ,ͳ ∙ ʹͲ,ͺ = ͵ͳ,Ͷʹ %                                                                                      (123) 

 Aௗ = Ͳ,ͻ ∙ ͹,͵ + Ͳ,ͳ ∙ ͸,ʹ = ͹,ͳͻ %                                                                                      (124) 

 ܳ𝑖 = Ͳ,ͻ ∙ ͵ͻͲͲ + Ͳ,ͳ ∙ ͶͻͺͲ = ͶͲͲͺ ɤɤɚɥ/ɤɝ                                                                                  (125) 

 S௧ௗ௔௙ = Ͳ,ͻ ∙ Ͳ,͵ʹ + Ͳ,ͳ ∙ Ͳ,͵͸ʹ = Ͳ,͵ʹͶ  %                                                                                      (126) 

  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 90% 

ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 10% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 17. 

Ɍɚɛɥɢɰɚ 17 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ 

ɉɨɤɚɡɚɬɟɥɢ  Ɂɧɚɱɟɧɢɟ 
Ɉɛɳɚɹ ɜɥɚɝɚ ɭɝɥɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, % ௧ܹ௥ 31,42 
Ɂɨɥɶɧɨɫɬɶ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ,  % Aௗ 7,19 
ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɤɚɥ/ɤɝ Qi 4008 
Ɉɛɳɚɹ ɫɟɪɚ ɭɝɥɹ, ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ, % S௧ௗ௔௙ 0,324 

 

ȼɵɱɢɫɥɢɦ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ: 

 ܵ𝑖Ͳଶ = Ͳ,ͻ ∙ Ͷͷ,ͷ + Ͳ,ͳ ∙ ͵͹,͹ = ͶͶ,͹ʹ %                                                                                      (127) 

ଶͲଷ݈ܣ  = Ͳ,ͻ ∙ ͻ,ͻͷ + Ͳ,ͳ ∙ ͳʹ,ͺ = ͳͲ,ʹ͵ %                                                                                      (128) 
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ଶͲଷ݁ܨ = Ͳ,ͻ ∙ ͻ,͸ͷ + Ͳ,ͳ ∙ ͻ,ͺ = ͻ,͸͸ %                                                                                      (129) 

𝑎ܱܥ  = Ͳ,ͻ ∙ ʹ͵,Ͳͳ + Ͳ,ͳ ∙ ʹʹ,͹ = ʹʹ,ͻͺ %                                                                                      (130) 

𝑔ܱܯ  = Ͳ,ͻ ∙ Ͷ,͹ͺ + Ͳ,ͳ ∙ ͵,ͳ = Ͷ,͸ͳ %                                                                                      (131) 

 ܶ𝑖Ͳଶ = Ͳ,ͻ ∙ Ͳ,ͳ + Ͳ,ͳ ∙ Ͳ,͹ = Ͳ,ͳ͸ %                                                                                      (132) 

 ܵͲଷ = Ͳ,ͻ ∙ ͸,Ͳͳ + Ͳ,ͳ ∙ ͳͲ,ʹ = ͸,Ͷ͵ %                                                                                      (133) 

 ܰ𝑎ଶܱ = Ͳ,ͻ ∙ Ͳ,ʹ + Ͳ,ͳ ∙ Ͳ,͹ = Ͳ,ʹͷ %                                                                                      (134) 

 𝐾ଶܱ = Ͳ,ͻ ∙ Ͳ,͵ + Ͳ,ͳ ∙ Ͳ,͹ = Ͳ,͵Ͷ %                                                                                      (135) 

 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ cɦɟɫɢ 90% Ȼ2 + 10% Ȼ3 ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 18. 

Ɍɚɛɥɢɰɚ 18 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ, % 
Ɉɤɫɢɞ ɤɪɟɦɧɢɹ ܵ𝑖Ͳଶ 44,72 
Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ݈ܣଶͲଷ 10,23 
Ɉɤɫɢɞ ɠɟɥɟɡɚ ݁ܨଶͲଷ 9,66 
Ɉɤɫɢɞ ɤɚɥɶɰɢɹ ܥ𝑎ܱ 22,98 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ܯ𝑔ܱ 4,61 
Ɉɤɫɢɞ ɬɢɬɚɧɚ ܶ𝑖Ͳଶ 0,16 
Ɉɤɫɢɞ ɫɟɪɵ  ܵͲଷ 6,43 
Ɉɤɫɢɞ ɧɚɬɪɢɹ ܰ𝑎ଶܱ 0,25 
Ɉɤɫɢɞ ɤɚɥɢɹ 𝐾ଶܱ 0,34 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɞɥɹ ɫɦɟɫɢ:  

 

ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɨɤɫɢɞɨɜ ɤ ɨɫɧɨɜɧɵɦ: 

 ݇𝑜 = Ͳ,ͻ ∙ ͳ,ͻ͸Ͷ + Ͳ,ͳ ∙ ͳ,ͺͺʹ = ͳ,ͻͷ͸                                                                                      (134) 
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ɋɨɞɟɪɠɚɧɢɟ ɩɢɪɢɬɧɨɣ ɫɟɪɵ: 

 ܵ𝑝ௗ௔௙ = Ͳ,ͷͺͳ ∙ Ͳ,͵ʹͶ − Ͳ,Ͳ͵ = Ͳ,ͳͷͺ  %                                                                                      (135) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

𝐹ܲ௘ = Ͳ,ͺͷ͸ − ଴,ହ଺଻଴,ଽ∙଴,ଵହ଼  ∙భబబ−ళ,భవళ,భవ +଴,଴଼ଵଷ∙ଽ,଺଺ = Ͳ,͸Ͷ                                                                               (136) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ: 

 

ேܲ௔ = Ͳ,Ͷͳ͸ ∙ ሺͲ,ͻͶͻ ∙ Ͳ,ʹͷ − Ͳ,Ͳͳ͵ ∙ Ͳ,͵Ͷ − Ͳ,Ͳͷሻ଴,ଷଵଷ = Ͳ,ʹͶͶ                                           (137) 

 

ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɚɥɶɰɢɹ: 

𝑎ܱ௔ܥ  = Ͳ,ͻ ∙ ʹʹ,ͷͶ + Ͳ,ͳ ∙ ʹʹ,ʹͻͺ = ʹʹ,ͷʹ %                                                                                   (138) 

 

ɋɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ: 
 

஼ܲ௔ = Ͳ,ͷ ∙ ሺʹʹ,ͷʹ ሻ଴,ଶଶ − Ͳ,ʹͶͶ = Ͳ,͹Ͷͺ                                                                                      (139) 

 

ɉɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ: 

 

𝑥ܲ௖ = ͳ − Ͳ,Ͳʹͷ ∙ ͳ,ͻͷ͸ = Ͳ,ͻͷͳ                                                                                      (140) 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɤɥɨɧɧɨɫɬɢ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ 

 ܴ௦௧ = Ͳ,͹Ͳ͹ ∙ ሺሺͲ,͸Ͷሻଶ+ሺͲ,ͻͷͳሻଶሻ଴,ହ = Ͳ,ͺͳͳ                                                                                    (141) 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ: 
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 𝑡шˎ = ͻͶͷ + ͺ,ʹʹ ∙ ͳ,ͻͷ͸ = ͻ͸ͳ,Ͳ͹ °C                                                                                      (142) 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ 

ɨɬɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

 

Ɋɢɫɭɧɨɤ 3 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ 

ɨɬɥɨɠɟɧɢɣ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ 

ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 4. 
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Ɋɢɫɭɧɨɤ 4 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ 

ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ 

ɨɬɥɨɠɟɧɢɣ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

 

Ɋɢɫɭɧɨɤ 5 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-

ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ 

ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ ɪɢɫɭɧɤɟ 6. 

 

 

Ɋɢɫɭɧɨɤ 6 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɤɥɨɧɧɨɫɬɢ ɤ 

ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 7. 
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Ɋɢɫɭɧɨɤ 7 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ 

 

2.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɜ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɹɯ 

 

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ:  

1. Ȼɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ (2B), Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɢɣ ɛɚɫɫɟɣɧ, Ɋɨɫɫɢɹ; 

2. Ȼɚɥɚɯɬɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ (3B) Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɢɣ ɛɚɫɫɟɣɧ, Ɋɨɫɫɢɹ. 

Ɉɛɪɚɡɰɵ ɛɭɪɵɯ ɭɝɥɟɣ ɫ ɧɚɱɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ ɦɟɧɟɟ 20 ɦɦ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ 

ɢɡɦɟɥɶɱɚɥɢ ɜ ɞɢɫɤɨɜɨɣ ɦɟɥɶɧɢɰɟ Retsch DM 200 (Retsch GmbH, Germany), 

ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8. ȿɟ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɧɚɱɚɥɶɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɦɟɧɟɟ 20 ɦɦ; ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ 528 

ɨɛ/ɦɢɧ., ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɬɨɧɢɧɚ ɩɨɦɨɥɚ ɦɟɧɟɟ 100 µm. 
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Ɋɢɫɭɧɨɤ 8 - Ⱦɢɫɤɨɜɚɹ ɦɟɥɶɧɢɰɚ Retsch DM 200 

 

Ⱦɥɹ ɩɨɞɝɨɬɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɩɪɨɫɟɢɜɚɸɳɚɹ ɦɚɲɢɧɚ RETSCH AS 200 BASIC (Retsch GmbH, 

Germany) ɫ ɞɜɭɦɹ ɫɢɬɚɦɢ, ɪɚɡɦɟɪ ɹɱɟɟɤ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥ 100 µm ɢ 200 µm. Ɉɧɚ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 9.  
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Ɋɢɫɭɧɨɤ 9 - ɉɪɨɫɟɢɜɚɸɳɚɹ ɦɚɲɢɧɚ RETSCH AS 200 BASIC 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɥɢɫɶ ɨɛɪɚɡɰɵ ɩɵɥɢ ɭɝɥɹ ɫ ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ 100–

200 µm, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɧɢɧɟ ɩɨɦɨɥɚ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɢ ɮɚɤɟɥɶɧɨɦ ɫɠɢɝɚɧɢɢ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɚɯ. ɋɦɟɫɢ 

ɫɨɡɞɚɜɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɨɜ.  

Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɧɯɪɨɧɧɨɝɨ 

ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɚ SDT Q600 (TA Instruments-Waters LLC, New Castle, DE, USA), 

ɢɡɨɛɪɚɠёɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 10. 
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Ɋɢɫɭɧɨɤ 10 - ɋɢɧɯɪɨɧɧɵɣ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪ SDT Q600 

 

Ʉɪɢɜɵɟ TG, DTG, ɫɧɢɦɚɥɢ ɞɥɹ ɧɚɜɟɫɨɤ ɬɨɩɥɢɜ ɦɚɫɫɨɣ 6.0±0.25 ɦɝ ɜ ɩɨɬɨɤɟ 

ɜɨɡɞɭɯɚ ɫ ɪɚɫɯɨɞɨɦ 50 ɦɥ/ɦɢɧ. ɩɪɢ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ 20 °ɋ/ɦɢɧ. Ɉɫɧɨɜɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ TG ɢ DTG, 

ɩɨɥɭɱɟɧɧɵɯ ɢɡ Universal Analysis 2000 (ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ V5.5.24 ɨɬ TA 

Instruments-Waters LLC, New Castle, DE, USA). 

Ƚɨɪɟɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɪɢɜɵɦɢ TG ɢ DTG ɧɚ 

ɪɢɫɭɧɤɟ 11 ɢ 12.  
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Ɋɢɫɭɧɨɤ 11 -   Ʉɪɢɜɵɟ ɩɨɬɟɪɢ ɦɚɫɫɵ ɛɭɪɵɯ ɭɝɥɟɣ ɢ ɢɯ ɫɦɟɫɟɣ; 

 

   

Ɋɢɫɭɧɨɤ 12 – Ʉɪɢɜɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ ɛɭɪɵɯ ɭɝɥɟɣ ɢ ɢɯ 

ɫɦɟɫɟɣ  

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 19.  

Ɍɚɛɥɢɰɚ 19 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜ 

 Ti,   °ɋ Tmax, °ɋ Te, °ɋ 
Rmax, 

%/ɦɢɧ 
Rmean, 
%/ɦɢɧ 

S×10-7 

2ȼ 332 381 656 27,86 2,96 11,4 

50%2B+50%3B 354 414 671 23,46 3,5 9,7 

3ȼ 358 422 672 24,20 3,29 9,2 
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ɋɚɦɚɹ ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɠɢɝɚɧɢɹ ɭ 2B ɪɚɜɧɚɹ 332 °ɋ, ɭ 3B ɪɚɜɧɚɹ 358 

°ɋ. ȼɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɬɟɪɢ ɦɚɫɫɵ 27,86 %/ɦɢɧ ɢ 

ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɷɬɨɣ ɫɤɨɪɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɝɥɸ 2B 

ɜɵɫɨɤɢɣ ɢɧɞɟɤɫ ɝɨɪɟɧɢɹ ɪɚɜɧɵɣ 11,4×10-7, ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɛɵɱɧɨ ɫɱɢɬɚɟɬɫɹ 

ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɝɨɪɸɱɟɫɬɢ ɨɛɪɚɡɰɚ.  

ɉɪɨɮɢɥɶ ɤɪɢɜɨɣ ɝɨɪɟɧɢɹ ɬɜɟɪɞɨɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ (50%2B+50%3B) 

ɫɦɟɳɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɛɥɢɠɟ ɤ ɩɪɨɮɢɥɸ ɤɪɢɜɨɣ 3B.  

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɦɟɫɢ ɪɚɜɧɚ 18,41 ɆȾɠ/ɤɝ (4393 Ʉɤɚɥ/ɤɝ). 

 

2.4 Ɋɚɫɱёɬ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɧɵɯ 

ɫɦɟɫɟɣ 

 

ɇɨɦɢɧɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɭɫɥɨɜɧɨɦ 

ɢɫɱɢɫɥɟɧɢɢ, ɬɨɧɧ/ɱɚɫ: 

˕˃ːܤ  = 𝑄ˍ˃˄˓
ˍ˃˄˓∙଻଴଴଴∙ଵ଴య = ଽହ,ଶ∙ଵ଴వ଴,ଽଵଽ∙଻଴଴଴∙ଵ଴ల = ͳͶ,ͺͲ                                                                             (143) 

 

ɇɨɦɢɧɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɭɝɥɹ Ȼ2 ɞɥɹ ɫɠɢɝɚɧɢɹ ɜ ɤɨɬɥɟ, 

ɬɨɧɧ/ɱɚɫ: 

Бଶܤ  = 𝑄ˍ˃˄˓
ˍ˃˄˓∙𝑄𝑖𝑟∙ଵ଴య = ଽହ,ଶ∙ଵ଴వ଴,ଽଵଽ∙ଷଽ଴଴∙ଵ଴ల = ʹ͸,ͷ͸                                                                                   (144) 

 

ɇɨɦɢɧɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɣ ɫɦɟɫɢ ɭɝɥɟɣ 50% Ȼ2 ɢ 50% Ȼ3 

ɞɥɹ ɫɠɢɝɚɧɢɹ ɜ ɤɨɬɥɟ, ɬɨɧɧ/ɱɚɫ: 

е˔иˏ˔ܤ  = 𝑄ˍ˃˄˓
ˍ˃˄˓∙𝑄𝑖𝑟∙ଵ଴య = ଽହ,ଶ∙ଵ଴వ଴,ଽଵଽ∙ସଷଽଷ∙ଵ଴ల = ʹ͵,ͷͺ                                                                             (145) 

 



52 

Ɋɚɫɱёɬ ɦɚɫɫɵ ɡɨɥɵ, ɜɧɨɫɢɦɨɣ ɫ ɭɝɥёɦ Ȼ2 ɜ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɡɚ ɱɚɫ, 

ɬɨɧɧ/ɱɚɫ: 

஺஻ଶܩ  = ˕˃ːܤ ∙ ݀ܣ = ʹ͸,ͷ͸ ∙ Ͳ,Ͳ͹͵ = ͳ,ͻͶ                                                                                    (146) 

 

Ɋɚɫɱёɬ ɦɚɫɫɵ ɡɨɥɵ, ɜɧɨɫɢɦɨɣ ɫɦɟɫɶɸ ɭɝɥɟɣ 50% Ȼ2 ɢ 50% Ȼ3 ɜ ɤɨɬɟɥɶɧɵɣ 

ɚɝɪɟɝɚɬ ɡɚ ɱɚɫ, ɬɨɧɧ/ɱɚɫ: 

ˏ஺̝ܩ  = ˕˃ːܤ ∙ ݀ܣ = ʹ͸,ͷ͸ ∙ Ͳ,Ͳ͸͹ͷ = ͳ,͹ͻ                                                                                 (147) 
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3 Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɫɠɢɝɚɧɢɟ ɧɟɩɪɨɟɤɬɧɵɯ ɬɨɩɥɢɜ 

 

3.1 Ɋɚɡɪɚɛɨɬɤɚ ɪɟɲɟɧɢɣ ɩɨ ɭɦɟɧɶɲɟɧɢɸ ɲɥɚɤɨɜɚɧɢɹ 

 

Ʉɚɧɫɤɨ-ɚɱɢɧɫɤɢɟ ɭɝɥɢ ɨɛɥɚɞɚɸɬ ɨɫɨɛɟɧɧɨ ɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ 

ɲɥɚɤɨɜɚɧɢɸ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɄɉȾ ɛɪɭɬɬɨ ɤɨɬɥɨɜ, ɨɝɪɚɧɢɱɟɧɢɸ ɢɯ 

ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɢ ɞɚɠɟ ɚɜɚɪɢɣɧɵɦ ɨɫɬɚɧɨɜɚɦ ɢɡ-ɡɚ ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ 

ɧɚ ɪɚɞɢɚɰɢɨɧɧɵɯ, ɩɨɥɭɪɚɞɢɚɰɢɨɧɧɵɯ ɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ.  

ɇɚɱɚɥɨ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ ɫɜɹɡɚɧɨ ɫ ɩɨɹɜɥɟɧɢɟɦ ɩɟɪɜɢɱɧɨɝɨ, 

ɩɪɨɱɧɨɝɨ ɫɥɨɹ, ɩɨ ɦɟɪɟ ɟɝɨ ɭɬɨɥɳɟɧɢɹ ɩɨɜɵɲɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɥɨɹ ɢ 

ɩɨɜɵɲɚɟɬɫɹ ɨɫɚɠɞɟɧɢɟ ɱɚɫɬɢɰ ɧɚ ɝɪɚɧɢɰɭ ɨɬɥɨɠɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɲɥɚɤɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɞɥɹ ɨɱɢɫɬɤɢ ɨɬ ɨɬɥɨɠɟɧɢɣ ɷɤɪɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɧɚɝɪɟɜɚ ɬɨɩɤɢ ɧɚ ɤɨɬɥɟ ȻɄɁ-160-1,4-5. ɩɪɢɦɟɧɹɸɬɫɹ ɚɩɩɚɪɚɬɵ ɜɨɞɹɧɨɣ ɨɛɞɭɜɤɢ 

ɬɢɩɚ ɈȼȾ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬɭɤ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ ɬɨɩɤɢ, ɚ ɞɥɹ 

ɨɱɢɫɬɤɢ ɨɬ ɨɬɥɨɠɟɧɢɣ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɲɢɪɦ ɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɩɪɢɦɟɧɹɸɬɫɹ ɝɥɭɛɨɤɨɜɵɞɜɢɠɧɵɟ ɩɚɪɨɜɵɟ ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ ɬɢɩɚ ɈȽ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 8 ɲɬɭɤ. Ⱦɥɹ ɨɱɢɫɬɤɢ ɨɬ ɨɬɥɨɠɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɨɩɭɫɤɧɨɦ ɝɚɡɨɯɨɞɟ, ɩɪɢɦɟɧɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɞɪɨɛɟɜɨɣ ɨɱɢɫɬɤɢ. 

Ɍɪɚɧɫɩɨɪɬ ɞɪɨɛɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɦ ɩɪɢ ɩɨɦɨɳɢ ɜɨɡɞɭɯɨɞɭɜɧɵɯ ɦɚɲɢɧ. 

ɉɨɞɚɱɚ ɞɪɨɛɢ ɜ ɨɩɭɫɤɧɨɣ ɝɚɡɨɯɨɞ ɤɨɬɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɪɟɯ 

ɩɧɟɜɦɨɪɚɡɛɪɚɫɵɜɚɬɟɥɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɡɚɞɧɟɣ ɫɬɟɧɟ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ. 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɫ ɭɝɥɹ Ȼ2 ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ - ɩɟɪɫɩɟɤɬɢɜɧɭɸ ɫɦɟɫɶ, 

ɫɨɫɬɨɹɳɭɸ ɢɡ 50% ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 50% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɫɨɝɥɚɫɧɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɜɢɞɧɨ, ɱɬɨ: 

 ɪɚɧɝ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ ɬɚɤɠɟ ɛɭɞɟɬ 

ɨɱɟɧɶ ɜɵɫɨɤɢɦ, ɧɨ ɫɤɥɨɧɧɨɫɬɶ ɩɨɜɵɫɢɬɫɹ ɧɚ 10%; 

 ɪɚɧɝ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ 

ɬɚɤɠɟ ɛɭɞɟɬ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɹ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ, ɧɨ ɩɨɜɵɫɢɬɫɹ ɧɚ 50%; 
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 ɭɪɨɜɟɧɶ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ 

ɛɭɞɟɬ ɜɵɫɨɤɢɦ, ɧɨ ɡɧɚɱɟɧɢɟ ɫɤɥɨɧɧɨɫɬɢ ɩɨɧɢɡɢɬɫɹ ɧɚ 10%;  

 ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɤɥɨɧɧɨɫɬɢ ɤ 

ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɩɨɤɚɡɚɥɢ ɨɱɟɧɶ ɜɵɫɨɤɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ 

ɲɥɚɤɨɜɚɧɢɸ, ɭɜɟɥɢɱɟɧɢɟ ɫɨɫɬɚɜɢɥɨ 2,5%; 

 ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɢɡɦɟɧɢɥɨɫɶ ɧɚ 0,25 ɝɪɚɞɭɫɚ 

ɰɟɥɶɫɢɹ. 

Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɤɨɬɥɚ ɢ ɢɫɤɥɸɱɟɧɢɹ ɨɫɬɚɧɨɜɨɜ ɩɪɢ 

ɩɨɜɵɲɟɧɢɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɟɳё 2 ɚɩɩɚɪɚɬɚ 

ɜɨɞɹɧɨɣ ɨɛɞɭɜɤɢ ɬɢɩɚ ɈȼȾ, ɧɚ ɮɪɨɧɬɚɥɶɧɭɸ ɢ ɡɚɞɧɸɸ ɫɬɟɧɭ ɬɨɩɤɢ, ɤɪɨɦɟ 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɛɨɤɨɜɵɟ ɱɚɫɬɢ ɚɩɩɚɪɚɬɨɜ. ɇɚ ɢɫɩɚɪɢɬɟɥɶɧɵɟ ɲɢɪɦɵ ɢ ɲɢɪɦɵ 

ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɪɟɞɥɚɝɚɟɦ ɞɨɛɚɜɢɬɶ ɝɥɭɛɨɤɨɜɵɞɜɢɠɧɵɟ 

ɩɚɪɨɜɵɟ ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ ɬɢɩɚ ɈȽ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬɭɤ. 

 

3.2 ɏɪɚɧɟɧɢɟ ɬɨɩɥɢɜ 

 

Ⱦɨɫɬɚɜɤɚ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ 

ɬɪɚɧɫɩɨɪɬɨɦ, ɜɚɝɨɧɵ ɜɡɜɟɲɢɜɚɸɬɫɹ ɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɪɚɡɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, 

ɨɧɨ ɦɨɠɟɬ ɛɵɬɶ ɫ ɳɟɥɟɜɵɦ ɛɭɧɤɟɪɨɦ ɞɥɹ ɧɢɠɧɟɣ ɪɚɡɝɪɭɡɤɢ ɢɥɢ ɜ ɜɢɞɟ 

ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɜɚɝɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ ɩɪɢ ɪɚɫɯɨɞɟ ɭɝɥɹ ɛɨɥɟɟ 100 ɬ/ɱ.  ɉɨɫɥɟ 

ɩɪɢёɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɝɨɥɶ ɩɨɫɬɭɩɚɟɬ ɜ ɞɪɨɛɢɥɤɭ ɞɥɹ ɝɪɭɛɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ, 

ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɪɢɦɟɫɢ ɭɥɚɜɥɢɜɚɸɬɫɹ ɦɚɝɧɢɬɧɵɦɢ ɫɟɩɚɪɚɬɨɪɚɦɢ. Ⱦɚɥɟɟ ɫ 

ɩɨɦɨɳɶɸ ɥɟɧɬɨɱɧɵɯ ɤɨɧɜɟɣɟɪɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɨ ɨɞɧɨɦɭ ɧɚ ɤɚɠɞɵɣ 

ɜɚɝɨɨɩɪɨɤɢɞɵɜɚɬɟɥɶ, ɬɨɩɥɢɜɨ ɩɨɩɚɞɚɟɬ ɜ ɭɡɟɥ ɩɟɪɟɫɵɩɤɢ, ɚ ɫ ɧɟɝɨ ɧɚ ɭɝɨɥɶɧɵɣ 

ɫɤɥɚɞ, ɯɪɚɧɟɧɢɟ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɲɬɚɛɟɥɟɣ.  

ɍɝɨɥɶɧɵɣ ɫɤɥɚɞ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɟɡɟɪɜ ɬɨɩɥɢɜɚ ɢ ɭɫɬɪɚɧɹɸɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ 

ɪɚɫɯɨɞɨɦ ɢ ɨɛɴёɦɨɦ ɩɨɫɬɚɜɤɢ ɬɨɩɥɢɜɚ, ɟɝɨ ɜɦɟɫɬɢɦɨɫɬɶ ɜɵɛɢɪɚɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɞɚɥёɧɧɨɫɬɢ ɫɬɚɧɰɢɢ ɨɬ ɭɝɨɥɶɧɵɯ ɪɚɡɪɟɡɨɜ ɢ ɲɚɯɬ: 
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 ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɜ ɪɚɣɨɧɟ ɞɨɛɵɱɢ, ɬ.ɟ. ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 40 ɤɦ, 

ɜɦɟɫɬɢɦɨɫɬɶ ɫɤɥɚɞɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 7-ɫɭɬɨɱɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ 

ɜɫɟɯ ɤɨɬɥɨɜ ɩɪɢ ɪɚɛɨɬɟ ɢɯ ɜ ɬɟɱɟɧɢɢ 24 ɱɚɫɨɜ; 

 ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɞɚɥɟɟ 40 ɤɦ ɨɬ ɦɟɫɬ ɞɨɛɵɱɢ, ɧɨ ɦɟɧɟɟ 100 ɤɦ, ɨɛɴёɦ 

ɫɤɥɚɞɚ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɵɦ 15-ɫɭɬɨɱɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ; 

 ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɛɴёɦ ɫɤɥɚɞɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 30-ɫɭɬɨɱɧɭɦɭ 

ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɫɬɚɧɰɢɢ. 

Ⱦɥɹ ɫɤɥɚɞɨɜ ɫ ɡɚɩɚɫɨɦ ɛɨɥɟɟ 100 ɬɵɫ. ɬ ɜɪɟɦɹ ɯɪɚɧɟɧɢɹ ɬɨɩɥɢɜɚ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ: 0,4-0,5 ɝɨɞɚ ɞɥɹ ɛɭɪɵɯ ɭɝɥɟɣ; 2-6 ɥɟɬ ɞɥɹ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɫɚɦɨɜɨɡɝɨɪɚɧɢɸ. 

Ʉ ɬɨɩɥɢɜɧɵɦ ɫɤɥɚɞɚɦ ɜɵɞɜɢɝɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

 ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɟɯɚɧɢɡɚɰɢɹ ɩɨɝɪɭɡɨɱɧɨ-ɪɚɡɝɪɭɡɨɱɧɵɯ ɪɚɛɨɬ; 

 ɜɵɫɨɤɚɹ ɧɚɞёɠɧɨɫɬɶ ɢ ɝɨɬɨɜɧɨɫɬɶ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɨɜ ɜ ɥɸɛɨɟ ɜɪɟɦɹ 

ɫɭɬɨɤ; 

 ɨɫɧɨɜɧɵɟ ɦɟɯɚɧɢɡɦɵ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɱɚɫɨɜɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɩɨ ɜɵɞɚɱɟ ɬɨɩɥɢɜɚ ɫɨ ɫɤɥɚɞɚ, ɪɚɜɧɭɸ 100%-ɧɨɣ ɱɚɫɨɜɨɣ ɩɨɬɪɟɛɧɨɫɬɢ 

ɤɨɬɟɥɶɧɨɣ ɜ ɬɨɩɥɢɜɟ; 

 ɯɪɚɧɟɧɢɟ ɧɚ ɫɤɥɚɞɚɯ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ 

ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɵ, ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɫɚɧɢɬɚɪɧɵɯ ɧɨɪɦ; 

 ɩɨɬɟɪɢ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ ɞɨɥɠɧɵ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵ. 

ɉɨɷɬɨɦɭ ɩɪɢ ɯɪɚɧɟɧɢɢ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ ɧɭɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɨɫɬɨɹɧɧɨɟ 

ɧɚɛɥɸɞɟɧɢɟ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ. ɉɪɨɜɨɞɢɬɫɹ ɤɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ 

ɲɬɚɛɟɥɹ, ɩɪɢ ɟё ɪɨɫɬɟ ɜɵɲɟ 60 °ɋ ɬɨɩɥɢɜɨ ɫɨ ɫɤɥɚɞɚ ɫɪɚɡɭ ɨɬɩɪɚɜɥɹɸɬ ɜ ɬɪɚɤɬ 

ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɤ ɤɨɬɥɚɦ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɫɚɦɨɜɨɡɝɨɪɚɧɢɹ ɭɝɥɹ ɧɚ ɫɤɥɚɞɟ 

ɲɬɚɛɟɥɢ ɢ ɢɯ ɨɬɤɨɫɵ ɭɬɪɚɦɛɨɜɵɜɚɸɬ ɛɭɥɶɞɨɡɟɪɚɦɢ ɢ ɤɚɬɤɚɦɢ.  ɏɪɚɧɟɧɢɟ ɬɨɩɥɢɜ 

ɪɚɡɧɵɯ ɫɨɪɬɨɜ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬɞɟɥɶɧɨ ɞɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ 

ɫɚɦɨɜɨɡɝɨɪɚɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ɫɦɟɲɟɧɢɹ ɬɨɩɥɢɜ, ɡɚɫɨɪɟɧɢɟ ɩɨɫɬɨɪɨɧɧɢɦɢ 

ɩɪɢɦɟɫɹɦɢ ɩɪɢ ɷɬɨɦ ɧɟɞɨɩɭɫɬɢɦɨ.  
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3.3 ɋɩɨɫɨɛɵ ɨɪɝɚɧɢɡɚɰɢɢ ɫɦɟɲɟɧɢɹ 

 

ɇɚ ɛɨɥɶɲɢɧɫɬɜɟ ɨɬɟɱɟɫɬɜɟɧɧɵɯ Ɍɗɋ ɭɝɨɥɶ, ɩɨɫɬɚɜɥɹɟɦɵɣ ɨɬ ɧɟɫɤɨɥɶɤɢɯ 

ɩɨɫɬɚɜɳɢɤɨɜ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ ɫɠɢɝɚɧɢɟ ɩɨɩɟɪɟɦɟɧɧɨ ɢɥɢ ɜ ɜɢɞɟ 

ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɫɦɟɫɢ. ɉɨɞɝɨɬɨɜɤɚ ɨɞɧɨɪɨɞɧɨɣ ɫɦɟɫɢ ɩɪɚɤɬɢɤɭɟɬɫɹ ɪɟɞɤɨ ɢɡ-

ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɭɫɪɟɞɧɟɧɢɹ ɧɚ ɭɝɨɥɶɧɵɯ ɫɤɥɚɞɚɯ 

ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɭɝɥɹ.  

Ⱦɨɛɢɬɶɫɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɦɟɲɟɧɢɹ ɜɨɡɦɨɠɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɢɦɟɸɳɟɝɨɫɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɧɚɥɢɱɢɢ ɫɢɫɬɟɦɵ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɯɨɞɧɨɝɨ 

ɤɨɧɬɪɨɥɹ ɢ ɡɚɤɥɚɞɤɢ ɲɬɚɛɟɥɹ, ɢ ɪɚɡɞɟɥɶɧɨɝɨ ɫɤɥɚɞɢɪɨɜɚɧɢɹ ɭɝɥɟɣ ɪɚɡɧɵɯ 

ɩɨɫɬɚɜɳɢɤɨɜ.  

ɍɫɪɟɞɧɟɧɢɟ ɭɝɥɟɣ ɧɚ ɫɤɥɚɞɟ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɩɪɢ ɧɚɥɢɱɢɢ 

ɛɭɥɶɞɨɡɟɪɚ ɢ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ, ɧɨ ɨɧɢ ɩɪɢɦɟɧɢɦɨ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɝɨɥɶɧɵɯ 

ɫɦɟɫɟɣ ɜ ɪɚɜɧɨɣ ɩɪɨɩɨɪɰɢɢ ɢ/ɢɥɢ ɜ ɫɥɭɱɚɟ ɞɨɩɭɫɬɢɦɨɫɬɢ ɨɬɤɥɨɧɟɧɢɹ ɩɪɨɩɨɪɰɢɢ 

ɨɬ ɪɚɜɧɨɣ. Ȼɨɥɟɟ ɬɨɱɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɫɦɟɫɢ ɛɟɡ ɫɟɪɶёɡɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ 

ɢɡɦɟɧɟɧɢɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɟɝɨ ɡɚɦɟɧɵ ɜɨɡɦɨɠɧɨ ɧɚ ɥɢɧɢɢ ɩɨɞɚɱɢ ɭɝɥɟɣ ɫɨ 

ɫɤɥɚɞɚ. ɉɨɫɥɟ ɫɤɥɚɞɚ ɭɝɥɢ ɨɬɞɟɥɶɧɨ ɩɨɫɬɭɩɚɸɬ ɜ ɝɪɨɯɨɬɵ ɢ ɬɨɧɤɨ ɪɚɡɦɚɥɵɜɚɸɬɫɹ 

ɜ ɞɪɨɛɢɥɤɚɯ. ɂɡ ɞɪɨɛɢɥɨɤ ɬɪɚɧɫɩɨɪɬёɪɵ ɩɟɪɟɧɨɫɹɬ ɢɯ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɟɫɵ, 

ɫɨɝɥɚɫɧɨ ɩɨɤɚɡɚɧɢɹ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɦɟɫɟɣ ɪɚɡɧɵɯ 

ɩɪɨɩɨɪɰɢɣ ɫ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ, ɱɟɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɭɝɨɥɶɧɨɦ ɫɤɥɚɞɟ.  
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4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɟɪɟɯɨɞɚ ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ ɬɨɩɥɢɜɚ 

 

4.1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɟɬɨɞɢɤɢ ɨɛɨɫɧɨɜɚɧɢɹ ɩɟɪɟɯɨɞɚ ɧɟɩɪɨɟɤɬɧɨɝɨ 

ɬɨɩɥɢɜɚ 

 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɩɟɪɟɯɨɞɚ ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ ɭɝɥɢ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɡɧɢɰɵ ɡɚɬɪɚɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ 

ɬɨɩɥɢɜɚ ɜ ɧɚɬɭɪɚɥɶɧɨɦ ɢɫɱɢɫɥɟɧɢɢ, ɚ ɬɚɤɠɟ ɪɚɡɧɢɰɵ ɜɧɟɫёɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɡɨɥɵ ɜ ɤɨɬɥɵ ɢ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɜɵɝɨɞɭ ɜ ɞɟɧɟɠɧɨɦ ɷɤɜɢɜɚɥɟɧɬɟ ɫ ɩɪɢɦɟɧɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜ ɢ ɢɯ ɫɦɟɫɟɣ.  

ɋɬɨɢɦɨɫɬɶ ɫɠɢɝɚɟɦɨɝɨ ɧɚ ɤɨɬɥɟ ɭɝɥɹ ɡɚ ɫɭɬɤɢ ɦɨɠɧɨ ɧɚɣɬɢ ɤɚɤ: 

 ܵ = ܲ ∙ ܤ ∙ ʹͶ                                                                                                                 (148) 

 

ɝɞɟ P – ɰɟɧɚ ɭɝɥɹ, ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ; 

       B – ɪɚɫɯɨɞ ɭɝɥɹ ɧɚ ɤɨɬɥɟ, ɬɨɧɧ/ɱɚɫ. 

ɋɬɨɢɦɨɫɬɶ ɫɠɢɝɚɟɦɨɣ ɧɚ ɤɨɬɥɟ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɡɚ ɫɭɬɤɢ ɦɨɠɧɨ ɧɚɣɬɢ ɤɚɤ: 

 ܵ = ሺܲͳ ∙ ͳͳͲͲܥ + ܲʹ ∙ ͳͲͲሻʹܥ ∙ ˏ˔ܤ ∙ ʹͶ                                                                                      (149) 

 

ɝɞɟ ଵܲ – ɰɟɧɚ ɩɟɪɜɨɝɨ ɭɝɥɹ, ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ; 

       ଶܲ – ɰɟɧɚ ɜɬɨɪɨɝɨ ɭɝɥɹ, ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ; 

 ;ଵ – ɩɪɨɰɟɧɬ ɫɨɞɟɪɠɚɧɢɹ ɩɟɪɜɨɝɨ ɭɝɥɹ ɜ ɫɦɟɫɢܥ       

 ;ଶ – ɩɪɨɰɟɧɬ ɫɨɞɟɪɠɚɧɢɹ ɜɬɨɪɨɝɨ ɭɝɥɹ ɜ ɫɦɟɫɢܥ       

 .ɪɚɫɯɨɞ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɧɚ ɤɨɬɥɟ, ɬɨɧɧ/ɱɚɫ – ˏ˔ܤ       

Ɋɚɡɧɢɰɚ ɜ ɫɬɨɢɦɨɫɬɢ ɫɠɢɝɚɟɦɵɯ ɧɚ ɤɨɬɥɟ ɭɝɥɟɣ ɡɚ ɫɭɬɤɢ: 

 ∆ܵ = ܵଶ − ଵܵ                                                                                                                  (150) 
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ɝɞɟ ܵଶ – ɫɬɨɢɦɨɫɬɶ ɫɠɢɝɚɟɦɨɝɨ ɧɚ ɤɨɬɥɟ ɧɨɜɨɝɨ ɭɝɥɹ ɢɥɢ ɫɦɟɫɢ ɡɚ ɫɭɬɤɢ, 

ɪɭɛɥɟɣ; 

       ଵܵ – ɫɬɨɢɦɨɫɬɶ ɫɠɢɝɚɟɦɨɝɨ ɧɚ ɤɨɬɥɟ ɧɨɜɨɝɨ ɭɝɥɹ, ɪɭɛɥɟɣ. 

Ɋɚɡɧɨɫɬɶ ɦɚɫɫɵ ɜɧɟɫёɧɧɨɣ ɜ ɤɨɬёɥ ɡɨɥɵ ɡɚ ɫɭɬɤɢ 

஺ܩ∆  = ሺܩͳ஺ − ஺ሻʹܩ ∙ ʹͶ                                                                                            (151) 

 

ɝɞɟ ܩͳ஺ – ɦɚɫɫɚ ɡɨɥɵ, ɜɧɨɫɢɦɨɣ ɫ ɩɟɪɜɵɦ ɬɨɩɥɢɜɨɦ ɜ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɡɚ 

ɱɚɫ; 

 ஺ – ɦɚɫɫɚ ɡɨɥɵ, ɜɧɨɫɢɦɨɣ ɫɨ ɜɬɨɪɵɦ ɬɨɩɥɢɜɨɦ ɜ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬʹܩ       

ɡɚ ɱɚɫ. 

 

4.2 Ɋɟɡɭɥɶɬɚɬɵ ɦɟɬɨɞɢɤɢ ɨɛɨɫɧɨɜɚɧɢɹ ɩɨ ɩɟɪɟɜɨɞɭ Ɍɗɐ ɧɚ ɫɠɢɝɚɧɢɟ 

ɞɪɭɝɨɝɨ ɭɝɥɹ  

 

ɋɬɨɢɦɨɫɬɶ ɫɠɢɝɚɟɦɨɝɨ ɧɚ ɤɨɬɥɟ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ, ɩɪɢ ɫɬɨɢɦɨɫɬɢ 1900 

ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ. 

 ܵ = Бܲଶ ∙ Бଶܤ ∙ ʹͶ = ͳͻͲͲ ∙ ʹ͸,ͷ͸ ∙ ʹͶ = ͳʹͳͳͳ͵͸ ɪɭɛ/ɫɭɬ                                  (152) 

 

ɋɬɨɢɦɨɫɬɶ ɫɠɢɝɚɟɦɨɣ ɧɚ ɤɨɬɥɟ ɫɦɟɫɢ ɭɝɥɟɣ, ɟɫɥɢ ɛɚɥɚɯɬɢɧɫɤɢɣ ɭɝɨɥɶ 

ɢɦɟɟɬ ɰɟɧɭ 2300 ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ. 

 ܵ = ቀͳͻͲͲ ∙ ͷͲͳͲͲ + ʹ͵ͲͲ ∙ ͷͲͳͲͲቁ ∙ ʹ͵,ͷͺ ∙ ʹͶ = ͳͳͺͺͶ͵ʹ ɪɭɛ/ɫɭɬ                               (153) 

 

ɗɤɨɧɨɦɢɹ ɦɟɠɞɭ ɩɪɨɟɤɬɧɵɦ ɬɨɩɥɢɜɨɦ ɢ ɭɝɨɥɶɧɨɣ ɫɦɟɫɶɸ ɧɚ ɤɨɬɥɟ ɡɚ 

ɫɭɬɤɢ: 

 ∆ܵ = ͳʹͳͳͳ͵͸ − ͳͳͺͺͶ͵ʹ = ʹʹ͹ͲͶ ɪɭɛ/ɫɭɬɤɢ                                               (154) 
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ɍɦɟɧɶɲɟɧɢɟ ɦɚɫɫɵ ɜɧɟɫёɧɧɨɣ ɜ ɤɨɬёɥ ɡɨɥɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ 

ɬɨɩɥɢɜɨ ɡɚ ɫɭɬɤɢ: 

஺ܩ∆  = ሺܩ஺஻ଶ − ஺ሻʹܩ ∙ ʹͶ = ሺͳ,ͻͶ − ͳ,͹ͻሻ ∙ ʹͶ = ͵,͸                                                  (155) 
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ɁȺɄɅɘЧȿɇɂȿ 

 
 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɭɝɨɥɶɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɬɟɯɧɢɱɟɫɤɢɣ ɢ ɯɢɦɢɱɟɫɤɢɣ 

ɫɨɫɬɚɜ ɭɝɥɟɣ, ɫɤɥɨɧɧɨɫɬɶ ɭɝɥɟɣ ɤ ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɤɨɬɥɨɜ, 

ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɭɝɨɥɶɧɨɣ ɫɦɟɫɢ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ. ɉɪɨɜɟɞɟɧɧɚɹ ɨɰɟɧɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɤ ɫɠɢɝɚɧɢɸ 

ɧɟɩɪɨɟɤɬɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɭɝɨɥɶɧɨɣ Ɍɗɐ ɩɨɤɚɡɚɥɚ ɫɥɟɞɭɸɳɟɟ: 

1. ȼ ɛɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 

Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɭɬɟɦ ɫɠɢɝɚɧɢɹ ɭɝɥɟɣ Ʉɚɧɫɤɨ-

Ⱥɱɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ. ȼ ɝ. Ʉɪɚɫɧɨɹɪɫɤɟ ɜɫɟ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 

ɪɚɛɨɬɚɸɬ ɧɚ ɛɨɪɨɞɢɧɫɤɨɦ ɭɝɥɟ ɦɚɪɤɢ Ȼ2, ɞɥɹ ɟɝɨ ɡɚɦɟɳɟɧɢɹ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɚɥɚɯɬɢɧɫɤɢɣ ɭɝɨɥɶ ɦɚɪɤɢ Ȼ3, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɧɢɡɤɭɸ 

ɜɥɚɠɧɨɫɬɶ, ɧɢɡɤɭɸ ɡɨɥɶɧɨɫɬɶ, ɜɵɫɨɤɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɛɨɪɨɞɢɧɫɤɢɦ ɭɝɥɟɦ. 

2. ɉɨɥɧɵɣ ɩɟɪɟɯɨɞ ɧɚ ɫɠɢɝɚɧɢɟ ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɹ ɡɚɬɪɭɞɧɟɧ ɨɬɫɭɬɫɬɜɢɟɦ 

ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɫɬɚɜɥɹɬɶ ɭɝɨɥɶ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɜ ɫɜɹɡɢ ɫ 

ɱɟɦ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɚɹ ɭɝɨɥɶɧɚɹ ɫɦɟɫɶ, 

ɫɨɫɬɨɹɳɚɹ ɢɡ 50% ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 50% ɛɚɥɚɯɬɢɧɫɤɨɝɨ ɭɝɥɟɣ. 

3. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɠɢɝɚɧɢɹ 

ɬɜɟɪɞɨɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 22 °ɋ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɪɨɞɢɧɫɤɢɦ 

ɛɭɪɵɦ ɭɝɥɟɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɝɨɪɚɧɢɹ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 15 °ɋ, ɢɧɞɟɤɫ ɝɨɪɟɧɢɹ 

ɫɧɢɡɢɥɫɹ ɧɚ 18%. Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɜɟɪɞɨɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 

13%, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɪɨɞɢɧɫɤɢɦ ɭɝɥɟɦ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ 

ɫɦɟɫɢ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɨɛɳɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɪɢ ɟɟ ɫɠɢɝɚɧɢɢ ɜ ɤɨɬɥɟ. 

4. ɉɪɢ ɩɟɪɟɯɨɞɟ ɫ ɭɝɥɹ Ȼ2 ɧɚ ɧɟɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ ɫɨɝɥɚɫɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɨɰɟɧɤɢ ɨɛɳɚɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɨɫɬɚɥɚɫɶ ɨɱɟɧɶ 

ɜɵɫɨɤɨɣ:  

 ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ ɩɨɜɵɫɢɬɫɹ ɧɚ 10%; 
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 ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ ɛɚɡɟ ɚɤɬɢɜɧɵɯ ɳɟɥɨɱɟɣ 

ɩɨɜɵɫɢɬɫɹ ɧɚ 50%; 

 ɡɧɚɱɟɧɢɟ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɯ ɨɬɥɨɠɟɧɢɣ 

ɫɤɥɨɧɧɨɫɬɢ ɩɨɧɢɡɢɬɫɹ ɧɚ 10%;  

 ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɤɥɨɧɧɨɫɬɢ ɤ 

ɲɥɚɤɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɩɨɤɚɡɚɥɢ ɟɝɨ ɭɜɟɥɢɱɟɧɢɟ ɧɚ 2,5%; 

 ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ ɲɥɚɤɨɜɚɧɢɹ ɩɨɧɢɡɢɥɨɫɶ ɧɚ 0,25 ɝɪɚɞɭɫɚ 

ɰɟɥɶɫɢɹ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɤɨɬɥɚ ɢ ɢɫɤɥɸɱɟɧɢɹ ɨɫɬɚɧɨɜɨɜ 

ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɲɥɚɤɨɜɚɧɢɸ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɟɳё 2 

ɚɩɩɚɪɚɬɚ ɜɨɞɹɧɨɣ ɨɛɞɭɜɤɢ ɬɢɩɚ ɈȼȾ, ɧɚ ɮɪɨɧɬɚɥɶɧɭɸ ɢ ɡɚɞɧɸɸ ɫɬɟɧɭ 

ɬɨɩɤɢ, ɧɚ ɢɫɩɚɪɢɬɟɥɶɧɵɟ ɲɢɪɦɵ ɢ ɲɢɪɦɵ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɨɛɚɜɢɬɶ ɝɥɭɛɨɤɨɜɵɞɜɢɠɧɵɟ ɩɚɪɨɜɵɟ 

ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ ɬɢɩɚ ɈȽ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬɭɤ. 

5. ɏɪɚɧɟɧɢɟ ɬɨɩɥɢɜ ɪɚɡɧɵɯ ɫɨɪɬɨɜ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬɞɟɥɶɧɨ ɞɥɹ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɫɚɦɨɜɨɡɝɨɪɚɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ɫɦɟɲɟɧɢɹ ɬɨɩɥɢɜ, ɡɚɫɨɪɟɧɢɟ 

ɩɨɫɬɨɪɨɧɧɢɦɢ ɩɪɢɦɟɫɹɦɢ ɩɪɢ ɷɬɨɦ ɧɟɞɨɩɭɫɬɢɦɨ. Ƚɪɭɛɨɟ ɭɫɪɟɞɧɟɧɢɟ ɭɝɥɟɣ 

ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɧɚ ɫɤɥɚɞɟ ɩɪɢ ɧɚɥɢɱɢɢ ɛɭɥɶɞɨɡɟɪɚ ɢ ɫɢɫɬɟɦɵ 

ɤɨɧɬɪɨɥɹ, ɚ ɛɨɥɟɟ ɬɨɱɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɫɦɟɫɟɣ ɛɟɡ ɫɟɪɶёɡɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ 

ɢɡɦɟɧɟɧɢɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨ ɧɚ ɥɢɧɢɢ ɩɨɞɚɱɢ ɭɝɥɟɣ ɫɨ ɫɤɥɚɞɚ ɩɨɫɥɟ 

ɜɡɜɟɲɢɜɚɧɢɹ ɭɝɥɟɣ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɟɫɚɯ.  

6. ȼ ɯɨɞɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɷɤɨɧɨɦɢɹ ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɧɚ ɧɟɩɪɨɟɤɬɧɵɟ ɬɨɩɥɢɜɚ ɪɚɜɧɚɹ 22704 ɪɭɛɥɟɣ ɜ ɫɭɬɤɢ ɫ ɨɞɧɨɝɨ 

ɤɨɬɥɚ ɢ ɭɦɟɧɶɲɟɧɢɟ ɦɚɫɫɵ ɜɧɨɫɢɦɨɣ ɜ ɤɨɬёɥ ɡɨɥɵ ɧɚ 3,6 ɬɨɧɧ, ɱɬɨ ɫɨɤɪɚɬɢɬ 

ɜɚɥɨɜɵɟ ɜɵɛɪɨɫɵ ɡɨɥɵ ɧɚ 8% ɩɪɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɡɨɥɨɭɥɚɜɥɢɜɚɧɢɹ.  
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